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ABTOPbDI

Cesepun EpreHuit Cepreesmd, AOKT. XWM. Hayk,
npod., un.-kopp. PAH, 3ap. kadeapos ouoxnmuu MMA
uM. U.M. Ceuencea, reH. zupekrop OAQ «Bcecowa-
HBIH HAYYHBIA LEHTP MOTEKYISPHON AHATHOCTHKH H
NeYeHHA», PEJAKTOD U3NAHMA.

Aneimakosa TaTbsiHa JJeOHHA0OBHA, Kaud. GMON. Havk,
ool kadenpsl BuoxHMun MMA um. M.M. Ceuenosa
(pasnes 7), OTBETCTBCHHBIR ABTOD H3NAHHA.

Apaeepa JlioaMnna BUKTOpOBHE, Kawa. GHON. Havk,
gou. kadeapbl Guonorwyeckoi xuvmud MMA um. U.M.
Ceuenosa (pasnenst 6, L1).

Angprarosa Jlionmiuna EsreHnesHa, KaHl, bron, Hayk,
CTapIWIKiA TipernoaaBateab Kadeiphl GHONOTHYECKOH XH-
MU MMA M. UM, Ceuenosa (paznene 12, 15).

Beaynikuna Hatanes Hukonaesna, gou. kadeape 61o-
xuMuu MMA um. .M. Ceuetosa, vieHBIH cexpeTaphb
HHWUW. Monekynapnas MeauumHa MMA uM. CedeHoga
(pazaen 2).

Bomkosa Hataaws [lerpoBHa, KaHI. Med. HAyK, AOL.
kateapel GUoMOrNYeckoid xumHn MMA um. UM, Ce-
ygHoBa (pazaen 1).

Fonesrvenko Bepa AnekcaHnpoBHa, Kava, OHOV. HayK, J0L,
kacenpsl tuonormyeckod xmuu MMA pm. LM, Ceye-
HOBa (paspens 4, 5).

Bopobnesa CheTnaHa AHATONBEBHA, KAaHA. OUOI.
HAyK, nol. Kadeapsl 6uonorHueckoil xuMmun MMA HM.
HU.M, CeyeHosa (paszcnsr 7, 11).

T'ybapesa Anekcannpa EsrenbesHa, KaHI. Mel. HayK, 01L
kadeaprl buoorwueckold xuMu MMA um. U.M. Ceue-
HoBa (pazaen §).

Kopaakosa Onbra BeHHaMMHOBHA, KaHa. OHON. Hayk,
CTapliMid Openozapatens Kadeapbl OHOIOTHYECKOH XU-
M MMA uM. WM. Ceuenosa (pasgen 9).

Jluxaqepa HiHa BukToposuaa, KaHI 6HOMI. HaykK, dod.
kaeapu Guonorvueckoil xumMuy MMA um. U.M. Ce-
ycHOBA {payien 9).

IasnoBa HnHa AnekcaHapoeHa, KaH. 610N, HAYK, J0L.
kadenpw Guonornueckoid xumuu MMA um. H.M. Ceue-
HOBa (pazaenst 3, 6).

Pybuosa [anuda Bacwibebna, Kana. GHoJ. HAYK, J0L1.
kadeapsl Guonoruyeckoil XuMud MMA um. LM, Ce-
yeHoBa (pasgent 3, 6).

Cunaesa CieTnaHa ANEeKCEeBHA, MOKT. OMON. Hayk,
npotp. Kadeapn HSHOAOTHYECKOH XHMuM MMA um.
M.M. CeueHosa {pa3nens 4, 10, 16).

Cunyanosa CsetnaHa HuxonacpHa, xaHa, Guon.
HayK, pol. Kadedpbl SUonorndeckKor xuMud MMA 1Mm.
.M. Ceuenosa (pazaenaw 12, 13, 15).

Turosa TaThaHa AnexceesHa, KaHa. OHOI, HAYK, CTap-
WK npenogasareib Kadeapsl DHONOTHYECKOH XHMHM
MMA nv. UM, Ceyenopa (paznens 13, 14).

NPEANCNOBUE

BHOXUMHWS — CPAaBHMTENLHO MOTONAS HAYKA, BO3HMK-
s Ha CTbiKke DMONOTMH H XWMHH B KoHue XIX Beka.
OHa M3YJAET NPOLECCH PAIBHTHA M (PYHKUMOHHPOBAHYUA
OPTaHH3MOB HA AIBIKE MOJICKYJI, CTDYKTYPY M XHMHYEC-
KHE NPOLECCH], XOTOpble 00eCneuMBaioT KH3Hb OTHO- H
MHOTOKJNETOYHBIX CYUIECTB, Hacemsmumx 3emnw. Boina-
I0Il{HeCa OTKPBITHA B 0OMACTH yUeHHs O (pepMeHTax, H1o-
XHMHYECKOH MEeHETHKH, MONTEKYBAPHOH OHOIOTHY H DHO-
SHEPTETHKH NPERPATHIN DHOXHMHIO B (MYHIAMEHTATEHYHO
JHCUHOAKHY, NO3BOMSIOIIYIO PSWATh MHOTHE BaXHBIE
npodnemMbl OHONOMMH M MEAWLMHEL

Hacrosiiivit yuebHUK ARIASTCH Pe3yAbTaTOM MHO-
TONETHER TPeNOIABATENbUKOR pabOTH KONTEKTHBA
kaeapsl HuoxHMHH MockoBckoi MEIMIIMHCKOM akKa-
JeMMH, H COAEPKHT HHOOPMALKIO, KACAIOWYIOCH, [Ias-
HbIM 0BpalzoM, BHOXMMMH 4EenoBekd, YUeBHUK npen-
Ha3Ha4YeH CTYOeHTAM M OPENOIABATENAM MEIHIIMHCKHX
By30B. [10 CTPYKTYPE M CONePXAHUID OH COOTBETCTBY-
€T TIpoTpaMMe 10 DHUOXHMUMW 1A CTYACHTOB METHLIHH-
CKMX BY30B, YTBEDHKISHHOH MMHMCTEpPCTBOM 3IpaBo-
oxpaHenust Pd.

6

VueOHHK 3HAKOMMT YUTATCIEH CO CTPYKTYPHO-YHK-
UMOHANBHBIMHA KOMITOHEHTAMH KAETOK W [POUECCAME,
JNIEXAWHMMH B OCHOBE XH3HEICATEALHOCTH 3I0POBOro opra-
HH3MA, a TAKKE C HEKOTOPBIMM HAPYILEHMAMM, KOTOPHIC
NPHBORAT K BOZHHMKHOBeRrMIO Gonesneit. g Hero xapak-
TEPHO AKUSHTHPOBEHHE BHUMAHWSA YUTATENA Ha 3HAYEHHH
pPacCMATPUBAEMBIX BOTIPOCOB A8 MEOMUMHBL, KHHMA co-
OePKUT 16 pasmenor M MPUIOKEHHE, B KOTOPOS BXONAT
COMCOX COKPAIIEHHHN, IPEAMETHBIN YKAZATETh, CIOBAPL TEP-
MHMHOB M JaboparopHeic nokazaTenu. Tlepeele pazmens:
NMOCBAMEHEL CTPYKTYPE W dyHKLMAM OenkoR, QepMeHToR,
BHTAMHHOB M HYKNEUHOBBIX KHCAOT. Tloapobuo pacomar-
PHBAETCH CHHTEZ H PENWIIUIMA HHGOPMALHOHHOLO NOTO-
ka JHK—-PHK—-6e10K, NpHYHHE, JeXallle B OCHOBE
OUOXMMHMECKON HHOWBUIYATLHOCTH OpPraHU3MOB H BO3-
HHMKHOBEHHS HacneicTBeHHbIX BomesHel, B pazsenax no
OOMCHY YIICBOIOB, JHOWAOE M aMMHOKWCTOT BHUMaHHe
yuTaTenei (okycHpyeTcs Ha npoleccax, ohecneyrnBan-
nx 0BpasopaHMe W OTpe(WIeHHE 3HEPFHUU B TKAHAX Opra-
HHM3Ma M YYACTHE 3THX COEIHHEHMA B (OPMHPOBAHHU



CTPYKTYPHBIX KOMIIOHEHTOB KeToK. B kHure obcyxaaer-
CA KAKUYEBas POMb FOPMOHOB B MEXIIETOYHBIX B3AUMO-
NEACTBMAX W PETYIAUMM OBMEHA BeilleCTB, YueGHMK co-
NepkKHT TAKKE PRI CNEUHUTHINPOBAHHBIX PA3IEN0R:
GHOXHUMMA MEXKIETOMHONC MAITPMKCa, oOe3BpexkuBaHUue
TOKCHUYECKMX BELIECTB B OPraHu3Me, CHOXMMHS KPOBH, OH-
KOTeHe3, NPeAcTaRMIOWMX OCo0BIH MHTEPEC AN MEIHKOR
W spauei. Mudopmanus, nOpHeejeHHas BO BCEX [IaBax
y4eDHHKA, 1aHa B COOTBETCTRHM C COBPEMEHHBIM YDORHEM
HayYHBIX 3HAHWH B 3THX OOMACTIL.

Hanciocs, yto y4eGHMK 3aMHTEPECYCT LWHPOKHIE KpyT
YMTATENSH M OKAXKETCA NOJAE3HBIM NI CTYIECHTOB, acu-
PAHTOB M HAYUHLIX COTPYAHWKOB, paBoTalolliux B 0GnacTH
ofnueit ¥ KTMHUYeCKoH OHOXHMMH, MONEKYISIPHOH GHONO-

THW W METUIMHBL. BoMblUoe KOMHUECTBO CXEM H PHCYHKOB,
KOTOPBIMH CHAabXKeHa KHHMA, AWLKHEL QDICMMHUTE YCBOSHHE
MaTepHaTa ¥ MOTYT ObITb MCTIOAB30BAHB B NPENOAABAHHK
GroxumMu. B TO XKC BpeMs KOJLIEKTHB aBTOPOB MOTOB Pac-
CMOTPETh NPEAACKEHUH MO YAVYIUCHMIO KHHIH H KPHTH-
YeCKHEe JaMEYAHHSA YMTATeneH, KOTOpPbIe MOXHO BhICIATh
M0 3ASKTPOHHON nouTe: info@geotar.ru.

Bnaronapio KOUIEKTHE aBTOPOB H OCOOCHHO TPYINY B
coctasc T.Jl. Anciinukosoii, J1.B. Anrneesoii, H.IT. Bon-
koBoii, B.A. loneHuenko, AE. I'vbapesoii u C.A. Cuna-
CBOH 33 MOMOILE B PCIAKUHOHHOR paboTe, a Takke co-
TPYAHHKAM H3daTelbeckoro goMa «FTDOTAP-MED».

3ap. kap. OHoxumuu MMA um. UM, Ce-
ueroBa, Yi.-kopp. PAH, upog. E.C. Cepepuu

CMNUCOK COKPAILEHUNA

* pau ¥ — C NOCASOYIOMWNM KOAOM W3 € HHdp {CHMBOABI
* wau B yKa3LIBAKOT Ha HAJAHYHE AMIENCH, pasHiIX (e-
HOTUMOB 3a00MeBaHMA WIH *e BIKJHOUCHHE B COCTAB
HOIOMOMMYECKOH eNMHHLBI HECKOIBKHMX H Pa3HbIX NMO-
PAXEHHBIX FEHOR) — MEHACIEBCKOE HACACA0BAHNHE {10
http://www.ncbi.nlm.nih.gov/Omim/).

& — CHHOHMM

R — ayToCcoOMHOE TOMMHAHTHOE HAcHeAOBAHUE

p — ayTOCOMHOE DELECCHBHOE HacienopaHHe

R — CBA3aHHOE ¢ X—XpPOMOCOMOH HacneloBaHHe

B—wietkn (B npou3vocat kak 62} - B—numboumthl

Cl, C2, C3 {(mpOM3HOCAT KAK €i) X T.A. — KOMTOHEHTH
CHCTeMbl KOMILIEMEHTA 1, 2, 3 | T.0.

Ca™ — katMoH{bl) KanbUKA, HOH(bI) KAMLLWA, HOHH3H-
POBAHHLIA {CROBOAHBIA) KANbLIMIi

CD (ot cluster of differentiation [[IpOM3HOCAT Kak ¢
du], xnactep DIndxheperuuposkr), oM. Mapkep

Cl~ — annon{el) xiopa

Fab cm. «Dparment»

FAD - ¢nasuitaacHHHARITYKACOTH

FMN — ¢hnaBMHMOHOHYKIEOTHA

H™ — WoH{m) BOoOOpoaa, NPoTOHE!

|H'] — KOHIEHTpaIlWA HOHOB BOAOpPOOA

Hb — remoriobny

HbCO — kapbokcHremoriobuH

HBO, — remornoBuH OKCHTEHHPOBAHHBIH

HLA (npou3HocHT Xak 38y 316 36, 07 human leukocyte
antligens), ¢M. «AHTHreH», cM. « MHC»

[2 — HMMYHOCNOGYIHH, UMMYHOTIOOY UHbI

IRE — iron-responsive element, xene3o-4yBCTBHTEIb-
HbI AMEMEHT

K~ — katuoH(bl) Kaaus

|K*] — XOHUEHTPALHST HOHOB Kalus

LT — leucotricnes, nefdKOTpHEHHI

MetHb — meTreMornobuy

MHC (npou3HoCaT Kak 3M 36w cu, oT major histocom-
patibility complex, rmaBHbIH KOMIUKCKC THCTOCORMCCTH-
MOCTH)

M, — KaKywancs MONCKYISAPHAA Macca

Na* — xaTHOH(BI) HaTpua

|Na*] — KOHII@HTPALMA HOHOE HATPHS

NAD — HUKOTMHAMHIAIEHHHINHYKISOTHI

NADP — nukoTMHaMuagdeHHHAWHYKAcoTHadocdar

NO — okcua azota (N{)), BuipabaTaiBacMblil B HICTC-
Juu GAKTOp perakCauHH (Ba3oouIaTALMK)

HT® — nykncosnarpudocaT

p,CO, — napunankHoe HaTlpKEHKE IBYOKUCH YTAepo-
A4 B APTCPHanbHOH KPOBH

pCQ, — napuManbHOC JABAEHHE ABYOKHMCH YTNEPOIa

PG — prostaglandins, npoctarnaHauHb

Pi (H,PO,) — doctar neopranuyeckui

p0, — mapuxanbHOE JaRTeHHe KMCIOpoIa

PPi (H,P,0,) — nupodwcdat neopraHuueckiii

SAI — S-ameHO3UNTOMOUKCTENH

SAM — S-aneHO3WIMETMOHMH

T, — TpWiHOATHPOHKH

T, — rteTpalioATHPOHMH, THPOKCHH

T-xnetku — T-MUM(OIIHTH

TNF — tumor necrosis factor, $hakTop HEKpo3a OnyxoncH

TX — TpombokcaHbl

VIP (ot Vasoactive Intestinal Polypeptide) — Bazoak-
TUBHLIA HHTECTHHAALHEIA (KHIUEYHBIH) TOMHIIENTHA
(HenomycTHMO Hanucanue — BHT)

Ar — 4HTHIEH, AHTHICHEI



All — apTepHaneHOE IaBACHHE

ANl — JHTHAHYPETHYECKWA TOpMOH {BA30OPECCHH}

AND — aneHo3MHAUGOCHOPHAN KHCIOTA, A0¢HO3HHAM-
dochaTm

AKTT — aIpeHOKOPTHKOTPONHBLIH rOpMOH

AlIT — ananvHamMuHOTpaHodepa3a

AM®@ — aneHosuHMoHOdochaT(b)

HAM® - uMKIHueCKUi aneHO3WH-3,5 -MoHothochar

araJIfl — anonunonpoTeMH

AlP — aHTHOTEH3MH-NIPEBPAILAILKI depMEHT

ACT — acnapratamuHoTpaHc(epala

AT — .aHTH'DCJIO, aHTHTENA

AT® — aaenosuHTprbochOpPHan KHUCROTA

ATd-aza — ageHozuHTpUochaTasa

All — apenmnsaTuMkiaza

AXAT — aucrun-KoA-xoncereponaunnrpanciepasy

BMK — BBICOKOMONEKYISIPHEIE KMHUHOTEHBY

TAMK — y-aMuHOMacnsaHas KHCTOTA

II® — ryadoznHaudocdar

MK — rnagkombllleqHas Kierka

M@ - ryaHosdHMoHodwocdar

[TI3TE — rHIponepoKcHIZNKO3ATETPOSHOAT

I'T — myraTHoHTpaHcdepasa

IT® — ryaHozuHtpudochar

F3TE — ruapeKcHafKo3aTeTpOSHOATh

I — nanbTOH (NOCAEe YUCIOBOTO 3HAYMEHUS)

AAT — nuauuaraiMuepons

JAHK — 1e30KCHMpHOOHYKICHHOBAH KHCI0TA

JODOA — nnokcudreHUNaNAHKH

AP® — auusonponundrepdocdar

KKT — KenyhouHO-KMWEYHbBIH TPaKT

WUl — uHTEepACHKHH, HHTEPNEHKHHLI

HUM® — uHosuuMoHodochaT

HD, — nHosunTpHdOcDar

H®OH — untepdepod, HATEPDEPOHE]

k!l — KMI0JaneTOH

KK — kpeatTHHkKuHaza

KoA — kodepMeHT {KOH3IHM) A

KoQ) — xodepmerT (kosH3uM) @

KU P — KHCIOTHO-LIENOYHOE paBHOBECHE

K@ — Knaccuduxauns Depmenton {(<http: //www.
expasy.ch/sprot/enzyme.html>). K® npuseaeHbl no
Enzymc Nomenclature (NC-1UBMB, Komuter o Ho-
MeHKnatype MexnyHaponHoro Cowosa no BroxumMun n
MonexynsapHoit. Buonoruu)

JII' — NOTeMHHUIUPYIOIIHH FOPMOH, NIOTPONHH

JIAT — naxtarieriaporeHasa

AT — punonpoTerHb

JIMIBIT — apnonpoTeHHsl BLICOKOR FUTOTHOCTH

JITM-nunaza — NUNONPOTEHHAMMNA3E

JIMMHT1 — n¥OoonpoTeMHBl HU3KOH TUTOTHOCTH

JIMTOHTT — munonpoTeHHbl OMEHB HU3KOM NAQTHOCTH

JIAT — nUnonpOTEMHB! OPOMEXYTOYHON NNOTHOCTH

JIXAT — nmeunTtHHXONECTeponaunaTpanchepasa

MAT — moHOALEMATTTHLIEPOHBI

MAQ — MoHOoaMHHOOKCHAA3A

OIIK — obmuil nyts Katabonusma

MAPHI1 — manuie sinepHble pUOOHYKIEONPOTEHHEL

[TTT — nmapatupeoHnHEBIA ropMoH

CE — cyOoneaMHHuA

ITKA — nporeMHKHHa3a A

MNKC — nporerHkuHaza C

IMOJ1 — nepekucHOE OKMCIEHHE NHITHIOE

MOMK — npoonHoMERAHOKOPTHH

TP — mupunokcanuhocdar

[TUP — nonumepasHast LenHasg peaxuus

MANT — noaunMophbHOAASPHBIE JICHKOLUNTHI

PHK — pHUOOHYKIEHHOBAS KHCAOTA

MPHK — marpuunas PHK

pPHK — puBocomnas PHK

TPHK — tpaHcnoptHas PHK

PHF — puboHyKinecTHApeIyKTa3a

P3C — peTuxyMoO3HAOTENMATLHAS CHCTEMY

CCC — ceplgyHO-cOCYIHCTad CHCTEMA

CTI — coMaToTpOnHbIK FOpMOH

TAT — TpHALWILINUCPONKD

TA® — Thamunandocdar

TTT — THPeOTPONHBIA TOPMOH

YI® — ypuanuandocdar

YM®@® — ypuanHmonopocdar

YT — ypuanutpudochar

YOO — ynbrpaduoneroroe o0mydeHue

OADC — 3-dochoaneHo3nH-5-hocdocynndar

OPID — dochopnboznngubocdar

OCI' — GOLTHKYTOCTHMYAHDPYIOLIMA TOPMOH, OLTH-
TPOMUH

XI'T — XOpHOHHYECKWH rOHAZOTPOIHH

XM — XHAOMUKDOHBI

AP — uptHansaugocdar

HM® — uutuanamenodocdar

HHC -~ ueHTpanbHas HEPRHAS CHCTEMA

LT3 — wuene nepeHoca 3JMeKTPOHOB

HTK — umkn tpukapboHoeblx kucnor, Lmki Kpebea

LUTd — umteanHTpHbochaT

3P — sHAOMAAIMATHYECKMEA PETHKYNYM



CTPOEHUE, CBOUCTBA
MML.;I N OYHKLUMWN BENKOB

B XUBBIX KNeTKaX MPOMCXOAWT CHHTE3 MHOXECTBA OPTaHHYECKUX
MOJIEKYJT, CPeOM KOTOPBIX MIABHYI) POJIb UIPAOT [IONHMEDPHBIC MAaKpo-
MOJIEKYTB — OeNKH, HYKIEHHOBbIE KHUCIOTH, MONUCAXAPHIBI,

Ocobast posib B KU3HEACATENbHOCTH XUBBIX OPraHU3MOB TipHHAILIE-
XUT SenkamM. OT poauTencH aeTdM NepeaadTcs reHeTHveckas MHGop-
MalUs O CTICTEM(UUECKONH CTPYKTYpe M (PYHKUHAX BCex DEIKOB AAHHO-
ro opraHuisma. CHHTE3UPOBAMHBIE OeNKM BBITTONHSIOT MHOTO00pA3HbIE
GYHKIMHK: YCKOPSKT XMMHYECKHE PeakLuM, BbIIOJIHAKT TPAHCNOPT-
HYI0, CTPYKTYPHYIO, 33LUMTHYI0 (DYHKUKMM, YIACTBYIOT B MENeIaye cur-
HATOB OT OJAHHMX KIETOK APYTHM H TakuM 00pa3oM peaHU3yIoT Hacel-
CTBeHHYI0 MHbopMaLmee. [103ToMy 6e/IKH HA3LIBAIOT TAKKE NPOTEHHAMY
(OT Tpey. profeos — NEPRLIT).

Ha nonw GenKOR BHYTPHM KIETKW NpHXOOWTCH 6osee NOAOBHMHBLL MX
cyxoro Bewectea. B opraHuiaMe 4defioBeka HacuuTelBalT okoiao 50 000
WHAWBHAYAIbHBIX DeNKoB. B1aopasd ¥ HRIMBURYATBHAS CIIELIUGPH HOCTE
Habopa OEIKOB B JaHHOM OpPraHW3IMe OMnpeaeasaeT ocoOeHHOCTH ero
cTpoeHHus M byHkiiHonuposauusa. HaGop G6enkos B auddepeHMpyo-
1HXCA KJIETKAX OJHOIO OpPraHM3Ma OnpenenseT Mopdonoruueckve M
VYHKIIMOHATEHBIE OCOBEHHOCTH KaXIOoTr0 THOA KIETOK.

Kax u moGoit nonumMep, GeOK COCTOMT M3 MOHOMEPHBIX €AMHUIL,
WM «CTPOMTENBHBIX DIoKoB». B GelKax opraHm3Ma 4efloBeKa TAKUMH
MOHOMEPAMH CITYKAT 20 M3 HECKONBKMX COTEH M3BCCTHBIX B IPHPOE
AMHHOKHUCTOT, AMHHOKHCIOTH, HAaXOIAWKecs B Benkax, CBA3aHbl APYT
C JPYroM MerTHIHBIMHK CRA3AMMU. JIMHeHHAA MOCNEN0BATENBHOCTE AMM-
HOKMCIOT B BeNKe YHMKAAbHA W18 KAXICTO WHAWMBHAYaIbHOTO Oenka;
uHbopMaLMsa ¢ Hell conepKiTes B ydacTke Monekynbl JIHK, Ha3zwinae-
MO TE€HOM.

ITonMnenTUAHBIE UENM 38 CHET BHYTPUMOMEKYISIPHBIX B3auMOACH-
CTBUI 00Pa3yIOT [POCTPAHCTBEHHBIE CTPYKTYPLI — KOHGOpMalum Dell-
koB. Ha onpesentHHOM ydacTKe Oc/MKOBOM MONEKYABI M3 PAIUKATOB
aMWHOKUCIOT (OPMHPYETCS aKTMRHBII LUEHTP, KOTOPBIA MOXeET crne-
LHPHUHO (KOMTITEMEHTAPHO) CBA3LIBATLCA ¢ MOJEKYIAMU-THIaHIAMH.
BsaumoneifcTeue GeNKOB ¢ JUrAHIAMH JIEKUT B OCHOBE MX (BYHKLHO-
HUpoBaHus. M3MeHeHHS MocnenopaTeibHOCTY aMHHOKHMCIOT B Oenkax
MOCYT [IPUBOANTL K U3MEHEHHIO IPOCTPAHCTBEHHOM CTPYKTYPHL H yH-
KM N1aHHBIX DE/KOB H pa3BUTHIO 3ab0sicBaHH.



I. CTPOEHUE 1 CBONCTBA
AMUHOKNCNOT, BXOasux

B COCTAB BEJIKOB. NEMNTUAHBLIE
CBA3N, COEANHAIOLWLUE
AMMHOKUCNOTbI B LEMN

benku — nonMMepHBIE MONEKYSIB, B KOTOPBIX
MOHOMEpPAMM CIIyKAaT aMHHOKHUCHOTH. B cocrane
OCJIKOB B OpPTraHHM3Me YEJIOBEKd BCTPEYADT TOJLKO
20 a-amuHOKuCIoT. OJHH U TE€ XKe dMHHOKHCAOTBI
MIPHUCYTCTRYIOT B PA3THYHLIX MO CTPYKTYpe K dyH-
KuuaM Genkax. MHAMBUAYANBHOCTE OEMKORBIX MO-
JEKYI OMpEJcasieTCs [MOPIAKOM YepeloBaHHA
aMWHOKHCIIOT B OelIKe. AMHHOKHCAOTR MOXHO pac-
CMATPUBRATh KakK OVKBbl ampaBUTA, NPH MTOMOLIM
KOTOPBIX, KAK B CJIOBE, 3aMAChIBACTCH HHGOpMa-
urs. Cnoepo Hecét vHAOpPMalIUIG, HApHMEP O
MpeMeTe WAW AeHCTBHUH, a TIOCAeJ0BATENLHOCTh
AMMHOKHCIOT B Desike HecET MHbOopMallHIo O IIo-
CTPOEHHH MPOCTPAHCTREHHOA CTPYKTYPHI W (DYHK-
UMH JaHHoro fefKa.

A. CTPOEHHE N CBOWCTBA AMMHOKHCJIOT

1, Otwme cmpykmypuste ocobennocmu
AMUNOKUCAOM, GX00RWUX 6 cocmag Dearos

O6wias cTpykTypHas 0coBEHHOCTh AMUHOKKC-
JIOT — HAIMYME AMHMHO- W KapOOKCHABHOW FPYIII,
COEIMHEHHBIX C OTHMM M TEM XKE Q-YITIEPOIHbIM aTo-
MoM. R — panMkan aMMHOKMCIOT — B NIpoCTEHLIEM
Clyyae [IpeAcTaBIeH aToMOM BOAOpOA (TMLMH), HO
MOXET UMETh W 0Q/18¢ CIIOXHOE CTPOSHUE,

[« }
NHs* - c'IH - coo"
R

B BOAHBIX pacTBOpax IIpU HEATPaNLHOM 3HAYE-
HHHU pH 0-aMHHOKHCAGTBL CYIIECTBYIOT B BWIE
OMTIONAPHBIX MOHOB.

B otanyne or 19 ocTalbHBLIX O-aMHWHOKHCIOT,
NMPOAHH — UMHHOKHCIOTA, PAIHKAT KOTOpPOi CBS-
3aH KaK ¢ CG-yIIEpPOAHBIM ATOMOM, TAK M ¢ aMU-
HOTPYANOH, B pe3ynsTaTe 4ero Mofekyla npuod-
peTaeT UUKIHYECKYK) CTPYKTYDY.

o
Hl?l — CH —COOH
H2GC. .CH-
CH:
MNponuH
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19 u3 20 AMHHOKHMCIOT CONEPXAT B (-HONOKE-
HHM aCMMMETPMUHBIF 4TOM YIepoaa, ¢ KOTOpbIM
CBsI3aHbl 4 pasHbIe 3amelunaroluue rpynnsl. B pe-
3YABTATE 3TH AMMHOKHWC/IOTEL B MIPUPOAE MOTYT Ha-
XOMMThCA B JABYX PA3HLIX H3OMEPHBIX hopMax — L
u D. WckaoueHne cocTaBiseT MMIMH, KOTOPBIR
HE MMEET aCHMMETPHYHOIO o-YIASPOAHOI'0 aToMa,
TAK K3K €ro paIvKaI NpeacTarIeH TOAbKO aTOMOM
Boaopona. B cocTape OENKOB jIPUCYTCTRYIOT TO/Mb-
k0 L-M30Mepbl AMUHOKHCIOT,

COCH (|300H (l:OOH
|
HQN—(T‘,—H H—(IS—NHz HzN—(I}H
CH; CH; H
L-AnaHuH D-AnaHuH FUUKH (He vmeeT

M3OMepHBIX OPM)

Yucteie L- wm D-crepecu3omMepsl MOTYT 33 L1HA-
TEJIBHBIA CPOK CAMOINPOU3BOMBLHO U HeepMEHTATHB-
HO TPEBPALLATECT B IKBUMOJAPHYIO cmeck L- n D-
M30MEPOB. 3TOT NPOLECC HA3HIBAKT DALEMHIALINCH.
PaieMu3ama Kaxa0i L-aMWHOKUCTOTE! NPU JAHHOM
TEMIIEPATYPE WAET ¢ OIIPSISIEHHON CKOPOCTBIO. 2TO
ODCTOATENBCTBO MOXKHO MCTIONE30BATL TSI YCTAHOB-
JeHus BO3PACTA Jiofel ¥ KuBOTILIX. TaK, B TBEPIO
IMATH 3Y00B UMeeTCa OCNOK NeHTHH, B KOTOpOoM L-
acnapTaT nepexoaut B D-usomep nipu Temiieparype
Tena dencreka co ckopoctbio 001 % B roa. B nepuon
$opMHpOBaHUA 3yOOR B IEHTHHE COACPIKHTCS TOMLKO
L-usoMep, noatoMy no conepxanuio D-acnaprata
MOXXHO PacCUMTaTk BO3pacT 00CIeIyeMoro.

Bce 20 aMMHOKKMCIIOT B Gpradk3Me YEA0OREKA pad-
JHYAKOTCH TI0 CTPOSHUIO, pasMepaM M (BH3HKO-Xu-
MHYECKHMM CBOMCTBAM PajMKANOB, MPHCOCIMHEN-
HBIX K Q-YIMIEPOIHOMY aTOMY.

2. Karaccughukauun amunoxuciom
HO XUMUMECKOMY CIMDOCHIIG PAGUKAADE

Mo XUMHYECKOMY CTPOEHU AMWHOKHMCAOTI
MOXKHO pa3fieivTh Ha anMdaTHdeckue, apoMati-
yeckue Y reTepollukIudeckue {(Tadn. 1-1).

B coctape anvdaTHYECKUX PALUKAIOB MOTYT Ha-
XOOMTBCA PYHKLUMOHANBHBIE TPYNIILL, PAIAIOUIHE
WM cneudmueckue ceoicTBa: KapOOKCHIBHAN
(-COOH), amuno (-NH,}, Tnoabnan (-SH), amua-
Has (-CO-NH,), ruapokcuibHan (-OH) u rvanu-
AHHOBAS (-NH-(‘Z=NH) TDYNIIBL.

NH,

HazpaHua aMHHOKHCIOT MOXHO NOCTPOMTH THO
3AMECTHTENLHOU HOMEHKIATYpE, He OOBIYHO HC-
MOJB3YIOT TPMBUATBLHLIE HaszpaHud (Tabn. 1-2).



Tabnwuua 1-1. KnaccudvKauma OCHOBHBIX AMHWHOKHCROT GENKCE NO MX XMMWYECKOMY CTPOEHHIC

TpHBHAIBHBIC HAZBAHHA

Coxpaménanle HAIBAHHA

CrpoeHHe pagHEAIOB

AMHHOKHCAOT PYCCKHE JATHHCKHE
1. AMHHOKMCIOTSS ¢ anudaTAYeCKHMH pagAKanaMu

1. T HIMH I'nu Gly G -H
2. ANaHHH Arna Ala A CH,
3. Banuu Ban Val V¥ -CH<gﬁ:

e o CH3
4, Ne#umn Jeit Leu L -CH,CH <CH3
5. Mzoneitunu Hne Ile I ~CH-CH-CH,

I1. AMHHORNHCNOTDI, COAEpPHALHE B ANHDaTHYECKE

0. Cepun
7. TpeoHKH

8. AcmaparvHoBasA
KHCIIOTa
9. I nyTaMHHOBaA KHCIIOTa

10. Acnaparus
11. TayTaMuH

12, Musun

13. ApruHes

14. Linctenn
15, MeTHOHMH

I'HApOKCHNBHYIO IPYRITY

CH;

M pajHKaje JONGIHATEALHY0 GYHKIHOHAABHYI0 FPYNNyY

-CH,-OH
-CHOH-CH;

-CH,-COOH
-CH,-CH-COOH

-CH,-CO-NH,
-CH3-CH,-CO-NH,

-(CHz)4-NH;

~(CHa)- NH- G -NH;
NH
-CH,-SH
-CH;-CH,-S-CH;

[1I. AMHIIOKHCROTEL, COASPKaLLHE APOMATHYCCKAN PpagHKA:

16. ®eHnTATaHHH

17. TupozuH

18. Tpuntodau

19, [WCTHAHH

20. Iponun

Cep Ser §
Tpe Thr T
KapGokcunehylo rpynny
Acn Asp D
Iy Glu E
AMHAHYIO TPYTINY
AcH Asn N
I'nu Gln Q
AMHKHOTPYIINY
Jus | Lys K
['yaHHIHHOBYIO TPYIIIY
Apr | Arg R
Cepy
Huc Cys C
Mer Met M
en Phe F
Tup Tyr Y
Tpu Trp W
I'nc His H
V., HMunokuCIOTS
Ipo Pro P

TV. AMHHOKHCJIOTEI © reTepoOHKIHYE€CKHMH PATHKA1AMH

Dana nonnan
¢opmyna

11




Tabnuua 1-2. Mpumepbl HAZBAHUA AMUHOKMUCAOT MO 3aMECTUTeNLHON HOMEHKNATYDEe U COOTRETCTRYICWME TPUEMANLHLIE HA3BAHWA

Haszpanne aMMHOKMCAOTHI IO
3aMecTHTeNbAON HOMEHKIIATYPE

DopmMyna aMHHOKHCIOTRI

TpusnannHoe naiBanne

2-aMHHO-3-T'HiPOKCHUPOIIAHOBAN KHCHOTA

2-aMHHO-4-MCTHITHOMACIAHAS KHCIIOTA

HzN—CllH—COOH

HzN —(ISH -COQOH

Cepun
CH;

OH

MeTuHoHuA

st 3anMUCH aMHHOKHCIOTHBIX OCTaTKOB B MO-
JEKYAaxX NeNTUACE W DEIKOB MCNOALIVIOT TREXDYK-
BEHHBIE COKPALUCIMA HX TPUBHANLIILIX Ha3BallW,
4 B HEKOTOPbIX CNYIafaX U OAHOOYKBEHHbIE CHMBO-
Jbl (cM. Taba. 1-1).

TpuBHANbHLIE HA3BAHWUS YACTO TMPOMCXQOST OT
HA3BAHMA HUCTOMHHKA, M3 KOTOPOTO OHHU BEIEPBLIS
OLINK BhlAEACHBI, HTH OT CBOWCTB HaHHOR aMHUHO-
KMCIOThI. Tak, CEPHH ROEPBLIE BbIN BLIAENEH M3
thubporHa wWEnKa (OT natT. serieum — ILENKOBHC-
THIH), a TTHUWMH MOAYYWT CBOE Ha3BaHHe u3-3a
CNAaKoro Bkyca (oT rpey. giykos — cnalkHii).

J. Kaaccudhurauusn aMunoxucaom
no pacmeopMOCHIN X pacuKkaios 8 ende

Bee 20 amuHokucroT B Oenkax opraHuima ue-
JIOBEKA MOXHO CEPYMNUPOBATH MO CNOCOBHOCTH HX
PATMKANOR PACTROPATLCA B BOAE. Panukanbl mMox-
HO BBICTPOUTE B HENPEPBIBHBIA P, HAYHHARLIME -
sl NOMHOCTRIO THAPODOOHBIMM W 3aKAHUYHBAKOLUMIA-
€l CUIBHO [MAPODHIbHBIMH.

PacTROPHMOCTL paAMKa10B aMUHOKMCAOT Of-
peaeasieTes NOASPHOCTEIY (PYHKUHOHAALHBIX
TPYNN, BXOASINMX B COCTaB MOJEKYABl (MOJAPHEIS
IPYTINBEl NPUTATUBAKOT BOLY, HEMOASIpHBIE €€ OT-
TAIKHBAIOT).

AMMHOKHCTIOTB! ¢ HENOMAPHLIMH PAIHKAIAMH

K HemoasipHbiM {ruapogobHBIM) OTHOCAT pa-
JUKAB], MMeLIne arrdaTHdecKre YTAeBOA0POI-
HBlE LENH (pagMKAbl AMaHWHA, BAIMHA, AeHLIHHA,
M3OMEHUMHA, NPOTHHA H METHOHHHA) M apoMaTH-
YyecKMe KOMbua (PaNUKanbl (heHUAANAHHHA K TPUII-
Topana). Pamukanbl TakMX aMHMHOKMCIOT B BOIE
CTPEMSITCS APYT K OPYTY WIW K APYTUM Tyapodoo-
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HbLIM MONCKY/TaM, B pE3IVABTATE HYCTO MOBEPXHOCTL
COTIPHKOCHOBEHKA HX C BOAOH YMENBLIACTCA.

AMHHOKHCIOTBI ¢ TOAAPHBLIMH HE3APKEHHBIMH
PAIMKANAMH

Panmukanbl 3THX AaMHHOKMCNOT Ayvllle, YeM TWi-
pohodHbIE paduKanbl, PacTBOPSIOTCS B BOJE, TaK
KAaK B WX COCTaB BXOAAT MOSPHBIE PYHKUHOHANL-
Hple rpynnbl, odpasyiclide BOZOPOIHBIE CBA3H C
Bonoi. K HHM OTHOCAT CepHH, TPEOHWUH M TUpPO-
3HMH, MUMEOLIHE MMAPOKCUIBHBIE TPYINbI, ACMApa-
MH W [EYTaMWH, COAEIRKAIIHAE AMWIHBIE TPYINNLI,
A LUHCTEHH C €r0 THONBHOM IPYMION.

LluCTent U TUPO3KIL COAepAKaT COOTBETCTBEHHO
THOABHYI0 W THAPOKCHABHYIO TPYNIBI, CAOCOOHBIE
K OHCCOUMALLMM ¢ obpazosaHdem H*, Ho npu pH
okoso 7.0, mosgepKUBaeMoro B KJIETKAX, 3TH TPyTi-
Bl MPAKTUYECKH HE AUCCOLMHPYIOT.

AMHHOKHCIOTBL ¢ MOJAPHBIMA OTPHUATENBLHO
3APSKEHALIMH  PATHKAIAMA

K 3TO§i rpynme OTHOCAT ACTIAPArMHORBYIO W [Ty-
TAMHHOBYK) AMUHOKHCIOTBI, MMEIOILIME B paunKanie
TONMONHHTENBHYIO KApOOKCHIBEHYIO rpymity, npu pH
okono 7,0 auccoumMupywyw ¢ 00pazoBaHueM
COO™ n H*. CnenopaTenbHo, paavKaibl MAHHBIX
AMHUHOKHCAOT — AHUOHBLL. MoHHM3UpoBaHHLIe dop-
Mbl TEYTAMMHORBGHU W ACTIAPATKMHOBON KHCIOT HA3kI-
BalOT COOTBETCTBEHHO TJIYTAMATOM W AcMapTaroM.

AMWHOKHC/IOTBI € MOJAPHMMH [TOJIOKHTEIBHO
JapAKeHHbIMH paIHKATAMH

JONONHUTENbHYKY TIOJOXHTENRLHO 3apSKEHHYIO
IPYNNY B PAAHKANE HMEKT JH3MH W APIHHWH, ¥
MU3MHA BTOPAs AMHHOTPYINA, CrnocobHas NMpHco-



eauusts H™, pacnonaraeTrcs B £-NMOJOXEHUH ATH-
¢aTMueckOi uerti, a y aprUHHHA NOJOKKTeNbHbIA
3apaa NpUODPETACT rYaHIIMHOBAs Ipyrna. Kpowme
TOTO, CHCTUANH COAEPAKMUT CNab0 HOHMZMPOBAHHYIO
UMUAA30NbHYIO TPYNNY, MO3TOMY NpH (H3IHONO-
rudeckux konebanusax snauennii pH (ot 6,9 10 7,4)
FMCTHAKH 3apsXeH Aubo HelTpanbHOo, AMO0 Nono-
KUTEIbHO. TIpH VBEJIMYEHHUH KOJAMYECTBA OPOTO-
HOB B CP&¢ WMHIA30NbLHAA TPYNna FHCTUAHHA
¢MoCcoBHA [1PUCOSAMHATL TIPOTOH, IpHodpeTast No-
NOXWUTE/IbHBIA 3apsia, a 1IPU YBEJIMUEHHH KOHLIEH-
TPAUWH TMAPOKCWIBHBIX DYl — OTIaBaTh Npo-
TOH, TEPAA MONOXWUTeNBHBIH 3apsi pamukana.
TTonoXMTENBHO 3apAXKEHHbIE PAAWKANL — KATHO-
Hbl (CM. CXEMY HHXE).

Hauvboaslleil pacTBOpUMOCTLID B8 Bode obna-
JAlT AOMSAPHBIE 3aPAXKEHHBIE paaWKalbl AMHHO-
KUCIOT.

4., Hamenenne cymmapnozo 3apaoa
amunokucaom ¢ sagucumocmu om pH cpedo

Mpu HeliTpanbHeX 3HaveHHAX pH Bce xucnor-
Hbie (C110co0HbBIe oTaaBaTh H') M BCe OCHOBHbIE (CMo-
coOHble npvcoenyHaTk HY} dyHkunoHansHbIE rpyn-
Mbl HAXOAMTCA B AMCCOLMMPOBAHHOM COCTOSTHHUM,

IMosToMy B HelTpaJbHOH cpeme aMWHOKHCIO-
Thl, COAEpXallie HEAHWCCOUMWPYKIIWA pajgukan,
UMEIOT CYMMAaPHbIN HYNEBO 3apsi. AMUHOKMCIO-
ThI, COAEPXKALIME KHCAOTHBIE (QYHKIIHOHANBHBIC
TPYNNbl, UMEIOT CYMMAPHBIA OTPHUIATENbHBIH 3a-
pAd, a AMWHOKHMCIOTHE, COACPXKAILME OCHOBHBIC
(PYHKLUMOHANLHEIE TPYTIEL, — AOAOKHTEIbHBIA 33~
psun (Tadn. 1-3).

H3menenne pH B kuciyio cTopoHy (T.e. TOBbI-
weHye B cpele KoHueHTpauuk H*) mpHBOAMT K
MOAABICHHIO AMCCOLIMALMA KHCIIOTHRIX Ipyiin. B

AMHWHOKUCNOTH ¢ AHWOHHBIMK
pPagnKanamMu

*HaN — (i‘,H -Co0" "HaN - (]‘,H -Ccoo”

"HaNH — ('r‘H -Coo°

CHJIBHO KMCACH cpelie BCE aMHUHOKHCAOTbLI NpUOG-
PETAIOT NONCKUTENBHBIA 3apsii.

Hanpotus, yeeqn4YeHHe KoHU¢HTpauumd OH
IpyMnn Bbi3biBaeT oTmwenieHne HY OT OCHOBHBIX
QYHKUHMOHAAbHbIX CPYII, UTO PHBOAUT K YMEHb-
LICHHIO NONOXKUTEIBLHOTO 3apaaa. B cuwisHoO I1e-
JIGUHOH CPEle BCE aMHHOKMCAOTH UMEIOT CyMMap-
HBIA OTPWLATENBHBEA 3apsA.

5. Mooudurnuposaunsie aGMENOKUCAOMSL,
npucymcmeyiouiie ¢ beaxax

HenocpeacTBeHHO B CHHTE3e GEJIKOB OpraHW3Md
YENOBEKA NMPHHHMAIOT YYacTHe TOAbKO 20 nepeunc-
JIEHHBIX aMHIIOKHCNOT, (aHAaKO B HEKOTOpLIX Gejl-
KaX MMEKTCA HeCTAHIAPTHLEE MOIM(PHLMPOBAIHBIC
AMHHOKHUCTOTE — TMPOU3BOAHBIE ONHOH W3 aTnx 20
aMuHOKHcnoT. Hanpumep, B monekyne koanareda
{MnGpuispHoro 0eflika MEXKIESTOMHOTQ MaTpHKca)
MPUCYTCTBYIOT THAPCKCHIIPOM3IBOAHBE AU3MHA H
NMPOAHHA — 5-rHAPOKCHAMINH W 4-THAPOKCHITPOITHH.

Moandukauuy aMUHOKHCIIOTHBIX OCTATKOB OCY-
LECTRASAIOTCH VKE B cocTanse 0elKoB, T.€. TONAbKO

HN — CH-COOH

H;N - CH- COOH HN~-CH -COOH
CH
7z HoC.. ,CHs CHe
CH CH CH
CH-OH OH 00c” “coo
Gt
NHz -Kapbokewrnyra-
rHﬂpOKCHﬂHSHH I'H,qpomunponHH MHHOBAR ¥KMCNOTa

MoandHumpoBaHHBIE KWCNOTLL, HaWAEHKbIe B cocTage Genkor

MoCe OKOHYaHMsl MX CUHTe3a. Beemenue nomosn-
HUTEIBHBIX (DYHKIIMOHAABHBIX TPYIIN B CTPYKTYPY
AMHHOKHCAOT NpuAaaéT GeKaM CROHCTBA, HeoOXOo-

AMWHOKMCNOTbI G KATUOHHLIMWA
pagukanamiu

+H3N—(|3H -Coo’ +H3N—CII)H —-Coo’

(|3H2 ?Hz {?HZ)d {(IJ Hz)a CH;
Coo’ (|3H2 NH5* r:.IH .
COO C=NH,' N #NH
NH;
Acpaptar Fnytamar Nuawnn ApPraHUH MMcTHAnH

Cxema. CTPYKTYpa NONAPHLIX 3APANKEHHbLIX aMMHOKMCNOT B AMCCOLMWPORAHHOR thopme




Tabnuua 1-3. MameHeHne CYMMapHOTO 3apapd aMHHOKUCNOT B 3aBWcuMoctH oT pH cpenbt

CHALHO KHeAAA cpena

Heiitpanuhan cpexa

CHILHO UIen04HAR Cpena

1., AMHHOKHCIOTEI € HeQHCCOUHHPYHIIHMH pATHRATAMHA

+H*

+OH'

NH;* FCH COOH +———— NHy' —CH COO ———— NH,- CH coor

R
CymMapHBIi 3apso = +1

CymMMaprEiif sapsag = 0

R
CymMapHblif 3apsg = —1

2. AMAHOKHCJIOTE] ¢ AHHOHHBLIMH rpyniaMH B paJHKal1e

+H*

+0OH"

NH CH COOH <+—— NHj' —CH COQ™ ~———+ NH;- CH Ccoo

s o
COOH
CyMMapubrii 2apsa = +1

CymMapHslit sapsg — -1 \

CHZ CH;

Coor
CyMMapHbIH 3apag = -2

3. AMMHOKHCJIOTH C KATHOHHBIMH IpyuuaMHi B pajHkale

*-CH-COOH oy ~CH-COO _OH L, NH,- CH-COO'
(CH2]4 (CH2}4 ((FHz]a.
NH,” NHs* NH,

CyMMapHsIiil 2apsn = +2 |

CyMuMapHebIi 3apsn — +1 |

CyMmMaprblil 3apan = ~1

JAUMBIE A1 BBHIMONHCHHA HMM CNCUHQHYCCKHX
dyakuuid. Tak, y-KapOOKCHIMYTAMHUHOBAS KHC/IO-
T4 BXOAMT B COCTAB GC/IKOB, YJACTBYWOUIMX B CBED-
TBIBAHHHU KPOBH, W JiBe DIM3KO JeXKallue Kapbok-
CWIBHBIE TPYIIEI B MX CTPYKTYPE HEOOXOIMMBI LIS
CBSI3BIBAHHA Be/IKOBHIX (axTopoB ¢ MoHaMu Ca?t,
Hapymenue kapOboKcHAHPOBaHMS [JAyTaMaTa MIpH-
BOIMT K CHIXKEHHIO CBEPTBIBAEMOCTH KPOBH.

3JHa4YEeHHE THAPOKCHIBHBIX TPYIINT B COCTABE JIH-
3WH4 M MNPOJHHA OMHCAHO B pazaens 15.

6. Xumuvecxue peaxuuu, ucnotoyesre das
OORAPYICEHUR AMIHOKUCAOM

CnocobHOCTh aMHMHOKMCIIOT BCTYIIATE B TE WK
WHble XUMHYECKHE PEakliMH OMpeAeAseTcs HAH-
4MeM B MX COCTaBE (PYHKUMOHAABHBIX Tpynn. Tak
KaxX BCC AMHHOKMCIIOTHl, BXOAALIME B COCTaB Oen-
KOB, COAEPXAT ¥ C-YTJIEPOJIHOTO aToMa aMHHO- H
KapOOKCUILAYKY TPYNIB, OHM MOTYT BCTYMATh B
XAPAKTEPHBIC ANS1 BCEX aMHHOKMCIOT XUMMYEC-
KHEe peakuuu. Hamuume xaxux-nub6o GyHKUMO-
HalbHBIX TPYNIl B PAAHKATAX WHANBHAYANBHbIX
aMHHOKHCIOT ONpelensetr UX ClnocofHOCTh BCTY-
nath B ceuHGUIHbIC AT AAaHHBIX AMHHOKHCIIOT
peakuuH.

HuamapHHOBAS peakiMsa HA o-AMHHOKHCIOTH

Jns 0DHApPYXKeHUS M KONMYECTBEHHOTO OTipe-
IEACHHS aMHHOKHCIIOT, HAXOMIWMWXCA B PACTBO-
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pe, MOXHO HCNOJB30BAaTh HMHTHMIPUHOBYIO pe-
AKLHUIO.

274 peakilMsl OCHOBAHA Ha TOM, YTO OecuBET-
HBIH HHHTHAPHUH, Pearupys ¢ aMHHOKHCIOTOM,
KOHIEHCHPYETCS B BUAE NHMEpa Yepel aToM aioTa,
OTILETIAEMBIA OT C-AMUHOTPYINIBl AMKHOKHCTIO-
Thl. B pesynbrate obpa3zyeTcs THUIMEHT KpacHO-
¢duoneronoro upeta. OIHOBPEMEHHO MPOHCXOAHT
IeKapOOKCHIMPOBAHHE AMWHOKMCIIOTEE, 4TO ITPU-
BOIOMT K obpasoBanuic CO, W COOTBETCTBYIOWIERO
anpaernaa. HUHrUapHHOBYIO PEakLMI0 LHIHMPOKO
HCIIONB3YIOT MPH H3YYEHUH NEPBHYHOH CTPYKTY-
pbl DenkoB {CM. CXeMy HUXe),

Tak KaK MHTEHCHBHOCTh OKPAackKH IpOTIOpLHO-
HalbHa KOJMHECTBY aMHHOKHCIIOT B PacTBOpE, €8
HCTIONB3YIOT VIS U3MEPEHMST KOHUCHTPAUMH O-
AMMHOKHCIIOT,

O
i
2 x Ong/OH O L HN- CH—nCOOIH
C T ™CH / R oo
o
HuHruapus AMHHOKHC.I‘IO‘I’a
O O ’
I I 0
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Cnemndyeckue peaknuy
Ha OTHEILHLIE AMHHOKHCIOTB

KauecTBeHHOE U KOMWUYECTBEHHOES ONpEAcicHUE
OTIENBHBIX AMHWHOKHCTOT BO3MOXHO Baaroaaps Ha-
NUYHIG B MX PaANKanax ocobeHHBIX GYHKUNOHATE-
HBIX [Py,

APTUHHH ONpefensiioT ¢ MOMOLUBI0 KAYECTBEH-
HOH peakuMK HA TYAHHAUHOBYIO TPVIITY (peakuHA
Cakaryum), a UHCTEMH BBRISRIIIOT peakumei o,
cneuudmuHOl Ha SH-rpyTiny AaHHOH aMBHOKHKC-
noTel. Hamvyue apoMarnyeckuxX aMHHOKHCAOT B
pPacTBOPE OMNPEASRAIOT KCAHTONPOTEUHOBOH peak-
UHel (peakuMst HHTPOBAHMS), a4 HAIWYUE [UAPO-
KCHIBHOH IDYINH B ApOMATHYECKOM KOMBLE TH-
po3NHA — C [TOMOLMIBK) peakuun Miona.

B. IIenTianas cBfA3b. CTPOEHHE
W BHOJOTMYECKHWE CBOMCTBA ITENTHIOB

c- AMHHOKHCIOTB MOTYT KOBAJIEHTHO CBA3BI-
BATLCA APYT C APYTOM € MOMOLLBK MENTHARBIX CBA-
seil. [lenTmanan cBa3b 00Pa3yeTCA MEXIY C-Kap-
OOKCUITBHOH TPYNNOA OAHOW AMUHOKHCJOTHI
0-aMUHOTPYITION ADPYTOH, T.€. ABAAETCH aMMIHON
¢BA3b10. [IpH 3TOM OPOUCXOIUT OTUIEILIEHHE MO-
JIEKYABL BOLBI (CM. CXeMy A).

1. Cmpoenue nenmuda

KOJ]H‘JCCT BO AMHHOKHKMCIIOT B COCTABE IICIITHOOR
MOXCT CHI1bHO BapbHMpOBaTh. HC]TITLI[bI, CONEPXalne
10 10 aMUHOKHCAOT, Ha3biBAKOT oymronerrmaap. Yac-
TO B HAa3BAHHH TAKHX MONCKYN YKA3ILIBANOT KOMHYE-
CTBO BXOIAIMX B COCTAB WIMTOMNCNTHIA aMMHOKWC-
JOT, TPUIIENTHA, MEHTANSITTH, OKTAllenTHI YU T.0.

HzN—(IZH—COOH + HzN-{?H—COOH
R1 RZ

Q6pazoBaiue gunNenTuaa

Cxema A. O6pazopaHve qMNENTHAA

Hermmiasl, comepxaime donee ( AMUHOKWCIIOT,
HA3BIBAIOT «IMVIHIEOTHOLL>, a TOMUIIETTTHARI, COCTOS-
wue 1z Donee yeM 50 AMHHOKMCAOTHBLIX OCTAaTKOB,
OOBIMHO HAsBIRAKT Beikamy. OOHAKO 3TH HAZBAHHA
YCIOBHB], TaK Kdx B JIHTEPATYPE TEPMHH «OCTIOK» ua-
cro ynotpebnsior LA 0003HAYECHUA NOINIETTHIA,
colepxawero MeHee ) AMUHOKMCIOTHRIX OCTATKOB.
Hanpumep, TOpMOH TAKKATOH, COCTOALWMEN W3 29
AMWHOKHCITOT, HA3LBAIOT GENKOBLIM TOPMOHOM.

MoHOMEDBI aMHMHOKHCIOT, BXQMSILMX B COCTAR Bel-
KOB, HA3BIBAKT «AMAHOKMCIOTHBIC OCTATKH». AMHHO-
KHCJIOTHBI OCTATOK, HMEKILIHE CBOOOTHYHY aMHHO-
TPYMIy, HA3LIBAETCA N-KOHUEBBM U MULLIETCH CrleBa,
a UMEIOWHI CBOGOOHYIO 0-KaApOOKCWILHYIO Tpyhl-
ny — C-KOHUEBLIM M NHLLETCS cnpapa. TlenTHabl mi-
yTes M YHTaoTest ¢ N-konua, Leos noBTopsowmmx-
¢ ATOMOB B MoAurenTunHol uenu -NH-CH-CO-
HOCHT HA3BAHUE «TMeNMWIHLEL 0CTOB» (CM. cXemy b).

[IpM HazBaHWHW TIJIMIETTHIA K COKPAWIEHHOMY
Ha3BaHHI0 AMWHOKMCAOTHBIX OCTATKOB I00aRIAIOT
cvpdurke -ui, 3a ucknwueHueM C-KOHUECBOI aMu-
HokHenotel, Hanpumep, terpanentva Cep-Inu-
ITpo-Ana YHTAETCA KAK CepuImIALIMINPOIUNATAHHH,

YlentunHasa ¢ea3b, obpazyeMas MMMHOTPYTITION
TIPONMHA, OTIMYASTCH OT APYTHX TIETUAHBIX CRA-
3el, TAK KAK aToMm a3ota MenTuaHoi Tpynnbl CBs-
3aH HE C BOAOPOAOM, A ¢ PAAMKATOM.

Flermrmnas pazmmialorca o aMMHOKMCTIOTHOMY CO-
CTaBy, KOMHYCCTBY M TIOPSIAKY COCOWHCHHUS AMHHO-

*HaN-CH-CO -NH-CH7CO -N 4 CH-CO ~NH- CH-COQ
CH; H o HG CH CH,

OH CHz
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AMWHOKHCNOTHLIA OCTATOK

N-koHeL|

Cxema B. Ctpoenune nentupor

C-voHel
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kucnotr. Cep-Tuc-ITpo-Ana v Ana-Tipo-Tuc-Cep —
IIBA PA3HBIX MEMTHIA, HECMOTPA HA TO. YTO OHH HMEHOT
OTHHAKOBKIE KONHYECTBEHHBIM W KAYeCTBEHHBIH CO-
CTaBbl AMHWHOKUCIIOT.

2. Xapaxmepucmuxa nenmudnoii ceazu

[NenTUaHAN CRA3b UMEET XApaKTePHCTHKY YaC-
THYHO JBOHMHOH CBA3H, AO3TOMY OHA KOPOYE, YEM
OCTANbHBIE CBU3M MCNTHIHOTO OCTOBA, W BCIACHA-
CTBHE 3TOTO MATO TIOABMIKHA., DNEKTPOHHOE CTPO-
€HHE MENTUAHON CBSI3U OMPENCIIAET THIOCKYIO XKE-
CTKYK CTPYKTYPY MENTUAHOM rpynnbl. [lnockoctH
MENTHAHBIX TPYNI PACNOAGKEHB] NI, YIJIOM ApPYT
K apyry (puc. 1-1).

CBAA3b MeXaY ¢-YINIEPOAHBIM aTOMOM W -aMi-
HOTPYNIOI UM ¢-KapOOKCHIBHON IPYIMoi cno-
coOHa K cBOOOTHBIM BPAUIEHAAM (XOTH OTpaHUue-
Ha pasMepeM W X4apakTePOM Pagukanon), 4To
MO3BOAAET NOAUNENTHIHON LIENMH MPUHUMATL Pa3-
AWUYHBIE KOHEUTYpauUn.

INenTHAHbiE CBA3KM OOBYHO PacnofoXeHbl B
TpaHc-KOHDUrypauuu, T.C, o-yrJIepoaHble aTOMbl
pacionaraloTcs Mo pasHbE CTOPOHBI OT MENTHA-
HOHM CBA3H. B pesyneTate GOKOBBIE PAaTUKAILE aMH-
HOKUCAOT HAXOASTCH HA HauboJsee YIAEHHOM pac-
CTOSIHHM OpYT OT Apyra B npoctpaHcTee (puc. 1-2).

INenTaHbie CBA3M OUEHb MPOYHLI U CAMOTIPOM3-
BOJIBHO HE PA3pPbIBAIOTCS TIPH HOPMAIBHBIX YCIOBH-
X, CYIIECTBYIOILIMX B KINETKAX (HEHTPAILHA Cpeaa,
TeMneparypa Tena). B nadopartopHbBIX YCIOBHURX THI-
POMK3 MENTHAHBIX CBA3eH 0L/KOB NPOROAAT B 3ana-
SIHHOM amnyne ¢ KOHUEHTPUPOBaHHOM {6 MOJB/n)
COMSNICH KUCJIOFCH, NPH Temneparype bonee 105 °C,
NpHUYEM TONHBIA ruaposu3 0eaka A0 CBODOLHBIX
AMUHOKMC/OT MPOXOJWT NMPUMEPHO 33 CYTKHM.

B uUBBIX OpranMaMax NefTHAHLIE CBA3H B OCN-
Kax paspblBalOTCd ¢ MOMONLBIY CNIELUATBHBIX PO~
TEOJIMTHYECKUX (epPMCHTOB (OF aHTl. profein — De-
JOK, fysis — pa3pvlIEHWE), HA3bIBASMBIX TAKXKE
npoTeas’amu, MNM NENTUATHAPONAIAMH,

s obHapyKeHHsT B pacTeope OCIKOB W NEeNTH-
JOB, 8 TAKKE N8 WX KOJMYESCTBEHHOrO onpeanese-
HHUA UCTIOIb3YIOT OUYPETORYIC PEAKLMIC {MTOMOXH-
TeJIbHbLA Pe3ynbTaT A8 BELIECTB, COASpXKAUIHX B
CBOEM COCTABE HE MCHEE ABYX MENTHAHBIX CBI3EH),

3. Buosozumeckas poas nenmuoos

B opranuimMe uenomeka BbipabaTbiBaeTcsi MHO-
JKECTBO NCIITUIOB, YHACTBYIOUIMX B pery/siiMM pai-
JMUHBIX BUOMTOIHYECKHX IPOLISCCOB H O0TATARO1IHX
BLICOKOH (PMIHMOIOTHHECKOH AKTMBHOCTBIO.
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Puc. 1-1. MnrockocTH pacnonoXedns NenTHOHBIX rpynn n
-YrNepoaHeIX aToOMOB B NpOCTPaHCTEe.
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Puc. 1-2. TpaHe-KOHGUrypauma NenTUaHbIX CBA3eH. OyHKLM-
oHankHble rpynnsl —CO— n —NH—, o6pasylowue nenTwoHse ceA-
31, HE UOHM3MPOBAHLI, HO NONAPRHLI, M MOTYT Y4ECTROBATL B 06-
pa3oBaHny BORCPOAHLIX CBAZEH.

-

KoauyecTBe aMUHOKHUCIOTHBIX OCTATKOB B
CTPYKTYpe OHONOTHYECKH AKTHEHBIX TENTHAOB
MOXET BapbHpoBaTk oT 3 1o 3). K ogHHUM u3 ca-
MBIX «MaNeHBKHUX» TIENTUAOB MOXHC OTHECTH TH-
PEOTPONMUH-PHIAM3UHT-TOPMOH M FAVTATHOH {TpH-
NSNTHABI), 4 TAKXKE 3HKe(panHiip, UMEWHE B
CBOEV COCTABE 5 aMMHOKHMCAOT. OnHAKO OOTBLUNH-
CTBO OMONOTMYECKM AKTUBHBIX MENTHAOB MMEET B
cBOEM cocTape Gonee 10 aMUHOKHCIOT, HANPUMED
HelponenTua Y {peryigarop annetvra) COAepxKUT
36 aMUHOKUCNOT, 4 KOPTHKOMHGEPUH — 41 aMu-
HOKHUCJIOTY.

Hekotopble M3 11eNTHAOB, B YACTHOCTH OO/b-
IIMHCTBO TENMTHAHBIX TOPMOHOB, COIEPXAT NEMN-
THIHbBIE CBA3M, 0OPA3OBaHHbBIE C-AMMHOTPYIITCH M
-KapOOKCHABHONW TPYIHION COCEAHUX AMHHOKHC- -
JoT. Kak npaBuiio, OHW CUHTE3UPYIOTCA U3 HEaK-
THUBHBIX DEMKOBBIX FIPSINIECTREHHNUKOB, B KOTOPAIX
CHeln(MUeCKHe I[POTECTUTRYSCKUE (BEPMEHTDI
PA3pPYLIAKT ONpelenéHHbIE NENTUAHBIE CBA3M.

AnrvoTeHauH H — okTanenTuy, obpasyiolumnii-
Csl U3 KpyilHOro GefKa TUia3Mbl KPOBH AHTHOTEH-



3MHOTEHA B PE3YALTATE NOCASIOBATENLHOTO AEi-
CTBUAL ABYX TPOTEONUTHYECKHX QEPMEHTOB.

[epBbIil MPOTEONUTHYECKUH (hEPMEHT PEHUH OT-
HIETIAET OT aHTHOTEH3WHOTeHa ¢ N-KOHUA nen-
THA, COASpXaiiMii 10 aMMHOKMCIIOT, Ha3biBacMbid
anruoteHsuHoMm |. Bropoil mpoTeonuTHHECKHid
thepMeHT KapOOKCHAMNENMTHIANTIENTHAA3A OTILECIT-
aser oT C-KoHua aHrioreHsuHa | 2 aMuHOKHCIO-
Tbl, B Pe3yNLTaTe 4ero 00pazyeTcA GHOMOTHMUECCKU
AKTUBHBIA aHTHOTEH3MH 1l, y4acTByIOWIMI B pery-
JaurM Al M BODRO-CONEBOro o0MeHa B OpraHus-
Me (CM, cxeMy A).

(QuHAKO B HEKOTOPBIX BHONOTMYECKH AKTHBHBIX
NenTHIaX MOMYT codepxkaTbes M0G0 HEOObIYHBbIE
AMUHOKMCIOTH, JIMB0 CYIIECTBOBATE HEOObBIYHLIE
CBSA3H MEXIY AMHHOKHCAOTAMM, HE BCTPCUAIOWN-
ecs B Oenkax.

[TprimMep menTHaa, COASPXALIErO HEOObIUHYIO
Tt DEJKOB CBA3L MEXAY AMHHOKMCAOTAMH, —
TPMIIENTHI FMYTATHOH, MOCTPOEHHBIA W3 TAyTama-
T4, UWCTEMHA W TAMUMHA (CM. cxemy B).

N-KoHUeBasd aMWHOKHCAOTA TIIYTaMaT CBA3aHa
CO BTOPOH AMHHOKMUCIOTOH LUCTEHHOM HE 4epes
0-KapOOKCUIBHYIO TPYIINY, A Yepe3 y-KapOoKcnb-
HYIO TPYMIY €ro paivkana. [TyTaTMOH — LUMPOKO

1 2 3 4 5 6

PACTIPOCTPAHEHHBIH MENTUR OPraHKM3MA YENOREKA,
OH MOXeT ObITh UCNIOAb30BAH B OKHC/IWTEIBHO-
BOCCTAHOBHTENBHBEIX pEaklUMAX KaK JOHOP H aK-
UESMTOP BONOPOAA U HEOOXOIUM ia pabotel pana
(hbepMEHTOR.

DYHKUHMH TIENTHAOB 3aBUCAT OT MX MNEPBHUHOM
CTPYKTYDBl. AHTUQTEH3MH [ MO CTPYKTYPE OYeHb
MoxXoxX Ha aHruoteH3uH | {(MmeeT Tonepko nBe no-
HOMHUTENABHBIE AMMHOKMCIOTHE! ¢ C-kOoHLA), HO Npy
3TOM He 00nafaeT OUOAOTHYECKOR AKTHBHOCTHI).

HUameHedne B aMHHOKHCJOTHOM COCTaBE [Iell-
THAOB YacTO MPUBOAMUT K NMOTEPE OAHUX 1 BOZHMK-
HOBEHHIO APYTUX OMOJIOTMYECKKX CBOWCTB. B Ka-
yecTHe NMPUMepPa MOXHO PacCMOTPETh CTPYKTYPY W
CBONCTRA ABYX MECMTUAHBIX TOPMOHOB — OKCHTO-
LIHHa ¥ Ba30MpeCcCUHA,

B runoTtanamyce OKCUTOUMH W Ba3QIPecCUH 00-
PA3YIOTCH B PE3YNLTATE MaCTHYHOIC {QrpaHHuYeH-
HOTO) MpoTe1M3a Bolee KPYIHbIX OeJKOBLIX Npea-
wecTBeHHUKoB. M3 rumoTanamyca mo HepsHbIM
BOJIOKHAM 3TH FOPMOHBI BHYTP#H CEKPETOPHBIX Ipa-
HYJ NIEPEMEELIAKYTCA B HEPBHBIE OKOHUYAHMS AKCOo-
HOB, HAXOIMLUMXCA B 33aHei aote rvnogusa. [Nocae
OEACTEBUH CREeUW(HYECKHX CTHMYJIOB 3TH TOPMO-
Hbl BbLAENSIOTCH B KpOBb (CM. cxeMy A Ha c. 13).
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OKCUTOLMH W Ba3ONpeccHH B CBOEH CTPYKTYpe
HWMEIOT MHOTO OOIIETO:

¢ 002 cofiepXaT 9 AMMHOKHCAQTHBIX OCTATKOB;

s 7 AMWHOKHMCAOTHBIX OCTATKOB U3 9 MAEHTHYHLI;

» 2 OCTaTK4 LMCTEMHA COCAMHEHBI IMCYIbpHI-

HOH CBHA3BIO,

« Ha C-KOHIIE MENTHAOB p-KapGOKCHNBHAL TPYyIT-

na FIyTaMara aMMaHpOBaHA.

HecmoTpa Ha HeDosBlIME OTIWMKA B MOC/ISAO-
BATEIbHOCTH AMMHOKHCITOT {3aMeHbI aMHHOKHCHIOT
B NOJIOXEHUSIX 3 U §) 3THU rOPMOHbBI CHABHO OTJIH-
JawTed M0 Gu3nonoruveckoMy aeilcteuio. Tak,
OKCHTOLUMH BBUISASETCS B KPOBL BO BPEMSI KOPM-
NeHuA peGEHKA, BHIALIBAET COXPALIEHUE MHOIH-
TENHANEHEIX KNETOK IIPOTOKOB MOJIOUHBIX XENES W
CTUMYIHWPYET BblagdeHHMe Monoka. Kpome Toro,
OKCHUTOUMH BNMSET HA TAAKKYI0O MYCKYNATYpy Mar-
KM BO BpeMs DOJIOB, BhI3BIBas €8 coKpallleHHE.

B oTIH4YME OT OKCHTOLIMHA, OCHOBHOE (DU3HO-
JOTHYSCKOS ACHCTBME Ba3ONpPECCHHA — YBeNWdYe-
HHe peabeopbUHM BOOBI B NOYKAX NpH YMEHbLIe-
HUM Al uan obbEMa KPOBU ([IOITOMY IPYroe
HA3BAHHE 3TOTO FOPMOHA — AHTUIMYPETHUUSCKUWI).
KpoMe Toro, Ba3ONpecCHH BLI3BIBACT CYXKEHHE
I'MK cocyios.

HHTepecHO OTMETUTh, YTO HANMH4YHEe B TIONOXE-
HHH 8 OCHOBHOW aMWHOKHCIIOTE! BAXHO ALTA NMPOSB-
JIBHMAL AHTHAMYPETHHECKOM AKTMBHOCTH, 4 aMUHO-
KHCAOTE! ¢ TUAPOGOOHBIM pa/MKAIOM B NONOXEeHHH
3 — mng cokpawmennst MK,

1 2 3 4 5

Tak Kak MenTHObL — MOLUHLIE perynaropsl 6Ho-
JIOTH4YECKUX TIPOLIECCOB, MX MOXHO HCIOJB30BATE
KaK JICKApCcTBeHHbIe NpenapaThl. OCHOBHOE MpeTndT-
CTBWE ANS TEPANEBTHYECKOTO WCMOMB30BAHHA — HX
OLICTPOE paspyLICHKE B OPraHKaMe. OIHHUM M3 BAX-
HEALUWX PEIVILTATOB MCCACIOBAHMA ABISETCS HE
TOJIEKO U3YMEHME CTPYKTYPhI MENTHAOB, HO M TOMY-
YEHHE CHHTETHMHMECKUX AHAJIOrOB MPMPORHBIX T1ET1-
THAOB ¢ LIGACHANPARTCHHBIMU U3MEHEHUAMK B HX
CTPYKTYPE M (DYHKLMSIX.

Hanpumep, ciHTe3MpoBaH nentH |-Ie3aMUHO-
8-D-aprunun-saszonpeccud (JAB), cTpykTypa Ko-
TOPOTO NpeacTaBicHa Ha cxeMe b.

B cTpykType 3TOre nentuaa (Mo CpaBHEHMIO C
Ba30MPECCHHOM) HET AMMHOTPYIITIEI Ha N-KOHIIE,
M BMeCTO L-apryHMHA B TMOMOXEHMH 8 CTOHT
D-aprunud. Takoil cHHTeTHYECKMI menTun odna-
JAET TOJNBEKO AHTHAUYPETHUECKON AKTMBHOCTBIO H
XUMHYECKH YCTOHYMB, T.€. TPY BBEASHHM B Opra-
HU3M BRHI3BIBAET JVIMTEILHYIO peakuuio, Takol He-
KYCCTBEHHBIH aHANOT TOPMOHA (10 CpaBHEHWIO C
MIPHPOIHBIM) Gonee 3peKTHBCH TPKY TeHeH U TOp-
MOHAMBHON HEAOCTAaTOYHOCTH.

OTKPLITHIE M M3YYCHHBIC B HACTOSIUCE BPEMs
NENTHABL MOXHO PA3AEIMTE Ha IPYNINbl O KX OC-
HOBHOMY (DHIHOAQIUYUECKOMY JASHCTBUIO;

* NENTHABL, 00A3AAIOINE [OPMOHAIBHOH aKTHB-
HOCTBIO {OKCHTOLIMH, BA3OMPECCHH, PHIM3UHT-
TOPMOHBI TUTIOTANIAMYCA, MEJAHOUMTCTUMYITH-
PYHOILMA TOPMOH, TIIOKAroH H Ip.);
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+ NENTHALBL, PETVIIHPYIOWME NTPOLECCHl MULLIEBA-
peHus (racTpuH, XOMeUMCTOKHHHH,. BA3OHHTE-
CTHHANbHbI NI, XenyIouHbid WHIMBUpPY-
IOLIMIA TIENTHA K Ap.);

s TIEMTHABI, PETYTHPYIOLUME TOHYC COCYI0R U AL
(OpalUKMHHUH, KalMAMH, aHrHOTeH3UMH 11}

¢ TEHTUABI, PETYITUPYIOLIUE ATMETUT (AEOTHH,
HelponenTUI Y, METaHOUUTCTHMYTUPYIOLEHIA
TOpMOH, [-3HA0PdUHbBI);

« MenTHABL, ofaagaowme obe300TMBAKILIMM IeH-
cTBreM (3HKeDANBHBL W 3HAOPOUHLY W Ipyrue
OTHOWAHbBIE MenTuakbl), O6eaboaupalmi -
(bEKT HTHUX NENTHIOB B COTHK PA3 MPEBOCXOAMY
aHABrE3UPYIOIINT 3gibekT MophHHA;

¢ TIEMTHUAB, YYACTBYIOUIME B PETVARLIMA BHICLIER
HEPBHOH AEATENBHOCTH, B OHOXUMMHUECKUX
OpoIECCax, CBU3AHHBIX ¢ MEXaHM3MaMM CHa,
00y4eHHA, 11AMATH, BO3HWKHOBEHHS YYBCTBa
CTpaxa v T.0.

(/IHAKQ TaKOe AefeHue TEeNnTUADB KpPanHE yC-
J0BHO. [losBMNIMCH JaHHbIE O TOM, YTO MHOTHE
OenaTHAL 00Ja0alT LUPOKUM CIIEKTPOM ACH-
¢TuA, Tak, MENaHOUMTCTHMYIKPYICIIMA TOPMOH,
NOMUMO CTUMYISALIMW TUIMEeHTOOOpa3oBaHWs,
YYACTBYET B PEry/SILIMM anneTuTa (BMecTe ¢ Nen-
THHOM [10AABASET MOTPEONEHAS TTHIH U SABIACT-
cA AHTAroHUCTOM HeliponenTvaa Y). B To ke Bpe-
M (-3H10pdUHBI, KpOME aHANBTE3IMDYICUIETO
aekTa, — CUHEpPrucTel HeHpomenTuia Y, T.6.
yeUIMBaOT moTpeb®ueHue nuuu. OOncaHHbIH
BHIILE BA3OIPECCHH, KPOME aHTHAMYPETUUECKOTO
¥ COCYAQCYXHMBAKMUEND ASHCTBUSA, MMEET CBON-
CTBO YAVULIATH NaMATh.

il. CTPYKTYPA BENKOB

[TenTUAHBIE UEMH COACPXKAT JACCATKHM, COTHU H
THICSMM AMUHOKHCIOTHBIX OCTATKOR, COSAMHEHHBIX
[IPOYHBIMH DNEMTHIHLIMA CBA3AMH, 34 CUéT BHYT-
PHMOJEKYNAPHBIX B3aUMONeHCTBUIT Denky obpasy-
10T ONPeaS)IBHHYI0 OPOCTPAHCTBEHHYK) CTPYKTYDY,
Ha3LBaEMY1C «kondopmanna Oenkos». JlWHelHas
NOCIeqoBATENBHOCTE AMIHOKUCIIOT B BENKe comep-
JKMT MHGOPMALIMIO ¢ NOCTPOSHHH TPEXMEPHOM Npo-
CTPAHCTBEHHON CTPYKTYpHI. PazivuaiT 4 ypoBHS
CTPYKTYPHOIl OpraHM3auMH GeIKOB, HA3BIBAEMBIX
MEPBWYHON, BTOPHYHOM, 1DETHYHON H YETREPTHY-
HO# cTpykTypaMi (pHc. 1-3). CywecTsyior o0lue
NPABWIa, 00 KOTOPbIM HAED (hOpMUpPOBAHUE TTPO-
CTPAHCTBEHHBIX CTPYKTYR 0e1KOB.

H H H

HH

Lo Eo !
——N-C—C-N~C—-C—N—
(0 Lo
H O  CH;0

Puc. 1-3. 3tansl hopMUpoBadna KOHopMaurn Genkos.
1 — NepBUYHAR CTPYKTYPa; 2 — BTOPWYHARA CTPYKTYPa; 3 — Tpe-
TUYHARA CTPYKTYPA; 4 — 4YeTRepPTUHHAA CTPYKTYPA.
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A. TIIEPBHYHAS CTPYKTYPA

AMHHOKHCIOTHBIE OCTATKH B TENTHAHOW Leny
OeNKOB uyepeayloTes He chyvalHeIM 06pa3oM, a
PACIOIONKEHB! B ONpeaenéHHOM nopsgke. JluHekh-
HYI0 IOCEAOBATEIbHOCTE AMHHOKHCIOTHBIX OCTAT-
KOB B TIOJTHMENTHAHOW UESMH HAIBIBAKT «NepRut-
HAS CTPYKTYpa Deaxas.

[MepBUYHAas CTPYKTYPA KKIOTO MHIUBHTYANbHO-
ro Benka sakogupoeaHa B ydactke AHK, Hasnipae-
MOM redom. B nponecce cuHTesa Henxa uHgpopma-
UMST, HAXOJALIANCH B FeHe, CHa4ANa TTepenUChiBAETCS
ua MPHK, a 3arem, ucnonssys MPHK B kauectse
MaTpHlibl, Ha prbocoMe npoucxonuT cbopka nep-
BHHHOM CTPYKTYpBl Oenka (cM. pasaen 4).

Kaxapiit 13 50 000 wnausmayansHbix DEAKOB
OPraHH3Ma YEJOBEKA HMEET YHHKANbHYIO IS NaH-
HoTo Oejika mEPBUUHYIO CTPYKTYPY. Bee Moaekyanl
JAHHOTO HHAMBYAVAILHOTC Gelka WMEIOT OJHHA-
KOBOE YepeAOBaHME aMUHOKMUCIOTHBIX OCTATKOB B
Deake, UTO B MepPBYI0 OYEPEAb OTIMYAET JAHHBIM
MHAMBHARYANBHBIE 0¢10K oT mooro apyroro.

b. METOOBI W3VUEHHA TIEPBUYHOMN
CTPYKTYPLI BEIKA

HiyyeHune nepBHYHON CTPYKTYpPh DEAKOB MME-
€T BaXHOe 001eOHONOrHYECKOEe U MEINULIMHCKOE
3HaveHHe. M3yqas MOpsaoK yepejoBaHusa aMHHO-
KHCTOTHBIX OCTATKOBR B HHIWBUIAYANIBHBIX 6C_J'IKEU(
H COIMOCTABJIANA STH 3HAHMA ¢ 0COBEHHOCTAMHU NPOo-
CTPAHCTBEHHOIO PACMOAOXEHUSA MOJEKYIIBL, MOX-
HC BLIABUTH o0mike (PyHIAMEHTANBHBIE 3aKOHO-
MEPHOCTH (OpPMHPOBAHKA TIPOCTPAHCTBEHHOM
CTPYKTYpbl GEIKOB.

Kpoue Toro, MHOrHe reHeTH4YecKue 00Me3HH —
pe3yNAbTaT HAPYLIEHHSA B aMWHOKHCIOTHOM noche-
JOBATENbHOCTH Oenkos., MH(popMalUMus O nepBHY-
HOH CTPYKTYpE HOPMUIBHOIO M MYTAHTHOTO Henka
MOXET ObITh MOJIE3HA 119 AHATHOCTUKH U NIPOTHO-
3UPOBAHHA Pa3BUTHA 3ab0JCcBAHMA,

YcTaHoBIeHHe TMEPBHYHOH CTPYKTYDPhI OElKOB
BKIIOYAeT 2 OCHOBHbBIX 3Tarla:

» OMpelcNeHNe aMMHOKHCIOTHOTO COCTaRa N3y-

yagMoro Oenka;

« ONpeJcicHHE aMUHOKUCAOTHOH nocaeaoBa-

TEJILHOCTH B DENKE.

1. Onpedesenne amunoxucaomuozo cocmasa beia

[MepBEilt aTan B oOpeac eHHH MeEPBUYHOR CTPYK-
TYphbl GENKOB 3aKTI0YAETCA B KAYECTBEHHOH H KO-

20

JIMYECTBEHHOH OUEHKE AMHWHOKHCJIOTHOTO COCTABA
JAHHOTO WHIMBHIYAikHOTO Oenka, Heobxoanumo
MMOMHHUTb, YTO ANS HMCCISAOBAHHMS HYKHO HUMETH
ONpeaeNéHHOE KOMUUECTBO YUCTOTO Dejika, 0e3
npumMeceii apyrHx 6€IKOB WIH TIENTUIOB.

KHcIoTHBIH THAPOAH3 0enKa

Hnsi onpelleReHU aMHHOKHCAOTHOMO COCTABa
HEOOXOMMMO NPORECTH Pa3pyLICHHE BCeX MENnTHa-
HbIX CBsi3eld B OeNke. AHATM3UPYEMblid BefloK rui-
ponusytot B 6 moa/n HCI npu TeMnepatype ckofo
110 °C B TeueHHe 24 4. B pesynwTare Takoi obpa-
60TKM paspyllaloTcs NENTUOHBIE CBA3H B Genke, a
B TMIPOJNH3ATE IPHCYTCTBYIOT TOMALKO CBOGOMHBIC
AMHHOKHMCAOTHL. KpoMe Toro, miyTaMuH W acnapa-
TMH THAPOSM3YIOTCA A0 TIYTAMHHOBOHM M acnapa-
THHOBO KUCIOT (T.2. PaspuIBAETCH AMWIHAA CBA3b
B paAMK&IE H OT HUX OTWETUISIETCS aMMHOTPYNIA),

Paiienense aMHHOKHCIOT C NOMOIIBIO
HonooOMenHo# Xpomatorpadiiu

Cmech aMUHOKHCTOT, TIONYHEHHBIX KHUCIOTHEIM
THAPOAH3OM DEIKOB, paznelslT B KOJMOHKE ¢ Ka-
THOHOOOMeHHOH cMoIol. Takas CUHTeTHUeCKast
CMOJIa COAEPXKUT MPOYHO CBA3AHHBIE ¢ Hel OTpU-
LATEALHO 3apsDKEHHbIE TPYIIbl (HAMPUMED, OCTAT-
KH cyabdoHopoil kucaotel -S0O,7), K KOTOpPBIM
npyuceeaHeHbl HOHBE Na* (puc. 1-4).

B xaTHOHOOOMEHHHMK BHOCHT CMECh AMHMHOKHMC-
noT B Kucno# cpede (pH 3,0}, rie aMHHOKMCIOTHI B
OCHOBHOM TIPEACTARISIIOT KaTHOHBL, T.€. Hecyt Mo-
JOKWTENLHBIH 3apan. [1ooXUTenbHO 3apsKeHHbIE
AMUHOKHMC/IOTE MPUCOCAUHSAIOTCH K OTPHLATEILHO
3ApPMAKEeHHbIM YACTHUAM cMONBL. YeM Bofbliie cyM-
MAPHbIH 3apAl AMMHOKUCNOTHI, TEM TNpoyHee eé
CBA3b CO cMONoil, Tak, aMUHOKHMCIOTHI JIU3KUH, ap-
THHUH M TMCTHAWH HAWDOEE NMPOYHO CBH3bIBAKIT-
¢35l ¢ KATHOHOOOMEHHHWKOM, 4 acTapariHoBas U [Iy-
TAMHHOBAs KMCIOTE — Haubosiee cnado.

BoicroOoXIEHHe AMUHOKUCTIOT W3 KOJOHKH OCY-
LIeCTRISIOT BHMBIBAHUEM {AMIOUPOBAHHEM) HX
OyvhepHLIM pacTBOPOM € YBEIWYUBAIOLICHCA WOH-
HOH cmnoil {T.e. ¢ YBEJIMYEHHEM KOHLEHTpaLUWU
NaCl) u pH. INpx yBenudyenrn pH aMuHOKMCAO-
TH! TEPSIOT FIPOTOH, B PE3YABTATE YMEHBWACTCH MX
MONOXHUTEALHBIN 3apsid, a CMEAORATENBHO M MPOY-
HOCTb CBA3H C OTPHLATEABHC 3aPSKEHHBIMM Yac-
THLUAMH CMOJBL,

Kaxnas aMMHOKHCAOTA BBIXOAHT M3 KOJTOHKN TIPH
onpeaenéHHoM 3HaueHuH pH 1 uoHHo# cinbl. Co-
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Puc. 1-4. PasfeneHne aMUHOKUCTIOT € NOMOLULIC HOHOOOMEHHOR XPOMATOrPagivKN. A, XpomMaTorpaduueckasn KonoHKa, HaronHeHHas
KATWOHOOBMEHHOW CMONCK. B. STant! pasgeneHws aMUHOKHCNOT: 1 — NPUCCEqUHEHe aMUHOKHGROT K YacTWLaM CMONbY 2 — BuicBOGOM-
AeHWe AMWHOKWCACT NP ORPEOEN&HHOM 3HaYeHW pH 1 kKoHLeHTpaLmK NaCl

BHpasi ¢ HUAKHEND KOHLA KOJTOHKU PacTBOP (3MIK0AT)
B BHIC HeOOABLINX TTIOPLHIA, MOXKHO NOTYIHTE (ipak-
UKK, CORSPXALIME OTAENBHBIE AMUBOKHWCIOTEL.

KoawuecTBeHnbIH AHANHE NOAY4eHHLIX thpakii

KOMHYeCTBO KaXJIoH M3 aMMHOKMCIOT B JAHHOM
Genke ONpeAeNAioT, HArpeRas OTAENbHBIC (paKiIMH
AMMHOKHMCAOT ¢ HHHTHIPHHOM, OGPA3yI0INM COSIH-
HeHHEe KPacHO-(DHONeTOROro uBeta. MHTEHCHBHOCTD
OKpacku B pode MpOoTNopUMOHATEHA KOJWYIECTRY

HAXOIMUEACS B Hell aMUHOKHCITOTHI, MOITOMY [0
CMeKTpohoTOMETPHYECKOMY H3MEPEHHIO CBETA,
MOTSIOLWEHHOTO HUHTHMIPUHOBLIMH [IPOU3BOAHbIM,
MOKHO OOPENENTUTE COAEPKAHNE KAKAOH AMUHOKHC-
JIOTBL B TMAOPOAM33aTE JaHHOTO Genka.

B HacTofilUge BpemMs MPOLECe Pa3aeIeHns M KO-
AHWYECTBEHHOTO ONPEASISHNS AMUBHOKHUCTOT B THI-
ponuzate GesKa MOAHOCTHHY ABTOMATU3IMPOBAH M
OCYLUECTRAASTCA B CMSLUMANBHOM NpHBOpe — anii-
HOKUCJIOTHOM aHRTN3ATOPE.
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2. Onpedesenue aMUHOKUCAOMHOT
noceedosamessocni 6 Dedxe

Onpenesierne N-KOHIEBOH aMHHOKHCIOTLI
B OeJiKe H MOC/ET0BATEILHOCTH AMHHOKHCIOT
B O/IHIONENTHAAX

Qenwmszornolonar (PUTLY — peareHT, ue-
MONB3VEMBIN B onpeaefeHHsT N-KOHHEBOH aMu-~
HOKMCIOTHL B MenTuie, OH cnocobeH pearnpoRaTh
C O-AMUHOTPYIINON W -KapOOKCWILHON TPy
CBODOAHBIX AMUHOKMCIIOT, a TAKKE ¢ N-KOHLEBOH
AMUHOKMCIOTON B nienTHaax (CM. cxeMy HILKE).

B pesynbTate Baaumogeicteua ¢ N-kOHUEBOH
AMUHOKHUCIOTON MOIMMEeNTHAA 00pa3yeTes (peHm-
THOTUAAHTHOHOBOE NMPOHIBOAHOS, B KOTOPOM I€C-
TAOMANINPOBAHA NMENTUAHAS CBS3b MEXAY o-Kap-
OOKCHIBHOH FPYTINOI N-KOHLIEBOi aMHHOKHCIOTH
W o-aMHHOTPYINOHA BTOPOH aMUHOKUCIOTRL B M-
THAE. DTa CBA3b U30HPATENBHO MMAPONH3yeTcH Ge3
MOBPEXOCHYUSA APYIUX TENTHIHBIX CBA3EH.

>y—c-o
P + NH-CH-CO...NH-CH-COOH
- | i
S”C\w’C\Ri Rz Rn
H

Nocne peakii BeiaensoT komruieke MUTLL-
AK,|, vaeHTMDHUMPYIOT €70 XpOMaTorpadIecKy-
MU Metonamu. PUTIL MoxHO HCNOAL3OBATL BHOBE
€ YKOPQUEHHBIM MenTHAOM, MOJAY4EHHbIM B TIpe-
ABOYlEM UMKNe, 114 ONpeAefeHUst Caenyloluei
AMMHOKHCIOTEL. DTOT MPOLECT CTYNEHYATOro pac-
wervieHus nentraa ¢ N-kKoHUa Gl aBTOMATH3H-
pPOBAH W peanM3oBaH B pulope — CcexBeHartope, ¢
MOMOWILIO KOTOPOTC MOXHO ONpeneisiTh NOCASIO-
BATEJJLHOCTL AMHHOKHCIOTHBIX OCTATKOB B OJIHIO-
nentraax, cocroawux vz 10—20 aMHHOKHCIOT.

MHoOTrue NMOJHIIENTHAB HMEIOT NMEPBHUYHYID
CTPYKTYPY, cocTosilyto Gonee yem u3 100 amuHo-

OUTL| R

1

KMENoT. Tak KaK ¢ OMOLLLIC CEKBEHATOPOB Hau-
Qonee NPOAYKTHBHO OUPEIeINIOT AMUHOKUCIOTHYIO
NOCAeAOBATENBHOCTD JHIWbL HECOABLIMX NeaTHIN:s,
MOJIEKY)IBI QOJNNENTUAA PACLISINAIOT N0 Creum-
ipryeckuM MectaM Ha parMeHThbl.

MCI’[OJII:BYH HECKOJIBbKO Pa3HBIX pACIICTUTAICIIMX
areHToB {MMH MOIYT DBITh (PEPMEHTBI HMIH XWUMH-
HECKHE BCHJ,CCTBa) B pa3HbIX npoﬁax O{HINTEHHOIO
MONUOCNTHAA, MOXHO [MTONVYHTH HYACTHYHO TCpe-
KPBIBAIOIIKE APYT APYra IpArMEHTD C YCTAHOBIIEH-
HOH aMHWHOKHCIOTHOH MOCISA0BATESIbHOCTBK). C
HX TTOMOUBbK MOXHO BOCCO30ATH l'lpaBI*IIIbeITF'I
NopAAoK d)pal’MCHTOB H MOTYYHUTL NONHY TOC/e-
DOBATENLHOCTE AMHHOKHCACT B TIOAUIIEMTUAHOH
UETIN.

(DepMeHTATHEHOE pacliellieHne BOJHIEeNTHIa
no cnelHGHISCKHM YIACTEAM

st cielinprveckoro paciuenieHns menTUAHbIX
cBA3eill B DelKe MOXHO WCNOAb30BATH HECKOJbKO
pasHbix depmerror, Hanbonee MINpOKO HCNonb-
3YIOT (QEPMEHTATHMBHBIA TMAPONK3 TIOMIHICITHIA
MPOTEOTHTHYSCKUM (DEPMEHTOM — TPHIICMHOM,
KOTOPBIH OTHOCST K CpyIINe MHINEBAPUTEIbHBIX
(hepMeHTOB (eTC BhLIpaOATHIBAET TMOAXETYIOMHASA
xenesa). PepMedT oOJANAET RLICOKOW crietkdiid-
HOCTEKY AgiicTRUA. OH pacllennaeT NenTHAHBIE
CBS13M, B 00pA308aHUH KOTOPLIX YHACTRYET KapOOK-
CHJIBHAH I'PYTINA OCTATKOB JIM3MHA HJIW APrMHHHA.

-NH-CH-CO-NH - (_!‘,H—CO—
|
Nna R
unm Apr Tpuncu

HMcxoad u3 yCTaHOBISHHOTO KOJMYECTBA OCTAT-
KOB JH3WHA M aprHHUHA, MOXHO MPEICKa3aTh KO-
JUYECTRO TOIYIASMBIX TTPH THAPOIH3E TPUNCHHOM
dparmenTos. Tak, ecny B MOMUNENTHAHON UeNH
6 oCcTaTKoB aprHHUHA M JIM3WHA, TO TIPH Pacller-

+ HN-CH-CO-NH-CH-CO... -NH-CH-COOH
I | i
Rz Rn
MNentug,

& H>NH  CO-NH-CH-CO ... - NH-CH-COOH
| i
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JEHHUN TPUIICMHOM MOXHO MONYYHTE 7 ()parMcH-
TOR.

3ateM R KaxA0M (parMcHre yCTAHABIWBAKT
AMHHOKUCIIOTHYIO [10CE10BATENbHOCTD,

XuMuueckoe pacinelsieHHe NoJunentiaa
no cnenmduecKHM y9acTKaM

B HeKOTOpBIX ClTyHasiX IPEAIOUTHTENEH HE dep-
MEHTATMRHBIA, @ XMMHUdecKuil ruaponus. Tak, pe-
areHT OpoMUMAH pacltellIseT TOJAbKO [IENTHIHBIE
CBH3M, B KOTOpPbix KapOOKCHALHAS CPYyNa npH-
HAAJEKHT OCTATKY METHOHHHA., 3HAas KOMUUECTBO
OCTATKOB METMOHHWHA B MOUIHTENTHIHON UENH,
JIETKO YCTAHOBUTL KOJNMUECTBO NOMYUHaeMbIx dipar-
MeHTOB. [atee Na Kaxiaoro (pparMeHTa B CeKBe-
HATOpE TAKXKe YCTAHABJAMBAKT aMHUHOKHWCAOTHYIO
NOC/ICA0BATENBHOCTD.

IToaydeHue aMUHOKHCTOTHON
NOC/1E0BATENBHOCTH MOTHRENTHAA C MOMOUILED
NePeKpbIBAIIKXCHA {BPArMEHTOB

g yCTIEWHOro YCTaHOBNCHUA 1TOCNEA0BATCIb-
HOCTH TIONYHEHHLIK (DParMeHTOR NOAUNETTHIA He-
00X0OMMO MOAYYUTL NEONTUIL ¢ TEPEKPLIBAIOLIA-
MHCS AMHHOKHLIOTHBIMH NOCE00BATe1BHOCTAMH.
210 pocturanT obpaboTKoW oTIeNbHbIX Npol maH-
HOTO NOMNEnTHIA PASHEIMU PEAreHTAMM, pacLien-
JHIOIUMME OeoK B pasHbiX Mectax. Heobxoaumo
MPOBECTH CTOJILKO paclIeiieH i, YTo0b TONYIHTE
HAGOp NenTHAOB, DeCeYHBAIOLLHX NEPEKPLIBALIME
BCEX YUACTKOB, HEOGXOAWMBLIX JANA ONpPEASiCHUS
MOCREAOBATEALHOCTH MCXOLHOTO TOJTMITEITTHIA.

MenTagbl, NoNy4YeHHLIe TP rMapomsse BENka TPUNCMHOM

Ana-Tc-Apr po-Met-Tup-Nna Ban-Inu
- 4 v —_—

. Ana-Tvc-Apr-Mpo-MeT

Tup-Nuwa-Bap-m
¥ k_"_""'_\c—___'l
MenTuael, nomydeHHLe fpu rnaporvae Genka SpomumaHom

YeTaHoRIeHME NEPEMYHON CTPYKTYPLI GeAxa ¢ noMowsio ne-
PEKPLIBAWKXCA NENTURHBIX thparMeHToB.

B. KOH®OPMAIIHA BEAKOB

JIMHeAHbIE MOAUMIENITUAHBIE LLENH WHAHBHAYAIb-
HLlx BeKOB 32 CUET B3AUMOIEHCTBUS (DYHKLIHO-
HaJIBHBIX TPYMIT aMHIIOKHCIOT NPUODpeTaloT orl-
Peaen€HHYI0 APOCTPAHCTEEHHYIO TPEXMEPHYIO
CTPYKTYPY, Ha3bIRAEMY1O «koHpopMauna». Bce mo-

NeKyNbl UHIMBUIYAIbHbIX GEeNKOB (T.€. WMEIoLIMX
ONWHAKORYID MEPBHUHYIO CTPYKTYPY) 00pasyioT B
pacITBROpe OMHHAKOBYIO KoHdopMauuw. Ciacnosa-
TenbHO, BeA UHGpopMatusa, Heobxoaumas anst gop-
MHUPOBAHHA NPOCTPAHCTBEHHbBIX CTPYKTYP, 1AXO-
OUTCS B NEPBUYHON CTPYKTYpe OenKos.

B 6enkax paznMuaioT 2 0CHOBHbIX THIA KOHpOp-
MAaUMK MONUITENTHIHBIX LETIEH; BTOPUYHYIO K Tpe-
THYHYIO CTPYKTYDBIL.

1, Bmopwinaa citpyxkmypa Oeaxoé

Bropaunas crpykrypa Oe1koB — TpoCIpaHCTEEH-
Hasl CrpykTYpa, 00pasyOUIafgCc B Pe3y.IbTaTe B3ai-
MOISHCTBHE MEXUTY (PYHKUMOHANBHBIMH TPYTIHAMH,
BXOJSILIMMH B COCTAB NenTuaHero octopa. Ipit aToM
NENTWABLIE UeMM MOTYT [IPpHOBpETaTh peryjisipHble
CTPYKTYPB] ABYX THIIOB! -CHHPAiAb H -CTpyKIypa.

u-Cnupane

B gaHHOM THNE CTPYKTYPBl MENTHIHLIA OCTOB
3AKPYHMBAETCA B BHIE CIMPANH 3a CYET oOpalosa-
HHs BOUOPONHBIX CBA3CH MEXIy aTOMaMH KHCI10-
pona KapOOHWIbHBIX TPYIIN M aTOMaMM d30T4 dMH-
HOTPVYIIN, BXOQSLIHX B COCTAB NENTHAHMIX 1Pynn
yepes 4 aMHHOKHMCIOTHBIX Octarka. Bouopontibie
CBA3H OPUEHTUPORAHBL BAOAL OCH CHMpanu (pMc,
1-5). Ha oIuH BUTOK O-CIMPAIH APUXOINTCS 3,6
AMHHOKHMCAOTHBIX QCTATKA,

B 0bpazoBaHyuu BOAOPOAHBIX CBH3EH YUYACTBYOIT
NpaKIUIECKH BCe aTOMBI KHCIOPOLA  BOAOPOIA TIeu-
THAHBIX Tpyiul. B peayasrare o-ChUpasiib «CTrariea-
eTca» MHOXECTBOM BOJOPOIHLIX cBasei. Hecmorpa
Ha TO, YTO JAHHLIE CBSI3H OTHOCAT K pa3paay crha-
OBIX, MX KOJHMYECTBO 00ecleUHBaET MaKCHMATbHO
BOZMOXKHYIO CTADWIBHOCTL Gi-CNIMpanH. Tak Kak Bce
TUAPOQIILHEIEC TPYIITNEL ENTHAHOMO OCTOBA OObI4-
HO YYACTBYIOT B 0Opa3OoBaHHMM BOAOPOAHBIX CBA3CH,
rUAPOQHABHOCTE (T.€. CNIOCODHOCTE 0OpPA30BHIBATh
BOAOPOAHBIE CBH3M ¢ BOAOH) c-COMpPAIed yMeHblua-
eTcA, 4 MX rHiIpodobHOCTE YRETHYHMBAET S,

o-Cnupanbhas cTpykTypa — Hamnbonee ycrodi-
yMBan KOHpOPMAUMA MENTHAHGIO OCTOBA, OTBE-
YAKLIAS MUHHMYMY CBODOIHON 3HeprHU. B pelyih-
tare 00pasOBAHUA @-CNHpageit MOAMITENTHIHAS
Uelp YKOPAUHBACTCa, HO €CNIM CO34aTh YCAOBUA IS
pPA3PLIBY BOAOPONHBIX CBs3eH, MOIMNENTHIHAsA
1eIb BHOBL YAIMHWTCA.

PamMKANbl AaMHHOKHMCIOT HAXOAATCS HA HAPYXKHOH
CTOPOHE O-CTIMPATH M HATIPARIEHLT OT 1eNITHAHOG
OCTOBA B CTOpOHBL. OHM He yuacIBYIOT B 00pazoBa-
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HHW BOAODPOIHBIX CHA3ECH, XapaKTepHbiX A1 BTOpHY-
HO# CTPYKTYpLI, HO HEKOTOPBIE M3 HMX MOTYT Hapy-
1aTh hopMHAPOBaHKE o-CMpani. K HUM oTHOCHT:
s IpoayH. Ero atoM azoTa BXOJMT B COCTAB XKEC-
TKOTO KOJbILA, YTO HCKIIOUYAET BOIMOXHOCTH
BpaueHHa BokpyT -N-CH- ¢Ba3u. Kpome Toro,
y aroMa a30Ta npojnHa, 0Opasyiollero NernTH-
HYIO CBsI3b ¢ APYTO# aMHHOKHMCIOTOH, HET aTo-
Ma Bogopona. B pesynbraTe IPONMH He CNOCO-
6eH obpasoBaTk BOAOPOAHYIO CBA3b B JAHHOM
MecTe NeNTHAHOrO OCTORA, M O-CTIHpaTLHAasi
CTpYKTYpa Hapywuaetrcsi. ODBIMHO B FTOM MECTE
MENTHAHON LeNH BO3HWKAST TICTAS HAM H3rHG,
YYACTKH, [€ MOCASIOBATENBHG PACIIONOKEHDI
HECKONbKO OIWHAKOBO 3aNSKCHHLBIX pajJIMKa-
JOB, MeXAy KOTOPhiMH BO3HWKAKOT 3JIEKTpPO-
CTATMYECKHE CHIbl OTTATKHBAHMS,;
YYACTKM C OIM3KO paciloNOXKEHHBMU 00neM-
HBIMHM pANMKATAMM, MEXAHWUECKHU HApYLIAKD-
WHAMHA DOPMUPOBAHHE (-COMPAIH, HATIPUMED
METHOHUH, TpUNTOMaH,

f-CrpykTypa

B-Crpykrypa dropmupyeTca 3a CUET o0pasoBaHUsA
WMHOMKECTBA BOMOPOMHEIX CBA3EH MEXUTY ATOMAMM [Ef-
MMAHBIX TPYIIT AMHEAHBIX o0macTeill OnHoi monmMmer-
THAHOW LeMM, AeAAImiei H3rusl, WIKM MEXIy pas-
HBIMM TMOANNenTHAHLIMU uensMu. B-CTpykTypa
obpasyeT durypy, NOAODHYIO NMCTY, CIMKEHHOMY
«rapMOLUKOi», — B-CKaauarbiii cioit (puc. 1-6).

BoaoponHbie
CBA3N

Bonopoaksie
CBA3M

PaguKars: aMUHOXHCHOT

_IT
'\

MenTuaHeA OCTOB

Puc. 1-5. o-Cnvpane. Ha preyHke NokasaHsl NPOCTRAHCTBENHOS
CTPOSHAE O-CIIMPANMACBAHHOMD YHACTKA NONKNENTUOROA Uenu 1
obpazoBanve BOOCPOLHbLIX CBAISA, yHACTEYGMX B (opMupoBa-
HUW C-CNMpanu.

Puc. 1-6. BropuuHas cTpykTypa GenxoB B Bue 3-CKNag4aToro chos.
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Korsia pogopoIHele CBS3M 00PA3VIOTCS MeXAy
ATOMAMHK NENTUIHOMG OCTOBA PA3THYHBIX NOJIMIIEN-
THAHBIX UEMed, UX HA3bIBAKIT MEXLUSIOUSUHBIMH
cBR3IMH. BomoponHeie CBA3M, BOIHHKAKOLINE MEX-
Y THHEHHBIMH YYACTKAMM BHYTPH OAHOM MOMWTIEN-
THOHO# 11€NM, HA3bIBAKOT BHYTPMUETIOUEHYHBIMH.
B B-cTpykTypax BOOOpONHLIE CBA3H PACTIONOKEHBI
NEPNEHANKYIAPHG IOTHNENTHAHOH UEMH.

Eciu CBA3aHHBIC TTOMMNENTHIHBIC LISNY HAMpPaB-
JIEHBI NMPOTHEONONOXKHO, BO3HHKAET aHTHIApaLIeb-
Had f-cTpykTypa, eciu xe N- ¥ C-KoHilbl Moaumnen-
TUOHBIX LE€Nci coBnagawT, obpa3yercs CTPYKTypa
MapaaAeIbHOTO B-cKiIasuaroro cros (puc. 1-7).

B oTnndyne oT a-cmiupanci, pa3pbiBp BOIOPOA-
HBIX cBasei, hopMUpyiowmx B-CTPYKTYPLI, He Bbl-
3BIBAET YUTHHEHHA AAHHBIX YYACTKOB MONAHITENTIA -
HBIX 1IEQEH.

Kak o-crivpais, Tak U B-cTpyKTyphl 0DHapyXe-
Hbi B NIOOYISAPHBIX H (PUOPUWILIAPHBIX GeAKax.

HeperynapHbie BTOpHYHBIE CTPYKTYpb

B Besikax oTMeualoT 06JIACTH ¢ HEPETYAAPHOI BTO-
PHMHOH CTPYKTYPOH, KOTOPBIE YACTO Ha3bIBaloT Dec-
NOPAACHHBIMK KITyOKaMK. OHU NTPSACTABICHB] NET-
Neo0pasHbBIMH M KOABLEOOPAa3HBIMM CTPYKTYPAMH,
HMEIOLMMU MEHBLIVIO PETYIHPHOCTD YIUTAAKH, YeM
OTMCAHHLIE BHIIIE O-CMUPAnL W [f-cTpykrypa. On-
H3KO U OHU He TaK CWIbHOQ BAPBUPYIOT OT OIHO#
MQOUIEKYAL! Oenika K apyroi. B kaxnom uHAMBUAY-
ATBHOM OENTKE OHM MMEIOT CBOIO (UKCUPOBAHHYIO
koH$OPMaUMIo, OTNPEASNHEMYID AMUHOKHCIOTHBIM
COCTaBOM JAHHCTO YYacTka LEMH M OKPYXarWHX
€rg y4acTKOB.

TepMHHOM «BeCMOpPAJOYHBIA KIYOOK» TakKxe
YACTO HAa3bIBAKOT OEHATYPHPOBAHHBIA Oenok, 00-

A

Pa3OBABILWACA IIOCIE pa3pbiBa CNAOLIX BHYTPHUMO-
JNEKYJISPHBIX CBH3EH W NOTEPABLIMEA CBOO YIOpPS-
JOYEHHYIO CTPYKTYPY.

Conepxakye pasHbIX THIOB BTOPHYHbIX
CTPYKTYp B GeKax

ConepXaHHe pacCMOTPEHHLIX BBIILE THAOB BTO-
PUYHEIX CTPYKTYP B pa3HbIX GemKax HeoguHAKORO,
[To Hanuuuio o-crivpaneit U B-cTpykTyp robyaap-
HBIE BEKN MOXHO pasnefnTh Ha 4 KaTeropuu.

« K mepBoii KaTeropun oTHOCHT HENKH, B CTPYK-
Type KOTOPbIX OOHAPYXKEHBI TOABKO o-CIIMpa-
av. K HHM npuHammexaT Takue 6elKH, Kak
MUOTA0OKH M remoraobud (puc. 1-8).

» Ko BTOpOii KaTeropui OTHOCHT OEJIKK ¢ Q-CITH-
pATAMH W (3-CTPYKTYpamMH, UHOTAA 0Opa3yloLin-
MM OAHOTHMIIHBIE COMETAHUA, BCTPEYAIOILMECS B
pPasHEIX MHIMBHAYATLHBIX fHenkax (puc. 1-9).
XapakTepHbIE COUETaHHs (-cnupaned u [3-

CTPYKTYD, OOHapy:XeHHKIC BO MHOTHX (hepMeH-
Tax, MOXHO PACCMOTPETh Ha MpPHUMEpPE CTPoe-
HHA JOMEHOBR MakTaTaeruaporedass (JIAN 4
docdhomuueparkndaiel (PIK). Aomen —
Y4aCTOK TIOJMMMENTHAHOA Uenu, KOTOPLIA ca-
MOCTOHTELHO OT JPYTHX YIACTKOB TOH Xe
uenu obpasyeT CTPYKTYPY, BO MHOIOM Hano-
MMHAIOUIYIO TINoOYIapHEI Ge/oK.

B onHoM M3 AOMEHOB JaKTaTderuaporeHassl B
LEHTPE PACTIONOXEHBI B-CTPYKTYPhI TTOAKIIEN-
THAHOU UENH B BUAE CKPYYEHHOTO JHUCTA, M
Kaxnas (-CcTpyKTypa €BA3aHA C (-CIMHUPaib-
HbIM YJACTKOM, HAXOMALIMMCA Ha IOBEPXHO-
CTH MONeKyel. Kak BMAHO u3 puc. 1-9, cxon-
HBblIA JOMEH HMEeTCH TAKXKE B MOMEKY/e
dhochornUuepaTtkMHa3bI,

N-koHel

Puc. 1-7. NapannensHbil M AHTHNEPANNENLHBIA J-CKNaa4aTeie cNoM. §-CTpykTypsl 060SHA4EHB! WNMPOKWMI CTPENKAMK. A — aHTUNA-
pannencHan B-cToykTypa; b — napannensHele f-cknaguatbie CTRYKTYPHI.
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« B TpeThiO KaTeropuio BKAKMYEHB DefikM, 1Me-
owWKe ToabKo B-CTpyKTYphL. Takue CTPYKTYpPb
OOHAPYXKEHBl B UMMYHOIMTOOYNMHAX, B pEpMEH-
Te CynepokcHIIueMyTase (puc. 1-10).

+ B ueTBEPTYIO KATErOPHIO BKTIOUEHB! GE/IKM, HME-
I0LHE B CBOEM cocTaBe JHIIE HE3HAYHUTENb-
HOE KOAMYECTBO PEryAs PHEIX BTOPHUHBIX CTPYK-
TYD.

2. Tpemuunan cmpyrmypa beaxos

Tpernunan CTpykrypa 0eIKOB — TPEXMeEpHAA Mpo-
CTPAHCTBEHHAA CTPYKTYpa, 00pas3ylolascsa 3a CYET
B3aUMONEHCTBUI MEXKIy PAIMKANAMH AMHHOKHCIIOT,
KOTOpBIE MOTYT pPacroflaraTbCd Ha IHAUYUTENbHOM
PACCTOSTHUM APYT OT Opyra B NOAHMNCOTHAHOH LIENH.

Cesi3n, yuacTeywume B (POPMHUPOBAKHM
TpeTHYHOH CTPYKTYPH Dekor

Tudpoghobrbie a3ausmodeiicmaun

IMpy yKnamKe MOAMNENTHAHASA 1eNb Gelka CTpe-
MMTCA [IPMIIATE IHEPTETHYECKHA BBITOAHYIC (opMy,
XapaKkTeEPU3YIoINYOCA MUHHMYMOM CBOGOAHON 3Hep-
ruu. loatoMy ruapodoGHEIe pATHKANE] AMUHOKHC-
JIOT CTPEMATCA K OOBESIWHEHHWK) BHYTPH TAOOYMSIp-
HOU CTPYKTYDPbl PACTBOPHMLIX B BoAe BeakoB. Mexiy
HUMH BO3HMKAIOT TakK HA3biBacMble rsapodoiHbie B3a-
HMOJEHCTEMA, 2 TAKKe CLUTBL BaH Aep Baansca mexay
OAU3KO IIPWIETAIOWMMK IPYT K ApYry aTtomamu. B
pe3yabTaTe BHYTPY GenkoBoid Todyikl GopMUpyeT-
¢ mapogodaoe aapo. [apoduibHeIE TPYIIEI MEM-
TUIHOIG OCTOBA NMPH GOPMHPOBAHUU BTOPHYHOMN
CTPYKTYDBl 00pa3yloT MHOXECTBO BOJOPOAHBIX CBfl-
3eil, Gaaronapa 4YeMmy HMCKIIOMAcTCH CBA3BIBAHHE C
HHMH BOIbl M PA3PYILEHWE BHYIPEHHEH, TIOTHOM
CTPYKTYphl OelKa.

Honnvie u sodopodusie cessu

Iuapogiuibible pamuKaAbl aMUHOKHUCAOT CTpe-
MATCH 00pa30oBaTh BOAOPOAHBIE CBA3M ¢ BOAOH U
NO3TOMY B OCHOBHOM DPAacNOAaraloTcsi Ha TOBEpX-
HOCTH OEAKOBOH MOJIEKYIEL.

Bce ruapodunbHbie rpynnkl pAIUKanoB aMHHO-
KHMCIOT, OKA3aBIIHECA BHYTPH rHApodoBHOrO aapa,
B3AMMOACHCTBYIOT APYT € APYTOM C [TOMCILLULI WOH-
ILIX K BOAOPOAHBIX cBsizeit (puc. t-11).

Honaeie ¢BA3IM MOTYT BO3HHKATh MEXKIY OT-
PHUATEABHO 3apAXeHHBIMM {AHHOHHBIMHM)
KapPOOKCUABHbAIMU FPYTINAMH PAAHKANOR AC-
NaparMHHOBOi M TAYTAMUHOBOH KMCIOT W 10-
JOKUTEIBHO 3APAXKEHHBIMH (KATHOHHBIMH)
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Puc. 1-8. BoceMb c-cnMpaneid B CTPYKRTYPe MHOTNOGMHA (A) 1
[=uenwu remornobuxa (B).

Pue. 1-9. o-Cnupany v B-cTPYKTYpbl B AOMEHEe RaKTaTaerwg-
poredasel (A) u hocoranuepaTkuHaszel (B).

B-CTpykTypbl

Puc. 1-10. 3-Crnaguaras BTOPHYHAR CTPYKTYPa B KOHCTAHT-
HOM [OMEHe UMMYHOTROGYNMHA {A) U depMeHTe CYnepoKkcHa-
aucmytaze (B).
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Puc. 1-11. Tunel ceA3EH, BOZHUKAIOWMX MeXy pagukanamv
AMMHOKMGNOT NpH hOPMHPOBAHUM TPETHYHOW CTPYKTYPhI
Genka. 1 — MOHHbIE CBAZN; 2 — BOJOPOAHLIE CBRAN; 3 — ruapo-
thobiveia caA3K; 4 — UCYNEDUOHEIE CBAZM,

TPYNTaMU pAAMKAN0E JIH3MHA, APTHHUHA WIH
THCTHAMHA.

Boaopoansie CBAZH BOIHWMKAWT MEXIY CUIPO-
GUABHBIMKU HE3APAXEHHBIMU TPYTNINAMMK (TaKH-
mu Kak -OH, -CONH,, SH-rpynnei) 1 ;1odb-
MH APYTMMU THAPOGHATIBHBIMH [RYTHIAMH,

benxy, pyHKUHOHMPYIOLIHE B HETIOASIPHOM (JTn-

MHUAHOM) OKPYXEHHU, HanpumMep Oeaku membGpaH,
HUMEIOT 0DPATHOE YCTPOHCTBO: TMAPOHIbHEBIE pa-
OUKANTEL AMMHOKHCNOT PacnoIoXeHbl BHYTpH Den-
Kd, B TO BpeMsl Kak THaApoobHbEIe aMUHOKUCITOTH
JIOKAJTU3OBAHBI HA NOBEPXHOCTH MOASKYAbl U KOH-
TAKTUPYIOT C HENOMSIPHBIM OKPYXEHWUEM., B Kax-
IOM Ciyvae panukanbl aMHHOKHCAOT 3aHUMAIOT
HaWUGOAEe BeITOAHOE DHOIHEPTETHYECKOS TMTONMKE-
HUE.

Koaatenmuuvie ceasit

TpeTUIHYIO CTPYKTYPY HeKaTopeIX OENKOB CTa-
OUWIMIKPYIOT ANCYALDUAHLIE CBA3M, OOPA3VIOUIME-
co 33 cUET BaauMoneicTeHa SH-rpynn nByx ocTar-

‘--NH—(FH"CO*
AN
Octatkm -+ SH MNenTngHwin  +
LMCTEUHE ~, ?H ‘/OCTOB
ot
~NH-CH-CO -

Puc. 1-12. OBpazoranne pucynetunHoii ceazm & Genxax.

KOB IIMCTEHMHA. JTH ABa OCTATKA UMCTEHHA MOTYT
HAXQAMThCA OAJNEKO APYr OT Apyra B JIMHEHHOMH
HEPBHYHOA CTPYKTYpe Beaka, HO npu PopMHpo-
BAHUK TPETHYHOH CTPYKTYphI OHU COIMXAOTCH U
00pasyloT NPOYHOE KOBAIEHTHOE CBA3LIBAHME Dpa-
auxance (puc. 1-12),

BOAbLIIMHCTBO BHYTPUKAETOYHBIX BEJIKOB JHLIe-
HO NUCYNBMUIHBIX cesAzeil. OIHAKO TakHe CBA3H
pACNIPOCTPAHeHsl B BesKax, CeKpeTHPYEMbIX KIeT-
KO#H BO BHEKIETOUHOE MpocTpancTeo. IMomaraior,
qT0 $TH KOBANEHTHBIC CBA3U CTAOWIHU3NPYIOT KOH-
¢opManmio HeMKoB BHE KIETKH M NpPeIoTBpaLIaoT
ux neHarypauumo. K Takum OemkaM OTHOCAT rop-
MOH HMHCYIUH H MMMYHOTJIODYAMHbI.

Hucyanun — OeNKOBbIM TOPMOH; comepXuT 51
AMUHOKUCTIOTY, COCTOHT M3 ABYX TIOMMIMENTHAHbLIX
uened (uend A comepxur 21 aMHHOKHMCIOTY, Uenb
B — 30 amuHoxucnot). MHCYIMH CHHTEIMPYETCS B
B-kneTKax MOMKETYIOUHOH Xeme3bl M CeKpeTHpY-
eTCs B KPOBb B OTBET Ha MOBBILLIEHUE KOKUEHTDa-
UHH IIOKO36l B KPOBU. B CTpyXType MHCYIMHA
MMEoTCH 2 AUCYNLOUIHBIE CBA3M, COENHHAKLLINE 2
noaunentuaHbie uenu A u B, u 1 aucyneduonas
cB3b BHYTPU venu A {puc. 1-13). Crpykrypa um-
MYHOTN00YAHHOB PaccMOTpeHa B Tioapaznene 6 1,

Bce 6enkM ¢ OIMHAKOBOH NEPBUNHOH CTPYKTY-
pOil, HAXOIAUIMECA B OIMHAKOBLIX YCIOBHAX, TIDH-
ODOPETAIOT OAMHAKOBYIO, XapaKTepHYIO 1T JaHHOTO
nHauMBMayaneHoro Genka XoHdopMalKio, onpeae-
JAIWYIO ero crieundruueckyio GvHKINW. DyHK-
LIMOHATBHO aKTURHYIO KOHhopMaLtHK Gelka Halbl-
BAKOT «HATHBHAN CTPYKTYPA».

3. Konthopmanuonnas rabutenocmy beaxos

I'vapoobHbie B3aMMONSHCTBMA, a TAKXKE HOH-
Hble M BOJAOPOAHbBIE CBA3M OTHOCAT K YUCITY Clia-
ObIx, TAK KAK WX 3HEPIMA JIMUL HEHAMHOrQ rpe-
BbULIET SHEPTHIO TEIUIOBOID ABMXKECHWA aTOMOB IIPH
KOMHATHOH TeMneparype (T.€. YKe NpHM AaHHOM
TEMIIEPATYPE BO3IMOXEH pajlpblB TAKMX CHBslel),

—NH*(FH—CO—

GHe

Okucrutens  —— ? Oucyneduanas

("2 02)

-H;0 ? CHA3L

Gt
—NH-CH-CO -
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Pue. 1-13. OucynechidAHbIE CBAIN B CTRPYKTYPE FOPMOHA MHCYAMHA.

HoagepxkaHue xapakTepHoi 1ia Oenka koHdpop-
MALMK BO3MOXHO O1arofapsi BOIHHKHOBCHHIKY
MHOXecTBa €naldbix CBA3CH MEXKIY pasnMMHBIMH
Y4ACTKAMH TIQIUNETITHAHON Hemnu.

OnHako 0eNKM COCTOAT M3 OIPOMHOIO 4MCIa
aTOMOB, HAXOAAWMXCA B MOCTOSSHHOM (OpoyHOBC-
KOM) OBWKEHWH, UTO MPUBOAHT K HEDONBIIAM Me-
peMEllleHUAM OTISTbHBIX YYACTKOB MOJMITENTHI-
HOI Lie[H, KOTOPLIE 00BIYHO HE HAPYLLUAOT 061y
cTpyKTYpy Genka ¥ ero dyHkumnu. ChneaoBarebHo,
benku obnagawt KoHGOPMALMOHHOH NaOKHAbBHOC-
TbK) — CKJIOHHOCTBIO X HeDOMBUINM H3MEHEHHAM
KOHMQOPMALIMK 32 CUET paspniBa OIHHX U obpaso-
BAHMA IPYTUX CNAbBIx craei. Kondopmaliug BGenka
MOXET MEHSITBCA MPY UIMEHEHHH XUMMYECKUX W
(hu3MUECKHX CBOWCTB Cpedbl, 4 TAKXKE NPH B3au-
MOREHCTBHHY Oenka ¢ ApyruMiu MoaekyaaMd. [lpu
3TOM MPOHCXOIUT M3MEHEHUE [IPOCTPaHCTBeHHOH
CTPYKTYPbI HE TOJBKO YH4CTKA, KOHTAKTUPYIOLLETO
¢ APYTOiH MONEKYI0l, HO U KOHdopMaluK DeNka B
tenoM. KoHcopMalHOHHbE M3MEHEHUs HrparoT
OTPOMHYI poib B (DYHKIIMOHHPOBAHHH OEIKOR B
KUBOIt KIETKE.

4. Henamypauun beaxos

Pa3pbip 60nbWONG KONMUECTBA Cabbix ¢Bsizel B
Mosiekyne Oellka TIPUBOAMT K Pa3pylIeHUK c€ Ha-
TMBHOM KoHpopManiu. Tak kak paspbiB CBAscH
oA AeHCTBHEM PA3MMYHBIX (haKTOPOB HOCHT CITy-
YaiHEIi xapakTep, TO MONEKYRLI OTHOMO WHAHBHIY-
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anbHOro 6esika npuobperaloT B pacteope dopmy
CIyyaifHO CHOpMHPOBABILHACH BeCrIOpsI0YHbIX
KJIyOKOB, OTAMYAIOILMXCS APYD OT ApYTa TPEXMEp-
HOM cTpyKTypoH. Ilotepa HaTuBhHOK KondopMma-
WU COMPOBOXIAETCA YTPaToil crelupuIecKoi
(GyHKUUH GelKos. 3TOT MPOIECC HOCUT HA3BAHME
nMenatypauuu GenkoB, IIpu INeHaTypauvu GelkoB
He MPOMCXOOMT paspelBa NMENTHAHBIX CBA3CH, T.€.
FIEPBHYHAA CTPYKTYpPa Oenka He HapyLIaeTes.

B aeHatypupoBaHHOM 6¢nke TuapogrobHbIC pa-
JUKAILI, KOTOpble B HATUBHOH CTPYKTYDE MOJIEKYIIb
CNPATAHEBI BHYTPU THAPOOTHOTO AApa, OKA3LIBAKOTCA
Ha noBepxHoCcTU, TIpH JIOCTATOUHO BBICOKOH KOH-
[IEHTPALIMK OeNKa U OTCYTCTBHM CM/IBHOTO OTTANKKH-
BaOILIETD 3apsa MOJIEKYIIB MOTYT OObENMHSATLCA APYT
¢ OpyToM ruapodoOHbBIMA B3aMMOACHCTBUAMM, MpH
3TOM PacTBOPUMOCTE OENKA CHILKACTCH W NIPOHUCXD-
AUT 0Opa30BaHHE OCATKa.

KomrmakrHas, IoTHasa npocTpaHCTBEHHA CIPYK-
Typa HATUBHOTO HefKa Mpy ASHATYPALMH PE3KO YBE-
JNIHUMBAETCSl B pasMepax MU CTAHOBHUTCS JETKO J0C-
TYITHCH IS PACLUEIUVICHUS NMENTHIHBIX CBA3EH
MPOTEONUTHYECKUMH depmerTamu (puc. 1-14). Tep-
Mudeckas o0paboTka MACHOMH UM nepes ynoTped-
JIeHUEM HE TOBKO YTYJIIAeT €€ BKYCOBbIe KAYECTRa,
HO ¥ obiervact eé depMeHTaTUBHOE TepeBApHBAHKE
B MULLEBAPHTEALHOM cucTeMe. Kpome Toro, aeHaTy-
PUPYIOLIMM NEHCTBHEM Ha MMILEBBIC Oenku obna-
OAET U KHCIIAs CPela XENyIKa, BeI3bIB3IOIIAs NeHa-
Typauuo TeX O/IKOB, KOTOPhIe HE MOJABEpIUINCh



NpeiBapUTENLHONH TemneparypHoi obpaboTke, a
TAKXKe OKAIBIRACT JAeHATYPHUpYIOWlee Re¥CTBHE HA
0eNKH MUKpOOPIaHW3MOB, MOTIABLIMX B XENYIOK C

JHUT PaspbIB CBS3CH, YHacTBYIOLIMX B (POPMHPO-
BAHUU BTOPHYHON W TPETHMHOM CTPYKTYPES Ha-
THBHbIX OENKOB, U 06pa3oBaHWE HOBbIX CBA3CH

MHLLISH. C XMMMUYECKHMH peareHTamu;
5. Daxmopst, ebizeiearouiie OeRAMypanio O NH
I I
beakog HAN-C - NH, HzN - C - NHCH
HeHarypatinio 6eNKOB BbI3bIBAIOT (DAKTOPLI, CITO- MoyesuHa NyaHuauHxnopua

cOOCTBYIOLIME pa3pbiBY THAPoGOOHBIX, BOAOPOI-
HbIX H MOHHBIX CBSI3eH, CTAOMMMIUPYIOUIUX KOH-
dopmariMw BCAKOR;

KHCIOTBL H WISN04YH, H3MEHAA pH CpeIbl, BbI-
3bIBAKT [EpepacrnpeacicHie CBA3EN B MoJie-

» BBICOKast TeMmepatypa (Gonee 50 °C), yseanuu-
Balollias TETUTOBOE JBHXKEHHE aTOMOBR B MOJIEKY-
fe M NPUBOASLIAS K Pa3pbiBy cNabbix CBA3CH;,

e WHTEHCHBHOE BCTPSXHBAHME pacTeopa, NnpH-

BOASIIEE K COMPHKOCHOBEHUIO OSTKOBBIX MO-

JIEKYJ C BO3AYUIHOH CPeJOH HA NOBEepXHOCTH

paznena ¢as 1 aMeHeHU 10 KOHbOPMaLHHY 3THX

MONEKYN;

OPTaHUHECKHE BEECTRBA {HATIPUMED, STHJIOBLIA

cnupt, $EHON H ero MPOH3BOLHBIE) CNOCOGHDI

B3aMMOAEHCTROBATE C (PYHKIHAOHAABHBIMHA TPYII1-

MaMK BeMKOB, YTO NPUBOINT K MX KOHMOpMA-

UHMOHHBIM H3MeHeHHaM. [ast agaaTypanuu den-

KOB B OMOXMMHYECKHX WCCNEIOBRHUAX YACTO

MCIMOB3YIOT MOYEBHHY WAM FYaHHAMHXIOPNI,

KOTOphle 0Bpa3yioT BOAOPOAHBIE CBH3M ¢ aMU-

HO- U KAPOOHUILHLIMU IPYIINAMH NENTUIHOTO

OCTOBA W HEKOTOPBhIMH (PYHKUMOHATBHEIMH

FpyINaMu palvKaloB aMmuHokucaet. [1poucxo-

Kyiae Benka;

CONTU TSIKENBIX META/IOBR (TAKMe KaK Melb,
PTYTh, cepebpo, CBHHEU U JIp.) 00pasvioT Npou-
Hble CBSI3M C BAXHLIMH (BYHKUMOHATLHBLIMH
rpynnaMu 6enkos (yaue eeero ¢ -SH), v3me-
HASI WX KOH(MOPMAUHIO W aKTUBHOCTS;
JETEPTeHTHl — BELIECTBA, COACPKALLINE THAPO-
(poOHBIH YTACROIOPORHBIH paglKan M FWApO-
GHUABHYI0 OYHKUUOHATILHY TPYNNy (Takue
BeLIECTBA HA3BLIBAIOT aMMUPHALHBIMH). 'Ma-
pothobHbIe panuKaAIbl BENKOB B3AUMOJACHCTRY-
0T € THAPOGOOHBIMH YACTAMM AETEPTEHTOB,
YTO W3MEHAET KoHpopMauuw 6enkos. JleHa-
TYPUPOBAHHLIN TOA ACHCTBUEM ICTEPTCHTOB
GesToK 0OBIMHO OCTAETCS B PACTBOPEHHOM BHIE,
TaK Kak THAPO(MHALHBIE HaCTH IEHATYPHPYIO-
LICTO BEUIECTBA YACPXKHMBAKOT €ro B pacTBOpE.
K HanbGonee M3IBECTHBIM AETEPreHTAM OTHOCHT
pazHyHble Mbia (puc. 1-15).

HaTueHkIn Benok

LeHaTyprpoBaHHbIE
MONEKYMbi TOTO #e
enKa

—

Puc. 1-14. CTpyKkTypa HaTHBHOH Monexynul Genka (B LEHTpe) # TpEX AeHATYPUPOBAHHLIX MONEKYN atoro e Genka.
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AKTUBHBAA

LEHTR \

MapothobHan
H4acTb

.—-—-—
HeTteprexT

HavuaHelil Genok

Puc. 1-15. flenatypauus GENKOB C NOMOLLBLIO NETEPTEHTOR.

6. Meduyunckue acnexmu: KonopmManuoRnol
aatusenocmu Geaxoa

CrJIOHHOCTE DOMBIIMHCTEA OEIKOB K ASHATYpa-
LIMH B TIPOIIECCE HMX BBIASTIEHWA, XPAHEHUS W MC-
NOJIB30BAHUA CEPBLE3HO 3ATPYIHACT WX AOTyYeHWe
¥ NIPEMeHEeHHe B MEOWITHHE.

s npaewibHOrO obpallieHus ¢ BETKOBLIMH Jic-
KAPCTBEHHBIMK TIPENAPATAMHM K HUM TIPHKIIAILIBA-
0T HHCTPYKUMIC, B KOTOPOH YKa3blBaloT YCJIOBHS MX
XpAHEHMWA W HMCMOAb30BaHMs. Tak, OOMBIIMHCTBO
Oe/IKOBLIX MPeMapaToR HeODXOAUMO XPAHUTL B
XONOAWJBHHKE OpH TeMNepaType He Bbiwe 10 °C,
pPacTBOPATH CYXUE TpenapaTbl OXAaXAEHHON 10
KOMHATHOH TeMITepaTypbl KHOsUEHOH BOAOH BO W3-
OcxaHie HX MEHATYPALIMH.

7. Hpumenenue OeHamypupyiownx azewmos
& GUOIOUMECKUX HCCACODSAHNAX U MeOUHUNe

B OGHMOXMMMUYSCKUX HCCIEAORAHUAX TIEpe], OTIpe-
JenecHUeM B OHOJIOIMYECKOM MATepHaie HHIKOMO-
JEKYASIPHBIX COSIMHEHHH M3 pacTBopa OOBIYHO
yaansiior 6enkd. JUis 3Toi LN 4allle BCEre Mc-
NOMBL3VIOT TPHXAOPYKCYCHYIO Kucnotry. llocne eé
NoGaBlIeHHA B PAcTBOP AEHATYPUPOBAHHBIE OSNIKH
BLIMIAAAIOT B 0CAO0K H JIETKO YILIZIOTCA (PUIBTPO-
BAHWEM. TPUXAOPYKCYCHYIO KHUCIIOTY MOXHO TaK-
Xe HCIOMNL30BATh IJIS JFeHATYPAUMK (PePMEHTOB B
UEeNAX MPEKPALLEHHWH (PEPMEHTATHBHOW peakuuu,

B MeamiMHe AeHATYPUPYIOIIME areHThl YACTO HC-
NOJIB3YIOT AN CTEPHIM3AINA MEAHIMHCKHX HHCT-
PYMEHTOB M MATEPHMAna, 4 TAKKE B KAWeCTBE AHTH-
cenTukoB. HanpuMep, B aBTOKJIABAX MPU BbICOKOH
TEMNEPATYPE CTEPHIHIYIOT MeIULMHCKHE HUHCTPY-
MEHThI ¥ MATEpPHAbI.

MeHoT H €r0 NPOM3BOAHBIE (KPE30/, PE3OPLIMH)
OTHOCAT K M3BECTHBIM AHTHCENTHKAM APOMATHIEC-
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FapohoOHBIMU y4acTRaMK JeTeprenT
NPUCOEAMHABTOR K rMAPOGODHBIM pagukanam
AMMHOKWCNOT NONUNenTUAHOA Lenw

Koro psga. Obnanaiouye BbicoKOi rHapodobHOC-
Thi0, OHH 3PHeKTUBHO ACHCTRYIOT HAa BETETATHBHbIE
thopMmbtl GakTepHii W rpudel, BbI3blBasg ASHATYPALIMIO
Ux OenkoB. DMHeKTHBHOCTL AHTHUCETITHUECKHX
CBOKMCTE YMEHBIIIAETCH C YBe/IHYeHUeM PacTBOPHMO-
CTH Tipenapara B Boje.

OH
@cm @ HOU OH
CH,

deHon Kpeson PeaopumH

PacTeop Kpe3ona B KANWHHOM MbUIE K3BECTEH
KaK Npenapar U301, NPpUMCHsieMblidi B KauecTBe
Ae3UHQMUHPYIOWEry cpeicTra.

bepésorbiit AE€roTe — OJHA U3 OCHOBHBLIX CO-
CTaBHBIX uacteil Maiu Buwinesckoro, comepxur B
¢BoeM cocTaBe deHon. [lpenapar, UCTONb3yeMblid
4Msi gUeHMs paH, o0AanacT BeICOKHM BHTHMMHK-
poOHBIM JEHCTBHEM.

JHAYUTEIbHOE KOMHYECTBO AHTHCENTHKOB Npe-
CTABACHO COMMMKH TAKENBIX MeTalL1oB, MX aHTH-
MUKPOOHOE OEHCTBUE CBA3AHO C TEM, MTO YXE B
HOBOABHC HHM3KHMX KOHIEHTPaUMSAX OHM B3aHMO-
JAEHCTBYIOT ¢ BeaKaMM MUKPOOPTravH3MoB, BJI0KH-
pyioT Mx SH-rpynnel B U3MeHAIOT UX KoHdopMa-
unio. M3-33 BHICOKOH TOKCHYHOCTH ‘00NLUIMHCTBO
NIEKAPCTB, COASPXKALLMX CONU THXETBIX METANJIOR,
MPUMEHSIOT B KAYECTBE MOBEPXHOCTHLIX aHTUCETT-
THKOB.

Tax, BLICOKOH aHTUMMHKPODHOK aKTHUBHOCTBIO 00-
nanaer cyiema — anxnopua pryt (HgCl). EE
MCTIONB3YIOT Wi O0PABOTKH PYK M Ae3vHGbeKUHH
nioMeieHWiA. CliyyaiiHoe Wid npeiHaMepeHHoe OT-



pamieHue TpenapaTaMu PTYTH BBI3LIBACT TSLAKENHIS
HEKPOTHYECKHE ITOPAXKEHHA CIMIMCTOH 000J0UKM
IMTUILEBAPUTETHHOTO TPAKTA M HEKPOTHUYECKHUE H3ME-
HEHHSA B TNMOYKAX, AHTHMUKPODOHBIMH CBONHCTBAMU
O0TANAKOT W nperapathl cepedpa, TAKHME KakK JIATHC
(AgNQ,), kosLraproa (cepedpo KOOUIATLHOE ), TIPH-
MERsEeMBbIE A5 00pat0TKH CAH3HCTBIX 000M0YEK TIPH
UHODEKIMOHHbIX 3200518 BAHHSX.

I'. CYTIEPBTOPHYHAA CTPYKTYPA BEINKOB

[IpocTpaHCcTREHHAN CTPYKTYpa kKaxagoro benka
WHIMBMIYAAbLHA W OTPEIESAETC ero MepBUYHOM
CTPYKTYpOoil. ONHAKO CpaBHeHHE KOHQOPMAUWiH
PasHBIX MO CTPVKTYpe W (DYHKUMSIM BENKOB Bbisi-
BHJIO HATMMHME ¥ HUX TIOXOAMX COYETAHHH 3MEMEH-
TOB BTODHYHOH CTpyKTYPh. Tako# crneuuguuec-
KHA NopsSaok (GOpMUPOBAHHA RTOPHYHBIX CTPYKTYD
HA3LIBAIOT CYNEPBTOPHIHONA CTPYKTYPOH OenKoB.
CyTrepsropudnas CTpyKTypa GOpMHPYETCH 3a CHET
MEXPANKKAABHLIX B3aWMOLEHCTBHA.

OnpedenéHible XapakTEpHBIE COYETAHUSA O-CU-
paneii U B-cTpyKTYp 4acTo 0D03HAYAIOT KAK «CTPYK-
TYpHbIE MOTHBBi», OHM UMEHOT cneundmueckue
HA3BAHUWH: «O-CNIUPaAb—TOBOPOT—{-CTHPAJib»,
«CTpYKTypa [-004OHKa», «ISHUHWHOBAA 3aCTEXKKa-
MONHMS», «IMHKOBRIH naieu» ¥ ap. Cneuuduyec-
KOE MPOCTPaHCTBEHHOS PACTIO/IOREHHE Q-COHPAIei
H B-cTpykTyp QopMUpyeTes 33 ¢ulT MeXpatiKaib-
HbIX B3aMMOACHCTBHIA.

1. Cynepemopuwnaa cmpyxmypa mund f-Oononxa

Takaa CTpyKTypa ReMcTBUTe bHO HaMOMHHAET
O0YOHOK, [he kaxaan B-cTpykrypa (obo3HavyeH-
Has Ha puc. 1-16 crpedkol) pacnonoxela BHYT-
py U CBA3AHA € G-CIHPANBHBIM YYACTKOM TONH-
MeNTUIHOA 1eTH, HAXOAALMMCS Hd THOBEPXHOCTH
MOMEKYJIBL,

CynepBTOpHUHYIO CTPYKTYPY B BiAe B-BodyoHKa
MMEIOT HeKOTOpble (epMEHTEI, HATIPUMED TPHO30-
hocdaTnsoMepa3a U ONMH AOMEH THMPYBAaTKHHA3LI
(puc. 1-16).

2. CmpyxmypHotii MOMug «X-CRUpaAL—
ROBOPOR—Q-CRUPAILY

DTOT «CTPYKTYPHbIH MOTKB» 00HAPYXKCH BO MHO-
riux JHK-cBa3piBaromux Genkax. AryxcoupanbHay
crpykrypa AHK uMeet ase 6opo3nku — Goasuyio
U Mayio. boawinas Goposaka Xxopoio opHenocos-
NeHa AN CBA3BIBAHMA OEJTKOB, UMEHOLUHMX Hebob-
1He CITHPAIBHBLIE YY4ACTKH.

B gauHuIf CTPYKTYPHBIER MOTHEB BXOMAST ABe -
cnupanu: olHa Dojiee KopoTkKas, apyrad bonee
AAMHHAA, KOTOPBIE COSAWHEHBI NOBOPOTOM NUAM-
OenTUAHOH Lenu. bomee kopoTkas a-crUpanh pac-
rnofgaraeTcd NONepEK Gopo3nku, a HoJice TNHHHAA
o-Cripais — B Honwiuoi Goposnke, obpasya He-
KOBANEHTHBIE cneuudHuecKue CBA3M PAdNKAAOB
aMMHOKNCAOT ¢ Hykneorrgamu JHK (puc. 1-17).

3. Cynepsmopustian cmpyKmypa
@ aude «YUNKOBOZ0 NAALY®»

3TOT BMA CYNEPETOPHYHONH CTPYKTYPBI TaKXe
yacto otMeuaoT B JIHK-cea3biBatommx Benkax.
«lluHKoBHIi nanen» — dparMerT 6enKa, colep-
XKawMid okono 20 aMMHOKHCIOTHBIX OCTATKOR, B
KOTOPOM 4TOM LIMHK@Q CBSI3&H C pafMKaJaMH YeThl-
PEX AMWHOKMCHOT: 00ObIMHO ¢ JABYMSI OCTaTKaMu

Crpenki - f-CTpyKTyphl

Puc. 1-16. CynepeTopy4Han cTpyxTypa b Buae [-Gouonka.
A — TpuoaodocthaTwaomepasa; B - nOMEH NUPYBATKHHASLL.

NeoitHan
cnupans [HIK

2 a-CRUpand

HHK-cesatiBaouiero
Gara

Puc. 1-17. CBasbi2aHue CyMepeTOPMYHON CTPYKTYPhE *0-ClM-
pane—NoeopoT-a-cNHpans» AHK-cerawiBawwerc Genka B
Gonbwok Bopoagke AHK.
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UHMCTEMHA W ABYMH — THCTHIWHA. B HEKOQTOPBIX
CAydasiX BMECTQ OCTATKOB FMCTHAMHA TAKXKE Haxo-
AATCA OCTATKH LMcTeuHa (puc. 1-18).

JRa 6MU3K0o JEXALIMX OCTaTKd HMCTEHMHA OTICIe-
HbI OT ABYX APYTHX OCTATKOB MTMCTMAWHA (MWW UMCTe-
HHa} AaMUHOKUC/IOTHOM MOCIEA0BATEABHOCTRIO, COCTO-
sl npuMepHo M3 12 aMWHOKMCIOTHRIX OCTATKOR.
10T y4acTOK Besika 00pasyeT o-crMpaibh, KOTopast
MOXET CTIELIM(PMYHO CBS3BIBATECA C PervASTOPHbLIMM
yuactkamu OSonpiioi Gopozaku AHK. Cneunguy-
HocTs B3aumoaekcTeus JHK-cBa3piBatoiero oemka
¢ onpenenéHHoi obmacteio JHK 3asucur ot nocne-
JOBATENBHOCTH aMUHOKHMCAOTHBLIX CCTATKOB, pacrio-
JNIOXEHHBIX B 06/IACTH «LIMHKOBOTO NANblias.

4. Cynepsmopuwnan cmpykmypa
8 GHOE «ACUNUROBONH IACTHENCKU~MOANUL»

Hekotopeie JHK-cesi3piBaiouine Gelku oauro-
MEPHBL, T.€. COACPKAT B CBOEM COCTABS HECKOJIBKO
MOAUNETITUARBIX LeleH. KpoMe TOro, CYLIECTRYIOT
6eaKH, KoTophle GYHKLIMOHUDYIOT B KOMILIEKCE C
Apyrumi Oesikamu. OObeAUHEHHE TIPOTOMEPOB MK
OTNE/AbHMX OSAKOB B KOMIUIEKCH MHOCIA OCYILE-
CTBHETCA ¢ TTOMOILBIO CTPYKTYPHBIX MOTHBOB, Ha-
3BIBAEMBIX «ISHLIMHOBAA 3aCTEXKA-MOJHHA».

Ha NOBEPXHOCTH KAaXA0H K3 ABYX B3aKMOACH-
CTBYIOUIHX TIOJMTIENITHAHBIX Uereill WM OelKoB
WMEETCst -CHUPANbHBIH Yy4acTOK, CONEPXALMA N0
Kpatineit Mepe 4 octatka aeinMHa. JlefinMHOBLIE
OCTaTKHU PacToNaraloTes uepes Kaxiable 6 aMHHO-
KUCI0T OAKH OT Apyroro. Tak Kak KaxAbiid BUTOK
Q-CIUPATH CONEPKAT 3,6 aMHHOKUCIIOTHBIX OCTaT-
Ka, PalMKanb] JeiluHa HAXOAATCA HA [MOBEPXHOC-
TY KAXIOrO BTOPOTO BUTKA.

JleHLiMHOBbLIE OCTATKM Q-CAOMPATTH oaHoTo Oenxa
MOTYT B3AHMMOACHCTBOBATE C JIEHUMHOBBIMH OCTAT-
KAMK JpyTero Oelka ¢ MOMOILbIo MHApOGOOHEIX
B3aMMOAEHCTBHM, COEIMHsASA UX BMecTe (puc. 1-19).

ITpumepoM coeavHeHMUs OeKOB ¢ NMOMOLLbID
«TeHITHHOBON 3aCTEXKHU-MOIHHH» MOTYT CIYXUTb
rUCTOHBL. THCTOHBI — 9AepHbIe DENKH, B COCTaB
KOTOpbIX BXOAMT OONbINOE KOJHMYESCTBO MOJOXKM-
TeIbHO 3apsKeHHBLIX AMUHOKMWCIOT — apriHHHA M
AusuHa, Monekynbl MMCTOHOR OOLEJAMHAIOTCA B
KOMIUIEKCEI, COCTOSIUME W3 8 MOHOMepHBIX Oel-
KOB C ITOMOLEBKS «JIEHLMHOBBIX 3aCTEXEK», HECMOT~
ps H4 TO, YTC Bce MOHOMEPBI MMEIOT CHJIBHBIA T0-
NOXKATENBHBIA 3aps.

J. JOMEHHAS CTPYKTYPA BEIKOR

Ecnu nonunenTuanas uens H6enka coaepxur Ho-
Jee 200 aMHHOKHCIIOT, Kak TpaBIIo, €€ NPOCTPpaH-
CTBEHHAS CTPYKTYpa ¢(OpMUpOBaHA B BHIE ABYX
uaM Gonee AomeHoB. JoMen — y4acTOK Noaunen-
THAHOH LENM, KOTOpbilt B npouecce (QOPMUpPOBa-
HHUSI MPOCTPAHCTBEHHOU CTPYKTYPHl NPUOBPEN
HC3aBMCHMO OT APYTHUX YHACTKOB TOH Xe 1IeNH KOH-
tdhopmaum rnodyspHoro Genka. Tax, nérkas uens
UMMYHOTNOBYAMHA G COCTOMT M3 JIBYX JOMEHOB,
B HeKoOTOpLIX clydasx AOMEHAMM Ha3blBalOT OT-
ACNBHBIE CTPYKTYPHBIE YYACTKH MOAMNCNTUAHON
uemnu,

HJoMeHBl 0DbIYHO MOXKHO BbLISAMTDL, ASHCTBYA
Ha 6eg0K MPOTEONHTUYECKMME epMeHTAMH, Jier-
KO pa3phIBaOILIMMH MEATHIHBbIC CBA3H HA Y4aCTKe
NOJTUNEITHAHON LEMH, PachoNOoXEKHOH MexXay
nomedaMu. [logre 2TOr0 HeKOTOPbIE AGMEHbI MO-
TYT COXPaHATL CBOW DKOJOTHUYECKHE CBOMHCTBA.

]
|
K.
g1
1|

A : a=CNMpPaneHblA Y4acToK

@ \ «i{MHKOBOrg NaneLasx,

$ 1 cBA3bIBAKWMACA ¢ OHK
|
R

Ocratin
e

Puc. 1-18. ®parment JHK-caasbisaowero 6enka & Gopme «UMHKOBONG Nanbua»,
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TappogobHble panvkans
Mon

Q-CMUPANDbHbIK yHACTOK - -
apyroro Benxa

- -CRMPANBHBHA YHACTOK
ogHoro Genka

Pnc. 1-19. «fledunHOBAY 3aCTEXKA-MONHUA» MEXLY G-CTTMPanbHbLIMH YYacTKAMH 1BYX Genkos.

E. YETBEPTHYHAR CTPYKTYPA BEJIKOB

MHorue DeNKH COAEPXKAT B CBOEM COCTABE TOMh-
KO OJHY [IOJAMNENTHAHYW Uenk, Takue Gesikd Ha-
3bIBAOT MOHOMepaMH. K MOHOMEDHBIM OTHOCHAT
M DenkH, COCToAlIMEe M3 HECKOMLKHWX LENci, HO
COSIUHEHHBIX KOBANCHTHO, HanpHMep AWCY/b-
bHOHBIMU CBA3AME (NO3TOMY MHCYAMH ChelyeT
PAcCMATPHBATL KAK MOHOMEPHLIH Oenok).

B To Xe BpeMsa cyulecTBYOT 6eaku, COCTOA-
IIHEe K3 ABYX M 00aee NOAMNENTUMAHBLIX Uenei.
Mocne GboOpMUPOBAHHA TPEXMEPHOH CTPYKTYpPHI
Kaxa0i monvnenTuaHoH 1enu OHW O0bLenWHS-
I0TCA ¢ NOMOLLBID Tex Xe caabblx B3auMOAci-
CTBHIH, KOTOPLIE YY4acTBOBalM B 0DpasoBaHHH
TPETHYHOH CTPYKTYpbl: TUIpOoOHDbIX, WOHHBIX,
BOJCPOAHBIX.

KonuvecTeo 1 B3aMMOPACONOXKEHHE NOAWNIC-
THAHBIX 1lIENEH B [POCTPAHCTBE Ha3RIBAIOT «4eT-
BePTHYHAA CTPYKTYpa OelkoB». OTaefbHEIEe NONU-
NMenTHIHBIE HeMK B TAKOM OCJIKE HOCAT HasBAHUC
ApoOTOMEPOB, MAM cyObeIuHKL. Benok, coaepxa-
1K B CBOEM COCTABE HECKONbKO NPOTOMEPOR,
HA3BIBAIOT OJUTOMEPHBIM.

1. Koauvecmeo npomoMepoa ¢ cmpyxmype
aauzomeprvix beaxoe

B cocrap onvroMepHbix GeKOB MOXKET BXOOWTH
OT BYX 10 HECKONBKUX IECATKOB NIPOTOMEPOB, XOTH
HanQollee 4acTO BCTPEYArOT BENKH, coaepxalue

?_P1PR

OT ABYX A0 YeTBIPEX NOMUNENTHAHBIX Uerieit {au-
MEpPHLIE, TeTpaMepHEe Oe/iku).

Tak, depMeHT reKCOKMHA3A COASPKNT B CBOEM
cocTaBe 2 nporomepd; 0eg0K 3IPUTPOLUMTOR TEMOT-
noGuH ¥ epMeHT NaKraraeryaporeHaza — 4 npo-
ToMepa; hepMeHT BHYTpeHHeH MeMOpaHbl MUTOXOH-
IpHi NMTOXPOMOKCHIA3a — 13 MpoTOMEpOB, 4
royTaMuHCHHTeTasa — 12 nporomepos (puc. 1-20).
WIMeI0TCA TaxKe KpynHble MHOPOYHKLUIMOHANBHBIE
KOMILIEKCHI, COACPXKAIIIME B CBOEM COCTABE HECKO/Th-
KO JIECATKOB [MOAUNETITUAHLIX UETICH, HAPAMED NH-
pPYBaTACTHMAPOreHa3HEIA KOMITNEKS COCTOMT n3 312
MPOTOMEPOB.

HekoTopeie oauMroMepHoie 6€AKHM cooepxar
MACHTUYHLIE NPOTOMEPHl (HANPUMEP, TEKCOKH-
Hasza), Apyrde COCTOAT W3 pa3HBIX NMPOTOMEPOB.
Tak, B cocTaBe reMoOIIO0MHA MPUCYTCTBYWOT 2 O-

Bup cboky Bua ceepxy

Puc. 1-20. CyGveMHUUHAR CTRYKTYDA (TYTAMMHCHHTETAIR!.
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H 2 B-nipoToMepa, a B COCTaBe MaKTaTAeTuaApore-
Ha3bl, UMELIEH 4 npoToMepa, 2 THNA MOHOME-
por (H n M) B pasHsIX TKAHSX MOTYT HAXOIMTh-
Cf B pasHeIXx co4yeraHuax (Hanpumep, 4H nubdo
JH+IM ¥ 1.0).

OnvroMepHble GelTKH MMEIOT GOIbLIYIO Mone-
KYJISIpHYIOo Maccy. benxu ¢ MonekynasapHoit Maccoi
bonee 30 000 /1 mpakTHdYecKH Bcerla comepxar
HECKOJIbKO MOHOMEPHEIX TOMHOENTHAHBIX Lenc.
1o ¢paBHEHMIO ¢ HHIUBHIYATBHBIMH MOHOMEPHEI-
MU OEKAMH OJTMTOMEPD] BHITIONHAIOT DoMee CnoX-
Hble (DYHKIIMH.

2. Choprxa npomomMepos & 0Au2OMEPHLIE BeaoK.,
Komnaemenmapnocmy npomomepos

«¥Y3HaRaHWe» W NPUCOSINHEHHE OTIEILHEIX [TPO-
TOMEPOB OJIMTOMepHOTro Ge/Ka NporcxoasT 6naro-
Iapsa GOPMHUPOBAHHIO HAa UX [OBEPXHOCTH KOHTAK-
THBIX y4acTKoB. [locaeaHue COCTOAT U3 panyHKaioB
AMBHOKHCIIOT, COGpPaHHBIX B IAHHOM MECTE B Apo-
11ecce 00pasOoBAHNA TPETHYHOH CTPYKTYpbE DeiKa.
COBOKYHHOCTE 3THX PAAUKANOB QOPMUDPYET YHU-
KalbHBIE TIOBEPXHOCTH, CrOCOBHBIE ¢ BBICOKOWM
CNEH(HYHOCTRIO OOBEAUHATLEA IPYT € IPYIOM.

CnelMcHuHOCTS CBA3bIBAHMA KOHTAKTHBIX Y4a-
CTKOB OINpPEneNsuieTcs HX KOMILIEMEHTAPHOCTRIO.
KoMILIeMeHTapHOCTE — MPOCTPAHCTBEHHOE M XUMM-
YeCKOe COOTBETCTBHE B3aMMOACHCTBYIOLIMX MOBEP-
xHOCTeH. BrnaauHbl W BHICTYIIRI HAa TOBEPXHOCTH
ONHOH MOAEKYAB! AQIKHB] COBNANATEL ¢ BBHICTYTIAMH
H BIATHHAMMW HA TOBCPXHOCTH HPYTOH MOJCKYJIHI,
KaK JIBa KyCKa HepOBHO pasopeaHHO# Gymarn. Kpo-
M€ TOTD, (FYHKUMOHATBHBIE MPYNIHI PAIUKAIOB AMH-
HOKHCJIOT HA OIHOI KOHTAKTHPYIOLLUEH MOBEPXHOC-
TH JOJIXHBI 00pa30BBIBaTh Clabbie XHMHYECKME
CBA3HM C PaaMKAIaMH aMMHOKHCIOT Ha ApYroi no-
BepxHocTH (pHc. 1-21). B o0a1acTH KOHTAKTHBIX
MOBEPXHOCTEH OOBTUHO COAEPXKUTCH MHOrO CHAPO-
GOOHBIX pamHKaToB AMHMHOKHCIOT, B PE3YILTATE
Olbe IMHEHNA KOTOPbLX hopMUpyeTes TunpodobHOe
AApO onuroMepHoro 6eixa. [MapodibHbIe panu-
Kallsl MOTYT 00pa3OBLIBATE BOAOPOIHLIE U MOHHEIC
CBA3M.

Takum oOpa3zoM, B3aUMOIEHCTBHE MPOTOMEPOB
OCYLLECTBASETCA BO MHOTHX TOYKAX KOHTAKTHDY-
IOWMX MOBEPXHOCTEH, ¢ 00pa30BaHMEM IECATKOB
¢nabeix cpaA3zeit. biaronaps 3TOMY KOHTAKTHBIC
[IOBEPXHOCTH COSNUHAIOTCS € BEICOKOH crietnduy-
HOCTBIO, H OLUMOKK HOpPMUPOBAHKA YETBE PTUIHON
CTPYKTYPBI O€NKOB NPaKTHYECKH UCKITIOYEHS.
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MNporomep

B

Puc. 1-21. Cxema oBpazaoraHud AMMepHON Sennopol morne-
Kynel. Mexnay npoTomepamin A i B ofpasyeTcs MHOXECTBO cna-
Gbix cBA3ed, 060aHAYEHHDbIX HE& PUCYHKE Y4EpTOUKamW.

KoMIIeMEHTapHOCTh — YHUBCPCAIBHBIH TIPUH-
LM, CBOMCTBEHHBIA WHUBOH MpUpOAE U neXalri
B OCHOBE Y3HAaBAHMS M COCAWHEHMS HE TONBKO
OpPOTOMEPOB, HO M ApPYTHX (HE 00sA3aTeNbHO §eN-
KOBBIX) MOJIEKYI.

. POPMUPOBAHUE
TPEXMEPHOW CTPYKTYPbi
BENKA B KNETKE

DopMHpoBaHHe TPEXMEPHOHA CTPYKTYDPBL Oei-
KOB — BAaXHEHWIKMI DHOJIOTHUECKHH NpoLece, Tak
KAK OT NMPOCTPAHCTREHHOW CTPYKTYPHI DEJIKOB 3a-
BHCHT WX DHOJOTrHUecKass GyHKIMA.

INpouecc ¢cBopayMBaHua MOJUNENTUAHON LICHH
B NPaBWIbHYK) TIPOCTPAHCTBEHHYIO CTPYKTYPY TNO-
JIy4MA HasBaHHe «hoagunr Genxos», Mnaveuayann-
Hble 0ENKH, NPOAYKTHL OJHOTO r¢Ha, UMEIOT WISH-
THYHYHK AMHHOKHCIOTHYIO MOCNEAOBATENBHOCTE H
NpuobpPeTaoT B OOMHAKOBBIX YCADBAAX KJIETKH
OAMHAKOBYID KOHQMOPMALIMIO W (QYHKLUHUIO. DTO
MOJOKEHHUES NOATBSPKAAETCH CNIOCOOHOCTBIO HEKO-
TOpLIX DEJKOB IOCIE ACHATYPAUMK (TPH KOTOPOH
TEIPOUCXOIHT paspbiB C1a0BIX CBA3CH, HO HE MOBPEX-
JaCTCA MEPBHYHAA CTPYKTYPa O€NKOB) CNOHTAHHO
BOCCTAHABIHBATEL CBON0 YHHKAJNBHYID KOH(pOpMa-
LHK H HYHKUMIO.

OaHako B KNeTKe KOHUECHTpallud OelKOB Ha-
CTONBKO BHICOKA, YTO CYLHICCTBYET Gosibltas Bepo-
ATHOCTb B3aMMOJACHCTRUA OENKOB ¢ HEecHOPMHPO-
BaHHOK koHdbopMmauuer, Ha HMX MOBEpPXHOCTH
pacnonarawTes tMApodobHBIE paguKanbl, CKIOH-



Hble K 0OBedHHEeHHIO. l'[o:srromy AR MHOI'HX oen-
KOB, MMEIOLIMX BLICOKYI) MOJEKYTAPHYHD Maccy M
CIIOXHYIO MIPOCTPAHCTBEHHYIO CTPYKTYPY, (POIIHHT
MPOTEKAET MNP YYACTHH CIIEUHUTBHOMH rpynitel Oe-
KOB, KOTOPBIE HA3bIBAKDT «IMANCPoHnr» (0T dpany,
shaperon — HSIHA).

A. PEHATHBAIIMS BENKOB

Honroe BpeMs CYHTATOCH, HTO MPOUECC AEHATY-
paurH GekoB HeoOpaTHM. OOHAKO 0KA3ANoCh, YTO
HEKOTOPBIE OUMILEHHBIE M NgHATYPHPORAHHBIE DeJI-
K1 cIOCOBHBI B OTIBITHEIX YCNOBUAX BOCCTAHABIM-
BaTk KOHGMOPMAUHIO NPH YAATEHHH JeHATYPHPYIO-
UHUX ATEHTOB.

PenaTupaina paOOHYKNEAIBI

B Havane 60-x r. XX Beka 0DHapy:KWIH, 4TO Npo-
uecc aeHarypauuH OesikoB moxer OniTh obpaTH-
MBIM, 3TO OTKPHITHE OBLIO CAENAHO NIPH M3YYEHHH
JeHaTypaluH puDOHyKIeassl — ¢epMeHTa, pac-
IIETUISIOIMETO CBAIH MeXay HykneoThaamu B PHK.,
PuGoHyiUieasa — raoBy/sipHbii 6enok, coaepxa-
WHMHA OOHY MOJWMENTHAHYIO UENb, COCTOSALIVIO W3
124 aMHHOKMCAOTHBEX ocTaTkoB. Ero kondgopMa-
UMI0 cTabUNU3MPYIOT 4 AMCYALPUIHBIE U MHOXe-
CTBO cabbIX - CBA3CH.

Q6paboTxa prlonykneassl B-MepKanNTO3ITAHOIOM
{popmyna B-mepkantostanona — HO-CH,-CH.,-
SH) NMpUBOAHT K paspbiBy AUCYALDUAHLIX CBA3CH H
BOCCTAHORNEHHIO SH-FpyNn UKCTEMHOBBIX, OCTAT-
KOR, YTO HApYILAeT KOMIIAKTHYIO CTPYKTYpY Oefka.
HoBasnenne 8 M pacTBopa MO4YeBHHBI Wi 6 M
PacTBOPA FYAHWAMHXTOPWUAA, BEI3BIBAOLINX Pa3pbiB
CHabuix ceaxi B Oenke v obpa3oBaHMe HOBLIX BO-
JOPOOHBIX CBACH ¢ ACHATYPHUPYIOWMMM ar¢HTAMM,

Aobasnetwe

—_
26 MOYEBHUHB

u p-Mep-
KanTosrasona

MPUBOIUT K OBpa3OoBaHHIO CIVMAHHBIM 00pa3oM
CBEPHYTHIX MOJHICNTHAHBIX UCMCH pUOOHYK/IEA3H,
JHIUEHHBIX (PEPMEHTATUBHON AKTHBHOCTH, T.€. K
JeHatypaunu depmenta. JeHATYPHDPYIOLUIHE ar¢H-
Tbl HE Pa3pPYLIAOT MEPBHYUHYIO CTPYKTYDY Denka.

QaHako eca NyTéM AMANM3a OUMCTHTL pnbo-
HYXJI€a3y OT OCHATYPUDVIOLIMX ATCHTOB H [-Mep-
Karn-TostaHona, epmeHTaTHBHAA AKTHBHOCTE Oei-
KA TMOCTETIEHHO BOCCTAHARIUBAETCS. 3TOT Mpoliece
Ha3bIBAETCH PEHATYpAUMEH, WAM PEHATHBALHEH
6enka. CynbOriapiibHbIE TPYIITILI ACHATYpHPOBAH-
HOIC (pepMeHTA 1104 ASHCTBHEM KHCAOpOJa BO3AY-
Xa OKMCIAKTCSH, B Pe3WIETATe BHOBL BO3HHKAKT 4
JUCcYAbDHAHBIC CBS3HM, XADAKTEPHBIE AIA HATHB-
HOH cTpyKTyphl Oenka. M3 105 Bo3MOXHBIX cIIO-
COO0OB CBA3LIBAHUS BOCEMM SH-Tpynm ocTaTKoB
LIHCTEHHA PEaIMIVETCA TORBKO OAMH BApUaHT, xa-
PaKkTepHBIH MIs HAaTHMBHOH KoHbopMaluk Genka
(puc. 1-22).

B0oaMOXHOCTL peHaTHBALIMH BMOCAEACTRHH Obla
JoKazaHa W 114 Apyrux 0enkoB, B YACTHOCTH MH-
ornobKHa. COXpaHHOCTh NMEPBUYHOH CTPYKTYPHI
Benka — HeobBXOAHMMOC YCIIOBHE /i1 BOCCTAHORIE-
Hug ero koHpopMauui. Ha OCHOBAHMHU 3THX OITbI-
TOB OblN BLIBEOCH (DYHAAMCHTANLHBIA TTPUHIIMTE
MOJIEKYAAPHOH OHOMOrMH; aMHHOKHMCIOTHAs Moc-
JIeO0BATENbHOCTE OEKOB OTpeaeaieT HX KoHbpop-
MalMio H cneunpuueckyo HyHKUHI.

@opMUPOBAHKE MPOCTPAHCTECHHOM CTPYKTYDHI
DOe/IKa — CAMOIIPOM3BOJILHBINA TIPOLECC, TIPH KOTO-
poM GeNOK CTPEMUTCH MPHHATE B JAHHBIX YCIOBH-
AX KOHMOPMALIAID ¢ HAWMEeHBIIER CBOBOAHOM IHep-
ruei. MaMeHeHHEe YCACBMI OKpYXawllel cpelbl
WAH U3IMEHEHHE NMEPBMMHON CTPYKTYPH AAHHOTO
Genka MOTYT MPUBECTH K H3MEHEHHIO ero KoHGop-
MaUMH M (PYHKHHH.

Ynanedwe
—r——it

MOYeBHHbI
u B-Mep-
kanTo-
3TaHON3

Puc. 1-22. leHaTypauMs W peHaTMBaLmMA pHGOHYKNeasbl. A — HATMBHAA MONeKyNa pUGCHYKNEeassl, B TRETUHHOW CTPYKTYRE KOTOPOMH
UMEITCH 4 DUcYnu@uaHele cBA3w, b — NeHATYPARCEAHHAR MOneKyna puboHykneasel; B — HaTUBHaA Monekyna puboHykneasel, B CTRYK-
TYPE KOTOPOW BHOEBL 06PA30BaHL! 4 AMCYNLMUAHLIE CBAS3M MEXTOY TEMW Xe OCTATKAMH UACTENHA.
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B. CTPyKTYPA H ®OVHKLIMOHAILHAS POJB
IIATIEPOHOB B ®OJIIHHTE BEJIKOR

B npouecce cHHTE3a MOJAUNENTHAHBIX Lefe,
TPAHCNOPTA WX Yepe3 MeMOpaHsl, 1pH cGopKe old-
TOMEPHBIX GENKOB BO3HMKAIOT TPOMEXYTOUHBIE
HecTabMNBHBIE KOHOMOPMALMH, CKAOHHBIE K ar-
perauuy, Ha BHOBb CMHTE3MPOBAHHOM [TOJHMIIEN-
THIE WUMEETCS MHOXECTBO TuapodOOHBIX pasuKa-
JIOB, KOTOPBIE B TPEXMEPHOM CTPYKTYPE CIIPATAHBI
BHYTPH MoJeky/n. flostoMy Ha BpemMsa GopMu-
POBAHHA HATHBHOH KOHMDOPMALMH peakLMOHHO-
CNiOCOOHLIC AMUHOKUCNOTHEIE OCTAaTKY OAHUX Den-
KOB AOJKHB] ObITh OTOEACHBI OT TAKHX € TPYIIN
Opyrux Benkos.

Bo BCeX U3BECTHBIX OpPraHM3Max OT NpPOKapHo-
TOE G BLICLIHX 3VKAPHOTOB OGHAapyXeHbl Oenku,
cr1ocoOHBIE CBA3BIBATHCA ¢ OEIKaMH, HAXOAALLM-
MHCS B HEeYCTOMUMBOM, CKIIOHHOM K arperauvq
cocTOAHMH. OHM cMOCOGHB ¢TAOWAM3UPOBATL UX
koHdopMauuio, obecrneunian QONIHHT GenkoB,
DTH GenKH MTOAYYWIH HA3BAHHE «IANIEPORDbE>,

1. Ksaccucpurcauuu waneponos (I11)

B COOTBETCTBUM C MOASKYJAPHOI Maccoii BCe wwa-

[EPOHBI MOXHO Pa3ne/uTh Ha 6 OCHOBHBIX DY

+ BBICOKOMOJIEKY/APHbBIE, ¢ MOACKYIAPHONA Mac-
coi or 100 oo 110 xkj;

+ HI-90 — ¢ monekvaspHol Maccoit o1 83 no

90 xI;
» UI-70 — ¢ MosrekynapHoil Maccoit 0T 66 o
78 kI,

» LLI-60;

« LLI-40;

* HU3KOMONEKVAIPHBIC LUAMSPOHBT ¢ MOJEKYIAP-

HOi maccoit ot 15 ao 30 k.

Cpeay iUaANEpPOHOB pas/JHYAIOT: KOHCTUTYTME-
Hele OefIKH (BLICOKMH $a3afbHBIH CHHTE3 KOTO-
pPbIX He 3aBMCHT OT CTPECCOBLIX BO3ICHCTBMIT Ha
KJIETKH OpPraHmMiMa), 1 MHAYUMOENbHBIE, CHHTE3
KOTOPbIX B HOPMANBHBIX YCAOBUSX HAET c1abo, HO
NpH CTPECCOBLIX BO3UEHCTBUSAX HA KIETKY PE3Ko
yBenuyuBaeTes. MunyunbGensHele WanepeHsl OT-
HOCAT K <«DeJKaM TEIVIOBOTO LOKa», ObICTPBIA
CHHTE3 KOTOPBIX OTMEYAIOT MPaKTHYICCKH BO BCEx
KJIETKAX, KOTOpble NOABEPralores M0bLIM cTpec-
COBBLIM BC3AcHcTBHAM. HazpaHue «0enkM Terio-
BOTO LIOKA» BO3HHK/IO B pe3yabTaTe TOIO, 4TO
BMEpBLIE 3TH OenkH OblnM 00HAPYKEHB! B KICT-
Kax, KOTOpble TTOABEPTANIHCH BO3AEHCTBHIO BBICO-
KOH TEMNepaTypbl.
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2. Poav waneponoe 6 hoadunze beaxos

IMpu cuHTese Genkos N-kKoHleBas ob1acTh No-
JUMNEOTHAA CHHTE3UPYETCA PaHblie, ueM (C-KOH-
ueBaa obyacte. [nda (opMupoBanua kouHdgopMa-
UMM 6eNMKa HYXKHA €ro noaHasg aMHHOKMCIOTHAS
mocneaoBaTeNsHOCTE. TTo3ToMY B NMEPHOI CHHTE3A
Genka Ha pubOCOoME 3ALLUTY PEaAKLLHOHHO-CNOCO6-
HbIX paguKanos (0coBeHHC ruapodobHLIX) ocylle-
cremsior 111-70.

[HI-70 — BBICOKOKOHCEPBATHBHbIA Kiace Gen-
KOB, KOTOpPBIH MPUCYTCTBYET BO BCEX OTACIAX KIET-
KH: UMTOMMa3Me, aiape, 3P, MutoxoHapusax. B ob-
JacTH KapOOKCUIBHOIO KOHLA €AMHCTBCHHOM
NOJHNEOTHAHOH UENMH 1ANepoHOR €CTh YYACTOK,
00pa3opaHHLIA paglkanaMu aMUHOKUCIOT B op-
me Bopozaku. OH crocofeH B3aUMOASHCTBOBATE C
Y4aCTKaMH OeMKOBBIX MOMEKYR M PA3BEPHYTLIX [O-
JHNENTHAHLIX Legneil anuHoi B 7—9 aMMHOKHC-
JI0T, oboraEHHbEIX THAPOGhOOHBIMY PANHKATAMH.
B cuHTe3sHpYyIOLICHCA TONMHNSHTHAHON LIeNH TaKHe
y4acTKM BCTPEYaloT NMPUMEPHO Yepe3 Kakmble 16
aMUHOKHMCIOT,

MoANHT MHOTHX BBICOKOMOJICKYBSIPHbIX OKOB,
HMEICLLIMX CJIOKHYIO KOH(OPMAITHIO (HANPpUMED, A0~
MEHHOE CTPOEHHE), OCYIIECTRIRKETCA B CrieLIHATBEHOM
npocTpaHeTee, chopmuporanHoM 111-60. [11-60 dyw-
KIHOHUPYIOT B BULE ONKIOMEPHOID KOMILIEKSA, CO-
crosiliero W3 14 cybweavnul (puc. 1-23).

HI-60 o6pasyioT 2 KOMbUA, KaxJI0e U3 KOTOPHIX
COCTOUT U3 7 cyOBeAHHML, COENMHEHHBIX APYI C
apyroM. CyGseannuua 111-60 cocront n3 3 nome-
HOB: ATMKANBHOrO (BEPXYILEYHOTO), MTPOMEXYTOY-
HOTC W 3KBATOPUATLHOTC. Bepxyllieunniit nomeH
UMeeT psan ruapodoBHbIX OCTATKOB, 0GpalllEHHBIX
B MONOCTh KOJbHA, COPMUPOBAHHOTO CyObheaAM-
HULIAMH, DKBATOPHANIBHBIH QOMEH MMEET YHUaCTOK
cBAA3biBAHUA ¢ AT®O u obnanaer AT®-aznoil ak-
THBHOCTEIO, T.€. cnocobed ruaposniobate AT® mo
AI® u H,PO,,

LlanepoHOBBIA KOMILUIEKC UMEEST BLICOKOE CPOII-
CTBO K 0enKaM, Ha TOBEPXHOCTH KOTOPHIX €CTh
3MEMEHTERI, XapakTePHBE AAA HECBEPHYTHIX MOJIe-
Kyl (rpexae BCere ydyacTku, oforaluéHHble TWI-
potdodHbiMH pagnkanamu). [Tonagas B NolocTb
LIaNIEPOHOBOIO KOMIUIEKCA, BGEA0K CBS3bIBACTCA C
ruapo@oGHBIMM pAAMKANaMHU AMUKANBHBIX Y4aCT-
koB LHI-60. B crienrdguyeckoit cpeae 3ToH moaoc-
TH, B HIOMALUMM OT APYTMX MOJNEKYJI KJNETKH NPO-
UCXOAUT Trepebop BO3IMOXHBIX KOHPOpPMalWH
fenka, noka He OBvHeT HaWASHA €AMHCTBEHHAS,
3HepreTueck Haubonee BHITONHAST KOH(pOpMalus,



Benkoaan cyGoenu-
Huia W-60

AnUKanbHLIA GOMEH
[pOMesKyTOSHLW AOMEH

DuBaTOpUAnLHLN Jomer

b. Bug caepxy

Puc. 1-23. CTpyXTypa WanepoHOBOro KOMNNeKsa, cocTonlero ua 14 Genkosmx monaxyn LU-60.

BricBoGoxaeHne Oenka €0 chHOPMUPOBAHHON
HATHBHOW KoH(pOpMaUUEid CcOTTPOROXKIACTCS THM-
ponuioMm ATd B akBaTopHaILHOM noMeHe. Ecau
Benok He MpHoBPE&n HATHBHOH KoH(opMaLUK, TO
OH BCTYTIAeT B MTOBTOPHYXO CBA3b C 1aNepPOHOBbIM
KoMmmuekcom. Takol MIanepoH3aBUCHMBIN Gon-
OUHT 6eaKoB TpebyeT 3aTpaT 60NbIIOTC KOAHYE-
CTBa JHEPTHH.

Taxum 0Bpa3zomM, CUHTE3 U GOTTHHT OEIKOB MPO-
TEKAT FPH YYACTHW pa3sHbIX FPYIIL ILATIEPOHOB,
NpenaTCTBYIOIMX HEXKCA4TENbHbIM B3aHMOLEH -
CTBHUAM OSJIKOB C APYTUMH MOJEKYIaMM KIETKH 1
COMPOBOXAAKILMX UX 10 OKOHYATENLHOTO HOPMU-
POBAHUS HATUBHOH CTPYKTYpHI {pHC. 1-24).

3. Poab maneponos & 3auume beakoe Kiemox
om DeHamypupyIomix cmpeccossix soideldcmeitt

LLlarnepoHbl, YHacTBYIOULWE B 3AIUNUTE KIETOYHBIX
GenKOB OT ASHATYPUDYIOLLIMX BO3AEACTBIIL, KaK yKe
TOBOPHJIOCE BbIILE, OTHOCAT K OC1KaM TErUIoBoro
uroka (BTHI) v B nuTeparype wacto 0603HAUAIOT
kak HSP (oT aurn. heat shock protein).

[Mpyu NeicTBUM pA3TUUYHBIX CTPECCOBLIX BaKTO-
POB (BEICOKAS TEMTIePaTypa, TUITOKCHA, MHGDeKIHA,
Y®O, usmenense pH cpenbl, U3MeHeHHe MOApP-
HOCTH Cpeabl, AEHCTBHE TOKCHYHBIX XMMHWUECKHX
BELLIECTB, TAXEIBIX METALIOB M T.A.) B KJIETKAX YCH-
nuBaetcs cuutes BTLLE. HMues Beicoxoe ¢poacTBO
K THApodOoOHBIM YYaCTKaM YacTUYHO JeHaTypUpo-

PuBocoma
/

@)

mMPHEK
CUHTE3MPYIOLUWACS
o “—  nonunenTug

LWanepoHel-70 =,

A

|

MNonunenTtna
LanepoHe-60 :g%/

LanepoHOBLIN KOMNMEKS
i
@ «— HartusHwiA Genok

=]

Puc. 1-24. YyacTue wanepoHoe B cronguure Genkos. A — yua-
CTHE wWanepoHoe-70 B NPEROTEPAWeHUH rUapodobHLIX B3aUMOo-
PEeACTBHA Mey YYacTKamu CHHTEIUPYIOWErocA NonvnenTuaa;
B — hopmmpoeaHse HATMBHOWA KOHOPMAUMK GENKA B WIANSPOHO-
BOM KOMNNEKCe.
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BAaHHBIX OC/AKOB, OHH MOTYT TIPEMATCTBOBAThH MX
MOAHONW JeHATYpaUMyd M BOCCTAHABAMBAThH HATHR-
HY10 KOHPOPMALMK DeKOB.

YcTaHOBNEHD, 4TO KPATKOBPEMEHHbBIE CTPECCO-
BBIE BO3ISHCTBHA YBeaWUMBAKT BeIpabotky BTU »
MOBBIAT YCTOHYMBOCTL OPraHyU3Ma K JIUTEAb-
HbIM CTPECCOBEIM BO3MeHCTBWM, Tak, KpaTKoepe-
MEHHAas MilleMUs CepaeuHON MbILLLB B NepHon Gera
MPH YMEPEHHBIX TPEHMPOBKAX 3HAYMTCIBHO ITOBLI-
LJAET YCTOHYMBOCThE MHOKAPIA K ATUTEABHON nure-
MMH, BbBIZBAHHOW CTEHOKApIMEH WIIH 3aKyNOpKo#H
COCY/IO0B cepaia rpoMboM. B HacTosee Bpems nep-
CNEXTHBHBIMH HCCICEOBAHMSAMH B MEIULIMHE CUH-
TAI0T NOMCKM (HapMaKONOrdMecKMX H MONSKYSsIp-
HO-OUONOTHYECKMX CIIOCOBOR AKTHBALMM CHHTE3a
BTUI B xnerkax.

4. boaesnu, cenzanupie ¢ HapyuieHueM
dioadunza beaxog

PacyéThl NoKazanu, YTO JMIIL HeOoIbIIasa YacTh
TEOPeTUYECKH BO3MOXHBIX BAPHAHTOR TTOJIHMEN-
THAHBIX UENEA MOXET APHHUMATE ONHY CTabHIb-
HYI) NPOCTPAHCTBEHHYIO CTPYKTYPY. BOJIBIIHHCTRO
Xe TaKUX OENKOB MOXET NMPHHHMATh MHOXECTEBO
KOH(OPMALIMA ¢ MPUMEPHO OIMHAKOBOH 3HEPrH-
eil Mibbca, HO ¢ pamIHYHBIMUA CBOMCTBaMM. Ilep-
BUYHAs CTPYKTYpa OONbIIHHCTBA M3BECTHLIX DEj-
KOB, OTOOPAaHHBIX IBOAWIMEN, oDecneyuBaer
UCKITIOUUTEIEHYIO CTabUNBHOCTE OOHOH KOHop-
MauKH.

OnHAKO HEKOTOpHIE PACTROPUMBIE B BOge Oen-
KM TpH H3MEHEHHH YCJAOBHMI MOTYT MpuoOpeTaTth
KOH(OPMAallHIO TUIOXQ PacTBOPHMBLX, CIIOCOOHBIX
K arperallui MoJIeKyJ, 00pa3ylollHX B KIeTkax
GUOpUNNSApPHEIE OTACKEHUS, UMEHYEMBIE aMMIIO-
HacM (OT AaT. amylum — Kpaxman). Tak x€ xak u
Kpaxman, aMHWICHIHLIC OTAOXCHUS BRIABLIOT NPU
OKpacKe TKaHH HOAOM. JTO MOXKET IPOMCXOAMTS:

s TIPH THIIEPIPOIYKLHH HEKOTOPHIX OE/MKOB, B
PE3YABTATE YEro YBCNHYMBACTCH MX KOHLEHT-
paluA B KIeTKe;

» [IPH NIONASAHWH B KJISTKH HAM 00Pa30BaHUH B
HUX BENKOB, CTIOCODHLIX BAMATL HA KOHQOp-
MAalLMIO IPYTHX MOJCKYI OenKa;

» NP AKTHBAUKH [TPOTEONN3a HOPMaJbHbIX Den-
KOB OpraHuimMa, ¢ 00pa3oBaHUEM HEpacTBOPH-
MbIX, CKITOHHBIX K arperalMi (hparMeHTos;

e B PE3YABLTATE TOYEYHBIX MYTalMii B CTPYKTYpe
fenxa.

B pesyiaerate omIOXKeHHs aMHNIOWAA B OpraHax

U TKaHAX HAPYIIAIOTCS CTPYKTYPA H PYHKUMS Kig-
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TOK, HaBMIONAIOT WX AeTeHEePATUBHBIE MiMeHeHMs
H pa3spacTaHUE COSTHHUTENLHOTKAHHbIX WIH FiH-
@ILHEIX KIETOK. Pa3puBaloTca OoJe3HH, HA3blBac-
MBIE AMIIOMIO3aMH. [NA KaXmoro BHIA aMHJIOH-
J033 XapakTepeH ONPeacaE€HHBII THI aMIIOHAA.
B Hacrosiuee Bpemsi onucaHo Gomee 15 Takux 6o-
JIEIHEH.

Bosiesus AnsoxaiiMepa

BonesHe AnspuxakiMepa — Haubonee 4acTo OT-
MeyaeMblid f-aMUIOUIO3 HePBHOM CUCTEMBI, Kak
NPABKAO, MOPLKAIOILHH JTHL TPEKITOHHOTO BO3pa-
€Td M XapakKTCPH3YIOWMICA OpOTPECCHPYIONM
pPACCTPONCTBOM MAMATH M TNOJHOH Jerpagauued
JMYHOCTH. B TKaHK M03ra orkiajplBaeTcsa B-amH-
JIoMa — OenoK, o0pasyiolIHi HepacTROpHMbIE hub-
PWIABI, HAPYUIAKLWIKE CTPYKTYPY U GOYHKUHU He-
PBHbBIX KAeTOK. B-aMUIIOHL — MPOIYKT H3AMEHEHHA
KoHbopMauyu HOpMaJbHoro Henka opraHu3Ma
qeaopeka. OH oOpa3syeTcea U3 B0nee KPYIIHOIO Npea-
WECTBEHHHKA YaCTHUHBIM MPOTEONUIOM U CUHTE-
3UPYETCS BO MHOIMX TKaHSX. B-AMHIOHA, B OTIH-
Yue OT CBOEr0 HOPMANLHOrQ TpegluecTBEHHUKA,
COJEPXKALEr0 MHOIO O-CIUPANbHBIX YYACTKOB,
MMEET BTOpHMYHYK) B-CKIamyaryio CTpyKTypy, ar-
perupyer ¢ 00pa3oBaHHEM HEPACTBOPHMBIX GHO-
PWIA, YCTOMYMB K AeHCTBMIO TIPOTEOMHTHUECKHX
thepMeHTOB.

[TpuurHb! HapyiLeHUS QOAAMHTA HATHBHLIX O¢JI-
KOB B TKaHW MO3ra ¢1UE NPeACTOUT BEIACHUTE. Bos-
MOXHOQ, C BO3PACTOM YMEHbLIAETCS CMHTE] Ilane-
POHOB, COCOGHLIX Y4acTROBaTL B HOPMUPOBAHHH
W NoAnep:XaHWKM HATHUBHOH KoHdbopMallHi BeNKoB,
WITH YBETHYHUBACTCA AKTHBHOCTD 1IpOTEas, 4TO NpM-
BOJAHT K YBEIHUYCHHN) KOHILEHTpPauMM OCMKOEB,
CKJOHHBIX M3MEHATE KOHMOPMALHIO.

[Tpnouossie Gonesau

Mpuonsl — ocodblit K1ace OeAKoB, odMaAaAN-
KX WHOEKIUOHHBIMH cBoticTBaMu. [lonadas B
OpPTaHH3M 4YEJIOBEKA MNM CMOHTAHHO BO3HWKas B
HEM, OHH cnOCOGHBLI BBI3BIBATE TAXKENBIE HEU3NE-
yrMeble 3ab6onesaHua LTHC, HaspiBagMbIe NPHOHO-
BbiMHM 00ONe3HAMH. HazpaHue «NpUOHB» NpOMC-
XOAUT OT abOpeBMATYPHI AaHTIMHCKOH dpa3sl
proteinaceous infectious particle — OenkKopasi WH-
(hekUuHOHHAas YacTHLUA.

TTpMCHOBHI OEMOK KOOUPYETCS TEM XKe TEHOM,
YTO M ero HOPManbHBIA aHaAor, T.e. OHH HMECIOT
HAEHTUYHYIO TTEPBHMHYIO CTPYKTYPY. OAHAKO OBa
GeNiKa oGIanawT paziniHoi KoHbopMalMei: npu-



OHOBBIH 0€/TOK XapaKTEpU3yeTCA BBICOKHM COAEp-
XKaHueM [(-cAoéB, B TO BPEMH KaK HOPMATBHBIN
HEJTOK MMEET MHOIO Q-CMUpaibHbIX YWacTkok. Kpo-
ME TOro, MPHOHOBBIN Benok ob1amaetr YCTONYHBO-
CTBIO K JAeHCTBUIO MpOTeaz W, nonajgad B TKaHb
MO3Ta AW 00pa3ydach TAM CNOHTAHHO, cNocobCTRY-
€T TPEeBPAILEHHID HOpMaNLHOTo OelKa B MPUOHO-
BBIH B pe3yibLTAaTe MEXOEIKOBBIX B3AHMOICHCTBHA.
Obpasyercd TaK HalbLBaeMOe «AAp0o TIOIMMEpPH3a-
LIMH», COCTOSILIEE M3 arperkPOBAHHLIX NPHOHOBbLIX
B6eNKOB, K KOTOPOMY CIOCOOHBI TEPHCOCAMHSITLCS
HOBHIE MOJIEKYNBI HOpMaIbHOro Benka. B peaynb-
TaTE¢ B UX TPOCTPAHCTBEHHOM CTPYKTYPE TPOHCXO-
0T KOHGOPMaUHOHHBIE MEPECTPONHKM, XapakTep-
HBI¢ IS MPHOHOBBIX DCITKOB.

M3BECTHBL CAyYyad HAcAEACTBEHHBIX GOpM Opu-
OHOBBIX BOsIE3HEH,, BRI3BAHHBIX MYTAITUAMH B CTPYK-
TYpe JaHHOrO 6enka. OJHAKO BO3MOXHO H 3apaxke-
HHE 4eJI0BeKa MPHOHOBLIMH BeKaMH, B pe3y/bTaTe
4erg BOSHHMKAET 3afosicBaHie, MpHBOASLIee K rube-
nu GoneHoro. Tak, Kypy — rnipaoHoBas Gone3Hb
abopuretos Hopoii I'BMHEH, 3MMACMHYECKHMH Xa-
PaKTep KOTOPOH CBA3aH C TPAJIHLHMOHHBIM KaHHH-
GaTM3MOM B 3THX ILIEMEHAX M TNepeaauci MHpek-
LMOHHOro Genka oT 0aHoH ocobu K apyroii. B cain
C MIMEHEHUEM 00pa3a UxX XKU3HH naHHoe 3abonesa-
HHE TIPAKTHYESCKH HCYEINOo.

B HacToslliee BpeMa MHTEpec K TNPHOHOBLIM G0-
NIe3HAM BO3POC B CBA3M C 3apAXEHMEM JIOACH MpH-
OHaMH MpU yNoTpeOICHUH MSCOTIPONYKTOB, TONY-
YeHHBIX OT XUBOTHBIX, ABISIOIIMXCS HOCHTCAAMH
MPHOHOB, BRI3BIBAKOLINY «OEILIEHCTBO KOpoB» {Bo-
nesus Kpoitmiigpennara—fixko6a). HecMorps Ha To,
YTO MPHOHOBLIE OCNIKHM “eOBEKa W XKMBOTHBIX pa3-
JIMYAIOTCS JULLB HE3HAMHTEIRLHO, A0Iroe BpeMs TMo-
Naraa, YTo CYLUECTBYIOT MEXBHIOBLIC Hapbepel Ha
OyTH Tiepenaud GoneaHd. OOHAKO NMOCISIHME AaH-
HBie MOKAaNY, Yro 3TH Gaphkepsbl HEe ADCOMIOTHLI, U
YTO CYUIECTBYET TNPUHLMIIMANBHAS BO3ZMOXHOCTH
repenadyy Goae3HH 0T OIHOIO BHAA APYTOMY. TakK, B
BemixoGpuraHui K cepenmHe 1999 r. Gpino 3aperu-
crpupeBaHo okono 40 crmyydaes aaHHoro 3aboneBa-
Hus. [IporHo3 He MCKAKUAET Pa3BUTHA SIHAEMHH
NPHOHOBOH 60ne3HH B Omokaiune 10—15 ner.

V. ®YHKUMOHUPOBAHUE
BENKOB

Kaxaplii HHAMBUAYaANBHBIH GeloK, MMeoNIHi
VHHUKATLHYKO NEPBUYHYIO CTPYKTYDY M KoHdop-

MalMe, 061ajaeT U YHUKANbHOH (yHKUMEIH,
OTIMYAIOUISH 50 OT BCEeX OCTATbHBIX OeakoB, Ha-
00p UHIUBHUIYAILHBIX OCAKOR BRIMOAHACT B KNET-
K& MHOXECTBO PasHOOOPAa3HBIX M CIOXHBIX (QyH-
KHHI..

HeobxonnMoe yenobue s hyHKIMOHHPOBAHHUS
OEMKOB — NMPHCOCAMHEHHE K HEMY APYTOIo BELLE-
CTBA, KOTOPOE HA3BIBAIOT «aMraMa». JldraHaamu
MOTYT OBITL KaK HH3KOMOJEKYNSPHBIE BEILECTRA,
TaK W MakpOMoJeKyibl. BlaumoaeiicTBue Genka ¢
JUTAHAOM BBICOKOCNEUH(HUHO, 4YTO OMPEAENIET~
Cf CTPOCHHEM YYacTKa OesKa, Ha3LIBAEMOTo LEHT-
POM CBA3BIBAHHA O€NKA C JTATaHAOM WJIH AKTHB-
HbIM LIEHTPOM.

A. AKTHBHBIH LIEHTP BEJKOB
H H3BHPATEJIBHOCTL CBA3LIBAHWA EIO
C JIMraHnom

AKTHEHBIH LIeHTp 0€eJIKoB — OMNpelenéHHbIH yya-
CTOK GelnKOBOH MOMEKYNb, KaK TPaBWiC, HaXons-
MHCA B €€ YTAyONneHUH («KapMaHes}, chopMmupo-
BaHHBIA pajliKa aMi aMHHOKHCIOT, COOpaHHbIX Ha
ONpeneAéHHOM OPOCTPAHCTBEHHOM YYACTKE TP
GOpPMHPOBAHUH TPETUYHOH CTPYKTYPHl U CROCOD-
HBEIH KOMILICMEHTAPHO CBA3LIBATHCH ¢ JIMTAHIOM.
B nMHelHOH NocAeaA0BATENEHOCTH NOTHNSTTRIHOMN
LIETMH PAAMKANEL, (POPMUDYIONIME AKTHBHBH LIEHTD,
MOTYT HaXOAUTbCH HA 3HAYMTENbHOM DPACCTOAHHM
IpyT OT Apyra.

Boicokas cneumHIHOCTE CBA3LBAHHA Oenxa ¢
JMranaoM 00ecreurBaeTCs KOMIIEMEHTAPHOCTBIO
CTPYKTYPH aKTUBHOTO LUEHTpa Oenka CTPYKType
nuradaa (puc. 1-23),

Tloa koMMAeMEHTAPHOCTEIO NMOHMMAIOT OPO-
CTPAHCTBEHHOE H XHUMUYECKOE COOTBETCTBHE B3a-
HMOAEHCTBYIOMNX MOJeKylI. JIMraHa JoIkeH
001aaTh CMOCODHOCTLIO BXOAMTE H MPOCTPaH-
CTBEHHO COBMANATh ¢ KOHQOpMalHeidl AKTHBHOTO
LEHTPA. ITO COBIANCHHE MOXKET OLITh HETIOAHEIM,
HO Onaroaaps KOHGOPMaUMOHHOH NabHUALHOCTH
6eIKa AKTUBHBIA USHTP CMOCOOEH K HEOOMbUIHM
H3MEHEHUSM M «IIOAroHseTcs» non nurany, Kpo-
ME TOrO, MEXAY (VHKLMOHAJALHBIMH TPynnaMH
JIMraHAa ¥ paauKkanamMi aMHUHOKHMCIOT, 06pas3yio-
I[UX AKTHBHBIA LEHTP, JOMXHbL BO3HUKATH CBSl-
3, VICPXHBAOUIHE JIAraHA B AKTHBHOM LEHTDE.
CBs3M MEXIY JUTAaHIOM H aKTHBHBIM LIEHTPOM
Oenka MOTYT OBITh KaK HEKOBAMEHTHBIMH (MOH-
HBIMM, BOAOPOAHBIMH, THAPOQOOHBIMK), TAK H KO-
BAJICHTHBIMH,
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Nurang

Puc. 1-25. BaanmopedcTene Senka ¢ NMraHaom. A 1 B — HekOMNNeMeHTApHOR B3aMMORSIACTRENE U paspylleHue cBA3el Mexay Gen-
KOM W IAraHpoM,; B- KOMNNemMexsTapHoe BIAUMOAERCTEBYE Benka ¢ nuraHaom.

1. Xapaxmepucmuxa axmugno2o uenmpa

AKTUBHBIH LEHTP $elKa — OTHOCUTEAbHO HU30-
JHPOBAHHBIN OT OKpyXaloweit GefloK ¢cpelbl yyac-
TOK, C(POpMHPOBAHHBIHR aMMHOKHCIOTHBIMH OCTAT-
Kamu. B 3ToM yuacTke Kaxaniit ocTaTok faarojaps
CBOEMY MHIAMBHIYATLHOMY pa3Mepy W (hYHKUKO-
HAJIbHBIM TpyTInam (hopMHupyeT «pefibed» akTHB-
HOTO 1LIEHTPA.

O0beanHeHHUe TAaKHX aMHHOKHUCIOT B €OWHBINA
GYHKUMOHATBHBI KOMILIEKC M3MEHSIET peakiiMOH-
HYIO CIOCOOHOCTh MX paauKanoB, NOA0GHO TOMY,
KaK MEHACTCSH 3BYYAHHE MY3BIKUTBHOTC HHCTPYMEH-
Ta B aHcamone. [o3ToMy aMHHOKHMCAOTHBIE OCTaT-
KH, BXOISIILIME B COCTAE AKTMBHOIC LEHTPA, YACTO
HA43bIBAIOT «aHcaMbneM» aMMHOKHCHOT.

YHHKaNLHBIE CBOHCTBA AKTHBHOrQ EHTpa 3a-
BUCHT HE TOABKO OT XMMMMECKMX CBOWUCTB (hop-
MMPYIOILUWX M0 aMHUHOKHMCIOT, HO W OT MX TOY-
HOW B3aMMHOW OPUEHTALIUM B NPOCTPAHCTEE.
[losToMy Jaxke HeIHaUWTENbHBIe HApVLIeHHS 00-
el Kkondopmauuu HGelka B pesynbrate TOYEH-
HBIX MU3MEHEHHWH €r0 NEepBHYHOH CTPYKTYPBL WITH
YCIOBHHA OKPYXAKWLEH CpeAbl MOTYT IIPHBECTH K
M3MEHEHMIO XUMHUYeCKMX U (PYHKUMOHANLHBIX
CBOHCTB pajHKaNoB, (POPMUPYIOLWIMX AKTHBHBIA
UCHTP, HApPYLIATL CBSI3BIBAHME GENKa ¢ AUTaAHAOM
u ero ¢yHrkuuio. Ilpw AeHaTypaluMK aKTUBHBIA
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LUSHTP OEnKOB pa3pyLUaeTcs, U NMPOUCXOANT YTpa-
Ta UX OUOMOCHMECKOH AKTHBHOCTH.

YacTo AKTUBHBIN LeHTp (hopMUpyeTCs TAKHM 06-
PasoM, YTO JOCTYIl BOABI K (PYHKUMOHATBHEIM IPYTI-
NaM €ro pamlMKaloB OTpaHWYEH, T.€. CO3MAKTCH
YCNOBHA s CBA3LIBAHHWSA AMraHAa ¢ paaHKATaMH
AMHHOKHCIOT.

B HekoTOPLIX cAydadx JUTAHA NPUCOEAUNHACTCS
TOABKO K OJHOMY U3 aTOMOB, 0G13a1at01eMy onpe-
JeN€HHOH peakiMOHHOH cnocOBHOCTLIO, HAMPH-
Mep nipucoearneHue O, K Xenesy MHOrMoOMHA WK
reMorneOnHa. OAHaKO ¢BOWCTRA JaHHOTO aTOMa
u30UpaTebHo B3aUMOACHCTBOBaTL ¢ O, ompene-
JISOTCA CBOMCTBAMM PALHKAIOB, OKPYXKAMWHX
aTOM XeJe3da B COCTase TeMa, ['eM CONEePKUTCH U B
Apyrux Denkax, Takux Kak LuToxpombl. OaHako
(dyHKUMS aTOMa XKeMe3a B LUMTOXpOMAX HHadA, OH
CIIYXKHT TIOCPEAHUKOM I TNEPEIayid ASKTPOHOS
OT QOHOrQ BewecTka JPYTOMY, TPH 3TOM XKENe30
CTAHOBUTCH TO JBYX-, TO TPEXBATCHTHBIM,

UeHTp cBI3bIBaHMsI GEMIKa C JIMTAHIOM YaCTO Pac-
nonaraetcs Mexay aoMmedaMmu. Hanpumep, npore-
ONUTHUECKUH (PEPMEHT TPHIICHH, YJYACTBYIOLIHIA B
FUAPOJIM3E TIENTHAHBIX CBA3CH MULIEBLIX DSIKOB B
KHIIEYHHKE, HMEeT 2 JOMeHa, padienéHHBIX Oo-
pO34Koi. BHYTpeHHAS NOBREPXHOCTE GOpo3aku op-
MHUPYETCA AMHHOKHCIOTHBIMH PALHKATIAMM JTHX



JAOMEHOR, CTOAILHUMHK B NOGTHNENTHAHOM 1ICNK jia-
aexo apyr ot apyra (Cep .. bue,, Acn).

PasHple aoMenk B 6eIKe MOMYT NepeMelIinaTLes
APYT OTHOCHTE ILHO APYTA MPH B3AHMOALHCTBHM C
JMTAHI0M, 110 ofIeraer suibHeR e (pyHKUHO-
HUpoBaHke Gelika. B xauecrTse 1IPUMCPL MOXKHO
PACCMOTPETh PADOTY MEKCOKHHA3L!, PepMEHTa, K-
TasMIpyioero nepetioe rocdoplioro ocTarka ¢
ATD Hy MOACKYLY THIOKO3KL (1IpH ot docdopuni-
PORAITHH ). AKTHEHBI NEHTD [EKCOKHHA3BI Pacho-
JAFAETUH B PACIETHHC MEARNY ABVMS JOMEeHAMM
(puc. 1-26) Opy CBIBBIBAHUK TCKCOKHHA3B ¢ TIK)-
KO0 OKPYAKAIONIHME €€ HOMEeHBbl CO/IKAKTC, U
CYRCTPET OKAIBIBIAETCS B «NOBYIIKE», UTC 00nerya-
Cr ero aamTbHeHmee hochOpHIIHPORAHKC.

OCHOBHOC CBOWCTRO BCAKOR, JCKAILCE B OCHO-
BC UX OVIKIHHE, — W3I0MPATciiblHOCTL [IPHCOCIK-
HCHHH K olpeaciatdHbly yuacTkaM OCAKOBOH MO-
JACKY: bl CHEIIHHYECKHX THTAHAOB.

2. Muocoobpasue ancandos

« Jlurannamu MOTYT GhITL HEOPTAHHUIECKHE (U~
CTO HOHLI MEeTANIOBRY H OPTaHHYECKHE BELIE-
CTRA, HHIKOMOAEKYIBIPHBLIC H BLICOKOMONCKY-
JHPHLIE BCHICCTRAL

o CYIHECTRVION AUTMAHILL, KOTOPBIE HIMEHHHIT CROK)
XHMHUECKYH) CTPYKTVDY NPH TIPHCOSNHIEHHH
K akTHRHOMY 1EHTPY Oenkd {MiMeHeHus cyh-
CTPATA B AKTUBHOM LIRITPE hepMenTa);

o CYHIECTBYIOT SIMTAHARL. NRHCOCHNHAIOILIAECS
K GE.TIK}-’ T IBKO B MOMCHT [byliKilH(JHHpOBil-
Hust (ranpusep, O TpalcnopTupyeMbIi 1¢-
MOFAOBUHOM). 1 AUFRILIL], TOCTOAHHO CH-

Homens
FRKCOKMHAALE

Puc, 1-26. CBR3bIBAHWE MEKCOKMHAZMI © MTKO30A.

FAHHLIC ¢ OCJIKOM. BBIMOAHAKLUIAC BCNOMOFA-
TEIbEHYH POAb HPH (PYHKUHOHHUPOBAIIMK OC1-
KOB (HANPUMEp, XKele30, BXOIee B COCTan
reMoriaobung).

B Tex cayvasux. Koraa aMHMHOKHCIAOTHRE OCTAT-
KH. (hOPMHPYKNHHUC AKTHBHBIH [ICHTR, HE MOTYT
abecneunTth hyHKIMOHUPOBATIHE HAlHOIO OC.IKA,
K (‘)I'I[)Eﬂﬂﬂélfllbll\-[ YHACTRKAM AKTHBHOIO LIEHIPd
MOIYT LPHUCOCSHIIATLCS 1HEDENKOBLIE MOICKYDL.
Tak, B AKTHBHOM LEHTPS MHOTHX (BepPMCHTOR NPH-
CYTCTBYET MON MeTALIA (KOHKTOP) M OpriaHi-
ueckasl Hebenkowasl moiekyia (kopepmenr). He-
OCAKORBYKY YACTh, HPOYHO CBSIZAHHYID ¢ AKTHBHLIM
HEHTPOM DeTKd M HEOOXOUAHMYIO 1151 ero hyHKIIH-
QHHDROBAHHKAE, HASBIBAKDT «NPOCTETHUECKASN IPpYAMd».
MuorIoOnH, 1eMorIobHHE H HTHTOXPOMEBlL HMCKOT B
AKTHRHOM IIEHTPE OPACTETHYECKYRY UPYITIHY — I'¢M,
COOCPXKAHN Keae3o {doiee NoApoldIIo reMcolep-
KalHe OEIKH ONMUCAHEl B pazienc 4, a KoakTopb
H KOhepMEHTR — B pasiacie 2).

COCHHHEHHWE MPOTOMCPOE B OIHIOMEPIICM Oeli-
K& -~ MPHMCP BIaMMOACHCTRHSA BRICOKOMONCKY.TSIP-
HbIX MHMAHI0B. KaxKiablH npoTtoMep, COCIAMHEHHLINA
CAPYTHMH NPOTOMEDAMIE, CHYRHT ILIH HHAX STMII-
JOM, TAK XE KdkK QiKW 208 Hero.,

HIIOI‘;‘.I'& HPHCOCAHMHEHKWE KAKQTO-1400 ZIraiig
HIMEHSIET KOIHDOPMal M0 BetKa, B PC3VALTATE HelD
POPMUPYETCH LEHTP CBAZLIBAHHS € APYIMMH K-
rangaMu. Hanpumep, 010K KanbMOIYAHH Nocae
CBHSZbIBEHMA C YEThIPbMY HOHAMHK CE‘I}’ B CmeuM-
GDHUUECKHX VYACTKAX MPHODPETIET CMOCOOHOCTH
BIAHMOICHCTBOBATL C HCKOTOPLIMH (PCPMCHTAAM .
MEHHH MY dKTHRIIOTE.

[rsoKoaa
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3. Cpodcmeo axmusioo ueHmpa Aueandy

CKODOCTb Bsaumoncﬁcmnﬂ Genka ¢ JIUTaHAOM
onpeacnacTCa KOHUSHTpauusaIMHi denka u JIUTAHOA
B PacTBOpE, a TAKKe CTeNeHbIY KOMILIEMEHTAPHO-
CcTH OeIKa H JIMraHaa.

Konctanta pHccompauil — XxapakTepHcTHKa Cpoj-
CTBd dKTHBHOT(Q LEHTPA JIMIaHmTy.
Tak Kaxk BSaHMO,EleﬁCTBHC Oenka ¢ JHIraHiaioM —
OﬁpaTHMb]P'I Mnpouccc, 10 €ro MOXHO OITMCATH
CJICOYIOUIHM YPpaBHCHHEM!

K,
P+L < PL,
K.

rie P — Genok, L — maurang, PL — komILtekc
Genka ¢ amrangoM, K, — KOHcTaHTa CKOPOCTH CBA-
3bIBaHUA Oesika ¢ IMraHaoM, K | — KOHCTaHTa cko-
poOCTA pacnala koMrmnekca PL.

Koraa ckopoctu o0pa3oBaHHs U paciafa KoMI-
JIeKCa PaBHBI, NOBOPAT O TOM, YTO CHUCTEMA HAXO-
IUTCA B COCTOAHWH PABHOBECHS:

[P} [L] K,=[PLIK ..
Or1ciona:

Ky [PIL
Ky ~ {FL]

K,nucc -

CooTHOWEHME KOHCTAHT pacmasa [PL] xomn-
Jekca ¥ ero obpa3oBaHus HA3BIBAETCH KOHCTAH-
T0i anccouratmn (K, )} kommrexca [PL]. Yem
Menbilie K . TeM DoblUe MOIEKYA AMFAHAA CBA-
3aHO ¢ GenKoM, TeM GOJBbILE KOMILIEMEHTAPHOCTD
Mexay P u L u Tem Oonbiue cpoacTBo aMraHaa K
Oeaky. To ects Mexay K M CPoNCTBOM NMIraH-
na K 6enKy uMeeTca o0paTHO MponopUroHanbHas
CBH3b.

HMrorna npu onvcaHWH Mmpollecca CBA3LIBAHUA

fesKa ¢ IMraHZOM MCTIOAB3YIOT BeAWUHHY, 0BpaT-

Hylo K, HalbiBaeMyl0 KOHCTAHTOM CBA3BLIBAHWA
(K,,) win accounaunm.
1 [PL]
Ko = Koe  ~ TPILI

Mexay K . u cpoacTBOM JTUTaHAE K GesiKy Cyilie-
CTBYET TPAMO TPONOPHMOHANBHAS 3ABMCHMOCTD,
3apHcHMOCTD HAChIIEeHMn OefKa JMraHIoM OT KOH-

DEHTPANMH JUTanaa NpH NOCTOAHAGH KOHIEHTpA-

IHH Benka

[Tpy MOCTOSHHOM KOHLIEHTpalUM Oenxa yBeAU-

yeHHe KOHLEHTpPAIlMH AWTAHAa TPHBOAWT K
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pPOCTY KOHLIEHTpALWN KoMIUiekea [PL]. 3ra 3a-
BUCHMOCTE HOCHT XapakTep runepbonndecKoi
KpUBOH (puc. 1-27). KpMBasi CTPEMUTCH K Mak-
CHMYMY, KOTAA NIPH HeKOTOPOH KOHLUEHTpALMH
JNIUTaHaa Bee MoaeKyinl 6enka HaxonaTcd B CBf-
3AHHOM ¢ JAMTaHAOM COCTOSIHHM ([POMCXOIUT
HachlIeHue Genka anraraoM). CTerneHb Hachl-
LIeHWA DEJIKA INTAHAOM MOXHO BBIDA3UTD Clie-
OYIOWHM YPABHCHHEM: CTENEHb HACENUCHUS =
[PL]/[P,]x100 (rae P, — xonueHTpaius Geaka
I0 D0DABIeHUS JIMTAHOA),

Ilpu noayHACEIUCHHA BCNKA JTHMAHAOM KOHIIEH-
Tpauuu [PL] v [P] pasHbl, 1 w3 ypaBHeHUS K,
TIPHBEAEHHOTO BhIilE, cnexayer, yro K = [LI,
T.c. K YHCAICHHO paBHA KOHUEHTPALMM n-
raHaa, npu kKotopoit 50% Oeska HaxoauTed B
xoMmaekee ¢ aurasgoM. [ostoMy mo kpusoi
HAaCHIUIEHUA MOXHO HaWTH K, U OLEHHTH
CpPONCTBO AAHHOTO OefKa JIUraHmy.

3aBHCHMOCTE Mexdy oDpazoBaHHeM Komiuiekca [PL]

H KOHDeHTpaIHeid 0eKa npu mI0LITKe MAranaa

Kax 6b1o ¢Ka3aHo Bille, TIPH BO3pacTalowleH
KOHUEHTPAllMH JUraHAA HACHIIEHKUE DesKa or-
PaHHYeHO €ro KoHueHTpaumed. TIpn #30biTKe
JUrAHAA BCE MOJIEKYbl O/1Ka HAXOASITCH B CO-
crape komrnekca [PL]., OaHako, ecan yBeau-
YHBAThE KOHUEHTPALMIO OenKa, TO KOJIMYECTRO
[PL] HauHéT yBENWMHMBATBCA MPOMOPLHOHAIL-
HO KOHLEHTpaLKH 6eika. KOHUEHTPALne KoM-
miekca |[PL] MOXHO perHCTpUpPOBAaTh, HaTpH-

CreneHb

HaCbILLEeHWA, %

100 e e e oo -

75t

50F---
l
1
1
i

25 :
;
; L L L L
1 2 4 6 8
K e [L], monb/n

Puc. 1-27. Mpachuk HackiueHHs DenKa NUMrangom.



MEp € TIOMOIIBIO UIMCPCHHA NOTITOWEHKWH CBE-
Ta. YYHUTHIBAdA, UTO €10 KOAMYSCTBO NMPOTIOPLIH-
QHATBHO KOHUCHTPAUKWH 66}11(3, MOXHD Ha OL-
HOBaHHUHM TOCTPOSHHOTO rpadMka onmpedcisiTh
KOHLIEHTpaLHIo §erka B pacTope (puc. b-28).

b. BEIECTBA, BIUSIOMIKE
HA ®YHKIIHOHKPOBAHHE BEJKOB

XOT B3aUMOACHCTBME AMIaHIa ¢ AKTHBHBIM LIEH -
TpoM BeNKa BBICOKOCTIEUHGHUUYRO, BCErAa MOXKHO
noaobpats Apyroe BelIeCTHO, KOTOpOe TaK X Oy-
JeT B3aUMOZeHlcTBOBATE ¢ GenkoM. JlvraHnm, B3au-
MOACHCTBYIOUIHA ¢ OeIKOM WM HAPYLIAIOWHA €ro
(YHKLUHMK, HA3LIBAOT «HarHouTOp Oenka». Eciy ato
BEUIECTBO MO CTPYKTYPE TMOXOXE HAa JIMIAaHO, €ro
HA3LIBAIOT CTPYKTYPHBIM aHaIOrOM JIWTAHOR; OHO
TAKAKE B3aHMOACHCTBYET C aKTMBHLIM LieHTPOM ben-
Ka. AHANOT, 3aMeljalolHi eCTECTBEHHBIA JUraH B
AKTUBHOM LEeHTPe 0elIKa M CHIDKAIOULHH €ro QyHK-
LHI0, Ha3bIBAKOT «KOHKYPEHTHBIH HHrHOMTOD Geika»,

1. Jexapcmeennsie npenapanst
KaK mooayanmopst 6eaxkossex @ynxuuii

AHAJIOTH €CTECTBEHHBIX JMIAaHNOB OE/NKOB MC-
TIOJIB3YIOT B MEAHULMHE B KAYECTBS JISKApCTBEHHbIX
cpeacts. Llupokoe mpuMeHeHHE TakHe NEKAPCTBA
HALIUTH B PeryJISIUMM TNEPeaavyd BO30YXASHHS ue-
pe3 CHHAICHL.

Tepegaua cuUrHana oT HEPBa K HEPBY WIH OT He-
pBa K 3(eKTOPHOMY OpTaHy OCYIICCTRIASTCA HE-

03}

0.2

o1t

1 2 3 4 5 [PF]

Ha ock A periucTpupyioT W3MEHEHKE, HanpMMEp NOrNoLLeHUs
CBETa, Bh3raHHoe obpasoranmem komnnexkca [PL]

Puc. 1-28. FpathuK 3aBHCUMOCTH MIMEHEHUSA NOTNOLEHWA CBe-
Ta, OTPAKAHILETD KOHUEeHTRAURK komnnekea [PL] 0T KoHUueH-
Tpaumu Genka P.

pe3 CUHATICH © TOMOLIBK) XMUMMHUYECKHX MOJSKYI,
Ha3bIBaeMbLX Helpomeauaropamu. Heilpomeauarop,
BbIAEMSIEMBIH TIPH MPOXOXIEHHH UMIYILCA HEPBHBI-
M OKOHYAHHAMH, JOJIKEH BRICOKOCTIEUMpHUIHO RIa-
HMOJEHCTBOBATh C DEIKAMM-PELSITOPAMH HA MOCT-
CHHanTU4eckoi MemBpane. Onnako, MomudHLMpYS
XMMHYECKYI0 CTPVKTYPY HEHpOMEINaTopa, MOXHO
MOAYYMTL BELUECTRA, KOTOPbIE TAKOKE CBA3BIBALIHCH
Obl C PELENTOPOM, HO TIPY ITOM MEHSACA (PUIMON0-
rHUecKrii 3deKT: YMEHBIUAACH WIN YCUIUMBAACH,
B thapmakonormM Takue BELIECTBA HASBIBAIOT «ANTA-
TFOHHCTH> H <ArOHUCTBI» COOTRETCTBEHHO.

Huruburopel 6eNK0B-penenTopor
B XOJIHHIPIMYECKHX CHHANCAX

B KauecTBe NPpUMEPA MOXHO PAacCMOTPETE ACKap-
CTRa, HapY1LIAaILIKE NpoBedeHHE HEPBHOTO UMITYIIb-
Ca Yepe3 XONHMHEPTUMECKME CHHANCHl, TAE B Kade-
CTBE HEHPOMESHATOPA MCTIOABIYETCH ALETHIXOMUH,
XOMUHEPTHYECKHE OCNKH-PelienTophl HEQIHOPOA-
HBbl [0 CBOEH CTPYKTYpe W CNocODHBI CBA3BIBATHCH
¢ ADYTHMM, KpOME aueTWIXONMHA, nurasaaMu. Mx
AenT Ha 2 GORBLUHE TPYIINLL
» M-XOAUHOPEUENTOPbI, Ha3BaHHbIE TAK HM3-3a
HX CTIOCODHOCTH H30UPATENIbHO B3aMMOGCH-
CTBOBaTh ¢ MYCKap{HOM (TOKCHH MyXOMOpa),

» H-xonuHopeuenTopbl, H3DUPATENBHO CBA3BI-
BAIOIINE TTMKOTHH.

B HepBHO-MBIIEYHBIX CHHANCAX MPHCYTCTBYIOT
H-XOMTHHOPEUENTOPB!, B3AUMOACHCTEME KOTODBIX C
ALETWIXOAHHOM BBIIBIBAET COKPALLeHME MBILILL. [Lia
paccnabneHUA MBIUL B HHAOCKOMUUYCCKUX HCCIIC-
AOBAHMAX, 4 TAKXKE NPHU Pa3HOOOPA3HLIX XMPYpPrH-
YECKMX OIEPaLMsIX UCITONb3YIOT CTPYKTYPHBIE aHa-
JIOTH AUETHAXONWHA, CAyXaliue WHTUOMTOpaMH
JAHHBIX peuenTopoB. IlpUMep Takoro BelLeCTBA —
JUTWIHUH, OTHOCSIMUKCS K Fpynme JeKapcTBeHHBIX
BEILECTB, HA3bIBAEMBIX MHOPENAKCAHTAMM (BbI3bi-
BAOLIMMH MbILIeHHOe paccrabneHue). [Mepsona-
YanbHO 3TH CBOUCTBA 01K OOHApPYXKEHBI ¥ 13 Ky-
pape, B CBA2H C YEM JAHHBIE MPeHapaThl HA3LIBAIOT
TAKCKE KypapernofodHbIMHU (CM. cxemy A Ha c. 44).

Haudonee M3BCCTHBINA CrenHPUUECKHd WHTU-
ouTop M-XOMHHOPEUEITTOPOR — ATPOIHMH. ATPO-
MHH — aAKATOMI, COAEPXKAIUMNACH B HEKOTODHEX
pacTeHHsAX: Kpacaexe, 6emeHe, aypmase. OH npu-
coequHseTCA K M-xonMHOpernenTopaM, Haxeas-
wMMcst Ha MemOpaHe 3¢hdexTOpHbIX KIETOK, B
0obMacTH OKOHYAHMI NMapacUMTIaTHYECKUX HEPBOB.
ATpPOTIMH NPeTATCTRYET MX B3AMMOICHCTBHIO C
ALETHAXOMHHOM (aHTaroHUCT OPHPOAHOTO JIUTAH-
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Aa), TeM caMbIM YCTpaHsas 3¢hdeKkTbl pazapaxe-
HUA TIAapacHMIIATHYECKHX HEPBOB,

Tak kaxk aleTUIXONUH, CBA3LBASsCH ¢ M-Xonu-
HOPELENITOPAMH, BBIZBEIBAET COXPALIEHHE MHOIMX
CA3IKMX MBI, aTPONuH (KaK JeKapcTBeHHBIH
apenapar} CHUMAaeT MBbIILIeUHbIE CMa3Mbl (CrIasMo-
AUTHK). KpoMe Toro, OH CHUXAET CTUMYIHPYEMYIO
ALCTHJIXOIHMHOM CEKPeNUIO XenE3 (GpoHXHANBHEIX,
OHILEBAPUTENBHEBIX, TIOTOBBIX).

M-XONHMHOPEUETITOPH [IPUCYTCTBYKOT B Pa3HBIX
ornenax 11HC. Tlepeno3uposka arponuHa MOXET
BBI3BaTh JBUTATEIBHOE M PE4eBoe BO30YXKICHME.

JlekapcTRenmbie REMIECTBA — CTHMYAATOPHI
0e1X0BLIX (QYHKNHHA

OUHAKO HEKOTOPLI¢ CTPYKTYpHBIE aHANOrd /M-
TaHJOB PELENTOPHEIX OEAKOB He SBIAKTCA WHTH-
OGuTopamMu, a BbI3bIBAIOT TAKHE Xe MK Donee CHIL-
HBle duamoaornyeckue 3dubekrel, ueM NpUpoIHbIE
Juranabl. Mx Gonee CUNbHBLIA W AIUTENbHBIN (-
(heXT vacTo CBA3aH C TeM, YTO MOTHGHUMUPOBAH-
HBIE JIMTAHAB MEAJICHHEE WHAKTHBUPYIOTCA W Pas-
pyularores B opraHuime. Hanpumep, MesaToH no
CTPYKTYPE NOXCK HA HEHpPOMEAMATOPbl CUMIATH-
HYECKOW HEPBHOM CHUCTeMBI (HOpARpPEHAUTMH M ai-

pEHANMH)., Me3aToH NOBBIAET TOHYC COCYAOB M
All, mO3TOMY €r0 UCMOIB3YIOT MPH TUIOTOHHH W
konnance. OH MgHee NONBEPXEH OCHCTBHIO MHAK-
TUBHPYIOUIHX €ro (PepMeHTOB, NOITOMY OKA3BIBA-
et Gonee IIWTENbHBIN W CWIBHBIA 3]PdexT, deMm
ero [pHpodHbe aHAITOTH {cM. cxemy b).

2, Sow — cnequpunecxue Auzandn
onpedeaénnbix beaxos

HekoTtopesle ansl, nonaras B OpraHU3M yenope-
Ka, I[POYHO CBA3LIBAIOTCA ¢ ONMpeleNéHHEIMHE Gen-
KaMHM, HHIMOHPYKOT HMX W TEM CAMBIM BbI3BIBANOT
HapylieHUs BHOIOrMYeCKUX PYHKEHHI.

Hanpumep, o-HeHApOTOKCHEE KOoBpbl M KpaiTa
CrieuMpHIECKH B3aHMOACHCTBYIOT C XOJIHHEPTH-
YECKHMM PEUENTOPaMM NOCTCHHANTHHECKHUX MEM~
OpaH, OiOKMpyA Mx paboTy, H OKA3BLIBAKOT Kypa-
penonobHoe aeiicTene. o-HelpoTOKCHRB —
HeDOMBLIKE BEeKH ¢ MONEKYASPHOI MACCOit OKO-
a0 7000 1 (65—70 aMUWHOKUCAOTHEIX OCTATKOB).
X TpeTUUYHYI} CTPYKTYPY CTaBUNU3UPYIOT 4 WK
5 cneundmveckux TUCYALGHMIHLIX CBA3CH (B 3a-
BHCHMOCTH OT BHIA TOKCHHA). CpoacTBo HeHpo-
TOKCHHOB K XQJIHHEPTHUECKHM PELIENTOPAM OYEHb
Boicoko (K = 107"), OueBnaHo, MeXay TOKCH-

CHa~
CHz: —N-CHz-CH:-0-C-CH;
CH; 5
AletnnxonuH
CHs~_ _~CH;
CH3 —N"~CHz-CHz-O-C-{CHz);-C-0~CHz-CHa-N*— CHj;
CHy” S S “CH,
Antnuy
H,C-CH—CH; O
\ . ]
N_CHg/CH -0-C-
HoC-CH—CH, CH,
OH
ATponuH
Cxema A
OH OH OH OH OH OH CH;
[ ] [ ]
HO@-CH—CHz—NHz HO—@—CH—CHZ—TYIH CH-CH;—NH
|
CH4 CHs
Hopanpe+anuH AapeHanuH MezaToH
Cxema B
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HOM M PELENTOPOM 0Bpa3yeTcsi MHOXECTBO CBS-
3¢H, YTO ¥ OPHBOAWT K MX MPaKTHYECKH Heobpa-
THMOMY COEIMHEHHIO.

HeobxoaMMo NOMHMTD, YTO MEXAY JIeKapcTBaMiy
W SIaMH YACTO CYILIECTBYET TIpO3pavHas rpaHuLa, ¥
adpekT Mx IelcTBUA 3aBHCUT OT JO03bI BRBOAMMOrQ
BelHeCTBa. Tak, JeKapeTBa, HA3HAYAEMbIE B J03aX,
OOJIBIINX YEM TEPANEBTHYECKUE, MOTYT ASHCTBOBATD
KAK fifIbi, T.€. BhI3bIBATh Cepbe3Hbie HAPYIUEHHSA 00-
MeHa BeleCTB M (PYHKUMA opraHM3mMa, a AAbl B
MUKPOAO3aX YACTO UCTIONb3YVIOT KaK JIEKaPCTBEHHbIE
npenapatbsl. Hanpumep, aTponuH, IMPOKO MpUMe-
HAEMbIH IS CHSITHS CNAasMOB IMAJKWX MbIWIL, B
BOAbLLIMX 103aX BblabiBaeT Bo30yxaeHue LIHC, a B
ewé BoNBLIMX 103X — COH, NEPEXO/IsUHA B KOMY.,
H38eCTHOE THMOTEH3UBHOE CPEACTRO KIKDEMH [IpH
Nepeao3MpoBKe BbIZLIBAST KOAMANC.

V. OCOBEHHOCTH
PYHKUNOHNPOBAHUA
ONMNITOMEPHDbIX BENKOB

HA NMPUMEPE FrEMOIMOBUHA

QnuromepHele GeNKH NPOARASKOT CBOMCTRA, OT-
CYTCTBYEOLIME ¥ MOHOMEPHLIX Oenkos. BiugHue yet-
BEPTHYHOM CTPYKTYPbI HAa (YHKLMOHANBHBIC CROIA-
¢TBa 0e/IKa MOXHO PacCMOTPETh, CPaBHUHBAS CTPOEHME
1 (PYHKIIHM ABYX POICTBEHHBIX TEMCOAEPKAILUX Hel-
KOB. MHOTTIOOMHA M remoriobuHa. Ooa belika ume-
IOT COLLIee 3BOMOIMOHHOE MPOUCXOXKACHHE, ¢XOn-
HYID KOHQOPMALKIK OTACNBHBIX IOIMIIENTHAHBIX
Leneid ¥ cxoaHyio GYHKUMIO (YIACTBYIOT B TPAHC-
MopTe KHCIOpOa), HO MUOMIOOMH — MOHOMEpPHBIH
Benok, a reMornoduH — Terpamep. Hanuume uer-
BEPTUHHOH CTPYKTYPBL ¥ TeMONTO0OMHA NpHAaET 3TO-
My OefKy CBOWCTBA, OTCYTCTRYHOIWNE ¥ MUOIIOOMHA.

A. CTPYKTYPA H ®VHKIIMH MUOLJIOBMHA

MUOrTOOHMH OTHOCAT K KJIACCy reMcoaepxa-
LWWKX DENKOB, T.¢. OH COAEPKHUT NPOCTETHYECKYIO
TPYIINY — TeM, JOBOJLHO MPOYHO CBA3AHHYIO C
OeIKOBRONH 4acThio. MuornobMH OTHOCAT K [10-
Oy1apHBEIM OelKaM; OH MUMeEeT TONLKO OAHY NO-
JUINENTUAHYIO LEML.

L. Kiemovunan soxarusauus u gynxuus

MUOMNOBKH CONEPKUTCS B KPACHBIX MBILILAX W
Y4ACTBYET B 3aacaHHH KHcnopoaa. B yoroBusax uH-

TEHCHUBHOH MBlilIEYHOH paboThl, KOraa napudaib-
HOE JABICHME KHCIOpOAa B TKaHu nanaer, O, oc-
BODOXIAETCS M3 KOMIIEKCA C MUOTIOBHHOM U
UCTIONB3YETCA B MUTOXOHAPHAX KJIETOK ANS MOAy-
YeHHA HeoOXOAMMON ans paboThl MBILILL SHEPFHUM.

2. Cmpoenue muoetobuna

MuornobuH coaepXuT HeBENKOBYIO HacTh (reM)
U OEJKOBYIO 4acTh {ancMHOTAO0HH).

FemM — MoOeKyia, UMeEIOasa CTPYKTYPY UMKIH-
YeckQro TeTpanuppona, rae 4 MUppoIbHBIX KONb-
1A COCAMHEHBI METHUICHOBBIMM MOCTHKAMH M
ConepxaT 4 MeTHIBHBIE, 2 BUHWIBHBIE W 2 TIPO-
NHOHATHBEIE OOKOBBIE LIEMH. 3T OpraHUvecKas
YACcTk TFEMa Ha3LIBACTCS MPOTONOPEHPUHOM.
BoamoxHbl 15 BapUaHTOB pacnojioxeHus 60-
KOBBIX LEMei, HO B COCTaBe TeMOMPOTEHHOB
NPHMCYTCTBYET TOMBKO OMHH M30MEp, Ha3bipac-
MBI IpoTonopgupud IX. B reme 4 atoma aso-
Ta MHPPOJBHBEIX Konel npotonophupuHa IX
CBA3AHBI YETbIPbMS KOOPAWHALMOHHBIMU CBSI-
3IMH ¢ Fe?*, HaxonaMMea B LIEHTPE MOJeKY-
b {(puc. 1-29),

AnoMHoriobith — OeNKOBAS YACTh MHOIVIODHHA,
TIePBAYHASL CTPYKTYPA TIPEACTARICHA TIOCNSa0-
BATENbHOCTBEY M3 153 aMMHOKMCIOT, KOTOpbIE
BO BTOPUUHON CTPYKTYPE YAOKEHLI B 8 (1-CIIH-
pane. a-Cnupann oG03HAYAIT JATHHCKMMK
6ykpamMi oT A 1o H, nauyunas ¢ N-xoHuna no-
JHIIENTUAHOR LIenH, M coaepxar oT 7 go 23
aMunoxuenot, Jas o603HAuEeHH] MHAMBHIY-
ATBbHBIX AMUHOKHMCIOT B MEPBHMHON CTPYKTY-
pe anoMuorno0HHa MCTONBL3VIOT AUO0 HATM-
caiMe HX MOPSAAKOBOro HoMepa oT N-KoHLA
(nanpumep, I'nc ,, ®en,, ), b0 Sykny o-crin-
pamd M NOPAAKOBBIA HOMep NAHHOH aMHUHO-
KMCJIOTHl B 3TOKH CITMpaTH, HAYMHAA ¢ N-KOH-
ua (Hanpumep, Fuc F)).

TpeTu4yHas CTPYKTYPa MMeeT BUA KOMIMAKTHOM
robyiabl (BHYTPM MPakKTHYSCKH HeT ceoboa-
HOTO MecTa), o0pa3oBaHHOM 34 CUET TETEb H
MOBOPOTOB B OOACTH HECNUpPaIU30BAHHbIX
yuactkoB Oenka. BHYTpeHHsst 4acTh MOJIEKY-
JIbI TIOYTH UENHKOM COCTOMT M3 rHAPOOOHBIX
PafMKaNoBR, 3a MCKIKOUeHHEM JBYX OCTATKOB
T've, pacnonaralowiMxcs B aKkTUBHOM LEHTpe.

J. Ceasvisaniie zema ¢ aromuozi100unom

IN'em — crienuguUecKMil TUraHa aloMHAOInoou-
Ha, NPUHCOSIUHIIOIMIACH K BENKOBOM YacTH B yr-
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NivpponLHoe KONLLO

MponvoHaTHan
rpynna

lem {Tevpanuppon)

Puc. 1-29. CTpoedwe rema, exopgauiero & coctae muornobuta u remornobuna,

aybmeHUH MeXIy OBYMA o-cnupaasMd F v E.
LlenTp cBA3biBaHUA C¢ TreMom 06pa30BaH npe-
HMYIIECTBEHHO THAPO(OOHBIMN OCTATKAMU AMH-
HOKHMCIIOT, OKPYXKAKIWKHMH THAPOMOOHLE NHp-
pPOABHBIE KOJbLA rema. /IBe GOKOBbie rpynmb
MPOMHOHOBBIX KMCJIOT, HOHU3HPORAHHbIC TIPH (M-
3HOJIOTHYECKUX 3HadeHUAX pH, BeicTYmaloT Ha
MOBEPXHOCTH MOJEKYIIHI,

B aKTHBHBIH LIEHTP anoMKOrnobHHA KpoMe Iuj-
potdhoGHBIX AMMHOKHCAOT BXOJAT TaKkKe 2 OCTaTKa
I'ne (T'uc,, u Tue,, wma uc E, u I'nc F)), urpato-
e BAXHYIO pOoib B (DYHKHHOHWMPOBAHWM OGerka.
OHH pacnoNoXeHbi M0 Pa3HBIC CTOPOHEBI OT MAOC-
KOCTU TeMa U BXOAST B cocTaw crnupaneit F u E,
MEXIY KOTOPBIMH PacIofiaraercs reM. ATOM XKe-
Je3d B reMe MOXET OGpasoBHIBAaTh & KOODAKHALH-
OHHEIX CBA3eil, 4 N3 KOTOpBIX yaepxuBawT Fe** B
peHTpe npotonopduprHa IX (coennHsn ero ¢ aro-
MaMH a30Ta MAPPOBHBIX KONEN), a 5-a CBA3L BO3-
HUKaeT Mexay Fe?" W aToMoM a30Ta UMMAA301b-
Horo koneua I'mc F, (pre. 1-30).

I'nc E, X014 1 HE CBSA3aH ¢ TEMOM, HO HEo0X0-
AWM 115 NPABUJILHON OPHEHTALMH M NPHCOSAM-
HeHHd ApYroro nuranaa — O, K MUOLIOOHHY.

AMMHBOKHUCJIOTHOE OKPYXEHHE reMa co31aéT ye-
JIOBUA ANS DOBOJIBHO [MPOYHOTO, HO OOPaTUMOrO
ceaspiBanig O, ¢ Fe** muornobuna. I'napogo6-
HBIE OCTATKM aMHMHOKHCIOT, OKDPYXAWOLIHE [eM,
MPensATCTRYIOT NPOHHKHOBEHWIO B LEHTP CBA3LI-
BAHMSA MHOTJIOBMHA BOARLI M oKHCTIeHuIo Fe?* B Fe*t,
TpéxBaIeHTHOE XKJIE30 B COCTABE I'eéMa He CIIo-
co0HO mpUcoeruHATh O,
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B. CTPYXTYPA M ®VHKIIUH T'EMOTJIOBHHA

IemMOTIOGHHEI — POICTBEHHBIE GENKH, HAXOMSAIITH-
€CA B IPHMTPOLIMTAX YEITOBEKA H [TO3BOHOVHEIX XMBOT-
HBIX. DTH OJIKH BBIMOIHMIOT 2 BAKHDBIE (DYHXIIMM:
» neperoc O, U3 NETKUX K NEpUBEPHYSCKUM TKA-
HSIM;

+ ydacTHe B nepeHoce CO, M NPOTOHOB M3 Ie-
pr(bepPHYECKHX TKAHEH B JETKHE A MOCIedy-
IOLIEr0 BbIBEAECHKHS W3 OPTAHM3MA.

KpoBb exeqHeBHO OODKHA [MEPEHOCHTL M3 AET-
KHX B TKaHH okoio 600 1 O, Tak xak O, mioxo
PacTBOPHM B BOZE, TO [PAKTMYECKH BECh KHCIOPOA
B KPOBH CBf3aH ¢ T¢MOIIOGHHOM 3DHTPOLIMTOB.

O1 cnoco6HocTH reMornobiHa Hackmuatkes O,
B JIETKMX M OTHOCHTEIBHO JIETKO OTIABATh €T0 B

Muc Fg

e E;
Ei =

1
F-crm- I E-cnwm- ]
panb pane

Puc. 1-30. PacnonoXeHne remMa 8 aKTMBHOM UEHTPE anoMMH-
ornoffvHa M NPOTOMEPOB ANoreMornobuHa.



KAMWLISPAX TKAHEH 32BUCHT KOJIHYECTBO ITOJAYYae-
Moro TKaHaMM O, ¥ MHTEHCHMBHOCTb MeTabonu3ma.
C apyroi cTopoHbl, O, — CAIbHBIA OKHCIATEND,
H30bITOK MOCTYIUIEHHA O, B TKAHH MOXET MPHBEC-
TH K MOBPEXGEHUIO MOMEKYNT H HAPYLLIEHUIO CTPYK-
Typhl U GYHKIMEN kKaeToK. FloaToMy BaXHEHAIIAA Xa-
PAKTEPHUCTHKA [eMOTNO0HHA — €ro CHocoOHOCTD
PEryIMpoBaTh CpOACTBO K (), B 3aBHCUMOCTH OT TKa-
HEBBIX YCIOBHIA.

IleMornoBMHB, TaK Xe Kak MUOrnobuH, OTHO-
CAT K TeMOIPOTEHHAM, HO OHM MMEIOT YCTBCPTHY-
HYIO CTPYKTYPY (COCTOST M3 4 MOAMNENTHAHBIX Le-
nei), 6aarogaps KOTOPOH BO3HHKAET BO3MOXKHOCTh
PETYBILMHA HX (YHKLIMIA.

1. Temoeaobunni weaceexa
I'emorioGHHBI B3POCIOTO YETOBEKA

B 3puTpoLIMTax B3pOCICro HeloBeKa reMornobnuH

cocranaer 90% or eeex GekoB JAaHHOR KJIETKH.

TemoraodHH A — OCHOBHOI reMOTJIOOHH B3poC-
JOTO OpTaHH3Ma, COCTaBasgeT okoio 98% ot
oblEero KoJMYecTBa TeMOroduHa, TeTpamep,
COCTOUT M3 2 TIONUNISNITHAHBIX Leneh ¢ U 2 f
(2a2B).

Iemoriio0un A, HaXOOMTCH B OPraHU3Me B3pOC-
JIOTO 4eloBeKa B MeHblIeH KOHLEHTpAIIUM,
Ha ero JoIi0 NPHXOAWTCA 0KoJo 2% ofiuero
reMornobuHa, OH COCTOMT U3 2 o- H 2 §-lle-
ne.

FeMoriobun A, — reMOrnobuH A, MOIUGQULIA-
POBAaHHBIN KOBANEHTHBIM MPHCOSAWHEHHEM K
HEMY DJIIOKO3bl (TAK HA3BIBAEMBIA TIHMKO3H-
JAUPOBAHHBIA TeMOrNobHH).

TeMora00HHbLI, CHHTEIHPYIOIMMECA B NMEPHO,
BHYTPHYTROOHOrO PATBHTHA IL10AA:

DOMOpHOHAILHBIA TeMOrA00HH CHHTEIMPYETCS B
3MOPDHOHAABHOM XEJTOUHOM MEIIKE 4Yepes
HECKONEKO HENENb ITOCHE OIUIONOTBOPEHHS.
Tpeacrapnser coboit Tetpamep 2£2e, Uepes
2 Hel noche HOpMHPOBAHHA TICUCHHM IUIOAA B
HeH HayMHaeT CHHTE3IMPOBATBCH TeMOoT1o0uH
F, KoTopelii K 6 Mec 3aMelliaeT 2MOpHOHATB-
HBIA TeMOIVIODHH.

T'emotnobun F — deranbHpiil remornodbuH, cueTe-
3UPYETCA B Me4yeHH M KOCTHOM MO3re TInoga ao
nepuoga ero poxacHus. MMeeT TeTpaMepHyIo
CTPYKTYPY, COCTOAUEYIO W3 2 o~ W 2 y-uenei,
Tocne poxaeHus peGEHKA NOCTENEHHO 3aMeLLA-
€Tcsl Ha reMornobuH A, KOTOPBIH HAYMHAST CHH-

TE3HPOBATLCH B KIIETKAX KOCTHOMO MO3Ta YKE Ha
8-M Mmecaue pPa3BHTHA U004,

2. Cmpoenne zemocrobuna A
CTpoenHe NpoTOMepoOB reMorJo0HHA

KoHdopMalus otTaelbHBIX MMPOTOMEPOB NEMOT-
JNoOUHA YIMBHUTEABHO HAMOMWHAST KOHGOPMALIMIO
MHOTAOOMHA, HECMOTpPd HA TO, YTCO B NEPBUYHOMN
CTPYKTYPE WX MOJMIENTHAHBIX UENEH HMASHTAYHBI
TOIBKO 24 aMMHOKMCIOTHBIX ocTatka. Hpotomepsl
reMorIodHHA, TaK Xe KaK H anoMUOTTIODUH, COCTO-
AT U3 & CIIMpIEH, CBEPHYTLIX B IUIOTHYIO Tho0y-
JSIPHYED CTPYKTYPY, COAEPXAUIYIe BHYTPEHHEE THA-
podobHOE AAPC U «KApMaH» ISl CBA3BIBAHWA MeMa.
CoenHHeHHe TeMa ¢ TIOOMHOM (0eTKOBON 4acThio)
AHATIOTHYHO TAKOBOMY ¥ MUOCTOBMHA — TUAPOGOG-
HOE OKpYXeHMe TeMa, 32 UCKMOUCHHEM 2 OCTATKOB
Mve E, u Mue F, (puc, 1-31), Oanako teTpamepHas
CTpYKTypa remoriofbvHa npeacraenser coboit Ho-
JIEe CNOXKHBIA CTPYKTYPHO-(DYHKUMOHANBHBIA KOM-
MAEKE, 4eM MHUOTIO0HH.

Ponb ructnanna E, B Gynxauonnposannn
MHOTIOOHHA H reMorobMHa

I'eM UMeET BLICOKOE CPOACTBO K OKCHAY yrae-
poaa (CO). B BogHo# cpene crobOIHBIH oT GeNKO-
BO#t yacTH rem cBsa3wiBaetcs ¢ CO B 25 000 pasz
cuibHee, yeM O,. Bricokad cTeneHs cpoacTBa rema
K CO no cpasuenmio ¢ O, 00BLACHAETCA PasHbIM
MPOCTPAHCTBEHHDBIM PACTIONOKEHHEM KOMILIEKCOR
Fe™ rema ¢ CO n O, (puc. 1-31, A).

B komrutekce Fe?* rema ¢ CO atomsbl Fe?*, yre-
POA4 U KMCTIOPOIa pacTioNoXeHbl HA OJHOM mpsa-
MOH, a B KoMriekce Fe?* rema ¢ O, atomnl Xenesa
M KHCAOPOZa pacnofoXeHbl OO YIJIOM, YTO OTpi-
XAET WX CNTHMAJIBHOE MPOCTPaHCTBEHHOE Pacio-
NOXKEHHE,

B MuornotuHe u remornobune Hag Fe!* B obaa-
¢TH npucoenvHeHus O, pacnosoxed I'me E,, Ha-
DYLIQIOWIME onTHManbHOe pacnonoxenune CO s
LUEHTPE CBA3bIBaHHS OelIKOB M oCNabiasiioluvit ero
B3auMogeictere ¢ remoMm. Hanpotus, tot xe I'ic
E, cosmaér onTHManbHble yClOBUSI WISl CESI3LIBA-
nua O, (puc. 1-31, B). B peaynsrate cpoRcTBO rema
k CO B Genkax scero B 200 pa3 npeBbiIacT e€ro
cpoactso K O,

CHHUXCHHE CPOACTRA TeMCOIepXKAMMUX OeJIKOB
K CO umeeT BaxHoe GMOJIOTMYECKOE 3HAUEHHME.
CO ofpazyercsi B HeOONBUIMX KOAHUECTBAX MPH
KaTabonusmMe HEKOTOPHIX BELIECTB, B YacTHOCTH
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Puc. 1-31. NpocTpancTeeHHoe pacnonoxenne CO u O , CBA3aHHBIX GO GEOOORHBIM reéMoM (A) U réeMomM B cocTage remornobuHa

unu muorncbuna (b}

reMa. 21oT 3naoresHo obpasytownies CO 6.10-
KHpyeT 0KOI10 1% remconepxauinx deikos. Eciu
61 cpoactno revi Kk CO 11e yMCHBLIRIOCH 1104
BIMAHHEM DESIKOBOIO OKPYAXKEHHS., IHUOTCHHLIM
QKCH/L ¥IUICpOna Mar Onl BLIIBIBATD Ct?pbl:j:illblc Q-
PaBIeHMUs.

YeTBepTHYHAA CTPYKTYpa TeMOTI00HHR

UeThIpe MOIMIIETITHAHBIE 1EIH, COCAMHEHHBC
BMECTE, OOPAIVIOT NOUTH HPABHABHYIO (hopMy
Lapa. riae Kaxiaas ¢-Uclb KOHTAKTARYET C JABYMH
B-uensivu {pue, 1-32).

TaK Xak B 063aCTH KOHTAKTa MeXy ¢ - B -.
3 TAKMKEe MOANY 0(2- 4] BE—LIBII}IMH HAXOAHTCH MHO-
1o THAPOMOGHBIX PAAHMKAAOR, TO MCHKIY 3THMH M0O-
JUNENTHUAHBIMH UCNHMH (POPMUPYCTCH CHALHOE
COCAHHENHE 32 CUCT ROJIMKHOBCHUS B NEPBYIO
OUCPCb THAPHPODILIX, & TAKXKE HOHHLIX U ROMO-
POUHBIX csizeil. B peavawsrare o0pasviorcd dUMme-
pol B, 1oy MOXKAY STUMKA AMMCPAMEA B8 1CTPa-
MCPHOH MouieKy.Je remMornofKHa BOIHHKAKT B
OCHOBHOM 1TQJIAPHLIC (HOHHBLIC M BOAOPOAHLIE)
CBH3H, TIOITOMY NP W3MeHeHHH pH cperb) B KHe-
JVIY WIH IUETOYHYIO CTOPONY B NEPRBYKY QUCPLID
PABPYLLIAIOTCA CRIIM MeXay AHMcpamMH. Kpome
TOIO, AUMEPEB! CITOCODHB ACTKD NCPEMELLIATHES OT-
HOCHTEIBHO ADYT Npyra.

TUK KAK [HBCPXHOCTH HPOTOMEDOB HEPOBHM.
NOAMOCTITHALBIC UCMH B UCHTPaNbHOHN 00acTH HE
MOFYT MAOTHO TIPHACTATL APYT K APYIY, B PCIyah-
TaTe B UEHTPE (hOPMHUPYETCA «UEHTPAILHAA 110-
NOCTL», MPOXOIALIAA CKBO3L BCHY MONEKYAY TeMOr-
noduna.
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3. Ceasweanue cemoctobuna ¢ ), ¢ A62KUX
H éct (jﬂ(‘(_‘ﬂl{ﬂﬂuﬂ}l N3 KOMNACKCd 8 FMKAHAX

Qenonrnast HyikUHa reMon100HHE — N0CTARBKA
O, OT JErKHX K TRAHsM. OnUroMepHas cTpyKIypa
TeMOTTIOBUHI 0GCCHEMMBACT GBICTPOS HACHIIEHHE
Cro Kueaopoaosm w a8rkux {(06pasoBaHue OKCHIC-
MOTNO6HH: — Hh(O;'h)-. BOIMOKHOCTE OTHIEILTIE-
ITHN KHCOOPOI OT 1eMOiM00HHE B KAl sPax
TKAHCH 11pH OTHOCHTCABHO BLICOKOM MAPHHATLEHOM
AaBNeHUH ()., a TAKKE BOIMOKHOCTh PEryIstiivM
CPOACTRA TEMOr10BHHA K 0. B 3aBHCHMOCTH OT 110~
TPCOHOUTCH TKAHEH B KHCAOPOE.

Kooncparusnbie WiMeHeHuA Kondopmaumn
NPOTOMEPOB

(), cBg3biBaCICs ¢ NPOTOMEPAMH TeMoriehHHa
uepes Fe' | KOTOPBLIA COBUMHEH ¢ YETBIPBMYH ATOMA-
MM G30TL THPPOALHBIX KOJACLL FCMA K ATOMOM 830711

LienTpansban
MONoOCTE

Puc. 1-32. CrpoeHne remornofuna.



I'uc F, BeskoBoi acTv npotomepa, Ceasuisanne O,
C OCTaBLUEHCS cBOBONHONH KOOPIMHAIIMOHHOR CBS-
3610 Fe?* MpouCXOanT 1Mo OpYIyIo CTOPOHY OT ILIOC-
KoctH remMa B obnactd I'me E, (aHanornuno tomy,
KaK 9TO0 APOMCXOIHT Y muornobuna). I'nc E, He B3a-
UMOnEHCTBYET ¢ O,, HO ODECMEYHUBAET ONITHMATEHDBIE
YCJIOBUA AAsL €ro CB3bBanug (puc. 1-33).

B ae3okeureMorno6uHe Ginarogaps KOBaNeHTHOM
¢Bs3u ¢ DenKOBOW yacTbio aToM Fe?* BLICTYRaeT U3
MnockocTH reMa B HanpapieHuu Tuc F,. Hpucoe-
Annenue O, x aroMy Fe?* oanoro mporomepa Bbl-
3bIBAET €0 MEPEMELICHHE B ILIOCKOCTH I'éMa, 3a
HMM nepemetaiotes ocratok I'me Fy w moaumnen-
THAHA% Lenb, B COCTAR KOTOpOH oH BXxomwT. Tak
Kak IIpOTOMep CBA3aH ¢ OCTAILHLIMH TPOTOMEpa-
MH, a Genku obanawT KoHQOPMAUMOHHOH TabKnb-
HOCTEIO0, MPOUCXOAMT M3MEHeHMe KOHGbOpMAalluH
Bcero Oenka. KondwpmallHOHHBIE HM3MEeHEHHS,
NPOU30LISAIIHE B OPYTHX TPOTOMEpax, ofierdanT
TIPUCOSAMHEHHE CIEayiomei Mosekynsl O,, 4TO
BbISHIBAECT HOBbIC KOH(OPMAITHOHHBIC H3MCHEHYS
B Oenke W YyCKOpEeHWEe CBA3bBAHMA CNelylollei
MoJsiekyiiel Q,. YeTBEpTas Monexynaa O, NpUCOEAH-
Hsierca K reMornobuHy B 300 pa3s nerde, 4em nep-
BaA Mojekyna (puc. 1-34}.

+ 0,

Pl fuc Fa-Fez'O:,

Pue. 1-33. MamereHne nonomadna Fe? u GeNKoBOH YacTH re-
MOFnoBHHA NpW NPHCOEARHEHNH O,

Puc. 1-34. KOONEpaTHBEHLIE WIMEHEHMA KOHIPOPMALWM NpO-
TOMepoe remornoSuHa Npw npucoenuwennn O,

HaMmeHenue koHgopmaury (a clIeIopaTebHO U
QYHKUMOHANBHLIX CBOMCTR) BCEX IIPOTOMEPOB OJIU-
roMepHoro Oerka nMpH OPHCOSIMHEHWH JIMraHia
TOABKO K OMHOMY M3 HHMX HOCMT Ha3BaHHME KOOMe-
PAaTUBHBIX H3MEHEHHIT KOH(OPMALIMM FAPOTOMEPOB.

AHATOMMYHBEIM 00pa3soM B TKAHAX AMCCOLIMALMA
Kaxaoi Monekynbl O, M3MEHAET KOHPOPMALMKIO
BCEX MPOTOMEpOB M 00JeryacT OTLICTUIEHHE MOC-
nemylommx Monekya O,

Kpusbie maccounaunn O, 1A muornoduna
H reMoriofuma

KoonepariBHOCTL B paboTe APOTOMEPOB FEMOTIIO-
O1HA MOXHO HabmOIAaTE M HA KPUBBIX JUCCOLIHALIMK
O, ans MuornodvHa 1 remortobuHa (puc. 1-35).

OrHoweHne 3aHATBIX O, YYACTKOB CBA3LIBAHMA
Oenka K oblIeMy YMCAY TAKHX YYACTKOB, CIIOCOD-
HRIX K CBA3bIBAHWIO, HA3bIBASTCHA CTENICHDIO HAa-
ChILIEHHS 3THX OenkoB Kucaopogom. Kpusrie nuc-
COLMAUMK [MOKA3bIBAIOT, HACKOJIBKO HACBIILIEHBI
AanHeble 6enku O, TPH pa3IMIHLIX 3HAYSHUSIX [1ap-
LMATBHOTO JaBACHUAA KHCIOpOAd,

Kpusaa auccounannn O, 219 MHOLIO0HHA MMEET
BHJl MPOCTOH TunepGoabl. DTO VKA3BIBACT HA TO,
YTO MHOIJIOOMH OOpaTHMC CBA3LIBACTCS € JIUTaH-
JOM, H Ha 3TO HE OKA3bIBAIOT BIMSIHWE HHUKAKKE
NOCTOPOHHHE (PAKTOphl (CXeMa HMXKE).

Me + O & Mse(;
Aeaokcummornofud  OxkcumuornoGuH

Cxema
TwaHW Nérue
100 e e
o Nl o
S . A 3
s & S
& 4
25 € /F
28 T /¢
1]
T§ 504 .\h" Pso=26
I x I
L 1) = q
© g o 1
58 1%/
3 I a |
I I
U ]
i
0 T 1

10 20 30 40 50 60 70 80 90100
NapuwansHoe aaeneqne Oz, MM PT. CT.

Pre. 1-35. KpuBbie AMCCOLMALMIK KHCNOPORS AN MHOrnoSu-
Ha H reMornobuHa B 32BMCHMOCTH OT NAPLUMANLHOTO faBne-
HUA KHCTOPOAA.
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[Tpouecch obpa3oBaHus ¥ pacnaga OKCHMMOT-
700MHA HaXoOATCS B DABHOBECHH, M 3TO PaBHO-
BECHE CMENIACTCS BIEBO WIH BIIPABO B 3aBUCHMO-
CTH OT TOTO, A0BABTAETCH WM YIANAETCA KUCAOPOL
H3 CHCTEMBl. MuornoGMH CBA3BIBAET KUCAOPON,
KOTOPBIA B KAITWINSIPaX TKaHe#l BRICBOOOXA3ET Ie-
MOITIOBHH, M ¢aM MHOTIOOHMH MOXET OCBOOOXK-
JaThb 02 B OTBET HA BO3pacTaHHE NOTpeOHOCTEH B
HEM MBIILCYHOH TKAHW W TIPU MHTEHCHBHOM HC-
nonb3osaHuu O, B pesynwTaTe dusnueckoi Ha-
IPY3KH.

MrornobHH nMeeT OueHBb BBICOKOE CPOICTBO K
0,. Maxe npu mapumansHom aasneHun O,, pas-
HOM 1—2 MM PT. CT., MBOIIOOMH OCTAETCA CBA3AH-
HeIM ¢ O, Ha 50%.

Kpnsas miccoupapm O, 119 remornofuma. M3 rpa-
duka ua puc. 1-35 BHAHO, 4TO reMODIOOHH HMEET
3HauuTenbHo Goaee HM3Koe cpoactso K O,; nony-
HachllieHHe remornobuta O, HacTynaeT npu Gosee
BLICOKOM AamieHuyt O, (0Kos10 26 MM pT. CT.).

Kpupast AMccouMaumy mns reMormo0HHA HMEET
CHTMOMAHYIO opMy (S-06pasHyio). IT0 yKa3biBa-
£T Ha TO, YTO MPOTOMEPDL! [eMOINIOOHHA padoTaloT
K0OMepaTnBHO: YeM Gonpiue O, OTAAIT NPOTOME-
pHl, TeM Aerde MIOET OTIIEIUICHHE MOCACOYIOLIHX
Moniexyn O,.

B xanmuisapax NOKOSILUWXCS MBILIIL, T TaBic-
Hue O, cocrarider okono 40 MM pT. cT., GoMbllas
4acTh KMCJIOPOIA BO3BPALUAETCH B COCTABE OKCUIE-
mMoroOuHa obpaTtHo B aérkve. Tlpn dmsnueckoit
pabore marieHMe O, B KamW/UIAPAX MBILIL [1A1A€T
A0 10—20 MM pr. ¢1. UMeHHO B 2T0i 0obnacTH (oT
10 no 40 MM pT. CT.) PAcTIONAracTCa «KpyTast 4acThs
S-o0pa3Holt kpuBoit, toe B Haubombilei cTEneHU
OPOSIRIACTCA CBOWCTBO KOONEpaTNBHOM paboTs! TIpo-
TOMEPOB.

CrnenceatensHO, Onarofaps YHUKAIBHON CTPYK-
TYpe KAKIBIH M3 pAacCMOTPCHHBIX DE/KOB MPHCHO-
cO0NEH BHINOIHATE CBOKO (PYHKIMIO: MHOTIOOHH —
npucoeuHaTs (,, BLICBOOOXIAEMEBLl TeMOTIO0H -
HOM, HAKATUTMBATb B KJIETKE W OTIABAThL B CIVYae
KpaiiHell HeoDX0OMMOCTH; reMOTIO0MH — NpHUCoe-
anHaTe O, B ETKMX, TO€ €10 HACHILICHHE AOXOMHT
no 100%, u orgaBarb O, B KANWULAPAX TKAHEH B
3aBUCHMOCTH OT M3MCHEHMs B HUX JamieHua O,

4. Hepenoc H' u CO, uz mxaneid 6 aéexue
¢ nomowpre zemozaobuna. Igexm bopa

OxucneHHe OPraHHMEeCKHX BEIECTB C UENDIKO ITO-
JYYEHHAA 2HEPIUH MPOHCXOAKWT B MHTOXOHIDHHX
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KJAETOK € UCMonb3oBaHuem Q,, N0CTABASEMOTO Te-
MOTIOOUHOM W3 JIETKWX. B pe3yabTaTe OKUCASHHS
BELLECTB 00pA3YIOTCA KOHEUHBIC MPOAYKTHI pacma-
na — CO, u H,0, konu4ecTBo KOTOPHIX Npomop-
LHOHANLHO HHTEHCHBHOCTH NPOLIECCOB OKUCIIEHHS.

CQ,, obpa3opaBUIMACA B TKaHAX, TPAHCTIOPTH-
pyercs B SpUTpouuThl. TaM o feiicTBUeM dep-
MEHTA KapOaHTWIpa3bl MPOUCXOLUT YBeJUUEHHE
ckopoctu cbpazosanus H,CO,. Cnabas yromsHas
KMCITOTa MOXeET aAuccounuposarh Ha H™uw HCO,”

€O, + H,0 & H,CO, & H*+ HCO,~

PaBHOBecHe peakliMd B IPUTPOLIATAX, HAXOAA-
LIMXCA B KaMWUISIpax TKaHEH, CMELAET s BIIPABoO,
TAaK Kak o0pasyioillvecs B pe3yAbTaTeé AHCCOLMA-
KK YTOJILHOH KHMCJIOTHE IPOTOHBL MOTYT MIPHCOE-
OUHATBECH K CHeUMbHYECKHM YHaCTKaM MONSKYbl
remMorofuHa: K paavkanam I'mc . aByx B-uenci,
panukanaM [Mc,,, ¥ KOHUEBEIM (-AMMHOIDYIIIAM
IByx o-Tierefi. Bece 2TH 6 y4acTKOB TIPH Mepexoic
reMOTTIOBHHA OT OKCH- K Je30KCH(pOpMe IpHOO-
peTarnT DoablUee CPOACTBO K H B pe3yawTare Jo-
KANBHOTO M3MECHEHMSA aMMHOKHMCIOTHOIO OKpPYXe-
HUST BOKPYT OTUX YYACTKOB (MPHGIUXKEHHS K HUM
OTPULIATEIBHO 3APSKEHHBIX KAPBOKCHALHEBIX TPYTIT
aMHHOKHMCNOT).

[MprcoenwHenne 3 nap NpoOTOHOB K TEMOTIOOU-
Hy YMEHBWIAET €ro cponcTso K O, W ycuausaer
TpaHcnopt O, B TKaHH, HYXAAI0WHECS B HEM (pHC,
1-36, A). ¥Yeeanuenne o¢BoOOXKIEHHA O, remor-
JOBHHOM B 3aBHCHMOCTH OT KOHUeHTpauuu H*
HaiwriBawT pdexktom Bbopa (Mo MMeHH HAaTCKOTO
du3nonora Xpuctuada hopa, BOepBele OTKPHIBLUIE-
ro atrotr 3ddeKT).

B kamuLsapax JErKUX BHICOKOE TIApLHAABHOE JaB-
nenne O, IPUBOIMT K OKCHIEHUPOBAHUIO FeMOTAO-
fvHa U yaaneHulo 6 nporoHoB. Peakuma CO,+
+ H,0 < H,CO, & H* + HCO,  caBuraercs RIego
1 obpasytoumiica CO, BEIAEAACTCH B AABBEQJIAPHOE
MPOCTPAHCTBO H YIATACTCA C BbLBIXAEMbIM BO3AY-
xoM (puc. 1-36, B).

CrenoBaTe/IBHO, MONEKYNA reMOTIo6HHA B XOIE
IBOMOUKHM npHolpena crnocolHOCTL BOCHPHHM-
MaTh H PeardpoBaTh Ha HMHOOPMALMIO, noaydyae-
MYIO M3 OKpyxawoleil cpenbl. ¥YBeJIMYSHHE KOH-
IEHTPALHH TTPOTOHOB B CPEAC CHHXAET CPOACTEO
O, K reMorno6MHY ¥ YCHIMBACT €10 TPAHCMOPT B
TKaHn (puc. 1-37).

Bosbinaa yacts CO, TpaHCHOPTUPYETCH KPOBbLIO
B BHAe Oukapbonara HCO,™. Hebonbluoe Koamye-
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Puc. 1-37. Bananve pH Ha Kpueyio guccounauwn O, ana re-
MornoGuda.

ctBo CO, (0k0/0 15—20%) MOKET NEPEHOCUTHES B '

JNErkue, obpaTHMO OPHCOEIMHISACE K HEMOHM3H-
POBAHHBIM KOHUEBRIM o-aMuborpynmnam, R-NH,+
+ CO, = R-NH-COO + H", B peaynsrare obpasy-
ercs KapOoreMormobuH, rae R — monunenTuaHas
uens remoraobuna. Iprcoeaunenne CO, x remor-
NOOWHY TaKXe CHUXAET ero cponctso k O,

5. 2,3-bugpochoenumepam — aarocmepuvecxui
peayanamop cpodemea cemozaoburia k 0,

2.3-Budrocornnuepar (BPI) — sewecTro,
CUHTE3HPYEMOE B IPHTPOLIMTAX M3 I[MPOMEXKYTOY-
HOrO NMPOAYKTA OKUCAEHHSA TMoKo3wel 1,3-Gudoc-
¢ornuuepara.

i
0- Fl’ -0 -CHz-CH;- COO”
. }

o 0
o- I':‘ =0
6_
2,3-Buocornnuspar

Perynanua ¢ noMomgio 2,3-6upocdorauuepara
cpoactea remornobuna g O,

B HopMaibHBEIX yoaoeusx 2,3-Oudocdornnie-
PaT [PUCYTCTBYET B IPHTPOLMTAX NPHMEPHO B TOMH
XK€ KOHUSHTpAUHH, YTo W reMornobu, BOI, npu-
COCAMHSISICH K NeMOTTIOOHHY, TakxKe MOXET MEHATh
ero cpoacTo K O,

B uentpe TerpaMepHOil MONEKYIB! TeMOLA0-
GUHA ecTk MONOCThL, 0Opa’zoBaAHHAA AMMHOKMC-
JIOTHBIMH OCTaTKaAM¥ BCEX YETHIPEX TIPOTOMEPOR,
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LeHTpanbHaa NnonocT — MECTO TPHCOCAMHEHMS
b®T,

PasMepbl LEHTPWIbHON TIONIOCTH MOIYT MCHATH-
¢t ormerieHue O, oT OKCHUTeMOTIO6KWHA BhI3bIBAET
€ro KOH(OPMaLHMOHHBIE U3MEHEHMA, KOTOPbIE CIIO-
coOCTBYIOT 0OPA30BAHMIO AQTINTHHTETLHBIX MOHHBIX
CBA3eH Mexay auMepamu o u o.B, B pesynbrare
MPOCTPAHCTBEHHAS CTPYKTYpa AC30KCUICMOTIOOHHA
CTAHOBHTCA Oosee KECTKOH, HATIPSDKEHHOH, a UEHT-
pajibHAs TIONOCTh PACIIMPSETCS.

IoBEePXHOCT NOMOCTH OrpaHHYCHA OCTATKAMH
AMMHOKMC/IOT, B YUCIE KOTOPLIX MMEKOTCS MOA0KH-
TEJILHO 3apAXeHHbie pamukanbt JIn3,,, e, B-ue-
neil ¥ MOAOKHATENLHO 3apPSKEHHBIE -AMHHOTPYIITE]
N-koHueporo BannHa f-uencii. B paciunpeHHYO
ION0CTE AezokeureMornobuua BT, HMelommii ciib-
HEIA OTPHLATENBHLIA 3apAi, NPHCOEAHHASTCA C 10~
MOLUBK) MOHHLIX CBA3EH, ODPA3YIOIIMNCA C NOJIOXK~
TENBEHO 3aPOKEHHBIMU DYHKIIHOHAALHBIMM [PYILIAMM
opyx B-uenecit remornobuna. INpucoemiHenue bPT
ellE CIbHEE CTA0WIMINDYET XECTKYIO CTPYKTYRY AC3-
OKCHTEMOIVIODUHA W CHUXAET CPONCTBO benka K O,
(puc. 1-38).

Hpucoemunenue bPI k peloxcureMornobHHy
NPOUCXOAUT B YYaCTKE, HHOM 0 CPaBHEHMIO ¢ Te~
MOM, e [POHCXOAMT cBA3biBaHme O,. Takoit M-
TAHA HA3BIBACTCA «ALTOCTEPHYECKHEt», A IICHTP, [Je
CBSI3LIBACTCS A/UIOCTEPMYCCKMI JIMTaHI, — <AJLIo-
CTEpHYECKHIt UEHTP» (OT TpeH. «LIOC» — JIPYroH,
HHOH, «CTEpOC» — MPOCTPaHCTBEHHEIH).

B nérkux BbicOKOe MapumaneHoe daBaenue O,
MPHUBOOMT K OKCHICHHPOBAHHIO TeMOTIo0MHa. Pas-

Puc. 1-38. Baanmopencteve 2 3-Gucocthornuuepara ¢ amu-
HOKMCAOTHbIMM QCTaATKaGMMH l.IEHTpaﬂbHOﬁ nonocT Ae30KCWM-
remornouna.
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PBIB HOHHBIX CBSA3CH MEXIY AMMEpaMu o,B, u o.p,
NPHBOAMT K «paccaableHnuio» GENKOBOH MOJIEKY-
Jbl, YMEHBLUICHHIO UCHTPANbHON MOJOCTH M BbI-
TecHeuHo bOT.

TkaHwr
He(Oo)s + BOr #+ He-BPIr + 40,
TNérkne

HMamenenne xounentpamin B xak mexanuzm
AJANTAIMH OpraHM3aMa K ramokcHM. KoHUCHTpauus
B®T B apuTpounTax Mi0Aci, XKUBYIIKX B OTIpeae-
AEHHBIX KIMMaTHYCCKHUX YCJIOBHSAX, — BEJINYHHA
nocrosinHas. OQoHAaKe B NEpMOA afanTalHd K Bbl-
COKOTOPBIO, KOTAR HeNOBEK MONHMMAeTcA Ha Bbl-
coty Bonee 4000 M Han yporHEM MOpS, KOHIIEHT-
pauusg BT yxe yepes 2 THA BO3PACTACT MTOYUTH B 2
paza (oT 4,5 no 7,0 MM). DT0 CHMXAET CPOACTBO
reMornobuHa K O, ¥ yBeIUYWBAET KOANUECTBO O,,
TPaHCTIOPTUPYEMOIO B TKaHH (puc. 1-39),

Taxkyio Xe anantaiyio HabIoAaloT Y OOABHBIX ¢
3a00IeBAHMAMH AETKHX, NMPH KOTOPBIX Pa3BHBACT-
cA ofwan runokcua Tkadeil. Tak, y 6G0/bHEIX
TSOKETON COCTPYKTUBHOH 3MGU3EMOIt TETKKHX nap-
UMaibHOEe NABfeHUe B HMX cHukaercsi or 100 mo
50 MM pr. c1. Ho 1IpH 3TOM B 3pHUTPOLMATAX YCHIH-
Baetca BoipaOoTka B, ¥ erc KOHUCHTpALMS MO-
Bblmaercs ¢ 4,5 go 7,0 MM, 4YTO CcylECTBEHHO YBe-
NMYMBAET aocTasKy O, B TKaHH.

2,3-607=0
(remornoGiy Gea 2,3-B0T)

2

2,3-B®r=5 mmons/n
{Hopma)

2,3-6P=8 mmone/n
{KpoBL YenoBeka, agan-
TUPOBAHHOrC K BLICOTE)

CTenenb Hackiwenus Oo
Kkucnopoaom, %

L i i L L PR L A 5

0 40 80 120
MapumaneHoe gaeneHve Oz, MM OT. CT.

