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ABTOPbDI

Cepepun EBrenuit CepreeBHY, AOKT. XMM. Hayk,
nipod., wi.-kopp. PAH, 3aB. kadenpoit bmoxumun MMA
uMm. U.M. CeueHosa, ren. aupektrop OAO «Bcecorwos-
HBI HAayYHBIA LEHTP MOJIEKYJSIPHOM AUArHOCTUKU U
JIEYEHUST», PEAAKTOP M3NAHMS.

AneitnakoBa TatbsHa JIeoHHI0BHA, KaHA. OUOJI. HAyK,
nou. kKadenpsl omoxumuun MMA um. U.M. CeueHoBa
(pazgen 7), OTBETCTBEHHBIH aBTOP M3IAHMUS.

AsgeeBa Jliommwia BuktopoBHa, KaHa. OHMOJ. HAayK,
Joll. kadenpsl ononornyeckoit xumun MMA um. U.M.
CeueHoBa (pasgensl 6, 11).

Annpuanosa Jlionmuna EBreHseBHa, KaHI. OMON. HayK,
CTapiIdil TpenogaBateb Kadeapbl OHONOTMYECKON XU~
mMun MMA um. U.M. CeueHona (pasmenst 12, 15).

Benymkuna Haranss HukonaesHa, aou. kadeapel 6uo-
xumMun MMA um. U.M. CeueHoBa, yiUeHBIH CeKpeTapb
HUW. MonekynsipHas meguuinHa MMA um. CevyeHoBa
(pasgen 2).

Bonkosa Haranbs IlerpoBHa, KaHA. Med. HayK, AOLL.
Kadenpsl 6uonornyeckoit xumun MMA um. U.M. Ce-
yeHoBa (pasaen 1).

Tonenuenko Bepa AniekcaHapoBHa, KaH. OHOJ. HayK, JOLI.
xadenpe! 6uonoruueckoit xumMn MMA uM. .M. Ceue-
HOBa (pazznensl 4, 5).

BopobbreBa CBeTnaHa AHATOJNIBEBHA, KaHA. OMOI.
HayK, JOH. Kadeapsl 6uosoruyeckoin xumMmuu MMA um.
N.M. CeueHoBa (pasmensl 7, 11).

T'ybapesa AnekcaHnpa EBreHbeBHa, KaHI. MEJl. HAayK, JIOLL.
Kadenpsl Ouonornyeckoit xumun MMA um. U.M. Ceue-
HOBa (paszen §).

Kopaskosa Onpra BenuamuHoBHa, KaHi. OUOJ. HayK,
CcTapluMii mperiogaBaresb Kadeapbl 6MOJOTUYECKOH XU-
muu MMA um. U.M. CeueHona (paznen 9).

JIuxayesa HuHa BukTopoBHa, kaHJ. OMOJ. HayK, OOL.
kadeaprl 6uonornyeckot xumun MMA nm. U.M. Ce-
yeHoBa (paszen 9).

IMasnosa HuHa AekcaHnpoBHa, KaHz. 6HOJ. HayK, o1l
Kadenpsr ouonoruyeckoi xumun MMA um. U.M. Ceye-
HoBa (paszgeist 3, 6).

Py6uosa 'anuHa BacuibeBHa, Kana. OMOJ. HAyK, AOL.
kadenpel 6uonornyecko xumuu MMA um. U.M. Ce-
yeHoBa (pasmensl 3, 6).

CunaeBa CersiaHa AJIEKCeeBHa, JAOKT. OMOJ. Hayk,
npod. kadpeapsl Ouonornueckod xumuun MMA uMm.
HU.M. CeueHona (pasgensl 4, 10, 16).

Cunysanoa CsernaHa HukonaeBHa, KaHA. 6uoi.
HayK, go1l. Kadeapsl 6Uosornyeckoit xumud MMA um.
U.M. CeueHoBa (pasgenw 12, 13, 15).

Turosa TatesiHa AnekceeBHa, KaHI. OUO. HayK, CTap-
WK TIperoaasareab Kadeapsl OMOIOTMYECKON XHMHU
MMA um. U.M. CeyeHopa (pasaens 13, 14).

NMPEANCNOBUE

buoxumusi — cpaBHHUTEJTLHO MOJIOAsi HAyKa, BO3HHK-
1asi Ha CTbIke Ouosoruu M xuMuM B KoHue XIX Beka.
OHa u3y4aeT NnpoLecchl Pa3sBUTHA M (PYHKIIMOHUPOBAHUS
OpraHU3MOB Ha SI3bIKE MOJIEKYJ, CTPYKTYPY U XUMMYEC-
KHE TIPOLIECCHI, KOTOpbIE OOECIMEYHBAIOT KHU3Hb OOHO- U
MHOTOKJIETOYHBIX CYILLUECTB, Haceasiommx 3emmo. Boina-
IOLLMECS OTKPBITHS B 00J1aCTU yYeHus 0 epMeHTax, 61o-
XMMUYECKOI TeHETHKHM, MOJEKY/ISIPHOI OHONOrUM ¥ OUo-
3HEPIeTUKH TPEBPATHIIA OMOXUMHUIO B DYHIAMEHTATBHYIO
MUCIUILUIMHY, MO3BOJSIOILYIO PELIaTh MHOTHE BaKHBIE
TIpoOJIeMbl OMOJIOTMM U METULIMHEL

Hacrosmuuit y4eOHUK SIBAAETCA pE3yJAbTaTOM MHO-
rOJIETHEH NpenoAaBaTelbCKoN paboThl KOJJIEKTHBA
Kadeapbl 6MOXMMUU MOCKOBCKOM MEIUIIMHCKON aKa-
JNEMUH, U COLEPXKUT UHPOPMALIMIO, KACAIOULYIOCH, IJ1aB-
HbIM 00pa3oM, OMOXUMHUM 4YeJioBeKa. YUeOHHUK Mpen-
Ha3HAaYeH CTYAEHTaM M INpEINoAaBaTe/IsiM MEIULIMHCKUX
By30B. Ilo CTpPYKType M COIEpPXKaHUIO OH COOTBETCTBY-
€T IporpaMme Mo OUOXUMMH IJIs1 CTYAEHTOB MEANLIMH-
CKUX BY30B, YTBEPXICHHOU MMHHUCTEPCTBOM 3paBO-
oxpaHeHusi P@.

6

Y4eOHMK 3HAKOMHT YMTATENIE CO CTPYKTYpPHO-(DYHK-
LMOHAJBHBIMA KOMIIOHEHTAMH KJIETOK M IIPOLIECCAMHU,
JIEXAILMMH B OCHOBE KU3HEAESTEIbHOCTH 3I0POBOTO Opra-
HU3MA, a TAKKE C HEKOTOPbIMHU HApyHICHUSIMH, KOTOphIE
TIPUBOZAT K BO3HUKHOBEHUIO Oone3Heil. st Hero xapak-
TEPHO aKLIEHTUPOBAHWE BHUMAHMSI UUTATEJISl HA 3HAYEHUU
paccMaTpyBaeMbIX BOTIPOCOB Ui MEAMLMHBL. KHura co-
Jepxkur 16 pasiesioB M NPUIOXKEHHE, B KOTOPOE BXOASAT
CITMCOK COKPAllleHWHA, IPESAMETHBIIN YKa3aTesib, CJIOBaph TEp-
MHUHOB M JlabopaTopHbie Moka3satenu. IlepBble pa3mesibl
TIOCBSALLEHBI CTPYKTYpE U (hYHKIMAM O€IKOB, GEPMEHTOB,
BUTAMUHOB M HYKJIEMHOBBIX KUCNIOT. [loapobHo paccMmar-
PUBAETCSL CUHTE3 U peryisiiivsi MHGOPMAIMOHHOIO TOTO-
ka JHK—PHK—06en0k, mpuuuHsbl, Jiexaiiye B OCHOBE
OMOXMMMYECKOW MHAWBUIYAJIbHOCTH OPraHW3MOB M BO3-
HUKHOBEHMSI HaCICACTBECHHBIX Oone3Hei. B pasmenax mo
0OMEHY YIJIEBOIOB, JIMITUIOB M aMHHOKUCJIOT BHUMAaHHE
yuTaresiell PoKycHpyeTcs Ha Mpoueccax, obecreynBaro-
1MX 00pa30BaHUE U MOTPEOIEHNUE SHEPTHU B TKAHSIX Opra-
HU3Ma M y4acTHE 3TUX COeIMHEHWI B (POPMHPOBAHUM



CTPYKTYPHBIX KOMIIOHEHTOB KJI€TOK. B KHHre obcyxaaer-
Csl KJIOYeBast poJib TOPMOHOB B MEXXKJIETOUHBIX B3aMMO-
JIEACTBUSIX U Peryjsilii oOMEHa BelleCTB. YUeOHUK CO-
JEpPXKHUT Takxke psii CNeHUaJIU3UPOBAHHBIX Pa3lesioB:
OMOXMMMUST MEXKIETOYHOrO MAaTrpukca, 00€3BpEXHUBAHUE
TOKCUYECKHX BELLIECTB B OPraHU3Me, GUOXMMMSI KPOBH, OH-
KOreHe3, MPEACTARISIOMNX 0COObIil MHTEPEC [UISl MEIUKOB
U Bpaucii. MHdopMaLnsi, MpUBeAcHHAsT BO BCEX MaBax
y4eOHMKa, JaHa B COOTBETCTBUHU C COBPEMEHHBLIM YPOBHEM
HAYYHBIX 3HAHUI B 3THX O0OJACTSIX.

Hanetoch, yTO y4eOHMK 3aMHTEpECYET LIUPOKUN KpyT
yyTaTesed U OKAXKETCSl TIOJIE3HBIM IS CTYIEHTOB, aCIH-
PAHTOB M HAy4YHbIX COTPYIHHMKOB, pabOTaIOLIMX B 00NACTH
00LIEH U KIMHUYECKOH OGHOXMMHH, MOJEKYJIIPHON OHOI0-

MM U MENULIMHBL. BOJbIIOE KOMMYECTBO CXEM M PUCYHKOB,
KOTOpbIMU CHA0XKE€HA KHHTA, JOJDKHBI OOJIETYUTh YCBOSHHE
Marepuaia ¥ MOTYT ObITb MCIIOJB30BAHBI B TNPENOIABAHUM
61oxMHU. B TO Xe BpeMsi KOJUIEKTUB aBTOPOB I'OTOB pac-
CMOTPETDb MPEVIOXKEHUS TI0 YIYYILICHUIO KHUIH U KPUTH-
YECKHE 3aMEYaHUsI YUTATEIEH, KOTOPbIE MOXHO BHICJATh
O 3JIEKTPOHHOI moure: info@geotar.ru.

bnaromapio KOJUIEKTUB aBTOPOB U OCOOEHHO IPYIITY B
cocrase T.JI. Anetinukosoii, JI.B. Asneesoir, H.I1. Bos-
koBo#i, B.A. Tonenuenko, A.E. I'vbapesoii u C.A. Cuna-
€BOM 3a MOMOLLb B PeJaKLIMOHHOM paboTe, a Takke COo-
TPYAHMKAM M3natesbckoro aoMa «'DOTAP-ME]y.

3aB. kag. ouoxumut MMA um. U.M. Ce-
gyeHoBa, wi.-kopp. PAH, npod. E.C. Cesepun

CMUCOK COKPALLEHMA

* uau # — ¢ NOCJIENYIOIMM KOIOM M3 6 LGP (CUMBOJIBI
* yau # yKasblBaloT Ha HaJMuMe aJuiesieit, pa3HbIX de-
HOTUIIOB 3a00M€BaHUsi WIM XK€ BKIIIOUEHHE B COCTaB
HO30JIOTUYECKON €IMHULIBI HECKOJIBKMX M Pa3HBIX MO-
PaXEHHBIX TEHOB) — MEHJEJIEBCKOE HaceJ0BaHUe (110
http://www.ncbi.nlm.nih.gov/Omim/).

& — CUHOHUM

R — ayTOCOMHOE JOMMHAHTHOE HacJelOBaHUE

p — ayTOCOMHOE PELIECCUBHOE HacleIOBAHUE

R — cBs3aHHOE C X—XPOMOCOMOI1 HaclleloBaHUE

B—kneTtku (B mpou3HoOCAT Kak 63) — B—iaumdbouutsl

Cl1, C2, C3 (IpOM3HOCAT KaK Ci) U T.A. — KOMIOHEHTEHI
CUCTEMBI KOMIUIeMeHTa 1, 2, 3 u T.4.

Ca?" — kaTvoH(bI) KaJblUsl, MOH(bI) KaabliUsl; HOHU3U-
pPOBaHHbIN (CBOOOAHbIN) KaJlbLIUA

CD (ot cluster of differentiation [IpoU3HOCAT Kak cu
du], xnacrep auddepeHIMPOBKH), cM. Mapkép

Cl~ — aHuoH(bI) x0pa

Fab cMm. «®parmeHT»

FAD — ¢bnaBuHaneHUHIMHYKIEOTU

FMN — ¢1aBUHMOHOHYKJIEOTHI

H* — uoH(bl) Bomopoaa, NpOTOHBI

[H*] — xoHLteHTpansi HOHOB BOAOPOAA

Hb — remMornooun

HbCO — kapGokcuremornobuH

HbO, — remor106MH OKCMIeHMPOBaHHbIH

HLA (npousHocsiT Xax 3ii4 346 31, oT human leukocyte
antigens), cM. «AHTHreH», cM. «MHC»

Ig — UMMyHOMIOOY/INH, UMMYHOTJIOOYJIUHBI

IRE — iron-responsive element, Xejae30-YyBCTBUTE/b-
HBIA 3JIEMEHT

K* — katuoH(bl) Kanus

[K*] — KOHILIEHTpalluss MOHOB KaJusi

LT — leucotrienes, NeiKOTpHUEHBI

MetHb — mMeTtreMorio6uH

MHC (npousHocAT Kak M 34 cy, oT major histocom-
patibility complex, rinaBHbIA KOMIUIEKC TMCTOCOBMECTH-
MOCTH)

M, — Kaxywasncs MOJEKyJApHas Macca

Na* — KaTHOH(bI) HaTpus

[Na*] — kOHLIeHTpaLusi HOHOB HaTPHs

NAD — HUKOTMHaMMAAAEHUHIUHYKJICOTHN

NADP — HMKOTMHaMHAageHUHIUHYKIeoTHADOochaT

NO — oxcun azora (NO), BbIpaGaThiBa€Mblid B 3HAOTE-
Juu dakTop penakcauuM (Ba3onuiaTaliu)

HT® — nykieo3unrpudochatsi

p,CO, — mapuManbHOEe HanpsEKEHUE JBYOKMCH YIIEPO-
J1a B apTepUaIbHOM KPOBU

pCO, — mapunanbHOE JaBJICHUE ABYOKMCH Yyrjieposa

PG — prostaglandins, npocrarjiaHaAMHbI

Pi (H,PO,) — docdar Heoprannyeckui

pO, — mapuMajbHOE JaBIEHHUE KMCIOPOIA

PPi (H,P,0,) — nupodocdar HeopraHuueckuii

SAI' — S-aeHO3WITOMOLIMCTEMH

SAM — S-ageHO3WIMETUOHHH

T, — TpUHOATUPOHUH

T, — TeTpailoNTUPOHUH, THPOKCUH

T-xietkn — T-nmumboLuTh

TNF — tumor necrosis factor, ¢akTop Hekpo3a ormyxoneii

TX — TpoMGOKcaHbI

VIP (ot Vasoactive Intestinal Polypeptide) — Ba3oak-
TUBHBI MUHTECTUHAIbHBIA (KMIUEYHBIN) MOJIMIETITHL
(HemorryctuMo HamucaHue — BUII)

Ar — aHTUTreH, aHTUTE€HbI



Al — aprepuanbHOE NaBJIeHUE

Al — aHTUAMYPETUYECKUN TOPMOH (Ba30IMPECCHH)

AN® — ameHo3uHandochopHag KUCIOTA, aTIeHO3SUHAH-
docharnt

AKTI' — ampeHOKOPTUKOTPONHbBIH FOPMOH

AJIT — anaHWHaMHUHOTpaHchepasa

AM® — aneHo3nHMOHOMbOCHAT(bI)

HAM® — nukiMyeckuit ameHo3uH-3',5'-MoHodocdar

anoJII1 — anoxunonpoTenH

AII® — aHrMOTEeH3WH-TIPEBPAILAIONII (EePMEHT

ACT — acnapraraMuHoTpaHchepasa

AT ——'aHmTeno, AHTUTENA

AT® — apeHosuHTpHdoOChOpHAsT KHUCIOTA

AT®-aza — aneHosuHTpudocdarasa

All — apeHuiaTuMKIasa

AXAT — auerun-KoA-xonecreponammirpaHcdepasa

BMK — BBICOKOMOJIEKYJIIPHbIE KMHUHOTEHBI

TAMK — y-aMuMHOMACJIsIHasl KUCIOTa

I'1® — ryanosuHougocdar

MK — rnagkoMbllieyHas KIETKa

I'M® — ryaHo3nHMoHo(pochar

[TISTE — ruaponepoKCUI3MKO3aTeTPOCHOATI

I'T — myratvoHTpaHcdepasa

I'T® — ryanosunTpudocdar

I'STE — ruapokcH3iko3aTeTpoeHOAThI

JI — naneTOH (riocjie YHCJIOBOrO 3HAYEHMS)

JAT — muanmIrivue posibt

JAHK — ne3okcupubOHYKJIEMHOBAST KHUCJIOTa

JOPA — auokcudeHuIanaHuH

JPD — puusonponwidropdocdar

XKKT — xenynouHO-KUIIEYHBI TPakKT

WUJI — uHTepiaeWKHH, UHTEPICHKUHBI

HUM® — uHosuuMoHodochar

H®, — uHosuntpudocdar

HU®DH — uHTrepdhepoH, MHTEPGHEPOHBI

K/l — KWJIOAAJIBTOH

KK — kpeatuHkuHa3a

KoA — kodepMeHT (KO3H3UM) A

KoQ — kodepMeHT (Ko3H3uM) Q

KIIP — KUCIOTHO-1IENIOYHOE PAaBHOBECUE

K® — Knaccudukauss @epmentoB (<http: //www.
expasy.ch/sprot/enzyme.html>). K® mnpuseaeHsl mno
Enzyme Nomenclature (NC-IUBMB, Komurer o Ho-
MeHkatype MexnayHapoaHoro Cotoza o buoxumuu n
MonexynsipHoit buonoruu)

JIT — MOTeMHU3UPYIOIIHIT TOPMOH, JIIOTPONUH

JIAI' — nakraToeruaporeHasa

JITT — nunonpoteuHbI

JINBIT — numonpoTevHbl BhICOKOM IUTOTHOCTH

JIlI-numnasa — JIMIOIPOTEUHINIIA3A

JIIMHIT — nunonpoTeuHb HU3KOM IIOTHOCTH

JITTOHIT — nunonpoTeuHbl OYEHb HU3KOM IUIOTHOCTH

JIIIIIIT — IunonpoTeMHbI MPOMEXYTOYHON MJIOTHOCTH

JIXAT — neudTuHXOJECTeponauniITpaHchepasa

MAI' — MOHOALEWITIULIEPOHHI

MAO — MoHOaMMHOOKCHAA3a

OIIK — o0uuit nmyts KaTabonnu3ma

MaPHII — manbie simepHble pUOOHYKJIEOMPOTEHUHBI

ITTT — napaTUpeoUAHBI rOPMOH

CE — cyOopenuHuLa

IIKA — mporeMHKHHa3a A

INKC — nporeuHkuHaza C

IMOJI — nmepekuCHOE OKHMCJIEHUE JTUIUIOB

IMMOMK — npoonuoMenaHOKOPTHH

IId — nupunmokcansdocdar

[P — nomumepa3Hasi LierHasi peakiusi

AN — monuMopdHOsSIIEpHbIE JICUKOIUTHI

PHK — pubGOHyKIeHHOBasi KHCHOTA

MPHK — matpuunas PHK

pPHK — putocomuas PHK

TPHK — tpancnoprHas PHK

PHP — puboHyKiIeoTHAPEaYKTa3a

POC — peTukynosHaoTeaMalbHAA CHCTEMA

CCC — cepnedyHO-coCyaucTasi CUCTEMaA

CTT — comaroTponHbIii rOpMOH

TAT — TpuauMIIIULEPOIbI

TAD — tramuHanpocdar

TTT — TUpeoTpONHBIA TOPMOH

YD — ypupunmudocdar

YMO® — ypunuamoHodochar

YT® — ypupunrpudocdar

YOO — yasrpaduoneroBoe obTydeHHe

DADPC — 3-dbochoaneHo3nH-5-pocdocynbdar

OPAD® — dochopubosmwnaudocdar

OCI' — GOLTNKYTOCTUMYTHPYIOIUI TOPMOH, (HOJUIU-
TPOIIUH

XI'T — XOpUOHHUYECKUI TOHANOTPONUH

XM — XWJIOMUKDPOHBI

AP — putunuHavdocdar

HIM® — uutuamamoHodochar

ITHC — ieHTpaibHasi HEPBHAsK CHCTEMa

LI1D — uenb mepeHoca 3JEKTPOHOB

LITK — umkin tpukapOOHOBLIX KucioT, uuka Kpebca

OT® — uuruauntpudocoar

OP — PHAOIUIa3MaTUYECKUA PETUKYJIYM



CTPOEHUE, CBONCTBA
pngqm N ®OYHKUWUWN BENIKOB

B XUBBIX KJIETKaX MPOMCXOOUT CUHTE3 MHOXECTBA OPraHUYECKUX
MOJIEKYJI, CPEIW KOTOPBIX IMIAaBHYIO POJIb UTPAIOT MOJUMEPHbIE MaKpO-
MOJIEKYJTbl — O€TKM, HYKJIEMHOBbIE KUCJIOTHI, IMOJMCcCaxapubl.

Ocobast posib B XHU3HEAESTECIbHOCTH XUBBIX OPraHU3MOB MpPHUHAJLIE-
XuT Genkam. OT pomuTeneil IeTsIM MepeaasTcsi reHeTuveckas MHGOp-
Manust 0 creluduueckoil CTpykrype M yHKUMSIX BCeX OEIKOB JaHHO-
ro opraHusMa. CUHTE3UPOBAaHHbIE OE/KU BBHITIOJHSIOT MHOTOOOpa3HbIe
GYHKUMM: YCKOPSIIOT XMMUYECKHUE PEaKIIMU, BBIIOJHSIOT TPAHCHOPT-
HYIO, CTPYKTYPHYIO, 3alIUTHYI0 (DYHKLIMM, YJACTBYIOT B IEperade CHr-
HaJI0OB OT OJHMX KJIETOK IPYTMM M TaKMM OOpa3oM pPEalM3yloT Hacled-
CTBeHHY10 UHMopMaLuio. [ToaToMy O6eIKM Ha3bIBaIOT TAKXKE MIPOTEUHAMHU
(OT rped. profeos — NEpPBbLIN).

Ha pomto GeKOB BHYTPU KJIETKH TMPUXOAUTCA 0oJjiee NMOJOBUHbBI MX
CyXOro BellecTBa. B opraHu3me yesoBeka HacuuTbIBalOT 0Kosio 50 000
WHIUBUAYATbHBIX OeIKOB. BUnoBasi 1 MHIUBUIyabHas CIIETMPUIHOCTD
Habopa 6eJKOB B JaHHOM OpraHM3Me OIpenesieT 0COOEHHOCTH €ro
cTpoeHusi M dbyHkuMoHuposaHusi. Habop 6enkoB B auddepeHumpyo-
IIUXCS KJIETKAX OMHOTO OpraHM3Ma OIpeaessieT MOp(oJOrHyecKne U
(GYHKIIMOHAIbHbIE OCOOEHHOCTH KaXIOTO THUIA KIIETOK.

Kak u moboit nmoauMmep, 06eJIOK COCTOUT U3 MOHOMEPHBIX EAMHHUIIL,
WM «CTPOUTENBHBIX OJ10KOB». B Oenkax opraHu3Ma vesoBeKa TaKMMH
MOHOMepaMHU ciayxar 20 M3 HECKOJbKMX COTEH M3BECTHBIX B IIPUPOIE
AMUHOKHCJIOT. AMUHOKMCJIOTBI, Haxodsiuecs: B 0eKax, CBSI3aHbl Jpyr
¢ IpyroM NenTHAHBIMU CBA3SIMU. JIMHEIHas TTOCIea0BaTeIbHOCTE aMH-
HOKHUCJIOT B 6e/Ke YHUKaJIbHA UIS KaXIO0ro WHAWBUAYaTbHOTO OeKa;
uHdopMaLMsa 0 Heil coaepxuTcs B ydacTke MoJiekyabl JJIHK, Ha3biBae-
MOl TeHOM.

[MonunernmryaHble LUENH 3a CYET BHYTPUMONEKY/ISIPHBIX B3aKMMOICH-
CTBUIT 06pa3yIoT MpPOCTPAaHCTBEHHBIE CTPYKTYphl — KOHGOpMaUuu 6e-
KoB. Ha ompenenéHHOM y4yacTke O€/JKOBOM MOJIEKYJIBI U3 paIMKAaJIOB
aMWHOKUCJIOT (OPMUPYETCS aKTUBHBIM UEHTP, KOTOPBIA MOXET crie-
HMPUYHO (KOMIUIEMEHTAPHO) CBSI3BIBATLCSI ¢ MOJEKY/IaMH-TUTaHIAMMU.
BianmonerictBrue 0€/IKOB C JIMTAHAAMM JIEXUT B OCHOBE UX (DYHKIIMO-
HUpoBaHMA. M3MeHEHUs Toc/e0BaTeTbHOCTH aMUHOKMCIIOT B Gefikax
MOTYT MPUBOIUTL K UBMEHEHUIO TIPOCTPAHCTBEHHOM CTPYKTYPhI U (PyH-
KIIMM JaHHBIX OEJIKOB U Pa3BUTHIO 3a00/1€BaHUIA.



I. CTPOEHME N CBOVICTBA
AMUHOKUCNOT, BXOAALWUX

B COCTAB BEJIKOB. NENTUAHDIE
CBsA3U, COEANHAIOLUVE
AMWUHOKUCIOTbI B LIENNA

Benkun — rojuMepPHBIE MOJIEKYJBI, B KOTOPBIX
MOHOMEpaMH CJyXaT aMMHOKMCIOTHL. B cocraBe
O€JIKOB B OPraHM3ME UEJIOBEKa BCTPEYAIOT TOJIBKO
20 a-amuHokmcaor. OMTHH U T€ XK€ aMUHOKHCIIOTHI
MPUCYTCTBYIOT B Pa3IMYHEIX IO CTPYKTYpe U (byH-
KiusM 6enkax. MHAMBUOYAIbHOCTh O€JIKOBBIX MO-
JIEKyJ OmpelaeigeTcsl MOPAAKOM 4YepeaoBaHUSs
AMUHOKHUCIIOT B OeIKe. AMUHOKHUCIOTBI MOXHO pac-
cMaTtpuBaTh Kak OykBbl ajicaBWTa, IMPU TIOMOILLM
KOTOPBIX, KaK B CJIOBE, 3aluchiBaeTcs MHGOpMa-
uusi. CiioBo Hec€r MHAMOpPMALIMIO, HamIpuMEp O
MpeAMETe WIM AeHCTBUM, a MOCJIEI0BATEJbHOCTD
aMHHOKMCJIOT B OeJike Hecér mHGpOopMaiUio O I10-
CTPOEHHH TIPOCTPAHCTBEHHOM CTPYKTYpPHI M (YHK-
LIMK JaHHoro Oejka.

A. CTPOEHHME M CBOICTBA AMMHOKMCJIOT

1. O6wue cmpyxmypuvie ocobennocmu
AMUHOKUCAOM, 6X00AWUX 8 cocmae 6eakoe

OO6uiass CTPYKTypHasi 0COOEHHOCTh aMUHOKHUC-
JIOT — HaJIMyMe aMUHO- M KapOOKCHIBHOM TpYIIIL,
COCIMHEHHBIX C OHUM U TEM XK€ O-YIJIEPOAHBIM aTO-
MOM. R — panukan aMMHOKMCIOT — B MPOCTEALIEM
cJy4yae IIpeACTaBjicH aTOMOM BOIOpOAa (TJIMLIMH), HO
MOXET UMETh U 60siee CIOXHOE CTPOCHME.

o
NHs" - C:H - COO"
R

B BomHBIX pacTBOpax IpH HEHTPATLHOM 3Haue-
Huu pH 0-aMHHOKHMCJIOTBI CYILUECTBYIOT B BUJIE
OMITOJISIPHBIX MOHOB.

