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I. O’quv fanining dolzarbligi va oliy kasbiy ta’limdagi o rni

Molekulyar biologiya, biofizika va biokimyo fanlarining jadal sur’atlarda rivojlanishi
ogibatida, ximiya va fizikaning eng asosiy gonunlari biologik hodisalar tushunchasi ham Katta
ahamiyat kasb etishi barchaga ma’lum. Biokimyoviy hodisalarnining kimeviy va fizikaviy
hodisalardan farki esa ularning 0°ziga xos tanlash va tanlanish xususiyatlariga bog lik. SHuning
uchun ham hozirda mutaxassislarning tadgigotlari biologik hodisalarning noyob spetsifikligini
0 rganishga garatilgan va bugungi kunda hatto katta eksperimental va nazariy tajriba natijalari
ham to plangan. SHundan kelib chiggan holda biotexnologiya, biofizika va biokimyo sohalarini
0 zlashtirayotgan har bir talaba biologik hodisalarning spetsifikligi hagida ham tushunchaga ega
bo'lishi zarur. Bu kurs tirik materiya rivojlanishining barcha bosgichlaridagi biologik
spetsifiklikning gonunlarini 0°ziga gamrab olgan: oddiy molekulalar va makromolekulalarning
0 zaro munosabati, murakkabrok bo’lgan munosabatlar (antigen-antitana, gormon-retseptor,
feromonlar-retseptorlar, genetik tizimlarda tanib olish muammosi) dan tortib, to hujayra, organ
va organizmlardagi biologik spetsifikligigacha.

1. O quv fanining magsadi va vazifasi

Fanni o'gitishdan maqsad-talabalarga turli darajada tuzilgan tirik materiyalardagi
biologik spetsifiklik qgonuniyatlari mohiyatini o'rganish bilan birga, molekula va
makromolekulalar 0°zaro ta’siridan tortib, biologik spetsifiklikning hujayra va organizm
darajasidagi murakkabrok (antigen-antitelo) tizimlari Xususiyatlarini va mexanizmlarini
ochishdan iborat. Talabalarga ferment-substrat ta’sirlashuvi asosiy qonuniyatlarini bilish,
immun reaktsiyalar spetsifikligining molekulyar asosini ochishga yordam berish. SHuningdek,
eukariot hujayralardagi transport jarayonidagi spetsifiklikning yoritishdan iborat.

Ushbu dastur biologik spetsifiklik asoslari fanining predmeti, tarixi, magsadi va
vazifalari; fanning tadgiqot uslublari, asosiy ob’ektlari; biologik spetsifiklik asoslarining boshga
fanlar bilan o°zaro bog'ligligi; fanning hozirgi zamon analitik kimyo va texnologiyalar,
molekulyar biologiya, immunobiotexnologiya, biofizika, gishloq xo’jaligi, farmatsevtika va
tibbiyotdagi muammolarni echishdagi o'rni; fanning nazorat turlari va baholash mezonlari;
biologik spetsifiklik asoslarining analitik va amaliy biotexnologiya yo nalishi bo’yicha
mutaxassis tayyorlashdagi o'rni kabi masalalarni gamraydi.

Fan buyicha talabalarning bilim, ko nikma va malakalariga quyidagi talablar
go yiladi.

Talaba:
-Biologik spetsifiklik asoslari fanini o zlashtirish jarayonida magistrant, biologik spetsifiklik
asoslarining biologik gonuniyatlari, oddiy va murakkab molekulalar 0°zaro ta’sirlashuvi,
ferment-substrat 0°zaro ta’siri spetsifikligini, poliferment tizimlar; antigen-antitanalar
munosabati. hujayralarni molekulyar funktsiyalari, hujayraviy darajada tanish masalasi,
hujayradagi transport hagida tasavvurga ega bo’lishi,
- fermentlar kinetik konstantalari va spetsifiklik tavsiflarini, fermentni cybstpat fizik
holatiga va kimyoviy xususiyatiga nisbatan bo’lgan munosabatini, immun javoblar
spetsifikligini, hujayraviy darajada tanishni, hujayradagi transport yo llarini bilishi va ulardan
foydalana olishi;
- biotexnologik usullarni qo’llashda kerakli fermentlar, va ularga xos shart-sharoitlarni
topa bilish, fermentlarni me’yoriy ko'rsatgichlarini aniglay bilish, spetsifiklikni ferment-
substrat, antigen-antitana, gormon- retseptor va boshka birikmalar misolida aniglay bilish
ko nikmalariga ega bo’lishi kerak.
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I11.  Asosiy nazariy Kism (ma’ruza mashg uletlari)
1-mavzu. Kirish.

Biologik spetsifiklik asoslari fanining predmeti, tarixi, maqgsadi va vazifalari; fanning
tadgigot uslublari, asosiy ob’ektlari; biologik spetsifiklik asoslarining boshga fanlar bilan 0" zaro
bog’ligligi; fanning hozirgi zamon analitik kimyo va texnologiyalar, molekulyar biologiya,
immunobiotexnologiya, biofizika, gishloq xo jaligi, farmatsevtika va tibbiyotdagi muammolarni
echishdagi o'rni; fanning nazorat turlari va baholash mezonlari; biologik spetsifiklik
asoslarining analitik va amaliy biotexnologiya yo nalishi boyicha mutaxassis tayyorlashdagi
o rni kabi masalalar. Fanning O quv rejadagi boshqga fanlar bilan 0°zaro bog ligligi va uslubiy
jihatdan uzviyligi. Fanning ilm-fan va ishlab chigarishdagi o rni.

2- mavzu. Biologik spetsifiklik tushunchasi. Biologik jarayonlarning molekulyar
tizimi

Biologik tizimlarda va fizik-kimyoviy tizimlarda reaktsiyalar ketishining umumiyligi va
farqli taraflari. Sodda tizimdagi spetsifiklik korinishi. Har xil moddalarning membranalararo
munosabatining (0°ziga xosligi) selektivligi. Antigen-antitanalar munosobatining o ziga xosligi.
Sodda molekulalarning makromolekulalar bilan 0 zaro munosabati. Poliferment tizimlari.
Hujayradagi membrana orgali transportning o°ziga xosligi. Hujayraviy darajada tanlash
masalasi. Biologik spetsifiklik asoslari kursi tirik materiya rivojlanishining barcha
bosqgichlaridagi biologik spetsifiklikning gonunlarini 0 ziga gamrab olgan: oddiy molekulalar
va makromolekulalarning 0°zaro munosabati, murakkabroq bo’lgan munosabatlar (antigen-
antitana, gormon-retseptor, feromon-retseptor, genetik tizimlarda tanib olish muammosi) dan
tortib, to hujayra, organ va organizmlardagi biologik spetsifikligigacha.

3- mavzu. Sodda tizimlarda spetsifiklikning nameyon bo'lishi

Reaktsiyaning bir maromda Kketishini ta’minlash. Tanlanishni ta’minlashning asosi
sifatida 0'zaro ta’sirlashayotgan molekulalarning strukturaviy va energetik mosligi. Kimyoviy
reaktsiyalarning kechishi uchun biologik tizimlardagi tagiglar.

4-mavzu. Sodda molekulalarning makromeolekulalar bilan ta’sirlashishi

Sodda molekularning makromolekulalar bilan ta’sirlashishi. Ferment- substrat
reaktsiyalarining spetsifikligi. Substratning kimyoviy tuzilishiga bo’lgan spetsifiklik. Turli
reaktsiyalarga bo’lgan spetsifiklik. Gomogen va geterogen tizimlarda ferment-substrat
munosabati spetsifikligining namoyon bo'lishi. Substratning fizikaviy ko'rinishiga bo’lgan
spetsifiklik. Ferment-substrat munosabatlarning komplementarligi va uning xar xil tizimlardagi
ko'rinishi. Poliferment tizimlari. Kofaktorlar va ularning biologik spetsifiklikni ta’minlashdagi
orni,

5-mavzu. Biologik tizimning molekulyar tuzilmasi

Universallik, Kkategoriylik, xususiyatlarning hujayra funktsiyalariga monandligi

kriteriyalari. Biologik hodisalarnining kimyoviy va fizikaviy hodisalardan fargi. Molekulyar

darajada tanlash. Biologiyada 0°ziga xoslikni namoyon bo'lishi.

6-mavzu. Turli moddalarni membranalar bilan ta’sirlashishi
12



Gormon va retseptorlar munosabati. Feromon-retseptor ta’sirlashuvi. Allergen-E-
immunoglobulinlar munosabati. Antigen va komplement sistemasini faollashuvi. T-limfotsitlar
va hujayraviy immunitet. T- xelperlar va kooperatsiya. T-hujayralar va limfokinlar. Antigenlar
va boshgaruvchi genlar bosh kompleksi (BGBK) molekulalari bilan bog langan T- limfotsitlar
faollashuvi. Ligand yo naltirilgan endotsitoz. Transmembrana transporti. Hujayra ichidagi
transport. Genetik tizimlarda tanib olish va 0" zaro ta’sirlashuv.

7- mavzu. Immun javoblar spetsifikligi

Immun sistemaning tanib olish jarayonlari. Antitana molekulasini tuzilishi. Engil va
og'ir zanjirlar. Fab- va Fc-qismlar. SHarnir, konstant, variabel va gipervariabel gismlarning
tuzilishi va roli. Antitanalar biosintezi va antigenlar bilan reaktsiyaning selektivligi.
Antitanalarning erkin va membranaga bog langan shakllari. Antitana molekulasini idiotiplari.
Antitanalarning funktsional Xxususiyatlari. Bog'lovchi gismlarning soni va o xshashligi.
Antitana determinantlari. Antitanalarni yot moddalarga qarshi kurashdagi ahamiyati.
Komplement sistemasi. Komplementning faollashuvi. Komplementning faollashuvining Klassik
va alternativ yo llari. Komplement sistemasining boshqarilishi. T-hujayralar va immun javoblar.
T-limfotsitlar va immun javoblar. T-tsitotoksik limfotsitlar. T-xelperlar va Kkooperatsiya
jarayonlari. T-xelperlar va limfokinlar. T-supressorlar va immun javoblar. Boshqgaruvchi T-
hujayralarni V- va boshka T-hujayralar bilan ta’sirlashuvi. Boshgaruvchi genlar bosh kompleksi
(BGBK). BGBK molekulalari sinflari. Birinchi va ikkinchi sinf BGBK glikoproteinlari. BGBK
molekulalari bilan bog'langan T-limfotsitlar va antigenlar. BGBK glikoproteinlari va T-
limfotsitlarning faollashuvi. T-Xxelperlar va antigen tutuvchi hujayralar. Molekular darajada
tanib olish muammolari. Makromolekula-membrana ta’sirlashishi va bunday tizimlarda
spetsifiklikning namoyon bo'lishi. Boshgaruvchi genlar bosh kompleksi (BGBK)
molekulalariga birikkan T-limfotsitlar va antigenlar. BGBK glikoproteinlari va tegishli T-
limfotsitlarning faollashuvi. T- xelperlar va antitela tutuvchi xujayralar. T-xelperlar va
kooperatsiya. T- hujayralar va limfokinlar.

8- mavzu. Hujayradagi membrana orqali kechadigan transport spetsifikligi

Membrana orgali passiv transport. «Engillashtirilgan” transport. “Ion qopgonlari”. K+ va
Valinomitsin bog lanishida “indutsirlangan muvofiglik’ni roli. Ishgqoriy metallar makrotsikllar
orgali “sendvich” ko'rinishda membranalardan o"tishi. Ton kanalchalar. Kanal hosil giluvchilar.
Ton gradientini roli. Elektr maydonini kanallar ochilishiga ta’siri. Faol transport. Konformatsion
0 zgarishlar. Erkin va membranaga bog langan ogsillarning tashgariga bo lgan transporti.

9-mavzu. Hujayra ichidagi transport
Ichki hujayra transportini 0°ziga Xosligi. Endotsitoz. Ligand yo naltirilgan endotsitoz.
Retseptorlarni ahamiyati. “Petch”larni o’rni va roli. Klatrin turini hosil bo’lishi. Hujayra ichi
vezikulyar transporti. Sekretsiya. Protsessing va transport. Joylash va etkazib berish. Hujayrada

sintezlangan ogsillar transporti. Endoplazmatik torni va Goldji apparatining roli. Hujayra ichi
transport turi. Hujayra organoidlarini harakatlanishi.

10-  mavzu. Molekulyar darajada tanib olish muammolari
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Fermentlarning roqori Katalitik faolligi sabablari. Faol markazning tuzilishi. “Tanish” va
«bog'lash” markazlarini ferment-substrat munosabatlaridagi roli. “Indutsirlangan muvofiqlik”
nazariyasi. Fermentlarni me’yoriy ko'rsatgichlari. Fermentlarni kinetika printsiplari. Ferment
faolligi birligi. Mixaelis konstantasining mohiyati. Fermentlarning ishlash tezligi. Spetsifiklik
konstantasi mohiyati. Fermentlar ingibitorlari. Qaytmas ingibitorlar. Qaytar ingibitorlar.
Raqobatli va raqobatsiz ingibitorlar. Fermentlar aktivatorlari. Kooperativ ta’sirlar va
boshqaruvchi fermentlar. Fermentlarni ta’sir mexanizmlari. Proksimal ta’sirlar. Kislota-ishqoriy
kataliz. Elektrostatik ta’sirlar. Elektrofil-nukleofil ta’sirlar. Strukturaviy muvofiglik.

IVV.  Amaliy mashg ulotlar bo'yicha ko rsatma va tavsiyalar

Amaliy ishlari har bir magistrant tomonidan bajariladi. Bunda avvalo magistrant
bajariladigan amaliy ishining nazariy va amaliy tomonini gisqacha izohlab beradi. So'ngra
amaliy ishining bajarilishi davomida olingan natijalarni xulosalab 0°z daftariga yozib qo yadi.
Ushbu xulosalar o gituvchi tomonidan og zaki mulogot shaklida tekshiriladi.

Amaliy mashg ulotlar uchun quyidagi mavzular tavsiya etiladi:

Fermentlarni ingibitorlarini qollash tadbirlari.

Fermentlarni faollashtirish usullari.

Fermentlarni substrat bilan ta’sir mexanizmlari.

Fermentli biosensorlar yaratish.

Fermentlarni biospetsifik usulda tozalash

IZOH Ishchi fan dasturini shakllantirish jarayonida ishchi o'quv rejada mazkur mashg ulot
turiga ajratilgan soat hajmiga mos ishlar tanlab bajariladi. OTM imkoniyatidan kelib chiggan
holda yangi laboratoriya ishlari kiritilishi mumkin.

okrwbdE

V. Seminar mashg ulotlar bo’yicha ko rsatma va tavsiyalar

Seminar mashg ulotlarni tashkil etish bo'yicha kafedra professor- o qgituvchilari
tomonidan ko'rsatma va tavsiyalar ishlab chigiladi. Unda magistrantlar asosiy ma’ruza
mavzulari buyicha olgan bilim va ko nikmalarini mashg ulotlar olib borish jarayonida yanada
boyitadilar. SHuningdek, darslik va o'quv qgo'llanmalar asosida ular bilimlarini
mustahkamlashga erishish, targatma materiallardan foydalanish, ilmiy maqolalar va tezislarni
tayyorlash orgali magistrantlar bilimini oshirish, mavzular bo’yicha ko rgazmali qurollar
tayyorlash va boshqgalar tavsiya etiladi.

Seminar mashg ulotlar uchun quyidagi mavzular tavsiya etiladi:
Transmembran transportning o°ziga Xosligi.
Hujayralarni bargarorlash va qo llash.
Peptid-regulyatorlar.

Turli antibiotiklarni hujayraviy o°ziga xosligidagi roli
Antitelo-antigen munosabatlarning o0°ziga Xxosligi.
Gormon va retseptor ta’sirlashuvidagi spetsifiklik.
Ferromon va retseptor ta’sirlashuvidagi spetsifiklik.
Antibiotiklar - transmembran kanallar sifatidagi roli.
Avidin-biotin sistemasidagi spetsifiklik.

0. Biologik 0°ziga xoslikda kofaktorlarni roli.

BoOooo~NoOGOR~WNE

seminar mashg ulotlar mavzulari o'quv rejadagi soatlarga mos holda va OTM imkoniyati
darajasida tanlab bajariladi.
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VI.  Mustaqil ta’lim va mustaqil ishlar

Mustaqil ish uchun individual rivojlanish biologiyasi rozasidan ma’lumotlar bayon
etilgan qo'shimcha adabiyotlar tavsiya etiladi. Mustaqil ish uchyn beriladigan vazifalar
fakultativ va individual Xxarakterda bo’lib, talabaning maxsus mutaxassisligiga bog lig
jarayonlarni yanada chuqurroq o' rganishga garatilgan.

Mustaqil ish uchun belgilangan mavzularni talabalar mustaqil ravishda ko rsatilgan
adabiyotlar yordamida o°zlashtirib joriy, oraliq nazorat shaklidagi darslardan tashqgari vagtlarda
referat yoki muloqat tarzida topshiradilar,

Talaba mustaqil ishni tayyorlashda fanning xususiyatlarini hisobga olgan holda, quyidagi
shakllardan foydalanish tavsiya etiladi:

Mustagqil ta’lim uchun tavsiya etiladigan mavzular:
Hujayraning molekulyar 0°ziga xosligi.
Ferment-substrat munosabatlarida spetsifiklikni namoyon bo lishi.
Biologik tizimlarda kofaktorlarni roli.
Organizmdagi turli to kimalar va organlarning 0°ziga xos jihatlari.
Monoklonal va poliklonal antitanalar va ularning o0°ziga xoslik xususiyatlari.
Hujayra ichi transport sistemasida spetsifiklikni namoyon bo'lishi.
Makromolekulalar 0°zaro munosabatlarida 0°ziga xoslik jihatlari.
Turli antibiotiklarni ta’sir mexanizmlari.
9. Gormon va retseptor ta’sirlashuv mexanizmlari.
10.  Ferromon va retseptor ta’sirlashuv mexanizmlari.
Izoh: Ishchi fan dasturini shakllantirish jarayonida ishchi o'quv rejada mazkur mashg ulot
turiga ajratilgan soat hajmiga mos ishlar tanlab bajariladi. OTM imkoniyatidan kelib chiggan
holda yangi mustaqil ishlari mavzulari Kiritilishi mumkin.

ONoGRWNE

VII. Asosiy va qo shimcha o quv adabiyotlar hamda axborot manbalari
Asosiy adabiyotlar:

1. Glik B., Pasternak Dj. Molekulyarnaya biotexnologiya: printsipsr i primenenie. M.:Mir.
2002.
2. Glick B.R., Pasternak J.J., Patten G.L. Molecular Biotechnology.
Principles and applications of recombinant DNA. Washington: ASM Press. 2010.
3. Alberts B., Brey D., Lwis Dj., Reff. M., Roberts K., Uotson Dj. Molekulyarnaya
biologiya kletki. M.: Mir. 1994.

4. Smyth J.E. Biotechnology. Cambridge: Cambridge University Press. 2009.

Qo’shimcha adabiyotlar:

5. Mirziyoev SH.M. Burok kelajagimizni mard va olijanob xalgimiz bilan birga quramiz.
Toshkent, O zbekiston nashriyoti, 2017.
6. Mirziyoev SH.M. Qonun ustuvorligi va inson manfaatlarini ta’minlash-tort taraqqiyoti

va xalq farovonligining garovi. Toshkent, O zbekiston nashriyoti, 2017.

7. Mirziyoev SH.M. Erkin va farovon, demokratik O zbekiston davlatini birgalikda barpo
etamiz. Toshkent, O zbekiston nashriyoti, 2016.

8. Mirziyoev SH.M. Tanqidiy tahlil, gat’iy tartib-intizom va shaxsiy javobgarlik — har bir
rahbar faoliyatining kundalik qoidasi bo"lishi kerak. Toshkent, O zbekiston nashriyoti, 2017.

9. Hancock John T. Cell Signalling. New York: Oxford Uninersity Press. 2010

10.  Kimball Nill. Glossary of Biotechnology terms. New York:CRC Press LLC. 2002.
11. Royt A. Vvedenie v immunologiro. M.: Mir. 2002.
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14.  Mirzaraxmetova D.T. Osnover biologicheskoy spetsifichnosti. Uslubiy go’llanma.
Toshkent: O"zMU. 2006.

15.  Kovalev V., Polevaya O.}O. Bioximicheskic osnover immuniteta k
nizkomolekulyarnsim ximicheskim soedineniyam. M: Nauka. 1985.

16. Komilov X.M., Raximov M.M., Odilbekova D.IO. Biotexnologiya asoslari.
Toshkent. 2010.

17.  Mirxamidova R., Vaxabov A.X., Davranov K., Tursunboeva G.S. Mikrobiologiya va
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Kirish

“Biologik spesifiklik asoslari” fani molekulyar biologiya, biofizika va biokimyo fanlarining
jadal sur’atlarda rivojlanishi oqibatida, ximiya va fizikaning eng asosiy qonunlari biologik xodisalar
tushunchasi xam katta ahamiyat kasb etishi barchagama’lum. Biokimyoviy xodisalarnining kimeviy
va fizikaviy xodisalardan farqi esa ularning uziga xos tanlash va tanlanish xususiyatlarga bog’lik.
Shuning uchun xam xozirda mutaxassislarning tadgigotlari biologik xodisalarning noyob
speksifikligini o’rganishiga garatilgan va bugungi kunda xatto katta eksperimental va nazariy tajriba
natijalari ham to’plangan. Shundan kelib chikkan xolda biotexnologiya, biofizika va biokimyo
soxalarini o’zlashtirayotgan har bir talaba biologik hodisalarning spesifikligi hakida ham
tushunchaga ega bo’lishi zarur. Bu kurs tirik materiya rivojlanishining barcha bosqichlaridagi
biologik  spesifiklikning qonunlarini o0’ziga qamrab olgan: oddiy molekulalar va
makromolekulalarning 0’zaro munosabati, murakkabroq bo’lgan munosobatlardan (antigen-antitelo,
gormon-reseptor, feromonlar-resepotrlar, genetik tizimlarda tanib olish muammosi) tortib, to
hujayra, organ va organizmlardagi biologik spesifikligigacha.

O’quv fanning maqsad va vazifalari

Fanni o’qitishdan magqgsad- talabalarga turli darajada tuzilgan tirik materiyalardagi biologik
spesifiklik qonuniyatlari mohiyatini o’rganish bilan birga, molekula va makromolekulalar o’zaro
ta’siridan tortib, biologik spesifiklikning hujayra va organizm darajasidagi murakkabroq (antigen-
antitelo) tizimlari xususiyatlarini va mexanizmlarini ochishdan iborat. Talabalarga ferment-substrat
ta’sirlashuvi asosiy qonuniyatlarini bilish, immun reaksiyalar spesifikligining molekulyar asosini
ochishga yordam berish. Shuningdek, eukariot hujayralardagi transport jarayonidagi spesifiklikning
yoritishdan iborat.

Fan bo’yicha talabalarning bilim, malaka va ko’nikmalariga qo’yilgan talablar
Biologik spesifiklik asoslari fanini o’zlashtirish jarayonida amalga oshiriladigan
vazifalar(masalalar) doirasida magistrant:

—  biologiyada o’ziga xoslik to’g’risida,biotexnologiya mutaxassislik sohasi bo’yicha fan
yutuglart ~ va  dolzarb = muammolari,biotexnologiyada  gen  muxandisliginio’rni
haqgida,transkripsiya va translyasiya hagida, gen va genom muxandisligi texnologik jarayonlari
xaqida, fermentlar muxandisligi yo’nalishining rivojlanishi va uning zamonaviy muammolari
va usullari to’g’risida,ogsillar va fermentlar yordamida texnologik jarayonlarini
takomillashtirish va ularning texnik- iqtisodiy ko’rsatgichlarini ko’tarish xaqida,
biotexnologik jarayonlarda fermentlar va hujayralarni qo’llash to’g’risida, oddiy va murrakab
molekulalar o’zaro ta’sirlashuvi, o’quv jarayonida mustaqil ta’limni shakllantirish usullari,
zamonaviy axborot tizimlari hagida, axborot manbalarini gidirib topishni, zamonaviy tajriba
qurilmalarini, zamonaviy o’lchov asboblarini, ma’lumotlarni to’plash, qayta ishlash va tahlil
qilishni, fermentlarni o’ziga xosligi va ta’sir qilish mexanizmlarini, fermentlar
immobilizasiyasi va ularni barqgarorlashni, geterogen sistemalarda fermentlar ta’sir etish
gonuniyatlarini, fermentlar kinetik konstantalari vaspesifiklik tavsiflarini, fermentni substrat
fizik xolatiga va kimyoviy xususiyatiga nisbatan bo’lgan munosabatini, antigen-antitelova
gormon-reseptordarajasidagi spesifikligini, ferment-substrato’zaro ta’siri spesifikligini bilishi
kerak.

— biologik maxsulotlar olishmaxsadda, konkret biotexnologik jarayonni ishlab chigishda,
biotexnologik usullarni qo’llashda kerakli fermentlar, muxit va shart-sharoitlarni  topa
bilishda, fermentlarni katalitik faolligini aniglay bilishda,turli immobillangan ferment
preparatlarini tayyorlash va olishda, zamonaviy tajriba qurilmalari va o’lchov asboblaridan
foydalanishda,zamonaviy axborot texnologiyalaridan foydalanishda, fan bo’yicha tavsiya
etilayotgan zaruriy adabiyotlarni tanlashda,virtual elektron bilim manbalaridan foydalanishda,
ta’lim texnik vositalaridan foydalanishda ko’nikmalarga ega bo’lishi kerak.
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—  tanlangan mustaqil ish mavzuning dolzarbligi va ahamiyatini asoslash, laboratoriya ishining
magsadi va muayyan vazifalarini shakllantirish, gipotezani taklif etish, metodikalarni tanlash,
muammo yechimining ilmiy argumentasiyasini taklif gilish va rivojlantirish, eksperimental
qurilma va tadgigot jarayonini bayon gilishi, alternativ yechimlarni tangidiy anglash, xulosalar
va olingan natijalarni baholash shakllantirishva aniq takliflar berish malakalarga ega bo’lishi
kerak.

Fanning o’quv rejadagi boshqa fanlar bilan o’zaro bog’liqligi

Biologik spesifiklik asoslari fani maxsus kurs bo’lib birinchi semestrda o’qitiladi. Fanni
o’zlashtirishda magistrantlar biologiyadan: mikrobiologiya va virusologiya, molekulyar biologiya,
bioximiya, biofizika, fiziologiya qonunlari xagida tushunchaga ega bulishlari kerak.
Mikrobiologiyadan: sanoat mikrobiologiyasi jarayonlari, mikroorganizmlarni o’stirish va
ko’paytirish uslublari, mikroblar yordamida antibiotiklar, organik kislotalar, noyob va kerakli
moddalar biosintezi, mikroblarni saqlash va ularning faol xusussiyatlarini yo’qotmaslik;
bioximiyadan-fermentativ reaksiyalar mexanizmlari, ularning fa’ol markazining tuzilishi, ishlash
jarayonlari, modifikasiya usuli yerdamida bargarorligini oshirish; biofizikadan-membranalar
tuzilishi, transport jarayonlari mexanizmlari, bioenergetikaning asosiy qonunlari; fotosintez va nafas
jarayonlariga oid reaksiyalar; hujayra biologiyasidan hujayra tuzilishi, hujayrada asosiy
prosesslarning kechishi, hujayralarning ko’payishi; molekular biologiyadan-DNK va RNK tuzilishi,
transkripsiya, translyasiya gonunlari, ribosomalar tuzilishi, genetik kod struktura elementlari va
xokazo. Kimyoviy texnologiyadan: asosiy texnologik jarayonlar, reaktorlarning tuzulishi va ishlash
prinsiplari, bioreaktorlarni amaliyotda qo’llash usullari xakida yetarli bilim vako’nikmalarga ega
bo’lishlik talab etiladi.

Fanni o’qitishda zamonaviy axborot va pedagogik texnologiyalar

Talabalarning “Biologik spitseflik asoslari” fanini o’zlashtirishlari uchun o’qitishning ilg or
va zamonaviy usullaridan foydalanish, yangi informatsion-pedagogik texnologiyalarni tadbiq qgilish
muhim ahamiyatga egadir. Fanni o zlashtirishda darslik, o’quv va uslubiy qo’llanmalar, ma’ruza
matnlari, tarqatma materiallar, elektron materiallar foydalaniladi. Fanning o’qitish turlari
dasturda ko’rsatilgan mavzular ma’ruza, amaliy mashg ulotlar shaklida olib boriladi. shuningdek
atroflicha bilim olishni ta’minlash magsadida talabalarga mustaqil ish mavzulari ham beriladi.
Ma’lumotlar ko’rgazmali o’quv qurollari, kodoskop, multimedia yordamida olib boriladi. Ma ruza
va seminar darslarida mos ravishda fanning ilg’or texnologiyalardan foydalanilgan holda olib
boriladi.

“Biologik spitseflik asoslari” kursini o rganishda quyidagi asosiy konseptual yondashuvlardan
foydalaniladi:

- Shaxsga yo naltirilgan ta’lim;

- Tizimli yondashuv;

- Faoliyatga yo naltirilgan yondashuv;

- Dialogik yondashuv;

- Hamkorlikda ta'limni tashkil etish;

- Muammoli ta’lim;

Axborotni taqdim etishning zamonaviy vositalari va usullarini go'llash — yangi
kompyuter va axborot texnologiyalarini o’ quv jarayonida qo llash;

O qgitishning usullari va texnikasi —ma‘ruza, muammoli ta’lim, kichik guruhlarda ishlash,
munozarali dars;

O qgitishni tashkil etish shakllari —dialog, polilog, 0°zaro hamkorlikga asoslangan frontal,
kollektiv va guruh;

O qgitish vositalari — o’qgitishning an anaviy shakllari (darslik, ma‘ruza matni) va yangi
axborot texnologiyalari;

Teskari aloga usullari va vositalari — blits so'rov, joriy, oraliq va yakuniy baholash
natijalari asosida tahlil o tkazish;
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test topshiriglari, yozma ish variantlari va og zaki so rov asosida aniglanadi va baholanadi.

Boshqarish usullari va vositalari — auditoriya soatlari va darsdan tashgari mustaqil
ishlarning nazoratini vazifalar berish orgali amalga oshirish;
Monitoring va baholash — talabalarning o’quv mashg ulotlarida egallagan bilimlari natijalari

” Biologik spitseflik asoslari” fanidan mashg ulotlarning mavzular va soatlar bo'yicha

tagsimlanishi
t/r Mavzular nomi jami | Ma'ruza | Amaliyot | Seminar | Mustaqil
soat mashg™ | mashg’ ta’'lim
1 | Biologik spitseflik asoslari faniga 8 2 - - 6
Kirish
2 | Biologik spesifiklik tushunchasi 10 2 2 - 6
3 | Biologik tizimning molekular tuzilmasi 16 4 4 2 6
4 | Sodda tizimlarda spesifiklikning 12 2 2 2 6
nomoyon bo’lishi
5 | Turli moddalarni membranalar bilan 16 2 6 2 6
ta’sirlanishi
6 | Sodda molekularning makromolekular 16 2 6 2 6
bilan ta’sirlanishi
7 | Ferment-substrat munosabatidagi 16 4 4 2 6
spesifiklik
8 | Immun javoblar spesifikligi 14 2 4 2 6
9 | Hujayradagi membrana orgali 14 4 4 - 6
kechadigan trasport spesifikligi.
Hujayra ichidagi transport
10 | Molekular darajada tanib olish 8 2 2 - 4
muammolari.
Odamlar organizmdagi ayrim spesifik
jarayonlar.
Jami 130 26 34 12 58

Asosiy gism. Fanning uslubiy jihatdan uzviy ketma-ketligi
Asosiy gismda fanning mavzulari mantigiy ketma-ketligi, ushbu fanlarda qo’llaniladigan
pedagogik texnologiyalar va foydalaniladigan adabiyotlar ro’yxati hamda ulardan foydalanish
bo’yicha ko rsatmalar keltilmoqda.

Ma'ruza mashg ulotlari:

Biologik spitseflik asoslari faniga kirish. Maxsuslik tushunchasi. Tirik organzimlarning
0 ziga xos maxsusliklari. Biologik maxsuslikning asosiy tushunchalari va uning ahamiyati.

Qo llaniladigan ta’lim texnologiyalari: muammoli ta’lim, munozara, blits-so"rov.

Adabiyotlar: Al; A2; A3; Q1; Q2; Q5; Q4; Q6.

Biologik spesifiklik tushunchasi. Biologik tizimlarda va fizik-kimyoviy tizimlarda
reaksiyalar ketishining umumiyligi va fargli taraflari. Sodda tizimdagi spesifiklik kurinishi. Har xil
moddalarning membranalar-aro munosobatining (o’ziga xosligi) selektivligi. Antigen-antitelolar
munosobatining o’ziga xosligi. Sodda molekularning makromolekularbilan o’zaro munosabati.
Poliferment tizimlari.

Qo’llaniladigan ta’'lim texnologiyalari: agliy hujum, blits-so rov.

Adabiyotlar: Al; A2; A4; Q1; Q2; Q4; Q5; Q6.

Biologik tizimning molekular tizimasi. Universallik, kategoriylik, xususiyatlarning
xujayra funksiyalariga monantligikriteriyalari. Biologik xodisalarnining kimyoviy va fizikaviy
xodisalardan farqi.Molekular darajada tanlash. Biologiyada o’ziga xoslikni namoyon bo’lishi.
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Qo llaniladigan ta’lim texnologiyalari: agliy hujum, munozara.

Adabiyotlar: Al; A3; A4; Q1; Q2; Q3; Q4; Q5.

Sodda tizimlarda spesifiklikning nomoyon bo’lishi. Reaksiyaning bir moromda ketishini
ta’minlash. Tanlanishni ta’minlashning asosi sifatida o’zaro ta’sirlashayotgan molekulalarning
strukturaviy va energetik mosligi. Kimyoviy reaksiyalarning kechishi uchun biologik tizimlardagi
taqiqlar.

Qo’llaniladigan ta’'lim texnologiyalari: munozara, blits-so rov.

Adabiyotlar: Al; A2; A3; Q1; Q2; Q3; Q5; Q6.

Turli moddalarni membranalar bilan ta’sirlanishi. Gormon va reseptorlar munosobati.
Allergen- Ye-immunoglobulinlar munosabati. Antigen va komplement sistemasini faollashuvi.T-
limfositlar va hujayraviy immunitet. Antigenlar va boshgaruvchi genlar bosh kompleksi (BGBK)
molekulalari bilan bog’langan.

Qo’llaniladigan ta’lim texnologiyalari: agliy hujum, klaster..

Adabiyotlar: A2; A3; Q2; Q3; Q4; Q5.

Sodda molekularning makromolekular bilan ta’sirlanishi. Ferment-substrat
reaksiyalarining spesifikligi. Substratning kimyoviy tuzulmasidagi spesifiklik. Turli reaksiyalarga
bo’lgan spesifiklik. Gomogen va geterogen tizimlarda ferment-substrat munosabati spesifikligining
namoyen bo’lishi. Substratning fizikaviy kurinishiga bo’lgan spesifiklik.

Qo’llaniladigan ta’lim texnologiyalari: agliy hujum, blits-so rov.

Adabiyotlar: Al; A2; A3; Q1; Q2; Q3; Q4; Q5.

Ferment-substrat munosobatidagi spesifiklik. Fermentlarning yuqori katalitik faolligi
sabablari. Faol markazning tuzilishi. “Tanish” va «bog’lash” markazlarini ferment-substrat
munosabatlaridagi  roli. “Indusir-langan muvofiqlik” nazariyasi. Fermentlarni meyyoriy
ko’rsatgichlari. Fermentlarni kinetika prinsiplari. Ferment faolligini birligi. Mixaelis
konstantasining moxiyati. Fermentlarning ishlash tezligi. Spesifiklik konstantasini moxiyati.

Qo llaniladigan ta’lim texnologiyalari: agliy hujum, munozara.

Adabiyotlar: Al; A2; A4; Q1; Q2; Q3.

Immun javoblar spesifikligi. Immun sistemaningtanib olish jarayonlari. Antitana
molekulasini tuzilishi. Yengil va og’ir zanjirlar. Fab- vaFc-gismlar. Sharnir, konstant,variabel va
gipervariabel gismlarning tuzilishi va roli.Antitanalar biosintezi va antigenlar bilan reaksiyaning
selektivligi. Antitanalarning erkin va membranaga bog’langan shakllari. Antitana molekulasini
idiotiplari.Antitanalarning funksional xususiyatlari. Bog’lovchi gismlarning soni va o’xshashligi.
Antitana determinantalari. Antitanalarni yod moddalarga garshi kurashdagi axamiyati.

Qo llaniladigan ta’lim texnologiyalari: agliy hujum, klaster..

Adabiyotlar: Al; A2; A3; Q1; Q2; Q3; Q4; Q5.

Xujayradagi membrana orqali kechadigan trasport spesifikligi. Xujayra ichidagi
transport. Membrana orqali passiv transport. «Yengillashtirilgan” transport. “lon qopqonlari”.K*
va Valinomisin bog’lanishida “indusirlangan muvofiqlik”ni roli.Ishqoriy metallar makrosikllar
orqali “sendvich” ko’rinishda membranalardan o’tishi.lon kanalchalar.Kanal hosil giluvchilar. Ion
gradiyentini roli. Elektr maydonini kanallar ochilishiga ta’siri. Faol transport. Konformasion
o’zgarishlar. Erkin va membranaga bog’langan ogsillarning tashgariga bo’lgan transporti.

Ichki hujayra transportini o’ziga xosligi. Endositoz. Ligand yo’naltirilgan endositoz.
Reseptorlarni ahamiyati. “Petch”larni o’rni va roli. Klatrin to’rini xosil bo’lishi. Hujayra ichi
vezikulyar transporti. Sekresiya. Prosessing va transport. Joylash va yetkazib berish. Xujayrada
sintezlangan ogsillar transporti. Endoplazmatik to’rni va Goldji apparatni roli. Hujayraichi transport
to’ri.Hujayra organoidlarini xarakatlanishi.

Qo llaniladigan ta’lim texnologiyalari: agliy hujum, klaster..

Adabiyotlar: Al; A3; Q1; Q2; Q3; Q5; Q6.

Molekular darajada tanib olish muammolari. Odamlar organizmdagi ayrim spitsef
jarayonlar.  Makromolekula-membrana ta’sirlanishi va bunday tizimlarda spesifik-likning
namoyon bulishi. Boshkaruvchi genlar bosh kompleksi (BGBK)molekulalariga birikkan T-
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limfositlar va antigenlar. BGBK glikoproteinlari va tegishli T-limfositlarning faollashuvi. T-
xelperlar va antitelo tutuvchi hujayralar. T-xelperlar va kooperasiya. T-hujayralar va limfokinlar
Gormonlar bilan bog’lig bo’lgan jarayonlar. Immunitet reaksiyalarining maxsusligi.

Qo llaniladigan ta'lim texnologiyalari: agliy hujum, munozara.

Adabiyotlar: Al; A2; A3; Q1; Q2; Q3; Q4; Q5.

” Biologik spitseflik asoslari” fani bo'yicha ma'ruza mashg ulotlarining kalendar tematik
rejasi
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Mavzular nomi

Biologik spitseflik asoslari faniga kirish

Biologik spesifiklik tushunchasi

Biologik tizimning molekular tizimasi

Sodda tizimlarda spesifiklikning nomoyon bo’lishi

Turli moddalarni membranalar bilan ta’sirlanishi

Sodda molekularning makromolekular bilan ta’sirlanishi

Ferment-substrat munosobatidagi spesifiklik

Immun javoblar spesifikligi
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Jami

Amaliyot mashg ulotlarining tavsiya etiladigan mavzulari

Kichik molekulalar darajasidagi o’ziga xoslik. Tirik organizmlarning tuzilish darajalari.
Biologik tizimlar va ularning o"ziga xosligi.

Qo’llaniladigan ta’lim texnologiyalari: kichik guruhlarda ishlash , blits-so rov

Adabiyotlar: Al; A3; Q1; Q3, Q4.

Fermentlarni me'yoriy ko’rsatgichlari. Fermentlarni organik muxitdagi xususiyatlari.
Fermentlarning maxsusligi. Fermentativ jarayonlarning o°ziga xosligi.

Qo’llaniladigan ta’lim texnologiyalari: kichik guruhlarda ishlash , blits-so rov

Adabiyotlar: Al; A2; Q1; Q4.

Fermentlarni organik muxitdagi xususiyatlari.

Qo llaniladigan ta’lim texnologiyalari: kichik guruhlarda ishlash , blits-so rov

Adabiyotlar: Al; A3; Q1; Q3, Q4.

Reaksiyalarni fazalar aro muxitda o‘ziga xosligi.

Qo’llaniladigan ta’lim texnologiyalari: kichik guruhlarda ishlash , blits-so rov

Adabiyotlar: Al; Q2; Q4.

Fermentlarni ingibitorlarini qo’llash tadbirlari. Fermentlarning faolligini susaytirish
usullarini o’rganish.

Qo llaniladigan ta’'lim texnologiyalari: kichik guruhlarda ishlash , blits-so rov

Adabiyotlar: A2; A4; Q2; Q4.

Fermentlarni faollashtirish usullari. Fermantlar faolligiga ativatorlarning ta'sirini
0 rganish.

Qo llaniladigan ta'lim texnologiyalari: kichik guruhlarda ishlash , blits-so " rov

Adabiyotlar: Al; Q2; Q4.

Fermentlarni ta’sir mexanizmlari. Fermentlatning ta'sir mexanizmlari va
kofaktorlarining o"ziga xosligi.

Qo llaniladigan ta’'lim texnologiyalari: kichik guruhlarda ishlash , blits-so rov

Adabiyotlar: Al; A2; Q2; Q3, Q4.

Oqgsil tabiatli moddalarni liposomalarga immobillash.

23



Qo llaniladigan ta'lim texnologiyalari: kichik guruhlarda ishlash , blits-so " rov
Adabiyotlar: Al; A3; Q1; Q3, Q4.

Immunoferment reaksiyalarni o‘tkazish.

Qo llaniladigan ta’lim texnologiyalari: kichik guruhlarda ishlash , blits-so rov
Adabiyotlar: Al; A2; Q2; Q3, Q4.

Serologik jixatdan faol antitelo-konyugat olish.

Qo’llaniladigan ta'lim texnologiyalari: munozara , blits-so rov

Adabiyotlar: Al; A2; Q2; Q3.

Fermentlarni barqarorlash va qo‘llash.

Qo llaniladigan ta’lim texnologiyalari: munozara , blits-so rov

Adabiyotlar: Al; A2; Q2; Q3.

Lipid birikmalar olish.

Qo’llaniladigan ta’lim texnologiyalari: kichik guruhlarda ishlash , blits-so rov
Adabiyotlar: Al; A2; Q2; Q3, Q4.

Optik biosensorlar yaratish.

Qo llaniladigan ta’lim texnologiyalari: kichik guruhlarda ishlash , blits-so rov
Adabiyotlar: Al; A3; Q1; Q3, Q4.

Biologik faol moddalar olish.

Qo’llaniladigan ta’lim texnologiyalari: kichik guruhlarda ishlash , blits-so rov
Adabiyotlar: Al; A3; Q1; Q3, Q4.

Esteraza yordamida eterifikatsiya jarayonini o‘tkazish.

Qo llaniladigan ta’lim texnologiyalari: kichik guruhlarda ishlash , blits-so rov
Adabiyotlar: Al; A2; Q2; Q3, Q4.

Invertaza fermenti yordamida alkilfruktozidlar sintezlash.

Qo’llaniladigan ta’lim texnologiyalari: munozara , blits-so rov

Adabiyotlar: Al; A2; Q2; Q3.

Immunoferment usullarini yaratishda fermentlarni qo‘llash.

Qo llaniladigan ta’lim texnologiyalari: kichik guruhlarda ishlash , blits-so rov
Adabiyotlar: Al; A3; Q1; Q3, Q4.

”Biologik spitseflik asoslari” fani bo'yicha amaliyot mashgulotlarining kalendar tematik

rejasi
t/r Mavzular nomi soat
1 | Kichik molekulalar darajasidagi o‘ziga xoslik. 2
2 | Fermentlarni me'yoriy ko‘rsatgichlari. 2
3 | Fermentlarni organik muxitdagi xususiyatlari. 2
4 | Reaksiyalarni fazalar aro muxitda o‘ziga xosligi. 2
5 | Fermentlarni ingibitorlarini qo‘llash tadbirlari. 2
6 | Fermentlarni faollashtirish usullari. 2
7 | Fermentlarni ta’sir mexanizmlari. 2
8 | Immunoferment usullarini yaratishda fermentlarni qo‘llash. 4
9 | Immunoferment reaksiyalarni o‘tkazish. 4
10 | Serologik jixatdan faol antitelo-konyugat olish. 2
11 | Fermentlarni barqarorlash va qo‘llash. 2
12 | Lipid birikmalar olish. 2
13 | Optik biosensorlar yaratish. 2
14 | Biologik faol moddalar olish. 2
15 | Oqgsil tabiatli moddalarni liposomalarga immobillash. 2
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Jami 34

Seminar mashg ulotlarining tavsiya etiladigan mavzulari

Transmembran transportning o’ziga xosligi. Hujayralar membranasidan moddalar
0 tishining 0°ziga xos hususiyatlari. Endositoz, ekzositoz, pinositoz.

Qo llaniladigan ta’lim texnologiyalari: agliy hujum , blits-so rov

Adabiyotlar: Al; A2; Q2; Q3, Q4.

Xujayralarni barqarorlash va qo‘llash. Antibiotiklar ta’sirining spitsef hususiyatlari.

Qo’llaniladigan ta’'lim texnologiyalari: klaster, blits-so rov

Adabiyotlar: A2; A3; Q1; Q3, Q4.

Peptid-regulyatorlar. Antitelo-antigen munosabatlarining o°ziga xosligi va uning spitsef
hususiyatlari.

Qo’llaniladigan ta’lim texnologiyalari: munozara , blits-so rov

Adabiyotlar: Al; A2; Q2; Q3.

Turli antibiotiklarni xujayraviy o‘ziga xosligidagi roli. Fermentlarning maxsusligi.
Kofaktor va ularning xillari va maxsusligi.

Qo’llaniladigan ta’lim texnologiyalari: kichik guruhlarda ishlash , blits-so rov

Adabiyotlar: A2; A4; Q1; Q2, Q4.

Antitelo-antigen munosabatlarning o¢‘ziga xosligi. Hayvonlarda immun tizimi
faoliyatining yuzaga chigishi va uning maxsusligi.

Qo’llaniladigan ta’lim texnologiyalari: maummoli ta’lim, blits-so"rov

Adabiyotlar: A2; A3; Q2; Q3, Q4.

Antibiotiklar — transmembran kanallar sifatidagi roli.

Qo llaniladigan ta’lim texnologiyalari: munozara , blits-so rov

Adabiyotlar: Al; A2; Q2; Q3.

Avidin-biotin sistemasidagi spetsifiklik.

Qo’llaniladigan ta’lim texnologiyalari: kichik guruhlarda ishlash , blits-so rov

Adabiyotlar: A2; A4; Q1; Q2, Q4.

Biologik o‘ziga xoslikda kofaktorlarni roli.

Qo llaniladigan ta’lim texnologiyalari: munozara , blits-so rov

Adabiyotlar: Al; A2; Q2; Q3.

”Biologik spitseflik asoslari” fani boyicha seminar
mashg ulotlarining kalendar tematik rejasi

t/r Mavzular nomi soat
1 Transmembran transportning o‘ziga xosligi. 2
2 Xujayralarni barqgarorlash va qo‘llash. 2
3 Peptid-regulyatorlar. 4
4 Turli antibiotiklarni xujayraviy o‘ziga xosligidagi roli 2
5 Antitelo-antigen munosabatlarning o‘ziga xosligi. 2

Jami 12

“Biologik spitseflik asoslari” fanidan mustagqil ta'limni tashkil etishning shakli va
mazmuni
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“Biologik spitseflik asoslari” fanidan talabaning mustaqil ta'limi shu fanni o'rganish
jarayoning tarkibiy gismi bo’lib, uslubiy va axborot resurslari bilan ta'minlangan. Ushbu mustagqil
ish topshiriglari adabiyotlar asosida bajariladi.
“Biologik spitseflik asoslari” fanidan talabaning mustaqil ta'limi majmuasi fanning barcha
mavzularini gamrab olgan va 10 ta katta mavzu ko rinishida shakllantirilgan.

“Biologik spitseflik asoslari” fanidan talabalar mustaqil ta'limining mazmuni va

hajmi
t/r | Mustaqil ta'lim mavzulari Berilgan topshiriglar Bajarish muddati | soat
nomi
1 | Xujayrani molekulyar o’ziga | Adabiyotlardan va 1,2 - haftalar 6
xosligini o’rganish. materiallardan konspekt qilish.
Individual topshiriglarni
bajarish
2 | Ferment-substrat Adabiyotlardan va 3,4 - haftalar 6
munosabatlaridaspesifiklikni | materiallardan konspekt gilish.
nomoyon bo’lishi. Individual topshiriglarni
bajarish
3 | Organizmdagi turli to’qimalar | Adabiyotlardan va 5,6 - haftalar 6
va organlarning o’ziga xoslik | materiallardan konspekt gilish.
jixatlarini o’rganish. Individual topshiriglarni
bajarish
4 | Monoklonal va poliklonal Adabiyotlardan va 7,8 - haftalar 6
antitanalar va ularning o’ziga | materiallardan konspekt qgilish.
xoslik xususiyatlarini Individual topshiriglarni
o’rganish. bajarish
5 | Xujayra ichi transport Adabiyotlardan va 9,10 - haftalar 6
sistemasida spesifiklikni materiallardan konspekt gilish.
nomoyon bo’lishi. Individual topshiriglarni
bajarish
6 | Makromolekulalar o’zaro Adabiyotlardan va 11,12- haftalar 6
munosabatlaridao’ziga xoslik | materiallardan konspekt qilish.
jixatlarini o’rganish. Individual topshiriglarni
bajarish
7 | Antibiotiklar — transmembran | Adabiyotlardan va 13,14 - haftalar 6
kanallar sifatidagi roli. materiallardan konspekt gilish.
Individual topshiriglarni
bajarish
8 | Klassik va alternativ Adabiyotlardan va 15,16 - haftalar 6
immunjavoblarnio’ziga materiallardan konspekt qgilish.
xosligi. Individual topshiriglarni
bajarish
9 | Avidin-biotin sistemasidagi Adabiyotlardan va 17 - hafta 6
spesifiklik. materiallardan konspekt gilish.
Individual topshiriglarni
bajarish
10 | Biologik tizimlarning o°ziga | Adabiyotlardan va 18 -hafta 4

X0s hususiyatlari

materiallardan konspekt gilish.
Individual topshiriglarni
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| bajarish

Jami 58

“Biologik spetsifiklik asoslari” fanidan talabalar bilimini reyting tizimi asosida baholash
mezoni

“Biologik spetsifiklik asoslari” fani bo’yicha reyting jadvallari, nazorat turi, shakli, soni hamda har
bir nazoratga ajratilgan maksimal ball, shuningdek joriy va oraliq nazoratlarining saralash ballari hagidagi
ma’lumotlar fan bo’yicha birinchi mashg’ulotda talabalarga e’lon gilinadi.

Fan bo’yicha talabalaming bilim saviyasi va o’zlashtirish darajasining Davlat ta’lim standartlariga
muvofigligini ta’minlash uchun quyidagi nazorat turlari o’tkaziladi:

 joriy nazorat (JN) - talabaning fan mavzulari bo’yicha bilim va amaliy ko’nikma darajasini
aniglash va baholash usuli. Joriy nazorat fanning xususiyatidan kelib chiggan holda amaliy
mashg’ulotlarda og’zaki so’rov, test 0’tkazish, suhbat, nazorat ishi, kollekvium, uy vazifalarini tekshirish va
shu kabi boshqa shakllarda o’tkazilishi mumkin;

» oraliq nazorat (ON) - semestr davomida o’quv dasturining tegishli (fanlarning bir necha
mavzularini 0’z ichiga olgan) bo’limi tugallangandan keyin talabaning nazariy bilim va amaliy ko’nikma
darajasini aniglash va baholash usuli. Oraliq nazorat bir semestrda ikki marta o’tkaziladi va shakli (yozma,
og’zaki, test va hokazo) o’quv faniga ajratilgan umumiy soatlar hajmidan kelib chiggan holda belgilanadi;

» yakuniy nazorat (YaN) - semestr yakunida muayyan fan bo’yicha nazariy bilim va amaliy
ko’nikmalarni talabalar tomonidan o’zlashtirish darajasini baholash usuli. Yakuniy nazorat asosan
tayanch tushuncha va iboralarga asoslangan “Yozma ish” shaklida o’tkaziladi.

ON o’tkazish jarayoni kafedra mudiri tomonidan tuzilgan komissiya ishtirokida muntazam ravishda
o’rganib boriladi va uni o’tkazish tartiblari buzilgan hollarda, ON natijalari bekor gilinishi mumkin.
Bunday hollarda ON gayta o’tkaziladi.

Oliy ta’lim muassasasi rahbarining buyrug’i bilan ichki nazorat va monitoring bo’limi rahbarligida
tuzilgan komissiya ishtirokida YaN ni o’tkazish jarayoni muntazam ravishda o’rganib boriladi va uni
o’tkazish tartiblari buzilgan hollarda, YaN natijalari bekor gilinishi mumkin. Bunday hollarda YaN gayta
o’tkaziladi.

Talabaning bilim saviyasi, ko’nikma va malakalarini nazorat qilishning reyting tizimi
asosida talabaning fan bo’yicha o’zlashtirish darajasi ballar orqali ifodalanadi.

«Biologik spetsifiklik asoslari» fani bo’yicha talabalarning semestr davomidagi o’zlashtirish
ko’rsatkichi 5 ballik tizimda baholanadi.

Baho Talabalarning bilim darajasi

5 A’lo |Xulosa va qaror qabul qilish. ljodiy fikrlay olish. Mustaqil
mushohada yurita olish. Olgan bilimlarini amalda qo’llay olish.
Mohiyatini tushuntirish. Bilish, aytib berish. Tasavvurga ega bo’lish.

4 Yaxshi |Mustagil mushohada gilish. Olgan bilimlarini amalda qo’llay
olish. Mohiyatini tushuntirish. Bilish, aytib berish. Tasavvurga ega
bo’lish.

3 Mohiyatini tushuntirish. Bilish, aytib berish

Qonigqarli Tasavvurga ega bo’lish.

0-2 |Qoniqarsiz Aniq tasavvurga ega bo’lmaslik. Bilmaslik.