Puc. 1-39. Buanne pasnvyHbX KOHUEHTPauMH 2,3-6udioctho-
rAMLEepaTa Ha CPOACTBO remornobuna x O,



Knsmnyeckoe 3nauenre konnentpauun BPT
B KOHCEPBHPOBAHAOH KpOBH

B KpOBH, KOHCEPBHPOBAHHOI B HEKOTOPEIX Cpe-
Jax, HalpUMEep LMTPaT-IEKCTPO3HOM, 3a 10 aneid
konuentpauusa b@I cHuxaercs ¢ 4,5 go 0,5 mM.
T'eMOTrIOOMH TakKoH KPOBH HMMEET O4€Hb BRICOKOE
cporcteo K O,. EcM KpoBb €O CHHXEHHOH KOH-
ueHrpauueid BOI nepenusars TsKen0OOALHBIM,
BO3HWMKAET OTIACHOCTE PA3BHATHA TMITOKCHM TKAHEH.
BpenéHHbIE ¢ KPOBBIO 2PUTPOLIMTHI 3a 24 4 MOTYT
BOCCTAHOBUTH JIWLIL NMOAOBHEHY HOPMATLHOH KOH-
ueatpauuu b®I, Jobagnenuem B Kposb bOI
HEJb351 BOCCTAHOBUTE HOPMEUTBHYIO KOHUSHTPALHIO
€ro B 2PUTPOLIUTAX, TAK KAK, HMESl BBICOKHH OTpH-
uatenbHblil 3apaa, BOPI He MOXeT NPOHMKATEL de-
pe3 MeMOpanbl 3pUTpOLIATOB. [1o3TOMY B HacTOsI-
1ee BpemMs B KpOoBb A00aBJSIOT BEILICCTBA,
CNOCOGHBIE MPOHHKATE YEpe3 MeMOpaHy Iputpo-
LUHTOB U MOANEPAKMBATE B HUX HOPMATLHYIO KOH-
ueHTpaumw bBOT,

6. Pezyanmophbie caolicmeq oauzomeprozo Geaxa
2emozacbusia

TakuM obpaszoM, onuroMepHbIi DeloK TeMor-
J00WH, B OTAHYME OT MOHOMEPHOTO POICTBEHHO-
ro Oenka MuornobuHa, cnocobeH MPHCOSIUHATh
K ClTelUHYeCKHUM YYacTKaM 4 pa3THYHBIX AHTaH-
na: O,, H*, CO, u BOT. Bee 3t iMrasae! ipuco-
EAMHSIOTCA K (IPOCTPAHCTBCHHO PazobLEHHBIM
YY4aCTKaM, HO KOHQOPMAUWOHHBIC W3MEHEHHS
fenKa B MecTe MPUCOeTHHEHWS OAHOTO NKMraHaa
NepealoTcs Ha Bech OJIMTOMEPHHIH GejloK M H3-
MEHSAIOT CPOACTRO K HEMY IPYIUX JATAHAOB. Tax,
KOMHYECTRO TIOCTYNAKOILErO B TKaHu O, 3aBUCHT
He TOJBLKO OT MapUMATBHOTO AaBiaeHust O,, HO H
KOHLEHTPALUHH aANOCTEPHYCCKHMX JIMTAHI0B, UYTO
YBEJIHYHBAET BO3IMOXHOCTh PETYIATIHH (PYHKLNIA
TeMOTJIOGKHHA,

Kak Mbl yXe pacCMATPHBATH BHILIE, B Kanuans-
pax paGoTalolled MBIITUL! YBETHYEHHWE KOHILEHT-
paunu CO, 1 H* yMeHblIAET CPOACTBO TEMOITIO-
6nna k O, ¥ yBeMyMBaeT oTaavy ero B tkanu. [pn
JIMTEIBHOM THUIIOKCHH YCUAMBASTCA CHWHTe3 2,3-
bl B 3pUTpOHHUTAX, YTO TAKCKE CHHXAET CPOJI-
CTBO reMornobiHa K O, U IIPY TOM XK€ IapLUHalb-
HOM JamneHMH O, YBEITMYMBAET €ro TPAHCOOPT B
TKdHH,

ChenomaresibHO, 0AaM08aps BO3ACUCTBUIO pery-
JATOPHELIX JTATaXA08 OMUTOMEPHEIE GENKH Crocoh-
HbI NPHCTIOCAGTHUBATE CBOK KOHDOPMALIUIO U DyH-

KA K A3MEHEHUSIM, TTPOUCXONALIHM B OKpyXa-
011IEN cpede.

7. Ocobennocmu cmpoenun
# hynxuyuonupoeaHun cemozaoluna naoda

DetanbHbiil remoraodbul (HbF) samenser am6-
PHOHATLHEIN NeMOTrA00MH, HAaYMHAS CHHTEIHpPO-
BaTBCA B TMTEYeHH Yepes 2 Hed nmocae ¢€ opMupo-
BaHMA ¥ wioga. C 6 MeC pasBUTHA ILIGOA A0 €ro
POKAECHHA 3TO OCHOBHOM FeMOTJIO00MH 3PHTROLIH-
10B. [locne poxaeHWa pebBEHKA OH HHTEHCHBHO
HAYHHAET 3AMELIATECH HA TEMOTNO0HH A,

B ¢uavonordueckux veaosusax HbE umeer 6o-
Jiee BbICOKOE cpoacTro K O,, yeM HbA, yTo co3na-
€T ONTHMANbHBIE YCIOBUS LA TpaHmcnopra O, u3
KPOBH MaTePH B KPOBb MNoaa. 210 ceoiicTBo HbF
ODYCAOBACHO TeM, 4TO OH chadee, yem HbA criu-
smpaercs ¢ 2,3-bOI. PusnonoruyeckHe ocobeH-
HocTu HbF cBazanbl ¢ ocoOEHHOCTAMM €ro CTpoc-
HHA: BMecTO [-TnoGuHOBHIX Hened B HbBA, o
COACPXHT ABe y-uenk (f-nogodrbie). CBsi3piBaHKE
2,3-b®T ¢ HbA npoucxoauT npH y4actud noao-
KHUTEABHO 3apSXEHHBIX PAluKaloB AMHHOKHCIOT
JBYX (-Liencii, HEKOTOPBIC U3 KOTOPbIX OTCYTCTBY-
IOT B NIEPBHYHOM CTPYKTYpe y-ucnei. B cpeae, nu-
ménnoi 2,3-b®I, HbA u HbF npoagaswor oau-
HAaKOBOE BBICOKOE CPOACTBO K Q,.

B. HACREACTBEHHBIE HAPYILIEHHSA
MEPBHYHONA CTPYKTYPHI U ®YHKIIAN
TEMOTITIOEUHA A — HACJIEACTBEHHBIE
TEMOTJIOBHHOIATHH

BaxHocTk nepBHYHON CTPYKTYPBI Oe/IKOB LIS
dopMuporaHus Ux KoHGOPMalMKH W QYHKUHH
MOXHO TIPOCASAUTL Ha TPUMEPAX HACIEICTBEHHBIX
3a00/IeBaHKMi, CBA3aHHBIX ¢ H3AMEHEHUEM [epBUHY-
HOH CTPYKTYPBI TeMornaobuHa. B Hacrosiuee Bpe-
M5l U3BecTHO okojo 300 papuantoB HbA, nmero-
HIMX B NePBHYHOR CTPYKTYPE O MM -UENeH MHLLb
HeboAbUIHE U3MeHeHMs. HexoTopble U3 HUX 11O-
YTH HE BAMSIOT Ha (YHKUHIO 0elKa H 300pOBLE
4eMOBEKA, APYTHME CHMXKAIOT (DYHKIIMIO Denka u
0COBEHHO B 3KCTPEMANBHEIX CHTYALMAX CHUXAIOT
BOIMOXHOCTE aJANTauMy 4e10Bexa, TPEThH — BhI-
3BIBAIOT 3HAYMTENBHBE HApYIIeHUs pyHKuuit HbA
H PA3BHTHE AHEMHH, YTO TIPHBOLHT K THKENBIM
KJNHHHYECKHM TIOC/IEACTBHAM,

B anoManbHBIX TeMOrA00MHAX W3MCHEHUS MO-
ryT 3aTparuBaTh AMUHOKMCJIOTHI:
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» HaXOISILMECA Ha MoBepxHoCTH Benka;

* YYACTBYIOIUHE B (hOPMUPOBAHHH AKTUBHOTO
UEHTpa;

* JAMEHA KOTOPEIX HapyliaeT 00lylo Tpéxmep-
HYIO KOHGOPMALHIO MOAEKYIIH;

* U3MEHAIOLIME YETBEPTHYHYIO CTPYKTYpY Oenka
H €ro perviasTopHuie CBOACTRA.

1. 3amena amunonuciomnr Ra nosepxHocHIYy
eemoziobuna A

Ewé B 1904 1, yukarckuii spayu Adxeiimc Xep-
PHK OIHUCAT ¥ CTYAEHTA TAXENYI0 aHEeMHIO ¢ o0Ha-
PYKEHHEM B €00 KPOBH MHOXECTBA YITMHEHHBIX,
TTOXOXKHX Ha TIOAYMECsll, 3PHTPOIHTOR. 3alonepa-
HHUE TIOAYIHIAO HAZBAHME <«CEPNOBAAHO-KIETOUHOM
aHeMu¥», ¥ ToAbKO B 1949 r. Jlatinyc TMosuuT U
€00 COTPYAHHKH JOKa3aM, YTO OHO BBI3BAHO M3~
MEHeHleM TepBUYHOH CTpYKTYphl HbA.

B Monekyne reMornobuHa S (Tak HaseBaH aHo-
MAIBHBIH reMOrnobHH) MYTAHTHBIMHM OKa3aaHch 2
B-LIETTH, B KOTOPHIX [TYTAMAT, BICOKOIOMAPHAS OT-
PHLIATENBLHO 3apsSDKeHHAsA aMHHOKHCIOTa B N0J0-
XeHUH 6 OBUIA 3AMEHEHA BAIMHOM, COAEPKALUIMM
THApoOBHEIN paguKant,

1 2 3 4 5 g 7 8
HeA p-uene Ban-Twuc-Ned—Tpe-MNpo-Tny ~Fay - Nua -

HeS p-uens  Ban-I'nc-Nedi - Tpe-Mpo-Ban-Tay - Jus -

B nmesokcHMreMornoOHHe S MMEeTCsS yuyacTok,
KOMIUTEMEHTAPHEIA JAPYrOMY YYaCcTKY TAKHX Xe
MOJIEKY, CONEpPXALIEMY U3MEHEHHYID aMMHOKUC-
noty. B peaynsTare MOIeKVIILl 1e30KCHTEMOrN00OHHa
HAYUHAIOT <«CAHNAThCA», 0Opa3yd VANHHEHHBIE
buBpUAApHBIC arperaThl, AQOPMUPYIONIME 3PUT-
POLMT M NPHBOAALIKME K 0Opa30BaHHIO aHOMAlb-
HEBIX 3PUTPOLMTOBR B BUAE cepna (puc. |-40).

=@
¢ _ CaRA3LIBaHNE MONeXyn
¢ 9 nejoxcuremornofivHa S
@ »
° e ¢ oBpasopaxrem
@9, BLICOKOMONESKYNAPHOW
@ HEPECTBOPUMON
° & huBpunine:
Monexynw Hb 8

Pue. 1-40. ACCOUMAUMA MONeKyn fesckcuremornobinga S.
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B okcuremornobuHe S xoMIneMeHTapHbI y4a-
CTOK <«3aMAacKHMpOBaH» B PEIVILTATE HIMEHEHHs
koHpopMauru 6enka. HegoCTynmHOCTE yuacTKa
HPEIBITCTEYET COSAMHEHRI0 MOAEKYJl OKCHIEMOr-
aobuHa S opyr ¢ apyroM. CregoeatelpHo, 06paso-
paHulo arperatoB HbS crniocoBeTBYHOT yCloBHS,

'TIOBBILUAIOLIWE KOHUEHTPaLHE) Je30KCHIEMOTTIO0M -

Ha B KieTkax (PpM3nueckasa padoTa, TMIOKCHA,
yMeHbLlueHHe PH, yCI0BKS BRICOKOIOphS, NONET Ha
CaMOMETe).

Tak kKak <«CeprnoBUAHBIC» IPHTPOLMTBI TLIOXO
MPOXOAAT YEPE3 KallWAAIpbl TKaHEd, OHM 4acTo
3aKYNOPMEAIOT COCYAB M CO3MAKT TEM CAMBIM J10-
KaNbHYI) THIIOKCHIO, DTO IMOBBIIACT KOHUEHTpPA-
MK AE30KCHIEMOrIo0UHa S B 3PMTPOLIMTAX, CKO-
pocTh 0BpazoBaHMsI arperatoB reMorno0HHa S W
enré Gonpiyo gedopMauuio 3putpouutos. Hapy-
weHue aocTaBku O, B TKAHUW BbI3LIBAET DOJH Y Aaxe
HEKpO3 KJAETOK B JAHHOH 00nacTH.

CepRoBUIHO-KIETOUHAH aHEMM — TOMO3INIOT-
HOE PEeUeCCHRHOE 3a001¢BaHHE; TIPOARIACTCA TO b~
KO B TOM Chy4ae, Korga oT oBoMX poauTenci Ha-
CReAyIOTCH 2 MYTAHTHBIX Tena B-ueneii rnobHHa.
INocne poxiaeHus pebéHka OoNe3Hb HE NPOSB-
JAeTcsd A0 Tex Iop, ToKa 3HayuTe/ibHble KOJIHJYe-
crea HbF He 3amectatcs Ha HDS. ¥V GoOALMBIX
BHIARIIIOT KIMHUHMECKHE CHMITTOMBI, XapaKTepHLBIE
NS AHCMMH: TOMOBOKDVXEHHE H TOJOBHbBIE GOJIH,
OJbIIKA, yYalléHHOe cepaueduenne, 60aHM B Ko-
HEYHOCTAX, MTOBBINIEHHYI) BOCTIPHHMYHBOCTE K UH-
hbeKLIMOHHBIM 3300JIEBAHHNM,

TeTepO3IUIOTHLIC HHAWBHAYYMEI, MMEIOIIHE OAHH
HOpManbHbIi reH HbA, a apyroit res HbS, B kpo-
BHL UMEKOT JHIUb CAEA0BbIE KONMUYECTBA CEPROBHA-
HBIX KAETOK M HOPMATLHYIO TIpOAQLKHTENBHOCTD
KM3HH, KIMHWYECKHE CHMIITOMBI HONE3HM ¥ HHX
00BIYHO HE HPOSBAAIOTCY.

flapannen-Has yknagka

0bpaacearHbLIX
mBpuna gezoxcu-
remMornobuHa 3




Jna nuarnoctrky Haanyuusa HbS B aputponvrax
YeNioBEeKAa MCIIONBIYIOT MeTOR MiekTpodopesa, oc-
HOBAHHOTO HA ABMXKECHHH 3apsDKEHHBIX OSJIKOB B
anexTpuaeckom noae. Tak kak 8 HbS orpullatens-
HO 3aPSKEHHbIE TPYONBL IIyraMaTa B B-11emsx 3a-
MEHEHBl He3apsLkeHHBsIM BanuHoM, HbS s uenou-
HOl cpenme OyAeT IBMraThes MemneHHee, yeM HbA

Bricokas yactora reda HbS cpeau xurenei Adp-
pHKH (A0 40% HaceleHHA B HEKOTOPBIX padoHax)
OOYCIIORIEHA TEM, UTO TETEPO3UIOTEL MEHEE UYBCTBU-
TeNbHBL K MATPHH, YeM JTIOIH C HOPMATBLHBEIM MEMOT-
nobuxoM A. Plasmodium falciparum — BO3DYAWTEND
ManApHK, OODJMTATHYH) YacTh CBOGTO XMIHEHHOTO
LHIJIA OH TIPOBOMUT B 3PUTPOIMTAX. TaK KAk 3puT-
POIMTLL TETepO3HroTHEIX o HbS moaei umeror Go-
Jiee KOPOTKMI CPOK XKM3HH, YeM HOPDMXIbHEIC 3PHT-
POLIMTEI, BO3OYAMTERL MATSPHK HE YCIEBACT 3aKOHYMTh
HEOOXOMUMYIO CTAIMIO PasBUTUSI. 3TO CO3AET U30M-
paTeqbHOS TIPEHMYIIICCTBO I/ TeTEPO3INTOTHLIX [0
HbS moneit B Tex 00AacTIX, ¢ MAIPHA BbI3HIBACT
rMBeIL MHOTHX JIONEH.

CepIlOBHIHO- KAETOMHAS AHEMHSA — NEPBLIA OMH~
CAHHBLIA NPHMEP MONEKYASIPHOH OOMe3HH.

[1oyTH BCe BCTpEMAIOIUMECS 3aMEHBI AMHHOKMC-
JIOT HA TIOBEPXHOCTH MONEKY/Ibl reMOrIoDuHa He3-
Bpeansl. [eMornobuH S — peakoe UCKIIOUSHUE.

2. Hamenenun amunoxuciomnoo cocmaed
& ofaacmu axmuenozo Henmpa zemozaobuna

Mexay reMoM 1 OeIKOBOI YacThio MeMorIobu-
Ha CYWECTBYET OKOAQ 6() MEXKATOMHBIX KOHTAKTOR,
BoaslMHCTBO MYTaLHE, HAPYILAIOWIMX B TOH UNU
MHOH MEpE 2TH KOHTAKTHI, IMPHBOAAT K Pa3BUTHIO
reMormoOHHOATHH H AHEMHH.

T'emormotuy M — Bapuant remornobuna A, rie

B PE3YALTATE MYTALUMH B TCHE (- MM [(-LeH
NpoOHCXoIuT 3ameda I'ne E, wmm [ne F| thpo-
3unoM. B pesymerate Fe* okmncngerca B Fel*
U CcTabUnusupyeTcs B 3ToH dopme. ['eMorno-
OHH, conepxaluuii B reme Fel*, HasbiBawOT MeT-
reMorTIO0HHOM (OTCIo0a M HA3BaHWE — TeMoT-
no6uH M). Bmecro O, K Fe** npucocaunsercs
H,0. OBBIYHO H3MEHEHWA 3aTParvBaloT AHG0
-, 1ubo [-HenH, B pe3yabTare TEMOTAQOUH
MOXET MEPEHOCHTD He Bonee aByx monekyn O,.
¥ reTepo3UroTHLIX MOAEA OTMEYAIOT HHMAHO3,
CBS3aHHBIA ¢ HapyllleHWeM Tpancnopra O, a
TOMO3HIOTHOCTE 110 3TOMY TeHY NPHBOAMT K
JIETANIBHOMY HCXOMY.

lemornobuH XaMMepCMHUTa — BAPHAHT TEMOT-

no0uHa A, rae B mojoxennn [ BMmecto de-

HUA-aaaHUHA {rHapodobHOi AMHHOKHCAOTEL)
HAXOAUTCR cepHH (rUapodUNBHAA AMUHOKHUC-
nota). Ped D, BXOANT B HEMOAAPHOE OKpyXe-
HME rema. 3aMeHa ero Ha ruApOPUIBHYIO aMH-
HOKUCJQTY IIPUBOAMT K HAPYILIEHHWIO MPOYHOCTH
CBA3BIBAHMA reMa ¢ rmobHHOM, B «ruapodoh-
HbIA KapMaH», TA¢ pasMeiliaeTca reM, crocod-
Ha MPOHHKATL BOAA, okMengiowan Ferr no Fe*,
B PE3VALTATE YEeTO Pa3BUBACTCA aHEMMS.

3. Himenenus GMUROKHCAOMHO20 COCMAsd,
dehopmupyroutue mpemuvHyro cmpyKmypy
zemozaobuna

Bo Bcex HOpPMAIBHBIX FeMOIJIOOMHAX H B MHOT-
JOOHHE B MECTE NepecedeHmst ABYX o-cnupaneil B
1 E HaxoouTca aMMHOKMCIOTA DIMLMH. Tak Kak
[JMUHH BMECTO PANHKaRa COACPXKUT ATOM BOJODO-
Jla, B 3TOM MeCTe Be CITUPLIH TUTOTHO TIpHIEraiT
OpyT K pYTY.

B remornotune Pupepneiina—bponkca (Bapu-
aHT TeMOTJ00MHA A) BMECTO TIHIIHHA B TTOJOXEe-
HUK B, HaxooMTcs aMMHOKMC/IOTZ apTHHHH, HME-
ias o0sEMHBIA paankan. B pesyierate oH He
YMELIAETCA B CTOJIb Y3KOM NMPOCTPAHCTBE, MOAEKY-
713 MEHSET KOH(MOPMAIIHIO K CTAHOBUTCA HeCTa-
OUILHOM.

4. Jamenvr amunoxuciom & obAaCIE KonmMaKmoa
dumepos o B, o3, napywarowue assocmepu-
deckie Pezyasmopibie QYRKUUN 2eMo2A00LHA

IMoutu BCe BapHAHTH TeMOTTOOWHA A, TI€ TIpO-
HCXOIHT 3aMeHa AMMHOKHCIOT B O0IACTH KOHTAK-
Td AMMEPOB B, C,,B,, NPOARAAIOT IOHHKEHHYIO
KOOTIEPATHBHOCTb W HAPYILEHHOE CPOACTBO TEMOr-
Jobuna K O,.

Tak, remormoOuH KeMicH — BapHaHT reMorio-
OuHa A, tae B mogokeHun G, B-uenM acrapare-
HOBaY KMCOTA 3aMEHEHa HA acniaparyuHd. B HopMe
ACHAParMHoBad KMCIOTa y4actTryeT B 06pa3oBaHMK
BOIOPOAHOM CBSI3H, CTAaOWITM3HPYIOUIEH Ae30KCH-
reMorioOMH. B pesynbTaTe 3aMeHbl 3Ta CBA3b HE
obpasyeTcs, YTO HApYUIaeT cTaGWALHOCTL KOHQOP-
MalMH Ae30KCUTEMOINOOUHA, H CPOICTBO IeMOT-
No6¥Ha K O, noBbILAETCA. ¥ OOJbHBIX Pa3BHBacT-
Csl AHEMHS € BLIDAXCHHBIM LHAHO30M.

Taxum obpazoM, NepBHYHAY CTPYKTYPA BelIKa ofl-
peaengeT ocobeHHOCTH €ro KOH(opMauHM, CTpoe-
HHMSl aKTHBHOIrO ileHTpa M (QyHKUOHHA. HM3MeHeHue
OAHOH AMHMHOKHCIOTBI TOABKO B OAHOM OelKe MO-
XeT ObITb NPHYHHONA HApylLieHUI PYHKIIMI DaHHO-
ro DesIka M pasBUTHA HACTEACTBEHHOH HaTOAOTHH.
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VI. MHOMOOBPAS3UE BENKOB

B opraHuame 4elOBEKA COJEPXKMUTCH CBbIIlE
50 000 MHOUBHOYANLHLIX GelKOB, OTAHYAIOIIHXCS
NENBUYHON CTPYKTYPOH, KOHMOPMALINEH, cTpoe-
HHMEM AKTHBHOTO 1eHTpa W PpyHKIMAMK. benku 1mo-
cTpOeHB M3 20 XUMHMMECKH pa3IHYHbBIX aMHHOKHC-
JIOT, KAWIasi M3 KOTOPhIX MOXET 3aHUMAaTh Jodoe
NOJOXEHUE B MOJMNENTHIHONA Uend. KpoMe Toro,
Genkd pazMualoTcad KOJWYECTBOM AMMHOKHCIOT,
H3 KOTOPBEIX OHH TOCTPOCHBI.

OzHako GOMBUIMHCTBO Takux 6Genkos B cpeje
AOIKHBl MPUHUMATE MHOXECTBO KOHMOpMAaUMi ¢
npuGAMIUTENEHO OJAUHAKOBOH 3HEpTrHel, Ho pas-
HBIMM XUMWYECKHMH CBOHCTBAMH M (DYHKIIHMAMH,
[To3TOMY B 3BOAIOLMH, NO-BHOIMMOMY, OblAa OTO-
OpaHa Juiie HeBOMbIIAA YACTh BO3MOXHbBIX BApPH-
aHTOB OENKOB, KOTOPHE CMOCOOHH MpHHUMATH
€OMHCTBEHHYIO CTabMIBHYIO KOH(DOPMALUHIO,

Takum oOpazoM, NepBUYHAS CTPYKTYPA M3BECT-
HbIX OenkoB, oTOOpaHHBIX 3BOMOLIMEN, obecredu-
BAET UCKJIIOUMTEABHYK) CTaOMIBHOCTL OAHOM H3
BO3MOXHBIX KOH(OPMaLWH, KOTOpasa M ONpeAcaseT
0coOeHHOCTH DYHKUHOHUPOBAHKA JaHHOTO Oeska.

Bo3sHUKHOBEHHME HOBBIX 0€JKOB YacTo CBS3aHO
¢ HE3HAMHTEIBHBIMM H3MEHEHHAMH B CTPYKTYpe
yxe uMerowmxca Genkon, Kpome Toro, Gnaroaaps
[EHETHYCCKHMM MEXAHH3MaM, O KOTOPRIX BYHET CKa-
3aHO B pazgene 4, Oenok ¢ MoJe3HbIMH CBOMCTBA-
MH WIH OCHOBHAs CTPYKTYPHaa 4acTh 3TOTO Genka
MOTYT BXOAMTL B COCTaB fApyrux Oenxos. Takpe
OCIKH, UMEIIIHE CXOXYIO MOCACAOBATE/ILHOCTD
aMHHOKMCNOT M poaCTBEHHBIC HDYHKUMH, 06BeAH-
HAIOT B CeMeHCTBa POACTBEHHLIX OCNKOE.

A. KJACCMOUKALINW BEIKOB

Jlo HAcTOSIIEro BpeMEH HeT €IMHOH M CTpO#-
HOH KimaccHOHUKAUMU, VYHTHIBAOLIEN PaIHYHEBIC
napaMeTpol OeiaKoB. B 0cHOBE MMEIOWHXCH KJIac-
cuukalui obOBIMHO JeXHT OAMH IMpHaHaK. Tak,
ek MOXHC KAacCH(HIMPOBATE:
» 110 dopMe MOXCKyN (TRoSyaapHbe WIH HHOE-
PUISPHSBIE);

» 0O MOMCKYASPHOH MAacce (HH3KOMOIEKYAp-
HEBIE, BBICOKOMOJIEKYSIPHBIE U AD.);

110 XHMHYECKOMY CTPOCHHIO (HATMYKE WIH OT-
CYTCTBHE HeOEeIKOBOH YACTH);

» 110 BBINOAHAEMbBIM QyHKITHAM {TpaHCNIOPTHEIE,

3ALIMTHBIE, CTPYKTYpHBIE OeIKU M Ip.);

= 110 NOKAIHM33UMH B KJIETKe (SIepHBIE, LHTO-

riaMaTHueckue, TH3CCOMANEHEE U Ip.);
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s TI0 JOKATU3AUHK B opranusMe (HeaKH KpOBM,
neueH, cepala u Ap.);

« 10 BO3MOXHOCTA ATANTHBHO PErYAHPOBAThL KO-
JMYECTBO AAHHBIX Deakor: Oenkm, CUHTE3UpY-
KWHECH ¢ MOCTOAHHONH CKOPOCTLIO (KOHCTH-
TYFTUBHBIE), W O€JIKM, CHHTE3 KOTOPLIX MOXET
YCWIMBATLCA TIPH BO3ACHCTBUM (DAaKTOPOB cpe-
Abl {(MHAYLIMOETbHbIE),

« [0 NPOJOKHTEABHOCTH XH3HH B KIETKE (OT
o4eHb ObICTPO 0GHOBASIOLINXCA OenkoB, ¢ T,
MeHee | 4, o 0YeHb MeLTEHHO OGHOB/SIOWMX -
cs1 GenkoB, T, KOTOPHIX HCYMCIAIOT HEAEISI~
MM H MECALAMM);

* 110 CXOXKWM YYaCcTKaM TMEPBUYHON CTPYKTYPEI K
POACTBEHHKIM (DYHKIIMAM (ceMeiicTBa DEAKOB).

B. KIACCH®HKAIIUA BEJIKOB 10 ®OPME
MOJIEKV/I

ITe OOHa M3 caMbIX CTapbIX KiIacCcHHKauwii,
KoTopast JeIUT GelTKH Ha 2 TPYTIis; [AoOyasapHbie
U ¢udpumnapupe. K rnobynapuuiM oTHOCAT Oes-
KW, COOTHOLIEHHE MPOAOKEHOR U NMONEpeYHOR 0cei
KOTOpLIX He npeBbiuract 1:10, a yawe cocraBaser
1:3 wau 1:4, 1.e. HenkoBas MoneKyia HMeeT hopMy
MAaca. BOMbIIMHCTBO HHAMBHIYAALHBIX OeNKOB
YeJIOREKA OTHOCAT K INoOYAsApHuIM OenkaM. OHH
HMEIOT KOMITAKTHYIO CTPYKTYPY H MHOTHE H3 HHX,
3a CYéT yaaneHus: THApOMOOHBIX PATUKANTOE BHYTPb
MOJIEKYNbI, XOPOHIO PACTBOPHMMEI B Boae. Harnsaa-
HbI¢ MPHUMEpbl CTPOSHMA U (QYHKUHOHHPOBAHHA
rIoOYIApHBIX HEKOB — pPACCMOTPEHHBIE BHINIE
MHOTMOOHH M reMornoGHHL

QuopWILIsApHBIE OEMKM UMEHT BBITSHYTYIO, HU-
TEBHIHYIO CTDYKTYpPY, B KOTOPOH COOTHOILUEHHE
[OpPOIOABHOH M MONEpeMHol ocell cocTapiseT Go-
Jee 1:10. K GpudbprLiapHbIM GeKaM OTHOCST KOJI-
JIATCHbBI, 3NACTHH, KEPATHH, BHITTONHSIOWHE B Opra-
HU3ME YENOBEKa CTPYKTYPHYIO GYHKUMIO, 8 TAKKE
MHO3HH, YYACTRYIOWMN B MBIIIEYHOM COKPAILIEHHH,
H (PUOpHH — GeJIOK CBEPTHIBAIOLLIEH CUCTEMBI KPO-
BH. Ha npumMepe KO/LTareHOB M 3/1aCTHHA paccMoT-
PHUM OCODEHHOCTH CTPOCHMA 3THX OEJIKOB M CBA3b
HX CTpOeHKA ¢ yHKLIHeH.

1. Cmpoenue u pynxuun kossazenos

KonnareHsl — CeMEHCTBO POACTBEHHEIX (Ub-
PHANAPHBIX GENKOB, CeKpPeTHPYEMEIX KJIETKaMH
COeRMHMTENLHOM TKAHH. KoanareHsl — caMmbie pac-
NPOCTPAHEHHbIE OEJTKH HE TOABKO MEXKISTOUHO-
ro MATPHKCa, HO W OPraHn3Ma B IE/IOM, OHU CO-



CTaR/IsAI0T oKONO 1/4 Bcex GeNKOB OpraHH3Ma dc-
JioBeKa. B MeXKNeTOUYHOM MaTpUKCE MOJNCKYILI
KoanareHa oGpa3vioT NOJUMEPhI, HalbIBAEMEIE
¢ubpunnamu koanareHa (Goiee moapebHO 3TO
onucaHo B pasgese 15). OUOpHANB Ko/lareHa
obnanaeT OrpoOMHOH IMTPOYHOCTRI0 U MPAKTHYSCKM
HepaCTDKMMBL, OHHM MOIYT BHIASDXKMBATL HATPY3-
Ky, B 10 000 pa3 npeBblLAOLIYIO UX COOCTBEHHEIN
BeC. [1o MPOYHOCTH KONIATeHOBbIS GUOPIILALI Npe-
BOCXOAAT MPOYHOCTD CTAABLHOH MPOBOIOKHU TOTO XE
ceueHusa. MMeHHO mosToMy GOJBLIOE KONUMYECTBO
KOJUIATEHOBBIX BOJIOKOH, COCTOSIMIMX M3 KONaare-
HOBBIX (PHOPHILT, BXOAMT B COCTAB KOXH, CYXOXH-
JHH, Xpaueil 1 KOCTeH.

HeoOLIuHBIE MEXaHHYECKHE CBOHCTBA KQJUiare-
HOB CBsI3aHbl ¢ MX MepBUYHONA H TIPOCTPAHCTBEH-
HOH CTpYKTypaMH. Momekyibl KO/UIaréHa cocTosT
W3 TPEX TNOJIMIIENTHIHLIX LEMEH, Ha3biBaeMbIX -
nemsamMu. Woentudunuposano Gonee 20 o-uenei,
BONBILIMHCTRO KOTOPBIX MMeEeT B CBOEM coctase 1000
AMWHOKHCAQTHEIX OCTATKOB, HO LEMH HECKOJIbKO
OTIHYAKTCA AMHHOKUCIIOTHON MOCASA0BATEABHO-
cTei0. B COCTaB KONAareHOB MOTYT BXOAMTEL TPH
OIIMHAKOEBIE HAM pa3HbIE LIETTH.

{lepBEHYHAs CTPYKTYPA C-LICTICH KOJJIATCHA HEO-
ObIYHA, TaK KaK Kaxmas TpeTbsd aMUHOKHCIOTA B
NOMUMENTUIHONH Ueny NMpeIAcTaBAeHa NMTUUMHOM,
oKONMo 1/4 aMUHOKMCIOTHRIX OCTATKOB COCTABJISA-
IOT TIPOAMH MAW 4-THIPOKCHOPOJIHH, OKOJIO
1i1% — anmaHuH. B KosaareHe OTCYTCTBYIOT TAKHE
AMMHOKHCIOTHI, KAK UMCTEMH ¥ TPUITTOghAH, a TH-
CTHIWH, METMOHUH H THPO3HMH HAXOOATCA JTHUIL B
pYeHb HebGONbIIOM KOMMYeCTBe. B cocrtape mep-
BAYHOH CTPYKTYPBI ¢t-UETH KO/LU1areHa CooepXuTCs
TaKXe HeoOhMHAaA AMMHOKMCAOTA — THAPOXCH-
JU3KH, TTONUMENTUAHYIO LEMNb KOJIAreHa MOXHO
OPEACTABUTE KAK TIOCIEIOBATEIBHOCTE TPHILICTOB
I'mu-X-Y, rae X u Y moryt ObITh JIO0LIMKA AMU-
HOKHCAOTAMM, HO 4alle B NOJOXKEHHH X CTOHT
MPONMH, & B NONOXEHUH Y — FHAPOKCHNPOJIUH
WIH THAPOKCUAKU3KMH., Kaxaan 13 3THX AMHUHOKHC-
JOT MMeeT OOblIQe 3HaYeHue ANl (HOpPMHPOBA-
HMSl KQJUIAr¢HOBLIX (hUOpUnI.

[MposinH Gaarcnapa CBOei CTPYKTYPE BBI3BIBAET
H3rudel B MOJTUNENTUAHON eNu, cTA0MIUIUPYA Je-
BO3AKPYYEHHYIO CIIHPATEHYI0 KoHbopManuioo. Ha
OIMH BMTOK CIMDLIM FAPHXOOUTCH 3 aMMHOKHMC-
JIOTHBIX OCTaTKa, a He 3,6, KaK 3To XapakTepHO
17151 BTOPMMHOH CTPYKTYpPBI TIOOYIAPHBIX OCIKOR,
Cnupain NenTUAHOH LISMH KoLiarcHa crabuinsu-
pPOBaHA HE 33 CYET BOJODOOHLIX CBA3CH (TaK Kak

MPOJIMH MX HE 00pa3yeT), a CUAAMH CTepHYECKOTO
OTTIKMBAHHS [THPPOJIHAHHOBLIX KOJIELl B OCTaT-
Kax MpoiuHa. B peavawTare paccTosHHE Mexay
AMWHOKHCIOTHBIMH OCTATKAMH TI0 OCH CIMPAIH
YBEJTUYMBAETCA, H OHA OKasbiBaeTca OoJee pa3pép-
HYTOW MO CPABHEHMIO C TYIO 3aKpPYUEHHON o-CITH-
PAALIO TJODYASPHBIX OEAKOB.

Cnupanu3cBaHHbIe TIONIMNENTHAHbIE Ueu, [e-
PEBUBAACL JPYT OKONMO Apyra, oOpasyloT Tpéxlie-
TIOYEUHYIO TIPABO3AKPYUYEHHYIO CYTIEPCMHPAABHYIO
MOJCKYJY, YaCTO HA3BIBACMYID TPOIMOKOAIATEHOM
{puc. 1-41). Uenu yoepKHUBalOTCA IPYT OKOIO IPYra
3a CUéT BOAOPONHLIX CBA3eH, BOIHHKAIOLIMX MEX-
Ay aMUHO- H KapOOKCWIBHBIMH TPYNTIAME MEMTHI-
HOTO OCTOBA PA3HbIX IOAMIISTHAHBIX Lenel, BXo-
OIIMX B COCTAB TPEXCMMPaNbHOM MOJISKYNH,
«XKEcTKHE» AMHMHOKHCAOTH — TIPONMH W THAPO-
KCHITPOJIMH — OIPAHMYHBAIOT BpallleHHe ITO/IHTIeN-
THAHOIO CTEPXKHS M YBETHYMBAIOT TEM CAMBIM CTa-
GMILHOCTB TPONHOK cIHpaTH. TIMITMH, HMEeKLIHH
BMECTO paJIMKaila aTOM BOJOPOIA, BCErIa HAXOAUTCSH
B MECTE MEepecCueHHs Leneil; OTCYTCTBUE palHKa-
714 TO3BOACT LUENAM TAOTHO TPHIErath IPYyr K
ApPYTY.

B pe3yabTaTeé TAKOTO CKPYYHMBAHMA NENTHIHBIX
QOCTOBOB TIOMHITENTHAHBIX LSS M HATHYUs yAIH-
HEHHOH CTPYKTYPHL JBa IPYTHX PaniuKkana p3 Tpua-
Jbl AMUHOKHCAOT [MU-X-Y 0KasbiBasOTCST Ha Ha-
PYAHOH MOBEPXHOCTA MOJIEKYTHI TPONMOKOQJLIAreHa.
HexoTtophie KOMIUIEMEHTAPHEIE YYACTKH MONEKYA
TPONOKOLIATEHA MOTYT OOBEIMHATLCH APYT C ADY-
TOM, (hOPMUDYSL KOJLTATEHOBLIE (PUOPILIbI, NPHYEM
3TH YUYaCTKH PACMOIOKeHbl TakMM o0pa3oM, 4To
ORHA HUTh TPONOKOJUIAreHa CABMHYTA MO OTHOLIC-
HUIO K Apyroit rpuMepno Ha 1/4 (puc. 1-42). Mex-
Iy pagydkKanaMu aMUHOKMCIOT BO3SHHKAIOT HOHHBIE,
BOAOPONHEIE W THAPOMODHLIE CBA3N.

«-Uenb KonnareHa

Puc. 1-41. CTpoeHne MONEKYRL TPATIOKONNATeHa ((PParmenT).
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ObpasobpaHue nonepeMHBIX
CBA3EH MEXAY MOMNekynamu
konnareHa

KonnareH

Puc. 1-42. CtpoeHuwe xonnareHoBoW ¢pubpunnel (hparmenT).

BaxHyw poib B GOPMUPOBAHHY KOJTATEHOBLIX
GUGPIWILT UrpaT MOAH(DHLIUPOBAHHBLIE AMHHOKHC -
JIOTHI. THAPOKCHUIIPOIHH H THAPOKCWIHIHH. [THI-
POKCHJILHBIE TPYNNLI TUAPOKCHIIPOTHHA COCEAHHX
Ifeneil TPOMOKOANAareHa oOpasyioT BOACPOAHLIE
CBA3H, YKPEMIAILIHE CTPYKTYPY KOAMareHOBhbIX
¢ubpunn. Paaukanb! JU3UHA U THAPOKCHAN3IHHA
HeOOXONUMEI A 06pa30BaHHd MPOUHLIX TIOTIEpeY-
HBIX CIIHBOK MeXAY MOJEKYIaMM TPOIMOKOMIare-
Ha, €LUE CHIbHEE YKPEIUIOIIHE CTPYKTYpY KoJa-
reHogbIX pubprn. Kpome T0ro, K rMIpOKCIIBHOM
TPYINE THAPOKCHUAH3MHA MOIYT NPHCOCAHHATHCA
YINEBOAHBIE OCTATKH {[IMKO3WIHMPOBAHHE KOJUIa-
reHa), GbYHKLUMS KOTOPBIX MOKA HEACHA,

TakuM 0Opa3oM, aMHHOKHCIOTHAA TOCAEN0Ba-
TENbHOCTh TOMUMETTTHAHBIX Lieneil KoamareHa mno-
3BONSAET CHOPMHPOBATE YHHKANBLHYIO NO CBOUM
MEXAHHYECKHUM CBOMCTBAM CTPYKTYDY, 00MatalOLIyIo
OIPOMHON MPOYHOCTEX, MaMeHeHWe B MepBUYHOH
CTPYKTYpe KOJTAareéHa MOXET TPUBOIHTL K pPa3BU-
THIO HacleacTBeHHbIX Dosledned (cM. pasmen 13).

2, Cmpoenue 1 ysxuus smacmuna

B ornvuMe or kosnareHa, obpazyiollero npoyd-
Hble ¢$UOpuAb, ¢nocofHbIe BRASPXKATH HOMbLUIME
Harpy3ky, 3JacTHH (TaKke Benok MeXKIeTOYHOro
MaTpHKca) 0DManaeT pe3MHONOT00HBMH CBOHCTBA-
MH. HUTH a/1acTHHA, coaepKaliuecs B TKaHAX Aér-
KX, B CTEHKAX COCYZOB, B 3JACTUUHBIX CBA3KAX,
MOTYT ObIT: pACTAHYTH B HECKONBKO pa3 Mo Cpas-
HEHUIO ¢ UX OOBIYHOM JJIMHOM, HO TMOCIE CHATHA
Harpy3kH OHW BO3BPALLAIOTCH K CBEPHYTOH KOH-
¢opMaLry,

DIIACTHH COACPXKHUT B cocTaBe oKoao 800 aMmHO-
KHMCOTHBIX OCTATKOB, CPEAM KOTOPBIX Mpeodriaga-
0T AMUHOKHCHOTH € HENOJIMPHBIMHM PajMKATaMH,
TAKME KAK TJIMLMH, BAIMH, ANaHMH. DAACTHH CO-
JEpXKUT AOBOALHO MHOrQ MPOAMHA B AW3IMHA, HO
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NUIIb HEMHOTO TMAPOKCHIIPOIHHA; NOAHOCTHIO OT-
CYTCTBYET T'MIPOKCIHJIH3HH.

Hanuune Gonbluoro konvyecTsa ruapodobHbix
DAIHKANOB [PEnATCTBYET CO3AAHHMIO CTACHIBHOM
rnoGynbl, B peavibTaTe MOMHOENTHAHBIS LICMH /13-
CTHHA He (POPMHPYIOT PEFYJIsApHbIE BTOPHYHYIO H
TPETHYHYIO CTPYKTYPLI, 4 MPHHHMAIOT B MEKKIE-
TOYHOM MAarpHKCe pajHble KOHDOpMaluu ¢ NMpH-
MEPHO PaBHOH CBOOOIHOM 3HepThei (puc. 1-43),
ATO KaK pa3 TOT ¢Aaydail ¢TPOeHMs NepBHYHOH
CTPYKTYPBI, KOrJA OTCYTCTBHE OOHOM CTabIILHON
YNOPAIOUEHHOH KOHG(OPMAIIMH NPHBOANT K BO3-
HUKHOBEHHIO HEOOXOAMMEBIX OC/AKY CBOMCTB.

bonee nonpobHO 0coBEHHOCTH CTPOSHHA M DYH-
KUHOHAPOBAHKS 3MaCTHHA PacCMOTPEHH B pasie-
ne 15,

B. KiACCHOMKAIIMS BEIKOB
no XMMHYECKOMY CTPOEHHIO

1, Ilpocmute beaxn

Hekotoprie 6enKi coacpkaT B CBOEM COCTABE
TOJBKO NOAMNENTUARLIC UEMH, COCTOALIME U3 aMH-
HOKHC/JIOTHBIX OCTATKOB. MX Ha3biBAIoT «IpoCThie
Gengn». I[IpuMepoM npocThIX OSJIKOB MOIYT CIy-
XHTb OCHOBHbBIE OENKH XpOMATHHA — THCTOHEL, B
HX COCTaBe CONEKUTCHS MHOTO aMMHOKHMCIOTHBIX
OCTATKOB JIM3HHA W aPTHHMHA, PATMKAIRL KOTOPBIX
HMMEIOT TIOAOXKUTENbHLIH 3apsan (Gosnee nmogpobHO

Puc. 1-43. CnyuauHbie KOHDOPMALIMK MONRKYNLI ANACTHHA.



TUCTOHbL ONMCaHbl B pasfene 4). PaccMoTpeHHSsIH
Bblllie GelIoK MEXKACTOYHOIO MaTpHUKCca SIACTHH
TAKKE OTHOCAT K TMPOCThIM Genxkam.

2. Caowcrnie benxu

Onnako ovYeHb MHOIME DeJIKK, KpoMe TIOMUNen-
THIHEIX 1IEeNel, coaepXar B CBOEM cOcTaBe Hebell-
KOBYI0 4acTb, MPUCOSAWHEHHYIO K BesKy cnabbiMu
WIH KOBaeHTHRIMH cBa3amu. Hebenkosas uacte
MOXET ObITh TPEACTABNICHA MOHAMM METANLIOR, Ka-
KUMU-RUHO OpraHuMecKUMH MOMCKYIAMH ¢ HU3-
KO 9AH BuICOKOR MONekyasapHOA Maccoh. Takue
BeJIKM Ha3bIBAlOT «cnoxabie feaxkn». [Mpouso ¢pi-
3aHHaA ¢ 6eMKeM HeOEMKOBAsA YacTh HOCHUT Ha3Ba-
HUE TIPOCTETHYECKOM TPYIIIBE,

IlpocTreTHyeckan rpynna MoxeT OvITh MPEACTaB-
JIeHa BEWIECTBAMHM pasHoil npupoasl. Hanpumep,
OENKH, COCAMHEHHEBIE C TEMOM, HOCAT HalBaHHWE
FeMOoTIpOTEHHEL. B cocTaR reMonpoTeHHOB, KpoMe
YXE pacCMOTPEHHBIX Bhilue GENKOB reMoOrioGuHOB
A MUOTI00MHA, BXOAAT (PEPMEHTH — LIMTOXPOMEIL,
KaTanaza M Mmepokcuaasa. [em, nmpuMcOeIdHEHHBIA
K pa3HbIiM OCNKOBBIM CTPYKTYPaM, BLIFIOJIHACT B
HHAX XapakTepHble 0AA KaXIoro H3 Gelkop ¢yHK-
MK (HANpHMep, B COCTAaBE remMorIobNHA MePeHo-
cut (,, @ B COCTABE UMTOXPOMOB — 3IEKTPOHBI).

Benku, coeqHHEHHBIE C OCTATKOM (hocdopHOi
KHMCJIOTHI, HA3BIBAIOT (hochonporenHamu. Pocop-
HhlE OCTATKH NPHCOSIUHSIOTCA CAOXHOIDHUPHOI
CBA3BI0 K FMIPOKCHIBHBIM IPYIINTAM CEPHMHA, TPE-
OHHHA WIM THPO3MHA NPH YYaCTUU (PEepMEHTOR,
HAa3bIBAEMBIX TPOTEHHKHUHA3AMM,

B cocTap GenKoB 4aCTO BXOAAT YJIEROAHEIE OC-
TATKH, NPUIAIOUINE DEIKAM AONOAHUTEIBHYIO CIIEe-
UHPUYIHOCTD H YacTo YMEHBIUAIIUWE CKOPOCTh HX
thepMeHTaTHRHOro mnpoteonusa. Takue OenKU HO-
CAT Ha3BaHWE TNHKOMNpoTeHHoB. MHorue Genku
KPOBM, a TAKXKe PeIeTOPHLIC OelKH KASTOMHOM
MOBEPXHOCTH OTHOCAT K TMHKONPOTEHHAM,

benky, QYHKUHOHUPYIOLIME B KOMILJIEKCE C
JHTTHAAMH, HA3BIBAIOT NHUAOAPOTEHHAMH, 4 B KOM-
TUIEKCE C MECTAIAMH — META/UIOIPOTECHHAMH.,

CnoxHelit 6en0K, COCTOALLUME U3 DENKOBOMH 4a-
¢ty (anompoTeHH) M HeOeNnKoBoO uacTH (NpocTeTH-
yecKasd IPYHna), HA3LIBAIOT «XOJ0TPOTEHH>,

I. KTACCH®UKAHHUA BEJIKOB
1O ®YHKIIUAM

Be/IKH BBIMTOMHAIOT B KJIETKaX MHOXECTBO OHONO~
ruueckHx ¢yHkuuA. Ilo npushHaky cxoacrsa Bbl-

MONHAeMBbIX BelKaMHA QYHKHUHA HX MOXHO paszje-
NWATH HA CAERYIOLIHe GONbUIME TPYIIIBL

1. Depmenmsi

QepMeHTH — CHeITMANH3HPORaHHEIE BENKHU, YC-
KOPAIOIIWE TeYCHWE XMMHYeCKMX peakuni. bnaro-
Japs epMeHTaM B KIIeTKEe CKOPOCTH XMMMYCCKMX
peakumMit BO3pacTaleT B MMWUTMOHBL pa3. Tak kak
bepMeHTHI, KaK H Molbie Ge/IKH, HMEIOT aXTHBHBIH
UEHTP, OHH CMEelHDHIECKU CRA3BIBAICT ONMpeneiéH-
HBIH JIMFraHg (MAM CPYINDY [IOXOXWX JIMTAHACB) M
KATATH3UPYIOT ONPEACAEHHBIA THIT XUMUYECKOTO
TMIPEBpAailICHUA JAHHOH MOACKYNb. B HacTosAiIee Bpe-
M1 M3BeCTHO OKoo 2000 pasnwaHex depMentos,
YCKODSIIOUIHMX pa3zTuyHbIe XUMHYECKUE PEaKIluu.
Hanpumep, NpoTeoIUTHYECKUAN QEPMEHT TPUNCHH
paspylaeT B 0enKAX NeNTHAHBIE CBSI3H, 00pa3oRaH-
Hble KApOOKCHMBLHOMR TPYNNOA OCHOBHBIX aMYHO-
KHCJIOT — aprAHKHAa HAYM JH3MHA. PepMeHT pubo-
HyKJIeas3a paciueriasgeT GocoadUpHYIO CBI3b MEXTY
HYKJICOTHAAMH B TIONMHYKNCOTUSHON Lemm,

bnaroaapsa HaGopy dhepMeHTOB B KIETKax npe-
BpAIICHHA TOCTYTIAIOIMNX B HMX BELUECCTB IIPOTE-
KAIOT HE XaOTUYHO, & B CTPOTO OIIPEAeTEHHEIX Ha-
npaBleHUsIX.

2. Pezyanmopnunie besru

K pervismopHbiM Benkam OTHOCST GOBLUYIO TPYIT-
1Ty 0eJIKOBBIX FOPMOHOB, YYACTBYIONTHX B TIOIIE PXA-
HWUH MOCTOAHCTEA BHYTPEHHEN Cpelbl OPTaHM3MA,
KOTOPBIE BO3ACIHCTBYIOT HA CrICIH(HYECKHE KICTKH-
MUulbueHU, Hampumep, ropMOH MHCYJIKH BbIACASCTCA
B KPOBb Tp¥ MOBBIUIEHHH KOHUEHTPALWMA TTEHOKO3b]
B KPOBH NOCIE €0bl U, CTHMYTHDPYA HCMOIbIOBAHHE
[TOKC3Bl KIETKAMH, CHIDKACT KOHUEGHTPALMIO TIIH0-
KO3bl JO HOPMBI, T.€. BOCCTAHAB/MBACT NOMEOCTAS.

KpoMe Toro, K perviastTOpHbIM OTHOCAT GENKH,
NPUCOSIUHEHUE KOTODBIX K JIpPYTHM DEIKAM WIH
WHBIM CTDYKTYpaM KIIETKM PETYIUPYET HX DYHK-
1IHi10. Hanpumep, 0e10K KaIbMOIY/IMH B KOMIUIEKCE
C YeThIpbMs HoHaMH Ca?* MOXeT MPUCOEINHATLCS
K HEKOTODPBIM (pepMeHTAM, MEHAA HX AKTHBHOCTh.

Perymaropubie 1HK-casasbiBaroume 6enku, npu-
COCNMHAACE B OMpeAentHHbIE MOMEHTHI K CTEIH-
bvuHbIM yuacTkaM JIHK, MOTYT peryupoBath CKo-
POCTE CUMTHIBAHMS TEHETHYeCKOH HMHPOpMALNH
(OHM OnHcaHBl B pazjene 4),

3. Peuenmopnvie Heaxu

CHrHaJIBHBIE MONIEKY/TBL (TOPMOHBI, HEHPOMETH-
aTOpbl} ACHCTBYIOT HAa BHYTPUKIETOUHBIE MpOLEC-
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Cbl Y€PE3 B3AMMOACHCTBHE CO CreUupMiecKUMH
OenkaMu-peuenropaMi. Tak, FOPMOHBI, [IMPKY.IH-
PYIOLLKE B KPOBU, HAXOAAT KJIETKU-MHUILCHK U BO3-
JeHCTBYIOT HA HHX, COeUMPHYHO CBA3LIBASCH C
Genkamu-pelenTopaMy, OOBIYHO BCTPOEHHLIMH B
kiIeTouHyio MemOpany. g ruapodobHBIX pery-
JIATOPHBIX MOJEKYN, OPOXOASIIUX Uepe3 KIeToM-
HYI0 MeMOpaHy, peHENTOPEl JOK&TH3YIOTCH B LM~
TOILNA3ME KIIETOK.

4. Tpancnopmivie beaku

MHuorve 6enkd KpoBHM YY4acTBYIOT B FepeHOCE
cneuuPUUecKX JTUraHIoB M3 OJHOTO OpraHa K
ApyroMy. 4acTo B KOMILIEKCE ¢ DeNKaMH MepeHo-
CATCS] MONEKYJIBI, TUIOXO PACTBOPUMEBIC B Bong. Tax,
0es1oK IUTa3sMbl KpOBH ANbOYMHH MEPEHOCHUT XHD-
HBI¢ KHCIOTH M OMEMpyOHH (NpOoAyKT pacnaia
reMa), a reMornoOVH 3PUTPOLUMTOB YYACTBYET B
nepeHoce O, OT JNETKUX K TKaHAM. CTepONAHBIE
FOPMOHBI MIEPEHOCATCS. B KPOBH CTMeUDUUECKMMHU
TPAHCTIOPTHBIMH BelKaMu.

TpaHcopTHEE GEMKM Y4aCTBYIOT TAKXKE B [I€-
peHoce rHApodIILHEIX BELUIECTB Yeped rHapodod-
Hble MeMOpaHel. Tak Kak TpaHCIIOPTHhIe OGENKM
001a1a10T CBOMCTBOM CIIEUKGbWIHOCTH BIAHMOICH -
CTBUA ¢ MTUTaHIAMH, WX HAOOD B KNETOUHOH MeM6-
paHe OTPEAETAET, KAKUe THAPOMUILHBIE MONEKY-
Jibl MOTYT TIPOMTH B HAHHYIY KReTKY. C MOMOUIbLIO
GeNKOB-TIepeHOCYHKOB B KJIETKY NMPOHUKAKT LIK0-
K033, aMHHOKHUCAOTLI, HOHBL W OpYrUe MOSEKYJbL,

5. Cmpyxmypruvie beaxu

HexkoTopele DenkM, pacHoNOXeHHBIE OIpEIe-
JNEHHBIM 00PA30M B TKAHAX, MPUAAKT UM GOpMY,
CO30AI0T ONOPY, ONPEeeNsAoT MEXaHHYECKHE CBOMH~
CTBa JAHHOW TkaHH. Hampumep, KakK yXe ToBo-
PWIOCDH BBILLIE, [TIABHEIM KOMIIOHEHTOM XpALIeiH H
CYXOXMAMIM SBIAETCH (PUOPUARAPHBIFA OE/IOK KO-
JlaTeH, UMEIOIUMI BHICOKYID NPOYHOCTh. [pyroft
CTPYKTYPHEIH Oenok (3nacTiH) Onarojapd CBoe-
MY YHUKAIBHOMY CTPOSHHMID 00ecrneuMBacT omnpe-
OeNEHHBIM TKaHSM CBOICTBO DAcTACMBAThCs BO
BCEX HamnpablcHHAX (COCYABI, JIETKKE).

6. Jamnmnoie beaxu

HekoTophle GENKH, B YAaCTHOCTH MMMYHOTNO6Y-
JIMHBI, 0GI8JAI0T CNOCOGHOCTLIO Y3HABATL M CBi-
3bIBATh YYXEPOOHBIE MOJCKYAbl, BHDYCHBIE YACTH-
161 U BaKTEPHH, B PE3VILTATE YETO NMPOHCXOONT UX
HelTpanuzaunsa. KpoMe Toro, KOMIUIEKS YYXKePOI-

H{)

HOH 4aCTWLB ¢ UMMYHOTTIOOYMHOM JIETKO Y3Ha-
€Tcd M YHWYTOXAETCA KNeTKaMM MMMYHHOM CHC-
TEMBI.

3aUIMTHEIMA CBOMCTEAMHM 0BT DeNTKH CREP-
THIBAIOLUEH CHCTEMBI KpOBHM, HanmpHMep (HUBpHHO-
reH, TpoMOuH. OHHU YYacTRYIOT B (DOPMHUPOBAHHM
TpoMGa, KOTOpPHIH 3aKyNOpPHBAET NOBPeKIEHHDIA
COCYI W [IPENATCTBYET [IOTEPEe KPOBH.

7. Coxpamumeatnsie Geaxu

Hexkotoprie GeIKH PH BHIITOAHCHUH CBOKX HVH-
KUKW HANEIBIIOT KIETKY CNOCOBHOCTBIO JHOO co-
KpalllaThes, TUGo nepeapurateca. K takum 6en-
KaM OTHOCAT aKTHH W MHO3HH — GUOpPUSUBIPHLIE
Oenku, y4yacTBYIOIIME B COKPAIIEHWH CKENeTHRIX
Mbnir, Jpyroii npuMep Takiux HEJKOB — TYOYIHH,
M3 KOTOPOTC MOCTPOEHBI KJIETOUHBIE OPraHeUIH —
MUKpPOTPYGOUKH, MUKpOTPpYGOUKHM B [IEPHOI Ae-
JEHHS KJIETKM PECYEMDPYIOT PACXOXKIOCHHE XpoMa-
THI. MHKDPOTPYSOMKM — BaXHBIC 3JIEMCHTBI pec-
HHYEK M XKTYTHKOB, ¢ [IOMOLUBIO KOTOPBIX KJICTKH
NEPEABUTAIOTCS.

OQOHaKe CylIecTByeT OOIBLLIOE KOJIHYECTBO Oen-
KOB, HMEIOLLMX YHUKAIbHBIE (DYHKLIMM, KOTOPBIC HE
BOLULUTH B 3TY ACBOJNBHO MPOCTYID KNACCHEUKATIHIO.

. CEMENACTBA POACTBEHHBIX BEJKOB

B xose 3BOAIOLIMU B MpeAciax OAHOro OUOIOrH-
YECKOTQ BHIA 3aMEHEI AMMHOKHCIOTHEIX OCTATKOR
MOTYT TIPUBOAMTE K BO3HUKHOBEHUIO pa3HLIX 6en-
KOB, BHITIONHAKIIUX POACTBEHHBE (DYHKIHH U
HMEOIIHX TOMOJOTHYHEIE IIOCIeJ0BATENBHOCTH
AMMHOKHCIOT, [OMOMOrHUHLIMHU HAZLIBAIOT NIOCNE-
JOBATCALHOCTH, MMEIOLIHe MHOIO CXOJHBIX YCPT.
OHHU comepXaT BO MHOMMX MNONOXEHWAX ONHU W Te
XK€ AMHMHOKHWCIIOTHI, HA3BIBA¢MLIC WHBAPMAHTHDBI-
MH, & B HEKOTODBIX NOMAOXEHUSX MOTYT HAXOIUTh-
¢A pasHbie, HO BAM3KME MO (PUIMKO-XUMUYECKUM
CBOIHCTBAM aMHHOKMCJIOTHBIE OCTATKH.

31K GENKH MMEIOT MOPAa3SUTENBHO CXOXHEe KOH-
QOPMALIMK: KOMHYECTBO M B3aHMOPACMONIONKEHUE
Q-cnypanei u/uil B-cTpyKTyp, GOMBIIMHCTRO ITO-
BOPOTOB M M3rWGOR MOJMMNENTUAHBIX Leneil cxo-
HO HIH HICHTHYHO. Takve OeNKH, HUMEIOLHE TOo-
MOJOTHYHBIE Y4ACTKH MOJUMENTUAHOH LENu,
CXOAHYIO KOH(QOPMALIKIO M POACTBEHHBIE DYHKLIUMM,
BBIICNAIOT B CEMEUCTRA GEIKOB.

Ilpumep cemeiicTBa PpOACTBEHHEBIX OEKOB — ce-
MeRCTBO MHOTAOOMHA, KyJa BKNKMEHB, KPOME
caMoro MHOIIOOMHA, M BCe BHABI FeMOINOOHHA.



1, Cemelicmeo cepunvesix npomea’

K ceMeHcTBY poICTBeHHBIX OeNKOB OTHOCAT Ce-
PHHOBBIE TIPOTEa3bl. JITO CeMEUCTBO (HepPMEHTOB,
KOTOPBIE MCTIOMb3YIOT YHHKAABHO AKTHBHPOBAHHDIH
OCTaTOK CEPHHA, PACMOJOXKEHHBIH B aKTHBHOM
LUEHTPe, AMA CBA3BIBAHUA M KATANHTUYECKOIO M-
pONM3a NENTHAHLIX CBA3eH B GeMKOBBIX cyGcTpa-
Tax. MMILIEHN A9 CEPUHOBBLIX MpOTea3 — CIIelu-
¢duyeckHe NeNTHAHBIE CBA3M B Oeakax (4acto B
APYTHX CepHHOBRIX TPOTEA3AX).

Hnsi Becex GeNKOB 3TOTO CEMECTBA XApaKTEPHO
HaNWYWe B aKTUBHOM LieHTpe ocTatkos Cep,,, [uc,,,
Acmi,, (3TY HYMEPaUMIO MCMOAL3YIOT HE3aBUCHMO
OT UX TOMHOTO PacloONO¥EHUS B NMEPBHYHON CTPYK-
Type OHpEIENEHHBIX CEPUHOBLIX NpoTeas). BoiAe-
JIeHA TAKXE BLICOKASl CXOXKECTb HX MPOCTPAHCTBEH-
HBIX CTPYKTYP, HECMOTPS Ha TO, ITO TOAbKO B 40%
MOAOXKEHWH OHH COACPXKAT WACHTHYHBIE AMMHOKNC-
note (pHc. 1-44). KaTanuTryeckui y1acToK cepH-
HOBBIX MPOTEa3 pachoMOKEH B paclUIeAMHE MexXay
ABYMST JOMEHAMM,

HekoTophie aMMHOXHACKOTHEIE 3JaMeHbI TIPHUBe-
AU K H3IMEHEHHI0 CYOCTpaTHOH CelHpHIHOCTH
3THUX BEJKOB U K BOJHHKHOBEHHIO QYHKIIHOHANL-
HOro MHoOTOOOpa3zMsA BHYTPH 3TOTO CCMCHCTBA.
Tak, MUieBaApUTENbHBIE CepHHOBHIE MPOTeashi
VUACTBYIOT B MepeBapHBaHUH (THAPOIUTHMECKOM
paciieneHrd MeNTHIHBIX CBA3EH) OCHATYPUPO-
BAHHEIX MHLIERBIX GENKOB. K HUM OTHOCAT TPHUII-
CHH, XMMOTPHWIICHH, 3AacTasy, HO KaXiabld H3
3THX (PEPMEHTOB NPSIMOYHTACT PA3pPHIBATH TEM-
THAHBIE CBs3M, OOPA3OBAHHBIE OHPEACNTEHHBIMHU
dMUHOKHUCIOTAMH,

Puc. 1-44. MNpocTpaHCTEEHHBIE CTPYKTYPM 3nacTaabl {A) u
xumoTpuncuHa (B),

Emg¢ Gonbiied cybeTpaTHOH clieumdpHUHOCTBIO
00NanaT CEPUHOBHIC NPOTEa3bl, YYACTBYIOLIHE B
TIATEABHO KOHTPOJMPYEMBIX (PUIHOJOTHUSCKUX
mpolleccax, TaKMX KaK aKTHBALIMA Kackasga Oenkos
CBEPTBHIRAHUA KPOBH, (PUOpHHONM3A, aKTUBALHSA
Oe/IKOB CUCTEMbI KOMILTIEMEHTA, 00pa3oBaHms Gen-
KOBLIX rOpMOHOB. B mpotiecce akTUBaLMM HATHB-
HBIX OEJIKOB CEPHHOBBIE NPOTEA3bi TMIAPOJH3YIOT
ONHY MNIM JBe¢ 0COGCHHBIC TIENTHAHBLIE CBA3M U3
COTEH CBA3CH, UMeioumxcs B OenxoBoM cyDcTpa-
Té. 3T0 CBA3AHO ¢ TEM, YTO B HATHBHOM Gelke
thepMeHT y3Ha€T He TOMBKO AMMHOKHCIOTEI, HE-
NoCcpPeACTBEHHO QOPMHUPYIOUIHE NENTHAHYIO CBA3E,
HO W HEKOTOPbIE AMMHOKHMCJIOTHBIE OCTATKH, OK-
pYXalllWe CBs3b, MOIBEPraloIlyica (epMeHTa-
THBHOMY THAPOIW3Y.

Bonee moapobHO 0 CePUHOBEIX POTEA3ax MOX-
HO MPOYECTh B pazgenax 9, 14.

2. Cynepcemeticmeo ummyno2100ysunos

B paboTe MMMYHHOH CHCTEMBI OTPOMHYIO POJb
HIpalT OENKH, OTHOCHILHUECA K CYIEPCEMENCTBY
HMMYHOTIOOYNHHOB. 3TO CYMEpPCeMefcTBO BKITIO-
YaeT Mo KpanHeid Mepe TpH GONBILIMX ceMeHcTBa
OENKOB, Y4acTBYIOIIMX B HMMYHHOMH 3aIlIMTE opra-
HH3Ma. CEMEHCTRO KMMYHOTTOOYAHHOB, CEMEHCTBO
T-KACTOYHBIX AHTUIEHPACNIO3HAIOIUMX PELUENTOPOB
U BerkH TIABHOTO KOMILISKCA TUCTOCOBMECTHMO-
cti | u Il knaccog, koTophie B EUTEpaTYpe 0GO-
sHavator MHC (ot aurn. major histocompatibility
complex). B 310 cyrepceMENCTBO BKIIIOUEHO TAaKKe
CeMEHCTRO anre3MBHBIX O€IKOB, YUACTRYIOIUX B Y3-
HABAHHM OHpPEAEAEHHBIX THIIOB KIETOK H UX MEX-
KJIETOYHBIX B3aHMOACHCTBUAX.

OcHoBHOI KpuTepHil BKAIOYeHUS OenkoB B cy-
mepeeMeiicTBO UMMYHOINOOYNHHOB — HX AOMCHHAS
OPraHU3alHa, JOCTOBEPHAA TOMOSOTHA aMHHOKWC-
JIOTHBIX MOCTIEA0BATENBHOCTER U MPOCTPAHCTBEHHBIX
CTPYKTYD OTJAEAbHLIX JOMEHOB. Kpome Toro, Genaxku
ITOTO CYMEPCEMENCTBA MMEIOT CxOXHE QYHKUNH:
WMMYHOTIO0YIHWHB B3AMMOISHCTRYIOT € YYKEPOAHLI-
MH CTPYKTYPAMU, HAXOASIHUMHCA B KpOBRH, TuMde,
MEXIKJIETOYHOH HMAKOCTH HWAM CEKPETaX Xenés, a
peuenTtopbl T-MMQPOUMTOB M GEIKM TRABHOTO KOM-
IUIEKCa MCTOCOBMECTUMOCTH — ¢ AHTHTEHAMH, Ha-
XOBALLMMHCA HA MOBEPXHOCTH KJIETOK AaHHOIO OpTa-
HM3Ma.

3. Cemelicmeo ummynozaotyaitios

HMMMYyHOImODYNMHBI, WM 8HTHTENA, — CrelupH-
ueckue Oenkd, BhipabaThiBagMbie B-mumdorirTaMu
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B OTBET HA MONAAZHHE B OPTaHHU3M UYYXEPOAHBIX
CTPYKTYD, HA3BIBAEMEIX aHTUreHaMH. B opraHuame
yeloBeKa BeipabaThiBaetes okono 107 KioHos B-muMm-
OUMTOB, KAXMbIA H3 KOTOPRIX CMEHHATAIMPOBAH
Ha BbIpadoTKe onHOTO M3 107 BHIOB UMMYHOTIOOY-
JTUHOB.

Bce UMMyHOTIIOOYAMHBEL XapaKTepU3YIOTC 06-
UMM TII3HOM CTPOeHHA, KOTOPbIH Mbl PacCMOT-
DPUM Ha mpHmepe crpoeHus IgG.

Monexyna [gG cOCTOMT M3 YeTHIPEX MOJHUMET-
THAHEBIX LENel; IBYX MAEHTHYHBIX érkux (L — or
aury. light), conepkawmx okono 220 aMHHOXMC-
JIOTHBIX OCTATKOB, H ABYX TAXEALIX (H — oT anrn.
heavy), cocToalinx K3 440 aMHHOKHC/IOT KaXknas.
Bce 4 uenyn CoOeAMHEHBI APYr C APYIOM MHOXC-
CTBOM HEKOBAJIEHTHBIX WM YETHIPBMS AMCYNbOUI-
HbiMu cBa3Mu. Floatomy mMonexyny 1gG oTHocsT
K MOHOMEpaM.

Jlérkme nemn IgG cocTosiT U3 2 AOMEHOB: BapHa-
GenbHoro (V)), Haxogswerocs B N-KOHUeBoH 00-
JIACTH NOMUTIEMTHAHOMA ueny, U KoHcTaHTHOTO (C, ),
pacnonexeHHoro Ha C-koHue, Kaxaslid U3 gomMe-
HOB COCTOMT U3 2 CHOEB ¢ P-CKAAIIATON CTPYKTY-
poOi, rI¢ YYaCTKH TOAMIMENTHAHOH LIENH JeXar
aHTUNapauiensHo. B-CloW CBA3aHB KOBAJNEHTHO
JACYILMMIHOH CBA3BID NPHMEPHO B CEPEIMHE H0-
MeHa (puc. 1-45).

Trokéanie nemi IgG metor 4 gomena: oany sa-
puabenehpii (V,), Haxommumics Ha N-KoHue, M
Tpu KoHcTaHTHBIX (C,,, C,,, C,;)). JloMeHbI TaxXE-
JeIX uenei lgG UMeKT TOMONIOTHUHOE CTPOCHUE ¢
AOMEHAMHU NErKUX ueneid. Mexmy nBymMsi KOHCTAHT-
HBEIMM AOMeHaMH Tsokénbix ueneir C, u C,,, ecth
YMACTOK, COAEPXKALIHI GONBLIOE KOMMMECTBO OCTAT-
KOB TNPOJAWHA, KOTOPHIE MPerATCTBYIOT (HOpMHpO-
BAHHK BTOPUMHON CTPYKTYPH H B3AUMOICHCTBHIC
cocenHx H-tene#l Ha 3ToM OTpe3Ke. JTOT YYACTOK
HA3BIBAIOT «ILAPHUPHOH 0GAACTEIO>, OH IIPUAAET MO-
JieKyjie THOKOCTD.

Mex oy BapuaGebHEIMH JOMEHAMM TAXENBIX 1
JIETKHX Leneil HaxoMATCH ABAa MISHTHYHBIX Y4acT-
K3, CBA3BIBAIOIUMX ABA OJAMHAKOBBIX CIIEHH(pHYEC-
KWX QHTHTE€HA; [I03TOMY TAKHE 2aHTHTENA YacTo Ha-
3LIBAIOT «OHBaJEHTH». B CBA3BIBAHWU AHTUTEHA C
AHTUTENIOM YYacTBYET He BCHA AMHHOKHCAOTHas
TIOCNEACBATENBHOCTh BApHAGEIbHEIX A0MeHOB 00e-
MX UeMei, a Beero guwb 2030 aMUHOKHCAOT,
PACHOJOXEHHBIX B rHneppapradebHbIX 000acTAX
KaxacH meimn. MMeHHO 3TH 00NacTH ONpPeaensioT
YHHKaNnbHBIE CIIOCOBHOCTH KaXAOTO KAOHA aHTHU-
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AHTUreHcBA3LIBaKWME
YHACTEN

“WapHupHan

L-yene obracre”

AvcynbmpHbie
CBA3N

H-yenes

Puc. 1-45. CtpoeHne nmmyHornoGynuna G.

TeJ BIaUMOJCHCTBOBATH C COOTBETCTBYIOWIHM
{KOMIJIeMEHTAPHBIM) AHTUTEHOM.

OCHOBHbBIE DYHKUHM aHTUTEN — oOHapyXXeHHe
H CBA3LIBAHUE YYXKEPOSHLIX AHTHIEHOB, HAXOMA-
WIAXCH B OPTaHW3MEe BHE €r0 KNeTOK (B KPOBM,
JauMde, MEeXKITETOUHOM XUIKOCTH, B CHAH3UCTHIX
CeKpeTax). ITO MPOHCXOAUT ¢ MOMOIUBID CIELH-
bUUeCKUX AHTUTEHCBAILIBAIOIINX YUACTKOB pas-
HBbIX KJOHOB WMMYHOTIOOYIHHOB. KpoMe TOTO,
6raronapsa CEA3LIBAHUIO AHTMIEHA C AHTHUTEOM 00-
JleryaeTcs Npolece AaJIbHeHIEro paspywieHus qy-
XepoaHelx BeiecTs. CneudpuuHOCT: MYTH pas-
PYUICHUSA KOMILIEKCA @3HTHTEH—aHTHTENO 3aBHCHT
OT XJ4acca aHTHUTE].

Kracem wmmynoraotyasnoe. CyliecTByeT 5
KJTACCOB TAXKENLIX UENeid UMMYHOTTIOOYAHHOB, OT-
JMYAIOUWIMXCA TI0 CTPOCHUIO KOHCTAHTHLBIX HOME-
HOB: @, &, €, ¥ H |L. B cOOTBETCTBMM ¢ HUMH pas-
JMYAeT 5 Xiaccos UMMyHoIoGyaHHoR: A, D, E,
G 1 M., OcoBeHHOCTH CTPOSHMSA TAXENbIX Lernei
NPUAAIOT HX «IAPHMPHBIM Y4acTKaM» U C-XOH-
LEBBIM 00JACTAM XapaKTEpHYIO IS KAKIOro KNac-
ca KoHbopMmauuw. Ceg3bIBAHUE AHTHTEHA C AH-
THTEJIOM U3MEHSET KOHGMOPMALHUK KOHCTAHTHBIX
JOMEHOB TSIKENMBIX lened, YTO onpeAenser MyThb
PaspYUICHUS KOMIUICKCA B OpPraHM3Me (CBA3BIBA-
HHE ¢ OEAKAMH CHUCTEMBI KOMITAEMEHTA MAH MO-
IIOUIEHME KOMIUTEKCa GaroUMTHPYIOIIMMH KIeT-
KaMH).

HMmynornoOymmuel M — nNepBHIF Kiace aHTH-
TEN, CHHTEIUPYIOUIHHCS B palBUBAIOIIUXCA B-1uM-
doumrtax. Paznuuar 2 $opMbl MMMYyHOrI00y M-
HOB M: MoHOMepHasi, MeMOpaHHO-CBA3aHHAsA



dopMa M IeHTaMepHad, cekpeTHpyemMas B-numdo-
{IUTAMH B KPOBb.

MemOpanno-cea3annan GopMa HMMYHOTI00YIH-
nos M. Cozpepawiune B-1uMPOLIUTE CHHTEINPY-
0T MOHOMEPHBIE OMBATEHTHbIE Monexyel (M, Tio
CTPYKTYDS MOXOXHE Ha PacCMaTPHBAEMbIE BhHILIE
[gG, KoTophe BCTPAWBAIOTCA B IL1a3MATHYECKVIO
MeMGPaHy KIETOK M MIpaloT poNb TIEpBbIX aHTH-
reH-pacTo3HaWHX pelenTopoB. TTpukperuieHne
[gM k meMOpaHe OCYIIECTRISETCA ¢ MOMOLLBIO THA-
podrobHoTO yYacTKa, Haxoafmerocss B C-KoHle-
BOH («XBOCTOBO#H») OONACTH TAXKEALIX MEMeEl, co-
aepxkaiieit 25 ruapodobHBIX aMHHOKNACIOTHBIX
OCTATKOB,

B3anuMoaeiCcTRME aHTHIEH ¢ PEUIENTOPOM Ha To-
BEPXHOCTH B-nMuMdoIiUTa BHI3LIBAET €0 pPA3IMHO-
¥eHUe M oOpazoBaHHME LIENOro KIOHA JUMEPOLH-
TOB, MPOUCXOMSLINX H3 OIHOH, CTHMYAHPOBAHHON
AHTUTEHOM KIETKH., 9TOT Ki1oH B-numboruros
OyageT BoIpa0ATHIBATL MMMYHONIOOYAMHBI C OAHHA-
KOBBIMH aHTHTCHCBA3BLIBAKILMMH YdacTKaMu. O1-
Hako B-MTuM@ounTsl CrIocoOHB] MEPEeKNIOYATRCH HA
BoIpaboTKy ApYrux KIaccOB aHTHUTEN.

Cexperopras ¢gopma uMmyHornobymros M. Kor-
A3 B-7MM(OUHTHI BIIEPBBIE BCTPEYAIOTCH B XKMHA-
KOCTAX OPTaHM3Ma ¢ HEM3IBECTHBIM PaHee aHTure-
HOM, OHH CHHTE3WDYIOT W CEKPETHPYIOT B KPOBD
IgM, KoTOpbIe CONePXAT HsITh MOHOMEPHBIX CYOhe-
NMHULL, CBS3AHHLIX APYT ¢ APYIOM JUCYIWDHIHBI-
MH CBH3IMU M TOTOJHUTEABHOU TTOMUMETITHIHOH
J-uenbio (puc. 1-46).

B TsKEMBIX 1Ensix UX MOHOMEPOB OTCYTCTBYET
ruapodobHas «XBOCTOBad» 4acTh. [leHTaMepHas
MOJEKYMa CcomepXuT H} y4acTKOB CBS3bIBAHUS ¢
AHTUIEHOM, YTO 0BIeraerT BEPOSITHOCTE NPUKpPeN-
JeHUS HEU3BECTHOTO paHee aHTHTeHa K MMMYHO-
rnobyauHy (puc. 1-47).

BiauMoneiicTBHe aHTHreHa ¢ [gM U3MEHSET €ro
KOHQOPMAUHWI0 U HMHAYUMPYET CBA3LIBAHWE €ro
«XBOCTORBO» 00G1acTH C NEPBbIM KOMIIOHGHTOM
CHCTEMBI KOMIUIEMEHTA. EcMM aHTUTeH pacriono-
XEH HA MOBEPXHOCTH MHUKPOOPIaHW3Ma, aKTUBH-
POBAHME CUCTEMBI KOMILUIEMEHTA BBI3LIBAET HApY-
IIIeHHWE HEeAOCTHOCTH KIETOYHOH MeMOpaHul H
THOCML DaKTepUaabHOH XAETKM.

Hmmynornodynuasl G. B KOJMHUYECTBEHHOM OT-
HowleHkH Ig(G AOMHHHPYIOT B KPOBH M COCTABIISA~
K0T OKONo 75% oT obIuero Koldu4yecTsa 3TUX Geln-
koB, CTpoenue lgG moapoOHO OMMCAHO Bhile,
B xposn 1gG oBHAPYKUBAIOT TONLKD B MOHOMEp-
HOH GopMe; OH CEeKPETHPYETC aKTHBUPOBAHHLI-

MU B-muMcpountaMu B GOIBIIMX KOMHYECTBAX MTPH
BTOPHYHOM MUMMYHHOM OTBETE, KOIJa AaHTHIEH Mo~
BTOPHO NOMAAaET B OPraHH3M,

¥ uenopeka obHapyxkeuno 4 noakhacca gG:
IgGg,, 1gGg,, 12Gg,, 12Gg,. Hopaakosbii HOMED
YKa3blBaeT HA KOJIMYECTBEHHOE CONEPXKAHUE KakK-
JOTO MMOAKIACCE B CHIBOPOTKE (B HAHOO/BIIEM KO-
nuqectBe coepxnTes IgGg , a B HaMMeHblIeM —

0

S onsit finn o5

MonomepHan
Monexkyna

Pue. 1-46. CTpoeHHE NEHTEMEPHON CEKPETOPHON MONEKYL!
uMMyHornobynusa M.

KoMnnemeHT
g

HuanpoparHuan
a faxrepuantHan

% ; / KeTxa
#

.

Puc. 1-47. Censuisarne IgM ¢ aHTureHamu GaxrepuanbHuix
KNETOK M WX PA3PYLUISHHE SKTHEMPOBAHHLIMWA Ganxkamm cvc-
Tembl KOMITIEMEHTA.
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Puc. 1-48. DarouuTos KOMNNEKSA SHTHMEH—AHTUTENO HeliTpathunoM. A — BzauMmapeicTEne SEKTERHN, NOKPLITOR IgG, ¢ peusiTIo-
pamu HedTpodunor; B — nornoweHne Saktepun HeRTpodunom; B - nepesapusanne Gaktepun BHYTPH harocoMul HenTpodiana.

IgGg,). CreneHs TOMOMOTHH MEXAY ITHMH MO1-
KIaccaMH o4YeHb BRICOKa (okono 90—93%).

IgG He TonbKe 3hpekTUBHO CBA3BIBAIOT U MHAK-
THBHPYIOT Uy KepOIHBIE MOJIEKYITbl M KJIETKH, TIOTAB-
LUWE B OPTAHM3M, HO TaxXe obIerdart ¥x JanpHeil-
wiee ynuuroskeHne. KondopMallmoHHBIE MU3MEHEHHS
B «xBOCTOBOI» ofinacty IgGG mocsie ero B3aUMOmeli-
CTBHS C QHTHIMEHOM [IPMBOIST K CBA3BIBAHUIO W K-
TUBALHH OEIKOB CHCTEMEI KOMILIEMEHTa, KpoMe
Toro, C-kcHuerass ofjtacte IgG cnocobHa s3anmo-
JEeACTBOBATE CO CIIELLUHISCKHMU PELIEITTOPaMH MaK-
pocharcB U HEHTPOGWIOB, YTO MIPUBOANT K (arcuu-
TO3Y KOMILIEKCOB AHTUIEH—aHTHTENO W PA3pYILIEHHIO
uX B arocomax (puc. 1-48).

1gG — eOMHCTBEHHBIN KRace aHTHTEA, CIIOCOD-
Hulfl [IPOHUKATE Yepes ILIaleHTapHblid fapoep u
00eCNeUMBATE BHYTPHYTPODHYD 3alUMTY ILIOAA OT
UHPpEKLMA,

HsmyHOr00ymHHE A. OcHOBHOW Kacc aHTHU-
Tefl, MPUCYICTBYIOIIMI B CeXpeTax XeNE3 opraHu3-
Ma (CJIIOHBI, MOJOKA, MHUIIEBAPHTENBHOTO COKA,
CeKpPeTOB JBIXATENEHBIX TyTel). B CBIBOPOTKE KPOBU
ero coaepxaHue He npepbiwaer 10—15% ot obiie-
O KONMUYECTBA UMMYHOTNOOYIHHOR. MoHOMepHas
¢opMa no crpoeHyio HanoMuHaeT IgG. OnHako B
cekperax IgA HaxoAMTCA B OCHOBHOM B (opMe
JUMEpa, e MOHOMEDBL COEEAMHEHB JOMOJIHHTEb-
HOW MentnaHon ueneio J (puc. 1-49),

Ha BazanbHON MOBepXHOCTH 3MUTE THANBHLIX K-
TOK AuMep IgA cneuMbuYecKy B3IaUMOAEHCTBYET ¢
OeJIKaMM KJIETOUHOM IOBEPXHOCTH, HA3LIBACMBIMH
CCKPETOPHBIM KOMNOHeHToM, Obpasyiolniics KoM-
IJIeKC MOCPEACTBOM 3IHAOUMTO3A MOTJIOIIAETCA
BHYTPh KAETKH M NepeMelaeTca K anMKaibHOA Ja-
CTH. 31ech KOMIVIEKC MOIBEPragTes ASHCTBHIO Mpo-
TEOMUTHUYECKUX (epMESHTOB, W cBOGOOHBIR AMMED
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BBICBODOXKAACTCA BO BHEKACTOUHOS MPOCTPAHCTRO
(pHc. 1-30).

OGpa3zyiowniica npu BayMoaeicTBH IgA ¢ aH-
THTEHOM KOMILIEKC He B3aHMOIEHCTBYeT ¢ OeNKaMH
CHCTEMBI KOMILIEMEHTA H QarOUHTHPYIOIIMMH KITET-
KaMH, HO FMIPETSITCTBYET [IPHKPEIUICHHK) aHTHIEHOB
K MOBEPXHOCTH SMMTEAHANBHBIX KIETOK M MPOHUK-
HOBCHHIO KX B OPIaHH3M.

Pmmynornebymmm E. Coaepxanude 3toro kmacca
WMMYHOIIOOYIMHHOB B KPOBH KpailiHe Mano. IgE —
MOHOMEDEI, HO, B OTIHUME OT IgG, MX TSDKENbIE LEnn
€ conepxar He 3, a 4 KOHCTaHTHhIX JomeHa. [Tocre
CHHTE3a ¥ CeXpeUMM B KpoBb B-mumcounramu IgE

i - J-uens

e

MoHomep

Puc. 1-49. CTpoeHue AMMEPHON MOoReKyNb MMMYHOMNOGYnnHa A



MNoneete
NpOTOKA
Wenek

BHekneTouHoe
NPOCTRaHCTBO

Cexpevop- __,
Hiil Benok

Puc. 1-50. TpancnopT HMMyHOrnoGynuHOE A vepasa anuTenn-
ankHble KNETKW B TIPDOTOKMW XEenés.

CBA3LIBAIOTCA CBOMMH C-KOHLUEBBIMH YuYacTKaMV ¢
COOTBETCTRYIOMMH PelleNTOpaMH HAa TOBEPXHOCTH
TVYHBIX KIETOK M 0a3odhunos, B peaynbsrate oHH cTa-
HOBATCS PELEMTOPAMH AHTHTEHOB HA ITOBEPXHOCTH
JaHHbIX KneToK (puc. 1-51).

Mocie npucoenMHEHUS AHTHIEHA XOTa Obl K
IBYM aHTHTEHCBS3bIBAIONIUM Y4acTKaM IBYX CO-
cenuux IgE kneTka modyyaeT CHMTHaT K CeKpelHH

AHTUrEH

"paHyn:, —

AZNCNHeHHbIe
MCTAMUHOM,
CepOToRuHOM
M ap. L

OMOMOrHYECKH AKTHMBHBIX BEIUECTB (CEPOTOHHHA,
TMCTAMHHA), XPAHSLUMXCSH B CEKPETOPHBIX My3bIPh-
Kax. BIOpOC 3THX BElECTB B 3HAYMTEALHOH Mepe
OTBETCTBEHEH 33 PAa3BHTHE BOCTIAMMTENBHOH pe-
AKLMM, 8 TAKKE TAKMX ALIEPTUUECKMX PEaAKIIMIA,
K4K OpOHXMAnbHAasd acTMA, KpanuBHUWIA, CEHHas
Auxopazka. Yeeguuenue konudvecrsa IgE moxer
MPeNiIecTBOBATh PASBUTHIO AIEPIrHYECKHUX pEak-
JIA%1%

Humynornodymiasl D. 1gD o6HapyxeHb B KpO-
BM B 0OYEHb MaNbIX KOAHUYecTBaX. MOHOMEpHBIE
Genku MIpaT poab peuenTopos B-aumdouuTor;
apyrux ¢pyHkuuit y 1gD nioka He BBIABAEHO.

4. Cemeiicmeo T-itemounsix
AHIMUZERPACTIOINAIOUHX PeUenmopos

Ecnu antutena, BeipabatbiBaeMbie B-mumgouu-
TaMH, CBSI3EIBAIOT AHTUTE€HBI B XIWIKOCTHX OPTaHU3-
Ma (TaK Ha3blBaCMBIH T'YMOPATBHBIN UMMYHHTET), TO
T-numMpoUrTEl BE3aUMOAEHCTBYIOT C aHTUIEHaMH Ha
TIOBEPXHOCTH 3apaXEHHBIX BUPYCAMH M M3MEHEHHBIX
B PEIVIILTATE OTYXOJICEOH TpaHCPOpMaliuK CODCTBEH-
HbIX KIETOK OPraHniMa (KIETOYHbIE UMMYHUTET).
T-1MMGpOUHTE Y3HAKT AHTHTCHBI TOMBKO B KOMII-
Jgekce ¢ MoekysaMmy MHC 1 vaw 1] knacca, Takke
MPHCYTCTBYIOLIMMKM HA KNETOMHOH [TOBEPXHOCTH.

Peuenrropnt T-ymmpoupros — rerepogumepel, 1.€,
COCTOAT M3 - M B-ueneit. Kaxoas uens MmeeT nBa

——— Peyentop k IgE

Lt e BRipoc rMcTaMuHa
s .+ U ApYNX MesuaTopos
. B MEXKNETOUHLIR

Pue. 1-51. Buibpoc GMONOTHYECKH BKTUBHLIX BELECTE TYMHOW KNETKOW B DeayNbTATE NPHCOSAMHEHHMR AHTUrEHA K (PUKCHPOBEH-

HbIM Ha eé nobepxHocTM IgE.

a—2128
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HMMYHOITIOOYMTHHONOA00HBIX AOMEHA: BapHabeThHbIH
(V) u koHcTantHbA (C) (puc. 1-52). C-xoHueBbie
YYACTKH KAKIOA LSNH BCTPOSHDB B M1A3MATHHECKYIO
MeMOpady. EAMHCTBEHHBIA aHTUreHCBA3BIBANOMLMIA
YYACTOK PACIIONAraeTCsa Mexay ABYMA BApMAOC/IbHbI-
MM ACMEHAMH Va U VB. KomMuyecTBo penenTopos
T-nuMpOUMTOR ¢ pa3sHBIMH aHTHIEHCBA3BIBAIOLIIH-
MH YYICTKAMH COTIOCTABHMO C pa3HOObpaIneM HM-
MYHOLTOOYTHHOB.

CeMeiicTRO (€IKOB TMABKOTO KOMILVICKCA [HCTO-
COBMECTHMOCTH

Benku rmaBHOro KOMIUIEKCA THCTOCOBMECTHMO-
CTH BbUTH OTKPBITHL [IPH U3YHEHUM BOIPOCOB BHYT-
PUBHIOROMN Iepecadky TKaHeH, OTKyAa U npov3oL-
n0 vx HazpaHue. MX HasbiBalOoT Takxke OelkaMu
MHC (cM. Beuue), uav Geakamu HLA (ot anr.
human lymphocyte antigen — JenoBeveckHe JIHM-
(GOUUTAPDHBIE AHTUIEHBI), TAK KAK BIOEPBHIE OHU
OuLTH OOHApYXKeHbL HA THUMDOLHTAX YENOBSKA.

CymecTByeT ABa OCHOBHBIX KJIacca MOJeKyn
MHC: 1 u 1. Monekyast MHC knacca 1 pacnono-
KEHB Ha NOBEPXHOCTH TPAKTHYECKM BCEX KIETOK
OpraHusma 4enoeeka, a oeaxkn MHC xmacca 11
TOJIBKO Ha OTIPEACAEHHBIX KIeTKaX HMMYHHOM Cu-
CTEMBbl, HA3BIBAEMBIX AHTHTCHIIPENCTABISIOUIAMH
KJIETKaMU. K HUM, B MepBYI0 OuUepenb, OTHOCAT
Makpogarn ¥ B-nuM¢QoIIHTE, KOHTAKTHPOBABILIHE
¢ AHTHTCHOM,

Mogexyam MHC xnacca I — rerepoanmepsl.
OHY UMEeT OAHY NOJMUNENTMAHYIO ¢-11eNb, CBA-
3aHHYI0 HeKOBATEHTHBIMH CBA3AMM C HeDOJBIINM
BHEKJIETOYHLIM GenkoM B,-MHKPOrnoOyIHHOM.
TonunenTuaHaa o-Lenb HMEET TPH BHEKIETOYHBIX
TIOGYAAPHBIX OMEHA (o, O, &), TpaHCMeMOpaH-
HBI Y4acTOK W KapOOKCHUIIBHBIH KOHELl, ROKAIH-
30BaHHBIH B UMTOILIasMe (puc. 1-33, A). a,-ldo-
MEH H [},-MMKPOIO0YIMH HMEKT KOHQOPMaLIMIO,
HANOMWHAIOUIYIO CTPYKTYPY WMMYHOTIOOYJIMHOB.
JOMEHEI «t, ¥ (., CONCPXAT BapHabeIbHEIE Y4aCT-
KH, CIOCODHBIC CBSI3BIBATh «Pa3BEPHYTLIA» aHTH-
reH (Yallle BCETO TENTHAHBIH (pParMeHT uyxepon-
Horo Oecika), pacnoJIOXeHHbLIH HA MOBEPXHOCTH
KJICTOK.

Monekym MHC knacca II — Takke retepoarme-
pbl. OHH COCTOAT U3 JRYX MONUTIETITHIHLIX LieTei —
o ¥ [, IMEIOLIMX TIO OTHOMY KOHCEPBATMBHOMY HM-
MYHOIOOYIMHIIONOOHOMY AOMEHY M 10 OTHOMY Ba-
pHABENTLHOMY JOMEHY Ha N-KOHLEBBIX y4acTKax.
CBA3BIBAHHE AHTMIEHOB NMPOUCXOMUT B OOJIACTH Ea-
pyabenbHLIX JOMEHOB o W B-ueneit (puc. 1-53, b).
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Membpana ('f(!f(")(!f S’) ﬁfﬁf(ﬂ)

Luronnaama

Puc. 1-52. Crpoenve peuentopa T-nHMGOUMTOB.

Membpana

Uuntonnaama

Puc. 1-53. CrpoeHue Genkos MAasHOro KOMNNEREa FTMCTOCOB-
mecTumocTn: MHC knacca | (A} n MHC xnacca I (B).

YyxepoaHble 6enXM B KJIeTKe YeNoBeKa (HalIpH-
Mep, OeJIKH BUPYCHBIX YacTHLI}, B JM30COMAX MO-
BEPTalTCsA OTPAHWYEHHOMY NPOTEOIH3Y, H HEGOMNE-
1ide parMeHTH 3THX O€KOB BMECTe ¢ OelkaMu
MHC knacca [ unmu L 3kcnoHHpyIOTCA Ha MOBEP-
XHOCTH KAETOUHOH MeMOpaHbI.

Kowmruiexkcnl nerrria—6enok MHC yaHaioTes pe-
uentopami T-numdountos. B pesyabrate npoHc-
XOAWT cneunduieckoe B3auMoneicyeme (puc. 1-54),
aktupaumsa T-nuM$poLnTa M pasBUTHE HUMMYHHO
peakiiu. Tak, B3aMMOACHCTBUE LIMTOTOKCHYECKO-
ro T-numdbpounta ¢ kommrekcoM antireH—MHC 1
Ha NOBEPXHOCTH 3apaXEHHOM BUPYCOM KICTKH TIPH-
BOJIHT K BBICBODOXKAEHUIO MMMBOLIMTOM CrieliaTh-



KneTka-MUWeHb,

AapaxeHHan BMPYCOM

Monexy s C D
V\A‘\{, HenruaHbii aHturex
HA NOBPXHOCTM

N/ 3ApAXEHHCH KNeTd,
coepuHBHEBIA ¢ MHC {
Benomo- —— C D
TarenbHIA PeLenTop
Genox CO8 C D T-nnmboruTa

::E\

TuposuHHaia
Linrorokcrieckui

T-ramdcrounT

Puc. 1-54. CneuwhuuecKoe BIAMMOQSRCTENS DBLENITOPA LWTO-
ToxcHueckoro T-numounTa ¢ KoMMnexcom aHTuren—MHC |
Genkom.

HBIX D€KOB, BRISBIBAKOLIKX TTOBPEXACHHE H THOSE
3APAKEHHOR KIIETKH.

E. H300YHKIIMOHATHHBIE BEIKH

H3opyHKnnoHanbhble DeJKM — ceMelcTBa Gen-
KOB, BBITIOJIHAIOILIHX NOYTH OAMHAKOBYIO WM OJIH3-
KyI0 (DVHKIIHIO, HO HEOOMBIHE 0COOEHHOCTH CTPO-
eHMS] U (PYHKLUWOHHPOBAHNA HEKOTOPBIX UYNEHOB
3TOrO CEMENCTBA MOFYT HMETh BaXHOES (PU3IHONO-
ruyecxoe 3HaueHHe. [puMep TakHx 6¢IKOB — H30-
¢opmel remornobrHa yenoseka: HbA, HbA2, HbF
M OpYTHE, PACCMOTPEHHLIE BhILTe, Bce oHM npea-
CTABIAIOT CODOH TETpaMephbl, HO COCTOAT M3 pas-
HOro HaGopa npoToMepos o, B, v, 8. I'eMornoGUHB
BBITTONHAIOT OJHHAKOBYIO (PYHKIMK — MPHCOEIH-
HAI0T O, M TIEPEHOCAT €10 B TKaHH. OOHAaKO Kax-
HABIA U3 HEX 00nagacT PyHKIIHOHATBHHMH 0CO0eH-
HocTaMH. Tax, reMornoonu F umeer Gonbluee
cponcTBo K O,, yem HbA, n Hiaromaps sromy obec-
neunpaeT Aubdysmo O, or HbA H3 KpoBH MaTepH
K HbF B kpoBu mnoxna.

H30bemEr — MHOXECTBEHHBIC (hopmel DenKa, 06-
HAPYXHMBACMEIC B OPraHH3MaxX OgHolo BMIA. ben-
KH, BLIMOTHAKIINE OTMHAKOBHE (DYHKITHH B Opra-
HH3MaxX pa3HbIX OHOJIOTHYECKMX BHAOB, HOCAT

HAa3BaHME <rOMONOTHYHbE Gemkn». Hanpumep, mm-
TOXpoM C — MUTOXOHAPHAIBHBIN GenoK, yUacTBY-
OWHA B OUONOrHYECKOM OKHCICHWH, [IPHCYTCTBYET
¥ MHOTHX BHAOB XHBOTHBEIX. Lluroxpombel C KypH-
bl M YTKH OTIHYAIOTCA JIMILE ABYMS aMHHOKHC-
JIOTHBIMH OCTATKAMM B NEPBHYHOH CTpYKType,
BBITTOJMHSIIOT OOHHAKOBYIO (DYHKUMIO, HO TaK KakK
OHM NPHHANICKAT Pa3HBIM BHAAM, TO MX OTHOCST
K TOMOJOTHYHBEIM OC/IKAM.

K H3006e1KaM OTHOCST TAKKE MHOXECTBO H30hopM
CTpYKTYpHOTO Oenka komnarcHa (cMm. pasaen 15).
MHorne gepMeHTB HMEIOT HEeCKOTBKO H30hopM U
HOCAT Ha3BaHMe H30(hepMeHTOB (CM. pasaen 2).

Vil. ®PUSUKO-XUMUYECKUWE
CBOWUCTBA BENKOB U METOAbI
UX BbIAENEHUSA

BaxkHoe MecTo B OHOXMMHHECKHX HCCACAOBAHH-
SIX 3aHMMAET BBIZCNCHME HHIMBUIYATbHBIX OSNKOB
W3 OpPraHoB H TKaHeH. OYHIUEHHbIE HHIMEMIY1b-
HBle DeNKM HYXHBI [T M3YYEHHS UX TEPRUYHON
CTPYKTYDBI, TIOMYYEHHA KPHCTAIOB OeKOB ¢ Lie-
JIBIO MCCTEAOBAHHS MX NPOCTPAHCTBEHHOH CTPyX-
TYpEl METOAOM DPEHTTEHOCTPYKTYPHOrO aHanu3a,
YCTAHOBNEHHA B3aMMOCBSI3H MEXIY TEPBHYHOI,
NPOCTPAHCTBEHHOH CTPYKTYpoii Oenka H ero ¢H-
KLHEH.

HexoTtopuie ouHllicHHEIE HHAHBHAYATLHEIE BeT-
KH HCTOJB3YIOT B MEOWLIHHE KAK JIEKAPCTBEHHBIE
Mpenaparkl, HaNpMMED FOPMOH HHCYAMH IpPHMe-
HAKWT [UTA edeHHS caxapHoro aMabera, a nullepa-
pHMTeNbHBIE (PEPMEHTH TOMXKEIYAQUHOH XETe3bl
HA3HAYAIOT TIPH HapyLIeHHH e€ QyHKIMA B Kaue-
CTBe 3aMECTHTENLHOH Tepanud. KpoMe TOro, o4ym-
WeHHBIE GepMeHTBl 4acTo HCMOJL3YIOT B OHOXH-
MHMECKMX MCCICAOBAHMAX B KAYECTBE XMMHYECKHX
PEAKTHBOE LI ONPEAEICHUA BELIECTB B OUOIOTH-
YeCKUX XKHIKOCTAX.

BOJBWHHCTED METOAOB, MCNOMB3VEMBIX IS
OYHMCTKH HHAMBUAY&IbHHIX O€JIKOB, OCHOBAHO Ha
PA3THYHAX MX (PHIHKO-XHMHYECKHX CBOMCTB, a
TAXXE BOZMOXHOCTH CneurdbpuyHO CBAIBIBATHCA C
JIUTAHJOM.

A. OU3HKO-XUMHIECKHE CBOFICTBA BEJIKOB

HunyBnnyanbHble Gejky painMyaroTes No CBO-
HM (DHIMKO-XMMWUECKWUM CBOMCTBaM: (GopMe MoO-
JICKYJ1, MONEKY/APHON Macce, CyMMapHOMY 3apsiiy
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MONEKYJbl, COOTHOLIEHWIO MONSPHBIX H HEMOIAp-
HBIX TDYIII HA MOBEPXHOCTH HATHBHOI MOJIEKYNbl
fenka, pacTBOPUMOCTH GeJIKOB, A TAKKE CTEMEHH
YCTOWYMBOCTHA K BO3IEHCTBHIO TECHATYPHPYIOLIHX
ATeHTOB.

1. Pairuuun Geaxoe no hopme mosexya

Kak yxe ropopunock Bhilie, 1o GopmMe MOTeKyI
BefIKM 1enAT Ha T1oBynsapHble U (HOPWUIPHBIE.
InobynsapHble 6enkn HMEWT 60/1€¢ KOMITAKTHYIO
CTPYKTYPY, HX THApohoOHEIe pagHKanb! B 60BLIHH-
CTB¢ CBOEM CIIpSITAHBI B THAPOPODHOE SIPO, U OHU
3HAYUTENBHO JIYYLLE PACTBOPUMEI B XKHAKOCTSX Opra-
HHA3MA, 4eM OUOpWLISAPHEIE OelKH (MCKITIOUEHHE
COCTARMSAIOT MeMOpaHHBIE GEMKH).

2. Pazsimun Geaxoe no Mosexyanprod macee

Benku - BBICOKOMOMEKYAIPHLIE COETMHEHWA, HO
MOCYT CHIBHO OT/IHYATECA 110 MOJIEKYNAPHOU Mac-
¢e, Kotopasg konednerea ot 6000 o 1 000 000 A u
BEILEe. MonekysipHas Macca Genka 3aBHCHT OT KO-
TUYECTBA AMMHOKHCIOTHBIX OCTATKOB B MOMUMEM-
THAHOU UMM, a AN QJIMTOMEPHEIX 6EIKOB — H OT
KOAMYECTBA BXOAALIMX B HEN0 NPOTOMEPOR (HIH
CYOBeIHHMIL).

3. Cymmapnotii 3apag Geaxos

bBeIKH UMEIOT B CBOEM COCTABE PAlUKAIBL JIM3H-
Ha, aprHHWHA, THCTHAWHA, TIYTAMWHOBOH W acna-
ParMHOBOI KHCIOT, coflepXallive (PyHKIIMOHATRHbIE
TPYIIbl, CNIOCOOHBIE K HOHW3ALMH (MOHOTEHHBIE
rpymusl). Kpome Toro, Ha N- u C-KoHIIax nonu-
NENTUIHBIX LEMeH HMeloTCd ot-AMHHO- B t-KapOoK-
CWJIbHAS TPYIINLL, TAKXKe CMOCOOHBIE K HOHM3ALMH.
CyMMapHBIH 3aps BeNKOBOH MOMEKYbI 3aBUCHT OT
COOTHOUIEHHS HOHW3WPOBAHHEIX AHUOHHBIX paaM-
Kanoe Iny 1 Acn M KaTMOHHBIX paaukatop JIua,
Apr wn T'uc,

Crernedb HOHM3AUMKM DYHKIMOHAIBHBIX TPYNI
I3THX pagukanos 3asucut ot pH cpeaes. [Ipn pH
pacTBopa OKOJM0 7 BCE MOHOTEHHBIE TPYMIIBL HeNKa
HAXOQITCA B HOHM3WPOBAHHOM COCTOSIHMHE. B kne-
JIOH cpeme YBENWYEHUE KOHUEHTPAUWH MPOTOHOB
(H*) npuBoauT K NMOAABNEHHIG AUCCOLMALIMM Kap-
BOKCHIBHLIX TPYIT W YMEHBIIEHUID OTPHMIIATENh-
Horo 3apsaga Geakos: -COO "+ H* -» -COOH,
B wenounoil ¢cpene cesispiBaHHe H30bTKa OH™ ¢
NMPOTOHAMY, OOPA3YIOLMMHUCA TPU AMCCOITHAITHEA
NH,* ¢ o0pazosaHueM BOIAbI, TIPHBOAUT K YMEHbB-
LWEHUK MOAOKHUTEIBHOIO 3apaaa Oe/IKoB:
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-NH,*+OH™ - -NH, + H,0.

3uauenme pH, npu koropom Henok npuobpe-
T4eT CYMMApPHBIH HYJIEBOH 3apaa, Ha3bIBAKOT «H30-
3JeKTpHUeCKAd ToYKa» M obo3navawT Kak pi. B
H30UICKTPHYECKOH TOYKE KOMMYECTBO MONOXM-
TEABHO KW OTPHLATENbHO 3aPSLKEHHBIX rpymin Gen-
Ka OAMHAKOBO, T.¢, BENOK HAXQAUTCA B U3DINEKT-
PUYECKOM COCTOSTHHH.

Tak Kak GonbMIMHCTBO GENKOB B KJIETKE HMe-
€T B CBOEM cocTaRe Gonblue AHMOHOTEHHBIX TPYIII
(-COO7), TO H302AEKTPUYECKAA TOYKA 3THX Ben-
KOB JIGKHUT B cnaboKUcaoi cpeae. M3o3nekTpu-
yecKasd Toyka OeNMKOB, B COCTaBe KOTOPRHIX Npe-
061a04I0T KATUOHOTEHHBIE TPYINBI, HAXOAHTCH
B WeNoYHoM cpee. Haubonee apkuil npuMep ta-
KHX BHYTPUKJIETOUHBIX OeNKOB, COASpXAallIuX
MHOTO aprUHHHA U JIH3AHA, — FHCTOHBL, BXOJIA-
LIIME B COCTaB XpPOMATHHA.

benky, HMEOLUIHEe CYMMAPHBIH ITONOXHMTEb-
HBIH AW OTPHIIATEIBHBIH 3apsam, Jy4dile pacTBO-
pPHMBI, YeM BENKH, HAXOAAILMECST B U30CKTPH-
yecKod Toyke. CyMMAapHBIH 3apsad yBEJIHUMBAET
KONMHYECTBO AUMNOACH BOABI, CNOCOOHBIX CBA3RI-
BaThes ¢ OENKOROM MONEKYAON, W MPendaTCTBYST
KOHTAKTY OJHOMMEHHO 3apsKEHHBIX MONEKYI, B
PEe3YALTATE PACTBOPUMOCTE OCAKOB YBEMHYHBA-
ercA. JapaAxeuHble OeIKM MOTYT IBHIATHLCA B
EKTPHUYECKOM NOMe: AHHOHHBIE OENKH, HME-
IL[He OTPHULATEILHBIA 3apai, GyAYT ABUTATECA K
NOJIOXWUTENEHO 3apsXeHHOMY aHomy {+), a Ka-
THOHHBIE OCJIKH ~ K OTPHLATEJbHO 3apAXEHHO-
MY Katoay {—}. belKu, Haxoasuiuecsa B H303JIeK-
TPHUYECKOM COCTOSIHHHM, HE MEPEeMEIAOTCA B
INCKTPUUECKOM NONE.

4, Coomnowenyue noasapusix i RenoAAPHbIX
2Pynn Ha NOGEPXHOCHIN HAMUGHLIX MOACKYA
Geakos

Ha noBepxHOCTH GONBUIMHCTEA BHYTPUKISTOU-
HhiX GeNKOB TIPeotaanaoT MONAPHLIE PamHUKAIhbl,
040HAKO COOTHOWEHHUE TNOAAPHLIX U HECNOJMTAPHBIX
TPYIIN OTIAYHO [JIS1 pa3HBIX MHIWBHIYAIBHBIX Gel-
KoB. Tak, NpoToMephl OJIMrOMEPHBIX OEAKOB B 06-
JacTM KOHTAKTOB APYr ¢ APYTOM 4HacTo COMEpXaT
rnapodobHble panukansl. TlosepxHocTH Denkos,
(OYHKUHOHHMPY IOILMX B COCTaBe MeMOpaH MM IIpH-
KPEILISIOUIMECS K HAM B mpoliecce (YHKIEHOHM-
pOBaHMs, Takxe OfOraleHsl rnapodoOHBIMUA pa-
aukanami. Takue GelKH Jydille PACTBOPHMEI B
JHIMAAX, YeM B BOAE,



3. Pacmeopumocms Geaxos

PactBopuMOCTE OSIKOE B BOAE 3ABUCHUT OT BCeX
MepeYHCIeHHBIX BbILLE CBOUCTB DEnKOB: (POPMBIL, MO~
JIEKYASIPHOM Macchl, BEMMYMHBI 3apsaa, COOTHOWIE-
HMA MOJAPHEIX M HETIONAPHEIX (PYHKILIHMOHANBHBIX
rpynn Ha IoBepxHocTH Oenka. KpoMe aToro, pacTso-
PHMOCTh DE/IKA ONpPeAcnsieTcs COCTABOM pacTBOPH-
TensA, T.6. HANMMYMEM B PAcTBOPE IPYTHX PACTBOPEH-
HBIX BelllecTB. Hampusep, HeKoTopble DEIKH nerde
PacTROPSIOTCA B CJ1aD0M COMEBOM PAcTBOpe, YEM B
IUCTWUIMpOBAHHOM Boge. C Apyroii CTOpOHWI, yBe-
JNHUYEHHE KOHLUEHTPAUHH HEATPAIBHBIX COIEH MOXET
CIIOCOOCTBORATE BBINAASHUK) ONpeaeieHHb Oe/lKoB
B 0CanoK. JJeHaTypHPYICIIIME AreHThl, NIPHCYTCTBYHO-
IHHE B PACTBOPE, TAKKE CHIKAKT PacTBOPUMOCTh
OENKOB.

B. METOABI BBIAETEHHUA W OYHCTKH BETKOB

[NonyueHWe WHAHBHMAOYANBHBIX OENKOB M3 OHO-
NOTHYECKOro Marepuana (TKaHeid, OpPraHoB, Kie-
TOMHBIX KYABTYp) TpeOyeT NMpoOREeNeHUS MOCIEN0-
BATENbHbLX OMEPAIH, BKIIOYAKIIUX:
» 1pobieHHe CHOMOrHYECKOrO MATEPHANIA M pas-
PYLIEHHE KAETOYHBEX MeMOpaH;

o QPAKUNAOHHPOBAHHE OPraHEeNN, COAEpXALINX
Teé WIH UHbte DENKM;

e IKCTPaKiMIO Oenkor (MepesBog MX B pacTBO-
PEHHOE COCTOAHUE);

s pasnencHue cMecH O6eJKOB HA MHIUBUIYAJb-
HBIle DETKH.

1. Memodu: pazpymenun mranei
u Ixcmpakuuu Heaxos

Jlnsa paspylieHus GHONOrHYECKOI0 Marepyaia
HCIOMb3YIOT METOIBI: TOMOTEHU3IAIWK TKAHHM, Me-
TOA TIOTIEPEMEHHOTO 3AMOPAXHBAHMS W OTTAHMBa-
HMS, 4 TAKKE 00paloTKy KNETOK yNbTRA3BYKOM,

T'omorenn3auya SHOMOTHYECKOIO MATEPHANA

Tkaup, Haxoasywocs B OyepHOM PacTBOpE ¢ OIl-
penenéHHEIM 3HadygHueM pH M koHueHTpauMer co-
Jei, TTOMEIIAIOT B CTEKIIAHHEI coCya (TOMOreHmaa-
TOP) C MECTUKOM. Bpatuarouimiics necTrk uamMenbvaet
M pacTUpaeT TKaHb O TIPUTEPTHIE CTEHKH COCYA.

MeTon 3aMOPAKMBAHHA M OTTAHBAHMA TKAHU

B peayabTaTe MOMEPEMEHHOrO 3aMOPAXMBAHUA
W OTTAaWBaHHUA OOPA3YIOUIMECS KPUCTANNKLI JbA
paspyualT 0GOI0YKH KIETOK.

Itocne pa3pylleHHs TKaHM HEPACTBOPHUMBIE Ya-
CTH 0CaXaaloT UeHTpudyrupoBaHueM. TTocaenyio-
mee DeHTpHGYIMPOBAHKE MOMOICHATA ¢ pasHOU
CKOPOCThIO NMO3BONAET MOTYUYUTh OTAETbHbBIE (PpaK-
LIMK, COAEPKAllLME KIETOUHEIE SApa, MUTOXOHAPHH
U APYrUe OpraHellibl, a TAKKE HaZ0CaI0uHYI0 XUI-
KOCThb, B KOTOPOH HaXQIATCs PACTBOPHMBIE OSTKH
LIMTO30018 KIeTKU. Mekomblit 6enok Byaet coaep-
XAThCSl B ORHOH M3 3THX (PAKLMKH.

DKCTPaRKUHS OeJIKOB, CBA3AHHBIX ¢ MeMOpaHAMH,
H PaspyleHHe OJMIOMEpHRIX De/IKOB HA npoTo-
MEPbS

Ecan MCKOMBIH DEJ0OK NpPOYHO CBH3aH ¢ KaKu-
MH-THOO CTPYKTYPaAMH KNETKM, €ro HeoDXOIUMO
NepeBecTH B pacTBop. Tak, M1a paspylIeHHa ui-
pothoBHBIX B3AHMOICHCTBHI MeXny OenkaMmi U
JTUMKHAAMH MeMOpaH B pacTBOp J00ABIAIOT ASTEp-
[E€HTBL; Yallle BCEro HCIONB3YIOT TPUTOH X- 100 Win
JONeIMNCYNLGAT HATPHSL.

MexaHu3M AciiCTBUS IETEPreHTOR ONMKCAaH B pas-
nene «deHatypauns Genkop» (cM. puc. 1-15). Tpu
NeUCTBHM JNeTEepreHTOB ODBIYHO pa3pylIalTCca H
ruapohoDHBIE B3AHMOOSHACTBUSL MEXKOY TPOTOME-
PAMH B OJIMTOMEPHBIX DeKax.

VYianenue U3 pacTBopa HeDETKOBBIX BELIECTB

HykneHoBbIC KHCIOTH, JHIWUAB H APYTUE HE-
HeNKOBRIE BELIECTBA MOMKHO VIATUTH U3 pacTBOpA,
UCIIONB3YA UX OCOGeHHbie MU3INKO-XHUMHYECKUS
CBOHCTBA. Tak, MUMMIEL JIErKO YIANAKTCH W3 pa-
CTBOpa NoOAaBIeHUEM OPraHUYeCKUX PAcTBOPUTE-
nel, HampuMep aleToHa. OOHAKO BO32eHCTBHe
JOIDKHO OBITh KPATKOBPEMEHHBIM, TAK KaK aETOH
BbI3bIBACT JEHATYpALMI0 HEKOTOpeIX Oenkop. Hyk-
JIEMHOBBIE KHCJIOTH 0CaXIAT N00ABIEHUEM B pa-
CTBOP CTPENTOMHLMHA.

2. Memodu owucmrcu Geaxos

HauGonee TpynoéMKHii 3Tan NMoAyyeHWs WHIW-
BHIYANBHBIX OEIKOB — MX OUHCTKA OT APYrux Hen-
KOB, HaXOOALWMXCH B PACTBOPE, MONYYEHHOM M3
JaHHOR TKanHu. YacTo u3yyaeMblil 6e10K MpHCYT-
CTBYET B HeOONbLIMX KONMYECTBAX, COCTABMAIOLLIHUX
JOAW NIPOLEHTa OT BCeX DeNKOB pacTBopa.

Tak Kak Geaxu 06Ia73I0T KOHMDOPMALMOHHOMN
NaGUNbHOCTRIO, NpU paboTe ¢ GeakamH c/eayeT
u3beraTb ASHATYPUPYIOLIHX BO3ASHCTBHR, MOITO-
MY BBUIEJIEHHE U OUHCTKA OEIKOB MPOHCXOMAT MpH
HH3KHX TeMIIEpaTypax.
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Ha mepBbIX CTAAMAX OUHCTKH DefKOB Leneco-
00pasHO MCIONBL3IOBATL METOALI, Y4HMThIBAIOLHE
Kaxyw-THOO XapakTepHYyKy OCOGEHHOCTh AAHHOTO
0e/1xa, HanmpuMep TepMOCTadMIIbHOCTE MIIH YCTOM-
YHBOCTE B KHC/AbIX pacTBopax. IlepBeIMM MeTOma-
MH CYMCTKH HEODXOOWMO YIUIMThL H3 pacTBOpa
OCHOBHYK Maccy OalnacTHBIX O€JKOB, KOTOPHIE
3HAYUTENLHO OTVIMYAIOTCA OT BhlOensieMoro Oenka
(DU3MKO-XMMUYECKHMH CBOMCTRAMK. BriocneAcTEHH
IMIPHMEHAIOT BCE OoNee TOHKHE METONBI OYHMCTKU
fenxa.

OuncTka 6e1K0B W3IOHPATEIBHON AEHATYPALHEH

bonabuHHCTBO OCIKOB ACHATYPMPYET W BbiNa-
JAaeT B OCANOK yxKe TPH KPATKOBPEMEHHOM Ha-
rpeBadMH pacTeopa Ao 50—70 °C uau roaxkucre-
HUH pacTBopa 10 pH 5. Ecam shiaenaemblii Genok
BBILASPKUBACT 3TH YCJIOBHUA, TO ¢ MOMOIIBIO W3-
OupaTenbHON AeHaTYpalliH MOXHO YOANHTE G0Jb-
K0 YacTh TIOCTOPOHHHX OETKOB, OTOUABTPORAB
BBIMABIIHE B OCAI0K OIKH, MK OCAAUTh UX LeH-
TpUGYTUPOBAHHUEM.

Bricameaune

MeTton O4uMCTKH O€/IKOB, OCHOBAHHBIH Ha pa3-
JHUMAX B HX PaCTBOPMMOCTH IIPH Pa3HON KOHIICH-
TpauuK ¢oaM B pacTeope. ConM 1IENOYHBIX H 1ME-
JIOUHO-3eMETbHEIX METALIOB BhI3bIBAIOT 00paTuMoe
ocaxicHue OeNKoB, T.€. HOC/ie UX yaaneHHsa OenKu
BHOBb MpHOBPETAIOT CNOCODHOCTh PACTBOPATLCH,
COXpaHsAs MIPH 3TOM CBOM HaTHBHBIC CBOICTEA.

Yawe Bcero mwisl pasgeiIcHHS OCAKOB METOIOM
BBICANIMBAHVSI HCIIOABL3YIOT Pa3HbBIC KOHLUEHTPALHH
cojteii cypdaTa ammonua — (NH,),SO,. Uem penite
pPacTBOPUMOCTE DeAKa, TeM OOaBIUAS KOHUEHTPA-
M COJIH HeoOXoIoMMa Ans €ro BEICATMBAHNA,

Tenb-uIbTpanms, WIH MeTol MOMCKYJHPHBIX CUT

HOna pasgeneHus BeKOB YACTO NCNOTL3YIOT Xpo-
Marorpauueckme MeTolbl, CCHOBAHHBIE Ha pac-
MpeAeAcHHH BelHecTs MeXIy AByMs (pazaMK, oaHa
H3 KOTOPbIX MOABMXKHAs, 4 APYyras HeIONBLIKHAS.
B ocHOBY XpoMaTOrpaPUuecKHx METOAOB NOJIOXE-
HEl pas’HbIe OPHHLHKIIBL Tedb-(PUIBTPALHN, MOH-
Horo obmeHa, aacopOLUHH, OHONOrMYECKOro Cpot-
CTBA.

Meron pasmeneHunss 0€1KOB C MOMOLUBKD [E€7Tb-
(GuabTPALIMOHHOM XpoMaTorpacdMi OCHOBAH Ha
TOM, YTO BEWIECTBA, OTAHYAKOIIMECH MOIEKysap-
HOH MAcCoil, NO-pazHOMY pPacnpeJeisioTes MEXAY
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HeNOABMXKHOM M NOABWXHOIK daszamu. XpoMaror-
padwueckas KOAOHKA 3anOMHAETCS TpaHymaMu
MOPUCTOrO BelecTea (cedadekce, araposa u ap.).
B crpykType nonucaxapuia obpasyrrca noneped-
HEIE CBA3K U QOPMHUPYIOTCA TPAHYIHL C «TIOPAMH»,
Yepes KOTOphIC JIETKO IPOXOIAT BOJA M HU3KOMO-
JICKYJISIpHLIE BellecTBa. B 3aBHCUMOCTH OT YCIO-
BHA MOXHO (POpPMHpOBATh TpaHylibl ¢ pasHOH Be-
JHYHHON «Nop»,

HenogsuxHas ¢asa — XMIKOCTh BHYTPH Tpa-
HYJI, B KOTOPYIO CNMOCOOHBI MPOHMKATh HH3IKOMO-
JIEKYJISIpHBIE BElHEeCTRa U OeNKH ¢ HeGOoAbIIOH MO-
JEKYIApHOH Maccoll, UMech OeaKOB, HAHECEHHYID
Ha XpoMaTorpaHyecKy0 KOJOHKY, BhIMBIBAIOT
(NMIOHPYIOT), TPONMYCKAH 4Yepe3d KOMOHKY pPacTBO-
puTeIb. BMecTe ¢ OpOHTOM pacTBOPHUTENN ABHXYT-
CH W CaAMBIE KPYTIHBIE MOJEKYRI,

bosee Menkiie MOJIEKYIIBL AA(PQYHAHPYIOT BHYTPh
IpaHya cedhaiekca MU HA HEKOTOPOS Bpema Mofana-
0T B HENOJBMXKHYK a3y, B PEe3YNLTATE 4Ero Hx
NBHXEHHE 3anepxuBaerca. BeinuMHa nop onpene-
JAET PasMep MoJeKys, CIMOCOOHLIX TIPOHUKATH
BHYTPL rpanyn (puc. 1-33).

Tak Kak renieras cTpyxTypa cedalekca Ierko je-
dopmMHpyeTCa OO AABICHUEM, TeAM CTATH 3aMe-
HATE 60nee XECTKMMK MaTpuliamy (cedakrun, ToH-
OTepA), NPeACTARISIOIIMMH chepHUECKHe TPAHYBI
¢ pa3HbIMH pasMepaMu nop. Buibop pasMepos nop
B I'paHyJIax 3aBUCHUT OT ueneil xpoMarorpaduu (o
IPYTHX XpoMaTtorparueckKux MeToaax OVIAET cKa-
3aHO HHMXE).

Yaerpapearpuyruposanue

MeTon pasmeJeHWA Taxxe OCHOBAH Ha paifiv-
YUK B MONEKYAApHuX Maccax 6Genkos, CkopocTs
CEMMMEHTALIHH BELICCTE B IIPOLIECCE BpallleH#s B
VIBTPAUEHTPUDYTE, IIe UEHTPOGEKHOE YCKOPEHHE
pocturaer 100 000—300 000 g, nponopunoOHANTEHO
ux MOJTeKYJSIpHOM Macce, Ha noeepxHocTh Oydep-
HOTO pacTBOpa, IOMELEHHOTO B KIOBETY, HAHOCHT
TOHKHH cl10H ¢MecH benkob. KioBery MOMEIAIoT B
porop ynerpaueHrpudyri. [Ipu BpauleHHN poTo-
pa B TeyeHe 10—12 4 Bonee KpyTiHbIE MOJIEKYJIbI
(¢ BonbuIed MOMEKYAspHOH MaccoH) ocenaloT B
OydepHoM pacTBope ¢ DOMBILEH CKOPOCTHO. B pe-
3yNLTaTe B KIOBETE MPONUCXOAHT PACCAOCHHE CMECH
0e/KOB HA OTAEAbHBIE PPaKUUHK ¢ PAZHOH MONEKY-
napuor Maccoit (puc. 1-56). Tlocae paccnoeHms
GeIKOBLIX (DPAKLME AHO KIOBETH TIPOKALIBAIOT
HUIJIOH U MO KAILUIAM COOMPAIOT COAEPHUMOE HeE-
SOABUIMMH NOPLUMAMH B MPOOHPKH.



.
.
« P
-

.
s
[ 1]
«®
*

o0
OgO
QO

O
O

O
O
O

CMeCh BLICOKOMONEKYNAPHBIX
""" ¥ HU3IKOMONEKYNAPHLIX Genkos

KonoHka, aanonHeHHan
rpanynamuv cedragexca

O
O

=N

O

_/

O

pezd
b

KpynHpie Monekynsl —
benka BHyTpb rpamyn
HE Nonafarf

O
O
O

Huakomonexynaprwe benkm
" NpOHMKAIOT B rpanynsl cedha-
Aekca

BoicokoMonekynapHbie Genku
NpOXCOAT MeXOy rpaHynaMu

O
O

=N

O

_/

OOOQO
A4 Ay

[ Paapgenenue Gankoe Ha
| chpakuum

o-gggor

—

. EBenxkobuie
: - thpakumn
g

Puc. 1-56. Kioseta, sanonHenHas SythepHbiM pacTBOpoMm ©
pasgenénnsiMy GenKoBbiMu PaNuMAMK.

BaexTpodopes Oenkon
MeTon OCHOBAH Ha TOM, UTO TIPH OMpeAcNEH-

HOM 3HavyeHnd pH ¥ WoHHOW cHIH pacTBopa Oen-

Puc. 1-55. Paapenenne cmecu Senkos METOROM renb-thURLTPALIMHA.

KM JABHTAIOTCA B JICKTPHYECKOM TI0AE CO CKOpOC-
TBIO, MPONOPUNOHANTBHOH HX CYMMAPHOMY 3apsay.
Beski, UMEKILUE CYMMapHbLIR OTPHUATENbHBIN
3apaa, ABUTAKOTCA K aHoay (1), a MONOXHTEILHO
3apsKeHHble 0enKy — K karoay (—).

Dnektpodopes NPOBOAAT Ha pa3sAHYHBIX HOCH-
Tenax: ByMare, KpaxMaibHOM Tea¢, NoJHakpuna-
MHAHOM Tefie W ap. B oTavune ot snekTpodopesa
Ha OyMare, rie cKopocTe ABHXEHUS OCIKOB NMpo-
MOPIHOHATBHA TOMBLKO HX CYMMapHOMY 3apaiay, B
MOJHAKPUAAMHAHOM Teie¢ CKOPOCTb ABHXCHHUA
6enK0oB NPOTIOPUHOHANBHE HX MOJICKYAAPHBIM
Maccam.

Pazpeuaowasn cnoco0HOCTD anekTpodopesa B rio-
JMHAKpUIAMMIHOM Teae Bbilde, ueM Ha Oymare, Tax,
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npu snekTpodopese OEIKOBR CHIBOPOTKH KPOBM e~
JOBeKa Ha OyMare o0HapyKMBAIOT TOWIBKO § MIaBHbBIX
dpakimit: anebyMUHbL, O, -TO0YJIMHLL, O, -LI00yAN-
HEl, §-rMoOYAMHBL U y-0100ynMHB (puc. 1-57). Dnek-
Tpodopea Tex ke HelKoR B MOTHAKPUIAMUIHOM Tefe
NMO3BOJIAET NOAYYUTh A0 18 pazmunbix ¢ppakuuit, s
ofbHapyxcHHWsT GENKOBBIX (PpaKIIMH MOJIOCKU GyMaru
WK CTONIBMKH Teitsi 00pabaThiBAIOT KpacHTeNeM (yailie
BCero OpoMdeHOIOBLIM CUHMM HITH aMHIOBBIM 4€p-
HbIM), OKpalIeHHbIA KOMILTEKC GENIKOBR ¢ KpacHTe-
JIEM BBEBIBASICT pacrOIOKEHHE PalNMYHBIX PpakuMi
Ha HOCHTEJIE.

HonoobMennaa xpomarorpacun

Tak xe kak W MeKTpodope3, MeToA OCHOBaH
Ha pasfeneHrM OeIKOB, PATHYAIOWMNXC CyMMap-
HBIM 3apsiAoM TIpH ONpeneféHHBIX 3HaYeHusx pH
W HOHHOMH cunbl pacTeopa. Tlpu nporyckaHuu pa-
CTEOpa BEJTKOB Yepe3 XpoMaTOrpapUIecKyID KOJI0H-
KY, 3aNOJHEHHYI) TBEPALIM MOPHCTHIM 3apsSKeH-
HbIM MATEPHATOM, YacTh OeJIKOB 3aJepXUBaeTcs
Ha HEM B peaynbTaTe IAEKTPOCTATUYECKMUX B3aH-
MOAEHCTBUH.

B kauecTBe HEMOABHXHOH (ha3kl UCTOABIVIOT
HOHOOOMEHHUKM — TIONUMEPHHBIE OpraHHYeCcKUe
BELUECTBA, COOEPXKALIMe 3apsiKeHHblE (BYHKIIHO-
HAaNbHBIC TPYTINEL.

Paznyuair NONOXKHTENbHO 3apSiKEHHBIE aHHO-
HOOOMEHHHMKM, CPCAM KOTOPBIX Hauboace 4acTo
HCITOABIVIOT AMSTHIAMHHOSTUALE/UTION03Y (IDAD-
UEJLTIIO3Y), COOEPXKALLYIQ KATUOHHBIE TPYINbl, W
OTPULIATENBHG 3apsiXeHHble KATHOHOOOMEHHHKH,
Hanpumep KapbokcumeTHInemonody (KM-men-
JMIO03Y), COASPXKAWYHY AHMOHHLIE TDPYIINbI.

+* CH2_ CH3 _
-0O-CHyCHz-N -0-CHz-COO0
H CH:-CHs
OuatmnamiHsTanuennenosa KapGoxkcuMeTUnug nnnosa

Bribop HoHOOOMEHHUKA CIIpEAeNacTCA 3apaaoM
BhigensgemMoro Genka. Tak, 4 BblAeJICHHS OTpHIIA-

y-I"noSynuHel

AnbByMuH o, oz P

Puc. 1-57. SnexTpothopes 58NKOB CLIBOPOTHH KPOBH 3A0pO-
BOrO 4enosexa Ha bymare.
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TEJILHO 3apKeHHOTro Geflka HCIOIL3YIOT aHUQHO00-
MeHHHK. [Ipy nporyckaHWH pacTBopa Genka yepes
KOMCHKY TIPOMHOCTL CBA3LIBAHUS 0efKa ¢ aHHOHO-
OOMEHHHMKOM 3aBHCHT OT KOAHYECTBA OTPULIATEILHO
3APSLKEHHBIX KApOOKCHILHBIX TPYIIIT B MOJIEKYJIE.
benky, aacopbUpoBaHHLIE Ha AHMOHOOOMEHHMKE,
MOXHO CMbITk (MIOMPoBaTh) OyhepPHBIMH pacTBO-
PAMH C pa3THYHOM KOHUEHTPALUMER COTH, YallE BCETO
NaClI, u pasasiMu 3naveHisamu pH. Homer xnopa
CBSI3BIBAIOTCA € TMOJIOKUTENBHO 3apsDKeHHBIMU (hyH-
KUUOHAMBHEIMU [PYINIAMH AHHOHOOOMEHHUKA U
BBITECHAIOT KapOoKCWIbHbIE Ipynnbl Oesikos. Ilpn
HH3KHX KOHUGHTPAUMSIX CONMH ITIOMPYHOTCA OesIKH,
¢1abo CRA3aHHBIE ¢ AaHHOHOOOMeHHHUKOM. TlocTereH-
HOE YBEJIMYEHWE KOHLUEHTpAaIH COMH WIH N3MeHe-
HKe pH, vTo MeHsieT 3apsin OeIKOBOH MOJIEKYAEL, TTPH-
BOAMT K BblAEJCHHIO OeNKOBBIX (hpaklHi, B OAHOH
M3 KOTOPBIX HAXOOHTCS HCKOMBI GeNoK.

Addunnaa xpomatorpadma,
W xpoMaTorpadma no cponcTey

270 Hauboee CrIeUNdHYHBIH METOA BRIICICHHR
MHAWBHAYAIRHLIX OCJKOB, OCHOBaHHbIM Ha H30H-
paTe/bHOM B3aUMOASHCTBHH OLIKOB ¢ JIHIaHIaMHu,
MPHKPENIEAHBIMH (MMMOOHIHAHPOBAHHBIMH) K
TBEpAOMY HOCHTEN0. B KauecTse JIMraHma MOXeT
OBITh HCNIOJIBIOBAH CYOCTPAT MM KO(EpMEHT, ECITH
BLLIETSIOT KAKOU-1uBoe GepMeHT, aHTHIeHbl JIs
BLIASCHUA AHTHUTET M T.1. Yepes KOMOHKY, 3anof-
HEeHHYI0 UMMOOHIM30BAHHBIM AKTAHIOM, MPOITyC-
KawT PAcTBOp, comepxawmid cmecs OenkoB, K Jjin-
raHay NPUCOEIHHACTCS TOMbKG DENOK, CHELHPHUHO
B3AMMOICICTBYIOUIMI ¢ HIM; BCe OCTaAbHBIC Oen-
KM BHIXOAAT ¢ 3mioatoMm (prc. 1-58). benok, an-
COpOUPOBAHHEIN HA KOJIOHKE, MOXHO CHATh, NPO-
MEIB €€ pAcTROPOM C MaMeHEHHBIM 3HaYeHueM pH
WIH M3MEHEHHOW HMOHHOHW cHMoii. B HeKOTOpbBIX
CIydasiX WCIIQIb3YIOT PACTBOP AETEpPTEHTA, pa3phbl-
BAKOLIMA rUapoOoOHLIE CBA3W MeXny OejKoM W
JTUTAHAOM.

AdppunHasg xpoMarorpadrs OTNNYAETCS BbICO-
KOI M30MpaTeibHOCTBIO U ITIOMOraeT QYHUCTUTE Bhl-
nensieMbli 6eM10K B THICAYH pa3d.

J. Ouucmxa Geaxoa om HUIKOMOAEKYAAPHBEX
npumecet

A ynaneHus HH3KOMOJEKYAAPHBIX COSOWHE~
HMii, B YaCTHOCTH Cyabthara aMMOHHS TIOCHe BbI-
CaJIHBAHMSl, [IPUMEHAIOT 1uanu3. MeTon ocHoBaH
Ha TOM, YTO Yepe3 MONYIMPOHHLAEMYK MeMOpaHy,



Mpukpernéx-
HBHA K BHEDTHOMY |
fonMMepy
cneurthueckin
fvrang

Puc. 1-58, AdupuuHas xpomaTorpachms.

NPONYCKAKHIYIC HU3KOMOMCKYAAPHBIC BELICCTBA,
He Tpoxomar Genku, nMeoume Oojiee BBICOKYIO
MOJIEKYNApHYIO Maccy. B ctakaH GosblHOH €MKOC-
@ (0kono | 1) ¢ 6ydepHbIM PACTBOPOM ITOMEIIIA-
10T MOJYMPOHULIAEMBIH MELIOUEK, 3aMOMHEHHBLN
pacTEopoM Henka ¢ CONbO.

CKOpOCTE BBIXOIA COMKW M3 Melrouka B Oydep-
HbI{ pacTBOP NPONOPUWOHANBHA TPAdUEHTY ero
KOHIIEHTpaluii no ofe cTopoHB! OT MeMbpaHbl. To
MEPE BbIXOAA COTH U3 Melnouka GydhepHblii pacTBOD
B CTAKAHE MEHSIOT.

Jng ouucTky GeKOB OT HU3KOMOMEKYJNSPHBIX
NpUMeceil MCTIONB3YIOT TAKXKe METOA reib-(hHibT-
paluMK (CM. BbIlle),

Hna onpenefeHHS YacTOTh (TOMOTEHHQCTH) Bhi-
OeNeHHOro Helka NIPUMEHAOT METObl ¢ BBICOKOH
pa3pellallie cnoco0HOCTRIO, HAMPHMED 3JEKT-
podopes B NOIMAKPWIAMMIHOM TeJi€, BBICOKO3(-
drekTHBHAaS xpoMatorpathys BRICOKOTO JARICHWS,
OT YHCTOTH AeKapcTBeHHOro OefKoBOro npenapa-
Ta 3ABHCAT €ro ouonoruteckas 3QPeKTHBHOCTL H
A/NEPTEeHHOCTE (T.€. CMOCOBHOCTh BhI3bIBATE AN1Ep-
ruyeckve peakilin). Yem KauecTBeHHEe OYMLLEH
npenapar, TéeM MeHblle BEPOSTHOCTL OCTOKHEHUR
nNpy ero NpUMEHeHUH,

Vill. IBMEHEHNA BETKOBOI'O
COCTABA OPIrAHMU3MA

BenkoBeili coOCTar OpraHi3Ma 300pOBOI0O B3pOC-
JIOr0 4€J10BE€KA OTHOCHUTENBHO TNOCTOAHEH, XOTHA
BO3MOXHBI M3MECHEHHMA KOJHYECTBA OTISABHBIX
OcJIKOB B OopraHax M TKaHAX B 3aBUCHMOCTH OT CO-
CTaBa MUIIH U PEXUMA NMUTAHHUA, OT DUIUONOTH-
YECKOH AKTHBHOCTH YenoBeKa, GHOI0rMYeckux
PMTMOB,

Cwmeck Genkos

A. U3MEHEHUE BEAKOBOTO COCTABA KIETOK
B TIPOIIECCE MX AHOPEPEHITHPOBKH

B nporecce pa3BUTHA MHOTOKRETOUHOIO Opra-
HU3Ma, 0cOOEHHO Ha CTaEMsaX AupepeHIHPOBKY
KNeTOK, OENKOBBIH COCTAB 3HAYMTENbHO H3MEHsA-
ercs. Jna Kaxioro TeMa COELMAAU3IHPOBAHHBIX
KIETOK XapaKTePHO MNOABAEHUE CreUMEHMYISCKHX
0¢/AKOB, KOTOpBIC ONpefendoT O0cO0eHHOCTH HMX
OHOOTHYECKUX DYHKUWH. Tak, ToNbKD B 3PHTPO-
UMTAX ECTh TEMOTJIOONH, OCYLIESCTRASAIOUIMN TpaHe-
MOPT KMCIOpOIa K TKaHsIM, a4 B KJIETKAX CETYATKH
rnaza — 6eNoK poJONCHH, HeoOXOAUMbIN T YIaB-
nueaHud (oToHOB cBeTa. KpoMe Toro, crneunanu-
3MPOBAHHBIE KIETKH OTAHYAXTCS M KOAHYECTBOM
0eIKOB, MPUCYTCTBYIOIIAX TMPAaKTHYECKH BO BCEX
WIH BO MHOTHX KNeTKAX OpraHW3Ma.

TIpn pasznu4HBIX 3a00JI€BAHUAX NPOMCXOMNT
H3MeHeHue OeNIKOBOTO CocTaBa TKaHeid. JTH na-
MEHEHWA Ha3bIBalOTCH IIpOTEeMHONaTUAMU. Pas-
TUYAIOT HACJIEACTBEHHBIE H TTPUOGPETEHHBIE [TPO-
TEMHOITATHH,

b. HACHEACTBEHHBIE IPOTEHHOMNATHH

HacneacTBeHHBIE NPOTEHHONMATHH Pa3BUBAKOT-
c B pe3yNbTaTe NOBpPeXAeHWH B reHeTMYECKOM
annapare AaHHOro HHAMBHAVyMa. Kakoil-nubo
0eJIOK He CHUHTEIUDYETCH BOBCE HIH CHUHTE3HPY-
eTCH, HO €ro MepBHYHAA CTPYKTYpa U3MEHEHA.
IMpumMepbt HACTSACTBEHHBIX NIPOTEHHONATHH — re-
MOTNOOMHOMATHH, pPACCMOTPEHHBIE Bhhie. B 3a-
BHCUMOCTH OT posil Ae(heKTHOTO 0€/1KA B KH3HE-
DeTENBHOCTH OPFaHH3Ma, OT CTEMEHH HapylleHHsA
kKOHbOopMaUKK U QyHKIINH GeAKOB, OT raMo- MIIH
TE€TEPO3UTOTHOCTH UWHAMBMAYYMA MO 3TOMY QEIKy
HACAEACTBEHHEIE MTPOTEHHONATHHA MOTYT BBI3BIBATh
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GoMe3HH, TMPOTEKAIOLIME C PAVIMYHON CTENEHBIO
TSDKECTH, BIUIOTH IO ACTANTBHOTO HCXoga ewié no
POXIEHHA WAW B NEPBBIC MECHLILI NMOCHC DOXIC-
HHA.

B. IIPHOBPETEHHBIE TIPOTEMHOIIATHH

Jwban Gone3Hb COMPOBOXKIACTCH H3IMEHEHHEM
BCNKOBOIO COCTABA OPraHW3Ma, T.€. PA3BMBACTCS
puobpeTéHHAA TpOTeUHONaTHs, [IpU 5ToM nep-
BHYHAA CTPYKTYpa HeJKOB He HapyiliaeTcs, a obbly-
HO TIPOMCXOHHUT KOJMHYECTBEHHOEe HAMeHeHHe Oen-
KCOB, OCODEHHO B TE€X OPraHax H TKAHSX, B KOTOPbIX
pa3BMBAeTCs matoioruyeckmii mpoiecc. Hampumep,
TIPH MAHKPEATHTax CHitKaeTcs BeipaboTka hepMeH-
TOB, HEOOXOAMMEIX AT NEPEBAPUBAHUA MUINEBBIX
petiects B KKT.

B HekoTOpBIX CAy4asx NMpHoOpeTEHHBIE MpoTe-
MHOMATHH PA3BHBAIOTCA B pe3yNbTaTe MUIMeHeHHA
YCNOBMIA, B KOTOPBIX DYHKLUMOHHUPYIOT Dejku. Tak,
npH M3MeHeHHH pH cpenpl B LLETOYHYIO CTOPOHY
{anKamo3bl PAATHYHOA MPUPOILL) H3MEHSETCH KOH-
dhopMaLMsa reMornoduHa, yBEAMMHBACTCA €0 Cpoa-
ctBO K O, M cHMxaeTcs JocraBka O, TKaHAM (ru-
TMOKCHA TKaHeil),

HHoraa B pezynpTaTe GONE3HN MOBBILIACTCS YPO-
BeHBb METabOMNTOB B KIETKAX H CBIBOPOTKE KPOBH,
YTO MPMBOIWUT K MOAM(HKALMH HEKOTOPLIX Oen-
KOB M HApYHICHMIO WX PyHKLMH. Tak, NoBBILICH-
HbIE KOHIEHTPAIMH [JIIOKO3bl B KPOBM MPH Caxap-
HOM JuabeTe MPUBOAAT K HedhepMeHTATHEHOMY
MNPHCOEEMHEHNIO ef K OenkaM (T KO3MITHPOBAHHD

Oenkop). IIpUMepoM MOXET CIYKHTh TORBIIIEHHE
YPOBHA THHKO3UIWPOBAHHOTO reMOTIO0OMHA B 2PUT-
pOLIMTAX, YTO YBEAHYHBAET €ro CpoacTso K O, n
cHikaeT TpaHcnopr O, B TKaHu. Iankosnauposa-
HHE OGeNKOB XPYCTANMKA riasa (KpUCTANAMHOB)
TNIPUBOAAT K €rc MOMYTHEHUIO H PA3BHTHIO KaTa-
PAKTBL.

KpoMe Tore, M3 KJ1eTok MOBpeXAEHHOTO OpraHa
B KPOBBb MOIYT BBIXOOHTE DEJIKM, KOTOPbIE B HOpME
OTNPEREAAIOTCA TAM JIMLIL B CIEAOBBIX KOJMTHUYECTBAX.
TpH pasnuyHBIX 3a00IeBAHHAX YaCTO MCIONBIYIOT
OHMOXMMHYECKHE MCCACAOBAHMA OENKOBOTO COCTa-
Ba KPOBH A YTOUHEHMS] KAUHUYECKOIo AMArHo-
3a, Hammpumep, NpH mMaHKpeaTHTE B KPOBH MOBLI-
1aeTed AKTUBHOCTh FAHKPEATHYECKOH aMHIa3bl
{tbepMeHTa, YYACTBYIOILETO B PACILEIUIEHHH Kpax-
Mana), KoTopas B HOpPME He¢ AOJKHA MMONajaTh B
KPOBb, @ MO [MPOTOKY NMOAXKEAYIOYHON Xenesbl
BbLASAAETCA APH MHHIEBAPEHAH B ABEHAILIATHIIED-
CTHYW KHILKY {CM. pasaen 2).

B HekoTophix cay4aax 6HOXMMNUECKHe JAHHBIE
0D H3MeHeHHH 6eJTKOBOTO COCTaBa KPOBH HITH MOYH
MOTYT CTATh BEOYHIMMH TPH MOCTAHOBKE JHATHO-
3a. Hampumep, npu MuenoMe (310KaUeCTBEHHOM
NEPEPOKICHUN TUIAZMATHUYECKUX KIETOK, CHHTE-
SUPYIOUKMX UMMYHOTTTOOYAWHEI) B KPOBH M MOue
nosiensioted benku BeHe-JIXoHca, KOTOphIe B HH3-
KHX KOHUEHTpAUMIX [PUCYTCTBYIOT M B KPOBH 310~
poBbIX Awoaeil. DTH OeJIKK TpeAcTaBAsIoT coboit
Nérkue uend HMMyHOTIoO0yauHa (G, CHHTE3 KOTO-
PBIX YCHIHBASTCHA B 3MOKAYECTBCHHO MEPEPOXIEH-
HBIX KJIETKax.



pﬂgﬂ:ﬂ | SH3NMOJNIOIMuA

OCHOBY XH3HEAEATENLHOCTH NKHOOTO OpraHM3Ma COCTABISIOT XH-
MHYeCKHe Tipouecchl. TlpakTHuecKH BCE peakllHM B XKHBOM OpPraHus-
Me TIPOTEKAIOT ¢ YYACTHEM MPHPOAHEIX OMOKATAIM3aTOPOB, HA3BLIBAE-
MBIX PepMeHTaMM, HTH IH3MMAMHU. Cpell MHOXECTBa 3HEPTeTUYECKH
BO3MOQXHBIX peakuuil ¢pepMeHTH U3bHUpaTeasHo npeodpasyioT peareH-
Thl, HAZbIBAEMBIE CYOCTpATAMMU, 110 (PUIMOIOTHYECKH TTOJIE3HOMY ITYTH.
TaxumM o6pasoM, hepMeHTEI YIIPABIAIOT BCEMH MeTabOIMICCKHMH T1pO-
UeccaMH OopraHM3mMa.

B HayuHOH NMTEpaType Ha PYCCKOM SI3BIKE YTBEPAWIUCH 00a Tep-
MHHA. «(PEPMEHTBHI» U «IHIUMbI», HO NPEANOYTEHNE OTAAIOT TEPMH-
HY «depMeHT», X0Td HaykKa o (epMeHTaX Ha3bIBACTCH SH3IUMOAOTHA.
CnoBo «depMeHT» NPOUCXOAUT OT JaT. fermentum — 3aKBacKa, a «dH-
3MM» — OT TPEY., en — B, BHYTPH M Zyme — npoxckH. JlaHHas TepMu-
HOJIOMUSL BO3HMKJIA UCTOPHYECKH TIpH M3YYeHUU (GepMeHTATUBHBIX
MPOLECCOR COUPTOROro OGpoxXeHus.

CTaHORNEHME 3H3IMMOIOTHH KakK HayKHd TIPOM 300 B Hadane XX
BeKa. AKTUBHOE €€ pa3BUTUe TpOAOIKAeTesl A0 HACTOALLEero Bpe-
MeHH. B 3agayM 3ToH HayKH BXOIAT olpeleneHHe POJIHd OTAeIbHBIX
¢epMEHTOR B YCKOPEHWM XMMH4YeCKHX PeakLHH, NMpoTeKawllux B
OpraHH3Me, BBIASAEGHHME M OYHCTKA (PEPMEHTOB, YCTAHOBIEHHE MX
CTPYKTYDHI, UCCTIeNOBAHHE MeXaHU3Ma JeMCTBMA, H3YYCHME KHHeE-
THYECKHMX XapaKTEPUCTHK H OCOBEHHOCTEH peryisiuMH aKTHBHOCTH
in vivo,

L8 NpakTHYECKOH MEAWLIUHE] BAXHOCTh SH3UMOIOTHH 00YCIIOB-
JIeHa TeM, UTO OHA AAaéT (ApMaAKOIOTAM MHCTPYMEHT HANPABAEHHO-
ro U3MeHeHHs MeTabolM3Ma KIEeTKH MYyTEéM BO3AcicTBHA onpeae-
NEHHBIMHY XMMHYECKHMH BEIIECTBAMM HAa AKTHMBHOCTb (PEPMEHTOB.
OrpoMHOE KOJMYeCTBO (PAapMaleBTUYECKHX MpernapaTos — HHIH-
6utopel GepMeHTOB, Jpyras, He MeHee BaXHasd 3alada IHIUMOAQ-
THHA IS TIPAKTHYECKOH MEAMUMHBLL — HCNOAB3OBAHWE METCGIOB OIN-
pedelieHUd aKTUBHOCTH (DEPMEHTOB B GHONOTMYECKHX XKMIAKOCTAX
Ana AuarHoctuku 3abonepanui. Kpome Toro, BbifelieHHEIE H OYU-
lleHHbIE (hepMEHTHl MOTYT UCTIONB30BATECA B KAUeCTBE TEPaleBTH-
YeCKUX CPEICTB.



I. OBIMAA XAPAKTEPUCTUKA
®EPMEHTOB

KAK BUONOrMYECKNX
KATAJIMUSATOPOB

DepMeHTDI, KakK BbL10 YCTAHORICHO eé B 1922 1,
apnsored Genkamu, VX posb YHHKTBHA: OHH YBEIH-
YHBAKT CKOPOCTh NPOTEKAHHS XMMHHECKOM peaklivH,
O[HAKO NPH 2TOM He pacxoayiotesa. B 1926 r. 6win
BIepBbIE OYULLIEH U BBIOCASH B BWIE GGNKOBBIX KPHC-
TALIOB (PepMEHT YPea3l, KATAMM3MDYIOLIMIA peaklMK
pACLIETUIEHUST MOYEBHHBI 10 aMMKIKa W JHOKCHIA
yoiepoaa. K Hactrosilemy BpeMeHUu B KPHCTALTHYEC-
KOM BHIC TIOTYYElbl COTHH pa3MUHBIX (hepMEHTOR,
paclIMpOBAHBI HX AMUHOKMCIIOTHBIE TIOCTEIOBATETh-
HOCTH, W3YYAETCSl MX POtk B METabOTMUECKUX TIpe-
BPALLIEHUSAX,

B ponu 61oKaTamit3aTopoB MOTYT BBICTYTIATH M He-
OenkoBsic CoeAMHEHHA. HanpumMep, HEKOTOPHIE THITB
PHK BhisbiBaiOT rmaposns gochomuxpupHLIx CBa-
3¢l HYKINeMHOBBIX KHUCTOT. Takwe Monekyasl PHK ¢
KATAIMTHISCKONH AKTMBHOCTBIO HA3BIBAIOT PHOO3M-
MaMH, OJHAKO WX 3HaYeHWe B XHMHUECKOM Mpespa-
LIEHUN COSAWHEHHH HAMHOTD MeHbLe, YeM v drep-
MEHTOB.

TMockonbky pepMeHTbl — BeJIKOBBlE MOJEKY/IhI,
CTENOBATENILHO, OHW 0DIafaT BCEMM CBOICTBA-
MH, XapakKTepHbiMK I,19 Beakos. B To Xe spemst
OHM HMET OCOBEHHOCTU CTPOSHMI, XapakTepH-
IVIOLUIME MX KAK KaTATM3ATOpbl. PaceMoTpuM oc-
HOBHBIE CBOHCTBA (DepMeHTOB KaK BHONOTHUYECKHX
KaTaTM3aTOPOB.

A. CNEUUOUYHOCTD

buonorvueckass GpyHKUHS (GepMEHTa, KaK M
noboroe Oenka, odycIorIEHA HATHYHEM B €r0 CTPYK-
Type akTUBHOTrCe UeHTpa. Jlurana, r3aMMONcHCTRY-
IOWHKA € aKTHBHBIM LIEHTpOM (PEPMEHTA, Ha3blBa-
T cyBeTpaToM. B aKTHBHOM LIeHTpe HEPMEHTA €CTh
AMHHOKHC/IOTHBIE OCTATKH, MYHKLUMOHAJbHBIE
TPYTINBI KOTOPBIX 08eCneuMBaOT ¢BA3bIBAHUE CYD-
CTpaTa, M aMUHOKHMCAOTHBIE OCTaTKH, (DYHKIIHO-
HA/ILHBIE TPYTIOLI KOTORBIX OCYILECTRIAAIOT XUMH-
yeckoe IMpeBpalleHKe cyOcTparta. YCIOBHO STH
FpyTNE 0003HAYAIOT KaK YYACTOK CBA3bIBAHKA CYO-
CTpaTa W KaTAJMTHYECKHWA YYaCTOK, ONHAKO Clie-
OyeT NOMHMTE, YTQ He BCETAA 3TH YYaCTKM MMEOT
YETKOE TPOCTPAHCTBEHHOE PA3geSeHHE MU WHOCAA
MOTYT «[IepEKPBIBATBCA» (pHC. 2-1}.
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B yuyacTke CBA3LIBAHHA CYGCTpaT OPH MOMOIMM
HEKOBANEHTHBIX CBA3CH B3aMMOIOEHCTBYET (CBA3DLI-
BaeTcst) ¢ epmenTtom, QopMUpys depMeHT-cyh-
CTPatHBIA KOMILIEKC. B KaATaIUTHYECKOM YdyacTke
cyvOCTpaT NpeTeprieBacT XHMUYECKOE NpeBpallieHHe
B NpPOAYKT, KOTOPBIAM 3aTeM BBLICBODOXOAETCA M3
AKTHBHOro ueHTpa epmenTa. CXeMATHYHO MpO-
UECC KATAMM3Aa MOXHO MPEACTABHUTHL CACIYIOLIAM
YPaBHEHHEM:

E+SoESoEPoE+P,

rie E — cdepment (3H3uM), S — cybeTpar, P —
npoaykT. JaHueie o6o3nadeHus OBLETIPHHATE U
TIPOMCXOOST OT AHTAWICKUX CNoB engyme, substrat,
product.

CrnetnpHYHOCTE — HaHbONee BAXKHOE CBOHCTRBO
¢epMeHTOB, OnpeaesAoLLee BUONOHYECKYIO 3HAYN-
MOCTB 3THX MoNekyn. Paznuyalor cyGeTpaTHYIO M Ka-
TATUTHIECKYIO CeliMHIHOCTH hepMeHTa, Ompele-
JisieMble CTpOeHUEeM AKTURHOTO HeHTpa (pHc. 2-2).

1. Cybcmpamnan cneuugpusinocms

Moo cybecTpaTHOl cneuUPUUHOCTEIO MOHUMA-
10T CIIOCOOHOCTE KaXIOTro (pepMEHTAa B3aMMOIEH-
CTBOBATb JIMLIbL C OOHWM HJIH HECKONBKUMH OITpe-
JeNEHHBIMKM cyOCTpaTtaMK. Paanuyalor:

» abCOMIOTHYIO cYGCTPaTHYI CHEUH(PHMYHOCTD;

& MPYINOBYIO CyOCTPATHYID CHElHHYHOCTE;

* CTEPLOCTICUMPHUHOCTD.

AficomwoTaan cyderpaThan cnenuuuHOCTh

AKTHBHBIA UeHTP (pepMeHTOB, 0DIafaloUIMX ak-
COMIOTHOM CYOCTPATHOH CMeUMPHUYHOCTRK), KOM-
[UTeMeHTaApeH TOMBKe OnHomy cybetparty. Crenyer
OTMETHTb, UTO TAKMX (PEPMEHTOR B XKMBLIX Opra-
HH3MAaX Maao.

TIpumep epmenTta ¢ aGcomoTHOM cyGeTpaTHOH
CMEUMDUUHOCTLI0 — APrHHA3d, KaTATH3UPYIOLWAan
peaxilMio pACIIETUIEHMA apriHHHa J0 MOYEBHHEI
U OpPHUTHHA:

"
(|3 = NH

NH NH. NH:

' ApruHasa I [
(?HE)E +HQ —— (?Hz)a + (l: =0
?H_NH2 (FH"NHz NH.
COOH COOH
ADrMHWH OpHATHH MoueannHa



AmuHoKMCROTH, oGpa3syiolme

AKTUBHBIA UBHTp hepMeHTa

—

YyacTok

Katanutuec-
CBASLIBAHWA KWA YYACTOK

AKTMBHB Il UeHTp

thepmeHt

Pnc. 2-1. CtpoeHne aKTMBHOTO LEHTPA hepMeHTa. A — NpUcoeArHeHwe cybcTpaTta K IEPMENHTY B aKTHBHOM LieHTpe; B — nonoxeHwe
AMUHOKWCNOTHEIX OCTATKOB, POPMUPYIOIMX aKTHBHDIA LEHTH (hepMeHTa, B NePBUYHOA CTRYKTYPE 6enka; B — akTUBHLIA LeHTP epmMeH-
Ta YCNOBHO PasAenAeTCA Ha yMACTOK CBASLIBAHWA W KATANMMTUYECKMA YYACTOK. YHaCTOK CBA3LIBAHVA NPEOCTaBNEH panukanamn amuHo-
KMCMOT, OYHKLMOHANBHLE rPYNMLI KOTOPLIX 066CneMrBaT ceasbBaHvue cybeTpata. Katanumyecknit yHacTok ofpa3osad pagykanamm
aMMHOKWCIOTHBIX OCTATKOB, YHKLMOHANLHEIE FPYNNLI KOTOPLIX 0DECnequBaloT XuMu4eckoe npespaieHne cyborpara.

Jpyroit npumep depmenTta ¢ abcoMOTHOM Cyh-
CTPaTHOI cnelUPHUYHOCTRI0O — YPeasa, KaTAITU3H-
pYIOIIAs THAPOAW3 MOUYEBHHBI OO JUOKCHIA YIiae-
pona M aMMMaka.

rTIHz Ypeasa
(;.3=O + HO — (02 + 2NH;3.
NH;

Tpyonoean cyberparnas cneundmunocTn

BONBUIMHCTBG (hepMEHTOB KaTaMH3UpYeT OJHO-
THIHBIE PEAKUHMH ¢ HEOOJIBUIMM KOJHYECTBOM
(rpyamnoil) CTpYKTYPHO MOXOXMX CYDCTPATOB.

Tak, depMeHT naHkpeaTdyeckass jJunasa Karta-
JU3MPYET rUAPCANS XKUPOB B ABSHAALIATHNIEPCTHON
KWLUKE 4e/0BEKA, KATATU3UPYS MpeBpallieHHe JIo-

0O MOJICKY/IBI XHpa (TPHALLITIHIEPOIa) 10 MO-
JEKY/Ib MOHOALIWITTHLIEPOAA H JIBYX MOJIEKYN BbiC-
KX XMPHBIX KUCAOT. [laHKpeaTudeckas Jumnasa
Tvapoay3yeT 3QUPHYIO CBA3b ¥ (-aTOMOB YIJIEpPOJa
IJHLEPOIa, HEIABHCHMO OT TOIO, KAKHE XKHUPHBIC
KHUCOTBI BXOMT B COCTAB MOJIEKYJILI XKHPa (CM. CXe~
My Ha <. 4).

BONBIIMHCTBO MPOTEONUTHYECKHX (DEPMEHTOB,
OCYLIECTBIRIOIIMX TMAPOJINS BENTKOB, HMEET TPyIl-
MOBYI0 CYOCTPaTHYIG cneldHYHOCTb, FHAPOIH3YA
MNeNTHAHBIE CBSA3M, 06Pa30BaHHLIE PA3HBIMU AMM-
HOKMCIOTAMH.

CrepeocnenudpHIHOCTh

Tpu HanWauU y cybCTpaTa HECKOIbKHX CTepeo-
H30MEPOR (DepMEHT TNPOARIAET abBCOMIOTHYIO Chle-
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o
7
(I:l) Hz(i‘,—O*C-'Ri

NaHkpeaTuMeckas

nunasa ? Hz(E—OH
R;-C-0-CH, ¢ + 2H;0 Rz-C—0—CH,
! 7 I Y |
HzC—O_C_Ra H;}C_'OH
R«COOH R;COOH
Tprauunrnudepon 2-MoHoauunravuepon
Cxema
AKTUBHBIF LienTp hepMaHTa
Y4acToK CBSA3biBaHUA KatanuTudyeckui y-Hactox
QbecneynBaeT OBecneuvbaeT BLIfOp nyTH
cybCTpaTHYI0 CNeUngUHHOCTE XMMWHECKOTO NpespaLLeHna
{BLIGOp cybeTpara) AauHoro cybBeTpara

|

- abconmoTHan cyboTpaTHas
cneuuprU4HOCTS

- Fpynnoeas cyBetpaTHan
cneLpHUuHeCTb

- cTepeocheuwpudHoCTL

|

CreumpuiHoCcTE NyTH
NpEespaLIEHNA

Puc. 2-2, @YHKUMOHARLHAS IHAYMMOCTE OTASABHLIX YYBCTHOR BKTUBHOTO LIEHTRa hepMeHTa,

MGHYHOCTL K OKHOMY M3 HUX. B opranmaMe ue-
JoBeKa HabMONAIT cIeNTIHOCTE (PepPMEHTOR K
CAEBYIOLIMM CTEPEOH3OMEDPaM.
Crepeocnermdiratiocts K D-caxapaM. bonblunH-
CTBO MOHOCAXapHIOE K NPOIYKTOB MX OOMEHA
B OPTaHH3IME YSNOBEKa W APYTHX MIICKOMUTAK0-
mMX oTHOCAT K D-crepeonszoMepaM. PepMeH-
TH, OCYLUECTRIMIONIHE HX META0O0NHIM, HMEIOT
crietndHYHOCT K D-, a He K L-caxapam.

CHOH CH—0—-PO3H;
KA O H rexcorMHasa 0 H
+ATO —— + Afld
H OH H
HC QH # OH HO OH
H OH H OH
C-rniokasa D-rniokoao-6-tpocdiar

Crepeocneuuprunocts kK L-amunokucioram. ben-
KH YeNOBEKa COCTOAT M3 aMHHOKUCAOT L-psiza.
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BOABLIMHCTRO (epMeHTOB, OfecneYUBAKLLIMX
MMPEBPAILEHHE AMHHOKHUCNOT, HMEET CTEPEOCTIE-
HHPHIHOCTE K L-aMHHOKHCAOTAM.
CrepeocnenahHIHOCTh K LHC-TPAHC-HIOMEDPAM,
MepmeHT hymapala OKa3bIBaeT JeHCTBUE TONb-
KO Ha dymapar. ManenHar (uuc-usomep Gy-
Mapata) He giasercs cybcTpaTtoM {dyMapastl.

§ GO ewmsm W 00O
C=C|IH + HLO H-C—(Iz—H
I 1
0OC H ooC OH
®ymapat Manar
H H
Pl
@
00C COO’
ManeauHar



HckaroueHne COCTARISIOT TOMBKO (DEPMEHTHI 31IH-
MEPA3bl (paueMashl), KATATU3UPYIOIHUE TIpEBpa-
WEHHE ONTHHECKMX H30MEDPOB.

CrepeocneimaHOCTs K - H [-IIHKO3HAHLM CBA-
3am. PepmeHT aMuiaza TeHCTBYET TOMLKO HA o-
DIMKO3HAHBIE CBA3H, YTO MO3BOJIAST TUAPCIHI0-
BATH KpaXMad M IIMKOTEH (TIOTMMEPBI TITIOKO36I),
OCTATKH [JIOKO3HE B KOTOPBIX COSIMHEHBE (-TTH-
KOAWIHbIMH ¢Bs3sMH. Llenimonosa — Takke no-
JIHMEp TMOKO3b1, 0AHAKO OCTATKH TTIOKO3BI B HEM
CRSI3aHbl B-TIMKO3WIHBIMUA CBI3MH. B pesyib-
Tare OTCYTCTRHMS Y UENOBEKA (DEPMEHTOR, CIICLH-
(PHYHBIX K B-IMMKO3WIHOW CBA3M, LEJUTIONO3a He
THAPOANIYETCA B KHMIIIEMHUKE YeNOBEKA U HE MO-
KET CITYXKUTh MCTOUHUKOM TIIOKO3bL,

2. Kamarumunecrkan cnenuibusnocms

DepMeHT KATATHIUPYET NpeBpallieHUe MpUcoe-
JHHEHHOTO cybcTpara Mo OOHOMY W3 BO3MOXKHBIX
OyTed ero mpeBpalleHus. DTO CBOHCTBO obecne-
YHBAETCA CTPOEHMEM KATAIMTHYECKOrd YYacTKa
AKTMBHOTO IgHTpa (pepMeHTa M HA3LIBACTCS KaTa-
JHTHYECKOH CcHelMUYIHOCTRIO, MM creunduy-
HOCTBIO TYTH IpeBpaiucHus cyGerpara. Tak, Mo-
NEKYNa CIKo30-6-pocdara B KIETKax NeueHH! ye-
JIOBEKA — CyOCTpAar 4 pa3nuyHbIX epMeHTOB: oc-
dormokoMyTassi, rmoko3o-6-bocdardocdarasn,
docdorniokousomepassl ¥ LIOK030-6-docdarme-
rHAporeHa3bl. OOHAKo M3-3a 0COOEHHOCTEH CTpO-
eHH KATATUTHUYECKHX VYACTKOB ITHX (PepMEHTOB
NPOUCXOAUT PA3IMHHOC TpeBpallleHHe 3TOrC €o-
envHeHNs ¢ obpaszopaHueM 4 PasAMuYHBIX TIPOAYK-
TOB {CM. CXEMY HIXE).

B. KATATUTHUYECKAS D>®OEKTHBHOCTD

BonbplIMHCTBO KAaTATU3UPYEMBIX (DepMEHTAMH
pPeakUMA BBRICOKO3(MPEKTHBHLl, OHM NPOTEKAT B
108—10" pa3 GricTpee, YeM HEKATAIM3HPYEMBIE pe-
axuuu. Kaxnas Monekyaa ¢gpepMeHTa cnocodHa 3a

miokoao-1-thocdgar

doctornokomyTasa \

CeKyHay TpaHcgopMupoBate ot 100 o 1000 mo-
JeKyn cyGCTpaTa B NpOOyKT.

KoauuecTBO Monekyn cy0crparta, NMpespatuéH-
HBIX B IPOAYKT C TIOMOIIBIC OAHON MOTEKYALI (hep-
MEHTA 3a | ¢, Ha3BIBAIOT YUCIOM ODOpPOTOR (hep-
MEHTa, HIH MORSIPHOH AKTHBHOCTLIO.

B. JIABMILHOCTE DEPMEHTOB

KatanuTtudeckas 3¢ekKTHBHOCTh (hepMEHTa,
KaK M M0G0 DEAKOBOH MOAEKYLL, 3ABUCHT OT €r0
KOHG(pOPMALHUHK, U B YACTHOCTH OT KOHpopMAaLIUM
aKTUBHOrO UeHTpa.

g ¢epMeHTOR XapaktepHa KoHpOpMaUHOHHAsS
JTAbUNBHOCTE — CMOCODHOCTL K HeOONBIIUM H3-
MeHeHUAM HATHMBHOH KoHMOpMallMH BCASNCTBUE
paspeiBa ciaduix cesel. [loaToMy BO3ACHCTBHE
AEHATYPHPYIOLIMX areHTOB, CMOCOGHBIX U3MEHATD
KOH(POPMaUHKD MOJEKYALL (hepMEHTa, NIPUBOINT K
HM3MeHeHW0 KOHGOpPMatliKM AKTHMBHOIO HEHTpa U
CHMXEHHIO CTIOCOGHOCTH TIPUCOCIHHATE CyOCTpar.
B pesynbTaTe 3TOrO YMEHBIIACTCH KATAIUTUYECKAs]
3¢ peKTURHOCTh epMeHTA.

I'. CnocoBHOCTE ®EPMEHTOB K PETVISIIHMH

AKTHBHOCTE (PEpMEHTOB B KACTKE 3ABMCHT OT
KOJIMYECTBA MONCKYT cyOcTpara, NpoayKTa, Hauu-
yuA KoakTopoe v kohepmeHtoB. [deiicTBHe dep-
MEHTOB B KJIETKE, KaK TPaBMIO, CTPOTO YIIOPAAO-
YEHO. MPOAYKT OOHON (epMEeHTATHBHOH peakiIdM
ARASETCA cyOCTpaToM Opyrod, odpasys TakuM ol-
pasom «MeTaboaudeckue nytu». Cpeny MHOXECTRA
($epPMEHTOB NPAKTHMECKH KakIoro MerabonHuec-
KOro MyTH PA3NUYAIOT KIIOYEBBIE, WM DEryASTOp-
Hble, (PePMEHTDI, AKTHBHOCTb KOTOPBIX MOXET M3-
MEHSITECA B 3aBMCHMOCTH OT TOTPEOHOCTH KIETKH
B KOHEYHOM TIPOOYKTE METAOCIHYECKOro ITYTH.
PeryaatopHbie (pepMEHTH PACITONOKEHBL, KaK TIpa-
BUIIO, B Hayale U/MIH B MeCTe Pa3BeTBJIEHHUS Me-
TabonHudeckore OyTH. OHM KaTaaM3upyroT nudo

B-bocdorniokoHonNakToH

/ FnKkoaso-6-hocaThervpporeHasa

moroso-6-pocthat

Miokozo-6-thocthaTasa /

Mmokosa

\ PocormioKonsoMepasa

DdpykToz0-6-thocdar
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CAMBIE MELICHHDIE {CKOPOCTh-AHMHTHPYIOLLIME pe-
axuuM), ITHHO HeodpaTtHMble peakupu. [ToapodHo
0 TOM, KaK OCYIIIECTRINETCH KOHTPO/Ib MeTabonm3-
Ma NYTEM PETyJIALHM AKTUBHOCTH (PepMeHTOos,
OMUcaHo B noapasziene VII

Il. KNTACCUNOUKALNA
U HOMEHKNATYPA ®EPMEHTOB

Kaxnsiit depMeHT WMeet 2 HazsaHWA. [lepeoe —
KOPOTKOE, TaK Ha3biBaeMoe pafouee, yaoOHoe A1
MOBCEAHEBHOTO UCTTonk30RaHMA. Bropoe (Gonee non-
HOE) — CHCTEMATHYECKOE, TIPUMEHSIEMOE LIS OOHO-
3HAYHOK MASHTHODUKAUHK (pepMeHTa.

A. PABOYEE HA3BAHHE

B naspaHuM BOMBIIMHCTRA (DEPMEHTOB COMEPKUTCA
cybhrKe «a3a», npUCOSAMHEHHBIT K HA3BAHMIO CyD-
CTpaTa peaklliM, HanpuMep ypeasa, caxapasa, jMmna-
33, HyK/easa WIH K HA3BAHHK XHMMUECKOTO nOpe-
BPAlllCHWA OTIpeneéHHOre cybeTpara, HATIPHMED
JAKTaTAEIMApOTeHasa, afeHMIaTUHKa3a, docho-
MIKKOMYTasd, nupyeatkapbokcunaida. CornacHo
pocCHCKON knaccndukanuuu depmeHToB (KD),
Ha3BaHWA (PEPMEHTOB MULEYTCA CIUTHO. OOHAKe B
ynoTpeONCHUH COXPAHWICS Pl TPHBHAIBHBIX, HC-
TOPHMECKH 3AKPEIUEHHbBIX Ha3BaHHIH (epMEHTOB, KO-
TOPBIC HE JAKIT NPEICTARICHHA HYU 0 cydcTpare, HU
O THIE XMMHYECKOTO MPeBPALLIEHUS, HATIPAMEP TPHTI-
CHH, TIETICMH, PeHWH, TPOMOHH,

B. KJIAcChl ®EPMEHTOR

MexayHAPOMHBIA COW3 DUOXMMHH H MONEKYASIP-
HOI GHonmornk B 1961 1. paspaboTan cHCTEMaTHUEC-
KYIO HOMEHKIIATYPY, COTIACHO KOTOPOil Bee drepMeH-
Thl PA3OHTH HA 6 OCHOBHBIX KJACCOB B 3aBMCUMOCTU
OT THIMA KATATUIMPYEMON XMMHYECKOU peaklHiu.
Ka}Kﬂ,bIﬁ KI1ace COCTOHT W3 MHOPOMHMCACHHEEX TIOO-
KIACCOR M MOATOAKIIACCOB ¢ YUETOM MpE0lpazyeMoi

XHMMWYECCKOM TPYIIIEI CyOCTpaTa, AOHOPA U aKLENTo-
pa npeodpasyeMblX TPYNTIMPOBOK, HATHYHA JOITON-
HHUTCNBHBIX MOCKYI M T.0. Kaxawiii M3 6 kiaccos
MMEET CBOH MOPAIKORDII HOMED, CTPOTO 3aKpeIlUIEH-
HBIF 33 HHM.

1. Oxcudopedyxmais

KatanuaupyioT pasinnyHble OKHCAHTENBHO-BOC-
CTAHOBUTENbHBEIE PEAKUMM ¢ yMacTHeM 2 cylcTpa-
TOB (MEPEHOC € WIM ATOMOB BOAOPOAA ¢ OAHOTO
cyfcTpara Ha Apyroit).

CucTeMaTHYECKOE HaUMeHOBaHUE (pepMEHTOB
COCTABIAKOT 10 (hOpMyNe «ACHOpP: aKUENTop—OK-
CcUacpenyKraza», pabouce — cydCcTpaT—MOAKIIACC
OKCHIODEAYKTAS,

Hermaporenazs. B 210T noaxiace Bxoaar pepMeH-
Thl, KATATH3UPYIOLIME PEaKIIMH ASTUAPHPOBAHUS
{oTwereHwst Boaopoaa). B xauecTse akuento-
POB 3JIEKTPOHOB MCIOIL3YIOTCS KO(EPMEHTHI
NAD*, NADFP*, FAD, FMN (cMm. nuxe). Bce
(hepMEHTEI 2TOH I'PYITIILI 001anaioT BLICOKOH cyb-
CTpaTHOM crieLuvyHOCTHIO, [lprMep peakLimu:

coo’ cCoo
Hé—OH Manatpemgporedasa ézo
| +NAD®  o— ] + NADH + H'
H-C H;(;‘,
éOO' coo’
Manar Okcanoauerar

OKcHaazbl. AKLENTOPOM IMEKTPOHA CIIYXKHT MO-
JeKYIIpHBIA Xucaopoa. IlpuMep peakumu, Ka-
TATN3MNPYEMON LMTOXPOMOKCHAAZONM:

Uunroxpomokcrgasa
Q;+4H' +4¢ ——————— 2H0

Oxkcurenassl (MHAPOKCHIAIBI) — aTOM KHCIOPO-
Ja W3 MOJIEKY/Ihl KUCIOpPOgd NPUCOeIrNHACTCH
K cyberpaty. TIpHumep peakuMu:

OH OH

OH OH

HothamuHruapokcunasa
+0; -+ +Hz0
HEN 7 N HyBN
(|:H2 Ackopbuhoean  [erwapoackopGuHosan CH;- OH
(l:Hz KUCNOTE KMCnoTa ?Hz
NH: NHz
Oodamun Hopagperanik

80



2. Tpaucpepasot

KATUIM3HDYIOT TIRPEHOC (DYHKIHOHAIBHEIX TPYIIT
OT OIHOIO COeOMHEeHHA K apyroMy. IToapazaensior B
3aBUCHMOCTH OT MIEPEHOCHUMOM TPYTIIILL

Hazpanue 3mux epMEHTOR COCTaBNSIOT NG (op-
MyJIE «IQHOD: axiIeNTOp—TPaHCIIOPTHPYeMas Tpyrira-
TpaHcdepaza». K knaccy TpaHcdepas OTHOCHT
aMHHoTpaHcdepasul, alrpaHcdepastl, METHITPaHC-
epasbl, IMKO3HTTpaHchepassl, KMHA3L (docdo-
TpaHcgepasn). TIpaMepsl peakimmii (cM. cxeMy A).

3. Tudpoarasvt

KaTanusupyloT peakiiiy riapoidsa (pacuerie-
HMS KOBAMCHTHOW CBA3H ¢ MPUCOSAMHEHHEM MO-
JIeKyAbl BOABI IO MecTy paspbiBa), [Moapasgensior
B 3aBACHMOCTH OT paclleTigeMoil chsiiu.

HauMeHoraHue epMeHTOR COCTARIIIIOT N0 oOp-
MYJe «CYOCTpaT—THAPONaza» WAH NPAMBIM APUCO-

eIMHEHHEM K HA3BaHKIO cyOcTpata cyddmkcea «azas,
HanpuMep MpoTeasa, 1Mnasa, docgonunasza, pubdo-
Hykieasza. Ilpumep peakuuu {cM. cxeMy B).

Ana oTheNbHBIX KITAcCOB THAPONA3 IpUMEHHMMEI
CHELHANbHBIE TEPMHHBI, XapaKTepU3yIolINe THA-
POAK3 OMpenenéHHOH XMMHYECKOH CBA3M: 3CTEpa-
1nl, ocdarassl W ap.

4. Juasot

K nyHazam oTtHOCAT (PepMEHTHI, OTIUIEILISIOLNE
OT cYOCTPATOB HETHAPONUTHYECKHM MYTEM Onpe-
ACIEHHYIO TPYINY (MPH 3TOM MOTYT OTINEILIATh-
ca CO,, H,0, NH,, SH, u 1ip.} win npucoesnss-
KOIIMe Yallle BCEro MOJIEKYNY BOABI MO JBOHHOM
CBA3H.

HauMenopatnue (pepMEHTOB COCTABILIOT MO
dopMyne «cybcTpar—oTHIeIIgeMan WIH npucoe-
JnHgeMasn rpyiinHpoBka», [puMepsl peakunii (cm,
cxemy B).

AnaHWH-a-KeTo-

900H FIyTapar aMu- f|300H
fT‘Hs (‘3 =0 HOTpaHcdhepasa (|3H3 H(l;_ NH,
MM e e T2 ¢ (G
COOH COOH COCH COOH
n a Cnyta
Ananmn  a-KeTornyrtaposas mucnota vevest ny;cn:::;oasaﬂ
{poTerHKmHaza
Mpovewn + AT® ——  doctponpoTeuH + Afld
Cxema A
([? (”) MpoTteasa ? ?
- - -—NH-CI:H—C— NH —C|:H—C— -—— +H,0 ——— —- —NH—CltH—C—OH + HzN—(|3H—C— - -
R1 Rz R1 RZ
Cxema B Benok Menmng Nentwg
(I:OOH InyTamaTgexapbokcnnasa (EOOH
nyTaMaToe KCWna
(CHa)e d (CHa)e
CH—NH; - CH, +CO;
COOH NH2
FnyTaMUHOBAA KMCNOTa y-AMuHomacnaHan kcnota (FAMK)
900— bymaparrnapartala {(chymapasa) ?00
("3H H H(iZ- OH
—_——
oo T e
CoQ Ccoo’
Cxema B dymapaT Manar
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3. Hzaomepazur

KaTanusupyoT pasH4HbBIE BHYTPMMONEKYIISIpD-
Hule InpespalieHud. [loapasgenswT 8 3aBHCHMOC-
TH OT THIIA PEAKIIHH M30MEpH3aLIUU,

Kax obilee HazpaHHe (DepMEHTOR ITOTO KIacca
MIPUMEHAIOT TEPMUH «H30MEpa3bl», HAIIPHMEP (CM.
cxeMy A).

HM3oMepass! MOTYT KaTAMM3HPOBATHL BHYTPHMOJE-
KYIAPHbIE OKMC/IMTE/ILHO-BOCCTAHOBHTEIBHDIE PEaK-
LHH, OCYILECTR/SA B3AWMOIPEBPAlLeHMs] afikio3 K
KeT03, KeTOHHbIX ¥ €HOMbHBIX TPYIIN, NEPEMEILCHMsA
JBOMHBIX CBA3CH BHYTPH MOJNEKYNERI (CM. cxeMy b).

Korza uzoMepusaiing COCTOMT BO BHYTPHMOJIC-
KYJSAPHOM TIEPEHOCE TPYNMEL, GepMeHT HAIBIBAIOT
«MYTa30ii», HaIIpHMep (cM. cxemy B).

6. Juzazvt (cunmemass)

KatamiadpyioT peakiiuy MPUCOESIMHEHMS ApPYT
K OpYTY IBYX MOJEKYN ¢ 00pa3s0OBaHHEM KOBWICHT-
HOM CBA3H. DTOT TIPOLECC COMPAXREH C PA3PhiBOM
dbochordbupHoi cBa3M B Monekyne AT {uau apy-
TUX HYKJIeOo3HATpUPOCcHATOB) UNHM ¢ pPa3pHIBOM
MAKPOIPTHYECKMX CBA3CH APYIMX COSHHHEHHH.
B nepsoM cnyyae {Iipd WUCIONBL30OBRHHH 3HEPrAM
ruaponuza ATQ) takue dbepMeHTH Ha3bIBAOT AM-
rasaMH, MM CHUHTETA3aMH (cM. ¢xemy F).

B cnyyae, korma HCTOYHMKOM SHEPTHH CIIYXHT
noboe ApYroe MaKkpO3PrHYCCKOEe COCMMHECHME (HE
AT®), hepMeHTR HA3BIBIIOT CHHTA3AMHY (CM. CXe-
MY Ha ¢. 83). :

CHz“O"POaH: @ CHz—O_PO:;Hg
CChOrMIOKOMIOMEPE3A
HAH bo P O~ _CH,0H
HON_ Y oH N HO Ok
H OH OH H
Fmokoso-6-docdat dpyxToac-6-pocdaTt
Cxema A
H -
o P H,C ~OH
| C=0C
H-C-OH TpugaohocthaTnaomepaaa t
| N H;C —O— PO;*
CH—-O—PO*
—
rnu erma-3-poctat uruapokcuaueTcHgpochart
Cxemn B uepansaemma-3-pocd. Avruap ueToHpocd
?
C—-0— PO (I:ocr
[
Hﬂ: -OH DudbocornuuepaTmyTasa H? -0 - PO;*
H;C — O - POy> HC -0 — PO>
Cxema B 1.3-Bucdocborniuepat 2,3-Bucocpornnuepar
H
(i':OOH C|2 —NH;z
InytaMuHCHHTETA3a
(CHa) v (CHa)
HC —NH; + NH; + AT® E— H(I'J—NHz + Al® + H;PO,
[
COOH COOH
Cxoma I FCnyTaMuHopas kmcnoTa FnyTaMuH
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COo’

(;.;Ha 1
=C
C ~ SKoA + © | + H0
It CH;
O I
coo’
Auernn-KoA Oxcanoauerar

Cxema

Uutparcuuraza ?OO )
HO—C—CH,—CQO
., |
CH;
I
CcOo”
UnrtpaTt

B. CHCTEMATHYECKOE HA3BAHHE

B cooTeeTcTBUM ¢ KiacCH(pMKalHed XaxIbiH
(bepMEHT MOILYYHII CHCTEMATHMUYECKOS HA3IBAHWE,
OIHO3HAYHO XAPAKTEPH3VIOIIEE KATANM3MPYEMYIO
KM XMMHYECKYI0 peakuuipo. Hanpumep, D-romue-
pambaerua-3-pochar: NAD—okcHaopeaykTasa (pa-
6odee HasBaHue — CaHUepansaernagocdar aerma-
porenaza), M3 naiganua depmeHta cheayer, ygrto
cybeTpaToM atoro depMeHTa CayxkuT D-rnuue-
panbaerui-3-docdar, THIT KATATM3UPYEMOH peak-
IIMH — OKHCJIUTEIBHO-BOCCTAHOBHTEIBEHAA B MPH-
CYTCTBMH KodepmenTta NAD™

B 1972 r. KOMHCCHEH NO HOMEHKAATYpe OHOXH-
MHYECKMX coemHeHHid MeXayHapoaHoro colo3a Te-
OpeTHUSCKOH M NIPUKIIATHOH XUMWY OBLTH TIPSILIO-
*eHbl «[IpaBuna HOMEHKIATYPH (hepMeHTOB»,
HMCIOIIHME KOAOBOE MeTHIpEX3HAuYHOe LMbpoBoe
ofio3HaueHMe, e neppad nudpa cGo3HAYAET Knace
tdepmenTa, BTOpas uWdpa (nNogKiace) YTOYHHET
NIpeoGpa3yeMyd TPYIIIUPOBKY, TPEThA (TTOATO/-
KJIACC) — YTOUHAET AOTONHWUTENIBHBIX YYaCTHMKOB
peakuiMd (HaTipUMep, JOHOPA M AKLCITOpa) M YeT-
BEpTasl — MOPSAKOBLIN HOMED hepMeHTa B JaHHOM
noarpynne. Tax, pepMeHT ManaTAcrMApOTEHa3a
HMMEeT CUCTeMaTHueckoe HazpaHHe L-manar: NAD-
OKCHAOPEOYKTa3a M KoroBbiH wwdp 1.1.1.38. udp
03HAYaeT, YTO 3TOT (PEPMEHT OTHOCAT K NEPBOMY
Kinaccy (pepMeHTOB — OKCHIOPEIYKTal, OKMCIse-
Mast TPYIINa — rHAOpOKCHNbLHAaA rpynnuposka (1) B
npUCYTCTBHH KodepmeHTa NADY (1) » nopsiaxo-
BB HOMep (epMeHTa B aToH noarpynmne — 38,
Komosylo HoMeHKNaTypy (pepPMEHTOER B OCHOBHOM
HCIONB3YIOT B HayuHOH JHTEpaType.

il. KO®AKTOPDI
N KO®EPMEHTD!

BonblMHCTBO (hepMEHTOB AT IPOARIEHHS (ep-
MEHTATHBHOK aKTHBHOCTH HYXKAACTCA B HHIKOMO-
JNEeKYNSPHBIX OpTraHMYECKHX COENTMHEeHHNX Hele-
KOBO# npuponpl (kodepMeHTax) M/MIH B HOHAX
MeTAIOB (KothaKkTopax).

TepMuH «KodepMeHT» Db BBeAEH B HAvajae
XX Bexa H 00603Ha4Yan YacTb HEKOTOPLIX hepMeH-
TOB, 'KOTOpasi JETKO OTACAANACH OT HEJIKOBOH MO-
Jekyabl hepMeHTa M yAANAIACH YEpe3 MOAYIIPO-
HHUaeMylo MeMOpaHy nipw avanmuse. Heckonbko
noaxe 6bL10 BHIACHEHO, 4TO GOJILINHHCTBO ¢ep-
MEHTOB COCTOMT H3 TEpMOJabOWILHONH OeAKOBOMH
qacTH M TepMocTabunbHoro Hebenkosoro ¢ak-
TOopa — kodepMeHTa. benkopast 1acTb OAy4Mna
Ha3BaHMe «anodhepMeHT», KOTOPBIH B OTCYTCTBUE
KoepMeHTa He 00n4a0acT KaTAIMTUYECKON aK-
TUBHOCTLIO. KodepMeHT ¢ GeNKoBOH MONEKYIOH
(anodepMeHTOM) GOPMUPYIOT MOJEKYIY XOJ0-
depmeHTa, 0BIANAOIIYI KATAMUTUYECKOH aKTHB-
HOCThIO.

A. KodakTornl

bonee 25% pcex pepMeHTOB LA MPOABIEHHSA
MOJHONA KATUIMTHYECKOH aKTHBHOCTH HYXIAETCH
B WOHax MeTannoB. PaccMoTpmM ponbk kKodaxto-
poOB B (PEpPMEHTATHBHOM KATAJIM3E.

1. Pose memainoe & npucoeounenuu cybcmpama
6 AKMUGHOM WeHmpe grepMenma

HoHbl MeTaina BRIOIHAIOT (PYHKIMIO cTabHAM-
3aTOPOB MOJEKYNEI ¢y(CcTpaTra, akTHBHOrO IeHTpa
tbepmerTa B xoHbOPMAUHMK GEIKOBOH MOJEKYIh
(depMeHTa, 4 UMEHHO TPETHMMHOH M YETBEPTHYHOH
CTPYKTYD.

Houbl MeTALI0B — CTAGHNHIATOPLI MOJIEKY/Ib

cybceTpara

s HekoTOpbiX hepMeHTOB CyOCTPaTOM CIEVKWT
KOMILICKC MPEBPAlIaeMoro BeillecTBA ¢ MOHOM Me-
Tajuia. Hanpumep, a1s GOMBLUMHCTEA KHHA3 B Kave-
CTBE OJIHOTO M3 CYOCTPATOB BLICTYIIAET HE MONEKY/IA
ATD, a kommeke Mg#-AT®. B atoMm ciyyae HOH
Mg?* He B3AUMOACHCTBYET HEMOCPEICTBEHHO ¢ (ep-
MEHTOM, 4 YJACTBYET B CTa0HITH3ALINU MOeKYIRI AT
M HEWTPRTHM3AIMK OTPHLATEIIBHOTC 3apsaa cyfcrpa-
Ta, 4TQ O0JErYacT €ro NPHCOSAMHEHHE K aKTHBHOMY
LeHTpy depmerta (CM. cxemy Ha . 84).
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Cxema

CxeMaTUIHO poibk KodakTopa NpH B3AHMOOeH-
CTBHH (bepMeHTa ¥ cyOCTpara MOXKHO NPEICTABHTD
Kak koMmIeke E-5-Me, roe E — ¢epmenr, S — cy6-
crpar, Me — MOH MeTaLna.

B xauecTBe npHMepa MOXKHO IPHBECTH PACIIO-
JOXeHHe CYOCTPATOE B AKTHBHOM LEHTPE TeKCO-
KUHA3H {pHc. 2-3).

I'ekcokMHAa3a KaTATHUIUPYET NMEPEHOC KOHUEBO-
ro, y-ocdarHoro octaTka MONeKyas AT Ha rmio-
KO3y ¢ 006pa30BaHMEM IIOK030-5-ocdara:

CH;—OH CHo-O—POsH2
HA O H Fexcoumasa  H A1 QH
+ATO ————— + AllD
HONH G Hot B
H OH H OH
Cniokosa [oxoso-6-pocdpaT

noKko3a

FuapaTnpopaHHeIA
MOH MarHus

Puc. 2-3. YuyacTHe MOHOE MBrHWA B NprcoeanHeHnn cyGeTpata
B8 AKTHEHOM LEHTPE NeKCOKMMASL). B aKTHBHOM UBHTDS rexcoKu-
Haak! BCTL YHACTKKM CBASLIBAHUA QNS MONSKYNbI MKIKO3L 1 KOMI-
nexca Mg?-AT®. B peaynsrarte pepMeHTATUBHON PEaKUMW Npovc-
XORUT NEPEeHOC KOHUEBOTO, Y-hocthaTHOMD OCTATKA Monexynel ATd
HA TAKKOAY ¢ ofipasoBaHKem MINKO3o-6-doctaTa.
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Hou Mg?* y4acTByeT B IIPHCOSIHHEHKH H «Npa-
BWIbHOH» OPHEHTALIMH MOJEKYAb ATd B akTHB-
HOM LUcHTpe ¢epmeHTa, ocnabnsas docdoaduphyio
cBA2b M obneryas nepeHoc docdata Ha TIIIOKO3Y.

Mo meranna — cradmaH3aTopbl AXTHBHOIO
uenTpa gepMerTa

B HEKOTOPBHIX CAyYAasSX MOHBI MeTaUia CIyXar
«MOCTHKOM» MexXay (GepMeHTOM W cybeTpaToM.
OHH BBIMOMHAT (PYHKUUK CTACHJIH3ATOPOB aK-
THUBHOFO LIgHTPAa, 06/1er4as NpUcOeIUHEHHE K HEMY
cyGcTpata M NpOTeKAHUE XUMMYECKOM DEaklWHu.
B psine ciydaeB HOH METALIA MOXET CnocobCTRO-
BaTh MPUCOEIMHeHU Kodepmenra. [lepeuncnen-
HEIE BbIllIe (DYHKIIUH BBITOJHAKT TAKHE METAN-
nbpl, kak Mg?*", Mn?*', Zn*", Co?!, Mo?*. B
OTCYTCTBHE METAUNA 3TH (PepMEHTH aKTHBHOCTBIO
He obnafaioT. Takue pepMEHTH MOAYYKWIX Ha3Ba-
HUE «METAMIOIHIUMbBI». CXeMaTHYHO AaHHBIN
npollece B3auMMonelicTBHa depMeHTa, cybeTpaTa
H METAUIA MOXHO MPEACTABHTH CIENYIOLIUM 00-
pasom:

E-Me-S§

K MeTaUto3HIMMaM OTHOCAT, Hampumep, dep-
MEeHT THPYBAT KMHa3sy (pHc. 2-4), KaTamusupylo-
WU peakiiHio:

C"‘.' MupyeaTkunasa ?

(F— o + AfD Cli—-.O' + AT

¢- O~ PO Cc=0

CH; CH;3
docchoeHoNnMpyear Mwpyeat

2. Poav Memaad0e ¢ cmabuauiauuu mpemudnoi
4 uemgepmuvrol cmpyxmypos epsenma

HoHbl MeTaNIOB 0GECNEUHBAIOT COXPAHEHHE BTO-
PHUHON, TPETMUHOMN, YETBEPTUMHON CTPYKTYPBI MO-
Jekyns epmeHTa. Takue QepMeHTH B OTCYTCTEHE



docthoeHoOnMpyBaT

WoH marimna

YJacTOK CBA3LIBAHWA

All®

Pre. 2-4. YUacTHe HOHGE MArHWA & NPUCOeRMHeHWW cyBeTpara B aKTHBHOM LBHTRE NUPYRATRKMHA3L). AKTHBHEIA LEHTp NMpyRar-
KMHESL MMEET YHACTKM CBA3LIBAHWA ANA (hochosHonnupysata u ALIM. Mg?* yqacTeyeT B cTaSunuaaumn akTMBHOrO LeHTpa, 4re obner-
HaeT npucoeanHeHne docposHonnupysata, B xoae depmedTaTiieHon peakumn oBpaayeTca nupyeat u ATd.

HOHOB MeTALIOB CMOCOOHKW K XMMUYECKOMY Kata-
JH3Y, OJHAKC OHH HecTabWwibHbl. MX aXTHBHOCTE
CHICKAETCA M AaXe TIOMHOCTBIO HCYe3aeT TIPH HebOoNb-
WX W3MeHenmnsax pH, TeMIiepaTypbl 1 ApYTMX He-
SHAYUTENbHBIX U3MEHEHUSX BHENTHETO OKPYXEHMA.
Takum 06pazoM, MOHBI METAIUIOR BBITOTHSLIOT QyH-
KIMIO CTABHIM3ATOPOB ONITHMANTEHOH KOHGOPMALIHA
OENKOBOI MOMEKYJIRI.

HUHorna B cTabUMM3alud BTOPUYHOM H TPETHY-
HOH CTPYKTYPH IPHHHMAKT YYACTHE HOHLI IHE-
JIOYHO-3eMENBHBIX METAIOB. Tak, anda nogaepxa-
HUA TPETWYHOH KOH(MOPMAIIMM NMHPYBATKUHAIbI
HEoOXOAMMBl HoHEL K*.

Jna cTabuau3auny 4YeTBEPTHYHOH CTPYKTYDH
AMKOTOIBACTHAPOTeHA3bl, KATAMHIKWPYIOLIEH pedk-
LM OKHCAEHHS 3TaHoa, Heo0X0aMMbI HOHEI ITHH-

36 kd 36 3

OO

+ 4%

Ka. AJIKOTOARAEMMIPOreHasa COCTOUT U3 4 cybbe-
JWHHUIL ¢ MONeKyapHoi Maccoit 151 k1. B cocrar
tdhepMenTa BXOmAT 4 atoma Zn’'. Ynaneuue Zn't
MPHBOIHT K MOTepe aKTHBHOCTH ¢epMEHTA 3a CHET
OUCCOHHALIMM Ha 4 HEaKTHBHBIE CYOBCIWMHUUE! €
MOJICKY/IpHOIH Maccon 36 kI (puc. 2-5).

3. Poav memanros 8 hepmenmamuenom
Kamamse

He MeHee BaKHYK POJIb OTBOJAT HOHAM METAl-
JIOB B OCYIUECTRACHHH (DEPMEHTATHBHOTO KaTATW3a.

Yyacree B EKTPpHpHILHOM KaTATH3E

HauGonee vacTto 3Ty MYHKUUK BRIMOAHSIIOT
HOHH METAIOB ¢ MEPEMEHHOM BaJICHTHOCTLIO,
HMeluie cBoBoAHYI0 d-opbuUTaANh W BEICTYIAN-

Zn® Zn®

36kl 36k

depmeHT He akTHBEH

n* Zn®

151 kA1

AnKOrons aeruaporeHasa
depMenT aKTMBeH

Puc. 2-5. Ponb woHOB UWHKA 8 CTABMNW3ALMK YETBEPTHHHON CTPRYKTYRhI SRNKOroNbaerngporeHassl.
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e B KadecTBe 3ieKTpoduroB. Jro, B AepByIO
OUEpenh, TAKKE MeTamnsl, Kak Zn?, Fe!, Mn?,
Cu*. Honsl wEmOYHOo-3eMeNBHEIX METAUIOR, Ta-
KHe Kak Na* u K*, He 061a8210T 3THM CBOHCTBOM.
B kavectse mpuMepa MOXHO pacCMOTPETh {PYHK-
LHoHUpoBaHRe depMeHTa KapboaHrHApasbl, Kap-
Goanruapasa — ITHHKCOAEPXALIMi ¢epMeHT, Ka-
TATHIUPYIOWMH peakuuio o0pazoBaHMUs YrOJAbHOM
KUCAOTbI;

CO,+ H,0 & H,CO,

Hou Zn** B pesyabTate 3MeKTpodMIbHOH aTAKH
yyacTeyer B obOpasoeaHuM H* v OH™ uoHOB M3
MOJCKYABI BOABIL

/H /H
E-Zn% + 0 +— E-Zn%-- 0 + H'
H

TTpoToH M TMAPOKCHIBHAA IPYNING MOCAGA0BA-
TENBHO NPHCOSIVHIIOTCA K JHOKCHIY YIepoda ¢
06pa3oBaHMeM YIONBHOH KMCIOTH (CM. CXeMy A).

B xone anekrpodMIBLHOTO KATAMM3a HOHH Me-
TAUIOB Y4CTO YYACTBYIOT B CTAOMIIM3ALIMM IIpOMe-
XKYTOUHBIX COERMHEHMI.

Y4acTHe B OKHCIHTEIbHO-BOCCTAHOBHTEILHBIX
peaKIHAX

HOHH METALAOB ¢ NEPEMEHHOHW BATEHTHOCTLIO
MOTYT TAKKE Y4ACTBOBATD B [IEPEHOCE BICKTPOHOB.
Harpusep, B IMTOXpOMAX (TEMCONEPXALHX Oen-

Kax} HOH Xene3a cnocober NpUCOSHUHATD U OTAR-
BATh OIMH JACKTPOH:

-a
Fe*" T2 Fe&*
+8

Dbrnarosaps 3ToMy CBOMCTRY IIMTOXPOMEI YUACTBY-
10T B OKHCIIMTENEHO-BOCCTAHOBUTEIIBHEIX PEAKIIMAX.

Hpyroif TIpuMep y4acTdHsi HOHOB METLLIOBR B
OKMCJINTEIEHO-BOCCTAHOBUTENBHDBIX PEAKLIHIX —
pabota ¢pepmenTa godaMUHIMAPOKCHAA3EI, KaTa-
JIH3UPYIOLRTO PeakiMIo 00pa3oBaHnd HOpaIpeHa-
JUHA TIPH ywacTuH BuTamuta C (cM. cxemy B).

3a OKMC/IUTENBHO-BOCCTAHOBUTENLHEIE CBOM-
CTBA Y 10(aMHUHIHIPOKCHAA3L OTBEYAST HOH MEIH
(puc. 2-6).

PepMenT, conepxkawuit o Cu?*, He BCTYHAeT
B PEaKIIMIO ¢ MOJNeKyno# kucaopona. IIpu Boccra-
HosneHun Cu?* go Cu™ ¢ MOMOLBIO aCKOPOHHOBOH
KHCAOTHE ODpazyeTcs MOH Meldu, CrocOOHbIA B3au-
MOLCHCTBOBATL ¢ KHCAOPOAOM ¢ 00pasoBaHHEM
MIEPEKMCHOTO COenMHEHN. [anee THAPOKCHIBHAS
IPYNNa IEPeHOCHUTCS HAa MOJNEKyNy NodamuHa ¢
00pa30BaHyeM HOPAIPEHATMHA,

4. Poe MeTANIOB B peryidliMH AKTHBHOCTH
depMenTOR

HMHoraa moHB META/UIOR BHICTYAKOT B POJIM pe-
TYISTOPHBIX MONekya. Hanpumep, uonbt Ca?* cony-
¥aT aKTHBATOpaMM depMeHTa NpoTevHKUHasH C,

0=C=0
2
E—ZnZ...... (I)-»C—OH +— E-Zn? + H,CO;

Cxema A H

OH OH

OH 0: H,0 OH
H, B - :-; i " H,BMN _

C|H2 AckopbuHoean HAemapoackopbuHosan CIIH OH

C11Hz KMCNOTa KuenoTa (Ile

NH, NH,
Cxoma B Oodamun HopappeHanuu
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0=
HO-CH
HO—:CH
e
HO—Ci:H
HzC -OH

AckopbuHoBas
KHECNOTA

1. 2E —Cu?* +

=

-+

2. E-Cu' + O+ H #

HO

3. E-Cu-0-0-H +

CH

-

O=(|3

2E —Cu* + O_cf

Ty

v
HO—Cl:H

H.C ~CH

DempapoackopbvHoran
KucnoTa

O + 2H"

E-Cu—-0-0-H
OH

CH—CHz-NH; + 2H" #
AdodramuH

PPN HC N 3
E—Cu + CI:H CH—NH; + HO

OH
HopagpaHanuH

Puc. 2-6. YuacTHe woHa MefW B aKTHBAUNM MONEKYNki KHCNOPGAA NPH PYHKUKOHHPOBAHMH AOHAaMHHIMRPOKEUNA3LL. 1 - BOC-
cTaHoBneHve Cu®, BXORAMUSTO B COCTAB AKTHBHOIO LIGHTPA AohaMUHNMApOKeHMnasel, A0 Cu* ¢ NOMOWE ackopGUHOBOR KACNOTLI;
2 — BzanmopgencTene Cu™ ¢ KUCNOPOROM € OGPACBIHUEM NEPEKUCHONC COEQWHEHMA; 3 — NBPEHOC MOPOKCHRBHON (PYNNbI HA MONEKyNy

npohaMuna ¢ GOpascBaHieM HopaapeHanuHa.

KaTanW3UPYIOLIEro peaktuy GochOoprIHpORaHUA
oenkos (cM. paznen 5). Monws Ca?' Takxke W3Mens-
IOT aKTUBHOCTh PSiia KallbIUH-KATbMOAYJINH3aBH-
CUMEIX hepMeHTOB (cM. moapaiten V),

b. KO®EPMEHTRI

Kak yvxe ObLIO ¢Ka3aHO, AN TIPOSABAEHUS KaTa-
JTHTHUCCKOH aKTMBHOCTH OOMBUIMHCTRY (DEPMEH-
TOB HeoGXoanMo Hanuuue Kobepmenra, HMexawo-
YeHHE COCTARMSIOT THAPOIATHUYECKME (DEePMEHTHR
(HanpuMmep, npoTeasnl, JHMA3L, pUOOHYKIIEA3a),
BHITIOJTHAIONTHE CBOIO (YHKHHIC B OTCYTCTBHE KO-
cdepmenTa.

KodepMeHT, NOKaATH3YACE B KaTaTHTHYECKOM
YUACTKe aKTUBHOPO LIEHTPA, HNPHHUMAET HENOCPEA-
CTBEHHOC YYacTHe B XMUMMUYECKOH peaklilH, BBICTY-
nasi B KA4€CTBE aKUEITropa H AOHOPA XMMUYECKHX
TPYTIIMTHPOBOK, ATOMOB, 3/eKTpOHOB. KodepMmeHTt
MOXeT ObiTb CBSI3AH C OCIKOBOH 4acTblo MOJIEKY-
Jbl KOBaCHTHHMH M HEKOBUIEHTHHIMH CBS3AMU.
B niepeomM cydae OH HA3BIBACTCS NPOCTETHYSCKOH
rpyrnoi (Hampumep, FAD, FMN, 6uoTHH, nunoe-
Bas kucnora). Bmecre ¢ TeM M3BECTHBI TTPUMEpHI,

Korma xotepMeHT TIPHCOSIMHAECTCH K (hepMeHTy
HEKOBAICHTHBIMH CBAISMH HACTOJIBKO MPOUYHO, YTO
HE JUCCOIMMPYET OT OSNKOBOH MONCKYIR, HANPHU-
Mep THaMuHIHpochar. )

Bo mropom ciiydae KodepMeHT BIaMMOAEHCTRY-
eT ¢ (epMEeHTOM TONBKO HA BpPeMA XUMHUYECKOH
PeaKUMH d MOXET PACCMATPHBATECA B KAYECTBE BTO-
poro cybctpara. Ilpumepsr — NAD*, NADP-.

AnodepMeHT ofecneyMBacT cneuHpHIHOCTD JEH-
CTBUS ¥ OTBEYAET 34 BLIOOP THTIa XHMHUECKOTO TIPe-
BpalleHus: cyberpara. OnMH M TOT Xe KodepMeHT,
B3aWMOASHCTEYA ¢ DPAsIMYHBMH ANO(EPMEHTAMH,
MOJKET V4acTBOBATh B Pa3HBIX XHMHUECKHX MpPeBpa-
meduax cyderpata. Hampumep, nupuaoxcanihoc-
thar B 3aBUCHMOCTH OT TOTFO, ¢ KaKHM anogepMeH-
TOM B3aHMOAeHcTBYeT, V4acTBYeT B peakuMax
TPAHCAMHHUPOBAHHUA HMAH JeKapOOKCHUITMPOBAHMSA
AMMHOKHCIIOT,

XHMHYecKan ripupoaa KopepMEeHTOB, HX QYH-
KI[MU B (hepMEeHTATUBHBIX PeaKLIMAX Ype3IBbIyaii-
HO pasHooOpa3Hel. TpagMHHOHHO K KogepMeH-
TaM OTHOCAT NPOHU3BOAHBIC BHTAMMHOB, XOTA
IIOMUMO HHUX €CTh 3HAYMTEABHBIA K1ace Heben-
KOBLIX CO€JHHEHHIT, MTPUHHMAIOIIUX YYACTHE B
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NPOSIBJIEHUU KATAaNUTHYECKOW dyHkunu dep-
MEHTOB.
K kothepMeHTam OTHOCST CICOYIOLLIME COSIMHEHM,
¢ [IpOH3BOAHBLIC BUTAMMHOR;
¢ reMel, BXOASUIME B COCTAB IIMTOXPOMOR, KATA-
Jla3pl, MEPOKCHOAIB, IYaHWAATIMKIazel, NQ-
CUHTA3bI M SIBJIKMLIECH [TPOCTETHIECKOM Ipyr-
nofl epMeHTOR;
» HYKJICOTHIB -— JOHOPLI U aKHENTOPH OCTaTKA
thochopHOi KECIOTBI;
o yOUXMHOH, WIH KOodepMeHT Q, YIACTBYIOLIHIA
B MEPEHOCE JNEKTPOHOR U nipoTtoHos B 1II13;
» hochoaneHosnngochocynrmpar, yuacTByrOLIMIA
B NepeHoce cynbhara;
s S-aac¢HO3UAMETHOHHH (SAM) — moHOp Me-
THIBHOM TPYNNBI;
¢ [IIYTATHOH, VYACTBYIOWHA B OKHCIHUTENEHO-
BOCCTAHOBHMTEIBHBIX PEAKLIMAX.
C1poeHKe M QYHKUMH STHX KODEPMEHTOR [0I-
poOHO PacCMOTPeHB B COOTBETCTBYHOLLMX palae-
aax yuebHuUKa,

B. MyJIBTUCYBCTPATHBIE PEAKLIHH

BoNbIIMHCTBO (hepMEHTOB KATATH3NPYET peak-
LMW, B KOTOPBIX YHACTBYET H0EE HYeM OQMH CyD-
cTpaT. B cny4ae ecnu KodepMeHT HE SIBJICTCH
MIPOCTETHUECKOMH IPYNNOH, ero Takke MOXHO pac-
CMAaTpuBaTh Kak ellé oZWH cyberpaTr. Cnemopa-
TEJIHO, YYaCTHHKOB (DEpMEHTATUBHO peakuHM
MOXET OBITh HECKONBKO. HEAOCPeICTBEHHO hep-
MEHT, HeCKOTBKO CYOCTPAaTOB M KO(EPMEHT.

B oTHX cay4asx MeXaHW3M (PMEHTATUBHOI
peaklUMH, KakK MMPaBHJIO, MOXKET WATH 10 OJHOMY
M3 IBYX MYTEH. [T0 MEXAHH3MY <IMHI-TIOHL» (Me-
XaHH3MY OBOWHOTO 3aMEleHUs) UAW TocAeao-
pareabHoMy. Paccmorpum ofa MexaHW3Ma.

1. Mexanuzsm «nunz-nonz»

CxeMATHYHO MeXaHU3M <«IIHHT-TIOHI» MOXET
OLITE TIPEACTABIEH CIETYIOIIMM 0GpasoM:

Py B

I

E+A— EA—FE—EB— P, + E

CyGetpar A, sauMmoneiicteya ¢ ¢epmerToM (E),
npespaiaeTes B npoaykt (P,). @epMent ocraéres B
pPe3vIILTATE 3TOro TNpeobpa3oBaHHsS HE B HaTHBHOM
dbopme, a B uaMeHEHHOM (E’) B pe3yabTaTe MOTH(U-
kauuu Kodepmenta. Hanee K akTHBHOMY LieHTpY E
npucoeuHAeTcd cyberpar B, mogsepraroivitcs npe-
obpasoBanuic B npoaykT (P,) ¢ BhicBOGOXAEHHEM
HatuBHO# GopMmbl depMeHta (E).

XopolIHil NpUMep MEXaHH3Ma <«TUHT-TIOHr» —
peaKUMi TPaHCAMUHHMPOBAHHSA € Y4acTHEM (epMer-
TOB aMMHOTpaHChepas (KOGepMEHT NHPHAOKCANb-
tocpar). AMuUHOTpaHchEepasbl, OTKPHITHIE OTE-
YeCTBEHHBIM YYEHRIM ALE. bpayHwTeAHOM, KaTaTH-
3MPYIOT OOPATHMBIE PEAKUMH TIEPEHOCa AMHHOIDYIT-
Mbl C aMHHOKMCIIOTH Ha KeTOKMchoTy. MexaHH3M
<TIHHT-TIOHT» JAHHOH peakUMH CXeMAaTMYHO Mpei-
CTaBiIeH Ha pue, 2-7.

Jdpyroll npuMep MEXaHH3Ma <«MHHI-MOHI» —
peakuHH NeTHEPHPOBRAHHA ¢ YUACTHEM KOEpMEH-
Ta FAD {dhrasuHancHUHAMHYKICOTHI) Wi FMN
((bAaBHHMOHOHYKIICOTHI), KOTOPBIE NPOYHO CBA-
34HBI ¢ PepMeHTOM H, CASAOBATCIBHO, HE MOTYT
pacCMaTpHBaThCA B KAyecTBEe BTOporo cybcrpara.

CxeMaTHUHO CTPYKTYpa 3THX KOePMEeHTOB H CO-
OTBETCTBYIOILIHE UM XMMHYECKHE (OPMYAH Npel-
CTaBneHH Ha pHuc. 2-8.

FMN u FAD y4acTBYIOT B OKUCIMTEILHO-BOC-
CTAHOBMTENBHBIX PEaKUMAX, aKLenTHPYS 2 € H
2 H* B M30a1aKCca3MHOBOM KOABLE (CM. CXEMY HUXKE).

H
9 .o
HiC N HaC. N
~ NH 420, +2H" ~ NH
DH, + /L ————— D + /L
Ny -2e, -2H" X
HsC r|~l NT O HsC ||~| rr 0
R R H
FAD (FMN) FADH, (FMNHy)

OKMCAeHHan opmMa
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[
I
i
\l'ld) ——HN—AK,”

HzN — AK,

Puc. 2-7. CoBnita B aKTMBHOM LEHTPE aMWUHOTpPaHCEpPaas KaK NpUMED MEXaHM3Ma «MUHF-NOHT». KOMepMenT nupupokcant-
thocdar (M), ceA3aHHkIR ¢ PepPMEHTOM, NPUHUMAST C-AMIHOTPYNMY 0T NEPRCH AMHHOKMCNOTH [AK ), koTopas npu 3TOM npespawaeT-
Al B c-keTokmenoTy 1 (KK, ) 1 BLICBOGOXGARTCR U3 AKTUBHOMC USHTPA (hepmenTa. [lanse B akTUBHEIW LEHTD (epMEHTa NPUCOSaHHASTCA
c-KeTokncnoTa 2 (KK,), KoTopas 3atnpaeTt amuHOMrPynny oT KoEpMenTa n NPEBRalASTcs B o-aMUHOKACIOTY (AK,).

CXeMy peakuMH ASTUAPHPORAHKUA (KAK NpHMED
MEXAHH3IMA «[MHHF-TICHF» € YY4ACTHEM KodepmeH-
108 FMN 1 FAD) MOXHO npeAcTaBuTh B CISAYIO-
ILEM BKIE:

8H;

rie AH, — nomop Bodgopona, OKUCIAEMblit Cy6-
ctpat b; A — okucaeHHas opma cybeTpata 1]
B — akuenrop Bosopomz — cyberpar 2; BH, —
poccraHosneHHaa dopma cyvberpara 2; E (FAD),
E (FADH.,) — OKMCIEHHAS W BOCCTAHOBIEHHAS
dopMmbl KodepmeHTa FAD, Bxofslliero B cocTas
thepmenTa E.

B kauectse npumepa FAD-33aBUCKHMON peakuMm
MOXHO NPUBRECTH CYKLUMHATAESTUIDOTEHA3HYIO pe-
akuui, B 310# DEAKUMKY B KA4ECTBE BTOPOTo Cyv6-
CTpaTa yuacTeyeT YOMXWHOH — OMMH W3 nocpei-
HukoB LT3 {cm. cxemy Ha c. 90).

2. Hocaedosameabunili Mexanuim

B cnyyae nocneloBaTeabHOMO MeXaHM3ama s
MpoTeKaHWs GePMEHTHO peakluMW TpebyeTcsa oa-
HOBPEMEHHO R3AUMOAEHCTRHME IBYX CyOCTpATOB.
B 3rom cayuae B03MOXHO npUcoenuHeHue cvbeTpa-
TOB JABYMHA PAIHYHBIMH MYyTAMH;

MexaHu3m YIOPALGUCHHOTO B3auMoaeHcTRHS ¢y0-

CTPATA ¢ AKTHEHLIM LEHTPOM (PepMeEnTa:

P, P2

- -

| ;
E+A-— EA + B — CAB— EP\P,— EP,—— E

[lepBbiM B AKTHBHBIK UEHTP (PpepMEHTA TMpK-
coeuHAaercs cybeTpaT A, obaervasi npucoe-
aurieHue cyocrpara B. Hoone xMmMueckoi
MOTMGMHKALMH Takxe HAGMIIAKT onpeme-
JEHHBIA MOPALOK BHICBOBOXKAEHMS NPOIYK-
TOB PEAKLMH.

Mexaunsm ciyuaiHOro B3auMoIeHCTBHA cYOCTpaTa
¢ aKTHBALIM leHTpom depMenTa:

'Pl__, EP; —+ E + P;

EAB— EPP;
E+B— EB+A/ “_‘,;;jszP1--'~E+P1

E+A— EA+B\‘
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IpuoOpHTETHOCTH 3a B3aUMOfelicTRHE CyDCTpa-
TOB A U B B aKTHBHOM LieHTDREe hepMeHTa HET
(Kakneift cyDCTpAT MMEET CBOM LIEHTD CBS-
3bIBAHHS B AaKTHBHOM UeHTpe). Taxke HeT
CTPOroil 3aKCHOMEPHOCTH BBICBOGOXIACHUSA
TIPOAYKTOB PEaKILIMH.

[MpuMepoM MOCNeAOBATENLHOIO YIIOPSIIOYEH -
HOrO MeXaHW3IMa MOXeT ObITh peakius Jeruf-
PUpPOBAHUA ¢ yuyacTHeM kodepMeHToR NAD™,
NADP*.

CxeMATH4YHO CTPYKTYPA M XHMH4eckue GopMy-
JBI 3THX KOGePMEHTOB NPEICTARICHB HAa pHc. 2-9.

0ba kodepMeHTa QYHKIMOHHUPYIOT KAK MMOCPEa-
HHMKH TIEPEHOCA IBYX JJIEKTPOHOB H OJZHOro npo-
TOHA OT JOHOpA K AKHENTOPY, APYTOTo MpOoTOHa —
B cpedy (CcM. cxeMy A Ha c. 92).

HoHop M akuenTop He 06M3aTeAbHO YYACTBYIOT
B OOHOM MeTafonHyeckoM MyTH. JIpyruMi ¢lioBa-
MH, BOCCTAHOBRAeHHAad (opMa 3TUX HYKJIEOTHAOB
DedcreyeT kak OBUIMHM nyA A€KTPOHOB, 0Bpa30-
BaHHBIN B PE3yNLTATE OKHMCITUTEIBHBIX PEAKIH,
U MOXET OBITh HCTIONB30BAHA B PasfUYHBIX BOG-
CTAHOBHTENBLHLIX peakuusax. Takwe peakilMM Ha-
3LIBAIOT COMPAXEHHBIMU (cM. cxemy b Ha ¢. 92).

A NAD" (HUKOTMHAMMAZASHUHAUHYKNEOTHA)
A
r a
HuxoTuHamug
(BUTaMUH) AdenuH
<Pubosi>—— (P) ® w6033
“ dononHuTensHan
@—— pocaTtHan
I rpynna
y NADP*
AM® (ageH03uH-
MoHogoepar)
Aea HykNeoTHAA
B NHz
NHz o] N~ N
W
a .
| NH, \N
N T 9
N CHp,-0-P-0Q-P-0-CH
O 2 I © I 2 O
OH OH
H I
HOH OH HoOH OH (—lI’—OH)
\ ~— / OH
NAD*
. e A
NADP*

Puc. 2-9. Crpyxtypa {(A) n xummuecuoe crpoenue (B) kodepmenTak NAD® n NADP-.
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Ho 0 H H
C—NH,
- +2e, +2H°
DH; + S A D + [ I + HY
S ———
\+ . _
rTl -2e ' '2H+ bli
R R

NAD* (NADP*)

oruchenran dhopma
Cxema A dop

NADH (NADPH) + H
BOCCTAHOBNGHHARA cbopma

Cxema B

rie AH, — fmoHop BOnOpOAa, BOCCTAHOBAEHHAHA
dopma cyberpata 1; A — oxknucneHuas dopma cy-
crpara b; B — akuenTop Bogopoma — BTOPOi cy6-
ctpat,; BH, — BoccTaHoBieHHas dopma cy6-
¢Tpara 2; NAD*, NADH — oxkmcneHHas M BoC-
CTAHOBEHHas (opMel Kodepmenta; E, u E, —
(hepMEHTEI.

Hdee pepMEeHTATUBHBIC peaklMy, KaTaIuiHpye-
mete pepmentaMn E u E,, compakeH®! apyr ¢
ApyroM nocpelcrsoMm kodepMenta NADY, ciayxa-
IICTO B KAXIOM H3 3THX caydaer cyberparoM. LA
nepeero ¢gpepMeHTa Cy0cTpaToM CNYXHT OKHC/IEH-
Hasa dopma NATD), B kauecTBe BTOpOTO CcybeTpaTa
BRICTYNAET JOHOP BOAOPOAA — IPHMEP IOCHeA0-
BAaTCNbHBIX peakUMi, MPOOYKTOM — BOCCTaHOB-
neHHan topma NAD, nns depmenta E, — Ha-
obBopor.

B Kayecrse MpMMepa MOXHO PacCMOTPETL Ce-
OYIOILIAE COTPAXEHHBIEC PeaKHMM (CM. CXeMy Ha
¢. 93), cae E, — mmnepamsaernadgocgar Aeruapo-
reHasa, E, — nakratgerdaporeHasa.

IV. MEXAHU3M AENCTBUA
GEPMEHTOB

MexannaM neficTeusa ¢GhepMeHTOB MOXeT ObITh
paccMOTpeH ¢ ABYX ITO3HIMI: C TOYKU 3pEeHHA H3-
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MEHEHHA IHEPreTHKH XHMHYECKHMX DEaKilHi W ¢
TOYKY 3PEHUS COOBITHH B AKTHBHOM LIEHTDE.

A. DHEPTETMYECKME W3MEHEHUS
MMPH XUMHUYECKHUX PEAKITUAX

JTio0ble XHMHUYECKME peaKUMH MPOTEKAIOT, NOI-
YHHAACH JABYM OCHOBHBEIM 34KOHAM T€PMOAMHAMH-
KU: 338KOHY COXPDAHEHWS JHEPTHU M 3aKOHY 3HTPO-
muM. CornacHO 3THM 3aKOHaM, O0Las FHEPTHs
XMMHUYECKOH CUCTEMBI M €€ OKPYXEHUM OCTaércst
MOCTOSIHHOM, MPH 3TCM XMMUYECKAA CHCTEMA CTPe-
MHTCS K CHIDKCHMIC YIIOPSAMOYeHHOCTU (YBEIRYC-
HUIO 3HTponuH). JAnd MOHWMAHUA IHEPreTHKHU
XMMHYECKOH peakliMM HENOCTATOMHO 3HATh JHEP-
TeTHYECKHE OaIaHC BXOMANIUX M BBIXOAALIMX M3
peaKkiliM peareHToB, HeoOXOOMMO YYHTBIBATD M3-
MEHCHHMS 3HEPTHU B NPOUECCe AAHHOM XWMMUeC-
KO peakilMu U ponb PepMEHTOR B AMHAMHKE 3TO-
r¢ npouecca. PaccMOTPHM PEAKUMIO PANIONKEHMS
YTONBHON KHUCTOTHI

H,CO, - H,0 + CO,,

YronbHasg KWCAOTA ciadasd; peakuud e€ pamo-
KEeHHS MOUAST TTpH OOBIYHBIX YCIOBHAX, €CIH MO-
JIEKYIIB YTOJIBHOH KHUCIOTBI HMEIOT 3HEPTHIY, TIPE-
BRILHAICIVIO OTIPEAeNCHHBIH YPOBEHBb, HA3HIBAEMBIi
3Heprued aktwpauiu E, (puc. 2-10).

DHepruelt aKTHBALIMKM HA3bIBAKOT JOTIONHWTEND-
HOE KOJWYECTBO KMHETHYECKOH 3HEPIUM, Heolxo-
IUMOE MOJIEKY/IaM BEIMECTBA, 4TOOBI OHH BCTYTIH-
JH B PEAKUHIO,

TIpd ZOCTIDKEHHH 3TOTO SHEPTETHUECKOro Haph-
€pa B MONEKyAe TIPOUCXONAT U3IMEHeHHs, BbI3blBa-
IOIME NIEPEPACTIPEIC/ICHHE XHMIMECKMX CBA3EH W
00pa30BaHHe HOBHIX COeOHHEeHHA. [OBOPAT, uTO
MONEKY/Ibl, oOnafatoluMe E , HAXOIATCA B Iepexoi-
HOM COCTOAHUM. PAa3HMIIY 3HEpruii MeXITy HCXOnm-
HbIM peareHToM H,CO, ¥ KOHEYHBIMH COSANHEHH-
amMu H,0 u CO, Ha3uBAIOT H3MEHEHUEM CBOGOIHOM



M, O o
"¢’ CZ0-P0?
H?u._ OH H(i:‘" OH
HC— O—POs* E, HC— 0 ~PQy>
+ H3P04
Mmuuepansgerna-3-cocdat 1,3-bucdrocdornmyepar
{noHop BOAGROOR)
’ NADH + H* coo’
CHa NAD {npoMeKy TOUHBIV |
1 aKLenTop BOAOPOAR) HC ~OH
C=0 !
i CH;
COOH
Nakrar
Nupyear {KOHEUHBIA AKLENTOP BOROPOLRA)
Cxema
CeobogHan
BHERTUA
R} NepexogHoe
t COCTDAHUE
JHEprs
akTueaum
MeHee cTa-
CuNbHOE COCTO- == - ——-————F——---g--~---—--—-—-
AIHUE .
UameneHne ceoGogHoR
IHBPIUK
Eonee cra-
funeHoe 0 oo oo T oo Tm— oo — o= -
COCTORHWE H.0 + CO;

— Bpems

Puc., 2-10. U3meHeHWe CBOOOAHONH SHEPTHA NPW PA3NOKEHKH YTONBHOR KMCROTL,

3Hepruu peakumu DG. Monexkynst H,O u CO, —
Hoace cTabWILHBIC BCIECTBA, YeM H2C03, T.2. 06-
JIAAAKT MEHBLIEH BHEPTHENRE W [IPH OOLMHBIX YCI0-
BHAX TPaKTHYSCKH HE pearvpyoT, BuiaenvBuiasgcs
SHEPrusl B Pe3y/ILTaTe STOM peaklidk PacceuBaeTcA
E BHIE TEILIA B OKPYXAIOLIVIO CpelIy.

Yem Boble MOIEKYT 001a1aeT IHEpryei, npe-
BBINAWLIEH YpoBeHb E |, TeM BBILIE CKOPOCTH Xu-
Mu4ecKoii peakuMu. [TOBRICHTE CKOPOCTH XH-
MHYECKOH peakuMy MOXHO HarpeesaHuem. [lpu
3TOM YBEJIMUMEBACTCS IHEPIUS PEarHpYIOLWHX MOJIC-
KyA. QaHako A XKMBEIX OpPraHM3MOB BBICOKHE
TEMIIEPATYPbl I'YOUTENBHE!, TOSTOMY B KICTKE [
YCKOPEHHA XMMHYECKUX PeakUMH HCTOABIVIOTCH
tepmenTrl. MepMeHTH 00eCTIEUHBAIOT BBICOKYIO
CKOPOCTE Peakiluil IIpH OHTHMALHBIX YCIOBH-

X, CYWECTBYIOLUMX B KIIETKE, NMYTEM NMOHHXCHHA
yposus E . Taxum o6pasom, PepMEHTH CHUXAIOT
BLICOTY 3HEpreTUyeckoro 0apbhepa, B Pe3yiabTare
BO3pACTAET KOAWUECTBO PEAKITMOHHO-CIIOCODHBIX
MOMICKY, CACIOBATEIbHO, YBETHYHBAETCHE CKOPOCTh
PEAKLIVH,

B MexaHu3Mme (hepMEHTATHBHOTO KaTalu3a pe-
WAamUIee 3HaYCHHE HMeeT 0DpA30BaHHe HECTOMH-
KWX MPOMEXYTOUHBIX COSAMHEHHH — depMenT-
cyGerpatHuiil komiieke ES, nmoapeprawinuidcs
[IPEBPaLUCHHIO B HECTAOUBHEIN TEepexoaHbli
xoMmieke EP, KOTOpPBIH OUTH MTHOBEHHO pac-
nagaeTcs Ha ¢BOOOIHBIH DePMEHT M MPOIVKT pe-
aKUMH.

Takum obpazoM, GHOIOTMYECKHME KaTAMH3ATO-
pel {(bepMEHTHI) He U3IMEHAIOT CBOOOAHYIO 3HEep-

93



U0 cyOCTPaTOR W NMPOLYKTOB H MO3TOMY HE Me-
HAKT PABHOBECUE peaxumu (puc. 2-11).
MepMeHT, BHMOMHSA DYHKLHIO KATATH3ATOPA XM-
MHYECKOH PeakLMM, NONYUHACTCS OOLIMM 3aKOHAM
Kartanui3a ¥ obnamaeT BceMH CBOMCTBAMM, Xapak-
TEPHBIMH 1151 HEOHOAOTHYECKHX KATATHU3aTOPOR,
O/IHAKO MMEET ¥ OTAWYMTE/IbHEIE CBOIICTBA, CBA3AH-
HBI¢ ¢ oCO0EHHOCTAMH CTPOEHMS (DEepPMEHTOB.
CxoactBo pepMeHTOB ¢ HEOHOMOTHYECKUMH Ka-
TAIMIATOPAMH 3aKNI0MAETCA B TOM, 4TO:
s QepMEHTE] KaTafH3UPYIOT SHEPTETUUECKH BO3-
MOXHBIE PEAKIHH;
* JHEPTHSl XHMHYECKOH CHCTEMBl OCTAETCS I0-
CTOSHHOH;
¢ B XOJIE KATANN3a HATIPABNCHUE PCAKLIMK HE H3-
MEHsIeTCS;
¢ GepMEHTH He pacXoayloTcesl B MPOLECcCe peak-
UHHK.
OtaHums (hepMEHTOB OT HEOHOJIOTHYECKHX Ka-
TATH3ATCPOR 3AKMIOYAIOTCA B TOM, UTO:
¢ CKOpOCTE (epMEHTATHEHDBIX DeaKUWi BblleE,
yeM peakLHM, KaTaTH3InpyeMbIX HeOenKOBBIMH
KaTanu3aTopamu,
¢ (hepMeHTRI OBMANAIOT BRICOKOH CMelH(bUIHO-
CThbI;

Ceobognan
aHeprua

HavanbHule
cybeTpaT

+ (bepMEHTATHBHAS pPeaKUMA TIPOXOAMT B KIIET-
Ke, T.e. IpY TeMmnepatype 37 °C, NOCTOSHHOM
arMocepHoM JaRTEHMH B PUIHOIOTHIECKOM
3HaveHHH pH;

* CKOPOCTb (DEPMEHTATHBHOH peakUHM MOXeT
PeTYJIHPOBATLCH.

B. DTANIBI ®EPMEHTATABHOTO KATATH3A

1. Dopsuposanue depmenm-cybcmpamnozo
Komniexca

ToT daxT, YyTo depMeHThH 0BIAJAIOT BBICOKON
CIeITUHIHOCTEIO, 1T03B0AUNA B 1890 r. BRIIBHHYTB
THTIOTE3Y, COTJIACHO KOTOPOH aKTUBHEIN LeHTD (dep-
MEHTA KCMIUIEMEHTapeH cyfGeTpary, T.6. COOFBET-
CTBYET eMy KaK «K/oM 3aMKy». [locae ssamMoneit-
CTBHA CYOCTpaTa («K/U») ¢ AKTHBHBIM LEHTPOM
(¢3aMOK») TIPOMCXOAAT XHMHHUECKHE MPEBPALUCHHA
cyfGcTpara B TIPOIYKT. AKTHBHBIA LIEHTP Npu 3TOM
PACCMATPUBAICA KaX CTaDUNbHASA, XKECTKO OCTCPMHU-
HUPOBAHHAS CTPYKTYpA.

B 1959 r. 6b11 ipeanoXeH Apyroil BApHAHT TH-
NMOTE3IN «KIIOY—3aMOK», OOBACHAIOILIHHA CODRITHA
B AKTHBHOM leHTpe hepMenTa. [To 3TOH rumote-
3¢ AKTUBHBIA LEHTD SBASETCH TUOKOH CTpYyKTY-

HPOaYKT B!

» Bpemn

E, - 3HEPIWA aKTUBALMH HEKATaNU3NPYEMON peaKLum

E'; - 3HepmMa axTUBaLIMM KAaTaNU3MPYEMOH hepmeHTaMn

peaKLmMu

Puc. 2-11. MameHerune caobogHON IHepru B XORS XMMHYECKOW PEAKLWH, HEKATANMIMPYEMONR M KaTANHINPpYeMol diepMenTa-
M. DEpMEHT NOHIKEST SHEPTUI0 aKTHBAUMK E , T.2. CHMKAET BbiCOTY aHepreTuueckoro GapLepa, B pesynsTate BO3pacTaeT aons
PEAKLMOHHO-CNOCOBHBIX MONEKYRn, CNEACBATENLHE, YEONUUWEBAETCA CKODOCTh PEAKLMM.
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poti no oTHoweHu1o kK cyberpary. Cyberpar, B3a-
UMOJEHCTBYS ¢ AKTHBHBIM ULEHTpoM (depMeHTa,
BHI3LIBAET U3IMeHeHHe €ro xoHdopMaluu, IIpH-
BOAA K (pOpMHPOBaHHID GepMeHT-CyOCTpaTHOMO
KOMILIEKCa, 6AaronpusiTHOTO IS XMMUUECKHX MO-
oudukanuii cyberpara. [py 3ToM MoneKyna cyd-
CTpara TakKe HIMEHIST CBOK KOHbOopMalHUo, YTo
obecneunBaeT Gonee BHICOKVIO 3QdeKTUBHOCTD
depMERTATHRHON peakLUWH. DTa «THITOTE3a HHIY-
LIMPOBAHHOIO COOTBETCTBMA» BIOC/ISACTBHHM TO-
JAYHIUIA IKCIIEPHMEHTATLHOS TIOATBEPXKAEHHE.

2. Iocaedosamessnocms coboimiti 6 xode
depmenmamusnozo Kamaiusa

[Iponecc bhepMeHTATUBHOIO KATANM3A YCAOBHO
MOXHO PA3IEIMTE HA CIIyIONMe ITantl (puc. 2-12).

IMepBbiil, BTOpO#H M 9eTBEPTHIA 3TaMBl KATANH3A
HEMPORO/IKMTEALHE! W 3ABUCAT OT KOHLEHTPAallUHA
cyberpara (11 MEPBOro 3Tana) U KOHCTAHT CBS-
3BIRAHWS MUIAHAOR B AKTHBHOM IIEHTPE (epMEHTA
(15t nepporo U TpeTkero 3tance). MaMmeHennn
SHEPreTHKH XMMHYCCKON peakiyM Ha 3THX CTagu-
fIX He3HAYMTCIEHEIL

Tperuit 3ran HanGonee MeLIeHHBIH, TNUTENB-
HOCTb €10 3aBUCUT OT 3HEPIUH AKTHUBAIIAH XHMH-
yecKol peakuuH. Ha 3ToH cTaiu¥ NpoHCXOIAT pa3-
pbiB CBA3el B Mohekyne cybcrpara, obpajopaHue
HOBBIX cBs3ed U (popMHpOBaHHE MOJEKYIH HpO-
JIYKTa,

J. Poav axmuenoze uenmpa ¢ (hepmenmantue-
HOM Kamaause

B pezynbTare HeoenoBaHWH GLLTO IOKA3aHO, YTO
Monexky/a epMerTa, Kak MpaBwiIo, BO MHOTO pa3

bonplIe MOJEKYAH CyOCTpaTa, MOABEPTAIONIErocs
XMMHYECKOMY TIpEBPAuIeHWIC 3THM (PepMeHTOM.
B xoHTakT ¢ cy0CTpaTOM BCTYMAET JIMILE HeGOMb-
WAg 4acTh MONEKYNIEl ¢depMeHTa, OOBIMHO OT 5 10
10 aMMHOKHC/IOTHBIX OCTATKOB, (POPMHPYIOIIMX aK-
TUBHHIN HeHTp depMenTta. Pone OCTANBLHBEIX aMH-
HOKHCJIOTHBIX OCTATKOB COCTOMT B ODECHEYCHHH
MPABUILHOW KOHDOPMAIMH MONEKyNH depMeHTa
ANl ONTUMAJIBHOIO NPOTEKAHWA XUMH4YECKOH pe-
aKUHU.

AKTHBHEIH II€HTP Ha BCeX 3Tanax ¢epmeHTa-
THBHOTO KaTANIH3a HENB3A PACCMATPUBATE KAK I1ac-
CHBHHI Y4acTOK AJIA CBA3LIBAHMA cybcTpaTta. Do
KOMITJICKCHAS MONEKYISiPHAsT «MatliHHAa» , HCNOMb-
3YIOLIAA PA3HOOOPA3HBIC XMMMYECKHE MEXaHH3-
MBI, COCOBCTRYIONME MpeRpallleHU0 cybeTpara
B IPOLYKT.

B axTUBHOM 1ieHTpe (bepMeHTa CyDCTpaTHl pac-
NOIAraloTCA TAKUM 00pa3om, YTOOR YYaCTBYIOHIHE
B peakuMH PYHKUHMOHUIBHBE TPYINLI cybBCTpaToB
HAaXOJAWJIHCh B HENOCPENCTBCHHON OGJIM30CTH ApYT
K Jpyry. 9TO CBOHCTBO AKTHBRHOIQ LCHTpa Hasbl-
BalOT 3hdekTOM COMMXEHHA M OpPHEHTAUMM pea-
reHTEeB. Takoe yNnopaaoueHHOE pacnonoxeHue cyh-
CTPATOB BLI3BIBACT YMEHBIIEHWE JHTPOTIMH M, Kak
CJEACTBHE, CHUXEHHUE IHEPrMH AKTHBALHU (Ea),
YTO ONPSACAACT KATATHTHYECKYIO HPDEKTHBHOCTE
(hepMEeHTOB.

AKTHBHEIH HeHTp bepMeHTa TAKXKe CIOCOOCTBYET
NeCTAOMIH3ALMHY MEXATOMHEBIX CBA3CH B MOJNCKYAC
cybcrpara, uTo OOnerdaeTr MpoOTEKAHME XHMMYEC-
KO peakiiuu ¥ 00pa3oBaHME TIPOXYKTOR, JTO CBOR-
CTBO AKTHBHOTO ITeHTpa HaskiBaloT 3¢dekToM ne-
dopmaunn cyberpara (puc. 2-12).

L)
LM NI
— -— —_
E E
E+3 E— ES _— EP — E+P

I I ]! v
Puc. 2-12. Ivanul (hapMeHTATUBHOIC KATANKIA. | — 9Tan cOAUXKEHUA U OpUaHTaLUMY CYGCTDATA OTHOCUTBRAEHO AKTUBHOTO LUEHTpa
thepmenta; Il — obpasosanre diepmenT-cybeTpaThoro koMnnexca (ES) & peayneTaTe WHIYUKPOBAHHOMO cooTeeTcTEMS; |1l — nedopma-

uma cyGeTpaTa u oSpazoBaHve HeCTAbUNLHOrO Komimekca depmeHT-nponykT (EP); IV — pacnag xomnnexkca (EF) ¢ BeCBOBOMGEHVIEM
NPORYKTOB PeaxkuMy W3 akTUBHOMO LEHTPA (epmMeHTa M oCpoboXneHvesm depMeHTa.

95



B. MOJEKYASIPHLIE MEXAHHM3IMbI
DOEPMEHTATHBHOI'O KATANTH3A

MexanuaMbl epMeHTATHBHOTO KaTATH3a OIIpe-
JCNSIOTCA POBI0 PYHKUMOHATEHBIX IPYTIN aKTHB-
HOro igHTpa QepMeHTa B XMMHYECKONH PeaKlHH
[IpEBpAIlicHHs cybeTpara B NposykT. Buigenstor 2
OCHOBHBIX M&XaHM3Ma (PEPMEHTATUBHOTO KaTalu-
32 KUCIIOTHO-OCHOBHOM KATANU3 M KOBATEHTHRIH
KATaIH3.

1. Kucaomuo-ocHoSHON Kamaiu3

Koruenuusa KHCIOTHO-OCHOBHOTO KaTalM3ia
00BsCHAET QEPMEHTATHBHYI) AKTHBHOCThL Y4YacTH-
€M 8 XMMHYECKOH peakuny XUCIOTHBIX IpyIn (ao-
HOPBI MPOTOHOB) H/WAW OCHOBHBIX TPYIN (8Kuen-
TOpPB! IPOTOHOB). KHCOTHO-OCHOBHOW KaTaius —
JacTO BCTPeMAoILeeca ABNEHHUE, AMHHOKHCIOTHRS
OCTaTKH, BXOJAUIHC B COCTaB AKFHBHOID IIEHTPA,
HMMEIOT (PYHKUHOHANBHBIE TPYIINb], NPOsABRISIOLINE
CBOMCTBAa KaK KMCJIOT, TAK H OCHOBaHMI.

K aMHHOKHCAOTaM, YYACTBYIOWUM B XUCJIOTHO-
OCHOBHOM KaTalli3e, B MEPBYIO OUYepedb OTHOCAT
ue, Tup, Cep, Ju3, I'ny, Acn 1 I'ne. Paguxkanu
3THX AMUHOKUCIOT B [TPOTOHUPOBAHHOH hopMe —
KHCIOThL (IOHOPLI MPOTOHA), B ACMIPOTOHUPOBAH-
HOH ~- OCHOBAHMA {(aKUEITrophl IPoTOHA). braro-
Iapsi 3TOMY CBOMCTBY (PYHKIIMOHAJMBHBIX TPYTIN
AKTHBHOTO LIEHTpAa (pepMEHTEI CTAHOBSITCA YHHKAIIb~
HBIMHU OHOJTOrMYEeCKUMH KaraauiaropaMi, B OT/IH-
qHe OT HeOHOJOTHUECKUX KATATH3aTOpOR, CIocob-
HEIX [POSIBIATE JMO0 KHCAOTHRIE, TGO OCHOBHEIE
CBOHCTBA.

YyacToK lT'
CBA3LIBAHMA [ CHy-C-H H
3
aTaHona H5+_9& y C”o
S [ NH, &=
—-Zn%* N
|

IMpuMepoM KUCTOTHO-OCHOBHOIQ KATanM3a, B
KOTOPOM KOGQAKTOpaMU ABNAIOTCA HOHM Zn?, a B
KayecTBe KohbepMeHTa WCTIONB3YeTCAd MOJEKYAa
NAD*, MOXHO TIPUBECTH (PepMeHT ATKOTOMBIETHA-
poTeHa3y TeuyeHH, KaTaIu3UPYIoIIyi0 PeaklUHio
OoKMcJieHHs cnupta (puc. 2-13);

C,H,OH + NAD* - CH,-COH + NADH + H*.

2. Kogaseumnotit xamasus

KoBaneHTHBIH KaTamus OCHOBAH HA aTake HYK-
neodWILHLIX (OTPULATENBHO 3apAXEHHEIX) MU
INEKTPOOMIBHBIX (TTOMOXKUTETBHO 3apPSKeHHBIX)
TPYTIN AKTHBHOTO LIgHTPa epMeHTa MOJeKyTaMu
cyberpara ¢ opMHPOBaHHEM KOBANEHTHOM CBA3H
MeXIY CyBCTpaToM H KothepMeHToM UIH ByHKUH-
OHATEHOWM IPYTINOH aMUHOKKMCIOTHOIO OCTATKA (KaK
MpaBKNIo, OAHOI) aKTHEHOTO LIEHTpa (hepMeHTA.

JeicTBre CepHHOBBIX NIPOTEa3, TAKHMX KAK TPHII-
CHH, XMMOTPUIICHH H TpPOMOMH, — MpHMEp Mexa-
HU3Ma KOBaJICHTHOTO KATAIW3a, KOTIa KOBAIGHTHAS
CBA3b 00paiyercd MeXmy cyfcTpaToM W aMMHOKHC-
JIOTHBIM OCTATKOM CEPHMHA AKTHBHOFO 1IEHTPa ¢ep-
MeHTA. TepMUH «CEpHHOBEIE TIPOTEA3kI» CBA3AH C TEM,
YTQ AMUHOKHUCIOTHRIA OCTATOK CEPHHA BXOAUT B CO-
CTaB aKTHBHOTO HEHTPa BCeX ITHX (PepMEHTOR H y4a-
CTBYET HEMOCPEACTBEHHO B Katamdie. Paccmorpum
MEXAHH3M KOBIEHTHOFO KATAIH3A Ha IIpHMEpPE XH-
MOTPHIICHHA, OCYLUECTRIAKLECIO THIPOIM3 TEITTH -
HbIX CBA3€H IIpH NepeBapUBaHMH OCNKOB B ABEHAI-
LIATHIIEPCTHON Kuiike (cM. painen 9). CyGerpatamu
XHMOTPHIICHHA CIYXAT MIENTHABL, COAEPXKAIIME aMH-
HOKMCJIOTH C apOMaTMMECKHMH H LMKIHYECKMMH

f
CH;;—(% H R
H* O 0
f’ c\
2] N,
- %na-t- N .

TITrTT

i 1]

Pue. 2-13. MexanusM KMCROTHO-OCHOBHOMO KaTankia Ha NPpHMEepe a/ikoronbaerHiporeHasil NeseHn. | — Monekyna sTMnoeoro
CIMPTa UMEBT LEHTP CBA3LIBaHKA, cfecne-mBawii TgpodobHoe BIAMMONERCTENE aKTUBHOMD LBHTPA ¥ MEeTUREHON rpYNNbl CIMPTA;
1l = NONOXMTENLHO SAPAXKEHHLIA ATOM LMHKA CNOCOSCTBYET OTWENNEHHKE NPOTOHA OT CWPTOBOW TPYNNbl STaHona ¢ oGpasosaHMem
OTPULATENBHO 3aPsKEHHOTO atoma kucnopofa. OrpuuatentHeld 3apsan NepepacripanenneTon MeXly aTOMOM KUCIOPoAa W COCeAHHM
ATOMOM BOAGPONA, KOTOPLIA 3aTeM B BWae MMOPHT-UOHA NAPEHOCHTCH HA YeTBEPTLIM YMeponHLlit aToOM HUKOTHHEMKOA KothepMeHTa
NAD'; lll - 8 pezynsTate iopMupyeTcs BoccTaHoBneHHan thopma NADH v ykeycHsiit anoerva.

96



ruapodoGHEIMH pagukanamu (®ed, Tup, Tpn), uro
YKA3bIBAeT HA yyacTWe rHapodobHbLIX CHI B hopMH-
POBAHMH (PEPMEHT-CYOCTpaTHOrO KOMILlekca. Me-
XaHK3M KOBJICHTHOMO KaTATH3a XUMOTPHIICHHA pac-
CMOTpeH Ha puc. 2-14.

Paaukanm Acn,,, I'vc,, u Cep,,, YUACTBYIOT He-
MIOCPECTBEHHO B aKTe KaTtanuza. BchnencTsue Hyk-
Teo(UIBHOH aTaki MENTUAHOW CBA3KM cyOcTpara
MPOUCXOMHT Pa3phiB 3TOH CBA3H ¢ 05pa3oBaHHEM
KORR/ICHTHO-MOAMPHUIIHPOBAHHOTO CEPUHA — AUMA-
XMMOTPHICHHA. pyToi nenTHAHBINA PPparMeHT BhIC-
poOoXacTcsl B pe3yILTATe pa3phiBa BOIOPOAHOR
CBA3M MEXAY NENTUAHBIM diparmenToM M Tuc; ak-
THBHOTO UEHTPa XMMOTPHIICHHA. 3aK/TIOUHTEIbHLII
3TaNl THAPOMW3a MenTUIHON CBA3u OesKoB — dea-
UWINPOBAHHE XMMOTPHIICHHA B NPUCYTCTBHU MO-
JEKYJbLI BOIOBl C BLICBOODOXICHUEM BTOpPOro ¢par-
MCHTA MHAPCIN3YEMOTo 0elKa M HCXOAHOH POpMEL
epMeHTa.

V. OCHOBbI KMUHETUKH
®EPMEHTATUBHbIX PEAKLIUNA

KuHeTuka (epMEHTATMBHEIX peakuHii — pasaen
IH3UMOIIOTHH, H3YYAIOIIMA 3aBUCHMMOCTb CKOPO-

?
_C_O... '|_|
N

Acn 1g2)

e 5?) @
XN H/O {Copras — TWCsr) —Q

CHCNCCHN
0 R'HOR H

Mentup

o]

Il
Acn 1g2) —C-0O- H

e s7) —I

N- H 0.5 {Cep 195 —
H- O C CH N

CTH XHMHYECKUX DedKUKH, KaTanuiupyeMbix thep-
MEHTaMH, OT XMUMHWYECKOH TNpUPOABI pearupyo-
LIKMX BELUECTB, 4 TAKXKE OT (PAKTOPOB OKpyXKarLed
cpeabl.

s U3MepeHHA KATATHUTHYECKOH AKTUBHOCTH
bepMeHTOB MCMONB3VIOT TAKHE MOKA3ATENIH, Kak
CKOpOCTh PeaklUMH HMIHM AKTHBHOCTEH (PepMEHTa.
CKopocTh (bepMEHTATHBHOM peakilMM ONpenes-
€TCH M3MEHEHHEM KONMYECTBA MOAEKYA ¢ybcTpaTa
WIM MPOAYKTa 3a ¢AMHMIY BpeMeHM. CKopocTh
thepMEHTATUBHOH peakliMd — Mepa KaTaluTHyec-
KO aKTMBHOCTH (bepMeHTa, e€ 0D03HAYaloT Kak
AKTHBHOCTL hepMeHTA.

MareMaTHYecKH CKOpOCTb ()epMEHTaTHBHOW
PEaKUMH BHIPAXACTCH B H3MCHECHMH KOHUEHTpA-
LMK cyOCTpata (YMeHbllIeHHe) UIW NMPOIYKTa (yBe-
JNHYEHHE) 33 eAUMHULY BpeMeHH:;

V= DIS)/A = D{P)/t.

Ha navaneHom 3tane [0 — t,] CKOpOCTH peak-
LIMM [PSIMO NMPONOPUHOHATBHA BPEMEHH W HMEET
JIMHERHYIO 3aBHCUMOCTD. [ padhuyeckn n3MeHEHUE
CKOpPOCTH (PEPMEHTATHBHONW DEAKUMU OMpelens-
ercsl TAHTEHCOM VYIJia HAaKJIOHA KacaTeldbHOH K
kpueol npoduna peakuun. Yem OGonblile yrosa

O

Il
Acn gz} —C—-O- H

(939195 —
?
R '?* Eog
O RH O R H
Mpoayir 1 ALUNXAMO-
TPHNCKH
9
Acn 102)-C-0—H
N
Mwc
ool
H- "0~ (Cep 125
s0-C—CH-N-
H T I
O H
Mpeaykr 2

Puc. 2-14. MaxaHnam KOBANEHTHOTO KATANM2a B AKTUBHOM LEHTRE XMMOTPUNCUHA,

4—2128
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HAKJIOHA, TeM BONblIe U3MEHEHWe CKOPOCTH pe-
akuuu (puc. 2-15).

C TeucHHEM BPEMEHH H3MEHEHHE CKOPOCTH (dep-
MEHTATMBHOU pPEaKIIMK B IKCHEPUMEHTANBHBIX YC-
JIOBUAX YMEHbLUAeTC, 00 ITOM CBUACTEJILCTBYET
YMCHELIEHHE YT/IA HAKIIOHA KACATENbHOR B MOMEHT
BpeMeHH t. CHWOKEHHE CKOPOCTH (epMeHTATUBHOM
pPeaKuMyd MOXET IPOMCXOANTDL 3a CU€T pana Ppax-
TOPOB: YMEHBIIIEHHM KOHIEHTpaluH cyicTparta,
YBEJIMYCHUA KOHUEHTPALMWH TPOIYKTA, KOTOPHIH
MOXET OKA3BIBATE MHMMOMpYIOLLEE ACHCTBHE, MO-
TYT NMPOUCXOOUTE U3MeHeHuUA pH pacteopa, WHaK-
THBALHA (PepMEHTa M T.A.

Ha 3tane [t, — t ] ckOPOCTDH peakilMi U3MEHSET-
¢ HEJIMHEHHO B 3aBHCHMOCTH OT BpeMeHu. [lo-
3TOMY ISl OTIPEASNECHHSI CKOPOCTH epMEHTATHE-
HOH PEAKUHH Yallle BCEro MCCNENYIOT UIMEHEHUE
CKOPOCTH Ha HayanbHOM 3tame [t, — t ], rae Ha-
BMI0AAIT JIMHEHHOE W3MEHEHHE KOHIEHTPalluu
npoayxTa (uaH cyberpara).

CKOopoCTh PePMEHTATUBHOM PEakiMH 3aBHCHT
OT pana (pakTOpOB, TAKUX KaK KOMHYESCTBO M aK-
THBHOCTb (PEPMEHTOR, KOHLEHTPALINA CyGCTpaTa,
Temneparypa cpenbl, pH pacTBopa, MpUCyTCTEHE

Pl 1

e t,

=Bpemn

PETYISITOPHEIX MOJEKYA (AaKTHBATOPOB M HHIHOH-
TOPOB). PaccMOTpUM BAMSIHHE 3THX (HaKTOpOB Ha
CKOPOCTh (hepMEHTATHBHOR peakiun,

A, 3ABHCMMOCTb CKOPOCTH OEPMEHTATUBHOI
PEAKITMM OT KOJIMYECTBA PEPMEHTOB

[pyu niposeseHUM (PMEHTATUBHOM PEAKLHMH B
VCNOBUAX M30BITKA CYBCTpaTa CKOPOCTh PeakUWy
Ovner 3aBUCETh OT KOHLUeHTpaUUuH depmenTa. I'pa-
¢uueckas 3aBMCUMOCTD TAKOH peakIlid uMeeT B
npsMoit THHHA (pHe. 2-16). OoHako KOIWLYecTBo
tdhepMEHTA YACTO HEBO3IMOXHO OMNpPEIS/IHTL B abco-
TIOTHBIX BEJIMYHHAX, NO3TOMY Ha NPAKTHKE MOJIb3y-
10TCS YCJIOBHEIMH BeTHYHHAMH, XapaKTePHIVIOUIM-
MM AKTUBHOCTh epPMEHTA. OAHA MEXIYHAPOIHASA
eIHMHMIA AKTHBHOCTH (ME) CcoOTBEeTCTBYET Tako-
MY KONHYECTBY (DEPMEHTA, KOTOPOS KATAIH3HpYET
npespalicHie | MKMONL cyGcTpata 33 1 MMH npH
OINTHMANBHBIX YCJIOBHSIX IPOBEAcHUS epMeHTa-
TUBHOH peakiMd. ONTHMANTBHLIE YCIOBMS HHIW-
BUAYAIBHBI NI KAKIOro (epMeHTa W 3aBHCAT OT
TeMIIeparypsl cpeasl, pH pacTeopa, NpH OTCYTCTBHH
AKTHBATOPOB U UHTHOUTOPOB.

2

‘Bpems

Puc. 2-15. 3asucHMocTE HakonneHna npoaykta (A} w yGuinu cyberpara (B} 0T BpeMeHW (NpoRCRMMTENEHOCTH) NPOTEKAHHA
peaxumn. CKOpocTe HEPMEHTATVEHGH peakUMM OnPEEnAeTeA M3MEHEHHEM KOHLIEHTPALIMWY NPORYKTa MW cySCTpaTa 3a eQMHNLY Bpe-
MBHW. B peakumax, KaTanusupyemblx GopMeHTaMu 1 U 2, HAYANEHAR CKOPOCTE PEEKUMM, KATANMWIUDYSMOR (DEPMEHTOM 1, HUXE, 4amMm
CKOPOCTE PEAKLMM, KATAMMAUPYEMON QePMEHTOM 2, Tak Kak TAHFeHC YINa HaKNOHa KasaTeNbHOW K KPUBOR NPOMHWNA peakuwd, npose-
AEHHON U3 «0» TOUKM ¥ BTOPOro EpMeHTa Bhlle, KaK B CNYYae HAKONNeHWs NPoOyKTa (A}, Tak u ybeinu cybetpata (B). CkopocTe B
NGOR MOMEHT BPEMEHW T ONPedenseTcA TAHMeHCOM YINa HAKNOHA KAcaTeNbHOW K Npedunio peakuMd B MOMedT BpeMenn t. Nepuog
BpeMeHy QEPMEHTATHBHON peakLm [t, — 1] XapakTepu3yeTCa NMHeRHbIM HakonneHreM npegykTa (nnw yowineto cybeTpaTa) B 3aBmncy-
MOCTH OT QNIMTENLHOCTA peakumuu. Mepuon PepMeHTaTUBHOR peakumk (1, — 1] XapakTepuayeTcs HENMHEAHLIM HAKOMNBHWEM NPONYKTa

(MK yGoinbio cybeTpaTa) B 3aBUCHMOCTH OT BPEMEHM pEaKLMK.
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1 MKMONL NpespalléHHore cyborpara

1tME =
1 mun

KonuyectBo eauumu aktuBHoeTH nME onpe-
oeasioT no GopMmyne:

KonwuecTtso npespalyéHHoro cybetpara (MkmMons)

n ME =
Bpema (MHH)

B 1973 r. Guula NpHHATA HOBAA eTHHULIA AKTHB-
HOCTH drepMeHTOB: 1 KaTad (XaT), COOTBETCTBYIO-
IIMH TAKOMY KOMMYECTBY KATAMU3ATOpa, KOTOpOe
rpeppatiiaeT 1 Moab cybeTparta 3a 1 ¢. Konmiectso
KaTaN0B onpeaciqloT no ¢opMyie:

KonwuecTBo npeepalléHHoro cybetpata (Monb)

n katan =
Bpewms {c)

MexayHapoaHasa eAMHHLIA (HEPMEHTATUBHOM aK-
THBHOCTH ME ¢BAizaHa ¢ KaraJoM CIemyHOLIUMH
PABEHCTBAMH:

1 kat = 1 Mo S/c = 60 Mo S/Mun =
60:x10° MxmMosb,/Mun = 6x107 ME,

1 ME = 1 mxmoims/Mun = 1/60 Mxmoms/c = 1/60
MEKAT = 16,67 HKaT.

B MeauiiMHcKo# H hapMaleBTHYIECKOH MPakTHKE
U1 OLUEHKH AKTHBHOCTH (PEPMEHTOB YACTO HCIIOMb-
3YIOT MEXIYHAPOLHBLIC €IMHHLBI AKTHBHOCTH —
ME. Jn15 OHEHKH KOAWYSCTBA MOIeKyn depmMeHTa
cpenu ApyTux OeKOB TAHHOH TKaHUW ONPEeiensgioT
YACTBHYIO aKTMBHOCTB (ya. ak.) ¢epMeHTa, Yuc-
JIEHHO DPABHYI0 KOIMHYECTBY €OHWHML AKTHMBHOCTH
depmenTa (nME) B ofpa3site TKAHH, AeNEHHOMY HA
Maccy (Mr)} Genka B 9TOH TKaHHU:

Kanuuecrso npespalléHHoro cybetpara (Mkmons)

YA ak. =

BpemA (MuH) X konwuecTpo Genka (Mr)

Ilo yAeAbHOH aKTHBHOCTH CYAAT 00 OYMCTKE
hepMeHTa: YeM MEHLILE MOCTOPOHHHUX BEIKOB, TEM
BbILLEC yAcAbHAd aKTMBHOCTD.

B. 3ABUCHMOCTD CKOPOCTH ®EPMEHTATABHOM
PEAKIIMM OT_TEMIFPATYPEI CPEJbI

[ToBbleHHE TEeMNEPATYPH AQ OMNpPEAENEHHBIX
MPSACAOB OKA3ILIBACT RIMAHWE HAa CKODPOCTE ep-

HauansHas CkopoCTs

KoHuBHTPaUWA depmaHTa

Puc. 2-16. JaBMCHMOCTs CKOPOCTH hepMEHTATHBHOW peax-
uum {V) oT KoHLUeHTpaumum depmenTa.

MEHTATHBHOM peakliuH, MonodHo RIHAHUIO TeMIIe-
parypbl Ha J00YI0 XHMHYECKYl0 peakiMio. C no-
BHIIIIEHUEM TEMMEepaTyphl YCKOPAETCA IBMXEHHe
MOJIEKYJI, YTO NPHBOAMT K ITOBBIILIEHHIO BEPOSTHO-
CTU B3aMMOACHCTENA Pearpyolmx BelliecT. Kpome
TOTQ, TEMISPATYPA MOXKET [IOBbILATD JHEPIHIO De-
ACHPYIOWIMX MOJIEKYJ], YTO TAKKS MPUBOIAT K YCKO-
peHMIo peaxiidd. OOHAKO CKOpOCTE XMMHUYECKOH pe-
aKLMH, KaTATH3HpyeMas (pepMEHTaMH, HMEET CBOM
TEMIEPATYPHEBIA OIITHMYM, TPEBLILEHHE KOTOPOTO
COMPOBOXIACTCA MOHMKEHHEM (hepMEHTATHBHOM
AKTMBHOCTH, BOZHMKAIOWIMM M3-33 TEPMHYECKO
JeHaTypaiiy GesKoBOH MoJeKy/In (puc. 2-17).
Hnst GOABIUMHCTEA (PEPMEHTOR 4ENOBEKA ONTH-
ManibHa Temneparypa 37—38 °C. OaHako B npupoae
CYLUECTBYIOT M TepMocTabunbHbie depmeHTHl. Ha-
npuMep, Tag—nonHMMepaza, BBLIEJCHHAA M3 MMK-
POOPTaHH3MOB, XHBYIIMX B TOPAYHX MCTOYMHHMKAX,
He HHAKTHBUPYETCA MPH MNOBBILICHHH TEMIEPATY-
prl 10 95 °C. 310T (ePMEHT HCHOABL3YIOT B HAYYHO-
MPAKTHYCCKOH MEOMIMHE A8 MOJICKYNSPHON OH-
ATHOCTHKHM 3200N¢BAHHIA ¢ MCIOJIB30BAHMEM METOMIA
NOTUMePasHoi tenHoi peakiuu ([TLP).

v MakcuMankHan
' T KATANMTHYECKAR
MKMONL/MUH aKTHBHCCTb
Katanwtuueckan
AXTHBHOCTE Katanvtuwueckan
Boapacraer, AKTHBHOCTh

/ CHUMEHA

L X 1 L i

¢ 10 20 30 40 50

60 t °C

Puc. 2-17. 3apnCHMOCTE CHOPOCTH (HEpMEHTATHEHOA peax-
UM (V) oT TeMnepaTyphi.
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B. 3ABUCHMOCTE CXOPOCTH
GEPMEHTATHBHOM PEAKIIMH OT PH CPEIBI

AKTHRHOCTB (pepMeHTOB 3asvcHT oT pDH pacTeopa,
B KOTOPOM MpoTekacT QepMeHTaTHBHan peakius. g
Kaxa0ro ¢epMeHTa cYILeCTByeT 3HaueHue pH, npu
KOTOPOM HAGmonAeTes €10 MAKCHMATBHAS aKTHBHOCTD.
OTKnOHEHHE OT ONTUMANBHOTO 3HaueHHs pH npueo-
JNT K TIOHHXEHHIO (DePMEHTATUBHOH AKTMBHOCTH.

Bnusamve pH Ha aKTHBHOCTL (hepMEHTOB CBA3AHO
¢ MOHM3ALKMEH (DYHKUIMOHANBHBIX MYIN AMHHOKKC-
JIOTHBIX OCTATKOB JAHHOTO GeaKa, 0hecneurBaloLx
ONTHMANBHVIO KOH(OPMALIMIO AKTHBHOTQ IICHTPA
depmenta. [Ipn u3MeHEHHM pH OT OMTMMANbHEBIX
3HAUEHHMH MPOHCXOIUT HAMEHEHHE MOHW3ALIMH (hyH-
KIMOHATLHBIX TPYNIT MOAEKYILl Benka. Hampuwmep,
TMPYA 33KMCIEHUM CPebl NIPOUCXOIUT MPOTOHUPOBA-
HHS ¢BOOQIHBIX aMHHOIPYNN (Nl—[;), a Ipu 341Le-
JIAYHBAHUH TIPOHMCXOAMT OTUICIUIEHHe TIPOTOHA OT
¥apBokeHIBbHBIX rpynil (COO7). 210 NPUBOAMT K M3-
MeHEHHIO KOHMOPMAIIHM MOJEKYIb thepMeHTa U
KOH(OpPMalIHH AKTMBHOTO LICHTPA; CJIEA0BATENLHO,
HAapYIIAETCd MpUcoeHHeHHe cydcTpara, KogakTo-
poB U KodepMeHTOB K AKTHBHOMY LIeHTpY, Kpowe
TOrO, pH Cpenpl MOXET BINATE HA CTEMEHb MOHH3a-
LIMH HTH TTPOCTPAHCTBEHHYIO OPraHM3alMIo cyieTpa-
T4, YTO TAKXKE RIMSET HA CPOOCTBO CyOCTpaTa K ak-
THBHOMY 1IeHTpy. TIpH 3HAYMTETBHOM OTKIOHEHWH

OT OIITHMANBHONO 3HaMeHHsT pH MOXeT MporeXoIHTh
OeHaTypalus OeMKOBON MOJEKYbL ¢ TIOJIHOH ToTe-
pei (PepMEHTAaTUBHOH aKTHBHOCTH.

OrTuMyM 3HaYeHUA pH v pasHbIX (EPMEHTOB Pa3-
AMYHBIA (puc. 2-18). DepmeHTH, paloTarolive B
KMCHBIX YCAOBMAX Cpedbi (HATIPHMED, TICTICHH B Xe-
JAYAKE WK JIM30COMAfbHBIC (DEPMEHTE]), IBOMIOLH-
OHHO NMpUOOPETAIOT KOHGOPMaLMIo, obecreynBalo-
UIyio paboTy depMeHTa Npu XUcaeix 3HaveHusx pH.
OnHako BosblAs YacTb PepMEHTOR OpraHU3Ma “e-
JIOBEKA MMeeT onTuMyM pH, 6am3kuil K HeHTpanb-
HOMY, COBMANAWMA ¢ GHIMOJIOrHYECKHM 3HAYe-
HueM pH (T1abn, 2-1).

Tabnuuya 2-1. OnTUMAanLHBIB 2HaueHWR pH AR HEKOTOPbIX
thepmMenToR

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
I
I
I
]
I
|
|
%

Depment OQuorumanksHoe 3uadende pH
Ilencun 1,52
Ilupyeaz- 4.8
kapbokchmasa
Katanaza 6,87
Dvmapaza 6,5
Ypeasza 6,8-7.2
Kafokcunenrnaasa 7.5
Tpuncrn 6,5-7.5
Aprumasa 9,5-9.9

7 8 9 10 11 12
MNencuH TpuncwH

Wenovnan

dochatasa

Puc. 2-18. 3aBHCHMOCTH CKOPOCTY (hepMeRTATHBHOW peakuws (V) of pH cpenet.
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I'. 3ABUCUMOCTb CKOPOCTH ®EPMEHTATMBHOM
PEAKIIHM OT KOQJTIUECTBA CYBCTPATA

EciM KOHUEHTPaUMIO (PEPMEHTOR OCTABUTH FO-
CTOSTHHOM, M3MEHAT TOJABKO KOJHYECTBO CyOCTpa-
Ta, 70 rpatdhuk ckopocti GEpMEHTATUBHON peak-
LUHMH ONMHCBIBAIOT rHnepbonoi (puc. 2-19).

[Mpu yeenMueHuy KonmuecTsa cyGCTPaTa HAYANB-
Haa CKOpOCThL Bo3pactaeT. Korma ¢epMEHT CTano-
BHUTCH MOMHOCTBIO HACBILIEHHBIM CYGCTPaTOM, T.€.
NPOUCXOAUT MAKCHMAILHO BO3ZMOXHOE TIpH AaH-
HOil KOHUeHTpauukn depMeHTa HOPMUPOBAHUE
thepMeHT-cyBCTPAaTHOrO KOMIUIEKca, HabMOAAInT
HAaHOONBIIYIO CKOPOCTh 0Dpa3oBaHMs NPOILYKTA.
JansHeluee roseIlieHWe KOHIEHTPAUWHK cyOCTpa-
T4 HE NMPUBOANT K YBSTHYSHMIO 0DPasoBaHMs Npo-
OyKTa, T.€. CKOPOCThL PeakUHH He BoapacTaeT. daH-
HOE COCTOAHME COOTBETCTBYET MAKCUMAMBHOH
CKOPOCTH peakiiid V.