B omiumyue ot 19 OCTaIbHBIX O~aMHUHOKMCIJIOT,
MPOJUH — UMHUHOKHUCIIOTA, pagvKal KOTOPO# CBs-
3aH KaK C O-yIJIEpOJHBIM aTOMOM, TaK U C aMH-
HOTPYNIIOA, B pe3y/abTare 4ero MoJjeKyjaa Mpuob-
peTaeT LMKIMYECKYIO CTPYKTYDY.

a
Hl\ll — ?H —COOH

H.C_ _CH»
CH;
MponuH
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19 u3 20 aMUHOKMCJIOT COOEPXKAT B O-MOJOXE-
HUM aCUMMETPHUYHBIK aToM yrjiepona, ¢ KOTOPbIM
CBsi3aHbl 4 pasHble 3aMellalolliMe rpynnbl. B pe-
3yJbTaTe 3TM AMUHOKHUCIIOTHI B [IPAPOIE MOTYT Ha-
XOIMTLCS B IBYX Pa3HbIX U30MEPHBIX (hopMax — L
u D. HMcknoueHue cocTaBsieT IIMLMH, KOTOPbIA
HE UMEET ACUMMETPUYHOIO O-YIJIEPOJHOIO aTOMA,
TaK KakK €ro pajvkKai MpeACTaBIeH TOJIbKO aTOMOM
Bojopoaa. B cocraBe GEJKOB MPUCYTCTBYIOT TOJIb-
Ko L-u3oMepbl aMWHOKHUCIIOT.

CIZOOH C|300H (IDOOH
H.N-C-H H—C|:—NH2 HzN—(IZ—H
|
CH3 CH; H
L-AnaHuH D-AnaHuH FnAvunH (He meet

n3oMepHbIX HopMm)

Yuctoie L- wimm D-crepeon3oMepbl MOIYT 3a M-
TEJIBHBII CPOK CaMOTPOU3BOJILHO U HeepMEHTATHB-
HO MpeBpalliaThesl B SKBUMOJSIPHYIO cMmech L- u D-
HM30MEPOB. DTOT MPOLIECC HA3BIBAIOT PallCMH3ALINEN.
Pauemuzanms kaxaoi L-aMUHOKMCIIOTHI P TaHHOMK
TeMIIEpaType UIET C ONPEIEIEHHOW CKOPOCThIO. BTO
0DCTOSITENILCTBO MOXKHO HMCITOJTE30BaTh JISI YCTAHOB-
JICHMS BO3pacTa Jioaei M XuBOTHbIX. Tak, B TBEpHOi
aMany 3yDoB MMeeTCst OeJIoK JIEHTMH, B KOTopoM L-
acraprar nepexoaut B D-M3oMep IpH Temriepatype
Tesa yesaoBeKa co ckopoctbio 0,01% B ron. B nepvon
dopMupoBaHus 3y0OB B ICHTUHE COTEPXKUTCS TOJIBKO
L-uzomep, mostoMy mno comepkaHuro D-acraprara
MOXHO PacCUMTaTb BO3PacT 0OC/IEayeMOro.

Bce 20 aMUHOKMCIIOT B OpraHM3Me YEI0BEKa pas-
JIMYAIOTCS IO CTPOEHMIO, pa3mepaM U (PU3MKO-XH-
MMYECKMM CBOWCTBAM DPaIUKAaJIOB, IMPUCOEINHEH-
HBIX K O-YITIECPOOHOMY aTOMYy.

2. Kaaccugpuxauyusa amunoxuciom
nO XUMUMECKOMY CMpPOeHUI0 PacuKaioe

[To XMMUYECKOMY CTPOEHWUIO aMWUHOKMCIIOTHI
MOXHO pPa3leinuTb Ha aaudardyeckue, apoMaTh-
yeckue M rerepouukindeckue (tadua. 1-1).

B cocrase aindarudecKux paaiyvKaioB MOTYT Ha-
XOAMUTHCS (PYHKLUMOHAIbHBIE PYTINBI, TPUIAIONINE
UM crnenuduruueckre cBOKMCTBA: KapOOKCHIIbHAsA
(-COOH), amuno (-NH,), TnosnbHas (-SH), amua-
Hasi (-CO-NH,), ruapokcuibHas (-OH) u ryann-
JUHOBAasI (-NH-(;=NH) TPYIIIbI.

NH,

HasBaHust aMMHOKMCJIOT MOXHO MOCTPOUTb IO
3aMECTUTEILHON HOMEHKIAType, HO OOBIYHO HC-
MOJIB3YIOT TPUBHUAJIbHBIE Ha3BaHus (Tabia. 1-2).



Tabnuua 1-1. Knaccngmkaums OCHOBHBIX aMUHOKHUCIIOT 6eKOB N0 MX XMMUUYECKOMY CTPOEHHIO

TpﬂBﬂaJ'll:llble Ha3BaHHA

Coxpaménabie HA3BAHHSA

CTpoeHne pagHKaIoB

AMMHOKHCJIOT pycckue JIATHHCKHE
I. AMHHOKHCIOTHI ¢ ATH(ATHYECKIMH PaIUKAJIaMH
1. I'muousa I'mu Gly G -H
2. AnanHH Ana Ala A CH,
3. Baiun Ban Val Vv 'CH<gE§
4. Jletinun Teii Leu L -CHyCH <guz
5. U3oneiinun Wne Ile I -GH-CHz-CH;
CH,
II. AMHHOKHCAOTHI, COAepkKalue B aJiH(paTHUYeCKOM paJHKaJe J0N0JHATETbHYI0 GYHKIHOHAIbHYIO IPyHIy
I'mppoxcunsHyO Tpynmy
6. Cepun Cep Ser S -CH»-OH
7. TpeonuH Tpe Thr T -CHOH-CH;
KapboxcumnrHyio rpynmy
8. AcmaparuHoBas Acn Asp D -CH,-COOH
KHCIIOTa
9. I'myraMHHOBast KHCIIOTa Iy Glu E -CH;,-CH,-COOH
AMUHYIO TPYTITY
10. Acniaparux AcH Asn N -CH,-CO-NH;
11. I'myramMun T'au Gln Q -CH,-CH,-CO-NH,
AMHHOTpPYIITY
12. Jluzun Jus { Lys K -(CH)s-NH,
['yanunuHOBYIO Ipymmy
13. Aprunun Apr ‘ Arg R ~(CHz)-NH-C-NH,
Cepy NH
14. Hucreun Huc Cys C -CH,-SH
15. MeTHOHUH Mer Met M -CH,-CH,-S-CH;
I11. AMHMHOKMCJIOTHI, COiEpsKAllHe APOMATHYECKHMH paJHKAN
16. ®ennnananuH Qen Phe F —CHz@
17. Tupo3un Tup Tyr Y —CHz@ OH
IV. AMMHOKHCJIOTBI ¢ FeTepONHKINYECKMMH PaJHKAIaMHu
18.T -CHp-
punrodan Tpu Tp W @
H
19. T'uctugun I'nc His H 'CHﬁ}q‘*—\;;\l
V. AMHHOKHCJIOTA
20. Ilponuu IIpo Pro P -COOH

[Hana nonHasna
copmyna
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Ta6nuua 1-2. MpuMepbl Ha3BaHUI aMUHOKMCHNIOT MO 3aMeCTUTENbHOM HOMEHKIIATYpe U COOTBETCTBYIOIME TPUMBUANbHbIE HA3BAHUS

Ha3Banne aMHHOKHCJIOTHI 1O
3aMEeCTHTEILHON HOMEHKJIAType

®opmyaa aMHHOKHCJIOTHI

Tpnnuam,ﬂoe Ha3BaHue

2-aMHHO-3-THAPOKCHIIPOTIAaHOBAS KKCIIOTa

2-aMUHO-4-MEeTHIITHOMACIIAHAs KHUCIOTa

HzN—(IIH—COOH

HzN—(IZH—COOH

Cepun
CH;

OH

MeTHonnH

1s1 3amucy aMUHOKMC/IOTHBIX OCTaTKOB B MO-
JIeKyJiaX MenTUAOB U OEKOB HCMOJb3YIOT TPEXOYK-
BEHHbIE COKpAlleHUs] UX TPUBHAIbHBIX Ha3BaHWM,
a B HEKOTOPBIX C/Iy4asix U OJHOOYKBEHHBIE CHMBO-
nbl (cM. Taba. 1-1).

TpuBnanbHbIE Ha3BaHUSA YaCTO MPOWCXOZAT OT
Ha3BaHUSl UCTOYHMKA, U3 KOTOPOTO OHHU BITEPBBIC
ObUTY BBIACTEHDI, WY OT CBOMCTB JaHHOW aMHHO-
KMCIIOTBI. Tak, cepuH BrepBbie OBLT BBLIOCIEH M3
dubpouHa wenka (0T jat. serieum — ILUEJIKOBUC-
ThIi), a MIMUMH TIOJIYYUJI CBO€ Ha3BaHUE M3-3a
cJIanKoro BKyca (OT rpey. glykos — clajkuit).

3. Kaaccudpuxauus amunoxucaom
HO PacmeopuMocmu ux paocuxKaios 6 éooe

Bce 20 amuHOKMCIOT B OeKax OopraHu3Ma ue-
JIOBEKA MOXHO CTPYTIMPOBATh MO CIOCOOHOCTH UX
paJIMKaNioB pacTBOPAThCS B Boje. PajuKanbl MOX-
HO BBICTPOMTH B HETIPEPHIBHBIN psia, HAYMHAIOIIMI-
Cs1 MOJTHOCTBIO rAPO¢GOOHBIMY M 3aKaHYMBAIOLIM-
Csl CWIbHO TMaApOGUIbHBIMMU.

PacTBOpMMOCTh paguKaaoB aMMHOKMCIOT OIl-
peaensieTcsl TMOJIIPHOCThIO (PYHKLMOHATbHBIX
PPYMIT, BXOJASILIMX B COCTAB MOJIEKYbI (TIONSIpHbIE
IpyNIbl TPUTSITUBAIOT BOAY, HEMOJSIPHBIE €€ OT-
TaJAKMBAIOT).

AMHHOKHCJIOTBI C HEMOJIAPHBIMH PAJUKAJIAMH

K HenossipHbiM (ruapo¢oOHBIM) OTHOCST pa-
JUKaJbl, UMEIOLINe anudaTHyecKue yriieBoIopo-
Hble LeNU (paauKaibl alaHWHA, BAIMHA, JeHLINHA,
U30JIeiLIMHA, TIPOJIMHA 1 METUOHWHA) U apoMaTH-
YyecKMe KoJlblia (paaukaibl (heHWIAUTaHWHA U TPUIL-
todaHa). Pamukaiabl TaKMX aMHUHOKMCIOT B BOIE
CTPEMSITCS APYT K APYTY WU K IPYyTUM ruapodob-
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HBIM MOJICKYJIaM, B PE3YJbTATC YETO MOBCPXHOCTDH
COTPHUKOCHOBEHUS MX C BOJOH YMEHBLLAETCS.

AMHHOKHCJIOTBI ¢ MOJAPHBIMH He3apsKeHHbIMH
PaIMKAIAMH

Pagukanbl 3TUX aMHHOKHMCIIOT JIyJIlle, YeM THI-
podoOHbIe pafvKaibl, PaCTBOPSIOTCA B BOAE, TakK
KaK B HX COCTaB BXOISAT MOJIIPHBIC QYHKIIMOHAb-
Hbl€ IDYMNIbl, 00pa3yollie BOLOPOAHBIE CBSI3U C
Boaoi. K HUM OTHOCAT cepuH, TPEOHUH U THPO-
3UH, UMEIOILME TMAPOKCWIbHbIE IPYMITbI, acrapa-
TMH YU [JIyTaMMH, COAepKallle aMUIHbIE TPYIITIbI,
A LUMCTEUH C €r0 TUOJIbHOW IPYIIION.

LucTerH 1 TUPO3UH COIEpKAT COOTBETCTBEHHO
TUONBHYIO U TUAPOKCHUABHYIO [PYIIIbI, CIOCOOHBIE
K aucconmauum ¢ obpasosanvem H', Ho npu pH
okousio 7,0, moaaepXxuBaeMoro B KJIETKaX, 3TH I'pyTi-
MBI MPaKTUYECKU HE JUCCOLIMHPYIOT.

AMHHOKHCJIOTbI ¢ TOJAPHBIMA OTPHIATEILHO
3apSZKeHHbIMH PAIMKAJIAMH

K 3Toii rpynme OTHOCAT acnaparMHOBYIO W LTy-
TaMMHOBYIO aMHUHOKHCJIOTBI, UMEIOLIME B paJuKae
JOMOJHUTEBHYIO KapOOKCHIBHYIO rpyniny, npy pH
okoJio 7,0 auccouMMpymolilyo ¢ oOpa3oBaHUEM
COO™ u H*. CnenoBartenbHo, pagvkajibl AaHHBIX
aMUHOKHCJIOT — aHMOHbl. MoHM3UpoBaHHbIe ¢op-
Mbl [JIyTAMUHOBOM U aclaparMHOBOM KUCJIOT HA3bI-
BalOT COOTBETCTBEHHO TIJIyTAMarOM M acriapTaToM.

AMHHOKHCJIOTBI C NOJIAPHBIMH ITOJIOKHTEJIBHO
3apsAKEeHHbBIMH PAJHKAIAMHA

JIOTIOTHUTENBHYIO TONOXUTENbHO 3apsiKEHHYIO
IPyNNny B paiyKaje UMEIOT JIM3HH U apruHUH. Y
JIM3MHA BTOpasi aMUHOTPYIINA, CIIOCOOHAs! MPUCO-



enuHsATh HY, pacnonaraercsi B €-NOJIOXEHUM ajlv-
daTMyeCcKOH 1enH, a y apTMHUHA TIOJIOXMUTEbHBIN
3apsif MpuoOpeTaeT r'yaHMAMHOBas rpynna. Kpome
TOro, TMCTUIAUH COAEPXKMUT C1a00 HOHU3MPOBAHHYIO
MMMIA30JIbHYIO TpYMITy, MMO3TOMY NpU (PU3HOJIO-
ruyeckmx Kojrebanmsix sHauenuit pH (ot 6,9 1o 7,4)
TMCTMAMH 3apsikeH MO0 HEeHTpaibHO, MO0 TOJOo-
xkutenbHo. [lpy yBeMuUEHUM KOJMYECTBA IMPOTO-
HOB B CpeAe UMUIA30/1bHas Tpyrra I'MCTUIAMHA
crocoOHa MPUCOEeIUHSTh TTPOTOH, IIpUoOpeTas no-
JIOXHUTEJIbHBINA 3apsi, a [Py YBEJIMUEHUN KOHLEH-
TPaLuu THIPOKCHUABLHBIX TPYII — OTAaBaTh MPO-
TOH, Tepsisd TOJOXHUTENbHBIH 3apsi paaukana.
[1oM0XUTENbHO 3apsKEHHbIE paaUMKabl — KaTUO-
Hbl (CM. CXEMY HHUXE).

HawnGonblueit pacTBOPUMOCTbIO B Boae o6Ja-
JIAIOT TMOJISIPHBIE 3apsKEHHbIE paguKadbl aMUHO-
KHUCJIOT.

4. Himenenue cymmapHozo 3apsoa
amunokucaom ¢ 3aeucumocmu om pH cpeovt

INpu HelTpanbHBIX 3HaYeHUsIX pH Bce kucior-
Hbie (criocobHble oTnasatb HY) 1 Bce oCHOBHBIE (CTO-
cOOHBIE NMpUcoeauHSTh HY) (yHKLIMOHANIBHBIE TPYI-
bl HAXOISATCS B JUCCOLMHMPOBAHHOM COCTOSTHUU.

IMTostoMy B HeitTpaibHOI cpeae aMUHOKMCIIO-
Tbl, COAEPXAILUE HEAUCCOLMUPYIOIINIA paguKa,
UMEIOT CYMMAapHbIi HYJIEBOM 3apsidl. AMUHOKMUCIIO-
THI, cOdepXKallue KHUCIOTHblE (PYHKIIMOHAJIbHbIE
TPYIbl, UMEIOT CYMMAapHBIA OTpULATEIbHBINA 3a-
pAl, a aMMHOKHUCJIOTBI, COJEpXKalliie OCHOBHBIE
(pyHKIIMOHANBHBIE IPYTIIBI, — MOJOXUTENAbHBIN 3a-
psan (tabn. 1-3).

H3meHenue pH B kucayio CTOpoHy (T.€. TIOBbI-
LIEHWE B cpene KoHueHTpauuu HY) mpuBoaut K
MOAABJICHUIO JIMCCOLIMALIMM KMCJIOTHBIX Ipynim. B

AMUHOKACIIOTbI C @aHUOHHBLIMM
pagvkanamm

*H3N — CIIH —COO" "HaN— (ISH —COO"

*HsNH— CH —COO0’

CWIBHO KMCJIOM Cpelie BCE aMMUHOKMCJIOTHI IIPHUOO-
PETAIOT IOJIOXKMTENbHBIN 3apsij.

Hanpotus, yBeandyeHue koHueHtpauuu OH™
IpYNI BbI3biBaeT OTWIEIUIeHHEe H* OT OCHOBHBIX
(YHKUMOHAJIbHBIX TPYIII, YTO MPUBOAUT K YMEHb-
LUEHUIO TMOJIOXKMUTEIbHOrO 3apsaga. B cuibHO Iie-
JIOYHOM cpejie BCe aMUHOKHUCIOTHI UMEIOT CyMMap-
HbIl OTPULATEBHbBIA 3apsia.

5. Mooughuuuposannsie amunoxuciomot,
npucymcmeyrouiue @ Geaxax

HenocpencTBeHHO B CHMHTE3¢ O€JIKOB OpraHM3Ma
yeJJoBeKa MPMHUMAIOT y4acTHe Tojibko 20 mepeumc-
JIEHHBIX aMHUHOKMCJIOT. OHAKO B HEKOTOpbIX Oen-
KaxX MMEIOTCSI HECTaHIAPTHbIE MOAM(PULIMPOBAHHBIE
AMUHOKHCJIOTBI — TIPOM3BOIHBIE OAHOM M3 3THX 20
aMMHOKMCIOT. HarpuMep, B Mosiekyne KoJjulareHa
(bubpwuisipHOro 6e/1Ka MEXKJIETOUHOrO MaTpuKca)
IMPUCYTCTBYIOT THAPOKCUIIPOU3BOIHBIE JU3UHA W
MPOJIMHA — 5-TMAPOKCHIM3UH Y 4-TUAPOKCUIIPOJIMH.

Monudpukaluuu aMMHOKUCIOTHBIX OCTATKOB OCY-
LLIECTRISIOTCSl YK€ B COCTaBE OEJKOB, T.€. TOJbKO

HN — CH-COOH

H2N —?H—COOH H,N-CH-COOH
CH :
1 2 HZC\ /CH2 ?Hz
CH CH CH
CH-OH OH ‘0oc” “coor
ki
NH, y-Kap6BokeurnyTa-
TuopokcwnuamH  TMOPOKCUNPONUH MUWHOBAs! KUCIOTA

MoauduumpoBaHHbie KNCNOTbI, HalAeHHbie B cocTaBe 6enkos

1ocJie OKOHYaHMs UX CHHTe3a. BBemeHue moriosn-
HUTEJbHBIX (DYHKIIMOHATBHBIX I'PYMIT B CTPYKTYpY
aMUHOKHCJIOT NpUAAET OesikaM CBORCTBAa, HEOOXO-

AMWUHOKUCINOThI C KATUOHHbLIMM
pagvkanamu

*HsN—CH —-COO’ *H3N— C'JH —CO0’

CIJHz ?Hz (C:3H2)4 ((:3H2)3 CH,
COoO” Cl:Hz NH;* r\IIH .
Coo C=NH;' N NH
NH;
Acnaptar nytamar JInavH ApPrMHWH McTuanH

Cxema. CTpyKTypa NONSPHbIX 3apsKeHHbIX aMWHOKUCNOT B AUCCOLMMPOBAHHON thopme
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Tabnuua 1-3. N3MeHeHMe CyMMapHOro 3apsifa aMWHOKMCAOT B 3aBUCUMOCTH OT pH cpefbl

CuiibHO KHMC1as cpexa

HeiiTpaannan cpena

CuiabLHO e/ I0uHas cpena

1. AMMHOKHCJIOTBI € HEAHUCCONNMMPYHIIUMH paiuKaAJIaMH

NHs"-CH-COOH +H

R
CyMMmapHBIi 3apsix = +1

<+«——— NH;*

CymMapHsIi 3apsig = 0

+OH"

-ICH -COO ————— NHz—QH -COO

R
CymMmMapHsbIi 3apsin = —1

2. AMHHOKHCJIOTHI C aHHOHHBIMH IPYIIAMM B PalHKa/Ie

+H*

+OH"

NH3+—ICH~COOH - NH3+—9H-COO'—“—> NHz-ICH—COO'

CHe
COOH
CymmapHsIi 3apsig = +1

CymMapHsIi 3apsia = —1 |

CH, CH,

CoO
CymmapHslIif 3apsig = -2

3. AMMHOKHCJIOTH! ¢ KATHOHHBIMH IPYIIIIAMH B pagHKaJie

NH3+—(‘3H—COOH 4“—'L NH3+-9H-COO"—+—OH;°* NHz-QH-COO'
(CHz)q (CHa)s (CHz)s
NH5* NH5* NH,

CymmapHEIi 3apsig = +2 ]

CymMmapHblii 3apsg = +1 l

CyMMapHsIi 3apsig = —1

JUMBIE IJIS1 BBITIOJHEHUS MMHU CHELUPUIESCKUX
(ynxkumii. Tak, y-kapOOKCUTITyTAMWHOBAasE KUCJIO-
Ta BXOJUT B COCTaB GEJIKOB, yJacTBYIOLIMX B CBEP-
THIBAHWM KPOBM, U JiBe OJIM3KO Jiexaliie KapOok-
CWIBbHBIE TPYIITIbI B UX CTPYKTYPE HEOOXONUMBI I
CBA3BIBaHUA GenKOBBIX (axTOpoB ¢ MoHaMu Ca?*.
Hapyiuenue kapGokcHIMpOBaHUSI TIyTaMara IpH-
BOAMT K CHWXKEHMIO CBEPTHIBAEMOCTH KpPOBH.

3HayeHMe THAPOKCHMIIBHBIX TPYIIT B COCTABE JIM-
3UHa W IIPOJIMHA OIMCAHO B paszaene 15.

6. Xumuvecxue pearuuu, ucnoaivzyemoie 0in
00Hapy»3ceHus aMuHOKUCA0m

Crnoco6HOCTh aMMHOKHUCJIOT BCTYNATh B T€ WA
WHBbIE XUMUYECKHE PEAKLIMM OMPEAEISIETCH HAIK-
YMeM B X COCTaBe (PYHKIMOHANBHBIX Tpynm. Tak
KaK BCE aMUHOKMCJIOTHI, BXOJISILLME B COCTaB Oe-
KOB, COJEpPXaT y a-yIJIEPOJHOTO aToMa aMUHO- U
KapOOKCWJIbHYIO TPYMIIbl, OHM MOIYT BCTYNaTb B
XapakKTepHble ISl BCEX aMUHOKMUCIOT XMMHYEC-
kMe peakuuu. Hanumuue KakKux-jubGo (PyHKIHO-
HQJBHBIX TPYINN B paguxKalaX WHIWBUAYAJIBHBIX
AMHMHOKMCJIOT ONpenesieT UX CIIOCOOHOCTDh BCTY-
rnatb B cnelUUYHBIC UIST JAHHBIX aMUHOKUCIIOT
peaKkimu.

HunruapuHoBas peakuusi HA O.-aMMHOKHMCJIOTHI

st OOHApYXKeHMsE M KOJIMYECTBEHHOIO OMpe-
JeJeHUsi aMUHOKMCJIOT, HaXOMSAIIUXCSI B PACTBO-
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pe, MOXHO MCIIOJIb30BaTb HUHTUMAPHHOBYIO pe-
aKLHIO.

Dra peakisi OCHOBaHAa Ha TOM, YTO GeCIIBET-
HBIA HUHTUJIPUH, pearupysi ¢ aMUHOKMUCIIOTOM,
KOHJEHCUDPYETCS B BHIIE JTMUMEpPA Yepe3 aTOM a30Ta,
OTLLEIUISIEMBI OT O-aMUHOIPYIINBI aMHUHOKKUCIIO-
Thl. B pe3ysibrare 0Opa3syeTcsst MUTMEHT KPacHO-
¢uonetoBoro 1Bera. OOTHOBPEMEHHO ITPOMCXOAUT
IeKapOOKCWIMPOBAaHNE AMHUHOKHUCIOTHI, YTO TPHU-
BOOMT K obpasoBanmio CO, M COOTBETCTBYIOLIETO
anpaernaa. HUHTMAPUHOBYIO peaklMIO IHPOKO
HCIMOJIB3YIOT NMPU M3YYEHHUM TNEPBUYHOU CTPYKTY-
pbI 0enKOB (CM. CXEMYy HMXeE).

Tak xkak MHTEHCHBHOCTb OKPACKM MPOTOPILIMO-
HaJlbHa KOJIMYECTBY aMHMHOKMCJIOT B pacTBope, €€
HUCIIOIb3YIOT 1JIi U3MEPEHUsT KOHUEHTpauHuHu o-
aMMHOKHCJIOT.

H:N - CH ~COOH
/R |

AMUHOKMCNOTa

o

HMHI’MAPMHOBBH peakuus, ucnonb3yemas gna onpepeneHus
o~-aMUHOKUCROT



Cnenmuduveckue peaknuu
HA OTAe/ibHbie AMMHOKHCJIOTBI

KavecTBeHHOE U KOJIMYECTBEHHOE OIpeIeieHUE
OTJIEJIbHBIX aMMHOKHMCIIOT BO3MOXKHO Oj1aroiapsi Ha-
JIMYUMIO B MIX pAINKATIaX 0COOEHHBIX (PYHKIIMOHATb-
HBIX TpYIIIL.

ApPIrUHMH OIPEAeNsIIOT ¢ TTOMOLIBIO KaYeCTBEH-
HOI peakliMy Ha TYaHUIWHOBYIO IPYIIITY (peaxLus
Cakaryum), a LMCTeHH BbIARIIAIOT peakieit PoJrs,
crieundnyHoit Ha SH-TpyImny JaHHONH aMMHOKMC-
notel. Hanmnume apoMarnyecKuX aMHHOKMCJIOT B
pacTBOpE OMNPEAEISIIOT KCAaHTOIPOTEUHOBOM peak-
Meln (peaklWsi HUTPOBaHMsI), 4 HAIWYUE TUIPO-
KCHUJIBHOU TPYIIBI B apOMaTUYeCKOM KOJIbLE TH-
pO3MHA — C TIOMOIIBI0 peakuMyu MuuioHa.

B. Ilentuasas cBaA3b. CTPOEHUE
A BUOJOTMYECKHE CBOMCTBA IEITAIOB

0-AMMHOKHCJIOTBI MOTYT KOBAJI€HTHO CBS3bI-
BaTbCs JPYT C APYTOM C IIOMOLBIO MENTUAHBIX CBSI~
3eil. IlenruaHas CBsI3b 00pasyeTcss MEXIY O-Kap-
OOKCUJIBHOM TpYINON OMHON aMWUHOKHCIOTHI U
0.-aMMHOTPYTIIION JOPYToif, T.€. SABASIETCA aMUOHOMN
cBsi3blo. [Ipy 3TOM MPOMCXOAUT OTILEIUIEHHWE MO-
JIEKYJIBI BOOBI (CM. CXeMy A).

1. Cmpoenue nenmuoa

KonmyecTBo aMHHOKHCJIOT B COCTaBe IENTHIOB
MOXET CHJIBHO BapbupoBarth. IlenTuabl, cogepxaiiye
10 10 aMMHOKMCIIOT, Ha3bIBalOT oJmronenTuapl. Yac-
TO B HAa3BAHWU TaKMX MOJIEKY/1 YKa3blBalOT KOJIUYE-
CTBO BXOISAIIMX B COCTAB OJIMTOMNENTHIA aMUHOKHUC-
JIOT. TPUWIIENITW, MEHTaIeNTH, OKTAllenTHI U T.1.