Baholashni 5 baholik shkaladan 100 ballik shkalaga o‘tkazish jadvali
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5 baholik 100 ballik | 5 baholik | 100 ballik| 5 baholik | 100 ballik
shkala shkala shkala shkala shkala shkala
5,00-4,96 100 4,30-4,26 86 3,60-3,56 72
4,95-4,91 99 4,25-4,21 85 3,65-3,51 71
4,90-4,86 98 4,20-4,16 84 3,560-3,46 70
4,85-4,81 97 4,15-4,11 83 3,45-3,41 69
4,80-4,76 96 4,10-4,06 82 3,40-3,36 68
4,75-4,71 95 4,05-4,01 81 3,35-3,31 67
4,70-4,66 94 4,00-3,96 80 3,30-3,26 66
4,65-4,61 93 3,95-3,91 79 3,25-3,21 65
4,60-4,56 92 3,90-3,86 78 3,20-3,16 64
4,55-4,51 91 3,85-3,81 77 3,15-3,11 63
4,50-4,46 90 3,80-3,76 76 3,10-3,06 62
4,45-4,41 89 3,75-3,71 75 3,05-3,01 61
4,40-4,36 88 3,70-3,66 74 3,00 60
4,35-4,31 87 3,65-3,61 73 3,0dan | 60 dan
kam kam

Talabaning semestrda JN va ON turlari bo’yicha to’plagan ballari ushbu nazorat turlari

umumiy balining 55 foizidan kam bo’lsa yoki semestr yakuniy joriy, oraliq va yakuniy

nazorat turlari bo’yicha to’plagan ballari yig’indisi 3 baldan kam bo’lsa, u akademik garzdor
deb hisoblanadi.

* Talaba nazorat natijalaridan norozi bo’lsa, fan bo’yicha nazorat turi natijalari e’lon
gilingan vagtdan boshlab bir kun mobaynida fakultet dekaniga ariza bilan murojaat etishi mumkin.
Bunday holda fakultet dekanining tagdimnomasiga ko’ra rektor buyrug’i bilan 3 (uch) a’zodan kam
bo’lmagan tarkibda apellyasiya komissiyasi tashkil etiladi.

* Apellyasiya komissiyasi talabalarning arizalarini ko’rib chiqib, shu kunning o’zida
xulosasini bildiradi.

* Baholashning o’rnatilgan talablar asosida belgilangan muddatlarda o’tkazilishi hamda
rasmiylashtirilishi fakultet dekani, kafedra muduri, o’quv-uslubiy boshgarma hamda ichki nazorat
va monitoring bo’limi tomonidan nazorat qilinadi.

Tavsiya etilgan adabiyotlar ro yxati
Asosiy adabiyotlar:
1. T'nuk B., [Nactepnak /. MonekynpHasi OMOTEXHOJIOTHSI: IPUHIUIIBI U IpUMeHeHHe. M.:
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2. Mirzaraxmetova D.T., Tashmuxamedova Sh.S., Raximov M.M., Mirzaulukova M.U.,
Dexkonov D.B.Biologik spesifiklik asoslari.Uslubiy qo’llanma. Toshkent:O’zMU. 2008.
3. Mup3zapaxmerona J[.T. OCHOBBI OHOJIOTHICCKON CIIECU(PUIHOCTH. Y CIIYyOHil KyIIaHMa.
Tomkent: Y3MV. 2006.
4. Poiit. Beenenne B mmmyHosoruro. M.: Mup. 2002.
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20009.
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MIPUMEHEHUsI UMMOOUIN30BaHHOU ecTepa3bl. Hom3ommuk nuccepracus. T. 2011.
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O‘TILAYOTGAN FANNING
ASOSIY NAZARIY MATERIALI

(MA'RUZALAR MATNI)
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1-Masbpy3a
Kupum

Monekymsip Ouosorusi, Ouodusruka Ba OMOKUME (paHJIAPUHUHT KaJall cypbariapia
PUBOXIIAHUIIN OKMOATHU/IA, XUMUS Ba (PU3UKAHUHT SHT aCOCUN KOHYHJIapu OMOJIOTHK
XoJlMcajap TYIIyYHYacH XaM KaTTa axaMusaT KacO »TuiM Oapyara MabiIyM.
broknméEBnii XoauCaTapHUHUHAT KUMEBHA Ba (PU3WKABHIA XoaucanapiaH (Gapku 3ca
yJIapHUHT Y3HWra XOC TaHJAIl Ba TaHJAHUII Xycycustiapra Ooriuk. LllyHunr yuyn
XaM XO03UpJa MyTaxXaCCHUCIAPHUHT TAJAKUKOTIApH OHOJOTHK XOAMCAJAPHUHT HOED
CHEKIM(UKIUTUHA YpraHWIura KapaTwiraH Ba OyryHI'm KyHZa XaTTO KarTa
AKCIIEpUMEHTAJ Ba Ha3apuil Taxxpuba HaTwkanapu XaMm tyruianrad. llyHaan kenuo
YUKKaH Xxoijga OuoTexHojorusa, Ouodu3smka Ba  OMOKMME  COXaJapUHH
y3namtupaérrad xap Oup Tanaba OMOJOTHK XOJUCAIAPHUHT CHEHU(PUKINIU XaKUaa
XaM TyllyH4ara sra Oymuim 3apyp. By Kypc TUpuk maTepusi pUBOKIAHUITUHUHT
Oapua OGockuWwiIapuaard OMOJIOTUK CHEIUGUKIMKHUHT KOHYHJIApUHU Y3ura kampad
OJITaH: OAJUN MOJEKyJalap Ba MAaKpOMOJIEKYJaJapHUHT y3apo MyHOcadaTH,
MypakkaOpokK Oynaran MyHocoOarinapjaH (aHTUIE€H-aHTUTENI0, TOPMOH-pELEenTop,
(epoMoHap-perienoTpiaap, TeHETUK TU3UMIIapJa TaHUO OJIMII MyaMMOCH) TOPTHO,
TO Xy’Kalipa, oprad Ba opraHu3mMiapJaru OMOJOrHK CHeHUPUKINTUraya.

GanHuHT Makcaau Ba Basudanapu. OaHHM YKUTULIAAH Makcal- Tajadamapra
Typiau Japaxaia Ty3WwiraH THPUK MaTepusuiapiard OHOJIOTUK — CHEU(UKINK
KOHYHUSITJIApU MOXUSITUHU YpraHull OusiaH Oupra, MojeKysa Ba MaKpoMoJieKyJaaap
¥3apo TabcUpUllaH TOPTHO, OMOJIOTHK CHEHM(PUKIUKHUHI Xy’Kailpa Ba OpraHU3M
Jnapaxkacujarud MypakkaOpoK (aHTUT€H-aHTUTENIO0) TU3UMJIIApU XYCYCUSITIIApUHU Ba
MEXaHU3MJIApUHU ouniaad noopar. Tanabanapra pepMeHT-cyOCcTpaT TabCUpIAITLyBH
acoCHil KOHYHUSITJIAPUHM OWIMILI, WMMYH peakuusuiap ChenuPpuKIUTHHIHT
MOJIEKYJISIp acocuHu ouuiira épaam oepui. HlyHuHr ek, 3ykapuoT XyXaipaiapaaru
TPAHCHIOPT Kapa€HUIard CHenuUKIIMKHUHT EpuThlgad ubopar. YOy nactyp
OuoNoTUK crnenuuUKINK acociapu (QaHUHUHT TMPEIMETH, TApUXHU, MaKCaad Ba
Basudanapu; ¢GaHHUHT TAIKUKOT YCIyOnapu, acocuid OObeKTIapu; OUOJIOTHK
cnenu@UKINK acoCIapuHUHT Oomika ¢animap OwiaH y3apo OOFIMKINTY;, (HaHHUHT
XO3UpPrH 3aMOH AaHAJUTHUK KUME Ba TEXHOJIOTHUSAJAP, MOJIEKYJSp OHOJIOTHSA,
UMMYHOOHOTEXHOJIOTHS, OWoPu3MKa, KHUILIOK XY>Kaluru, QapMaleBTHKa Ba
THOOMETHArM MyaMMOJIapHU €UMILJArd YpHU; (aHHUHT HazopaT TypJapud Ba
OaxoJann Me30HIapy; OMOJIOTUK CIEHU(PUKIUK aCOCTAPUHUHT aHAIUTUK Ba aMaJIUid
OMOTEexXHOJIOTHS HyHanmumm Oyinya MyTaxaccuc Taud€pnamjgard YpHU KaOu
MacaJlaJIapHU KaMpauiy.

@®anHuHr Oomka ¢angap Ouiaan y3apo OorMkauru. GaHHU Y3IATHPUILIA
OMONOTHSAIaH: MUKPOOHMOJIOTHS Ba BUPYCOJIOTHS, MOJEKYJSIp OMOJIOTHS, OMOXUMMUS,
ouo¢usnka, GU3MOIOTHA KOHYHJIAPH XaKuAa TyIIyHYara sra Oyiunuiapu Kepak.
MuxkpoOuosiorusijan: caHoaT MHKPOOHMOJOTHSCH >Kapa€HJIapH, MHUKpPOOPTaHU3M-
JApHU YCTUPHUII Ba KYMAWTUPHIL yCIyOIapu, MUKpoOiap €paamuaa aHTHOMOTHKIIAP,
OpraHMK KHCJIOTalap, HOEO Ba Kepakid Mojajganap OWOCHHTE3H, MUKPOOJIapHU
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cakjaml Ba YJIapHUHT (aod XyCyCCHUSTIApUHU WYKOTMACIUK; OHOXUMUSAAH-
dbepMeHTaTUB  peakuusiap MeXaHU3MJIapu, YyJIapHUHT (Paboia  MapKa3MHUHT
TY3WIMIIH, UIUIAI KapaéHiapu, Moaudukanus ycyinu epaamuaa 0apKapopiauruHu
omupuil; OuopuzMKagaH-MeMOpaHaiap TY3WIHILIK, TPAHCHOPT >KapaéHiapu
MEeXaHU3MJIapy, OMOPHEPreTUKAHUHI acOCUi KOHYHJIapu; (oTocuHTe3 Ba Hadac
xKapaCHlIapura OUJl peakuusuiap; Xyxkaipa OHOJOTHUACHIAH XyKaipa TY3WIHUILH,
XyXaipaga acoCHud MPOLECCIAPHUHT KEUMIIH, XYKaWpAJTApHUHT KYIIANUILIHN;
mounekynap Ouornorusgaan-JIHK Ba PHK ty3unumm, Tpanckpumnims, TpaHCIALus
KOHYHJIapy, pubocomManap Ty3WIHMIIM, T€HETUK KOJ CTPYKTypa 3JIEMEHTJIApU Ba
X0Ka30. KnMEBNi TEXHOJOTHUAAAH: ACOCUN TEXHOJIOTHK Kapa€Hiap, peakTOPJIapHUHT
Ty3yJUIIM Ba WAl NPUHIUIUIAPH, OHOpeakTopjapHUH aManuérna KyIuall
yCyJUlapy Xakujaa eTapiid OUiauM Ba KYHUKMaapra sra OYJIUIIIUMK Tajiald STUIaau.
@anHuHr wiM-padH Ba nuuiad yukKapumaaru ypHu. buosoruk crnenu@ukivk
acociapu Hadakar ¢an cudartuga, 6aiku UOUIA0 YUKAPUINIA STHTU TEXHOJIOTHUsIIap
ApaTulia Ba 11y OWIaH OMpra MOJEKYJSIp MEXaHU3MJIapHU OWJIraH XoJia MaBXyJ
OynraH TEXHOJOTHSJIAPHM TAaKOMWUIAIITUPHINIA XaM ajlioXujaa VpuH sramiad
KEeIMOKJIa. 3aMOHaBUN OWOTEXHOJOTHAIA MHUKpPOOpPTaHM3Miap EplaMuiia Typiid
OKCMJ Tabuariu Ba OoIlIKa MOJAJAjap OJMII TEXHOJIOTHSUIAPUHU sSpaTHUIIa
depmenTiiap Epaamuaa OuoNOrMK (Gaond Mojajmanap CHHTE3 KWIHIITa, TabCUP
MEXaHU3MJIAPUHU TYIIYHUINTa, TypJiu OMOCEHCOopiap spaTuilra, yJIapHH TYFpH Ba
YpuHIM KyJutamra, OWKFHIN Okapa€HimapuHu ON-line Hasopar kwiwimra, TreH
MYXaHJUCIUTH €pJaMuJa OJIMHIaH OpraHU3MJIApHHU MILIA0 YMKapHIga Kyjulamra,
SITHTW 3aMOHABHM OPUBOP Mojanap spartuiira iyHantupuirad. [y Ooucnan ymoly
dan acocuil WKTUCOCTUK (aHmapugaH Oupu XucoOJIaHuO, UNUIA0 YUKAPUII
TE€XHOJIOTUK TU3UMU/JIA ACOCUN YPUHHHU STraJUIANIN.

“buonoruk crneuuPUKIMK acociaapu’ (aHu Typid Japaxajaa Ty3WIraH THPHUK
MaTepusuiapJard  OuocrenuPUKINK KOHYHUSATIAPH MOXUSTHHU VpraHuil OuIaH
Oupra, MOJEKyJla Ba MaKpOMOJIEKyJa y3apo TabCUpUAAH TOPTHO, OUOIOTHK
cenuUKINKHUHT Xy)Kaipa Ba OpraHU3M Japa)kacujard MypakkaOpoK (aHTUTEH-
AHTUTEJIO) TU3UMJIAPU XYCYCHSTJIApUHU Y3 wuura ojirad. by kypc depment-
cyOcTpaT TabCHpJANIyBH, HWMMYH peakuusuiap CHEMU(UKIATA Ba JyKapUOT
XyXKalpanapjaru TPaHCIOPT KapaCHUAard crenuukink kadu OymumiapaaH
nbopar. YmlOy mactyp OHOJIOTHK crnenuUKIUK acociapyu (aHUHUHT TPEAMETH,
TapuxXy, MakKcaaud Ba Bazudanapu; (aHHUHT TAAKUKOT YyCIyOnapu,  acocui
00BbEKTIapHu; OHMOJIOTUK CIEUU(PUKINK acOCTapuHUHT Oolika Qannap Owiad y3apo
OOFNMMKIUTY;, (AHHUHT XO3MPrd 3aMOH aHAUTUK KUME Ba TEXHOJOTHUsIap,
MOJICKYJISIp OWOJIOTHS, UMMYHOOHMOTEXHOJIOTHS, OHOPU3MKA, KUIIOK XYXKaJIUTH,
(dapmaneBTika Ba THOOMETAArY MyaMMOJIAPHU €UMINJArH YPHHU; (PaHHUHT Ha30pat
TypJapu Ba 0axoJianl Me30HJIapu; OMOJOTUK CHEUU(PUKINK aCOCIAPUHUHT aHAIUTUK
Ba amMaiuii OmoTexHoJorus HyHanmumm OYyiinua MyTaxaccuc Tai€pnamiard YpHU
KaOu MacajajgapHu KaMpauIn.
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2-Mawbpy3a
buosoruk cneun@puKIUK TYIIYHYACH

depMeHTIIap TUPUK XyKailpalapaa kKeyaguran Oapuya KUMEBUN peakiusIapHU
crienuduk (Y3ura Xxoc Ba MOC paBHIIIa) Ba IOKOpHU (oMK OuiaaH oaud OOpyBUM
ouoxkaranuzatopaapaup. ®epmentinap 10000 man 1000000 x/la Ba yHIaH IOKOPH
MOJIEKYJISIp Maccara sra. Yiap Outra €ku OWp Heya TOJUIENTHI 3aHXKUPHUIAH,
0ab3aH Mypakka® monmdepMeHT KomileKcuaaH ubopar Oymamu. DepMmeHTiaap
TapkuOuga OKcua Oynamaran kKodepmeHT (kodakTtop) ned aTaayBud KOMIIOHEHT
6ynu0, y3uma MeTam WOHJIAPUHH, BUTAMUHCUMOH OPTraHUK OMpHUKMAallapHU TYTau.
depmeHTIap 0KOpW (DAOUTMKKA dra OYATaHmurud cababiv, peakius TE3JIUTHHU
MUJUIMOH, XaTTO MIJIMAP]l MapTa Te3JallITUPUII KoOuusITura sra. Macanas, ypeasa
(pH 8,0, 20°C) moueBunHa ruapomusuHu TaxmuHan 10* mapra Tesmamrupumm
anukianrad. [llynunrngek, ¢epMeHTnap OKoOpH crnenu(puKIMKKa Ba CTepeocrie-
MUPUKIUKKA XaM Jragupiap. AMMO CHeUM(PUKIUK KaTalld3JIaHa€TraH peaKIus
Typura OOFIHMK O¥Jica, cTepeocnenuUKINK 3ca, (pepMeHT cyOcTparura OOFIUK
Xxolija HaMoEH Oynaau. byHman Tamkapu, yiaap IOKOpU cTepeocnelupUuKINKHU
HaAMOEH 3TYBYH, CyOCTpaT CelU(pUK-TUTUTa XaM drajup.
®epMmenTiap kiaaccupukaumsicu. MabiyMku, (epMEeHTIapHU HOMJIAHUIIH
nacTiiadKu BaKTJIapuia, y TabCHp 3TyBUM cyOcTparra “aza” cyPphUKCHUHU KYUIUII
OpKanu amanra omanu. MacamaH, Ou3ra xyAa SXIIH MabiyM OYiraH mpoTenHasa,
nunasa, kapooruapasza kabu (pepMeHT HOMIIapu XaM Iy iyn OuiiaH maijgo Oyira.
Maskyp yeya Oonnan OKCHIJIAaHHIII peaxusIapuHu KaTaJn3JI0BYU
(merunporenazanap) (gepmMeHT HoOmIapu XaMm maiigo OynraH Oyiacanga, TPUIICHH,
MEeNCUH Kabu Oup KaHya (epMEeHTIap, MaxCyC HOMTIa srajupiap. XO3Uprd BakTAa
(dbepMeHTIap KaTaau3naiural peakius Typura Kapad olTuTa rypyxra aKpaTuiras:
1. Okcupopenykrazanap (OKCUTAHUIII-KAUTAPUITUII peaKIUsUIapUHA
KaTaJIu3JI0BYM);
Tpancdepazanap (byHKIHOHAT TYpYyXJIApHU KYUUPYBYH);
[unponazanap (TUIAPOTUTUK PEAKIMSIIAPHU KaTalu3Iain);
JInazanap (HOTHIPOJIMTUK MY OUJIaH TYPYXJIapHU aXXpaTyBuuiap);
N3omepazanap (M30MepaHuI peakIUsIapUHA KaTaIU3I0BYN);
. Jlurazanap (AT® sueprusicu €pnamuia O0paguradH CHHTE3 pPeaKIusiIapu).
V3 HaB6aT1/111a depMeHTap rypyxjapra Ba cuH@iapra OYIMHUO, CHUCTEMaTHK
TapTuOaa pakaminanagu. GEepMEHT WHACKCH TYpTTa HyKTajap OWiiaH aXpaTuiraH
pakamiapaan wubopar Oynmb, OupuHuum pakam depMeHT cuHUHM Owiaupca,
UKKUHYM Ba YYUHYHM pakamiap 3ca, PEpMEHTHHHT KyHU TYpPyX Ba T'ypyXdaJlapWHU
ndomanaiiny. V3 HaB6aTHIA TYPTUHUYM PaKaM yYMHYH PAKAMHHHI MACT TYpyX4ac
xucobnanaau. MacanaH, umkopuit gpocgpamasza pepmentu 3.1.3.2. pakamura sra
O6ynu0, y ruznponazanap (3) rypyxura MaHCyOJUTMHM OWIAMPAAM Ba YHUHI KyWH
rypyxdacu sca mypakkad s¢up (1) Oofmapura Tabcup KWIMIIUHA HOIATIANTH.
Keitnaru pakam aca (3) depmentHu hochomoroudGup OOFIApUHN THAPOIU3IANIHA
aHrJaTay Ba HUXOAT 2 pakamu 3ca (pepMEeHTHUHT HaBOATAAaru mact rypyx4yaCHHUHT
pakamu OYnu0, ynap KamiaHranaa Kyinnarnda udogamananu: 3.1.3.2. @epmentaap

SEGRFRYN
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HOMEHKJIaTypacuga OMp XuJ HOMra Ba Kojara ara OynraH, Oup XWi1 peakUusHU
KaTaJIu3/1aiIuraH, JIEKUH TypJiu MaHOanapAaH axpaTtud oluHraH ¢gepmeHtTiap, oup-
Oupuaan (QapknaHUIIM aHUKIAHTaH. By Typyx QepMeHTnapHu “Kyn MIakmuin
depmeHTnap” ne0 HOMJAII TaBCUs KUJIUMHTaH. bup rypyxra MaHcyO, JEKUH OKCHII
MOJIEKYJJACUHUHI ~ OWpjamMud  CTPYKTypacuJaru TeHEeTUK  (GapK  OpKaiu
dapkianaaurad gepmentiaap “uzodepMeHT”’ nap aed aTaaaau.
3-Manbpy3a
BH0JIOTHK TH3UMHHMHT MOJIEKYJISIP TU3UMACH.
Coana Tusumiiapaa cnequGUKIMKHA HAMOEH 0y

depMeHTIapHUHT IOKOPHU KaTaIUTUK (haosmuru cababiapu

®epmeHTIIap Ba (hepMEHTATUB KaTaJIU3 XaKuaa cy3 Oopap sKaH, aBBayio (DepMEHTAaTUB
Ba KUMEBUH KaTanu3 ypracuaard ¢apk Ba yXUIalUIMKIAp, IIYHUHTJEK, yiaap KaHaan
MEXaHU3M aCOCH/Ia aMaJira OLIUIIN TYFPUCH/Ia aHUKINK KHPUTHIL Kepak Oyiaau.
KuméBuil KaTalM3HUHT acOCUi KOHLENCHsUIapuaaH Oupu, MOJAaHU OuUp XoJaTAaH
MKKMHYHU XO0JIaTra YTHUIL Hazapuscuaup. Maskyp Hazapusaa MoajganapHu (pakaTruHa
MKKM XoJlaTra — OOLUIaHfu4Y (acocuil) Ba peakius HaTWKacuia XOCHJI OyiraH
Oexkapop CTpyKTypara ypry Oepunamu. l-pacMaa OepuiraHuiex, YTHII XOJaTH
MakCUMyM »JHeprusra TYFpu Kenagu. by xomataa kumEBuil Oofnap y3iayKcH3
paBuIll/la TapyalaHagy Ba SHrU OOF Xocui Oynaau. Maskyp kapa€Haa KaTanau3aTtop
MOJJIaHH OUp XOJIaTAaH MKKUHYM XOJaTra YTUII Kapa€HHUla SHEPIUsHU KamMailuiiu
XUCOOUTa peakiys Te3JIUTH ol (SHEPreTUK 0apbep).

+ —— — -— 1 --- kaTanu3naHMaraH peaxKius
2 --- (epMEHT UIITUPOKHCHU3 KaTaJIn3
3 --- (epMEeHT UIITUPOKHUIATH KaTallu3

ITorermpan sopre

S

Peaxipes wymaneun

1-pacm. depmeHTIAp UINTUPOKHUAATH Ba
yJlap UIITUPOKUCU3 KaTajau3 xKapacHuaa
(dhaosUIaHUII SHEPTUSCUHY MTacCaNUIIIN.

Kumépuii Ba hepmMeHTaTUB KaTtanu3 Oup-oupura xxyaa yxmai 6yicana, hepMeHTiIap
HopMan Gocumiu cyBau Myxutaa 37°C xapoparna KMMEBHMiI KaTaiamsaTopiapra
HucOaTaH, ce3usapiiv Japaxaja caMapaii XucoOJIaHaIu.

Kanpait cababnapra kypa ¢gepmeHTIap IOKOPU KaTaIUTHK (aoUIMKKa SpUIIagu?
bynra >xaBo0 cudatuga GpepMeHT-CyOCTpaT KOMIIEKCUHM OUp-OMpHUTa SKUHJIAIIUII,
dukcanusutam (OMPUKUIT) Ba WYHANTHPUINT Kabu OWp HEYa acocuil OMUIUIAPHU
KeITUPUII MYyMKHH. MojyIanuHar  Oup XoJaTAaH WKKWHYMA XOJlaTra YTl
Ha3apusICHIaH KeMnO YUKKAH X0JI1a, KeATUPUITaH OMIJIJIAP PEAKITUSTHUHT YHEPTETUK
Oappepunn macaitupagu. CybOctpatHuHr ((daon wmapka3 OujaH  OOFIAHUIIM,
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KaTajgu3jJaHaguraH OOFHM (PEPMEHTHUHI KATAJUTHK TypyXWUra SKWHJIAIIWIIMHA
TabMHUHJIAWAM Ba Oy OwmaH Oup Bakraa cyOcTpar ¢uUKcanusIcu amajra oIuo,
KUMEBUN OOFHUHT KUPKWIMIIK KU XOCHJI OVIMIIMHUHT ONTUMAN IIAPOUTU BYXKYATa
Kenanu (MyHaITUPHUI EKU OPUEHTALINS ).

FOxopunaru keaTupuiaral oMuUIapAaH TallKapy, GEPMEHTHUHT IOKOPU KAaTaJUTUK
GaosUruHM  TabMHUHJIOBYM  OMWIap  Katopura ¢epMeHT Ba  cyOcTpar
KOH(M)OPMAIMSICUHUHT Y3rapuiiuHu Xam Kentupuin MyMmMkuH. J[. Komutanmpausr
“UHIyIUpIaHTaH MYBOQUKIUK’ KOHLEMIUSACUTA Kypa, CHEHU(PUK CyOCTpaTHHHT
dbepmenTra OOFIaHWIN >KapaéHHUIA camapalyd KaTajdu3 OOPHUIIMHH TabMUHJIOBYU
koH(popmarmon y3rapumn comup Oymaam. CyOcTpaT TOMOHHUIAH HWHAYIHUPJIAHTaH
(depMeHTHUHT Y3rapran KoHpopmauusacu, ymoy kapaéHra KOOW TabCHp
kypcataau.  IOkopuma  Kailg  sTuiarad  “UHAyOUpPIIAHTaH ~ MYBO(UKIIUK
KoHLENUUsICUHN . DUIIEpHUHT KATTUK MaTpula YYyH “KyJ(-KaauT’ NpUHLHUIIHHUA
PUBOKJIAHTUPWIITAaH XoJaTh nae0 xucobmam MyMKUH. DEepMEHT TabCUPUHUHT
camapaiiu Oynuiuaa, Oup-Oumpura OOFIMK OYiraH KHUCIOTA-WIIKOPUN KaTallus,
XamJla peakuuMoH KOOWIMSTra 5ra OpajluK MaxcCyJoT XOocuil Oynumu Ouian
Oopaauran Hykjaeopua katanu3 kKarra axamusrtra sra. lllynunrnek, Oy Yypunna
MUKPOMYXUT OMHJIM XaM MYXHUM axamusT KacO 3THO, I0OKOpuJa KeITHUpUO YTuiIraH
oMWIap OWprajqukaa OJHEPreTuk OaphepHM MacaTHUpaad Ba NIy OpPKaIH
(EepMEHTHUHT IOKOPH KaTaluTUK (aoJUIMTH TabMHUHIAHATu. Monananapau Oup
XOJaTIaH UKKWHYM XOJjaTra YTUIIMHUHT OapKapopiamryBu, €ku GepMeHT-cyOcTpar
KOMIUIEKCHIaTd CyOCTpaT MOJIGKYJIaCHHM MaxCyJoTra aiJlaHuIIN HaTKachaa
SHEpreTuk OapbhepHu mnacaiuimu, J[. Konutana KOHIENIUSACUHU TYFPU dKaHIUTHAAH
namonar Oepaan. Y3 HaGatmaa CyOCTPaTHH MaxcyjlaoTra YTYBYM XOJNAaTHra
SKUHJIAIYBA SHEprus Tanad Kuiagu Ba Oy xapa€éuna QepmeHT Ba cyOcTpar
OOFJaHMILN YUyH QXKPATUITaH SHEPTUSHUHT OUp KUCMHU capdaaHaau.

@daon Mmapka3. DepMEHTATHB KATATU3HUHT VY3Ura XoC >KUXATIapujaH Oupu
dbepMeHTHUHT cyOcTpar OuiaH ¢epMeHT-CyOcTpaT KOMIUIEKCUHUA XOCHJI KWJIUIIK Ba
OYHUHT HaTWXKacuja CyOCTpAaTHUHT KUMEBUN Y3rapuinu OuiaH m3oxjiaHanu. bynna
Ma3Kyp KomJiekcna cyoctpaT ¢epMeHTHUHT (aosl Mapkas /e0 HOMIJIAHYBYM KUCMHU
OunaH 00FIaHMO, MaxCyJIOTra aiaHaIu.

bapua QepmentnapHuHr Gdaon Mmapkasziapu Jespiad OuUp XU TY3WIWINTa dra Ba
onataa (aos mapka3z (EepMEHT MOJIEKYJIACHHUHI yHUYa KaTTa OYyIMaraH KHUCMHMHU
srajiaiiin.  PeHTreHocTpykTypa panwjuiapura kKypa, (aon Mapka3 riaoOyssip
(depMeHT MoJieKyJacugaru Mapka3 TOMOH YIHO Kupran yd yiadaMmiiu CTPYKTYypaaup.
daon Mapkasz, Oup-OupugaH anoxuaa OyiaraH MOJUIICTITHA 3aHXUPHIA KOMWIaIIraH
aMUHOKHCIIOTa Koigukiaapugan wubOopar. [laptnu paBumga ¢aon wmapkaszHu
KACMJIapra aXpaTHIl MYMKHH: MacajiaH, OOFJIOBYM Ba KaTAIUTHUK KHUCMJapra.
AMUHOKHUCIIOTa KOJNJIUKJIApUIaH TAaIIKWJI TONTraH OOFJIOBUYM KHUCM cCyOcTpar
MOJICKYJIACHHA KaTaJUTUK MapKazia ynurad TypUJIUIINHU TabMUHJAWIU. AWHaH
OOFJIOBUM KHUCMHUHT ‘“‘apXH-TEKTypacu~ CyOCTpar OWJIaH KOMJIEMEHTap Tap3na
TabCUP ITHO, ep-MEHTHUHT crienuUKIMTuHN Oenrunad 6epanu. CyOctpaTt Omnan
OOF-IOBUM KHUCMHUHT ¥3ap0 TabCHpJIAIIyBH Typiu TaOWaTiau KywIapHUHT
Oupramukgaru TabCUpH Xucobura amanra omand. by kywrap Tapkubura
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AIIEKTPOCTATUK, BOJOPOJ, Tuapodod Ba BaH nep Baanbc KywlapuHU KUPUTHIL
MyMKHH. By Kywiap Tabcupu, Typiau ¢epMeHTIapjaa Typiaudya KYpHUHHULITa Jra.
Mucon Tapukacuaa SJIEKTPOCTaTUK Kyd TabCUpHUJA CYOCTpaTHMHI TPUIICHH
depmenTn (haon Mapka3MHU OOFJIOBUM KUCMM OWJIaH TabCUPJALIYBUHU KEJITHUPHIL
MYMKHUH. ByHia cyOCTpaTHUHT OOFJIOBYM KMCM OWJIaH TabCUPJIAILYBU XUMOTPUIICUH
dbepmenTraa ruapodod OoFIap opKaay aMmalra omaau (2-pacm).
Omko3onoctn PHKaza ¢epmenTn ¢aon mapkasuHUHT OOFJIOBYM KUCMH, CyOCTpar
Owtan Bosopos 6ormap opkanu 6ormananu. 3-pacmaa PHK monekymacunarn ypunua
¢parmentn (cyoctpar) OwinaHn (QepMEHTHHHT OOFJIOBYM KHUCMHU YpTacuaaru
TabCUPIAIIYB BOJIOPO OOFIapy OpKAJIU amalira OIIUIIY TaCBUPJIaHTaH.
depMEHTHUHT KaTaIUTUK MapKa3u TapKuOura karanu3 skapaéHuaa OGeBocuTa
UIITHPOK ATATUTaH aMUHOKHUCIIOTa KOJIMKJIApH KUPHUO, ylnap KaTalUuTHK TypyxJjap
ne6 atanagu. OnaTaa KaTamuTHK TYPYXHH HOHOTEH TypyXJjlap TAlIKUI KAIaIH.

2-pacm.
| Tpurncun
—_— She Tuapotob yynTak
i (L NH ok MOJICKYJIaCH
\=/ daon
- 4 MapKa3uHU
L : KYPUHMIIIH.
= e,
/22\/ . @ NHQ‘} I(:H,—CH2
®,&C_NH CH:
o NH,  Argtas  \
Glu-72 \“.e./-o
'H
/CHrc{i; .\O—Q—%—
0
(l:'\'go Tyr-248
/CH’_CH’ Glu-270
oot Pubonykneasa
IO Sty all -
O(G) = mlil '?7' /\CH—C{
N}"\H cese O—CH %
@ Al (BN
_NHg $o H  CH,
CH. . Thr
ScHa Z
CH2
\CHQ ‘L Cﬁ
<ee —NH—CH—C—NH—--- cor s
& o

3-pacm. CyOctpatHu ¢pepMeHT MapKa3u OwiaH OOFIIaHUIIIN.

DepMEHTATUB KUHETHUKAHUHT _ OpPUHIUILIAPU. DEepMEHTATUB pEaKIUSJIAPHUHT
TE3JIMTMHU aHMKJAlll Ba YHra TYpJId TallKd OMWJUIAPHUHT TabCUPUHU YpraHUII
dbepMeHTaTUB  KMHETUKAHMHI  acocuid  Bazudacu  xucoOnanaau. Kunerux
TaJKUKOTIapaa cyOcTpaT Ba MHTUOUTOPIAPHUHT (PEpMEHTIIapra TaAbCUPUHM YXIIall-

37



JIITUHYU YPraHWI, yJIapHU TabCHUP MEXAHW3MHUHHU HUCJIOX KWJIHUII KyJa MYXUM pPOJIb
VUAHAWIN.

®epmeHT daomuruau  6upaurd. DepMeHT NpenapaTUHUHT (PaoJUIUTH  OjaTia
Xankapo ®aomnuk-nap bupnuru acocupa Oenrunanaau. @epMEHTHUHT (HaOJTUTH
ne6, Oy onrtuman mapoutaa 1 qakuka JaBoMuga 1 MKMOJIb CyOCTpaTHH Maxcy-jia0Tra
allIaHTUPUIN YUYH Tanad >Tuiagurad GepMeHT Mukaopura aitunaau. Coaumrupma
daomuk nevmiranga sca | mMr ¢epMeHT mpemnapaTura TYFpHU KenaauraH (aoyIuK
OMpANTY TYUTYHUJIAIH.

ComumtupMa Qaomuk (EpMEHTHUHT TO3QJIMK JapakacMHU Owinupud, y To3a
dbepMeHT npenapaTiapuaa MakCUMall KUiiMaTra ara Oyianu.

Xankapo buoxumuknap Uttudoku daommmk oupnuru cudatuaa “katanl’” HA TaBCHUS
stran OynmuO, 1 karan (kaT) ¢epMeHTHUHT 1 Moyb CyOCTpaT MHUKIOpUTra TEHT
MaxXCyJIOTHH | COHMs JaBOMHA KaTaIW3/all KOOWIMATHAND. Y3 HaBOaTHaa 1 kat 60
x 109 =6 x 107 ra teHraup. [IyHUHTIEK, Kyla KHYUK XaKMIard 10 kaT ra TeHr
HaHOKaTaJ (HKaT) Kabu OUPJIMK XaM TaBCHS ATHUIITaH.

@depMeHT Ba CcyOcTpaT KOHIIGHTPALMACH, WHTHOUTOpP Ba aKTUBATOpJIApHU
MaBXyJIMTH, MyXuT pH Ba Xapopatu QepMeHTaTUB peakiusi TE3NUrura O0eBocuTa
TabCUP KUIYBUM aCOCUIN OMHILTIAp XUCOOIaHA N,

Muxajzjanc KOHCTAHTACHHUHT MOXUSTH
Akcapusatr  xonariapaa — GepMeHTaTuB  peakuus — Te3nurd Vo pepmeHT
KOHIIeHTpanusicura [E] T¥Fpu nponoprionan 6ymam.
V=K[E]

depMEHTATUB peaKiusl TE3JUTMHU aHUKJalga CyOCTpaT KOHIICHTPAIUsCU
MYXHUM axamusT kacoO stanu (4-pacwm).
Peakmust Te3nurunu cyocTpar KoHIeHTpauuscura [S| OOFIUKIUTUHN YPraHUITHUHT
KYNTUHA XOJIaTiiapuaa KyHuJard Ba3usT BYXKyAra Kenaau; cyoctpaTHuHT [S] yHua
KaTTa OyJIMaraH MUKIOpHAA peakius Te3nuru [V] cyOcTpaT KoHIEHTpamuscura [S]
ra TYFpu TponopiuoHan Oymaau. Arap [S] HUHT MUKIOPH OLIMPHIICA, MABIyM
HyKTaja [V] Makcumymra etaau Ba Oy peakIUSHUHT MaKCUMaJl T€3MUTH [V max] 1e0
aTajaju.
‘4 4 pacm. Peakmusa
teanuruan [V] cyOcTpat
KOHIIeHTpanusicura  [S]
OOFJTUKJIUTH.

Vmake b — — — — e — ]

F___

K (s]
Peakuust Tesnmurunu [V] cyOcTpaT KoHIeHTpamusicura [S] OOFJIUK-TUTUHU
Tax,ii Ky opkanud 1913 #iun JI. Muxasnuc Ba M. MeHnteH QepMeHTIapHUHT
YMYMHI TabCUp KWHETUMKACH Hazapusicura acoc cojguwiap. bynna, dbepmeHntaTus
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peakiusi MKKM Oockuuga Oopub, OupuHuYM Oockuuga (epMeHT cyOcTpaT Ousal
KaTap peauusra Kupu-
maau Ba epMeHT-cyocTpaT komiuiekcuHu [ES] xocun xunagu. bynu Kyhunarunda
tacBupiiaml MyMKuH: E + S = ES. Ukkuaun 6ockuyaa [ES] koMmmiekcuian MaxcyaoT
[P] xocun 6ynuim HaTUXKacuaa napyaiaHuO KeTaau:
ES=E+P.
Nxxkuaum Oocku4, »xapa€H Te3NMUuruHu verapanaau. [lactnmab ES xomruiekcu
KOHIICHTPAIMsCH Ba YHHUHI TMapyajaHWIl TE3JIMTH KOHCTAHTACU aHUKJIAHAIU.
IOxopunarn peaknmsuiap Te3nwK Ba cyoctpar acocuma [V] Ba [S] Hu Oup-Oupwu
Oounan 60F0BUM MUXasJHC TEHTJIaMacu Kean0 YMKaIu:
Vmax X [S]
Kwm + [S]
by epna V — OenrunanraH BakT JTaBOMHUJATH PEAKIUSHUHT OOUUIAHFUY TE3JUTH
0ynmu6, cyOCTpaTHUHT MyXUTIAru Kamaiui Mukaopu 10% nan ommaiinu. Maskyp
JaBpAa peakiusHu Oapkapop Ae0 xucobmamr MymKaH. YyHKH, OWpUHYHUIAH,
CyOCTpaTHUHT KaMmalluIM aWTapiau Karra OyiaMalau Ba UKKUHYMIAH 9ca
MHTHOUPIIOBYU TahCUpPTa dra OYJIraH MaxcyJjaoT KOHIIEHTpalUACH KaM Oyiaau.
Tenrnamanga UKKUTa JOUMHI KAaTTaTuK MaBxkyl OYnu0O, ynap: Vmax — GEpMEHTHUHT
cyOcTpaT OwiaH TYWWMHTaH XOJaTUAArd PEakIUSHUHT Makcumall Te3iurd Ba Ky —
Vpranunaérran ¢gepMeHT-cyocTpar yuyH Mwuxasnuc KoHcTaHtacu. by xonatr Oup
cyOcTpaTiii peakuusuiap yuyH Kyiiuaarnya KypuHuiaa udoaaianaiu:
E+S—[ES] > E+P
by epna k+1 — ES xommiekcuHn xocun OYIMIN TE3MMK KOHCTaHTacH, K.p — ES
KoMIUlekchHM E Ba S ra mapyamaHuin peakmusiCH TE3JUK KOHCTaHTAacH, K+ — ES
KOMIUJIEKCMHM MaxcyJiotra [P] mapyanaHuil peakiuscu TE3JMK KOHCTAHTACHUIHP.
Muxasnuc  TeHrnamacuga ES  KoMmIuleKcMHM  XOocuJl  Oynum  kxapaéHuia
MYBO3aHATHUHT BYXKyJra Keiaumud, ES KOMIUIEKCHHM MapyaiaHUIl >KapaEHUHUHT
yerapajaHTaHJuTrd Oy TEHTJIAMaHWHT TYFpU SKaHJIUTUAAH aanonatr Oepaau. byHna
Kwm HU anoxuma cTagussHUHT TE3JUMK KOHCTaHTacu cudaruna udomanam MyMKUH.
K11 K42

K+1

Vmax Ba Ky KaTTanuknapunu peakuusi Te3nuruHu [V] cyoctparra [S] OOFIMKIUK
rpadguru €paamuaa aHukiam MymkuH (5-pacMm). I'padukna Vmax [S] HUHT omumm
Owian V uHTUNAETraH yerapa cudaruna KenTupwiran. Muxasiuc TeHIJIamacura
Kypa, CyOCTpaTHUHT KyJla FOKOpU KoHIeHTparuscuaa (arap [S] > Ky 6ynca) V=V max
SbHU pEaKUus TE3JIMIM JOMMHUNA MaKcuMal KuilMaTra spuilaad Ba Oy peakuus
KMHETUK KOHYHHUHT HOJIMHYU TapTHUOU acocua Oopau.

CyOCTpaTHUHI TAacT KOHIIGHTpalMscuaa d5ca peakius te3nmuru [V] cyOctpar
KOHIeHTpanusacura [S] Tyrpu nponopumoHanaup. Jlapxakukar, arap [S]<Kwm
xoJlaTua Muxasmuc TeHrIaMacu Kyiuaarnda KypuHuiia udogaianaiu:

Vimax X [S]
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Kwm
by xomarna peakiusi KHHETUK KOHYHHUHI OMpUHYM TapTHOM acocuaa Oopaau Ba
rpadukaa OONIaHFUY YU3UKIIA X0J1aTra MyBopuK Keiaau (5- pacMm).
Muxasnuc TeHrnamacura kypa, Ky, peakuusHMHT JacTiia0Ku TE3JIMIM MaKCUMall
TE3JMKHUHT SPMUTAa TEHT OYJraH XoJarjard cyOCTpaT KOHIEHTpAIMsICUTa TEHT.
Aban V = Vina/2 6Yran xonataan Kyiugaru udoja keabd yukaau:
Vmax VmaxX [S]
------ = mmmmmmmmemees Ba Ky= [S]
2 Kwm+ [S]
I'paduxnan Ky #HU TOmmm yuyH gactinad V = Viya/2 udona opkaiu V HE TOTHII
Kepak Oynaau.
By Typnaru tenrnama MUXasauMCHUHT T€CKapH TEHIJIaMacH JeWnIaau Ba 11y OWiaH
oupra JlalinyuBep-bepk TeHranamacu 1e0 Xam IOPUTHIIAIN.
1 1 Kwm 1
emm = meee o X ----
\ Vmax Vmax [S]
5-pacm. Peaknus
1 TE3JIMTUHU  TECKapHu
KaTTaJUrura
cyocrpar
KOHIICHTPAITUSICHHUHT
TeCKapu KaTTaJMTUHU
OOFIMKINK Tpadury.

tga =

MaaC

, vlllli:c
1"« - >
L i
Km [E]]

1/V munr 1/S ra 6ornmukiuk rpaduruna tyrpu, Oypuak octunaru Ky/Vma opanHaTa
YKHIa KeculyBYd KecMmana 1/Vmaxra Ba abiuca Ykumaru kecuima 1/Ky, ra tenr.

By ypuHna myHu Kaig STHIN JIO3UMKH, 0ab3u (EepMEHTIIap MKKH Ba YHAAH OPTHK
cyOCTpaT/iv peakiysUIapHy KaTalu3JIanu:

A+B—-C+ /.

bynnaii peakumsuiapHu KMHETUKACUHM YPraHWII YYyH AacTiiad xap Oup cyOcTpar
yuyH Ky Ba Viyax KaTTanukiapHu aHukiaad onumn 3apyp. ByHMHr y4dyH peakumus
TE3JIUTUTa MYXWUTIArd CyOCTpariapJaH OWPUHUHT TYWWHTAaH Xojartujaa OoIka
cyOcTpat KOHIEHTpalusicura OOFJIMK X0J1/1a YN3UITaIH.

@®epMEHTHUHT MILIAM Te3auru, Kear

Kiar — Oy Oup coHust gaBoMujia OUTTa KaTaIUTUK MapKaszja MapyalaHUII MyMKHUH
Oynran cyOCTpaTHHMHT MakCUMall MUKAopuaup. Makcuman ¢aosuuk, O0apya ¢aon
Mapkaszjiap cyoctpatu Ousian 6aHj OYJraH Ba CyOCTpaTHUHT FOKOPH KOHIICHTPAITUSIITU
mapouTuaa yndaHaad. OepMEHTHUHI MILIAll Te3JIUrd 3ca (aosi MapKazJapHUHT
Tyna OaHUIMK XoJlaTuAa CyOCTpaTHH MaxcCyJjoTra TEe3JIMK OW/aH alaHTUPHII
KoOmmusaTuanp. bynu Kyituaarnua ndoganam MyMKUH:
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®epmenTnap yuyH 3HT KarTa K, kypcatknun 4x107 Monekyna/cek 0yica, SHI IacT
Kyar KYpcaTknun IM301UM/IA Ky3aTUJITaH.
CneunpukIuK KOHCTAHTACMHUHT MOXHATH, Kiar/Ky Joumuii
¢u3nonoruk mapoutaa GepMeHTIIap IOKOPU KOHIEHTPALMSUIM CyOCTpaT MyXUTHA
unuiamaian Ba Oynaa cyocrpatHuar Ky ra muc6atu 0,01-1,0 kuiimat opanuruaa
oynmagu. Arap [S] > Kv 0O¥yica Muxasnmuc TeHrmamacuaa Maxpax taxmuHan Ky ra
TEHT OYyJ1aii Ba peakuusuiap Te3NUTH Kyiugarniya KypuHuiira sra 0yinaau.

V max Kxar

R e [S] (arap [S]<Kw)= - < [E] [S]

by tenrmamama Ki,//Kym HuCOaTH crnenudHKIMK KOHCTAaHTacH JAc¢0 aTaiiaiu.
Tenrnamagan KYpUHAIWKH, CIEHU(UKIMK KOHCTaHTacu ()epMEHTHH CyOCTpaTHHHT
NacT KOHIICHTPAIUSIIN MyXUTHIA KaHYAJIMK T€3 UIILIAI KOOMIUATUHH aHTJIaTaIu.

5-Maspy3a
Coana MosieKyJIaJapHUHT MAaKPOMOJIEKYJ1aj1ap OMJIaH TabCUPJIAHUIIN

DepMEHT HHTUOUTOpIAApH Ba AKTUBATOPJIAPU
Kynruna ¢epMmeHTIapHUHT TabCUpU TYpaH KUMEBUN OUMpUKMaap-UHTHOUTOpIIAD
Tabcupuaa tyxtatuinaau. HWurubOurtopmap €pnamuna depmeHtiap (aoiq Mapkaszu
(yHKUIMOHAN TYPYXU TaOWMaTH Ba KATAJIIMTUK TabCUP MEXAHU3MHU TYFPUCHIA MYXUM
MabJIyMOTJIAPHH OJIMILI MyMKHH.
Nuruburopinapau Tabcupura Kypa, ylapHU UKKU Typyxra OYJIuIll MyMKUH: KaiiTMac
Ba KauTap.
Kaittmac  uHruburtopnap ¢GepMeHTHUHT (AOJUIMTUHU TabMHUHJIOBUM  MYXHUM
GyHKIIMOHAT TYPYXJIapuHU KUMEBHM Moaudukanusuiam Owinan TaBcudianamu. by
TypJard WHTUOUTOPJIAPHU IUANU3 yCyiau OwilaH (epMEeHTIaH axkpaTHJraHiaH CYHT
XaM yJapHHUHT (aoJUTMKIIapu KaiTa TukiaanMmaiau. Kaiitmac wHTHOWTOpIapHUHT
3¢ ()EeKTUBIUTH UHTUOUPIIAIT )KapaéHUHU TE3JTMK KOHCTAHTAacH Owinad udoaaaHam.
Maxcyc KuMEBHMM peakuusiap OpKald KUMEBUU MoudUKAIUsAIaHTaH (EepMEHT
(GaoUruH  KaiTMac WMHTHUOUTOPHM HYKOTHIN OpKAaJWM THUKJIAIl MYMKHH Ba Oy
xkapa€H peakTtuBanusa (Kaiita ¢aomtam) ned aranmamu. Kaittmac wHruouTopiap
Karopura auuzonponuipropdochar (JDPPD) Ba HomaneramuaiapHu EPKUH MUCOI
O HI 0 KNG
I f I KEJITUPUILI
ICH,CNH, + Enz — SH Enz —5—CH,CNH, MyMKHH  (6-
pacm).

Homaneramus AJIKMJVIAHTaH  (pepMeHT
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Honareramu daon mapkasujga IUCTEMH KOJAUKIApU OYyiraHn QepMeHTIapHU
(rmunepanpaeruadocdaraeruaporeHasa, nananH) HHAKTUBIIANWTH.

JOD sca hepMeHT haost MapKazuaa CEpUH KOJAUKIApH OYJIraH KYNruHa
TUApOJIa3aIapHA (XUMOTPHUIICUH, TPUIICHH, alleTUIIXOJIMH-3CTepasa)
MoaudUKausIad HHruOupIanIu.

CH, CH CH, CH
S NV
CH CH
| |
O HF O
| |
F——T===0 + Enz— OH —L*Enz—O—P_O
|
C|) O
|
CH CH
/N 7\
CH, CH, CH, CH,
Juuzonponundropdochar Huuzonponundropdocdariu
dbepMeHT

6-pacm. Kaiitmac nHrHOHTOpIAp TABCUPH.

Kaijitap unruOuropjgap ¢epMeHT OuWiiaH KOBAJIGHT OOF XOCHJI KWJIMacAaH
Tabcupiamagn. DepmeHT GaoUTu KalTap WHTHOUTOP JWanu3 Wynu OwiaH
nykoTwiraHgaH cyHr kaita tukiaHaau. Murubutopuunr [I] depment [E] Ounan
Kyda Te3 KOMIUICKC XOCHJI KWITAHJIUTH cabaliu, KeWMHYaIuK (QEepMeHT Ba
UHTHOUTOP HUCOATIapu axaMusaTra 3ra 6ynmaii konagu E + 1= EL

KaitTap nHruOMpaanumaa MHruOMpIaHUII KOHCTAHTACH XOCHII OYJIraH KOMIUJIEKCHU
dbepMeHT-UHTHOUTOPTa TUCCOLMAIUSIIAHUII JOUMUNCH XUCOOIaHNO, Y UHTUOUTOPHU
(dbepMEHT TabcUpHUTa TECKAPU KATTATUTUHA OWUJITUPATTH.

[E] > [1]
[EI]

KaitTap MHruOMpIaHUIIIHUHT KKK TypH (hapKiiaHaau: pakoOaTiu Ba pakodarcus.
Pako0atiiu MHruOéMTOpJIap Ty3Wwnuinu OYitmda cyOcTpaT CTpyKTypacura yxXmaiau
Ba cybOctpar Omnad ¢epmeHT ¢aosl Mapkazura OOFJIAHWIN yUyH pakoOaTiariaiu.
PakobOatnu wHrHOUTOpNIap MaBXKya OyiraH peakuus TE3JIMId —KyWujaaruda
aHUKJIAHATH:

Kn (1+[1]/ Ki) + [S]
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Pako6aTnyn MHrHOMPIAHUITHUHT MYXUM KUXATH IIyHAaH UOOPATKH, NHTUOUpPIaHHILI
caMapaJiopJiura cyocTpaT Ba HMHTHOMTOpP KOHIIGHTpauUsapu HucOatura OOFIUK
(MHrUOMTOPHUHT a0COIIOT KOHIICHTpAIUATa dMac).

PakoO6arcu3 MHruOMTOpJIAp CTPYKTypa >KMXaTIaH cyOcTparra yximamanau. Yiap
spkuH pepMeHT €ku ES xoMmmekcura Kaiita OOFIaHUIIM MyMKHH Ba cyOcTpaT Oniian
pakoOaTiamMaiu. Pakobarcu3 mMHruOWUTOpiap MaBxXyl OViIraH peaxkuus TE3TUTH
KyHuarnya aHuKJIaHa u:

(KnH[S]) x (1+[I}/ K1)

Pako0arcr3 MHrUOMpIIaHUII camMapagopiiurd MHTUOUTOP KOHLEHTPALUSCU OpKaJId
aHUKJIAHUO, OyHJAa MHTUOMTOP Ba CyOCTpaT KOHLEHTpauusi HUCOATIapy axamHsTIra
ara aMac.

Kaittap unrubupnanuim (pakoOatiu Ba pakoOaTcus) Typu (pep-MEeHTaTHB peakius
TE3JUTMHU CyOCTpaT KOHLEHTpauusra OOFIMK OYJ-raH XojaTtuja WHTHOUTOPIH
MyXUT/Aa aHukjaaHaau. MaruOupnanum Typu Ba Ki KaTTaJIWIMHM aHUKIAIl Y4yH
TECKapHu peakliys TE3JIUIMHU CYyOCTPATHUHI TECKapU KOHLIEHTpAaLMsICUra OOFJIMKINK
rpadurunan  dorgananunagu. Arap rpadux TYFpu uM3UKIM Oyica, y KaiTap
MHTUOUTOPIIN CUCTEMA XUCOOIaHa IH.

PakoOatnu MHruOupiaHuIga TeCKapu peakuus TE3JMIMHU Kyhujaaruda udoganani

MYMKHH.
1 1 Kwm 1
- = - - (IHI)J/ KDY ----
\ Vmax Vmax [S]

Paxbarnu mHrHOMTOp MaBXya Ba MaBxkyn Oynmaran wmyxutaa 1/V wunr 1/S ra
OOFNMMKIUTU 7-pacMaa Kedatupuiran. PakoOaTiu WHrHOMTOpHM (epMeHT OwiaH
OOFJIaHTaHJIUK CaMapaJopJIMIMHN TpadUK YWU3UFUHUA KUSJIUTH OpKajdd aHMKJIAll
MYMKHH. Arap pakoOaTii HHTUOUTOP

1 8 7-pacm. PakoOGatim
) PakoGarin HHruGuTop I/IHFI/I6I/ITOp MaBXYyO
oynran MYXHT]Ia
& TeKapH peaxkuus
TE3JIUTHHU |VAY
Teckapu  cyOcTpar

KOHIICHTpAIUsACUTa

1/S OOoFIuKIUry.

L
1.
e ]
Ka Ko s
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MyXHTAa MaBxyn OViaca opauHata YKUHU (1/Vimax) Kecub yTran kecMa y3rapmaiian
Ba akCHMHYa abmucca YKUIarm KecMa KaTTaiurd yirapaau. Arap K’y mHrubwrop
MaBXyJ MyxuTaaru peakuus Ky ne6 onunca, y 1/K’y ra TeHr 6ynamm.

1 1 1

mmmm D e maH Ki= -------------

K’wm K’wmx (1+4[1]/Ki) K’'m/ Ku-1

PakobOarcu3 WHrHOMpIaHWINIA TECKapH pPEaKIus TE3JIMTMHU KyHWJard TeHrIaMa
OpKanu udoaanam MyMKHH.
1 1 Kwm 1 [1]

V Viax  Vimax [S] Ki

PakoOarcu3 uMHrHOMTOp MaBXKyJ Ba Mamkya Oyimaran peakuusma 1/V Ba 1/[S]
OOFIMKIINK Tpaduru §-pacMjia KEITUPHUIITaH.