Taxum obpasomM, KOHLIEHTpalHa hepMeHTa — an-
MUTHPYIOLLIMIT (dakTop B 00pa3oBaHHM MpPOAYKTA.
D70 HADMOAEHHE JRTIO B OCHOBY (epMEeHTaTHUB-
HOW KMHETUKHM, pa3paboTaHHOH y4yEHbiMY J. Mn-
xasnmucoM ¥ M. MenteH B 1913 1,

MepMEHTATHBHBIM MPOLECS MOXHO BBIPA3HMTH
CICAYIOIMM YPABHCHHEM:

K1 kz
E+S 2 ES — E+P
Ko

rie k, — KOHCTaHTa CKOPOCTH 00pa3oBaHHA (ep-
MEHT-CyOCTPATHOTO KOMIUIEKCA; K | — KOHCTaHTa
CKOPOCTH OBPaTHOH peakiliy, pacnang (epMeHT-
cybcTparHoro Komruiekca, k, — KOHCTaHTa cKopo-
CTH 00pa30BaHMsl NMPONYKTA PEaKilMU.

Cneqyiolllee COOTHOLIEHHE KOHCTAHT CKOPOCTEH
(k, + k,)/k, Ha3piBaioT KOHCTaHTOR Muxasmuca n
oGo3nayator K .

CKopocTb PEAKIIHH TTPOTIOPIIHOHANbHA KOHIIEH-
TpaumnH gepmenT-cybeTpaTHoro komiuiexea ES, a
CcKopocCTh oDpazopaHma ES 3aBHCHT OT KOHIIEHT-
paunu cy0cTpaTa M KOHUCHTpaUKH CBODOIHOTO
pepmenTa. Ha koHueHTpanuio ES BiImaeTr cxo-
pocTh opMUPOBaHKHA U pacnaga ES.

Hanbobwasg ckopocTh peakuvd HabmoaaeTcea B
TOM C/Iy4yae, KOraa BCe MOJIEKY/Ibl (PepMeHTa Haxo-
JATCA B KOMIIAEKCE ¢ CyOCTpaTtom, T.€, B depmeHT-
cyoerpatHom Kommuiekee ES, T, [E] = [ES]L

3aRUCHMOCTD CKOPOCTH (DEpMEHTATHEHOM peak-
MK OT KOHUEHTPAUMH CYOCTPATA BRIDAXKAETCA Clle-
HYIOLUM YPABHEHMEM (MATEMATHYECKOE BLIBELE-
HHE 3TOH (POPMYIL MOXHO HANTH B NOCODUSIN MO
(pEPMEHTATUBHON KHHETUKE):

Ve Vinax[S)

Km + [3]

2TO YPAaBHEHHE TIOAYYMIO HA3BAHYVE YPABHEHMSA
Muxasnuca—MeHTeH.

B cnydae, KOraa cKOpOCTh peakliMu paBHA no-
nopuHE MakcumanbHoH, K = [S] (puc. 2-19). Ta-
KHM 00pa3oM, KOHCTaHTa MHXd2/1Mcd YHUCISHHO
paBHa KOHUEHTpaUMM cyOcTpara, Apd KOTOPOH
AOCTHTAETCA MOAOBMHA MAKCHMANBHOH CKOPOCTH,

¥YpasueHue Muxasnuca—MeHTeH — OCHOBHOE
YpaBHEHHE (DEePMEHTATUBHOH KMHETHMKH, ONUCH-
BAIOLLEE 3aBUCHMOCTL CKOPOCTH (PEPMEHTATHBHOH
peakumd OT KOHLeHTpauuu cyocrpara.

EcH KOHUEHTpalusi cybeTpara 3HAYHTENBHO
Gompuie K (8>>K ), TO yBenMueHHe KOHLEHTpA-
Uy cyGeTpara Ha BeauuuHy K | MpakTHUYeECKH He
BanseT Ha cymmy (K =+ 8) 1 e€ MoxHo cuMTath
PABHOM KOHUEHTpalUMK cybcTpata. CleloBaTeNb-
HO, CKOPOCTh peakuMH CTAHOBHMTCA PABHOH Max-
CHManbHOM cKopocTH: V =V _ . B 3Tnx ycnoeusx
peakuMsl MMeeT HYASROH NOpsnoK, T.e. HE 3aBHCHT
OT KOHUeHTpauuu c¢yberpata. MoXHO cAenats
BBIBOA, UTO V. — BEJWYHHA NOCTOSTHHAS LIS AaH-
HOH KOHLIEHTpauuu ¢epMeHTa, He 3aBUCALIASA OT
KOHIIEHTpallMK CydCcTpaTta.

Ecnan KOHUEHTPAUMA cyOCcTpaTa 3HAYUTENhHO
menbiie K (S<<K ), 1o cymma (K, + S) npumep-
Ho paBHa K_, crrefoatensHo, V =V __ [S]/K | Te.
B JAHHOM CJIV4ae CKOPOCTh PeaKilMM MpAMO IIpo-

o= meem— - o

v

max

AT AL

HayaneHaa CkopocTh

!
|
i
¥
Kn 1)

Puc, 2-19. 3aBMCUMOCTE CKOPOCTH peaKuum (V) OT KOHLUeHT-
pauuu cybictpara 5. V, .. — MEKCUMENEHAA CKOpPOCTE peakuvu
npn QEHHOW KOHLEHTPALNK PEepPMEHTa B ONTUMANLHLIX YCNOBUAXK
npoeeeHun peakumn, K — koHcTanta Muxaanuca.
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NOPLHOHATEHA KOHUEHTPAUMHM CyOCcTpara {peakums

HMEET NEPBLIA TOPAAOK).

V . 1K -— KHHETMYECKHE XapaKTEPUCTHKH 3¢~
heKTHBHOCTU (hepMEHTA.

V . Ha€T XapaKTePUCTHKY KaTATUTHYECKOH aKTHB-
HOCTH (bepMEHTA H HMeeT pa3sMepHOCTh CKOpOC-
T (QepMeHTATUBHOW peaklvy MOAbL/n, T.€.
OIIPEAENAET MAKCHMAIBHYI0 BO3MOXHOCTE O0pa-
30BAHHA MPOAYKTAa NMPH JAHHOW KOHUEHTpalLHH
(hepMEHTa M B YCAOBUSIX M30bITKa cybeTpara.

K, XapakTepu3ayeT cpoCTBO JaHHOrO (epMeHTa K
AAHHOMY cyBCTPaTy W ABNAETCA BEIWYUHOH NO-
CTOAHHOHW, HE 3aBMCHIUEH OT KOHLUCHTPAUMH
depmenta, Yem menbine K, Tem Gosblue cpoa-
¢TBO epMEHTA K JAHHOMY CYOCTpary, TEM BHILLIE
HAYA/ILHAS CKOPOCTh PEaKUMHM M HAoBOpOoT, YeM
fompiie K, TeM MeHbIIE HaYambHasg CKOPOCTD
peakliuM, TeM MEHbLUE C¢POJACTBO (QepMEHTA K
cyBcTpary.

Ha puc, 2-20 npeacTapieHa 3aBHMCHMOCTb CKO-
pPOCTH IBYX (pepMEHTATHBHBIX peakuyit {1 ¥ 2) ot
KOHLIeHTpaluu cyGerpata, KoHceraHTa Muxazsnu-
¢a nepBoro epMeHTa MEHBIIE KOHCTAaHTHL Muxa-
anuca BToporo dpepmenta (K <K ). Caenosatenn-
HO, CPOACTBO MepROrc (epMenTa K cyberparty
BRILLIE, UEM ¥ BTOPOro epMeHTa, M HA4ANbHAN CKO-
POCTE PEaKLIMH, KATATH3MPYEMO NEPBLIM PepMeH-
TOM, BBINE B CPABHEHWU CO BTOPBLIM (DepMEHTOM.

Vi. MTHTMBUPOBAHUE
®EPMEHTATUBHOW
AKTUBHOCTW

[MToa TepMHHOM <«HMHMMOUWpOBaHue (epMeHTa-
THUBHOM aKTWBHOCTH» MOHHMAKT CHHXCHHE Ka-

vlb

depmeny 1
Vmaxk fr--mmmemmmmm—moz

DepMmeHT 2

1;2 Vmax

Kmy Kimg [S]

Puc. 2-20. BnuaHKe pasnuuHbix KOHUeHTpauwid cybeTpara Ha
CKOPOCTEL PRAKLIAW, KaTanuaupyemon depmeHTaMn 1 1 2.
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TANWTHYECKO AKTHBHOCTH B NPUCYTCTBHU OIIpe-
OENEHHBIX BEMeCTB — WHTHOWTOpoB. K HHTHOH-
TOPaM CASOYET OTHOCHTH BEIIECTEA, BhI3bIBAIOLIUE
CHUXEeHHe akTMBHOCTH depMeHTa, CheayeT OT-
METHTD, 9TO BCE NCHATYPUPYIOLLME areHThl TakKe
EBI3BIBAIOT YMEHBUIEHUE CKOPOCTH MO0l dep-
MEHTATHBHOW PEeaKUHMH, BCACICTBUME HecNeHupU-
qecKOM AeHaTypauuM OeTKOBOH MOMEKYNbl, TO-
3TOMY NEHATYPUPYIOILME areHTHl K UHTHOMTOpaMm
HE OTHOCHT.

HUHruduTOpL! BRI3HIBAIOT GONLLIOIH HHTEpEC A
BLIACHEHMH MEXaHMIMOB (DEPMEHTATHBHOTO KaTa-
JI13a, MOMOraloT YCTAHOBUTL POSib OTAEABHBIX hep-
MEHTOB B MeTADOJIMYECKHUX NYTAX OpPraHusma.
B ocHOBe ACHCTBUMA MHOTHX JICKAPCTBGHHBIX Npe-
MApPATOR U $A0B JIEKUT HHIMOUPOBAHUE AKTHBHO-
CTH (hePMEHTOB, NOITOMY 3HAHUE MEXAHU3IMOB ITO-
ro npouecca KpalHe BaXHO AN MOJEKYIAPHOU
¢apMakolorMi ¥ TOKCHKOJIOTHH,

HHruburopel ¢nocoGHBI B3aMMOASHCTRBOBATL C
depMEeHTAMH ¢ PA3HOM CTENCHBK NpoyHOCTH. Ha
OCHOBAHHY 3TOTO PasiHYaloT 0DPaTHMOE U HEO-
OpatuMoe vHruduposanue. Tlo mexaHusmy agil-
CTBUA MHTHOMTOPB NOAPA3ASIAT HA KOHKYPEHT-
HbI¢ M HEKOHKYPCHTHBIE,

A. OBPATHMOE MHTHBEUPOBAHME

Ob6paTumble MHTHOUTOPE! CBA3LIBAIOTCA ¢ dep-
MEHTOM CIa0bIMH HEKOBATIEHTHBIMH CBA3AMH U PH
OnpeAeNEHHBIX YCNOBHAX JIErKO OTAEAAIOTCA OT
thepmenra. O6paTMMblc HHTMOUTOPH OLIBAIOT KOH-
KYPEHTHBIMH H HEKOHKYPEHTHBLIMH.

1. Kouxypenmnoe unzubuposarie

K KOHKYpEeHTHOMY HHTUOHPOBAHHIO OTHOCST
00paTHMOE CHUXKEHHE CKOPOCTH (hepMEHTATUBHOU
PEAKLIMH, BbI3BAHHOE WHIMOWTOPOM, CBA3BIBAK-
IUMCST ¢ AKTHBHBIM LIGHTPOM (hepMeHTa M Tipe-
NATCTBYIOMHM 0Dpaz0BaHHI0 GepMEHT-CyOCTpaT-
HOTro kKowmruiekca. Takoid TN HHrUbBUpoBaHUA
HabAOIA0T, KOrma MHTUOMTOp — CTPYKTYPHLIM
aHajor cy0CTpara, B PE3YABTATE BOZHUKAST KOH-
KypeHUMs MoneKyi cydcTpata M MHIMGMTOpa 3a
MECTO B AKTHMBHOM HEHTpE (pepMeHTa. B 3TOM cay-
yae ¢ (epMEeHTOM B3aUMOAEHCTBYET KO0 cyh-
cTpar, 1u60 MHTHOHMTOpP, 006pa3ys KOMIIEKCHI
thepMenT-cyberpar (ES) wian depMenT-HHrHOU-
top (EI). Ilpn dopmupoBaHux Komiutekca dep-
MeHTa M WHTHGHTOpa (El) NponykTt peakiiiu He
obpazyerca (puc. 2-21).



JU1st KOHKYPeHTHOTO THNA HHIHOMPOBAHHA CTipa-
BEAAUBhI CNEAYIOHINE YPABHEHYN:

E+S<ES-SE+P,
E+ 1« EL

Knaccuueckuii mpumMep KOHKYPEHTHOTO WHIHOM-
POBAHMA — HHMUOMPOBRHHE CYKIMHATACTHAPOreHAs-
HO# PeakLy MANIOHOBOH KUCITOTON (puc. 2-22). Ma-
JIOHOBAA KMCJIOTA — CTPYKTYPHBLIA dHAMOr CYKIMHATA
(HanuuMe ABYX KapOOKCWIBHBIX IPYIN) U MOXET Tak-

e B3AMMOBEHCTBOBATE ¢ AKTUBHBIM LIEHTPOM CYKITH-
HaT geruaporenassl, OOHAKO OTILCIUICHHE OBYX a10-
MOB BOIOPOIA OT MATOHOBOMH KMC/IOTE! HEBO3MOXHO,
CJICAOBATE/IEHO, CKOPOCTh PCAKLIMH CHICKAETCH,

KHHeTHYECKHE 33BHCHMOCTH

KOHKypeHTHbIe UHIHOHTOPLI YMEHBILAIOT CKO-
POCTb XHMHYECKOH peakuny. KOHKYPEHTHLIA WHIH-
Hurop noepunaeT K| 1714 JaHHOro cy6erpara (YMeHb-
miaeT cpeactBo cyberpara K depMeHTY). ITo
03HAYACT, YTO B NPHUCYTCTBHH KOHKYPEHTHOIO HH-

Yuactok Kartanu- Yvacrok
CBA3LIBA- TUMECKMW CBR3bLIBA-
YUacTok  Hus

E

Pw

E+P

YuacTtok Karanu- YdyacTok
CBA3bIBA- THYECKMIA CRA3LIpA-
YUaCTOK  HU#

YyacTtok Katanu- YJyacrtox
CBH3bIBA- THYSCKWH CBA3LIBA-
HWRA Yy4acToK HUA

E

El

Puc. 2-21. CxeMa KOHKYPEHTHOTO MHTHOMPOBAHUA AKTMBHOCTH hepMenTa.
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TMOATOpa HEoOX0AHUMA GONbIad KOHIIEHTPALMA Cy0-
CTpaTa ans JOCTHXeHua 1/2V .

YBenu4YeHMe COOTHOLLISHHA KOHLUEHTpAlHHY Cy0-
cTpaTa W WHTUOUTOpa CHMXAeT CTeNeHb MHIHOM-
posanus. [1pu 3HauKTeNnsHO BoJiee BICOKMX KOH-
LEHTpaUMAX cyOCTpara HHIMBHPOBAHKE MOAHOCTHI)

- CyKLWHaTaeraporeHasa

9

w\\- Cyrumunar
e
7

o

1)

Puc. 2-22, Npumep KOHKYPEHTHOTO MHrHSUPOBAHWA CYKLWHAT-
pervpporeHaabl ManoHOBOAW KMCNOTOM. | — CYKUMHAT CBA3LIBA-
ETCH C SKTHBHBIM LEHTPOM (PEPMEHTA CYKUMHATASMMAROreHasbl;
(| — B x0pe PEPMEHTATMBHOW peakuMK NPOUCXOONT OTILenneHe
ABYX aTCMOB BOAORONA OT CYKLMHATA N NPUCOSOWHEHWE UX K KG-
tepmenty FAD. B peaynerate ofipaayetcd qiyMapar, KOTOpbIA
BbICBOGO)K.EI,aE.‘TCH M3 aKTUBHOrQ LeHTpa cyKudHatpervpporeda-
3e); 1l — ManoHoBAA KUCNOTA — CTPYKTYPHBIA aHAnor CyKLuHaTa,
0HA TaKxe CBAALIBABTCA ¢ AKTHEHLIM LUEHTPOM CyKUMHATAervO-
poreHasbl. [Py 9TOM XMMWYeCKan peakurA He WReT.

HCYE3AET, NIOTOMY YTO AKTHMBHBIC LIEHTPB] BCEX MO-
nekyn depMmeHTa OYAYT HaXOAMThCH fIpeUMYIE-
CTBEHHO B KOMILIEKCE C CYBCTparoM.

JleKapcTBeHHBIC NIPenapaTsl KAK KOHKYPEHTHbIE
HHTAGHTOPSEI

MHorHe JIeKapCTBEHHEIC MPEMapaTkl OKasbiBa-
KOT CBOE TepaneBTHYECKOe RSHCTBHE 10 MeXaHM3-
MY KOHKYpeHTHOro uHrubupopaHus. Hanpumep,
Y¢TBEPTHYHLIC AMMOHMEBBIC OCHOBAHHS HHIMOW-
PYIOT ALETHAXOIHHACTEPAlY, KATAIU3HPYIOLIYID
PEAKUMIO THAPOJIN3A ALUETUAXOAMHA HA XOJIMH K
VKCYCHYI) KHCTOTY (CM. CXeMY HUXKe)

Ip1 nobaBIeHUY HHTHOHUTOPOB AKTHBHOCTE ALE-
THITXCJIMHICTEPA3kl YMCHBIIIACTCS, KOHIIEHTPALMS
aleTHIXONWHE (cyBCTpara) yBe/MUYWBAETCH, UTO
COTIPOBOXAACTCA YCWICHHEM NPOBEACHHS HEPEHOTO
UMIylbca. MHMMOUTOPH XOMHMHACTEPA3hl HCIIOMh-
3YIOT NPU JEHEHWH MBIMISHHBIX JUCTpOdUil. Id-
eKTUBHBC AHTUXOJMHACTEPAsHbIE MpEnapaTel —
NPO3epPHH, 3HApodhOHNN 1 ap. (puc. 2-23).

ANTAMeTaGoJMTl KAK NEKAPCTBEHHBIE NMPEnAPaThi

B kauecTBe HHTHOMTOPOB hepMEHTOB MO KOHKY-
PEHTHOMY MEXaHW3MY B MeIWLMHCKOHW npakThke
MUCTIONBL3YIOT BeIUECTBa, HA3bIBAEMBIE AHTHMETAbo-
JUTAMU, 3TU COSTHHEHMs, GYIYUH CTPYKTYPHBIMM
aHaJOTaMU NMPHUPOAHLLY, CYOCTPATOB, BEI3BIBAIOT KOH-
KYPEHTHOE HHTHOHpOBaHUE (epMEeHTOB, € OIHOH
CTOPOHBI, U, C APYTOH — MOTYT UCTIONb3CBATRCA ITH-
MM Xe (DepMEHTAMH B KA4YECTBE TCEBIOCYOCTPATOB,
4YTO MPUBOIMT K CHHTE3Y AHOMANBHBIX MPOIYKTOB.
AHOMAJBHBIE OPOAYKTE He OGNazaioT (PyHKIHO-
HA/ILHOH AKTHBHOCTBIY, B PE3yIbTaTe HAGHIAKT
CHHKEHHE CKOPOCTH ONpEeNeN&HHBIX MeTafomuyec-
KUX TIYTeH.

B kayecTBe NeKapcTBEHHBIX NPENapaToB UCTOh-
3VIOT CIeIyiliiHe aHTHMETAGOMMTRI: CyAxpaHNUI-
aMWAHBEIE TpenapaThl (AHAIOTH Mapa-aMHHOOEH-
30HOA KHCAOTHI}, MPHMEHACMEIE A% JIRYCHMWS
HHOeKLHOHHBIX 3aboneBaHuil (cM. pasnen 9), aHa-
JIOTH HYKJICOTHAOB AN JISUCHMSA OHKOJOMMUYECKHX
3aboneBaHni (cM. pasgen 10).

o ALeTHNXONWHACTEPA3a 0
CH:;\ + I CHS\ + U
CH3; N—-CH,~CH,~0—-C—-CH; + H,0 —m8» CHa; N—CHo—CH,—CH + HO—C—CHs
CH; CH;
ALETANXONUH Xonun YKcycHasa kncnoTa
Cxema
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2. Hexonxypenmnoe unzubupoeanue

HekOHKYPEHTHBIM HA3LIBAIOT TAKOEe WHTHOMPO-
BaHue (PepMEHTATHUBHON pPEaKUHHU, MPH KOTOPOM
MHIHOUTOp B3aUMOAEACTRYET C (PEPMEHTOM B YUac-
TKe, OTAHYHOM OT aKTHBHOIMO Hedrpa (puc. 2-24),
HeKOoHKYpeHTHBIE MHTHOUTOPEL He ABISIOTCS CTPYK-
TYPHBIMH aHAOFAMHA CyOCTpaTa.

HekOHKYpeHTHBIH HHTMOMTOP MOXKET CBA3LIBATD-
cs1 mbo ¢ PepmeHTOM, Anbo ¢ depMeHT-cybeTpar-
HBIM KOMITIEKCOM, 00pa3yd HEAKTHBHLIA KOMIUIEKE,
IlprcoeTMHEHNE HEKOHKYDEHTHOIO MHTUOHTOpA
BLI3bIBACT M3MEHEHME KOHGOPMALMH MOJEKYIIb]
(pepMEHTA TakMM oDpazoM, YTO HAPYLIAETCH B3aH-
MOIEHCTBHE CyOCTpaTa ¢ akTHBHBIM LUEHTPOM Gep-
MEHTa, YTQ NPHBOIMT K CHUXEHUIO CKOPOCTH dep-
MEHTATHBHOM PeakUMH.

KnnetHyecKne 3aBHCHMOCTH

KuHeTHueCcKas 3aBUCHMOCTE HEKOHKYPEHTHOTO
WHrUGUPOBaHUsI NPEICTABIEHA HA pUc. 2-25. DToT
THTT HHFAOWPOBAHHUS XapaKTEPU3YeTCsl CHHXeHHU-
eM V_ (hepMEHTATHBHOW PEAKUIMH H YMEHBIIEHU-
eM CpoacTBa cybcTparta K (bepMEHTY, T.¢. YBEJTHYE-
Huem K

B. HEOBPATUMOE WHIMBHPOBAHHE

HeobpatuMoe MHruOMpoBaHHE HalIIOZAIOT B
cayyae oOpasoBaHMA KOBAJTEHTHBIX CTaGMIbHBIX
CBA3EH Mexay MOAaeKynoid uHruburopa u depmeH-
Ta. Yame scero moandHkaliy MOABEPracTCs akK-
THBHBIH HeHTP depMeHTa. B pesynbrate depmeHT
HE MOXET BBINOJIHATh KATATUTHYECKYID (PYHKLUMIO,

K HeoOpariMbiM HHIMOMTOpPAM OTHOCHAT WOHB]
TAXKENBIX METALIOB, HAnpumep prytd {Hg*), ce-
pebpa (Ag™) M MeillIbsiKa (As®')}, KOTOpbIE B MallbIX
KOHUEHTPALMAX OIOKUPYIOT CYJh(THIPHIbHLIC
TPYNIIBI AKTUBHOTO LicHTpa. CyGeTpaT npH 3TOM
HE MOXET NOABSPraThCH XMMHUECKOMY NMpeBpalle-
Huw {pHc. 2-26). MNpH HaIMYKMU pPeakTUBATOPOB
¢depMeHTaTHBHAA (BYHKUMS BOCCTAHABIMRAETCH.
B SonbliMX KOHIEHTpAUWAIX HOHBl TXKEIBIX M-
TANNOB BBEI3BIBANOT JeHATYpalWKe OeAKoBOl Mone-
Ky/lbl (PepMeHTa, T.€. NPHUBOMAT K NONHOH MHAKTH-
Bal[W¥ ¢pepMeHTa.

1. Cneundpuseckue n necneuyuguveckue
unzubUMOpH:

HUcnonb3osanune HeDGpaTHMbIX HHFHBHTODOB
[MpEICTABIACT OOIBILIOH HHTEPEC Onf BBISCHCHHSA

Maponus
3hMpHOK CBR3IN
CH3 CHS
+ s
Ne——CH:——CH,—0$C—0—H
CHs CH; !
O

A
Katanwtu-
YvacTok “ECKWA
YHACTOK
AueTMnxonvHacTepasa
HsC CHg
CH, N~
« SN ;|
N O C—O—H
CH:; ~ CH, \Q/ 2 |
EZZ 77774 O
B \/
©
C.Hs
+
Ne—<Oy—oH
CH; CH, |
77777 ClJ
B
©

Puc. 2-23. CxemMa akTHBHOIO LEHTPA AUETMAXORMHICTERA3LE.
A — OPUCOSOVHEHWE aLIETMNXONMHA B AKTUBHOM LieHTPE iepMeH-
Ta. CTpenkoi yKasano MecTo riaponnaa aupHOR CBA3W B Mone-
Kyne aueTHNXoNnHa; B — npucoegrHEHWe KOHKYPRHTHORS WHIMOW-
Topa — MpO3gpUHa B aKTUBHOM LSHTRE (MepMeHTa. YkazaHo
MECTO MMApPONM3a NPOo3epHHa, OOHAKD PeakuMd WOET HaMHOMY
megneHHes, YeM ¢ aueTUNXONWHOM; B — nprcoepMHEHMe KOHKY-
PEHTHOMO MHMMOWTOPA B AKTMBHOM LeHTRE (hepMeHTa — 3HApO-
QOHNA. FHAPOPOHWA CBASLIBAETCA B AKTUBHOM LEHTDE auerTdn-
XONUHACTEPAZEI, NPENATCTBYA NPVCOSOMHEHNIO aLETUMXONAHA.

MexXaHu3Ma AeHCTBHUA repMeHTOB. C 3TOH LeNbH
MPHMEHARKT BellecTha, BIOKHMPYICLIHE OTIpeeén -
Hble IPYnnbl aKTHBHOTO UgHTpa ¢epMeHTOB. Ta-
KHe MHTMBUTOPEI HAa3bIBAIOT COeMPIYIECKMMH. Pasg
COCAMNEHUHN JIEFKO BCTYIIAET B PeakUBH ¢ OIpese-
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ES

E+P

AKTUBHBIA
U I_, U LEHTP He
KOMNNeMeH-
TapeH
cyGeTpaTy
E
El

Puc. 2-24. CxemMa HEXOHKYPEHTHOrO HHrMBMPOBaHUA AKTMBHOCTH thepMeHTa.

NEHHBIMH XUMHYECKMMHM TpyniaMu. Ecau 3¢ rpyTl-
IBl YYACTBYIOT B KaTANW3E, TO TIPOUCXOAMT MOJHasA
HHaKTVBaUuA depMeHTa,

Ponb rHIPOKCUTLHLIX TPYIIT CEPUHA B MEXAHH3-
Me KaTaau3a MCCIIEOYIOT ¢ TIOMOLUbI0 dropdocha-
TOR, HanpuMep auusonponuadropdocdara. Juu-
sonponuiadropdochar (DD} cnenudmueckn
pearHpyer JIMIIbL ¢ OAHUM M3 MHOMMX OCTATKOB CE-
PHHA B aKTUEHOM UgHTpe depMenrTa. OcTtatok Cep,
criocoBHbIA pearuposath ¢ 1D, uMeeT HASHTHY -
HOE UNM OYEHb CXONHOE aMHHOKHCIOTHOS OKpPY-
keuue (tabn. 2-2). Bricokad peakilMOHHAs CHO-
coOHOCTD 3TON0 OCTATKA IO CPABHEHHIO € APYTHMH
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octarkamMu Cep 0o0ycnosneHa aMMHOKMCNOTHRIMK
OCTATKAMHM, TAKXKe BXOASIWMHMY B AKTUBHBIH LEHTP
¢e pMEHTOB.

JPD oTHOCAT K ceunduIecKkuM HeobpaTUMBIM
HHTUOMTOPAM «CePMHOBBLIX» (EPMEHTOR, TaK KAK
OH 00paiveT KOBAREHTHYIO CBSI3b C THAPOKCWIb-
HOU IPYNNOH CEPHHA, HAXOAALIErOCH B aKTHBHOM
LEHTPE U UIPAIOIIEro KIKYEBYIO POib B MPOLECCE
Karanuza {puc. 2-27).

AleTar Homa, M-XIOpMepKypHbeH30aT Jerko
BCTYTAIOT B peakuud ¢ SH-rpynmaMu oCTaTKOB
uucTeMHa GekoB (puc. 2-28). DTH HHrUGUTO-
pbl He OTHOCAT K CcMenU(DUIHBIM, TaK KaK OHHU



B oToyTeTBME CMELaHHOTG
HEKOHKYPEHTHOMO MHrBuTopa

VIT\SI I~

B npucyTCTBMK CMEeLLaHHOorO
HEKOHKYPEHTHOMD MHIMBKToRa

Puc. 2-25. BNMAHKME HEKOHKYREHTHOrO MHrWGUTOpa Ha Cro-
pocTh GIEPMEHTATUBEHON PEAKUMW B 34BUCHMOCTH OT KOHUEH-
Tpauwumn cybeTpata. V| — MakGUMANEHasR CKOPOCTL Peakumy B
oTcyTeTeNe MHrbnTopa; 'V, | — MAKCUMAnLHan CKOPOCTL Peak-
LMU B NPUCYTCTBAM MHMMBUTOpa: K — koHcTanTa Muxasnuca B
oTeyTeTBNe uarnbutopa; 'K — KoucTanTa Muxaanuca B npucyT-
CTEMM WHTWBUTOpA.

Puc. 2-26. MexaHn3am AEeHCTEWY WOHOB PTYTH Kak HeobpaTtu-
MOro MHrUGKUTOPA. VIoHL! PTYTH B MANBIX KOHUEHTRAUWAX BNoku-
PYIOT CyNbBrvAPMALHEIE TRYNNBE AKTUBHOTG LEHTPA. HTO NPUBo-
IMT K CHKERMID CKOPOCTH (DeNMEHTATABHOH PeakLMM,

CH; CHs CH; CHs
T T
GH CH
N ! ™, !
(E}YCH;-OH + F P=0 - +(EFCHy 0-P=0 +HF
XUMOTPUNCUH C|) C|)
CH CH
T P
CHy CHs CH; CHs
Auuacaponun- LAunsonponun-
hropthocthat thTopocthar-
XMMOTRWNCHH

Puc. 2-27. MHruBupoBsaHne aKTHBHOCTH XMMOTPMIICHHA € No-
Mowbe annacnponunditopdoctharta.

Tabnuua 2-2. HecneposaHue NOCNEAOBATENALHOCTH AMMHOKMCAOTHLIX OCTATKOB BOKPYF pEaKLIHOHHO-CI'IOCOGHOFO OCTaTKa ce-

prHa, B3auMofencTeylowero ¢ Qded

Dyuuun depyenTor
{nojikiadce gepmenTon)

DMepment

AMHHOKHCTOTHLIE QCTATKH,
HAXCARTIHECH B OKPYREIHH
pcamumnun-cuocoﬁum {0 CepHHA
B AKTHBHOM UEHTPC

XHMOTPHITCHH

Acu Cep Iy

Tpuiicun Hporeotitiireekite Acn Cep Iy
thepMenTsl

Tpombun Acir Cep Ty

Jnacrasa Acnt Cep Tny

XoluH3cTepasa JeTepassl Iny Cep Ana

Hiesounan
fpoctharasa

(rapoans »dnpuoil cesan)

Tay Cep Ada
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pearupymoT ¢ NO6bIMH CBODOAHBIMU SH-rpyn-
naMu OEAKOB 1 Ha3biBAOTCA HECMEUMDUUECKHU -
Mu MHTUGUTOpaMmH., Ecinw SH-rpynnbt npueaM-
MAalT Y4acTHE HENOCPeNCTBEHHO B KaTAIH3E, TO
C TIOMOILUBI} 3THX WHTMOMTOPOB TIpencTaBjisieT-
¢A BO3MOXHBIM BriiBlIeHKe ponu SH-rpynmn dep-
MEHTA B KaTalHse.

2. Heobpamumme unzubumops: pepmenmos Kax
ACKAPCMBEHHBIE NPENADAMbE

ITpuMep NiekapcTBEHHOTO npelapaTta, AeHCTBUE
KOTOPOro OCHOBAHO Ha HeoOpaTMMOM HHIHOHpO-
BAHMHM (EPMEHTOB, — MWHUPOKD HMCMOAb3VEMbI
npenapar acnupuH. [[pOTHBOBOCNATWUTENILHBIA
HECTEPOMAHLIA MpenapaTt acnupuH obecreunBaeT
hapMakoIOrHYECKOe OeHCTRME 3a CHET MHTHOM-
popaHust GepMerTa UHKIOOKCHIEHA3bl, KaTaau-
SUDYIOLLETO peakuunio 0Opa3eBaHusl NpocTariaH-
AWHOB M3 apaxUIoHoBoH KuMcaoTel. B pesynerate
XMMMYECKOW peakilMH aleTHJIbHBIA OCTATOK ac-
[HPHHA TIPHCOEOHHASTCA K ¢BOOOAHOU KOHIIEROM
NH,-rpynne 0aHON K3 CYOBEAHHML LMKIOOKCH -
reHasbnl {CM., CXEMy HHXKE),

ITO BHI3LIRAST CHIKEHHE 00pasoBaHUed POLYK-
TOB peakllHH TIPOCTArMaHIWHOB (cM. pasaen §),
KOTOpHIE 0013J3l0T WHPOKMM CNEKTPoM OHUONo-
THHECKUX (DYHKUMA, B TOM YHCIE ARIAIOTST Me-
AHATOPaMM BOCTIANEHUS,

o  COOH
Il
E—NH; + HC—C—O0

LiMKnNooKen-
resaaa

AcnupunH

CxeMa

VII. PEFYNAUUA
METABO/IMMECKUX NMPOLUECCOB

Kupad Knerka -— OTKPBITAsd CHCTEMA, MOCTOSIH-
HO 0OMEeHUBAICLLAACA ¢ BHEllIHeH Cpeloi BellleCTRa-
MH W JHeprMeii: B He€ MOCTYIAKOT [MHTATEIbHBIC
BEUIECTEA, KOTOPLIC MOABEPTaOTSs MPEBPalLeHHAM
U MCNOBL3VIOTCS B KAYESCTBE CTPOMTENBHOIO 1 DHEp-
FETHYECKOTO MaTepHaNa, M3 KISTKH BbIBOMATCS KO-
HeYHbIe NPOAYKTHI MeTaboimama. B MHoroksierou-
HOM OpTaHH3ME KIIeTKa pearMpyeT HE TOJNbKO Ha
U3MEHEHUE OKPYXKAIIEH Cpeibl, HO U HA (PYHKIIH-
OHAJIBHYIO AKTHBHOCTE coceTHUX KiaeToK. TTpu aTom
OHA CTPEMUTCST COXPAHUTL HEM3MEHHBIM CBOM BHYT-
PEHHHH COCTAB. DTO COCTOAHME HA3LIBAIKOT CTaIlHO-
HAPHBLIM Ik KAeTOYHBIM TOMEOCTa3oM.

B kneTke NOCTOAHHO NMPOMCXCAHT GOIBIIOE KO-
JHYECTEC PasHOOOPA3HBIX XMMHYECKHX Peakuui,
KOTOpbie (GOPMUDYIOT METADOIHUSCKHE NYTH —
NOC/ASAOBATENBHOE TIPpEBpalleHUe OIHUX COeIMHE-
HUil B apyrue. MeTaBonnsM — COBOKYITHOCTE BCEX
METABOMMUECKHX MYyTeH, MPOTEKAKIMX B KIETKAX
OpTaHH3IMa.

Cpenn Bcex MeTaboIMYECKUX MYyTEH, NpoTeka-
IOLIWX B OpraHH3ME, BLIACAAT MPOTHBOIOACKHO
HaTIpaBAeHHbIe TIpoliecchl: KaTabonuaM M anabo-
au3M. KatabonusM — pacnan CIoXHBIX BELIECTB
10 IPOCTBIX ¢ BBICBODOKIEHUEM SHepPrUW. AHabo-

0 CCOH
1
E—-NH;—C—-CH; + HO
ALETUNWUPOBAHHLIA Canvuywnnoean
EepMEHT KMcnora

0
(E}CH-SH + 1-CHy-C?
CH

dBpMEHT Hogauerar

0
—  (E}oHs-CH-C

+ Hi

(E}CHr-sH + CI—HQ@COOH — @S—HQ@COOH+HI

depmeHT

Mapaxnop-

MepkyprbeHaoaT

Pwc. 2-28. MHrubiupoRaHKMe aKTHEHOCTY (PEPMEHTOR BCNECTEWE KOBANEHTHOW MOAMBHKALMU OCTATKOR LACTENHA.
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JH3IM — CHHTE3 U3 NpPOCTLIX 00Jlee CIOXHBIX Be-
[ecTB, MeTabonudeckre MyTH COrAACOBAHBI MEXK-
Ay coQol A0 MecTy, BpeM&HW M WHTeHCHBHOCTH
MPOTEKAHHS. 3Ta COIAaCcOBAHHOCTh MPOTEKAHHA
BCEX TPOLIECCOBR ODECIEYMBAETCH CIOXHBIMH H
MHOTCOOpa3HBIMH MEXaHH3MAMH PEryasuMi,

A. OPrAHU3ALINA XMMHWUYECKHX PEAKLIAA
B METABOJHMECKME TIYTH

OntuMansHas akTHBHOCTE (PEPMEHTOB, KaTalu-
JUPYIOLIMX PeaklMKh OJHOTO MeTabOHYECKOro
IYTH, JOCTHTaeTcs O1arogaps OnpeacnéHHoMn npo-
CTPAHCTBEHHOH OpPraHM3allMH B KJIETKE.

1. Hpocmpancmeennan aoxaauzauun gepmenmos

bonbIHHHCTRO PEPMEHTOR HMEET BHYTPHKIETOY -
HYIO JIOKJIU3ALHIO W pacipeng/eHsl B OpraHH3Me
HepaBHOMepHO. Bee pepMenThl 0THOTO MeTabomH-
YecKere IyTH, KAK TMPaBHiIO, HaXoOsTcs B CGIHOM
otaene kwieTkd. OcoGeHHO pasaeneHue merabonm-
YECKHUX MYTEH BAXHO A8 MPOTUBOMONOXKHO Ha-
MpaBIeHHLIX KaTabOMUYECKHX M aHA0OIMYECKHX
npoieccoB. Hanpumep, CUHTE3 XUPHBIX KHCAOT
NMPOMUCXCIUT B ITATOIUIA3ME, A WX paclal B MHTO-
XOoHOpHsX. EciM Obl TaKoro pasgencHHA HE CyLLe-
CTBOB&JI0, 0DpP430BbIBAJIKMCE Obl GECMONEe3HbIE
(bYHKIMOHATBEHOW M 2HEPIeTHYECKOH TOMKH 3pe-
HUA TYTH.

B MeTaboaMYecKUX MyTAX NPOAYKT MEpPROit dep-
MEHTAaTHBHON peakLMH CIYXKUT cybeTpaToM BTO-
poii W Tak dajee A0 (HOPMUPOBAHHA KOHEHHOTO
npoaykTa. TIpoMeXyToUHBIE TIPOOYKTLI METaboIH-
YECKOro MyTH MOTYT BBICBOOOXIATBCH W3 MOCae-
IOBATEABHOCTH PEAKUHIA W HCIIONB3OBATLCHA B APY-
rHx MeTaboJHUeCKUX TyTAX, T.e. MeTaboaudyeckue
MYTH CBA3aHBl MEXAY cODOM TMpOMEXYTOUHLIMH
DPOAYKTAMH.

B page cimydaes npocTpaHCTBeHHAS OpraHM3a-
una pepMEHTOB HACTONLKO CHIBHO BhipaXeHa, YTo
MPOAYKT PEAKUMIH HU TIPU KAKMX YCIOBHAX HE MO-
XeT OBITH BBIMUICHEH H3 METAOOIHYECKOTO MYTH M
oba3aTeNbHO CIYKHMT cyDCTPATOM cleayioluei pe-
akiuu. Takas opraHH3alMs MeTaboIMUECKOro NyTH
HCOCHT Ha3BaHHe MYJBTH(HEPMEHTHOTO KOMILIeKCa
M BO3HMUKAET B Pe3ynbTare CTPYKTYPHO-DYHKIHO-
HaneHOM oprann3auun depmentoB, OGHYHO Ta-
KHE KOMILICKCH CBsi3aHbl ¢ MecMOpaHamu. B kaue-
CTBE NIPUMEPOB MYABTUREPMEHTHLIX KOMILIEKCOB
MOXHO NMPHUBECTH MHPYBATAECTHAPOTEHA3IHBIH KOM-
TUieKke, mon aeHCTBHEM KOTOPOre MPOMCXOANHT OKIC-

JIUTENbHOE IeKApBOKCHAMPOBAHKE MHPOBHHOTPAN -
HOH KMCNOTH (nHpyBaTa) (CM. pasien 6), CHHTAa3y
KMPHBIX KUCNOT, KAaTATUIUPYIOUIYK) CUHTE3 NATb-
MHTHHOBOH KMUCIOTHI (CM. pasnen §).

2. Cmpyxmypa memaboaumecKux nymei

CTpykTypa MeTaGOIMMECKHX NYTSH B KJIETKE
KpafiHe pasHooOpa3zHa (cM. tabn. 2-3). B cmyuae,
Koraa cybCTpaT B pesvabTate psaaa pepMeHTaTUB-
HBEIX MPOUECCOB TNPEBPALIAETCH B OOMH TIPOAYKT,
TAKOH MYyTh HOCHT HA3BAHUE JIUHEHHOTO MeTabo M-
4ecKoTo MyTH. HYacTo BCTPevaloTes paiBeTBAEHHBIE
MeTaloNUYeCKHe ITYTH, MPUBOASIINE K CHHTE3Y pas-
JIMYHBIX KOHEYHLIX TNPOILYKTOB B 3aBHCHMOCTH OT
notpedHOCTH KIeTKH. B nponecce MiyueHMs Kypca
BHONOTUYECKOA XHMUH Bbl TaKxke MO3HAKOMMTECH
¢ HIHUKJIHYECKMMU M CITHPATLHBIMH MeTabonyec-
KHMH [yTSIMH.

OpradocnenHpHIHOCTE

MepMeHTHBIH COCTAB PAITMUHBIX KIETOK Heo-
IuHakoe, ©epMeHTH, BHIMICTHAKIINME PYHKLMIO
JKM3HEODECICUEHNA KIICTKH, HaxOQAsaTcs BO BCeX
K1eTKax opraHusma. B mpotecce nuddepeHUMPOR-
KH KJETOK MPOUCXOAWT U3MEHEHHE ePMEHTHOTO
cocTapa KIeTok. Tak, ¢epMeHT apruHasa, y4yacTBy-
OILMH B CHHTe3e MOUYEBHHBI, HAXOIHUTCA TONMBKO B
KJETKax Ne4YeHM, a kucnas gocdarasa, y4acTByl-
wasa B ruapoamse MoHoahHpoR oprodochopHoi
KHCJIOTHI, — B KJIETKAX MPOCTATHI. DTO TAK HA3bLI-
BagMbie OPTAaHOCTIEUPUYHBIE (epMeHTHL

Eciv roBopMTh 00 Y3KO COENMATM3IWPORAHHBIX
KJAETKAX, TO (PEPMEHTOB, BBITIONHSIOIMINX (DYHKIIMH
B 3THUX KIETKAX, HAXOAMTCA GOnbliHe, 4€M B APYIHX
KiaeTkax. Hanpumep, B KIeTKax cepAeuyHOH MBIUI-
ULl MMEETCH MOBBILLIEHHOE KOMHYECTEO (DEPMEHTOR
KPEATMHKHMHA3bE W acTIapTaTaMHHOTpaHCepassl, B
KJCTKaX [eYeHH — ajJaHHHAMHHOTpaHcdepasbl U
acrnaptaTaMMHOTpaHC(epa3sl, B ocTeobnactax —
wenouHol docdaraibl U T.A,

KomnaprMenTandianus

Knerka — cnoxnobhyHKUMOHATBHAS CUCTEMA,
perynupylowas cBo€ xuaHeoOectieueHHe. MHoro-
obpasve (DYHKIIHE KJIETKH 00eCneduBaeTca npo-
CTPAHCTBEHHOH M BpeMEHHOH (B MEPBYIO OUepeh,
B 3aBHCHMOCTH OT PHTMA ITHTAHHA) pervisiidei
OIpeaenéHHBIX MeTabonyeckux nytei. [1pocrpan-
CTBEHHAs PETyISLMS CBA3AHA CO CTPOrOil JIOKaIH-
3aluel OMNpencEHHBIX (GEePMEHTOB B PA3JINYHBIX

109



Tabpuua 2-3. Tunbl meTabonuuecknx NYTEH

Cxema HazBanue Mpumep
A—+B—C—+»D—E NvHedHLIA Mnukonva
D—E
Pa3seTBNEHHLIN Cunres
A—B—C HYKREOTUAOS
SaF—>G
A Uwkn
TPMKapOOHOBLIX
G E >“" B KMCNOT
r Lvknuueckuia
E /C CuHTe3
D MCHYEBWHBI
A
é B-okucnexve
* CrvpancHbIA MHPHBLIX
KHUCNoT
C
EataD

opraHennax. Tak, B fape HaxoasTcsa (PCpMEHTHI,
ceazaHHple ¢ cuHTe3oM Monekyn JHK u PHK, B
LMTOMNa3Me — (bepMEHThE TIHKONM3A, B JIUIOCO-
Max — THAPONMTUYECKHE (DePMEHTBLI, B MAaTPHUKCE
MHTOXOHApHIA — hepmenTsl LUTK, BO BHYTpeHHEH
MeMOpaHe MUTOXOHAPHUE — (PEpMEHTH LCNH Ne-
PEHOCA BNEKTPOHOB M T.4. (pHc. 2-29). Takaa cy6-
KJICTOYHAS NOKATH3AMSA (PepMEHTOB CITOCOOCTRY-
€T YIIOPAAOYEHHOCTH GHOXMMHUYECKMX NPOLECCOB
M YBENMUUBAET CKOPOCTh OOMEHA BEIIECTB.

B. TTPUHUHALE] PETYISIMHA
METABOJIMYECKHX ITYTEHN

Bce xiiMHYeckue peakliuM B KAETKEe MPOTEKAOT
npu yyacTuM depmenToB. [lo3ToMy, 4TOOBI BO3-
JeHCTBOBATh Ha CKOPOCTh NMPOTEKaHMs MeTabosu-
YECKOTO TMYTH, IOCTAaTOYHO PEryAMpOBaTh KOJIMYE-
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CTBO MAM AXTHBHOCTE (PepMEHTOB. OOBIYHO B Mé-
TabOJIMMECKHX IMYTHAX €CTh KAIOMEBhIE (DEPMEHTEHL,
6/1arogapa KOTODPBIM TIPOHCXOAWUT PEryAALMs CKO-
POCTH BCETO MYTH. DTH (PEePMEHTHI (ONHH HIA He-
CKOJIBKO B MeTA00ITMUECKOM MYTH) HA3LIBAIOTCH pe-
[YNATOpHBIMY (pepMeHTaMU; OHM KATANU3UPYIOT,
KaK MpaBWIO, Ha4ajJbHBIE peakuuy merabonuuec-
KOO IIYTH, HeoOpaTUMBIC PeaKlHH, CKOPOCTh-JIM-
MHTHPYIOIINE PeaKkliii (CaMbie MEIIEHHbIE) Wil
PEAKLIMH B MECTE NEPeKTIOdeHHS MeTaboIHYECKO-
TO MYTH {TOYKH BETBIEHHS).
Perynsuua ¢ckopocTi QepMeHTATUBHBIX Peakiivi
OCYUIECTRASETCA Ha 3 HE3ABUCHMEBIX YPOBHAX:
e H3MCHEHHEM KOJIMYECTBA MOJEKYN (epMeHTa;
s NOCTYITHOCTBI) MONEKYN cybeTpara W Kodep-
MEHTA;
& U3MCHEHHEM KaTATHTHYCCKOH AKTHBHOCTH MO-
NeKyabl (PepMEHTa,



Puc. 2:29. BHYTPMINIETOUHAR TIOKANH3AUMA DePMEHTOE.

1. Pecyasuun roanwecmea moaexva cepvenma
8 Kaemye

HasecTHO. uTo Denkk B KieTke UOCTOSHHO 0b-
RORNISIHOTCH. KosasuecTBO Moneky (IepMENTS R KITETKE
OUPLIECHHETCSH COOTHOUIEHHEM 2 APHIECCOR — CHIEL-
Te3a M pacnina BESKOBOH MOIEKYIbI (hepMeHTiL

Cuntes

7y

AMVHGKUCTIOTH depment (Benok)

.

Pacnap

CHHTEZ W DOAAMHT OCIKL — MHOMOCTALMIHBIA
npoiecc. Peryasiumsa cuHTe3a 02/IKa MOXCT 1TPOHC-
XO[HTL Ha MoBoiH cTtaarn hopMHpOBAHNS BEIKO-
BOI mMosiexyvibl. FlanbBollee viydeH MexaHHiM pery-
AWK CHITE3a DCAKOBOH MONEKYNLGI Ha YPOBHE
TPAHCKPHIILMK, KOTOPBIH OCYLIECTRILETCH OTIpeie-
JIEHHBIMU Me(aboAHTAMM, COPMOHAMM ¥ PAIOM OHO-
JIOMMYUECKH AKTHBHBIX MOJCKYT (CM. paszaen 4).

Yto kacaercs pacnana QEpMeHTOB, TO peryns-
HMA 3TOCO NPOIecca MeHee M3vueHa. MOXHO ToNb-
KO NPEANOAAraTh, 410 310 HE NPOCTO HPOUECE Npo-

Teo)us3a {(pa3pyweHdg OcKOBOH MOJICKYIIb), o
CAOXKHDBIH MCXaHH3M, BO3MOXKHO, ONpesenseMblii
HA YEHETHUECKOM YPOBHE.

2. Pecyaanun cxopocmiu hepmenmamugnol
PeaKuNN G0CmYRROCILI0 MOAeKya cyficmpama
u Kothepmenmos

Bk bt napaMerp, KOHTPOMHPYIOWUA npoTreka-
HKe METAbOIHUCCKOTO NMYTH, — HATM4He cyBCIpaToR,
H CIABHLIM ODPA3OM — HaMYKME HepBoro cyDeTpard,
Yent Boilblle KOHLCHTPALMA MCXOMHOTO CyOeTpaTa,
TCM BbIUIC CKOPOCTh METADOJIMUECKOIO HVTH.

Hpyrod napamerp, iIMMATHPYIOWAE 1IPOTEKAHKHE
MeTaBOIHICCKORO MVTH, -— HAIIMYME peIelepupo-
BaHHBIX KodepmenTon. Hanpumep, B peaktiuax
ACTHIPHPOBAHWA KOMCPMEHTOM AEIMIAPOIEHAS Cliy-
*at okMcaerinbie cdopme NADY' FAD, FMN,
KOTOPLC BOCCTAHABIWBAKWYICH B X0/E PCAKIIMH.
Y1olbl KOGCPMCHIL BHOBL YMACTBOBAIM B PEaK-
UHMH, HecdXoAHMa WX percHepaudisi, T.€. (fpespa-
UIGHHE B OKHCISHNVIO (hopMy.

3. Peyaanus xamatumuneckon QEmuenocmi
drieprmennios

Baxieiituee 3Haueiive b HIMEHEHWM CKOPOCTH
MCTaBOIMMCCKHX NYTEH UIPAeT PEryisiLvs KaTa-
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JUTHYECKOH aKTHBHOCTH QOHOTO WM HECKOMABKMX
KIHOYeBbIX depMeHTOB JAHHOIO MeTaboIHyecKoro
MYTH. 3TO BLICOKO3(M(HEKTURHEIN U BLICTPBIA CITIO-
co0 peryiasiiuH MeTaboNnu3Ma.
OcHOBHbIE cMIOCOOLI peryasiMy aKTHBHOCTH
{depMeHTOB:
s AUIOCTEPUUCCKAS PeryaaLus;
® PErYIANAS C MOMOIIBLIO OeloK-0eNKOBBIX B3a-
UMONENCTRHIA,
» peryaauus nytém gochopriuposanis/nedoc-
hoprAMpoBAHMS MONEKYIBI (PepMeHTa;
* DEryasliys YaCTHYHBIM (OTPAHWUEHHBIM) TTpO-
TEOJTH30M,

AlTocTepHuecKas perynsumus

AnnoCTepUYeCKMMH (PEPMEHTAMM HA3LIBAIOT
(repMEHTEI, AKTHBHOCTH KOTOPLIX PETYIMPYETCS He
TOJIBKO KOJUYECTBOM MOMIEKYA CyOdCTpaTta, HO M
IOpYTHMM BELUECTHAMM, HA3bBAEMbIMK 3(hexTO-
PaMi. Y4acTBYIOLIHE B AJUIOCTEPHYECKON peryis-
LMK 3¢HPEKTOPbl — KJIETOUHBIE METAOGOIMTEI Yac-
TO HMEHHO TOI'O IYTH, PETYIALMIO KOTOPOro OHW
QOCYUISCTBASIOT.

Poxb annocrepuyeckux depmentos B merabo-
JH3IMe KJIeTKM, AJTOCTepHUECKME (hepMeHTH
HIPaIOT BAXHYK poib 8 METABOAM3ME, TaK
KAK OHH Ype3BblYaiiHO OBICTPO pearMpyloT Ha
MAJCHILNE HM3IMEHEHMST BHYTPEHHETO COCTO-
AHUS KAETKH. AJIOCTEPHYSCKAS PETYJIsSTLHs
uMeeT GOABLIOE 3HAUSCHUE B CIACAYIOIIHX CH-
TYauMAx:

s NpH aHabonMUeckux npoueccax. MHrudupo-
BAHHE KQHEUHBIM MPOAYKTOM METaboMHUECKOTO
TYTH U AKTHBALIMA HAaYTLHBIMH MeTaboaHuTa-
MM [TO3BOJISIOT OCYIIECTRIATH PEryiIslHID CHH-
Te€33 3THX COCIHMHEHHIH,

npH Karabonu4veckyx npoueccax. B cayuae
HakoTuieHus ATd B kreTke IPOHCXOAHT MH-
rHOHpoBAHHE MeTaboIHMUecKHX MyTel, obec-
NMEYHBAOIIMX CHHTe3 3Hepruu. CyGeTpaTsl
MPH 3TOM PACXOAYIOTCS HA PEaKUMK 3anaca-
H¥A PE3ePBHLIX [HTATSALHBIX BELECTB,

AAA KOOPAHHAUMK aHaboaMUyecKux M Karta-
ponuueckux nyreit. AT® u AP — awioc-
Tepuueckue 3thdekTophl, ASHCTBYKILME KaK
AHTATOHUCTHI;

VI KOCPAHHAUMH NapalIeNbHO NPOTEKAIO-
IIHX H B3aMMOCBSA3aHHBIX METAGOIHYECKHX
nyTeil (HarmpHMep, CUHTE3 ITYPHHOBBIX H MH-
PUMMIHHOBBIX HYKIEOTHAOB, MCTIOAb3YEMbIX
ANd CHHTE3a HYKIEHHOBBIX KHMCAOT). Takum
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00pa3oM, KOHEUHBIE TPOAYKThL OIHOTO Me-
TAOOIMUECKOID OYTH MOTYT ObITh ALTOCTEPH-

‘yeCKMMH 3(pPEKTOPAMH IPYroro MeTabonu-
YECKOTO MYTH.

Annocrepmueckue adextopbl. IDHeKTOp, BhI3bI-
BAIOIUHH CHUMXEHHe (MHTHMOMpOBaHUe) axKTHB-
HOCTH (DEpPMEHTA, HAILIBAIOT OTPHLATEIBHLIM
athpekTopoM, UM wHrHOUTOpoM. DddekTop,
BBIZBIBAHOIIMI NMOBLILIEHHUE (AKTHRALMIQ) AKTHB-
HOCTH (hepMEeHTOR, HAZBIBAKDT NOJAQKHTE/IbHBIM
sthdexTopoM, WM aKTHBATOPOM.

ANIoCTEPUYECKUMHU hdheKTOpaMK HacTo Cityxar
painyHble MeTaboAuTh. KoHeuHbie NMpomyKTh
METabONMUYECKOTO MYTH — YacTO MHIHOHTOPEI
ATOCTEPUYECKHX (DEPMEHTOB, 4 UCXOIHBIC Be-
IIECTBA — aKTUBATOPLI, ITO TaK Ha3bIBaeMasn
reTepOTRONHAA perviauds. Takol BuA amnoc-
TEPHUYECKON PErynsiuuKi OYeHb pacTpoCTpaHéH
B OMOJOTHYECKHX CHCTEMAaXx.

bonee penkuil cayyail annocrepuyeckoii pe-
TYAALHH, KOTJa caM cyOCTpaT MOXET BbIC-
TVIaTh B KAUECTBE MOAOXKMTEIbHOLO 3thdex-
Topa. Takas peryiauMs Ha3bIBACTCA TOMOTPOI-
Hoit (3hdexTop U cyGeTpar — OAHO M TO Xe
BEIECTRO), ITH PEPMEHTBI HMEIOT HECKOIBKO
LEHTPOE CBA3BIBAHUS A5 cybeTpaTa, KOTophle
MOIYT BBINOJIHATL ABOHHYIO (DYHKIIMIO: KaTa-
JHUTHYECKYD M PErYISATOPHYIO. AJUTOCTEpUYEC-
KH¢ (DCPMEHTHI TAKOTO THIMA HCTOB3IYIOTCA B
CHUTYallMM, KOrga cyOCTpaT HaKaILTMBACTCA B
U30bITKE U JonkeH ObICTPO npeobpaizoBaThes
B MPOAYKT.

BeIIBHTL (DepMEHTBI ¢ aAN0CTePUUECKOR perynn-
UMEH MOXEHO, H3VUasd KMHETHKY 3THX (hepMeH-
TOB. 3TH (EPMEHTH HE MOIYUHAIOTCS 3aKOHAM
Muxasnuca—MeHTeH, OHH UMEIOT XapaKTepHYIO
S-00pasHyK KPUBYIO 3aBUCHUMOCTH CKOpPOCTH
peakiiM OT KOHLIEHTpallHK ¢ybeTpaTa.

OcobeHHocTH cTpoeHHA H QYHKIHOHHPOBAHHA AJI-
JOCTEPHYECKHX (DePMEHTOB!

s OBBLIMHO 23TO ONUCOMEpPHBIE OEIKH, COCTOA-
HE U3 HECKOILKHX MPOTOMEPOB WK HMe-
HIIHE AOMEHHOE CTPORHME;

# OHM HUMEKIOT A/UIOCTePUUYECKMIl LIEHTp, Mpo-
CTPAHCTBEHHO YAAIEHHBIH OT KAaTANMTHUEC-
KOTO aKTHUBHOTO 1IEHTPA;

s 3heKTOPLl NPUCOSAUHATCH K (epMeHTY
HEKOBAIEHTHO B a/UTOCTEPHYECKMX (peryis-
TOPHBIX) LIEHTpax;

* QUIOCTEPUYECKHUE LENTPBI, TAK XE, KAK U Ka-
TATUTUIECKHUE, MOTYT NPOABIATE PaslWYHYIO



CI'IClllr’l(bH"lHOCTb MO CTHOWMESHHIO K TUTaHIaM! KOHCbO]DMaLlHH AKTHBHOTOQ 11EHTpa U U3MCHE-

OHAa MOXCT ObITh abCO/IIOTHOW M TPYIIIOBOH. HUIO cpoacTBa (depMmeHTa K cybeTpaTy, UTO
Hekortopoie epMCHTB MMEIOT HECKOMBLKO CHUXKAET WM YBCIMYMBACT KATAIWTHUCCKYIO
ATNOCTEPHUECKMX [IEHTPOR, GOHM M3 KOTO- AKTUBHOCTL (hepmMenTa {puc. 2-30;
PhIX CHCUMDHUHB! K dKTUBATOPAM, NPYIHe — ® PErYJISIIUS ABIOCTEPHYECKMX DCPMEHTOB 06-
K MHCHOUTOPAM. paTMMa; oTCOSIMHeHHE SihpekTopa oT pery-
* LIPOTOMEP, HA KOTOPOM HAXOAMTCH AinocTe- NATOPHOW CYOBEAMHHMUBI BOCCTAHABIMBAET
PHUECKHIA UEHTP, — PEryJaTopHBlif NpoTo- MCXOAHYIO KAaTATHTHUCCKYIO aKTHBHOCTE (hep-
MEpP, B OTIIMYME OT KaTAIMTHUYECKOTO [1POTO- MEHTA;
Mepa, COAEKALIerc AKTMBHBLIH LEHTD, B s ZI110CTepUUecKie (hepMeHTbl KaTAIN3KDYIOT
KOTOPOM 1IPOXOOUT XMMMUECKASA PCAKIUA, KMIOYERBIE PeakUMM 1ARNOre Metadoauuec-
* U1A0CTCPHYECKHE hepMeHTh] 0DnanaoT CROk- KOro nyri,
CTBOM KOOIEPATHBHOCTH: BIAUMOACIHCTRHE a71- Jlokam3auHa ANI0CTEPHIECKHX (DEPMEHTOB B Me-
JOCTCPHYECKOTO 2DdCKTOpa ¢ AlNOCTepHYCT- TaGoaweckom nymu. CkopocTh MeTaloInIeCcKux
KMM LEHTPOM BRIZhIBAET MOCNEACBATENbLHOE MPOLECCOR 3ABUCHT OT KOHUCHTPAUKK BCLLIECTH,
KOOTICPATHRHOE M3MEHEHHUE KOHGDOPMANNH UCTIONESYKNUMXCA M O0pazviolnxca B JaltHOM
Beex CyOheMHNL, NPUBOAALLES K U3MEHEHHIO uenu peakuuit, Taxas peryasuusi NpcacTasis-

VAN .

AnnocTepuHeckui AKTUBHGIA CHuxenne
UeHTR LeHTp CpoAacTBa
(kaTanuTUHECKIA) axTUBHOTO
MpucoenuHeHke LeHTpa K
wHrMBuTOopa () cybeTpary (8),
8 BAN0CTEPHYLCKOM CHWxeHve
HeHTpe KT HATHNECKOW
aKTMBHOCTH
AKTUBHBIW (hepMEHT [ HeaxTusHbIA hepMeHT ‘

= N

AnnoctepuHeckui AKTUBHBIA MpwcoegyHexne YaenvuieHue
ueHTp LUeHTp akrupaTopa (A) cpogctea
{kaTanuTHYECKHi) 8 annocrepudeckom K cybetparty (8),
ueHTpe NOBLILEHWE
KaTanuTHIeckon
AKFMBHOCTK
HeakTueHbI# thepMenT AKTUBHBIN thepMenT

Puc. 2-30. Cxema, nofcHAOWan paboTy anNoCTEPHYECKOro hepMeHTa. A — OEACTEME OTPULATENLHOID 3MMeKTopa (MHrMBKTopa);
b — peicTRMe NONoXUTENEHOMO tderTopa (akTHBaTopa).
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eTcs JIOTHYHOM, TaK KakK IPH HAKOIUIEHHH KO-
HEYHOTO MPOAYKTa OH {KOHEUHbIH MpOIYKT)
MOXET JEHCTBOBAThL KAK ANUIOCTEPUYECKHE HH-
rHoUTOp (hepMeHTA, KaTATHINPYIOWIETO Yalle
BCETO HAYAJIbHBIM 3Tan AAHHOTo MeTabommiec-
KOTC TIYTH;

.
JE—

E, E: E; E4 Es

DepMeHT, KaTATHIMPYIOWME NpeBpalleHue Cyo-
cTpata A B mpoAyki B, MMeeT aniocTepuuec-
KHA LEHTp A OTpUuaTeabHOTo 3ddekTopa,
KOTOPbIM CIIYXHT KOHEYHbIH TPOIYKT MeTabo-
Juyeckoro Mytd F. Ecin konnenrpanus F ype-
auunBaeTca (1.€. BewectBo F cuntesupyerca
BoICTpee, UeM PacxomyeTcs), MHTHOHpyeTcs ak-
THBHOCTL OJHOIQ M3 HAYadbHBIX (EPMEHTOB.
Takyo perysiu{io HasblBalOT OTpHIIATENLHOMN
obpaTHOH CBA3BID, WIH PETPOMHTUOMPOBAHH-
eM. OrpHuareabHas obpaTHas CBSI3b — YACTO
BCTPEYAIILMHCS MEXaHM3M PETYASIHY MeTabo-
JIU3MA B KAETKE.

B ueHTpalbHLIX MeTACONMYECKHMX IIVTIX MCXOMI-
H5IE BELLECTBA MOTYT ObITh AKTHEATOPAMM K-
YeRbIX (PEPMEHTOB META0ONMYECKOTO ITyTH. Kak
TIPABUAO, NPH 3TOM aNJOCTEPHYECKON AKTH-
BallMH MICABEPTATCA (DepMEHTbI, KaTAUIH3UPY-
IOLUME KMIOUSBLIE PEaKIUM 3aKAIOYHTENBHBIX
JTAMOBR MEeTAOOMHYMECKOTO IYTH:

®

B KayecTBe MpUMepa MOXHO PACCMOTPETh TIPWH-
LIMIBl PErYISLUHH [IHKOIA3a — Ccleurpuiec-
KOro {HAYansHOIO) IyTH pacnajga rAKO3H
{puc. 2-31). OauH M3 KOHEUHHX NPONYKTOB
pacraga rmoexkossl — Mosiekyna AT®. Tlpu
H30bITKe B KieTke AT®M npoucxoAauT perpo-
MHTHOHPOBAHUE ALTOCTEPUUECKHX iepMeHTOB
dbocthodpykTokMHa3E ¥ MHPYBATKAHA3LL. [1pH
00pa3oBaHUH DOJBLIOTO KOMHYECTRA (HPYKTO-
30-1,6-0ucdoctara Habn0OAAOT ANTOCTEpHYEC-
KYK aKTHBaLHIO (epMEHTA IIMPYBATKWHA3MI.
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Inwrosa
Mmiokoao-6-docdar
!

©pyxToao-6-thocdar
docthobpykToknasa
dpyrroso-1,6-thoctar
i

® l
l
BOCHCOHTIMPYRAT
-‘ NvpyeaTkHA3a
Mupyeat
{

Auetun-KoA

Puc. 2-31. Cxema NoONoMMTENcHOH W OTPULATENLHOR pery-
naunK Katabonmama rmwkossl. Monexyna AT ydacreyeT B
PETRPONHIMEVMPOBAHWRA annocTepuyacknx pepmeHToE Gocdo-
PPYKTOKHHASE M NYpYBaTKUHAsLL OpyrT030-1,6-Owcthocpar —
AKTUBATOR METAGONWYECKOro NYTH pacnafa mMokossl. MNnwoca-
MW OTMEYEHa aKTMBaUWA, MUHYCAMW — MHIWBUpoBaHue gep-
MEHTOB.

braronaps TakoH PerymiLWH OCYILECTBAACTCS

CIAKEHHOCTh NPOTEKAHHK MeTaboNHYecKOro

NYyTH pacnana TMIKO3b.

Peryasnus KaTAIHTHY€CKOR akTurHocTH ep-
MEHTOR (eNoK-0eIKOBbIMH BIAHMOAEHCTBHAMH.
HekoTophie hepMEHTH U3MEHAIOT CBOK Ka-
TANMATHYECKYIO AKTHBHOCThL B pe3yibTare He-
JNOK-6eNKOBBIX B3auMoaeHcTsHil, PaccMmoT-
pUM 2 MexaHW3Ma aKTHBallMH (PEepMEHTOB C
MOMOLLBIO GeN0K-0e/IKOBBIX B3aMMOACHCTBHIA;
* axTHBAIIHA (DEPMEHTOB B DE3Y/bLTATE [IPHCO-

¢IHHEHNA PEIVIATOPHEIX Oe/KOB;

e U3MEHEHHE KATAIWTHUECKOH AKTHUBHOCTH
(epMeHTOB BCAEACTBHE ACCOLHALMH WK
AUCCOLIMAUMM TPOTOMEPOR (hepMEHTA.

AKTHBAIMA (hepMEHTOB B Pe3y/IbTATE NPHCOCIHHE-
HUA PETYIATOPHLIX DEAKOB. DTOT TUIM PeryIauMH
MOXHO PAacCMOTPETh HA TNPHMEpPE aKTHBALMH



depMeHTa aJCHWIATHHKAAZL], JOKATHIOBAHHOH

B FLIA3MATHYECKON mMemOpaHe KIeTKH. .

AKTUBHBIH HEHTP aleHWUAATUMKIIA3E NOKATH-

30BaH Ha LMTONMIA3MATHUYECCKO CTOPOHE ILIa3-

MATHYeCKOH MeMOpaHbl. AKTUBHPOBaHHAS

ANEHUJIATUMKIIA3a KATATH3HPYET Peakumnio 0d-

pazoanMs M3 AT® uuknuyeckoro 3°,5-AM®

(TAM®) — BTOpHYHOIO, BHYTPHKJIECTOYHOTO

NoCpeHUKA NEHCTBHS TOPMOHOB (CM. CXEMY

HHXE).

B MemOpaHe aneHMnatuMxkiaza QyHKUAOHHPY-

€T B KOMIUIEKCE ¢ IPYTUMH BesIKaMu:

s PEUESNTOPOM [OPMOHA, BBICTYIAIOIIETO BO
BHEKIIETOYHYIO CPELY U B3aMMOACHCTBYIOLLCTO
¢ TOPMOHAMM;

o ¢ (3-0e0KOM, 3aHHMAICILNM TIPOMEXYTOYHOE
MOMOKCHHE MEXY peLCnTOpoM K (hepMeH-
TOM afeHHAATIUKIa30H. (3-0el0K — OJIMTo-
MEpHBIA Oc/ioK, cocToAluMit U3 3 cybueau-
HHUIL — o, B, 7. o-CyObeaMHHLIAa HMeeT HeHTD
cBA3BIBaHMA M pacuenwieuua [T, [Mosro-
My 3T0T Denok HasbiBaetcs I'TAP-cpasbiBao-
M OeakoM, win G-Genkowm;

* B pe3ynbTaTe CBa3bIBAHWA TOPMOHA ¢ pelen-
TOPOM TIPOMCXOOMT HW3MEHEHHME KoHpOpMa-
unn G-0eka, YMEHBIUIEHUE €ro CpoACTsa K
Mosiekyne I, ¢ KoTopoi oH CBA3aH B OT-
CYTCTBIHE NOPMOHABHOTO CUMHAJA, U YBEJU-
yepne cpoactea Kk I'T'®. [pucoeanHenHe
I'T® prizeiBaeT KOHGOPMALIHOHHBIE HAMEHE-
Hus B G-0enKe M JHCCOLMALMK €70 HA cyfbe-
JWHULEL CYDOBETMHALY ¢, cBa3aHHyio ¢ [Td
(o-T'TD), anmep Py,

o -I'TP ymeeT BHICOKOE CPOACTBO K aae-
HUJIAaTUMKNA3e, ero MPUCOSAMHEHUE fIpH-
BOJAWT K aKTMBAlMH MOCIENHEH, MO3ITOMY
o-I'T® — perynsutopHui 6e10K, 4 TAHHBLA

NH,
N
. LY
I I I N™ °N
0-P=0-P~0-P-0 O
o o O y A

MeXaHU3M AKTUBALMH AReHWUAATLHKAAZH
HA3bIBAIOT AKTHBaUHMEeN (EepMEHTOB B pe-
3ynbTATE OPHCOECAMHEHUS DPEryIsaTOPHBIX
6enkoB (puc. 2-32).

Perynsiuma kaTaATHUECKOIH AKTHRHOCTH (hepmMeH-

TOB accoUMallHed/AHcCoUNauKel APOTOMEPOR

INMpoTeMHKHHAa3 — Tpynma ¢hepMEHTOB, KaTa-

JIM3HPYIOLMX MepeHoc ocTaTKa (hochopHOit
KMcao0Thl ¢ AT® Ha cneundmyeckue OH-rpyn-
IMH AMHHOKWCAOTHBIX OCTATKOB GENKOB {Bbi-
spipaloT ochopumiposanue Genkor). Mexa-
HHM3MBL AKTHBALMH pa3siHyHEIX TIPOTEHMHKKHA3
HEOAMHAKOBB. B xauyecTBe mpumMepa peryJs-
UMM KaT4IMTHYECKOH aKTMBHOCTH (PePMEHTOB
accouralMei WK AUCccouMaliMei npoToMepoB
MOXKHO ITPHBECTH PETYASALIHIO AKTHBHOCTH ep-
MEHTA [IPOTEHHKMHA3LL A,

Ilporenrkunaza A (MAM®-3aBucumas) co-
CTOWT M3 4 cyObeIMHHU 2 TUIIOR: 2 peryis-
ropublx (R) u 2 kataautudecknx (C). Ta-
KOH TeTpaMep He 00a41aeT KaTATHTHYECKOH
AKTHBHOCTHI0. PeryaatopHbie CyObEAMHHIIbI
HMEIOT YYacTKH CBSA3BIBAHHA UIH LHKIH-
yeckoro 3¥,5-AM® (UAM®), no 2 Ha
Kaxayw cybweaunuuy. I[Ipucoenunenue 4
Moaekvi TAM® K 2 pervasTopHBIM CcyOBe-
OUHWLIAM OpHBOIHT K W3IMEHEHMIO KOHDOp-
MALIHH PeTYJSTOPHLIX MPOTOMEPOB ¥ K JIHAC-
COLMALIMM TETPAMEPHOTO KOMIUIEKCa, TPH
3TOM BHICBOOOXAAIOTCH 2 AKTHBHbLIE Ka-
TAIMTHYECKHE CYOBEAMBUULL (pHc. 2-32).
Takoit MexaHHU3M peTyasiy¥H obparum. OT1-
HICIUIEHHE MOJeKyn UAM® ot peryaarop-
HBIX CYOBEIUHUIL NPUBEAET K ACCOUMALMNM
PErVIATOPHBIX W KATANUTHYECKUX CYOBEIH-
HHI TPOTEUHKHHA3B! A ¢ 00pa3oBaHUeM He-
AKTHMBHOTO KOMILIEKCA.

NH;
N \N

<A

N N + HyP:Cr

o=pl—0 OH

ApeHunaTuuknasa O 0
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Heakruanana TKA

)

AxtuaHan NKA

Ale E-CPO-H,

Pue. 2-32. Perynauwa akKTHEHOGTH afeHunartumknasel. Fopmod (M), BaauMofsiicTBya © peuentopom (R) Ha NOBERXHOCTM KneTok,
NPWBOANT K yMeHbweHWe cpopcTea MTP-censuiBaowero Genka (G-5enka, COCTORAWErO M3 NpoTaMepos a, (. ¥ kK FTD u ysenvueHvio
cpofcTea k I'T®. MNpucoepyienne Monekynsl MO K akTReHOMY ueHTPY G-Benka Bbi3biBAET OVECOUMALMIO KOMNNEKCA HA CYOHEAMHULL
- TP u pumep v, Komoneke o[ TP akTHBrpyeT aAeHUNATUMKNA3Y, 4To CNOCoBcTaYeT CHHTE3Y U3 AT BHYTPUKNETOUHLIX perynaTop-
HeiX MOnekyn LAM®. ALl — aneHwnatumknasza, NKA — npoternkuHasa A, P — H PO,

PerymsmHa KATATHTHYECKOH AKTHBHOCTH (hepMerToB
nyTém dochopumposanssn/nedochopuiposinns
B Ouooruueckux CHMCTEMAax YacTo BCTPEYaeTCo
MEXAHH3M PETYJISALHN aKTHBHOCTH (DEpMEHTOB
C IHOMOUEBKY KOBANEHTHOM MO,.'.{HCDHK::IL[MH aMi-
HOKHCIGTHBIX OCTAaTKOB, BLICTPBIA M 1IHPOKO
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pPacrpocTpatiEHHbI CNOCOD XMMHYECKON MO-
audmkaund gepMeHToB — dochopuiinposa-
nue/aedrochopuanposane. Moaudmkanuu
noagepraotest OH-rpynmiel diepmenra, @oc-
opunMpoBadue ocyiecreasgercsl gepmMeHTa-
MW TIPOTEMHKHHA3aMH, a AcqochopHIHpOBa-



Hue — cochonporenHdocdarazamu. [Ipuco-
eAMHeHHe ocTaTka (hochopHOR KMCIOTH OpH-
BOAMT K W3MEHEHHK KOHQOPMAalMK aKTHRHO-
ro LHEHTPa W erc KaTATHTHYECKOH aKTHBHOCTH.
Tlpn 3TOM pe3yaLTaT MOXET ObITh JABOSAKHUM:
OAHU (hepMeHTH npHd dochopUIMPOBAHHH
aXTHBUDYIOTCS, APYFHE, HAMNPOTUB, CTAHOBAT-
cs MeHee aKTHBHbIMU {puc, 2-33),

HaMeHeHHE aKTUBHOCTH (EpMEHTa, BBI3BAHHOE
dochopiuinpoBatmeM, oopatumo. OTLIeIIeHHe
ocratka GochopHOH KHUCNOTH OCYILECTRASET-
ca Qepmentamu docdonpoteurpocdaTalaMu.
AKTHBHOCTE NMPOTEHHKMHA3 M PochonpoTeHH-
tdocdatas perynupyercs ropMOHaMM, 4TO IO-
3BONIAET OLICTPO HM3MECHATH AKTHBHOCTH KO-
4YeBBIX (PEPMEHTOE METAbONMYECKHX [yTel B
3aBUCHMOCTH OT YCJOBMA BHELWHEH cpernl.
AHTArOHMCTHYHBIE MO (QYHKLIWH TOPMOHE] TIpO-
THROMOMOXKHEIM 00paioM BIHAIOT HA docdo-
prpoBaHue/AethochOpHIHPOBAHKE (DEPMEH-
TOB, BBHI3BIBAA TIPOTUBOMOJOXHbIE PPeKTh
HM3MCHECHHUS MeTabONMU3Ma KNETKH,

Hanpumep, mon AelcTEUEM FIIOKATOHA (B NepH-
01 MEXIY NPHEMAMM NULUM) B KASTKaX NPOHC-
XOMWUT YMEHBLUEHUE CHHTE3a IHEPTeTUYECKOFD
MaTepHana — Xupa, rTHKOTeHa U YCIIEHHE ero
pacrmaga (Mobwm3auda), BR3BAHHOTO (ocdo-
PHIHPOBAHUEM KIIKOYEBHIX (h¢PMCHTOB 3THX
MpolUeccoB. A NoA IEHCTBHEM HMHCYTHHA (BO
Bpems IIMIEBapeHus ), HA00ODOT, AKTUBHPYET-

AKTUBHEIN

€ CUHTE3 TTHKOMeHa W MHMMOUpYeTCd ero pac-
naj, TaK Kak B3aUMONENHCTBHE WHCYNHHA C pe-
LEMTOPOM aKTHBHDYET CHTHAILHBIN IIYTh, HpH-
BoAsAIUA K AecdochOpPHIHPOBAHHIO TEX Xe
KJIOUEBLIX (bepMEHTOB.

Perynanms kaTaATHNECKOH AKTHBHOCTH (epMeH-
TOB YACTMYHBIM {OMPAHAYCHHBLIM) TPOTEO.THIOM
Hexotopbie epMetThl, GyHKITHOHHUPYIOUIHE BHE
Kiaetok (B KKT WK B MiasMe KpOBH), CHHTE-
3HUPYIOTCS. B BHIE HEAKTHBHLIX MPEALUCCTECH-
HHMKOB H AKTHMBHPYIOTCSA TOJBKOG B PE3yJLTaTe
FHAPONH3A OMHOW WM HeCKOMbKHX OIpEaCnEH -
HBIX INENTHIHbIX CBS3¢H, YTO MPHBOLMT K OT-
LIETUICHHIO YacTH OeJIKOBOH MOMEKYJBl Nped-
LIECTBEHHHKA. B pesynbrate B OCTaBLIECH
JacTH OENKOBOH MONEKYABL MPOUCXOAWT KOH-
thopMaLUHOHHAA NiepecTpoiika B dopMUpyeTce

AKTHBHLIH neHTp depMenTa.

PaccMOTpMM MEXAHH3M YaCTHMYHOTO IPOTE0NM-
33 Ha IpUMEpPE aKTHBAIMH TNPOTCONMTHYEC-
Koro thepmenta TpuncuHa {puc. 2-34). Tpui-
CUHOTE€H, CHHTE3UDYEMBII B TOKENYIOUHOH
Kesese, NMpA MHLEBAPSHHH MO NPOTOKaM I1oa-
XKEAYAOUHOM Xeae3bl MOCTYIIaeT B ABEHAl-
LUATHIEPCTHYIO KHILUKY, FA€ ¥ aKTHBUpDYeTCH
NYTEM YACTHMYHOFO IIPOTEOSH3A MO AeHCTBU-
eM (hepMeHTa KHUIEYHUKA SHTEPOIENTHIA3bL.
B pesynprarte oTLICIUICHHS FekcanerrTiaa ¢ N-
KOHLA (POPMHMPYETCS aKTHBHBIH LIEHTp B OC-
TaBLUeiics 4acTH Moiekyael Crenyer HaloM-

Hz03P.. KoHgopmauusa
HO / UeHTP © AKTUBHOFO
ueHTpa
naMeHeHa
AT® [potemHkuHaza ALl®
E-OH « / *  E-OPQsH;
dochonpoTenH-
HsPO4 tocpatasza H.0
DedhocthopunupoBaHHLIi GochopUnNMpoBaHHLIA
depMeHT epmMeHT
HeakrisHelid AKTUBHBIA
{aKTHBHBIA) {HeaKTUBHLIR)

‘M. 2-33. Perynsuns 8KTHBHOCTH pepmeHTos goctiopwhanposaHnem/nedocopiInpoBRaHHEM.
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HWUTB, YTO TPUIICHH OTHOCAT K CEMENCTBY «Ce-
PHHOBBIX» TIPOTEA3 — AKTUBHBIN UeHTP dep-
MEHTa COOepXUT PYHKUWOHANLHO BaXHBIH
octarok Cep.

YacTHuHbIA NPOTCONH3 — IPHMEP PEryJIALEH,
KOFIa AaKTHBHOCTE QEPMEHTa UIMEHSIETCA HEO-
opatumo. Taxue depmeHTbl HYHKUNMGHHUDYIOT,
KaK NpaBUiO, B TEUEHME KOPOTKOTO BPEMEHH,
ONPEAECAACMOTO BpeMeHeM XM3HM DelKOBOI
MONEKYIbl. YaCTHUHEIH NPOTEONH3 JEXKHUT B
OCHOBE AKTHBAL[HH TIPOTEOJMTHYECKHX (ep-
MEHTOB, OENKOB CREPTHIBAIOLLEH CUCTEMBI KPO-
BU ¥ (ubpuHOMM3a, OENIKOB CHCTEMBI KOMIT-
JIEMCHTA, 8 TAKXE MENTHAHBIX FOPMOHOB.

VIll. SH3UMOMNATUN

B ocHoBe MHOrMX 3a00neBaHMI JIEXKAT HApYILe-
HHUA (PYHKUAOHMPOBAHHMA (DEPMEHTOB B KIETKE —
JHINMOMNATHU. Paszmu4vaoT nepBHYHbIE (Hacien-
CTBEHHBIC) M BTOPHYHbBIE (MpHOOPETEHHBIE) 3HIMU-
monaTuH. [IpuobpeTéHuble 3H3IMMONATHM, KaK U
BOODIIE MMPOTEUHOIMATHM, TO-BHIMMOMY, Hall1i0-
0aoT Npd BeeX Goae3Hsx,

IIpy mepBHYHBIX SHIUMONATHAX ISGhEKTHRIS
QepMeHTBI HAcIEnyOTCA, B OCHOBHOM, IO ayTo-
COMHO-DEUCCCUBHOMY THTY, ['eTepO3UroThi, Halie
BCETD, HE HMET (PEHOTUITHUECKMX OTKIOHCHMA.
INepBUYHBIE SH3UMOIIATHY OOLIUHO OTHOCHAT K Me-
TabonnYeckKiuM OONeIHsAM, TAK KAK FPOHMCXOAUT
HAPVYLICHHE ONpPEeICAEHHBIX METa0OMMMECKUX TTy-
Teit, [1pu 3TOM pasBUTHE 3a00NICBAHMSA MOXET TIPO-

MecTo

rMaponuaa
N-KoHeL,

HzN-Ban-(Acn)s-Nua-Une-Ban-...

TpuncuHoreH

|

HoN-Ban-{Acn}s-Niwa-COOH + HN-Wne-Ban-...

MekcanenTug TpuncwvH

Puc. 2-34. AKTHRALMA TPHMNCHHA YACTHUYHBLIM NPOTEONWIOM.
Mog pedcTBUEM EpMEHTA KHWEYHWKA IHTEOONSNTURAaSE Npo-
WCXOOMT MMOPONK3 NENTUOHOH CBA3M flua-Mne. B peayneTaTe at-
WwenneHwa rexkcanentiga ¢ N-kKoHUa (OPMHPYETCA aKTHBHLIA
LEHTP & OCTABLWSHCH YaCTH MONeKyNu.
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TEKATH MO OJHOMY M3 HILKE IIEPCUHCICHHEIX «CLE-
Hapheps. PaccMOTpUM YCIOBHYKD CXeMY MeTabo-
JIMHECKOTO TYTH:

E4 E; E; Es
A—sB—— C— D— P

BewectBo A B pelyabTare nocaAeloBATENbHEIX
(hepMEHTATHRHBIX peakilMid MpeBpalliacTcs B Mpo-
oykT P. TlpH HaclneACTBEHHOH HEAOCTATOMHOCTH
Kaxkoro-mbo depMenta, HanpuMep gepmenta E,,
BO3MOXHEI pa3HBIE HAapylIeHHd MeTaboaHyecKux
TIyTe:

Hapymienre obpazopanis KOHEYHBIX NPOXYKTOB.
HeaocTaTok KOHEYHOrO MPOOYKTA 3TOT0 MeTabo-
nuueckoro mytd (P) (Mpu OTCYTCTBHMM ATbTepHa-
THBHBEIX NYTEH CUHTE3a) MOXET NIPUBOAMTE K pa3-
BUTHIO KIMHUYECKWX CHMINTOMOB, XapaKTepPHbIX A5
JaHHoro 3aboneBaHus:

E1 Ez €3 Es Knunuseckve
A——+B—>C-—-+D-—-+p > NpOABNEHUA

Kinnngeckne npospiaenun. B xavectse npuMepa
MOXHO paccMoTpeTh anbOnHusm. Tlpw anuOu-
HHU3ME HApYIUEH CHHTE3 B MeJMaHOLIHTAax TIHT-
MEHTOB — MEJIAHWHOB. MeIaHMH HAaXQANTCa B
KOXeE, BOJIOCAX, PAaiyvKKe, MUTMEHTHOM 3MH-
TEJIMM CETYATKHA TAasa M BAHAECT HA HUX OK-
packy. Tlpu ansGuouame Habmopaior cnabyw
[TMTMEHTALMIO KOXM, CBETJIBIE BOJIOCH, Kpac-
HOBaTblil TIBET PaAYXKKH I71a3a M3-33 MpOCBe-
YHBAKOUIMX Kamunspos. TTpogeneHne ansOu-
HM3Ma CBI3AHO ¢ HEMOCTATOYHOCTRIO (iepMEHTA
THPO3SHHIWIPOKCUNA3hE (THPO3HHAZLH) — Ol-
HOTO U3 PEepMEHTOB, KaTAAHIUPYIOLIETO MeTa-
Oonuueckuil nyTk oOpa3oBaHHA MEITAHHUHOB
(cM. paszen 9).

Hakonnenne cy0cTpaToB—NpelmecTRBEHHHKOR.
[pu negocraroyHocTH depmenta E, Gymyr Hakan-
JIMBATBCA BewecTso C, a TAKKe BO MHOTHX CJIyda-
X W TIpeAIECTBYIOWNE COSIHHEHHS. YBeAIHUCHNUE
CybCTPAaTOB—MPEdIUeCTBEHHHKOB agtexTHOTO tep-
MEHTA — Beayllee 3BeHO pPa3BUTHS MHOTHX 3abo-
NeBAHHHA:
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Kmmpdeckue nposeaeana. M3pecTHO 3a0o0ieBaHHe
ANKANTOHYPHS, NPH KOTOPOM HAPYILEHO OKHUC-
JIEHHE TOMOTEHTHIUHOBOMA KMCIQTHL B TKAHAX (fo-
MOTCHTH3UHOBAA KUCAOTA — MPOMEXYTOMHBIH
MeTaboNIWT KaTaOoIM3MA TUPO3HHA). ¥ Takux
OONBHLIX HaBMICAAIOT HENOCTATOUHOCTL (hepMEH-
Ta OKUCICHHS TOMOTCHTH3HHOBOH KHCIOTHl —
AMOKCHI€Ha3bl TOMOT€HTH3HMHOBOH KHC/OTHI,
NpUBOISILICH K PAa3BHTHIO 3afonesaHMa. B pe-
3yMbTATE YBEAWYHBAIOTCS KOHLEHTPauMs o-
MOTEHTU3IMHOBOH KWUCTOTBI M BHIBEASHUE €€ C
mMoyvoit. B npHcyreTBMM KHCIOPOAA TOMOIEHTH-
SMHOBAs KMCIOTA TPEBpAallAeTca B COSRMHEHME
YEPHOTO LIBeTa — IkanToH. IlozToMy Mova Ta-
KX BOMBHBIX Ha BO3MYXE OKpalIMBACcTCA B 4Ep-
HBIH LBET. AJIKATITOH Takke 00pasyercd M B OHO-
JIOTHYECKMX XMAKOCTAX, OCEAAST B TKAHAX, KOXE,
CYXOXKMIHSAX, cycTapaX. [IpH 3HAYMTENBHEIX OT-
JOXCHMSIX ANKANTOHA B CYCTABAX HAPYIUACTCH WX
MONBHXHOCTD.

Hapymense odpazoBaHns KOHEUHBX MPOAVKTOB H
HAKOILIeHMe CYDCTpATOR npemmecTenHukos. OrMe-
4aioT 3a00/1eBAHUS, KOTIA OTHOBPEMEHHO HENOCTA-
TOK MPOMYKTa H HAKOILTEHME MCXOTHOTO cyGeTpa-
Ta BbI3BIBAIOT KITHHHYECKHME TIPOARACHUA.
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KnuHn4eckne NnpoABneHua

Knunnyeckne
NPOABNEHUA

Kannsieckne npoasnenna. Hanpumep, y moaci
¢ GonesHey I'mpke (rnukoredos | thuna) Ha-
OMIOAAINT CHMXKEHHUE KOHUEHTPAaLUKWK [IHOKO3bI
B KPOBH (THITOTIIMKEMHS) B MEPEPhIBAX MEKIY
MpHEMAMK TIHILH. 3TC CBA3AHO ¢ HApYLUEHHU-
€M pacnaja rNMHKOTEHA B MEYEHH M BLIXOOOM
W3 He TTI0KO3B! BCeIcTBME fedhekTa hepMeHTa
rAKe30-0-pocdardocdatasbl (¢M. pazaen 7).
OaHOBPEMEHHO ¥ TaKUX oIl yBENHYHBAIOT-
CA pasMepnl IeUeHy {renaToMeraiHs) BClel-
CTBME HAKOMIEHHA B HEH HE UCTIONB3YEMOTO
TJTHKOIEHA.

IX. IPUMEHEHUE ®EPMEHTOB
8 MEOAVUUHE

DepMeHTHBIE TPETAPATH WWPOKO UCTIONB3YIOT
B MeAMLMHe. PepMeHThl B MEAMUMHCKOH MPakTH-

K¢ HAXOOAT MPUMEHEHHE B KAUecTBe AMArHOCTH-
YyecKuX {IH3IMMOAHATHOCTHKA) H TEPANEBTHYSCKHX
{SH3UMOTEpPANH) CPeACTB. B 3TOM pasgene Mbi
OCTAHOBHMMCS HAa OCHOBHBIX TPHHLUMIIAX 3H3UMO-
OUATHOCTHKH M IH3MMOTEPAITHH,

Kpome TOro, epMEHTBI MCIIONL3VIOT B Kave-
CTBE CHELMPUIECKHX DEaKTUBOB JUIA Omnpegese-
HUS pAda BewecTs. Tak, IOKO300KCHIA3y TIPH-
MEHAT AN KOJNHYECTBEHHOTO ONpeaeneHus
[NIOKO3Bl B Mo4Ye U KpoBH., @epmeHT ypeasy Hc-
MONB3YIOT AAS ONpede/icHUsA COICpXaHAS KOJIH-
YeCTBa MOUYEBMHBI B KPOBH U Moue. C MOMOLIBIO
pPasMyHBIX JETHAPOTeHa3 00HAPYKHBAIOT COOTBET-
CTBYIOLLHE CyOCTparbl, HANPUMEP NHPYBAT, JaK-
TaT, ITWAOBLIA CIIHPT M Ip.

A. DH3IUMOIHAFHOCTHKA

DHIMMOMHArHOCTHKA 3dKTIOMACTCA B [IOCTAHOBKE
AHATHO3a 3a00NeBaHUsA (WIH CHHIPOMA) HAa OCHO-
BC OMNpEACICHHUS AKTHMBHOCTH (PEPMEHTOB B OHO-
JOTHUECKKX KUIKOCTAX denosexa. [IpuHuUMb! BH-
3UMOIMATHOCTHKH OCHOBAaHBI HA CICAYIOLWHX
MO3IULMAX:

¢ TIPH MOBPEXICHHU KASTOK B KPOBH WIH Ipy-
THX GHONOTHUYCCKMX XKMIKOCTAX (HAMIPHUMED, B
MQUe} YReTMUHBACTCH KOHLIEHTPALMS BHYTPH-
KJICTOMHLBIX (PEPMEHTOB NMOBPEXKAEHHBIX KIIETOK;

* KOJIHWYECTBO BhICBOBOXAdeMOro depMeHTa 10-
CTATOYHO AN ero oOHApYKEHWUST,

» AKTHEHOCTb (PEPMEHTOB B OMONOTHYECKHX KUA-
KOCTAX, OOHAPYXMBAEMbIX MPH IOBPEXKASHHH
KNeTOK, ¢TadiABHA B TEUEHKE JOCTATOYHO LMH-
TEABHOTO BPEMEHH W OTJTUYAETCH OT HOPMAAb-
HBIX 3HAYECHUH; '

» psAa (PEPMEHTOBR MMEET TIPEHMYIHECTBEHHYIO
Wi aOCOUTIOTHYIO JIOKANH3ALHIO B ONpenenéx-
HBIX OpraHax {opraHoCneUMPUUHOCTE);

» CYWECTBYIOT paziM4MHsS BO BHYTPHUKICTOUHOH
JIOKANH3auMKu paja QepMeHTOB.

1. Hpuunust, npusodnuue x yseaunenuro Kosuse-
cmea epmenmos 8 Kposi

DepMeHTH A3MBI KPOBH MOXHO pa3ielnTh Ha
2 rpynnel. [lepad, OTHOCHTEABHO HEGQIBUIANA
rpynna HepMEHTOR AKTHBHO CEKPETHPYETCH B 1LU143-
MY KPOBH ONpeleeHHBIMKY opraHamy. Hampumep,
[le4eHb CHUHTE3UPYET HEAKTUBHLIC IPEAIICCTREH-
HHKH (DEpPMEHTOB CBEPTLIBAIOIIEH CHCTEMBI KO-
BU. Ko Bropo# otHocAT Sonbluyio rpynny gepMen-
TOB, BBICBODOXIAIOIIHMXCA H3 KJIETOK BO BPEMSA MX
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HOPMANLHOTO GYHKUHMOHHUpoBaHuA., OO0KYHO 3TH
¢depMEHTH BRITIOJHAIOT CBOK (DYHKIIMIO BHYTPH
KNETKH M HE UMEKOT (PU3HOMOTHYECKOTO 3HAYCHHSA
B TIa3Me KpOBH. ¥ 300pOBOTO Y€I0BEKa AKTHB-
HOCTBb 3THX (PepMEHTOR B MAasMe HM3Kas W A0CTa-
TOYHO ITOCTOSHHAA, TaK KaK AOCTOSHHO COOTHO-
LIEHHE CKOPOCTEH BBICBOGOXISHHMA HMX M3 KIETOK
U CKOPOCTEH paspylucHHs.

Ilpu MHoOrux zabojeBaHMAX MPOHCXOAMT TIO-
BPEKACHUE KACTOK, H HMX COACPXHMOEC, B TOM YHC-
e ¥ depMeHTR], BhiCROOOXAAITCA B KpoBb, K
NPYYKHAM, BBISBIBAIOIIMM BLICBOOOXICHHUE BHYT-
PHKAETOYHOTO COASPAKMMOr0 B KpOBE, OTHOCAT
HapyleHUue MPOHHUASMOCTH MeMOpaHBl KAeTOK
(NpM BOCTIATUTENLHLIX MPOIECCAX) MM HAPYILES-
HHE LENIOCTHOCTH KAETOK (NpH Hekpose). Onpene-
JIEHUE B KPOBM AaKTUBHOCTH psda (DepMEeHTOB XO-
POLIC HANAXKEHO B OMOXMMHUYECKRKX TabopaTOPUsIX,
YTO MCNONB3YIOT IS AHATHOCTHMKH 3aboneBaHHi
cepana, MeyeH, CKEIETHOM MYCKYNIATyphl W JIpy-
THX TKaHEH. YpoBeHb aKTHBHOCTH (PepMEeHTOR B
FIa3Me KOPPETMPYET CO CTENEHBIO MOBPEXICHHUA
KJTETOK.

Hnsi 3H3MMOIMATHOCTHKH MMEKT Gonblloe 3HA-
YEHHE 3HaHHA 0 cyOKIETOUHOMR NnoKanuialmi gep-
MeHTOB. TaK, NOABAEHHE B IU1a3Me KPOBH (PepMeH-
TOB, UMEIOMIX TOJIBKO LIMTO30IBHYIO JTOKATHIALIHNIO,
CBUAETENECTBYET O BOCTIANMTE,THHOM TIpoliecce; PH
OOHAPYXECHHUY MMTOXOHAPHANBHEIX MJIH SACPHEIX
¢epMEHTOB MOXHC TOBOPHUTH O Godee TAyHOKHX
TOBPEKACHMSX KIIETKM, HATPHMEDP O HEKPO3e.

OHAKO TIOBBILLIEHWE KOHUCHTpaLUMH GepMEHTOB
HE BCErga CBA3AHO ¢ MOBpSXKAcHUEM TKaHei. ITpn
H30BITOUHOIH KAETOUHOH Npomudiepalivi, HarnpiMep
TIpH OHKOMPOIUGEPATUBHLIX TIpOIIeccaX, TP TIO-
BBLIIICHHOW CKOPOCTH CHHTC3a HEKOTOPEIX hepMeH-
TOB B KJETKaX WAM [1pW HAPYIIEHHOM KJIHpeHCe
(criocoBHOCTH BBRIBOJWTLCS MOYKAMH) HabMIOAanoT
NOBLILIEHHE KOHUCHTPALMK B KPOBM OMPLAC/IEH-
HEIX ¢epMeHTOE. BpauaM cnegyer yuWTHIBATh, 4TO
HOpMATbHBIE 3HAYEHUA AKTMBHOCTH (pEpMEHTOB B
KpOBH JleTell 1 HepeMEHHBIX XCHIUHH OTTHYAIOTCH
OT NOKAa3aTenei, XapakTepHbIX NI BIPOCALIX 370~
POBLIX JIIOAEH.

2. Haoghepmenmni

MepMEHTHL, KaTATN3UPYIOLIUE OMHY H Ty XKe XU~
MHYCCKYIC PEaklHIo, HO OTIHYAIOLIMECS NO Tep-
BHYHOM CTpYKTYpe Oe/Ka, Ha3blBalT U3odepMeH-
TaMH, WIH HI0H3HMaMHK. OHY KaTaTH3NpYIOT OZHH
¥ TOT Xe€ THN PeakUurd ¢ MPHHUWMTHATBHO OIWHA-
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KOBBIM MEXaAHHM3MOM, HO OTNHYAIOTCA APYT OT ApY-
ra KHHeTMCCKHMH NApaMeTpaMy, YCAOBUAMM aK-
TUBALKH, OCOOEHHOCTAMH CBA3ZHM anogepMEHTa M
KodepMeHTa.

[Mpupoga nosBacHUA H30PEPMEHTOR Pa3HOOH-
pa3Ha, HO yawe BCero O0ycIoBAeHA PaTHUMUSIMM
B CTPYKTYPE I'¢HOB, KOOUPYIOWNX 5TH H3odepMeH-
Thl. CHefoBaTeTbHO, MA0MhEePMEHThLI PA3THYAKTCS
MO MePBHYHONA CTPYKTYpE DENKOBOH MOJIEKYIE H,
COOTBETCTBCHHO, [0 (DHIMKO-XMMHUUYECKHUM CBOI-
cTtBam. Ha pazainukax B DHIMKO-XUMHUUSCKHX
CBOMCTBAX OCHOBAHLI METOALI OTIPEAESHUA U30-
$hepMeHTOR,

TTo ¢Boeti CTpYKTYpE M3O(MEPMEHTHL B OCHOBHOM
ABASIOTCA onMroMepHbeIMu Beakamu. TTpuuéMm Ta
WIM HHasl TKaHb TIPEHMYILECTREHHO CHHTE3MpYeT
onpenenéHHLIE BWAL NMpoToMepoB. B peaynerare
ONnpeAenéHHON KOMOMHAUMH ITHX TNIPOTOMEpPOB
(hopMHUpYIOTCA (PEPMEHTEL € PANIMYHOH CTPYKTY-
poit — HzoMepHble dopmbl, OGHapyXeHUe ompe-
AeNEHHBIX W3odepMeHTHBIX GopM (epMeHTOR Mo~
3BOASET MCTONL3OBATE MX ANd AUATHOCTHKH
3aboneBaHMit,

Haodopmul aakrataernaporenassr. OepMeHT JTaK-
Tataeruaporenasa (JIAD xaranusupyeT oOpaTHMyo
peakiifio OKMCHCHMS JAKTaTa (MOJIOYHON KHCNO-
THI) 10 THPYBATa (TTHPOBHHOTPAAHOH KHCAOTHI) (CM.
pasagen 7).

§Ha nar - Gt

HC-0OH +NADY +— (13=O + NADH + H*
[
CoQ’ CCO

Nakrat Mupysat

JIakTaTaeruaporeHaza — OQIHIOMEPHEIH eloK ¢
MonekyagpHoi Maccoit 134 000 O, cocrosimii U3
4 cybreauuuiL 2 THIOR: M {oT anri. muscle — MBbILI-
ua) v H {or aurn. keart — cepaue). KombuHaums
STHX cyOBeIMHHL JICKUT B OCHOBE POPMUPOBIHUA
5 u30hopM JTAKTATISTHAPOreHa3wl (puc. 2-35, A).
JAC, v JNAT, Haubosee aKTUBHLI B CEPACYHOM
meiine W moukax, JIAL, u JIAI, — B cKeneTHBIX
MBILILAX W HevYeHH. B OCTANBHBIX TKAHAX MMEWTCH
paznyHbie QOPMEL 3TOro epMeHTa.

+» Hzodopmul JAI' orauqalorca aaeKkTpogope-

THYECKOH MOTBMKHOCTBI), YTO MO3BOJIACT YC-
TAHARJIMBATh TKAHEBYIO NMPWHAUTEKHOCTE U30-
dopm JIAC {puc. 2-35, B).
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Puc. 2-35. Maothopmel NaKTaTAervpporesasbl. A — crtpoeHve pasnnuHieix usotbopm NIOM; & — pacnpenenerve Ha 3nekTpotoper-
pamMme W OTHOCHTENsHEE konuyecTea kaotopm NOF B pasnuuHeix opradax; B — conepxanue wsotopm NAT 6 nnasMa Kpoew B HOpME
¥ NpK NATENoMK (ANeKTpoghoperpaMmbl — CNeBa U (HOTOMETPUHECKOe CKAHWPOBaHe — cnpasa).

» JlogBaeHNe B 3BOJIOITHNA PAXTHYHBIX H30MOpM NMpPeICTABRISHBl 3NIEKTPOMOperpaMMBl TIA3MBL
JIAT obycnoBneHo oCOBEHHOCTAMY OKHMCIN- KPOBM 3A0POBOTO Ye0oBeKa, BOABHOTO HH(pap-
TeJbHOro MeTtaboausma TKaHel. HzodepmeH- KTOM MHOKapaa H GONBHOTO FenaTUToM. Bbl-
e JAT, 1 NAT (M-tune JIAD) paGortaior ABJIEHWE B IUIA3Me KPOBW TKaHecnmelubHuec-
abdexvBHO B aHaspoOHEIx ycaosuax, JUT, Kux usodopm JIAT Hcnoab3viIOT B KavecThRe
H J],Ll,]'2 (H-tunel) — B a3pobHBIX, KOrAa NMH- AMATHOCTHYECKOIO TECTA IIOBPEXICHUA KAHHONH
pysar 6bicTpo okucasercs io CO, u H,0, a He TKaHM.

BOCCTAHABAMUBACTCH 0O MOIOYHOH KMCAOTEL Haodopve kpeaTnnxkuHaspl. KpeaTMHkMHaza

» [Tpu pase 3aboaesanuii HeenenyloT akTuBHOCTE  (KK) katanusupyer peakuuio o0pa3oBaHMa Kpea-
JIOT B miasme KpoBH. B HOpMe akTHBHOCThR  TUHocdaTa:
JIAT cocrasnser 170—520 EN/a. TloprnneHye
AKTHBHOCTH HaOMOmAloT TIPH OCTPRIX NOpaxe- NH NH
HMSIX cepilia, NEYeHH, MoYeK, a TAKXKe TIpu

il if
MeraioOMaCTHBIX U TEMOMMTHYECKHMX dHEMUSX. ?_NHZ « AT® KK ?_NH_PO‘*HZ Al
QnHaKo 3TO YKa3bIBAET HA NOBPEXIEHUE NHILb N—CH, N~—CH;
OIHON H3 NEPEYHC/ICHHBIX TKAHEH. ' !
CHz CH2
¢ 15 nMOCTAaHOBKM AMArHO3a HEOOXOOHMO MC- i
cnegosanue wiodopM JIAT B rasMe XpoBu COCH COOH
MeTOROM 3ekTpodopeza. Ha puc. 2-35, B KpeaTtuH KpeaTtundocdaTt
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Monekyna KK — muMep, cocToswmii b3 cyObeau-
aul AByx THNOB: M (0T anrn. muscle — MuIua) n B
(ot aHTh. brain — mo3ar). U3 stnx cyowennuny, obpa-
aviorcsa 3 wiodepmenta — BB, MB, MM. Hzodep-
MeHT BB HaxomuTesi NpedMylecTBEHHO B MOMOBHOM
mosre, MM — B ckeNleTHBIX MBITIILIAX U MB — B cep-
aeuHOM MbuLE. M3odopmer KK mueioT pasHyio aek-
TPOPOPETUUECKYIO NOIBMAKHOCTL (pHC. 2-36).

AxmueHocTs KK B HOpMe He JO/KHA NMPEBLILLIATE
90 ME/n. Onpenenenne axtneHocT KK B mmiasme
KPOBY WMMEET AMArHOCTHUYECKOE 3HAYEHME NPH MH-
(hapkTe MHOKApAA {ITPOMCXOMHMT TIOBBILIEHHUE YPOBHA
MB-uiodopmer). Konnuectso naodopmer MM Mo-
JET TOBBILATHCH NIPH TPABMAX W MOBPEXKACHNAX CKe-
neTHelx Meiinl. Haogopmva BB He MoXeT ApoHMK-
HYTb Yepes TeMaToaHuehanmyeckuii Bapeep, MOITOMY
B KPOBH NPAKTHYECKW HE OMPEISHSICTCH JAXKE TIpH
MHCYJBTAX M AMATHOCTHMECKOTO 3HAYCHHA HE MMEET.

@

=i oo
! 3 "\®®
Crapt

Puc. 2-36. CTpyKTYpa U aneKTPpHPOPETHYECKAN NOABINMHOCTE
PA3NUYNBIX HIOhoPM KPEaTHHKWHASIL.

J. Busumoduaznocmuka npy ungapkme Muoxapoa

[MpumepHo 30% OORLHLIX HHPAPKTOM MHOKap-
I MMEIOT ATHITHMHYIO KIMHHYECKYIO KAPTHHY 3TOTO
3abonepanus. [losToMmy HeoGxoauMo NMPOBOIUTH
JCNOAHUTEIbHLIE METONL! MCCIETOBAHUS AN NIOJ-
TBEPHJIEHUS TIOBPENJIEHWA CEPISYHON MBIUNIEL.

[Mpu uudapkre MHOKApAa HAGMIONAIOT JOCTO-
BEPHBIS W3MEHEHWS B KPOBH AKTUBHOCTH epMeH-
108 KK, JIA v acnapraramMHOTpaHcdepassl —
ACT, koTopble 3aBUCAT OT BpeMeHH, NPOILCIIETO
OT HAua/a pa3BUTH UHMAPKTA U OT 30HBI TKaHe-
BOTO MOBpeXneHUs. THMHYHYIO KPHUBYED H3MEHE-
HHUA aKTHBHOCTH 3TUX (DEPMEHTOB MOXKHO BHISTH
Ha puc. 2-37. [Tocne 3akynopxv (OKKNKI3UH) KO-
POHAPHOrO COCyAa B KPOBM BHAuale OTME4aloT
noebleHye aktusHecTd KK uzohopmel MB, oa-
Hako (hepMeHT OLICTPO YNANSIeTCA M3 KPOBOTOKA.
O0HapyxedHe noBbilieHHOH akTHBHOCTH KK B
MIa3Me KPOBH — OCHOBHOM DH3MMOIHATHOCTHYEC-
KMt KpUTEPH HH¢papKkTa mMuokapaa. Ecau vy ma-
LIMEHTA ¢ 3arpYOIWHHBIMH BOIIMH He o0HApYXKeHO
H3MeHeHMs B akTMRHOCTH KK, anarHo3 uHpapkra
MUOKApAa MajloBEPOSTEH.

JononHyTeTbHbIM IOOTBEPXKIEHHEM AHArHO34 HH-
(apKTa MHOKApOa CIYXHUT 0OHApYXEeHHE aKTHBHOC-
Teil depmentoB ACT u JIAI B KpoBu OONBHLIX.
JuHaMuKa M3MEHEHMH 3ITHX AaKTHMBHOCTEH TakXke
NpeAcTarIeHa Ha 3ToM pHCyHKe., AKTMBHOCTE ACT B
Hopue coctagnger S—40 ME/n. T1py undapkre Mu-
okapaa akthisHocTh ACT nosbiinaetes yepes 4—6 u;
MAKCHMYM AKTHBHOCTH HabMI0JalT B TeYEHHE

nar
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Puc. 2-37. UsmeHeHWE aKTHBHOCTH DEPMEHTOR B NNAa3ME KPOBY NPHM HHhapKTe MHOKapha.
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2—3 pueit. Ypoeenn JIT Takke yBenuuuBaeTca B
MIa3mMe KPOBM 4epe3 HECKONBKO YacOR IIOCTE 3aKy-
[IOPKHY KPOBEHOCHOTO COCYAIA, MAKCUMYM AKTHBHOC-
TH HabmoaaoT Ha 3—4-i feHb, 3aTeM HACTYTIAET ITO-
CTENEHHA HOPMAAM3alHa aKTHBHOCTH. YPOBEHb
noBeitieHHs1 akTHBHOCTH JIAIT KoppenupyeT ¢ pas-
MEpaMH TIOBPEKASHUS CEPACYHOH MBbIILILIBL

B. IIPMMEHEHUE ®EPMEHTOB B KAYECTBE
JIEKAPCTBEHHBIX CPEJACTR

Hcnoan3oBanue (GEpPMEHTOB B KAUECTBE Tepa-
MEBTHYECKHX CPEICTR MMEET MHOTO OTPaHUMEHUH
BCIENCTBHE WX BBICOKOW MMMyHOTeHHOCTH. TeM He
MeHee FHIUMOTEpanuio AKTUBHO PA3BUBAIOT B Clie-
OYIOWHMK HanpapleHWsX:
¢ 3JaMecTHTeNbHAs Tepanua — MUCIOJNbIOBaHHE
(EPMEHTOB B CAYYAE MX HEAOCTATOWHOCTH;

¢ MCMEHTE] KOMILIEKCHOH TEPAfIMK — MPUME-
HeHHe (epMEHTOR B COUESTAHHMKM C APYTOR Te-
panuen.

3aMecTHTeNbHAs YH3IUMOTepanud hhEeKTHBHA
TIPH XKeTTYIOUHO-KHIIeYHBIX 3a60eBaHHAX, CB3aH-
HBIX C HEOOCTATOMHOCTBED CCKPEUMH NUILEBapH-
TeNAbHbLIX COKOB. Hampumep, MencHH MCHONb3YIOT
NpH aXMAWH, THIO- W AHALIMMHBIX TacTpuTax. Me-
(UMHUT MTAHKPEATHYECKMX (PEPMEHTOR TAKXKE B 3Ha-
YHUTERBHOUW CTENMEHH MOXET OBITH KOMITEHCHPOBEH
MPUEMOM BHYTPb MPEapaTos, COAEPXKAIUMX OCHOB-
HbIe hepMeHTH TIOIKETVIOUHOH Xenessl {tectan,
SH3UCTAI, ME3UM-(opTE H Ap.).

B KauyecTB¢ AONOJHHMTENBHBIX TEPANEBTHHYECKHX
cpencTd PePMEHTH HCNOABL3YVIOT NPH psle 3abonesa-
ndit, Ilporeoaurideckue depMedTsl (TPHTICHH, XH-
MOTDUTICUH) TIPUMEHSIOT TTPM MECTHOM BO3ASHCTBUM
1T 06pabOTKH THOMHLIX PAH ¢ LEThbo pacilervicHUs
6eKOR TIOTHOIIMX KIETOK, IUIA YAAJNEHHS CTYCTKOB
KpPOBH WM BSI3KHWX CEKPETOB MPH BOCMATATEEHBIX
3a00neBaHuAX abixatensHelx nvred, PepmeHTHbIE

TIpErnapaTel pHOOHVKIICA3y M AS30KCHPHOOHYKACA3V
UCMOB3YIOT B KAYECTBE MPOTUBOBUPYCHEIX TIpenapa-
TOB IIPH JiICYEHHH aACHOBHPYCHBIX KOHBIOHKTHBHTOB,
reprieTHYeCcKMX KepaTHTOB.

({epMeHTHBIE TIPEMApaThl CTATH ILHMPOKQ NpH-
MEHSATE IpH TpoMBo3ax 1 TpoMboaMBonuax. C 3Toi
LUEABI0 UCTIONB3YIOT npenaparsl GUOpUHOIM3HHA,
CTPENTONMA3B], CTPENTOACKA3bI, YPOKIHHA3DI

QepMeHT THATYPOHMIA3Y (IMNA3ly), KaTaaniu-
PYIOIUHA paclleiUIEHHEe THAJIYPOHOBOH KHCIOTHI,
HCIONB3YIOT MOAKOXHO W BHYTPHMMBILICHHO 18
paccachiBaHWS KOHTPAKTYP pyOlLIOB MOCAE OXOTOB
N onepauni (rHanypoHOBas KMCaoTa oOpaayer
CLUMBKW B COSAMHUTENIBHOH TKaHH) (CM. pa3aea 8).

PDepMEHTHDIC TIPEnaparbl UCIIONB3YIOT MPH OH-
KOROTHUeCKMX 3afonesaHuAx. AcnapardHasa, Ka-
TATU3HPYIOLAA PeakLKIie KaTabolu3mMa acnapari-
Ha, HalMa [IPUMEHEHWEe ANA NeueHWs AeHK030B:

o (0]
c? c?
1 "NHz 1 "OH
(|3|_|2 AcnapardHaaa ll:Hz
+H QO —M—
CH-NH; =" CH~NH, + NFs
COOCH COOH

L-AcnaparvH L-AcnaparuHosan

KWMCRoTa

IpenroceL1koi aHTHACHKEMHUIECKOTO JCHCTBIA
acnaparvHashbl MOCTYKIN0 ODHAPYXKEHAS B ICHKO3-
HBIX KJIeTKax AedekTHOro depMmeHTa acnapardH-
CHHTETA3bl, KATATH3HPYIOILIETr0 PEaKI[HI0 CHHTEe3a
acnapardHa {CM. CXEMY HIXe},

Jleliko3HBIE KAETKH HE MOTYT CHHTE3INPOBATE
acnaparvH ¥ OTYYAOT €70 W3 TUIa3Mbl KpoRH. Eciu
HMEIOWHMICA B IU1a3Me acliaparvi pa3pyliaTh BRE-
JEHMEM ACTIADATHHA3BI, TO B JIEHKO3HLIX KJIeTXax
HACTYRUT A¢UUXT acraparuHa ¥ B peiyjabIate —
HapyllieHWe MeTabonu3mMa KIETKH.,

o o ’° ?’
c? Z A I “NH; | “OH
Y N OH . {“NH, CnaparMHCUHTETa3a ?Hz CI;Hz . AMO
_—

CH—-NH CH

l : i COOH CH=NH; +HiP0;

COOH CH— NH
| : COOH
COCH

L-AcnaparuHoeas L-FnyTamuH L-Acnaparuu L-T'nyTamuHoeas

KHUChoTa
Cxema

KMCNOTa




p‘nmn BUTAMMWHDI

Ko Bropoit nmosoune XIX ctoneTust GbL10 yCTAHOBISHO, YTO [TUILE-
Basi LEHHOCTL MPOAYKTOB MUTAHHA ONPEACTASTCA COACPKAHUEM B HHX
GeNKoB, XHPOB, YIJICBOIOB, MUHEPATBHLIX CONEi U BOJLL

OnHakKo MpaKTHYECKHH ONHWT Bpauel ¥ KIMHWYECKHE HAbMOOeHWA,
4 TakKe MCTOPHS MOPCKHX M CYXONYTHHIX ITYTEILICCTBMI yKa3blBany Ha
BO3HMKHOBEHHE¢ psda cneunduicckux sabomesaHui (uMHIa, Gepn-
GepH), CBA3AHHBIX ¢ AedeKTaMH TIHTAHHA, XOTH MNOCHSIHEE MOAHOCTHIO
OTBEYAN0 YKAIAHHLIM BEILE TpeGOBaHUAM.

Baxwniit BKNag B pa3BUTHE YUEHHA O BUTAMHHaX GbIA cAenaH OTeue-
cteeHHRIM BpadoM H.H. JIyHuHbM B onbiTax Ha Meiinax. OaHa rpynma
MBILIEH (KOHTpONbHAsH) MONYYATa HATYPATLHOE MOJIOKO, a BTOpasd —
CMECh KOMIIOHEHTOB MOJIOKA. O€NnOK, XHP, MONOYHEIA caxap, MHHeE-
pAIBHEIC COMH M Bona. CIyCcTS HEKOTOPOE BPEMA MBILIH ONIBITHON IpyT-
Nl norubany, 4 MbIIUM KOHTPOILHOH IPYIINbLI Pa3BUBATHCE HOpPMAalb-
Ho. OT1Ciona CneaoBan BEIBOL O HAMHYHMHA B MONOKE JONOTHHUTEILHBEX
BEUIECTB, HEOOXOOWMEIX ANA HOPMAanbHOW XU3HEASATETEHOCTH.

[MonTBepXAeHNEM IPABHALHOCTH BhiBOAA JIYHWHA ABWIOCH yCTa-
HOBJICHHE TIPUYHUHB! Gepu-Oepu. OKazanock, YTO MIOAH, YIIOTPeOIIO-
1He B MUY HEOUHILEHHBIH PHUC, OCTABAINCH 3JOPOBLIMH, B OT/IMYHE
oT OonbHBIX Oepu-0epH, KOTOpHlE MUTANHCE TIOMUPOBAHHBIM PHCOM,
B 1911 r. noneckuit yuéuent K. DyHK BHIgeNHA W3 pHCOBBIX OTpYOei
BEILIECTBO, KOTOPOES OKA3BIBANO XOPOLIHH JeueOHBIN 3¢ eKT nNpH 3ToM
3abosepaHuN. [1OCKONBKY 3TO OPFaHMYECKOE BELIECTBO COACPXKAN0 B
CBOEM COCTaBe aMMHOTPYNNY, ®YHK Ha3Bajl 3TC BELIECTBO BHTAMH-
HOM, WIM AMUHOM XW3HHM (OT JIaT. vifg — XW3HL), B HacToslIee Bpe-
M5 M3BECTHO OKOJIO ABYX OCCATKOB BYMTAMMHOBR, KOTOpHie obecrieun-
BAIOT HOPMAABHHIH POCT OPFaHM3Ma M HOPMANbHOE IPOTEKAHME
DUINONOTHYSCKHUX M OHOXMMUMECKHX TpolleccoB. MHOTHe W3 HUX
BXOAAT B coctaB Kodepmenros (B,, B,, PP u apyrue), HekoTrophie
BUTAMHHEI BBIMOMHAKT COCLHHUATH3UPOBAHHLIC (GYHKIMK (BUTAMUHEI
A, D, E, K).

BUTaMHMHEl — HH3KOMOJIEKYJIAPHEIE OPraHUYecKHe COeAMHEHMA pas-
JHYHOH XHUMHUYECKOH MNPUPOALl M padsnHuHOTC CTpOSHUS, CHHTE3UPYE-
MEBI¢ TVIAaBHBEIM 06pa3oM paCcTeHHMSIMM, YaCTHYHO — MMKpPOOpPTaHM3MAa-
MH, JIig yenopeka BUTAMMHEL — HE3@MEHMMEIE [MMLUISBRIC (aKTophI.

HepocTaTok nocTyiuieHUsi BUTAMHHOB ¢ MMLIEH, HapylueHHe UX Bea-
CHIBAHHKA MM HApYLUEHWe WX MCMOJLIOBAHHUSA OPTaHU3IMOM MPHUBOIHT K



paaan’rmo’namor MYECKHX COCTOSHMIA, HA3BIBae-
MBIX FMNOBHTAMHHO3aMH.

OcHoBHbIe NPHIHHBI THIFOBHTAMHUHO30E

» HenocraTok BUTAMMHOE B TIMUIE;

« Hapyireune scacwiBanua B XKKT;

« BpoxnéHusle nedeKThl PepMEeHTOB, YUACTBY-

ICIIMX B IIPEBPALCHMIX BATAMUHOR;
o JelicTBHE CTPYKTYPHRIX aHAJIOTOB BATAMUHOR
(AHTUBHUTAMMHEI ).

MoTpeOHOCTE YeIOBEKa B BUTAMMHAX 34BHCHT
OT NoJa, BO3pacTa, (hHU3HONOTHYECKOro COCTOIHHS
M HHTEHCHBHOCTH Tpyda. CylugcTBeHHOS RIMAHUE
Ha NoTpeSHOCTh YellpBeKa B BUTAMMHAX OKA3LIBA-
10T XapakTep NUILY (TipeobIanaHue YrIaeBOJAOB WIH
OeNKOB B AMETE, KOMHYECTBO H KAYECTBO XKHPOR),
a TaKXkKe KJIMMATHYeCKHE YCIIOBHSL.

KINACCNOPNKALINA BUTAMUHOB

ITo XMMHYECKOMY CTPOEHUIO H (BDU3HKG-XUMH-
YeCKHM CBOWCTBAM (B YacTHOCTH, TIC DacTBOpH-
MOCTH) BUTAMHHBI €T HA 2 TPYIINbI.

A. BOJOPACTBOPUMEIE

Buramun B, (THammH);

Buramvin B, (puboduaBn);

Butamud PP (HMKOTHHOBaa KHMCAOTA, HHKO-
TMHAMW, BUTaMuH B,);

IMaHTOTCHOBAA KMCNOTA (BUTAMUH B.,);

Buramun B, (DMpHIOKCHH),

Buotnu (Buramun H),

Monuesas Kucnora (suramuH B, B);

Buramun B, (xobanamuH);

Butamux C (ackopOWHOBas KHCIOTA),

BuramuH P (CxodaasoHOMAR).

Bb. KHPOPACTROPHMBIE

Butamun A (petHHon);

Buramun D (xonekansnudepon);

Butamuu E (Tokodepon);

Buramun K (puiioxHoH).

BoxopacreopaMble BUTAMMHEI TIpH MX H30BITOY-
HOM TIOCTYIUIEHHW B OPTraHU3M, OYIyuM XOpolio
PACTBOPHMELIMH B Bole, OBICTPO BRIBOAATCA H3 OpTa-
HHU3IMa.

ZKupopacTBOpHMBIE BUTAMHHBI XODOUIO PACTBO-
PHMHB B XMpaxX W JIerKo HakaIUTHBAKOTCA B Opra-
HH3ME [IPH MX M30BITOMHOM TIOCTYILICHHH C NH-

LLleﬁ. Wx HaxorieHue B OpraHH3Me MOXCT BbI3-
BaTE paCCTpOﬁCTBO obMeHa BELUECTE, HA3RIBACMOC
THIIEPBHTAMHUHO30M, H Jaxe THOENh OPraHH3Ma.

A. BOOOPACTBOPUMEIE BUTAMMHBI

1. Bumamun B, (muamun). CTpyKTYpa BATAMH-
Ha BKJTIOYAET IMPUMUHAHHOBOES H THA3CJIOBOE KONb-
Ua, COCMMHEHHEIE METHHOBBIM MOCTHKOM.

1 2
NH;

cH -—N-—C-CH3
ﬁ : I
HC c CHa—CH,—OH

1— NPUPMMUOWHOBOE KoNMbUO; 2 — THA30AOBOE KOMLLO

cr

Butamue B, (Tvamnn)

Heroumyxy, Buramun B, — mepBuiit BuTaMuH,
BbUISACHHLIN B KpucTaLideckoM Buae K. MOyH-
xoM B 1912 r. OH WIHPOKO paclpoOCTpaHEH B
NPOAYKTAX PACTHTEALHOTO INPOUCXOXISHHS
(obonouka ceMaH XTeOHBIX 3NAKOB H pHca, To-
pox, dacons, cos M 4p.). B opraHKiMax XHBoOT-
HhIX BUTAMUH B, COTEpXUTCH MPEHMYILECTBEH-
HO B BHA¢ audocdopHoro 3pupa THAMHHA
(TO®); oH obpasyercd B MeyeHH, TMOYKAX, MO3-
re, cepaeuyHoit mune myTéM hocdopunupo-
BAaHUSI THAMHWHA TIPH YY&CTMM THAMWHKHHA3EI
u ATOD.

CyTouHas noTpeOHOCTL B3pOCIOrO 4YelloBEKA B
cpenHeM cocTasider 2—3 Mr BuramuHa B, Ho
OTPeBHOCTE B HEM B OYeHB OONBMIOH CTemne-
HU 3aBUCHUT OT COCTaBa M obuleit kanopuiHoc-
TH MULH, HHTEHCUBHOCTH 0OMEHa BELLECTB M
HHTEHCUBHOCTH pabotel. IlpeobnamaHue yr-
JIEBOZIOB B ITHIIE NOBLILITAET NOTPeGHOCTL opra-
HM3IMA B BUTAMMHE; XHUPBl, HA00OpPOT, PE3KO
YMCHBWAKT 3TY MOTPEGHOCTD.

bHoMornyeckas poas BUTAMHMHA B, ompenenser-
ca TeM, uTo B Bude TIQ oH BXOIUT B cocTas
KAK MHHUMYM TPEX (hepMeHTOB U (epMeHT-
HBIX KOMIUIEKCOB; B COCTABE ITHPYBaT- H ot-
KeTOrMyTapaTIeruIpoTre HA3HBIX KOMILIEKCOB
OH YY4CTBYET B OKHCAHTEIBHOM AeKapOOKCcH-~
NHPOBAHMM MMPYBATA H C-KETOIJYTAPATa; B
cocTaBe Tpanckeronass TAM yyacTByer B
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neHTo3ohochaTHOM MyTH IIpeBpalleHUs Y-
JIEBOBOB.

OcHoBHOH, Haubonee xapakTepHelf M CrIeHH-
¢uyecKHi MPU3HAK HEAOCTATOMHOCTH BUTA-
MHHAa B — TNONHMHEBPHT, B OCHOBE KOTOPOIO
JIEXKAT NereHepaTUBHLIE W3MEHEHUS HEPBOB.
Brauane paisuBaeTca Gone3HEHHOCTh BIONL
HEPBHBIX CTBOJOB, 3aTEM — TIOTEPS KOXHOM
YYBCTBUTENBHOCTH H HACTyNaeT Mapaaud
(Depu-6Gepr). Bropod saxHeHILME NpH3HAK
3af0neBaHUA — HAPYLIEHUE Cepaeyroi nes-
TENbHOCTH, YTO BBLIPAXKAETCA B HApPYWEHHH
CEPACYHOr0 PHUTMA, YBEIMYEHMH Da3MEPOB
¢cepaUd M B IMOABIEHWH Coael B obracTu
cepaua. K xapakTepHunIM MNpU3HakaM 3abo-
JIeBAHH4, CBA3AHHOIO € HEAOCTATOYHOCTHIO
BMTAMHMHA B, OTHOCAT TaKXe HapylueHUA
cekpeTopHoii M MoTopHoW dyHkuud XKKT,;
HaOMAAIT CHUXEHUE KHCAOTHOCTH Xey-
JOYHOTO COKa, MOTEplo arferuTa, aTOHUIO
KHLIEYHHKA.

2. Bumamun B, (pubopracun). B ocHope CTpyK-

TYPbl BUTAMHMHA B, JIEXHT CTPYKTypa H30LNOKCa-
3WHa, COCAUHEHHOIO CO CIIHPTOM PHOHUTOIOM.

} WagannokcaauH

|
CH>- (lJH— (I3H“(|3H-CH2-OH } Pubuton
OH OH OH

BuTamuH B,

PuGodnaeuH opeacraBnser coboi KpUCTannbl
x*eéaroro ueera (ot aar. flaves — x&nTwid), cnabo
PAacTBOPHUMEIE B BOAE.

Inapybie HCTOYHMKH BMTaMMHA B, — meueHs,
TOYKH, AH1IA, MONOKOQ, Npoxoku. BurtaMuH co-
OCPXHTCA TAKOKE B MITTHHATE, [IUEHWLIS, DPXKH.
YactuuHo Yenobek nofgyvaeT BUTaMMH B, kak
TIPOAYKT XH3IHEASATEABHOCTH KMIIEYHON MHK-
poaopsl.

Cyrounaa norpebhocts B BUTAMUHE B, B3pocro-
ro 4enopeka cocrasusier 1,8—2,6 wr.

Buononmeckne ¢pyuguny. B cnusucroi obonoy-
Ke KMUIEYHHKA [10CAe BCACHIBAHMSA BUTAMMWHA
TIPOUCXOANT oBpasoBaHue KOoepMeHTOB FMN
# FAD no cxeme:
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PubohnasuHkMHRaa
&I
AT A% ATO®

FMN-ageswaniTpaHcdepasa
FMN e et FAD
M on‘l'

PHESGENaenH

Kodepmentsl FAD 1 FMN BxopdaTt B cocras
(hNaBHHOBLIX HEPpMEHTOB, MPUHUMAIOLINX YJa-
CTHE B OKHMCIMTEIBHO-BOCCTAHOBUTEILHBIX
peakuusx (cM. pasmenst 2, 6, 9, 10).

KAvHMuecKkne NPOABICHHA HEAOCTATOUHOCTH PH-
6odraBuHa BHIPAXKAIOTCS B OCTAHOBKE pOCTa
¥ MONOILIX OPraHu3MoB, YacTo passHBaioTCA
BOCTAJHTENbHBIE TIPOUECCH HA CIU3ACTOMN
0GON0YKE POTOBOH IIOAOCTH, TIOSIBJIAIOTCS LAH-
TEMBHO HE3AXUBAIHE TPELIMHBI B YIJIaX PTa,
AEPMATUT HOCOryOHOH cknaaku. TUNMH4HO
BOCIIAJICHHE I71a3; KOHBIOHKTUBHUTEI, BACKYJIA-
pH3alnsa POroBMUBI, KatapakTa. Kpome Toro,
NP aBUTAMUHO3E B, pa3evBaroTCsA O0LLAA Mbl-
weuHasd ¢cnadocTh U ¢nabocTe CepaguHoi
MBIIIIHBI.

3. Bumamun PP (nuxomunoeas xucAoma, Huxo-

munamued, eumamun B)

40
-COCOH C
“NH»
N N
HWKOTUHOBAR KMCNOTA HukoTuHamug

ButamuH PP

Hetounukn. Butamua PP wmpoko pacnpoct-
paHEH B PACTUTEALHBIX NPOAYKTAX, BBICOKO
€ro COACPXAaHWE B PDHMCOBBIX H IMIICHMYHLIX
oTpy0sx, ApOXkKax, MHOTO BHTAMMHHA B [e-
YeHU W ToYKaxX KpYMHOrQ poratore CKora M
cBHHeil. Butamun PP Moxer o0pa3oBhIBaTh-
ca U3 Tpunrodada (K3 60 mosekyl TPUIITO-
¢dana MoxeT obdpazoBaThed 1 MoNeKyna HH-
KOTHHAMHAA), YTO CHMXaeT MoTpeSHOCThL B
BUTaM#IHe PP mnpd yBelIMYEHHH KOMWUECTBA
TpunTothaHa B THIIE.

CyrouyHaa notpefHOCTL B 3TOM BMTAMHHE CO-
CTaBAfET ANs B3poCcnwX 15—25 mr, aisa ge-
Tel — 15 Mr.

Buorormueckue dynxmy. HykoTiHOBag KMCIO-
TA B OPraHu3Me BXOAHT B cocTaB NAD u NADP,
BBINOIHAKWEX ByHKUUN KODEPMEHTOB pas-
JIMYHBIX AervaporeHas (cm, pasgen 2). CHHTE3
NAD B opraHuaMe NpOTEKAET B 2 3Tala:



1. HukotuHamng +GPOD 7—' HukoTUHaAMUIMOHORYKNeoTHO + HyP20;

HukoTuHamuamaHonyKeoTranwpodochopunasa

2. HukoTUHamMuaMonoHykneoTus + ATO 7‘—' NAD" + H,P,0;

NAD-NMupodhoccthoprna3za

NADP cbpazyerca u3 NAD nyrém ¢ocdopu-
JIHPOBAHKA TION, ASKCTBYEM LIMTOTLIA3MATHYEC-
Kol NAD-KWHa3bL

NAD'+ AT® —» NADP*+ ALD

HemocraToudocTe BHTAMHHA PP npHBOIHT K
3a60MeBAHIIO «fTeANAIpa», A1 KOTOPOTO XapakK-
TePHB! 3 OCHOBHBIX MPH3HAKA: AEPMATUT, AMa-
pea, aeMmeHLns («rpu O»). Tlennarpa nposasna-
eTcsl B BMAE CHMMMETPHUYHOIO JSPMATWUTA Ha
Y4aCTKAX KOXM, JOCTYITHBIX AEHCTBUKY COMHEe -
HEIX JTy4eH, paceTpoiicts KKT (nuaped) U Boc-
MATHTENbHBIX NOPAKEHMI CAM3UCTHIX 000TOUEK
pTa W sA3bIKa. B panexo 3aiue iidx Cayqasix nes-
Jarpel HabmonawTt pacerpokicTea LHC (remeH-
UHA): TIOTEPS TIAMSITH, FAUIIOLMHALMA M Ope.

4. Ilanmomenoean xucioma (sumamun B)

[MaHTOTEHOBAA KHCAOTA COCTOMT W3 ocTaTkos D-

2,4-AUrdIApOKCH-3, 3-THMeTUAMACTAHON KUCIOTH H
B-anaHuHA, COSOMHEHHBIX MEXIY cOB0M aMHUIHOM
CBS3BIO;

o o1
HO "CH2_?_ {I:_(I% —NH-CH;—-CH,—COOH
CH:H O

2.4-Aurnapokcn-3,3-aMMeTin-
MaCcAAHAA KUCAOTA

B-AnaHuA

IMaHTOTEHOBAA KHCIOTA — OCMbIil METKOKPHCTAT-
JHYECKUH MOPOLNOK, XOPOLUO PACTEOPHMBIA B BOIE.
OHa CHHTe3UPYETCH PACTEHHSAMH M MMKPOOpPraHH3-
MaMHM, COACPAUTCSH BC MHOTHX MPOMYKTax XHBOTHO-
TO M PACTUTENLHOIO NPOHCXOXIEHMA (A0, NIEYeHb,
MSACO, pbi0a, MOJIOKO, APOMKH, KAPTOhETh, MOPKOHD,
MIeHMLA, A0a0KH). B KHlueyHHKe YenoBeka NaHTo-
TEHOBMT KHCIOTA B HEOOABIIMX KOMMYECTRAX TIPOAY-
IMpYeTCH KMILIEYHOH Namoukoii. [{aHToTeHoBas KHc-
JIOTA — YHHBEPCAIbHBIH BHTAMHH, B HEi WIH €€
MPCU3BOAHBIX HYXAAKTCHA HENOBEK, XWBOTHBIE, pa-
CTEHHSI U MUKPOOPFaHH3MEL.

CyTounas noTpebHOCTR Ye0BEKa B NAHTOTEHO-
BOU KucnoTe coctapysaeT 10—12 Mr.

Buonorwueckue dyaapm. [TaHToTeHOBAA KUCIOTA
UCTIONBAYETCH B K/IeTKAX M1 CHHTe3a KodepmeH-
ToR: 4-(hochonanHrorenHa M KoA (puc. 3-1).
4-cpoconanToreH — KOPEPMEHT NANBMMATO-
WacHHTA3bl. KOA YYACTRYET B MEPEHOCE AllWib-
HbIX PATUKANOB B peakuunax ofLIero nyTu Kara-
6omama (cM. paszen 6), aKTHBALMH KHUPHBIX
KHCIIOT, CHHTE3a XOJNECTEPHHA ¥ KETOHOBBIX Te
(cM. pazgen §), cuHTe33 AUSTUNTMIOKO3aMUHOB
{cMm. paznen 15), 0Oe3BPeXUBAHHUSA UYKEPOIHBIX
BEIIIECTB B IledeHH (CM. pasnen 12).

Kivunuueckue npoaBaends HEJOCTATOYHOCTH BH-
TAMHHA. ¥ YellOBeKA M XHBOTHHIX PA3BHBAKOT-
CA ACPMATHTH], IUCTPOGUUSCKHE W3MEHEHMS
KeNE3 BHYTPEHHEH CeKpelliH {HanpuMep, Hal-
NOYeUHHKOB), HAPYIIEHKE NESTEABHOCTH HEPR-
HOH CHCTeMhI (HEBpHMTHI, IAPATHYM}, THCTPO-
¢dUudecKne U3MEHEeHHS B cepAlle, IOYKax,
NEMUTMEHTAIIMA M BBINAISHHE BONOC W lep-
CTH Y XWBOTHBIX, TIOTEPS AIIETUTa, HCTONIE-
HHMe. HHakuil ypoBeHb MAHTOTCHATA B KPOBH Y
JIOIEH 9acTO COYETACTCA C APYTHMH TMIOBH-
TaMuHO3aMH (B, B,) u nposBAsfETCA KaK KOM-
OMHHpOBAHHAA GOpMa TMIIOBUTAMHHO3A.

5. Bumamun B, (nupudoxcun, nupndoxcaas, nu-
pudoxcamun)

B ocHoBe CTPYKTYpBI BUTaMMHA B, NeXMT nu-
PHIHHOBOE KOABIO. M3BecTHEI 3 GoOpMBI BUTAMH-
Ha B, OmIHM4aloIMecst CTPOCHHEM 3aMellalomei
TPYIIBI ¥ ATOMAa YTNepoaa B NM-MONOXEHUK K aTo-
My a3ora. Bce OHM XapaKTepH3yioTCA OZHHAKOBOMH
OMONOrHIecKON AKTHRHOCTHIO,

2
CHOH c. H CHNH;
HO CHOH HO CH;CH HO CH-OH
H3C Hac HSC
N N N
Mupunokcon MupKuaoKcans MupHaoKcamMuH
{nupuaokcKK)
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0

H H CH, I
C-CH, CH,- N-c-q;—c;-
NH OH CH;, |
i o= P -O°
@/ |
HO ©
0-P-0
&
KoaHzum A (KoA)
o CHy Q
4 0-P-0-CH,~ C - CH - C~NH-CH,~ CH,~C -NH-CHy CH,-SH
0 CH, OH © 1

3

4’ -bochonaHTaTeMH

Puc. 3-1. CrpoeHHe KoA M #'-thoconanTotenta. 1 — THOSTAHONAMWH; 2 — aneHoawn-3'-pocdo-5-pudiochar; 3 — haHToTeHoRan
KMCROTa; 4 — 4'-pocPONAHTOTENH {BOCTHOPHIVPOBAHHAR NAHTOTEHOBAR KMCNOTA, COSAMHSHHAR € THOITAHONAMWHOM),

Bce 3 ¢opMEI BUTAMHHA — OeCLIBETHLIE KPHC-
TAUTBI, XOPOIIO PACTBOPUMEIE B BOJE,

Hcrounnkn surammna B, juis venopeka — Takue
NPOXYKTHl MHTAHWA, KaK gilla, [Te4eHb, MOJIO-
KO, 3ETEHEI TIepell, MOPKOBb, TILIEHHMIIA, MPOX-
%M. HexoTopoe KOMMIECTBO BUTAMHHA CHHTE-
3UpyeTCcd KMIICYHOH duiopoit.

Cyrousas noTpeGHOCTE COCTABIAET 2—3 MI.

Buonorwueckse gysxipm. Bee dopmbr BuTaMunza B,
HCITOMIE3YIOTCS B OpTaHK3Me JUIS CHHTEA Kodep-
MEHTOB: MAPHIOKCATHDOCHATa M NMHPHAOKCAMUWH-
dochata, KodepMerTol obpasyiores iyTéM doc-
(GOPHITHPOBAHHS 1O TMAPOKCHMETIILHOM TPYIIe
B TETOM IONOXEHHH ITMPHMHAMHOBOTO KOMbLA
Tpu yuacTuH PepMeHTa MUPHAOKCATBKUHAIE! M
AT® xak mcrouHHKa thocdara.

//0 4‘0
~H ~H
HO CH0H HO CHz—C-PO;3H;
HiC FATE T uc + Al®
N
Mupugokcane Nupnaorcansdocdar
{(BMTaMMH Bg) {kochepmenT)
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Tupuaokcanesse (GepMeHTHl WIPAKT KAlOYe-
BYIO PONb B 00MEHe aMHHOKUCIOT: KaTalH3H-
PYIOT peakliMi TpaHCAMUHUPORAHUA U AeKap-
DOKCHIIMPOBaHUSA aMHHOKHCIIOT, YMaCTBYIOT B
cueurddHYecKUX peakKlMax MeTabomusMa oT-
JeJbHEIX aMMHOKHCIIOT: CepWHa, TPeOHUHA,
TpuirTodaHa, cepoCOAePKAIIHX AMUHOKHCIIOT,
a TAaKXKe B CHHTE3e reMa (CM. pasnent 9, 12).

KnunAveckne npoABAeHRA HEAOCTATOYHOCTH BH-
TaMuHa. ABMTaMUHO3 B, y feTeil npodsasercs
nospuueHHOM BO3GyauMocThie ITHC, nepno-
JHYECKHMM CYAOPOTaMH, YTO CBS3aHO, BO3-
MOXHO, ¢ HEZOCTATOYHEIM O0Pa3oBaHHEM Top-
Mo3Horo Megmatopa TAMK (em. pasnen 9),
CITCLU(PHYECKHMH AEPMATHTaMH. Y B3POC/LIX
NPH3HAKYA THIOBMTAMKHHO3a B, HabMIOn210T mpy
JUTUTENBHOM NedeHHM TyOepKynésa M30HHAIM-
AoM (aHTaroHUcT BUTaMuHa B)), Ilpu aToM Bo3-
HHKAIOT [IOPDaXSHUS HEPBHOM CHCTEMEBI (no-
JTHHEBPUTHI), ASPMATHTBL

6, buomun (sumamun H)

B ocHoBe ctpoenmns GHOTHHA AeKUT THODEHO-
BO€ KOJBLC, K KOTOPOMY NMPHCOSAHHEHA MOASKYIA
MOYEBHHBI, a Goxosasl Lelb MpeACTaRicHa Bane-
PBIHOBOH KHCJIOTOMH.
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Herounngn. BUOTHH COASPKUTCS NOYTH BO BCex
NPOAYKTAaX XMBOTHOTO M PACTHUTENIBLHOTO [IpO-
ucxoxaeHus. Haubonaece boraTbl 3THM BUTaMH-
HOM TleyeHb, MOYKH, MOJIOKO, XKENTOK sIHuA.
B 06bIYHBIX YCAOBUMSX HEMOBEK MOAYy4YaeT noc-
TATOYHOE KOJMUSCTBO DMOTHHA B pE3yALTaTe
HAKTEPHATBHOIO CHHTE3a B KHIIEYHHKE.

CyTousast norpedHOCTE GUOTHHA V YeNOBEKa He
npepbiaeT 10 Mxr.

Byooruueckas povib. BUOTHH BRIONHACT Kodep-
MEHTHY10 (DYHKIIMIO B COCTaBe KapDOKCHIA3: OH
Y4acTBYET B 00pa30BaHMK aKTHBHON dopMbl CO,.

o o]
il 1]
thl/ ‘rqu Hr;l/ \nlu— COOH 4+ Ao
HC—CH +C0O; + AT® HC—CH + HyPO,
L — 1]
HzC. ,GH—{CHz)}e— COOH HzG._CH = (CHz)~ GOOH
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B opranusme OMOTHH HCMOJB3YETCS B 0Opaszo-
BAHUM MaloHUA-KoA u3 auetwi-KoA (cM.
pazaen 8), B CHHTE3e NyPHHOBOING KOJIBLA (CM.
paszen 10), a Takxke B peakiny KapOOKCHIH-
pOBaHUA MHUPYBATa ¢ OOPA3CBAHHEM OKCAJIO-
auerata (CM. pa3aen 6).

KaHHH4ecKHe HPOSBIEHHS HeTOCTATOYHOCTH OHO-
THHA Y YENOBEKa W3yHEHBI MO, TIOCKOABKY 0aK-
TEpHU KHIIEYHMKA 00manaoT crocoOHOCThIO
CUHTE3UPOBATh 3TOT BUTAMUH B HEOOXOIHMBbIX
Konuyecteax. [1o3ToMy KapTHHA aBHTAMMHO3a
NIPCSIRISIETCA [IpM TUCOAKTEPHO3aX KHILEYHHKA,
HANpUMep, nocje MpyéMa OOoNbUIMX KOMHYECTB
AHTHOMOTHKOB UM CYALGAMWIHELIX IPel1apaTos,
BhI3BIBAIOIINX THOEIE MUKPODIOPE KUILEYHH-
Ka, b0 rocnie BBEOEHUA B PAUMOH GOABLIOTO
KOIHUECTBA ChIPOro siHuHOro Genka. B suuHOM
OellKe COOCPXMTCA TRUKOIPOTEMH ABUIMH, KO-
TOPBIA COSTUHACTCH ¢ OUOTHHOM H TNIPENSTCTRY-
eT BCAChIBAHUIO TIOCAETHERO M3 KUIIIEUHUKA. ABU-
IvH (MoneKyaspHas macca 70 000 k) cocrout
W3 YETHIPEX WAEHTHYHBIX CYOBhEIWHML, COmep-
KAWKX 1O 128 aMUHOKMCAOT; Kaxknasd CyOheau-
HHLIAa CRA3KIBACT 110 OOHOI MOnexyne BUOTHHA,
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[Mpu HegoCTATOMHOCTH DHOTHHA YV YENIOBEKA pa3-
BUBAIOTCH SBIEHAs CISLMPUIESCKOro Aepma-
THUTA, XAPaKTEPH3YIOWEroCs MOKPACHCHHEM M
IIETYIICHUEM KOXKM, 2 Takxke ODMILHOH Cek-
peLMel canbHbix xené€3 (cebopes). Ilpu asu-
TaMHHO3€ BMTaMuHa H HabmmogawT rtaxxe
BHIMAAEHHE BONOC M LIEPCTH ¥ KUBOTHBIX, MO-
paXeHye HOILTEN, 4acTo OTMEYawT OGOJH B
MBIILLIAX, YCTATOCTh, COHJIHBOCTD U JENPECCHIO.

7. Doauesan xucroma (sumamun B, eumarun B)

QonMepas KMCIOTa COCTOMT H3 TPEX CTPYKTYD-

HbIX €IWHUL OCTaTKa nTepuanHa (1), napaaMmuno-
oenzoliHol (I1) 1 royramuboro# (I1I) kucmoT.
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ButampH, [moMyYeHHBINH H3 pasHbIX WCTOMHHKOB,
MOXET COlePXaTh 3—6 OCTATKOB IITYTAMMHOBOM KHUC-
nothl. Ponuenas KucaoTa Gbima BeideneHa B 1941 1,
M3 3¢MEHBIX JIUCTHER pacTeHHit, B CBA3W C YeM U
OOMYYWIA CBOE HazBaHWe (OT JarT. folium — mucT),

HcTouRHKH, 3HAYHTEIBHOE KOJHYECTBO ITOTO
BHTAMHHAa CONEPXKHUTCA B APONCKAX, a TAKKE B
NeYeHH, TIOYKaAX, MACE M APYTHX TIPOIYKTax
XHMBOTHOIO [MPOHUCXOXKASHMS,

CyTtounas noTpedHocTh B HOMHEBOM KHCAOTE KO-
nebnetrcsa or 50 go 200 MKr; omHakKo mcaen-
CTBHE TLNOXOH BCACKIBAEMOCTH 3TOrQ BUTAMM-
Ha peKoMeHayeMas cyTouHas nosa — 400 Mkr.

Buonormueckas poak (poINEBOH KHCROTHI OTIpe-
JeNISeTCA TEM, YTO OHA CAYXUT cYOCTPaTOM IUIA
CHHTE32 KODEPMEHTOR, Y4aCTBYIOIIMX B peak-
IHAX TIepeHoca OJHOYIAEPOAHbIX PAAUKATOR
PasAMYHON CTEMEHH OKMCIEHHOCTH: METH/b-
HbIX, OKCHMETWIBHEIX, (POPMIUITBHBIX M OPYIHX.
DTH KodepMeHTBl YYACTBYIOT B CHHTE3€ pas-
JHYHBIX BELUECTB: NMYPWHOBBIX HYKJIEOTHOOR,
npespaweHHd dYM® B dTMP, B oOMeHe miu-
LIMHA U cepuHa (cM. pasdenw 9, 10).

Hanbosee xXapakTepHbi¢ NPHIHAKH ABHTAMHHO3A
(hOMMEBOH KHCHOTH — HAPYIIEHHE KPOBETBO-
PEHUA W CBA3AHHBIC C 3THM pPazTHYHbIE POPMEI
MAIOKPOBHS (MaKpPOLIMTAPHAS aHeMs), ICHKO-
NeHWs W 3agepxka pocra. [IpH THNMOBHTAMAK-
Ho3e GONUeBOi KUCAOThI HAOMIONAIOT HapyLile-
HHH PereHEPAUMH 3NUTENNA, 0cobeHHo B KKT,
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ODYCIOBNEHHBIE HENOCTATKOM [YPUHOB W IH-
puMHAIHHOB A cuHTesa JHK B nocrosHHo
AeTSAIHMXCA KITETKAX CAU3UCTOH OBONOYKH.

ABHTAMHHO3 (POMHUEBOH KHCIOTH PeiKo NpOoSB-
JISICTCS ¥ YEJIOBEKA M XHBOTHEIX, TAK KaK 3TOT
BUTAMHH B JAOCTATOMHOM CTEMEeHW CHHTeIUpY-
eTCA KMIIEYHON MHUKpodaopaid. OgHako He-
NOAB30BAHHE CYABPAHUNAMUAHEIX NIPETIAPATOB
A neveHHd pAda 3ab0eBaHUE MOXET Bbl3-
BaTh Pa3BMTHE ABHTAMHHO30B. DTHU Tpenapa-
Tbl — CTPYKTYPHBIC aHIOTH NapaamMHuHOOeH-
30HHONH KUCHOTHEI, HHTHOHPYIOUHE CHUHTE3
bomHeBoi KUCIOTHI ¥ MHKPOOPFAHU3IMOE (CM.
pasgen 2). HexoTopele NMpOM3BOAHBIE NITEPH-
AMHA (AMHHONTEPMH M METOTPEKCAT) TOPMO-
3AT POCT TOYTH BCEX OPraHM3MOB, HYXKIAIO-
HIHWXCA B DOTHEBOH KUCIOTe. DTH Npenaparsl
HAXOMSIT TMpHMeHeHHe B JiedeOHoil TpakTHKe
I MOJABJAEHHS OIYXOICBOIC POCTa ¥ OHKO-
JIOTHYECKHUX OONbHBIX.

8. Bumamur B,, (xobaramun)

ButamuH B,, ObLT BBIAENEH U3 MEYCHH B KPHC-

Ta/uTMecKoM BrEe B 1948 r. B 1955 r. Joporu Xoa-
XKeH ¢ MOMOIIBIO PEHTICHO-CTPYKTYPHOIO aHANHM-
33 pacuiddpoRana CTPYKTYRY 3ITOFO BUTAMHHA. 3a
aty paboty B 1964 r. eit 6nima npucyxkiaena Hobe-

neBckadA npemust. BuramuH B, — eAMHCTBEHHBIH

BUTAMMH, COACPXALIMH B CBOEM COCTaBe METALI
kodaneT (puc. 3-2),

Herounuku. Hu xMBOTHEBIE, HU PACTEHKS HE CHO-
COOHBI CMHTE3UPOBATH BUTAMUH B, .. BTO e1nH-
CTBEHHBI BUTAMUH, CUHTE3UPYeMBIH TOUTH
UCKTIOUMTETBHO MUKPOOPTAHU3MAMK, BAKTEpU-
AMM, AKTUHOMMLIETAMH M CHHe-3eJEHBIMU BO-
gopocaamy. M3 XUBOTHEIX TKAaHeidl HauGomnee
Boratel BUTAMUHOM B, neueHs u mouku. He-
JOCTATOUHOCTL BUTAMMHA B TKAHSX XMBOTHHIX
CBS3aHa ¢ HapyllleHWeM BcachbiBaHMA kobana-
MHHA HU3-33 HAPYILUEHWS CHUHTE3d BHYTPEHHETO
daxtopa Kacna, B COCIMHCHHY ¢ KOTOPBIM OH
u BcackieaeTen. @axrop Kacna cuHTe3upyercs
OBKJIANOYHBIMM KIIETKAMH KENYIKA. 3TO — ITIM-
KOTMPOTEHH ¢ MOJEKYISIDHOM Maccoi 93 000 .
OH coennusierca ¢ BuTaMuHOM B, nipu yuac-
THH MOHOB Kasibllusi, ['MNOAaBUTAMHHO3 B,
OOLIMHO COYETAETCH C MOHIKEHMEM KHMCAOTHO-
CTH XeayAO4YHOTO COKa, YTO MOXET OLITH pe-
3YJIBTATOM NMOBDEXKICHMA CIMIUCTOH 000N0UKH
xenyika. [unoaputamunos B , MOXeT pasBUThCA
TAKCKE TIOCIE TOTANTLHOTO YAAICHHUS XEMYAKA NPy
XMPYPIHUYCCKMX ONEpaLiusIx.
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Cyrounas norpebHocTs B BUTaMuHe B, Kpaiine
MaTa U COCTARIACT BCero 1—2 Mkr.

Butamun B, cIyKWT HCTOYHHKOM 06pa3oBaHMs
OBYX KO(epMEeHTOB: METHAKOOATAMUHA B LHM-
TOMIa3Me M AC30KCHAACHO3MAKOoOANAMHHA B
MHUTOXOHOpUAX (puc, 3-2).

« MeTun-B, , — KoepMeHT, yIacTBYIOLUMH B 00-
PA30BAHNHM METHOHMHA W3 TOMOLIMCTEHHA.
Kpome Toro, Metun-B,, IpUHMMaET yyactue B
NpeBpalieHusax NPOM3BOAHBIX QOIHEBONH KHC-
JIOTBI, HCOOXOMUMEIX IS CHHTE3a HYKIIEOTH-
IoB — mipenmecTBeHHUKOB JHK u PHK,

+ HMezokcuaneHoanwnkobantaMuH B Ka4ecTBe KO-
thepMeHTa yyacTByeT B MeTaBOIM3ME KHPHBIX
KHCJIOT C HEYSTHBIM YWCJIOM YTJIEPOAHEIX ATO-
MOB H aMHUHOKWCJIOT ¢ pa3BeTBIEHHOM YTeBo-
JOPOOHOH Lenbio (CM. pasnensl 8, 9).

OcxoBHOM MPU3HAK asHTAMHHO03A B, — Makpoum-
TapHaa (MeranofnacrHast) aHeMus, JLis 31010 3a-
601eBaHMA XapaKTepHBI YBETUYCHHE PAa3MEpOB
IPUTPOLMTOR, CHHXKCHHE KOIMYECTBA IPHTPO-
IIMTOB B KPOBOTOKE, CHMIKECHHE KOHLICHTPALIHK
reMornobuHa B KpoBH. HapyieHue Kposerso-
PEHHA CBAZAHO B TIEPBYIO OUepelb ¢ HAPYIICHH -
€M 00MEHa HYKIEHHOBBLIX KHCJIOT, B Y4CTHOCTH
cunTe3a ITHK B GLICTpONENALHXCA KAETKAX KPO-
BETBOPHOM cUCTEMBI. [TOMHMO HapYLIEHHS KpO-
BETBOPHOH (hyHKUMH, A/t aBUTaMUHO3a B, cre-
UMGHYHO TAKXKE PACCTPOMCTBO ACATETBHOCTH
HEPBHOH CHCTEMBI, OOBSCHAEMOE TOKCHYHOCTHIO
METWAMANIOHOROH KUCIOThI, HAKAILTMRAIOWeHCs
B OpTaHH3IMe NpH paciaic KUPHBIX KUCIOT ¢ He-
4éTHEIM YUCJIOM YCAEPOAHBIX ATOMOB, A TAKKE
HEKOTOPBIX AMMHOKMCIOT ¢ Pa3BeTRMIEHHOH Ue-
NbIO, '

9. Bumamurn C (ackoplunoeasn xuctoma)

ACKOPOHHORBAS KHCIOTA — AAKTOH KHCNOTHI,

OJIM3KON MO CTPYKTYPE K FMoKose. CYIIECTBYET B
OByX ¢hopMax: BoccTaHoBRneHHOH (AK) w1 okucneH-
Holi (aeruapoackopbuHoBofi Kucnoror, JAK).
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Ackopbunoean kucnota (AK)  [JemppoackopGuHoBan KcnoTa ([BAK)



5°-flesoxcuaneHosun- (3)
kobanamMuH

UwnaHkoGanamuH {1}

CN

(2} MewunkoBanamui CH, —

Hapo, cocToawee U3
YEeTLIPEX NTUPPONBHBLIX
Konew

L0 -

OH OH

e
O >=§*

N NH

N ?

)

Z

2

Oumetunbensmmmuaazon

Puc. 3-2. Crpyrrypa auTamuia B, (1) 4 ero kothepmenTHide hopmst — MeTmnkoSanamun (2) u 5-nesoxcrapesoannkobanammun (3).

06e a1 dopMbl acKOPOHHOBON KUCAOTEL GLICT-
po U 0DpaTHMO NEPEXOAAT APYyT B ApVra W B Kaue-
cTBe KOMEpMEHTOB YYacTBYOT B OKHCIMTENBHO-
BOCCTAHOBHUTENbHBLIX peakiinax. AckopbHHOBas
KHMCJIOTa MOXET OKHCIAThCS KMCIOPOIOM BO3AyXa,
MEPOKCHAOM K APYTHMH oxucaurenami. JAK ner-
KO BOCCTAHABNMBACTCH LMCTEHHOM, TJYTATHOHOM,
ceporonopoaoM. B cnabonienouHoi cpene Mpouc-
XOOAT pa3pylieHHe NAKTOHOBOro KoJbla M MOTeps
BronorHyeckoii akTUBHOCTH. Tpy KyAHHapHOH 0b-
pabGoTKE MULIKN B NPHCYTCTEMH OKHCAMTENEH YacTh
putaMiiHa C paspyluaeTcs. '
Herounukn ButaMuHa C — ceexue Gpykrhl,
OROILM, 3eneHb (Taba. 3-1).
Cytounan noTpeOROCTS Ye/IoBeKa B BUTaMKiHe C
coctapmaer 50—75 mr.
Brosonmeckye Gyexupn. InapHOe CBOHCTBO ac-
KOPOMHOBON KHCIOTH — cnocobHOCTE nerko

Tafnuua 3-1. Copepxanue acKopPOMHOBOH KHCNOTHI B HEKO-
TOPBIX NHLLEBLIX NPORYKTAX W PACTEHMAX

Hponykr Conepxanne BHTAMHHA,
mr/100 r
Inoan WHNOBHKA 2400
QObnermxa 430
CMopozuHa uépHas 300
JIHMOHBI 40
ATnlenscHHE 30
Sonoky 30
Kaprodens ceexuit 25
Tomarw 20
Monoko 2,0
Msco 0.9
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OKMCTATRCA U BOCCTAaHABAMEATLCS. BMmecTe ©
JAK ona ofpazyeT B KJIeTKax OKHCAHUTEAbHO-
BOCCTAHOBHTENBHYIQ Mapy € PEMOKC-TIOTEHLUN-
anom 10,139 B. bnarogaps atolt cnocoGHOCTH
acKopOMHOBAA KMCJIOTA YYACTBYET BO MHOIHX
peakuMsax THAPOKCUAMpORAaHMA: ocTatkoB [Mpo
v JIu3 NpH ¢CHHTE3e KOMIarcHa (OCHOBHOTO Gel-
Ka COSIUHMTENBHOH TKaHH), MIPH THIPOKCHNH-
POBAaHHM 10(haAMIMHA, CHHTE3E CTEPOHIHBIX [Op-
MOHOB B KOPe HANMOYESYHHMKOB (CM. pas3ienbl
g, 11).

B xuieyHuke ackopGHHOBAEsg KHCIOTA BOCCTa-
HaBauBaer Fe'* B Fe?*, cnocoBeTBYA ero sca-
CBIBAHHIO, YCKOPAET OCBODOXKACHHE Xele3a 13
depputuna (cM. pazgen 13), cnocobermyer
npeppaileHyIo Gonara B kodhepMeHTHBIE op-
MBI, ACKOPOMHOBYIO KHCIOTY OTHOCAT K HpH-
POTHBIM AHTHOKCHIAHTAM (CM. paznen 8).
Bosbliee 3HaYeHWe 3TOH posM BUTaMKHa C
MMPHAABAT M3BECTHBIH aMepUKAHCKMIA y4€HbIH
JI. IMonnur, apaxasr naypeat Hobenepekoit
npeMid. OH peKOMEHIOBAT HCMOMB3OBATE 451
MpoGILIaKTHKU Y fledyeHus pAaga 3abofieBaHMit
(Hanpumep, NMPOCTVAHBIX) GOJbIIKME A03LI ac-
KOPOUHOBOW KHCAOTH (2—3 ).

KnmiHgeckse npods/icHHs HEAOCTATOYHOCTH BHTA-
miHa C. HenoctarousocTh acKOpOHHOBOH KMC-
JIOTB! [IPUBOAMT K 3aG0MeBaHUK), HA3LIBACMOMY
HUHroi (ckopOyt). LluHra, Bo3HUKaMIAs ¥
YeJI0BeKa MPH HEJOCTATOMHOM CONEPXKAHMH B
MULLEBOM PALHOHE CBEXHX PPYKTOB U OBOILEH,
olmicaHa Bonee 300 ner Hazaa, cO BpeMEHH Npo-
BefleHHMA JUIHTENbHBIX MOPCKIAX TINIABAHHI U ce-
BEPHBIX IKCNEAHUWH. D10 3aboMcBaHHe CBA3a-
HO € HEIIOCTATKOM B IMILE BUTaMuHa C. boneror
HMHIOH TONMBKO 4€108eK, MPUMAThl U MOPCKHe
CBUHKM, ['AaBHLIE MpOARIEHUS ABHTAMHUHO34
OOYCIIORIIEHE B OCHOBHOM HapylueHHeM obpa-
30BaHMA KOJJIarcHa B COSAMHUTEBHON TKaHH.
BcrnencTBHE 3TOre HAGMIONAKT pasphixieHue
AECeH, pacllaTblEaHME 3y0OB, HapylLeHHE Lig-
JIOCTHOCTU KAITWTAPOB (COMPOBOXAAIONIEECA
MOJAKOAXHBIMHA KPOBOHATHAHHAMH). BO3HMKAIOT
OTEKM, BOJIb B CYCTABAX, AHCMMWS. AHEMUA NPH
LIMHIEe MOXKeT OLITh CBA3aHA C HAPYLUEHHEM CITO-
coBHOCTH HCMONL30BATE 3AMMAChl XeJIe3d, a Tak-
K¢ ¢ HapylleHWAMM MeTadoauiMa ¢onmresoil
KHCIOTHL.

10. Bumamun P {Guorasonoudst)

B HacTosiliee BpeMsA M3BECTHO, UTO NOHATHE

«BUTAMUH P» ob6bequHgaeT cemelbicTBo Onodaaso-
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HOWIOB (KaTeXWHB, (DNABOHOHBI, (IABOHBI). 31O
OUEHb Pa3HOOOPA3HAA [PYNIA PACTHTEJBHBIX MMO-
JUGEHOABHBIX COSIUHEHHA, BIHAIOLUIAX Ha MApO-
HHLIAEMOCTh COCYIOB CXOAHBIM ODpa3zoM ¢ BHTa-
MHHOM C.

$nagoH

O

Hau6onee GoraTel BUTAMHHOM P THMOHEI, Ipe-
4yKXa, YePHOIUIOAHAs pabKHA, Y€pHas CMOPOIMHA,
JIMCTBA 4as, TLIONBL IIHIIOBHHKA.

Cyrounasa noTpeGHOCTD 1NA YEIOBEKA TOVHO HE

YCTAaHORJIEHA,

Buonorugeckas poss (praBOHOWIOR 3aKNI0YAET-
cA B CTAOHAH3aUMHE MEXKIETOYHOTO MATPHKCA
COCANHHUTEIBHON TKAHM W YMEHbBILEHHH IIPO-
HHLUAEMOCTH KanuWmsapoB, MHorue Inpeacta-
BHTEAH IPYNIB BUTAMUHA P oGMagaloT THITO-
TEHIUBHBIM JIeHCTBHEM,

Knmnuieckoe npoaBneHye runoaBUTaMUHO3a BU-
TaMHHA P XapakTepH3yeTcs MORBILUEHHON Kpo-
BOTOUMBOCTRIO JéceH U TOYEUHBIMH MOAKOX-
HBIMH KPOBOMITHSHHUAMH, 0Dllel cnaboCcThio,
BLICTPOH YTOMISEMOCTLIO W BOJISIMH B KOHEY-
HOCTAX.

B taGiuue 3-2 mepeydcneHbl CYTOMHBIE MO-
TpeOHOCTH, KodepMeHTHBIE (OPMBI, OCHOBHEIE
fuonornyeckue GYHKUHH BOJOPACTROPHMBIX BH-
TAMUHOB, 4 TAKXe XapaKTepHble TPH3HAKH aBH-
TAMHUHO30B.

B. XKHUPOPACTBOPUMBLIE BUTAMUHSI

1, Bumamun A (pemunoa) — UAKIHYECKHI, He-
HACBIMICHHBIH, OJHOATOMHBIH CITMPT.

Hcerounmkn. ButaMuH A CONEpXMTCA TONBKO B
JKMBOTHBIX MTPOOYKTAX: [IEUEHM KPYITHOIMO pora-
TOrO CKOTa H CBUHEH, AMYHOM XKeJTTKe, MOJIOM-
HBIX MPOAYKTAX; 0cCOeHHO GOrar 3THM BMTa-
MWHOM peIOM XHp. B pacTHTEIEHBIX NPOMYKTAX
(MODKOBb, TOMATEI, TTepeLl, canat | Ip.) couep-
KATCA KAPOTUHOMAR, ABASKOUIMECA TPOBUTAMH-
HaMH A. B ciausuctoi 000M04Ke KHIHEeYHHKa H
KIETKAX MNeYeHH CONEpRUTCA Cneungueckuil
depMeHT KapOTHHAWOKCHTEHA3a, NpPEeBpalLaio-



Tanuua 3-2. BonopacTEOpUMBIE BHTAMAHB

Hazpanne Cyrounan KodepMmenTnan Buomoruyeckne YYHKIHH XapakTepHble
NoTpetHocTh, topma NPH3HAKH
Mr ABHTAMHHO30B
B, 2-3 TAd HexapOoKCHIHpOBAHKE TMonuueBpyr
(THaMMH) ({-KETOKHCIIOT, TIEPEHOC
AKTHBHOTO ansJernaa
{TpaHCKeTOMma3a)
B, 1,8-2.6 FAD B cocTape gnIXaTenbHBIX [lopaxenue rnas
{pubodnasun) FMN (epMeHTOR, MepeHoC (kepaTuThl, KaTa-
BOOOpOAA paKra)
B: 10-12 KoA-S5H TpaHcmopT alUIBHEIX TPYRN Hucrpoduueckue
{naHTOTEHOBAA HIMEHCHHA B
KHCIOTA) HANTOYEYHHKAX
H HEPBHOMH TKaHH
Bs 2-3 [1® (nupuaokcans,- | OOMeH aMHHOKHCIOT IloprmuieHHad
(MHpHUAOKCHH) docdar) (TpaHCaMHHHpPOBAHHE, NeKap- | BO30YIHMOCTE
OOKCHITHPOBAHHE) HEPBHOH CHCTEMEI,
IEpMaTHTHI
PP 15-25 NAD ARIEOTOPH U [IEPEHOCYHKH CHMMeTPHYHELH
{HHManMR) NADP BOAOpOIA JEpPMaTHT Ha
OTKPBITEIX y4acTKax
Tena, AeMEHLMS
H nuaped
H 0,01-0,02 buorkn Gukcaima CO,, HepMaTHThI,
(6HoTHH) peaKuHH KapOOKCHINPOBEHHA | CONPOBOKIAICILHECS
(HanpuMep, DHpYBaTa H YCHACHHOH
aueTHiI-KoA) IEATeIILHOCTRIO
CAJIBHBIX XEE3
B. 0,05-0,4 Tetparnapo- Tpancropr ooHoyracponnrix | Hapymenns
(¢(ponnepas donuepas KUCI0Ta | rpYTN KPOBETBODEHHA
KHCIIOTA) {(aHeMus, neti-
KOTICHHH )
Biz 0,001-0,002 | Hesoxcuasenosun- | TpaHcmopT MeTHIBHEIX rpynn | Maxponyraphas
(xo0anamun) W MeTyIKo0aTaMuH aHeMus
C 50-75 - I'mapoxcvn¥poBaHve KpoeoTounBOCTE
{ackopOnHOBas HpOJiHA, TH3HHA (CHHTE3 J€ceH, pacllaTEIBAHWE
KHCIIOTA) KOJLTArcHa), AHTHOKCHOAHT 3yDOR, NOJKOXKHEIE
KPOBOH3NHAHNMA,
OTEKH
P He - Bwmecte ¢ BHTamMuHOM C y4a- KposoToanrocts
(pyTHH) YCTaHOBJICHA CTBYST B OKMCIIUTEBHO-BOC- | AECEH M TOYEUHBle
CTAHOBHTE/IBHBIX NIpolleccaX, | KpOBOM3IHRAHWA

TOPMO3HT NEHCTBUE FHANTY-
POHHIA3BI
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Ctpoenme nposuramuHa A (1),
BUTAMMHA A (2) M ero NpousBogHbLIX {3, 4)

R R TR R YT Ry TR R

1)

PeTunon

) e R R
3

Patvhan

UIMA KAPOTHHOMAM B aKTHBHYIO (OPMY BMTA-
MHHA A,

CyToutan motpedHocTh BUTAMHWHA A B3pOCNOro
YeloBeKa COCTaRIsAeT oT | a0 2,5 Mr BUTaMHHa
WM o1 2 1o 5 mr f-kapotvHOB. OOBIMHO aK-
THBHOCTh BUTAMMHA A B HHILCBBIX MPOAVKTaX
BBIPAXKACTCS B MEKJAYHAPOOHBIX €IMHHLAX;
OfHa MeXIyHaponHas eaMHHua (ME) ButaMu-
Ha A 3KBMBaneHTHa 0,6 MKr B-kapoTHHa M
(0,3 MKr BUTaMHHA A.

Buonornmueckne gynkumn suramMHua A. B opra-
HHU3ME PETUHON TIPEBPALLAETCH B PETUHANL U
PETHHOEBYIO KHCIIOTY, YYACTBYIOWHE B pery-
aAuuM paga byaknui (B pocte U gudpdepen-
LMPOBKE KIETOK); OHH TaKXe COCTaRmsAoT do-
TOXHMHYECKYI) OCHOBY aKTa 3PEHMS.

HauGonee getanbHO H3YYEHO YYACTHE BHTAMKHA
A B 3puTensHoM akte (puc, 3-3). CBeTouyBCTBU-
TeALHBIA anmnapar riaza — ceryarka. [Manaio-
1WHH Ha CeTYaTKY CBeT aacopOdUpyeTCA M TPAHC-
(hopMHPYETCH ITHIMEHTAMH CETHATKH B APYTYIO
dopmMy SHEpruMW. ¥ 4eioBeKa ceTyarka comep-
KUT 2 THNA PELENITOPHEIX KACTOK: MANOYKH W
konbouku. IlepBeie pearmpyoT Ha ciaboe (cy-
MEpeuHoe) OCBellgHHe, a KONOOUKH — HAa XO-
polliee OCBelllcHHe (AHEeBHOE 3peHHe). [Tanoy-
KH COACP¥AT 3PUTENIbHBIF NUIMEHT POIOIICHH,
a KonbouKH — ioponcud. OBa nurMmenTta —
CHOXHBIE BeNKH, OTAHMYAIOIIHECA CBOCH Denko-
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p-KapoTun

1
C-0OH
I i

PerwHoesan kuchota

BOH YacTeio. B KauecTBe KodepMeHTa oba Gen-
Ka cogepxar fl-uMc-peTHHANB, ANBICTHIHOS
NMpPOM3BOAHOS BUTAMMHA A,

PetuHoeBas KUCA0TA, MOA00HO CTEpOMAHBIM
TOPMOHAM, B3aHMONEHCTBYET C pELENTOpPaMH
B fOpe KaeToK-MHIueHei. OOpasopaBiidiics
KOMILIEXC CBE3BIBACTCH C OMPEACTEHHDIMY yaa-
crkamMi AHK M cTHMynHpyeT TPaHCKPHITLIHIO
renos {cMm. pazgen 4). benxu, obpasyioniecs
B Pe3yJIBTATE CTHMYJIILIMA I€HOB IO BIHSHH-
€M DETUHOEBOH KHMCJIOTBI, BAHSIOT Ha DOCT,
IudibepeHIHPOBKY, peNponyKLHIo U dSMOpHO-
HalbHOe pa3ButHe (pHc. 3-4).

OCHOBHbIC KIHHHMECKHE NPOSB/ICHAS MIOBHTAMH-
Ho3a A. HanGosiee paHHHH W XApaKTepHEIM IpH-
3HAK HEAOCTATOYHOCTH BHTAMHHA A Y JIIOACH U
3KCTIEPUMEHTATBHEIX XKHBOTHBIX — HAPYLUEHHE
CYMEPEUHOro 3peHHs {IreMepalonus, HITH «Ky-
puHasi» chenora). CreuudIHO A1 ABHTAMH-
HO3a A NOpaXeHHe TIazHOro A6joKa — Kce-
pohTANEMHS, T.€. PA3BHTHE CYXOCTH POTOBOIA
OB0NOMKH I71a3a KaK CISACTBHE 3aKYTIOPKH CIIE3-
HOFO KaHAIA B CBA3U ¢ OPOTOBEHHEM 3IHTE-
JKA. DTO, B CBOIO 0YepeNb, MPUBOIHT K pa3BH~
THIO KOHBLIOHKTHBHMTA, OTEKY, UIBA3BACHHIO H
pPasMATIEHHIO POTOBOI 0DOMOYKH, T.e. K Kepa~
Tomatanny. KcepodranbMud M KEpaTOMATAIIHS
MPH OTCYTCTBUHM COOTBETCTBYIOLLETO JISHEHHS
MOIyT TIPHBECTH K TIONHOH MOTEpe 3peHHA.



POAONCKHH
{oncuH-11-Luuc-peTiHarb}

3Heprun ceeta

OnNcKH
1 2
Uwc-petuHans TpaHC-peTUHaNL-ONCHH
4
H A UMNYALC
Petwhank- 5 3 epBHﬁoara 4
naoMepaza
OncuH

Tpauc-peTuHans

NADH + H'

AnKkoronsgeraporeHala

TpaHcpeTUHON NAD"

Puc. 3-3. Cxema apuTensHoro UMKna. 1 — UMC-peTHHANE B TEMHOTE COSOMHASTCA C Benkom oncHom, 00padyn poponcuH; 2 — nap
DEACTEMEM KBAHTA CBETA NPOUCXCOAMT (OTOU3OMEPM3aLMA 11-LMC-DETHHANA B TPAHC-PETHHANL; 3 — TPaHC-DETHMHANML-ONCHH pacnafdeTch
Ha TPAHC-PETHHEUTL W ONCHH; 4 — NOCKONBKY MUFMEHTLI BCTPOEHL B MeMbpaHLl CBETOUYBOTBUTENLHLIX KNETOK GETHATKW, 3TO NPUBCIMT X
MECTHOW AENONADK3aLIMM MEMEDEHEI W BOIHHKHOBEHHIC HEPBHOMO MMNYNLEA, PACTIPOCTPAHAIOWErOCA NO HEPBHOMY BONOKHY; 5 — 3aKmo-
4MTEMNbLHLIE 3Tan 3TOM0 NPOUECcCa — PEre@HopaUMA HCXOAHOMO NUFMBHTA. 310 NPOMCXONWT NPH YHACTHA PETUHANBHIOMEDA3L! Yepas CTa-
O¥W: TPAHC-PETHHANL — TPAHC-PETHHON ~3 LMG-DOTHHOM — LMC-PETUHANMG; NOCMISAHMA BHOBE COSMMHRETCA C OMCHHOM, OBPasys PONONCUH.

—p PeTudoeRan
KMcnoTa

49 ﬁ L

Brnvanue Ha B akre CTuMynaumMa ¥ pereHepaLun
PENPOOYELIAD 3PEHHA pocTa INVTBAHaNeEHOW TKaHK

Qcbupel petuHona{—» | PetuHon | = Pemuanb

Pnc. 3-4. [leficTeue peTUHORZOD B Opraiuame. BewecTea {HA3BAHNA B PAMKAX} — KOMNOHEHTE NAWA.
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Y meteil 1 MOMOABIX XMBOTHBIX IIPH ABHTAMUHO-
3¢ A HADMIOIAIOT OCTAHOBKY POCTaZ KOCTEH, Ke-
PATO3 SIMTETHATbHBIX KIETOK BCEX OPraHoB H,
KAK CAGOCTBHE 3TOTO, M3OHITOYHOE OPOTOBEHHE
Koxwu, nopaxeHue anurenusa JKXKT, Movenono-
BOM CHCTEMBI H ObIXATeIBHOTO amnmapara. Ipe-
KpallleHHe pPOCcTa KOCTEH Yepena NPUBOAWMT K
noBpexaeHmio TKaHed LITHC, a Taxke K MOBbI-
WEHHUIO JABAEHUS CTHHHOMOITOBOH XUAKOCTH.

2. Bumamuner epynnvs D (karouugheporni)

Kansuucdeponsl — rpynma XHMHYECKH poI-

CTBEHHBIX COSAMHEHHI, OTHOCALIMXCA K TPOH3-
BOJAHEIM cTepuHOB. HanbGonee 6Monoruyecky ak-

TUBHblE BUTaMUHB — D, n D,. Butamux D, (3p-
roKajbliudepon), MPOM3BOIHOE 3PTOCTEPHHA —
PAcTUTENBHOIO CTEPOMAA, BCTPSUAIOLIETOCH B He-
KOTOPBIX TpUDax, APOXKaxX M pacTUTENbHBEIX Mac-
nax, Tlpu oOAYUEHHM TiMIEBBIX MPOAYKTOB YO
U3 3procTepHHa noxydaeTcsa BUTaMuH D,, ncrions-
3yeMblii B ie4eGHBIX nenax. Butamun D, nmeio-
IIHHACA ¥ YJIOBEKA M XYBOTHBIX, — XONEKAIbLH-
depou, 00pas3syVOIIKHCA B KOXE YENOBEKa M3
7-meruapoxonecTepuHa o aeicTeueM YO -nyueit
{puc. 3-3).

Butamunbl D, u D, — Genbie KpUCTauisl, Xup-
HBIE Ha OllYTib, HEPACTBOPUMBIE B BOJE, HO XOPO-

CH,8 CH,
I
18 CH— CH,~ CH;CH, - CH
CH CH
21 26 3 a
CH, CH,
s
18 CH = CH,~ CHyCH,~ CH c
CH, 20 22 23 24 25°¢y
27 C”> 8
Y&O 6~ C?
» if
CH,
19
Buramuu D,
7-Deruppoxonectepun HO Xonekanbumchepon
) cr s o
I
CH-CH=CH-CH ~ CH
A
CH, CH 3
CH,  cH,
CH-CH=CH-CH - C\H
Chs i B
C
YOO - 7
— I 6
CH,
19
Butamun D,
SprocTepuH
HO procrepu HO Sprokansuyndepon

Puc. 3-5. Cxema cuuTe2a eutaMmunoe D u D, MpoantamuHel O, u D, — CTepuHel, ¥ KOTOPLIX B konbLie B aee neoiHbie ceagn. Mpu
BO3OSACTENK CBETA B NPOLSCce POTOXUMUYECKOW PeakumH NPoMCXOONT Pacilennelve konela B, A — 7-peruppoxonecTepiH, Npoeu-
TamuH D, {cuHTEaMpyeTc na xonacvepuHa); B — aproctepui — npoeutamwi D,
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WO PACTBOPHMMBIE B XHMPax M OPraHUvYecKHX pa-
CTBOPUTEINAX.
Herounnkn. Haubonblliee KOAWYECTBO BHTAMM-
Ha D, COOEpXMTCA B MPOLYKTAX XUBOTHOTO
FIPOMCXOKIEHUS: CIMBOMHOM MAacie, XEeNTKe
AMIL, PBIOBEM KMDE.
Cytoynan norpebuocts T getei 12—25 MKr
(300—1000 ME), nia Bapocaoro YeaoBexka Io-
TpeOHOCTL 3HAYMTEILHO MEHBLIE.
Buonoryueckas ponk. B OpraHnsMe 4eloBeKa BH-
TaMuH D, ruapokcunnpyeTcs B MONOXEHHAX
25 u 1 ¥ npeepawiacTcs B OHOMOTHYCCKH AK-
THBHOE coeadHedHe |,25-IUrMapOKCHXONe-
KanblHbepon (KanbudTpHon). KanbuuTpHoa
BLIIOJIHAET TOPMOHAMBHYIO (DYHKUUIG, Y4a-
CTBYA B perviasuMy odmeHa Ca’™ u docdartos,
CTHMYIIMPYS BeackiBaHWe Ca’™ B KHUILEYHHKE U
KTBUH@PUKALMIO KOCTHOM TKaHH, peabcopd-
unio Ca?*u ¢pocdartop B moukax. INpH HH3KOM
KoHUeHTpaumy Cal* WIH BbICOKOH KOHIICHT-
pauuy D, o cruMynupyer MoSunmsaumio Ca™
M3 KocTel (cMm. pasgen (1).
Heaocrarounocts, [1py HenocTaTke BUTAMHHa D
¥ ASTei Pa3BUBAeTCs 3aDONEBaHME «paXAT», Xa-
pPaKTEpHIYEMOEe HAPYVILIEHUEM KATBUMPUKAIIHHA
pactyiux kocrei. [Tpu aTroM HabmiogarnT ae-
chopMaLIMIO CKENETa ¢ XapakKTepHBIMU M3MEHE-
HUsIMHU KocTelt (X- v o-obpa3Han dopma Hor,
«48TKH» Ha pebpax, nedopMallds KOCTeH ue-
pema, 3alepkkKa Mpope3biBaHHa 3y0oB).
Haberrok. TlocTyruieHHe B OpravnsM H30BITOY -
HOTO KOJMMYECTBA BUTaMMHa D, MOXET Bbi3-
BaTb TMMEPBHTAMHHO3 D. DTO COCTOAHME Xa-
PAKTEPUIVETCA H3OBITOUHBIM OTIOXEeHHEM
conmeil KanbliMA B TKaHAX NErKux, Mouek, cep-
04, CTEHKAX COCYJ0B, a TAKXe OCTCOTIOpO30oM
C YaCTBIMH TIEPETOMAMH KOCTE,
3. Bumamunwe spynnvt E (morxogeponsi)
ButamuH E 6Bl BeIICIEH H3 Macja 3apojbi-
Wwen IMUEHUYHBIX 38épeH B 1936 I. W moay4Yun
HazRaHnHe Tokodepod. B HacToswes BpeMst M3-
BECTHO CEMEHCTBO TOKO(EPOIOB H TOKOTPHEHO-
JIOB, HaliAeHHBIX B TPUPOAHBIX HCTOYHUMKAX. Bee
OHH — METHJIBHBIC NTPOU3BOAHBIE HCXOAHOTO CO-
eNMHEHHA TOKGA, MO CTPOSHHIO OMEHb OJIM3KH
1 0603HavawTCd OYKBAMH rpedeckore aadasy-
Ta. Hauboneiyic GHOTOTHYECKYIO aKTHBHOCTh
OposBidAeT a-Tokodhepo.

Tokodepons npeactaBnawT coGOH Mac/sSHM-
CTYKD XKWAKOCTh, XOPOLIQ PACTROPUMYK) B Opra-
HHUYECKUX DPACTBOPHTENAX.

CHs
HSC /CH3 (I:HB
MCHz-CH;- CH - CHz)H
HO CH2
CHs CH,

a-Tokogepon (5,7,8-TpUMeTUNTOXON)

Hcerounnky suTaMuna E 158 ueioBeka — pacTH-
TEJIbHBIC Machia, CalaT, KamycTa, CeMeHa 3na-
KOB, CIMBOYHOE MAca0, SIMYHBIH XeTOK.

CyTouHasa noTpedHOCTL B3POCIONo YeToBeKa B BU-
TAMMHE TIPUMEPHO 5 MT.

Buojioneckas poiib. [To MEXaHHM3MY JeHCTBHS TO-
Koheponl aungercd OUONOTHYECKMM AHTHOKCU-
AdaxtoM. OH UHTHOUPYET CROGOIHOPATHMKATBHDIE
pEeAKUMHM B KIETKAX U TAKMM OOpazoM Mpernsr-
CTBYeT Pa3BHTUIO IICTIHBIX peakiivii NepeKHUcHO-
IO OKMCJICHHS HEHACBILIGHHBIX XHUPHBEX KHCIOT
B JIMTIMEAX OMONOrHYECKUX MeMOpaH M ApYIHX
Mosiekyn, Hanpumep AHK (cM. pazaen 8). To-
Kodhepos1 NMOBLILIAET GHONOMMYECKYIO AaKTHBHOCTh
BHUTAMHHA A, 3alLMLAA OT OKHCIEHHS HEeHAChI-
LIEHHYI) GOKOBYIO LIeTTb.

KiuniuecKHe NpoARIeHus HEIO0CTATOMHOCTH BHTA-
muna E v yenoneka 10 KOHUA He U3ydueHbl, M3-
BECTHO MMONOXWTEILHOE BIHSIHWE BMTaMMHA E
Mpy JeYeHHH HAPYLIEHHMA TIpOHecca OINoAoT-
BOPCHMSI, IPH TIOBTOPMIOILMXCA HETIPOM3BOIIb-
HeiX abopTax, HEKOTODHX (opM MbIlIeYHOH
cnabocTH ¥ auctpodmu. TloxkazaHo mpuMeHe-
HU¢ BHTAMMHA E U1 HEOOHOLLUEHHBIX JeTeil M
IOeTed, HAXORSILMXNCS HA HCKYCCTBEHHOM BCKap-
MAWBAHWH, TaK KAK B KOPOBBeM MOjoke B 10
pa3 MeHblle BUTaMMHa E, yem B Kenckom. de-
GUUUT BuTaMuHa E NpoARNACTCA pasBHTHEM
reMONTUTHYECKON aHEMUH, BO3MOXHO H3-3a pai-
pyweH#sS MeMOpaH 3PUTPOLIMTOR B pe3yibTare
TTOJI,

4. Bumamunn:t K (nagpmoxuronst)

BuramMu K cylilecTRYET B HECKOMBKMX opmax
B pacTeHHsX Kak quanoxunon (K)), B Kietkax
KHIEYHOH (iiope! Kak MeHaxuHOH (K,).

Hcrouankn surtavmsa K — pacturenbubie (Ka-
MycTa, WAKMHAT, KOPHEIUIONB H (pYKTh) H
JXHBOTHBIE (IEYeHb) MpodykKThl. Kpome Toro,
OH CHHTE3MpyeTcsd MHKPOQIOpoil KHieyHU-
Ka. OObIYHO aBMTaAMITHO3 K pasBuBacTea Beyen-
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O
CH;
O B
CHz-CH=C~[CH,~CH,-CH,-CH];- CH;,
O ButamuH K; (OMNNOXMHOR)
0
S,
CH;
(CHz~CH=C-CHa)s-H
0] ButamuH K; (MEHaXUHOH)

CTBHE HapVILIeHHA BCAaCHIBAHWS BHTaMHMHa K B
KMITEYHUKE, 4 HE B PE3Y/IBTATE €I0 OTCYTCTBHA
B [MILE,

Cyrounas noTpefHOCTL B BUTAMHHE B3POCAOTO
YeIOBEKa COCTaBmsIeT 1—2 Mr.

Buononraeckan dynrnus suravmma K cpszana ¢
€ro y4actueM B MPOIECCE CBEPTHIBAHWA KPOBH

(puc. 3-6). OH y4acTBYeT B aKTHBALHH (HaKTo-
POB CBEPTLIBAHHA KPOBH: MpOTpOMOHHA {(ak-
Top I1), npokoHsepTuHa (dakrop VII), daxro-
pa Kpuctmaca {(daktop 1X) u ¢paxropa Crioapra
(daxTop X). DTH GeakoBbl¢ PAKTOPLI CHHTE3H-
PYIOTCS KAK HEAKTMBHBIC TIPEALIECTBEHHHKH.
OnuH U3 3TaNOB AKTUBALHM — WX KapBOKCH-
JHPOBAHHE 110 OCTATKAM TAYTAMHHOBOH XiHC-
JIOTHL ¢ 06pA30BaHHEM Y-KapOOKCHITyTAMHUHO-
BOW KHCNOTHI, HEOOXOMUMOKR fi1s CBA3LIBAHUA
HOHOEB KanbLiksl (cMm. pazgen 13). Buramuu K
VYACTBYET B pEakI[Udax KapbOKCHAWPOBAHHSA B
KAuecTBe KohepMeHTa.

s neueHus v NPEAyNIPeXICHHA THIOBHTAMH-
HO3a K HCTIONb3YIOT CHHTETHYECKHE TPOM3BO-
Hbte HADTOXMHOHA: MCHABVOH, BUKACOI, CHE-
KABHT.

QOcrxoBnoe npogeiekne asprammnosa K — crinb-
HOE KPOBOTEUEHHE, YacTO [PHBOLALIEE K LIOKY
H THHETU OpraHu3Ma.

B TaGauue 3-3 mepeuMcAcHbl CYTOUHBIC NoTpeh-
HOCTH H OHONorHYecKHe (YHKIHH XHPOPACTBO-
PHMBbIX BATAMHHOR, A TAKXKE XapaKTepHBIE TIPH3HA-
KH 3BMTAMHHO308.

Pochonmnuaks MemBpaHu TpoMGoUUTOB

s
Y 4

F4 A
00 COO™ ~00C.,CO0 DOC,CO0™ "00C\,CO0 DOC.,,COO™
HNS coi\ HN® HN™

Butamun K :>

CoO” -CO0~ -CO0Q~
H, VI, IX, X 11, VI, IX, X Kpost 11, VI, X, X

y-KapBokeunrayTtamat 3pensie TpoMBOUUTLI
MpopepMenTsl
NeveHb

Puc. 3-6. Ponk BuTaMnHa K B CEBPTHIEAHWM KPOBH.
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Tabnwua 3-3. JKMpOpacTEOPUMBbIE BHTAMMWHEI

Hazpanue CyToynan BaojorudeckHe pyHknuH XapagTepHble NPH3IHAKH
HoTpeGHOCTD, ABHTAMHHO30B
Mr
A 1-2.5 YuacTBYET B aKTE 3peHMA, ['emepanonus (KypyHas
{peTHuon) PETYITHPYET POCT cnenoTa), KeepodTanbMHA,
H TH(depeHIUPOBKY KIETOK KCPaTOMANALMA, KEpPaTo3
BUHMTETHANBHBIX KIETOK
D 0,012-0,025 Perynauns obmena dochopa Paxnr
(kanbLndepon) H KaNsIMA B OPradu3Me
E 5 AWTHOKCH/IAHT; PEryHpyeT HexocTaTouHO H3yUeHRL;
(Tokodepon) HHTCHCHBHOCTE H3BLCTHO DONMKHTETRHOES
CrOBONAHOPATHKANBHBIX BNUAHVE Ha pA3SBHTHE
peakiMii B KIeTKe OepeMEHHOCTH H TIPH TeYeHMH
Gecrnmoaus
K 1-2 Y4acTeyeT B akTHBaUHH dakTopoe | Hapymenue cBéprhipaiomiei

(HadTOX HHOH)

cpéproieanua kposw: 11, VII, X, XI

CHCTEMBI KPOBH




pA24LA
i

BUOCUHTE3 HYKNEUHOBbIX
KUCNOT U BESIKOB
(MATPUYHBIE BUOCUHTE3bI).
OCHOBblI MONEKYNAPHOW
FEEHETUKWU

HyknenHoBbIE KHUCIOTH — BBICOKOMONEKYNSIPHBIE COSAUHEHHS CO
CTPOTO OMNpPEOCNEHHON JIMHEHHONH [OCASIOBATEIbHOCTLIO MOHOMEPOB.
Crmpykrypa JHK n PHK — ¢noco6 «3anucH mHdopmauum», obecrne-
YMBalOWMKi GHopMUPOBAHUE B OPTAHHU3ME ABYX MHPOPMAUHOHHBIX ITO-
ToKOR. QnuH H3 TTOTOKOB OCYWECTRIAET BOCIPOM3BEACHHE uH(poOpMa-
UHU, 3aKM4EHHON B Monekynax JJHK., ¥Yasoenue monekyn JHK
HA3LIBAIOT «PeMIMKAUAA>. B pesyNbTare 3TOCO NpOLECCa M NOCASIYVIO-
WEro JeNeHNs TOYEPHHE KAETKH HACTeay1oT TEHOM POAUTENBCKON KeT-
KM, B KOTOPOM COJEPXUTCH MONHBIHA HAabOp reHOB, WiH «MHCTPYKLMIE»
o ctpoeHnd PHK u Bcex GenkoB opranHama.

Bropoii notoKk MHGOPMALIMA PEATH3YETCA B NPOLECCE XKHUIHSOCATEb-
HOCTH KMeTKH. B 3TOM Ciyyge NPOMCXOIHT <«CUMTBIBAHKME», WM TPAHC-
KPpMnuis, TeHOB B (popme NMOITMHYKIICOTUAHBIX NoCneaoBatensHoctell MPHK
M UCMOAB3OBAHUE UX B KAYeCTBE MATPHL, 1 CHHTE3A COOTBETCTRYIOIIMX
GenkoB. B rochaenHem cyyae OCYLLECTEANETCS «NePeBOd» (TPancanumn)
uHdopManmm, 3axkmouéHHoil B MPHK, Ha «93biK» aMUHOKHCAQT. DTOT
notok uHtopmaund ot JHK uepes PHK Ha Oenok momyymn HasBaHHe
«[IEHTPANLHAA JoTMa OHoslorHH». OH XapakTepeH Iasi BCeX HMEBBIX Opra-
HH3MOB, 33 MCKIMOUeHHeM HekoTopbiX PHK-comepxaliyx BUpycoB.

MaTpHYHas IpHpPOIA CHHTE3A HYKIEWHOBBIX KHCIOT M GelKoB 0bec-
ME€YUBAET BBICOKYID TOMHOCTE BOCIPOM3BeACHHMS MHGBopMaunn. Tak, B
XOHE PenAvKalUMM JodepHHe mMonekyabl AHK cunTe3upylorca Ha HH-
Tax matepuHckoit JHK. ITpu obpazosanun Bcex BunoB PHK, Heobxo-
JHUMbBIX IS CHHTe3a OelKoB, HHopMaLMs 00 HX CTPYKTYPE «CYHThIBA-
eTCsA» C OMNpeNeNEHHBIX [eHoB B Monekyaax JHK. B cuHTe3c HOBEIX
MOIEKYST GenKOB MaTpuueid, cogepxaweidl MHbopMalnw o6 UX cTpoe-
HRM, fARTToTCA MPHK,

Ucnparneuue oumbok, Bo3HUKawWUx B ctpyktype JHK mon Bos-
IeWcTEMEM (PakTOpOB BHEIIHEH W BHYTPEHHEH cpenpl, OCYLIECTBAsET
emé oIMH MATPHUHLIH CHHTe: — penapanus. OH SRIACTCA BAPHAHTOM
OrpaHHYEHHOH pPEeMIMKAUMKM W BOCCTAHABAMBACT MEPBOHAYANLHYIO
cTpykTypy JHK, ucnonsiys B KayecTse mMaTpUub! y9acToK HEIOBpeX-
néunoit vutH JHK. TIpu pasmMHoxeHunn PHK-conepxalux BUpYCOB B
KIETKAX 3YKAPHOTHYECKMX OPTaHHUIMOB HOBbie moslekynbl JHK MoryT
CHHTE3NPOBATECH ¢ MOMOIULIY Mpolecca, B xoge koroporo PHK cny-
XUT MATpHLUeH I8 cuHTe3a KoMiieMenTapHoi AHK, koTtopas Moxer
BKITIOMATBECS B T€HOM BBICLLMX OPraHH3MOB (0DpaTHAA TPAHCKPWMLHS).



. CTPYKTYPHAA OPFTAHU3ALUA
HYKNEWHOBbLIX KNCNOT

B KaxooMm XHBOM OpraHuiMe TPHCYTCTBYIOT 2
THMA HYKJSHHOBBIX KHCNOT: pUOCHYKJIEWHOBAs
kucnota (PHK) 1 1e30KcHpUOOHYKIICHHOBAsA KUC-
Jgota (IHK). MonekyaspHas mMacca caMol «Ma-
JEHBKOH» M3 M3BECTHBIX HYKIICHMHOBBIX KHCIOT —
tpaHcnopTtHoi PHK (TPHK) cocTtammier npimep-
HOo 25 /. JHK — Haubojee KpyNHLIE [T0AMMED-
HbI¢ MONEKYNBI; MX MOJCKYIApHAs Macca BapbH-
pver ot 1 000 oo 1 000 000 k1. AHK 1 PHK coctost
U3 MOHOMEPHBIX SIHHUL — HYKIEOTHAOB, MO3TO-
MY HYKJIEHHOBBIE KHCIOTH HA3LIBAIOT [OAMHYKIIC-
OTHAAMM,

A. CTPOEHUE HYKNEOTHAOB

Kaxapiii HYKITEOTHA COOePXHUT 3 XHMUHECKH pa3-
JUYHBIX KOMIIOHEHTA, reTePOLUKIMUECKOE a30TH-
CTOE OCHOBaHHWE, MOHOcaxapua (eHTo3y) M ocTa-
TOK (pocopHOoi KMCIOTEL B 3aBHCUMOCTH OT YHCAA
WMEIOLIKXCA B MONeKyNe acTaTkos (doctopHoi
KHCJJOTHl pa3slinyaioT HyKJIeo3uIMoHogochaTs
(HM®D), nyxneosumaudocharyr (HAMD), Hykieo-
suaTpudocharel (HTD) (puc. 4-1).

B cocTaB HYKJIEHHOBBIX KHCIIOT BXOASIT A30THC-
THIC OCHOBAHMWS [BYX THIOB: ITYPUHOBLIC — afe-
HHH (A), ryanvH (G) U TUPHMHAHHOBBIE — HHMTO-
aun (C), Tumun (T) u ypaown (U). HyMmepauus
aTOMOB B OCHOBAHMSIX 3alMMCBHIBACTCA BHYTPH LIMK-
aa (prc. 4-2). HomeHKkIarypa HykieoTHAOB TIPH-
BeaeHa B Tabn. 4-1,

[MenTO3b] B HYKJICOTHAAX TIPENCTABACHBL JIHGO
pubozoii (B coctase PHK), n1Go aesoxkcupuboson
(B cocrape JJHK). YUtoOm OTIMYMTE HOMEpa aTo-
MOB B MEHTO3aX OT HYMEpallMM aTOMOB B OCHOBA-
HHAX, 33[MChb MPOM3BOASAT C BHEWIHEH CTOPOHD
UMKna M K uudpe aobapaawr wrphx () — U7, 27,
3, 4 m Y (puc. 4-3).

TMeHTO3Y COeIMHAET ¢ OCHOBaHHeM N-IIHKO3WL-
HaA cBA3L, 00pazopaHHas C -aTOMOM TEHTO3bI {PH-
£03b1 WK Ae30KCHPUGO3b) U N -aTOMOM THPH-
MHIUHA WK Ng-aToMoM mypuna (puc. 4-4).

HykieoTiansl, B KOTOPBIX ITEHTO3a MPEACTARICHA
pubo30il, HasbIBAKT PUOOHYKICOTUAAMHU, 4 HYKIE-
MHOBBIE KUCIIOTHI, MOCTPOCHHEE U3 PUDOHYKIIEO-
THAOB, — PUGOHYKIEHHOBRHIMH KHCNOTAMM, MK
PHK. HyknelHOBLIE KHCIOTEI, B MOHOMEDET KOTO-
PBIX BXOOAMUT AE30KCHPUG03a, HA3LIBAIOT 1e30KCHPU-
DOHYKIEHHOBEIME KHcToTamMK, unn JHK. Hyxrie-
HHOBHIE KUCIOTHE MO CBOSMY CTPOSHHIO OTHOCST K

NH,
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T

© ¢ 9
'O—E-O -II’—O -II’—O— CH,
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J
ALEHO3MH
. J
A geHoanHmoHogoctar (AMD)
. S
ApeHoanHaudocdat (AQD)
\ J

AneHoauHTpudocgaTt (ATD)

Puc. 4-1. Hykneoauamono-, au- 1 Tpudocthatel ageHosuHa. Hykneotael — docthopHbie stpel Hyxneozwaoe. Octarok docdiop-
HOA KMCNOTE NPUCOENNHEH x 5'-yrnepogHomy aTomy nextoas {5'-hoctosdupHan ceA3b).
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Puc. 4-2. I'Iypm-loaue W NMHPHMHAOHWHOBLIE OCHOBAHWUA.

Tabinnua 4-1. HoMeHKNaTYpa HYKNEOTHAOE

A,D,EHHH//N\C/ N
HC I

c
s Sy~

Oano-

A30THCTOE Hyxkneoua Hyxaeorua TpéxdykBennoe OyEBEH-

OCHOBAHME 0bo3HaAuEHHE HEIi KO
Anenun Anenosug AnenozuHmodopocdar AM® A
I'vauun ['vaHo3un ['vaHo3uaMoHodochar 'Md G
Huro3zun Huruauu HutuaruMorodocdat UM C
Y pauun Ypuauu Ypuanumonodoehar YM@ U
TsmMun Tumuann Tusmmaunmonogocar ™® T

MenTO3a i

#-D-Pwboaa

flBsa Buaa OH OH

HOCH, .o OH

3-D-2-fleaokcwpwboaa

Pue. 4-3. Menvoan.. NpucyteTeyioT 2 enpga — [-D-pwbo3a B cocTaee HykneoTnoos PHK u (i-D-2-geaokcvpubosa B COCTABE HYKNEOTH-

noe OHK.

KAACCY NUHEHHBIX MOAUMEpoB. OCTOB HYKIEWHO-
BOH KHCIOTHI MMEET OAMHAKCOROE CTPOEHKE N0 BCEi
ONHHE MOJEKYTbl M COCTOMT M3 YepPenyoLMXcd
Ipyfan — neHTo3a-gpocdar-neHTosa- {pvc. 4-3). Ba-
pHabenbHBIMH CPYNNAMM B DORUMHYKIEOTUAHBIX
HETAX CIYXKaT a30TUCTLIE OCHOBAHMH — NYPHHBI H
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MUpUMMHIUKEBL. B Monekynst PHK BxomsT aneHns
(A), ypauun (U), ryaHur (G) v outoauH (C), B
JHK — amedun (A}, TuMuH (T}, ryvanun (G) u
uMTo3MH (C). YHUKATLHOCTE CTPYKTYPHL H (PYHK-
UMOHANKHAA HHAMBMAYANEHOCTE Mosekyit JHK M
PHK onpeensikoresl UX NEPBUYHON CTPYKTVPOH —
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Puc. 4-4. MTypUHOBLIA U MMPWMHAWHOBLIA HYKREOTHALI.
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&
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Pynne
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OcHosaHue

3, 5'-hocdoamadmpHan
CBRIb -

OcHOoBaHME

3-koneu

Prc. 4-5. dparMenT Uenn OHK.

MOCACIOBATENBHOCTBIO A30THCTBIX OCHOBAHWH B
TIOTHHYKJICOTHIHOH LIEMTH.

B. CTPYKTYPA AE30KCMPHBOHYKIEMHOBOI
Kuciaorel (JAHK)

IMepeunnasn crpyxrypa THK — mopsinox vepe-
JOBaHHA [e30XCUpUOOHYKNeoauaMoHopochaToB
(AHM®) B MOAMHYKICOTUAHOM LISTH,

Kaxiaas docdatHasa rpynna B NOIHHYKICOTH-
HOH UenHM, 33 HCKTIoYeHHeM GocthopHOTo OCTATKa
Ha 5'-KOHLE MOJIEKYAbl, YYACTBYET B 06pA30BAHHH
IBYX 3QUpHBIX CBszel ¢ yyacTHeM 3- u -yrhe-
POAHBIX ATOMOB ABYX COCEOTHHX AC30KCHPHDO3,
NO3TOMY CBfizb MEXAy MOHOMepaMH 0003HAYaloT
¥, 5-dochoaapupHoii.

Konuensle nykincoruasl JHK pasanuawTt no
CTPYKTVpE: Ha 5'-KoHlie HaxoauTcs GocdarHas rpyn-
na, a Ha 3’-KoHue uenH — cpoOonHag OH-rpynna.
TH KOHLBI HA3bIBAIOT 5'- U 3'-koHuamu. JIvHeiiHan
NOCNEA0BATENEHOCTE Ae30KCHPHOOHYKIICOTHAOB B
nmomumepHod uenu JIHK ofemno cokpaniéHHo 3a-
MHCHIBAIOT ¢ MOMOIIBLIO OAHOOYKBEHHOTO Kofda, Ha-
mpumep -A-G-C-T-T-A-C-A- or - K 3-KoHly.

B KaXmoM MoHOMEpe HYKICHHOBOH KHCIOTHI
NpUCYTCTBYET ocTatok drocopHoit kucnoTel. Hpu
pH 7 ¢ocarran rpynna NOJIHOCTEK HOHM3UPOBa-
H&, MOSTOMY i Vivo HYKIEHHOBbIC KMCAOTH CYILE-
CTBYIOT B BUIIE TIONHAHHOHOB (MMEIGT MHOXECTREH-
HbII OTpHUATENLHBIN 3apsan). OcTaTKH MEHTO2 TOXE
NPOABAAOT ruapodWILHBIE CBOHCTBA. A30THCTHIE
OCHOBAHHS [TOYTH HEPACTBOPHMEI B BOJIE, HO HEXKO-
TOPbIE ATOMbI [TYPMHOBOIO M THPHUMHIHMHOBOIO LIMK-
JIOB ¢IocOOHBI OOPA3OBLIBATL BOAOPOOHBIE CBAIN.

Bropwunas cpyerypa JHK. B 1953 r. Ax. Yor-
coHoM u @. KpukoM 6bL1a nmpeanoxeHa MOAEh TIPo-
crpancTBeHHoi crpykTypel JJHK. CornacHo 3toi
Moaend, monexkyna AHK wmeer dopMy cnHpans,
06pa30BaHHYI0 ARYMS] MOMUHYKICOTHAHBIMU LiCNA-
MH, 3aKPYMEHHBIMM OTHOCHTEIBHO IPYT APYra H
BOKpYT olitiell ocH. /IsoiiHan crivpais HpABOIAKPY-
YeHHasA, NOJWHYKICOTHAHBIE LENH B HEil aHTHNA-
panensim (puc. 4-6), T.e. €cjiM OIHA M3 HHX OpH-
¢HTHPOBAHA B HanpasilcHWH 3'—5, To BTOpag — B
HANMpaeNeHWH 5'—3. T1o9ToMY HA KAXKIOM M3 KOH-
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Pwc. 4-6. flecinaa cnupans AHK. Monekynst JHK cocToaTt yva
ABYX aHTUNapannenLHeIX ueneﬁ C Komnnememapnoﬁ nocneqo-
BATENLHOCTLIG HYKN@CTHLOB. Lienu aakpyueHs! OTHOGHTENEHD APYT
LPYra B NPABO3AKPYMEHHYIO CNUpank Tak, YTO HA OOWH BATOK NpH-
XORUTCA ApWMepHo 10 nap HYKNeoTUOoR.

uos Monekyist JHK pacniofoxednt 5'-KoHel of-
HOI Henu W 3-KoHel ApYyroH Uemu.

Bce ocHoBaHua weneit JHK pacnonoxeHb
BHYTPY ABOHHOW cowpami, a neHTosothocdaTHbI
OCTOE — CHapyxH. TTOAMHYKNEOTHAHBIE LENH
YOEPXKWBAKTCA OTHOCUTENBHO APYT Apyra 3a Cuér
BOAOPOIHBIX CBA3CH MEXAY KOMILTEMEHTAPHBIMH
MYPHHOBBIMK ¥ MUPHUMUAHHOBEIMH a30TUCTBIMM OC-
HoBaHusIMH A H T (ape cBsian) v mexay G u C (1pu
cBasu) (puc. 4-7). IlpH TakoM COYETAHMM Kaxiad
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Pue. 4-7. NypuH-NAPUMIANHOBEIE Napbl OcHOBAHWA B OHK.

rnapa COACPXMT TIO TPYU KOABLA, TO3TOMY OOLMIH
pasMep 3THX [ap OCHOBaHWMI OJHMHAKOB MO BCEH
ANHHE MOASKYAB. BOMOpoaHble ¢BA3N IPWU APYIHX
COUETAHUSIX OCHOBAHHWI B Nape BO3MOXHBI, HO OHU
3HAUMTENEHO cnabee. [TocneaoBaTeIbHOCTE HYKILe-
OTUAOB OOHOH UEMH TMOMHOCTLIO KOMIUIEMEHTApHA
MOCNCAOBATENEHOCTH HYKJICOTHAOB BTOPOH LIEMH.
[MoatomMy, cornacHo npasuny Yapradbdga (Ipsun
Yapracgd B 1951 r. ycTaHOBWR 3aKOHOMEDHOCTH B
COOTHOWMIEHUN TIYDHHOBBIX W MMPHMHIMHOBBIX OC~
HOBAHUE B Monexkyae JIHK), yHc/IO nypHHOBBIX
OCHOBaHHii (A + G) paBHO YMCNY TMPUMHINMHOBLIX
ocHoBawnnit (T + C).

KoMIieMeHTaphie OCHOBAHHA YJIOXEHK! B CTOII-
KY B CepILCBUHE cnMpaTH. Mexay OCHOBAHUSIMH
IBYXUEMoueyHOoi MONEKYJIEl B CTONKE BOSHHKAIOT
rapodolhbie BIAHMOACHCTBHA, CTA0MTHIMPYIOILKE
ABOHHYIO CIIMpanb.

Takasi CTPYKTypa MCKHOYAET KOHTAKT A30THC-
TbIX OCTATKOB C BOSOI, HO CTOMKa OCHOBAHMI He
MOXeT ObiTh 20COMOTHO BepTHKANbHOM. [Mapbl oc-



HOBAIIHA CIEFKa CMELIEHB OTHOCHTEABHO JAPYT
apyra. B obpajoBaHHON CTPYKTYPE paznH4aloT 1Be
00po3IKW — OOJBLIVID, WHPHHOH 2,2 HM, M Ma-
AVio, wupiHOE 1,2 11M. A30THCTbIE OCHOBAHMS B
0BaacTH GONBLILIOA W MaloH BOPO3IOK B3aUMOACH-
CTBYIOT €O CueUH(DHUCCKHMHA OGENKaMH, YY4aCTBYIG-
UWMMH B OPraHM3aUuMH CTPYKTYDBI XpOMaTHHA.

Tpermunag crpykrypa JHK (cynepcnnpanmzaous
AHK)

Kaxmas monekyna JAHK ynakosaHa B OTaeNBHYIO
XpoMocomy. B adivionanbix KneTKax 4emoBeka co-
aepxutca 46 xpomocom. Obiwas anvna JHK Beex
XPOMOCOM KAETKM cocTaraseT 1,74 M, HO oHa yna-
KOBAHA B fApe, IHAMETP KOTOPOrO B MWUUTHOHB pa3
menblie. Hrobel pacnoaoxuts JIHK B supe kieTku,
OomkHa ObITh ChOopMUPOBAHA OYEHDL KOMITAKTHAA
CTpyKTYpa. KomrakTHiauus W cynepcnupanizauus
JHK ocvilecTBASIIOTCS C MOMOUIBIO Pa3HooGPa3HbIX
0eNKOB, B3aMMOAECHCTBYIOUIMX € ONpPEdeTeéHHLIMH
nochgroBareTbHocTAMH B CTpykType JHK. Bee caa-
sbisatowmecs ¢ AHK sykapuotos 6e1KH MOXHO pas-
JeUTL HAa 2 rpynibl: THCTOHOBbIE H HETHCTOHOBblE
denki. KoMrneke Gefikos ¢ siaeproit AHK knetok
HA3LIBAKOT XPOMATHHOM.

I'ueToHBl — 6ENKH C MOJSKYJTAPHOH Maccoi
1121 kM, coaepxallie MHOTO OCTATKOB aprHHHMHA
W IU3MHA. Baarogaps nonoXuTelbHOMY 3apaay MHc-
TOHB! OBPA3YIOT MOHHBIE CBA3M C OTPHLATEILHO 3a-
PAXKEHHBIMH pochaTHBIMH [PYIITIAMM, PACTIONOKEH-
HBIMH 112 BHELWIHEN CTOpPOHE AROHHOM crivpann AHK.

CyHIeCTBYET 5 THNOB FHCTOHOB, HeThIpe rUCTO-
Ha H2A, H2B, H3 n H4 oGpa3yior OKTaMepHBIH
fenkorblit koMmmaeke (H2A, H2B, H3, H4),, koTo-
PhI HA3BIBAIOT «HYKJEOCOMHBIA KOP» (0T aHr.
nucleosome core). Monekyia JHK «Hakpyvuupaer-
C» HA MOBEPXHOCTh TUCTOHOBOTO OKTamepa, Co-
Bepiras 1,75 oGopota {(okoto 146 map HykneoTH-
10B). Tako# KoMITeke THCTOHOBBIX Denkos ¢ AHK
CNVXUT OCHOBHOW CTPYKTYPHOHA eTUHMLENR XpoMa-
THHA, €€ HazbIBAOT «HykileocoMar. JTHK, cBAasni-
BAICLLYO HYK/ICOCOMHBIE YACTHLIBE, HAZLIBAIOT IMH-
kepHoih AHK. B cpeanem nuHkepHas AHK
cocTapasieT 60 [1ap HyKA€OTHIHbIX ocTaTKoB. Mo-
sJekynbsl ructoHa Hi cpaswiBaoTes ¢ AHK B mex-
HYKJICOCOMHbIX YMACTKaX {THHKEPHbIX 1I0CIEA0BA-
TENBHOCTHX} M 3aILMINAKT 3TH YYACTKH OT ACHCTBHA
Hyk1eas {puc. 4-8).

B siape KaXIoH KJACTKM TNDUCVTCTBYET OKOIO
60 MAIH MONEKY,T Kaxaoro TMna rUCTOHOB, a 00-
LAY MAcca MMCTOHOB MPUMEDHO PaBHA COREpPXKi-

AluHKkepH®
yaactok gHK

N

MucTon H1

Puc. 4-8. CTpyxtypa nyxneocom. Boceme monexyn rucTOHOB
(H2A, H2B, H3, H4), cocTaBnAloT AOPO HYKNEGCOME!, BOKPYF KO-
Toporo (QHK cfpasyeT npumepHo 1,75 BruTKa.

HHI0O JHK. AMUHOKHMCNOTHBIE OCTATKH JH3MHA,
APTHHWHA W KOHUEBbIE AMUHOIPVIIE FMCTOHOB
MOFYT MOAUGDUUMPOBATHCHA, ALUETHINPORATLCH,
(ochopuaHpoBaTLCA, METHIMPOBATECST MM 83u-
HMOAEACTBOBATE ¢ HE/KOM YOUKBHUTHHOM (HEIM-
CTOHORbIH Defiok). Moandmkauun OpisaloT obpa-
THUMbIMH U HEOOPATUMBIMH, OHH H3MEHSIOT 3apsi
M KOH(OPMAUKID THCTOHOB, 2 9TO BAHACT Ha B3a-
UMOASHCTBHE MMCTOHOB Mexay cobod u ¢ AHK.

AKTHBHOCTb (DePMEHTOR, OTHETCTHEHHBIX 33 MO-
AMMUKALHH, PeTyIUpYeTcsa M 3aBMCHT OT CTadHH
KJ1eTOuHOro uMkma. Moaudukauuu aenawt Bo3-
MOXHBIMH KOHGMOPMAIMOHHBIE NEPECTPOAKH Xpo-
MaTHHa.

HerncToHoable Gelikn XpomMaTHHa

B siape 3YKapHOTHYECKOH KIIETKH MPUCYTCTBYIOT
COTHHW caMblx pasHoobpasHbix AHK-cssapiBarowmx
HerMeToHOBBIX Oenkonr. Kaxiklii 6eoK KoMILTeMeH -
TapeH onpeJen€HHON NOCNeNOBATENEHOCTH HYKIE0-
taaces JHK (ecaiir IHK). K »10it rpynne otnocaT
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ceMeMCcTRO cadT-cneuMduueckux DEeTKoOR THMa
UIMHKOBLIE VLUK (CM, pazien 1), Kaxunlid «HH-
KOBBIH Maiells v3NAET OonNpeReeHHbIA CailT, COCTO-
AMUU 13 5 HYKICOTWIHBIX nap. dpyroe ceMeicriBo
calT-cneuncuyeckux BG8IKOB — TOMOAWMMCDHI.
®parmeHT Takoro OeKa, KohrakTupytowui ¢ IHK,
HUMEET CTPYKTYDY «CNUDEL-TIOBOPOT-CMHPdNL» (CM.
pazzen 1). K rpynne CTpyKTYPHBIX W PRIVNSTODHBIX
OCNKOB, KOTOPEIE MOCTOAHHO ACCOUMMPOBAHLL €
XPOMATHHOM, OTHOCHT OelTKH BhICOKOI NMOABHAHO-
cTH (HMG-6eaxn — oT aHnrn. Aigh mobiliny gel
profeinsy. OHH UMEIOT MOMEKYISAPHYIO Maccy Meliee
30 kd W XapakTepuU3VIOTCS BLICOKUM COLEDKAHHEM
3apsIKCHHBIX aMUHOKMCAOT. Baaroaaps vedoaninon
mMonekyaspHoit macce HMG-6enky obnaaaTr sbl-
COKCH NOABMAHOCTLIO MPM eKTpodopese B no-
AHakpunamunpoM ree. K HerHcTOHOBRIM BefTkam
MpUHALMCKAT TakkKe (CPMCHTBL PEILTHKALMH,
TpANUCKPUNLUKWY U penapaunu. TTpu y9acTHu CcTpvk-
TYPHRIX, PEMYIATOPHBIX OSIKOB U (BePMEHTOR, Y4d-
ctyoix B cuHTeae JJHK v PHK, HuTb nHywico-
COM MpcobpasyeTesl B BbICOKOKOHASHCHUPOBAHHBIN
komillexe Geakor w JIHK. OOpazopasHan CTpykKTy-
pa B 10} 000 pa3 xopouc McxoaHoi Monekyan AHK.

B. 'EHETMYECKAS CUCTEMA MMTOXOHIPHIA

MuToxoHAPHK — BAKHCHILHE OpraHeNIbl KNCTOK,
ocylccTrIAOWME cHTe3 ATM 33 CUeT OKUCACHUSA
CYOCTpaToB, MUTOXOHIDUM HMMEKT CODCTBEHHBLHA
YHUKAABHBIH [€HOM, HACIEAYCMBIH 110 MATEPHUHCKOH
JNMHMHWUH, TadK KAK OH HPOHCXOAMT M3 UHTOIUIA3MbL
AlUekneTKH. TeHOM MUTOXOHAPHUI CNepMaTo3oK.10R
HC NOMauacT B ONAOAOTBOPCHHYIO STHLICKIETKY.

MuToxoHApHANLHLIA TCHOM YCIOBCKA peACTaB-
NEH OuHOH KoNbUueBoH Monekynoi JHK 1z 16 569
HYKJICOTHMAHBIX fap (puc. 4-9). OH Koaupyer |3
OENKOB, MCTIOB3YEMBIX 1A NOCTPOCHHE CTPYKTYP-
HO-(D¥HKIIHOHAIBHLIX KOMITOHEHTOR MUTOXOHAPHH.

B MUTOXOHAPUAX OTCYTCTBYIOT (PepMeHIbl, OT-
BETCTBCHHbBIC 34 penapaluio, Ne3roMy MHTOXOHI-
PAANLHBIA FEHOM COZEPXKHUT HCMAJO OIMDOK.
MHTOXOH,E[[)HP[ AYEAPUOTOR UMMEHIT OUHEHR MAMCHbB-
KMC pHODCOMBL ¢ KOHCTAHTOM CCAMMCHTALMKM 538,
TOrAa Kak pudocoMel npoxapuorol — 708,

I'. CrpykTyPA PUBOHYKIEMHOBRIX KMCIOT
(PHK)

Itepeuutias crpykrypa PHK — nopsaisox uepcao-
BaHUs pHOoHYKIco3HaMoHodocharos (HMD) B no-
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Puc. 4-9. Konelieeaa monekyna mutoxoHapransHior QHK. Mede
neff-nd6, nddd xopmpyraT cybbenunnuel NADH-aervaporenasno-
ro Komnnekea; red coi-lll — cyGhenMHMLE WMTCXPOMOKCUAASLI,
reH cyth — uutoxpom b. Fedel aip 8w alp 6 KORVPYOT CYGLEANHK-
Ukl AT®-cuHTase (NADH-BerngporeHasHeIA KOMAREeK:, HUToXpo-
MOKCHOA3A, UMTOXPOM b — Benkwn, yHacTEYIoWWe B SHepretyec-
koM ofmeneg). OCTanbHEI2 TeHbL KOQUPYIOT pudocomMuble (123 PHK
# 168 PHK) n TpaHcnoptHeie PHK COOTBETCTEYICWWMX AMUHOKKC-
noT, 0BOZHAYSHHEIE NATMHCKUMK OyKBAMY,

ArHYKAeoTHiIHON uenv. B PHK, kax w 8 JHK, Hyk-
ACOTHIIBL CBA3AHBI MeXay coboil 37,3 -tdocdo-
AMIPHUPHBIMA CBAIMA. KOR1IBI NONWHYKICOTHANBIX
neneit PHK Heonmiiakorel. Ha ogHOM KoHOE HA-
x0auTes dochopranposanHas OH-rpyiina 5-yrae-
POAHOIO @toMaA, Ha ApyroM koHue — OH-rpynna
3-yrnepoIHoroe atoMa pubo3Ll, NOITOMY KOHLE Ha-
apIRakoT ¥'- W 3-koHuamu ten PHK. Tuapokcuib-
Hasl TpYIMa y 2°-yrepoaHoro atoMa pubosbl Aetacr
Moteky.y PHK nectabunetioi. Tax, B cnaboue-
noukoi cpede monekynkl PHK ruaponviyrorces gaxe
NpH HOPMATBHON TEMIEPATYPe, TOTIA KAK CTPYKTY-
pa ueny JHK He uiaMeHsieTcs.

Bropuunan crpyktypa PHK

Marieky1a pUBOHYICICHHOBOR KMCJIOTR NOCTIX)E-
Hal W3 ONHOH MOJMHYICICOTUAHOM uend. OTacabHbIC
yiactkn uend PHK ofpazyioT cnupaniiosaHHbie
NETAH — «IIMUILKH», 33 CUET BOAOPOIHBLIX CBA3CH
MEKILY KOMILIEMEHTAPHLIMM A30THCTLIMM OCHOBAHM-
M A-L o G-C. Yuactky nenn PHK B Takux ¢clu-
PAlBHBIX CIPYKIVPAX AHTHNEPALIENTHhHb, HO 1€ RCe-
[1a NOIHOCTK KOMILICMCHTAPHBI, B HUX BCTPEYARYTCH
HCCMAPCHHBIE HYKISOTHHBIE OCTATKH MM [EUKE Of-



HOLEMOUYCYHLIE TCTIIM, HC BIIMCBIBAIOUEHECH B ,ElBOfi-
HYI CTITHPATh. Hanuuue CTIMPATH30BAHHLIX YYaCcTKOB
xapakTepHo gas Beex TunoB PHK.

Tperwanaa c1pykTypa PHK

OanonenoyedHbie PHK XapakTepusyoTes koM-
MAKTHOM W YINOPADOHEHHOU TPETHHHOMH CTPYKTY-
pO#, BOZHUKAIOIIEH MYTEM B3aMMOIEHCTBHS CNM-
PATH30BAHHBIX 3AECMEHTOB BTOPUYHOH CTPYKTYDLL.
Tak, BO3MOXHO 00pa3oBaHUe AOMOIHUTENbHBIX
BOOOPOAHLIX CBA3EH MEXOY HYKIEOTHAHBIMH OC-
TATKAMH, DOCTATOYHO VAATEHHBIMHM APYT OT Ipyra,
HIn cegaeil Mexay OH-rpynmamMu octaTKoB prbo-
3bl M ocHoBaHMAMHM. TpervuHas cTpyktypa PHK
cTa0HIN3NPOBAHA HOHAMH ABYXBAJIEHTHBIX METAT-
JIOB, HANMpHMep HoHaMu Mg?*, cRa3bIBaOIIMMHCA
He Tonekoe ¢ dochaTHRIMA TPYNIAMH, HO U C OC-
HOBAHHAMMH.

OcnoRume THIM PHK

B uMTOrIasMe KaeTok NIPUCYTCTBYIOT 3 THITA PH-
DOHYKIIEHHOBBIX KMCIOT — TpaHcnopTtHeie PHK
(TPHK), matpuunsie PHK (MPHK) u pubocoMans-
Hele PHK (pPHK). OHHn paznMuanoTcs no nepeyd-
HOH CTPYKTYpe, MOUICKYASPHOMU Macce, KoHdop-
MallHH, NMPOTOJKMTENBLHOCTH XM3HM M, caMoe
[JIaBHOE, TIO (QYHKUWOHANMBHOWH AKTHBHOCTH.

Tpancnopribie PHK (1PHK)

MNpocTpaHcTBeHHYIO CTPYKTYpPY MoObx TPHK, He-
3aBMCUMO OT paTHUUil B TIOCENOBATEILHOCTH HyK-
NeOTHACB, ONMCHLIBAT YHHUBEPCANBHOH MOIERLIY
«KNEBePHOro MeTa» (pHc. 4-10), B Kaxnoi mMonexy-
Je TPHK ecThb yuacTKM LIETH, HE YYACTBYICLIME B
o0pazoBaHHH BOAOPOOHBIX CBS3EH MEXIY HYKIeo-
THIHBIMH OoCTaTKaMu, K HUM, B YACTHOCTH, OTHOCST
YYacTOK, OTBETCTBEHHBINA 3a CBA3LIBAHME C AMMHO-
KUC/OTOH Ha 3'-KOHLIE MOAEKYILl MU aHTHKOAOH —
CHEUHPHYECKHI TPHILIET HYKJAEOTHIOB, B3aUMOJIEH -
CTBYIOILLME KOMiUIeMeHTapHO ¢ KonoHoM MPHK.

B cocrae Hykaecotiaos TPHK Bxoast muHOp-
Hble OCHOBAHUA {8 cpenHeM L0—I12 ocHOBaHMI Ha
MONICKYNY). OHHM NpEeACTaRACHE METHIHPOBAHHLI-
MH OCHOBaAHHAMH, H30MEpaMM W aHanoraMu mH-
PHMMIOHHOB (puc. 4-11).

MUHOpHEIE OCHOBAHKA BBITONHSAIOT 2 PYHKUKMK;
oHH genaT TPHK ycToOHYMBRIMM K HEHCTBHIO HVK-
Jiea3 LMTOILNA3MBl M NOAACPKUBAIOT OHpeleNéH-
HYIO TPCTHUHYIO CTPYKTYDY MOJIEKY/bI, TAK KaK HE
MOTYT YJacTBOBAaThL B 00pa3oBAHHK KOMILIEMEHTAP-

20

CH, | [
CHaj--
OBWwMiA yuacTox |-

1 O6umia yyacTok
5 nap OCHOBAHKWA

] L MuHopHOe
L )]’ OCHOBaHKe
[@IPX

AHTUKOLOH

Puc. 4-10. CTpoenue TpaHenopThx PHK. Cnupanuaceanitie
YHACTKA 0003HAYEHD HA PHCYHKE NYHKTHPOM, «OBUME YHACTKW »
onuHakoee ¥ Boex TPHK; 1 — netna nepementore pasMepa; UH,
{avrunpoypauwn), y (NCBBROYPALWA} — MUHOPHLIE OCHOBAHMSA,
aHTUKGAOHY Beerpa npenwecteyeT U (ypauwn), a nocne Hero Boe-
raa CToOMT MHHOPHOE OCHOBaHMUE.

HBIX Map, ¥ TPEMATCTBYIOT CITHPaAW3allMH OTpe-
HENEHHBIX YYACTKOBR B MOJMHYKACOTMIHOM MOCHe-
gopatenbHocTn TPHK.

Marpwinme PHK (MPHK)

IMeppyuHas crpykrypa scex MPHK, Hesasucn-
MO OT YHUKAJIBHOCTH HUX KOAUPYIOLIEH nocneso-
BaTENIbHOCTH, HMEET OJAUHAKOBOE CTpOcHHe ¥- |
3’-xoHuoB. Tak, Ha 5~ KOHLe NMPUCYTCTBYET MO-
ARMHUULKPOBAHHBII HYKICOTHA 7-METHATYAHO3HH-
5 -tpudpocdar (kan). Heckonbpko AecATKOB HVK-
JeOTHAOB OTAEARIOT K3T OT MHUIMHPYIOIIETO
KOJoHa, o6elyHO 370 TpHILIeT -AUG-, 3a koau-
PYIOLLIMM YYACTKOM CJIGAYET OOMH W3 TEPMHHHPY-
0ux KonoHoB — -UGA-, -UUA-, -UAG-. Ha
¥ -koHue SonpmmHersa MPHK npHcyTcTBYET MOC-
JenoBaTeNbHOCTE HykjeoTunoe H3 100—200 ane-
HO3HHMOHOPOCHATHEIX OCTAaTKOB,

Pubocomansunie PHK (pPHK)

Putocomanbhbie PHK MMeor MHOTOUMCIEHHBIE
CIHPATH30BAHHBIE Y4acTKH, Pasnmpuaror pPHK —
35, 5,88, 285 u 188 (S — xoabdHUIHEHT ceaMeH-
Tauuu). Pubocomansieie PHK conepxar Heckonn-
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7-MeTunryanux

Puc. 4-11. MuHopHLie ocHosalma TPHK.

KO MOIMGHMIMPOBAHHEIX HYKNCOTHIOB, Yalle BCE-
ro 3T0 METWIKMPOBAHHBIE MPOU3BOAHEIE A30THCTREX
OCHOBAHMU WM pubo3bl (2'-MetwipnGosa). pPHK
00pa3yloT KOMILTEKCH ¢ OeJIKaMH, KOTOphIe Ha3bl-
BatoT pubocomamu. Kaxnas pubocoMa cOCTOUT M3
ABYX cyObeauHuu — Manoit (408) u Goasiwoit (60S).
CyObeaMHULB pHBOCOM PAIAHYAIOTCS HE TONBKO
HaGopom pPHK, HO H KOJIMYECTBOM H CTPYKTYPOI
6enkos {puc. 4-12).

1. TUBPHMAKIAIIMA HYKJIEMHOBBIX KHCJIOT

BropuyuHast cTpPYKTYpa HYKJIEUHOBLIX KHCAOT 00-
pasyeTca 3a ¢UET cnabeiX B3aUMOACHCTBHH — BO-
JoponHeix W ruapodobnux. [MostoMy ecnm Bon-
Heiii pacteop JHK Harpers o 100 °C, To cBd3M,
YIEPXHMBAKIIHE ABE LEMH ABOHHONA CTIHPAIH BME-
cTe, paspvuiaiorca. B peaymsTate paspeiBa BOJO-
pooHBEIX W ruapodobHbIX cBasei uenu AHK pac-
XOIATCS. BTOT NPOLECC HA3BIBAIOT «ICHATYPALMA»,
OpHako ecyaM pacTBOp, CONCPXALIMH NCHATYPHPO-
paHHylo JIHK, oueHp MeaneHHO OXIaXIaTh, TO
MOTYT TIOMYYUTLCA ABYXCITUPANBLHBIE CTPYRTYpHI,
MACHTMYHBIC MCXOOHBIM. TakoH MpOLECe MOMYHMILT
HA3BAHHE <«PEHATHBALMAS.

Ha apieHini aeHarypali M peHATHBALIMH OCHO-
BAH METOMI, HAIBIBACMBIH «MONEKYIApPHAS TROpHIM3Aa-
ums». [Tpouecc ruOpUAM3aIIHH MOXET OCYILCCTRISTE-
CA MEXIY ABYMA MOGBIMH UEISIMA HYKNEHHOBBIX
xucnot (AHK-JHK, THK—PHK) rpH ycrnosuy, 4o
OHH COASPXAT KOMIUVIEMCHTAPHEIC [OCISI0BATE b~
HOCTH HYKIIeOTHAOB. Takue ruGpuaHbBle CTPYKTYDHI
MOXHQ BLIASTUTE UeHTPUYTHPOBAHUEM B rpanu-
€HTE TUIOTHOCTH Caxapo3sl WIM HAOMOIATE B 1EKT-
POHHOM MMKpOCKone (pHuc. 4-13).

Ecnu pacreop, coaepxamwii obpasust AHK 1
M 2, BBLICACHHEBIE U3 OPraHNW3MOB Pa3HbIX BHIOB,
AeHATYPHPOBATh, 3 33TeM IIPOBECTH pEeHATHBa-
UHID, TO 00pasyIOTCA NBYXCOMpPANbHEIE CTPYKTY-
pe. Ho Hapany ¢ uexonusMu JIHK 1 u JJHK 2
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Mcergoypaumn
TpoxapuoThl
Pu6Gocoma '

708

CytreanHuibt 308
~. 58
PHK ~ N/ \_- 238
P + 34 benxa
<
pPHK NS 188
+ 21 Benok
DYKApPWOTHI
Pubocoma

CybrearHuuw 408

. 99
585
pPHK 7 N/ . 285
+ 50 Benxos

pPHK "™ 188
+ 33 benka

Puc. 4-12. CrposHUue 3yKAPMOTUYECKMX H NPOKAPHOTHYECKUX
puiocom. BenvuvHa S xapaxktepuayeT CrOpoCTk OCOAaHNA Hac-
TAL NPW YNETPALBHTPMGYTMPOBAHWA 1 MPONORUHOHANEHA MX MO-
nexynapHoi Macce. Pubocoma npokaproTos (705) coctonT n3 505
1 305 cyfhepmHmL, SyxapuoTos (B0S) — conTouT na cyGbaamhmy
605 1 408. PUSOCOME! SYKAPHUOTOB M NPOXAPUOTOBE PAasNUYAITCA
No MONEKYNAPHOAW Macce CyGbERAWHWL, KONUHECTBY MONeKyn
pPHK, mMacce pPHK, xonuudecTey ¥ pa3Hoobpaaunio Genkoe, cno-
CoGHBIX CBA3LIBATL CTIELMPHYECKME NUIEHRbI.



obpasyiorcs THOPHAHEIC ABOMHBIC CIHPATH, CO-
mepxainde vens JHK obpasua 1 n uens JHK
obpasia 2, rae NpUCYTCTBYIOT KAK CIIHPaTM30-
BaHHbIE, TAK H HECIMPAJIH30BAHHLIC YY4CTKH.
B HeCrUpanu30BaHHABIX y4acTKax HparMeHTh 1ie-
neit JHK He KoMIuieMeHTapHbI, T.€. B X0he rub-
PHAM3AIMH NOAYYAKOTCS HECOBEPIIEHHBIE THOPH-
obpl. MeToaoM MoNekKynsipHOW THOpHAM3ALHH
MOXHO YCTAHOBWTD!
e CXOOCTBO M pamIMYME NMEPBHYHOH CTPYKTYDBL
pasHeX 00pa3’LoB HYKJICHHOBBIX KMCIOT;
» pavimyre JHK, BoIIEAeHHBIX H3 OpPraHM3MOB
Pa3HbIX BHIOB;

« WacHTH4HOCTE JHK Bcex opraHos W TKaHeH
OMHOTO OPraHM3Ma.

IIpy nposenermy rubpHanzauuu JHK—PHK
ObLTH BRIAC/AEHH [MOPHAHBIE MOMEKYL!, COAEpXa-
une oy uenb JHK wu omvy wenk PHK. Ecaw
ayst akcnepuMeHTa ObtH B3aTel JIHK v PHK (nep-
BHYHBIH TPAHCKPHIT), BBIACNEHHBIE M3 OJHOTO
OpraHuamMa, To 00paloBBIBANMCH COBEPIIIEHHBIE THO-
pHAkI, noToMy uto Mmonekyna PHK xomnnemen-
tapHa uend JAHK. 'mbpuauzaumeit JTHK—FPHK
6bl10 BNEPBble YCTAHOBACHO, 4TO BCe BMabnl PHK
KJIETKH MMEIoT Ha Mosexyie JJHK komriiemenTap-
HblE YYACTKH.

tt t+
| _ﬁi@}é&

HeHatypupoaandbie QHK TuGpua, AHK—OHK

A

AHK AHK
obpaszey 1 obpaseuy 2
OHK PHK

Nenatypuposanueie AHK 1 PHK  Tubpna JHK—PHK

B

Puc. 4-13. MTnGpuaHIauma HYRNEMHOBBIX KHCNOT. A — rnGpupnaauuna OHK-AHK; B — rutipuanaaunn JHK—PHK.
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Il. PETJINKALINA

Kupble opraHn3Mel B TeyeHHe S-asel KTeTou-
HOINO LHKTA, KOTOPAs IIPEAILIECTBYET ASNSHUIO KIIeT-
KU, yaBauealoT cogepxkadue JHK takum obpasom,
YTQ Kakaad AOUepHAA KIETKa NOchAe AcAeHHs no-
Jryyaer Habop XpOMOCOM, MAGHTUYHBIH POAUTENDb-
ckoil Kknetke. [Ipouece yapoeHHs XpPOMOCOM Ha-
3pIBAIOT pEIUIMKALIHEN {pemyruuKalmeit).

XpoMocoMa COIEPXUT OAHY HENpPEepPbIBHYIO
asyxuencyeunyiy Monekyry JHK. Ilpn pennu-
KallMH KaxJias uenb poAHTeNbCKON AByXilenoyuedy-
ot IHK cnyxur MaTpuueil 1ns cHHTe3a HOBOH
KOMILIeMeHTapHOR 1enu. BRoeb 0OpaszowsaHHas
ABOHHAs CHHMpalib MMCET OAHY MCXCIOHYIO (poau-
TEABCKYI®) ¥ OOHY BHOBE CHHTE3WPOBAHHYIO {10-
YEPHIOK) Lenk, Takoi MexaHnaMm vapoeHns JHK
MOAYYWI HA3ZBAHME <«NMONYKOHCEPRATHBHAA PEILIH-
Kauds» (puc. 4-14). [epBUdHana CTPYKTYpa do4ep-
Hell Lienu onpeas/sieTest NepBUYHON CTPYKTYPON
POIMTENBCKOH LEnM, MOTOMY YTC B OCHOBE €&
00pazoBaHHg JACKHT NPUHUNAN KOMILIEMEHTAPHO-
CTH ocHOBaHUR (G=CHu A =T,

DepMeHTH B GeTKH, YIACTBYIOINE B PEIUTHKA-
UMM, JOJKHBL paGoTaTh ObICTPO M TOUYHO. DTH VC-
JIOBMA BHIMOJIHSIOTCA ¢ MOMOUIBIO 0CODOTO MYNb-
THOEPMEHTHOTO KOMILIEKCA.

PeniMKauuo MOXHO pa3acnnTs Ha 4 stana: ob-
Pa3s0OBaHME DEIUIMKATUBHOH BMAKH (MHULIMALMS),
CHMHTE3 HOBBIX LEMSH (2M0HrauMs), WCKITIOYEHHE
HpaitMepoB, 3aBEpIIEHHE CHHTE3a OBYX AOUEPHHX
uencit JIHK (repmunarius).

A. THHIIMALIMA PETLTHEALIHH

Cunres JJHK vy ayxaproros nponcxoaut B S-hazy
KJAeTOUHOTO UMKNA. MHUIHANMID peTUIMKAIMH pe-
IYMPYIOT ¢lielinpUecKie CHrHallbHbIE GENKOBbIE
MOJIEKYITH — chakTopsl pocta. PaxTOpHl pocTa CBSI-

C-A-G-A-C-C— 3

G-T-C-T-G-G— &

Puc. 4-14. MonyKoHCBpBATHBHAA PEITIUKALWA.
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3BIBAKTCA PELIENTOPaMH MeEMOpPaH KNETOK, KOTOPBIE
NepeaalnT CUrHAN, NODYKIAWIUHA KNeTKY K Hauany
perviikauiu {¢M. pazaen 11).

CHHTE3 HOBBIX OJHOUENOYeUHBIX Mavtekyn JTHK
MOXET TIPOH30HTH TONBKO TPH PACXOXKIEHUH pO-
BUTENBCKMX LencH. B onpepenénnom caire (T04-
K4 HAYAJA pelIHKANHH) MPOHCXOIHT JOKAILHAA
neHarypauus JHK, uenu pacxopstcs U obpaly-
FOTCS B¢ PEINIMKATHBHBIE BWIKH, ABMXYLIMECA B
MIPOTHBOIIONOXHBIX HAIpaB/ieHHAX,

B ofpa3oBaHMM perUIMKATHBHON BMJKH NPUHH-
MaeT yvacTHe pan Genkoe M ¢epmenToB. Tak, ce-
meicTeo JHK-tonounsomepaz (I, I1 # 11D, obnanas
HYKJICa3HOH aKTHMBHOCTBIO, YY4CTBYET B PETy/IILIMH
cynepenvpanusaiimy JHK. Hanpusmep, JTHK-To-
nonzomepasa I paspuiaer docdoadupHyIo CBA3b B
OOHOH M3 Lened ABOHHON CrMpaid U KOBAJIEHTHO
MPHUCOEAMHSIETCH K 5'-KOHI1lY B TOUKE pa3pbiBa (pHC.
4-135). IMo okonyaHuy HOpMUPOBAHHA PEIUIMKATHE-
HOH BWIKH (DEPMEHT JAMKBUIHPYET Pa3pLiB B LUEMH
u orgensercda ot JJHK.

Pa3priB BOAOPOAHBIX CBA3CH B JABYXUEITOUCYHOH
Monekyvie JHK ocvuwecteaser JHK-xenukasa.
Bepment JHK-xenukaza HCIIONBL3YET JHEPTHIO
ATD nna pacrerenus npoiixol cnvpanu JHK.

B pesynpTate MPOUCXOAUT pacKpyudBaHMe y4ya-
CTKa cylnepcnupaiu3opanHoi monekyiasl AHK.
B nonaepxanuy atoro yyactka JHK B packpy-
YeHHOM COCTOSHHH y4acTByOT SSB-Geakn
(OT aHrA. single sfrand binding proteins, T.¢. 6eNKH,
CBA3BIBAKMLHECH C OJHOUENOYEUHLIMM HHTAMN
AHK)}. S5B-6enku, He 3aKpbiBasg a30THCTBIX OC-
HOBaHH#, CBA3BIBAIOTCA ¢ oaxouenoyedrnoi JHK
Mo BCEH ANWHE pasgenuBIIMXCH Lerned U TAKHM
obpa3oM MNpeloTBPalladT HX KOMIUIEMEHTAPHOE
CKpyuHBaHHe 1 obpa3zoBaHue «1unmuaeks. OHH 0b-
J120a0T DOABIIMM CPOICTBOM K OIHOUENOUEUHBIM
yyactkam JHK, He3aBUCHMMO OT NMepBHUHOH
CTPYKTYPb LEngt,

5
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RHK-Tonowaomepada |
Twp-OH

Tup-CH

e P

AHK-xenvkasa

Puc. 4-15. Yvactue fHK-Tononaomepa3ant | E o6pa3sceaHi PErUTMKATHBHOW BIIKK, 1 — diepveHT paciuennaeT ogHy uene OHK; mexay
OCTATKOM THRO3MHA MOTEKYNLI (DEPMEHTA W (OCHOPHBIM DCTATKOM Henv obpa3yeTca KOBAREHTHAA CBA3b; 2 — NPOHCKOAMT NOKANBHOS
pacKpyUMBaHue gsoWHON cnupank npu yyacTun [HK-xenvkasel;, [IHK-Tonowsomepaza | s0ccTaHaBNMBAET oChHOaHPHYIO CBA3L.

B. DroHranug

Permukauns JHK ocyinecteisiercas JHK-3asu-
cMbiMU JAHK-norumepalamu (puc. 4-16). Cyb-
CTpaTaMM M UCTOUHWKAMU SHEPrHM ANA CHUHTE3d
TPOAYKTA CIYKAT 4 MaKpPO3IPIMUECKUX COCAMHE-
HUf — Ae30KCupHOoHyRiIeosuaTpupocdars aATD,
AT, AT w aTTO, pns akTUBALME KOTOPBIX
HeoOX0aHMMbl MOHBL MarHust. HefiTpanuays otpuua-
TENBHLIA 3apal HYKIEOTUAOB, OHHU IIOBBILAIOT HX
" pPeaKUHOHHYIO cnocoOHOCTE. DepMEHTHL NIPOSIBISA-
KT KaTAIHTHYECKYIO aKTHBHOCThL TOSIBKO B MPUCYT-
CTBHH TPEABAPUTERLHC PACKPYUEHHON MaTpHUIHON
asyxuenodeynoil JHK. Cunres ueneit JITHK mpo-
MCXOAMT B HarpaBAeHWH Y'—3 pacTyweil ueny, T.e,
OMEPEIHOH HYKICOTHA NPHCOSIHISETCS K ¢BofoI-
HoMY 3 -OH-KOHILY NPealecTBYINLETO HYKAEOTHI-
HOro octatka. CHHTe3sMpyeMasi UEib BCEria aHTH-
fnapanyie/lbHa MATPUIHOM Uenu. B xone peruikanuu
obpazyioTcs 2 HouepHHE LEIMM, npelCTaRIAIOUIHE
CODDI KOIMMH MATPUYHBIX LIETIEH,

B cuHTe3e sykapuotHueckux JIHK npuHuMamoT
yuactie 5 JIHK-nonumepas (o, B, v, 8, ). JHK-
NOAHMEPA3bI PATUYAIOT ITO YUCAY CYOBEAHHHULL, MO-
NEKYAPHON Macce, acCOMALIMM ¢ PA3HbIMH BCMO-
MOTATENbHBIMH OEJIKAMHM, YCKOPSIOLWIMMH POLECC
6uocuHTeza IHK, u (pyHKuUMOHANLHOMY HAa3Ha-

yenvo, JHK-nonumepaint o (anwpa), B (bera), &
(nenavTa), € (3MNCUNOH) Y4aCTBYIOT B cuHTese JJHK
B ampe xkaetok, AHK-nonvmepasa v (raMmma) — B
pergiikanuy MuToxoHapHaisHOH JHK.

AHK-nonumMepassl B, 8, £ He MOTYT HHULHHUPO-
BaTh 00pAICBAHME AOYEPHUX LIETICH, TAK KaK HE HME-
0T ¢cpoacTsa K oauHouHol Hut JHK. Unaunupy-
er pennukaunio JHK-monuMepaza o, xotopad
KOMILIEMEHTapHA ONpeAeTEHHOMY CalTy OAHOLENO-
ueyHnoit JHK. Tpucoenunasce kK nemy, JHK-no-
AUMEpa3a & CHHTE3UpyeT HeGORLLMOH (dparMeHT
PHK — npaiiMep, coctomuuét w3z 8—10 puGoHyke-
orraos. JHK-nonimMepaza o COCTOUT M3 4eThIpEX
cyOrenvuuil. Kaxaas v3 cyGhesmuuil pepmMeHTa Bhl-
MOJIHAET ONPENeNEHHYIC QYHKLUHI, «Y3HaBaHHE»
caiTa permMKALIMH, CHHTe3 TipafiMepa (8—10 proo-
HYKJICOTHIOR), cHHTe3 (parmeHTa tenu JHK, oko-
no 30 [e3oKCHpUBOHYKIEOTHAOB. TakuM ObBpazoM,
JAHK-nonuMepasa ¢ CHHTE3WPYET OHTOHYK/IEOTHI,
CONEPXAILUUH TIPHMEPHO 60 HYKJIEOTHIHLIX OCTAT-
KOB; nepBhie 8—1( NpeacTarRmeH pUOOHYKIEOTHA-
MH (Npaiimep), a OCTaIbHBIE — AE30KCHUPHOOHYKIIE-
OTHAAMM.

JHK-nommmepaza §

Onvronyxneorua, cuHTe3npoaHHbIH JHK-110-
AuMepa3oil o U obpasyiolui HebonbIOR ORYXLIE-
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PHK-npaimMep yaAnHHAETCA
DHK-nonwMmepaaoh ¢ Qo BCTpeyun
C QPYTUM TipasMepoMm

PHK-npasimep suipeaaeTtcs
IHK-normmepaaoi p

bpeliis yeTpaHaeTca
OHK-nonwmepazon

OanouenodedHme
PAIPLIBL COBANHALT
AHK-rsraza

OwraromaN
Hens Sy
S\t
5.

Pue, 4-16. Pennvkatms.

TIOYEYHEI (hparMeHT ¢ MaTPHIICH, TIO3BOJIAET MIPH-
coenuunTeca JHK-nonuMepasze & v MponomkuTh
CHHTE3Z HOBOH LEMH B HampaBleHHdM oT 5'- K ¥-
KOHLY MO XOOy PacKpyYMBAHUS pPenIMKATHEHOMU
BIIKH.

JHK-noruMepasa 8 mocnenoBaTensHO HAPALM-
BAeT LieMhb, WAT 32 1UATOM TIPHCOSIWHSASA K Heil co-
OTBETCTRYIOIME Ae30KCHHYKACOTHAR, Buifop
JHK-nmonumepazoi § ouepeqHoro HyKneoTHAa
onpegenAeTca Matpulieil. BkioueHHe Ne30KCHpH-
SouyneosnaMoHodochaTeB B PACTYIIYIO LEMb
JHK conposoxzaerca THAPOTW3OM MAKpO3prHYec-
KHX CBSI3€i COOTBETCTBYIOIMX HyKmTeosunTpudoc-
¢atoB n otwensennem nmupodocdara (H,P,0.).
DHepryA MakpOIPTAUECKUX CBA3eH pacxoayercs Ha
obpazopanme ¥,5-dochornapupHoi CBAIH MEX-
Iy NOCTeAHMM HYKICOTHIOM pacTywen uenv JHK
H TIPHCOEAMHSEMBIM HYKJACOTHAOM. BKaoueHue
HYKNEOTHa B CHHTE3Mpyemylo Lens JHK Hepos-
MOXHO Ge3 HpelBapHTENBHOTO CBSI3BIBAHUS a30-
THCTOTO OCHOBAHHSA BOJODOAHBIMH CBSI3SIMH ¢ KOM-
[IIEMEHTAPHBIM HYKAEOTHIOM MAaTPHYHOI LM,
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AHK-nonumepaza p

OHK-nonuMepala &

$58-6enkm

AHK-xenukaaa

»,

5‘

- 58B-6enkn

PHK-npaiimep

BHK-nonmMmepaza ¢

JHK-nonumepasmt (o, B, v, 8, ) MOTYT CHHTe3U-
POBATh HYKJACOTHAHYI) LEMb TOABKO B HAMparic-
HUM 5'—=3’, MarpuuHag Lienb BCETAA CYMTHIBAETCA
B HanpapleHHn 3’5"

B xaxnofi pernnmyKaTHBHON BUNKE UAET OAHOBpE-
MEHHO CHHTE2 JIBYX HOBBIX (MouyepHHX) nemnei. Ha-
rnpaeineHde cuHTe3a uend DHK coenapaer ¢ Ha-
fpaBneHHEM ABMXEHMS PENAMKATHBHOHW BHIKMH
JUILb AN OOHOI M2 BHOBB CHHTE3MPYEMBIX LETEH
(mmHpyomaa uenb). Ha Bropoil MarpuuHoit wenwm
cuHres gouepHed JHK ocyulecrBisieTca asyms
tdepmerramu: JHK-nonnmepazoit o« u JAHK-nosu-
Mepasoil £ B HampawieHu 5’3, HO TIPOTHE IBU-
XKeHUs pennvkatusHoH Brnku. [losTomy BTOpas
LIEIIb CHMHTEIUPYETCR NPEPhiBUCTO, KOPOTKHMH (hpar-
MeHTaMH, KOTOpbl¢ HA3RIBAIOT «pparMenTsl Oxa3a-
KH» (110 MMEHM OTKPBIBLIEIO MX HCCHCIOBATEINA).
Houephsis uens AHK, CHHTe3 KOTOPOH MPOMCXO-
OAT (PparMeHTaMH, HA3BIBAIOT OTCTAKIICH ILIENLIO.
Kaxawiit parment Oxkaszakd, npumepHo 100 Hyk-
NEOTHOHBIX OCTATKOB, COAEpXMT npakimep. [paii-
Mepbl yaamger JHK-nonuMepasa B, mocTeneHHO



OTIEIIAA ¢ 5-KoHLA (PparMeHTa Mo OMHOMY PH-
Sonyknectay. K OH-rpynne Ha 3’-KoHUe NMpeabl-
oywero ¢parmenta JHK-nonvmepaza  npucoe-
OUHACT Oe30KCHPHOOHYKJIEOTHIBI B KQJIHYECTEE,
PAaBHOM BHIPE3aHHOMY MpaiiMepy M TakuM 00paszoM
3ANOJIHACT Opelllb, BOZHUKAKOWYIO TPU YEANCHUM
PHOOHYKIEOTHIOB.

Gepment JHK-naraza karannsupyer o6pasosa-
HHe pocthomadupHol cea3u Mexay 3'-OH-rpyn-
oM Je30KCHpHB03bl 0aHeTO dparMerTa uend JHK
u 5-cpocarom crneaywollero pparmenTa. Peakuun
nporexkaer ¢ 3arparoil sHepruy AT®. Takum o6-
PasoM, H3 MHOXecTBa dparmeHtor Okazakud ob-
pasyercd HenpepbiBHas uens JJHK,

B. OrPH/KIHBI PEIUTHKALIUA

JHK xpoMocoMbl 4eOBeKa COIEPKHT TIPHMEPHO
150 MJIH nap HYKAeOTHIOB. PellMMXALMS TAKOH 60ITh-
MOH MOJEKYIB CO CKOPOCThIO 50 HYKACOTHIOB B
MHHYTY [1La 66 ipUMepHo 800 4. TlosToMY MHMIIM-
aia cuHTe3a JJHK npoHcxomdT B HECKOIBKMX caii-
Tax XPOMOCOMBI, KOTOPbIE HA3LIBAIOT CATAMM HHU-
IHALKH PEIUIMKALKM, MNM OPHIGKHHAMH (OT AHIIL
origin — TIPOMCXOXAeHUE)} peTUTHKaiiu {puc. 4-17).
TepMHH «CaiTs> MCOOIB3YIOT 1A 0603HAUEHHS JHO-
6oro yyactka reHoMa. OpHIDKHHB! PEILTHKALIMHM MMC~
10T OTPEASNIEHHYIO HYIJICOTHIHYIO TTOCEI0BATEIb-
Hocth. TTocaemoparenwHocTs JTHK, orpaHuueHHYIO
JBYMSH OPHIKUHAMM pPeTUTMKALIMKY, HASLIBAIOT €11-
HULEH perIuKAInM, WIH peliHEoHoM. Ha opumiai-
Hax nipd yvactvH JHK-Tomonzomepassl [ MHULIMH-
pYETCA ABYHANpaBleHHasA perumkauua. O6pasyiorcs
JBE PEIUTMKATHEHBIE BWIKH, NepeMcliaioiivecs B
NIPOTHBOTIONOXHBIX HAIPABICHHWSIX S0 TEX IIOp, TI0KA
HE BCTPETSITCS CO CIEOYIOLLMM PEIUIMKOHOM, T.€. pen-

OpuoimH
pennykauuvm

JIMK2LH [IPeKpallaeTcs, KOraa BCTPEUAloTCa JBe perl-
JIMKATUBHBIE BIJIKH.

Menwmpopanuwe THK

ITocne 3aBepLICHHST PEMANKAUMK TIPOMCXOANT
METWIHPOBAHWE HYKIEOTHIHBIX OCTATKOB BHOBRD
obpazopanHex 1encit JHK. MeruneHbie rpynikl
NPUCOSOHHAIOTCA KO BCEM OCTATKAM 4JCHHHA B
nocneaoBarensHOCTH ~GATC-, pu atoM ofipasy-
€Tcst N -METUIAneHMH, a TaKKe BOMONHBEI METH-
JIUPOBaHME HHTO3MHA B OCACHOBATEALHOCTH -GC-
U 0bpa3opaHUe NS—MGTMJ]LII«‘ITOBPIHa. Konuuectro
METWIHPOBAHHLIX OCHOBAaHHH pPAaBHC TPUMEPHO
1—8%. Momupukalds MPOMCXOIUT MPH YYACTHH
GepMEHTOB, HCHOMB3YIOLIMX B KAYCCTBE HCTOYHH-
Ka METHIBHBIX FpynI S-ageHO3HAMETHOHUH (SAM)
(cm. pasnen 9). IlpucoenuHeHHe METUIBHBIX TPYIIN
K OCTATKaM 3ACHHHA M LUHWTO3HHA HE HApyLIaeT
KOMILTEMEHTAPHOCTH Uenelt (puc. 4-18).

Hanmuyne metunereix rpynn B uensax JHK He-
obxoaumo ana GoOpPMHPOBAHUA CTPYKTYDE XPOMO-
COM, a TaKXe LIS pery/sLiIMM TPAHCKDUILIMK Te-
HOB, B TeueHUe HENMpPOSOLLKHUTETLHOIO BPEMEHH B
mosiekyie JHK nocrnenoBatensHoctH -GATC-
METWIMPOBAHb TI0 aFeHMHY TOJBKO B MATPHYHOM,
HO He B HOBOH LENK, ITO Pa3IMYH¢ HCNOIbIYETCH
epMEHTAMH peMApaliiy A9 HCTIPABAEHHS OLIH-
60K, KOTOpbIE MOI'YT BOZHMKATE IIPH PEIUIHKAlIHH.

I'. CrrorEHME 3'- M 5’-koHHOB HENENR 1HK.
TenomEPHAs JTHK

Ha kaXnoM KOHlE XpOMOCOMBI MPHCYTCTBYET
CI'ICL[PICIJH‘-ICCKEIS HYKAC€OTHAHAA MOCAEa0BaTSIIb-
HOCTD. OHa [IpeaCcTaBiacHa MHOMNMHUCIICHHBIMH IT10-
BTOpPaMH (COTHH WIH JaXe ThICSYH pa3) OJAMIOHYK-

OTcTanwan uene Nuanpyiowan uens

i QOTcTaoWan usnb

Puc. 4-17. O6pa3csaHme ABYX PEMMMKATABHLIX BUNOK, NEPEMALLAIOLIMXCH B RPOTMRONONOKHLIX HANPAENEHHAX OT OPMIDKHHE.
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Puc. 4-18. MeTHNnMpOBaHWE OCTATKOB 3iEHMHA B NOCNEROBATENLHOCTH ~GATC-. B TeusHWe HBCKONEKHX MUHYT MOCNE PENITMKALWK,
NOK& He NPOWICILAD METUNWPOBaHWe, HoBana Uens [HK otnvdaeTca o1 MATPUYHOW LEnu.

neotunoB -GGGTTA-, HAa3bIBaEMBIX TEIOMEPHOH
MOCIEI0BATENLHOCTBIO, WIH TIPOCTO TEJOMepHOH
JHK. Hanuuwe tenoMep HeoGXOIMMO LA 3aBEp-
UIEHUA PEMNHKALIMH KOHUEBBIX UH(DOPMATHBHBIX
NOCAeAOBATENBEHOCTEN XPOMOCOM, T.€. AJIS coxpa-
HEHMWS TeHerHuyecKo# MHpOpMaliK.

IMocne 3aBepllieHHs PeTUTHKALHU XPOMOCOMBI
¥-konum nouepHux uencit JHK HenocTpoeHs, Tak
KaK Moche yAaTeHHS MpaiMepoB 3Ty pparMeHTh
OKA3bIBAIOTCSH HENOPETTHLIMPOBAHHBIMA. JTO Mpo-
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ucxoauT noromy, uro JJHK-nonumepaza B, oree-
yajolllasi 3a 3arnoJHeHWe OpellM, 0Dpa3OBAHHON
NOCJIE YAAICHUA NpaiiMepa, He MOXET BECTH CHH-
tes ten JHK ot 3'- k 5-xkoHuy (puc. 4-19, A).
TakuM 00pa3zoM, B XOIE KaXJIOTO LHUKIA perLiuka-
LMK Y-KOHLL!I CHHTE3WPOBAHHEIX LENMEH YKOpa4H-
BaloTcsd. Ho Takve noTepH He NpPEeACTaBANIOT Ofac-
HOCTH 151 TCHETHYECKOH HHGOPMALIMK XPOMOCOM,
notomy 9to ykopouenne JHK Hagr 3a cuér teno-
Mep. Bo BpeMs CIeOyIOWIETO LIMKIA PEIUIMKALMU



PHK-npanmep Hepennsuupyembi

A chparmenTa Oxasakm yJacTaI
g 3 § ¥ 5% 3
.:3:
Cunres Yaanesne
B, PHK-npaimepos
4
g
3 5 3% Vs 3 F
Pennnyvpyeman
Xpamoeoma PHK-npafmep Hapennaumpyemei
YUACTOR
Tenomepaza

] Qrpeack PHK - npocTeTHYECKan
yrina depmanta
3 R
RHK 5' e
Cunres renomeapa
SHTO
CrHTEaMPOBaHHLIA

TENOMEPHBEA MOBTop

Puc. 4-19. Cunres TenomepHol JHK. A — Ha pHCYHKE NOKA3aHO YKOPOYEHHE BHOBL CHHTE3WPOBaKKLIX yeneid [IHK nocne ypaneHua
npaimepor; B — B cocTaB TenoMepadl BXORKT KOPOTKan monekyna PHK, conepxawasn 8 AKTWBHOM UEHTpe NOCNepoBaTeNnsHOCTE HyK-
NEOTHAOB, KOMNNEMEHTAPHYIO TENOMEPHOMY NOBTOPY; 1 — (DEpMEHT MPYKDENRABTCA 3a cYET B3aumopeicTenA PHK ¢ cywecTeyicuei
Tenomepol U nobaBnseT NOCNENOBATENLHG NO OOHOMY HYKNeoTgy hparmeHT -GGGTTA-. MaTpulend Ciyx|T NpocTeTMUacKan rpynna
TenomMepaaal — thparmedT PHK; 2 - depmeHT nepemeliaeTcs no HATH [IHK Takmm obpasoM, 4to PHK-matpuua B cottage TenoMepassl
NOCTOAHHC KOMMNEMEHTAPHO CBA3AHA C KOHUCM BHOBb CWHTE3WPOBAHHOID TENOMERHCID MOBRTCpA. 3AHOBO CUHTE3MPOBAHHARA TEno-
mepHan [IHK cnyxer marpiaen ana yanuHenun BTopoi Lenu [JHK, HO yxe B x0ne cnegylowerc UMkna KNeTodHore aenesws. Tenomep-
HbIA NOBTOf Ha PUCYHKE B3AT B KBAAPaTHLIE cKobKW -{GGGTTA)-.
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5 -xoHup! tenei JHK ongrtk ocTaloTes HeIoCcTpo-
€HHEIMW. TakuM 00pa3oM, ¢ KakIBIM KIETOYHBIM
Zenenrem JTHK xpoMocom SymyT nmociaedoBatens-
HO YKOPAaYHBATLCA. YKOpPOUEHHE TeNOMep B GoNb-
LWMHCTBE KIETOK MO MEPe MX CTAPEHUS — BAX-
HBIH DaKTop, ONpenens Ui NPOAOKUTEIBHOCTD
KW3HH OpraHuiMa.

OnHako B 3MOpPHOHANMBHEIX M JPYTHX GBICTPO-
JenAumxcd KINeTKax moTepy KOHLIOB XPOMOCOM He-
IOTIYCTUMHL, MOTOMY 9TO YkopoueHue JIHK Gvaer
MIPOMUCXOINTL QUEHE OBICTPO. B 3yKapHOTHUSCKHX
KIETKaX NMEETed (hepMeHT TenoMepasa {HYKIeo-
TUTUATpaHChepasa), obecmeyHBaILHI BOCCTA-
HOBJIEHME HEJOPCILUIMIMPOBAHHBIX 5'-KOHIIOB.
K ocoGenHocTsaM 31010 (PepMeHTa OTHOCAT MPH-
CYTCTBHE B KA4YECTBE MPOCTETUYECKOW CPYIIIbI
PHK. ®parmedT PHK B aKTHBHOM IIeHTpe TeNO-
MEPAasbl CAYXKUT MATPULIEH TIPU CUHTE3E TEAOMEp-
HbIX NOBTOPOB XPOMOCOM.

C nomouieio PHK depMeHT KOMIDIEMEHTAPHO
MIPUKpeIaeTesd K 3'-KOHLY HeAOCTPOeHHOH 10-
gepHeii nermu JHK. Temomepaiza mo npHHUMITY
KOMITTIEMEHTAPHOCTH NOCICAOBATENBHO YIUITHHSA-
eT 3'-konen veny JHK Ha onMH rexcanykieorun
-GGGTTA-. CunTes Bceraa HAET OT 5= K 3'-KoH-
uy. 3areM TenomMepasa cMeluaetca o nem JHK
Ha OOHH TEJIOMEP M HAYHHAET CHHTE3 HOBOIO
¢parmenta -GGGTTA- (puc. 4-19, B).