HzN—CI:H—COOH + HzN—(;JH—COOH

IMenruasl, copgepxanme Gonee 10 aMHUHOKUCIIOT,
HAa3bIBAIOT «IOJMIIENTHABl>, 4 TIOJIAIICIITALBI, COCTOS-
e u3 6osee yeM 50 aMMHOKUCIIOTHBIX OCTATKOB,
00BIYHO Ha3bIBalOT OeikaMy. OOHAKO 3TH Ha3BaHHUA
YCJIOBHBI, TaK KakK B JIATEpaType TEPMUH «OeJIoK» ya-
CTO ynoTpeOsTIoT Wi 0003HAYEHMST TOAMIIETNTTHIA,
conepxailero MeHee 50 aMUHOKWCIOTHBIX OCTaTKOB.
HanpuMep, TOpMOH IJIIOKaroH, COCTOSILIMIA U3 29
AMMHOKUCJIOT, HA3bIRAIOT GEJIKOBBIM TOPMOHOM.

MoBOMEpbI AMUHOKMCIIOT, BXOASIILMX B COCTaB Oe-
KOB, Ha3bIBAIOT «AMHHOKHC/IOTHbIE OCTATKH». AMHUHO-
KHCJIOTHBI OCTaTOK, MMEIOLIMIA CBOGOIHYIO aMUHO-
TPYIIITy, Ha3bIBaeTCsA N-KOHIIEBBIM U ITHLIETCS CJIEBa,
a MMEIOLIMA CBOOOIHYIO 0-KapOOKCHUJIbHYIO T'DYII-
my — C-KOHILIEBBIM U THLIETCA cIipasa. [lenTuapbl ma-
IIYTCA ¥ yMTaloTCs ¢ N-KoHLA. Llermb oBTOPSIOLINX-
cs atoMoB B moymmernrmuaHoil uenm -NH-CH-CO-
HOCHT Ha3BaHUC <«MENTHIHbIA 0cToB» (CM. cxemy b).

IIpyu Ha3BaHUM MOJIUIIENTHIA K COKPAlLIEHHOMY
Ha3BaHWIO AMWHOKMCIIOTHBIX OCTATKOB JIOOARISIIOT
cydukc -un, 3a uckmoyeHrueM C-KOHLIEBOIH aMu-
HokucioThl. Hanpumep, terpanentun Cep-Inm-
I1po-Asa yuTaercs Kak CepHINTHLIMIIPOIAIAUTAHAH.,

TlentunHast ¢BsI3b, 0OpasyeMass UMHHOTPYIITION
MpONUHA, OTIMYAETCS OT JPYIUX NENTHAHBIX CBS-
3€i, TaK KaK aToOM a30Ta MEITUIHOM TPYIIIbI CBSI-
3aH HE C BOACPOIOM, a C PaJIMKaJIOM.

TlenTnap pazmidaoTcs o aMMHOKMCIOTHOMY CO-
CTaBy, KOJIMYECTBY U TOPSIAKY COEIUHEHUSI aMHUHO-

—_—————

CH; H HC CH; CHs
| N 7

OH CH,

CepunraMumanponunanaHuH

————— Hy;N-CH-CO-NH-CH-COOH
| —_—

-H;0
R R R4 I R;
O6pasoBaHue aunenTtuga MentuaHas
cBA3b
Cxema A. OGpa3oBaHuMe gunenTuga
Papukanbt amuHokucnot (6okoBas Lenk)
— ! N
R Rz Bs Rn
[ *HsN-CH-CO-NH-CH-CO-NH-CH-CO.... NH-CH-CQO | — NenTUOHbLINA
OCTOB
T AMMWHOKUCINOTHBIA OCTaTOK T
N-kxoHeL C-koHel,

Cxema B. CtpoeHue nentupos
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kucaor. Cep-I'nc-Tlpo-Ana u Ana-Tlpo-I'mc-Cep —
JIBa pa3HbIX MENTHIA, HECMOTPSI HA TO, YTO OHU UMEIOT
OIVHAKOBbIe KOMMYECTBEHHBIN 1 KAYeCTBEHHBINH CO-
CTaBbl aMHHOKHUCJIOT.

2. Xapakxmepucmukxa nenmudnoii ceasu

[TenTvaHast cBSI3b MMeET XapaKTePUCTUKY vac-
TUYHO JBOMHOWM CBA3M, MO3TOMY OHa KOpPOYE, YeM
OCTaJIbHbIE CBSI3KM MENTUAHOTO OCTOBA, U BCJIECA-
CTBH€ 3TOr0 MaJo MOJABUXHA. DJIEKTPOHHOE CTPO-
eHHUe TMEeNTUIHOMN CBS3U OTpeesieT TUIOCKYIO Xeé-
CTKYIO CTPYKTYpy MenTuaHo# rpynnel. [L1ockoctu
MEeNTUIHBIX TPYNM pacnoioXeHbl MOA YIJIOM ApPYr
K 1pyry (puc. 1-1).

CBsi3b MEXIY O-YIJICPOAHBIM aTOMOM U O-aMU-
HOTPYIIION WA ¢o-KapOOKCWJILHOM TPYTITNION CIo-
CcoOHa K CBOOOAHBIM BpalIEHUSM (XOTS OTpaHUyYe-
Ha pasMepoOM U XapaKTEPOM pPaaMKaJioB), UTO
MO3BOJSIET NOJUNENTUAHON LEMU NPUHUMATD Pa3-
JIMYHBIE KOH(UTYpALIUU.

[lenTuaHble CBSA3UM OOBIYHO PaACMOJIOXEHbI B
TpaHC-KOHMUIYpaUUHU, T.€. O-YIJIEPOAHBIC aTOMbI
pacrionaralotcst 1o pasHble CTOPOHBI OT TIENTHI-
HoOMi cBsI3K. B pe3ynbrate GOKOBbIE paiUKalbl aMU-
HOKHMCJIOT HaxoAsTcsl Ha HanboJiee yAaJIEHHOM pac-
CTOSIHUM ApPYT OT Apyra B npocTpaHcTBe (puc. 1-2).

IMenTyaHbIe CBS3W OYEHb MPOYHLI M CAMONPOU3-
BOJIbHO HE Pa3pbiBalOTCS MPU HOPMAJbHbIX YCJIOBU-
51X, CYILECTBYIOILIMX B KJETKAX (HEHTpabHAs cpeaa,
Temreparypa Tejia). B n1abopatopHbIx YCAOBMSIX TWII-
POJIM3 TMIENTUAHBIX CBSI3eW OEIKOB MPOBOIAT B 3ara-
SIHHOM aMIty/ie ¢ KOHLUEHTPUPOBaHHOM (6 MOJIb/iT)
COJISIHOM KHUCJIOTOM, Npu TeMIiepaTtype 6omee 105 °C,
MPUYEM TIOJIHBIN THUAPOAU3 OenKa A0 CBOOOIHBIX
AMUHOKMCJIOT MPOXOAUT MPHUMEPHO 3a CYTKH.

B XuBBLIX opraHu3Max IENTUIHbIE CBS3U B Oeli-
Kax pa3pbiBalOTCA C MOMOLIBKO CEHHATBHBIX MPO-
TEOJUTUUECKUX (DePMEHTOB (OT aHIII. protein — Oe-
JIOK, lysis — paspyllieHHe), Ha3blBaeMbIX TaKXe
nmpoTeasamMu, WK MENTUATMAPOia3aMHu.

st obHapyXeHUs1 B pacTBOpe OesikOB W [1EMTH-
JIOB, 4 TAKXKe IS UX KOJMYECTBEHHOIO OMmpeae/e-
HMS UCTIOJIb3YIOT OMYPETOBYIO PEaKivio (MOJOXH-
TeNbHBIN pe3yabTaT IS BEUIECTB, COACPXKALLUX B
CBOEM COCTaBe He MeHee JIBYX MEeNTUIHbIX CBA3EH).

3. Buoaozuueckas poav nenmudos

B opraHmame 4yesioBeka BbIpa0daTbIBa€TCsl MHO-
JKECTBO NENTUAO0B, YIaCTBYIOLIMUX B PETY/ISILIUM pa3-
JIMYHBIX OMOJIOTMYECKUX MPOLIECCOB U 00J1aa0LIMX
BbICOKOIH (DU3MOJOTUUECKON aKTUBHOCTBIO.
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aMWHOKUCNOTbI rpynnsi

Puc. 1-1. MNOCKOCTK pacnonoXeHus NenTUAHbLIX rpynn u
O-yrfepofHbIX aTOMOB B NPOCTPAHCTEE.

H O H o

| i [ _H | T
C N C C
H | i H/'

® " " ®

Puc. 1-2. TpaHc-KoHdUrypauus nenTuaHbix ceasen. OyHKuM-
oHanbHble rpynnel —CO~ u —~NH-, o6pa3ylowme nentuaHble cBa-
341, HE VOHW3UPOBaHBLI, HO MOAAPHBI, U MOTYT y4acTBOBaTL B 06-
pa3oBaHUK BOJOPOAHbIX CBA3EH.

e

KosuyecTBO aMUHOKHCAOTHBIX OCTATKOB B
CTPYKTYpe OMOJOrMYeCKHM aKTUBHBIX MEINTUAOB
MOXeT BapbupoBaTh oT 3 1o 50. K ogHuUM u3 ca-
MbIX «MaJIeHbKUX» MENTUI0B MOXHO OTHECTU TH-
PEOTPOIMH-PWIM3UHT-TOPMOH M TJIYTaTUOH (TpU-
MENTUABI), a TaKKe PHKedaJIMHbl, UMECIOLIME B
CBOEM cocTaBe 5 aMUHOKHUCTOT. OqHAaKO OOJIbIINH-
CTBO OMOJIOTUYECKN aKTUBHBIX TMENTUAOB UMEET B
CBO€M cocTtaBe Oosiee 10 aMMHOKHMCIOT, HarlpyuMep
HeliponenTya Y (peryjisitop anteryura) COAEpXHUT
36 aMMHOKMCIOT, 8 KOPTUKOInOepuH — 41 aMu-
HOKHCJIOTY.

Hekortopble M3 MEeNTUAOB, B YaCTHOCTU OOJIb-
LIMHCTBO MENTUAHbIX TOPMOHOB, COLEPXKAT IMEMN-
TUAHBIE CBA3U, 00pPa3oBaHHbIE O-aMUHOTPYIIIONH 1
o-KapOOKCUJIBHOW TPYIIONH COCEIHUX aMWHOKHC- -
JoT. Kak npaBujIo, OHM CUMHTE3UPYIOTCS M3 HEAK-
TUBHBIX OEJKOBBIX MPEAIIECTBEHHUKOB, B KOTOPBIX
cnenudUUecKUE TNPOTEONUTHYECKUE (DEPMEHTDI
pa3pyLIAIOT ONpeae/iéHHbIE MENTUAHBIE CBA3HU.

AnruoteHsuH Il — okranenTua, odpasyoluuii-
¢ U3 KPYNHOro O¢jka Ijia3mMbl KPOBU aHTMOTEH-



3MHOT€Ha B pe3y/bTaTe IOC/eI0BaTeIbHOTO Ae-
CTBHS JBYX IPOTEOJUTUYECKUX (PEPMEHTOB.

IlepBblii MpOTEOIUTUYECKUT (DEPMEHT PEHUH OT-
LIETJIET OT aHTMOTeH3WHOoreHa ¢ N-KOHIA IMerl-
THA, coxepxanmi 10 aMMHOKMCIOT, Ha3biBAEMbIil
aHrmoteH3uHoM [. Bropoii mpoTteosuTHYecKUi
(bepMeHT KapOOKCHANNENTAAWIINENTHAA3A OTLIET-
Jsiet oT C-KOHIla aHTMoTeH3WHa | 2 aMHUHOKHUCITO-
ThI, B pe3y/bTaTe 4yero obpasyercss OMOJOTUYECKU
aKTUBHBIN aHruoTeH3uH II, yyacTByrouiuit B pery-
nsuud Al M BOAHO-coJieBOro o0OMeHa B OpraHM3-
Me (cM. cxeMmy A).

OaHako B HEKOTOPBIX OMOJOTUYECKHM aKTUBHBIX
MeNTUIAX MOTLYT COAEPXAThCsl JUOO HEOOBIYHBIE
aMUHOKHCJIOTBI, JJUOO CYIIeCTBOBAaTbh HEOOBIYHbBIE
CBSI3U MeXIy aMUHOKMCJIOTaMU, HE BCTpEYaroLIU-
ecs B Oeskax.

[IpuMep menTUaa, COAEPXAUIETO HEOOBIYHYIO
JJ1si O6€JIKOB CBSI3b MEXAY aMHHOKMCJIOTAMU, —
TPHUIIENITU [JIYyTaTUOH, TIOCTPOEHHBINA U3 [JIyTama-
Ta, UMCTEMHA U IJIMIMHA (CM. cxemy b).

N-KoHlIeBasi aMMUHOKUCJIOTA TJyTaMarT CBsi3aHa
€O BTOPO¥ aMWHOKMCIOTOM LIMCTEMHOM HE Yepes
0-KapOOKCWIBHYIO TPYIIIly, a Yyepe3 Y-KapOOKCHIIb-
HYI0 TPYINIy ero pagvkana. [yTaTHOH — LIMPOKO

1 2 3 4 5 6

pacrpocTpaHEHHBIN MENTHI OpraHW3Ma YeJIOBeKa.
OH MOXeT OBbITb UCIOJIb30BaH B OKHCJIUTEIbHO-
BOCCTAHOBMTEJIbHBIX PEaKLHUsIX KakK JOHOP M aK-
LIENITOP BOAOpPOAAa M HEOOXOMUM jisi paboThl psiaa
dbepmeHTOB.

DYHKIIMY MENTHIOB 3aBUCSIT OT MX TIEPBUYHOI
CTPYKTYpHl. AHTUOTEH3MH | 1O CTPYKType OYEHb
IMOX0X Ha aHruoTeH3uH 1l (MMeeT ToBKO ABE 10-
MTOJIHUTEIbHBIE AMUHOKHUCIOTH ¢ C-KOHIIa), HO MIpy
3TOM He 00/agacT OUOJOTUYECKON AKTHUBHOCTBIO.

M3MeHeHHe B aMHHOKMCJIOTHOM COCTaBe Mer-
THOB YacTO MPUBOAMT K MOTEPE OAHMX U BO3HUK-
HOBEHMIO IpYrMx OMOJOTMYECKMX CBOMCTB. B Ka-
YEeCTBE MPHUMEPAa MOXHO PacCMOTPETb CTPYKTYpPY U
CBOMCTBA JIBYX MENTUIHBIX TOPMOHOB — OKCUTO-
LIMHA U Ba30IPECCUHA.

B rurmnoranaMyce OKCUTOIIMH U Ba3OIMPECCHH 00-
pasyloTcsl B pe3yJbTaTe YacTUYHOTO (OTpaHUYEeH-
HOro) NpoTeoin3a 6osiee KpyMHbIX OSIKOBbIX Mpea-
LIeCTBEHHUKOB. M3 rumorasaMmyca 1mo HepBHBIM
BOJIOKHAM 3TH FOPMOHBI BHYTPH CEKPETOPHBIX I'pa-
HyJ TIEPEMELIAIOTCS B HEPBHbIE OKOHUAHMS aKCO-
HOB, HAXOISLLIMXCS B 3aaHeN noje runopusa. [locne
JEUCTBUS CIelU(PUUECKMX CTUMYJOB 3T TOPMO-
Hbl BBIIEISIIOTCA B KPOBb (CM. cxeMy A Ha c. 13).

7 8§ 9 10 N

N-koHel, Acn—-Apr-Ban-Tup-Wne-Tuc -Mpo-®eH-Tuc-Nen-Ban-Mentng C-koHel,

AHIMOTEH3NHOreH
J, PeHuH
1 2 3 4 5 6 7 8 9 10
Acn - Apr -Ban-Tup-Wne-uc - MNMpo - ®eH-Tuc -Jlen + T[lentng
AHMOTeH3uH | T
J, Kap6okcuagunentugunnentugasa
1 2 3 4 5 6 7 8
Acn - Apr - Ban-Tup-Wne-Tuc -MNpo - ®eH + [Twc-Ten
AHmMoTeHs3uH Il
Cxema A
Fny Linc Fnn
A A
4 N\ 7 N N\
"HaN- (lJH— CH-CH;-CH;-CO-NH- (;)H -CO-NH-CH,-COO’
COoO CH.
I
SH

Cxema B. TpunenTug rnyraTmoH (y-rnyTammnuyucTeMHUNrnMUmMH)
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OKCHUTOLIMH M Ba3ONpecCUH B CBOCH CTPYKType
WMEIOT MHOTO OOIIETO:

e 00a comepxaT 9 aMMHOKHCIIOTHBIX OCTATKOB,

e 7 aMMHOKHCJIOTHBIX OCTATKOB U3 9 MIEHTUYIHBI;

e 2 ocTaTKa IMCTEMHA COCAMHEHBI TUCYIb(UI-

HOU CBSI3bIO;

¢ Ha C-KOHLIE TIENTHAOB 0i-KapOOKCHUITBHAS IPYIT-

na riayraMaTa aMUAMpOBaHa.

HecmoTtpst Ha HeGosbliIve OTIMUMS B IIOCJIENO-
BaTeJIbHOCTH aMMHOKUCIIOT (3aME€Hbl aMMHOKHCIIOT
B MOJIOXEHUAX 3 U 8) 3T TOPMOHBI CHJIBHO OTJIH-
yaoTcs M0 (U3NOIOTHUYeCKOMY neiicTBuio. Tak,
OKCHUTOLIMH BBIICISIETCS. B KPOBb BO BpEMS KOpPM-
JIeHUs1 peOEHKA, BBI3BIBAET COKpAlllEeHWEe MHOJIIU-
TENUAIBHBIX KJIETOK ITPOTOKOB MOJIOYHBIX KEJE3 U
CTUMYJIMPYET BbIAENIeHUE MOJoKa. Kpome Toro,
OKCHUTOLIMH BIMSIET HA MAAKYI0 MYCKYJaTypy mar-
KU BO BpeMsI pPOIIOB, BhI3biBasi €€ COKpAlIEHHE.

B oTauuMe OT OKCUTOLIMHA, OCHOBHOE (U3HO-
JIOTUYECKOE NIEMCTBUE Ba3OIIpeCCHMHA — YBEJIMYE-
HUe peabcopOLMKM BOILI B MOYKAX MPU YMeHBblIIe-
HuM Al unm o6béMa KpoBM (ITOSTOMY Apyroe
Ha3BaHUE ITOTO TOPMOHA — AHTUIUYPETUUYECKHIN).
KpoMe Toro, Ba3omnpeccHH BbI3bIBAECT CyXeHUE
I'MK cocynos.

HHTepecHO OTMETUTh, YTO HAJIMUME B TIOJIOXKE-
HUW 8 OCHOBHOM aMWHOKWCJIOTBI BAXXHO IS [IPOSIB-
JIEHUS aHTUINYPETUYECKOM aKTMBHOCTM, 4 aMHUHO-
KHUCJIOTHI ¢ THAPO(OOHBIM PAIUKAIOM B IMOJOXEHUA
3 — mis cokpaieHust MK

1 2 3 4 5
N-koHey  NHz-Lwuc-Tup-Wne-TnH-Acn-Luc-MNpo -Nen -y - CONH;

Tak Kak menTuabl — MOILHbIE PETYJISITOPbl OHO-
JIOTUYECKHUX TPOLIECCOB, MX MOXHO HCIIOJb30BaTh
KakK JIeKapCTBEHHbIE npenapaTbl. OCHOBHOE MPETIST-
CTBUE [/Is1 TEPANIeBTUYECKOTO MCITOIb30BAHUS — UX
ObicTpoe pa3pyllleHHe B opraHu3aMe. OTHUM U3 BaX-
HEMIIUX PE3YJIbTATOB MCCICAOBAHUMA SIBJISIETCS HE
TOJIbKO M3yYEHME CTPYKTYPbI MENTUIOB, HO H MOJY-
YEHUE CUHTETMUYECKMX aHAJIOTOB IMPUPOIHBIX IIEN-
THAOB C LieJIEHANpaBJIeHHbIMA M3MEHEHMSIMH B HX
CTPYKTYpE M (DYHKIIMSIX.

HanpuMmep, cCMHTE3UpPOBaH MenTu 1-n1esaMuHo-
8-D-aprunun-pazonpeccuH (JAB), ctpykrypa Ko-
TOPOTO MpeNCTaBIcHa Ha cxeMe b.

B ctpykrype 3Toro mentuaa (o CpaBHEHHUIO C
Ba30IPECCMHOM) HET aMWHOIPYIbl Ha N-KOHIIE,
U BMeCTO L-apruHuHa B TMOJOXEHHUM 8 CTOUT
D-apruHuH. Takoi CUHTETUUYECKKIT renTun obia-
JIa€T TOJBKO AHTHUIMYPETHUYECKON aKTUBHOCTHIO U
XUMWYECKH YCTOWUMB, T.€. NIPH BBEICHWMU B Opra-
HU3M BbI3BIBAET IUIMTEJIBHYIO peakiinio. Takoil uc-
KYCCTBEHHBI aHanor TOpPMOHA (II0 CPaBHEHUIO C
MIPUPOAHBIM) O0Jiee 3 PEKTUBEH TTPU JIEUEHUH TOP-
MOHAJIbHOM HEJOCTaTOYHOCTH.

OTKpbITBIE W M3YyYEHHBIE B HACTOSILEE BPEMS
MEeNTHAbI MOXHO Pas3nesuTh Ha TPYIIbI IO UX OC-
HOBHOMY (DM3HOJIOTUUECKOMY IEHCTBUIO:

e TIENTHIBL, 00J1a1aI01Me TOPMOHATIBHOM aKTUB-
HOCTBIO (OKCUTOLIMH, Ba30MPECCUH, PUITU3UHT -
TOPMOHBI TUIIOTANAMYyCa, MEJTaHOIIMTCTUMYJIH-
PYIOLIMIA TOPMOH, TJIKOKaroH u Jp.);

6 7 8 9
C-koHey

L s—s— 1

OkcutounH

1 2 3 4 5
N-koney  NHz-Uwuc-Tup-den-InH-Acn-Uuc-Mpo-Apr -Tny - CONH;

6 7 8 9
C-koHewy

;_-SQS________I

Cxema A BasonpeccwH
1 2 3 4 5 6 7 8 9
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o TIENITUIbI, PEIYJIUPYIOLIME TIPOLECCHI TTHUILIEBA-
peHust (racTpUH, XOJAEHUCTOKMHUH,. BA3OUHTE-
CTUHAJIbHbIN TENTH/, XETYAOUHbIA UHTUOUPY-
IOIUMH TeNTUA U ApP.);

e TIENTHUOBI, PETYIUPYIOLLIME TOHYC COCYIOB U AJl
(OpalMKWHWH, KAIWAWH, aHrMoTeH3uH 11);

e TICNTUIbI, PETYJUpPYIOLIME aNIEeTUT (JENTHH,
Heitponientva Y, MeJaHOUMTCTUMYIUPYIOLIUIA
TOPMOH, P-3HAOPOUHBL);

e MIENTHABL, 00/1aHa0LIKME 00e300TMBAOIIUM JCH-~
cTBUEM (3HKe(aiuHbl U 3HAOPOUHBI U ApYTIUe
onuouaHbie nenTtuabl). ObdesbommBaroWnin 3¢d-
(bexT 3TUX NMENTHUAOB B COTHU pa3 MPEBOCXOAUT
a”anbresupyomi agpodexr MmopduHa,

e TIETITU/bI, YYACTBYIOILIME B PETYJISILIMA BBICIIEH
HEPBHON [AESITEJbHOCTH, B OMOXUMUUYECKUX
rpoueccax, CBI3aHHBIX ¢ MeXaHW3MaMM CHa,
00y4eHHUsI, TIaMSITU, BOBHUKHOBEHHUS UYBCTBa
cTpaxa M T.J.

OnHako Takoe jejieHWe TENTUIOB KpailHe yc-
JoBHO. [TosBWJIMCH JaHHbIE O TOM, UTO MHOTHE
MenTuiabl obaafalT UIMPOKUM CIIEKTpOM Heil-
ctBus. Tak, METaHOUUTCTUMYJIUPYIOLLIMIA TOPMOH,
IIOMUMO CTUMYJSLIUUA NUTMEHTOOOpa3OBaHMS,
V4aCTBYET B pery/ssUdM amieTvuta (BMECTe C JIel-
THHOM ITOAABIISAET MOTPEOJCHUE NN U SBISIET-
Cs1 aHTAaroHUCTOM HetiponenTuaa Y). B To xe Bpe-
Ml B-aHO0pIMHBI, KPOME AHAJbIE3UPYIOLLETO
addekra, — cUHeprucTel HelpornenTvia Y, T.e.
yCUIMBAOT norpednaecHue nuiyu. OmMucaHHBIN
BhILLIE Ba30IPECCUH, KPOME aHTUANYPETUUECKOTO
U COCYIOCYXHBAIOUIETO ACHCTBUS, MMEET CBOIi-
CTBO YJIyYllaTh MaMsTh.

Il. CTPYKTYPA BEJIKOB

IlenTuaHbie UEMM coaepXkar HECATKHA, COTHU U
THICSTYM AMUHOKMCJIOTHBIX OCTATKOB, COCAMHEHHBIX
HPOYHBIMU TICTITUIHBIMU CBSI3SIMM. 3@ CYET BHYT-
PUMOJIEKYJISIDHBIX B3aUMOACHCTBUI Oenku oOpasy-
10T OMNPEACJIEHHYIO TPOCTPAHCTBEHHYIO CTPYKTYpY,
Ha3bIBaeMyl0 «KoH(opmamua Oeakos». JIMHeiiHast
MOCJIEA0BATEIbHOCTh AMHHOKMCIIOT B OCJIKE COAEp-
KHUT UHPOPMALIMIO O MOCTPOCHUM TPEXMEPHOM MpO-
CTPAHCTBEHHOMI CTPYKTypbl. Paznuuaior 4 ypoBHs
CTPYKTYPHOI OpraHu3saluu OeJKOB, HAa3bIBaEMbIX
MEPBAYHOI, BTOPUYHOMU, TPETUYHON U YETBEPTHUY-
Ho#t cTpyktypamu (puc. 1-3). CymiecTByoT 0o0LIMe
MpaBWIa, 10 KOTOPbIM MAET (POPMHUPOBAHMUE IIPO-
CTPAHCTBECHHBIX CTPYKTYp OCJIKOB.

AN
—N—(I;w%—chlz—ch-
it

CH;0

H O

Pue. 1-3. 3tanbl dopmmpoBauus KoHdopmauum 6enkos.
1 — nepenyHas CTpyKTypa; 2 — BTOpUYHas CTPyKTypa; 3 — Tpe-
TUYHARA CTPYKTypa; 4 — 4YeTBEPTUHHASA CTPYKTypa.
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A. TIIEPBMYHAA CTPYKTYPA

AMMWHOKMCJIOTHBIE OCTATKM B NMENTHAHOR LNy
OcJIKOB YepemyloTcs He ciay4ailHbIM oOpa3oM, a
pacrnofioXeHbl B oNpeacNéHHOM nopsiake. JInHeii-
HYIO MOC/IeI0BaTe/IbHOCTh aM MHOKHUCJIOTHBIX OCTAT~
KOB B MOJUMNENTUAHONW LIEMH Ha3bIBAIOT «IEpBHY-
Has CTPYKTypa OeJika».

[TepBuuHast CTPYKTYpa KaXa0ro MHAUMBUIYaJIbHO-
ro 6enka 3akogupoBaHa B ydyactke JIHK, Ha3biBae-
MOM reHoM. B mpoliecce cuHTe3a Oenka MHpopMa-
UMS1, HAXOISILLASICSl B TeHe, CHaYasa TiepermuChiBacTCs
Ha MPHK, a 3arem, ucnons3ys MPHK B kauecTBe
MaTpuLbl, Ha pubOCOME IMPOUCXOOUT COOpKa Tiep-
BUYHOW CTPYKTYphl Oejika (CM. pasnen 4).

Kaxapiit u3 50 000 wHAMBUAYaIbHBIX OEITKOB
OpraHu3Ma 4yejloBeKa UMeET YHUKAIbHYIO s JaH-
HOTro OeJika MEPBUYHYIO CTPYKTYpY. Bee Mosiexybl
JAHHOTO WHAWBWAYAJILHOIO 0€jIKa MMEIOT OAuHA-
KOBOE YepeloBaHUe aMMHOKHCIIOTHBIX OCTATKOB B
Oesike, YTO B IIEpBYI0 ouYepedb OTJIMYAET JAaHHbIM
UHIWBUAYAJIbHBIN O€/I0K OT JIIoOOro JIpyroro.

b. METOIBI M3VUEHUSA TTEPBUYHOWV
CTPYKTYPBI BEJKA

M3yyeHue TIepBUYHOUN CTPYKTYpPbl OEJIKOB MME-
€T BaXHoe OO0LIeOMOJOrMYecKoe U MEIULIMHCKOE
3HayeHue. M3ydast mopsAmoK yepeaoBaHMs aMUHO-
KUCOTHBIX OCTATKOB B MHAWBUAYATbHBIX Oeikax
W COTIOCTaBJIsISl 3TU 3HAHUSI ¢ OCOOEHHOCTIMU MpPO-
CTPaHCTBEHHOTrO PacioJIOXEHUST MOJIEKYJIbI, MOX-
HO BBISIBUTH 0OlLIMe (yHIaMeHTaIbHblE 3aKOHO-
MepHOCTH (HOPMUPOBAHUS NPOCTPAHCTBEHHOM
CTPYKTYpbl OEJIKOB.