Nurubutop wmaBxkyn Oynran Mmyxuraa aOmucca VKHHM KecuO YTyBYM KecMa
KarTanuru ysrapmac 0ynub konamu. AvHu Ky karramuru y3rapmaiinu. OpauHata
YKUHU Kecub YTyBUM KecMa KaTTajJuru y3rapaiu,

8-pacm. PakobGarcus

% Pako6atcus uHruburop MHIHGHTOP MaBKYyJI
& Oyaran MYXHT/Ia
TecKapu peakuus
TE3JIUTUHU /v
TecKapu cyoctpar

KOHIICHTpAIUsICUra

1/[S] 60oFauKIUry.

SbHU 1/Vmax Ta TeHr OYymanmu Ba OyHTa Vmax HU WHTHOUTOP MaBXya OYiraH
PEAKIMSTHUHT MaKCUMaJl Te3JIUTU Jed Kapaill MyMKUH.

1 1+ [I]/Ki | 1]

V,max Vmax Vmax/ V’max '1
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®epMmeHTaap akTUBaTOpJapu. PepmeHTnap (HAOUIIUTH Maxcyc OWpUKMaIap —
aKTUBaTOpJap TahCHUPU HATHXKACHIA OpPTaau. Arap MyXUTIAa MHTHOUTOP A MaBxKy.l
Oyica, y ¢pepMeHT OuaH TabCcupiamuo, cyocTpaTHu GepMeHT OusiaH OOFJIaHMIIINTa
Y3 TabCHUpUHU Kypcatamu. by Xomma Teckapu peakinus TE3JIUTH PaKoOaTiIv

UHTUOUpIaHuI udoaacura yxiai 0yaaiu.
1 1 Km Ka 1

V. Vox Vem  [Al [S]
Oy epna Ka — depmeHT-akTUBaTOp KOMIUIGKCHHH  JTUCCOCHAIUSIIAHUIIT
KOHCTaHTACHIUpP. Arap aKTHBATOPHWHI OOFJIAHUIIHM CYOCTPATHUHT OOFIaHHIITUTA
(éxm Teckapucu) XalmakuT Oepmaca, y xomma 1/V ra 1/[S] Gormmknuk wdomacu

pakoOaTcu3 MHruoupIaHu udogacura yxiam oynaiu.
1 1 Kwm 1 Ka

V Viax  Vmax  [S] [A]
AKTHUBaIMSHUHT Oy Typu pakoOaTcu3 ne0 aranud, akTUBATOP KOHIICHTPAIUSCUHU
[0000%0000%1 peaKHI/IH TC3JINTUHHU omeaz[H, JICKUH KM }”Israpmucm KoJiaJiu.

depMeHTIIap Ba KoonepaTus 3¢ ¢exrJiap.

burra ¢aon mapkasra sra Oynran depmeHTIap Muxasnuc KuHETUKacH Oyitnmda
uuutaiian Ba OyHzna V HuHr [S] ra Oofiukiauk rpaduru runepOona KypUHHUIIHMIA
oynanu. Onuromep CTpykTypara sra (pepMmeHT, si’bHU Oup KaHya ¢aos rypyxjapra
sra ¢epMeHTIIap KUHETUKAcu OUp TOMOHJIaMa Oy imaiu.

Arap Typau cyOOupiukiapia sxoiyamrad (aoja Mapkaszjgap KHHETUK >KUXATAaH
MyCTaKui O0yica, y xoiagaa V HUHT S ra OOFIMKINK Ipaduru runepOosia KypuHUIIuaa,
Mabono Qaosn Mapkaznap ypracuaa yzapo Tabcup Oyiaca (kooprmopaTuB (yHKIIHS
acocuna) rpaduKk CUTMOMJAN KYPUHHIIHUA XOCWI Kujaau. by Tungaru QyHKIus
XyXKalpaga MyxuM peryisTop BasudacuHu OaxkapyBuu oJuromep (epMeHTtiapna
aHWKIaHrad. 9-pacmga V  wuHr [S] ra Oofnmukaurn  HamyHa cudaruaa
acnapTarTpaHckapOomomniaza GEepMEHTH MUCOJUIA KEITUPUIITAH.

CyOcCTpar KOHIEHTPAIUSICUHU OIIUINY HATH)KACcHla Peakiys Te3JIUru JacTiad acra-
CEeKMH Ba BAaKT YTHUIIM OWIAH Ce3ujapiiv Japaxana te3namanud. Peaxius te3nmuru
MaKCUMaJl Japakara €TraH/iaH CYHI, KECKMH Tap3Ja nacauvimu Kysaruwiagu. LlyHu
TabKUJJIAIT JJO3UMKH, V HUHT [S] ra OOFIHMKIMTMHA CUTMOHUJAT XapaKTEPH TE3ITUK
OomkapwMimura kypa ¢GEepMEHTIApHUHT MMXadJIMC KUHETUKacura HucOaTaH
caMapaJiipoK XUCcoOJIaHaIH.

bomkapyBun ¢epMeHTinap GaoIMrd  Maxcyc MeTa0OIuTIap — auIOCTepHUK
addexTopaap TOMOHUAAH OolKapuiagd (MHTUOUpIAUIW €KW CTUMYJUIAWIN).
Anmoctepuk aramacu rpekdazan ojuHran oyauo allos — Gomika, stereo — OyumK
nemaknup. by Typmarum sddexropiap depMeHTaTHB peakiusgarn cyocrpar &Exku
XocWJl OYynraH MaxcysioT CTpyKTypacura yxmamanmau. Ymap depMeHTHUHT daon
Mapkasura OOFJlaHMal 11, akCUHYa, (DEPMEHTHUHT MaXxCyC PETYJISTOp MapKa3u OwiaH
tabcupiamagn. K. MoHoHuHr Taknudura OuHOaH, (HAOIIIUTU AJIOCTEPUK
s dexTopnap OunaH MoIyIIIaHYBYH (PEPMEHT AJTIOCTEPUK (PEepMEHT 11ed aTanau.
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Amnocrepuk ¢pepMmeHTHHHT dddexTopnapu V HUHT [S]ra OOFIMK-IUTH Tpaurugari
curMoujian jJapaxkanu ysraptupaau. Muarubupnosu s¢gdexrop Oy rpadukHu YHITA
CIUDKUTHUINA HaTW)Kacuja sSHala CUTMOMAANl Xojarra kenamud. daommamrTupyBuu
addexkTop rpadUKHH Yall TOMOHra CHJDKATHUO YHU rurmepOona XojaTura
sKUHIamTHpaan. WaruOupnoBun  3¢G(EKTOPHUHT — acmapTaT-TpaHcKapOoMouniasza
depMeHTH daourura TabCupu 9-pacmaa TaCBUPIIaHTaH.

v 9-pacm.
AcmaprarTpaHckapbomMornasza
KaTaJIU3JaiIural peakius
TE3NMUTMHU acrapTaT
KOHIICHTpAIUSICUTa
+CTP OOFIIMKIIUTH;, UHTUOUPIIOBYH
s dextop Tascupu (CTP -
nutuauHTpUdocdar)
1.apdexrop MaBxy
N OYnMaran MyxuTaa
(s 2.2dgdexrop MaBxKy OYaTraH

MYXHUT/IA

B =

®epmenTaap (aosurura MmyxutHuHr pH rabcupu

depMeHTIIap XaM OOIIKAa OKCHUJ MOJIEKyJajapu KaOu KYNTHHA WOH TypyXJjapra Jra.
MyXUTHHHT Y3rapuiy  skapaéHuga Oy TypyXJIapHA HWOHJIAHWIN XOJATHHUHT
y3rapuily HaTwKacuga MyXUTH (GepMeHTNIap (aourura Karra TabCUp KUJaiu.
bupunun nHaBOaTma Oy Tabcup KaTanu3ga €KUM CyOCTpaTHM OOFJaliia HUIITHPOK
ATYBUM Typyxjapra V3 TabCUPUHU Kypcartamu. Xap Oup GepMeHT  Y3UHUHT
MakcuMasl (haoJUTMTMHM HAMOEH KWJIaJWraH MyxuTh Oynub, y ¢epmentHunr pH
ONTUMYMHU 110 aTajgaau.

Xapopatuu ¢pepMeHTIAP PAOIMITUIA TABCUPHU

Bant-Topd KoHyHMra Kypa, KMMEBUM peakuusHuHr xapoparu xap 10°C ra
KyTapuiraHja peaxkuus Te3JUId TaxXxMUHaH WKk Oapobap oprtagu (Qio
kodddunentr). by KOHYH QepMeHTaTHB peakuusyiap Yy4yH 4YerapajaHraH
xapoparinapaa V3 wudomacuau Tomamu. Xapopatau 40-50°C ra xyrapum
(dbepMEHTAaTUB peaklus KaTalu3aTOPUHU WHAKTUBIANAM €KUM JICHATYpAIMsUTAiIH.
depMEeHTATHB peakiusaap OOINKa KaTaJuTHUK peaknusuiapAaH aiHaH Xapopar
ontuMymu Ounan dapxnanaau. FOxopu xapopataa depMeHT (Hao/UIUTHHU KyJa Te3
KaMaluIM OKCUJTHUHT JeHaTyparuscu Oowmian 6ok 0Ymub, Q1o kodhduieHTrnHn
Kartamurd opkanu udoganmam wmymkuH. [IlyHM Tab-kuamam J03UMKH, INIyHTa
Kapamaii 6ab3u TepMoQI OaKTepHsUIap TOMOHHUIAH UIUIA0 YUKWITaH (hepMeHTIap
IOKOPHU XapopaT ONTUMYyMUTa dragupiap.
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6-Mabpy3a
@DepMeHT-Cy0CcTpaT MyHOCa0aTHAATH CIeU(PUKINK

DepMEeHTIAPHUHT Tabcup MexaHuzmiapu. depMeHTNap KaTalUTUK TypyX OuiiaH
cyOcTpatnapHu (peareHT) Y3 ujean Tapsja WyHairtupiam (MabiyMm Macodacuraya
SKUHJIAIITAPUIITN) cababnu yTa camapaiu OHoOKaTalIu3aTopiiap XucoOJaHaauIap.
Maskyp skapaéHja KOMIUIEMEHTApJIUK XYCYCHSITU YTa MyXHM XHCOOJaHaau Ba Oy
Oup KaH4a oMuUIIIapra OOFIINK:

1. Ilpokcuman 3¢pghexkmnap (skuH Tabcupnap): GEpMEHT TAbCUPIAHYBIH KUCM
OWJIaH SKUH KEJTUIIIH.

2. Kuchoma-uwikopuii Kamanu3z: SKcTpemMalt I0KopHu €ku mact pH MyXUTHUHT
3apYpPHUATHIA DXTUEK UK.

3. dnekmpocmamuxk mavcup: YTUI XOJATUHNA XOCUI KIJIUIITHHA BY)XKY/Ta
KENTUPYBUU TABCUD.

4. Dnekmpogun-uykneogpun kamanu3s. hGepMeHT GYHKIUOHAT TYPYXJIAPUHUHT OUp-
Oupura OOFIMKINTY acocuaa OOpaIuraH skapaéH.

5. Cmpykmypasuit myeogurnuk: hbepMeHTIIap cCenuGUKIUTIHNA Ky4YauTUPYBUU
OMMUJI.

Oxopuna xentupunran omwuiap (EepMEHT CHeUUPUKIUTH MeXaHU3MIIApUHU
Yprasuiaa KyJUIaHWINIIA MYMKHH.

[Ipokcuman »sddextnap. [Ipokcuman spdext neranna pepmeHT OUMp BaKTIa HKKH
pea-TeHTHU aHUK Macodaaa yuad TypuO, UKKA KUCMHJIa PEAKIUSHU Ky4alTUPHUIIH
TYIIYHUIaAU. MabIyMKU, WYKA MOJIEKYJISIP peakiusi-Iap/ia OAAui MoJieKyiara MKKH
TYPYXHUHT OOFJIaHUIIM MYCTaKWI OOFJIaHyBYM T'ypyxJjapra HucOaTaH TE3pOK amaira
omaay. byHra siHTap KUCIOTagaH SHTap AHTUAPUIMHUHT XOCWIJI OYIWIIM, HUKKH
MOJIEKyJIa CHpKa KHUCIOTaJaH CUPKa aHTHAPUAHMHI XOCHUJ OYIUIIMIAH TE3pPOK
SKaHJIUTH, SIKKOJ MHCOJI OYna omagu. OpraHuk KUME KOHYHUSTIApUra Kypa, UKKU
MOJIEKYJIaHUHI OWp MoJIeKyjara aillaHuIIM peakluus Te3JIMrura Karra TabCUp
Kypcatanu. byHna camapalopJIMKHUHT FOKOPUJIMIH MOJIEKYJISIP Ba MOJIEKYJalapapo
peaKIMUTApHUHT SHTPOMUSUIAPH Y3rapuliuiapu ypracuaaru ¢papk acocuaa 0ynaau.

(0 (0
[ [
C%H C CH:CO:H CH3C\
/ \ O + H,0O
CH: — CH> — /
| | O+H,0  CH:CO:H CH;C
CH: CH: l
\ (0]
CO:H C
[
(0]
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VTHII XONATHMHMHT BYXYyJAra KEIMIIM YTHIN Ba aiilaHMa SHTPOIMSHM CAIMOKIH
Iapakajga KaMaumuHy Tanad kKuiagu. Momekynaiapapo peakuusuiapaa SHTPOIHS
KaMalMIIMHUHT acoCui cababu, pearupiaHyBYM MOJJIAHUHT Tanu&prapiauruaup.
Monekyinsip peakuusiapHi KaTtaausioBuu ¢epMeHTIap (paon mapkasuaa peakiusra
KUPYBYM TypyXJap Ba peareHT MOJJajJapHUHI WyHaJUIIM MpokcuMain 3ddextiap
XycoOura amaira oIajiu.

Kucsora-acocan karanus

Kucnora — acocnu katanus xakuga cy3 Ooprapma, 37eKTpouil Ba HYKICO(PHI
MoOAJanap Xycycusitura Tyxtamub yrum xowsaup. Cababu KuMEBUN KaTanusaa
xocuia Oynaguran KUMEBHM Oofiap €KM peakius HaTKacuaa y3uiaaauraH OoFiap
AIIEKTPOHJIAP MUTPAIMACK acoCHAa amaira omanad. by xapaénma siextpodui Ba
HYKJICOQUI MOIJAJIAPDHUHT pOJIM Karra OynuO, KaTanu3 >Kapa€HU TabCUPHUIA
OyJapHUHT 31EKTPOPHILTUK Ba HYKJICO(UIUTHK XYCYyCUSTIApU SHAIA Kydaq.
OnexTpodua Moanap — TalllKU 3JIEKTPOH KaBATUHU AJIEKTPOH OWJIaH TYJIIUPHUILTA
XTUEXK ce3yBUM Mojjanap xucoOnanagu. Hykneodun moananap sca akcuHua y3
AJIEKTPOHJIAPUHM OOILIKa OMp Mojjara Gepuilra MHTWIYBYM MOJAAIapaup. Y MyMaH
OJITaHJla, KaTalu3 *apa€Huja Mojjajap ypTacuaard 3JEKTPOHJIApHU Oepull Ba
KaOyJI KWJIUII Kapa€Hu MPOTOHJIAPHU KYIIUII €KUM YMKApUO TalIall OpKaJid aMaira
OLLIAHN.

Pubonykneaza A pepMeHTH KUCIOTA-aCOCIM KaTtanusra épkud mucois 0yimob, y PHK
uu 5% itynamumpgarn pu6osa yraepoaura 6ornanrad P-O GornapvHu KMPKULI OPKAIH
TUAPONIM3NANAA. By OWJTAaHUHT SHI EPKUH BaKWJIM OLIKO30HOCTH O€3MJaH akpaTuo
omuuran pubonykieasa A (PHKaza) 6ynu0, 3! iiyHanumgarn mupuMHUINHE acocnapu
(ypaumn €xku uuto3uH) docdar 6ornapura cnenuduk Tabcup kypcataau. 10-pacmaa
puboHyKIIea3a A HUHT KUCIIOTa-UITKOPUN KaTalu3u TaCBUPJIAHTaH.

PHKaza A wmrupokumaru PHK rtugpomusu, 2!, 3! - ¢ochar nmxmux s¢up
WHTEpPMEIUaTH OpKaiu UKKU Oockuyna yranu. PHKa3a nmuknuk nHTepmeanaT Xocui
Oyaumm yuyH 3apyp Oymran 2'-rumpookcun rypyxura sra Oyamaran JIHK
MoJieKyJlacuHu ruapoausznamaian. PHKaza A, B HUHI KaTaauTUK MEXaHU3MU
KMCIIOPO aTOMHHH HYKJIECOPUIUIMK XyCycusTuHH Kydaiitupu6 2-OH rypyxum
IIPOTOHMHM Kecuill Basudacuuu Oaxapysuu 2!, 3!- muxmmk >¢up His-12 Hu xocun
kwmimgan oonuranaan. OH rypyxHuHr docdar OmiiaH peakiuscu HaTHKacHa
6exapop (YTyBYM) HHTEpMEIUAT X0JaTH Ky3aTuiano, Gpochop Oemr BaneHTIH OYnanu.
®ocharnarn kuciaopoa MaHduil 3apsauHuHr Kynaumu Lys7 Ba Lys4l napHunr
y3apo 3JEKTPOCTATUK TabcUpura OOFNUK. bell BaleHTINM MHTepMETUATHUHT XOCHII
Oynumu 3ca ¢pocdaT KUCIOTAHUHT OUTTA KUCIOPOAUHU MpoToHiamTupyBun His-119
TabCUPHU OUJIaH OOFIUKIUD.
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PYVO Bou BANSHTM KTEPMRANST

H

DAPMEHTHANT MAXCYNOY
\ GNBH XOCHN KNANBH

10-pacm. Pubonykiieasza A GepMEHTHHUHT KUCIIOTA-UIITKOPHHA KaTaIH3H.

Hyxkaeodgui-znekrpoduna karaaus

Hykneodun-anektpopun  katanuz  GepMEHTHUHT  (PYHKIMOHAN  TypyXJapu
UIITUPOKKJIa amanira omaau. KatanuzHuar Oomika Oup KYypuHHIIM 3ca — dhup Exu
amuy kKatamusuaup. @epMeHT (aon Mapkazura KUPYyBUYH HYKJICO(DUI TYpyX KaTaaus
Kapa€HuJa CyB MOJIEKYJIACMHHM KYYHMPHUIIM aCOCHJA aMalira OIlaau. [pUIICHH,
XUMOTPUIICUH Ba 3JjlacTa3za KabOW MPOTEONUTHK (EepMEHTIap XaM IOKopuaa anTho
VTunran Taptud acocuaa unurad, Ba peaknus *kapaCHIAPUHU CEPUH KOJTUFUIAH —
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CH»-OH ¢oitnananunaan. CepuH KOJIUFUHUA CyOCTpaT OMiIaH TabCUpJallyBu Oapua
peaKIusIapHu UKKH
noroHara 6ynanu. Illy Ounan Oupra KapOOKCHII TYPYXHH T€3 XOCHJ OYJIMIIKM y9yH
OolUTaHFWY TETpadJpal HWHTepMeauaT (QepMeHTra KOBAJICHT OOFIaHTaH >Qup
MHTEPMENATUTA YTUIIIHA JIO3UM.

O O

I [

R-C-NH R' + HOCH:—®epment R—C-OCH:—®epment + R'NH?

—

HNxxuH4n OOCKUY peaklusiga CyB MOJEKYIACHUHUHT HYKJICOPWI Xy>KyMH 103 O0epuo,
(bepMEHTHUHT alleTWUIaHTaH 3(Up UHTEPMEIUATH TUAPOIU3TIaHAIH.

O O
1 [
R-C-OCH;—®epment + H2O — R—-C-OH + OHCH:—®epmeHT

@depMEHTIIApHUHT HYKJICOQWI TYpyXJlapd TUIAPOIUTUK peakuusiapiaH TallKapH,
OolIKa TypJid peaknusuiapaa xaMm (paoi UIITHPOK 3Tanu. MacanaH, qukapOokcuiasza
(PepMEHTUHUHT alleTOCUpKa KUCJIOTacu OujlaH OopaJuraH peakuusCUHU Kyhujaarundya
ndoaanamnr MyMKHH.
O O
1 I
CH3;—-C-CH>—CO:H CH3:—C—-CHs + CO

—

bynna peakmusi skapaéuu (GepMeHTHUHT (aonm Mapkaszujard JU3UH KOJIUFUHUHT
aMUHOTpynmnacuHu cyocTpar Ownan wuHTepmeauar opkanu (Iudd acocuna)
Oofnanuim O6wian amanra omanau. bynna mry atu6 yrum no3umk, [udd acocuna
Oopaauran peaxius >kapaéHuma, )Kymiialad I0Kopuaa Kypuo YTUIraH HaMmyHaia a3oT
aToMu MycOaT 3apsiaHranu yayH KYmHH C-C 2JIeKTpOHJIapUHHM Yy3ura TOPTHII
OpKaJIM JEKapOOKCWJUIAHUIN >kapaéHuHu amanra ommupand. ysagait  xuiamo,
HyKJIeopun Karainusga cyoctpatHu (epMeHT Hykieohuna Typyxjapu OuiaH
OOFJIaHWINKM WHTEPMEAUATIAPHUHT XOCUJI OVIIMIIN Ba yiIap OpKaJu OOFJIaHUII OWJIaH
o6opanu. by ypunna my adtum >xousku, CH,-SH 1ucrenn rpynmacu JM3WHHUHT
amuHorpynmnacu Ba cepuHHUHT CH,-OH rpynmamapu Hykimeodun rypyx cudarumga
KYJUIAaHWJIAIH.

O N—-®epmeHT

[ 1
CH:—-C-CH>-CO:H + CH;-C- CH:-CO:H +
®epmentT—NH2 — H20
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Xumompuncun. XUMOTPUIICUHHUHT acOCUN (U3HONOTHK (DYHKIMICH OKCHUJI Ba
NOJIMMIENITUIAPHA  TUAPOIN3 KWIMIIAaH wuOoparaup. XUMOTPUIICUH METHOHUH,
(dbeHunananuH, TpUNToPaH Ba TUPO3UH KaOM aMHHOKHCIIOTANAP KOJIJIMKJIAPUHUHT
nentu OorlapuHu y3ull GyHKuuscuHu Oaxapaau. CepuH nporeaza (pepMEHTUHUHT
daon wmapkasuga cyOcTtpar OwiadH OoOFJIaHMIN, KapOOHWJ TenTH] OoFiapuaaru
KHCJIOpoa aToMUHH Oup Heua NH rypyx Ouian OOFJIaHUIIN OpKaIu pyi Oepasu.
DnacTaza, XuMOTpuricuH Ba Tpurcunia 3ca NHy rypyxnap Serl95, Glul93 kabunap
UINTUPOK ATHO, peakius kapaHuaa acocwii KUMEBUH OOF aHa Iy TypyxJjap OuiaH
OOFJIaHUIII OpKAJIM aMalra omaiu. Yoy peakiusiiapAa MOAJATAPHUHT, KyMiIaJaH
KHCIIOpOl MaH(Uii 3apAIuHU OPTHUIIN TETPadJal HHTEPMEAUATHUHT XOCHII OYIUIINra
onud kemamu. byHna depmeHTIap HINTUPOKUIATH HYKJICO(UT KaTaau3ga CEepuH
KOJIIMFU MYXUM DPOJI YWHauau. XUMOTPUIICUHHUHI TabCUp MexaHu3Mu |1-pacmaa
TaCBUpJIAHTaH.

a kucMa hepMeHT-cyOcTpaT KOMIUIEKCH KypcaTuiaran 0yiu0, OyHaa kapOoOHMI
rypyXHuHr kuciopos atomu Serl95 Ba Glul93 Bomopon ammnm Oofnap opkKaiu
6OFJIaHFaH 6ynca, Asp102 Ba His57 nap ructuaun

Asp 102 His 57 \
0 C-O
H=N CH;~CH  Ser195
~ n-n *5..-
LR
/0 |c_°.. H( Gly 193
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r) Auernnaxrau ;
depment
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-& H=N N =0 -c’on-é-\ 0
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g AN N—
/ -0 HN i
N\ ﬂ: 0°e=HN HO‘-C{'O H HN\
f H CH—CH, ) DePMEHTHANS MaxcynoT  CH—CH,
Gunan XocHn Xunrau
b KOMNNEKCH
8) AUETUNNGHIaH

depwent

11-pacm. TpUIICHHHUHT TabCUP MEXAHU3MU.
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Ownan Bojopoa OoF xocun Kuiaud Oupukanu. by kapa€Hna HINTUPOK 3TaéTraH
cyOcTpaT 3aHXKHMpUIArd apoMaTuk Oofiap 3ca Truapodod UYYHTaKIa >KOHIaliraH
oynanu.

b cxemana TeTpasapan HHTEPMEIUATHUHT XOCHIJ OYIIMIIK TacBUpiaHran. Serl195 3
nporoHnHu His57 ra 6epud cyOCTpaTHUHT KapOOHWI T'YpPyXUJard yriepoja aTOMHra
HyKi1eopmn XyxymMHH Oomuaiau. ByHna rUCTUIUH KOJNJIUFU HMHTEPMEAHAT XOCHI
Oynumm y4yH acoc BasudacuHu Oaxkapaau. KapOoHun rypyxupard KHCIOpOATa
oynran

MmaHpuit Tabcup Serl195 Ba Glul93 amua mpOTOHIAPUHUHT SJEKTPOCTATUK TabCUPUTA
Oapkapop OYynraH “OKCOAaHWMOH HHM XOCWJI KHWJIamu. TeTpasapan WHTepMEIuar 3ca
O0ekapop Oynaau.

¢ Oynmumaa »ca HMHTEpMEOUaT mnapyanaHuO, SHrU Oapkapop ami-GpepMeHT
UHTEpPMEIUATUHA XOCWJI Kuiaad Ba OyHIAa CEpUH CYOCTpaTHUHI KapOOOKCHII
Oofnapu opkanu 3dup OuaH OOFJIaHMO aMHUHOMAXCYJIOTIaH 030] OYymamu. Maskyp
napyananum sxkapaéHuna His57 kucnora cudaruaa MIITUPOK 3TUO HapyallaHUIIra
&pnam OGepaam.

Anerwiianran (EpMEHTHUHT MapuayiaHui >xkapaéau HaBOatmarum d,e,f Oockumunap
amanira omanau. Tapkunna® YTUIL JIO3UMKH, UHTEpMEAUAT XOCWI Oynumn xapaéHuaa
Asp102 His57nan npotoH onMaiinu. Manduit 3apsijyianrad KapOOKCHII TYPYXH KyJa
AXIIU AJIEKTPOCTATUK TabcUp KypcatuO, Ser195 Ba His57 napHuHr mycOat 3apsanapu
XxapakaTuHu eHrwutamtupagn. Serl95 Ba Glul97 amup npoToHnapu TOMOHMIAH
OKCHAHMOHHUHT OapKapopJjiaulyBM MaH(Ul 3apsyiaHraH KHUCIOPOJ Ba YHra SIKUH
JKoinamran MmycOar 3apsiara sra

aTOM ypTacuJaru JIEKTPOCTAaTUK TabCUpHU oconnamrupanu. [lynunraex, Aspl02
HUHT KapOokcun rypyxu His57 HuHr mmmpazon 3awxkupura Serl95 naH npoToH
aXpatuld onuin yuyH épaam o6epaju.

DJIeKTPOCTATHK TABCUPJIAP

Kucnora Ba umkopiap acocuaa GpepMeHTIap KaTaIUTHK KapagHiap JaBOMUIA YTHII
XOJIaTua 3apsiayiap TAKCUMOTHHU OapKapopJIallTUPHII BazudacuHu Oaxapau.
OdupnapHuHr (HEepMEHTATUB KaTalM3u >KapaéHUJa OJHT MYXUM VTHUII XOJIaTh
TeTpadaan uatepmenuataup (12-pacwm).

ByHnmait uHTEpMEAMATHUHT XOCWJI OYJWIIM Yy4yH OSJCKTPOHJIAp HyKiIeopuiaan
yraepoa aromu C=0 opkanu kuciopoa aromura cuwpkuiau. [y ca®admu ymymuii
MaHpui 3apsaHu HykiIeopuimgaH cyOcTpaTra CHJDKHUII TYIIYHYAacH MaBXYIIUp.
Kucnora €ku umkop maBxyj OYiamaraH xoJsataa HyKJIeoQWIHHUHT 3apsaud +1 rauga,
kuciopoauuku (C=0) »sca -1 raua OYnaaum. WMmkop Ma3kyp TaKCHUMOTHH
OapKapopJalITUPUIIT XYCYCHUATHTa dra. byHu HykieopWIHMHT Oab3u MycOar
3apsAJIApUHA WIKOP TOMOHTA CHWJDKUIIK OPKAIHM TYIIYHTUPHUII MyMKWH. MacanaH
kuciopon nporoHnHH C=0 omub Kapacak, KHcCJIOTa MaH(UN 3apsaHA CUFAUPA
onMaiinu. @epmenTaap OyHIaH TalmKapu FOKOPUIATHACK OapKapOopJIamlTHPUIITHUHT
Oomka ycysmurapura xam sra. depMeHT ¢aos Mapkazu MycOaT 3apsuii MIOXJTaHTaH
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aMUHOKHCIIOTa 3amwkupura sra Oynu0, nau3uH €ku apruiuH C=0O TrypyxXuHHUHT
KHUCIIOPOJ] aTOMU IKUHUAA koinamany (12-pacm).

Myco6ar 3apsia 3ca TeTpad’aall UHTePMEAUaTHUHT XOocwil Oynumura €paam Oepaiw.
Hykneodunra sxun s>xoinamrad maHuil 3apsn xaM MycOar 3apsiara  yxiani
byHKuMgHU Oaxkapaau. 3apsylapHUHr OyHAall ¥3apo TabCUPU DIEKTPOCTATHK
camapagopiuk Aedimnanu. CyOcTpaT YyTuil XoJiaTh >KapaCHUAa aTomjapaa o3
OepanuraH 3apsaajap Y3rapuilld MyXHUTJAard OKCHJI Ba CyB MoJIeKyjanapura V3
TabCUPUHU YTKa3zagu. bouumanfud Ba YTUII XOJaTH ypTacugaru sHeprus (apku

OKCWJI CTPYKTypacura OOFJIHK.
a) MMapoKcKa NOHW MWTUPOKWArk KaTanus

b 2 ﬁi’
5+ R—C—OR C\
N ; 3 HOR’
R OR HO y R H
] S
HO H N OH
-0—H
\D—H
6) Mwkopwin katanus
s T
e R—C—OR G,
AN, | " oy HOR’
R OR HO - R OH
BT ©
A e B
H H'
e) Kucnotanu katanus
@
e HY A H—A
7 ¢ i
5 G R—C—OR’ C\
' /
R or- - | R~ “on HOR
HO - B
A -
H H

12-pacm. Ddup rUAPONTU3UHUHT TYPJId KYPUHUIILIAPH.

CrpykrypaBuii MyBopUKIHK

CyOcTpatHUHT (PepMEHT MoOJieKyJacura sIKMUHIAMO, (EepMEHTATHB KaTaJIW3HUHT
OolTaHFUY XoJaTuAa, Oup KaHda pepMeHTIap CTPYKTYPACHHUHT Y3TrapuIly 103 oepa
oomutaiimn. byHra skkom mmcon cudatuga ATD docdaT TypyxXuHH TIIFOKO3a
MOJIEKYJIACUTA KYYNPYBYU T€KCOKMHA3AHU KEATHUPUII MyMKHH:
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AT® + riaoko3za — A/lD + rawko3a-6-moHodocdar
['excokrHaza riaoko3a OuliaH TabCUPJIAMIUIIN KkapaéHua ¢haosl MapKa3 3JIeMEHTIApH
Oup-Oupura sKuHIAIMO, GEepMEHT CTPYKTypacuHU y3raptupaaud. byHmaa depMmeHT
XYJJIU IOKOpY Ba MACTKH Karjap kabu €nwinbd cyocTpatHu kampald onaau. Maskyp
CTPYKTYpaBUi y3rapuill MHAYIHUPIaHTaH MyBOGUKIHK 1€0 IOpUTUIIAIHN.
Bbynnait ycynna cyGcrpaTHu Kampad oiuin ruapodod cydbcTpaT MOJIEKYJIAaCUHU CYB
MOJIEKYJIAaCUJIaH Xpaiu0 YMKUIINIa HWMKOH SIpaTyBYM SHTPOINHUS Y3rapUIlMHU
optummura onu6d kemanu. IIyHUHTHEK, (PEPMEHTHH YTHIN XOJATIApUHU SPaTyBUd
ANEKTPOCTATUK CaMapaJopJIMKHU  OolIKapuil HMMKOHMHM Oepamu. CyOctpar
TapTuOCH3 3puTyBYM (asacuga QepMeHT (YHKIMOHAT TYypYyXH OJJIEKTPOCTATHK
MalI0H WyHaIuIIHra Tanép OVIuIm J03uM.
CrpyktypaBuil y3rapuil (EepMEHTATHB PEAKIUSHUHT IOKOPU CHEUU(PUKIUTUHUA
TabMUHIaWM. ['exkcokmHaza ¢epMeHTHaa TII0KO3a TOMOHUAAH WHIAYLHpPJIaHTaH
CTpYKTypaBuii y3rapum Gomka cyocrpatauar (AT®) Gornammra onmb kenamd. Y3
HaBOatuga AT® depmenT ¢daon Mapkaszuja TIIOKO3a HINTUPOKUCU3 CyOCTpar
cudarunga tavcupiammanau. Arap AT® raoko3a xocun OynryHra kaaap gpepMeHt
Owian OofyiaHa onrasja 34U OyHaa, rekcoknHaza AT®maru gocdar rypyxuHu cyB
MoOJIeKyJlacura yTka3raH oyiap/iu:

AT® +H,0 —AJ1® + HPOs> + H.

AKCHHYA TeKCOKMHa3a Oy Typaard peaklusHH KaTalau3jgamaiau, Oaakd MyXHuTaa
[JIFOKO03a XOCHJI OyryHra Kajaap Hodaos xonaTaa oynaau.
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7-Mabpy3a
NMMyHO xaBoOgap cnenuPpUuKINTH

NMMyH crcTeMaHUHT aHTUTEHJIApHU TaHUO OJIMIN >KapaéHU KyWUJard yura acoCuid

CaBOJUIAPHU KENTUPHUO YUKaApaIK:

1. NMMyH cuctema KaHjall KMJIMO HUXOATIA KYI TypJid aHTUTEHJIap UYMIaH
Maxcyc aHTUTE€HHU TaHUO OJIaJM Ba YHra cnenu@uK kaBo0 KaiTapa ojaau?

2. OpranusaMra KupraH MabliyM OWp aHTHTEHJIApHU OPraHU3MAAaH YHKUO
KeTuiraya Oynran »xapa€Haa, UMMYH PEaKIUSHUHT MYBO(DHUKINTH KaHJal
TabMUHJIAAH?

3. Huma y4uyH opraHu3m Y3WMHHUHT KYTI COHJIM aHTUTEHJIApU OWJIaH peakiusra
KApHUIITManu?

NMMyH kaBoO crienuUKINTA Xakuaa cy3 Oopranja yHH alTHII KepakKh, HHCOH

OpraHM3MH TYypJM aHTUTEHJapra crneuuuk paBumia OOFJIAHAAWIaH TYpPIU

UMMYHOIJIOOYJIMH MOJIEKYJaJIapH CHHTE3 KWIMIIMHUA Ba Oy MoOJEeKyJaJapHu

aHTUTEeHJIap OwiaH Kail Tap3ga OOFJIAHUIIM TYFpUCHAA aNTHO YTUII JIO3UM.

OpranuzMjard aHTUIE€HJIAPHUHT COHM QHTUTE€H OOFJIOBUM KHCMJIAp COHUJAAH

KYIUIMTUra Kapamai, xap Oup KuUCM Oup-Oupura Vyxiiam JIEKHH alHaH YXIianl

OyaMaraH aHTUI€H T'ypyXJIapUHHU TAHUIIM MyMKHH Ba Oy TaHUII KapaéHU KeCHIUTaH

peaknmsiiap 1e6 atanaau. bynaan Tamkapu aHTUTEHJIap MaKMCMCYC JTUMPOLUTIAp

aTpodua KOHLUEHTpAAaHUO, ynapHu (aosamtupanu. by xkapaéuga aHTUreH OWIIaH

OOFJaHraH xyskanpanap MyXUM poJib YHHANHIH.

Opranusmaa OopaguraH HMMMYHOJIOTHMK peakuusjapiaH siHa Oupu Oy aHTHIeH

THNUra Kapad peakuuss MyBOQUMKIUrU xkapaéuumup. by peakumsau bI'BK

(ObomkapyBuM TeHjap OOII KOMIUIEKCH) TJMKOMNPOTEUHIIApU Oakapaaura

dyHkuusinapaan Oup kKucMu 1e0 Kapamr MymkuH. IMMyH cuctema Oup KaHya

muMmdonuTiap cuH(pU Ba KUYUK cuH(uapura sra OymuO, Typiau cuHpra MaHcyo
aHTUTEJIONApHU MILIA0 yuKapyBuu B-mumdounurt Ba Typnu Xykaiipa mapaxacujgaru

UMMYH >KaBoOnapHu TabMuHIOBUM T-Xyxaipanapnan ubopar. BI'BK éku MHC

(Major histocompatibility complex) raukonpoTenHIapH MaxCyC aHTUTCHTa Kapiiu

UMMYH peakusiHi OOIKapay.

NMMyH cuctemaHu siHa Oup y3ura Xoc XyCyCHSTH CHUCTeMa HUILIA0 4YMKapaauraH

aHTUTENAJIADHU aHTUTEHJIap OwiaH OMpuKUO yHTra crienu(uk OOFaHa ONHIIUIUD.

bup kanua ‘“Oerona” Oyimaran aHTUTEHJAp XyXalpa Ba TYKUMalapjia

U30JsIUsIaHran Oyauo, ynap Xxed KadyoH JuUMQOIUTIap OWilaH TabCUpJalIMailau.

Bbomkanapu sca yra mact koHueHTpauusui O0ynranu €ku BI'BK rnmmkxonporennnapu

OwiaH OOFJIaHMaraHjurd y4yH JuMponuTiapHu daommamTupmainan. Opranusmra

TEruiuIM OYiIrad MoJieKyiajiap 3ca UMMYH CUCTeMaHH “0e30BTa” Kuimaiiau. llyHra

KapaMaii, OpraHM3MHUHT KynruHa mojekynanapu BI'BK rmmkxonporennnapu Ounian

TabCUPJIAMIUIIH Ba TUMOOIUTIApHA (HaoTaTUPHUIIU cadaban TUMpOIUTIAp YIYH

“Ymwxa”  OYymamumap. by Typmanu gumdonutiap HMMMYH — CHCTEMaHHHT

TaKOMUJUIAHUIIN Kapa€HHU/Ia UHAKTUBJIAHTUPWINIIN Kepak. MHakTuBauus xapaéHu

B-xyxaitpanap Ba T-xyxanpanap €ku T-xenmep Xyxkapanap €paamMuia MyKOTHIAINA

éku cynpeccusinanagu (T-cympeccopnap €pnamuaa). Maskyp xapa€H Kam
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YPraHwiIranura Kapamau, MOJEKYJIaHUHI WYKOTWIMIIM EKU CYIPECCHACH YHUHT
KOWJIAIraH YpHU Ba KOHLUEHTpaLUscUra OOFIMKINTY aHUKJIaHTaH.

NMMyH cuUCTEMaHUHI €T MOJJAJIAPHU FOKCAK Japa)kafa TAHHUII XYCYCUSTH YHHU
XyXaiipa cucremacuia Ho€0 SKaHJIWTUAAH Janojiat Oepaayd. DHI aCOCHUIICH IIyKH, Oy
CUCTEMA JKyAa KYI COHJIM (DEHOTHNHMK XKUXaTAaH (apKIaHyBUM IOKOPH Japaxana
MyBO(DUKIaIITaH XyKaipanapaH noopar. bup xyxaiipana 103 6epran UMMYH XaBo0
Oomika xyskalipajiapra MMMYH TYp OpKaJu TapKaiulu Oy TypAaru XyskapajaapHUHT
Oup-Oupu OumaH TabCUPIAMNUO TYPHUILIMHU aHTTIaTalu.

AHTHUTEJOHUHT TY3WJIMIIA

AHTUTENO MOJIEKYJIACHHUHT UKKUTA YXIIalll aHTUTeH OOFJIOBYM KUCMTa sra 0ynno, Y
xap¢ura yxmad keTaau Ba y UMMYHOTII0OOyHH e atananu (13-pacm).

AHTUreH Gornoeum Kucm AnTUreH Gornosum KMeM

Orvp 3aHxup (H)

Enxrvn aarxup (L)

13-pacM. AHTUTENIO MOJIEKYJTACUHU TY3UJIUIIIH.

AHTHUTEH MOJIEKyJlach y4 €KW YHAaH OpPTHUK aHTHTCH JeTepMUHAHTajapura sra
OYynMuIIMIaH KaThbUi Ha3ap, aHTUTENO YJIapHU OMPUKTHPUO OJMIN XYCYCHSITHTA JTa.
AHTUTENIO MOJEKYJIacH aHTUreH OwiaH OupukuO uykamu. Yykuimn xapaéHu
(mpeuunuTanys) KYNruHa UMMYH KOMIUIEKCIapra Xoc Xycycusr 0ynuo0, Oy aHTHUTeH
Ba aHTUTENAa KOMIUICKCH XOCHJI OYITaHIMHW OwWigupaaud. AHTHTCHJIIApHU OOFiIad
OJIMIIT CaMapaJOpJUTH AHTUTEIO MOJICKYJACHUJaru WKKUTa “Iym’Jnap Oupiariran
KOWIa, aHTUTeH OOFJIOBYM KUCMJIAp YPTacCUIaru OpajuKHU Y3rapTUPYBUU “‘HIAPHUP
KHCM” XpcoOura ce3umapiu aapaxkasna omanau. IyHUHTIeK, aHTUTEIOHUHT IIapHUP
KHUCMH XMCOOWTa aHTUTCH MOJICKYJAJTapUHHA aHTHTEJIOTa OOFJIAHUII caMapaopiIuru
Ba 11y Omiia Oupra, yinapHu Oup-Ovupu OuiiaH OMPUKHUIIN XyCYCHUSITH XaM OpTaJIu.
AHTUTENATApHUHT  OpPTaHM3MIArd  XUMOS KWWl  QyHKusAcH  (akaTTHHA
aHTUTeHJIapHU OO0fyIad oJyvill OWslaH derapajaHMaau. Y “aym” UIITHPOKUAA Oup
KaH4a Oomka QpyHKUMsUTapHU XaMm Oaxkapaiau. MosekynaHuHr Oy KMCMU OOFJIaHTaH
AHTUTCHHUHT TAOMATUHU XaM aHHUKJIAIH.
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Orup 3arxupHUHr runepeapuaben

Orvp 3arKupHUHr Bapuaben KucmMu KvCMNapU
k.

une aben kuemn [\™
Paapu N, ¥ ) AHTUreH Gornosum

EHrN 3aHXUPHUHT
sapuaben kucmn

EHrn 3arkup-
HUHT rMnepeapua-
Gen kucmnapu

14 pacm. Mkkura yxmam (uaentuk) orup (H) Ba ukkuta Oup-Oupura yximain eHIui
(L) 3amxupnap/iad Ty3WITraH aHTUTENO MOJIEKYJIACH.

AHTUTETIOHWHT TY3WJIUI OUPJIUTH TYPTTA MOJUIENITH 3aHKUPAAH: UKKUTA YXIIIall
earun (L-light chain (errun 3amkup), xap Oupu TaxmuHaH 220 Ta aMHHOKHCJIOTA
KOJITUFUaH ubopaT) Ba UKKUTA yxiai orup 3amwxupaad (H-Heavy chain, xap Oupu
TaxMuHaH 440 Ta aMUHOKHCIOTAa KOJJMFUAAH MOOpAT) Ty3WiraH. 3aHKUPIAPHUHT
Oapuacu Oup-Oupu OWJaH KOBaJEHT OYIMaraH TabCcUpiap Ba KOBAJICHT (AUCYIb(OU
KyTipukiiap) Oofjapu oOpKainu Ouprnamrad. Axtuteno wojiekymacu L Ba H
3aHKHUpJapAaH  uOopar TEHI HMKKUTa SpUM  KUCMjapra odra. Xap Oup
uMmmyHornoOymuHHUHT L Ba H 3amxupnapu N-yumpa (Fab) 110 ta amuHoKkucnoTa
KoJImuruaaH noopar. Bapuaben KucMaaH TalIKWI TONTaH KOHCTaHT L 3amxupaan H
3amkup 3-4 Mapta y3yHpok OVmaau. Xap Oup 3aHKup JOMEHJIApAaH TAIIKWI TONTaH
o0ymu6, ymap L 3amxupHunr Bapuaben kucmu (V) Ba koHctaHTa Kucmu (Cp)
outranan, H 3amwxupHuHT Bapuaben kucMu OutTa Ba KoHcTaHTa (Ch) KucMHu 3ca 3
éxu 4 Ta nomenra sra. L Ba H 3amxupnap Bapuadesn KMCMIIApUHUHT aMUHOKHUCIIOTA
KETMa-KETJIMTUHUHT Y3TapyBYAHJINTH aQHTUTEH OOFJIOBYM ydYacTKaJTapHW TaIIKHUIT
KWIYBUM OMp KaH4Ya runepBapuaden Kucmiap OwiaH yerapajaHaan. Xap Oup KucMm
aHTUTEH JEeTepMHUHAHTIApU OWJIaH TabCHUPNAIIYBUM OemiTa €K OJTHTA YIIIEBOJ
KOJJWFM KaTTaIUTUra TEHr Xakmra odra KuacmiapgaH wuobopar. L Ba H
3aHKUPJAPUHUAT N-y4JId KACMH AQHTUTEH OOFJIOBUYM KUCMHHU TAIlIKWUJI KHIWO,
AMUHOKHCIIOTa KETMa-KeTJIUTUHUHT Y3TapyBYaHJIUTH Oy y4YacTKaJapHUHT XHJIMa-
XWUTATUHU TabMHUHIIANTH.
I'unepBapeaben Kucmiap
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15-pacM. AHTUTEIaHUHT THIIEpBapruade] KUCMIIapH.

AHTHUTEIOHUHT OOFJIOBUM KHUCMHM Bapuaben KucMHU 20-30 Ta aMHHOKHCIIOTa
Koiauriaapuaan noopar. L Ba H 3amkupnapHuHT Bapuaden KucMiIapyu aMUHOKHUCIIOTa
KeTMa-KeTJIMKJIapu Oyinua (papkiiaHyBUYM yuTa yHYa KaTTa OyamaraH rurepBapuaden
KUcMIlapAaH Ty3wirad. Kodran Kucmiap 3ca  KOHCTaHTa Kucmiapaup. by
MabJIyMOTJIAp aHTUTEH OOFJIOBYM KHUCMJIAp TurepBapuadben KUCMHUHT 5-10 Ta
AMUHOKHCIIOTA KOJIUFUIAaH Ty3WITaHIUTHHI OWJITUPaIH.

Koncrant xkucMm aucynbdun Oornmapu opkanu Oornanrad 110 Ta amMuHOKHMCIOTa
KOJAMFUIAH MOopaT Ba 3 Ta TOMOJIOTHK CETMEHTHH Y3 Wuura ojaau by y4 cerMeHr
aMUHOKHCIIOTa KETMa-KeTIuru Oyiinua Hucbaran romonoruk Oynmb, L 3amxup
KOHCTaHT KUCMHUJa XaM Oy rOMOJIOTMKJIMK Ky3aTuiaau. L Ba H 3amwxuprapuHuHT
Bapuabesl KUCM JIOMEHJIapu Oup-Oupura roMoJIoTMK OYIuO, y KOHCTAHT KUCMa
HUCOATaH KaMPOK TOMOJIOTHKIUD.

L Ba H 3amxupnapu TakpopiaaHyBuUMd CETMEHTIAp €KW JOMEHJIApAaH Ty3WIiraH 0ymuo,
Oup-Oupu OwiiaH MyCTakwi Tap3da aiinaHMa TapTuOla ypaiaraH KOMIIaKT
GbyHKIIMOHAT OUPIWMKHM TalIKWI KuiraH. JlapXxakukatr moJieKkyrna 3aHXKupu OuTTa
Bapuaben qomeH (Vi) Ba 6utra koHctant (Cr) KucMaH, kynunya H 3amxup outra
Bapuaben gomeH (VH) Ba yuta myctakuwin koHctaHT momeniapaaH (Cui, Cun, Cus)
noopar.

16-pacm. AHTUTENO MOJIEKYJIACUHU TY3UJIUIIN.

AHTUTENaHUHT Bapualen KMCMJIapy aHTUreHHU 00fnald onuiln BasudacuHu Oaxapca
H 3amkupHHHrT KOHCTaHT nomennapu d3ca (Cp; JaH Tamkapu) aHTHUTEIaHUHT
Oouonoruk xoccacuHu OenrunoBun Fc  kuemHm xocun kuiaad. 16-pacmia
TAaCBUpPJIAHTAHUJEK,  UMMYHOITIOOYIMHHUHT  Oapya  JOMEHJapu  yXuiail
MMMYHOTJIOOYJIMH JKaMJjlaHMacu 1e0 HOMJIaHAJAWTraH CTpyKkTypara osra. Kymosn
KuIub aiTranga, xap Oup AoMeH 4x2,5X2.5 HM XaXMIHM [WIMHAPCUMOH HKKHUTA
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OKCHJI KaTiaMuJaH ubopat “coHaBuy’ ra yxmad, OMpUHYM KaBaT y4uTa Ba MKKUHYU
KaBaT TYypTTa KUpMa KUCMJaH HOopar.

AHTHUTENIO MOJIEKYJaCUHUHT BapralOea KUCMU y3rapmac cTpykrypara ara 0ynuo, oOup-
Oupu OwiaH ynaHraH rumneppapuaden KucmiapiaaH nbopat. LIlyHMHr ydyH aHTUTEH
OOFJIOBUM  KUCMHUHI  XWIMa-XWUIMIM  ¢akaT  rumnepapuaben  KUCM
aMUHOKHCIIOTAJIAPUHU Y3TapuIINJIaH XOCHII OYIaiu.

L Ba H 3amxupnap runepBapuaden J0MEHIapu Oupraivkaa TabCcup KUIn0, yMyMun
aHTUreH OOFJIOBYM 103aHU ByXkyaAra kenrupanu (17 pacm). ['unepapuaben kucMmaaru
crenu(puK KucMiap XaXMu Ba (opMacu MOJUIENTH]T 3aHKUPUHE KOHPOpMAIIUsICUra
OOFHK XoJaTaa papkiraHau.

Enruni 3an:kup Orup 3aHxKHUp
17-pacm. AHTUTEN0 MOJIEKYJIACUHU TY3UJTUIIIH.

MeMmOpaHara 0OfJIAHT'aH Ba CEKPeUMSJIAHYBYH AHTUTEJI0JIaP

AHnTuTenanmapHuHr Oapya Typiiapy MeMmMOpaHara OOFIMK Ba OJpPKUH XO0J/a
cuHTesNnaHagu. MemOpanara Ooriuk adHTUTenonap B-xyxkaiipa-map ro3acuma
AHTUTCHJIAPHU TAHUII YUyH perienTop Bazudacunu Oa-kapaau. AHTUTCH XyKalpaHu
(daomnamTUpraigal CyHr, Iy TypJard aHTUTENa dPKUH XOJAa cekpelusianaau. by
xapacn (axkatruna [gM HuHr p-3amkupHuHr C-kucemuja gapkiaHaau. B-xyxkaiipa
MJIa3MaTUK MEeMOpAHACMHUHT JIMIMUJ KYIIKaBaTUra MycTaxKaMJaHraH MeMmOpaHara
OOFJIMK aHTUTENIO 3amkKupu TuapodoO ydacka OujaH Tyraca, CEKpe-IHsIaHyBYH
TypJa 3ca, IOKOpUJArwiapiaH TallKapyd MOJIEKYJIaHHW MeMOpaHa OpKajiu YTUIIMHU
TabMHUHJIOBUM TUAPOPUIL “aym’” Ta ara 0Vnaau. B-xyxaiipa dakaT ramiou]1 reHomMaa
C reHHuHT OMTTa HyCXa- CHTa ATAJUTH MKKUTA TYpJId KOHCTaHTa KUCMiapra 3ra B-
XyXalpaHuHT | -3aHKMp CHHTE3UJa HINTUPOK OTHUINM JacTiad mapagokc
XUCOOJIaHTaH.

AnTuren B-xyxaiipanu ¢aosamitupraiia CyHT, apojaru w-
samkupHuHr PHK-Tpanckpuntiapuaa y3rapuin 103 6epaau Ba sSHTU TPAHCKPHUIITIAP
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MeMOpaHara OOFJlaHTaH |L-3aHKUPHH KOJIJIOBYM TPAHCKPUNITIAPHU XOocH Kuaau (18
pacm).

B-xyxaiipanu ¢aosutaHuIIM >kapa€HHWJa aHTUTENAa CHUHTE3U OOIlKa Xojarra yTuoO,
1a3MaTuK MeMOpanara 0ornuk xoina H-zamwxkupaunr PHK-Tpanckpuntu y3rapaau.
H-3aHKUpHUHT MKKUTA mWakiad ¢akatruHa C-oxup KUcmilapu OwiiaH (apkiaHaiu.
MemOpanara OOFJIMK aHTUTENO MeMOpaHajga yluiad TypUIIHM TabMHUHIOBYU
ruapodo0d “aym” ra sra
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Oyrca, CeKpenrsUIaHyBYM aHTHUTENO dCa XyKaipa MeMOpaHACHJIaH YNKUO KETHIIHU
TabMHUHJIOBUM THUIpOPUT “aym” Ta 3ra OVmaaun. MemOpaHara OOFJIUK aHTUTEIAHUHT
H 3amxupura xaBo6 6epyBun y3yH PHK-Tpanckpunt nonop-akuentop caitura sra
0ynu0, cralicuMHr >kapaéHuaa rugpodua “aAymM” HU TabMHHJIOBYM KETMa-KETJIMK
KecuO TanuiaHaau. AKCUHYA TUApoduia “myMm” CHUHTE3Wra >kaBoO OepyBYM KHCKa
PHK-Tpanckpuntiap criaiiCHHIIaHMan Iy,

AHTHUTEJI0 MOJIEKYJACHHUHT HIANOTUILIIAPH

AHTHTENONAp OpraHu3MHH (aKaTThHAa HHPEKIHUSIIapAaH XUMOS KWUJIUO KOJIMaid,
OaJIKM MMMYH JKaBoOJjap perysiusicuIa XaM MyXHM axamusrra sra. ['ymopan
OOIIKapyB aHTUTENOApP UIITHPOKUAA OOPaIH.

bab3an mMMyHOTIOOYIMHIAPHUHT Y31 aHTUTEH XyCYCUSATHHH HaMOEH Kuiaau. L Ba
H 3awxupnapHuHr BapualOel KUCMU AaHTUTEH OOFJIOBYM KUCMHUJIa >KOWJAIITraH
AHTUTEH JIETEPMUHAHTAIApY MAMOTHILIAP 10 artanaau (19 pacm).