B GonbIHMHCTBE COMATHYECKIX KIIETOK TeloMe-
paza HeaKTUBHA, TAK KAK COMATUMECKAS KETKA UMeeT
LMKy TenoMepHoil JIHK, pocrarounyio ais speme-
HU XHW3HH KIIETKH Y €€ notoMcTBa. OmoHaKo HeGwIb-
LIYIO AKTUBHOCTE TEIOMEpasbl 0GHADYKHBAIOT B KNeT-
KaX C BBICOKOM CKOpPOCTBID OOHORNEHHA, TAKHX KAK
JUMQOLIMTH, CTBOJIOBBIE KJIETKH KOCTHOTO MO3Ta,
KNETKU 3MUTEIHH, IMUACPMHICA KOXHI U AP,

. KIETOYHBI IIMXT ¥ ETO PETYIISIIMA

TpolieccH pocTa U JeAeHUSA KIETOK JIeXaT B
OCHOBE XM3HH J100oro oprankiMa. Ho npexae yem
COBEPLIUTE JEICHUE, KNETKA AOAKHA C BBICOKOMA
TOYHOCTRIO KOIIMPOBATE CBOM I'€HOM, CHHTE3HPO-
BaTb MHOXECTBO BBICOKO- M HM3KOMOJEKY/IIPHBIX
coemdHeHHH, COBOKYITHOCTL COBRITHH, obecneyd-
BAOIIWX JENEHHE 3YKAPUOTHYCCKMX KIETOK, Ha-
3BIBAIOT «KJETOYHbIH IMET». |Ipodo/DKMTEabHOCTD
KNETOYHOTO LHKIA 3aBHCHT OT THNA JeNAINHXCA
KAETOK, ¥V B3POCIOrO YENOBEKA OHA MOXET BaphbH-
poBare npuMepHe OT 8 4 M fosee, a AN HEKOTO-
PBbIX THIIOR KJIETOK A0 roaa M Gonbiue (puc. 4-20).
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Bee gaser kneroyHoro uuxna G, §, G,, M Mo-
IYT pasM4aTeCa MO LUTEABHOCTH, HO B OCODEH-
HOCTU 3TO KacaeTca a3yl G, IMTENBHOCTE KO-
TOPOH MOXET OBbITh PABHA MPAKTHHMECKH HY/TIO WIH
OLITE CTONE TIPOIQCKMTEIBHON, YTO MOXET Ka3aThb-
caA, OYATO KNeTKH BOOOWIE MpPEKPaTHIA OCTICHUE.
B 310M Clyyae roBopsT, YTO KIETKH HAaxoAsITCa B
cocToaHuM nokod (Pasa G ). Tak, HeHpOHHI B3poc-
JIOTO 4YeNIOBCKa He Jenarcsa Boobiue. Knetku smm-
TEJAA KHLLEYHHKA ACAATCH Ha TIPOTSXKEHMH BCei
XHUZHM YeJIOBEKA, HO JaXE V¥ ITHX ORICTPOIPOIH-
hepHpYIOIUMX KISTOK MOATOTOBKA K JeNeHHUIO 3a-
HuMaeT 24 u, KneTku n€TKux, Io4eK, [HEYeHH RO
B3pPOC/IOM OPTaHHM3ME HAMHHAIT JeJIMTHCH TOMBKO
JIMWE B OTBET HA MOBPEXICHNE OPraHoOB.

BHelIHMe CUTHAAL! MOTYT CTHMYIHPOBATE WK
HHTUOMPOBATE MPOXOXKIASHHE KNETKU 9epes LIAKIL.
[MponucepaTUBHBIE CHTHANHI O4eHb pazHoOGpa3-
HbI, OHH 3aBHCAT OT TMNA KJICTKH, CTaAHH pas-
BUTHA U IpYTHx ¢axropo. TakMMH CHTHANaMH
MOTYT O5ITh QAaKTOPRI poOCTa, HHTEPIEHKHHBL, TOP-
MOHBI, cNOCOOHBIC MOALCPKHBATD MM HHAYLIM-
poBaThk Npoaudepaunio onpeacnéHHLIX THIIOB
KNeTOK. CHTHaNbHBIE MOJISKYIBI CBA3BIBAKITCH
crneUnpUIeCKHMH MeMGPaHHbBIMM PELICTITOPAMH,
AKTUBMPYIOT BHYTPHMKJIETOUYHBIE MYTH Nepeiadu
CUTHAJIOB OT PelenTopa K sSipy U TakuM obpa-
30M HHIYUMPYIOT TPAHCKPHITIIHIO ONpeReNéHHBIX
reHoB. OIHHUMM W3 MEpPBbIX AKTHBHPYIOTCS TEHHI,
RoZMpyolWHe Genky mHKaHEsl, benkd Gulnu Ha-
3BAHBI ITUKIMHAMH, MOTOMY YTO HX KOHLEHTpa-
AR B KJIETKE MEPHOOHYECKH MEHSEeTCH Mo Mepe
MPOXOXJIEHUS KNeTKOH pas3HuX (a3 KI1eTouHOro
LHKJIA.

Bce nuxnuHn menatr Ha 2 noacemedictra; Gl-
sl (D, E) U MutorHdeckie 1IMKAMHEL {A U
B). Iio60it M3 NMKIMHOEB MPEACTARIEH IPYHNOH
nonuMmopgHBIX GexoB, HanpuMep TAKTHH D npen-
crapneH dopmamu D1, D2, D3. ¥ kaxnoro Tina
IIUKIMHOR €CTh TOMOJOTMYHKU yuyacToK u3 100
AMMHOKHMCJIOTHHIX OCTATKOB — <«IIHKJAMHORBIN
BOKCc», OTBEUAOLIHA 33 CBA3BIBAHHWE ¢ LIMKIHH3A-
BUCHMON kuHa3zoi (ot aurn. CDK — cyclin-
dependent kingses). B KJ€TKAX 3YKapHOTOB Cy-
LIECTBYET MPUMEPHO BOceMb padnHyHmx CDK
{(CDK1-8), aKTHBHpYIOLUHXCSA PasaHUHBIMH LIMK-
JuHamu (Tabm. 4-2),

LINKNMH3aBMCHMEIC KMHA3b], CBA3bIBAA LWKITHH,
NepeXoAdaT B aKTHRHYIO DopMy U MOTYT dochopu-
JIMpOBAThH cheluduyeckde OeTKu, HanpuMep ¢ak-
TOPBLI TPAHCKPHIUMH, Benku-uHrUGHTOPS (PaKTo-



POB TPAHCKPHUIIUKK, KOTOPLIE PETYIHPYHOT CHHTES
GepMeHTOB, 0BeCMe M BAIDILIMX peTLTUKaLWK. CHH-
TE3 Ka¥I0ro HUKIHHE HAYMHAETCH NIPH NOATOTOB-
K€ K CCOTBETCTBYiOWEH hase KISTOYHOTO LUMK/IA,
€F0 KOHUEHTpAaUMWA B KJISTKE TIOBBILLIAETCH, a Moc-
e OKOHYaHMA a3kl pe3Ko TaJaeT Ao Hyad. 3a-
BepUIWBLIHE CEBOIO pabOTY KOMIINEKCH LMKIHMHOB
u CDK ceaabipaioTes cneuMHYECKHMHU GelTKaMH,
UHEHOHPYIOILIMME MX aKTHBHOCTh, M 3aTeM Moa-
BEPralTCH DAPVILIEHHUED.

. PENAPALINA

Mpouecc, NO3BOIAIILKEA XKUBLIM OpraHUIMaM
BOCCTAHABINBATE NMOBPEXIEHWUA, BO3HUKAIOLIME B
AHK, HazuieaoT penapauuveid. Bece penapauunod-
HBIE MEXaHH3IMBI OCHOBaHBI Ha ToM, yto JHK —
ABYXlleno4YeyHasn MOMeKyna, T.€. B KI€TKE €CTh 2
KOTIMM reHeTHueckoi MHgopmanuu. Eciav Hykne-
OTHAHAS NOCIEUOBATENBHOCTE OAHOH U3 ABYX lLe-
Meil OKA3LIBAETCA MOBPEXAEHHOH (M3MeHEHHON),
HH(OPMALMED MOXHO BOCCTAHOBHMTDL, TAK KAK BTO-
pasd (KOMILTEMEHTAPIAA) LIENb COXPAHEHA,

[Tpoliece perapalMK TIPOUCXOOWT B HECKOMLKO
aranos. Ha nepeow 3Tane BbIABISETCA HAPYLUEHHWE
KomnaeMenTapHocTH uened JAHK. B xoae sToporo
3TaNa HEKOMMIEMEHTAPHBIA HYKICOTHI WY TOMb-
KO OCHOBAHHE YCTPaHSETCH, HA TPETBEM M Y4ETBEP-
TOM 3TANAX WIET BOCCTAHORIEHHE USIOCTHOCTH LETH
MO TIPUHLIMITY KOMIUIEMEHTApHOCTU. OQMHAKO B 3a-
BUCHUMOCTH OT THIA NIOBPEXAECHHA KOMHYECTRO 3Ta-
NoB W (PepMEHTOR, YUACTBYIOUIMX B €r0 YCTPaHe-
HUW, MOXKET ObITh PA3HbLIM.

OyeHb PENKO MPOMCXOAAT HOBpEeXASHUA, 3aT-
parurapoume obe uenw JAHK, T.e. HapyweHus
CTPYKTYPbI HYKSIEOTHIOR KOMIONEMEHTAPHOU Naphkl.
TakHe NoBpeXIcHUH B TIOTOBLIX KIeTKax he pera-
PMPVIOTCS, TAK KaK NS CCYLWECTBAEHWA CROXHON
penapauni ¢ Y4acTHeM TOMOIOrUUMHOH peKoMOU-
HaluK Tpebvercst HATMYMe AMITIONAHOTO Habopa
XPOMOCOM.

Puc. 4-20. ®aael Knetournoro udkna. lNocne dase M, 8 xoae
KOTOROA NPOMCXOANT NeneHWe fapa (MUTO3) ¥ UWTORNA3MG! {Ln-
TOKWHEZ), NCHEPHUE KNETKW BCTYNAKOT B WHTEPHasy HOBOMD LMK~
na. Untepdaaa HauMHaeTca ¢ ¢hasel G,. B XOAe KOTOPOR aKTHBHO
NpOUCXOAAT BUOCUHTETUYECKHME NPOLBCCHI, PE3KO 3aMeNeHHbIS
BO BpeMA MuTo3a. Paza § — nepuon cuHTesa JHK; oHa sakak-
YWBAETCH, KOrfa conepxarve [JHK B Aape yAROUTCA W XPOMOCO-
Mbi NONHCCTRIO PENNMUMPYICTCA. 3aTem HacTynaeT daaa G, 8 xoae
KOTOROA NPOVCXBAST ASNEeHne MUTOXCHARWA W yBENUYEHIE aHep-
retudeckax 3anacos xnetkm. ®asza G, NpofonxaeTes Ao Hasana
muTO3a, T.6. dasel M. B hase M apepHan obonovka paspylwaer-
¢4, POPMUPYIOTCA OBA HOBLIX AQPA, UMTONNAa3ma QenvTca ¢ obpa-
308aHWEM ABYX QOYEPHUX KINETOK, MMEIOWWX No oaHoMy aapy. Ha
PUCYHKE NPENCTABNEH 24-4aCOBOR LMK,

A. CNOHTAHHLIE AOBPEXIEHWUSA

Hapyuienus koMnaeMenTapHoctd ueneit AHK
MOTYT MPOMCXOAHTL CTNIOHTAHHO, T.€. 03 y4acTus
Kakux-n1100 nospexnaioux Gaktopos, HAPHMep

Tabnuuya 4-2. LWKIMHBLI M UMKAMHIZBHCHMBIE KMHA3BI, PErYAUPYICILUME NPOXOKAEHHE KNETOYHOTO LUKNA

HukauH Kuiiaza MyHKOHA
DLE CDEK4, CDK6 Perymupyer nepexoa kneten us Gi-dasni B S-dazy
A CDK2 AxtuupyeT cunTes AHK na HavaneHO cTaaun S-taze!
B CDK1 Perynupyer nepexo kiaeTkn u3 Ga-daser 8 M-dazy
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B pe3yiabTaTe OMIMGOK peTUTHKALMM, Te3aMHHHPO-
BAHMSA HYKJICOTHAOB, IEIYPHHNU3ALWH,

OmubEn pennHKanAN

TounocTs pernukaumru JJHK ouens Benuka, HO
OpPUMEPHO OAMH pa3 Ha 10°—10° HYKAEOTUAHBIX OC-
TATKCB MPOUCXOAST OLIMOKW CIIapUBAHHA, H TOTAA
BMeCTO napbl HykineotHnos A—T, G—C B aouep-
Hioto et JJHK oKa3biBawTea BKAKMEHHBIMU HYK-
JEOTHIIBI, HEKOMITIEMEHTAPHbIE HYKIEOTHEAM MAT-
puaHo# uenu. OgHako AHK-nmonumepasw 3, ¢
CIoCcODHBI NMOCNE MPUCOETMHEHHUS QUEPEITHOTO HYK-
Aeotraa B pacryuyie uerns JHK genate miar Hazan
(B HAPABIEHUH OT 3'- K 5'- KOHUY) H BBIpE3aThb
MOCTEAHHA HYKITEOTMI, €CAH OH HEKOMILIEMEHTA-
peH HyKIeoTHny B MarpuuHoi uenu JHK. 3ror
MPOLIECC MCIPABIEHHS OIMMOOK CHApUBaHMs (WM
KOPPEKUMA) HHOTAA He cpabartsiract, W Toraa B AHK
110 OKOHYAHWK DPEIUTMKAUMH OCTAIOTCS HEKOMIITE-
MEHTapHbIe TIAphl, TeM Gonee, uro JIHK-monume-
paszd o AHUIEHA KOPPEKTHPYIOLIETO MEXAHH3IMA H
«OIIMDAETCA» Yallle, YeM apyrue TOoTUMepassbl.

[IpH HelpaBUABHOM CIIAPMBAHMH B IMEPBUYHON
cTpyKType podepHeid uenu JHK HeobbhuHme oc-
HOBaHMS HE MOSBAAIOTCS, HAPYILICHA TOABKO KOM-
AeMeHTapHoCcTh. CHCTEMa pernapallid HeKOMIUIe-
MEHTAPHEIX Map J0/DKHA IPOHUCXOOMTE TOABKO Ha
JOYEPHEH LENM M MPOM3BOIUTh 3aMEHY HEKOMII-
JEMEHTAPHBIX OCHOBAHHIA TONEKO B Hell, MepMeH-
THI, YYACTBYIOILIHE B YAANEHUH HElIPABUILHOH MAphI
HYXJICOTHAOB, PACMO3IHAKT MATPMYHYIO LETb 10
HAJTHYUIO METHAHPOBAHHDBIX OCTATKOB aACHHHA B
nociaenopatenpHocTAX -GATC-. Tloxa ocHoBaHHUA
HYKNEOTHAHBIX OCTaTKOB B JOUEPHEeH LEenu Heme-
THWINPORAHBI, (hepMEHTbI AWTKHE] YCTIETh BEIABUTH
OWHOKY PeTIMKAUMM H YCTPAHHUTH €€.

PacnioaHaBanue W yoasieHue (MepBBIA JTan) He-
KOMTUIEMEHTAPHOTO HYKJIeOTHIA TIPOMCXONAT MPH
YYACTHU CHellHATbHBIX OcJKOB mut S, mut L,
mut H. Kaxnaeiii 13 6e/IKoB BHNQUIHAET CBOK CIe-
urprHaeckyo pyHKIHI. Mut § HaxoOWT HENMPABUTb-
HYIO TIAPY M CBA3LIBAETCA ¢ 3TUM (parMeHTOM. Mut
H npHcoeaMHaeTCH K METWIMPOBAHHOMY (IO ane-
HHHY) yyacTky -GATC-, pacnonoxeHHoMy BOIM3K
HEKOMITNEMEHTAPHOM mapbl. CBAIYIOWMM MEXTY
mut S 1 mut H eyt 6enox mut L, ero npucoe-
JHMHEHHE 3aBepILAET 0Opa3oBaHUE aKTHBHOTO ¢hep-
MeHTa. MopMipoBaHue KoMmaekea mut S, mut L,
mut H Ha yuacTke, conepxaiiieM oMIMOKy, CrIocod-
CTBYET NposBIeHHI0 ¥ Oenka mut H 3xmoHykieas-
HOI aKTUBHOCTH. PepMeHTATHUBHBI KOMILNEKE TH-
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ponusyeT dochoxbupHyIo CBSI3E B HEMETHIHPOBAH-
HOi penu (puc. 4-21).

K cBoGOAHBEIM KOHLAM UEMH ApPHCOeIHHSAETCH
3K30HYKIea3a (Bropoi artam). Qruiennsas no on-
HOMY HYKIEOTHIY B HANPABNEHUH OT 3'- K 3'- KOHITY
AOYEpHEH LenHd, OHa VCTPAHAET YYACTOK, COmep-
KAUIMH HeXOMIUIEMEHTapHy napy. bBpewb 3act-
pauBaer JJTHK-monumepaza § (tperuit aram), co-
€AMHEHUE OCHOBHOTO H BHOBbL CHHTE3HPOBAHHOTO
YYACTKOB uenH Katanusupyer depmenTt JHK-mm-
raza (ueTeépThlil 5Tam). Onsd yecneuwHoro PyHkuM-
CHHPOBaHMA 3K30HYKImeasw, JJHK-nonuMepassl
U JHK-nurasel HeoOXOAWMO YYacTHE B pemnapa-
UMH Xeaukaibkl 1 SSB-GenkoB.

HemyprHnzanma (AMYPHHU3ANNA)

JHK kaxaol KIeTKM YeJIOBEKA TEPSIET 32 CYTKH
0k010 5000 NnypHHOBBIX OCTATKOB BCACICTBUE Pa3-
peiBa N-TTHKO3MAHOW CBA3H MEXIY ITYPHHOM M
Ne30Kcupubolon (puc. 4-22).

Torpa B monekyne AHK Ha mecte 3THX OCHOBa-
HUIl obpazyeTcd YYACTOK, JIMIUEHHBI A30THCTHIX
OCHOBaHMiA, Ha3paHHBIH All-caiitoMm (AP-site, namn
arypHHOBHIH caiiT). TepMun «All-caifT» HCHonb3y-
IOT TAKXKE B TeX caydasix, xoraa W3 AHK eeimanator
NUPUMKIMHOBbIE OCHOBAHUA M 0DpasyloTcs alk-
PUMMWINHOBHIE CAWTHI (OT AHLL apurinic-apyrimidinic
site).

DTOT THA NOBPEKACHME yCTpaHaer QepMeHT
JHK-uncepra3a (0T aHIA. insert — BCTaBNATH),
KOTOPbI MOXET MPUCOSAWHATE K Ae30KCcHpUDO3e
OCHOBaHKME B COOTBETCTBHMH C MPABWIOM KOMIUIE-
MEHTApHOCTH. B 3TOM cnyyae HeT HeoBXOOUMOCTH
paspe3atsh vens AHK, Bhipe3aTh HenpaBUILHLIA
HYKJIEOTHI U peTIapUPOBATh Pa3phIB.

HezaMHHHpOBAHME

PeaxiiMu Ac3aMUHHPOBAHUA LIMTO3HHA W [Ipe-
BpalUE€HHE €ro B ypauua (puc. 4-23), aneHuHa B
TUITOKCAHTHH, TVAHWHA B KCAHTHH IIPOHUCXOIAT
IHAYUTENIRHO PeXe, YeM ASMYPHHU3ALIHSA, M COCTaB-
a7 10 peaktuit Ha OJHH TEHOM 8 CYTKH.

Hcnpapnende 3Tore BMAa CIOHTAHHOrO [O-
BpeXJeHUA MPOMCXOAMT B 5 sranos (puc. 4-24).
B penapauuu mpunuMaet yuactue JHK-N-rm-
KO3WJIa3a, THAPDOAH3YIOWAS CBA3HM MEXAY aHO-
ManbHBEIM OCHOBAHWEM H Ae3okcHpubozol (rep-
BBIH 3Tan), B pesyabrate 0bpazverca All-caiir,
KOTODPBIA pacros3HaéT depmeHT All-angoHykea-
aa (BTopo# stan). Kak tonexo B uenu AHK Bo3-
HUKAEeT paiIpelB, B paboTy BCTYNaeT €lué OOMH



Z. Mut H naxogut

NOCAEA0RATENEHGCTE-GATC l

Mut L carabinaer
berxy Mut S u Mut H

5' R —— -

3. PEpMEHTETUBHBIA i

KOMIIEKS paspelaet
HOBYIO L&nb

3—

4. 3x3onyKkneasa
yOanaeT yHMacTok

e et G_A_T_ C_s'
—CT-A-G5

HOBOW enn -
5 —— e G-A-T-C-3
3 G C-T-A-G-%
5. [IHK-nonumepasa 3 N CH,
o
BOCCTaHaBnMBAST « pHTD Pazpblg yenu
YAANEHHEA YHaCTOK hd ycTpanaeT QHK-nurasa
5 — C-- -G-A-T-C-3
3-o— — G ———C-T-A- G-5
CH,
6. OHK-nrrasa aseepuaey
penapatiu ATD
L
5 - — C G-A-T-C-3
3 G e C-T-A- G-
CH,

Puc. 4-21. Cuetema penapagumn owrnbok pennmkaumm, 1 — Henok mut S «y3HaéT» HEKOMMNNEMEHTAPHYID Mapy 1 NPUCOSGHHASTCA
B 9ToM ydacTke [IHK: 2 — Genkn mut H 83aMMOeACTBYIOT C METUIMPORAHHOW NO AfeHWHY NOCNENOBATENLHOCTEK MATEPMHCKOM
uenu -GATC- ; sasepwaeTcs hopMuposaHne HEpMeHTATUBHOMD KOMINEKCA Nocne NpUcoearHerna mut L; 3 — komnneke onpegens-
€T BHOBL CUHTEAWPOBRAHHYIO LeMbk NO OTCYTCTBMID MATUANPOBAHHOID OCTATKA AReHUHA B nocnegosateneHocty -GATC- n paapeisaer
e&, 4 — 3K30HYKNeasa yganset gparmeHT nodepHed uenu AHK, conepxaiwmin owndey; 5 — AHK-nonMMepasa B no nprsumMny Komn-
NemMeHTaprocTy 3acTpansaet Spews; 6 — NHK-nuraza 3'-koHel BHOBL CHHTE3MPORAHHOMND MParMeHTa CoequHART ¢ OCHOBHOM Ue-

B M 3ABEPWAET PENAPAUMIC OWHOKH,

depmeHT — ATT-3K30RYKI€A34, KOTOPLIH OTwern -
JAET OT UENH ACI0KCHPHOO3Y, FHWEHHYK OCHO-
BaHus {Tpetuil atan). B uenn JHK nosetserca
Opeuis pasMepoM B OHH HYKNEOTHA. Cneayioniui
depmert BHK-noawmepaza 3 K 3-KoHUY pasop-
BAHHOH HCITH ITPHUCOSAHHAET HYK ILOTHA 1O TTPpATE-
HMIY KOMNNEMEHTAPHOCTH {(UeTBEPTLIH sran). Uto-

Obl COCHMHNTBE ABA CBODOAHLIX KOHUA (3-KOHCU
BCTPOEHHOMD HYKIECOTHAA M 5'-KOHel OCIOoBHOH
nenu), Tpebyercs eul€ oauH depment — JTHK-
auraza {naTeid ITan).

HepenapupyeMo v 1O3TOMY OIACHO Ne3aMHHHI-
poBallie METWIHPOBAHHOIO IHTO3MHA. [Ipoaykt
€0 CHOHTUEHHOMD A€3aMUHHPOBAHMA — THMUH,
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Puc. 4-22. NonypUHK3aLUA — CNOHTAHHOE YAaneHue ansHUHE WNK MYaHWHA.
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Puc. 4-23. MNPORYKTH CHONTAHHOrG AE3aMUHUPOBAHKA PA3NMYHLIX ochoeaHwi JHK. Bce npodyxTel RE3aMwHUpoBaHUa (ypauun,
FUMOKGAHTUH, KCAHTUH) HEXapaxkTepHbl AR cocTaea [HK v noaToMy QOBONLHG NENKO PACNO3HAKNTCR QEpMBHTAMK penapaLvi.
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HopMasibHoe Aas JHK ocHosaHMe, KOTOpoe He
pacnosHaéres JHK-N-raukosniason,

B. UHAYUWPYEMBIE NOBPEXKIEHWSA

UHayuupyeMble MOBPEXACHHUS BO3HWMKAKT B
OHK B pesynbTate BO3LCHCTBMA pa3HOOODPA3HBIX
MYTAreHHBIX (QAaKTOPOB KaK palMauHOHHOM, TaK U
XHUMMHYECKOH MpPHPOJIHL.

O0pa3oBaHHe THMEPOB MHPAMIIHHOBBLIX OCHOBAHMI

Ion aewcreues Y®O npoiiHas cBa3b mexay C,
1 C,aToMaMH yIIepoaa B COCTaBe MUPUMHAMHOBBIX
OCHOBAHHI (THMMHE M LWTO3HHE) MOXKET Pasphl-
BaThCS. ATOMBl YIAEPOAA OCTAKOTCS CBA3IHHBIMH
OfHON CBsI3bl0. PaccTOSIHME MEXOY MAapaLie/IbHbI-
MM TUIOCKOCTAMH OCHOBAHHHA MOJWHYKIEOTHAHOH
UETH, B KOTOPBIX MPOM3OLUEN PA3PhIB, PABHO MPH-
mMepHo 3,4 A. 3To paccTosiHMe TI03BONET 0CBODO-
JUBIIMMCA BaneHTHoCcTAM Mexay C-C aTtoMammu
AMPHMHIHHOBBIX OCHOBAHKMIA, PacTONOKEHHBIX NOC-
nepoparenbdo & uenu AHK, chopmuposathk UMK-
J00yTaHOBOE Koabuo (puc. 4-25), B 3aBuUcuMocTH
OT TOrO, Kakue OCHOBAaHMWA COeAMHEHbI B AUMEp, HX
Ha3BIBAKOT AMMEPAMM THMHHA, WTO3MHA WIM TH-
MHWH-UWTO3IHHOBbIMHK IHMEPAMH.

‘VnaneHue MTUPUMUAMHOBBIX AUMEPOB MPOHUCXOIMT
nol peicteHem oromaibl. PepmeHT pacllenser
BHOBb ODpPA30BABLUMECS CBA3KM MEXAY COCCIHHMM
MMPUMAIMHOBLIMHM OCHOBAHMAMH W BOCCTAHARTMBAET
HATHEBHYIO CTPYKTYpY. B doronuaie ecth yuacTok,
AndO caM TIoroWAKIMKE HOTOHB (B CHHeEll yacTH
CNeKTpa), MO0 CBA3BIRAIOIUMIACH ¢ KOhaKTopaMH,
ancopOupywmMn ¢et. TakuM oBpasoM, CBeT ak-
THBHUPYET QOTONMA3Y, KOTOPAas Pacrio3HaéT AUMEDD]
B obnyuénHol IHK, npucoeauHseTcs K HUM M pas-
PBIBAET BOZHUKLLIHAE MEXKTY MTHPUMHAHHOBbIMU KOJTh-

TUMUHD
CH, CH,
HN 1 HN l
0;\ 0;\

N
]
I
I
L
I
|
I
I

—————-Z

Puc. 4-25. flumep TMKMHA (UKKNoGYTaHOBOE KONbLO).

5—2128
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HO CnoHTaHHoE
NH, Je3aMUWHUpOBaHne
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Hzoi OHK-N-rmukosunasa
U
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H,0 AM-3HacHYyKNeasa

[-prboaa
-G-C-T A-T-C-C-
-C-G-A-G-T-A-G-G-
uLthD\,l JHK-nonumepasa B
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ATD ;J' OHK-nwrasa
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-C-G-A-G-T-A-G-G

Puc. 4-24. Penapaums All-caitos ¢ yyactuem JHK-N-rnuxo-
auna3sl M AMN-3K30HYKNEaaAN!.

uaMie cesAzd, [locse 3toro depMeHT oTEeNaeTcs or
JHK.

Iloppexknennna ocnopanmii JTHK xuvuaeckumn
MYTAreHAMH

A30TUCTRIE OcHOBAHHA B JIHK MOryT nogseprarscs
PasHOOOPA3HbIM TOBPEKASHHAM: ATKILTMPOBAHHIO,

TUMWHOBLIA AUMED

CH,

CH, HN

‘;L
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OKHMCJIEHHIO, BOCCTAHOBACHUIO UNTH CBA3BIBAHMIO OC-
HOBaHMA ¢ hopMaMUIHBIMH TPYTHIMPOBKAMU. Pena-
panMa HavuHaercs ¢ npucoearHeHua JHK-N-
IIHKO3WIA3k K NOBPEXKAEHHOMY OCHOBaHUio. Cy-
wecTryeT MHOXectro JIHK-N-rukozunas, creum-
$uyHBIX K pasHbBIM MOAWGDHUHPOBAHHEIM OCHOBA-
HUMM. DEPMEHTB THAPOMUTHYLCKN DACIUCIIIAOT
N-ITHKO3MAHYIO CBSI3b MEXITY H3MEHEHHBIM QCHO-
BAHHEM H [e30KCMpHOO30H, 5T0 NPHBOAHT K 0Dpa-
sopaHMo All-caiita B uenv JHK (nepewiii stam).
Penapaimia All-caifta MOXET IPOHCXOAUTE MITH TONh-
Ko nipH yuacTii JITHK-HHCepTa3bl, KOTOpas Npucoe-
IMHSET K AE30KCHPHO03¢ OCHOBAHUE B COOTBETCTBHH
¢ MpaBUAOM KOMILIEMCHTAPHOCTH, HIH IpPH ydac-
TUH BCETO KOMIUIEKCA (PEPMEHTOB, YYACTBYIOIIIMX B
penapanuu; All-sHnonykeassl, All-2K30HyKI€a35l,
JHK-nomamepast p u JHK-nurassi.

B. JIE®EKTBHI PEMAPAITMOHHBIX CHCTEM
M HACJEACTBEHHBIE BOJE3IHH

Penapaiiisi HeoOxomMMa [T COXpAaHEeHUs HATHMB-
HOM CTPYKTYPhI FTEHETHUECKOID MaTepuana Ha NpoTs-
KEHMH Beebl Xu3Hu opraHusma. CHIDKEHHE AKTHB-
HOCTU (GepMEHTOB PEMAPALIUOHHBIX CUCTEM PUBOIMT
K HAKOTUIeHWI0 noBpexacHiit (Myrarmit) 8 JHK.

INpyurHOil MHOTHX HACNEACTBEHHBIX DONE3HEH
YeNIOBeKA BbICTYNACT HapyleHHe OTAeNbHHX 3Ta-
NOB TPOLECCa penapaliy.

AT®, ITO, [T, YT® F

TIuFMeRTHAR Keeponepma

Y BONBHBIX B CHCTEME PENapalMH CHIDKEHA aK-
THBHOCTL (pepMeHTOB, OTBETCTBEHHBIX 3a yAanc-
HHE HETIPABWIILHBLIX OCHOBAHUIA, «3acTpoiiKy» Ope-
WK 1 ApyTHe $YHKIWH. JedeXT penapaldOHHOM
CHCTEMBI TIPOSIBASIETCS B CBEPXUYYBCTRUTENBHOCTH
K Y-¢creTy, 4T0 NpUBOAMT K AOABAEHUIO Kpac-
HBIX NIATEH HA XOXE, NEPEXOATIHINK B HEIBKUBAIO-
LIHE KOPOCTH U HEPEAKO B PaK KOXKMU.

TpuxoTHonHcTpohus

3afonenpaHHe CB3AHO C [MOBLILIEHHOH (hOTOUYB-
CTBUTENBHOCTRIO JIHK, BBIZBAHHOH CHMXEHHEM
AKTHBHOCTH (pepMeHTA, YYACTBYIOWErO B yIAICHNH
OUMepPoB THMWUHA. CHMIOTOMEI 3a00J1¢BaHUs. TOM-~
KOCTh BOJIOC BCACACTEHME HEXBaTKH cepwbl B Genkax
BONOC M MX JTYKOBHUIL, Y3CTO YMCTBEHHAs H (DM3U-
YecKas OTCTanoCTh; AHOMATMH KOXU U 3ybos.

IV. TPAHCKPUNUWUA

TpaHCKpHNLIMSA — TepBas cTAAMST pealr3aunu
reHeTU4ecKoi nH(opMaumu B K1eTke. B xoae npo-
uecca obpasyviorea monekynnl MPHK, cnyxanme
MaTpuueii Ans CHHTe3a 0eKoB, a Takke TpaHC-
MOPTHBIE, pMOOCOMANBHEBIE H JAPYTHE BHABI MOJE-
Kyl PHK, BHIMONHAIOWMME CTPYKTYPHLIE, 4TAMTOP-
HBI¢ H KATATHTHUYECKHE (PyHKIMU (pHC, 4-26).

AMWHOKUCIIOTSI

l

AmuHoauun-TPHK

(

| : PwuGocomul
ConepHUT reHbl, - I
KO U3 KOTOPHIX
obriapaet yHUKanLHOM ———
AE30KCUPUBOHYKNEOTUAHOR TpancxpunTet PHK,
NOCNERCHATENLHOCTRIO prBoxyKneoTHaHAaR NOCAEACRATENBHOCTE
KOTOPLIX KOMMNEMeHTapHa
HYKNEOTUAHOH
nocnepoBaTensHocTH reHoB B OQHK
W v AN v —
TpaHckpunums TpaHcnauus
{ByvocwHTes PHK) {BuocKHTEs RoMMNenTUAOS)

Pvc. 3-26. Cxema Peanu3aLvM reHeTWHecKod WHBopMauwy B heHOTHNHYScKHE NPU3HAaKK, Peanu3auunio NOToKa HHOpMaLUMK B
KNETKe MOXHO NPpencTaeuTs cxemoi AHK—PHK—6anok. JHK—PHK obcanavaeT Guocuntes monekyn PHK {Tpadckpunumio); PHK—6e-

NOK 03HAYAET GHOCHHTES NONWNENTHRHBIX Uenel {TPaHCNALMIO).
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TpaHCKpHUITUUA ¥ IYKAPHOTOB MPOUCXOIHT B
sape. B ocHoBe MexaHM3Ma TPAHCKPUIIIMHA JIEKHUT
TOT XK€ CTPYKTYPHBIA NMPUHUMKIT KOMILIEMEHTAPHO-
r0 CIIapUBaHKA OCHOBaHHIT B Moaekyae PHK (G=C,
A=U n T=A). IHK cnyxXHT TOIBKO MATPHLEH U B
XONM¢ TPAHCKPUIILIMKM HEe M3MeHaerca. PuGoHykne-
osuarpudocarn (UTD, I'TO, ATD, YTD) —
cyGCTparbl M HCTOYHMKM JHEPrHH, HEOOXOJMNMbIE
U9 MPOTEKAHHS TIOJIMMEPa3HOi peaxiunu, odpa-
3oeaHus 3,5 -cpocoaHapUpHOI CBSI3H MeXIY PH-
DOHYKACOIMAMOHOGOChATAMU.

Cunres Monekyn PHK HaunHaercst B olpenen€éH-
HBIX MocneaosarenbHocTsx (caiirax) AHK, koropeie
HA3LIBAIOT MPOMOTOPBE, M 33aBEPLIACTCS B TEPMHHU-
PYIOIIMX YYACTKAX (CANTHI TEPMHHANMH). Y4acTOK
OHK, orpaHiteHHBIH NPOMOTOPOM M CaiTOM Tep-
MHHALKUK, IPEICTARTACT COBOM eANHULY TPAHCKDHIT-
LAY — TPAHCKPHITOH. Y 3YKapHOTOR B COCTAR TPAHC-
KPHIITOHA, KAK TIPaBMJIO, BXOAMT OIWH reH (puc.
4-27), vy IpoKapHOTOR HeCKOABKO. B KaxmoM tpaHc-
KPUITTOHE TIPUCYTCTBYET HeWHGOPMATURHAA 30HA;
OHA COEPXHT CHelMpUMECKHE TOCIEN0BATEIBHOC-
TH HYKJIEOTHAOB, C KOTOPBIMH B3aUMOAEHCTBYIOT pe-
[YISTTOPHBIE TPAHCKPHILIMOHHBIE (DAKTOPbI.

TpanckpumuHo#sie GaKTopbl — OSJIKH, B3aHMO-
OeACTBYIOUIHME C ONPENEIEHHBMH PElYISTOPHBIMH
CalTaMH M YCKOPAIOWIWME MWK 3AMELTAIOUHE npo-
uece TpascKpUnuuK. CooTHOLIEHHE WHDOPMaTHB-
HOH W HeMH(}pOPMATHMBHON YacTell B TPAHCKDPWI-
TOHAX IVKAPWOTOB COCTABASET B cpeaHem 1:9
{y mpoxapuoros 9:1).

CocelHHE TPAHCKPHUNITOHBEI MOTYT ObITh OTAEIC-
Hbl JAPYT OT Apyra HETPaHCKPUOHPYEMBIMU y4acT-
kamu JAHK. Pasaenenwe JHK Ha MHOXecTBO
TPAHCKPHITTOHOB MO3BO/IAT OCYIIECTRIATh ¢ pa3-
HOW AKTUBHOCTBIO HHAWBUIYAILHOE CYUMTHIBAHME
{TPARCKPUNLIMIO) Pa3HBIX T'eHORB,

B kaxaioM TpaHCKPUNTOHE TPAHCKPHOHpyeTCs
TONBKC OoaHa M3 AByx uened JHK, koropas Ha3sbi-
BAETCH MATPHYHO#, BTOpasi, KOMIUIEMEHTApHAA el
LIenb, HA3LIBACTCH Koaupyiomen. CuHTtes ueny PHK

HAET OT 5'- K 3'-KOHILy, NMPH 3TOM MarpuyHast Lemnb
AHK ecerna anTUnapanie/lsHa CHHTE3UPYEMOH
RYKJIEHHOROH KHcoTe {puc. 4-28).

TpaHCKpHTILUMA He CBA3aHA ¢ dazaMu KNeTou-
HOTO LIMK/13; OHA MOXeT YCKOPITBCH W 3aMESITh-
¢ B 3dBMCHMOCTH OT NMOTPEOHOCTH KJIETKH MK
OpTAHW3MA B OMpeleIEHHOM OelKe.

PHK-nomimepaini

Buocunres PHK ocywectrisieren JHK-3asu-
cuMbiMi PHK-nonumepasamu. B sapax aykapuo-
TOB ODHapyxeHbl 3 cneuManm3uposaHHbie PHK-
noanMepassl: PHK-nommavepasa I, cuHTE3MpYIONAs
npe-pPHK; PHK-noaumepaza II, oTBeTcTBEeHHAanA
3a ¢uHTe3 npe-MPHK; PHK-noamMepasa II1, cuH-
Tesupyowan npe-TPHK. PHK-rnoauMepassl —
OJHIOMEPHBIC (ePMEHTHI, COCTOALIIME M3 HECKOMb-
KUX CyOBeAMHUL — 2a, B, B, ¢. CyObeauHnua o
{CHUIrMa) BHITIONHAEST PETYAATOPHYIO GYHKLMIO, 3TO
OOWH M3 (PaKTOPOB MHUUMALMK TPAHCKPHUTILMH.
PHK -nonumepasst 1, 11, I, y3Hatowive pasHele
NPOMOTOPbI, COAEPAKAT PasHbIE TIO CTRPOSHHI Cy0hbe-
AHHHLBL G.

A. CTallun TPAHCKPUIILIMH

B nipoLiecce TPAHCKPHIILMY pasidvaloT 3 CTaauH;
WHUUWALKWIC, MOHTAUMIO W TEPMHHALMIO.

Huaunnansa

AKTHUBAUMH TIPOMOTOPA TIPOUCXOIUT ¢ MOMOILBIO
fonasworo Genka — TATA-taxTopa, HazLIBAEMOTO
TaK MOTOMY, YTO OH B3aHMOJECTBYET €O CIELHU-
(QHYECKOH ITOCASAOBATENIBHOCTEIO HYKICOTHIOB
npomoTtopa — TATAAA- (TATA-Gokc) (puc. 4-29).

INpucoennnenne TATA-cakTopa ofieryaeT B3a-
uMmoaeicTBHe npomoTtopa ¢ PHK-monuMmepazoi.
PakTOpsl HHUIIHAIIMH BHI3LIBAIOT H3MEHEHHE KOH-
dopmanuu PHK-nonuMepasbl m obecrnedyusalor
PACKPYYHMBAHWE MPHMEPHO OIHOTO BHTKA CIIHpa-
au AHK, T.e. obpazvercqa TPAHCKPHRIHOHHAR BHI-

Cait  vepmumaumm 3

5 ) MpomoTop

TpaHCKpUNTOH

Puc. 4-27. CTPORHWE TPAHCKPUNTOHA,
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Havano uenuw PHK

MatpuuHas yens QHK

Puc. 4-28. Tpaucxpunuua PHK wa matpuunoir uenu KK, Cudtes PHK acerna npanexofMT 8 Hanpaenedu 5 —3°.

j—‘ CTpoeHue APoMOTOPE IYKBPUMGTOBR, YaHaBaeMOo ""’1

PHK-nonumepaaoid [l

40 n.n,

< D

25 n.A.

ERTEARRRRRRRARTARANRARTARTARTARRRENRY

[T
| 1

CrapT TpaHcKphnivie

Pue. 4-29. CtpoeHwe npoMoTopa 3ykapuoTog. MNpoMOTOpPHBIE 3NEMEHTEI — CNeLWdMHecKUe NOCNefoBaTENLHOCTA HYKNEOTHAOB,
xapaxTepHele ANA NKGOro npomoTopa, ceAssiBawuere PHK-nonwmepasy. Mepetiil NPOMOTOPHBIM SNEMEeHT — NOCNEACBATENBHOCT:
ATATAA- {TATA-GOKC) OTAENSH OT CARTa HaYana TPAHCKPHNLWW NpuEnuanTensHe Ha 25 nap wykneotuaoe (NH.). Ha paccToAHMM Npu-
mepHo 40 (vHorpa ao 120) N.H. OT HErc pacnonaraeTcA NOCNenoBaTENsHOCTE GGCCAATC- (CAAT-Boke).

K4, B KOTOPOH MaTpUla JOCTYNIHA ANH UMHHLOMALMH
curresa uenu PHK (puc. 4-30).

IMocae TOro Kax CHHTE3HUPOBAH OJUTOHYKIEO-
™A U3 §—10 HYKIeoTHOHBIX OCTATKOB, O-CyObe-
AMHHLA oTacaseTca ot PHK-monMMepasnl, a nMe-
CTO Hed K MOAeKyie ¢epMeHTa MPHCOSTHHSIOTCS
HECKONBKO (PAKTOPOB IMOHTAIIHH.

DIOHTALHA

DaKTOPBHl 3M0HTALMH NOBLIIIAKT AKTHBHOCTH
PHK-nomuMepa3ssl M 061€MYa0T pacxokacHue 11e-
nett JHK. Cunrtes monekyasl PHK uaér ot 5'- k
¥-KoHuy KOMNOAeMeHTapHo Marpiuoi nenu JHK.
Ha craguu 3A0dramyu, B o0JaCTH TPAHCKpUITLH-
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OHHOM BUAKH, OAHOBPEMEHHO pasAeNeHbl TIPUMEP-
HO 18 aykneotTHIHbIX nap JHK. PacTyiumii koHeu
tenu PHK oGpasyer BpeMeHHYIO THOPHAHYIO CNU-
paib, OKOJA0 12 nap HyKJIeOTHMAHBIX OCTATKOB, C
MarpuuHoii nenso JHK. Tlo Mepe npoaprxkeHus
PHK-nonuMepasel no MaTpylie B HAMDARIEHUH OT
- Kk 5'-KoHLy BlNepeqd Heé MPOUCXOIUT PACKXONK-
JEHHe, a 110311 — BOCCTAHOBJICHHE ABOHHON Ccru-
pam AHK.

TepmuHaums

PackpyyuBanue aApoiHol cnupanu AHK B obna-
CTH CaiTa TEPMHHALMM IENaeT €ro JOCTYIIHBIM JAmd
chaxTopa TepMuHaiHM. 3aepwaetcy cunre3 PHK B



MpomoTop Cant  TepmuHaULMK

?A;ﬁq:xiv:)c:wﬁcébc AHK

TATA-tbakTop
T lf -

]“/"" PHK-nonumepasa

2 ]
PHX-nonumepasa l(F QaKTOpLl MHULNALMK
T
T Pt ety
e
HT® —— O -cybeenvHuLa
3 PPj 7| . ®akTopel anoHraumu

PHK-TpaHckpunT &' ™~

PerynapHbie cakropb) «—

npe-PHK
ENSNANNNA B e

OHK

Vs dakTop TepMUHaUMK

(. PHK-ncnmrMepasa

o e I < e e e e < AHK

Puc. 4-30. Ctapun TpaHckpunuun. 1 — npucoepurnenve TATA-hakTopa K npomoTtopy. HTebs npomMoTop Sun yanad PHK-nonumepa-
30M, HeahxoavMo obpasoBanve TpaHCKpUNUUOHHOrO KoMmnnexkca TATA-thaktop/TATA-Goke (npomoTop). TATA-pakTop OCTAETCA CBA-
3@HHEM ¢ TATA-BOKCOM BO BpEMSA TPaHCKPWNLWK, 3T0 0BNEr4aeT neNenk30BaHKe NPOMOTOPA MHOTUMW MOnekynami PHK-nonumepa-
3bl; 2 — obpasoeaHve TPAHCKPUNUWOHHON BHNKKA, 3 — 3NOHrELWA; 4 — TepMuHaALWA,

CTPOTO ONPEASAEHHBIX YUACTKAX MATpPHULL — Tep-
MWHATOPAX (CAWTBI TepMHHammi). (PakTop TepmiHa-
UMM OONETYACT OTACAEHUE MNEPBHMHOTC TPAHCKPHI-
ta (npe-MPHK), koMmniemenTaprore matpuue, W
PHK-noamvepazbt or marpuusl, PHK-noamvepasa
MOXKET BCTVINTL B CHCAVIOUIMA UMK TPAHCKPMN-
OHH MOCHAC TIPHCOEAMHCHMEH C}'G’I)C;IHHHUIJI ad.

b. KOBANEHTHAS MOAUDUKAILNA
(nPOUECCUHT) MaTPUuHON PHK

[TeprunHeie TpaHckpumisl MPHK, ripexae uew
BvAvT MCNOAL30BAHLI B X0Ae CUMHTCH Deaka, nod-
BCPratores Py KOBATEHTHLIX MOJIHPHMKALIHA. DTH
MOAMPUKAUMH HCOBXOAMMBL 131 DYHKLIHONHHPO-
RraHMA MPHK B KayccTBe MaTpHLlbl.

MoaugpHkanua 5'-koxua

Moaudpukaunu npe-yPHK nauunalorca na
CTAANM 300HraUMK. Koroa naMpa nepeUYHore
TPAHCKPUIITA AOCTHraeT NpuMepto 30 Hyk1eo-
TUUHBLIX OCTATKOB, MPOMCX0ANT KIMHPOBAHHE CTO
5 -koHua. OcywecTBAseT KIMUPOBAHIME TYAHU-
auatpaHcdepaza. WCpMEHT FMAPOIMIVET MAKpo-
IPTHMECKYIO CBA3bh B Modekviae T'T® u npu-
coenHaeT HykneoTulandocdaTHmid ocTaTok §'-
docdarHol rpyNITOA K 3'-KOHILY CHHTE3NWPOBAH-
Horo (pparmentd PHK ¢ oOpaszosanuem 57,3'-
dochoauddupuoil ceazu. [Mocacaywiuee MeTH-
AUPOBAHKE OCTATKA TyaHWHa B coctase FTO ¢
obpazoBaHreM N,-METHATYaHO3MHA 3aBepiuact
thopmuposarue xana (puc. 4-31).
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Puc. 4-31. KosanenTHap MoandwKauma KOHLEBLIX HYKNEOTHHLIX DCTATKOB NOPEUYHOINO TPaHCKpUnTa MPHK.

MoaupuHupoBaHHBIA 5'-KoHel, ofecrevMBacT
WHHLHALHIO TPAHCAAUMH, VIUTMHACT BpEMS XKH3-
M MPHK, 3amminas eé ot geiicteua 5'-3K30HYK-
Jieas B uHTONNa3me. KanupopaHue HeOBX0AMMO AJis
MHHLMALUHWH CHHTe3a 0eNKa, TaK KaK MHHLUHPYIO-
ume TpurLietel AUG, GUG pacnosHaiores pHubo-
COMOH TOABKO ecau MpucyrcTByeT kan. Haauuwe
K3a TAKXE HeoOXOMUMO s paGoThl CAOXHON
(GepMEHTHON CHCTEMEI, ODeCneuMBaIOIIe yaane-
HU¢ UHTPOHOB.

Monudukamms 3’-KoHua

3’-KoHel OONbIIHHCTBA TPAHCKPHTITOB, CHH-
Te3upoBaHHbix PHK-nmonumepaszofi 11, Takxke
NoABepracTesd MONH(UKAIIMK, TIPH KOTOPOH clie-
UMANBHBIM (bepMEHTOM NOJHA-NOIUMEpPAa3oil dop-
MUPYETCA MONHA-NOCTEROBATENBEHOCTE {NONNA-
«XHOCT»), cocToalnas uz 100—200 ocraTkow aje-
HHUJOBOH KUCIOTHL.

CHrHaTOM K Ha4aTy NoJuaaeH HIUpOBaHUSA AB-
faeTcs nocaenoratesHocTh -AAUAAA- Ha pac-
Tywei uenu PHK. @epMeHT nosHA-nionume-
pa3a, MpPOSABJASA 3K3IOHYKIEA3HYI0 aKTHBHOCTE,
pa3speiBaeT 3'-dochoachupHyIO CBA3b [OCHE NO-
apneHns B uenn PHK cneumduyeckoil nocne-
poBatensHOCTH -AAUAAA-, K Y-koHIIY B TOUKe
pa3pbiBa NOJHA-TIOAHMMEpa3a HAPALWIMBAST NO-
JHA-«XBOCT». Hanuuue NonHA-nocienoBaTelhb-
HOCTH Ha Y-xoHue obGneryaer Beixoa MPHK wua
Afipa H 3aMenndger €€ THAPOIH3 B HHTOMIAIME,

MDepMeHTE, OCYIUCSCTEAAIOIIME K3MUPOBAHUE U
MOMHATCHHIMPORAHIE, W3OUPATENbHO CBA3LIBAKOT-
ca ¢ PHK-nomumMepazoii 11, u B oTCyTCTBHE MONTH-
Mepasbl HEaKTHBHBLI.
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CnaaficHar mepsuHbIX Tpanckpunror MPHK

C nogricHHEM METOXOB, MO3BOMAKIIMX H3YYaTh
MEPBUYHYID CTPYKTYpY Moslekyn MPHK B Liarormas-
M€ H MOCNIEIOBATEBHOCTE HYKJICOTHAOR KORMPYIOLEH
g€ reHoMmHoi JIHK, ObLI0 ¥CTAHORAZHO, YTO OHM HE
KOMILIEMEHTAPHEI, a JUIHHA T€HA B HECKOJBLKO pal
Boneiue «3penoii> MPHK. TlocnenopatensHOCTH Hyk-
Jeotyaos, npucyrcteyoluve B JIHK, Ho He mxoms-
wue B coctas 3penoil MPHK, ObiM HasBaHEl HeKo-
OVPYIOUMMH, WIH HHTPOHBI, 4 NOCICIOBATEALHOCTH,
MpyucyTCTRYIoLe B MPHK, — koavpyroumiMu, wid
aK30Hb. TakuM 00pazoM, MepBUYHBIR TPAHCKPHIIT —
CTPOTO KOMILIEMEHTAPHAS MAaTPHLC HYKJICUHOBAs
xuotora (npe-MPHK), comepxaiuas Kak 5K30HH, Tak
H HHTPOHBIL. JIMHa MHTPOHOB BapbHpyer ot 80 no
1000 Aykneornaos. TNocnenoBaTeTbHOCTH WHTPOHOB
«BBIPE3AQTCA> U3 MEPBHYHOIO TPAHCKPMITIA, KOHLIbI
SKIOHOB COSMMHAIOTCS APYT ¢ ApYroM. Takyio MOTH-
¢uxaimio PHK HaspiBaior «cruradichnr (ot aHmn. fo
splice — cpanmBars). CrimadCHHT OPOUCXOAMT B A7PE,
B LMTOTUTA3MY TIOCTYRAET yKe «3penad» MPHK,

['eHBI YKapUOTOB comepXaT OOMblie HHTPOHOR,
4YeM 9KIOHOB, MOITOMY OUYEHb MUIMHHBIE MOJIEKY/b]
npe-MPHK {okono 5000 HykK/IeOTHAOR) NOCIE CILTA-
CHHTIa npeBpallarTcs B 605ee KOPOTKUE MOJIEKYJIb
wrromasMatiueckoit MPHK (ot 500 oo 3000 uyk-
JNEOTUAOR).

IMpoliecc «BhIpe3aHHA» HHTPOHOB [IPOTEKAET NPH
YYACTUH MANBIX SACPHLIX PHOCHYKICONPOTEHHOB
{maPHIT). B cocrap MaPHIT BxomuT manas smep-
Haa PHK (MaPHK), HykiaeoTHAHas LeNb KOTOPOI
CBsI3aHa ¢ GCNKOBLIM OCTOBOM, COCTOALIMM U3 He-
CKOJIBKUX NMPOTOMEPOB. B CralicMHre npMHUMANOT
yuacTHe pasnuunble MaPHIT (puc. 4-32).



HykneoTuaHeie NOCASAOBATEABHOCTH MHTPOHOB
PYHKLHMOHANLHO HeakTuBHbl. Ho Ha 5'- W 3'-KoH-
1IaX OHM MMEIOT BbICOKOCOEeL MU HUECKHE NOCNEN0-
saTenbHOCTH — AGGU- u GAGG- cOOTBETCTBEH-
HO {(CaliThl CIuUtaiicHura), KOTopbie obecrieUnBaioT
HX ylaieHHe W3 monekyias npe-MPHK. HMamene-
HHE CTPYKTYDB! 3TUX MOCISA0BATEABHOCTEH BIUA-
€T Ha npollece CILiafichHra,

Ha nepeo#t craguu npouecca MaPHIT cea3bl-
BRIOTCH €O CMelUbDUISCKHMHE NOCIeA0RATENbHO-
CTAMH NEPBUYHOTO TpaHCKpUnTa (caliTel cnnaii-
CHHra), jajtee K HHM [pUCOCAHHAIOTCH OpPYrHeE
maPHIL. MNMpw hopmUpoBaHIH CTPYKTYPHI CILAAM-
CcOCOMBl 3'-KOHEU OAHOro 3K30Ha cbiaykaerca C
Y-KOHHOM cAeaylouiero 3k3oHa. Cnnmalcocoma
KATANM3UPYET PeakUulo pacwenteHus 3,5 -doc-
donyadupHOil CBA3N HA rPAHHLIE IKIOHA C MHT-
poHoM. [TocnenoBatelbHOCTL MHTPOHA YIAnfaeT-
¢, a ABa 3K30Ha coeaMHswoTcd. OGpasoBaHuME
3.5 -dochoauabupHOi CBs3H MEXITY IBYMS K-
30Hamu katanuznpywT MIPHK {manuie saepubie
PHK), BxoaduiMe B CTpYKTYpY CILTaHCOCOMBI.
B pesynwrate cnnaficuira w3 nepBHUHBIX TpPaHC-
kpuntoB MPHK o6pa3zyioTcs MOJIEKYAE «3peNo»
MPHK.

ANbTepHATABHBIA CIUTARCHHT NEPBHYHBIX TPAHC-
kpunroe MPHK

Jna HeKOTOpBIX TEHOB OMMCAHBl ANLTEPHATHB-
HBbIE NYTH CILIAHCHHIA M OAHAZSH WIMPOBRAHHS OA-
HOLO W TOTO *e TPAHCKPMNTA. JK30H OJHOrO Ba-
pMaHTa CMJIaWCHHIa MOXET OKA3aThCA HHTPOHOM
B QIBTCPHATHBHOM MYTH, MOITOMY MOJEKYIb
MPHK, obpasoBannbie B pe3yabTaTe anbTePHATHR-
HOTO CIUIAACHHIA, pa3iHualTed HabopoM 3K30HOB.
3To npHBCAMT K 0bBpa3oBaHH0 pasnbix MPHK u,
COOTBETCTBEHHO, pasHbIX OENKOB ¢ OAHOrO mep-
BUYHOTO TpaHCKpHuNTa. Tak, B mapadoinukyisp-
HBIX KNETKAX IMWUTOBHIHON Xeaeszwl (pHC. 4-33) B
XONlg TPAHCKPUMIWK I'eHa ropMOHA KanbUWTOHWHA
{cM. paznen 1) obpasyercda TepBUYHBIN TpaHC-
KpunT MPHK, KoTOpbIid COCTOMT H3 LECTH 3K30-
HoB. Marpuunasa PHK kansuutoHuHa obpasyercs
NYTEM CIUIAWCHHTA NEPBLIX YETHIPEX IK3OHOB
{1—4). llocnegHui (4eTBEPTLIA) 3K30H CONCPXKUT
CHTHAN TIOJHANCHHIHPOBAHUA {NMOCIEIORATE I b-
HOUTE -AAUAAA-), y3HaBaeMblil MOJIHMA-NOIHME-
pasoit B NapatO;UIMKYAIPHBIX KITETKAX ILHTOBHI-
HOM KeTe3bl. DTOT Xe MEPBMYHBIN TPAHCKPUOT B
KJIGTKAX TOAOBHOTO MO3la B XOA& APYroro (aieTep-

CaiiT cnnancuqra MHTpOH CaWT cnnalicnHra
54 3K30H 1 1-AGGU- -GAGG JK30H 2 | 3

®opMUpPOBaHUE o« MAPHD

CrNaHCoCoMbL
}' < MaPHT

Cnnaicocoma
=4 BKaoH 1 oA SK30H 2 13
«BbipesaHHbIi» MHTPOH ._j‘[k_. MsPHIM
3K30H 1 { JK30H 2 |

a Jpenan» MPHK

Puc. 4-32, Cnnaicunr PHK. B npouecce cnnaicira NPUHMMAKT YHACcTHe pasnuuneis MAPHT, KoTopeie OPMUPYIOT CHNARCOCOMY.
mMAPHI, saawmopeaidcTeyn ¢ PHK v apyr ¢ Apyrom, dMKcHpyioT 1 ORHEHTURYIOT DEaKLMOHHLIE FPYNNG! NEPBUUHOrC TparckpunTta. Kara-
NMTWHECKAR PYHKUMA CnnaicocomM obycnoeneHa PHIK-cocTagnAkcummMy; Takue PHIK HasuIBaKT puBosumami.
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Puc. 4-33. ANbTepHATUBHLIK CNNARCHHT reHa KANbLUMTOHMHR. B KNeTKax WHTOBWOHOMA Meneaul CNNAACKHHT NEPBUYHOMD TPAHCKPKNTA
Np1BOANT K 05PalnsaHnio KankuMToHWHOBOW MPHK, srnioHalowei 4 SK3IoHa  nonnA-NocNeNoBaTENLHOCTL, KOTOpAs ofpalyeTcs noc-
ne PacilenieHWs TPAHCKPHATA B NBPEBOM YYacTKe CUrHana nonManeHunmpepaHns. B knetkax Moara obpaayeTtca mPHK, conepxawas:
3K30HL! 1, 2, 3, 5, 6 ¥ NONHA-NOCNEN0BATENEHCCTE, OBPAAOBAHHYIO NOCNE BTOPOrO CUTHANA NOMWMALBHUNMPOBAHUS.

HATHBHOIO} OYTH CIMTaiiCHHTA TIPeBPalIAeTCsd B
MPHK xanbuuTOHMHROZOGHOMO Genka, OTBEYAIO-
LIero 3a BKycoBoe BocnpHaTHe. MarpuuHas PHK
aToro 6enKa COCTOMT U3 NEPBHIX TPEX FK30HOB, 00-
umx ¢ kanslmroHuHesoi MPHK, Ho skmovaer no-
MOJTHUTENIBHO TATHIA M LIEeCTON 3K30HBI, HE CROM-
cteeHHble MPHK xaneuutonuna. [ectolt ak-
30H TOXE WUMeeT CUTHAN MOMHANeHHJIUPOBAHUA
-AAUAAA-, yaHapaembIlf depMeHTOM TOIHA-IO-
IUMepa3ol B KIETKaX HepBHOM TKaHW. BeIGop on-
HOro M3 nyTei (aNeTepHATUBHBIH CIUTAHCHHT) W
OHOTO W3 BO3MOXHEIX CalTOB NMOJMAACHHIMPOBA-
HHUS WIPaeT BAXKHYIO pOsib B TKaHecneUhHyeckoi
3KCIIPECCHM TEHOB,

Pa3Hble BAPHAHTE] CIUIARCHHTA MOTYT NIPHBOIUTD
K 00pa3oBaHMIO pa3sHbIX H304OpPM OLHOTO H TOTO
xe Oenka. HanpuMep, TeH TPOMOHHHA COCTOMT M3
18 3K30HOB M KONUPYET MHOTOUHCIEHHEIE H3odop-
MBI 3TOT0 MBILLICYHOTO Genka. PasHeie M30¢h0opME
TPOMOHMHA 0GPA3yIOTCA 8 Pa3HbIX TKAHAX Ha on-
peleéHHBIX CTAAHSAX UX Pa3BHTHSA,

B. ITPOLIECCHHT NEPBHYHLIX
TPAHCKPHIITOB PHBOCOMAILHON PHK
1 TraHCioPTHON PHK

leHel, KopHpYIOWHe GOIBLIYIO YACTh CTPYKTYP-
umx PHK, tpaHckpuGupyiorcs PHK-nonumepa-
zamu | u 111, HyknedHoBEe KHCAOTEL — Mpealle-
creenHuxy pPHK u TPHK — noageprarorcs B aape
PACIEILIEHHIO H XWMHUeCKoH MoaudHKanum (rpo-
LIECCHHTY).

MocTTpancKpununonnbie MOIHPHKAUUH NepRHY-
woro Tpanckpanrra TPHK (nponeccunr TPHK)

MNeperunbiit TpaHekpult TPHK comepyadt okoio
100 HYKNEeOTHMAOB, a IOCHAE MPOLUECCHHra —
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70—90 HyKIeOTWAHBIX OCTATKOB, T1OCTTPaHCKPUITITH-
OHHble MOTH(HKALIMM MEPBUYHBIX TPAaHCKPUIITOB
TPHK npoucxonst npu yuactud PHK-az (pubonyk-
neas). Tak, ¢opmuporanue 3-xkouna TPHK ka-
Tanuzupyer PHK-aza, nmpencrapnsgromas coboit
3’-3K30HYKIIEA3Y, «OTPSIAOLLYVIO» TI0 OJHOMY HYK-
JEOTHIY, TIOKA HE JOCTHTHET IOCNTEIOBATENEHOCTH
-CCA, omuHakoroil ans Becex TPHK. s nekoro-
peix TPHK ¢opMHpoBIHHME NOCIENOBATEABHOCTH -
CCA Ha ¥-koHLUe (aKUENTOpHBIA KOHEl) TIpOucXo-
T B PE3YILTATE MOCJIEAOBATELHOTO MPUCOSAVHEHUS
3TUX TpEX HyKieoTHIoB. [Tpe-TPHK conepxut Bce-
ro OIMH MHTPOH, COCTOSIIIMNA U3 14—16 HyxIeoTH-
IOB. YIaneHHEe HHTpOHAa H CIVIAHCHHI TMPHBOMIT K
(POPMHMPOBAHHIG CTPYKTYPHI, HA3BLIBAEMOH «AHTHKO-
JOH», —— TPUTLNETa HYyKJIeOTUIOB, 06eCneuUBaloLIEro
paaumoetictBie TPHK ¢ KoMIUIeMeHTapHBIM KOAD-
HoM MPHK B xone cuHTe3a 6enkon (puc. 4-34).

TlocrrpanckpunuHoHHpe MoaupuKkaum (npo-
HeccHHr) nepeuuHore TpaHckpunra pPHK.,
®opmuporanie pubocom

B xneTkax uenopeka COOSPXHTCA OKQAOQ COTHU
xonuii reHa pPHK, 10kanu30BaHHBIX TpyTnnmaMu
Ha natH xpoMocomMax. I'eHsl pPHK Tpanckputu-
pyviotcad PHK-nonuMmepasoit | ¢ obpazoranuemM
HAEHTHYHBIX TpAaHCKPUNTOB. [lepBUYHEIE TpaHC-
KPHMNTH HMEOT IUHY okono 13 000 vykneotua-
HBIX ocTatkoB (455 pPHK). IMpexne yeM noxu-
HYTh SIpO B ¢OCTaBe pPHOOCOMHOH 4acTHILI,
Mojekyaa 43S pPHK noasepraercd mpoueccHH-
ry, B pesynwrate obpasyerca 285 pPHK (okono
5000 uyxneorngor), 188 pPHK. (oxono 2000 Hyk-
aeorupos) H 5,88 pPHK (oxono 160 HykneoTH-
J0B), KOTOpBbIE ABMAKTCA KOMIOHEHTAMM pubo-
coM (puc. 4-33). OcranbHas 4acTk TPAHCKDHIITA
pa3pyliaeTcs B sape.



Agpo

A A
C C
Y 3 E‘\S\/T\/y —_— \DE:S\T;
MHTpOH / TPHK TPHK
npe-TPHK
Monnq)uxaum
OCHOBAMMIA
TpaHckpuILUs u apucoeauHerwe -CC
LiuTonnaama

Puc. 4-34. Npoueccunr npe-tPHK. OnpepenéHHbie a3oTHCTLIE OCHOBAHWA Hyknaotiaoe TPHK B xone NpoueccvHra MeTHAWPYIOTCH Nopd A&t
ctemem PHK-weTMNAaLl M NPEBRaILAIDTCA, HANPUMED, B 7-METWITYaHOZMH W 2-METHINTYAHO3IMH (MUHOPHBIE OCHOBaHWA). B monexkyne TPHK
COOEPXATCH W Apyrve HEoGLIHHBIE DCHOBAHWA — NCEBLOYMIMH, IMMMIDOYRWIMH, KOTOPEIE TAKKE MOQIIMUMDYIOTCA BO BPEMA NPOUSCCHAra.

1

18
40
cy5be;i§pmua prbocom

HAnepHan 605
memBpana / e cybweansuua pubocom

HTOTHIA3MAE
HApepHarn nopa H

Puc. 4-35, D6pazoBaHne W BLIXOR W3 ARpa cybLeauHnL, puBocom. B pesynsTarte NPOLBCCUHNA M3 MONBKYNL NPEMLECTREHHVKA 455 pPHK
obpasytoTest Tpu Tvna pPHK: 188, BXCALAS B COCTAR MANOH CYGLENMHUMLL! PUBOCOM, & TAKKe 285 W 5,85, noKamayiowrecs B GoMbLIoNH
cySremHvie. Boe Tpu pPHK o6pasyioTes 8 paBHLIX KOMMHYECTBAX, TAK KAK OHW NPOMCXONAT M3 OOHOMD ¥ TOTO XKE NEPBMHHOND TPAHCKPHITTA
58 pPHK Gonewmiof cyGhemmtinubl prBOCoM TRaHCKDMOWPYETCA OTOENLHO OT NEPBHYHOID TRaHCKpHnTa 455 pPHK. PuGocomankHee PHK, obpa-
30BaHHLIE B XONE NOCTTPAHCKPMILMOHHEIX MOIWKEMKALMIA, CBSALIBATEA CO cneumdiueckmin Genkamm, n oSpaayetcn puSocoma.
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PubocoMa — opraHeana KNETKH, YUaCTBYKOLIAA
B OMocHHTe3e Genka. PutocoMa sykapuotos (80S)
COCTOMT M3 ABYX, BonbUIOH W MaTo#H, CyObeaMHiLL
60S 1 40S. Benaku pHGOCOM BbITOIHSIIOT CTPYKTYD-
HY10, PErYIATOPHYIO W KATANUTHYSCKYIO (DYHKUMH.

V. BUOCUHTE3 BENKOB
(TPAHCNAUUSA)

IMepesoa BHOPOPMALIIEHK, 3aKNIOYEHHOH B MOJIH-
HYKJIEQTHIHO#H nochenosatebHocTH MPHK, B amu-
HOKHCJAOTHYIO NMOCTeI0BaTeNbHOCTL Oenka Tpeby-
€T ONpEIeNEHHOTO CHocofa KOAHWPOBAHUA WUJTH
WHAPPOBAHANA, T.€. CYUICTBORAHUA OTIPEASTEHHO-
ro 3aKO0HA, NO KOTOPOMY YEpPEJOBAHHE YEThIpEx
HykneoTHaos B MPHK 3amaét cnelmdpuveckyio noc-
NIEOOBATEIEHOCTh AMHHOKHUCAOT B BENKE.

A. TEHETHYECKHIT KOA H ErQ CBOWCTBA

HeoGxonuMocTh KOOUpOBaHHsA CTPYKTYpHI Gen-
KOB B JIMHEHHOH MOCASAOBATEIBHOCTH HYKJIEOTH-
aoB MPHK u AHK npoaukroBaHa TeM, UTO B Xone
TPAHCISILIAH;
* HET COOTBETCTBHA MEXIY MMCIOM MOHOMEPOB
B Marphle MPHK 1 npoaykre — CUHTe3Hpye-
MOM DenKe;

# OTCYTCTBYET CTPYKTYPHOE CXOACTBO MEXIY MO-
HoMmepamu PHK M Oenka.

ITO UCKIIOUALT KOMILJIEMEHTAPHOE B3auMOei-
CTBHE MEXJY MAaTpuLEd H NpOJAyKTOM — NpHH-
LM, 110 KOTOPOMY OCYLLECTR/SIETCA TIOCTpOEHUE
HoBHIX MoOAekyA JIHK 1 PHK B xoa¢ periiukauuu
U TPAHCKPHIILUH,

Or¢iona CTAHOBUTCA SICHBIM, YTO ACIDKEH cylile-
CTBOBATE «CJIOBAPb», [TO3BOAAIOUINI BEIACHUTE, Ka-
Kasl TIoCTIeA0BATeNbHOCTE HyKineoTHIoB MPHK obec-
ICYMBACT BKIIOYEHHE B OCNIOK aMHHOKHCJIOT B
3ANAHHOW TOCREA0BATEABHOCTH. DTOT «CAOBAPb»
NMOTYYI HA3BaHUe TeHETHYeCKOTo, GHOMOTMUECKO-
ro, HYKJAEOTHIHOIO, WM AMHUHOKMCIGTHOIO KO04a.
OH nozeoasieT WdpPoOBaTh AMHHOKHCIIOTDI, BXOMSA-
IHe B COCTaB OEMKOB, © NMOMOLIBIO OTIpeaenEHHON
MOCAeIOBATENbHOCTH HyKIeoTHA08 B JIHK 1 MPHK.
st Herc XapakTepHbl OIPeACNEHHLIE CBOMCTRA.

TpawieTnocTs. COIHUM KM3 OCHOBHBIX BOTIPOCOB
MPH BHIACHEHHH CBOMCTB Kola ObUT BOIPOC O YHC-
Jle HYKJISOTHIOB, KOTOpPOE NOJKHO ONpPEASTATb
BKJIFOUEHHE B Be10K OIHOH aMmuHoKueAoTeL. {pa3y
ObIIO TOHATHO, YTO 3TO YHMCJI0 HE MOXET ObITh
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paBHbIM | AW 2, TAK KaK B 3TOM Cy4ae KOaH4E-
CTBO KOJAMPYIOWHX 2JEMEHTOR OyaeT HEAOCTATOY-
HbIM A1 wsdporanus 20 aMHHOKHCAOT B DENKaX.
YKcao KOAHPYIOWMX MOCIeI0BATENBHOCTEH H3 Ye-
THIPEX HYKJIEOTHAOB MO TPH paBHO 4°=64, 4yTo $O-
Jiee yeM B 3 pa3a npeBbIUACT MUHMMANBHOE KO-
YECTBO, KOTOpOE HeoOGXoAMMO INA KOZHPOBAHMA
20 amuHoxsciaoT. B manbHediiem Obuio yeraHon-
JIeHO, YTO KOMUPYHILMMH 3IEMEHTAMU B WUGPO-
BAHMH aMUHOKHCIIOTHOR T10CIeA0BATETBHOCTH ek -
CTBHUTEIBHO ABASIOTCH TPOIKM HYKASOTHIOB, MIH
TPHILTETEI, KOTOPLIE MONYYHIH HA3BAHKE «KOTOHBI»,

CMBICa KODOHOR

CMbICT KOAOHOB CTai MOHATEH B 60-x . XX
CTOJIETHS, KOIAa, UCAONb3yS BECKIETOUHYIO CHC-
TeMy cuHTe3a Genkos (Tabn. 4-3) U CHHTETHYEC-
KWE MOJHPHOOHYKIAEOTHIE! ¢ 33JaHHOH [TOCAEAO-
BaTEMLHOCTBIO HYKJICOTHIAOB B KAYECTBE MATPHLLbI,
M. Hupedbepr n I'. MarTen CHUHTE3UpPOBANM MO-
JUNENTHABl ONpPeaenéHHore crpoeHuns, Tak, Ha
MATPHUE MOJIH-Y, COCTOSLICH TOJAbKO M3 OCTAT-
Kop YM®, Gbin nonyuen nosudeHWIANAHWH, 8
Ha Marpuue nojau-1 — ooaunposud. M3 atoro
clieaoano, uro Tpuniet -UUU konupyer ®en, a
tpumiet -CCC — Tlpo.

B nociaeayionmx 3kenepuMeHTax UCIONB30Ba-
JTH CMELUAHHBIE CHHTETHUECKHE HOIMPHOOHYKIIE-
OTHABI C U3BECTHRIM cocTapoM. B pesvnbrare 310
paboThl YAANOCH YCTAHOBMTD, YTO M3 654 KOACHOR
BKJIIQYEHHE AMMHOKHCAOT B CHHTE3MDYIOLLYIOCH
MOAMOETITUAHYIO Lels mndpyeT 61 TpuiLtet, a 3
ocTanbHbiXx — UAA, UAG, UGA He KooupyioT
BKJIIOYEHME B 0€JIOK aMWHOKHCIIOT W NMEePBOHAYAIb-
HO OBUIM HA3BAHBI OCCCMBICACHHBIMKM, WIH HOH-
ceHe-KoaoHaMH. OnHAKO B AanbHEHLIEM 0610 TO-
K438HO, 4TO 3TH TPHOASTH CUTHAIH3HPYIOT O
3aBepIICHHH TPAHCIIUWH, U IO3TOMY WX CTAUTH Ha-
3BIBATE TCPMHUHHUDYHILIHMHA, WIH CTON-KOIOOHAMH.

Komonnt MPHK 1 TpUIINETH HYKIEOTHOOB B KO-
aupytomieit HuTH AHK ¢ HanpasieHMeM ot 5 K 3'-
KOHLY MMET OIMHAKOBYID NOCHEA0BATENBLHOCTD
A30TUCTBIX OCHOBAHMI, 32 UCKJIIOYCHUEM TOTO, YTO
B JAHK BmecTo ypauuna (1)), xapakTepHOro ais
MPHK, crout THMuH (T).

Cneunipnanocts

i(a)momy KOIJOHY COQOTBCTCTBYET TOJABKC OIHA
OﬂpﬂﬂEHéHHaﬂ aMHHOKHCAOTa. B 3TOM cMBICAE re-
HeTHYSCKHI KO CTPpOro OOHO3Ha4CH.



TabnMua 4-3. OCHOBHEIC KOMNOHEHTLE GENOKCHHTe3UPYIOIEA CHCTamMBI

He00x0IMMBI¢ KOMIIOHEHTBA

Dynxruum

1. AMHHOKHCIIOTE!
2. TPHK

3. Ampdoauun-TPHK cuHTeTazE!
4. MPHK

5. Pubocomsl

6. AT, TTD

7. Benxosbie PakToph:

HHHIIHALKH, 3JIOHTrallKH,
TEPMHHAIITHH

Cybetpatel s CHHTe3a OelTKoB

TPHK euinonsagior ¢yHKUmio ajzanTopos. OQHM  aKUENTOPHBIM  KCHLIOM
B3aUMONEHCTBYIOT ¢ aMHHOKUCICTAMH, 4 SaHTHKONOHOM — ¢ kogonoM MPHK,
Kamnas aa-TPHK-cunteTasa katamuzupyeT peakunio  cnenudguueckero
CBAZRIBAHKA 0N0H 13 20 AMHHOKHCIIOT ¢ cOOTBeTCTRYOWEH TPHK
MartpHua  cogepkKMT  nHHEHHYI0O  NOCHEAQBATENLHOCTH
OTPEASTIAIONHX MEPBHIHYIO CTPYKTYPY OCNKOB

KOOOHOB,

PubouykneonpoTeHHOBRIE CYOKNIETOUHBIE CTPYKTYDH, ABNSIOMHECS MECTOM
CHHTe3a DenkoB

HCcTOUHHKH 3HEPTHH

Crenuduueckre BHepuODCOMHBIE DEMKM, HEODXOMHMEBIE ANA  mpolecca
TpaHcsuun {12 daktopos Muunmanun: elF; 2 daktopa snodraunu: eEF1,
¢EF2, u ¢akrope! TepmuHanmu: ¢RF)

8. Housl Maruus

Kodaxrtop, crabunuznpyolini crpykTypy pudocom

Npumevannsa: elF (eukaryotic initiation factorsy — thaxTopel nRuLMauw; eEF (eukaryotic elongation factors) — hakTophl snoHrauwm;

eRF {eukaryotic refeasing factors) — (akToOPul TEPMAHALIN.

BpIpOXKICHHOCTD

B MPHK u JHK umeer cmbica 61 TpunieT, Kax-
OB M3 KOTOPHX KOOMDYeT BKIAKYEHHE B Genox
onHo#i 13 20 amuuokucnot. M3 atoro cienyer, yto
B MHOPMALMOHHBIX MOJIEKYNax BKIIOUEHHWE B Ge-
JIOK OJHOK M TOH Xe¢ aMUHOKHUCIOTHI ONpeaciasaiT
HECKONBKO KOACGHOB. 3T0 CBONHCTBO BHONOrMYeC-
KOTO KOJa MONYYUINO HA3BAHWUE BLIPOXIACHHOCTH.

Y yenoreka QJHUM KOIOHOM 3aillHdpoBaHb
TOJNBKO 2 aMuWHOKHcNIOTEL — Mer n Tpu, torna
kak Jleit, Cep U Apr — 1IECTBHE) KOAOHAMHM, 4
Auia, Ban, I'nu, [Ipo, Tpe — ueThippMs KOAOHA-
Mu (Tabn. 4-4).

H30BITOYHOCTD KOAUPYIOUIHX MIOCAEROBATENBHO-
cTeil — LIcHHeHIlee CBOHCTBO K04, TaK KaK OHa
NOBBLIIALT YCTORUMBOCTE MHPOPMALIKOHHOIO M0-
TOKA K HeOnaronpHATHLIM BO3ACHCTBUAM BHCEII-
Hel M BHYTpeHHei cpedsl. IIpy ontpene/ieHH Npu-
POAbl AMHHOKMCAOTHI, KOTOpas JOMXHA ObITh
BKJHIOYeHAa B 6eIoK, TPeTHUI HYKJICOTHE B KOIOHE
He UMEeeT CTOAb BAaXHOrO 3HAUCHMSA, KaK MEpPBLIC
apa. Kak BuaHo u3 tabin. 4-4, ansg MHOTHX aMHHO-
KHMCIIOT 3AMeHa HYKNCOTHIA B TPETheil MO3HLIMH KO-
JOHA HE CKa3hBACTCHA HA €r0 CMbICHE.

Jluneipocts 3amucH nH(pOPMALNH

B xone tpancasuuu komoHsi MPHK «iuTatoT-
cfi» ¢ PMKCHPOBAHHON CTAPTOBON TOUKM MOCHEN0-
BATE/IBHO M He MIepeKkpelBatotTes. B 3amucu uHGop-

MalliM OTCYTCTBYIOT CHTHAILI, YKa3bIBaIOLIMe Ha
KOHELL OMIFOr0 KOAOHA W HAYaN0 CASAYIOUIETO.
Konon AUG sBnseTca MHHULIMHPYIOLWM W TIpO-
YWTBIBAETCS KaK B HA4yade, Tak M B APYCHX y4acT-
Kax MPHK kak Met. Creayolmne 3a HUM TPHILIE-
ThI YMTAKTCH NOCACIOBATENbHO 03 Kakux-nudo
NMPOAYCKOE BIUIOTE 20 CTOH-KOA0HA, HA KOTODOM
CHHTE3 MOJIMTIENTHAHON LeNMy 3aBeplLIaeTCs.

YHupepcaibHOCTD

Jo HelaBHErO BpeMEHH CYHTAIOCE, YTO Koa ab-
CONNIOTHO YHMBEPCANEH, T.€. CMBICHT KONOBBIX CAOB
OAHHAKOB AJI BCEX M3YUEHHbIX OpPTAHKH3MOB. BU-
pycoB, OakTepHil, pacTeHMil, 3¢MHOBOAHBIX, MJE-
KOMHTAIOWHX, BKJIKYas yenoseka, OaHaKo no3aHee
CTaJ0 U3BECTHO OMHO HCKITIOUeHKE, OKA3AM0Ch, UTO
muroxoHapuansiags MPHK conepxur 4 Tpurnera,
HMEIOLIKWX Apyroe 3HaveHue, yeM B MPHK smep-
Horo npoucxoxaenusi. Tak, B MPHK suTtoxousa-
puit Tpurter UGA xoaupyer Tpy, AUA — Mer, a
AGA ¥ AGG NMpouMTHIBAIOTCH KaK AOMOTHUTEb-
HBIE CTOM-KOACGHBI.

KoanHeapHOCTE reHa U DPoOAYKTA

Y MpokapuoTop 0OHApYXeHO JIMHEHHeE coOoT-
BETCTBHE IMTOCICAOBATENBHOCTH KOIAOHOB TéHAa H
NocAeIoBaTebBHOCTH AMHHOKHMCAOT B OlIKOBOM
NpoayKTe, HJAH, KaK [OBOPST, CYLWECTBYET KONM-
HeapHOCTh [eHa M (pOayKTa.
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Tabnuua 4-4. FeHeTHMECKUH KOR

IlepBoe ocHoRANME BTopoe 6cHOBAHHE
U C A G
U UUU der UCU Cep UAU Tup UGU Uuc
UUC Den UCC Cep UAC Tup UGC Luc
UUA Jleit UCA Cep UAA* UGA*
UG Jleit UCG Cep UAG* UGG Tpu
C CUU Jleit CCU IIpo CAUnc CGU Apr
CUC Jleit CCC IIpo CACTuc CGC Apr
CUA Jleit CCA Ilpo CAA nn CGA Apr
CUG Jleit CCGIpo CAG I'n CGG Apr
A AUU Hne ACU Tpe AAU Acu AGU Cep
AUC Hne ACC Tpe AAC Acu AGC Cep
AUA Mer ACA Tpe AAA JIns AGA Apr
AUG Mert ACG Tpe AAG Jlus AGG Apr
G GUU Ban GCU Ana GAU Acn GGU 'ma
GUC Ban GCC Ana GAC Acno GGC I'nu
GUA Ban GCA Anma GAA T'ny GGA Tnu
GUG Ban GCG Ana GAG T'ny GGG Tnu

Mpumevanua: U — ypaunn; C — untosuH; A — ananny; G — ryaHnH, * — TEPMUHUPYIOWAR KOGOH,

Y 3YKapHOTOB NMOCAENOBATENBHOCTH OCHOBaHHMA
B TCHE, KONMHEAPHBIE AMHHOKHCAOTHOH NOCICI0-
BATEABHOCTU B O€KEe, NPEPbhiBAIOTC] WHTPOHAMM.
[loaToMy B 3YKAPHOTHYECKHX KINSTKAX AMHHOKHC-
JNOTHAS FIOCNEAOBAaTENbHOCT GeAKa KONWHEApHa
AOCAE0BATENLHOCTH 3K30HOB B TeHe WIH 3penofi
MPHK nocie nocTTpaHCKpUIILHCHHOTO YIAIEHUS
HHTPOHOB.

B. OCHOBHBIE KOMITOHEHTBI
BEJOKCAHTE3HPYIOIIENH CHCTEMBI

Kax siaHo 13 Tadn, 4-3, 479 CUHTE3a NIOJMUIen-
THAHOH URHH HeoOXoouMo OONbLOS KOAHYECTBO
KOMITOHEHTOB, COBMECTHOE K COITacOBaHHOE B3a-
MMOOEHCTBHE KOTOPBIX TPHROAXAT K 00Pa30BaHUID
Oenka.

AMHHOKHCTOTH

Bce 20 aMMHOKMCIOT, BXOOSILMX B CTPYKEYRY
0eJIKOB OpraHK3Ma YeNOREKA, AOIKHLI TTPUCYTCTBO-
BATH B IOCTATOYHOM KONu4ecTRe. 310 TpeGoBaHKHe
NpeXae BCETO OTHOCHTCS K He3aMEHHMbIM (T.e. He
CHHTE3WPYIOUIMMCS B OPraHK3Me) aMHRHOKMCIOTaM,
TdK K4K HEJOCTATOYHOE CHalXeHWe KAETKH XOTH
bl OOHOI HE3aMEHWMOH aMMHOKHCAOTOR TNPHBO-
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IONT K CHIDKEHWIO, 2 HHOTIA U NOJHONH OCTAHOBKE
cuHTe3a Beska Ha KOAoHEe, TpebyiouieM BKIHYE-
HHS ITOA AMHUHOKXMUCIOTE B DENOK.

MPHK. Conepxut vHbOpMALMK O CTPYKTYpE
CUHTE3NPYEMOro Denka W UCTIONb3YeTCd B Kaue-
CTBE MaTpMLILL

TPHK. ¥ ucnoseka oxono 50 paznnunsix TPHK
00eCTTeYHBAIOT BKITIOUEHUE aMMHOKHCAOT B Ge/loK.
TPHK Ha3bIBal0T «aJanTOPHBE MOJIEKYJIBI», TAK KAK
K aKlENTOPHOMY KOHLY 3THX MOJICKYJI MOXET OLITh
TIPHUCOETHHEHA CfIpeNcNéHHasT AMAHOKHCIOTA, a ¢
MOMOILIBKO AHTHKOMOHA OHHM Y3HAWOT crieundmyec-
xuit konoH Ha MPHK. B npouecce cuHTeza Henka
Ha pubocome CBs3BIBaHKME aHTHKOZoHOB TPHK ¢
kornoHaMu MPHK nporcxoaut no npyuHUOHITY KOM-
MJIeMEHTAPHOCTH B AHTHNAPAANCIBHOCTH,

Aptukonon TPHEA (3H)-G-C-C-(57)

(5)-C-G-G-(3)

Kononsr Apr:

QaHako okazanoeh, yto yucno TPHK mns kax-
J0H AMHHOKMCIIGTH HE COBMAJAET ¢ YHULIOM KO-
IupylolMx eé KogoHos B MPHK, U, cienopare/ib-
HO, Hekoropble TPHK cnocobHM cBA3BIBATHCS
0O/bLIE YEM C OOHHM KCAOHOM.



WMcenenoBaHue 3Toro BONPOcd MO3BOJIWIO YCTa-
HOBHTL CNEAYIOLLISE:

e IIEPRLIE JBA OCHOBAHWA KONOHA M NMOCHCIHHE
IB1 OCHOBAHMH AHTHKOMOHA O0pasyioT O0BIY-
Hbl¢ MPOYHBIE MApbl (TYAHHH-LMTO3HH M ane-
HUH-YPALIMA) M BHOCAT HAMOOJIBIIHUI BKIAA B
CreUNPUIHOCTD ASKORHUPOBAHHS,

* CBS3bIBAHHE TPETHErD OCHOBAHUS KOJOHA C
TIEPBbIM OCHOBAHMEM aHTHKOACHA TPOUCXOIHUT
cnabee, weM C MEPBLIMH ABYMA, H 3TO N[O3BO-
aser vekoropeiM TPHK npousrtsiBaTe Gosble
YyeM OUMH KOAOH,

TunoTteza, 0ObACHAIOWIAS XapaKTEP KOAOH-AH-
THKOZOHOBOIO B3aUMOACHCTBUSA, MOJYYUNd Ha-
3BdHHE «THNOTE3bl K24aHHA» (T.C. TPETLE OCHOBA-
HHE 60J1bIUIIMHCTRA KOAOHOR HMEET OIPEISEHHYIO
CTEMEHDb CBOOOMLI MPH 06Pa30BAHUK TAPhI ¢ CO-
OTBETCTBYOIIIMM AHTHKOIOHOM M KaK bl «Kaua-
eTcH»),

Tak, Hanpumep, oiHa U3 apruHuHOBBEIX TPHK
UMeeT aHTHKOAOH 5'-1-C-G-3, xoTopolit MOXeT
Yy3HaBaThL 3 pazHbX AprHHUHOBLIX KOAOHA:

Awntukonon: (3 )3G-C-14(57) (3)-G-C-I-  (3')-G-C-I-
(5)-C-G-A-(3") (5)-C-G-U- (5)C-G-C-

Komonern:

Avubaoaumn-tTPHK cuaretass
(amunoaunn-TPHK suraser)

B nuro3oie Kierok 20 pa3THIHBIX aMHHOKHCIOT
MPHCOERHHAIOTCS (-KAPOOKCHILHON TPYyIIMoi K
3'-TMAPOKCHABHOMY AKLICNTOPHOMY KOHIIY COOTBET-
creviolwmnx TPHK ¢ ofpa3osaHueM CIOXHOIDHP-
HO# CBA3H, DTH peakuuM KATATHIHPYET CEMEHCTBO
(bepMEHTOR, HOoCawee HazBaHHe amitHoauwI-TPHK
cunteras (aa-TPHK-cuntetas). Kaxneni wicH »T0-
r0 CEMEHCTBA Y3HAET TONMBKO OfHY OMPeleNEHHYIO
aMMHokucoty U Te TPHK, Kotophie crnocoOHbI
CBA3LIBATECA ¢ 3TOM aMHHOKHMCHOTOH. W3 aToTO0 Crie-
avet, uto B rpyrny TPHK cuaTeras sxomur 20 pas-
AWdHBIX (epMeHTOB. OHH OCYIIECTBAAIOT AKTHBA-
LUHKO AMHHOKMCNOT B 2 CT3AHH: Ha TIepBOit CTanMu
AMUHOKHCIIOTA MDHCOEIMHACTCH K (PEPMEHTY M pe-
arupyer ¢ AT® ¢ obpasoBaHuem GoraTorc 3Hepri~
el TIPOMEXYTOYHOIO COEJHHEHHA — aMUHOJLIMI-
AMQ. Ha propotfi cTaZMi AMHHOALLILHBIN 0CTATOK
aMMHOALMNAACHHIATA, OCTABAACH CBR3AHHBIM C
GepMEHTOM, B3aUMOAEACTBYET C MOJIEKYIOH COOT-
seteTByIOILe TPHK ¢ obpaszoBanmeMm amMuHoann-
TPHK (pyc. 4-36).
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Puc. 4-36. OBGpazoeaHne ammuuoaunn-TPHK. AmuHokucnora
BaaumoneicTeyeT ¢ ATO n akTveupyeTca, ofpasyd aMHHOALMN-
SHEHWNEAT, KOTOPbIA, HE OCBOGOMAANRCL WA CBA3N ¢ (HEPMBHTOM
(E), 0TNaéT akTMBMPOBAHHYI0 amwHoxkKuenoTy TPHK ¢ obpaszoga-
HueM amuHoauun-TPHK (aa-TPHK).

CyMMapHYIO DeakLMK, KATATH3HPYEMYIO aMU-
Hoauun-TPHK cunTerazaMu ¥ npUCYICTBHY HOHOB
Mg?*, MOXHO TIDEACTaBMTH CleayiolumMM OGpasoM:

AmuHokuciora +TPHK + AT® — amuuoalin-
TPHK + AM® + PP,
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Jdna Kaknod aMUHOKHCAOTB CYILECTBYET CBOM
depMeHT — cBos amuHoauw TPHK cunreTasa: mst
riyraMata — niyTamMmun-TPHK cunTteTasa, ructu-
anHa — mmetHaMA-TPHK cuuTerasa u 1.4

AMHHOKHCIOTE [PHCOSIMHSAKTCT K 3'- HIM
2-OH rpynmam pu6ossl Ha 3’-kouue TPHK, roe
Bce TPHK uMeloT 0BHIVIO HYKIEOTHAHYIO Tocae-
JoearenbHoCTE -CCA,

DHepruf, 33aKAYEHHAA B MAKPOIPrUuecKoi
cnoxHoapMpHO#K cea3u aMmHHoauw~TPHK, Bnoc-
JEACTBUY MCTIQNBIYETCS Ha o0pa3oBaHME TENTHA-
HOI CBSA3H B Xoae CHHTe3a Deka,

Ilupodocdar, Bemend0IMACI B x00e 3TOH pe-
aKIHH, THAPOJIHTHYECKH PACLIETUIIETCA € 0Hpa30-
BAHHUEM [BYX Manekyn oprodocdara H BbLIESIEHH-
eM SHepruH, yTo fAenaeT peaklUNIo AKTHRALHU
AMHHOKHCIOT HeoOpaTHMOI.

YpespblyaiiHO BbhICOKASA CNeUHWPHYHOCTL aa-
TPHK cuHTeTa3 B CBA3LIBAHHM AMHHOKWCIIOTHL
coorpercTByIOMMH TPHK nexut B ocHoBe Tou-
HOCTH TPAHCAAUMHM TEHETHUYECKOA UHPOPMALMH,
B akTHBHOM LIeHTpe 3THX (PepMeHTOR ecTb 4 cre-
LUHYCCKHX YyYACTKA 751 Y3HABAHHUSA. AMMHOKMC-
qaothl, TPHK, AT® u versépreiii — mis npucoe-
AMHEHUsT Monekylst H,O, koropas yuacTByeT B
THAPOJIM3E HEMTPaBHIBHBIX AMMHOAUIANCHWIATOB.
3a cufT CYILECTBOBAHHMA B AKTHBHOM LIEHTPE ITHX
(EpPMEHTOB KOPPEKTHDPYIOLUETO MeXaHM3Ma, odec-
NEYHBAIOLLETO HEMEIICHHOE YIAICHHE OLHOOYHO
TIPUCOSAMHEHHOTO AaMUHOKHCAOTHOTO OCTATKA,
ADCTHUTAeTCHd TIOPA3uTENLHO BLICOKAA TOUHOCTL pa-
Ootel: Ha 1300 ceasannbx ¢ TPHK aMuHOoKucaOT
BCTPEYAETCH TOJIBKC oaHa ouIMbka.

AMuHokMcaoTa, npucoeaunasck X TPHK, B
JalbHellIeM He OMNpeaciseT CNeUHPHIECKHX
cBolcTB aa-TPHK, Tak Kak €€ CTPYKTYpY HE Y3Ha-
&1 Hn pubocoma, HM MPHK. YuacTHe B cuHTe3e
BenKa 3aBUCHT TONBKO OT cTpyKTyphl TPHK, a Toy-
HEe, OT KOMIUIEMEHTAPHOrQ B3auMOACHCTRUA aH-
THKOoAOHA aMHHoaunt-TPHK ¢ kogoHom MPHK.

AHTHKOJAOH PachiofiokeH B IEHTpAILHOH (aH-
TukonoHoBoi ) nerne TPHK, Yauasanue TPHK aa-
TPHK ¢uHTeTa3aMU He BCeraa NpOHCXOIMT MO aH-
THKOOOHOBOH MeT/e. AKTHBHBIH LIEGHTD HEKOTOPSIX
hepMeHTOB 0DHAPYXMBAET KOMIUIEMEHTAPHOE CO-
OTBETCTRME [PYTHM YYACTKAM MNPOCTPAHCTBECHHOH
ctpyktypel TPHK.

PutocoMbl

PuGocoMbl npeactaBnsioT coGoil pHHBOHYKIIEOD-
NpoTeHHOBbIE 00Opa3zoBaH4A — CBOEODpPA3HbBIE
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«haOpHKM», HA KOTOPHIX HAET cOOPKA aMMHOKMUC-
JIOT B BeJIKU. BYKApHOTHYECKHUE pHOOCOMBI HMEIOT
KoHCTaHTy ceammeHTaund 808 u cocroar u3 408
(Mamoi) M 608 (Gonbwioi) cybbenmHul, Kaxnas
cyoweaunuua pkmiodaet pPHK u Senku. B 408
cyOveaguHuny BxooutT pPHK ¢ xoHcraHTO# cenu-
MeHTauuu 188 u oxono 30—40 6Genxos. B 608
cybbennuuue obHapyxeHo 3 suma pPHK: 58, 5,88
H 288 u okonio 50 pasuuuHbix GeKoB,

Beaxku BxomgaT B cocTaB CYOLENMHHIL PHOOCOMBI
B KOJIMYECTBE OJHOH KONMMHM H BBIMOJIHSIOT CTPYK-
TYPHYK QYHKIIHIO, 00eCIIeYMBasl B3aMMOIEHCTBHE
Mexay MPHK u TPHK, ¢Bs3aHHBIMH ¢ aMHHOKNC-
NOTOH UIH MenTHAOM.

B npucyrcteun MPHK 408 1 60S cybbenrHHULBL
oDLeAMHAIOTCA ¢ 00pa30BaHHEM IIOJTHOM puboco-
Mbl, MAacca KOTopoi npuMepHo B 650 pas Oonblle
MAacchl MOJIEKYNbl reMOmIo0KMHA.

B pubocome ecTh 2 LIgHTpa A1 TTPUCOSOHHEHHS
Moiekyl TPHK: amuHoanunsHblit {A) W NENTH-
auneHblit {P) ueHTpBl, B 0Opa30oBaHHM KOTOPHIX
YUaCTBYKOT 00¢ cyOheAWHUHEBl. BMecTe UeHTPBI A
H P pkmouaror yyactok MPHK, paesbiit 2 Komo-
HaM. B xofe TpaHCAAUHM LIEHTP A CBSI3BHIBAET
aa-TPHK, ctpoeHue xotopoit onpeaensier KOHOH,
HaXOMALMIACS B o6acTH 3TOro LUEHTpa. B cTpyk-
Type 3TOr0 KOOOHA 3aluM(ppoBaHa NPUPOAA aMH-
HOKHCTIOTH, KOTOpas OyaeT BKIIOYEHA B PacTyLiy10
noaunenTHIHyw uens, LleHTp P sanuMaer nentu-
aun-TPHK, 1e. TPHK, cBf3aHHag ¢ TeNTHOHROH
LETIOUKOHM, KOTOpaa YXKE CHHTE3MpPOBaHA.

Y 3yKapHOTOB PAa3INyaloT PUOOCOMBI 2 THITOB:
«CBOOOMIHEIE», ODHAPYKUBAEMEIE B LIMTOIUIA3ME
KJETOK, ¥ CBA3aHHbIE ¢ IHACILIAZMATHYECKHM pe-
THKyIYMOM {DP). PuGocoMsl, acCOUHMPOBAHHBIE
¢ DP, OTBETCTBEHHBI 33 CHHTe3 OESNKOB «HA IKC-
MOPT», KOTOPBIE BHIXOAAT B TU1a3My KPOBH H yua-
CTBYIOT B ODHOBAcHUH GenkoB 3P, MemOpaHbl ar-
napara T'odbiXd, MUTOXOHIPHI HAH JTH30COM.

MUTOXORAPHH conepXaT cBoil HAbop proCOM.
MuTtoxoHapvaibHele pUOOCOMBI MEJIbYE, YeM pH-
H0COMBI YKAPUHOTOR, MPOKAPHOTOR H HMEIOT KOH-
CTAHTY CeAMMeHTAMM 55S8. OHU Takxe COCTOAT
W3 ABYX CYOBEMIMHHIL, HO OTJIMYAIOTCS OT JYKAPHO-
THYECKHX PHOOCOM KOIHYECTBOM M COCTaBOM
pPHK u 6enkos.

Bemxosbie dakTopbl

B kaxmoit cramiu 0eIKOBOro cUHTe3a Ha pubo-
COME: MHULIMALMH, MICHTaUMU H TEPMUHAUMH YYa-
creyeT paszHblit Habop BRepHOOCOMHBIX GEAKOBBIX



thaxTopoB. DTH GENKH CBA3LIBAIOTCA ¢ pHOOCOMOM
WIH €€ cyfbeAWHMUAMMY HA ONpPeASAEHHBIX CTaaHsX
MpoLecca ¥ CTabIIM3HPYIOT WK 00AeT1a0T QyHK-
LMOHHPOBAHHE OCAOKCHHTEINPYIOLLEH MAlLUHEIL.

AT® u I'T® Kak MCTOYHHKH SHEPTHH

Ha BKUIICYEHHME OIHOH AMUHOKHCIOTH B pac-
TYIIYIO TIOAMMENTHIHYIO LEMb KAETKA 3aTpayvBa-
eT 4 Makpoaprudeckue ceazu; 2 us ATQ B xone
peaklMHy, Katanuaupyemoit aa-TPHK cuHTeTaso
{B mpolecce aKTHBAMHM aMHUHOKMcnoT AT® pac-
uervisierca Ha AM® m oupodocdar), U 2 Mone-
Kyael I'Td: onHa ucnmonb3yeTcs HA CBA3RIBAHME
aa-TPHK B A-uentpe pudOCOMBI, 4 BTOpas 3aT-
PAYMBAeTCA Ha CTATHIO TpaHcnokauuM., K stomy
cleayeT NOGABHTb WCTIONB30BAHHE CIIE ABYX MAK-
poaprudeckux ¢pasei Monekyas AT® u TP Ha
WHHIIHAIIMKD H TEPMHHAUMIO CHHTE3A MOJAMIMEIN-
TUAHOA LEMH.

B. CHUBTE3 NOIUIEATHAHONW HMENH
HA PUEOCOME

B xone ¢cuHTe3a OelKa MpoyTeHHe MHPpOPMAITUU
MPHK unét B HanmpaeneHuu o1 5~ K 3'-KOHIY,
obecreynBag cHMHTE3 rnenriaa oT N- k C-KoHILY.

Kaxaas sykapuoruueckas MPHK koaupyet
CTPOEHME TOALKO O4HOH NOTHNENTUAHOM uenH (T.e.
OHAa MOHOLMCTPOHHA}, B OTJIMYHE OT IEPOKAPHOTH-
yecknx MPHK, koTopele yacto coaepxar WHopop-
MALIMIO O HECKONBKUX TMenTHaax (T.e. OHU MOAH-
ITHCTPOHHEL). DTH pazTUyUg BbI3BAHb! TeM, UYTO ¥
mpokapuoTtoB JHK muinenHa natpoHos, ¥ PHK-
MOJAMMEpa3a TPAHCKPUOMPYET Y4acTKH, TTPOUYTEHHE
MHGOPMALIMA ¢ KOTOPBIX MOAYHHAETCH 00LIeMy
peryasropuomy mexadusmy. Kpome toro, na no-
nuircTpoHHbix MPHK cuHTes Genka HauMHaeTcs
[0 TOTO, KAK 3aKaHYMBacTCA MX COOCTBEHHBIH CHH-
Te3, TAK KaK NPOLECCH TPAHCKPHILIMA M TPAHCIS-
IIHM He pasfgencHbl. ¥ 3yKapMOTOB TpaHCIaIlUsg
MPOTEKAET B LIWTONARA3IME, KyAa M3 sIpa MOCTYIIa-
10T yXe <«3penbier MPHK.

CobbITisa Ha pubocoMe BKITIOUAOT 3TAMNBI: HHU-
LIMALIHH, 3JOHTALIAH M TEPMMHALIMH,

1. Huuyuauus

HWHHUDHALMA TpaHCASIIMM NpeicTaBiseT coboi
COBnITUE, B X0I€ KOTOPOLO NMPOHCXOIUT 06pailoBa-
HHe KOMIUIEKCa, BKMYawwero Mer-rPHKM,
MPHK u puGocomy, rme TPHK Y™ — uHuunupyto-

wast MmeThoHuHOBass TPHK (puc. 4-37). B stom
NPpMIECCe YYACTBYIOT He MeHee 10 hakTopoB HHH-
LKalMK, Kotopble 00o3HaqgawT kak ¢lF (ot aHrm
eukaryotic initiation factorsy ¢ ykKazaHHeM HO-
Mepa H Ovkeel. TlepponadansHo 408 cybbeauHUIIa
pUBOCOMBL COEOMHIETCH C (DaKTOpOM HHHLMA-
LMK, KOTOPbIH NPEMATCTBYET €8 CBA3BIBAHMIO ¢ 60S
CYOBEAMHHIIEH, HO CTHMYIUPYET OObeAHHECHHE C
TPOWHBIM KOMILIEKCOM, BKMWYAWIHM Met-
TPHK™, elF-2 n I'T®. 3atem 3t0T Temepb yxe
Oonee CACKHBIA KOMILICKC CBA3BIBACTCA C 5'-KOH-
oM MPHK npu yuyactum Heckonbkux elF. OouH
u3 dakropos MHMIManuK (elF-4F) y3naét u npu-
CORIMHAETCA K YUACTKY «KaIM» Ha Mosekyne MPHK,
MO3TOMY OH NOJYYH] HAa3BaHHE KITICBA3LIBAIOILE-
ro Genka. Ilpukpenueiinchk kK MPHK, 408 cybone-
OUHWLA HAYMHAET CKOIb3HTh N0 HEKOAUPYIONIEH
yactd MPHK 10 Tex nop, moka He TOCTHTHET UHH-
uHMpyloilero KogoHa AUG konMpyolel Hvkie-
OTHAHOM nocneaopatenbHOCTH, CKosbkeHue 408
cyobequurLel mo MPHK conposoxaaercs ruapo-
mu3oM ATOD, 3HeprHs KOTOPOTo 3aTPAuHBACTCa HA
MPEOAOACHHE YIACTKOB CIMPATH3ALNHY B HETPAHC-
nupyemoit yactd MPHK. B aykapuorudaeckux Kner-
Kax Hekeaupyiollpe yyactku MPHK wMelwoT pas-
HYIO JJTHHY, HO 00b1YHO OT 40 10 80 HYKIeoTHIOB,
XOTSl BCTpeqarTcsd O0MACTH C MPOTARKEHHOCTLIO
6onee 700 HYKICOTHAOR.

JOCTMTHYBE Havana KOIWUPYIOLNeld mocaeIoBa-
TensHOCTH MPHK, 408 cyOwenuumiia octaHaBi -
BAETCA H CBSA3BIBACTCA C APYTHMH (PaKTOpaMH MHH-
HHAUHH, YCKOPAWIIWMH NpHCOSAHHEHHEe 608
cyOveauHmIEl U obpasopaHue 80S pubocomsbl 3a
cuér ruapoanza I'TP oo TP u HEOPraHUYECKOTO
thocdata. Tlpu atom dopmupyiorea A- n P-tenr-
pbl puboCcOMBI, IPHUEM B P-LleHTpe OKasbiBaercsa
AUG-xomoHn MPHK ¢ mpucocaMHEHHON K HeMy
Met-TPHK M.

B xneTkax ecTb 2 pasiH4aolHecA Mo CTPYKTY-
pe TPHK, ysHawiue kogon AUG. VHnuMupyio-
whi koaoH y3HaéT TPHK M, a tpurmetst MPHK,
KOAUDPYIOLHE BKITOYCHUE METHOHMHA BO BHYTPEH-
HHE YYacTKH 6enka, NMPOYHTHBAWTCS APYroH
TPHKMe,

2. Daonzauun

To 3asepuieHMH MHAUMALMHK pHOOCOMA pacro-
maraerca Ha MPHK taxum oGpasom, uto B P-1ien-
TPE HaXOOUTCA HUHWUMHpyomHil koaon AUG ¢
npucoeanH€HHOi Kk Hemy Mer-TPHKM', a B A-
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elF-2-T Td-Mer-rPHK ™M mMPHK

elF-2 T TOMer-TPHK M
elF-2

40-8
PwGocomaneHas
cybbenuHMya

ATO AllD

T+

elF-2-I' T@-Mer-TPHK M
alF-3

6035

Pyc. 4-37. O6pazoBaHne MHWLIMHPYIOILETD KOMINEKCa B XOAe cWHTe3a Benka y aykapnotob. Mer-TPHK S oBvepmHsietca ¢ manoil
cyBheauHnued pubocanmel B hopme TpodHore komnnekca: MeT-TPHK: elF-2 u I'Td. Obpazosaswvitcn Bonee CNoXHBIR YETBIPEXKOM-
NOHEHTHBIA KOMNMEKC NPMEOSAVHAETCA K 5'-KoHUY MPHK ¢ NOMOMBI HECKONBKMX QONOMHUTENBHEIX (RKTOROR. W Manas cybbeamHuLa
Ha4MHAEeT CKoNb3nTL No MPHK no Tex nop. noka aHtukogoH MeT-TPHK™" ne cesxeTeq © MHUUMMPYIoWMM kodoHoM AUG. Mpu stom B
KOMNMEKCE MPOUCXOANT UAMEHEHVE COCTABA WHWUMWPDYIOWUX REKTORCS, W YCKORSASTCA NpucoedvHeHe 605 cybtegnHysl pubocomMei,
CONPOBOKAAOWEECA TMAReAN3oM [ TM. MeT-TPHKM 3anumaeT Ha pubocome P-uewp.

UCHTPC — 1PUIIICT, KGLAWPYROWKA BKIKYEHHUC 1Iep-
BOH AMHHOKHCIOTLL CHHTE3MpYCeMoro Oeaka. Jla-
JCe HAYMHAECTCS CAMBIA 1POJSDKMTEALHBIR 3T
6C.FIK()H()FO CHHTCHER - JN0OHTHUHA, B X008 KOTOPO-
ro pHHoCoMa ¢ noMowbio aa-TPHK nocieaosatean-
Ho «iuTacT» MPHK 8 BUAC TpUMACTOB HYKNCOTU-
AOB, CASAYKILUMX 33 HHHUMHPYIIILUHMM KOIOHOM B
HANPABNEHWH OT 3 K 3 -KONIy, HApALLWRAS NOAH-
NeNTUAIYIO 1IENOYKY 3d CUET MOCASAORATCIBIIONO
NPHCOEAHFICHTHA AMHHOKHCOT.
BRIOUEIME KaKA0H aMUIIOKHCIOTH B OCI0K
HPOHCXOAMUT B 3 CTaduM, B XOAC KOTOPLIX:
s aa-TPHK kaxaoil pxoasiucii u BEIOK aMUHO-
KHCIOTDI CBYILIBAETCH ¢ A-1IEHTPOM PHOOCOMEL,
« menTtua o1 nentuina-TPHK, naxommnuacics i
P-ilenTpe, npHcoeanbscics K o-NH,-rpynie
AMUHOAUMALROTO ocTaTka aa-TPHK A-lietitpa
¢ 00pA3OBUHMEM HOBOH NMEnTHIHOR CRAZH;
o YINMHEHHAS HA OIMH AMHHOKHCIOTHHIA 0CTa-
1ok nenTimA-TPHK nepesenaeTes U3 A-1en-
TPa B P-ileHTp B pe3y,ibTaTe TPAHCIOKAIIHH
PHBOCOMKL.
Cepazsipanme amHHeauHI-TPHK B A-nentpe. Ko-
aon MmPHK, pacnonarawwmiics & A-ucHTpe pi-
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JIOM C HEHUIMHUDYEIHIMM KOAOHOM, ONPELc.TsIcT
npupoay aa -TPHK™, koropas Gyacr skiawouena B
A-enTp. aa -TPHK* B3anmoaehctyer ¢ puboco-
MOKH R BHAE TPOHHOIG KOMITAEK A, COCTOAICTIO W3
(akropa saonranmd EF-1, aa -rPHK v ['TO.
Kositieke 3PHeKIUBHO B3AHMOJCHCTBYET ¢ PH-
BOCOMOH HULEL B TOM CIYUA, CCAH dHTUKOAOH a8-
TPHK™ KOMMLICMEHTAPEH W aHNTHIAPLLICIACH KO-
aoHy MPHK 1 A-iientpe. Bronouenue aa-rPHK
B pHOOCOMY TIPOMCXOAMT 3 cuéT JHeRTHH THAPO-
Auza TTO no VD o veopranuwucekoro ocdrata
{puc. 4-38).

O0paioBaAHHE UENTHIHGH CBIIH LIPOHCXONHT CPAsy
de noche orulenachng komrackea EV-1 w TO@
OT PHOOCOMBL, D12 CTAAHS 1TPOLLCCA MONY' T HIA HA-
3BAILME PEAKIMA TPANCHCTITHIANMH (puc, 4-39),

3 xoile FOH PCAKUMH OCTHTOK MCTHOHMHA MeT-
TPHK M CReIZRBACTCS € -aMHHOTPYNINOA NepLoi
AMHHOKHCIOTL, NpUeoeingtnoi k TPHK™ | pac-
IIOSTOKEIHOHM B A-UCHTPC, 0DPAlYCIest epBag neri-
THANAY CBA3b. YCTAIOBACHD, Y10 NCOTHIAMATPAHC -
depasHasn aKTHRIOCTH DOALIWONH CYOLCIMHIALLI
pubocompl npuiaiLiexut 285 pPHK. K nactodwe-
MY BpcmMeHM obHapyxeHn penas pyuna PHK, o6-
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Puc. 4-39. Peaxkuns TpaHcnenTHoauMm. MeTUoHUH oT MeT-TPHK™, naxopawerocs s P-uyedTpe, npucoepMHseTcs K o-NH_-rpynne
aMWHDRUWNEHOrD OcTatka aa ~-TPHK* A-ueHTpa ¢ o6pasoBaHnem HOBOA NENTUOHON CBA3N,

J2021011a ¢BOWCTRAMW (DepMEHTOB. ITH KaTalk-
Tuycckd akTUeHbie PHK nonyuyuan Haspaime pu-
Bo3HMOoR (CM. pasacit 2). TToaaraior, 4To puBo3UMbI
MOXHO CYWTATL <peIMKTAMM» PAHHErO HepUoJLa
IBOJNFOLUMHM, KorTda OeKH ewmé He nprobpeiH Tako-
L0 3HAYEHUS, KAK B NOCAEIYIOLME TIEPHOUEL.
Tpascaokauma — TpeThs CTAAUA N0HTaLMK. K pu-
Gocome npucocamtsercs haktop astonrauv EF-2
W 3a cuET Hepruu T'T® nponsuraeT pubocomy no

MPHK na oaun kouon k 3'-koHuy. B peayvabrate
AunenTuauia-TPHK, KoTopas He MeHsIeT cBoeio no-
JoxeHust OTHocHTeeHO MPHEK, 13 A-teHTpa nepe-
mewaerca B P-uentp. CeeboaHas OT MeTHOHMNA
TPHK M nokunaer pubocomy, a B 00nacTb A-LEHT-
pa noenanaeT cacuyIoWMit KogoeH (puc. 4-40),

Mo zaBepluetiiKi TPETLEH CTAUANH HAOHTAIMH Pi-
tocoma B P-uenTpe umeet avnentuani-TPHK. a8
A-UEHTD MONATAET TPMILIET, KOAMPYIOUIHIE BKTH-
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MNentuagun-TPHK

A-uentp ceoboaen

Puc. 4-40. Ctapmua Tpascnokauwu, K pnbocome NPUCOSAUHAETCS hakTop anod aumn EF-2, 1 2a cuét sreprnn TTO npopeuraer pubo-
comy no MPHK Ha opwH kofloH K 3-konuy. Nentuovn-TPHK, He menad ceoero nonoxenna oTHocutensHo MPHK. 13 A-uenTtpa nepeme-

wasTeA B P-ueHTP.

UCHHE B NOTHMCNTHAHYK UEML RTOPOH AMHWHOKKC-
NOThI. Ha‘[HHEIETCﬂ C."IER}"H"}IIlHﬁ HUHEI CTAUHH 2TOH-
[AIMH, B XOJE KOTOPOTO HY PHBOCOME CHOBA Npo-
XOOAT pulliconucanibie cobblTHs. TlosTopeHue
TAKHX 1IHKNOB 110 HHCAY CMBICAOBLIX Kodohon MPHEK
3ABEPLIACT BECL DTAM A0HIALWM,

3. Tepmunauus

TepMHHALMS TPAHCAHIIMH HACTYIACT R TOM CIy-
yae, KOraa B A-UEHTp pUBOCOMB] TIOMALACT OAHN W3
cron-komodos: UAG, UAA unw UGA, [lag croit-
KOilOHOB HeT cooTeeTcTBY oM TPHK. Bmecto o70-
ro K pHOOCOME MPHCOCUAHHSAIOTCH 2 GCNKOBBIX BbIC-
podoxaaownx dakropa RY (oT anrn. releasing factor)
vnu pakropa repmuagnEa. (NMH M3 HUX € NOMO-
WK [eNTHAHITPAHCHEPAZHOIO 1ENTPl KATATH3N-
pyeT FHAPOIHTHHCCKOE OTLLCTLICHNE CHHTE3HPORAL -
Horo nentuaa or TPHK. dpyroi s cur sneprun
ruapoauza [T BLIZLIBACT AMCCOUMALIMKY PHBOCO-
Mbl Ha CyOReHHHNL (prc. 4-41).

HMHTEPEeCHO) OTMCTHTb. HITO PaKTOP L TPAHCASIIMH,
peaausyiole ekt 33 cHET ruaposiimza [T,
SIBIAKOTCH WieHaMH cynepeceselicTea G-Genkon, B
KOTopoe BXOMtr (G-0elkM, YUaCTBYIODIHE BB TPAHC-
OYKIAM CHIHANOR LOPMOHOB H APYTHX BHOAOTHYECKU
AKTUBHBIX BelIeCTR. M Ras-Heiku, qyHKUunoHupy-
owmKe Kak haktophl pocTa (cM. pazaenst 11, 13),
Bece G-0€IKU CBAILIBAIOT W THApONU3ytoT [T,
Koraa oHM c¢Bazanel ¢ [T, 70 akrMBILI W yua-
CTBYHT B COOTBETCTBY QLMY MeTaDOAHYEeCKUX

I78

HPOUCCCHX, A KON B AKTHBHOM NENTPE B PeIY.IL-
rare inapoansa T opespanercs o CAD, 1w
QLK 1IPHODPETAKT HEAKTHRHYKY KOH(OPMAUHIO.

TakuM obpazom, MaTpUUHasl NPHPONA NPOLCC-
Cll FPAHCISILHKA NPOSBIBICTCS 1B TOM. YTQ NOC.18H0-
RBATCABHQUTL HOCTYILTEHHWH EH\H'IH{)EIIII»L'[-'I'PHK B
PHOOCOMY LIS CHHTOTL 081K CTPOTO ETEPMHHM-
poraHa MPHK. T.c. NOpsiaoK pacnomioXeHns Ko-
dovo B10Ie nenn MPHK oidosnavHo 3anaér
CTPYKTYRY CHITeaMpyeMoro denka. Pubocova cka-
HupyeT uene MPHK B BHAC TpUMICTOR U Nocaeno-
BATENLHG OTOMPAET M3 OKPYHKAKIWEN CPCilbl «HY A=
Hple» aa-TPHK, ccroboxian B xoac 310HCaUKK
AcaumnnupoBaHHbie TPHEK.

Mata 1 Boasinas cyObe/IMHUULL pUBOCoMBl B
MPOIICCCE TPAHCILMH BLITIOGAHM KT PasHble (PyHK-
UMM MaZag cyOLe MMM NprucocanHaeT MPHK
ACKOJMPYC) HUopMaunie ¢ nomonsie TPHK
MCXAHHU3MA TPRUICHOKATIHK, & 60}111“[?151 C}fﬁ"he}lﬂ“
HHLA OTBETCTHREHHA 34 Uﬁp‘d'SOHHHHE OENTHUANRIX
CRY3IEH,

I'. [1enUPHBOCOMBI

B ipouecce cuHtesa Beaka prdocoma nphcoe-
adHsicres Kk Y-koHuy MPHK W nepeventaercsa s
HANpaBAcHUH ¥ -kKoHia, TIpH srom 5 -koHell MPHK
OCBODONKIAETCA, H K HEMY MOXEe! [PHCOSIMHWTh-
cH Honas prudoCcoMa, Hi KOTOPOR HAUMHAETCA POCT
CWE itlol nOAMICnTuAnel iend. Kak npaeruno,
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Puc. 4-41. TepmuHauua cuHTe3a Genka.

MHOTO PUOOCOM OHOBPEMEHIHO YHACTBVET B CHII-
Tese Oenka ng ool 1 Toit ke MPHK, obpasya
KOMILIEKS, KOTOPBIN Ha3sialor noaupudocoMoi,
HAW MOTUCOMON (puc. 4-42).

Kaxpass pubocoma zanunact da MPHK yuac-
TOK AAMHOA OKOI0 &) HYKICOTWIOR, NOYTOMY -
Doconnl pacnionarawTes na MPHK ¢ nutepsaion
npumepiio B [0 Hykneorwios, HYeM nnuHHEe no-
AUTIETITHAHAN UCITOY KA CHITTEIUPYEMOL(D 6&;"]](1:1, TEM
Goiible pHOHOCOM MOXKET OQHOBPEMCHHO OCYLIE-
CTRIATh CHHTE3 3TOr0 Genka, 3HAUMTENbHO YBEJIH-
YHUBAR TakUM 00pazom 3DPCKTHRHOCTE HCMNONB30-
RBalHMSA MATPHLIKL

flenTugnn-TPHK

CaobogHpi
NOMMNEnTMA

Kaxaast pudocoma ciocobHa KaTanH3UpoBath 06-
pasoBaHHe oKojo 100 NeNTHEHBIX CBIZCH B MHHYTY.
Moaupudocombl MOIYT CYLIECTBOBATH B BUAC Hac-
THLL, ILTABAKWINY B UHTONTA3ME KNCTOK, HOH MOryT
Oullb cBt3aHbl ¢ IP. Coobongtble LMTOIUIA3MATHYEC -
KHE MOAUPHOUCOMEIBLIE YACTHIIL! OTRETCTBEHHEB] 3a
CHHTC3 OCNIKOB, BBINOMHSIOIMAX BHYTPUEKIICTOUHbIE
dyikurn. MNonupubocoMul, ACCOUMHPOBAHHBIE C
AP, nog INeKTPOHibIM MUKPOCKOMOM UMEKT B
«I[[EPOXOBATON» T1OBEPXNOCTH. belks, CHHTEIMpY-
EMBIE «LIEPOXOBATEIM» DP, NOTAHB TPAHCIOPTH-
poBaTbes Yepe3 meMOpaHy Ans Toro, YTODR! OHM
AOCTHIAKM MECTA OKOHYATEIIBHOR JOKATM3aUMu. s

V79
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Puc. 4-42. CunHre3 Genkep Ha NORMPUBOCOMHOM KOMMNEKce.
TATE PUGOCOM CUMTBIBAKIT MHGIOPMALVIO, CORBPXALYIOCH 8 MPHK.

HHX XApaKTEPHO MPUCYTCTBME Ha N-KOHUE Auaep-
HOM, WAM CHIHAMBHOR, MOCACIOBATENLHOCTH LK~
Hoit or 15 mo 30 aMWHOKMCHOTHEIX OCTATKOB,
KOTOpasi CONEPXHT MHOTO aMMHOKHCIOT ¢ THIPO-
thoGHBIMM panMKataMy M ofecneuBaeT MpoxoxX-
jJeHHe OenKa yepes ITUNWAHBIA OMcIol MeMOpaH.
HekoToprie w3 3THX OeNKOB AA8 NaiAbHeHINero
TPAHCIOPTA YNAKOBBIBAWOTCA anmnaparoM [onbaxu
B CEKPETOPHDIC TPaHYJIbL.

. ITOCTYPAHCIAUIMOHHBIE MOXHOUKAHUH
MOJUIIENTUAHOH IEIH

[MoaunenTHAHBE IETIM MOIYT MNOZBEPraTbCH
CTPYKTYPHBIM MoOIMpHKALMAM, NGO Oyayud eié
CBA3AHHBEIMH ¢ PHOOCOMaMU, JUOC TMocie 3aBep-
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ILeHUSA CHHTe3a. DTH KOH(MOPMALIMOHHEIE H CTPYK-
TYPHBIE U3MCHEHHS IOMUNESNTUAHBIX LIeTeH MORy-
YUIKM Ha3BAHKE TIOCTTPAHCIAIIMOHHEBIX U3MEHEHMH.
OHM BKIIOHAIOT YAAACHUE “AaCTH NOJHIICNTHUAHOI
LENU, KOBAAEHTHOE NPHCOESAUHEHHUE OAHOIO WM
HeCKOJILKHX HU3KOMOJIEKYJIIPHBIX TArAHAOB, TPH-
obpeTteHHe OEAKOM HATUBHOH KoH(opMalMH.

MHorve MoTrpHMKAIIMH OCYLITECTRAAIOTCA B DP.
3aech MPOUCXOAAT GONIMHEF MOMMOENTHAHLIX leneH
H GOpMHUPOBAHHUE YHHKANbHOH TPETHYHOW MIH
YETEEPTHYHOH cTpyKTyphl OenkoB. [puuém nna
NOAACPXKAHUS HATMBHOIN KOHMOpMALMH MOAEKYR
OIPOMHOE 3HAYEHME MMEET NMpaBHibHOE GopMHpo-
BaHMe AMCYnduaHbIX CBAEH.

YacTwamsiid npoTeous

MHorue 6K, CeKpeTUPYEMBIE K3 KIIETOK, NEp-
BOHAYAIbHO CHHTE3HMPYIOTCS B BUIE MOJEKYA-NpPeI-
IIECTBEHHUKOB, (BYHKUMOHAMTbHO HEAKTHEHBIX.
YaaneHHe 4acTH MOMMNENTHAHOM LenH crielpdH-
YeCKHMH JHIONpOTea3aMH TIPHBOEUT K oBpa3oBa-
HMIQ aKTUBHLIX Monekya, Hekoropslie Genku-npea-
LIECTREHHHUKU PACIIEruIAoTes B DP Wik annapare
Toapaxu, Apyrue — mocae cekpeldn. Tak, Heak-
THBHBIE TIPEALIECTREHHHKM CEKpeTHpyeMBIX tep-
MEeHTOR — 3HMOTeHBl — 00pa3yloT aKTMBHHIH ep-
MEHT TMOC/IE paclueniedusa Mo onpeletéHHBIM
YY4aCTKAM MOJIEKY/Ibl 3UMOTeH MAHKpPEaTHYeCKOH
KeJIE3bl TPHICHHODEH NMPEeBPalliaeTc B aKTHBHBIA
TPHUIICHH [0S CEKPELVH B TOHKHH KHIUEYHHK,

HarnsmHeIM IpHMEPOM [OCIIENOBATENBHOIO ABYX-
CTAAUMHOTO TIPOTEOJIH3a CIYXHMT 00pa3oBaHHe aK-
THBHEIX (POpM TEMNTUIHEIX TOPMOHOB (HanpHMep,
HHCYIHMHA WIM DIAIOKAroHa) M3 MpenporopMoHOB.
{lepepoHauanbHe N-KOHIIEBOH CHTHAIBHBIH MENTHI
MOJIEKYNEI-NpealieCTBeHHHKA yaansgeTcss B SP B
npolecce cuHTe3a Hemka W obpalyercd HeaKTUBHBIH
NPOTOPMOH, 3aTeM TIPOTOPMOH B CEKPETOPHBIX Ipa-
HyJIax, GopMUpYIOIHXxCA B anmnapate [onboxm,
NoARepraeTes ASHCTBHUIO BHIO- W/WIA 2K30TIPOTEa3
H IIPEeBpAIIACTCS B AKTHBHBIA rOpMOH.

KoBanenTHele MOAHGHKALNH

CIpyKTypHbIE GeaKW M (DepMEHTbI MOIYT aKTH-
BUPOBATLCH WM YMHAKTMBUPOBATHLCA B Pe3yILTaTe
MPUCOEANHEHHS PAMIMYHEIX XMMHYECKHX PYIIIL:
tdochaTHBIX, AUMABHBIX, METUABHBIX, OJHUIOCAXA-
PHIHBIX M HEKOTOPBIX APYTHX.

Gocdopunkporanne GeKOB OCYILECTBIFIETCA MO

TMAPOKCHIBHBIM TPYIINAM CEPHHA, TPEOHHHA



H, PeXe, THPO3SHHA (PepMEHTAMH H3 TPYILIbI
MPOTEMHKHHA3, TOIIA KakK Ae¢ocopitnMpoBa-
HWE KaTATU3UDYIOT THAPOIUTHYECKUE hepMeH-
Tel pocponporertHdocharassl (cM, paznen ).

Fanko3wmposanne. Besike, BXOMAWME B COCTaB
TLIa3MaTUMECKHX MEeMOpaH WM CeKpPeTHPYIO-
1HECH M3 KJIETOK, NOABEPralTcA TIMHUKO3WIN-
POBAHHUKY. YLNEBOAHBIC LENK MPUCOSTAMHAIOT-
¢ TO THAPOKCMJIBHBIM TPyNnaM CEPUHA HIH
TpeoHuHa (O-rmvKo3wiupopanne) nMbo acna-
parvHa (N-rnuko3wmuposanne). ITocnenosa-
TEMhHOE HAPALIMBAHWE YTIIEBOAHOIO (hparMeHTA
npoucxonut B 3P u annapate Toabaxu.

MHOTOYHCIeHHBIM MOJIM(PUKALNAM MOABEpPra-
10TCA OOKOBLIE PAROUKATEI HEKOTOPHIX aMHHO-
KHCJIOT: B THPEOIIOOYAHHE HOOMPYIOTCA OC-
TATKH THPO3WHA, B (haxTOpax CBEPTHIBAHHSA
KPOBH KapOGOKCUIHUPYIOTCA OCTAaTKH I[JIyTamMa-
Ta; B 9P ¢(pubpobnacToB TrHAPOKCHIAHPYIOTCSH
OCTATKHM TIPOJHHA M JIH3WHA B UENAX TPOMO-
KOJLTareHa.

V. M(HTUBUTOPbI MATPUYHbIX
BMOCHUHTE3OB

CyiuecTByeT GOMBILIAA IPYNTA BEWECTB, MHTH~
oupyiowas cuuTes JHK, PHK wim 6eakos. He-
KOTOPBIE H3 HHUX HAIIUIH TIPUMEHCHHE B MEMHLIMHE
IS JieueHHA WH(EKIMOHHBIX G0one3Heid W Onmyxo-
JIeBbIX HOBOODPA30BaHUI, a APYTHe Ui YeJIOBEKA
OKA3aTHUCh TOKCHHAMH.

HedcTBne MHTMOUTOPOB MATPHUYHBLIX OMOCHHTE-
30B KaK JEKAPCTBeHHBIX MPenapaTob OCHOBAHO Ha
moandukaund marpun: JHK, PHK, 6enokcuaTe-
IUPYIOLLIETO armnapata (Npexae BCero, puotocoM) HITH
Ha WHakTuBaluuu epMenTor. LleHTpansHoe MecTo
Cpeld HUX TIPHHALTEXHUT aHTHOMOTHKAM — PaiHo-
00pa3sHBIM 110 XMMHYECKOMY CTPOSHHIO OpTaHHueC-
KHM COCIMHEHHAM, CHHTECIHPYEMBIM MHKPOOpTa-
HA3MAMY, TIABHEIM 00PA30M, MUKPOCKOITMYECKAMH
rpufamu, H CNOCOOHBIM B MaJlbIX KQJIHYECTBAX OKa-
3bIBaTh M30MpaTe/IbHOE TOKCHYCCKOS ACHCTBHE Ha
APYTHE MHUKPOOPTaHH3MbI (Tabn, 4-5),

A. VHTMENTOPH PETUTWKALIAHA —
TIPOTUBOOITYXO/IEBBIE TIPEITAPATHI
AHTUOMOTUKM, B3auMoaclicteyionive ¢ JHK,

HAPYILAKOT €€ MATPHYHYKD (PYHKIHIO W BBI3BIBAIOT
MOAABIEHWE MPOUECCOB PEMJIMKALKH W TpaHC-

Kpumiyy. Hx HCNoNb3yloT 14 NedeHHs 3MoKaye-
CTBEHHBIX HOBOOOPA30BAHMI M HA3LIBAKOT TIPOTH-
BOOIIYXOJIEBbIMA mNpenaparaMu {cM. pasgen 13).
JayHOMHLIVH, AOKCOPYOMLIMH M HEKOTOpHIE ApY-
rHe B3auMoacicTeyioT ¢ Monekyinoil JHK Taxum
00pazoM, UTQ UMKIWYECKAs CTPYKTYpa 3THX aH-
THOHOTUKOB BCTPAaMBACTCH («HHTCPKAMUPYET»)
Mexay mapaMu ocHoBanuih G=C, a yrinesoa-
HBIH KOMOOHEHT 3aHuMaeT Manyw boposaky 1HK
(puc. 4-43). D710 BedfT K JIOKAABHOMY H3MEHE-
HHK cTpyKTypbi JHK 1 HHTMHOMpPOBaHHIO PEIUIM-
KalHH W TPaHCKPHIILIHH.

K «uHTEpKangTOpamM» OTHOCHT TAKXKE aHTUOHO-
THK aKTHHOMHIMH D, 6aokupyiolwii cuutes JJHK
u PHK y npo- 1 3yKapHOTOB. 3TO COSAHHEHME
CIMIIKOM TOKCHYHO, 4¥TOObl MCNOAB3OBATH €TI0 B
KIMHHYECKMX UEIAX, HO €rQ IHPOKO MCIIONb3YHOT
B HAYYHO-UCCASAOBATENBCKONH paboTe A1 M3y4de-
HHA NPOLECCHHTA NePBUYHBIX TpaHCkpunTos PHK.

HabuparenbHOCTE NEHCTEUSA MPOTUBOOITYXO.1e-
BhIX AHTHOMOTHKOB HEBCIMKa M 00ecreuHBaeTCs
Oonee BBHICOKOH MO CPABHECHHK ¢ HOPMANbHBIMH
KneTKaMH ckopocTbio ciHTesa JHK u PHK, a Tak-
¢ MOBBLIILIEHHOH MPOHHLACMOCTBI) KAETOYHBIX
MeMmOpaH OIyXOJIEBEIX KACTOK. B TO Xe BpeMs 3TH
COEAMHEHHSA TOKCHUHBI A OBICTPOAENAUIMXCH
HOPMAJBHBIX KIETOK OpPTaHH3Ma, TAKHX KakK CTBO-
JIOBbIE KJICTKH KPOBCTBOPHOH CHCTEMBI, KI€TKH
CITU3UCTOH ODOIOYKH XKEAYAKA M KHIIIeYHHKA, don-
JUKYAOB BoAoc. B mocaeaHHe roasl NpOBOAATCS
HCCNIeA0BAHKA 10 CO3MAHUID TIpenapaTos, obecne-
YUBAIIMX ACCTABKY HHTHOUTOPA TOJBKO B OIy-
XOJIEBble KNETKH, JTQ AOCTUrASTCH CBA3bIBAHHEM
IHTOTOKCHUYECKUX aHTUOHOTHKOR ¢ DelKamH, pe-
LENTOPLl K KOTOPLIM HMEIOTCH TNABHBIM 00pa3oM
Ha ONYXONEBRIX Knerkax (cM. pazgen 15),

K npenapatam, oCTAHARTMBAIOWMM PEILIMKALINIG,
OTHOCAT AAKWIHPYIOMHe areHThl ¥ uammbnTops! JHK-
TomoMzoMepasp 11 (omHOM M3 M30thopM TOMOH3OME-
pa3). [NocnenHue HA3LIBAIOT MHTUOUTOPAMM rHpas,
nockoneky JTHK-rmpazel — depMeHTtsl npokapHo-
THUYECKMX KJIETOX, OTBETCTBEHHEIE 33 CyNepCIMpa-
Jmzapie JJHK; y aykapHoTos aHanormHyo GyHK-
umio BeimosiHsioT JJHK-tonousomepasnt, MagecTHO,
4YTO TPAHCKPHMIILMA HEKOTOPBIX TCHOB BO3MOXHA
JMUL OPH CTIPSACNEHHOM YPOBHE CYHEPCIHpATHAA-
UMM MaTpuiibl. CoelMHEHMS, BMEUIMBAICILHECH B
patory JHK-rupas, Moryr HHraGHpOBAaTE WIHM aK-
TuBUpoBark cuHTE: PHK. K uHruburopam rupas
NIPHEALJIEKAT HATUIHKCORAA KHCI0Ta, HOBOGHOLMA
H HOMEPMHLMH.
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Puc. 4-43. CTPOEHWS «HHTEPKANATOPOB» — JAaYHOMWLUMHA H 2KTHHOMMUMHA D.

B. UHrUBUTOPH TPAHCKPUTILIUM
U TPAHCISLMU — AHTHBAKTEPUATLHBIE
(TPETIAPATHI

K uuruturopaM MaTpU4HBIX CHHTE30B, OKA3LbI-
BAIOLLHM HpOTHBODAKTEPUANLHOE JEeHCTRHE, OTHO-
CAT BellecTsa, Haokupyrlupe cunres PHK win
6enka. B Ty IPYIITY BXOOUT LUMPOKC TPUMEHSE-
MBI B KJIMHHKE pHOAMITUUMH, TIOMYy4YaeMbIH HA
OCHOBE TTPHPOIHOTG AHTUOMOTHKA pHpAMHLKHA.
AHTHOMOTHKH W3 cemeiicTBa pHPaMULKMHOB HH-
ruOupyioT Toabko GaktepuaibHylo JHK-3aBHcn-
myww PHK-nosmmepasy, ceasniBadch ¢ B-cyObean-
HULeH (epmeHTa M OPEMATCTBYS WHHUMALHU
TpaHckpHunimM (pHc. 4-44). UX npuMeHAT LIS
nedeHns TyGepKynéaa, TaK KaK 3TH TIperapaThl HE
RAMSTIOT Ha pabory gaepHerx PHK-riommepas syka-
pHOTHUECKUX KTeToK. OAHaK0 OHH MOIYT MHTH-
6upoBath cuHTe3 MUTOXOHApUanbHbIX PHK, xors
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036l TIPENApaTa, TIPY KOTOPBIX Gnokupyercs 00-
pazoBaHHe MUTOXOHIpUanbHbix PHK, Belme Tex,
YTO WCIONL3YIOT B Je4eHWN WHOMEKUHOHHOIO 32-
bonepaHu4.

Bonplilad rpynna aHTHOMOTHKOB ABJIACTCA WH-
MOUTOPAMH TPAaHCIHUMA (puc. 4-45). TeTpaLMK-
JIMHBL, 3PHTPOMMLMH, TYPOMUINMH, X1opaMbeHn-
KO M aMHUHOAMKO3MIHL. Tak, ofHH M3 Haubonee
M3BECTHBIX AMUHOLIHMKO3MIOB CTPENTOMHIMKH WH-
rMbUpyeT MHULUMATIMIO CHHTE3a fenKka y mpokapH-
OTOB M BbI3BIBAET OWMUGKHM B MPOUTEHHH WHGOP-
Maiuy, zakomupoBaHHoit B MPHK. Ero uacro
HA3HAYAIOT TIPM JIeYEHMH WHAEKIMOHHBIX 3ab07e-
BaHui cepaua. K aHTHOWOTHKAM WIMPOKOTO CNEK-
Tpa OefCTBMSA OTHOCHT TeTpauMKiHubL OHW CBs-
3piBaTCa ¢ 30S cyObeanHUUel pHOOCOMBL H
GIOKUPYIOT MpucoeduHeHne amuHoauwt-TPHK B
A-ueHTp pnBOCOMBE, TEM CaMbIM Hapyllas 3JOH-
TALIHI0 NMOIMITEnTHAHOM neny. TeTpauukIvHbL 3¢-



Tafinuua 4-5. AHTUOHOTHKH — MHTHEBHTOPBI MATPHUYHBIX GHOCHHETE30B Kak NeKAPCTREHHBIE NPENapaTh

AHTHOROTHKH Mexannim
HeHCcTBNA

HHruéHTopsI

PelIHKALHH

JayHoMULHA BHenpatoTes («WHTEPKATHPYIOT? ) MEKRY 1apaMi ocHoraHdil JIHK u napywarot

JokcopyOuumy PEMIHKANUI0 H TPAHCKPHITLHIC

AxtuaoMuuue D

Mendanan AnxunupyeT [IHK ¥ Hapypiaet pernfaHkanue

Homepmuius Hurubupytot JHK-Tononsomepasy Il, oTBETCTBEHRYIO 3a CyNepCIHPATH3ALHIC

Hosobuounn JHK, sapymarnT pelnHKauto 1 TPAHCKPHITHHIO

HaruduTopsl

TPaHCKPHITOHH

Pudamuipine CefsbiBatored ¢ fakTepuansHoil PHK-nonumepazol 1 npena1cTeyior Havaty
TPAHCKPHNIHA

Hurnonropst

TpaHCAAUHH

TeTpauMKAHHBI HHrudupyoT anonraunin; ceaswBaTed ¢ 308 cyObeguunneii puGocomel 1
6uoknpylo1 1pucoesurenne aa-TPHK B A-neitp

JeBOMHUECTHH [pucoenunserca k 35S cyfneannuue pndocoMel H HHTHOUPYET
NeNTHAUNTPAHCHEPa3HYIo AKTHBHOCTD

SPHUTPOMHIIMH Tlpucocavnaercsa k 508 cyObveanunne puboOCOMEL H MHTHOHPYET TPAHCIOKANHIO

CTpentoMHLIMH Hurnbupyet ununuanneo tpancnauud. Ceasweacted ¢ 308 cyGnequnuuci
pufocoMsel, BHILHIBAET olMOKK B HpouTeHHN nHpOpMaluy, 3akoauposainol B MPHK

(GEKTHBHE B OTHOUICHHM BO30OYAMTEIEH MHOTHMX
Oonesdeli. Jiesomuuerun (x1opaM@elsMKon) Takxke
OTHOCAT K aHTHOKROTHKAM IL{HPOKOrO CIeKTpa neit-
crerst. OH uHrubupyeT cuHTes Benka 3a CYér npu-
coeaHHeHHs K 508 cybbenuHuiie pubocoMbl, NO-
NABNISAA NENTUAMATPAHCHEPA3HYI0O AKTHMBHOCTS.

TTeHHIALHHE 1 1ehATOCHOPHHB OTHOCAT K TPYII-
ne f-JaKTaMHBIX 2HTHOMOTHKOR, MPOIYLIMPYEMBIX
IeceHblo wtamma Penicillum. B cTpyKkType 3THX
MOJIEKYN MPUCYTCTBYET PeaKUHOHHO-criocoGHoe B-
NAKTAMHOE KOJLIIO, Bhi3bIRAIONICE HHTHOMpPOBAHME
CHHTE3a KJICTOYHBIX CTEHOK ¥ PAMOTPHLATEIbHBIX
MUKPOOPraHU3MOB. JleficTBUe 5THX aHTHOMOTHKOB
HanpapieHo Ha depmenT, obecneyusaounii 00-
pa3oBaHME TIOTIEpeyHbIX CBA3CH B CIpyKType Del-
KOB KJETOUHOM cTeHKH Gakrtepuit, HeobGpatumoe
HHIMOUpOBAHHUE aKTHBHOCTH STOTO (pepMeHTa Be-
IET K 0Opa30BAHHIO M3MEHEHHBIN KIETOUHBIX CTe-
HOK M radenn GakTepnii B NPOIECCE pasMHOXeE-
HMSL.

Hano ckazats, UTO npeiaparhl aHTHGaKTe pHATb-
HO#H TPYIIIL OTJIHUAKOTCH BEICOKOH M3DHpaTEnbHO-

Pudammuun B(R, = H; R; = O-CH,- COOH)

+
Pucamniumn (R, =CH = N N-CH;; R,= OH)

Puc. 4-44, AHTHGMOTHKU H3 COMBACTEA PHIDAMULIMHOB.
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Puc. 4-45. HexoTopoie aHTHEROTAKM-HHIHGHTOPE CHHTE3A
Senkoe y npoxapnoToa.

CTbK ¥ CPAaBHUTEIBHO Maa0 TOKCWYHEL Js Yeno-
BeKa. IT0 OGBACHAETCS PA3NHUYHAMU B CTPYKTYpE
PHK-nonmumepa3s, PHK u Genkos pubocom B syka-
PUOTHUECKHX M NPOKAPHOTHYECKNX KACTKAX.

B. Burycol ¥ TOKCHHBI ~ HHTHBHTOPBI
MATPMYHLIX CHHTE3OB B BVKAPHOTHYECKHX
KJIETKAX

Bupychbl

Tl'eHeTHYECKMIA MaTepHa BHPYCOB NPEACTABICH
Monekynoid JHK wiy PHK. OH, xak npaBuio, He-
BETHMK W COACPAMT MHPOPMALMIO JHUWbL O HEKOTO-
pEX cneundgHyeckix Geaxkax M depMeHTax, Heob-
XOAUMBIX Ahsl PEMpOIYKUUH Bupyca (Hampumep,
BHPYCOB OCIIbI, TPHIINA, TIOJTHOMHENMTA, reNaTHTA),
Beckope nocne 3apaxkeHMs C BBICOKOH CKOPOCTBIO
HaunHaetea ¢MHTe3 supycHbnx JIHK, PHK u 6en-
KOB ¢ UCIOIB30BAaHMEM (ePMEHTOB Y BENKOB, ¢yh-
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CTPaTOB M HMCTOYHHUKOB FHEPIAM KIIETKM XO3AHHA.
MNpun 3toM B MHDUUMDOBAHHBIX KITETKAX [1PEKpa-
LEAETCH CHHTE3 HYKJAEMHOBBIX KUCIOT W OEIKOB,
CBOMCTREHHBIX OpDraHM3My x03smrHa. Penpoayxuua
BUPYCHBIX HaCTHU MAET BIJIOTE 10 TMOEIH 3apaxEH-
HOW KIeTKH.

ToxcHHDBI

[IpuunHoll ruGeny nwACH IpH OTPABIEHHH
onenHoit nmorankoil Amanita phalloides asnserca
TOKCHH — O-AMARHTHH, KOTOPbIH COIEPXMTCS B
Teae rpuba M BRI3BIBAET HeoOpaTHMYIO AMCHYHK-
LIMIO NEYeHH H MoyecK. BhicOKag TOKCHUHOCTDL BTO-
T0 COCAMHEHHSA ANA 4efOBEeXa CBI3AHA ¢ TEM, MTO
OHO WUHTMOHpYeT sykapuoTHueckue PHK -nonmme-
pa3bl. Havdonbluyo YyBCTBHTENBHOCTL K A0V 06-
HapyxueaeT PHK-noaumepasa [I, karanusupyio-
wag cunres MPHK. lns o-amanntuna LD (1032
per 0s, TIpH XOTOpoH nmorufaet 50% JUIL, MONYYHB-
WIKMX TOKCHH) cocTaBnseT 0,1 Mr/Kr Maccel Telna.

Upe3pbvaliHO TOXCHYCH OCIOK PHIMH, BhIISNCH-
HEIH H3 KNEUIEBUHEI OOLIKHOBEHHOH. OH NMpeacTan-
JsieT coboi N-rnMko3unasy, Kotopas yaamieT oauH
ocTatok ameHrHa U3 288 pPHK Goabuioi cybne-
JIHHHLBL pHOOCOMBI K MHTMOWPYET CHHTES OeNKa y
3yKapHoTOB. PHIIMH — DEAKOBBIN KOMITOHEHT Ka-
CTOPOBOTO MACNa, HHOTAA MCTIOABIVEMOTO B Xave-
cTBe cnaburensHoro cpeactsa. Ma-3a BuicOKOH TOK-
CHUYHOCTH PHIHHA JCYEHHE KACTOPOBBLIM MACJIOM
NPOBOJAT KOPOTKMMH KYpPCaMH, TaK Kak JANTeNb-
HOo¢ ynoTpeONeHWEe MOXET BbI3BaTh HEMpeKpalla-
OWHHCA TIOHOC, HapylieHHe paGoThl KWIIEYHUKA
U aaxe r'ibenb GoAbHOTO.

¥ 4yenoBeKa PA3sBMTHE HEKOTOpLIX OaKTepHanb-
HbIX HHOEKUWH CONpOBOXNAETCA WHrHOHpOBa-
HUeM MaTPUYHBIX CHHTEe30B. Haubomnece uayveH-
HBIH TIpUMep — HHrHOMpOBaHMEe CHHTe3a BeSKOB
B KJIETKaX CAH3UCTOH OBOJOYKM 3eBa M Tropra-
HH 3HTEPOTOKCHMHOM Bo30ynuTens audTepHM
Corynebacterium diphtferiae. HekoTopble LITAMMBI
3TOTO MATOreHHOTO MUKPOOPraHU3IMa [ONYIaioT IeH
TOKCHHA OT GaKTepHATbHOIO BHPYCA, HA3LIBACMO-
ro B-daroM, KoTopuiti HHOHIMpYET GAKTEPUIO M
HHAYUMPYET CHHTE3 TOKCHHA — OIHOUENOYEYHO-

ro 6enka ¢ MonekymapHol Maccoi 60 x. B um-

TOTNA3ME KIIETOK XO3fWHA TI0J, BIMSHUEM NTPOTE0-
JTUTHYECKUX (PePMEHTOB TOKCHH paclleriseTcs Ha
2 ¢parMeHTa, OOWH M3 KOTOPBIX ABIsieTca dep-
meHTOM AJlM-pubosunrparcdepazon. 3toT dep-
MeHT KatanuiupyeT AJlP-pHOO3ZWINPOBaHHE M



WHaKTUBaIMIO pakTopa anoHrauwd EF-2 no pe-
AKLUH;

EF-2 + NAD* - AAd®-pubosun—EF-2 +
HHKOoTHMHaMup + H*Y.

B ycaosusx in vitro 31a peakumst obpaTuma, HO
npd pH w KoHlUeHTpallMH HHKOTHHAMMIA, KOTO-
phi€ CYILECTBYIOT B KJIETKAX, OHA CTAHORHTCA HEo-
6parumMoit. Moaupukanvs gaxropa EF-2 napyia-
eT TPAHCIOKALMIO PHOOCOM, BENET K MpeKpallieHHIO
6UOCHHTE3a OelIKOB B HHPULMPOBAHHBIX KJIETKAX
M K UX rubenn. C neiicTBUEM TOKCHHA CBA3AHLI OC-
HOBHBI&¢ CHMIITOMBI AH(DTEPUH.

Ornucansl W Ipyrve TOKCHHLEI OaAKTEpHATLHOrD
M PACTHTEILHOTO NPOUCXOXKASHHS, HHTHOHPYIOUIHE
CHHTE3 U (PYHKLMHOHATIBHYIO AKTHBHOCThH GCMKOR
myTéM A D-puGo3IHMPOBAHMA HAM MOIH(HKALIMK
pPHK.

I'. UHTEP®EPOHEI

WNHrepdepons — HeboNbiMe 6eKK (TAUKONPO-
TEHHEI}, COCTOMLIHE TIPHMEPHO M3 160 aMHHOKMC-
JIOTHBIX OCTATKOB. OHHM CEKDETHPYRKOTCA HEKOTOPLI-
MH KJIETKAMH TIO3BOHOMHLIX B OTBET HA 3apaKeHHE
BHpPYCAMM H TIPENATCTBYIOT PACIpPOCTPAHEHHIC BH-
PYCHOI MH(eKIHH. 3TOT Knace 6e/KOB CHHTE3UpY-
eTCH B HCKJLIOYMTENBHO ManbIX KOJAMYECTRAX. OT Ha-
HorpamMmoe (10-° 1) go nmmkorpammoB (10-2 1}, HO
SBIACTCH ONEHD AKTHUBHBIM HeCTIeUMMITIeCKMM [1po-
THBOBHpYCHBIM arcHToM (106—10° eqmHMI aHTHBH-
PYCHOIT aKTHBHOCTH Ha | Mr Henka). 3To CoOTBeT-
CTBYET CLIOCODHOCTH OMHOM MOJIEKYIE HHTep(hepoHa
3AUIIATE OT MHGEKUMH OOHY KIETKY.

HekoTopeie KOMIIOHSHTHl BHPYCHBIX Y9acTHL
{HanpuMep, AByxuenoyeyHas PHK) uHayuupyot
CHHTE3 NO Kpaiueid Mepe 3 THUIOB UHTepdepo-
HOB. Y uenoBeka umeloTcd 14 reHOB, KOTHPYIO-
LIMX t-WHTEePGhEPOHbI, KOTOPHIE MPOAYIUPYIOTCS
B-muMmdousTaMu 1 MakpodaraMu, 5 reHoe B-HH-
tepdepoHoR, obecneynBaOIIKX odpa3oBaHue CO-
OTBETCTRYIOLMX OenkoB ubpobracTamu, u 1 red
y-HHTEephEpOHA, 3KCTIPECCHA KOTOPOro HAET B
T-numMpouuTax,

CRA3BIBASICE ¢ PEUEIITOPAMM Ha IUIasMaTHUeC-
KOl MeMOpaHe 3apaxE€HHBIX KNETOK, 3TH DOelKH,
noao6HO GEIKOBLIM TOPMOHAM, CTHMYITHPYIOT CHH-
€3 PepMEHTOR, cnocoBGHbix paspymath MPHK
BHPYCOB M TIPEKpAATE CHHTE3 OEIKOB Ha pubo-
COMAX, TMIPENATCTBYS TEM CAMBIM JKCIIPECCHM BU-
PYCHRIX TeHOB B KJIETKax 3YKApPUOTOB.

UccneaopaHue MexaHW3Ma ASHCTBMS HHTepde-
POHOB IOKAa3aN0, YTO OHU:

* MTHIMOMPYIOT CHHTE3 GeNKOB, HEOOXONMMAIX 1JIs
PCILTHKALMH BUPYCOB;

* CTUMYJIUDYIOT CHHTE3 (DepMEHTA OMIOHYKARO-
TWAINTIMEPA3DI, KATATU3UPYIOLLETO 00pazoBaHKe
HeCONBILMX KOJHYECTB KOPOTKMX ONMTOAIcHH-
natoB: 2,5 -oimro {(A). DT OMMIOHYKIEOTHIBI
ARNAIOTCH AKTHBATOPAMH pMBOHYKeazkl — (ep-
MEHTA, PacIUETUIIONIENG MATPUYHEIE U pHODCOM-
Hele PHK,;

& CTUMYJIHPYIOT CHHTE3 MPOTEHHKWHA3BI, KOTO-
past pocOpHIMPYET H, TEM CAMbIM, HHAKTH-
pupyeT dakTop HHUUHAIKH e)F2;

elF2 + AT® — elF2-OPOH, + ATI®D.

B pesynsTaTe cHUHTE3 BeexX 0eIKOB B HHOULMPO-
BAHHBIX KIAeTKaX Npekpamaerca. Knetku noruda-
K0T, HO BMECTE ¢ HUMH OCTAHARTHBACTCA DA3MHO-
JKeHUEe BHPYCOB, M HAUKMHACTCA BBIZACPOBACHUE,
Taxum odpa3oM, XepTBys HeOGOIbIIMM KORHUECTBOM
KIETOK, OPTaHU3M 3alIdiraer ceda oT GoNeaHu.

B Hacroaulee Bpemsi WHTCpdhEpPOHLI, TOAYYEH-
Hble TIPOMBIIIIEHHHM TIVTEM ¢ UCIOAB3IOBAHHUEM
TEXHUKHM KJIOHUPOBAHWA TeHOB, LUMPOKO HCIIOJb-
3YIOT TIPH JieYeHUH oOBIYHOH MPOCTYABI, [PHIIIA,
MOJIHOMMENUTA, BETPAHOH OCIIBI, TEpreca, BUpyca
TENaTMTA M APYIMX HHOpeKUHiA. X0opollue pe3yib-
TaThl IMOKA3LIBACT HCIOML3OBAHHME HHTEpGEPOHOB
B TCpallMd HEKOTOPHIX BHUAOB 3JI0KAYCCTBCHHBIX
OITyxonei, rMABHEIM 00pa3oM, reMOOIacTO30E (CM.
pasmen 15}, XoTsd UX podb B XMMHOTEPAMTHH OITyX0-
JicH [0 HaCTOSIIEro BPEMEHM OCTAdTCA MasoIo-
HATHOM.

VII. PErynsauva aKCnPECCUn
FEHOB VY NPO- U 3YKAPUOTOB

OpraHu3Mel aganTHPYIOTCA K MEHSIOLUMMCH YC-
JIOBUSIM OKPYXKAIOUICH Cpenbl ITYTEM HM3MEHEHUS
AKCIPECCHM (CKOPOCTH TPAHCKPHITUHH) TEHOB. JTOT
NpoLece, B JSTATAX M3yYeHHHH Ha DaxTepusax M
BUpYCax, BKJIIQ4YAeT B3aUMOIEliCTBUE crieLMpuJec-
Kux 6enkob ¢ yyactkaMM JJHK B HenmocpeIcTBeH-
HOH OJU30CTH OT CTAPTOBOIYG YYACTKA TPaHCKPHII-
UMM, TIpd 3TOM MOXET TIPOMCXOOHTHL BKJTIOUEHHE
WIH BBIKAIOYEHHE TPAHCKPHUITLIMH. DYKapUOTHYEC-
KWE KJIEeTKHU HCTOIB3YIOT TOT XK€ CAMBII IPHMHITHII,
XOTH B PETYIAUMH PEATH3YIOTCA H HEKOTOPHIE Jpy-
rue Gonee CIOXHEIE MEXaHW3MBI,
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A. PErVIAIMA AKTUBHOCTH FEHOB
¥ MPOKAPHOTOR. TEQPHA ONEPOHA

Hccnenopadus Ha knetkax £ coli NO3BONMNH
YCTAHOBUTh, UTO ¥ OAKTEPHI CYIIECTRYIOT QepMeH-
Tbl 3 THMIIOB:

KOHCTHTYTHBHBIE, [IPUCYTCTBYIOLIIHE B KJIETKAX B
MOCTOSIHHBIX KOJIWIECTBAX HE3AaBUCUMO OT Me-
TaBOoIMYECKOTO COCTOSIHUA OPraHu3Ma (Harmpu-
mep, epMEHTH TTHKOMH3A);

HHAYUHPYEMBIE, MX KOHICHTpALUMSA B ODBIYHLIX
YCITOBUAX MaNa, HO MOXET Bo3pactaTk B 1000
paz u Gonee, €CNM, HANPUMED, B CPEAy Kylb-
TUBHPOBAHWA KIAETOK A0GABUTE CyBeTpaT Ta-
KOTro (hepMeHTa;

penpeccapyeMbe, T.e. (bepMeHThl MeTabonuuaec-
KHMX ITYTEH, CHHTE3 KOTOPBIX NPeKpallacTeH MPH
A00aBIEHHH B CPEeNy BHIPAlIMBAHHS KOHEYHO-
IO NPOAYKTA 3THX MYTCH.

1. Teopus onepona

Ha ocHORaHMH reHETHUSCKMX HCCACAOBAHMA HH-
JYKUHMH [-TanakTo3noasbl, y4acTBYIOLIEH B KeT-
Kax £. coli, B THAPCANTHYECKOM paclIeNNEHHUH NaK-
TO3bI (pHc. 4-46), Oparcya Kaxkob u Kak Moo B
1961 1. chOpMYAMPOBATH THTIOTE3Y OTEPOHA, KO-
TOpas OOBACHANA MEXaHU3M KOHTpPOJIS CHHTE3a
OCMKOB ¥ MPOKAPHOTOR.

B 3kcTiepMMeHTax THIOTE3a ONepoHa MOTYYHIA
NMOJHOE TIOATBEPKOCHHE, 3 NPSIOXKEHHBIA B HeH
THIT PETYNSALMH CTATH HA3BIBATE KOHTPOAEM CHH-
Te3a OelKa Ha YPOBHE TPaHCKPHIILMH, TaK KakK B
3TOM C/y4ae M3MEHEHHE CKOPOCTH CUHTE3a Oeln-
KOB OCYLUECTBASETCA 33 CHET M3MEHEHHS CKOpOC-
TH TPAHCKPHUIUWH TEHOB, T.. HA CTaAMM 00pPA30-
panusg MPHK.

Y E. cofi, kak ¥ y apyrux npoxkapunotos, AHK He
OTnefeHa OT UHTOILIA3Mbl SIAEPHOH O0BOIOUKOM.
B nipoliecce TpaHCKPUITIMH 0BPasyioTes MEPBUYHEIS
TPAHCKPUITTEL, HE codepXainve WHTpoHoB, a MPHK
JULWIEHBI «K3Ma» U NoAu-A-xoHua. CuHTes Genka
HAYHWHAETCA A0 TOTO, KAK 3AKAHYMBAETCH CHHTE3 ero
MAaTpPHUbI, T.2. TPAHCKPUIILKA H TPAHCIALKS OpPOTe-
KAIOT [MOuTH OJHOBPeMeHHO. Mcxoas U3 pasMepa ne-
HOMa (4x10® map HyxA€OTHAOB), KAXAAsg KAETKA
E. colf copepxut HHGPOPMALIAID O HECKOTEKHX ThICA-
yax OenkoB. Ho npy HOpMANkBHBIX YCJIOBHSIX POCTA
oHa cHHTe3HpyeT okono 600—800 paznvyHuix Ges-
KOB, @ 3TO O3HAYAET, YTO MHOIHE TeHLl HE TpaHC-
KpubUPYIOTCS, T.€. HEAKTHBHBL [eHbl GenkoB, (yH-
KHMM KOTOPBIX B MeTaBOMMYECKHX MPOLECCaX TECHO
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CBSI3dHbl, Y44CTO B T€HOME TPYIIMPYIOTCH BMECTE B
CTPYKTYPHbBIC &IMHHUEB {(oneponbl). CornacHo Teo-
puM 2KakoGa 1 MoHO, OonepoHaMHU HA3bIBAKOT ydac-
kW Monekynsl JHK, kotopeie conepxar undopma-
LHIO O rpynne pyHKUMOHANBHO B3AMMOCBA3AHHBIX
CTPYKTYPHBIX DE/IKOB, M PETYMSTOPHYIO 30HY, KOHT-
POJIMPVIOILYIO TPAHCKPUMLIMIG 3THX TeHoB. CTpyK-
TYPHBIE T¢HEI OIEPOHA 3KCIIPECCHPYIOTCA COINACO-
BAHHO, JH0O BCe OHM TPaHCKPUOHUPYIOTCH, M TOrNA
OMNEPOH AKTHEBECH, MO0 HH OMHH U3 ICHOB He «IIpo-
UMTHIBAETCA», W TOrAa onepoH HeaktubBeH. Koraa
ONEPOH AKTUBEH M BCE €r0 I€HBI TPAHCKPHOMpPYIOT-
Cfl, TO CHHTE3UpYeTCs NOTUUMCTPOHHas MPHK, ¢cay-
XKalllasi MATPULEA 1)1 CHHTE3a BeeX DENKOB 3TOTO
OonepoHa. TPAHCKPHMIILMA CTPYKTYPHBIX [CHOB 3aBH-
CHUT OT crnocobHocty PHK-TonuMepassl npycoeam-
HATBECA K NIPOMOTOPY, PACTICACKEHHOMY HA ¥-KOH-
LC OMEePOHa Neped CTPYKTYPHBIMH TCHAMH.
CeassiBanue PHK-nomuMepassl ¢ npoMoTopoM
3aBMCHT OT NpPHCYTCTRUA Oenka-penpeccopa Ha
CMEKHOM C FIPOMOTOPOM YUYacTKe, KOTOPBIH Halkl-
RAIOT «oneparTop>. benok-penpeccop CMHTE3IUMPYET-
CA B KJICTKE ¢ TIOCTOAHHOM CKOPOCTBIO W HMMeeT
CPOACTBO K OMEpATOPHOMY ydacTKy. CTpyKTYpHO
Y4acTKH TPOMOTOPA M ONEPaTopa YacTHUHO TIepe-
KPBIBAIOTCA, [TO3TOMY MPHCOCAMHEHHE DeaKa-per-
peccopa K oneparopy <o3fgaéT CTEpHYECcKoe Mpe-
natcTere i npucoeauueHus PHK-noanmepasbr.
BONBITWHCTBO MEXAHUIMOB PEryIALMM CHHTE3A
0e/TKOB HAMPaBIeHO HA U3MEHEHNE CKOPOCTH CBA-
ssipaHHs PHK-nommepaskl ¢ npoMoTOpOM, BITUSS
TAKUM 0OPA30OM Ha 3Tan MHWLUMAUMMK TPAHCKPHII-
UMH. ['eHbl, OCYILIECTBAAICIINE CHHTES PeryasTop-
HbIX O€NKORB, MOFYT OBITE YAANEHB OT ONEPOHA,
TPAHCKPUIILHMKD KOTOPOrO OHH KOHTPOTUDPYIOT,

2. Huodyxuus cunmesa 6earxos. Lac-onepon

Teopus onepoHa DbUA TIPEMNOKEHA HA OCHORBA-
HHM JAHHBLIX, TOJFYYCHHBIX TIPH H3YYEHHH CBOIICTE
naxTo3Horo onepoHa {(lac-onepona) E. coli, T.e.
OMEPOHA, B KOTOPOM 3aKOOWPOBAaHBI Deaku, yva-
CTRYIOLLME B YCBOEHMH JIAKTO3HI.

Knerku E. coli obuluHO pacTyT Ha cpene, HC-
NOJb3YSA B KAYECTBE MCTOUHHKA VIJEpOAA [JIHOKO-
3y. Ecnu B cpedc KyALTMBHPOBaHMA TIIOKO3Y 3a-
MEHHMTL H3 AMCAXapUX NAKTO3Y, TO NO MPOIECTBUU
HECKONLKMX MUHYT KJACTKH aJalTHPYIOTCS K H3-
MEHHMBLIUMCS YCIOBHAM. OHH HAMHMHAIOT Mpoay-
uMpoBarh 3 Benka, obecneyM BaIOLIMX YTHIM3ALHIO
AaKTo3bl. OQAWH M3 3TUX GeJIKOR — depMeHT
B-ranakTo3daaza, KaTanM3IHPYIOLIMH THIPOIUTH-
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Pue. 4-46. FHAPONK3 NaKToabl B-ranakro3naason.

YeCKOoe PacIlEIUIEHHE NaKTO3bl A0 TIKKO3bI M ra-
JTAKTO3bL,

B npucyTcTBHY TNIOKO3EL KNeTKU F. colf coaepxar
meHee 10 monexyn THX depMeHTOB Ha KIeTKy. Tle-
peHOC KJIRTOK Ha Cpedy, COAEPXKALLYIO JIAKTO3Y, Bbl-
3bIBAET MHAYKLMIO — YBEJIMUEHHE KONMUECTBA MO-
NeKyn Kaxnoro 13 depmenTtos ao 5000 (puc. 4-47).

Teopus onepoHa OOBACHSET 3TO ABICHHE CJIE-
ayiowMM obpaizoM. B oTcyTeTBUME MBAYKTOPA (1ak-
TO3EI) BENOK-PEeNpeccop CBA3aH C ONEpaTOpOM.
A TTOCKOABLKY YHACTKH ONIEPATOPA ¥ IPOMOTOPA ITe-
PEKPBIBAIOTCH, TO MPUCOEIMHEHHE perpeccopa K
oneparcpy NpensaTcTBYET CBA3biBaHuio PHK-mo-
JTHMEPA3Bl ¢ MPOMOTOPOM, M TPAHCKPUITUHS CTPYK-
TYPHBLIX T€HOB OMEPOHA He Haér. Koraa B cpeae
MOABIACTCH MHAYKTOP, T.8. NAKT033a, TO OH IPHCO-
EAUHSCTCH K OENKy-penpeccopy, M3MeHHAET ero
KOH(OPMALKIC U CHUXAET CPONCTBO K OTEPaTopy.
PHK-nonuMepasa ¢BA3LIBAETCH C MPOMOTOPOM M
TPAaHCKPUOUDYET CTPYKTYPHBIE TeHEI.

3. Penpeccun cunmesa Geaxos. Tpunmoganoeniil
i 2UCIMUOUHOGHHT OREPOHbBI

CHIDKEHHME KOHUEHTPAUMK depMeHTa B GakTepH-
QTBHOM KJNETKE MOXET OCYLIECTRISTECH (IYTEM pen-
peceun cuuTesa epMenToB, CYIIIHOCTE 3TON0 MEXa-
HU3MA PEryaauMH 3aKTI04aeTCH B CACTYIOIEM: KOTAa
KIeTKH F. coli pacTyT Ha cpene, codepXanieH B Kage-
CTBE€ €AWHCTBEHHOTO MCTOYHMKA 430Ta COMb aMMO-
H¥, TO HM TIPUXOINMTCA CHHTE3HPOBATL BCE A30TCO-
JEPXALME BEUIECTBA. Takue KIETKM, B YaCTHOCTH,
BOJDKHBI COMEPKATE BCE (DePMEHTHI, HEeOOXOTWUMEIE
Ut CHHTe3a 20 pasnHYHBIX aMUHOKUCTOT. OJHAKO
ecnu 100ABHUTE B CPEAY KYJIBTUBMPOBAHWUS OAHY M3
AMHHOKHICIIOT, Hanpmep TPUMToMAH WK THCTHIUH,
TO KIETKA TEpecTaHeT BhIpabarwiBaTh Bech Habop

CH,OH CH,OH
O_OH O. OH
OH + OH
HO
OH OH
ManakTosa mokosa

(bepMEeHTOB, HEOOXOAWMEIX LT CHHTE3A 3TUX aMH-
HOKMCJIOT W3 aMMHAKA ¥ HCTOYHMKA yTAepoaa. Pen-
peccHst CHHTE3a PEPMEHTOB, KaTAIM3HPYIOLNX NOC-
JIeTOBATENLHOCTh PEAKITHIT MeTaboIMIecKoro myTu
KOHEYHBIM NPOAYKTOM, KAK 3T MMEET MECTO B CIIy-
yae (pepMEHTOB CHHTE3a T'MCTHIMHA WIM TpUnToda-
Ha, HA3BIBACTCA PEMpPecCHeil KOHEUHBIM MPOIYKTOM.

DTO ABNeHHe TeopWA OMNEpoHa OOLACHAET Cle-
AYIOUIMM ofpa3oM: nNpH OTCYTCTBMM B cpene [wmc
WK TpH perysTOpHBIH Delok-penpeccop He uMeer
CPOJCTBA K OMEPATOpy W NPOHCXOOUT CHHTE3 dep-
MEHTOB, OCYILLECTRIIOUIMX 00pa30BaHHE 3THX AMH-
HokucnoT. Koraa B cpemy noGasisiioT, HapuMep,
I'ne, To »1a HeBOMBILAA MOMEKYAA, [OJYUMBLLAN
HAIBAHUE «KOPENpeccop», MPHCOCIHHACTCS K Den-
Ky-penpeccopy. B pesynrsrare KoH(bpOPMaUWOHHBIX
M3MEHCHHH B MONEKYJIE peIIpeccopa KOMIUIEKC ben-
Ka-penpeccopa W kopenpeccopa (I'Mc) mpuobpe-
TaeT CPOACTBO K OMepaTopy, NMPUCOSAMHSETCH K
HEMY, H TPaHCKPMIILMSA ONEpoHA MPEKpallaeTcs,
T.¢. APEKpallaeTca CYWTbIBaHME HHPOPMAUHH O
crpoeHu 10 depmeHTOR, YHACTBYIOIIAX B CHHTE-
3¢ 3TOH AMMHOKHCIOTH (puc. 4-48).

Cnenyer UMeTb B BHOY, UTO PeIIPECCHA H HH-
AOYKLIHA CUHTE3a OENKOB ¥ NPOKApUOTOB PeaTH3y-
10T NPHHUMIIB AJANTAUMH K MEHSIOLUMCS YCIo-
BUSIM CVILECTBCBAHHA M KIETOUHOH IKOHOMMM:
(pepMEHTR MOABASIOTCA B KieTKAaX, KOTJAA B HHUX
CYILECTRYET MOTPEOHOCTE, M TIEPECTalOT Bhipaba-
THIBATbCS, €CTTH TIOTPEBHOCTL HCUE3aeT.

b. MEXAHNU3MBI PETYISIIHA BKCIPECCUU
TEHOB Y DYKAPHOTOB

DYKAPUOTHYECCKHE OPraHU3MBl (U 0COBEHHO
MACSKOINNUTAIOILNE) YCTPOECHEI 3HAYUTENbHO CJIOXK-
Hee [pOKapHOTOB M HYXJAAWTCH B Golee clox-
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A. B oTtcyTcTEMEe WHAYKTODa

MpoMoTop CrpyKTypHbIE rerbl

len-perynAatop onepaTop A B G

AN AN\

THAHCKPUAILKMA He naeT
MmPHK Beriu A, B, C He obpasywoten

|
!
i

Penpeccop
(aKTUBHBIA)
&. B npucyTCTEMM MKQyKTOpA PHK-nonumepasa
AHK 5 3
ANONNZARNAN 5
[
l
MPHK ] Tparckpunuyms
| S AVAVAVAVAVAN
MPHK g a
® : l l l
“"\ é
WkaysTop | Benok Benok Benok
{Maxroaa) : A 8 C

;
i

Penpeccop
(HEAKTUBHBIA)

Pure. 4-47. MeXaHnam MHAYKLUWE TAKTOIHOSO ONEpPOHA. A — B OTCYTCTBME MHAYKTOPA (NaKToaw)} BenoK-perpaccop CBA3AH ¢ onaparo-
pom. PHK-NonMmepaza He MOXET NPUCOSAUHWTLER K NPOMOTORY, TRAHCKPUMNLMA CTRPYKTYPHBIX FEHOB ONEPOHa He WaET; B — B npucyT-
CTBUW NaKTO3bl DENOK-PENpeccop NPMCOSMHART 8, MAMSHAET CBOK KOHDOPMALMIO U TepPRET CPOACTBR K onepatopy. PHK-nonumepa-
3a CBAZLIBAETCA C NPOMOTOPOM W TPAHCKPUOUPYET CTRYKTYPHBIE reHE) [3-ranaktoantasel {A), Katanwanpyioweid ruaponvs NakToss! no
MIOKO3E M rANAKTO3k!; ranakTosugnepmeassl (B). ocylwecTeNMOWEeR TRAHCNOPT MAaKTO36! W JPYTVX ranakTo3raos B KAETKW; THOranakTo-
auaTpakcaueTunaszel (C) — gepmenTa, cnocobHOro NepeHocTE aueTHNBHYIO rRynny aueTun-KoA Ha Tuoranaktosy. OyHkUWS ero B
MNPOLECCE YTUAKM3AUWY NAKTO3bl KA HERCHE.



A. B oTeyTeTene Kopenpeccopa

Tpomorop CTpyKrypHbIe reHu
Fen-perynatop

Penpeccop
{HEaXTVBHEIA)

E! E2 E10

10 hepMeHTOB, YHacTBYKILKWY B CUHTE3E MMCTUAKHA

b. B npucyTCTAMM KOPENpeceopa
Mpomorop

onepaTtop

2 10

TpaHckpunuus He NGET
MPHK benku se oGpasyTca

Kopenpeccop \

{FucTngms) \1.

Penpeccop
{aKTHBHLIA)

Puc, 4-48. Mexauwam penpeccul CHHTE3a (hepMEHTOR, YHACTRYIoWMWX B 0GpasoBadu rMCTMAWNHA. A - B OTCYTCTBHE KOpENPacco-
pa {(rueTuIMHA) GeN0K-PENPectop He MMEeRT CPoRcTBa x onepatopy, PHK-nonMMepasa npucoeguHAeTCa K NPOMOTOPY, M NpoUeXoauT
TPAHCKPUMNUWA 10 CTPYKTYPHBIX MEHOB, KOAMPYIOWMX CTROSHNE DEPMEHTOR, YHACTEYIOWMX B CHHTE3e rucTuguHa; B — B nNpUCyTCTBMM
TMCTUOUHE B GRS KOMNNeKe Denka-penpeccopa ¢ KOPenpeccopoM, 1.6, MUC, CBA3LIBAETCA ¢ ONEpATOPOM, NPENATCTBYET NPMCOE0NHE-
Huo PHK-NonuMepase! K NPOMOTORY W OCTAHABAWBAST TPAHCKHMNUMIO,
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HOM annapare peryisudu. Tak, B OpraHu3Me ye-
JoBeKa uMeeTed oosee 200 pasnMyYHBIX THITOB K-
TOK, CYIIECTBEHHO PAINHUAILMXCA N0 CTPYKTY-
pe ¥ QyHKHUAM. B TO Xe BpeMs pasTUUHBIMU
MmeToaaMu Hceaenosanust JHK (npexage wcero,
METOAOM MOJEKYAAPHONH MB6PHAN3AIHY) AOKA3A-
HO, 4TO KoauuecTBO U cTpykTypa AHK npaxtu-
YeCKH BCex KIIETOK OpPraHM3Mia OJMHAXOBHI (3a
UCKNIOYEHNEM JUMGOUNTOB), T.€. BCE KJIETKH
OPraHM3Ma CONEpPXKAT OAHH U TOT Xe& TEHOM.
¥ BBICILHX OPraHKW3MOB 10 CPABHEHUIO ¢ MPOKa-
PUOTHYECKMMY CYIUECTBEHHO BO3PACTAET COIED-
xaHue JJHK Ha ramaonanyw kaerxy: ¢ 4,2x10%
nap Hyxaeotunow y E, coli no 3,3x10° nap Hykie-
OTHJOB B KJIETKAaX YeJOoBeXa,

1. Opzanuzanun xpomamuna & ougdepernuipo-
SOHHBIX KACMKAX MHOZOKACMOMHOZ0 OPeanuImMa

B kneTkax MNeKORNMTAICLIMX HapdAay C afan-
THBHOH peryisiinei, ofecneuyMBaiolIei NpUCIo-
coBIeHHe OpraHu3Ma K MEHSIOIHUMCST YCIOBYUSIM
BHYTpEHHeH M BHelllHel cpenbl, CYIIeCTBYIOT Me-
XaHM3MEI, KOTOPbIE COXPAHAIOT cTAOMILHYIO (Cy-
LIECTBYIOUIYIO Ha TIPOTAXEHHH BCEH XU3HH KITET-
KH H JaXe MHOMMX €€ TeHepalUi) penpeccuio
QIHUX TEeHOB W JEIMPECCHID APYTHX,

B aapax nuddpepeHIHPOBAHHBIX KIETOK XpoMa-
THH MMEET TAKYK) YKIAIKY, YTO TOJbKO HeHONb-
LLIOE YMCIO TeHOB (Yacto MeHee 19%) aocTynHo aist
TPAHCKPHUITIKU. PasMualoT YYacTKH TeTepoXpoMa-
THHA, B KoTophix JIHK ynakosaHa oueHb KOMIIAK-
THO M HEAOCTYNHA A TPAHCKPHUIIUHMK, H YYACTKH
IVXPOMATHHA, HUMeLLre Gonee peIUIYIC VKIIAAKY
W cniocobHele ceg3biBaTe PHK -nonumepasy. B pas-
HBIX TUIAX KACTOK B 0o0NacTh 3yXpOMaTHHA MOIa-
JaloT pa3HbIe TEHbI, 4 3TO O0IHAYAET, YTO B PAZHBIX
TKAHAX TPAHCKPUOMPYIOTCA pa3Hble YYACTKH Xpo-
MaTHHA,

CroHEAS penpeccHs NeHOB reTEPOXPOMATHHA oec-
neyHBaeTCs:

« mpocTpancTBeHHOH yxnankoit JHK, mpn ko-
TOPOH TeTePOXPOMATHH HAXOAMUTCH B BRICOKO-
KOHAEHCHPOBAHHOM COCTOSIHMH;

¢ METILTMPOBAHHEM Je30KCMUMTHIWHA AHK-Me-
THaazamn B 3'-C(G-3' noclesgoBaTeIbHOCTAX
AHK. 9ta MonuduKaIusa CHIBHO MCHACT KOH-
(popMaLIFIO XpOMATHHA H NPENSTCTBYET AKTUB-
HOH TPAHCKPUIILMH;

+ CBA3BIBAHHEM ¢ TUCTOHAMM M 00pasoBaHHMEM
HYKJIEOCOM, KOTOPBIE TAKKE CHHXAKT TPAHC-
KPUIMIHOHHYIO akTHBHOCTE AHK.
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HMcenepopanus nokazand, 4ro obAacTH ayxpo-
MATHHA, E XOTOPbIX PAcroNoXeHbl AKTUBHO TpaHC-
KpOUpYEMEBIE TeHBL, 001aNa10T HEKOTOPBIMH CTPYK-~
TYPHLIMH OCODECHHOCTAMM:

* OHU GoNee YYBCTBUTENBHBI K AeHcTBHIO JIHK-

a3, yeM ocTaneHble yyactkp JHK;

* MOJIEKYIIBI THCTOHOR, cBsA3aHHble ¢ JIHK B 3THX
Y4acTKax, MOAWGDUIIMPORAHBL £-aMWHOIPYTIIa
JM3¥Ha MeTHJIWMPOBRAHA WM alleTWIHPOBAHA,
METWIMPOBAHLI HEKOTOPHIE OCTATKH aprHHHHA
W THcTHAWHA B rucTtoHax H2A u H2B, apuao-
LIHXCS1 KOPOBBIMHU BesikamMu HykieocoM. Hexo-
TOpbIe MONekynel H2A o0pasyior npouHbIi KOM-
rieke ¢ 6enikoM yOUKBHTHHOM. B ructone HI
PochopIMPYIOTCS OCTATKKM ¢eprHa. Pesynkrar
ITOH CEepUM KOBANEHTHBIX MOTHEUKALMI —
CHHXKEHME CYMMAPHOTO, MOJOXKHTEILHOTO 3a-
ps0a THCTOHCB B ociabneHue CpoACcTBA HYKIE-
ocom x JHK.

K 00NacTaM «aKTHMBHOTO» XpOMaTHHA IIPHCOE-
JAMHAETCA rpynna HeructoHoeelx HMG-6en-
KOB, WY DENKOB ¢ BBICOKOH MOIBHAHOCTBIO
opu reap-wekrpodopese. Itn Benku comep-
KAT MHOTO TIONOXMTEIBHO 3apSXKEHHbBIX aMH-
HOKUCJOTHRIX OCTATKOB, CBAIBIBAHHE ¢ KOTO-
pEIMY ocnabnger Blaumonekcreue J1HK wu
THCTOHOB H BBI3bIBAET NOMOIHHMTEIBHOE TIOBbLI-
HEHUE TPAHCKPUIIUMOHHOR AXTHBHOCTH TEHOA.
PaszHooOpasue KNeTox U BO3POCIIAsa CROXHOCTD
KRETOUHBIX ITPOLIECCOB HYXAAITCA B OOJIBLIOM pa3-
HOOGPA3NY MEXaHU3MOB pery/silmu. Tlokazano, uro
pasHblit HAGOP W KONHYECTBO OEJIKOB B 3YKAPHO-
THYECKHMX KIETKAX MOXET PerylvpoBaTbes:
¢ U3MEHEHHEM KOJIWMYECTEA CTPYKTYPHBIX TEHOR;
* NEPECTPOHKOH MEHOB B XpOMOCOMaXx,
¢ 3(pheKTHRHOCTEIO TPAHCKPHITLIMH Pa3HbIX y4a-
CTKOB T€HOMa,

e XApaKTEPOM MNOCTTPAHCKPHAIMMOHHBIX MOIH-
(pMKaLWHA NEpPBHYHBIX TPAHCKPUNTOB,

+ Ha YpPOBHE TPaHC/IALIWH,

* ¢ MOMOMUIBLIO IIOCTTPAHCASAHHOHHBIX MpeRpalle-
HUH BHOBbL CHHTE3HMPORAHHBIX MOINTEITAHBLIX
uenen.

2. Haimenenue xosusecmea 2eHo08

leHom 3ykapHOTOB OOHAPYAMBAET BHICOKYIO
MIACTHYHOCTD, UIPAIOIYIO BaXHYH) POJIb B pery-
LUK AKTHBHOCTH HCKOTOPBIX TCHOB M YBCAHYHM-
BAOILYI) pa3HoO0pa3He KIEeTOUHBIX OTBETOB. ¥
MACKOIMUTAIOWHX PEeATH3VIOTCA CACIYIOLIHE BapH-
AHTH M3MEHEHMIH B CTPYKTYPE T¢HOB:



Avnnudakauyn (WIH YRedeHHe YHCIA) TeHOB UC-
NI0JIB3VETCA OPraHM3MOM B TOM Clydae, Koraa
BO3HUKAET HEQOXOAMMOCTL VEEIHYUTE CUHTE3
ONpeleNéHHOTO TeHHOro npoaykra. Muorme
rednl, komupyomune oenku vnu PHK, Heob-
XOAUMBIE OPraHH3aMy B DOJBLIHX KOMYECTBAX
(Hanpumep, riuctousl, pPHK, TPHK), nocro-
SAHHO IIPUCYTICTBYIOT B aMILIWbHIHPOBAHHOM
cocrogunu. Tak, y denosexa 20% obiuero re-
HOMAa COCTOMT M3 y4ACTKOB, KOOUDYIOLLHX PH-
HOCOMHBIE, TPAHCIIOPTHLIE M SJAPLILIKOBBIE
PHK, nocnenHue W3 KOTOpHX 0DECEYHBaOT
MOCTTPAHCKPUIIHOHHbie Moardukaunu PHK,
AMTUIAGHLIHPOBAHHBIE YJACTKH MOTYT pacro-
Naratecs APYT 3a ApyroM (TaHAeMHO)} B XpOMO-
coMe MMM 00pa3oBbIBATL BHEXPOMOCOMHELE
tparmentnl JHK, Ha3biBaeMble JBOWHBIMH
MWHH-XpOMOCOMaMH, MX pasMep Kojebnercd
oT 100 no 1000 kunobas (1 kunobaza = 1000
nap HykneotHaos). Onucano Honee 20 reHoB,
CMOCODHBIX AMTTHQHIIHPOBATLEA IPH ONpe-
IEITEHHBIX YCIOBHSAX.

K ungay reHoB, Ans KOTOPBIX oBHApYXKEHA aMTIi~
JTOUMKALNR, OTHOCAT reH MeTaIoTHOHeHHa. [Tpo-
AYKT 3IKCAPECcCHH 3TOTO T€Ha — HU3KOMOJCKY-
JIAPHBLIA GeloK MeTAMIOTHOHEHH, 06Ma1aoumHi
CNOCOOHOCTRIO CBSI3bIBAThL TSIKENbIE METALIBI {Meab,
UHHK, KRIMHH, pTYTh} W 3aIlMLIATE KACTKKE OT OT-
pPaBleHHA 3TUMM COeIHHEHHSAMH. YCTaHOBJIEHO,
YTO B OTBET HA MOBLIIEHUE KOHLUEHTPALMH THKE-
JIBIX METAJUIOB B KPOBH B KJIETKAX TIPOUCXONMUT am-
TUTAGUKALMA TeHa MEeTaNOTHOHEHHA.

JIpyTHMH NpUMeEpaMH MeHOB, KOAMYECTBO KOTO-
PbIX YBEJTMHMBAETCS IOI RAMSHHEM JIEKADCTBEHHbBIX
NIPENapaToB, ARBIIOTCA [eH JUIHAPODOIaTPEAYKTa3h
{cMm. pazaensl 9, 10) 1 red P-raukonpoTeMHa, OT-
BETCTBEHHBIN 3a cMHTe3 Oenka, o0ecneunBaloLero
MHOXECTBEHHYK AeKAPCTBEHHYK YCTOHYMBOCTH
OIXOJIEBBIX KAETOK (CM. paigen 16),

VTpaTa I'eHETHYCCKOTO MATEPHANA — OOBOJLHO
peakuid crocod peryvsiunn. HanbGonee spxuii
NMPpHUMEP TMOTEPH BCEX FEHOB 3a CUET pas3pyire-
HHWA fIpa — MpPOLECC CO3PERAHHSE IPUTPOLIH-
ToB., HecTaGuibHbl aMILTUGHUHUPOBAHHLIE
reHbl, TBOHHEIE XpOMOCOMBI. OHH, Kak Iipa-
BHJIO, MCHE3AIOT B MOCNCAYIOIIMX TCHEPALIMSIX,
VTpara reHETHUESCKOTO MATEPHANA TIPOMCXOTUT
B NMpoLEcce co3peBaHust mumdountos 1 obpa-
30BAHHY TLIA3MATHYECKHX KIETOK PA3HLIX KAQ-
HOB, CHHTEIUPYIOIIHX CEKpeTUpyeMEIe (POpMbI
HMMYHOTN00VAHHOB,

3. Hepecmpoiixa z2enos

Y BBICUIUX QPraHHIMOB, TAK X& KaK H y NpoKa-
PHOTOR, OTMEYAKIT Mpalece oOMeHa, mepeMerle-
HMs1 TEHOB MCXKY XPOMOCOMAMK WIH BHYTPH Xpo-
MOCOMBI, O0OBEAMHEHHE [eHOB ¢ 0Opa3loBaHHEM
HM3MEHEHHOH XpOMOCOMBI, KOTOpasi NOCIE TaKHX
CTPYKTYPHLIX H3MeHCHHH CMIOCOOHA K PEIUTMKALIMH
A TPaHCKPUITIMH. BTOT MPpollece MOAY4YKA HasBa-
HUE <«TeHETHYECKAN PEeKOMOMHALMA»,

Y 9yKapHOTOB peKOMOUHALUH HAOTIOAAKOT:

* [IPH TIOJIOBOM CIUAHHH AHIICKIICTKH W COEp-

MaTO30MI3;

 TIPH NEPEMELUEHHH TIOABIKHLIX TeHETHMECKUX
SNEMEHTOB — TPAHCHO30HOB, B COCTAR KOTO-
PBIX BXOAAT OTAETBHBIC TCHBL WM TRYTOA re-
HOE, C MCXOAHOW TMO3MIIHK B KAKOS-AHDO Apy-
ro¢ MeCTO TOH Xe WIN ApYroi XpOMOCOMEL,

« MMpH POPMHUPOBAHUH B TUMGDOLIMTAX «OGHOTHO-
TeKW» TEHOB, KOIUPYIOLWWX aHTHTEIA UIIH UM-
MYHOTAODYHHEL.

PaccMoTpuM Gonee MOAPOGHO MEXAHH3MBI,
ofecreurBaolIMe 0Opa3zoBaHKe B OPraHU3Me Kax-
noro venoseka oxkono 10 man (107) paznmHuHbIx
AHTHTEN, T.¢. KQIUYECTBA 3HAUMTENLHO OJbllc-
TO, 4eM YMCJI0 BCeX OPYTMX OCAKOB, CYWECTBYIO-
LIMX ¥ KAXAOTO HHAHBMIYYMA. AHTHTENa ¢ OAH-
HAKOBLIMH AHTHMICHCBAIBIBAKOIIMME CBOHRCTBAMH
CUHTE3UpYIOTCA B-mumdonuTaMy, NpuHanmexa-
LIMMH K OIHOMY OHpeReéHHOMY KNOHY (T.€. TPyIl-
ne KINETOK, BO3ZHHKIUSH M3 OOHOH pOooHaYalb-
HO# kieTkH). [1py nonanaHHy B OPraHA3M JKGOro
AHTHTEHA Cpead MMemollerocd Habopa B-mumdbo-
LATOB BCETOAd HAWAETCH TAKOH KNOH KJIETOK, aH-
TUTE/NIA KOTOPOTro HMEIOT KOMIUIEMEHTAPHRIA eMy
AKTHBHBIH UeHTp. AHTHTE1A BCTPOEHHI B IL1a3Ma-
THYECKYIO MeMOpaHy B-muM@OuUNTOB, U UX aHTH-
TCHCBA3DIBAKOIIME YyIaCTKH JTOKAAM3OBAHEI HA IO~
BCPXHOCTH KIETOK. AHTHTeH, NPUCOCAHHAACh K
AKTHBHOMY LICHTDY AHTUTCAA, BBIILIBACT MPOJIH-
depalnio KHeTOK U npeBpalueHue B-numdoiin-
TOB B IAA3MATHYCCKME KACTKHW, B KOTOPBIX MIYT
AKTHEHMIA CHHTE3 M CEKpELUsl HE CBS3AaHHBIX C
MEMOPAHONA aHTHTEN.

Hayuenue Bonpoca o NMPOHCXOXKREHHH AHTUTEN
MO3BOIMNO COSAaTh BRIBOA O TOM, YTO OIpOMHOE
MHOT00OpA3UE HeIKOB UMMYHHOH CHCTEMBI KOAH-
pPYETCA OrpaHMMCHHBIM KOJUYECTBOM TeHETHYEeC-
KOro MarepMana, M3MeHCHHA B KOTOpOM obecne-
YHBAlOTCA PCKOMDHMHALMAMH H COMATHYECKHUMH
MYTALUSIMH (MW U3MeHeHHAMH B cTpyKType JHK,
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KOTOPEIE COXPAHAKTCA NPH OOCISAVIOIIMX AEIE-
HUSIX KJIETOK).

BcrioMHHM, YTQ MOHOMEpHbIE aHTHTENa — JO-
MEHHbIE OCJIKH, COCTORIIME H3 ABYX WIEHTHUHBIX
TkEaeix (H) meneid W ABYX MASHTHYHBIX JIETKHX
(L) uencii. JIérkue Lenu HUMEOT ABYXIOMEHHYIO
CTPYKTYPY H BKIHOYAIOT BapHabenbHEIH (V) M KOH-
¢TaHTHBRIA (C|) AomeHbl. Tax€nas Uenb COCTOMT
13 4—5 JOMEHOB. OOHOIO BapHaOeNlbHOTO (V) n,
KaK MpaBHio, TpEX xoHcTaHTHBIX (C,). HMMyHo-
[IIO0YANHEl -— TAHKOIPOTEWHBL, WX VIJIEBOAHAs
4ACTh MPHCOEAWHAETCA K KOHCTAHTHOW 0bIacTH
H-neneit. B cBA3bIBAHMH AHTHTEHOB YYACTBYIOT 2
dKTHEHBIX IICHTpA aHTHTENA, 00pasOBaHHLIE BAPH-
abenbHbiMu obnactamMu H-uement (V,) u L-ueneit
(V). L-uenu OwIBatOT ABYX THNOB: A (1siMGa) M x
(kanna}), 3HAaYMTEILHO PazTMYAIOILIHECS N0 NEPBEIY-
HoH cTpykType C-obmacteil.

Hanuuuwe B antHrenax C- 1 V-obracteit no3go-
JTWIO MPEATIONOXHTh, YTO TeHBl, 00ecTieYHBAIOLIHE
cuHTe3 L- 1 H-ueneii, ofpasylorcs B pe3yabTaTe
COEIVHEHUS ABYX YMACTKOB I€HA, OOMH M3 KOTO-
pPbIX KOAMpPYET BapHabenbHYIO 06MacTh, 4 BTOPOil —
KOHCTaHTHYI. M AeHCTBHTENBHO BCKOpE BBUIO Ve-
TAHOBIEHO, YTO B 3APOJBILIEBBIX KJICTKAX H COMa-
THYECKHX KJIETKAX, HE CHHTEIMPYIOIINX HUMMYHO-
r106VAMHEL, YYacTKH reHa, KOAMpYIOUIHe V- K
C-obnactu L-ueneit A-THMa, pa3faeneHbl TPOTOKEH-
HBIMHM HYKJICOTUAHBIMH MOC/IEA0BATENBHOCTAMH, HO
cOmixeHsl B 3pensx B-nuMbouuntax, CHHTEINpY-
fownx L,. M3 atoro cnenoban BbIBOO O TOM, 4TO B
npouecce audbepenunposkn B-numbourTta M3
3apOABIILEBOM KJIETKH MPOHUCXOOHT <«BbIpe3aHHe»
IPOTAXEHHOIO Y4acTKa NeHETHYESCKOrO MarepHa-
Ja, obecrieynBalolliee coamxenue V, - u C -obnac-
TeA ¢ oOpa30oBaHHEM MORHONG reHa L-uenu umMmy-
HOTAOGYINHA. 2TOT MpOLECC NEpecTpOiiKUA B
TEHOME TIOJYYHJ HAa3BAHHE COMATHUECKOH peKoM-
OUHALIMY, TaK KaK OH CRSI3AH C CO3PEBAHHEM JIHM-
(OUHUTOB H HE MepenaéTcs MO HACIESOCTRY.

OnucaHo 3 pasHBIX CeMEHCTBAa FeHHEBIX ¢par-
MEHTOB, WIM CETMEHTOB, KOMMPYIOLIHAX CTPOEHME
L- 1 H-uene# lg. JIpa ceMeHCTBA OTBETCTBEHHEL
34 CMHTE3 JIErKMX LENCH: CerMeHThl, KOTUpYolliue
¢TpoeHue L-ilemeil THUNA A, pacnofoXeHHl B Xpo-
MOCOMe 22, reHeTHYECKHH MaTepuan L-Uenei Tuna
K (Kanra) — B XxpoMocoMe 2, a HHGopMaUKs O BCEM
pasHooOpaszuu H-ueneit JokarWioBaHa B XpOMO-
come 14

Iommie rens: L-neneid A 4 x TUIOB B Xoae Aud-
(hepeHUMPOBKY COBMpAIOTC U3 3 CETMEHTOB. Ba-
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puabensHoro (V,), COCAMHKMTENLHOTO (J|) ¥ KOH-
cranTHoro (C)). Tak, ana L-uenei x Tuna obHapy-
¥eHo okono 300 cerMeHTOB, KOOMPYIOiiHX N-KoH-
UEBOH BapHabebHbI (VK) YMACTOK NOAUTICITHAHOK
LUSMH ITMHOH B 95 aMHHOKMCJIOTHBIX OCTATKOB, 5
CErMEHTOB, B KOTODBIX COACPXHTCA HH(QOPMALIMR
06 ocTaneHbIX 13 amMuHOKMcnmoTax Vi ofutacth, u |
CETMEHT KOHCTaHTHOH obnactu. B 3aponpineBsbix
KieTkax 300 cerMeHTOB VK pacnonoXeHbl B XpOMO-
COME NOCASAOBATENbHO HA PAacCTOSHMH 7 Kunobaz
Ipyr or apyra, Kaxaeiit V-cerMeHT cocTouT M3 2
3K30HOB, PAICAEHHBIX KOPOTKUM HMHTPOHOM: JIH-
OUPYIONIKI 3k30H (L) Koaupyer ¢UrHanBHEI Temn-
TUA (2025 aMMHOKHMCAQTHBIX OCTATKOB), a 3K30H
VK — OCHOBHYIO YacThb BapHabeasHoro moMeHa. Ce-
MCHCTBO VK-CCTMEHTOB OTHCNEHO OT IPYIINBL CO-
EAMHHTENBHBIX cerMeHTOR (Jx) yuacTkoMm JHK pas-
MepoM B 20 kunobas. Mexay nocaeiHUM M3
J-cerMeHTOR M CK-3K30HOM, KOAUPYIOILIUM IOMEH
KOHCTAHTHOM 0651acTH, pacronoXeH WHTPOH pas-
MepoM E 2,4 kunobasbl (puc. 4-49).

B xoge muddepeHunpobky B-KIETOK OAMH M3
BApHAOENbHBIX V| ~CETMEHTOB ITyTEM COMATH4ECKOH
pekOMOHHALIMKM [ICPEHOCHTCA M3 OTAANEHHOTO Y4a-
CTKA B YYaCTOK TOH ¢ XPOMOCOMBI, psiioM ¢ Of-
HMM 13 cerMeHToB J| . Hanpuumep, cermeHT V, 06be-
AMHACTCA ¢ COEAMHUTEbHBIM MUHH-CEIMEHTOM J ,
H hopMUpyeTca NoaHb red L-1ienmd. OH cocToUT
U3 3 3K30HOB M 2 HUHTPOHOB, PACTIONIONEHHBIX B
rene B caeayoweM nopsaake: Y'L-1,-V,-J,-J-1,-
C-¥, rae L — nuaepHas mocacaOBaATEIBHOCTD, KO-
AUPYIOILAsa CHTHANLHEIA nentud, 1, — uHTpoH V,-
cerMenTa, a I, — MHTPOH MeXIy ceMeWcTBOM J -
cerMeHTOoB M Cx-3K30HoM. [locie TpaHCKpHITUHH
reHa B x0/e CIMaiicHHTa M3 MepBUYHOTO TpaHC-
KpunTa ynasoress MHTpoHH |, 1, W mnuHui cer-
MEHT J,, a8 BCE KOIMPYIOUIME TIOCIEOBATEABHOCTH
COCMUHAIOTCA B ¢IHHYKW MHDOPMAIHOHHYIO MO-
nexyny spenoit MPHK. B nipotiecce cuutesa L-uenu
Ha pubOCOME JIMOEPHBIAN YYACTOK, COCTOAILWH B
OCHOBHOM M3 THApo¢OBHBIX aMHHOKMCAOT, ofec-
NeYHBAET NPOXOXICHUE BenKa yepes MeMbpany IP
U 3areM oTlemnAerca. Obpasyetcs L-uene, nMme-
1011as AMMHOKUCIOTHBIH COCTaB, XapaKTepPHbIA 115
L-tientx x-tona B Monexyne lg.

PacyéThl MOKA3bIRAIOT, YTO U3 HMEIOIIMXCA Cer-
MEHTOB K-T€Ha B OpraHM3ME MOXHO CHHTE3UpO-
BaTh 4500 mMoMHBLIX reHop, Kooupyiolux L-nend
K-THNA. .

MDopMHpoBaHHE NOJHBIX F¢HOB L-Uenei A-TUma
MPOUCXOOMT TAK Xe, Kak L-uenedl k-Tuna.
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Puc. 4-49. O6pasosaHne reHa nErkon Luenu « (Kanna) THNa v ero TpaHckpMnumne. 1 ——V-cermeHTol L-Ueneil COCTOAT U3 ABYX IKICHOB
M PasHENSIOWEro VX MHTPOHA. JK30HLI KOOWPYIOT CHIHansHbIH nentua (L} n nosty pece BapvabencHeid omed V. B xode coMaTtu€eckoi
PeKOMEWHALMK CerMeHT reHa sapuabensHoi yacTn L-uenw {V,) 06LeIMHASTCA & ONHWM W2 COROMHWTENBHLIX CermMeHTes {J )} 2 — Tpawe-
KPMGMPYETCA NONHLIA reH L-UenK, COCTOAWMIA N3 TPEX 3KIOHOB W ABYX MHTPOHOR, PACNONOXKEHHBIX B CNepytowem nopaake: 5'L -l -, V,d,-J.-
,-C-3'; 3 — B x0p€ CNNARCHUHra NEpBMHHOTC TAHCKPUNTA MéHa UATPCH |, CerMeHTa V,, J, CerMenT 1 MHTPOH ), otfenswmit V J, oF C-

ofnacTi, ynanakTeA.

Euié donbliee pasHOODpA3HMe BAPUAHTOB BO3HN-
KaeT opu cGOpKe NOJAHbIX reHoB TskEbx (H) ue-
nei lg. H-1end koaupyloTcesl 4eTbipbMs CErmeli-
Tamu: ¥V, D, (or anrn. diversity) cerMeHTaMH
pasnoobpasus, J 1 C. ¥V denoseka oGHAPYXEHO
okono 500 V,,, 15 D, n 4 ], cermeHToB.

Kaxapit V|, CerMeHT comepXuT HHGOPMAlMIO
06 aMHMHOKMCIOTHOH nocieaoBaTENbHOCTH CUT-
HATBHOTO NenTHAZ M OK0A0 100 aMUHOKHCIOT V
noMeHa. B cermenne D) 3akoAMpOBaH Y4aCTOK TO-
JUNENTUAHOR LEMU, coaepxalumii o1 2 10 13 aMu-
HOKUC/OT, & B CETMeHTe J, — 4—6 aMHHOKUCITOT.
[MonHblit red BapuabennHOro foMeHa ofpasyercs
nyTém coenmHenuns V,, D w J, cermentos,

INpu dhopMHPOBAHHKM NOJHOTO TEHA BAPHADETh-
HoH wactk H-uenn lg, cocrosuei ua V,, D u J
CEerMeHTOB, [MPOUCXOIMT 2 pekOoMOWHAUMOHHLIE
COCTBIKOBKHM; Ha MMEPBOM 3Tale YIalsieTcsl Y4acTok

7—2128

Mexay BoiOpanHeiMU D, n J, kommpyounmu noe-
JNIEAOBATENBHOCTAMM, @ Ha BTOPOM — MeXay V. u
DJ, cermentamn. DK30HOB, KOIHPYKOILMX KOH-
cTaHTHy10 oOacte H-ueneit, onucaro 10; Cy, Ca,
Cy,, Cy,, Ce,, Cy, Cy,B, Cy,, Ce u Cat,, OHM ON-
PeacasiloT KJNAcChl ¥ NOAKAACCHE KMMYHOTIO0YAH-
HoB — IgM, 1gG, IgA u T.a.

[MepBbIMM B MMMYIHOM OTBETE MORBAAKTCA
lgM, NDOCKOABKY K MOAHOMY TEHY RapuUaGeIbHOTO
NoMeHa Onmrxe Beex ocranblibix C-3K30HOB HaXo-
antest Cp cermedT H-uenu. AkTuBuposatiibie B-
KJIETKH MOIYT CHHTE3HPOBaTh MeMOpaHHO-CBA3aH~
HYIO U cekpeTupyemyio (opmel igM. Kpome Toro,
OHK MOTYT TepeKlouaTees ¢ cMHTe3a IgM Ha o6-
paloBaHHe aHTUTEN Apyrux kraccos. Ilepen kax-
aem C, 3k30HOM MMmeeTca yyactok JHK, Hasbi-
BaCMbiil «Y4ACTOK NMEPEKIIONEHNS > , MITH «CBHY-CART»
(OT aHrn. swich sife), NOCTPOSHHEIA M3 MOBTOPA-
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ICLUMXCS HYKJICOTHAHBIX TIOCNEN0BATEABHOCTEH,
ITH ywacTku 061ET9A10T MPOTEKAHHE AONOTHM-
TeJIbHOH pPeKOMOHHALIMH, B X0A€ KOTOPOH yaans-
10T¢a C-CETMEHTBI MEXAY MOJHBIM ¢éHOM BapHa-
Oenbnoi 06;acT ¥ C-CErMEHTOM TOTO KIACCa,
KOTOPBIH 0JXEH ObITh BKJTKMEH,

HccnenoBaHue HYKNSOTUAHBIX NOCNENOBATENb-
HOCTEM TéHOB HEKOTOPLIX MOAKIACCOR L-lenei k-
TuNa U H-uenei nmokazano, 4to pazHoodpasde
CTPYKTYPBl CETMCHTOB, 3aKOIMPOBAHHBIX B 3apo-
AbILUIEBON KNCTKE, YREMUYHBAIOT COMATHYECKHE MY-
TauMH. MyTaluu npoucxoasT e nudbepeHLNpo-
BAHHDIX KICTKax Ha yuactkax V -1 u V, D, J,
CETMEHTOB B MPOLECCEe WK MOCIE peKOMOHHALIMA,
Jenast, TAKUM 00pa30oM, KONUYECTBO aHTHTEN TIpaK-
THYECKH HEoTpaHW4YeHHBIM. OQueHb BaXHO, 4YTO
MYTALIMH TIPOMCXOAAT B 0D1ACTAX, OTBETCTBEHHBIX
334 Y3HARAHWE aHTUICHOB, o0ecne4ynBasa BoIee ro-
HOE COOTBETCTBME AKTUBHOTO LieHTpa aHTHTena
AHTHUIEHY.

Takum 06pa3oM, MepecTPOHKM FeHEeTUYECKOTO
MaTepuana B npoliecce GOPpMHUPOBAHUA MTOJHBIX T'¢-
HOB lg DpPOUCXOJIAT B HECKOQIBKO 3TANOB, KaXIbiid
U3 KOTOPBIX NPHYPOUEH K CTPOTO ONpeaenéHHoi
craaun nuddepeHunposky B-nuMdbouutos. U3
CErMEHTOB, KOTOPbLIE KOAMPYIOT PasnHUHbIC yIacT-
KM ITOMUTIENTUAHON Ueny, BXOIsIiueil B papuabeib-
HbIE JOMEHBI, U ORHOTC U3 IK30HOB KOHCTAHTHOLO
JoMeHa COOUPalOTCs TIOMHBIE TeHbI TSKEIbIX M JIET-
kX HHTeil Ig. COopka L-Ueneit BKIIOYAET QMHY CO-
MaTHHeCKYID pekoMmOuHaumio, a cbopka H-ueneit
NPOUCXOANT < TIOMOILIBIC OBYX COMATUUYECKHX pe-
KoMbuHalmia, Korua B-numbouuTel CUHTEIUDYHOT
Ig He knacca M, TO 3TO COMpPOBOXKIAETCS €LUé oA~
HHUM AOTIOMHHUTEIBHBIM PEKOMOHHALIMOHHBIM COObI-
THeM. COMATHYECKHME MYTALHH, NMPOUCXOALUHE B
apensix B-nmumdonurax, genamoT MHorootpazve aH-
THUTET HEHCYEPTIAeMbIM,

AHaNOTHYHbIE TIpONecchl HABIIONAIOT U B XONe
mudppepeHtHpoBKH T-TUMGBOLMTOB.

4. Pezyrsanyus mpanckpunyuu

Perynaims TpaHCKPHIIIIHKM FEHOB BBICILMX Opra-
HH3MOB CXO[Ha ¢ PErVIALMEA IKCHPECCHH TeHOB
MpoKapHoTa. OCHOBHOE pazIHYMe COCTOUT B 3HA-
qUTENLHO GosbuieM KonuuecTse ydactkob JHK u
PErYNATOPHEIX (pAKTOPOB, KOHTPOJIHUPYIOLIMX ITOT
TipolECe.

Y XMBOTHBIX M 4EOBEKA PANIMYHBLIC TeHEI FKCTI-
PECCUPYIOTCS B pa3Hbie MOMEHTbLI BpeMeHHW H ¢ pa3-
HOM MHTEHCHBHOCTBIO. 3/IECh, TAK X, KAK Y MPOKAa-
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PHOTOB, €CTh TEHBI «1OMAIIHETO XO3AHCTRA», TPAHC-
KPHOMDYIOLLMECS KOHCTHTYTUBHO, T.€. [TOCTOSIHHO H
BO BCEX TKAHAX. DTO reHHl INIHKOoMH3a, cHHTe3a PHK
W HEeKOTOpLIX Oenkop (Hanmpumep, anbbymuHa). Cy-
WECTBYIOT I¢Hbl, TPAHCKPHOMDYIOIUMECH TONMBKO B
CNEUMAIM3HPOBAHHBIX KJIETKAX, T.6. MMEET MECTO TKa-
HecTenmddeckas axkcnpeccHs. Hanpumep, 3xcn-
peccHst r¢HOB - U B-Leneil rnobuHa NpOUCXOANT
TOJIBKO B KJIETKAX-TIPEALUIECTBEHHUKAX SPHTPOLIATOB,
Muorme reHs! MOIBEPraloTcs ananTHMBHOW peryna-
UHH U ARIAIOTCA O0beKTAMM UHIYLIIMOETBHBIX BO3-
AeHCTBUA MNM HETATUBHOIC KOHTPOJIA.

PaHee yXe TOBOPUIOCE O TOM, UTO MHHHUMA/Ib-
HbIH CHHTE3 MHOTO 0eaKa MOATePXKHBAETCA B
ToM cayuae, ecam k TATA-yqacTKy npomotopa
npucoenuusietcd TATA-cpa3bIBaloMvil Genok,
daxkropel Tpanckpunuuun ¥ PHK-noauMepasa,
o0pasyiouue HHUIHUPYIOLHIA KOMIIIEKE, ocy-
LIECTRASIOINIA CHHTE3 HeDOMbLIOIO KOJXWYISCTRA
MPHK. ®opmupoBaHie KOMINEKCA — MHOTOCTY-
NEeHYATBIH TPOLECC, OT OBpPa3OBAHMS KOTOpPOTO
3ABHCUT CKOPOCTH MHULHAALMU TPAHCKPHUITIHM.
HNioentnduumposane Gonee 100 pasnuyHeix 6ei-
KOB, CNIOCOOHBIX B3aWMOAECHCTBOBATL CO CIIELIH-
hUYeCKMMH pPeryJsSTOPHBIMH MOCNENOBATENbL-
HocTaMu JIHK, Bausag rnaBHeiM obpa3oM Ha mipo-
Hecc cOOPKH TPAHCKPUIMIMOHHOTO KOMILIEKCE ¥
CKOPOCTh TPAaHCKPUNUUH (puc. 4-50).

ITH BeAKU MMET OAMH MAH HECKOAbKO AOME-
HOR, O0ECTIEUHBAIOILHX BbINOMHEHHE PErYIATOPHBIX
GYHKNHN.

JHK-cpa3piBaolHe J0MEHBI, OTBETCTBEHHBIE 3a
y3HABaHWUE M CBA3BIRAHUE PETYIMTOPHBIX (hak-
TOPOE €O CHEUMPHYECKUMM YHACTKAMU HA
monexyiae JHK;

JoMeHbl, aKTHBHPYIOUIHE TPAHCKPUNUMID 34 CYET
CRH3bIBAHMA C OENKAMU OCHOBHOTO MHMIHA-
TOPHOMO KOMITIEKCA: TPAHCKPHNILIMOHHBIMH
¢axkTopamu, KoakTUpatopaMu W PHK-noan-
MEpa3oit;

AHTHpeNnpeccopHbie AOMeNBL, HI1ar0Aaps KOTOPbLIM
fenxu cnocOOHL B3aMMONEHCTBOBATL ¢ THC-
TOHaMH HYKAEOCOM U OCBOOOXKIATE TPAHCKPH-
bupyeMelie yuactkd JHK or csBasM ¢ sTuMu
HHTHOMTOPHBIMKW CTPYKTYPAMM;

JlomMeHbl, CBE3MBAIOIIAE MTAKAR, TIPHCOEAMHEHHE
KOTOPLIX K BeJIKY H3MEHAET €ro KOH(MOPMALHio
H obecreymBacT CBA3bIBAHKE ¢ MOTekynok JIHK,
JIMraHAB-UHIYKTOPB! TPAHCKPUTILMH — CTEPO-
HJHbIE TOPMOHbBI, PETHHOEBAsA KHC/IO0TA, KAlb-
UMTPUOI {1IpoM3BoaHOe BHTamuHa D,) n rop-
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Puc, 4-50, AganvHiliag Pei YIAEMS TPEHCKPDURLIMK ¥ 3YHaproTOoR. | IDOMUTLDE! JYKAPMOTUHECKUY TEHOR HEXGRATCR NOO KOHTRGNEM
OONBIIOTe HMCNA PEFVIATORHLIY YHACTKOB Ha monesyne OHIC TATE- CAAT-, GL-nocnefoRatentHoCTed, 3HXAHCEPOB, calnencepoe--
NocNenoBaTeNbHOCTEN. 1 KOTCPEIM NPHCOSAMHISINTER KOMINEKCE: DENKOR L BA3NMSHLIMY Turadgami {(UAM®, cTepougHemMn ropMoHa-

MU, MeTaBonUTamMn. MoHEMY METGAN0E W T (1)

MOHB! IMTOBSIHON KOACIBL JIHr - peri-
PECCOPAMM MOIYT OhiTh KONSUHBLIC TIPOAYRTI
METaOONIRIECKIY IIVIEH. HOKOTOPLIE TOPMOHLL.
byavum vnodniibHsiM MOSIEKYNAMI, OHH
NPOXYST MIASMATHICCKYK), @ MHOUIA W diaep-
HYHO MEMOPAHLL B3AMMOACIHCTRYIOT ¢ BHYTPH-
KICTQUHDIMH PCLCTITOBAMIS, HPHCOSHINCL K
JIMTAHM~CRAZHIBAKIUIEMY YHACTKY {puc, 4-51).

IMpucoeaueHue AUranaa K peugiropy obpasy-
eT JAHK-CRashiBaloiiiil yuacok, y3HaUIHW Clie-
LHPHUCCKYIO NOCASNOBATEN bHOCTL B PCIVISITODHOIT
30He AHK t1 MHAYUHPYIOLWIMI TPAHCKPHNLLHKY O11-
DEIETEHHRBIX TEHOR,

Ha moaekyne AHK v paccrosiknin 100—200 nap
QCHOBAHHK 01 CTAPTOBOH TOYKK TPAHCKPHITILMRK
HMEIOTCH KOPOTKHC CUCUMMHYECKHE TOCNEA0BA-
TeastioctH AHK: CAAT — anewment (iwon Bokel,
CG-00KC M OKTaMeEDHBLIA BOKC (BKIIOUAIOWMA &
Nnap OCHOBAHWRY, Y31AI0UIME TPAHCKPHMTUHONHLIC

thagTaphy DTH SICMCHTH CCTh BO BCeX KAeTKax, H
KOHCTHTY THRHO JKCHPECCHPYEMBIE ['€HLI HYKAIOT-
¢ TONBKO B HUX, B TO Ke BPCMSL LIS [EHOR, N01-
BEPralILHXCS LAITHBHOW PETYIHIIMH, ODHADYXKC-
Hbi YHICTKM Moneryvial AHK, Kotopbie vaneHh
tae 100 1 domee 1ap oClosativi) oT NpoOMOTOpa,
HU TOXE YRICTBYIOHIMC B PCTYJIS UMK TPAHCKPUIT-
(MKW, ITH HYKACOTHIHBIE TOCIECIOBATEJBIIOCTH
OBIBAIOT 2 THIIOB.

Duxaneepnt — vuactku JAHK pasvepom 10-20
AP OCHOBAHMI, NPHCOENMHEHHE K KOTOPLIM pe-
TYASITOPHBIX DCAKOB YBCAMYHMBACT CKOPOCTL TPAHC-
kpyitiini, Ecau yuactkn AHK, cosiapisasics ¢ Hen-
KaMu, 00eCNeuHBAT 3aMENCTIHE TPAHCKPHITIIHH,
T MX HABLIEAHIT CEI“J[&HC-B])HMM.

I CTPYKTYPHLIC 2emenTol Moackyibl JHK
KOHTPDOUHMDYRYY TPRHCKPHITLIITHY, Jake eCcnl QHKC

e OpHelTUpORdHLT t1a Monekyie JIHK o nioboM na-

npanneyiid (0T - k 3'-wkoddy wan Haobopor),
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o CRMBLIRAIGTCA © O HTH HCCKONLK MM pe-
V15 FORHILINGE DO RGN
e POLHOCTIEGIOTCA HEPET T BOCIE Fela. Jhuil-
PRICCTERY WG IO S H T PDOPYTHPIIOT,

EReMERTB OTBCTVRL, HAH CIS-LICMEHTH — Ul -
BITORHEG 0GR poR renHocTd AH KL obie i
FPVIBIBL ook O 00CCHCHHBAWT KOOPIHITHDO-
RAMHYI POV IR TPAHCKPHTRTIE (SHOR 1, Kdk
HPURILTG, PACHOAGENOTCH H PDACCTOSIHHE 1ipll-
Moo B 23 nap OCHOBUHMEA BLILIC LIPOMOTOPR
KR I0TG teinl B oot bHOM YT HY RICOTHIHBIC
HOCSAOBLIRILHOCTH HACIOT MHOTO ODUICTO € 3H-
wieepar i, 3L HOM BAPMAHIC PEMVIBILHA G111
WOTOT AC HHIIVKTOPR. CBSELIBISCHE C COOTECTCTEY -
WA PEIVISITOPHBIM OCKOM, MOKCT AKTHEWPO-
BTh MHOFO PASHLIX ICHOB, TOK KaK KakTbli 413
HAX B DIV BITOPHGH O0JACTH COUCPRUT OIAHIL K
TOT Ke Cis=ulemer T, Gaun 13 HeaAKOB-TIPOIYKTOR
FTOH TPVIITHL TEHOB MOKCT OKEITHCH HILIYKTO-
POA APYIOH TPYIITK [eHOB. Konennwd pesyantar
PRIVASHEE —— CCPIsl OTBCTHBIX PCAKLHE 30 CUeT
AKTHRIHH PASAHMHLIX TSHOR OIHUM MILIYKTOPOM
trme. 4-32)
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KOPCHIM. PEIVINPYO MBI O 3ICMe I, -
HOCHT TCHBEL, IYBCTRHACABIBIC 0 CHUDOMIH R U
MO, TUHBE DOIKOR TSILIOBOIG IHOES 11 S0P
apvins, Haopuep, apse sastabieapge [REERN
DB I IO I RIBEOTO - HIOS T o
CTREECCH AR THBMPYCTOR CHE IS TREHL KM DL I R
TOPR. KOTOPEIT WL PRI DI e
TCHOR, KOAMPYRIX CIPOCHUC TLHEpaEon,

OUeBH;TEC, Y10 SORhCKTHBHOCTE PerV T BO
MUHOTOM KIBHCHT OT CTPVKTVPRLL PICk RHHITHOH -
HBEL (HAKTOPOR M BIIVIPHE IC EOUTLEY DOHCTT DN,
HCTIOCPRACTRSIO BIMOAEHCTRYIONIY © MO1-
Ky.o JTHK. Yeranonicno, 90 DOABITIHHC B
AHK-cRa3niBaionid s Henxon iipH il Lie KT K ipéy
COMCHCTRUM B BIBHCHMOUTHE OF CIPVKTYPHE A0MEe-
HEL ICTIOCPEACTBEIIO B M0 Iy rEY R G ¢
apoiiouil cnnpatowe JEHIKC 23 Seikn By
CTPYKTYPHl THIHA «CINHPAIL-11QBOPGT-CHMPA b,
«UHHKORBIS HAALULL M «MEATTHHOBOH MOTHHES
(o pazaen e KOk Ipaen 1o, 9TH CTPyRTYRLY
HEBOALINKE (BRArMENTH MOIeRY .1 BeAKOR. 1 CaiiT-
CHEMHPUUECKOC CIILIBARIE TIPORCROANT 30 CULT
WA TTRMOACHC T B MUKY DAl Ty s HTOKHC -

FatLidan
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Puc. 4-52. AKTUBALMK TPYNNbl TEHOB ¢ NOMOLIBK) OAHOrC WHAYKTOPA. pynna reHos MMEET OGIUWA perynaTopHbIA Ci5-3NemedT H
SKTHBAPYETCH OOHIM W TEM XE DETYNATOPHEIM Genkom. OnuH w3 GenkoBuix NPOOYKTOB NEPEOA CEPMM OTBETHLIX PEAKLMA aKTMBNpYET
BTORYK} CEDMI) FEHOB (* — Cis-aNemeHTs! K Ganiy X; # — cis-anementel K Genky C).

JIOT 3THX YY4CTKOB WM A30TUCTHIMH OCHOBAHUAMM
vonekyiasl JTHK,

5. ToCTTPaHCKPHNNHOHAAR PETYAAUMA

B opraHuiMe XMBOTHBIX CYLUECTREHHOE 3HAUCHNE
B ofecriedeHU Pa3HOOOpasHsl BENKOB UIPaeT NoCT-
TpaHcKpunuuouseiid npotiecciur PHK. OcHoBHble
CNocoObl TAKOH PerylfalHH — ATbTEPHATHBHLINA
CTUTAHCUHT U W3MeHeHHe cTabunbHoctH PHK.

ANBTEPHATHBHBIN CILTAWCHHAT. YCTAHORBICHO, HTO
MHOTHE SYKapHOTHUECKHE [EHBI, Oyly4H TPAHCKPH-
GUpOBAHbI, OOPAIVIOT HECKONLKO BADHAHTOB 3pE-
noit MPHK B x0ne npoueccuHra (MM CO3peBaHNA)
MEPBHYHOTO TPAHCKPHITTA, UMEIOILETO MOIHMSKIOH-
HOE CTPOEHMe.

BosmoxHble BapranTel crinaiicunra PHK npen-
CTaBJICHbl Ha puc. 4-53.

Haubonee yacTo npoMOTOp COXpaHAETCA Ha Of-
HOM W3 KOHIIOB TPZHCKPUNTA, & B X04e CTINai{CHH-
ra MPOUCXOAHT «BBIPE3AHUE» OTHOTO WY HECKMWIb-

KHX 3K30HOB. B apyrux cnyuwasx B 3pesioid MPHK
CcOXpaHsAeTesl 4acTb MHTPOHA W BKJIIOUAETCH B CO-
CTAB 3K30HA ¢ 5 unu 3’-konua. CIUTANCHHT MOXET
BJMATL Ha BBIGOD MPOMOTOPA MITH YYacTKa IMONMH-
agCHHJIMPOBAHMUSL.

C moMolIblc ankTEPHATHBHONO CMJIAaWCHHIA B
MpOUECce CHHTE3a aHTHTEN ofpa3yioTca MeMOpa-
HOCBA3AHHBIE W CEKPETOpHbIe (OpMbl GHTHTE
(puc. 4-54). Tak, nepeoHauaisHo B-numdo-
UHMTBE NPOAYUHPYIOT TPAHCKPHMITH, TMOJURAEHHM-
JIUPOBAHHBIE MOCE BTOPOTO CTOT-KOM0ita, a WHT-
POH, B KOTOPOM HMEETCH NEPBHIH CTOI-KOJACH,
yoaaserca. B pesynbrate cuHTednpyores IgM,
CBRA3AHHBLIE ¢ KJeTo4YHOH MemOpaHOM, TaK KAk
MPHK Takux KIETOK COOepKUT Ha 3'-KOHIE K-
30H, KOMHPYIOLWHH Y4aCcTOK MONMNSOTHAHOM ENH,
COCTOSHIUUI U3 rTHAPOdODHEIX aMUHOKHKCTOT. C no-
MOLBI0 3TOTO Y4aACTKA TNPOMCXOAWT «3aAKOpH-
BaHHe» IgM B MemGpaHe. Koraa B-numdonurs
NPeBpAllANTCa B ATa3MaTHYECKME KIETKM, TO B
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Pue. 4-53, HacTo BETPEYAIOWMECA BAPMANTDI CNINAWCWHIE Nep-
BHHHBIX TpaHcKkpunTos PHK. I. Buipesadvwe opHOMo M3 9K3cHODB:
a) cuHTEs Genka, Cofepxawaro NONHLIA HaGop axaoHos [1-5);
6) cuHTe3 Benka, NKiuénHoro oqHoro aKaoHa (1, 2, 4, 5); Il. Coxpa-
HEHWe Y4aCTKa UHTpoHA: a} ¢ 5'-koHua; 6) ¢ 3-koHua. lll. Coxpane-
HUE uenoro uHTpoda. 1V, Menonb3oBanue ankTepHaTMBHLIX Npo-
moTopoR (MO nepen aKk30HOM 1, Nubo Nepep aKacHoOM 2). V.
Mcnone3oeanke ankTEPHATUBHEIX YMACTKOB NOMUALEHUNHPOBAHNA
{Hanpumep, NpM NOCNEACBATENLHOM CWMBAHWHM 3K30HOB NOCNE
9K30HA 3, & 8CNU 9K30H 3 He NPovMTLIBASTCA, TC NOCNe 9K30Ha 4).

pe3ylnsTaTe aILTePHATHUBHOINO CIJIaHCHHra obpa-
syerca MPHK, B KoTOpoi cOXpaHAETCS WHTPOH,
COEPXALLHIA NepBbli cTon-KonoH, [lostoMy nipo-
UCXOAMT Bonee paHHee MONHATEHUIUPOBAHHE M
HCYEe3deT JK30H, KOIMPYIOWMK rvapo¢oOHBIA
y4acTok monekyael. CHMHTEIMPYIOTCS YKOPOUeH-
HBIE MOJIEKYbI AHTUTE/, CCKPETHPYEMBIE B KPOBE.

«Pepakmuponanne» PHK. Onucad pan cayvaes,
Korjia nepeuyvHas cTpyvkrypa MPHK uameHserea
(«peJaKTHpyeTCa») nocie TpaHckpunumu. IMoce-
OOBATENBHOCTE HYKICOTHIOB B TAKHUX FeHaX OIH-
HAKOBA, A TpaHCKpUOMUpYVEMAs B PA3HBIX TKAHAX
MPHK pasnuuaercss B pesyapraTe MNOFABIEHHHA B
MOJICKYIIE 3aMEH, BCTABOK MM BbITIAAEHHH HYKJIE-
otuaoB. [puMep «pegaktuporanus» PHK — ob-
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pasoBanHe anonpotedHa B (amo-B) B KneTkax ne-
YeHW M TOHKONO KHllleyHuka (puc. 4-55). Ano-B —
OCHOBHOH KOMTOHEHT JTUMONPOTEHHOB, YIaCTBYIO-
IAX B TPAHCMOPTE TPUALWIIMWLEPHHOB M3 3THX
TKaHeW B KpOBb. XOTH anomnpoTedH B komnpyercs
OAHMM M TeM X¢ TeHOM, BApUAHT {enka, obpaiyio-
[MiicA B NIeYeHU, HasbiBaoT ano-B-100, ¥ oH co-
IepKUT 4563 aMUHOKUCIIOTHBIX OCTATKa, TOLIA KaK
OENOK, CHHTE3HPOBAHHLIH B KJIETKAX KMILEYHHKA,
COCTOMT M3 2152 amunokuciaor. B reHe, Koaupy-
LEM ITOT DeNOK, MOCASHOBATENBHOCTE HYKIIEOTH-
A0B B Tpuriete 21533 — CAA v mindpveT BKAOYE-
H{e B IOJUIENTHIHYIO LEMNb OCTATKa [NyTaMMHa.
B kneTkax KMIlleYHWKAa B MEPBHYHOM TPaHCKPUIN-
Te TeHa a30TUCTOE OCHOBAHME — LIMTO3MH {C) KO-
JoHa 21353 pezaMMHUpPYETCS W TPEBPALIZETCS B
ypauwi {U). BosHukaer cromn-kogod — UAA, npe-
Kpataioumi tpascasunio MPHK B cepeante mo-
JeKylbl U TIPUBCARILIMI K CHHTE3Y YKOPOUEHHOro
oenka. B pesynwrare obGpasyerca Genok {B-48),
IUTHHA KOTOPOTO cocTaBlAcT 48% oT nnuHel Henka
CHHTE3UPYEMOro MEeYEHbIO,

Himenenne cradmwmnocrn MPHK. st Toro, uto-
OBl Y4acTRORaTk B cHHTe3e Oenka, MPHK nonwna
BbIHTH U3 A1pa B LIMTOILIA3MY YEPE3 SASPHLIE NOPLI,
YCTaHOBNEHO, YTO B SUIPS KINETOK ODBIYHO CHHTE-
aupyetcs 6oNbLMit Habop reTeporeHHbIx PHK, ueM
TOT, YTO BBIXGMIMT B UMTOILNIA3MY. MHOrHe npo-
IOYKTBbl TPAHCKPHILHH MOABESPTAIOTCSA PacilErne-
HHIO HykaealamH, a T¢ MPHK, urto, TpaHcmopru-
PYIOTCSL M3 AAPd B UMTOTLAIA3MY, 3AlLMILIAKTCA OT
CHAPOIHTHUYECKOTO PA3PYIIeHUA, 00pa3ys KoMI-
NIEKCBl ¢ BenKaMi.

Bpemsa xuznun sykapuotudeckux MPHK 3Haum-
TeAbHO Gosble (1, COCTABIACT OT HECKONBKHX
YacoB 0 HeCKONbKUX AHeil), yem t, , MPHK npo-
KApHOTOB, PABHOE HECKOJBKUM MHHYTAM. (EBUI-
HO, 4To cTabunbHOCThE Monekyl MPHK — dakrop,
H3MEHEHHE KOTOPOIO RIMHET HA YPOBEHBL TpaHC-
nauun. Ctabuansauus MPHK npu duxcupoBaH-
HOH CKOPOCTH TPAHCKPHMINILUMK TTPUBOIHMT K HAKOII-
AEHHIC U YBENWUEHHIO KONHUECTBA 00pa3vioIerocs
H¢IKOBOIO TIPOLYKTA.

[MTpoaoAKUTEILHOCTD XW3HH pa3Heix MPHK Ba-
pPBLUPYET B JOCTATOYHO TIHPOKKX Tipenenax. Heko-
TOPbLIE FEHB KOAWMPYKIT TIPOAYKT ¢ OONbLIIOH
NIPOAOKUTENBHOCTRIO XH3HH. Tak, B XOA¢ TpaHc-
KpHNLAM rena B-raoduna obpasyerca MPHK ¢ t, 2
pasHoiT npuMepHo {0 4. Ipvrue reHel odpasyior
MPHK ¢ KopoTkoit npooomkuTeThHOCTBIO KU3HH!
MPHK, Ha KOTOpBIX CHHTE3UPYIOTCA (GAKTOPEl PO-
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Pyc. 4-54, Mcnonb2osaine MeXaHU3IWMOoE aNbTePHaTHBHOIO CINARCHETA W NONHAAEHWNIUDBOBAHWA B XOAE CUHTE3a MEeMOPaHHO-
CBA3AHHBIX W CEKPETOPHbEX ig. ECNY TPAHCKPUNT NOOBSRraeTe: NANMAeHUNMPOBAH MK NOCNE ETOROM CTOM-KOQOHA, NPUCYTCTBYIOWE-
ro B 3K30HS reHa igh, 10 CHHTESMEVIOTES BenkK, y KOTD Jbix HA (C-KaHLE NBUCYTCTEYET runpapotHelid JoMed, 0DecngYMEaWME CBAGE-
BAHWE C nhasmartidgckon Membpanor. [Tpu crumynaun B-numiounTos B KNe1kax ocyLECTBNASTCA ansTEPHATMBHbIA CNNancuHr
NEPBUYHOIO TRAHCKPUNTA, NEM KOTOPOM WHTROH, COREPX ALl NEPGLIA CTON-KOOOH, coxpanaeTsn. Ofpasyiotes Boneg kopoTkue MPHK,

nanuajesNMposaHie KOTOPLY MpOWCACINT NOCNE Nep 300G G i-KOO0Ha.

l'ed anonpoverya B CAA -
TR&EHCKPUNLLAs
———— _____; {: AA___ R Tpa HCKpM ek
Meuen, - ~.. Pepaxrupoearive PHK
T B KIETKAX KMWEYHUKE
v
MPHK — CAp e P AA —_— MPHK
i Cron-kogoH
I
MevieHs ! Tparcnauus :
Ang-B M " Ano-B KNeToK KnueuHmka

KOrMUecTBO aMuHOKACTS ! 8 BENROBOM NPOAYKTE

Puc. 4-55. «Pepaxriposarne» MPHK anonpotedHda B. B xoie TpaHCKpUNLMKY reda anonpoTenHa B B nedenn obpasyetcAa MPHEK,
chyXawas MaTpuUen ans cHHTe3a Denka, cocToRero v3 4563 aMUHOKWCNOTHEIX OCTATKOB. B kneTkax TOHKQID KUWeYHUKE FKLNPeccHs
TOMo Xe reHa seissiBaet obpasosanne Benka, cocToRwsro w3 2152 amuHoknenoT. B PHK TpadckpunTe uMTo3un KoaoHa 2153 — CAA
npespawaeTcs B ypaunn (U}, u BO3HMKAET CTON-KOOOH B CepefnHe Monesy st MPHK. 3To NPUBOOMT K cuHTE3y ykopodenHoro benka.
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PucyHox 4-56. 3a8MCHMOCTL CKOPOGTH CHHTE3a rMobnHa ot
KOHLUEHTpauuy rema. Korga BHyTRWKNETOUHBIA YpoBEH rema
86ICOK, haKToR MHULMaLWK elF2 He hoCHOPUITUPORAH U AKTVBEH,
NPOACXOAUT CUHTE3 rNobuHa. Ecn cogepXaHne rema B KneTke
CHUXAEeTCA, (RaKTOP MHULMaLUK QOCRCPUNMpYeTCH, MHAKTUEMDY-
eTCA M CHHTE3 Benka npexpawasTcn,

cra, umewTt, , Mexee 1 u. IlokasaHo, 1To noau(A)-
thparmeHT Ha ¥-konue MPHK vBennumsaer npo-
LOMKUTENBHOCTE XKMIHKH MOTexyn. Yem AmMMHHEE
nonu(A)-Ppparmedt, teMm OONbIIE BREM XKHU3HM
MPHK.

OnUCcaHO MHOTO NPUMEPOB PErYASLIMH KOMHYE-
CTBd CHHTE3UPYIOLUMXCH OSNKOB 32 CUET M3IMEHE-
HHUS NPOLOTKMTEALHOCTH (PYHKLUHOHWPOBAHMUS
MPHK. Tak, cratunbHocts MPHK-MmaTpun ans
CHHTE3a MOJEKYJ HUCTOHOB CUMJBHO 3ABUCHT OT
thasbl Ki1eTOYHOTrO UMKIA. B S-chaze THCTOHBI No-
CTOSIHHO CUHTE3HPYIOTCA W HCIONL3VIOTCA 1A YK-
nallKy BHOBL 0Opa3oBaHHOi JJHK B Hykneocomet.
Iictoncsast MPHK B 3T0T nepwoa ctabuinHa R
TeyeHWe Heckonbkux uacor. [locne S-nepuoja,
korga JIHK yxke He cHHTe3upyeTcd, B KIETKAN 0b-
pasyeTcs HeGONbINOE KOJMYECTBO FUCTOHOB, Tak
KAK OHW HE TPeOyoTed LT (GopMUPOBAHHA HYK-
aeocom. B aror nepuon t,, ana ructoHosoii MPHK
cocTaraneT 10—15 MuH.

6. Pezyanuus mpancinuun u noCImMpaHcAaRuon -
Kbix moduguranti

H3iMeHeHMe CKOPOCTH TPAHCHAIHH

XOTs M3MeHEeHWe CKopocTH obpa3zoBaHMs 6elKoB
Ha YPOBHE TPAHCISALIMH HE OTHOCST K YMCTY OCHOB-
HBIX CMOCOB0B PETYASUMH KOMHYECTBA U Pa3HOOG-
pa3ua OeNKOB, HEKOTOpPbIE Cvuad TAKOU peryia-
MM W3BecTHul. Haubosiee H3yveHHBIA NPUMEp —
CHHTEe3 0eNIKOB B PeTHMKYJIOUMTAX., M3BeCTHO, YTO
HA 3TOM ypoBHEe AudbepeHUIMPOBKH KPOBETBOPHEIE
KNETKH NHLIEHLL fApa, a ¢aeaoBateabHo, u JAHK.
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Peryasiuus cuntesa 6eika-riofuHa OCyiltecTBIAET-
¢Sl TOMIBKO HA YPOBHE TPAHCASUWM M 3ABUCHT OT CO-
NepXaHWA reMa B knetke (puc. 4-36). Ecan BHyT-
PUKAETOMHAs KOHLEHTPAalWd TeMa BeiCOKA, TO
TA0OUH CHHTEIUPYETCH, KOTAAa COMCPXaHHE TeMa
CHMXKAETCHA, TO HHTUOMPYETCA W 0OpA30BaHUE TINO-
6uHa. OCTaHOBKA CHHTE3a DeAKa OCYLIECTBISIETCS
3a cuér dochopuiHposatus (GakTopa MHHUHALWH
elF2, koropetit B dochopuivpoBaHHOi opMe He-
akTHUBeH. ['em npenoTepaiiaer qochopurnposaHue
elF2, cBaA3bIBaskich €O CMepHYecKoi NpOTEMHKH-
HA3D#, KOTOpas NOJYUMNd HA3BAHUE [EMKUHA3DL.

Hekoropoie MPHK comepskar anemeHTH! BTOpHY-
HOM CTPYKTYpBI Ha 5- WM Y -KOHLAX HeTpaHCIH-
pyemoro yuactka MPHK, K KOTOpeIM MOPYT npuco-
eNUHATLCH GeIKM M MHTMOMPOBATh TPAHCIALMIO,
Hanpumep, cuHTes deppuriHa — Oenxa, odecne-
HUBAIOUIETO XPAHEHHE HOHOB KeNe3a B KIETKe, YCH-
JTUBAETCA TNPH TOBBIUIIRHUY BHYTPHKJIETOYHOH KOH-
LeHTpalluuM xefe3a (cM, passen 14). ObHapyxeHo,
yto MPHK cepputHHa Ha 5-KOHLIE MMeET AETIM,
K KOTOPBIM NPH HU3KOW KOHUESHTPALWH XKene3a npu-
COCAMHAETCA peryaatopHbiit 6enok. Koraa atot He-
Aok cps3ad ¢ MPHK, To Tpascisums de waet. Ecan
KOHLEHTPALIMA HOHOB XKene3a B KJIETKE TOBbILLIAET-
cst, To Fe' m3aumonelcTeyer ¢ GeaKOM, HIMEHSET
ero koHdopMauuw M cpoactso Kk MPHK. mPHK
OCBOOOXKIALTCS OT PEryasaTopHOro H€nKa, W Ha Hel
HAYMHAETCH CHHTE3 (heppHTHHA.

Pazanuns B NpOJ0/KHTETBHOCTH HKKH3HH MoJe-
KyJa Oenka

[Tocne Toro xak GefikM CHMHTE3MPOBAHLI, Bpems
WX XKH3HU peryiupyercs nporteazamu. Pasublie Oen-
KU UMEIOT pasHbie t ! OT HECKONBKMX YAcOoB 10
HECKOIBKHX MECALEE, a WHoroa M jer (tadn. 4-6).
B KaKnoi KIETKe CKOpPOCTb PAcluenieHus OenkoB
BapeMpYET B IIMPOKHX npegenax. @epmenTh, xara-
JIH3UPYIONINE PEryIsSTOPHBIE PeakLMK MeTaboIHyuec-
KHX MYTEH, KAK NMPAaBWIO, MOABEPTAOTCA OBICTPOMY
PACLIETLIEH ML, OITOMY CKOPOCTH ODHOBNEHWA DTHX
MOJIEKY/T AOCTATOUHO BbicOKa. (DH3HONOTHUECKOE CO-
CTOSIHME OPTaHHU3Ma TAKXKE RAMAET HA NPOAOTKN-
TEMBHOCTD XH3HW Genkos. KpoMe Toro, ¢vilecTBy-
T MOLIHasA CHUCTeMa 3allUThl, obecneurBaouan
ObicTpoe pacluenneHue nehekTHbIx DEMKOB.

Hekotopbie 0€IKW paciLuenIsiiOTCs JTM30COMHbI-
v depmentamMu. B apouecce ayrodaruu coaep-
KUMOE KJIETKH, BKIIOUAs OPraHesIbi, OKpPYXaeTcs
MEMOpaHoi, CAHBAETCSA € AH3OCOMGH APYTONA KIeT-
KH H nojeepraetca AeHCTBUIO JIM3OCOMHBIX (ep-



MeHTOB. B pesyawTate ruapoania oBpasylouimecs
MOHOMEPBL NOCTYTIAIOT B LUTONNAIMY AN NOBTOP-
HOTO WCITOJIb30BAHUS.

TaBnwuuya 4-6. Mepuop nonypacnana HeKoTopkix Benkos B kKNeT-
Kax MNeKonuTaiLMx

Depment Tizn
OpHuTHEIEKapGOKCHTATa 0.5
TuposnnamunoTparcdiepasa 2.0
Kapboxcrknnasa 50
tbocthoeHonNUpyBaTa
Apruxaza G6
Anpnonasa 118
Jlakratoeruaporenasa 144
Luroxpom C 150

Hng apyrux OeKCB NOKa3aHo pPaCIUEnIeHHE B
LHTOTLIA3ME NpoTeasaMu. Tak, moatexaiyue pas-
PYLIEHHIO BETKH TIEPBOHAYATTBHO OFTMEMAKTCH KIET-
KO 1TyTéM MpUCeeTHHEHHUS Oenka Nod HAIBAHWEM
YOMKBHTUH. DTOT HEOOALUIOH OENOK, COCTOALLMIM
H3 76 AMHHOKHCAOTHBIX OCTATKOB, ODHAPYKEH v
MHOTHX OPTaHH3IMOB,

Viil. MEXAHWU3MDbI
FEHETUMECKOW
W3IMEHYUBOCTM.
NONMMOP®U3M BEJIKOB.
HACNEACTBEHHbLIE BONE3HU

ToHas patora BCceX MAaTPUUHDBIX OHOCUHTEIOB —
PEILTHKALMM, TPAHCKPHNLMK M TPAHCTAIHH — 00ec-
MeUUBACT KOMKPORAHHE TEHOMA H BOCMPOM3BEACHUE
(heHOTHMNUUYECKHUX XApAKTEPUCTHK OPraHA3Ma B
OOKQJIEHKSX, T.€. HACIENACTREHHOCTH. OnHako GHo-
JIOTUYECKAS] 3BOMIOLUS M eCTECTBEHHbIA OTOOP BO3-
MOKHBL TOJIBKO NP HAAHUMUHT FeHeTHUECKON M3MeH-
YHUBOCTH. ¥CTAHOBAECHO, YTO TeHOM MOCTOSHHO
NpeTepIeBaeT PasHoOOpasHeie U3MeHeHHs. HecmoTps
Ha 3QPEKTHBHOCTE MEXAHW3IMOB KOPPEKLIMHU U pe-
napauvu JAHK, 4acTe nOBpeXacHUH KW OIHD0K B
JAHK octaérea. MsMeHeHRs B TIGCE10BATEIRHOCTH
TYPUHOBBIX MW MTMPUMHAXHOBBIX OCHOBAHUH B TeHe,
HE HCITpaBNeHHe DEPMERTAMM PEMAPALMH, OOMTY-
YWM HA3BaHHE «MyTauHWs. OaHH U3 HUX OCTaloTCs

B COMATHYECKMX KJIETKAX, B KOTOPLIX OHW BO3HUKK-
JH, & ApYTHE OBHaPYKMBAIOTCH B IOJIOBBIX KASTKAX,
NEPENaroTCA N0 HACTSACTRY M MOTYT NPOSBIATLCA B
(peHOTHIE NOTOMCTRBA KaK HACNEACTBeHHAs GOIE3Hb.
CyLIECTREHHBIN BKAAL B TEHETHYECKYIO HM3MeHH-
BOCTb BHOCHT NEPECTPORKK XPOMOCOM B ITPOLIECCE
MeHo3a. Kak vke yKasbiBUIOCH paHee, CAusHue fii-
LIEKIETKH €O CNEPMATOIOUIOM ¥ 3YKAPHOTOB CONpO-
BOXIAETCH TeHETUMECKMU PeKOMOMHALMSIMM, B XOJIE
KOTOPLIX NpoHCX0anT oGMeH yvactkamu JHK Mexoy
TOMOMOMMYHLIMKA XPOMOCOMaMM. ITO NIPHBOANT K [10-
ARJICHHIO TIOTOMCTBA ¢ HOBOH KOMOWHalHEH reHos.
e WM 4aCT¥ TEHOB MOTYT NEPEMEUIATLCH M3
OIHOTO MECTA XPOMOCOMLE B APYTHE. DITH TONBAX-
HBIE 3MeMEeHTH KW ¢parmentel AHK noayuuan
HAIBAHME TPAHCTIOICHOB M PETPOTPAHCIIOZ0HOB,
Tpancnozonsl — yyacTkd JTHK, ynansemble u3
OJIHOTO JIOKYCA XPOMOCOMBI M BCTpaMBaeMbic B
OPYTOM JIOKYC TOW K€ WM APYTOH XPOMOCOMBI.
PeTpoTpaHciosoHbl HE NOKMIAIOT WCXOMHOIO NO-
JNoxeHHd B Mofiekyne AHK, HO MOryT KOMHpoBaTh-
¢3l, H KOMWAKM BCTPAMBAIOTCSA, MOI08HO TPAHCIOZ0-
HaM, B HOBblH y4acTok, BKnouasck B reHbl WM
YYACTKH OKO10 M€HOB, OHU MOCYT BbI3BIBATH MYTa-
MU M U3MEHATE WX IKCIIPECCHI.
['eHHOM 3YKADMOTOE NOMAREPraeTcd HM3MEHEHHWAM
U npy 3apaxenun JHK- wnuw PHK-cozepxamm-
MU BHpYCAMH, KOTOPBIE BHERPANOT CBOU TEHETH-
veckui mareprail B AHK kietok xo3fanHa.

A. MYTATEHE3

H3MeHeHHUs B TEHOME MOTYT ObITh pazHOOOpai-
HBl M 3aTPardBaTh Pa3fTHYHBIE 1O APOTSIKEHHOCTH
yyactki JAHK OT xpoMocoM M IeHOR 10 OTISNb-
HBIX HYKNEOTHIOR (Tabn. 4-7).

Hasbonee ApaMatvuHbl reHOMHLIE H XPOMOCOM-
Hble MYTAIIMM, YacTo HaDAKIAEMbIE Hid YPOBHE CO-
MATHUYECKHX KIeTOK. ECAM OHW UMEIOT MECTO B TIO-
JIOBBIX KACTKAX, TO [LI51 OPTaABH3Ma 3TO MMEET valle
BCETO JIETAIbHBIE MOCAEICTRHA. YacToTa MyTauqi B
IONOBBIX KACTKAX Bbicoxa. CYLICCTBYIOT AdHHLIE,
yKasblRaQUiMe HA TO, 4T0 B 20% cnydaer npu Gepe-
MEHHOCTH y IMOPMOHOB HADMIOIAIOT HApYILERHs
CTPYKTYPHI XpomocoM. B 90% ciyuaes 310 ApHBOINT
K HEHOPMANLHOMY PA3BMTHIO TUTOAA U DITHMHHUPO-
BAHHIO 3apoblLIed B Pe3yNLTATE CIOHTAHHBLX abop-
TOB. BHIKHABIIIK, NPOUCXOAAILNE B TEYEHHE TIEPBRIX
HECKOJIBKMX Henenb GepeMEHHOCTH, CBA3AHbLL € ce-
PEE3HBIMH HapVLIEHHIMU xpoMocoM, B 30% ciyua-
€8 OTMEYAETCS TPHCOMHMS [10 AYTOCOMaM, T.€, BMECTO
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TaGnuua 4-7. KnaccuuKkauma mMyTaumid

Tun XapagTep MyTalHONHBLIX IIpumMepnbl
MyTaI.[HH HIMEHEHHH mac/ieACTBHA
I'eHOMHBI HaMeHeHHe guena XpoMocoM bonesue Jayna {nossneanc
DOUONHHTENBHOR XpoMocoMel 21}
XpoMocoMHBIC O06LLee 4MCng XxpOMOCOM HE MEHACTCR, Meiureuras auctpodus Jiomersa
HabniogaioT nepecTpoiKE XpoMocoM, OBLIUHO (aeacuny X-XpoMocoMEL)
BHAMMBIE HPH MUKPOCKOIIHYECKOM HCCIISTOBAHIH.
leHRBIE H3MeHeHHSA 3aTpariBanT OJHH KOACH HIH CephoBHIHO-KReTOYHAA AHCMHA,
HeOonBIIOH OTpe3oK reHa U He 00HAPYKHBAIOTER BEI3BAHHAN 3aMEHOI OJIHOTO
IHUTOTEHETHYECKH HYKIEOTHIa B rene B-uenu rnobuna

Tapbl XpoMocom Habmogaworea Tpu. Ilpumep Takoit
NaTtoNoruy — QoMesHs [layHa, TIpn KOTOpOi XpoMo-
coMa 21 mpucyTcTBYeT B 3 3K3eMILsApax.

Hexotopble reHHbIE MYTAINH 3AKPEIUBIOTCS B 110-
NYJISIMK, CTAHOBITCA HacneACTBCHHBIMH W OMpeic-
NAIT IBOMOUMOHHBIE npouecchl. C MyTalMEMH
TAKOIo TUIA CBS3AHO MOABICHHE PANIMYHBIX HACITESI-
CTBEHHBIX TIATOJOMHI, COMPOBCKAAICIIMXCS TNpeKpa-
IEHHWEM CHHTE3a OeNKa, KORMPYEMOIO MOBPEXAEH-
HBIM TEHOM, JHOO CHHTE30M HM3MEHEHHOTO Oenka.

['eHHBIE, MK TOMCUHBIE, MYTAlMH ObIBAIOT B OC-
HOBHOM 3 BHJIOB:

3AMCHDI, TIPH KOTOPBIX OAHO a30THCTOC OCHOBA-

Hue B AHK 3ameimaercsa Ha apyroe;

BCTABKH, 00CSCINSUMBAOILIME BHEAPEHHE B MOJie-
kymy AHK oaHoro MIM HeCKOJIBKHX HOMOMIHK-
TEBHBIX HYKIICOTHIOE;

Jeneinn {WiK BLTATEHHA) OIHOrO WIH HECKONb-
KHX HYKIEOTHIOB, TIPU KOTOPBIX TPOUCXOINT
ykopodeHue Monekyasl AHK.

1. Mymauuu no muny 3amensi BOIHVKAIOT B Pe-
3yALTATE 3aMEHBl OMHOTC AZ0THCTOTO OCHOBAHHS
Ha APYTOE, YTO BbI3LIBAET MIMEHEHHE B OJHOM M3
KOJIOHOB MYTAHTHOTC reHa. Ecnd Koaupyiowuii
TPHILIET, B KOTOPOM HAXOAMUTCS U3MEHEHHBIH HYK-
JNEOTH/, H3-3a BLIPOKIESHHOCTH KOAJ BbI3BIBACT
BKIIKOUEHHE B OSOK TOH XK€ aMHHOKHCIOTHL, YTO
VCXOIHBINA Komoll (MNH KOOOH «IHKOrO» THIA), TO
TAKYIO MYTALMIO Ha3LIBAOT «Monuallleli», u Oen-
KOBHIH MPOIOYKT OCTaéTCA TEM XKe.

Koroa 3ameHa OZHOTC OCHOBAaHUA TIPUBOAMT K
3aAMEHE AMWHOKMCIOTE] B MYTaHTHOM Oellke, TO Ta-
KVIO MYTALIMIO HA3LIBAKOT «MHCCEHC-MyTauun», B paje
CJIy4yaeB, HECMOTPA Ha MIPOM30IIESIUIVED 3aMEHYy,
OeNoK coxXpausieT OHONOTHYECKYIO AKTHBHOCTL. 310,
KaK MpaBuIo, CBA3AHO ¢ TEM, YTO U3MEHEHHAA aMK -
HOKMCIIOTA HAXOAMTCA B yuacTke Oelika, HE UMEI0-
ueM GYNKIHOHANLHOIO 3HAYEHHA, H K TOMY Xe
OHY MO CTPYKTYPE U CBOACTBAM HANOMWMHAET MC-
XOAHYK) aMHMHOKMCIOTY. Takasa MyTauus Toxe Oy-
IeT «MOJYaLlei», a 3UMEHa — 3KBMBAJCHTHOH,

Tpanaer HamenénHbl i
«IHKOTO» THOR TpPHILIeT
Marpuua JHK 3-TAA-5 IV-GAA-Y
Konow MPHK 5-AUL-3 ¥-CcUu-3
AMHHOKHCIIOTA -Mne- -Jleir-

WMuorna amMHOKHCIOTA, OKA3aBILASACA 3aMEHEH-
HOW, pacnoaracTcs B O0NACTH, BKHON 18 NposR-
JeHHA (PYHKIIMOHANBHOI aKTUBHOCTA Deska, U e
3aMelllieHHe TIpUROAHAT K 00pasoraHkle GyHKUMO-
HIBHO HEAKTUBHOIO [MPOAYKTA. TaK, TOUEUHAs MY-
Tallus B KOAOHE ceprHa (Cep — BAXHEHILMI CTPYK-
TYPHBIH KOMIMOHEHT AKTMBHOIO UEHTPA CEPUHOBBIX
NpoTeal; TPHUNCHHA, XHMMOTPHUIICHHA KM HEKOTOPbIX
IpyruX (hepMeHTOB) NMPHUBOAMT K NOJHOH MOTepe
KTUBHOCTH. Eciu MogoGHbIA depMeHT Y4acTsyeT B
peakiMax IdBHLIX MeTabOnHuecK X TyTei, To Takas
«HEIKBUBATEHTHAA» 3aMCHA MOXET CTaTh JICTANLHOM,

Tpumaer HsMmendHHbIH Tpunaer Hamenénnbiii
«THKOr0» THIIA TPHANLJIET GAMKOrO» THNA TPHILNET
Marpuua THK 3-GGT-5° 3-GGA-5 Marpuna JHK Y-AGA-5 I-AAALS
Konon MPHK 5-CCA-Y §'-CcCcu-3’ Komon MPHK 5-Ucu-3° 5-uuu-3’
AMHHOKHCIOTS -I1po- -IIpo- AMHHOKHCTOTA -Cep- -Den-
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B pane cyuaes MyTaHTHBIN DBeIOK, HECMOTDA Ha
BXOUMLUYIO B HEMO U3MEHEHHYID AMMHOKUCITIOTY, CO-
XpaHsieT cnoCoBHOCTh BBINOTHATE CBOKY (VHKLMIO,
HO MOXET ObITh He CTOJTb 3thPeKTUBHBIM, KaK OelToK
«OHKOTO» THMA. B pesyibTaTe MyTALHM v hepmeHTa
MOXET OKa3aTeCa H0nee BuICOKUM 3HaveHune K unn
Gosiee HM3KUM 3HAYEHHe V . a UHOLAA TO W Apyroe
OMHOBpeMeHHO. Takue YacTHUHO DYHKIHOHHPYIO-
1mMe Ge/IKM HA3LIBAKYT MYTAHTHBIMK OENKaMUu ¢ He-
MOJTHOCTHID TOAARNEHHOH (PyHKLUMEIT,

H3penka B pe3yabTaTe MyTalluu OenkoBbId nNpo-
OYKT T¢HA CKA3BIBACTCS JIYHLWIE MPUCTIOCODNEHHBIM
K BBINMONHEHWKD CBoeH hyHKUKMKU. Takde MyTauuu
naT NOTOMCTRY TNpeumyllecTea B Gopbbe 3a ¢y-
WECTBOBAHKE, A CEPUA COOTBETCTRYIOIMX MYTaUMA
MOXET TMPHMBECTH K NOSBASHWIO HOBOICG BHIA,

HaubonpluMM MOBPEXKIAIOWWM ASHCTBHEM 00-
Ja03107T MYTalluy, Mpusddsiive K 00pa3oBaHHO
OIHOTO U3 TEPMUHHUPYIOWMWX KOLOHOB (HOHCEHC-
mytanpa}. B npoiecce cuHTesa Genka pabota pu-
60coMbl DYIET OCTAHOBICHA HA MYTAHTHOM TDHII-
Jete MPHK: UAA, UAG v UGA. lMposeneHue
HOHCEHC-MYTAUMI 3aBUCUT OT WX BHYTPUIEHHOH
Aokanuzauuu. Yem OnMxe MyTauusi K 5'-KOHLY
reHa, T.€, K HauUany TPaHCKPUTILMK, TEM KOpoue eé
OeNKOBLIW 11POOYKT, a CIeAOBaTelIbHO, TeM MeHb-
le OH crMocofeH K OCYLIECTRISHHIO OHONOrHYEC-
Ko¥H (PYHKLHH.

Tpunaer H3menénunii
«AHKOre» THNA TpUIer
Marpuua JHK 3.GTC-5 J-ATC-5
Konou mPHK 5-CAG-3° 5-UAG-3”
AMHIIOKHCIOTA -I'nu- CTton-xomoH

2. Mymauuu no muny écmasku nan 0eacuun
Hyxaeomudoe

bofiee MHOMOUMCACHHBI M ONACHBI 418 KITETOK
MYTALHH TIQ TUNY BCTABKY WIW JeJeIiHi (VTpaThi)
HYKJIEOTH/IOR.

Ecim myrauus MPUMBORHT K BCTABKE WM Iele-
LAWK B T'eH OAHOH HYKNEOTHIHON NMAphl WIK yIACT-
Ka aByxuenodeyHol monekynsl JHK ¢ ducmom
MOHOMEPOB, HE KPATHBIM 3 , TO 3TO BbI3bIRAET M3~
MEHEHWE CYWUTHIBAHUA BCEX TOCTENYIOWMX KOmOo-
HOB, TakK KaK TNPOMCXOIUT CABHT «paMKM CUWThIBA-
Hus» JHK 1 HapylleHHe COOTRETCTBMSA Mexily
koaoHaMH B AHK W aMHHOKMCIOTAMM B KOHeuy-
HOM Tpoaykre — benke (puc. 4-57).

Kax BUIHO U3 pHC. 4-37, HApYILICHUA B MPOUTE-
HAW MHQOPMALIWHM HAYHMHAIOTCA C yMacTKa, B KO-
TOPOM NPOU30ULTA MYTAUUSl, TdK KaK MUMEHHO B
3TOM MECTE TIPOUCXOINT CABUT «PAMKW CUMTbIRA-
Hus1» WMHbOpMaUrK, BeaKoBbH NpOOYKT 3a TOY-
KOH MyTtauMu O¥IeT WMETh CAYYdWHYID NOCNeno-
BATEbHOCTh AMUWHOKHCAOT. MyTALMKW €O CHBUTOM
pPaMKM CUMTBIBAHMS YAaCcTO NMPUBOAAT K TTOSABICHUIO
BHYTPEHHETO TEPMUHHPYIOWIErD KOAOHA, BbI3LIBA-
KIMUEMC TPEKICBPEMEHHOE TIPEKPAlUCHHE CHHTEe3a
NOJUIICIITUAHON Lenu ¥ o0pa30BaHNE YKOPOYCH-
HOTO TpoaykKTa, JAWWEHHOro GHONOTHYECKOH ak-
THBHOCTH,

MyTAllUM CO CIIBUIOM <«PAMKM CUUTHIBAHMS» HH-
AYUMPYIT HMHIMOMTOPH MATPUYHBIX CHHTE30BR —
«MHTepKanaTopel», Mx fonplune NAOCKHE MOJIEKY-
JIbl, MOXOXKKME HA OOBIYHBIE A30THCThIE OCHOBAHMS
WM TIAPBEI OCHOBAHUH, BCTPAMBAIOTCA MEXay By-
MSl COCCAHHMMM NMapamMy OCHOBAHUH, B pe3yibTaTe
B JHK «kak Onhl» noasngeTcs JUUIHEE OCHOBAHME.
B xoae pennukanuy Takoi uaMeHédno# uenn JHK
B JIOUYEPHIOW HUTE B PE3VIIbTaTe OWKGOYHOIO Cna-
PHBAHUS ¢ «MHTEPKANHDPOBAHHON» MOASKYTON
MOXET BCTPOMTBCA TOMOMHUTENBHLIA HYKASOTUI.

WHorna, xoTst U KpaliHe peaKo, TepsicTca WIH
Brntouaerca B AHK onuronesokcevnykieotnn, co-
CTOAWMI U3 3 UAM KPaTHOrO 3 YMCNA HYKAEOTHAOB,
Takue MyTauMH Ha3bIBAIOT ACACUMAMH HIH BCTAB-
KaMK 0e3 COBMTa «paMKM ciMTwmBaHMs» AHK.
B ofpazyioinemcs GenkoroM Mpoaoykre B 3TOM y4a-
CTKe OKaXeTCH NPONyWeHHOH Win, HaobopoT,
BKGTIOUEHHOH NOMOMHWTEIRHO OIHA WIH HECKOABKO
AMUHOKHMCIOT, TOMIA KAK BCH OCTANLHAA AMHHOKHMC-
JIOTHAsl NOCTEAORATENLHOCTE Oy1eT COOTBETCTBOBATL
HMCXOOHOM MOJIEKyIe. TAKHe MYTalUMH, KaK TIpaBu-
JI0, HE TIPHMHOCAT OOJBLLEOre Bpeda.

HudopManra o pasHbiX TMIAX MyTaUMH U U3-
MEHEHHAX B CTPYKTVPE MYTAHTHBIX OelkoB 00006-
uieHsl B Ta0s1. 4-8,

3. Yacmoma mymaunuii

CyMTaeTcsl, YTO CPENHSAS YACTOTA BO3ZHHKHOBE-
HMS1 MyTalKil B CTPYKTYPHBIX J0Kycax (0o0macTax
JIOKANU3AUMK Telid B XPOMOCOME MM B MOJIEKY/IE
AHK) yenoseka konebnetca g npeagnax o1 107° ao
10-® Ha OOHY raMeTy 3a Kaxaoe mokoaeHue. OAHAKO
3Ta BEJMYMHA MOXKET FHAUMTENBHO BAPbUPOBATDL 115
pazHkIx reHos (0T 10+ wis reHOB ¢ BBICOKOH CKOPO-
CTBIO MyTaUMi po 107" nng Haubonee yeTOWYMBLIX
YYacTKOB reHoma). CToje CYIIECTBEHHBIE Koteba-
HUS B HACTOTE BOHMKHOREHMUst MYTalMil ofyCaoB-
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HopmManbHbiA N - Jle#t - Tpe - Acn — Apr— MNpo -
Genok KoHeL, -[

Hopmanenas 5' - CUU-ACU-GAC-AGA - CCU-3
MPHK I

HopmaneHad 3'- GAA - TGA-CTG -TCT - GGA-5

A Deneuuns T,

OHK
MyTaHTHLIe
MPHK

MyTaHTHbIE
Benkn

OHK /

MyTanTHble 3'- GAA -GAC-TGT -CTG- GA -

5 -CUU-CUG-ACA-GAC-CU -

- Jlen - Jled - Tpe - Acn -

\ E. Betaeka A?

3'- GAA -TGA-ACT-GTC-TGG-A

l

5 - CLU- ACU-UGA-CAG-ACC-U-

!
Nen - Tpe

Pue. 4-57. Oeneuun (A) whi BeTasM (B) HYKNEOTUAOE BLISLIEAKOT MYTALMK CO COBUIOM «PAMKM CYHTLIBAHWA».

Ta6nwua 4-8. OCHOBHBIE BMALI TEHHBIX MYTaLIMK

Buasr MyTauui

H3imeHeHHn
B crpyrTYpe JHK

HimeHeHnd B
CTPYKTYpe Benka

JAMEHA
bes uzMeHeHHs CMBICIA
KOOOHA
C H3MCHCHHEM CMBICTA
KOAOHA {MHCCEHC-MYTalIWA }
C obpazoBanneM
TEPMHBHPYHOLIETO KOJI0HA
(HOHCERC-MYTALIHA)

3amMeHa OTHOTO HYKICOTHIA B
Kogone

besok He MIMeHEH

IpoucxoanT 3aMeHa OAHOH
AMMHOKHCITOTBI HA IPYTYH
CuHTEZ ICNTAAHOA UCUH
1LPCPEIBACTCA, M 00pasyeTes
YKOPOUCHHBIH NPOAYyKT

BCTABKA

be3s capura « pPaMEH
CHHTLIBAHHUA»?

Co cnBuroM «paMxH
CYHTLIBAHHA»

Beraeka ¢parmenta JTHK n3 3
HYKIEOTHIOB HIH C YHCITIOM
HYKJIEOTHIOB, KpaTHBIM 3
BceTaeka 0NHOTG HIH HECKONBKHX
HYKIE0THAOB, HE KPAaTHbIX 3

[poucxoant yanuHenue
NONMNEUTHANOH UCUH ua QAHY HIN
HECKORBKO AMHHOKHCIIOT
CHHTEIUPYCTCH MCNTHA CO
CCMy4aiHoR» N0CNCIOBATCIBHOCTHIO
aMHMHOKHCTOT, TAK KaK HIMEHASTCA
CMBICT BCEX KOJOHOB, CASTYIILHX 3a
MECTOM MYTalH#

JAEJIENHA

Bes caswra «pamiu
CUHTEIBAHHA»

Co CABHTOM «PaMKH
CUMTHIBAHHA»

Boinanenne dparmenTa AHK u3 3
HyKHeOTH;{OB MK ¢ YHCTOM
HYKJICOTHIO0B, KPATHHIM 3
Brimaedne 0OHOTO HIH HECKOJIBKHMX
HYKJIEOTHIOB, HC KPaTHBIX 3

[poucxoauT ykopoucauc Ocnka Ha
0iHy WIH HCCKONBKO aMHHOKHC/IOT

CuHTe3HpyeTcs HEUTH CO
«crydaiiHol» NOCICIOBATENBHOCTEI)
AMHHOKHCJIOT, TAK KAK H3IMEHAET I
CMBIC/ BCEX KOJONCB, CIELYOLIHX 3a
MECTOM MYTALHH
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JEHB XapaKTepoM MYTALWOHHOTO TTOBPEXKISHMS, Me-
XaHU3MOM BOZHMKHOBCHMS MYTaLlMK, NPOTSRKEHHO-
CThIO KOAMPYIOIISH 06,1ACTH MYTAHTHOTO TeHa, (PyH-
KLHSAMHA BelKa, 3aKOMMPOBAHHOIO B 3TOM reHe., Tak,
s TeHa l"BMOI"J'l(')GHHEl CKOpOCTE JaMELIEHHUH 01—
HOIG GCHOBAaHWA APVIHMM JICKMUT B UHTEpBANS | =
2,510 —5x10® 3aMeH B raMeTe 3a OMHO IOKOJE-
Hue, YTobel mpenctasuTe cebe, Yro O3HAYAKT 3TH
uupsl, PACIPOCTPAHAM ITY CKOPOCTh MyTallMid Ha
BeCch reHoM denoeeka — 3x10% map ocHoBaHUid.
YMHOXHWB pajMep reHoMa Ha CKOpOCThb [, Mbl T10-
TyUMM, YTO TEHOM 33 OHO TOKOJICHHE MOXET no-
OyuMTe OT 7 a0 15 MyTauMi, T.e. 3TO 3HAYHT, 4TO
KAKIAA raMeTa COAEPXKUT TaKoe KQJHYeCTBO H3Me-
HeHuil B JJHK 110 cpasiennio ¢ poaurensckoi JJTHK.
A NOCKONBKY ¥ KAXKIOTO MHAWBHAYYMA KNETKH JHI-
TOUIHBI U OOTYYAOTCA NIPU CIUSTHUM 2 TaMeT, TO
MYTALIMil Toxke B 2 pas3a Gonblle.