KpoMe Toro, MHorue reHeruueckue 00Je3HU —
pe3yJibTaT HapyllleHUs B aMUHOKHUCJIOTHOM Toce-
JioBaTeIbHOCTH OesikoB. MiH(popmalivs 0 nepBuY-
HOM CTPYKType HOPMAJIBHOTO M MYTaHTHOTro Gejika
MOXET OBbITh MOJIE3HA JUTIF AUATHOCTUKHU U IPOrHO-
3UPOBAHMS Pa3BUTUS 3a00JI€BaHHA.

YcraHoBieHNEe MEPBUYHOM CTPYKTYphl OEKOB
BKJIIOYAET 2 OCHOBHBIX 3Tara:

s onpeaejieHue aMUHOKMUCIOTHOTO COCTaBa M3y-

yaeMoro 0eJka;

s OIpeJeeHne aMHMHOKMCIIOTHOW MocienoBa-

TEJbLHOCTH B O€JIKe.

1. Onpedenenune amunoxucaomnozo cocmasa beixa

[MepBblit 3Tan B onpeaeeHMU IEPBHYHOM CTPYK-
Typbl GEJIKOB 3aKJIHOYAETCS B KaYeCTBEHHOUN M KO-
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JIMYECTBEHHOM OLICHKE aMMUHOKHKCJIOTHOIO COCTaBa
JaHHOr0 WHAWBUAYyaIbHOro Oejka. Heobxommmo
MOMHUTb, YTO Ui MCCJIEAOBAHUSI HYXHO HMETh
omnpelesi€EHHOe KOJIMYECTBO YUCTOro Oesnka, 6e3
puMeceil JIpyTux OEJIKOB WX IENTUIOB.

KucioTubiii raaponus Genka

[ns onpeneaceHUs: aMUHOKHMCIOTHOTO COCTaBa
HEOOXOIMMO TMPOBECTH pa3pyLIeHUE BCEX MEMNTHI-
HBIX CBSi3ell B Gesike. AHATU3UPYEMbIN O€JIOK Tuji-
poausyiot B 6 Mon/1 HCI npu remrieparype okoso
110 °C B Teuenue 24 4. B pesynabrate Takoi odpa-
OOTKM pa3pyllaroTcsl MEeNTUIHbBIE CBSA3U B OeJike, a
B TMAPOJIU3ATE MPUCYTCTBYIOT TOJbKO CBOOOAHBIE
aMHMHOKHUCTIOThl. KpoMe Toro, mIyTaMuH M acnapa-
TMH TUAPOJIU3YIOTCS MO TIIYTaMUHOBOM M acrapa-
TMHOBOM KUCJOT (T.€. pa3pbIBacTCsi aMUIHAs CBSI3b
B paadKaie U OT HUX OTHICIUISIETCS] aMUHOIPYIIIA).

Pa3znenenne aMMHOKHCJIOT C MOMOMIBIO
HOHOOOMeHHOi xpomatorpaduu

CMech aMHUHOKHUCIIOT, MOJYYE€HHBIX KMCIOTHBIM
TMIPOJIM30M OEJIKOB, Pa3feNsioT B KOJOHKE C Ka-
TUOHOOOMEHHOM cMoJjoi. Takasi CMHTETHYeCKast
CMOJIa COAEPXHUT MPOYHO CBSI3aHHBIE C HEH OTpH-
L1aTeJIbHO 3apsiXXE€HHBIE TPYTINbI (HampuMep, oCcTaT-
KK CyJbpoHOBOM KUCIOTH ~SO,7), K KOTOPBIM
npucoeTMHeHsI MOHBI Nat (puc. 1-4).

B KaTMOHOOOMEHHHMK BHOCST CM€Cb aMHMHOKHC-
Jiot B kuciaoi cpene (pH 3,0), rie aMMHOKHUCIOTHI B
OCHOBHOM IIPEACTABJIAKOT KaTHOHBI, T.€. HECYT I0-
JIOXKUTENbHBbIN 3apsia. [TonoxuTenbHO 3apsikeHHbIE
AMUHOKMCJIOTHL MPUCOCAMHSIIOTCSI K OTpULIATEIbHO
3apsIKeHHBIM YacTULIaM cMOJIbl. YeM GoJibllie CyM-
MapHbIi 3apsil aMMHOKMCIOTBHI, TEM MpOYHee €€
CBSI3b CO CMOJIOM. Tak, aMMHOKMCIIOTBI JIM3UH, ap-
TMHUH W TUCTHMIMH HauboJjee MPOYHO CBS3bIBAIOT-
Csl C KAaTHOHOOOMEHHMKOM, a aclaparMHoBasi u IJ1y-
TaMUHOBAasi KUCJIOTbI — Haubosee cnabo.

BbicBOOOXIEHNE AMMHOKHCIIOT U3 KOJIOHKH OCY-
LIECTBJISIIOT BBIMBIBAHUEM (3JIOMPOBAHUEM) KX
OydepHbIM PacTBOpPOM C YBEJIUYMBAIOLIEHCAS MOH-
HOHl cwioii (T.€. C yBeJIMYEHHEM KOHLEHTpaluH
NaCl) u pH. Tlpu yBennmuyennu pH amuHokuciiO-
ThI TEPAIOT MPOTOH, B PE3YJIbTATE YMEHBILAECTCS KX
TOJIOXUTEIbHBIN 3apsi, a CJA€N0BaTeIbHO U MPOY-
HOCTb CBSI3U C OTPULATEIbHO 3apSDKEHHBIMU Yac-
THLAMM CMOJIBI.

Kaxmass aMMHOKHMCIOTA BBIXOJWT U3 KOJIOHKM ITPU
onpeaenéHHOM 3HayeHUH pH M monHoi cunel. Co-
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Puc. 1-4. PaspgeneHne aMMHOKMUCIIOT C NOMOLLbLIO MIOHOOGMEHHOW XpoMmaTorpadmuu. A. Xpomartorpachm4eckasn KONoHKa, HamoiHeHHas
KaTMoHOOEMeHHOW cMOonoit. B. STanbl paspeneHns aMMHOKUCNOT: 1 — NpucoegUHeHEe aMMHOKWCIOT K HacTULaM CMOnbl; 2 — BbICBOBOX-
[eHWe aMWHOKMCNOT Npy OnpenenéHHoM 3HadveHun pH u koHueHTpaumn NaCl.

OMpast ¢ HIDKHETO KOHIIA KOJIOHKM pacTBOp (2/110aT)
B BHI€ HEGOJIBIIMX HOPLMI, MOXHO NOJIYyIUTh (Ppak-
LYH, ColepXaliMe OTHENbHbIE aMUHOKHUCIIOTHI.

KommyecTBeHHbI aHANH3 NOTyYeHHBIX (paxumi

KomuecTBo KaxXmoi U3 aMUHOKHUCJIOT B JJAHHOM
OeJIKE OIpeAeIsiloT, HarpeBas OTHENIbHbIC (paKIIUH
aMWUHOKHCJIOT ¢ HUHTHIPUHOM, 06pa3yoIM COeIH-
HEHHe KpacHO-(HOJIeTOBOTO LiBeTa. MHTEHCMBHOCTD
OKpackul B IpoOe TponopLMOHabHA KOJIUYECTBY

HAXOMSILEHCS B HEel aMUHOKHCIIOTHI, [TI03TOMY [0
CMeKTPOPOTOMETPUUECKOMY H3MEPEHHIO CBETA,
TTOIJIOIEHHOTO HUHIMMAPUHOBBIMM TPOU3BOJHBIMH,
MOXHO OIPEJEIATh COAEPXAHUE KAXIOi aMHUHOKHUC-
JIOTHI B THIPOJIM3aTe JaHHOIO Oeka.

B Hacrosiiuee BpeMs TIpOLECC pa3aeJeHHs U KO-
JIMYECTBEHHOTO ONpeaeeHHsI aMWHOKUCIIOT B THiI-
ponu3are Oejika MOJHOCTBIO aBTOMATHU3UPOBAH U
OCYIIECTBIISETCA B CielIMaJbHOM MPUOOpe — amu-
HOKMCJIOTHOM aHa/U3aTope.
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2. Onpedenenue amuHOKUCAOMHON
nocaedosamenviocmu ¢ Geake

Onpenenenne N-KoHIEBOH aMHHOKHCIOTHI
B OejiKe M MOC/IEA0BATEILHOCTH AMHHOKHCIIOT
B OJIHMIONENTHIAX

Oenmwmsorronnonar (PUTII) — peareHT, uc-
MOJIb3YEeMBI Is1 onpeAencHus N-KOHIIEBOW aMu-
HOKMUCJIOTHI B Tientuae. OH cnocobeH pearupoBarh
C 0-aMUHOTPYIIINON M o-KapOOKCHIbHON TPYTNoi
CBOOOAHBIX aMUHOKMCIIOT, a Takxke C N-KOHLEBOK
aMUHOKMCJIOTOM B MenTtuaax (CM. CXeMy HHXeE).

B pesynbrare B3amMomeincTsusa ¢ N-KOHLEBOR
AMMHOKMCJIOTOM MOJMIIENTHAA 00pa3yeTcsl (peHmI-
THOTHIAHTUOHOBOE MPOU3BOLHOE, B KOTOPOM JIeC-
TaOWIM3MPOBAaHa TENTHUAHAS CBSI3b MEXIY O-Kap-
OOKCHUIIBLHOM IPYTIION N-KOHIIEBOKM aMHUHOKMC/IOTHI
U (i-aMUHOTPYITION BTOPOA aMUHOKHUCIIOTHI B IEM~
TUOE. DTa CBSI3b U30MpaTeSbHO TUApOIu3yeTcs 6e3
TOBPEXACHWSI IPYTUX IENTUIHBIX CBI3€il.

+ NH-CH-CO...NH-CH-COOH
[ I}
S*7N"T Ry R Rn

ITocne peakuymu Boeimensior koMmivieke OUTII-
AK,, nIeHTHPUUIMPYIOT ero XpoMaTorpapu4yecKu-
mu Metonamu. @UTI MoxHO UCITONBE30BATH BHOBD
C YKOPOYEHHBIM [MENTHIOM, TOJYYeHHbIM B Tipe-
JIBIOYIIEM LIMKIIE, IS ONpenesieHus Ciaenyiouiei
AMUHOKHCJIOTEL. DTOT IIPOLIECC CTYMNEHYATOro pac-
HIeTUieHnsT nenthaa ¢ N-KoHIIa ObUT aBTOMaTU3H-
POBaH U pealn3oBaH B Mpubope — CeKBEHATope, ¢
TTOMOIUIBIO KOTOPOTO MOXHO OIpPEAETISTh MOCIen0-
BaTEJIbHOCTh AMUHOKHCJIOTHBIX OCTaTKOB B OJIUIO-
nenTuaax, cocrosaux u3 10—20 aMMHOKMCIIOT.

MHorue MOJUNENTUAB HUMEIOT MEPBUYHYIO
CTPYKTYpY, cocTosIyio 6oee yeM U3 100 amuHO-

OUTL, R4

|

KMCa0T. Tak Kak ¢ MOMOLUBIO CEKBEHATOPOB Hau-
00Jiee MPOAYKTUBHO OIPEAESIOT aMUHOKUCIOTHYIO
MOCJIeI0BaTENbHOCTD JIMIID HEOOJBIINUX TENTUIOB,
MOJIEKYJIBl MTOJIMTIENTUIA PACUISIUISIOT MO CHeuu-
(hruvecknMm MecraM Ha (pParMeHTHI.

Hcnonp3ys HECKONMBKO pa3HbIX pPaclUICIUISIONINX
areHToB (UMW MOIYT OBITb (PEPMEHTHI WIM XUMH-
YyecKHe BEeHIeCTBA) B pasHbIX Ipobax OYUILEHHOTO
MOJIMIENTHUAA, MOXHO IOJYy4YUTh YaCTUYHO Tiepe-
KpPbIBAIOUIME APYT ApYyra PparMeHThl C YCTAHOBJICH-
HOM aMMHOKHCJIOTHOM MOC/A€A0BaTeIbHOCTRIO. C
MX TIOMOIIbIO MOXHO BOCCO31aTh IPaBUJIbHBIN
MOpsIAOK (hparMeHTOB U MOJYUYUTh MOJHYIO TIOCIIe-
JOBaTeIbHOCTh AMHWHOKHWCAOT B MOJIMIIENITUAHON
Lernwu.

DepMeHTATHBHOE pacuIeIVICHHe TOJIMIENnTHIA
no cnemudprYecKUM yJacTKam

Husi crieimduyeckoro pacuieruieHus MenTUIHbIX
cBsI3eil B Oesike MOXHO MCIOJIb30BaTh HECKOJBLKO
pasHbix ¢epmeHTOB. Hanbosee 1MpPOKO MCIONb-
3y10T (EepMEHTATUBHBIN THAPOJU3 TIOIMITENTHIA
MPOTEOJUTUUECKUM (PEPMEHTOM — TPUIICUHOM,
KOTODPbINL OTHOCSIT K TpYIINe HOUIIeBapUTEIbHBIX
(epmeHTOB (er0 BBIpAOATHIBAET MOIXKETYyIOUHASA
xene3a). PepMeHT 006J1aIaeT BBICOKON crielMpuy-
HOCTBIO JeMcTBUS. OH paciliensieT MeNnTUIHbIE
CBSI34, B 06pa30BaHUM KOTOPBIX yUyaCTBYeT KapOOK-
CWJIbHAS1 IPyIla OCTATKOB JIM3WHA WJIM apTMHUHA.

—NH—CH—CO—NH-'CI:H—CO*
|
Nuna T R

WM Apr Tpuncud

Hcxoas M3 ycTaHOBJIEHHOTO KOJIMYECTBA OCTAT-
KOB JIM3WHA W aprMHMHA, MOXHO IpelCcKa3aTh KO-
JIMYECTBO IMOJYYaeMBbIX IIPU MMAPOJIN3E TPUIICHHOM
dparmeHToB. Tak, ecnu B MOIMIIENITUIHON LENU
6 OCTATKOB apruHMHA M JIU3WHA, TO MPU PACIIET-

HoN-CH-CO-NH-CH-CO... -NH-CH-COOH
i ] ]
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JICHUM TPHUIICMHOM MOXHO MOJYyYuTb 7 hparMeH-
TOB.

3aTeM B KaXIOM (pparMeHTe yCTaHaBJMBAIOT
AMUHOKMCJIOTHYIO TOC/IE10BaTeIbHOCTb.

Xumuyeckoe paciienjiesyie NOJMmenTHIa
no cnemupuIecKuM yIacTKam

B HEKOTOPBIX CiIyyasix MpeAnouTUTeeH He dep-
MEHTAaTUBHBIN, a XuMudecKkuit ruaponus. Tak, pe-
areHT 6poMuUMaH paclleTuiseT TOJBKO TIeNTUIHbIE
CBI3M, B KOTOPbIX KapOOKCWIbHAsi TpyIia IpH-
HaJeXHUT OCTATKY METMOHMHA. 3HAs KOJMYECTBO
OCTATKOB METMOHMHA B IOJMMENTHAHON LEMNH,
JIETKO YCTAaHOBHUTh KOJMYECTBO MOJIydaeMbiX (par-
MeHTOoB. Jlanee nig KaXaoro pparMeHTa B CEKBE-
HAToOpe TaKXe YCTaHABJIMBAIOT aMHHOKHMCIOTHYIO
M1OCJICAOBATEAbHOCTb.

IHonyyenne AMMHOKHMCIOTHOW
NI0CJIeOBATE/IbHOCTH TOJHIENTHIA C [IOMOIIBIO
nepekphiBaOIINXCA (pparmeHTOB

J7ist ycreuiHoro ycTaHOBAEHHUS IMOCIEN0BATE b~
HOCTH TOJyYeHHBbIX (PParMEHTOB NOMUTIENTUIA HE-
00XOMIMO TIONYYUTH TENTHAL C MEPEKPbIBAIOLIM-
MHUCS aMUHOKUCJIOTHBIMU TIOC/IEN0BATEILHOCTSMM.
OTO AOCTUTAIOT 00paboTKOW OTAEbHBIX NPO0 JlaH-
HOTO IMOJIMIIENTUAA pa3HbIMM peareHTamMu, pacluer-
JISIOIIMMM 0esIoOK B pa3Hbix Mectax. Heobxomumo
MPOBECTH CTOJILKO paclleIUIeHU, YTOObI MOMY4UTh
Ha0op MEeNTHIOB, 00EeCHEYHBAIOLIMX NepeKpPbIBAHUE
BCEX y4YacTKOB, HEOOXOAMMBIX [JISl OMpeae/ieHUs
TI0C/IEJOBATEIbHOCTH UCXOQHOTO TIOJIMIIENTHAA.

MenTtuabl, nony4yeHHble nNpu rugponunse 6enka TpuncMHOM

Ana-lnc-Apr Mpo-MeT-Tup-fina Ban-I'nn
. ~— \ v— \__.\'___/

_ Ana-fuc-Apr-fpo-Met

Twp-fivz-Ban-Mn
vV ;—ﬂ__°_—J
MenTuaby, nosyyeHHble nNpv rmaponuse Genka GpomMumMaHom

YcTaHoBneHNe NepBUYHON CTPYKTYpsI Genka ¢ nomolbio ne-
PEKPLIBAICIUUXCS NENTURHLIX hparMeHTos.

B. KoH®OPMAIIMSI BEJKOB

JIvHeitHbIe MOMUTIENTUAHBIE LIENW UHANBHIYATb-
HbIX OEJKOB 3a CUET B3aUMOAEUCTBUS (DYHKIIUO-
HaJIbHBIX TPYII aMUHOKMUCIOT NpUOOpeTaloT ofl-
pEAeNEHHYO MPOCTPAHCTBEHHYIO TPEXMEPHYIO
CTPYKTYpPY, Ha3biBaeMylo «kongopmauusa». Bce Mo-

JIEKYNBl WHAMBHIYAIBbHBIX O€JIKOB (T.€. MMEIOLLMX
OJIMHAKOBYIO MEPBUYHYIO CTPYKTYPY) 00pasyioT B
pacTBope OIMHaKoByr KoHdopmauuwo. Cienosa-
TEJbHO, BCs1 MHGopMauusl, Heobxoanmas s (pop-
MMPOBAHHUsI MPOCTPAHCTBEHHBIX CTPYKTYP, Haxo-
JUTCS B MIEPBUYHOMN CTPYKTYpe OEJIKOB.

B Gesikax paznnyaroT 2 OCHOBHBIX THIIA KOH(OP-
MallMy MOJMIIETITUAHBIX LIETIEi: BTOPUYHYIO U Tpe-
TUYHYIO CTPYKTYDBI.

1. Bmopuunaa cmpyxmypa 6eaxoe

BropmuHas cTpyKTypa 0eJKoB — I[IPOCTPAaHCTBEH-
Hasi CTPYKTypa, oOpasyollasics B pe3yJIbTare B3au-
MOIEHCTBUI MEXITY (DYHKUMOHATIBHBIMH TPYIIIIaMHU,
BXOJISILIIMMH B COCTAB MENTHAHOTO OCTOBA. [1pH 3TOM
MENTUAHBIE HEeNM MOTYT NpUOOpETaTh PErYJISPHBIE
CTPYKTYpPbI [IByX THUIIOB: O-CIIMPaJlb U B-CTPYKTYypa.

o-Cnupans

B naHHOM THIle CTPYKTYpbl MENTUAHBIA OCTOB
3aKpY4YMBaeTCsl B BUIE CMpaIM 3a cYET 00pa3oBa-
HMST BOJOPORHBIX CBSI3€M MEXKIy aTOMaMM KHUCJO-
poJa KapOOHWILHEIX TPYITIT U aTOMaMH a30Ta aMM-
HOTPYIIT, BXONSLIMX B COCTAaB MENTHUAHBIX IPYIIN
yepe3 4 aMWHOKUCIOTHBIX OCTaTka. BoaopoaHbie
CBSI3W OPUEHTUPOBAHbBI BIOJb OCH CIMpaiu (puc.
1-5). Ha ommH BMTOK o-CITMpasiy MpUXoguTcst 3,6
aMMHOKMCIIOTHBIX OCTaTKa.

B o6paszoBaHuy BOJOPOOHBIX CBSI3EH Y4acTBYIOT
MPAKTUYECKU BCE aTOMBI KUCIOPOJA ¥ BOOPOA Tern-
TUIHBIX TPYMI. B pesynprate o-COMpaib «CTITUBA-
€TCsl» MHOXECTBOM BOAOPOAHBIX CBsidei. HecMotpst
Ha TO, YTO JIaHHbIC CBSI3U OTHOCAT K paspsmy cia-
ObIX, MX KOJMYECTBO O0ECneYuBaeT MaKCHMaJTbHO
BO3MOXHYIO CTA0MJIBHOCTb O-CIMpaid. Tak Kak Bce
rUAPOGWIbHBIE TPYIIILI TISITTUIHOIO OCTOBA OOBIY-
HO YYacTBYIOT B 0Opa30OBaHMM BOJOPOAHBLIX CBSI3EH,
TUAPOMUIBHOCTL (T.e. CLHOCOOHOCTh OGPA30BLIBATDH
BOIOPOIHBIE CBSI3W C BOIOKM) oi-CrIMpasiel yMeHbllia-
ercsl, a UX rMApoGOOHOCTb YBEIMYUBACTCS.

o-CniupalibHast CTpYKTypa — Haubosee yCToi-
yuBasi KOH(OpMalLusl NENTUIHOTO OCTOBA, OTBE-
Yaroluasg MUHUMYyMY CBOOOIHOM 3Hepruun. B pe3yiib-
Tate O0Opa3OBaHHUs oO-CITMpaieil MOJUIeNnTHAHAS
LIETIb YKOPAYMBaeTCsl, HO €CJIM CO31aTh YCJIOBUS [IJ1s1
pa3pbiBa BOOOPOAHBIX CBsI3e, MOAMMOENTUAHASA
LeTTb BHOBb YIJIMHWTCSI.

Panvikans aMMHOKHMCIIOT HAXOSTCS. HA HAPYXKHOM
CTOPOHE O-CMMPan W HaIparieHbl OT MENTUIAHOro
OCTOBA B CTOPOHBI. OHM HE Y4acCTBYIOT B 00OpazoBa-
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HHUW BOOOPOMHBIX CBfI3ei, XapaKTepHBIX AJIS1 BTOPUY-
HOM CTPYKTYpbI, HO HEKOTOpPbIE M3 HUX MOTYT Hapy-
waTh popMrpoBaHKe o-criupaiyd. K HUM OTHOCST:
e IposivH. Ero arom azoTa BXOAMT B COCTaB XEC-
TKOTO KOJbLA, YTO MCKIIOYAET BO3MOXHOCTH
BpaiileHus1 Bokpyr -N-CH- ¢cBs3u. Kpome Toro,
Yy aToMa a3oTa MpOoJIMHA, 00Pa3yIOLIETO METTH -
HYIO CBSI3b C JIPYroii aMMHOKHCIIOTOM, HET aTo-
Ma BoJopona. B pesynsrarte mpoJjiiH He CITOCO-
O6eH oOpa3oBaThb BOMXOPOIHYIO CBSI3b B JAHHOM
MeCTe IEMTUIHOr0 OCTOBAa, W O-CIIHpajabHas
CcTpykTypa Hapyluaetcsi. OObIMHO B 3TOM MECTe
MNENTUAHON Lerd BOSHUKAET TET/SA MU U3TU0;
YYACTKH, [J€ TTOCIEAOBATEIbHO PACIIONOXEHBI
HECKOJIbKO OJWHAKOBO 3apsiKCHHBIX paiuKa-
JIOB, MEXAY KOTOPbIMH BO3HMKAIOT 3JEKTPO-
CTaTMYECKNE CHJIBI OTTAJIKWBAHMS;
YYacTKH ¢ OJIM3KO paCIONIOXKEHHBIMU OOBEM-
HbIMU paJMKajaMy, MEXaHWYECKU Hapyliaro-
WMMHM (POPMUPOBAHUE (L-CMIMPAJIM, HAlPUMED
METMOHMH, TpunTodaH.

p-Crpykrypa

B-Crpykrypa (hopmupyercst 3a C4ET 0Opa3oBaHUs
MHOXECTBA BOIOPOIHBIX CBSI3EN MEXY aTOMaMU T1eT-
TUAHBIX TPYIII JIMHEHHBIX 001aCTEH OMHOM ITOJMIIET-
TMOHOW UenM, AeNarollieii U3ruObl, WIM MEXIY pas-
HBIMHY TIOJMIAENTUAHBIMU uHensamu. B-CTpykrypa
oOpasyeT urypy, MoaoOHYyI0 JUCTY, CAOXKEHHOMY
«rapMOILIKO#», — B-CKanyarblii cioii (puc. 1-6).

BoagopopHbie \
cBA3N A

Boaopoasbie
CBAan

Panukarnsl aMUHOKUCNOT

MenTaHLIk OCTOB

Puc. 1-5. o-Cnupanb. Ha pucyHke nokasaHbl NPOCTPaHCTBEHHOE
CTpOeHUe Q-CrMpannaoBaHHOro yyactka nonunentTuaHon uenu un
o6pa3oBaHue BOQOPORHEIX CBA3EH, yHacTBYIoWmMX B (hopmMupoBa-
HWM o-cnvpany.

«— Papukansi
SMUHOKKCIOT

Puc. 1-6. BropuuHas cTpykTypa 6enxoB B Buae 3-CKnag4aToro cnos.
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Korma BogopogHble CBS3M 00Pa3ylOTCS MEXIY
aToMaMM MEeNTUIHOTO OCTOBA PA3TUYHbBIX ITOJTUIICTI-
TAAHBIX Uemned, UX Ha3bIBAIOT MEXUETOYeYHbIMU
cBa3siMU. BonopoaHblie CBsI3U, BO3HUKAIOILME MEX-
Iy TMHEMHBIMU Y4aCTKaMU BHYTPY OAHOM MOJTUTIETT -
TUOHOM LIeTIM, HA3bIBAIOT BHYTPULIETIOYEYHBIMH.
B B-cTpykTypax BOIOPOAHLIE CBSI3M PaCTIOIOXEHbI
MEPNCHANKY/SIPHO MOAUNENTUAHON LIeMH.

Ecnu cBsizaHHBIC MOJUMNENTUHIHbBIC LIETIM HampaB-
JIEHBI TIPOTUBOIION0XHO, BO3HUKAET aHTUTIApA/LIC/b-
Hast B-CTpyKTypa, eciy Xxe N- u C-KOHLIbI TIOJTUTIETI-
TUJHBIX LIETed COBMNAAaloT, 00pa3yeTcsi CTPYKTypa
napajuienbHoro f-ckiamyaroro cios (puc. 1-7).

B orimume or o-crnupaneif, pa3pbiB BOJAOPO.I-
HBIX CBsi3eid, GOPMUPYIOLIMX B-CTPYKTYpPbI, HE BbI-
3BIBACT YJIMHEHUS TAHHBIX Y9aCTKOB MOJTUIIETITH/ -
HBIX LIETE.

Kak a-crivpansb, Tak U B-CTpyKTYpbl OOHapyXe-
HBI B IJIOOYISIPHBIX U (PUOPUILIApHBIX Genkax.

Heperynsipabie BTOpHYHbIE CTPYKTYpbl

B Gesikax orMeyatoT 00,1aCTH ¢ HEpPETYJISIPHON BTO-
PUYHOM CTPYKTYPO#, KOTOPbIE YaCTO Ha3bIBalOT Oec-
MOPSIIOYHBIMU KiTyOKamul. OHM IIPEICTABICHBI MeT-
J1Ie00pa3HbIMU U KOJbLICOOPa3HBIMUA CTPYKTYPaMH,
MMEIOLIMMU MEHBLUYIO PETyISPHOCTb YKJIANAKHU, YeEM
OIMMCAHHbBIE BBILIE O-CIUpanb U P-cTpykrypa. On-
HaKO Y OHM HE TaK CWIbHO BapbUpYIOT OT OTHOM
MOJICKY/bI Oesika K Apyroi. B kaxnioM WUHIMBHMAY-
Q1bHOM OeJIKe OHYM MMEIOT CBOIO (PUKCUPOBAHHYIO
KOH(OPMaLHUIO, ONPEAEIeMYyI0 aMUHOKUCIIOTHBIM
COCTaBOM JAHHOTO y4acTKa LIETMH U OKPYXaIOIUX
€ro y4acTKOB.