Wavotun Wavotun Wavorun

19-pacMm. AHTHTENONAP UINOTUTIIIAPU

Xap Oup crnenudUK aHTUTEH OOFJIOBUM ydacTKa Y3WHUHT  HUJIAOTHILIAP

nuruHaucura ora. [IlyHUHT y9yH MAJIJTHOHJAH OPTUK aHTUTeH OOFJIOBYM KHUCMTa 3ra
XaBOH MMMYHOIUIOOYJIMHJIApY MUJUTMOHJAH OPTHK HAHOTHIUIApra 3raaup. JIeKuH
opraHu3Ma Xxap OUp MIUOTHII KyJla 03 MUKJIOPAA yupauiy, my cadbadiyu XaiBoHIap
Y3 UOMOTUNUTA TOJEpaHT (duumamiu) OymMmaiau. V3 aurtutenocu GuiaH
MMMYHU3AIMsUIaHTal opranu3M B- Ba T-Xykaiipa opkaiay MMMYH XaBOOHU XOCHII
Kwiaau. IMMyH CUCTEMaHUHT aHTUTEeH OOFJIOBYM YYaCTKACH UIMOTUIT-AaHTUUIUOTHUIT
TabCUpJIapU OWJIaH MOTEHIMAN J1apaxkana Ooryanra (20-pacm).
A aHTUTreH O0OpUITaH XaBOH OpraHMW3MUJA acTia0d aifHaH 1Ty aHTUTEHTa KapIiu
AQHTUTEJIO XOCUJI OYaau, KeMMHYAIUK 3ca, A aHTUTEJIO UINOTUITMTAa aHTUTENA Ba V3
HaBOATH/1a AHTUUIMOTHUIT AHTUTE-JIOra KapIllk aHTUTEN0 axpanaau. by ypunaa nryHu
alTUII KEpaKKHW, TYpPJIW UAUMOTHIUIApra Sra aHTUTENa aXpajdaJauraH s>kapaCHIapHU
OOII-KAapWIMINKA Xaldu TYJIWK YpraHuiMmaran. Arap XaillBoH Y3 OpraHu3Muaaru
XOoXJlaraH MAUOTHITa KapIlk aHTUTeNa MILIad YMKca, KaHmal kapaéH o3 Oepamu?
Opranm3mzaa xyna Kyn Typid HIUOTUIUIAp Ba aHTUTEH OOFJIOBYM ydacTKaiap
OopnurvHU XUCOoOTa OJlauran OyJcak, aHTUTeH OOFJIOBYM KHCM ypTada Xucooaa ¥3
MMMYH CUCTEMACHHUHT OUTTA UIUOTUITMHU TAHUIIIH JIO3UM.
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T Ba B-xyxaifpamapHuHr 0ab3u UAHOTUIUIAPH yMyMHUIIHMru, Oy skapaéHaa
TUMQOIUTIAPHUHT WKKalda CUHGU XaM KaTHAUIUHU Oungupand. LlyHuHr yuyH
UMMYH >KaBOOHHM MYCTaKWJ JUMQPOLUMUTIAPHU AHTUIEHTa Kaplid PEaklMsICH dMac,
0aIKi UIMMYHOJIOTHK TYPHUHT >KaMJIaHTaH >kaBOOM J1e0 KaOyJ1 KUJIHII JIO3HM.

aHTH-A peenTopiu TMMOOIUT

o
Jlumpouwmt 1 anTUrEeH Jlumorut-1 uanotun aHTU-A
JNETEPMUHAHT A HU OUPUKTUPHUO penenTopura 3ra Ba yH TAHUUAUTaH 3-
onmumy. Jlumdouut 1 uauotun IUMQPOLUT OUIIaH TabCHUPJIALIUIIN
skcnpeccus Kwnaauran antures A MYMKUH.

JETepMUHAHTHUIa YXIIaIl 2-I1uM-
domuT peuentopiapu ouiaH y3apo
TabCUPJIALTUIITN MYMKHH.

20-pacm. Anoxuga Outra aumdouut Oomka auMdouuTiap OWiIaH HWAUOTHI-
QHTUUAUOTHII aX009alapy OpKAJIA TabCUPJIAITUIIT MYMKHH.
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AHTHUTEI0JaPHUHT (PYHKIIHOHAJ XYyCYyCHUATIAPH

B-nmumbonutHUHT  QyHKIUSACH aHTUTENAa MNUIA0 YUKApHIIaH HOopaTaup.
AHTHUTENONAp TJIMKONPOTEUHIap Oyiub, yiap MWUIMOH XWIJaH OPTUK Typra sra
aHTUIeH OOFJIOBYM KUCMWIAPAAH TAUIKWI TONTaH. YJap YMyMHUI UMMYHOTJIOOYJINH
HOMU OWiaH aranud, KOH IIa3Macu OKCWIMHU TaxMHMHaH 20% ra sSKUH KUCMUHU
TAIIKWJI KWJIAIH.

IOxcak mapaxana Ty3wiran ymypTKaluiap/a aHTuTeaaranuar oemr cuadu IgA, IgD,
IgE, IgG, Ba IgM nap yupab, ynap ¥3 HaBbatuna o, 0, €, Y Ba i1 H-3amxkupura sra.
bynnan tamkapu IgG Ba Oomka uMMyHOTnOOynWHIap KHYMK cuH(uapra sra. H-
3aHKUPHUHT “IyM” KACMH UIMMYHOTJIO0YIHHIAp CHH(PHUIa MyXUM POJIb YIHANIH.

5 \ﬁf/ _.

Trmenue yenu 7 TrRensie uenu a ThRensie uenw € Tamenuie ygnu b TRMENEIE YENK

21-pacm. AnTuTenonap cuHdiIapu

IgG—0y Typnaru anTuTenaNa KOHAArM UMMYHOTJIOOYJIMHIAPHUHT aCOCH KUCMUHU
TAIIKWI KUJIaaAu. ¥Yiap HKKWIAMYH HMMYH KaBo0 kapa€Huja Ky MUKI0pa UIad
yukunaau. [gG vunr Fc kucmu cneruduk daromurap xycycusarra sra Mmakpodariap
Ba NOJUMOpP(} sapora nsra JedkouuTiap OwiaH OOFIAHMIIKM HaTWXacuaa, Oy
XyKalipanapja MUKpOpPraHU3MJIapHA KaMpad OJIMII Ba 3pUTHO HOOOpHUII XYCYCUSATH
I0OKOpH Aapakana 6ynaau. FOxopuaa kaita stuirad skapaéunap [gG MosiekynacuHUHT
¢dakatrmHa  OWTTarMHa  XyCYCHSTH  XoJioc. byHmaH  Tamkapu, MasKyp
MMMYHOTJIOOYTMHHUHT FC KUCMU KOMIUIEMEHT CUCTEMAaHUHT OUPUHYM KOMITOHEHTH
Owinan Oupukuo, Oy cucreManu (aoJTAITUPAIM Ba HATHXKa/la MUKPOOTaHU3MIIAPHU
XaJioKarra oJii0 KeJamau.

Nmmynornodynmua G HacijaH-Hacira YTyBUM sAroHa aHturenonup. OHaHUHT
uynmom Xxyxkawpamapuna IgG wHuar Fc KucMuHuM O0Fiad  OMyBUM Maxcyc
penentopiaap OYnubO, ynap HaciIaH-HACciATa YTUIMHU TabMuHIaiau. Jlactiao,
aHTUTENIO peuenTtop €épAamMuaa MUHOLUTO3 YCYJIM OpKaJlu WyNaolra IOTUIaaAd Ba
aBJ0J] KOHMTra D3K30LIMTO3 YyCynu EpaaMuja YMKaaud. AHTUTEIOJApHUHT OOIIKa
Typiapuaa OyHJai XyCyCUsT Ky3aTWIMAaraHJIury Y4yH HacllJlaH Haclira yTMaiau.
IgG wmonekynach WKKMJIAaM4YM WMMYH JkaBoOjapja HWINTHPOK  DTaauraH
UMMYHOTJI00yJIMH Oyica, OMpJaM4M MMMYH >KaBOOHUHT AacTiia0ku OOCKHuIapuaa
IgM xocun 6ynmanu. IgM Monekynacu cekpelusiiaHaJural xoJjiataa Oermra TYpT
3aHXKUPIM MeHTamep Oupiurugad uoopar 0ynub, ymymuit 10 Ta anTureH 60FI0BUM
kucmra sra. [lenramep xonatra sra I[gM monexynacu IgG ra Huc6aTaH KOMIUIEMEHT
CUCTEeMaHu sXWupoK daomtamtupand. IleHTamep MoJieKyJTacCMHUHT — Oelita

Ooupiuknapu J-3amxup (joining chain— OornoBum 3amkup, TaxmuHan 20000 ]
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OFMPJIMKKA 9Ta) arpoduaa 6ornanraH. J-3amkup [gM unurad ynkapyBum xXyskapaiap
TOMOHMJIaH CHUHTE3JIaHald Ba HMMMYHOINIOOynuHHM Fc KucMiapuHM KOBaJICHT
00F1a0, OJTUTOMEPJIAHMII KapaéHUHU Ooniaiau (22-pacMm).

B-xyxaiipanap BakT yTuimiud Owiad OolIKa TypAaru aHTUTENANapHU WMOUIA0 YUKa
oomaiau, 6upox yiap IgM mosekynacuHu UIIad YMKUINIAH TyxTaMaauiap. B-
XyXapanap Xaidd TYJIUK eTWwiIMarad B-XyxalpalapHUHT PUBOKITAHUILIN
HATHXKacuaa BYXKyATa Keiauo, yiap [-3aHKUPHU (€HTHIJ 3aHXKUpP OYHJAH MYCTacHO)
uiIad YuKapaau Ba YHU TYTUIaNIu.

Keiinnuanuk Tynuk etwiran B-xykaiipanap eHruia 3aHXUpPHUA CUHTE3Mail Oonuiany,
KeWHH 3ca Oy 3amKup |-3aHKUp OniaH (MKKUTA L-3aHKAP Ba UKKATA CHTUJ 3aHKHUD)
MJIa3MaTHK MeMOpaHaaa Kynmnumo, meHTaMmep xoaataaru [gM mosekyIacuHu XOCHIT
kunanu. [y BakToan

M - OTUP 3aHXUPH

/

/ EHrAN 3amxup

—e—— [lucynbtup Gornap

22-pacm. [gM HUHT Ty3UnHILIA

oomwad, xyxaiipa B-nmumdonurtra ailaHaay Ba aHTUTEH OWIAH TabCHUPJIAIIMII
KOOmnusTUra sra Oynaau. AHTUTENOJApHUHT Oapya CHHQU TYJIMK eTUIMaraH
XoJlaTAa XyKaipa W4uja Ba aHTUTCH TAaHYBUM PEIENTOPJIApW Maino OynraHmaH
cynrpa MemOpaHa fo3acuja Oynuiura Kapamai, B-XyxkaiipamapHUHT fo3acuia
acocan IgM Ba IgD nmap 6ynamm. baw3u B-xyxaiipamap sca IgD cuntesu yuyn
(paosTaIIUII MyMKUH.

IgA — ummyH xaBoOsia MyXuUM poJib ViiHAO, acocaH CyT, CYJak, Ky3 €M Ba IIyHTa

VXAl CEKpeuuss Maxcylomiapuia ydypauad. Y MOHOMEp €KH AUMEp XOJaraa
oynanu. Cekpernust maxcyiaoTiapuaa [gA numep xonatna 0Vnub, Outra J-3aHkupiau
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Ba KYyIIMMYa CEKPETOpP KOMIOHEHTH €0 arajaJuraH TMOJUNCHTHI 3aHXKUPHUIaH
nooparaup (22-pacm).

& AnTurex 60rnosumM /

xucmnap
23-pacMm. [gA HUHT Ty3WIHIIN

Humep xonataaru IgA kynuH4Ya s3nuTenuil, nyak, OpoHX dMUTENUNCHIA EKU CYT, KY3
€111 Ba CyJaK UyJlapuia yuypauiu.

Onurenuii  Xyxahpalapua CHUHTE3JIaHTaH KOMIIOHEHT (axpaiManap) nactiad
Xy)KalipaHuHr Oa3zayl 1o3acuja KoHjaru IgA OwinaH OOFJIaHUIIAA PEUENnTop
BazudacuHu yTanau.

Komnonent Ba IgA ¥pracuma xocus OyaraH KOMIIEKC perentop Epaamuaa
SHJOIMTO3 yCYyIuaa XyKaiipa MuMra KApaau Ba XykahpagaH 4yukuO keramu (24-
pacMm). CekpeTop KOMIIOHEHTHUHT OyHaé TpaHCHOPT QPYHKIMSICH UMMYHOTTIOOYIIHH
MOJIEKYJIACUHU MPOTEOIUTHK (hepMEHTIap TabCUPHUAAH caKi1ad KoJaau.

Xy=afpd Towxw
Bywnurv

anuTenuan xyxamnpa

Anmep IgA
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24-pacm. Cekperop KOMIIOHEHT EpAamuia aumep Xxongard IgA Hu snurenuan
XyXKapa OpKaJId YTUII MEXAHU3MHU.

CexpeTop KOMIOHEHT INIMKOMPOTEUH MoJIeKyjaaan udopar 0ynuo, y 6a3an kaBariaa
auMmep xongaru IgA wmorekynacu OuiaH Oof-TaHYBUM pelenTop BasudacuHu
Ooaxxapamu. CekpeTop KOMIOHEHT Ba IgA Vpracumarm KoOMIUIEKC Xyxaipara
SHAOLMTO3 Mydakyasapu OopKa-d YTUO, SK30IUTO3 yCyauaa Xy>KalpaHUHT aruKal
103acura ynkuO xetaau. Keitnn, cekpetop KOMmoHeHTHUHT qumep IgA Monekyracu
OunaH OOFNIaHTaH KUCMU y3HWJIa Iu.

IgA wmonekymacuauHT FC KucMU TYKMMa Tyna XyKaipainapu Ba KoHAaru 6a3oQui
JNEHKOLUT OKCHIUIApH OWIIaH Kyja oKopu crenu-pukmk (>10° murp/mons) 6unan
O0ofnaHnO, aHTUTEeH Y4YyH pelenTtop BazudacuHu yTaliau Ba Oup KaH4Ya OMOJIOTHK
daon amuHmap (Kymua-JaH, THCTaMMH Ba 0ab3u Xyxalpanapia CEpOTOHHH)
cekpenuscura cabadbuu 6ynaau (24-pacm). by amMmuHnap KOH TOMUPJIAPUHU KEHTaii-
TUPUO, TOMUP JACBOPIAPUHUHT YTKAa3yBUAHJIWUTHMHU OIIMPaJAN Ba OMp KaHYa acTma,
SIIAK €MU KaOW aJUIepruK peakuusiap maijo Oymummura oaubd kenaau. [IlyHunraexk,
Oy ¢aos MojTanap sULTUFIIAHTAH >KOMAa JEUKOIUTIAp, aHTUTEIaIap Ba KOMILIEMEHT
KOMIIOHEHTJIAPH TAbCUP-JIADUHU CHTMJUIAIITUPAIN.

Qaoumanran B-xyxkaiipanan axpairad IgA Tykumara TymrasaaH cyHr, Fc kucmu
OpKaJIi TYJa XyXKaipa ro3acujard peuentop OuiaH OofiaHaad Ba IIYHUHT YHHUHT
Y4yH TyJia Xyxaipanap Ba 6azodumnap (B-xyxkalipanapaan ¢apkiaHyBud) r03acujia
TypJIM aHTUTE€H OOFIIOBYU

Tyna Fucramuu

Xyxaipa . cexperop
@)

_ES cneunduk MynbTusaneHr FucTamuy ak3ouuTo3
Fc yuyH IgE HUHr 6ynraH pey P AHTUIeH KYWHM épnamu na axpanub
cneumcuk peuentopu  Gunax GoFnawanu IgE Hu Gornaian yuKaou

25-pacm. E-ummyHornmoOynmwHIapHW Tyma Ba Oazodmn Xykailipanap OwuiaH
TabCUPJIAHUIITH.

KUCMJIapTa dra aHTuTenanap MaBxkya Oymaau. Xyskaipa ro3acuaa >kounamrad IgA
MOJIEKYJIaC aHTUTeH OWJIaH TabCHUpJAllTaHAaH CYHT, Tyja (pycua: Ty4HbIE KJIETKH)
XyXadpanap (aoyuuiamaay Ba HaTWKaga THCTAa-MUHHU DK30IMTO3 Mynu Ouiad
aXXpaTaju.

Bor10BYM KUCMJIAPHUHT COHM BA YXIIALLIUTH

AHTUTEHHUHT aHTHUTENO OuiiaH Oormanuiy (epMEeHT Ba cyOCcTpaT OOFIaHMINN KaOu
Kaiitap xapa¢uaup. byHma Oup KaHua KoBajieHT Oyiamarad ruapodod Ba BOAOpO.I
Oofmapu KabW Kyucu3 OOFfmap HINTUPOK 3Tagu. by kyucus Oornmap QaxaTrusa
aHTUTEH Ba aHTHUTENa MOJIEKyJajJapu KOMIUIEMEHTap OyiraH XoJJaruHa caMapaiid
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XucoOIaHaau. AHTUTENA MOJIEKYJIAaCH 1a AHTUTEHTa KOMILJIEMEHTAp OOFJIOBUYM KHUCMH
O0ynmu0, y aHTHIeH JeTepMHUHAHTacu OwiaH MYyBOHUK KeTuIu Kepak (26-pacm).
Kynruna anTtureH makpomoJieKyjanapu OWp KaHya TypJid ACTepMHUHAHTIIApra sra
Oynanu. Arap Oy neTepMUHaHTIAp Oup Xuia Oyiica, yjaap MyJIbTUBAJICHT aHTUTEH J1e0
aTajnaju.

AHTHTEH JeTepMUHAHTH (AT) Ba aHTUTEH OOFJIOBUM KHCMU (AT) ypTacuaaru Kaurtap
peaKIMsIHN KyHuaaruia TacBupjaanm MyMKuH: Ar+AT* = ArAT.

by yxmamumuk koHcTaHTacd, OomKada KWJIMO alTraHja, OOFiIaHUIN (acCOIIMAIIHS)
koHctanTacu (K) ne6 aranaam. byHaaH aHTUTEIOHWHT aHTUTEH OOFJIOBUM MapKasH
OpKaJIM aHTUTCH JIETEPMUHAHTHU (AT) KOHIICHTPAIIUSACUHNA XUCO0JIa0 TOMUIIT MyMKHH.
Arap [ArATt]=[At] Ba K=1/[Ar] O¥ica, aHTHreH OOFJIOBUM YJaCTKAHUHT SPMH OaH]I
Oynaau. AHTUTEIIOHUHI aHTUIE€Hra OYJraH YXIIAlIIUK KOHCTAHTACH MYXUTAAaru
QHTUTeH OOFJIOBUMHMHI spumura capd OynaauraH aHTUIEHHUHT TeCKapu
KoHIleHTpanusira TeHr. Opatna K 5x10* gar 10'? raua dapkianaan Ba K HUHT 104
JaH KW4uK Oynran Xd¥QTu OMOJIOTHK KUXAT/IaH caMapail XUcoOiaHau.

AHTUTEH IETEPMUHAHTH OWUJIAH aJIOXM]la AHTUTEH OOFJIOBUYM KUCMHHMHT VXIIAILTUTH
MYBOQUKIUK JapakKaCUHM aHTJIaTagd. AHTUTEIOHUHT MYJIbTHUBAJICHT AHTUTCHIa
Oynran aBuIUry (CeU(UKINTY), AaHTHTEITAHUHT Oapya OOFJIOBUM ydacTKaJlapyuHU
Oupranvkaard TabCcUpiamui KyduHu/anrnaraad. Onataaru [gG MonexymacuHUHT
aQHTUTEH OOFJIOBUM KHCMJIApU OUTTA OOFJIOBUM KHUCMra HHUCOATaH MYJIbTUBAJICHT
anturex 6unan 10000 mapta Ky4 60fnaH'§Qz[I/I.

Kyn xwunpmaru Kyn uAeHTUK  (YXmiam)  JAeTepMUHAHTIAp
J€TEpPMHUHAHTIIAP (MyTBTUBAJICHT aHTUTEH)

26-pacM. AHTUTEH JIETePMUHAHTATIAPH.

[lynapau xucobra onran xonna IgG Ba IgM MonekynanapyuHUHT ajgoXyja aHTUTCH
0ofnoBun Kucmitapura Hucoatad IgM (10 nan opTUK) HUHT Oapya aHTUTEH OOFJIOBYU
KUCMJIADUHU  aHTUTEeHra OyiraH aBUJUIMTMHU TEHrcu3 Je0 Oaxojaml MYyMKHH.
AHTHTENIO0 MOJIEKYyJa-TApUHUHT aBUJIUTU YpTacuaard Gapk Myxum OVianbd, UMMyH
’KaBOOHMHT OONIIaHFUY OOCKHYIapHaa WMIUIa0d YMKApWIITaH aHTUTEIanap KEHHHTH
Oockuwiapaa WIUIad YMKApWITaH aHTUTEJIoJIapra KaparaHja, aHTUTeHra HucOaTaH
KaM aBUJUIMK KoOumustura sra Oynmaau. MmMmyHH-3anusanan cyHT, Oy XyCYCHUSTHH
OPTHIIX VXINANUIMKHU eTwiauimm nevwiaan. lllynra xapamait, IgM mosekynacu
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MMMYH >KaBOOHUHT JacTiaOKu OOCKHUIapuia XaMm >KyJa IOKOpU YMyMHI aHTHUTEH
aBUJUIMTUra 3ra Oynaau.

[Ipenunuranuss peakuusCH MYJIbTUBAJIECHT AHTUTCHHUHI OWBAJICHT aHTUTENaIap
OwmaH OMpUKUILIU acocuja 0opaau. by xonatna Oup aHTUTEH JAECTEPMUHAHTH OWIIaH
OMp Typlaru aHTUTENIO Y3apo TabCHUpJallica, peakuus Ky3aTWIMaiau. Arap aHTUT€H
OuBaJIeHT Oyica, y aHTUTENO OWlaH yHYa Karra OyiIMaraH LUKIMK KOMILJIEKCIap
Xocui Kuinagu. Maboio y4 Ba yHAaH OpPTUK aHTUT€H JE€TEpMUHAHTHUra sra Oyica, y
X0J/1a Te3 MPEeUMUNUTANUSIAHYBYM Y4 YIUOBIU Typiap xocunl Oymamu. bupop Oup
AHTUTCHIa KapIiu aXpaTuO OJMHIaH aHTH3apao0 TapkuOWaa Typiaud AaHTHIEH
JCTEpMUHAHTIIAPH OWJIaH TabCUPJIAHYBUYM Xap-XWJ aHTUTENajIap MaBxyn OYyiuo,
ynap Oupranukaa oupukaguiap. bynapaan ¢apkiu paBuia MOHOKIOHAN aHTUTENA
OWTTa aHTUTEH JETePMUHAHTUIA 3ra aHTUTeH OWIaH peak-luAra KUPUIIHO YHU
gykTUpanu (25-pacm).

AHTHTEJ0JIap €T MOAJAJApra KAapIIy Kypaujaard axaMusiTH

AHTHUTENa OpraHW3Mra KMprai MHKpPOOpraHU3MJIapHU (aronuriap Ba KOMIUIEMEHT
CUCTEMAcCH OpKaIM WYKOTWIUIN >kapaéHuHu Oomnwiad Oepamgu. Ammo, Oy
aHTUTEJANIApHUHT MH(EKIUsuIapra Kapuil KypallUIIMHUHT SITOHA YCYyJIM 3Mac.
MembOpana 103acu aHTUTENONAap OWIAH KOIUIAHTaH XyKahpanap (¢aromuroscus)
aHTuTena Fc kucMu OuiiaH TabCUpIIalIUII XycycusiTura sra. by Typaaru xyxaiipanap
K-xy:xaiipanap spHM Kuoiepaap ne0 artanu0, kypuHum >xkuxataan B Ba T
Xyxkaipanapra Vyxmaidam JsekudH B Ba T Xxyxkaiipanap xwucoOman-maiinn. by
XyKalipanap opraHu3maard €T MoJaJalapHy WYK KWIHII kapaéHuaa (aromutiap Ba

KOMIUIEMEHT cucTeManu (aosutamrupanu (27-pacm).
Xy*aihpa TaHacu

Aututenanap épgamuaa ET MOAAaHM KOMNNEMEHT AuxTuTEenanap ea xyxaupanap épaamuaa
haroyuTo3 XapaéHuHm cucTema épaamuaa nyk &T MOAZAHN YK KMNHLW XapaéHn
chaonnawyeu KUNUHULLK XapaéHu

27-pacM. AHTUTEHJIApHU WYK KUJIUIT yCyJapHu.

bynnan tamikapu, aHTUTENa BUpycliap Ba OakTepuan TOKCUHIAP (OOTYJIMH TOKCHHM)
Ownan OofnaHuO, Maxcyc VipKa-Xykailpa penenTtopiapura — OOFJIaHMILWHU
TabMHUHJIAHAN. YMYPTKaIM OpraHu3miap €T Mojjanapra Kaplid aHTUTeNa HIad
YUKapUIL XyCycusTra ara OyimMaca Te3ga HoOy | OYJINIIN MyMKHH.
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KommnuiemeHT cucremacu
KommnieMeHT cucreMa aHTUTENaHUW €T MOJJAJApHU WYK KWJIUIIra KapaTuiraH
GYHKUMSACUHH TYIIUpUO Typaau. Y yMypTKalu OpraHu3M-JapHU TypJid OakTepual
uHpeKIusIapIad  XUMOsI KWJIYBUM acocuil Kypoiaup. KommiemeHT cucremacu
dakarruHa €T XyXKailpaHu JW3HC-JIaMaid, MHQEKUMJIaHTaH XoWra QarouuTiapHua
*an0 Kuiaad Ba ylapaa MUKPOOPTaHM3MJIAPHU IOTHIN Ba WYKOTHUIN KOOWJIMATUHU
Ky4auTUPaIH.

KomnuieMeHTHUHT ¢aoiiamyBu
Kommiement cucrema 20 maH OpTHK KOMIIOHEHTTa 3ra OynraH Mypakkad OKCHI
cuctemMacura 3ra. bynapauHT 6apdacu TYKuMa CYIOKJIUTH Ba KOHJA aiIaHuO I0pyBUN
24000 man 400000 I orupiukka 3ra OyiAraH spyBYaH OKCHJUIAPAUDP. YJIapHUHT
KYIUWINTA OUpop TabcUp €EKU MMMYH KaBoO OyiMaryHda Qaoiammaiam.
CucteManuHr (Paosi-nanryBu Xysxaipa qusucura cadad OyIyBUM KOMITOHEHTJIAPHUHT
(C5, Ce6, C7, C8 Ba C9 kaTTa OKCHJI KOMIIOHETH XOCHJI OVIMIIM OuiIaH OOFIUKIUD
(JINTUK KOMILUIEKC).
KeinHru KOMIOHEHTIAPHUHT XOCWJI OYiuid, nactiabku kommo-HeHTaapHuHr (Cl,
C2, C3, C4, B Ba D omunap) ¢aonnanryBu HaTu-kacuja 103 oepaau. by epna B Ba D
oMIWIap TYpJaH TNPOTEOJUTUK ¢depMeHTIap Oynumu MyMKuH. JlactmaOku
KOMITOHEHTJIADHUHT KYMUu-IUrd npodepmeHtiap Oynubd, daon xomnarma Oyiaau.
Arap Oupop mnpodepmeHnT crnenudbuk Tap3ga, Napyaganca ¢Gaosl MPOTEOIUTHUK
(depmeHnTra ainaHaau Ba y3 HaBOaTHaa KeWHHru npodepMeHTHU mapyanaiau. Kyn
xoJyiatiapaa ¢aos KOMIOHEHTIap MeMmOpaHa OujaH MycTaxkaM OUpHUKHO, skapacH
acocaH Xy»kaiipa MmemOpaHacuja 103 6epaju.
Kommmement cucreManuHr KOMIIOHEHTH (C3  HUHI MapyallaHUIl — OpKalu
(daomnanryBy, KOMIUIEMEHT cucrema  (aoulallyBUAard  acocuil  peaxkuus
xucobnanaau. KommemeHT cucrema C3 MKKU XUJ yCyJAa: KIACCUK Ba albTEPHATHB
nynnap Omnan Qaonnamanu. Mkkana ycynna xam C3 kommonentn C3-KoHBepTasza
TabCUPH HATIDKACH[A TapyaiaHaau Ba Oy Typnu iyuiap C3 KOHBEpTa3aHM XOCHII
oynmummura onmu6 kemanu. Jlekun C3-xkoHBepTaza KOMIOHEHTH MPOTEOIUTHK KacKaj
3aHKUPUHUHT JacTiIa0Kd OOCKMUJIapuaa XOCHJI OYIraH MKKUTa KOMIIOHCHTHHUHT
Kymuaumuaan  xocun  Oymamu.  C3-konBepraza wukkura C3  KOMIOHEHTHTA
napuyananu0, ynapuunr karracu (C3b) ymka Xyxkaiipa memOpanacura OMpUKaIW.
Kuuuk monekynacu spuu  (C3a sca Tyna xyskaidpanapra TabCup KWiuO, ylapaaH
MeauaTopiap axpanauo uukummura cabad Oynamu. Keilmnru 6ockuunapaa sca, C5-
koHBepTaza C5 KOMIIOHEHTHMHHU Mapyanaiad Ba Oy KEWHHTM KOMIIOHEHTJapJlaH
tapku0 Tomran (C5-C9) nUTHK KOMIUIEKCHHMHI »KamylaHuIuura oiu0 kemagu (28-
pacm).
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Knaccuk ycyn AnbTepHaTuB ycyn 2 8-p ACM. KoMiuieMeHnT

CUCTEMaCHHU
@ aNbTepHATHB Ba KJIACCHK

ycynaa daonanryBu.

Xap Oup (daomnamran

il -5 depmenT KEMHHIU
(GepMEeHTHH  Mapyajanl

HaTIOKacuIa Kackajl

WV daoamntys XOCHIT

—< Oynanu. Bynunr
HaTYOKacuIa XOCHIT

¥ Oynran MoJIeKyanap

C5-xoHBeprasza
$haoa JIUTUK KOMIUIEKCHU

XocWsl Oynuimmura oauo
KeJaju.

Xyxaiipa nuaucu

KommiemeHT Gao/JuIallyBUHMHT KJIACCUK YN

Knaccuxk iyn Cl1, C2, C3 Ba C4 napHu y3 wuura onu0, ojaTAa YHUHT
daomnmamyBu IgG Ba IgM MmomnekynanapHu MHUKPOOPTaHM3M [O3aCHJIard aHTUTEH
Ownan OornanrangaH cyHr 103 Oepaau. Cl1 kommnonentu yura Clq, Clr Ba Cls
cyooupnuknapaan noopar. Clq 400000 monekysssp OFUpJMKKA 3ra, KaTTa, OJITUTA
JI0J1a TOXKMOaprura yxmani, rio0yisip “Oomnrdain’ Ba KOJUIareHCUMOH  “Aymua’ JaH
nbopat. Onruta yxmai cyooupiaukiap sca ¥3 HaBOATH 1A Y4 XU TYPJIM TOJUMETTH]
3aHXKHUpJIApPHU TalIKWi Kujdaau. Xap Oup cyOOupnukgarn Oy MOJUMOENTHA
3aHKUpJAapHUHT C-CYHITH y4d TI0OyNsip cTpykTypara 3ra 0ynu0, N-CYHITH yuu 3ca
KOJUIAr€H OKCHWJJIapra MaHCy0 aMHHOKHCIIOTa KeTMa-KeTimrugaH ubopar. bapua
ontuTa cyoOupnukinap Oup-Oupu Ownan nucynbdup Oornap €pmamuua Oupiammo,
yMyMH “ona TOXKMOApru” HU XOCWI KWiaau. By CTpyKTypaHUHT TI0OyIsip
“Oommua’cura IgG Ba IgM Oupuxumm mymkuH. [emak, Clq onrura anTHTEna
OOFJIOBUM KHCMTa dra OYyiau.

Arap IgG éxu IgM monexynanapu aHTureH ousan OofinaHran 6yica xap Oup
rI00YJsip “Oomr4a” IMMYHOTJIOOYJTMHHUHT (Y €KH [l 3aHKUAPJIap) KOHCTaHTa KUCMUTA
Ooornanuiy MyMmMkuH. By skapaén sca Clq monekynacunu ¢aouiamTupud, KIacCUK
WynmHUHT factinabku daonamyBu OonutaHaau. ByHMHT ydyH rinoOymsp “Oorrgara”
OMp Heya aHTUTeH JIeTepPMUHAHTIapu OOFJIAaHMIIM Tajad KWIMHAIM Ba MAas3Kyp
*Kapa€H MUKpPOOpraHu3MIIap MeMOpaHacH ro3acuja 13 oepaau (29 pacwm).
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29-pacm. KommemeHT GaoTaHUITUHUHT KiIaccuk nynuaa C3 KoHBEepTa3aHH XOCHII
Oy uIu.

Clauar Clq Oupnuru Clr cyOOupnuruau aomnamrupand Ba (aommamraHn
Clr KOMIIOHEHTH TPOTEOJUTUK daoJTMKKa dra Oynranmuru cababmu Cls HH
napuanaiian. Ca6abu Cls cy66upnuk Oy epaa cyGerpar Basudacuum yraiiam. V3
HaBOatuaa xocwi 6ynran C4 Ba C2 uu daomnaviau. @aomnamran C2 memOpaHagaru
C4 Ounan 6upukanu. Hatmwkana C4b2 kommiiekcu xocun O6ynanu. C4b2 xoMmriekcu
keiinarn Oockuuna Cls cyOOupnuk yuyH cyOctpar Basudacunu ytad, C4b2b
KOMIUIEKCUHH ~XOCWJI Oynummra onaud Kenaad. by KOMIIOHEHT KOHBepTasa
¢daommurura sragup. Ly cababnu, keinuru 6ockuuga C3 vu wkkuta C3a Ba CS5b
KOMMOHEeHT/Iapura mapuanaiau. Keiiunru Gockuunapaa sca 0y koHBepraza C5 HH
C5a Ba C3b ra mapuanaiinu. CS5b xommnonentn C6 OwiiaH OUPUKHO JIUTHK
KOMIUIEKCHH XOCHJI OVuinuHu 6o1mwiad 6epaau (30-pacm).

KommieMeHT X0CHJI OVJIMIIMHUHT AJIbTEPHATUB YN

DaoJUTaHUIITHUHT KJIACCUK Uynu OunaH Oup BakTaa C3b HUHT Xocus OYiuIM OuiiaH
OoluIaHyBYM ajbTEpHATHB MYn XaM MaBxkyld. Maskyp iyn Oaktepusi, auuTKA Ba
OomKa cojsia OopraHu3miap Xy)kaipa JeBopuJaru nojucaxapuja OuiaH OUpPUKKaH
aHTUTENa MaBXkyJ OyiMmaraH xoiapiaa xam (aosmmammm xycycustura sra. lynu
TabKUJUIALI JIO3UMKH, Oy Mya €T MoafanapiaH cakjaoBYM “OMPHUHYM XUMOS J1€BOpU”
0ynmu0, opraHu3MIa IMMYH KaBOO XOCHJI OYVIMacaaH OIUH a0 0yia Oonuiaiu.
AnpTepHaTuB HyaHUHT acocuii kommnoHeHTaapu C3b, D Ba B omumnapaup (30-pacwm).
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QdaomnaHumHUAT  OupuHuM Oockmun D  omunam memOpanara  C3b  Ounan
OornmanumuHu y3 uuura onaau. KoH tapkuOugarn ¢aon D omun B omunHu
napuanad, ¢gaon Bb ¢parmentunu xocun kuinamu. by sca C3-koHBepTaza XOcCHI
OVIMIMHM ajbTepHATUB Wynu O0ynuoO, ¥3 HaBOaTHma Oy kommnoHeHTnaH C3b maiino
oynaau. bup Hewa C3b monekynanapu yimka xyxaiipa memoOpanacugaru C3b,Bb ra
oupukaau. by sxapaéuna C5-koHBepTas3a albTepHATUB HYN OpKalIM BYKyAra Keiauo,
JUTUK KOMIUIEKC XO0CHJI OynuinHu OonutoBYr CS5HU mapyanaiiu. AnbTepHaTUB WY
yayH Mg*? MOHIIApMHMHT HINTUPOKY Taaa0 KUJIHHAMIN.

Kommement cucrema Qaosnanumu acocuaa C3b xocun 0ynuim OMIaHOK, KIACCUK
nyn anprepHaTuB WynHu (aomnamrtupand. [lynnai skaH anpTepHATUB WY KaHAan
KO Xykaiipa feBopu mosmcaxapumaiapu épaamuaa (aommamanu. bynra ca6ao,
xanu cucteMa Hodaon Oynaran xonaa xam C3b ra yxmam KOMIUJIEMEHT CHUCTEMa
KOMIIOHEHT/Iapu Xocwi Oyna Oouutaiiaun. Kiaccuk ycynga kynm mukaopaa C3b
KOMITOHEHTHUHU TYTUIAHUIIN Ky3aTWica, ajlbTEepHATUB Wyjaa 3ca Oy KOMIIOHEHTTa
VXI1am Moianap acta-CeKMHIMK OuiaH

AHTUreH-aHTHTENa Knaccuk ycyn- e ,
KoMnneKcH

cl—> dbaonnamrau C1
(-:o- > c42
" \l/
C 3 ey C 38 CS————)CSB*C6*C7*C8+C9—HC56789
* Nn3ucnosyYmn KOMNNeKe

AnbTepHaTuB ycyn

30-pacm. KommnemeHT (paosanryBUHUHT albTePHATUB Ba KIACCUK HYITapu.

MYCTaKuJ Tap3ia MeMOpaHara OWpHUKaaW Ba crHenu(PuK WHTHOUTOP OKCUILIAPHU
napuanaiau. Jlekun, 6aw3u Oup MuKpoopraHuzmiap MemOpaHacu ro3acuga C3b ra
VXImam KOMIOHEHTIap O0Yiuo0, yjaap MOJEKyJIaHu JerpajganusaaH cakiad KojJaau Ba
aNbTEPHATUB WYITHU (haoJUTAIITUPAIN.

C3b (parmenTn xap MKKanga Wynma Xxam Myxum Basudamapau Oaxapaau. Y opTUKUa
mukgopaa C3b Hu Hurdmn opkanu anbTepHAaTHB WynHH (aosmamrupaan Ba C3-
KOHBepTa3a Oounan Ouprannkaa CS-KoHBepTa3aHU XOCHI Kuiaau. bymapaan tamkapu
C3b makpodar Ba mnoaumMopd SIPOJM JICUKOIUT OKCHJI pelentopiaapu OuiiaH
Oupukuo, ynapaa €T MoagaiapHu (paromuTiIam XyCcyCusaTHHA omupand. IIyHuHT IeK,
JUTUK KOMIUIEKC HYK wmyxutna xam C3b  MuKpoopraHusmiapaH XUMOS
GbyHKIUACUHYN OaXkapain.
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Kommniement cucuremanu ¢aosutanuiny Hatwxkacuna oup kanda C3a, C4a Ba CSa
kabu Omosioruk ¢daon Mojdanap Xocua OYnuo, yimap Tyia Xyxkaipanap Ba 6azodui
JEUKOUUTIApIAaH TUCTAaMUH aXpamiivuHu  ctumyiuaau. [ynunrpex, CSa
noJIMMOpd SAPOIU JICUKOIMUTIAP YUYYH XEMOTOKCHK aTTPAKTaHT (PKal0 KUITyBYH)
xucoOnaHaau. YMymuil om0 Kapaica, IOKOpUAa KeJITUPWITaH kapaéHiap
KOMIUJIEMEHT (paoianryBura cabad OYnyBUM KUYMK SUUTMFJIAHMII PEAKIUSICHHU
KeITUpUO yukuIimra cadbad oymaau.

TpancmemMOpaHa JIMTHK KOMIIJIEKCUHH XOCHJI Oy 1M1

AnbTepHAaTUB Ba KJIACCUK YCyJUIap/la XaM JIMTUK KOMIUIEKCHUHT (KEHUHTHU
KoMIoHeHTIap) Xocwn Oymumm C5 vHu (C5a Ba C5b cyOkommoneHTiapura) C5-
KOHBEpTa3a OpKaJM MmapyajaHuim OwiaH Oonuranamu. C3b C5 Ownan OoriaHTaH
xoyga C6 Ounan Oupuxkub® C5,6 koMmIuiekcuHu, kenHpok d3ca C7 owmman C5,6,7
KOMIUIEKCUHM Xocui Kuiagu. C5,6,7 KOMIUIEKCM MeMOpaHaHUHT KOMILIEMEHT
(daotanryBu OolIIaHTaH yyacTKara siKkiH KMCMra MyctaxkaMm Oornanaau. bynra sHa
oup moisekyna C8 Ba ontu Mosiekyna C9 HuHr Ooupukuimm Hatuxacuaa C5,6,7,8,9
KOMIUJIEKCH BYXyara kenajau. VIKkuta mryHnail KaTTa KOMIUIEKCHUHT KYIIWIUIIHIaH
orupiury 2 MiH JlabTOHJaH OPTUK OYITaH JUTHK KOMILIeKe xocui O6ymaau (31-
pacm).

C5 xoHaepraza

MnasmaTuk membpaxa

31-pacm. Ymxka Xyxkaiipa MeMOpaHacuaa JIUTUK KOMIUICKCHU XOCHJT OYITUIIIH.

JIuTHK KOMIUIEKC XyKalipa MeMmOpaHacu JIMIKJ KaBaTUHW OeKapopJialmTHPaIn
(mecrabunm3anus) Ba CYIOKJIUK YTYBYM KaHAIUIAQPUHM XOCWJI Kuiamu.  Kuuwk
MOJICKyJIajiap JIMTUK KOMIUIEKC OpKaJld YUKUO KeTcaaa, HOKOPH MOJICKYJIaIH
MoIanap Xykaiipa nauaa Koyiajau. Xykapa ndu OCMOTHK Tap3/1a CyBHH TOPTaJId Ba
HaTkaga mwmmub Epwranu. By skapaHHUHT camapaaopiurd OWp Heda JUTHUK
koMruiekCHUHT (C56789) Tancupu ned xucobmam MyMKHH, aMMO JIUTHK KapaéH
OUTTa KOMIUICKC UIITUPOKHIA XaM aMalira oy MyMKkuH. llynn tapkuanad yrumn
JIO3UMKH, OCMOTHK JIM3WC IIJJa3MAaTHK MEMOpaHAHUHT CTPYKTYPAaCHHH OY3HII
(me3opra"u3aiivsi) OpKaJIM amajira OmupuiIaIn.

KoMmieMeHT cucTeMaHUHT 00IIKAPUIMIIHT
KoMmmuiemMeHT kackagyd KOMIUIEMEHT CHCTEMAHUHI MYXHM KOMITOHEHTJApH
(daommammMIy y4yH SULTUFIIAHUIL peakuuscu pyil Oepuimm kepak. byHpa Xyxaiipa
KOMIUIEMEHT CHCTEMa KOMIIOHEHTJIApU Tabcupuja HoOyn Oynanu. Keiinn y3-y3unan
WHAKTUBIAIIMIN >Kapa€HU 103 Oepaau. MHakTuBauums HKKA ycyn OunaH Oopai.
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bupunun ycynaa KoH TapkuOugaru OKCHI-MHTHOUTOpIAp KACKaIHUHT MabiIyM Oup
KOMITOHEHTUTAa OOFfJIaHWIl €KM YHHM TMapyaiail OpKajlu HHAKTUBIAWIU. Maskyp
xapaéHna Qaomuanum ¢GakaTriHa MPOTEOJUTHK TapyalaHUIl OpKaJly amajra
omaau. Macanan, Oup Hewya okKcwi-uHruoutopiap Cl KOMIUIEKCHHUHT (haoi
KOMITIOHEHTJIapu OujiaH OWpPUKUO, YHM TabCUPUHU KaMaWTupaaud Ba OYHHUHT
HaTmxkacuaa C3b xam MHaKTHUBIIaHA Y. NkxkuHun  MexaHu3M  3ca  0ab3u
KOMIUJIEMEHT CHCTEMa MOJIEKYyJalapuHU OeKapopJIMrura acocjiaHraH. Arap ynap
OenruiaHraH BakT MoOaiiHMJa OenruiaaHraH KOMIIOHEHT E&ku MeMmOpaHa OwiiaH
Ooupukmaca, ¥3 GaoJJUTUTUHA HYKOTAIH.

bynapra sikkon mucon cudaruga C4 Ba C3b japHu KypcaTHIl MyMKHH. Maskyp
KOMITOHEHTJIap MPOTEOJIMTUK MapyajaHUil Wynu OwnaH xocui OYnauO, KHCKa BakT
MoOaitHua (paoa KOMIIOHEHT OMp Heya KOH(QOpMalMOH y3rapuuuiapra yupainau. by
daon crpykrypa ruapodo0 ydacTka Ba OKCHJIHUHT HOOJATHM THOA(up OOFIapuHU
MEXAaHUK MapyajaHUIIugaH XOCWUJ OYIyBUM IOKOPH pPEaKIUMOH KOOWJIMATra sra
IJIyTaMUH KUCJIOTAHUHT €H 3aHKUpHiaH nuoopar (32-pacm).

C3 i C4 KOMIIOHEHTIAPHUHT MIPOTEOIUTUK (PaoILIalyBU OKCHI KOH(DOPMaUSICUHA
y3rapummra onu0 kenanud. byHoa pacMaa KypcaTWiraH WYKM MOJIEKYJSIp  apo
KOBaJIEHT Oor y3wiaau. Tuoadup OOrmapHu y3WIMIIM HATHXKACHJIA, 3aHKUPHUHT EH
KACMIIapU/ia peakiusara MOWWI SIHTM KapOOHMJ TypyXJjap Xocui Oynud, yimap y3
HaBOaTHa OOIKa MakpoMoJieKyja OwigaH amujl Ba 3¢up OOFiIap XOCWi KWiuo,
oupukaau. bupok, Oy VypuHIa IIyHHM alTUII JIO3UMKH, OKCHJI MOJIaapHUHT
TabCUPJIAHMIL, OOTIAHMII BaKTH  KyJa Kucka 60 mkc tamkwi kunaau. [y cababimu,
OKCHWJIIAp SHT SIKWH >KOMJIalrad MemMOpaHa OusiaH OOFJIaHUIIN MYMKUH (TPOTEOTUTHUK
daosmaHuI 103 OepraH >konaa).

['myTamMuH KuCIOTa MeMOpaHa OKCUIM €KM TOJHcaxapuayd OWIaH KOBAJIEHT OOFap
opkayii 6upukaau. C3b HUHT sipuM MaBxxyA Oynuin (smam) BakTy (0.1 Mc 1aH kam)
KyJa KUCKa OynummMra KapamacliaH, y MeMOpaHajard KOMIUIEMEHT KOMIIOHEHTHU
Ounan Oupukuira yiarypaau. UIyHMHr ydyH, KOIJIEMEHT CHUCTEMAHMHI TabCUPHU
dakaTriHa MHKpPOOpPTaHM3M ro3acuja 103 Oepub, OoIKa HOpMan XyKauH
Xy>Kaupajapura TapKaaiManiu.

T-xyxaiipajnap Ba HMMYH KaBo0Jiap
JIumdoruTiap GyHKIMOHAT )XKUXATIAH yuTa Typyxra OyiinHa m:

1) Er xyxaiipanap éxu Bupyc OuilaH 3apapiiaHrad Xysaiipanap OunaH 6eBocuta
TabCHUPJIANIYBYA HUTOTOKCHK T-XysKkaiipanap;

2) T'ymMopan UMMyH >KaBOOHUW (aHTHUTENa XOCWJI KWIMIIIA) XOcwi Oyimmmaa B-
XyKalipanapra Ba XyxKailpa Japakacujard UMMYH >KaBOOHUHT, UTYHMHTJEK
makpodarnapuu ¢aomnamtupuiga T-xyxkaipanapra €paam OepyBun T-
xesmep (help-épnam) xyskaiipaaap;

3) B- Ba T-xyxkaiipanap uimmnu uHruoupnosun T-cympeccopuap.T-cynpeccop
Ba T-xemmep Xykaifpamap HWMMYyH KaBOOHHHT OOII  peryisTopiapu
xucoOmaHaau. Yiap ymxka xyxkaipa JuMQponuTiapy OuiaH yYHU r03acuiaru €1
aHTHUreH €KW pelenTopiaap WANOTUIIH OPKAJIA TabCUPIAIIaIH.
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Aapaskacujaaru MMMYH KaBo0 1e6 atananu. YMypTKaIUJIapHUA TypJid BHpyclap Ba
3aMOypyFiaap OuiaH 3apapiaHraH XoJaTJIapuaa, aHTUTeNa HIad YUKapUIIH
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anoxujaa axaMusT KacO 3Tagu. AHTUTeNanap aHTUTeHra HucOaTaH yTa CHeru(HUK
xucobOmanaau. T-XyXaiipangap Ba yIapHUHT peakiusiiapy (peuenTtopiap Ba yIapHUHT
aHTHTeNaNap OunaH TabCUpianryBu) B-xykaiipara HucOaTan kaMm ypraHWIraH.
Mabnymku, T-xyxaiipamapHuHr MemOpaHa Fo3acujaa, aHTHTEHIapra Crernupuk
Oynran (aHTHUreHCHENU(UK) perentopiap MaxyA. AHTHUIUOTUN aHTUTEna T-
Xykaiipa Ba B-xyxaiipanap Owian O0fIaHHO, yJIapHUHT (PYHKIMUSICUHU OJIOKIAMaIu
(33-pacm).

AHTH-HZUOTUN SHTUTENO

B-xywaipa
IpHTMa/arH AHTHHIOTHN aHTHTe a B-xy#alipa tozacniarn bymian vawwapy, T-xyxaiipa wo3acuanm
X-opursanan anmwresanmnr apvwren  aTH-X-penentop Gitian Xav ani-X-peuentop Gilan Xau TaLCcHpIAmA T

GoraoBH4m KHCMIt OHARH B2 WYHIHTACK TaLCHPIAUNATH,

33-pacM. AHTUMIMOTUI AaHTUTENOJIAP PEAKIUSIIAPH.
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8-Manbpy3a
MouJiekyJisip 1apaskaaa TAaHHO OJIUII MyaMMOJIapu

T-xXyxXailpanu aHTUreH OWJIaH CTUMYJUIAIl HaTWXKAacula XyKalpa aapa)kacujaru
UMMYH >KaBOOHM TabMHUHJIAII camapajopiiura opraau. T-Xyxkailpamap acocaH yd
TypJlard UMMYH PEaKUIHsUIapa UIITUPOK ATAU:

1) Bupyc OunaH 3apapJiaHras XykailpaHu UyK Kuiaau,

2) B-nmumdouuTiap myHUHTACK, OOIIKa Xy)Kaipamapra aHTHTEHTa KapIlli UMMYH
’aBOOHM amaJra OIIUPHUIIIA Ba Typiu XyKaiparnapHu (aoUTalITUPHILAA UIITHPOK
3TaaM,

3) T- éxu B-mumdponutnap GyHKUMICUHU CYNIIPECUsTIaiIN.

Ymby xwima-xun QyHkuusnap T-xXykalpaHUHT Typiad —CyOnoOmyJsiUusIIapu
KymilaJaH, HUTOTOKCUK T-xy:xkaiipanap, xeamnep xXy:xaipajaap (MHIYKTOpJap) Ba
T-cynpeccop Xxy:kaiipajapu opkKajiu amaira omupwiaad. by cyonomynsiusiiap
Oup-Oupuman Xyxalpa ro3acujar  TabCUPJIAIYBYM  aHTUTCHJIApU  OwiiaH
dapxnanaguap. T-xennep Ba T-cympeccopnap rereporennapaup. Macanan, B-
Xyxkahpanapuu (QaomtamtupyBun  T-xenmep Xyxkaitpanap T-cympeccopiapHu
daomnamtupyBuminapaan  papxmananu. Illynnaii  6yncama, T-xemmep Ba T-
cympeccopiiap MMMYH >KaBOOHUHT peryisTopiapu OYynub, Oy HKKH JTuMQOUHUT
Typaapu T-peryasitop Xyxkaiipajgap xam ae0 atanaau.

T-unToTOKCHK JUM(POUHUTIAP

[Mutotokcuk Xyxaiipanap €t Xyxkadpanap €ku BuUpyciap OuigaH 3apapiaHraH
XyKaiipanap OuiaH nacTiaOKu yuypallyBUJIaH OMp Heya KyHAaH KeluH (aomiamuo,
addexTop Xyxkalipara aiaHagu Ba yipka Xyxkaiipa OuiaH Ooriianu® yHU HOOyA
KHJIA]IH.

[{uTtoTOKCHK XyXaiipanap 3apapiaHTaH Xyxahpaaa OeroHa BUPYC PEIUTHKAIUACH
amaJsira OmryHra Kajap xyskaipa MeMOpaHacH 103acuiard aHTUTCHJIAPHU pearupiail
OpKaJIu BUpYCHap KYMaWWIIUHU TYXTataaud. by aca y3 HaBOaTuma xajnokarra oiub
Kenaau Ba Oy OWiaH HMUTOTOKCHK T-TUMQOUMT OopraHu3MHU XuMoOsi Kuiaau (34-
pacm).

T-xeqmepJap Ba Koonepanus

B-xyxaiipanap OwiaH TabcHUpJallyB HaTWKacuaa aHTuTenanap B-nmumdouurtnap
opkaiu unuiad ynkapuia 6onianaau. by Taxxpu6a 60 lnapaa amanira OmydpuiraH.
byHna cuuykoH TMMyC Ba WIMK XyKadpanapu buman in vitro ycynupna TaxpuOa
YyTKa3uimub, mpobupkara Ky sputponuTiapu Ba T-xykalipanap COJIMHIaH, OKuOaTaa
Xe4 KaHJalh WMMYHOJIOTHK peakuus coaup OynmaraH. By taxpuba ¢akar B-
XyXailpamap OwiaH YTKa3wirapaa xam Xed KaHJadh UMMYH peakiusi KeTMaras.
bupok, mkkama Xyxaiipa apamammacu HpoOHMpKara COJMHTAaH XOJia 3ca KaTTa
MUKJOp/Ja aHTUTENONap HIUIA0 YMKApWwiIraH. AHHMKIaHWIIMYa, T-Xykadpamap B-
XyXaiipamap OuiaH TabCUpJAIIYBM HATWXKACHAA Ma3Kyp >Kapa€HOa aHTUTeNanap
unuiad ynkapa OoluiaHaIu.
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Maxcyc xpomocoMm wmapkepnap €paamuna T-xyxkaiipanap, B-Xyxakpanapaan
dapkinanaau. Aarurenonap B-xyxkaiipanap TomoHuaaH uniad yukapuiauo, yaaa T-
Xyxkaipanap B-xyxalipaiapra aHTureHra HucOataH UMMYH XaB0oO KaWTapuiiura
€pnam O6epaau.