CnpaluMBaeTcs, KakuM Xe 06pa3oM denoBede-
CTBO CNPABISCTCA ¢ TAKOH MYTALUMOHHOR Harpys-
koi? OTBEYax HA 3TOT BONPOC, CNEAYET NNOMHHT,
UTO KOOMPYIOWME YACTH [eHOB, H3MEHEHHS B KO-
TOPbIX HAMBOIEC OMACHKI, 3AHMMAIOT He Bonee 10%
reHova. Curtyauus obaeryaercs €llé W TeM, UTO
JANIEKO HEe KaXaasd MyTalUWsd B KOAUPYIIIeH obna-
CTH MMeeT (peHOTHNHUSCKOE MposABIcHHE. MHo-
THe monanaT B 3'-N0J0XKEHHE KOAOHOB M, TAKHM
obpazoM, ARAHOTCH «MOMYaLiMMM», TaK Kak Oia-
rOaaPs BEIPOXKAEHHOCTH FEHETHUECKOTO KOAA OHM
HE [PHBOAAT K dMMHOKHMCJIOTHBIM 3aMEHAM, ApY-
THe OKA3hIBAKITCA B AOMEHAX, HECYILECTREH HBIX AT
tbvHKUHOHHpoBaHMs Geakon. TloToMcTBY nepena-
IOTCA MYTAlLlMK, NPOMCXOASILIME B TaMeTax, a HMX
MPOIEHT COBCEM HEBEIUK,

B. OPraHM3auns TEHOMA YETOBEKA

TeHOM YKAPUOTHUECKUX KIETOK (KAETOK 4€10-
BEKa B YACTHOCTU) CONEPKMI 3HAYHTENLHO BOJb-
e JHK, 4em relom npokapuoToB. ¥ KMIleYHOH
natouku E. cofi IHK coagepxut 3,8x10¢ nmap Hyk-
neoruaos wan okono 3000 reHos. Mpu 3ToM Bed
AHK BullloaHsAeT onpeienéntble yHKIUWH: KOAW-
pyer Beaku, pPHK, TPHK nnu yuacrsyer B pery-
JAUMK oBpa3oBaHKA FeHHbIX MpoaykTor. Obmas
winna JAHK rannonanoro Habopa w3 23 xpomo-
COM 4esioBeKa cocTamaseT 3,5x0° nap wykneoTu-
ooB, 9to B 1000 pa3 NpeBOCXOAMT pasMep reHoma
HpokapuoToB, 2tore koavuectsa AHK mocrtarou-
HO 1A CO3JAHUA HECKOJIBKUX MWIIMOHOB TEHOB.
(IHAKO, COMMACHO MITOTHM HE3ABUCHMBIM [104CYé-

TaM, HCTMHHOE YUCIO CTPYKTYPHBIX TEHOB Haxo-
Anrca B o6nacru 100 000, a no naHHbiM MexayHa-
POAHCIC KOHCOPUMyMa M pupMel «llenepa Teno-
MHUKC», TIOTYYEHHBIM [PH CEKBEHWPOBAHHH TeHOMA
yeIoBEKA U OTTYGNUKOBaHHbIM B 2001 r., yucno Ge-
JOK-KOIUPYIOIUX TEHOB, N0 OUEHKAM MEpBOi
opraHMaanni, coctapisieT 31780, a no oueHkam
pTopoil — 39 114 reqor. flocaenopatenbHOCTL HYK-
neotnos B IHK uyenopexa umeer obnacTu, Koau-
pylowre 0enkW (He Gonee 2% obuiero reHoMa),
oOmacti, voaupytowne PHK (okono 20% reHo-
Ma), W NORTOMIOILMECH NOCNEA0RATENBHOCTH (D0-
siee 50% obluero reHoma).

Dyukunu «u36pTouno» IHK no koHna He
SICHBI, TOJAralT, YTO OHA YMACTBYET B peryIsUHU
IKCNIPECCHH TEHOR, NMpoueccHHra PHK, BeInosins-
€T CTPYKTYPHBIE (PYHKLUHH, MORBBILLIAET TOUYHOCTh
TOMOJIOTHYHOTO CMAPHBAHHUA W peKOMOUHALWK Xpo-
MOCOM B MpoLecce Meitoad, ¢rnocobCcTRYeT yomell-
HOH pervkauumi, bonbwiag vacts 310d JHK BO3-
HHMKJIA B pe3yasTaTe ofparkoi Tpadckpunumni PHK
M Gnarogaps HaTMYKIO TIOABHXKHLIX JEMEHTOB.

Yacro MOBTOPAKHUHECH MOCAETORATEIRHOCTH
TTHK

Bo dpakimu «n3deTodnoi» JHK sbiagss ot oT-
HOCHTENLHO KOPOTKUE MOCIENOBATENLHOCTY LAMH-
Hoit oT 2 10 10 map HyKI€OTMIOB, MOBTOPAICLIHE-
¢l MHIUTHONBL pa3. DTH YacTO NOBRTOPSOUIMECH
MOCASAOBATENBHOCTI NMOIYUHIAN HAZBAHHE «CaTe]]-
autHobfi IHK», OHu coctasnsor okeno 10% bce-
TO TEHOMA YeJOBEKA, PACCESHbl 110 BCEMY T€HETH-
YECKOMY MATEDHATY KIETKH, HO MTPEUMYIUECTBEHHO
JNIOKAMU3YIOTCST B HEHTPOMEPHBIX M TENOMEDHBIX 06-
J1ACTAX GCAbIIMHCTEA XPOMOCOM,

¥MepeHHO NOBTOPAKINMECH NOC/IEA0BATELHOCTH
JHK

Bbiae0T TAKKE I'PYIINY ¥YMEPEHHO NOBTOPAIO-
wmuxes nocaenosatensHoctel AHK, oueHL rere-
POTEHHYIO MO ATHHE H YMCIY KOMWA, COCTABIHIO-
tiyio 6osee 30% renoma uenoreka. DTa Gpakuns
paovyaeT JHK, konupyouyio ctpyktypy pPHK,
TPHK ® Hekotopsix MPHK. [eHbl rucronos npu-
CYTCTBYIOT B TEHOME B KOJIMYECTRE HECKQIbKHMX
COTEH KOMHA U TAKXE NPHHALNEXAT K 2TOMY Kjlac-
Cy. ¥MEDEHHO NOBTOPSIOMIMECS TTOCACIOBATENBHO-
¢ JAHK BknoyaoT yuactky, KoTopele He TpaHe-
KPUOMPYIOTCS, HO BAXKHBI B PEIYAsiLMM 3KCOPCCCUH
[EHOB; NMPOMOTOPbI W 3HXaHcephl. B aroit rpynne
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GpUtH oOHapyXeHBl nocicaopatensHocT JHK
AMuHOH npuMepHo B 300 nap HYKIEOTHAOR, KOTO-
pble OOBTOPSIKOTCS OKOJIO MWLUIMOHA pas (B cped-
HeM yepes Kaxabie S000 nap HYKIeOTHIOB) H pac-
CEAHHI N0 BCEMY reHOMY YENIOREKA.

YacTelie MPeNCcTABUTENH YMEPEHHO [IOBTODSIIO-
IWHXCA TOCNenoBaTenbHOCTEH — ling-¢ceMelcTBO
(0T aHrA. long interspersed elements), ilu cemei-
CTBO BJIMHHBIX PACCEeSHHEBIXN 3JIEMEHTOB, B KOTO-
poe exoaatr JHK nocnenoatenbHOCTH JLTHHOI OT
5000—8000 map HYKJIEOTHAOB, BCTPEYANOTCH B re-
HoMe B kOoAuuecTBe 830 000 konui,

YunganeHble nocaeropatensnoctn JHK

Ouu npeactarnensi JAHK-nocnenosatensnoct-
MH, KOTOPbIE NPHCYTCTBYIOT B FEHOME B KOMHYECTRE
OOHOH WIH HECKONBLKHUX KOMHWH, U TpaHCKPHUOUpPY-
worcsa, obpasys MPHK, conepxatiiue undopMaumio
0 pamTuHbLIX Denkax (puc. 4-38).

THIHYHBIA TeH YeJ0BeKa COCTOMT NMPHMEPHO U3
28 000 HYKTEOTHAOB H COMEPKUT B CPeIHEM 8 3K-
30HOB, €r0 KOAUPYIIUAS MOCNEA0BAaTEIbHOCTE CO-
cTapnsieT okono 1340 nap HyKIeOTHIOB U IUUGPY-

eT 0enok, BrAOYaWUA 447 aMUHOKMCIOTHBIX
OoCTaTKOB. CaMblii KPYTIHLIA MeH — TeH MBILeuHO-
ro Genka nucTpodrHa, cocTosmmMi U3 2,4x 10° map
HYKJIEOTHAOB, 2 HaUOobllee KOMMYECTBO SK30HOB
(234} npucyterByer B rete gubpwuUispHore Henka
THTHHA, OTBETCTBEHHOID 3@ MACCHBHYIO 3JIaCTHY-
HOCTh CKENIETHBIX M BIIIILI.

Hepenko yHUKalbHBIE NOCMEAOBATERBHOCTU
o0pasyiOT MYJIbTHFEHHBbIE CEMENHCTBA, pacmonara-
IOWHEeCH B BRe KNACTEPOB B ONPEENEHHLIX 00-
NACTAX OAHOW MAKN HECKOJBKHX XpoMocom, [1pu-
MepaMM MYJIBTHTEHHBIX CEMeMCTE MOTYT CIYXHTE
réHbl PUOOCOMANBHBIX, TPAHCTIOPTHHIX M MABIX
agepHeix PHK, reHsl o~ ¥ B-rnoGuHog, TyOynu-
HOB, MHOTJIOOWHA, aKTHHA, TPaHCcepHHa M MHO-
X ApPYrHx.

B My hTHTEHHBIX CeMeHCTBAX Hapaay ¢ hyHk-
LIHOHANBHO aKTHBHBLIMHM T€HAMU COAESPXATCs NCes-
NOTeHEl — MYTAIIUOHHO M3MEHEHHBIE MOCNENOBa-
TENLHOCTH, HE CIOCODHBIE TPaHCKpPUOHPOBATLCA
WM MPOOYUHMpYIOlLHe (YHKUMOHATLHO HEAKTHB-
HBIE [€HHbIE TTPORYKTEIL.

53 npe-pPHK 3 YMEepEHHLIE ROBTOPLI 3
o reH MPHK 2 rex MPHK £ ren MPHK i renw MPHK ,\<
MIHHHII!IIHH [ L [}
Tenomepe
|  rew MPHK 1 1 2 TeH MPHK
I Jlli|ilHi[liIllJIIII!DQ|IIIHHH]HHIHIH! L]
reH MPHK
reH MPHK Henpomena
ren TPM reH mPHK 1 IT’ ] reH MPHK feHy) TPHK red MPHK
. 2
TB.I'IE_DEB‘DI:I o MPHKI 1 [eHb 50]1!:}1.!0&1 npe-pPHK . ronwPHK. | %
il 0 N N I HRANINR

T
HAopsilLkoBLIA OPTAHU3aTOP

reH mPHK

Puc. 4-58. Pacnpenenenwe YHMKANLHLIX, YMEPEHHO M 4ACTO fIOBTOPRICIINXCA nocneposaTenbHocTed JHK 8 rUNOTETMYBCKOM Xpo-
MOCOME YeNoBaKa. YHUKALHLE NOCNEaoRATENLHOCTH {3) TpaHcKpubupyloTcs B BUAS MPHK, 3TW reH BCTpe4aloTea B OOHOR unn He-
ckonbiknx konmsx, Fensl pPHK 1 TPHK npeacTaBneds) MHOMECTBOM KON, 00pasyinx KnacTepr B reHome, MeHel Bonbwei npe-pPHK
05pasyioT AODLIWKOBLIA CPrAHM3ATOR. YMEPEHHE NOBTOPSIOWMECA NOCNEROBATENLHOCTY (2) pacnipefeneaHsl Mo BCEMY FEHOMY, 8 YacTo
MNOBTOPSIOILMECSH NOCNEN0BATENLHOCTK {1) obpasyioT knacTepst B CENACTAX USHTPOMEPL! N KOHUGE XPOMOCOMBI — TENCMBROE.
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TlceBnoreHbl — OHA M3 BAXKHBIX CTPYKTYPHBIX
0CcobeHHOCTEN FeHOMA YelIOBEKa. JTH YHHKAIBHBIE
MOCAETOBATENBHOCTH OUEHE CXOMHBE IO CTPYKTYDE
¢ onpenenéHHbIMM FeHamu. B CBA3M ¢ TeM, uTO B
FeHHBIX CeMelCTBaX HapsAgy ¢ ICEBIOTEHAMH CO-
XPAHHIOTCH HEU3IMEHEHHDBIE [eHBI, XH3IHECToco0-
HOCTh OpraHu3Ma He Hapywaertca. st MHOCux
reHoB ODHApYXEHB! NCeBAOFeHB.. MX KOMWYecTBO
BAPBHPYET OT OJHOMH 10 HECKONBKHX JECATKOB KO-
MHAA HA CEHOM, M, KAK NMPABWIO, OHU PACMONOXE-
Hbl TAHAeMHO. MHOrAA NCeBAOTeHBI U COOTBETCTBY-
OII{E UM HOPMANBHBIE TEHBE JOKANM3OBAHBI B
PasHBIX XpPOMOCOMAX,

B. IloauMoP®13M EEIKOB

IockonbKy BOTBLIMHCTBO HOPMAILHBIX KITETOK 4e-
JIOBEKA THIVIOWAHBI, TO OHM COAEPXKaT fiB&é KOMWH
KKIOH XPOMOCOMBI, OJHA M3 KOTOPBIX MOIYYeHa OT
OTUA, 4 BTOPas OT Matepd. DTH JABE KOTHH OQHOH K
TOH X XPOMOCOMbI HA3bIBAHOT TOMOSOCMYHbBIMU {DHC.
4-59). B JHK kaxmoi xpoMocombl ColepxuTes 6o-
Jiee TBICSMY NeHOB. COOTBeTCTRYIOLLME OPYT APYTY TeHbI
B TOMOMOTHYHBIX XPOMOCOMAX HA3BIBAKOT ATETAMH.
AIUIEAN MOTYT ObITh WISHTHUHAIMH M COAEPXKAT OfIM-
HAKOBYK) NOCNESIOBATENBHOCTE HYKACOTHAOB, B oM
CAyYae WHIHBHAYYM, HMEIOLLHMI Takue ULTeTH, DyIeT
FOMO3HTOTEH [10 JTaHHOMY TpH3HaKy. Ecim amwienu
PasIUMAKTCA 110 TIOCAEIOBATE/IBHOCTH HYKIIEOTHAOB
B JHK, TO roropsT 0 reTeposHroTHOM HacASnoRalinA
reHd. B a1oM caydae HHAMBHAYYM OYaET UMETE 2 Oen-
KOBBIX {IPOMYKTA I'CHd, PazT{yaioninxcs no aAMMWHO-
KHACJIOTHOR TTOCISI0BATEBHOCTH,

Y KakIoro YeloBeKa CYIIeCTBYeT TOMBKO 2 pa3-
HBIX Qe OMHOTO FeHa, TOTIA KakK B [MOTyAsIUA
JIIONER BaPWAHTOB a/UIENSiH MOXET ObiTh OrpOMHOE
MHOXeCcTBO, Kak yxe TOBOpHAOCH paHee, M3MeH-
yusocTh cTpyKTYphl JIHK, a cnenoparensHo pasHo-
obpasve annesiei, 00YCIOBIEHO MYTALIHOHHLIM NIPO-
HECCOM H PEKOMOMHALMSAMHM B TOMOJOTHMHBIX
XPOMOCOMAax MOJICBLIX KAeTOK. EC/IH B Xoae Meiiosa
PEKOMOMHALHK CONPOBOXKIAKTCH ODMEHOM y4acT-
KaMu JHK, MeHbIUMMHA (10 pa3mepy, 4eMm [eH, TO
TAKOW OPOUESCC MOXKET TPUBOIMTh K TIOSBASHHIO
HOBBIX, lIpeXJie He CYLUEeCTBOBABLUWX ALIENCH.
A MOCKOMBKY PEKOMOMHALMU — OORCE YACTHIE CO-
OBITHS, YEM MYTALIMM B KOJWPYIOUIMX YYACTKAX TeHa,
TO pasHooOpa3ve BapHAHTOB alelicl 06YCIOBIEHO
FIABHBLIM OOPA30M HMH,

CylluecTBoBAHME B NOMYMHUAN 2 ¥ BOIBLIETD YHC-
JIa AATENE OTHOTO MEHA HA3BIBAIOT <«ALTENOMOMpHIMS

UK <mosmamMopiam», a GE/TKOBBIE NPOAYKTLI, 00pasy-
OLMECH B X0N€ IKCOPECCHMK ITHX BAPHAHTOB EHA —
«aumamMopihbry. Paikbie annemt BeTPeYAloTes B MOITY-
JISILMM ¢ pasHo# yacToroi, K nomumopdam otHocar
TO/ KO TE BAPUAHTBI, PaCiPOCTPAHEHHOCTL KOTOPLIX
B TICIY/SILIMK He MeHbise 1%.

B npouecce 3BOMOUMHM OTASNBHBIE TEHBI aMIl-
JNPULNPYIOT ¢ 00pa3oBaHUEM KOMMH, a UX CTPYK-
TYpa M NONOXEeHHEe MOTYT UAMEHSITECS B PE3yJIBTA-
Te MYTAUMH W TIEPEeMEWEHHH HE TOABKCG BHYTPH
XpOMOCOMBI, HO YU Mexay xpomocoMaMH. Co Bpe-
MeHeM 3TO [PUBOAMT K IMOSABASHHIO HOBLIX TCHOB,
KOIUPYIOUIMX OSIKH, pOACTBEHHLIC UCXOMHOMY, HO
OTJMHAKLLMECH OT HETO ONPEneNEHHbIMH CBOICTBA-
M M 3@dHUMAIOWME B XPOMOCOMAX PA3HBIE TEHHbIC
NOKYCHE (WU MecTa).

K pomcTeeHHEIM DeTKaM OTHOCST H300EIKH, TTpe-
CTaBJISAIOWME CODOH BapHaHTHl HEJIKOB, BLIMOJHA-
IONIKME OAHY U TY k& QPYHKUHIO U OOHAPYXHUBAcMEIC
B [Opefgaax oIHOTC BUOa opraHu3MoB. Tak, B rpyT-
ne uz 2000 reHoB 4enoBeKa, KOJUPYIOILMX (pakTo-
Pyl TPAHCKPMILUMM H TPAHCKPHILMOHHbBIE AKTHBA-
TOpbl, WaAcHTHDUUHpoRaHo 900, oTHOCALIMXCA K
CEMEHCTRY DEMKOB, UMESIOLLIMX «UMHKOBBIC NMATBLIBL»,
CyliecTByeT 46 reHOB (pepMeHTa LIULEpPa/IbAeTHI-
3-tpocdaTaerMAPOTre HA3BI, OCYIIECTRISIIONISTO EAHH -
CTBEHHYIO OKHCJAHTEIbHYIO Peaklivio B MeTabonM-
YeCKOM TIYTH KaTaOoiv3Ma [IKKO3bI 10 [IMPYBaTa.

BrisiBJieHBl ceMeACTBA POACTBEHHLIX OelKoB,
BO3HUKLLME B XOMe IBOIMKUHK U3 OOHOTO «Mpen-
KOBOTO» TeHa, WAM leHa-npenuwecTBeHHuka, Ta-
KHE CEeMCHCTBA COCTABISIOT:

benok Benok
A —reH A reH A — A
h —renb Annenun feH B —» B
Ce—renC renC —C
d e—rend ren D — D

Momonorudeckue XpOMOCOMBl

Pwuc. 4-59. N'oMonoruyHbie XpoMOCOMBEl W COOTEETCTBYHILME
annenam GenKoesle NPOAYKTHL, Ha pUCYHKe NOKASAHO pacrong-
weHue 4 annenedt (AA, Bb, CC, dl}) Ha roMononIyHeIX Xpomoco-
max. Anneni MoryT GbiTb MIEHTHYHLL, KAK B CNY4Y4ae NeHoB AA M
CC, win paanuyatsea (Bb, Dd). BankoBble NponyKTel SyoyT MoeH-
TVHHBLI ANA anneneit AA n CC, HO ByayT paariHaTeCs no aMWHOKKMC-
NOTHOA NOCNeACBATENBHOCTY B Cnyyae anneneid Bb u Dd.
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s TeHBl MHOITIOOMHA U TIPOTOMEPOB FeMOTTOOUHOB;,
s TPYTNa MPOTEOIHTHIECKHX (DEPMEHTOB, TPHII-
CHH, XMMOTPHIICHH, 3/14¢Ta34a, NAa3MHH, TPOM-
OUH ¥ HEKOTOpBIE APYTHE BENKH M DEPMEHTEL.

L. Femoerobunst weroeexa

B x0ae 3BOMOUKHKH W3 €AMHUYHBIX TEHOB-Npea-
MECTBEHHWKOR BOZHUKAN CeMeHCcTBa TeHOB O- M
B-rnoGuHoR {puc. 4-60), Ha xpoMmocoMax 16 u 11
COOTBETCTREHHO.

B mpotiecce oHTOTEHE3a ¥ MoaeH oOpasyoTes pas-
HbIE Bkl TEMOINOGMHOB, ODSCMEYMBAIOIIIME HAN-
JYUUIVIO AfanTAUNKD K MEHAILWWMCS YCIOBMAM
cyurecTBoradust, HbE — sMOpHoOHANBHLIH, cUHTE-
3MPYETCA v 3ApOAbELA B [EpBble MeCALbI PA3BUTHS,
HbF — (etanbhbiii, ofecneyuBaeT naTbHekHilee BHYT-
puyTpobHoe passuthe nnoaa, a HbA u HbA, ocyuwre-
CTRISTIOT TPAHCTOPT KMCIOPOAd B OPraHH3IME B3pOC-
JIOTO YEJIOREKA. DTH OL/IKH NPEACTaRIIT COOOMH
TeTPAMEPDI, COCTOALIAE U3 NOJHMENTTHAHLIX Uenei
oeyx sunos: o v B B HbA (202B), o u £ 8 HbE (20:2¢),
a Y OCTANLHBIX rEeMOTTIOOMHOB B-1IeTH 3aMeHeHH Ha
y-noaunenTHael 8 HbF (202y) s Ha -uenv B HbA,
(2028).

MonumopduiM reMornoOMHOB B NOnyasiuky
moaeit ouens Benuk., Hapsany ¢ reHaMH, KOAUPYH)-
LWMME H300eNKH ¥ 3aHHMMAIOLIMMH pa3HbIE NOKY-
Chl Ha xpomocome, oOHApYXKEeHO GOMbHIOE YHCTO
BAPUAHTOR TeMOTNOBHMHA A, ABTAIGIIMXCA NIPOMYK-
TAMM AUIENLHBIX reHoR. Hekotopeie BapuanTsl HbA
npeacTapieHsl B Tabnuie 4-9.

OnvH u3 Haubomee M3BECTHLIX AN1e/IbHHX Ba-
puantos HbA — HbS, obpasytowniics B pesyib-
Tare 3aMeHbl OCTATKA TMYTAMATA B TMONOXEHHH
6 B-uenu HbA Ha sanuu (B, [ny—Ban). [To anne-
nam HbA m HbS Bcex moneil MOXILO pa3gennTh Ha
3 TeHOTHNMYECKHM PaBTHYAOILMEC TPYMIIBE: AA,
AS u S8, PacnpocTpanéuHocTs annens S no 3em-
HOMY LIADY HepaRHOMEPHA. YacTo Noueh ¢ 3TMM
anneneM MOXHO BCTPETUTH B MAISAPHEHBIX pado-
Hax Adprku v Aszun (1o 353%). K HacToswemy
BpeMeHU onmMcado ¢reine 300 Bapuadtos HbA, Ha
OCHOBAaHWM 3TOrO TMpPH3HaKa BCEX JI0AEH MOXHO
pazjeiuts Ha 600 re HOTHITMYIECKHUX TPYNN MO HaW-
foMee 4acTO BCTPEHAIOIEMMCS ATLIENAM.

2. Tpynnet kpoeu

Hpyroit BaxHblil npUMep noJUMopdu3mMa Oen-
KOB, CBSI3aHHKIH ¢ MpohAeMoil NepenuBaHus Kpo-
BH, — CVLIECTBOBAHME B NONYIAUMM Niofei 3
AUEALHBIX BAPHAHTOB IreHa (PEPMEHTA TAHMKO3MI-
TpaHcdepasw (A, B u 0). Itor depmeHT
NPUHUMAET YYaCTHE B CHHTE3E OJIUrocaxap-
Ja, NOKATH30BAHHOIO HA HAPYXHON MOBEPXHOC-
TH TIIa3MaTHYECKOH MeMOpaHbl H ONPEaeaAIoe-
[0 aHTHIE€HHbIC CBOJCTBa 3pHTPOUMTOR. Bapuan-
To! (hepmenTa A 1 B yiMeloT pazHyio cyOCTPaTHYIO
CNeUUMYHOCTE: BAPHAHT A KATATTU3UPYET NpPH-
COEAMHEHWE K onurocaxapuay N-aleTHIralakro-
3aMMHa, a BapManT B — ramakrtoswl. Bapuant 0
KOOUPYET BeloK, TUIUEHHBIA (DEPMEHTATUBHON aK-
THBHOCTH. B pesvabTaTe CTpyKTypa OMrOcaxapu-

[B& konuy o-rAcBnHOBBIX

a2 al FEHOB: Q1 M 0z OCYLLIECTBRSIOT

CeMercTBO a-TROGVHOBRX

CUHTES a-Lenen

| I J

renas {(xpomocoma 18)

Buapl reMornoBuHos

Hb E
]
Cemelicteo [-rnoBUHOBBIX [ | :
resos {xpomocoma 1t) € Gy Ay

TSR
Hh F Hg,;gj Hb A

gty

o
wp b

i a&;

PucyHo 4-60. CxemMaTMHECKOS PACTIONOXEHWE KNACTEPOB o- M rNoSHHOBLIX reHOR, OGHAPYXeHE! RS KONWK (t-MOBWHOBOID reHa: o,
H 0, KKAAA U3 KOTOpBIX 00SCNeYnBasT cnHTes o-mofuHoBoA uenn, B cemencTee renos B-robuHOB noxkyc € IKCNPECCUPYETSH B NepHon
PaHHEro 3MEPUOHANILHOrG PasBUTUS MNONA Ha HAYANEHBIX MECALAX GEPaMEHROCTH (o e, ). FeHbl ¥ IRCNPECCHPYIOTCA B NPOUSCCE BHYTPHYT-
pobHoro pasenTvs nnoga (HDF, oy,). Memernofivke sapocnoro denoeeka — HbA (eB,), cocTapnsowmi 96%, n HbA, {0ud,), cocTaBnainia
2-2,5%, o6pasywTCA B pesynkTaTe aKcnpeccyik reqos B v &, wil — nceBroreH, MMEeWWiA NOCNERoBATENEHOCTE HYKNEOTUAOR, MOMONOTMUHYIG

B-reHy, HO COREPXALMA MyTALMH, HADYIAIDING Bra SKCMPACCHID.
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Tafnuya 4-9. HexoTtopuie BAPWAHTH FeMornobnHa A yenopexa

Hazpanne MyTanus AHOMaJBHOC CBOHCTBO
JaMeHBl AMHHOKHCI0T
HbI al6Jlnz—Imy Her
Torino a43den—Ban HapyUuieH KOHTAKT ¢ reMo;
HecTabuAcH
Nasharon od7Acn—Iuc Hecrabunen
Buda otb 1 Inz—Acy CHIKeHo cpoacteo x Oz
Iwate oM uc—Tup CHmxcno cpofcTso K O; TeTRO
okHcnsietca B MetHb
Denmark Hill «95Ipo—Ana Hapywen 04J3,-KOHTAKT; ¢poACcTBO
K (J; NOBBILICHD
HbC perny—Jlns Her
HyS B6T ny—Ban CHMKEHBI PACTROPHMOCTE K
cpancteo k O
Baltimore Blélny—Acu Her
Genova p28JTeii—1Ipo MNosrimeno cpoacTeo k O3
Zurich B63Tuc— Apr Ilesbiuetio cpoactie K O3
HeeTabuiieH
Koln p98Ban—Mer To xe
Kansas B102Acu—Tpe Hapyuien o B;-KOHTAKT; CPOACTBO
K (); 1oBLIIEHD
San Diego B109Bar—Mer Hapyuica o B-KOHTaKT; cpoacTao
K Oz CHHXEHO
Hiroshima B146T uc—Acn CupHO NOBBIUIEHO CPOACTBO K )
JeneHH aMEHOKHCIOT
Leiden 6 um f7—-0 HecraGunen
Tochigi B(56-59)—0 Hectabunen
Green Hill B(91-95)—0 HecTtabunen, noBbILEHO CPOACTBO
Kk O
BeraBkH aMMHOKHCIOT
Tak Ienk yanuuena Ha 10 octaTtkos ¢ MoebiweHo cpolctio k O
C-xoHna

Mpumevanme. LiaTupoeaHo no y4abruky A5, Hukonaesa «Broncrmueckan xumua» (M. Buicwas wkona, 1989).

OB, PACMOAQKEHHBIX HA [OBEPXHOCTH IPUTPO-
uutoB, Oyder pazHoi (pHc. 4-61).

AHTHTENE K aHTHreHaM A U B o0briHo HMefoTes B
CRIBOPOTKE KPOBM AtoNeil, Ha MOBEPXHOCTH 3PUTPO-
LUMTOB KOTODBIX OTCYTCTBYET COOTBETCTBYIOLIMI AH-
THIEH, T.€. HHIHBMIYYMbl ¢ aHTUTEHaMH A Ha Mo-
BEPXHOCTH 2PUTPOLIMTOB MPOAYLIMPYIOT B CBIBOPOTKY
KPOBH aHTHTeAa K B-aHtureHam (autv-B), a momu ¢
B-aHTHreHaMH — aHTHTENA K aHTHreHam A {(aHTH-
A). B cHBOpOTKE KpOBM aHTU-A M aHTH-B 0BBMHO

NPUCYTCTBYIOT B BRICOXHX THTPax H TIpH MOARICHHH
COOTBETCTRYKNLUUX aHTUTEHOB C0COOHBI AKTHBHPO-
BaTh PEePMEHTHI CHCTEMbL KOMIUIEMEHTA.

-Ipy nepenMBaHUM KPOBH PYKOBOACTBYIOTCSH
MpPaBH/IOM, COTNAaCHO KOTOPOMY KPOBb AOHOpa M
PEUMUNMUEHTa HE NOMXKHA COAepXaTh AHTHILEHB M
AHTUTENA, PLATHPYIOMIME MEXIy CODOI: HampuMep,
PELUTTHEHTY, NMETOIEMY B ChIBOPOTKE KPOBK AHTH -
A, HEeMb3A MePefiMBaTh KPOBh OT JOHOPA, COMEPXKI-
LIEro HA 3PUTPOLMTAX AUTHTEHLI A.
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Ipynna kpoBmM

O0 9]
O

Dy

1
| |
| |
A ': FanNAu O Q FnKNAu O{
! .
1

¢yK

Puc. 4-61. CTpyKTypa onurocaxapupon, ONpeaensiiowmwx rynny Kpop. Gnurocaxapuiibl PA3nHYadTea KOHUEBLIMW MOHOMEPAMK,
Onurocaxapun A MMEET Ha HepeayuMpyoenm xoHue N-aueTunranaktodamud (FanNAw), onurocaxapwn B — ranakroay {Fan), a onvro-
caxapua { yKOpOU£H Ha 0avH MOoHOCaxapuOHbIH ocTatoxk. R npepcraenseT coboit Benok NMED NMNMa — uepaMug.

[IpH HapyIIeHHH ITOTO MPaBMJIA TIPONCKOAUT
PeaKlMs aHTUIEH-aHTUTENO. DTO BRI3LIBACT ArTIH-
THHALMIO (CKICHBAHHE) BPHTPOLIMTOE M WX paspy-
umeHHe (hepMeHTaMH KOMTUIEMEHTa H GaroliHTaMH.

Kak BuaHo u2 tabn. 4-10, y MHAMBHAYYMOB-TE-
TEPO3UreT, HMEIWKMX pyiury KpoBd AB (IV), Ha
IPUTPOLIUTAX TIPUCYTCTBYIOT A- H B-aHTHICHBL,
(DYHKIHOHUDYIOT 2 BapHaHTa TAMKO3WITpaHCHe-
pazsl (A 1 B), a cnenoBarensHO aHTHTENA HE oBpa-
3YKOTCS. DTHX JKOCH MOXHO pacCMATPHBATh KakK
«YHHBEPCAIBHBIX> PEIUIMEHTOB, KOTOPHIM 0e30-
FIACHO EBOJAUTL IPHIPOUNTH OT JAOHOPOB, MMCK-
IIHX TIO6HIE TPYTIIEL KposH. OIHAKO JMOOU ¢ TPy~
noi kKpoBu IV He Moryr Oe3omacHO MOMYYATh
CBIBOPOTKY KPOBH OT 3THX JOHOPOB, TaK KakK OHa
COIEPXKMT aHTUTeNa K A- U/UIM B-aHTurenam.
B 1o Xe BpeMsa HHAUBMAYYMBI, uMmeroure O (1)
IDYTIY KDOBH, — TOMO3HTOTBl 10 HEAKTHBHOMY
BAPHAHTY TIIHKO3MTTpaHchepassl (), U MOBEPXHOCTh
HX IPUTPOLMTOB JWIICHA AHTHICHOB. TaK1e MK
SIBIIIOTCS «YHHBEPCUIBHBEIMH» JOHODAMH 3PHTPO-
IIUTAPHON MAacChl, TAaK KaK WX IPUTPOLIMTEL MOXHO
BBOJAMTL JIIOASIM C TpyninaMH Kpoed A, B, O win
AB. B To x¢ BpeMs CHIBOPOTKA KPOBU 3THUX JOHO-
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pPOB COAEPXHUT aHTUTeNa K A- U B-aHTUreHaM U
MOXKET HCIOABL30BATECS TOALKO AnA TaiueHros (

(1) rpynnel XpoBH.

3. bearu 24a6n020 KOMRACKCA 2HCHIOCOBMECHTILHO-
CIMU U IMPAHCHAGHMAKUORHAR HECOGMECITUMOCID

INpu GopMUpOBAHUM KIETOMHOrO HMMYHHO-
ro OTBeTa y3HagaHue T-NMMOOLUHTAMH 4yXe-
POIHOTO AHTHUTEHA TPOMCXOAUT TOJIBKO €CAW OH
pacnoNoXKeH PAAOM ¢ TTUKOIPOTEMHAMH, MPUCYTCT-
BYIOUIMMH HA CODCTBEHHOU KIETOUHOH Memb-
paHe. 3TH TNHKCIPOTEHHBI HA3LIBAKT OeNKaMM
TNABHOTQ KOMIUIEKCA TMCTOCOBMECTHMOCTH, MJIH
MHC-6enkamu (cM. paznen 1). CymiecTsywoT
2 xmacca aTHX GenkoB. MOJeKyabl knacca I u 11
MHC-0enkn knacca | obHapy#eHB TIPAKTHUYCCKH
BO BCEX COAEPXKAMIMX SAPO KISTKAX, BKIOuasa T-
KWLnepsl, Toroa kak MHC-Genku knacca Il naitne-
Hbl TMaBHEIM O0OpPa3oM B KJETKAX, YYACTBYIOWMX B
HMMYHHOM OTBETE, B AHTHIEH-TIPEOCTAB/ISIOILHX B-
KneTkax M T-xennmepax, HO He B T-kMTepax ¥ Mak-
podarax.

Crpoerne MHC-6enkoB KOOHMpYET CeMelCTBO
TEHOR, PACTIONOXEHHBIX HA KOPOTKOM TLIEYe Xpo-



Tabnuua 4-10. XapakTepHCTHRA rPYNN KPoEU

AHTHTEHE] Her A B AB
IPHTPOUMTOR

T'eHOTHNEI 00 AA nmm AQ BB nau BO AB
AHTHTENa B AHTH-A W aHTH-B Auntu-B AHTH-A Her
CHIBOPOTKE KPOBH

[pymnine kpoBH oM AN B (IIT} AB {1V}
YacToTa (%) 45 40 10 5

MOCOMBI & M 3aHuMalouIux yuactok AHK anuHoi
Bonee 6000 nap HYKneoTrHIOB. ITO CeMEHCTBO
COCTOUT K3 CEPUM TECHO CLEMJIEHHBIX FEHOB, OT-
BETCTBEHHBIX 34 ¢cuHTed MHC-0eaKoB W HEKOTO-
PHIX KOMIIOHEHTOB CUCTEMBI KOMTLUIeMeHTa. [eHbl
KOMIIJIEKCA OTNUMAIOTCH UYPE3BLIYANHO BBICOKUM
nonuMopdusMoM. YMcao pa3Hpix anfeneid noc-
THTaeT HeCKOIBKHX MHUIHOHOB, Benku MHC-cu-
CTeMBbI CUHMTAKOT caMoil MONHMOP(PHON CHCTEMOMR
yenoreka. Bapuabensnocts MHC-6enkop obec-
NeyyuBaeT TPAHCIIAHTALMOHHYIO HECOBMECTH-
MOCTh. KTeTKH TpaHCMIaHTATd HMEKT HAabop 3THX
benkos, oTAHuHBIT or MHC-benkoB peuMnueHTa
(BO BCeX cAydadx, KpoMe IéHeTHMECKM MISHTHY-
HbiXx OAV3IHEUOB), U 3TC NPHUBOIUT K Pa3sBHUTHIY
peakLHM KIeTOUHOrO UMMYHHTETA, B PE3YJIBTATE
KOTOPOH TPAHCMAAHTHPOBAHHASL TKaHb OTTOPra-
eTco.

HUccaenosaHua nokasawid, yto NONUMOPHUIM
pPasTHYHBIX 0EIKOB HAacTONbLKO BEIUK, UTO MOXHO
TOBODUTE 0 OUOXUMHMYECKOR UHAHBHAYATLHOCTH M
VHHUK&NBHOCTH KAXIOTO YeNoBeKa.

I'. HACIENCTREHHEIE BOJIE3HH

Kaxablil reHeTMMECKMI IOKYC XapaKTepuiveTes
OlMpeeJEéHHBIM YPOBHEM H3MEHUYHBOCTH, T.€. MPH-
CYTCTBHEM DAMTMUHBIX aTeneil ¥ pasHbIX WHINWBU-
IyyMOB. AJLIENU TEHOB JeNAT Ha 2 TPYNIsl — Hop-
MaIbHBIE, HITH AULIEIH «THKOr0» THIA, U151 KOTOPBIX
dyHKHUg TeHa He HapyileHa, U MYTaHTHLIE, NIPH-
BOIALINE K HapyIUeHHIO palotbl reHa. «[lnoxoii»
annenb KOLMPYeT CUHTE3 Oenka, PyHKUMA KOTo-
POro CWILHO HapyIICHa M NMPH FOMO3HUIOTHOM Ha-
CHAEOIOBAHHKY (DEHOTUIIMYECKHM NPOSHIACTCH KakK
HacneacTBeHHas 6oJie3Hb. HacneacTeeHHbie Bones-
HM — CAeICTBHE MyTallMii, MpOM3OLIEIUINX B
raMeTax Wi 3urote. Takue MyTallHM MOTYT GbITh
NIEPBIYHBIMH, €CIM BOSHUKJIH B rAMETax WJIH B MpO-
uecce QOPMUPOBAHUA 3HIOTBI, MM BTOPHYHBIMH,

€CJIM MYTAHTHBIR T€H BO3HMK paHblie K ObLl nepe-
JIaH OOCIEAYIOIEMY NOKOJEHHKY N0 HACIEACTBY,

IepBHuHBIe MYTAlLMH, KAK NPABHNO, HE COIIPO-
BOXKAAINTCA BOHUKHOBEHHMEM OONE3HM, TaK Kak
NPCUCXOUAT OOBIYHO B OOHOH M3 XpOMOCOM, M
WHAMBHOYYM, MOMYUMBIUMI TAaKye MYTauuio, cTa-
HOBHTCA TeTEPO3UTQTHBIM HOCHTENEM MNOBPEXAC-
HUS B leHe. MyTaHTHBIA TeH B TETEPO3IMTOTHOM
COCTOSIHMM 4YacTO HE MPOSBISETCH Kak OOJMC3HbL H
CYLIECTBEHHO HE CHMXAST XHM3HECTIOCODHOCTR
OPraHu3Ma. 370 CrocoOCTBYET €ro pPacrnpocTpaHe-
HUIO B MONYASALMH,

ITpH BTOPUYHEIX MYTALUAX, eCAH KOKIMA M3 po-
JUTeNe ABASETCH HOCHUTENEM MYTAHTHOTO TEHA,
OyIy4d TeTepo3UTOTOM, BO3IMOXHO POXACHHE de-
TEH-roMO3uTOT Mo AdedekTHOMY auiento. B Takom
CIY'ae Pa3BHBACTCSl HACAEACTBEHHAA DONE3Hb, Ha-
CTO COMpPOBOXAACMAS O4CHDL THXKENBIM TCUCHHEM.

CornacHo JaHHbIM BcemupHoOit opraHusaumnu
30PABOOXPAHEHMA, OKOJO 2,4% BCex HOBOPOXKAEH-
HBIX Ha 3¢MHOM 1Uape CTPaaaloT TEMH WIH HHBI-
MU HacleACTBeHHBIMK HapylleHUIMHU. Okono 40%
PaHHEH MIAICHYECKOM CMEPTHOCTH U WHBAIMI-
HOCTH € OETCTEA OOYCIOBIEHB HACICACTBEHHOM
NaToONOTHEH.

K HacToueMy BpeMeHH Ha XpOMOCOMAX ueslope-
Ka BBHRTEHO OKOAO 800 TeHOB, MYTALWH B KOTOPBIX
TIPUBOOAT K PA3BMTHIO PAITMMHBIX HACTEACTEEHHEIX
OoniesHeil. KonpuecTso MOHOTEHHBIX 3300MeBaHMIA
(T.€. BLIZBAHHBIX MYTALMAMM B ONPEJIENEHHOM TeHe)
e OomplIe M pPaBHO NpuMepHO 350 B peswibrate
CYLIECTBOBAHUS TAK HA3bIBACMbIX <allNeNbHbLIX Ce-
puil», T.¢. rpynn DONE3HEN, KIMHAYECKH CHIBHO
OTJIMMAKOIIMXCA APYT OT JApYyTra, HO O0YCIORIEHHBIX
MYTALMAMH B OJHOM H TOM Xe rcHe. Hampumep,
MyTalHM B F€HE PElENITOpa ¢ TMPO3HHKNHAZHOM ak-
TUBHOCTBIO Fe! MOTYT BBISBIBATH 4 pasfiM4HBIX Ha-
CHNEeNCTEEHHLIX 3a00/1eBaHus.

bBojee NMonoBHHbLI TEHOB, B KOTOPbIX HalAeHbI
MVYTallMK, BBI3BIBAIOLIME HAclleACTBEHHbIE 3abone-
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BaHWA, OXAPAKTEPHU3IOBAHbI METOJAMMH MOJEKYJSIp-
HOro aHanW3a. HauGonbluyio nmo pasMepy rpymry
cocTaBiisAloT depmenTol (31% oT obmero gucna).
3a 3Toif rpyTincH CreayioT GelKn, MOIyINpyoLHe
GYHKIHK GeIKOB W YYACTBYIGILHME B MPABUILHOM
CBOPAYUMBAHMH MONMUNENTHAHBIX veneid (14%),

Ha xaxaoit XxpoMocoMe B CpelHeM MAeHTHhU-
LUHPOBAHC OKOIO 30 CTPYKTYPHBIX MEHOB, MYTALIMK
B KOTOPBIX BHIZLIBAIOT HACTEACTBEHHbLIE OONE3HH.
OnHAaKo pacnpefeeHbl 3TH TEHDBI MO XPOMOCOMAM
HepaBHOMepHO. Tak, HanmpuMep, Ha XpoMocome 2
WX B 3 paza McHblle, yeM Ha xpoMocome 1. Hau-
HopLlUEe YACTO MYTAHTHLIX FeHOB (Bonee 100} yc-
TAHOB/MEHC HA X-XpOMOCOME.

XopoLo M3yYeHHBIMK HACASOCTBEHHBIMH 3300~
JIEBARMSIMH, CBSI3AHHBIMH ¢ HApYLICHHEM CHUHTE3a
o- MIn B-uenei Hb, gasasorca tanaccemuu. CHH-
Te3 o~ U B-LUernel B HOPME PEryIMPYETCH TAKUM 06-
pa3oM, YTO BCE MOMEKY/bl NPOTOMEPOB HUCTONb3Y-
HOTCA Ha CHHTE3 TeTpamepa o,p,. Tanaccemuu
BO3HUKAIOT KAK PE3YALTAT MyTauHiH, BXIHOYAIOUIHX
3aMeHBI WM JeNelMH OHOTO MU HECKOTBKHX HYK-
JIEOTHAOB, a HHOTA U UENOTe IeHa, KOAMPYIOILETo
CTPYKTYRY OMHOIO W3 NPOTOMEPOB. JTH OONE3HH
KNacCUDUIMPYIOT TIO 4 THIIAM: TaK, B CIV4ae, eciiv
OflHa M3 lIENeH He CHHTE3NPYETCd, TO UX 0D03HAua-
0T Kak of- win P'-TanacceMHM, a ecnu CUHTE3 Ka-
KoH-mubo M3 lienell cHIKeH, To of- MK B-Tanac-
CEMUN,

o-TanacceMuy BO3HUKAKOT FPH HAPYIISHHHN CHH-
Te3a c-ueneid. B reHOMe Kaxaore WHAMBHIYYMA
CYIIECTBYET 4 XOMUM IreHa e-TIeOHHa {1 2 Konuu
HA KAXA0H xpoMOcoMe), NO3ITOMY BCTPEYaloTCH
HECKCBKO BUAOB HEIOCTATOUHOCTH ¢i-Lieneit. Ecnu
neekTHa ooHa W3 4 KOMHi, TO (heHOTHITUYECKH
3TO HE NPOSABILAETCA, U TAKOrO YEIOBEKA paccMart-
PUBAIOT KAK «MONYAIIETO HOCHTEIS» TAIACCEMHM.
[Tpn aechexTe B 2 KOMMAX I€HA ¥ HOCUTCAST MYyTa-
UMK oOHAPYXUBAIT CAalOBLIPAKEHHLIE NPH3HA-
KM GO/Me3HN, a nNpH aedeKTe B 3 KOMUAX pa3BH-
BAa¢TCA reMonTHUecKas aHeMMsa. [lpM noanom
OTCYTCTBMM CHMHTE3a o-Uenei (T.¢. medekTHb BCe
4 KOMUK reHa) HACTYITAeT BHYTPHYTpoGHas rHOETb
1043, TaK Kak He obpasyrorca deTanbHble $op-
mbl Hb, a TeTpamepsl ¥, 001a1a10T BRICOKMM CpOof-
CTBOM K KHCAGPOAY H He criocobHBI (DYHKIIMOHH-
pOBaTh KaK TPaHCICOPTHHIE OEAKH,

B-Tanaccemun pa3sBMBAIOTCS B PE3yNLTaTe CHH-
}enud cudTesa B-ueneit Hb, Ang KOTOpbIX HA KaX-
J0A XpOMOCOME MMEETCH MO OaHOMY reHy. CUHTe3
HbA HaauHaeTcs mocie poxaeHua pebéHka. [Ipu
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JebekTe B ONHOH M3 KONKi reHa HeAoCTaTOuHOCTD
Hb nposensierca b cnaboii cTerieHd M He TpeOyeT
CNICUHANBHOTO AeueHHA. OIHAKO NIPH MOAHOM BBIK-
JOUEHUHM CHHTE3A [-uenel pa3sBUBAacTCH THXENA
opMa aHeMMM, ¥ TAKUM MALUEHTAM MPOBOAAT
An00 NMepruoauyecKyio TpaHchyIUIo KpoBH, NKMbo
mepecallky KOCTHOI'O MO31a.

Co MHOMMMH MOHOTEHHbIMH HACNENCTBEHHBIMU
32601 BAHUAMM YUTATENb [1O3HAKOMHTCS IPAKTHYEC-
KM BO BCEX MOCASAYIOIUNX pasaenax yicOHuKa. 3aecs
KE XOTEN0Ch Obl TONBKO GTMETHUTH, MTO Hapsmy ¢ 0o-
NIE3HSIMK, HACNEACTBEHHAN TPUPOJA KOTOPBIX APKO
BBIDAXEHA, CYWECTBYST MHOXECTBO DonesHei,
XapaKTepH3YIOUIMXCA CeMeHOM NpeIpacnoNoXeHHO-
CTBIO. ITO TaKHE IIHPOKG PACTpOCTPAHEHHDIE 3360-
JIEBAHMS, KAaK caxapHblit aAuader, nosarpa, aTepock-
Jiepo3, mm3odpeHna U paa apyrux. B omuume ot
MOHOTEHHBIX Oone3Hel, 3T 3a00/eBaHHs OTHOCAT K
MyAbTH(AKTOPHEIM, [ToaToMY MCCaenoBanus, Ha-
MpaBNeHHBIE HA BRIRNEHHE DeTKOB, anienbrble dop-
MbI KOTOPBIX OTBETCTRCHHBI. 38 MPeApacionoKeHHOCTh
K 3a00neBaHHID, SIBSIOTCS 3aJa4aMH HACTORLIEIO M
OyaylIETO BPEMEHH.

IX. UCMONb30OBAHUE
AHK-TEXHONOrMN B MEAULIHE

B HacTosiiuge BpeMsi CTANO OYEBMAHBIM, YTO A0~
CTHXKEHUA B COMACTH MONCKYASKPHOH GUOIOrvu
CHOCOOHBL CHJIBHO U3MEHWTh IPAKTHYECKYI) ME-
JUUUHY., OHM He TOMBKO YLNYOWNM HAlW 3HAHMA
00 IKCMPEeccHW TeHOB W NPUYHHAX MHOTHX Doe3-
Hel, HO crocoOCTROBANU pa3padoTke HOBHIX NMOA-
XOMOB K UX JUATHOCTHKE H JIEYEHHIO.

BBUIC YCTaHOBIEHO, 4TO TMOJHMMOP(M3IM [EHOB
IIMPOKO pacnpocTpaHéH B MOMYAALMH JIOICH,
MOKA3aHa B3aMMOCBA3bL MEXAY W3IMEHCHHUIMMH B
crpykType MHK v mHorumu 6oneausiMmu. MaeHTH-
hHKaLMs reHOB, HapyileHKe paboTHl KOTOPLIX MPH-
BOAWT K PA3BUTHIO HACACACTBEHHBIX 3a00/1¢BAHUHA,
CO3aa MPeAnOCLUTKH ATA TIoApOOHOrO aHamH3a
FEHETHYECKHX U DMOXMMMHYECKMX OCHOB NATOIEHEe3d
3ITHX 3ab0neBAHHIA U pa3padoTkH Haubonee spdek-
THBHBIX METOMOB JeyeHUs.

MeTtogaMu MOJEKYIAPHON MeAWUMHBI ObLLIH
CO3AAHL] BAKLIMHBLI IS NPeAOTBPAIICHHA Tenath-
TOB, MHCYIHH YeNOBeKA — JUTS JIGUSHUA caxapHO-
ro auabeta, dakTop VI - 418 BOCCTAHOBNSHMS
HOPMATLHOrO CBEPTHIBAHWA KPOBH M JICYEHMs Te-
MO(HIMH U MHOIWE APYrue NMpenapaThl.



C NOMOUIBKY MFEHHOH TEPAMTHHA OKA3ANOCh BOIMOX-
HbIM BBOAUTL B OPraHM3M DOABLHOrO NOAHOUEHHO
paboTapliMe r¢Hbl ¥ TAKMM OBpa3oM BOCCTAHARIM-
BaTb MET4D0JIHYSCKHE HAPYLICHHKSA, BbI3BAHHBIC
MYTAHTHBIMHM FeHaMH. TakuM IYTEM OCYIIECTBASIOT-
¢ JneyeHue MeTeld ¢ HMMYHOASHULUWTOM, Bbl3-
BAHHBIM JeheKTOM aAeHO3HHIS3AMUHASRI, B CTAAMH
KIMHHUYECKIAX MCTIBITAHWI HAXOOATCA METOABl TeHO-
KOPPEKLUMU TaKWX HAaCAeACTBEHHBIX G0Je3HCH, Kak
CceMerHaA TIEpXonecTepUHeMKst, remModiug B, my-
KOBUCLMAO3 M HEKOTOPBIE APYTHe.

Ilnst BeistRIIeHUS nethekToB B cTpykType AHK ona
AONKHA OGbITh BBIENEHA U3 COOTBETCTBYIOUIETO HC-
TOYHHMKA (DHOMOrHYeckOi KMAKOCTH, DHOTITATA,
KYJLTYPHl KJETOK H T.I.) M «HApaboTaHa» B KOJIM-
yeCTBax, AOCTATOUHBbIX TS UceeaopaHus. s reH-
HO-TEPaNeBTHYSCKIX paloT HeoDXoOWMbl BblAEAE-
HHe HOPMATbHBIX TCHOB H BBENCHUE HX B 1eeXTHLIE
KIETKH TaKHM 00pasoM, 4TOOB! OHU IKCMPECCHDO-
BA/INChb, NMO3BONASA BOCCTAHOBWUTH 3IOPOBLE NallM-
€HTa.

B HacTosuieM pasnene OyayT AaHb! OCHOBHBIC
OPeACTABIEHUS O METOAAX, HCMOAb3YEMBIX B pe-
ey npobnem JHK-auarHocTHKRA HacnenCTBEH-
Hblx Gone3Hell U TeHHOH Tepanuu.

A. MEetoan! BuiErEaua JHK

JAHK moxer ObITh BblaeNneHa M3 N000T0 THMA
TKAHEH M KAeTOK, COACPXAIlUMX siipa. 3Tamnbl Bhi-
denendst JJHK BkIOYa0T ObICTPBI THINC KNETOK,
yaaieHue (QparMeHToOB KJIETOYHBIX OPraHent u
mMeMOpaH ¢ noMowsio ueHTpugyrupoeanus, dep-
MEHTATHBHOE Pa3pylleHHe DeKOB IPOTEHHA3AMHM
u skcTparupoBaHve JHK M3 pacTBopa ¢ MOMO-
ikl eHona U xiacpodopma. 3atem JHK ocax-
JAl0T, KaK TPaBuao, STAHCJAOM H MOC/E YAXICHUS
HAZOCATOYHON KHAKOCTH PacTBOPAIOT B OyepHOM
pacTsope.

+ OleHKY KauecTBa akcrparuposaHHon AHK
NPOBOASAT HAa OCHOBAHMH H3IMEPEHHS OMNTH-
yeckoit naoTHecTH pacteopa JIHK B ofGnac-
TH DEeNKOBOTO W HYKJEWHOBOTO CIIEKTPOB
rornouieHus, T.e. npu 280 u 260 M, coor-
BetcTBeHHO. fna uyuetpix obpasuos JHK
COOTHOLIEHHE ONTHYSCKUX TUIOTHOCTEN, TI0-
My4eHHBIX npu 260/280 HM, ZOJXKHO GHITH
fonewe 1,8.

+ Maonekyna JHK oaHo#l xpoMocoMEl cpelHe-
ro pasMepa cogepxuT 150x10f nap Hykieoth-
JOB W HMMEET JUIMHY OKOJIo 4 cM. Monaexyibl

TAKOTO pa3Mepa YyBCTRUTENLHE! K MeXaHHueC-
KMM BO3INCHCTBUAM, BOSHUKAIOUWNM B pacTBO-
pe B TIPOLECCe BLIACASHUS, M YACTO (pparMeH-
THpYWOTcH. B xone BBIAe/SeHHs NOAyYaOT
smonexyael JAHK 3HauuTenbHO MeHbille HC-
XOJIHBIX, HO BCE PABHO OYEHb GOJIBILNHE — Thi-
CHYH W JAECATKM TLICAY NAP HYKICOTWIOR,
Takpue Monekylbl HEYA0OHB AT MCCNEnoBa-
HUA, U WX MPUXOAMTCA 10NOJHHUTENBHO (par-
MEHTHPOBATk.

Pacmennenre JHK ¢ moMonisio pecTpHKTas

Ji1s hparMeHTHPOBAHUS UCTIONB3YHOT PECTPUKTAE
{pepmenTn, pacwemiarmue JHK) vwin pect-
PUKLUHOHHBI¢ 3HIOHYKIIEA3bl (OT AHTA. resiriction
endonucleases), BblIeIeHHBIE 13 DAXTEPHANBHLIX KJI1E-
TOK. OTH (DEpPMEHTH! /1 vive YHaCTBYIOT B Y3HABaHWH
M paspyllcHWK YyxepoaHbix Ans Saktepuit JHK,
PAaCILISILIAS] BHYTPEHHUE YUACTKH MOEKY/Ibl HA CPaB-
HHTEAbHO Hebonbluue GparMeHTh, PecTpUKTA3L]
Y3HAKT CTICUM(bUIECKUE TOCHSA0BATEIhHOCTH K3
4—6, pexe 8—12 HYKIEOTUNOB B IBYXLEMOUEYHON
smonekyne JIHK (caiiTel pecTpuMKUMH) W «pa3pe3a-
I0T» &€ B MECTAX JMOKATM3ALMY ITHX TTOCNEN0BATE b-
HocTel. KonniecTeo obpasyIoMxes pecTpuKIIHOH-
Hbix (hparmenTos JHK npu ucrionb3oBanvH OmHOMA
PECTPHKTA3BL 3ABUCHT OT KOJTMYECTBA CAWTOB PECT-
PHKLIMH, a pazMep (parMeHTOB ONpeaeaseTes Nano-
KEHMEM JTHX CANTOB NO BCeil NAMHE MCXOMHOH MO-
nexyasl THK.

HaeecTHo Gomee 300 pasfuuHbix TUMOB pecT-
PHKTA3 OAKTEPHANLHOTO MPOMCXOXKICHUS, TIPUUEM
KAXIbhl U3 5TUX PepMEHTOB Y3HAET CBOK) ClIelM-
(hbuyecKkyw MocaeloBaTeEbHOCTD (puc. 4-62).
C nomowbiy HABOPE PECTPUKTAZ MOXHO paspe-
3aThk MoJekyny JJHK Ha ¢dparMeHThl XenaeMoit
IMuHe. Hanpumep, ons U3ydeHWs NEPBHYHON
CTPYKTYPHI (MeTOO CeKBEHHUPORAHUA) YIOOHBI
¢dparMeHTbl paiMepoM okono 300 nap HyKIeoTH-
aos. Crenosarenbhno, AHK ogHodi xpomocoMal B
150x10® map HYKNEOTUAOB HYXHO pa3pe3aTh Ha
300 000 cdhparMeHTOR W KaXawil U3 dparMedTon
H3Y4aTh OTAENLHO,

O06pa3yIolHecs B pe3yabLTaTe peCTPUKLIMK dpar-
MeHTEl JJHK MOryT ObITh UCCASTOBAHEI METOLOM
3M1exTpoGope3a B aTapo3HOM WM NOJHAKPHIAMAA-
HoM rene. Beienenve AHK B rene Bo3MOXHO B
MPUCYTCTBMH OpOMUIA 3ITHAMS, CBA3LIBAIOILETOCH
¢ dhparMeHTAaMH MONEKYIBL ¥ HAOiEro cuenmhm-
YECKOE PO30OBOE OKPALIMBAHME B YILTPAHOICTO-
BO#t OQUTACTH CrIEeKTpa.
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Puc. 4-62. NocnepoearenbHocTs HykneoTHRod & AHK, yanagaeman Tpems Havbonee 4acTo MCNONbL2YEMLIMH PECTPHKTAZAMM.
PacTpukupylowmne HyKneassl nmony4aioT M3 paanvqHbix GakTepwir. HPA | — Haemophilus parainflusnzae; Eco Rl — wa Escherichia coli;
Hind Ifl — w3 Haemophilus inflienzae. Pectprmaasel Tana 1 pacuennaoTt AHK ¢ ofipasosaHnen «Cnefbixs KOHLOR, a Apyrie (Tina 2) ¢
ofpasonalMem No MECTY DA3PLIBA CHHOUSNOUEYHBIX «NANKKX:» KOHUOB.

Bb. UAEHTHOHKALINA CHELROUYECKHX
MOCNENOBATENBHOCTEN

Ilpu oBpabBoTKe TEeHOMHOM 3YKapHOTHWYECKOH
HHK, B vactHocTH, JJHK uenoseka, pecTpukTasa-
MH 06pazyeTcsa TaK MHOTO (hparMeHTOB pasnHyHOU
ANHHBL, YTO WX He YIA€TCA YAOBNETBOPUTENBHO
pAsneNuTh ¢ MOMOLIBK 3nekTpodopesa B noanak-
PWIAMHAHOM WIH araposHoM rese. ITocme 3nmekT-
pochopesa pecTpHKIIMpoBaHHOH reHOMHOH JTHK 1
NPOABAEHUS C NOMOWBIY OPOMUIA ITUAVS TIOITY-
4YaeTcs paBHOMEPHOE OKpAalllUBaHHE 11O BCEH MIH-
He rens. MacHTnduKauusa HyXHBIX (parMeHTOB
JHK B TakoM relle BOIMOXHA TONBKC IIYTEM THO-
puaMzauMK ¢ MedeHbIMH JJHK-30Hzamu. CuHTes
JAHK-30HA0B OCYLUECTBISETCS B aBTOMATU3HPO-
BAHHEIX MAUIMHAX, TO3ROASICIIMX CHHTE3IUPOBATh
¢parMeHTR onHoHKTeBOM JJHK aminoii cewme 100
HYKACOTHAHLIX 3BEHBER CO CTPOrQ ONpeaenéHHOR
NEPBHYHON CTPYKTYpOH. Takne MONEKYIbl MOXHO
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HCTIONB30BATE LA CNeUMDHYSCKOTO CRA3LIBAHUA
€ HUCCIeTyeMbIMHA YYACTKAMM TEHA.

Baor-rudpuamsauma no Caysepuy

KraccHyecKHM MeTONOM WAEHTU(DHKAIIAM MHTE-
pecyioiumx yuactkoe JHK cran meton 6nor-rub-
puaMzauMm 1o Cay3epHy, NpeATOXKeHHBIA B 1973 1.
CyTb MeTONa 3aKTI04AeTCss B TOM, YTO CIUIOWIHAA
«nectuias dparmentos JHK, nonyuupliasics B
pe3yNLTaTe MX ACJICHMS 00 MOMEKYAAPHOH Macce B
resiax, TIOABEPraeTes JeHATYPAUMH M TTepeHOCHT-
CH C Tell Ha TUIOTHBIK HOCHUTENb (HHTPOLIEILTIO-
JO3HLIA QUIBTP MIW HEHIOHOBYX MeMOpaHy).
[lepeHoc, WK GAOTTHHI, OCYIIECTRIACTCA 3a CUET
KanWUIAPHAIX CHI, 3IEKTPHYECKOrO MOIA HIH Ba-
xyyma (puc, 4-63). OUKCHpOBaHHYIO HA GHALTPe
JAHK mubpuansyior ¢ AHK- wim PHK-3zouzoMm,
coAepXatMM MeTky, Metogom paanoastorpaduu
ONpeAe/IHIoT TIONOXKEHHE HCKOMOTO (hparMeHTa re-
HomHoil JHK Ha anexkTpodoperpamme. Baor-rubd-



PURK3ALUA — BBLICOKOMYBCTBUTENLHLIR METOA
HISHTHGhUKALWH ceUHGUISCKUX NOCICI0BaTEIb-
HOCTe#.

K Hacrosiemy BpemMeHM pa3spaGOTAHO MHOIO
Mogudukauuii storo metona, Tak, JHK-30Ha He
BCEraa METAT palMOAKTHBHBIMM HM30TONAMH, HE-
PEAKO MCIIONB3YIOT COCAMHEHMS, KOBAJICHTHO CRj-
spiBatontyiecs ¢ JHK; ux mMoxHOo oDHapyxuTb
no oOpazoBaHHI0 OKPALIEHHOTO TPOAYKTA MM
daopecueHUHNA, JarMHA OAUFOHYKIEOTHOOB B
AHK-30H1ax Takxke MOXeT CHIBHO BapbLHPOBATD,
Oynyyn WHOILA O4eHb KOPOTKoH — B |5—20 nap
HYKI0THIOB. OnMUcaHbl METOAB! 10T- {FATHO) WK
cloT~ {Mofocka) rHOprAM3auMH,. KOraa Ha TBEP-
ObIH HOCHTeNMb haHocRT npenapaThl AHK uan
PHK Ge3 npeapapHTeJbHOH PECTPHKLUMH HIIH
anexkTpodopesa M rUOPUAM3YIOT WX C MEUYCHBIMH
JAHK-30HAaMH.

B. YCTAHOBJIEHHE NEPBHYHOMH CTPVKTYPbI
JHK-®PATMEHTOB
(cexkeeHuPoBAHUE THK)

Hawbonee wacto A19 YCTAHOBAEHWA TEPBUUHOM
cTpykTypel JHK nenonbayioT amMme3okcuceKBeHH-
poBaHue. B peakudoHHBIX mpodax, coAepkalmx
AeHATYPUPOBAHHYID ogHOHUTervio JHK, JHK-
noauMepasy, Ae3OKCHHYKIEO3WATpHOoCHAaTE
(AHT®) — AT, sUTP, al' TO v ATTS, oaud
M3 KOTOPBLIX SBJSETCA PALHOAKTHBHBEIM, W Tpai-
MEp HHUUMMPYIOT ckHTe3 JHK B nMpucyTeTBnm cre-
unhuueckux aunesokeuHyneosuaTpudocharos
(nuHT®), unp Tepmunatopos, — TAATD, aal{Td,
Al T® wau naTTA. CHHTE3 OTHOBPEMEHHO BEOYT
B YCTBIPEX NapaicAbHBIX Mpodax, B KaXIyl U3
KOTOPBIX Hapaoy ¢ KOMNOHEHTaMW peaklMOHHOH
cMecH npubasnsaoT oaud 13 4 gnHT®. anHTD Gy-
OYyT KOHKYpHpOBaTh ¢ HOpMansHbiMH THTE 3a
BKTIOUEHHE B PACTYLWIVK) MOJHHYKNCOTHAHYIO LETb.
Mpu Bctpauranun AaaHT® BMecTo cooTBETCTBYIO-
mero HvkaeoTuaa cuutes JHK npekpaniaercs.
B pesynpTate B KaXKA0H M3 OpoOMPOK NOMYHAETCS
HabOp PAsMIUUAICLUMXCH FO IJTHHE MeyveHbx (par-
mentop JHK ¢ oguuM u3 crieunduiecKkmnx mu-
ACIOKCHHYKIIEOTHNOB HAa KoHnue. Ilocine omHOR-
PEMEHHOTO padIeAeHHsl 3THX BParMeHTOB B JIeKT-
PHY4ECKOM fOJe Ha 4 COCEAHUX AOPOKKAX U
pagnoaBTOrpatHy pasMep CHHTEIMPOBAHHBIX MO-
JIEKYT MOXET GBITh YCTAHOBAEH, A 3TO 3HAYMT, 4YTO
MOXeT ObITb OMpENeneHa AOKaTM3ALUA TepMUHH-
DYOILUNX AMAE30KCHHYKMeoTHI0B. Ha OcHORaHuM

3THX AAHHBIX YCTAaHARIMBAIOT MOCIEA0BATENBHOCTD
HYKJICOTHIOR BO BHOBb CHHTE3MPOBAHHBIX (hparMeH-
Tax, koMruiemedTapHbix JHK-maTpuue (puc., 4-64).

B HacTosiuee BpeMst cOanaoT npubopsl 11 asTo-
MATHYECKOIO OJHOBPEMEHHOINO CEKBEHHPOBAHUSA
foNnbUIOTO YHEAA TIPOD ¢ HCNONL30OBAHHEM MEuYeH-
HBIX pasdbiMy QNOOPOXPOMAMM TUACIOKCHHYKITEO-
THIOB,

B 10 Xe Bpems pa3padaTbiBalOT HOBLIE, Gosee
WPEKTUBHLIC U SKOHOMWYHEIC MCTOABl CCKBECHH-
poBaHMA. CVIIHOCTh OJHOTO M3 HMX 3aKJIKYAETCA
B cieaylolueM: W3 4 HyKIeo3uATpHgpochaToB
(IAT®, al'TD, aTTD, alTD) coznaéres Habop
OIMFOHYIUIEOTHAOE (HAIIPUMED, OKTAHYKIICOTHIOB),
BKTICUAIDIIHMI BCE BO3MOXHEIC BAPUAHTBI NMOC/E-
JOBATENBHOCTEH, DTH OKTAHYKICOTHAL UMMOOU-
AUIYVIOT {NPUUIMBAOT) B AYEHKAX, B PE3YILTATE YEIQ
CO3M4ETCA TAaK HAa3bIBACMAs OJIMIOHYKIEOTHIHAA

AHK

—[ %

HEPHIATE UL

AHK-3ah1

PagunoaeTorpagun

Puc. 4-63. BnoT-rubpugnaauns no CaysepHy. dparmenro
[HK paznensoT ¢ NOMOWBK aNeKTpofiopesa, AeHATYPHPYIOT, na-
PEHOCAT Ha HUTPOLENNIONO3HBIA hnbTP W TMBpuousyioT c OHK-
30HAOM.
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5' e« npaimMep

B NONWAKpUNaMmuaHom rene

HywneoTuam: 5'-npaémep-10-11-12-13-14-15-16-17-3'
AHK-nonumepasa+pATO, ol 1o, oUTd
Ecim cunTes oTT® nogwH wa 4 ppHTOD
saxkanumeanca: poAT®  pal 7  agUTe paTTe
_
10
-— "
12
Paavep npogyxra  _ *—
{no 4mMcny HyKNeoTHOOR) ~— 13
-— 14
15
-—
17 '
3nekrpogopes \ /
G

A

c T

Paamep AHK-nponoyxTa
(No |“ncny HyKNeoTWROB)

[ G N Y Y
OO MNWR OG- 00

MocnegoBaTenNsHOCTE BHOBL
CUHTEIUPOBAHHOW LIENK

5'-npaiimep-ACGTGATA-3'

Puc. 4-64. lupesoKcncekeeHnpoBarne nocnenosatensHocTM [HK, Hcnoneayior 4 npobel, kaxpan w3 koTopeix copepauT AHK-
matpuly, npaimen, OHK-nonumepaay, 4 gHTO® (RAT®, prTO, gUTE, aTTE). MpaiiMep NMES 0AMH U3 HYKNECTULOB CONSKUT PEOMOaK-
THBHYIO MeTKy, Bnarogaps 4emy nonockl MoryT GeiTe 06HARYXEHb! B rene ¢ NOMOLlWLIo paguoasTorpadun. OavH wa 4 pupeackcuprbo-
nykneotvges (0aHT®) nobaenanT B xaxayo npofivpky, OCTaR0BKE CYHTE3A NPOUCXCANT B TOM CNy-ae, korpa opHT® skmnoyaeTch B

PACTYWYIO ONUIOHYKNECTHAHYIO Lank.

marpuua. Cexksenvpyemblii dparMent JHK merar
no $ocdarHoMy ocTaTKy H AOOABISIOT # duelfKH
matpuubl. PparmedT JHK rufpuamayeTes TONLKO
¢ TEMH OKTaHYKJICOTHIAMM, MOCACAORATEIBHOCTH
KOTOPBIX KOMIUIEMEHTAPHB! €T0 ydacTKaM. Takuu
odpasoM, onpeaennseTca Habop BCEX BOIMOXHBIX
OKTAHYKJIEOTHIOB, NMPHCYTCTRYIOIIMX B HCCASOYE-
MmoM parvedte JHK. Janee npu nomouiyd cne-
LHATBHON KOMIbIOTePHOH 00paboTku ynopsaaoum-
BAETCS PACITONOXEHUE OKTAMEPOB B HCCISAYEMOM
dparmente JHK,

I'. I1oAYYEHHE PEKOMBEMHAHTHRIX JTHK
M UX AMILIAQHKAIINS

st pahoTel ¢ HYKTCOTHAHBIMU MTOCICA0BATS b
HOCTHMM B reHax M apyrux yuactkax JHK Heob-
XOJMMO UMETh JOCTAaTOUHOE KOMHMUESCTBO MaTepHa-
Aa LA UCCAeAOBAHHA., DTO HENpoOCTas 3ajada,
oco0eHHO ecnK ucTovHukoM JHK cayxar TkaHu

216

yenoBeka. HoatoMy necnenyembre hparmentel JHK
OBBIYHO TIpeAsapHTEbHO aMTIuuUHpyoT (vBe-
JIMMHMBAKT KOJIMYECTBEHHO B MU/NMOHEI paz), Ais
TOro 4To0R NOAYYATE MX B J110G0€ BpeMs U B HEO-
TpaHHYEHHOM KoanvecTBe. MckIiouuTenbHO LeH-
HBEIM HHCTPYMEHTOM B pelIEHHM 3TOH MpoBaeMbl
OKa3af0Ch HCTIONB30BAHKE peKoMBHHAHTHBIX JIHK
{r.e. JHK, mocTpoeHHBIX H3 YYaCTKOB Pa3ioro mpo-
UCXOKACHUS).

1. Hoayvenue pexombumanmuvix JHK

Jng nmonydeHHa TAKMX MOJNEKYA MEPBOHAYAbL-
Ho BeLIeAAT AHK 13 2 pasHbix NICTOUHHKOB (pHC.
4-65),

Kaxiayo U3 HUX B OTAENBHOCTH (hparMeHTHDY-
10T, MUCTIONL3YA OOHY U Ty Xe pecTpHKTasy, pac-
wernasomylo JHK ¢ obpa3zoBaHHeM «IHNKHX»
kKoHuUoB. [locne npouedypbl HATPEBAHUA W MEANEH-
HOTO OXJIAXAEHUH {OTXKMra) Hapsiay ¢ MCXOOHBIMH



voackvian AHK o THK siorvr obpasoBeisath-
A PEKOMEN A THBIC MOHCKS IB, COCTOSITINE H
tbparsenron THK O w JHK CsahHbIX MeAy
cOOOH - HIKNHA S KOaast. Koesaaenrioe cin-
B P VSHTOS OCVIICCTRIAHT € MOMOULLK)
JHK-urasiet soapuevrersun AT gak nerounn-
Kt SHCPTHH,

B rexuozornm perovtnnantanx AHK, xkpose
dapaimeriion JAHK, BRLECICTIHBIN H3 KICTOK, COIC-
AU UL Hene L voT JTHK, noiyictvyio o
ROMOLLER) 0OPUTHOE Tpanckputiiael Tpy sodas-
ACINEM B PEAKITHOHEVIO Cpeay 4 PasHbIX 2CI0KCH-
PHOCHVK e TIHGBOCdaron hepmMeHT Ha MaTH -
e MPHIK e npunudiny KoMHEACMCHTAPDHOCTH
cirrre supyer dHK-roimno, vy WITHK, Tak kak
HCTOMHIEOM HHGONMAHY TP 0Opasosarin kKITHK
CAVANT e nrol e nsreacekay MPHK, o
Taxad AHK, 8 orgie o1 JTHK dhparverdros, no-
SEVUCHHBIN TIPH PcINeiuieHBsn redosnoit JIHK yka-
PHOTOR, HE COACPANT HilTPOLOB,

2. Kaonnpoeanue JHK

LS N0IvieHIEY SHAYHTENBHBIN KOIHECTR HUH-
TEPCCVIBUILTY HAC MATSPHLIL HPOBOIHT KIDITHPO-
partite JTHEK, (peanonariiomee nerpanBiHHe 1y K-
HOT e Has hparseHTa JIHTK 3 aeRTopiyio Moaekyiny
ANK (i mektop). Bekrop obeencuunpact npo-
HHKHOBEHHE YTOH PCKOMOBHHANTHON. HAH XUMeD-
o, JHRK » dakepratbHble KaeTki, B kaieetne
BEKTOPOR HCHDTRIVIOT STIAIMUARL, drird. perpa- N
A WCHOREPVELL OenBeHO HACTO B KAMECTBE BeKTU-
pa cAVKHT renssiian JHK.

Iarasmuabr -— 1eOMIBLILIHE KOABICBLIS LBYXLE-
noveuHee stodekyinl K, npucyrerryiatime n
DAKTEPIAILHLIX KACTRAK B DA THOM KOAHUSUTEE
KON i HMERT GRTOHOMIVIO CHCIEMY KOHT-
PO PCH KW, KOTOPAsT ROAACPHKHBACT BN KO-
SHEMECTRO B OKIETKAN 1A ONPEILICHHOM YPOBHE —
O HECKOIBKIEY S A0 HECKOILKMY COTCH KO-
HHE TEHOMOB H KACTKY.

MCHOALIYEMYR) L KIOHHPOBAHNS NAX3Y WAV
AHEK wowvrepecyiomvio Hac HHK pacinenisum
10 ONPECIEIHOMY YUACTKY PECTPHKTAION. Moay-
yaoT pekosmbunanTuyve JHK, sosgpainaor 1vb-
PHIHVIO HAASMMAY B KOABIEBYK) (DOPMY M BBOJISE!
B DAKTEPHANLHLIE KASTKH, T.¢. QCYIUECTRIAKT
TpareopManuiky Hakveprit. [Tpn passHoxkeHnw
TPAHCHOPMEPOBAVHLIX DAKTEPUH NPOMCXQIAHT VRC-
AHMEHME MM KOHKMH BBEAEHUHOIO B ILEABMILAY
dparsenTa AHK, r.e. Takum ¢cnocobom yyKepoa-

Cam pectpuruin

- Macro paciennenns

AHKy

FE S
Morre eHTp CitnIMET R
8T
BTOROFD OGP IN
paci|enneEns

OHKy,

b Pacmennedse

L RECTRURTDYICLEN
|G 00

| ¢ oBpasosarmen

D Bt TYNai UK

& EOHLIDA

JHK,

BHKy
SO € nBPAIDBAHNEN
i pekombiananToe,

. COBFMHENMHEX 34 CHET
PEATIRAX #0108

AHK,

ﬂ 'Ki} T T e

AR 0 CulMpanne
NWiazE |, NANKX KOHLOB

N

AHK, o

AHK;, - NI NTA R
KoBanenTHO
COBAMHEHHLIE
nexomMbuLanryHme
OHK

Puc. 4-65. NonyHeHne pexomBuHaHTHE BHK, Dea ofinams GHK
HHE, v [IHK  pacuenmaoT SuHoM b TO K DeCTRRETAZON W ToNyYa-
T HPAMEHTUL £ «HIKMIK:: KOHUAMW. [Pk SenaTypaisy v nocne
AYILLEM =OTKUre » ODDAAVIOTCH REKOMERHEH tHLIe Monekytel [JHK
5} JJHK.,’. NEPBOHAYANEHD COEAMHERHBIE DPYT 12 APYTGM 38 CHET «mun-
KWXs KOHUGE, 38120 CIIMBAEMEX [ nura 25

Hbl LI DRKTepHit ICHETRUCCKHIT MATSPHLT Ma-
AHCT Oblit THYIVACH B OSHAYHTCOBH B KOSHIMCC TN
(pnc. 4-003.

B KaueCTBC KAGHHPYIOUIRX BCKTOPOL HACI0 He-
nedesviT drar, Foad sksoredmvio JHEK sroadn s
DYKUPHOTHUCUKIE KT, T TV IIPONCAYDY Hit-
ILIBAKT TPAHUAYKUHCH,

J. Hoanmepaziias ucanaa peariiun

MeToa rosniMepasniioid wennof peakndy (F1LLP)Y,
npelroKeHHERA 8 1983 1 Kappi Myaaucos (Ho-
Denerckas npesMus. 1993 1), ABBHACH INOXATLHDLIM
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BakTepuanbHol KNeTkK
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1 YykepoaHyto OHK)
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OCT KymNbTypbl KIETOK
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-
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PocT kyneTypsl B yCNOBUAX,
NPU KOTOPBIX 3KCMPECcCUpyeTCs
KINOHUPOBaHHLIA MeH

gee

Bu.ueneuue Benka

%’%%

benox

Puc. 4-66. Cxema xnonvposaHus fIHK 8 GaxTepHanbHeIX KNeTKax.

OTKpBITHEM XX Beka B 00nacTn MoNekynapHoli 6uo-
norvd. OH TO3BONSIET NMOABEPTatTh CNELUPHIHON
aMIUTUPHKAUNM B YCTOBUSIX int Vitro (B TIpDODMpKe)
yuactk AHK LIHHOR OT HECKONbKUX JECATKOB [0
HECKONBKWX COTeH Map HYKICOTHIOB, HCIONBL3YA B
KauecTee Martpuubl nobeie obpaaus AHK. Heob-
XOIUMOe YCoBue and niposeaeruns [THP — 3nanue
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HYKI€OTHAHOH TI0CTe0BaTeTbHOCTH aMItiudmun-
pyeMoi obmacTH. Y4yactok uccneayemon JHK
THOPHIH3YIOT ¢ ABYMS MCKYCCTBEHHO CHHTE3UpPO-
BaHHBIMK TpalMEpaMH — OJUTOIC30KCHPHOOHYK-
JIEOTHAHBIMH NMOCAENOBATENHHOCTAMM IMHOH oT 15
Ao 30 1ap HYKIEOTHAOB, KOTOPbIE KOMIJIEMEHTAD-
Hbl 3'-KOHIIaM aMIU@HIHPYEMOrO y4acTKa Ha KO-



aupyroweit ¥ Hekonupyroweit Hurax JAHK. Paccro-
AHHE MeXny fpaiMepaMy ONpeaeisaeT ITUHY CHH-
TeaupyeMbiX Monexyd. B kadecTee MaTpuUbl Aas
cuHTe3a npoxykrTop [TLP vcnoabayior s0boid THI
JHK: reromuyio JHK uenoeeka, pailMUHbBIX BH-
J0B npo- H sykapuotos, JAHK, puiaeneHHyo M3
KYILTYP KIETOK, «OMOAHOTEK» MeHOB W APYIMX HC-
TOUHUKOB., MeTton He Tpebyer DONBILHY KOMHUYECTB
ucenenyemoi J1HK, B MpuHLHNE, AOCTATOUHO JAXKE
OMHOK MONeKylbl, conepXallueics B OJHOM BONOCE
Ha TONIoBe, OMHOH Karuie KPOBH MM CNEPMBL

Yenex B pa3paboTke METOJa B 3HAYHTENBHOM
CTeTleHY 0OYCNOBNeH UCNOMb3OBAHHEM B KAYECTBE
depmenTta TepmoduarHoit JHK-nonumepassi,
BbLACMEHHON K3 GaKTepUi, XHUBYIIHX B TOPAYHX
HCTOMHMKAX, U [IOTOMY VCTOHYMBOH K NEHCTBUIO
BLICOKHX TeMnepaTyp.

PeakuMoHHas cMech ANS NOMYYEHWA HHTEpecy-
iowei Hac AHK cogepxut uccneayemyo JHK,
cyOcTparsl peakunn — 4 1THT®, 2 npajiMepa, Tep-
MOCTAaOUIBHYIO, UMW Tag-nionuMepasy u Gydep, co-
Jepxkami HoHeI Mg?*,

OIuH NHUK] DOTUMEPH3IALWK BKIOYAET 3 sTana
(puc. 4-67):

NAABACHHE: HA 3TON CTAJMH PEaKLIMOHHYIO CMECD
HarpeBaloT Ao Temnepatypel 9097 *C. Heene-
ayeMas neyuenodednass JJHK meHatypupyeT u
TIEPEXOIUT B OIHOHHTEBYIO (DOPMY;

mvOpaapzaund Wi orkr J1HK ¢ npaiivepamm. B
PE3YIBTATE CHIDKEMHS TeMnepaTypsl oo 50—60 °C
MPOUCXOIUT KOMIJIEMECHTAPHOS CBA3BIBAHUE
npaiiMepos ¢ uensyMui MarpuaHoit THK 1 ofpa-
30BAHHME ABYXLENOUEYHOro YYACTKA HA KAXNOH
n3 uureit JHK:

anonranus, yiiMHeHue Huted JIHK, xomnneMen-
tapHeix MarpuyHeid JHK, karanuaumpver Tag-
MOTUMEPA3a B HAMPaRIEHHH oT 3'- K 3'-KoHLy.

3areM CHOBA HACTYNaeT 3Tdll MAARMEHHMA, Koraa
34 CUET NOBLIIICHKA Temneparypsl ciHTe3 AHK mpe-
KPallaeTcsl, M IBYHWTEBOM yUacTOK MeXIy Marpud-
HbIMU U BHOBL CHHTE3HPOBAHHLIMH MONEKYNAMMU
HOHK neHarypupyer. Bo BTOpPOM M NMOCISAYIOLINAX
HHKIAX npaiiMepsl TUOPUAM3UPYIOTCA C HCXOIHOH
MarpruHei JIHK 1 ¢ BHOBb CHHTE3UPOBAHHBIMH MO-
nekyiamu JHK, koMyecTBO KOTOPBIX HAPACTAET B
reoMeTpHUecKOol Mporpeccud. B mocnenHeM cayyae
cuaTed JHK 3akanHuuBacTcs He H3-3a WAMEHEHMS
TEMITEPATYPHOrO pexuma, a no gocrixeruu JHK-
NONMMEPA30M MPAHKULB AMOANGHUIIMPOBAHHOTO yya-
CTKa, YTO OTIPENesisieT CTPOro omnpeleNéHHbIH pas-
Mep MpOMyKTa ¢ TOMHOCTHIO /10 OTHOTO HYKIICOTHIA.

Kaxabiit M3 3TafoB LMKIA UMEeT TIPOIOJIKH-
TENBHOCTE OT ACCHTKOR CEKYHA A0 1—3 MUH, B pe-
3YNBTATE NMOJHBIA LUK IIKATCA OT OAHOM A¢ He-
CKOJLKHUX MMHYT.

Onucaknyo npoueaypy ammiMdukaudu JHK
MPOBOAAT B ABTOMATHYECKOM peXUMe B nipubope —
HMKNH3aTOPe, WIH TEPMOLIMKIEpe, aMIUiHdHKarope
AHK. Takoi npubop nO3BONSET 3a8aBATh HYKHOES
KOJMUYECTEO LIMKITOB M BLIOMPaTh OMTHMANBHBIE Bpe-
MEeHHbIE M TeMIepaTypHble napameTpbl. 3a 253—30
IMKJOB YUCIIO CHHTE3WPOBAHHELX Konuid JHK goc-
TUrAeT HECKOJBKHUX MUJIHOHOB,

C nomowsio [TIIP MOXHO TIONY4HTh JOCTATOU-
HOE KOJIMYECTBO Konui yuacTkoB JIHK, 8 koTopbix
NIPEANIONATAOTCH (PUCYTCTBUME MYTAUWH, NONMMOpD-
¢hH3m caiito, Moxno nposoanTs JHK-avarnoc-
TMKY MHQMIUHAPOBAHHOCTH TIALIMEHTOR BUPYCHBIMU,
BaKTepUATLHBIMU W [PUOKOBLIMU BO30YAMTESIMU
Done3Hed,

A. JHK-THATHOCTHKA 3ABONEBAHHM

HUcnons3ya TexHUKY pekomOUHaHTHBRIX JHK,
yIaETCs UCCeA0BaTh BAPUAHTEL TEHOB, OTRETCTBEH-
HBIX 33 Pa3BUTHE MHOTHX 3aboneBaHuit. DTUM crio-
co00M HISHTH(HUMPOBAHBLI TOUYEYHble MYTALMH,
BbI3BAHHEBIC 3AMEHOH OAHOIC a30THCTOTO OCHOBA-
HUM, OENCUHAMHM HNAW BCTABKAMHU, MPHBOAAIIMMH
K OOABACHUID ANIENEH, KOAHPYIOIHHX (PyHKLNO-
HANBHO HeakTHBHbIe Oenku. HedekTHBlE «nOIU-
MOpthbI» BOIHUKAIOT KAK 3a CYET WIMEHEHUH B
KOAMPYIOLWHMX Y4ACTKAX TeHa, TAK W B pe3yanTaTe
MYTaLIMid B HEKOIMPYIOLIMX oBNacTAX, TECHO TpH-
MBIKQIOLHX K T€HAM M BbI3BIBEIOIIMX HaPYIISHHE
WX paboTHL.

PazpaboraHHble TEXHONOIHH TTO3BONSIOT BECTH
LeJIeHANPABIEHHOE KAPTHPOBAHKE MCHOR MeJIOBEKA
B paMKax MeXIyHapomHOro rnpoekta «I'eHom ue-
noBeka». OGHUHANBHO 3T3 HAYYHAA MPOrPaMMa C
YYACTHEM BEOYLUMX MOJEKYNAPHO-TEHETHYECKHX
natoparopuii CLHA, cTrpaH 3anaakoi Esponel, a
takxke Poccum u Anonun odopmunace B 1990 r.
B xoae paGoThl Hal NPOEKTOM KapTUpobaHe! 923
r¢Had, BhI3BIBAKLIHX PA3BUTHE MOHOIEHHBIX 3a-
Gonepanuii, 6onee 100 U3 HUX DONHOCTBLIO CEKBe-
HuposaHbl. K konuy 2001 r, pabotamu naboparo-
puit CllIA, BenukoGputanuu, Anouuun v psaaa
€BPONICHCKUX CTpaH ¢ TOUMHOCTbIO 10 9% 3asep-
ueHa paclidpoBka reHoMa. OXMIACTCA, YTO B
TedeHHe Oamxkaiumx 2—3 meT OyayT M3yyeHsl Bce
T¢Hbl, OTBETCTREHHBIE 32 PA3BUTHE MATOMOTHUEC-
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K¥X TIPOUECCOB ¥ 4e/loBeKa. DT0 MO3BOIUT BbiBE-
CTH JHAarHOCTHKY M JIg4¢HWE MHOTHX BONe3HEH Ha
HOBBIf YPOBEHD.

OCTaHOBUMES HA HEKOTOPLIX METOAax, WHPOKO
MCIOAB3YEMBIX AN MASHTHPHKALIMH MOHOTEHHbBIX
bongaHen,

1. Hosumopghuam Gaunnt pecmpurkuionipix
dpazmenmos (IIIPD)

MyTaluKy, BO3HUKAIOWIME B YYACTKAX Y3HABAHMS
ONMpEACNEHHDBIX PECTPUKTA3, AENAT 3TH YYacTKH
JAHK HeuyBCTBUTENBHBIMU K ACHCTBHIC (epMen-
TOB., 2TO MOXET OBITH JETKO OOHAPYXEHO MO W3-
MCHEHUIO ANMHBI PECTPUKUMOHHBIX (DParMeHTOB
AHK. MAP®-ananus sxnodaeT cleayioluiMe 2Ta-
nel: BeineneHue reHoMHoi [JJHK, €€ pectpukuuio
crnietindnueckoi 3HA0HYK/ea3011, SNeKTpodopeTh-
4ECKOE pa3lercHWe obpasyrouiMxcs (hparMeHTOB
JHK » nagHTuhukaliMio 31X hparMeHTon 1yTem
oaoT-rudpranzauuu no Caysepny. Ha snexktpodo-
PETPAMMAX TIPH OTCYTCTBHY PeCTPUKLMH B MCCe-
ayeMoi 1H K BLIABISIIOT OAMH KPYNHBIA GparMeHT,
COOTBETCTBYIOLLMKA N0 IAMHE NOCAENROBATENLHOC-
th JHK Mexay nByms COCeJHWUMH YHACTKAMU pe-
CTPUKUMY 4% TOH e dHAoHYKAea3bl. [Ipy Haiu-
UMK PeCTPUKLHUH B MOJIMMOpGHOM YYacTKe Ha
anekTpodOperpaMmMe OYIET NPHCYTCTHOBATD MEHb-
WMH Mo pasmepasm parMeHT, paBHbIA paccTod-
HMIO MEXAY MONUMOPNHbBIM YyHACTKOM PECTPHKIIH
M OAHMM M3 BAMAKAHLIKX TTOCTOSHHBIX YYaCTKOB
pecTpuKUHu {puc. 4-68).

T APD-aHaM3 MOXET OBITh 3HAYHTENBHO YIIPO-
WEH B TOM Caydae, ecu BO3MOXHA clieuHpuuec-
Kasg amnandukauua yyacrka AHK, coaepxkaue-
ro noAMMopdHBIH CAHT pecTpHUKUMK. TecTHUpoBRa-
HHE COCTOAHHMA ITOTO JOKYCA RO3MOXHO MyTém
nposegeHnss [MUP v pecTpukinu amuitndHLMpo-
BaHHOro (parmeHTa. [IpH OTCYTCTBMK CalTa y3HA-
BaHus B vcchenyemoit obmactd JIHK pasmepsl am-
mInpUuMpoBaHHOTO (paTMeHTa HE H3MEHSTCS
nocne ero 0HpaboTKu pecTpUKTaszoi. Ecny y4acTox
V3HABAHMA He HM3MeHEH, obpaboTka depMeHTOM
NIPHBENET K OOPA30BAHUI0 2 MANeHBKUN (parMeH-
TOB C TO# XK€ CYMMapHOH JAHHOM, YTO W UCXOIHBIN
¢hparMenT.

flpy obchaegoBaHMM MALMEHTOB M UITEHOB WX
ceMell Ha HOCUTENbLCTBO LIATONOTHYECKHX [EHOB
LMPOKO UCIIOIB3YIOT 3TOT METOM, € TIOMOLLLIO KO-
TOpOTO:;

* MICHTHOHLMDYIOT IeeU#U B [eHe JNCTpodn-

Ha, HA JOMIO KOTOPBIX MPHUXOAUTCS okolo 60%

BCEX MYTallKil, BBI3BIRAKOLLIMX MUoANCTRodiMIO
JlomieHHa;

+ TUATHOCTHPYIOT TEMOLINI0 A, HEKOTODLIES Ta-
NACCEMUH, PETHHOOMACTOMY W TPAHYISMATO3;

* KOHTPOAHPYIOT 3[0p0oBbe OeTeil B CEMBHX, B
KOTOPLIX POAMTENH SABAAKITCH METEPO3IUTOTAMM
Mo reHy CeprnoBUAHO-KNETOMHOR aHEMHH H
ApYrUM JeeKTHBIM TeHaMm.

2. Onpedeacuuie Mymauuii ¢ ROMOUBIG (LA1EAL-
cnequgpuueckux npo

MHOTHE MYTAlMH, BbI3bIBAOHIHE BO3ZHHKHOBE-
HHe TeHHBIX BOJIC3Hell, HE NOManawT B YYACTKH,
OTBETCTBEHHBIC 33 Y3HaRaHKe GepMEHTOR PECTPUK-
ump. B 3TOM ciiyuwae, eciu NoCNenoBATEIEHOCTH
OCHOBAHHI B 00NACTH MYTAaUHMW H3BECTHA, TO eé
00HAPYAKHEBAIOT ¢ NMOMOLLLKY aleb-Crieuuduyec-
KMX OJMTOHYKIEOTHAOB. s 3TOro CHHTE3IUPYIOT
KOPOTKHE QIHIOHYKISOTUSHLIE 30HALI, COAECpPXKA-
WHe 0BLIYHO OKOJO 19 HYKNEOTHAOB, KOMILIEMEH-
TAPHLIE ¥4acTKY HOPMANbHOMD W MYTAHTHOTO af-
aend B JHK. OGnacts reHoma, cofepxallyi
MCCAeAyeMbIA TeH, aMINUULMPYIOT ¢ NOMOLUbIO
[MUP, 1 obpasubl noayueHnobt JHK neperocar
Hd HUTPOLEANIONO3HEIE (PHIBTPhl {I0T- WK CIOT-
6noTTUHT). [lpobul BeLIEDKUBAIOT ¢ *2P-30H1aMK
IS BRISIBIEHMA HOPMAILHOM WM MYTAHTHOMR noc-
JEROBATENBHOCTH. Y TOMO3MIOT MO MCCIEIYEMOR
myTauun JHK Oyiaer rMGpHIM3oBaThCsa TONALKO C
30HACM, KOMTUIEMEHTapHbIM MYTAHTHOH M0CIeI0-
BaTesbHOCTH, AHK HOpManbHOTO TOMO3UIOTHOTO
WHIWBHAYYMA CBAXETCSH C 30HAOM, COOTBETCTBYIO-
LM HEMIMEHEHHOH HYKICOTHWIHONH Nocheaosa-
TenbHoCcTH, Torda kKak ¢ JIHK retepoasror Gyayr
rubpuaniosatbest 06a 3ound. Ha pucyHke 4-69
NpPeacTABNEHb! PE3YNLTAThl TEHHOTO 30HAHPORAHUS
7 MaUMEHTOB Ha HOCHTENLCTRO Haubomnee 4acTo
BCTpeuawluedcs aenetmu 3 HykieotHaos (AF508)
B rell¢, OTRETCTBEHHOM 33 Pa3BUTHE MYKOBMCLIM-
ao3a.

QIUronYKJIEOTHAB, AMIENb-CreUnHIHbIE 0
ONpPeleNEHHBIM MYTAUMAM, MOXHO MCNONb30BAaTh
B KauecTre npaiiMepor B [TLLP npu kxiuHuyeckom
TECTHPORAHHH HACEIEHUS HA HAMUYUE TIATONOTH-
qeckoro reda, Ecav JHK, noayveHHas ot nmauu-
€HTA, AMMUIHGHUIMPYET ¢ MYTAHTHBIM OJTHUIOHYK-
JIEQTHAOM, TO CINEAOBATENBHO NALMEHT ARIIETCH
HocHTeneM myTaunu. Ecan Hykieorunnas noche-
JOBaTe/ILHOCThL B MCCIEAYEMOM TEHE HE M3MEHeH4,
TO OAHCOHYKIEOTHH, COACPXAWMWNA MYyTaLMWIo, HE
cestkerea ¢ JHK-marpuueit, v [TLP He noiaét.
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YuacTeu
pecTpykLMn
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ren p-rnobuxa
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| MyTaHTHLIA req

B-rnobuna

GparMeHT pecTprKLMv
1,3 kmnobaszwl

..... GTG.
AA 88
i .
™/ —

1,3 xunoBasbl

1,1 kunoGaski

PaawoasTorpamma nocne rubpuanaayum
¢ 30HA0M K B-rnoBuHy

Puc. 4-68. PecTpuiuuoHHblid avannz JIHK remornofiusa wenosexa, onkHoOro cepnoengHo-kneTovHoA avemwen (HbS), Muc-
CEHC-MYTaLMA, OTBETCTEEHHAA 33 BO3HWKHOBEHUE CEpNOBMAHO-KNETOHHOR aHEMMK, CBAIAHA ¢ 3aMeHol B reHe B-uenu mobduHa Tpun-
neTa GAG Ha GTG. MpH 3T0M yTPauMBAETCA YHACTOK PECTPUKLMM thepmenTa Mstll, yaHaowero nocnepoeatensHocTs CCTNAGG, rpe N
MOXKET BbiTh RKOGLIM OCHOBAHMEM. [PKM HATMHUW MYTALMW FeHHLIA 30HO MGPUOM3YETCR ¢ Gonee KpynHEM @parmenTon DHK pasmepom
1,3 krneHassl, MMSIOWUM NPY ANEKTROGODE3E MEHBLYIO NOKBHXHOCTE, YoM NPOAYKT PECTPMKLMW HOPMANEHOTO MEHa, ANHHA KOTOPOrD

paeHa 1,1 kUNOBAIbI.

Hopsanbnas: npoba MyTaums AFS508

6 7 8 810

Puc. 4-69. MeHHOE 30HOMPORAHKE HA HOCUTENLECTBO MYKO-
gMcLinaosa. C nomowbe MUP aMnnuMUWPYIOT reHOMHYH
AHK, ¥ nponykT RepeHoCHT Ha 2 HEWNOHOBLIX hUNeTRa, COMH
13 KOTOPbIX TMBPUAKIYIOT ¢ *2P-30HAOM Ha HOPMANbHBIH annenk,
4 BTOpOA ¢ “*P-30HOOM Ha MYTaHTHEA annene AF508. OGpaac-
BaHUe rMbOpMOoB OOHAPYXKWBAKT papHoasTorpagmyecku. Tpo-
66l 1-3 cny:xkunu KOHTPONAMK: NepBan COAepXana MpoaykThl
fIUP QHK 0T romoanroT No HOpMAanbHOMY reHy, BTopas — oT
reTepeauraTHOro HOCUTENA MyTaunu AFS08; TpeTbs — oT 60ib-
HOMC MYKOBWMCUMAO3O0M, MOMOIWIOTHOIO No myTauuv AFS08.
Mpebel 4—10 nonyyeHsl Npy cHcnenosanvi 7 NALUMEHTOB Ha HO-
cHTenecTee AF508: 4, 5, 6 1 @ 0Ka3dNUCek FOMO3UIOTAMM N0
HOPManNLHOMY reHy, a 7, 8 u 10 — reTepo3urcTHEIMH HOCHTe-
NAMK MYTAHTHOrG FEHa,
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E. Ucnions3osaHne JIHK-TEXHOTOTHIA 10151
NOJIYYEHHS JEKAPCTBEHHBIX IIPEIAPATOR
H JIEUFHHUSA PAIMYHBIX BOJIEZHER

Bakinnel — ownlligHHBbIE BeNMKH, aHTHTEHHBIE Jie-
TEPMHHAHTEI PHAZ BOZDOYAMTENEH BUPYCHBIX M DakTe-
PUANBHLIX HHPeKuni. B nocnentee BpeMs MX nony-
YaloT, NOIL3YACH TEXHUKOI pekomBuHanTHeX JIHK,
Teproli BAKUMHON, CHUHTE3UPOBAHHON 3THM CIOCO-
GoMm, Obl1a BAKIIMHA [IPOTHB BUpPYCA Tenatyra B,

Benks, MMeomAe TEpaNeBTHICCKOS IHATCHHE,
noay4yamoT ¢ HCMOML30BaHHEM 3TOH TeXROMOFHH
BO MHOTMX CTpaHax mupa. Tak, oJHHM H3 TIepBbIX
CUMHTE3UPOBAH HMHCYIMH 4ejoBexka (puc. 4-70).
B wmetkax £. cofi, TpaHcHOPMUPOBAHHLIX [UTa3MK-
maMu, cogepxanmmu JHK, xotopasa koawpopana
A- W B-uenu uHcyIMHA, HapabarbiBalOT Oenkosbie
NpoayKThl A- ¥ B-neneil. Tocne ouyucTKM MX nof-
BEpraloT PONAUHIY W OKUCIEHHIO, KOTopoe ofecne-
YHBaeT 00pa3oBaHHe COOTBETCTRYIOIMX ANCY.IbDHI-
HBIX MOCTHKOB.,
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Puc. 4-70. MonydeHue MHCYNWHA UBNOBEKA B KNeTkax E. coli. 1 — Tpanctopmauia kneTtok £, colf nnazmupanmu, KOTopee coagpxar
reHel. KOOVPYDWWE CTpYRTYpY A- 1 B-uemed MHoynnHa: 2 — cuHTes A- 1 B-uyenen WHCYNMHA B Mpouecce BelPallMBaHWA KyNeTypbl
TPEHCHOPMUPOBAHHBIX KIETOK £, cofi, 3 — BbigensHne W ovucTka A- M B-uenel nhcynuHa, 4 — npocTpaHCcTBEHHAA yknagka A- v B-

UeNel MHCYNWHA W OKUCNEHWE OCTATKOB WMCTeMHA.

AHATOTHYHBLIM CMOCOGOM MMIYICH FOPMOH po-
CTA, MCMOJB3YEMBLIH LA JT€YEHHE ACTEW © Heno-
CTATOYHOCTLIO HTOrO ropMOHA. boage ClHOXKHBIE
OC/IKH MOJIYYEHBl B KYJBTYPE KICTOK MICKONWTA-
toumx, Tak, aeiertol B rede gakropy VHI, kamu-
DYICULETO OiiMH M3 DEAKOB — YACTHUKOE CREPThHI-

BAaUEeH CHCTEMBl KPGBH, OTBETCTBEHHB] 33 BO3-
HHKHOBEHHE remo@unnu. do Toro kak gakrop VIII
OB1A MOAYIEA MCTOAAMH I'CHHOM MHXeHEPHI, DoNb-
noe Kojinyectno Bonbdblx norkbano or CrTH/la
WM TEMATHUTA, KOTOPBIMH OMM 3apaxa’iuck B pe-
IVALTATC BREUEHMs BbIACICHHOTO W1 KPOBM ik~
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Topa VIl WnM nmepenuBaHHs KPOBM OT JOHOPOB,
ARMABLIMXCA HOCHUTEMSTMU 2TUX GonesHeH.

Tkanernrii akTHBaTOp NnasMuuoreda (TAIT) —
npoTeasa, y49acTByloWas B npouecce GUOPHHOIH-
33 ¥ NpeaoTBpalaoiias obpasoBaHue TpoMGOB B
KPOBEHOCHOM PYCJE;, NOJYUeHAa C MOMOINLID pe-
koMBunanTaelx JHK. TAI HazHavawT G0AbHBIM
¢ MeMHYECKOH GOUIE3HBIO CEPAUA 1151 YCKOPEHUHA
pPAacTBOpEHUA TPOMOOB, KOTOPHIE MOTYT BBI3BAaTh
3aKYNMOPKY KOPOHAPHBIX apTepMid W HAPYILHUTL MO-
CTYMIEHUE KUCAOPOAa B MHOKApI.

OCYLIeCTRACHO NOAYYEHHE DEKOMOUWHAHTHBIX
caxTopor pocrta, ofecneyrBalIIMX BOCCTAHORIE-
HME FeMOCTa3a: 3pUTPOTNO3THHA, WHTEPNEHKHHORB,
KOMOHUH-CTUMYIUPYIOWMX (DaKTOPOB. DTH NIperna-
paThl HCOONBIYIOT B ACYEHHH DOMBLHBIX AHCMME,
MOCAe TPANCIUIAHTALIMH KOCTHOTO MO3Ta MIH XH-
MHOTEpPANUH, YTODBLI CTUMYIHPORATL 0Opa3oBaHle
KJIETCK KPOBH M CHH3UTL PHCK UMMYHOIeHIIHTA.
PaspaboTaHBl METONLI NOAYYEHUS OENKOB YeNloBe-
Ka C UCITIOIb30BAHUEM TPAHCTEHHbIX XKMBOTHBIX; 3TH
GeNKH MOJAYMAIOT B pe3yAbTATE HCKYCCTBEHHOTO
BBENEHHU UYXKEPOAHOTO TeHA B OILIOAOTBOPEHHYIO
SNLEKICTKY WIH B PaHHUE 3apOiblld MIEKOTIH-
Talowux (puc. 4-71). NeHHOUHXEHEPHBIE MEPO-
APUATHS MOXHO TIPOBECTH TAKUM 0Opa3oM, YToOb
MHTEPECYIOUMIH HAC OCMOK 4eSOBEKA CeKpeTHPO-
Banca ¢ GemxaMM MOJOKA.

lessas Tepanmua — JCYEHHWE HACACACTBCHHBIX,
MHOTO(DAKTOPHBIX ¥ UHGEKIIMOHHBIX 3a00IeBaHHH
IIyTEM BBEJEHUA B COMATHYECKHE KJIETKH NALMEH-
TOB T€1I0B, KOTOpbIE 00ECnEUMBAKOT MCIIPABICHUE
reHHBIX JedekToB WM MPHIAKT KIETKaM HOBLIE
(YHKUHHK.

[epBolit KIMHHYECKUH OMBIT NPHMEHEHMA [€H-
HO[ Tepanuu ObLT ocylecTBAEH B 1990 1. B berecae
(CIHA)} Ha veTbIpExneTHeH AeBOUKe, CTpalaBILCH
HACAEICTBEHHBIM UMMYHOIS(MUUMTOM, Bbl3BAHHBIM
MYT4LIMEH B TeHE aaCHO3WHAe3aMUHA3k (ADA). Pe-
OEHKY ObIMH BBEfeHbl €€ COGCTBEHHBIC TUMQOLM-
Tbl, OPEABAPHTEIBHO TPAHCHOPMUPOBAHHEIE BHE
OpraHU3Ma IeHHOH KOHCTPYKIIWEH, BKAKMAIOIEH
reH ADA + ren neo + perpoBHPYCHBIA BekTOD. Jle-
yeOHBINA 3ddekT 11adnIanca B TEYEHHE HECKOAb-
KMX MecCdlIeB, TIOCIIE Yero NMPOLEAYPY BBEICHMS [EHA
MOBTOPSIIH MHOTOKPATHO 03 BHAMMBIX Hebmaromn-
PHATHBIX 3DheKTOB.

Has yenewnoi resorepantd HeobXoaHMMo:

s 0DecneunTh 3PPEKTUBHYIO JOCTABKY HYyXepoa-

HOTO T¢Ha B KJICTKH-MHILEHH;
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* CO3JATh YCIOBUSA 1A JJIMTENBHOH 3KCIPeCCHH

reHa B PTHX KJIETKAX.

K Hacrosiluemy BpeMEHU pa3padOoOTaHbl XMMM-
yeckue, pU3HYecKHe M BHOMOIHYECKHe METO/b]
JOCTABKH YYKEPOTHOIO MEHA B KNETKH-MHIIEHH,
OnHako NoKa TOMBKO BUPYCHBIE BEKTOPSL UIH re-
HETHYECKHE KOHCTPYKLMH, BKIOYAWIIKE BU-
PYCHBIC NOCACAOBATEILHOCTH, CIIOCOBHBEI K 3-
deKTHBHON JOCTABKEe HeoOXOIMMOro reHa M ero
NOCHEAVIOUIEH AMHTEILHON 3KcnpeccHud. B pe-
3yabTaTe U3 Hosee yeM 175 yke 0a00peHHBIX TPO-
TOKOJAOB KJIMHHYECKHX MCOLITAHHH NO TeHOTe-
panuu Gogee 120 OCHOBaHBI HA OPUMEHEHHH
PETPOBHPYCHBIX BEKTOPOB.

B reHom nauueHta dyxkeponuaa JHK moxer
BBOIUTECA JTHOO B KYJABTYPE KJISTOK {ex vive), Tuho
HEeNOCPEACTEEHHO B OPraHHu3M QONBHOTO (if vive).
[lpu ocyuiecTBAeHWH NMepBOro cnocoba BHLIENAIOT
M KYIbTUBUPYIOT CTICLUGMUISCKUIA THIT KJIETOK Na-
LMEHTA, BBOAAT B HETQ YYXEpPOAHBIH [eH, oTOMpa-
IOT TPaHCHOPMHPOBAHHBLIC KIETKH M peHHpY3H-
PYIOT X TOMY Xe OonbHOMY (pHC. 4-72).

leHHaA Tepanug ik vivo OCHOBaHA Ha TIPSIMOM
BECACHMU B CNELMAIM3IUPOBAHHLIE TKAHH GOMb-
HOTO KJOHWPOBAHHBIX W ONpeacaéHHLIM o0pa-
30M YMAaKOBAHHBIX mocnenopatensHocTe JIHK,
MOCTYMAIIWX ¢ NOMOLIHLID PEUENTOPOB B Onpe-
Jen€HHble THIB KJISTOK. B 3TOM cnocofe reHsl
BBOJAT, KaK TPaBHJIO, B BUAE A3PO30NABHBIX W
nHbeuHupyeMeix gopMm. Hambonee uacte aspo-
30MBHYID FEHOTEPanui0 MCTOAB3YIOT NpH Jeue-
HHH BoNe3Helt AETKUX (HaNpUMep, pake JETKUX)
H MYKOBHCUHAO34.

Hapsny ¢ pasBaTieM WCCTEAOBAHUHA, KACAIONTHX-
CA ACUEHMA HACIEACTBeHHLIX NeeKTOB, TeHOTe-
panui BCE Yallle MCNOABL3VIOT AN JICUEHHMS HEeHac-
JIEACTBEHHBIX, TMABHBEIM 00pa30M, HH(pEKLNOHHBIX
H OHKONOTHYECKWX Gosiesnei (cM. pazaen 16),

EAMHCTBEHHOE M HENPEMEHHOE OrpaHMuYeHNE
TaKux paboT COCTOMT B TOM, 4TOOBI BCE FE€HOTEpa-
NEBTHUYECKHUE MEpPONPHATHA ObL1M HAMPABAEHEBI HA
KOHKPETHOTO OOJIBHOTO H 34TPArHBaAM TOABKO €TI0
COMaTHHYECKHE XJIETKH,

CoOBpEeMEHHBIM YPOBCHDL 3HAHWH He no3eonser
NPOBOAMTL KOPPEKLUMIO TEHHBIX AS(MEKTOB HAa
YPCOBHE TIOJAOBLIX KJIETCK H KIETOK PAHHWUX JOWM-
TUIAHTAlMOHHBIX 3apoabiueil YenoBeka B CBA3H C
peanbHOI ONAcHOCTRIO 3aCOpeHud reHodoHua He-
XKEJATENbHBIMH TEHHBIMM KOHCTPYKIIMAMH W BHE-
CEHMS MYTALUMHA ¢ HETMPEACKA3YeMbIMH Pe3yabTa-
TAMM.



f-rakTornobuHoBLIA l'ed yenopeka
nPOMOTOD

.’ MaesrnduunyoT TRaRCIEHH0s
| NOTOMCTBO G AOMOWBID MLP
*

: .'i f, AL"?{)} TpauCrenHan oBua
€ U

DKCTIPRCCKA fEHE YeNOREKS OIPaHMYe ks
TKAHEK) MOIOMKON Meneakl

Monyusrne
WONOKE OT TRAHGEEHHBIX MABOTHBIX

fIponykT Yenoseqeckorn
{OHA CEXPETURYETOH B MONOKG

DpaKuMcHUpoBaHe
Gerkos MOnoKa

OUMIEHHEIN NPOARYKT reHa YenoBeka

PHC. 4-71. ICNONb30BaHNE TPAHCTEHHEIX MUBOTHLIX NS NoNyyeHUA GenkoB WenoBeKa. feH YenopeKa BCTPaVBAKT B BeKTop Ta-
KM 0Bpasom, uTobibl OH bl HOO KORTPONEM B-RAKTOMMOGHHOBOTC NPOMOTOPA, KOTOPBIR AKTMBEH TOMLKO B KNETKAX MONOYHOM Xenessi,
lMNpucyTeTerE ¥ TPAHCTEHHOTD NOTOMCTEA TEHA HENOBEKA KOHTPONMpoBani ¢ nomowsr matona MU, B KOTOpoi ucnonk3osant Npaime-
pe) K redy venoagka. MNpu dpakunoHWpoRaRMKM GENKoB MONOKA NoNy4atoT GeNKOBLIA NPOOYKT SKCNPSCCHMH FeHa usnoaexa.

225

d—2124



M3BREUYeHNE MYTARTHBIX
Wit ONYXONEBLIX KNETOK

KyneoTuBMpoBaHWe
¥ reHeTUYeCKan
TpauchopMayun
OrBop TPAHCKOPMKPABAHHBIX
2 KAETOYHBIX KHOHOS ; . ACHANOITMKOTIDOTEUH
TpaHCARaHTaymMnA /
FeHETUNBCKH TOLMT
TPAHCHOPMUPOBAHHLEX
Kneox AcranornmkonpoTen-
v HOBLIE peyenTo
A B AneHoenpyc P

Puc. 4-72. BeepeHne WyXepopHoro rena ex vivoe (A) v in vive (B). A. Beepenve uyxeponHoro «ned4ebHoro» reda B opraHvam Gone-
HOMO B COCTARE KNETOK, cogepxaupy; o107 reH. b. Beepenve «neqeBHOro» reHa B COCTABE KOHCTPYKUMMK, cogepwalwen: JHIK, Brnitaqax-
WYID STOT rey; 6enoK (HaNPUMep acKanorAVKONPCTENH), B3aUMONEACTBYIOIMA ¢ COOTBETCTRYIOLIWM RaLENnTCpeM Ha MeMbpade KNeTok;
BMPYCHBIA BEXTOR (apneHerupyc), obscnequpalowmil JNUTENEHYIO SKCNpecCHio «neqebHoro» reqa.

B uensix nMpenoTRpatlleH s pacipOCTPAHEHHS I€-  CYALTAHTH, @ TAKKE MPOBOAAT MPEHATAALHYIO AH-
(heKTHEIX TEHOB B NONY/ISLUMKM JIIOACH M pOXICHUS  arHOCTHKY, MO3BONSIOIIYIO OLICHUTh 3MOPOBLE II0-
JeTeil ¢ HACACICTREHHBIMHY NMATONOTMAMH BO MHO-  Ja ¢ WCIofip3opaHMeM aHanu3a JHK Ha cameix
THX CTpaHax MUpa paboTaloT IeHETHYECKHME KOH-  paHHWUX CTAAMSX DA3BWUTHS.



NI m BUONOINM4YECKUE
MEMBPAHDI

Bce xnmeTku umeror membpadbl. KpoMe TOTO, MTOUTH BO BCEX IYKAPH-
OTHYECKHX KAETKAaX CYLEIECTBYIOT OPraHe/UIbl, KAKAAA U3 KOTOPBIX HME-
eT ¢Bo10 MeMbpaHy. MemOpaHbl OTBETCTBCHHE! 33 BbINOTHEHHE MHOTHAX
BAOXHEHIINX (PYHKUMH KICTKH. COrnacoBaHHOe (MYHKLUHOHUPOBAHHE
MeMOpaHHBIX CMCTEM — DPEUENTOpOB, GepMEeHTOB, TPAHCIOPTHRIX Me-
XaHH3MOB [MOMOTAET NMLISPKHBATL TOMEOCTA3 KIETKH U B TO XK€ BpeMs
OBICTPO pPearHpoBaTh HAa M3MECHEHMA SHEILUHEH cpesbl.

K OCHOBHBIM (pyHKUMHM MeMOPaH MOXHO OTHECTH:

s OTACNIEHHE KNETKH OT OKPYXAIOWEH cpefibl M (hopMUpPOBAHIE BHYT-

PHKJASTOYHBIX KOMIIAPTMEHTOB (OTCEKOB);
s KOHTPONb W PETYJAWPOBAHHE TPAHCNIOPTA OTROMHOTO pasHooOpasus
BELIECTE uepe3 MemOpaHsl;

» YUACTHE 8 ODECTEUeHUM MEXKITETOUHBIX B3aUMOASHCTRHH, nepena-

4ye BHYTPb KJIETKU CHTHAMOB,

« TIpeoOpazoBaAHUE SHEPTHH MUILLIEBBIX OPTAHMYECKMX BEIIECTS B 3HEp-

THIO XMMHYECKHX CBA3CH Monekyn AT,

l. POJIb MEMBPAH B METABOJIUSME
N UX PASHOOBPA3NE

(OCHOBHBIE TPWHUHKITBI CTPYKTYPHOH OpraiM3alyy BceX MeMOpaH oaAn-
HAKOBBI, OQHAKO OJHA M3 CAMBIX XAPAKTEPHBIX OCODEHHOCTEH — oOr-
pomHoe ux pasHoobpasuwe. MemGpaHH opraHeNN 3yKapHOTHYECKHX
KJEeTOK YHUKANBHEL 110 CBOEMY COCTaBY M IO XapakKTepy BbINOAHISMbIX
(GyHKUUH,

ILnasMaTHyeckas MemOpaHa

IMnasMatHueckasas MeMOpaHa, OKpyXamiuasd Kaxiayie KIeTKy, Ofpe-
Jensier €€ peTMYHHY, 00eCTIeUNBAET TPAHCIIOPT MAIBIX U HOALUIMX MO-
NeKyNT M3 KJIeTKH W B KIETKY, TTOAAEPXKHMBACT Pa3HULY KOHUEHTPALMA
HOHOB Mo 0be cTopoHb MemOpaHbl. MemOpaHa yyacteyer B MeXKe-
TOUHBIX KOHTAKTAX, BOCTIPHHUMACT, YCUAMBAET ¥ nepenatT BHYTPh KIeT-
KM CUrHalbl BHeiHel cpensl. C MeMOpaHoOH cBA3ZaHL MHOTHE (ep-
MEHTBI, KATANM3UPYIOIIUE CUOXMMHYECKHE PEAKLIMH.



Hnepnaa memOpana

Slaephas 000104KA COCTOMT M3 BHELIHER M BHVE-
peHHel aaepHbIXx MemOpaH. AoepHas obosouka
UMeeT nopbl, yepe3 Kotophle PHK npoHukalor ua
sapa B UWTOMAA3MY, a PETvIsSTOpHble OelKH U3
LMTONAa3MBl B ApO.

BHyTpeHHAs aaepHas MmemOpaHa cONepXMT crie-
unHyeckue OEIKH, UMEIOLINE YHACTKU CBH3bIBa-
HHSL OCHOBHbIX MOMUMENTHAOE AIEPHOTO MAaTPHK-
ca — jJamMHa A, n1amuda B v namuHa C. BaxHas
GYHKLUUA 3TUX BeIKOB — Je3UHTerpaLlkd AaepHOi
oBONOUKH B MIPOLIECCE MMTO3A.

MemOpaHa IHIMIASMATHIECKOIO PETHKYJIYMA
(9P)

Membpada PP umeeT MHOrOYMCAEHHBIE CKlan-
KU W W3rnbul. OHa 00pasyeT HeNpepbBHYIO TIoBep-
XHOCTDh, OTPAaHHUYMBAIOWYIO BHYTPEHHEE NpOCTpaH-
CTBO, Ha3biBagMoe noaocThio 3P, Ilepoxopareiii P
¢Bs3aH ¢ pudocomMamMy, Ha KOTOPBLIX TIPOHCXOIUT
CHHTe3 DENKOB MiasMaTHUYecKoi memOpanbl, DP,
anrapata [oabAXu, IM30C0M, a TAKKE CEKpeTHpYve-
Mblx Ockop. O0macty DP, He conepxamne prudo-
COM, HA3bIBAKOT rMaikuM DP. 3neck nponcxoaur 3a-
BEPLIAKIWI 5TATT OHOCHHTE3a XOJECTEPHHA,
thocponunuace, peakMH OKUCASHHS COOCTBEHHBIX
META00NUTOB H UYKEPOAHBIX BEILLECTB € YUacTHEM
MeMOpaHHbIX (epMeHTOB — uuToxpoma P, uu-
ToxpoM P, peaykradbl, UMTOXpOM b, penykTazst U
urroxpoma b, (cM. pasgen 12).

Annapar Fonbaxu

Annapar lNoabiku — BaKHasi MEMOpPaHHAS opra-
HeJIa, OTBeYalwas 3a MOIMGUKALHIG, HAKOMe-
HUE, COPTUPOBKY M HarpaBneHHe PaXTHYHBIX Be-
WECTB B COOTBETCTBYWOULME BHYTPHUKJISTOYHLIE
KOMIIApTMEHTBI, a TAIOKE 3a Tpeaeanl KieTku. Cae-
uHpuueckre GepMeHTH MeMOpaHbl KOMIUIEKcA
Tonpaxku, rankozwTpaHcdepasol, TTUKOILIHUPYS
OENKM MO OCTATKAM CEPHUHA, TPEOHHHA WM aMuil-
HOH TPYNIE acnaparuHa, 3apepliaroT obpa3oBaHue
CAOXHBIX OENKOB — rMKONPOTEHMHOB,

MuroxonapuanbHbie MeMOPaHbi

MUTOXOHAPMHY — OPraHeNbl, OKPYXEHHBIC
MBOVHOH memOpaHoil, cNeuHATH3MPVIOLUIUECA HA
cHHTe3e ATE® nyréM OKHACTUTENBHOMO dochopu-
JMpoRaHHA. OTIMYMTEIBHAS 0COOEHHOCTE BHELLHEH
MHTOXOHAPUATLHONH MeMOpaHbB — colepXKaHue
OONLILOMD KONKMYECTBA GelKa MOPHHA, 00pa3yroLLe-
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ro nopsl B MemOpae. brnaronaps nopuHy BHeELLIHAS
meMGpana ¢BobOIHO NPOHMIAEMA IS HEOPraHW-
YeCKHMX MOHOB, MeTa0ONUTOB W Jaxe HeOOobilMX
Mofekyn 6enkos (Menbwe 10 xk4). Ana Goaswudx
G2IKOB BHEUIHAS MeMOpaHa HEeMpPpoOHUWLIAEMA, 3TO
TMO3BOAAET MHTOXOHAPHAM YIEPKUBATL DEKH MeXK-
MeMOpAHHOTO NMPOCTPAHCTBA OT YTEMKK 8 UMTO30b.
Jnst BHyTpeHHeH MemOpaHbl MMTOXOHADWE Xa-
PAKTEPHO BbICOKOE CoepkaHue Genkos, okoao 70%,
KOTOpbIe BLITIONHAIOT B OCHOBHOM KATATUTHYECKYIO
Y TPAaHCMOPTHYK (BYHKUWH. Tpaxcnokasnl MeMO-
paHbl ODECNICUMBAKOT M3OMpaTeILHBIH NepeHoC Be-
LECTE U3 MEXMEMOpaHHOTO NPOCTPAHCTRA B MaT-
pHKC M B ofpaTHoM HalpaBNEeHWH, PEpMeHTH
YYaCTBYIOT B TPAHCTIOPTS IJIEKTPOHOB {1ISMH Mepe-
HOCA TeKTpoHoB) U cHHTe3e ATO. [MoapobHo cTpo-
eHHe M PYHKIIMOHUpOBaHUE (DEPMCHTOR LIEMU Me-
peHOCa 3MEKTPOHOB paccMOTPEHO B palacnie 6.

Memdpana JH30c0oM

MemOpaHa AH30COM HFPACT poJb «INUTas MEX-
Ay aKTUBHBIMM depmeHTamu (Gonee 50), obecne-
YUBAKMIUMH peakuuH pacnaaa He/kos, yrieBoaos,
XUPOB, HYKIEWHOBBIX KUCIOT, M OCTA/BHLIM KIe-
TOUHbIM COfepKUMbIM. MemGpana coaepXuT VHH-
KanbHbie 6enkn, Hanpumep ATQ-3aBHCUMYIO TIPO-
TOHHYIO MOMIY (HAco¢), KOTOpas TOLIEPKHUBAET
KHCylo cpely (pH 3), HeoOxonumylo g delicTBHA
THAPOAUTHYECKUX drepMeHTOR {MpoTeas, Juiial), a
TAKKE TPaHCIOPTHBIE OeMKH, MO3ROAMIOIIME NpO-
OYKTaM pacilielUieHNs MaKpOMOJEKYN TOKHAATh
JH30COMY. BOMBIIMHCTBO GENKOB TH30COMANLHOM
MeMOpaHbl CHABHO [NIMKO3WIHPOBAHBL, YICBOOHbIE
COCTaB/MIOIINE, HAXOAALIMECH HA BHYTPEHHEH Nno-
BEPXHOCTH MeMOPaHbI, 34IIMLAI0T HX OT ACHCTBHS
npoteas.

A. CTPOEHUE H COCTAB MEMBPAH

bHoONoTHYeCKHe MEMOpaHbl TPEACTABAAIOT CO-
60l «ancaMOIK» AUMMAHBIX ¥ GEITKOBbIX MOMEKYI,
YIEPKMBAEMBIX BMECTE C TOMOMIBI HEKOBAJEHT-
HBIX B3aMMOAEHCTBHH.

OcHoBy MeMOpaHbl COCTaRAseT ABOHHOH JHOnMA-
Hbli Caoii, B POPMHPOBAHUKM KQTOPOTO YYaCTBYIOT
drocronunuabt U CIMKOTUMHABL JIMNuAnLIHR OMcnoi
00pa3oBad ARYMSA PAIAMMW UAWAOS, rHApohoGHbIE
PATHKANLL KOTOPBIX CIIPATAHBL BHYTPb, @ rMAPOIb-
HbIE TPYTIIL 0OpalleHbl HAPYKY U KOHTAKTHUPYIOT ¢
BOMHOW ¢penoil. benkoBbie MOMEKYIbl Kak Obl «pa-
CTBOPEHBl» B MTHNMAHOM Oucaoe (puc. 5-1).



Hapyxuas
NOBEPRXHOCTE MEMODAHS]

A

BHYTPEHHsIR /
FIOBEPXHOCTH MEMBpaHi! dochomnuas:

Puc. 5-1. MonepeuHeld paapea NNaaMaTHHeCKod memBpaHbl.

1. Cmpyxmypa u ceolicmen aunudos memopan

MemOpaHtible Tunuas — aMpHdNILHbIE (AMOH-
MATHYECKNE) MOEKYJB, T.€. B MOJIEKYAE €CTh Kax
TUAPOMMABbHBIE [PYNIIBl (MOASPHBIE «[OJOBKM»),
TAK W anugardueckue pagvkasibt (ruapodrobHble
«XBOCTLI» ), CAMONPOU3ROALHO thopMUpyIoLInE BHe-
0. B GOMbLWKMHCTRE 2YKAPHOTHYECKHUX KNETOK OHM
cocTapnaT okoao 30-70% maccel MeMOpaHb
(prc. 5-2). B memOpariax NPUCYTCTBYIOT JHMWAbL
TPEX FAABHBIX THHOB — (dochonunuar, ravKonn-
MWIB U XONECTEPOT {XONSCTEPHH).

JIUNUAHLIN cocTaB MeMOpAH pasiuueH, colep-
XaHHUe TOTO WM APYroro JWNWAA, Mo-BUAMMOMY,
OTpeeNseTca pasHoobpaszveM (yHKUME, BbINOA-
HHEMbIX ITHMM THTIMIaMH B MemOpanax,

Pochonunuas, Bee dochonununk MoxHo pas-
NEUTh HA 2 IpynRibl — MAKULepOhochONUNUAbl H
cpunrodocdonunuas. [nunepobochonmniinie
OTHOCAT K NPoUzBOAHBIM ¢iocdaTUAHON KHUCAO-

Haubonee pacupocTpaHéHHble rauiepodoc-
donunuabl MeMopadn — dochaTHIBIX0AuMHbL W
dochaTunrnaTaHonaMuHb (pruc. 5-3). B MemO-
pAHAX IYKAPMOTUUECKUX KIETOK O0HAPYXKEHO OT-
POMHOE KOAWYECTBO pa3HBIX (ochOIUTIUICE,
[pHYEM OHW pacipelelNeHbl HEPABHOMEDHO NO
pa3HbBIM KJISTOUHBIM MemOpaHdam. DTa HepaBHO-
MEPHOCTE OTHOCHTCSl K pacrnpefeieHu Kak 110-
JAPHBIX «roaoBok» (Tadn. 5-1), Tak U AUWIBHLIX
ocTatkos (Tata. 5-2).

Kaxaeptih rauvuepodocdoinnua, Hanpuwep
poCchHaTHAWAXONMH, TIPEACTABISH HECKOJABKWMH
aecaTKaMH (hochaATHAMIXOAUHOB, OTAUYAIOILIMX-
CA IPVT OT Apyra CTPOEHHEM KWPHO-KWUCTOTHBIX
OCTATKOB,

5
\ ! @MW BAABEL -

} fnuanein
Bucaon

Lo

K\
kY
N
WHTerpanbHbik S8R0k

Banxn

flunnpe D

Cacras, %

MembBpakbl:

MUETHHOS

APUTPOUNTOR

fifaiaMaTHyeckan

arnapar M ohsipki

3HAONNAINMA-
TUHECKAA PETHKYAYM

anepHan

HAPYKHAR
MUTOXOHADKWANLHAR

BHYTPEHHSS
MUTOXOHAPUANEHEA

Puc. 5-2. CopepmaHue NHNULOE n GANKOE B paznuyHeIX Kne-
TOUHbIX membBpaHax (%%).

Ha aono rauuepodochonunuaos (noaspHas
TPYyMna — WHOZUTON) NPUXOAUTCA AMINb 2—8% Beex
hochONMNUIOR, COTCPKALLHMXCH B KJIETOUHON MEM-
Bpare sykapuoToB. MHO3MTON B cocTase docdaTu-
AUTUHOIUTONOB MOXET 6bITh hochopiivpoBaH No
C, (docatnanaMHosuTon-4-monodocdar) win C,
n C, (thocharnaunuHozuton-4,5-ouchoctrar).
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7 Nonaprxas
«rgnoeka »

- : 3
C=0C-=0 4
1 1

. CHy .
! | ? - CHz" CHE'_N - CHa CI) = C"‘z’" CHz' NH3

T 0-P-G CHs 0=P-0

CH, CH,

CH, CH, Mmapao6HBIA
CH2 CH «XBOCT »

CH, CH, ~ BriudHbie Arwiuoie
! ! anwdatneeckne anuwdarnueckue
CH, CH, yeny tenu

CH, CH; docharnaunxonuy ©octhaTHAMNSTaRONBAMKH
CH, CH,
éHz (IJH2
CH, CH,

$occpaTygHan KUCAOTa

OCH,- CHOH-CH,0
0=P-0’

AnuHHRIS Arnvknble BnuwHHele
anuthaTrueckne anuhaTMieckme anvparuueckse
Ueny uenu uernm
Kapanonunud dochartMIMHOIUTON

Puc. 5-3. Tnnuepcdochionnimas membpaH.
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Ta6nuua 5-1, DPocHORMNUAHBIA COCTAR KNETOUHEIX OpPFaHenn M NNasMaTHHEcKod MemBpanel renaTounTos

P U— Jois 0T cymmapuoro koanyecrna pocdoaunuaon, %o
C Pa3HBIM CTPOEHHEM MHTO- aiepHas MeMOpantl HAA3MATHYCCKAN
MOTHPHBIX «TONTOBOK» XOHIPHH JHIOCOMDL Memﬁpaﬂa arnapara MeMGpaHa
[oiinrn
Kapanonunuu 18 1 4 1 |
®ocdaTHIRITAHOIAMIH 35 14 13 20 23
GocdaTraunxonuH 40 40 53 50 39
dochaTnannHHOINTON 5 5 10 12 8
PochaTHARICEPHH 1 2 3 6 g9
DochaTHIHAY KHCNOTA - l 1 1
Cdunromuenyn | 20 3 8 16
Tabnuua 5-2. JKXUPHO-KHCNOTHRIH COCTAB HEKOTOpbIX Membpan neveqw
HKnpHbe MemGpannan ppaxuun
KHCIOTHY, i
% (o Macce) Mewopatta wiroxonApit 3P Ammapat [onpaku Mnasmatiueckas
Hapy»Has BHYTPEHHAA mMemOpaHa

MupueTHnosas 0,4 03 0.4 09 09
14:0
[TaneMuTHHOBAS 4,0 3.6 3,1 —
16:0
ITaneMHTO- 21,0 18,0 26,5 22.5 31,2
ONeHHOBas
16:1
Creapunoras 13,5 15,8 14,9 18,5 12,9
18:0
ApaxHioHosas 15,7 18,5 14,0 14,5 11,1
20:4
Liepeososas 3,5 I8 0,7 -
22:6

B cocrae ocharuminuHoauTon-4,5-tuccocharos
BXOIAT B OCHOBHOM aLIHWNbHbIE OCTATKU CTEAPHHO-
BOH WAH MAJBMUTHHOBOU (MO MEPBOMY MOMOXKE-
HMIO IHLIEPX:A) U apaxuAOHOBOH (MO BTOPOMY No-
JIOKEHHIO) KMPHBIX KUCIOT.

Cneundrueckne docdonunuasl BHYTpeHHER
MeMOpaHbl MUTOXOHAPHH — KAapAHOAWTIMHET (I1-
thochaTHIUATIHLEPOILI), TOCTPOSHHBIE HA OC-
HOBE TJMHLEpPOJa W OBVX OCTATKOB docdaTtui-
HOH Kuchiotel. OHM CUHTE3IMpYIOTCH depMeHTa-
MM BHYTpEHHEH MeMOpaHbl MUTOXOHAPHH H Co-
CTaBAMOT OKoMO 22% ot Beex dochoaMnUIos
MeMOpPaHHL,

B nnasmarvueckmx meMOpaHax KIETOK B 3Ma-
UUTENBHBIX KOIHYECTBAX COMEPKATCT COUHTOMHE-
TUHH (pHc. 3-4), CHOMHroMueIMHBI IOCTPOSHE Ha
OCHOBE UEpamMMAa — AUMIHPOBAHHOTG aMUHO-
cnupra chudroznna. MNMonspuas rpynna cOCTOMT
M3 ocTaTKa PpocGopHON KHUCIOTH U XOJMHA, JTa-
HOJaMWHA UK ceprHd, COUHIOMHENHHB ~— TNaB-
HBIC JIHIIUIb MHEAUHOBOH O0OMOYKHM HEPBHBbIX
BOJIOKOH.

Tnuxonsmuns. B raukonunuaax ruapodoOHas
4aCTh NMpEACTaBAgHa uepaMuaoM. Tuapodirshas
IPYINAa — VINEBONHBIN OCTATOK, MPHCOSAHMHEHHBIH
[IHKOSHMAHON CBA3BIO K MHAPOKCHABHON Tpynne y
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ItonapHas lMonAp+Has
«FOFIOBKE » « MOfIOBKA»
H
! R
R: z
\-——-—-——-—-——-—-.—-ﬂ——-—.-——l
Anvntcie
anuaTudecke
yenu

CH; Tuapodobubii Muppocgobhsie

| « XBOCT » «XBOCTbI»

G

s

CH,

|

o

i

i

CH;

Cebunroann Liepamuy CohuHromuenmH

Puc. 5-4. ChmHrodroctonvnuabl — NPoM3BOANHLIE LIERAMWAA.

NEPBOTO YEIEPOAHOIO aroMa uepamuaa (puc. 5-3).
B 3aBMCHMOCTH OT AMUHBI U CTPOSHHA YIVIEBOI-
HOI 4acTH pa3MyaloT nepedpo3uabl, COTEpKAlIHe
MOHO- WIN OJUIrocaxapvaHblid OCTaTOK, W FAHrAM-
o3mael, K OH-rpynne KoTOpbIX MPUCOEANHEH CIOXK-
HbIA, PA3BETBAEHHLIN OIMrocaxapui, colepKallum
N-aueTunHelipaMiHonylc KUcnoty (NANA) (cm.
paznesn 7).
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MNonapHble «TOAOBKU» TNMKOCHHHIOIUIIUAOE HA-
XOOATCA HA HAPYXKHOH NOBEPXHOCTH NMTa3MaTHyec-
Knx MeMOpaH. B 3HaYMTENbHBIX KOAMYECTBAX TNH-
KOMIMAKWObI CONEPXATCS B MeMBPaHAX KNeTOK MQ3ra,
IPUTPOLIMTOB, STUTENHANbHbIX KIeTOK. [aHTNHo3n-
Abl IPHTPOLIMTOB PA3HBIX MHAMBHAYYMOB pa3iuva-
OTCH CTPOCHHEM OJHMrOCaxapUAHbIX UETEH, ITposB-
JAKNIMX AHTHTEHHBIE CBOUCTEA.



OH
OH “—CH,0H

IRvHH=E
anupaTuuecKue
usnn
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)

Gal | NANA
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Puc. 5-5. Fankonunmpel. Gal — ranaktoaa; Glc — rmiokoaa; NANA {NewAc) — N-auetunHeiipaMWHOBAR UAKM CHanosas KHonoTa,

Xonectepon. XoAecTepon NPUCYTCTBYET BO BCeX
MeMOpaHax XHBOTHBIX KIETOK. Ero Momekyna cocro-
HT K3 XECTKoro ruapododHore sapa u ruOKoM yrne-
BOJAOPOIHON LIETH, eTUHCTREHHAN TWAPOKCHIILHAS
TPYNNA SETIETCS «MOISPHOW TONoBKOi» (puc. 5-6).

Jta KMBOTHON KIETKHM CPeiHEE MOTSIPHOE OTHO-
nieHWe Xonectepod/dochonvnuasl pasuo 0,3-0,4,
HO B TUTa3MaTH4Yeckol MemOpaHe 3TO COOTHOLue-
Hue ropano senue (0,8—0.9). Hamuuue xonecrepo-
Jia B MeMOpaHax yMEHbIIAET NOABKKHOCTD KHPHbIX
KHCJAOT, CHMXAeT JaTepancHyky AWU(xDy3uI0 NKITH-
OB W OEKOB, U MOITOMY MOXET BAWATL Ha (vHK-
uy mMemOpaHHbIX Ge/IKOB.

B cocTaBe MemDpaH pacTeHHi XOMeCTepoaa Her,
a8 MPHUCYTCTBYIOT PACTHTENbHLIE CTEPOMIb — CH-
TOCTEPOI M CTUIMACTEPOI.

2. Tpancmemibpannas acummempus aunudoa

Kaxaaa memOpaHa xnetkM 3aMKHYTA, T.6. HMe-
€T BHYIPEHHKIO M BHENIHIOI TIOBEDXHOCTH, pPa3-

JMYAOIIKECS N0 MMOUIHOMY M OSIKOBOMY COCTA-
BAM — 3TY 0CODEHHOCTL MeMOpaH Ha3bIBAOT
TpancMeMOpannoil (onepeuHoil) acummerpuedi,

JIvmuaHas acKMMETPHS BO3HMKACT NPEXKAS BCETO
TIOTOMY, 4TO JIMIHALL ¢ G0ee OOBEMHBIMK TIOJISp-
HBIMU «TOTOBKAMMW» CTPEMSITCSA HAXOOHTHCH B HADYXK-
HOM MOHOC/IOE, TaK KaK TaM roilads noBEPXHOCTH,
NPUXOMSTUIANCA HA NOIAPHYK) «TONOBKY», GOMLLUE.
DochaTnIUNX0AHHbI ¥ CEUHTOMHETUHDI TOXKATHU30-
BaHbl MPEUMYLISCTBEHHO B HAPYXHOM MOHOCIOE, a
thochaTHaMNITAHONAMUHBL U docdaTuancepuiipl B
OCHOBHOM BO BHYTPSHHEM,

JIMnMIB B HEKOTOPBLIX BHOJOTHUYUSCKUX MeMBbpa-
HaX ¢ JOBOJIBHO OONBLIOR YACTOTOH MHIPUPYIOT C
OOHOWM CTOPOHEI MeMOpaHBl Ha ApPYTYW, T.€. CO-
pepulateT «baun-dnon» (ot avon. flip—flop} nepe-
ckokM {puc. 5-7). MNepeMelleHue nUNHOHBIX MO-
NEKYA 3aTPYARAIOT NOSAPHBIC «[OIOBKH», NIOITOMY
JIUOMAALL, HAXOOAWMECH HA BHYTPeHHeH cropoHe
meMOpaHsl, UMEIOT OTHOCHTENIBHO BBICOKYI0 CKO-
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Puc, 5-6. Nonoxenwe monexynul xonectepona B membpane. Monexkyna xonecTepona pacnonarasTca B NUAMOHOM Cnoe MamBpaHk
napannentHo anuaTn4ecknM LNAmM mMonexyn docdo- 1 MUKonMnUOes. [WIPOKCANBHARA rpYNNa XONecTepona KoHTaKTURYeT C rugpc-

MREHBIMK «TONOBKAMW» ITUX NMAVOCE.

NaTepansHaa anddyaus
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: f
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O4eHb PeaKko
HammbBanve Bpawerwe

Puc. 5-7, TUNLI ARMKEHUWI AWNHUAHLIX MONeKyn & Bucnoe mem-
Gpan,

POCTb TPaHCMeMOpaHHOI MMTPALIMK TI0 CpaBHE HUIO
C JWAMAAMH HapyXHOH CTOPOHBI MeMOpPaHbl, MHT-
PHPYIOLIMX MeLNeHHEee MAM BOODILE HE COBEplua-
OWHMH «GQITHIT-QAOT> TEPECKOKH.

3. Rudrocmuocms memipan

I memOpaH XapakTepHa RUJAKOCTHOCTD (TeKy-
YeCTh), CMIOCOOHOCTE JIMITHAOR W OEKOB K IaTepaib-
Ho# aAndidyzun, CKopocTh NEPEMEILIEHNS MOJIEKYA
3aBUCKT OT MUKPOBSZKOCTM MemOpaH, Kotopasl, B
CBOIC OYepedb, OTPEAETSICTCH OTHOCUTEALHBIM CO-
JEPKAHWEM HACBIIIEHHBIX M HEHACBIIIEHHBIX XMp-
HBIX KHCIOT B COCTAaBE JTUIHAOB, MUKpPOBSI3KOCTb
MEHBLIE, ECIM B COCTaBe JMMUIOB Tpeobnagaot
HEHACHIIIEHHEBIE XHMPHbIE KHCIOTH, W 00ablUe NpH
BBICOKOM COJIEp>XKAHHM HACBILIEHHbIX KHPHBIX KHC-
JIOT.

AlnnbHbie (AMMPATHYSCKUME) OCTATKW HEHACHI-
IIEHHBIX XHPHBIX KHCIOT HMEIOT TaK HA3bIBaeMble
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«M3IOMBI» (CM. pa3zacs 8). DTH «H3IMOMBI» [IPENsiT-
CTBYHOT CJHIIKOM IUICTHOW YIAKOBKE MOJEKVI B
MeMOpaHe ¥ JenaloT e€ Gosee phIXIOH, a cienopa-
TENLHO U Donee «Tekyvei». Ha TekydecTb MeMb-
PaH TAKAKE BAHAOT pasMephl YIJEBOAOPOIHBIX «XBO-
CTOB» JIMMIMAOE, C YBEAMUECHHEM [UIMHBI KOTOPBIX
MeMOpaHa CTAaHOBMUTCH Oofee «TeKydek».

4. Dyuxyuu memOpanusix aunudos

Docdo- W rIUKOIHNHAB MeMOpaH, MOMHMO
y4actTHd B DOPMHPOBAHUH JUIIUAHOrO 0UCTOA,
BHIMOMHAOT P APYTHX BAXHbIX hYHKIIHE,

Junuasl GopMUPYIOT cpely AAA HYHKIIHOHM-
poBaHUsl MEMOPAHHLIX OENKOB, MPHHUMAQUIMX B
Hel HaTHBHYW KoHbopMaluw. BoiaencHHbe U3
MeMOpaH depMEHTBI, AMILEHHBIC THMMAHONO OK-
PYXEHMSI, KaK TPaBIIO, HE NPOSBIAIOT KATAAHTH-
YECKON aKTHBHOCTH.

Hexotoprle MeMOpaHHLIE JUNMKALL -— MPEALIc-
CTBEHHHKH BTOPHYHBIX [OCPEAHHKOB ITIpH HeEpe-
naue ropMoHanbHoOro curHana. Tak, drocdaru-
OWIHHO3NTON-4,5-6uchocdar (PUD,) non neil-
ctBreM QepmenTa dochonrnait C rHaponnsver-
csl mo adaunnranuepona (JJAT), aktueatopa mpo-
TeMHKHHa3u C u uHosutoia- 1,4,5-rpucocdara
(N®,) — peryaAaTopa KanbllMeBOTO 0OMEHA B KITET-
ke (puc. 5-8). JAl, UD,, npoternHkuHaza C u
Ca?* — yyactHuky vHo3uTobochaTHOR cucTeMal
nepefayy CUrHana.

KpoMe TOro, HeKoTOpsle JIMIM/ILI BHINOAHSIOT
«TKOPHYI0» YHKUMIO, HAMpUMEp K hochaTHawI-
MHOZUTOAM Yepe3 QJIHFOcaxapHl MOTYT TIPUCOEIH-
HATBCA crieuHpuyeckue ek HAPYKHOH TMOBEpX-~
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Pue. 5-8. Nupponns ocdiaTmamninnoawron-4,5-6uctoctara.

HOCTH KAeTKM (pHc, 5-9). PochaTHIUIMHOZHTON C
NPUCOSAUHEHHBIM K HEMY OMMIOCAXAPHAOM (TIM-
KaHoM) HasbiRaeT GochaTuannvHOIUTONTAMKAHOM.

CBa3b GenKoB C 3TONW MONEKyJIol {riMKaHoM)
ocyiecTaugercsa qepes docdoaranonaMun, IMpu-
MEDP TaKOro «3aAKOPeHHOTO» Belika — aleTHIIXO-
JHHACTEPA3d, KATAMMIUPYIOUAA THIPOIUI aleTHI-
XOJMIMHA B CHMHANTH4ECKOH ILeNH, IToT (epMeHT
dMKCHpYETC Ha NMOCTCHHANTUYECKOH MemBpaHe,
KOBANEHTHO FPUCOEAMHASCH K GochaTHIMIMHO-
suronrnukady. [Moa aeficteuem docdonumazel C

NH,
benok

Fnvkax

MOXET TIPOUCXOINTE OTAEICHHE OSIKOR OT BHEL-
HEW NOBEPXHOCTH KINETKH.

JumUAsT MOTYT OBITB AAA0CTEPHYESCKUMH aKTH-
BaTOpaMH MeMOpannnix depMerToB. HanpuMep, -
TUIPOKCHOYTHUPATIETHIPOTEHA3A, YYACTBYIOLLAN B
OKHCIEHWH KETOHOBLIX TeNl {cM. pasfen 8), JIoKa-
JNIM30BaHA Ha BHYTpeHHed MeMOpaHe MUTOXOHIPHIA.
KaTtanutnueckas aKTUBHOCTB (PepMEHTA [IPOABIA-
eTCsl TOMBKO B TEPUCYTCTBHU (hocdaTHIHAXONIWHA.

MepMeHT NpoTedHKARA3a € KATATU3MPYET peak-
uMu docdopunnpoBaHua Oe1KOB MO aAMHHOKUC-

docharpunuHosuTon

OH H
STaHoNaMUH \@ H OH
Sranonamun —(P) Onurocaxapua - (FIMKo3amuH) ~O OH
L% A
B H

Cesae, paclyennaeman
tpochonunasoia C

Q
"0-P=0
7
CHz CH-CH,
¢ 9Q
0=C C=0

| |
o TR
R R

Pue. 5-9. «fAkopHas» yHKUMA DochaTUAMNUHOIUTONINMWKAHOE.
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JOTHRIN OCTATKAM CCRMHG WO TPConHig, B ncak-
THRIEONE PO iporenHkiaasi C iasodnes g
MHTOSO0E, CUTTHIRG (10016 CTHAMVARIIE KICTRI (10~
BOHICHIE RORCICEKG ROV H TP KA} (hop-
ACHT GLICTPO GRTHRTPVETSH WONRAMIL KaAbilksi K
OKRIMBACTCH B 3uliHbIM ¢ MenOpaHoit. MyHKIH-
OIELVILIIO dKTHBHAH INOTeHHKNHau € — Kowi-
ICKC, COACHARAWME MORONMED DepseHIL, MOACKY-
IV STHATHATT RSP, o7 e Douee roHos Ca'
HOUCTRPE MOUCKY. LI (POCUTHANICCPHHA,

KPesaTUHEHHA3A, QCpyeiiT KarictHupyioniin ob-
DIORAHHE MIAKPOORIHYCCROIO COCAMICIMS KDei-
THHGoChara (os. povsiaen 9y i posisacHus vro
AKTHRHOCTH PeHVETest CHCIMKHYECKOS BIOH 0=
ACHCTBHE © KAPAHOITHEOM BHYTPCHHICH MCMO-
PEAHBE MU FOXOH A,

If. BENKA MEMBPAH

ECait GCHOBHA POIL THTHEIOB B COCTABE Mevh-
Pt 3ARIECHSCTCH 15 CTATHAUIAHY OHCA0H. TO OL-
KH OTBCYAIOL 38 (PVHKUHOHZABHYH AKTHBHOCTDL
seMOpan. UMK 03 I BDCCIICYHBAKYT TPAHCITOPT
ONPCACICHIILIN MOACKYA W HDHOR, JAPYIMC 5Bis-
KOS (PEPRMCHTAME, TS ILH YHACTRYION B CRR3LIEL-
NHH LHTOCKETETR ¢ BHEKACTOMIRIM MATPHKCOM JLTH
CTYARAT PEHCTIFORAME UL TOPMONOE, METHATOROR,

Hapy#Has NoBepxkHoCTe MemMbpans!

LlAT030nNsHaR NOBEPRXHOCTE MEMBRAHE

Puc. 5-10. Pacnoncmenwe (hokanwnaauws) 6Genkoe B membpanax. Tpancraemipanrpe Genkn. Hanpumen: 1~

WK MO N h, AHNGUPOTSHHOR, OKCHAR 33074
(NG Ha aose Deikae npisoirol ot 30w 704
MACUB NeMOpat bedaki onpeassiryr ocedeHoc-
TEE DT L I PORAHEA R0 veviipie g,

OCOBEINIOCTH CTPOEHHS
HTORATHIALTH GETTROB B MEMDBLPAILAX

Mesadpanisie OSNKH. KONTAKTHPYIOWNG © H-
poihonici HaCTH1I0 AKaioio GHCI0, 100K A
Ot astipiuioandbinn, Te vuac ey Oy, KOTo-
DBLD SLI A TRYIOT C VU TEUOAGDOVITBIA N UCTLs-
MU ORI KRS0, COZCDRAT TREHMYIHECTHCHHO
HCNOMPHLIC @S HHOKHCTOTB, Vuac ke 6eakd, ia-
RODBIHIICCA 11 O0TICTHE PIONADHTRIX «TOA0BOK», 0D0-
FATHCH LD THAPOAILTRHBIMH AMHUTOKHCACTHLIMIEE OC-
TUTKIMI,

Be lKH MUMODITH PULIHYMERICH 110 CBOSMY THEO-
Actino g semdpane (nse 3-10) Oy MOy 1iy-
DORDY HPOHAEETE B BIG0BI DHCH0H 10 ke
HPOLHSLIBATH ¢TI -— HETeIRAAbHBIC Deaku. THOO
DAL CHOCODAMM TPHKPRTLINTHCY K MeMbpi-
HC - NOBEPXUOCTHBIC DETKH.

TlosepxHaCTHBIE DEIKH

n(}['iep.‘(f*l()i_“l'[[blt? Deirki qacTo HMKPETIIHEYTCH
K !\I{,'.\l'(‘-)p‘éil-lt.‘f., KM MOACTIC BYSH C HITTCIainHBIMN

TMUKOHOPUH A:

2 — peuenTup appesannHa. NoepxHocTHee Benkn: 3 — DenKK. CBANAHHLIZ ¢ UHTENPANEHLIMKY DCAKEMU. Hanpunep. (IepMeHT CyKumn-

Hatgerygporedasa:; 4 - fenkn, NMpUeoeBnHERHEE X NOAAPHBLIN «TONOBKEM: MMIHUIG ¢
KW, c3ARKOPENHEIE» B MEMOPAHE © NOMOUERD KOPOTKORD MARMANOLHG O KOH LTS
Hbig s BENKY. KOSAREHTHO SOELUMHEHHBIE C RANKMOON MENTDEMRL [HANDWUMER, (EDMEHT USHCH IS OehnTasa
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OellKaMu WIu MOBEPXHOCTIHIBIMH YUACTKAMH JIH NI -
HOTC CIOA.

Beaku, odpa3yiolline KOMILTEKCHE ¢ HHTErpab-
HBMH OelgaMH MeMOpasb!

Psii MIHIIEBAPHTENBHBIX (DEPMEHTORB, YYaCTBYIO-
IUMX B THAPONK3E Kpaxmanaa M OenkoB, npyKper-
JIfIRTCA K MHTETDANIBHBIM DeIKaM MeMOpaH MUKpO-
BOPCHHOK KHLIEYHHKA,

[MpyumMepaMu TAKHX KOMMJIEKCOB MOTYT OBITh ca-
Xapa3d-30MaibTasa U ManbTa3a-rIHKoaMuIasa (CM.
pazaen 7). Bo3aMOXHO, CBA3b ITHX NHLUEBAPHUTEDb-
HBIX PEPMERTOR ¢ MeMOPaHCH MO3BOISIET ¢ BbICO-
KOH CKOPOCTBIO TMAPOAU30BaTE CyOCTpartsl M yo-
BAMBATh MPOAYKTh THAPOIM3A KIETKOM.

BelkH, CBA3AHHBIC ¢ MOAAPHBIMH <PONOBKAMH»
JHnHaoB MeMOpan

lNoaspHble UMK 3apsiKeHHble JOMeHBl OenKoRoH
MOJISKYJILI MOTYT B3aHMOOSHCTBOBATL C MOAAPHBI-
MM «[OJIOBKaMH» JIMMMIO0B, 00pa3ya HOHHBIE U BO-
NopoaHbIE cia3n. KpoMe Torg, MHOXECTBO PACTBO-
PUMBIX B UWTO30Me OeNKOB NpH OmNMpenenéHHbLX
YCIAOBHAX MOTYT CBSI3BIBATBCA € TMOBEPXHOCTLIO
MeMBPAHbL HA HETIPOACAXUTEIbHOEe BpeMs. MHor-
[Ja CBA3biBaHUe Defka — HeoOXOAHMOE VCIIOBHE
NMPOABRJIEHUS (DEPMEHTATUBHON aKTMBHOCTH. K Ta-
KM Oe/IKaM, HATIPUMEDP, OTHOCAT MPOTCHHKHHA-
3y C, dakTopnl CEBEPTHIRAHUSA KPOBH.

3dakpenjieHue ¢ NOMOINLI; MeMOPAHHOLO «AKOPA»

«SlKopeM» MOXET OBITH HEMOJAPHBII NOMEH
Genxa, HOCTPOEHHLIN W3 aMUHOKKCIOT ¢ THAPO-

GoOHbIMM pagsikanamu, Tlpumepom takoro Genka
MOXET CAYKUTh LIUTOXPOM b, MembBpansl DP, Dot
BeN0K YYACTBYET B OKHCIAUTENLHO-BOCCTAHOBH -
TeJbHBEX pPeaKlIMsX, KaK MepEeHOCUUK INEKTPOHOB
{cM. pazaen 12).

Posib MeMOpaHHOIO «AKOpsi» MOXKET BLITOAHATH
TAKXKe KOBAJICHTHO CBA3AHHBIA ¢ OEKOM OCTATOK
KUPHOH KMCIOTBl (MUPUCTHHOBOW — C, min
natsmutuHoBOi — C ). benky, ceAzaHnbie ¢
AHMPHLIMM KHMCIOTAMM, TOKAIM30BAHBI B OCHOBHOM
HAa BHYTPEHHEH MOBEPXHOCTH NNA3IMATHYECKOMN
MeMOpaHbl. MUpPHCTHHORAS KUCIOTA TPUCOSIHHA -
eTca x N-KOHUESBOMY TNHUMHY ¢ 00pa3zoBaHHEM
aMHARON cea3n. TlaxeMMTMHOBAA KHCNOTa 0Opa-
3yeT THOZODHMPHYIO CBI3b ¢ UMCTEUMHOM WK CIOX-
HO3(DUPHYIO ¢ OCTATKAMM CEPHHA M TPEOHMHA.

Hebonbliag rpynna DenkoB MOXET BiavMoAci-
CTROBATh ¢ HAPYXKHOH MOBEPXHOCTBIY KIETKH C
[OOMOLUBLIC KOBAJIEHTHO NpHcoeanHEéHHoTo K C-
KoMy Oenka gochaTHIUTMHOIUTONTIIMKAHA. 3TOT
«AKOpPb» — 4acTO SAMHCTBEHHOE CBA3yM0ilSe 3Re-
HO Mexiay CelkoM U MeMBpaHoil, mo3ToMy np#
neitctBUM hoconunaze C 3T0T HenoK oTIenseT-
¢st OT MeMOpaHkbI.

TpaHcmMeMOpanHeie (HHTErpaibrbie) Delku

Hexortopele 3 TpaHcMeMOpaHHBIX 0eKOB npo-
HW3bIBAIOT MeMOpaHy OaWH pa3 (MMMKOQOPHH), Ipy-
rue HMMET HECKOJIBKO YYACTKOB (OMEHOR), Nog-
NejoBaTeNbLHO Mepeceratolx 6ucnoit (puc. 5-11).

TpancmemOpaHHbIE AOMEHDBI, TPOHU3LIBAKNILIE
OMCnoH, MeEloT KoHpopMaliHi u-cnHpain. Tlonsp-
HBIC OCTATKM AMMHBOKWUCNOT ODpalleiHbl BHYTPL TJIO-

N N
N N
N ) HapyXHan nosepXHOCTL
0 0 0 0 memBpaH.!
MunuaHbIR
Bucnoi
/ R S \“‘/\ i LuTonnazmaTuyeckas
N 2 c noeepxHocTh MeMGpaHbt
/ C
¢ c3 ¢C 4

Puec. 5-11. UuTerpansHelie Genku Meambpan, cogepxawue ot 1 go 12 rpancmemMbpanHbIiX goMeHos. 1 — peuenTtep NNHM:
2 - MIT-1 — TparenopTdp MIOKO3k; 3 — peUEnTOop WMHCYNWHA; 4 — agpeHOpeUenTop.
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Gy/Ibl, @ HEMONSIPHBIE KOHTAKTHPYIOT C MeMOpaHHbI-
MH rmHaamMi. Takue Oelky Ha3hIBAKOT «BbIBEPHYTHI-
M1t 10 CPaBHEHWHY ¢ PaCTROPHMBIMM B BOne OeyKa-
MH, B KOTOPBIX GOMABLLURHCTRO MapopOOHBIX OCTAaTKOB
AMUHOKHWIOT CISITAHO BHYIPb, 4 THAPOdUIbHDBIC
PACTIoNAraloTesl HA TIOREPXHOCTH (puc. 3-12).
Panukanbl 3apsKeHHBIX AMUHOKMCIOT B COCTa-
B¢ OTUX AOMEHOB NMHILEHBI 3apsala M TNMPOTOHUPO-
sarbl (-COOH) wnn nenporonnpoansl (-NH,).

I'MMKo3nmMpoBaHHLIe Genkd

[1oBepXHOCTHEIE GENKHU WM AOMEHB HHTETPATb-
HbIX GE/KOB, pacloJOXEHHBIE HA HAPYXHONR Mo~
BEPXHOCTH BCeX MeMOpaH, NOYTH BCeria MHKO3H-
TupoBaHbl. QANTOCAXAPHIHBIE OCTATKH MOTYT OBITh
NPHCOEIMHEND Yepe3 aMUIHYIO IPYILIY acrapari-
Ha WAM THAPOKCWIBHEIC TPYNNL CEPMHA M TPEO-
HHuHA {pHC. 5-13).

OnurocaxapriHble OCTATKH 3AIUMIIAIOT GENOK OT
IIPOTEO0/IN34, YHACTBYIOT B Y3HABAHWH JIMTAHAOE UK
afre3nu.

Jlarepanenaa mudpysna Genxon

Hexoropple MeMOpaHHble OelKH NEpeMElLAT-
¢l BIObL GHcios (AatepambHas Judwpy3ns) 1M no-
BOPAYHBAIOTCA BOKPYT OCH, MEPICHINKY/ISIPHO €r0
OBEPXHOCTH.

Hanprumep, ¢epment docdonnnaza A, CBA3LI-
BafACh ¢ HUTOILTA3MATHYECKOH NMOBEPXHOCTBIO MEM-
OpaHBl, MOXET NATCPATLHO NMEPEMELLAThes Mo Mo-
BEPXHOCTH OMCA0S M THIPOJIW3OBATH HECKOJIBKO

PacTeopuMET
benok

MembpaHHE"
fenok

Puc. 5-12. Nloxanuzaums HENONIPHLIX {HeIaKPaLLEHHLIE KPYXK-
KW} ¥ NONAPHWIX {3aKpalleHHLIE KBARPATH) AMUHOKRCAOT B
PACTEOPAMbIX W MembpaHHLIx Benxax,
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THICSIY QOCHOIUNIMACE B MHHYTY A0 TEX NMOp, NOKA
He OTHEJTUTCS OT MEMOPAHBI,

JlaTepansHasi nudbyIns HHTErpaibHbiX GeIkoB
B MeMOpPAaHE OTpaHMueHa, 3TO CBA3AHO ¢ KX GOAb-
UMK pasMepaMy, B3AUMOISHCTBHEM C HPYTHMM
MeMOpaHHBIMH GEAKAMH, ZNEMEHTAMU LIUTOCKENETA
MJIM BHEKJICTOUHOTO MaTpHKca.

beakn memOpaH He COBeplUAlOT MepeMelIcHHHi
€ OIHOH cTOpOHBI MeMOpaHBl HA APYIYIO («uInII-
¢uion» nepeckoku}, nonobHo dochonunuiam.

lll. NEPEHOC BEWECTB
YEPE3 MEMBPAHDbI

Jwwbaa Monekyna MoXeT NpoHTH 4epe3 JTUNHI-
HEI GHCICH, ONHAKO CKOPOCTh MaccHBHOM muy-
3MM BELLUECTB, T.6. NEPEXONA BellecTBa U3 obsacth
¢ Oolbiel KOHIEHTpauued B ob1acTe ¢ MEHBILEH,
MOXET CHIBHO OTIH4YaThesl. i HEKOTOPBLIX MOJe-
KY/J 3TO 3aHMMAET CTOMb JUIMTEJIBHOE BpeMs, 4To

Puc. 5-13.CrpoeHue peUenTopa RMNONPOTERHE HH3KOH NNOT-
wocti (NOHM). 1| — BHYTPUMKNETOYHBIA JOMeH; 2 — TpaHCcMemBb-
PaHHBIA ACMEH; 3 — ONUrOCaxapWaHbIe OCTATKW, MPUCOSAMHEN-
Hbie K OH-rpynnam cepmHa MAK TPEOHKMHA; 4 — ONWrocaxapHaHLI
OCTaTKN, NPUCOSOWHEHHBIE YEpes aMUHYID MPYNny acnapariHa;
5 — JINHM-ces3bBAKWMA AOMBH.



MOXHO TOBOPHTH 06 WX TIPAKTUUECKOH HEMPOHHLA-
€MOCTH 18 JIMTNMAHOTO GHCH0A MeMOpaHel. CkopocTs
Addy3nm BeLLECTB yepe3 MeMOpaHy 3aBHCHT T/1aB-
HbiM 0ODPA3OM OT pas3Mepa MOJIEKYI H HX OTHOCH-
TCNLHOM PACTBOPMMOCTH B XKUPAX.

Jlerde Bcero npoxonAt npocToil mdubysned uepes
TMITAAHYI0 MeMOpaHy Malble HeTlOMHpPHEIE MOITEKY-
Jl, Takue Kak O,, CTepOMALI, THPEOMAHBIE TOPMOHLI,
a TaKXe XWUPHBIE KUWIOTHL. Mabie MoasipHbic He3a-
psixennble Monekyisl — CO,, NH,, H,O, stanon,
MOYeBHHA — Takxe TUMPYHIUPYIOT C AOCTATOUHO
Oonbioi ckopocteio. uddysua ruuepona vact
3HAYMTETBHO MEIICHHEE, A [OKO3A MMPAKTHUYECKH HE
crocofHa CAMOCTOSITEIBHO NPOMTH Yepes MeMmOpaHy.
Huis Beex 3apspKeHHBIX MOJIEKYIT, HE3aBHCHMO OT pas3-
Mepa, JMIMAHAA MeMOpAHA HENMPOHHLIACMA.

TpaHCOpT TAKWX MOMEKYA BO3MOXEH Onarona-
ps HAUIMYHIO B MemOpaHax nut6o Oenkor, GopMHUpy-
LMY B JAUIHIHOM ¢JTOE KAHAIBL ([TOPLI), 3amof-
HEHHBIE BOMOI, uepe3 KOTOpLIE MOIYT IPOXOOMTh
BEILIECTBA ONpPEAENIEHHOTO pa3Mepa npocToi Jud-
ysdei, Mb0 cneuuduyIecKUX 0eTKOB-NEPeHOCYN-
KOB, KOTOpble W3OHpaTelbHO B3auUMOIeiCTBYd C
onpefenéHHBIMHA TUTAHAAMU, O0IerdaroT Mx nepe-
HOC Yepe3 MemOpany (o0aeryénnas auddysus).

KpoMe MacCUBHOTO TPAHCNOPTA BELUESCTB, B
KIeTKAX €CTh OeJIKH, aKTHBHO TepexkauyuBalollye
ornpeneléHdbie PAcCTBOPEHHLIE B BOJE BELIECTBA
MPOTUB WX TPATHUEHTA, T.€. W3 MEHBLIUCH KOHLIEH-
TpalliH B OBNAcTE OOJbWIENA. DTOT Mpolece, Ha-
3bIBAEMBLIIi AKTHBHBLIM TPAHCHOPTOM, OCYIIECTBISI-
€TCS1 BCETAA C MOMOLLIBY OeNKOB-MEPEHOCUHKOR H
APOUCXOIMT € 3ATPATOH JHEPTrUM.

A. CTPOEHHE M ®OYHKIIMOHHPOBAHHE
BEJIKOBRIX KAHAJNOB

Kananawl B MembpaHe GoOpMHPYIOTCA WHTErPaib-
HbIMHY OeIKAMH, KOTOPBIE «IIPEPbLIBAOT» TUTIMIHBIH

PerynaTtop

Bucnoi, obpasys nopy, 3anonHeHRYIe Bogoi. CTeH-
KH KaH&Ia «BHICTH/IAIOTCS» PANIHKATAMA BMHHOKHC-
JIOT 3THX O€NKOB.

EciM KaHaibl pasivyaiorT BELECTBA TONLKO IO
pasMepy M NpPONYyCKaloT BCE MOMAEKYIbl MEHblIe
OMNpelenéHHOW BeTHYHHEL, [10 TPAgHEHTY KOHIIEH-
TpauuH, T.€. CAVXAT (pUILTPAMH, TO WX Ha3blBa-
10T «HECENEKTHBHbIE KAHANbl», UAH «Mopbl>. TaKHUE
NOPH €CTh B HAPYXHOU MEMOpaHe MHTOXOHAPHH,
roe MOJeKyAbl OeIKa-MopyHHa O0pasyioT WHpOo-
KHe rMapoduiabHBIe KaHanwl. Yleped HMX MOIYT
MPOXCAWTE BCE MOJEKYIBI ¢ MOJEKYASIPHOW Mac-
coi 10 kMl v MeHbIIE, B TOM Yucne 1 HeDoAbILINeE
oenku.

CelleKTHBHLIE KAHAJH, KaK TIPABHANG, YIACTBY-
I0T B OEPEHOCE ONpedeNéHHEIX MoHOB. HMonuasg
CENEeKTHBHOCTE {M3GHpATENBHOCTE) KAHAIIOB OIT-
peaensieTcs MX AMaMETPOM H CTPOEHHMEM BHYT-
PEHHEH MOBEPXHOCTH KaHana. Hanpumep, kaTH-
OHCEEKTUBHEI¢ KAHAMNBI MPONYCKAKT TOMBKO
KaTUOHBI, TAK KdK COAEpXKaT MHOIC OTPHLIATEIb-
HO 34pSKEHHBIX AMHUHOKHCIOTHRIX OCTATKOB,

OTKpBITHE UMW 34KPBITHE CENEKTHBHBIX Ka-
HANOB peryJupyerca Tub0 MIMEHEHHEM KOHLEH-
TPALHH CIeUHPHIECKUX PeTYIATOPOB, TAKHX Kak
MEIAMATOPHl, TOPMOHEL, IMKAWYECKHE HYKIEOTH-
aet, NO, G-tenku, nub0 H3IMEHEHHEM TpaHC-
MeMOPAHHOTO 3NEKTPOXHMHYECKOFO [TOTEHLIHA~
Ja (puc. 3-14). Bo3aeHCTBHE PEryasiTOPHOTO
thakTopa BHI3BIBAET KOHGMOPMAUMOHHBIE H3ME-
HEHUST KaKamoobpasyiowmx DenkoB, KaHAl OT-
KPBIBAETCH M HOHBI MPOXOAAT MO IPaiUeHTY KOH-
HeHTpaUuKH. TPaHCOOPT BEWECTE Yepe3 KaHallbl
HE MPHBOANT K KOH(OPMALIHOHHBIM U3MeHEeHH-
SIM GeNKOB K 3aBUCHT TOJbKO OT Pa3HOCTH KOH-
LeHTpaUHH BEelUeCTB NO 08¢ CTOPOHH MeMOpa-
HH. [103TOMY CKOPOCTh TPAaHCIOPTA BELIECTB
yepes TakKHe KaHalbkl MOXeT gocTurath 106-10%
MOHOB B CEKYHIY.

Puc. 5-14. Perynupyemslil KaHan. 3awTpuxoBaHHbe KBafparthl — PErynaTopsl, CEOTAbIE KPYAKKM — MEPEHOCHMBIE HOHBL.
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B. OBAErYEHHAS AUDOYIAS BELIECTB

B memMOpaHax KIeTOK CYLLECTBYIOT OeTKH-TpaHe-
Jokassl. BianmoaelcTsys co cneuupryYecKum Jin-
TAHI0M, OHUM 00SCNeyUBAaIOT ero TUGMYIUI0 (TpaHc-
MOpT K3 0OMACTH DOABLLIEN KOHUEHTPALKHK B 0013CTh
MEHLLIEH) Yepe3 MemOpady. B ornMuue ot Genko-
BbIX KAHANOB, TPAHCIOKA3LI B NPOLIECCE BIaMMOaei-
CTBMS C JIMTAHAOM H TIEPEHOCA €TI0 Yepe3 MeMOpaHy
NPETEPIICRAIOT KOHPOPMALKWOHHBIE M3IMEHEHHUS.
KHHeTHIeCKH MepeHoC BellecTs oberuEHHON aug-
¢yaneit HanoMuHaeT MEPMEHTATHEHYIO DPEaKIIUIO,
s TPaHCNDKAS CYLIECTBYET HACBIIAKILLIAS KOHUEH-
TpaUuMs JAMTAHAA, NPH KOTOPOK BCE LIEHTPLL CBA3LI-
BaHHA OejiKa ¢ JTUTAHOOM 3aHATHL, U O6enKKn paboTa-
10T ¢ MakKCHManbHOW ckopocTthio V_ . Iloatomy
CKOPOCTL TPAHCIOPTa BELLECTB obneru€HHol aud-
hy3ve 3aBHCHUT HE TOABKO OT I'PAIMEHTA KOHLEHT-
paUMi NepeHOCHMOTO SMIAHAA, HO U OT KOofuue-
cTBa DENKOB-11EPEHOCUHKOB B MemOpaHe.

CyuIeCcTBYIOT TPAHCIOKA2B], NEPEHOCALUME TOAb-
KO OlI0 pPacTBOPHMOE B BOME BELIECTBO C ORHOHR
CTOpOHBI MemOpanbl Ha apyryvio. Takoit npoctoit
TPAHCTIOPT HA3LIBAYT «HACCHBHMIA YHHIOPT». [Tpu-
MEPOM YHHUMOPTA MOXET CAYKUThE (PYHKUHOHHPO-
gadue TJIKOT-1 — Tpancnokasbl, nepeHocsiiei
TIUHOKO3Y Yepes MeMOpaHy apuTpouudTa (puc. 3-15)

HapyxHas BHyTpe:Han
NOBEPXHOCTh NOBEPXHACTE
membpadbl mMembpaHsl
s
S

Puc. 5-15. O6nervénHas ouihdy3ng (YHHNOPT) MIOKO3B B SPWT-
pounTbl ¢ nomolkio FIHOT-1 {5 — monexyna rmokoas). Moneky-
na riioko3e CBAZKIBAETCH NEPSHOCHMKOM H& HAPYXKHOR NOBEPXHO-
CTH NNAAMATHHECKON MEMBpaHLL. MNPOKCXoaUT KOHBOPMALMOHHOE
MIMEHEHNE, 1 LSHTD NEePEHOCHHKA, JAHATLIA MMIOKO30i, oKaskiea-
GTCA OTKPbIThIM BHYTRL KNETKW. BCreacTene KOHOPMaLMOHHEIX
M3MEHEHWHA NepPeHOCHUK TEPRET CROACTRO K MMIOKO3e, M Monexyna
BbICBOBOKOASTCA B UMTO30ME KNeTkW. OTaeneHne rniokoae ot ne-
PEHOCHUKE BhI3bIBAET KOHGIOPMALMOHHEIE N3MEHEHNRA DenKa, 1 oH
BOZBPALESTCH K MCXOOHOM XOHopMaumy.
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Puc. 5-16. Tunsl {8uawr) obneryéHHom audtyInn ¢ yyacTuem
REPeHOCUWKOB (TPAHCNOKA3). S, S, — PasHbie MONeKyml.

HekoTopble TpaHCNOKAZbl MOTYT MEPEHOCUTD ABA
PAa3HbIX BELIECTBA IO IPRAMEHTY KCHUEHTpaunii B
CIHOM HANPaBACHHY — MACCHBHBIH CHMIOPT, UMK
B MPOTUBONOACKHBIX HANPARNEHWAX — NACCHBHBI
auTHnoOpT (pHc. 5-16),

[MpumMepoM TpaHcaoKasbl, padoTameit no ve-
XAHHU3MY MACCHBHOID AHTHIIOPTA, MOXECT CNYAKUTh
AHUOHHLIE TIEPEHOCTHK McMOpaHbl 3PHTPOLIMTOB
{puc. 5-17).

BHyTpeHHAS MUTOXOHAPHALHAY MEMDpaHa co-
JEPKHT MIIOTO TPAIICAOKA3, OCYINECTRIIAWNX 13-
CHMBHBII aHTUnopT (puc. 5-18). B npouecce Tako-
ro IepeHoca NPOMCXOINT 3KBABANSHTHBLIH 0OMeH
WOHAMU, HO HE BCeria IKBHBAICHTHLI 0GMEH Mo
3apAay.

B. CTPOEHHE U ®OYHKIMOHUPOBAHHE
BETKOB-TIIEPEHOCYHUKOB, OCYIIECTBAAKIHX
AKTHBHBIH TPAHCIIOPT

IMepeHoc HEKOTOPEIX IKHMA1:10R (MOIIOB, FIKOKO3bI,
AMUHOKHGIOT) 4epe3 MeMOpaHbl [TPOUCXOAWT TIPOTHR
TPAIMEHTA KOHNEHTPALMA M COTIPSDKEH ¢ 3aTpaToii
JHEPTHH (AKTHBHBIA TpaHcnopt). [lepeHoc nuraHmos
yepe3 MemOpaHy, CBA3AHHLIM ¢ 34aTPATOM JHEPIHU
ATM, Ha3kiBAKOT «NEPBWTHO-AKTHBHLIH TPAHCTIONTS.

1. Hepswuno-axmustotii mpancnopm

[TepeHoCc HEKOTOPBIX HEOPTAHM'IECKMX MOHOB
MOET [POTHB MPALNEHTA KOHLEHTPAIMU TTPH yuyac-
THH TPAHCTIOPTHHIX AT®-a3 {MOHHBIX HACOCOB).
Bce uollible HACOCHI OAHOBPEMEHHO CAyXKaT dep-
MEHTaMH, CIIOCOGHBIMH K ayTOPOCCpPHINPOBAHKED
u aytonedochopinposan i, ATM-aze pazmnua-
HOTCA TI0 MOHHOM crietiMHIHOCTH, KOTHYECTBY -
PEHOCHUMBIX HMOHOB, HAlPABACHWUK TPaHCIlGpTa.
B pezyarrare (yHKUHOHMpOBAaHWA ATP-azbl mne-



Mnazma
HpOBIM

Uwroions
IPUTROUMTA

-l
MCO,

cr
HCO,

b
Mrigava . LnToaos
KpOBY ® IPUTROLITA
cr Cr
HCO; HCO,

Puc. 5-17. MaccueHbiA aHTMNOPT aHuoHoB HCO, - v CI- yepes memGpaHy 3puTpOLMTOB. A — KOMLA 3PUTPOLMT HAXOGUTCA B BEHOS-
HBIX Kanunnapax, aumod HCO,~, o6palceEanHLIi NPV QMCCOUMALIMM YTONEHOR XMCNOTE, A0 FPAANEHTY KOHLEHTREUMM BEIXOOT 8 xDOBL B
OGMEH HA KaX[Jbl TPaHCNOPTHRYEMBIA U3 KneTkk noH HCO, Tpancnokasa NepeHocuT B aputpoumT mon Cl | B — korfa kpoke AocTurae o
NErKWX TPAHCAOKA3A NPOM3BOOMT OBMEH MOHAMW B NPOTUBONCNMKHLIX HANPABNEHVAX. Takan «HenHo4YHanA» cucTama paboTaer oueHs
SeicTpo U obecneuneaet ypaneHne CO, u3 OpraHnama v B TO Xe BPeMA CoxpaHeHne onTMMansHOre aHadedna pH B wnetke.

BHyTPEHHRAR
Uwurozone MemOpaHa MUTOXOHEDUANBHBIRA
KHETK — MATPUKE
" AgeY ADD™ P
ATo* ATa*
O« OH"
HPQ,% HPQ,%
Manar? Manat?
HPOY — it PO,
Acn’ Acn’
Ty’ Tny

Puc. 5-18. HeKOTOpLI2 MUTOXOHAPHANLHBIE NEPEHOCYMKMK,

PCHOCHMBIC HOHBI HAKAMNUBAKTCH C ONHOW CTO-
poHB Membpatibl. HanBonee pacnpocTpaliensl b
ll.'lﬁli!\iﬂ'rlr‘]"leCK(JF‘l MEMGDHHE KIeTOK YenNOBEeKd
Nat K -ATd-aza, Cal -AT®-aza w H' K" -ATO-
a3a CIN3NCTOH 0BONOYKHM Aenyaka.

Na*, K*-AT®-a3a

DITOT PePMEHT-NIEPSHOCUHK KaTamuanpyeT ATM-
3ABUCHMBIH TpaHenopt nodos Na' W K uepes mnas-
MaTHUeCKY> MeMOpaHy. Na K -ATd-aza cocro-
HT M3 Cyﬁ’beﬂHHHLl o B; o — KaraluTHyeckas
fonelwas cyGbeauHula, a B — manasa cvbsequHn-
ta {rNMKonpoTcuH}. AKTHBHaa dopma TmpaHcio-
Kasbl — TeTpaMep {aff}, (puc. 3-19).

Na*, K -AT®-aza oTpeuaeT 34 NONIEPKAHHC
BBICOKOH XoNUeNTpauHn K B KICTKE M HH3KOH
KoHUeHTpaIuK Na'. Tak kak Na™ K -ATO-a3u rbi-
KaUUBAET TPU NOMKDKHTENBHO 3aPAKEHHBIX HOIEL,
a 30KAUHBAET ABA, TO HA MEMOPANIC BO3ITUKALT MIeK-
TPUUYECKHI MOTEHITHAT € OTPUITATENBUbBIM 3HAMC-
HUCM HA BHYTPCHHCH YACTH KIACTKH 110 OTHOWIC-
HUID K €€ HARYXHON MOBCPXHOCTH.

Ca* -AT®-azsa

B 1Mto301e «NOKOALIMXCH»  KAETOK KOFIUEHT-
paums Ca™ cocrapaneT - 107 MOARSI. TOI KUK
BHE KIAETKH OB pabHa ~2- 107 smosinl Hlaon s
AWBAST TAKYID PAZHHILY B KONUCHTPAUMIt CHCTCM
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Puc. 5-19. CtpoeHve u dyHkunoHWpoBanne Na- K--ATd-asel nnaamaTMHeckod MmemBpaHsl. 1 — TP MOHA HATPWA CBAILIEAICTCA
CReLMMHECKUM LIEHTPOM TDAHENOKA2!; 2 — M3MEHEHWE KOHMOBMAaUM TPAHCNOKASb!, BRI3RAHHOE NpUCoeOuHEHEM 3Na', NDUBORUT K
AKTMBALMM KATAMMTMHECKOHW CyBbeMHMULE W YBENUMEHWIO CPONCTEA AKTHBHOTO LeHTPA K cybeTpaty (AT}, MpoTekaeT peakuws ayTo-
(POCPOPUNHPOBAHNA N0 KAPGOKCUNEHOA TPyNNe acnNapardHoROA KUCNOTLH, 3 - ayTOHOCHOpUNMPORaHME W3MEHAET 2ap9d U KOHpopMma-
LMK} TOAHCNCKA3b), OHA 33KPLIBASTCA C BHYTREHHEA CTOROHL MEMEDaHLI W OTKRLIBASTCH G HARYXKHON, YMEHEWEASTCH CROACTED K MOHAM
HATPUA 1 OHA QMCCALANMPYIOT OT neperocqnia; 4 — Na*, K--ATd-a3a OTKPRITAR C HAPYAHON CTOPOHEI MeMBpaHsl MMeeT CReurpuuecKui
UEHTp cesabiBanns a8 2K MpUcosavHerne 0BYX MOHOB KANWA K (hoChOPUNMPOBAHHON TPAHCNOKASE BhIZLIEAST U3MEHEHUE KOHOP-
MALMK ¥ NOSBNEHWE aYTOPOCHATa3HOA aKTMEHOCTH. [TpoTeKasT peakyna ayTonedochopMNHpPoBaHUA: 5 — fedochopUNPOBaHNe W3-
MEHRET 3apAN W KOHDOPMALMIY TPAHCNOKASk!, OHA 3AKPLIBASTCH C HAPYKHON CTOROHLI MEMBPAHE! M OTKPLIBASTCA C BHYTPEHHEH, yMEHL-
WASTCH CPOACTED K MOHAM KaNWa 1 OHW ANCCOUMMPYOT 0T Na®, K-AT®-a3k; 6 -- ATd-a3a BOZRPANAETCA B NERBOHAYANEHCE COCTOAHWE.

AKTHRIIOTO TPAHCIIOPTA MOHOB Kabl1M, €8 QCHOR-
Hble KOMMOHCHTBI — KAIbUHCBBIC HacOcs — Cal -
ATd-asbl 1 Na',Ca’t -o0MCIHTINKR,

Ca’'-AT®-a3a NOKaAM30BaHA HE TOALKO B 11,143~
MaTUYECKOE MeMBpane, HO ¥ B MeMBpaHe 2P, dep-
MEHT COCTOWT W3 USCHTH TpaHCI\-leMGpﬂHHbIX Ao-
MEHOB, 1IPOHH3bIBAKMIHX KIETOYHYHD MEMG[’}EH'l)‘_
Mexay BTOpbIM M TPCTBHM AOMCHAMM HAXOATCSI
HECKOALKO OCTATKOB acmapardHOBOH KHC.ADTDLI,
YUACTBYOLLMX B CBA3LIBAHMM kankuus. ObnacTn
MCXxTY tlC"l'Bép’]'bll\-‘l H NSTBIM HOMENAMH MMESY LICHTP
418 npucoeinHeHua ATO u ayrodiocdopunupo-
BAHUWS MO OCTATKY ACNaparviloRol kuenotel. Ca’' -
ATM-a3pl 1TA3MATHULCKHMX MCMOPAH HEKOTOPBLIX
KJETOK PETYAUPYIOTCA BCAKOM KaNbMOAYAMIIOM.
Kaxaas w3z Ca™-ATMd-a3 naazMarnueckoil Memo-
pann W 3P npeacrarneHa HECKOALKMMH Hiodop-
MaMH.,

PaGota Ca’-AT®-a3bi UHTONIA3MATHYECKOH
MeMOpAHDBl IO CT4AMsIM NpeacTaRaeHa Ha puc, 5-20,

Hapyuwenne aktasuoctn Ca? -Ald-a3el npy na-
TodorHi. OnHa M3 DPUUKIL HApYUIEHHUS paBoTbi
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Ca" -ATW-a361 — AKTHRRINS NEPEKHCHOTO OKHC-
nerds ounuionr (00} mempad. OkHCICHUKD
BOABCPUAKITCH KAK alMABIBIC OCTATKH MUPIIBIX
KHCNOT B coctane QocdoIMnuaos, Tak 1 SH-rpym-
TIhE B LK THBITOM TEEHTPe (])CDMEH'I'L'I. Hapyule}mc
CIPYRTVYPLL JIMITHIO10 OKDYAREHHS H CTPYKTYPbL
AKTHBHOIO NEHTPA NPHBGIANT K HM3MEHLHMID KOH-
ihopraiin ATA-a3p1, HOTCPC CPOACTBA K MOHAM
KaabiMst 1 CnocohHoCcTH K avrodochopuinpo-
panni). ATM-a3a nepeciadt BblKAYMBATH HOHDL
KL ihi s H3 WO KICTRK, NOBLILIASTCH KOH-
LEHTPALHS BHYTPHIICTOYHOLO KailbUHsl, Ca'* yeH-
JHBACT MBILLICHIIOE COKPAIICIINEG, RO3PacTacT To-
HYC MblLITEUHOH CTEHKH, HTG NMPHBOUHT K NOBbI-
icHuo A, He nocneasions poab HapyuieHue
thyukumernporands Ca’ -ATM-azbl HrpacT B pas-
BUTHH 4TCPUCKICPO3Y, paka, HMMYHHBIX NaTONO-
rHi.

2. Bmopuuno-axmuenstii mpanciopmn

ﬂepem‘)c HEKQTOPBIX PACTBOPUMBIX BELWECTB
NPpOTHE IMAIAHEHTE KOHIICHTPAaUKW K 3aBHCHT O Q-
HOBRDCMCHNBMO WO HOCICAOBATEIIBHOIO epeHOca
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Puc. 5-20. NocnepoearensHocTh cobbITUR B npouecce paboTel Ca®-AT®d-a3bl. 1 - CER3LIBaHKE OBYX VOHOE KanbUMS YYaCTKOM
ATM-azp!, OOPAWBHHON B LUTOS0NE, 2 — MIMEHBHWE 33PAAA W KOHIhopmaumumn gepmenTa (ATM-a3sl), BeI3BAHHOES NDUGCOEIUHEHNEM OBYX
oHos Ca®™, npuBoanT K NoBLILeHUD cpoacTea kK AT® 1 akTuBauvn ayTofhocthopunMpoBanna; 3 — ayTothocioprnMpoOBaHHE CONPOBoX-
[ASTCR KOHPOPMALMOHHEMWA U3MeHeHUAMK. ATE-a34 3aKpLIBASTEA © BHYTPEHHEA CTOPOHBI MeMBPaHE! M OTKPLIBASTCR ¢ HAPYXHOR,
4 — MPOMEXDANT CHXEHWE CPORCTEA LeHIDOB CBASLIBAHNA K HOHAM KanbUWH 1 OHW OTOeNReTes o AT®-a3el: 5 — ayTopedocdopunnpg-
BAHWE AKTHBMPYETCH MOHAMKM MATHWA. B peaynsTate Ca’ -ATd-aza tepsieT fochopHIA OCTATOK W OBa woHa Mg®: 6 — ATd-a3a sosspa-

WAETCH B MCXQAHOE COCTOHHWE,

APYIOre BELWECTRA MO TPAAHCHTY KOHIEHTPAIHK B
TOM K€ HampanjICHHH (AKTHRHBIH CHMINIOPT) MAW R
NPOTHBOMONOKHOM (AKTHBHBIH anTHnopr). B Kitel-
Kax 4€I0BeKa HOHOM, TIEPENICC KOTOPOTO TPOC-
XOAMT 10 TPAIHEHTY KOHUSHTPAIIMWA., YIS BCETO
CavAanT Na®,

HpHMEepORL TAKOTO THIA TRAHCHORP T MOXCT CIY -
KHTL Nam . Ca?! -00MCHHUK TL1a3MATHYCCKOH MEM-
OpaHLl (AKTHBHLIH AHTHOOPT). MONLL HATPHS 16
IPAIHEHTY KOQHIIEHTPAIIKMKM TIEPEHGCHTCS B KIISTRY.
a MoHu Ca’' 1IPOTHR I'PAIMEHTA KOHILEHTPAILHY
BLIXOAST H3 KIACTKM (puc. 3-21).

TTo MexauMiMy aKTHUBHOMO CHMIIOPTA POHCXO-
NHT BCACBIBAHHE LNHIKOILL ENSTREAMH KHINEYHH KA
H peabcopOiiis M3 HCPBHYHONR MOYH 15HOKO3LL,
AMMHOKHMCAOT KAETKAMU ek (pue. 3-22)

T'. IIEPEHOC YEPE3 MEMEBPARY
MAKPOMOJEKYT H YACTHIL
SHACIHTG3 H SK3I0LHTO]

TpacnopTHbIC BETKH OOCCTIEIMBAIDT LIEPEMELLEH HE
Yepes KIETOSHYIO MEMOPANY NIOBIPHBLLX MOTERY. He-
GOLIIOTO PasMeEPR. HO OHW HE MOMYT TRAHCHOPTHPO-
BaTb MAaKPOMOIEKY.Tbl, HAMPUMCP Oe/IKH, HYKIEHHO-
BRIC KMCTOTLI, MOJTHCAXAPWilL van emé Goee KpylHee
YACTHITBL MEeXaHN3Mbl, ¢ MOMOLLIO KOTOPbIX KISTKH
MODVT YCBAWBATH TAKME BELIECTRA WM YiATATh HX 13
KJIETKH, OTIMYAIOTCH OT MUXAHW3IMOB TPATICTIOPTI
HOHOB ¥ NOMHPHBIX COSAUHEHWH.

DHAOUKTOZ

I]epermc: BELLLECT L M3 CPETh B KJIETKY BMECTE ¢
YACIBLE) MIAZMATHYECKOH MEMOPAHBI HASLIBAKYT «JlH-
aoumTo3s. Flyréd sHiorrosza (haroumroza) kner-
KH MOUYE THOUIOLWAT L QouILLL e HACTHIIbI, TAKWE KK
BUPYCLL, BarkTepUH Ml OBNIOMKK KIETOK. Jaxpar
QONBIBHX YACTHULL OCYIHCCTBANETCH B OCITOBHOM {ile-
HHAIH3HPOBAHHBIMHY KICTKAMH — harolutamm.

[MornotgHKe KHIKOCTH W PACTROPEHHDBIX B HEH
BEUIECTB ¢ NOMONILIO HEQONBITAX TTY3LIPLKOL Ha-
IBIBAOT SHHHOIATO3». YCROSHHE BEILECTB MExailii-
MOM FHIAILATO3a (Ill’lll()LlH'I'()'_'il’i} NAPAKTEPHO 118
RCEX KIACTOK,

HapyxHaa BHyTpeHHas
NOBEPXHOCTL NOBEPXHOCTE
memMbpatLl
*- +
o v
Ca Ca
+ +
INa 3Na
oK 2K*
ANT+R,

Puc. 5-21. Hatpu#i-saBUcHMBIA TPEHCAORT MOHOE Kankiwa.
A — Na'-3aBUCHME NePeHOCHVK MOHOB Kanblus: B — Na-, K-ATd-azsa,
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PUc. 5-22 MexaHuam aKTUBHOrO cHMnRopTa. A - Na' 1 rmixosa
CEASHEBAOTCH B Pa3HblX LEHTRAax TPAHCNOKaZk!. MoHLl cTpemsTea
BOWTH B KNETKY NC MPagNeHTyY KOHUEHTPAUWK W «Talars MoKkosy
32 cofioi, 8CRu KoHUEHTPaUWs Na- BHe KNeTKW YMEHLWASTES, TPEHC-
fIOPT (RKKO36 B KNETKM CHWAXASTCR, B — WOHBI HATPWA, NMPOHAKaE0-
WHe B KNETKY BMEBCTE ¢ MMIDKO30H, «BblKa4UBaKITCH» 0OpATHO
MNa* K*-ATD-azch, nopnspAxvealileld rpaaueHT konueHTpaumn Na-
I KOHTPONKPYIOWWEH TRaHcnopT [iox03L

LIMK DBIOUHTO3 HAMKHASTCR R AITPENENEHHABIX
YHACTKAX [LIAIMATHICCKOH MeMOPAINLL, HAZLIBAEMbIX
«OK4HMIERARIE AMEW» (prc. 5-23) Ha gonro oxkaid-
MIEHHDBIX SAMOK HPUXOIUTCH seero 1—2% obwein
AA0IAIM MeMBpadbl. beaok Knatpun obpasyeT pe-
WETIATLIC CTPVKTYPbI, CBA3AHHBIC ¢ YI1YOACHUSIMHA
Ha MOBEPXHOCTH MLTEIMATHYSCKON MEMDDAHbI.

OraliMAENHBIC SIMKH BTHTHBAIOTCH B KNRTKY, Cy-
KAOTCH ¥ OCHOBAHMS, UTICIHIOTCH OT MCMOPAHB!,
00PALYH OKAHMVLIEHHBIE UYIBIPBKH (HHHONMTO3HLE
HY3ILIPLKKUY. BpeMil KH3HM OKAKMIEHHBIX 3MOK
HCBCIMKO, OHHU BOPMHPYIOTCH B TEYEHHE MUHVTHI,
JATEM COREPINAIOT WK 3HIONHTO3A.

Beluecrsa B cocrane NHHOUMTOZHBIX (LY3LIPBKOR
HE CMCUIMBAKOTCS ¢ APYTHMM MAKPOMOJICKYIUMH
KICTKH. (M 3aKaHUMMBAKT CBOH [1yThH B NH30CO-
MAX, a4 MEMOPAHIIBIE KOMIOOHCHTRL MY3HPLKOR, CO-
ACPXKALLHE RIFTPHE, BO3IBPALIAIOTCH B MTAH3MITH-
HUCCKYVID MesMOpaHy.

DHAOINTOS, HPOHCXOASIIHK € VYHACTHEM PeLeT -
TOPOK, BCTPOCHIIBIX B OKAWMIEHHBIE HMKH, O3B0~
AgeT KNeTKayM NOMoIUATE crieuudgnueckie Beie-
crea. MakpoMONeKyabl AW MACcTHLb! CBS3bIBLIOTCH
PELIENITOPAMH H 1HAKAIUIMBAIGTCA B OKAWMAEHHOI
AMKE. 3aTeM CNEAYET NOFPYXKEHHE B KIETKY H OTae-
NCHUC SHACUMTOIHOTO TIV3LIPbKA, B COCTABE KOTO-
POro HAXOUMTCA NOMIOTUEHHOS BEIIECTBO, MeMOpaH-
HBIE KOMMOHENTLL OKAUMIEHIIOH SSIMKH H peLenTop.
B pasnible OKAWMNEHBIE SMKH MOPYT DLITL BCTpOE-
Hbl PA3HBIE PeUeIopsbl.
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Puc. 5-23. TNocnencearentHOCTL cOBBITUA NpU oOpa3oBanuK
OKAWMNEHHOTO NY3LIPLKA M3 OKAWMMNEHHOW AMKH.

[MpHMEPOM PCUCNTOP-3ARUCHMOTO 3HAOLHTO 32
MOXKET CIAVXKHTL TIOCTYNJIEHHE B KACTKY XOJeCTe-
posia B COCTEBE AWNOOPOTEMHOB HU3KOH MIOTNOC-
1 CITTHIT) (puc. 5-24).

KOJIM4eCTEO PEUCNTOPOB B OKANMNEIIHON SINKE
DAA3MATHUCCKOH MEMODAHBI BAPBHPYET B 3dBMCH-
MOCTH OT I'l()']'peﬁHDCTH KITETKH B XOMECTEROIIC. Ha-
pywcHUe crpykTypel penenrepos JITTHIT {(my-
TAUHW B TEHE) HE TO3BOMIET UM BCTPAWEBATRCH B
TLTABMATHECKY MGMGDEIH)’ B 00NaCTh OKAHMNEH -
HoW aMKH. [MoToxkene pelenTopa BHC OKANMACH-
HOE AMKH 1€ CHMKACT CT0 KOMILIEMEITAPHOCTE K
JIHIT, no 21110UHTO3 KOMILIEKCA peuenTop-
JINHA He npoucxoamr.

DK3I0UHTO3

Makpomonekyibl, HanpuMep DENKH ILHIA3MBbI
KPOBKH, NENTWIHLIE TOPMONLL, MUILCBAPUTENBITbIE
pepMeHTR, OSTKH BHEKIETOUHOIG MATPUKCY, M-
ITOIPOTEMHOBBIC KOMITAEKCHI, CHHTEIHDVHITCS B
KJIETKAX M 3aTCM CCKPETUPYIOTCH B MCHKKICTOUHOE
NpoCTpacTBO WK Kpokk. Ho memdpana Henpo-
HUILAEMA L1 TAKHX MaKPOMOIEKYST MW KOMIICK-
COB, UX CEKPEUMS TPOUCKOTMT NYTEM IKIOUHTO KL,
OcoleHHOCTL JK3CUMTG3A B TOM, MTO CEKPETHPYE -
MbIE REIUECTRA [IOKATHIVIOTCSH B 1IY3bIPBKAX W 11E
CMEUIMBAIOTCH € APYTHUMH MAKPOMOIEKVIAMH WM
OpPraHeLTaMu KISTKH. B xoue JE3IGUHTOSL coaep-
KUMOC CCKPETOPHBIX 1IY3BIPEKOB BBRUISASICTES BO
BHCKACTOMHOC NPOCTPAHCTRO, KOPIL OHU CiIMRA-
HOTCS € TLIAIMATHYECKOH MEMOpaHO|.

B opraliMsme UMEOTCA KakK perviupyeMsii, Tak
M Heperyaupyesblil nymv ax3ounTtosa. Heperyau-
pyeMas ceKpelMs XAPAKTEPUIYETCS] HCIIPCPLIBHBIM
CHHTE30M CEKPETUPYCMBbIX DCNKOB, YNAKOBKOWH WX
B TPAlICTIOPTHBIE MY3LIPLKK B anmnapate [onb:axH
H TICPEHOCOM K [IA3MATHYECKOH MeMBpaHe aid
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! KaBMOH Genku

YYACTOK CRAZbIBAHWS
C CKaWMNEHHOA AMKOR

NedrekTHeie Gankr-peuantope OMNHI,

L
OKaWMNEHHER AMKA

MnazmaTuyeckan
MeMBpada

HE MMEKLWWE YYACTKE CBAILIBAHKWA

C OK2BUMAEHHOH AMKOR

Puc. 5-24. NMonoxeHwne peuentopos JINHI & ysTonnazmatuqdeckod MembBpane. A — nonoxedne pauentopos [NMHM B oxaimnéH-
HO# amMKe; B — nonemedve gederTHoix peuentopos NMHM BHE GKAWMNEHHOR AMKH,

cekpeLlM. TIpHMepoM MOXET CIYKMTB CHHTE3 W
cekpetud KomnareHa gudpobnactaMu s Gopmu-
POBAHWA MEXKNCTOYHOTO MATPHKCA.

Ins peryanpyeMoi CEKpELHH XapakTepHbl Xpa-
HEHHUE TIPUFOTOBAEHHBIX HA 3KCMOPT MOJEKYT B
TPAHCTIOPTHBIX NY3bIPbKAX M MX CAWSIHUE C TUIA3-
MaTHYeCKO#H MemOpaHoW TOAbLKO NpU BO3NeH-
CTBMH Ha KJAETKY cneunduveckoro ctumyna. C
MOMOLWUBIO PEryviupyeMoH CeKpeLUH TIPOMCXOIAT
BbLAgNEHHE MHULIEBAPUTENBHBIX DEPMEHTOB B NE-
pUOI NMEepeBapUBaHUA MUILH, 4 TAKXKE CEKpeLHA
rOpPMOHOB, HEHPOMEAWATOPOB H JPYrux OHOJIO-
CMMECKH aKTHMBHbIX BellecTB. [Ipumep Takoro
THIIA CEKPEUMH — BLIOPOC MENTUAHOIY FOPMO-
Ha MHCYJHHA B KPOBb nocae eabi. CTUMYNOM K
CeKpeLiMY MHCYJIMHA, XpaHsdWerocd B CEKpeTop-
HBIX rpaHyJax [}-KneTok ocTpoBKoB JlanrepxaHca
NOLKENYAOUHON KEIES3bl, ABIACTCH IIORBILEHUE
KOHLEHTPALMK FIIOKO3Bl B KPOBH W P-kiieTKax
(puc.5-25),

IV. YYACTUE MEMBPAH
B MEXKINETOYHbIX
B3AUMOAOENCTBUAX

B mnasMaruueckoii MeMOpaHe 3yKapHOTHYECKHX
KJIETOK COAEPRMTCH MHOKECTBO CIIELIMATH3UPOBAH-
HbIX PeUeTITOPOR, KOTODPBIE, B3AHMOAEHCTBYSA C
MTUTAHAAMH, BbIZLIBAIOT CleuH(pHIECKHE KIIETOY-
Hble OTBeThE. OOHM PELENTOPhl CBS3LIBAIOT CHI-
HATBHBIE MOJEKYAB — FOPMOHbBI, HEAPOMEAHATO-

PbI, ApyrHe — OUTaTelLHLIE BELIECTBA W MeTado-
JIMTHI, TPETHH — YYACTBYIOT B KJICTOUHOCH AOTe3MH.
JTOT KiIacc BKIIOUAET PEUEMTOPLI, HEOOXOAUMbIE
JUTS Y3HABAHUSA KIETKAMM APYT APYTa W 4714 UX ad-
re3UN, 4 TAKKE PELierITOPh], OTBETCTBEHHBIE 33 CBA-
3bIBAHME KNETOK C BeAKaMK BHEKNETOYHOTO MAT-
PHMKCA, TAKUMU Kak GUOPOHEKTHH WM KOIAATEH.

CnocobHOCTL KIETOK K CMEeLUpHUYECKOMY B3a-
HMHOMY ¥3HABAHWUIO U 4ATE3MH BAXKHA Lt 3MOpu-
OH&TLHOTO Pa3BUTHS. Y B3POCIOTO YENIOBEKA AKre-
JMUBHLIE B3AUMONEHCTBUA <«KASTKA—KJIeTKa» H
«KJIETKA—MATPHKC» TIPOIODKAIOT OCTABaThCA CyLUe-
CTBEHHBIMH JUTA TIOLAEPXKAaHHA CTabUIbHOCTH TKA-
HeH. B MHOrouMcneHHOM CEMEHCTBE peLenTOpOR
KJIETOMHON aaresud HauOoIee HU3YYeHBI HHTETPH-
HBI, CENIEKTUHbLI M KaArepHHbI.

Huterpuasl — OOILIHPHOE CYNEPCEMENCTRO
TOMOROTUMHBIX PEUENTOPOB KISTOMHOU ToBepX-
HOCTH AN MOJIEKYA MEXKJIETOUMHOTO MaTpHKEa,
TAKMX KaK KoanaredH, (UOpPOHEKTHH, JaMHHUH
H ap. ABAAACE TPAHCMEMOpaHHBIMU OemKaMi,
OHHM B3aMMOJEHCTBYIOT KAK C BHEKJETOUYHBIMH
MOJICKYJIAMH, TaKk U C BHYTPHKICTOUHBLIMK 6Ci1-
KaMM LWTOcKeneta. brnarogaps 3TtoMy WHTerpu-
Hbl YYaCTBYIOT B Nepenaye HHpopMalMu H3 BHe-
KJAETOYHOW cpedbl B KIETKY, ONpeleiisd TakuM
obpazom HanpasncHMue e€ AU depeHUMPORKH,
hopMy, MUTOTHYECKYIO AKTHBHOCTE, CIIOCOBHOCTD
K Murpauui. [epegaya UHGOPMALMK MOXET HIATH
M B OOpaTHOM HAnNpaBICHUM — OT BHYTPHKIE-
TOYHbBIX OEJIKOB UEPE3 PEIENTOP BU BHCKIETOU-
HbIH MATPUKC.
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Puc. 5-25. Perynaums cexpeumm WHCYNHHA. [OBBILEHWE KOHUEHTPALMKY IMOKO36! NPUBOANT K YBENWHEHWIO cooTHoweHuA ATQ/ALND &
B-knatke, 3axpeiTHio ATO-3aBUCHMEIX KATHEBLIX KAHAMOB, HEeNonApHaaumry, PpackpeiTHIO MOTEHLMAN3aBUCHMBIX KabLWEBLIX KaHAMNOB.
MNoBkiILEHUE KOHUBHTPALMK MOHGE KANMWA W KanbLUUA B B-KNETKE MHALUMMPYET CIWAHWE CEKPETOPHLIX NY3LIPbKOB (MHCYNUHCOASKEaWMX
rpaHyn) ¢ MemMOPaHol N BEIRENEHNE COASIKMMOrD NY3bIPEKOB {MHCYNIMHA) MO KITETKM.

WaeHTnduuyporaHo mpyuMepHo 20 pasHbIX wie-
HOB CeMeHCTRA PELENTOPOB B PA3HAIX THIIAX KASTOK.

Mpumepbl HEKOTOPBIX MHTEPUHOR:

* pellenTophbl 1A OCJIKOB BHEKIIETOUHOrO Mar-
pukca, OHU CBA3BIBAJOTCA € TIHKONPOTEHHO-
BBIMH KOMIIOHEHTAMH BHEKIIETOUROTO MATPHK-
€4, B YacTHOCTYU © (PUOPOHEKTHHOM, TAMHHUHOM
W BUTPOHEKTHMHOM (cM. paznen 13);

» HHTETPUHEB TpOMOOITUTOBR {([Ib 1 [lia) y4acTBy-
IOT B Arperaluy TpOMOOLHTOB, MTPOHCXOUALLEH
MpH CREPTHIBAKHU KPOBM,

» JeHKOIIMTApHBIE OEIKH anre3uu. JIan Toro uro-
Obl MArPUPOBATE K MECTY MH(WEKLUHK U BOCNA-
JeHuA, AeMKOLMTEl JOIKHBI BCTYTIMTL BO B3a-
HMONeCTBHE ¢ SHAOTETHANBHBIMH KJIETKAMH
COCYIOB. 370 B3aMMOACHCTBHE MOXET OIoC-
penoBarth cesablBaHue T-nHMABOIIUTOR ¢ Gub-
pofnacTaMH MPU BOCTIATIEHMMU,
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WHTErpHIibl — TeTEPOAMMEpS], a KaXaas cylne-
JuHHUA (¢, ) cOIepKUT OIMH TpaHCMeMOpaHHBIA
JoMeH (pHc. 5-~26).

HHAKBAIYATEHbIE MHTETPHHBL CTPOTO CHELMGITY-
HEL, LieHTp cBA3LTBAHHS MHTETPUHOB 00pa3oBaH BHe-
KAETOUHBIMH JTOMeHAMM - 1 [-cyObvequuun. Hu-
TETPHHB] Y3HAIOT M CBA3bIBHKOITCH © 6CJ1KEIMH., conep-
KALMMH ONPeSNEHHYI0 AMUHOKHCIOTHYIO THOCTIEN0-
BaTE/ILHOCTE: -Apr-THH-Acn-, NpUCYTCTBYIOWYD B
psine MATPUKCHBIX OeiKoB (PUOPOHEKTHH, (PUOpPHHO-
reH, JAMWHHWH, Komnared I tima u apyrue). Ddibext
CRA3bIBAHMS YCHAMBAETCS B NPUCYTCTBHM UoHOB Ca?t
U Mg,

Kanrepunbt ¥ ceneKTWHBI — CeMEIiCTRa TPaHCMEM-
OpaHHBLX Cal' -3aBHCHMbIX [IMKONTPOTEH] 108, YYACTRY-
FOLIMX B MEXKICTOWHOH anresun. Tpy BO3MOKHBIX
crioco0a yYacTHs PELeITTOPOR 3TOTO TUNA B MEXKNE-
TOWHOU anreaym npeacTasneHb! Ha puc. 5-27.
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Puc. 5-26. PeuenTtop thubpoHeKTHHA, Peusntop GmBpoHesTiHa
NPWHAGNEXHT K CEMENCTBY MHTETPHOB. Kanpas cybbeauHvla ume-
T eOWHCTBEHHLIH TPaHCMeMEPaHHBIR OOMEH, KOPOTKWIA LiMTONNas-
MATUHECKWA 1 NPOTAXEHHLIR N-BHEKNETOMHLIH JoMeHs. Obe
cyGueanHuubl (o, B) MHTETPUHA MWKO3MAMPOBAHE! M YOEDXKWEAIDT-
CH BMECTE HEKOBANEHTHBIMK CER3AMU. o-CyBheMHILIA CUHTE3K-
PYETCA B BWIE QIIHOW NONMNENTUOHOW LIBNK, 383TEM PECWENNAREMON
Ha Manyio TpaHcMemBpanHyio uent W SoNbWYIe BHEINETOHHYD
Lenk, COBNQMHEHHLIE QUCYNLHMOHLIMA MOCTUKAMH. B-CyObennHu-
Ld CONepXAT 4 NOBTOPA W3 40 aMUHOKUCNOTHRIX OCTATKOR KaXk-
b, ot-CyGhenmHris! GOraThl LMCTEMHOM H CONEPXKAT MHOXSCTRO
BHYTPMUENQHEYHRIX ANCYNLQWAHLIX CBA3EA (Ha PUCYHKE HE NoKa-
3aHb)). CeAlpEancs ¢ MOPOHEKTUHOM CHAPYXW U C UWTOCKENS-
TOM BHYTPM KNETKW, WHTEMTMH IEACTBYET Kax TpaHcmembpaHHbA
NVHKED.

KanrepuHbl pasHbix TKaHEH OUEHb CXOXW, TOMO-
JIOTHYHLIE AMMHOKMCIOTHEIE TIOCeT0BATebHOCTH
cocrarsor 50—60%. Kakapli peuerrop HMeeT OuuH
TpaHcMeMOpaHHbiit aomed. B orcytereue Ca’™ Kow-
dopMaLMs KAITEPHHOB MEHAETCH, M OHU CTAHOBATCA
JOCTYMHBIMM LISl IPOTCOAUTHYECKHX (PEPMEHTOR,
KOTOpble MX pacuernaoT. Haubonee nonuo oxapak-
TEPH3OBAHBL 3 TPYIITbl KAITePHHOBBIX PELHENTOPOB;

« E-Kanrepuy HaxoguICs HAa NOBEPXHOCTH MHO-

THX KCTOK I1HTENHAALHBIX H 3MOPHOHANLHBIX
TKAHEH;

FoModuneHoe ceAsbIRaHne

O

{eTepodunsHOe CBAILIBAHVE
B @

CaA3LIBAHUE YEePEea BHEKNETOMHYI)
MUHKEPHYYC MONEKYNY

Puc. 5-27. Cnocobsl B3aWMopedcTana MeXay MONeKyNamMy Kne-
TOYHOW NOBEPXHOCTH B NPpOLecce MEXKNETOUHOH anreann.
A — peLenTopbl OHOA KNeTKM MOryT CRA3LIBATLCA C TAKMMK X
PeUenTopamMH COCENHUX KNETOK (TOMOMNLHDE CBA3LIBAHKE); b —
peuenTopLl OOHON KNETKW MOrYT CBA3LIBATECH G PEUEMTOPaMK ODy-
roro TWNa CoCeIHMX KNeToK (reTepodmnbHoe CBR3bBanKe); B — pe-
UeNToPbl KNETOUHON NOBEPXHOCTH GOCEOHWX KReTOK MOryT
CBA3LIBATLCH OPYT C ADYIOM C MOMOWES NONMBANIEHTHLIX NHHKED-
HEIX MONEKYT.

e N-KaarepiH NTOKANH30BAH HA TOBEPXHOCTH
HEPBHBIX KNETOK, KIETOK Cepalla K XPYCTATNKA,

o P-ganrepun pacnonoxeH Ha KIeTKax IuTateH-
Tl U 3THIEPMUCA.

KazrepHHb! UTDAOT BAXHYIO POTb TEPH HAY@Ib-
HOH MEXKIeTOUHOH anre3vy, Ha CTaAIdax Mopgo-
U opraHoreHeza. OHY 00GeCTIeUHBAIOT CTPYKTYPHYIO
HENOCTHOCTE U TIOMSIPHOCTE TKaHeH, ocobeHHOo 311~
TEMUAABHOTO MOHOCION,

B cemciicTBe CeNeKTMHOBBIX PELENTOPOB HAW-
Bonee xopowo M3ydeHH TpH Henka: L-cenekTHH,
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Puc. 5-28. CTpYKTYpa CENeKTHHOE.

P-ceaektun n E-ceqexktur. BrexieTtounas 4HacTh
CEHEKTHUHOR COCTOMT M3 3 JOMEHOR! FEpPBBIH N0-
MCH LIPEACTARACH 2—9 OH0KAMM TOBTOPSHOLLHXCH
AMMHOKHCIOTHBIX OCTATKOB (KOMILIEMEHTPCTY -
TOPHBII BCI0K), BTOPOM — AOMEH 3MWIEPMAilb-
HOTO pakropa pocTa (3OP), 1pethin — N-KOoHIC-
BOW JEKTHHOBRHA JA0MeH (pHe, 5-28). CelekTHHBI
L. P. E paznnuaiorcs KOMYecTROM BIOKOR B KOM-
LACMCHTPENYAS TOPpHOM Benke. JIEKTHEBL — CcemMeii~
CTBO DENKOR, CHELIHPHYCCKIA B3AMMONSHCTRBY OLIMX
C ONPEASIEHHBIMK [IOCNENOBATEILHOCTIIMH  YISIC-
BOMHBIX OCTATKOR B COCTARE MHKOINPOTEHHOB, 11pO-
TEOIMHUKAIOBR H FIWKONWUNHIAOB BHEKNETOYHOIO
MATPHKCA.

YriIeBOUHBIE CTPYKTYPbl — HONHUBAJNEHTHBbIE
JMHKEPHBIE MONRKYNbL. KOTOPHIE MOIVT ObITh CyAb-
PuTHPORBUHBL, PYKOIMIHUPOBAL W CHATHIMDORL-
Hbl, T.2. MOUVI CONEMKATE OCTATKH CEPHOW KHEC-
JOTHE, (HYKO3hl U CHANOBOH KWCNOTHI, CRAZBIBAHUE
JHTAILIOR © PEUETITOPAMY ITPOHCXONNT B 0DIACTH
N-KOHUEBOIO JIEKTHHOBOM J1GMEHA,

V. TPAHCMEMBPAHHAH
NEPEAAYA CUTHAITA

BaxkHoe ¢BOHCTBO MCMDPU — CMocoDHOCTDL
BOCMIPHHUMATE M 11ERCIARATE BUYTPhL KIETKH CHI-
HaTh! W3 BHEUlnei cpefbl. «¥Y3HABAHMC» CUTHAb-
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[ | - KoMnnemenTperynsTopHbii
benox

HEBIX MONEKY. OCYIIECTBAACTCH C TOMOUIBK OC1-
KOB-DREUSIrepoR, BCTPOEHHBIX B KACTOYHYH)Y MEM-
OPaHY KNeTOK-MHLIUCHEH MTH HAXOMSILLIMXCs B KI1CT-
Ke. KneTky-MHrileHb OHPEETIoT 1o CIOCOoOHOCTH
M'36H[JEITEJII.:H0 CRHA3BIBATL JIAHHYH} CHTHHTBHY K MO-
NCKYilY € MOMOULbIO PELENTOpPA.

ECiIM cUrHan BOCHPUHUMAETCH MeMOPaHHBIMI
PELETITOPAMM, TOQ CXeMY nepeiddn uHGOopManni
MOXHO 1TpENCTABUTL TaK:

¢ B3AMMOACHCTBHC PCUENTOPA C CHIHATLHOH MO-
NexyA0H (NepBHYHLIM NOCPEAHHKOM),

s AKTHRAUMH MeMOpPaHHOrQ (epMeHTA. OTBET-
CTBEHHOIC 33 00pa3CBAHMWE BTOPHUYHOID TO-
CPENHNKA;

+ 0OPU30BAHKE RTOPHYIIOIO NOCPENHUKA UAMM,
nrM®, U, JAT wan Cai;

o AKTHBAIMSA [TOCPEIHMKEMY CHISLHDHUCCKHX
0C.IKOB. B OCHOBHOM RPOTEHMHKHHA3, KOTOPHIE,
B CBCK Ofepenb, thocopunupys epMenTol.
OKa3bIBAOT BAWAHHME HA AKTHRHOCTL BHYTPH-
KAETOUHBIX TIPOUECCOB.

HecMoTps a orpoMHOe PasHOOOPa3He CHIHANb-
HBIX MOJICKYN, PEUCNTOPOE M NPOUCCCOB, KOTOPBLIC
OHW DEIYAUPYIOT, CYLUECTBYET BCErQ HECKOABKOD
MEXAITMIMOB TPAHCMeMOPatIEoH 1iepeaai nigop-
MALMU: ¢ HCNIGAB3OBAHUEM ANEHWNATIHKTA3HON
CHCTE MBI, MHO3MTONMOCPATHOH CHUCTEMBI, KATLITH-
THUECKHX PRIENTCPOR, LUMTOIIA3MATHUCCKHX WM
AMEPHBIX PEIENTOPOB.



A. CUMTHATBHBLIE MOAEKYABI — TOPMOHBI,
MEOHATOPBl, DHEKO3AHOWALI, ®AKTOPHI
POCTA, OKCHJ A30TA (NO)

CHIHAIBHBIMM MONEKYNaMH MOTYT ObIThb HEMo-
JIIPHBbIE U [OAAPHBE BelllecTBa. HenonapHble Be-
1lecTBa. HAMPHUMEDP CTEPCUIHLIE TOPMOHBI, TPOHH-
KAKT B KJIETKY, NPOX0AA Y&pe3 MUOUAHBIA DUCI0i.
[MonsipHble cHrHANBbHBIE MONEKYNBl B KIETKY He
MPOHMKAIOT, HO CBA3LIBAIOTCS CHELH(MHUUECKUMH
pelLienITopaMM  KaeTouHbix MeMOpaH. Takoe B3au-
MOJEACTBHE BbI3BIBAET LIEMb MOCNEIOBATENBHBIX CO-
OBITHMI B caMOi MemOpaHe U BHYTpH KIeTKH. K
MOAPHBIM CHFHATBHBIM MOJNEKYIaM OTHOCAT Hen-
KOBBIE TOPMOHB! (HATIpHMMED, TIIOKAroH, WHCYIUH,
[apaTrOpMOH), HEAPOMERMATOPE! {(HanpyuMep, alle-
TWIXOJMHH, TAHUKH, Y-aMWHOMACHAHAA KMCIIOTa),
thaxTOpbl POCTa, UMTOKMHBL, 3MKO3AHONADL,

B. PELENTOPDI

Mo nokanu3aumuu pasiMyaioT MeMBpaHHble, LH-
TOITA3MATHYECKHME W SAepHBle peuenTopul. [lo
apyroit knaccudUKaluy Bce PeNenTopbl MOXHO
pa3ZenHuTh HA ObICTpOOTBevalIMe (B npeenax
MWIAMCEKYHI) U MELTEHHOOTBEYAIOIHE, B TIpE-
OeflaX HeCcKOMbKHMX MMHYT WIM IaXE 44cOB, 4YTO
XapakTepHO ISl TOPMOHOB, TMEPEIAKIIHX CUr-
Hall Ha BHVTPUK/IETOMHBIE pelenTophl. Peuento-
phI MEPBOTO THIA - WHTErPajibHbIE QMIUIOMEDPHBIE

OenkM, conepxaitue cyObearuHyny, WMELWLYo
UEHTp [iNsl CBA3LIBAHMS CHTHAABHOH MOJCKYNBl H
UeHTpaNbHbIH HOHHBIA KaHat {puc. 5-29).

PeuenTtopel BTOpOTO THMA, NOKATIM3OBAHHBLIE B
MeMOpaHAX M He CBA3ai[HBIC C KaHANaMH, NOapas-
IendioT Ha 2 BOJBLINME TPYNNH KATATHTHIECKHE
penenTopbl, o8IANAI0LIHE COOCTBEHHON TUPO3UH-
KWHA3HOH WIH IYAHWIATUWKIA3HOH aKTHBHOCTRIO,
M penenToppl, B3aUMOAEHCTBYIOWIUE veped (i-De-
JIOK. ¢ MeMOpaHHLIM (pepMeHTOM, CBS3bIBAHHE JIH-
rakna (HampuMep, TOpMOHA) ¢ peLeNTCpOM Ha Ha-
PYXHOH CTOPOHE KINETOUHOH MeMOpaHbl NPUBOAHT
K W3IMEHEHHWIO AKTHBHOCTH LIUTOILIA3MATHYECKOTO
epMeHTa, KOTOpPLIK, B CBOWY OYepedb, UHHLHU-
PYeT KIETOYHBIA OTBET, T.2. 4epe3 MeMOpaHy Me-
peHOCUTCA UHGOPMALIHS, a He 3apsbl MK KaKue-
u60 pacTBOPEHHBIE MOJEKYJIbI.

B cnyyae HMTOILIAZMATHYECKHX PELICTITOPOR Ye-
pe3 MeMOpPany NPOXOAUT TOPMOH, a MHAOPMALIUA
O NMPUCYTCTBUM FOPMOHA B KIETKE ¢ TTOMOLIBKY pe-
LUenTOopa nepenaéred B SApo.

PaiiuyHBle KNETKH OpraHU3Ma B 3aBUCHMMOCTH
OT BBINOMHSIEMbIX HMH (BYHKUWH HWMEIOT ONpejie-
NEHHBII -HaGop peuenTopoB. B MembpaHe oaHoM
KJIETKH MOXeT ObITk §oNee AecaTKa pa3HbIX TUIIOB
peuenTopoB. BaauMoneHcTBYS ¢ pelenTopoM, BHe-
KJIETOYHBIE XMMMYECKHE MOCPEAHWKH CKa3hIBAKT
BAWSHHE HAa MeTabOMM3M M (DYHKUHMOHAALHOE CO-
crosHde (nponudepauus, ceKkpeuusl U T.O0.) Kiae-
TOK-MHILUEHEH.

CurHaneHble MONEKY b
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Puc. 5-29. YyacTe penenTopor B TRAHCMemMBpaHHo# nepepade cwrHana. Peuentope: T — CBASAHHLIE © WOHHBIMI KAHENAMW, Ha-
npymep peuenTop FAMK; 2 — ¢ kaTanvTWYeCKOR aKTHBHOCTBIO (PELENTOp WHeYNWHAY, 3 — nepepawMe curhan na diochonnasy C.
HaNpUMep o, -aApeHOpeLenTop; 4 -~ C KATANUTHYECKOR AKTMBHOCTLIO (MyaHWnaTuMknasa, peuentop MNHDY), 5 — nepepaloine curHan Ha
ageHnaTUMKNasy, Hanpumep -agpeHopeuenTopbl; 6 — CEA3LIBAIDIME FOPMOH B UMTOZ0RE MRKU AOpe, HAMPUMED PELENTOR KOpTUEoNa.
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Puc. 5-30. MembpanHas oprann3auks b,-appeHopeugntopa. 1 — GparMeHT peuenTopa, yHacTeylOWWA B cBA3bIBaHUKM G -Benka; 2,
3 — yuacTKW BOAMOXHOTO QOCHOPUITHPOBAHWA NPOTEMHKNHAZGH A (2) W kuHa3ol B-anpeHopeuenTopa (3); 4 — y4acToK MHKO3MNMpe-

BAHUA; 5 — YYACTOK CBR3bIBAHVA afpEHANMHA.

L. Peyenmopor adpenasuna — aopenopeuenmopot

AMpeHOpPELENTOPLl PA3NKYAOT MO pacnpeic-
JEHWID B OpraHu3Me — LUEHTPaJBHBIE W MEPH-
depuueckue. LeHTpaNbHBIE aApEeHOPEUENTOPH!,
NOKAMW3OBAHHEIC B PA3sAHYHEIX 00aacTax mosra,
VYacTBYIOT B peryasumu yuakumii UHC, nepu-
theprueckue — KOHTPOAUPYIOT paboTy BHYTPEH-
HHUX OPraHoB.

Bce aapenopeuentopst KnaccudMUHPYIOT HA
ABA THAA — 0- W -, HO KakIbli TUN UMEET He-
CKOIbKO NOATHITOB, HAUDOAee pacnpocTpaHEHHEIE
M3 HUX — 0,-, (-, B~ U B,-peuentopbl. B 3aru-
CUMOCTH OT CBOCTO aHATOMMHUECKOTO PACNoIoxe-
HHA KJETKH OJHOrC THNA, HANPpUMED CIalKO-
MBIlIEYHBIE KJIETKH COCYAOB WAH AAUMOUHTHI, CO-
JePXaT Pa3sHbe TUNbI PEUCTITOPOB.

HecMmoTps Ha 3HAUMTENBHOS MOAOGHE MeXay
o- U B-peuenTopaMu M UX NOATHNAMM, OHHU KO-
OUPYIOTCA Pa3sHBIMK TEHaMU. AJpeHOpPEUENTO-
Pbl NpHHAAEXKAT K CeMelicTBY OelNKOB, MMEID-
wmux 7 TpancMeMOpAaHHBIX o-CTTHPANEH {KOTOPBIE
NPUHATO Ha3MRaTh JoMeHamu), Jdranua N- u C-
KOHLIOB, a4 TAKXe ANMHA 1—4 NOMEHOB pasfiu-
YaeTCs ¥ Pa3sHbIX THIOB M MOATHIIOR peLenTo-
poB (puc. 5-30).

ANpeHOpeuenTopbl — TAHKONPOTCHHE, BIJIK-
Jawlinue B CBOH COCTAB Pa3NHYHBIE YIEBOIHbIE
dparMenTbl. [TMKOZUNUPOBAHUIO TTOJBEPralOTCA
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pacno/ioKeHHbie B 061acTH N-KOHILIA OCTATKH ac-
NMaparMHOBOH KHCAOTHI.

[(-AnpenopenenTopbl BCTPEUAKITCA MOPAKTUYSCKH
BO BCEX TKakisix opraknaMa. Komuyecteo B-ampe-
HOPELENTOPOB, NMPUX0AALIeecs Ha KNeTKY, BapbU-
pyeT oT 300 no 4000,

LienTp cBsA3bIBAHUA aapeHaTHHA 00pa30oBaH aMK-
HOKHMCOTHBIMH OCTATKAMM TPETbETO, MATOTO W
wecToro aoMeHoB. [lpyroit pYHKIMOHANBHO BaX-
HBIA UeHTp — obnacte B3aumoaeiictrua ¢ G-6e-
KaMH, VIACTRYIOIIMMH B (DOPMUPOBAHHM KIETOY-
HOro oTReTa. OCTATKY CepUHa M TPEOHUHA B 00AACTH
TPeTbero BHYTPEHHETO TomeHa M C-KOHIA aapeHo-
peuentopa MoryT hocopHIHpOBaTLCA NoJ ASH-
CTHHEM TIPOTEMHKHMHA3BL A WM CMICHMGPHIECKOH K1-
Ha3zok B-aapeHopeuentopa. PocopunnporaHue
TIPMBOAUT K M3MEHEHUI) KOHMOpMaLUUH peLIRTITOpa
H CHMKCHMIO CPOACTEA K (G-0eAKY WNH NPENsITCTRYET
cBA3BIRAHMIO ¢ (G-Oenkom.

o-AIPeROPENENToPbl PAITHYAKT MO JOKATHIAUWH
(HanpuMep, renaToUUThl UMEKT o -PeUEIITOPH,
QMUMOUHTEl — C.,-23IPCHOPELENTOPb!) H MEXaHU3-
MY TpaHcdopMauun GUOIOrHHEcKOro CUIHana.
DHGEKTOPHBIE CHCTEMbI, CBA3AHHBIE C O~ M 0~
anpeHopelenTopaMi, BrIOuaT G-6enkn pasHo-
ro tina — Gple-6enkd (G-0e10K CTHMYIHPYIO-
wnit) U G -6enku (G-0e10K MHTUOMPYIOLUMIT) 1
COOTBETCTHEHHO (epMeHTh — dochondnazy C
WIH af¢HHIATUHKTA3Y,



2. Penenmopuoi ¢ mupo3unkinasioil aKimusHocnbio

TuposuHOBEIe OPOTEMHKMHA3BI — (EpMEINTH,
thochopunupyloine crieliMprieckue DEJIKH NO TH-
PO3MHY, NOAPAINETSIOT HA 2 TUTIA — MeMOpaHHbIE
(peuenTopHbie) M LMToMAaIMaTHueckune. BHyTpu-
KJIBTOUHBlE TUPO3HHOBBIE MPOTEHHKHHAZBL NPUHH-
MAlOT YMacTHE B [IPOLECCAX nepenayy CUrHana B
sApo. PenenropHelie THPO3WHOBLIE MIPOTEMHKWUHA-
3bl YMACTBYIOT B TPAHCMEMOpPAHHOM Nepeaaye Cur-
HAJOB,

IpuMepoM pelenTOpHON THPO3HHOROH TIpOTE-
HMHKH11a3bl MOXET CNYXWTh PEUSNTOP HHCYIMHA
{puc. 5-31). Pelentop UHCYIHHA — THPO3IMHOBAS
MpoTeMHKHHA3a, docdhopunupyromas 6eIKu o
OH-rpynnaMm THpo3WHA.

PellenTop COCTOMT W3 ABYX ¢- W IBYX B-cydbe-
HUHHUI, CBA3AaHHBIX JUCYJIBOMOUIHBIMK CBIAMU
M HEKOBaJCHTHBLIMH BIAWMOAEACTRHAMMU, - W
B-Cy0beANMHHLIBL — TIMKONPOTEHHB C YIJIEBOAHOH
HYACThIO HA HApYXHCOH cTopoHe MeMmOpaHbl. Bre
MeMOpaHLI HA € MOBEPXHOCTH HAXOAATCA o-CyObe-
AuHuubl. LlenTp cBA3BIBAHMA MHCYIMHA 00pazo-
BaH N-KOHUEBBIMU AOMEHAMMH (-CYOBEIWHMILL
B-Cy6beAMHULIBI MPOHU3BLIBAIOT MeMOPAHHBIA OHC-
JI0M M He YUACTBYIOT B CBSI3LIBAHWM UHCYJIMHA.

KaTanuTHYecKnid UEHT) THPO3IHHOBOH NpPOTEHH-
KHHA3bl HAXOAWTCA HA BHYTPUKJIETOUHbIX JOMEHAX
B-cy6reanHul. B oTCYTCTBME TOPMOHA WHCYIHMHO-
Bbi¢ PELEOTOPLl HE MPOSABASIOT TUPO3IUHKHMHAZHOM
akTUBHOCTH. [lpHcoeavMHeHMe HMHCYIMHA K IIEHTPY
CBA3LIBAHMA HAa o-CyObenvHuuax akTusupyer ¢ep-
MEHT, NIpUYEM CYOCTpaTOM CIVEMT CAMA TUPO3MHO-
Basi NMPOTeMHKMHA3A {P-cyObeadHMUE!), T.€. NPOHC-
xoauT ochopunuposaHue f3-cydbeaUHUUB] MO
HECKOMBKUM TUPO3UHOBHIM ocTaTtkaM. Moctopuau-
poeaHMe B-cyObeAMHHULL NPOMCXOIMT MO MEXAHH3MY
MEXMONEKYILIpHOre TpaHchochopuinposanus, T.e.
onHa f-uens dochopuIupyeT ApYryio B-uerb TOi
Ke MOJIeKVIIBl peLefnTopa. JT0, B CBOI OYEDEb,
APUBOOMT K M3MCHEHUIO cybcTpaTHOM cneludbua-
HOCTH THPO3NHOBOKN NPOTEMHKWHA3LL, TENEPL OHA
cnocobHa hochopUAMPORATL APYTUE BHYTPHKIETOU-
HEIe 0eNKM. AKTHBALMA K M3MEHEeHUe ClielMDUIHO-
CTH 0DYCI0BNEHbl KOHGQOPMALHOHHBIMH H3MEHEHH-
AMH peuenTopa MUHCYJIMHA MOCHE CBA3IBIBAHUS
rOpMOHa H ayTO(OCOPHITHPOBAHUA.

Knouesoi Oenok, (ochopuinpyeMblit THPO3U-
HOBOH APOTEMHKWHA30H, — CcyOGCTPAT MHCYJIMHO-
BOTO pelenTopa- 1 (oT aHra. insulin receplor substrate,
IRS-I). ®ochopunnposanusii [RS-1 akTuBupyer
thepMeHTHE, HATIpUMED TUPO3WHCBYIO docdonpoTe-

ATe®
@

AL

Tup Tup
VR G
ATD Allo
MpoTekH PoCHONpOTENH

Pue. 5-31. AKTMBALMA pELENTOPa MHCYNUHA — TUPOIUHOBOR
NPOTENHKHHASLI,

vHbocharTasy, n Oenku, y4acTBYIOIUIUE B Perysnsi-
LMH KICTOUHBIX MPOLIECCOB.
Hetocthopunrporanine peuentopa noa aeicTen-
eM TUpo3uHeBCH (ochonpoterHdocdaTassl KO3-
BPALLAET €r0 B HEAKTHBHOE cocTosiHHe. CponcTso
peuenTopa K MHCVIMHY CHUXACTCS Mpu ero ¢oc-
(hopHINPOBAHUHM NPOTEMHKHHA30H A IO aMMHO-
KWUC/JIOTHBIM OCTAaTKAM CEPHHAa U TPEOHMHA.

3. Peuenniopvt ¢ 2yanuAamuuxAGHoE QKMHUEROCHIBIO

FvaHUNaTIUKAA3d KATATHIUPYET 0oBpasoBaHHe
M@ uz I'MP, 0IHOrO M3 BAKHBIX MTOCPEAHHKCB
BHYTPUKJIETOUHOH nepeqaud curuana (puc. 5-32,
5-33). T'vaHMNATLMKITA3a HAXOAMTLS B KIIETKE, KAK
B MEMOPAHHOCBA3AHHOM COCTOSIHUM, TAK M B LIM-
TO30JBLHOM.

CootHoweRUs 3THX A8yX dopm hepMmeHTa B paz-
JIMYHBIX TKAHAX pazHoe. Hanpumep, B KIETKax TOH-
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Puc. 5-32. O6pazoeanue 3,5 -uuknudeckoro FM® (uMMd),

MenTuaHbiA

/ FOPMOH

Okewl azota (NQ)

/

AKTHBaLWA
npoTerHkuHassl G

Puc. 5-33. PerynauMa aKvweHocTH MembpaHHoit (1) 1 uxto-
BONBHOH (2) ryaHmNaTUMKIAZbl.

KOTO KUllieyHuka 90% ryaHMmaTUMKAa3sl HAXOAMT-
csl B MeMOpaHax, a B NETKHX M TNE4YeHH — JIHllb
20%. IlurosonbpHass ¥ MeMOpPaHHOCBA3AHHAA Iya-
HHUNATUUKIA3bL PAIIMYAIOTCA HE TOJNBKO MO JIOKA-
JM3aLMKM, HO U IO MOJEKY/ISIPHOW Macce, akTWB-
HOCTH, CMOCOBY pery/isaluH.

LnrosonsHan opMa IyaHHAATUKWKNASE COCTOMT
M3 ABYX CYOBEAWHHMI (¢ M B) M COaePXUT B CBOEM
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Myasvnartunknasa

COCTABE NPOCTETHYCCKYIO rpynny — reM. B obnactu
reMa CBA3BIBASTCA AKTMBATOpP 3TOH (OpPMBI TYaHK-
maTuMiiazel — okcua asora (NQ), obpasylolmics
M3 aprMHMHA noa AeicTeMeM (hepMeHTa CUHTA3B
OKCHMAA a3oTa (cM, paznen 9).

MemBpaHHOCBA3aHHAM MYAHWIATUMKIA3 — TPaHC-
MeMOPAHHEIR TTHKONPOTEHH. BHYTPUKIETOYHbIIH
JOMEH I'YAaHKNATUMKIIA3bI NPOABISCT KATATMTUHECKYIO
AKTUBHOCTb, BHEKNETOUYHBI DOMEH CAYXKHUT pe-
uenrTopoM. TlpuUcoeaMHEHUE akKTHBATOPa K pe-
LEITTOPY BhI3bIBAET U3MEHEHHE KOH(MOPMALIHH B MEM-
OpaHHOM H LIMTO30/LHOM JIOMEHAX M, KAK CNSICTBHE,
AKTHEAUMIO I'YAHWIATUMKIA3E. B TKaHaX ueioBeka
TIPUCYTCTBYIOT 3 THIMA MEMOPaHHOCBAZAHHBIX TYaHH-
JIEATIMKNA3, B aKTHBALIMKM KOTOPBIX NPHHWMAKT yua-
CTHE crneurpUYecKUE PeryasTopel — TPeACepIHbIiA
Hatpuitypetudeckuii daxrop (MHD), HaTpUitypeTH-
JECKHIT MENTHI M3 MO3ra W KMIICHHLIH TICNTHA I'ya-
HHWIWH.

B knerkax TKAHEH BBIABMACHDL 3 QOCHOBHLIX THITA
BHYTPHK/IETOYHLIX PEHENTOPHEIX GENKOB, C KOTO-
pbiMi B3aumMoacicTeyeT ul M@: ul'M@-3apucumasn
MpoTeWHKKUHA3A (npotemHkuHaza G), ulMD-pery-
nupyembie MOHHBIE kaHaae W Ul MP-perynupye-
man dochonnacTepasa, cneundmuunas Kk uAMOD
{xaranusupyeT npespawieHne UAM® B AM®D).

ul’ M@ urpaeT BaxXHyIO ponb B peryaaiuu Calt-
roMECCTa3a B PadIHuHbIX THMaX KieTok. [loBbiure-
HHe KOHueHTpauuv ul'M{P npHBOAMT K NOHM-
KEeHHK KOHUeHTpauuu Ca’* Kak B pesynsTare ak-
TRauMu Ca?™-ATd-a3, Tak M 33 CYéT NMOJABIEHHS



pPeNENTOP3aBUCHMOTD TIOCTYILIEHHMs 3TOrC MOHA B
UMTOIIA3MY KNeTKH. DTH 3hhekTrel 0nocpeaoBaHbl
JleficTBUeM MNpoTeMHKHMHa3w G Ha meMmOpaHHBIE
OenkH, y4acTByllKe B o0MeHe Ca’t.

B. CTPYKTYPHO-®OYHKIITHOHATLHAA
OPTAHM3ALIMA G-BEIKOB

G-teaku (FTd-ceaszpiaonve 6enxu) — yHHU-
BepCaIbHBIC [MOCPEAHHKH NMPH Nepeaadye CHrHajloB
OT peLefITopoB K ¢epMeHTaM KaeTouHoi MemOpa-
Hbl, KaTaJH3UPYIOIIMM 0Dpa3oBAHHE BTOPUYHBLIX
O0CpeAHUKOB TOpPMOHaJbHOTO cuTHata. G-0en-
KH — OJTHrOMEPbL, COCTOSILME U3 ¢, B U y-cyOme-
aunul. CocTap auMepos [y HE3HAYUMTENBHO pas-
JUYAOTCA B pa3HBIX TKAHSX, HO B npeienax oIHoi
KneTku Bee G-0enkH, Kak OpaBuino, MMET OIu-
HAKOBBIA KOMMekT Py-cyopeanuuu. flostomy G-
OenkM TIPHHATO palxIvdaTh 0 UX C-CyOBEAUHH-
uaM. BotaeneHo 16 reHOB, KOAKHPYIOLLMX PA3THYHEIE
o-cybreaManibn G-6enkoB, HeKoTophlie U3 EHOB
uMmewT fonee oaHoro OenKa, BCAeACTBUE afnbTEp-
HaTupHOrO Ccrutaticunra PHK.

Kaxaas o-cybbeauHuua B coctaBe (G-6enka
HmeeT CreludpHUECKHe LIEHTPI:

» ceA3nBaHua FT® unn [D;

+ BIAMMOIEHCTBHA C PELENTOPOM;

Hapy#Han
NOBEPXHOCTL
membpaHs

PeuenTop

( NH2

» CBA3LIBARMS € [Jy-cyOneniHHUlaMu,

» hocopunMpoBAHUS FIOA ASHCTBMEM TNPOTEWH-
KWHa3bl C:

* B3aUMOJEHCTEUSA ¢ (PEPMEHTOM ATEHHIATIIMK-
faasoi unu docdoannason C.

B cTpykType G-0enKoOB OTCYTCTBYIOT (i-CITHpanib-
HbIE, [IPOHU3BIBAKOLLIHE MemMOpaHy JoMeHEL. G-0e1-
KH OTHOCAT K TPYNIe «3agKOpPeHHBIN» GENKOB
(puc. 5-34).

Peryasinna akrusnoctn G-Genkosn

Paanuuaior HeakTURHYo dopmy G-Oenka —
KoMmaeke afy-TIM® » akTHBUpPOBaHHYIO opMy
afy-I'T®, Aktuauus G-Genka npoMCXOIMT MpPH
B3aMMOJEHCTBHI ¢ KOMILIEKCOM AKTUBATOP-PELETI-
TOP, H3MeHeHue KoHdopMauuu G-0eska CcHUXaer
CPOACTBO ¢-CyOBpeAMHMLE K Moiekyne TAD 1 yre-
auuusaeT K ['Td, Jamena FAD na I'TD B akTHB-
HoM ueHTpe G-0enka HApylLaeT KOMTLIeMEHTap-
HOCTh Mexay o-IT® u By-cyGneamnuuamuy.
PeuenTtop, CBSI3aHHLIA ¢ CHTHANBHOW MOJIEKYJ/IOH,
MOXET aKTHBUPOBATEL DOMBLIOE KOJUYECTBO MOJIe-
kvn (G-Oenka, TakuM obpa3oM obeclieunBas ycu-
JeHWe BHEKJETOUHOTO CHrHala Ha H3TOM JTane
(puc. 5-35).

AKTUBMpOBAHHAs a-cyObeannuua G-6Genka
(o-T'TM) BlauMoaelcTByeT €O coeuUnUISCKUM

KneToynan
Mmembpara

BHyTpeHHAA NoBepXHACTL
MeMBpanHbl

depmeHT

rae

Puc. 5-34. Monoxexne G-Gankor B memSpane. ns accouvauni G-68NKOB BaXKHO ALWIMPOBAHME (-NPCTOMEPOB AMDATUHECKMK
PAOWKANEAMW XUPHBIX KMCNOT, MUPUCTUACBOA KMCNOTel (M) wnk uacnpeHoBor. v-Cybbeautuua G-5enka nmeaaT repasun-repaHunbHyo
roynny (), CBR3aHHYI0 THOSHRMPHOR CBASLID ¢ COTATKOM LMCTenua C-koHUa.
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KneTounar Membpana

Puc. 5-35. Unkn hybkumornposanna G-Genka. R, — peuentop; I — ropmoH; ALl — agenmnatumuknasa.

DENKOM KJIETOHHOH MeMOPpaHbl U H3MEHSET ero ak-
THBHOCTB. TakuMH GefkaMi MOTYT ObiTh (hepMeH-
Tel ageHunariivknasa, gocdonunaza C, dpocdoau-
actepaza ul'M@, Na*-kaHanst, K*-kaHans,

Cheaytomnif atan uukna GyHKuHoHUpoBaHus G-
Genka — nedwedopuwmposanmne [T, cpda3anHoTO
¢ o-CYOBEAUHMUEH, MPUUEM (QepMEHT, KaTAU3H-
PYIOLUIMIA 3Ty peaklMIo, — CaMa o-CydbedHHMLA.

HedocthoprnuposaHue TIPUBOANUT K 0BPA30BAHHID
komnaekca o-TJM@, koTopblii He KOMIUIEMEHTapeH
crenguueckomy Geaky membpadbl (Hanpumep,
ALSHWIATIIMKAA3E), HO HMECT BBICOKOE CPOSICTBO K
Br-nporoMepam. G-fenok Bo3BpalliaeTcsl K Heak-
THBHOA dopme — ofy-TAD. Tpu nocaenyrolei
aKTUBALMM peuerropa M 3aMmeHe Moaekynel [OO
Ha [Td uukn noetopsiercss cHopa. Takum obpa-
30M, o-cyObearHuubl (G-0eNKOB COBEPLUAIOT Yen-
HOYHOE TBHAKCHHE, TIEPEHOCA CTHMYTHPYIOLTHH M1
HHCMOUPYIOLIMA CUTHAM OT PeUEITOPd, KOTOpPLIHN ak-
TUBHPOBAH NEPBHUYHBLIM TOCPETHHKOM (HAMPUMED,
TOPMOHOM), Ha epMEHT, KATATH3UPYIOILHH ofpa-
30BAHUE BTOPUYHOrO MOCPE/IHUKA.

Hexkoropeie opMbl NPOTEMHKMHA3 MOTYT doc-
hopHAMPOBATh ¢~CyEbeIHHNTIBL G-OenkoR, Pocdo-
PUNWPOBAHHAS O-CYOBEAMHHUIA HE KOMIUIEMEHTap-
Ha crieuudwidyeckoMy Oenxy MeMOpaHBI, HATIPUMED
aneHWiaTiKKnase wid dochoamnnaze C, noaroMy
HE MOXET Y4acTBOBATH B MIEPERANES CHIHAAA

254

I'. AXEHMIATUHKAAZA

DepMeHT afeHWNATUMKNA3E, KATANUIHPYIOUIHHA
npeppawesme AT B uAMD (puc, 5-36), — kK-
qepoi QepMeHT ATeHUNATUUKNASHON CHCTEMBI TIE-
pelav CUrHata. AneHMIaTLKMK1a3a oDHApYKeHa BO
BCEX THNAx KJETOK.

MepMEHT OTHOCAT K TPYNIE HHTErpanbHLIX 6en-
KOB KJIETCYHOH MeMOpaHb!, OH HMMeeT 12 TpaHc-
MeMOpaHHBIX OOMEHOB. BHekyeTounwie ¢par-
MEHTLI aleHWIATLMKIA3bl TAHKO3IWRHUPOBaHL:. HH-
TOMNa3MaTHYECKUE JOMEHBl aJeHHUNATIIMKTA3bl
HUMEIOT [iBa KATAMTHUHECKHX LIEHTPa, OTBETCTBEH-
HbIX 3a ofpazoBaHue UAM® — BTOpUUHOrO 110-
CPEIHNKA, YYACTBYIOILETO B PETYISILIMM aKTUBHOC-
T QrepMeHTa MpPOTeMHKHHA3LT A,

Ha akTHBHOCTb aneHWIATUMKAAZB OKA3BIBAKOT
ETMSHHE KAK BHEKIETOYHBIE, TaK U BHYTPHUKIE-
TQUHbIE peryasaTopbl. BHeEKJIETOUHbLIE perysisIToph
{ropMOHHBI, 2HKO3AHOMILI, BUOTeHHbIe AMMHBI)} OCY-
(LECTBASIOT PErYSBSILNMIO yepe3 crieltidryecKue pe-
LENTOPbl, KOTOPBIE ¢ MOMOLWLGID ¢-CYOBEIHHMIL
G-Denkos nepeaanT CUrHAAL Ha aAeHHAaTuUMKAa-
3y. o -CyObenunmia (CTHMYANpYIOLLIAA) nNpH B3a-
MMOAGACTBUM € AASHUNATLIMKIA30U aKTHBHPYET
(hepMeHT, o-cybbeIrMHHIER (MHrnbupylowas) 1MH-
rubupyeT depMeHT. B cRO ouepenb, ajeHMIAT-
UMKIa3a cTUMynupyer npossiacHue [TA-docha-



OoH OH

AgeHosnHTpudocgaT
(ATD)

Lnknuueckmin ageHoanu-3', 5'-
moHogocaT (LAMD)

Pue. 5-36, OBpazosadne UMKIMYECKOTO aneHo3nHMoHodocharta (LAMD).

TA3HOW AKTHBHOCTH a-cYOBEAWHMIL. B peaynbrate
Jedochopunupopanus [ T@ cbpazyorces cyOheaud-
HulGl o -FAD u (xi-FIld), 1i¢ KOMILIEMEHTAPHEIS
ageHWIaTUUKIA3E.

H3 § uayueHHBIX H30(OPM aTeHMNATUHKAAZEI
4 — Ca?r-zaBucuMmble {akTueupyiorcs Ca?'). Pe-
ryIg91KA adeHHJIATIHKIA36] BHYTPHKAETOUHBIM
KA1bUAEM TMO3BOJHET KJIETKE HHTETPUpPOBATh AK-
THBHOCThL ABYX OCHOBHLIX BTOPHYHBIX NOCPEAHM-
KoB LAM® u Ca®.

H. DPocoonunassl

Dochoamnasel — epMeHTHl Kilacca THAPonas,
Karanuaupyioinde karafonnim cnuuepodocdonu-
nuaoB. PasmiuawT ¢ocdonunassl CEXpeTOpHbIC,
BXOAstIME B COCTAB MAHKPEATHUECKOTO COKa, H -
kietourple hoctoavwnaisl. Knetounsie docdomm-
nassl A, A,, D, C paztnyarTtca no coeundguynio-
CTH K OTLUENIAEMOMH rpyune. Bee docdonunaiel —
KalbLUUWiA3aBUCHUMBIE (pepMeHThl (puc. 5-37).

Qochommaza C — GepMEHT, THAPOIUIVIOLIMNH
dochorpupHyIc CBA3L B rauucpodocdoIuniax.
B knerkax 4denoseka HagcHTHdOMUKMpoBaHo 10 mzo-
topM doconrnazel C, pazmHYaAILHXCA 110 MO-
JIEKYIAPHOA Macce, JOKANU3ALUKY, cIiocody pery-
JIAUKH, cyGeTpaTHOR cneuuduuHocTH. B cTpykType
peex uzodopM docdonmnasel C OTCYTCTBYIOT THI-
pothoBHBIE AOMEHBI, KOTOpble MOrnH Owl obecrie-
YUTHE MX B3aUMOAeHCTBHE ¢ MeMOpanoil. OgHako
HekoTopele GopMbl docthoarnassl C CBI3AHbBL €
MEMOPAHOM ¢ MOMOLBIY TUAPOGOGHOTO «IKOPA» —

®occonunasa Ay

o
fl
H,C—O0—C—R;
0
l
R;—C—-0~— CH
0

HzC O—F‘ 0—X

/N

$octponunasa C ®occonunasa D

®docgonvnaza A,

Puc. 5-37. flecteue thocthonwnas,

AIMIBHOTO OCTATKa MHUPHUCTHHOBOH KWCNOTHI WIH
3a CYET B3AHMONEACTBMS C THOBEPXHOCTLIO DHCIIOS.
Katanutuieckas aKTHBHOCTL BcexX Haodopm doc-
donunaskl ~ 33BHCHT OT MOHOB KAJIbLIWA.
BonblunHeTBo docdhonaunas C cneuupHyHO B
OTHOIUCHHMH PochaTHAWIHHOSUTONOB U TIPaKTH-
YecKH He TMApPONHIyeT apyrve THIBL Gocdomunm-
0B, AKTHBHEIH (EPMEHT MOXET THAPOIUIOBAThL
Ao 50% ot obwero komugectsa GochaTHIMIHHO-
JUTONOB KIIETOUHOH MeMOpansl. [Ipu tHUaposvae
tocharnannunosnron-4,5-6ucdhocedara (OGHUD,)
00pa3yIOTSes MpoaAyKTel auaiimnravuepon (JAT) u
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uHO3uTON- 1,4, 5-pudoctar (UD,), cryxaiuue BTo-
PHUYHBLIMH NOCPEeRHHWKAMH B TpaHCMeMOPaHHOH
nepenave CUrHama no HHo3WToNdochaTHOMY NYTH.

E. TIPOTEMHKKHA3DI

Bce nonsipHble CHTHANBHBIE MOIEKYTILL, ACHCTBY-
IOLIHE HA KIETKY-MHIIeHb Yepe3 MeMOpaHHBIE pe-
LENTOPB, OCYLIECTRISIOT CBOK OHOIOrMUECKYIO (hyH-
KLMe nyTéM GochopIHpOBaHHA CreuHbUIeCKuX
Benkos ¥ QEPMEHTOR, PErYAHPYIOUIMX METabOnH3IM
B kierke. LocdiopiLinpoBaHre WiMeHseT (yeeaHyH-
BaeT WIH YMEHBIIAET) WX aKTUBHOCTh. Kartanusupy-
10T docopunuposaHie GeaKoOB (IIPOTEHHOB) Mpo-
TEUHKHHA3bI 110 AMMHOKWCAOTHBIM OCTATKAM CEPUHA,
TPEOHMHA, THpO3KHA. [1poTeMHKYHA3E MOTYT OBITH
CYOBCIMHUIIEH MeMOPaHHOIO pelenTopd, HanpuMep
TUPO3NHOBAsT MPOTEMHKUHA3A peLienTopa MHCYNKHA,
AKTHBHOCTb KOTOPOH PeryaupyeTca ropMoHoM. [Apy-
rasi Ipylna — MPOTEMHKMHA3bI, PETYIHPYEMBIC BTO-
PUYMHBLIMH BECTHMKAMHM TOPMOHAMNBHOIO CHTHAMA
(ULAM®D, ul'Md, Ca?', JAT), Hanpumep NpoTeHH-
KMHA3a A, npoTeuHkuHasa C, npotenHkiHaza G,
KATBMOIYIMH3aBHCHMBIE MPOTEHWHKHWHA3L H AP.

1. Hpomeunxunazo: A

[Mpoteunkunazsl A (LAM®-CTUMYTUPYEMBIS)
YYACTBYIOT B aICHWIATLMKIA3HOH CHCTEME nepeaa-
up curdana, [poTtenHkrHaza A cocTOMT n3 4 cybne-
aueui R,C, — nByx peryIaTopHbix cyObeanHun (R,)
W aByx karanutiyeckux (C,) (eM. puc. 5-41). Kom-
mieke R,C, ue obnagaer depMeHTATHBHON akTub-
HOCThIO.

Komnaexe R,C, pazHeIMH CMocoGaMH TPUKpen-
asetca K MemOpade. Hexkotopwie opmMbl IPOTEHH-
KHHA3bl A «3aMKOPHBAIOTCSA» € TOMOLIbLK alik-
(aTUECKOTO OCTaTKa MHUPHCTHHOBONH KMCIOTHI Ka-
TATHTUYECKHX cyObemUHHIL. Bo MHOMWX TKalsix npo-
TEMHKHHA3a A CBSI3aHA C «3afAKOPSHHBIM» DEAKOM
AKAP (ot anrn. cAMP-dependent protein kinase
anchoring proteins). AKAP 1MeeT LEHTp CBA3bIBA-
HHA LI PErVIATOPHBIX CYOBEIMHNL NPOTEMHKUHA-
3p1 A. C nomomeio 6enka AKAP. npoteuHkiHaza A
CBA3LIBACTCA ¢ MeMOpaHoi B 06JaCTH JOKATH3aiMH
¢hepMeHTOB, KaTATM3HPYIOIHMX O0palosaHue NAM®
(aneHunaTUMKIa3a) v ero rvapoauns (doodomsc-
Tepaza), a TaKkKe OC/KOB, B PETY/IALHN aKTHEHOCTH
KOTOpbiX (PepMerTt NpUHUMAaeT yyacTHe, HallpUMep
noTeHUHaN3aBMCHMBle Ca’-KaHaubl.

Peryasrophbie CyObeNMHMLIBI NPOTEMHKUHAILL A
HMEIOT crieludHIecKUe [HEHTPR AR CBS3LIBAHKMA
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UAM®. Tlpucoeaunenre TAM® x peryasTopHbIM
CYOBEIUHHLAM TIPUBOJHMT K H3MEHEHHIO KOHDOp-
MAUHH MOCAEIHMX H CHHXEHUIO CPOACTBA K KATa-
JIATHUECKUM cyObeaMHHIAM C, MPONUCXOIUT AMC-
COLTMALIHA [0 CXeMe:

BAM®, + R,C, - uUAM®, R, + C+ C

CybbeauHuubl C NpeacTaBasior coboi aKTUB-
HYI0 QOpPMY TIPOTEMHKMHA3Bl A, KOTOopas KaTa-
AU3UPYET peakuuu dochopunuposaHus HENKOB
M0 CEPHHY W TpeoHWHY. KaTanuTvyeckue cybne-
OMHRKLBL C ¥ pa3sHbIX TUMOB MPOTCMHKHHA3 A HE
MACHTHYHBI, OHH PAa3UYAKTCA TNMpPEXAE BCEro
cnNeuM(PUIHOCTLI) B OTHOWEHUH OEaKOB-cy6-
CTpPATOB.

2. Hpomeunxunasne C

[MporenHkHHa3bl C y4acTBYIOT B MHO3UTOI(OC-
dartHol cHeTeMe nepeaadn cHruana. Oepmert co-
CTOHMT W3 IBYX (PYHKLUHMOHANBHO PAMIMUHBIX NO-
MEHOB — DervisSTOpHOIO M KATATMTHUYECKOTD,
Perynatoprulit 1oMeH COINEPXKUT 2 CTPYKTYPHI
{«IMHKOBBIE AATLILI»), 00pa30BaHHEIE (hparMeHTa-
MM NEeNTHAHON 1enmM, GOoraTbIMH LIUCTEUHOM, U
coAcpXalllUMK 2 MoHA UMHKA {cM. pasnmen l).
«LIMHKOBBIE MATBLBI» YHACTBYIOT B CBS3BIBAHUM K-
aumaraMuepona. Apyroi gparMeHT perylstopHo-
ro AOMEHa HMMeEET BBICOKOE cpoicTBo K Ca’. Tlo-
BHIIIEHHEe KOHUEHTPALMM KAIbLHUS B UMTO301E
YBCIHYKMBACT CPOACTBO NPOTEHHKUHA3E C K doc-
daTaniacepuHy MeMOpanbl. TpaHcnokauusi npo-
TeHHKMHAa3bl C k MeMOpaHe Mo3BOMSET (hepMeHTY
cBs3aThed ¢ JAT, KOTOpBIiA elig 60MblIE NORLILIA-
eT CPOACTBO TIpOTeMHKUHA3b C K MOHAM KaIbLiUs
(puc. 5-38). Haubonee pacnpocTpaHéHHBIE HM30-
dopMmel nporeMHKkuHash C aktuBMpyloTca Ca?,
AHauHArAueponoM H HochaTHIWICEPHHOM.

Karamumuueckmit 1oMeH UMEeT LIeHT], CBA3bIBa-
oumit ATD u Genok-cybeTpar. AKTHBHas opma
depmenTta mporenHkunazbl C dochoprmpyer Gemku
N0 OCTATKAM ¢epHHA W TpeoHUHa. CHHXKEHHE KOH-
LUEHTPALUKM HOHOB KANbli¥s B KNETKE HAPYILAST CBA3b
npoteHHKMHazel C ¢ ¢ochatTHIUICEpHHOM W AMa-
LUMITAMUIEPOIOM, (DEPMEHT NEPEXOIUT B HEAKTHBHYIO
dopmy K oTagasieTcs OT MeMOpaHEL.

3. [pomeunxunazet G

B omiHYne OT NMpOTEUHKHUHA3LL A, MIPOTEHH-
KMHa3a (G NPHCYTICTBYET HE BO BCeX TKAHAX, €€ 06-
HADYAKHMBAIOT B JIEMKHX, MORDKCUKE, INAAKMX MbILLI-
uax ¥ tpomboryrax. Maodopmel npoteunkiHasy G
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Puc. 5-38. Perynauwns aktweHocTy npotesHKuMHasel C (MKC). $C — dochatuawncepud; AT — puauwnrnduepon.

MOTYT ObITh CBH3AHBI C MEMOPAHON HIH HAXOIUTHCS
B LMToIIasMe. PacTBopuMan rpoTerHKHHAaza G co-
CTOWT U3 ABYX MACHTHUYHBIX CYOBEAUHNL, KaxXnas 13
KOTOPBIX UMEET JIBA 1IeHTpa 1S CBA3bIBAHUA Ul MDD,
[Ipucoeaunenue ul M K peryaaTopHbIM UEHTPaM
BLIZBIBAET KOHMPOPMALMOHHbBIE U3MEHEHMS CYObeIH-
HHH M ITOBBIIIAET KaTAIHTHIECKYKY aKTUBHOCTE (ep-
meHTa (puc. 5-39). [Nporennknnaza G, nonoGHO
npoTtenHkHHAze A U C, cTelindUUHA B OTHOILIEHHH
ONpeAENEHHEX OENKOBBIX CyOCTPaToOB, KOTOphIE OHA
ocdopwivpyeT No ocTatkaM CeprHa W TPEOHMKHA,

XK. ®ocpoaIudCTEPAIB

MoconmacTepassl — (PePMEHTDI, KATAIN3HPY~
101IHE TpeBpalleHue UAM®D (puc. 5-40) uau
uFM® B HeakTHBHLIE MeTabonuThl AM® WiIu
M@, OocdoanacTepasbl, CHHUXAT KOHUEHTpA-
LUK BTOPHUUHLIX MOCPEIHUKOB, pa3phiBaloT LeMhb
npeBpallleHri, BbI3BAHHBIX AKTHBATOPOM peLEI-
TOpA.

E-OH
fporevks
ATS

Allo

E-0PO%
docgonpoTenH

MNpotemHrkuiaza G
HeakKtueHan

MpoTeunrikuHaza G
aKTUaHan

Puwc. 5-39. Perynauwa aKTMRHOCTH NPOTEMHKMHASE G (ITKG).
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O Mecto ruaponvaa
Liuknuqeckui aneHoauH - 3', 5 AneHosuHmoHodocdar
moHodocdhar (UAMD) (AMD)

Puc. 5-40. NpespaweHne LAM® 8 AMD.
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Mochonnacrepasbl NPHCYTCTBYIOT B KISTKAX TKA-
Heit B 2 qropmax: B GopMe pacTBOPUMOro benka u
MeMEpaHHOCB3aHHOTO. POpMBI QIEPMEHTA, CRH3AH-
HBle ¢ MeMDpaHOH, B pa3HBIX TKAHAX COCTAaBIAIOT
5—40%. B omno#l K ToOii e TKAHH MOTYT [PHCYT-
CTROBaTh pasHbie opmbl ochoanactepasnl, pas-
JHUALIHESs 110 CPOACTRY K cyDCTpaTaM, MONEKY-
JAPHOMY Becy, 3apsily, PeryJIsaTODHbIM CRBOHCTBAM
M JIOKATH3alWH B KAETKE,

DdochoauscTepasbl UMKIHYECKHX HYKACOTUAOB
He obnamawT aGCcoMOTHOM Celn(GHYHOCTBIO, [M0-
3TOMY, KaK NpaBWIO, 0gHa W Ta Xe dopma dep-
MEHTa CnocobHa THApONU30BaThL Kak HTAM®, Tak
u ulM®. OnHako CKOpOCTH THAPOIH3A ITHX ABYX
HYKJICOTUACB 0] ACHCTBHEM OTHOA W TOH XKe
thochoauscTepassl MOYT 3HAUYHTENBHO PA3ANYATD-
cf. DTO 3aBMCHT OT ToTO, KakKast drocdoanacTepasa
TIPUCYTCTBYET B KJIETKe — Oonee cneuupuyHas B
OTHolIcHUY HAM® unu donee cneundHyuHag X
uI'M@, oT COOTHOLUEHHA KOHUEHTpauHH UAMD
v u'M® B kieTke W OT OCHCTRMA PErYISTOPOB
tocdonnacTepasnl.

B onbumHeTBe TKAHEH mpycyteTyeT docdonn-
acTepasa-1, Gonmee crneumpuyHas K UAM®, akTuen-
pyemas Ca? , kommuekcoM 4 Ca’'-KanbMOAYIHH U
ul'MoO,

3. AIEHHUIATUUKIAZHAS CHCTEMA

[Tpy yuacTHH aneHUAATUHKIAZHOH CUCTEMbI pe-
ANM3VIOTCA 3PPeKTEl COTHH PaATUUHBIX 110 CBOEH
NPUPOAE CUTHATBHBIX MONEKY] — TOPMOHOB, HEH-
POMEIHATOPOB, SHKO3aHOWIOB,

MOYHKUMOHHPOBAHKE CUCTEMbI TpaHCMeMOpaH-
HOW Nepeaayn CMrHaToB obecneqrsator Oenku: R -
PELIENTCD CHUIHAIBHOW MOAEKYNBI, KOTOPasd akTH-
BUPYET aleHWTATUKKIA3y, M R -penentop curHan.-
HOH MOJIEKYABI, KOTOpasi HHTHOUPYET AAEHUAATLIHK -
nasy; G-crumyaupyiownid 1 G -UHTHGUPYIOLH I
aneHHI1aTUWKIa3y OeakH; (PepMEHTH ANeHMIaTLHK-
naza (AL} u nporevukuHaza A (ITKA) {puc. 5-41).

MMocnesoraTeNsHoCTy COOBITHIA, NPHBOAMIMX K AK-
TUBALHKM ANSHHWIATUHKAA3bE:

¢ CBS3LIBAHUWE AKTHBATOPA aleHWIATLIMKRAZHOH

CHCTeMBbI, Hanmpumep ropmoHa () ¢ peuenro-
pom (R), NMPMBOAWT K M3MEHEHWIO KOH(OD-
MallMu pelenTopa H YBEJUYEHHIO €ro cpoi-
crBa K G -6enky. B pesyabrate obpasyercs
kommueke [THR}G-TOD];

o npucoeamnenue [T[R] x G-TAd chnuxaer

cpoucTBo a-CyOpeannunbl G -6enka K TAD u
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yBeNHYHRaeT cpoucteo k I'Td. TJD 3amela-
eTed Ha TTd;

s 3TO BbIBIBAET NMCCOUHALKNID KoMIaekea, Or-
IOEeAUBLIAsICH CYOBEUHULIA o, CBA3AHHAS ¢ MO-
nexynoi I'TP, obnagacT cponcTBOM K aaeHU-
NATUHKAA3E:

[MR][G-TT®] - [T][R] + a-IT® + Py;

B3AUMOICHCTRIE O-CYOREAMHUIIE! ¢ aneHWTaT-
LUMKIA30# TPUBOAMT K U3MEHEHHIO KoHGOp-
Mauuy hepMeHTa M €T0 aKTHBALIMH, YReNUIH-
BAETCA CKOPOCTE 00pazoBaHus GAM® 3 AT,
KOR(OPMAUUOHHBIE H3MEHEHHST B KOMILTEKCE
[o-TTO]{AL] cTumMynupyioT nosblleHue [TD-
(hocdaTazHOH AKTHBHOCTH o-CYObEIHHMULBL
[Mpotexaer peakuua aedochopHnUpoBaHUA
[T®, u onMH 13 MPOAYKTOR peakuuy — Heop-
ranuyeckuil docdar (P) oraenaerest ot o-
cyOBCHUHMLIBL, a KoMineke [o-[Ad] coxpans-
€TCH; CKOPOCTh TMAPOJHM3a OMNpeaetseT BpeMs
MPOBEACHHMS CHTHANA;

00pa30BaHHE B AKTMBHOM LICHTPE o-CyHbeIu-
HHLEBL Monekynbl [P cHuXaeT ero cpojcTro
K aneHWIATLMKIIA3¢e, HO YBETTMYUBAET CPOACTRO
K Py-cyOreannnuaM. G -0eoK BO3BPAILALTCS
K HEAKTHBHOH thopMe:

eCclli PELEnTep CBs3aH ¢ aKTUBATOPOM, HAIIPH-
MEp TOPMOHOM, LUK (hyHKUMOHHpOoBaHUR G,
OenKa MOBTOPSETCS.