TepMHUHOM «OeCTIOPSATOYHBINA KIyOOK» TaKXKe
4acTO HA3bIBAIOT NE€HATYPUPOBAHHBIN O€JIOK, 00-

A

Pa30BABIIMIACA TTOCJIE pa3pbiBa CIA0LIX BHYTPUMO-
JIEKYJISIPHBIX CBSI3ei W ITOTEPSBLUMI CBOIO YIOPS-
JIOYEHHYIO CTPYKTYDY.

Conepxanue pasHbIX THIOB BTOPHUHBIX
CTPYKTYp B OesKax

ConepxxaHre pacCMOTPEHHBIX BHIILIE THIIOB BTO-
PUYHBIX CTPYKTYpP B pa3HbIX O€KaxXx HEOAMHAKOBO.
ITo Hanuuuio o-CriMpaneil U B-CTPYKTYp IIOOYsIp-
Hble OEJIKA MOXHO Pa3de/UTh Ha 4 KaTeropum.

« K mnepBoii KaTeropum OTHOCST OeJIKA, B CTPYK-
Type KOTOPBIX OOHApYyXeHbl TOJbKO O-CIIHApa-
yu. K HUM npuHagnexar Takue OelKH, Kak
MHUOIIOOUH U reMorjobuH (puc. 1-8).

o Ko BTOpOI1 KaTeropuu OTHOCSIT OEJIKU C O-CITH-
PISIMU U B-CTPYKTYpaMmu, UHOTIA 0Opasyrolu-
MU OIHOTUIIHBIE COUETAHMSI, BCTpEYAlOII1ecs B
pa3HbIX MHAMBUAYAILHBIX Oenkax (puc. 1-9).
XapakTepHble COYCTAHMUSL O-CIIUpaied U P-

CTPYKTYP, OOHapY>KEHHbIE BO MHOTMX (pepMeH-
Tax, MOXHO PacCMOTPETh Ha MpUMEpPE CTpoe-
HUSI JOMEHOB nakrataeruaporeHasbl (JIA) u
dochornuueparkuHasbl (PI'K). JomeHn —
VYYaCTOK TMOJIMIIETITUAHON LIEMH, KOTOPhIA ca-
MOCTOSITE/TbHO OT APYTUX yYacTKOB TOM Xe
Lermd 00pasyeT CTPYKTypY, BO MHOIOM Haro-
MMHAIOLIYIO TJIOOYIIPHBINA OEJIoK.

B onHOM M3 IOMEHOB JIAKTaTAETMAPOreHa3bl B
LEHTPE PacIoOXeHbI B-CTPYKTYPHI TTOJHUIIE -
TUAHOMN LIETTM B BUJIE CKPYYEHHOTO JINCTA, U
Kaxnasi B-CTpyKTypa CBsI3aHa C O-CITUpaib-

HBbIM Y4aCTKOM, HAXOASIIMMCH Ha [OBEPXHO-
¢t MostekyJel. Kak BumHo u3 puc. 1-9, cxon-
HbI HOMEH MMEETCsl TaKXE B MOJEKYIE
ochoravepaTKuHa3bI.

N-koHeu

Puc. 1-7. NapannenuHolil M aHTUNapannenbHblid B-cKknapuarsie Cnou. -CTpykTypbi 0603HAUEHb! WHPOKUMU CTPENKaMu. A — aHTuna-
pannenbHas B-cTpykTypa; b — napannensHble B-cknaguatble CTpYKTypbl.
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» B TpeThio KaTeropuio BKIIOUEHBI OEJIKU, UMe-
IOLLIME TONBKO B-CTPYKTYPbl. Takue CTpyKTyphl
0OHapyXeHbl B UMMYHOTJIO0YIMHAX, B (hepMeH-
Te cynepokcuaaucmyrase (puc. 1-10).

« B 4eTBEPTYIO KaTeropuio BKIMIOYEHBI OEJIKH, UMe-
I0lIME B CBOEM COCTaBe JIMIIb HE3HAUMTEIIb-
HO€E KOJIMYECTBO PETYJISIPHBIX BTOPUYHBIX CTPYK-
Typ.

2. Tpemuunas cmpyxmypa beaxos

Tperuynas cTpyKTypa 0eJIKOB — TPEXMEpPHast Ipo-
CTPAHCTBEHHasi CTPyKTypa, obpasymiollascs 3a CUET
B3aHMOIECTBUI MEXTY paIuKalaMu aMUHOKHUCIOT,
KOTOpbIE MOTYT DPAcCIiojaraThCid Ha 3HAYUTEIHLHOM
PaCcCTOSTHUY APYT OT ApYra B [TOJUTEIITUAHON LIEMHU.

Casa3u, yyacTBylomue B (pOPMHUPOBAHHM
TPETHYHOM CTPYKTYphbl 0elKOB

Tudpochobusie e3aumodeiicmeaus

Ipn yxmagke nonunenryuaHas enb Gejka crpe-
MUTCSL [IPUHATD 3HEPTETHYECKH BHITOTHYIO GopMy,
XapaKTePU3YIOLLYIOCS] MUHUMYMOM CBOGOIHOM 3Hep-
rvu. [Tostomy ruapodobHbBIE paguKambl AMHUHOKHC-
JIOT CTPEMSTCSl K OOBeAMHEHUIO BHYTPU TIIOOYISP-
HOM CTPYKTYPbI PaCTBOPUMBIX B Bozie O¢IKOB. Mexy
HUMH BO3HUKAIOT TaK Ha3bIBaeMble TUApo(hoOHbIE B3a-
HMOJIEHCTBHSA, a TAKXe CIJIBI BaH Aep Baanbca Mexny
OJIM3KO TpWJIETAOIMMHU ApYT K ApYry atoMamu. B
pe3yJbTate BHYTPU OeJIKOBOM DIOGYIIbI hopMUpYET-
cs1 runpogodnoe aapo. ['unpodunbHbBIE Py ME-
TUJHOTO OCTOBAa NpU (HOPMUPOBAHUM BTOPUYHOM
CTPYKTYpPbI 00pa3yoT MHOXECTBO BOIOPOAHBIX CBSI-
3¢i, Oyaromapsi YeMy MCKIIIOYAETCs CBSI3bIBAHME C
HMMU BOIbl M paspylleHWe BHYTPEHHEM, IIOTHOM
CTPYKTYphI OenKa.

HonHvte u 6000podnbie c8:3u

I'mapodunbHbie paavkaibl aMUHOKUCIOT CTpe-
MATCSi 00pa3oBaThb BOAOPOJIHbBIE CBA3U C BOJNOK M
IO3TOMY B OCHOBHOM pacrioJlaraloTcsi Ha INoBepX-
HOCTHU OEJIKOBOW MOJIEKYJIBL.

Bce ruapodusibHbIE TPYTITIBI PATUKATIOB aMUHO-
KUCJIOT, OKa3aBLUKECs] BHYTPHY I'MApodoGHOro sipa,
B3aMMOZEUCTBYIOT APYT C APYrOM € MOMOIUBIO HOH-
HBIX U BOJOPOJHBIX cBsi3ed (puc. 1-11).

HonHble CBA3M MOTYT BO3HUKATh MEXAY OT-
pUMILIATEJbHO 3apsiXKeHHbIMU (AaHWOHHBIMU)
KapOOKCHUJIBHBIMU TPyNIaMu paiuKajJoB ac-
MaparuHOBOU Y TJIyTAMMHOBOM KUCJIOT U IO~
JIOXKUTEJIbHO 3apsKeHHbIMU (KAaTHOHHBIMMU)
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A b

Puc. 1-8. Bocemb a-cnupanei B CTpykType MuornobuHa (A) n
B-uenu remorno6uHa (B).

b

Puc. 1-9. o-Cnupanu n B-cTPpyKTypb! B BOMEHe NaKTaTAeTMA-
poreHassl (A) n ocdornuuepatkmtasel (B).

B-Crpykrypbi

Puc. 1-10. B-Cxnaguyatas BTOpUUHas CTPYKTYpa B KOHCTaHT-
HOM fjoMeHe UMMYHornobynuna (A) u epmeHTe cynepokcua-
pucmyTase (B).



Puc. 1-11. Tunbl cBsideil, BO3HMKAOWMX MeXay pagukanamm
AMMUHOKMCNOT Npu OpMMPOBAHMMA TPETUHHON CTPYKTYpbI
6enka. 1 — MOHHbIE CBSA3K; 2 — BOOOPOAHbIE CBSA3U; 3 — rMapo-
(obHbie CBA3W; 4 — aUCYNb@UaHbIE CBSASK.

IpyNIaMy pagyiKalioB JA3UHA, apTUHUHA WU
TUCTUIMHA.

Bonopoanbie cBS3H BO3HUKAIOT MEXIY THAPO-
(bUNBHBIMY He3apsKEHHBIMU TPYTIITAMH (TaKH-
mu kak -OH, -CONH,, SH-rpynmsl) u 106b1-
MU JPYTUMM THIPOGMUIBHBIMU TPYTIIIAMHU.

Bbenku, GyHKIIMOHUPYIOLIME B HEMOJISIPHOM (JIM-

MUJHOM) OKPYXXEHWH, HaripuMep OeJIKM MeMOpaH,
HAMEIOT 00paTHOE YCTPOKMCTBO: I'MIpOGWIbHEIE pa-
AVKaIbl aMUHOKHCIIOT PACIIONIOXKEHbI BHYTPHU Oei-
Ka, B TO BpeMsl Kak TuapodoOHbIe aMAHOKUCIIOTHI
JIOKaJIM30BaHbl Ha ITOBEPXHOCTU MOJIEKYJIBI U KOH-
TaKTUPYIOT C HETNOJSPHBIM OKpPYXeHHEM. B Kaxk-
JIOM cJlyyae paguKaibl aMUHOKHUCIOT 3aHUMAIOT
HauboJiee BbITOJHOE OUOIHEPTETUYECKOE TMONI0XKE-
HHUE.

Kosanrenmmuvie cessu

TpeTHYHYIO CTPYKTYPY HEKOTOPBIX GEJIKOB CTa-
OWIM3MPYIOT JUCYJIb(UIHbIE CBA3H, O0pa3yiolIne-
¢ 3a c4€T B3auMoaeiictBust SH-rpynn aByx ocrat-

—NH—CIH—CO—-

CH, \\

f
Octatkmu -* SH

MentugHbin  +
umucTenHa -, ?H ocToB
G,
—NH-CH-CO-

Puc. 1-12. O6pa3oBaHmne aucynbchuaHow ceasu B Genkax.

Okncnutens
(/2 0z)

KOB LIMCTEMHA. JTU JBa OCTaTKA LIMCTEMHA MOIYT
HaxOAWUTbCA NAICKO APYr OT Ipyra B JIMHEWHOM
[IEPBAYHOM CTPYKTYype OeKa, HO Npu (GHOPMUPO-
BaHWW TPETUYHOM CTPYKTYpbl OHU COJIKAIOTCS U
00pa3yoT NPOYHOE KOBAJICHTHOE CBS3BbIBAHUE pa-
aukanoB (puc. 1-12).

BOBLUIMHCTBO BHYTPUKJIETOUHBIX OEJIKOB JIMLLIE-
HO AUCYIbDUAHBIX cBsizeii. ODHAKO TaKUE CBA3U
pacnpocTpaHeHbl B OeJIKax, CEeKpPETUPYEMbBIX KIIET-
KOM BO BHEKJIETOYHOE IpocTpaHcTBO. Ilomararor,
YTO 3TU KOBAJICHTHBIE CBSI3M CTAOWIM3HPYIOT KOH-
dopManio 6eJKOB BHE KJIETKU U MPENOTBPALLAIOT
ux neHarypauuio. K TakuMm 6enKkaM OTHOCAT Trop-
MOH WHCYJIUH U UMMYHOIJIOOYJIMHBI.

MHCynMH — OenKoBbIi TOPMOH; comepxuT 51
aMWHOKUCJIOTY, COCTOMT M3 IBYX TOJUMENTHIHBIX
uernei (uenb A cogepXur 21 aMUHOKHCIIOTY, LENb
B — 30 amunHokucnor). MHCyIMH cCUHTE3UpyeTCs B
B-KneTKax MNOMKeSyIOUHOM XKeae3bl U CEKPETUPY-
€TCsl B KPOBb B OTBET Ha IOBBIIIEHUE KOHLEHTPA-
LMK IJIIOKO3bI B KPOBU. B CTpyKType MHCyIMHA
UMEIOTCS 2 TUCYIb(DUITHBIE CBA3M, COSAUHAIOLIME 2
nonunentyansie uenu A u B, u 1 mucynedunHas
CBA3b BHYTpU 1lenn A (puc. 1-13). Crpykrypa um-
MYHOIJIOOYJIMHOB paccMOTpeHa B monpasaene 6 J1.

Bce OeskM ¢ OOMHAKOBOI MHEPBUYHON CTPYKTY-
pOii, HaxonsALIMECS B OMMHAKOBBIX YCJIOBHSIX, TIPHU-
00peTaloT ONMHAKOBYIO, XapaKTepHYIO JUTS JAHHOIO
UHIUBUAYAILHOrO Oejika KOHMOopMaiuio, omnpeae-
JSAWyo ero crneudduieckyio ¢GyHkumwo. OyHK-
LIMOHAIBHO aKTUBHYIO KOH(MOPMaHUIO 6eIKa Ha3bl-
BalOT «HATHBHAA CTPYKTYpa».

3. Kondopmanuonnasn aabussnocms beaxos

T'uapodobHble B3aMMONENHCTBUS, a TAKXKE UOH-
Hble U BOXOPOAHbBIE CBSI3U OTHOCSAT K YMCIY CJia-
ObIX, TaK KaK MX SHEprus JWIIb HEHAMHOIO Tipe-
BBILLIAET SHEPTHIO TEIUIOBOTO JBMXKEHUS aTOMOB [1PH
KOMHATHO# TeMIiepatype (T.€. yX€ Ipu JaHHOH
TeMIlepaType BO3MOXEH pa3pbiB TaKUX CBS3€Eil).

—~NH- C')H -CO-
CH,
]
? OucynedugHas
S CBS3b

G
~NH-CH-CO-

-H0O
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Puc. 1-13. lucynscuarble CBA3KU B CTPYKTYpE rOPMOHA KHCYNUHA.

IMoanep:xxaHue xapakTepHOM 11 OGenka KoHGpOp-
MaluuM¥ BO3MOXKHO 0Jarojapsi BO3HMKHOBEHHUIO
MHOXECTBa CJiabbIX CBsI3e MexXny pa3iuYHbIMU
y4acTKaMM TOJIMNIENITUAHON LieTu.

OnHako OeJIKM COCTOSIT M3 OTPOMHOT0 4YMCJa
aTOMOB, HAaxXOJSLLUMXCSI B MOCTOSTHHOM (OpOYHOBC-
KOM) JABUXEHUM, UTO MPUBOAUT K HEOGONBIINM IIe-
PEMELLEHMAM OTHAEIbHBIX YYAaCTKOB IMOJIMTIETITHL -
HOH LIEMH, KOTOPBIE OOBIYHO HE HApYyLIAOT 0O1yI0
CTPYKTYpY 06€nKa U ero ¢pyHkuuM. CeIoBaTeabHO,
Oesnkn 06naaalT KOHGOPMaUMOHHON JTaOMIbHOC-
TBIO — CKJIOHHOCTBIO K HEOOJIbIUIMUM U3MEHEHUSIM
KOH(MOpMaLIMKM 3a CUET pa3pbiBa OJHMX U 0Opaszo-
BaHMS Apyrux ciadbix cBsizeil. KoHdopmalus Genka
MOXET MEHSITbCSl TIPU U3MEHEHUM XUMMUYECKUX U
(pusnueckMx CBOWCTB Cpedbl, a TaKXe IPU B3au-
MOZIEWCTBUY Oeska ¢ ApyrMMU Mosekyiaamu. Ilpu
9TOM IMPOUCXOJUT MU3MEHEHME MPOCTPAHCTBEHHOM
CTPYKTYpbI HE TOJIBKO y4acTKa, KOHTaKTHUPYIOLLETO
¢ Ipyroii MoJeKyJioi, HO U KoH(popMauuu Genka B
nenoM. KoHpopMallMOHHBIE U3MEHEHUSI UTPaloT
OrPOMHYIO pOJib B (DYHKIIMOHUPOBAHUMU OENIKOB B
KABOM KJIETKE.

4. [enamypauus beaxos

Pa3pbiB 60161100 KOJIMYECTBa CnabbIx CBSI3EH B
MoJieKynie OeJika IPUBOIUT K paspylICHUIO €€ Ha-
TUBHOM KOH(popmauuu. Tak Kak pa3pbiB CBS3E
MoJA AeUCTBUEM Pa3INYHBbIX (PAKTOPOB HOCHUT CITy-
YaHBIN XapakTep, TO MOJIEKYJIbl OHOTO MHOWBULY-
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anpHOro Oesika MpUOOpeTaloT B pacTBOpe QopMy
cJiydaiiHO COPMHUPOBABLIUXCSI GeCIOPSIOUHBIX
KJ1yOKOB, OTJIMYAIOIIMXCS APYr OT JIpyra Tpéxmep-
HOI cTpykrypoit. IloTepsa HatuBHOM KOHdOpPMa-
LMY CONPOBOXIAETCS yTpaToil crieuuduuecKoi
(YHKIHUM OEJIKOB. DTOT IIpOLIeCC HOCUT Ha3BaHUE
JeHatypauuu OenkoB. Ilpu meHarypaumu OenkoB
He IPOMCXOIMUT pa3pbiBa MENTUAHBIX CBA3EH, T.C.
MEepBUYHAsI CTPYKTypa 6Gejlka He HapyllaeTcs.

B neHatypupoBaHHOM OeJike runpogoOHbie pa-
JIMKaJIbl, KOTOPBHIE B HATUBHOM CTPYKTYPE MOJIEKYJIbI
CIIpATaHbI BHYTPY THAPOGOOHOTO SIIpa, OKa3bIBAIOTCS
Ha MOBECPXHOCTU. IIpy HOCTAaTOYHO BHICOKOM KOH-
LICHTpaLMK OeslKa U OTCYTCTBUM CHJIBHOTO OTTAJIKHU-
BAIOLLIETO 3apsiIa MOJIEKYJIbI MOI'YT OOBEAUHATECS APYT
¢ IpyroM ruipooGHbIMU B3aUMOICUCTBUSAMU, TPU
3TOM PacTBOPUMOCTb O€/IKA CHIDKACTCSI U TIPOUCXO-
JIAT 00pa30BaHUE OCaIKa.

KomnakTHasi, IoTHast IpOCTPaHCTBEHHAST CTPYK-
Typa HaTHBHOTO O€JIKa IIpU AEHATYPaLuK Pe3KO yBe-
JIMYUBAETCSI B pa3Mepax M CTAHOBUTCS JIETKO JOC-
TYITHON JJIsS1 pacuielUIEHUs] TEeNTUIHBIX CBSI3eH
MPOTEONUTUYECKUMU hepMeHTamu (puc. 1-14). Tep-
Muyeckast 06paboTka MSICHOW NMIIK Nepen yroTpeo-
JIEHMEM He TOJIbKO YIYYINAET €€ BKYCOBBIE KA4eCTBa,
HO U o0siervaer ¢€ (hpepMeHTAaTUBHOE NIEpeBAPUBAHUE
B IMMIIEBApUTENIbHOM cucteme. KpoMe Toro, neHary-
pUpYIOLIMM JCHCTBUEM Ha IMILEBbIe OenKd 001a-
JAET U KHMCJast Cpelia JKEnyIKa, BhI3biBatolas JeHa-
Typaluio TeX OEKOB, KOTOPhle HE IOJABEPraJIUCh



MpeaABapUTEIbHONH TeMMepaTrypHoOit o6paboTke, a
TaKXe OKa3blBaeT AeHATypuUpylolliee NelCTBHE Ha
0eJIKM MUKPOOPIaHU3MOB, MOMAaBUIMX B XKeJIYIOK C
TUILECHA.

5. Daxmopet, evizviearouiue deHamypauuio
beaxos

JeHarypaLnio 6e1KOB BbI3bIBAIOT (GaKTOPhI, CTIO-
COOCTBYIOIIME pa3phiBy MAPOGOOHbIX, BOJOPOI-
HbIX U MOHHBIX CBSI3€i, CTAOUIH3UPYIOUIMX KOH-
dopMaLro OeJIKOB:

» BhiCcOKast Temmiepatypa (6onee 50 °C), yBemuuu-

BAIOLLAs TETUIOBOE IBHXKEHHE aTOMOB B MOJIEKY-
Jie M TIpUBOJSAILLIAST K Pa3pbIBY CJ1abbiX CBA3EI;

e MHTEHCHBHOE BCTPSIXMBAHHE pacTBOpa, MpU-
BOIALLEE K COMPUKOCHOBEHHUIO GETKOBEIX MO-
JIEKYJ C BO3AYIIHOM Cpeaod Ha MOBEPXHOCTHU
pasnena ¢as 1 u3MeHeHHI0 KOH(POpMaUU 3TUX
MOJIEKY;

» OpPraHUYeCcKHe BellieCcTBa (HaTpuMep, 3TUIOBbIH
crupT, ¢eHOI U €ro NMPOU3BOAHbIE) CIIOCOOHDI
B3aMMOIEHCTBOBATh C QYHKUIMOHATLHBIMU IPYTI-
MaMu GEJIKOB, YTO TPUBOAMT K UX KOHbopMa-
LMOHHBIM M3MeHeHUsIM. [ta aeHarypauuu oe-
KOB B OMOXMMUYECKUX MCCIIEZOBAHUAX YacCTO
WCITO/Ib3YIOT MOYEBHUHY WIM FyaHUIUHXJIOPWMA,
KOTOpbie 00pa3yioT BOIOPOIHLIE CBS3M C aMH-
HO- M KapOOHWIbHBIMU TPYIIaMHU MENTHIHOTO
OCTOBAa M HEKOTOPHIMHU (YHKLHMOHATBHBIMH
FpyrnaMy paauKanoB aMUHOKUCIOT. [lpoucxo-

L]

JIUT pa3pbIB CBsI3eH, yUacTBYIOLIMX B HOPMUPO-
BaHWW BTOPUYHOW ¥ TPETUYHOM CTPYKTYpbi Ha-
THUBHbIX OEJIKOB, M 00pa3oBaHNe HOBBLIX CBsSI3eit
C XMMUYECKUMHU peareHTaMH;

0] NH
Il H
HN-C-NH; HoN-C - NHCI
MouesuHa INyaHuauHxnopua

KMCIOTHl U 1LEeN04M, u3MeHsIsi pH cpenbl, Bbi-
3bIBAIOT IepepacripencieHrde CBs3eid B MoJie-
KyJae Oeka;

COJIM TAXKENbIX METAUIOB (TaKMe KakK Melb,
PTYTh, cepedpo, CBUHELL U Ap.) 0Opa3yIoT Mpou-
Hbl€ CB3U C BaXHbIMU (PYHKIIMOHAJTbHBIMU
rpynnaMu 6enkoB (4aiiie Bcero ¢ -SH), uame-
HSi MX KOH(OpMAalIMIO U aKTUBHOCTD;
JIETEPreHThl — BELECTBA, COAEPXKAUIUE THAPO-
(oOHBII YIIEBOAOPOAHBIN padvKal U TUAPO-
buNbHYI0 PYHKUMOHANBHYIO Tpyrnny (Takue
BELIIECTBA HA3bIBalOT aM(pUPWIbHBIMHU). [UA-
podoOHbIe paTuKaibl OEJIKOB B3aMMOAEHCTBY-
0T C ruapodOOHBIMU YaCTAMM JETEPreHTOB,
YyTO M3MeHsieT KoHdopMauuio 6eikoB. [eHa-
TYPUDPOBAaHHBIA TOA NEUCTBMEM ACTEPreHTOB
0€J10K OOBIMHO OCTA€TCS B paCTBOPEHHOM BHJIE,
TaK Kak TUAPOMUIbHBIE YACTU IE€HATypUPYIO-
LIETO BEILIECTBA YAEPXMUBAIOT €r0 B pacTBOpE.
K Haubosiee U3BECTHBIM AETEPreHTaM OTHOCSIT
pasziuyHbie MbLIa (puc. 1-15).

HatusHbI 6enok

HeHaTypupoBaHHbie
MOTEKYMbi TOTO Xe
6enka

/

Puc. 1-14. CTpykTypa HaTUBHOU Monekynbl 6enka (B LEHTpe) U TPEX AeHaTyPUPOBaHHbIX MONEKyn atoro xe Genka.
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AKTUBHbIA

ueHTp \

M'wapodhobHas
YyacTb

NeTtepreHt

HatueHeIA 6enok

Puc. 1-15. fleHaTypaums 6enKoB C NOMOLIBIO AETEPTEHTOB.

6. Meduuunckue acnexnvt KoH(popmayuonnoi
AabuabHocmu 6eaxos

CKIJIOHHOCTb OOJBIHMHCTBA GEJIKOB K JeHAaTypa-
[IM4 B MPOIIECCE MX BbIACICHUS, XPAHEHUSI U UC-
MOJIb30BAHUST CEPLEZHO 3aTPYAHSIET UX TOJNYYCHUE
Y NPUMEHEHUE B MEIULIVHE.

IList mpaBUIBLHOTO OOpallleHHsT C OETKOBLIMU Jie-
KapCTBEHHBbIMM TIperapaTaMu K HAM MPUKJIaIbiBa-
10T UHCTPYKLIMIO, B KOTOPOH YKa3bIBatOT YCJIOBUS MX
XpaHEHWUs]I WU MCIIO0JIb30BaHMUSA. Tak, OOJIbIIMHCTBO
O€JIKOBBIX TpefiapaTOB HEOOXOAUMO XPaHUTb B
XOJIOMWIBHUKE MpU Temrmeparype He Bbiuie 10 °C,
pacTBOPATb CyXHe€ MpenapaTbl OXJIaXIEHHOW 10
KOMHATHOMH TeMIEPaTypbl KUTISTYEHON BOAOM BO M3-
OexaHue MX JeHATypaluu.

7. Ilpumenenue denamypupyrowux azenmoe
6 Ouoao2umecKux uccaedo8anusx u mMeouyune

B 6MoxuMHYEeCKUX HCCIeI0BAHUSAX Tepe onpe-
JEeJIEHUEM B OMOJIOTMYECKOM MaTepHrajie HU3KOMO-
JIEKYJISIDHBIX COCIUHEHMU U3 pacTBOpa OOBIYHO
yoaisitor Oenku. JIisi 3TOM LieNd 4alle BCEero Mc-
TTOJIb3VIOT TPHMXJIOPYKCYCHYIO Kuciory. [locne eé
JI00aBICHUSI B PacTBOP ACHATypUPOBAHHbBIE OCJIKU
BBIMMAJAI0T B OCAJOK U JIETKO yAAISIOTCS (OUIBTPO-
BaHUEM. TPHUXIOPYKCYCHYIO KMCJIOTY MOXHO TaK-
K€ MCITOJIb30BaTh 11 AeHATypauur (HEpMEHTOB B
HEJIAX MpeKpaiieHns PepMEHTaTUBHOM peakLiyy.

B MenuiimHe ieHaTypUpyIOLMe areHTbl YaCTO WC-
MOJIB3YIOT AJIsi CTEPWIN3ALUNA MEAUUMHCKUX WHCT-
PYMEHTOB M MaTepualia, a TakKe B KaYeCTBE aHTH-
cenTukoB. Harnpumep, B aBTOKJIaBaX MPU BbICOKOH
TEMITEpaType CTEPUIU3YIOT MEJULIMHCKUE MHCTPY-
MEHTbI U MaTepUaIbl.

®eHOM M €10 MPOM3BOIHBIE (KPE30J, PE30PLMH)
OTHOCST K M3BECTHHIM AHTUCENTUKAM apOMaTU4eC-
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'mapooOHLIMK yyacTkamu geTepreHT
npucoeamnHsAETCs K ruapoobHLIM paavkanam
aMUHOKUCNOT NonNunNenTUAHOW Luenu

Koro psipa. OGnajaoliue BBICOKOH THapodoOHOC-
ThblO, OHM 3(PdEKTUBHO AEHCTBYIOT Ha BereTaTUBHbIE
(hopMBI OakTepHii ¥ TpUOLI, BHI3BIBAST AEHATYPALIUIO
ux 6enkoB. DDDEKTUBHOCTh AHTHCENTUYECKUX
CBOICTB YMEHBINIAETCS C YBeJIMYEHUEM PaCTBOPUMO-
CTH TIpenapara B BoJe.