% “* LiuroTokcuk T-xyxaipa
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BUPYC HYKNEUH KUCNOTACKHMN XyXaipa udura Xyxaipa nauparm Bupyc pennuxayuscsy sa Kaira

xpuLLK,. ByHaa supyc kancuaum xyxanpa BUPYC HYKNenH TUKNAHWLLK XyXanpaxu Hobya

1033CHAa KONaau. Kucnoracu Oynuwm HaTuxacuaa amanra
owmanau

34-pacm. Lutotokcuk T-mumdorutnap épaaMuia XuMOSITaHHUIIL

NmMmyH xaB0Oa MIITUPOK ITAAUraH JTUMGPOIUTIAPHUHT siHa Oup Typu Oy T-xenmep
xy:xapajgapaup. Ynap T-uutorokcuk Ba T-cynpeccop XyxkapaJIapHU aHTUTCHIIAP
OwIaH Tabcupialmmura épaam oOepaam.

['ymopait sxaBo0Oja aHTUTENO axpauiuy yuyH T-xennepiap Tanad KWIMHAIW, JTEKUH
Oup KkaHua aHTUrennap T-xyxkaipamap &Epaamucusz xaMm B-nmumdouutnapau
(aomany MyMKHUH.

T-xeanepaap Ba JuM(pOKHUHIAP

bup kanua T-xenmepnap Typau JEUKOUMTIAPHU Iy XyMJIaJiaH JUMQOUUTIAPHU
daomnmamTupyBun  Ouosioruk  ¢aos  moamanap —axparagu. by  mopmanap
JuMpoxkunIap 0ab3u XoJUlapa MHTepJeldKkuHIap ned atanaad. AHTUTENIaNapaaH
(dapkiu paBuiga, Oy Mojalanap aHTUTEH OWJIaH TabCUpJIalIMaNIN.

bynmappan »Hr MyXMMHM Ba JHI KyN YpraHuwiraHua Makpogar MUTPAUMSICHHH
uaruoupaosun  ¢paxkropu (MIF- macrophage migration inhibiting factor)
muMpokuH OYynuO, y SKMHUAAru Makpodarau (aouamtupud, YHUHT Qarouurap
XYCYCHSITHHH Ommupaad. Maskyp JUMGOKUHHUHT HOMHIAH MablyMKH, ymap T-
XyKaiipa ¢aoJamraln xoijga Makpodariap MUTPALMSICUHU MHTHOUpIIAIl OpKaJId
WUFWIMINMHA ~ TabMuHJIaWu. T-Xyxkaiipamap wMakpodariapad — (aomamTupunr
XYCYCUSITH MUKPOOPTaHU3MJIAP/IaH XUMOSUIAHUIAA MyXuM OVnub, ymap Hodaon
Makpoariap TOMOHH/IaH JTU3UC KWJIMHTAHa XaJOKaT OJIMHU OJIaIH.

T-xenmepnap épaamuna mudMOKUHIAP UITLUTA0 YUKapuiano, Oy Moaianap Ba aHTUTCH
acocua TUMGOKUHIAPHUHT POJIUHHU TEPU TYOCPKYJIWHU aCOCH]Ia aHUKJIAIl MyMKHH.
Arap cwi KacaJuIMrd OWIaH KacajUlaHTaH €KW HMJIAHTaH OpTaHu3M TepHCHUTa
TUM(OKHUH TabCUP ITTUPUIICA, Y3UTAa XOC UMMYH KaBOOHU Ky3aTHII MyMKUH. byHma
UMMYH >kaBo0 T-xenmepHUHr XOTUpacura OOFIMK XO0JiJa JUM(OKUHIAP aXpajai.
Jlumpoxuunap y3 HaBOaTHaa Tepu MakpodariapuHu xand Kuiaau.
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T-xenmepnapaan axpanaaurad JIUMGOKAHIAPHUHT OOIIKA MYXUM axaMUSATH
UHTepJeHKHH 2 O0ynub, y yeumra TabCHpP KWJIYBYM OMHWJI XHUCOONaHaau. Yiap
daomramran  T-Xykaiipa (o3acujard perentop OuwiaH  OofnaHuO,  ynap
nposudeparus xkapaéHuHU KydanTtupaau. Matepaeiikun 2 MaBxy OYiaran MyxuT/a,
T-xyxaiipanap aHTUreH OpKajiu ¢aoJaniad Ba YeKCU3 OYJIMHUII KOOMIUATHUTA 3Ta
Oynmanu Ba mry Wyn Owran aHtured cnemuduk T-xemmep, T-muroTokcuk Ba T-
cynpeccopiiapHu unuiad uyvkapyBuu T-Xykaiipa JTUHMsUTApUHU XOCWJI Kuiaau. by
XyXaipamapHy KJIOHJAIl HaTWXacuaa, TOMOTeH aHTureHra crenuduk T-xyxkaiipa
MOMYJISLUSIIAPUHY OJIUII MyMKHH.

T-cynpeccopsiap Ba HMMYH aBo0Jiap

T-numdouutnapan B-Xyxalipanapra aHTuTena uWNUIA0 YMKApUII KapacHUIAru
GyHKIUSACH aHUWKJAHTaHJgaH cyHr, T-xyxkaifpamap B-xyxalipanap Ba 0Oawn3u T-
XyXKadpanap (QYHKIUSICUHU CyIpeccusUlallid MabiiyM Oynau. by sxapaén OupuHun
MapTa CHYKOHJApAa YTKasuiau. T-XyxalpajlapHu KyH SPUTPOLIUT AHTUICHJIAPUTa
HucOaTaH ToJiepaHT (ce3rup OYnaMaraH) KWiaub KYHUII OpKaiu, HOpMal MYCKYJra
KHUPUTHIITAHJIa aHTUTEHJIapra Ce3rUPJIUTMHI HAMOMUII KUJIMAaraH s’ibHU TOJIEPAHTIUK
xonatu T-xyxaiipamap TOMOHUAAH OJMO OOPWIMIIM  aHUKJIAHTaH. YOy
tagkukotiap T-cynpeccopnapuu T-xenmnepiapaad GpapKiIaHUIIMHA UCOOTIAIH.
Kynruna T- Ba B-mumdonutinap kabu T-cynpeccopnapiap xam T-xenmepiap
TOMOHUJAH (aoJUtalmTupuicanga, cynpeccopiap T-xennepiaapHu UHruoupnaiiau. by
TECKapU AJIOKAHUHT (poWgany TOMOHU OYnHO, MKKM THN XyXadpalapHu V3-Y3UHU
Ooomkapummuu  kypcaraagu. I[llyaunraex, maumdonumiap Tabcupuaa OoIIKa
OOFNUKJIMK cudaTiapu MaBX Yy IJIUP.

NmMmmyH cuctemagaru MUWUIMapAiaH OpTUK T-TUM@OIUTHUHT acocuil KucMuuu T-
xennepiap Ba T-cynpeccopnap Tamkuia KWinO, yinapHUHT acocuit Bazudacu T Ba B
muMmdonuTiapHuHr paosuuruan  O6omkapumnan uoopar. Kyiuma perynstop T-
XyXkadpanap Kanmail kuiaub aitHan T- €k B-XyxkaiipanapHu TaHUIIM Ba yiapra
TabCUPU EPUTUIITAH.

bomkapyBum T-xykaiipajiapHu

B- Ba 0omka T-xy:xaiipajap OnJIaH TAbCHPJIANLYBU

bomkapyBun T-xyxaiipamapau B-Ba Oomka T-Xyxkadpamap OunaH TabCcup
MEXaHU3MHUHM YIDKa XyXkailipa to3acura OUPUKTUPWITaH €T AHTUT€HHHM TaHMII
*apa€Hu opKaiM YpraHuil MyMmMkuH (35 pacm). Mucon Tapukacuma 0y MexaHU3M
TanryBud (X) ro3acura OMPHUKTHUPWITaH ranteH (macanaH auHutpodenon - JHOD)
OwiaH smilaHran myckynga T-xenmep Ba B-mumdonut ypracuaarn XamKOpPIUKHU
OCOHJAITUpaad. MasKkyp XaMKOpJMK »KapaéHuaa B-Xyxalpa ranreH-TairyBuu
KOMIUIEKCUJIard TallTeHHU TaHuca, T-Xy)kahpa 3ca TallyBUMHU TaHUNAU. bupuHuun
MapTa TaxpubOana Oy »kapa€H HYpIAHTUPWITaH MYyCKyJUlapJa Ky3aTwiran OYmuo0,
yiapra IMuMQpoLUUTIap KUPUTUMAaryHia aHTUIeHTIa MIMMYH KaB0oO KalTapuiMaraH.
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B-xyxanpa Tawysum oxcun T-xennep

| J

AHTUreH Kynpmkdacu

35-pacM. AHTUTEH KYTIPUKYACHHHUHT TabCUPH

Opatna JH®-X komrmuiekcu OuiaH smiaHran MyckynnaH T- Ba B-xyxaiipanap
apasamMacu oanHu0, JJH® rantenura kapimm Kyn MUKIOpAA aHTUTENA aXpajaiu.
Arap 6omika TtamyBuu (Y) acocuaa JIH® ranten OwiaH sMilaHTaH MYCKYJ MasKyp
ranTeHra HucOaTaH Xed KaHJal aHTuTena axpaTud uyukapMaiau. ‘“‘TamryBYuHUHT
camapacu’ IIyHAAKW, CHENMU(UK TallyBUd TalnTeHra KapIik aHTuTelda uiuiad
YUKApWINII JaBOMHUJIAa UMMYH CUCTEMa XyKaillpallapyu TOMOHUAAH TaHWIaau. boiika
TaxpuOamapHUHT Kypcartuiidya, Oy TamryBuuiap T-xenmepiap TOMOHHUAAH
TaHuiaaau. by Taxpubana wypiantupwirad myckyiara onauH JIH®-X ra xapmmwm
smiaHran T- Ba B-Xyxkaiipamap Owinan Oupra Y-TaluryBUMHM TaHyBUM T MYCKYI
Xy’Kalpacu KHPUTHIIMII HAaTHKACUAA penunueHT Myckyinuaa [JH® ranrennra kapmm
aHTuTeNa axpanuoruua konmai, JIH®-X koMiiekcura MMMYH aBo0 KalTapuIUILN
Ky3aTuiras (35-pacm).

bynnan xynoca myku, T-Xyxkaiipanap Oupop OuUp aHTHIeH JAETEPMHHAHTHHU
anuktamaad Tamkapu (Y) B-xyxailipamapra OoIika aHTUTEH JIE€TEPMUHAHTIAPUHU
TaHYBUM aHTHUTENAIAp axpaTuO uukapuiiga épaam Oepaau. T-xenmep Xyxkadpanap
B-xyxaiipanap OwiaH aHTHUT€HHM TaHWIN HaTvXacuaa Oup Oupu OuiaH ¥y3apo
XaMKOpJIMKKa 3ra Oymaau. by momen 35-pacMma copna Tap3jga TacBupiiaHraH. T-
cympeccop Xykaipanap xxam y3 Yipka XyKalpaJapuHHy 11y yCyJ OuiaH TaHUHIH.
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36 pacm. bomkapyBuu
T-mumdonmtnapau
HUILIOH XYyXalpaHu
TaHUII )xapaéHu. byHna
TypJId aHTU-TEJIO
UIMOTUI-Napy bunax
TabCHUpJIaHa-auraH T-
Xenmnep Xyxanpanap
UIITUPOK 3TaIN.

HMamorun Gunax Tasonpnawysun
T-xennep xymanpa

bomkapyBun T-Xyxaiipasap Vyibka XyKalpaJapHd TaHUIIMHUHT OOLIKA YCYJIH
UJIMOTUIT-aHTUUIMOTUI TAbCUPU HATHXKacua 103 oepaau. (36-pacm).

NMMyH >xaBOOHMHr Oy Xonatujaa uuuiad 4YMKapuiIa€TraH aHTUTEIAJIApHUHT Ky
KHCMH UKKHU TypJaru T-xenmnepsiap TOMOHHJIaH TaHWITaH UAMOTHUILIApra 3ra Oynaau.
VYnapuunr Oupu B-xyxkaiipa ro3acujgard €T aHTUTEHHU TaHWCA, WKKUHYUCK B-
XyKaipa peuentopu OuiaH OMPUKKAH aHTUTCHHU TAHUIH.

bomkapyBum rensiap 6o komiuiekcu (BI'BK)

Kynruna T-mumdoruminap €r aHTUTEHHH OOI THCTOHOMYOBHUKJIWK KOMIUICKCHHH
TeHJIApU MaxCyJloTHh XyXaipa MemOpaHacu I03acHIard TIUKOMPOTEUHJIAp OuiaH
OOFJIaHraH XoJigaruHa TaHUuWIH.

BouikapyBuu rensap 60111 KOMIUIEKCH aCOCaH UKKHU XHWJI TIIMKONPOTEUHIIapTa ara;

1) Gapua siAponM COMATHK XyKailpajiap r03acujiard IUTOTOKCUK T-Xyxkaiipa BUPYC
aHTUTeHJIApUHU TaHyBYU 1 cuH(} MIMKONPOTEHHJIAPH,

2) T-xenmepnap TOMOHHUJAH TaHWITaH €T aHTUIeH OuiaH OOFNaHyBUM 2-CHH(
raukonporeunapu. lllynunraexk ynap Oup katop B-xyxkaiipanap, T-Xyxkaiipanap
Ba Makpodariap r3acuaa Xxam MaBxyJ] Oyau.

Onatna AOHOP TYKMMACHMHU aJUIOTPAHCIUIAHTALMACK (JOHOpra yxumaml OpraHu3M)
€K KCEHOTpaHCIUIAaHTalUMSICH (JIOHOpra ¥yxiiamaraH OpraHus3M) kapaéHuaa
KYYUPHWITaH TYKUMAacUHU OUPUKUO KETMACITUTH Ky3aTuiaau. Penumnuer opraHuzmia
KYYUpWITAaH TYKAMaHd OWUTHUO KETMACIWIu OJaThii peakmus. bab3u xomapaa
TECKapu XOJIAT KYYHPWITaH TYKHUMa DPEIUMUEHT OPTraHU3MHHH KaOysl KuIMaiam.
Maskyp kapaéH UMMYH CUCTEMACHUHUHI KaMUYWJIWTH HaTHXKacuja Keaud 4ukuoO, Oy
TypAaru Kacajjlapra CydK KYMHUTW Xy)KaWpajlapyd TpaHCIUIAHTalus KWUJIMHAJIN.
Hopman opranusmjaa sca roKopujard XoJjaTiAa KYydupWIraH TYKAMa MapyaiaHuo
ketagu. MIMMyH cucTeMacu KamMYWJIMTH Ky3aTWJIaJWraH Kacajuiapja napyaiaHuo
KEeTUILl XOJUIapu Ky3aTWIMalau, akCMHYa KUPUTWITaH JIUMQOIUTIAD XY>KaluH
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OpraHU3MHJIATH XyXalpalapHu aHTUTEeH cudaTuaa TaHNO, yIapHU Mapyaiain ssbHA
“TpaHCIUIaHT XY>KalMHra Kapiiyu’~ peakiusicy 103 0epu0, XykalipaHu xanokarra oiauo
kenaau. by skaBoOnma T-xenmepriap acocuil axaMusTra sra Ba MasKyp peakiusiiap
yMyMJIAlITaH XoOJIJja TPAHCIVIAHTALMOH peakmusuiap 1e6 aranagu. Yoy
peakIMsUIapHUHT Oapyacu Xykaiipa o3acujard TPAHCIUVIAHTAIMOH AHTHIEHJap
€KM  TIMCTOMAHCYOJIMK aHTUIeHJIapUra Kapiuud  KapaTwirad. bynapnaad
TUCTOHOMACyOJIMK ~aHTUTEHJIApUM  KYMPOK MOXHUAT KacO »dTaau Ba TeHJap
KOMIUICKCHUJIaH KOJJIaHyBUM Oy  aHTUIEH oOuWjIacu OOIIKapyB4YM TeHJap 0ol
KOMILIEKCH J1e0 aTaaju.

bomr  rmcromancyonmk  komruiekcu  (Major  histocompatibility  complex)
AHTUTCHJIADHUHT aCOCHM HWKKWTa XycycusaT Oop. bupmaunmman T-xyxaiipamap
Xy/Kaipa o3acujard KynrvHa AaHTUIEHJIApHU TaHUIIWIa Kapamai, T-xymaﬁpa
TPAHCIUIAHTALIMOH peakuusuiapuaa Oy aHTUTCHJAPHUHT y3ura xoc “YpHu’ Oop.
WNkkvunungan, Oy aHTUTEeHJApHU aHMUKJIAIl y4yH 03 MukKaopnaaru T-nmumdouutiap
Tajnad KuJIMHaau xonoc. Arap onxarnard antureH 0.1% T-xyxkaiipanu Oomikapca, Oy
anturennap 5-10% wmuxaopaaru T-xyxkadipanapuu Oomkapanu. by sxapaéunaphu
KJIOHAJI CeJIeKIMsl Ha3apUsICM acocuja TYIIYHTUpHUIIN >KyAa KuiinH. Cababw,
aHTUTeH €KW AaHTUTeH Typyxu Oapya JIuMQOUUTIAPHU KyAa O3 MHUKIOPUHU
OOIIKAPHUIITHN KEpaK.

YMypTKanuiap O0mIKa opraHu3M Xyx)ahpacuaaH CaKJIaHUIIHUHT Oy XUJAard XUMos
ycynura 3apypudar ce3Mmaiau. T-mumdountan €t BI'BK-anTurenura nHucOatan
olaTUil OyIMaraH peakTHBIMIU IIyHU KenTupuO umkapaauku, BI'K monekynamapu
HopMaul T-Xyxkaiipanapra HucOaTaH, KaHJalJup aCOCUM TabCUP XYCYCHUSATHTA Jra.

BI'BK mouexynanapu cuadaapu

BI'K anTurenmapu Oapua IOKCak Ty3WIraH YMYPTKJIWJIAp XyXaWpacCUHHUHT I03UJa
MaBXy OYnu0O, aHTUTCHJIADHUHT WKKUJIa CUH(U XaM XyXkaipa ro3acuja y3ura xoc
[JIFOKOIIPOTENH TYyIUIaMUra 3ra. TpaHCIUIAHTAlMOH peakuusiaapAa UUTOTOKCHUK T-
xyxkapanap 1-cund €t rimkompoTewHiapra xaBod Oepca, T-xenmep Xyxaipanap
sca 2-cuH( €t TiImMKompoTenHiapra >kaBo0 Oepamu. BI'BK HuHr wkku Typaaru
aHTUTEHJIapU Typiau T-Xyxkaiipa cyonomysiuscuau (paoyutamTupuIl MEXaHu3MIIapu
AHUKJIMK KUPUTHII Kepak OYIraH MyaMMOJIHUD.

1-cun¢d BI'BK riaukonporennnapu

1-cund BI'BK rnukomporenHnapu yuTa anoxXuja TEHETUK JIOKyclap OpKajiu
ko 1aHu0, y kanamynuiapaa H-2K, H2D Ba H2L Ba onamiapaa
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Yrneson N 37-pacm.  bupuHun  cun(

OomkapyBud  reHymap — Oorr
KOMIUTCKCH TJIMKOTIPOTEHH-
JTAPUHYHT TY3IHILIH

NMnasmatuk
membBpana

HLA-A, HLA-B Ba HLA-C napaup. by noxycnap orupnauru 45000 I (345 Ta
aMUHOKHUCJIOTa KOJJAWFUJAaH uOopaT) OynaraH OWTTa NOJUNENTH 3aHXKUPUHU
KOUJTANIH.

BKBK 1-cuHd ramkonmpoTenHIapyuHU 3 XHJI HOOJATUH Xycycusitd Oop. By cund
[JIMKOTIPOTEUHIIApY  XWJIMA-XWUIMTH ~ aHTUTENalap XWIMa-XWUIMTUra Hucbatan
Oomkaua Tabmwarra sra. Opranusmaa Oy CHHGHUHT [0371a0 Typliapu yuypaiam.
Wpcuiinannm sxkapaéHuja oOTa-OHAJaH OWTTadaH aUICIBHUHT YTHINIM OWTTa
[JIMKOTIPOTEMHHHUHT UKKUTA (popmara sra OYIUIIMHN TabMUHIIANWTH.

bynapnan ¢apxnu paBuinga aHTUTENa MWUIMOHIAH OPTUK BapHaHTra sra Ba
ymyprkanunap nonyisinuacuga bKBIT  rmkonporewHnapuHu  Kyda  Karra
MoJIMMOP(GU3MHI aCOCUNA MyaMMOJIHP.

BKBI' riuMkonpoTenHJIapuHUHT UKKUHYY CUMH)H

By cund raukonporennsapu noiaumopd XycycusTra sra 0ynu0, TYKuUManapaa Ky
TapkanMmaraniauru Owiadn 1-cundpan dapknanagu. Ynap acocan B- Ba T-
auMdorTiapaa, Makpodariapaa Ba MakpoharcuMoH Xyskaiipaiap/ja yapanim.
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O-3aHXUp pP-sarxup

38-pacm. bomkapyBun reniap 0o
KOMILUICKCH II cuH®
TJIUKOMIPOTEHHIIAPUHUHT TY3HIITHIITH

Yrneson
Xyxanpa cupm

Mnasmaruk
memBpana

BI'BK mouaekyanapu 0unan 0oriaanran T-muM@ponuTiiap Ba aHTUTeHJIAP

Kyn #umnap mo6Gaitnuna BI'BK kommiexkcn yctupa onmmu® OGopuiran W3JIaHUILIAp
MMMYHOJIOTJIap oJigura Oup kKatop noi3apd BasudanapHu kyhWau. Huma yuyH
TpaHCIUIAaHTAlMOH peakuusapaa T-xyxaiipanap €ér BI'bK anturennapura Hucoaran
IOKOpH ce3rupiinkHM HaMo€H Kunaau? Huma yuyn BI'BK rmmkomporemnnapu
nonumopd? Huma yuyn l-cund BI'K rimkxomporennnapu Oapua siApOIud COMATHUK
XyXkalpanapga yupaca, 2-cuHGM 3ca HMMMYH KaBoOJa MIUTHPOK 3TYBYH
xyxkaipanapga ydpaiau? Kanpait kunmu6 2-cund BI'BK rmukonporennnapu T-
XyXKadpanapra OOFJIMK AaHTUIE€H JIETEPMUHAHTUTA Kaplikl  XYCYyCHUSTIapHU
oomkapaau? by riukonporenmnnap T-xyxkaiipanap QyHkuscuau Oaxkapuiiia
MYXHUM axaMuAT KacO 3Taju Ba y KaHai aManra omaan?

BI'BK mMyammocura oupn pactinabku myBaddakusTin Ttaxpuda 1974 ihun amanra
omupminu (39-pacm).

X NUHUAIW CUYKOH A BUpyC OuiiaH 3apapiaHTHpraHia, 7 KyHJaH CYHT CHUYKOHJIAp
cymaruna (CYHr TYKMMa KyjibTypacuga X JUHUSJIA BUpPYC OWJIaH 3apapiiaHTaH
¢ubpobnacTIapHu YAAUPHUIL MYMKHH OYiraH) UMTOTOKCHK T-Xyxailpamap naigo
Oynranu  aHukKiIaHau. Ynap ¢akatruHa A BuUpyc OuiaH — 3apajaHraf
bubpobnactnapuu ynauprad 6yncana, B Bupyc Ounan 3apapianran gudpobiactiap
OwnaH TabcupiammMarad. byHman kenu0® 4YMKaIWKH, HUTOTOKCHK T-Xy»Kaipamap
BUpyciapra HucOataH crnenuduk OynraH. Jlekun kyTtuiaMaranga V o JUHUSA
CUYKOHJIApUJAH OJMHTaH A BHUpyc OujiaH 3apapianrad ¢ubpoodnactiap T-xyxaiipa
TOMOHHJIAH WYK KWJIMHMAraH.

Mabnaym Oynuinya, MUTOTOKCUK T-XyKaiipamap peakiusi xapa¢Huna (axaTruHa
BUPYCHM TaHUOTMHA KoOJMMai, V JUHUANA MaBXyJ OynmaraH X JHHUSHUHT
KaHmaiaup Oomika Oup KOMIIOHEHTH OujiaH TabcupiamraH. KelnHYamuk Mabiym
oymumunya, 6y komrnoHeHT BI'BK raukonporennnapununr 1-cundu O6Yanld dukmu.
Arap ymxka ¢ubpobnact 3apapianran cuukoHman (bI'K mokycmapuau xwucobra
oJIMaraHjia) T€HETUK >KUXaTAaH (apKiIaHranja, yjgap OCOHJIMKYA WYK KWJIMHIaH
Oynap snu. JIekuH, CHUKOHJAp XyKaiipacu Oy jokyciap OuiaH ¢apkjiaHubd, TEHOM
Oyiinya 3apapiaHraH CHYKOH OwitaH Oup xui OViica, ynap WYK KMInHManau. 1-cuad
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BI'BK rimkonporennnapu Xyskalpa 103acuard BUPYC aHTUICHJIAPUHHA LIUTOTOKCHUK
T-xyxalipanap OWJIaH TabCUpJIANTyBUTA XUCCA KYIIIA M.

T-xyxanpanap ymxa
XyxawpaHu Hobya
Kunagu
B-supyc Bunax sapap
Bupyc A NaHTEH X-NHHUANK % s
% cuuxoH pubpobnacr- %
/
OO A supyc Gunan 3apap
§J S ——> naHraH X-naHKANM +
X-nuHuanu LITOTOKCUK CHMKOH 4’"5905"‘3‘7‘
CHUYKOH T—)qm(aﬁpanap
Kywmnrau A-aupyc GunaH 3apap
naurad Y-NuHuanu &
cuuxoH pubpobnact- ’ -
napwa

39-pacm. lurotokcuk T-nmumdonuriap Tomonuaan 1cund O6omkapyBuu rexuaap 0ol
KOMILIEKCH MOJIEKYJIaJJApUHU TaHUII KapacHU

2-cuH( TIHMKOMPOTEHHIApUTra OWJ MYXUM MaBbJIyMOTJIap KyjibTypada T-xenmep
XOTUpacujaru npojudepaTus xKaBod peaklUsIIapUHU YPTraHUIl sKkapaéHua OJTUH/IH.
By xaBo0 KynbTypajla aHTUTEH TyTraH XyKaiipa Mapxyn Oynummra Oornuk. T-
XyKaiipa aHTUTeHHHM (aKaTTMHA AHTUIEH TYTraH Xy)Kaipa opKaiu OOoIIKapaiw.
Xyxaitpa ro3acumaru BI'BK 2-cund ramkonmporenHnapuHu cnenuduk aHTUTENa
Ownan Oofnanumm T-xenmep Xykalipa TOMOHHAAH TaHWITaH. boIka aHTUTEH
TYyTYBUM  XyXailpa ro3acumaru Oomka wmosekynanap (BI'BK 1 cund
[IIMKONpPOTENHIapu) Ouian OyHjai peakiusi 103 Oepmaran. fAvHu T-xenmep
AHTUTEHHU 2-CHMH(} TJIMKONPOTEUHJapu €paamMuaa TaHurad Oynca, 1-cuH
[IIMKONPOTENHIapuaa Oy XoaaT Ky3aTUiIMaraH.

by Taxxpubanapian Oup KaH4a MyXUM XyJocajap YAKaIu:

1. Kynruna T-numdonutiap spuTMaard SpKUH aHTUTEHHU TaHUManu. Yiap dakat
AHTUTEH TYTYBYM XyXKailpamapra OWpUKKaH aHTUTeNanap OuilaH TabCUpJIAIIaIHf.
Macanan, T-xennepnap aHTUI€H TYTYBUM Xy»Kalpa H03aCHIAard aHTUICHHU TaHHUCA,
MUTOTOKCUK T-xykaiipamap Vmka Xyxkadpa (o3acujari aHTUTCHJIap OwWiIaH
TabCUpJIALIAN.

2. T-numdbonuTiapHUHT OUp KaH4Ya TypJiapu Xykaiipa ro3acunaru antureHHu bI'BK
[IIMKONPOTEUHIApY OMIIaH OMPUKKAaH XojaaruHa TaHuiau. T-numouutnapHuHr Oy
xycycusiti BI'BKHUHT accouuaTB TAHUJIMIIM 1€0 HOMJIAHA]IH.

3. Typmu T-numdouur cyobnonymsuusiiapu antureHHu Typiau cuHd BI'BK
TIMKONPOTEUHIapu €paamuaa Tanuian. T-xennepaap antureH tanuiiaa bI'bK Hunr
2-cuH(} TIMKOMPOTEHHIApU €pJaMura 3apypaTr ces3ca, IUTOTOKCUK T-Xyxkaipamnap
aHTUTeHHU |-cuH(} TIUMKONpoTeuHIapu €épaamunaa aHukiaau (36-pacm). bynaan
Tanmkapu, oup kanda T-cympeccop Xyxailpanap B-xXyxaiipanap kaOu spuTMangaru
aHTUTeHU OOIIKAPHUII XyCYCHUSTUTA ATa.
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BI'BK rimkonporennap Ba T-1uM@poOUUTIAPHUHT (PA0JIAHUIIT

Tabkumiad YTl JO3UMKH, HMMYH CHCTEMa MHUKPOOpPraHU3MJIApPHU WYK
KWJIYyBUM Mypakkad mexaHu3Mm xucodbnmanaau. bI'bKna accoumaTuB TaHWIMIIMHUHT
UKKHTA aCOCUM XYCYCHST MaBxKyl. bupunungan y T-xyxaipa “IUKKaTUHU XyKanpa
fo3acura Kaparaau. VKkuHumpaH, Xap Oup KaTeropusuld aHTUIEH Yy3ura Xoc
peaKkUMsHU ro3ara KEJITHPWIMIIMHMA TabMMHJIAWIuM. MacamaH, LOHUTOTOKCUK T-
XyXaipanap €T spyBuaH MakpoMoJIeKylajJapHHu (OakTepuan TOKCHUHJIAp Ba X.K.) Ba
OaxTepus Ba MUKPOOPTaHU3MIIAPHU 3apapilaHTHPUIIT KU HYKOTHUII XyCyCHSITHTa 3Ta.
BI'bBK TJIMKONPOTEUHIAPUHUHT Bazudanapuian oupu T-xyxaiipa
cyOnonyJiLMsUIapHU TETUIUIA aHTUIeHsIapra WyHantupumaad noopat. bynna BI'BK
TJIMKOMIPOTEUHIIApH aHUK aHTUTeH CHUH)U OwinaH Ouprnamamu. MacanaH, BHUPYC
anturensiapu 1-cund BI'BK rmukonporennnapu OunaH OupHkaau Ba y3 HaBOaTtuia
HUTOTOKCUK T-Xyxalpanapuu ¢aomtamtupand. by sca Huma yuyH Oapya saposiu
COMATUK XyKalipanap o3acuja l-cHH( THMKONPOTEHHIApU MAaBXKyJ OYIUIIMHU
TYLIIYHTUPUIITa UMKOH Oepaau. UyHku, 6apya saposu Xyskaipanap Bupyciap OuinaH
3apapJIaHMIIA MYMKHUH. bolKa Typiaru aHTUIeHJIap aHTUIEH TYyTyBUM XysKapasap
103acujiaru 2-cuH¢ rIMKONpOTEenHIapy OuinaH Oornanumm T-xennep xyxkalpanapHu
CTUMYJUIaili Ba Y3 HaBOaTtuia (arouuro3 Ba KOMIUIEMEHT HWIITHPOKUAArU
napyajaliHid ~ KeITHUpuO  uMKapaguran B-Xyxkalipaiap Ba  MakpodarjiapHu
daomamTipay.

T-xesimepsiap Ba aHTUIeH TYTYBYH Xy:KaiipaJjap
MabiayMkn, KyOruHa HMMYH kaBoOnap T-xenmep  Xykaiipanap  OpKaiu
Oomkapuiaau. Acocuili MyamMMo 3ca, Oy XykalpajJapHu aHTUT€HJIap TOMOHUJIaH Kaii
Tap3aa paosmanumuaup. T-xennep Xyxalpangap aHTUTCH TYTYBUHM XyXalpa opKaiu
aHTUreHra HucOaTaH HMMYH KaBoO KaWTapaau. AMMO, Kailich MOJEKYISp
TY3WIHIIJIaTd aHTUTEH, T[-Xeumep XyxXahpanu QaoyialiTupagyd JeraH CaBoj
tyrunaan? T-xenmep XykaipaigapHu ¢GaoJUlalllyBd aHTUTEH TYTYBUM XYyXalpa
1o3acuaru 2-cuH( rIMKonpoTenHIapura OOFIaHraH €T MaKpoMoJIeKyJia (parMeHTH
épnamua amanra omanu. by skapaéHHUHT TUNIOTETUK cxemacu 40-pacMa GepuiraH.
@aomnamran  T-xyxkaipa, B-xyxkaiipa ro3acugaru 2-cMH(] TJIMKOTPOTEHUHU
OwmnaH OOFJaHTaH aHTUTEH JIETCPMHHAHT KOMIUICKCHHM TaHWHIU Ba B-xykaiipanu
daomnamTupagy.
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EEX st Il Cund T

PXNaMPANTaN BHTHIEN ORI IARKONGOTEAHATEH X
ANTHEO TYTYINR Aarraron
ywaip doaruente \
\‘ 1 ] ! : B
‘g ) -,
|

ANTRICH INZOLATONA AMTAEIM NA0CON Anrares parves BMEK I cand Toxennep xysaapa:
xaiw B mum uepoTernapk Bunam Seonab Crtrn $OANEHHLM

XyMaipa 0sacusa raio jnagw

40-pacMm. bomkapyBuu rennap 6omr KOMIUIEKCH 2 CHH(G TIMKOMPOTEHHIAPUHU Y3uaa
TyTTaH XyXalpajapHu, €T MOJAJa MaKpOMOJEKYJaTapuHU TaHUII >KapaéHUHUHT
TUIOTETUK CXEMACH.

Kannmait ycynga T-xyxkaiipa Oup BakTHUHT Y3uga €r antureH Ba bBI'BK
IIIOKOMPOTEUHUHY TaHUILM X03Upraya HomabiayM. Acocuil Mmacana T-xykailpaHu €t
AHTUTEH Ba TJIMKONPOTEMHHU TaHyBYM MKKM xui aHtureH Ba BI'K monekynacuaa
(MKKH TOMOHJIaMa TaHMII) TaHYBYM OUTTAa perentopu 0op EKU WYKIUTH OWiIaH
xapakTepianaau (41-pacm).

BIBK 11 cindh rnukonpoTesin T'Z@Ee_P ; TR
T-xennep
\ Tx \I
T, " AHTHEH TaKAUM
% 3TYBYM XyXaupa
AHTHreH TaKguM e :
| ATyBuM XyXadpa i =
Areit = Wyku y3rapuwnapHu TaHuw
Wkku éknama TaHuw runoresacu
rmnoresacu

41-pacm. T-xyxaipalapHUHT €T aHTUTECHIIAPHU TAHUII KapacHu

T-xyxaiipanap TpaHCIUIAaHTAIMOH peakuusiapaa €r bI'K MonekynamapHu TaHUII
CE3TMPJIUTU UIYHU aHrjiaTaiuku, Oy Xyskalpanap ojaTAard aHTUreHdapHd ‘3"
BI'BK rnukonporeunnapura Oupukkan xonataa Tanuiau. Kynruna T-xyxaiipanap
€T TJIMKONPOTEHHJIAPHU TaHUIIM Oy MOJEKyJNajJapHu oOJaTia TaHWiIaauran ‘V3”
BI'BK monekynacu cTpykTypacura yXImaniuraJasaup.
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9- Mabpy3a
Xy:kaiipaga MmeMOpaHa OPKaJIM Ke4aJuraH TPAHCIOPT crneurPuKIUru

XyxXailpaBuii MojaJia aJIMallMHYBUHUHT TPaHCHOPT CHEeUUPUKINTH  XyXKailpa
KaHaJJIapU OpKaIM YTaéTraH Ba YUKAETraH MOJIEKYJIaliap OPKaJIu aHUKJIAHA U,

Typau Moaaanap Ba MOHJIAPHUHT TaHiIa0 YTKa3uIl OMOJIOTMK MEeMOpaHaHWUHT
acocuil pyHKuuscuaup. Y XyKaiipa Ba YHUHT OpraHeJJIJapUHH TalllKM MYXUT OWJiaH
Oormam kabu BasudamapHu Oaxapamu. Kym comnu MemOpaHa TpaHCIOPT
KOMIUIEKCIIADUHUHT MAaBXKYyIJIUTH XYXalpaHU JAUHAMUK CHCTEMa JKaHJIUTHHH
KypcaTaju.

buonoruk memOpaHanaH YTUITHUHT aKTUB TPAHCIOPT TypH dHEPrusi capHuHu
Tana®d KuiauO, oJaTiga dSJEKTPUK EKM KOHUEHTpAlMs TpaJueHTUra Kapllid Tap3naa
amanra omanad. IlaccuB TpaHCmOpT 3ca  TANIWIMILIKM  KE€pak MOJIEKYJIaHU
KOHIIeHTpalus (apkiapu acocuja MemOpaHagaH YyTkazanu. Mkkama ycynma xam
MoaJla €KM WMOHHUHT CEJIEKTUB VTHUII MEXaHHW3MH aMalra Ommo, JUMuiap 3ca
MeMOpaHanan yTmaiau. [laccuB TpaHCIOPTHUHT UKKU TypH (papKiaHau:

1. VTKa3yBumMIIap HIITHPOKUIATY “HKar” MEXaHH3MH

2. Kanannap opkanu ytuinn

Opuran MojjaHu OOIIKa MOJIEKyJia OWIaH apanamuin €Kku Oupop OOBEKT OuiiaH
KYIIWINII Japa’kacd YHUHT KOHIIEHTpAIMs TpagueHTH e aranaau. Macanan, OyHra
KHCIIOPOJ, Ba KapOOHAaT aHTHIPUAHM  ajdbBeoda MeMmOpaHajmapu  OpKalH
G Qy3usITaHUILH.

OcmMoc: KonuenTparus rpagueHTi Oyinya CyBHUHT JudPy3usicuaup.

Ounbrpanus: [lopain  MeMOpaHaHMHI  TUAPOCTAaTUK  OOCHUMHM  TabCUPHUAA
MOJAJAJIAPHUHT MeMOpaHaJaH YTUII )KapaEHUIup.

“Enrwuiamran”  nuddy3us: BV’TKasquI/IJIap UINTUPOKUJA (MOH  KaHaJiap)
KOHIICHTpaIUs TpaJueHTIapy acocua 103 oepau.

“Exrnsuiamran” tpancnopt. Mon kanamuasap.

VTKkasyBumiIap JeraHia TALIMIYBYH MOINA OMIAH OHPHKMO MeMOPaHAHMHT GOIIKA
KucMura om0 YTyBuM crnenuduk wmoJiekyida €K yIapHUHT JKaMjaHMajlapu
TymyHuiaan. KoMmieke gucconuanuacuiad KeMUH YTKa3WiIaJurad MoJIJIa Xy Kapa
YYura Ba TalllyBUM 3Ca SHA WITAPUTU XOJaTUra Kautaau. TpaHCIOPT KOMIUIEKCHUHT
XOCHJT OYTTUIIN Ba sSTHA YHUHT KalTaJaH AUCCOLAIMSICUIAH HOOpaTIup.
BanmunomuuuH. BanmmHomuuine Monekyinacu D-sanuH, L-cyt kucioracu, L-Banun Ba
D-runpookcunszoBaiepral  KucjoTacujgaH ubopar Oynub, 3 Ta HIEGHTUK
(parMeHTIaH Ty3UJITaH.

FHs ClH(CH3)2
HO—CH—COOH HO—CH—COOH
CyT KHcIoTa uapOKCHH30BaIepHaH KHCIIOTA

AHTHOMOTHKHUHT ACTCHITenTh 3amkupu K noHmapu acocuja MOH KaHaTJalapHH
ByXXyara kenarupanu. [lonsp 6ynmaran MyxXuTia BATMHOMUIIMHHUHT KOHQOpMalusiacu
6 Ta WMYKHA MOJIEKYJsAp BOJOPOJ Oofyiapyu OujiaH crabwiiamrad ‘“Ouiaky3yk’ HH
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scnaranu. Ilomsap myxutaa ydra Bojopona Oor €paamumaru Gopma BYXKyara keica,
CYBIM MYXHTJAA 3Ca OYMK 3amXupid (opMa xocwn Oymaau. Amuja KapOOHHI
TypyXJiapu “Omnaky3yk” HM OapKapopiallTHp/ia HUIITHPOK 3Tca, Mypakkad 3¢pupiu
KapOOHWJI TYpYyXJapu 3pPKUH OYIau.

K* OunaH BaIMHOMHIIMH KOMIUIEKCH “‘OMJIaKy3yK” KOMIUIEKCHMHH cakjiald Kojaad Ba
OyHJa MeTa/ul MOHJIapU MOJIEKYJaHWHT MYKH l03acura Kupub 6 mypakkad 3¢up
KapOOHUJI TYpyXJapy OuIaH HOH-AUIIOJN TabCUPU HATHXKacuaa OOFIaHa M.

N ﬁQu% fﬁg,w%

3{‘ 0?1"5« ".?e% s I‘%
%bo /:‘éj }4‘:7'.. #‘§ %% fc
%H 'Jy %HHD'JJ %HNQDJ
(a) 6} i8}

Komriekc nuku 103acu conpBeHTIanMara kanui (r=0.133 um) Ba pyouuii (r=0.149
HM) HOHJIapura Moc 0ynuo0, ne3uit (0.165 HM) yuyH o3ruHa knuukuna, Hatpuit (0.098
HM) y4yH 3ca XKy/aa Karta. Ma3kyp MabliyMOTJIap KOMIUIEKCHUHT CEJIEKTUB TabCUPTa
dra HKAHJIWTUHU HUCcOOTIakau. BanuHoMHMIIMH OOFfJaHYyBYM HOHTa HJeall COJbBAT
neBopuann xocusl Kuiamu. Komruieke xocws Oynuimm ¢akarriHa SHEprus Tainad
KWiMal, OaJIKu SHTPOMUK (PaKkTopIiapHU Tajlad KWIaIu.

Bammaomuniue-K  KOMIUTeKCcHaa HWOH aHTUOMOTHKHUHT WYKH cdepacuua sSxXInu
AIIMPUHTAH XoJlaTga OYiauO, TamKd KUCMHUHT THAPOGOOIUTH HOHHU JIUIUA
MeMOpaHa OpKaJli XapaKaTHHU TAbMHHJIAWIH.

V3 HapGaTHa BATMHOMMIMHHMHT Y31 XaM (DEpMEHT XYCYCHATHHHM HAMOSH KUJIAJIH.
BanuHomuiiuH Kanuii HMOHJAPUHU HHEPreTUK OaphepHU TACAUTUPHUIL OPKaIU
MeMOpaHaHu OWp TOMOHJAH WKKMHYM TOMOHTA YTHINWHM TabMUHJIANIH.
depmeHTIap KaOu BaJMHOMMIIMH XaM V3 Basudacuau Oaxxapu® OYiraHgaH KewuH
KaliTa pereHepauusyianu0 (katanutuk napaxkanga 10°-10mons/n) Tabeup kumamm.
Banunomunus y3ununar crieruduk cyocrparura (K) sra Ba yHra HucOataH 1oKOpu
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CEJICKTUBIMKHM Hamouuil Kwiagu. “CyOctpar” Owian OofJaHUIN >KapaéHHIA
BaJJMHOMUIIMH (PEepMEHTIapra Xoc “UHAYIUpJIaHTaH MYBOPHUKIUK® XOCCACHHU
kypcataau. by koHdopmamus Mypakka®d ddupiaum  KapOOHUI TYypyXJapHH
MOJIEKYJIaHUHT TallKapucuaa Oofiiaca, MYKM KACMJIa 3ca KaTUOHHM OOFJiall amajira
OIIMPUIIA]IH.

JuuantudH. Kommiekc  xocun — Oynumiga — caMapaJopiMKHUHT  KaMJIMTH
CTPYKTYPAHUHT OYMKJIUTU cababiu kenud uukaau. JIekuH, Oy KaMUMJIMK HUIIKOPUM
METaJUIAPHUHT “‘CeHJIBMY~ €KUM “Kajax’ KYpUHHUILAAru MeMOpaHa OpKaiu YTUIINAA
MaKpOIMKJI Ba UOH HUCOaTH 2:1 €ku 3:2 Oynran xonatiapaa TYJIIUPUIAIH.

N
_OCHCc,
QO/ O.\ e
& 4 P
U3 p?
3 1 f- %
2 Q
X J
O Q\ o) \Q’?

x

Anuuaruu A CH(CH,)C-H-
DHuuarue B CH(CH,).
Suumnatun C CH.CH(CH,),
bosepuumn  CH:CiH;

Kanaa xocni KuiryBunjiap

I'pamuumaun A monekynacu L Ba D koHpuUrypauusuii aMMHOKHCIIOTa KOJIAUKIIAPU
Ba OJIOKMpJIaHTaH OXUPTHU TypyXJapaH HOoOpaT YM3UKIIN MeHTaACHATISIITUITUD.
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OHC—L-Yal-Gly—L-Ala—D-Leu—L-Ala—D-Val—L-Yal—D-Val—L-Trp—
—D-Leu—L-Trp—D-Leu—L-Trp—D-Leu—L-Trp—NHCH.CH..OH

I'pamumana A

Yppu-Pamauannpa wmojenura OWHOAH, TpaMHUIUAMH A MOJEKYJIacH Tp
koH(popmarusicuaa “Oomra-6our’ AUMEpUHM Xocull Kuwiaau. by kondopmarusga
MOJIEKYJla IWIMHAP KypuHHIIUAa OYnuoO, nentun 3amxupHuHr C=0 Ba NH
TYpyXJIapu HUKH Ba MOJIEKyJajapapo BOJOpPOI OOFIapu OpKaiu OOFIaHaIu.

M—uox matanna

brnoyr-Butu Monenura OuMHOaH 3ca, MKKM AHTHOMOTHUK MOJIEKYJIACH KYII CIUApai
XOCWJI KWiaau. By MOJIEKyJTaHUHT HMOH YTKa3uil Te3auru rokopu Oymuo (10 Ta
MOH/ceK), Oy KypcaTkud noHoopap yayH TaxmuHad 10° ra Tenr.

AM¢portepuuun B. By Typnarum antubuortukiiap memOpanana xocus o6ynaguran 0,4
HM pajilycra sra XyjAa CEJEKTHUB XyCYyCHsUIH KaHaliap OYnu0, ylapHUHT mopaiapu
OpKaJIi CyB, OMp BAJICHTIIU MeTajuiap, OMp KaHua aHMOHJIAp Ba yHYA KarTa OyiMaraH
HeUTpas MosieKyanap (TJIF0K03a) YTHIII MyMKHH.
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AMmdotepuniun B memOpana nunia uKkuta “sspum nopa’” gapaaH ubopar KaHagdaaap
Xocwit Kunaau (42-pacm). bynapHuHT Xap Oupu aHTUOMOTHK Ba CTepuH (ogarna 3B-
TUAPOOKCUTYPYXTa 3ra dprocTeprH) MOJIeKylalapuaad noopar arperat 0yiauo, Xaxm
XKuxaraaH MeMmOpaHa GocoJIMIUIN JELUTHHTa MOC KEJIaaH.

SApum nopanapauHr xocun Oynummnaa 8-16 (ogatma 10Ta) mMosieKyna aHTHUOMOTHK
UIITUPOK 3Taau. bynaa ruapodun rypyxiap (-OH) nopaHuHr nuku KUCMUAa KoJjca,
ruapodod (moameH) KUCM MemOpaHa TOMOHAA Xoinamagu. SpuMm nopanap
MeMOpaHara TeckKapu HyHalMIla Tepuwiagud Ba MeMOpaHa ro3acuja 3apsiajiaHraH
KapOOKcUJIaT MOHU Ba MPOTOHJIAHTAH YIJIEBOJA KOJIUFUArd aMUHOTYPYXJIaH noopar
(MUKO30aMUH) TIOJIAP aHTUOMOTHUK Oorryanap €paamuaa 6apkKapopiamaim.

Kanan xocun KWiyBUMIIapHUHT MYyXUM TypyxJjapuaad Oupu AnameTu-uuH 1 6ynu6
Ba yHra yxmam OupukMmanap (Cy3yKalWUIMH, aHTUaMEOMH, HSMEPUMHULIMH Ba
TPUXOTOKCUHJIApP), yJap SKamJlaHraH o-amMuHom3omou (Aib) kucimora Ba
denunanannaon (Phol) konnukmapuHugan Ty3uiIraH.

CH.

CH. —-(li—COOH Q CH.—C H—CH,OH
I |
NH,

NH.,
Bernng N8 HHHON
{ 2-amuno-3=<pennn-~-nponanon)
MN3omon kucnorta
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42-pacm. AmdotepunuH B.

AMoTepunivH Ba TpaMUIIUANH A JaH (papKiu paBUIIa ajJaMeTHIMH MeMOpaHanaa
KYIITMHA MOH YTKAa3yBYM arperariap XOCwI KWIHO, yIapHUHT coHu 6 TagaH 10 Ttaraua
6ynanu. Kam connu arperatinapaan uoopatr MOH yTkazyBumiaap (akat Oup BaJeHTIN
KaTUOHJIApHM, YHJAH KaTTapoK AuaMmeTpu 1,5 HM JaH opTUK OyiraH kaHamiap 3ca
aHWOH YTKa3yBUYM KaHaJJIap XucoOnaHaau. AllaMeTUIUH YTKa3yBUMIAPUHUHT Y3Ura
XOC XYCYCHSTH MOJIEKyJla OpHUEHTAlMsSICHIAa YJIApHUHT DJJIEKTp MaiJoHuUra
oormukuruaup (43-pacm).
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43-pacm. AnaMeTUIIMH MOJIEKYJTAaCUHUHT 3JIEKTP MalI0H TabCUPUJIA arperat
XOCHJI KWJIMIIH.

DJIeKTp MaWjoH OYIMaraH XoJiaT/laH aJlaMETHIMH UOH Mopajap XOCWJ KWJIMaiaw,
arap DJIGKTp MaWJOH NOTEHIMAIM Ky4dalTupwica Topaiap XOocuil Oyiuium
te3namaaun. Iy tydaiinm anamenuuuHHU MeMOpaHaga XOCWJI OyJaJuraH OJIuN
MoJelb cuaTria Kapai MyMKHH.

Ac-Aib-Pro-Aib-Ala-Aib-Ala-GIn-Aib—-Val-Aib—Gly-Leu-Aib-Pro-Val-
Aib-Aib-Glu-GIn-Phol
AaMeTHIUH Aib - o-u3zomoii kucaora

AnameTuiiiH KOH(QOPMAIUACHHY TYJa YpraHUI IIyHU KYpCaTAWKH, MoJieKyna Pro-
14 xucmupma sruiarad Ba Oup KaH4a TapTuOIM C-OXHpIU O-CIHUPAIIaH TaITKWJ
TomnraH. ArperaT o-crnupaiga Oup WyHaIHUILIN KapOOHWI TYpyXJjap KYpUHHININATA dTa
O0ynu0, IOKOpW JWIOJI MOMEHTWTA 3ra Ba JJIEKTP MaWJOH fo3ara KeliraH manTia
TeCKapH MyHalIuIIra MHTWINIINA HaTHXKacuaa KaHall By )KyAra keinaau (44 pacm).
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44-pacMm. AnameTimHHUHT MeMOpaHacuaa ruapodpun C xkucMm Ba rugpodui o-
criupall KUcMiiap OWJIaH arperaT XOCHJI KUJIMII MOJICIIH.

[".FOHr Monenu 3ca IOKOpUAA KENTUPUITaH UKKH MOJIEIHM yMyMjami-tupanu (45-
pacMm). DieKTp MailloH MaBXkyJ OyiamaraH BakKT/Ia ajlaMeTU-UUH O-CIIUPAIHUHT
aHTUIApaJie]l OPUEHTUPJIAHTAH KUCMUHUHT 3JIEKTPO-CTAaTUK TabCUPHU HATHXKACUIA,
MeMOpaHara OupukkaH xosiatna Oynagu. Jlekun, Oy Oupukma YTKa3yBud
xucobsanmaiu. Kepakiiu kaTTaaukaara 3JeKTp MalIoH ro3ara Kejaraija MaiioHra
Kaplli OpPUEHTHPIAHTaH MOHOMEpNap KaiiTa OpUeHTHpNAaHAW. MyHanrmpuiarax
JUIOJIHUHT CypuO My OYMINM HaTWKAachAa, KaTrTa XaXMIM Mmopa (TEIMK) manjo
Oynanu.

C-oxup yuu

45-pacM. DJIeKTp MaliJJOHU TAbCUPUCU3
ATaMETUITMHHU aHTUTIAPAJIEITh O-CTTHPAIT
KHCM OujaH MeMOpaHaja
ANEKTPOCTATHK Kyd OpKAIIH
TabCUPJIAIITYBH.

a-CrUpanHuHr
3NEKTPUK AMNONK

N-0xup yun

(a)

AKTHB TPaHCHIOPT
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AKTHB TpaHCIOPT Makpodpruk ¢Gocdar OoFIapu y3WIUIIM HATHXKACHUAA XOCHI
Oymaguran H»Heprus xucoOWra ozara Kemagd. AKTHB TPAHCIOPT HaTHKachaa
Xy)kalipa M4uja Ba TalIKapuCHIa MOH Ba MOJeKyJanap TyruiaHaau. bab3u xomnapaa
aca XyxXaillpaHuHr Oupop Oup KHCMHUIA YJIAPHUHT KOHLEHTPAIMSCH OIIuoO,
TYIUTAHUIIN XaM MyMKuH. Mucon tapukacuga Na',K*-HacocuHm (acocaH HepB Ba
MYCKYJ XyKalpanapuiaa) KenTupuil MyMKuH. Bynma Na® nonnmapu XykaiipaHHHT
tamkapucura, K* sca Xyxkaipa uymra TamwIviny Ky3aTwiaad. Maskyp skapaénna,
ATO AT®daza oxcun MolsieKylacu KOH(GOPMALMACUHU Y3rapTHpUII Ba3u(pacHHU
Vraiinu. Na Ba K wuonmapu 3apsianmanran xonjga Oynu0, mia3MaTUK MeMOpaHaHU
TalIKy KaBaTUHU MycOaT Ba HUKH KUCMUHUA MaH(U 3aps Oy IMITUHU TabMUHIAN N,
Iy cababmu wmemOpaHama »dJCKTp TPAaAWCHTH BYXKyAra Kenub, VY3WHUHT
ANEKTPOXUMUK I'PaJIMEHTH TOMOH MyHanaau Ba Oy XonaTnaa 3apsJlaHraH 3appajapra
KOHIIEHTPAIIMOH TPaueHT XxaM Epaam Oepaiu.