Axtusanna nporerHknrassl A (ITKA)

¢ Monekvasl TAMQ MOTyT 06paTHMO COENUHATD-
Csl C perylIaTOpHbIMK cyObeanHuuamy [TKA.

¢ [pucocaunenue tAM® K peryisTopHbIM
cyObenMHuuaM (R) BBI3bIBACT AMCCOUMALMID KOM-
nnekea C,R, na xomneke LAM®, R, u C + C.

e AKTMBHAS NPOTEMHKHHA3a A dochopunupy-
€T cleuUudPMUYecKne DENKH N0 CEPHHY W TPEOHH-
HY, B PE3YILTATE W3IMEHSIOTCA KoHdopMauua M
AKTHBHOCTL (GochOpUTHPOBAHHBIX DEIIKOB, 4 3TO
MPHUBOAUT K H3IMCHEHUIO CKOPOCTH U HAaMpapie-
HHA PEryIMpyeMbIX MMH MPOUECCOB B KIETKE.

e KoHuentpauya nAM® B kieTKe MOXeT pe-
TYJIHPOBATLCA, OHA 3ABMCHT OT COOTHOIIEHHUS ak-
THBHOCTEH (DEPMEHTOB aneHMAATIMKIA3R U hoC-
chonHacTepA3hL.

bonbuiyio ponb B perynsiiMd BHYTPHKACTOM-
HOH CHTHANBHOW CHUCTeMBl MTpaeT Oenok AKAP,
«3askopenHnit» 6enox AKAP_ yyacTeyer B cOOpKe
hepMeHTHBIX KOMIUIEKCOR, BKHOYAIOIIUX HE TOb-



Puc. 5-941. AfEHUNATUUKNAZIHAA CUCTEMA.

KO NPOTEMHKHHA3Y A, HO K DOCPOIANICTEPAsY M
cochonporerngocdartay.

Kackannblit MexaHH3M YCHIEAHA H NOJABAEHNS Cur-
Bana. llepesaua CHOHATA OT MCMOPANHOTO pelell-
Topa ucpez G-Ge10k 1a (hepMeHT ATeHHAATIMKITE-
3y CAVHKWT HIPHMEPOM KACKAIHOW CHCTEMBI YCHAETTHS
3TOTe curHana. OnHa MOSIEKYNIA, AKTHRUPYIONLAS
PELETITOP, MOXCT <«BKIKOMATL» Heckonbko (G-0Oen-
KCB, H 3aTe€M KaKALIA AKTHUBHPYET HECKOALKO MO-

HeaktwaHas [TKA

JIEKYN AneHUNATUMKTASL ¢ 08pas0BatMeM THICS
mMosiekyl LAM®, Ha 3ToM stamc cumiad ycuaupa-
ercs B 10°—107 pas. Obpazyioumiics uAME «pro-
HAKIT» JIPYIOH PepMeHT — NPOTEMHKHHAZY A, yCH-
JuBas curaan cwé s L0) pas. @ochopunuposanue
PCpPMEHTOB NPOTEHHKMHA30A A elu€ DonblIe yOH-
JHBAET CUTHAT, B PE3VALTATE CYMMAPHOE YCHICHME
pario L0°— 107 pas. TakuM oOpazoM, N0 MEXAHH3IMY
KACKAILHOIG YCUACHUA OJHA MOJEKYAA PervasaTopa
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cnocodHa W3MEHHTb AKTHBHOCTh MHUJUIHOHOB JIPY-
FUX MOJIEKYJL

Ho nma moboil U3 cucteM TpaHcMemMOpaHHOM
MEpenauy CUTHANA KNETKA UMEET APYIYIO CHCTEMY,
MOAABASIIOLUYK 3TOT CUrHAN, Kakablii U3 3Tanoek B
(hepMEHTHOM Kackane HaxOAMTCA NMOJA KOHTPOEM
CMEUMANBHBIX TOJAMISIOWIMX 3TOT CHTHANT MeXa-
HU3MOB. Hanpumep, ATHUTENBHOE A8HCTRBUE TOPMO-
Ha TNIPUBOAMT K AECEHCHOMIH3AUWH MEMOpPaHHbIX
pelenTopoOB: OHN JIHO0 UHAKTUBHPYIOTCH, AHDHO
BMeCTe ¢ TOPMOHOM TIOTPYXAKOTCH B KNETKY I0-
CPEACTEOM 2HAOUMTO3a, B pesynwrate meceHcHOU-
JH3AUUK pelenTopoB CTeNeHb aKTHRAUMU aaeHU-
NATHUKNAZHON CUCTEMBE CHUXKAeTCS. ECK B KJteTke
JTUTCNBHOE BpeMs TOBHIHEHA KOHUEHTpALUs
UAM® (noBrillleHa AKTHBHOCTb MPOTECHHKMHA-
36l A), MOXET TIPOUCXONHTL (ochopunupoBaHte
K&IbLHEBLIX KaHAIOB, YTO TIDUBOAMT K [OBbILLIE-
Hu1o koHueHTpaunn Ca?t B wietke. KanbUuid ak-
TUBUPYeT Cal*-3aBucHMYIC hochousCTepasy, Ka-
TAIU3MPYIOLIYIO TipeBpallieHue TAM® B AMO®.
B pesynbraTe MHAKTMBALIMU MPOTEMHKWHA3BI A
(R,C,) cHmxaetca ckopoCTh (PochHOpIMpOBaHUS
crieludieckux HGepMEHTOB. 3aBEpPUIAET «BLIKTIO-
yeHue» cHcTeMBbl docdonpoteuddocdarasa, ge-

dochopuupyiowas GochonpoTeHHBL.

BansiHMe GaKTepHANLHLIX TOKCHHOB HA AKTHB-
HOCTL ageHWnaTuHKnassl (A/1P-puboswanposa-
Hue (-Denxos)

Ana usyuenus: QyHkuMoHupopaHus (G-GelKoB
ANCHIWIATIMKIIA3HON CHCTEMBI ObLTH WCITONB30BAHBI
IK30FCHHLIC BAKTEPHANbHBIC SAbl — XOWIEPHBIA W
KOKJTHOUIHBIN TOKCHHBL, TOKCHHBI B 3KCTIEPHMEHTAL-
HBIX YCTIOBHAX MOBLIMIIAKT aKTUBHOCTb AJCHWIATUNK-
N1a3bl NPAKTHYECKH BO BCEX KNETKAX OPraHM3Ma; Tak,
XOJIEPHBIIA TOKCHH MOXET CTHMYAWPOBATE CEKPELLHIO
THPEOUIHBIX TOPMOHOB KJETKAMM LUMTOBUITHOM Xe-
JIe3bl, CTEPOMAHLIX TOPMOHOB KIETKAMH HAATIOYEY-
HHKOB, pacnai XMpOB B XMPOBBIX KiaeTKax. Peak-
LMl PA3HBIX KNETOK HA XOAEDHBIA TOKCUH BhI3BaHA
MOBLILIEHHEM YpOBHi UAM® B 2THX KneTKax.

XONnepHBIAH TOKCUH — OJMroMepHbIi fenok. OnHa
U3 cyonemunul — ¢epmeHT AN®-putGosnrTpatc-
depasza; NpoHHKAs B KAETKY, OHA KATANU3MDYET
npucoeanHenne AIP-pubo3el K o -CyObeIUHHLE
kommaekea [o - TPJ[AL] (3Tan akTMBALIMKU AAEHH-
JaTHHUKTa3bI).

NAD™+ [a S-T'TCD] [All] — [Aﬂ(llpuﬁosun-as-
I'TO|[ALL] + pukoTHHaMuHA + H'.
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Al®-puboswirpoBanye WHIHOHpPYET NPOABIE-
Hue I'T@-Gocdara3Hol aKTHBHOCTH ¢ -CyGbean-
HHUbl, HE MPOMCXOAMT AedocPopHAHpPOBaHME
IM®. Unkn dyHkunonvpoBanus G -6enka ocTa-
HABAMBACTCS Ha JTane akTHBALMK (hepMeHTa aac-
HUMATLUMKIa3bl, OTBEYAlOIIEro 3a odpa3osaHHe
LAM® u3z ATE. depMenT ageHWNATIIMKIA3A CO-
XPaHAET MOBBILIEHHYK) aKTUBHOCTDb B TEUCHHE ITH-
TEJIBHOTO BPEMEHM.

CyObeIMHHUA KOKTIOIHHOFO TOKCHHA, MPOHH-
Kast B KieTKy, karanuiupyer ANMD-pubosunupo-
BaHHe 0,-CyObEenMHHMLUbI aKTMBHpOBaHHOTO G -Denka
(O"iBY-l—T(D)-

NAD'+ [o By-TTD] - [AND-pubosun- o fy-
[T®| + HukoTHHaMua + H*,

MoanduumpopanHas o.-CyGbeAHHHLA COXPaHS -
€T BBICOKOE CPOJACTBQ K By-cybbeAWHMLAM, T.e.
G, -0en0K TepsieT CMocobHOCTh TUCCOLMUPORATh HA
o-IT® u By-cyorenuuuupl. Takum 06pasom, HH-
FrOMpPyoWi curuan (o -I'TdP) He AocTHraeT age-
HUNATUWKAE3b], 3HAYHT B 3TOM CAy4yae BO3MOXKHA
TOALKO € aKTUBaLMs MPU CBA3LIBAHKUH ¢ o -TTd.
JelcTBrHe KOKNIOWIHOrO TOKCHMHA HA KNeTKHU TKa-
Hell Beerma TIPUBOAMT K NMOBLILIEHHK) YPOBHS
LAMO®.

CUMIITOMB1 X0Mephbl M KOKJIOLIA Pa3BHBAKOTCS B
PE3YALTaTE ISHCTBHS TOKCHHOB, BblPaOAThIBAEMBIX
COOTBETCTBYIOWMMHA MUKPOOPraHM3MaMHu.

. UHOINTON®OCPATHAA CHCTEMA

DYyHKUMOHHPOBAHKE MHO3UTOADOChATHOH CcHCTe-
MBI TPAHCMEMOPAHHOW MNepeaauM CUrHana (puc.
5-42) obecneunratoT: R (peuentop), ocdonmnaza C,
G, — Genok, akmnsupyloluii gocpournasy C, Get-
KU H epMeHTH MeMOPaH U LIMTO30IS.

ITocnenoBaTeNbHOCTE COOLITHE, MPHBOIANIAX K aK-
THEAUMH ocdommnazel C;

e CBH3BIBAHME CUrHANLHON MOJEKYJbl, Hanpu-
Mep ropMoHa c peuentopom (R), BbisbiBaeT
W3MEHEHHE KOH(DOPMAUKHY W YBEeIHYEHKE Cpoll-
ctBa K G -0enKy.

s 00pazoBaHME KOMIIeKca [F][R][Gptc~l’ﬂ¢]
MPUBOMUT K CHUXEHHWIO CPOACTBA (-TIPOTOME-
pa G, -6enka k [P 1 ypenmueHHUIO CPOACTBA
k I'TD. TNd zamensierca Ha I'TD,

* 3TO BBI3BIRAET MUCCOUMALMIO KOMILIEKCA, OT-
JEMUBIIANCA o-CYObeuHMLA, CBA3aHHAT ¢ MO-
nexynoil IT'TP, nprobpeTraeT cpodcTBo K doc-
doaurnaze C,
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Cyberpar TMpoaykt

Puc. 5-42. UuoantondrocthaTHan cucrema.

o o-I'TP B3auMoaeiicTyer ¢ ocdoaunazon C
M aktuBupyer €. Tlon neiictBueM docdonuna-
3bI-C IPOHCXOIMT MMAPOIM3 THITMIR MeMOpaHbl
tocharmantHosuron-4,5-0uciocipara (PUD ).

e B X0/l TUEPONU3a OGpa3yeTcs W BLIXOAMT B
IATO30Mb THAPOPHUILHOE BENIECTRO MHO3HTO-
1,4,5-tpupocar (MP.). [pyroit npoaykr pe-
akuny avapuaravnepon (JAT) ocraéres B
meMOpaHe U yYacTByeT B AKTUBAUMK depMeH-
Ta npoteMHkuHaszel C (IIKC}.

+ uHO3uTONA-1,4,5-tpudochar (MUD,) ceasbipa-
eTcd crielMpHYecKMH HenTpamu Ca’*-xaHa-

docchonunaza C

Afe ®octo-
ApoTenH

Mpotenk are

i ——— AKTHBHLIA GepMeHT

Aa MeMmbpaHsl DP, 3T0 MPHUBOAMT K H3MEHe-
HMI KOHGOPMaLHH GejKa M OTKPBITHIO KaHa-
nma — Ca® mocTtymaeT B uUUTo3onb. B orcyt-
cTBUe B IMTO301e UMD, Kaman 3akphiT.

AKTHBaIHA NMpOTeHHKHHA3nl C

s [loBpuienue kKoHueHTpauuH Ca** B uuTO30I0€
KJAETKH YBESUYMBAET CKOPOCThL B3aHMOINCHCTBHA
Ca?* ¢ HeaKTMBHBIM LIUTO30JbHBIM (HEPMEHTOM
npoteunkiHazoi C (TTKC) ¥ GerkoM kaibpMo-
AYAMHOM, TaKMM 06Pa3OM CHIHT, TIPUMHSITHINA
PELENTOPOM KJETKHW, Pa3BauBaeTCH.
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» Cesi3bIBaAHHE NPOTEHHKKHA3L C ¢ HOHAMH KA/lb-
LIMST TIO3BOMSIET DEPMEHTY BCTYIIATh B KANMbLHIA-
ONOCPEOBAHHOS B3AMMOACHCTBME C MOMEKY-
JaMH «KMCHoTo» (ocdomunuaa MeMOpPaHDI,
pocaruamncepuna (PC). JIuaunaranuepon,
3aHMMaA CreUHMMUYECKHE LCHTPBI B NPOTEKH-
kunase C, ewé 6oe¢ vBENMUMBAET ¢€ CPOACTBO
K MOHAM KA blIMA.

+ Ha BHyTpEHHEIH CTOpOHE MeMOpaHbl 06pasyeTca
thepmeHTaTHBHBIH KoMILleke — [[TKC][Ca?]
[AAT][PC] — akTHBHasg NpoTeHMHKHMHA3a C,
(hochopunupyiowan crieurpHyecKkHe depmeH-
Thl 0 CEPUHY W TPEOHUHY.

Yuacrue H6e1Ka KAIBMOLYIHHA B HHO3HTOA(OC-
darTHoi nepesave cHrHana

B kneTkax MHOTMX TKaHeH NMPHCYTCTBYET BENOK
KaJlbMOAYIIHH, KOTOPBIH GYHKIIMOHUPYET KAK BHYT-
PHKAETOMHBIA peuenTtop Ca?', 0H uMeeT 4 ueHTpa
Jutg cpsaabiBaHuA Ca’t. Komruieke |kaibMoaynuH]-
[4 Ca’"] He oBnasaeT epMEHTATUBHON AKTHBHO-
CThbiO, HO B3aUMOJEHACTBHE KOMIUIEKCA € pPa3iHy-
HBIMH GenkamMH W (epMEHTaAMH TIPHBOIMT K HX
aKTHBALWH.

Camoperynsiumus cHCTEMBI

Kak 1 BONBLIWHCTRO CHCTEM TpaHCMEMBpaHHOM
NEpenayuy CUIHaTIOB, MHo3uToNdochaTHAs CUCTe-
Ma MMEET HE TOJIBKO MEXaHM3M YCUNCHHMS, HO H
MEXAHU3M MOJABNEHMs curHana, [pucyTersyiome
B LIMTO30J1e MHOSUTON-1,4,5-Tpudocdar (UMD,) u
muanpnrmmiepon (AN B MemdpaHe MoryT B pe-
3yNbTaTe Cepuu Peakiluil OnsATh MPeBpallaThcs B
tdocharuanauHosuron-4,5-6uchocedar (GHUD.).
DepMeHTR. KaTaMHU3INPYIOIIHE BOCCTAHOBICHHE
docdoamnmag, akTBUPYIOTCs GochopHAUPOBAHH-
eM npoTedHKHHazou C.

Konuenrpauna Ca*' B KIETKE CHMXACTCH 10 UC-
XOOHOTO YpoBH#A NpH gelicteru Ca* -ATd-a3 umro-
TasMaTHMECKON MemBpaHe! U P, a Takoke Na' /Ca?' -
u H*/Ca?-TpaHcnokas (aKTUBHBIN aHTHNOPT) Khe-
TOUHOH M MMTOXOHIAPUATEHOH MeMOpaH.

DOyukuuonupobatue TpaHcaokas Ca’t u Ca’*-
ATdr»-a3 MOXKET aKTHRUPOBATHCH:

» KOMIUIEKCOM [xanbmonynun][4 Ca’ ],

s MPOTeHHKHUHA30U A (ocdopUnUpoBaHUEM);

» npoteuHKHHA30i C (dochopuiupoBaHueM ).

MoHwxeHue koHueHTpauuk Cal” B KJIETKE U AU-
auUErUIEpoaa B MeMOpaHe NMPUBOAUT K W3MEHE-
HHKD KOH(pOpMaluY NpoTeMHKMHA3B C, CHUXe-
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HUIO €€ cpoacTBa K pochaTUARACEPHHY, (hepMeHT
JUCCOLMHUPYET B 1IWTO30Nb (HEAKTHBHAs (opma).

dochopunnpoBanHele nporenHkuHazoi C dep-
MEHTH ¥ O¢IKM mnoa nefcTBueM (ochonpoTenH-
¢ocdarasel nepexonatr B AedocGopHInpoBAHHYIO
GopMy.

K. IIEPEIAYA CHTHATIA C IOMOLILIO
BHYTPUKNETOYHLIX PELEINTOPOB

[Mepegaya curHana JTMMUACPACTBOPUMbBIX CTEPO-
HAHBIX TOPMOHOB W THUPOKCHHA BO3MOXHA TOIbLKO
NpY MPOXOXACHUHM 3TUX FOPMOHOB Yepe3 TUia3Ma-
THYECKYID MeMOpaHy KneTok-MHIUeHeH (puc. 5-43).

PeuenTtapel rOPMOHOE MOMYT HAXOANTHCA B HATO-
3001¢ WM B aape. LIUTO30 6HbIE PEIETTTOPL! CBSI33HK
¢ BeIKOM-1IANepoHOM {4acTo 3TQ IPynra GeJIKoB-
IIarepoHoB). faephble ¥ LUTO30NbLHBIE peUenTOpPb]
CTEPOMIHBIX W THPEOMIHBLIX TOPMOHOB COAEDKAT
JHK-cBA3pIBAIOWMI AOMEH, XaPAKTEPUIYIOWHHCS
HATHYUEM ABYX CTPVKTYD «LIMHKOBBIX TMANMBLLERS.

ITocnepoBaTeABROCTE COOBITHIA, NPHBOIANIMX K aK-
THBAUMH TPAHCKPUIILMM:

» TOPMOH TIPOXOAUT 4Yepe3 NBOUHON JUMHIHBIA

CJIOH KINETOYHOH MeMOpaHbI.

» BlauMoAeiicTBMe ropMoHa ¢ pelientopoM (R)
IPHBOAMT K U3MEHEHMID KOHMOPMAIIuK pelei-
TOP4 M CHUXKEHHKD CpoACTBA K DeIKam-Luarne-
POHAM, OTACIAIOILMMCS OT KOMILIEKCA FOPMOH—
pELIENTOP.

* KOMIUIEKC TOPMOH—PELIENITOP MPOXOAMT B S1APO,
E3aUMOACHCTRYET C PETVIATOPHOH HYKNCOTHI-
HoH nocaenoparelbHOCThI0 B AHK — 3nxau-
CEPOM MJIM CARIEHCEPOM.

s yBEJIMYMBACTCA {MpH B3aMMOACHCTBHH C 3H-
X4HCEPOM) MITH YMeHbIIAeTCA (NPH B3aUMOACHi-
CTBMH C CAHIEHCEPOM) JOCTYMHOCTh TIPOMO-
topa an PHK-monumepase.

COOTBETCTBEHHO YBEIHYMBAETCH WIM YMEHbLIIA-
€TCH CKOPOCTh TPAHCKPUIMUMH CTPYKTYPHBIX Te-
HOB.

YBEIMYUBAETCA WIM YMEHBIUASTCA CKOPOCTh
TPAHCSLHM.

H3MEHAETCH KOAHYECTRO BENKOBR, KOTODBIE
MOCYT BAMAThL Ha METAaBOMU3M H DYHKIINOHA b-
HOE COCTOSIHME KJIETKM.

SdekTel TOPMOHOB, KOTOPBIE NEPENAIOT CUIr-
Han 4epe3 BHYTPHKIETOUHBIE PEUETITOPBI, HEMb3d
HaGaIoaATE Cpa3y, TAaK KAK Ha NpOTEKaHHe MAT-
PHUHBIX TIPOLECCOB (TPAHCKPUNILMIO M TPaHCA-
UHI0) TPeBYIOTCH Hachl
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Puc. 5-43. Nepeaaya curHana Ha BHYVPMIIETOYHBIE PELIENTOPI.

JI. CREUHOHMYHOCTh CHTHATH3ALIUK

At Accnenosuieiel, MMEKMIIWX NPe/ICTARNEHHE
O KOTMUECTBE CHIHTHHLIX MONCKYI, O COOTRETCTRY-
KOINeM KOIMMECTRE DEIEITTOPOR, O TpaHcMemOpaH-
HBIX CHCTCMAX NEPLLadK CHMIHAIOR, BTOPHYHBIX [10-
CpCAHHKAxX, ocTaéTes 311]'11;'.[KUH, KAk HPOTCHHKHHA 3R
BLIGUPAIOT COOTBETCTBYKOLLMH (peprenT Meraboin-
yeckoro nytd s dechopuanposanus. Mecaeno-
BATEIM G151 OOLACHEHHS ITOTO STIICHMSL NPCLTAra0r
STHUTOTE3Y MULLICHW» (O ANl fargeting hvporhesis).
Mo 3toit rumorese cnelMdUIHOCTL DPOTEHMIHKHHAS
K doconporerHpOCtaTas FOCTHIASTCS NYTEM 06-

PAUSOBAHUS KOMITAPTMEHTOR Ha MeMOpaHe, B COCTAB
KOTOPBIX BXOLSIT 1E TONBKG CAMH NPOTEMHKHHA3H H
ipochonpoTeHHdocdatazsl, HO 1 cneandrIecKre
fenku-cybcrparel. Haiuue octarka MUpucTHHOBOI
HAKH OATBMHTHHOROW KHCIOTHI B CTPYKIYpE DETKOB-
CYOCTPATOR - YCIOBME WX «HHKOPHBAIMHA» B COOT-
BETCTRYHOLIEM MeMOPAHHOM KOMIIAPTMENTE,

OnHako B GOIBIWIMIICTBC CAYUACB 1IPOLECC 3K~
THRAUHH KAkoro-1mbo Mt‘,’l"clﬁ(L"IH‘IeCKOrO nmpouec-
Ci HAXOAMTCA MO KOHTPOASM HE OUHOH, d HECKOIb-
KUX CHCTEM BHYTPUKIETOMHOW CHUHATM3ANMMK,
MOATOMY BAXKHBIM (PAKTOPOM OTBET# KJIETOK CJYy-
AHT B3AUMOCBH3b HTHX CUCTEM,



SHEPIETUYECKWNIA
pngam OBMEH

Kubble OpraHU3Mbl HAXOASTCA B MOCTOSHHOM W HepaspbIBHOH CBS-
34 C OKPVKAIOLIEH cpefoil. ATa cBA3b OCYUIECTBASIETCH B Mpolecce
obmeHa Bemects. OOMEH BELIeCTB BKAOYAET 3 JTama: MOCTYTUISHME
BEILIECTB B OPraHu3M, MeTabOIH3M U BbUIETIEHUE KOHEUHBIX MPOIYKTOB
M3 OpraHM3Ma.

TMocTyTIeHUE BEWECTE B OPraHWiIM TIPOMCXOINT B pe3yabTaTe AkIxa-
Hus (KHcaopoa) ¥ nuTadus. B KKT npoaykThl MUTaHHs NepeBapuba-
I0TCA (pacwenndoTed 0 NMpocThiXx BelllecTB). TlpH nepeBapHBAHHA
NIPOHCXOAMT CHAPOAH3 MOAWMEDPOB (DeNKOB, MOIHCAXapHIOR W APYrMX
CNOXKHBIX OPraHUYecKUX BEIISCTB) IO MOHOMEPOB, BCACHIBAMIIIMXCA B
KPOBb M BXJIIOYAICILUXCS B [IPOMEXYTOYHBIN OOMEH.

ITpoMexyTouHbIil 0OMEH (BHYTPUKIETOUHBIH MeTabosiiaM) BKAKOMA~
eT 2 THNA peakiyii: KaTabonyaM H aHabomH3M (puc. 6-1).

Karaboamam — npouecc pacliellieHMA OpPraHHYecKUX MOJIeKyNl A0
KOHSYHBIX TIpOayKToB. KoHeuHble TIPOAYKTH TpeBpalMeHuil opraHu-
YECKHMX BEWIECTB ¥ XMBOTHBIX U yenoBexa — CO,, H,O u moyeBnHa.
B mpouecchl KaTabOMM3Ma BKIIOUYAIOTCS MeTabOMUTHI, obpasyrluvecs
KakKk HpH [HUCBAPeHUM, TAK # LGP pacilaize CTPYKTYpHO-DYHKIHO-
HAMBHBIX KOMIIOHEHTOB KJIETOK.

Peaxkiiiu kataboaMama CONPOBOXKIAIOTCS BLUIETIGHHEM IHEPTUH (DK-
3EProHHYECKHE PeaKIIMH).

Anaboam3M oObeAMHIST DHOCHMHTETHUISCKHE MPOLUESCChI, B KOTOPBIX
MPOCTBIE CTPOUTENBHBIE OJOKH COCTMHAKTCA B CNOXKHBIE MAaKpOMOJe-
Kynbl, HeoOXoAUMbBIE LA opranvaMa. B anaGoamueckux peakupsx Hc-
TONB3YETCS IHEPTHA, OCBOOONIAIOLIAACK NpU kaTafoau3ve (HIepro-
HHYeCKHEe peaKLuH).

. BMONOMMHECKOE OKWUCNEHUNE

Ipougcch! KaTaboauaMa B KAETKAX KHBOTHBIX CONMPOBOXAAIOTCA MMO-
TpeblieHHeM KUCAOpOaa, KOTOPEIH HEOOXOANM AMA peakUMid OKUCNEHHA.
B pesynbTare THX peakUMi MPOMCXOAMT OCBOOOXIEHHUE IHEPTHH, KOTO-
past HeoOXOMHMa OpraHKU3MaM B MPOUSCCaxX KHM3HEIEATEISHOCTH 14 OCy-
HIeCTRACHNA PA3AMUHBIX BHIOE paGoTsl. Hebuonoruueckue CHCTEMDI
MOTYT COBEpLUATE padoTy 3a CHET TRILIOBOH JHEPruH, BUOIOFMYECKHE
CUCTEMBI (HYHKUIMOHUPYIOT B M30TEPMHUYECKOM DEXUME U WUIH OCYILE-



Muweewe BEWECTES

Merabonutk PR
5 6
2 / 3 4
JHeprus
ObpazoeaHue CuHTes
KOHEYHBIX CTPYKTYDHO ~
npoayKTOB OYHKUWOHANLHLIX
(CO,H0, xom:noeﬂr?(:roa
MOMEBHHA) DyHKUHCHAEHAR
AKTHRHOCTE
8 opraHwnama

BriseneHue 1a
OpraHuama

Puc, 6-1. Ofwan cxema o6meHa BeWECTR ¥ aHeprUK. 1 — nuesapeHne; 2 — katatonuam, 3 — anabonusm; 4 — pacnag CTPyKTYp-
HO-YHKLIMOHAMNLHBIX KOMNOHBHTOE KNETOK; 5 — 3K3EPrOHNYECKHE peaxuuw; 6,7 — 3HAepioHNHeckue POaKUWK; § — BriReneHWE M3

OpraH1ama.

CTBJISHHS MPOUECCOB KUIHEASATENBHOCTH UCTTONb-
3VIOT XMMMKYECKYID 3Hepru, MsyueHueM npespa-
IWEeHHIA 3HEPTUM, CONPOBOXIAIIMX XMMHUECKHE
PEaKMH, 3AHHMACTCH OGHMOIHEPTETHKA, WK GUOXU-
MHUYECKAS TEPMOIMHAMMKA.

A. CBOBOITHAS SHEPTHS W 3AKOHBI
TEPMOAUHAMBKH

ZKHMBBIE OPTaHH3Mbl C TOUKH 3PEHHUS TEPMOAM-
HAMMKH — OTKPbITbIE CUCTEMbl. MexXay cHcTeMon
H OKpyXawiled cpelol BO3MOKSH OOMEH 3Hep-
FHH, KOTOPLIM NPOWCXOIWMT B COOTBETCTBHMH ¢ 33-
KOHAMHW TEPMOIMHAMHKM.

1. 3axonsi mepmodupamuxy

ITepBbli 3aKOH — 33aKOH COXPAHEHUS 3IHEPIHH,
€ro MOXHO cpopMyIUpOBaTh Tak: 0011as SHEPrus
CUCTEMb] 1 OKPYXAIOWCH Cpeabl — BEAHYHHA 110-
CTORHHAS.

BHYTpHU paccMaTpuMBaeMOi CHCTEMBb! SHCPrus
MOXET NMEPEeXoouTh OT OJHOH €€ JacTH K IOpyroi
WK TIPEEPAlATBECH U3 0AHOH (DOPMBE B ApYryio.

Bropoi 3akOH TJIacKT, YTO Bee hH3NYecKre U
XUMHUUYECKHE TIPOLECCH B CHCTEME CTPEMATCH K
HeoOpPaTUMOMY NEPEXOIy MONE3HON IHEPTHH R Xa-
OTHYECKYIO, HeyNpaBisieMylo dopmy. Mepoi ne-
peXoa WIM HEeYNOPSOOUEHHOCTH CHCTEMBI CIYAKAT
BeJIMYMHA, Ha3bIBaemasl 3HTpoIudeid (8), oHa goc-
THrAaeT MakCHMMyMa, KOI/la CHCTeMa NpPUXOAWT B
WCTUHHOE PABHOBECHE ¢ OKDPYXAWILIEH Cpenoi.

2. CeoBvonan mepeus

Kaxigoe opraHMueckoe COeIMHEHME, MocTyna-
Iollee B OPraHW3M M3BHE WK BXOOALLUEE B COCTAaR
XKHBOK MatepuM, oDIagaeT oNpeacNEHHBIM 3ara-
coM BHyTpeHHel sHeprud (E). Yacts 370l BHYT-
PCHHEH 3HEeprHH MoXeT ObITh MCNOAb3OBaHA WS
COBEpPINEHNA TOeaHoR paboThl. Taxkyio SHePruie
CUCTEMBI Ha3blBaloT CBOBOAHOH sHeprHeit (G).

[TpH NOCTOSHHBIX TEMMEPATYPE M JARICHUH CO-
OTHOMHICHHE MEXTY U3MeHECHUEM CBODOIHOM HHED-
MM cucTeMbl (AG) H M3MEHEHMHeM FHTPOTHH (AS)
MOXHO MpEACTABHTH CREAYIOUIMM YpABHEHHEM:

AG = AH — TxS, rae AH — n3meHeHne 3HTAL-
MUK (BHYTPEHHEH 3HSpPTUM WIM TEILOTHI, codep-
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xaleicst 8 cucreme);, T — abcomoTHast Temnepa-
Typa. B vciaomusix, TipH KOTOPHIX MpOTEKAKT BHO-
XMMUYECKHe peaknvM, AH nmpuOMU3HTEIBEHO paB-
HO AE (H3MEHESHMIO BHYTPEHHEHN 3HEPTHM CHCTEMBI
B pesyibrate peakumu ). JIst HHOI0MYecKux cUe-
TEM M3MEpEHUE CBODOLHON 3HEPTMH MPOH3IBOLAT
OOBIYHO NPH CTAHAAPTHLIX YCI0BKAX, korna pH 7 (),
Temnepatypa 25 °C, Bce pacTROPH HAXOHATCA B KOH-
LUSHTpaUnM | MOJIB/A, A BCE ra3bl NMpY JABJACHUH B
I atm.

Ipu cTaHaapTHLIN YCnosuax Bee dyHKUuK 060-
3HauawT Kak AGY, ASY 1 AHY. HMsMmeHeHHe CcTaH-
HapTHoi cpobonHoti 3Hepruu (AGY) MOXHO BbI-
YUCAHTL, 3HAS KOHCTAHTY paBHoBecHd (K'eq)
XHMHYECKOH peakiluu.

J. Fndepzonuveckue B IKIEP2ORUMECKUE PeaKin

Hal’lpaBJ'[CHHe XHUMHYECKOH peaku onpeiacnag-
ercs 3HaueHHem AG. Eciau 3Tta BewyuHa OTpHIIAa-
TeJibHA, TO peakKlLMA MPOTEKACT CaMOIIpOH3BOJIBHO
H CONPOBOXIAETCA YMEHBIICHHEM CBOﬁOﬂHOﬁ
IHEPIHN. Takue PEAKUMH HA3LIBANWT 3IK3ICPTOHMH-
YeCcKMMK. Ecau Opu 3ToM abcoNTHOE 3HaueHWe
AG BeAWKO, TO peaxkuusl WIET TpPaKTHYECKU 10
KOHLA, M €€ MOXHO PACCMATPHBATL KAK Heobpa-
TUMYIO.

Ecnu AG nonoxureAsHo, TO peakuud 6yneT npo-
TeKAaTh TOALKO MTPH NMOCTYITEHHH cBofogHOM IHEP-
THH U3BHE, TAKUE PEAKIKMH HA3BIBAKT 3HILSPrOHW -
YeCKHMH.

Ecan abconwotHoe 3padeHHe AG BEJIMKO, TO
CHCTEMA YCTOHUYMBA, W PeakUMa B TAKOM CAyYae
OPakKTHUECKH He ocyecTeaneTcs. Ilpu AG, pag-
HOM HYAK, CUCTEMA HAXOIWUTCH B PABHOBECHH
(tabn, 6-1).

4. Conpaxcenue 3K3eP2ORUMCCKUX
i IHOEPLORUYECKUX NPOUECCO8 @ OP2aANIIME

B GHOMOTHUYESCKHMX CHUCTeMAX TEPMOAMHAMHYSC-
KM HeBbITOAHLIE (FHIAEPrOHHYECKHE) peakKuuH MOo-
YT NIPOTEKATh NHIWbL 34 CHET 3HEPrMH 3K3eproHu-

YeCKUX peakUuii. Takue peakuii Has3biBawT 3Hep-
TETUYECKU COTIPSKEHHBIMU. MHOTHE M3 3THX pe-
AKUWH NPOHCXOAAT FPYU YIACTUH ANeHO3INWHTpHdOC-
dara (ATd), urparowero ponb CONPAraKLIETo
chakTopa.

PaccmoTpuMm noapobHee 3HEPrETHKY CONPAXKEH-
HbIX PeakUWid Ha mpuMepe QocgopUIMpOBaAHUA
FIOKO3bL.

Peaxiina ocdopunupoBaHus LAOKO3E CBODO-
HbhiM QochatoM ¢ oOpazoBaHMeM TIIOKO30-6-oc-
tdaTa ARNAeTCA IHIEPrOHHYCCKOM:

(1) Imokoza+ H, PO, — I'niokoso-6-chocdar +
H,O (AG = +13,8 k/lx/moiib).

Jnsa nporekanns TakoW peakUWU B CTOPOHY 00-
PA30BAHNA TIOK030-6-(hocdara HeoBXOAMMO eé co-
NpAXEHHE C BPYroil peakluneil, BeTMYHHA CBOOOM-
HOW 3Hepruu KoTopoit Donblie, 4eM Tpebyeresa nas
(hochOPHIHPOBAHHA TIIOKO3bIL.

(2) AT® - AZI® + H,PO,
(AG = —30,5 KJIX/MOb).

IMpu conpsxenny npoteccok (1) M (2) B peak-
[IMH, KATATM3HPYEMOH TEKCOKHMHA30M {CM. pasnen 7),
(hochopUITHPOBAHKME MTIOKO3bI ACTKO [TPOTEKAET B (hu-
3MOJIOTHYECKHX YCIOBUSIX; PAaBHOBECHE Peakluu
CHABHO CIBHHYTO BIMPABO, M OHA MPAKTHYECKH HEO-
Opatuma;

(3} 'mokosza + AT® - [Mwoko3o-6-thocdar +
AND (AG = —16,7 kdx/Monw).

B. XAPAKTEPHCTHKA BHICOKOSHEPTETUMECKHMX
@oocPaToB. kit ATO—AILD

B XUBBIX OpraHH3IMax CYWECTBYET Uenad rpyi-
na opraHpveckux Gocdatos, TMAPOAU3 KOTOPLIX
NPUBOAUT K OCBOOOXKACHUK OOJBLUOTO KOAHYE-
cTBa cBOOOAHOM 3Hepryu. TakHe COSIMHEHHA HA-
3bIBAOT BBICOKO3IHEPreTUYECKMMHA CbOC(baTaMH
(Tabn. 6-2).

Tabnuua 6-1. COCTHOLWBHME MEXAY BENHYMHAMA K| W AG” 1 HANPABNEOHHEM XWMHYECKHX PEaHuHn

Ky AGY Haupagjesne peakumH NpH HCX0AHBIX KONOEHTPAUHAX
xomnonenTos 1 M
>1,0 CrpanaTensro Cnesa Hanpaso
1.0 Pasxo Hyno CocToanue paBHOBECHA
<1,0 MonoxKrensHo Cnpasa Aaneso
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Tabnuua 6-2. CeofonHan 3Heprua rMaponnaa HeKOTOPLIX OpraHuveckmx ocharoe

Coennnenne TposyRTHL peakuuu - AGY, kran/voas - AGY, kIIx/moan
QocoenonnupyBaT ITupysat + H3POy 14,8 61,86
1,3-buchocdornniepat 3-docormuuepat + H:PO, 13,0 54,34
KapGamoundocdar Kapbamar + H4PO, 12,0 51,83
Kpearndocdat Kpearuin + H;POy 10,3 43,05
Axnerundocdar YrcycHas kucnora + HyP(y 10,3 43,05
ATQ® AJlD + H3 PO, 7,3 30.51
AllP AM® + H;POy 6,6 27.39
Judocdar(H,P.05) 2 H;PO, 6,0 27,59
moke3o-1-pocdar [nwokosa + H,PO, 5.0 20,90
dpykTo0-6-hocdhar dpyrroza + H;PO, 3.8 15,88
[mroxoso-6-pochat [neoxosa + H PO, 33 13,79
I'muuepoadocgar I'nuuepus + H PO, 2.2 8,36

Kak Buano u3 tabn, 6-2, pasHbie dochopunu-
POBaHHbBIE COSAWHEHMS 00ManalT pa3HbM 3ana-
coM ceoGoaHOH 3Heprun. K rpynne BbICOKOIHEP-
retndeckux ocaron, nomumo ATD, otHOCHT
eHonocdate, aHMMAPKUABLL ¥ HOCHOTYAHHIUHEL.
CoexuHeHusl, pacliiofiokeHHble B HUXHeH YacTH
TAaONM1Ibl, COCTABASIFOT IPYTINY HU3KO3HEPTETHUEC-
kux ochaTtos. lleHTpansbHOE MECTO CpelM ITHX
coenuHeHuii 3aHuUMaeT AT® (puc. 6-2).

ATP® — monekyna, Gorataa sHEPryel, NMOCKOIbKY
OHa coaepxuT Age dochoanrngpuanele cestsn (P, v).

(Tpu riapoanze KoHUEeRoi dochoaH HAPHAHOM CBsi-
31 AT® nperpaniaerca B AJIP n oprodocdar P.
MMpu 310M M3MeHeHHe CBOGOMHOW IHEPIMH COCTAB-
nsiet —7,3 kxkan/mons. [Tpy yolnoeMsX, CYIHECTEYIO-
uMx B knetke B HopMe (pH 7.0, Temneparypa 37 °C},
(akTiueckoe 3HaueHue AGY anst npouecca rwiapo-
AM3a cocTarnseT okone —12 kkan/mons. Beaunuu-
Ha cBODOIHON 3HMeprun ruaponusa ATE geraer
BO3MOXKHBIM €10 obpasopaHue 13 AIID 3a cuér ne-
peHoca GocdaTHOTO OCTATKA OT TAKHX BhICOKOZHEp-
reTuueckux docpaton, kak, Hanpumep, thocdoeHoN-

. NH,
: N C
: / NN
. e |
T B 5 C CH !
O O- O- Pubosa : N/ \N//// :
HO-P~0-P~0-P-0-CH, | | Agjewwn

I 1 I
O O 0.

L_._,Y__)EH
T |

i

BuicokoaHepreTiaec- L. ..o . .....!

kne docpaTHsie

rpynne L AMO J
L Aﬂd} |

AT®

Puc. 6-2. ApeHosuHTpuchocdopHan kucnota (AT®). B monexyne AT 0Be BLICOKOSHEPreTMHECKVE (MAKpOSPriyeckwe) CBASH B 1 7;

OHK 0BO3HAYEHE! Ha PUCYHKE 3HAKOM ~ {TUNL[a).
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nupyeat wiu 1,3-6uchocdoruiepar; B CBOKO Oue-
penn, ATD MOXKET Y4acTBOBATDL B TAKHX SHAEPTOHMK-
YECKMX peakusiX, kak docdopuaupoBaHUue TTIOKO-
3B WK TidueprHa. ATQ BbICTYIIAET B pOIH AOHOPA
SHEPTHH B SHIEPrOHUUECKHX peakUWsAX MHOTHX aHa-
Bonuyeckux rpotieccoB. HekoTopble GHOCHMHTETHIEC-
KHE pCaKLMM B OPraHM3Me MOTYT NPOTEKaTh [IpH
YHACTHH OPYIHX HyKieo3uaTtpugocdaror, aHANOToB
AT®; k HUM oTHOCST TyaHosuHTpHbochar (I'T),
ypuanatpudochar (YTD) v uutmaudrpudocdat
(LUT®). Bee 3TH HYKISOTHD], B CBOIO OUepe/b, 0D-
Pa3vIOTCAd NPH UCNIONB30OBAHKMH CBOOOIHON 3HEPIUN
KoHuepoit ocdarnoi rpynnel AT®, Hakowden, 3a
cueT ceofoasoil sHepruu AT copepinaloTea pas-
JHYHBIe BUABI paboThl, MeXalye B OCHOBE XH3He-
OeSITEIBHOCTH OPTaHM3MAa, HalpHMEp, TaKHE Kak
MBILLIETHOE COKPALUEHHE MNH aKTWBHBIA TPAHCROpPT
BELIECTB.

Takum oGpaszom, AT® — rrapublf, Henocpea-
CTBEHHO UCMOJIL3YeMBIH AOHOP cvoOOOHON 3Hep-
MM B BHONOrMYeCKUX cHcTemax. B KieTke Mone-
kyna AT® pacxonyeTcd B TedeHHe ONHOM MUHYTRI
mocne eé oOpasoBaHWs. Y 4e/lOBeKa KOMMYECTBO
AT®, pagHoe Macce Tena, obpasyeTca H pa3pylia-
eTCs Kaxapie 24 u.

Hcenonp3opaHue ATE Kak MCTOUHMKA 3HCPTHH
BO3MOXHO TOABKO IPH YCIAOBHH HEMPEPbIBHOTO
cuuTeda AT® w3 AJD 3a cyéT SHEPTHH OKHCNe-
HHA OpraHHYecKHX coenrueHnit (puc. 6-3). ukn

ATO—ANDP — O0CHOBHOM MEXAHU3M OOMEHA IHep-
rHU B DHOMOrvYecknx cucremax, a ATd — yHH-
BEPCATIBHAS «3HEPTCTUYECKAS BANIOTAY.

B. OKHCJIHTEJIBHO-BOCCTAHOBHTEHI:HHE
PEAKUUU. OKUCIUTEILHO-
BOCCTAHOBUTENBHBIA TTOTEHITHAT

IMon OKMCASHHEM MOHUMAKT OTILUCTIACHWE eK-
TPOHOB, a NMOA BOCCTAHOBAEHHEM — TPHCOEIHHE-
HHE 3MEKTPOHOB. OKHMCICHHE AOHOPA 3NEKTPOHOR
BCErIa COMPOBOXKAAETCS BOCCTAHORIEHUEM AKLET-
TOpa MEKTPOHOB, JTOT MPHHUMWI OKMCAUTERBHO-
BOCCTAHOBHTEABHbBIX TIPOUECCOB HPHMEHHM M K
OUoxXMMHYeCKHUM cucTeMaM. B moGolt okucautens-
HO-BOCCTAHOBUTENIBHOM peakiy yJacTBYET aKLer -
TOP 2JIEKTPOHOB (OKMCAUTEIL) H JACHOP HEKTPO-
HOB (BOCCTAHOBUTENR). Harpumep:

{1} Cu+ O - Cu'0*.

CyMmumapayo peakumer (1) MOXKHO YCIOBHO pai-
IejivTh Ha 2 notypeakumu (2), (3);

(2) Cu — 2e — Cu¥,
N0+ 20",

B xaxnoit U3 HHX yyacTeYeT OKHCIEHHASI 1 BOC-
CTaHOBJeHHAaA (opMa OAHOTC COSAVMHEHWH; WX Ha-
3BIBAIOT COTIPSDKEHHON Mapoid, WM peaoKc-napoii.

/ ATm\

Briaenexsve
AHEDIKN:
OKHUCneHne
yrnesoqos,
HUPOB,
Genxoe.

Yicnonb3aoeaHuwe
SHEDIKK:
OuocuHTE?
MONeKyn,
COKPalLgHnE
MbILLL,
aKTWBHLIV
TPaHCHONT,
NPoAyKUMaA
Tenna,

\ ALD + Pi /

Puc. 6-3. Luxn ATO-AfD.

268



Tabnuua 6-3. CTaHAapTHLIE OKMCNMTENLHO-BOCCTAHOBATENG-
Hbi© NOTEHLMANLI HEKOTORPBIX CONPXEHHEIX Nap

OKHCIHT CILHO-BOCCTAHOBHTEILHA NMAPA En', A4
2H /H —0,42
NAD/NADH 0,32
NADP /NADPH -0,32
NADH-perunporenasza (FMN-dopma) 0,30
NADH-geruaporeraza (FMNH;-dopma)

FAD-tenox/FADH,-6e10K —0,05
Cykunnat/dyMapar +0,03
Y OuXKHON/ YOUXHHON +0,04
unt. b Fe' fuut. b Fe™™ +0,07
uut. ¢ Fe''/upr. ¢, Fe* +0.23
uMT. ¢ Fe''/umr. ¢ Fe™ +0,25
unt. a Fe'fumr, a Fe?” +0,29
mnt. a; Fe''/unr. a; Fe® +0,55
1/2 024 2 H" + 2¢/H;0 +0,82

Pa3zHele pegokc-naph 0004[a10T pATMIHBIM
CPOICTBOM K AMEKTPOHY. Te, y KOTOPBIX 3TO Cpol-
CTBO MEHBLUE, OTIAOT 3JIEKTPOH TEM, ¥ KOrc OHO
Bonblue. Mepoil cpoCcTRa peaoKc-napbl K 3/1eKT-
POHY CNYXKUT OKUCAHUTENBHO-BOCCTAHOBHUTEIbHEBIH
NOTEHLUMAT, UM peRokc-noteHuuan (E)), senu-
YHHA KOTOPOro HEMOCPEACTBEHHO CBSI3aHA ¢ W3-
MeHEHWeM cBoboaHOM aHepruu. Bennuuny E
BBIDAKAIOT B BOALTAX; Y€M OHA MeHblle {0TpULa-
TEJIBHEE )}, TEM MEHBILIE CPOACTBO BELIECTBA K 3JICK-
TpoHaM, Yem Sonrblie CPpOICTRO, TeM GOMBLIE BOC-
CTAHOBHTEIILHBIA TIOTEHLHAN.

Pepokc-noteHumnanst E; cBa3aHbl ¢ M3MEHEHU-
eM CBOGOAHOW 3lepruM ypasHeHuweM Hepucra:

AG” = — nFAE]

[1e N — YMCIO HEPEHECEHHBIX B PEaKLMK JNEKT-
porios, F — nocrogauas Papames (23 061 kxkan
B-lmone'); AE” — pasHOCTh pesoKc-noTeHUMAAos
AMEKTPOH-A0HOPHOH M 2NEKTPOH-AKUEITOPHOM Map.

BennynnHa AE " — cTaHIapTHas peiM4HHA OKUC-
JUTENBHO-BOCCTAHOBUTENBHOIO TIOTEHUMANA; eé
OMNpeJensiioT B CTAHAAPTHRIX YCIOBUAX, KOTAA KOH-
LEHTPALUHW BCEX BELIECTB paBHbl | M, jasieHue
ra3oe cocrapnsiet 1 at™, a pH 7.0 (Taba. 6-3).

I'. OCHOBHBIE ATAINBI TPAHCOOPMALIMH
SHEPFUH KATABOITMYECKHX TIPOLUECCOR

DHeprust OCBOBOXIASTCA B Tpouecee (depMeHTa-
THBHOTO OKHCJISHHA METaOQIHTOB CrielIMpHIECKH-

MH AeTHAporenasaMu. B peakiiusax qerHapHpoBaHMsi
TEKTPOHDL M MPOTOHE! TIEPEXOAAT OT OPraHMUECKMX
cyberpatoB Ha KodepMeHTH NAD- v FAD-3aenen-
MBIX ACTHAPOTCHA3. DACKTPOHBI, ODNZAAKLIME BbI-
COKMUM 3HEPTETHUYECKHM TOTEHUHANOM, TIEPSIAOTCA
OT BOCCTaHOBIeHHbIX KohepMenToB NADH v FADH,
K KUCJIOpOIy 4epe3 UETb NEPeHOCTHKOB, JOKUIH30-
BaHHBIX RO BHYTPEHHEH MeMOpaHe MUTOXOHADMIA,
BoccraHownernue mosekynbl O, NPOUCXOIUT B pe-
3yJIbTaTe NiepeHoca 4 371eKTpoHoB. TIpH KakaoM npi-
COSIHHEHMM K KUCIOpody 2 3ACKTPOHOB, NOCTYNA-
IOILHX K HEMY T10 LIENH NMepeHOCUUKOB, H3 MATPHKCA
TIOTNIOLLAIOTCH 2 MPOTOHA, B PE3YNIBTATE 4ero odpa-
3yerca mosiekyna H,O.

OKHCIEHUE OPraHHUYECKHMX BELIECTD B K/IETKAX,
COMPOBOXKAAWLLECECH NMOTPeOICHHEM KHCNOpoaa M
CHHTE30M BROJBI, HA3LIBAIOT TKAHEBBIM AbIXaHHEM,
a uenb nepeHoca wekTpoHos (LIT12) — opixarens-
HOH LENbID,

DnekTpoHbl, NocTynawowue B LT3, 110 Mepe ux
MIPONBIKEHMS OT OOHOIC MEPSHOCYMKA K APYTOMY
TepST CROOOIHYIO FHEPTUIO. 3HAYMTEABHAS YaCThb
3TCH 3Hepruu 3anacaercs B opve ATE, a acTb
3JHEPTHH PacCeHBAacTCs B BUe Tervia. Kpome Toro,
JIEKTPOHDI C BLICOKHM JHEPIeTHYECKHM TTOTEHLM -
ajoM, BO3HHKAKOWHMWE NPH OKUCICHUHN PA3THYHBIX
cy0cTpatoB, MOTYT GbITh MCIIOIL3IOBAHB B PEAKLIH-
ax OHOCKMHTe3a, A1 KOTOpblX noMumo ATD Tpe-
OyI0TCA BOCCTAHOBUTENbHEIE 3KBUBAICHTHI, HAMTPH-
mep NADPH.

J1. QEPMEHTBI 1 KO®EPMEHTBI,
YYACTBYIOUIUE B OKHCJIHTEIbHO-
BOCCTAHOBHTEJBHBIX PEAKUMSIX

[NepeHoC 3MEKTPOHOB OT OKHCAAEMbIX CybCTpa-
TOB K KHMCAOpPOAY MPOUCXOAUT B HECKOAbLKO 3Ta-
noe. B HEéM yyacTByeT OONbIIOE KOAHYECTEO MIpO-
MEXKYTOUHBIX TIEPEHOCYNKOB, KAXKIbIH M3 KOTOPBIX
CMOCOOEH NMPHUCOSAWHATE 2NeKTPOHBL OT Mpeibiny-
1[Ero KOMIIOHEHTA M ITepeaasaTth cieayroweny. Tak
BOJHHUKACT LENb OKACAHTEIbHO-BOCCTAHOBHTETb-
HbIX peakLUMi, B Pe3YJILTATE Yero NPOMCXOAHT BOC-
cranomienne O, u cunte3 H,O. B apixarenshyio
Henb MUTOXOHAPKUEI BXOOHMT DOIBLIOS YKCIO IEpe-
HOCUMKOB (pHc. 6-4).

3a uckmoueHreM yduxuHoHa (KoQQ), Bce kom-
moHeHTsl LIID — Geaku. B coctaBe 3mHx Ge/koB
COOEPAKATCH Pa3iHYHbIC HEOENKOBBIE KOMMIOHEHThI:
FMN, Fe B cocraBe Xene30-CepHBIX GeNKOB U B
cocTase NOphUPHHOBLIX Koacu, HoHb! Cu,
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MexmemBpaHHOe
NpoOCTPAHCTRO

Komnnexc IV

Komnnexc | Komnnekc Wi

BHyTpeHHAR
membpana

MUTOXOHAPWA lt IE E

NADH MaTpukc

Komnnexc V

Puc, 6-4, MutoxonppyancHan Lenb nepeHoca anexTpoHos, Komnneke | conepxut FMN 1 He MeHEe NATH XKeneso-cepHblx Benkos
{FeS). Kemnnexc Il srkniovaeT fee pastbie GOpMel LMTOXPOMA b (C maxcumymMamn nornowenns 582 v 566), onwH FeS-6enox v uvmox-
poM ¢,. Komnnake IV conepkuT UMTOXPOMB! &, W a, 1 1Ba WoHA meau. Komnnake Il {(CyxUMHATASrMAPOreHasa) Ha pucyHKke He NOKazaH

{cM. puc. 8-13). Komnneke V — ATd-cuHTa3a.

1. Hepeuvunnie axuenmopst eodopoda

IepBHYHBIE AKLENTOPEI BOXOPOIL OKHCTHTEIBHO-
BOCCTAHOBMTEIBHBIX PEAKLME OTHOCAT K 2 THITAM O€-
rHAPOTeHA3. HUKOTHHAMUWI3ABMCUMBIM, COEPKAIIIMM
B Ka4ecTBe KOEepMEHTOB NPOH3BOAHBIE HUKOTHUHO-
BOH KMCIOTH, W (hIABUH3ABHCUMBIM, CONEPHKAIITAM
Npon3BOIHELIE pubodnaBuHa (cM. paiznen 2).

HuKoTHHAMHA3ABMCHMbIE ACTHAPOTEHA3LI CONep-
XKar B KavecTBe Kodepmentos NAD uan NADP+
(cm. pasgen 2). NAD* u NADP' — npoussoaHeie
BuTaMuHa PP. 27y kotepMeHTB BXOOAT B COCTaB
AKTUBHBIX LUEHTPOR ASrHOpOTeHa3, HO MOryT obpa-
THMO THCCOLMMPOBATE M3 KOMILIEKCA ¢ armodepMeH-
TaMKd M BKJIIOMAIOTCS B COCTaB (DepMeHTa B Xole
peakumu. Cyberpatei NAD- 1 NADP-3apHcHMBIX
ACTUAPOTEHA3 HAXOOATCS B MAaTPUKCE MUTOXOHIPHI
M B uurosone. Paboved 4acThi0 HUKOTMHAMMIHBIX
KOGIEPMEHTOR CITYKUT HMKOTHHAMHMA (pHc. 6-5).

BoABLIKHCTBO AETHAPOTEHA3, 11IGCTABAAIOIIUX
anextpodpt B LIS, conepxar NAD'. Ouu kara-
JHIUPYIOT PEaKLIHk THRA:

R-CHOH-R, + NAD" «» R-CO-R, + NADH + H*.

Taxzm ofpazom, NAD?, npHcoeauHsia NPOTOHBL W
3MEKTPOHBl OT PATHYHBIX CYOCTPATOB, CIYXUT TIaB-
HbIM KO/LNIEKTOPOM SHEPIHM OKUCTIAEMBIX BELIECTB W
[NABHBIM HMCTOYHHKOM 3JIEKTPOHOB, 0BAaAAI0ITHX
BBICOKMM 3HEPreTHUYECKUM noTeHiManoMm, ams LIT1D.

'NADPH He fiBIsteTcs HEMOCPEACTBERHBIM JOHO-
pom tekTponob B LMD, a ucnofbayeTest noYTH HC-
KITKYHUTENBHO B BOCCTAHOBHUTCABHBIX DUOCHHTE3aX
(cM. paszien 8). OIHAKO BO3MOXKHO BIJIIOYEHHE 3K~
TpoHoB ¢ NADPH B L2 Gnarogaps aeicTeHio
IMPWIMHHYK/ICOTHI TPAHCTHAPOTEHA3R!, KATANH3N-
PYIOLLEH peakumlo:

NADPH + NAD* & NADP* + NADH.

H o
= | NH, -2H"+2e
\% - *
i +2H +
R 2 2e
NAD’ NADH+H"

Puc. 6-5. CTpyxTypHLIe thopmynb paBouei yacTu kotpepmentos NAD n NADP*. B 0kvcneHHoR (opMe HUKOTUMHaMWAHLIE Kothep-
MenTLl 0503HaYaioT kax NADY u NADP, Tak KaK OHW HeCYT NOROXUTENLHLIA 28PAR HA aTOME a30Ta NMPUBMHOBOIO Konbua. B peakuwax
AErMOpYPOBAHWS K3 NBYX aTOMOB ECAOPCAA, OTWENNASMEIX OT OKUCNAEMOro CyGCTpaTa, HIKOTHHAMMOHOE KONbLOG NPMGOENUHACT WOH
EOAOPONa W NBa 2NeXTpona B thopMe ruapug-uoHa (H). Bropoii vok nepexoawnT B cpeny. B obpathei peakuywn NADH {NADPH} Bhicty-
najT B KA4ECTEE AOHOPOB SNEKTPOHOB M NPOTOHOR.
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MaBHHOBLIC ACTHAPOreidsbl COACPXAT B Kaye-
ctrRe KodepmeHTor FAD wnn FMN. 3tn kodep-
MEHThI 00PA3YIOTCS B OPTAHM3ME YEMOBSKA W3 BHTa-
MuHa B, (cm. pasnen 2), PrasHHOBEIE KodepMeHTH
NPoYHO cessaHkt ¢ anodepmentamu. PaGoueit yac-
oo FAD W FMN CIyXHT M30aT0KCA3HHOBAsT CO-
pAXEHHan LMKINYecKaa cucTemMa {(puc. 6-6).

FAD coyXWT akuenTopoM 3ASKTPpOHOB OT MHO-
THX cVBCTPATOB B PeakuuAX THUA:

R-CH,-CH,-R, + E (FAD) & R-CH=CH-R, +
E (FADH,),

rae E — OGenkosas dacTh depMeHTa,

Bonbumineteo FAD-3aBUCHMBIX IerMAPOTEHA3 —
PDACTBOPHMbIE GejIKK, TOKATUA0BAHHBIE B MATPHKCE
MUTOXOHAPHIA. McKToueHWe COCTARSIET CYKLIMHAT-
JAEFUAPOTEHA3A, HAXONSIIAACA BO BHYTPEHHEH MEM-
Opade Mutoxodapuii. K FMN-cogepxaimm dep-
MeHTaM fpudHagnext NADH-gernnporenasa, ko-
TOPsl TAKKE JOKAIA0BAHA BO BHYTPeHHEH MemOpaHe
MHTOXOHIpUIA; oHa okucnser NADH, ofpazyiouiii-
¢ B MHTOXOHIPUATIbHOM MaTpPHKCE.

2. Ilens nepenoca saexmponoe om NADH
u FADH, sa xucaopod

lNepenoc anekrponor oT NADH x O, Bkmonaer
pPAN TIEPEHOCYHMKOB, KOTOPHIE JOKAMTHIOBAHBL BO
BHYTpEHHEH MeMOpaHe MHTOXOHAPHHA. 3a MCKIO-
YeHHEM YOMXHHOHA M UMTOXpoMa C, 510 CNOXHBIE
OeNKOBBIE KOMILICKCHI.

NADH-pernaporeHasza (NADH-Q-penykrasa,
KOMIIEKC [) COCTOMT U3 HECKOJBKWX MTOQIHITENTHA-
HbIX 1eneii, Polb NPOCTETUUECKON I'PYNbLt UrpaeT
FMN. EnuucTBeHHBIH cyDeTpaT depMeHTa —
NADH, ¢ xotoporo 2 3.1exTpoHa ¥ MpOTOH Nepe-
Hocatcs Ha FMN ¢ obpasopanuem FMNH,. Bro-
poit MPOTOH MOT/OUIACTCA M3 MaTpukca. Peakuus
NPOTEKAET 110 YPABHEHHIO:

NADH + H-+ E (FMN) > NAD* + E (FMNH,).

C FMNH, a7ekTponbl MEPEHOCHTSH 3aTeM Ha
psia, keneso-cephsix 6enkos (FeS), urpalwiliux poib
BTOPOH [POCTETHYECKOH TPVINBI B MOJIEKYIE
NADH-geruaporeHasel. ATOMbI Xele3a B 3THX
fenkax (HereMoBoE Xene3o) cobpaHbl B HECKOJb-
KO TpyNn, TaKk HA3bIBASMbIX XKERC30-CEPHBIX LECHT-
poB. FeS-ueHTpbl BXOOAT B COCTaB MHOMHX OeNKoB
(pIaRONPOTEMHOB, LMTOXPOMOR), YUYACTRYKMLHUX B
OKMCIUTEAbHO-BOCCTAHOBUTENBHLIX pEeakuHax., HMa-
BecTHbl 3 Tna FeS-uenrtpos (FeS, Fe,S,, Fe S ). B
KOTOPbIX aTOM Xele3a CBA3aH ¢ aTOMOM Cepbl OC-
TAaTKOB LIMCTEMHA WJIM HEOPTaHWYECKOH Ccephl,
CTpoeHME Kene30-CepHbIX LIEHTPOR [MOKA3aHO Ha
puc. 6-7.

NADH-perpaporetHaza cooepXUT HECKOIbKO
uentpos tMra Fe,S, n Fe S, Aromer xenesa B Ta-
KHMX LEHTPAX MOIYT NPUHKMMATE M OTAABATh INEKT-
POHLL NoouepénHo, nepexodd 8 dieppo- (Fe’*) u
dheppu- (Fe'') cocTosims. OT XKelle30-cepHblX LEH-
TpOB 3NeKTPOHbL NepeHocaTes HA Kodepmeur Q
(yOuxyHoH) (puc. 6-8).

OBo3HayeHHe 3TOMO KMPOPACTROPHUMOTO XMHOHA
[IPOMCXOAUT OT NepBod GVKBL aHTNUACKOIO Ha3Ba-
HUS XHHOHA (guinone), A HA3BaHWE YOUXHUHOH OTpa-
JKAET €TO IUPOKYIO PACTIPOCTPAHEHHOCTE B IPHUPOAE
(ubiguitous — Besgecywinii). Mosexynsl yOMXMHOHA
B 3ABMCHMOCTH OT MUCTOYHUKA, U3 KOTOPOTO OHH Bhi-
JeNeHbl, pA3AMYAIOTCH JAJIMHONW YIAEBOAOPOIHOH
LUEMH, KOTOpasl ¥ MASKOMHTAWHX codepxutr 10
M30TIPEHOMIHBIX 3BCHLEB M 0003HaYaeTca Kak Q, . B
apouecce nepeHoca anektpoHos ¢ NADH-neruapo-
TeHasbl yepes FeS Ha yOUXMHOH OH 0BpaTUMO mpe-
BpAlIAeTCA B THAPOXWHOH, YOMXWMHOH BLITIONHACT
KONMEKTOPHYIO (PYHKIIMIO, TIPHCOSIHHAS 3MEKTpo-
Hbl ot NADH-aeruaporeHassl ¥ Apyrix ¢paapuH3a-
BHCHMBbIX TETHAPOTEHA3, B YACTHOCTH, OT CYKIIMHAT-
NETWIPOTEHA3kl, ¥YOUXWHOH VUACTBYET B peakiMsix
THIA:

E(FMNH,) + Q —» E (FMN) + QH,.

R R
, + Pw
’ |
- NH * LNH
HSC N “ _2H"‘_2e HJC (:j ”
o

Puc. 6-6. CTpyxrypHuie thopmynst paboven 4acTn xodiepmentos FAD w FMN. B xone peakuun FAD u FMN npucoenmnsior 2
3NEKTpOHa M, B oThH4Ke oT NAD*, cba Tepaemelx cybcTpatom MPoToHa.
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Puc. 6-7. CTpoeHne mene3o-cepHblX UeHTPoR. | — FeS-uenTtp; atoMm xenesa ¢es3aH KOOPOAMHEUNMOHHBIMK CBA3AMK C YeThRPEMA
aToMamMu Capsl, NMPUHAANEXALWMH YeTbIp8M DCTaTKaM LyucTenHa B Genke. Il — Fe S -ueHTp; kaxasIi 13 nByX aTOMOB XEene3a CeAsaH
KOGPAMHALIMOHHLIMK CBAZAMK ¢ NBYMA ATOMaMW HEOPTaHWYECKOA Cepbl M OBYMS OCTATKAMM UWcTewHa B Benks; Il — Fe,S -uentp;
YeTbipe aTOME Xenesa CEA3aHLI € YeThPbMS ATOMaMH CEPEI M HEThIPLMS OCTATKAMY UNCTENHAE B Benke. AToMbl xenesa 6 FeS-ueHTpax
MOMYT HAXCOUTLCA B OKUCAEHHOM (FEe™) unu BoccTaHOBNEHHOM (Fe®) COCTOAHMM.

8]
|
CH,-0 CH,
(IZH, CH,
I
CH,—O CHrCH=C-CH}-CH.-CH=C -CH:
I
0 (n = 5-9)
YBUXMHOH {KobepmenT ()
Q o QOH
[ | I
R; Rz e+ H* R; Rz e+ H R] \\ Rg
R, - R, R R, R SRy
I | I
o] QOH OH
OxucneMHan CeMUXUHOH BoccTanosnenHas
dopma O (dbopma ceoGon- chopma
HOro pagukana) QH.

HQ®

Pnc. 6-8. CTpykTypa yGuxuHoHa (kochepmenTa Q). N — YMCNO MICNPEHOUAHEIX 3B8HLER. YOMXUMHOH MOXET NPHHUMATE COWH SNeKT-
POH M MPEeBPALLATECA B CEMWXMHOH WY 2 SNEKTPOHA W NONHOCTLI0 BOCCTAHABNWBATLECH B THOPOXWHOH {yGHUXWHON).
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LIMTOXPOMBI MIH CeMOTIPOTEHHEI MTPHCYTCTBYIOT
BO BCEX THNAax OpraHuamos. B KiIeTkax sykapHo-
TOB OHH JIOKQJTH30BAHbI B MUTOXOHAPHABHBIX MEM-
Spanax U B 2P, HMasectHo okoio 30 pasiH4HbIX
UUTOXPOMOB, BCe UMTOXpOMBI B KauecTee MpocTe-
THYECKOH TPYIOM comepxar rem (CcM. pasaen 1).
Hx MHorooGpaszve oGycloBAeHY:

» pazniuMeM OOKOBHIX LIETIEH B CTPYKTYpE TeEMa;

*» PANTHYHEM B CTPYKTYpE NONMUTIENTHIHBIX LIETIE;

s PA3IMYHUEM B CNIOCOOE CBA3H MOJMNCNTHAHBIX

LIEMEH C reMOM.

B 3aBMCHMOCTH OT CITOCOOHOCTH MOTJIOILATD CBET
B OMpeAeNEéHHON 4acTH CNEKTpPa BCE LIUTOXPOMBI
ZIEeNAT Ha TPyHIel a, b, . BHYTpH Kaxmoil rpynibl
OTAENbHBIE BHALI C YHHKAITbHBIMH CIEKTPAILHLI-
MU CBOMCTBAMM 0003HAYal0T UW(POBBIMH MHICK-
camu (b, b,, b, n T.0.).

CTPYKTYPHBIE OCOOCHHOCTH PA3HBIX BHIOB LU-
TOXpPOMOB ONPEIC/AIOT PAITHUNE B MX OKHCIM-
TENbHO-BOCCTAHOBHMTEbHEIX NOTeHUMWanax. B
OIID y4acTeYIOT 5 TMMOB LIMTOXPOMOB (a, a,, b,
C, €). 3a MCKIIOYEHHMEM LMUTOXpOMa ¢, BCE LM-
TOXPOMBI HAXOAATCA BO BHYTPDEHHEH MemOpane
MHTOXOHIPHHA B BHIE CJOXHBIX DETKOBBIX KOMII-
JekcoB (Tadn, 6-4),

QH,-nerunporenasa (Ko3H3uM Q-LIMTOXPOM C-pe-
oykraza, KoMiuteke 111y cocrour w3 2 THOB LIMTOX-
poMoB (b, 1 b,) u uuToxpoma c,. QH,-aernapore-
Ha3d NEPEHOCHT JJMEKTPOHBI OT YOMXHHONA Ha
untoxpoM ¢. Buyrpu komiuiekca 111 aa¢KTpoHE!

BuHUNLHAaA rpynna

Puc. 6-9. CrpykTypa rema umroxpomoe b, c, c,.

NepenarTcsa OT UATOXpoMOoB b Ha FeS-neHTphl, Ha
LINTOXPOM C,, A 3aTEM Ha LMTOXpoM . [pyrinel rema,
nogoOHo FeS-ueHTpaM, nepeHOCAT TONLKO MO of-
HOMY 3JIeKTpOHY. Takum 06pa3oM, OT MOJEKYNbl
QH, 2 3nexTpoHa MepeHOCATCd HAa 2 MOJEKY/IbE
uuToxpoma b. B kawecTse ITpOMEXYTOUHOIO I11po-
IOYKTa B 3THX peakIHaX [EpPeHOca 3MeKTPOHOB
BO3MOXHO oBpa3oBaHue cBODOAHOIO paaMKana ce-
MHXMHOHA. B muToxpoMax TMra b rem He cBs3aH
KOB&JICHTHO ¢ §e/lKOM, & B LMTOXPOMAx €, U C OH
NpHCOEaHAETCA K BeKY TIpY [OMOLUH THOIDUpP-
HBIX CBst3ei (pMC. 6-9). DTH CBs3M 0BPA3YIOTCH My-
TEM TIpUCOeNHHEHHA 2 LUACTEMHOBBIX OCTAaTKOB K
BUHWIbHBIM [PYINAaM reMa.

HuroxpoM ¢ — nepHepHUECKUi BOTOPACTRBOPH-
MBIt MEMOpaHHBIH 0en0K ¢ MONEKYIAPHOI Maccoit
12 500 JI, nMeowmit 0QHy MOIMNENTHARYIO LEML U3
100 aMHWHOKHCIOTHLIX OCTATKOB, M MOJIEKYIY rema,
KOBAJIEHTHO CBS3AHHYIO ¢ TOJUNENTHIOM.

LutoxpoMokcunasa (komiutexke IV) cocTtout M3
2 UMTOXPOMOB THINA 83; KaXIbIi M3 KOTOPbIX MME-
€T LEHTP CBA3LIBAHMA ¢ KHCAOPOIOM. LIMTOXpOMEI
a ¥ a, MMEIOT XapakTePHYID Xene3onoppupuno-
BYIO NMPOCTETHHECKYIO TPYNITY, HA3LIBAEMYIO TEMOM
A U OTIMYAIOLLYIOCA OT [€Ma LMTOXPOMOB C M C,
(puc. 6-10). On coaepxut POPMMIBHYIO TpPYINY
BMECTO OAHON M3 METWIBHBIX I'DYNIN H YIASBOAO-
POAHYIO LIETIL BMECTO OOHOM W3 BHHWIBHBIX [PVIIIL.

Hpyras 0co0eHHOCTE KOMILIEKCA a-a, — HalM-
HUE B HEM WOHOB MEIM, CBA3ZAHHBIX ¢ BelkoBOU

MeTunerad rpynna
(—A_\

MNponuvoHuneHas
rpynna
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CH,

dopMURLHaR e
rpynna H 7 ‘

"CO0—CH,— CH; —_{4(

Pue. 6:-10. Ctpoenne rema A,

4acTely B Tak HazeiBaeMbix CuA-uentpax. Tepe-
HOC 37IEKTPOHOB KOMIUICKCOM a-a, BKMOYAeT pe-
aKUKH:

Cut s Cu* + ¢,
Fe* & Fe™ + e,

KOMIUTEKC UHTOXpOMOB a-a, HETIOCPEACTBEHHO
pearupyeT ¢ MOJEKYAPHBIM KucaopoaoM, Heko-
TOPLIE XAPAKTEPUCTUKN KomrnoHentor LTI npu-
BeleHb! B TaO. 6-4,

E. OPraHn3AIINA ABIXATEJRHOHN LIEITHA
B MUTOXOHAPHAX

OCHOBHBIE TEPEHOCYHUKH 3JIEKTPOHOB BCTpOE-
HE BO BHYTPEHBIOK MeMOpaHy MWUTOXOHApPUIA M

o

(CH;—CH=CH CH,), ~H
|

CH;
|

YrneeonopoaHsIn
pagvkan

N \—4—CH-—-CH,

OpTaHH30BaHbLl B 4 KOMIUIEKSA, PACTIONOXEHHbIX
B ONpEAcIEHHON MOCNEIOBATENBHOCTH (BEKTOP-
Ho). B 3Tol ToCnefoRaTe/IBHOCTH MX CTaHAApT-
HEIE QKHCIHWTEABHO-BOCCTAHOBHTEIBHLIE NOTEH-
LUHAIbl CTAHOBHTCS ©0MEe TMOMOXHUTESIbHBIMH NO
mMepe MpUbIKeHHa K Kucaopoay {Tab:t. 6-3, puc.
6-11).

Kaxmoe 2BeHO 2Toi UenM cneurdprIHO B OT-
HOIIEHMH JOHOPA W aKuentopa JEKTPCHOB.

Ha meppoM 3Tamne nernaporeHalsl KaTalHiu-
PYIOT OTWEIIEHHE BOAOPOAA OT PA3IUUYHBIX Cy6-
crpaToB. Ecau cyDcTparaMul cnyxaT o.-THAPOKCH-
KHCIOThL ManaT, U30UMTpar, 3-ruapokcubyTupar,
BoAopoa nepeHocHTea Ha NAD'. OBpasopaBilunii-
¢ NADH B asixaTensHOW uenu, B CBOK 04e-
peab, okcasetes NADH-pernaporenazoil (Kom-
nmekc 1).

TaGnuua 6-4. KOMNOHEHTH MUTOXOHAPWANEHOH LENW NEPEHOCA ANEKTPOHOB

Hazsanne KoMOoHEHTA

TlpocTeTHYCCKan 1pynna

Jdounop ¢ AKucniop ¢

NADH-nernaporenasa, FMN. FeS

koMnnere I

NADH KoQ

Koauzum Q, youxunaon

Komnneke [ Komnnexe [ (k)

QH.-neruaporerasa,
komiexc [11

FeS, rem by {s42).
reM by (see) TEM €

QH.

Iroxpom ¢

Lutoxpom ¢ I'emc Komunexc II1 Kounneke 1V
1luToxpomokcHaasa, Tem A Iutoxpom ¢ Q,

KoMIeke TV Cu*

CyKIMHa I AeTHIpOTEHA3a, FAD, FeS CyknyHar KoQ

komnnekc [
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1. AMunoaa 20%

Pue. 7-9. Ctpoenve xpaxmana.

{IMKOTEH LpeiacTasiser coboil CTPYKTYpNRbIA
AHATOI KpadxMaid, 10 HMeeT GONbIIYK) CTeneHh
BETERNCHMS. TIPUMEPHO HA Kaxiawie 1) ocrarkon
FTTHOKO3LL NPHXOANTCS OLHA - 1,6-FNHKO3HAHAS
CEA3L.

Il. NTEPEBAPUBAHWE
YreeoaoB

BAUTETHANBHBLIE KICTKM KHILIEYITHKD CIOCOOHR
BCACKIBAYE TOIBKO MOHOCaxapuasl. Tloaromy npo-
LCCC NEPEBAPUBAHUH 3aKTI0MaeTCsl B (hepMcHTA-
THBHOM THAPOAH3C (NHKOIMAHBIX CBA3CH B yiie-
BOAAX, HMEIIHX QJTHI0- WK NOAUCAXAPHIHOE
cTpoeHune (pue, 7-10),

N o
MMukoawaaabl /
+
0] H H 0
OH HO

Puc. 7-10. FTMARONK3 rMMWKO3UAHON CBA3K,

2 Anmncnertan 80%

2
2" BOCCTAHARNUBAL LA
KoL

A. [1EPEBAPHBAIHE YIIEBOQJOB B POTOROIM
NoA10CTH

B DOTORC SHOJGUTH T NIRRT PR -
PeACHBIRIHIH, CMAMHBICK P JTOM C.IHOHGH
Cmona 1 995 COCTOHT M3 BOALT M ODLINTHO ey
pH 6.8, B CIHORE NPHCYTCTRYCT FHAPOAHTHYCCKHI
PepMEHT C-aMIA3R (0-1,4-1MMKO3HAASA ). pactien -
JSIOLIGST B KpaxMane o ILd-1umKOo3 Mg ChsiM,
B poTosoil nodocri he MOKCT MPoHEXG/HTE 11001 -
HOE PHICHICILICHHE KPAXMVIE, TAK KAK ACHCTING (pep-
MCHTA M KPAsMlll KPATKOBpeMeHHO, Kponte Toro,
AVIWTA3R COIOHBL HC PACIISRISCT - [LO-1amKo1-
HELE CHA3H (CRSU3M 1B MCCTAX PIIBCTRICHHH]. A0 o-
MY KPAAML (ICPCBAPHBACTCA JMITih YACTHYHO ¢ 00~
PAORAHHCA KPVTIHBIX (DANMSITOB — 1CKCTPHHOE
H TEOQUBLEIOND KOAHUECTRA MaaLl03Ll Caenver or-
METHTh, MTO AMIAAZA CAHMHILL HE THIPOTHIVET TUIH-
KOIWAEILIC CBSISH B IHCAXAPHITAX.

ACHCTEMS AMMIA3BL C.UOHB OPCKPAIAETCH |
PESKO KHCIOH ¢Peie coaepxumore keaviki (pH
1.532,5). OAHOKO BHYIDU HIICBOIO KOMKA K-
THEHOCY s GMHBHIE MOAST HeMOTOROD BP0
COXDIHST UKD R et lem U il
CTOPOHY. KeAvaAOUIHA COK 1 COLEPKUT hepmeti-
TOB. PACLICILISIOUIHX YrAaenoae. B okemyiouno
COACPAKHMOM BO3MOXKCH AHIIbL HC3IAYMTEIbH LI
KHCNOTHLIH THIPONKH3 CTHKOIWARRIX CBSI3E.

b. HIEPEBAPHBAHMWE YIIEBOOOB
B KHIUEYHUKE

HocaeayoulHe Jrarb! (ICpCBAPHBALE HEPACTIET! -
..']éHH('JrO U YACTHYHG [)‘dCJIlt’IJ.EléHiIO['O KPRINALA,
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Il. OKUCNUTENIbHOE
®OCPOPUNNPOBAHME A®

Tak KaK 3AeKTPOHBI BCETAA CTPEMSATCS NMEPEXo-
OUTh OT IMEKTPOOTPULIATEABHBIX CHCTEM K MIEKT-
POTIONOXKHUTENbHBIM, MX TpaHcnopT no I3 K xuc-
JIOpOAY COMNMPOBOXIAeTCA CHMXKeHUWeM ¢BoOOAHOIM
SHEpPTUH.

TIpu cpaBHEHMM BEMUYHH FTEKTPOXUMMMECKHX [10-
TeHUMATOB TEPEHOCYHKOB 7leKTpoHoB (Taba. 6-3)
BWIHO, YTO CHIKEHHME CBOOOMHOH 3HEPFHM ITPOMC-
XONHT Ha Kaxaom srarie LI, v aHeprus anekTpo-
HOB BBIACJISETCA MOPLIAAMU.

BMecTe ¢ TeM B AbIXaTenbHOR NEnH MOXHO Bbl-
JEMUTh 3 y4acTKa, B KOTOPBIX NEPEeHOC INEKTPO-
HOB COTIPOBOXAAETCA OTHOCHTEBHO GOJTBILINM CHM-
weHuweM cpoboaHoO#H 3Hepruu (puc. 6-11). Dti
aTanel cnocoOHbl 00eceuyuTh 3HEPrueit CUHTE3
AT®, TaKk KaK KOJHYECTBO BbIICIAWIIEHCT CBO-
BOOHON IHEPTHH TIPUOAMIHUTENBHO PABHO JHEPTUM,
HeoOXonuMOoH A1 cuHTeza AT® uz AP u doc-
data. IKCNEPUMEHTANLHO ObLNC TOATBEPKACHO,
4TO MpOLECC nepeHoca asekTpoHos no UIT2 u
cHHTe3d AT 3HEPTETHHECKH CONPKEHBI,

TeperIdl Npolece — MEPEHOC MEKTPOHOB OT
BOCCTAHOBAEHHLIX KodepmeHTOB NADH M FADH,
yepez LIT1D Ha Kucnopon — 3IK3EPrOHMYECKUEL,
Hanpumep:

NADH + H* + 1/2 0, - NAD* + H,O +
52 kxan/mons(=220 kx/mons). (1)

Bropoti npouecc — dochopunupobanne AJlQP,
WIH CuHTe3 AT®d, — IHIEProHHYeCKHi;

AI® + H,PO,+7,3 xkan/mons (30,5 kx/Momb) =
AT® + H,0. (2)

Cuntes AT® us AI® n H,PO, 3a cuér snep-
MM nepeHoca wekTpoHos 1Mo LD HazbiBaoT
OKHCAMTENbHBIM (HOChOPHIHPOBAHUEM.

A. MEXAHH3M COMNPHAXKEHHSA OKWUCIAEHHA
H ®OCPOPHINPOBAHNA

KakuM ke 06pa3oM OCYLLECTRIAETCA COTPAKCHHE
3TMX AByX npoueccor? Hanbonee ofGocHOBaHHBIA
OTRBET HA 3TOT BOTIPOC JAET XeMUOCMOTHMECKAA TEO-
pra Muruenna, npeanoxetdad uM B 1961 1. OcHos-
HBIC MOJOXEHNA ObUTM MOATBEPXKISHE! H pa3padoTa-
Hbl JETANBHO COBMECTHBIMU YCHIHWAMM MHOIHX
MCCIIEIOBATRNICH B NOCTEIYIOLUHE TOIbI,
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1. Ilpomonnstii zpaduerm u rexmpoxumuvecrkuil
RoMeERyHaL

IlepeHOC 3AEKTPOHOB IO ABIXATEABHOW LEMNH
oT NADH «k kucaopoay conpoBOXxaaeTcs® BLIKA-
YUBAHMEM TIPOTOHOB H3 MATPUKCA MUTOXOHAPHIA
4yepes BHYTPEHHIOW MeMOpaHy B MexXMeMOpaH-
Hoe npocTpancTeo. Ha 3Ty pabotry 3aTpauMBacT-
CSl YACTh 3HEPrU K MEKTPOHOB, NEPEHOCHMBIX O
HIa3.

[1poToHLL, epeHeCEHHBIE H3 MATPUKCA B MEXK-~
MeMOpaHHOe npoCTPaHCTBO, HE MOTYT BEPHYTH-
cs o6paTHO B MATPHKC, TAK KAK BHYTPEHHAT MEM-
OpaHa HeNpoHHWIlaeMa AJ1d NpOoTOHOB. TakuM
0bpa3zomM, CO3AAETCH MPOTOHHBIA TpagHEHT, TPU
KOTOPOM KOHUEHTPal A MPOTOHOB B MEXMeMO-
paHHOM NpOCTPaHCTBE Oonblle, a pH MeHbLIe,
yeM B Matpukce. Kpome TOTO, KaxAblii ApOTOH
HEcET MONOXKHTEIbHBIN 3apsii, U BCASACTBUE 3TO-
ro MOSIBISETCA PAsHOCTh IMOTEHLMATIOB MO o6e
CTOpPOHB MeMOpaHBL. OTpHUATENbHBLIH 3apan
Ha BHYTPEHHEH CTOPOHE M IMOJQKHTEAbHBIH -~
Ha BHelIHEH. B COBOKYNHOCTH 3ACKTPHYECKMHA
H KOHUCHTPAIMOHHLIH IPAOMEHTH COCTABISIOT
FNEKTPOXMMWYECKHH noTeHuMar ApH™ — uetou-
HWK 3Hepruu mpas cuHteza ATE, Tak xak Hau-
foJlee AKTHBHBIN TpaHCIIOPT TIPOTOHOB B MEX-
MeMOpaHHOE TIPOCTPAHCTBO, HEOBXOAUMBIA A
obpasopaHust ALHY, npodcxonuT Ha yqacTKax
LI12, cooTBETCTBYIOIINX PACTIONOKEHHKD KOMII-
gekcos I, TIT u [V, 3TH yJacTKW HAa3BIBAIOT MNyH-
KTaMH CONPsKEHUs ObIXavus U dochopuaupo-
gaHug (puc, 6-11, 6-13),

MexaHU3M TpaHCOPTa NPOTOHOB Yepes MUTO-
XOHAPHAIBHYI0O MeMOpaHy B OYHKTaX COMNpAXe-
HUS HemocTaTouHo scedH. ONHAKO yCTAHOBIEHO,
4TO BAXKHYIO POSIb B 3TOM Npouecce wrpaet KoQ.
HanGonee neTasbHO MEXaHM3M NepeHoca NMpoTo-
HOB np# y4acTHH KoQ H3y4eH HAa YpOBHE KOMII-
nekca 1T (puc. 6-14).

KoQ nepeHOCUT 3JeKTpoHbl 0T KoMaaekea | k
koMiutekey IH 1 mpoTOHBI M3 MaTpPHKCA B MEX-
MeMOpaHHOE [TPOCTPAHCTBO, COBEPILIAS CBOCODpA3-
HBIE LIMKJIHYECKHE NpeBpalleHus, Hasbipaembie Q-
HMKIaMi. JOHOPOM 3JEKTPOHOB [N KOMIIEKCA
I ¢caykuT BOCCTAaHOBIEHHBIH yOuxuHoH (QH,),
a akuenTopoM — uuToxpod ¢. LlutoxpoM ¢ naxo-
OWTCS C BHEUIHEH CTOPOHLI BHYTpeHHeH MeMOpa-
Hbl MUTOXOHAPUWI, TaM Xe pacnosaraeTcs AKTHB-
Hbiit LEHTP LUTOXPOMA C,, C KOTOPOI® 3/IEKTPOHBI
NePeHOCITCA HA LMTOXPOM C.
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Puc. 6-13. Conpaxenne gouixaHMa W CHHTE3a AT® B muToxoHppuax. | — NADH-pernaporenasa; || — cyxuwnar gerugporeHasa;

Il — QH,-perwaporerasza; IV — untoxpomokcugasa; V — ATO-cunTaza. IHeprus NpOTOHHOMO NOTEHLMANA {IREKTPOXUMUHECKOTD
noteHumana AuH*) ncnonsayetca ans cuHTesa AT, eCnn NPOTOHE! BOSBPALAKTCA B MATPWKC YEPE3 MOHHBIE Kavanb! ATD-CHHTaskI.
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Puc. 6-14. Conpsxenme nepeHoca aNEKTPOHOE Hepes pulxarensHii xomnnexc il ¢ tpancrnoprom H* wepes membpany. Boccra-
HOBNSHHEM yEuxunon {QH,) BaaumoneircTeyer ¢ Fe* rema b, v, aocccTaHasnneas ers, ocs0b0XIaeT NPOTOH B BOAHYW daay, npespa-
wlasice B cammxunoH (HQ®), 3nexTpoH ot rema b nepenocutcs Ha Fe™ rema b,. HQ* oTRasT BT0pOA enekTpon Ha FeS-uewTp, pacnono-
KEHHBIA SRNKE K HapyXHO# NOBEDXHOCTH MemMEpaH.!; NP 3TOM BTOPOH NPOTOH OKE3LIBAETCH B MEXMEMEDAHHOM NpOCTPaHCTEe;
SNEKTHOH NBPENABTCA HA UMTOXNOM C,, a1anea HA UMTOXEOM ¢. OkUCcheHHbIH G nudhdyHanpyeT K BHYTPEHHeR cTopoHe MemBpaHt:, roe
NoNyyaeT SNEKTPOH OT rema by, M NpOTOH U3 MaTpukca, npeepawance B HQ*. HQ* nonyJaet snekTpoH oT koMnneksa | W NpoToH wa
MaTpwkca; B Membpade ofpasyetcs QH,, 1 Beck Npouecc NOBTOPABTCS CHaYana.

B MeMOpaHe cyluecTeyeT CTAUMOHAPHEIN 00-
wmit dpona Q/QH,, U3 KoToporo Kaxnass Mole-
kyna QH, 8 onnoMm umkae obecneymBacT repe-
HOC MPOTOHOB M3 MATPMKCa B MEXMEMOPaAHHOE
MPOCTPAHCTBO H MEKTPOHOE, KOTOPLIE B KOHEU-
HOM MTOTE MOCTYNaloT HAa Kucropoa. Ha pabory,

COBEPUIAEMYD TIDH BBIKAYMBAHKM MTPOTOHOR, Pac-
XOAyeTCH 4YacTh CBODOOHON 3HEPTHH, KOTOpas
ocBoBOXDaeTCA NPH MEPEeHOCEe WICKTPOHOB MO
rPALMEHTY PELOKC-TIOTEHUMaNa. JHEPrus 3MeK-
TPOXMMHMUECKOro noteHuurana {AuH*) ucnonesy-
eTcsl Ang cUHTesa AT®, €cin NMpOTOHBLI BO3Bpa-~
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UI3KOTCH B MATPUKC Yepe3 HOHHble KaHansl ATE-
CHUHTA3HI.

2. Cmpoenue ATD-cunmazve u cunmes ATD

AT®-cunTaza (H*-AT®-a3a) — HHTEIPATBHBIN
Oelox BHYTpeHHEeH MeMDpaHbl MUTOXOHApU. OH
PacnooXeH B HEMOCPEACTBEHHON OAM30CTH K

@ Cessmsanne Alld 1 P,

IbIXaTenbHOK LenH. AT@-cHHTa3a COCTOMT M3 2
BEKOBBIX KOMMNEKCoB, 0603HaYaeMblX Kak F, u
F, (puc. 6-15).

IuapogoebHeii koMneke F, norpyxkéH B Memb-
paHy. OH CIVKHT OCHOBAHHEM, KOTOPOE (hHKXCUpYET
AT®-cunrasy B MemOpane. Komnaeke F, coctomr
W3 HECKOABKMX CYORETHHKL, OBPasyIolLIMX KaHat, No
KOTOPOMY 11PDOTOHB! MEPEHOCATCS! B MATPHKC.

\ %G@@ it
/ HO £

s {(3) Ocaobowpenve AT®

‘\“_ﬂ o

Pue. 6-15. CTpoeHHe U MeXaHU3M AeicTBU AT®-cuvrazel. A —F n F — komnnexcs ATO-cuHTassl. B cocTas F BxopsT nonvnenmigabie
uenu, KOTopbie 0BpasyioT KaHan, NPoHUALIBAICILMIA MemBpaHy HAackeo3e. [0 IToMY KaHany NPOTOHL) BO3BPALLAIITCH B MATPMKC M3 MeXMems-
paHHOro NPOCTPAHCTRA; Genok F| BLICTYTNIAET B MATOWKC C BHYTPEHHER CTOPOHLI MemBpPaHb! M conepx)HT 9 cylibenuHny, 6 na koTepbix obpasyior
3 napel o M [ {«ronoexka»), NpUKpLIBAIOLLME CTERKHEBYIO YacTk, KOTOpas COCTOMT w3 3 cyOuefvHil v, & W € ¥ W £ NOAEVKHEL U OGpasyioT
CTE[PKEHb, EPAWAILIMMCA BHYTIM HENOIBIKHON MONOBKA W CBASAHHLIA ¢ KOMNNEKcoM F . B aKTHBHLIX LIBHTPEX, 05pa30oBaHHbIX NapamMi CyGhe-
ML o W 3, NPOMCXONWT ceAdeiBaHwe ANID, Heoprakryeckoro diocgata (P) v ATO. B — Karanmivaecknia Lnkn cudreaa AT ekmovaet 3
a3bl, KAXOAA VI3 KOTOPLIX NPOXCAMT NOCHERENHO B 3 aKTHBHLX UeHTpax: 1 — ceazueanne ALID u H.PO,; 2 — obpazosanie dochoanmimg-
HOM ceasn AT, 3 — oceoBOXOEHME KoHeMHOrO npodykTa. Mk KoKmom NepeHots NPOTOHOB |8Ped KaHan F| B MaThvke Bce 3 aktmeHbX
LIEHTPE KETAMWIMDYIOT OYepeliHyiD (asy LMKNE. SHEPrvs aNexKTPOXMMUYSCKOro NoTEHUMana pacxonyeTcn Ha NOBOPOT CTEPXHA, B pesyneTare
KOTOPOro LMKNH-ECKH MAMEHAETCA KOHIopMaUWs ¢~ 1 (I-cyGrenHny n NPOUCXOaUT CuHTes ATO.
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Kommneke F, BbICTYRAET B MUTOXOHAPMANLHLIA
MaTtpukc. OH coctouT M3 9 cybbeauHul (e, 3P, v,
g, 8), CyGpeanHulbl o M B yAOXKEHB NMOTAPHO,
of0pa3ys <«TONOBKY»;, MEXAY o- W B-cy0beauHMLA-
MW DPaclonaraloTcs 3 akTHBHBIX LEHTpa, B KOTO-
phixX nipoucxoqut cuHTes AT®; v-, ¢-, b- cyObenu-
HHIBI CBA3BIBAIOT KoMILteke F ¢ F .

[MoBrillicHWEe KOHUEHTPALKH IPOTOHOB B MEXK-
MeMOpPAHHOM TIPOCTPAHCTRE aKTHBHUpyET ATMd-
CHHTA3Yy. ZNEKTPOXMUMHYECKMA nmoTenunanr ApH~
3acTaRsieT MPOTOHLl ABMraThes N0 KaHany ATD-
CHMHTA3bl B MATpuKC. TlapasiensHo noj ACHCTBU-
eM AuH" npoucxorar kOHGQOPMAUUOHHBIE H3ME-
HeHMsl B napax o, f-cybweavnun 6enka F, B
pe3yabrate yero u3 AP u neopraHudeckoro doc-
drata oOpasyerca ATP. DReKTPOXUMAYECKHI TT0-
TEHLUMAN, TEHEPHDYEMbII B KAKTOM M3 3 MYHKTOB
conpsikerus B U133, nenonpayercs Ans cuHresa
onHoit Monekynsl ATO.

J. Koagipunuenm oxucaumerbnozo
docopusuposanus

Oxucnenve Monekymsi NADH B LTS conpoposk-
Jaetcsi obpa3zopaHueM 3 Monekyn ATQ; 3MeKTpOHE
o1 FAD-3aBucHMBIX aeriaporeHas noctymiawt B L1159
Ha Ko@), Munys nepBbiif MyHKT conpsukedus. Tlo-
ITOMyY OBPAIVIOTCA TOMBKO 2 Motekynel ATd. Or-
HolleHWe KonudecTBa (ocdopHod KHCIoTh (P),
HCNIONL30BaHHOA Ha doctopwiuporanne ALD, k
aroMy kucnopoga (Q), nornoiwéHHore B npouecce
IBIXaHHWS, HA3bIBAOT KOIMPDHHIIMEHTOM OKMCITHTEIb-
Horo dochopumposanys 1 obozHadaror P/O. Cre-
JosatenbHo, A1 NADH P/O = 3, ans cyKuuHara
P/C = 2. BTW BeAMUHHBI OTPAXAlOT TEOPETHYECKMI
MakcHMyM cuHTesa AT®, dakTHYecKH 3Ta BEHYM-~
Ha MEHBLLE.

4. Hoexamessnoi Konmpons

OxucacHue cydeTpatoB B dochopuinposanve
AP B MUTOXOHAPHUEX MPOYHO COMPsKeHBL. KO-
POCTH HCMONb30BaHHS ATQ@ peryJMpyeT CKOPOCTB
rotoxa saextporos B8 UTTD. Ecau ATd ve ucnons-
3yeTCs M €0 KOHUEHTPALIHA B KJIETKAX BO3PAcTaeT,
TO TIPEKPAILAETCA M MOTOK INEKTPOHOB K KHCIOPO-
Iy. C npyToi ¢TopoHsbl, pacxea AT u npespaiue-
Hue ero B A yBenMuMBaeT OKMCAeHHE CyDCT-
PATOB U MOTJIOIUEHWE KHCIOpona. 3aBUCHMOCTh HH-
TEHCUBHOCTH IHIXaHWA MHUTOXOHAPHEA OT KOHIIEHT-
paii AJAD Ha3LIBAIOT ABIXATENBHBIM KOHTPOIEM.
MexaHH3M JBIXATEIbHOIC KOHTPONS XapaKTepH3Y-

€TCH BBICOKOW TOYHOCTBIO M MIMEET RaXHOE 3Haye-
HUE, TAK KAK B PE3YIbTATe €ro AefCTBHS CKOPOCTh
cHHTe3a AT cOOTBETCTBYET NOTPeOHOCTAM KIET-
KM B 3xeprun. 3amacos ATQ B knetke He cyue-
ctByeT. OTHOCHTENBHBIE KOHUeHTpaluu AT®/AD
B TKAHAX H3MEHAIOTCA B Y3KUX Mpeienax, B TO Bpe-
Ms KaK NOTpelIeHHE IHEPriM KIIETKOW, T.e. 4acTo-
Ta oboporoB nuKiIa ATO—AOE, MOXKET MEHATLCA
B OECATKH pas.

Obuiee conepxarHne AT® B opranmame 30—50 T,
HO Kaxnaana Monexkynd ATO B KIeTKe «<XUBET> MEHb-
Ll MHHYTH. B CYTKM ¥ YelOBEKa CHHTE3UpPYETCA
40—60 xr ATD H CTOABKO XKe pacnamaeTcsl. Ygpenm-
yeHHe koHUeHTpauuu A/l HeMeiteHHO NPHBO-
OWT X YCKOPEHVIO IhXaHds 0 QOChOopURMpoBaHus.

B. Teanciiorr AT® n ANIP urpE3
MEMBPAHEI MHTOXOHAPHIA

B 60ABLUMHCTBE 3YKAPHOTUYECKHX KIETOK CHH-
Te3 OCHOBHOro kKoiudectsa AT npouMcxoauT
BHYIPH MUTOXOHAPKH, a OCHOBHBLIE HOTpeduTe-
a1 AT® pacnonoxedsl BHe e€. C Apyroi ctopo-
Hbl, B MATPHUKCE MHUTOXOHIPHUH JOAXHA TOAACD-
KXMBAThCA JOCTATOMHAS KOHUeHTpainsa AJQD. Ity
3apsAXEeHHBIE MONEKY/ILI HE MOTYT CaMOCTOSITE b~
HO TIPOWTH 4epe3 AMMMAHBIA cnol MeMOpaH.
BuvrpeHngs MemOpaHa HenpoHMUAeMa AIH 3a-
PSIKEHHBIX M THAPO(MMIBHBX BELIECTB, HO B HE#
CONEPXKHUTCH ONpelenéHHOE KOJTHYECTBO TPAHC-
NOpTEPOB, W3OUPATENbHO MepeHOCALINX noa06-
Hble MOAEKYTBl U3 LMTO30A8 B MATPUKC U U3
MAaTpUKCa B LIMTO30JIb,

B memOpaHe ecTk Benox AT®/AQM-anTunop-
Tep, OCYMICCTRAAIOIINHE NEPeHOC ITHX MeTabonu-
TOB Yepe3 MeMmOpaHy (puc. 6-16). Monexyma AP
MOCTYNAET B MHTOXOHAPHAILHBIH MATPUKC TOJNb-
KO MPH YCAOBHKM BbIX0AA MONCKYIbl ATM H3 Mar-
pHKCa.

JiBHK YA CHITA TAX0ro OOMeHA — MeMOpaHHbii
OOTEHLIHAN TNepeHoca anekrpoHos o LD, Pacué-
Tel MOKA3bIBAOT, YTO HA TpaHcnopt ATO u AA®
PACXOAYETCsi OKOAQ YETREPTH CBOOOIHOM 3HEPTHH
[IPOTOHHOLO MOTeHUMa1a. Jpyrie TpaHcnopTépsl
TOXE MOTYT MCTONL30BATE SHEPTUIO NEKTPOXHMM-
YeCKOTQ rpagvenTa. TaK NepeHoCHTCs BHYTPh MH-
TOXOHAPUH Heopranuyeckuid docdar, Heobxomn-
MbIH Aas cuHTesa AT®. HenocpeACTBeHHBIM
HWCTOYHHKOM CBOGOOHOH 3HEPIHH ANA TPAHCMOPTa
Ca®* B MaTpHKC TakKe CAYKHMT OPOTOHHBIA [HOTEH-
uuan, a He aHeprusa ATO.
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MexmembBparHoe NPOCTRAHCTRO

Puc. 6-16. Cxema TpaHcMemBGPaHHOIO NEPEHOCA BEINECTE Ja cuBT aneprud AuH. Motokm pasnuuHbix Bsewects (AT, AII®, HPO,,
Ca*) NpoXCOAT vYapea cneUngMueckus TPaHCTOPTEPL], NPK STOM 3aTPAYMEASTCA SHBPIUA INEKTPOXUMIUYECKOrD NOTEHLMaNa MeMEpaHst.

B. PAZOBIUEHHE ALIXAHMSA
H POCOOPIIMPOBAHUA

HekoTopele XMMHUYECKHE BelIeCTBa (TIPOTOHO-
dopbl) MOCYT NEpPeHOCHTh NMPOTOHBI MIH ApYTHE
HOHB (HOHOMOPBI) W3 MeXKMeMOpaHHOro Inpo-
CTpaHcTBa 4epe3 MeMOpaHy B MATPHKC, MHHYS
NpoTOHHBIE KaHankl ATM-cunrasel. B pesyabrate
STOI0 UCHEIAET NCKTPOXMMHYSCKUH MOTEHIMAT K
npekpamaercs chures ATM. D1o apaeHue Hasbi-
BAIOT pa3olilieHHeM ALIXaHWA W dhocdopunupora-
Husi. B pesynkrate pazobuleHus xonudectpo ATE®
cHuxaercs, a AP yeenuuuBaetrcs. B atoM cny-
yae ckopocTh oxuenenns NADH n FADH, pospa-
CTAET, BO3PACTAeT W KOMWYECTBO MOTJOUIEHHOTO
KHCJIOPOaa, HO 3HEPrHs BLINRNSASTCA B BHIE Tell-
JI0TBE, M KoagpuuueHTt P/O pesko cHuxaetes. Kak
MPAaBWIO, pasodIUHUTEIN — JHMOQWIEHEIE BelUe-
CTBA, JIETKO MNPOXOMAUIME q4epel JTUNWIHBIA Cnoin
MeMOpanel. QaHO W3 TAKMX BEWECTB — 2,4-am-
HutpodeHon (puc. 6-17), Rerko nepexonsiyii U3
MOHH3UPOBAHHOW (GOpMBI B HEHOHU3MPOBAHHYIO,
NPHCOeANHAA TIPOTOH B MeXMeMOpaHHOM Mpo-
CTPAHCTBE M MEPeHOcd ero B MaTPHKC.

[MpyuMepamu pazoBiuMTEneH MOTYT ObITh TAKKE
HCKOTOPRIEC JICKAPCTBA, HaNpUMep IOHMKYMaposa —
AHTHKOATYJAHT {cM. paznen 14) nau MeTabonuThi,
KOTOpble 00pasyiOTCA B opraHiaMe, OHIHpyOuH —
MpOayKT KartabonuaMa rema (cMm. pazaen 3}, -
POKCHMH — TOPMOH WMTOBHIHOU Xeneibl (cM.
paznen 11). Bece aTH BelllecTBa IPOSABASIOT pa3od-
WAKILEE ASHCTBUE TOMLKO 1IPH WX BLICOKONW KOH-
UeHTpaLuu.
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I'. TEPMOPErYAATOPHAS ®vHKUMA LIID

Ha cuntez monexkyn ATD pacxoayercss npH-
MepHo 40—45% Bceit DHeprWH 3ACKTPOHOB, NE-
peHocuMbix no LIITI, npubnusznrenwro 25% 1pa-
TATCHA HA padoTy MO MepeHOCY BelecTB 4Yepes
MeMOpany. OcranbHas 4acTh IHEPTUH pacceMpa-
€TCH B BUIIE TEMOThE H UCTIOAB3YETCSA TEIJIOKPOB-
HBIMH XHBOTHBIMM HA MOAAEPKAHHE TEMIIC-
paTypel Teaa. KpoMe Toro, 1onNoaHHTeABHOE 06-
pa30BaHKHE TETUIOTH MOXET MPOHCXOAUTE TIPH pa-
306IUEHHH ALIXaHUA W dochopunuposanug. Pa-
300LUEHHE OKHCIHMTENBHOFO GOoChOpHUIHPOBARKS
MOXeT ObITh DHOMIOTHYECKH moye3HbIM. OHO Mo-
3BOMSET TEHEepPHpOBaTh TETUIO AR MOIASPXAHMNS
TEMIIEPATYpbl TeJla ¥ HOBOPOXKIEHHDBIX, ¥ 3UMHEC-
MSIHUX XHBOTHBEIX M ¥ BCEX MJEKOIMWUTAWLIHX B
Aapouecce aganTauuy K xonoay. Y HOBOPOXKNEH-
HbIX, 4 TAKXKE 3UMHECHHAIIHX XUBOTHBLIX CY-
IIeCTBYeT ocobas TKaHb, CNEUMATH3HPYIOIAICS
Ha TernaoOpOAYKLUWH TMOCPSACTEOM pa3o0lueHHs
IpxaHid W pochopHIHPOBAHHA — OYpBIA XKHP.
Bypuiit KMp COXEPXKHT MHOFO MHTOXOHIDMNA. B
MeMOpaHe MUTOXOHAPDHH MMEeTCH OQIbILOH M3-
6RITOK ABIXATeNbHBIX (DePMEHTOR MO CPABHEHHUIO
¢ AT®-cunTazoii. Oxono 10% Bcex GenkoB npu-
XOJUTCH Ha TaK HaibiBaeMbli paszoSiaoinit He-
noK (Pb-1) — tepmorenun. Bypblii xup #iMe-
eTcad ¥ HOBOPOXNEHHBIX, HO €ro NPaKTHIeCKH
HET ¥ B3POCAOro 4eaoBeka. B nocacaHuwe rofbl
MOABWIIMCE PAKTBI, CBHASTENBCTBYIOWINE O CY-
IIIECTBOBAHUHN B MMTOXOHIPUSX PajHbLIX OPraHoB M
TKAHER MACKOMUTAIOLIMX pa3obillaloliix OeAKoB,
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Puc. 6-17. Mexaunam pazobiuleHnn abixadua W trocdopunipoBabus. MNpoToHuposaHHan dopma 2,4-IMHUTPOHEHONA NEPeHOCHT
NPOTOHbI 4EPEed BHYTPEHHION MemMGpaHy MUTOXOHAPMIA 1 npenaTcTByeT 06pA30BAHMI0 NPOTOHHOMO MPAAYEHTA.

MIOXOXHUX MO cBoeilt cTpykType Ha PB-1 Oypoit xn-
poBol TKaHW. Ilo CBoel CTPyKType TEPMOreéHHMH
onuzok Kk ATO/AID-adTUNOPTEPY, HO HE CIQOCO-
BGeH K TPAHCTOPTY HYKJIEOTHIOB, XOTH COXpaHIT
CNOCODHOCTL MEPEHOCHTE AHHOH B KUPHEIX KUCMOT,
CyXAIMX pasoblnTenaMn (puc, 6-18),

Ha BHenrHel cropoHe MeMOpaHBl AHMOH XHp-
HO# KHCIOTbl MIPHCOCAMHAET NPOTOH M B TAKOM
BHAE nepecekaeT MeMOpaHy; Ha BHYTPEHHEHR CTO-
poHe MeMOpaHbl JUCCOLMHDYET, OTAABaA MpPOTOH
B MATPUKC K TeM CAMBIM CHIKAET NPOTOHHbIH Ipa-
AueHT. OOpasyiolIMiHca aHWOH BO3BpalllaeTca Ha
HAPYXHYIO CTOPOHY MeMBpPaHbI ¢ NoMOLIbI AT®/
AJMd-auTHIOpTEpA.

Tpyu O\JIaXIEHUM CTUMYITHPYETCA DCBOCOXIE-
HWE HOpa/peHanMHa M3 OKOHYAHWIH CUMMATHuEeC-
KHX HepBoB. B pesynnTaTe NpOUCXONAT AKTHBALIMSI
JHTIa3bl B XKHMPOBOH TKAHM M MODWIHMIALIMA XHpa
U3 XMpoBbIX geno (cM. pazaen 8). Obpazyroiiuecs
CBOBOAHBIE XUPHBIE KUCIOTHI CIYXAT He TOALKO
«TOTUIMBOM», HO H BAXHEHILHM DETYJBITOPOM pa-
300LIeHNA ObIXaHUA M dochoprivpoBaHys,

ll. 3BAKNOYUTENBHLIA 3TAN
KATABONMU3MA — OCHOBHON
NCTOYHUK OOHOPOB
BOAOPOAA ANA UN3

Yrnegonst, XUPHBIE KMCAOThI ¥ GONBUIMHCTBO
AMUHOKUCTIOT OKUCTSIOTCS B KOHEUHOM CuéTe 9e-
pe3 UMK JMMOHHOH KucaoTel go CO, u H,O.
(Ipexme, YeM 3TH BElECTBA BOBIEKAKTCH B 3AK-
JIOYHMTENbHBIH 3Tan KarabosiuiMa, UX YTAepoaHblit
CKEJIET MPEeBPALUALETCA B ABYXYIVIEPCAHEIH (hparMeHT
B opMe aleTUn-KoA {pHc. 6-19). MMeHHO B 3TOI
ropMe GONBIIAS YACTh «TOMNMBHBIX» MOJIEKYN
BKJIIOUACTCA B LIMKT AUMOHHOM KHCTOTBIL.

Alletun-KoA obpasyerca B cneundHueckux pe-
AKLMAX KaTaboMU3Ma XHPHBIX KMCAOT M HEKOTO-
PBIX aMHHOKHMCIOT {CM. pasfenbl 8 u 9). Oanako
IABHBIM HCTOUHMKOM aneTHA-KoA clyxuT nu-
POBHHOTIPAIHAA KHCAOTA, 00pasviollascs B peak-
LMAX KaTaboMM3Ma INTIOKO3B H HEKOTOPbLIX AMM-
HOKHCIOT (CM, pazaens! 7, 9).
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MexmMembpaHHoe NPOCTPAHCTBO

Ho

AR oS s momog
o iy RO00 o — Rooon

Una

(o)

MemBpara
MWTOXOHAPWA

MaTpukc

Puc. 6-18. Mexannam pasobmaioliero NENCTEUS XHPHBIX KMCNOT. 1-- BLIKA4MBaHWE MPOTOHOB ALIXATENLHON LENLIO; 2 -— NPOTCHKM-
pPOBaHWE AHKOHA XUPHOH KWUCNoTel; 3 — OUdidysuA NPOTOHMPOBAHHOA XWPHOW KMCNOTE! K BHYTPEHHEd NOBepXHOCTH MembpaH.l;
4 — pnccoumauma RCOOH ¢ abpaaceadnem RCOQC™ u woHa H*; 5 — neperoc RCOO™ nocpeactecm ATD/AND-aHTHNOPTEPA MIKM
pasobuaicuiero Genka K HapyXHon NOBEPXHOCTH MUTOXCHOPWANEHOR MemMBpaHb!.

Hupel Monwvcaxapuael Benku
1 2 3
HUpHbIE FIMUEpUH MOHOCaxXapuabl AMWHOKWCIIOTbI
KWCIIOThI l' 6 7
4 5 AvpyBsarT « 8
9

I\a CO,

aueTun-S-KoA

10

NAElH H*

KoA-SH

CO,
CO.

1
N

11| — -AT®:

|f202—ﬁ.l 12

LAV

H.C

Puc. 6-19. KataGonmuam OCHOBHBIX MWILEBLIX BLECTR. 1-3 - nuuesapenne; 4—8 — cneuupnyeckue nyTv katabonuama; 310 — 3aknio-
YMTENEHBIA (OBWVA MyTE) KaTabonuama; 11 — LIN3; 12 — oxucnntentsHoe HochopuniposaHie.

[lperpalteHue nupysara B anetun-KoA mpo-
HCXOIHT NPH y9acTUH Hatopa PepMeHTOR, CTPYK-
TYpHO OOBEAHHEHHBIX B MMPYBATACTHAPOTEHA3-
Hbli KoMruieke (ITIK). AteTUALHEIR OCTATOX —
anetun-KoA nanee oXMCHseTes B UMKIC JTHMOH-
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Ho# kucnotet 4o CO, H,0. B stHx peakuu-
X OKMCICHUWA NpHHUMAWT ydacTue NAD- n
FAD-33aBUCHUMBIE AeTUAPOr€Hasbl, MOCTABIAN-
LIMe 2MeKTPOHBI M npotoHul B LII2, no koto-
poi oxu nepenates Ha O,



A. OKHCIWUTENBHOE JEKAPBOKCHIMPOBAHME
TTHPYBATA

OxHUCIUTENLHOE TEKAPDOKCUIUPOBAHWE MTHPYBATA
MPOHCXOOUT B MATPUKCE MMTOXOHApHA. Tpancrnopr
MUPYBATA B MUTOXOHAPWUAABHLIH MATPHUKC uepes
BHYTPEHHIOW MeMOpaHy MHUTOXOHAPWH OCYIIECTB-
JeTesl TIPH YYACTHH CNeLUaibHoro GeKa-TepeHoc-
YHKa [0 MexaHu3my ¢yMnopta ¢ H* (puc. 6-20),

[Iperpaienue nyupysara B aucTua-KoA onucel-
RAIOT CAEJYIOWINM CYMMAPHBIM YPABHEHUEM!

CH,-CO-COOH + NAD* + HSKoA —
CH,-CO ~SKoA + NADH + H~ + CQ..

B xone 3T0H peakuuud MPOHCXOOUT OKUCIHTEIb-
HOe AeKapOOKCHJIMPOBAHWE TIHPYBATA, B peayibTa-
Teé KOTOpPOro KapboKCuIbHas Ipynna vAalsiercs B
Buae CO,, a aleTHIIbHAs [PYIA BKAKOYAETCA B
cocTdB auetun-KoA. Oaun atoM BOAOPOAA OKA-
3bisaercst B coctabe NADH, a apyroi B ume H
nocTynaer B cpeay. Peakuus HeoGpaTuMa, MOCKOSib-
Ky AG"= —33.5 x[1k/MONb.

1. CTpoeHHe MHpYBATAEMIPOTEHAZHONO KOMILVIEKCA

ITponece OKMCAUTENBHOIO AeKAPOOKCHAHPO-
BaHHWA THPYBATA KaTANM3IHPYET CHOXKHOOPTaHH-
30BAHHLI NUPYBATIETUAPOreHa3HbIH KOMILIEKC.

B nupyeataerurporeHasdsiii kommaeke (MK}
Bx0AST 3 chepmMeHTa: NMupypataexapbOKcHnala
(E,), auruapoaunounrpancaneTunasza (E,} u nu-
ruaposnunounnernaporedasa (E.), a takxke 5 ko-
thepMenrToR: THaMuHAKUpocdar (TAP), nunoesas
kucnotra, FAD, NAD* u KoA. Kpoume Toro, B
COCTaB KOMILIEKCA BXONAT PETVASTOpHLIE cyDbe-
AMILKLBE: IpoTeMHKUWHAza M (ocdonporerHdoc-
¢atasza (tabn, 6-3).

MexMeMBpanHoe NPOCTPaHCTEo

CHy—C —-CO0- H
!I ;

il —
AL o

\ BenoK-nepeHocuvK

MaTpusc

Puc. 6-20. TpaHCnOpPT NUPYBRATA HEPe3 MUTOXOHAPMANLHYIO
membpaHy.

OH NAD~
|
Vv
HC-CH, E,FADH,
co, | S
E.TA® ENK- | NADH + H¢
]
I I v EFAD
SH
| ~
c=0 0= (|3 -8 8H SH
|
CH; . CH;
HS-KoA CH;-C~5KoA
I
#]
Pue. 6-21. NocnegosaTenuHOCTL peakuMid, katanuaupyemolx NOK. | — E, kaTanuanpyeT gekapSokcunipoBaHvg NMPyBaTa w nepe-
Ho¢ C-thparmenTa va TO®, I} — E, KatanuaupyeT okucnedne FMOROKCU3TURBHOA Rynnel v nepetoc G -PparmMeHTa Ha NMNOEEYIO
kucnoty (NIK); Il — aueTnupoBaHHas QUIMAPONUNOWATPAHCALETUNAZA BIaMMONEcTBYET ¢ KoA ¢ o6pasoBaHHeM BOCCTAHOBNEHHOMR

hOopMEL MUNOEBOIH KUENOTE! U aUETUN-KOA; [V — grMCRenHan Qiopma TRaHCAUeTUNASE! PEreHepHPYeTCs Npu yHacTw B, V —

Has thopma E, perenepapyetcs npn y4acTid NAD®.

OKWCheH-

283



Tabnuua 6-5. NupyeatperupporadazHeiin komnnerc (NMOK) MnexonMraowmx

Pepment Uneno MOHOMEPOB Kodepment BuTamnH
1. HMupyraTnekapGoxcunaza E, 120 (30 TeTpamepos) TAD B,
(MHpyBaTACTHAPOTEHA3A )
2. JAuruapondnoRnTpaHe- E: 180 (60 TpuMepoB) Junoamun Jlnnoesas
aneTHAA3a kucnota (JIK)
KoA IlantoTeHoBas
KWCNOTa
3. Aurnapo- E; 12 (6 aumepon) FAD B,
JTHOOWIIETHAPOTCHAA NAD" PP

Bce 21 (hepMeHTHL U KOhEPMEHTH OObeIHHE-
HBI B MYJIBTH(QEPMEHTHYIO CHCTEMY, COAEPKAITYIO
pa3sHble KOJNHUYECTBA KAXIOro H3 (PepMeHTOB M
UMEIOLIYID MONEKYIAPHYID Maccy Goaee 6x105.

B ueHTpe KOMILIEKCA PACHOMAragTed THIUAPO-
aunonatpaHcauernaaza (E,), obpasysa ero aapo.
K IMruapoAnnounTpaHcaleTHRa3e NPHCOSAMHEHB
MOIIeKyJBl: MUpysataekapbokcuaassl (E,} v anrun-
ponowmeriaporedassl (E.).

[NupyBarnexapbokcuIaza COAEPKMT MPOYHO CBS-
3aHHEIH ¢ OcnkoBoii vacteio TAM, a AUrHApONU-
nouwsaernaporeHasa — FAD.

JInnonAnnM3HHOBLIC TPYTIE LIEHTPATbHOIO dep-
MeHTa (E,) OYyHKUHOHMPYIOT KaK NOBOPOTHBIE

«XPOHIUTEHHbI», IIEPEHOCSINHE aTOMEL BOIOPOda U
AUETUJIbHEIE TPYTNE OT OAHOH (hepMEeHTHOW Mo-
JeKyNbl KOMIIAEKCA K APYTOL.

2. Oxucaumeavnoe dexapoxcuiuposarnue
nupyeama

IIpeppamenune nupyeaTa B aneTwi-KoA BKio-
qaeT 5 craauii (puc. 6-21).
Cragua 1. Ha »10oil cranuu nupypart coeauMHser-
ca ¢ THQ B cocrase E, 1 nonsepraeTca aekap-
BOKCHUAMPOBAHUIO,

Tupysar + E-TA® — [aapoxcustun-TAD +
CQ,.

NH;
é AKTUBHLINA ATOM YINepoas
& ~CH-5 . .
N e —oH,—— Nf\ o 0
‘ ” (FZC—CH;-CH:-O-I;'—O-II'-I’-O‘
HiC - H H
N
Tuamunangocdat (TOP)
CH;
NH. I
(': O(IB -OH
@ .C—5 . i
N4 \c—CHz——wnf o o
‘ ” ?=C—CH2—CH2-O-G|=|’-O-iI'-|’-O'
H.C-C CH CH; o 0

Mapokcuatun-TOAd

Puc. 6-22. Tvammeandrocdat (TAD) u rugpoxcwatun-TAP. Padoqeil qvacTow TOD CnyxUT TUASCNOBOE KOMbUO, K KOTOPOMY
MNPUCOGANHASTCH NPOAYKT ekapGoKCUWTMPOBAHUA NUPYBATA — rUOPOKCUITAN.
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B pezyabrare 3TOi peaklMH obpa3yeTca Npou3-
poaHoe THD ¢ rUOpOKCHITWILHOK Tpynnoi npu
THA3OJOBOM KoMbUE (pHC. 6-22).

Cragna H. lmmvapommonsrpancanetinasa (E,) ka-
TATM3UPYET NEPEHOC aTOMA BOAOPOJA W ALETHIb-
HOW rpyrnbl oT TA® Ha oKUcaeHHYIO (opmy
JIHTIOWUTHIMHOBBIX TPYI ¢ 06pasoBaHieM alle-
TIETHO3(MPA NUN0EeBOH KUCIOTE! (puc, 6-21).

Cramusa II1. Ha crapuu [11 KoA s3auMoneicTayer
€ aueTHIbHBIM NMpPOU3BOAHbIM E,, B pe3yabTaTe
yero obpasyiores auerun-KoA M NoOAHOCTHIO
BOCCTAHOBASHHBIH JIMNOWALHBIA OCTATOK, MPO-
cTetnyeckas rpynna E, (puc. 6-23).

Cragna IV, Ha ctanuu 1V auruaponunownine-
ruaporeHasa (E,) KaTantu3upyeT nepeHoc aro-
MOB BOOOPOOA OT BOCCTAHOBASHHBIX JMIO-
WIBHEIX rpynnt HA FAD — npocTeTHyecky
rpynny ¢epmenta E.

Cranug V. Ha cragyu V BoccTaHOB/J€HHBIH
FADH, nepeaagr sonopon Ha NAD* ¢ obpa-
3opaHHeM NADH.

IMupyraTaernaporeHasHeld KOMIJIEKC XapakTe-
pusyercs OOILIIMM OTPULIATENBHBEIM OKMCAHTENb-
HO-BOCCTAHOBUTEABHBIM TIOTEHUHATOM, KOTOPbIA
obecreuMBaeT Hapsily ¢ BOCCTAHOBIEHUEM Kodep-
meHTa (NADH) 00pazoBaHmue BLICOKOIHEPIETHYEC-
KOH THO3(hdpHOH cBA3H B aueThn-KoA.

CrpykTypHOe 00benMHEeHHe 3 BUOOB (hepMeH-
TOR CO3A36T BO3MOXKHOCTH Ans1 KOOPAMHALMH OT-
JeNBHBIX 3TAlOB CNOXHONA (epMEHTATUBHOH pe-
akuuy, Bce npoMexyTOUHBIE MPOAYKTEl PeakilMM
OKUCJIMTENBHOTO AeKapbOKCWIMPOBAHHS TIHPYRa-
Ta TIPOMHO CBA3aHbI C KOMIUIGKCOM, ‘ITO YREIUYM-
BAET CYMMAapHYI0 CKOPOCTb MPOLECCa M CBOAMT K
MHUHHUMYMY [ODOUHBIE PeakiluM.

IMupyBaTAerHAPOTEHA3HBI KOMIUIEKC, KAaK W
BCe Besku, yuacTeywue & peakimax LTK, ko-
aupyeres saepHoi JAHK. TpaHcmopt cybheaMHMIT
TIK B MUTOXOHIPDHH MPOHCXOUUT CIOXKHBIM My-

TéM 3a ¢uéT 3Heprim ATE win TpancMemBpan-
HOTO NeKTPOXMMHAYECKOTC MOTEHIIWANA TIPpM yya-
CTHU DOEJIKOB TEMAO0BOTC LWIGKA, MIM 1IAnepoHOB
(cM. paszgen 1), npedoTBpallAKOMINX WX TIPEXIEE-
PEMEHHBIH (POATUHT 10 MOCTYTUIEHUS B MHUTOXOH-
APUATBHBIA MATPHKC WIM BHYTpPEHHIO MemOpa-
HY MHUTOXOHAPMIA.

3. Ceazs oxucaumeisHozo dexapboKcuinposanus
nupyeama ¢ HI19

OxucsinTenbHOE AeKapOOKCHIMPOBAHUE [IHPYBATA
conposoxaaetcs obpaszopaHieM NADH, mocrapns-
IOIIUM 3TIEKTPOHEL B [IBIXATEIBHYIO Lenb W obecre-
YHBAOUIMM CHHTE3 3 mMoneid AT® na 1 mons nupy-
BaTa OYTEM OKMCIMTENBHOTO (hocOpHIHPOBAHMA.

Tak kak oTHoWeHHA AP /ATO n NADH/NAD
B KJIETKE OTHOCHUTE/IbHO MOCTOAHHBI, YCKOPEHHE YTH-
JuzaliMi ATQ DIpHBOIMT K NOBLILIEHHID KOHLIEHT-
pauuH AND u yckopenuio okucaenuss NADH B
JbIXarenbHOoW uernu. [ToBbIllIeHNE KOHUEHTPAUWH
NAD*, B CBOIO O04epenDb, CTHMYTHPYET OKUCIUTE -
HOe OekapGoKCHWIWpoBaHHe mupyeata. Hanpotus,
nopblllicHWe KoHueHTpauuu AT® u NADH cHu-
XaeT CKOpOCTh 3TOr0 mpolecca. Takum obpazom,
HnaMeHeHus OTHoureHnii ADD/AT® v NADH/
NAD* — BaxHeilinie CUrHANb, OTPAXAKUIWE IHED-
reTHYeCKUe NOTPeOHOCTH KACTKY U DEryINDYIOIHE
CKOPOCTE OKHCAUTENBHOrO AeKapOOKCUAUPOBAHUS
nupysara. Katanutuyeckas akKTUBHOCTb MMHPYBAT-
JerMAPOTEHAZHOIO KOMILIEKCA CHUXAeTCA, Korna B
KJETKAX MMEeTCs AOCTATOYHO «TOIUIMBA» B BMAE
KMPHBIX KMCITIOT ¥ aleTHI-KoA.

b. IIMK1 JIMMOHHON KUCJIOTHI

Hukn TUMOHHOW KUCA0TE {UMTPATHBIH LIMKI,
ka1 Kpebeca, uHKI TpUKAapBOHOBBIX KHCIOT,
UTK)} — 3akiuMTelBHBEIA 3Tan katabonuiMa, B
KOTOPOM YIAEPOA ALUETHIBHOIO OCTATKA aleTHA-

MonunenTuadas
7 ,
CH, - CH;— CH—=CH, —CH; - CH, —CH, - C < SO 2 uenb auruopo-
| | NH CH. CH, nnownTpanc-
ausTunazi!
s SH y Ve m
W OcraTok
Ournaponunoar nn3uHa

Puc. 6-23. wnoesas KnCHOTa B COCTARE AUrMARONUAOUNTPaKCaUeTunasel (E ). Nunossan KUCNOTa MNK MWNOWNLHAS TPYNNA MOTYT
CYWeCTBOBATE B OKUCNSHHOW (IMCYNegmaHOE MNK-53) 1 BoccTaHOBNEHHOW (NMK-(SH),) hopmax. B cocrase AMrMaponunoMnTRaHcaneTwi-
3kl IMNOSBAA KNCAOTA CBA3AHA ¢ GENKOM HEPe3 OCTATOK NU3MHA aMHIHON CBA3LID. MTMNOERAA KMCNOTA UIpAeT PONb BUTAMKMHA MKW {hakTo-
pa poCTa ¥ HEKOTORLIX MAKDOORTAHWU3MOB, TOTOA KaK BhICLIMS XWUBOTHBIE CHOCOBHLI 88 CUHTEAPORAT.
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KoA okucnaerca no 2 monexyn CO,. ATOMBI BO-
IopoAaa, OCBOBOKNAIOIIHECA B OKMCIIHTENEHO-BOC-
CTAHOBHTEIbHBIX peaKIKHaX, JocTapnaorea B L1T1D
npu vuacTHH NAD- 1 FAD-zaBucuMBIX 1e-
rHAPOTEHAS3, B PE3YABTATE YETO MPOUCXOAAT CHH-
T€3 BOABl M OKHCHMTENbHOE (hocOpUNHPOBAHHE
AJD, Criusb MeXIy aTOMAMH YIIEpONa B AleTH-
KoA ycroifdupa K okucaeHnto. B yehoBHGX opra-
HHM3Ma OKMUCJAEHHE aleTHNBHOrO OCTATKA TIPO-
HCXOOUT B HECKONIBKO 3TaloB, 06pa3yloilux [IHK-
JIM4ecKHi npouecc u3 8 peakimil (puc. 6-24).

L Hecaedosamenvuocms peakyuil gumpamozo
uuKad

Obpazosande HUTPaTA

B peakiivu 0oBpa3zoBaHUs UTpaTa YIASpPOAHLIH
aroM METHIbHOH Tpynnel aueTHI-KOoA cBs3bI-
BaeTCs ¢ KAapOOHWABHOM TPYIIOH OKCATOAIETHTA
(pHUC. 6-24); OOHOBPEMEHHOC PacHIETUIAETCI THOS-
upHas cBA3b M 0CBODOXAAETCA KOBH3HM A (AGY=
~37.6 xIx/Monb).

PagHOBeCHE peakuMK B KAETKE CUIBHO CABMHY-
TO BOPaBe, 0 YéM CBHAETEALCTRYET OTPHLATEND-
HAsl BEAMYWHA CTAHOAPTHOW CRBOGOAHOW IHEPTHH.
Peakiiug conmpoBOXIACTCH MOTepeld DOIBLIOTO KO-
JIMMECTBA SHEPTWH B BHIE TEIUIOTH. KaTamuaupyet
peaKkuMi0 UHTPATCUHTAIA, (EPMEHT, NOKATUIOBAH-
HLIA B MATPUKCE MUTOXOHIPHIL,

IIpeppaieHne UHTP2TA B HIOHHTPAT

Bropast peakuus UUTPaTHOrG uMKIa — o0pa-
THMOe NpeBpallleHHWe HWTPaTa B H30UMTPAaT (pHUC.
6-24). PepMEHT, KATATHINPYIOUIKI Ty peaKimIo,
HAa3BaH aKOHUTA30# 110 IPOMEXKYTOUHOMY TPOIYK-
TY, 1IMC-AKQHWTOROM KMCJIOTE, KOTOpas Mpearo-
NoXkuTenbHO obpasyercd B peaktuny. OnHAKO 3TO
COSNMHEHHE He OOHApYXHBaeTcss B cBOOOSHOM
BHfIe, TAK KAK HE OTORNSAETCH OT AKTHMBHOrQ 11eH-
Tpa thepMEHTA A0 3aBePLICHHUA PeaKUHH.

OxHeyMTebhoe ASKAPOOKCATHPORAHNE HIOUHTPATA

DTy peakliMIo KaTalU3UpYeT W30UMTPATIETHI-
porenasa. CyLIECTBYIOT 2 (hOpMBl H3QUUTpATIerna-
pOreHa3bl: OIHA COJEPXKHMT B KadecTee KothepMeH-

CIIHz— coo
Axowwrasa HC-COO Msounrpar- ol
! ReTupporenasa a-Ketornyrapar
e HC-GOO yTap
P OH . CH,-COO
o 2 WaouuTpat NAD CHs CoA-SH
CHy- GO0 C-COoo
HO—G—CO0" o o-KetornyTapar-
| + NerngpoureHass
CHy— CO& NAD AP
Wurpar co?
CoA-BH
o CH,-COO'
Liurpar- JNADH+HY ——— CH,
cuntasa | 1 1 FADH; C-5-CoA
1
(I? / HO ‘R 0
CH;~C-8-CoA Cyxunaun-CoA
Ry
¢-Coo 5 rao + Pi
CH;-COO
QOxkcancayerar 5 CyKuMHATTHOKMHAZA
NAD* k
OH .
Manar- | HO0 H_ COO g FAD ?He COO To
rugpore - - _ -
AerupporeHasa HC -COO ny; c CH-COO' oy ops
HxC -COO" ——— n CyruHHAT
M ©ymapaza . o
anar 00C YKLWHATOErMAPOreHasa

Puc. 6-24. OBuwan cxema yuTpaTHoro uMKna. Lugpel 1-8 offosna

HAKT POAKLUK LMTPATHOrO LAkna. LIMkn HauMHaeTcs ¢ Toro, uTo

aUBTWILHBAT OCTATOK KOHOSHCUPYSTCA ¢ OKCANOALUGTATOM, B PesynbTare verc oBpasyeTca WeCTUYIMeponHoe COMHOHNS — LWTPAT.
Ha ofipasoeaHue uUTpata B KAXNOM 0BOPOTE uMKNa PacXOAyeTes OaHa MONeKyna OKCAnoAUeTaTa; 8 pesyNsTaTe 3asepWeHWA Lukna
NPOMCXOOUT PereHepauns okcanoauetara. Takum obpadoM, OfHE MONEKYNA OKCANDALETATA MOXET MHOTOKPATHO MCNONL30BATLCA JNTR

OKMCNEHWA AUeTHNBHLIX OCTaTKOB,
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ta NAD', sropas — NADP', NAD-3aBucuMbIii
thepMeHT NTOKATH30BaH B MUTOXOHIPHSX M YYACTBY-
er B LITK; (NADP-3aBMCHMBIH JepMEHT, TIPHCYT-
CTBYIOLUHH M B MHUTOXOHJAPHMSIX, H B LMTOILTA3ME,
UFPAET MHYIO MeTAb0AHMUEeCKYlo poib). B pe3ynbTa-
Te NeHCTBYS 3TOI0 iepMeHTa HA WiaouuTpar odpa-
3VeTCH G-KeTOLAYTApAT (CM. pHC. 6-24).

Peakuna, wkatanusupyemas NAD-zapucumoi
M3CLMTPATAETUAPOreHa30M, — caMasi MellcHHasn
peakiua uMTpatHore uHukna. AP — aanoctepu-
yecKuH aktHpatop ¢epMeHTa,

OxucanTeasHoe NeKapOoKCHTHPOBAHHE (i-KEeTO-
TJEYTApPaTA

B 3Toil peakllMM ¢-KeTOTAYTApaT NOAREPTAETCH
OKHCJIMTENIBHOMY IeKapBOKCHANPOBaHHID ¢ obpa-
30BAHMEM B KauyecTBe KOHEUHBIX TIPOAYKTOB CYK-
uuHI-KoA, CO, u NADH + H*. B pesynbrare
2TOH peakuMK obpasyeTcs cYKIHAWI-KoA (cM. puc.
6-24).

PeakLIMK0 KATANH3IUPYET K-KETOLNYTADATICTUL -
POTEHA3HBIH KOMIUIEKC, KOTOPBIA MO CTPYKTYpe
W DYHKUMAM CXO0eH ¢ NUPYBATAETHAPOreHa3ZHBIM
koummnekcoM (TTOK). Tloactno [10K, od cocTo-
UT 43 3 epMeHTOB. G-KETOrAyTapariekapbok-
CHIA3bI, AUTHAPOAMNONATPAHCCYKUHHHAAZL H
AUTUIPONUITOMIASTUAPOTeHa3bl. Kpome Toro, B
3TOT (PepMEeHTHBII KOMILIEKC BXOAAT 5 kodep-
MEHTOB: THaMUHIWGOCHAT, KODEepMEHT A, M-
rnoesas kucnora, NAD™ u FAD. CyuecTeeHHOE
OTJIMYKE 3TOM hepmenTHOH cucTemMbl oT TIIK —
TO, 4TO OHA HE UMEET CIOXHOTO MexaHHW3Ma pe-
rynansvu, kakod xapaktepen ang IMIAK. B gact-
HOCTH, B 3TOM KOMIUIEKCE OTCYTCTBYIOT perynsi-
TOpPHBE CyObeAMHMUB. PaBHOBeCHe peakUHH
OKHCIMTENBHOTO NeKapOOKCUIHPOBEHHSA G-Ke-
TODAYTApaTa CUALHO CABMHYTO B CTOPOHY 00pa-
30BAHUA CYKUMHHWI-KOA, U e€ MOXHO CYMTATh
OIHOHAIPABIEHHOM.

[Npenpauienne cyKIHHAT-KoA B CYKHMHAT

CykiTMHAI-KOA — BLICOKO3IHEPrETUYECKOES COSTH-
Henue, MaMeHeHue cBOOOIHON SHEPrUM TUAPOIN3A
aToro Tioadupa coctanisieT AGY= —35,7 kJlx/Monb.
B MUTOXOHOpUSK pazpbiB THOHDUPHONH CBA3W CyK-
1HII-KoA conpsikéH ¢ peakumeil gochopunupo-
BaHWA TyaHosunavdbocdara (M) 10 ryaHo3MH-
tpupocara (T'TD).

CyxkinHHT-KoA — CykuuHar {(AG" =
—10,36 xx/Monn),

3Ty CONPAXEHHYIO peakLMio (CM. puc. 6-24) Ka-
TATH3NPYET CYKIMHATTHOKMHA3A. [1POMEXYTOUHbIH

FTAN peakivu — GochopuIupoBaHHe MONEKYIb
(epMEHTA TIO OOHOMY M3 I'MCTUAHHOBLIX OCTATKOR
AXTUBHOIO UeHTpa. 3aTeM OCTaToK chocdhopHoi
KMCAOTEl MpHcoeauusieTca K TJ® ¢ oGpasosaHu-
em TTO.

C I'T® koHuesas (ochaTHas TPyNNa MOXET fe-
peHOCHThC Ha AJD ¢ obpazosaHweM ATD; sty
OOpPaTHMYI0 PEAKLHI0 KaTalH3MPYET HYKIEOIUA-
aHdochaTKuHa3a.

D + AIO « TAD + ATD.

O0pa30BaHKEe BLICOKOIHEPIETHYECKO ocdo-
AHTUAPMAHOM CBS3M 33 CHET IHEPrHM CcyDCTpaTa
{cyKunHun-KoA) — npumep cydcTpatHoro ¢oc-
(HopUTHpOBaHMA.

Jerdaprpopande CYKNMBATA

OBpa20BaBIWIMACA HA OPEABUIVILEM 3TANE CYK-~
IIMHAT TpeBpallaeTest B dyMapar noJ AcitCTBHEM
CYKUMHAaTAernaporenassl {CM. puc. 6-24). 3tor
(hbepMEeHT — (IaBORPOTEHH, MONEKYJa KOTOPOro
COdEPXKUT NMPONHO CBA3AHHBIN KodepMeHT FAD.

CykLUMHAT HerMApOIeHA3a MPOUYHO CBH3dHA C
BHYTPEHHEN MHTOXOHAPHATLHON MeMDpaHoii. OHa
COCTOMT H3 2 CYDBEAMHHL, ONHA U3 KOTOPBIX CRH-
3ana ¢ FAD. Kpome Toro, ofe cyGbeanHuubl CO-
JEPXKAT KEA€30-CePHbIE IIEHTPLI, oAHa — Fe S,  a
apyras — Fe,S,. B Xeneso-cepHbix neHTPax aro-
Mbl KEJ1€33 MEHHIOT CBON BANEHTHOCTL, YYACTBYS
B TPAHCIIOPTE 3IeKTPOHOB.

QObpasopanne manara u3 ¢gymapara

OOpa3zopaHie MaTaTa IPOUCXOAMT MIPH YYACTHH
depMeHTa (PyMapaTTHAPATA3LL {CM. puc. 6-24). DToT
grepMeHT Gonee W3BeCTeH Kak (pyMapasa.

Mdymapasa — OIMIoMepHblit DelOK, COCTOSALLMIA
13 4 MAEHTUUHBIX TIOAHMENTUAHBIX ueneid. OH pac-
UQMOXEH B MATPUKCE MUTOXOHApHH. Mymapasy
OTHOCAT K hepMeHTam ¢ abCOMOTHON cydcTpar-
HOM CIeuMUYHOCTBIO: OHA KATANM3WPYET THA-
paTALM TOJNBKC TpaHc-(OpMbI hyMaparTa.

Jleruapuposanne MataTa

B 3aKkTIOYHUTENBHOR CTANMM HMTPATHOIO LIUKMA
ME1aT JeTHIDUPYETCH ¢ 06pa30BaHHEM OKCATOd-
verara {cm. puc. 6-24). Peakuuio xkaranusupyer
NAD-3aBHCHMAN MATATACTHAPOISHA3a, CORCPKA-
[LasgcA B MaTPUKLE MUTOXOHAPHH.

PapHOBeCHE ManaTASTHAPOTCHA3HOH peakUinuU
CHJTBHO CIBMHYTO BAEBO. TeMm He MeHee, B MHTAK-
THBLIX KJIETKax 3Ta peakuusa WAET ciaeBa Hallpago,
MNOTOMY 4TO NPOAVKT PeakliMH, OKCANOALIETAT, aK-
THBHO WCNCAB3YETCA B UHMTPATCHHTA3HOH peak-
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unu. B uuTtozone copepxures Hiodopma Manar-
JeruaporeHassl, Takke NAD-3aBucHmasi, HO He
IIPUHUMAOLIAS YYACTHE B UMTPATHOM LKKIE, 00
130 OopMBl MANATIETMIPOTEHAZE — AMMEDEL,

2. Obuan xapaxmepucmuKa i epzenmuMeckoe
FHAHEHUE WHIMPAMNO20 WHKAA

(O0pa3zoBaHHeM OKCA/J0alleTaTa 3aBEpiNaeTCs
onA oDOpPOT UTPATHOTO UMKIA. B omHoM 000-
POTE HMKIA JHMOHHOW KMCJIOTHL B 2 peaklMsx
AeKapOOKCUIHPOBaHUA (NpeBpaLEHHUE U3OLUTPA-
T4 B O~-KETOINYTapaT H (-KeTOMIyTapara B CYKIH-
HUN-KoA) npoucxoaut obpaszoBaHue 2 MOJEKyn
CO,. B 4 peakumsax LUHRTPATHOrO HHKAA MPOHCXO-
AMT IETHAPHPOBaHHKE ¢ 00pa30BaHUEM BOCCTAHOB-
AerHbIX KodepMeHToB: 3 monekya NADH+H' u
I monekynel FADH, B cocTaBe CyKUMHATAETU]-
POTCHA3BI.

HakoHeu, Ha 0AMH o0OpOT ITHKAA 3aTpaulBaeTcs 2
MOSICKYIE] BOABL OHA — Ha CTafM4 00pazoBaHMA LIHT-
para, BTOpast — HA CTAAMK rvapartalMM $ymapara.

BoccraHoBngHHbIE KodepMenTh (3 Moaexyasl
NADH #u | monekyna FADH,), obpasosanHbie B
LIMKJIE JHMOHHOH KMCJIOTBI, OTAAKOT 3MEKTPOHDL B
LITTD wa KMCIopod — KOHEUHBIA akuenTop 37eK-
TpoHOB. BoccTaHOBNIEHHBIH KHCAOPOA B3aUMOIEli-
CTBYET C MPOTOHAMM € OOpA3OBAHWEM BOIHI.

Ha xaxayio Monekyiny NADH ripu obpasosaHMi
MOJIEKY/IR BOIbLI B FIPOLIECCE TKAHEBOTO IBIXAHHS
cuHTEe3upyioTed 3 Monekynsl AT®, a Ha Kaxayw
monekyny FADH, — 2 monekyibt AT® (puc. 6-25).

Takum 00pazoM, KaxXIplid 000pOT LEKAA NMMOH-
HOH KHCJIOTHI COTMPOBOXIACTCS CHHTE30M Il Mo-
Jexkyn AT@ myTéM OKUCITHTEABHOTO ¢hochopuIm-
posaHua. OaHa mojexyna ATM obpasyeTea MyTéM
cyberpatHore <docdopuanpoBanid.

AMUHOKMCROTHE Tmiokoza TnvuepuH YKWpPHBLI@ KWCROTEI
™ g

MAPYBAT
v
AueTun-KoA
Orcanoaueray +  LUwtpat
_...___\T L
Manart WMaoumntpaT
dymapart

CyryuHar

NADH-gervpporeHasa

Q

* ALlO+P
QHz-nerwaporeHasa C

* AT

Cc

i ANO+PI
LinToxpomokcunaaa C

- AT®

2e + 2H' + 1120, = H.O

Pue. 6-25. Cxema asanmocsasn obwero nytw katabonuama u LN3.
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B vTore Ha KaXabiit aueTUABHBIN OCTATOK, BK110-
YEHHBIA B LMTpAaTHBRIA uMKA, obpasyerca 12 Mone-
kyn ATO.

3. Peeyanuun obuteeo nymu Kamaboauzma

Cropoctb cuuTesa AT® cTporo cooTBETCTBYET
JHEPIeTHYECKUM TMOTPEeGHOCTAM KACTKH. DTO 10C-
THUTaeTcsa COCJIaCOBaHHON peryifailMen BCEX ITance
AKIHOYUTENBHOTO [1YTH KaTa0onuaMa, BKIoUaloLHe-
To NpespalleHue NUpysaTa B aueTuwi-KoA, uurpar-
Hbiid uMkn » UIT3. B GonbluvHcTBE TKaHei, rie
rmaBHaa yHKUUS obiiero myTH katabomvaMa —
obecneYeHHE KIETKH 3HEPTUEH, BAXHYIO poib B
PeryisilMd UrpaeT AbIXaTeNbHBIN KOHTPOb.

YBenuueHne cKopocTi yTuwiMsauuy AT ama co-
BeplIeHUA PA3THYHBIX BUIOB paboThbl YBEAMYMBA-
eT KoHueHTpauuw AWM, 4TO YCKOPAST OKHCAE-
Hue NADH B I3 u, ciegoBatentbHO, NOBLILAST
CKOPOCTb peakumnid, karanniupyemoix NAD-3aBu-
CUMBIMM AeruaporeHasamMu. OKucleHUe NMUpYRaTa
U anetni-KoA MOXET NPOUCXOANTL TOJSBKO B TOM
Cly4ae, ecliM 3MeKTPOHB M MpoToHel 0T NADH u
FADH, nocrynaot B LITT3. Takum obpasom, ot-
Howenuss AJG/AT® u NADH/NAD* — rrae-
HBIE MOOY/ISTOPBL CKOPOCTH peakiuif ob1iero nytu
karabonuama (OIK).

Kak u3BecTHO, CKOpOCTE METADOIMYECKHX [TYTEH,
KOTOpHBIE HOTKHbI 00eCneyHBaTh NOCTOSHHBIN Ypo-
BeHb KOHEYHBIX MPOAYKTOB, Takux, kak AT®, pe-
TYIHPYETCH HA YPOBHE peakuMid, KaTanuupyemMbix
PEryMITOPHBIMK (pepMeHTaMK. Ha 3akmouuresisHoM
3Tane karabonuima Haubolee BAXKHbLIE PeryasTop-
Hble (pepMeHTbl — NMUPYBATACTMIPOTEHA3HbIA KOM-

7eKe, LIMTPATCHHTA3A, U3OLMTPaTACTHAPOIeHA3a H
C-KETOTNYTAPATAETAAPOreHAZHEI T KOMILIEKC.

NADH @
AleTun-KoA®
Al® KuHasza MK
Pi
NaK-P © AL,
HEeaKTUBHARA © Nnpysat
dopma @Ca*
doctatasa

H.O

Perynsauma nupysaTaernaporeHa3HoTO KOMILTIEKCA.
Perynsiuns Ha ypoeHe TTIK uMeeT BakHOe 3HAYe-
HHE ans ofecrieMeHHUd UMTPATHOrO 1{MKNa «TOf-
JIMBHBIMH» MOJASKVIaMH aueTHi-KoA.

Obpazopalue aueTii-KoA U3 nupysata — Heo-
OpaTUMBI KTI04eBOM 3Tan MeTabonuima. KWBoT-
HBI€ He CrOCcoGHB! K NPEBpalUeHHIo atleTHI-KoA B
TAIOKO3Y. AKTHBHOCTb MUPYBATAErHADOIEHA3HOO
KOMILICKCA PETYIHPYETCA Pa3fAUYHBIMH cnocoda-
MH: JOCTYTIHOCTBIO CYOCTPATOB, MHCUOHPOBAHHEM
ApPOAYKTAMU peaklUKH, anaocTepuiyecky U TMyTéM
KOBAIEHTHOM MOIUPUKAUKU.,

KosanenTtHass moavdwvkaunsa 1K ocymecrs-
asietcs ochopiMpoBaHieM U aedochopunupo-
paHueM. B cocrap K Bxcasat 2 peryisaTopHbIX
cyObeaMHULBl. OaHa K3 HMX, KMHa3za [TJK, doc-
opunupyer INAK B onpenenéHHbix y4acTKax no
ocTatkam cepuna. [pu dochopunuporanun TIIK
WHAKTHBUpYETCA. Jpyrasi peryastopHas cyObeam-
HUUA, cocdaraza, gedochopiaupyeT (pepMeHT,
MpeBpalllas ero B AKTUBHYIO dopMy (pHc. 6-26).

IMpy noBbIIIEHUH KoHUeHTpauuu AHD MNMAK
HAXOAUTCH B HedocHOpUIHPOBAHHONA aKTHBHOH
dopme. ItoT 2dexT YCUIHBACTCA B HEKOTOPBIX
KIETKaxX MpH MOBLILCHWK KOHLCHTPALIMH BHYTPU-
knetouHoro Ca’, KOTOpbli akTUBUpYeT (ocara-
sy IAK. Takoi Mexann3M aktuauuu IJIK oco-
OCHHO BaXeH B MBIIILAX W XHPOBOH TKAHH.

[MpoayKTel TUPYBATAETHAPOTEHAZHOW peaklHH
(auetui-KoA 1 NADH) annocrepiueckn akTHBH-
pyioT kuHazy TIJ K. AKTHBHMpoBaHHaA KKHA3a doc-
dopunupyer v nHaxtusupyer T1JK. Takum obpa-
30M, NMpu HakomaeHUd NADH u aueTnn-KoA
TOPMO3NTCH NDEBPALICHUE NWPYBATa B aUETHA-
KoA. Takas cutyauMa co3aa€Tcs, Hanpumep, B

Mupysat
AT®

@ Mupysart, NAD+, HSKoA
© NADH, Auetun-KoA

NAK-CH

aKTWBHAS
dopma

Pi OH

AueTtun-KoA

Puc. 6-26. Perynsuwn nupyeataerunporeHazHoro komnnekca. NMOK annoctepusecky akTenpyeTcs AOM®, NAD*, KoA, Ca® u nupy-
gatom; aueTun-KoA, NADH v AT® akTMBWpyI0T knHasy v erubupyieT NOK. ®ocdarasa aktvewpyetea Ca,
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MeYeHH TIPH TOJOAAHMK, M3 XKHPOBLIX [EM0 B Ne-
YeHb MOCTVIIAKT XHPHbIE KMCNOTHI, M3 KOTOPBIX
0bpasyercs aueTua-KoA. B npHCYTCTBHH BBICOKO-
MONEKYNSIPHBIX KHPHBIX KHCIIOT WHTHOWPOBAHWE
MAK ycumupaetca. ITMpyBaT npy 3T0M He OKHMC-
nseTcsl U MOXeT ObITh UCNOMB3OBAH Al CHHTE33
TAOKO3B (CM. pasnen 7).

ITMpYBAT WIOCTEPHYECKH AKTUBHPYET Hedoc-
dropunupopadHy dopmy TTAK, meiicTeya corna-
COBaHHO C ApyruMH cybeTpatamMud — NAD 1 KoA.
Axrusatus TIJTK npoMcxopdT TakKe 1104 BIMSA-
HHMeM WHeyauHa, OnuH U3 3hdekToB HHCYIMHA —
NOBbILLIEHHE KOHHEHTPALHH BHYTPHMHUTOXOHIPH-
aneHoro Ca?. Tlp¥ NOBLILIEHHH KOHLUEHTPALWH
Ca I[LJK aktusupyercs {(cM. pHc. 6-26). 310T Me-
XaHU3M OCOOCHHO BaXeH B XUPOBOH TKAHH, TOE
aueTHI- KOA HEODX0OMM Anst CHHTE3A XKHUPHBIX KUC-
a0T (cM. pasaen 8). B xkuerkax muokapaa IMJK
AKTUBUPYETCA AAPEHANMHOM, OMTHAKO 3TO BIHSHHE
AApeHaTHHA HE CBA3AHO € M3MEHEHMEM KOHIIEHT-
pauuK NAM®,

Peryasuna untpatdore uMkaa. B DonblIMHCTBE
CJIY4aeB CKOPOCTh peaklidii B MeTaboaMyeckKux
LMKAAX OTIPEOCINeTCS WX HAYANBHBIMH PEAKLMA-
M, B LUTK BaxkHeiilaa perynatopHan peakius —
0Bpa30BAHME LUMTPATA M3 OKCATQALIETATA M ALeTHII-
KoA, karaauaWpyemas HUTPATCMHTA30H. DTa pe-
AKUMSL YCKOPSIETCA MPH TOBBILIEHHMN KOHILEHTpa-
UMK OKcajoauerata — cy0cTpara peakilvu H
TOPMO3NTCA TPOAYKTOM pPEaklMHW — UMTPATOM.
Koraa otHowenne NADH/NAD* chuxaercs, cko-
POCTE OKMCIEHUA MalaTa B OKCANOALETaT BO3pac-
TaeT. TIOBBINCHHME KOHLECHTPALUMH OKCAN0ALETAT
YCKOPHET LMTPATCUHTA3HYIO peaklui. CKOpocTh
PeAKLHKY CHMXACTCHA TP NOBLILICHHMH KOHUCHT-
pauuu AT®, cyKiMHUA-KOA U ATHHHOLIENOUEY-
HBIX XHPHBbIX KHCAOT. (NHAKO TOYHBIH MeXaHW3M
BJIHAHMHA 3THX MeTaﬁOJ’lHTDB HA UMTPATCHUHTA3Y HE-
JOCTAaTC'[HO siccH {puc. 6-27).

H30UnTpaTaAe rHApOTeHasa, OMMroMepHbiil dep-
MEHT, COCTOUT W3 8 cyObemuuull. [lpucoeanHeHNE
M30LMTPATA K NEPROH CYOBENMHHUUE BbI3BIBAST KO-
ONEPaTUBHOC W3MeHeHWe KOHMOPMALIWM IPYTHX,
YBEAMUMBAST CKOPOCTH NMpHCOedMHeHHa cyGcTpaTa.
PepMeHT annocTeprieckd akTHBUpyerca AJID u
Ca’*, KoTopbIE IIPUCOSAMHSIOTCH K (hepMEHTY B pa-
HbIX 4LTOCTEPUHMECKHX MUEHTpax. B npucytcTBHA
AN® kondopmanna Bcex CyGBENHHML MEHSAETCH
TaKMM 06pa30M, YTO CBH3BIBAHHE W30LMTpaTa Npo-
HCXOOUT 3HAYMTENbHO ObicTpee. TakuM obpasoM,
NPH KOHUEHTPALMW HIOLHTPATa, KOTOpas CVLIECTBY-
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ET B MHUTOXOHAPHAILHOM MATpHKCe, HCOOMbLIME
HM3MEHEHMA KOHUeHTpaluu AJIP MOryr BHI3BAThH
3HAYMTENBHOE W3MEHEHHE CKOPOCTH peakiuu. Yee-
JIMYEHHE AKTMBHOCTH WIOUMTPATIETHAPOTeHAZL]
CHIDKAET KOHLUEHTPALUMIO LIMTPATa, 4To, B CBOIO OYe-
pefb, YMEHAAET UHIMOUPOBAHHE LMTPATCUHTA3E!
APOAYKTOM peakuWd. TIpH NOBRIICHMM KOHUEHT-
paud NADH akTUBHOCTL (DepMEHTa CHUXKASTCA.

o.-KetorayrapataerniporeHasHolii KOMMICKS,
KMEIOLLAA CXOAHOE CTPOCHUE ¢ NUPYBATIASTUIPO-
TEH43HbIM, B OTJIHYHE OT NMOCACIHEr), HE UMEET B
CBOEM COCTaBe Pery/BITOpHBIX cyObeauHuu. [L1ae-
HBIA MEXaHHM3M PEeryJBIUUH CO-KeTOrIYTApaTaerua-
POrEHA3HOTO KOMMONEKCA — HHTMOMPOBAHKE PeaK-
uui NADH u cykumHi- KoA.

o-KetornytapartaeruiporeHasHelit KOMIVIEKC,
KaK W H3OLMTpATAETUIpOreHa3a, aKTHUBHpYeTCs
Ca?, a NpK NMOBbIHIEHUN KOHUeHTpallMKH AT cko-
POCTH 00EUX peakliMil CHUXAITCA.

B peryasiiin UMTPAaTHOTO UMKIA CYIIECTBYET
MHOKECTBO NOMOJHUTEIBHBIX MEXaHW3IMOB, 0bec-
NMEYUBAIIMX HEOOXONMMBIA YpPOBEHBb MeTabo-
JIUTOB U WX y4YacTHEe B APYTHX MeTabomUuecKHX
TVTHX,

KOMOApTMEHTANH3AUUS (DEPMEHTOB, Y4acT-
BYIOLLIMX B PEaKUMHX OKMCIWUTEIhHOTO nekapbok-
CWIMPOBAHUS IMUPYBATA W HMKIA JUMOHHOMH KHC-
JIOTBI, HIPaeT BAXXHYIO POAb B PCTYIMUMH 3THX MPO-
LECCOB.

BHyTpenHsia MeMOpaHa MHTOXOHAPHH HENpo-
HHLAEMA AN AHWOHOB U KATMOHOB, B TOM YWCAE K
JUTH DPOMEXYTOUHBIX [IPOAYKTOB UUTPATHOIO UMK-
J1a, KOTOPLIE MOTYT ObITh NePeHECEHbl YEPe3 MEM-
OpaHy TONBKO NMPH YYACTUKW CNEUHANbHBIX HENKOB.
{TostoMy epMEHTBl LMTPATHOMO LMKIA HMMEIOT
BoNblIc BO3IMOXKHOCTEH 1NA BIAHUMOACUCTBUS C
HPOAYKTAMH NPEABLIYIIKX PEAKUHWA, YEM B Cy4ae
CRODOAHOIO YOANEHHWSI 3THX TIPOAYKTOB W3 MHTO-
XOHIPHUHA.

JocTynHoCcTh cyOCTpaTOR BO3pacTaeT TAaKKE B
pe3yabTaTe OGPAsOBAHUH EPMEHTHBIX KOMITNEK-
coB. ManatneruaporeHasa M UMTpaTCHHTa3a 00-
PasVIOT HEMPOYHbBIC KOMIUISKCHI, B KOTOPLIX LUHT-
pPATCHHTA33a MOXET MCMOAb30BATH OKCAnoaLgTar,
HETMOCPEACTBCHHO OBpa3yOUIMICH MATATACTUAPO-
reHasofi.

B 1K u g-KeTornytapataernaporeliasHoM Kom-
wiekce ¢ydCcTpaThl HEMOCPEACTEEHHO MEpPEeAaloTes
OT OAHOrO (epmMeHTa K APYromMy: TONBKO TpaHca-
HMIa3a MOXET B3AUMOICHCTBOBATD C TIPOMEXYTOU-
HbIM TIPOAYKTOM, cBaszaHHbeIM ¢ TAM, a anrmapo-
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CO,
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Puc. 6-27. Perynaumus obuwerg nyt katabonuama. 1 — MK aktvenpyetcs nupysatom, NAD-, KoA; nHrubupyetca NADH n auetuan-
KoA; 2 — LuTpaTciHTa3a (peakuns yCKOPRETCS NPH MOBLILEHWM KOHLEHTPALMK OKCAnoaUeTaTa u 3aMeanaeTea npd NOBLIWEHHNA KOH-
ueHTpauuu uutpata, NADH, AT® ¢ cycumHun-KoA), 3 — w3oLnTpaToerngporeHasa annocTepuHeck akTuenpyetea AND, woHamu
KarnbLua, tHrindupyetcs NADH; 4 — c-keTornyTapaTOernaporeHasHsiid koMnneks MHrnbupyetca NADH, AT® u cykuunun-KoA, a aru-

BUPYETCA HORAMKM KanbLKA.

JUTIOMWIIErMAPOreHasa — ¢ JUTHAPOIUIIOEBON KHC-
JIOTOH.

NAD*, NADH, KoA, auetiin-KoA ¥ cyKUIMHHN-
KoOA He MMEIOT TPAaHCNOPTHBIX 0e1KOB B MeMOpa-
He MuTOXoHEpUH. [ToasTOMY 3TU COETMHEHUA HE
MOTIYT TIPOHTH YEpE3 MHUTOXOHIPHLTEHYIO MeMG-
paHy.

Hakonaedue aumi-KoA npoWIBOAHBIX, TAKMX
KaK aueTHi- KoA Wi cykKUMHWA-KOA, B MUTOXOH-
JPHAABHOM MATPHKCE WHrMOUpyeT ApYrHe peak-
LMK, IS KOTOpbiXx Heobxoaum KoA.

TecHad C¢BA3b UMTPATHONO LHkna v LT3 noa-
AepKUBaeTCa Graronaps MCNOJIL30BAHUID B BTHX
peakumax obiwero doHga NAD* u NADH,

B. AHABOJIMYECKWE ®YHKIHM LIUTPATHOTO
HHKNA

LMK AUMOHHON KMCIOTH — 0aMH W3 amgubo-
JHYECKHX ITyTeH MeraGonuiaMa. B néM ocywects-

JISIOTCS HE TOJBKO OKHCIHTE/bHbIE NpeBpalleH s
HEPreTHYecKkux cyBCTPATOB A0 KOHEYHbIX TIPOAYK-
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tos CO, u H,0O, Ho ¥ nmpoucxoauT obpasosaHHe
cyOCTpaToR 04 Apyrux MerabosiMuecKuX NyTel
{puc. 6-28).

HekoTopble NpOMEXKYTOYHBIC TIPOAYKTHI LMKAA
NMMOHHONH KMCJIOTBI: O-KETOrTYTapar, CYKUUHAT,
OKCA0ZUETAT MOFYT HCIIONbL30BATLCS Ui CHHTE3A
3aMEHMMBIX AMHHOKHMCIOT (CM. pazzen 9).

YOLLT NMPOMEXYTOUHBIX MPOAVKTOB UK BOC-
MONMHSETCS B PEAKUMAX, KATAAHIUPYEMBIX CIIel-
puueckumn depmeHTaMH. B HOpMalbHBIX yCRO-
BUSIX PeaklMMH, OTBACKAIOIIHE MMPOMEXYTOUHBIE
MPOAYKTH M3 WHKIA M BOCTIOAHSHOIIME WX yObLIb,
HaX0aATCsl B COCTOAHUM JAMHAMMYECKOrQ PABHO-
BeCHs, TAK YTO KOHLEHTPAlMA 3THX APOAYKTOB B
MHUTOXOHAPHSAX OCTAETCS MOCTOHHHOM.

Peakuyu, obecnieunBalone MOMOAHeHWe (oH-
Jia TIpOoMeXyTOYHRx npoaykroB LITK, naswipaiorca
AHANNEPOTHYECKUMH {ITONOJIHAKIIUMH). Baxuei-
11ad W3 HHUX - peakuUa CHHTe3a OKCanoaleTraTa M3
MHUPYBATA. JTY pPEakUHIO KaTATM3IHPYET MUTOXOHI-
puaaeHeIA GepMeHT — nUpyBaTkapOoKcwiasza.

TMpPYBAT-
CH, - CO - COOH + CO, + ATQ)Ka_pma

HOQC - CO - CH, - COOH + AI® + H,PO,

[TupyeaTkapboOKCHNa3a — CIGXKHBIA ONUIOMED-
Hblll depmerT. Monekyna depMeHTa coaepxut 4
NPOCTETHYECKHE TPYTIIILL, NPeACTARICHHBIE OHOTH-
HOM (CM, pa3ien 3), KOTOPBIii KOBANGHTHO CBSizaH
AMUIHOH CBA3RIO ¢ £-aMUHOIPYIMAMHU OCTATKOB JIU-

3MHA, HAXOASIIErocst B aAKTHBHOM LeHTpe pepMenTa
(puc. 6-29).

Ecnu ans HUKIa TMMOHHOH KMCJIOTH HE XB4Ta-
€T OKCanoaleTaTa WM KAaKoro-HudyIb Apyroro
MNPOMEKYTONHOTO MPOAYKTa, TO KAPGOKCWINPOBa-
HHE MupyBara yckopsaercsa. B 310l peakuuHu B Ka-
YecTBe HCTOYHUKA 3Heprud ucronbdyerca AT,

Peakuus npotekaet B 2 craanu,. Ha nepro# cra-
Avn npoucxoaut aktmeauus CO, nytéM Apucoe-
AMHEHHS K OAHOMY M3 aTOMOB a30Ta B MOJCKYI/IE
OMOTHMHA. BTa peaxiMs CONpPXEHA ¢ rHApPOIH30M
ATO.

AT® + CO,+ E-6notun + H,O - AlD +
H,FO, + E-6uothH-COO~ + 2 H*.

Ha Bropol cranMy akKTHBEMPOBaHHas! KapOok-
CHIbHAK FPyNMa NEepeHOCHTCA HA TMHPYBAT.

E-6uotuu-COQ~ + IMupysar — E-6uotHH +
Okcanoauerar.

IMupypatkapbokcunasa — peryaaropHblii gep-
MeHT. Ecnu koHueHTpalus auetiul- KoA yBennyu-
BaeTCs, TO OH ACHCTBYET KAaK ALTOCTEPUUSCKHIA
aKTHBATOp MUPYBATKapOOKCWIA3kl, ycKopas obpa-
30BaHHEe okcanoauerara. Takum oOpasoM, M30HI-
TOK aueTWi-KoA cnocolcTByeT akTHBALMM UHWT-
PATHOTO LHKIIA.

MeTaboMuThl UMTPATHOrO LUKAA WCMOMBIVIOTCS
He TOMLKO KaK CYOCTPaThl CHHTE3d YIIEPOIHOTO

1

AMWHOKUCNOTbI Mupysar * | AmuHokucnoTE
4

2 Auetun-KoA
\ 7 WupHuie
Okcancauetar — * Lurpar HMCNOTH

nioxoza I n 3

.?‘\Manar o-Ketornyrapar " | AMMHO-
’ KUCAOTHI

»

CyKupHaT — CykuuH\L:n KoA

8
Tem

Pwuc. 6-28. Ucnonbaosanuwe metalonutoe UTK B cHHTe3e PasnA4HbIX COBAMHEHWA. CuHTes aameHumbIX amuHokuener {1, 2, 3),

rMoKo3sl (4, 5, B}, XUpHbIX kKncnoT (7), rema (8).
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Puc. 6-29, NpocTeTHYeCkan rpynna NUpyeaT kapSokcunaaw. KapbokcuneHas rpynna BuoTvuHa ofpasyeT aMMOHYI0 CBA3L C £-aMu-
HOFPYNMOH NU3MHE B aKTUBHOM UgHTpe depmenta. CO, axrmsupyeTcs, ofpasya N-kapSokcunponssonHoe SUoTHHA.

CKeJleTa psia COeIMHEHHI, HO W SIBNSIOTCA AOHO-
paM{ BOAOpPORA A1 0GpA30BAHUA BOCCTAHOBAEH-
HEIX KOQEepMEeHTOB, YYACTBYIOLIMX B PEaKIHAX CHH-
Te3a MKHPHBIX KHUCIOT, CTEPOUI0B M APYIUX BEILECTB
{cM. paztenw 8, 10, 11). JIBa meTabonura udrpar-
HOMO UMKAA MOTYT JerdApHpOBATLCA MPH YYACTHM
NADP-3asMcHMBIX JerHIpOreHa3: Majlata M K3o0-
UMTpaTa. Hanpumep, MajaT MOXET MOCTYNaTh M3
MHTOXOHAPHIA B UHTO301bL KIeTKH, B Luto3one Ha-
xoautcsi NADP-3aBpucuMan aernaporeHasa (Manmk-
epMeEHT), KATAIM3UPYIOLLAA peaKLIMID:

HOOC - CHOH - CH, - COOH + NADP*

MAHK-

CH, - CO-COOH + CO, + NADPH,,
(hepment

Manat u u3ounTpaT obecneyupardT 0OpPA3OBA-
HHE OKON0 MI0BUHEI obiero ¢jonga NADPH, wuc-
N01b3YEMOTO B BOCCTAHOBHTENBHBIX CHHTE34X, BTO-
pas nNoaoBHHA 00pasveTcs B MeHTO30(hochaTHOM
NyTH OpeBpalieHys MI0Ko3bl (CM. paszgen 7).

I'. T'HMORHEPTETHYECKWE COCTOSHHA

Bce XuBble KNETKH TTOCTOSAHHO HYKIAWTCA B
AT® ana OCVIUCCTRICHHA Pa3IMUHBIX BUOOB K3~
HEQCATSIIBEHOCTH.

Knaetku sgara norpednat Goabilioe Xoauye-
ctBo ATM ans cuHTesa HellpoMeaHATOpOB, pere-
HEpaluMH HEepBHBIX KICTOK, NOAICPXKAHUS HECOX0-
aumoro rpaaueHta Na' u K', ansg nposeaeHus
HEPBHOIC MMITY/bCA; TOYKM HCNoNb3vioT ATO B
npouecce peaGeopOUMKU PasNUYHbIX BELUSCTR NpPH
06pa3oRaHUM MOUM; B MEYEHH NPOUCXOIUT CHHTE3
TJHMKOTeHa, XUPOB, OCIKOB MU MHOIMX JAPYIMX CO-
CUHMHEHHWI; B MHOKApIe NOCTOSHHO COBCPLIACTCH
MexaHu4eckds pafota, HeoOxomuMast ans MpPKy-
JISLUHM KPOBU;, CKENeTHbIE MbIILUbLI B NOKOE No-
TpEBASKOT HE3HAUUTENbHBE KoAWdecTsa ATQ, Ho
NpH GUIHUECKOH Harpyske 3TH NoTpedHOCTH BO3-
PacTaloT B NeCATKM pas (Tabn. 6-6).

Bumecte ¢ TeM 3amacos AT® B kieTkax npakTu-
YeckM He cywecTeyeT. Tak, B YCMNOBHMAX Mpekpa-
weHUsT cuHTesa ATD B MHOKapae ero zamachl Ue-
TOLUAIOTCS 34 HECKOABLKO CEKYHI,

Kax Mbl yX€ 3HacM, AT MOCTOAHHOrO CHMHTE3d
AT® kneTkam HeobDXoaMM OPUTOK METa0O0NUTOB
Kak CyOCTparoB ABIXaHUA M KUCIOPOIA KaK KOHey-
HOTO aKlenTopa AeKTPOHOB B Peakiliyiax OKHUC/IE-
HUS, CONPSEKEHHBIX ¢ cuHTe3oM ATD.

Hapywenus kakore-nuGo atana metabonunsmMa,
OPUBOASILNME K IIpeKpaleHIO cunte3a ATO, ru-
OeabEbl IAA KICTKH.
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Tabnuua 6-6, Ckopocth notpebnexus O, u AT® B HEKUTOPBIX TKAHAX

Traun Iorpednenne O;, Ilorpetnenue ATD,
MEMONL/T TKAHA/MHR MEMGIL/T TKAHA/MHAE
Moasr 1,7 10,2
Cepane 4,5 27.0
[Touxn 7.1 42.6
[TeucHl 1.6 0.6
Ml (8 nokace) 0,08 0.5

CocTosiHUS!, NP KOTOPLIX CUHTE3 ATM cHuxeH,
O0BEIUHSIOT TEPMUHOM «THNOIHEPreTHUECKHE.
IMpuurHaMy TUTTO3HEPrETHYECKUX COCTOSHHIA MO-
TYT ObITh [OJ0J4aHHE, THIOBUTAMMHOIb] Bl, PP, B,;
THITOKCHA.

IMnOKCHA MOXET BO3HUKHYTh: NMPH HEIOCTATKE
KHCA0pOAa BO BALIXASMOM BO3AyXe, Mpu 3aboseBa-
HMSIX AETKMX W HAPYILIEHUH JEMOYHON BEHTHAALMNM;
TP HApPYLIEHHAX KPOoBOOOPallEHHs, BHI3BAHHLIX
3a00MeBAHMAMM CEpALA, CMA3IMOM W TPOMOO30M
COCYAOB, Kpoponotepei. [IpHUMHAMKA TUNOKCHU
MOTYT ObITh TAKXKE HACTEACTBEHHbLIE WM NpUOOpE-
TEHHBIE HAPYILEHHS CTPYKTYpPbl TeMOTIO0HHA (CM.
pasaenst 1, 4).Yactoit NpuiHMHON rHNOZHEpTeTHYEC-
KMX COCTOSHHMIA MOTYT ObITh HAPYLLEHWA NPOLISCCOB
UCTIONB30BAaHHS KUCIOPOAA B KIIETKAX.

[TpHYMHAMKM 3TUX HAPYLIEHHH MOCYT OBITH:

 IEHCTBHE UHTHOUTOPOB W pasoduTenei s LI113;

* KenesonepUiUTHLIE aHEMUM;

s CHUXEHHE YPOBHH MEMOIMODHHA M JIPYTHUX Ke-
Je3pcoaepxamx Genkos {uutoxpomos, FeS-
OCNIKOB), B pe3VAbLTATE YEIr0 HAPYLIAIOTCS f1e-
PEIOC 3NEKTPOHOB U CHMHTe3 ATd;

+ HacneacTBEHHbIe dedekthl (epmentor LIS
M UUTPATHOTO LIMKNA.

TMpumepro 13 u3 100 deakoB, YUACTBYINIHX B
OKMCANTENBHOM (DOCHOPHAUPOBAHUU, KOLUPYIOT-
¢a muToxoapuaneHoil JHK: 7 cyOneMHuL KoM-
nnekea |, cyobeaunuua koMnnexkea I, 3 cybnenn-
HHUBI KoMriekea IV u 2 cyGbennHMLILl KOMILIEKCA
¥V, a Takke HeoOXOMUMEIE KOMIIOHCHTBI MX TPaHC-
nsuMM, OCTanbHBIE MUTOXGHAPHAIIbHBIE BETKu CHH-
TEINPYIOTCH B sLIpE.

fAnepuas AHK wkomupyer Gonee 70 cyObeanHmiy
BGeNKoB, YYACTBYIOWIMX B OKWUCIMTEIBHOM (ocdo-
pitipoBaHud. Hapyllienust okucautensHoro goc-
G$hOPHANPOBAHHA B OCHOBHOM CBSI3aHBI ¢ MYTALIWSI-
MU B MUTOXOHApUanbHoM JITHK, KoTopbie ciyyakres
mpumMepHo B 10 paz yawe, 4eM B AnepHoi. TKaHM ¢
BBRICOKOi norpedHocTeio 8 AT® (IHC, ckesneTHbIR
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MBILLLILIB], MHOKAPA, NOYKH W NeYeHBb) Haubomnee uyR-
CTBUTENIbHBl K HAPYIIEHWAM OKUCAMTENLHOTO hog-
GOpPUTHPOBAHUA.

HedexTsl MuTOXOHApHANLHOH JJHK Hacnemy-
FOTCA 10 MATEPUHCKOM THHHM, TaK KaK MHUTOXOH-
OPUMH U3 KIETOK CNEPMaTO30UA0B HE MPOHUKANT
B OMIOAOTBOPEHHYID AHUEKNETKY. MyTalWH MH-
ToxoHApHaieHOi JIHK - vactas npuuuHa, Tak
KaKk MWTOXOHIPHM HE HUMEIOT Takol xe >ppek-
TUBHOH cucTeMbl penapaunn JHK, kak aapo (cM.
pasaen 4), Jaxke v 310pOBBIX MHOIHBHAYYMORB CO-
MATUHEeCKHE MYTALRMM CHHXKEIOT ¢ BO3PAcTOM BO3-
MOXHOCTH OKHCIUTEAbHOTO PochOpHIMpOBAHHA.
B atux ciuyuasx cnocofHocTh x cUHTe3y ATO
HUXKE TKaHECMIEUH(DPHYECKOrO YPOBHI HOPMalbHbIX
KJIETOK,

IV. OBPA3OBAHME TOKCW4HbIX
®OPM KUCNTOPOMA B UN3

B UI19 nornowaeted okoao 90% roctynaio-
uwero B KieTkd O,. OcTajibHadg 4acTh O, UCNONbL3Y-
€TCs B APYTHX OKUCAHTEIIbHO-BOCCTAHOBUTEBHBIX
peakuuax. PepMeHTHI, YYACTRYIOUIME B OKMC/IW-
TEALHO-BOCCTAHOBUTEIBHBIX PEaKLMAX ¢ HCIMONb-
30BAHWUEM KUCAOPOA, ASAATCH HA 2 rpynnObl OK-
CHAA3Bl U OKCUICHA3HI,

OKcuaasbsl UCMTONb3YIOT MOJEKVISPHLIE KUCI0-
pPoOJ TOABKO B Ka4eCcTBE aKUENTOPa 3MEKTPOHOB,
BOCCTaHaRMMBaA ero a0 H,O wan H,0O,.

OKCUreHas3hbl BKNOYAOT OAUH (MOHOOKCHUIEHA-
3bJ) WK ABA (MHOKCHUIEHA3bLI) ATOMA KWUCIOpOaa B
obpasvioUdiica NpOOyKT peakiHu.

XOTA 9TH PeakuHMH HE CONPOBOKAAIOTCSI CUHHTE-
30M AT®P, oHU HeoOXOOWMBL 118 MHOCHMX Clieuu-
ryeckuxX peakiivii B 0OMeHe aMUHOKHCAOT (CM.
pasaen 9), CHHTE3e XKEMUHLIX KHCIOT U CTEPUHIOE
{cM. pazoennl 8, 11), B peakumnax ode3BpeKHBAHNA
YYKEPOIHBIX BELIECTB B neueHu {cMm. pazaen 12).



B GonbluMHCIBE peaklUMil ¢ YYACTHEM MOJEKY-
NAPHOCQ KUCAOPOIA €r0 BOCCTAHOBIEHUE TIPOUC-
XOJMUT TIOATANHO C MEPEHOCOM OLHOTO 3MEKTPOHA
Ha KaxaoM arane. [IpU oTHO3MEKTPOHHOM TMepe-
HOCE TIPOMCXOAMT 00pa3s0oBaHHME TIPOMEXYTOUYHBIX
BBICOKODEAKTURHBIX (BOpM KHCI0D04,

B HeBO30Y>KAEHHOM COCTORHWH KMCIOPOI, HETOK-
citieH. O6pa3oBaHie TOKCHUSCKHX (DOPM KHCAOPO-
Jd CBA33dHO C OCOOBEHHOCTAMM €r0 MOMEKYISpHOH
CTPYKTYPhL. O, COREPXKHT 2 HECTIAPCHHDBIX MEKTPO-
Hd C MAPAANCIBHBIMA CMMHAMH, KOTODbIE HE MOryT
00pA30BLIBATE TEPMOAMHAMHYECKH CTADMIBHYIO
napy W pacronaraloTca Ha pasHblx opOuTanax. Kax-
Ja% 13 3Tux opbuTanei MOXET NPUHATE eLUE OnHH
NCKTPOH.

HNonnoe proccranoiieHue O, TponCXofUT B pe-
3YIBTATE 4 OAHOBNIEKTPOHHLIX TIEPEXOICH:

B &2H & H & H'
0 0; > HO, “» HO+OH—>2HO

Cynepokciug — NepoKkcui — rMAPOKCUNbHLIA pagukan

Cyriepokcua, NEPOKEUA M TMAPOKCHIBHBIH pa-
OHKAN — aKTUBHbIE OKUCAHTENM, YTO NIPEACTABA-
eT CepbE3HYI0 ONACHOCTDE 417 MHOTHX CTPYKTYp-
HBIX KOMIIOHEHTOR KRETKH (puc. 6-30).

AKTHBHEIE OPMBL KHCIOPOI4 MOTYT OTIUEILIATE
31EKTPOHbLL OT MHOTHX COCIHHEHWId, Nnpespaiias
MX B HOBBIE CRODOAHBIE palWKanbl, HHHLHUHPYS
LUEMHBIE OKUCAUTENBHBIE peakUUK (CM. pasaen §).

Puc. §-30. Nospexpalowee peRcTBMe cBOGOAHDIX PAAMKANOE HA KOMMOHEHTBI KNETKK. 1 — paspylwenue GENKoE; 2 — NoBpeMXae-
Hue IP; 3 — paspyweHve AREPHON MemBpanel u noepexaeHue NHK; 4 — paspywerHue memSpaH MUTOXOHRPWIA; 5 — MNON kneTouHoH

MembpaHel; 6, 7, 8 — NPOHMKHOBEHWE B KNETKY BOAbI W WOHOE.

NADH Q
NADH-
nerugpore-
Hasza
NAD* FMN, FeS
QH°
Komnnekc |
0,

0,

Uwtoxpom UunToxpom
B, Cy &,
Fe-5 Fe-Cu \
H,O
Komnneke Il Komnnexe 1V

Puc. §-31. O6pasoBanue cynepoxcuaa B LUND. «YTedkar anekTpoHos B UND MOXET NpoMcXoauTh Npit NEPEHOCE SNeKTPOHOB ©
yHacTheM koaH3uma Q. MNph BOCCTAHOBNEHWN YOUXHHOH NPEBPAILAETCA B aHWOH-PAAMKAN CEMWXWHOHA, 3TOT pagMkan HedepmeHTa-
TUBHG BIAUMORENCTEYST ¢ O, ¢ 06Pa30BaHMEM CYNePOKCUIHONG paaukana. Komnnexke I Ha pyucyHke He ykaaaH,
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BoabLiast yacTs akruBHbX GOPM KUCTopona oo-
pasyercs npH nepeHoce aekTpoHoB B LMD, mpexae
Bcero, mpu dynkumoHuposanun QH,-peruapore-
HA3ZHOIO KOMILIEKCA, D10 MPOUCXOINUT B Pe3yaRTATE
He(EPMEHTATUBHOIO TIEpeHOCa {(«YTEUKM») BREKT-
ponos ¢ QH, Ha Kucnopoa (puc. 6-31).

B ormivuue OT pacCMOTPEHHOTC MEXaHHW3Ma Ha
ITANE NEPSHOCA JNEKTPOHOE [IPH YHACTHH LMTOXPO-
MOKCHIA3bI {KOMTLIeKe V) «yTeuka» HNIEKTPOHOB HE
MPOUCXOAMT Bnarofapd Hamuauio B depMeHTe crne-
LMANTBHBIX AKTHBHBIX LEHTPOB, cogepxamux Fe n
Cu ¥ roccTanapanBatownx O, 6e3 ocBobOXICHNMA
TIPOMEXYTOYHBIX CBOBOIHBIX paTHKANOE.

B harouutupyoimmx Teiikontax (rpasynounn-
Tax, Makpodarax U 203uHOdUNAX) B TpoLecce

tharouMTo3a YCUAUBAIOTCH MNOMJOLEHME KHC-
Jopola M 06pa30BaHUE AKTHBHBIX PAJMKaNOB.
AKTHEBHBIE QOpMBI KUCIOpoaa obpa3yioTcd B pe-
ayneTaTe akTuBaunu NADPH-okcunaas, npe-
HMYIIECTBEHHO JOKAMW3OBAHHOM Ha HapyXHOI
CTOpPOHE I1a3MAaTHYecKol mMeMOpaHbl, UHMUHH-
PYA TAK HA3BIBACMBIH <«peCTMPATOPHBIA B3pbiB»
¢ 00pa3oBaHHEM aKTHBHEBIX (POpM KHCI0poad (CM.
pasgen 14).

3awmTa OpraHM3Ma OT TOKCHYECKOTO ASHCTBHSA
AKTMEBHBIX (OPM KHCA0POAa CBA3AHA C HANHIHEM
BO BCEX KJIETKAX BbICOKOCHCUHPHMUHBIX (epMeH-
TOB; CYMEPOKCHAIUCMYTA3b, KaTanasbl, [AYTaTHOH-
NEPOKCHAA3D, 4 TAKKE C JEACTBHEM aHTHOKCHIAH-
TOB (CM. pasuen 38).



pﬂgﬂ;ﬂ OBMEH

YINMeBOAOB

¥Yraepoabl BXOOST B COCTAR KKBBIX OPraHH3MOB U BMecTe ¢ Benka-
MW, JMMHAAMHA H HYKJIGHHOBBIMH KHCIOTAMU ONPEne/slior Cneuu-
(hbryHOCTE KX CTpoeHMA M (yHKuUKoHUpoBaHus. K yrimeeomgam oTHO-
CAT COSAMHCHMA, 0BAAJA0IEHE PA3ZHOOOPAZHEIMHK M 3a4aCTYIO CHIBHO
OTHYAIOIIUMHCH PYHKUHMAMH. YIJICBOIBI YHACTBYIOT BO MHOTHX ME-
TabONHUeCKUX Mpoleccax, HO MPEXIE BCErO OHM ABIAKTCA OCHOB-
HBIMH MOCTABHIMKAMHK 3Hepruv. Ha Rofio YrAeBOHOB MpUXOOUTCS
npHMepHO 75% Maccel NHULUIEBOTO CYTOYHOTO pauMoua U Bonee 50%
OT CYTOUYHOTO KONHYECTBA HeoOXoNMMBIX Kanopuil. OgHako Hempa-
BHJBHO CBOIMTH (YHKUWIO YIJIEBOAOB TOJIBKO K 3HEPrETHUYCCKOMY
06GECTICHEHUIO TPOLECCOB XU3HCACATENILHOCTU opranusma. Cnenyer
OTMETHTb W CTPYKTYPHYIO poab yrieBoAoB. Tak, B BHAE TIMKO3AMMK-
HOT/IMKAHOB YINIEBOALI BXOISAT B COCTAR MEXKIETOYHOINO MAaTPHKCA.
Boasiioe yucno Genkoe (hepMenThl, BEJKU-TPAHCTOPTEPL], OENKH-
pelenTopEl, TOPMOHBI) — TAWKOIIPOTEHHE, YIICBOJIHAK COCTABIAIO-
wAas KOTOPLIX TOBbLILAET WX creldueHocTh. Hanpumep, pasznnuwms
B CTPOEHHH OJMIOCAXAPUIAHBIX (PPArMEHTOB KJIETOUHON 000A04YKH
3PUTPOHHTOR OGECNMEUMBAIOT IPYNMOBYK NPHHALNEKHOCTE KPOBH.
M3 yresonoB B npoueccce MeTabomusMa obpasveTcs 00MbIoS YHCAC
OPraHHYMEeCKUX COCAWMHEHMH, KOTOPLIE CAYXKAT MCXOIHBIMH CcyOCcTpa-
TAMH 175 CHHTE33a JUNHIOB, AMHHOKHMCIOT, HYKISOTHUAOB. [Ipous-
BOMHBIC VIACBOAOB — [JOKYPOHMAB — VYACTBYIOT B AeTOKCHKAUMH
KCEHOOWOTHKOR M HHAKTWBALIMH BEILECTB DHAOTCHHOIO MPOHCXONIe-
HHs, YTAEBOLB! MOTYT ObIThb CHHTE3HPOBAHBI B OPraHN3IME € MCTIOND-
30BAHMEM APYCAX METAGONWTOBR: HEKOTODBIX AMHUHOKHCITOT, MIMUEPH-
Ha, MOJOYHON KHCAOTHI. YrNEBOAbL HEMB3S CYMTATh HE3dMEHHMbIMH
KOMMQHEHTAMU THILH. OAHAKO CMH UCKITIOUUTE YIJIEBOOBL U3 IHETHI,
TO CJHCICTBHEM MOMET OBITh THIOTIIMKEMHS, AT KOMITEHCALHKM KOTO-
poii 6yayT pacxoaoBaTeCs Genkd ¥ TMNUAR. TaKUM 0GpazoM, yrieBo-
Abi — 00s3aTebHEIE THMUIEBREIE KOMMNOHEHTH, TOTOMY UTO MOMM-
MO HX OCHOBHOH 3HEPreTHYeCKOH (DYHKUMM (KAETOYHBIE «APOBa»)
VIEBOALL YYACTBYKT BO MHOTHX METAGOJHUSCKHX KIETOUHBIX NpPO-
ueccax.



I. CTPOEHWE YINEBOAOB

TepMHH «yTNeBOAR)», NpemIoxeHHblid B XIX cTo-
neTHH, BbUT OCHOBAH HA MPEATIONMKEHHH, YTO BCE
YLIEBOABI COAEPXAT 2 KOMIOHEHTA — YIIEpOd W
BOAY, W MX 2MeMeHTapHbI COCTAB MOXHO BBIPAIUTL
obwei dopmynoit C (H,0) . XoTa n3 sroro npasu-
JId €CTh WCKTKOMEHHS W OHO HE abCOMIOTHO TOMHO,
TeM HE MEHEE ¥Ka3aHHOEe ONpEIe/IcHHE MO3BONSET
HaHOONEe NPOCTO XapaKTEPH30BaTh KI4ACC YINIEBOAOR
B uejom. K ToMy XKe noneimkd, npeanpuistas Ko-
MHUCCHEHR 110 XHMHYECKOH HOMEHKIATYPE, 3aMEHHTD
TEPMUH «YTICRONbI» HA «TTMIWARI> 1e vaanack. Ho-
Bl TEpMMH HE MOJYYMI LUMPOKOro TIPHU3HAHMAL.
TepMHUH «YTTIEBObI» YKOPEHHWICSH H ODLISPU3HAH,

YrieBonbpl MOXHO PasaejnTbh H4 3 OCHOBHBIE
IPYNMABI B 3aBUCHMOCTH OT KOMUYECTBA COCTAB/A-
OHIMX WX MOHOMEPOB, MOHOCAXapHMIBl, OMHIoca-
X4puabl U MOJMUCAXAPHILL,

A. MoHoCAXAPUIRL

Monocaxapunbl — NPOU3BOAHBIE MHOTQATOM-
HBIX CTTUPTOB, ¢OMepXauie KapObOHWIbHYIO [Py~
ny. B 3aBUCHMOCTY OT TTOIOXKEHHS B MOJIEKYIe Kap-
GOHMABHOH IPYNILI MOHOCAXAPHIBI MOAPA3ACAAIOT
HA ATbA03bI U KETO3BI.

Aba03bl coaepxar GPyHKUMOHANBHYIO aNbIeTHi-
Hyio rpyniny —HC=0, Torma kak KeTossl comepxar
KETOHHYIO rpynny >C=0. HaseaHue MOHOCAxXapHna
3aBMCUT OT UHMCNA COCTARNAIOILMX €TI0 YINIEPOAHBIX
ATOMOR, HATIPUMED ANLAOTPHO3ILI, KETOTPHO3b], AN1k-
JOIeKCO3bl, KETOIEKCO3bl U T.1I,

MoHocaxapyabl IO CTPOEHHIO MOXHO OTHECTH
K MPOCTbIM VIJIEBOAAM, TaK KaK OHH HE THAPOJIM3Y-
0TCA TIPH TIEPEBAPUBAHEN, B OTIMYHE OT CAOXHbIX,
KOTOpbI¢ MPH THAPOIM3E PacnaganTcs ¢ obpasosa-
HHMEM TIPOCTBLIX YIIeBOMOB. CTpOSHHE OCHOBHbLIX
npenctaBUHTeNell MoOHOCAXapuaooB NMOKa3aHo Ha
puc. 7-1.

B nuuie yenoseka ((PpyKTel, MEL, COKH) coaep-
KUTCH HEQOMBUIOS KONHYECTBO MOHOCAXapWUAOB, B
OCHOBHOM [KK032 M (hpyKTO34.

Faoxo3a ssisercs anbaorekcosoi. OHa moXer
CYLUECTBOBATL B JIMHCHHON W UMKIINMuecko#i ¢op-
max. luknuueckaa GopMa CTIOKO3BI, MPennouTH-
TeNbHAA B TEPMOJHHAMHYECKOM OTHONICHHU, 00yC-
JIOBAHBACT XMMHYECKHe CBOMCTRA [ToKo3bl. Kak u
BCE FEKCO3bI, INIIOKO03a UMeeT 4 ACHMMETPHYHBIX YT-
JIEPOAHBIX aToMa, OOVCIIOBAMBAIOWIMX HAJIMYHE CTe-
peousomMepos. BoiMoxHo obpazoBaHue 16 crepeo-
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H30MEPOB, HAMDOJIEE BAXHBIE U3 KOTOpBIX D- n L-
[A10K03a. 3TH THABI H30MEPOB 3EPKaNbHO OTOOpa-
XAKT ApyT apyra (puc. 7-2).

Pacnonoxenne H- v OH-rpynn OTHOCHTEALHO
[ATOTO VIACPOAHOTO dATOMA ONPEACASET NPHHALIEK-
HOCTh FAWOKO3b K - win L-pagy. B opranusme
MACKONHUTAKIUHMX MOHOCAXAPWIB HAXOUATCH B D-
KOH(PHI'YPALMH, TAK Kak K 3Toi (hopMe 1TIIOKO3bI
cneuupuUHb! hepMEHTEI, KATATHIHPYIOLLHE € npe-
ppauicHivsi. B pacTeope npH ofpazoBaHHMM LIMKIH-
yeckod (opMbl MOHOCaxapuaa obpa3yiotes elé 2
H3omepa {o- W P-u30omepot), HA3BIBAEMbIE aHOME-
pamu, 0003HAYAIOUIWE ONpenenéHHye KoHbopma-
unio H- u OH-rpynn otHocuTensHo C, (pue. 7-3).
¥ o-D-rmokosst OH-rpynna pacnonaraeTcst HHXe
[UIOCKOCTH KOJbld, a v B-D-1moko3sl, HaobopoT,
Htd IUTOCKEOCTBED KOMBLA.

DpykTo3a ARMASTCH KETOTEKCOION (KETOrpynna Ha-
XOOUTCSL Y BTOPOIO yraepoiHoro atomMa). Ppykrosa
TaK Xe, KAK U THIOKO034, CYLIECTBYET B LIMKAUYECKOM
dopme, obpaszya a- u f-avomepsl {puc, 7-4),

B. PEAKNMHM MOHOCAXAPRAOB

[MpyMCyTCTBME TMMAPOKCHIBHBIX, AIBISTHAHBIX W
KETOHHBIX TPYIN MTO3BOJSET MOHOCAXAPHAAM BCTY-
MATe B PEAKIIWM, XAPakTepHBIEC ANS CMTHPTOB, Afb-
AErManB HIM KETOHOB. BTH peakuuMH AOBONBHO
MHOrOMMCACHHBL. B gannom pasaene OyayT olmca-
HbI AMILL HEKOTOPbIE U3 HUX, MPHUYEM B OCHOBHOM
WUMEIOUIHE HaHOOblliee OUOMOTHYECKOE 3HAYCHHE.

B oToM pasziene OCHOBHEIE peakllM¥ MOHOCA-
XAPWIOB PACCMOTPEHBl HA npuMepe D-Taoko3b
{pHc. 7-5), XOTsl HANO UMETbH B BH/Y, UTO B MeTa-
GONM3ME YIIICBOOOB TIPUHHUMAIOT yUacTHe H Ipy-
rie MOHOCAXAPWAb], 4 TAKXE WX NPON3BOAHLIE.

MyTtaporauusi, MIn AHOMEPU3AUMA — B3aUMO-
NPERPALICHHE AHOMEDHBIX (POpM MOHOCAXapUIOB.
c- U f-thopMel aHOMEPOB HAXOAATCH B DACTBOPE B
COCTOSIHUM paBHOBecHA. TIpH NOCTHXSHHUM 3TOrQ
PABHOBECHST MPOUCXOINT MYTAPOTALMA — pPa3Mbl-
KaHHe M 3aMBIKAHHE TIMPAHOBOTO KOJMblla M, CO-
OTBETCTBEHHO, W3MEHeHWe pacrnoaoxedHus H- u
OH-rpynn npd NEpECM YIAEPCAE MOHOCAXapMaa.

Obpaszosanme HKOIMRos. [ MUKO3MAHAS CBA3D HME-
eT BLKHOE BHOMOrMYCSCKOE 3HAYCHME, ROTOMY 4TO
HMEHHO € [OMOKILI) 3TOH CBA3H OCYILECTRIAETCS
KOBaJEHTHOE CBA3bIBAHME MOHOCAXapWIoB B COCTA-
Be OJTMIO- M Noaucaxapunes. Tlpu obpazoBaHUK MIH-
KO3MIHOM cBA3H aHoMepHas OH-rpynna oanoro
MOHocaxapuaa ezauMonekcreyer ¢ OH-rpynmnoit apy-
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Puc. 7-2. D- n L-H30MEPK rMIOKOAkL.

H OH H OH
a-D-Iniokoaa g-B-Mniokoza
Puc. 7-3. a- 1 ~aHoMeps! D-raioKosakl.
HOCGHz 1CH20H

OH H -~
o-D-®pykToaa B-D-®pykTa3a

Puc, 7-4. o= w1 ~aHomepn D-hpyKTO3DI.
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FniokypoHoean I'niokoHoBARA
KMcnoTa KMCTOTa Copburon
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HO ! HO
H H H OH
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mioko3o- D-®pykTo3a a-D-MaHHosa c-MeTunrniokoann
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Pue. 7-5. Peaktin MOHOCAXapHaoBs.

TOTO MOHOCAXapUIa MM cnupra. T1py aToM mpoMc-
XOJAT OTUISILHEHHE MOJEKYAbLL BOAL M 00pazopaHue
O-muKoanaHoit ¢Baad. Bee AUHEHHBIC ONHroMepnl
(XpoMe THCAXAPUIOB) WK MOAMMEPBI COOEPXAT MO-
HOMEPHBIE€ OCTaTKH, YYacTBVIOUIHWE R oOpa3oBaHMM
JBYX IIMKO3WAHBIX CBSI3eH, KpoMe KOHLIEBEIX OCTaT-
KOB, 00pasyiliMX TOILKO OOHY [TTHKO3HIHYIO CBA3D.
HekoTtopble TIHKOIMIHBIE OCTATKH MOTYT 00pa3oBhi-
BATb TPU TMIMKO3MAKBIE CBA3M, YTO XaPAKTEPHO Al
PA3BETBAEHHBIX OIKIO- H MoaucaxapuaoB. Oauro- v
MOIHCAXAPUILI MOTYT HMETh KOHLICBOH OCTATOK MO-
HOcaxapuaa co crofoaHoi aHoMepHoit OH-rpynmoi,
HE MCMOAB3OBAHHOU MpU 06pa30BaHHUH TIHKO3M/-
HOH CBs13W. B 2ToM chydae TipH pasMBIKAHWM LKA
BO3MOKHO 0ODA30BaHHE CBOOOMHON KApOOHWIBHOH

rpyanel, cnoco0HON okucisTees. Takue onuro- u
mTomHcaxapiasl o01agaloT BOCCTAHABMMBAIOIMMHI
CBOIICTBAMM M TO3TOMY HA3BIBAKOTCH BOCCTAHARIH-
BAIOLIMMHM, WIH PEIyHUHPYIOWMMUE (puc. 7-6).
AnomepHaa OH-rpynmna moHocaxapuja MOXeT
B3anMoneicTBOBaTE ¢ NH,-rpynnoi#t apyrux coeu-
HeHHWH, YTO NPUBOANT K QOpa3zoBaHHKy N-IIHKO-
3HAHOM cesi3n, [lomoOHAA CBA3L NIPUCYTCTBYET B
HYKJICOTHIAX M MIUKONpoTerHax {puc. 7-7).
DrepHpHKANHA. DTO peaklMsa obpa3oBaHMs
a¢dupHO# cBa3H Mmexay OH-rpynmaMHM MoHoOca-
XApHOOB M PAIAMYHBIMH KMCIOTaMM. B meTabo-
JAU3IME YIJIEBOLOB RAKHYIO PONb HUrparoT docdoa-
tupsr — 3hupn MOHOCaxaprooB H hochopHoi
KHUCHOTE, B meTtabolH3Me rOKO3bl ocoboe Mec-
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Puc. 7-6. Crpoexne nonucaxapmupa. A. O6Gpaaoeanne o-1.4- W o-1,6-rMkcanpHex ceAseld. B. CTposHuWe nuHeliHore nonvcaxapuaa:
1 — «-1,4-rMMKO3MAHBLIE CBASA MEXY MCHOMEPaMH; 2 — HEBOCCTAHABNMBANWMKA KOHeL (HEBOIMOXHC abpasosaHne cBoboaHoN kap-
GOHWUNEHON TPYNNGI Y AaHOMEPHOTD yrnepopa); 3 — BOCCTAHABNWMBAIOWMH KCHEL (BOBMOXHG PAaaMeIKaHWe LMKkna ¢ ofpasosaHnem cBo-
GOOHOW KapOOHWNBHOW TPYINLI ¥ AHOMEPHOO ymeponal.

OH
Q o — MonunenTnaHan
+ I Lens
OH (i'I —CH.

NH;
Monocaxapug AcH

H;O

0
H
H 9
N—C-CH, -5 4
o

N-rnukoangHas
CBA3L

OH
OH + HO-CH;

Maonocaxapun Cep
H20Q

O H
O—CH— O 2

O-rnMukoanaHan CEA3b

Pue. 7-7. OBpazosanme O- U N-rMUMKOINAHLIX CBA3EH B MMKONPaTenHax. 1 — N-rnvukosvoHan censt Mexdy aMWDHOW rpynnoit acnapa-
rHa v OH-rpynnoid moHocaxapvaa; 2 — O-mukoavpHan censs mexay OH-rpynnoil cepura v OH-rpynnoi moHocaxapuaa.
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TO 3aHMMAeT NI0K030-6-dochar. ObGpazosauue
[1K0K030-6-hocdaTa nponcxonT B xone ATd-3a-
BHCUMOU peakury np¥ y9acTHH (epMEHTOB, OT-
HOCAILMXCA K Tpynne xuHal. AT B gaHNoi pe-
AKLHY RBICTYNALCT KaK IOHOP ocGaTHOA IpyIIbl.
@ochordupbl MOHOCAXaPUIOR MOTYT 0OPA30BLI-
BaThca u Ge3 wcnmosnb3oranma AT®. Hanpumep,
rmoKo3o- L-gocdar obpasyeTes B3 CIMKOreHa rnpu
yvdactun H,PQ,. Dusnonornyeckoe 3HaveHue Goc-
(ho3(HUPOB MOHOCAXaPHUAOE 3AKTHMAETCH B TOM,
TO OHH NpPEaCTaBASOT CODOA MeTabOIHNYECKH AK-
THBIIbiE CTPYKTYPbL. Peakiiusa ¢ocopUiMpeBaHus
MOHOCAXapUAoB BaXHa Aaa meTabonuima elé M
MOTOMY, YTO KJIETOMHas mMeMbpaHa Ma1o MPOHH-
1agMa JUIS 3TUX COEIMHEHMIt, T.e. K1eTka ylep-
AMBAET MOHOCAXapHAbl 01arcaapa TOMY, YTO OHHU
HaxoaATcs B ocopuarpoalion gopme.

Oxacaedde W pocceraHosnenme. [1pH oxucaeHnu
KOHLEBbIX Tpynn rmokosdsl -CHO u -CH,OH 06-
pasyloTea 3 pasnMiHBIX MPOU3BOAHBIX. [IpH OKMC-
AeHuu rpyrinsl ~-CHO obpasyercs TTIOKOHORAS KHUC-
JoTa. Ecin oKMCNeHHK MOIBEpracTcs KOHLUEBRAst
rpvrina -CH,OH, obpasyetcs T10KypoHOBAsA KHC-
NOTA. A ey OKUCISIOTCA 008 KOHLEBbIE 1PYTITbL,
TO 06pasyercst caxapHas KMc/10Ta, cofepXaliast 2
KapOOKCHIbHEBIE TPYTINbI, BocCTaHOoBNEHHWE nepro-
IO Yriepoaa NpHEOAMT K O0PA30ORAHMIO CAXapOCIUp-
Ta — copburoia.

B. OnmHrocaxarnisl

Onurocaxapudbl CoOMepxaT HeCKoAbKo (0T ABYX 10
AeCATH) OCTATKOB MOHOCANAPHAOR, COEAMHEHHBIX
FHKC3UAHOM cBi3pl0. Jncaxapuiel — Hanbodee pac-
NMPOCTPAHEHHBIE OJWMTOMEPHbLIE YLISBOOBI, BCTPEHA-
KMeca B ceobonHoi GopMe, T.€. HE CBA3AHNIOH C
APYTUMMK coetnHeHsiMU, Tlo xuvuueckoi npupone
AHCAXapyabl MPEACTABNAKT cO00H MIMKO3MIBL, KO-
TOpbIE COASPKAT 2 MOHOCAXAPUIA, COCAMHEHHbBIE
MIMKO3WIHOH CBA3LIO B (- WIM B-KOH(MUFYpaUUH.
B muule copepxkarca B OCHOBHOM TakWE AHCAXapH-
Abl, KAK Caxapo3a, JJaKTo3a M Manktosa (puc. 7-8).

Caxaposa — mHcaxapii, COCTOSILMIA W3 o- D-rmo-
K03bl M [-D-dpyKTo3bl, cOeTUHEHHBIX o,B-1,2-rm1-
KO3MAHOM cBHiblo. B caxapose obe aHOoMeplibie
OH-rpynmbl OCTATKOB [IOKO3bI M GPYKTO3bL y4a-
CTBYIOT B 0DPa3’0BaHUM [IUKO3MAHON cBasu. (lie-
HOBATEABHO, CAXAPO3a HE OTHOCHTCH K BOCCTAHAR-
JAMBAIOUIMM caxapaM. Caxaposa — pacTBOPUMBbIIH
AWCAXAPHA €O CNankum BkycoMm. MIcTOuHMKOM caxa-
PO3b1 CNYXAT pacTeHWH, ocoDeHHO caxapHan CBEKIA,

caxapHblif TpOCTHUK. [locneanee oObACHSET BO3HUK-
HOBEHHE TPHBHAIBHOIO HA3BAHUS CAXAPO3bl — «TPO-
CTHUKOBEIA caxap».

JIaKT03a — MOJIOYHBII caxap; BaxHeHINWIA au-
CAXAPUI MOJOKA MIlEKOMHTAKILKX. B KOpOBBEM MO-
MOKE COOEPXKHTCH A0 5% NAKTO3bl, B KEHCKOM MO-
Joke — 10 8%. B makroze aHomepaas OH-rpynita
MEPBAIQ YrAepOaHOTO aToMa ocTaTka D-ranakrosel
CBA3dHA [-TIMKO3HIHOH CBM3bIO ¢ YETBEPTHIM Y-
NEpPONHBIM artomMom D-rioko3sl (B-1,4-cssi3n). o-
CKO/IbKY aHOMEPHLIN aToM YIJepoaa OCTATKA LlH-
KO3bl HE Y4acTBYET B 0DPA30BAHMH TIIMKO3MAHOH
CBSAI3M, CNENCBATEILIO, JIAKTO3A OTHOCHTCA K BOC-
CTAHABAHBAIOUINM caxapam.

MansTe3a OCTYNAET C NPOAYKTAMM, COOEPKa-
WHMH YACTUYHO THAPOIM3OBAHHKA KPAXMAI, Hd-
npuMep, conon, nuso. MaieTo3a Takeke obpasyer-
¢S MPH PACIHENASHHH KPaxMana B KHIEYHWKE,
ManbTo3a COCTOHT M3 ABYX OCTATKOB D-rmoKO3bI,
COCIHHEHHBIX ¢-1,4-TAMKO3UAHOH CRA3LIO,

HzomaneTo3a — npOMEXYTOUNBIA TIPOAYKT, 00-
pa3vIoWMICA MpHM paclIenJeHHW Kpaxvana B KH-
ey HUKE. COCTOMT M3 ABYX OCTATKOB D-riioko3bl,
HO COeIMHEHBI 3TH MOHOCaxapuibl o-1,6-TAHKO-
3MUHOM CBA3BIO.

I'. TTonncaxaPHABE

CTpyKTYpHbie pasIHUMA MEXIy ToHcaxapuaa-
MU OPERENAIOTCH:

s CTPOEHUEM MOHOCAXAPUIOB, COCTABIAILIMX

uelib;

¢ THOOM LJIMKO3WAHBIX CBA3EIA, COSAMHSIONIMX

MOHOMEPBl B LEMH;
» [IOCAENOBATCNBHOCTBE) OCTATKOB MOHOCAXAPH-
OB B LEMNH,

B 3aBUCHMOCTH OT CTPOSHHMA OCTaTKOB MOHOCA-
X4apHUIOB NOJHUCAXapHAbL MOKHO Pa3NeMTh 1A ro-
MONOANCAXAPUABL {BCE MOHOMEDBI HISHTHYHBI) H
reTeponoancaxapuabl {(MoHoMepbl pasavuHbl). O6a
THIA MOJMCAXApHUI0E MOIYT HMeTh Kak JHHeRHOe
pPacTioNoXKEHHE MOHOMEPOB, TAK M PA3BETBNEHHOE,

B 3aBHCUMOCTH OT BMTOINAEMBIX UMM (YHK-
UM noancaxapuibl MOXHO pasieidTh Ha 3 oc-
1IOBHBIE [PYIIIIbL:

* PE3ePRHbIE MOJUCAXAPHIbLI, BBITIONHAOIIUE

JHEpreTHIeckylo GYHKLUMIO. DTH NoJMcaxapd-
OBl CAYXKAT UCTOYHHMKOM TJTHOKO3BI, MCMOb3Ye-
MBIM OPraHHW3MOM [0 Mepe HeOBX0AMMOCTH.
Pezepsiias GyHKLUMA 3THX YLIEBOIOB obecne-
YUBACTCS WX NDOAUMEPHOI npupoaoit. TMosMca-
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Puc. 7-8. Oucaxapupbl NALIA.

XapHIbl MEHEE PACTBOPHMBI, Y4&M MOHOCAXA-
pUIbI, ClieoBaTeAbHO OHW HE BAMSAIOT HAa OC-
MOTHYECKOES JABICHHE U MOFTOMY MOCYT HaKan-
JUBATRCSL B KNETKS, HANPHUMEP, KpaxmMan — B
KJAETKAX PACTeHWH, TIMKOTEH — B KJIETKax XKH-
BOTHBIX,

CTPYKTYPHBIE MOJMCaxapuabl, ofecredyuparo-
IIHE KNETKAM M OpraHamM MeXaHHYECKYIo npoy-
HOCTh (CM. pazden 13);

NONUCAXapPUALI, BXOASMINE B COCTAB MEX-
KJIETOYHOI'O MATPHKCA, NIPMHHUMAKT Y4acTtHe
B o0pazoBativiKk TKaHel, a takXe B npoaunde-
paunu W auddepeHurpoBke knetok. [lonu-
caxapuiabl MEXKJISTOUMHOTD MaTpHKCAa BOAO-
PacTBOPHMBL U CHJIBHO THAPATHPOBAaHBI {CM.
pazaen 13).

B nMiie yenoBeka B OCHOBHOM COASPXKATCH [10-
JIUCAXapUABl DACTUTEILHOTO MNPOHACXOXKICHHS —
KpaxMan, Uelnono3a, B MeHblleM KoJIW4ecTse [10-
CTyTIAeT MOAHCAXAPHA XMWBOTHBIX — TNHKOTEH.

Kpaxman — HauGonee BaXHBIA YIASBOIHLIN
KOMMOOHEHT MHIUEBOTO PALLMOHA. JTO pPe3ePBHBIN
MoJucaxapua pacTeHWi, cofepXKalllMica B HaH-
DoJbileM KonMuuecTBe (10 43% OT MAccHl Cyxoro
BEILECTBA} B 3€pHAX 31aKOB (MINeHHLA, KYKYPY3a,
PHC M ap.), & TAKKe JIYKOBMLIAX, CTeOnax u kiyd-
HSIX pacTeHumit (B Kaprodene NMpumepHo H5%).
KpaxMan — pa3BeTBAEHHBIH NOIUcaxapui, cocTo-
ALIMEA M3 OCTATKOB TTIOKO3bI {rOMOTAHKaH). OH Ha-
XOOMTCH B KITETKAX PACTEHUH B BUAE rpaHy.l, TIpaK-
THYECKH HEPACTBOPHM B BOIE,

Kpaxman cOCTOUT W3 aMMITO3bEl U aMWIONEKTUHA
(puc. 7-9). AMHNO3a — HEPAIBETBAEHHHIH fOMU-
caxapui, srmodaoluii 200—300 octaTKOB TOKO-
3bl, CBSI3AHHBIX o-|,4-rmuKosuaHoi cessbio. bna-
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rogaps ¢-KOHGHIYPALIMK FOKO3HOTO OCTaTKa, no-
JIHCAXAPUAHAA Lefbk UMeeT KOHPOpMaUHio crupa-
v, CHHsst OKpacka npy A0GaBIeHMM itoaa X pa-
CTBOPY Kpaxmana ODYCMOBNEHA HATHUHEM TaKOH
cnMpany. AMHIONEKTHH MMEET Pa3BeTBAEHHYIO
CTPYKTYpY. B MecTax BeTBIEHMS OCTATKH [IOKO3b
COSAMHEHDE 0t~ 1 6-TMUKO3UNAHBIMM CBH3AMN. JInHeR-
Hble Y4aCTKH COgepXar ripumepro 20—25 octaTkos
IoKo3bL, TIpn aToM (GOPMUDYETCH ApPEeBOBUIHAN
CTPYKTYPA, B KOTOPOWH HMEETCA JIMILIE O1Ha aHOMep-
Hasi OH-rpynna. Kpaxman — BBICOKOMOJIEKY-
JAPHOE COEAMHEHME, BKIIOUAIOHIEE COTHH ThHICSM
OCTATKOB TMIOKO3bl. Er0 MOISKYAspHas Macca co-
cTagisler nopsaka 1F—10% 1.

Ilemmonosa (k/ieTYATKA) — OCHOBHOMN CTPYKTYP-
HBIH Monucaxapui pacTeHuit. 310 camoe pacmpoc-
TpaHEHHOE OpPraHHYECKOE COeNMHEeHMe Ha 3emile.
Hoas uennonoss B KISTOYHbIX CTEHKAX PACTEHHIH
coctasnser 40—30%. lewnwonosa WMEET MONeKy-
JpHyKe Maccy mnopsiaka 10° JI, gamHa Mofekybl
MOXKET NOXOIMTL A0 6—8 MKM.

Hemwtonoza — AHHEMHBIH NoaWcaxapun roMor-
JIMKAH, MOCTPOSHHbIA M3 OCTATKOB [TOKO3bL, COSAM-
HEHHbIX MEXTY coboi [B-1,4-TAMKO3MIHBIMH CBI3-
MU, [THILEBAPUTEALHASL CUCTEMA YEMOBEKA HE UMEET
(pepMEHTOB, MTMAPOIMIYVIOILMX B-CBA2M B MoAWCAxa-
punax. TTosToMy LIELION03A — HEHCMOAb3YEMDBII
YINeBoa, HO 3TOT MUIIEBOH KOMIMOHEHT He0oOXOIHM
il HOPMAABHOTO fIpOTEKAHUS MepeBapuBatms.

I'imkoreH — nonwMcaxapmi XHMBOTHBIX W 4eq0-
peka. Tak Xe, KaK Kpaxmal B pacTeHWsX, TIIMKO-
réH B KIETKAX XUBOTHBIX BBEIMOAHSET PE3epBHYIO
(pYHKLHIO, HO, TAK KAK B MULIE CONSPKUTCS JIHIUD
HEBOABLIOE KOTMYECTBO TNHKOreHa, OH HE MMEET
[IHIIEBOTO 3HAYEHHA.



1. AMunoaza 20%

Puc. 7-9. CtpoeHue Kpaxmana.

I'ukoireH npeactapisier coboil CTPYKTYPHLIMA
aHAI0I KpaxMmdia, HO HMEET Gom}mylo CTETEHb
BETBJICHMS, NPUMEPHO Ha xaxaele 10 ocTaTkor
TAIKO3El TMPHUXOJIUTCA OAHA C(—l,f)—FJ’IHKOZ}HHHaH
CBHA3b.

Il. NEPEBAPUBAHUE
YIMEBOAOB

SNHTEIHANBHBIE KJNETKH KHILIETHHKA CrOCOOHBI
BCACKIBATH TOABKO MOHOCaxapuabl. Ilostomy mpo-
LUECC MEPERAPMBAHMA 3AKITKMASTCA B (DepMeHTa-
THBHOM THAPOJKM3E MTHKO3UAHBLIX CBA3EH B yrie-
BOJAX, UMEKWUX OAUID- WIKM NOJMcaxapuiHoe
cTtpoeHue (puc. 7-10).

OH H
O

Fnkoannaasl

<:C>-' H 0
OH HO

PHE. 7-10. THAPONKS TAWKOIUAHON CBASH.

G
H2O

2. Amunoneiony 80%

BoccTaHasnusaoLgi
XOHEL

A. TIEPEBAPMBAHUE YIJIEBOIOB B POTOBOII
NOJ0CTU

B poToBO# NOAGCTH NMMLUA U3MENBHACTCA TPH Tie-
peXEBBIBAHMH, CMAYMBAACH NPU DTOM CNKOHOIA.
CnioHa Ha 99% cOCTOMT W3 BOABI M O0LINHO MUMeeT
pH 6,8, B ¢chioHe NPUCYTCTBYET FHAPOIMTHYECKHI
¢repMeHT r-aMuiaza (¢-1,4-raMko3naasa), pacilen-
JAKUIAA B KpaxMane o-1.4-rHKO3uIHbIE CBA3H.
B poTOBOI 110M0CTH HE MOXET HPOHCXOAHMTh TQJI-
HOE paclUEILIeHNE KpaxMand, Tak Kak aeiicTere dep-
MEHTA Ha Kpaxmas KpaTkospemeHHo, Kpoume Toro,
AMMWNIA3A CAOHbI HE pacllenageT ¢-|,6-rmuko3u-
HbI€ CBA3M (CBSIZM B MECTAX PA3BETRIACHHM), NOTO-
MY KPaxmMan NepPeBapUBACTCSH JULLUB YACTUIHO ¢ 00-
PA30BAHMEM KDYIHBIX (DPArMEHTOB — JIEKCTPHUHOB
WU HeQONBLIOTO KONHMYECTBA MaNkTO3bl. ClenyeT OT-
METUTh, YTO AMIIA34 CIFOHBI He FHIPOIM3YET INU-
KO3HAHbIE CBA3M B IHCAXADHOAX,

JeiicTBMe aMUIa3bl CAIOHBL MPeKpPaluaeTcs B
Pe3Ko KUCIOR cpene coaepxkumoero xeayinka (pH
1,5—2.,5). OnHako BHYTPU THILSBOTO KOMKA daK-
TUBHOCTbE aMWJIA3b MOXET HEeKOTOpPOE BpeMs
COXpaHAThCH, noka pH He UIMEHMTCH B KMCvIO
cTopoHy. ZKenyaouHbli COK He cogepXnT hepMeH-
TOR, PaCLICIUIAICIUMX YIAeBoIbl. B XenynouHom
COIEPHUMOM BO3MOXKEH JIMLIL HE3HAUMTENbH bIE
KHMCJIOTHRIA THAPCGAW3 INTUKO3IMIHLIX CBA3CH.

b. IIEPEBAPHBAHHUE YTJEBOIOB
B KMILIEYHUKE

[locneaviollive 3Tafibl MEPEBAPMBAHUS HEPACILIEN -
JIBHHOTO WAK YaCTHUHO PACLUENNIEHHOTO KpaxMana, a
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TAKKE APYTHX YTINCBOOOB MHLIEHW TMPONCXOIWT B TOH-
KOM KHILIEMHWKE B PA3HBIX €ro OTASNAxX 1o ICHCTEA-
CM THAPOJIHTHUYECKHX d)epmemon — FMHAKO3HIA3.

ITankpeaTnueckas o-amuiasa

B apenamarinepctHoi kunike pH cpeabl Kkeny-
AOUHOTO COMEPXKHUMOIO HEHTPAIM3YETCA, TAK KaK
CCKPLT NOKENYAOUHOR xenesnl umeet pH 7,5—8.0
n comepkuT OGukapbonare (HCO,7). C cekpetom
MACAXKCAYIOUHOH KeNe3bl B KMIIEUHHUK [OCTYAET
NaHKPeATHIECKAd (-aMUNA3d. 10T QepMeHT rua-
POMHIYCT -1 4-TNUKO3MIHBIC CRSI3M B KPAXMAIE W
JIEKCTPUHAX.

[TpoaykTel MepeBapUBaAHHS KpaxMasla Ha 3TOM
Irale -~ OACaXapui ManbTo3a, colepxallast 2 oc-
TaTKa [7KOKO3bI, CBA3aHHLIC o- | 4-ceasby. M3 Tex
OCTATKOB IMIOKO3BI, KOTOPbLIC B MONSKYIIE KPaXMana
HAXOIATCH B MCCTAX Pa3BCTBICHHSL M COEIMHEHEI
o-1,6-rHKO3MAN0N CBA3bI0, 00pa3yeTces aucaxapma
n3omansTo3a. KpoMe Toro, odpasyloTed anurocaxa-
pHIBl, coacpxauine 3—8& OCTATKOB TIHIKO3bI, CBSI-
3aHHBIE O-1,4- 1 o-1,6-ceazavu (puc. 7-11).

-AMMIIA3A TIOLKETYA0YEION JKEIe3bl, TaK Xe, Kak
O-AMMNA3a CNHOHBI, AeHCTBYET KaK 3HIOTJIMKO3WAA-
3a. TlankpeaTuyeckasl o-aMMIA3a HE pACUIEnsAeT
- 1,6-[NUKO3UIHBIE CBSI3H B Kpaxmale. 7oT dep-
MEHT TaKXC He rMIpoausyeT B-1.4-raukoszpaHbie
CBSI3H, KOTOPBIMH COEIMNENBl OCTAaTKH [IKKO3bl B
Mosiekyae Henmioiodsl. Lenmonosa, TakuM obpasoM,
HPOXOIMT YEPE3 KMUISYHHK 1EM3MEHEHHON. TeM He
MeHeg HenepeBapeHHAA LUJITKOA03A BLITTOTHAET BaX-
HYK) (OYHKIMIO OALI1aCTHONO BENNECTRA, TIpHAABast
NULLE JONOTHUTENBHBIH ODBEM M 110IOXKMTENBIO
BAMAS HA npollece NeperapusaHusa. Kpose Toro, B
TOICTOM KHINEYHHUKE ITENHOMO3A MOKET MOABEPIATbCH
ACHCTBHK) DaKIepHANbHbIX (JCPMEHTOR M YACTHUHO
PECLLEILIATLCA ¢ 00Pa3oBalMEM CNWPTOB, OPraHH-
ueckux Kuenot u CO,. Ipoaykrsr GakrepuaibHOTO
PACILETIIEHNS LUSUTIONO3bl BUKHBl KIK CTHMYJTHTO-
Pbi MEPUCTANBTUKA KHIBEUHHKA.

Mas1eTo3a, H3OMANBLTO3a M TPHO30CAXapPHAL], 00-
PA3YIHIMECH B BEPXHUX OTASMAX KHIMICYHHMKA H3
Kpaxmana, — NpoMeKYTOUHbIE TIPOAVKThL. [alb-
HEHLLICC WX MEPeBAPUBAHHE MPOMCXOAMT MoA JAei-
CTBHMEM CIEM(pUUECKUX (PEPMEHTOR B TOHKOM KH-
UieuyHuke. Jducaxapuanl NHELH caxapo3a v JlakTesa
TAKKE IMAPONH3YIOTCA CIeiHMPHISCKHMY Mcaxa-
PUAA3aMH B TOIIKOM KHINEYHHKE. _

OcoBeHHOCTL NepeBaprBaHHs YIIEROJI0B B TOH-
KOM KHILEYHMKE 3aKTHYaeTCs B TOM, YTO aKTHB-
HOCTL CHEL[PI('])H‘IGCKHX OAHUTO- W JHUCAXAPUAAS B
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MpOCcBeTe KHILUCYHUKa HU3Kasd. Ho depmenThl ak-
TUBIIC ASHCTBYIOT HA NOBEPXNHOCTH INUTENHATb-
HBIX KJIETOK KMLIEYHHKA.

TOHKHI KMWEYHHK U3NYTPH MMEET (hOpMY Nanb-
UCOOpa3HbIX BIPOCTOB — BOPCHHOK, HOKPLITHIX
HIHTEMHUVIBHBIMH KJIETKAMHA, 3I'IMT6J'| HATbHBIE KITIET-
KH, B CBOK) QUEPENb, NOKPbITE MUKPOBOPCHHKAMH,
ODPAlIEHHLIMH B NPOCBET KUIITEYHUKA. STH KieT-
KH BMECTE ¢ BOPCHHKAMM OOPA3YIOT IETOUHYIO Ka-
EMKY, 0naronaps KoTopoi YRETHUMRAETCA TIOREPX-
HOCTb KOHTAKTA THAPOJIMTHUYECKMX (PEPMEHTOB U UX
cyOCTPaTOB B COOCPKMMOM KullcuHHKa. Ha | mm?
MOBEPXHOCTH TOHKOW KUILKHM Y YCNOBCKA NPMXO-
autes 80— 140 MIH BOPCHHOK.

MepMEHTbl, PACILESIONIWE TIMKO3HAHBIC CBSi-
3K B JMcaxapunax (IMcaxapuaassl), odpazvior dep-
MEHTATHBRHBIE KOMILICKCDI, JOKAIW30BAHHbBIE HA
HAPYXHOR NORBEPXHOCTH LMTOTL1a3MATHYECKON MCM-
OPAHBI SHTEPOLIMTOB.

Caxapaau-uaoma.rmaauuﬁ KOMILIEKL

ITOT PePMEHTATHBHbLIH KOMITEKC COCTOMT M3
JBYX NONWUMCOTHUHBIX UENCH U MMCCT JAOMEHHOS
cTpoeHue. Caxapas’o-M3oMalibTa3HLIH KOMIINEKE
NMPUKPEMIASTCH K MEMOPAHE MHUKPOBOPCHMHOK KM-
HISYHHUKA C ILOMOLLBE TUAPOhODHOIO (TpaHeMeEMB-
PAHHOrO) AOMeHa, 00Pa3oBaHHOTO N-KOHLCBOH
YACTLIO NoAMIenTHaa. KaTAnMTHYCCKHI LIEHTP Bbi-
CTYTIAET B 1TPOCKET KulueyHuka (puc. 7-12). Ceu3pb
3TOTO MULIEBAPUTCNEHOrO (hepMenTa ¢ MemOpaHoi
crnocobeTByeT 3¢PEKTHRHOMY MOMOLICHMIO Opo-
OYKTOB THAPOIU3A KIETKOMN.

Caxapaszo-H30MANLTAZHBIA KOMTIIEKC THADOIHIY-
€T Caxapo3y W M30ManvTo3y, pacwernsist a-1,2- 1
o~ [,6-1MKo3MaHbIC cRA3H. Kpome Toro, oba dep-
MEHTHBIX JOMEHA MMCIOT MATBTA3HYH U MATBTOTPH-
A3HYK) AKTHBHOCTH, FROPOIM3YS ¢~ | 4-TNUKO3MAHBIE
CBA3K B MALTO3C U MANBTOTPHO3C (TpHCaxapu, ob-
PAsVIIIMIACA 13 Kpaxmaia). Ha aone caxapaso-w3o-
MAIbLTa3HOre Komiuickea npuxoamntea 80% oT meeit
MANETA3HON AKTMRHOCTH KHIMEYHKWKA. HO NECMOTPA
HA OPUCYIUYID CMY BbICOKYH MANBTA3HYH} aKTHB-
HOCTb, 3TOT (DEPMCHTATUBHBIA KOMILIEKC HA3ZBAN B
COOTBETCTBHM € OCHOBHOM CcreLM(PUUHOCTRIO. K TOMY
e caxapazHas cvOBSIMHUIIA — eAMHCTBCHHBIN (ep-
MEHT B KMILEUHWKE, THAPOAU3VIOWHUE caxaposy. Mao-
MA/IbTA3HA cyOhe IMHMUA ¢ DOIBLIEH CKOPOCTBIO THA-
POTU3YET TIMKOIWIHBIE CBA3H B M30MANLTO3E, YeM B
MANbTO3e M MansTOTPUO3E (puc. 7-13, 7-14).

B Towel KMIIKE COULPKAHME CaXapaszo-H30MANb-
TAR3HOre PEPMCHTATHBHOIO KOMITIEKCA AOCTATOY-



HQ BBICOK(E, HO QHO CHIXAcTCid B NPOKCHMATb-
HOM W AUCTAILHOR 4acTAX KHMILEYHMKA.

I THKOAMIIA3HBIE KOMILIEKC

DTOT CPMEHTATHBHBIN KOMILIEKC KATafiuzupy-
€T THAPOANS o-1,4-CBA3KH Mexay IIIOKO3HBIMH 0¢-
TATKAMH B QJIMTOCAXAPHUAAX, ﬂEﬁCTB}'H C BOCCTAHAB-

JMBaoWero Kodua. Mo MexaHusmy AeHCTBUS 3TOT

Kpaxman

Puc. 7-11. Fupponna kpaxmana naHkpeaTH4Yeckod D-amunason.

¢

1l

= %
Legn L gL

a-aMunasa
——  ———
Onurocaxapuael

(pepMEHT OTHOCHAT K 2K30TIHKOo3HIazaM. Komrinexc
pacUIEIseT Takke CBS3H B MaNbTO3C, JIEHCTBYSA Kak
ManbTa3d. B IMKOaMHUNA3HBIA KOMILIEKC BXOIAT IR
pa3Hble KaTATUTHYCCKUE CYOBETMHHIILI, HMEIOWHE
HeDoMblIKe pa3IHyUsa B CyOCTpaTHOH crhierMgmy-
HOCTH. [THKOAMMIa3HAs AKTHBHOCTLH KOMIIEKCA
HAMBONbIAY B HWKHHUX OTHENAX TOHKOIO KHuIeY-

HHKE.
C}%

oo ManbeToaa

COC0 O00CCOD
[0 o R & &)

a1 4) ceaam

ManeToTpHosa

Onurocaxapuabl

a{1—+ 6) cenab

% MWaomanbTosa

=z

Puc. 7-12, Caxapa3o-n3omanbTa3Hbli Kommnekc. 1 — caxapasa; 2 — n3oManbTasa; 3 — cBAILIBAWWA OOMEH, 4 — TpaHCMeM6-

paHHbIA AOMEH; § — UMTONNA3MATAYECKANR AOMEH.
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4-CBﬁ3b
HOOOOOH

Maanaaa

ManeToTphoaa HOJz:)L O

Puc. 7-13. fleicTeme caxapa3c-M3omManbTa3HOr KOMNNaKca
Ha MaNLTO3Y M MANLTOTPHOSY.

ManeTo3a

HaomansTo3a ,7‘0
a-1 B-CBFISI:.
HO OH
Maomanmaaa
Onurocaxa
A HO OOOOH

Puc. 7-14. [leAcTBHE CAX2PA30-M3OMANLTAZHOIO KOMIINEKCH
Ha HIOMaNLTO3Y M OAMrocaxapua.

B-TAHMK03HAA3HbIH KOMILIEKC (JT1aKTaza)

Jlakraza pacuierisier - 1,4-rIMKO3HIHBIE CBA-
3M MEXNY raaakTo30il M TII0KO30H B JaKTO3e
(puc. 7-15).

ITOT PEPMEHTATHBHBIN KOMILIEKC 110 XHMHYEC-
KoM npupone ABRISETC IMUKOTpoTeHoM, JlakTtasa,
KaK W Ipyrve rMKO3WIA3HBIC KOMIUIEKCHI, CBSA3aHa
¢ WETOUHONH KAaeMKOH M pacnpeaeNeHa HepaBHO-
MEPHO IO BCEMY TOHKOMY KMUIEYHHKY, AKTHBHOCTE
JakTasel KOAeDNETCS B 3aBMUCHMOCTH OT BO3PAcCTa.
Tak, aKTHBHOCTEL JIAKTA3bl ¥V TUIOAA OCOOEHHO MO-
BBILIIEHA B MO3AHHE CPOKM HepeMeHHOCTH W coxpa-
HAETCS HA BBICOKOM YPOBHE A0 5—7-NETHEro BO3-
pacta. 3aTeM aKTHBHOCTh (pepMeHTa CHWXASTES,
COCTABIAS ¥ B3pochbiXx 10% OT ypoBHSA aKTHBHOCTH,
XAPAKTepPHODO IS ASTEH.

Tperanaza — Takxe TMKO3MAa3HBIA KOMILACKC,
TMAPCIH3YIOLEME CBA3H MEXKTY MOHOMEpaMH B Tpe-
rajloze — AMcaxapuiae, coaepXaluemcess B rpudax,
Tperanosa cOCTOMT M3 IBYX TJIHOKO3HBIX OCTATKOB,
CBSI3AHHBIX [JIMKO3HAHOW CBS3LI0 MEXKIY TEPBLIMH
AHOMEPHBIMH ATOMaMM yraepoaa {puc. 7-16).

CosMecTHOe JeiCcTRHE BeeX TIEpeYHclieHHBIX dep-
MEHTOR 3aBEpLUAET MEPSBAPHBAHME IHILEBHIX OJH-
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ro- M NOAUCAXaPMAOB ¢ ODPA30BAHHEM MOHOCAXA-
PUIOB, OCHOBHOM M3 KOTOPHIX — nioKo3a. Kpome
[JIIOKO3bl, M3 YTAEBONOB NUILKM Takxe 00pasyloTcs
¢pyKTO3a M TAIAKTO3a, B MEHBIIEM KOJNHYECTBE —
MAaHHO34, KCHnoad, apabuHosza. O61uas cxemMa nepe-
BAPUBAHUA YTIEBOAOB MPeACTakIeHa Ha puc. 7-17.

iil. MEXAHU3M
TPAHCMEMBPAHHOI'O
NEPEHOCA MIOKO3bI

U APYIMX MOHOCAXAPWAOB
B KJIETKA

MoHocaxapuabl, 00pa3oBaBLLIMECs B PE3yAbTaTe
rnepeBapUBaHusl, BCACLIBAIOTCH IMUTENAMANLHBIMMA
KJIETKAMW TOLLEH U MOAB3AOHIHONW KUIIOK ¢ TTOMO-
WHK CMEUHAABHBIX MEXAHM3MOB TpaHCIOpTa 4e-
pe3 MeMOpaHBl 3THX KACTOK.

A. BCACBIBAHUE MOHOCAXAPH/0B
B KUIIEYHHUKE

TpaHCIOPT MOHOCAXaPUIOR B KJIETKM CAM3HC-
TOU 000JOUKH KMLIEYHUKA MOXET OCYLLCCTB/ITRCH
pasHBIMM criocobaMy: NyTEM oGaeryéHHoOn Tud-
tby3nM M akTMBHOTO TpaHcnoprta. B chayuae ak-
TUBHOTO TPaHCMIOpTa TAKKO3a M Na' npoxoast
Yyepe3 MeMOpaHbl ¢ AIOMUHANLHOM CTOPOHBI, CBA-
3LIBASICE C PasHbIMM YYacTKaMM Denka-neperoc-
yuka. lNpy a1om Na* nmoctynaer 8 KIeTKY NO Ipa-
AHEHTY KOHLEHTPAUWM, U OAHOBPEMEHHO TI0KO033
TPAHCTIOPTUPYETCA TIPOTHB TPANUEHTA KOHLIEHTpa-
UHH (BTOPMYHO-AKTHBHBIH TpaHCIOPT, CM. pas-
gen 5). CnemopaTeNbHO, €M OOJBIIE rpagUeHT
Na*, TeM GoblIE TIOCTYINEHHE TAIOKO3bl B IHTE-
poumThl. Eciu koHueHTpalins Nat BO BHEKIETou-
HOH XMIOKOCTH YMEHBIIASTCHA, TPAHCIIOPT TIHKO-
361 cHMXaeTest, [paavedHT KoHueHTpauuu Na,
ABJIAIOIIUACA ABHKYILIEH CHWIOW aKTHBHOIO CHM-
ropra, co3gaérca paGoroit Na' K -ATd-azbl1. Tle-
PEHOC B KNETKH CIM3IHCTOH 000I0MKK KHILIEUHKKA
NMOo MEXAaHU3MY BTOPMUYHO-AKTHBHOIC TPAHCIIOPTA
XApaKTEePEH TAKKE JUIA TANAKTOZLN.

Tlpy pasHOR KOHUEHTPALMM ITIOKO3E! B [TPOCEE-
Te KHIIEMHUKA «paboTarT» pasiHiHBIE MEXAHHIMbI
TpaHcropta. hiarogaps akKTHBHOMY TpPaHCIIOPTY
SMHTEAHATBHBIE KIETKM KMUIEYHHMKAa MOTYT NOro-
LWATh [MOKO3Y MpH €€ OYeHb HU3KOM KOHUEHTpa-
[iKKU B MIPOCBETE KMIIEYHHKA. ECITH e KOHIIeHTpa-



14. CH,OH CH,OH
CH,OH EBL’:b 2 on CH,OH 2 on
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CH 0 R OH
+ Hy O
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OH QH OH OH
NakTosa D-TanakTo3a D-Iniokoaa

Pyc. 7-15. QeAcTeue naKTassl.

nioKkosa

Pwc. 7-16, CTpoenune Tperanossl.

UMA MIIOKO3Bl B NPOCBETE KWLIEYHUKA BEIHKA, TO
OHA MOXET TPEHCOOPTHPOBATBCA B KICTKY TEYTEM
obaeruéHrol nugptysud. Takum xe coocoGom mo-
KeT BCAachlBaThes W pykrosa. Cneuyer OTMETUTh,
YTO CKOPOCTh BCACBLIBAHHMA TJIOKO3BI M TAIAKTO3ILI
ropasio RbIIE, YeM APYruX MOHocaxapuios. Cno-
cODbl TPAHCTIOPTa MOHOCAXAPKUIOB Yepe3 MeMOpaHy
AMUTENMATBHBIX KNSTOK KHIISUHKMKA TIPSACTARIEHbI
Ha puc. 7-18.

[Moce BeacklBaHUST MOHOCAXAPUIL! {C1ABHEIM 06-
PasoM, CIIOK033) MOKMIAKT KJIETKM CAU3UCTON 000-
JIOUKH KHIIEYHMKA depe3 memOpaHy, obpallgHHYIo
K KPOBEHOCHOMY KanWwwuiapy, ¢ MOMOLIbI olser-
4éHHOIW nupdysun. Yacrs miokoss (bonege nono-
BUHBI) Yeped KamWARApbl KUIIEYHBIX BOPCHHOK NO-
NajacT B KPOBEHOCHYIO CHCTEMY M 110 BOPOTHOM BEHE
IOCTABMGETCA B Me'IeHb. CTATbLHOE KOJIHMYECTBO
[TIOKO3bl NOCTYITAET B KICTKH APYTHX TKaHCH.

B. TPAHCIOPT TJIIOKO3BI K13 KPOBH
B KJAETKH

IMoTpebnenye rMOKO3b1 KNETKAMH H3 KPOBOTOKA
MPOUCKOOMT TAKXKE NYTEM 00AeTu€HHON Tudhdyaum.
CnenoeaTe/ibHO, CKOPOCTB TpaHCMeMBPAHHOMO No-
TOKA [INIOKO3bI 3aBUCHAT TOALKO OT rpagweHTa e
KOHUEHTpalkK. McKmoueHne cocTapmIsiioT KieTKu

MbILILL W KHPOBOU TKaHW, Tde obaervyénnast aud-
(y3ust peryaupyercs MHCYIMHOM (TOPMOH TTOaXKE-
JIYIOYHOM Kene3bl). B OTCYTCTBUE HHCYAMHA [1a3-
MarTnyecKas MeMOpaHa 3THX KITETOK HEMPOIIKHIIaeMa
LS EAKKO3bI, TAK KaK OHA HE COIepXKMT OeIKn-
NEPEHOCUHKH (TPAHCTIOPTEDH) [MIOKO3b:, TpaHc-
MOPTEPDI TI0KO3bI HA3LIBAIOT TAKXKE PEICITOPAMHM
TMOKO36, Hanpumep, OnmucadH TpaHCHopTED [Mo-
KO3bl, BblIEIEHHBIE K3 3PUTPOLMTOB. ITO ‘fpaHc-
MeMOpaHHBIH OEJI0K, MOMUIIENTHIHA UeNh KOTO-
poro nocrpoeHa U 492 aMUHOKHMCIOTHBIX OCTaTKOB
W UMEET OOMEeHHYIO CTpyKTypy. [lomspHbie dome-
Hbl 6eTKa pactioNOXeHbI MO PAa3HbIE CTOPOHBI MEM-
Opansl, TuapochobHLIE pacnonaramTea B MeMbpa-
He, Tlepecekasi €8 HECKOMALKO pa3. TpaHcmopTép
WMEET YYACTOK CBA3BIBAHMSA [MHOKO3Ll HA BHELIHEH
¢Topore MeMOpaHbel. Tlocne apUcoeannesius TA10-
KO3bl KOHbOpMaLMsa Belka U3MEHSIeT s, B pe3yiib-
TATE YEFO TIOKO034 OKA3ZbIBASTCH CRA3AHHOM ¢ Gen-
KOM B y4acTKe, 0OpallEHHOM BHYTDb KIeTKH. 3aTeM
LTI0KO3a OTHeNdeTcs OT TpaHChopTEpa, Tepexous
BHYTPB KAETKH (CM. pasaen 35).

CumTator, yto cnocod ob1eraéHnon auddysuu
Nno CpABHEIIMIO ¢ AKTHBHBIM TPAHCTIOPTOM  Tipe-
JOTBPANIEET TPAHCTIOPT MOHOB BMECTE C TIIKOKO-
30, eclu OHa TPAHCIHOPTUPYETCH MO TPAIKEHTY
KOHUEHTPALMH.
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Puc. 7-18. Beaceibanwe yrneBOROR B KMWEUHKKE. BcackiBaHMe MOHOCAXAPUOCE U3 KMILEHHWKA NPOMCXONNT MyTEM obnerudHHol aud-
QY3MM C NOMOWLIO CReUMANbHLIX GENKOB-NEPEHOCHHKOR (TRAHCNORTEPOR). KPOome TOro, rK03a M ranakToda TPaHCNOPRTHPYIOTCA B 3HTe-
POLMT MyTEM BTOPWHHO-2KTWBHAMD TPAHCNOPTA, 23BWCHIMOND OT rPafMeHTa KOHLIEHTPALMA HOHOB HATPHA. Benku-TpaHCROPTEPLI, 3aBHCH-
Meie OT rpanvenTa Na*, oSecnequsaloT BcackiEaHie MIOKe3kl U3 NPOCBETA KMIWEHHUKA B SHTEPOLMT TPOTVE MPAQUeHTa KOHUEHTPaLMA,
KouLeHTpauna Na*, nectxoguman ona aToro TpaHcnopta, obecnevwveaetca Na* K-ATd-a3oh, koTopan paboTaeT Kak Hacos, oTKauMeasn
n3 knemn Na* B ofmen Ha K*. B oTnuume oT rNiokossl, (PyKTo3a TPanciopTpYeTes CUCTEMON, HE 3aBUCAWER OT rpaaueHTa HaTpA.
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imoko3nple Tparcnoptipel (IJTHOT) ofHapyxe-
HB1 BO Beex TKaHsx. CYIIECTBYET HECKOMBKO Pa3HO-
Buaroctett TJKOT (TaGa. 7-1), oH# npoHYMepoBa-
HBbl B COOTBETCTBHH C MOPAAKOM WX ODHAPYXKEHHA.

CtpykTypa Genkos cemeiictea [THOT otmmya-
eTcst OT HENKOB, TPAHCMOPTHPYIOWMKX TITIOKO3Y 4e-
pe3 MeMOpaHy B KMIULIEYHHKE W r104Kax MPOTUB Ipa-
OHUEHTA KOHLUEHTPALWH.

Onucannsie 5 thnos I'TKOT uMeror cxomHble
IEPBHYHYIO CTPYKTYPY M AOMECHHYIO OPraHH3alluI0.

o [JIKOT-1 obecreuuBaer cTaGMIBHLIA IIOTOK
TMIOKO3bI B MO3T; '

¢ [JIKOT-2 obHapyXeH B KJIETKAX OpraHOB, Bbi-
JelOUWHX THKO3Y B KpoBb, UMEHHO 1TpH yua-
ctiau [JIKOT-2 pioxosa mepexoauT B KpoBk U3
aHTepountoB M nedeau. [AKOT-2 yuacTeveT B
TPAHCTIIOPTE FNOKO3E! B f-KASTKH NOAKENYIOU-
HOH XeNne3nl,

e« [JIHOT-3 obnamaer Gonbwinm, wyem FIOT-1,
CPOJICTBOM K MiOKo3e. OH Takke obecneun-
BACT [OCTOSHHBIA TIPHTOK [JIOKO3bl K KJIET-
KaM HEpPBHOH M ApYIHX TKAaHEH,

+ NMIOT-4 — rnaBHBIA MEPEHOCYHK TILIOKO3bE
B KJAETKM MBILIL K XMPOBOH TKaHU;

« [JIKOT-5 BcTpeuaeTcsl, rIaBHBIM 00pas3oM, B
KIeTKax TOHKOrO KMuWeyHuka, Ero dyHKuWK
M3BECTHBI HENOCTATOUHO.

Bee tunst TJTKOT MOTYT HaXOOWTHCA Kak B TLia3-
MarTH4yecKoi MeMOpaHe, Tak K B LIMTO30JABHBIX Be-
sukynax. FJIHOT-4 (14 B meHbueit Mepe TJTHOT-1)
[IOYTH TTONHOCTBLIO HAXOISTCS B LIMTOILTA3ME Kie-
ToK, BAusHHe MHCYIWHA HA Takyeé KIeTKH IIPHBO-
JHT K NiepeMellieHNI0 Be3uky, cotepxawmx INIOT,
K IL1a3MaTHyeckoid MemOpaHe, CIHAHUIO ¢ Heil ¢
BCTPAaHBaHMIO Tpadcrooprépoe B MeMmGpany. [locne
Yero BO3MOXeH OONEMUEHHBIH TPAHCIIOPT [TIOK(Q3b
B 3TH KJeTkH. Tlocie CHUXKEHWA KOHUEHTPalMHA HH-
CYAHMHA B KPOBH TPAHCIIOPTEDLI TIHOKO3bI CHORA Mg~

pPEMELIANTCA B ilMTOILTA3MY, M IIOCTYIUICHHE IIIO-
KO3bl B KNETKV fpexpawaerca (puc, 7-19).

TepemelrigHne [JuOKO3bl M3 NEPBHYHONH MOYH B
KIETKH HOYEUHBIX KAHAILHEB [POHCXOOMT BTOPHY-
HO-3KTHBHbLIM TPAHCIIOPTOM, NOAOOHO TOMY, KaK 310
OCYLIECTBASIETCH {IPH BCACBIBAHMM TMIOKO3bl M3 NPO-
CBeTa KHINCYHHKA B BHTEPOLMTHL. baarogaps sroMy
TIOKO32 MOXKET NMOCTYNATE B KIETKH JKE B TOM CIiy-
4ae, eclTH €8 KOHLIEHTPALIMS B (IePBUYHONH MOUe MeHb-
we, vyem B kietkax. [IpH atom nmokosa peabcopbu-
PYETCH M3 NEPRHYHON MOUM NTOYTH NMOJHOCTHIO (99%).

M3BecTHb pazTMuHBe HapylieHHS B paboTe TpaHce-
MOPTEPOB TAIOKO3bl. HacneacTBeHHLIM NedeKT ITHX
0e/IKOB MOXET JICKATh B OCHOBE MHCYIHOHE3ABH-
cuMoro caxapHoro amabeta {cM. pazmen 11). B To xe
BpeMA TPHYMHON HapyilueHHUs paboThl TPaHCMOpTE-
pa rAKKO3bl MOXET ObITh He TOIBKO aethekT camoro
Gemxa. Hapymenus dyuxumu [JIHOT-4 BoimoxHb
HA CNENYIOILMX STaax:

» MEepeJava CHTHAIA MHCYJIWHA O MEPCMELICHUH

3TOrO TPAHCTIOPTEPA K MeMbpane;

» NEpPeMElieHUE TpaHCIopTEpa B LIMTOILIA3ME;

+ BKJIIOYCHHE B COCTAB MEMOPAHBL;

« OTIIHYPOBBLIBAHHE OT MEMOPAaHBI M T.A.

V. HAPYWHEHUA
NMEPEBAPUBAHUA
N BCACbIBAHUA YIMEBOOOB

B oCcHOBe naronoruy rigpeBapuMBaHUA M BCa-
CBIBAHHA VITIERONOB MOTYT OBITh MPHYMHEl ABYX
THIIOB;
s fedexTsl PepMeHTOB, YYACTBYIOLIHX B MHIPO-
JIU3e YTASBOZOB B KHUIEUHHKE,

¢ HAPYLIEHHE BCACHIBAHMS TIPOAYKTOB [1€peBa-
PUBAHHWS YTIEBOJOR B KIETKH CITM3UCTON 0Do-
JIOYKHM KUIHEYHHKA,

Tabnuua 7-1. PacnpepeneHune Genkoe-TpaHCcnopTEPoE mMewokKoast {TTIHOT)

Tunm IJ1HOT JoKATHIAUNA B OPTAHAX
['JIFOT-1 IlpenmyniecTBeHHC B MO3re, IUTAIEHTE, TOYKAX, TOMCTOM KHIICUHHKE
I'NOT-2 TIpeHMYIIECTBEHHO B TIEYEHH, MouKax, J-knerkax octposkos JlaHrepxanca,
SHTEPAIIHTAX
NKT-3 Bo MHOrHX TRaHAX, BKITIOYAA MO3T, MIALEHTY, TOUYKH
'JIOT-4 B Memnax (cxencraoi, cepaeunoi), WupoeoH TKaHK
. (MHCYITHH3aBHCHMBIH) ConepikuTca B OTCYTCTBHC HHCYNHHA NOYTH NOTHOCTHIO B ITHTOINA3ME
FJOT-5 B ToHKOM KHLIeYHHKE, BO3MOKHO, ABNSETCH NEPEHOCUHKOM (PPYKTOIRL
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Puc. 7-19. BOMAHWE MHCYNUHA HA NepEMeLLeHHEe TRAHCNOPTEPOE rMIOKO36I M3 UMTONNE2MbI B NNa3MaTHHecKylo MemBpany. 1 —
CBAJLIBAHVE WHCYNWHA C PEUSNTOPOM; 2 — YYACTOK WHCYNMHOBOTO PeuenTopa, oBPallEHHBIA BRYTPE KNETKW, CTUMYNMDYeT Nepemewe-
HHME TPAHCMOPTEPOR MIOKO3k!. 3, 4 — TPEHCNOPTEPE! B COCTARS COASPMKALLMX WX BEIMKYN NepeMellaloTcA K NnaaMaTHHecKor Membpa-
He KITETKH, BKIIOYAKTCH B 66 COCTAR M NEPEHOCAT IMKIKO3Y B KNeTKY.

B ofoux cayyasx BO3ZHMKACT OCMOTUUCCKAS THA-
ped, KOTOPYIO BBI3LIBAIOT HepacuierténHeie auca-
X4puabl MM HEBCOCABLIHWECS MOHOCAXAPUIBL. DTH
HEBOCTPEOOBAHHbIE YINEBOAL! MOCTYTIAIOT B AHCTANb-
HbIE OTOENBl KMUWEUHHKA, HIMEHAS OCMOTHYECKOE
JARJIEHME COAepXMMOro KuureuHuka, Kpome Toro,
OCTABIIHECA B [IPOCBETE KMUIEUHMKA YTACBOIbI 4a-
CTHHHO MOABSPraoTest hepMEHTATUBHOMY pactilen-
NMEHWIO MHUKPOOPraHM3MaMK ¢ oBpasoBaHuem opra-
HMMECKHX KHCNTOT ¥ ra3oB. Bcg BMECTE TIpMBOAMT K
TIPUTOKY BOABI B KMILICYHUK, YBEIHMEHHIO 0OBEMA
KHILEHHOTO COAEPKUMOI0, YCWICHHIO MEPHCTAb-
THKH, CrasMaMm i GOTIM, d TAKXKE METCOPU3MY.

TepMuHOM «ManbabcopOUKs» HA3BIBAKDT HEAO-
CTATOYHOE BCACHIBAHME TIEPEBAPEHHBIX NPONYKTOB
yrneponioB. Ho MocKo/bKY KadHWYecKue TIPOsiB-
JIEHHS TIPY HEJOCTAaTOMHOM TIEpeBapvBaHHH M BCa-
CBIBAHWH CXOAHL!, TO TEPMUHOM «MansabcopOUms»
Ha3bIBAOT 00a BiIA HApPYLICHWA.

A. HAPYILIEHUS TIEPEBAPUBAHHUS YTJIEROIOB
B KMNIEMHUKE

HapyweHust nepepapuBaHns MOryT ObiThb CBS-
3aHBl KAK ¢ HEAOCTATOMHON AKTUBHOCTBIO OTASIhL-
HBIX AMCAXAPWIA3, TAK H C HEQOCTATOYHOCTBIO BCETO
(bepMeHTATHBHOTO KOMILTEKCA, HalIpMMEp caxapa-
30-HM3OMANTBTA3HOIO.

U3BecTHBI HACAEACTBEHHLIE H NIPHOBPETEHHLIE
(G opMbl HEJOCTATOUHOCTH AKTHMBHOCTH epMeH-
TOB. CUMINITOMBI BROXAEHHLIX POPM MPOABIHIOT-
Ci AOCTATOUHO PaHO, HATIPHUMEP MOCIE TIEPBLIX
KOPMNEHUH rpyaHbIM MOAOKOM {0pd AedHun-
Te JIaKTa3bl}, 110CNe NEepexofa Ha WUCKYCCTBEHHOE
BCKApMJIMBAHHE WM TTpU A00ABNCHMM B paliMoH
caxapa W Kpaxmaia (npu aeuuMTE o-aMHIa3bI
HJIH clieitmdrueckuX gucaxapuaas). B cayuae ne-
LOCTATOYHOTO JieYeHWs BpOXKIEHHBIC (hopMBl na-
TOJIOTHHM CONMPOBOXIATCH XPOHUYECKHM Auchak-
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TEPHO30M M HApylIEHHSMHK (PM3MYECKOTO Pa3BH-
THUSI pebEnka.

IpuchpeténHbie GropMBI NATONOrAM MOIYT HaGmo-
DaTbCA TPM KULICYHBIX 3a00/IEBAHHUAX, HAMPUMEP
TACTPUTAX, KOJWTaX, aHTepuTax. CnenyeT 3aMeTHTh,
YTO B ITMX CAYYAAX OCODEHHO 3aMETHO CHMKEHME
AKTUBHOCTH NAaKTasbl, Kak y¥ke I10BOPHIOCh, AKTHB-
HOCTh J1aKTa3bl B KHUIIEYHHMKE HWXKe, YeM IPYTHX
AHCAXAPHAA3, MOITOMY YMEHBLIEHHE €€ aKTHBHOCTH
CTAHOBWTCA 3aMETHBIM NS OPraHU3Ma B TIEPBYIO
ouepeb.

Jedruut nakTasel ¥ B3POCHBIN JIONCH MOXeT
UMETb M APYTYIO TIPHYHHY. BO3MOXHO CHMXeHLe
3KCTIPECCHU FeHa aKTa3bl BO3PACTHOMO XAPAKTE-
pa. ¥Yxe ynOMMHAIOCH, YTO aKTHBHOCTD JIAKTA3H ¥
B3pOC/bLEX RIO0EH B HOPME 3HAYMTENBHO HHXKE, YEM
y peTeil. TloaToMy CHUXeHWE AKTHBHOCTH JaKTa-
3bl OTHOCHUTENBHO YK€ UMEKOLLIErocs HU3KOTO YPOB-
H$l ¥ OTACABHBIX JIOICH MOXET NpOARIATHCA HeNe-
PEHOCHMOCTBIY MooKa. HocuTenamu naTonoruu,
CBSI3aHHOM ¢ Je(PHUMTOM NAKTA3b!, STBJTHIOTCS Yalle
BCETO NMuA ahpUKAHCKOTO Y a3MaTCKOTO NPOKMC-
xoxaeHus. CpelHss 4acToTa JaHHONE GOopMbl na-
ToNOrMK B cTpadax Esponwl coctasasier 7—12%, B
Kutae — 80%, B oTaenbHLIX pajfioHax ADpHKy —
no 97%. IogoOGiibie RAGMIOACHHS PaCTpoCTpaHE-
HUWS TAKTa3HOM HEAOCTATOUHOCTH CBAIBIBAKOT C HC-
TOPHYECKHU CNOKHBIIMMCH PALWOHOM THTAHMA W

Tabnwvua 7-2. HapylieHws Nepesapuaanns QHcaxapnaos

OTCYTCTBHEM MOMOMHOIO CKOTOBOACTEA B YIOMA-
HYTBIX perdoHax. [IpuMepbl H TIPHIUHBLT Hapylie-
HUsl NIepeBapHBAHUSA AHCAXAPUAOB MepPedUCTIEHbl B
Tabn. 7-2.

CywiecTsyloT peakue opMbel HApYINEHUS Tiepe-
BAPMBAHMS YI/IeBoAOB. Hanpumep, U3BECTHA HACAed-
CTBEHHAs] HENOCTATOYHOCTh TPEranasbl, KoTOpas
MIPOSBIACTCA TUCIENICMEN Nocie yroTpeGieHHUs! rpu-
0OB, comepXallux Tperanosy.

B oTAenbHBIX Clyvasix MajbaGcopOUHA MOXET
OBITh BBI3RAHA HECKONBKHUMH TIpuivHamMu. Hampu-
MEp, MTOCJ/Ie ONepPaUuHK Ha XKEJYAKE BOZMOXHbBI YXYII-
WIelME CMEIIMBAHMS THILK C TTHILEBAPHTENBHbI-
MM COKAMH, CHHXEHHE MX CEKPEUWH, YCKODEHUE
MPOXOXKICHHUS MULIA 4epe3 KULICUHWK, KONOHM-
3aunA DAKTEPHAMH CICNOH W NPUBONAILCH NeTENb.

B. HAPYIIEHUS BCACBIBAHUS
MOHOQCAXAPHIOB

HapyuieHus BcacklBaHHsL MOTYT ObITh CIICACTBH-
€M IedeKTa Kakoro-mubo KoMnoHeHTa (Benka wiH
¢repMeHTa), YUACTBYIOIIETO B CUCTEME TPAHCIIOPTA
MOHOCaxapHaoB uepes MemOpady. OnuvcaHbl Naro-
JIOTHH, CBA3AHHLIE ¢ NeeKTOM HATPUHA3ABHCHMOIY
Genka nepeHOCUYMKA FAKOKO3bL.

Jnst AMArHOCTMKK pA3NMYHbIX HAPYLIEHWIA nepe-
BAPUBAHUS UCTIONb3YIOT NpoDbl ¢ HAIPY3KOH oipe-

Ilpuauna 3aboreBaHns

KnauHEnyeckne npORBAEHNA N 1a60paToplibie JaHRBIE

HacneacTReHHEIH
DeQUEHT NAKTA3E!

HenoctaToHHOCTL TAKTA3B]
BCIIEACTBHE CHHKEHHA YKCTIPECCHH
FeHa QepMeHTa B OHTOreHel:

HeuocraTourocTs TaKTassl
BTOPHYHOTO XapaKTepa

HacneacTeennas HeAOCTaTOMHOCTE
Caxapa30-HioMAMTBTAZHOT O
KOMITNEKCE

[paobpeTEHHas HEROCTATOYHOCTE
€aXapa30o-H30MANBTA3HOTO
KOMILICKCA

Betpeuaetcs oTHocHTeNbRO peaxo. [Tocne npuéma MoToka
HaOMOAAOTCS PBOTA, THapes, CIA3MBl H DOIH B KHBOTE,
meTeopaM. CHMITOMEL PA3BHBAKOTCA CPasy MOCIE POKILIHA.

XapakrepHa N9 BIPOCABIX H NeTel cTapuiero rospacra, Apnsercs
CIIeICTBHEM BO3PACTHOTO CHIGKEHHS KOJIHHECTBA JAKTAIEI,
CHM]’ITOMBI HSHCPCHOCHM(}CTH MONOKA AHATOTHYHEI
HACAEACTBEHHOM hopMe nedHIHTA NAaKTO3bL.

3To BpemeHnas, npHobpeTénnas popma. HercpenocumocTs Monoka
MOWKET ObITh CAENCTBHCM KHNICYHEIX 3a00NeBaHHH, HANPHUMED,
KO/MHTOB, FACTPHTOB. Kpone Toro, BpeMeHIIbIH HeGHIHIT TaKTa3sl
MOXKeT OBITh CICACTBHEM onepatmii Ha KT,

TlposengeTcs, koraa B paliod getei noGaBnsaoT caxaposy ¥
kpaxman. bonbape neTy 00b1MHO HEOXOTHO eAAT ciaakoe. Mocne
HArpy3KH Caxapo30i 0TMEYaeTC HE3HAYNTETIBHAN THOEPTAHKCMHA,
Apyrue caxapa (M10ko3a, GpykTo3a, 1akTo3a) NepeHocATCH
XOpOoIo.

MO®ET BO3HHKATE RCIEACTRHE KMLICUHBIX 3a001eBAHHI.
TIpoasnsercs aucnencuei, NPoOBOUKPYEMOH KPYIaMH, KPAXMANOM,
A TAK/KE MHBOM H JIPYFHMHE HANUTKAMH Ha OCHOBC CO0AA.
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NeNEHHBIMHM VIJIeRQIdMU. HelocTaTouHOCTh KMlley-
HbIX TMCAXapHAa3 MOXIO AHATHOCTHPOBATE C [10MO-
LIbED BREOSHHWS THCAXAPWUAA W NMOCIELVIOLETO onpe-
HJeJeHWA KOHUEHTPAlMM TJIIOKO3bl B KpoeW. s
SoMbLIel YYBCTBUTEILHOCTH 3TOT TECT TPOBOIAT,
BBOIR CcHavana aucaxapua (50 r), a 3ateM >KBHBA-
JIEHTHOE KOMUYECTBO COCTARISIIOIIMK €0 MOHOCAXA-
pynos (no 25 r kaxaoero). Tlocie 11arpy3ku KOHLEH-
TPAUMS TTIOKO3bI B KPOBH YBENUYMBACTCS [IPUMEPHO
Ha 50% otHocuTensHO HopMbl. [lpu maTonornm or-
MEYAIOT JIE3IEAYUTENBHYIO TUTEPIITHKEMUIO.

Ecau TecT NpH HAMpy3Ke MOHOCAXaPHIOM COMTPO-
BOMKIAETCH AUSKBATHBIM TOBBLILLIEHWEM €re KOHLEH-
TPauMU B KPOBH, A HATPY3KA AUCAXAPMAOM He HagT
HOPMAILHOM peakliMu, TO 310, CKOpee BCEro, yka-
3BIBAET HA JedEKT KMIIEUHON AKCcaxapuaasbl, a He
CHCTeMbl TpaHCcOOpTa.

O HeJOCTATOUHOCTH TAKTA3bl MOXHO CYIHTER, Ol-
peaensas BOJOPOA B BhIAKXAEMOM BO3Lyxe {BOIO-
pomHblit TecT). Bonopod obpasyercsd B pesyibTare
JeficTBUA GaKTEpHATbHbIX (DEPMEHTOB HA JIAKTO3Y.

V. METABOJTU3M NMIOKO3bl
B KIIETKE

Mocne BCACBLIBAHMH B KWIIEUHUKE MOHOCAXADH-
Ibl MOCTYAAIOT B BOPOTHYIO BEHY M AdNEe 11PEHMY-
WecTBeHHO B NeveHb. [TOCKOABKY B COCTABE OCHOB-
HbIX VINEBOAOB NHILM NpeobiagaeT rhiokos3a, e
MOXHO CUWTaTh OCHOBHLIM MPOIYKTOM TIEpeBapH-
BAHUS YLNEeBOAOB. Jipyrue MOHOCAXAPHALI, MOCTV-
nawowme W3 KHizedHuKa B npouecce Merabonuima,
MOTYT 1IPEBPALLATLCA B FNIOKO3Y WIH NPOIYKTH €
meratonuimMa, YacTb [NIOKO3bl B NMEYEHM NEMOHM-
PYETCH B BUAE FAMKOreHa, a Apyras 4acTh 4cpel
oB0MKUI KpoBOTOK AOCTABIASTCS M HUCMOIb3yeTcH
Pa3HbIMKM TKAHAMH M opradamu. [1pu HOpMATEHOM
PalMOHE TIHTAIIMA KOILEHTPALIMS [NHOKO3bl B KPO-
BU TOLIepKHBAETCA HA ypoBHE 3,3—35.5 MMObL/M
(60— 100 Mr/mt). A B repHoa MULLERAPCHUST €€ KOH-
LEHTPALMA MOXET TOBbIUIATHCH PUMEPHO 10
150 sr/mr (8 mmonn/n).

A. QOCOOPUIHPOBAHHUE TITIOKO3bI

B nanpHeHitMx NpeBRAlleHUIX B KIETKAX 1K)-
K033 W JPYIHe MOHOCAXAPUIBL YYACTBYIOT TONLKO
B BHUAe (ocophbix apupor. Gocdopunvporanie
CBODOUHBIX MOHOCAXAPMAOB — 00H3aTeALHAH pe-
AKUKWH Ha nyTH HUX HCNIL30BAHMA, OHA l]pHBOJ_lHT

K 00pa3oBaHWio Bonee peakLHUOHITO-CNOCODHBIX
COCOAMHEHWH M NO3TOMY MOXET PACCMATPHBATLCS
KaK peaklumsl aKTHBALIMM.

[oKo3a, nocTynawlas B KIeTKH OPraHoB M
TKAHCH, cpasy xe nousepraercs dochopuiuposa-
HHUIO C UCMoNbloRaHWeM ATM. 3Ty peakuui RO
MHOTHX TKaHAX KaTATHIUPYET EepPMEHT FeKCOKH-
Ha3a, a B eYeHH W MOLKenyIouHOM Keneze — dep-
MEHT TAaokokuHaza. PocdopuinpoBaliie TNIOKO-
3bl — MPAKTHYECKH HeoDpaTHMAas Peaklivg, TAK Kak
OHA OPOTEKAET ¢ MCMOALIOBAHMEM 3HAYMTENILHOTO
KoJauuecTRa sHeprui. ObpaszopaHKe NIOK030-6-
docdata B KIeTKe — cBOSOOPA3HAL «10BYLUKAS [T
TJIFOKO3LI, TAK KaK MeMOpaHa KIeTKH HeMmpoHULae-
Ma ana GdocdopriMPOBAHHOM LIHOKO3LL {HEeT cooT-
BETCTRYIOILMX TPAHCMOPTHLIX GenkoB). Kpome Toro,
thochopunpoBaHHe YMEHBILAET KOHUSHTPALIMIO
cBODOOHOH TIKO3LL B UMTOINasMe. B pesvnsTate
CO3AAKTCA QMATONPUATHBIE YCAOBHS L1 00neryén-
HOM anddy3uu rMIOKO3bl B KIETKU M3 KPOBU.

Faokokunasa. @ocdopiivpoBalive IOKO3LI B
renarouMTax B MEpUo/ TIHIIEBAPEHUA ObecneunBa-
ETCA CBOMCTBAMM TNIOKOKHMHA3bL, KOTOPAs MMEET
BLICOKOE 3HadeHue K~ — 10 mmonb/i. B 370T 11€-
pHOD KOHUSHTPALUMA TMIOKO3bl B BOPOTHOW BeHe
Oonblle, YeM B APYTHX OTASTaX KPOBRHOTO pycna u
MOXET MperbllaTh 1} MMONL/N, a clenoBaTebHO,
AKTUBHOCTE TIHOKOKMHA3LI B TEMATOLWTaX MOBLILLA-
eresti. Cneayetr OTMETHTh, UTO AKTMBHOCTE [NIGKO-
KWHa3bl, B OTJAMYME OT TEKCOKMHAZL], HE WMHIHUOM-
pyeTesl NPOAYKTOM KAaTaMM3UPYEMOH peakUHM —
L10K030-0-hocdarom. DTo 0BCTOATENLCTBO 00ec-
NEYUBACT MOBBIEHHE KOHUEHTPALKMU TIKIKO3bI
B KNETKE B (hocopHIHPOBAHHON DOPME, COOTBET-
CTBEHHO €€ YPOBIIKO B KpoBU. Kak yxe yrmoMuHa-
AOCh, TIKKO3d TIPOHHKAET B TFeNaTOUMTel LYTEM
0bneru€HHoli AuddyIMH OpH YYacTHH TPAHCNOP-
répa NMHOT-2 (He3aBUCUMOrg OT MHCYAMHA),
INTHOT-2, Taxk ke, KaK TNIOKOKKMHA, UMEET BBICO-
Kyle K, 4TO CnocoBCTBYET 110BBILIEHUIC CKOPOCTH
HOCTYMJIEHHS TAKKO3bl B FENAaTOLUUTLI B MepUOI
MHITIEBAPEH U, CNEA0BATEILHO, YeKopseT e doc-
DOPUIMPOBAHHE W AAbIEHLIEE HCTOIB30BAHME LI
OENOHUPOBAHMA.