OH ‘

@ OH @ Ho© OH
CH,

deHon

Kpeson PesopuuH

PacTBop Kpe3ona B KaIWIfHOM Mblle M3BECTEH
KaK TIperapar JIM30J1, NMPUMEHSIeMblidi B KauecTBe
Je3UHPUIIMPYIOLIETO CPEACTBA.

bepes3oBblii 1€roTh — OAHA U3 OCHOBHBIX CO-
CTaBHbBIX YacTeil Ma3u BuluHeBCKOTO, CONEPXKUT B
cBoeM cocrtaBe (deHon. Ilpenapar, ucnoib3yeMblit
IUTsL JICYEHUS paH, 00JaaeT BhICOKMM aHTUMMK-
POOHBIM JeiiCTBUEM.

3HAYUTEIbHOE KOJUYECTBO aHTUCENITUKOB Mpe/I-
CTaBJICHO COJISIMM TSKEJIBIX MeTajioB. X aHTH-
MUKPOOHOE NEUCTBUE CBSI3aHO C TEM, 4YTO yX€ B
JOBOJIbHO HU3KMX KOHIEHTPALUSIX OHU B3aMMO-
JEMCTBYIOT ¢ OeIKaMy MHKPOOPTaHM3MOB, OJOKM-
pyioT ux SH-rpynnel 1 U3MEHSIOT UX KOHDOpMa-
unio. M3-3a BbICOKOM TOKCHYHOCTH ‘GOJBIITMHCTBO
JIEKApPCTB, COAEPXKAlMX COMM TIXKENBIX METAIIIOB,
MPUMEHSIOT B KAUECTBE IOBEPXHOCTHBIX aHTUCEII-
TUKOB.

Tak, BbICOKOIT aHTUMHKPOOHOI aKTUBHOCTHIO 00-
nmagaer cyirema — auxiopun prytu (HgCl). Eé
VCITONB3YIOT IS 00paboTKU pyK M Je3uHPpeKunn
roMenieHuid. CnydaifHoe Win TMpeaHaMepeHHOE OT-



parNieHUE IIperiaparaMu PTYTU Bbi3bIBACT TSRKENbIE
HEKPOTHYECKHE TIOPAXKEHUST CIIM3UCTON ODONOYKHU
THALIEBAPUTENHLHOTO TPAKTa M HEKPOTHUYECKUE U3ME-
HEHUS B TOYKax. AHTUMHKpPOOHBIMU CBOMCTBaMU
00J1a1al0T M Mpemnaparhl cepedpa, TaKue Kak JISITTHC
(AgNO,), xomrapro (cepebpo KOLIOMIATBHOE), MPH-
MeHsIeMBbIE JUTST 00Pa0OTKHU CIIM3UCTBIX 0D0JIOUEK TIPU
VHPEKIMOHHAIX 3a00/ICBAHMSIX.

. CYIIEPBTOPUUYHAS CTPYKTYPA BEJKOB

TIpocTpaHcTBeHHAs CTPYKTypa Kaxzaoro Oenka
WHIWBHMAYAJIbHA M OTIPEAENaeTCs €ro IepBUYHOMN
CTpyKTypoil. OIHAKO cpaBHeHME KOHPOpPMALUA
pa3HBIX TI0 CTPYKTYpe U (PYHKUUSIM OEJKOB BbIsI-
BUJIO HAJIMYKE Y HUX TIOXOXUX COUCTAHUM IneMeH-
TOB BTOPUYHOM CTPYKTYphl. Takoit crmeuunduyec-
KUl TOPSIIOK (POPMUPOBAHUST BTOPUYHBIX CTPYKTYD
HAa3bIBAIOT CYNEPBTOPUYHON CTPYKTYpPOil OENKOB.
CyniepBTopHYHas cTpykTypa hopMHUpyeTcs 3a CUET
MEXPpaIUKaJIbHBIX B3aMMOJEWCTBUM.

Ornpene€HHbBIE XapaKTepHbIE COUETaHUS Cf-CIA-
pajieit ¥ B-cTPyKTYp 4acTo 0603HAYAIOT KaK «CTPYK-
TypHblE MOTHBbI». OHM UMEIOT crieur@UIecKue
Ha3BaHMUS: «0-CIIUPaATb—TIOBOPOT—C-CITUPAJIb»,
«CTpyKTypa B-604OHKa», «IE€HLMHOBAs 3aCTEXKa-
MOJIHHMSI», «IIMHKOBBINA manell» u ap. Crnemuduyec-
KO€ TIPOCTPAHCTBEHHOE PACIIOJIOXEHHE O-CIIUpaAIE
U B-cTpykTyp HOpMMPYETCS 38 CUET MEXPaaKanb-
HBIX B3aUMOJECTBUM.

1. Cynepemopuunan cmpyxkmypa muna (3-6ovonxa

Takast CTpyKTypa HeNCTBUTENILHO HAIIOMHUHAET
00YOHOK, rue Kaxnaasi B-CcTpyKrypa (0Do3HauyeH-
Has Ha puc. 1-16 crpenkoii) pacriosoxeHa BHYT-
PU ¥ CBA33aHa C O.-CIIMPATbHBIM YYaCTKOM IOJIM-
TIETITHIHON LIENM, HaXOISIMMCS Ha TTIOBEPXHOCTH
MOJIEKYJIBI.

CynepBTOPUYHYIO CTPYKTYpY B BUae [-O0YOHKa
HUMEIOT HEKOTOpbIe (PEPMEHTHI, HAPUMED TPUO30-
docdarnzoMepaza U OAUH JOMEH MUPYBATKAHA3BI
(puc. 1-16).

2. CmpyxmypHoiii MOMuE «o-CRUpaLL—
nosopom—ao~cnupaas»

BTOT «CTPYKTYPHBIV MOTUB» OOHAPYXKEH BO MHO-
rnx JJHK-cBsi3pIBaroummx 6enkax. JAByxcripanbHasi
crpykrypa JIHK umeer nBe 60po3nki — GOJBIIYIO
¥ Majyio. Bonbinas 60po3aka XopouIo Npucrocot-
JieHa [UTS CBSI3BIBAHUS OCJIKOB, UMEIOLIMX HEOOJIb-
e CITMPATIbHbIE YYaCTKU.

B naHHBIA CTPYKTYPHBIA MOTHB BXOISIT IBE O
cnupany:. oxHa Oojiee KOpoTkasi, apyrad 6oJiee
IUIMHHAsI, KOTOPbIE COEAMHEHbI ITOBOPOTOM IOJIH-
NnenTUuaHoM uenu. bojee KopoTKast a-cnupaib pac-
moJiaraeTcst MornepeK 60po3nku, a 6ojee TIMHHAs
o-Clipanb — B Oosbluoii 6opo3nke, oOpasyst He-
KOBQJICHTHbBIE ClieuU(PUYECKUE CBSI3W PAOUKAIOB
amuuokucnor ¢ Hykineorngamu AHK (puc. 1-17).

3. Cynepemopuunas cmpyxmypa
6 sude «WUHKOBO20 NAAbUW»

DTOT BUA CYNEPBTOPUUHOM CTPYKTYPhI TaKXke
yacto orMevaoT B JIHK-cBsa3bIBaroLux Oeskax.
«lluHKoBBII manel» — dparMeHT Oesnka, couep-
XKawuii okoso 20 aMUHOKMCJIOTHBIX OCTaTKOB, B
KOTOPOM aTOM LIMHKA CBSI3aH C paIUKATIaMU YEThI-
PE€X aMMUHOKMCIIOT: OOBIYHO C ABYMSI OCTaTKaMu

Puc. 1-16. CynepsTopuy4Has CTpPyKTypa B Buae B-604oHkKa.
A — Tpnosocpoctharuszomepasa; b — pomeH nupyBaTkuHa3bI.

[soinan
cnupans OHK

2 a-cnupanu

AHK-ceasbiBaowero
Genka

Puc. 1-17. CesisbiBaHUe CYMepBTOPUYHON CTPYKTYPbI «O-CrK-
pane—noBopoT—o-cnupans» AHK-ceasbiBaowero Genka B
6onbuion 6opospke AHK.
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UUCTEUHA W IBYMs — TMCTUAMHA. B HEKOTOPBIX
CITy4yasix BMECTO OCTAaTKOB T'MCTHAMHA TAKXKE Haxo-
JIITCS1 OCTAaTKM LMcTerHa (puc. 1-18).

[IBa OMM3KO JeXanmx OcTaTKa LIMCTEMHA OTAee-
Hbl OT IBYX APYTMX OCTaTKOB I'MCTUIWHA (WM LUCTe-
HHA) aMUHOKMCJIOTHOI TTOC/ICI0BATEIbHOCTBIO, COCTO-
S NMpUMEpHO U3 12 aMUHOKHMCIOTHBIX OCTaTKOB.
D10T y4yacTok Gejika obpasyeT o-CIUpalib, KOTOpas
MOXKET CrielIM(PUYHO CBSIZBIBATLCS C PETYISATOPHBIMHU
yyactkamu Oosbiioii 6oposnku JIHK. Crneumdpuy-
HocTs B3aumoaeticTBust JAHK-cBsi3biBatorero 0emka
¢ onpenenéHHoi obnacteio IHK 3aBucur ot noce-
JIOBaTeJIbHOCTU aMHHOKWC/IOTHBIX OCTaTKOB, pacrio-
JIOXEHHBIX B ODJIACTH «IMHKOBOTO TIANTbLIA».

4. Cynepemopuunas cmpykxmypa
6 eude «AeliyuHo6oll 3ACMENCKU~MOAHUNY

Hekotopeie JIHK-cBsi3bIBaloliie 0€IKM OJIUro-
MEDHBI, T.€. COJAepXaT B CBOEM COCTaBE€ HECKOJbKO
MOJIMITENITUAHBIX Liernei. KpoMe Toro, cyliecTByior
0eJIKU, KOTOpble (PYHKUMOHUPYIOT B KOMILIEKCE C
npyruMu 6enkamMu. O0bearMHEHUE TPOTOMEPOB WU
OT/JE/IbHBIX OEJIKOB B KOMIUIEKCH MHOTIA OCYILE-
CTBJISIETCSI C TTIOMOLUBIO CTPYKTYPHBIX MOTWBOB, Ha-
3bIBaEMbIX «JIEMLIMHOBAsA 3aCTEXKA-MOJIHUS».

Ha noBepxHOCTM Kaxaoi M3 JBYX B3aUMOACH-
CTBYIOUIMX TTOJMIIENTUIHBIX LENel Wik OeJIKOB
VIMEETCSl Oi-CIIMPAJIbHBINA YYacTOK, COAEPXKAILMIA 1O
KpaiiHeit Mepe 4 ocTatka jeinuHa. JleliflMHOBbIE
OCTAaTKU PACIOJIAaralTcsl yepe3 Kaxiable 6 aMUHO-
KUCJIOT OJIMH OT Apyroro. Tak KaK KaXnablii BUTOK
0-CIIUPAT COIEPKUT 3,6 AMHUHOKMCIIOTHBIX OCTAaT-
Ka, pajyKaibl JeiilHa HaxOoAsITCA Ha MOBEpPXHOC-
TU KQXIOr0 BTOPOTrO BUTKA.

JleiIMHOBBIE OCTATKH C-CITUPATH OJHOTO OeJika
MOIYT B3aUMOJICUCTBOBATh C JIEULIMHOBBIMU OCTaT-
KaM# JApYTOro 6eaka ¢ MOMOIUBI0 THAPO(MOOHBIX
B3aMMOIEMCTBUI, coeuHsa UX BMecTe (puc. 1-19).

IIpuMepoM coenuHeHUs OEIKOB C MOMOILbIO
WICHIIMHOBOM 3aCTEXKHA-MOJIHUM» MOTYT CITyXXUTb
MUMCTOHBI. I'MCTOHBI — siepHBIC OC/IKM, B COCTaB
KOTOPBIX BXOAUT OOJBLIOE KOJUYECTBO MOJIOXKU-
TEJbHO 3apSKEHHbIX aMUHOKUCJIOT — apTMHUHA U
JU3uHA. MOJIEKYJIbI THCTOHOB OGBEAUHSIOTCS B
KOMIUIEKCBI, COCTOsIILiMEe U3 8 MOHOMEPHBIX Oef-
KOB C TIOMOILBIO «JIEALIMHOBBIX 3aCTEXEK», HECMOT-
psi Ha TO, YTO BCE MOHOMEDPbI UMEIOT CUJIbHBIN 110-
JIOXKUTENbHBINA 3apsil.

JI. JIOMEHHASL CTPYKTYPA BEJIKOB

Ecnu nonunenTuaHas Lerb 6e1Ka ConepXuT 60-
Jsiee 200 aMUHOKHMCIIOT, KaK IIPaBIIIO, €€ IIPOCTpaH-
CTBEHHasl CTPYKTypa C(OpMHpOBaHA B BHIE ABYX
wiv 6osee foMeHOB. JJoMeH — Yy4acTOK TIOJUTIETI-
TUAHOM LN, KOTOphIA B mpouecce GopMUpoBa-
HUS MPOCTPAHCTBEHHOM CTPYKTYpPBI MPUOOPEN
HE3aBMCHUMO OT APYTHUX YYACTKOB TOM Xe LIl KOH-
dopmaiiuio rodyisipHoro 6enka. Tak, j1érkast uemnb
UMMyHor100yMHa G COCTOMT U3 JIBYX JOMEHOB.
B HekoTOpeIX CiIydasix AOMEHAMM Ha3bIBalOT OT-
JIeJIbHbIE CTPYKTYPHbBIE Y4aCTKM TOJMIEITUIHON
LCTIH.

JloMeHbl OOBIYHO MOXHO BbIACJHTb, AEHCTBYS
Ha OE/NOK MPOTEOJUTUYECKUMHU (PepMEHTAMHU, JIET-
KO pa3pbIBaIOLIMMH TENTHIHBIE CBA3W HA y4acTKe
MOMUIECTITUAHOW LCTIH, PACTOJOXCHHONU MEXAy
JoMeHamu. Ilocie 3Toro HeKOTOpble JOMEHbI MO-
I'YT COXPaHSITb CBOM OMOJIOTHYECKME CBOMCTBA.

i i
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L VUK
| ® 3
: S A { Q-CAMpanbHbIA y4acTok
| [IQ (D) «LIMHKOBOTO NanbLa,
: I $ | ceasbiBaowmics ¢ AHK
L_E© _____ R
H
— ~
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Puc. 1-18. ®parmenT AHK-cBa3bisalowero 6enka 8 hoopme «LIMHKOBOTO NanbLa».
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MapodobHbie pagukans
fNewn

o-CnMpanbHblil y4acTok -
apyroro 6enka

- (~-CNUPAnNbHbIA YHACTOK
oaHoro berika

Puc. 1-19. «fleduMHOBas 3aCTEXKA-MONHUSA» MEXAY O-CUpansHbLIMKU yyacTkamu Asyx Genkos.

E. YETBEPTUUHASL CTPYKTYPA BEJIKOB

MHorue 6eJIKM coaepXaT B CBOEM COCTaBE TO/b-
KO OJIHY MOJUMNENTUAHYIO Lienb. Takue Oeaku Ha-
3bIBAIOT MOHOMepaMy. K MOHOMEPHbBIM OTHOCST
U OEJIKU, COCTOSIIIIME M3 HECKOJBbKUX LENei, HO
COCNUHEHHBIX KOBAJEHTHO, HAMpUMep AUCYJb-
buaHbIMU CBI3AMHK (TIO3TOMY MHCYJIUH CJEAYET
paccMaTpHBaTh Kak MOHOMEPHBIN 6eJoK).

B TO Xe BpeMsi CYHIECTBYIOT O€IKH, COCTOSI-
1IMe U3 JBYX U 00Jjiee MOJMUITENTUIHBIX UENEi.
[Tocne ¢opMUpoBaHUSA TPEXMEPHOU CTPYKTYPbI
KaXJIoi NOJUMNENTUAHOW LIEMM OHU OObEeaUHSI-
IOTCA C NOMOLILIO TeX Xe CJabblXx B3auMoJel-
CTBUHM, KOTOPHIE Yy4acCTBOBaIM B OOpa3oBaHUM
TPETUUHOM CTPYKTYphI: I'MAPOPOOHBIX, HOHHBIX,
BOIOPOIHBIX.

KonunyecTBo v B3auMOpacrioyioXXEHUE TOAUMET -
TUJHBIX liernei B MPOCTPAHCTBE HAa3bIBAIOT «YeT-
BEPTHYHAsA CTPYKTYpa OekoB». OTae/abHBIC IOJIU-
NMEenTUIHbIE LEMM B TAKOM O€lKe HOCAT Ha3BaHUe
MPOTOMEPOB, WU cyObeauHUIl. benok, comepxa-
I B CBOEM COCTaBE HECKOJbKO MPOTOMEPOB,
HA3bIBAIOT OJMTOMEPHbLIM.

1. Koauuecmeo npomomepos 6 cmpyxmype
04U20MEPHBIX bearos

B cocraB oiuroMepHbix GeJIKOB MOXET BXOIWUTH
OT JIBYX JIO HECKOJIbKMX AECATKOB IIPOTOMEPOB, XOTs
Hau0oJIee 4acTo BCTpEYarT OEJIKH, COoAepXKallue

22198

OT ABYX IO YEThIPEX IOJUIENTUAHBIX LEneh (au-
MepHbIE, TETpAaMEPHbIE OEJIKM).

Tak, depMEeHT reKCOKMHa3a COAEPXUT B CBOEM
cocTaBe 2 MpoTOMepa; GeJIOK 3PUTPOLIUTOB [EMOT-
JIOOMH U (PEepMEHT JIaKTaTaeruaporeHasa — 4 npo-
ToMepa; hepMEHT BHYTPeHHe MeMOpaHbl MUTOXOH-
JIpUM OUTOXpOMOKCcHAa3za — 13 mpoToMepoB, a
rIyTaMMHCUHTeTaza — 12 nporoMepoB (puc. 1-20).
Mmerorcst Takke KpynHble MHOTOQYHKUMOHABHBIE
KOMIUIEKChI, COIEPXKAILIKE B CBOEM COCTABE HECKOJIb-
KO JICCATKOB IMOJUIETITUIHBIX UETIei, HANpUMED IT1-
pYBaTAETMAPOreHA3HbIA KOMILIEKC COCTOMT U3 312
MPOTOMEPOB.

Hexkotopbie oauromepHbeie OeJkKuU comepxkar
MIEHTUYHbIE TPOTOMEPhI (HAMPUMEP, TE€KCOKH-
Haza), OPYrHe COCTOSIT M3 Pa3HBIX IPOTOMEPOB.
Tak, B cocTaBe reMorIoOMHa MPUCYTCTBYIOT 2 ot~

Bug cboky Bug ceepxy

Puc. 1-20. CybnenmHu4Hasl CTpYKTypa rnyTaMUHCUHTETa3bI.
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U 2 B-mpoToMepa, a B COCTaBe JAKTaTACTUIPOre-
Ha3bl, UMeoLIE 4 npoToMepa, 2 TUNA MOHOME-
poB (H 1 M) B pa3HBIX TKaHSIX MOTYT HaXOJWUTh-
Ccsl B pasHbIXx couetaHusix (Hanpumep, 4H nu6o
3H+IM u T.1.).

OnvroMepHbie GeJKM UMEIOT OOJIBIIYIO MOJIE-
KYJISIPHYIO Maccy. benku ¢ MONEKyIsIpHOM Maccoi
6onee 50 000 /I mpakTHYeCKM BCerjga coaepxkar
HECKOJILKO MOHOMEPHBIX TOJTUTIENITHAHBIX TIETICH.
Ilo cpaBHEHMIO C UHIUBUIYAJIBHBIMH MOHOMEPHBI-
MU OeJIKaMU OJIMTOMEpPHI BBIMIOJHSIOT 00JIee CI0XK-
Hble (PYHKLIMH.

2. Cbopxa npomomepos 6 oauzomepubtii Geaok.
Komnaemenmapnocme npomomepos

«Y3HaBaHUe» U NPUCOCTUHEHUE OTIEIbHBIX ITPO-
TOMEPOB OJIMTOMEPHOTO OeJIKa MPOUCXOAST OJ1aro-
Japsi GopMUPOBAHUIO HA UX TTOBEPXHOCTH KOHTaK-
THBIX Y4acTKOB. [ToceHre cocTosIT U3 paIuKajioB
AMUHOKHCJIOT, CODpaHHBIX B JAHHOM MeCTEe B MpPO-
Liecce 00pa3oBaHUsSI TPETUYHOM CTPYKTYphI Oelka.
COBOKYITHOCTb 3THUX PaguKaIoB (POPMUPYET YHH-
KaJIbHBIE TOBEPXHOCTU, CIIOCOOHBIE C BBICOKOW
CIEHUMDUYHOCTBIO OOBEAUHATLCSA IPYT C APYTOM.

Crietti®UYHOCTD CBSI3bIBAHUSA KOHTAKTHBIX y4a-
CTKOB OTIPEIEISACTCS UX KOMIUIEMEHTAPHOCTHIO.
KomiieMeHTapHOCTE — MPOCTPAHCTBEHHOE U XUMHU-
4YeCKOE COOTBETCTBUE B3aMMOJEHCTBYIOLUX TOBEP-
XHocTel. BriaguHbl M BEICTYIIBI Ha MOBEPXHOCTH
OIHOM MOJIEKYJ/Ibl JOJDKHBI COBIANATh C BBICTYTIAMH
Y BIAJMHAMHU Ha TOBEPXHOCTHU APYTON MOJIEKYJIbI,
KaK JIBa Kycka HEpOBHO pa3opBaHHOM Oymaru. Kpo-
M€ TOro, (hYHKITMOHAJILHBIE TPYTITIbI PATUKAJIOB AMU-
HOKHCJIOT Ha OJHOM KOHTAKTUPYIOLIEH TTOBEPXHOC-
TH TOJXHBI OOpa3oBHIBATh CJIa0Obie XMMHUUYECKUE
CBS3M C palvKaJaMyd aMUHOKMCJIOT Ha OPYroi I10-
BepxHOCTH (pHuc. 1-21). B 0061acTU KOHTAKTHBIX
TIOBEPXHOCTE OOBIMHO CONEPXKUTCS MHOIO TMIpPO-
(hoGHBIX pamvKaIoOB aMHMHOKHUCIIOT, B PE3yJIbTaTe
00BbeIMHEHUS KOTOPBIX (hopMUpyeTcs ruapodobHoe
PO oJuroMepHoro 6esika. I'mapoduibHbIE paau-
KaJibl MOTYT 00pa30BbIBaTh BOJOPOIHBIE U MOHHBIE
CBSI3H.

TakuM o0pa3oM, B3aMMOIEHCTBHAE MPOTOMEPOB
OCYILIECTB/ISIETCS BO MHOIMX TOYKAaX KOHTaKTHUpY-
JOIIUX TIOBEPXHOCTEH, ¢ 00pa3oBaHUEM IECATKOB
cabbix cBs3ei. bnarogapsa 3TOMY KOHTAaKTHBIE
MMOBEPXHOCTU COCTUHSIOTCS C BBICOKOM crieuGpuy-
HOCTBIO, ¥ OLUMOKH (POPMUPOBaHUS YETBEPTUYHOU
CTPYKTYPHI GEKOB IPAKTHYECKU HMCKITFOYEHBI.
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Mpotomep

A
Mpotomep

B

Puc. 1-21. Cxema o6pa3oBaHus guMmepHou Genkosol mone-
Kynbl. Mexqay npotomepamu A n b o6pasyeTcs MHOXeCTBO cna-
6bix cBA3EN, 0603HAYEHHBIX HA PUCYHKE YEPTOUKaAMMU.

KoMruieMeHTapHOCTh — YHUBEPCATIbHBIM ITPUH-
LU, CBOMCTBECHHBIA XUBOM TIPUPOIE U JIeKaALIAN
B OCHOBE y3HaBaHHUS WM COEJUHEHUS HE TOJbKO
MPOTOMEPOB, HO U ApPYrUX (He oOs3aTeNbHO Oen-
KOBBIX) MOJIEKYII.

ll. ®OPMUPOBAHME
TPEXMEPHOW CTPYKTVYPbI
BENKA B KJNETKE

®opMupoBaHMe TPEXMEPHON CTPYKTYpH Oei-
KOB — BaXXHEHMIINI OMOJOrMYECKUM rpouecc, Tak
KaK OT IIPOCTPAHCTBEHHOM CTPYKTYpbl OEJIKOB 3a-
BUCHUT MX OHosiornyeckasi GyHKUHS.

ITpoiiecc cBOpauMBaHMS TIOJUIIENTHAHON LETIA
B IPaBUJIbHYIO MPOCTPAHCTBEHHYIO CTPYKTYpY IO-
JIy4WJT Ha3BaHHe «(poJIHHAT 0eKoB». HIBUIYa h-
Hble OeJIKH, MIPOAYKThI OMTHOTO FeHa, UMEIOT MIEH-
THYHYIO AMUHOKHMCIIOTHYIO TMOCJIEI0BAaTeIbHOCTb H
MpUOOPETAIOT B OJMHAKOBBIX YCJIOBHUAX KIIETKH
OIMHAKOBYIO KOHMopMaLuio U GyHKUHIO. DTO
MOJIOXKEHHE MOOTBEPXKIAETCS CIIOCOOHOCTBIO HEKO-
TOpPBIX GEJNIKOB MOC/E ACHATypaluM (IIpU KOTOPOH
TPOUCXOINT pa3phiB CIA0BIX CBA3CH, HO HE TIOBPEX-
JlaeTcsl MepBUYHAs CTPYKTYpa OEJKOB) CIIOHTAHHO
BOCCTaHABJIMBATh CBOIO YHUKAJIBHYIO KOH(OpMa-
M0 U QYHKIHIO.

OngHako B KJIETKE€ KOHIEHTpaluus OeJIKOB Ha-
CTOJIBKO BBICOKA, YTO CYUIECTBYET GoJibllasi BEpO-
SITHOCTh B3aUMOJENCTBUSI OEJIKOB C HeCHOPMUPO-
BaHHOU KoHdopManmeit. Ha MX MOBEpPXHOCTHU
pacnonaramrcs ruapo@obHbIe paauKajibl, CKJIOH-



Hble K 00benuHeHu1o. Iloaromy misi MHOrMx 6e-
KOB, UMEIOLIHUX BBICOKYID MOJIEKYJISIDHYIO MaccCy U
CJIOXHYIO MPOCTPAHCTBEHHYIO CTPYKTYPY, QOJAMHT
MPOTEKAET TIPH YYaCTUM CIIELIMATLHON IpyTIibl Oe-
KOB, KOTOpbI€ Ha3bIBAlOT «IANEpPOHbl» (OT (paHLL.
shaperon — HsiHSN).

A. PEHATUBAIIMSA BEJIKOB

HoJsiroe BpeMsi CYMTAIOCH, YTO MPOLIECC JeHATY-
paunu 0enkoB HeoGpaThM. OTHAKO 0Ka3aI0Ch, YTO
HEKOTOPbIE OYHILIEHHBIE U JEHATYPUPOBaHHBIE OeJl-
KM CIIOCOOHBI B OMBITHBIX YCIOBUSIX BOCCTAHABJIH-
BaTh KOHGOPMALHMIO NP YIUIEHUN IeHATYPUPYIO-
LUIMX areHTOB.

Penatupaums puGonykieaspl

B Havase 60-x r. XX Beka 0OHapyXWIH, YTO IPO-
Lecc JeHaTypauuu OejKOB MOXeT ObITb 0bpaTH-
MbIM. BTO OTKPBHITUE ObUIO CAEIAHO MPU U3YYECHUU
JieHaTypaunyd puboHyKJea3sl — (epMeHTa, pac-
HIETUISIONIETO CBI3M MexXay HyKieotunamu B PHK.
PubGoHykiieasa — TrI0OyJISIpHBII O€OK, coaepxa-
IAA OOHY TMOJUTIETITUAHYIO 1IETb, COCTOSIIYI0 U3
124 amuHOKHUCHOTHBIX OcTaTKOB. Ero xoHdopMa-
LIMIO CTAOWIM3UPYIOT 4 IUCYIbGUIHBIE U MHOXE-
CTBO CJIaObIX:CBSI3CA.