Na" Hu xyxkaiipa Tamkapucura Ba K xyxkaiipa wukapucura tammaumua AT® ra
O0FIHMK KOH(OPMAITMOH Y3rapuiira OOFIHK.

protein = @E[ 1

i@
® |
@ outside = inside [E’

carrier

46-pacm. Na+ Ba K+ wmonnmapuHm Xyxkaiipa memOpaHacu opkKaiau (aosi TPaHCIOPT
épramuia yTKa3WIMILH
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Hatmxana WOHJIApHUHT SJEKTp Ba KOHIIEHTPAIMOH TPAJUCHTIIAPU [JIa3MATHUK
MeMOpaHaaa Kecuinaan. 3 Mosiekyjaa Na' Hu TallKapura YdKapuIdIId XucoOura 2
mosekyna K' xyxkaiipa wumra xuputwiaaan. IIyHMHr y4yH XyKapaHUHT WYKH
KACMHU TallKapucura HucOataHn MaH¢uii 3apsmianrad. Na® Ba K' HacocHHHHT
MeXaHU3MHU 46-pacMjia TaCBUpJIaHTaH.

1.

2.

o

Kanan roBarman xaxxmu 3 Na* Hu Na* 00fi10BUM y4yacTka OWiiaH OOFJIaHUITHHU
TabMHUHJIANIN.

®epment AT® Hu mapyamaiiau, xocun Oynaran ¢ocdar rypyxu memOpanara
OupuKaan.

Kanan koHpopManusicMHUHT — y3rapuimi  Na®  HOHJIApUHHM — TallKapura
YUKAPWIUIIAHA TAbMUHIANIN.

Keitnnuanuk kanan 2 monekyina K'Y HEU OMPUKTHPHUO OJUIN XYCYCHSITHra 3Ta
KoH(opManusra sra 0ynaau.

docdar rypyxJiapu KaHall MOJIEKYJIaCUJaH aKpaiay.

Kondopmanmsgarn y3rapum 2 monekyna K* Hu Xyxkaiipa wuura Kupuiimra
UMKOH Oepaiy.
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10- Mabpy3a
Xy:xalpa H4UIAr¥ TPAHCIOPT

Xyxkaiipara Mojajap KHUPHUIIWHUHT CHTWIIAITaH Ba aKTUB TPAHCIOPT TypJiapH
dakaTruHa KUYMK XXMM MOJJajiap Y4yH MYyJDKajutlanran Oynmb, Oab3aH OuUTTa
MaKpOMOJICKYJIaHU YTHINN >KapéHH TUTa3MaTHK MeMOpaHajga TyxTad Koiaad. AMMO
XyXaipara KUpHUIIHUHT IIyHJIaH ycynu OOpkH, yHIa HadakaT MaKpoMOJEKyJajiap
Oasku BUpyciap, OakTepusizap Ba OoIIKa XyKaiipa KOMIIOHEHTJIAPH KHPHIIN
MyMKUH. By ycyn sHponnTo3 1e6 HoMIaHaau.

IHAOUMTO3

DHJIOUUTO3 XKapa€Hu TYpJM ycyiuiap OuiiaH keucajna, Oy skapaéH andarTa Mjia3MaTUK
MeMOpaHara OOFJIMK XoJjia ‘“TallyBUd 3JIEMEHTJIap” HU Tanad Kuiaau. Xykaipa
TOMOHUJAH KamMpald oOJIMHraH OOBEKT Xap JOUM IUIa3MaTUK MeMOpaHa
MHBarvMHalMsACH HaTIKacujaa XOocus Oynran “0yprma memOpaHa Komdacu’ OpKaslu
IOTAJIAAU. OHAOLUUTO3 JKapaéHUJa XyKailpa o3acuaard penenTopyiap MyXUM
axamMusTra sra Oynmb, MyXuTAard IOTWIAIUTaH MOJJaHu TaHiald OofnaHaau. by
’Kapa€H HJIOIMTO3HUHT pelenTop OpKaiu OofinaHuiy 1e6 roputuiaau (47-pacm).
By xonat Xyxaiipa Mmyxutura crenu@uk JIMrauj KyIuiraijaadn CYHT, YHU PeLenTop
OwiaH OOFJaHUIN Kapa€HuJa Ky3aTUll MyMKHH. Penientopiap MImTHpOKHUIa JTUTaH]T
MoJieKyJianap OOFjaHuO, acTa-CeKMH WYKapura KUpUTHIAaW Ba MeMOpaHana OOTHK
xocun O0Vnaau. by 6ypTuk

MOJJIaHH FOTWJIMIIK OWJIaH acTa-CeKUH MYKOJIMO KeTaau Ba MeMOpaHa siHa Y3UHUHT
nacTinadku xonartura Kaitaau. FOtunran 3oHa Oomkanapujaad (apkianuO, “maTa”
ne6 HomiaHaau. JlurangHu Oofmail >kapa€Huia perenTopiap dHAOLUTAP OYpTUKIA
rypyxiaanu0, mnarepan auddys3us HaTmwkacuga MemOpaHa OKCHIIIAPUHHU JTUIH]T
KYIIIKaBaTH/1a OCOH XapakaTUHU TabMUHIA0 Oepamu. bab3m xonatmapna Oy kapaén
KYHJAJMaHT OOFfJaHTaH WMKKHU BAJICHTIW €KU MYJIbTHUBAJICHTIIM JIMTAHIJIAp TabCUPU
HaTIKacuaa 103 Oepuin MyMKHH. borika xosiapaa sca peuenTopiaapHUHT JOUMUN
XapakaTUHU Ky3aTUII MyMKHUH. bylapjan MycTakuil Xoyataa Jurauj OofjaHTaH Eku
OofJlaHMaral XxoJjlaTJIapAa peLenTopiap SHAOLMTAap KomMuya HWYMJa KOJaaud Ba
XyKaiipa ro3zacuna maiigo 6ynmaau. Maskyp skapaéHHH dCKalaTop €KU TPAHCIOPTEP
UILIAIIUTa YXIIATUIL MyMKAH. AMMO OyHHM KY3 OWJIaH Ky3aTHILl MyMKHUH SMac.
Knarpun rpexuanan (klethra — typmu Gapeep (stoT. clathrum) tapskuma KuMHTaHIA
TYpJU TYCUK MabHOCUHU aHTJaTaau. by OKCHIHUHT acocuil XyCycHUsITH MpoOupKaia
XaM caBaT4YaHW 3ClaTafuraH Y3 CTPYKTYpaCMHU KalTa Ty3WII XyCyCHSITHUIa 3ra
skaHuruaup. by cTpykTypanap onatna oiaTd Oab3u xosatiapia Oeil €Kd eTTH
Oypuakyiu 6Vnaau (48-pacm).

CTpykTypaHu XOCWJ OYIUII >XKapaCHUHHU perenTopiap JuraHj OuiaH OofiIaHUO,
SHJOIMTO3Ta TAUEPrapiAuK Kypuil MoOalHWIA TIJIa3MATHK MEMOpaHAHUHT WYKH
103acuia SbHU “IATY’ ydacTKaJla Ky3aTUll MyMKHUH. By ’kapaéH OonulaHUIIMHU
MeMOpaHa OpKajdd HWYKH TOMOHTa pEHEnTOp MOJIeKyJalapu OOFJIaMHHU YHMKHUO
TYPHUIIH OpKaJIM OMIIUO OJMII MYMKHH.
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47-pacM. DHIOIUTO3
WYHAITUPUIITAH
peuenTop JapuHUHT
KYPHUHMUILIH.

A. JluranaHuHT
penentop OuiaH
OOFJIAaHUIIIH.

b. Jlurananap Ounan
OoFfIaHraH
perenTopiap HUHT
“xocusarnu’
OoTHKYaga
TYIUIAHUIIN.

B. «Xocustau» O0THUKYaA

OowiaH OOFJIaHTaH
perenTop TabCUPHU]IA
qHaaa JyKYp AN

*apa€Hu (MHBarvuHaIus).

KNaTpuu TYPHKM “yN 08K
TapPIWA XOCHN GFNMLLM 48-pacm. Knarpun typu.

Knarpunnunr xap oup
CyOOUpIIUTH yuTa aCOCHM, SIbHU
«OEK» EKU «TPUCKEIIMOH»
(rpexua Skelos- 0€k) mapaan
TaIIKWJI Tonran 6ynuo, y 20 Hm
KaTTaJIMKKa ATa OyJran «yd
0EK» KMCMIIAPHU Y3 UUUTa
oyianu. by cyooupimkiap

. Mas
JaTepai xojaTaa Murmimo,
. K
reKkcaroHaj ssueKajsapHu XOCHIT M
o Taép
Kwtaau. Xap oup siueiika
. ra
YYKKUCU «TPUCKEITUOHY P
. JIUK
Mapkasuaad ubo-par 6ynuo, 5
- N , oc
YYKKUHUHT TOMOHJIApU €HMa-EH
N . Y
YKOMJIAIITaH «O€K» KUCMIIapHU K
uaa
TAILKWI 3TA]IN. &
H
Keu

UH MeMOpaHaHMHT “meTd”’ ydacTKacuja KJIaTpUH MOJIEKYyJachd HObMaIyM
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[IMTOTUIa3Ma 3aXupa MOJJacH XucoOura rnojaumepianaau. Pemenropmap 6ormamu 3ca
Oup Kapaiga HMPTUK, TEIUINO KETraH Typ CTPYKTYpacUHU Koranaun (49-pacm).
VYnap coar crpenkacu Oyinya apanammO, KaBapuk ro3zana Oupukanu. Kapaéu
MoOaliHua KHUIIMK Tym0a3 Xocwin Oynub, y KarTajamaad Ba TallKd acoc
KaTTaJallyBH HAaTH)KacKia, T'yM0a3 HOKCUMOH caBaT4a KYpUHUIIMHU onaau. CaBaTya
TOMOHJIAPUHU KYUIWINIIM HaTWXKAcuja, caBaTdya TY30KKa ailJlaHuO, TUIa3MaTUK
MeMOpaHaHUT “IATY” y4yacTKacHuIa TY30KKa TYIIAIud Ba BAaKT YTraHJaH CYHI YHU
TapK 3TaJIH.

Yuby pacmaa
SHIOIIUTO3
Xapa€Huaa
SHJ0COMaHU XOCHII
oYU OpKaIu
MeMOpaHaH| (1ITY
KUCMHHUHT)
TOPTUITUIIIH
SHJOIUTAp Typyxya
XOCHJI KUJuO Ba
YHH BaKyoJIbra
annaHTupul bunaxn
amaJira OIIUIIN
Kypcatuiras. by
KYPUHHUITHUHT
KYHJQJIaHT
KEeCHJITaHaaru
CTpYKTypa
KYPHUHUILN HOTEKUC
KOOMKKA dTaTUTMHH
ownnupana. [y
cababimn,
SHJIOIUTO3
YUAHUKYajapy €Ku
BE3UKYyJIaJapu
XaKuaa cys
Oopraunja ynap
HOTEKHC
«XOTIHSITH
KOOMKKa ra 1e0
ramn IOpUTHIIa]IN.

49-pacM. DHIOCOMaHU XOCHJI OYIUIIN.
101



Be3ukyasip TpaHcnoprt

IOxkopunaru MemOpaHaHUHI OWpPJAIIMII XYCYCHUATH BE3UKYJSIp TPAHCIOPTHUHT
¢usuk acocuaup. Besukymnsp TpaHCHOPT aHMK uerapajaHraH WKKUTa >KapaCHIaH
nbopat 0ynmo, ymap KYIIWINII Ba aXpaaull KA IUC Ba TPAHC MEMOpaH OMPUKHIII
ne6 aramamu. byHra aHUKpOK MHCON KWiIMO, 5HIOCOMa Ba JIM30COMAHUHT
KYIIWIAIIMHA ATl MyMKHH. Kymwmmm jkapa€Hu MKKWATAa LOUTOIUIA3MAaTHK
MeMOpaHaHu Oup-Oupura sIKMH KeauO Oupnammimuaad uooparaup. bupnamunHuHT
Oy Typu MeMOpaHaHUHT ULHUC KYmUaumu ae0 HomiIaHagu. by JkapaéHHUHT
HoMJaHMIMaa cyt (cytoplasm -muromasma) npedukcu Tydaitin smac oamku «Oy
TOMOHJIap OYyinya» MabHOCHHU aHTIATyBYM IUC npedukcuaan oauHrad. TpaHe aca,
‘Oo1IKa TOMOH OViin4ya’ MabHOCHUHU aHTJIaTaJIu.

[uc-Oupnamuimm yHHUBEpCcal MEXaHu3M OYnuo, XOXJaraH WKKH BE3UKYJIa
TabcUpJamuob apanamud keragu. [{uc-OupranryBHUHT SKKOJI HaMyHacu cudaTtuia
[MTOTUIa3MATUK BE3UKYJAHU IJIa3MaTUK MeMOpaHa OusiaH OUpJIalllyBUHU KYpCATHUII
MyMKHH. Ma3kyp »apa€Haa 4MKuO KeTa€TraH BE3WKyJa TapKUOW TallKd MYXUT
OwnaH apanamm0 Keraau Ba Oy 3K30LMTO3 €0 HOMJIAHUO, CEeKpelus kapaCHHuaa

MyXuM axamusiTra sra (50-pacm).
Lnc-Supurn (3K3ouuTos)

TRIHC-GMDWRALL
{ampanMuw)

yMc-SrpurL
{KypTaKnaHuL)

50-pacm. Iuc Ba TpaHc MemMOpaH KYIIMJIMIIHUHT BE3UKYJAP TPAHCHOPTUHHUHT
TYpJIM XOJaTAaru KYpUHUIIIU.

DOHJouMTap MHBarMHauMs *apa€Huja yHYa Karra OyiMaraH KUCM WYKH MYXUTAAH
aXpanul yHUHI TapKUOMM KMCMUTIa aiijlaHad Ba SHIOCOMAHUHT TapKUOUIl KUCMUHU
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TAlIKAJT KWAJagu. Arap axpainull MeXaHu3Mura 3bTubop Oepub Kapanca Oy
*KapaéHHU MeMOpaHAaHMHI OMpHUKHUIIMra OOFJIUK >KOMMHHU Ky3aTHIl MyMKHH. byHna
OMpUKUIIHUHT TalIKU €KW TpaHC o3ara SIKMHJIAIIYBU aHUKJIaHaaAu. Maskyp
KapadHIa Xap KaHJail Be3sWKy/na MKKUTa OyIMHAmM. Y3 HAaBOATHIA BE3HKYJIAHUHT
HHIOCOMAJIaH AXPAIUIIM MEMOPAHAHUHI TPaHC-OMPUKMUIIM HPUHLMIIM acocuaa
yTaau.

Tabkuanad yTui 103MMKH, OMPUKUIITHUHT Oapya >kapaéHiiapy aHUK OMp Koujaajiapra
oyiicynanu. llurormmasmatuk Be3uKyna Wynuaa yuparaH Oupop Oup memOpananu
00BEKT OMJIaH KyIIMJIaBepMAa]IH.

Besukynsap TpaHcmopT MemOpaHa MaTepUaIapUHU XyXKaipajgap-apo TallyB4H
acocuil MexaHm3MuAup. MabiyMKu MeMOpaHa (parmeHT-napu (IMATYIAp) JOUMHUN
Tap3aa €NuK BE3WKyJa XojlaTuja KyuuO ropaau. AliHaH 11y ycysl OWJiaH y Xykaiipa
MeMOpaHacH 103acura Kamtau.

Cekpenus

Tupuk xyxaiipanap Oapua Typjaard SKCHOPTIAHYBYH (TaIllKapura YHKAPUIYBYH)
MOJTAJIApHA UIIIa0 YuKapaau, yJapHU TYIUIAlaM, KalTa WOUIaldad Ba SK30IUTO3
yCylua Xyxkalpa Tallkapucura 4ukapu0 robopamu. by Moliekynamap OKcuiiap,
yIIeBOJIap, TIHUKOMPOTEHHJIAp €KW MPOTEOrIMKaHiap Oynmub, KeHr MukEcaaru
MO TaJIap KaTaJIOTHHU XOCHJ KUJIaIu.

Mopaaanap Karajaoru

XyxXailpa MyXUTHJla CHUHTE3 €KM YUKApUO Taluam ydyyH OWp KaHua Mojjajiap
MaBXKyJl. XyKaipa sSIXJUTIUTHHA TAbMUHIOBYM HUKH MEeMOpaHa, Tojanap, MaTpUKC
Ba Oapua Kapkac KOMIIOHEHTJAap 3pyBYaH acoc Mojjanapaad (MpoKoJIIareH)
CUHTE3JIaHagu. by Kypwidil MaTepuaslapuHu MapyajioBYM EKU  CUHTE3JIOBYH
dbepMeHTIIap XaM CHHTE3JIaHTaHJaH KEeWMH Xy)KalpaHWHT SKCHOPT amnmapatiiapu
€épaamMuia CeKpeuusiIaHaauy.

XyXaipa sKCropT ‘“‘caHoaTH’ HHUHT acOCHUi OYIMMHU Y30K Macodanapra TairyBuu
anmapaTiiapHu Uiutad YuKapyBYU KHUCM OYIu0, Oy TypJlaru UIITHU aMajra OlupyBUU
XyXkadpanap Oesnmapaa Oupriamiaagd Ba HMKKH Typyxra OVynauHaau. OK30KpHUH
Oe3JapHUHT MAaxCyJOTJIapu MaxcyC JKoiapaa TYIUIaHUO, TEruluId Koujapra
eTka3ub Oepunaau. SIXmm YpraHuirad SK30KpUH Oe3napra cyaak €Kd OIMKO30H OCTU
0e3n MaxcyloTiaapu MHCON OYnu0, OIIKO30H-WYaK HYIuHU (epMeHTiIap OuiaH
TabMHUHIIA0 Oepasu.

DOK30KkpuH Oe3napaaH (apkiau paBUIIa SHIOKPUH Oe3llapu Y3 MaxCyJOoTIapUHU
KOHra aXpaTwuill OpKajJu OyTyH OpraHu3Mra TapKajlaaud. ODHAOKpUH Oe3napu
CeKpeTIapy MYHMia TOPMOHJIAp MyXMM axaMHUsATra sra. Y3 HaBGaTHIa TOPMOHIAp
MOJIMIIETITUA]] TOPMOHJIAp (MHCYJIMH Ba runogus 6e3u roMoHIapy) Ba OUp Katop yH4a
KarTa OynMaraH KUMEBWMM TallyBuWjap— THUPOKCHH, SMUHE(GPUH, allEeTUIXOJINH Ba
KUHCUW TOpMOHJapra OYynmuHHO, MiIa3MaTHK MeMOpaHa opkainu nuddys3usaaHuo,
CYHTI Xy>KalipaJaH YMKUO KeTau.
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Xyxaiipa SKCIOPTHUHT siHa OWp anoxujaa TypyXura >Kurapja CHUHTE3JIaHyBUH KOH
ia3Macu OKcuiutapu kupamu (B-mumdonutiapgan xocun OyiraH Iuia3MaTHK
XyKalpanapJia CHHTE3J1aHyBYM aHTUTeNagap OyHIaH MyCTacHO).

by MoananapHuHr oxuprucu auzocoman pepMmentiap 0ynuo, yjaap acocaH Xyaiipa
WYHMIa CHUHTE3JIaHAId Ba TEPMHHOJOTHK S>KMXATHaH OHKCIOPTIAHYBYM Mojajiap
KaTopura KupMaiau. Ynap xykaiipa cUpTUra sIKMH >KOWJa JIOKaJu3alusulaHalud Ba
SHJOILIMTO3 YCYJIUJa XOCUI OYaau, XaTTOKU XyKailipa TalllKapyucuaa Xam HIIIanim.
Uy >xuxatnaH yjgapra CeKpeTop MaxcyJloTH cudaTuia Kapam MyMKHH.

Cekpernust kapaéuu crienuduk xapaén O0ymmbO, Oup Momma Oup Exku Oup Heua
XyXaiipa Typaapuaa uiad YuKapuiInind MyMKUH. Jlekun, xap 6up xyxaiipa unniad
YyuKapraH MaxCyJOTHU Typiid Makcaainapaa capduaiau. by sca XykallpaHUHT
AKCIOPT CUCTEMA MEXAHU3MHU Y3 )KYHATUII CUCTEMACUTA dra SKAHJIUTUHU KypCaTau.
Macanan, HOpJAOH THpoJia3a JIM30coMara, KOH OKCWIJIapu Ba TOPMOHJAp KOHra,
AK30KPHUH MaxcyyoTiap Oeiruianrad OYVIUIMKKa Ba 0.

Xyxkaiipa 3KCHOPT MEXaHU3MM KYII XOJUlapAa MaxcyJoT OpKaiu OoIlKapuiaaud Ba
XyXkaipa ¥3  “MaxcynoT’mHHM  3axupa  (OpTHKYa)  XOJila  CcakKJaManu.
NvmyHOTNIOOYIMHIApHN HIIa0 4YMKApyBUM IUIa3MaTUK MeMOpaHa Ba KoJUIareH
uinad yukapyBun ¢GuOpoOiacTiap aliHaH LIy MEXaHU3M acocuaa HIIaiaumiap.
AKCHHYA TOPMOH HIILIA0 YMKApYBYM XyKaiipajap Ba OBKAT Xa3M KWJIyBYH IIHMpajap
Maxcyc TpaHyjajapia cakJaHaaud Ba yjJap Maxcyc OyHpykK acocuaa HIuiad
YUKApUIIA/IH.

Kynruna xoiuapma Xyskaiipanap Tyja, KalTa HIUIAHMAraH S’bHU Taul€p MaxcCyJioT
XOCHJT OYJIMITHUHT OXUPrd OOCKUYMHU aMajra OouMpMaral XoJia SKCIOPT KUJIaaH.
bynra ca0a0, oxupru MaxCyJOTHHHI JIOKaJ OW y4yH 3axapyid OYJuIId Ba yHH
3apaJIaHMIIJIaH  CaKJIalll Y4YyH AaiHaH IOKOpUAAru ‘‘daja JKCHopT — YCyJIHu
KyJutanuiagu. bup xaTtop Xa3sm KuiiyBuM (pepMeHTIap Ba JIM30COMaJl TUApoa3aiap
npodepMeHT €ku 3uMoreH (Hogaos XoJaT) KYPUHHINIA SKCIOPT KUIWHAIU. Arap
3apajlaHdIl XoJaTiapu 103 Oepca Xyxkailipa Te3lIMK OWJlaH 3apapCU3IaHTUPYBUH
OpaJIMK MaxCyJIOTHH UIUTA0 YUKapasu.

[yHunraex, 6up KaH4ya TYKUMajJapHU NapyajoByd (KoJulareHa3za) Ba TPOMO XOCHII
OynmuImmMaa WINTAPOK OTYBYM, JUCCOIMANMSIOBYM  “XaBuu”  skapaéHiapna
KaTHAIIyBYM (QepMeHTIap OuiaH Ouprajvkaa KOMIIOHEHTIap MaBxkyxd. XykaWpaaa
unutad YuKapuiraH OWPUKTHPUIN 0ab3d KOMIIOHEHTIAp AacTiad OWPHUKTUPHII
Xxycycusitura asra Oynmaiinunap. byHra mwucon Kuiaub, 3pyBYaH NPOKOJUIAreH
cuparuga wunUad YMKWIAAWTAH TPOMOKOJUIATEHHU KEITHPUIL MYMKHUH. by
Mojiaapra (hepMeHTIIap EpaaMuia XyKapa TalKapucuia uijioB oepuinaan. Yoy
xapa¢Hna pepMeHTIapHUHT Y3JIapy XaM SKCIIOPT MaXCyJIOTH XHCOOIaHaauap.
bab3an OyTyH KackajJ peakuus >KapaéHUHUHT (HaoJUIAllyBUIaH OXUPUTHU
O0ockuunraya Oyiran naBp MoOaiiHM1a XaBPCU3IMKHU TAbMUHIOBYM KadoyaT Kepak
Oynmagu. bynra Mmcon KWin0 KOHHUHT WBHINWHU KEITHUPUI MYMKHH Ba OyHIa
¢GbuOpUHOTEH POTEOIUTUK EePMEHTIIAP TABCUPHIA KOH UBUIII JKapaéHua TYP XOCUI
Kwyan (ulOpunra ainanaau. TpoMOuH 3ca, Y3UHUHT HO(AO MAKIA TPOTPOMOUH
XoJIaTHAa yupanau. TYKHMMaHu 3apallaHdIl XOJIaTJIApUIa XyKaupaaaH IpPOTEOJIUTUK
peakuusiap 3amXUpuAaH uOopar OMp KaH4a MOPOTPOMOMHHHU (PaoUIalITHPYBUU
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MoAmanap axpanaau. byHra SHT SKKOJI MHCOJ 3Ca aHTUTENAa WIUIA0 YHKaApyBUU
XyKaipajiapra OOFJIIMK KOMILIEMEHT cuctemacuaup. KomrmuiemeHT cucteMacu
TYKKU3JAaH OPTHK IUPKYSLIMIAHYBYM OKCHIJI MOJIeKyJajgapujaaH uoopar OYiuo,
YIapHUHT  KYMmuUuiurda Oup Heya  cyOkommoHeHTHaH  umoOopar. Cucrema
KOMITOHCHTJIApUJIaH OUpOPTACHMHUHT aHTHTena Fc kKucMu OwuslaH OOFIaHUIIH
Mypakkad CTPYKTYpaHUHI TY3WIMIIM OWIaH sKyHJIaHagud Ba Oy CTPYKTypa
aHTutenangap Epaamuaa €T MoIaHu MYK Kwtaau. [IpoTteonutuk cuctemMa Oy Tabuat
TOMOHW/IAH SPaTUJITaH XaB()IM XoJaTiIapJaH CaKJIOBYH MEXaHU3MIMDP.

IIpoueccuHr Ba TpaHCHOPT

Kynruna xommapaa monmmnentuaiap Onoyioruk (aon mommanap xucobiaaHuO, yiap
y3ura Xoc Tapslia MabliyM OOBEKT Yy4yH WyHanTupuiaau. by skapaéHpa xymuH4a
Maxcymomap 10 Ba yHAaH OpPTUK YIVIEBOJA  MOJIEKyJaJlapd TOMOHHIAH
[NIMKO3WJUIaHaIM €KU Junuj OuiaH KolutaHaau. bapua 3amxupiap y3ura xoc
kKoH(popmarusira dra Oynumu Kepak Ba Oy onxatna aucyibua  KuMEBHIA
KYIpUKYaiapyd OpKajdu aMalra OIlagyd Ba HATHUXKaJa OXUPTU MPOTEOJIMTHUK HIIJIOB
HATHKacH1a MOJIEKYJIa JKUIICTAIITaH X0Jra Kela/Iu.

['muko3wmianum kabu y3rapuiuiap MOJUNENTHA 3aHXUPUHUA OXUPUTH OOCKUYHTa
KaJap amaira omupwica Oab3ujiapy 3Ca CEKPEeTOp MaxCyJIOTHH MeMOpaHaaaH
axpanuimu OwiaHn maxcyc (epMmeHtnap Epaamuna Oaxkapunagu. Acocuil skapaéH
KYPWIHIL MaTepuasulapy Ba 3Heprusira 00 MeEMOpaHaHUHT LUTOIUIa3MaTUK F03acH/1a
103 Oepaau. ODHIOIUIA3MATHK TYPHUHI MYKU KaTJlaMH acoCaH MWUFYyBYM KaHal
BasudacuHu Oaxapanu. by >kapa€H Xyanu nBUrarenb, Ky30B, IIACCH KaOW MalldHa
HXTHEK KUCMIIApUHU OoIlKa IexjJa uuuiad 4YukapuinbO, Oomka (KaM SHeprus
capdnaHagurat) 1exjaa TePUIUIIUHY 3CIIaTa N,

By nonunentuy 3amxupaapu garan sHjpomiazMatuk typ (3I1T) uurozon kucmugaru
pubocomanapna cuHte3naHuO, Tai€p MaxcynotHu OIIT  mucrepHamapura
IOKJIAaHUIITa YXIIaWau. JIMmuj KOMIIOHEHTJIapyW Ba YIVIEBOJ 3aHKHUPJIAPU XaM
IITO30JI7a CHHTE3JIaHTaHJaH CYHT MeMOpaHa opkanu TpaHcropTiaaHaau. Lllynmait
9KaH YIJIeBOJUIap Kaiicu ycyn OujaH MeMOpaHaHMHI HapUTd TOMOHHTa YTaau?
YraeBogq  MojeKyJdacMHM — THAPOGUIUIMTH  cababiau  JUNUI — KYyIIKaBaTHAaH
KApIIWIMKCU3 YTUIIM MyaMMOHM k03ara KEATUPHUILA KUIIMHU YUJaHTUpaau. JIekuH
Ou3ra MabIyMKH, Ma3Kyp skapaéHma ruapodo6 VyTkaszyBum wmoiekyna [lomuxon
KaTHAaIIAIH.

OIIT wuku ro3acujard peaknusap yTa OKOpU chelu(uk Ba TaHJIOB acocHjia,
IIYHUHTAEK, MUKIOpPUI HUcOarinap Oyiinya dverapanaHrad. Xap Oup MOJIUNENTHA
3aHXKHUpUTa Yy3ura XOC KaTbUM Tap3la HILIOB OEpWIMIIM JIO3UM. AKC Xojjaa
TapTUOCHU3 MIILIOB OCPHUIN XaOCHU BY)KYITra KETUPHUIIA MyMKHH. Arap MyXuTAaru A
noymnentys (B momunenTua smac) KaHmalaup y3rapuinra ydpaca, Oy >kapaéHua
UINTUPOK ITYBYU (pepMEHT (pakaTruHa NIy 3aHXup OMIaHTHHA TabCHUpPJIAIIaInd XO0JIOC.
Keituaru Gockuuna Oy 3aHXXKUPHU YTIAEBOJ MOJIEKyJIacu OWJIaH OWMPHUKHUIIU amajra
omanau. bapyacuman Kypa MOMMMNENTHA 3aHXUPUHUHT WHCTPYKIUSACH aHUK Oup
F€HETUK CUTHAJI  acocujJa amMaira oumaad. ['€HeTHMK CUTHaJl MOJIeKyJa Nanjo
Oynumuaa (akarruHa CTPYKTypaBHid Ba (YHKIIMOHAN XyCyCHUATHH Oenruiad

105



OepuIluaH TalIKapy, 3aHKUPHUHT kKapa¢H JaBOMUIATH MOAUDUKAIMACH, XyKaipa
WYuja Ba TAIIKapUCUIATHM XOJaTH, YHU XY>KapaHUHT TYpJiau KUCMJapuaa Kanhcu
MoOJIeKylanap OwiaH OOFJaHMIIMHM XaM Oenrunad Oepagu. bomkada Kuiaub
alTranjga, TeHJIap OKCWJ MOJIeKyJajapuHu “Oynummkaard (TYpT  YIIYOBIIN)
YTMUIIMHA aHUKJIa0 Oepain.

Koiisam Ba erka3ud Oepuin

Cekperop Maxcynoriap [omexu ammapatu 6yimad OIIT crpykrypacura yxmami
“koHTEeHHep” NapJaH IUIa3MaTHK MeMOpaHa CTpyKTypacura yxumam “‘KOHTeiHep”
napra yTaau. by cTpykTypaBuii y3rapumniap MaxcyJIOTHU MEMOpaHa aH YTUIIN YIyH
KyJla MyXHM.

Cekperop MaxcyjloTiaapHH aiiHaH KaHjail ycynna [onexu anmapatu Oyiinad
XapakaTJIaHUIIA OJUMMJIAp ypTacuaa acoCUM TOPTHUIIYBIA MyaMmoaup. bab3u
OJNIUMJIAPHUHT  (UKpUYa, IIMCTEpPHA MaxCyJoT XapakariaHa€TraH malTaa
MeMOpaHaHUHT JOMMHI Y3rapuimu Tydaitnn “nydakuya” jgap XOCHJI KUIUO, OXHP
OKMOAT YyJIaHM aXpaluIIM HaTWwKacuja OelruiiaHraH xoura »>aTuO OepyBuu
Be3UKynanap xocwi Oynaau. by QukpHu kKynnad KyBBaTJIOBUM OJUMIIAPHUHT
¢ukpuya, [onbxu mydaxgamapu OIIT acocuma xocus OYIyBUM CTPYKTYpaaup.
bomka onmumnapausar ¢ukpuda, ['onkxu mydakuaiapu cTaTUK cucTemMa 0ynuo, yHaa
XapakaTiaHa€TraH MaxcCyJoTyiap JTOMMHUHN KyIIwiManap €K MaxcyjaoTra OOFJINK
XOJI1a MAIIPYTHHU Y3rapTUPaJUraH BE3UKYJSIp TPAHCIOPT OpKaIX Tauiaad. Maskyp
koHuencusaa ['onpxu annapaty nydakyanapu o3acuau (apkiiam makcaauna IIIT
ra HUcOaTaH UKC Ba TpaHC TylIIyHUYaJapuaaH (porganaHuIras.

YMyman onu0 KapadaraHjga, CTaTMK MOJAEN Xakukarra sKuHpok. Cucrema
MOJISIPIUTHHY OENTUII0BYM MEMOpaHa CTPYKTypacuaaru y3rapuil JuHaMUK MOJAEITHU
OockuuiIM Y3rapuiy xucoOnanMaiau. by xonga cesunapnu y3rapuinl Ba (apk
Ooynagun. Macaman OyTyH Oonumn ¢epMeHT Typyxjapu Oomka rypyxjap OwiaH
apanamum6 ketaau. Maskyp Harwkanap Oyitmdya maxcynoTHu [onbxu anmaparu
XapakaTu JaBoMuja ['onbku ammapaTd MeMmMOpaHacuza peopraHuzaius s>kapaéHu
keuMaiau. byHman kenn0 uYMKaaWKW, XapakaTiaHa€TraH MaxCyJOT Ba KOMILIEKC
MeMOpaHacu OWp BaKTHUHT V3WJla XapakariaHa oOJIMaiau Ba Oy 5ca JUHAMHK
MOJEJHU HOTYFpPU 3KaHIUTUHU Kypacataau. Cekperop maxcynoTiapuHu [onbxuaa
xapakarianuim jgaBomuaa OIIT nga ¥HuFuwiaran MoJIEKYJIaHUHT — OJIMTOCaxapu/l
KUCMJIApUHU  KUCKapuiu, ¢ocdhopnaanumi (dochaT TrypyXJapHUHT YJIAHUIIN),
aneTWwuUlaHuil (€F KUCJIOTaJapHUHI YJIAHWIIM) Ba MPOTEOJUTHUK TMapyalaHMII
Kapa€HJIapu Ky3aTUIaIH.

lonpxu annapaTuHu siHa OMp acocuil QyHKUMsUIapuaaH Oupu Oy MoJIeKyJalapHU
capasialganup (copTHpoBKa). By ’kapaéH Xa3Mm KWJIUII JIM30COMAJIapy KHUCIOTaIU
rujiposaza pepMeHTIapuaa 03 MUKIOp/Ia YpraHuiIraH.

lNompxu anmapatna nuzocoma (epMEHTIapu OJUTrocaxapu]l 3aH)XUpura OOFIaHTaH
OXHp MaHHO030-6-hocdaT rypyxJjiapu KYpUHHUIIINAIA XapaKTepIu Xojarra 3ra Oyaaam.
bupuktupuira >xaBobrap O6ynaran (epMeHT OOIIKa TJIMKOMPOTEHH MOJCKYJIACHHH
“TaHUManu”’ STbHU (DEPMEHT aMUHOKHCIOTA KETMa-KeTIUTUIATH CIeIH(PUKINKHA
“TaHuiaN” (aMHHOKHCIIOTA KETMAa-KeTIUTH €KMW KEeTMAa-KeTIIMK Tumu) €ku Oapua

106



au3ocoMa (hepMEeHTIapH YUyH THUIHK ycyiiapaad ¢oinananaan. Maskyp TaHIITYBUYH
MaHHO30-6-ochar Oenrucu (Hykracu) [oapkuM MemMOpaHacM WYKH FO3acHaa
Koinamran OuUp KaHYa Trypyxjamrad crnenuduk OOFoBuUM caiTiap (ydacTka)
TOMOHHMAH WIIA0 4YMKapwiagd. Y3 HaeGatuaa im3ocoma (epMeHTiapu Oy
CallTJIapHM OKCHWJI apajalliMallapd HYMJaH a)XpaTh TaHUO ojaau €Kku “KapMoKka”
Tymupaau. MeMOpaHaHUHT UILIA0 YUKAPYBYM KHUCMU S’bHU BE3UKYJIajap TaHIaHTaH
XoJlaTAa Jm3ocomanap Ominad tabcupiamanu. Kelinnyanuk Oyianrad Be3uKysia sHa
['osbxy anmapaTtura KauTaau.

JlexuH, axxonu6 capanaimi >kapaéHu y3 HHUXOsSCHUra eTMaiau Ba OUp HeYa MOJIEKyJa
au3ocomMa (pepMEHTIapu acoCHil CEKpeTop OKMMH (ITOTOK) OWIaH XyXahpa CUPTH
oyuumrura ynkaad. Ulynu Ttabkuuiad YTUII JTO3UMKH, KYNTUHA Xy’KalpalapHUHT
IIa3MaTHK MeMOpaHacu ro3acuja MaHHO3a-6-¢ocdar OwnaH OofiaHa OJIATUTaH
peuentopiaap Oop Ba OKUM OwiaH 4ukKaérraH (QEepMEeHTIap CEeKpPETHU yiap
TabCUpUAAH acpaiiau. Xap xoJja qu3ocoma (pepMEHTIApUHU XysKalipa TalllKapucura
CEKpelMsICH HOpMaJl IIapouTAa XaM 103 Oepaau. by sca maTtojoruk xonaT ByKyAra
KeJIraH XxoJlaTiapAa SbHU JHU30coManapAaH (EepMEeHT cekpeuuscu Oy3uiaraxn
BazMATIIapJa XysKalipa Tamkapucuaara GepMeHtiap ¥3 QyHKIUSICUHU KydalTUpaIn.
SbHN HOOYA OYNTaH KOMIIOHEHTJIApHU Mapyanaiau. JIekun Oy XoJlaTHU XaM Y3ura
dpamia canOuil ToMoHH OYiIMO, OMpKaHYa JIM30COMaNl TUApOIa3aiap Ly KyMiaJaH
“xaBdau” TabcUpra sra Karerncuniap (mpoteasanap) Hodaona Xoiga CHHTE3TAHUO,
dakaTruHa Ju3ocoManiap MyXUTia MaBx Ky OVirad mapoutaa daosuiamiaim.
CekpeTop MaxCyJOTHHHI O€lrWjiaHraH MaH3Wira eTuO OOpHIlM CEKPETOPHUHT
taHaddyccu3 (IOMMUN paBUIa) Ba Y3JIYyKIW (JOMMHUH paBUIa dMac) paBUIIAa
cekpeuusiaHummMra xam Oornuk. Tanaddyccus cekpelusulaHuin  Kapa€HHuIa
MaxcysnoT [onbku anmapatujadH KAYMK MeMOpaHalM Be3UKyJlajlap Tap3ujaa
TYXTOBCU3 YMKUO Typaaud Ba Oy Be3UKynajlap ammapaTAaH KypTakjJaHUII acocHia
axpamagy. Be3uwkyna wumMzard MaxcyloT 3ca XyKaipa TallKapuCcura 3K30LIMTO3
ycynu OuslaH 4YHMKapuiaau. Y3JIyKIM CEKpelMsUIaHuIIa 3Ca MaxcCyJoT KaTTa,
3U4YJIaHTaH, MeMOpaHa OujaH YpajraH BakyoJiajJapJa KOHIICHTpalUsJIaHaId Ba
€TWITaH CEKPETOp TpaHyJiajlapura aujaHaau. [ paHyna 3ca XyxaWpa TallKapucura
HK30IIMTO3 YCYJIH OpKAJIA YMKapuO 1000pmiIaau, J1eKUuH 0ab3aH CTUMYIISIIUS KapaCHH
HEPB Ba TOPMOHJIAPHUHT MYpPaKKad TabCHUPJIAIIYBU HATIKACHIA AlleTHIIXOJIMHHUHT
axpanuiuy OuiaH sKyHiaaHaau. by VTka3yBuM MoJeKyla XyKailpa rozacujaru
peuentoposiap OunaH Oo0fIaHMO, KOH(POPMAIMOH Y3Trapuill HAaTWXKACHA TpaHyJIaHU
AK30LIMTO3 WYJIKM OWJIaH YMKApWIMIIMHA TabMUHIANAM Ba Oy BakTaa Xyxkaiipa nuura
KQJIBLIMM MOHJIApU KUpaau. Arap CTUMYJUIAHUII YKapa€HU amaira oliMau, Xykaipa
CEeKpeTHM HILIa0d YMKUIIAA JABOM 3TcCa, MAxXCyJoT IUIa3MaTUK MeMOpaHa OuiiaH
OoFyaHMai In3ocoMaiap OuaH KYIUian0 napyaianud KeTasu.

Opatma  nu3ocomMa  THUApoJia3ajiapd  JIM30coOMajapliaH  JOMMHM  Tap3na
TpaHcnopTiaHaau. JIekuH, Oy >kapa€H moauMopd sIpoJId JEHUKOIUTIa OOFJINK dMac.
By KoH xykaiipanapu UIUKIard y3ak XykapaaaH pUBOKIIAHUII TaBOMHIa OUp Heda
aBjoJuIap JaBOMHUAA JIM30COMajl THApoJia3ajJjapHU Ba OMp KaH4ya OaKkTepuId
(OakTepustapHu  YIAMPYBUM) MOJJANApHH HIUIA0 YHMKapagd Ba TYIJIaiau.
Jleiikouutnapaa Oy depMmeHTaap HUPHUK IUTOIUIA3MaTHK TpaHyla Ba CHEIUPHUK
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rpaHyna Xojuja TyIulaHaau. ['paHynanap aHTuTenanap Owiad (aosurammMaryHda
(orcoHu3anuMs) UMTOIUIa3Maja MHEPT XoJiia Oynaau Ba Qaosutamrasgad cyHT 3ca €1
MoJIajapHu 3puTHO r06opaau. daamnanui xkapa€Huaa garouurap BakyoJiara xKyjaa
KYII MUKJIOpAA rpaHysia KenuOd KYImiaad Ba €T KUCM HVK KWIMHAAW. Maskyp
xapaCHIaH CcYyHr Oomika JedkouuTiapaaH ¢apkiud paBuiiga Oy Typaaru
JeHKOIMTIap KalTa TUKIaHMalId Ba ¥3u XaM HOOY/ Oy aiu.

Xy:kailpaja CHHTE3JIAaHTaH OKCWLJIAP TPAHCIIOPTH

bapua cunresnanran okcuwuiap roOopuwuiu kepak Oynran (OIIT wuum, [onbxu
amnraparu, JIn3ocoMa €Ku Xykaiipa OYIUIMFW) >KOWJaH KaTbuil Hazap aactiad OIIT
WYKHU KUCMUTA TYIIA]IH.

Kynruna wmeMOpaHa uWHTerpal OKCWJUIApU CEKpPEUMsJIaHyBUM OKCHILIAp KaOu
pubocomanapa CUHTE3NaHcana, yiapaad (apkiau yiaapok cuHtesnaH kend OIIT
WYKW KUCMUTA TYyIIMa, MU KyliKaBaTtuaa Kojaaau. Ammo 6apua OIIT okcumiapu
aliHaH 1y Wyn OuiaH unuiad yukwiMaiau. bupkanda okcwiiap MUTO30JJ1a SPKUH
pubocoManap/ia CUHTE3JIaHTaHJaH CYHT MemOpaHara Oupukaau. bomka memOpaHa
okcuwiapu (OIIT wukm smac) sca OIIT na wummad yukapwin® KeWHHYAIMK
OenruiaHraH MaH3wira erkasud Oepwiiagu. OKcwIap MabliyM MYAJIATIaH CYHT,
MeMOpaHa/ia CeKpelMsIaHTal MaxcyJaoTiap ounan apanamub keraau (51-pacm).
Pacmpan xypuHuO TYypuOAMKH, CEKpelMs KWIMHAETTAH OKCHILIAp VHI TOMOHMJA
XKolnamran uyn opkaiu uvkapuiaau. byHnma ynap pubocoma MemOpaHacu OwiaH
OornaHraH XoJjaH, YJApHUHT MWUTWIMIINAAH, OKCHJI SK30LUTO3 EpJaMuja
XykalpagaH 4WMKUO KeTryHraya OVynraH #Hymu kypcatwirad. CXeMaHHMHI Yar
TomMoHuaa 5ca OllTga cuHTe3naHraH I1JIa3MaTUK MeMOpaHa WHTErpajlaHraH
OKCHJUIAPUHUHT ailHaH 11y 3K301UTO3 HYynaaH (GoiaalaHuIIN KYpCaTUIITaH.

by oxcumnap MaxCyJOTHM BE3HMKYJIAp TPAHCHOPTH Y4YyH OENTrWIIaHraH KHCMa
rypyxJjaimran MeMOpaHajard y3iykcu3 (GU3MK JoMeHjap Epaamuaa Jiatepal
muddy3us ycynu OumaH apanamiaim.

108



OKcun cuHTe3w
MUKO3UNNAHWLLHK
BowwnaHuwm
[MUKO3MNNaHULL Xapa&HUHU
NaBOM 3TULLK

Oucynecbug KynpukyanapHu
xocun 6ynuwm

AN Jlunugnaphu Kylwmnuwm
7/ CynbhaTtnaHuw

Yrnesog éH 3aHxupnapuHu

AYKOTMAWMLLK

Oxwpru rMUKO3UNNaHNLL

MpoTeonuTUK nwnoe Sepuw
@ \L \b HWHIr 4asoMm 3TULLK
© KoHueHTpauua

Tawkapura 4ukapub
Tawnat

MNpoTeonuTuk nwnoe depuw

M

Puc.51. Cexpeuuss WyIMHUHT CXEMAJIN KYPUHHUIIIN.

Okcun Oup JAOMEHJAH UKKUHYM JIoMeHra Oenrunanran wmanswira  ([osbxu,
MJa3MaTUK MeMOpaHa, JIM30coMa Ba X.K.) eTu0 OopryHra Kajap “cakpald’ ropaiu.
CexpeTop OKCUILIap CUHTapyu MeMOpaHa MHTErpall OKCWIJIapH apaialilyB MOOalHUIa
DKCTCHCHB TIPOIIECCUHT XapaCHWHHW OOIMMIaH Kedupaad. byHra MuCON KUIHO
OJIMTOCaxapuj MOJIEKYJIaCHHU MeMOpaHa

103acujia OWPUKTUPAIUTAH TIIMKOMPOTEHH MOJEKYIACHHN KEITHPUIT MYMKHH. Y
meMOpana ro3acura JIIT gan [onbxu anmapatu opkanud YyTuO Kelnaaud Ba Iy Wy
JTaBOMUJIA YTJIEBOI KOMIIOHEHTUHU OUPUKTUPHO OJIa]IH.

Xy:Kalipau4u TPAHCHOPT TYPH

WNkkvHun 103 Wmwmmuk Oonurapuaa (paHily3 MUTOJOTIapU XalBOH Ba YCHUMITHK
Xy>Kalipacuja aHUKJIaHTaH BakyoJia Ba rpaHyJjanapjaH uoopar Mypakkad cUCTeMaHH
“BakyoM” €0 HOMJIAIIHU TaBCUSI KWJIMLIAW. YJIApPHUHT (PUKpHYA, BAKyOM KYTNTHMHA
UTOIUIa3Ma CTPYKTypanapujaH (MUTOXOHApUA OyHAAH MYCTACHO), IIy XyMJIaJlaH
lonpxu anmapaTMHU XaM Y3 WYMra ojiraH ajnoxujaa cucrema Oynrad. Jlekun ¥3
BakTHAa Oy TaBcUs yMyMuUM Kyiuiad KyBBaTJIaHMaraH. XO3UPrd KyHJa BaKyoJsip
cucTeMa TYWIYHYACH Xy)KaWpajgarn MOAJANAPD HMIIOPTH Ba  JKCIHOPTHUHU
TabMMHJIOBUM MYpakkad cuctemMa TYyIIyHMJIaAW. Arap cHCTeMa TY3WJIUIIMHU
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aHATOMUK Ba (YHKIMOHAJ OpraHu3anuscura >bTHOOP Oepcak acocaH [ oibxu
anmnapaTUHUHT UKKW JOMEHTa OYJIMHTaHUHU KYpUILl MyMKHH (52-pacMm).
DHJIOIUIA3MAaTUK  PETUKYIyM €KUM SHIOIUIa3MaTUK JoMeH [onbxu amnmapaTtura
HucOaTaH yuc TOMOHJA >kounamrad. OKCUJI CHHTE3Ura MXTHUCOCJAIIraH JOHAIop
OIIT cunnuk DIIT Ba I'osbku anmapaTtura YTUIT KACMHIA aHUK MOJISIPJIUKHA HAMOEH
kunaau. by acummerpusinan tamkapu OlIT TYp MemOpanacuga cexkpenusara OOFiIuK
OynmMaraH, JIKUH y OWJIaH TapkuO >KuxaTaaH Aespau Oup xuia OyiaraH Oup KaHua
MeTabonuTinap XaMm yupaiau. BakyomMHuHr Oy Kucmuaa xapakart Qaxat Oup
tomorsamanup. IIIT ¥3 tapkubmmarn MopmamapHu ['OJdBXKH TOMOH TECKapu TOK
épnamuaa roOopaau. ONHMHIaH HaTHXKajapra CEKpPeTop MaxCyJIOTJIap TPaHCIOPTU
WMKKHA TOMOHJIaMa MeMOpaHa YoKJIapura OOFiuK Oyimmura Kapamai, 3¢pGeKTuB Oup
WyHamunum  “Kyng-Ty30K’ MPUHIMIN acocuja apanamand. by »ca uMmopt
OKUMHUHT ['OJIb’)KM TOMOHUJIaH TYCHO KYHUWIIUIIMHU aHTJIaTaayd Ba XaKUKATIaH XaM
SHJOLMTO3 YCyJIU OujlaH Kampald OJIMHTaH MaTepusuiap SHIOIUIA3MaTHK JOMEHTa
TyLIMaiIu.

[onpxu amnmapaTUHUHT OOIIKa OWp TOMOHHUAA SBHU 3K30IUIa3MAaTHUK JOMEHH]IA
(yMymuii KaOyJn KHWJIMHMaraH arama oymncazaa, 0y ['oybxuHu TpaHc TOMOHU 710 aTall
MYMKHH) yMyMmaH OOIllKa MaH3apara ryBoX OVmum MyMkuH. by momen [onbxu
anmapaTd OwiaH OOFJlaHTaH KYNTMHA BE3WKYJa, BaKyoJia Ba XWJIMa-Xuil TYpPJIH
KaTTaJUK/Iard TpaHyJJiajJapH Y3 UUura oJjiaju.

Maskyp CTpyKTypaJlapHH KOILJIaraH MeMOpaHa TY3WIUIIM >KUXATJaH IUIa3MaTHK
MeMOpanara yxmaiiau. Y OIIT T1yp memOpanacura HucOaTaH HWYKH lO3acHa
JKOMNalran 3u4 OoJurocaxapujjap xucooura o3ruHa uyroHpokaup (10>7um).
Iynunraek, Oy memOpaHa cuHromMuenuH kadu ¢ocdonunuanap Ba OKOpU
KOHIICHTPAIUSIIN X0JIeCTepUHIaH noopar. JICKUH OKCU TapkuOu Oyiinya mia3MaTuk
MeMOpaHaaaH aH4a apkJjiaHaIu.
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52-pacm. Xy:kaiipa opraHouaJapuHH XapaKaTJIaHUIIU.
1—T0nbaXKK YETHOTH — SHJOTUIA3MATHK PETUKYITYM;

2— l'onbmKu CEKpeTop YEHOTH — TJIa3MaTHK MeMOpaHa;

2'— kpuHodar oru;

3— TI"0/IbIKH YEITHOTH — JIN30COMa;

3'— Ilna3maruk MemOpaHa Ba 3HI0COMa OpKaJId I OJIb KU IaH
Jau3ocomara 6opajuraH aJbTepHATHB HYIIH;

4— «mma3Matuk MeMOpaHa — HJI0COMay DHIOIUTAP YEITHOTH,
4'— >HI0COMANIapHU OFUO YTaJuraH albTepHATUB YHIOIUTAD WYIIH;
5— mua3matuk MeMOpaHanu peryprutaius (a), auanuto3 (0), [onbmxu
opkai (B), mu3ocoMa (T) OpKajau KauTHO KeIUIIu

6— «3HA0COMAa — JIU30COMAaY UYIIH;

7— aytodaruk cerperanus.

BakyoMHuHr Oy KHCMHJA Xapakar >kapaéHU KUHMUH OYnuO, HMKKM TOMOHJIaMa

nyHanunyiad wubopar.  [onbxu anmapaTujaH axXpaiu0d 4YHUKa&TraH CEeKpeTop
111



MaxCyJOT OKMMH Y3JIyKCH3 BE3MKYJa 3aHXUpU EKU BAKT YTHINM OWJIaH TYTIJIAaHTaH
MaxCyJIOTJIap BaKyoJia OPKAIM Xy Kalpa H03acu TOMOH WyHaITUpuiIaan. by xxapaéuaa
myxumu ['onpxu anmapatugaru HOpJoH (ocdaraza QepMeHTHHH JIM30cOoMara
eTka3n6 Oepunummaup. Cekperop Wyngard OpTHUKYAa MaxcyjoTiap KpuHodar
WUYIIMHU WIIra TYHIUpaad Ba CEKpETOp IpaHylallap JU30COoMa TOMOH XapakaTIaHHO
napyaJIaHaIu.

@aronuTo3  Kapa€HW  SHAOUWUTO3  PEUENTOpJapy  UINTHUPOKHAA  YTaiu.
OHJIOUUTO3HUHT OOMIKA (MMIIOPT) MyJK XaM MaBxXyJ 0ynu0, ynap

acocaH Ju30coMalapia YTUIIM Ba FOTWITAH MaxCyjoT peryprurauus (Xyxainpara
KHpraH >Koiura roOOpuIl) KWJIUMHUIIM, XyXallpa cuUpTHIard Oupop KHCMIa
€TKa3WINIIY (AUAUTO3) €KW rpaHyJiajapra cakjam y4YyH F0OOPHIHIIA MyMKHH.

By TpaHcnopT Typuaaru xapakar skapa€HUHU OMpAaHuUTa Ky3aTaJuraH OyJcak »xyna
Mypakka® jkKapa€H OHKAHIWTUHU TyBOXH OynamMu3. XO3Up Ma3Kyp Kapa€HHH
ypranwiMarad TOMOHJApu Kym. by kapa€Hnap MarepUaliHM  IUIa3MaTUK
MeMOpaHaJaH YTUIIM, OHK30LUTO3, HHAOLNUTO3 Ba Oy kapa€HOa JIU30COMaHU
HAOCOMA OujlaH OupJalMIIM HaTWXKacuaa JIM30coMa MeMmOpaHacu OwilaH
TabCUPJIAIYBU, ayTodar cerperamus Skapa€HUHU Ba JIM30COMAJIard  Xas3M
XKapa€HJIapuHU Y3 WUYWra OJlaJu. JK30LUTO3 KapacHu NaBOMUIA MYKOTWITaH EKU
capduanran memOpaHara komrieHcanus cudatuga memOpana OllTna sarunax
cuHTe3NnaHaau Ba [onbkuja Kaita unuioB Oepuiaau. by koHnencusira MyBoQuK
“meMOpaHa TOTOKM~ Ha3zapuscu Ba [0JIb)KM (QPYHKUMACHUHM JHHAMHUK MOJEIUra
OMHOaH, SHTUJAH CUHTE3JIaHTaH MeMOpaHa OUTTa SKCMOPT-UMIIOPT LUKIWHU YTao,
KeHWHYAIUK MmapyajiaHnu0 KeTaiau.