XOTA HIICYIHH W He BAWMAET HA TPAHCOOPT TMo-
KO3bl, OH YCHIMBAET MPUTOK FMIOKO3bl B Tenaro-
LHThL B IEPHOA [THIUEBAPEHMS KOCBEHHBIM NVTEM,
MHIYLUPYS CHHTES TIHOKOKMHA3LI M YCKOPHA TeM
caMbIM (ochOpUANPOBAIIUE [NIOKO3bL.

[NpeumMylecTReHHOE NOFpebneH e MIOKO3b! [e-
NATOUMTaMH, OOBYCIOBICHHOE CBOMCTBAMM [JIIO-
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KOKHHA3b!, NPeloTRPALIACT YPE3MEPHOE [TOBBILLIE-
HHE ¢€ KOHUEHTPAUKH B KpoBW B a0COpOTHBHOM
nepuose. JTo, B CBOIO OUEPEab, CHUXAET MOCIEI-
CTBUA MOPOTEKAHHUS HEXENATeNbHBIX peakilMil ¢
YYACTHEM [JIIOKO3BI, HArpUMep TAHKQ3UIHpPOBa-
HU#A OeNKOB,

TekcoKMRA32 OTIMYAEETCA OT TIIOKOKHHA3BE Bbl-
cokMm cpoacTsom Kk rokose (K <0,1 mmons/n),
Cl1eaoBaTe/lbHO, 3TOT (DEPMEHT, B OTIMYME OT TII0-
KOKWHA3bI, AaKTHBEH NMPH HU3KOH KOHUEHTpalluH
FNHKO3bl B KPOBH, YTO XapakTepHO s nocTad-
COpPOTUBHOTQ cOCTOSIHUA. TleyeHb B 3TOT MepHoa
TIOLNOUIAST rOPasiao MEHbLLUE TNKKO3bI, TaK Kak
CKOPOCTE €8 BHYTPHKIETOYHOTO dochopunnpopa-
HUA TNIOKOKHMHA30H pe3ko cHuxaerca. Toroa kak
noTpefneHne MMIOKO3bl MO3TOM, IPUTPOLINTEMU H
APYTMMH TKAHAMM 0GECTeYHBAaeTCs aKTHBHOM B
ITUX YCIIOBUSIX TEKCOKMHa30i, MepMelT reKcoku-
Haza MOXET KATAnNU3MpoBaTh (hochopuaMpOoBaHUe
HE TONLKO [D-IIHOKO3bI, HO U APYTUX TEKCO3, XOTH
M C MeHbtiiel CKOpPOCThiO. AKTUBHOCTb TEKCOKH-
H43bl M3MEHSETCA B 3aBUCMMOCTH OT noTpebHoc-
TeH KNETKW B JHEPrMd. B KadecTBe peryasiTopos
BLICTYDAIOT ¢OOTHOWeHHE ATM/AND ¥ BHYTpH-
KAETOYHBIM YPOREHD THIOK030-0-thocdaTa (npoayk-
Ta Karaausupyemoil peakuuu). IIpn CHUXCHUHM
pacxoma 3HEPrUd B KJISTKE NOBbLIIAETCH YPOBEHD
AT® (otHocuTensHO AID) u rmwoko30-6-ocha-
Ta. B 3TOM ¢lyyae akTHUBHOCTh TEKCOKMHA3LI CHH-
XKaeTea, W, ClenoBaTeTbHO, YMEHBLIAETCH CKOPOCTh
MOCTYTIEHUS [NHOKO3bl B KNETKY.

ClieayeT OTMETHTDb, UTO B Pa3HBIX TKAHAX T'eKCO-
KHHAa3a NOpPpMCYTCTBYET B pa3/IMUHLIX WiodopMax,
oTaHumommxcs Beauunno K . Iniokoknna-
3a neveHu (M Mmouek) sipasiercsd uiohopMmor IV
(rekcokuHasza 1V). B knerkax MbILIL COASPKUTEH
rekcokuHaza I, a B xneTkax ormyxoneBbix TKaHei npe-
obranaeT rekcokuHaza 11, ¢ onee BBICOKUM, YEM ¥
rekcokuHaznl 1, cpoacTBOM K rawkoae.

b. JE®OCPOPHAHPOBAHUE IJTIOKO30-6-
DOCDATA

MNpeppaiicHUe ToKo30-6-thocdara 8 rmoko3y Bos3-
MOXHO B MCUCHH, TIOUKAX M KACTKAX 3MIMTCAMS KM-
lIe4HHKa. B KeTKax 3THX OpraHOB MMeeTcs (hepMeHT
roK030-6-thociharasa, KaTwIM3HPYIOasT OTUIETLIE-
HUe (ocaTHON PYITILI THIPOTMTHUSCKUM TIYTEM:
I'noko3o-6-ocpar +H,0 - I'mokosa + H,PO,

Ob6pazopapiuasaca ¢sodboaHad rN0oKo3a cnocobHa
SHPhYHAINPORATE U3 3TUX OPraHoB B Kposb. B apy-
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[HX OpFaHax M TKAHAX FMoKOo30-6-hocdaTassl HET,
M NosToMy aehochopHIMpOBaHUE TTIOKO30-6-oc-
(para HesoaMoxHo, TpuMep NogoBHOMO HeoOpaTH-
MOFQ OPOHUKHOBEHMS TIOKO3bl B KIETKY — Mbill-
b1, TAe CAKO30-6-(ochaT MOXET MCHNONBIORATECA
TOABKO B MeTA0OIHM3ME 3TOH KJIeTKH.

B. METABOMMIM [IHOKO30-0-DOCDATA

[0K030-6-ochaT MOXKET UCNOIL3OBATHECH B
KIIETKE B PAMIMYHBIX MPEBPALIEHUSX, OCHOBHBIMH
M3 KOTOPBIX SIBISIOTCS: CHHTE3 DIMKOTeHa, Kara-
Boausm ¢ obpasoBanuem CO, n H,O nau naxrara,
CHHTE3 MeHTo3, Pacnaa Thko3bl A0 KOHEYHBIX
MPOAYKTOB CIVKHT MCTOMHUKOM DHEPTHH LI Opra-
HH3Ma. BMmecTe ¢ Tem B npouecce MeTaboaMsma
TIOK030-6-hocara obBpasyoTCa NPOMEXYTOUHbIS
MPOAYKTHI, HCHOIB3YEMBIE B AaibHelilieM M5l CHH-
TE3a AMHMHOKHMCIOT, HYKJICOTHIOB, MIMLUEPUHA W
XHPHBIX KMCITOT. TakM 06pa3om, Toko3o-6-goc-
$haT — He TOALKO cyBCTpaT s OKUCNEHUS, HO U
CTPOMTENBHEIN MaTepuan INd CHHTe3a HOBHIX CO-
enuHeHHH (puc. 7-20).

VI. METABONN3M TTIMKOrEHA

MHOTHEe TKdHH CHHTE3MPYIOT B KayecTBE pe-
3epBHOH opmbl TAOKO3b TAHKOreH. CHHTE3 W
pacnaj rmiuKoreHa 00ecHedMBalT NMOCTOAHCTBO
KOHUEHTPALIMH TTI0KO3bl B KPOBK U CO3AA10T JEN0
AN e€ UCNONb30BAHMA TKAHAMM [0 Mepe Heob-
XCIMMOCTH,

A. CTPOEHUE U ®YHKIMMU TRUKOIEHA

[nMMKOTEH — pa3BeTBAEHHBIA FOMOMOAMMER [0~
KO3bl, B KOTOPOM OCTaTKH ITIIOKO3bl COSAHHSHBLI B
AUHEHHBIX v4acTKax o-1,4-IIHMKO3HMIHOM CBA3bIO.
B Toukax BeTRASHUA MOHOMEDPLL COSIHHEHBI ¢ ] ,6-
TJTUKO3WAHBIMH CBA3SIMH. JTH CBSI3W 00pa3syorca
MPUMEPHO ¢ KaXIbIM JECATHIM OCTATKOM TIIOKO-
3bt. CrefioBaTeNbHO, TOYKH BETBJNEHHS B TAMKOre-
HE BCTPEYaloTCs IPUMEPHO 4E€pe3 KAXILIE ASCATh
OCTATKOB TIIOKO3bl, TaK BO3HUKAeT ApeBOOOpas-
Has CTPYKTypa ¢ MOJICKYRApHOR Maccoi > 107 [,
4TQ COOTBeTCTBYET NpubmsuTensro 30 Q00 ocrat-
KOB [MIOKO3bl (puc. 7-21). Takum ofpaszoM, B Mo-
JEKYNe TAMKOTEHa MMeeTCH TONbKO ofHa CBoHOA-
Has aHomepHay OH-rpynna M, ¢JeloBaTelbHO,
TOJBKO OOHH BOCCTAHABIMBAKLIIWH (pedyUHpPyIo-
LIHA) KOHelL.
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Puc. 7-21. CTpykTypa TnuKkoreHa. A. CTPOEBHUE MOMEKYMNEl FNMAKOTEHA: 1 — OCTATKM MMIOKO36!, COBAMHEHHBIE O 1,4-TMNKO3MIHOR CBA-
3bI0; 2 — OCTATKW MMHI0KO3bl, COSAMHEHHEIE o-1,6-TMUKO3MAHON CEBA3LIC; 3 — HEPEOYLUMPYIOWME KOHUEERIE MOHOMEDH!; 4 — pEOYLAPYIG-
WK KOHLEBOH MoHomep. B. CTpoeHHe OTAeNBHOrG GIPArMeHTa Monexyns! rMuKerexa,

B KNeTKAX XHBOTHBIX IMMAKOTEH — OCHOBHOM pe-
3epBHLBIA noiucaxapua. T1pu nonuMepu3aumM rnwo-
KO3bl CHHUXAETCS PacTBOPUMOCTL 0DpasyIoLLEHCs
MOJCKV/IB TTHKOTEHA M, CIEACRATSNBHO, €€ BiKs-
HHE H4 OCMOTHYECKOE AARJIEHHE B KIETKE. ITo
0OCTOATENLCTRO OOBIACHSET, MOYeMY B KIETKE le-
NOHKPYETCS [IMKOTEH, a HE CBOOOIHAA TIoKO3a.

[THKOreH XpaHHTCS B LMTO307¢ KAETKH B Grop-
Me rpaHyn auamerpoM 10—40 nuM. C rpanynamu
¢BSI3aHbl U HEKOTOPBIE (ECPMEHTHI, YHACTBYIONIHE
B MeTaboNU3Me TIUKOTeHa, YTo oberyaer ux B3a-
HMOIEHCTBHE ¢ cyOcTpaToM. PasBeTBAEHHASA CTPYK-
Typa IJIMKOTeHa oOVCIoRIMBaET 0OMbIUOS KOAHYE-
CTBO KOHLIEBBIX MOHOMEPOB, UTO CMOCOOCTBYET
pabote (EepMEHTOR, OTLLEIUBIIOIUX WM [IpUCDe-
AMHAIKEX MOHOMEpPBL TIpH pacraie I CHHTE3¢
[JIMKOreHa, TAK KaK 3TH epMeHTbl MOTYT ONHO-
BpeMeHHO padoTaTh Ha HECKONBLKHX BETBAX MOIC-
Kyabl. [NMKOreH OenoHWpYeTCs TaBHLIM 00pa3oM
B IEYCHH H CEKENETHBIX MbIWIITAX. .

Flocne npuéma nvuim, Boraroil yriesojaMu, 3a-
Nac TMWKOrEHa B MEYEHW MOXET COCTARISTH MPH-
MepHO 5% ot eé macesl, B Metuniax 3anacaetcs oko-
S0 1% raMKoreHa, OIHAKO Macca MbILEYHON TKAHM
3HAYUTEIIHG GONBLIE M [103TOMY ODLLIEE KOMHUECTBO
[IMKOTEHA B MbILLILUAX B 2 pa3a OOMbIIE, 4eM B TIeue-
HH. [IMKOreH MOXET CHHTe3UpOBATHCH BO MHOIMX
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KNETKaX, HANpHUMEP B HelipoHax, Makpodarax, Kner-
Kax XUpOBOIl TKAHH, HO CONCPKAHKE ETO B ITHX TKa-
HAX He3HaYMTEABHO. B opraHm3se MOXKeT conepxars-
¢t 0o 430 r raMKoreHa.

Pacnan ragxoreHa meYyeHU CHYXKHT B OCHOBHOM
AN nOAAEKAHMSL YPOBHS MMIOKO3bI B KPOBH B MOCT-
abcopBTHEHOM nepuoie, FMosTomy conepxaHue ru-
KOreHa B 118YEHH W3MEHAETCS B 33BUCHMOCTH OT
pytMa nutadua. [pun gnuTtensHOM TronogaHuH OHO
CHHXKACTCA NOYTH J0 Hyas. [NMKoreH MblluL CiTy-
KUT Pe3epBOM TIIHOKO3bL — MCTOYHHKA IHEPTHH [1PH
MBILLEYHOM coKpallieHuy. MbllueYHbIi FIMKOTEH He
HCIIONBL3YETCA 418 MOANEPKAHUS YPOBHS TIHKO3b
B Kpoeu. Kak yxe yNOMMHANOCH paHee, B KNeTKAX
MBI HeT epMenTa [MoK030-6-docdarasbl, 1 06-
pazoBaHue CBOGOIHOM TNIHOKO3LI HEBO3MOXKHO. Pac-
X0 IWKOIeHa B MBIWILAX 3aBUCUT B OCHOBHOM OT
dvzmnueckoit Harpyakn {(puc. 7-22).

b. CUHTE3 rMHUKOTrEHA (FJIMKOTEHOTEHE3)

[MuKoreH CMNTE3HPYETCS B MEPHOA ITHILIEBADE-
HUst (uepe3z 1—2 4 mochne npHEMA YTAEBOAHOM
nuawy). Cneayer oTMETUTh, YTO CHHTE3 TJIHKOIEHa
U3 FMIoKe3s (puc. 7-23), xak u 1i0doil anatonu-
eCKHI TIpoliece, SIBASETCA YHASPTOHHUUCCKUM, T.¢.
TPeOYIOLLHM 3aTpaT IHEpruH.
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Puc. 7-22. DYHKUMWA MAKOreHA B Ne4eHlt W MbILLAX.

I'moko3za, noctynawouas B KIicTky, doctopu-
TUpyeTcs NpH yuacTH AT® (peakumst |). 3arem
rnoKo30-6-dgocdaTr B8 xolde 06paTUMON peUKLNN
IpEeBpaniacTCyd B [NIOKO30-1-thocdar (peakuns 2)
nou ackctsneM @epmerTa HochOrIIOKOMYTasbI.
I'nioxozo-1-docdaT Mo repMoaAHHAMUYECKOMY CO-
CTOSHHIO MOF OBl CY3KUTL CYOCTDATOM LIS CHHTE-
3a raukoreHa. Ho 8 cuny o0puTHMOCTH peakiiuu
EN0K030-6-hocdar « rnroKozo- 1 -gocihart CHiTes
FAMKOTCHA K3 TIIOK030- | -thocdtta v ero paciaa
OKA3ANHCh Obl TAKKE OOPUTUMBIMU H NO3TOMY He-
KOHTPOAUPpYEeMbIMY. YTOOR! CHHTEZ LIMKOIeRa Obli
TEPMOAHHAMHYECKH HECOOPATHUMDIM, HCOOXO0HMA
LONOMHUTENIBHAS CTEAHSL OOPAZ0OBALIUA YPUITMHAH-
docdhartmokossl 3 ¥YTE® u tmokoso- 1-docdara
(peaxiimdA 3). MepMeHT, KATANM3UPYIOIUUA 3TY pe-
aKUMIO, Ha3RaH Mo obpaTHoi peakunu: ¥ J1P-rao-
xonupodwochopunaza, OBHako B8 KICTKe obparHas
peaxuMs He MpoTeKaeT, NOTOMY YTo OOpal0BAB-
WHHACH B X0ue NPAMOI peakuunK fiipodocdat odests
ObICTpO pacieiiseTces nupodocdarazoi Ha 2 mo-
nekyanl gocdara (puc. 7-24).

Peakums obpazoBanun ¥ 1Q-rmioko3nl 06yCa0B-
NUBAET HeOBPATHUMOCTE BCEN CepHH PeaKLMI, Npo-
TEKAICIMX NPH CHHTE3€ FNHUKOreHa. ITUM xe
OOBACHAETCH HEBO3IMOXHOCTL IIPOTEKAHMA pacTIa-
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Pug. 7-23. CuHTE3 rMHKoreHa. 1 — FMIOKOKMHASE UMW MEKCOKH-
Hasza; 2 — docthormikomytasa; 3 — YOD-rniokonupodochopy-
nasa; 4 — ravMkoreHcMHTa3a (riokoaunTpavcdepasal 5 — dep-
MEHT «BeTBeHUA» (amuno-1,4—1 6-raiokosnnTpancdepasa).
CBETNLIS U 3AIWTPUXOBAHHBIE KPYHKKI — IMOKO3HGBIE DCTATKM, 3aK-
PEWEHHBIE KPYXKN — IMIOKO3HLIE OCTATKY B TOUKE BETBNEHHA.
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Puc. 7-24. O6paaoeanue YId-rnoKoasl.

0a TNUKOTeHA TYTEM IIPOCTOro obpalleHust nmpo-
HECCa ero cHHTesa.

ObpaszopaHHan YI®-Ta0K03a fanee HCILONb3Y-
€TCA KAK MOHOP OCTATKA TIKWKO3bl TIPU CHHTE3E
ramkorcya (puc. 7-23, peakius 4). 3Ty peakunio
KaTalM3MPYET (PepPMENT FIKKOreHCHHTA3a (IAKKO-
anatpaucdepasa). IockonbKy B JaHHOH peakuuu
He ucnonb3yerca ATE, depMeHT Ha3blBAKOT CHH-
Td30H, a He cMHTeTazoit. HykneotuaHas 4acTb
YA@-raoKo3bl UTPaeT CYUIECTBEHHYIO poiib B Aeii-
CTEUM TJIMKOPEH CHHTA3bl, BLINOMHAA (ryHKIIHI
«PYKOHTKM», [TPH ITOMOLLK KOTOPOH (hepMeHT pac-
NOAraeT FKO3Y B ITONHCAXapUIHOM HENH B HYX-
HOM nonokeHud. Kpome Toro, HykineotHAHas
uacth ¥AP-rnwkKossl, No-BUAKMOMY, HEOOX0IH-
Ma 174 y3HapaHUA cyGcTparta MpH KaTajaHse.

Tak kak FIHKOTeH B KJI@TKe HUKOTIA HE Paclilen-
JSETCS [IOJHOCThIG, CHHTES TMIMKOIeHa OCYLIECTB-
NAETCA NYTEM VIAMHEHKA YKe MMeEIleicsa Mone-
KY/bI TOANCAXAPHAAA, HAZBIBAEMON «3aTPABKA», WIH
«mpaiiMep». K «3arpaskKe» NOCAEAOBATENBLHO [1PHCO-
EOVIHSIOTCA MOAEKYJIB MOKO3bl. CTpoeHHEM MO-
AEKYNB] «34TPABKKU» KdK Obl 11PEAONPEnsniercs Ty
CRA3W, KOTOPBIA BO3HMKAET B PEAKLIMH TPaHCIIIW-
KO3WIUPOBAHHUS. TAKKMM OOPa3oM, CHHTE3MPYETCH
MOMMUCAXAPUI, AHATOTHYHbBIH MO CTPOEHMIO € «3aT-
paBodHbIM». B COCTAaB «3aTpaBKH» MOXET BXOIMTb
Oc;1I0K TTUKOreHWH, B KotopoM K OH-rpynne on-
HOTC W3 THDO3WHOBBIX OCTATKOB NPUMCOENMUHEHA
OJIMIOCAXAPHAHAS LENoYKa (NPUMEPHO 8 OCTATKOR
FMIOKC3bl). [MOKO3HBIE OCTATKH MEPEHOCATCS THH-
KOMEHCHHTAZ0I HA HepeayLMpPYIOWHWH KOHel onu-
rocaxdpuia U CBA3MBAIOTCH O-1,4-TNMHKG3IMAHBIMHM
cBA3AMH, Ho OKOHYAHMM CHHTE3a MHKOFGHHH OC-
TaéTca BIUIOYEHHBIM B TPaHyy [IMKOTEHA.
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Pa3BeThnéHHas CTPYKTYpa TAMKOTEHA 0oOpasyer-
CA MpH YYacTHH ammino-1,4—1,6-raoKo3ITpatc-
thepasbl, HA3bIBAEMOUN (DePMEHTOM «BETBINECHHA» (OT
aHTh. branching enzyme). Kak TOALKO [JIMKOMEHCHH-
Ta3d YIWHACT JHHEHHBIA y4acTOK NPUMEPHO 10
11 mnioko3HbIX OCTATKOB, (DEPMEHT BETBACHHS 0€-
PEHOCHT €& KORLEROH 60K, codepXallmi 6—7 oc-
TATKOB, HA BHYTPEHHHMII OCTATOK LIHOKO3bI 3TON WIN
Ipyrof uend. B Touke BETBASHHMA KOHLEBOH ocTa-
TOK TWIOKO3bl QTHCOCAXAPHMAA COSAWHAESTCH C THI-
poKCWIbHOU rpynmnoi B C -nonoxeHuH ¢ 00paso-
BaHHMeM «-1,6-rnuKo3ugHoli ¢Ba3H. Hopast Touka
BSTBACHMWA MOXeT ObiTh 00pazoBaHa Ha PACCTOSHHH
HE MeHee 4 OCTAaTKOB OT A00oi yXe CYLIeCTBYIO-
ureii. Takum obpaszoM, no Mepe CUHTE3Aa MMUKOIEHA
MHOTCOKPATHO BO3PACTACT YHCIO BeTRACHMIL KoH-
1Bl LEUCH CIVAKAT TOUKAMH POCTA MOJEKYJIb [1pH
€€ CHHTE3E W HAYaTOM TIPH €€ pacliane.

B. Pacriai THKOTEHA (TTHKOTEHOJIU3)

Pacnan ravMkoreHa WiH ero MOOWTHM3alIMA Mpo-
WCXOIAT B OTBET HA IOBHILEHHE NOTPeOHOCTH opra-
HU3Ma B IIOKEe3€. TUIMKOreH neuyeHH paciajgaercs
B OCHOBHOM B MHTEPBATAX MCXIY NPUEMAaMU TTHLLH,
KPOMe TOro, 3TOT TIPOLECC B MEYEHH M MbIILax
yckopaerca BO Bpemsa dmaddeckoi pabOThI.

Pacnaa rnukorena (puc. 7-23) MpOHCXOOUT ITy-
TEM MOCNECAOBATCNBHOTO OTHISNASHUSA OCTATKOB
rMOKO3Bl B BUAE MM0K030-1-(ocdara. Taukosua-
Hasl CBS3b PAcINEnAsieTCd ¢ HCMOJL3IOBAHHEM
HeopraHu4ieckoro diocdara, mosroMy npougee Ha-
3bipaeTcs ocdoponnioM, a depMelT TIHKOreH-
dochoprnaioit.

Tak ke Kak U CUHTE3, pacllicIUIEHHE TJIHKOTeHa
HAYWHAETCA C HEPSOVIIMPYHMIETC KOHIA FIONMCa-



xapuaHoi nenn. Tpu 3ToM Hanuuue passeTBAEH-
HOM CTPYKTYPH FIHMKOreHa obaeruaeT ObICTpOe
BbICBODOXKACHIME FAIOKO3HBIX OCTATKOB, TAK KAK MeM
BOJBLIE KOHUOB UMEET MONEKYIA TIUMKOIEHA, TEM
B0JBLIE MOAEKYA rnMKoreHgochopunaisl MOCyT
JEACTBOBATE QJHOBPEMEHHO.

Tnukorendrocdropiiaza paciuennser TOMNLKO -
1,4-rnuKo3uaHbie cesa3u (peakuus 1). Iocnenora-
TeNBHOE OTIUETLICHHME TAFOKO3HLIX OCTATKOB Npe-
Kpalaercs, KOraa 10 TOMKH BeTBASHHUS ocTagTes 4
MonoMepa. [NopobHast 0cOBEHHOCTE B ASHCTBHU
rankorelgochopiiassl 0GYCTOBAEA PA3IMEPOM H
CTpOeHWEM €€ aKTHBHOTO LENTpa.

AanpHelmui pacnad raMKoreHa TpedyeT ydac-
sl aBvx Apyrux depmentos. Cliavyana TpU OCTAB-
IWXCH A0 TOUKM BeTBASHMS [JIIOKO3HBIX OCTAaTKa
MEPEHOCSTCS TIPW YYACTHH OMUTocaxapuaTpaHcde-
pasbl (peakuMs 2) 1ia HepeayLUMPYIOUIMA KoHeL co-
CeIHEH uenu, yanuHas eé U Takum oDpasoM co-
3038358 yoinoBMs A1s Aeiictsus ocdopunasn.
OcTaBIUMIICA B TOUKE BETRICHUHA TAIOKO3HBIH OC-
TATOK THAPOAUTHYECKH OTLUETLISETCS ¢ [MOMOULBIO
o-1,0-T110K03KMAa3bl B BUAE ¢BODOAHOIR NIIOKO3bI
(peakumsi 3}, nocne 4yero Hepa3BeTBAEHHBIH ydac-
TOK [AMKOTEHE MOXET BHOBB aTakosaThes (hocdo-
DHNA30N.

CyuTaloT, UTo MIEPEHOC TPEX OCTAaTKOR TINKKO3bI
M VI3ACHWE MOHOMEPA W3 TOYKH BETBIEHUA (pe-
akuuMn 2 U 3) KaTaaM3Mpyer O4uH M TOT Ke dep-
MEHT, KOTOPbIH 0DnandeT IBYMs pa3HbiMU GhepMeH-
TATUBHBIMH AKTHBIIOCTAMK — TpaHchepazHol M
rMUK03MAa3H0H. Ero HasplRaloT «I1eBETBAILUM»
thepmenTOM (OT anrtn. debranching enzyme).

Mpouykt AcHCTBHS TAMKOreH¢ochopruiIa3bl —
I7110K030- 1 -thochat — 3aTeM HM30MepM3yeTcs B
rmoko3o-6-cocar docdormokomyrazoi. Janee
roKo30-6-ocdaT BRIIOYAETCA B Mpolece KaTa-
Oonmuama Man apyrue MeTtaboamucckue nytu. B
nMegeHn (HO He B MBIWIUAX) TNIOK030-6-hocddr
MOKET CHWIPONTM30BATRCA ¢ 0Opa30oBaHHEM T1IOKO-
3bi, KOTOPAA BbLISIHETCS] B KPOBb, DTY peaklulo
KaTtalu3upyeT epMeHT TwKo3o-6-docdarasa.
Peakuusi mpotekaeT B npoceete 2P, Kyna ¢ nomo-
LB CMeUManbHOTo Oe1Ka TpAHCNOPTHPYETCA TNIo-
K030-6-thbocar. DepMEHT JOKANU30BaH Ha MeMB-
paHe 3P TaxuM 06pa3zoM, 4TO €70 aKTHBHBIH LeHTp
obpawnén B npocset IP. MpoaykTel rugponusa
(r1Ko3a ¥ HeopraniMueckii chocdar) po3Bpalla-
IOTCA B LIMTOMIA3MY TAKXE ¢ TIOMOLUBLIO TpaHCop-
THBIX CHCTEM,

11=2128
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Puc. 7-25. Pacnag rnmroreHd. B pamke — iparMedT rmykoreda
€ TOYKON BETBNEHAA, JaKPAWSHHBIA KPYXKOK — IMICKO3HLIA ocTa-
TOK, CBASAHHLIN ¢-1,6-rMWKO3MAHOA CBA3LIC; CBETNLIE U 3almpu-
XOBAHHLIE KPYXKN — TMIOKO3HLIE OCTATKM B NMMHEPHBIX y4acTKax
W GOKOBLIX BETBAX, CBA3AHHBIE [-1,4-MUAKO3MOHOW CEBABLIO. 1 —
ravxorsHhocthopunaza; 2 — onvrocaxapuntparchepasa; 3 — o-
1,6-roKo3nga3a.
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F. BuOJOrM4ECKOE 3HAYEHUE OBMEHA
TTAKOTEHA B MEMEHW W MBIIIILIAX

Ha pucynke 7-26 npuseacHa oOllas cxeMa CUH-
Te3a M DACAAA IMMKOTeHA H PErysUMs 3THX [Tpo-
LIECCOB TOPMOHAMH,

CpaBHeHHE 3TUX NPOLECCOB MO3BONAET CASIATh
CIEAVIOWHE BHIBOALI:

e CHHTE3 W pachajl TIWKOTeHa MPOTEKAT Mo

paiHeIM METADONHYECKHMH ITYTAM;

» TIGYEHb 3aracacT MIKKO3Y B BHAE TJHKOTEHA
HE CTOJIBKO I COOCTBEHHBIX HYX, CKOJIBKO
115 IOMAC PXKAHMA NTOCTOAHHON KOHLUEHTPALHH
MOKO3bl B KPOBH, W, CNSA0BATEIBHO, 0DecCTIe-
YMBAET MOCTYIUIEHUE I[JKOKO3bI B IPYTHE TKa-
HA. [IpUCYTCTBHE B MEYEHH TIIOKO30-6-Doc-
thaTasznl 0OYCIORNHUBAET FTY MABHYIO (DyHKHUIO
neyeH B OOMEHE [IMKOTEHA,

» (DYHKLMA MBIILIEYHOIO TIMKOIeHA 3aKITIOHAET-
cq B 0cBODOXKIEHHH [JI0K030-0-thocdaTa, Mo-
TPeONAEMOro B caMOM MBILILE ANS OKHCIEHUA
H HCIIOBLIOBAHHA IHEPIUU;

¢ CHHTE3 ITHKOreHa — MPOLECe JHASPTOHMYEC-
kuif. Tak Ha BKIIOYEHHE OTHOTO OCTATKA TJIO-
KO3bl B MOJIMCAXAPUAHYIO LML UCTIONB3YETCA
1 Mons AT® u | Mone VT®;

e pacnaj MKWKOreHa 10 TIKo3o-6-hocdara He
TpedyeT JHEPTHH,

¢ HCOOPATHMOCTE TIPOLIECCOB CHHTE3a M pacnaaa
TAUKOreHa obecreyHBaeTCs UX perymdumeit.

Vil. PEFYNsUna METABOTN3M
IMAKOrNEHA '

[Ipolieccsl HAKOMNEHUA TIIOKO3bl B BHAC TJH-
KOI¢Ha M ¢ro pacrnaga IOMKHbB ObITh COrAaCOBaHbBI
¢ TOTPeBHOCTAMMH OPraHu3Ma B TNMIOKO3¢ KaK MC-
TOYHKMKe HepTHH. OIHOBPEMEHHOE TIpOTeKaHHE
ITUX METABOTMYECKHX TTyTeH HEBO3MOXHO, TaK Kak
B 3TOM Cyude oDpazyercs <«XOJMOCTOM» LMK, Cy-
LLIECTBOBAHKE KOTOPOTO TIPHBOAMT TOIBKO K Dec-
nofesHei Tpate ATO.

H3MeHeHHe HanpagleHMs] OpoLEccoB B MeTabo-
JU3ME [MKOreHa OGeCTIeUUBAIOT PETYIATOPHEIE
MEXaHH3Mbl, 8 KOTOPbIX YMACTBYIOT ropMoHEL. [le-
PEKIMIOYEHHE TIPOLECCOB CHMHTE32 U MODWIM3aLHK
LJIHKOIEHa MPOMCXOIMT NPH CMeHe abcopOTHBHOTO
meproda Ha NOCTabCOPOTMBHBIA WM COCTOSHMS
MOKOSI OPTAHW3MA HA PEXHM (DH3IMHECKOIT paboThL
B nepexnioueHHH 3THX METAa0OAMYECKMX MyTEH B
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NMEMCHH YHaCTBYHOT TOPMOHEBEI MHCYJIHH, TJIHOKArod H
aapeHANHH, 4 B MBILINAX — HHCYAHH H 4apCHATHH.

A. XAPAKTEPHCTHKA FOPMOHOBR,
PETVJINPYIOIIMX OBMEH [JTHKOTEHA

[TepBHYHEIM CMTHANOM AJIA CHHTE3a M CEKPELIMH
MHCYIMHA U NIIOKATOHA HBIICTCS M3MEHEHUE YPOBHSA
TKKO3bl B KPOBH. B HOpMe KOHUEHTpAaLMA TIIOKO-
36l B KPOBU COOTBETCTBYET 3,3—5,5 MMone/n (60—
100 mr/nn).

HucyiHn — 6e1KOBBII TOPMOH, CHHTE3MPYETCS
H CEKPETUPYETCS B KPOBhL [-KJNETKaMH OCTPOBKOB
JlaHrepxaHca TOAXeNYOOUHOM KeNe3bl. [-KIeTKH
YYBCTBUTENBHLI K H3MEHEHWSAM CONEPXAHHA TIIO-
KO3bl B KDOBA M CEKPETHPYIOT MHCYIUH B OTRET HA
MOBbILLEHHE € COOSpXKaHUL [IOC/e MPHEMA MHIIIH.
TpancriopTHeIi Genok (FJHOT-2), obecmeunBa-
LKA TIOCTYNAEHHUE TJIIOKO3bl B J-KJIETKM, OTAHYA-
€TCS HH3KMM CPOACTBOM K Heh. CreaoBaTeAbHO,
3TOT OCJTOK TPAHCIIOPTHPYET TIOKO3Y B KACTKY Nod-
XKENVAOUHON XeJIe3bl JIMiUb [10CAe TOTO, Kak ed
COAEPXAHUE B KpPOBM OYAST BLILUC HOPMANLHOTO
ypoBHsa (Gonee 5,5 mmonw/m).

B pB-krerkax rwoko3a docthopHAHpYeTCa TIIO-
KOKMHAIOH, UMEIOIIEN TAKXKE BEICOKYIO Km JLIIST [JTHO~
K03kl — 12 Mmonk/n. CxopocTe ochopunuposa-
HMA TJI0KO3bl [MIOKOKMHA30[ B P-KNETKax MpsMo
NPOTIOPLIMOHANEHA ¢€ KOHLEHTPALUKH B KPOBH.

CUHTE3 WHCYAHMHA PEryaupyeTcs TAIOKO30H.
I'mioko3a (Wwiv eé MeTaboNUTh]), TO-BUAUMOMY, He-
MOCPEACTREHHO YYACTBYIOT B PETYJUILIMH DKCIpeEC-
CHUM T¢Ha MHCYNMHA. CEeKpeUMs HHCYAUHA M TN10-
KaroHa TaKXe pETYIHPYETCH DIKKO30H, KoTopas
CTHMYJUPYET CEKPELIMIO MHCYJIMHA H3 P-KAETOK M
MOJABJSIET CEKPELUMIO TNIOKATOHA M3 (-KICTOK.
Kpome TOro, ¢aM HMHCYIMH CHHXACT CEKPEeUHIo
raokaroda {(cMm. pazaen 11).

Tmokarodk — «ropMOH ronoJar», BhpabaThIBae-
MBI O0-KICTKAMH TOLKCAYAQGHHOH Xeledbl B OT-
BET HA CHIDKEHHE YPOBHS TIKOKO3bI B kposu. o
XMMHYECKOUW TIpHpOAe TKKArecH — MENTH.

AZlpeHaNiH BHIIENAETCA M3 KIETOK MO3TOBOIQ
BelllecTBA HAAMOYEYHHKOB B OTBET HA CHrHATLI
HEPBHOH CHCTEMEI, HAYLIHME M3 MO3ra TNpH BO3-
HUKHOBEHWHM IKCTPeMANbHBIX CHTYaUHi (HANPH-
Mep, OeTcTBO MAKM Gopeda), TpedywIIUX BHe-
3aMHOil MBIWEYHON AEATCABHOCTH. AIPeHATUH
SABISIETCS CHTHAIOM «TpeBOrH». OH AOJIKEH MTHO-
BEHHO OBeCTIeYHTh MBIl H MO3T HCTOMHMKOM
IHEPIHH.
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Puc. 7-26. CHHTea M pacnaj rAWKoreHa. 1 — rexcokMHaaa nnKn riokokHasa (meuels); 2 — YOM-rniokonupohocdopunaia;
3 — ravkoreHcHHTasa; 4 — aMuno-1,4—1,6-raokosunTpadchiepasa (PepMenT BETBNEeHWS); 5 — rmukoreHdocopunasa; 6 — «geseT-
BAWMWIE» diepMeHT; 7 — rmiokaso-B-gochartaaa (neyexs); 8 — tpaklcnoprHeie cuctems! FTHOT.

b. Perviasiiua AKTUBHOCTH
EAUKOFEH®OCDOPHIIAZHI
A IMMKOTEHCHHTA3BI

[TocKOMBEKY CHMHTE3 M paclan rHKOTeHa npoTte-
KAKT [10 pasiu4HbIM META0OMHUECKHM TIVTAM, 3TH
MPOLUECCHl MOrYT KOHTPOJIMPOBATRCA PELMITPOKHO.
BmsiHue ropMOHOB Ha CHHTE3 ¥ PacTiaa [IMKOreHa
OCYLUECTRINETCA MYTEM M3MEHCHHS B MPOTHBOMO-
JIOKHBIX HAMPABICHWSIX AKTMBHOCTH JBYX KITIOYE-
BEIX (DEPMEHTOB; NIMKOTEHCHHTA3bI U IITHKoreH(oc-
dopwnasbl ¢ noMoulbio X ochopiUiMpoBaHHS H
nedochopunuporatus (pHe, 7-27).

I'mixorendoctopinaza cyluecrsyer B 2 thopmax:
1) dochopinuposanHas — akTusHas (Qopma a);
2} nedochopunMpoBaHAs — HeakTHBHad (opmMa 8),
GochopUTHpoBaHHE OCYLLIECTBAAETCA [TYTEM IIEPEHOCA
toctatroro octatka ¢ AT Ha TMAPOKCHIBEHYIO IPYIT-
MY OJHOTO W3 CEPHHOBDIX OCTATKOB dhepmenta, Cre-
CTBUE ITOT0 — KOH(OPMALMOHHBIE M3MEHEHHA MO-
TEKVB PepMeHTA U €10 AKTHBAIHS,

Bzaumonpeppanienvs 2 ¢opM raukorerdocdo-
punasnl ofecneunBaloTca AeHCTBHEM (hEePMEHTOB
KuHasbel dochopunasel 1 pocdonporenndocdara-
3Bl ((hepPMEHT, CTPYKTYPHO CBA3aHHBIN ¢ MOJIEKyNa-
MM [JIMKOTeHa). B cBOIO ouyepenb, aKTMBHOCTh KH-
Hasul dochopinassl u ¢ocdonporerndocharasbl
TaxoKe peryaHpyercd MmytéM ocdopuidpoBaHis |
JAedochopHIHPOBAHMSL.

AKTHBAUMA KiHA3L1 hoodopriasel TTPOMCXOIHT 104
AeitcTeHeM rnporerHKUHA3Ll A — JTKA (nAMO®-
3aBHCHMOIT). LAMOD cHavyanma aKTUBMPYET IpOTe-
MHKWHa3y A, KOTopas dochopruinpyeT KMHa3y $oc-
opuadkl, MEPEeBoOasT € B aKTHBHOE COCTOSHHE, a
T4, B CBOIO ouepeab, GochOpUINPYET IMHKOreHpOC-
dopunasy. Cunres tAM® crimyanpyeTcs agpeHa-
JIMHOM M TAIOKArOHOM {CM. pasmen S).

AxtuBamnas Gocthomporemdoctharaibl NIpoRCXo-
YT B PE3YABTATE peakiiuu GocdhopuaHpOBaHHS, Ka-
TANU3UPYEMOI CrieLMUIECKOH TIPOTEMHKHHA3O0M,
KOTOpasd, B CBOW QUEPEAb, AKTHBHPYETCS HHCYIIH-
HOM NOCPEACTBOM KacKala peakilvi ¢ yyacTheM Ras-
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Puc. 7-27. UameHeHne aKTUBHOCTH rUKoreHdgiocgopunasl U
rMAKGrEeHCHHTa3bl. KpyxKami oHosHaueHb MONeKynbl GepMean-
Ta: aKTHBHbIe — YEPHLIe, HeakTUeHble — Senwie. ©MhoctaTa-
3a {'P} — gochonpoTenkbocgarasa rpaHyn TaMKoreHa.

Oenka, a Takke ApyTHX OenxoB W PepMEHTOBR {CHI-
HanbHbeId Ras-nyTb, cM. pazaen |1). AxTHBupyeMas
HMHCYJIMHOM MPOTeUHKHHA3a HochopHInpyeT K TeM
camMbIM aKTHBupYeT diochonporertdocdarasy. Ak-
THsHag (ocdonporenHdocdaTasa nedocdopuiu-
PYET W, CNCOOBATEIBHO, MHAKTUBUPYET KUHA3Y (POC-
dopunasel U raukoreHgocdoputasy (puc. 7-28).
AKTHBHOCTE [AMKOTEHCHHTA3Bl TAKXKE W3MECHSCT-
¢sl B peayabtate dochopunHpoBaHHa U aedocdo-
PUWIMPOBaHUA (CM. Bblllie pHc. 7-27). OOHAKO eCTh
CYLIECTBEHHbIE PA3NU4MsL B PEryIsiUMH TNIMKOTeH-
¢ocopunassl U [IMKOTEHCHHTA3DI:
o PoCHOPHAMPOBAHUE [JIMKOMreHCUHTA3bl KaTa-
auaupyet [NK A W BLI3LIBAET €€ HHAKTUBALHIO,
s jJedochopHAHPORAHKE TAHKCTEHCHHTA3L! NOI
neicreiem chocdonporeundocdarasbr, Ha0HO-
poT, €€ aKTHBHPYET.

324

B. PECYAsiLMA METABOJM3MA TJIMKOCEHA
B MEYEHM

Kak yxe oTMeuanoch, NepeUuHbIA CUTHAN An8
CHMHTE3A WHCYNWHA W TIIOKaroHa — MW3MEHEHHE
KOHIIEHTPAUWH TIIOKO3bl B KpoBU. MHCynmMH |
TIOKATOH TIOCTOSHHC TIPUCYTCTBYIOT B KPOBH, HO
NpH ¢MeHe abcopBTUBHOINQ meproia Ha nocTtad-
COPOTHUBHBI U3MEHSIETCS UX OFHOCHTEABHAN KOH-
LEHTPAUWS, YTO SIBASETCA [NABHBIM (haKTOpOM, Me-
PEKTFOMAIOLLIMM METADOIM3M TIMKOTEHA B MEYSHHM,
OTHOLICHHE KOHUCHTPALIMH MHCYIIMHA B KPOBH K
KOHUEHTpalWH TH0KAaroHa Has3blBAKT «HHCYIHH-
ITHKATOHOBBIA HHIEKC»>. B noctabcopbTHRHOM
Mepuoie MHCYNUH-THOKATOHOBBIA MHASKC CHM-
KAETCH, U PELIAIOLIEE FHAUNEHUE B PETYSILIMU KOH-
LEHTPALMHU [TOKO3bl B KPOBM NMPHOOPETaeT KOH-
UEHTpaUMs FROKAMoHA.

Iavkarod 415 TENaTOZMTOB COVKUT BHELIHMM
CUFH&IOM O HEODXOAMMOCTH BBELAENEHMS B KPOBb
CARKO3BL 33 CUET pacrana IWKOreHa (TIHKOreHo-
NA3a) WK CHHTE3a [NHOKQ3b6] W3 ADYTUX BELIECTR —
FNI0KOHEOTeHe3a (3TOT npolecce OYACT M3N0XEH
nozaHee). FOpMOH CBSZBIBAGTCS ¢ pelenTopoM Ha
N2a3MaTHYECKOH MEMOpaHe M aKTUBHPYET NPK No-
cpeannyectee (G-Denka aleHMIaTUMKAA3y, KOTO-
pas karanuzvpver obpasosaHve uAM® w3z ATO
{cM. pazgen 3). Janee chenveT XacKaja peakumii,
OPHUBOOALLIMK B NMeYeHU K AKTUBALMM FIHKOIeH-
rochopunaszsl 1 UHTUOUPORAHHIO TMHKOMEHCHH-
Ta3wl {puc. 7-29). ITOT MeXaHH3M NPUBOIUT K BhIC-
BOGOXAEHHID W3 TIUKOTEHa TMKo3o-1-gocedara,
KOTOPBIA NpeBpawlaeTcss B rnwokoso-6-docdar.
3aTeMm ROMA BAMAHHEM TNOKO30-6-(hocdarasbl ob-
pa3yeTcs CBODOINHAS TNH0KO03a, CnocodHAd BhIATH
M3 KJIeTKH B KpPOBb. TaKHWM 06pa3oM, rioKarcH B
NEMEeHH, CTUMYIMPYS pacnai TNWMKOreHa, crocod-
CTBYET MOAAECPKAHHIO TINKOKO3b B KPOBH Ha MO-
CTOSIHHOM YDOBHE.

AIpeHANHH CTUMY/IHPYCT BRIBSACHHE TIHOKO3b1 M3
MEYEHU B KPOBb, E18 TOTO YTOBHI cHABAMTEL TKAHK
{B OCHOBHOM MO3T H MbILILIE]) «TONIWBOM» B 3K-
CTPEMAABHON cuTyaumu. DpdekT aapeHanHHa B
neueHu obycnosied (GocOopPUIHPOBAHMEM (M aK-
THBaUWei) rhnkoreHopochopHIazb. AZpPeHAIUH
UMEET CXOAHBIA € NIKKArOHOM MEXaHW3M ACHCTBHS
(puc. 7-29). Ho BO3MOXKHO BxRioueHHe W NPyroi
3(PhHeKTOPHOM CUCTEMBI NTEPEIAYUH CHIHANA B KIIETKY
neyeHn (puc. 7-30).

Kakas cucTeMa nepeaadd curHana B KNeTKy Oy-
JET UCMOb30BAHA, 3aBUCHT OT TUNA PELEnTOPOB, C
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Puc. 7-26. BnnsHue WHCYNUAA Ha aKTMEHOCTL MWKOTEHCHHTAZb W KMHaskl thoctopunasel, Pl-bochartasza (FP) — dochonpoTte-
utbocthaTasa rpanyn ravkorena. NK (ppd0S6) — npoTenHknHasa, BKTUBUPYEMAR WHTYTTAHOM.

KOTODLIMY B3aUMOIeHCTRYeT adpeHannH, Tak, B3a-
UMOZEHCTBHE ANPEHATHHA € [3,-peuenTopamn Kie-
TOK MeYeHW MNPUBOINT B JCHCTBHE aJeHWRATLMK-
Ma3Hyo cucTemy. BlauMoneicTBHe Xe anpeHaTHHA
€ o,-PeLeNTOpaMy «BKIOMAET» WHO3UTONGroChAT-
HblH MeXaHu3M TpaHCMeMOpaHHON MepenavM rop-
MOH{IBHOro curHana. PezynbraT aeficTrra obemx
CHCTEM — (DOChHOPUITHPOBAKRKE KIMIOUEBLIX depMeH-
TOB W MEPEKIKMEHHE TPOLECCOB C CHHTE3d TNIMKO-
reda Ha ero pacnaa. CneayeT OTMETHTb, YTO THN
peLenTOPOR, KOTOPBIA B HAWDONbIICH CTereHH BOR-
NEKAETCH B OTBET KNETKH Ha AIPEHATHWH, 3aBUCHT
OT KOHLENTPaUHH €0 B KPOBM.

B nepuoa nuniesapenus npeobnanacT BIMAHHE MH-
CY/IHHA, TaK KAK MHCYJIWH-TIIOKATOHOBBH MHAEKC
B 3TOM cAy4ae noBbillaetcs. B UeIoM WHCYNHH BAK-
A6T HA OOMEH [IMKOTEHA TIPOTHBOMOJECXKHO TITIOKA-
roHy. MHCYAMH CHUXAET KCOHUEHTPALUMIO ISTHOKO3bI
B KPOBU B [IEPHOA NMLICBAPEHMA, AEHCTRYS HA ME-
TaDONM3IM DEUSHM CASAYIOIMM 00pa3oM:

» CHHXaeT ypoBeHb UAM® B kneTkax, docdo-
pywIHpyA (onocpeloBaHHo ueped Ras-nyTe) 1
TeM CAMBIM AKTMBHDYH OPOTeMHKHHa3y B
(HAM®-nezasucumyro). [porewikunasa B, B
CBOK ouepeib, pochopuinpyeT W aKTUBHpPYET

dochoamacrepazy ntAMD — depueHT, run-
poanaviomuil TAM® ¢ obpasopanmem AM®,
MexaHu3M BIHAHMS WHCYAHHA Ha YPOBEHD
uAM® B kneTke nogpobHee GviaeT HINROKEH B
pasaene 11;
akTUBHpyeT (uepe3 Ras-nyrw) cocdronpore-
WHbocdaTasy rpaHyIT rIMKOTeHa, KOTopas ae-
hochopUIHpPYET TAWKOTEHCHHTAZY M TaKUM
obpa3oM e€ akTuRMpyer. Kpome Toro, doc-
dronpoTterHpocdarasa nedochopianpyer M,
CJIeIoBaTEbHO, UHAKTHEBHPYET KHHA3Y (oc-
dopunazsl ¥ raukoreHdochopuaasy;
WHAYLMPYET CHHTE3 TNIOKOKUHA3B!, TEM CAMbBIM
yckopsis ocopimupoRaHMe TIOKO3bL B KReT-
ke. ClenyeT HallOMHHMTB, YTO PeryiAaTOPHBIM
akTopoM B METADONU3IME MIMKOTEHa SBASETCS
Takke BeuunHa K TIIOKOKUHA3BI, KOTopas
MHOTO Bbillg, YeM K TeKCOKUHa3bl. CMBICT 3THX
pasTHIUil IOHATEH: MEUEHL HE AGIKHA NMoTped-
JISTH [IOKO3Y U CUHTE3d TIMKOIEHE, ecnp eé
KOJIMYeCTRO B KPOBM B TpengaX HOPMBL

Beg o310 BMECTE NPUBOAMT K TOMY, YTC HHCYJIHH
OOHORPEMEHHO AKTHBUPYET DIMKOIEHCHHTA3Y U
HHMMBUPYeT rIukoreHpochopHaasy, nepekiodas
NpoLece MODUITM3ALMY TMYMKOreHa Ha €ro CHHTE3.
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Puc. 7-29. Perynauqa cMHTe3a M pacnajga MUKOTeHa B NEYEHW IMKKAroHOM W AAPEHANMHOM, 1 — IMICKaroH K aapeHaniH B3aumo-
ASHCTBYIOT CO CreundmueckuMy MembparHeIMi peLenTopamy. KoMNNeke ropMOoH-paLenTop BAnAeT Ha koHdopmaimio G-Genka, Bol-
3eIBaf AMCCOLMALIMIO 0 HA NPOTOMSPEI ¥ 3ameHy B a-cybtanvauue MO Ha MM, 2 — a-cybrenuHuua, ceasaHHan © MNP, aKTUBIPYET
afeHUnaTLMKNasy, KaTanmanpyolyio cHTes UAM® ua AT®; 3 — B npucyTeTBUHM ULAM® npotenHkuHasa A (WAMD-3aBncuman) obpa-
TUMO BHccoLMupyeT, ocsoboxban ofnapaone KaTanMTUMECKOA aKTUBHOCTLIC CyOLeauHiup C; 4 — npoTemrHkrHasa A docthopunupy-
&T M AKTUBUPYET KUHA3Y thocdopunasb); 5 — kMHaza dochopunasel QocopunMpyeT rMukoreHpochopunasy, nepepoan eé B aKTHBHYIO
thopmy; B — NpoTeMHkMHaaa A GochopunupyeT Talxe rMUKOreHCUHTasy, Nepescas eé B HeaKTUBHOE COCTORHKE, 7 — B pesyneTare
MHrMENPOBAHNA MWKOTEHCHHTASE! M AKTHRAUMM MKKorenhochopunask! IMUKOTEH BKNIKYASTCH B ApOLSce pacnana; 8 — tocpouacte-
paza KaTanu3IMpyeT pacnan UAM® 1 Tem caMeim NPepLIBaeT AeRCTEME ropmoHansHoro curiana. Komnneke c-cybvenunwua-rTd aa-
TeM pacnapaeTca, o-, f- v y-cyoreqmHuLe G-6enxa peaccolMmpyoTcs.
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Puc. 7-30. Parynauun cuwTa3a M pacnafa FAMKOTEHa B NEYeHW agpeHanwHom u Ca*. WO, — docthaTaMnuHoauTenGncdoc-
tar, Ud, — uvoauton-1,4,5-Tpudecdar; QA — auauunramuepon; P — SHAONAA3MATHHECKWIA peTnkynym; DG — doctboquTunce-
PHH. 1 — B3aMMORHCTBNE aaPEHANMHA C o -PELeNTOPOM TPAHCHOPMUPYET cHrHan Hepes akTneauwio G-Genka Ha jocgonnnasy C,
nepesod 68 B aKTHBHOS COCTOAHME; 2 — tocdonunaza C ruaponusyeT PUD, Ha U, » JAT; 3 — N, akTiBrpyeT MoGUNH3aLMIO
Ca® ua 3P; 4 — Ca®, (Al 1 hocthoaMTUNCEPUH aKTMENPYIOT NpoTenHkuHasy C, MNpotenHkuHasa C QochopunupyeT MPKOreHCHHTa-
3y, NepeBOAA 86 B HEAKTHRHOE COCTOARWE; 5 — womnnekc 4Ca®-KansMoOynuH aKTHEMPYET KMHAa3y GOCPOPUNAastl N KANEMOOYNHH-
JABMCHMLIE NPOTEUHKWHE3L!, 6 — KnHAa3a Qochopunadbl $ochopUNMPYET MUKOreHochopunasy 1 TeM Cambiv o8 aKTUBMPYET;
7 — aKTWBHLIS (ROPMBI TPEX HEPMEHTOB (KANBMOAYNMH3IABUCHMARA NPOTEMHKMHASA, KMHA3a doctpopunaskl W NpoTeMHkMHaaa C) hoe-
DOPUNUPYIOT MAKOrEHCHHTAZY B PAsNHYHLX L@HTRAX, NePeBOAA €& B HEaKTUBHOE COCTORHNE.
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B meueHH CYILSCTBYET M AUIOCTEPUYECKAA pETy-
nMauns rapkoreHdocgopunaibl, 0beCneyHBalOLIAR
BHYTPUKICTOUHBIE NMOTPeOHOCTH B CNOKO3E, HO TOp-
MOHANBHBIE CHUTHABI UMEIOT TPHOPUTET HAal BHYT-
PHENETOUHBIMK M IIPECIenyioT Apyrie (hU3HoRo-
ueckMe ek, Panee (cM. pazaen 6) paccMaTpUBancch
3HAYEHKWE MIMEHEHMS B KIeTKe ypoBHeii AT®, AP
U AM® kak nokasatens, OTpaKaloUero notpebHo-
CTH KJ1€TKM B 3HEPTHH. 3aMelIeHHE YTUAW3ALHK
AT® conpoBOXAaETCH CHIDKEHNUEM AKTHBHOCTH K-
KoreHgochopuIassl U YMEHBILIEHHEM CKOPOCTH Pac-
nana rndkoreHa. Hanportue, yBeHMYeHHE pacxono-
BaHHMsl AT® BeléT K TMOBBLILEHUIO ypobHa AMD,
aKTHBallUM rAMKoreHGocHOpUIazsl U YCKOPEHHIO
pacriana rukorena. AT® u AM® grnawTea annoc-
TEPHYECKHMH 3P deKropaMH [0 OTHOWIEHHID K
onkoreHgrocdopunase. CylUecTBYET TAKKE W METa-
GONHUeCKH KOHTPO/Ib AKTHBHOCTH FIMKOTeHpocdo-
prasel. Tak, Npy MOBHILEHAN KOHUSHTPALWY IO~
Ko30-0-ocara akTHBHOCTE 3TOr0 (PepMeHTa B
KJETKAX MEYeHU CHUXAETCH,

I'. PErvasiivs METABOJIM3MA TIIMKOTEHA
B MBIIHIAX

Pervasuma obMeHa [MUKOreHA B MBIIINAxX obec-
NEYUBAET DHEPTETHYSCKMM MATEPHATOM KaK MH-
TEHCHUBHYEK) padoTy MbiuL (fer wiu 6opwba), Tak
H SHEPro3aTparsl B COCTOSHMH TOKOA,

B sKkeTpemANLHBIX CHTYALMAX B MbILIEYHbIX KIeT-
Kax MOOMIM3aUMA [MTUKOreHa YCKOPSETCH aapeHa-
AuHoM, CBA3BIBAHHME aIPeHAAHHA ¢ B-peuentopa-
MU, ACCOLUMHPOBAHHBIMH € AA¢HHNATLMKIAIHON
CHUCTEMO}, MPHBOAKT K obpazoeaHnio LAM® B
KJIETKE, a 3aTeM (pochopUIHPOBAHHID W aKTHBA-
UMW KWHa3el pochopuiasel M IIHKoreHgpocdopu-
Jdazbl (puc. 7-31),

QOobpazopanue UAM®, cTHMYIMPOBAHHOE aape-
HATHHOM, CJIYXHMT CHTHANOM K YBEIWYEHMIO [1pO-
W3BOACTRA BHEPrHM B PE3YABTATE YCKOPEHUS pac-
1eTieHuss KIMKoreHa. MMeHHO B xode pacrnaja,
00pa3cBaHHOIO M3 TNIHKOreHa Iimoko3o-6-gocda-
Ta, CHHTe3upyeTcss ATO,

MHakTHBALMA CMUKOMEHCUHTA3LL NOM BAWMAHU-
€M AdPEHANKWHA B MbLIIHEYHLIX KASTKAX [NpOXOIHT
TaK Xe, KAK W B NeYeHmn.

B cocrosanuu nokod npi HH3KMX KOHUEHTPALHAX
AIpeHAIMHA B KpOBH TMKoreHGochopraasa MblilL
HaxonMTcs B agdochoprnMpoBaHHOM — HEaKTUB-
HoM coctoadHK (dopMa B), HO pacnan raMkoreHa
BCE-TAKM TIPOMCXOIUT. ITO OOBLACHIETCSI TEM, UYTO

328

r1ukoreHhochopIasa aK THBUPYETCH CNOCOBOM, He
CBA3AHHbLIM € €€ (DochOopUIHMPOBAHHEM, TAK KAaK
ypoBeHb LAM® B KneTke HU3KHMU. B 1aHHON cuTy-
ALMKA MPOHCXOANT AUTOCTEPHUSCKAA aKTHBALIMA [H-
koreHdochopunasel B. AktHBaropaMu (pepmMenTa
crykar AM® n H PO,, ofpasyiowtieca B knetke
npy pacnane AT® (puc. 7-31, nyts 1).

TIpH yMepeHHBIX MBIMIEYHBIX COKPAIIEHUAX, T.€. B
cuTyallMu, He TpeOylolel yyacTusl B perynsumnu
UAM®, amocrepuyeckM CNOcoBOM aKTHBUpYETCS
KHHaza dochopunazel (puc. 7-31, nyts 2). B gaH-
HOM CJTy4ae annocTepuyecKUMH 3ipexTopamu cny-
*aT MoHbI Ca?* ) KOHLEHTPaUMA KOTOPbIX PE3KO BO3-
pacTaeT MPH COKPALLEHHM MbILULE B OTBET HA CUTHAA
OT ABUTATE/IBHOTO HEPBA. AKTHBHOCTh (hepMeHTa
CHUXAETCH CPa3y ke, KaK TONBKO KOHLEHTPALMWA
Ca¥ B KJIeTKe YMEHbLIAETCHA f10CEe MOCTYILACHHSA
CHFHAIA K paccnabnenunio mplil, TakuM odpasom,
ponb voHos Calt 3aKknioyaercs He TONbKO B HHM-
LMALMK MBIINICYHOTO COKpAlEHUS, HO TaKXe B
0oDECMIEYEHHH €r0 3HEpro3arpar.

AxTHBaNMs KuHa3bl ¢ochopunasbl ¢ NOMOUIBIO
yoHoB Ca?* onocpenoBaHa KaAsMOIynHOM. Kanb-
MOIYJIHH B JaHHOM CNYY4ae — [IPOYHO CBA3AHHAS
cybbearHula depMerTa (puc. 7-32). MblueuHas
KuHasa dochopinasel COCTOUT U3 cyDbeanHul 4
THNOR: &, [§, ¥ 1 8, o0beanHEHHLIX B KoMTLIeK:. Dep-
MEHT BKJTIOMaeT 4 takux Komrulekca. Karanurudec-
KOW aKTHBHOCTBIO 0BnafacT y-cyobenuHuua. Cyone-
AVHHLIBI ¢ H 3 BRITIONHSAIOT PETYIATOPHYHO (PYHKLHEKD,
OHiy conepxar ocTatku cepuHa, hochopunupyemMbie
NK A, 6-CyGseaMHKIA CBA3BIBAET 4 HOHA KAlbLIMS,
OHA WAEHTUYHA BelKy KalbMOAYIWHHY. CBA3bIBAHHE
WOHOB KafbliMA BbI3LIBACT KOHGOPMALLMOHHLIE H3-
MeHEeHHS, YTO MIPHBOJIMT K aKTUBALIUY KaTIHTHIEC~
KOTO LUEHTpa y-CyObSAUMHHMIILI, XOTA MOJSKYIa ocTa-
€rca B JehochOpUIHPOBAHHOM COCTOSTHUY.

B MbImuax e mepHoa numepapenys, €Ciy OH Co-
BIIAAAET C COCTOSHMEM TIOKOA, TPOHCXOINT CTH-
MYISLUNA CHHTE3a rnrkoreHa. MbluieuHas pabota
BO BpeMsl NUUICBAPEHUA 3aMEATIET APOLECC CHUH-
TE3a TIMKOTeHa, TaK KAaK TPH 3TOM MBILLEl UC-
NOJIL3YIOT ANA OKMCISHHMA LIOKO3Y KPOBH, NOCTY-
NAIOLLYI0 U3 KHILEUHMKA.

B nepexnioueHUM MODHMIM3AUMM [JMKOMEHa Ha
3anacaHHe DIIOKO3Bl YMACTBYET MHCYIMH. KaK yxke
TOBOPHIOCH, CKOKO33 NOCTYNAET B MBILUEUHbIE U
KHPOBbIE KJISTKHU ¢ TTOMOILbIO TII0K030-TPaHCTop-
Tépor [J1IOT-4. TpaucnopTépel B OTCYTCTBUE
MHCYIWHA HAXOAATCA B LMTOMNA3ME KJICTOK, H TI0-
K032 KJIETKAMM He HCTONb3YeTCA, Tak KAk B MEMG-
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Puc. 7-31. AKTHBAUMA rAMKoreHocdopuhashl Meill. 1 — annocTepudeckas akTeauda rmukorendocgopunasel B. B npouecce
MBILISYHOTD COKPAWEHUA NHONCXoOWUT paspywearne AT® ¢ obpasosaHven AM®, KOTOPLIA ABNASTCR ANNOCTEPMHECKUM AKTUBATOPOM
rmukoreHgochopunassl B; 2 — HepeHeIl WMNYNLC MHWUMKPYeT ccsoboxperve Ca® w3 capronnasmariqeckoro petukynyma. Ca® ob-
pasyeT KOMNMEKC C KanbMOoAynuHOM, Cnocotdbii aKTUBHPORATL KWHAZY tocopunaskl; 3 — aKTUBALMA MUKoreHgochapunass anpe-

HaNWHOM 4Spe3 afsHUNATUUKNASHYIIC CUCTEMY.

paHe HeT DeNKOB-TIepeHOCYMKOB. MHCYNMH CTH-
mynupyer nepemeuieHre [J1HOT-4 u BcTpanBaHye
ux B MeMOpany kinetok. MexaH3M NoaoGHOTO BITH-
SIHUA MHCYMHA U3YMeH HEeMOCTATOMHO, HO oflipe-
J€NeHb] ero OCHOBHble 3Tanbl, Llens cobuiTuii npu
CTUMYTHUUM WHCYTHHOM MoTpedieHMs TNIOKO3bI
MBIILILIAMHA W XUPOBMMMH KIETKAMUW BbITHAIAT Clie-
JVEOUIIMM 0DDa3oM:

» peuentop MHCYAUMHA (IR) — WHCYAMHCTUMY-
JMpyeMas TMPO3IMHOBAA NPOTEMHKHHA3a — 009-
JATENLHBLIA MOCPEAHMK BCeX OEHCTBHIA WHCYIH-
Ha (cM. pasmen 5),

* AKTUBMPOBaHHbIH HHCYAHHOM IR dochopunn-
pyeT cnelMdHUecKkue UUTOMNIAIMATHUECKHE
Denky — cyberpatsl MHCyMMHa (IRS);

+ hochopunmposadibii cydeTpar (B OCHOBHOM
IRS-1) coenuHsieTcs: ¢ ocdaTHAKIUHOIHTON-

3-kuHazoi (PH-3-KMHA33) U aKTUBUPYET 3TOT
depmMeHT;

€axtuBHas PU-3-kunaza kaTanmsupyer docdo-
PHITHPOBAHWE MO TIO3WLUHUA 3 pAn KOMITOHEH-
TOB MHO3UTOMDOCDATHOR CHIHAaNBHOH CHCTe-
MBI, TIPHBOASAIIEH K CTUMYIALIMKA TPAHCTOKALIHU
IOT M3 unTO30NS B MAAMATHYECKYO MeMO-
pany;

+ CAKK03a ¢ momoliblo [THOT-4 moctynaer B Mbl-
[LIEUHbIE KIIETKH d BKITKOYAETCA B CMHTE3 FTHKO-
reHa.

BrausiHue MHCYMHHA HA CKOPOCTh CHHTE3a [Ju-
KOr¢Had B MBIUILAX OCYIUECTRASETCS MOCPEACTBOM
U3MEHEHHMS dKTMBHOCTY FMUKOTEHCHHTA3H H [JiH-
KoreHbochopmiasel — KIKYEBbIX (HEPMEHTOR, O
YEM YK€ TOBOPWIOCH TIpH OOCYXKAEHMU BRMSIHU
HHCYMHA HA MeTaboMn3M rTMKOTEeHa B IEYEHH.
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Puc. 7-32. Perynaumna aKTMBHOCTH KHHa3w docdopunassl, DepMeHT CoCTOMT M3 4 WAEHTHYHBIX BENKOBLIX KOMMNEKcoB. Kaxok i
KOMMMexks conepxuTt 4 pasHeix cyihenvHuuel o, 3, v, 8. Ha pucyHke nokasaH ogvH M3 TeTpamepos. Karanumu4eckon aKTUBHOCTEK
ofinapaet r-cyGweguHnLa. o— U - NpoTOMepL! BLINOAHAIOT PBNYNATORHYID QYHKLUMIO, OHW hoChopuIMPYIOTCA RPK ydacTun TK A, Kane-
MOOYTHH -— S-CYGBLENMHULA, NPGYHO CBA3AHHAR € (PEPMEHTOM. A — aKTHBALMA KMHA3bL PocdopUnasel B peaynstaTe ochopuanpoBa-
Hus; b — akweauma kuHazel ocgopunasel nocne npucoeauHeHns Ca K KansMOAYNUHY.

TMeuénounpie GOPMBI TTMKOTEHO30B BEAVT K Hapy-
LWIEHHK) MCTTIONMB30BAHUS TIWKOreHa AT MOAAep-
XaHusg YPOBHS TAIOKo3h B KpoBH. [Mostomy o6-
1A CUMIITOM 151 3THX (POPM — THIIOFTHKEMHA
B NOCTAOCOPOTHRHBIN NepHO.

J. HAPYIIIEHHS OBMEHA TJIMKOTEHA

I'mukorenoBbie $0Ne3HH — TpYTINA HACTEICTBEH-
HBIX HAPYUIEHUA, B OCHOBE KOTODHIX JIEXUT CHU-
KEHUE WIH OTCYTCTBHE AKTUBHOCTH (hepMEHTOR,

KATATH3UPYIOIINYX peakliMM CUHTEe3a MW pacliajga
CTMKOTeHa, THBO HapylieHWe perysiiug 3THX dep-
MEHTOB.

1, Fauxocenozr — 3a00neBaHns, OOYCAOBICH-
Hblg JetekToM QiepMEHTOB, YUACTRYIOUIHX B pac-
nage mMKOoreHa. OHU NMPOABISAIOTCS UM HeOObIY-
HOH CTPYKTYPOH TTHKOreHa, WaH €ro U3ionTOUHbIM
HAKOMLIEHMEM B HEYCHH, CEPAeYHON WIH CKeleT-
HBIX MBILILAX, MIOYKaX, JETKHX U APYTUX OpraHax,
B Tabauue 7-3 onMcanbl HEKOTOPBIE THIBL TJIHKO-
reHO30B, PAalTHYAIONIMACA XapaKTepoM M NOKaln-
3auueii epMenTHOrO AedexTa. )

CrnefyeT OTMETHThL, YTO TEPMHMH «[JIMKOFeHO3»
6bu1 Brieppble npeanoxed K. @. Kopu u ['T. Ko-
pH. OHU Xe npesioXWId CHCTEMY HyMEpaIliK 3THX
Goae3Heit. OMHAKO B HacToAllee BpeMAa Ipeobia-
naer nefleHHe TAWKOTEHO30B Ha 2 TPYIINbL mevé-
HOYHBIE H MBIILIEYHBIE.
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Bonesnp I'npke (Tum I) orMmedaor HanGonee ya-
10, OnpcaHue OCHOBHBIX CUMNTOMOB 3TOTO
THUNA TJIMKOTEHO3a MU WX NMPUYHH MOXET Ciy-
KHUTh OCHOBAHUEM [N NOHUMAHUA CHMIOTO-
MOB BCEX OCTAMbHEIX TUNOB. [NpHYWHa 3TOrO
3aboaeBaHAsl — HAc/eICTBEHHBIN JedekT Imo-
K030-6-hocparaznl — epMeHTa, obecneyud-
BAIOLIETO BBIXOJ IMIOKO3Bl B KPOBOTOK MOCAE
€€ BLICBOOOXACHHMA M3 MIMKOFEHA KIIeTOK IMe-
yeHu. boneaHs [WpKe NPOABIAETCA THIIONINA-
KeMHUeH, THIe pTPHALLIATITHLEPOASMUEH (MOBbI-
HIEHHEM COACPXAHHA TPHALMATIHLEPOIOB),
TUMEPYPHKEMUEN (MOBBIILIEHHEM CONCPXKaHHA
MOYSRBONH KUCAOTHI).

INumorMKeMMa — CICICTEME HApPYIICHWA Deak-
MK 00pa3oBadus CBOOOAHOH TIIOKO3bl H3
Cioko30-6-ocdara. KpoMme TOro, BCACACTBHE
Jedexta rmoko30-6-hocdarassl IPOUCKOINT



Tabnuua 7-3. XapaKTeprucTHKa HEKOTOPLIX TAWKQreHORLIX GoneaHed

I MTHKOrEHD3LI

dopma
[IHKOTeH032

neipekTHBIA frepMenT

MIPpOAB/JICHHA Goncinm

THIL, HA3BAHNE
G0ae3nn

[TeuénouHas

MuilLie4HBIE

CMeiaHHble

[nioko3o-6-docdartasa

AMHITIO-1,6-TNHOKO3H 1332
(«aepeTAMKHI» dep-
MEHT)}

AMHI0-1.4—1,60
TIICKO3MITpAHCepa3a
(«aeTBAIMAY GepMenT)

@ociopunasa

Kunasa ocdopunasst
[IpoTenHKHMHasza A
Inurorendocdopunaza

@ochodpyKTOKMHA3A
PocdormuuepomMyTaza
JakTaraerunporenaza
(M-nipoTomep)
Jinszocomuan o-1.4-
rIMKO3Haa3a

HIOTIHKEMHA, THIIEpa-
IHATTHNEPOIEMHS, TH-
NEPYPHKEMHS, arHI03
(BCIIE ICTBHE HAKOIUICHHA
JIAKTATA), XApaKTepHOS
BHpaXKeHHE JHIA («THII0
KHTAHCKOM KYKABIY),
HakonmneHue rHKoTeHa ¢
KOPOTKHMH BHEIIHHMH
BETBAMH {THMHTO-
IeKCTpHH). OCTANBHEIE
NPOSABNCHHA MEHEE
Bb[pa}KCHbl., qeM ]'I]J[r‘] THI1E
1.

HakonneHue cTpyKTYpHO
H3IMEHEHHOTO TTHKOTEHA ¢
OYEHbL AJTHHHBIMH
HAPY»HBIMH BETBAMH H
PEAKHMH TOYKaMH
BETBIICHHA.

Hakonneunne rnukorena
HOPMATBHOH CTPYKTYPHL
Y Mepeunas THIOTIIMKE-
MH#, TeTaTOMETANHA,
KITHHHYECKHE HpOHBHCHHH
MOXOKN, HO MEHEE
BRIpAMKEHE!, YeM NPH
rinvkoreHosax [ u 1L
THIIOB.

AHRaToOTHYRH V] THILY
AHanmorv4es V] THILY

Bonu B MBILLIDAX,
CYINOPOTH NPH
(hHM3H4ECKOH HaTPY3KE
{(maxe yMepeHHOMA).
HaxkonneHHe B MBNULAX
IMTHKOTE€HA HOpMAaNbHOM
CTPYKTYPHL.
AHANOTHYHHL V TUIY
AHanoruuns V THITY
AHanorHuHel V THIIY

I'enepannzosarHoe
HaKkoIUIeHHEe [JIHKOTeHa B
JH3OCOMAX, 4 3aTE€M B
LMTO307¢

1
bonesns I'upke

I
Bonesne bopbea—KopH, numuTo-
JEKCTPHHO?

v
bonesns Anpepcena

V1
Bonesnn Xepea

1X
X

v
bonesHs
MaxApana

VIl

11
bonesns [Tomne
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HAKOMNEHKE B KACTKAX feveHn cyberpata —

rmoko30-6-thochara, KOTOPLIN BOBIEKAETCH B

npolece KaTabou3M4, [Ie OH NpeBpallasTcs

B NIUPYBAT U AakTaT. B KpPOBH MOBBINAETCH

KOJHYECTRC JIAKTATA, TIOITOMY BO3IMOXEH a1~

103, B TsikENRIX cAYYAsX pe3vIbTaTOM THITOr-

JUKEMUW MOCYT ObITb cyaoporu. 'mmornu-

KEMHS COTPOBOX/IACTCA YMEHBLIEHHEM COnen-

KAHHA WHCYTTMHA M CHUKEHHMEM OTHOWIEHHS

UHCYAUH,/TAOKATOH, 4TO, B CHOW OUepelb,

BEAET K YCKOPEHMIO NUIIOAN3A XKHMPOROH TKA-

HU B pe3yneTate JelCTBUMS TNIOKAroHA U Bbl-

XOOY B KPOBb XKHPHBIX KMCTOT (M, painen §).

PuneprpramminiepoieMna BOIHHKACT B PE3YJib-

Tarte cHWXxeHWg aktuBHocTy JITT-nunaset xu-

POBOI TKAHM — (PEePMEHTa, aKTHBWDYEMOTO

WUHCYTMHOM W OOEBCMEYMBAIOLLETD YCBOEHHE

TAT KreTkamu xupoBoi TkaHu (CM. padaen 8).

[unepypHxemMHs BO3IHWKAST B PE3YALTATE Cle-

AYIOLWMX CODBITHIA;

s YREJMUMBAOTCH CONEPKAHME B KIICTKAX [0~
K030-0-thocdata M ero WCNoONbB3OBaHHE B
nenTosodocdaTHOM MYTH ¢ 06pazoBaHKUEM
puboz0-5-pocara — cybeTpata AnA CHH-
TE3a MYPHHOBBIX HYKJICOTHIOR,

¢ YBEMMYMBAETCA 00PA3IOBAHUE MOUSBOH KHC-
JIOTH BCJIEACTBHE HM30BITOMHOIO CHHTE3A, a
CNEAOBATENBHO, M KATA0ONN3Md YPHHOBBIX
HYKJIEOTHAOB, KOHEUHBLIM TPOIYKTOM KOTO-
poro SIBTAeTC MoveBas KHCOTA.

¢ CHIDKACTCA BBIBETEHHE MOMEROM KMCIIOTHI
BCJIEACTBUE YRENMUCHUA TIPOAYKLMH NakTard
W H3MeHeHUd pH MOuM B KHCTYIO CTOPOHY,
YTO 3aTpyAHSET BbhlBeleHWE ypaTtoB — Tpyd-
HOPaCTBOPHMBIX COJIed MOUYEBOH KMCIOThL.

INpyn AMACHOCTHKE DAHHOW MATOMOrHN QNpeae-
JIAKT 4KTHBHOCTE [N10K030-6~thocdarasbl B 6Uo-
nTarax neveHH. Kpome TOTO, UCTONB3YIOT TeCT
CO CTHMYJSILMEH [NI0KATOHOM WK anpeHaTH-
HOM, KOTOPBIH B cliydae 600e3HU AaéT OTpULA-
TEIbHLIHA PE3VILTAT, T.€. MOCAE WHLEKIMH Top-
MOHZ YPOBEHB [JIIOKO3Bl B KPOBU M3MEHSETCS
HEIHAYMTENLHO.

JleueHne COCTOWMT B OTpaHMYEHHH ynoTpedne-
HUS APOAYKTOR, COAePKALIMX TAKO3Y. Peko-
MEHAYETCA MCKIIOYMTL U3 JHEThl NMPOIYKTHL,
colepxaliye caxapoly ¥ JTakKTo3y, TAK KakK o0-
pasyloumecs W3 HUX ramaktosa k dpykroza
Tiocse ApeBpallleHus B CIKK00-6-(ocdarT Be-
AYT K A4TBHEHLIEMY HAKOMISHUIO TTUKOreHa.
nsa mpenoTBpalleHKUA THIIOTIHKEMHM MCTONb-
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IYIOT METOA YACTOTO KODMAESHMH, ITHM MOX-
HO MPeIyNpeauTh CUMITOMbBI FHIIOMTHKEMHH.
IukoreHos | Tuma HACAENyETCH 0 AYTOCOMHe-
peuecCUBHOMY THNY. ¥XE B paHHEM LEpHOIe
HauboNee 3aMeTHLIA npM3lHaK — refaToMera-
nua. ¥ BoJbHBIX AeTeld KOpPOTKOoe TYJOBUINE,
QONBLIOH XUBOT, YBENHYEHE MOuKK. bonknvie
IeTU OTCTAT B (DHINIECKOM PA3BUTHW.

Onucannoe 3aboneBanue MHOrAa 0GO3HAYAKT

Kak CIMKOreHo3 THoa la, Tak Kak CyLIeCTBYET
€ro pasHoOBHIHOCTh — THT 1b. [nukoreHos Ib
MpeacTapmsieT cob0i peako BCTPEYAKOLLYIOCA
OATONOTHIO, KOTOPAS XAPAKTEPHIYETCS TEM, YTO
deekTeH ¢epMeHT TPAHCIOKA3A TAOKO30-0-
thochaTa, obecneunBalolUMit TpaHCopT oc-
chopunmupoeadtol rwko3sl B 3P, TlosTomy,
HECMOTRS Hd JOCTATOYHYIO AKTHBHOCTE [UTHO-
KO10-6-hochharasnl, OTIENNEHUE HEOPraHMu-
4ecKOoro dochata M BbIXOA TIKOKO3bl B KPOBb
Hapylwed. KJMHHYECKasT KAPTHHA TIIMKOTEHO-
3atvna lb Taxas xe, Kak fopu raukorenese la.

Bonezns Kopu (mim TIT) BecLMa pacnpocTpaHeHa.

Ona coctapisaeT 1/4 Beex ciiyuaer medénouHsIx
[JIMKOTEHO308. HAKamanBaeMeli CNUKOIEH aHO-
ManeH 10 CTPYKIype, Tak Kak dedekreH dep-
MEHT aMino-1,6-TNIoKo31Ia3a, THAPOIN3YIOLLMA
[TIMKO3UAHBIE CBH3M B MECTAX PA3BETRIEHUHA («0e-
BeTBAUIMK dhepMeHT», OT auri. debranching
enizyme). HeNoCTaToOK TMIOKO3BI B KPOBU THPOSIB-
ns1eTcsl BLICTPO, MOCKOMbLKY TMMKOTEHOMHI BO3-
MOXKEH, HO B He3lauuTeNsHOM obnemMe. B otim-
4YMe OT MIMKOTeHO3a [ THNa, AaKToauMmaos U
TUIMEPYPUKEMIMA HE OTMEUAKTCH. hORe3ns OT-
JuygeTed Donee NErkuM TeyeHUeM.

Boneaus Aunepcen (tun IV) — kpaiiHe penkoe

ayTOCOMHO-PEIIECCHBHOE 3a00neBaHMe, BO3ZHH-
Kawolliee BCIeACTBHE AedeKTa BETBAWETO dep-
MeHTa — aMuno-1,4-1,6-rnokosnirpaHedepalnt.
ConepxaHu¢ TNHKOMEHA B MEYEHH HE CWIBIO
YBEINYEHO, HO CTPYKTYPA €T0 M3MeHEH4, U 3TO
NPenATCTRYET €10 pacnany. Monckyaa ravkore-
HA KMEeT MAJIO TOUYEK BeTRICHMS, @ TAKXKE O4ElIb
IJIMHHBIE W peilkhe O0KoBbIC BeTEM. B TO Xe
BpEMSA THUNOTAWKEMHMS BbIDAXKEHA YMEPEHHO.
Bonezns pasBuBaeTca OLICTPO, OTSTOLLACTCS PaH-
HUM LUMPPO30OM FEUEHH M NIPAKTHYECKH He Ten-
ngaércs gevenuo. Hedekr (hepMeHTa BeTBICHMS
OOHAPYKUBACTCA He TO.IbKO B NMEUEHM, HO TAKE
B IEMKOUHTAX, MBILLIEAK, ¢mbpodnacTax, Ho paH-
HHe U NpeobaaTanIUHe TIPOSBACHHS DONe3HH
o0yCnioRNeHs HapyineHney GyHKLIKH TICUEHM,



Bogeins Xepca (Tha VI) takxe nposeasieTcs
CHMITOMAMK, OGYCAOBICHHBIMY TOPAKESHUEM
redeHH. JarHblif ITMKOreHo03 — CISACTBHE fig-
thexTa raukorendocchopunasel. B rematountax
HAKAIUTHBAETCS [IMKOreH HOpMalIbHOH CTpYK-
Typbl. Teyenue DOME3IHH CNOAHO C TIHKOTE-
HO30M | THTIa, HO CHMMIITOMBI BbIPAXEHBI B
MeHBLIEH cTeneHH. CHWXEHHAs dKTMBHOCTD
ravkorendochopunasbl O0HAPYKHRAETCA TaK-
xc B Aefikouutax. Bonesup Xepca — peakuii
THTI ITMKOTEHO3a; HACASAYETCH JIO A¥TOCOM-
HO-PELECCUBHOMY TUIY.

Hedekt kmnazm drocdopunaszm (tan IX) perpe-
YAETCHA TOJIBKO ¥ MIBYHUKOB, TAK KAK ITOT MpH-
3HAK CUCTUIEH € X-XPOMOCOMOM.

HedekT npoTenaknAazsl A {Tan X)), TaK Xe Kak u
AepekT kuHasbl Gocdopunasel, LPOMBIACTCH
CHMTITOMaMH, CXOIHbLIMK ¢ GOJIe3HBKY Xepca.

Mpuuneunsie hopMbl MIHKOreHo30B XapaKTepH3y-
HOTCH HAPYLICHHEM B 3HEProcHaOXCHHM CKe-
JIETHbBIX MBI, DTH BOAe3HH [IPOABITIOTCA NIPH
PUBMYECKUX HAMPY3KAX W CONMPOBOXAAKTCA
DONSAMM M CYUODPOTAMH B MBILIIAX, CIA00CTBIO
U DBICTPOH YTOMISEMOCTRIO.

Bonesns MakApaia (tun V) — ayTocOMHO-pe-
LUCCCHBHAA NATOJNOTHA, TiPH KOTOPOH NOMHOC-
THIO OTCYTCTBYET B CKEJICTHBIX MBILILAX AKTHUB-
HOCTL ravkoreHdocgopunazel. Tockoabky
GKTHBHOCTL 2TOTO (epMEHTAa B renaToltUTax
HOPMAJThHaA, TO TMMOMTMKEMUA He Habnwga-
etca (cTpoeHue GEPMEHTA B NEYSHN WM MBILLIIAX
KOMUPYWOTCA pazHbIMU reHaMu). Taxkénble dm-
IMUECKHME HATPY3KH IUIOX0 MEPEHOCHTCA M MO-
I'YT COMIPOBCKAATLCA CYAOPOTAMU, OLHAKO NP
PUIMISCKHX HArPy3Kax TMMEpIposyKIIMsS nak-
TATA He HAOMHOAASTCH, YTO MOAYEPKWBACT 3IHA-
YCHUC BHEMBLLIEYHBIX MCTOUHHMKOB FHEPTUH LTS
COKPAMIEHUA MBI, HAOPUMED, TAKUX KaK
KUPHBIE KUCAOTHI, 3aMelliaiive Npu AaHHOH
NaToAOrMH rmokKe3dy (cM. pazien 8). Xora 6o-
Je3Hb HE CLEMUIeHa ¢ NoIoM, 60Mbllias JacToTa
3aboNeBanHuA XapakTepHa L8 MYXYHH,

Hedekt dochodpyKTOKHHAIBI XapaKTEpeH s
cnukorenosa VII tuna, BoabHbie MOTYT BbITION-
HATb YMEpeHHBIe (QU3MUecKHe Harpy3ky. Teue-
HUC GOMe3HW CXOAHO ¢ IMMKOrEHO30M V THIIA,
HO OCHOBHBIC TIPOSIBNCHHSI MCHEC BBIPAKECHDI,

JegekT docdormmepomyTassl o gediext M-cyfne-
amnunel JIUZIT (HevymepoBaHHble IO KnaccHm-
kaumu Kopu, cm. tabn. 7-3) xapakTepHbl And
MbliiedHbIX (hopM rinkoredosoB. TlposeneHus

ITUX MATONOrMiA aHAIOTUYHBI BolesHH MakAp-
ana. Jedexr docdornuuepomMyTasbl B MBILITAX
OITHCAH TOALKO Y OAHOTO OONBHOIO.

2. Azauxozenoznt

ArauKoreHo3 (raukorenos ¢ no Knaccuduka-
UMW) — 3aD0eBaHUE, BOZHHUKAKNIIEE B pPe3vAabta-
Te AeeKTad MUKOreHCHHTA3L, B neuenn u apyrux
TKAHAX DONbHbBIX HA0II00AGT QYEHb HU3KOE CONep-
KaHHE FAMKOreHa, DTO MPOABANETCS PC3KO BbIpa-
XKEeHHOR TUIMOTIHKEMUCH B NoCcTabcopOTHBHOM
fepuode. XapaKTepHbLIE CHMOTOM — CVIOPOTH,
npesgasouvecs ocoberiHo no yrpaM. bornesdb
COBMECTUMA ¢ XKHU3HbIO, HO OOJBHBIC OETH HYXAa-
IOTCH B YaCTOM KOPMAEHHH,

VIll. KATABOJTN3M INMIOKO3b!

KaraGonn3M CIKKo3sl — OCHOBHONM MOCTABUIMK
FHEPrUH A1A NPOLUECCOB KHUIHEICHTEILHOCTH Opra-
HK3MA.

A. OCHOBHBIE TTYTH KATABOJIM3MA TTIHOKO3BI

Okuenenne rmokossl g0 CO, u H,O (asapobubii
pacnag). A3poGHLIH pacnald rIIKO3bi MOXHO Bbl-
PA3UTh CYMMApPHBIM YpaBHCHHEM:

C,H,,0,+6 0,6 CO,+ H,0 + 2820 xIx/Morb,

DTOT NPOLECC BKAKYAET HECKOIbKO CTAAM
(puc. 7-33).

* A3pOOHBIH TTUKOAU3 — TIPOLESCC OKHCEHUS
rOKOo3b ¢ o0pasosaHHem ABYX MOMEKYT M-
pyBara;

» OO0IMH DyTh KaTaGoMH3Ma, BKIOYAKIIKE Npe-
BPALLEHHNE MUPYBATA B aleTHI- KoA W ero aaib-
Helllee OKUCACHHE B UMTPATHOM UMKE;

» M3 na kucaopon, copaxkEHHas ¢ peakilk-
SIMM IETHAPHPOBAKKSA, TIPOMCXOASIIMHU B ITPO-
LCCCE pacnana TiiOKO3bL,

AHa3poOHBIA pacnan

B onpeaenéHHpix cuTyaruax obecricueHue KMC-

JIOPOAOM TKAHEA MOXKET H¢ COOTRETCTBOBATL MX
noTpebHoCTAM. Hanpumep, Ha HaYabHbIX CTAANHX
WHTEHCMBHOR MBILLIEYHOH paboThI IPH CTpCcce cep-
JeqHble COKPAMEHMS MOTYT HE AOCTHIATh HYXHOH
4aCTOThI, @ NOTPCOHOCTH MBILLL B KMCIOPOAE LIS
a’pobHOry pacnana roKesbl BenukM. B nogobHbix
CITYHASIX BKIOYAETCH NPOLECC, KOTOPBIA NMpoTekaeT
0e3 KMCIOpOAa U 3aKaHYMBAETSH 0Opa30BAHHEM
JIAKTATA U3 MHMPOBUHOIPAAHOH KMCIOTHI. 10T npo-
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Fmioko3a

AT® 1
Ade Mem6EpaHa MUTOXOHAPWM

Mmiokoso-6-tochaT

2

©pykTO30-6-hocdar
AT® 3

OpykTo30-1,6-Oucocdar

4
Dermapokcwauetondocdar
5
'mwuepansgerundocdgar
~ NAD* XH NAD L1I'|3—> ATO
H;PO, 1 1
NADH
6 ~>NADH +H* X
1 ;2
1,3-Bucthocormnuuepar
Ao
ATo 7

3-Qocchornuepar

“ §

2-Pocoornmuepar

9
— Hzo

L

dochoeHoNpyBaT

OGwmia nyTL
katatonuama —

Al AT®
“«— 410 -
AT + una
Mupysar
.
CO, v H,O. 3neprus
Uurosone MuToxoHopwa

Puc. 7-33. AapolHpiA pacnafl rmioKosel. 1-10 — peakuuu aspoGHoro rUKenKU3a; 11 — ManaT-acnapTaTHBIR MENHOYHLIA MEXAHMAM
TPAHCNOPTA BOOOPOAA B MUTOXCHAPUW; 2 (B KPYXKKE) — CTEXHOMETDUYECKWA KO3DBMLNEHT.
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JIeCC Ha3BIBAIOT aHAZPOGHBIM PACTIAAOM, MM aHA3-
pOOHbLIM rAMKONHA30M. AHA3poOHBIN pacnan K-
KO3bl IHEPTETHYECKH ManoxpheKTHMBEH, HO MMEH-
HO 3TOT MpOLECcC MOXET CTaTh &AWHCTBCHHBIM
HCTOYHHKOM IHEPruM Jand MBILIEUHOR KIeTKH B
OMUCAHHOM cuTyalru, B nanbHeiileMm, korna cHab-
KEeHME MBILILL KUCIAOPOAOM OyaeT AOCTATOMHBIM B
PE3YALTATE MEPEX0aa CEpALla HA YCKOPEHHbBIH PHATM,
aHa3poOHBIA pacal MepexIovaeTes Ha apodHbIi.
IyTi KaTaboMH3Ma TIIOKO3bl M HX IHEPTETHYECKUM
appexT nokazaHel Ha puc. 7-34,

B. ADPOBHGIN TIHKOIN3

ADIpOOHEIM TTHKOIM30OM HA3BIBAWNT NpPOoLECe
OKMCICHHS TJIIOKO3bl A0 NTHPOBHHOTPAMHON KMC-
JIOTBI, MPOTEKAIWMA, B MPUCYTCTBUH KHUCIOpOIA.
Bce depMeHTHE, KaTATM3MPYIOLIHE pedKIlMU ITOro
npolecca, JOKaJIM30BdHbl B LIHTO30/I¢ KICTKH.

1. Dmanw azpobnozo 2rurosusa

B a3po6HOM TJIHKOMM3€ MOXHO BbLASTHTL 2
ITana.

I. TloaroToBKMTENBHBIH 3TN, B XOIE€ KOTOPOro
roKo3a pochopriiMpyeres ¥ pACLISTIIZETCA
Ha ape Monekynw ¢ochoTpruos. D1a cepHs
PeakUMi NpoTeKaeT ¢ HMCMob30BaHUEM 2 MO-
nexyn ATd.

2. Jran, conpsixeHHbIM ¢ cuHTesoM ATD. B pe-
3yALTaTe 2TOH cepui peakiMi (ocdhoTprolbl
NpeBpallalnTca B NHPYBAT. DHEPTHst, BbICBO-

BATG + {1

4< BATD +

24ATD +

LivTparHei
uukn, A3

BoxaACWAACA HA 3TOM 3TANe, WMCNo;b3veTcs
s cuHTesa 10 mons ATO,

2. Peaxuuu aspofiHoze zauKosusa

IlpeBpanieine rmokozo-6-gocdara B 2 MoIeKyInl
rMuepaibaerna-3-pocpara
Fmokoso-6-tocdar, obpazopaHHBIE B pe3yib-

Tate ¢GochOpHIMPOBAHUA [NIOKO3B ¢ YYACTHEM

AT®, B xome craeayiome! peakliMyi NpeBpaLIdeTcs

B pykTo30-6-hocdar. Bra obpatuMasd peakiLms

M30MEPU3ALIAH TIPOTEKAST TT0A JAeHCTBHEM hepMeH-

Ta noKozopochaTizomepassbl.
3atem caedyeT ewléd oaHa peakliva docdopu-

JUPOBAHUST C UCTIOAb30BaHHEM GochaTHOro oc-

taTka W 2Heprur AT®. B xope 3ToH peakiiuu,

karanusupyemoil gochodpykTokutasoii, gpyk-

To30-6-(pocdar npespamsaetcs B ¢Gpykroszo-1,6-

bucdocdar. daHdas peakumsi, Tak Xe, KaK rek-

COKMHA3HAA, NPAaKTHUECKH HeoDpaTHMa, U, KpoMe

TOro, OHa HauboJiee MEINCHHAsA M3 BCEX peaKlHi

IIMKOIKH3a. Peakuus, kKaTaauaupyemas ¢ocdo-

(DPYKTOKMHA30M, oOpedensieT CKOPOCThL BCErO TNH-

KOIW3a, MO3TOMY, PETYJIHMpPYSI aKTHBHOCTh (hoc-

dodpyKTOKHHA3B, MOXHO M3MEHSTH CKOPOCTh

KaraboaM3mMa rKo3bl.
DpykT030-1,6-0Mchocdar maiee paclervigeTces

Ha 2 tpuosodocdara: mnuepansaerua-3-dgocgar u

auruapokcuHaletTorHdocdar. Peakiinio Kataauiupy-

et cepMeHT QpykTosobucdocdaransionasa, HUiu

NPOCTC ANpA0AA3d, DTOT PEPMEHT KATANHIMPYET KAK

PEAKLIMIO ANILAOJILHOTO PACLUEIVIEHHS, TAK W Allb-

Pue. 7-34. Nyt xarabonnzma raiokospl. 1 — aspofHbid MWkonna; 2, 3 — ofwui nyTe katafonnama; 4 — aspobHelii pacnagd rakKo-
3pl; 5 — anaspobHLIM pacnan rmoKose! (B paMke); 2 (B KPYKKE] — CTEXOMeTMUECKM KOSPBMLMEHT.
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H—C—OH
[
CH, OPOs*
I noxoao-6-pocdpat

doctpormokonaomepaaa

dpykToao-6-dboctdar

ATD
PocohpykTokMHaza

®pykTo3o-1,6-6uctocdar

________ H—C”O
|
H-C-OH

[
Tpwozodhocdar- CH, OPOZ
-n3aoMepasa

—

MMuuepanegensg-3-

docdat

Ouruppokcu-
augeToHpocdar

Pue. 7-35. Mpespawedue rnwoko3o-6-giocgara B TpMO30goC-
thatkl.
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JONBHOM KOHAEHCAUMM, T.€. OBPATHUMYHD PEAKLIMIO.
[poaykThl peakUMH ANBAGILHOIC PACLICTICHUSE —
u3oMepbl. B niocnenyiolmnx peakludsax THKOIU32
MCTIONEL3YETCA TOABKO [AWUepanbaerui-3-docdar,
MO3ITOMY AMTHAPOKCHANETOHPOCHAT NpeBpawacT-
cil ¢ yqacTheM hepmMenTa TpuosoipoctaTHzamepa-
36l B mMuepoaawnaerya-3-gocedar (puc. 7-35}).

B onucaHHO# cepuu peakuMi ARAXABI [IPOHCXO-
AUT docdopiaHpoBale ¢ HCONB30RIHMEM ATO,
Onuako pacxonosanue aByx monekyst AT (Ha onny
MOJIEKYTY [IOKO3bI} pdnee Dy1eT KOMNEHCHPOBAHO
cuHTE30M Ooabluero xoanuectsa ATD,

IIpespamenne ranuepainierna-3-gocdara
B MApYBAT

JTa yacTb a3pobHOTO TAMKOMH3A BKIKOYAET peak-
[MH, CBH3aHHBIE ¢ CUHTe30M ATQ, Haubonee cnox-
HOH B JJTAHHOW CEPHH PEAKUMK ARTACTCH Peakumns
TIpEBPALICHUA TMLepanbaerka-3-ocdara 8 1,3-
Bucdiocornmilepar. ITo ApPEeBpALLEHME — MEPBAs
PeaKLUs OKMCIACHMST B XOje rMMKosu3a. Peakuuio
KAaTWIM3UPYET rmnepamierni-3-gocdatiernaporera-
3a, kotopas apngetcs NAD-3aBucUMBbIM depmeH-
TOM. 3naqeliMe AaHHOH PCakiMM 3aKTOMAETCA HE
TONBKO B TOM, 4TO 0Dpa3yeTcsl ROCCTAHOBIEHHbIH
KoepveHT, OKHCIEHHE KOTOPOro B AbIXaTeAbLHOMN
LENK COTPSIAKEHO ¢ cMHTezoM AT, HO TaKXKe W B
TOM, YTO CRODOJIHAs IHEPTHSA OKUCTEHHST KOHLEHT-
pUDYETCH B MAKPOIPTUYECKON CBA3M 1IPOIYKTA Pe-
akuuu. [nuuepansaerun-3-docdarierniporeHasa
CONECPKUT B AKTHRHOM IIEHTPE OCTATOK LIACTEHHA,
CYMbTHAPUILHASL TPYIINA KOTOPOTO NPHHUMAET He-
TMOCPSACTREHHOS yuacTHe B KaTanuic. OKHCIeHUE
TIHUEPATBRETH/I-3-thochaTa TPUBOAUT K BOCCTAHOB-
nenvir NAD n obpazopanuio ¢ ysactiem H, PO, bi-
COKOIHEPRETHYECKOH aHIMAPKAHON CcBA3M B 1,3-Oule-
docorauuepare B nofoxenwu . B cnenyonei
pPeakliMK BBICOKCOHEpreTMUecKMi thocdar nepeia-
érca Ha AP ¢ oOpaszosanneM AT®. PepMenT, xa-
TATH3MPYIOLIAA 3TO MpPEBpalleHue, HassaH no ob-
paTHOA peakitiy ochornnuePaTkMia3ol (KHHa3bI
HA3BIBAIOTCA MO CYOCTPATY, HAXOAALWEMYCS B YDaB-
HEHUH PeAKlMK Nno 0any cropoHy ¢ ATd). [Januas
cepHd peakiUMii mokaszana Ha puc. 7-36.

Obpazosanue ATEP ONHCAHHBIM CHOCODOM HE
CBA3aHO € ABIXATeIBHOM IIETbIO, M CIC HAa3bIBAIOT
cyGerpatabim ocdopunuposaniem AJIM. Oobpa-
30BaHHBIA 3-GochorMUEpaT YXKe HE COASPXKHT
MAaKpO3IPrUUEcKon ¢Bsizk. B ciefyloninx peakuusx
OPOUCXOAST BHYTPUMONEKY.ISPHBIE [EPECTPOHKH,
CMBICTT KOTOPBIX CBOAMTCH K TOMY, YTQ HH3KO3HEP-
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Puc. 7-36. Npespawenne ranyepansperna-3-gpocgarta b
3-docrornmuepar.

reTnueckiii pocoadbup nepeXoquT B COCIUMHEHHE,
cOlcpXallee BbLICOKO3IHepreTHueckul ¢ocdar.
BHYTpHMONEKYASIPHBIC TTpeofpa3cBaHusA 3aKIIIO-
yalTes B nepeHoce ¢ocdaTHoro ocratka M3 Mno-
JoXcHHE 3 B PocdorauuepaTe B NOAOKEHHE 2.
3arem oT obpazopaslierocs 2-gocdornuuepara oT-
IETUIASTCH MONEKYIa BOMLI NMPH YYACTHH (DepMEH-
Ta ¢Honasbl. Ha3zpanue nermapatupyiolmero dep-
MEHTa JaHo 1o obparTHol peakiud. B pesynbra-
TE peakliMK 00pasyeTes 3aMELLIEHHBIH eHOM — (oc-
toe”doanupyear., O0pazoBaHHbIl dhochocHONTTH-
pyBaT — MaKpO3pruuecKoe coeTMHEeHHe, docdat-
Hasl TPYTa KOTOPOro NEpeHOCHTCA B CIEAYIOLISiH
peakuuM Ha AJD 1pH y4acTHH NMHPYBATKHHA3LI
(dbepMeHT TaKKe Ha3BaH Mo obpaTHOH peakiinu, B
KOTOPOI NMpOMCXOIAT GocthOpHINpOBAHUE THPY-
BATA, XOTHA MOMOGHAA PEAKUUST B TAKOM BHIE HE
UMEET MECTa),

TMperpawenue ¢$ochoecHONNHPYBATA B MHPY-
BAT — HeoOpaTHMad peakumsd. 2T0 BTOpad B XOIe
TJAMKONH3a peaklus cybeTpatHore docdopunmn-

poraHHa. O0pasyrWAncs SHOALHAA HopMa nu-
pyBaTa 3aTem HedepMeHTaTUBHO MEPEXOAUT B H0-
fiee TepMOAMHAMHUYECKH cTabunbHyKy ketodop-
My. OnMcaHHas cepHs pedKIMi NpeacTapieHa Ha
puc. 7-37.

3-docpornmuepart

:[ dochornuuepaTMyTasa

2«Gocornuuepat

Enonaza
H.O ’/I

&
C“();Png_
{ CHy |

PoctoeHONNMpYBAT

Al
MupyeaTkrHaza
AT

Nuovear

Pwc. 7-37. Mpespawenne 3~«pocthornuuepaTta b nupybar.

Cxema 10 peakiiiid, NPOTEKAIOLIMX TIPH a3pob-
HOM TTHKOJIH3e, W gaibHeiiiee OKWCIeHHe nu-
pyBara rpeiacraBaeHbl Ha puc. 7-33.

3. Oxucaenue uyumonazaamamusecxoze NADH
8 MUMOXOHOpUAAbHON ObixamenvHoll yenu.
Yeanounvte cucmemsi

NADH, obpazvioliuiics npy OKUCIEHWH CIMUED-
albpaeria-3-docdara B a3pobHOM MIMKONK3E, MOA-
BEPraeTcst OKHCICHMIO MYTEM MEPeHOca aTOMOB BO-
JOpOI4 B MHTOXOHAPHAREHYIO OBIXATENBHYIO LIellh.
Onuaxko untosonehbiit NADH nHe criocofeH nepe-
IaBaTh BOAOPON HA AbIXATEJBLHYIO LEMDb, MOTOMY YTO
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MUTOXOHAPHANIBHAS MeMOpaHa s Hero HellpoHH-
umaeMa. IlepeHoc Bomopona yepes meMmOpaHy Tipo-
UCXOAIMT € MOMOLLLIO CTICHHANTBHBIX CHCTEM, HA3BI-
BaeMBIX «UYeIHOYHBIMM», B 3THX CHCTeMax Bogopon
TPAHCIIOPTHPYETCS 4epe3 MeMOpaHy MpH y4acTUH
rap cyoCTPaToB, CBSI3AHHBIX COOTBETCTBYIOIIAMH Je-
THAPOTEHA3aMH, T.€. ¢ 00eMX CTOPOH MHUTOXOHIADH-
A1BHOM MeMOPAHBL HAXOAWTCA CTielnduyecKas ne-
riuapereHasa. MapecTHol 2 4eMHOYHBIE CHCTEMBI,
B neppoit M3 3THX cucTeM Bomopoa oT NADH g
LIMTO30/1¢ NePenasrcs Ha AMTHIPOKCHaleToHGOoC-
dar depMeHTOM ruuepon-3-docdarieruaporena-
30it (NAD-3aBucHMbIH (epMeEHT, Ha3BaH mo 00-
patHo#l peakuuu). O6pazoBaHHBIN B X0Ae 3TOH
PeakUMU TAMUEPOoN-3-GocdaT, OKUCIASTCS Oafkee
dhepMeHTOM BHYTpeHHEH MeMOpaHbl MWUTOXOHI-
puti — rnuilepon-3-thocdaraeriaporetasoi (FAD-
3aBUCHMLIM hepMeHTOM). 3aTeM MPOTOHBL U 3JEK-
TpoHEl ¢ FADH, nepexonat na youxunon u gance
no LUI13 (puc. 7-38).

I'muuepondocdarnas yenHouHas cHUcTeMa pabo-
TAET B KJIETKAX OEJILIX MBI H TenaToLUAToR. OnHa-
KO B KJIETKaX CEPICUHBIX MBIIIL, MHTOXOHAPHATLHAS
rauLepon-3~hocarmerraporenasa orcyTersyeT. Bro-
pas 4YeJTHOYHAHd CHCTeMd, B KOTOPOH YYacTBYIOT
MAnar, UMTO30JEHAA M MMTOXOHAPWANLHAS MATaT-
JerUapOTeHasbl, ABBIETC O0ee YHUBEpPCANTLHOM.
B uuromnasmMe NADH BoccTaHaRnupaeT oxKcanoa-
ueTar B Manar (puc. 7-39, peakuus |}, KoTopbii
OpH YYaCTHH TISPEHOCMUKA TTPOXOONT B MUTOXOHI-
PMH, [O€ OKHMCAHETCS B okcancauerar NAD-3aBu-
CHMONM ManaTgernaporeHason (peakuns 2). Bocera-
HOBNEHHBIA B X0me 3TOH peakunu NAD oTaaét
BOIOpOI B MUTOXOHApHaneHy L1732, OpHako 06-
PA30BAHHBIA M3 MAJTaTa OKCANOALETAT BLIATH CaMO-
CTOATEJIBHO W3 MUTOXOHAPHIA B LUTO3ONL HE MO-
XKET, TAK KaK MeMOpaHa MHTOXOHAPHMI AN HEro
HenpoHuuaeMa. [ToaToMy okcanoalleTaT NIpeBpatiia-
€TCA B ACIIADPTAT, KOTOPHLIA M TPaHCIOPTHPYETCH B
LIMTO30JTL, TI¢ CHOBA FPeBpalllaeTcsl B OKCANoaLe-
Tar. [TpeBpallieHHs OKcanoaileraTa B acnaprar W 0b-
PAaTHO CBA3AHBI C NPHCOSIMHEHWEM M OTLICILNEHH-
€M aMUHOIDYIINLL {peakuyy TpaHCaMUHUPOBAHWA,
cM. pasnen 9). 3Tta HenHOUHAS CHCTEMA HAa3blBacT-
csl ManaT-acnapratHo {puc. 7-39). Pe3synbrar eé
paboTel — pereHepauus UMTOMIA3MATHYECKOrO
NAD* u3 NADH.

0¢ YeNHOYHBIE CHCTEMbI CYLIECTBEHHO OTAMYA-
FOTCA MO KONMYECTBY CHHTE3UpOBaHHOTO ATO.
B neproii cucreme cooTHoltenre P/O paBHo 2, Tak
Kak Bogopon Beoautcs B 111D Ha ypoBHe KoQ.
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Bropast cucrema HepreTHuecky bosee sdupexme-
Ha, TaK Kak nepegagét poaopoa b LMD yepes muro-
XoHApHanbHbid NADY 1 cootHouenue P/O 6aus-
Ko K 3.

4. basauc ATD npu aspobuom eauxosuie
u pacnade 2arx03et do CO, u H,0

Boxoo AT® npu aspobHoM rimkonmse

Ha ofpasosanue ¢pykrozo-1,6-6ucdocdara na
OOHOM MOJIEKYJIBI TIOKO3bl TpebyeTcss 2 MOREKYJTRI
AT® (peakumut 1 u 3 ua puc, 7-33). Peakumm, cBa-
3aribIe ¢ cHiTesoM AT®, npoMcXoIaT nociae pacna-
A3 LIOKO3K Ba 2 Monekynel ¢ocdoTprossl, T.e. HA
BTOPOM 2Tane rvkoan3a. Ha srom srane opoucxo-
asT 2 peakumu cybeTparHoro hochopriiposaHus 1
CHHTEIUPYIOTCH 2 Monekyiibl ATd (peakimn 7 u 10).
Kpome Toro, omHa MoseKyia miMiepaibierva-3-goc-
(hata neruapupyerca (peakumna 6), a NADH nepena-
€T Bonopon B MUTOXOHApMAIRHYIO LT3, rae cuHTe-
supyerca 3 Monekylmhl ATD nyréM OXMCIMTeIbHOIO
docdopunuposanmst. B maHHOM criydae KOMMYECTBO
AT®D (3 M 2) 3aBUCHT OT THTIA YETHOUHOMH cucTe-
Mbl. CAeA0BATENLHO, OKMCACHHUE IO MMPYRATA OTHOIA
MOJIEKY: 1Bl TIMLEpATLIerUI-3-Gocdata CONPIKEHO C
curesoM 5 monekyn ATD., Vuuteipag, 4To M3 mmo-
KO3BI 06pazviorca 2 MONEKYJbl (hocdOTpHO3E, NOY-
YEHHYIO BEJTMUYMHY HYXKHO YMHOXHMTR Ha 2 W 3areM
Bo14eCTb 2 Monekyibl ATM, 3aTpayeHHbIE Ha TIEPBOM
atarne. TaxuM obpazom, Beixod ATM npu aspobiom

NUKOANIe cocTamaeT (5x2) — 2 = 8 AT,

Boixop AT® npw aspofHOM pacnaje IiOKO3bI
A0 KOHEYHBIX TPOIYKTOB

B pesyabTaTte rMkonu3a 00pasyeTcs IMPYBaT, Ko-
TOpbiii nanee okucterca go CO, v H,O B OIIK,
omucaHHoM B pasacie 6. Tenepp MOXHO OUSHWUTH
IHEPreTHYSCKYID 3G (GEKTHBHOCTh TAUKONH3A M
CIIK, KOTOpbIE BMECTE COCTABMMIOT NPOLECC a3p00-
HOTO pacnaja [oKO3hl A0 KOHEYHbIX LPOAYKTOB
(Tabn. 7-4).

Taknum oGpazoM, Bbixod ATP MpH OKMCACHHH
1 Monb rmokosst g0 CO, H H,O cocrasnser 38 wmonb
ATO.

B mpouecce aspoOHOro paciiaia rKo3sl Npo-
HCXOIAT 6 peaklIMil gervapupoeanns. O4Ha U3 HUX
npoTekaer B mnkoause 1 5 B OMK (cM. pasmen 6).
Cyberpath! Juta cneurdnaecknx NAD-3aBUCHMBIX
gervporeHas: roMuepansierun-3-cgocdar, 1upy-
BaT, M30UMTpaT, u-KerormyTtapar, Manar. OgHa pe-
AKIHS ACTHAPUPOBAHHA B LIMTPATHOM LMKAE TIOO



" TrMuepanegersn-3-pochar » 1.3-Buchoctornuiepar
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a-Tavuepon-3-diocdat Hurvppokcrauetoudocdar
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Puc. 7-38. MNuuepodocdaTHan YenHOYHan cucTema. 1 — rmuuepanepervg-3-thocartgerngporenasa; 2 — rmuuepon-3-gocearne-
ruaporeHasa {UMTO30MbHBIR DEPMEHT, HA3BAH No obpaTHOk peakumu), 3 — rvuepon-3-pocthaTnermaporedasa (MUTOXOHAPHANLHLIA
tNaBUHOBLIA hepMeHT).

fpvuepansaerua-3- ar » 1,3-buctoctormmuepar
p POOPAT e
NAD+ NADH + H*
:>—1—<
Manar Oxkecanoauerar
LinTosons yramMar

a-Ketornytapar

BryTtperss
membpasa
MUTOXOHODUA

MaTpuxe
MUTOXOHO P

u-Ketornyrapar

ki

} Mytamar
Manat 2 Oxcancauerar
NAD* NADH+H' ———>---> g L3

Puc. 7-39. ManaT-acnapTaTHan YeRHOWHAR cUCTaMa. 1, 2 — OKUCIHMTENLHO-BOCCTAHOBUTONLHEIE DEaKUMK, ofecnevnBaile Tpac-
NOpT BGROPOAA M3 LMTO30NA B MUTOXOHGPKK Ha LIN3; 3, 4 — Tpancnoxasel, checneunBaolme TPaHCNOPT o-KeTormyTapara, acnaprara
“ MyTamara 1 Yepea MemBpady MATOXOHADHRA.
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Tabnmua 7-4. ITanst aspoGHOTC pacnaga MIOKosL

Koauvectno
JTanw adpodHOTO i KoM4yecTBO CHHTEIMPOBAHHOT O
pacnana rAKKOILI HEMOIL30BANHOTO AT®, Moab
AT®, moas
1. A3poOnHsrit riMKOIH3
Imokosa — 2 [Tupysat -2 +10
1. QxucouTensroe fekapOoKCcHINpOBaHHe -
nupyBara
2 {ITupyeat — Auctun-KoA) +6
M1, LuTpathetit nukn
2 (AueTin-KoA — CO,+ HaO) +24
Cymmapnsiii eerxon AT® npu okMenenuu +38
| Mons K36l

JeACTBHEM CYKUMHATAErHAPOTEHA3 TIPOUCXOIUT
¢ yuactiem KodiepMenta FAD. OGluee KOTHUECTRO
ATQ, CHHTE3UPOBAHHOE MYTEM OKMCJAWTENLHOIO
dodopunuposanus, cocragager 17 moab ATD
Ha 1 mone muuepansaeriagochara. K atoMy He-
o0xoauMo npubaBute 3 Monbs ATQ, cHHTEIMPO-
BaHHBIX MYTéM cyGcTpatHore dochopuaupoBaHus
(1Be peaklMy B DIMKOMH3E H OfHA B [IMTPATHOM
LHHKIE).

Yuyuteieas, YTo MIIOKE3a pacnagaeTca Ha 2 ¢oc-
$OTPHO3E M YTO CTEXMOMETPHYCCKUH Koa(hdHLiK-
€HT NanbHENWWX NPeBpaeHuit pager 2, noayJyeH-
HYIO BETMYMHY HAJ0 YMHOXMTE HA 2, @ M3 Pe3y/bTaTa
BbiuecTh 2 MOTb AT, McnonbioBaHHbIE Ha OEp-
BOM 3Tane [IMKOMN3A.

B. AHADPOBHBIN PACIIAJ TJIIOKO3bI
(AHABPOBHBIN TIMKOJIH3)

AHa3po0HBIM TJMKOJIH30M HA3BIBAIOT TIPOLUECC
pacllerieHdsa IMoKo3kl ¢ 00pa3oRaHNEM B Kaue-
CTEE KOHEYHOTO MPOAYKTA NAKTaTd. 3TOT Apouece
npoTekaeT §e3 MCIOABL30BAHWA KUCIOPOAA M 110-
STOMY He 3aBHCHT OT paboThl MHTOXOHIPHATbHOIA
AprxarenbHol uenn. AT® obpasyercsa 3a cuéT pe-
akumni cyberparHoro dochopunuposaHua. Cym-
MapHOe ypaBHEHHE TIPOLEcca;

CH,0,+2HPO, +2 A0D =2 CHO, +

2 AT® + 2 H,0.

L. Pearxuun anaspodnoee aauxoiusa

[Ipu aHaspobHOM rnukonuze {puc. 7-40) B uu-
To30e NpoTekaloT see 10 peakivif, MACHTHUHBIX
aspobuoMy ramkomndy. flumib 11-g peakins, rae
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MIPOHCXOINT BOCCTAHOBJICHWE [TMPYBATa LIMTO30Ab-
HeiM NADH, arnfserca cnenumdHueckoii and aHas-
pobHore raukomusa (puc. 7-41). BoccTaHosneHue
TTUPYBATa B JIAKTAT KATANTH3IUPYET NaKTaTASrHIpO-
reHasa {peakiMs obpaTumas, M epMeHT Halgad Mo
obpatHoit peakuuu). C MOMOIILIO 3TOH peakiuy
obecneunpaeTcs pereHepaura NAD* u3 NADH Ges
YYACTHS MUTOXOHAPHANLHON ABIXATENbHOMN LIETIH B
CHTYalLHsIX, CBA3AHHLIX C HENOCTATOUYHBIM CHabXe-
HUEM KIETOK KucaopogoM. Pone akuenropa Bogo-
poda ot NADH (noaobHo KuCaopony 8 ALIXareib-
HOI LIEMH) BBEINOJHSET MHUPYBAT. TakuM obpasom,
3HJYEHHE peakliMy BOCCTAHOBREHMS MMUPYBaTa 3aK-
moyaeTcs He B 0Opa3OBaHWH JIAKTATA, a B TOM, 4TO
JaHHaA 1MTO30/bHas peakiiMst obecneuupaet pere-
Hepauuio NAD'. K Tomy xe JaKTar He a9BIseTca
KOHEUHBIM TIPOAYKTOM METAbOMM3IMA, YAANAEMBIM
H3 OpraHH3Ma, DT0 BELIECTBO BHIBOAMTCH B KPOBL U
YTHIH3HPYETCH, MpeBpallaschk B TIEYEHH B [IIOKO-
3y, MK NPH LOCTYTTHOCTH KMCNOpOa MpeRpalacT-
Csl B ITHPYBAT, KOTOPbIH BCTYIAeT B ODIIMHA MYyTh
KaraGomama, okucissics Ao CO, u H 0, Crpoenue
JIAKTATASTMIPOreHaskbl, MEXAHU3M JEHCTBUA M 3Ha-
YeHWE OMpeIeNcHNA aKTUBHOCTU 3TCro repMeHTa
JUIS IUAarHOCTHKHM 33000eBaHU OMUCBLIBANTHCE pa-
Hee B8 pazgene 2.

Banane AT® npH aHa3pofHOM TIMKOAH3E

AHAa3poOHbIH [MHKOAH3 110 CpaBHEHHIO € a3pof-
HbIM MeHee 3dpexTiBeH. B 3TOM npouecce kara-
fonu3M 1 MONb TAOKO3BI 063 y4acTUsl MUTOXOHII-
PMANBHOH ABIXATENLHOW LEeNMU COTPOBOXIAETCH
cuHTe3oM 2 Moab AT W 2 Monb naktata. AT
oBpasyerca 3a cuér 2 peakumii cyberpatHoro doc-
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Puc, 7-40. AHaspoGHbIA rMUKONKE,

dopunnpoBanus. IlockonbpKy DIIOK03a pacnagaeTcs
Ha 2 GochOTPUO3BL, TO ¢ VIETOM CTEXHOMETPH-
yeckoro kKo3gwpHilMeHTa, paBHOTO 2, KOJTHYECTBO
MonbL cuHTesupoeadHoro AT® pasHo 4. YuuThbl-
Bag 2 monb ATQ, MCNOJB3OBAHHBIX HA TIEPBOM
3Tane IMKOMK3a, NoIy4aeM KOHEeYHbH 3HepreTH-
yeckHil 3hdext npouecca, pasHelil 2 Moabn ATO.
Takum o6pazomM, 10 HUTO30AbHBIX (DEPMEHTOB, Ka-
TAMMIUPYIOIIMX TIPEeBPAIEHHE [JIIOKO3b B TIHPY-
BAT, BMECTE C JIAKTATASTHAPOreHA30i obecneynBa-
0T B aHa3pPOOHOM TITHKOAK3E ¢HUuTe3 2 Mosib ATD
(Ha 1 Monb CMOKO3bI) G€3 YyUacTHA KUCIOpPOIA.

I'. 3HAYEHHE KATABOJIM3MA TIOKO3bI

OcHoBHOE HUINOIOTMUECKOE HAZHAUEHHE KATa-
$01M3Ma TNIOKO3B! 3aKTIOYAETCA B UCTIONB3IOBAHHUH
JHEPTHU, OCBOGOXNALILEHCA B 3TOM TIpOLIECce s
cuHTe3a ATO.

DHEPrud, BHLIISTIIOWAACT B MPOLECCE MOIHOTO
pacnana rmokosst a0 CO, u H,0, cocrasnser
2880 xJIx/Monbs. Ecnn 31y BendquHy CPABHHUTL ¢
SHEPryei ruaponnsa BHICOKOIHEPreTMYECKUX CBA-

9 NADH+H®  NAD’ 0

C-0O k C-0O
I_J____1 N r L___ b
1 £=0 17 > 1H-C - OH

CH; NaktataernaporeHasa CHs
Mupyear Nakrar

Pue. 7-41. BoccTaHOBNEHWE NMPYBaTA B NAKTAT.

el — 38 Mo AT® (50 kAx Ha Moab AT®), 10
nomyynu: 50x38 = 1900 k/Ix, 4to cocrarnger 65%
OT BCeil BHEepPTUM, BhIISJIIONIEHCA NPU MTOTHOM pac-
nage rmokosbl. Takora 3upeKTHBHOCTE HCMOAB30-
BaHHA FHEPTHH PACTIANA TIIOKO3b 418 cuHTe3a ATD.
HeobxonumMo yuuThBaTh, YTe peanbHasn dekTUB-
HOCTE TIPOGUECCa MOXET OnTh HUXe, TouHO ole-
HHUTb BuIXOA AT( MOXKHO TOABKO MPH CYGCTPATHOM
dochoplIMpoBaHHH, a COOTHOWEHWE MEXIY Mo-
CTVITIEHHWEM BOIOPO/A B ALIXATENBHYIO LIENb M CUH-
TezoM AT® ABRngeTcs NpubIUIUTENLHbIM.
A>poOHLIH pacrial TTIOKO3bl NTPOUCXOAUT BO
MHOTHX OpTraHax U TKAHSAX M CITYXUT OCHOBHBIM,
XOTS M HE €AMHCTBEHHBIM, UCTOUHHKOM 3HEPTHH
A KH3HedeaTeabHocTH. HekoTropule TKaHM Ha-
XOAATCsA B HauBOMbILEH 3aBUCUMOCTH OT KaTabo-
JH3Ma [JIOKO3bI KAK HCTOUHHKA aHeprid. Hanpu-
MED, KNeTKW MO3ra pacxoayiot Ao 100 r riokoab
B CYTKH, OKMCIAS €€ aspobHpiM myTéM. TloaTomy
HEIOCTATOYHOE CHabXeHUe MO3ra TIKKO306 WIH
CUNMOKCHA NPOARIAIOTCST CHMIITOMAMH, CBHICTE b~
CTBYIOIUUMH O HapylIeHUH (QYHKLHWH Mo3ra (ro-
JMOBOKPYXKEHUS, CYIOPOTH, NMOTEPS CO3HAHMS).
AHa3pobHLIA pacral TIIOKO3bl NMPOUCXOIHT B
MBILIIAX, B TIEPBBIE MUHYTHI MBIILIEYHOW pabOTEHL, B
IPUTPOLIUTAX (B KOTOPBLIX OTCYTCTBYIOT MUTOXOHI-
PUH), 4 TAKKES B PAZHLIX OPraHax B YCIOBWAX OIpa-
HHYEHHOrO CHAOKEeHHH HX KHCIOPOAOM, B TOM HUC-
e B kaeTkax onyxohei. dna metabonuiMa KIETOK
OMNYyXOJNeH XapakTepHO YCKOpEHME Kak a3polHoTo,
TaK M aHazpo0HOro raukoau3a. Ho npeuMyliecTBeH-
HbIA aHaFPODHBIH IMKOAN3 K yBRIMYCHHE CHHTE3A
JIAKTATA CJYKUT TMOKA3aTeseM TOBBILIEHHOH CKO-
POCTH AENIEHHST KIETOK TIPU HELOCTATOMHOI 0bec-
NEYEHHOCTH HMX CHCTEMOH KPOBEHOCHBIX COCYOB.
Kpome aHepreTHYeCKOi (pyHKUMH, NPOIECC KA~
TaBONMU3Ma TITIOKO3bl MOXET BBIIOJHATL U aHabo-
THYECKUE (PYHKLMM. MeTaboauTsl rukonmsa we-
NOABIYIOTCH ISl CHHTE3a HOBBIX COeIMHEHMA. Tak,
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hpyKT030-6-hocdar U rauiepansIerui-3-gpocdar
YHACTBYIOT B 06Gpa3opaHUH pubQ30-5-thocdata —
CTPYKTYPHOIO KOMIMOHEHTA HYKIEOTHAOR, 3-¢oc-
(ormUuepaT MoXeT BKJIIOYATLCA B CHHTE3 AMM-
HOKHWCIIOT, TAKUX KAK CEPMH, [JULMH, LIHCTEHUH
{cM. paznen 9). B neueHn M XMpPOBOH TKaHM alle-
THA-KoA, o0pasyiiudiics W3 NHpyBaTta, KCIOIb-
3yeTcs Kak cybeTpat npH GHOCHHTESE XKHPHBIX KMC-
JIOT, XOJIECTEPHHA, 4 ITHruapoxcualeToHdochar
Kak cyOcTpar mjisi CMHTe3a rinuuepon-3-docdara
(cm. pasaen 8).

J. PErvisinng KATABONM3MA DJIIOKO3HI

TMockoabky OCHOBHOE 3HAUSHHE TNMKOIH3A CO-
cTouT B cHTe3e ATD, ero ckopoCTh AMDKHA KOp-
PEIMPOBATE C 3aTPATaMU SHEPrUK B OPraHHU3Me.

BONBIIMHCTBO peakIinil ITHUKOAH3a 00paTUMEL, 3a
HCKJIIOYEHHWEM TPEX, KaTAIM3MPYEMBIX TeKCOKHHA-
30 (MK DTIOKOKWHA30H), dhochodpykTokHa30MH
W MMpYBATKHHA3I0H, PeryasatopHslie (akrTopsi, H3-
MEHAIOLINE CKOPOCTE FIMKOAN3A, a 3HAYUT M 00pa-
3oBaHHe AT, HanMpaBaeHb HA HEOOpAaTHMBIE pe-
axivu. [okazatenem notpednenus AT apnsiercs
HakorieHne AP 1 AM®, Hocneanuin obpasyer-
Cf B PEaKLUM, KAaTANM3IHPYEMOH aI¢HUIATKHHAZOMN:
2 AID - AMD + ATD

Haxe neGoaslon pacxon AT BeféT K 3aMeTHO-
MY yBennueduo AM®. Ornowenwe ypopua AT k
AP n1 AM® xapakTepu3yeT 3HepreTH4ecKuii cra-
TYC KIETKH (CM. pasien 6), a ero COCTABRIIoNIHe
CIYKAT AUTOCTEPUUYECKMMK PETYIIITOPAMH  CKOPOC-
TH Kax OHUEro NyTH KaTabonMaMa, Tak M TJIHKOIH-
3a. Ha pucyuake 7-42 nmokazaHa ajutocTepHuecKas
PETYIALHS CKOPOCTH KAaTabOMM3Ma [IIOKO3El B CKe-
JIETHBIX MBI UAX.

CylLecTBEHHOE 3HAYEHHME AR PEry/silMM CIUKO-
JM3a UMeeT U3MeHEeHHe akTHBHOCTH dochodpyk-
TOKHHA3LI, TIOTOMY 410 5T0T QepMEHT, KakK YTIOMU-
HAIOCh paHee, KaTaiu3upyeT Haubolee MeeHHYIO
peakuHMIo mpoliccea.

PochodpykTokmHaza akrneupyerca AM®, Ho
uHrubHpyercs ATD. AM®, ceaspiBasck ¢ awdcTe-
pyWHecKHM UeHTpOM GochodpPYKTOKHHAZLL, YBETH~
uMBAeT CPOACTBO thepMenTa K PpyKTo30-6-hocdary
H [IOBBIIAET CKOPOCTh e dochopunupoBaHus.
Addext ATO® Ha 3TOT PepMEHT — MPUMED NOMOT-
POTTHOTO ALIOCTEPH3MA (CM. pasfgen 2), MOocKOIbKY
AT® MoXeT B3aUMOIEHCTBOBATh KAK C A/UTOCTEPH-
YECKHMM, TaK M ¢ aKTMBHBIM LEHTPOM, B MOCICAHEM
clyyae Kak cybeTpar.
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Npu puaMonorHueckux 3naueHusAx AT akTHB-
HBLi 11ERTP ochodpyKTOKMHAZBL BCETA HACBILLICH
cyberparaMu (B ToM umcie AT®). [lopsiweHKe
ypoBusi AT® orHocuTensHo AJQ® cHHXaeT cKo-
pOCTb PEAKIIHU, NOCKONBKY ATM B 3THX yCIOBUSAX
JAEHCTBYET Kak WHIMOWTOD. CBA3BIBAETCS ¢ A/LTOCTE-
PHMECKUM LeHTpPOM depMeHTa, BbI3biBaeT Kotdop-
MALIMOHHBIE MU3MEHEHHA M YMEHBLUAET CPOACTBO K
ere cyberparaM.

WamMeHeHHe akKTHBHOCTU (rochodpyKTOKHHARE
COCCOCTRYET pery/IAUNH CKOpOocTH hocdopuanpo-
BaHWA MTIOKO3bl [CKCOKMHA30H. CHMXEHHE aKTUB-
HOCTH dochodpyKTOKMHA3L!L TIPH BHICOKOM YPOBHE
AT® BeféT K HAKOILIEHHIO Kak pyKrozo-6-goc-
thata, Tak ¥ rmokKo3o-6-docdara, a NocaeAHMI
UHIUGHpYET rexcoknHazy. CrenyeT HamoMHUTE, UTO
reKCOKWHa3a BO MHOTHMX TKAaHAX (3a MCIUTIOUCHHEM
neueHy U J-KIETOK NOTKENVEOUHOH XKeNe3bl) MH-
rHOHpYETCS rMI0K030-6-(hochatom.

IMpu Beicokom ypoBHe AT cHIHKAETCA CKOPOCTh
LMK JTMMOHHOH KHCJOTBl M AbIXATEIIBHOH LIETH,
B 2THX YCIOBHSX TIPOLIECC [IMKOAM3A TAKKES 3aMe/-
Jsetcd. Cneayer HATIOMHUTD, YTO AUTOCTEpHUYSCKAs
peryaauusi gepmentor OITK v abixaTensHol UEMH
TAKXE CBA3AHA C M3MEHEHMEM KOHLIEHTpauMu Ta-
KHX KJIOeBbIX npoayktoB, Kak NADH, AT® u
HexoTophix MeTabonutoB. Tak, NADH, nakannu-
BasiCh B TOM CJy4ae, eC/iM HE YCIeBaeT OKUCIHTLCS
B ALIXATENBHON UENH, HHTHEHpPYET HEKOTOPLIC all-
JocrepudeckHe GpepMEHTHI LIMTPATHOTO LHKIA (CM.
pasznen 6).

(Du3HONOTHYECKAA POAL DIMKOIKM34 B [IEYEHU W
KUPOBOH TKAHM HECKOIBKO MWHAfA, 4EM B APYTHX
TKaHAX. B meyeHH W XUPOBOH TKAHHM CAUKOIU3 B
nepuo] MULLEBApeHUsI PYHKUHOHUPYET B OCHOB-
HOM K4aK HUCTOYHUK CyBCTpaToR IMs CHMHTE3d KM-
pos, Pervisiumst riukosm3a B JledyeHH HMMeET CBOU
ocobeHHOCTH M OYAET paccMOTpeHa MO3KE.

E. 2,3-BUCPOCOOTTMLEPATHBIA UK

B CIMKOMTHTHYECKOM MYTH MOXET NPOTEKATH A0-
NONMHUTEILHAS peaklins, Karanuzdpyemas ducdoc-
thornmuueparMyTas’ol, npeepaillaoweii 1,3-oucdoc-
dornuuepar B 2,3-6uchocdornnuepat (2,3-bOIN),
KOTOpBIA MOXeT npu yuacTun 2,3-6Hcocdornu-
uepardocdarassl NpeBpallatses B 3-ocdornuue-
par — mMetabonut rauxonusa (puc. 7-43).

B 6onpmmHceTBe TRaHel 2,3-BPI obpasyetca B
Heboplux KoauydecTsax. B 3puTpouMrax 3ToT
MeTabOHT obpa3veTcsl B 3HAYMTENBHBIX KOAMYE-
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Puc. 7-42. Perynauua Katabonuzma rnioKoasl B CKeNeTHBIX MBILLLAX,

CTBaX W BBLIMOJHAET Poab AJUIOCTEPHYECKOTO pery-
aarcpa GYBKUHMA reMornobuHa. 2,3-b®I, cBA3bi-
BasiCh € reMOMIODHHOM, TTOHMXAET €r0 CPOJCTBO K
KHCITOPOLY, CIOCOBCTBYET AHCCOLMAUMK KIC/IOPOa
¥ MEPexOAy ero B TKaHW (cM. paszen I).

Q6pazosanue 2,3-B®T npeanonaraer nore-
PIO 3HEPTHH MaKpo3IPruveckoi cBa3u B 1,3-6uc-
docdoranuepare, KoTopas He MNEPEHOCHTCH Ha
AT®, a pacceuBaerca B dhopMe TEILIOTHI, YTO 03-
HAYAET CHHXEHUE 3HepreTHyeckoro adekra rny-
KOK3a.,

IX. CUHTE3 NMIOKO3bl
B NEYEHW (FMIOKOHEOTEHE3)

HekoTopble TKaHKu, HANPUMED MO3T, HYXKIAKOTCA
B [MOCTOSHHOM TIOCTYTLTEHHWH LAOKOo3kl. Koroa no-
CTYTUICHHE YTIEBOZOB B COCTABE IMHIITH HEA0CTATOY-
HO, CONEpXKaHHE TMIOKO3bl B KPOBH HEKOTOPOS BpE-
MA TICAASPXHBAETCS B NpegefaX HOPMBI 3a CUET
paciieruieHus THKoreHa B mevyeHH. OnHako 3amna-
CBI IMIMKOTEHA B TIeYeHH HeBenWKW. OHU 3HAYHTEN k-
HO yMeHbllawTea K 6—10 4 ronozaHua W NpaKkTy-
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Pwc. 7-43. Obpasosanwe w npeepawesse 2,3-Gucihbocthornuuepara.

HeCKH MOJTHOCTERIO MCUEPITBbIBAIOTCS MOCIE CYTOUHOMO
rofofaHus. B 3Tom ciydae B TeUeHM HAMMHAETCH
CHHTE3 T/ROKO3b de nove — rinokoneorenes. [ioko-
HEOTeHE3 — NPOLECC CHHTE3A TIIOKO3bl M3 BELLECTR
HEYTNEBOAHOH TIpHPOAR. Ere oCHOBHOI GyHKLUMEH
SIRMSIETCA TIOMAEPKAHHME YPOBHSA TIIOKO3W B KPOBM
B TIEPHOA AMMTEBHOTO TONOAAHKHA H MHTEHCHBHBIX
(dusrueckix Harpysok. Tlpouecc nporekaer B oc-
HOBHOM B feYeHH ¥ MeHEee HHTEHCHBHO B KOPKO-
BOM BELISCTBE 1104YEK, a TAKXKE B CAM3UCTOH 000-
JIOYKE KMIIEYHMKA. 3TH TKAHHW MOTYT 00€CTIeUHBATh
cvinTes 80—100 r rnokossl B cyTKH. Ha aonioc Mo3-
ra TIPY TOJIOMAHUH MPUXOAMTCH GONLINAST YACcTh o~
TpeOHOCTH OpraHM3MA B TIIOKO3E. JT0 00BACHACT-
Cs TEM, YTO KIETKI MO3I4 HE CrocoOHbl, B OTIHYHE
OT ApYTHX TKAHeH, obecneuuparh MOTPEOHOCTH B
FHEePrHH 33 CUET OKMCACHHS KHPHBIX KHCITOT (CM.
paznen 8).

KpomMe moara, B riioK03e HYXAAOTCS TKaHH U
KJIETKH, B KOTOpbIX azpol0HBIA NyTe paciiana He-
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BOZMOXEH KM OTPaHUMEH, HANPUMEP 3PHUTPCLH-
Thi (OHM JIMILCHB MHUTOXOHAPHH}, KACTKH CeT4HaT-
KM, MO3TOBOTO CJI0S HAATIOYEYHWKOB U IIp.

[MepBUyHBE CYOCTPATH MTIOKOHEOTEHEIA — JidK-

TaT, AMHMHOKHCIOTH! M rAWLepon. BrIoueHHE 2THX
cyOCTpaATOR B tNIOKOHEOreHe3 3aBHCUT OT (PHU3HO0-
JIOTHHECKOTO COCTOSHMS OPraHH3Ma.

» JlakTaT — NpPOAYKT aHa3poGHOTO MMHKOJIH3A,
OH obpasyerca Npu JIIOGKIX COCTOTHHAX Opra-
HM3MA B 3pUTPOUMTAX M pabOTAIOIMX MBI~
uax. Takum oBpa3oM, NaKTaT HCOOAL3IYETCS B
LIIOKCOHEOTEHE3e MOCTOAHHO,

« I'muuepon seICBOOOXKIAETCA NPU THAPOIN3E
XHPOB B XHPOROH TKaHW B MEPHOI TOMOAA-
HHUSL MK TIpM ATHTENBHON (u3HMYecKol Ha-
TpY3Ke.

o AMHUHOKHCIOTHE 00pa3yioTcsi B PEe3yAbTaTe
pacnana MbIISYHBIX GENKOB H BKIIOYAKTCA B
[MIOKOHEOTEHES NPH NMINTEILHOM TOMOAAHHH
KWW TIPOACAXHTEILHON MbIlUEYHOH paboTe.



Ha pucyHke 7-44 moka3aHbl MyHKTHl BKJIKOYE-
HHUS [ePBUUYHLIX CyOCTPATOB B [NIIOKOHEOIEHE3,

A, PEAKIIHH TIIOKOHEOIEHE3A

BOABLUIMHCTBO peakKUUH TIIKOHEOTEHe3a npo-
TeKAeT 3a CYET OoOpaTHMbBIX PEakKlUMH FIHKOAU3A
{puc. 7-45, peakunn 9, 8, 7, 6, 5, 4, 2} n Katanu-
3upyeTca TeMH xe depmeHTamu. OoHako 3 peak-
UHH DIHKOJH3a TepMOJMHAMHUUECKH HeoOpaTHMBI.
Ha 3Tux ¢Taguax peakuMH TIIOKOHEOreHe3a Mpo-
TEKAIOT OPYTUMH TIYTAMM.

HeobxoauMo OTMETHTb, YTO TIHKOIU3 MpoTe-
KAET B LUHTO30ME, 8 YacTbh PeAaKLMIl MHKOHEOTeHe-
33 NPOMCXOAWT B MUTOXOHIPHSX.

PaccMOTPHM Bonee moapobHO TE peakUUM TIo-
KOHEOTEHE3a, KOTOPEIE OTAMYAKTCH OT pPeakUuil
TJHKONW3A W NPOUCXOMAIT B NTHOKOHEOTEHESE ¢ MC-
noNb3cBaHueM Apyrux depmenToB. PaccMOTpHM
MPOLIECC CUHTE3A TKOKO3BL M3 MHpYBATa.

1. Odpazosanue docgoenosnupysama
U3 nupyeama — nepeas U3 HeebpamumbLy
cmadull 2a1oKkoHeo2ene3q

ObpaszoBaHue ocdoeHOINMUPYBaTa W3 MUPYBATA
MPOUCXONMT B XOfe IBYX peaktui (puc. 7-45, peax-
uud 11, 12), neppas W3 KOTODLIX MPOTEKAET B MHUTO-
xonapusix. [Tupysar, oOpasyiolmiica 13 JlakTata WiM
H3 HEKOTOPbIX aMMHOKMC/OT, TPAHCTIOPTHUPYETCA B
MATPHKC MUTOXOHAPHH W TaM KapOOKCHIHPYETCA ¢
obpazosanueM okcatoalerara (puc. 7-46), Ilupysar-
Kapbokcmnaza, KaTanHMIMPYIOLiaa A4HHYIO peak-
LMK, — MHTOXOHAPHAILHBEI pepMeHT, KOhepMeH-
TOM KOTOPOTro sitRisieTest DHOTHH. Peakumus npotekaer
¢ vcnonbloBanvem ATO.

JanbHeflilMe MpeBpalLICHLIA OKCAN0ALETATA MPO-
TEKAOT B LIUTQ30A¢. ClefioBaTeNbHO, HAa 3TOM 3Ta-
fe JI0JXXHA CYLECTBOBATL CHCTEMa TPaHCITOpTa OK-

CANOALIETATA YEPEe3 MUTOXOHAPUANbLHYIO MeMGpaHy,
KOTOpast ATl Hero HenpoHuilaema. OkcanoaueTar B
MUTOXOHAPHAILHOM MATPHKCE BOCCTAHAB/IHBACTCH
¢ obpazosaHnem Manarta {puc. 7-47) npH yUacTUm
NADH {oBpaTHas peakludsi UMTPATHOO LIHKAA).
OGpa30BABLUNIACA MANAT 3aTEM NPOXOAUT Yepe3 MU-
TOXOHAPHANBHYK) MEMOPAHY ¢ MOMOLLbIO CTIELHAN-
HbIX TIEPEHOCUHKOB. KpoMe TOro, oKCatoateTarT Cno-
Cco0CH TPAaHCNOpPTHPOBATLCA K3 MHUTOXOHIPHH B
UMTO30JIE B BMOE ACTapTaTa B XQIE MalaT-acnap-
TATHOIO YEJTHOYHOTO MEXAHHM3MA, pPacCMOTPEHHOTO
padee (puc. 7-39).

B uMTO30/1¢ MANaT BHOBL MPEBPALLIAETCS B OKCa-
JIOAUETAT B XOd€e PeaKllHd OKHCIEHHs C YYacTHEM
koepmenta NAD*. O6e peakuuu: BOCCTaHORNE-
HUE OKCaloalleTaTd M OKHMCJICHHME MaNaTa KaTaiu-
3UPVIOT MaiaTAeTHIpOreHasa, HO B MEepBOM ClIydae
3TO MUTOXOHIPHANBHBIA (DEDMEHT, A4 BC BTOPOM —
LATO30bHBIA, (OOpa3oBaHHHI B LIMTO30J1€ U3 Ma-
J1aTa oKCcajoalleTaT 3aTeM npeepatuaerca B Gocgo-
C€HONMPYBAT B X0I¢ peaKUHM, KATATH3IWPYEMOH
dochoeHonmUpyBaTKAPGOKCHKHHA30A — [TM-3a-
BUCHMbIM (epMeHTOM (pHc. 7-48). Hassanue dep-
MEHTA JaHO Mo 00paTHOH peakKLMH.

CxeMa BCex peakLHid, POTEKAKLWMX HA MEPBOi
HeoBpaTUMON CTAAWH TNIOKOHEOreHes3a, npeicTas-
JieHa Ha puc. 7-49.

Cnenyet OTMETHTh, UTO 3TOT QOXOMHOH YUacTOK
IMIOKOHEOTEHE3d TpedYeT pacxola AByX MOJEKY ¢
MAKpO3pruueckuMi ceassimu (AT® u I'TD) B pac-
y&Te Ha OIHY MOJIEKYJIY HCXOAHOrO BElecTBa —
nupyBata. B mepecuéte Ha CHMHTE3 OOHOI MOneKy-
JIbl TNIOKO3Bl M3 ABYX MOJEKY] MUPYBaTa pacxof
cocTapnsier 2 Modb AT® U 2 Mo TTD unu
4 Mone AT® (nns ynoboeTea paccykIeHWH mpea-
JIaraeTcA CUMTATh, YTO ZHEPro3aTpaThl Ha CHHTE3
AT® u TT® paeubi). [Tocne oGpasopaHus ¢doc-
MOCHONMUPYRATA BCE OCTANbHBIE PEAKUMH TAKKE

rMIOKO3A

|

| Mupysar -——vLOxcanoauE‘raT — | ®ocdpoeronnupyear ——+—+—

AuruppoxcuaueToHgoctaT

[~ ]

Nakrar AMWHOKMCNOTEI

Puc. 7-44. BinoueHue cyGCTpaToR B MMIOKCHEOTEHe3.

I

Mnuuepon
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Puc. 7-45. [MUKONK3 W rIIOKOHEoreHoa. DepMeHTE 0fpaTmex
PEAKLMA MMKONW3A U MIOKoHeoreHe3a: 2 — ochornIoKoN3omMe-
pa2a; 4 — anpgonaaa; b5-— TpuoscdochaTuiomepasa;
§ — myLepansaerahochameMiporeHasa; 7 — pocornuuepar-
KHHa3d; 8 — docomvuepaTMyTasa; 9 — eHonasa. PepMenTh
HEOGPATUMBIX PEAKLMIA MIOKDHecrsHeaa: 11 — nupysaTkapbokcu-
naaa; 12 — gocdeenonnpyeatkapboKcUKKuHAZa; 13 — hpyKTo30-
1,6-6ucthocpatasa; 14 — miokoso-E-tectharasa. |-l — cybetpar-

Hel€ LHKMEL.
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Puc. 7-46. ObpaaoeaHie OKCaNoaueTarTa M3 nupysara.
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Puc. 7-48. MNpespaweHue oxcanoaueTarta b GocoeHonNM-
pyBar.
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Puc. 7-49. OGpaaopalmue OKCaNoaUeTaTa, TPAMCNAPT B UMTO30Nb W npebpaesue B ochoeHonnupyeat. 1 — TpaHCAGRT NuUpy-
BATA M3 UMTO30NA B MUTOXOHAPMIO, 2 — npeBpalleHue NupyBaTa B okcancauetar (OA); 3 — npeepawenue OA B MANAT WNKM acnapTar;
4 — TpAHCNOPT acnapTaTa v ManaTta M3 MUTOXOHOPMA B LMTO30NL; 5 — npespawedve acnaprata u manarta 8 OA; 6 — npespaweHne

OA 8 ochoeHonnUpyBar.

MPOTEKAT B IIMTO30/e BIUIOThH A0 ©oOpa3oBaHHA
thpykTo30-1,6-6uctocdiata M KaTaaM3UpPYIOTCS TITH-
KOMUTHUYECKMMY (hePMEHTAMK.

2. Tudpoaus gpyxmo3so-1,6-6ucochama
u 2nox03o-6-ghochama

OtwerneHne gocdatHoi rpynne U3 dpykTo-
30-1,6-6ucdocdara 1 riwko3o-6-doedara — Tax-
Xe HeoOpaTHMBIE peakLiHU ToKoHeoreHe3a. B xone
[THKON3A 3TH PEaKUMK KATAIM3HPYIOT CTIeliHgM-
YECKME KMHA3bl ¢ HCIONb30BaHUeM aHeprin ATE,
B rmoxoHeoreHese OHM TIPOTEKAOT 0e3 vyacTuA
AT®D u AND v yckopsioTeH He KuHA3aMy, a hoc-
cdatazaMu — QepMeHTaMH, MPUHALACKILINMH K
knaccy ruaponas. ®@epmenTts dpykToso-1,6-0uc-
thocparaza W rawkKo3o-6-ocdaraza KaTanHIHpy-
T OTIeTNeHe docdarTHol TpyNIbl oT PpyKTO-
30-1,6-6ucdocdara u riokozo-6-docdara. [Tocne
Yyero cpOOOIHAS TTIOKO3a BHEIXOAMT W3 KNETKH B
KpoBb. Cxema Bcex peaklivi MiOKOHSOT¢HE3a NMped-
cTaBieHa Ha puc. 7-45.

H1ax, B neyeHu cyuiectByior 4 depMeHTa, KO-
TOPBLIC TIPMHHUMAKT Y4aCTHE TOABKO B TMHIKOHEO-
reHe3e W KaTalM3UpyIOT O0XOOHBIE PeaklUHH HEo-
OpatuMbIX CTaAMP TAHKOJN3A., DTO0 — NHpYBaT-
kapboxcunasa, ochoeHoNMUpYBaTKAPOOKCUKHHA-
33, ¢GpykTo3o-1,6-0uchocdaraza v NIOKO30-6-
docdarasa.

3. Buepeemuveckul 6aranc ztio0Koneo2enesa
u3z nupyeama

B xoae storo npouecca pacxooyiorca 6 MONb
AT® ua cuures | MOAL [NIOKO3LI U3 2 MONL ITH-

pyeata. Yerwipe Mons AT® pacxonyioTcsa Ha cTa-
NMW cHHTE3a (ochoeHONTIMPYBATA M3 OKcanoa-
uetata ¥ ewl@ 2 monk AT® na cranusax obpa-
sopaHus 1,3-6ucdocdornnuepara u3 3-docdo-
CAMIEpaTa.
CyMMapHBIH Pe3ynbTaT ITIIOKOHEOreHE3a U3 IH-
pYBaTa BbIpAXaeTcd CAENYIOINM YDPABHEHHEM:
2 IMupyear + 4 ATO + 2 I'TO + 2 (NADH+
H") + 4 H,O — I'mokoza + 4 AII® + 2 TP +
6 H,PO, + 2 NAD",

b. CUHTE3 IHIOKO3BI U3 JIAKTATA

HMakrar, 00pa30BaHHbIA B aHA3pOOHOM TIMKO-
AH3e, He ABRIAETCA KOHEYHBIM ITPOAYKTOM MeETa-
6onusma. Mcnonb3opaHue Nakrara CBSA3AHO C ero
NPEEPALICHHEM B MEYEHU B NMPYRaT. JIakTaT Kak
MCTOYHHK TTHPYBATA BaXeH He CTOABKO TIPH FQo-
OaHWH, CKONBKO NTPU HOPMANBHOW XU3HCISATEb-
HOCTH opraHu3Ma. Ero ripeppaliicHUe B MTUPYBAT u
DAABHEAIEES HCTIONB30BaHUE TIOCTEHETO ARAAKITCS
cnocoboM YTHIM3AUWH JTaKTaTa.

Nakrar, o6pazoBaBIIMICT B HHTEHCHBHO pado-
TAWIMX MBIWIUAX WIH B KIETKax ¢ npeodnanao-
UMM aHA3POOHBIM CIIOCOBOM KaTabonu3Ma TIKO-
3bl, MOCTYNAET B XPOBL, & 3aT¢M B NeueHb. B nieueHu
oThomieie NADH/NAD* Huxe, 4eM B coKpa-
BIARIIENRCS MBILILE, MO3TOMY JAKTaTAETHAPOTeHAa3-
Hasl peakuua nporexkaet B o0paTHOM HampagpJje-
HHH, T.€. B CTOPOHY OOPAa30BaHUA [MpyBaTa M3
naktata. Janee nNMpyeaT BKIFOMAETCS B TTHOKOHE-
OoreHes, a ofipasoBaBIIANCA [AOKO3d IOCTYNAET B
KPOEB H MNOMICIIACTCH CKeACTHBIMHA MBILULIAMHA. 3TV
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NOCASA0BATEABHOCTE COOBITHH HA3LIBAIOT <«IMIOKO-
30-JMAKTATHBRIM UHKIOM», WIH <«oHKiIoM Kopu»
{puc. 7-50). Uuxkn Kopu BeINOAHAET 2 BaXHEH-
wre dyHkuMu: | — obecneyupaeT YTUIUIALHIO
JaxKTaTa; 2 — npenoTBpalliaeT HAKoTLIeHWe NaKTaTa
H, KaK CIEACTBHE 3TOrO, CMacHoe cHUXeHue pH
(makroaumnos). Yacts nupysara, 06pa30BAHHOID
M3 J1IaKTaTa, OKUCadeTes nedeHsio a0 CO, u H,0.
JHEPrua OKUCICHHST MOXKET MCIIOAB30BAThCA AN
cHHTe3a ATM, HeoOXOAUMOTO AN peaKIMi CAK-
KOHeoreHesa,

Jlaxroaumaos, TepMHH «aumnoos» 0DO3HAYALCT YBE-
JMYEHHE KUCTOTHOCTH Cpelbl OPTaHM3Ma (CHIXE-
Hue pH) mo 3HauyeHUi, BBIXOASUIMX 338 TIpeAenb
HOopMBL. [lpH aumgose TUGO ysBeNHuHMBaeTCA npo-
AVKIIMS [IPOTOHOB, NGO TNPOMCXOIUT CHHXKCHHE
HX 3KCKPELUH (B HEKOTOPBIX CAYYASIX U TO M ApY-
roe). MeTtabonmvyeckuil anMac3 BO3HHMKAET TNIPH
YBEMMUEHH N KOHUCHTPALMH TIPOMEXKYTOUHBIX TIPO-
AYKTOB 0O6MeHa (KMCJOTHOIO Xapakrepa) BCAEd-
CTBHE YBOJIMHMEHMSl WX CMHTE3a WJIH YMEHBLICHHS
CKOPOCTH pacnana wiu BuiBegenus. [Ipu napywe-
HUM KUCAOTHO-OCHOBHOTO COCTOAHHA OPTaAHH3Ma
6eIcTpo BIUNOYAKTCA OyepHBIE CHCTEMbI KOMITEH-
cauuu {(vepes 10—15 mun). JIérouHaa xomMneHca-
UMsl 00CCNIEUMBACT CTAGWIM3ALIMIO COOTHOLLEHMS
HCO,"/H,CO,, KoTopasi B HOPME COOTBETCTBYET
1:20, a npy auuno3e ymMeHbwaeTed. JIErouHasa KoM-
NEHCALINS JOCTUTACTCH YESIUUCHHEM OOLEMA BeH-

FriiokoHesreHas

TIJIILUHA U, CACNOBATCNBHO, YCKOPEHHEM BHIBEIC~
Hua CO, u3 opraninaMa. OgHAKO OCHOBHYIC POfbL
B KOMITEHCALMH ALUWA03a UIPAKOT MOYSHHBIE MeXa-
HHM3MBI C YUaCTHEM aMMHUayHoro Bydiepa (cM. pas-
aen 9). OpHoll U3 NpUYUH MeTabOTHUECKOro alld-
0033 MOKET ObITh HAKOTUICHUE MOJTOYHON KUCTOTEL.
B Hopme naktaT B MeuyeHH npebpamaerca obpat-
HO B TJIHOKO3Y TIYTEM TIKOKOHEOTeHe3a Nudo OKMC-
aseTcst. KpoMe nmedeHu, IpyruM notpeburenem aak-
TaTa CIYAKAT [TOYKH W ceplieyHas MBILA, e AaKTaT
MoxeT okucnAThea A0 CO, 1 H,O u ucnonwio-
BATECA KaK HCTOUYHMK SHeprid, ocobeHHo npH
ipuaudeckoii pabdote.

¥YpoBeHb AaKTaTd B KPOBU -- Pe3yNbTAT paR-
HOBECHs MEXay npoleccaMy €ro obpasoBaHUs M
yTHAU3aUWY. KpaTKOBpeMEHHBIIH KOMIEHCHPO-
BAHHBIH NAKTOALMIO3 BCTPEHALTCS JOBONBHO 4a-
CTO AaXe Y 3TOPOBBIX JKMIESH MPH UHTEHCHBHOM
MbIlCUHOH paboTe. Y HeTpeHUpPOBAHHBIX JIOAEi
JAKTOAUMA03 Mpu du3udeckoi paboTe BoIHHKA-
€T KaK CINEACTBHE OTHOCUTENLHOTO HemZOCTaTKa
KHCIOPOAa B MBIIILAX W pPa3BUBACTCS JOCTATOYHO
BuicTpo. KoMieHCAIIMS OCYILIECTBASETC NYTEM TH-
NEPBEHTUASLIMU.

IIpu HEKOMIEHCUPOBAHHOM JAKTOAUMAO3E CO-
OepKaHUe NaKTaTaA B KPOBH YBENWUYUBAETCH A0
5 MMone/n (B HopMe 00 2 MMoae/n). [lpu atoM
pH KpoBH MoXeT COCTaRNATh 7,25 M MeHee (B HOpMe
7,36—7.,44).

Melwel,
| 3pUTPOLMTSI |

Frivkonua |

Puc. 7-50. Umn Kopm (rmioxoso-RaKTaTHBIA UMKA). 1 — NOCTYNN@HKE NAKTATA W3 COKPAWAIWRACA MWL ¢ TOKOM KDOEN B NEYEHb,
2 — CHHTE3 MKIKO3k! M3 NAKTATA B NEYEHW; 3 — NOCTYNNEHWE MIOKG36 U3 NEYSHN C TOKOM KPOBW B pafoTalolly MBIy, 4 — WCnonk-
J0BAHME MNIOKO3bI KK IHEPreTMMECKOTe CySCTpaTa CoKpawaweica Meluled U obpasoBaHWe NakraTa.
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[MoBbimende CONEPXRAHUA JAKTATA B KPOBU MO-
XeT BbITh CASACTBHEM HAPYLUIEHWS MeTabonan3Ma
nupyBara {puc. 7-51).

Nakrat

lir

MupysaT-x—
il "|r2
AueTtun-KoA

——+ [niokosa

|
|
i
L]

COs, HO

Puc. 7-51. Hapywenus meraGonnsma nMpyBara npy Nakroa-
UWRO3E. 1 —— HADYWIEHHE NCNONLIOBAHUA NUPYBATA & MMIOKOHaO-
reHese; 2 — HApyWeHWe OKWCNEHUA NUPYBATA.

Tak, IpH rMOOKCHH, BO3HHKAIOWEH BCIEACTBUE
HapylUlenus cHaOXeHUsT TKaHeH KHCIOpOAOM WITH
KPOBLIO, YMEHBILIAETCA AKTHBHOCTDL MMHPYBATICTHI-
pOTEHA3HOIO KOMINEKCE MU CHHXKASTCA OKHCAMTEND-
HOe I¢KapOOKCHITHPOBAHKE nupypata. B aTHx ye-
JIOBMAX PABHOBECHE DeakluM MMUPYBATENAKTAT
CABUHYTO B CTOPOHY O0Pa30BaHH4 JakTaTta. Kpome
TOTO, NPW FUMOKCHH YMeHblUaeTcd cuHTe3 ATO,
YTO CREAOBATENBHO, BEJET K CHHKEHHIO CKOPOCTH
MMIOKOHEOTEHE3a — JAPYroTO NYTH YTHIM3aLHK JaK-
Tata. [1OBBILIEHHE KOHIICHTPAIIMH NaKTaTa v CHH-
HeHWe BHYTpUKIIeTOMHOro pH OTpHUATENBEHO BAH-
AIOT HA AKTHBHOCTH BCex (PepMeHTOB, B TOM YHCIe
W MHPYBATKAPOOKCHNA3bE, KATANM3HPYIOLIEH HAYANb-
HYIO PeaxiIMI0 TUTIOKOHEOTEHe3a,

BO3HHKHOBEHHIO JIAKTOALMIO3a TaKke Ccrocob-
CTBYIOT HAPYUICHMST MTIOKOHEOTeHe3a NPy NMeYéHoY-
HOI HEIOCTATOYHOCTH PAVIHHYHOTO MPOUCXOXICHHS,
KpoMe Toro, 1akToalpne3oM MOXKET CONMPOBOX/IaTh-
€A THIIOBUTAMHUHO3 B, Tak Kax NpOU3BOJHOE 3TOTO
BUTAMUHA (THaMuHaKdochaT) BuinoAHaeT Kodep-
MEHTHYIO ¢vHkudio B coctase TJIK npm oxmncnu-
TENBHOM JeKapDoXCUINpOoBaHUKM NHpyBaTa {CM.
pazaen 6). HedHuMT THUAMHHA MOXET BO3HHKATh,
HATIpUMEP, vV ATKOrOIMKOB C HAPYIUEHHBIM PexXi-
MOM TIMTAHHA.

Hrak, npuiyuHaMK HAKOTUIEHHA MOJOYHOR KUC~
NOTHL 1 PAIBUTHS JIAKTOALHAO3A MOTYT ObITh:

» AKTUBALUA aHAIPOOHOrO CAUKONW3A BCEd-

CTBHE TKAHEBON TUIMOKCHH Pa3MHYHOIO Mpo-
HCXOXIESHUA;

» MOPAXESHUSA NICYEHH (TOKCIMECKHE AMCTPOhUH,
UUppO3 H Ap.);

s HAPYWIEHWE WCOOML3OBAHHWA NaKTaTa BCaed-
CTBHE HACNESACTBEHHbIX NedeKkToB (hEepMEHTOR
IIOKOHEOTEHE3a, HEJOCTATOMHOCTH [NKKO30-
6-docdartasbl;

« Hapyllenve padotkl [JIK BeneacTeue nedex-
TOB (PEPMEHTOB HilH TMIOBHTAMWHO30E;

e TIPMMEHEHHE PSId JIEKAPCTEEHHBIX Mpenapa-
TOB, HanpumMep GHIryaHUAOB (BJIOKATOPLI TJIO-
KOHEOTEHE3d, HCIOAb3YEMBIE NPH JIEYEHWH
caxapHoro auabera).

B. CHHTE3 ITIOKO3bI H3 AMHHOKHCJIOT

B ycrioBMsX rOMONAHWS YacTe GENKOB MblUIeY-
HOW TKaHH pacnaiaeTcs 10 aMMHOKHCAOT, KOTO-
pble Adnee BKTKOUAITCA B MpolLece Kartabomysma.
AMUHHOKUCNOTEL, KOTODBIE TIPH KaTaGoNU3IMe Tipe-
BpAaIlAOTCH B MAPYBAT WIH MeTaOONMUThl LIMTPATHO-
ro UHUKAA, MOIYT paCCMaTPUBATBCH KakK TMOTEHUH-
aNlbHble NPEMHECTBEHHUKH IIIOKO3bI M [NMKOTEHA
W HOCAT HA3BAHME rAMKoreHHbX. Hanpumep, okca-
JIOALETAT, 0OPasYHOLUIHHCA U3 AcTIapaTHHOBOR KHC-
JOTBL, ABJACTCA TMPOMEXYTOMHBIM TIPOJYKTOM Kak
UUTPATHOTO UAKA, TAK U CIOKOHEOTEHESa.

H3 BCex aMHHOKUC/OT, MOCTYNAKIIMX B MeUYeHb,
npumepHo 30% NpUXOIUTCA HA A0MO aRaHHHA. DTO
OOBACHACTCS TEM, 4TO APH PACIUSIIICHHH MbILLIEY-
HblX BeNKOR 00pa3yIOTCa AMHMHOKHMCAOTHI, MHOTHE
M3 KOTOPHIX MPeBPalLalTCsa ¢pasy B MUPYBAT WIH
CcHAUaIa B OKCAROALETAT, a 3aTeM B nupyear. [oc-
NenHU MpeBpalaeTcd B afaHiH, NPHOOpETAs amH-
HOTPYMIY OT APYTHX AMHUHOKHCAOT. AMaHUH W3
MBILIL[ TTEPEHOCUTCS KPOBBIO B MEYEHb, [OE CHOBA
npeo0pa3yeTcsl B INUPYBAaT, KOTOPbIA YacTHUHO
OKHCSETCA M YaCTHYHO BKJTEOMAETCS B LTIOKOHEO-
reHe3. CHeRoBaTeNbHO, CYUIECTBYET CASLYIOLIAN
MOCAE00BATENBHOCTE COOBITHI (IMIOK030-ANaHHHO-
BbIi ITMKJT): TIIKOKO3a B MBILLLAX — TTAPYBAT B MbELLI-
Lax — @MaHHH B MBILIL@AX — anaHWH B NIEYEHU —
FAOK03a B TEUYEHW — DIOKO33a B MbilILax (puc.
7-52). Bech LMK He MPUBOOUT K YBETHYEHHIO KO-
JIMYECTRA TIIHOKO3bl B MBIILAX, HO OH PELLAeT mpo-
OnemMbl TPAaHCTIOPTA aMMHHOIC a30Ta M3 MBILIL B
NeueHb U TIPSAOTBPALIAET JAKTOALWIOS,

I'. CHHTE3 ITIOKO3L U3 ITULEPOJA

[mnepon obpa3zyeTcd TIPH THAPONN3E TPUALILT-
TMYLEPOJIOB, TABHBIM 00pA3oM B XMPOBOH TXAHH.
Ucrmons3oBath €ro MOMYT TOJIBKO TE TKAHH, B KOTO-
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Puc. 7-52. MIOKO30-anaHMHOBBIH LIMKN.

pbiX UMeeTca epMeHT TIHUEpON KMHA3a, HarpH-
MEp MedyeHb, moYyky. ITtor ATM-3asucHMbIi dep-
MECHT KaTAJM3UpYeT MPEBpAILCHME ravlepoa B
o-ruiepodochar (rnunepon-3-dochar). [tpu
BKHIOUEHWH TNHuepost-3-docdara B rioKoHeore-
HE3 TMIPOUCXOAHT er¢ nervapuposaHve NAD-3apu-
CHMOIi JerHIporeHas0i ¢ obpazoBaHueM THTHAPOK-
cvauetoHdocdara (puc. 7-53), KoTopulil Tance
MPEBPALACTCH B NIIOKO3Y.

X. PErYnauua rmmkKonn3a
N MIOKOHEOIEHE3A
B NEYEHUA

Io cpaBHeHMIO ¢ IPYTHMM OpraHaMy MeyYeHb OT-
JIMYaeTcss HaHOOMee CIOXHbIM OOMEHOM TUIOKO3bI.
KpoMe napel NpoTHBOMOAOXHBIX NPOLECCOR (CHH-
Te3a M pacnaja rIMKOIreHa), B MeYCHH MOTYT Npo-
MCXOOHTH €1ME ABa [POTHBOIOIOXHO HamnpapieH-
HBIX IIpoLIecca ~- TJIHKOMH3 M TNKKOHEOIEHES.
B G0/BITHHCTBE APYTUX OPTAHOB MIPOHCXOANT TOb-
Ko TiuKkoiua. [Nepexiouetue NeYyeHH ¢ TAHKOIHAA
Ha [JIIOKOHEOTEHEeI W 00PATHO [PONCXOANT ¢ YYac-
THEM MHCYJIMHA M TIOKATOHA W OCYUIECTRIAETCH C
MOMOLIBIO;

¢ AUIOCTEPHUYCCKOH PErVAALMY aKTHBHOCTH (ep-

MEHTOB;

» KOBWICHTHOH MoaH(pHKAUUKH depMEHTOB MyTEM

thochopunpoanms/nedochopUIHpOBaAHHS;

» MBIYVKLIHH/PElPecCHH CHHTE3d KIIOUERbIX dep-

MEHTORB.

PerynaTopHble Bo3feHCcTBHA HanpaBieHB Ha
tdepMeHTH, KaTATH3UpYIoLINe HeoOpaTHMBbIE CTa-
AWM [JIMKOAM3a W [JIOKOHEOreHesa, coueTaHue
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KOTOPBIX HA3BIBAIOT «CYOCTPATHBIMH», WK «XOI0-
CTBIMH» UHEKJIAMH.

A. PErVISALIMA CKOPOCTH PEAKLIMI
ITHKOJIN3A M TMIOKOHEOTEHE3A,
COCTARITAIOIMHUX C¥BCTPATHBIE OUKILI

«CylcTpaThbles WMKILI — [apHble KOMOWHALIMN
MPOLIECCOB CHHTE3a M pachaga MerabonutoB. Kak
YyXe YIIOMHHAIOCh, COUSTAHNE TNPOLECCOB CHUHTE3A
H PACnalia TIMKOreHa WA HeOOPATHMbIX PEAKLIMI
MKOIN3a M COOTBETCTBYIOMXY MM HeODPaTHMBIX
PEAKUHUH NIIOKOHEOIEHe3a MOXET COCTABUTE TIOR00-
HBIi UKKI. HaspaHue «CyOcTpaTHBIA LHKI» O3HA-
yacT OLeIMHEHHE peakKUui CHHTE3a H pacnaaa cyd-
cTpata. HasBaHue «XOMOCTOH» OTPAXAET PE3yALTAT
paboThl NMOAODHOTO UMKAA, 3AKTIOYAONIHACA B bec-
oe3HOM pacxofoBaHiu AT®. Xots cyliecTBORa-
HHUE «XOMOCTBIX» ITUKNOB HEMNOTHYHO, TEM HE MEeHee
OHHM MOTYT (DYHKUMOHHPOBaThk. Bosiee Toro, 31H
LHMKJIBL MOTYT ObITh MHILEHBK PEryIsiTOPHBIX BO3-
OEHCTBHIL, TAK KaK COCTABJIAOLIME MX PEaKIMH
KAaTATTA3UPYROT pasHble depMeHThl. PeliMnpoxkHoe
M3MeHEHHe AKTUBHOCTH 3THX (hepMeHTOB MpEAoT-
BpAIlIAeT CAHOBPEMEHHOES TPOTEKAHHME MPOTHBOMNO-
JIOXHBIX TIPOUECCOB.

WsmeHeHHe B MEUCHH MMKOAWTHYECKOTO HATIPAR-
JeHWs! Ha TIOKoHeoreHed W oBpaTHO MMpH CMeHe
abcopOTUBHOrO COCTOAHUA Ha NocTabcopOTUBHOE
WIH TIpH FOAOA3HHWM MNPOUCXOAUT [JIABHBIM 0Opa-
30M B pPeayabTaTe PeryNsilliH aKTUBHOCTH (pepMeH-
TOB, KATATH3UPYIOIIUX PEaKLWK CYOCTPATHBIX LIHK-
JIOB. DTH UMKJIbL 0603HaYeHbl uuppamu 1, I1, 111 Ha
puc. 7-54, npeacrapasrlleM oODIIYID KApTHHY pe-
TYSIITHK TIHKONH3a U DIIOKOHEOTEHe3a B TIEUYCHH,



Hanpapiense peakuny NepBoro cyoCTpaTHOro HHK-
JIA PETYIIMPYETCA [NAaBHbIM 00pa3oM KOHLICHTpalHER
rmokosel. [IpM NMUIERAPEHHUK KOHUESHTPALMS TITO-
KO3bl B KpPOBH HOBbIUIaeTest (10 8—10 mMMons/A).
AKTHBHOCTb TMHOKOKMHA3BI B 3THX YCAOBUAX MAaK-
CHmaTbHA. BeneacTaue 3TOTO YCKOPASTCS TITMKOIM-
THYECKAA peakuus 0OpasoBaHUA TMOK030-0-doc-
data. Kpome TOre, WHCYIMH KWHAYUMPYET CUHTE3
CAIOKOKHHAZE M YCKOPHET TeM caMbiM hocdopu-
SHPOBAHKE TAKOKO3LI. [TOCKOMBKY TIOKOKMHA3A Me-
YEHU He MHrHOUpPYETCA TIOKe30-6-ochatom (B 0T-
JIMYME OT MEKCOKHHA3B] MBITITL), TO OCHOBHAS 4ACTh
rmoko30-6-pocthata B abcopOTUBHOM TIepHOTe Aa-
NPARAAETCS HA CMHTE3 [NHMKOTEHA W N0 DIHKOIUTH-
YECKOMY NYTH.

Hanparnenne peakupii Broporo cyOCTPaTHONG npK-
JA 3ABUCHT OT aKTHBHOCTH (rochodpyKTOKHHAE! W
tocdarass! GpykTos0-1,6-61chochara. AKTUBHOCTD
FTUX (PEPMEHTOB 3aBHCHT OT KOIUEHTpAUHH (hpyK-
1030-2,6-GrchocdaTa. Opykrozo-2,6-0ucthocdar —
MeTabOIHT, OODA3VIOLIMACA B He3HAYMTENLHBIX KO-
JHMECTBAX M3 (PpykTo30-6-tbochara M BEIOTHAID-
HIMIE TOMBKO peryaaTopuble (hyhxnun, ObGpasonanue
dpykT030-2,6-0Mcocdara nyTémM dochopunuposa-
Hust hpykro30-6-gocdara Katanvaupyer dudyHxim-
OHBHBI (hepment (B M), KoTophlii KaTanMaupyer
Takxe W 0OpaTHYIO peakuuio (puc. 7-33, A). OnHa-
KO npeBpalieHue $ppykroio-2,6-ouctocdara B hpyk-
T030-6-hocar He ARIASTCA 0DPATUMEIM TIPOLIECCOM.
O6pazosalive (pykto3o-2,6-6uchocdara Tpebyet
satpar ATd, a npu 06pazoBaHUK PpyKTO30-6~oC-
dara 13 dpykroso-2,6-6uchocdara ruapoIUTHIEC-
KM OTLUEIUIAETCS HEeOpraHMdecKui dhocgar.

B peakuun doctopunupoeadus $hpyKTo30-6-
tocpata hepMenT NPOABNNET KMHA3HYK) AKTHEB-
HOCTE, a 1ipHi nedocdhopripoBaHMKA 00pPd30BaHHOIO
dpykTo30-2,6-6rcdocdata — docdarazHyr, D10
ODCTOATENBCTRG U ONIPENEsuig Ha3BaHHE (hepMeH-
Ta «OMPYHKIHOHANBHBIH»,

Kuraznaa aktusHocts BU®@ nposeisieres, Kor-
Ja (epMeHT HaxoauTcs B AethocOopHAUpOBAHHOMH
¢opme {(BUD-OH). Hedochopunupopanuas $op-
Ma bBU® xapaxtepHa s abcopOTHBHONG NepHona,
KOTAa MHCYJIHH/TIIOKATOHOBRIA WHAEKC BHICOKHH.
B o10T nepuon KonvvecTao GpyKTo3o-2,6-buctoc-
thata ypenmumnsaerca {puc. 7-35, B).

[Ipr HM3KOM HMHCVIHH-TIIOKATGHOBOM HHIEKCE,
XapaKTepHOM JIB1 Neprona AMUTEALHOTO FOI0NaHMS,
npouncxonut gochopunuposaHue BU®, v oH pyH-
KITHOHHUPYET Kak ¢ocdarasa. PesyabTaT — CHUXE-
HHE KOMnuecTBa MpykT030-2,6-0ncdocdara.

(|3H20H
HO~ (|3 -H

CH»QOH

Mnuuepon

FvueponknHaaa

muuepon-3-gocdar

NAD Mmuuepon-3-docdar-

JeraporeHaaa
NADH+H"

CHZ0H
c=0! ©O
|

Awruapokcwauetordocdar

Puc. 7-53. Tipespaliedne rmuyepona s AUrMAPOKCHALETOH-

tocdpar.

KuHazHyio U GochaTasHyIe peakupu KaTaln3m-
PYIOT pa3Hbleé aKTHBHbIe IeHTpel BUMD, HO B Kax-
IOM W3 ABYX COCTOSHHN (hepMeHTa (Pochopruian-
poRaHHOM K ZehocdopUIMpPOBAHHOM) ONMH M3
AKTUBHLIX UEHTpOB WMHrMOMpoBaH. PeryasropHoe
BIHAHUE $pyxTo30-2,6-0ucdocdara 3axmovaeTca
B TOM, 4TO OH ANNOCTEPUYECKH AKTHBUPYET (hoc-
thodpykTOKaTHA3Y (hepMeHT rukonuza). [pu arom
dpyrro3o-2,6-tuchocthar cHIXaeT MHIMBHPYIOLLICE
neitctBue AT® Ha 3107 hepMerT B abcopBTHBHOM
MIEPHOIE H 1OBBIIIACT €10 CPOJCTBO K (PPYKIO30-6-
docpary. B 10 xe Bpemsa dpykro30-2,6-6Hcdoc-
dar EHrubupyeT hpykro3o-1,6-6uctoctarazy (hep-
MEHT CAWKoHeoreHesa). Mtak, B aGCOpOTHBRHOM
Hepuole YpoBeHE (pykTo30-2,6-6uchocdara no-
BLIIAETCS, WTC TIPMBOAMT K AKTHRALIUH drocdod-
DYKTOKMHA3BI M YCKOPEHMIO TJIMKONH3A,

Pe3ynbTaToM YMEHBIISHHA KOiMdecTBa (PPYKTO-
30-2,0-0ucocdata B nocTabcopbTMBHOM TIEpHO-
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Puc. 7-54. Perynauwns metabonuama rmwkoabl B nevern. EU® — GudyHKUMOHANBHEIR depMeHT (PpykToso-2,6-ouctocdaTtaszaipoc-
trodpykTorMHaza-2); BUP-OH — pedochopunmposadssin hepmedT; BUD-F — docthopunuposaiiei gepmedT, MNOK-OH — pedoc-
hopYNMPOBaHHEIY NMpyBaTaerMpporeHasHui komnnexc; MK-CH — pediocthopunupoeadian nupyeatkuHaza; AQ — rnduepanbae-
raggocgat; JAD — puruppokcuauetoddqioctar, BEN — pochoenonnupyear. =l — cyfeTpaTtHsie LMKNLE B paMKax — perynaropHble
thepmeHTE! TAIMNONNMAA M FNIOKOHEOr eHe3d.
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$pykroac-6-chocdar

ATO Pi
BU®-OH -+ «--ENo{P)
KWHA2HaR Al thochaTasHas
AKTMBHOCTb AKTMBHOCTE
DpyKToaa-2,6-Gucthocdar
B HeynunirniokaroH T
®
KA,
ATO  Af®
BW®-0H Brd{P)

Pi

®MN-dhoctaTtasza

T®

|
T WHeynur/rnokaron

Puc. 7-55. Peakuuu, KaTanusupyembie SuiyHKLMOHANBHBIM tdhepMeHToM {(BEWD) B nededn (A). Perynauus axtusHocty BUD (B).

e OVAET CHHUXEHHME aKTHMBHOCTH ($ochodpyKTo-
KWHAa3bl, 3aMeLICHME FIMKOMHM3A W NEPSKIIOUeHHE
TMMKOAKM33 HA MIIOKOHEOT¢He3, PeryasiToproe piu-
siue ppykToso-2,6-6ucdocdara npeacTarneHo Ha
puc. 7-56.

B peryasmmn TpeThero cyGCTpaTHOTO HMKIA OCHOB-
HAsl pONb TIPHHAUIEXHT AUPYRATKUHA3E, (qocdopu-
IHpoBaHHas opMa KOTOpOit HeaKTHBHa, a Aedoc-
¢dopuIMpoBaHHas — akTHBHA (puc. 7-37).

B nepuou nHilepapeHMst MHCYIMH AKTUBHPYET
¢ocponporenHdocdarasy, kotopas asdochopund-
pyeT MHPYBATKMHA3Y, NMEPEBOAA €€ B AKTMBHOE CO-
cTosiHue. Kpome To10, MHCYAMH B 11e4¢HH BAMSET HA
KONU4ecTBO (PepMEHTOB, MHAYLMPYH CHHTE3 MUpY-
BaTKWHA3e M penpeccHpys cuHTes docdoeHonu-
PYRATKApOOKCHKHHA3BL. CNEAOBATENBHO, TTIHKOAWTH-
gecKasn peakuusl poc@OocHONMUPYBAT — [MPYBAT
VCKOPSIETCH TIpH 1THILUCBAPEHHUHM, DTa XE& peakuus
3AMEANSIETCST B NOCTAGCOPOTHBHOM COCTOSIHUM [10a
BITHAHHEM [NMIOKAaToHa, KOTOpblH 0ONOCpeaoRaHHO
yepes HAM®@-3aBHCHMYIO NpOTEHHKUHA3Y (ocdo-
PHANDPYET H WHAKTHBMPYET MMHPYBATKMHA3Y.

[Tpu ATUTENBHOM TOAGMTAHUM [AIOKAMOH YCKO-
PSIET FIIOKOHEOreHes, 3TO JOCTHIAECTCH HE TOJb-
KO nyTéM PochOpUIHPOBAHUNA MTHPYBATKUHAZL] U
CHUKEHHEM CKOPOCTH [TMKOIN34, HO M NYTEM HH-

122128

OVKIIMH CHHTE3a (DEPMEHTOR [JIIOKOHEOIEHE3a:
tocoeHoNNMPYBATKAPOOKCMKHMHASE, PPYKTO30-
1,6-61chocdaTassl U rneko3o-6-gocdataie. M3-
BeCTHO, UTO FAloKaroH, ¢rocdopuiupyd onocpe-
NOBAHHO TPAHCKPUOIIMOHHBIE (DAKTOPbI, RAWHET
Ha MX AKTUBHOCTL M TAKUM 06pa3oM WHAYUUPYET
CHHTE3 3THX (PepMEHTOB TNIOKOHeoreHesa. Kpo-
Me TOTO, CHHTE3 (POoCGOeHONNUPYBATKAPOOKCUKH -
HAa3zb! TIpY AJUTEIBHOM FOMONAHHH MHAYLHPYETCS
KOPTH30J0M, OIHAKC 3TO MPOMCXOAWT B PE3yib-
TATE BKJAKYEHUS APYrore MexaHW3Ma NelcTBUA,
XAPAKTEPHOIC A CTEPOMAHBIX TOPMOHOB (CM.
pazgensr 5, 11}

Koopaunaung ckopoctu peakuun 1 u 111 cy6-
CTPATHBIX UHKI0B IOCTHIagTCs ¢ MOMOLULID GpyK-
T030- 1,6-0ucihocdara — npoaykra i1 cyberparHoro
HHKAA ([TUKOJIMTUYECKOE HallpaBleHHKE), KOTOPBIN
ABNACTCH ANN0CTEPUUSCKUM AKTHBATOPOM ITHPYBAT-
KUHa3bl. B mepuon nMieBapeHusl BCASACTBHE YC-
KOPEHWA HAMAIBHBIX CTAAWI [IMKOJIW3a KOHLEHT-
pauns GpykTo30-1,6-6uctocdaTta nOBbIIAETCA,
4TO OPHUBOIUT K JOMNOMHUTEIBHOM aKTHBALMU MK-
PYBATKMHA3bI.

Obiwas KapTHHa pery;Iauny npoleccoB, COCIaB-
JSTHOWHX META0OMHIM TIOKO3b! B NMEYESHU, NpeacTan-
feHa Ha puc. 7-54.
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(B Pi
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KMHA3a
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®pykT030-1,6-
6GucdocdaTasza

AnND

PpykToa0-1,6-6uctocdat

Puc. 7-56. Perynaums peaxumid §l cyGeTpaTHOro uMkna gipyxroao-2,6-6ucdocdarom.

| 1 WiHcynur/miokarox
i {(anuTentHoe ronopaHue)

NupyeatkuHaza-OH
AKTUBHASR

Puc. 7-57. Perynauss nupyeaThKWHasE! B NEYEHN.

HeoOxomMmo OTMETHTE, 4TO NMPOTHBOTIONOXHBIS
PEAKIIMK KaXKAOIO M3 CyOCTPAaTHBIX LMKIQB MOTYT
MPOTEKATh OAHOBPeMEHHO. COOTBETCTBEHHO, FITHKO-
JIM3 W [JIIDKOHEOTEHE3 B MIEYEHH B KAKOW-TO Mepe
TOKE MOIYT NMPOHCXOAMTE OFHOBPEMEHHO, XOTH WX
OTHOCHTENBHBIE CKOPOCTH HAMeHSIOTCA. Tak, MpH I~
LIEBAPEHMM TIpeebaaaeT NIMKOAMTHYSCKOE HalpaB-
JIeHHME, a B NMOCTabCcopOTUBHOM COCTOAHUH — Ha-
MpaeieHye TIIOKOHeoreHesa. Hampumep, peaxiius
TMIOKOHEOreHe3a MUPYBaT — OKCATOALIETAT MOXET
MPOTEKATE TIPU FOOBIX COCTOAHHMAX OpraHW3Ma. JTO
OOBACHASTC HEODXOAWMOCTRID NOANE[RKHBATE KOH-
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| dacchonpotenHpocparasa

T MHCYnUH/TNIOKaroH
(nocne enwl, Horatoi yrnesofgamu}

v
®

MupysaTkuHaza-@
HEeaKTUBHaA

LIEHTRALHI OKCATOALETATa HA ONPeAeTéHHOM YPOB-
He, TIOTOMY YTO OKCATOALETAT UCTIONBIYETCS HE TOh-
KO B DTIOKOHEOTeHe3e, HO W B IPYTHX Tpoleccax,
TAKMX KaK UMTPaTHRI LHKA, TpaHCMeMOpaHHBIH
MEPEHOC BELWECTB, CHHTE3 aMUHOKHCIIOT.

B. 3HAYEHME TJIMKOJIU3A B NEYEHH
O CHHTE3A XXHPOB

(OCHOBHBIM 3HAYEHHEM YCKOPDCHHKA TIHKOIH3a
B [1€YeHH B Tepyon NUILIEBAPEHUS ARIAETCH 00-
pa30BaHKe AUruapokcHaileToHdocdara ¥ auetun-



KoA — MCXOOHBIX BEIMCCTB IS CHHTE3d XKHUpA.
QObpasosanue auetun-KoA M3 nupyeata B XoIe
peakumni, karanmsupyemoi [1IK, perymupverca
pazHbBIMM CNocobaMy M noapoOHO ONMMCHIBANOCH
B paifiese 6.

B abcopOruBHoM nepuone ITJAK nHaxoautcs
B AedochopunuposadHoil (aKTUBHOK) dopMme,
CIenOBaTeNbHO, NeKaphOKCUAUWPOBAHHE NHPYBA-
Ta yckopaeTes. O0pasyeMbli aleTHI-KoA UCNONk-
3yercsd B OCHOBHOM JIBYMA TYTAMM: A5 CUHTE3a
KUPHBIX KHUCJIOT ¥ B UMTPaTHOM uhkne. B mepu-
Ol MULLIEBAPEHU YCKOPSIOTCA 00pa3oBaHHe aie-
THN-KOA 1 ero HCnOb30BAHME 1715 CUHTE3A KUP-
HbIX kMcnoT. HeoOxomuMeiil ans cuHTesa Xupa
a-rapuepodocdar obpasyeTcs B peaKiHWK BOCCTA-
HOBJIEHUSL M3 JUrHApokHaueToHPpocdara (puc.
7-58). [Noapo6HO 3TOT DpoLECe paccMATPHBAETCA
8 pasuene 8.

B. ANIOCTEPUMECKASl PErYJISUMS
ADPPOBHOI'O PACIIAIA TJIHOKO3b!

H TJIHOKOHEOIEHE3A B IMTEMEHU
BHEPTETHYECKMM CTATYCOM KNETKH

ANNOCTEPHYLCKAs PErVIALMS CKOPOCTH TJIMKO-
N33, 33aBUCUMAA OT M3MEHEHHS COOTHOLUEHMS!
ATO/AND®, HanpasieHa HA HIMEHEHUE CKOPOCTH
HCTIONE30BAHUA [TIOKO3bl HEMOCPEACTREHHO KIEeT-
KAMH neYdeHy, [nioko3a B KNeTKAX NeueHH HCNoh-
3yeTcs He TONMbKO AN CHMHTE33 IUKOIEHA U KHPOB,
HO T4KKEe M KaK MCTOYHHUK HEPTUM ANl CHHTE3a
AT®. OcHopubiMu norpebutensymu AT® B rena-

o~ rmolxosa
!
I
-

®pykTo3o-1,6-bucocdar

"

1 '< Muyepansaernadocdar
!

1

-

MNupyeaTt
il

\. AuetMn-KoA ———————--—~---—------——=== + KupHbie KMCNoTL! U

TOLUTAX ABASIOTCH MPOLECCH TPAHCMeMOpaHHOIo
nepeHOCa BEUICCTB, CHHTE3 0e/ikoB, TNTMKOreHa,
KUPOB, CNOKOHeoTeHes, OT CKOPOCTHM YTHIH3AIIHH
AT® g 3THX IPOLIECCAX 3aBHCUT CKOPOCTE €10 CHH-
te3a. ATO, AIlI® u AM®, a Takke NAD* 1 NADH
CIYHAT ALTOCTEPHUECKHMH adhekTopamMu HEKOTO-
PbIX TAUKOIUTHUCCKHX (QEpMEHTOBR M (DepMEHTOB
rmokoHeoreHesa. B uactHocTtn, AM® axtueupyer
(pocdrodpykTOKMHAZY U UHTHOUpYeT PpyKTO30-1,6-
oucocdarazy. AT® u NADH nurubupyior nupy-
BaTKMHazy, a ADDP uHrndnpyeT MUpyBaTKAPOOKCH-
nazy.

CnenopaTenbHO, NPH YCWISHHUM PAcXOA0BAHWA
AT® M CHUXEHMH €T0 KOHUEHTPALMH C OJHO-
BPEMEHHBLIM YBENWUEHUEM KOHLEHTpauuy AM®,
AKTHBHUPYETCs rIMKoans 1 obpazosanne ATO, a
TAIOKOHeOreHes TMpU dToM 3amemnsercsd. Kpome
TOTC, 0T cooTHOoMeHus ATP/AL®, AMD u NAD/
NADH 3aBucutT CKOpPOCTb pPeakUMit 06IUEro nyTH
KatabonuiMa (cM. pasgen 6).

Xl. PEIrYNnsiuna COOEPXAHUSA
FMIOKO3bl B KPOBU

Pe3ynpTar peryisuMm Metafonuyeckux nytei
MpeBpalIeds TJIIOKO3b — TOCTOMHCTBO KOHUEH-
TPAUMUH TTIOKO3bl B KPOBH.

KoHUeHTpalms IMoK03sl B apTepHanbHOH KpPOBM
B TEYEHHE CYTOK MMOAAEPKMUBACTCS Ha MMOCTOAHHOM
yposue 60—100 Mr/nn (3,3—3,5 mmone/n). Tocre
OpUEMA YIMEBOAHOH TUILW YPOBEHb [THOKO3bl BO3-
pactaet B reyenide tpumepio 1 u go 150 mr/an

NADH NAD’

I T Auoxewauetondocdat A—L a-romuepondiocgar

3 > Hupe

Puc. 7-58. CuHTE3 KHpa W2 YFNEBOROB. 1 — OKUCNEHWE MIOKO3b! 4G NUPYBATA W OKUCTIMTENLHOE NBKap6OKGHIMPOBaHHE nvpyearta
rMprMeonaT Kk o8pasoBaHnic aueTun-KoA; 2 — auetun-KoA ABNSETCA CTPOUTENbHLIM GROKOM ANTA CUHTEEA KUPHBIX KHCNOT, 3 — XUPHbIE
KNCOTLE W c-FriMuepongocdart, ofpaayiolMica B peakiiui BOCCTAHOBNEHA AMIMAPOKCHALSTOHGOCDATa, YHACTBYIOT B CHHTE3e TpHa-

LMRTTHUE PONCEB.
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(~8 MMonb/n, alTuMeHTapHas rUneprinKeMus), a
3aTeM BO3BPALLALTCS K HOPMATBHOMY YPOBHEQ (TIpH-
MepHC uyepe3 2 u). Ha pucyHke 7-39 npencrasieH
rpauK U3MEHEHWH KOHUEHTPALUMK MIOKO3BI B KpO-~
BM B TEUEHHE CYTOK TIPH TPEXPAIOBOM TIPHEME MTHLLIH,

Mnokoza, mrign
160 B
140+
1204
100+
80+
60

8 12 16 20 24 4

Puc. 7-59. MaMeHeHne KOHUEHTPALWM FAKO3bI B KPOBM B Te-
yeHue cyToK. A, 5 — nepvon nvueeapelus; B, I — nocrateop-
6TMEHBIW Nepuon. CTpenkok yKasaHo BpeMA Npuéma N, nyHk-
THPOM NOKA33HA HOPMANBHAR KOHUEHTPALWS MHOKO3ILI,

A. PErvnauys cOAEPXKAHUSA TIIOKO3BI
B KPOBH B ARCOPETHBHOM
H NMOCTABECOPETUBHOM IIEPHO/AX

Jas npenorBpallleHUA YpEe3MEPHOTO TIOBBI-
IEHUH KOHIEHTPAIIMK [AKO3bl B KPOBH 0ODH
MHIIEBAPEHHH OCHOBHOE 3HAYEHHE MMEET Mno-
TpebeHWe [NIDKO3bl NeYEHbIO M MbIIUAMH, B
MEHbILEH Mepe — XKHMPOBOH TKaHEIO. CICAyeT Ha-
NIOMHUTL, 4YTo Gonee MOTOBMHBI BCEH TUIOKO3bL
(60%), MocTYNAOIIEH U3 KMIICYHHKA B BOPOT-
HYIO BeHy, TMorjiowaetrcs neveHnto. Oxoao 2/3
3TOr0 KOJNMYECTBA OTKAAABIBACTCH B TMEUEHU B
¢opme riMkoreHa, ocTtanbHad 4YacTh [peBpalla-
€TCS B XXKMPbl W OKWUCJIAETCA, 0DECneudBan CHH-
Tez ATd. YekopeHHe 3THX NPOUSCCOB MHHLMM-
pPYETCA MOBbLIIEHHEM WHCYAMH-TIIOKATOHOBOTO
MHIeKca. Jpyras 4acTh [HKO3bI, NOCTYMARWEH
H3 KWMLEYHUKA, NonajaeT B OOHIMHA KPOBOTOK.
Mpiimepro 2/3 3TOr0 KCOJAMYECTBA NOTNOLIAETCS
MBILILIAMH M XHPOBOH TKaHp. D10 00yCIOBIE-
HO YBE/IHUEHHEM ITPOHULIAEMOCTH MeMOpaH Mbi-
WEeYHBIX H XHPOBLIX KJICTOK A CNIOKO3B NOj
BIMSTHHEM DBBICOKOKH KOHUEHTPALIMKM HHCY/JIMHA.

356

[0Ko3a B MBIMUAX OTKJIAABBAETCH B PopMe
[IUKOreHa, a B XXKUPOBLIX KNETKAX NMPEBPAUIACTCA
B xkupbl, OcTansHas 4acTh rIOKO3bl 0DUISro Kpo-
BOTOKA TOCMOWIAETCH APYTUMHU KJIETKAMM (MH-
CYJIHHOHE3ABUCHMbIMK),

ITpy HopMaNTbHOM PUTME MHUTAHHSA M COATAHCU-
POBAHHOM pALIMOHE KOHLECHTPALMA MIHKO3b B
KPOBM ¥ cHabXeHME [NIOKO30i BCeX OPraHOoB NMoa-
JASPKUBASTCA LIABHBIM 00pa3oM 3a CHET CUHTE3A U
pacrnana rmukoreHa. JIMwe K KoHLY HOUHOro CHa,
T.€. K KOHLY caMoro DOABLIOCC [epepbiBa MEXay
MpHEMaMHK FAHLIN, MOXET HECKONBKO YBEITWUHTLCS
posib DIKOKOHEOIeHE3a, 3HaueHWe KoToporo Oyaer
BO3PACTATh, €CITH 34BTPAK HE COCTOMTCS M FOM0Md-
HUE MPOJOIKHTCS (puc. 7-60).
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Puc. 7-60. ACTOYHUKH rNIOKO36! B KPOBW B NEpWOA NTHILEBApE-
HHS ¥ BO BpEM3S FonofaHKA. 1 — 8 Nnepuon NUILEBapeHun yrne-
BOAb! MMM ABNAKTCA OCHOBHLIM UCTOHHUKOM TMIOKO3E 8 KPOBY;
2 — B nocTabcopbTMBHEN NEPUOR NeHEeHb NOCTABNAET MIOKO3Y B
KpPOBB 38 CHET NPOLECCOB MUKOTEHONMEA U IMIOKOHeCreHesaa, Npu-
48M B TE4eHWUE B—12 u ypoBeHe MIOKO36I B KPOBW NORAEpAKMBa-
eTCA B OCHOBHOM 3a CHET pacnapa rnukoreHa; 3 — rniokoHeore-
He3 W MWKOreH B NeYeHW y4YacTBymT B pasHOW CTENEHW B
NOAASHKAHWK HOPMANEHOR KOHLEHTRALMK MMICKO36!; 4 — B TeHe-
HWE CYTOK MWUKOreH nedYeHn NpakTMHecku NOMHOCTLIO MeYepnbl-
BAETCA, W CKOPOCTE MIOKOHEOreHE3a YBenuMeaeTcs; 5 — npw
pUTENEHOM rononaHuu (1 Hed U Gonee) CKOPOCTE FMKIKOHBOre-
HESA YMEHBIAETCA, HO MIIOKOHEOrEHas OCTa8TCA 8AMHCTEEHHEIM
UCTOYHUKOM IMIOKO3bl B KPOBW.

Bb. PErviasaima CONEPXAHWUA TIHIKO3BI
B KPOBM [IPW JJUTENLHOM TOJOAAHUM
HPH ronodaHM B TCYCHHE NEPBLIX CYTOK HC-

YepnbIBAKOTCA 3aIachkl MHKONEHa B OpraHli3mMe, H
B IAMbHEAUIEM MCTOMHMKOM FNIOKO3E! CAYXKHT



TONBKO [TIOKOHEOTEHe: (M3 NakraTa, IIuuepuHa
W aMuHOKUCA0T). [oKoHeoreHes mpu 31oM yo-
KOpPAETCA, & [JIMKOMH3 3aMEMIAETCA BCAENCTBHE
HM3KOH KOHLEHTpAllHK WHCYAWHA U BBICOKOH
KOHUEHTpAaHK TJIOKAroHa {MEXaHH3M 3TOTO fB-
NeHus omucad padee). Ho, kpome toro, uepes
1-2 CyT CYWMIECTBEHHO MpOSBIAACTCS ACHCTBHE U
OPYToro MEXaHM3Ma DPeryisUuuM — HHIYKUMH W
PENPECCHH CHHTE3A HEKOTOPHIX (DEPMEHTOB: CHU-
KAeTCAd KONHUUECTBO TMHKOIHUTHUECKMX (DEpMEH-
TOB ¥, Hao0OpOT, NMOBBILIASTCS KOJKMYECTBO dep-
MEHTOB TIOKOHeoreHe3a. M3MeHeHHE CHHTE3a
DepMEHTOB TAKXKE CBH3aHO C BAMAHHMEM WHCYIM-
Hd W TAOKAroHa (MEXaHM3M ACHCTBHMA paccMar-
puBaeTca B pasgene I1).

HauyuHan co BTOporo AHs rofojaniust 10CTHTa-
£Tc MakCHMalbHasl CKOPOLTh DIKKOHEOTeHes3a 13
AMHHOKMCAOT M TanueprHa. CKOpPOCT: [NIOKOHE-
OoreHesa M3 NaKTaTa OcTaéTcA NOoCTosHHOH. B pe-
3YNLTATE CUHTE3MpYeTca okoio 100 r rimoxoss
€XECYTOYHO, DIABHLIM 00pPaioM B TEUCHM,

Cregyer OTMETUTh, MTO NPH TONOZAHHN [TIOKO-
38 HE HCIIOMBL3YETCA MbILEYHLIMH K XKUPOBbIMH
KJIETKAMH, [OCKOIBKY B OTCYTCTBHME WHCYJIHHA He
MIPOHHKAET B HHUX M TaKUM 00pa3oM cOeperaercs
419 CHabXKeHUS MO3ra W OPYTHX TIHOKO303ABHCH-
MblX KJeTOK. [1ocKOJbKY TpH JApPYTUX YCIOBHAX
MBIMILLL — OAMH M3 OCHOBHLIX NOTpeOHTENEH [0
KO3bl, TO IpeKpalleHue MoTpebIeHUs TIIOKO3bI
MBIIIHAMH [IPH TOMOAAHHH WMEET CYLIECTBEHHOE
3HAYCHHUE AN oDeCTIeUeHNs TAKo30d Mosra, [pu
JOCTATOYHO NPOJO/IKMTENLHOM TonodaHuy {He-
CKOJIBKO IHEH 1 B0AbILE) MO3Tr HAYHHAET UCTIONb-
30BaTh ¥ ADYTHE MCTOUHWUKH IHEPrHd {CM. pa3-
aen 8).

BapuanToM roaoaakusd ABASETCA HecOATaHCH-
pOBAHHOE NMUTAHWE, B YACTHOCTH TaKOE, KOraa
10 XaNOPUIHOCTH PALKMOH COIEPKUT MaNo yrie-
BOJIOB — YINICBOAHOE rofoganve. B aTroM cayuae
TAKXKE aKTHBHPYETCA ITIIOKOHEOTEHES, U AN CHH-
T€3a [JIIOKO3bl HCHOMB3YIOTCA aMHUHOKMCIOTH H
CAMLEPOa, 06pa3yiolilbecs M3 NMHUUIEBLIX OEIKOB
1 XHDOB.

B. PErvVsSUus COIEPKAHUA TIFOKO3BI
B KPOBH B TIEPHO/] TOKOS H BO BPEMS
®H3NIECKON HATPY3KH

Kak B nepMon mokos, Tdk M BO BpeMs NPOLOJ-

KUTENBHOI (DUINYecKoH padoTsl CHayYana MCTOU-
HHKOM FAIOKO3Bl A8 MBI CAYXUT FMTUKOreH,

3aIaC8HHbIH B CaMMX MbILILAX, a4 3aTEM IJIIOKO3a
kpoeu. MaeecTHo, uyto 100 r roukorena pacxonay-
eTcsl Ha Ger NMpUMEPHO B TeueHwe |5 MMH, 4 3a-
Macel TIMKOTEHA B MBILILAX MOCHAE [IpHEMA yITie-
BOAHOH MUK MOryr cocraBaate 200-300 r. Ha
pUcyHKE 7-61 npeaCTABNEHBI 3HAYEHHS TIUKOTE-
H4 MSYEHKM M TNIOKOHEOTSHe3a s obecreveHins
FTrOKE306H pabOThE MbIIL DA3ZHOH MHTEHCHBHOC-
TH U NPOAOTKHTEALHOCTH. Perynsuus moGuan-
34IIMM TMMKOTEHA B MBILLIIIAX M MEeYeHH, a TaKxke
CAIOKOHEOreHe3a B MEUSHW Onucalla paHee (rna-
Bbl VI, X).

T NHKo3a, MVOTNB/MWUH
2,0

1,5

—
3
1.0+ ;
0,5- ! :
|
L

40 MUH 210 muH

Pug, 7-61. BKnap riuKoreHa NeYeHn | INKOHeoTeHe3d B Nog-
ACpXaHWe YPOBHA FMIDKO3bl KPOBW B NEPUO NOKOA W BO BpPe-
M MPOACHMUTENEHLIX (NIUYECKHX YNPaXHEHWA, TEMHan
4ACTL CTONGUKE — BRNAA TMUKCreHa AeYEHH B NOANBKAHWE YPOB-
HAl MMIOKO3L B KPOBW; CBETNAs — 8Knad FMMikoHecreHesa. Mpu
YBENNHEHWA NPOTONKMTENLHOCTA PU3NYSCKON Harpyskiu ¢ 40 MuH
{2) po 210 muu (3) pacnag rmwKoreHa ¥ MIDKCHeoreHe3 NpakTy-
Yeckn B paBHoil cTeneHy oGecneyMpaloT KpoBk MIOKOA0H. 1 —
£OCTOSIHME NokoA (nocTabeopbTuesnil nepuon): 2, 3 — dHandec-
Kan Harpyska.

HTak, U3M0XKCHHbIC CREASHUS 03BOJIAIOT ClIe~
ATk BBIBOM O TOM, HTO KOOPAWHALIMA CKOPOCTEit
TAUKONM3a, TMHKOHeoTeHe3a, CMHTE3d M pacna-
1A FUKOIeHa ¢ y4acTHUEM TOPMOHOB 00ecredm-
BaeT:

* MPEAOTBPALIEHHE YPEIMEPHOTO TIOBBILIEHHS

KOHUEHTPAUWHK [IOKO3bl B KPOBM NOCIE MPH-
EéMa NWllK;
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» 3aTTaCaHHUE [NIHKOIeHa M €ro HCIOAb30BaHHE B
NPOMEXYTKAX MEXKITY MpUEMAMM ML,

* CHaOXEHHE DHOKO30A MBIUI, NOTPpeOHOCTL
KOTOPLIX B 3HEPrHU GBICTPO BO3IPACTAET TNpPU
MBILIIEYHOH paboTe;

s cHaDKeHME TNIOKO30H KNETOK, KOTOphIE NPH
roA0JaHHH B KQYECTBE HCTOYHUKA IHEPrHY He-
NMONB3YIOT HPEHMYIHECTBEHHO IMOKO3Y (HEDEB-
HEIE KIETKH, 3pUTPOLUTH, MO3TOBOE BELLIECTRO
NMOYeK, CeMeHHUKH).

Xii. NEHTO30®O0COATHbINA
NyTb NPEBPAWEHUA FMIOKO3bI

[leuTozogochaTHuIi NyTh, Ha3kLIBAEMbIH TaKXe
TeKCOMOHOOCHATHEIM (LYHTOM, CAYXMWT albTep-
HATHBHbIM IMYTEM OKHCJIEHMA TMoOK030-6-thocha-
Ta. JlentosodocdaTHelii nyTh COCTOUT U3 2 a3
{yacTeil} — OKMCTUTEITbHOW M HECOKMCIHTEILHOIM,

B oxucnuremsHoi (haze rmoko30-6-gocdar Heo-
OpaTUMO OKHCASETCH B NEHTO3Y — PpHOYA030-5-
tpocar, u cbpasyercs BoccTaHoBNEHHBI NADPH.

B ncoxuenureneoi daze pubynoso-S-docdar
oOpaTHMO TIpespatiaeTca B pubdozo-5-docdat u
METABONUTEL TMKONMU3A.

IlenrosodocdaTHbiil MyThL 00ecNeIUBALT KIET-
KM pUBO30i ANA CHHTE33a NYPHHOBBIX W IHPH-
MUIAWHOBRIX HYKAEOTHAOB U THIPHPOBAHHBIM KO-
tepmentoM NADPH, xoTopblii UCcnoibivercs B
BOCCTAHOBMTCILHLIX TPOLIECCAX.

CyMMapHoe ypaBHeHHE NeHTo3zodocdaTHOTO
OYTH BBHIPAXASTCS CISOVIOLUMM 0Opazom:

3 I'mokoso-6-ocpar + 6 NADPY — 3 CO, +
6 (NADPH + H*) + 2 ®pykrosoe-6-hocdar +
Iunuepanbaerua-3-gocdar.
®epmenTol neHTo30oChaTHOrO NMyTH, TaK Xe,

Kak H hepMEHTHI TIMKOIN3d, NOKAIMIOBAHLL B LIH-

TO30J1€.

Haubonee akTuBHO TNeHTo30dochaTHLIH NyTh
MPOTEKAET B KMPOBOA TKAaHM, MeYyeHH, Kope Hafi-
MOYEYHHKOB, IPUTPOLMUTAX, MONOUHON Keflese B
NEPUO], JAKTALMKM, CEMEHHUKAX.

A, OKUCTMTEIBHBIN BTAN

B oxucnuTensHOH wacTH neHTo30ghochaTHOTO
NyTH [MKK030-6-hocdar moasepraeTcs OKUCIK-
TEABHOMY [Ae¢KapDOKCHAMPOBAHWI), B Pe3dyibTare
KOTOPOro 00pa3yioTea TIeHTO3bl. JTOT 3Tal BKIK-
yaer 2 peaxkilMu AeTMAPUPOBAHMA.
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[Mepras peak1Msa AerHAPUPOBAHMSA —— TIpEBpa-
MeHne roKo30-6-dochara B [IHOKOHOIAKTOH-6-
dochar — karamusdpyerca NADP*-zapucuMoi
rmoko30-6-docdartaerunporeHasol M COMPOBOX-
A3ETCA OKMCNCHHEM ANbASTHAHOW PYNIbI ¥ hiep-
BOrO aTOMa YTlepoaa U ofpa3oBaHUeM OIHOW MO-
TIeKYNBl BOCCTAHOBACHHOTO KodepMmenta NADPH.

Hanee rmoOKOHONAKTOH-6-hocdaT OICTpO Mpe-
Bpaltaetca B 6-GochoTNIoKOHAT TPH YIaCTHH (ep-
MeHTa TJIIOKOHOMAKTOHTHAPATA3LI.

Depment 6-GochornOKoHATASTMAPOTEHA3 KaTa-
JAHAZUPYET BTOPYIO PEAKIIMIO JCTWAPHPOBAHUA OKHC-
MUTENLHON JaCTH, B XOMe KOTOPOH TPOHCXOIUT TaK-
Xe u gekapboxcuwiuposaHue. Ilpu stoM yriaeponHan
LIEMb YKOPAYUBASTCSA Ha OAWMH arcM yIiiepona, ofpa-
3yeTca pubynoao-3-docdar U BTOpas MONEKYIA -
puposarHoro NADPH (puc. 7-62).

BoccranoaneHHbiii NADPH unrnbupyer nepesiii
(QEPMEHT OKHUCITHTEABHOTO 3Tana neHrosodocdat-
HOTO NMYTH — Cnoxo3o-5-cdocdaraernaporedasy.
Tlpeppameine NADPH B OKHCAEHHOE COCTOSIHME
NADP* npupogut X ocnabieHu0 HHrHOMPOBAHMS
drepmenTa. [Mpy 3T0M CKOPOCTL COOTBETCTRYIOMIEH
peaKiMK BO3PACTAET, M 00pasyercs Oonbilee KONM-
yectee NADPH.

CymMmapHOe YpARHeHMe OKHCITHTEILHON0 ITANA TICH-
T030h0CcHaTHOrO ITYTH MOXKHO TIPSACTABATE B BHIE:

[miokoszo-6-gocdar + 2 NADP* + H,O — Puby-
J030-3-hocgpar + 2 (NADPH + H*) + CO.,.

Peakini OXHMCTHTEBEHOTO 3TANA CITYHAT OCHOBHLIM
neroudukoM NADPH B knerkax. THaprpo-BaiHbie
KohepMEHTBE CHABXKAIOT BOAOPOAOM BUCCHHTETHIECC-
KHE NPOLIECCHI, OKHCIUTEIEHO-BOCCTAHOBHTEBHEIE
PeaKUH, BKIAKNAOWMNEG 3ALHTY KIETOK OT dKTUBHBIX
dopM kuciopoaa. NADPH kax A0HOP BOLOPOAA Y4a-
CTBYET B aHabONMMECKHX NMpoLEccaX, HanpuMmep B
CHHTE3¢ XONECTEPHHA. DTO MCTOUHHK BOCCTAHOBH-
TEMbHBIX 3KBHBANEHTOB A4 udroxpoma P, xara-
JIKMPYIONLIETO 00pa3oBaHHUE THAPOKCHIBHBIX Py
MIPY CUHTE3E CTEPOUIHbIX TOPMOHOB, XETUHbBEX KHAC-
JOT, TpH KaTtaboau3Me NEKAPCTBCHHBIX BELIECTB M
OPYTHX YYKEePOAHbIX COSAMHEHUH (cMm. pasfenkl 8,
11, 12). Boicokas akTHBHOCTE (PEPMEHTA TAIOKO30-6-
¢ocdarneruaporedassl obHapykeHa B (arolHIApy-
owmx nefikoumrax, roe NADPH-okcHnasa mCcrioib-
ayeT BoccTaHoBNeHHbIE NADPH ans obpazosaHus
CYTIEPOKCHAHOTO MOHA M3 MOCKY/IIPHOTO KUCJIOPO-
3. CyrepoKCHIHbIA UOH TeHEPHPYeT ApyTHE AKTHB-
Hble (POPMBI KHCNOPOAA, NOJ, JEACTBHEM KOTOPBIX H



| |
} H. 0 ! Mioko3o-6-thocthat- ) |
:____C___J AErMAPOreHasa :_ _?_____ '
H-C—OH H-(ll—OHI E .
I MHOKOHOMAKTOH-
HO-C—H NADP* NADPH+H®  HO-C-H 101 yanayasa
1
H-C—OH ' H—(l',‘*OH: K
[ -
H-C—OH Mg® wnu  Ca® H- (1: H,0
i
HaC — OPOsH2 HzC —-0PO3H;
moxkozo-6-chocdar FriokoHonaktTan-6-thocdar
=== === |
0O |
] ! 6-daoccharmokoHar-
| C~OH) AernaporeHasa (llHZOH
lmp———— 1
H-C—-OH C=0
HO-C —-H NADP* NADPH+H" H— CI;—OH
i
H-C—-0OH TN H-C—-OH
CO ;
H=C-OH 2 HaC — OPO;H,
HzC — OPO3H:
G-PocdormokoHar Pubynoszo-5-pochar

Puc. 7-62. OxucnuTenbHbIA 3Tan neHTo3odocdaTHoro nyTn.

noppexnanTess Monekvias JTHK, GenkoB, nunuaos
DakTepUaIbHbix KneToK. CUHTES XHPHBIX KHCIOT U3
VIJIEROIOB B [I€UEHH ABIAETCH OCHOBHBIM IYTEM YTH-
Juzauut NADPH u obecneunBaer pereHepatuio
oKHCIIEHHOH dopmbi NADPY. B neueHH riroko3c-6-
octataernaporenaa, Kak M KUOYEBble (QEPMEHTHI
LIMKOTM3a 1 GHOCHHTE3A KHPHBIX KUCIOT, HHIYLH-
PYerCs [Py YBEAWYECHHH COOTHOILIEHMA MHCYIMH/FITIO-
KArOH [10¢1e IpHéMa DOratoi YreBooaMM ML,

HecMmoTps Ha To, yto NADPH obpa3syerca Tak-
Xe MpH OKUCICHUHM Manata Ac NMUpPYBaTa M JTHOK-
cuaa yriaepoaa (npy y9actun NADP*-3aBMcHMOoii
MARATIErHIPOreHA36) M AETHAPUPOBAHUH M30-
udTpara (npu yuyacrtud NADP -zaBucumMoil u3o-
UMTpaTAernaporeHasnt), B DOABLIMHCTBE CIV4aeB
MOTPeOHOCTH KNETOK B BOCCTAHOBUTENbHBIX K-
BHBAICHTAX YOORJICTBOPSIOTCH 33 CHET IIEHTO30-
(rocaTHoro nyTH.

PeakuuMu OKMCAMTENBHOTO MYTH MPOTEKAIOT
TOJMBKO B TOM C1Y'Ia€, €CJIH BOCCTAHOBNEHHbIHK KO-
depment NADPH Bo3BpaluaeTcs B HCXOAHOE
OKUCIeHHOe cocToaHuwe NADPY npu yuyactuwm
NADPH-3apucumbIx gervaporeHas (T.€, O0pu yc-

JIOBUMH HCOONB30BaHMA rMapHposaHHoro NADPH
B BOCCTAHORWUTEJABHBIX nipoteccax). Ecnu norpes-
HoeTd kieTk B NADPH HesHauuTeNbHEI, pHOO-
30-5-hocdar oGpaaveTcs B pe3yALTATE OOPaTUMBIX
peakUvil HEOKHCIUTENBHOTO 3Tafa MeHTO30(0C-
¢aTHOrO Nyru, UCOOAB3YA B KAYECTBE MCXOOHBIX
BEUIECTB MeTabOJNUTHl [AHKOAHW3a — [JIHUEpaTb-
aervia-3-gocgar U Hpykro3o-6-docdar.

b. HEOKMCNUTENBHBII 3TAIN

HeokucaMTenbletit 3tan neHtosodochaTHoro
TIYTH BKJLIOYAET Ceprlo OOpaTHMBIX peaklMi, B pe-
3yJIbTaTe KOTOPBIX PUOYN030-5-hocdar npespama-
etcs B puboso-S-docdar U kewrynoso-S-gocdar,
H Janee 33 CHET NepeHoca YINepoaHbiX MparMeHTOB
B METabONUThI IMHKOMN3a — PpyYKTO30-6-hocdar
U Laduepansierui-3-gocgar. B atux npespatue-
HHAX NIPUHUMAIOT yyacTHe depMeHTHI: 3MHMepa3a,
H30MEpa3a, TPAaHCKETO1a3a W TpaHCalbao/a3a.
TpaHckeTonasa B KayecTee KOGEPMEHTA HCIIONb3Y-
eT THaMuHAK(ochaT. HeoKicnUTeABHBIA 3TATT TeH-
To30¢hochaTHOro TYTH He BKIIOYAET PEaKLMU Je-
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I'HAPHPOBAHMSA H MOITOMY HCITONBIYETCS TOABKO JUTH
CUHTE3a [EHTO3,

Prbynozo-3-gocdar cryxuT cyOCTpaTom LTS ABYX
depmenTos. Depment pubdynoso-5-docdar-3-3nm-
MEpaza HU3MeHACT CTEXMOMETPUUSCKOE TONOXEHUE
onnoit OH-rpynnel y TpeThero aToMa yriepoda, npe-
Bpalllasi pubyno30-5-thocdar B KCTYI030-5-thocdar,
Npyroil depmeHT — pUbBYN030-3-hoctaT-H3oMepa-
32 — KaTalM3UpYyeT NpeBpalleHHe pubyioso-3-doc-
thata B pubozo-5-ocdar (puc. 7-63). PuGozo-5-
tocdar, obpazyOlIUICca B HEOKUCIUTETBHOI thase,
obecneuMBaeT kIeTkd pubo30oil, HeobxoaUMOK 1A
CHHTE3a HYKJIEOTHAOB, KOTOPBIE CIYXAT npealle-
CTREHHMKEMH U CTPYKTYPHBIMM KOMITOHEHTAMM KO-
(hepMEHTOR TErHAPOTEHA3 W HYKIEHHOBBLIX KWUCJIOT.

QepMeHTH TPAHCKETONA3a H TPAHCATBIOA3a Ka-
TAM3HUPYIOT MEPEHOC ABYX~ M TPEXYTNEPOTHBIX (bpar-
MEHTOB, COOTBETCTBEHHO MCMIONL3YS B KAYECTRE 10~
HOPa yrAepoaHelX GPATMEHTOB KETO3Y, 4 atbIo3y —
B KAQ4ECTBE AKUCOTOPA. DTH PEaKUWH MPOTSKAIOT B
2 3Tana; CHaYaIa TIPOMCXOINAT OTILETUIEHME YINe-
POAHOrO hparMeHTa OT MONEKYIBI-TOHOpA, a 3a-
TeM — [epeHoc IToro hparMeHTa Ha MOJIEKYITY, BbI-
MOAHSIIOWYI0 pOab aKLEeNTopa. TpaHcKeTonasa B
HEOKUCTUTENLHOI dase neHTosodocdarHoro nyty
KaTtanuaupyeT 2 peaklUWH. B meppoil peakuuu
{puc. 7-64) TpaHckeTonasa pacwuenaaet cesizb C-C
MEKIY KETOrPYIINOi M COCEIHMM aTOMOM YIAepona
B MOJIEKYJTE KCHITY1030-5-hocdat, B pe3yaLTaTe Yero
KeTocaxap MpeRpaulacTes B anbaoly, IIMUSpanbiIs-
rua-3-cocdar, coaepkaluyy Ha 2 aroMa yrnepoaa
MeHbLIe, O6pazyloluMiics NOC/E PACILETIIEHHA IBYX-
YIepoaHelid GparMeHT OCTaéTcA KOBANEHTHO CBI-
3aHHBLIM B KATATMTHYECKOM LIEHTPE (hepMeHTa ¢ Ko-
depmenToM THamuHaKpochatoM. Jdatee depMeHT
NEPEHOCHT IBYXYTNepOdHbIH (parMeHT Ha anbie-
THOHYIO TPYTITTY albaocaxapa, oOpazylo HOBYIO Ke-
TO3Y — CEAOTENTYN030-7-thocdar.

Tpaticansaonasa IEPEeHOCHT TPEXYTACPOAHBI
dparmenT or cenorenTynoso-7-toctara HA IMKu-
uepanbaerua-3-cocdar, obpasva puTpo3o-4-doc-
that u Ppykroso-6-docdar (puc. 7-63).

31a peakuMss NoJoGHA peaklUMH ambaoJdbHOro
pacIeIe HUA MIHKGAMTHUECKOTO MYTH, 33 HCKITIO-
YEHHEM TOTO, HTO B TAHHOM CJIyuae TPEXYINepoil-
HBI parMenT, coaepXallii KeTorpyrimny, nepe-
HOCHTCA Ha albiocaxap riMuepaibierua-3-gocdar,
4 B IMHKOJNUTHUECKOM NYTH KeTO(pparMeHT BbIC-
BODOXIASTCS B BHAS AUTMApoKCcHaneToHpocdaTa.

B cnenyiolligif peakliii, KaTATAINPYEMON TPaHC-
KETOIA30M, MPOUCXOIUT NEPEeHOC ABYXYTICPOAHO-
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ro ¢parMenTa 0T KCHAYI030-3-hochara Ha 3pUT-
po3o-4-ocdar, TIpoaykTamu >TOH peakUHH AB-
aswoTces QpykTo3o-6-dochaT W raulepaiblern-
3-cbocdpar (puc. 7-66).

Tak kaK BCE PeaklM HEOKHCAMTENLHOIo 9Ta-
na o0paTuMmel, oOpa3zoBaHHUe pPUD030-3-docdara
MOXET MPOMCXOAMTE HE TOMBKO B PEIVLTATE M30-
MEPHOTO TMPEBpaLUeHHA NPOLIYKTA OKUCAUTERBHON
(a3l neHTo30MochaTHoro nyTH PHOYI030-5-doc-
(ata B pubo3oe-5-docdaT noj AeHcTBHEM HIOME-
pa3sbl, HO TAKKE H K3 [POMEXYTOUHBIX MPOLYKTOB
rMUKONAH32 — PpyKTo30-6-hocdaTa v raHuepanb-
Aeruna-3-docara. IMocreaoBaTeIbHOCTL MpeBpa-
HeHHH, MPpUBOMALIMX K 00pa3cBaHui0 puboso-3-
docdara 13 TaKKX MPONYKTOB MIMKCOIUTHYECKOTO
NYTH, MOXHO TIPEACTABUTE B BUIE:

2 Dpykrozo-6-pocdar + [auuepanbierna-3-ocdar
— 2 Kcunynozo-5-tocdar + PuBozo-3-ocdar
2 Kcunaynoso-5-gocdar — 2 Pubynoso-3-docdar

2 Pubynoso-5-gochar — 2 Pubdozo-5-docdar.

CymMapHblii pe3yanTaT MeTaboMu3Ma 3 MONeKyN
pudynozo-5-gochara B HEOKUCAUTENBHOH daze
neHrtosogocdarHoro nyrd — obpa3loBaHue 2 MO-
nekvn pykrozo-6-docdara 1 1 MONEKyIbl TIHLIE-
panbaerun-3-cgocdara. Janee dpykrozo-H-docdar
WU mMuepanbierua-3-gocdar MOryT npeBpaTUThCH
B [MoK03y. C yuETOM CTEXMOMETPUUECKOTO KO3t~
(puenTa, papHoro 2, w1 00pa3zoBaHUA 5 Mone-
Ky DIOKe3bl (comepxamnx 30 aToMOB yriepoaa)
notpebyrorca 4 monexkyasl Gpykro3o-0-dochara u
2 Monexkyabl mMuepanbierna-3-gocdara (B cymme
cogepxawye takcke 30 aTOMOB yraepona) Wi, co-
OTBETCTBEHHO, 6 Monexkyn puOyno3o-3-dochara,
TakuM 0OpasoM, HEOKMCAMTEALHBIA OYTh MOXHO
MpelcTABUTL KAK TMPoLece BO3BPALLUCHUA TEHTO3 B
($OHI TEKCO3.

B. TIEHTO30®0C®ATHBIN UK

OKHUCAUTENbHEI 3Tan 00pa30BaHUA MEHTO3 U
HEOKHCAUTENBHEBIA ITAN {[1YTh BO3BPALLEHHA TEH-
TO3 B TEKCO3BI} COCTABISIIOT BMECTE LIHKIHYECKHA
npotece.

Takoii Mpouecc MOXHO ONUCATe 00LMM YpaB-
HEHUEM:

6 [nioko30-6-docar + 12 NADP* + 2 HO —
5 T'nwxo3zo-6-docdar + 12 NADPH +12 H* +
6 CO,.

DTO 03HAYAET, UTO W3 O MOAESKYN IMIOKO3bl 00pa-
3y1OTCH 6 Mosiekyn pubyao3o-S-docdat (NeHTO3H)
1 6 moaexyn CO,. DEPMEHTBI HEOKUCIUTENLHOM
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Jnumepasa
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C=0
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I
H- (ll— OH
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Puec. 7-63. Npeapawenua pubynoso-5-thoccara.
e T CH,0H
| oo | "o
lc=0 | ] H, ° no~¢
S ' H-C-OH  Tpancketonasa C H-C-OH
HO-C—OH + ! L +
ko H—C—OH e, H-C-OH H=C—OH
-C- |
| H-C-OH Ta® H.C ~ OPOH; H-C-OH
H.C —OPO4H; [ [
HaC — OPO3H; H.C — OPOsH;

Kcunynoso-5-pocchar  Puboao-5-drocdar

Fmyuyepoansaemma-3-toctar  Ceporentynoso-7-pocdar

Puc. 7-64. Peakuwa nepeHoca ABYXYINOPOAHOro (hparmenTta, KAaTaNN3HPYeMas TPaHCKeTONASON .

thazbl HpespallalT & Moneky. pUOYIo30-3-gocdar
B 5 MOUICKWI TIHKO3b1 {rexco3bl). Ilpy nocnenopa-
TeJbHOM HIPOBeIeHUU 3THX PEaKUMi e IRHCTBEHHbIM
noae3HniM npoaykroM seasetcss NADPH, oGpasy-
OWHACH B OKMCIWTENBHOR (asze 1eHTo30dqocdar-
HOTO NyTH. Takoit npouece Ha3BIRAIOT NEHTO30doc-
daTHbIM HuKIOM (puc, 7-67),

[porekaHue nNeHTO30¢ochaATHOTO UMKTA MO3RO-
ngetr khneTkam npoavuxposats NADPH, HeoGxo-

JHUMBII 15 CHHTE3a XKWPOR, HE HaKal/HBas MMeH-
TO3bI.

DHeprus, BbLAEISIUAMCH [PH PACMALE [O-
KO3bl, TPAHCHOPMHUDYETCH R JHEPIHKD RLICOKO-
IHEPreTHYECKOr) AoHopa Boaopoaa — NADPH,
Tuapuporanusti NADPH ciyxuT HCTOYHHKOM
BOMOPONA AN BOCCTAHOBHTENLHBIX CHHTE30B, a
anepruss NADPH npeoOpasyercs o coxpaHseTcs
BO BHOBb CHHTE3IWPORAHHBIX BELUECTRAX, HATIPU-
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Cepnorentynoso-7-pocdar  Tnuuepansgerng-3-cdocdar

Puc. 7-65. PeaKums, KatanMaupyemMan TRaHCaNbLAonason.

3puTpolo-d-docdar PpykTo30-6-ghocdpar

‘/ 1___L__—-.
H, /?O | CH,0H | CHOH
c L ! H_ O |
: i c=0 | No? C=0
H-C—OH Ll ol I Tpaxcketonasa | HO- &_H
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! H-C-GH HoC — OPO,H e
HoC — OPOsH, ¢ Th® ’ i H-C-OH
H;C — OPO3H, HoC — OPOH
ot iz

3puTtpoao-4-hoctar Kennynoao-5-thocdar

Puc. 7-66. Peakuus, KaTanu3upyeman TPaHCKeTonason,

MEP XHPHLIX KHCIOTAaX, BbICBOOOKIAALTCA TMpH HX
karabonuame o HCIIOTh3YETCH KICTKAMH.

I'. JE®EKT CAIOKO30-0-DOCPAT
JETHIPOTEHA3BI B DPHUTPOLIHTAX

HedepMeHTATHBHOS OKHMCIEHHE TeMOrmo0HHA
(Fe™) B Metremornotuu (Fe?') npueoaut K on-
HOITEKTPOHHOMY BOCCTAHORAEHWIO KUCIOPOIa u
NOARNEHWIO PEAKUMOHHO-CNIOCO0HOIo AHHWOH-PA-
ankana — cynepokcupa O,”, KOTOPbIH CHyXMT
NpeAlecTBEHHMKOM IPYTHX aKTHBHBIX (DOpM Kic-
nopoaa: nepokcenaa sogopoaa H,O, u ruapoKciiib-
Horo pagukana OH-. AKTuBHbIE (pOPMBL KHCNOPO-
04 ABMSAIOTCA CHIBHEHINMMM OKHUCAHTETAMH H
NO3TOMY CMOCOOHB] BLIZHIBATEL CEPLE3HbIE MOBPEX-
nerna monexyn AHK, GenkoR, HEHACEIIUEHHBIX JTH -
NKAOSE.
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muepoaneperwa-3-bocdat  bpykrozo-6-gocdar

B apuTpouMTax, Kak ¥ B O0JLIIKMHCTBE KIIETOK,
MIPUCYTCTBYET THOJNICOAEPXKALIMI TPUNISITHA — Y-
TATUOH (y-LAyTaMuA-UHCTeHHN-TIHLKHH), Boccra-
HopaeHias gopMa rayratmona (I'-SH) conepxurt
SH-rpynny (puc. 7-68), KOTOpast MOXET CIYKMTh
JACHOPOM IEKTPOHOB B PEAKLMAX BOCCTAHOBNEHW.
[loa peficTeHeM tepMeHTa MYTATHOHMIEPOKCHAA3E]
ROCCTAHOBNEHHBIA [NYTATHOH NPEBPALLIAST MOJICKYILY
MEPOKCHIA BONOPORA B MOJIEKYJY BOAbI, 4 CAM Me-
pexoAuT B okucleHHoe cocroaHue ([-SS-I). Pere-
HEPALIMIO BOCCTAHORIEHHOIO 11YTATHOHA ofecne-
YUBAET TAYTATUOHPEAYKTA3A, MCITONB3YS B KayecTse
OOHOpa Bomopoaa ruapuporanneil NADPH. s
3PUTPOLIMTOR €IHHCTBEHHBIM MCTOYHHKOM TORYYE-
nust NADPH cnyxart nentosodocdaTHbiz MyTh, JUTA
OPYTHX TRaHeH CyulecTBYeT ATbTePHATHWBHBIN CMO-
o6 -— npu ywactud NADH-3aBucHMOi Manarie-
rHApOTeHa3bl {MaRHK-(DePMEHT).
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ue. 7-67. MeutozodrocaTHBIA LMKN B MUPOBOA TKaHH.

B3auMoneiicTRHe BOCCTAHOBACHHOTC TIYTATHOHA
: MEPOKCHAOM BOAOPOMA B IPHTPOLIMTAX Mpeaoxpa-
19€T UKUCTEMHOBLIC OCTATKH B NMPOTOMEPAX IEeMOLTO-
3HHA OT okucaeHMA. [ipy renHerHueckoM aedekte
“THOK030-6-ochaTaervaporenassl KOHUSHTPALMS
30ccTaHORMEHHOTO kohepmenta NADPH yMeubina-
XTCA, B PE3VLTATE YEro PE3KO CHWXKAETCH KOHIICHT-
2ALMA BOCCTAHOBIEHHOTO IMIYTATHOHA, a4 B KIETKE,
>O0TBETCTBEHHO, YBEMHYHUBACTCA KOJIHYECTBO AKTHB-
1% (hopM kucnopond, B aToM ciyuae okMcneHue
SH-rpynn MoJekyn reMornofuHAa B 3PUTPOLIMTAX

MIPMBOIWT K 0DPA3OBAHKI0 MEPEKPECTHEIX AHCYNb-
GUTHBEIX CBsi3elt U arperalii TIPOTOMEPOB TeMOrig-
OuvHa c (opMHPOBAHKEM Tenell XaiHua {cM. pas-
Aen 14). B npycyTCTEMM Tenell XalHuUa IUIacTHYHOCTh
MeMOpPaHBI HAPYILIAETCA, W OHA TEPAET CIIOCOOHOCTD
K AeopMaury Npy NPOXOXKISHWH IPUTPOLIMTOR Ye-
pe3 KaNWUTAPLL. DTO BLI3BIBACT HAPYILIEHHE LIENQCT-
HOCTH MeMBpaHsbl, YTO IPUBOJINT K TeMONU3Y 3PHT-
pouurToB. HekoTophie NeKapcTBEHHBIE BELIECTBA,
HanprMMep aHTHMATIPHAHEBIA NpenapaT MpUMaxuH,
CYNbPaHURAMUIBLL, TAKKE CHWUXKAWT CNOCOOHOCTD
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Puc. 7-68. BoccTaHOBNEHWE MYTATAOHA NOQ ASACTEWMEM TAYTATHOHPEOYKTaIbL. A — CTPOEHWE MyTaTMoHA, b — BOCCTAHOBNEHNHE

FYTATUOHA.

IPUTPOLUTOR BOPOTLCA C aKTUBHBIMH OpMaMU KHC-
JIopoaa.

Xill. METABONMN3M PPYKTO3bI
U FTANAKTO3bl

MeTaboaM3M (DPYKTO3bl M ranakTo3bl BKIKOYAST
MYTH UCTTONLI0OBAHMS MX U151 CHHTESA IPYTUX BEECTR
(reTeponoaMcaxapuaoB, JaKTO3bl M AD.) ¥ YYACTHE B
3HEeproobecneveHHK opraHusmMa. B nocsienHeM Cy-
Yae (ppyKTO3a M ranakTO3a NPEBPANIANTCH B MEYCHM
JuGO B TIICKO3Y, MMB0O B OPOMEXYTOUHBIE NPOIVKTH]
e€ MeTaGonuaMa. Takum 0BpaszoM, B pesyabTate (hpyk-
TO3a WU [ANAKTO3a HapAny C [NKOKC30H MOTYT BbITh
okncsiens a0 CO, v H,O wiy menonb3oraHsl Ha
CHHTE3 TIMKOTeHA KM TPHALWILIMUEPOTOR.

[MpuumHOi Hapywenus: meTaboau3Ma PpPyKTO-
3bl U TIAKTO3bL MOXKET ObITE AeeKT (PEPMEHTOR,
KATATH3UPYIOWEUMX 1TDOMEKYTOUHBIC PCAKIMA HX
oOMeHa. DTW HapylUeHWsS BCTPEYAIOTCH OTHOCH-
TENBHO PEAKO, HO MOTYT MPeACTARIATL A0CTATOU-
HO Cepbe3HYH) ONACHOCTh, TAK KAK HAKATTMBAC-
MblE FIPOMEXYTOUHbIE METABGONMTE (DPYKTO3bl H
TaqakTo3bul 00NaNaldT TOKCHMHOCTBIO.

A, METABOIM3M ®PYKTO3bI

3HauUMTeLHOE KOAHMYECTBO (PPYKTO3BI, obpazy-
KOLIEECH MPH PACLIEIUIEHWH Caxapo3bl, MPEXae YeM
NOCTYITATL B CHCTEMY BOPOTHOR BEHEI, TpeBpalla-
€TCS B [JIIOKO3Y YK€ B KASTKAX KMWEe4Huka, JIpy-
rasi 4acTh GPYKTO3b]l BCACHIBASTCA € MOMOLLEIO Oe-
KA-NEPEHOCUHKA, T.€. NYTEM ODASrYeHHOH Aud-
vauH.
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MeTaGonanam ¢pykTosel (pHuc. 7-69) HauMHaeT-
cA ¢ peakuun dochopunuporanisa (peakuus 1),
KATANW3UDYEMON (DPYKTOKUHA30H ¢ 0Bpa3zoBaHu-
eM (pyxT0o30-|-docara. Mepment 0BHAPYXKEH B
NevyeHH, a TaKXkKe B MOYKAX M KHLIEYHUKe. DTOT
thepMenT 06aa1aeT aGCONOTHON CNEUWPUHUHOCTEIO,
NO3TOMY, B OTIMYHE OT TIOKOKUNIA3BI, HHCYJIHH
HE BHsIET Ha erd akTHBHOCTL, [locneaHee obcTo-
SITENBCTBO OBBSICHSIET, 110YEMY YDOBEHD BbIBEIEHH
DOPYKTO361 B MOYE ¥ BOBHBIX CaxdapHbiM 1HADETOM
H 300poBLIX [1e oTauYaeTca. PpykTo3o-1-docdar
HE MOXET MpeRpallaThes Bo QpykTodo-6-docdar
M3-31 OTCYTCTBMSI COOTBETCTBYKIIErO hepMeHTa.
BMmecro atoro dpykroso-1-gocdar aanee pacwuen-
naercst (PpykTo20-|-dochaTanbaonasoit (anniona-
3a B) 1a riuiepaibacruad ¥ AMMHAIPOKCHALETOH-
3-bocar (peakuusa 2). [MocneaHuil asasercs
TIPOMEXYTCOUHBIM MPOAYKTOM TIHKOAN3E W 0Dpa-
3YCTCA B XOIE peakuMM, KaTalHu3upyeMoit QpyKTo-
30-1,6-BucochocdaTtanbaonasoi (areronaza A).
[AHMUepanbIerna MOXKET BKSIIOMATLCHS B MIUKONIH3
nocne ero dochopranposanns ¢ ydactuem ATE
(peakuus 3). [Ise Monexynsl Tpuozodochatos AHHGO
PacnajalTea 10 MNUKONUTHYECKOMY TYTH, Aubo
KOIICHCUPYIOTCS ¢ obpasopanieM ¢Gpykroso-1,6-
buchocdata u janee yUacTBYIHOT B IJIIOKOHEOTeHe-
3e (peakuuy 8,7, 5, 9). OpykKTo3a B NCUelIN BKITIO-
Y4ETCH TNdRHLIM 0Bpasom BO RTOpoH nyTh. Hacte
IMTUAPOKCHALETOH-3-(hocdaTa MOXeT BOCCTAHAB-
AMBATBCA A0 DIHUgpon-3-gpocdarta U yiacTBOBATH
B CHHTE3e TPHALWTIIHUEPOJIOB,

CreiyeT OTMETHTb, YTO BKIIOUYEHME (QPYKTO3bI
B MeTabonn3M depes dpykToso-1-docdar MuHyer
CTARMKO, KaTanuMiupyemylo GochodpyKTOKMHAB0MH
(peakiimst 6), KOTOpas ABASAETCS NVHKTOM MeTabo-



a

PpyKTO3a
AT AT
N 1 PpyKTCKMHA2a 4
Ald < Alle

4

@pyrToso-1-thocdar
PpyrToan-1-toc-
2 dartansonasa (B)

N

b duruapokcwavuetongocdaT

Mikosa

Fnwkoao-B-pocdar

B

nukored

)

okoso-1-ocdar

—

Inuuepansgerya bpykTos0-6-tbocdar
Pi
8
AT

AT 7

N Allo

/ 3 @pyxroszo-1,6-bBucdoctar
Ale 8

¥ A Anbaonasa (A)
IMmuuepansaerva- JurvgpoxcuaueToH- «—— T nMugpanegerna-3-coctar

&

4
MupyeaT
Auetin-CoA —  HupHoie
! KMCNOThI

UMTpaTHEIA LMKn

Pwe. 7-69° Maetabonuam thpyxToasl. a — npespawenne HPyKTO3el B AWIMApOKCUAUETOH-3-Gocdar v rinuepanefnarug-3-gocdar,
B — NyTb BKMIOYSHUA BPYKTOS3bl & MHKONU3 K MIOKOHEOrEHES; B — yTb BRAYEHUA (PHYKTOSK B CUHTES MUKQraHa.

JNUTHYECKOTO KOHTPO;IA CKOPOCTH KaTaBonn3ma
CIIOKO3bl. DTHM OOCTOATENBCTBOM MOXHO O0bsC-
HMTh, [OYEMY YBEAHUYEHHE KOJAYECTBA (PPYKTO3bI
YCKOPAET B NEYEHH MPOLECChl, BEIYIUUE K CHHTE-
3y XKUPHBLIX KMCJOT, a8 TAKXKE HX 3TEpMUKALINIO ¢
06pa30BalUEM TPHALMIITHLEPOIOB,

B. HAPYIIEHIS METABOJIM3MA ®PYKTO3BI

Hapyienus setabonnsmMa QpykTo3b, TPUHHHOR
KOTOPBIX ABAAECTCH AeheXT (HePMEHTOR, OTPaXEHHI
B Tabn. 7-5.

Henoctratounocrs GpyETOKHHAIBI KAMHHMYECKH HE
nposiasieTes. Dpykro3a HaKaIUuBaercd B KPOBH
M BBUICISETCA € MOYO, rae €€ MOXHO oGHapy-
KHTh 1360pATOPHBIMH METOIAMU. QueHb BaXKHO He
NepenyTaTh 2TV HE3BPEAHYI0 AHOMAIHID ¢ Caxap-
HbIM dHabeToM. JaxHHoe 3a6018BaHUE 3BECTHO KaK
100poKauecTBEHHAN FCCEHUUANBHAS (DPYKTO3YpHS]
W BeTpedaeTes ¢ vactotol E:130 000,

HaciieacTBeHHAR HENEPEHOCHMOCTE (BPYKTO3bI, BO3-
HHKIIOLLAS [TPY MeHeTUULSCKU 00YCTORNEHHOM AedeK-
Te (ppykTo30-1-thocdaTtatbionaszsl, He NPOSRISETCS,
NMoKa peBeHOK MUTASTC MPYAHBIM MOAOKOM, T.€. 1OKa
MULIA HEe COASPXHT (PpyKTo3bl. CUMITTOMBI BO3HU-
Kal0T, KOTAa B pauMoH A00aBNsiOT (PPYKTbl, COKM,
caxapo3y. Peota, 60am B XKMBOTE, AUapes, MMITOLIH-
KEMMUST M J2KE KOMA M CYA0pOTM BOBHMKAIOT 4epes
30 mMuH nocne npuéma MU, coaepxkalleil hpyk-
TO3Y. Y MaNeHBKHX A€Tei W MOAPOCTKOB, NPONOAXKa-
IOLIMX TIPUHUMAThL (PPYKTO3Y, PA3BUBATCSA XPOEHH-
YECKHUE HapyilleHWsa QyHKUMH TeueHH N Novek.
HenepeHocuMOCTb GPYKTO3 — JOCTATOMHO YacTast
ayTOCOMHO-PELECCHBHAR (popMa MATCIOTHM.

HedekT aibaonasu ppykroso-I-pocedara conpo-
BOXIAETCH HakonneHueM ppykroso-1-docdara,
KOTOPEI MHMMOUPYET akTUBHOCTH ¢pocdornioko-
MYTa3bi, NMPEBPALLAOIWISH TAI0K030-1-docdar B
r10Ko30-6-tbochar M obecleunBaloLIeid BKITIOYE-
HHUE MPOAYKTa FIMKoreHdocdopHIazHON peakury
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Tabnvua 7-5. Hapywesus metabonuzMa dpyKTozhl

HeaKTHBH R baokupyemasn Jlokanuzanua KaxHHs9eckue npospaenns
thepmenT peakuHs depmenta d 1adopaTopHbIe JAHHKLE
PpyKTOKHHA3A Opyxrola + ATO - Tlewens DpysrTO3EMHA,
dpykToso-1-dochar + AND Iouxn $pyKTO3ypHA
JFHTEPOLHTLI
dpyxrozo-1- ®pykroso-1-bochar — [leuchs PBoTa, HONMH B KHUBOTE, AHAped,
docdatamaoenaza | AuruapoxcuancTon-3-gocdar « THHOTHUKCMUASR,
Capuepansaerna lunodrocaTeMus, GpykTosze-
MUs1, THOCPYPHKEMHI, XPOHH-
yeckas HEAOCTATOUHOCTL PYHK-
LM 1eUeli, [MoycK.

B MeTaboNH3M. [To3TOMY IPOMCXOAUT TOPMOXKEHME
pPacnand rMKOreHa Ha cTaguM obpaloBaHus TNIO-
ko3o0-1-thocdara, B pesyneTaTe Yere pa3BHBagTCA
runornvkemus. Kak ciesctsme, yckopsieTes Mo-
OMM3ALIMS JTUMUAOE M OKUCISHHE XHUPHBIX KMC-
70T, CnencTBMEM YCKOPEHHWS OKUCNEHWA XUPHBIX
KHCJIOT M CHHTE3a KeTOHOBBIX Te/l, 3aMeil[ainllnX
SHEPreTHYECKYIO (DYHKITHIO TIKKO3BL, MOXeT ObITh
Merabofiyeckuit aumMnoa (cMm. pazaen 8), Tak Kak
KETOHOBBIE TEA ABMAKOTCH KUC/IOTaMH M TIPU Bbl-
COKMX KOHLeHTpauusax cHuxaioT pH kpopn.

PezynbTaTroM TOPMOXEHMS TAMKOEHONH3a M
TAHKOH3A SBIACTCA CHHUXeHWe cHHTeda AT,
Kpome Tore, HakomneHue ¢GochopuanpoBaHHOM
GpyKTO3pl BeNéT K HapylIeHHI0 oDMEHA Heopra-
Huyeckoro docdara u runodocdare MUM.

s nonosHeHus BHyTpUKaeTounoro ¢docdara
YCKOpSETCS pacnal ageHWIOBbX HYKJICOTHAOB.
IIpoaykTel pacnana 3THX HYKJIEOTHAOR BKIKYAKTCA
B KaTaboIH3M, ApOoXoAasa cTaguu obpaloBaHUsA M-
TIOKCAHTHHA, KCAHTHHA W, HAKOHELl, MOYeBOil KHC-
J0THL. TTOBBITIICHHE KOJMUESCTBA MOYEBOH KMCIOTHI
H CHUXKEHHUE IKCKPEIIUH YPATOBR B YCNOBUAX META-
GonMuUECKOro alMao3a PoSIRIAKTCSA B BUIE THIIEP-
YpHKeMUN, CAeACTBHEM TUIEPYPUKEMHMH MOXET
OBITE MOAArpa OAXKe B MOJIOCIOM Be3pacte (CM. pas-
nen 10},

B. METABOAHIM TARAKTO3E]

[anax103a o6paszyercs B KUIEYHUKE B Pe3ylkTa-
T€ M'MAPOIU3A NakTo3kl. YToGBl NpeBpaTUTL TaNAKTOo-
3y B TAKOKO3Y, HEOOXOOMMO M3MEHWTH ONTHYECKYIO
Kondurypaumio H- u OH-rpynn C, atoma B rajnak-
TO3¢, T.e. MPOBECTH PEAKUHI0 SMHUMEPH3ALMH. DTa
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PeaKlus B KIETKe BO3MOXKHA TOMbKO ¢ Y M-mpous-
BOOHBIM TasakTo3et. ¥AM-rajakroza obpasyerca U3
YAP-tnoxo3el (MeTaBOIHT B CMHTE3€ FIMKOTeHA) B
X0O€ pPeakiMKe, KaTamH3upyemol ypuauiadocdar-4-
anuMepasoil (puc. 7-70, 7-71).

OAHaKO BKJIIOYEHMIO [ANAKTO3bl B ONHCAHHYIO
peakiuio 3MHUMEPH3ALUH TpediecTByeT eé ¢oc-
(hopunupoBaHne ¢ oOpa3cBaHMEM TaNAKTO30- |-
cocdara (peakuus 1 va puc. 7-70). Janee ranax-
T030-1-dhocar 3ameilaeT oOCTaTOK TJIIOKO3bL B
YAM-rooko3e ¢ obpasopadneM ¥Y/1M-ranakrosel
(peakums 2), T.e. npuMasd peakuus dochopuin-
poBaHHOM ranaktosel ¢ YT® He npoMCcXomuT.

Peaknuw 2 MOXHO paccMarpuBaTh Kak Mepe-
HOC YpMAWIBHOro ocratka ¢ Y@®-riokossl Ha
ranakTosy, No3ToMy (pepMEHT Ha3BaH TANAKTO30-
1-docharypuonarpadedepaszoin (TAJIT).

3aTeM ramakrosa B COCTABe HYKASOTHAA BKAIO-
4aeTcs B PeakUHIo IMMMEPH3alIMH, B KOTOPO y4a-
CTBYET 3MUMepPasa — NAD-3aBucuMbiil (hepMeHT,
KATATU3NPYIOUIMH OKHCACHHE U BOCCTAHOBICHHE
TAN4aKTO3bl N0 C, YLIepOIHOMY aToMy (peakius 3).

InumMepaz’a MOXeET paboTaTk W B IPYTOM HaTlpaB-
Jnenuu, npeodpasys YAP-rmokosy 8B YD-ranak-
TO3Y. 373 OGPATHAA IMTHMEPHIAIMA BaXHA 13 CHH-
Te3a TAJaKTO3WIBHEIX OCTaTKOB B MMUKOMUITWIAX U
TIHMKOOPOTEHHAX. KpoMe Toro, ranakrosa HeoDXo-
OUMA IS CHHTE3a JAaKTO3bl B TPYAHLIX XKENe€3ax.
B nepuoa nakralMi rajgakTola He sSBRAseTcs Hesa-
MEHMMBIM KOMMOHEHTOM TMIIW, TAaK KAK MOXET
00pa3oBLIBATLCS M3 TAHOKO3bL

Imroko30- 1 -hocdar, 06pasoBaHHEIR B peakuru 2,
MOXET BKITIOYATBCA B pasHEIC METaDOMTICCKHE TTYTH:
1) cuuTe3 mIMKoreHa mocie peakumu ¢ YA u 0o-
pazoBaHust YM-rnioko3bl, 2) npespaiugHue B Ile-



ManakToaa

ATO — | 1

Afld — FanakTokvHasa

-

ranaxroao-1-¢pocpar e _ |

nukoren

WJCD rmokoza
Ypuanndooc-
caT-4-3nmepasa 2
YAd-ranakroza 7

mwkoszo-1-thocdar
I @ e —— _

ManaxToac-1-gocar-

ypwaunTparcdiepasa
(CAMT)

Pocchor NIoKoMyTa3a

Mworoac-6-gocdatr —+—+—+——» [NKONKI

o

nmokcaa
Puc. 7-70. OfmeH ranaKTossl.
CH-0H

OH

O—-vle

OH
OH

Y- rmoko3za

PaaHee TkaHn

MNe4veHk

YO®-rnokoao-
-4-anuMepasa

(NAD")
CH,OH
HO o
OH
O—vyfo
OH

YAd-ranakrosa
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YeHH B cBOGOAHYIO TTIOKO3Y M TIOIIEPKAHHE €6 KOH-
LEHTpaIMK B KpoBK; 3) katalonusMm, COLIPAXKEHHbIA
¢ cuuTesom AT, v 1.0, {cm. puc. 7-70).

I'. HAPYILIEHHMA METABOJHU3IMA TAJIAKTO3BI

OOMeH ranakTossl ocobeHHO MHTepeceH B CBs-
3H € HACHEACTBEHHBIM 33D0N¢BAHHEM — TaNaKTO-
IeMuei.

TanakTozeMHs BO3ZHMKACT NP HAPYLIEHHH 00-
MEHA Ta1aKTO3bl, 0OYCIOBNEHHOM HacleACTBEH-
HbIM ZNedekToM n100oro M3 Tpéx ¢GepMeHTOB,
BKNIOUYAKOLLINX TATAKTO3Y B METADOMM3M [IIOKO3B
(Tabn. 7-6).

Fanak703eMHs, BbI3BAHHAN HEAOCTATOYHOCTHIO
ranakroso- | -qochatypunrnrpancdepaist (TANT),
HanOoaee XopoLLo W3ydeHa. 1o 3aboseBaHne npo-
ABASIETCA QUEHb PaHo, M 0COBEHHO OMacHo A
OeTel, TaK KaK OCHOBHBIM MCTOUHWKOM YIIEBO-
JACB NS HUX CNYXKHUT MaTePHHCKOE MOJOKO, CO-
nepxatiee naktosy. PaHHue cumnToMbl acedekTa
FANT: proTta, nHapest, AerHIpaTalks, YMEHBIIE-
HHE Maccht Tena, xearyxa. OHH MoABIIIOTCA BCKO-
pe Nocje poXIeHUs, KAK TOALKO peOEHOK HauM-
HAET MIONYYaTh MOMOKO. B KpoBsM, Moue U TKaHAX
[OBBINACTCA KOHUSHTPpAUMA TANAaKTO3bl W Tajak-
T030-1-thocdata. B rkaHsx rnaza (B XpycTATHKE)
ra;1akTo3a BOCCTAHABANBAETCA AMbIOPEAYKTa30M ¢
ofpazopaHueM ranaktTutona (ayneuuta). B sToi
PEAKIIMY B K2YECTBE TOHOPA BOJAOPONA WCTIOIb3Y-

TaBnuua 7-6. Hapywenns o6meHa ranakToss

etca NADPH. BoccranoBreHle ramakTosbl Mpo-
UCXOIUT M B XOE HOPMATBHOTO MeTadosiMamMa, HO
upotekaer ¢ Hebonblioi ckopocTeio. [1pu ranak-
TO3EMMH TANAKTHTOM HAKAILTMBAETCS B CTEKTOBU-
HOM Telle H CBH3b1BAeT H0/bLIoe KOIUYECTBO BOAbI.
BcaeacTere zToro HapyiuaeTcs 6anaHce 31eKTpo-
JUTOB, @ YpPE3IMepHas THAPATALMA XPYVCTANTKWKa
NPUBOIHT K Pa3BUTHK KaTapakKThl, KOTOpas Ha-
O/1013€TCH YKE YEPES HECKOIBKO JIHEH MOC/E POX-
MeHUH.

Taxénsle nocnencreus nedexra FANT nabmo-
JAT B NeYeHH. ITO CBA3AHO ¢ HAKOMAEHHEM ra-
BaKTo30- 1 -docdaTa v ero TOKCUYECKUM JIEHCTBU-
€M Ha TemaTouMuTh. B pesynbrTaTe BO3HHMKAOT
HapyLUeHHA (PYHKLUUH MEeYEHU: renaToMeraiug, KH-
poas aucTpodvsa. B noyxax takux GOMBHBIX TakK-
A€ MOBBIUIEHA KOHUSHTPALMH TAnakTUTONA W ra-
nakto30-1-docthata, yTo BaMaeT Ha UX PYHKUHH.
OTMEyaloT HapyvilieHUsT B KNETKax MONYIIAPHM To-
JOBHOTO MO3Td M MO3XKEUKA, B TSOKENIX CyqaaX —
OTEK MO3Td, 3a0ePKKY YMCTBEHHOTO Pa3sBUTHS, BO3-
MOXEH JNETATbHBIH HCXOIM.

Hnsi ranakrozemuu, se3BaHHOR JedekToM Ta-
JMAKTOKWHA3bl, TOXE XapakKTepHa KAaTapakTa, HO
OpH 5ToM 3aB0ONEBAHMHU, B OTAM4Me OT AedexTa
FANTT, "He oTMedaloT HapyileHHH QYHKUUH neve-
HHW, noyek, Moara. Hanbonee Tsaxkénble mocnen-
creust cHuxkeHuAa akTueHocTH TAJIT ceazwiBaior
C BIHAHUEM TATaKTO30- 1 -(pochata Ha AKTUBHOCTD
Apyrux (pepMEHTOB, YUACTBYIMIIMX B YTIEBOOHOM

HetekTHEI pepMeHT Baokuapyeman KurMHiyeekue nposiBNeHun
(MacToTa) peakung H JabopaTopubie AHHBIE
I"anakToxkHHa3a ["anakrosa + ATd — Tanaktoszcmus, ranakTo3ypHs,
(1:500 000} FanakTo3o-1 docdat + AP KaTapakTa. AKTHBHOCTE epMenTa B

lanaxroso-1-dociar-
YPHAUNTpaHChepasa

{1:40 000) T'mokozo-1-gocdar

Ypuaungocdar-4-
IMAMEPA3A
{1:1 000 000)

["anakto3o-1 gocdat + ¥V D-
rnwokosa — ¥ Jd-ranakTtosa +

Y Qd-rnokosza < Y d-ranakrosa

IPHTPOIHTAX HOPMAJGIIas.
[anakToIeMHA, TANaKTOIYPHA,
ranakTo3o- 1 -hocdaremus, kKaTapaKTa.
TeuagedUHa K THNOTTHKCMHH, KOM-
MeHCATOPHAS MOOMITH3ALHA KHPOB,
LHPPO3 1ICHCHY, HAPYUICHHR PYHKUMH
novek. [enaTomMeranua, 3aaepiKKa
MICHXHYCCKOTO PAIBHTHA. AKTHBHOCTR
depMenTa B S3pHIPOLNTAX CHHIKEHA,
lanakTo3eMns. ramakTOsyPUA.
TAKENBLIX KNIHHHYISCKHX 1IPOABIENNI
HET, OIIHC&HH SAHAHYHBIC CTYYaH
3abo/leBalyA.
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Tabnuua 7-7. Hexotoprie sapuaHTel reHeTHHeckoro pedexta FANT

Hamenenns B cTpysTYpe
TAJIT

Mpoasnenun

AcH—AcH

I'mu—Apr

Cep—Jleit

Apr—Tpu

JInz—AcH

Ipuanak qoapta. ¥ reTepo3nroT MpH 9ToM BAPHAHTE aKTHBHOCTE (JepMEHTa
coCTapnAeT 75% oT HOpMAXbLHOH. [oMo3HIroTHEIH denoTun JoapTa oGBIUHO
cpa3aH ¢ 50% noTepei akTHeHOCTH. [launeHTEl ¢ cHROpOMOM JH0apTa MOTYT
OBITh 3T0POBEIMH, HECMOTPA Ha CTPYKTYPHYH anomanmio FAJIT.
[Mposernserca kax TAKENAA ranakTo3eMud. [IpHYMHA — MYTAUHS THOA 3aMEHB!
HykneotHaa 591 B rede depmenta. Akrnexocts FAJIT coctanser 10% ot
HOPMEI, JTa Popma BeTpeyaeTes B 70% cnyqaer 3a00neRaHHA raATakTO3eMHe
CpeaM eBponeoHaes, YacToTa — 1:338 BR6.

3abonepante ONMHCAHO ¥ YSPHOKOXKHUX NMAlMEHTOB W HA3BaHO «4EPHEIi
MpH3HAK». [anakTo3eMHA NpoABIseTCs KaK Pe3yabTaT HeJloCTaTouHO
akTHeHOCTH [AJIT B leuerH H s3pHUTpoTiHTax. AKTHBHOCTE ['AJIT B neyeHu
coctarnser 10% or HOpMEl. TeM He MeHee oTMeTanack yTHIH3ALUA
HEKOTOPOro KONMUIECTBA TATAKTO3E], YT ODBLACHAIOCEH pasBUTHEM
ansTepHAaTHBHOTO MYTH. [IpHYHHA — MYyTailHs THNRA 3aMeHBl 1158-ro
HYKJIEOTHIA B reHe depMeHTa.

Taxénas dhopMa rasakToszeMun. [IpHUHAa — MHCCEHC-MYTALHA HYKIeoTHIA
1025 B rene depMeHTa. AKTHBHOCTE I'AJIT OTCYTCTBYET.

U.[HpOKO pacnpocrpaHéHHaz MyTanud IpH ralakTo3eMHH.

ofMeHe (hochOrmoKOMyTassl, TTIOKO30-6-Goc-
(aTaerunaporeHasei).

H3BecTHO HECKOABKO OPM TaAlaKTO3EMHUH, ITPH-
YHHOH KOTOPOH ABIAETCA HedocTaToyHOCTh FPAIT
(raGn. 7-7).

Hekotopbie aedextst B crpoeHHH [AJT npu-
BOJIST JIH1lb K YACTMYHOH NoTepe aKTHBHOCTY dhep-
mMeHTa. [Tockoneky B HopMe TAJIT npucyTCTBYET B
OpraHH3Me B H3ObITKe, TO CHUXeHWUE eTO aKTHB-
HocTH 0 50%, a MHOTAA M HYXE MOXET KIHHM-
YeCKH He TPOSBIATHCH.

Ilpd NUAarHOCTHKE TalakKTO3EMHH HCCAEAYIOT
MOYY HA COACPKAHHE TATAKTOZEI, COOPAHHYIO NOCTE
HECKOAbKKX KOPMAeHHH monokom. Tlpu obnapy-
XeHWH ¥ pebBéHKa KaTapakTel ero 00CnemyvIoT Ha
HeIOCTATOUHOCTE TanakTOKHHa3el W TAJIT. Hanu-
YHe ranaKTo3bl B MOuYe MpH OTCYTCTBUM Hapywe-
HUR DYHKUHUM MeHeHM YKA3bIBAeT Ha aedekT ra-
nakTokuHasel. TlpH obcriel1oBAHHM TIPOBELEHUE
TECTa C HATPY3KOH TATAKTO30H He peKoMeHIyeTCs,
TAK KakK 3TOT TecT onaceH s OopHBIX. JledeHHe
3AKJIK0YAETCH B YIANCHWH TaNdKTO3bl M3 PALIMOHA.



pmg&ml OBbMEH

amnnaos

TepMHUH «WIMTIMOBI» OOBEAMHSET BELIECTBA, 00N1aNAI0LIHE 001WUM bH-
JHYECKHM CBOMCTBOM — THAPO(HOOHOCTBIC, T.€. HePACTBOPHMOCTLIO B
pone. ITo cTpyKType AMMIHALI HACTOJIBKO pa3HOODPa3HEL, YTO ¥ HUX OT-
CYTCTBYET OOIMII MPU3HAK XMMHUYECKOTe CTpoeHHs. Jlunwabl pasaens-
KOT HAa KNAcChl, B KOTOpbIe OOBEIHHSIIOT MOJEKYIBI, UMEIOIIME CXOTHOE
XMMHYECKOE CTPOCHME M 001IKe OHOJIOTHYEeCKHE CBOMCTBA,

OCHOBHYIC Maccy JHTIMICE B OPTAHH3ME COCTABIAIOT XKUPBI — TPH-
ALWITJIHLEPONE], cITyXallive GopMOoil 1enOHHPOBAHUA HEPTHH. KU
pacnofaraleTcs NPEMMYLIECTBEHHO B MOAKCKHOH XHUPOBOH TKaHW W
BBIMOMHAIOT TakkKe (PYHKUHU TEIAOMIOIALHOHHON W MEeXaHHYECKOH
3alIUTHL.

Qochonunuab — GOABLIOH KAAce NHMUIOB, MOIYYMBILMIA CBOE Ha-
aRaHUe M3-3a OcTaTka (GochopHON KUCIOTHI, NPUAAKIISTO UM CBOMH-
ctBa aMpupuarHOCTH. baaroaaps atoMy ¢cBoicTBY docdoauniasl dop-
MHPVIOT OHCIOHHYIO CTPYKTYPY MEMODAH, B KOTOPYIO NOTPYXKeHBI GENKH.
KuleTKM WM OTOEIBl KAETOK, OKPY:KEHHBIE MeMOpaHaMu, OTNHYAIOTCA
Mo COCTABY W HAabOPY MOASKY/ OT OKDYXAILEH Cpelbl, NO3TOMY XH-
MMMECKHE TPOLECCH B KIETKE pa3sfefcHRl W OPHEHTHPOBAHBL B IIPO-
CTPAHCTBE, UTO HeOOXOOMMO IJTA peryisiuud MeraboauaMa,

CrepoMan!, MPeIcTABICHHBIE B XMBOTHOM MHPE XOJIECTEPOTIOM U €T0
IIPOU3BOAHBIMU, BBHITIONHSOT pa3HoodpasHble DyHKUMH. XonecTepon —
BaXKHBIH KOMIIOHEHT MeMODAH W PeryasTop CBOMCTB rvapothodHOT0 cnos.
ITpousBoaHbBIe XOAECTEPOAa (KETUHbIE KHCTIOThI} HeoOXOMHMBL I Ne-
peBapMBaHMSA XHUpOB. CTEPOHAHBIC TOPMOHBI, CHHTC3HPYEMBIE H3 XO-
JIECTEpOIIA, YYACTBYIOT B PETY/ISUMH DHEPTETHUECKOTO, BOAHO-COJIEBO-
ro oOMeHOB, MONOBLIX (GyHKUMHA. KpoMe CTEPOHIHBIX TOPMOHOB, MHOTHE
MPOU3BOAHLIE JIMIIMAOB BBIMOQJHSKT DEryfiaTOpHbIC (PYHKUHMM K Aeii-
CTBYIOT, KAK M TOPMOHbBI, B 0U4eHb HU3KHX KOHUEHTpauusix. Hanpymep,
TPOMOOIUMTAKTHBHPYIOWHI dakTop — dochonmnua ocoboil cTpykTy-
DBl — OKA43BIBAET CHABHOE BEMSIHHE HA arperalHio TDOMOOLMTOB B KOH-
ueHTpauuK 10+ M; alixo3aHOWABI, TTPOW3BOAHBLIE NOJIWEHOBREIX XHp-
HBIX KMCJIOT, BHIpabaTbiBaEMble TIOYTH BCEMH THIIAMMU KJIETOK, BbISBIBAKOT
pa3HooOpa3Hble OHoTorHyeckHe 3PQeKTh B KOHLUEHTpaUWAX He Sonee
10° M. M3 npMeed8HHBIX NMPHUMEPOB CIIEIYET, YTO JTHONAb 06gananT
IWUHPOKHM CREKTPOM OMOMOTHYCSCKMX (DYHKLIMIA,

B TKaHsX 4eNIOBEKa KOAMYECTBO PAsHEIX KMaccOB NMIIMIOB cylle-
CTBEHHO pasnuuacTcsa. B XupoBOH TKaHU XUPHl cocTavasnoTr a0 75%



¢yxoro Beca. B HepBHO#R TKaHd AUIMOOR coaep-
XHTCA 10 509% Ccyxoro Beca, OCHOBHBIE W3 HUX ¢oc-
dbomunuael v chuHromuenuts (30%), xonecrepon
(10%), ranrano3uabl M Uepebposnanl (7%). B ne-
UeHW ofllee KOAUYeCTBO JUIIHIOB B HOPME He
npeepiiaer 10—13%.

HapyieHua ofMeHa ANNKHAOE MPHBOAAT K pas3-
BHTHIO MHOFHMX 3a00neBaHMI, HO cpeaM moaeii
HaufoJiee paclpocTpaletibl ABA U3 HHUX — OXMpE-
HHE H aTepocKiIepos.

. CTPYKTYPA,
KNACCUNOUNKALINA

W CBOACTBA OCHOBHbIX
nnmupoB OPrAHU3MA
YENOBEKA

JIMMUABL pasHbIX KIACCOB CYLIECTBEHHO OTMU-
YAKTCA MO CTPYKTYPE M (OyHKUMAM. DOJBLINWHCTBO
AUMUAOB UMEIOT B CBOEM COCTABE AXMPHBIE KUCIO-
Thl, CBSI3aHHBIE CIOXHOIPHPROMU CBA3LIC € TNHLE-
POJIOM, XOJIECTEPOJIOM HJIM AMUAHOH CBA3LIO C
AMHHOCTIMPTOM COOUHIOZUHOM.

A. CTPYKTVPA, COCTAB U CBOMCTRA
KHAPHBIX KUCIOT U ALWITAULIEPOIOR

JKupHble KUCIOTHI B OpPTaHH3ME YETOBEKa MME-
IOT Y8THOE YMCTIO aTOMOB YIJIEPOAA, YTC CBA3AHO ¢
ocoleHHOCTAMH MX OHOCHHTE3a, TIPU KOTOPOM K
YEIEBOAOPOAHOMY pPAOMKANY KUPHOH KUCAOTHI
NocaenoBaTeNbHO O00ABASKTCA ABYXYTJISPOIHBIE
¢$parMeHTHI.

AKupHbie KHCAOTH — CTPYKTYPHbBIC KOMITOHEH-
THl Pa3AH4HBIX JTUNUACE. B cocTaBe TpHUALMIMAU-
LEEPONOB XHPHBLIE KUCTOTH BHIOOAHAOT HYHKLHIO
OEMNOHHPOBAHHUS JHEPrHMH, TAK KAK WX PAIMKANLI
cogepxat Ooratbie dneprueit CH,-rpynner. Fpu
okucaeHun CH-cBsI3el 3HEPrvu BhIAeNHET A 00Thb-
e, YeM IpH OKUCJACHHH YIJEBOOOB, B KOTO-
pPbix ATOMBbl YLAepoJa YXKe HACTHYHO OKHCIEHbI
{-HCOH-). B cocrase (hochoamnuaos U cUHIO-
JMIMAOB XUPHbIE KUCTOTH OOPA3YH¥T BHYTPEHHURM
ruapohobHbIA caoil MeMOpaH, cOpelneass ero
croiicTea. Kupbl U hochoTUluAM GPraHH3Ma NPH
HODMANLHOM TeMIepatype Tela MMeiT XKHIAKYH
KOHCHCTEHLIMIO, TAK KaK KOMMYECTBO HeHACHIIIeH-
HBIX XHPHBIX KHCIOT mpeolbaafaeT Hal HachileH-
HuMH. B ¢ochonvmumax MemOpaH HeHACBIIIEH-

HBIX KHCIOT MOXeET OblTh A0 80—85%, a B cocTase
HUPOB MOAKOKHOIO Xupa -~ 1o 60%,

B ¢BobomHOM, HesTepHUHLHMPOBAHHOM COCTOf-
HHH XUPHBIE KACIOTH B CPraHW3MeE CONEpXarTca B
HeOONbLIOM KONMMECTBE, HAMPHMEP B KPOBW, TAS
OHU TPAHCTIOPTHPYIOTCSI B KOMILIEKCE ¢ GeNKOM
ANLOYMHHOM.