O0paboTka prbOHYKII€a3bl -MepKaNTO3TaHOJIOM
(dpopmyna B-mepkantosranosa — HO-CH,-CH,-
SH) npuBOIMT K pa3pbiBy AMCYJIDUAHBIX CBSI3eH U
BOCCTAHOBJEHHI0 SH-rpynn LUCTEMHOBBIX, OCTAT-
KOB, 4TO HapylIaeT KOMITAKTHYIO CTPYKTYpy OeJika.
Jobaenenne 8 M pacTBopa MOYEBHMHBI WiH 6 M
pacTBOpa TyaHUIHHXJIOPYIA, BbI3BIBAIOIIUX Pa3phbiB
cnabpIX cBsA3ci B Oenke U 00pa3oBaHWE HOBBIX BO-
JIOPOTHBIX CBSI3el C JEHATYPUPYIOLUIMMHU arcHTaMH,

Lob6asnenve
—_—

26 MOYEBUHDI
u pB-mep-
KanToaTtaHona

MPUBOAUT K OOPa3oBaHUIO CIy4aHHBIM 00pazoMm
CBEPHYTBIX TMOJMIENTUIHBIX LIETIC pUOOHYK/IEeasbl,
JIMIIEHHBIX (PEpMEHTAaTUBHON aKTMBHOCTH, T.€. K
JeHaTypauuu depMeHTa. JdeHarypupyoolMe areH-
Thl HE pa3pyHIAIOT MEPBUYHYIO CTPYKTYpY OeJika.

OnHako ecay NyTEM OUain3a OYHUCTUTh PHOO-
HyKJiea3dy OT JEHATypUpPYIOILMX areHTOB M P-Mep-
Kal-To3TaHoJa, GepMEHTAaTUBHAsI aKTUBHOCTD 0eJ1-
Ka IMOCTETNIEHHO BOCCTAaHABIMBAETCS. DTOT MPOLECC
Ha3bIBaeTCA peHaTypauuein, Wi peHaTUBaLUEH
6esika. Cynb(pruapuibHbIE IPYIIIIbl I€HAaTypUPOBaH-
Horo ¢depMeHTa Mo ACHCTBUEM KUCIOpOIa BO3My-
Xa OKMCJISAIOTCS, B pe3y/IbTaTe BHOBb BO3HHUKAIOT 4
JucynbpuAHbIE CBSI3M, XapaKTepHble NI HaTHUB-
HOM CTpPYyKTyphl Oesnka. M3 105 BO3MOXHBIX CHO-
Cco0OB cBsI3bIBaHMS BOCbMHM SH-Tpyrnm ocTaTKoB
HUCTEMHA PEATN3yeTcsl TOJIbKO OJWH BapWaHT, Xa-
paKkTepHBIM Is HaTMBHOUW KoHdopmauum Oeyka
(puc. 1-22).

B03MOXHOCTb peHaTUBALIMK BIOCJIEACTBUM ObLIa
JIoKazaHa U i JIpyrux OejIkoB, B YACTHOCTH MH-
omo6uHa. CoXpaHHOCTb MEPBHUYHON CTPYKTYPHI
6esika — HeoOXOOIUMOE YCIIOBUE /UTSI BOCCTaHOBJIE-
HUs ero KoHpopMauuu. Ha oCHOBaHUHU 3THIX OTIBI-
TOB ObLI BbIBEIE€H (DYHIAMEHTAJIbHBIA ITPUHLIMIT
MOJICKYSIDHON OUOJIOTMM: aMHMHOKWMCJIOTHAsI TIOC-
JIENOBATEeIbHOCTh OeJIKOB OTpeaesigeT uX KoHgpop-
MallMI0O U CIEeLUPHUIECKYIO DYHKIIHIO.

®opMUpOBaHUE TMTPOCTPAHCTBEHHOW CTPYKTYpbI
OeJIka — CaMOITPOM3BOJIbHBIN MPOliecC, TIPH KOTO-
poM GeJIOK CTPEMHTCS IPUHSTH B JAHHBIX YCIOBH-
SIX KOH(OPpMaLHIO ¢ HAUMEHbI1IeH CBOOOIHOI HEP-
rueii. U3MeHeHne yCJIOBUIT OKpyXalolleit cpemibl
WIA HU3MEHEHME TEePBUYHOU CTPYKTYpPHl JaHHOTO
0e1Ka MOTYT NMPHUBECTH K U3MEHEHMIO €ro KOHPOp-
Maluy U PYHKIHH,

Yaaneunve
—_—

MOYEBUHbI
u B-mep-
KanTo-
araHona

Puc. 1-22. [leHaTypauma u peHaTtusauus puboHykneasbl. A — HaTUBHas Monekyna pu6oHykneassl, B TPETUHHOW CTPYKTYpe KOTOPOi
nmeloTes 4 aucynsuaHbie ceasn; b — neHaTypuposaHHas monekyna puboHykneassl; B — HaTuBHas Monekyna puboHykneassl, B CTPyK-
Type KOTOpPON BHOBb 06pa3oBaHbl 4 AMCYNbGUAHBIE CBSI3W MEXAY TEMU Xe OCTaTKamu LucTenHa.
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Bb. CTPYKTYPA 1 ®YHKIMOHAJIBHAA POJIb
IAITEPOHOB B ®OJIIMHTE BEJIKOB

B mpouecce cruHTe3a MOMMICITUIHBIX Liemneii,
TPAHCIIOPTA UX Yepe3 MeMOpaHEl, TIpU COOpKe O/~
TOMEPHBIX 0EIKOB BO3HUKAIOT MPOMEXYTOYHBIE
HeCTaOWIbHbIE KOH(pOPMALIMM, CKJIOHHBIE K ar-
peraiiud. Ha BHOBb CMHTE3UPOBAHHOM ITOTHUIIETI-
TULE UMEETCSI MHOXECTBO TMAPOGOOHBIX paguka-
JIOB, KOTOPBIE B TPEXMEPHOM CTPYKTYpE CIIPSITAHbI
BHYTpM MosieKyibl. [loaToMy Ha Bpemsi ¢popmu-
pOBaHHUsI HAaTUBHOU KOHGMOpPMalLMM peaKILIMOHHO-
CIOCOOHBIE AaMUHOKHUCJIOTHBIE OCTaTKH OJHUX OeJI-
KOB JIOJKHBI OBITb OTAEJIEHBI OT TAKUX K€ TPYIIII
JIpYyrux Oe/KOB.

Bo Bcex U3BECTHBIX OpraHM3Max OT IIPOKapHO-
TOB [I0 BBICIIMX 3YKapHOTOB OOHApyXeHbl OEJIKH,
CIIOCOOHbIE CBSI3BIBATHCSI C OeIKaMHM, HaXOMSIIM-
MHUCSI B HEYCTOMUYMBOM, CKJIOHHOM K arperaiuu
cocTosiHMM. OHM CHOCOOHBI CTAaOHUIM3UPOBATL WX
KoH(popmauuio, obecreurBass (GoOJITUHT OGEITKOB.
DTU GENKU MOJYYWIM Ha3BaHUE <«HIANEPOHbI».

1. Kraccugpuxauuu waneponos (III)

B cooTBeTcTBUM € MOJIEKYJISIPHOI Maccoil BCe 1ia-
TIEPOHB! MOXHO Pa3lIe/IuTh Ha 6 OCHOBHBIX IPYIIIL:
o BBICOKOMOJIEKY/ISIDHBIE, C MOJIEKYJIAPHOM Mac-
coit ot 100 oo 110 x/;

o II-90 — ¢ moJexyaspHOi Maccoit oT 83 mo
90 k[;

e HI-70 — ¢ MosekyasipHOR Maccoi oT 66 1o
78 kll;

o I11-60;

. ]_I_[-40,

¢ HU3KOMOJIEKYJISIPHBIE LIATIEPOHbI C MOJIEKYJISIp-

Holt Maccoii ot 15 mo 30 x/I.

Cpeny 1IanepoHOB Pas3lWYaloT: KOHCTUTYTHB-
Hble O€JKM (BbICOKMI Oa3ajibHbIii CHUHTE3 KOTO-
pPBIX HE 3aBMCHUT OT CTPECCOBBIX BO3IECHCTBUII Ha
KJIETKM OpraHu3Ma), U UHAyLMOenbHble, CUHTE3
KOTODPBIX B HOPMAJIbHBIX YCJIOBHUSIX UAET c/1abo, HO
MPH CTPECCOBBIX BO3AEMCTBUAX Ha KJIETKY PE3KO
yBeanuyuBaeTcsi. UHAyLIMOEIbHBIE 1IANIEPOHBI OT-
HOCSIT K «0ejikaM TEIUIOBOro II0Ka», OBICTPhIA
CHUHTE3 KOTOPBIX OTMEYAIOT TPaKTUYECKH BO BCEX
KJIETKAaX, KOTOpbI€ MOJBEPraioTcsl JIOObIM CTpec-
COBBIM Bo3neiicTBUsIM. Ha3zBaHue «OesIKW Teruio-
BOro iIoKa» BO3HUKJIO B pe3yJbTaTe TOrO, YTO
BIEPBBIC 3TH O€JKM ObLIM OOHApYXEHBI B KIET-
KaX, KOTOpbI€ IOABEPrajvch BO3AEHCTBUIO BHICO-
KOW TeMIEpaTyphl.
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2. Poav waneponog 6 poadunze beaxoe

Ipu cunHTe3e 6enkoB N-KOHIEBasi 06JacThb MO-
JIUTIETITHIA CUHTE3UPYETCsl paHblle, 4yeM C-KOH-
ueBasi obnacte. st ¢opMupoBaHusi KoHdopMa-
UK 6egKa HyXHa €ro rnojHas aMUHOKHCJIOTHast
rnocjeaoBarebHOCTb. [103TOMy B nepuon cUHTE3a
6es1Ka Ha pubocoMe 3aLUTy PeaKLIMOHHO-CIOCO0-
HBIX PaAUKaIOB (0OCOOEHHO TUAPOPOOHBIX) OCYIIIE-
creisiot 11-70.

I1I-70 — BBICOKOKOHCEPBATUBHBIM Kjacc Gel-
KOB, KOTOPBI MPUCYTCTBYET BO BCEX OTAEIAX KIIET-
KU LIUTOIUIa3Me, saape, DP, mutoxoHapusax. B 06-
JJacTU KapOOKCHUJIBHOTO KOHIIA €IMHCTBEHHOM
TOJUMNENTAIHONW LENU LIAIEPOHOB €CTh YYacCTOK,
00pa3oBaHHbIM pagvKanaMd aMUHOKMCIIOT B op-
Me 6opo3aku. OH CIoco6eH B3aNMMOIECTBOBATD C
yyacTKaMM GeIKOBbIX MOJIEKYJI U Pa3BEPHYTHIX I10-
JIMIIENITUAHBIX LEINel MiMHoi B 7—9 aMHUHOKUC-
JIOT, 00OralI€HHBIX TMAPOPOOHBIMUA pagUKaTaMHu.
B cuHTe3MpylolEeRcs MOJMUNENTUIHOM LIETTH TaKKe
YYacCTKHM BCTpEYaloT MPUMEpPHO depe3 Kaxible 16
aMUHOKMCJIOT.

DosyaHr MHOTUX BBICOKOMOJIEKY/ISIDHBIX GE/IKOB,
HMMEIOILMX CJI0KHYIO KOH(pOpMaLIMIO (HanpuMep, 10-
MEHHOE CTPOEHHE), OCYILECTRISIETCS B CHIELIMATEHOM
rpocTpaHcTBe, chopmupoBaHHoM [11-60. I1-60 hyH-
KIIMOHUPYIOT B BUIIE OJIMT'OMEPHOIO KOMILIEKCA, CO-
crosiilero u3 14 cyowemunauil (puc. 1-23).

II-60 o6pa3yioT 2 KONMbIIA, KaXI0€ U3 KOTOPBIX
COCTOUT U3 7 CYyOBEOUHMIL], COEAUHEHHBIX OPYT C
npyroMm. Cyorenuuuiia 111-60 coctout n3 3 gome-
HOB: aIlIMKaJIbHOTO (BEpXYLLIEYHOI0), IIPOMEXYTOY-
HOro M 3KBaTOpHAJbHOro. BepxylleuHblii JOMEH
UMeeT psild runpooOHBIX OCTaTKOB, OOpalIEHHBIX
B IIOJIOCTb KOJblla, C(OOPMHUPOBAHHOIO CYyOBEAU-
HHULIAMU. DKBAaTOPUANbHBIA JOMEH UMEET YYaCTOK
cBsisbiBaHus ¢ AT® u o6mamaer AT®-a3Hoit ak-
THBHOCTHIO, T.€. Cl1IocobeH ruaponuzoBath AT® no
AII® u H,PO,.

[1IarnepoHOBBII KOMIUIEKC UMEET BBICOKOE CpO/I-
CTBO K 0OeJIkaM, Ha TOBEPXHOCTH KOTOPHIX €CTh
SJIEMEHTBI, XapaKTepHbIC I HECBEPHYTBHIX MOJie-
Kya (TIpexnae BCEro y4yacTkKu, oOOorailiéHHbIC TWa-
podobHBIMU pamuKanaMu). [Tomamast B mosocTh
IHANIEPOHOBOr0 KOMIUIEKCA, GeJIOK CBSI3BIBAETCS C
ruapoGOOHBIMM pafvKalaMU anWuKaJlbHBIX y4acT-
koB 111-60. B cneuuduyeckoit cpeae 3Toil mosaoc-
TH, B U3OJISILIMU OT JPYTMX MOJEKYN KJIETKM IpO-
UCXOOUT repebop BO3MOXHBIX KOH(popMauun
6enka, moka He Oyner HaileHa €IMHCTBEHHas,
SHEPreTHUECKHU HanboJiee BhIroaHasi KOHGopMaLusi.



Benkosan cybvenu-
n#nya W-60

AnuKanbHbii ZOMeH
FpoMexyTouHbIR JOMEH

JKBATOPUAITLHLIN AOMEH

6. Bua ceepxy

Puc. 1-23. CTpyKTypa wanepoHOBOro Komnnekca, cocrosiuero u3 14 6enkosbix monexyn LU-60.

BricBoOOXIeHUe Genka co CPopMMPOBAHHOM
HAaTUBHOM KOH(opMaLMeld COTPOBOXIAETCS TMI-
ponmuzoM AT® B skBatopuajbHOM goMeHe. Eciu
6eJ10K He TproOpen HAaTUBHOM KOHGOpMaUUU, TO
OH BCTyNaeT B [MOBTOPHYIO CBS13b C 1IANIEPOHOBBIM
KoMIieKkcoM. Takoil 1armepoH3aBUCUMBIA (oJI-
JUHT OeJKOB TpeOyeT 3aTpar OOJbLIOro KOJUue-
CTBa 3HEPTUU.

TakuM o6pa3oM, CUHTE3 U (OJIUHT OEJIKOB IPO-
TEKAOT MPU YYaCTUM Pa3HbIX TIPYII IHAIEpOHOB,
MPEMATCTBYIOIINX HeXeJlaTeJbHbIM B3auUMOACH -
CcTBUSIM GEKOB ¢ APYrMMH MOJIEKYJIaMU KJIETKH U
COIPOBOXAIOIIUX UX JO OKOHYATEIbHOTO (POPMU-
POBaHMSI HATUBHOM CTPYKTYpHi (puc. 1-24).

3. Poav waneponos ¢ 3auume 6eaxos Kiemok
om Oenamypupyowux cmpeccossvix 8030elcmeuii

LllanepoHksl, y4acTBYIOLIHME B 3aIMTE KIETOYHBIX
0eKOB OT A€HATYPUPYIOIUX BO3NEHACTBUH, KaK yXKe
TOBOPMJIOCH BBIIIE, OTHOCAT K O€1KaM TEILIOBOTIO
mwoka (BTII) u B nurepatype 4acto 0603HAYAIOT
kaKk HSP (ot aHrn. heat shock protein).

Ilpyu meiicTBUM pa3iMyYHBIX CTPECCOBBIX (haKTO-
POB (BbICOKas TeMIIEpaTypa, TUIIOKCHS, MHDEKLIHS,
Y®O, usmenenue pH cpeabl, usMeHeHHe MoJsIp-
HOCTU Cpelbl, 1€ACTBME TOKCHUYHBIX XMMHUYECKUX
BELLECTB, TSKE/IBIX METAJUIOB U T.I.) B KJIETKAX YCH-
nuBaetcst cuHTe3 BTIIL. MMes BbicoKoe CpoACTBO
K ruapoGoOHBIM YY4aCTKaM YaCTHYHO JA€HATypHUPO-

/Pwﬁocoma
CuHTeaupylowmics
o “—  nonunentua
LianepoHbi-70 =
A

|

Monunentug
LLianepoHbI-60 %/

LLlanepoHOBLI% KOMNIEKC
{

@ «—— HartusHbIh 6enok

B

Puc. 1-24. Yuactue wanepoHoB B honaunre 6enkos.. A — yua-
CTue wanepoHoB-70 B npenoTBpalleHun rugpodobHbIX B3aumo-
AEACTBUIA MexXQy y4acTkamu CUHTE3MpYIOWeroca nonunenTuaa;
b — copmuposanue HaTMBHOI KOHOpMauuu 6enka B WwanepoHo-
BOM KOMIMeKce.
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BaHHbIX 0€JKOB, OHM MOIYT IPEMNSTCTBOBATb MUX
MIOJIHOW ACHATYpaUWHd M BOCCTAaHABIMBATh HATHB-
HY10 KOH(pOPMALIMIO OEJIKOB.

YcraHOBIIEHO, YTO KPAaTKOBPEMEHHBIE CTPECCO-
BbIE BO3IECUCTBUS yBeJruMBaloT BbipaboTKy BT u
MOBBIIAIOT YCTOMYUBOCTb OpraHU3Ma K JUTHTEb-
HBIM CTPECCOBBIM BO3AEHCTBMSAM. Tak, KpaTkoBpe-
MEHHAas ULIEMUS CepACYHOM MBILIIBI B TIepHOJ, Oera
IIPY YMEPEHHBIX TPEHUPOBKAX 3HAYUTEIBHO ITOBBI-
LIAeT YCTOMYUBOCTE MUOKApAA K JUTUTEIbHON MIIC-
MMH, BBI3BAHHOI CTEHOKApAMEW WM 3aKyIOpKOu
COCYJIOB cep/lia TpoMOoM. B HacTosiliee BpeMsi nep-
CIIEKTUBHBIMM HCC/IEAOBAaHUSMHM B MEIULIMHE CYUH-
TalOT MOUCKH (hapMaKOJOrMIeCKUX W MOJIEKYJISIp-
HO-0MOJIOTMYECKIX CITOCOOOB aKTHUBAllUM CHHTE3a
BTI B xieTKax.

4. boaesnu, cesazannble ¢ Hapyuienuem
doadunza beaxoe

PacyéThl mokaszaiau, 4To JIMIIb HeOOoJIbIIas 4acTh
TEOPETUYECKU BO3MOXHBIX BApUAHTOB IOJIMIIEIT-
TUIOHBIX 1eNeld MOXET NMPUHUMATh OJHY CTaOWJIb-
HYIO IIPOCTPAHCTBEHHYIO CTPYKTYPY. BOJIBIIMHCTBO
Xe Takux OGeJIKOB MOXET NMPUHUMATh MHOXECTBO
KOH(MOpMalMid ¢ IIPUMEPHO OXMHAKOBOM SHEPIU-
el TmbOca, HO ¢ pa3mMYHBIMU cBoicTBamMu. [lep-
BUYHas CTPYKTypa OOJBIIIMHCTBA M3BECTHBHIX Oe€JI-
KOB, OTOOPaHHBIX 3BOJIOLIMEN, OOecneuynBaet
HUCKJIIOUUTENBHYIO CTaOWIBHOCTh OAHOM KOH(Op-
MallHMH.

OnHako HEKOTOpbI€ pacTBOPMMbBbIE B Bojie Oel-
KW TIpM U3MEHEHWHU YCJIOBMII MOTYT IpUOOpeTaTh
KOH(hOPMAIIUIO TUIOXO PACTBOPUMBIX, CIIOCOOHBIX
K arperaludy MoOJIEKYJ, 00pa3ylllMX B KJIETKax
(GUOPWLISIpHBIE OTJIOXKEHUS], UMEHYEMbIE aMHJIO-
uaoM (ot nat. amylum — xpaxmain). Tak xe Kak U
KpaxmaJl, aMUJIOUAHbIE OTJIOXEHUSA BBISIBISIOT MpU
OKpacKe TKaHU HOJOM. BTO MOXET IPOMCXOAUTD:

e MPU TUTIEPIIPOAYKIIMM HEKOTOPHIX OENKOB, B
pe3yJIbTaTe uYero yBEeJIMYMBAETCA WX KOHIIEHT-
paiys B KJIETKE;

e TIPH TIOTIAAHWHU B KJICTKH WJIM 00pa30BaHUM B
HUX G€JNKOB, CITOCOOHBIX BIMATb Ha KOHGOp-
MallMI0 APYTUX MOJEKYJ OesKa;

o TIpY aKTHBALIMHU ITPOTE0IM3a HOPMAIbHBIX OeJ-
KOB OpraHusma, ¢ o6pa3oBaHMEM HEpPacTBOPH-
MBIX, CKJIOHHBIX K arperaiiud ¢parMeHTOB;

e B pe3ynbTaTe TOYEYHBIX MYTallMil B CTPYKTYpE
benka.

B pesynbTaTe OTJIOXEHMSI aMWIOHIA B OpraHax

U TKaHSIX HapyIIaIOTCsl CTPYKTYpa U (PYHKIIMSA Kiie-
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TOK, HaOJIOAAIOT MX JereHepaTUBHbIE M3MEHEHHS
M pa3pacTaHMe COeJUHMUTEIbHOTKAHHbBIX WIM IJIU-
aJbHBIX KJIETOK. Pa3BuBaroTcs 00Jie3HUM, Ha3blBae-
Mble aMwiIouao3amMu. JIJIst Kaxaoro Buaa aMUIOH-
J103a XapakTepeH OINpeAeNEHHBIN TUI aMUIOHIA.
B Hactosiiiee BpeMs onucaHo 6osee 15 Takux 6o-
JIE3HEN.

Bosesnn AnblixaiiMepa

Bonesnp AsblixaiiMepa — HauboJjiee 4acTo OT-
MeJyaeMblii 3-aMMJIOMI03 HEPBHOM CHUCTEMBI, KaK
MPaBUJIO, MOPAXAIOIWi JIUII MPEKJIOHHOIo BO3pa-
CTa U XapakTepH3YIOUIUICS MPOrPEeCCUPYIOITUM
pacCcTpOMCTBOM IMAaMSITH U TIOJHOM JAerpagaiivei
JIMYHOCTH. B TKaHW MoO3ra OTKJIaabIBaeTCsl B-aMu-
Jiona — 0enok, 06pa3yronuil HepacTBopuMble GUb-
pWLIbl, HapylIalolMe CTPYKTYPY M (DYHKIIMM He-
PBHBIX KJIETOK. B-aMHIOU — TIPOLYKT U3MEHEHHS
KOH(pOpMallIM¥M HOPMaJbHOro O€jKa opraHu3Ma
yesioBeka. OH obpazyeTcsi U3 00Jjiee KPYIHOTO Mpea-
LLIECTBEHHUKA YAaCTUYHBIM IIPOTEOJIU30M M CUHTE-
3UPYETCSI BO MHOIMX TKAHSX. B-AMIWIOUA, B OTIU-
Yle OT CBOEro HOPMAJIbHOIO MpeAllieCTBEHHUKA,
COoJepXKallleT0 MHOTO O-CHUPAJbHBIX YYaCTKOB,
HMMEET BTOPUYHYIO B-CKJIamyaTyio CTpYKTYypy, ar-
perupyer ¢ o0pa3oBaHUEM HEPACTBOPUMBIX (hUO-
PWIUT, YCTOHYUB K JEUCTBUIO MPOTEOTUTUYECKHUX
¢$hEepMEHTOB.

ITpuunHbl HapyleHus ¢GoJAMHIa HaTUBHbIX OeJI-
KOB B TKAHU MO3ra €lIE MPEACTOUT BHIACHUTH. Bo3-
MOXHO, C BO3pacTOM YMEHbILIAETCSI CUHTE3 Luarie-
POHOB, CMIOCOOHBIX Y4acTBOBaTh B (h)OPMUPOBAHUU
U TIOJIEPXaHNH HAaTUBHOM KOoH(opMaIliid OE/IKOB,
WU YBEJIMYMBAETCS aKTUBHOCTD IIPOTEA3, YTO MpH-
BOJIMT K YBEJIHMYCHHIO KOHILIEHTpallUU O€JIKOB,
CKJIOHHBIX M3MEHSTh KOH(pOpMalUIO.

IIpuoHoBhie Goe3nu

[MpuoHBl — ocOOBIN KJIacc OENKOB, 00J1anar-
X MHGEKIHMOHHBIMU cBoOlicTBaMU. Ilonamast B
OpPraHM3M YeJIOBEKa MJIM CTIOHTAHHO BO3HMKas B
HEM, OHH CITOCOOHBI BBI3bIBATDH TSIXKEJbIE HEU3JIC-
yumbie 3a6oneBaHus LITHC, Ha3piBaeMble IPUOHO-
BbIMH OoJie3HsaMu. Ha3BaHue <«IIpUGHBI» TIPOUC-
XOAUT OT abO6peBUATYpHl aHINHUiickoil (pasb
proteinaceous infectious particle — 6enkosasi VH-
¢dbeklmoHHas yacTuIla.

[TproHOBEII 0€/10K KOAUPYETCS TEM XK€ FE€HOM,
9YTO W €ro HOPMAIbHBIA aHAJIOr, T.e. OHU HUMEIOT
HWAEHTUYHYIO TIEpBUYHYIO CTpykTypy. OnHAKO 11Ba
0eJiKa 00J1agaloT pa3InyHOM KOH(MOpMAaLIMEN: pHU-



OHOBBI O€IOK XapaKTepU3yeTCsl BHICOKHM COAEp-
XaHWeM [B-ClOEB, B TO BPEMsI KaK HOPMaJbHBIA
0€JIOK MMEET MHOTO (~CITMPAJIbHBIX Y4acTKOB. Kpo-
M€ TOro, PUOHOBLIN 0eoK 00JIaJaeT YCTOMYMBO-
CTHIO K IEHCTBUIO INMPOTea3 M, momnaaasi B TKaHb
MO3ra UM o0pa3ysiCh TaM CLIOHTAHHO, CIIOCOOCTBY-
€T MPEBPAILICHAI0 HOPMAJIbHOTO 6€/ika B MPUOHO-
BBI B pe3yJIbTaTe MEXOETKOBBIX B3aUMOACIHCTBHUMA.
OO6pa3yercs Tak Ha3bIBaeMOe «SIIPO TIOJIMMEpH3a-
LIMM», COCTOSILIIEE U3 arperMPOBAHHBIX TPUOHOBBIX
0EJIKOB, K KOTOPOMY CIIOCOOHBI TIPUCOEAMHATHCS
HOBBIE MOJIEKYJIBI HOpMaibHOro 6enka. B pesyib-
TaTe B MX TIPOCTPAHCTBEHHON CTPYKTYpE IMPOMCXO-
AT KOH(OPMAITMOHHBIE MEPECTPOMKH, XapaKTep-
HBIE /11 IPUOHOBLIX OCJIKOB.

M3BecTHBI cilydyaud HacJAeJCTBEHHbIX (POpM NpH-
OHOBBIX 60JIE3HEH, BBI3BAHHBIX MYTALIUSIMU B CTPYK-
TYpe JaHHOTO OeJjika. OIHAaKO BO3MOXHO U 3apaxe-
HHE YeJIOBeKa IMPUOHOBBIMU OeJIKaMH, B Pe3yJibTaTe
4yero BO3HHKAaeT 3a00jieBaHKe, MTPUBOJSLLIEE K THOe-
JM 6onbHOro. Tak, Kypy — TIipHOHOBasi 60J€3Hb
abopureHoB Hopoii I'BuHen, snuaemMudeckuii xa-
paKkTep KOTOPOH CBSI3aH € TPaIMLIMOHHBIM KaHHM-
0aTM3MOM B 3THX IUIEMeHAaX WM Iepenadyed MHpek-
LIMOHHOTO GeJiKa OT OOHOI 0COOM K Apyroii. B cBsi3u
¢ M3MeHEHUEM 00pasa BX XHU3HU HaHHOe 3ab0ena-
HHME TIPAKTHYECKH HCYEIIIO.