KonteitHepmapHUHT Te€3 Ba Mypakkad MHUKIJIAHUIN Kapa€HuJa MOoJJalapHu

Ooexyna capdiaHumMHM Ky3aTum MyMkuH. IllyHra Kapamaii, Xyxaiipa Oy
KOHTEHHEepIap camapajii XapakaTJIaHUIl MexXaHu3Mura sra Oynub, Oy xapaéH
3u4jamran (KOHIEHTPJIAHTaH) BE3UKYJIa MIaKIUaa YTaau.
Arap Bakyomra 3bpTHOOp Oepub Kapajica, 5K30MJIa3MaTHK JOMEHAA XyKailpa
MeMOpaHacu ~ XucoOysianraH  MeMmOpaHa  Oyjakyacu — KeWHMHrH — kapacHnua
SHOJIUIIOCOMAJT CUCTeMa KEWHMHPOK dca, ['0npku anmapaTUHUHT CTPYKTypa Oyiaru
OYNraHHM Ba OXHpP OKHMOAT sHA Xy’Kaipa ro3acura KaWTraHWHU Ky3aTHII MYMKHH.
Maskyp »xapaéH aruru Oup gakuka wumaa coxup Oynamu! Ilepmeasamap Ba
TPAHCIIOPT CHUCTEMAHUHT OOLIKa TypjlapH IIUTO30J Ba BE3UKYyJa ypTracumard OUpop
Oup peakuMsiHU KaTanu3iad, V3 (QyHKIUSIIapUHU XyKalipa WYUra KUpraHjaH CYHT
aMajira OmMpanyd. Y3 HaGaThaa Oy CTPYKTypalapHH sSPMH XyXkKaiipa HuuIa Ba IpMHU
AK30IJIa3MaTUK JJOMEH BaKyoMuaa 3 BazudaiapuHu amaira Ommpau.
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AKTHBHPOBAHHbII
Makpodar-

JHeprusi AKTUBALUM -

AKTHBHMPOBAaHHBIN
HMMYHHUTeT-

AKTHUBHBIN IEHTP-

AKTHB TPaHCHOPT -

AnanTuBHbIe (pepMeHTBI-

ApPUHHOCTB-

ATITJIIOTHHALIMA-

AIT.]'II()TI/IHaIII/IH AHTUTEJI-

AJtocTepudeckast
akTuBanus -

AJtocTepudecKui
3¢ dexTop -
AJitocTepudecKui
(pepMeHT -
AJitocTepudecKui
HHIHOUTOP-
AJLtocTepuyeckas

peryJsums-

AHTHOUOTHK-

AHTHTEJI0-

Maxkpodar, CTUMYITUPOBAHHBIN Yepe3 IUTOKUHBI

W3nuiieH sHepruy HassalbHOT'O MOJI0KEHUs, KOTOPOE
JTIOJKHO OBITH TOOABICHHO B MOJICKYJIIPHYIO CUCTEMY IS
Hayvajla XUMHYECKON pPeaKIuu.

NmMmyHHUTET IpHOOpETaHHBIN KaK pe3ysIbTaT COOCTBEHHO
WHIVBUAYaJTbHAs PEaKIUs K TATOTEHHBIM MHUKPOOPTaHU3
MOM MJIU UX aHTUTEeHaM; OIPEeIsAeTCs B PUCYTCTBUU
AHTHUTEIIO UM UMMYHHBIX TUM(OUIHBIX KIETOK,
c(OPMHUPOBAHHBIX B OTBET HA AHTUTECHHYIO CTUMYJISIIIHIO.
Llentp B Mosekyne ¢pepmMeHTa, B KOTOPOM cyOcTpaT
CBSI3BIBACTCS U IPOUCXOUT COOCTBEHHO KaTAIUTUYECKAs
peaxius

JIBmxeHue Belect yepe3 MeMOpaHy CO CTOPOHBI MEHbILIEH
KOHIIEHTPAIIUU B CTOPOHY BBICOKOH TpeOyrOmIHii
MeTabOIMYEeCKOM YHEPTUH.

NuaykTrBHBIE (PEPMEHTHI CHHTE3UPYEMbIC OPTaHU3MOM B
OTBET Ha IPUCYTCTBUE CyOCTpaTa Ui COOTBETCTBEHHOE
BEIIECTBO.

CunpHasi B3aMMOCBSI3b MEXKIYy MOJIEKYJIaMH (Harpumep,
AQHTUTEH U aHTUTEJO)

Bunumas arperaiusi KJI€TOK WM YaCTHYOK B PE3yJIbTaTe
PEaKIuy MOBEPXHOCTO-CBA3aHHBIX AHTUTEHOB C
TOMOJIOTUYHBIM aHTUTEIIOM.

AHTHTETNO0, CIOCOOHOE BBI3BIBATh TPYNHPOBAHHE WITH
arTIIOTHHAIINIO OAKTEPUIA UITH IPYTUX KIIETOK.
[ToBblteHNs1 CKOPOCTH (PEPMEHTATUBHOTO PEAKIIMU MOCTIE
CBS3BIBAHUSA alljiocTepuueckas adpdexropa u pepmenTa.

BemecTBo, KOTOpOE MOBBIIIAET CKOPOCTh (PEPMEHTATUBHOM
PEaKINK MOCIIe CBSA3BIBAHUS C PETYISTOPHBIM Y4aCTKOM
dbepmenra.

DepMEHT CBA3BIBAIOIINNCS C KATATUTUYECKUM Y4aCTKAMM,
TaKXe pa3HbIMU YYaCTKaMH, Ha KOTOPBIE MOIYJISATOP
(amoctepuueckuit 3 GeKTop) NEeHCTBYIOT.
Annocrepuueckuit 3P PeKTop, KOTOPHIA YMEHbIIAET
CKOpPOCTh ()EPMEHTATUBHOW PEAKIIHH.

Perymnsuus aktuBHOCTH (hepMEHTa, OCYIIIECTBIIsIEMAast

3P PEKTOPHON MOJIEKYIIOHN, KOTOPasi CBSI3bIBAETCS C YIaCTKOM
B MOJIEKyJie pepMEeHTa, YIaJICHHON OT aKTHBHOTO IIEHTpA.
BemiecTBo, cuHTE3MpyeMOE OJTHUM MHKPOOPTaHU3MOM H
OKa3bIBAIOIIEE MHTHOUPYIOIIEee IEHCTBUE HA APYTHE
MHUKPOOPTaHU3MBI U PAKOBBIE KIJIETKH.

MoJtekybl TIIMKOTPOTeHHa (MMMYHOTJIOOYJIHH),
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AHTHUTEJ0 3aBUCUMAA
HUTOTOKCHYECKAS
CBEPX4YYCTBUTEJbHOCTH-

NMmyHuTeT 00yCJIOBJICH-
HBIA AaHTHTEJIAMMU-
AHTHUTEH-

AHTHIeH NPe3eHTUPYIO-
e KJIeTKH -

KoMmiiekc anTureJio-
AHTUIEeH -

AHTHTeHHAA
AeTepMHHAHTA -

AHTHIIOPT-

B-kierku-

Kuerouno onocpenosan-
HBbIi MMMYHHUTET -
XpomoreHHbIH cy0cTpar -

Kodaxrop-

Kommiiemenr-

CucremMa KOMILIEMEHTA -

JAucyabpuanas cBa3b -

dpdexTop-

CUHTE3upyeMble B-muMmdonnramMu B OTBET Ha MONAJaHNE B
OpraHU3M Pa3TMYHBIX AHTUTCHOB M pearupyrouun
crenu(puUIecKy ¢ HUMH.

Peaknusa cBepXuyCTBUTEIBHOCTH THUIIA 2, B KOTOPOM
AHTUT€H MPE3CHTUPYETCS HA TOBEPXHOCT KIIETKHU B
CBS3aHHOM B BHJIa C aHTUTEJIOM, TPUBOASAIINI K THOEIH
KJIETKU CTUMYJISLIMEN aTTaku (harouuTamMu
NMMmyHHUTET 00YCIIOBICHHBIN aKTUBAIIMEH MOMyIsueii B-
TUM(OLUTOB NMPUBOAIINN K MPOU3BOICTBY PA3IMUHBIX
KJIACCOB MMMYHOTIJIOOYJIMHOB.

BemiecTBo, BOCIPpUHUMAEMOE OPraHU3MOM KaK 4y KEPOIHOE
U BBI3BIBAIOIIEE CIEIIM(PUIESCKII IMMYHHBIN OTBET-
BbIPaOOTKY aHTUTEN.

KiieTku ¢ npUKpUIIEHHBIMU MaJIbIMH HOJUNIENTHAAMHI
anTureHa kK 7sym nporenHam MHC Ha Hapy»HOH KJI€TOUHOU
MeMOpaHe, TaK YTO AaHTUTEH MPE3ECHTUPYETCS WIH
nokaseiBaeTcs K Ty KIeTKaMm.

MonekynsipHas KOMOWHAIKS, KOTOpasi IPUBOJIUT K PEAKIIUU
MEXy aHTUT€HOM WJIM KOMIUIEMEHTAPHBIM K HUM
MOJIEKYJIAM aHTHUTEL.

YacTh aHTUTEHA, CBSA3BIBAIOMIASACS C CICITU(DUISCKIM
AHTHUTECIIOM.
MexaHu3M, B KOTOPOM pa3HbI€ BEIIECTBbl AKTUBHBIE
TPAHCIIOPTHPYET Yepe3 IIa3MaTHIeCKUii MeMOpaHbl Ha
MIPOTUBOIIOJI0KHOE HAIPABJICHHUE.
JlumdouuTel, TpOaYyIUPYIONINE aHTUTEIA U TIPOUCXOISIINE
U3 KJIIETOK KOCTHOI'O MO3ra.
NMMmyHHBIE peakIuy, UHUIIUUPYEMbIE KJIETKaMHU, a He
QHTUTCHAMU WJIU APYTUMU TYMOPaIbHBIMU (haKTOpaMH.
BemectBo, nmpuobpeTaroliee onpeeIeHHYI0 OKPaCcKy Mocye
pacierieHus cnerupuaeckum GepMeHTOM.
HuzkoMonekysipHOE BEIIeCTBO, HEOOXOIUMOE JTS
MIPOTEKAHUS OTNIPEACICHHON ()epMEHTATUBHON PEaKIINU
benkoBbIii KOMIUIEKC CBIBOPOTKHU KPOBBI, OUH U3
COCTABJISIFOLLMX BPOXKJICHHOTO UMMYyHHUTETA. [IprHUMaeT
y4acTHE B PETYIISIIMN BOCTIAIUTEIBHBIX MPOIECCOB,
aKTUBAIMU (HaroruTo3a U JTUTUHICCKOM JCHCTBUH HA
KJIETOYHBbIC MEMOpaHHBINH. AKTUBH3UPYETCS B3aUMO/ICHCTBHE
C UMMYHHBIM KOMIIJIEKCOM.
Cepus ociae0BaTeNIbHBIX MPOLIECCOB AKTUBAIUN
KOMIUIEMEHTa U (DEpPMEHTATUBHBIX PEaKIUi, 3aIycKaeMas B
OTBET Ha 00pa30BaHUE KOMILJIEKCA AHTUT€H-aHTUTEIO.
KoBasieHTHas1 CBSA3b MEXKIY IByMsI aTOMaMH CEPH,
BXOJISIIIIUMHU B MOJIEKYJBI UcTenHa. CTaOMIH3UpyeT
TETPUYHYIO CTPYKTYPY HOJIUMENTUIHBIX IIETEH.
HeOoub1iast Mosiekysia CBSI3bIBAIOIIASICS C PEIPECCOPOM HITU
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dbepMEeHTOM U PUBOIAIIAS K UX HHTUOMPOBAHUIO UITU
aKTUBALIUU.
¢ dexTopHble KJIEeTKH - KIeTKM IMMyHHOW CHCTEMBI, pa3pyllalOle aHTUTCHBI.
NuruéupoBanue Nurubuposanue pepMeHTa META0OIUTOM - KOHEYHOM
KOHEYHBIM MPOIYKTOM- MPOIYKTOM METa0OJIUYECKOTO ITYTH.
depMeHTATHBHBII MMMY- MeTtoa oOHapyxeHHs crieupUIecKUX MOJIEKYN B oOpasLe.
HOCOpOeHTHBII aHaiu3 - OOpaszen (UKCUPYIOT HA TBEPIOH MOIOKKE U JOOABISIIOT

3HI/ITOH, AHTUI'CHHAas
JACTCPMUHAHT -

I'mnepBapua0enbHoit
Y4acToOK

HNMMyHHBIH 0OTBET
NvmvmyHoadgpunHas
xpoMoTtorpagpust
HNmMmyHoI0rHYeCKUM
aHaJIn3

Nuayxrop

HNuTepaeiikuH -2

HNHurpoH -

HNoHubIN KaHAJ -

Iccat -

Kcat/ KM -

aHTHUTENO, Clielu(PUUHOE K MApPKEPHON MOJIEKYIIE.
HecpsizaBmmecs: MOJIEKyJIbl IEPBOIO aHTUTEIIA CMBIBAIOT U
N00aBIISIOT IEPBOE AHTUTENO, CELUPUIECKU
cBs3bIBatoIIEecs ¢ nepBeIM. Ko BropoMy antuteny
NpUCOEIUHEH (PEPMEHT, TPEBPALIAIOIINN HEOKPAILICHHBIH
cyOcTpar B OKpalleHHbIH TpoAyKT. JloGaBistoT
HEOKpaIIeHHBIN CyOCTpaT U MPOBOJIT KOJIMYECTBEHHOE
OInpeeJIeHuE OKPAIEHHOTO MTPOIYKTA.

YacTh MOJIEKYJIBI aHTUT€HA, B3aUMOJICUCTBYIOMIAs C
AHTUT€HCBS3bIBAIO-IIIMM LIEHTPOM aHTUTEN uiu T-
KJIETOYHOT'O PEeLenTopa.

Caiit BapraOeIbHON YaCTH TSDKEIOW M JIETKOM 1eTH
MOJIEKYJIbl UMMYHOTJI00yJIMHA, XapaKTepU3YIOLIHIiCT
0o0JIbIIIel N3MEHUNBOCTBIO Y aHTUTEN pa3HOU
CHeU(pUIHOCTH IO CPABHEHUIO C APYTUMH €€ CerMeHTaMU
KapKaCHbIMHU yYaCTKaMHU.

CoBOKYMHOCTb (PU3HOJIOTUYECKUX MPOIIECCOB B OPraHU3Me,
MHAYLUPYEMBIX IIPY MOIMAJAHUS B HETO YYKEPOJHBIX
AHTUT€HOB.

MeTo1 O4nCTKU, TPU KOTOPOM (DUKCUpPOBAaHHAs HAa MaTpPHUIIE
aHTUTEJNA CBA3BIBACT crielu(puiecKkoi OemoK,
MPHUCYTCTBYIOIINI B CII0)KHON CMECH IPYTUX OEIKOB.
Metoa, OCHOBaHHBIN Ha CIIOCOOHOCTH AaHTHUTEJA Y3HABATh
crenupuyYecKuil KOMIOHEHT B OMOJIOTUYECKOM oOpasle.
Hebonbmas Mosiexysa, CBA3bIBAIOIIASCS C PETyISATOPHBIM
OeIKOM-PEenpeccopoM, 4TO MPOBOAMT K JETPECCHH
COOTBETCTBYIOIINX ['€HOB.

JInmdokuH, cekpeTupyemMblii HeKOTopbIiMH T-muMdoruramMu
U CTUMYIUPYIOUIHHA ponudeparuio T-KIeTok.
TpaHckpuOupyeMblil y4acTOK reHa He cofep Kalliil KOJJOHOB
U BbIpE3aeMbli U3 IEPBUYHOIO TPAHCKPUIITA B XOJ1€
nporieccunra ¢ oopasoanueM ¢pynknuansHoit PHK.
TpancmemOpaHHbIi 0€10K, 00JIerdaonuii TpaHCTIopT
OTIpe/IeNIEHHBIX NOHOB

KoncranTa ckopoctu pepMeHTaTUBHBIN peakiuu . Yem
BBICIIIC 3T BEJIMYMHA, TEM ObICTpee CyOCTpaT MpeBpamacTcs
B IIPOJIYKT.

Karanmutuueckas 3¢ pexTuBHOCTH epMEHTATUBHOM
peakuu. Yem oHa BbIIIe, TeM ObicTpee u 3d(deKTuBHES
cyOCTpar mpeBpaiaercs B MPOIyKT.
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Keq-
Kuanep T -kieTrkun -
KoncranTa Muxajziaunca -

MoOHOKJIOJIHAJIBHBIE
aHTUTEJA -

IMoauBanenTas BaKIIMHA-

T-kiaeTrkn -

BapuateabHble 10OMEHBI -

BupuoHn -

KoHcTanTa paBHOBECHOCTB

I[utotokcuueckue T KneTku

Kunernueckuii napameTp (pepMEHTATUBHBIN peaklny,
YUCJICHHO PaBHBIM KOHIIEHTpAIUU cyOcTpara, Mpu KOTOpOi
CKOPOCTb PEAaKIIMU COCTABIISET [MOJIOBUHY MaKCUMaJIbHOM.
XapakTepHu3yeT cpojicTBO ¢pepMeHTa K cyocTpary. Uem Hike
TEM MPOYHEE CBSA3BIBAHUE MEXKIY CyOCTpaTOM U (PEPMEHTOM.
OAHOTUTIHBIE aHTUTENA, CTPOTO CrielU(PUUHbBIE B OTHOIICHUU
oJtHOTO 31uTona. CHHTE3UpYIOTCS THOPHIOMaMU -
KJIETOYHBIMH TMOpUIAMU, TIOTYYEHHBIMU IIPU CIHSIHUH
HOPMAaJIbHBIX aHTUTEN000pa3yIOIINX KIETOK C MUEIOMHOM
OITYyXOJIOBOM KJIETKOM, CITOCOOHOM K HEOTPAaHUUEHHOMY
pocty. HekoTopble MUEIOMHBIE KJIIETKH CUHTE3UPYIOT
MOHOKJIOHQJIBHBIE T€JIa CAMOCTOSITENBHO.

BakuuHa, naroiiasi UMMYHHBIM OTBET Ha HECKOJIBKO
WH(EKIIMOHHBIX ar€HTOB UJIU Pa3HbIe AIUTOIBI OJTHOU
MOJIEKYJIBL.

JIumdonuTsl, Urparoume KI04YeBy0 pojib B IMMYHHOM
OTBETE.

YyacTky MOJUNENTUIHBIX 1IENeH aHTUTENa, UMEIOIINE
HEOJVHAKOBYIO AMUHOKHCIOTHYIO IIOCJIEI0BATEIBHOCTD Y
MOJIEKYJI pa3HbIX aHTUTEeI. OTBEYAIOT 3a aHTUTE€HHYIO
CHEeU(PUIHOCT TOCTETHBIX.

BupycHas yactuna.
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1-AMALLIY ISH
Mavzu: Kichik molekulalar darajasidagi o‘ziga xoslikni fermentlar misolida o' rganish

Fermentlarni biologik roli. Tirik hujayrada sintez va parchalanish reaksiyalari oddiy
haroratda va normal bosimda o‘tadi. Ammo, bunday sharoitda reaksiya juda sekin boradi. Hujayra
0°zining hayot faoliyatini ta’minlash uchun, bundan ko‘ra yuqoriroq tezlikda o‘tadigan biokimyoviy
reaksiyalarni talab giladi.

Tabiat qanday qilib, tirik hujayralarda sodir bo‘ladigan kimyoviy (biokimyoviy)
reaksiyalarni tezlashtirish ~muammosini hal qgilgan? Bunday reaksiyalarni tezligi, tirik
sistemalarda fermentlar deb nom olgan tabiiy katalizatorlar paydo bo‘lganidan keyin keskin oshib
ketgan. Fermentlar biokimyoviy reaksiyalarni o‘tishini million, hatto milliard martaga oshirib
yubora oladi. Masalan, katalaza fermentining 1 ta molekulasi, 1 sekundda hujayralar uchun o‘ta
xavfli bo‘lgan vodorod peroksidini 10 000 ta molekulasini parchalash imkoniyatiga ega.
Fermentlarni molekulalari moddalar almashinuvining barcha jarayonlarini amalga oshirishda va
genetik informatsiyani realizatsiyasida ishtirok etadi. Ovqat hazm bo‘lishi(ogsil moddalari, nuklein
kislotalar, yog‘lar, uglevodlar va boshqa moddalarni), barcha organizmlarni hujayralaridagi sintezi
va parchalanishi fermentlarni ishtirokisiz amalga oshishi mumkin emas. Tirik organizmlarni har
qanday funksiyasini namoyon bo‘lishi — nafas olish, mushaklarni qisqarishi, ko‘payish va
boshqajarayonlar fermentlar ishtirokida amalga oshadi. Ma’lum funksiyani bajaruvchi hujayralarni
o‘ziga xos bo‘lgan xususiyati, asosan, shu hujayradagi fermentlar to‘plamining faoliyati bilan
belgilanadi. Tirik organizmlarda 2000 dan ko‘proq fermentlar borligi aniqlangan. Birorta fermentni
yetishmasligi yoki butunlay bo‘lmasligi organizm uchun katta zarar keltiradi. Fermentlarni
molekulalari hujayrani sitoplazmasida bo‘lsada, ularni asosiy qismi ma’lum hujayra organoidlari
bilan bog‘langan bo‘lib, aynan mana shu organoidlarda o‘z ta’sirini ko‘rsatadi. Masalan, yadroda
DNK sintezi (replikatsiyasi) uchun javob beradigan fermentlar (DNK - polimeraza) uchraydi.
Mitoxondriyada energiya to‘planishiga javobgar fermentlar to“planadi.

Fermentlarni strukturasi. Fermentlarni molekulyar og‘irligi 10000 dan 1 mindaltongacha.
Ular bir yoki birnecha subbirliklardan (subbirlik) tashkil topishlari yoki murakkab ogsillar sifatidagi
ko‘rinishga ega bo‘lishlari mumkin. Murakkab ogsilli strukturaga ega bo‘lgan fermentlarni
molekulalarida ogsil molekulasidan tashqari (ularni apofermentlar yoki ogsil komponentlari deb
ham yuritiladi) kofermentlar (metall ionlari, nukleotidlar, vitaminlar va boshga past molekulali
birikmalar) ham saglanadi. Apoferment (ogsil komponent) va koferment alohida bo‘lganlarida
fermentativ faollikga ega bo‘lmaydi. Ular bir-birlariga bog‘langanlaridan keyingina fermentlik
xususiyatini oladi. Har xil fermentlarni molekulalari ferment komplekslarini shakllantirishlari
mumkin. Masalan, bunday komplekslar hujayra membranalariga, hujayra organoidlariga Kirib olib,
moddalarni transportida ishtirok etadi.Biokimyoviy reaksiya jarayonida o‘zgarishi lozim bo‘lgan
modda (substrat), fermentni ma’lum qismi bilan bog‘lanadi. Substrat bog‘lanadigan qismni — faol
markaz deb ataladi.

Fermentni faol markazi nimadan hosil bo‘ladi? Fermentlarni faol markazi koferment va
aminokislotalarni yon zanjirlaridan shakllanadi. Aminokislotalarni yon zanjirlari polipeptid
zanjirida bir-birlaridan uzoqda joylashishilari mumkin (1-rasm).
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1-rasm. Fermentni faol markazini uchlamchi modeli

Ogsil molekulasi (apoferment) ipsimon ko‘rinishda, qizil rangda aks ettirilgan. Faol markaz
shakllantiruvchi aminokislotalarni yon zanjirlari harflar va ragamlar bilan belgilangan.Ogsil
molekulasida (ferment molekulasida) polipeptid zanjirni murakkab joylanishi, aminokislotalarni bir
necha yon zanjirlarini bir-birlaridan ma’lum darajada uzoqlikda va fagat ma’lum joyda joylanishini
ta’minlaydi. Mana shu qat’iylik tufayli, fermentni faol markazi shakllanadi.

Fermentni biokimyoviy reaksiyalarda ishtirok etish mexanizmlari. Ko‘pchilik fermentlar
yuqori darajada spetsifikligi (tanlab ta’sir ko‘rsatishi) bilan ajralib turadi: Har bir substratni
reaksiya mahsulotiga aylanishi maxsus ferment ishtirokida amalga oshadi. Ferment molekulasi
substrat bilan kompleks hosil qilib 0z ta’sirini ko‘rsatadi (ferment-substrat kompleksi).

E+S ?@ _E'-FPl 1+P2+P3

Bunday kompleksda fermentni faol markazi bilan substrat orasida ko‘p nuqtali kontakt amalga

oshadi (2-rasm).

2’, Substrat molekulasi

S LJI}\J_
E :
nao Ferment molekulasi
e
ES ‘ = I \| wep Ferment-substrat kompleksi
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2-rasm. Fermentlarni ta’sir mexanizmining chizmasi

Bu kontakt natijasida substrat o‘zini konfiguratsiyasini o‘zgartiradi va kimyoviy bog‘lar
yumshaydi. Shuning hisobidan reaksiya, dastlab energiya kam sarflaydi va yuqori tezlikda o‘tadi.
Reaksiya tugagandan keyin, ferment-substrat kompleksi parchalanadi va reaksiya mahsuloti



(mahsulotlari) hamda erkin ferment molekulasi hosil bo‘ladi. Mana shu jarayondan bo‘shagan
fermentni faol markazi, boshgadan yangi substrat molekulasini bog‘lab olishga tayyor bo‘ladi.

Mikroorganizmlar sintez qiladigan fermentlarni o‘ziga xos bo‘lgan tomonlari bormi?

Mikroorganizmlarni fermentlari o‘zlarining strukturalari, xossalari va funksiyalari bo‘yicha
boshqa tirik organizmlarni fermentlaridan farq qilmaydi. Ammo, ba’zi-bir bakteriyalarni fermentlari
doimiy ravishda sintez bo‘ladi, ba’zilari esa, fagat muhitda ular ta’sir giladigan substratlar yoki
ularni analoglari bo‘lgandagina sintezlanadi xolos.Doimiy ravishda sintez bo‘ladigan fermentlarni
konstitutiv (masalan, glikoliz fermentlari), keyingilarini esa, adaptiv (indutsibel) fermentlar deb
ataladi. Konstitutiv fermentlar hujayrada har doim bo‘ladi, ularni sintezi doimiy tezlikda amalga
oshadi. Bunday fermentlar mikroorganizmlar fermentlari orasida kamchilikni tashkil giladi.
Bakterial hujayralarni ko‘pchilik fermentlari — adaptiv (indutsibel) fermentlar hisoblanadi. Ular
hujayrada ba’zi-bir moddalar (induktorlarni) ta’sirida sintez bo‘ladir. Bu vazifani ko‘proq substrat
bajaradi. Bunday moddalar bo‘lmaganida ferment sintezini nazorat qiluvchi genlar bloklangan
(qulflangan) bo‘ladi, ferment esa, juda kam miqgdorda sintez bo‘ladi. Shunday qilib,
mikroorganizmlarni ozuga mubhitini tarkibini o‘zgartirish orqali ularni ferment sintez qilishini
boshgarish mumkin.

(Mustagqil tarzda “Biokimyo” kursidan fermentlarning maxsusligining xillari o ‘rganiladi)

2-AMALIY ISH

Mavzu: Fermentlarni organik muhitdagi xususiyatlari. Reaksiyalarni fazalar aro muhitda

o‘ziga xosligi

Katalizatorlar ishtirokida boradigan reaksiyalarni kataliz deb yuritiladi.

Umumiy kimyo ma’lumotlaridan ma’lumki, kimyoviy reaksiyalarni tezlashtirish uchun o°zaro
ta'sirlanuvchi moddalarga go'shimcha katalizatorlar go'shish lozim. Katalizatorlar o'zlarining quyidagi
xususiyatlari bilan tavsiflanadi:

1. Reaksiyaga kirishayotgan moddalar aralashmasiga katalizator qo shganda reaksiya tezligi keskin oshadi.

2. Reaksiya oxirida katalizator tarkibiy jihatdan o’ zgarmaydi, u stexiometrik tarzda reaksiyaga kirishmaydi.

3. Juda kam miqgdordagi katalizator katta miqdordagi moddalarning o°zaro tasirlanish reaksiyasini
tezlashtiradi.

4. Qaytar reaksiya holatida katalizator muvozanati ko"chirilishini ta'minlamay, uni fagat tezlashtiradi.

5. Katalizator maxsuslik xususiyatiga ega, ya'ni fagat ma’lum reaksiyalarnigina kechishini tezlashtiradi,
boshgacha qilib aytganda har xil reaksiyalarni har xil katalizatorlar tezlashtiradi.

6. Katalizatorning faolligi ko pincha u bilan faol kompleks hosil giluvchi maxsus faollovchi moddalarning
(protomerlar) yoki uni faolsizlantiruvchi moddalarning (zaharlar) mavjudligi bilan bog’lig. Anorganik
katalizatorlar sifatida Ni, Rt, sulfat kislota va h.k.z.larni misol tarigasida keltirib o’tish mumkin.

Yerda gaytning paydo bo’lishi va tirik organizmlarning evolyusiyasi jarayonida katalizatorlarning
murakkab tizimi paydo bo’ldi va takomillasha bordi.

Fermentlar hayot jarayonida to xtovsiz yangilanib, zaruriy me yorda bevosita (lozim bo’lgan o’rinda
va muddatda) tayyorlanib, hayotning uzluksiz kechishini ta'minlaydi. Binobarin ular biologik
katalizatorlardir.

Fermentlar yugorida qayd etilgpndek ogsil tabiatiga ega bo’lgan moddalar bo’lib, reaksiya tezligiga
katalizatorlar sifatida ta'sir ko'rsatadi, ya'ni reaksiyaning faollanish energiyasini kamaytiradi va uni
energetik to'siqi past bo’lgan aylanma yo'l orgali 0’tkazadi.

Kimyoviy reaksiyalarning tezligi haroratga bog'lig, shu sababli fermentlar tomonidan katalizlanadigan
reaksiyalar haroratning ko'tarilishi va pasayishiga juda sezgir bo'ladi. Kimyoviy reaksiyaning tezligi
haroratni 100 ga oshirganda ikki marta oshadi. Lekin fermentning ogsil tabiatga ega bo’lganligi uchun
issiqlik tufayli yuzaga chigadigan denaturasiya fermentning samarali konsentrasiyasini pasaytiradi va unga
mos holda reaksiya tezligi pasayadi. Kimyoviy kinetika nazariyasiga binoan 45-50°C dan oshmagan
taqdirdagina fermentativ reaksiya tezligi oshadi. haroratni 50°C dan oshirilganda ogsil fermentning
issiglikdan denaturasiyalanishinatijasida fermentativ jarayonning susaya borishi, haroratning yanada
oshirilishida esa bu jarayonning tamoman to"xtab qolishi yuz beradi (1-rasm).

136



L

- )

o 50 100°C
1-Rasm. Ferment tomonidan katalizlanadigan reaksiya tezligiga haroratning ta’siri.
A — haroratning funksiya sifatida reaksiya tezligini oshirishga ta'sir etish samarasi. B — ogsil — ferment
denaturasiyasining funksiya sifatida reaksiya tezligini pasayishigata'sir etish samarasi (strelka optimum
haroratni bildiriladi).

el

Shunday qilib, fermentarning anorganik katalizatorlardan fargli jihati termolabiligi yoki haroratning
oshirilishiga sezgirligi ularni 0°ziga xos tavsiflovchi jihati hisoblanadi. Haroratni 100°C gacha ko tarilganda
hamma fermentlar o°zining faolligini yo'gotadi (bu qoidadan mustasno sifatida aytish joizki, mushak
fermenti miokinaza 100°C gacha gizdirilgada ham faolligi saglanadi).

Issig gonli hayvonlarning dearli ko pchiligi uchun fermentlarning maksimal faolligi 40°C da namoyon
bo'ladi. Past tempraturada (0°C va undan past) fermentlarning odatda faolligi 0°C gacha pasayishida ular
parchalanmaydi.

Shuni yana alohida gayd qilish joizki, fermentlarning termolabilligiga substratning konsentrasiyasi
muhitning pH ko rsatkichi va boshga omillar ham ta'sir giladi.

Odatda fermentlarning juda ham muhitning tor doiradagi vodorod ioni konsentrasiyasi chegarasida
maksimal faolikni namoyon giladi. Evolyusiya jarayonida hayvon to"gimalaridagi fiziologik nugtai nazardan
muhitning o°zgarish chegaralari pH 6,0-8,0 chegaralari shakllangan. Lekin hayvon organizmida undan
yugori va past pH ko'rsatkichga ega bo’lgan organik to gimalar ham uchraydi.

Agar fermentlar faolligini grafik tarzda ifodalaydigan bo’lsak, egri chizigning shakli qo'ng’iroqga
0°xshash ko rinishni oladi (2-rasm).
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2-Rasm. Ferment tomonidan katalizlanadigan reaksiya tezligiga muhit pH ni ta'siri (strelka optimum
pH ni bildiradi).

Odatda har ganday fermentning faoligiga muhit pH ni ta'siri o'rganilganda haroratning va substrat
konsetrasiyasining optimum bo'lishi ta'minlanadi va shu yo’l bilan optimum pH aniglanadi. Shu yo’sinda
gator fermentlarning pH optimumlari aniglangan:

| N | Ferment nomi | pH-optimumi |
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1 Pepsin uchun 15-2,5
2 Katepsin uchun 45-5,0
3 Amilaza (maysa) uchun 4,9-5,2
4 Saxaroza (ichak) uchun 5,8-6,2
5 Amilaza (so’lak) uchun 6,8-7,0
6 Katalaza uchun 6,8-7,0
7 Ureaza uchun 7,0-7,2
8 Pankreatiklipaza uchun 7,0-8,5
9 Tripsin uchun 7,5-8,5
10 Arginaza uchun 9,5-10,0

Pepsin tarkibida erkin HCl bo'lgan oshqozon shirasi tarkibida uchraganligi uchun u o’ta nordon
muhitda maksimal faollik ko'rsatadi va pH 6,0 bo'lganda faoligi umuman yo'qoladi. Boshqa tomondan
aytish joizki, arginazaning eksperimental yo'l bilan aniglagan pH optimum 9,5-10,0 ga ega bo’lgani holda
jigar hujayralaridan bunday ishqoriy muhitning bo'lmasligi ma'lum.

Demak shunga asoslanib arginazaning in vivo sharoitidagi faollik ko rsatuvi aftidan o'zining optimal
pH ko rsatkichida amalga oshirilmaydi degan xulosaga kelsa bo'ladi.

Zamonaviy fan yutuglariga tayangan xolda fikr yuritiladigan bo'Isak, ferment molekulasiga muhitning
pH ni ta'siri uning tarkibidagi kislota va ishqoriy guruxlar (dikarbon kislotalarning guruhi, sisteinning — SH
— guruhi, gistidindagi — NH. — guruhi va boshqgalarga bog'liq bo"ladi).

3-AMALIY ISH
Mavzu: Fermentlarni faollashtirish usullari. Fermentlarni ingibitorlarini qo‘llash tadbirlari

Fermentativ  reaksiyalar tezligi, yani ferment faolligi muhitda faollovchi va
ingibirlovchilarning mavjudligi bilan bog’lig. Ularning birinchilari reaksiya tezligini oshiradi va
ba'zan uni modifikasiyalaydi, ikkinchilari reaksiyani to'sib go'yadi. Kimyoviy moddalar orasida
ferment faolligiga ta'sir etuvchi xilma-xil moddalar uchraydi. Masalan, xlorid kislota pepsinni, 0t
kislotalari pankreatik lipazani faollashtiradi, ba'zi to'gima fermentlari (oksireduktazalar,
katepsinlar, arginaza), o simliklardagi proteinazasi, pepsin va boshqalarni erkin SH-guruhi tutuvchi
moddalar (glutation, sistein), yana boshqgalarni esa vitamin C lar faollashtiradi.

Ko'p xolatlarda faollovchilar sifatida ikki va bir valentli metallarning ionlari ham ishtirok
etadi. Shu narsa aniglanganki, hozirgi kunda fanga ma’lum bo’lgan fermentlarning to rtdan bir
gismni katalitik faolligini namoyon bolishi uchun metallar ishtirok etishi zarur. Ko'p fermentlar
metal ishtiroki bo’Imasa umuman faollikka ega bo'Imaydi. Masalan, tarkibidan ruxni ajratib olinsa,
karboangidraza fermentativ faollikni tamoman yo'qotadi, bu ustiga bu ferment ta'sirini tiklash
uchun ruxdan boshga bironta metalni almashtirib bo Imaydii. Yana shu xil fermentlar borki, ularni
faoligini ta'minlash uchun gator metalar ishtirok etishi lozim, xususan, enolaza fermenti Mg?*
Mn?*, K* ishtiroki faolanadi.

Quyida tarkibida metal ishtiroki shart bo’Igan ayrim fermentlarning ro yxati keltirilgan:

Fermentlar nomi Metall
1 Sitoxromlar, Katalaza, Peroksidaza, Fe
Triptofanoksidaza, Gomogentikinaza
Ba zi peptidazalar Co
3 | Amilaza, Lipaza Ca
Karboangidraza, Laktetdegidrogenaza, Urikinaza, Zn
4 ¢ ;
Karboksipeptidaza
5 | Askorbatoksidaza, Tirozinaza, Fenoloksidaza Si
Ksantinoksidaza, Nitratreduktaza, Mo

Aldegidoksidaza
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Piruvatkarboksilaza, Fosfatazalar, Mg
Fosfoglyukokinaza

Mn

8 | Arginaza, Fosfoglyukomutaza, Xolinesteraza

Anionlar to g risida fikr yuritiladigan bo"lsa, fermentlarga ular odatda samarali ta'sir etmaydi.
Ta'sir etgan tagdirda ham samarasi juda past bo’ladi. Bu goidadan mustasno tarzda anionar
xususan Xlor tomonidan faollanadigan pepsin, ba'zi oksireduktazalar, shuningdek kraxmalni
gidrolizlaydigan so’lak amilazasi, galogenlar bilan faollanadigan adenilatsiklazani misol tarigasida
keltirish mumkin.

Fermentar katalizlaydigan reaksiyalarni gisman yoki to’liq to'sib go yilishini ta'minlaydigan
moddalarni ingibitorlar deb yuritiladi. Yaqgin o'n vyilar ichida fermentlarga nisbatan ingibitor
sifatida ta'sir ko rsatuvchi ogsil (polipeptid) tarkibiga ega bo’lgan antiferment (antienzim) larning
mavjud ekanligi ma’'lum bo’ldi. Shu moddalar jumlasiga soyaning urug'idan ajratib olingan
tripsinning ingibitori va zardob antitripsinni kiritish mumkin. Ular tegishli fermentlar bilan giyin
dissosiasiyalanadigan komplekslar hosil giladi. Ba'zan ingibitor murakkab ogsillar masalan,
proteinkinaza va proteinfosfatazalar tarkibiga kiradi. Bu fermentlar tirik organizmlarda fosforlanish
defosforlanish reaksiyalarini katalizlaydi. Lekin xanuzgacha muayyan antifermentlar hagiqiy
ingibitorlarga kiradimi yoki ular boshqarilishida ishtirok etuvchi subbirliklarmi degan muammo 0°z
echimini topmagan.

Ingibitorlarning katta guruhini maxsus xususiyatli ingibitorlar tashkil giladi, ular bir yoki bir-
biriga yaqin tuzilishga ega bo lgan fermentlar guruhiga ta'sir eta. Bu ingibitorlarni o rganish muhim
ahamiyatga ega. Birinchidan ingibitorlar fermentning faollik markazini tabiati shuningdek, uning
funksional guruhlari va kimyoviy ferment substrat kompleksi bog lanishlariga aniglik kiritadigan
ma lumotlarni o'rganish imkoniyatini beradi.

Shunday moddalar borki, ular ferment molekulasiga u yoki bu guruhni maxsus birikishi,
hamda ferment faolligini tamoman to xtatib qo yishi mumkin.

Masalan, lodasenat — J — CH> — COOH va uning amidi —J — CH> — CO — NH3 va etil efiri

|
—J—CH2 - C — O — CoHs, paraxlormerkuribenzoat Cl — Hg — CoHs — COOH va boshga
reagentlar fermentlarning ba'zi SH- guruhlari bilan kimyoviy bog lanish mumkin. Fermentning shu
guruhlari kataliz uchun muhim ahamiyatga ega bo’lsa, muayyan ingibitorlarni reaksion muhitda
kiritish ferment faolligini yo qotishiga sababchi bo’ladi:

R-SH+J-CH,-COOH—™ HJ+R-S-CH,- COOH

Qator fermentlar (xolin esteraza, tripsin, ximotripsin) ning faolligini fosfororganik birikmalar
ta'sirida, masalan diizopropil ftor fosfat (DFF) ta'sirida fermentning faollik markazidagi serin
gidroksili bilan birikishi natijasida to"xtab goladi.

Ikkinchidan ingibitorlar  enzimologiyada fermentlarning  xilma-xil  shakllari va
izofermentlarning tabiatini o rganishda muhim ahamiyatga ega bo’ladi. Bu fermentlarning xilma-xil
shakllari va izofermentlar fagat elektroforetik harakatchanligi bilan ham farglanib holmay, balki u
yoki bu ingibitorga nisbatan sezgirligi bilan ham farglanar ekan. Ko'p bosgichli metoboitik
jarayonlarda kimyoviy reaksiyalar ketma-ketligi va unda ishtirok etadigan fermentlarning tabiati
ingibitorlardan foydalanish orgali aniglanadi. Yodasetat, DFF va boshga ingibitorlardan foydalanish
orgali glikolitik yo’l bilan glyukozaning sut kislotasigacha parchalanishi to’lig o'rganilgan. Bu
murakkab metobolitik jarayon o'n bir bosgichdan iborat, unda o'n bir xil ferment ishtirok etadi. O'n
xil oraliq metobolitlar hosil bo'ladi. Bu reaksiyalarning ketma-ketligini o'rganishda aynan shu
ingibitorlardan foydalanish qo’l keladi. Ko'p toksinlar va zaharlarning organizmga ta'sir
mexanizmini o rganish ham fermentlarni ingibirlash yo'li bilan amalga oshiriladi. Masalan, sinil
kislota ta'siridakelib chigadigan o'lim to gimalardagi nafas olish fermentlari (sitoxromoksidaza)
faolligini bo'g’ib qoyilishi orgali yuzaga chigar ekan. Antibiotiklar, antivirus agentlar, 0’smaga
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garshi vositalar, insektisidlar, pestisidlar, genbisidlar va h.k.z. larning ta’sir etish mexanizmlari ular
ta'sirida hujayra fermentlari faolligining bo'g’ib qo’yilishi (ingibirlanish) turadi. Fermentlarning
ingibirlanishi tabiatda ham uchraydi va shu orgali bioboshquruv tizimini ro'yobga chiqgaradi.
Ingibitorlashning gaytar va gaytmas xillari brligi ma’lum. Agar ingibitor molekulasini fermentning
funksional guruhi bargaror o°zgarishini yoki modifikasiyasini keltirib chigarsa, bu xil
ingibirlanishni gaytmas deb yuritiladi. Ko pincha qaytar ingibirlanish uchuraydi va bu xil
ingibirlanish u Mixaelis-Menten tenglamasi asosida miqdoriy tahlil o tkazish imkonini beradi. O’z
navbatida gator ingibirlanish ham ikki xil: ragobatli va ragobatsiz ingibirlanishga bo"linadi.

Ragobatli ingibirlanish — substratga o xshash kimyoviy tuzilmaga ega bo'lgan lekin undan
biroz fargli tuzilishdagi modda tomonidan keltirib chiqgariladi.

Raqgobatli ingibitorga mumtoz misol sifatida suksinatdegidrogenazani ingibitori malon
kislotani keltirish mumkin. Bu fermen qahrobo Kkislotani fumar Kkislotagacha oksidlanishini
katalizlaydi.

4-AMALIY ISH
Mavzu: Fermentlar faolligini beshqarilishi

Tirik organizmlarning eng noyob xususiyatlaridan biri katabolitik (biodekradaktiv) va anabolitik
(biosintetik) jarayonlarning hayratda golarlik darajada muvozanatda bo’lishi hisoblanadi. Hujayrada sintez,
parchalanish hamda yuzlab va minglab xilma-xil moddalarning o zaro almashinuvi jarayonlari sodir bo’ladi,
bu jarayonlar ko'plab boshqariluvchi mexanizmlar orgali boshqarilib, organizmning ichki muhitni
doimiyligini ta'minlaydi. quyida fermentlar faolligini boshgarilishiga oid ba'zi mexanizmlar to grisida
mulohaza yuritiladi.

Massalar ta’siri gonuni. Fermentlar yordamida katalizlanadigan:

A+B D e
xildagi qaytar reaksiya reaksiyalar komponenti konsentrasiyasi va uning yo'nalishi massalar ta'siri
gonuniga muvofiq amalga oshadi. Jumladan shu yo’sinda bo’lib o'tadigan reaksiyani alaninaminotrans
feraza tomonidan katalizlanadigan transaminlanish reaksiyasi misolida tushuntirish mumkin:
Alanin + o — ketoglutarat <«—Piruwat + Glutanat

Real sharoitda bu reaksiya chegaralangan tarzda gator tavsiyaga ega, chunki u bir yo'nalishda (0°nga)
garab yo nalgan boladi, chunki hosil bo"lgan reaksiya maxsuloti boshga fermentlar uchun substrat vazifasini
bajarishi mumkin hamda reaksiya muhitidan chigariladi; bu xolatda hagigiy muvozanat emas, balki bargaror
(stasionar) holatga o’tish yuz beradi.

Ferment migdorini o°zgarishi. Bakteriyalarda fermentlarni uglerod va energiya manbai sifatida
karbonsuv, masalan glyukozadan foydalanib indusirlangan uslubda sintezlashtadgiq gilingan. Muhitga
gyukozani o'rniga laktozani kiritish indusirlangan yoki adaptasiyalangan (biroz muhitdan ya'ni lagfaza
bosgichidan keyin) tarzda galaktozidaza (laktoza geni dasturi asosida) ni sintezlanishiga olib keladi.

Bu ferment laktozani glyukoza va laktozagacha parchalaydi. Hayvon to gimalarida bu xilda
fermentlarni tezdan sintezlanishi kamroq uchraydi, hamda induksirlangan sintez tirozintransaminaza, serin —
va treonindegidraiaza, triptofanprirolazalarda o’rganilgan.

Lekin organizmga ba'zi zaharlar, konserogen moddalr, alkaloidlar, insektisidlar kirib kelganda bir
necha kundan keyin jigar hujayralarini endoplazmatik retikulumi gidrolazalarni (migdoriy jihatdan mos
holda) sintezi kuzatiladi. Bu fermentlar organizm uchun yot bo’lgan moddalarni oksidlantirib zaharsiz
xolatga keltiradi. SHunday Xolatlar ham aniglanganki, shunga o'xshash gidroksilazalar tasirida bu xildagi
yot moddlar organizm uchun zaharli moddalarga ham aylanar ekan.

Bu detoksikasiyaga qarama-garshi bo’lgan xodisa letal sintez deb hham nomlangan.

Proferment (zimogenlar). Ba'zi fermentlar dastavval nofaol holda sintezlanadi va fagat hujayradan
sekretlangandan so'ng faol shaklga o'tadi. Fermentning nofaol xoldagi dastlabki shaklini zimogen (yoki
proferment) deb yuritiladi. Ovgat hazm qilishda ishtirok etadigan Tripsin va tripsinogenlar ( va ba'zi boshga)
fermentlar ovqat tarkibidagi ogsillarni aminokislotagacha parchalaydi, aminokislotalar keyin gqon ogimiga
sorbsilanadi (so'riladi) nofaol dastlabki, tripsinogen va Xximotripsinogen shakli oshgozon osti bezida
sintezlanadi. Agar oshgozon osti bezi fermentlarni faol xolda sintezlanganda edi, bu xolatda uning
xujayralari 0°z-0"zidan emirilib ketgan bo’lardi, chunki hamma ogsillar ularning ta'sirida parchalanib ketar
edi. Pankriatit kasali aynan tripsin va tripsinogenni oshgozon osti bezidan oldinroq ajralib chigishi bilan
bog’lig.
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Zimogenning faollanishi polipeptidning birlamchi tuzilmasini bir yo'la uchlamchi tuzilmasi bilan
birgalikda o zgarishiga bog lig. Masalan, ingichka ichakda tripsinoge polipeptidning N- uchidan geksapeptid
ajralishi tufayli tripsinga aylangan. Bu jarayon birinchi bosgichda ichak shilik pardasi tomonidan kam
migdorda sintezlanadigan enteropeptidaza (ba'zan enterokinaza ham deb yuritiladi) va tripsinning o°zi
tomonidan faollanadi.

SHuningdek tripsin ximotiripsining bargaror faolligini ta’minlovchi ikki bosgichdan birini katalizlaydi.
Tripsin ta’sirida ximotripsinning 15-a"zoli fragmenti N-uchidagi ajraladi va uni P-ximotripsinga aylantiradi.
P-shakldagi molekulalardan biri, xuddi shunday molekulaga ta'sir etib, jami to'rtta peptid bog ni uzadi va
ikkita fragmentni ajratadi. Bunda faol ximotripsinni bargaror a-shakli hosil bo"ladi va u endi uchta polipeptid
zanjiridan tashkil topadi.

Zimogenlar nofaol bo’ladi, chunki ularda faol markaz bo’Imaydi. Zimogenlarning faollanishi gonning
ivishida muhim ahamiyatga ega bo’ladi, uning so'ngi bosgichi gonning eruvchi ogsili fibrinogenning
febringa aylanishidan iborat.

Tirik organizmlarning o°zida o'tadigan jarayonlarni tashqi va ichki omillarning ta’siriga bog’liq xolda
boshgarish qobiliyatini bioboshgarish gobiliyati deb yuritiladi. Bunday qobiliyat ogsillar, aynigsa
fermentlarning faol shakllarini 0°zaro almashinuvini nazorat gilinishi tufayli ro’yobga chigadi.

Faollik: 1) kovalent modifikasiya; 2) assosiasiya — dissosiasiya jarayonlari; 3) ragobatli va ragqobatsiz
ingibirlanish; 4) ikkilamchi boshgaruv markazlari ta'siri yo'li bilan; 5) genlar repressiyasi orgali
boshqariladi.

YUqorida e’tirof etilgan protenazalar va boshga fermentlarning nofaol xlda sintezlanishi ma’lum ma’lum
biologik mazmunga ega, bu xolatdagi proferment xolatda bo'lish, ular sintezlanadigan organlar hujayralarini
parchalanib ketishdan saglaydi.

Fermentlarning kimyoviy modifikasiyasi. Ba'zi ogsillarning uchlamchi tuzilmalari shakllanayotgan
paytda sintezlanishdan keying yuz beradigan modifikasiyalanish xususiyatiga ega. Energetik almashinuvning
eng muhim fermentlari-fosforilaza, glikogensintetaza va boshgalar maxsus fermentlar - proteinkinaza va
proteinfosfatazalar tomonidan amalga oshiriladigan fosforlanish va desfosforlanish orgali boshqarilishi
ma’lum bo’ldi. O’z navbatida proteinkinaza va proteinfosfatazalarning faolligi gormonlar tomonidan
boshqariladi. Karbonsuvlarning almashinuvida ishtirok etuvchi asosiy fermentlarning faollik ko rsatkichi,
jadalligi va yo'nalishi bu fermentlarning fosforlangan va desfosforlangan shakllarining migdoriga garab
belgilanadi. Fermentlarning kimyoviy sintezlanish jarayoni sodir bo’lgandan keyin amalga oshadigan
modifikasiyasi 0z ichiga proteoliz, metillanish glikozillanish va boshgalarni ham oladi va shuningdek shu
orgali fermentlarning faolligini mikroskopik darajada bosh?arilishini mos xolda moddalar almashinuvi
jarayonlarini fiziologik tezligini ta'minlaydi.

Fermentlar fiolligini teskari ta'sir tamoili asosida boshqgariluvi. Ko'p bosgichli fermentativ
jarayonlarda biosintetik reaksiyalar tezligini boshqarilishi teskari ta’sir tamoilida amalga oshadi, bunda
biosintetik zanjirning oxirgi bosgichda hosil bo’lgan mahsulot birinchi bosgichni katalizlovchi ferment
faolligini bog’ib go’yadi.Bu xildagi ketma-ketlikda yuz beradigan reaksiyaning tezligi ma'lum darajada
oxirgi mahsulot (R) ning konsentrasiyasi bilan belgilanadi. Bunda reaksiya mahsulotining ma’lum
chegaradagi ko'rsatkich darajasida to planishi reaksiyaning birinchi bosqgichidagi ferment (Ei) ga
ingibirlovchi ta'sir ko'rsatadi.Muayyan mexanizm orqali ferment faolligini boshgarilishini mavjudligi
dastlab E.soliga izoleysin va STF ni sintezini o’rganish jarayonida aniglangan edi. Bunda izoleysin besh xil
fermentativ reaksiyalarning oxirgi maxsuloti bo’lib, u treonning izoleysinga aylanish reaksiyasini birinchi
bosgichini katalizlovchi treonindegidrataza fermentini faolsizlantirar ekan. Xuddi shunday tarzda STF
biosintetik yo'lning so'ngi mahsuloti sifatida reaksiyaning birinchi  bosqgichidagi  ferment
(aspartatkarbomoiltransferaza) ga ingibirlovchi ta'sir ko'rsatib o°zining sintezini boshgaradi. Bu
ingibirlanish xili teskari bog lanish tamoilida amalga oshgani tufayli retroingibirlanish deb yuritiladi. Bu xil
ingibirlanishning mavjudligi hamma tirik organizmlar uchun isbotlangan, hamda fermentlar faolligini
boshgarilishi va umuman hujayraviy metabolizmda muhim bo’lgan boshgarilish sifatida tan olinadi.

Katabolitik (biodekradaktiv) jarayonlarda reaksiya tezligi (ferment faolligi ham) hujayraning energetik
holatini indikatorlari hisoblangan. (purin asosli nukleotidlar, pirofosfat, anorganik fosfat va h.k.z) oraliq
mahsulotlar migdori bilan boshqariladi. Boshga tomondan amfibolitik, ya'ni bir yo'la biosintetik va
biodegradaktiv funksiyalar bajariladigan jarayonlarda ham retroingibirlanishning mavjudligi aniglangan
bo’lib, bunda makroergik birikmalar ishtirokida hujayraning energetik holatini o’ zgarishi orgali boshqarilishi
aniglangan. Amfibolitik jarayonlarga moddalar almashinuvini glikoliz, glikogenoliz, uch karbon kislotalar
sikli, geksozamonofosfat yo'l bilan parchalanish, aminokislotalarning transaminlanishi kabi eng asosiy
yo'llarini kiritish mumkin.
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Amfibolitik jarayonlarda fagat ularga xos bo’lgan boshqarilishning noyob xillari uchraydi. Bunda dastlab
hosil bo’lgan metabolit (reaksiya maxsuloti) ko'p bosgichli yo'lda oxirgi bosgichda ishtirok etadigan
fermentni faollashtiradi.  Masalan, glyukoza-6 -fosfatning glikogen sintezida glikogensintetazaga
faollashtiruvchi ta’sir etishi isbotlangan. Oxirgi maxsulot va dastlabki magsulot orgali ingibirlanish xili
allesterik (boshqariluvchi) fermentlarga xos xossa hisoblanadi. Bunda effektor o°zini tuzilishi jihatidan
substratdan farq giladigan tuzilishga ega bo’ladi. Bunda effektor ferment molekulasining makon jigatidan
faol markazidan uzogrogqda bo’lgan maxsus (allosterik) markazi balan bog lanadi .