AKHUpHble KUCNOTH JUNUHAOB YeOBEKA Tpel-
CTARMAWT cODO YIISBOLOPOAHYH) HEPA3BETEAEH-
HY10 UeNb, HA ONHOM KOHIE KOTOPO HaxoauTcs
KapDOKCUIbHAs TPYINa, a HA APYTOM — METHJIIb-
Has rpynna {w-yraepoaHbii aToM). BonbliMHCTBRO
AUPHBIX KHMCJOT B OpraHM3Me coacpXaT 4ETHOE
YHCA0O ATOMOB yraepoga — ot 16 ao 20 (tabn. 8-1
U 8-2}). XKUpHbie KHUCIOTHI, He colepkalude NBOH-
HbIX CBs3e#, HA3BLIBAIOT HACHILUEHHBIMH. OCHOB-
HOH HACBILIEHHOH XKUPHOH KMCIOTOW B AUNMOAX
YeJIOBEKA ABIACTCA NAJIBMUTHHOBaA (0o J0—35%),
KMpHBIE KHCIOTBI, COOSPKAWME ABOHHLIC CRA3HM,
Ha3bIBalOT HEHACBIUEHHBIMH. HeHachleHHbIE
KUPHBIE KHCNOTHI NPEICTABIeHbl MOHOEHOBBIMH
(c ooHONH ABOMHOH CBA3LID) H NMONUEHOBLIMH
(C IBYMA W BONBILMM MHCAOM ABOUHBIX CBsI3eit).
Ecnu B cocTaBe XHPHOH KUCAOTHI COASPKATCS ABEC
u HoJiee ABOMHBIX CBA3CH, TO OHH PACTNIONAFAIGTCA
uepes CH,-rpynmy. HMMeeTca HECKOMBKO CNOCO-
0B H300paXeHHsT CTPYKTYPBI XHPHBIX KHCIOT.
[Tpy o603HAMEHNH XHPHOI KHCAOTBI LUPPOBLIM
cuMBoJoM (Tabn. 8-1, BTopas rpada) obllee Ko-
JUYECTBO ATOMOB YIAEPOOA HPSACTABACHO 1LUG-
PO AOQ ABOSTOUMUA, 1IOCAE ABOSTOMMA YKA3BIBAKT
YUCIo ABOHHLIX cBA3ell. [1o3MUU ABOWHOIH CBA-
34 0003HAYAIOT 3HAKOM A, MOCIE KOTOPOTG yKa-
3LIBAIOT HOMEp aroMa yriepena, OauxaHiiero
K kapOOKCHITY, ¥ KOTOPOFQ HaxOOUTCH OBOHHAs
cBasb. Hanpumep, CI18:1A9 o3HayaeT, 4TO XKHp-
Hasi KMCJIOTA COOePKHUT 18 aToMOB yriepoaa 1 oaHy
IBOHHYIC CBA3b ¥ 9-TO aToMa yraepoaa, CUMTas oT
YIAEPOAHOTO aToMa KapfokcunbrHOH rpynnsl. IMo-
3ULMA ABOMHOM CBA3U MOXET ObITh YKA3aHA M IpY-
rMM ¢NOcodOM — HO PacnofOXCHHIO NEpBOH
IBOUHONH CBSI3H, CUMTASA OT METHJILHOIO Mm-aToMa
yraepoaa XKUpHOU kucnotrel. Hanmpumep, nuHone-
Bafg KUchaoTa MoxXeT OBITE 0003HAYeHa Kak
C18:2A9,12 uan C18:2w-6. [lo nonoxeH#HIo nep-
BOH ABOIHON CBA3M OT METHNLHOrQ Yraepoaa mo-
JMCHOBBIC MKHPHBIC KHCAOTHM ASTAT Ha ceMeiicTBa
w-3 1 w-6.

JABoiiHbIe CBA3W B XUPHLIX KHCAOTAx B Opra-
HU3IME HETOBEKA WMEIOT LMC-KOH(MUTYpalMK. 310
03HAYaET, YTO AUWIbHBIE (BPArMEHTBI HAXOOATCA
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No OOHY CTOPOHY ABOHHON cBa3u. Linc-xonHdpury-
palya ABOHHOH CBs3M AenaeT anndaTUdecKyio Helb
XUPHOH KUCNOTBI U3OTHYTOM, YTO HADPYLUAET yno-
PAACYEHHOE pachoNOXeHHE HACHILUEHHBIX padd-
KQIOB XUPHBIX KHUCIHOT B docholunuaax Memo-
paH (puc. 8-1) U CHUXAET TEMIEPATYPY TL1ABIEHMS,
YeM Goablue ABOMHBIX CBA3EH B XMPHBIX KHCAO-
TAX JUNUAOB, TEM HHAXE TeMIlieparypa WX IuUlaBie-
Hus. B tabnuue B-1 BblAeicHBI OCHOBHBIE XKHD-
HbiE KHC/OTH] B JIMMTMIAX YEIOBEKA.

Tabnuua 8-1. CTpoSHME MUPHLIX KMCNOT

KMpHBE KMCAOTBL ¢ TpaHc-KOHDUrypanunei
IBOWHON CRBA3M MOCYT TIOCTYIIATE B OPraHM3M C
Ouwiei, HAMpUMeEp B COcTake maprapuHa, B atux
KHCAOTAX OTCYTCTBYET H3A0M, XapakrTepHplit Aad
LIMC-CRSA3H, TIOITOMY KUDbL, coaepXallie TAKNE He-
HACKILEHHBIE KUCIOTHI, UMEOT O0Mee BhICOKYI)
TEMIEPATYPY MNABNEHKUA, T.e. Golee TBEPABIC NO
KOHCHCTEHLHH.

BOABUIMHCTRO XUPHBIX KMCAOT CHHTCINPYETCS
B OPTAHKU3ME YEJIOBeKa, OAHAKO NOJHEHOBRIE KHUC-

Ha3zpanHe Ku¢A0THI Cn:m w CTpyxrypa KHCAOT
HachilieHHbIE
MHpHCTHHOBaA 14:0 CH;-(CH;),,COOH
HanapMuruHosan 16:¢ CH-(CH,)4COOH
CreapuHoBan 18:0 CH-(CH,);;COOH
Monoenosgle
IaneMHATOONE- 16:1A9 CH;-(CH,)}sCH=CH-(CH;);-COOH
HHOBAS
Qnentosan 18:1A9 CH;-(CH;);CH=CH-(CH,)-COOH
[MonHeHoBBIE
JIunonenan® 18:2A9,12 6 CH;-(CH;)s-CH=CH-CH,-CH=CH-
(CH;),-COOH
o~-JiunoneHosas* 18:3A9, 12, 15 3 CH,-CH,-CH-CH-CH,-CH=CH-CH,-
CH=CH-(CH;),-COOH
JiikozaTpreHoBas 20:3A8, 11, 14
ApaxupoHoBas** 20:4A5,8, 11, 14 CH;-(CH,);-(CH,-CH=CH)4
(CH;),COOH
IKOIANEHTACHOBAS 20:5A5, 8,11, 14, 3 CH,-CH,-(CH=CH-CH,;)s{CH;);COOH
(TMMBOsIOHOBAR) 17
Jloko3omneHTagHoBas 22:5A7, 10, 13, 3
(kmymarogoroBan) 16, 19
JlokozarekcaeHoBas 22:6A4,7, 10, 13, 3
16, 19

Mpumevarua: Cn:m — YACNO aTOMOB yrnepoaa (n) i YMCno ABOAHEIX CBAZEW (M) B MONEKYNE XUDHON KMCNOTEI, W (6, 3) — HoMep
YIASPOOHOrO ATOMA, ¥ KOTOPOr0 HEXOAWTCA NepBan NROHHASR CBR3b, CHUHTAA OT W- (METUNLHOTS) atoma yrmepoaa; D — noawyua
OBOAHOW CBA3M, CYMTAA C NEPBCro, KAPGOKCWNBHONCG ATOME YINEPona; * — XHUPHLIE KACMOTE!, KOTOPEE HE CHHTESWPYIOTCA B
opraHuame {He3aMeHUMbIR); * — SPEXMACHDBAS KMCMCTA MOXET CHHTEIMPOBATECA M3 MMHONEBON KUCNOTLI.
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TaGanua 8-2. CocTas MUMPHBIX KWCNOT NOAXOXKHOrG XKHpa YERoBeKa

Ha3zpanHe KHCJIOTHI Cn:m Conepxanme, %
Mupueruuonas 14:0 24
[TanLMUTHHOBASA 16:0 23-30
ITansMHTOONCHHOBAA 16:1 3-5
CreapuHOBas 18:0 8-12
OueHHOBAA 18:1 20-25
JaHonepan 18:2 10-15
Jvuonenosas 18:3 <2
DHKO3ATPHEHOBAN 20:3 <1
ApaxuoHoBan 20:4 <2
DiK03aMeHTaEHOBAS 20:5 <]
Ofmce KOTHYECTBO,

HachuneHHBX KUCAQT 33-38
HeHacHIeHARX KHCIOT 42-58
A H H B
C=C
COOH N

T

Puc. 8-1. KoHurypaunn pagHkanoe uUpHeIX KUCAOT. A — M3A0OM Pagukana XUpPHOH KMCNOTL NPH ABOAHOW CBASY B UKC-KOHDWrypa-
ymi; B - Hapywerne yHopANoYEHHOre PACTIONOXEHUA PABMKaNOB HACKHLEHHLIX KUPHEX KWUCNOT B rMApedioGHOM cnoe menmBpad HeHa-

ChILEHHON KUCNOTOR € UMC-KOHPUFYpaLMen OROHHOW CBAIM.

JOTHI (JITHONEBAst W (-JTMHQJICHOBAsA) HE CHHTC-
JUPYVIOTCS M MOMKHBI MOCTYNAaTh ¢ IIMMICH. DTH
JKHPHBIE KMCIOTHI HA3LIBAIOT HE3AMEHHMBIMH, HJIH
ICCEHNHANLHBMH. OCHOBHBIE HCTOYHHKH [MOJH-
€HOBBIX XMPHBIX KHCIOT LIS YETOREeKd — XKHI-
KHE PACTHTEIbHLIE Macaa M PbIOUA XKUD, B KOTO-
POM COMEPKUTCA MHOIO KUCJAOT CEMEUCTBA -3
(tabn. 8-1, 8-3).

AIITAHIEPOAEI — CII0XHbIE 3DHDLI TPEXATOM-
HOTO CTMPTA TMLEPOAa U XMPHbIX KMCTOT. TiHie-
POJ1 MOXKET ObIThb CBA3AH C OAHOMN, IBYMS WIH TPEMSs
KUPHBIMW KHCJIOTAMH, COOTBETCTBEHHO 00pasys
MOHO-, OM- uad Tpuauuarmmueponsl (MAI, JAT,
TAT). OcHOBHYIO MACCY FMIIMAQB B OPTaHU3IME Ye-
NOBEKA COCTABMAIOT TPMALIWITAHLEPOAB — XHPLI.
¥ uyenoseka ¢ maccoit Tena 70 xr B HOpMe codep-
xuTes 00 10 kr xkupos. OHKW 3anacaloTest B XMPO-
BbIX KJIETKAX — agMIIOUMTaX M MCIIONL3YIOTCS TIpH
TOMIOJAHMH KaK UCTOYHHUKH IHEPTUH.

Mol10- H AMALWITIHHEPOIb 0OPA3YIOTCs HA NPO-
MEXYTOUHBIX 3Tanax pacnaja M CHHTE3a TpHauWI-
FINLEPOJIOB. ATOMbI YIIEPOa B LIMLEPOIE No-pas-
HOMY OPHMEHTHDOBaHEl B MpoCTpaHcTee (puc. 8-2),
MO3TOMY (PePMEHTBI PAIMUYAKOT UX M CIelHpuiec-
KH OPUCOCAMHSAIOT XHPHBIE KUCIOTH Y MEPBOTO,
BTOPOTO U TPETLEr0 aTOMOB YItepoJa.

HoMeHKJIATYpa # €OCTAB NMPHPOOHLIX TPHALHJI-
rmmeponos. B monekyne OpvposHOro Xvpa coaep-
XATCst pasHble XKUPHble KUCIOTE, Kak npaeuio, B
nosuumsax 1 ¥ 3 Haxomarca 6oMee HACLILEHHBIC KUP-
HBIE KHCJIOTHI, @ BO BTOPOH MO3UIIHH — FOJIHEHOBAsS
Kucnota, B HasBaHMM TPHALMIITIHUEPONA NEPEYHC-
JBUOTCA Ha3BaHHA PasvKATOB KMPHBIX KMCIOT, Ha-
4YMHAA € NEPBOIO YIMEPOIHOIO aTOMa ITULIEPONA, Ha-
NIPHMEDP MATBMHTOHT-TIMHONCHOWT-OJIEOHTTIHLEPOT.

Kuppl, colepXallye MPCHMYILECTBEHHO Ha-
CHILUEHHBIE KHCIOTHI, RBASIOTCA TBEPABIMK (TOBA-
KM, OapaHUit XKUPbL), 2 conepxaulue 6o/IblIoS KO-
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Puc. 8-2. MNpocTpancTeenHoe pacnonoXeHWe YINepoaHeIX aToMOB ravuepona.

Tabnuya 8-3. CoCTAB XUPHBIX KUCNOT W TEMNEPaTYPa MIABNEHWA HEKOTOPLIX NMIEBLIX JKHPOB

Hupsi Temnepatypa Hacelmendnbie HeHachiLIeHE bLIE FKHPHEIE
nnaejeHusn, °C KHCI0TBL, Y% KHCAOTEL, Yo
18:1 18:2 18:3 20:4 20:5

Monoublit* +H28-33) 52-70 2740 3-5 <l cT. -
Carnoit +(36-46) 3745 37-50 8-10 1 cll. -
I oBsxuil +(44-51) 53-60 42-43 3-5 <1 - -
Bapanmii +{46-55) 55-65 3643 3 0 - -
Priouii —{2-7 16-20 20-22 2 3 3 68

Maciia
IToxcomueynoe —16-19) 10-12 21-34 51-68 2 - -
OnnekoBoe (0-6) 10--19 64-85 4-14 =1 - -
KyxkypyzHoe —{10-20) 10-14 3840 43-47 <3 : -

MpHMeuaHua: cn. -— KUCNOThl, NPUCYTCTBYIOWME B HE3HAUMTENLHBIX (CNEACBEIX) KonudecTeax. B puiGbeM Xupe, kpome yKasaH-
HEIX KHCOT, MPUCYTCTBYIOT 22:5 wupHas kuenota {(knynarogoxoeas) — no 10% w 22:6 (uepeonasas) — no 10%, xoTopbie
HEOBXOOWMBl PNA PORMHUPCBAHNS STPYKTYP POcthONMNMAOe HEPEHOW CHCTEMbI YenoBeka. B apyrMx Tunax nNpWpCaHbIX XKpoB
OHM NPAKTHYBCKW OTCYTCTRYIOT, * — XMPHLIE KWCNOThI C 4HCNOM aTOMOB yrhspofa oT 4 Ao 10 conepXatca B OCHOBHOM B AMNWMOAX

MONOKE.

JNIAYECTBO HEHACBIUMIEHHBIX KHMCIOT — XWIKHMH.
ZKuaKHe KUpbl WKW Macia OOLIYHO HMEKT PacTH-
TeJBHOE NpoHCcXoXaeHne (Tadn, 8-3).

M3 XMBOTHBIX NMULUEBBIX XUPOB HAHDO/IEE Ha-
chlllleH fapaHWii XHp, KOTOPRIA MPAKTHYECKH HE
COACPAKHUT HE3AMEHHMBIX KHCA0T. LIeHHBIMU nH-
ILEBBIMH XKHDAMU ABISIOTCA PuIOMIT KNP M pacTu-
TeNIBHBIE MAcha, COACPXALME He3aMeHHMbIe XXUp-
HBIE KHCAOTBI. B opranmame peié MoAHEHOBEBIES
KHUPHIE KHCTOTH w-3 H w-6 TAKKe He CHHTe3upy-
10TCA, PHICH TMOJYYAIOT UX ¢ NMUIIEH (BOJOPOCIIH,
MAAHKTOH),
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B. CIPYKTYPA U KJIACCUOUKALMSA
@OCPONUITHIOB U COHUHTOJIATIHIOB

Qochonunuas — paszHOODPAIHAA rpyIna JH-
[MHI0B, COACPXAIKX B CBOSM COCTABE OCTATOK
dpochoproll kucnorsl. Docdonunuasl OEnaT HA
raniepodoconMnuabl, OCHOBY KOTOPAIX COCTAB-
JIAeT TPEXATOMHDBIH CIMPT TAMUepon, U cpuHro-
pochonunuael — TPOHIBOAHBIE AMHHOCIIHPTA
cpuurosuya. Moconunuasl umewT aMEUdUIb-
HBIE CBONCTBA, TaK KakK colepxar amudaruycc-
KHe PAIHKATB XKMPHLIX KUCJIOT U Pa3IuyHbIe No-



napHsie rpynnbl. Biarodaps cBOWM cBOCTBAM
ochonunuabl He TOALKO ABTATCA OCHOBOR BCex
KJETOUHBIX MEMOPAH, HO W BBIMOMHSKOT APYIHe
(GYHKUMY: 00PalyIOT NOBEPXHOCTHELT THAPODUHIE-
HbIii CI0H TUTIOTIPOTEHHOR KPOBH, BLICTMIIAIOT MO~
BEPXHOCTL ANLBCON, TIPEIOTRPALLIAA CTUAHME CTE-
HOK BO BpeMs Bblaoxa. HekoTopoie drocdomuniin
YYACTBYIOT B Mepeiaue ropMoHalLHOrO CHIHANG B
KieTky. Chunromuenunsl apnsawoTtcs docdon-
MUIAMH, (OPMUDPYIOIIUMHA CTPYKTYPY MUEIHHO-
BhIX ODOMIOUEK M APYTHX MEMODAHHBIX CTPYKTYp
HepBHb]X KJIETOK,

Iimuepodochomnuanl. CTpyKTypHasi OcHOBA
ranttepodocdonunuios — ravdepon. uuepo-
ochonumMarl (paHes UCNOAB3YEMbIE HA3BAHUSA —
dochornuuepuas M GocdoallHATINOEPOIB)
MpPeACTABASAIOT CODOM MONSKYNbl, B KOTOPbLIX B¢
KMPHBIE KHCTOThI CBA3AHDBL ¢TOKHOIDUPHOIN CBA-
3bi0 C TAWLEPONOM B NEPBOA W BTOPCH MO3MUN-
AX; B TPETbE NO3IUIIUKM HAXOHUTCH OCTATOK oc-
GOpHON KUCAOTBI, K KOTOPOMY, B CBOK Ovepels,
MOTYT ObITh MPHCOSAWHSHBI PA3TWUYHBIE 3aMec-
THUTENW, Yaule BCETO aMMHOCIHPTEL {Taba. 8-4,
pyc, 8-3). EcIU B TPeTbeM NONOXKEHHH HMEETCA
Tonbko rocdopHas KMCI0Ta, To rauliepodocdo-
JUNHA HasbiBacTes PochaTHAHON KucnoToi. EE
QCTATOK HA3BIBAIT <«pocdaTHands; Ol BXOOHWT B
HaiBaHUe OCTAlbHBIX CIHUEPOGOCHOTHNHIOE,
[0C/€ KOTOPOro YKA3BIBAIOT HA3BAHWE 3aMECTH-
Tes aToMa BoAopoaa B (hocOpHOR KHCIOTE, HA-
npumep thochatununstanonaMuH, dhocdatuami-
XOJWH M T.A.

GocdatuaHag KMCI0TA B CBOSOIHOM COCTOAHMHA
B OpPIrdHW3Me COISPKUTCH B HEOOJBLIOM KOJMUE-
cTBe {CM. pasgen 5, tabn. 5), HO ARIAETCA NpoMe-
AKYTOUHBIM NPOAYKTOM HA DIYTH CHHTE3a Kak Tpu-
AUMNMTMLEPONIOB, Tak M KiHuepodochoIHnnIos.
Y rmuuepodocdOonUnuaos, Kak 1 Y TPUALWITIH-
LEPCJIOR, BO BTOPOH TO3MUWH HAXOLITCH TIPEHMY-
LLIECTBEHHO FAOAMEHOBBLIE KUCAOTBLI, B MOJeKyne
docthaTHANNXOAUAL, BXOAALICTO B CTPYKTYPY MEM-
OpaH, 3T0 value BCEro apaxujoHOBas KUCAOTa.
Kupawie kucnotbl dochormanios memMopan oT-
JIHYATCH OT APYIUMX TWIMUAOR YEMOBEKA npeobia-
AAHHEM TIOMHEHOBBIX KUCAOT (io 80—85%), uro
00ecneuMBacT XKHIKOE COCTOSSHHE rHApodoGHOro
clod, HeobxoauMoe ANt PYHKHUGHHUPOBAHUS Den-
KOB, BXOMSLLUMX B CTPYKTVPY MeMBGpaH.

ILnasmanorensl. 1nasmanorensl — docgonunu-
Abl, ¥ KOTOPBIX B NEPBOM FONOXKEHHU TAMLEPONIA
HAXOINTCH HE XKHMPHAA KUCROTA, a4 OCTATOK CnivpTa
¢ NAMHHONW THMATUYECKON UENbLio, CBA3ZAHHDIEH
MPOCTOH IPHUPHOH CBA3LIO.

XapakTepHbiil AIpH3IHAK NMAAMATOTEHOB — ABOH-
Hasi CBA3L MCKAY TEPBBIM M BTOPBIM aTOMaMM
yriepoaa B anKWALHOH rpynne (puc. 8-4). Tlaas-
matoreHst OpiealoT 3 BHAOB: ochaTHIANBITAHO-
AaMHHBI, hocthaTHaANbXONUHBL U thochaTHaanb-
cepuHbl. Itazmanorensl coctasnstot o 10% doc-
dronunuios memOnaH HepBHOL TKaHH, OCOBEHHO
MHOTO X B MHEIHMHOBBLIX 000T0YKAX HEPBHLIX KJie-
TOK.

HekoTopele THOB NIa3MAACTEHOB BhI3BIBAIOT
OYeHDb CHIbHBIE DHoMoruueckue »G@PeKThl, ueki-

Tabnuua 8-4. Knaccudmkaums rmvuepocthocthonMnuaoe M chuHronunuaos

AUHATIHLEPOIE Doc@oTHIIHABE CohAHronunuasl
Tpranunraunepoens Cohunromuenvae*
InuuepothochonHmmb: Frukonvnuae:
Juauuarnuuepons @ocHaTHAHIXOIHH LepobGpoauim
MOHOAUHITTTHLEPOITEI @ochaTnanIcepun [Cnoboznast
DocharnanmranonaMuH CynegaTHan!
PocdaTrIuaraHucpon TFaarnnoanae
@ocdaturrnuaozHTONOHC ) OChaT
QocdaTranan
KHCOT2
Kapavonunu (audochaTHauarnMuepor)

* CpMHTOMMEZIMHEL OTHOCAT KaK K (POCHONHINIAM, TAK U COHHTOTANMIAM.
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Pue. 8-3. OcHOBHBIE rMvuyepothacONMNMAL! B OPraHHIME YENoBeKa.
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A. ochatnaansaTalonamwH

Puc. 8-4. Mnazmanorexsi.

CTBYA Kak meauaTopbl, Hampumep, TpoMBOuMTaK-
THBUpYIOiWHN (daxkTop (TAP) cTUMyaMpyeT arpe-
raumnio TpoMbouuTor, TAD otauuaerca oT apyrux
TJ1a3MAN0TeHOB OTCYTCTBHEM [IBOHHOH CBS3W B
ANKHWIBHOM PaIHKAIE H HAMTWYMEM aleTHIbHOM
TPYTINGI B0 BTOPOM TOMOKEHWH NIHUSPONA BMECTO
AHHMPHOH KMC/IOTHI,

TA® poigensieTcsi U3 ParcUKTHPYIOIIHX KNETOK
KPOBM B OTBET Ha pasApaXeHHe W CTHMYJIHpPYeT
arperanul TpoOMOOLIUTOB, YUACTBYS TAKWM 0Opa-
30M B CBEPTHIBAHMM KDPOBW. DTOT haktop 0bye-
JIOBIMBAET TAKXKE PA3BUTHE HEKOTOPLIX NIPH3HAKOB
BOCMIAJIEHHS] M AMAEPIHYSCKHX PeaKLMi.

Cunroannuam

AMHUHOCIMPT CHUHTO3UH, cocTOSIIKA K3 18 aTo-
MOB YTJIepoaa, COOEPKHT MMAPOKCHALHLIE IPYTIIHI
H aMuHorpynny. CHUHro3uH obpasyeT GOALIIYIO
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BE. TpOMBOLUTAKTUBUPYIGLLIMA
chaktop (1-anmn, 2-aueTun-
rmuuepon-3-hocoxonuH)

TPYNNy JUMWACE, B KOTOPBIX XHUPHAd KHCIOTA CBS-
3aHa ¢ HUM Yepes amuHorpynmy. IlpomykT B3au-
MOAEHCTBHA CHUHIO3ZHMHA M KMPHOK KUCIOTH Ha-
3bIBAiOT <uepamnia» {puc. 8-35). B uepamugax
JXKHUPHBIE KHCTOThL CBA3aHb HEOOLIYHOM (AMMAHOIA)
CBSA3bIO, 4 THAPOKCHALHEIE FPYTIIE COCOOHL! B3a-
UMOJeHCTBOBATE C APYTHUMHE panMmxanamiu. Llepa-
MHABl OTJIKYAKOTCS pPAEMKATaMM XHUPHBIX KWUCTTOT,
BXOAS1IHX B WX cocTaB. OObIYHO 3TO XHUPHbIE KHC-
JIOTHI ¢ BONBILIOH ANHHOH Lern — oT 18 1o 26 arto-
MOB yTACpOJa.

Chuaromuenussl. B pesyibrate MpucoeaMHeHUs
K OH-rpynne uepaMuaa ¢pochopHOH KHCIOTHI,
CBA3aHHONI ¢ xonaWHOM, obpaszyeTcA cPHHTOMUME-
nuH (puc. 8-3). ChHUHTOMUETMHB — OCHOBHLIE
KOMIIOHEHTH MHEJIHHA W MeMOPAH KJIETOK MO3ra
M HepBHOU TKaHH, CMHTOMUENHHBL, KaX U M-
uepodochornuor, HMeT aMmbHUdIWIbHbIE CBOKH-
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Puc. B-5. MpouasonHeie cOMHrOIMHA: LiepaMMa H chUHTOMUENWH.

CTEBa, OOYCAORBMEHHBIE, C OAHOH CTOPOHbI, pANUKA-
JOM KUPHOM KHMCJAOTHI U anu@paTHUecKoH LCIBIo
camoro ¢pUHro3nHa, a ¢ APYTOR — MIOUIAPHOI 06-
nacteio pocopuaxonrHa,

Tmekomunuapt. LepaMuabl — ocHOBA 0OABLLIOH
PYNIBL TUMHACE — TJAMKOJIWIHACE (CM. BbIlIE
Tadn. 8-4). Bomopoa B rHAPOKCHABHON TPYITE LE-
paM#ga MOXeT DbITh 3aMEIIEH Ha pasHBIE YyTie-
BOIOHbIE (DPATMEHTRI, YTO GIIPEAEHHET TIPUHALIEK-
HOCTh TNHMKONUMUAA K QMPeaeEHHOMY Kaccy.
I THKOMHMITUOB HAXOONMTCA B OCHOBHOM B MeMOpa-
Hax KJIETeK HepBHOM Tkanu, Hassanus «uepedpo-
3UIBl» W «TAHTIHO3MIbLI» YKA3BIBAKIOT HA TKAHH,
OTKYOAa OHH BIICPBbIC OBLUIM BLLACMCHLI.

Hepedposnapl. Llepedpo3napl UMEIOT B CBOEM CO-
cTape MoHocaxapuael. Haubonee pacnpocTpaHeHbl
uepedpoiuabl, UMellde B CBOEM COCTaBe ra-
nakro3y {ragakrouepedposna), pexe — [JHOKO3Y
(rmokouepedposun). Lepebpoanntl cogepxar HEo-
OblyHbIe XUPHbIE KUCIOTH, HAMpHUMep, ranakTo-
Luepedposua QPeHO3HH COLEPXKHUT LEpeOpPOHOBYIO
KMCAOTY — 2-THAPOKCHKUCIIOTY, coaepXallyio 24
aToMa yraepona {pHc. 8-6).

Caodosunm. IMoGo3MAbl OTIHYAKTCH OT Hepeb-
PO3UAOB TEM, 4TO UMMEKWT B CBOEM COCTaBe He-
CKOJIBKO YIIEBOAHBIX OCTATKOB, CBA3AHHLIX C Lig-
paMUIOM:
HepaMUa—TI0K03a—TalakTo3a~rajaKkroza—N-ane-

THIFAJIAKTO32

Lepebpozuasl ¥ r1e003MOBI OTHOCAT K HEHT-
PAIBHBIM CHUHTOAWITMAAM, TAK KaK OHU HE €O-
JepXaT 3apAXeHHbIX TPYII.

Cyapparuam. Muapokewn y TpeThero yrnepon-
HO[O aTOMA MOHOCAXaApMAA, BXOJALIETO B COCTAB

uepedbpo3nma, MOXET CBA3bIBATH OCTATOK CEepHOW
KUCAOTRI, T.e. cyandatupobarkesa. B aToM ciyuae
obpasyioTes cykparuisl, obnagailine cBOUCTBA-
MM KHCNOT W fIO3TOMY HA3bBIBAEMbIE KHCIBIMH
churaronunuaaMu {puc. 8-7). [lpu dpuzuonoryyec-
KMx 3HadeHusix pH cyasdarupoBaHHbIH yTiieBOI-
HBLA OCTATOK MMEEST OoTpMLaTeNbHLIA 3apsan. Oko-
Jo 25% UepeBpo3uIoB MO3ra TIPEJCTARISIOT CODOI
cynbaTupoBaHHbie rpouspoaHbie. Cynbdarnuis B
3HAYMTEILHBIX KOJMYECTBAX HAXOAAT B OLJIIOM Be-
LIECTBE MO3TA.

Tlanrauoanapl — HauGonee CIOXHBIE N0 COCTABY
Jaunuasl. OHM cONepkKaT HECKONBKO YINECBOAHBIX
OCTaTKOB, CpPedH KOTOpPLIX NMPHUCYTCTBYeT N-aue-
TUNMHelipaMuHoBaa kuchorta. HefpamuHosasa Kuc-
noTa NPeJCTABIAET COO0OH YIJIEBOI, COCTOALIMNA K3
9 aroMOB YTIepoaa U BXOAALIWH B IPYIY CHATO-
BbIX KMCJOT.

Crpoenue radmmoznna G, MOXeT ObITh mpea-
CTABACHO CNEAYIONIECH CXEMOM:

Llepamug — rnokoza — ranakrosa — N-aueTunranakrozaMud
|
N-aueTunHenpaMUHOBER KMCNOTE

HoMenknarypa ranrmosuaos. I'aHIIHO3UIbI 060-
3nayvasot Oyksol G, nanpumep G_,. Huxuui un-
oekc B Buae oyks M, D, T u Q o3HavaeT, YTo
MOJIEKY1a TaHrIHo3Maa coaepxkut 1, 2, 3 wiu 4
OCTaTKa CHaoBbIX KMCIOT. 1nudpa v HUXKHETO HH-
IJekca 0fo3HavaeT cneuMpHULCKYIO MOCNeNoBaTE M b-
HOCTL YOMEBOJOB B raHrnuosuae (puc. 8-8).

laHTAHO3MABL COASPKATCH B OCHOBHOM B TaHT-
JIMO3HBIX KICTKAX HEPBHOW TKAHHM, OTKYAA OHU ¢
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Puc. 8-6. Llepebpoanasl.
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Puc. 8-7. Cynbdarnabl.
N-ateTuiranakyosamms
CH20H
HO 0O
H
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MAokoaa

anakroaa

oM H

N-ayeTunHeApamMHoBan
KWCHOTS

Puc. 8-8. Manrnwoznn G .
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MOAYYHIN ¢BOE Ha3zaHue. OIHAKO TaHTIHO3KIBI
HAXOMATCH WM B ILTA3MATHUYECKHX MCM@paHaX MHO-
T'MX KNETOK — 3PUTPOLMTOB, renaTounTOB, KICTOK
ceNe3eHKHM W Apyrux opraHos. I'maBHas poib raHr-
JHO3HIOB OIPENCIaeTCsd HX YYaCcTHEM B OCYIMCCTE-
JEHHUH MEeXKIEeTOUYHBIX KOHTAKTOR. HEKOTODHE
TaHIIMO3MILI CAVKAT CRBOeoOPaIHBIMU PeLenTopa-
MH IS pala OakTepuanbHbIX TOKCUHOB.

B. CtEPOHIBI

Crepouabl — MMPOU3BOAHBIE BOCCTAHORIEHHBIX
KOHISHCUPOBAHHBIX IMKITHYECKHX CUCTEM — LIUK-
JoneHTaHne prugpodeHAHTPEHOB.

B opraxuame uenoBeka OCHOBHOI CTEpoOMA —
XOJIECTEPO/I, OCTAAbHBIE CTEPOUABI — €r0 MPOU3-
BoAHbie. PacTeHns, rpudbl U APOX KM He CUHTE3H-
DYIOT XOJIECTEPO], HO 00pPa3yioT pasHOoObpasHble
(purocTeponbl U MHKOCTEPOJIbl, HE YCBAMBAEMEIC
OPTAHU3MOM YeloBeKa. bakTepuu He CHOCOOHBI
CHHTE3HUPOBATE CTEPOHALL.

XonecTepos BXOAUT B COCTAB MeMOpaH W BAMS-
€T Ha CTPYKTYPY BUcIon, yBenHyHBas €€ KECTKOCTD.
H3 xosecTeposia CUHTE3UPYIOTCS AHEAUHBIC KHCTO-
Thl, CTEPOMAHBIE TOPMOHEI U BUTaMMH D,. Hapy-
LIeHHe 00OMeHa XxoMecTepona TpPUBOIWT K Pa3BH-
THIO aTePOCKIEPO3a.

XonecTepoa nNpeacTagnaeT codoil MoIeKyy, co-
IepXainyto 4 KOHASHCHPOBAHHEIX KONbLA, 0603Ha-
yaeMble JAaTHHCKHMH OvkeamMu A, B, C, D, pas-
Be¢TBAEHHYID OOKOBYIO Lenb U3 8§ yriepoaHBIX
ATOMOB B IIONIOXKEHHH 17, 2 «aHIyASpHBIE» METHIb-
Hble rpynnbl (18 4 19) W IMAPOKCWABHYIO [PYIILLY B
nonoxeHuy 3. Hanwuume TMAPOKCUNBHOH rpyminbl
MO3BOJISIET OTHOCHTL XOJECTEPOT K CNWPTaM, TO-
ITOMY €0 NPaBWIbHOE XM MHUYSCKOE HA3BAHHE «XO-
NECTEPON», OJHAKO B MEIHUHHCKOH huTeparype
4aACTO HMCOOABLIYIOT TEPMHH «XONSCTEPHHY.

TIpucoenHeHne KUPHBIX KUCIOT CAOXKHOIDUP-
HOH CBA3LI0 K THAPOKCHILHOR TPYIiNe MPUBOIHT
K o0pazoBaHMio >PHPOB xojecTtepona (puc. 8-9).

B nHesTtepuduLMpoBaHHONH thopMe xomecTepor
BXOAWUT B COCTAE McMOpaH pasaHMyHbIX KJAeToK.
{ napoxcuabHasl Tpyna xonectepona odpalleHa K
BOJHOMY CNOW, a XKECTKas ruapodobHas yacTb
MOJIEKYITBL TIOTPYXEHA BO BHYTPEHHHH ruapodob-
HBIH Cnoil MeMOpaHel (CM. puc. 5-3).

B kpoBu 2/3 XOJECTEPONA HAXOOMTCA B 3TEPH-
GHIHPOBAHHOM thopmMe U 1/3 — B BIUe ¢BOOOLHO-
ro xonecrepona. JhUpLI XoaecTepoa ciayxkaT ¢gop-
MO ero AenOHUPOBAHUA B HEKOTOPLIX KIETKAX

(Hanpumep, nedeHu, KOpbl HAAIOYEYHWKOB, Mo-
JIOBLIX Xené3). M3 9Tux meno xonectepol HCIoNb-
3yeTcH AT CHHTE3a XKEMYHBIX KHCJIOT ¥ CTEpOHa-
HbIX TOPMOHOB.

Kémannie kacaeThl. XKETUHbIE KUCIOTH 0BIana-
I0T NOBEPXHOCTHO-aKTHBHBIMH CBOHCTBAMY H yya-
CTBYIOT B TEpPEeBApHBAHHH XHUPOB, SMYABIUPYA HUX
M JAeNnas JOCTYITHBIMM IS OeHCTBHS MaHKpeaTH-
YECKOH JIMTA3LL.

JKEMYHBIE KMCIOTBL — [POMU3BOAHBIE XOJIECTEPO-
Ja ¢ TATHYIAEPOAHOH GOKOBOH LEMBIO B ITONOXE-
HuUK |7, KoTopasi 3aKaHYHEBAETCH KAPOOKCHILHOM
rpyrnnoi. B opraHH3Me YelOBEKA CHHTE3UPYIOTCH
ABe XKEMUHBIC KHCAOTBL XOJIEBas, KOTOpas coaep-
XKHT TPU THAPOKCHIBHBIE TPYIIMEI B MOMOKSHHAX
3, 7, 12 {puc. 8-10), 1 XeHOAE30KCHUXOJIEBAS, CO-
JepXalias ABe IMAPOKCHALHBIE TPYHIIBI B MOAQ-
HKeHuax 3 M 7. Tak Kak KapbOOKCHIBHEBIE TPYNTILL
ITUX XKENYHBIX KHCNOT UMeroT pK~6, OHM He non-
HOCTEIO JTUCCOLIMMPOBAHBI TIpH PHIMONOrHUECKHX
3Ha4YeHWAX pH B KMIUCUHHMKE H HE ARAAWOTCA -
(PeKTHBHEIMM 3MYyAbratopaMd, B neueHW smyiib-
TMpPYIOLUHE CBOMCTBA XEMUHBLIX KUCTOT YBEIUYH-
BAIOTCH 32 CYET peakUWH KOHBIOTALIMK, B KOTOPOI
K KapBOKCWNBHOH rpyrite XKETYHLIX KWCIOT MpH-
COEUHAITCA TAYPUH HAU THHUUH, MOJHOCTHIO
HOHM3MpoBaHHble Mpu pH KWuevyHoro coka. JTH
MPOU3IBCAHBIE — KOHBIOTUPOBAHHBIE XENYHLIE
KUCIOTE — HAXOANTCHA B MOHM3WPOBaHHOI dhopme
W MO3TOMY HA3bIBAIOTCH COMSIMM XENYHBIX KUCAOT.
MMEHHO OHHM CIYXAT TIABHBIMM 3MYJILIaTopamMu
XHPOB B KHUICYHHKE,

Il. NEPEBAPUBAHUE
M BCACbIBAHUE NMULLEBDbIX
nanumpos

C nuuiel B OpraHyaM €XeIHEBHO MOCTYNAeT OT
80 mo 150 r nunmmos. OCHOBHYI0 MACCY COCTAB/IH-
10T KUPbI, HapsAy ¢ TIOKO30H CIIyXKALUWe TTaBHEI-
MH HMCTOYHMKAaMM PHEPTHH. XOTA KATOPHHHOCTb
KMPOB 3HAYWTENBHO BHILIE, YeM YTNIEBOAOB (9 mo
CPaBHEHHIO ¢ 4,7 KKaJl/MOML), TIPH PALMOHATEHOM
MUTAHVH XHPbL ofecneyuBaioT He Gonee 30% or
ODLIET0 KOMMYECTBA KATOPHH, TTOCTYMAOIUX C TIH-
wel. Knakne XKHpbl (Macna) COIEpKAT B CBOEM CO-
CTaB¢ TIOJAMEHOBLIE KHUPHBIE KUCIOTHI, KOTOPLIE HE
CHHTE3UDYIOTCA B OPraHU3Me; TOJTOMY XHIAKHE
JKHDPBI 1OJDKHBL COCTABIITE He MEHee OAHOH TPeTH
KUPOB NUILH, T MTHMUIAMY B OPraHH3M TOCTYNAKT
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Xonectepon Scbup xonecrepona

Puc. 8-9. XonecTepon K erc SMpbl.

OH COOo CoOo
CH; CHjs
CH; CH;
H OH

HO HO H OH
Xonesas kucneta XeHOAEe30KCUXoneaan KuenoTa

Q u _ W _
oH C-N-CH,CCO C-N - CH:CH2—- S0,

CHs CH,

CHj CHy
HO H OH HO H OH
Fnuxoxoneean kMCNoTa TaypoXeHOAE30KCHXONEBAA KUCNOTa

Puc. B-10. XXENYHBIe KHCNOTbI.
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W KupopacTBopumble BuTamMuHBl A, D, E, K. Tlepe-
BAPWUBAHME NHUMWIOB MUK NPCUCXOINHT B KUILLIEY-
Huke. OCHOBHBIE MPOAYKTH FMAPOAH3a (AKUPHbIE
KMCIOTBl U 2-MOHOALIWITAHLIEPOIbE) NOCIE BCACkl-
BAHMA MOABEPraOTCA PECHHTEIY W TOCNSIYIOLIEH
VIIAKOBKE B XWIIOMHKPOHBL (XM) B KJIeTKax Cnusu-
cTOil 000/0UKM KHLIEYHHKA,

A, OMVYNBIUPOBAHUE XHPOB

XKupol cocrasisior 1o 90% sunuaos, nocryna-
omnx ¢ naueii. [MepesaprBaHue XUWPOB NpOMe-
XOOUT B TOHKOM KHUIEYHUKE, OAHAKO YXKE B XKe-
nyake HeGoNbLIAs HACTh XMPOB TRAPONU3YETCA NMOA
NEHCTBUEM «IUNA3LI A3bIKA», DTOT PEPMEHT CHUH-
TEIUPYETCS KENEe3aAMH HA AOPCANBHON MOBEPXHOC-
THM A3bIKA W OTHOCMTEIBHO YCTOWYMUB MPU KUCTBIX
anaveHusx pH xenymounoro coxa, TlosTomy oH
flelicTBYeT B TedeHue | —2 4 Ha XKUDPb! MHILH B XKe-
Jayaxe. OAHAKO BKIAA 3TOH NMOa3bl B NepeBapUBa-
HHe XUPOB y B3POCIBIX NIOAEH HE3HAUMTENEH.
OCHOBHOI npouecc NMEepeBapHBaHHA [MPOMCXOANT
B TOHKOH KHUIKE.

Tak Kak XUpbl — HEPACTBOPUMBIC B BOJE COCNU-
HEeHHd, TO OHKU MOTYT IIOABEpTaThes AeHCTBHIO dep-
MEHTOB, PacCTBOPEHHBIX B BOAS TOJBKO HA TDaHMLE
pazaena das somga/xup. IMosromy AelcTBHIO MaHK-
PeaTHYECKO MUMA3bi, THAPOIHU3YIOIEN XKHUPHI,
OpeaIuecTBYeT IMYILTHPOBAHHE KHPOB. DIMYJIbIH-
poeaHue (CMELIMBaHUE XHpa ¢ BOAOH) POUCX0-
IUT B TOHKOM KHILIEMHUKE MO AeHCTBHEM Coneit
KEmuHbIX KucaoT (prc. 8-11). XKénuHsle KUCAOTHI
CHHTE3HPYIOTCA B MEYSHU W3 XOMECTEPOIA U CeK-
PETHPYIOTCH B kEAUHBIA mMy3wlpe. Cogepxumoe
KENYHOro My3bpIps — KEAYb. ITO BA3KAA XKEITO-
3€NE€HAA KUOKOCTh, COAEPXKAWANA FAABHBIM 0bpa-
30M KEMYHBIE KHCAOThI, B HEDOABLIOM KOMHYE-
¢TBe HMMeTCeA (GochOoAMNUAb U XONECTEPON.
KEmuHble KUCAOTH npeactasnmor coGol B oc-
HOBHOM KOHBIITHPOBAHHbIE KENUHbBIE KUCIOTHE:
TAYPOXONEBYIQ, TJIMKOXOMEBYIO H IPYTHE (CM. BRILIE
puc. 8-10). Tlocae npuéMa XUPHOU MULLIM XETU-
HBIF My3BIpb COKPAlIAETCH W XENUBL H3MMBASTCS B
NPOCBET ABEHALNATUIIEPCTHOM KHULUKH, KETUHble
KHCROTH JeHCTBYIOT KakK JAeTepreHTbl, pacnofna-
rasicb Ha MOBEPXHOCTH Kanehb XUpa M CHUXas
MOBEPXHOCTHOE HaTaxkeHHe. B pesynbrare kpymn-
Hble KaliM XHpa pacnajaroTcs Ha MHOXeCTBO
MEJIKHX, T.e, MPOHCXOANT IMYALIHPOBAHHE XHpa.
BMYALTHPOBAHUWE NPUBOINHT K YBEJIUUEHUID FIO-
UI4TH MOBEPXHOCTH pasaena ¢as XHp/Boda, HTO

YCKOPSET FMAPOIN3 XKWPa MaHKpeaTuieckoit JH-
na’oi. IMyJIbrHPOBaHUID CHOCOGCTBYET H MEpPH-
CTANhTUKA KUIHCYHHKA.

b. I'oPMOHBI, AKTUBWPYIOLLME
MEPEBAPUBAHUE XWUPOB

[lpy nocTyrUleHUM MHILKM B XEAYIOK, 4 34TEM B
KHMLLIEIHHK KITeTKH CTH3HCTOH 0DOMOYKHM TOHKOTO
KHILEUHHKA HAYHHAIOT CEKPETUPOBAaTh B KPOBb TIETI-
THAHBIA TOPMOH XOJMELHMCTOKHRHEH ([IAHKPEO3HMHUH).
BTOT ropmod DefcTeyeT Ha KEIYHBIA TY3bIpb, CTH-
MYAUDPYA ETO COKPALLIEHHE, Y HA SK30KPUHHbLIE K1eT-
KH TTOIKENYAOUHOH Kee3bl, CTUMYIHPYS CCKPELMIO
SIHILEBAPUTENBHBIX (PEPMEHTOE, B TOM 4UCNE MaHK-
peatuydeckoi aunasel. Jpyrue kIeTKd CIM3UCTOIM
0G0A0UKHM TOHKOTO KUINEYHWKA B OTBET Ha NMOCTYI-
JICHHE M3 XKENMYAKa KHUCTIOro COaepXUMOI0 BbLIEA-
10T TOpMOH CekpeTuH. Cekperad — rOpMOH Ten-
TUIHOW MPHUPOAL], CTUMYIUPYIOWUA CeKpeLHIo
Brkapborara (HCO,™) B COK MOLKENYIOUHON Xe-
J1e3nl,

B. T1EPEBAPUBAHME XMPOB
MAHKPEATHYECKOH JNHIIA30H

ITepeBapMBalHE KHPOB — THOPOIN3 XKUPOB NaH-
KpeaTHyecKol aumazoil. OnTUMATbHOEe 3HAMCHHE
pH mnaa maHkpeaTHyeckoit JTHMasbl =8 OCTHraeTCs
OyTéM HeUTpalH3aUMK KUEAOI0 COOEPKHMOr0,
MOCTYNAIOWErD U3 Kenyaka, 6ukapboHaToM, Bbi-
JACAAOUIMMCS B COCTABE COKA MOAKENYIOUHOH Xe-
J1e3bl:

H- + HCO,” -» H,CO, —» H,0 + CO, T.

Briacnsiiouiuicss yraeKUCntti raz cnocofcTByeT
ACMOAHWTEBHOMY TepeMellHBAHWIO COASpPXKHMO-
o TOHKOH KHIIKH.

[MaHkpeaTHUeCcKast TUTa3a BLLACASSTCS B MOJOCTh
TOHKOH KHULUKH M3 MOAKENYIOUHOH Xene3bl BMec-
T¢ ¢ OcakKom Koaumnaloid. Konumasa nmornapaer B
NOCCTE KULWIEYHHMKA B HEAKTHBHOM BHUAE M “ac-
THUHBIM TIPOTEOIN3OM NOA ACHCTBHMEM TPHUTICHHA
fipeBpalliaeTea B akTUBHY10 dopmy. Konnnasa cgo-
HM ruapo¢oOHBIM JOMEHOM CBA3bIBACTCA ¢ NOBEp-
XHOCTBIO MMLE/UIBI 3MYJIBTHPOBAHHOIC XHpa. Apy-
ras 4acTb MOJEKYIbI CIOCODCTBYET (DOPMHPOBAHHIO
Takol KOHGpOpMallMH MAHKPeaTW4IECKOH JHNA3b,
NPH KOTOPOW aKTWBHBLIA LeHTp depMeHTa Makcu-
ManbHO MpUGMHKEH K CBOMM cyOcTparaM — Mo-
Nekynam XMpos (puc. 8-12), Mo3ToMy CKOpOCTh
pPeakUHK THAPOAM3d XHPA PEIKO BO3PACTAET.
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Hupbl nuyr
Mepesapusavue XMpos Gonv < COO-
(aMynbrupoBaHWe, TMOPONNG) pH 7.8 KEMMHLIX KWGNOT

SOMyNbMMPOBAHHLIA XUp
MaHkpeaTuyeckan
nunasla
Konvnasa

L MpopykTel mnponusa
/ OH g

Ouaumnrnuyepon OH KunpHble KUCNOTI

B- Mouoauunrnuuepon
O6pasoBaHne MuLenn (80%)
W BCACLIBAHWE B CNU3UCTYIO
0BONGUKY KMILSHHWKA O

00 ?.:f i
?2(?—‘{% o CO0
£ 3
T 3

CMewaHHan myyenna

KHLIKK

TOHKOH

MonocTs

PecuHTes xupos

=
[=]
§ HQC‘OH 2aL|Hl1—KOA HzC'O'CO'H1
o
5 HC-O-CO-R, ~ H(|3-O-CO-R2
§§ H.C-OH HSKoA H,C-O-CO- R,
2 3
'S £ Ynakoska xvpos
% B XVNOMWAKPOHBI
§ anoB-48
2 XnOMUKPOHL!
5 {Hespenbie) % I )
PopMUpceaHAe 3penbixX l
XUNOMMWKPOHOB
2 anoC-II —_—» anoC-ll @ anoB-48
4 anokE — = anoE
x » >
Qochormnigs

Pue. 8-11. 3rans! NOCTYNNEHWA IKIOrOHHLIX XKNPOB B CPFrAHW3M,
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AKTWBHBIA UEHTP
nUNaa!

C-xoHel

Konwnasa

paruua pasgena
thbaz ropaxMp
{COAEPXKNAT MENMUHBIE KUCNOTLI)

MwopodobHeIR
pnomeH

E - MONEeKyNbl TPUaLMNTNMLEPONOE

Puc. 8-12. Pacnonoxenne NaHKPeaTUuYecKoN NUnasbi M KONKMA3k Ha FPAHKUUS pazena as BORANKUp.

[NaHkpeaTHuecKad JIKI23a THIPOMU3YET XKUPBI
MPEHMYLIECTBEHHO B Tomoxenmsix | u 3 (puc. 8-
13), no3TOMY OCHOBHBIMH TIPOIYKTAMHM THAPOINA3a
SIBNSIOTCA CBOOOITHBIE XUPHBIE KHCAOTH U 2-MO-
HOAUWATTHUEPOILl (B-MOHOALRATIULEPONDBI).

Monekyanl 2-MOHOAUWITIIKLUEPONOB TakXe 00-
JAAAI0T AeTEPreHTHBIMY CROHCTRAMU M CNIOCOOCTRY -
10T 3MYIBTHPOBAHUIO XKUpA.

I'. IIEPEBAPHMBAHHE IPYTUX JHMIINIOB

Kpome xupos, ¢ nuwmei noctynawt gocdonn-
HHAE, QHPB XOIECTEPONa, OAHAKO KOJHYECTBO

ITHX JIMITHAIOB B COCTARE MTULIH 3HAYUTEIBHO MEHD-
we, yem kupos (=10%).

IMeperapHeanue raMuepodochoMINIOS

B nepeBapuBaHnu mHuepodochondnnios yua-
CTBYIOT HECKOABKO (DCPMEHTOR, CHHTE3UPYIOLLXCS
B nomxeyaounoit kenese. Mocdonunaza A, rua-
POJIM3YET CAOKHOZPUPHYIO CBA36 ¥ BTOPOTO aTOMA
yriepoaa MiMiiepona, Tpespaliasl rmuepodocdo-
JUTIMABI B COOTBETCTBYIOMIME TH30GdOChOTHMUIBL.
Ha pucyrike 8-14 npeacrarneH npuMep rUapoinsa
(pochaTHIKIXOIHHOB TIPH TIEpeBapUBAHIH.
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1]
—0-C- 2 HO CH;0OH
0 CHy0-C-Ry \i MNaHkpeaTueckas S Dz
Rz'C-O-(IZH (”3 nvnaa > RE_C_O_qH
CHz-0-C-Rs CH20H
R{COOH
Tpuwaumnrnuuepon RCCOH 2- MoHoaumnriMuepon

Puc. 8-13, Tnpponvs TPHALMATMMUEPONOR NAHKPEaTHHECKOR NUNAazoi,

0
0
il
TRPOANAAAAAN  RCOOH THZO&\/\/\/\/\/\/\/\ RCOOH C‘Hz‘OH
3 H2O H20
HC-C AN A=A .LL, HC-OH LL, HC-0H
0 wocho- o guaodm- |
B " cihonunasza
CH0P - OCHCHN'(CHals - nunasa Az CH,0P - OCH,CHAN'(CHa), CHL0P - OCHCHN'(CHs )
o XonuH o o
docharmaunxonnH NuzobocaTuamnxonvy Muuepodpocoxonun

Puc. 8-14. Nepeeapueadne hochaTUEMNXONUHOB.

Mocdonunasa A, CCKPETHPYETCA B KMLICYHHK B
Buae NMpothepMEHTa H aKTHBUPYETCS YKE B MOJIOCTH
KMUIEYHHAKA MYTEM YaCTUMHOTO NpoTeoiiza, Jns rpo-
ABNEHUA aKTHBHOCTH ¢hoconmnasel A, HeoOXomn-
MBI MOHEI KanblHs,

XKiupHasd KHCIOTa B MOAOXKeHHH | oTilermsieTcs
nod AeHcTBUeM nH3obocdoiaskl, a [Miepodoc-
(DOXOAMH THAPOIM3YETCs Janee A0 MHLEPOIA, XONU-
Ha ¥ ochopHoil KNCIOTE], KOTOPLIE BCACBIBAIOTCSL.
Muzodochomumanl — hOEeKTHBHBIE 3MYITBIATOPH
XKHpa, YCKODSIIOLINE €0 NepeRapHBAHNE.

ITepepapuranne 3¢upoR xoxecTepoa

B coctaBe mALIM XOECTEPON HAXOAWTCA B OCHOB-
HoM B BUAE 3dupos. [vaponus 3(UpoB xonecTepo-
Ja MPOMCXOAUT NMOA JeHCTBUEM XONecTeponscTepa-
3bl — hEpMEHTA, KOTOPLIA TAKXE CHHTEINPYSTCH B
MODKSTYAOUHOM ¥eae3e ¥ CekpeTUpyeTesl B KUlley-
HUK {puc. 8-13). TTpomyKTsl THAPCAN3A (XOAECTEPON
W XUPHEBIE KUCAOTHI) BCACHIBAIOTCS B COCTABE CME-
IIAHHBIX MHLENL.

. IIEPEBAPHBAHHME XHPA Y TPYIHBIX AETEHR

Y IpyAHBIX ACTEH M JETEH MAZAWEro BO3pacrta
OCHOBHON NHUIUER CAYEKHUT MONOKO. MOJIOKO Co-
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JEPXUT XHUDPbl, B COCTAB KOTOPBIX BXOAAT B OCHOB-
HOM XUPHBIE KUCIOTHI ¢ KOPOTKOH W cpeAHeil anu-
Ho¥ anndaruueckux 1eneit {(4—12 aroMop yriepo-
faa). KHpbl B COCTaBE MOJIOKA HaXOASITCS YXe B
IMYIETHPOBAaHHOM, CMELIAHHOM C BOJMOH BHAE,
MO3TOMY OHM CpPa3y Xe JOCTYIHBI JUIS THAPONM3a
tdepmenTamu. Ha xupel MOTOKa B XKenyake geteid
JeHCTBYET JIMIA3a, KOTOPas CHHTEZHPYETCS B XKe-
neszax f3bIka (unasza g3bika). Kpome Toro, B xe-
IyIKe NeTel TPYIHOrO W MJIAALIErO BO3IPACTA Bhl-
pabaTmiBaeTcs KelyaodudHas NMnasa, KOTopas
4KTHBHA NpH HeTpalbHOM 3HadeHHH pH, xapak-
TEPHOM AJNS XEAYAOYHOIO COKAa JeTel, U HE dK-
THBHA ¥ B3pocibix (pH xenymounoro coka ~I[,3).
JTa MITa3a TMAPOAM3YET XUPLI, OTLIEMIAs, B Oc~
HOBHOM, XHPHBIE KHCAOTBl ¥ TPETBEO aToMa yr-
Aepoaa ravuepona, Datee ruaponn3 XUpoB MOJIO-
Ka {IpOJOJLKAETCd B KUIIEYHUKE MOJ ACHCTBHEM
raHKpeaTH4ecKoi Tunasbl. ZKHPHbIE KUCAOTDI ¢ KO-
POTKOHN 1IENbID, KAK BOAOPACTROPHUMBIC, BCAchIBa-
I0TCSl YaCTHYHO YXKe B XKeayake. OcTaibHBIE XWUpP-
HbIE KMCAOThI BCACHIBAIOTCH B TOHKOM KHLUEUHUKE.
Jns pereii TpyIHOTO BO3pacTa OCHOBHBIM HMETOU-
HUKOM BHEPTHH ABJLSIIOTCH XHPbI, B TO BpeM:d KaK
y B3POC/JBIX AIOAEH NPU HOPMAJBHOM NUTAHUH
OCHOBHBIM HMCTOMHUKOM BHEPrHH CIYXKHUT [AIOKO-



XonecteponacTepasa

-

R-C-0

2¢mp xonecTepona

Puc. 8-15. Fuaponua s(hHpOB XONecTEpona B TOHKOW KMILKE,

3a. BcneJcTBHe 3TOro HapylUgHWe NepeBaprBaHHA
M BCACHIBaHMS KUPOB ¥y AeTei Dosee OIMacHo, Yem
¥ B3POCJBIX,

E. BCACBIBAHME NMPOOYKTOB THAPOJIMU3A
JUMATOB B TOHKOM KHILEYMHHKE.
PECUHTEZ xuPOB

Q0pazoBatiye CMEWIAHHBIX MHMUENT M BCACHIBA-
HHe NMPUIAYKTOB THIPO/IH3A

[MpoayKTel THAPOIUIA TUTTHIOB — XHPHbIE KHC-
JOTH € JJWHHBIM YIJEBOAOPOAHBIM PagUKaNOM,
2-MOHOQALUNTITMIEPOITB, XONECTEPO, A TAKXKE CONU
KEMYHBIX KUCNOT 00pasyioT B NPOCBETE KUIIEYHH-
K& CTPYKTYPHS, HA3BIBAEMbIE CMEIIAHHBIMH MULIEA~
Jamu., CmeniaHHbie MHUNENILl NIOCTPOSHBI TAKHM
obpasomM, uTo ruapodofnble YacTH monekyn obpa-
IMEHB] BHYTPb MALUETIB, d THAPOMdUIbHBE — Ha-
PYXY, MOITOMY MHUEMIL XOPOINO PACTBOPAIOTCS
B BOAHOI (haze coMepKMMOTO TOHKOH KHILKH. Cra-~
OHWIBHOCTE MHLE/UT 0DecneyHBAETCHd B OCHOBHOM
CONAMH KETUHBIX KUCA0T, Muuemwie cOmoKaloTes
CO HIETOYHOH KaliMOil KIeTOK c/H3UCTOH 060a04-
KW TOHKOTO KHIIIEYHHMKA, H JHMHUAHLIE KOMITOHEH-
Thl MMLENA AUGBGOYHAUPYIOT Yepe3 MeMOpaHbl
BHYTPb KNETOK. BMecTe ¢ npolykTaMH THAPONH3a
JHMUACB BCACBIBAIOTCA KUPOPACTBOPUMbIE BATA-
MuHpl A, [}, E, K 1 conu xénunbix kicaoT. Hau-
fOnee aKTHBHO COJIM KENMYHBIX KHCJIOT BCAChIBA-
KOTCS B NOIB3IOWIHOA KHIUKe, KENUHbIE KHUCIOTHI
Janee nonasarT YEpe3 BOPOTHYIO BEHY B MNeueHb,
M3 NEYEHH BHOBb CEKPETHDYIOTCH B XKEAYHBIA My-
3bIPE M JIafiee ONATh YYaCTBYKOT B OMYIbrUpoBa-
HHM KMDPOB. ITOT NMYTh XKETYHBIX KUCTOT Ha3blBa-
0T «3HTEPOTENATHYECKAA HHpKyAsous». Kaxnas
MOEKYIIA XKETUHBIX KHCIOT 33 CYTKH TPOXOOUT 5—
8 LHKIOB, H OKOJIO 5% XKENYHBIX KMCAOT Bblaess-
eTcs ¢ (PeKATHAMH.

13—2128

+ H;0O \

RCOOCH

XonecTtepon

Bcacoipanme KHUPHBIX KHCIOT CO CpeﬂHCﬁ A=
HOH ueny, odpaszyviolMxca, HANPUMEp, NPy nepe-
BAPUBAHUM JTMMAOOB MOAOKA, IPOUCXOINT 03 yua-
CTHUA CMENIaHHLIX MMUELT. ITH AKHPHBIE KHCIOTHI
W3 KAETOK CAM3MCTON 00O0MO4YKH TOHKOIO KHIIEY-
HHKA TO0MajarT B KPOBb, CBA3ILIBAIOTCH C HEIKOM
ATBOYMUHOM U TPAHCIIODTUPYIOTCH B TIEUEHD,

Pecuures XKHpPOB B CIM3HCTOH 000N0YKe TOHKOro
KHIICYHHAKA

IMocne BcacklBaHWA NPOAYKTOB THAPOIM3A K-
POB XHPHBIE KUCTOTHl W 2-MOHOAUMATTHLEPOIE B
KJIETKAX CJIM3HCTON 00ONOMKH TOHKOIO KHUIEYHH-
Ka BKJKOYAKOTCA B NMPOLECC pecHHTe3a ¢ 0bpa3oBa-
HHEM TpPHALMATIULEPONOB (prc. 8-16). XKupHbe
KHUCIOTH BCTVIART B peakKUHo 3TEpHUKALIHM
TONBKO B aKTHBHOH dopMe B BMAE TIPOH3BOAHBIX
KOIH3MMA A, NO3TOMY NEPBadg cTaldsd pecHATE3a
KHUPOB — PEAKUMA AKTHBALMK KWPHOW KUCAOTHI;
HS KoA + RCOOH + AT® — R—CO ~ KoA +

AM® + H P00,

Peakuus karandsupyerca QepMeHTOM alufi-
KoA-cuHTeTasoi (Tnokunaszon), 3atem auna~KoA
YUHACTBYET B PEeaAKLHH 3TEPHPUKALIMK 2-MOHOALIUT-
[AMLEpoNa ¢ oﬁpaanaHueM CHavyana AMauHITAM-
Liepoia, a 3aTeM TpHauunrnuuepona. Peakuuun pe-
CHHTE3a XHPOB KATANUIUPYIOT alWiTpaHcdepassbl.

B peakumax pecMHTE3a XKUPOB YYaCTBYIOT, Kak
MPaBMNO, TOJBKO XHUPHBIE KMCIOThl € AJTMHHOMN
YIIEBOROPOAHOH uene). B pecuHTe3e XMpPOB yHa-
CTBYIOT HE TOJIBKO KHUPHBIE KUCIOTHI, BCOCABLIWECH
W3 KMIUEYHHKA, HO W XKMPHBIE KHCIIOTHL, CUHTE3U-
POBAHHBIC B OPraHHU3MeE, MOITOMY M0 COCTaBy pe-
CHHTE3UPOBAHHBIC KUPH OTIWMYAIOTCA OT KMPOB,
nojyyeHHblX ¢ nuwei. OxHako BO3IMOXHOCTH
«ARANTUPOBATE» B MPOLECCE PDECHHTE3A COCTAB NH-
ILEBBIX XHUPOB K COCTABY XMPOB OPraHW3Ma 4ejao-
BEKA OrpaHHWYCHBbl, NMO3TOMY TIPH ITOCTYILAEHWH C
MHILENA KUPOB ¢ HEQOBIYHBIMH XUPHBIMH KHCI0TA-
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Puc. 8-16. PECHHTES XHPOE B KNETKAX CRWINCTOR oBONOYKH TOHKOW KMWKK,

MU, HAMPUMep GapaHLero Xupa, B afUIOLHTAX TIO-
SIBJSIIOTCA AMPHBI, COAESPXKALUIME KMCIOTHL, XapaKTep-
Hple AT 0apaHLeTo Aupa (HACBIUIEHHLIE PA3BETB-
JNEHHBIC XMPHBIE KMCAOTH), B Knerkax CliM3ucTon
0DONOUKY KHLICUHHKA NPOHCXOIUT AaKTHBHBIH CHH-
Te3 TAHUepodOChOTHMUAOB, HEQOXOAUMBIX ANS
(HOPMHPOBAHMS CTPYKTYPHI JTUTIONPOTEHHOB —
TPAHCOOPTHBIX (POPM TUNHACE B KPOBM.

Ofpazopanue >pUpoB XoxecTepoita

B xnerkax cim3HcTOl OGONOUYKH TOHKOH KHMIITKH
BCOCABILMECH MOMEKYNLI XOQJECTEPOJA TAKKE Mpe-
BpalaTcd B 2PUpbl NYTEM B3aUMOASHCTBUSE C
aurin-KoA (puc. 8-17). 3Ty peaklHi0 KaTaiM3Upy-
eT auumxonecTeponauMnTpatcdepasza (AXAT). Or
AKTHBHOCTH 3TONG (hepMEeHTA 32BUCHT CKOPOCTE FO-
CTVILICHWS 3K30reHHOTO XOJIECTEpOaa B OpraHU3M.

B kneTkax 3MHTENRMS TOHKOH KHIIKH U3 XHpPOB,
00pAI0BABILKXCH B PE3YALTATe PECHHTE3A, & TaKXKe
U3 3PUPOB XOMECTEPONA, XKHUPOPACTBOPHMBLIX BUTA-
MMHOB, DOCTYIIMBILIMX C MHUILEH, (DOPMHUPYIOTCS JTH-
MOMPOTEHHOBLIE KOMIIEKCE — XHUJIOMHUKPOHBI
(XM}. XM nanmee MOCTARIAIOT XKHPBI B niepUdepu-
YeCKHE TKaHH.

Hapymeuns oepepapHBaHus ¥ BCACHIBAHMA
xupos. Crearopes

HapyiueHne nepesapuBaHus ¥UPOB MOXeT OBITh
C/IGOCTBHEM HECKONBKHMX NprurH. OnHa u3 HUX —
HAPYHICHUE CEKPellY XKEMUH U3 XKETYHOTO TY3hIps
IIPH MeXaHHUYECKOM TPETITTCTBHM OTTOKY XEMTUM, 3TO
COCTOHHE MOXKET OBITh PE3YNBTATOM CYXEHHA Mnpo-
CReTa XETUHOTO MPOTOKA KAMHAMH, 00pa3yIoMMKCA
B XEIYHOM My3bIpe, W CAABTSHHEM XENTHOIO Npo-
TOKA OMYXOJBHY, PA3BMBAKONICHCS B OKPYXarOLLIMX
TKAHAX. YMEHBIIEHNE CeKPELMH KEMYM TIPUBOAMT K
HApYUIeHHUIC 3MYJTEIHPOBAHMS TNHIIEBHIX XHPOB H,
CNef0oBaTeIbHO, K CHIXKEHMIO CIOCODHOCTH TIaHK-
PeaTHYECKOH IMNaskl THAPOJIH3IOBATE AUPbL.
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HapyiiieHne cexpeumu coka MOMKenyaouyHoH
Kesle3bl W, CACNOBATEHAbID, HEAQCTATOUHAS CEK-
pelHd MaHKPeaTHYECKONW NMMIAa3bl TakKe IPHBO-
HAT K CHUAKEHMIO CKOPOCTH THAPOIH3a XHUPOB.
B oboux ciyyaax HapylleHHE MEPeBAPUBAHUA H
BCacblBAHUS XHPOB MPUBOANT K YBEIHMEHHIO KO-
JIMYECTBA KHPOB B (PEKANHAX — BO3HMKAET CTea-
Topest (XKMpPHEIH cTyn). B HopMe comepxanue xu-
pos B diekanunax cocraeaser He Honee 5%. Ilpu
CTeaTopee HAPYLIAETCA BCAChIBAHWE XUPOPACTBO-
puMBIX BHTaMuHOR (A, D, E, K) 1 HezaMeHUMBIX
KUPHBIX KUCJIOT, NO3TOMY NMPU ATHUTENBHO TEKy-
wreki cTeaTopee pa3BUBAETCH HEAOCTATOMHOCTD 3THX
HE3AMEHHMBIX (haKTOPOB MUTAHUA C COOTBETCTBY-~
OUME KITUHUYECKMMU CUMOTOMAMH (CM. pa3-
nien 3). [py HapyiieHUHM NEpPeBAPUBAHMA KHUPOB
I10X0 TEPEBAPHBAIOTCA M BELIECTBA HEeAUTTHIHON
IIPUPOAbI, TAK KAK XHP OOBOJAKUBAET YACTHLEI
MUILH U TPEIATCTBYeT NeHCTBHI0 Ha Hux dep-
MEHTOB.

lIl. TPAHCNOPT XWNPOB
N3 KMWEYHUKA
XUWIOMUKPOHAMM

JIunuAaEl B BOAHOMR cpelie (2 3HAYMT, H B KPOBH)
HEpPACTBOPHUMBI, TIO3TOMY I TPAHCIIOPTA JIMNHAOB
KPOBEIO B OPTaHH3ME 00pa3yioTCesl KOMIEIEKCHl AH-
nMUnos ¢ GemrkaMu — JTUITONPOTEUHEL.

A, OBIAA XAPAKTEPHCTHKA
JIUTIOTIPOTEMHOB

Bce Tumbl JTHIOIIPOTEHHOB HMEKT CXOAHOL CTPO-
eHHe — TuApothobHOe AIpO U rHAPOMUIBHBIH CcloH
Ha nosepxHoctH (pyc. §-18). ['MapodrnbHbIi cnoit
00pa3oran DefKaMH, KOTOPbIe HA3LIBAIOT aMOnpo-
TEHHaAMM, H aMCbHQ)HJ’[I:HbIMH MOJICKYTAMH NHTIH-



XanecTepon Ahup xonecrepona

Puc. 8-17. Peakums aTepuduKaLy XONeCcTEpOna B KNETKAX CAUaucToH obonoukw ToHko#w kuiikw. AXAT — ayunxonectepon-
aumnTpadcipepasa.

Mepuhepryeck e anenpoTemrHL!
{Hanpwmep, ancA-il, anoC-li, anok;

TpWaLMATALEPOTIb]

XonecTepon (TAF}

docdonunug \

Mappothobusie
AWATHEBI

it rE s
SHhre
iy

MHTerpansHpie Ihupsl
aAncnpoTenHL XCORecrepona
{anoB-100 unu ancB-48)

Pue. 8-18. NUnonpoTerHbl AAA3MBbI KPOBMW,
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noB — dochonunuiaMu 1 xoectepoaoM. [ Mapo-
DHIBHBIE FPYNOBL ATHX MONEKYJT 0OpAlIEHB! K BOI-
Ho# aze, a ruapogolbHbie YacTH — K THApodos-
HOMY fIAPY JUTONMPOTEMHA, B KOTOPOM HAX0OIATCH
TpaHCIopTUpyeMble aunuasl. Hexoropeie anonpo-
TEWHBI WHTETPATLHBIE U HE MOTYT ObITh OTAEIECHBDI
OT NUMCOPOTENHA, 4 APYTHE MOIyT cBoboaHO ne-
PEHOCHTLCS OT OTHOD TUNA AUTIONPOTEUHA K Apy-
romMy. AMOMpOTEUHBI BEITIONHSIOT HECKOABLKO (FyH-
KUHHA:

o (POPMUPYIOT CTPYKTYPY JUIOMPOTEUHOR,

* B3aUMOAEHCTBYIOT C pelenTopaMH Ha MOBEpX-
HOCTH KJIETOK W TAKHM 00pazoM ONpeaessiior,
KaKMMH TKaHsIMH OYAET 3aXBaThIBATHECH IAH-
HbIA THUM AUIIONPOTEHHOB,

* CIVAAT (PEPMEHTAMH HWIH aKTUBAaTOpaMu dep-
MEHTOB, MEHCTBYIOIIUX HA JTWIOTIPOTEHHEI.

B opranusme CHHTE3IUPYIOTCS CASAYIOIIHE THIEI
NUNOTIPOTEHHOB (CM. HMXKe Tadnm. 8-5) XHIOMWK-
poHBl {XM), AMnonpoTeuHbl 0YeHb HU3KOH MAQT-
HocTH (JITTOHIT), AMMONpOTeHHB TIPOMEXYTOY-
Hoil notHocTH (JITITIT]), nunonpoTekHbl HU3KOI
mtoTHoetd (JITTHIT) u aunonpotenHsl BBICOKOR
mrotHoctd {(JITTBIT).

Kaxowmit w3z tanoe JI{1 obGpasyercss B pasHBIX
TKAHAX M TPAHCTIOPTUPYET OMpeAeNéHHbIE TUMH-
Osl. Hanpumep, XM TpaHCNOPTHUPYIOT K30T¢HHBIE
(NuiileBbie KUPb!) U3 KMILIEUHUKA B TKAHH, NOITO-
MY TPHMALLITIHULEPOSLI COCTABIAIOT A0 85% Mac-
Chl 9THX HacTHL.

JITT XopoIo pacTBOPHMBI B KPOBH, HE KOoalec-
UMPYIOT, TAaK KaK UMEIOT HeBoMBIwoN pasMep U oT-
pPHLATEMBHBIN 3apsj Ha MoBepXHocTH, HekoTophle
JIT nerko mpoxomsT 4epe3 CTEHKH Kanwilsipos
KPOBEHOCHBIX COCYAOB M OOCTARMSNIOT JUMHAbLI K
KJIeTKaM.

Boaeiuoi pasmep XM He no3sonsieT um Opo-
HHKATb YE€Pe3 CTCHKH KanWiaspoe, [103TOMY M3
KIETOK KHIIEYHHMKA OHM CcHauyajka nonasaiT B
AUMGDATHYECKYIO CHCTEMY W TIOTOM 4Yepes [NaB-
HBIA IPYIHON NMPOTOK BAUBAKDTCHA B KPOBbL BMECTE
¢ NTUMGOH.

MeTtoa neeaenosanus. Coctas JIIT kposu Mox-
HO UCCAEJOBaTh PasHbIMM MeTogaMH {puc. 8-19).
MeToa yapTpaueHTpudyrMpoBaHHs MO3ROJIET pas-
JenUTh JH 1, HCTIOAbL3yS HX pasiHuHe B IUIOTHOCTH,
KOTOpas 3aBWCHT OT COOTHOLIEHMWSI KOMUYECTBa
UnMuaos W OenkoB B yacTuile. Tak Kak XKUp HMEET
MeHbIUYIO, YeM BOJa, NAOTHOCTh, TO XM, cojep-
warme bonee 85% xupos, pacTonaralTcsa Ha no-
BEPXHOCTH ChIBOPOTKM KpoBu, a JITIBI1, conepxa-
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uiMe HauGoblliee KOJIMYECTBO DEIKOB, HMEKT €a-
MYI0 GOJIBIIYIO TIOTHOCTh M NIPU UEHTPH(YTHPO-
BaHMU PAcTONATAIOTCH B HWKHEH 4acTH LEeHTpH-
tpyxHof npobupku. Tak kak JIIT BnepBbie ObLIM
BbIIENEHBl U3 CHIBOPOTKH KPOBW METOLOM YAbTpa-
UeHTPHPYTHUPORAHHS, TO B HAIBAHWM YKa3blBAIOT
TUIOTHOCTR YacTUH. OMHAKO MeTO[ YAbTPALEHTPU-
byrupoBaHKA HEMPUIOAEH AN LTUPOKOTO KCIOAb-
30BAHUS, MOITOMY B KITMHWMECKHX NabopaTopusx
00BlYHO MpuMeHAIOT MeTod 3aekTpodopesa. Cko-
POCTb ABMXEHMS YacTUU NpH 3nekTpodopese 3a-
BHCHT OT WX 3apsilda W pasmepa. 3apsaa, B CBOKO
ouepenb, 3aBUCHT OT KOAMUECTBA OCAKOB Ha IO-
BepxHocT JIT1 (Tabn. 8-5). Hpn anektpodopese B
rene Bce THIBLE JI[T ABHXKYTCA K MOJOXHTENBHOMY
Ooaocy; GMDKe K CTapTy pacnosaararorca XM, a
JINBI, uMemwwme HauOonblIee KOJIMYECTBO Ger-
KOB H HAUMEHBIIUI pasMep, YAATAKOTCS OT cTapTa
JABNE APYTHX YACTULL.

Cocras JII kpoBH 3HAYMTENBLHO H3MEHSIETCA B
TedeHHe cyToK. B aGcopOTHBHBIH nepuoa (ocobeH-
HO NP YNOTpeOASHUH XUpHOI NUIIM) B KPOBH
noneasiores XM. boraras yrnegpogaMy nuwa cro-
cobcrryer obpasosanmio JITTOHTI, tak kax 3tu JIT]
TPAHCMOPTHPYIOT KUPBI, CHHTE3MPOBAHHBIC B Ne-
YeHU H3 yTheBonos. B nocrabcopOTHBHLIN Nepuoa
H TIPH TOROJAHHH B KPOBM TIPUCYTCTBYIOT TOJIBKO
JITTHTT v JIIIBI1, ocHoBHas (pyHKLHS KOTOPBIX
34KN0YAETCA B TPAHCMOPTE XOJECTEpOd.

B. OBPA3ZOBAHHE XMIEOMWKPOHOB

AKnpel, 06pa30BaBLIMECT B PE3Y/ILTATE PECHH-
Te3a B KJIeTKaX CAU3MCTOH OO0QMIOUKH KHUILEYHUKA,
yrakoseBayTcad B XM. OcHOBHOM anomnpoTeUH B
cocraBe XM — Genok anoB-48. 2tor Henok 3ako-
JWPOEaH B TOM Xe reHe, yto M Genok JITIOHIT —
B-100 (Tabn. 8-3), KOTOpLIA CHHTE3IUPYETCA B IIe-
YcHH. B KUIlIeMHHKE B PE3Y/IBTATE MOCTTPAHCKPHII-
UHOHHBIX TIpeBpalteHHI «CUMTHEIBAETCS» NOCAEN0-
patensuocts MPHK, kotopas koamnpyet Tonpko 48%
oT wimnel Oenka B-100, nosroMy 310T Genok Ha-
3niBaeTca anoB-48, benok anoB-48 cuHTe3MpyeT-
¢l B 11epoxoBatoM JP M TaM Xe MIMKO3ZHAMDPYET-
cs. 3atem B annaparte [oABOAXW NPOUCXOAUT
dopMuporade XM, Ha3bIBaeMbIX <HE3PEIBIMU»,
Mo MexaHu3My 3K30UMTO3a OHW BLIAENHIOTCA B
XWiyc, obpa3yiolllMiicss B TuMMpaTHYECKOH cucTe-
ME KHIUCYHbLIX BOPCHHOK, M u€pe3 IMABHBIA Ipya-
HOM numbatHYecKUil TIPOTOK NONALAIT B KPOBb.
B aumde u kpoeu ¢ JITIBIT Ha XM nepeHocsTca



Tabnwua 8-5. JlunonpoTeHnl — TPAHCNOPTHLIE (HOPMBbl TMNWROE

Taner mmno- XHIOMHKPOHBI JITOHN JITIIIII JITHI JITIBA
NpOTEHHOB (XM)
CocTas, %
Benkn 2 10 11 22 50
on 3 18 23 21 27
XC 2 7 8 8 4
3XC 3 10 30 42 16
TAT 85 35 26 7 3
DYHKIUNA Tpaucnopt Tpaucnopt MpomexyTounas | Tpaacnopr ¥ nanenne
MMOHIOR H3 MHOHAOR, dopma XolecTepona H3bBITKa
KJIETOK CHHTE3HpY- NPERPALIEHHA B TKalH XONeCTepon: U3
KHILEMHHKA €MbIX B JITIOHIT s JIITHIT KIETOK H APYTHX
{IK30reHHBIX NEHeHH 0o AeHCTBHEM JHNONPOTEHHOE.
THUNHIOR) (3HNOreHHBIX depmenTa Hotop
JTHIHA0B) TITT-nHOa3st ANIONIPOTEHHOR A,
C-1l
MecTto SnuTennit Knetku KpoBb Kposb KIleTkH nedenud —
odpa3oBaHHA TOHKOTO nedeHH {(n3 JITIOHII JIBII-npexn-
KHIlIeYHHKA u JITIITIT) TISCTBEHHHKH
IN0THOCTD, 0,92-0,98 0,96-1,00 1,00-1,06 1,06-1,21
r/Mn
Asamerp Bonpue 120 30-100 21-100 7-15
YyacTHI,
M
OcHoBHBLIE B-48 B-100 B-100 B-100 A-l
anaauunonpo- C-ll C-l1 E C-11
TeuHBI E E E

Npwmevanna: ON — hochonvnngel; XC — xonecTepon; 3XC — admps xgnectepona; TAM — TpauunrnuLeponsl.

PYHKYMH SHONPOTENHOB
- B-48 — ocHOBHOW Genok XM,

- B-100 — ocroerow Genox NINOHT], NNH, NANN, saaumoneicTeyeT ¢ peyentopamu NMHM;
- G-Il — akmeatop 1N-nvnaakl, nepedocntes ¢ NBM Ha XM v NNOHN B kpoBew;

- E — B3aumogeicTeyeT ¢ peuenTtopamw NNHM,

- A-l — aKkTHRaTOp thepMeHTa NeunTHH:XoNecTeponatMnTpaHathepasel {JIXAT).

anonpotedHy E (anoE) u C-11 {(anoC-11}; XM
MIPEBPAIAOTCA B «3penbies. XM UMET J0BOABHO
OonpuIol pazMep, MO3ITOMY MMOChe NpHEMa XUp-
HOM NMHILM OHH MPUIAKT [LIA3ME KPOBH ONANSC-
LIUPYIOLIWH, MOX0XKMHW Ha MOAOKO, BHA. XM TpaHe-
NMOPTUPYIOT XHP K PANIMYHBIM TKaHSAM, rA€ OH
YTUITM3IUPYETCA, TIOITOMY KOHLeHTpauus XM B
KPOBH TMOCTENMEHHD CHUXAETCA, U TUIasMa OIbTh
CTAHOBUTCS TIpo3paqHoi. XM Hcye3aloT U3 KpoBUu
B TEYEHHME HECKOILKHX YACOB.

I1pn peakom HacaeOCTBEHHOM 3a00NEBAHUH —
JedeKTe reHa anonpoTeHa B — HapyiwaeTcs cHH-
Te3 OenkoB anoB-100 B neyenn ¥ anoB-48 B Ku-
mreyHuKe. B peaynbtaTte B KNeTKaX CNHU3HUCTOH 060-
JOYKHM KHIWEYHUKA HE chopmupyiotcs XM, a B
neueHn — JITTOHTI. B knerxax 3tHx opraHos Ha-
KaTyTHBaKOTCA KaneaeKW XHpa. Takoe 3aboneBa-
HHE HAa3bIBaeTcA aDeTANUMONPOTEMHEMNA, TAK KAK
sropoe HazeaHue JITIOHTT — npe-p-nmunonpore-
HHBI.
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Puc. 8-19. Paapenexus NUTICNPOTEUHOR CHIBOPOTHM KPOBW. A — MeTof YNETpaueHTRwdyTupoBanvsa. b — meTon anexkTpohopesa B

NOMMaKPHUNAMUOHOM FENe Yepes 2 4 nocns efel.

B. Ucnionb30BAHME BK30OTEHHBIX XKHPOB
TKAHAMH

HeiicTere JMmonpoTeHHIMnas Ha XM. B kposu
TPHALIMILICAMUEPOADL], BXOASAUIME B COCTAR 3PENbIX
XM, rHApONHIYIOTCS GEepMEHTOM NUNOMPOTEHH-
nunasoit, Wau JIT-aunazoeit (puc. 8-20). JTT-nuna-
33 CBAI3AHA C TEMapaHCYIRPATOM (TETEPOMONHCAXa-
PUIOM}, HAXOOHILHMCS HA NOBEPXHOCTH 3HAOTEIUN-
IBHBIX KIIETOK, BHICTWIALIMX CTEHKH KAMWINAPOB
KpoBeHOCHBIX cocyres. JITT-nunasza ruaponuayer
MONEKYAB! KUPOB AC [IHLEPOIA H 3 MONEKYN XUpP-
Hbix kMcloT. Ha nosepxHocty XM pazmuuaior 2
thakTopa, HEOOXOAMMLIX AN aKTUBHOCTU JII1-7Tu-
na3el — anoC-11 v docdommunuast. AnmoC-11 akTu-
BUpyeT 10T bepMeHT, a GochoNumUIbl YIacTBYIOT
B CBA3LIBAHMM epMeHTa ¢ MOBEPXHOCTEIY XM.

JITl-n1nasa CHHTE3MpYETCAd B KJIETKax MHOTHX
TKaHel: XUPOBOK, MBILLUEYHONW, B JETKHX, CeNe3éH-
K¢, KICTKAX JAKTUPYIOLLCH MOAOMHON keneswl. H30-
hepmenTnl JIT1-nHNasbl B pasHbIX TKAHAX OTIWYa-
10Tca 1o 3nadennio K JiMN-munasa xupoBoit TkaHy
nmeet B 10 paz Gonee Bhicokoe 3Hauenue K deM,
nanpumep, JITl-nunaza cepaua, HO3TOMY rMAPONIN3
XHUpoB XM B XMpOBOH TKAaHM NPOMCXOAMT B ab-
COpOTUBHBIN NEpHoA. AMPHBIE KHCTOTBI MOCTYTIA-
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10T B AMMOOUMTE U MUCOONBIYIOTCS JNA CUHTe3a
KApoB, B nocrabcopOTHBHOM COCTOAHWMH, KOTIa
KONMYECTBO XKUpOB B Kposu cHiDKaercd, JIT-nuna-
3a CEPASYHOH MbILILBI MIPOACTKAET THAPOIM30BATE
¥upHl B coctase JIIMTOHT, koTopble npUCYTCTRYIOT
B KPOBH B HeOOJTbILIOM KOTHYECTBE, H XUPHBIE KHC-
JIOTBI MCTIONB3YIOTCA 3TOH TKAHBIO KaK HCTOMHMKH
IHEPrUM, AaXKe [MPH HU3KOM KOHUEHTPALWH XHPOB
B KpoBH. JIT1-1MUrassl HET B MeYEHH, HO Ha TIOBEpP-
XHOCTH KJIETOK 3TOTO OpraHa HMEeTcs Apyrol dep-
MEHT — TICUEHOYHAs JMMaza, He ACHCTRYIOMIAS HA
apensie XM, HO ruaponusyoman Kupo 8 JICITITT,
KoTopble oOpasytorea W3 JITTOHIT.

Cyapfa KHPHBIX KMCIOT, INIMUEPOAA H OCTATOY-
HLiX XMAOMHKpoHOB. B pesynbrate achicrBus JIIT-
JIMNIA3bl Ha XWUpbl XM 00pa3vioTes KMpHBIE KHC-
NOThl W ravupeposa. OCHOBHAA Macca XHPHBIX
KUCTOT NpOHMKAeT B TKanK (puc. 8-20). B xupo-
BOH TKaH! B abCOPOTHBHLIN MEpUOA XHPHbLIE KHUC-
JIOTHI ASMOHUPYIOTCA B BUOE TPHALWITAHUEPOIOSB,
B CEPASYHON MbllILE W PAGOTAIOIIUX CKeNeTHRIX
MBIIIIAX MCRONBIYIOTCA KAK MCTOYHHK DHEPTHM.
JpyToil NpoayKT rHaApoan3a XUPOB, CIULEpPON, pa-
CTHOPHM B KPOBH, TPAHCIOPTHPYETCA B TEHCHD,
rie B abcopOTHBHBIN NEPHO MOXET ObITH HCTIONb-
30BAH ANS CWHTE3A XUPOB.
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Pue. 8-20. MyTe aK30reHHbIX MMPOB ¥ XunoMukporos. *MNMT — nunonpoTeninunasa, MK — KupHble KWCNOThI.

B pesyabrate aeicrena JIMN-nmunasst Ha XM xo-
JMYECTBO XKMPOB B HUX CHUXKaeTca Ha 90%, yMeHb-
WAKTCA pasMepbl yacTull, anonporerH C-II ne-
pedocures obpatHo va JITTBIL. O6pasorasiiuecs
YACTHLIBI HA3BIBAKOTCA OocTaTouHLIMH XM. Ouu co-
aepxat B cebe PochonUnuanl, XOAeCTEPON, XKUpo-
PACTBOPMMBIE BUTAMHHBLI M arnonpoTedHbl B-48 u
E. OcratourHeie XM 3aXBAaThIBAIOTCH TeMATOLMTA-
MH, KOTOpPblE HMEIOT PELENTOpPhI, B3aMMOACHCTRY -
IOWKE ¢ 3THMHU anonpoteuHamu. [1yrém sHaoum-
TO3a OCTATOUHBIE XM IIONanaoT BHYTPL KISTOK, H
chepMeHTaMM AK30COM OSIKH W TMNUABL THAPOIIV-
3YHOTCH, a 3aTeM YTHIM3MpPYHOTCs. ZKUpPOpacTEOpPH-
MEIE BHTAMUWHBI W 9K30TEHHBIN XONeCTepon HCMONIb-
3YIOTCSL B NEYCHW MAKM TPAHCTIOPTHPYIOTCH B APYTHE
TKaHH.

I'unepXHIOMHKPOHEMNES, MHIKEPTPUHITHIEPONEMHS.
IMocne mpuéma nuMiM, COMEpXKalleid XUphl, pas-
BHBaeTCA QU3IHOJIOTHYECKAS THIEPTPHIINWLIEpOTe-
MHS W, COOTBETCTBEHHO, THIIEPXHIOMHKPOHEMUS,
KOTOpas MOXET NpOAOTIXATBECH A0 HECKMBKHX
YACOB.

CkopocTh yoaneHuds XM U3 KpoBOTOKA 33aBH-
CHT OT:

e akTUBHOCTH JI[T-nmHma3sel;

» nnpucyIcTeua JITTBI1, nocragnsolux ane-npo-
TenH C-1I1 v E ona XM;

e akTuBHOCTY nepeHoca anoC-11 v anoE Ha XM.

I'eHeTyecKHe aeexThl A00010 U3 OeIKOB, yua-
CTEYIOLIWX B MeTadonusMe XM, npuBoasaT K pas-
BUTHIO CEMEHHON THUMNEPXUIOMMKPOHEMHU — rH-
MEPIUNONPOTEHHEMHH THIIA 1. ¥V Taknx BOJIBHBIX B
mocTabCcopOTUBHOM MEpHOIE KOHIIEHTPALIMA TPHU-
allWITMHUEPOAOB NOBRITIICHA (Boace 200 mr/mwr),
M1a3Ma KPOBH N0 BUAY HANOMUHAET MOJIOKO W [TPU
OCTaBleHWM Ha xonoge (+4 °C) B Hell BCILIBIBAKOT
Gesibie KUPHBIE XIOMbA, YTO XapaKTepHO LIS 'H-
NEPTPUIAULIEPONEMHHM M THIEPXHAOMUKPOHEMUH,

B TakEnblx cyyasx npy 3ToM 3ab0neBaHHN Tpo-
HCXOAUT OTNOXEHUE TPUALIMNTIHLCPOIOB B KOXKE U
CYXOXHMAMAX B BUOE KCAHTOM, y TIALIMEHTOB PaHO
HApyluaeTcs MamsiTh, MOSBAAKTCS OO B XKHBOTE
M3-33 CYXEHMA MNPOCBCTA COCYAOB W YMCHBLICHMSA
KPOBOTOKA, HAPYILACTCS PYHKIMS MOIXKSAYAOYHON
XeNe3bl, YTo yacte OniBaeT NpHUHHOH cMepTY SOb-
HEIX. EcnM KoHUeHTpalst TPHAIMITIHLEPOIOB B
KpoBH npesbliiaet 4000 Mr/mn, To TUMHAL OTKHA-
IOLIBAIOTCSA B CETVATKE 1433, OIHAKO 310 HE BCeraa
BIMAET Ha 3pHTe/bHYIo dyHkuuo. Ilpu meyeHUn
FHNEePXTOMHKPOHEMHH HeOOXONUMO [peXae BCe-
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rO CHHM3UTh NMoTpefieHNe XUPOB ¢ MUILEH, TaK Kak
XM TpaHCHOOPTHPYIOT 3K30T€HHBIE XHDEI.

IV. OBMEH
TPUALUWNTIIMLUEPOJIOB

TlpréM NMLIK YENOBEKOM MPOMCXOJWT WHOTAA
CO 3HAYMTETbHBIMM MHTEpPBAiaMH, MOITOMY B
OpraHu3Me BhIpaboTATUCh MEXAHHUAMEI AEMTOHMPO-
BaHMS MCTOUYHHKOB 2HEpruM. KHpel — Haubonee
BHITOAHASA W OCHOBHAas (ropMa ReNOHUPOBAHMSA
IHEPryuM. 3anackH rMUKOreHa B OpraHHIMe He Tipe-
BolwaoT 300 r v 0feCneYnBaIOT OPraHM3M 3Hep-
rueil He Bonee cyTOK. JdenOHHMPOBAHHBIA XKHP
MOXeT o0ecliedMBaTh OpPraHM3M >SHEprveil npu
[OOAAHHH B TEHYEHME MIMTEIBHOTO BpeMeHH (10
7—8 nen). CHHTE3 XHUPOB aKTUBUPYeTCS B abcop-
OTUBHBIH MEPMOI M [POUCXOAMT B OCHOBHOM B
XUpPOBOW TKaHW M nedyeHHU. Ho ecnu XupoBad
TKAHb ~ MECTO ACMOHMPOBAHMS XKHpa, TO MEUCHE
BEIMOMHAEST BAXHYK POJL NPeBPALLEHHS 4acTH
YIACBOIOR, MOCTYMAKIIHMX C NHINCH, B XKUPEI, XO-
TOPEIC 34TEM CEKPETHPYIOTCH B KPOBb B COCTAaBC
JITFOHIT v noctaenaioTesa B ApYrue TKaHU (B mnep-
BYIO oUepelb, B XHpPoOBYI0). CHHTEZ XKUPOB B Ie-
YEHH ¥ XKHWPOBOH TKAHH CTHMYJIHPYETCA WHCYIM-
HOM. MobGunuzauust XUpa aKTHBHPYETCA B TeX
CITyyasix, KOrAa FIKO3k HEAOCTATOUHO AIA obec-
MeUeHHs 3HepreTHYECKHX NoTpeOHOoCTel opraHmus-
Ma: B nOcTabCcOpOTUBHBIA TepHOd, NPpH roaoxa-
HUU W dHU3udeckol paboTe nond AelicTBUeM
FOpMOHOB [JIIOKATOHA, aIpeHalMHA, COMaTOTpO-
NUHA, JKUPHbIE KHUCAOTHL NOCTYIAOT B KPOBh M
HUCIIONB3YIOTCA TKAHAMH KaK HCTOYHWKH 2HEPrUH.

A. CHHTE3 XHPOB B XUPOBOIl TKAHU
M TEYEHH

CHHTE3 XHPOB IPOUCXOAUT B abCOPOTUBRHLIN
[IepUOA B NeYeHU M XKUPOBOH TKaHW. Henocpea-
CTBEHHBIMM CyOCTPaTaMH B CHHTE3C KHPOB SIBIs-
wtes aunn-KoA » rnmuepon-3-docedar. Merabo-
JTHYECKHMIH [TYTh CHHTE3A 3KHPOR B NEYCHH U XXUPOBOH
TKaHW OJHHAKOB, 34 MCKAWYEHMEM Das3HbIX nyteH
obpaz0BaHMA AMLepon-3-docdara.

Oopazosanne rauuepos-3-dgoehara

CHHTES XMPOB B [IEUCHH W XHUPOBOMH TKAHW MIET
yepes obpPA30BAHHE NPOMEXYTOYHOTO TIPOIYKTA —
docaruanoit kucnoth (puc. 8-21).
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ITpeauiecTBeHHUK HochaTHAHONR KMCIOTBH —
IIHLEpon-3-docdar, 06pa3VIOLIHIACH B EYEHH IBY-
MS TIYTAMM!
« BOCCTAHOBNGHUEeM AWTMIpOKCHalieToHGOCha-
T4 — TIPOMEXKYTOHHOrO METalOMMTa TIMKO/IH34;

« dochoprIHpoBaHMEM [JIMLESPOJIKHHA30H CBO-
60JHOTO [MUEPOIa, MOCTYIAIIIETO B MeueHb
W3 KpoBH (nponykT Aeictsusa JITl-nunasbl Ha
xupel XM 1 JITTOHIT).

B AMpoBoif TKAHU TIULEPOIKHHA3A OTCYTCTBY-
eT, U BOCCTaHOBJeHWe AuruapokcuatetoHndocda-
Ta — €AMHCTBEHHELIA NyTh OOPA30BaHUA TAHHEPO-
3-docdara. CrenoBaTeNbHO, CHHTE3 XHPOB B
KHUPOBOH TKAHW MOXET MPOUCXOIHTL TOJNBKO B a0-
COpOTUBHBIN TEpPHOI, KOraa INOKO3a NMOCTYTACT B
ATMMOLUTHL ¢ MOMOLUbIC OeNKA-TICPEHOCUHKA T/~
ko3bl [JTHKOT-4, akTHBHOTO TOJIBKO B TIPHCYTCTBUH
HHCYIWHA, H pacnajgaeTcs Mo NYTH TAHKOJINH3A,

CuHTes XUPOB B AKMPOBOH TKAHU

B XupoBOIl TKAHW 19 CHHTE3a XHPOB UCNONb-
3YIOTCS B OCHOBHOM XHPHBIC XMCIOTHI, CCBOOOINB-
uMecs npHu ruaponuse xkupok XM u JINOHII (puc.
8-22). KupHele KMCAOTH IOCTYNAOT B AIMIOLH-
Thi, NMPEBpALUAIOTCS B MPOoH3BOAHBIE KOA M B3au-
MOASHCTBYIOT ¢ rAHUepon-3-gocdarom, obpasya
CHauana anzodocharHIHYIO KUCIOTY, a 3aTteM (oc-
datnany. QOocdatuanan kuenota nocie agdoc-
GopUNUPOBAHKS NPEBPALLIACTSS B AHALMALIHLEPON,
KOTOPBIA aumnupyercs ¢ o0pa3’oBaHMEM TPHALMA-
rnyuepona.

KpoMe XUPHBIX KUCNOT, MOCTYMAOWMX B ATy-
MOLUHTE] A3 KPOBK, B 3THX KNETKAX HAET ¥ CHHTE3
XHPHBIX KMCIOT M3 MPOAYKTOB PAcnand INoKO3kL,
B agunouuntax ot OBCCICUSHUS PeaKUMH CHHTE-
33 XKUpAa pacnag TIIOKO3bl WAET MO ABYM MYTAM:
THKONN3, 00ecrieddBaIIKi 00pa3oBaHHue TaMLS-
pon-3-cdocdara u aueTin- KoA, n neHtosodocdar-
HBA MyTh, OKACIHTEALHBIE PEAKLIMH KOTOPOIo
ofecneunBaior ob6paszosaHe NADPH, croyxaie-
rQ JOHOPOM BOJAOPOAA B PEAKIMAX CHHTE3d XKUp-
HbIX KMCJIOT.

MoneKyibl XXKMPOB B ATHIIOUMTAX OOBCIMHANT-
CSl B KPYNHBIE XMPOBbIE KAMIH, He COJepXKallne
BOABL, U TOITOMY ABIAIOTCH HaWMbOMee KOMOAKT-
HO#1 (popMOiA xpaHeHWS TOMMUBHEIX Monekya. Tlon-
CYUMTAHO, uTO, ecTH OBl 3Heprus, 3amacacMas B
KHpax, XpaHWwiack B (GOpME CHABHO THAPATHPO-
BAHHBIX MOJIEKYN TMIMKOTeHA, TO Macca Teaa 4eno-
BEKa yBenu4MIack Ol Ha 14—15 kr.
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Puc. 8-21. CUHTEA XHUPOE B NEMEHN ¥ KUPOBOH TKaHM.

Cunres TAT B nevenn. OGpazoBanne
JIIIOHII B neueHH u TPAHCNOPT HKUPOB
B ApYrae TKaHW

I'leyeHb — OCHOBHOU OpraH, Iae UIET CHHTE3 XKup-
HBIX KMCNOT M3 TMPOAYKTOB [UKoNu3ia. B rmagkom
DP renaTouMTOB XKHPHEBIE KUCAOTH! AKTHBUPYIOTCA
M CPa3y Xe HCTONB3YIOTCA 1,19 CHHTE3A KUPOB, Bla-
UMOIeHCTBYH ¢ Canuepon-3-dochatom. Kak v B
KAPOBOH TKAHM, CHHTE3 XMPOB MAET Yepes 0bpaso-
paHue ocdaruanoil KneaoTe. CHUHTE3MPOBAHHDIC
B nedeHHd xupbl ynakoebisalotes B JITIOHIT u cek-
DETUPYIOTCSL B KPOBB (puc. 8-23).

B cocras JITIOHTL, kpome XKWUPOB, BXOAMT XOu1e-
cTepoil, Gochoaunmiib U 6enok — anoB-100. Bro
OUYeHE «IUIMHHLIH» Be10K, cogepxaimii 11 536 amu-
HokucnoT. OnHa monekyna anoB-100 nmokpeiBaer
MOBEPXHOCTh BCErO JIMMONPOTEHHA.

JITICHI1 M3 meyeHH CEKPETUPYIOTCA B KPOBb
(puc. 8-23), roe Ha HMX, KaKk W Ha XM, neicTeyer
JI-nunaza. XKuUpHele KMCIOTH HOCTYNAKOT B TKA-
HH, B YACTHOCTHA B ATWIIOUWTBHL, H HCITONB3YIOTCS
MU CHHTE3a XupoB. B npouecce ynaneHus XHpos
13 JITIOHIT nog neicreuem JITT-munazer JITTOHM
cHayana npeppawsarorcs B JITII, a zatem g JITTHI.
B JITIHI1 OCHOBHBIMH NHIMMAHLIMM KOMIIOHEHTA-
MH CAYXaT XONeCTepoa M ero pupel, noaromy
JIITHI] apasioTcs AANONPOTEHHAMH, JOCTABISIKO-
ILHMH XOAECTEpOa B neprdepryeckye TKaHH, ThH-

Lepoll, oCBOCOIUBLUIMHCH M3 JTUIIONPOTEMHOB, KPO-
BbIO TPAHCNIOPTUPYETEH B MEYEHB, F1e ONSITh MOXeT
WUCHONB30BATLCH LIS CHHTE3a KUPOB.

CKOpoCcTh CHHTE3a XUPHBIX KUCAOT H XUPOR B
neYeH! CYILECTBEHHO 3aBHCHT OT COCTABA ML, Ecin
B nulule conepxkmrca Gonee 10% XHPOB, TO CKOPOCTh
CHHTE3a XKHMPOB B MIEYEHH PE3KO CHUXKAETCS,

B. Mosian3Alus XKHPOB N3 XKUPOROIL
TKAHH

ATUIOLUTE (MECTO AeNOHKWPOBAHWA XHPOB) pac-
[0NaraloTed B OCHOBHOM Mo KoXeit, obpaiya noa-
KOXHBIA AUPOBOH CJIOH, H B DOPIOLWIHON [TONOCTH,
0Dpa3ya DOMbLLOI KW Manelil caneHUKK, Mobunmia-
LMS XHMPOB, T.€. THAPOAU3 IO TAULIEPOAA U KUPHBIX
KHCITOT, APOMCXOIUT B MOCTAGCOPBTHURHEIH MepHom,
Apd TONOJaHHH W aKTHBHOK (U3HYeCcKOR paboTe.
['waposivs BHYTPHKACTOMHOFO XMpa OCYIIECTRISET-
¢A noa AcHcTBHEM (hepMEHTA TOPMOHUYBCTBHTE b-
Hobf aumasel — TAM-nunasel. 31oT epMEHT oTIIe-
JISIET OHY KUPHYIO0 KUCTOTY ¥ NEPBOro YraepoaHOro
aroMa TRUMILIepoia ¢ O6pas0oBaHHEM JHALTWITIHIIEPO-
N3, a 3aTeM ApYIve AUNasbl TMIPMIIH3VIOT €10 10 TJIH-
uepona ¥ XKMPHBIX KMCIOT, KQTOPbi€ MOCTYHAIT B
KpOBb. IMiepPOn Kak BOAOPACTBOPDUMOE BEILIECTBO
TPAHCIIOPTUPYETCH KPOBLIC B CBOOOIHOM BUAE, A
XUPHBIE KUCNOTBI {THAPOGOOHEIE MONEKY/HI) B KOM-
mexkce ¢ GeIKOM MIa3MBl — ATBOYMMHOM,
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Puc. 8-22. Denouuposanie Xupa B aaunountax B abcopSTaHom nepuoge. Mocne efibl Npy NOBLILEHMM KOHLEHTPALMM IMIOKO36 &
KPORM YBENMUMBABTCA COKPEUMA MHCYNMHA. VIHCYNIMH aKTUBMPYST TPAHCTIOPT MRIOKO3bl BHYTOL aQMNOUMTOR, OencTeya Ha TTIKOT-4, u cuM-
Te3 MN-Punassl B apUNOLUWTax M e8 SKCNOHWPORAHWE HA NOBEPXHOCTY CTEHKW Kanwnnapos. NM-nunala, cef3anHasn ¢ IHAOTENNSM COCY-
L8, MEPONV3YET *Upbl &8 coctaee XM u FIMOHN. AnoC-Il Ha nosepxHocTy XM w SINOHTN aktusvpyeT [1-nunasy, AupHbe kMenoTe
APOHUKAKCT B AQUACLMT, 2 MWLEPCN TRAHCNCPTUPYETCH B NeYeHb. Tak Kak B aavnounTax HeT (hepMenTa MuueponkuHashl, To caoboHeIi
MHLERON HE MOXET WCNONL3I0BATECA ONA CuHTE3a TA B 5TOM TKAHK. AKTUBMPOBAHHEIE XUPHLIE KUCNOTLI B3AVWMONSRCTRYIOT C TAMLEPCn-
3-ocpaTom, 0hpasyIcWUMc W3 AUIWIPoKCMaLEToHPOChaTa, U Hepes (hocPaTMHYIO KNCNGTY NPEeBpawsoTeA B TA, KOTOpbIe encHWpy-
KaTcA B apunouutax. CokpaweHua: TAM" — Tpraywamuueponst & coctage XM W NNOHM; DA® — puruppokcHaueToHgocthaT.

B. 'oPMOHANTBLHAS PETVIALIMA CHHTE3A
A MOBWIH3AITAH XHPOB

Kakoii npouecc Oyner npeobnanarh B OpraHu3-
Mg — CHHTe3 XWpoB (IMMOIeHE3) WIM HX pacran
(IM0OAN3), 3aBUCUT OT MOCTYIUIEHUS MHIIH U Du-
3HUECKOH AKTUBHOCTH. B alCOpOTHBHOM COCTOS-
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HMM 1104 ASHCTBAEM WHCYAHHA NPOUCXOIUT JNIO-
Te€He3, .B MocTabcopOTUBHOM COCTOAHHN — JIHIO-
U3, AKTUBHPVEMBbIid TAOKATOHOM. AIpPEHANHH,
CeKpelTHs KOTOPOTO YBeTHIHBacTes npH dyandec-
KO AaKTMBHOCTHM, TAKXKE CTUMYJIHDYET JIMIIONH3.
Perynauma cumnreia xupor. B aGecopOtuBHbI Te-
pHOA MPH YBEAMYEHHH COOTHOLWEHHMS WHCYNMH/
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Puc. 8-23. CuuTes W cekpeuwn NMNOHMN B nedeuw. Benku, cvHTe3MpoRadHLIe B wepoxopaton 3P (1), B annapate Monsgxn (2),
QOPMARYIOT KomManeke ¢ TAl, Hasoieaembii JTMOHM. NNOHM KOMNNEKTYIOTCA B CEKpEeTOPHBIX Tpadynax (3). TpaHCrnopTURYIOTES K

KNETQUHOW MEMBPDAHE U CEKPETHRYIOTCA B KPOBh.

CNIOKACOH B [1BUEHW AKTHBUDPYETCH CHITTE3 KHPOL,
B ®UpOBOH TKAHW HHIyYUHUpYcTCA cuHTe3 JIT-)u-
Ma3bl B AAWNOUHTAX H OCYIUCCTHINCTCA Cf 3KCHo-
HUPORAHKWE HA JIOBEPXHOCTEL JHIOTENHA, CIACOORA-
TEIBHO, B ITOT NMEPHOA YBEAHUUBACTCS NOCTYINE IS
KHUPHBIX KUCAOT B aIHNOUMTbL (JAHOBPEMEHHO
WHCYIH I AKTUBHPYCT DCIIKH-TICPCHOCUHMKM 1JIHOKO-
36l — TITHOT-4. TTocTynneHue TKKO3bl B 44WUITO-

LUHTB H IMTHEOIIAS TAKKE aKTUBHPYIOTCH. B pelvis-
TATe OOPAIVIOTCSH BCE HEOOXOIMMbLE KOMIIOHEHTDI
A1 CUHTEC3a XKUPOB: TIuepoit-3-cdocdar v akTns-
HbIE (POPMBI KHPHLIX KHCAOT. B NeUcHH MHCYAHH,
AEHCTRYH YEPE3 PUBTHUHBIE MCXAHM3Mbl, AKTHBH-
pyetr pepmerThl NyTéM 1ehochOpUAHPORAHNHA ¥
HHUYLMPYCT HX CUMHTE3. B pesvibTaTe yBenuuMBd-
KXTCA AKTHBHOCTh M CMHTEZ (PEpPMENTOR, YHaCTRY-
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IOIIMX B TIPEBPALLEHHHY YaCTH TIKKO3b], TOCTYIIA-
0UIed ¢ NUulei, B XHUPLl. DTO — pPEryiaATOPHBIE
depMEHTH TNUKON3a, NUPYBATAETHAPOreHAZHLIA
KOMIUIEKC M (DEPMEHTHI, YYACTBYIOILUE B CHHTE3E
XHPHBIX KMCIOT W3 ateTHN-KoA. Pesyabrat neii-
CTBUI WHCYIMHA Ha OOMEH YIJIEROJOB M XKHMPOB B
TIeYEHN — YBEJHYCHHE CHHTE3a XUPOB W cekpe-
1M iMX B KpoBb B coctase JITTOHIL. JINTOHIT no-
CTARJIHIOT XKMPBI B KAILLLISAPLL )KHPOBOH TKAHH, Tl
aeicteue JAIM-nunasel obecneuMBaeT BEICTPOS NO-
CTYILUIEHUE KUPHBIX KMCIIOT B a0UMTOLNTE], IA¢ OHM
JSTIOHHPYIOTCA B COCTARE TPHAIWICIMIIEDHHOB.

3anacanue XMpOB B XHPOBOHM TKAHHU — OCHOB-
Has ¢opMa IeMOHMPOBAHHA MCTOYHWKOR SHEPTHH
B OpraHM3Me uenoBeka (Taba. 8-6). 3anackl Xupos
B OpraHM3Me JeloBeka Maccod 70 KT cOCTaRasiiOT
1) Kr, HO ¥ MHOTHX JOAEi KOMMYeCTBO XHPOB
MOXET ObITh 3HAYMTEIBHO OOIBIIIE,

Kupbl 06pazy0T B aOMNOLATAX KUPOBLIE BAKY-
onu., Kuposbie BaKyoJdd HHOrIa 3arojJHSAIOT 3HA-
YHTEJILHYIC MaCTh LHTOIDIA3Mbl. CKOPOCTh CHHTE-
33 ¥ MOOHIN3A1 MY MOIKOXHOTC XKUpa MIPOUCXOAUT
HEP4BHOMEPHO B PasHbIX HacTAX OPraHH3Ma, 4YTO
CBA33HO C HEOAWHAKOBLIM pacripeieneHuem peller-
TOPOB TOPMOHOB Ha dIHITOUMTAX.

Perynsuua moGunnzammn xupos. MoGrnusauya
JNETIOHHPOBAHHBIX XUPOB CTUMYTHPYETCs TIIOKA-
TOHOM U aPSHAIMHOM WM, B MEHBIUER CTelmeHM,
HEKOTOPbIMH IPYTHMH TOPMOHAMHU (COMATOTPOI-
HbIM, KOPTH20/0M). B mocTabcopOTHUBHBIA riepu-
Ol ¥ TIPH TONAOAAHHM TITIOKATOH, AeNCTBYA HA agu-
MOUHUTH Yepe3 aleHHIATUHKIAZHYID CHCTEMY,
aKTUBUPYET NPOTEHHKHHA3y A, kotopasa pocdo-
DILIMPYET W, TAKMM 0Gpa3oM, aKTHBMPYET rOPMOH-
YYBCTBUTENbHYIO JINIIA3Y, YTO MHHUIWUPYET JIMMO-
JIM3 ¥ BBIACASHME XUPHBIX KMCIOT H [NMULEPHHA B
KpoBb. {lpy PpU3HueCKON aKTMBHOCTH YBETHYHBA-
ETCA Cekpeluusa aapeHaauHa, KOTOPbIA NeHCTBYeT
uepes P-aapeHEPrNuecKne PELCNTOPE AAHIOLMTOR,
AKTUBHDYIOIIHE ANCHWUIATUHKIA3HYIO CHCTEMY

{pnc. 8-24). B HacTosiiee Bpemst oBHApYyxXeHO 3
Tdna B-peuenropos: B, B,. B,, akTUBaUMA KOTO-
PBIX NPHEOIUT K JUMNOIHTHYECKOMY HEHCTBUIO.
K HaubonplieMy JHNOAUTUYECKOMY IEeHCTBHIO
TPHBOOMT AKTHBAUMS 3,-penenTopoB. AJIpeHAINH
OOHOBPEMEHHO N€HCTBYET W HA (- PELICTTOPE! all1-
MOLWTOB, CBSA3aHHBIE ¢ HHrHOUpyowmM G-Ben-
KOM, 4TO MHAKTHBHPYET AACHUNATLHKNA3HYIO CH-
¢cTeMy. BeposTHO, nedCTBUE anpeHAIMHA NBOAKO:
TPA HU3KHX KOHIISHTPAUWAX B KPOBH ftpeobnana-
€T €ro aHTWIMIOIMTUYECKOe AeHCTBME vepes o,-
PEUSNTOPEL, a NMPH BHICOKOH — MpeoGaalaeT u-
MOJUTHYECKOE ACHCTBHE YEPE3 P-pelLIenTOpbI.

JLast MBI, cepaua, rovek, reveHu mpu rofo-
JAHWUW WK PHIMMECKOH paboTe KMpPHbIe KUCTOThI
CTAHOBSITCSI BAXHBIM HCTOMHUKOM 2Hepruu. Ile-
YeHb nepepabarTbiBaCT YACTb XWPHBIX KHUCIOT B
KETOHOBBIE TEa, MCTTOIL3YEMbIC MO3TOM, HEPBHOM
TK4HBID W HEKOTOPBIMK APYTUMHM TKAHAMH Kak
MCTOYHMKH SHEPTHU.

B peayakrate MODMNU3ALMH XKUPOB KOHUECHTPA-
LiHA XKUPHDBIX KUCTOT B KPOBH YBCIMUYMBAETCH MPH-
OmyauTensHo B 2 pasa (puc. 8-25), omHako abco-
JIIOTHaA KOHUCHTPAUMR XHMPHBIX KHCIOT B KPOBH
HeBelIWka 1aXe B 3TOT nepuon. T, XUPHBIX KHC-
JIOT B KPOBHM TOXE O4YCHBb Mal (McHee 5 MWH), 4TO
O3HAYAET CYLIECTBOBAHME OLICTPOrO MOTOKA XUP-
HBIX KHCJIOT M3 XMPOBOI TKAHH K APYTHM OpraHam.
Korna nocrabcopGTUBHBIN NepHon cmeHsieTest ab-
copOTHBHBIM, MHCYITUH aKTUBHPYET ¢rneurduyec-
kvio docdarasy, kotopas aedochopuiupyer rop-
MOHYYBCTBUTEJIBHYI) N1MNa3y, M paclial XHpOB
OCTAHABIHBAETCSH.

T". HAPYIIIEHHA XHPOBOTO OBMEHA.
OXHPEHUE
Kuposas TkaHb cocrapiaset 20-25% or obuei

Macch Teaa vy KeHwHH 1 15—20% y myxuuH. On-
HaKO M30BITOUHOE HAKOMACHNE XKHMp4a B aAHMITOLIM-

Tabnuua 8-6. 3anacs) 3HePruM B Oprakname Yenoeexa (macca 70 Kr}

Jdopma IHepruu Jlokannzanus KeanyecTso
IHEPIHH, KKAN
I'MIOKO3a B KUpHEIE KHCITOTH Kposs 100
I'mukoren [eyeHs/ MBIUIET 760
HKupbl XKupoBas TKaHb 110 900
Benkn CKefeTHBIE MBLIUULL 25000
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{ipoTenHkmuHala ATO®
HeakTuBaHas

Y

MpoTerHkrHasa
aKTUBHAR

Y

*TAlM-nunasa ————p “TAT -nunasa

HeakKTuhBHaA axkTuBHanA

Tnuuepon

XKupHele
KMCNOTH!

AOQUNOUNT

«—@  rroxaron {anpenanuH)

Fnwuepon
Kupub)
pHble — e OKMCAEHHE
KMCROTLE
8 gpyrnx
TKAHAX
Kpotb

Puc. 8-24. MlopMonanuHan perynauws moGunuzaumm xupos & noctabcopSTUBHOM nepuoae, NPy ronofaHun W UaUYecKon
pabote. MNpu rononaHun yBENMUMBASTCS CEKPEUMA TMIokarcHa, npy Grandeckoid patoTe — agpeHanuHa. 3TH ropmoHsl, ASHCTBYA
HEPE3 aNSHVNATUMKNAZHYIO CHCTeMY, CTUMYTHPYIOT MOBWIHAALKMIC XnpoB. “TAT-nuNaza UMeeT W APYIHe HA3BAHWA: MOPMOHYYBCTEN-

TENeLHAA NUNa3a, TKaHesan nunasa.

Tax {OXHpeHUe) WMpPoKo pacnpoctpateHo. Cpe-
IH B3POCIOrO HACEISHWA HEKOTOPHIX CTpaH OKOo-
a0 0% nionei cTpagaet oxupeHneM, Oxupe-
HHE — BaXHEWWW dhakTop pMcKa pa3BUTHS HMH-
drapkTa MMOKAPAA, MHCYAbTA, CaXapHoro mwnabe-
T4, aPTEPHATBHOMH THNCPTEHIUU H KETYHOKAMEH-
HOU OONg3IHN.

OXHMPEeHHEM CUMTAIOT COCTONHME, KOTAA Macca
Teaa nperbiiaet 20% or «MaeanbHOR» 1T AAHHO-
ro MHAUBHOYYMA, OOpasoBaHMe anUTIOLUTOB MPO-
HCXOOUT ellI€ BO BHYTPMYTPOOHOM COCTOAHHH, HA-
YWHAS C TIOCICHHETO TPUMeCTpa GepeMeHHOCTH, H

JaKaHuMBaercs B npenydepTaTHBIM TNepunoa. [loc-
Jig 3TOrO XKHWPOBblE KNETKH MOIYT YBETHUYMBATLHCH B
pasMepax Opd OXHPEHMM WIH YMEHBILATBCH fIPH
MTOXYRAHWM, HO WX KOJHYECTEO HE M3MEHAETCS B
TEUEHHE KH3HH.

[Tepruvnoe omupenne

[TeprHUHOE OXHPEHHE XapaKTePH3YETC MHOMXE-
CTBOM TOPMOHAMBHBIX U MeTabOMHYECKHX OcoGeH-
HOCTEH y NWU, CTPAJAIOIMX 3THM 3a00/1eBaHHEM.
B caMoM OOUIEM BMaE MOXHO CKa3aTh, YTC HEPBUY-
HOE OXHPEHUE DAIBWBACTCH B PE3V/ILTATE ATUMEH-
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MHOKO3a, XUPHBIE KUCINOTEI M KETOHOBLIE
Tena KpoBW, MMONGL/N

6,0 T | I I T
» ]
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VA i\
30F
20r CeoGoatble XUpHbie
KWCNOTEI
n ® —8
10F AueToauerar
0 ] ] | 1
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Cpok roncgaHus, aHU

Puc. 8-25. NaMeHeHHE KORUSHTPALUKM XUPHBIX KWCNOT, KETOHOBLIX TEN M MMIOKO3M & KPOSH NPH FOnogaHHi.

TapHoro gucbanaHca — HIBLITOYHONH KATOpHHHOC-
TH NMTAHKA TIC CPABHEHMIC ¢ PAcXOdaM¥y 3HEPUHH.

CyToyHble MOTPeOHOCTH OpraHHu3Ma B8 DHEPrur
CKI18AbIBAIOTCA M3!

s OCHOBHOTO oOMeHa — 3HEpPrHH, HEOOXOMH-
MO AN NOAASPXAHUA XM3HWA, OCHOBHOH 0b-
MEH W3MEPSIIOT MO TOTAOWERUIO KMCIOpoga
WK BBLIISIEHHID TEIUIA YeNOBEKOM B COCTOA-
HWH TOKOA YTPOM, focie 12-4acoBoro nepe-
pHIBa B €he¢;

» DHeprui, HeobxonuMon ans hbHINUECKON aK-
THBHOCTH.

3aTpaThl SHepTHH, HeoOXOTUMBIe A1 hHU3HUCC-

KOW aKTHBHOCTH, pa3acasiorT Ha 3 YPORHS:

[ — 30% aHepruv oT OCHOBHOTO o0OMeHa (Y JTio-

AcH, BeIyiuux cuasurit obpaz xKuiHu);

398

[T — 60—70% oT 3HepTHU OCHOBHOTO OOMeHa
(y moeif, KoTophle 2 4 B AcHL UMEIOT YMEPEH-
HYIO GUIHYECKYIO HArpy3Iky);

Il — 100% u Gonee OT 3HEPTHH OCHOBHOTO 00-
MeHa (y AWaeH, KOTOpble B TeYeHHEe HECKOJb-
KHMX 4acoB B JeHb 3aHHMAIOTCH TSLKENOH (hH-
3uueckoi paboToit).

B 3aBHCMMOCTH OT MHTEHCHUBHOCTH HArpy3kd H
BO3pACTa CYTOYHAA 00TPeOHOCTE B SHEPTHM KOJIeh-
Aetca v keHnH ot 2000 go 3000 kkan B AeHE, a ¥
MyX4MH — oT 2300 no 4000 xkan.

Koauuectso noTpedasemMoi nUilv oOnpeaenscT-
¢ MHOTMMHA (HaKTOPaMH, B TOM YUCAE M XHMUUEC-
KHMH PerymsiToOpaMy YYBCTBA TOJMOAA W HACHIWIE-
HHA. DTH 4yBCTBA OMPENSNSOTC KOHIICHTpaIlHeit
E KPCBH [IIOKO3B W TOPMOHOB, KOTOPBIE HHULIMH-



PYIOT YYBCTBO HACHILICHHMA: XOASLUCTOKMHHHA,

HelipoTeH3UHa, Gombe3nHa, NEMTHHA.

TTpHYHHb EPBHYHOID OXKHPEHUN:

« MeHeTHHECKHe HapyLueHud (1o 80% ciryyaeB 0XHU-
PeHUA — Pe3WIbTAT IEHEeTHYRCKHWX HAPYIIEHHH);

e COCTAB W KOMWYECTBO TIOTpebAsieMOR MWLM,
METOM NMUTAHHSI B CEMbE;

* YPOBEHb (PM3MUECKOH aKTUBHOCTH;

¢ TICUXOAOTHYECKHE (DaKTOpBI.

Fenerwaeckne dakxropnl 8 paIsuTHn Oagipenna. Me-
TaBONHMUYECKKE PAITUYHS MEXTY TYYHBIMH M Xy-
JbIMK JTIOABMM 10 HACTOSLIETO BPEMEHM HE MOTYT
OLITL OMpeaeieHbl OAHO3Ha4HO, CyliecTByer He-
CKOMBbKO TEOPHIA, ODBACHAIOWINX 3TH pazavdUs:
e TeHETHYECKH AeTepMMHMpPOBAHHAs pasHHlia B

(GYHKLHOHHUPOBAHWH «OeCIQIE3HbIX» LIMKIOB
(cYBCTPATHBIX LHKJIOBR, pa3aen 7). DTU LUHKIbI
COCTOAT M3 Napbl MeTabONMTOB, NIpeBRpallae-
MHIX OpYT B Apyra ¢ NOMOLULK ABYX (hepMeH-
ToB. ONHA W3 3THX peakuwmit wiér ¢ 3arpaToi
AT®. Hanpumep:

ATO_» AT
H3PQ4 ¥ M0
AT+ All®

Inioko3a Fnokoac-6-pocdar

bpyxToao-6-thocat Ppyxrose-1,6-6ucocdar

H3PO4 ¥ HO

* €CNIK 3TH cyGCTpaThl IPEBPALLIAIOTCA APYT B ApY-
ra ¢ OJUHAKOBOHN CKOPOCThIO, TO NMPOUCXOIUT
«Becnonesnslit» pacxoa AT® H, COOTBETCTBEH-
HO, HCTOUHWKOB PHEPrUHM, HANPHUMEDP XHPOB,

e ¥ MI0AeH, CKIOHHBIX K OXHPEHHK), BEPOSITHO,
UMeeTcs Gollee MPOYHOE COIPSXCHHE AbIXa-
HHSA ¥ OKHCIMTENBHOro thocdoprinpoBaHus,
T.e. Bonee 3ppeKTHEHBIA MeTabOIH3M,

* BO3MOXHO, pa3HOe COOTHOIICHHE a’pOBHOTO
¥ aHA3PODHOrQ TIMKCAN3A. AHAPOOHBLIA rTHU-
KOMH3 (Kak MmeHee HPPEKTHBHBLIN) <CXHraers
ropasao 60Mblle IMOKO3bI, B pe3yibTaTe CHHU-
Xaetrcs e€ repepaboTka B XHPHI,

¢ ¥V OTOCNbHBIX WHIMBHAYYMOB HMEETCA PasiM-
ypue B akTHBHOCTH Na‘/K*-ATd:ain, pabora
KoTopoi Tpebyer no 30% 3HepruM, notpebs-
€MOH KIIETKaMH.

PoJIb JIENTHHA B PeTy/ISIIMA MACCH JKHPOBOH TKAWH

Y yenopeka U AMBOTHBLIX UMEETCHA «reH oXupe-
HUg» — obese gene (ob). TIpOAYKTOM 2KCIIpECCHH
TOT0 TeHA CJIVAKHT GeNoK JenTHH, COCTOHIIME 13

167 aMHHOKMCIIOT, KOTOPBIH CHHTE3UPYETCH H CeK-
DETUPYETCH AMUMOLMTAMK U B3aMMOACHCTRYET C pe-
LuenropaMu rvnotanaMyca. B pesynetate ero ack-
CTBMH CHMXACTCH CCKpelUMs Hedpomnentuaa Y.
Hefiponentua Y CTUMYIMpyeT NMUICBOE MOBEOE-
HHE, TIOHCK M TIOTpeOJeHHe MHLUIM Y XMBOTHBIX.
Hpyrue nenTuasl, y4acTBYIOIUNWE B PETYNSLIMH YYB-
CTBa CBITOCTH, HANPUMEP XOMELMCTOKMHWH, Tak-
ke BAMAIOT Ha CEKpelHio Helponentuaa Y. Ta-
KUM OIOCpeAOBAHHBIM NYTEM JIENITHH BBLICTYTIACT
PETYIISITOPOM KMPOBOH Macchl, HeOBXOAMMON WA
poCTa M PEIpOAYKIHKA. YpOBeHb ACNTHHA ¥ GOMb-
HBIX OXWpPEeHHEM MOXeT ObTb PalTHYHBIM.

Y 80% OOABHBIX KOHUEHTPALMA JACITHHA B KpO-
BM TyuHbIX Jitoaei Bonbilie B 4 pasa, yeM y moaeh ¢
HOPMARBHOH Maccoi Tena. B aTux ciyyasx MMeer-
CH TEHETHMHECKHMI Age(hekT peuenTopoB JenTHHA B
TMNOTAAMYCE, MO3ITOMY, HECMOTPST Ha TIPOAVKIIHIO
ACMTHHA, LIEHTP TOA0da B [WIIOTANaMYCe TIpCAQT-
XAET CEKpelMIo HelporenTuaa Y.

20% OONBHBIX MMCIOT M3MCHEHMS B NEPBHUYHOM
CTPYKTYpE JENTHHA. K HACTOALLIEMY BPEMEHM OMu-
CaHBl 5 OOMHOYHBIX MYTallMi B I'eHE NCNTHHA, KO-
TOpbIE NPHUBOIAT K PA3BUTHIO OKHPEHHMS. Y 3THX
B0JAbHBIX HA0MIOAAOT NOBBIMCHNE OTIOXEHMS XK4-
POR B XHPOBOI TKAHHU, Ype3MepHOe TOTpedneHHe
MUIITH, HU3KYI0 GUHYECKYIO aKTUBHOCTL W pai-
BUTHE caxapHoro auaderta Thma 1. TTatorenes oxm-
peHus npu aedekte reHa ob MOXeT ObITh CleayIO-
LWMM: HM3KKHI YPOBEHL JICIITHHA B KPOBHM CIYKHT
CUTHAJIOM HedOCTATOMHOTO KOQIHUYeCTBa 3araca
JKHPOB B OPTAHHM3ME; 3TOT CHTHAN BKJAIOYAST MEXa-
HHU3MBbI, IPUBOISLLIME K VBENWYSHUIO aTITIeTHTa 1 B
pE3YIbTAaTe K YBETHUEHHIO Macchl TEJA.

CrenoBaTeNbHO, MOXHO CIHeNaTh BBIBOA O TOM,
YTO NEPBHYHOC CXKUPESHHE — HE MPOCTO CIEACTBHE
NepeelaHysl, a peIvasTaT ASHCTBUA MHOTHUX (DAKTO-
pOB, T.€. OXXHPeHHe — MOJHreHHOe 3aboneBaHue.

BTopHuHoe OXMpEHME — OXUPEHKME, DA3IBUBAKD-
leecs B pe3yibTaTe KAKOro-nubo OCHOBHOrO 3a-
f0os1eBaHMS, JaLLE BCEro >HAOKpWHHOro. Hampu-
MEP, K Pa3BUTHIO 0XKWPEHUs! [IPUBOIST TMIIOTHPED3,
cHHapoM HMuenkKo—KyluHHra, TUOOTOHAAH3IM M
MHOrMe apyvrue sabonepanusa (cM. pasmen 11).

V. OBMEH XWPHbIX KUCNOT
M KETOHOBbIX TEJ

KupHble KUCTOTHI TOCTYNAT € MHIUER WIH
CHHTE3UPYIOTCS B OpraHuime (Kpome IOJHEHO-
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BBIX KHCIOT). CyBCeTpaThl, HEOOXOAUMBIE IUIS CHH-
T&3a XKHPHLIX KHCIOT, 0OpasyioTca IpH Karabo-
JH3ME IVI0KO3BI M TAKKMM 00pa3oM, 4acTs KKOKO-
3bl NPEBPAILASTCA CHAYANA B XUPHBIE KMCJIOTHI, 4
3aTeM B KHUpPBL. XOTA crneliudyueckuil myTh KaTa-
BONMIMA KMDHBLIX KHUCAOT 3aKaHYMBaeTcs obpa-
30BaHHEM aleTUI-KOA, CAYXalEUM KCXOIHBIM
cyOCTpaToM U1 CHHTE3a XKUPHBIX KHCAOT, Tpo-
LUECCHhl CHHTE3a W OKWUCAEHWUH XHPHBEX KHCAOT
HeoOpaTUMBL. OHM TIPOUCXOAAT B pa3HbiX KOM-
NIPTMEHTAX KNETOK (OMOCHHTE3 MPOTEKACT B LIM-
TO30/€E, 4 OKHUCIIEHHE — B MUTOXOHAPHSIX) W Ka-
TAMH3UPYIOTCS pasHbiMH (epMeHTaMU. OKHCTeHHe
KHPHBIX KHUCAOT KaK UCTOMHHKOB 3HEPTWH YBE-
JUYUBAETCA B NMOCTaGCOpOTUBHEIA nepHoa, npu
ronofaHuy M dusnueckoii pabote. B aTHX cocTo-
SHUAX X KOHUEHTPALMA B KPOBH YBEAMYMBAETCH
B pe3ynbTaTe MODWH3aUMH U3 XKUPOBbIX IENo, M
OHM AKTHBHC OKWCIAIOTCH MEYEHbLIO, MBIIILIAMH
W APYTUMH TKaHsMu. T1pH TONOAIHHM YACTD KUP-
HBIX KHCJCT B IIEYEHU [PEBPAILAETCA B JAPYrde
«TOTLIUBHBIC» MOJIEKYBl — KETOHOBBHIE TeAa. OHMH,
B OTAMYHME OT XWPHBIX KUCIOT, MOTYT MCIONB3O-
BATLCS HEPBHOW TKAHBID KAK MCTOYHUK JHEPIHH,
[1py ronogaHHu W TAMTEABHOH (H3MUECKON pa-
00TE KCTOHOBBIE TEJA CNYXKAT UCTOUHMKOM 3HEP-
THU 04 MBILILL U HEKOTOPBIX APYIUX TKaHei,

A. B-OKUCIEHME XHPHBIX KMCIOT

B-Oxuncnenne — cneuvbMyecKHUi NyTh KaTa-
fonM3Ma KHPHBIX KUCAOT, [IpM KOTOPOM OT Kap-
OOKCUIBHOrG KOHUA XHPHOW KHCIOTH MOCAE0-
BATENBHO OTAENSETCA MO 2 aTOMa Yriiepoaa B BUAE
avetun-KoA. Metabonuuecknit myte — B-oxucie-
HWe — HAa3BaH TAK [OTOMY, YTO PEAKLUM OKMCIe-
HUA KUPHOU KHCIOTH! MPOUCXOIAT ¥ B-YIAepoaAHO-
ro aroMa. Peakumy -OKMCASHMA W NOCASAYIIIETO
okneneHus auetTwi-KoA B LITK cayxar ooHuM U3
OCHOBHBIX HCTOUHHKOB IHEPIHH 41 cHHTe3a ATD
MO MEXaHU3IMY OKWCJIHTENBHOTO drochoprinposa-
HUst, B-OKMCIeHUE KUPHBIX KMCAOT NMPOMCXOIHT
TONBKO B a3pOOHBIX YCMOBISIX.

AKTHBAUNSA KHPHMX KHCI0T

IMepen TeM, KaK BCTYNMTb B PA3NMUYHBIC peaK-
LMY, XHPHbIE KMCJIOTB! JO0DKHBl GbITH aKTUBUPO-
BAHBI, T.e. CBSI3aHBl MAKPOIPTHYECKOH CBA3BIC ¢
KoepMEHTOM A
RCOOH + HSKoA + AT® —» RCO ~ KoA + AM®D

+ PPi.
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Peakumio karamusupyeT GepMeHT auun-KoA cHH-
TeTasa. BeICMMRILMACA B X04€ peakuMu nupodoc-
¢dat rugpoausyeTcsa depmenToM nHpodochaTasci:
H,P,0, + H,O0 —» 2 H,PO,.

BblIgneHHE 3HEPTHMM TIPH CHAPOAM3E MaKpo3p-
rH4IeCKol CBA3H TupodocdaTa cMeliacT paBHOBE-
CHE peaKUuWH BIPaBO K OOECIIEYHBAET MOMHCTY NMpo-
TEKaAHWA peakUUM aKTHBaLMH.

Anmn-KoA cHHTeTasbl HAXOASATCA KAK B 1IMTO30-
Jie, TAK ¥ B MAaTPHKCE MUTOXOHApHH. DU (epMeH-
Thl OTAWYAKOTCA TTO CIIeLMGMYHOCTH K KHPHBIM KHC-
TOTaM € Pa3THYHON ATUHOR YIIEBOAQPOAHOU LISMN.
AKHpHBIE KUCTOTBL ¢ KOPOTKOI W cpefHelt naMHOM
uenu (0T 4 1o 12 atomMoB yraepoaa) MOryT npoHM-
KaTk B MATPHKC MUTOXOHIpHA nyréMm Audpy3uu.
AKTHUBALMS ITHX KHPHBIX KHCIOT [POHCXOAUT B
MaTPHKCE MUTOXOHAPHH. ZKMPHbIE KMCNOTHI € LANH-
HOW LENbIo, KOTOpbIE TMPeOBAaIaloT B OPraHU3Me
uesioBeka {(OT 12 10 20 atOMOB yriepona), akTHBH-
PYIOTCS aumMn-KOA CHHTETA3aMM, pacMoNoXEHHbI-
MM Ha BHELIHeH MeMOpaHe MUTOXOHADHIA.

Tpancnopr KUPHLIX KHCAOT € JIUHHOM
YTACBOAOPOIHON UENb0 B MHTOXOHAPHAX

B-OKHCAEHUE XKHPHBIX KUCIOT MPOMCXOANT B
MATPUKCE MMTOXOHADHI, TI03TOMY IOCAE AKTHBA-
UHH XKHPHBIE KHCAOTH JOKHBL TPAHCTIOPTHPORATL-
Cs1 BHYTPb MUTOXOHAPHIA. ZKHPHBIC KHCNOTHE C AJTMH-
HOR YIIEROAOPOOHOH LIETBIO NMEPEHOCATCS uepes
IUIOTHYI) BHYTPEHHIOI MEMOpaHy MMTOXOHIpPHH C
MOMOLUBIO KAPHMTUHA. KapHHTHH MOCTYNAET < NMK-
el WITH CHHTE3HPYETC W3 HE3aMEHUMBIX aMHHO-
KUCJIOT AM3HHA H MeTHOHMHA. B peaku#six cuHTe3a
KapHHTHHA yuacTBveT BUTaMHH C (ackopOuHoBas
KHCN0TA),

B napyxHoii MeMOpaHe MUTOXOHAPUI HaXxOAUTCH
depMeHT KapHUTHHaLTTpaHedepaza | (KapHUTHH-
NaTLMHTOWITpaHcdepasza [), KaTanu3upyiowui pe-
AKUHIO ¢ 00pa30oBaHveM alIKapHUTHHA.

O6pa3z0BaBIUMIACH AUMIKADHHTUH MPOXOIAT Ye-
pe3 MexMeMOpaHHOe NpPOCTPAHCTBO K HAPYXHOH
CTOPOHE BHYTpEHHEH MeMOpaHbl M TPAHCHOPTHPY-
€TCS ¢ [OMOLIBK) KaPHUTUHALMIKAPHHTHHTPAHC-
JIOKa3bl HA BHYTPEHHIOK) MOBEPXHOCTb BHYTPEHHEH
mMemOpaHbl MMTOXOHAPHIA, e epMeHT KApHHTH-
HaumATpaHcdepasa 1l karanulupyeT nepeHoc aun-
JIa Ha BHYTPHMMTOXOHApHAALHEIH KoA {puc. 8-20).
Takum 0tpaszoM, auun- KOA CTAHOBUTCH TOCTYNMHBIM
ana depmentos [f-okucneHns. CBOGOAHLIA KapHHU-
THH BO3BPALLACTCH HA UMTO3OIBHYIO CTOPOHY BHYT-
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Pyc. 5-26. MNepeHos MUPHBIX KACIOT C QAMHHBM YTAEB0OACPOAHLIM PANMKANOM Yepea MeMbBpaHsl MUTOXOHAPKA. (DepMeHT Kap-
HUTHHAUMNTpaHChepaza | — PerynaTopHEn GepieHT B-OKMCNEHWA; MHMMSKMPYETCR MancHUN-KoA — NpoMEXyTOYHLIM METABONHTOM,
0OpazyIoWMMEA NP BHOCUHTE3 KWPHBLIX KMCIOT. * — KAPHUTAHALMNKAPHWTUHTPAHCNOKASA.

peHHell MeMOpaHbl MUTOXOHIPHH TOH Xe TpaHCIo-
Ka3oh.

Ha BHYTpeHHEH TOBEPXHOCTH BHYTPEHHER MEM-
Opanbl HAXOAWTCA (PEPMEHT KAPHUTHHALMA TPAHC-
depasza 11, katanHMpyrOUWIMA oOpaTHeIil NePeHOC
4ALMIA ¢ KADHUTHHA HA BHYTPUMHTOXOHIPUHATBHBIHA
KoA. Tlocne sroro aunn-KoA BKIIOYACTCS B peak-
UMK [B-OKUCIEHHA.

B-OKuCcAeHHE KHPHBIX KHCIOT — chnenuduyec-
KWit nyTh KaTaboMU3Ma KUPHBIX KMCJIOT, MPOTeKa-
IOWWH B MaTPUKCE MHUTOXOHAPHI TOJNBKO B a3pod-
HBIX YCJ0BMSIX M 3aKaHYMBAIOILMACA 00pa3oBaHHEM
auetin-KoA. Boaopon M3 peakUHil B-OKUCIEHUS
noctynaetr 8 LI, a auetun-KoA okucasercs B
LUUTPATHOM LMKNE, TAK¥Ke MOCTABIKIOLEM BOAO-
poa ana LM3, Tloatomy [(-OKMCIEHHE XUPHDBIX
KMCIOT — BaXHEHINMH MeTaADONWYECKUH IYTh,
obecneynBargHil CHHTE3 AT® B ABIXaTENbHOH
.

B-OkucaeHNe HauyMHAETCA C AETUIPHPOBAHHA
auun-KoA FAD-3aBucHMOI anmi- KoA gernapo-
reHaszol ¢ 00paszopaHHEM NBOHHOW CBAZH MEXIY
o~ U 3-aTOMaMK yriepona B NpOIYKTE PEAKUHH —
eHoun-KoA. BoccTaHOBNGHHDBIA B 3TOH peakUHH
KogepmeHT FADH, nepesa€r atoMel 80A0poaa B

LII13 na kogepMmeHdT Q. B pesynsrare CUHTEIHPY-
iotea 2 moiekyiast AT® (puc. 8-27). B cnenyiouiei
pEaKUMH [-OKHCIEHHA MO0 MECTy ABOWHONW CBA3M
MPHCOEIUHASTCA MOJEKYJIA BOAbl TAKMM 0OPa3oM,
uto OH-rpynna HaxoauTes y B-yrnepoaHoro aro-
Ma aumuia, obpasya B-ruapokcuaunn-KoA. 3arem
B-runpokcHaunn- KoA okuciserca NAD™-3aBHcH-
MO Jervaporena3oif. BocctaHosneHHbi#i NADH,
okucssick B LITT3, obecnesiupaer 3Heprveil CUH-
Te3 3 monexkyn AT®. Obpazopasiiuiica B-xertoa-
iI- KoA noapepraeTcsl THOJIUTHYECKOMY pacllier-
NeHWIO QepMEHTOM THOJA30H, TAK KAK NO MECTY
pazpsiBa cBa3u C—C yepes aToM cepbl MPUCOSIH-
HAETCA MOTeKyla KocdepmeHTa A, B pesynbsrarte
3Tol MOCNEAOBATENBHOCTH U3 4 peakUuuil OT auni-
KoA oTnenaeTcs IByXyIrepoAHbIi OCTATOK — ale-
THI-KoA. JKHpHAaa KHCIOTA, YKOPOYCHHAd HA 2
aToMa VITIEPOaa, ONATh MPOXOAMT peaklUUUu Jerui-
PHPOBAHWA, THAPATALIMH, IETHAPHPOBAHMS, OTILEN-
neHus auetTun-KoA. 2Ty nocnesoBaTeibHOCTh pe-
aKUMI OOBIMHO Ha3BIBAKOT «LIHKIIOM [B-OKMCASHMA,
UMeES B BUOY, UTO OJHH H T¢ X peaklUH NOBTOpsI-
I0TCA ¢ PAAUKATIOM XUPHOHW KUCIOTHI A0 TeX nop,
MOKAa BCA KWCIOTA HE MPEBPATUTCA B alETWIbHEIE
OCTATKH.
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Puc. 8-27. B-OxucneHne XUpHbIX KUCOT.

[IpoayRTAMH KAKOOTO OHKAA [3-OKHCNCHMA ABIA-
iorca FADH,, NADH u auerun-KoA. XoTs peakuun
B KAKIOM «LHKIe» OOHH H T€ Xe, OCTATOK KHMCAO-
ThI, KOTOPBIA BXOOUT B KAKIbIA MTOCAEIYEUNHA LIHKI,
KOpOoYe Ha 2 yriiepoaHbex aToMa, B nocneaneM uukie
OKBCISIETCS XHpHAA KHUCI0TA W3 4 aTOMOB YTIEepo-
A, Mo3TOMY 00pa3yioTcs 2 MONeKyIIbl aueTun-KoA,
a He 1, Kak B npeaplIyiInx. CyMMapHOS YpaBHEHHE
B~OKHCNEeHUMs, HAMpUMEP NaneMUTOI-KOA MOXeT
OBITE MPEICTARNEHO TAKMM 00pazoM:
C,H,,CO-KoA + 7 FAD + 7 NAD* + 7 HSKoA —

8 CH,-CO-KoA + 7 FADH, + 7 (NADH + H").
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Ecnu paccuwteiBaTe BEIX0) ATD npu oKMcHe-
HMH NATBMWTHHOBOM KWCHOTHI (Tabn. 8-7), To M3
oBIUEH CyMMBI MOIEKYST AT HeoOX0nUMO BBIUECTh
2 MOJIEKY/IbI, TAK KaK HA aKTUBALIMIO XKHPHOH KUC-
JIOTHI TPATHTCA SHEPTUS 2 MAKPOIPTHYECKMX CBSI-
3ICH (CM. PeakuMI0 AKTMBALNH XKWDHOK KHUCIOTHI).

Bo MHOTMX TKaHMX OKMCJICHHE XMpPHBIX KHC-
JIOT — BaXHBIH MCTOMHUK 3HEPIYMH. ITO TKAHH C
BHICOXOH akTHBHOCTBIO (hepMeHTOB LITK » abixa-
TeJbHOW HENH — KIEeTKH KpPacHBIX CKeJeTHBIX
MBILII, CEPEUHAs MBIUILA, TTOYKH. JPATPOLMTSI,
B KOTOPbIX OTCYTCTBYXOT MHUTOXOHIPHH, HE MOTYT



TaGnuua B-7. CuHtes AT® nPW RONHOM OKMCASHMM NaNbMUTAHOBON KWCNOTHI

B-Oxncnenne Konuvectpo
Mojaeya AT
7T NADH (ot nanbmutoun-KoA a0 anerun-KoA), 21
OKHCIEHHE KAk A0H MONEKYILL
xothepmenta B LI obecneqnsaer
cuute: 3 monekyn AT
7 FADH,, okHCIesHE KaXA0H MOICKYID] 14
xodepmenTa B LII1D obecneynsaet cCHHTES
2 monekyn AT@
OxucieHde Kool u3 8 Monexyn anethn-KoA 96
B IUTK ofecneunsaer cuutes 12 monexyn ATD
CymmapHoe koan4ecTEO Moulexya AT®, cAHTeIRPOBAHHEIX 131
OPH OKHCICHUH OIHOH MOJeKYAB! nadeMuTONA-KoA

OKHCIISATH KUPHEIE KUCTOTL]. ZKMPHBIE KACIOTHl He
CIYKAT MCTOUHHMKOM 3HEpTHU ANA MO3ra U APYTrHX
HEPBHBIX TKaHei, TaK KakK XHpHBIE KHCTOTBl He
NIPOXOIAT 4epe3 reMarosHuedatnuyeckuil dapeep,
KaK M apyrie rhapodobHbele pewiecTBa. B akcne-
PHMEHTAX MOKA3AHO, YTO CKOPOCTb 06MeHa XHMp-
HBIX KHCIOT B HEPBHOI TKaH! CYLIECTBEHHO MEHb-
e, YeM B APYIMX TKaHSIX,

Peryasiins CKOPOCTH [-0OKMCIEHUA

B-OkucneHne — MeTabONMYECKUH MyTh, NPOUYHO
cBa3aHHbIi ¢ paGoroit LIT1D W obwero myTH Kata-
6onuaMa. [ToaToMy ero CKopoCTh PeryuMpyeTCs Ito-
TpeOHOCTLIC KNETKHU B IHEPTHH, T.€. COOTHOLUIECHHS -
mu ATD/AID 1 NADH/NADY, tak ke, Kak u
ckopocTk peakuui I3 1 ofwero mytH KaTtabo-
gu3Ma (cM. pasgen 6). CKopocTh P-OKHCICHHS B
TKaHAX 3aBUCHUT OT JOCTYMHOCTH cybcTpara, T.6. OT
KOJTUMECTBA XMPHBIX KHCIOT, TIOCTYTIAIOIINX B MU-
TOXCHAPUK. KOHUEHTpallug CBOBOIHBIX XHPHBIX
KHCMOT B KPOBH NIOBBIILACTCA TPH aKTUBALMH JIK-
f0/IM3a B XUPOBOH TKaHWU NP TONOAaHUH TIOM Oeii-
CTBHEM TAFOKATOHA M NMpy Pu3nueckoin paboTe noa
JeMCTBHEM anpeHanuHa. B aTux yeaosusix KMpHbie
KHCTOTEl CTAHOBATCHA TIPXHMYILUECTBCHHbBIM HCTOM-
HWKOM 3HEPTHH A5 MBIELI ¥ NEUeHW, TaK KAK B
pesynerate (-okucaenus obpazviotes NADH v aue-
THI-KOA, MHTMOMPYIOLLME MHPYBATACTHIPOICHA3-
Hell koMruieke. [lpespaitenue nmupyeata, ofpasy-
I0LLIETOCA U3 TIHOKO3E, B aUeTHI-KoA zameandercs,
HakannmpaioTcs MpoMeXyTOUHKE METAO0IHT (K-
KOJM3a M, B YaCTHOCTH, CAWKC30-6-¢ocgar. mio-
K030-6-tocdaT uHrUOMpPYeET TeKCOKUHA3Y U, Clie-

IOBaTeNBHO, TPETBITCTRYET HCTIOABIOBAHUIO TIHOKO-
36l B npollecce TNUKOAW3A. TakuM obpa3om, Tpe-
UMYLIECTBEHHOE MCIIOAb30BAHUE KHPHBIX KMCAQT
KAK OCHOBHOTO MCTOYHMKA 3HEPTHH B MBIILIEYHOH
TKAHH U fevyeHn cGeperaer TMiOKO3Y ISl HEPBHOM
TKAHH W 3DUTPOLIMTOB.

CKOpPOCTE B-OKUCAEHHUA 33aBUCHT TAKXKe OT ak-
TUBHOCTH hepMeHTa KapHUTHHALMATpaHchepaspt 1.
B neudeHu 3TOT (pepMEHT MHIMOUPYSTCS MATOHMI-
KoA, BewiecTBoM, 00pasyioluuMes IpH GUOCHHTE-
3¢ KUpHBIX KHCNOT. B aGcopOTUBHBIA IIepyon B ne-
YeHWU AKTUBUPYETCH TJAHMKOJIM3 U YBEJIHUMBAECTCH
obpasopanue aueTi-KoA M3 upysarta. [epnas pe-
AKUMS CMHTE33 XUPHBIX KHCIOT — TIpeBpallieHle
auetua-KoA B manonwin-KoA, Manonun-KoA uH-
rubupyeT B-0KHCIeHWe KUPHEBIX KMUCIOT, KOTOphlE
MOTYT UCIOABIOBATLCA UIS CHHTE3a XKUpa,

OxucieHde HeHachileHHbIX AMHPHBIX KHCOOT

QKOO (ONOBHHbBL XHPHBIX KHCIOT B OPTraHHM3-
ME YENIOBEKA HEHACHILICHHBIC. B-OKUCASHHE 3THX
KMCNOT MAET QOBIYHBIM NMYTEM A0 TeX MOp, NoKa
[HOHHAA CBA3bL HE OKAXCTCA MEXAY TPETEUM M MeT-
BEPTHIM aToMaMH yriepoaa (puc. 8-28). 3ateM dep-
MEHT eHOMI-KOA H30oMepasd nepeMeliacTt ABOii-
HYIO CBA3b W3 MOJIOXEHUI 3—4 B nojoxeHue 2—3
U U3MEHAST LHC-KOHMDOpPMauHWlo JBROHHOU CBS3U
Ha TpaHe-, KoTopasa TpedyeTcs oS B-OKHCASHUS.
B atoM uMkne B-okucneHus nepsas peakilusa Je-
THAPUPOBAHKA He MPOUCXCAMT, TAK KAaK IBOMHHAA
CBsI3b B PAIMKANIC XKHDHOH KHCAOTHI Y& HMEeTCH.
Hanee uMkABI B-0K1cAeHUS MPOAOIKAKTCS, HE OT-
JMYAACH OT OOKIYHOTC TYTH.
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Puc. 8-28. OxucneHne mupHLIX KUCAOT € OQHOW BBOWHOA CBRJIBID.

o-Oxncnenne XUpHBIX KHCROT. B nununmax Mos-
ra 1 ApyTX OTAe/ax HEPBHOM TKaHM TMpeobiafaoT
XUPHBIE KUCIOTH ¢ O4Y€¢Hb JUIMHHON Lienklo — 60-
aee 20 yrnepoaHeIx aTOMOB. OHM OKMCIAIOTCA IO
THITY -OKUCTIEHHS, TIPH KOTOPOM OT XKUPHOW KUc-
JIOTBHL OTIEIUBIETCH MO OAHOMY aToMY yriepoaa,
Bhizensomemyca B e CO, (puc. §8-29).

3TOT MyTh KaTtabo/¥M3Ma XUPHEIX KHCIOT He RS-
3aH ¢ cuHTe3cM AT, o-OKMCIeHHIO NTOABEPraeTCs
TAKXKE MMPHBIC KHCAOTHl € PA3IBETRIEHHON YTNEBO-
JOPOAHOM LICMblo, HAnpUMep (GUTaHOBaA, NocTyna-
I0IIAS B OPraHM3M ¢ PacTUTEABHOMU THUIeH (puc. 8-
30). duranosaa kucaoTa obpasyetca n3 duTona,
KOTOPBI BXOIWT B cocTaB xopodnuia. B 31o# kuc-
JI0Te ¥ KAKIOTO TPETLENO ATOMA YIVIEPOAa HAXOAUTCA
METHNIBHAS TPYIINA, YTO JelaeT HeBO3MOXHBIM [3-
OKMCIIEHWE TaHHCH KMcnoTel [1py a-okuchieHHn dhu-
TAHOBOW KHWCJIOTHl BHAYANE YAAMACTCA METWILHas
IPYIINa, a 3aTeM MPOHCXOIWT UHKI B-OKHCISHUSL.

b. HAPYLNIEHHA OKMCIEHMSA XHPHBIX
KMCIOT

HapylieHue nepenoca AHPHBLIX KHCIOT B MHATO-
XOHIpHH. CKOPOCTh MNMEPEHOCA KHPHBIX KHCIOT
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B-Cuapokcu-nekaHonn-KoA

BHYTPb MHTOXOHADUH, 4 CIEJOBATENBHO U CKOPOCTh
npoilecca B-OKUCIEHH, 3aBHCHT OT OOCTYNHOCTH
KapHHTHHA U CKOPOCTH paloThl (epMEHTa KapHU-
TUHauuaTpaHcdepasol 1. B-OxucIeHHe MOTYT Ha-
pYIIaTh CACHYIONHE haKTopsbl:

* JJMTCALHBIA TEMOOWANIH3, B XOAE KOTOPOIo
OpraHM3M TepHeT KapHHTHH;

e JUIMTE/bHAs alMAaypHd, MpH KOTOPOid KapHH-
THH BBIBOAMTCA KAK OCHOBAHUE ¢ OpTaHHYec-
KWMM KHCNOTaMH,

» JieyeHue OONbHBIX caxapHbiM AOWHAleTOM Ipe-
napaTaMy CyJbGpOHUIMOYEBHHBI, HHTHOHPYIO-
UMK KapHHTHHauUnTpaHcepasy I,

s HU3KAA AKTHBHOCTh (PepMEHTOB, CUHTEIHPY-
OIMX KapHWTHH;

s HAcJEACTBeHHbIe AedeKThl KAPHMTHHAIIMA-
TpaHcdepasnl L

Y mozeil ¢ HACNEACTBeHHBIMH IedeKTaMH Kap-

HUTHHAWITpaHCdepaski | i depMeHTOB CHiHTE-
3a KAPHMTHHA B CKENETHBIX MBIIHIAX CHIXAETCH
CKOPOCTH NMOCTYFUICHHMSA XMPHBIX KUCIOT B MaTPHKC
MUTOXOHAPHM U, COUTBETCTBEHHO, CKOPOCTE 3-OKHC-
JeHWs. B 3THX ciyyasx XupHBIE KUCAOTEI ¢ ANMH-
HOM LEMEBI) He HCMOAL3YIOTCS KaK HCTOUHHKH JHep-
Ay, Y TakMx NiofeH CHMXeHA CNocobHOCThL K
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Puc. 8-29. o-OKWCABHNE XXHUPHBIX KWCAOT.

Puc. 8-30. Oxucnexmne GUTAHOBOR KWCNOTbI

M3MYeCKOl aKTHBHOCTH, B MBIILIEYHBIX KIIETKAX MO-
I'YT HAKAILTHBATLCA XKHPbI, 06pasysd BaKyoJIH.

Fenernyecknit gedeKT AerHaporeHasbl KHPHBIX
KHCJIOT €O CpeaHell IHHOH yrJeBOIOpOIHOH
nenu

B mutoxonapusax uMeercs 3 Buia aumi-KoA-ge-
rHIPOreHa3s, OKUCASIOILIX XMPHBIE KMCAQTH C JUTMH-
HOii, cpemHelt WM KOPOTKOH LIETBIO pagukana. Kup-
Hbl¢ KMCJIOTBl IO Mepe YKOPOUEHHWs palMKania B
npouecce P-OKUCISHNA MOTYT MOCASIOBATEIbHO
OKHCIIATBCA ITUMM PEPMEHTAMH. ['eHEeTHHECKuUI Te-
(hbekT merumporeHa3bl XHMpHBIX KMCIOT CO CpeIHei
IUTMHO# pagykana Hanbonee pacTipoCcTpaHEH M0 CpaB-
HEHHIO ¢ APYTHMH HACIEACTBEHHBIMY 3200/ 1¢BaHMS-
MH — 1:15 000. Yactora JedheKTHOTO reHa cpeid
eBponeiickeil nonyasausd — 1:40. 310 ayrocomMHo-
peLecCHBHOS 3a00EBAHKE, BO3HUKAOLIEE B PE3YITb-
Tare 3ameHbl T Ha A B 985-H No3HUMH TeHA. AKTHB-
HOCThH 3TOH JerMaporeéHasbl OCoOCHHO BaXHa ITIs
TPYOHBIX AETEH, ¥ KOTOPBIX XUphl MOJIOKA CJIY>KAT
OCHOBHBIM MCTOYHWKOM 3HEPIHM, & B TPHALWIIIN-
HepoIax MOAOKa npeodnajaldT XMpPHBIC KHCAOTHI
cO cpeaHell HTHOH enu. HeBoaMOXHOCT: MCTIONDb-
30BATH XWPHBIC KHCIOTHI KAK MCTOYHHKH IHEPrHH
TIPHBOAWT K YBEIHYSHHIO CKOPOCTH OKHCIEHHA [II0-
K03bl. B pe3aymwrarte y aeteid pasBHBACTCS THIIOTITH-~
KEMUs — MNPHUYHHA BHE3ANHOIM AETCKOH CMEPTHOCTH
{10% ot ofwero 4yucaa YMEPUIHX HOBOPOXKAEHHKLX).
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Ecnu Takue AeTH BbDKMBAKOT, TO NOC/E TONOIAHUA B
TeyeHue 6—8 4 y HMX paiBMBAIOTCs TUITOTIMKEMH-
YecKHe MPHCTYII (e1ab0CcTh, TONOBOKPYXEHHE, PBO-
Ta, NOTepsl co3HaHuA). BeeoeHWe TIIOKO3BI NPHBO-
OHT K MCYE3HOBCHHIO CHMIITOMOB.

Bo Bcex cayuasx, koroa Hapyliaetcs [-okucne-
HHe, XUPHbIE KHCIOTBl HAKAILTHBAKOTCH B KISTKAX H
PACTIAIAIOTCA [10 TTYTH 0-OKWUCTEHHsL, KOTOpOS B HOP-
Me MIET ¢ OYeHb HM3KOH ckopocThio. QKuceHHe
MIPOMCXOMUT IO METHUILHOMY (9-aTOMY YIJIEPOIa {puC.
8-31), U B peayanTate O0pa3yIOTCA TUKAPSOHOBbIE
KHMCJIOTE, BBUACTAIOLIMECA ¢ MOUoH, OupeagencHue
ITHX KHCJIOT B MOYE MOXKET CAYKHMThb IHAFHOCTHYEC-
KM TIDH3HAKOM HapYLIEHUS [-OKMCAEHHS.

Hapyinenne okucnerms ¢guranoBoit kucaotsl. [pu
peIKOM HACAeJCTReHHOM 3ab0fdeBaHMK — bone3-
Hu Pedcyma, pasBuBarouleiics BCASACTBHE TeHe-
THYECKOTo AedeKTa OJHOro M3 (epMEHTOB, yua-
CTBYIOLUWX B O-OKHMCISHHH, (UTaHOBas KHCIIOTa,
TOCTYIAIOLIAA ¢ THILEH, He OKMCAASTCA M HakKar-
JHUBAETCA B OPraHH3ME, B OCHOBHOM B HEPBHOM
TKAHHW, DTO [PHBOAMT K HAPYIUCHHIO CTPYKTYPLI
HepBHOM TKaHU H PA3BUTHIO MHOTHX HEBPOJIOrH-
YECKMX CHMITTOMOB.

B. OBMEH KETOHOBBLIX TEJI

IMpu romomanvy, LIATeNEHON dH3MMECKOH pa-
DoTe M B CoTyYasixX, KOrma KaeTKH He [IONY4arT 10c-
TATOYHOIQ KOJIMYECTBA TKOKO3bl, XHPHBIE KHCIO-
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Puc. 8-31, crOKHENeHWe KAPHBIX KUCNOT. ©-OKUCNEHWE XNPHBIX KUCNOT aKTVBMPYETCA B TEX CNYHAAX, KOMNa aKTMBHOCTE B-OKvcne-
HUST KMPHBIX KHONOT CHWXERa. 1 —— aovniHOBAaA KWCNoTa; 2 — cyBepiHOBaR KuCnoTa.,

Thl MCHOAB3VIOTCA MHOTHMH TKAHAMM KAaK OCHOB-
HOH UCTOMHHK 3HEPrMH. B OTIMYME OT IpYyrux TKa-
HEW MO3T M IpPYyTHe OTIenbl HEPBHON TKAHM IIPAK-
THYECKH HE HCMONB3YIOT XHPHBIE KHUCIOTH B
KAYeCcTBe UCTOYHMUKA HeprvM. B rnedyeHHW yacTh
KUDHBIX KHC/IOT IIPEBPAIllAETCst B KETOHOBLIE TEA,
KOTOpbIe OKHMCISIOTCH MO3roM, HEpBHOM TKAHEIO,
MBIILIAMM, 0DeCTIEYHBAs AOCTATOYHOE KOMHYECTBO
3HEPTUH Ang chHTe3a AT® n yMenban notpebie-
HUE TMIOKO3BL. K KETOHOBBIM TeaM OTHOCAT B-Tuf-
POKCUOYTIHPAT, aUEeTOaLcTaT M aleToH. IlepBLic nBe
MOJIEKYNIBl MOTYT OKMCIIAThCSI B TKAHAX, oGecTieyn-
Basa cuHTes ATM, AlleToH 00pA3YeTC TOJIBKO IIPH
BBICOKMX KOHIICHTPALIMIX KeTOHOBLIX Tel B KPOBH
M, BBUISTASCHE ¢ MOYOH, BHIABIXacMBIM BOZIYXOM M
NOTOM, NO3BONAET OPraHU3My M30ABISITLCA OT W3-
ObITKA KETOHOBRIX TEN.

CHNTe3 KETOHOBBIX TeA B nmedeAn. [Ipu HHU3KOM
COOTHOIIEHUH WHCYJIMH/TIIOKArcH B KPOBH B XM-
pPOBOIT TKaHW aXTHBMpYeTCS pacial xupos, Xup-
HbIE KHCAOTHl MNOCTYNAKT B NCUYCHb B GOJBILEM
KOAMYECTBE, YeM B HOPME, TIOITOMY YREIMYHBAET-
cA ckopocTh B-okucnenus (puc. 8-32). CkopocThb
peakuuii IITK B 9THX ycnoBusax cHuXeHa, TaK Kak
OKCAI0ALUETAT UCMOAB3IYETCS MU DIIOKOHEOIeHe-
3a. B pesyabrate ckopocTh 00pasOBaHHA ALETHUI-
KoA npessiaer cnocobHocts LITK oxucasts ero.
AueTn-KoA HakannupaeTcss B MHTOXOHOPUAX
TIUEHU M UCTIOAB3YETCA JUISE CUHTE3a KETOHOBBIX
Te. CHHTE3 KETOHOBBIX TE TIPOHMCXOIUT TOABKO B
MUTOXOHAPHAX [IeUeHH.
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CHHTE3 KETOHOBBIX TE€l HAYHHACTCH ¢ B3aMO-
JeHACTBHA ABYX MONEKYN aueTua-KOA, KoTophie o0
IeicTBUEM depMeHTa THOIa3bl 00pa3yIoT aneroa-
ueTHT-KoA (pHc. 8-33). C aueroauetn-KoA psa-
HMOJIEHCTBYET TREThA Monekyna aueta-KoA, obpa-
ays 3-ruapokcu-3-metrnyrapii-KoA (TMIT-KoA).
DTy peakuyio karanuaupyeT hepment TMT-KoA-
cuHraza. Janee TMI-KoA-nuaza kaTanusupyer
pacuerenne I'MI'-KoA Ha cpoGoauwlil ateToa-
uetaT M aueTun-KoA.

ALIETOALETAT MOXET BBLOCASTRCH B KPOBb WIH
MPEBPAlATLCA B TICYEHU B APYTOe KeTOHOBOE Te-
Ji0 — B-TUAPOKCUOYTHPAT NMYTEM BOCCTAHOBICHMS.

B kreTkax nedeHH mpH aKTHBHOM [-OKUCHEHHH
CcO31a€TcA BhicoKass KouneHTpauus NADH. 3to
CNOCOBCTBYET MPERPAILCHUIO BONBIIER YacTH alie-
ToaieraTa B B-rMapoKCHOYTHpAT, MO3TOMY OCHOB-
HO& KETOHOBOC TENO B KPOBH — MWMEHHO [-ruapo-
kenbytupar, TIpy rofomaHuM A MHOTHX TKaHe#H
XHMPHBIE KUCIOTHI M KETOHOBBIC TENAa CTAHOBATCA
OCHOBHBIMH TOIUIMBHBIMH MONcKyiamMH. [Miokosa
HCIIONB3YETCHA B MEPBYIO OUEPEAb HEPBHONH TKAHBIO
M 3PATPOLLUTAMM.

[Tpu BLICOKOH KOHLEHTPALIMH ALCTOAUETATA YACTh
erc HedepMECHTATHBHO JIcKApBOKCHMAKPYETCS, Npe-
BpAINAACEH B AlIETOH. ALIETOH HE YTWIH3UPYETCA TKA-
HAMM, HO BbIIC/VIETCH ¢ BBIABIX@EMBIM BO3AYXOM M
mouol, TakiM TMyTEM OPraHH3M yaansieT U3ObITou-
HOE KOJHYECTRO KETOHOBBIX T, KOTOPhIE HE YCIe-
8410T OKUCISITECA, HO, SABWIACH BOOOPACTBOPHMEL-
MH KHCAOTAMU, BLI3BIBAIOT ALIMIO3.
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Pue. 8-32, ARTHBALWR CAHTE3A KETOHOBBIX TEN NPH FONORAHAN. TOYEYHBIE NMHWKM — CKOPOCTe MeTabOoNMUECKWX NyTeil CHUXEeHA;
CNNOIWHbLIS NUHAW — CKOPOCTe METabonNnYscKkuX NyTew noseltweHa. Mpw ronopaqMi B pe3ynbtate AEACTBWA MIOKAroHa akTMBVPYIOTCA
MMNONUE B XMPOBOH TKAHW M B-OKMCNEHME B NeYeHW. KONWYECTBO OKCANoaueTaTa B MATOXOHOPHAX YMEHLLWAEBTCH, TaK Kak OH, BOCCTa-
HOBMBLIMCH A0 MANATA, BeXOOUT B LMTO30NL, ME ONATe NPEBPAILAETCA B OKCANQALBTAT W MCNOML3YETCH B IMIOKoHeoreHese. B peayne-
Tate cxopocTh pearumd LITK cHKaeTes v, COOTBETCTBEHHO, 3aMEQNRETCH DKUCREeHKe aueTwn-KoA. Konuentpaurs auetin-KoA B mu-
TOXOHOPWSX YBENWUNBAETCH, N AKTUBUPYETCA CWHTEZ KETOHOBEIX Ten. CUKTEe3 KETOHOBLIX TEN YBENWYUBAETCA TAKKE NPU CAXAPHOM

AvabeTe {cM. paspgen 11},
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Puc. 8-33. CrHTE3 KETOHOBLIX TEN B MWTOXOHAPUAX MENaTOUNTOR. PerynATOpHBIR EpPMEHT CUHTe3a KeTaHOBbIX Ten (MTMT-KoA-
CHHTA33a) MHEMBKpyeTcA crofoaHsiM KoA. * -— peakuusa waET HeiepMEHTATUBHO NRK BLICOKOW KOHLEHTPALMKW KETOHOBLIX TEN & KPOBM.

Peryaanua cuMTe3a KeTOHOBLIX Ten. Perviarop-
HBbI# PepMEHT CHHTE3a KeTOHOBRIX Tel — I'MIT-KoA
CHMHTa3A.

o TMI-KoA-cunTaza — MHIYLIMpyeMbiil PepMenT;
€T0 CHHTE3 YBEMUMBAETCS TIPH TIOBBILICHHH KOH-
LEEHTPALMK XUPHBIX KMCIOT B KpoBi. KoHileH-
TpauHsA XHPHBIX KUCAOT B KPORH YREAMYHBAET-
CA NIPY MOBWTH3ALIMM XHPOB U3 XHUPOBOH TKaHH
oA AefcTeHeM ITIIOKATOHA, AIPEHATTMHA, T.C. TIpH
TOMIONAHNK MM (huaMueckoi pabore,

+ I'MI'-KoA-cHHTA3a HHTHOMpYETCS BHICOKMMH
KOHLUEHTpaLUMsAMM CBOGOAHOro KodepMeHTa A.

« Korga nocTyninenve XHPHBIX KUCIOT B KIET-
KH TeYeHH yBerauunpacTca, KoA cBA3LiRACTCA
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C HUMH, KOHLIEHTpaIia cBoGonHOro KoA cHU-
KaeTcsi, 1 QEPMEHT CTAHOBHUTCS AKTHBHBIM.

¢ Ecii nocTymuieHHe XHUPHbIX KMCIOT B KIETKH
neyeH YMEHBIUAETCH, TO, COOTRETCTBEHHO,
YBEIHYMBACTCH KOHLEHTpauHs CBOGOAHOTO
KoA, uHruGupyloiero gepmert. ClaeaoBaTeib-
HO, CKOPOCTb CHHTE3a KETOHOBBIX TE/l B [GUHEG-
HM 3aBHCHT OT TIOCTYIVIEHHA XHAPHBIX KHCAOT.

OKHCIeHHe KeTOHOBBIX TeN B nepudepHdeckux
TKAHAX

IIpu ANHTENIEHOM rONOIAHHM KETOHOBBIE TEIA
CTAHOBATCH OCHOBHBIM MCTOMHMKOM DHEPTHU s
CKENETHBIX MBIIIL, CEPAUA W ModeK. Takum obpa-



30M IJTKOKO3a COXPAHACTCS LTS1 OKUCACHHSA B MO3re
H 3PUTPOUMTAX. YXKe yeped 2-3 AHA NocAe Hayana
ronogaHusl KOHUEHTPALUS KeTOHOBEIX TEJ B KpO-
BH JOCTATOYHA LIS TOTO, YTOOH OHH ITPOXOIHIK B
KJIETKM MO3Ta ¥ OKHCNISUTHCD, CHUXKaST ero norTped-
HOCTH B MTHOKO3€,

B-Tunpokcudyrupar (puc. 8-34), nomagas B
KIEeTKH, dethIpupyerca NAD-3asucuMoil gerun-
pOreHA30i W TIPEBpalliaeTCa B aleTOAlIeTAT. Alle-
TOALETAT AKTWBHPYETCA, B3aUMOIEHCTBYA ¢ CYK-
unHHI-KoA — aoHopoM KoA:

AueroaneTtar + CykUKHII-KOA — AllETOANETHI-

KoA + CyxuuHar.

OH
] L0
CHa‘ (l;_ CHz“ C\
H o
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Q
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¢

Twonaaa
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+ CH; C

SKoA |

0
cHs O
TSkoA !

2 Auyetun-KoA,

]

Lukn Kpebea

Puc. 8-34. OKMCNEHWE KETOHOBLIX TeN B TKAHAX. * — peaxuma
AKTUBALMM ALETOAUSTATA.

Peakiinio katanu3upyeT ¢YKUHMHHAI- KoA-auero-
anetar-KoA-tpancdepasa. I10T PepMEHT HE CHH-
TEIUPYETCH B MEUeHH, MTOFTOMY MedeHb He UCITOb-
3YeT KETOHOBLIE TEJAa KAK HCTOYHMKM 3HEPTHM, A
NIPOUIBOAMT MX «HA IKCMOPT», KeTOHOBLIE Tena —
XOpOllIKe TOTUIMBHLIE MOJIEKYJIBI; OKMCIEHHE Oll-
Hoit MOJIEKYNH B-ruapokcnbytupara a0 CO, v H,O
obecnieympaer cuntes 27 monekyn ATD. Ixsupa-
JIEHT OMHOH MakKpoapruueckoit ceasu AT® (B Mo-
Jnekyne cyKiuuaun-KoA) Heno/p3yercsl Ha aKkTHBa-
LMI0 aleToaleTaTa, Mo3TOMY CYMMAapHBI BBIXOI
AT® npu okucaeHHU OJHOH MONEKYNIHI (-THapo-
KCHOYTHpaTa — 26 MOJIEKVI.

Keroaunnos. B HOpMe KOHUEHTPALMS KETOHO-
BBIX Tel B KpOBM coctapnger 1—3 mr/aa (g0
(0,2 MM/n), HO NpPH TONOIAHKUH 3HAYHUTEALHO YBe-
AUYUBACTCA. YBeHYeHHE KOHLEHTPALUM KeTOHO-
BLIX T B KPOBH HA3BIBAK)T KETOHEMHEH, BbLAE-
NEHUE KETOHOBBLIX TEJA C MOYOH — KETOHYDHEH.
Hakoriedne KeTOHOBLIX T¢I B OPTaHU3ME TNpPH-
BOAMT K KETOALUMIAO3Y: YMEHBIIECHHUIO IETOYHO-
ro peseppa (KOMICHCHPOBAHHOMY aUMOO3Y), a B
TAXENBIX Cnydagx — K capury pH (HexommeHcu-
POBAHHOMY AlMI03Y), TAK KAK KETOHOBBHIC TE¢na
(KpoMe aueToHa) ABMIOTCS BOAOPACTBOPHMBIMH
OpraHUYecKUMH kucnotamu (pK~3,5), cnocobHb -
MH K JHUCCOLHALIMH:

CH,-CO-CH,-COOH « CH,-CO-CH,-COO" + H",

AIIHAO3 HOCTHTACT OMACHBIX BEMMYMH MpH Caxap-
HOM JarabeTe, TAK KAK KOHLECHTPALMA KETOHOBBIX TEA
MPH 3TOM 3a007IEBAHUN MOXKET AOXOAUTH A0 400—500
mr/un. Taxénas dopMa anuao3a — ogHa M3 OCHOB-
HBIX NMPUYKMH CMEPTH NPH caxapHoM THabete. Hakorm-
JIEHWE NIPOTOHOB B KPOBH HAPYILIACT CBSI3LIBAHHC KHC-
Jopoaa TeMOTJIOBMHOM, BJIMSET Ha MOHU3ALHIO
OVHKIMOHATEHEIX TPYIIT GeKOB, Hapyllas UX KOH-
dopMaumio ¥ PYHKUIHIO.

I'. BHOCHHTE3 XHPHBIX KUCJIOT

C nueld B OpraHnu3aM TOCTYNAOT pasHooOpas-
HBIE XHPHbIE KUCNOTBI, B TOM YMCIE B HE3aMeHH-
MBI¢. 3HAUWTEIBHAA YAcTh 3aMEHHUMBbIX XHUPHbIX
KUCITOT CHHTE3NPYETCA B MEUEeHH, B MEHbLIeH CTe-
NMeHW — B XKUPOBOH TKAHW Y JAKTURPYIOWEH MOTOY-
Ho# XKeneze., MCTOUHMKOM YTepoda BAd CUHTE3a
KUPHBIX KHUCNOT CIYXUT anetu-KoA, obpasvie-
LIHMHACA NPpH pacnage MOKO3H B AGCOpHTHUBHOM
nepuoae. Takum 08pa3oM, M3CLITOK YIAEBOACH,
MOCTYNAIOWKX B OPTaHM3M, TpaHCOpMHpYETCH B
AMPHBIE KUCTOTEI, A 3aTEM B XMpPHL.
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1. Cunnies nateMumino6oi Kuciomsd

OopaszoBanse aueTHI-KoA M ero TpaHCNopT B UMTO-
3001h

CHHTe3 XKUPHBIX KHCAOT MPOUCXOIUT B abcopb-
THBHBIA MEpHOA. AKTHBHBIN CTUKOMHU3 U NMOCASAY-
HoUlEe OKMCIHTENBHOE JAeKapDOKCWIMPOBaHHE MMH-
pyBara cnocoBCTBYIOT YREAWUEHUIO KOHUEHTPALUK
anetun-KoA B mMarpukce MUTOXOHAPHU, Tak kak
CHHTE3 MMPHBIX KHCAOT MPOUCXOAWUT B LIUTO30Je
KJETOK, TO aleTwn-KoA aonxkeH ObITh TPAHCOOD-
THPOBAH Y€pE3 BHYTPEHHIOW MeMOpaHy MUTOXOH-
Apyui B UMTO30ME. OnHAKC BHYTPeHHAS MeMmOpaHa
MHUTOXCHAPHI HeNpoHHUaeMa AN aueTiui-KoA,
NO3TOMY B MATPHKCE MHTOXOHAPHH aueThi-KoA
KOHACHCHPYETCH ¢ OKCANoauetaTtoM ¢ ofpasosa-
HUEM LUTPATA NMPH YYACTUH LHUTPATCHHTA3LL
Anerun-KoA + Oxkcanoauertar — Llurpar + HS-

KoA.

3areM TPaHCIOKA3d NEPSHOCHT LHMTPAT B LIMTOI -
Jazmy (puc. 8-35).

IlepeHoc LMTpaTa B IMTOIJIA3MY TPOHCXOIHT
TONBKG TIPH YBENHYEHHHM KOJMYECTBA LMTPATA B
MHTOXOHIPUSIX, KODOA M30UWTPATACTHAPATeHasa |
C-KETOTAYTapaTIerMiporeHasa MHrubMpoOBaHbl Bbl-
COKMMH KOHLeHTpauuaMd NADH u ATD. Dta
CUTVaLMA co3aéTest B abCOPOTUBHOM NepUoae, Kor-
Ja KNETKA TMEYCHH TMOoNydYaeT AOCTATOYHOE KOIHYe-
CTBO MCTOYHMKOB DHEprMH. B uMTOmRasMe uurtpar
paclerUisieTes oA AeHCTBHeM (hepMEHTA LMTPAT-
JTHA3BL
Hutpar + HSKoA + AT® — Auetun-KoA + AIIMD

+ Pi + Okcanoauerart.

AleTH-KOA B LIUTOMIA3ME CAYXUT UCXOAHBIM
CcyDCTpaToOM 1A CHHTE3a XMUPHBIX KUCHOT, 4 OKCA-
JIDAUETAT B LHUTO3QJIE MOABEPracTCs CASHYHMLMM
MIpeBpalleHUaM (CM. CXeMY HIDKe).

MMupyBar TpaHcNOPTHpYeTCd 00paTHO B MATPUKC
MUTOXOHNPHI. BOCCTaHOBICHHLIM B pe3ynbTaTe
deiicTBUA ManHK-thepmeHTa NADPH Hcnonssyert-
€A KaK ACHOP BOAOPOJA LA NOCASIYIOWMX Peak-
LHH CHHTE3a KMPHBIX KUCIOT. Jpyrofi MCTOMHHK
NADPH — okucauTeabHble cTanuH NeHTO30go0C-
charHoro mytH KataGonM3Ma IOKO3bI.

NAD

s OH

NADH
0 N

Odpazopamne mamon-KoA u3 aneTni-KoA —
peryasTopHasi peakuds B OHOCHHTE3e XKHPHBLIX
KHCIOT.

fleppas peakiiig CHHTE3a KMPHBIX KMCIOT — Mpe-
BpalieHye aneTun-KoA B Manonun-KoA. MepmeHT,
KAaTaNM3UpYoLWMi 3Ty peakniio (auetuia-KoA-kap-
GoKcHAAa), OTHOCAT K KAaccy Jauras. OH COmepKuT
KOBANEHTHO CBA3aHHbIH BMoOTHH (puc. 8-36). B nep-
BOM cTamud peakiin CO, KOBAICHTHO CBA3BIBAETCS
¢ OGHOTHHOM 3a CYéT 3Heprin AT, BO BTOPOH cTa-
auu COO- nepeHocutes 1ia aueTui-KoA ¢ obpaso-
BaHHEM MAUIOHWT- KOA. AKTHBHOCTE depMeHTa ane-
TiI- KoA-KapOOKCHIA3b! ONpeaensieT CKOPOCTL BLeX
MOCACAYIOIIMX PEAKLIHHA CHHTE3A KUPHBIX KMCIOT,

PeakuHd, KaTAJN3HPYEMBI€ CHHTA30H MKHPHbLIX
KHCJIOT, — (DEPMEHTHLIM KOMIUIEKCOM, KATATH3H-
PYIOLLMM pEeakliMK CHHTE3a NaJbMUTHHOBOW KMC-
JOThI, OMUCHIBAETCA HHXKE,

Mocie o6pa3oBaHHs MATOHWI-KOA CUHTE3 XKHD-
HbIX KMCJIOT MPOAOGIKAETCA Ha MYJbTH(EPMEHTHOM
KOMIAEKCE — CHHTA3E XUPHBIX KUCNOT (MaThbMH-
TOWICHHTETA3e ). DTOT hepPMeHT COCTOMT U3 2 UeH-
THYHBIX MPOTOMEPOB, KAKALIH M3 KOTOPLIX WMEET
OOMEHHOE CTPOSHME W, COOTBETCTBEHHO, 7 LeHT-
POB, 0DNANAIOIHHX PAZHBIMH KATATUTHYSCKUMHA aK-
THBHOCTAMH (pHc. 8-37). ITOT KOMILIEKC MOCAEA0-
BATC/ILHO YANHHAET PAAMKA KMPHOH KHCAOTB Ha
2 YTIEPOMHBIX aTOMa, IOHOPOM KOTOPBIX CIYKHT Ma-
noHuA-KoA. KoHeunblit npoaykt paloTsl 3Toro
KOMILTEKCA — MAIbMUTHHOBAA KHCAOTA, NO3TOMY
rpexHee HA3BaHHE ITOTO (PepMeEHTA — NMATLMUTO-
WICHHTETA3A.

IMepras peakiusi -— NEPEHOC AUCTHABHOM rpyr-
fbl aneTHA- KoA Ha THOIOBYIO TPYNOY LMCTEMHA aLe-
THITPAHCAUMNA3HBIM LeHTpoMm (puc, 8-38). 3atem ot
MATOHWI-KOA OCTATOK MANQOHWMA TNIEPEHOCHTCd Ha
CYNILPTHAPMABHYIO IPYNTTY aluinepeHocsero Gen-
Kd MATOHMITPaHCANMAA3HBIM neHTpoM. Tlocae ato-
r0 KOMIUIEKC TOTOB K TNEPBOMY LIHKIY CHHTE3d.

AUCTWIBIAS TPYNNA KOHASHCHUPYETCA ¢ OCTAT-
KOM MalOHWIA Mo MecTy oraenuslerocs CO..
Peakuiusi KaTaIM3NpyeTcA KETOALMICHHTAZHEIM
ueHTpoM. O0pa3oBaBILINiiCs paauMKan dLeToaleTH-

NADP* NADPH

it

i i - X
CH3- C-—-CH»—-COCH W CH3—CH - CH;—COOH ———— CH3~ C~COOH + CO,

Okcanoauetar rfeHasa

Cxema

Manart

Mani-pepmont
fipyear
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membpaHa

LiuTozonk, MuToxoHnpua

(MiOKO38 —mmpe - = Mupysar
4

+
NADPH+H -

7

Manart
I 3

+

/ ‘
NADH+H*

Oxcanoauerar

# [upyBaT —» Okcanoauerar

NADP*
AuleTun-KoA
\ 1

Uurpar

3

Liutpar -

AueTun-KoA

Pwe. 8-35. MepeHoc aleTHNBHLIX OCTATKOB W3 MMTOXOHAPHA B UMTOSONL. [elcTBYKILMe hepMeHTb: 1 — uMTpaTcHHTasa;
2 — TpaHCnoKasa; 3 — uMTpamuasa; 4 —- manatperaporeHasa; 5 — manvk-grepment.
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Puc. B-36. Ponub 6uoThHA B peakuyun KapSokcunuporaHmua auetun-KoA.
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b dyHKUMOHANLHAS rpaHvLa
¥ cybrvenmHuL
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Puc. 8-37. CTpoeHWE MYNLTHIEPMEHTHOTO KOMNNEKCA — GHHTA3bL! XUPHBIX KHCNOT, KOMNNEKE — OUMED M3 OBYX WOSHTUYHLIX
RONMNENTURHLIX LENEH, KaXILIA M3 KOTOPLIX UMEET 7 AKTHEHbIX LIGHTPOR M auunnepeHocsiumi Genok {ANB). SH-rpynne npotomepos
NpVHADNEXAT PAZNMYHLIM pafukanaM. OnHa SH-rpynna npuHaanexuT uMcTenHy, APYran — oCcTaTky QoshonNaHTETEMHOBON KHCOTLL
SH-rpynna uacTeMHa OOHOIO MOHOMBePA PacnonoxeHa pagom ¢ SH-rpynnoii 4-hocthonaHTeTenHaTa Apyrore NpoToMepa. Takum obpa-
30M, NpoTOMERLI GIEPMEHTa PacNoNOXEHb! «IONOBA K XBOCTY». XOTA KaXOLiA MOHOMED COREPXUT BCE KAaTANNTUHECKWME LIEHTPbI, (yHK-
LIMOHANLHC aKTHBEH KOMNNEeKe ua 2 npotoMepoB. MoaToMy peanbHO CHHTE3MPYIOTCA OHOBPEMSBHHD 2 XHAPHLIX KuenaTe:, [INA ynpotye-
HUA B Cxemax obbIMHO n3oOpaxaloT NocnefoBaTensHGCTL PeakUMil NP CHHTE3Ee OHOH MONEKYNEl KUCTOTEI.

Jla NOCNe0BATENbHO BOCCTAHABAMBACTCS KETOALIWI-
peayKTa3zoi, 3aTeM ASTMAPATUPYETCS M ONAThH BOC-
CTAHARMUBASTCA SHOWIPEIYKTa30i — AKTWBHBIMU
LEHTPAaMH KOMILIEKCa. B pesynbrare repporo HAKIa
peakuui obpasyeTea panyMkan GyTHpWna, CBS3aH-
HbIA € CYOBEAMHULEH CHUHTA3BI XUPHBIX KHCAOT.
Tepea BTOpbIM HAKAOM pagukasi OYTUpMIA Me-
PEHOCHUTCS H3 MO3MUMH 2 B Mo3uiMie | (rae Haxo-
JWICS alleTH B HAYANe NEPBOro LWKNA peakLHif).
3arem ocrtaTok OYyTHpUNA TOABEPracTCs TeM XKe
NIPEBPALICHWAM M YUTWHASTCA HA 2 yOIEPOAHBIX
aToMa, pPOHMCXOMALMX M3 MATOHWA-KOA.
AHATOTHYHbIE UHKAB! PeAKLIHif IIOBTOPAKOTCA 4O
Tex TIOp, NMOKa He 00pasyeTcd paauKal MmalibMUTH-
HOBO#H KMCJIOTBI, KOTOPBIM MOA ASWCTBHEM THOIC-
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TEPa3HOTO LIEHTPA THAPOIMTHYECKM OTIEACTCS OT
(epMeHTHOTO KOMILIEKCA, TIPERpAIIAiCh B CBOOQI-
HYK) NAJTEMATHHOBYK) KHMCJIOTY (NAaAbMMTAT, pUC.
8-38, 8-39).

CyMMapHOE YPaBHEHHE CHHTE3a NATBMHTHHO-
BOW KWUCJIOTH M3 aueTwi- KoA v ManoHun-KoA
WMEET CNCAYIOLUMA BHA:

CH,-CO-SKoA + 7 HOOC-CH,-CO-SKoA + 14

(NADPH + H") - C H, COOH + 7 CO, + 6

H,O + 8 HSKoA + 14 NADP*.

OcCHOBHbIE HCTOYHHKH BOZOPONA LTA CHHTE3A
KHPHBIX KHCIOT

B EaxIoM HHEKIE 0HOCHHTE3a NATbMHTHHOBOH
KHCJOTH OPOXOAAT 2 peakUuUk BOCCTAHOBASHMA,
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Puc. 8-38. CUHTEZ RARLMMTHHOBOR KHCAOTH. CHHTA3a MWPHBIX KACNOT, B NepBoM npoTomepe SH-rpynna npuHagnexuT UWCTedHy,
BO BTOpPOM — (POCPONaHTETewHY. [oCNe OKOHYaHURA NePBOTe YMKNAa paguxkan GyTupuna nepeHocuTen Ha SH-rpynny repeoro npotome-
pa. 3aTeM NOBTOPRETCA Ta XE MOCNEeAOBATENLHOCTE PEaKUMH, YTC U B NEPEOM LMKNe. MansMUTOMN-E — OCTATOK NANsMUTUHOBOR
KUCIOTHE, CBA3AHHLIA C CHHTAZ0W MUPHBIX KUCROT. B CHHTE3WPOBAHHON XUPHON KUCNOTE TONLKO 2 OWCTANLHLIX ATOMa ymepopa, o6o-
3HAMSHHBIE *, NPOMCXOORT U3 AUETHN-Kod, OCTaNbHLIE — U3 MANOHW-KoA.
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I
CH3-C-S-E

ALETUN, CBA3AHHLIA
¢ PEepMEHTOM

H

O e elf— A Wfj—

[
CHg-CHy-CH,-C-S-E

Q
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HOOC-CH,-C-5-E
ManoHun, cBA3AHHLIA

C IepMEHTOM

KoHpeHcauus
BoccraHoBneHue
Asrupparaumna

BoccraHorneHune

ByTtupun-E

O™ peakuvv NOCBTOPATCA 7 pas, BCErD UCNONbayeTes
1 auernn-KoA n 7 manonnn-KoA, yrofbl oBpaszoBats
NARLMUTUHOBYIO KUCNOTY (16:0)

Puc. 8-39. O6uian cxema peaKyMi CHHTE3a NanbMUTHHOBOH KHCAOTEL.

IOHOPOM BOAOPOIA B KOTOPBIX CAYKUT KOepMeHT
NADPH. BoccranorneHde NADP* npoMcxoauT B
peaKkLMaX:
s TSTHAPUPOBAHHUSA B OKHCIHTEBHBIX CTAAUAX [IEH-
To3ohochaTHOrO NyTH KaraboausMa TMIOKO3bI;
* JETWAPUPOBAHMSL Manatd ManikK-$epMEHTOM;
s JETUAPMPOBAHUA W3OUHTPATA LIMTO30JIBHOMH
NADP-3aBMcUMOil IerHAPOTEHA30I,

2. Peey.rmuun CHRmMEIA NCHPHBIX Kucaom

PeryastopHblii ¢epMEHT CHHTE3a XHUPHBIX KHC-
JnoT — aueThi-KoA-kapbokcunasza. 3ToT depMeHT
PETYIIMPYETCH HeCKONBKMMH CriocobamMu.

ACCOUHANMS/THCCOMMANHA KOMIUTEKCOB CY(beIHHHI

depmenta. B HeaxTuBHOH dopme aueTiur-KoA-
KapBoKcuiaza TpeacTasnser cofoi oTaenbHbIe
KOMITIEKCH], KAK/bIH U3 KOTOPBIX COCTOUT M3 4
cyOBenMHUL, AKTHBATOP (PEPMEHTA — LIMTPAT;
OH CTHMVYITHpYeT 00beanHeHHe KOMILIEKCOB, B
pe3yAbTaTe YEFO aKTMBHOCTb EpMEHTA YBETIM-
yusaercs. MHrnéuTop — naieMuToun-KoA; ox
BBI3LIBAET AUCCOLIHMALIHAI0 KOMITIEKCA W CHIDKe-
HH¢ aKTHBHOCTH (hepmenTa (puc. 8-40).
Pochopunnposanne/aedocoprimposanne ane-
THA- KoA-Kapbokcewiassl. B octabcopOTUBHOM
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COCTOSIHHU MIIM NPH (PHU3KMuecKol paboTte rmo-
KATOH MK aapeHaMH Yepes aleHWIaTHUKIa3-
HYIO CUCTEMY axTHBHPYIOT IIPOTEMHKHHazy A
W CTUMYJIUPYIOT thocOpHAMPOBAHNE CYOBERH-
HUIl aueTuI-KoA kapbokcknaswel, Mocdopu-
TUPOBAHHLIA (epMeHT HEaKTHBEH, M CHHTE3
KHPHBIX KMCNOT ocTaHaBnusaeTcs. B aGcopB-
TMBHBIA NEepUO HHCYJIHH aKTUBMpYeT docda-
Tasy, W aleta-KoA Kapboxcunaza nepexonur
B nedochopunuposaHHoe cocrosinue (puc. 8-
41). 3atem noa ASHCTBUEM LIMTPATa NMPOHCXO-
JUT NOJHMEPHU3aluHs TIPOTOMEpOoB (epMeHTa,
M OH CTAHOBWTCA aKTHBHBIM. KpoMe akTusa-
IHH QEepMeHTa, TMTPAT BRINOJAHAEST K OPYIVIO
¢dYHKUMIO B CHHTE3¢ XWPHBIX KHCAOT, B 40-
cOpOTUBHbINA MEPUOS B MUTOXOHAPHAX KJAETOK
neveHd HAKAMAMBAETCS HTPAT, B COCTaBe KO-
TOPOro OCTATOK AUEeTHIA TPAHCAOPTHPYETCS B
UHTC30E,

Hanykuns cuatesa depMenTor. JIMTelRHOE

notpefinerme GoraToil yrnesomamv U OenHoM
KHUPAMH {THIIM TIPHBOOHT K YBEIMMEHHIO CCK-
pelid MHCYAMHA, KOTOPbIH CTHMYJIHPYET HMH-
OIVKLIMIO CUHTe3d thepmeHToBR: aueTua-KoA-
KapBOKCHAA3bl, CHHTAZBI KMPHBLIX KMCJAOT, [IMT-
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Puc. B-41. Perynauma aueTtun-KoA-kapBokcunaae.
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MansMuTorn-KoA,
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Puc. 8-42. YOonHHeHWe NansMHTHMHOBOW KMCROTH B 3P, Pagn-
Kan NANEMUTHHOBOR KUCTNOTEI YANWHAGTCA HA 2 YrNapORHLIX aTo-
M3, AOHOPOM KOTOPLDX CNYXUT MANOHUM-KOA.
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patauasel, U30UMTpaTacruaporeHassl. Creaosa-
TeAbHC, WU30LITOYHOE MNOTPebIeHHEe YITeBOAOB
MPUEBOAKT K YCKOPEHHIO NPEBPALLIEHUS MTPOIYK-
TOB KaTaboMM3Ma LIIOKO3Bl B XUpbi. [onona-
HHe WK Doraras AHHpaMHU NHDIA NPpUBOAWT K
CHUXCHHUIKD CHHTE34 (])CpMeHTOB H, COOTBCT-
CTBEHHO, XWPOR,

3. Cunmes XCUpibIX KUcAom U3 RAANMHIMUROSOIH
Kucaonot

YimHenne xuprpx KucnaoT. B 3P npowncxoaut
YRITHHEHHe NaNEMMTHHOBOH KMCIOTBI € y4ac-
THeM ManoHMN-KoA. TlocnenosatelbHOCTD
peakuMi CXO[HA ¢ TO, YTO MPOMCXQIUT TIPH
CHHTE3e NATBMUTHHOBOMH KMCAOThI, QIHAKO B
AAHHOM CNy4ae XKMpPHBIE KHUCJIOThI CBA3AHBI HE
¢ CHHTA430# XMpHBIX KMCTOT, a ¢ KoA. Mep-
MCHTBI, YYaCTBYIOUIME B 3AOHTAIIMH, MOI'YT HC-
[OJb30BaTh B KAYECTBE CYOCTPaToB HE TOABKO
NMATBMUTHHOBYI0, HO W ADYTME XHPHBIC KHC-
JIOTHI (pUC. §-42), MO3TOMY B OPTaHH3IME MO-
I'YT CHHTE3UPOBATBCA HE TOABKO CTEapHHOBAA
KHCIIOTa, HO M XHPHBIC KHCJIOTBH ¢ BOILIITHM
4UCIOM ATOMORB YLIEPOIa.

OcHOBHOW OPOAYKT JIOHTALWH B NMEYeHH — CTe-
apuHoBad kucaota (C18:0), ogHako B TKaHM
Moara ofpazyercsl HOAbLIOE KOAUYECTBO XUp-
HBLX KHCTIOT ¢ f0Jiee ANMHHOK Uenbo — oT C,,
a0 C,,, KOTOpbIe HEOOXOAWUMbE L5 0Opa3ona-
HHA COUHTOIUMUAOR U FTHKOTHITUAOB.

B HepBHOM TKAHM NPOMCXOAMT CHHTE3 M APYTHX
KHPHBIX KUCAOT — (-THAPOKCHKKCIOT. OK-
CHIIA3bl CO CMEMIAHHBIMU (DYHKIUAMU THAPO-
keunupywor C,, u C,, KMUCNOThI ¢ 06pa3oBaHH-
€M JTUTHOUEPHHOBOH U LEpeDpOHOBOI KHCTIOT,
ODHAPYXKMUBACMBIX TOIBKO B JIMITHAAX MO3ra.

OibpazoBaHMe ABOHHBIX CBAICH B PAIMKANAX XKHp-
HEX Kueaor. BrnioueHue nBoOHHBIX CBA3el B
pPaaMKaNbl KUPHBIX KUCAOT Ha3bIBAETCS Jeca-
Typaured. OCHOBHBIE XHMPHbIE KHUCIOTHL, 0O-
DA3VIOLLMECS B OPraHHU3ME HEI0BEKA B Pe3Vb-
Tate gecarypauuu {(puc. 8-43), — IAIBMUTOO-
snernoBana {C16:1A9) v oneuHoas (CIB:1A9).

O0pa3oBaHHe NBOMHLIX CBA3CH B PATHKANAX XUD-
"HBIX KHCAOT MPOMCXOIUT B DP B peakumsax c
YYaCcTHMEM MOJCKYJBIPHOTO KHciopoaa, NADH
H UMTOXpOMa b,. DepMEHTHI JecaTypaibl KUp-
HBIX KHC/IOT, MMEIOWMECS B OPTaHHU3ME 4€N0-
BEKA, HE MOryT 00pa3oBLIBATEL JBOMHLIC CBA3H
B PAIMKANAX XHPHBIX KHCAOT AHCTanbHES fe-
BSITOTO ATOMA YTJIEpoaa, T.€. MEKIY JEBATHIM K



o

_______ ) 4 +
CHa—(CH,) n—lkCHz—CHzﬂlL (CH,)~C_ + O+ 2H
_______ SKoA
HacbileHHbIA
aunn-KoA
DecaTypa3za
XWPHBIX KUCADT
Uid it M //0
CH3—(CH,) 7 CH=CH + (CH,) — C\ 2HO
i SKoA
HeHackilweHHbIA
aunn-KoA

Puc. 8-43. O6pa30oBaHNe HEHACHILLEHHLIX HPHEIX KWCAOT,

METIIBHBIM aTOMaMK yTepoaa. T1oaToMy Xup-
HbIE KHCJIOTBI CEMEHCTBA -3 U -6 He CHHTe-
3UPYIOTCA B OpraHu3Me, SIBJSIOTCA HE3aMeHH-
MBIMH M 06A3aTEIBLHO AOMKHBL OOCTYIATE C
MHIIEH, TAK KaK BbIMOAHSIOT BAXHBIC DEryis-
TOPHBIE (DYHKLIHH.

Jas ofpa3oBaHus ABCIHHOW CBSA3M B pagukane
KUPHOH XHCIOTBI TpeOyeTcsi MOJCKYNSPHBIA
kucnopoa, NADH, uuroxpom b, 1 FAD-3apu-
CHMas pelyKrasa UMTOXpoMma b, ATOMbI BO#O-
poda, OTILEILTAEMBIC OT HACHILUCHHON KMCTOTHI,
BbUICASIOTCS B BHie BOALL. ONHH aTOM MOIeKy-
JSIPHOTO KUCTIOPOIAa BKIKYAETCA B MONEKYILY
BOJRI, A APYTOi TAKKE BOCCTAHABJIMBACTCA IO
BOIBI € yyacTheM 3aeKTpoHOB NADH, kotopsie
nepegatotest yepes FADH, U LMTOXpoM b,

VI. BNKO3AHOUADI

DHKO3aHOMAbl — OHOMOTHUECKH AKTHRHBIE Be-
LIECTRA, CHHTE3UpYeMbIC OOMBITMHCTBOM KJIETOK M3
MOMUEHOBLIX XUPHBIX KHCIIOT, coaepxamux 20 yr-
JMEPOAHLIX aTOMOB (CIOBO «3HKO33» [0 FPEYECKH
o3Hauaer 20).

BDHKO3aHOUAL], BKIIIONAIOWKE B celsl NPOCTAraaH-
IOWHBL, TPOMOOKCAHEI, ICHKOTPHEHLI U PRI OPYrUX
BCELIECTB, — BBICOKOAKTHBHBIC PEIVIITODB! KISTOU-
HbIX GyHKUMH. OHH MMEKT O4eHb KOpOTKUH T ),
MO3TOMY OKA3biBAOT HPPeKThl KaK «TOPMOHBI MEC-
THOrO JeicTBHA», BAxsA HA MeTaboAM3M [poayLi-
py1oLLiei MX KJIeTKM 110 ayTOKPHHHOMY MEXAHH3MY,
M Ha OKPYXAKIINE KICTKH — MO NapakpHHHOMY
MEXAHHU3MY. SHKO3aHOKIB! YMACTBYIOT BO MHOTHX

14—2128

2 LuT by 2 Lut bsPanykTasa NADH + H’
(Fe?) {FAD}

2 Unt b 2 Ut bsPeaykTasa NaD*
(Fe*) (FADH,)

npoueccax: pervaupyior Touye MK W BCieacTeHe
3TOro BAMSIOT Ha All, cocTosinue BPOHXOB, KMIIIEY-
HHMKA, MaTKHY. DIHKO3aHOMALI PETYAUPYIOT CEKPELIMIO
BO/bl M HATPUS TIOUKAMH, BAMAKIT HA 0DPA3OBAHUE
TpomOOB. PasHble THObLL 3MKO3aHOWICE YYacTBYIOT
B PA3BMTHH BOCHATMTENBHOIO npolecca, MpoUcxo-
OALLETO MOCIE TOBPEXKNCHHA TKaHe# win uH$eK-
UMH. TaKHe OpH3HAKM BOCTIANCHUS, Kak 00k, OTEK,
JIMX0pajgKa, B 3HAYUTENbHOH Mepe 00YCIOBIEHBI
JeHCTBHEM 3#Ko3aHoMAOR. MabsiTouHas cekKpeuusi
3HKO3aHOMIOB TIPHBOIUT K pALy 3aboneBaHMii, Ha-
NpUMep BPOHXHATLHON aCTMe W AJUIEPrHYECKHM pe-
AKLMAM.

A. CYBCTPATH A1 CUHTE3A DUKO3AHOHIOB

InmaBHbIA CYGCTPAT AN CHHTE3a 3HMKO3aHOWAOR
y HenoBeKka — ApaxnaoHoBaa kucnora (20:4, @-0),
TaK KaK e€ coIepXaHHe B OpraHHW3Me 4¢J0BeKA 3Ha-
YHTEABLHO OONbLUIC OCTANLHEIX MOJHSHOBHIX KHMC-
JNOT-IPEAIISCTREHHUKOR 3HK03aHORIOB (CM. Bhitle
Tabn. 8-1).

B MeHblUEM KOTHMYECTBE 15 CMHTE3a 3AKO3aHOU -
OB HMCMONB3YIOTCA 3HKo3aneHTaeHoBas (2015, @-3)
H 3fiko3arpreHoBad (20:3, m-0) XUpHbIE KHCIOTHI.

[lonrenoBEIe KMCIOTHL ¢ 20 aTOMaMH YIAepoia
NOCTYNAIOT B OPraHM3M MCJIOBSKA ¢ NMHIICH HIH
00pasvioTes M3 HE3aMEeHMMBIX (3CCEHLHANBHBIX)
KUPHBIX KHCHOT ¢ 18 aroMaMu yTIepoaa, Takke
MOCTVIAICIIHMU ¢ MHILEH (puc. 8-44).

T1OMHEHOBRIEC XUPHBIE KHCAOTHI, KOTOPBIE MO-
TYT CAYKUTL CyOCTpaTaMH IS CHHTE3a 3HKQ3aHO-
HI0B, BXOAHT B COCTAB ravuepodhochonunuIos
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18:2A 912 + 18:3
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Pue. 8-44. CUHTES NONHEHOBBIX XMHUPHBIX KMCNOT ¢ 20 yrnepopHbMM ATOMAMU B OPraHvaMe YenoBeKa.

memGpad, fon aelicTBMEM ACCOUMUPOBAHHOH ¢
MeMGpaHo# Qochonunasel A, XUpHad KHCIOTA
OTLLETUIAETCA OT MMUUEPoGOCcHOTUNTHIAL U UCTTOND-
3yercd [N CHHTEe3a DHKO3aHOUI0B,

B. CTPYKTYPA, HOMEHKIATYPA
W BHOCHHTE3 ITPOCTATTAHIWHOB
U TPOMEOKCAHOB

Xora cyGeTpaTh A4 CHHTe3a 3HK03aHOUIOB HMe-
10T AOBOJILHO MPOCTYIO CTPYKTYPY (NOJHMEHOBLIE
XKUPHDBIE KMCJIOTHI}, M3 HAX 00pasyeTcs Oanplian M
paszHoobpa3Had rpynna eeiects. Hanbonee pacnpo-
CTpaHEHDI B OPraHUIMe YeNIOBEKA [TPOCTATTIAHAHHEI,
KOTOPhIC BIIEPBBIE ObLUTH BHLISAEHBI U3 NPEACTATENL-
HOH XeNeanl, OTKYIA M TONYMHIH CBOE Ha3BaHHeE.
[Tozxe BBLIO MOKA3AHO, YTO W APYrHe TKAHW opra-
HU3MA CHHTC3MPYIOT NPOCTATMAHANHET ¥ APYTHE 3i1-
KO3aHOHAB!.

1. Cmpyxmypa u nomenxaamypa npocmazianou-
HO8 Ut MPOMOOKCAn08

TIpoctaraanamast (pUe. 8-45) 0B03HAUAIOT CUM-
poyiaMu, HanpuMep PG A, rme PG obosHavaer
CIOBO <«TpOCTArTaHAMH», a Oyksa A oBo3Hayaer
3AMECTHTEND B MATHYACHHOM KOJBIE B MOJEKYAE
3HKO3aHOMWAA.

Kaxnas u3 yKasaHHbIX TPYIIN MPOCTArNaHIHHOB
COCTOMT M3 3 THMOR MOACKYN, OTAHYAIOLMXCH 110
YHCAY OBOHHBEIX CBA3ed B GOXOBBIX Hemax. Yucno
IOBOWHBIX CBA3¢H 0003HAYAKT HYKHHM UH(DPOBEIM
HHAekcom, Hanpumep, PG E,.

Yucao ABOHHBIX ¢BA3CH B BOKOBRIX LIEMsIX Npo-
CTarfaHJWHOB 3aBUCHT OT CTPYKTYDPHI Tpealle-
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CTBEHHUKA — NOAMEHOBOH KMCNOTEI, M3 KOTOPOM
00pa3oBaUChL IPOCTACMAHANHEL. [1Be ABOITHLIE CBA-
34 TONHEHOBOH KUCHMOTHI UCMONB3YIOTCH NPU 00-
pPalOBAHHWH KONbila B MOJIEKYJIE MPpOCTAalJIaHAMHa,
4 KOJHYECTBO OCTABLUUXCH ABOHHLIX CBA3EH B pa-
OUKANAX, CBA3AHHLIX ¢ KOMALUOM, OMpEeAcTseT ce-
PHIO TIPOCTAINAHAMHA: | — ecAHM OJHA IBOWHas
CBSI3b, 2 — €CNK ABC ABOWHBIC CBA3M ¥ 3 — €CMlK B
panMKanax UMeKTCS TpH HBOWHBIX CBSI3H.

PG I — npocraupknunsl. UMeloT 2 Konbua B CBO-
el CTPYKTYpE: OOHO MATHWIEHHOES, KAaK M IpyTHe
MpoCcTarfiaHOWHBL, a APYTOoe — C YYACTHEM aTOMa
kucnopona. Mx Takxke noapasaessiior B 3aBUCHMO-
CTH OT KOJHYECTBA OBOMHBIX CBSA3CH B PAOMKANAX
(PG 1, PG ).

Tpombokcansl. B OTIHYME OT MTPOCTATIAHAKHOB,
TPOMOOKCAHB CHHTEINPYIOTCS TONBKO B TPOMOOLH-
Tax, OTKYAd U NMPOUCXOAMT MX HA3BAHWE, U CTHMY-
THPYIOT KX arperamuio 1pd o0pasoBarkud TpomOa.

TpoMboKCaHB! UMEIOT LUSCTHUYICHHOS KOMLLO,
BKNIOYAKOULEE aTOM Kucsoposa (puc. 8-46). Tak xe,
KaK U JIpyTUe 3UKO3aHOWLOBI, TPOMOOKCAHH MOTYT
CONEPXaTh Pa3UYHOE YUCAC ABOMHBIX CBA3CH B
BOKOBBIX Hemsx, obpasys TX A, nin TX A,, omu-
YAIOIIWecs M0 aKTHBHOCTH. TX B, — mpoaykr Ka-
tabonuama TX A, ¥ aKTUBHOCTbIC HE 0ONANAeT.

2. Huxaooxcuzenasnonli nyme: cunmes npocmae-
AQHOUHOS U MPOMOOKCANHO8

Axrusanus pocdommaz. CHHTE3 NMPoCTATNIAHAH-
HOB HAYMHAETCA TONBKO IMOCHE OTACACHHA [OJIH-
€HOBBIX KMCHOT OT dhochonunmna MeMOpaHs 1oa
neiticTBHeM depMeHTOB (puc. 8-47). AKTHBaLMUA
hochonunas, acCOUMHPOBAHHBIX ¢ MEMOpaHaMH,
OPOUCXOAUT TIOA AeHCTBHEM MHOTHX (haKkTopOB:
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TOPMOHOB, THCTAMHMHA, LHTOKHHOB, MEXaHMUECKOTO
BO3JEUCTBMSL.

CBs3bIBAHME CTHMYJMPYIOLUETO areHTa C peLen-
TOPOM MOXET 8KTUBHDOBATh MK pocconmnnasy A,
ik docdhonmunasy C. ITO 3aBUCHT OT THMA KJIET-
KM W THIIa PELENTOpPOR.

[Mocne oTACNEHHUS APAXWMAOHOBOI KUCJIOTHI OT
doconunnaa oHa BBIXOAWT B UWTO30/Ib W B pa3-
AMMHBIX THIAX KAETOK TPEBpallaeTCs B Pa3Hbie
3MKo3aHOMILL. B KNeTKax HMeeTcs 2 OCHOBHLIX
MYTH TIpEBPAlCHUS 2PaxXHIOHOBOM KHCNOTH: LIHK-
JOOKCUTEHAIHLIA, OPHBOAALWINNA K CHHTE3Y OpO-
CTarNaHAWHOR, NMPOCTALMKINHOE U TPOMDOKCAHOR,
H JUIMTOKCUIEHA3HBIA, 3aKaHYMBAWOILIMKACA 0bpaso-
BAHUEM JIEUKOTPHEHOB WIIH JAPYTHX 5HKO3aHOHDOB
(puc. §-48).

Cunrez npoctarnanaunor. PepMeHT, KaTaaHu3U-
PYWOIIMHA NMEPBLLA 3TANl CUHTE32 MPOCTATNAHAHHOB,
HasbiBaeTcss PG H, cuHTa30i M nmeer 2 katanu-
THYECKMX ueHTpd. OAMH M3 HMX Ha3bIRAIOT LIMK-
JOOKCUTEHA30M, APYTOH — NepoKcHIAasol. DT1oT
depMeHT TIpeacTaeageT cobOH AMUMEpP TIUKOMPO-
TEHHOB, COCTOSILIMIA U3 MASHTUYHbIX NONHIICNTHI-
HBIX penei. @epmeHT MMeeT THAPOGOBHBLIE A0-
MEH, NOTPYXKEHHBIA B AMIMWIHLIA CNTOW Membpan
3P, M kataadTuyecKUil JoMeH, OOpalIéHHbIN B
noaocts 3P, B akTHBHOM LIEHTPE LUMKIOOKCHUTE-
HA3b1 HAXOOMTCA TMPO3HH (385), B AKTUBHOM LIeH-
Tpe MepoKCHAasbl — npocTeTHdecKas rpynna —
reM. B opranuame MMeroTcd 2 THMNa 1MKIOOKCH-
redas (PG H, c¢untas). Llukinookeurenasa | —
KOHCTHUTYTUBHBIN (PEPMEHT, CUHTEIHPYIOLLMIACH C
MOCTOSAHHOH CKOpOCTBIO. CHHTE3 LIMKJIOOKCHUTE-
Ha3bl 2 YBCIMYMBACTCS MPU BOCMANCHHM M MHAY-
IIUPYETCA COOTBETCTBYIOINMMH MEAHATOPAMH —
UMTOKUHAMHM.

(O6a TUIA UHKJIOOKCHTEHAS KATAAH3HDYIOT BKAK-
HeHHE 4 aTOMOB KMCJIOPOAA B ApaxMACHOBYIO KHC-
noTy U (PopMHPOBAHHE NMATHYACHHOTC KOJbLA,
B peaynbrate 00pasyeTcd HecTabmbHOE THAPONEPOK-
CHANPOH3BONHOE, HasbiBaemoe PG G,. 'maponepok-
cil y 15-ro atoma vraeposa OBICTPO BOCCTAHABIN-
BAETCA J0 TMAPOKCUIBHOW TPYIITLI NMEPOKCHIAI0N C
obpazoanuem PG H,. o obpasosanns PG H, oyt
CHHTE3a PasHEIX THIMOB MPOCTANTAHAMHOR OONHAKOB,
Hanbheiinive npespatueHyua PG H, cietmdiyns 1
KDKA0MO TUMA KIETOK.

Hanpumep, PG H, B ketkax TMK Moxer ObITh
BOCCTAHOBNeEH Tog AekcTBHeM PG E cuHTaswl ¢
obpazosanuem PG E, unu noa ngiicteuem PG D
crHTasbl ¢ obpasopanuem PG D,. B TpomGounTtax
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COMEPXUTCH (hepMeHT TpoMOOKCAHCHHTA3a, Npe-
Bpawaowmii toT Xe ucxomnsid PG H, B TX A,
ofTanacmi CHIBHBIM COCYACCYXMBAIOWWM N~
cTBHEM. B KieTkax 3HAOTENUA NoA AHCTBUEM
(hepMeHTa IPOCTAUMKIMHCUHTA3E U3 PG H, cun-
Teaupyercst PG [, (MpocTaumk/IvH), HMEIOWNH CO-
Cydopaciiupsiioliee IeiCTRIE.

B. CTPYKTYPA ¥ CUHTE3 JEHKOTPHEHOB,
I'DTE, TMNOKCHHOB

JlelikoTpyeHbl Takxke 00pa3yloTcs U3 3HKO3aHO-
€BbIX KMCIOT, OAHAKO B MX CTPYKTYPE OTCYTCTBYIOT
LUHKITbL, KaK vy NPOCTANIAHAMHCOB, M OHM UMEIOT 3
COTIPSTKEHHBIE ABOMHBIE CBA3H, XOTS ODILEE YHCAO
IBOMHBIX CBA3eH B Monekyae Goasuie (puc. 8-49).
Heiikotpuenn C,, D, n E, HMEOT 3aMecTHTEIN B
BAIE TPUIENTHIAA TTYTATHOHR, AWUTIETTTHAR TJIHLIAJ -
UHCTEHHa WIKM UWMCTEHMHA, COOTBETCTBEHHO.

JIMNOKCHTeHAZHBIR TyTh CHHTE3a, NPHBOAIIIHE
K 00pa3zoBaHHI) GONLINOTO KOMWYECTBE Pa3HbIX 3id-
KO32HOHZOB, HAYUHACTCA ¢ APUCOEIUHEHHA MOJle-
KVIBl KACNOpPOAA K OHOMY W3 aTOMOB VIJIEpona y
JABOAHOW CBA3K, ¢ 00pasoBaHHMEM TUIPOMNEPOKCH-
BOB — THApONEpOKCHARIKo3aTeTpacHoaToB ([T1D-
TE), Hanee ruaponepokcHibl NMPeBpauialoTes B Co-
OTBETCTBYOLIME TUAPOKCHIAKO3ATETPOSHOATHI
(I'3TE).

CTpykTypa M cunTes Jeiikorpuenos H [HTE

CHHTE3 NeHKOTPHEHOB MIET MO NYTH, OTNHY-
HOMY OT NYTH CHHTE3a NPOCTArTAHAMHOB, M Ha-
4YUHAETCA ¢ O0OPA30BAHNS THAPOKCHIICPOKCHAOE —
ruapolepokcuasiikosarerpaeHoatos (TTIATE).
DTH BEWIESCTBA WM BOCCTAHABAMBAIOTCA ¢ 0bpaso-
BaHMEM THAPOKCHIKO3aTeTpoeHoaToB ('DTE)
WIH NpeBpaLlaioTes B NEHKOTPHEHBI WIH JIMIOK-
¢uHbl. [OTE oTanualoTcs no TMOJCKEHHIO 'MApO-
KCHWIBHOH rpynnbl y 5-ro, 12-ro wim 13-ro atoma
yIiepona, Hanpumep: 5-TITE, 12-T'2TE.

JlMnokcHreHassl AeicTyIOT B 3-H, 12-H wnu 15-i
MO3MHHMK APAXUIOHOBOI KUCIOTE] B 3aBUCUMOCTH OT
thna TkaHu. Hampumep, B [T conepxurcs B oc-
HOBHOM 5-JIMITOKCHIEHA3A, B TPOMBOLWTAX — [2-1H-
MIOKCHUIeHa3a, B 203uHoGMIax — | 5-nMrokcureHasa.

B neitkouurtax U TvdHBIX Kaerkax 3-TTIDTE
npeRpalaeTcs B anokcua-acikoTpued A, (LT A)),
rle HUXHWH UHAeKe 4 ofo3Hadaer obuiee konu-
YeCTBO ABOMHBIX CBsiseit. Hatuuue 3 conpsaxén-
HbIX ABOHHBLIX CBA3eH OOYCMOBJIMBACT HAIBAHME
«IeHKOTPHEH».



SCCeHUMANLHBIE XUPHBIE KWGNOTLI MWK

AanHHOHOBaFl KucnoTa
B (hOCthoNUNUAAX MBMBPaH  (RoGOOH)
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Puc. 8-48. CinTes IMKOSAHOMAOE W3 APAXVLOHOBON KMCAOTLI. [TIOKOKOPTHKOWIE! HHIMGMPYIOT CUHTES BCEX TUNOB 9AKC3AHOULOR,
TaKk Kak UHrmbupyioT Qocthonunasy A, U TakMM 06pasom yMeHLL AT KONMYeCTBO CYBCTRAaTa ANA MX CUHTESA. ACTMPUH 1N APYTUE NPOTY-
BOBOCNANNMTENEHBIE NPENAPATH HECTEPOMAHOrO ASHCTBMA WHTWBUPYIOT TONBKG UMKNOOKCHTEHASHLIA NYTh.
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Puc. 8-49. MMNOKCHIEHasHBIW NyTh CHHTE3A 3WKO3aHOMAOE.
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Jpyrue Tunw neiikotpueHos obpasyiorea u3 LT
A, LT B, obpasyercs moa AeHCTBHEM BIOKCUI-
THAPOSA3H] B IEAKOUMUTAX U KNETKAX IMHUTENUS CO-
cynoe. Hpyroii nyTe NpUBOANT K 06pa3zoBaHUIO
rpynnsl gefikorpuenos: LT C,, LT D,, LT E,. Ux
CHHTE3 HAYMHAETCH C MPUCOEAMHEHUs TPHUIENTH-
[ia IIyTaTHoHa K 6-My atoMy yraepoaa ¢ obpasora-
HueM LT C, B peakunu, Kartaiu3npyeMon riyTa-
THOH-S-Tpancdepasoid. B creayiowmeit peakuvn
yaanserca raytaMat, ¥ LT D, coaepxuT annentua
mAHUWALHeTeMH. Ha nocnenHed cTagMy OTHIETLNSA-
erca ravunn, v LT E, coaepXuT ToNbKO UHCTEHH.

JIMMOKCHHBE (HAMPHUMED, OCHOBHOM IMNIOKCHH A, )
BKIIIOYAIOT 4 COMPAXEHHBIX ABOHHBIX CBA3M U 3
THAPOKCHABHBIX IPYIINLL

CHHTE3 TMMOKCHHOB HAYMHAETCA C ISHCTBUSA Ha
APAXUIOHOBYIO KUCAOTY |3-TMNIOKCUTIeHA3E], 3aTeM
MPOHCXOAUT psd peakiiMii, npuBOAAWIWX K oOpa-
30BaHHIO MNOKCHHA A, (puc. 8-50).

ApaxuaoHoBas KWcnoTa

l 15-Nunokcurenasa

l 5-INunokcureHasa

Boccranoenenue
HO OH
| NN COOH
s
1
OH
JIUNOKCH A,
(LXAL)

Puc. 8-50. CTPOSHME M CHHTES NHNOKCHHA A,

T. MEXaHM3MBI AEACTBHE PIKO3AHOUIOB,
OCHOBHBIE BHOJIOTHYECKHE 3O@EKTDI

DHKO3aHOMABl — TOPMOHBI MECTHOIO IeiCTRUA
Mo pAny NpU3HAKOB:
» 00pa3yIOTCA B pa3fIMdHbBIX TKAHAX U OpraHax, a
HE TOJIbKO B 3HOOKPMHHBIX XEI€3ax;
¢ IEACTBYIOT NO dYTOKPHHHOMY WJIH [apakpHH-
HOMY MeXaHH3IMaM;

* KOHUEHTPALUA IAKO3AHOMIOB B KPOBH MEHb-
ne, YeM HEODXOMUMO, YTOOR! BbI3BATH OTBET B
KJeTKAX-MHIIICHX.

ToneKo MPpH HEKOTOPBIX MATONOTHYECKHX COCTO-
AHUAX IHKO3aHOUIE MOIYT CKa3biBaTh CHCTEMHOE
AcHCTBHE, €CITH UX KOHUSHTpallks B KPOBH YBE/TU-
YUBAETCH A0 KOMUECTE, KOr4a OHU MOIYT 0Ka3aTh
aeficteHe Ha MK Bcero opraHa, HanpHMEp KM-
WIEYHHKA, NMErKHX, KPOBEHOCHBIX COCYIOB.

MexaHn3Mbl FCHCTBHA AK03AHOHIOB

OOHH KU TOT Xe THI 2HKO3aHOWIa MOXET Oei-
CTBOBATL O NAPAKPHHHOMY H 1O ayTOKPHHHOMY
mexaHusmy. Hanpumep, TX A,, npoayuMpyeMblid
TPOMOOLMTAMM MPH WX aKTHBALUKMH, JEHCTBYET Ha
¢aMH TPOMOOLIMTBI, YBEAHYMBAA HX CMIOCODHOCTL K
arperaliid, M B TO Xe BpeMs IEHCTBYET Ha OKpyXa-
owme 'MK KpoBeHOCHBIX COCYACB, CNMOCOOCTBYS
HX cOKpallleHHIo. TakuM oBpasoM co3faioTcd yeno-
BHS Ans o0pa3oBaHMa rpoMDa W NpedoTRpaleHHs
KPOBOTEUEHHS B 00/MACTH MOBPEXIEHHS COCYIOB.

D Ko3aHOMIBI ASICTBYIOT HA KIETKH 4epe3 cre-
UHANbHBIE peUenTopbi. HEKOTODRIE peLenTopsl il-
KO3aHOWIOB CBA3aHBI ¢ aACHWIATLIMKIA3HON CHC-
TEMOH M NPOTEHHKHHA30M A — 3TO PEUETTOPLI
PGE, PG D, PC 1. PG F,a, TX A,, 3HIONEPEKH-
cH (I'TISTE) 1 neHKoTpHeHB! ACHCTBYIOT Yepes Me-
XaHH3MBbl, YBEJTHYHMBAIOWHWE YPOBEHb KAJBLIUSI B
LHTO30JIe KIEeTOK-MHINeHeH. Bo MHorux xiertkax
IKO3aHOMAB! BIHAIOT Ha CTeNeHb aKTHBALHHK ane-
HHUJNATIHKIA3HOH CHCTEMbI B OTBET Ha JCHCTBHE
Jpyrux akTopoB, HaNpUMep ropMoHoB, B sTux ¢hy-
yagx 5HKO3aHOMAL BAMSAIOT Ha KoHdopMaluio G-
OeNKOR B IUIa3MaTH4eckoil memOpane xaertok. Ecau
SHKO3AHONA CBA3LIBAETCA €O CTUMYIMPYIOIMMH G -
OenkamMi, TO 3pPexT OCHOBHOTO CTUMYIUPYIOLLETO
areHTa YBeNMHYMBaeTCA; el ¢ (G -MHrMOMPYIOLIH-
MH — 3pbexT cHuxaeTCs, JUKO3aHOHAB AEHCTBY-
EOT HA KNETKM TNMOYTH BCeX TKaHe#l opraHuama, Mi-
BBITOUHAS TIPOAYKIMA HKO3AHOUAOR HalmogaeTcs
NpH MHOTHX 3a001eBaHMIX.

Poab 3iiK03aHOMIOB B Pa3iBHTHH BOCTIANEHHA

BocnaneHue — peakliis OpraHM3Ma Ha TIOBpeX-
JeHue WM UHGEeKLMI0, HaNpaRICHHas HAa YHHYTO-
XeHHe HH(EKIHOHHOTO areHTa H BOCCTAHORACHHE
MOBPEXAEHHBIX TKaHe#. [Tpomykuua Meanatopos
BOCIIAJIEHHU — 3HKO03aHOWIOB, FHCTAMMHA, KMHM-
HOB (MENTUAHBIX TOPMOHOB MECTHOIO ACHCTBHS) —
AKTHBHPYETCA KAaCKaIaMH peakiHWH, 3amyCcKaloiu-
MUCH MPH BHEAPEHUM HHDEKLMOHHBIX ATEHTOB WIH
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MOBpexXaeHHH TKaHEH. DaKTopoM, IMMHTUDYIOLLHM
CKOPOCTb CMHTE3a 3MKOIAHOWIOB, CITYAMT OCBOOOX-
JEHWE XUPHOH KHCAOTHI NMOA ACHCTBHEM (ocdo-
nunasbl A, Pocdonunasa A, ceazana ¢ MemOpaHa-
MU KIETOK M AKTHBHPYETCH MHOTUMHU dakTopamu;
THCTAMUHOM, KMHMHAMM, MeXAaHWYECKWUM BO3ACH-
CTBUEM Ha KJIETKY, KOHTAKTOM KOMILIEKCa aHTH-
TeH—AHTUTENO ¢ [TOBEPXHOCTBIO KJIETKH. AKTHBA-
uus hoconunastl A, DPUBOIUT K YBENMHEHUIO
CHHTE3a 3HKO3aHOUIIOB.

MHorHe 3HKO3aHOMALI BBIMOAHSAIOT GYHKLHIO
MENHATOPOB BOCTIANEHHS B ICHCTBYIOT HA BCEX 3Ta-
nax BocnaineHusi. B peaynesrate yBenuuMBaeTcA
NPOHHUAEMOCTh KaNMWLUIAPOB, TPAHCCYAAT M ieH-
KOLIUTHI FIPOXOIAT YEPE3 COCYANCTYIO CTEHKY. Jleii-
KOTpUEH B, U NUIOKCHH A, ABISAKOTCA MOWIHBIMK
(rakTOpaMH XEMOTAKCHCA, B3aHMOICHCTBYS C pe-
LENTOPAMH, CTHMYIHPYKOT ABHXCHHUE HAeHKOLM-
TOB B 00NacTh BOCNAJNEHMS M CEKPELMIO HUMH
JAM30COMANTBHBIX (PEPMEHTOB W (DAroLMTO3 4YyXKe-
POAHBIX “ACTHIL

CHMOTOMBI BOCTIANIEHWS — IMOKPacHEHHWE, Xap,
oték M Bosab, [NokpacHEeHME M XAD BRI3BIBAIOTCA
(hakTOpaMH, VBEIUUMBAIIIHMH TIPUTOK KPORHM K
MecTy moBpexneHus. OTék — peayabTaT yBeauue-
HMS MPHTOKA XUIKOCTH H3 KANWATSPOBR W IBUXE-
HMA KIETOK GelIoi KpoBH B 06JacTh BOCIANCHMA.
Boab BbI3BIBACTCA XMMMYECKHMH KOMIMOHEHTaMM
{pOAYKTAMM PACTAAa TKAHEH, MPOTOHAMN) K CIAB-
JEHHEM HEDPBHbIX OKOH4YaHWK. B paseurun 3tux
IIPH3HAKOB BOCIMIAJIEHWS VYACTBYIOT PA3Hbie THUIIb]
aiKozaHoMok (Tabn. §-8).

Posm 3iiko3anonnos B Tpom0000pasoBaHun

CBEPTLIBIHME KPOBH MOXHO PacCMaTpUBaTh KAk
ApOUECe, KOTOPBIA MOLIepXHBAETCA B COCTOAHMH
paBHOBECHA ﬂpOTHBOﬂCﬁCTBYIOUlHMH CHCTEMAaMH.
CBEPTLIBAHUA M IIPOTHBOCBEPTHIBAHKSA. B yCcnoBMsX
NATOJIOTHHA WM NP AeHCTBHM (apMaKoAoTHYec-
KHX CpPEACTB 3TO paBHOBECHE MOXCT CMCLIATHLCH B
TY WAM OPVTYIQ CTOPCHY. B HOpME KIIeTKM 3Ha0Te-
JMsl COCYZOB MPONYUMPYIOT NMPOCTALUKIMH [,, Ko-

Tafnuua 8-8. XapakTepucTKa GHONOrMYECKOr0 fERCTBNA OCHOBHLIX THNOB 3WKOIEHONROB

" OcHoRHOE "
Jiikozanon OcHopHOe GHOTOrAYeckoe JeHCTBHE
MECTO CHHTE3A
PG E; BonbUIMHCTBO TKaHEH, Paccrabnser rnankyie MycKynaTypy, pacliMpacT COCY b,
0cofeHHO OYKH HHHLMUPYET POJOBYIO aKTHBHOCTE, TI0AAB/IAET MHTPALIHIO
TuMpOUNTOR, nponudepauniy T-IeTOK.
PG Fay, bonewmHcTBO TRAHEH CokpalliaeT rafkye MycKyJIaTypy, CYAKHBAET COCYIbI,
OpOHXH, CTUMYIUPYET COKPALLEHHA MAaTKH.
PG D, Knetku rnamkoit Be3BIBACT PACIIHPCHHC COCY0B, CHHKAST arperatiuio
MYCKYJaTyphl TpoMOOLUTOB H NEHKOLMTOB.
PG 1, Cepaue, KIETKH YMeHBWaeT arperalHio TpoMOOLIHTOB, PACUIHPSAET COCY AR
SHOOTEIHA COCYIOB B kneTkax-MHILeHAX yBenHuHBaeT oOpasopanue HAM®,
TX A, TpoMGOLIHTHI CTHMYJIHPYET arperaiHi TPoMOOLHTOB, CYKHBACT COCY/TB! H
OpOHXH, B KJIETKaX yMeHblitaeT oOpasopanie nAMD.
TX A, TpoMGOITHTBI O6nanaer GYHKIMAMH, OTHHAKOBEIMH ¢ TX A, Ho
3HAYHTEIIBHO MeHee 30peRTHBEH.
LT B, Knetkn 6enoi kposu, CTHMYITHPYET XEMOTAKCHC H arperaliio NeRKOLHTOB,
KJIETKH SMHTENHA ocBoBOMIeHHE IHIOCOMANBHBIX (BPepMEHTOB JEHKOUMTOB.
YBenHIHBaeT NPOHKLIAEMOCTE COCYAOR,
Ipynna Ketkn fenoii xposn, CTHMYNMPYIOT pacluMpeHHE COCYAOB, YBEITHUHBAIOT UX
NEHKOTPHEHOB ATILBEOJIIPHBIE NPOHHIAEMOCTE, BbI3bIRAKT cokpatmenue GPOHXOB.
LT Cy— Mmakpodary (JCHOBHBIE KOMIOHEHTHl «MEAJIEHHO pearHpyIoNIeH
LT D, — cyBeraHIHE» aHAQMITAKCHH.
LT E4 -
LX A, JletikounTs! AKTHBHMPYCT X€MOTAKCHC H CTHMYITHPYET 06pa3oBaHHe
CYNEPOKCH aHHOHA B JICHKOLMTaX,
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TOPBIN NIPENATCTBYET arperalmi TPOMOOILIMTOB U CV-
XCHUK cocyIor (puc. 8-31). Tlpu paspyiienuu xie-
TOK BHIOTCAHS (HANPUMEP, B pe3yibTaTe odpaso-
BAHUA aTepPOCKIEpPOTHHCCKON GiswKku) cunTes PG,
cHU¥acTes. TpoMOOLIMTL] KOHTAKTHPYIOT C FOBPeXK-
IEHHOH CTEHKOW COocvia, 1B PC3VAbLTaTe UCro aKTH-
upyetest (pochonunaza A, 310 NPUBOUMT K VBC-
AMdeHN cekpeun TX A, CTHMYIHPYIOHIETO
AIPEFAIINIO TPOMBONNTOR M 0Bpasosanue Tpomba 8
00NaCTH NOBpeXASHUA cocyaa {(puc. 8-52), uto ua-
CTO APMBCAMUT K Pa3BUTUI0 MHGpApKTA.

ITpy u3yuenuun Gaxkropor pucka Unhapkta M-
OKipaa ObLIO NOKAAHO, YTO AKAM, fNoTpednaio-
wHe BoAbIINE KO THUECTRO PRIOBETO KUPA, IHAYM-
TETBHO MEHBLLIE 1HOUBCPKCHLI 2TOMY 3a000eBaNI0,
TAK KAK ¥ HUX pexe o0pasyioTes TPoMOhl B cocy-
Aax cepnua. OKaszaioch, U4TO NHd CeMeleTsa HiKo-
3AHOWOB, CHHTEINPYEMbBIX B OPraHM3Me, BIMSICT
COCTAR XMPHbIX KHCAOT MUKW {CM. Bblle Tadi 8-
. Ecau ¢ muuiel noctynaer Gonbiuc 3RKo3ancH-
TACHOBOW KMCNOTHE {2(:5, »-3), B DONBIIOM KOIH-
UCCTBE COACPKALIENHCs B poiBbeM XKupe, 10 3Ta
KHCIOTE BICHOMAETCS! BipeuMyilecTeeHHO B Hocdo-
JUNMKILL MEMOPEH (BMECTO ApaxXWICHOBONR)} W NOC-

O -

e aedcTeus Gochoariasnl A, CIYKAT OCHOBHDLIM
cyGCTPaTOM st CHHTC3a IHKO3aHOMA0B. TO UMECT
CYIIECTBEHHOE BAMMHHC HA CREPTLIBAHWUE KPOBM.

[MpH oberHOK AKeTe ¢ NpeobnagaHHeM apaxuno-
HOROH KMCTOTBI (2004, m-0) Had 3HKO3AIIEHTACHO-
BOit aeiicTere TX A, ypasHoseiieHo acicTsuem PG
[, (puc. 8-33) 1 Apyrumu npocTarianiniavn, B cuy-
UAE JIMETHE C NPEODIANAHNEM -3 KHCAOT B KICTKAX
IHAOTCANUS 00pasvioTesl B0A6E CHUALHLIE HHTMOUTO-
pat TpombBoodpasosanuns (PG 1,. PG £, PG D). uto
CHMXAET PUCK 0OPA3oRaHHS TPOMOA H PAa3BUTHR HI-
dapkTa MUOKapila.

HuakTusanua 3iK03aH0M10B

Bce TMNLI DHKO33110MU0B DBICTTH HHAKTHBUPYHIT-
¢ T, 5HKO2aHOHIOB COCTABNAET OT HECKOILKHX
CCKYH/ A0 HCCKOALKHMX MUHYT. [TpocTarnaniimys
HHAKTHRHPVIOTCH TIYTEM OKHCIIEHMS! THAPOKCHITBHOMN
PYNNbl B HOJOXKCHHKW |5, BaXHCHIWIEH 114 WX
AKTHBHOCTH, J0 KeToIpyruiul. JAdsoitHas ¢Bg3L B NO-
NoxeHUKU |3 BoccTatlapIMRacTea. 3aTtem TPOHCXo-
AWT B-okucaerive GOKOBOM LENH, @ TIOGIE HETO —
w-okHeneNne, KoHedHbBIE TIPONYKTE] (AHKAPDOHOBBIC
KUCIOTDLI) BBLISIAIOTCH C MOMOi. AKTHUBHLIH TX A,

TpoM&oyuTLI

© Arperaliia TpoMmbGoumnToB

HHMMGUPYETCA

Agpo KNeTHEH

Knetxu
SHOOTENUA

KneTtkun
mankon
MYyCKynaTypbi
cocynos
{penakcauvs)

Puc. 8-51. Ponb NpocTAUMKNWHOB E PEMYNALMMW TOHYCA KNETOK MAagKoW MYCKYNaTYps CTEHOK COCYIOB W arperayuu TRomGoumn-
TOE. B HOPME KNETKM ZHOOTENNA NPOOYUMPYIT PG 1, KOTOpEIA Bui3niEaeT penakcaumio TMK v nHrndupyeT arperaumio TpomGoUnTes.
TpomEoUATE B HEAKTUBHOM COCTONHMM HE NpoAyumpyloT Tpombokeans.. NO (okenn azoTa) — sasopwnataTtop.
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AxTvBauwa arperaunm TROMGOUMTOB

TXAz

TpomGouuTal

KnaTtkn
BHRCTENMA PaspylUeHbl

CnaaMm rhagkon
MYCKYNaTypbl COcyos

Puc. 8-52. HapyweHue cMHTE3a 3AKO3AHOMAOE B 0GNAcTH NOBPEXAEHNA 3HAGTENUA. B 06nacTu NoBpexaeHna CTeHKn cocyna
npeotnagaet AeacTEMe TX A, CTUMYTMDYIOWENO Arperaumio TROMOCUKMTOB U COKpaIBHWE CTeHOK cocyAa. B pesyneTate ua noBpexnéH-
HOM y4yacTke ofpasyeTcs TpomB, IPONCXOONT PE3K0E CYXeHWE NpoceeTa cocyna. B MHOKAapAe 3T0 MOXET NPUBECTY K PA3IBMTI WH-

thapKTa MUOKAPRA.

BLICTPO MPEBPANIAETCS B GHONOIMUSCKY 1HEAKTUBIIHLE
TX B, nyTéM paipbiBa KHCAOPOIHONO MOCTHKE MEK-
ay 9-m 1 11-m aroMaMu vInepoaa ¢ obpaiosalinem
TMAPOKCUIRITBIX TPVILLL

H. JIEKAPCTBEHHBIE NPETIAPATBI —
HHTHEUTOPbI CHHTE3A 3HKO3AHOHIOB

MexXaHniM AeiRCTBUA ACTIMPHHA H APYTHX OpOTH-
BOROCNATHTEMBHLIX OPCNADATOR HeCTep()HLlIIDI‘()
HLHCTRHA

AclMpyH — Nipenapart, MoJuBAsIIMA OCHOBHbIE
MPU3NHAKH ROCIANSHMA, MEXEIIIHBM [MPOTUBOROCTA-
JUTEABHOTO ICHCTBUA ACOUPHHA CTL1 NOHATEH, KOOI
OOHAPY KUK, TG Ol MHIMOMPYET LMKAOOKCHUICHA-
3y. CneaoBaTeabHO, Ol YMCHDBLUAET CHHTC3 MCUMA-
TOPOB BOCMAACHMWA W, TEKMM 00pa30oM, YMEIhLLALT
BOCTTAUIMTEILIYIO Peakinie, Luknookeurenasa Heo-
DpaTUMO MHIMOUPYETCSE NYTEM ALETHAHPOBAHHA Ce-
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PUHA B MOMOXEHHH 530 B aXTHBHOM UCHTPE
(pyc. 8-54). OoHako hdekT AeHCTRHE acnHUpHHA
HC OUCHDb NMPOUMLEKHTEICH, TaK KAK 3KCMPECCHA [¢HA
ITOTO (PEPMCHTA HC HAPYLLACECH W NPOIYUHMPYKFICH
1OBLIE MOJCKYNR] PepMeHTA. JIPyIue HECTEPOHH bIC
MPOTHROBOCITATMTENBHbIE Npenapath! (HanpuMep,
ubvnpoden W aeTaMuioder} ACHCTBYIOT MO KO-
KYPCHTHOMY MEXAHH3MY. CRSIIBIBASCH B AKTMBHOM
ueHTpe epMenTa, H TAKXKC CHMKAKT CHHTCS Mpo-
CTArmalIMno.

Mexannam gelicTBHA CTEPOMAHBIX HPOTHBOCHA)IN-
TebHbIX MPENapaTos Ha CHHTE3 3$iK03aHONI0B

CTepouaHbie npenapatsl 061alaioT ropasio 6o-
JICE CWIBHBIM MPOTAUBOBOCNATHTEMBIIRIM ,-TSHC'FBHSNL
HCM MPETIAPATE HECTEPOMIHOMO psiga. MexalmsM Mx
JEUCTBHA JAKTHOYACTCA R MAAYKUWW CHIITe3a 6¢T-
KOB — NHITOKOPTHHOR (MAH Mak[KOPTHIIOR), KOTO-
pbie UHTMOMPYIOT akTHBHOCTL (hocdhonunasel A, u
¥MCHBLUAKT CHHTE3 BCEX THTIOB 3HKO3AHOWOOB, TAK



20:4mw6 20.5m3

¥ 3 3 N

TXAz PG'; TXAg PG|3
obpasyeTcs 8 PGE, cnabo cTamy- PGE,
TpoMBoUWNTaX, nupyeT arperaumio
CTUMYNMpYeT PGD, TpoMBouuToR PGD;

“x arperato obpasytoTca B CUNEBHO MHIMBK-
AHAOTEMNUM, WH- DYWOT arperauuio
rBupyT arpe- TpoMBouMTOB
rauuio Tpombo-

UMTOB

PMc. B-53. CuuTea TPOMOOKCAHOB W NPOCTAINAHAKHOB M3 aPAXMAOHOBOA M SMKOIANEHTASHOBOW KHCROT.

COO

Cep —— OH \

AKTUBHEA HeaxTueHAaS
LIMKNQOKCHTeHA3Aa UMKNOCKCHIeMasa

COO

OH

Canvuunar

Puc. 8-54. MeXaHu3m MHAKTHBAUNKM UMKNOOKCHIEHA3b! CMAPHHOM. ALSTUNLHBIA OCTATOK N@PEHOCUTCA C MOMNEKYNbI acnupiHa Ha
QOH-rpynny hepnerTa n Heo0pPATUMO MHIMGUPYET &ro.
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KAK TPEMATCTRYIOT ocBoGoXAeHUI0 cydcTpata s
CHHTE3A 3HKO3AHOMIOB — APAXWIOHOBOH KHCIIOTH
(v €€ ananora).

Hcnonb3oraHue CTepOMIHBIX NPOTHBEOBOCHANM-
TeNbHBIX MIPENapaToB OCOOCHHO BaxXHO nag OoNb-
HbIX, CTPAAAOUINX GPOHXHATTBHOW acTMoi. PaseH-
THE CHMITOMOB 3TOTC 3ab0/ieBaHuA (OpoHXOCNA3M
H 3KCCYHOAIIMA CJH3H B TipocBeT OpoHxop) obye-
JIORJIEHO, B MaCTHOCTH, WU3OBITOUHON INpOAyKIIMei
JICHKOTPHEHOB TYMHBIMH KETKAMY, NIEHKOLHTAMM
W KJIeTKamM anutenua opouxos. [Mpuém acnupuna
y BONBHHIX, UMEOWMX H30HOPMY AHIIOKCHUTEHA3LI
€ BbICOKOM aKTUBHOCTBI), MOXET BRI3BATH IPUCTYTT
OpoHXHanbHO# acTMBl. TIpHYMHE «aCNTMPHHOBO»
6ponxna.an0}"1 dCTMbI 3aKJTIKOYACTCH B TOM, 4YTO ac-
NHUPHUH H APYTHE HECTEPOMAHBIE MPOTUBOBOCTIZTH-
TeJbHEIE TPENapaThl UHTHGHPYIOT TOABKO LHKJIO-
OKCHTEHA3HMI MYyTh MPEBPALISHUl apaXWAOHOBOIM
KUCAOTBL M, TaKUM 00pPasoM, YBENMUMBAKT A0C-
TYMHOCThL cyOeTpara Ans MelcTBHS AUIMOKCHIeHa-
36l M, COOTBETCTBEHHO, CUHTE3a NeHKOTPHUEHOR.
CreponaHbple npenapaTsl HHTHOUPYIOT HCIONE30-
BAaHME APAXMAOHOBON KHUCIAOTBI M TIQ JIUTIOKCHIE-
HA3IHOMY M [0 IHKIIQOKCUTEHA3HOMY TIYTH, 110370~
MY OHM HE MOTYT BHI3BIBaTh OpOHXOCIIA3MA,

Henonszosanne NPJOH3BOIHBIX HKO3AHOMN0B
B KA4eCTBE JICKAPCTB

XoTa AeHCTBHE BCEX THIOB 3HKO3AHOMIOB A0
KOHLUA HE M3YYEHO, HMEIOTCS TIPUMEPE! YCIIEUIHO-
ro UCTICNbL30BAHKA ASKAPCTE — AHAMOMOB 3HKO3a-
HOMIOB ANA NeYeHUA pasnuyHbX 3abonesaduid. Ha-
npumep, avanoru PG E, u PG E, nonasasior
CEKPEeLNI0 CONAHOR KWCTOTH B Keiyiake, Onokn-
pya ructaMuHoOBBIe peuenTopbl Il TMRA B KiIeTKax
CAN3UCTON ODONOUKH XKeIVAKA. DTH AEKAPCTBA, M3-
BECTHbIe KaK H,-BM0KaTopbl, YCKOPSIOT 3aKUBIE-
HHME A3B XKEJYAKA W ABCHAOLUATUMTEPCTHOH KHIIKH.
Cnocobnocts PG E, v PG Fo cTuMynupoBars
COKpaleHHe MYCKYRATYPB MATKH UCNIOAB3YIOT TN
CTHMY/IILIMH POJOBOM J€STENBHOCTH.

VIIl. REPEKUCHOE OKWCINEHUE
nanvaos, POJTb B NATOMEHE3E
NOBPEXAEHUA KNETKU

Kucrnopoa, HEOSX0AUMBIA opraHu3My ans GyH-
KunoHnpoBaHust T2 U MHOTUX JpyrvX peakilnid,
ABJAETCH ONHOBpPeMEHHO W TOKCHYECKMM Belle-
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CTBOM, ECHH M3 HEro obpasyioTcs TAK HA3bIBaeMBbIe
AKTUBHLIE (DOPMBI,

K akTHMBHBIM opMaM KUCTOPOAa OTHOCHAT:

OH" — T™MAPOKCHALHEIA paguKar,

O — cynepoKCHAMLIH aHUOH;

H,0, — nepoxkcua sogopona.

AKTUBHEIE GOpPMBI KHCIOPOa 0OPA3yIOTCH RO
MHOTHX KJIETKAaX B pe3ynbTare NOCASIoBaTeNbHO-
r0 OIHO3JEKTPOHHOTO MPHCOSIMHEHUA 4 3NeKT-
pOHOB K | Monekyae Kucnopoaa. KoHeuHsiid npo-
OYKT 3TUX peakUHii — BOAA, HO MO X04y peakuMit
06pa3yIOTCH XMMHYECKH aKTHBHRIE (OPMbl KMC-
nopona. Hambonee akTHBEH TMAPOKCHAbHBIA pa-
IMKAN, B3a{MOICUCTBYIOWNIA ¢ GOMBUIHHCTROM
opraHuyeckux Mojekyl. OH OTHMMaer OT HHX
J1eKTPOH U WHULIMHPYET TAKUM 0HPa30M IIEeTnHbIE
PeaktHU OKUCACHWA, DTH CBOOOIHOPATNKAITEHEIE
peaKLMKU OKUCIEHWA MOTYT BBIMONHATE NMOAE3HbBIE
(YHKIMU, HATIpUMEP, KOTMA KIACTKU Geloi Kpo-
BM € YYACTHEM aKTHMBHEIX (OpPM KMCIOpOAAa pas-
pyLawT $aroUUTHPOBaHHBIE KNETKH OakTepuit.
Ho B OCTaNBHBLIX KieTKaXx CROBOIHOPAAMKAIBHOE
OKHCASHHE TIPUBOAMT K PA3PYLICHUIO OpraHHYEc-
KHX MGIEKYA, B NEPRYW O4Yepedb TUINIOR, H, CO-
OTBETCTBEHHO, MEMOPAHHBIX CTPYKTYP KAETOK, 4TO
YACTO 3AKAHYWBAETCA WX THOeNbw. [losToMy B
opraHuime dyHkunonupyet 3¢deKTuBHan cuc-
TeMa MHTUOMPOBAHUA MEPSKUCHOTO OKUCASHMSA
munugos (ITOJD.

A. UCTOYHUKH AKTHBHBIX ®OPM
KHCNOPOIA

LIITD gak HCTOYHHK AKTHBHLIX diopM KHCI0POIA

¥T1euka anexkrporHop u3 LIIT3 v HenmocpencTBeH-
HOEC WX BIaMMOIEHCTBHE C KUCIOPOAOM — OCHOB-
HOH TYTh 00PA30BAHHS aKTHBHBIX (OPM KUCIOPO-
Ja B OONMBUIMHCTRE KIETOK.

Kodepment Q B U123 nipunumast o1 aoHopes
[IOCAEA0BATEIBHO MO OJHOMY 3EKTPOHY, TpeBpa-
WALCH B pOopMY ceMHXKHHORA (puc. 8-35) — KoQH"*
{cM. pasaea 6).

BTOT PAAHKAN MOXET HEMNOCPEACTBEHHO Blau-
MOJEHCTBOBATE C KMCAOPOIOM, 00pa3sys Cymepok-
CUAHBIA aHHOH O], KOTOPLIA, B CBOW OUepenb,
MOXET NPEBPALIATLCS B APYFHE AKTHBHBIE GOPMEI
KMCIOpoaa:

8 _ &,2R+ e, H+
O, JRe * Hz0p

» H,O+CH'



6] OH OH
H,CO CH, s MsCO CHy o . HiCO CH,
“\1L ‘\* "\‘ *\‘
HiCO [oHe—cn=c—cry. HCO R HCO R
o CHs o OH
CKUCNBHHBLIA CemMuxmHoH BoccraHoBneHue
KogrepMeHT Q (cBOGOAHLIA pagukan) kopepmenTa Q
(QHL)

e

0;

CynepokeMaaHuoH

Puc. 8-55. Peakumn nocnegoBaTanbHoro BOCCTAHOBNEHMS YOUXMHOHA B ABIXATENLHOA Uenw.

Peaxkimin, KaTajH3npyeMble OKCHIAAMN
H OKCHTeHAZAMH

Muorue okcuaassl — (pepMEeHTEI, HENOCpea-
CTBEHHO BOCCTAHABAMBAIOLINE KMCA0pOA, 0Dpasy-
10T Ttepokchy, Bogopoga — H,0,. Okcunasel o6pa-
3YKOT NEPOKCHUA BOJOPONA MO CXEMeE:

O,+8H,-S8+HO0,

rae SH, — okucnaeMelit cyberpar.

flpuMepbl TaKWX OKCHIA3 — OKCHIA3bl AMHHO-
KMCNOT, CYNepOKCHI AMCMYTa3a, OKCHAA3bI, JIOKA-
JM30BAHHBIE B MepokcHcoMax, OKCcHaasbel Nepok-
CUCOM OKMCJISIOT, B YACTHOCTH, KUPHBIE KUCNOTHI
¢ OYeHb ANHMHHOU yraepoaHoi nenblo (Hoiee 20
YIIepOAHMX aroMoB) A0 Gojiee KOPOTKMX, KOTO-
pbie Aanee [noaBeprarTcd P-OKUCIeHHI0 B MHTO-
XOH/APHAX.

MOHOOKCHUIeHasbl, HAIpUMEP LUTOXpOM P,
BKJIIOYAIOMWA 0aWH aTOM KHCIopoda B OKHCTAS-
MYK) MOJEKYTY, W AMOKCHUTEHA3R], BKIIQUAIOILIME 002
atoMa KMCI0poaa, TAKXE CNYXAT HCTOYHMKAMM
aKTHBHBIX (hOpM KHCIOpoIAa.

[epokcHa BOAOpOAa XMMHUECKH He OuYeHb aK-
TUBEH, HO CTiocOBCTBYET 00pa3oBaHHIc Haubomee
TOKCHYHOH GOpMbl KHCIOPOId — THAPOKCHUABHO-
ro paaukana (OH*) mo cnemylonieil peakiimu:

Fe* + H,0, — Fe*” + OH" + OH".

Hanuuue B knerkax Fe* wny WOHOB Apyrux me-
PEXOAHBIX METALIOB YBEJIMYHMBACT CKOpPOCTL Ofpa-
30BAHUA THAPOKCHABHEIX PadHKamOR M APYTHX
aKTMBHBIX (opM Kucaopona. Haripumep, B apurpo-

LHATAX OKWUC/IEHHE MOHA Kene3a reMoriocbHHa Cro-
cobeTRYeT 0DpPA30BAHUIG CYMEPOKCHAHOTO aHWOHA.

B. ITIEPEKMCHOE OKMCJAEHME JHIUAOR

Peaxuuu NEpEKHUCHOTO OKHCAEHUA JIUTMTHWIOB
(TTOJI) apaawTca CBOOOIHOPAAUKANBHBIMY ¥ TO-
CTOAHHO TIPOMCXOMSIT B OpraHusme, CroboaHOpa-

JMKAJbHOE OKMCIEHUE HADYILAET CTPYKTYPY MHO-

rux MoJeky1, B 0enkax oKMCASIIOTCS HEKOTOpPHIE
AMUHOKKCNOTH. B pesynbTare paspyliaeTcs cTpyk-
Typa Benkos, MeXIy HHUMH 00pa3yloTcs KOBAIEHT-
Hble «CUIMBKW», BCE 3TO AKTUBUPYET MIPOTEONUTH-
YECKHUE (hepMEHTHLI B KJIETKE, [MAPOMHIYIOUINE
MOBpeXIéHHbie 0K, AKTHEHBE (DOPMBI KMCIO-
poda Aerko HapyiawT 1 ctpykTypy AHK. Hecne-
undmueckoe cps3biBanue Fe?t Mmonekyion JHK
obneryaer 0bpa3’oBaHMe TUAPOKCHIBHBIX palMKa-
JIOB, KOTOPBIE pa3pyllawT CTPYKTYPY A30THCTbIX
OCHOBaHHK, Ho Haubonee noagepXeHbl ASHCTBUIO
AKTHBHBIX (DOPM KHCIOpPOJAA XUPHBIE KHCAOTHE,
coACpXallHe ABOWHBIE CBA3M, PACIONOXEHHBIC
yepe3 CH,-rpynny. MmMenHo ot atoi CH,-rpynmne
CBOOCIHLIA paIuKan (HMHHULIHATOD OKKCIEHKA) Ner-
KO OTHMMAET WICKTPOH, NpeBpaluas IMnua, coagp-
XKAWWH 3Ty KHCTOTY, B CBODOAHBIN pagvKan.

[MOJ — uendble peakuuu, odecriedyuBaroUIHe
paclIMpeHHOe BOCIPOM3BOACTBO CBODOAHBIX pa-
AVKAN0B, YACTUL, UMEIOLIUX HeCcnapeHHbIH Tek-
TPOH, KOTOPBIE HHHUBHPYIOT AATEHEHIIIEe paciipo-
CTPAHEHHE TIEPEKUCHOTO OKMCASHMS,
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Cramun nepeKHCHOTO OKHC/ICHHA AHIMHIOB

1) Huvnpanua: odpazosanme crROGOAHOMO PAIHKAIA
(L)

H
o -G ===/
H L ]

L ———rL*

HHULMKpYeT peaKlMIo Yalle BCero THAPOKCHIIE-
HBIA paguKal, OTHUMAKOLA#E Bogopoa oT CH,-rpynn
NMOAHEHOBOH KMCITOTHI, UTO TPHBOAMT K 00DA30BaA-
HUIO MUMHIHOTO pPATHKANA.

2) PazBuTHe Henu:

Le + Oy — LQO =
LOOe« + LH— LOOH + LR*

PazpuTHe Lenmd NPOMCXOTNT TIPH TIPHUCOEIH-
Hennu O,, B pe3yabTaTe Yero oGpasyercs JUnomne-
pokcupagtkan LOQOs oM nepoxcuna IMMHAA
LOOH.

ITOJI npencrasnseT coboii ¢BOGOIHOPATHKAT-
HBI¢ LIETIHBIC PEAKLIHH, T.€. KAXIbiil 00pa30BaBLIvH-
sl paqHMKanl UHHUMHPYET 00Pa30BaHNE HECKOJIBKMX
JPYTHX. :

3) Paspymierme CTPYKTYpbI JHNHIOB

A
0
O O T
X P
Sc-ct-cl y Q X
H H VW VW
ManoHoBRIA gHansgerma

Maponepoken MHPHOH KUCHOTE

KoHeuHbIe MpOXYKTH NEPEKUCHOTO OKHCASHUSA
NOJHEHOBBIX KHCTOT — MANOHOBBLIA AMAIBACTUA H
THAPOTIEPOKCHI KHCAOTHI.

4) Obpels Nenw — BIAHMOACHCTBHE PATHKAN0B MEk-
oy coboii:

LOQe + L« » LOOH + LH

Le + vit E - LH + vit Ee

vitEe + Lo 5> LH+VitE

Pa3euTHe 1LeNM MOXET OCTaHABAMBATLCA NPH
B3aNMOIEHCTBHH CBOOOAHBIX PAagUKANOR MEXIY
co0oi MIM TMpH B3aUMOICHCTEMM C PaziHYHBIMHK
AHTHOKCUAAHTAMM, HampHMep, BUTaMUHOM E, KO-
TOpBIH OTAAET W1EKTPOHE], IPEBPALIAACE MTPH ITOM
B CTAOWIBHYIO OKUCAEHHYKY GOpMY.
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B. IIOBPEKIEHHE KIETOK B PE3YJILTATE
[EPEKMCHOTO OKHUCJIEHUA JVITHIOB

AKTVWBHbIE (OpMBI KHCAOPONAa NOBPEX1aKT
ctpykTypy AHK, Genkos H pazmuyHse MemMOpaH-
HbIE CTPYKTYpPhH! KAeTOK, B pesynstare nosipieHns
B ruapododHoM ¢iioe MeMBpaH TUIPOGUIEHBIX
30H 3a CYET 06pa3cBaHUA THAPONEPOKCHAOR KIP-
HBIX KMCJOT B KJETKH MOTYT [pPOHUKATH BOMA,
HOHBI HATPHA, KaTbilHs, YTO TIPHBOANT K Habyxa-
HUIO KJIETOK, OPraHEeUT U HX pa3pylieHH. AKTU-
BALMA [EPEKHCHOTO OKHCJIEHMA XapakTepHa A
MHOTHX 3ab0onepaHuii; IMCTPOd UK MBI (BONE3HD
HwuieHna), 6oaeznu [MapKuHCoHA, NPH KOTOPBIX
[10J1 paspywiaeT HepBHble KJIETKH B CTBOJIOBOWH
4aCTH MO3ra, [IpH aTepocKiepo3e, pa3BUTUH OIy-
xojaeit. TMepeKHCHOE OKWC/IEHHE AKTHBUDYETCS
TAKXKE B TKAHSX, MOABEPILLHXCA CHAYaNa HIIEMHH,
4 3aTEM PCOKCUTCHALIMHM, YTO MPOMCXOAUT, HATIPH-
MEp, NpPY CNa3Me KOPOHAPHBIX apTEpHA H TIOCHAS-
AYIOILEM MX DPACUIMDEHHHU,

Takaa xe cuTyallus BOIHUKAET MpPU o0paloBa-
HHU TpoMBa B cocyie, MUTAOILeM MHOKapa,
DopmUpoRatme TPOMBA NPUBOAUT K OKKIIO3HH [1PO-
CBETA COCYIA W PA3IBUTMIO MIIEMHM B COOTBETCTRBY-
10llleM Y4acTKe MUuoKapaa (Tunokcus TkaHu). Ecmu
MIPHHATH DBICTPBIE AeUeDHBE MEPbI MO PA3PYLISHHI)
TPOMOa, TO B TKAHM BOCCTAHABIMBACTCA CHabxe-
HME KHcaopoaoM (peokcHureHauus). llokasano,
4TO B MOMEHT PEOKCHIEHAIIMM PE3KO BO3pacTaeT 0b-
PA3OBAHME AKTHBHBLIX (POpM KHCIOPOAA, KOTOPBIC
MOTYT MOBPEXAATh KIETKY. Takum o0pazoM, Jaxe
HECMOTPST HA GBICTPOS BOCCTAHOBMACHUE KPOBOOH-
pallieHMs, B COOTBETCTBYIOLIEM YYACTKE MHOKApla
TIPOMCXOINT NOBPEXACHHUE KICTOK 33 CUET aKTHBA-
UMK MEPEKHUCHOTG OKMCNEHUA.

H3MeHeHue CTPYKTYpHl TKaHeH B pe3ynbraTe
I[TON MoxHo HalmaaTh HA KOXKE: ¢ BO3pacTOM
YBENIUIHBACTCA KOJIHYECTBO MHIMEHTHBIX IATEH
HA KOxke, 0Co0CHHO HA JOPCATLHON MTOBEPXHOCTH
JNAg0HEH. DTOT MUIMEHT HalbiBAlOT TMMOdyCUMH,
IIPEJICTABISIIOWINI coBol CMECH JIMITMAOE U Den-
KOB, CBAJAHHBIX MEXIY COOON nNonepeuHpiMH KO-
BANEHTHBIMH CBA3AMH W HEHATYPUPOBAHHBLIMH B
pesynbTaTe BIaUMOACHCTBHA ¢ XHMHYECKHN aKTHB-
HBIMH Tpymnamu npoayktos IO, 2ToT nurMeHT
GaroLHTHPYETCH, HO He TUAPOIU3YyeTCH (hepMeH-
TAMH JIM30COM, M TIO3TOMY HAKAILIMBASTCA B KeT-
Kax, Hapyuiasi MX $yHKLHH.

TIOJI npoMcXOAUT He TONLKO B XUBLIX OpPTaHM3-
Max, HO M B IPONVKTAX IMHTAHHA, OCOOEHHO MpPH



HEMPABHILHOM MTPUIOTOBICHUHM H XPAHEHHH NIHLUIK,
[Nporopkaune xupoB, obpa3zopaHue Oonee TEMHO-
IO CI0S1 HA MTOBEPXHOCTH CAMBOYHOTO Macha, Io-
SBJICHHE CHeUMHMYECKOro 3amaxa ¥ MOAOUHLIX
npoaykToB — Beé 3170 npusHaky MO, B mpoayk-
Thl NMUTAHHSA, COACPKAKME HEHACHILUIEHHbBIE JHIH-
IIbI, OGBIMHO A0GARTLIIOT AHTHOKCHAAHTEI — BELLE~
cTBa, HHTHOBHpywIIKHe [TOJI u coxpaHsomMe
CTPYKTYPY KOMIIOHEHTOB ITHILIH.

I'. CHCTEMBI 3AIIUTHI KIETOK OT AKTHBHbBIX
®OPM KHCJAOPOIA

DepMeHTbI AHTHOKCHIAHTHOIO NelCTBHA

K depmenTaM, 3AUIMITAKINMM KASTKH OT ACH-
CTBMA AKTHBHBIX (GOPM KMCAOPOOA, OTHOCAT CyMNe-
POKCHAJAMCMYTA3Y, KaTajaly H MyTaTHOHNEPOKCH-
gasy. HauGosice akTUBHLI 3TH (DEPMEHTEI B TICUEHH,
HAIMOYEUYHHKAX H NIOYKaX, [Ie COIePXKaHHE MHTO-
XOHAPHHA, LMTOXpoMa Pm ¥ MIEPOKCHCOM OCODEH-
HO Beauko., Cynepoxcugaucmyrasza (COM) npe-
BpaLLAeT CYMEPOKCUAHBIE AHHOHBI B MEPOKCHUT
BOAOPOAA:

207 +2H*-HO,+ 0,

HaodepmenTtst COM HaxoasTes U B UIHTO30NE U
B MWUTOXOHADHMSX U ABIAWOTCS KaK Obl MepBoi AH-
HHME# 3ALUMATH, [IOTOMY YTO CYNEPOKCHAHLIA aHy-
oH oBpa3yercs 0OLIYHO MEPBBIM M3 AKTHBHBIX HOpPM
KHCTOPOAA NPH yTeuKe 3NSKTPOHOB U3 OBIXATENb-
HOU Henu.

COJ/l — uHAVIMpYEeMBIA (EepMEHT, T.€. CHHTE3
€ro YBEJIHYHMBAETCS, €CAH B KJIETKAX aKTHBUPYETCS
MEPEKU