Allosterik fermentning faol va nofaol Xolatlariga

o'tishidagi almashinuvini soddalashtirilgan shakli
— hamda substrat va effektorlarning birikishi tufayli
yuzaga chigadigan konformasion o zgarishlar
Rasm 15 da ko rinib turibdi.
30 Allosterik markazga manfiy effektorni birikishi
ferment molekulasining faol markazi
/ \ / konfigurasiyasini talay o'zgarishlarini keltirib
chigaradi, natijada ferment o0°zining substratga
bo’lgan  mugobilligini  o’zgartiradi  (nofaol
1 b kompleksning hosil bo’lishi yuz beradi).
Fermentlar faolligini beshgariluvini boshga
xillari.
Metabolitik jarayonlar tezligi va ichki fermentlar
faolligini nazorat giladigan gator mexanizmlar
mavjud. Hujayrada uchrovchi fermentlarning
hammasi, ularning sintezlanishi va parchalanishi
jadalligini o zgarishi orgali boshqariladi.

1- Rasm. Allosterik fermentning substrat va
effektorlar bilan o°zaro ta'sirlanish sxemasi. a-faol
kompleks; b-nofaol kompleks; 1-faol markaz; 2-
allosterik markaz; 3-substrat; 4-musbat effektor; 5-
manfiy effektor.

Boshgaruvchi mexanizmlar jumlasiga umumiy substrat uchun fermentlarning raqobati, izofermentlarning
birontasini (ko'p xil ferment shakllari bo’lgan holatlarda) faolsizlanishi, kofaktor konsentrasiyasini ta’siri va
komparmentalizasiya (fermentlarning hujayraviy va subhujayraviy jihatdan cheklanganligi) kabilar kiradi.
Kompartmentalizasiya mexanizmining biologik ahamiyati juda katta bo’lsa ajab emas, chunki fermentlar
0 zlarining substratlaridan biomembranalar orgali ajratilgan holda bo’lishi (masalan, o’zlari ta’sir etadigan
sitoplazmatik moddalardan lizosomal fermentlar: proteinazalar, fosfatazalar, ribonukleazalar va boshga
gidrolitik fermentlar ajralgan holda bo’Igani muhim biologik ahamiyatga egadir.

5-AMALIY MASHG ULOT
Mavzu: Antigen-antitelo munosabatlarining maxsusligini aniglash

"Antigen" so'zi yunoncha bo'lib, "begona" degan ma’noni bildiradi. Antigenlar immun
sistemani ishga tushira olish xususiyatiga ega. Immunologik nugtai nazardan "irsiy begona antigen"
deganda organizm uchun yot bo lIgan sen sintez gilgan organik modda tushuniladi.

Antigenlar kelib chigishiga ko'ra tabiiy biomolekulalarga va tabiatda o xshashlari bo Imagan
sun’ly tayyorlangan birikmalarga bo’'linadi. Antigenlar organizmga tashqaridan tushishi
(ekzoantigenlar) yoki organizmning o°zida ham hosil bo'lishi mumkin (endoantigenlar,
autoantigenlar). Ekzoantigenlarga ozig-ovqgatlar tarkibidagi moddalar, mikroorganizmlar va
ularning mahsulotlari, endoantigenlarga esa nobud bo’lgar hujayralar, ogsillar katabolizmi natijasida
organizmda doimo hosil bo'lib turadigan moddalar va to'siq orti a’zolarining antigenlari misol
bo'ladi. Patogen omillar, masalan, kuyish, nurlanish, kimyoviy moddalar va patogen
mikroorganizmlar ta’sirida ham xususiy biomolekulalarning tuzilishi o zgaribgina golmay,
balki ularning biosintezi ham buziladi, natijada organizm uchun "begona™ bo’lgan moddalar hosil
bo'ladi. Har ganday antigen o'ziga xos, ya'ni noyob tuzilishga ega bo'lganligi sababli ularning
quyidagi tasnifi tafovut gilinadi: Geteromaxsuslik - har xil turga xos mavjudotlarda bir biriga
juda o'xshash bo'lgan antigenlar borligi. Masalan, Forsman antigenlari ot, qo'y eritrositlari va
chuchga miyasi hujayralarida topilgan.
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Antitelolar. Plazmatik hujayra va B-limfositlar tomonidan antigen ta’sirida sintez qilinib, shu antigen
bilan maxsus birlasha oladigan gon plazmasi ogsillari (glikoproteidlar)ga immunoglobulinlar yoki
antitelolar deb ataladi. Elektrofofezdagi harakatchanligi bo’yicha ular gamma-globulinlar guruhiga
mansub. Tuzilishi va vazifalari bo'yicha odam va boshga umurtgalilar antitelolari bir xil, lekin
antitelolarning odamda 5 ta sinfi farglansa, har xil hayvonlarda uchtadan oltitagacha bo lishi mumkin.

Antitelolar 4 xil xususiyatga ega: maxsuslik, valentlik, affinitet va avidlik. Antitelolar
maxsusligi - immunoglobulinlarning fagat gomologik antigenlar bilan ta’sirlasha olishi, yani
antigen determinantalari (epitoplar)ga garshi antitelolarda determinantalar (paratoplar) mavjudligi.

Valentlik - antiteloning antigenni biriktirib oluvchi faol markazlari soni.

Affinitet, affinlik (ingl - moyillik) - antitelo parotipi tuzilishining antigen epitopi tuzilishiga
to'g'ri kelish darajasi, buning hisobiga antigen-antitelo birikmasining mustaxkamligi (avidligi)
ta’minlanadi.

Avidlik (lot. - ochkuzlik) - paratop va epitop orasidagi bog ning mustaxkamligi. Bog ning
kuchi antitelolarning yuqori affinpigi bilan belgilanadi.

Antigen va antitelolar faoliyatini o'rganishda quyidagi reaksiyalardanfoydlaniladi:

Neyrallash Reaksiyasini organizmda toksinga qarshi immunitet kuchini aniglashda ham
go llash mumkin. Masalan, bug'ma va skarlatina kasalligida Shik va Dik nomli teri-allergik sinamalari
qo'yiladi. Buning uchun teri ostiga ma’lum miqdorda tegishli toksin yuboriladi. Agar toksin yuborilgan
joy qizarib shishib chigsa, organizmda antitoksinlar bo’Imaydi, chunki organizmda antitoksinlar
bolganda, ular toksinni neytrallashi hisobiga terida patologik o zgarish bo’Imas edi. Kasallikka tashxis
quyishda ham bu reaksiyadan foydalanish mumkin.

Immunobloting. Immunoblot reaksiyasi ( - immun dog’) - antitelo va antigenlarni aniglashda
ishlatiladigan presipitasiya reaksiyalaridan biri. Sellyuloza membranasida mikroorganizm antigenlari
elektrofofez yordamida bo"lingani uchun molekulyar og’irligi bo’yicha ketma-ket joylashadi. Bemor
zardobi bilan gomologik antigen birlashganidan so'ng presipitasiya chiziglari hosil bo’ladi, ular
ma’lum buyoqlar bilan buyaladi. Reaksiya natijalariga ko'ra bemor organizmida ganday
antigenlarga garshi antitelolar borligi aniklanadi. Immunoblot, odam immuntanqisligi va gepatit C
viruslarini aniglashda eng ishonchli usullardan biri xisoblanadi.

Lizis reaksiyasi. Bu reaksiya maxsus antitelolarni 0°zgargan hujayra, eritrosit va bakteriyalar bilan
birikib, komplement ishtirokida ularni eritib yuborishiga asoslangan. Bunday xossaga ega bo’lgan
antitelolar "lizinlar" deb ataladi. Shunday qilib, lizinlarning boshga antitelolardan fargi, ular fagat
komplement ishtirokida antigenga ta’sir ko'rsatadi. Lizis reaksiyasi ikki xil bo'ladi: Gemoliz va
bakterioliz.

Gemoliz reaksiyasi. Bu reaksiyada antitelo va komplementlar eritro-itlarni eritadi. Gemoliz
reaksiyasi juda ham maxsus bo’lgani uchun, uni komplementni boglash reaksiyasida indikator
sifatida ishlatiladi.

Yerne reaksiyasi. Gemoliz reaksiyasining bir turi bo’lib, limfoid a’zolarda antitelo hosil giluvchi
hujayralar sonini aniglash uchun qo’llaniladi. Eritrositlar qoshilgan agarga tekshirilayotgan limfoid
to'gima va komplement qo shiladi, agar ashyoda gemolizin tabiatli antitelolarni sintez giluvchi limfoid
Xujayralar bo’lsa, muxit yuzasida gemoliz pilakchalari hosil bo’ladi. Bu pilakchalar fagat shu
eritrositlarga garshi antitelolar hosil giuvchi xujayralar atrofida vujudga keladi.

Komplementni bog'lash reaksiyasi(KBR). Maxsus antitelolar antigen bilan birikkanidan so'ng, ularga
komplement qo'shiladi. Bu reaksiya natijasini ko'rish juda giyin, shuning uchun indikator sifatida
gemolitik omil (qo’y eritrositlariga o shilgan quyoning antigemolitik immun zardobi) ishlatiladi. Reaksiya
ikki bosgichda otadi. Birinchi bosgichda probirkaga antigen, zardob va komplement solinadi, ma’lum vaqt
0 tgandan so ng ikkinchi bosgichda unga gemolitik omil go“shiladi. Bunda antigen-antitelo birikmasi hosil
bo'Imasa, komplement go'shiladi va bu komplement gemolitik zardobga birikib, eritronitlarni gemolizga
uchratadi (manfiy reaksiya). Agar gemoliz kuzatilmasa, reaksiya musbat hisoblanadi, ya’ni hosil bo'lgan
antigen-antitelo birikmasiga komplement goshiladi va bu birikma chukmaga tushadi.

Immobilizasiya reksiyasi. Komplement, "immobilizasiya reaksiyasi" deb ataladigan yana bir serologik
reaksiyada gatnashadi. Bemor gonida mikroorganizmlarning xarakatini tuxtatib quyib, ularni o'ldiradigan
antitelolar hosil boladi. Immobilizasiya giluvchi antitelolar zaxm, vabo, amyobiaz kabi xarakatchan
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patogen mikroorganizmlarga garshi vujudga keladi. Bu reaksiya sezgirligi va maxsusligi bilan
(masalan, zaxm tashxisida) boshqga serologik tekshirish usullaridan samarali hisoblanadi.

Viruslarni neytrallash reaksiyasi. Emlangan va virusli kasallikdan sog aygan odamlarda viruslarni
neytrallash xususiyatiga ega bo’lgan antitelolar hosil bo'ladi. Bunday antitelolarni aniglash uchun
immun zardob gomologik virus bilan aralashtiriladi va moyil tajriba xayvonlarga yuboriladi yoki
xujayra kulturasiga go shiladi. Agar xayvon tirik golsa yoki virusning sitopatogen ta’siri kuzatilmasa,
zardobdagi antitelolar viruslarni neytrallagan bo’ladi. Bu reaksiya virusologiyada ko pgina
go zg atuvchilarning turi va virusni neytrallaydigan antitelolar titrini aniglashda ishlatiladi.

Immunoflyuoressensiya reaksiyasi. Bemorlarning patologik ashyolaridagi mikrob antigenlarini
topish uchun nishonlangan antitelolar tutuvchi immun zardoblar qo’llaniladi. Bu zardobdagi
antitelolarni flyuroxrom buyog'i (izotisionat, flyuoressein va boshgalar) bilan nishonlanadi.
Bunday antitelolar buyum oynasiga fiksasiya gilingan tekshirilayotgan ashyodan tayyorlangan
surtmaga tomiziladi. So'ng surtma yaxshilab yuviladi, natijada fagat antigen bilan birikkan antitelolar
goladi, bu "Kunsning bevosita usuli” deyiladi. Lyuminessent ultrabinafsha nurlari bilan
mikroskop ostida yoritib korilganda, birikmada tiniq sariq nur targatadigan antigenlar ko rinadi

Radioimmun usul (RIU)da radioizotoplar (**!1, %1, 3N, 4S) bilan nishonlangan antigen va
antitelolardan foydalaniladi. Bu usul yordamida ham antitelo, ham antigenlarni aniglash mumkin.
Antiteloni topish uchun tekshirilayotgan zardobga ma’lum miqdorda nishonlangan antigen
goshiladi. Tekshirilayotgan zardobdagi antiteloning titri nishonlangan antigenlarning kamayishi
bilan aniglanadi.

Antigenni aniglash uchun tekshirilayotgan ashyoga maxsus garshi zardob goshiladi, bir oz
vagtdan so 'ng unga nishonlangan gomologik antigen tomiziladi.

Immunoferment usuli. Hozir ko'pgina infeksion va noinfeksion kasalliklarning laboratoriya
tashxisida immunofefement usuli (IFU) (rus. IFA-immunofermentnery analiz) tibbiyotga
Kiritilmogda. Immunoferment usuli radioimmun usulga uxshash, lekin bunda radioaktiv izotop o'rniga
ferment ishlatiladi.

6-AMALIY MASHG’ULOT
Mavzu: O simliklar hujayrasining o ziga xos tuzilishini o' rganish

O’simlik hujayrasining qobig’i zich, ko'p qavatli struktura bo'lib, u asosan ikki
komponentdan: amorf asosdan (ko'p migdorda suv va tayanch fibrillyar sistema) va tolali
komponent sellyulozadan iborat.

Kimyoviy jihatdan gobigning asosiy gismi struktur polisaxaridlardan, gemisellyuloza va
pektinli moddalardan iborat.

Sellyuloza va gemisellyuloza miqdor jihatdan turli o'simliklar qobig’ida turli bo'ladi. Qobiq
quriq og’irligining 60% amorf asos, 30% sellyuloza tashkil etadi. O’simlik hujayra qobig’i devorida
gemisellyuza, gellyuloza va pektinli moddalardan tashqari qo’shimcha moddalar — lignin (devorni
yog’ochil holga keltiradi), Si0, CaCO3 va boshqa moddalar kiradi. Hujayra qobig’ining yuqori
tomonida hujayrani probka holatiga olib keluvchi moddalar kutin va suberin moddalari to’planishi
mumkin. Epidermis hujayralarida hujayra qobig’ining yuqori qismida mum (vosk) to’planishi
mumkin. Hujayra qobig’i hujayra hayot faoliyatining mahsuli bo’lib, uning tarkibi hujayra
tomonidan sintezlanadi, sitoplazmadan ajraladi, hujayradan tashgarida plazmatik memrana yaginida
to’planadi.

Sitoplazma. Hujayraning asosiy tarkibiy gismi, yadrodan tashqari sitoplazma deb ataladi. Bu
umumiy tushuncha hujayrani ikki komponentdan: sitoplazma va yadrodan iborat ekanligini
ko’rsatadi. Eukariot hujayralarining sitoplazmasi 0’z tuzilishiga ko’ra bir jinsli emas. U gialoplazma
membranali va membranasiz komponentlardan iborat. Membranali komponentlarga hujayraning
vakuolyar sistemasi (endoplazmatik tur, Goldji apparati, lizosomalar, o’simlik hujayrasining
vakuolasi), membranali organellalar (mitoxondriylar, plastidalar) va membranasiz komponentlar —
sentriol, ribosoma, mikronaychalar, mikrofilamentlar Kiradi. Sitoplazma membrana bilan
chegaralangan. Unga plazmatik membrana, sitoplemma deb ataladi.
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O’simlik hujayralarida hujayra devori yana ham aniq ko’rinadi. Ko’pchilik zamburug’larda
hujayra qobig’i xitindan, polisaxariddan tuzilgan. Suv o’tlarida, yuqori o’simliklarda hujayra
devorining asosiy komponenti polisaxarid,sellyuloza hisoblanadi.

Ko’pchilik kuzatishlar shuni ko’rsatadiki, hujayra  qobig’idagi glyukoproteidlar va
polisaxaridlar goldji apparti ishtirokida hujayra ichida sintezlanib, hujayradan tashgariga
chiqariladi, u yerda esa murakkab bir necha gavatli tuzilmalar hosil bo’ladi. Geterotrof bakteriyalar
organik birikmalar parchalanishi hisobida oziglanib karbonat angidridni birlashtirib, fotosintez
jarayonini amalga oshiradigan auksotroflardan farq qiladi. Fotosintezlovchi ko’k yashil suv
o’tlarida (sianobakteriyalarda) hujayra ichidagi membranalar, aynigsa aniq rivojlangan.

Vallisneriya (Vallisneria spiralis L.) bargi po’sti hujayralarining tuzilishini o' rganish

Vallisneriya bargidan preparat tayyorlash uchun skalpel yoki preporaval igna bilan barg
po’sti kesiladi va uning bir bo’lakchasi ajratiladi hamda buyum oynasidagi bir tomchi suv ustiga
quyiladi. Qoplang’ich oynasi bilan qoplanib, mikroskop ostida qaraladi.

Po’st hujayralari uzunchoq bo’lib, to’rtburchak yoki ko’pburchak shakldadir. Hujayralar
qobig’i yupga va biri ikkinchisiga zich turadi. Hujayrada juda ko’p yashil tanachalar — xloroplastlar
yoki xlorofill donalari ko’rinadi. Ba’zi hujayralarda yadro ko’rinadi. U och kul rang zarra va unda
yorug’likni yaxshi sindiruvchi, shu sababli yaxshi seziladigan yadrocha ko’rinadi. Sitoplazma
ko’rinmaydi., shu bilan birga tarkibida hujayra suyuqligi bo’lgan vaksiomelar ham ko’rinmaydi. Bu
shundan dalolat beradiki, sitoplazma va hujayra suyuqligining yorug’likni sidirishi bir xil.

E’tibor berib garalsa, plastidalarning hujayra devori bo’ylab harakatlanayotgani ko’rinadi. Bu
markaziy vakuoliya atrofida sitoplazma harakati natijasida sodir bo’ladi. Bu aylanma yoki rotasion
harakati deb ataladi.

Sitoplazma harakati almashinish jarayonlari va hujayra ichida moddalarning tagsimlanishida
muhim rol o’ynaydi. Tabiiy sharoitda sitoplazma sekin harakatlanadi, lekin fizikaviy va kimyoviy
ta’sirlovchilar harakatni tezlashtiradi. Bu harakat ikkilamchi deb ataladi. Vallisneriya hujayralarida
sitoplazma harakatining ancha tezligi birining mexanik ta’sirlanishi natijasida sodir bo’ladi. Bu
harakat avval ba’zi hujayralarda seziladi. Harakatni tezlashtirish mumkin, buning uchun barg bir
necha minut ilig suvga solib qo’yilishi yoki suvga bir tomchi sgut tomizilishi lozim.

SRRt | AR

1-rasm. Vallisneriya barg po’stlog’i.
1-hujayra qobig’i (devor), 2-xloroplastlar; 3-yadro; 4-sitoplazmaning harakatining yo 'nalishi; 5-
sitoplazma; 6-vakuolya.
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QO‘SHIMCHA MATERIALLAR
(VIDEOLAR, KEYS-RTADILAR)
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8.
Q.

10.

11.

12.

13.

14,

15.
16.

17.

“buoJioruk cnequPUKINK acocaapu” paHuaaH
YMYMMH HA30PaT CaBOJLJIAPH

. AHTHUTeNanap Ty3WJIUIIUHU TYIIyHTHpUO 6epunr? OFup Ba €HIUIT 3aHXUpIIap.

[Tapuup kucmu. Fab-kucmu. Fc- kucmu. KoncranT Ba Bapuadenb
Kucmiapu. ['unepBapuabdenb KucMIIapu.

. AHTHUTeNanapHy rurepBapuadesb KUCMJIapyu aHTUTEHIaApHU OOFJaniia KaHaam

poib YiHaau?

. AHTHUTeNanapHu PYHKIIMOHAN XWIMAXUJUIUTY KaHlail TyIyHTUpHuO 6epa

ojlacus?

. MemOpana 6miian OOFJIMK Ba SPKUH X0JIaTAa yupaauran aHTuTenanap oup

Ooupuan Kanaau dapkianaguinap?

. Kangait kunu6 memOpaHa Ominad OOFIUK OYJraH aHTUTENalap CUHTE3U SPKUH

XoJaTgaru anTuTeliajiap CMHTC3UI'a I'CHJIAP Aapakacuaa S'lTI/IHaI[I/I?

. I/II[I/IOTI/IHJIap JAC€ranja HUMaHH TYHIYHaCI/I?;? AHTI/II/II[I/IOTI/IHI/IK aHTUTCIIaJIap

HuUMa OwiiaH apkiananunap? AHTUUIMOTUIIUK aHTUTETATapHU
UMMYHOJIOTHUK TYP XOCHJI OVJIMIINIA POIH KaHai?

. UmmyHornoOGynuunapau Kauaai cundiaapu 6op? YiapHu KaHaai

dbyHkuroHan GapkiIury MaBxyA? YIapHU Ty3yJIUIINAa KaHaal ymMyMuil Ba
dapknanur 6op?
Kaiicu anTuTenanap uIuOTUINK Ba aHTUUIUOTUIINK €0 Xxucobmanaau?
Kangait xuimb UMMYHOJIOTHK TYP XOCH Oyamn?
Kanpait kb knaccuk iy OvtaH KOMIIEMEHT XOCHJT OYJIUIIN
daomnmamanu? C3a, C4a Ba C5a napun ponu. TpancMeMOpaH JIUTHUK
KOMITIEKC Xocui1 Oymumiy. KomiieMeHT cucTeMacuHu OOIIKApUITUIIIH.
Kannait xnmb TpaHcMeMOpaH JIUTUK KOMIUICKCH WUFUIAIN?
Kanpait kb ambrepHaTUB Y1 OMIaH KOMIUIEMEHT XOCHIT OYJIHIIH
daomnamanu? (C3a, C4a Ba CS5a nmapunu ponu. TpancMeMOpaH JIUTUK
KOMITIEKC Xocui1 Oymumiy. KomiieMeHT cucTeMacuHu OOIIKApUITUIIIH.
XyxaitpaBuit uMMyHHTETAA T-TMOIUTIAp Kalaai pois YitHaiamn?
[uroTokcuk T-mumdborutiap.
XyxalipaBuil uMMyHuTeTna T-xennepnap kaitgai pons yitnanau? T-
XeJMepIapHd UMMYH KaBOOJIapHIard PoJIu.
Kannait kw6 T- Ba B-mumdborutiap 6up 6upu Ounan MmyHocabaT Kulaau?
Kanpgait bomkapysuu I'ennap bom Kommiekcu anturennapu (MHC)
MaBXy?
| curdu bomkapysuu ['ennap bomr Kommiekcu anturennapu (MHC)
rIMKonpoTenHinapunau Tabpudnad 6epunr? Kaiicu T-xyxaaiipa
CyOnomysiusIapyuHy yiap gaoutamTupagn? AHTUTCHIAPHHA aCCOLIMATHB
XOJI71a TAHMIIL.
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18.

19.

20.

21,

22,
23.

24,
25.

26.

217,
28.

29.

30.
31.

32,

33.

34.

35.

36.

37.

38.

I cungau bomkapysuu ['ennap bom Kommnnexcu anturennapu (MHC)
TIIMKONpoTenHnapuau Tabpudnad oepunr? Kaiicu T-xyxkaaiipa
cyOnonyJisMsUIapyuHU yaap GpaosmamTupagn? AHTUTEHIApPHN aCCOIIUaTHB
XOJ11a TAHMILL

Kanpait kunn6 bomkapysun ['ennap bom Kommnekcunu Il cundnu
AHTUT€HJIAPU aCCOLIMATHUB XO0J1/1a TAHUJIaAH?

DKcnpecc TMarHoCcTUKaaa MMMYHOGEPMEHT aHAIM3H KYJUTall Ba OJIH0
oopwurl.

DKcnpecc TUarHoCTHKaa JIMIIOCOMall IMMYHOAHAIM3HU KyJUlall Ba 0JIM0
oopwurl.

KomniemeHT cucremacuHu Tabcupy HUMaaa?

C3a, C4a u C5a napHu KOMIUIEMEHT KJIACCUK WY OuiaH
daomutamTupUIIMIATH POIn?

Kanmait kb TpaHcMeMOpaH JTUTHK KOMIUIEKC XOCHIT Oy man?

Kannaii Kuinnb KOMIJIEMEHT CUCTEMAcKa peakuusiaap KeTMa KeTJIUTru
OOIITKAPUITMHAIN ?

Kaiicu xonnapaa Ba kanaail KUJInO KOMIUIEMEHT alTepHATUB WY EpamMuia
daomnamanu? bynaa C3a, C4a u CSa napun ponu?

Kannait kunub xyxaipaBuii UMMYHUTET (PaoJTUK KypcaTaau?

HuroTokcuk T-mumdonuTiap XyxalpaBuii UMMyHUTETAA KaHAAl poJib
yuHanan?

T-xennepiap UMMYyHH >kaBoOjap/ia kKaHaan haoausaT Kypcaraauiap?

B- u T- mumdonmtnap kangait kuaubd oup Oupu Owmitan MyHocabaT KU1aay?
T-xyxaiipanapHuHr Kaiicu cyononymnsiuusuiapu | cuadnu bomkapysuun
I'ernap bom Kommiexen (MHC) rivkonpoTenHIapuHA
daomnamrupuiam?

T-xyxaiipanapHuHr Kaiicu cyononynsuusuiapu |l cundau bomkapysun
I'ernap bom Kommiexken (MHC) rivkonpoTenHIapuHA
daommamrupuiam?

depMeHTIIapHU HeuTa CUH(IIapu MaBXKy/1 Ba yJlIapHU KaHaail Oup Oupura
yX1ail ToMOHIapu 60p?

@®epMmeHTIapHU  “TaHumr’, “Oofyamr’” Ba “KaTalUTUK®  MapKas3jlapuHU
n30xja6 6epunr?

depMeHTIapAa “‘TaHUII MapKasu KaHjaa posb VhHaiau? Kanpai xkywnap
TabCUPHU MABXKY/I.

®depmenTiapaa “Oornamr’” Mapkasu KaHjad poib YitHahau? Kanmail kydnap
TabCUPHU MABXKY/]

®epMeHT cyOcTpar MyHOocabaTHMHM TYWyHTHUpUO Oepunr. Kanpmaih KuiuO
OornaHanu? AKTHUBAIMS SHEPTUSCH HUMa cababura macaitn6 keraau?
depMeHTIIapHU KaHAal MUKJIOpUI XapaKTEpUCTUKAIApU MaBxKy1?
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39. “Pakobatnu”  uHruOupiam  skapaHMHM  TYIIYHTUpHO  OepuHr?
DepMEHTHUHT KaliCM MUKIOPHUI XapakTepucThKanapu Yy3rapanun? Kannai
KO Ba Kail mapakana Yysrapaan?

40. “PaxoOarcu3” unHruOupiam Huma OunaH Qapknanaau? by Huma Owunan
OormuKIUp?

41. depmeHTIapHH IOKOPH KATAIUTUK (HAOJUIMTUHU KaHJOall TYUIyHTUPHUO
oepacus? Kaiicu kyunap épaamuaa cyocTpar Ba depMeHT Oup Oupu OmiiaH
MyHoca0at Kwiaau? by kyuinap Kkangai tabcup Taauiap?

42. HVHrubutop mMaBxyJ OYIaraH Ba HHTUOUTOPCH3 MYyXUTAA (pepMEHT (HaosIuru
Vnuanrad. Tabnuiaga ONMHTaH HATIXKAJIAp KenTUpwirad. Peakuwusiiapna
MHTUOUTOP KOHIEeHTpauusick 10 MkM HU TalKui 3T1u.

Cy0bctpar Peakuus GonutanFuy te3nury, | Peakius OONUIaHFUY TE3JIMIH,

KOHIIEHTPALHACH, (M/cek)*107 (M/cex)*10’

MM Nuruburopcus Nuruburop maBxyn
0,15 2,40 0,96
0,20 2,85 1,08
0,25 3,15 1,20
0,35 3,75 1,44
0,45 4,50 1,68

Anuknanr: Ky, Ba Vmax , MHTUOUpIaI TYPpUHU, UHTUOUpIaIl KOHCTaHTacuHU K;

(S).

43.laruburop MaBxKyJq OYyiraH Ba MHTHOMTOPCHU3 MyXHTIAA (epMEHT (aosmuru

VynuanraH. Tabnuuana ONMHraH HaTWKaigap KEATHUPUIITaH.

Peakuusimapa

MHTUOUTOP KOHIEHTpauusick 10 MkM HU TalKui 3TIu.

Cyb6ctpar Peaxuus OonanFud Te3aury, | Peakiust OOnuiaHFUY TE3JIUTH,
KOHLIEHTPALUACH (M/cek)*10’ (M/cex)*10’
, MM Nuruburopcus NHruburop mMaBxyn
0,33 1,65 1,05
0,40 1,86 1,21
0,50 2,13 1,43
0,66 2,49 1,74
1,0 2,99 2,22
2,0 3,72 3,08

Anuganr: Ky, Ba Vimax , FHTUOUpIIAI TYpUHU, HHTUOWpIIAI KOHCTaHTacuHu K

(S).

44 TpancmeMmOpaH TpaHCIIOPT HUMa Ba YHU KaHJal n30xj1ab 6epacuz?
45. TpancmeMmOpaH TpaHCIIOPTHU KaHJIal Typliapy MaBxKyAIup?
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46.
47.
48.

49.
50.
ol
52,

“EHrwyuIaliTUpUITal” TPAHCIOPT KaH1ai KeTaau?

Kanpgait kanan xocui KWJTyBUMIIap MaBxKy/l Ba yiap KaHjaal KWinO uiianm’?

Xyxallpauuy aKTHB TPAHCIIOPTH JIeTaHAa HUIMaHU TYIIyHACH3 Ba y HUMa
owran (apxranann?

Xyxaiipa nuuja KaHaam Xyxaipanau TPaHCIOPT CUCTEMasap MaBxy?

DHIIOIUTO3 Ba BE3UKYJISIP TPAHCIIOPTHU M30X1a0 OeprHT?

CuHTe3NaHral OKCWUIAPHU TPAHCIIOPTH XyXKakpa nuuja Kauaa yraau?

Xyxalipandu TPaHCIIOPT CUCTEMAacH KaHal KuinO (haosik Kypcaraau?
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1. XyxaiipaHuHr Pubocoma* ANPO XyxKanpa PETUKYIIYM

Kalicu opraHeIia-cuaa MeMOpaHacu

OKCHJI CUHTE3H

YTUILIMHU QaHUKJIAHT?

2. Xa3M KuJlyBuH 38-40 °C* 20-30°C 50-60 °C 60-70 °C

dbepMeHTIapHUHUT

OTITUMAJT UIILIAII

JKapaeH! KaHaau

xapoparja

Ky3aTmiaan?

3. Kyitunaru EeJUTI0NIAa3a, EJUTI0NIA3A, NEepOKCH/Ia3a, | MEKTUHA3A,

dbepMeHTIapaaH Kaiicu | reMHIIeIIoasa, amuIIasa, UHBEPTAa3a, amuIasa,

OupH YCUMITUK NeKTHHA34, MepOKCHaa3a amuiasa MHBEpTa3a

XyXKaipa 1eBOpUHU JTUTHUHa3a*

napyaniainl yq4yH

KYJUTAHWJIAIA?

4. ®epmenTIIap Jlyu [lactep* Onyapn byxuep | Kapn Opexn | @uiep

MaBXYIJTUTUHA KUM

OoupuHUn OYIHO

aHUKJIaraH?

5. buorexHonorusma | 6apkapopiauk* MYXHT daon Jlenaty

KYJUTaHUII HYKTau OMUJLIapU MapkasHuHr | Panus

HazapugaH (epmeHt- HUHT TabCUPH TY3WIHIIN JIAHUIIT

JTAPHUHT Kalicu

XYCYCHUATH MYXUM

xucoOnanaau?

6. ®depMeHT-cyOCTpaT | “UHIYIUD “KoMILIEe “Mypakad “Kynd-

KOMIIJIEKCH KalicH | JJaHTaH MEHTapJINK Marpuia’” kaaut”’

MEXaHU3M Oyinya | Mociamumr”’ NIPUHIUIIA IIPUHLIUIN MPUHIIIN

TabCHUPJIAIIAIN? MpUHIUNN ™

7. ®epMEeHTIapHUHT XaMma kaBooiap Tabcupnana cyoctparaun | Cyberpa

I0KOpH (aoJUTUTU HUMA | TYFpU™ eTraH OOFHUHT | T THUHT

Oumnan KaTaJIUTHK dukcanusia | ONTHMAl

TYIIYHTHpUTIAAR? MapKasra I OMUJIH OpHUEHTAITUS

SIKUHJIAIITYB JIalI OMUIH
OMUJIH

8. depmeHTaTUB Crneundux depmeHT Cybctpar O¢pdexTun

KaTajau3 Kancu CyOCTpaTHUHT KyJ(-KamuT (epMEHTHHHT | KaTajan3

NPUHITUT aCOCHIA OoFmaHMII TPUHIIAITH TaHUIII YayH

yraau? KapaeHIruaa oyiinua Mapkasuia dbepmeHT
dbepMeHTHUHT UIUIOBYU TAHWIAJIM Ba | HUHT aHUK
Kophopmarus- KATTUK Oy >pexTHB | KaTaTUTHK
CHHH Y3rapullu MypaKkao KaTaJIn3HU TYpyXHu
YHUHT KaTaJIM3HA | MaTpHIla TABMUHJIAWIA | 3apyp
MKOOUH TOMOHTA
cupKaTagu®

9. ®epMmeHTHHUHT Kaiicu | bapua »xaBoOmap Muxasnuc ®epmeHTHUH | DepmeHT

MUKJIOpU Tyrpu™* KOHCTaHTacH r paommurn | HUHT
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XapaKTepUCTUKACH crenuguk-
MYXUMPOK? JIUK KOHC-
TaHTacu

10. ®epmenTinapuu Kartanutuk map- Karanutux Kartanutux Tanui

KOBaJICHT UMMO- Kasra ajokaaop MapKa3HUHT MapkKas MapKasu

OwILIaI kapacHuIa oynmaraH, ¢ep- TalIKH rypyxiapu rypyxiapu

Kaiicu (hyHKIIHOHA MEHTHH TaIlIK{ Tapadura

rypyxJjap xyjaa Tapadura Kapa-rai | KaparaH

MyXuM? rypyxmuap* rypyxJiapu

11. ®epmentnapau bapua xxaBobap VYnap te3 Mukpoopra | depMeHT

UMMOOMILTAIIT TVFpu™* dhaouTaHUIIH HU3MIIAp JapHU

XKapaeHua Kepak OpKau UHTHOUD

copOeHTIapra Kanjaau TabCUpPJAHMa | JJOBUU

Tanad Kyhunaau? C-JIUTHU TabCUpPra 3ra
(mHEPT) OymMac-IuK
Kepak Kepak

12. ®epmenTnap a,0,B* I,e,r T,B I,T,B

MYXaHIUCIIUTH Y3

OJIINTa KaHaau

MacaJyIapHu Kysau?

a) SIHTU MaxcyJsioT OJTHIIL,

0) Mabnym Maxcysa0THH

STHTH cuGat/aa OJIHIIL;

B)MaBXYy/l TEXHOJIOTUK

TEXHUK-IKOHOMHK

KYpCaTKH4JIapUHH

SIXIITAITALL;

I') IMMOOWJUTAHTaH

(epMeHTIapHH KYIUIAll;

1) hepMEeHTIIapHU CaHOAT

MUKECHA OJIHIII;

e) pepmeHTIIapHU

MO (HUKALHSLIALL

13. Okcunnap -NH2* -SH - OH -COOH

MoOJIeKyJIacuaaru

KaliCH aMHHOKHCJIOTa

TypyXH TIIyTapaib-

Jeru1 OuaH peak-

UAra KUpuiam?

14. Kanpaii aHTUTENa — AQHTUTEH — dbepmeHT — bepmeHT —

Oupukmanap dbepmeHT, aHTUreH | (hepMeHT, OJINTO aHTUTENA,

UMMYHOKOHBIOTATHap | - pepMeHT™ bepmeHT - caxapun, bepmeHT -

neb aranaau? dbepmeHT dbepmeHT — KOJJIareH
nojuca
Xapu

15. UMMyHOKOHBIO- €T MO 1aHU bepmenTap AHTHTENA AHTUTEH

raTjiap KaHaaiu aHMKJIAM yayH™ (dhaomuruau JapHU JapHU
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Makcajiapaa aHUKJIAIl YYyH | CEPOJIOTHK CEPOJIOTHK
Kyuanuinaaun? daomnuruau | GpaoyUru
AHMKJTAII HU aHUKJIAII
YIyH y4yH
16.  Konbroratnapau | riryrap- TOCCHIIOU, KapOOIUMuU, | aTpPO3HUH,
OJIMII Y4yH KaHAall | quaiblIerum, OeH3omo, OeH3omo, TOCCHUIIOI,
OOFJIOBUN areHriap | ToCCUIod, KapOoIuMug aTpO3UH riyTap
Kyuanuiaan? KapoouMuT* TV AJIbJICTH T
17. ®epmentnapausr | bapua xaBob Monekynanuar | Y4 ¢azonu Nxxn kucm
daon mapkasu KaHja | gap Tyrpu* 03 KUCMUHU yiuoBaa ra Oymu
YMYMUN Xycycusra TAIIKUIT STaAH dbepment MYMKHH:
ara? rIo0ynacuHu | OOFJIOBYH Ba
nanIa KaTaJIUTHK
YKOMJIaImaan
18. Kanmait Tabuarnu | 2 Ba 3 5xaBoO 3eKTpocTaTUK | ruapodob Ba | Komriie
Kywiap xucooura nap Tyrpu* Ba BOJIOPO/I Ban nep MEHTap
(dbepMeHTHUHT OOF- Baansc
JIOBYUM MapKasH Ba
cyOcpar ypracuna
TabCUP 103ara Kenaau?
19. ®epmentnapuusr | bapua xaBo6 bup depmeHT TO3a
crenuduk paoyuru - | Jap TYFpu* MUJUTATPaMM HUHT TO3QJIHMK | (hepMeHTIa
bepmeHT JapakacWHU | MakCHMall.
npenapaTura ounaupaaura
TYFpHU H KypcaTruy.
KeJauran
(haoyuk
20. @aommk Oy | crangapt HOCTaHAapT CTaHJapT CTaHAapT
XaJaKapo Ooupnukaa | wapoutda 1 Munyt | mapoutna 1 mapoutna | | mapowutnaa
(dbepMEeHTHUHT IIyHAal | qaBomuaa 1 MHHYT MHUHYT I cex
MUKJIOPHKH, VY ... MKMOJIb nmaBoMuaa 1 naBoMuaa 1 JIaBOMHU A
cyOcTpaTHU MKMOJIb MOJTb 1 MKMOITB
MaxcyJoTra cyOcTpaTHU cybcTpatHu | cyOcTpar
alTaHTHPUIIT MaxcyJoTra MaxcyJoTra | HA Maxcy
KOOWInATHTra 3ra* | alJaHTUPHUII alJIaHTUPUILI | JIOTra
KOOMJIHsITHTa KOOWNHSITATA | aliJIaHTH
ara. ora. pHII
KOOWITHS
THTA Jra.
21. Muxasnuc Peaknus Cybctpar Cybctpar Peaxnus
KOHCTAHTAacH Oy ....Ta | T€3JTUTHHUHT KOHIICH KOHIICHT TE3ITUTUHH
TEHT MaKCcHMall TpaIHsICH panusicuHu ApMU
KYPCATTUIMHUHT MaKCHUMaJl SIPMU
SPMHUHH XOCHJI oynranaa
KWIYBYM CyOCTpaTr | peakius
KOH LIEHTPALUACUH™® | Te3UTHHU
SPMU
22. ®epmeHTIapHUHT | 2 Ba 3 )kaB00 xap 1 conusima | daos Mapka3 | TyFpH Ka
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napyasail MUKIOPH: nap Tyrpu* 1 Ta paon TY1a O6aH. BOO MK
Mapkaszaa JMK XOJaTH
napyasa na hepMeHT
Ha/IUTaH dyukuusicun
MaKCHUMal U TE3JIUTU
cyoctpar
MUKJIOPH
23. CriennpuKINK (hepMEHTHUHT TIacT | epMEHTHUHT depMeHT NHrubup
KOHCTaHTACH: KOHIIEH IOKOpHU HUHT JIaHUII
TpauusuIa cyocTpaT | KOHLIEHTpa Oapapop-JIuK | )KapaéHu
MYXUT/A HII IUSUTH CyOCT- Kypcatkuuu | garu ¢ep
Jant Te3nuru’® paT MyxuTaa MEHTHUHT
WIILIAII TE3TUTH cnenudux
JUTH
24. Kaiftmac dbepmeHT haon dhepMeHT daon depMeHT
(TUKJIaHMalIUTaH) JIUTH YYYH MyXAM | MOJIEKYJacu Mapkasra HUHT aJI0
UHTHOUOpIap: byHKIMOHAT F03aCHIaru HOKOBAJICHT | CTEPUK
TypyXJIapHU GbyHKIIMOHAI Tap3aa MapKasura
KUMEBHIA rypyXJapHu OoriiaHau HOKOBA
Moauduka KUMEBHUHU JICHT Tap3aa
nustangn* Moauduka OoraHagu
mUsUIaion
25. Kaiitap KoBanent Oornap | @epmeHt depmeHT depmMeHT
(TUKJIaHaUTaH) XOCUJ Kuiamacaan™ | gaosmiuru HUHT baonmuru
UHTUTOpIIAap (PepMeHT YYyH MyXUM AIJIOCTEPUK YUyH MYy
OunaH KaHgai Oynran MapKaszu XUM OYyIran
OofIaHa u (dbyHKIIMOHAT OuiaH KoBa byHKIIMO
rypyxJap JIEHT OOF HaJ Typyx
OuJiaH KoBa XOCUJI KUIHO | JapHu
JIeHT OoFIap KUMEBUIA
XOCHJI KWIHO Moauduka
1usiIab
26. Kaiitmac Tuknan Tuxknanagu Karramamann | Knunkna-
WHTUOUTOpP MyXHUTAAH | Maau™ maau
NYKOTWJITaHIaH
MOJIUUKAIMSUTAHTaH
dbepMeHT (HaoIUIUTH. ..
27. Kaiitap uaruou- Tuknan TUKJIAaHAAH Karrana Kuunk
TOp MyXUTIaH Manan* mau Janraan
WYKOTUJITAHIaH
MOTUMKAIMSUIaHT aH
depMeHT paounry. ..
28. Kaiitap 2 Ba 4 xaBoOnap KOHKYPEHT ApUM Hoxon
UHTUOHUTOpIAD .... Tyrpu™* KOHKYPEHT KypeHT
Oymaau
29. Pakobatnu bapua >xaBo6ap UHTHOUTOP UHTHOUTOP NHrubup
MHTHOMpJIAaHUILTA. ... Tyrpu™* TY3UJIUII cyOcTpar JIAHUII
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KUXaTUIaH OwtaH b dexTun
cybctparra dbepmenTra JIUTH UHTH
YXIIanan OOFJIaHUIIT ourop Ba
YUyH cyocTpar
pakobar KOHIIEHTpA
Jamaan IUSICUTA
OOFJINK
30. Pakobarcus bapua >xaBo0ap UHTHOUTOP UHTHOUTOP NHrubup
WHTUOUPIIAHUIIIA. ... TVFpu™* TY3UJTUIIT cyberpar JIAHUTIT
KUXaTUAaH Ownan abdex
cybctparra dbepmenTra THUBJINTH
YXmanam OOFIaHUII HHTHOUTOP
y4yH pakoOaT | Ba cyoc
Jaaan Tpar
KOHIIEHT
panusicura
OOFJINK
31. AHTU-UIUOTHIT bapua >xaBoOap Homabinym X B- bab3u T-xy
aHTHUTEIoNAp Y3apo TYFpu™ pUTMAJIATH Xyxaiipanap | xaiipanap
y3ura xoc Oynran AHTUT€HIa YCTKH KUCMHU- | aHTH-X
MOJJaapHu KaHJau HucOaran Jard ait X | peuenTop
KUCMIIapH OuiiaH OJIMHTAH aHTHU penienTopiap | Japu opKaiu
OOFJIall XyCycHUaTHUra TEJIOJAPHUHT U OpKaJin OOFJIaHUIIT
ara? OofJIaHaUraH OOFJIaHUIIT
KUCMU OWIIaH
32. T-xyxaripanap bapua xaBo6ap Bupyc 6unan VYnap 6aw3u | TBa B
KaH/ail peakuusiaap-uu | TyFpu™ 3apajlaHra” Makpodariap | Xyxai
amaJra omupaan? XyXaipanapHu | HU panapHu
daomnnaiiau cympec
éxu B- cusanau
Xyxanpa
Japra €paam
Oepanu
33. T-xyxaiipanapHu bapua xaBobsap LHUTOTOKCHUK XeJep cyIpeccop
KaHJal cyonomymn TVFpu™ T-xyxkapanmap | xyxkaupanap | T-xyxakpa
ANMSIIAPU MaBXY[? nap
34. bupunuu cuHdp bapua comaTuk B-xyxaiipanap | Makpodarna | T-xyxaiipa
OOIIKapyBUM T'eHJIAp XyXaipanap yCTKU | 103a KUCMUJA p 103a Jap ro3a
6om korekeu (MHC) | memOpana KUCMHIA KHCMUJIa
TJIMKOTIPO-TEUHU KaBaTujga*
KaHJlal Xyxaupajiapaa
¢aonusT kypcaragu?
35. Wxkunuu cuH® bapua >xaBo6ap B-xyxaitpamap | T- Makpodar
OOLIKApYBYM T'€HJIAP TVFpU™ 10332 KHCMUJA XyKapanap | Jiap 13a
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6om korieken (MHC) 032 KUCMUAJA | KUCMHIA
[JIMKOTIPO-TEUHU
KaHJal Xyxxaipanapaa
yapanau?
36. UkkuHuu cuHd ET Momna seHu Er MOJI1aIap T- T-xumep
OOLIKapyBYHU T€HIIAP aHTUTeHyap OwiaH | Ounan XyXKaiipanap | Xyxaiipanap
0o KoIieKcH Xocui Oynran accocHalus ra BUpyCHU ra épaam
TJIMKONPOTENHIIApU accolya USCUHU™ | JIaHUII TaJuM 3TUII | OepuIl
KaHjal GyHKIUSIHA
Oaxxapanu?
37. bupuHuu cuH} [HuToTokcuk T- T-xumep TBaB [uToTOKCHK
OOIITKapyBYH TCHIIAP XyXaupajapra XyXadpanapra | Xyxamnpa T-xyxaipa
001 KOTIJIEKCH BUpYCIIApHU BUpYCIApHU Japra BUpycC | Japra 0ak
TJIMKOTIPOTEUHIIAPU TaKJIUM ITHUIIT™ TaKJIUM DTHIII JapHU TEepUsl aHTHU
KaHgal GyHKIUSIHA TaKJUM 3THUI | T€HJIapUHU
Oaxxapanu? TaKJIUM
ATHUIIT
38. T-mumdonutap b Ba B xaBoGuap Opranmzmaarn | dakar dakar opra
HUHT KaTTa KUCMU TVFpu™ AQHTUTEHTa HUC | QaHTUTEHJIapH | HU3MIa
KaHaail QyHKIUSIHHA OaTaH xeu KaH Y TaKJIuM TyIITaH
Oaxxapaau? nait ;kaBOOHU 3TYBYHU aHTUTEHTa
amanra Xyxaiipanap | xaBoO
OIIUpMan I 9BTUOOPUHU | peaKIUsCU
xanb Kunaau | Hu Oepaau
39. bomkapyBuu Anturennapau T- | T-mumdonut Xyxaitpa AHTHUTEH
reHiap OOII KOTUIEKCH | TUMQOIUTIAP Jap aHTUTEH 1o3acuga B- | mapHu 6011
accOCUaTUB TaHMIII OpKaJM XyXaipa Ouan auMQOLHTIA | KAPYBUH FeH
JKapaéHU HUMaHU 103acuja TaHu accocuarus p Owran aHTH | J1ap 6011
aHriaraau? JUIIN XyXalpa JaHaIu reHnap KOMILIIEKCH
1032 KUCMUAAru accocu OpKaJIH
[IMKOIPOTEUHIIAp alusACH 103 accocuanu
aHTHUTeHJIap OU JlaH Oepuru SUTAHULLN
OupranIyBu 103
oepanu™
40. B Ba T xyxaiipa b Ba B xaBoOuap AHTUTEH Xyxaiipanap | AHTuTeNa
Jap y3apo KaHjau TVFpu™® KYIIPUKYacH JaH OMTTacu | aHTUJIUO TUH
TabCcUpIaIam? opkanu sisbHU B- | B-mumdonut | peaknuscu
Xy>Kaiipa nap 103aCUJIaH aH | OpKajau
ranTeH-OKCUII TUTEH OpKaJIH
KOMIT JIEKCH oynca 2-xy-
OPKAJIM TAaHUMIU | Kanpa 3ca
Ba Oynma T- aitHaH my B-
Xyxaipanap sca | aumdonurra
OKCHJI TalllyBuM | OOFJIaHTaH
OKCHUJI OpKaJI aHTUTENa
OpKaJIH
41. KoMrieMeHT bapua >xaBo6ap ET xyxaiipana by cucrema by cucrema
CHUCTEMaCHUHHHT posid | Tyrpu™ PHU UYK KUJI OpKauIu €T MOJJaHU
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HUMaza? UIIIra acociiaH aHTUTeNajgap | JIU3UCIai
raH aHTUTE OpraHW3MHHU | JH Ba 11y
Janap xapaka OakTepuan Ownan Oup
TUHH Ky4alTH nHpeknusaa | ra paroqut
paau XUMOS nap daonus
KWJIaau THHU Ky4dau
THpaIH
42. KoMrieMeHT Kapaén naBomu na | Kackan pasum | Cucrema da- | Xap oup
cuctema ¢aoJsuianry dbepmenTnap Jla KOMIIOHEHT | OJIJIalllyBU daonnam
BUAa €T MOAJMANApHU | UIITHPOKHIA JapHUHT (GA0N | JaH XOCHII ras ¢ep
WYK KWIYBYU KaHaau 3aHXHp OYitmad JIAIIYBU XYXKa OynraH KOM- | MEHT
KOMIUIEKCIIap XOCUI Oup KaH4Ya KOMII UH XyXaifjpara | MOHEHTJap MHUKpOOpTa
oynanu? JIEKC XOCHII XY’KYM STHII MHUKpOOpra- | HU3M MeMO
oynmamu™® OpKaJIA JTaBOM HU3M MeMO paHacHUHU
STaau paHacura Xy | mapyanai
KyM hi7
KHJTUTITHH
oonuranau
43. KommuieMeHT Et xyxaiipa mem6- | Konnaru bazopun Ba | bazodun
daoyamryBuaH XOCHII | paHa KaBa THAA crienuduk Tyna napaa
OynraH KOMIUIEKCIIap | KaHaJuIap XOCHI OKCHJUTAPHH XyXaipa TUCTAMHH
KaHJal sxapaéuiap KUJUIIN HATWXKa- | apyaiaiau JapHu (aon | ceKperus
coaup Oynuira onud | cuaa y3rapuimra Janau CUHU
Kemnamgu? ITYHUHTJIEK baomnnaiiau
KaHaJu1ap opkanu™*
44. C5a KOMIUIEMEHT b Ba B xaBoGuap Tyna xyxaitpa | [Tomumopdsia | C5 mapuana
CHUCTEMacCUHHHT posid | TyFpu™ nTappaa Ba POIHK HUIIN OKH
HuUMaja? 6azodmmnapna | neiikouutnap | 6aruga C5
TUCTaMHH J1a XeMO KOHBEpTa3a
CEKPEUHUSCUHU | TOKCUK XOCHIT
CTUMYJUIAN N MO A oynaau
cudaruga
poJIb
YHUHAUIU
45 KomiemeHT bapua xaBobsap Kommiement Cucremana Cucrema
CUCTEMa HIUMA YIyH TVFpu™ CUCTEeMaJIaH XOCHJI OYIran | Jaru KOMIIO
HOpMaJI Xy)Kaiipa japra Oo1IKa KOMITO KOMITOHEHTJIa | HEHTJIap
TabCHUP KUJIMai (akat HEHT OmiIaH P Y30K ¢dakaTt Mab-
€1 MUKpOpTaHu3MIIap yJlaHMaca MynaaT Gpaoi | JIyM KOMIIO-
MeMOpaHacura Xyxym KOMILJIEMEHT xonaraa Oyna | HeHT ydJacT-
KWJIHIIY OU JTaH cucTeMa KoM OJIMACITUTH Kacu Ounan
yerapaiaHaau’? MOHEHTH Gaon | ydyH OoFnmaHMII
JanryBaaH Xycycus
TYXTauau THUTra dra
Oynranu
y4yH
46. TpancmemOpaH - bapua xaBoOmap | ®aon Ba daon | Ocmoc-nud | Kanammap
TPaHCTIOPTHHUHT TVFpu™® OynmMaraH dy3us Ba OpKaJIH
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KaHJ1all Typiapu

CHI'MJI

MaBxKyna? JAIITUPUIITAH

i dy3us
47. Enrnmnamru | Tpancnopt Basu Tpancmopt TyhnHUII Kanannap
puiran TpaHcnopT | pacuHu YTOBUU Bazu(pacuHu Japaxxacu OpKalu
HUMara acocJIaHraH? Jap MIITUPOKKJA | YTOBUMIIAD OpKau

TPaJIMCHT KOHIIEH | UIITUPOKHUIA
Tparus opKaau™® rpagueHT
KOHIIEHTpaIus
ra Kapuu

48. Xyxaitpamgaru ’KapoO nyk* Oneprusi  capd | Mognanunr | XKaBoO MyK
¢daos TpaHCIIOPT Oynuiy OWiIaH | TpaJiueHT
HUMara acocjaHran? KOHIIEHTpaLH

sl CUTa KapIiu
49. TpancmeMOpan Oxkcui1 MoJieKyna Xyxaiipana DnekTpokumé | 3appanap HU
TPaHCIOPT kapa €Huja | cu KoHpopmarus 06ab3u MoJAa BHU rpaau V3 2IEKTPO
AT® HuHr ponn CUHU y3rapTUpPHUII | JIap TPAHC €HTHHU KUMEBHN
HUMaza? yayH* MOPTHU yYYH y3rapTv puIl | TpagueHT

YYyH WYHaITUIIN

Jla XapakaTu
YayH

50. JIuragx Ounan Jluranoaun MewmOpanara SJ’ﬁHannap Besukyna
OOFJIMK SHIOIIMTO3 peuentop Ounax JUTaHJIapHU XOCHJI OYJIHIIl | JIap XOCHII
)apa€HU J]a SHT MyXuM | OoFmaHuIm™ YTKa3uIl xKapaHu Oy mu
OMMJI HUMA? Kapa€HU KapaCHU
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