B Hactosilee BpemMsi HHTEpeC K MPUOHOBBIM 00-
JIE3HSIM BO3POC B CBSI3U € 3apak€HWEM JIIOACH Mpu-
OHaMH TpU YNOTPeOJICHUM MSICOMPOAYKTOB, IOJY-
YeHHBIX OT XWBOTHBIX, SIBJISTIOUIMXCSI HOCHUTEJIIMU
MPHOHOB, BBI3BIBAIOIIMX «OCIIEHCTBO KOpOB» (00-
nesnb Kpoitrugpensara—Ako6a). Hecmotps Ha 1O,
YTO NPUOHOBbIC GEJIKM 4€IOBEKA M KUBOTHBIX pa3-
JIMYAIOTCS JIMLLb HE3HAUUTEIBHO, IOJIT0e BpeMs IMo-
JIaraii, YTO CYIIECTBYIOT MEXBUIOBbIC Oapbephl Ha
IOyTH Tiepenadu 6ose3Hu. OOHAKo MOCIeTHUE TaH-
HBIC TTOKa3aJIM, YTO 3T Oapbepbl HE aOCONIOTHBI, U
4TO CYILECTBYET MPHHIUIHAIbHASA BO3MOXHOCTb
repenayu O0JIE3HW OT OHOTO BHIa ApyroMy. Tak, B
Bemukobpuranuu K cepenrHe 1999 r. 6bU10 3apern-
cTpypoBaHo okoio 40 ciy4aeB JaHHOro 3a60jieBa-
Hust. TIporHO3 He HMCKII0YAeT pa3BUTHS SITHACMUU
MPUOHOBOK 60se3HU B Omxkarime 10—15 ner.

IV. ®YHKUMOHUPOBAHUE
BEJIKOB

Kaxnplii MHAMBUAYATbHBIN O€JI0K, UMEIONIME
VHUKAIbHYIO MEPBUYHYIO CTPYKTYPY M KOH(pOp-

Maliuio, 00JamaeT M YHUKaAJIbHOW (yHKIIMEH,
OTJIMYAIOLLEH €T0 OT BCEX OCTANIbHBIX OesikoB. Ha-
00p HHIUBUIYATbHBIX OCJIKOB BHITIOJHSET B KJIET-
K€ MHOXCCTBO Pa3HOOOPA3HBIX U CIOXHBIX QYH-
KLAA.

Heob6xonnmMoe ycioBue Utst GYHKLIMOHMPOBAHUS
0€JIKOB — IMPUCOECIMHEHUE K HEMY JIPYTOTO BELle-
CTBa, KOTOPO€ HAa3bIBAlOT «IMrama». JluraHaamu
MOTYT OBbITb KaK HH3KOMOJIEKYJISIDHBIE BEIIECTBA,
TaK ¥ MakpoMOJIEKyJbl. BzaumoneiicTBue Oeka ¢
JIMTAHAOM BBICOKOCTIELIM(HUYHO, YTO ONpenessaeT-
Csl CTPOCHMEM yyacTka 0esika, Ha3bIBAEMOTO LIEHT-
POM CBSI3bIBAHUSI O€NKa C JIMTAHIOM WU AKTUB-
HBIM LIEHTPOM.

A. AKTUBHBIN IIEHTP BEJIKOB
1 U3BUPATEJIBHOCTh CBSA3BIBAHUSA EI'O
C JIUTAHIOM

AKTHBHBI LEeHTP 0eNKOB — OMpenesIEHHBIN yya-
CTOK O€JIKOBOM MOJIEKYJIbI, KaK MPaBWIO, HaXo[s-
nuiics B € ynyOJieHuH («kapMaHe»), cchopMHpO-
BaHHbIN paguKajaMi aMMHOKHCIIOT, COOpaHHBIX HAa
OMNpEACTIEHHOM MPOCTPAHCTBEHHOM YYacTKE IpU
(GOpMHPOBaHUY TPETUYHOM CTPYKTYPbl U CIIOCOO-
HBIA KOMIUJIEMEHTAPHO CBSI3BIBATLCHA C JIMTAHIOM.
B nMHEHHOI Mocie10BaTeIbHOCTH TTOTUMETITUIHON
LIENH paauKaibl, GOpMUPYIOLIME aKTUBHbIM LIEHTP,
MOTYT HaxOIUTLCS Ha 3HAYUTCIBHOM PACCTOSTHHU
Apyr OT Ipyra.

Boicokas cnemmduYHOCTh CBA3bIBAHUA Oenka ¢
JMranaomM oOECIeYMBACTCS KOMIUIEMEHTAPHOCTBIO
CTPYKTYphl aKTMBHOTO IIEHTpa OeJiKa CTPYKType
auranga (puc. 1-25).

Tlon KOMIUIEMEHTApHOCTBIO ITOHMMAIOT IIPO-
CTPAHCTBEHHOE Y XMMUYECKOE COOTBETCTBHE B3a-
UMOJEUCTBYIOMIUX MOJeKya. JIuraHA IOJIXEH
001a1aTh CIOCOOHOCTBIO BXOMWTH U IMPOCTPAH-
CTBEHHO COBMANaTh ¢ KOH(GOpMaIHei aKTUBHOIO
LIEHTpa. DTO COBMAJACHUE MOXET OBITh HETIONHBIM,
HO Gnaromapsi KOH(MOPMALIMOHHON TabUJIbHOCTH
6e1Ka aKTUMBHBIN LIEHTP CHOCO0EH K HEOOIbIIUM
U3MEHEHUSIM U «IIOATOHSETCSI» non auraHn. Kpo-
M€ TOTrO, MEXIy (PYHKIIMOHATbHBIMHU TpyIaMu
JIMTaHJIa ¥ paguKajlaMu aMUHOKMCIIOT, 00pa3yio-
IUUX AaKTUBHBIM LIEHTP, MOJLKHBI BO3HHMKATh CBSI-
34, YACPXHUBAIOUIME JUTaH] B aKTHUBHOM HEHTpE.
CBsi3u MEXIy JTUTAHAOM H aKTHMBHBIM LIEHTPOM
Ocjika MOryT ObITh KaK HEKOBAJIEHTHBHIMU (MOH-
HBIMU, BOJOPOAHBIMH, THAPO(POOGHEIMHU ), TaK U KO-
BaJICHTHBIMU.
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Rurang

Puc. 1-25. BsaumopeiicTeune 6enka ¢ nuraHpom. A u B — HekoMnNneMeHTapHoe B3aWMOAeCcTBUE W pa3pylleHWe cBsi3ei mexay Gen-
KOM W nuraHaom; B — koMnnemeHTapHoe B3auMopeicTeue 6enka ¢ NUraHaom.

1. Xapaxmepucmuxa axmuenozo uenmpa

AKTUBHBIA LEHTp 6€JIKA — OTHOCUTEJIbHO M30-
JIMPOBAHHBIN OT OKpyXarolei 6e/I0K cpellbl yyac-
TOK, COpMHUPOBAHHBIA aMHUHOKHCIIOTHBIMU OCTaT-
KaMu. B 3TOM ydacTKe KaXablil OCTaToK Gjiarogaps
CBOEMY WHAWBHMIYalbHOMY pa3Mepy M (yHKIHO-
HaJIbHBIM rpymnnaM (hopMMUpYeT «pejibed» aKTUB-
HOTO IIEHTpA.

O0beaHEeHUE TaKUX aMUHOKHKCJIOT B €IMHBIN
(DYHKIIMOHANBHBIM KOMIUIEKC U3MEHSIET PEaKLIMOH-
HYI0 CIIOCOOHOCTb HMX paauKaJIOB, IIOJOOHO TOMY,
KaK MEHSETCA 3By4aHHE MY3bIKaJIbHOTO MHCTPYMEH -
Ta B aHcaMmbOJe. [103ToMy aMMHOKUCJIOTHBIE OCTaT-
KH, BXOISIIME B COCTaB AKTMBHOTO LIEHTPa, YacTo
HA3bIBAIOT «aHCcaMOjeM» aMUHOKHCIIOT.

YHuKaibHbie CBOMCTBA aKTUBHOTIO LIEHTpa 3a-
BUCAT HE TOJbKO OT XMMHMYECKHUX CBOMCTB (pop-
MUPYIOLIMX €r0 aMUHOKMCJIOT, HO M OT HMX TOY-
HOM B3aMMHOUW OpPHUEHTALMM B TMPOCTPAHCTBE.
[ToaToMy naxe He3HAUMTE/IbHbIE HapyLLIEHHAS 00-
el KkoHpopMauuy OejKa B pe3ysibTaTe TOYECY-
HBIX M3MCHEHHI €ro NmepBUYHOM CTPYKTYPHI WIHU
YCIIOBUMA OKpYXKaloILlei cpeabl MOIYT IIPUBECTH K
U3MEHEHUIO XUMMYECKUX M (PYHKLMOHATbHBIX
CBOICTB pamvKaiaoB, (GOPMUPYIOLLUX AKTUBHBIA
LIEHTP, HapyllaThb CBSI3bIBAHUE O€JIKAa C JIMTaHAOM
u ero ¢yHkuuio. [Tpu neHatypauuM akTUBHbIA
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LIEHTp OCJKOB pa3pyllIacTCsl, U IPOUCXOAUT yTpa-
Ta UX OMOJIOrMYECKOM aKTUBHOCTH.

YacTo akTUBHBIN LIEHTP (OPMUPYETCS TAKHM 00-
Pa3oM, YTO IOCTYTI BOAbI K (PYHKUIMOHAIbHBIM TPYTI-
naM ero paguMkKajoB OTrpaHUYEH, T.€. CO3IaI0TCs
YCJIOBHUSI UIsI CBA3bIBAHUS JIMraHIa C paauKalamu
AMUHOKUCJIOT.

B HeKOTOpPHIX CiIydyasx JUraHjg NpUCOeIUHSIETCS
TOJILKO K OHOMY M3 aTOMOB, 00JIafatolEMy OfIpe-
JIeJEHHOM PEeaKIMOHHON CHOCOOHOCTHIO, HAIlpH-
Mep npucoenMHenue O, K Xelesy MHOIJI06MHa WK
reMorniooMHa. OgHakO CBOMCTBA NAaHHOrO aroma
MU30MpaTEIbHO B3aMMOJeNHCcTBOBaTh ¢ O, onpese-
JISIOTCSL CBOMCTBAMH PaJMKaioB, OKPYXallLIUX
aTOM XeJie3a B COCTaBe remMa. I'eM COIEpXKUTCS U B
Ipyrux Oenkax, TakMx Kak LMToxpoMbl. OmHako
dyHKIMI aTOMa Xejie3a B LIUTOXpOMax MHas, OH
CIYXHUT TOCPEIHUKOM ISl Mepeaadyu 3JI€KTPOHOB
OT OJIHOrO BELUECTBA IPYrOMY, NpPU 3TOM XKEJE30
CTAHOBUTCSI TO JIBYX-, TO TPEXBAJIEHTHBIM.

LeHTp cBsi3biBaHUs O€/1Ka C JIMTraHI0M YacTo pac-
noJyilaraeTcs MeXay aoMeHaMu. Hampumep, npore-
OJIMTUYECKUI (PepMEHT TPUIICUH, YYaCTBYIOLLUI B
TUAPOJIM3E TIENTUAHBIX CBS3EH MUIIEBbIX OEJIKOB B
KMIIEYHUKE, UMeEET 2 JNOMEHa, pas3iesi€HHBIX 00-
po3aKoii. BHyTpeHHsis1 moBepXHOCTh 60po3akKH (op-
MUpPYETCSI aMUHOKMUCJIOTHBIMU paluKalaMU 3THX



JOMEHOB, CTOSLWIMMU B TTOJUMNENTUAHON LENu Aa-
Jexo apyr ot apyra (Cep ... I'nc,,, Acn,,).

Pa3Hble qoMeHbl B OejIke MOTYT MepeMellaThes
APYT OTHOCUTE/ILHO APYra npu B3aMMOAEHCTBUM C
JIMraHIoM, uTo ofneryaeT AanbHeiiiee (HyHKUNO-
HUpoBaHue Oenka. B kauecTBe 1pumepa MOXHO
paccMoOTpeTh padOTy reKCOKUHa3bl, (hepMEeHTa, Ka-
TaTU3NPYIoLLero nepeHoc (hochopHOro ocratka ¢
AT® Ha MosekyIly DIIOKO3bl (npu ¢€ ¢dochopuin-
poBaHUM). AKTUBHbIH LICHTP F€KCOKMHA3bl pacio-
JaraeTcsl B pacllejliMHe MexXay ABYMs AOMeHaMH
(puc. 1-26) I'lpu cBsI3bIBAHMK T€KCOKMHA3bI C IIO-
KO30it OKpyxawuie €€ nomMeHsl CONMXKAITCA, W
cyOCTpaT OKa3bIBAETCS B «JIOBYIIIKE», YTO 00Jyierya-
€T ero JaibHelwee dochopunupoBaHue.

OCHOBHOE CBOMCTBO OENKOB, JjiexKaillee B OCHO-
BE MX (PYHKUMIH, — M30MPATEAbHOCTb [PUCOSAMU-
HEHHMS K Onpele/cHHbIM ydyacTkaM OCIKOBOH MO-
AeKyAbl cnelnpUUecKUx JIMraH10B.

2. Mnoeoobpasue aucandos

e JIuraHzaMu MOTYT ObiTb HEOPraHWUYeCKHe (va-
CTO MOHbI META/UIOB) M OpraHuWYecKue Belie-
CTBA, HU3KOMOJIEKYJISSPHbIE KU BbiCOKOMOJIEKY-
JIsipHbIE BeILECTRa;

e CYLLUECTBYIOT JIMTAH/Ibl, KOTOPbIE U3MEHSAIOT CBOIO
XUMHUYECKYIO CTPYKTYPY MPU MPUCOEAUHEHWUU
K AKTUBHOMY LIEHTPY Oefaka (M3MEHEHUsT CyO-
CTpaTa B aKTUBHOM LIEHTpe (PepMeHTa);

e CYLIECTBYIOT JIMTAHAbI, MPUCOEANHSAIOUIUECS
K O€/lKy TOJIbKO B MOMEHT (hyHKIIMOHMpOBa-
Husa (HanpuMmep, O,. TpPaHCNOPTUPYEMBII 1e-
MOTJI0BMHOM), W JIMTaHIbl, [OCTOAHHO CBSi-

LOometbl
FeKCOKMHA3I

Puc. 1-26. CeR3blBaHMe reKCOKUHa3bl C MMIOKO30WN.

3dHHbIE C OE/IKOM, BbITTONHAOUIME BCIIOMOra-
TeJIbHYK posib NpU GYHKUHOHUPOBAHKUM OeJ-
KOB (HamnpuMep, »Keja€30, BXOsiee B COCTAB
reMorjio0nHa).

B Tex cayvasx, Koraa aMMHOKMCIAOTHbIE OCTaT-
KM, (opMUpylOlLMEe aKTMBHBLIK LEHTP, HE MOTYT
obecreunTb (PYHKUHOHUPOBAHUE OAHHOIO OcjKa,
K OIpeaca€HHbIM YYacTKaM AKTHBHOTO IEHTpa
MOI'YT IIPUCOCIAUHATBLCS HEOETKOBbIE MOEKYJIbL.
Tak, B aKTUBHOM LIEHTPE MHOTHX (DEPMEHTOR TpU-
CYTCTBYET MOH MeTaiia (KodakTop) WM OpraHu-
yeckast Hebenkosasi monekyia (kodepmenr). He-
0€/1KOBYIO YacTb, [IPOYHO CBA3AHHYIO C AKTMBHbIM
LHEHTPOM OeKa W HEOOXOAMMYIO Ulsl ero (PYHKILM-
OHUPOBAHHUS, HA3bIBAIOT «APOCTETHYECKAS TPYNNa».
MuoriobuH, reMorio0MH U LIMTOXPOMbl UMEIOT B
AKTUBHOM LIEHTPE MPOCTETUUECKYIO TPYIINY — TeM,
coaepxXaluMit xeneso (bosee noapoOHO remcojaep-
Xalue 6ejIKM orucaHbl B pasjene 4, a KoakTopbl
1 KoMEepMeHThl — B pasacie 2).

CoellMHEHWE NPOTOMEPOB B OJMIOMEPHOM O€i-
Ke — TMpUMep B3aMMOIECUCTBHS BHICOKOMOJIEKYJISIP-
HbIX AuraHaoB. Kaxablid npotoMep, COCAMHEHHbI I
C APYTUMM NPOTOMEPAMM, CAYKUT /151 HUX JIATaH-
JIOM, TaK K€ KaK OHH JUlsl HETO.

MHoraa npucoeaMHEHWe Kakoro-aubo auvraviaa
M3MeHsIeT KoHdopMatinio 0e1Ka, B pe3y/ibTaTe uero
(popMUpPYETCSt LIEHTP CBS3bIBAHUS € APYTUMM JiU-
raHgaMu. Hanpumep, 0e10K KaibMOAY/JAHMH MOCAE
CBSI3bIBAHMSI C 4YeTbIpbMsI MOHamMu Ca’’ B crneuu-
(pUUECKHMX y4yacTKax NpuodOpeTaeTr CrocobHOCTh
B3aMMOJICICTBOBATbL C HEKOTOPhIMM (PEPMEHTAMH,
MEHSISI UX aKTUBHOCTb.

["moKo3a

41



3. Cpodcmeo axmusHozo uyeHmpa Auzanoy

CKopocTh B3aUMOIEHUCTBUS OejiKa C JIMraHAOM
onpelessieTcsl KOHIIEHTpaUusIMKM Oesika M JIMraHaa
B PacTBOpPE, 4 TAKXKE CTEIEHBIO KOMIUIEMEHTAPHO-
ctr OejIka M JUTaHja.

KoHcranTa muccompanyMd — XapaKTepUCTHKA CPOJI-
CTBa aKTMBHOTO LIEHTpA JIUTAHAOY.
Tak kak B3auMojeiicTBUe Oenka ¢ JUraHAOM —
00paTUMBII IPOIIECC, TO €r0 MOXHO OITKUCATh
CIECOYIOLIUM YpaBHEHHEM:

K1
P+L ¥ PL,
K4

rne P — Genok, L — murang, PL — kxoMruiekc
Geska ¢ uranaoM, K| — KOHCTaHTa CKOPOCTH CBSI-
3bIBaHMs Oeika ¢ iuranaoM, K | — KoHcTaHTa cko-
POCTHM pacrnaaa Komruiekca PL.

Korma ckopocTH 00pa30BaHUS U pacraga KOMIT-
JieKca paBHBI, TOBOPST O TOM, YTO CHCTeMa Haxo-
JIIUTCSA B COCTOSIHUM pPaBHOBECHSI:

[P] [L]1 K,=[PL] K .-
Orcrona:

Ky _ [PIIH]
Ki = [PL]

KHMCC -

CoorHolieHne KOHCTaHT pacrnama [PL] komi-
JieKCca ¥ ero obpa3oBaHMS Ha3bIBACTCS KOHCTAaH-
Toi auccoumaunu (K, ) kommiekca [PL]. Yem
menbiue K, TeM Gosibliie MOJIEKYJ1 JIMTaHAa CBsI-
3aHO ¢ 6€1KOM, TeM OOJIbLIE KOMIUIEMEHTAPHOCTD
mexay P u L u TeM Gosblie CpoACTBO JIMTaHAa K
Genky. To ectb Mexay K . ¥ cpoacTBoM JuraH-
Ia K 6ejKy umeercs 0OpaTHO IPONOPIIMOHANbHAS
CBSI3b.

HMHorma mpu onmMCcaHUU MpolLiecca CBSI3BIBAHMS
0eJIKa ¢ JIMTAaHAOM MCIOJIb3YIOT BEJIWYMHY, 00pat-
Hylo K, Ha3bBaeMyl0 KOHCTAHTOM CBsI3bIBaHMSI

(K,,) i accoumanu.

_ 1 _ [PL] i
Ko = = PIL

K ance
Mexny K . u cponcTBoM Jrania K Gesiky cylie-
CTBYET IPSIMO TIPOTNIOPIHMOHAIBHAS 3aBUCUMOCTb.
3aBHCHMOCTb HAChIlleHMs OeJIKa JIMTaHIOM OT KOH-
NEHTPAIHH JIMTAHIA TPH NOCTOSHHOH KOHLEHTpA-
A Oenka
IIpy mocTosiHHOM KOHLICHTpaLMu O€jKa yBeJU-
YyeHHe KOHIECHTpAlMW JIMTaHAa MPUBOAMT K

Iy

pOCTY KOHIIEHTpaiuu koMIuiekca [PL]. Dra 3a-
BMCHMMOCTh HOCHUT XapaKTep THIepOOIMYecKOn
KpuBO# (puc. 1-27). KpuBasi cTpeMHTCA K Mak-
CHMyYMy, KOTJa MpA HEKOTOPO#i KOHLUEHTPaLUMH
JIMTaHJa BCE MOJIEKYJIbI O€IKa Haxo[sTCs B CBsI-
3aHHOM C JIMTAHIOM COCTOSIHUU (IIPOMCXOIMT
HachlilleHue 6enka auradaoM). CteneHb Hachl-
1IeHMs OeJKa JIMTAHIOM MOXHO BBIPa3UTh Clie-
IYIOLIUM YpPaBHEHHEM: CTEIIEHb HACHILUCHUS =
[PL]/[P,]x100 (rme P, — xoHLeHTpauus 6eka
0 m00aBJIeHUsT JIMTaHA).
IIpu nonyHachilieHUH Gesika JIMTaHIOM KOHIICH-
tpauuu [PL] u [P] paBHbl, 1 u3 ypaHeHusa K,
TIpUBEAEHHOTO Bhbllle, ceayeT, yto K = [L],
T.e. K YUCIEHHO paBHa KOHLEHTPALMH JIU-
raHaa, Impu koropoit 50% 6Genka Haxomutcs B
KOMIUIEKCe ¢ JiuraHmoM. [1oaToMy mo KpuBOMH
HACBILIEHUSI MOXHO HaWtu K ¥ OLleHHTH
CPOJCTBO JTAaHHOTO OeJiKa JIMraHmy.
3asucuMocTh MexIy oOpa3opanmeM Kommiekca [PL]
H KOHIeHTpauueif GejKa npu H3OLITKE JIMTaHIa
Kak ©ObUI0 cKa3aHO BEIIlIE, TP BO3pacTaroLIeil
KOHILIEHTpaLWK JIMTaHIa HachlllieHe Oenka or-
PaHWYEHO €ro KoHleHTpauuei. I1pu u30bITKE
JIMTaHIa Bce MOJIEKYJIbI 6ejika HAXOAATCS B CO-
craBe Komiuiekca [PL]. OmHako, ecnu yBenu-
YMBaTh KOHLEHTpALMI0 OejiKa, TO KOJIMYECTBO
[PL] HauHET yBeJMYMBATBHCA IMPOIMIOPLIMOHATb-
HO KOHIIEHTpaLuu 6eika. KoHLieHTpauuio KOM-
mwiekca [PL] MoxHO perucrpupoBaTh, HaIlpu-

CreneHb
HacbiweHus, %
100 - -
75}
50 F---
I
!
25} i
|
; 1 ' ' L
1 2 4 6 8
Kanee [L], monb/n

Puc. 1-27. M'pachmk HacbiweHms 6enka nuraHgoMm.



MEp C TIOMOIIIBI0 W3MEPEHMS TOIIOIICHUS CBe-
Ta. YUMTBIBasi, 9TO €r0 KOJIMYECTBO MPOMOPLIU-
OHAJILHO KOHLEHTpAaUHM 6ejika, MOXHO Ha OC-
HOBaHUHU TIOCTPOEHHOro rpadwvka OINpenensiTh
KOHLIEHTpauMIio 0eika B pacTtBope (puc. 1-28).

b. BEIECTBA, BIMSIOIIME
HA ®YHKIIMOHUPOBAHUE BEJIKOB

XoTs B3aUMO/IEHCTBUE IUTaHAA C AKTUBHBIM LIEH-
TpOM 0O€lKa BBICOKOCIEUMMPUYHO, BCETAAa MOXHO
rmoao0paTh IpPYyroe BELIECTBO, KOTOPOE TakK Xe Oy-
JIET B3anMOJIeicTBOBaTh ¢ OenkoM. JIuraHm, B3au-
MOJEMCTBYIOIMIA C OeMKOM M HApyLIaloLWA ero
byHKIMIO, Ha3bIBAIOT «MHIHOMTOP Geska». Eciu 310
BELICCTBO IO CTPYKTYPE MOXOXE Ha JIMTaHI, €ro
Ha3bIBAIOT CTPYKTYPHBIM aH&IOIOM JIMTaHAa; OHO
TAKX€ B3aUMOJIEHCTBYET C aKTUBHBIM LIEHTPOM O€Ji-
Ka. AHAJIOT, 3aMellaloIMA €CTECTBEHHBIN JIUTaH B
AKTHBHOM LICHTpE O€/IKa M CHIDKAIOLIWM ero QyHK-
LIMIO, Ha3blBAIOT «KOHKYPEHTHDbI MHTHOMTOP Oe/Ka».

1. Jlexapcmeennste npenapamot
KaK mooyasmopot 6eaxko6oix QyHxuuil

AHAJIOTH €CTEeCTBEHHBIX JIMFAHHOB OEJIIKOB HC-
MOJIL3YIOT B MEIULIMHE B Ka4yeCTBE JIEKapCTBEHHbIX
cpenctB. 1lIupokoe MpHMMeHEeHUE TaKME JIEKapCTBa
HalTM B PeTYISIUAM Tiepeaayd Bo30yXIE€HUS de-
pe3 CHHATIICHI.

Ilepenaua curHaiga OoT HepBa K HEPBY WJIM OT He-
pBa K 3ddeKTopHOMY OpraHy OCYHIECTBISIETCS Ye-

A

0,3 ¢

0,2

0,1}

1 1 I 1 1

1 2 3 4 5 [P]

Ha ocu A perucTpupyloT U3MeHeHue, HanpuMep nornoLeHus
cBeTa, Bbi3BaHHoe obpa3oBaHuem komnnekca [PL]

Puc. 1-28. Mpadimk 3a8BMCMMOCTH U3MEHEHUR NOTNOLWEeHUs CBe-
Ta, OTPaXaloWero KOHUeHTpauuio komnnekca [PL] oT KOHuUeH-
Tpauum Genka P.

pe3 CHHAIChl C TMOMOUIBI0 XMMHYECKMX MOJIEKYII,
Ha3bIBaeMbIX HelipoMmenuaropamu. HelipomeauaTop,
BBIIEJISIEMBIA TTPU IPOXOXKIEHUM UMITYJIECA HEPBHbI-
MH OKOHYaHMSIMM, TOJKEH BBICOKOCTIELIM(UYHO B3a-
HUMOIIEMCTBOBATh C O€IKaMHU-PELENITOPAaMM Ha TI0CT-
cHHaNTU4YecKoi MembpaHe. OnHako, MOAUGULIMPYS
XMMHWYECKYIO CTPYKTYpPY HEHpOMEIUaTropa, MOXHO
MONYYUTb BEHIECTBA, KOTOPHIE TAKXKE CBSI3bIBAIUCH
ObI C PELIENITOPOM, HO TIPH 3TOM MEHSUICS (PH3UOJIO-
rU4eCKUi 3(PGhEKT: YMEHBLUAICH WM YCHIUBAJICS.
B dapmMakosiornm Takye BELLIECTBA Ha3bIBAIOT «aHTa-
TOHMCTbI» U «arOHMCTbl» COOTBETCTBEHHO.

urnéuTopsl 6€JKOB-penenTopoB
B XOJHHIPrHYECKHX CHHANCAX

B xauecTBe nmpuMepa MOXHO pacCMOTPETh JieKap-
CTBa, HapyllalollKe TTPOBEIEHWE HEPBHOTO UMITYJIb-
ca yepe3 XOJMHEPTUUECKHE CUHANCHI, IJe B Kaue-
CTBE HelpoMeaMaTopa MCIOJb3yeTCs aleTUIXOIMH.
XONMMHEPTUYECKME OEJIKA-PELETITOPBI HEOIHOPOI-
HBI MO CBOEH CTPYKTYpe M CIOCOOHBI CBSI3bIBATHCS
¢ IPYTMMHM, KpOME alleTWIXOJMHA, JuraHmamu. Ux
JEST Ha 2 60JIbLLKE TPYIINbL:
¢ M-XOJAMHOpPELENTOPHI, Ha3BaHHbIE TaK M3-3a
HUX CIOCOOHOCTU M30MpaTeibHO B3aUMOEii-
CTBOBaTb C MyCKapWHOM (TOKCHH MYyXOMODa);

o H-xonmmHOpeuenTopbl, N30UpaTeJbHO CBS3bI-
BalOUIM€ HUKOTHH.

B HepBHO-MBILIEYHBIX CUHAICAX IPHCYTCTBYIOT
H-xonuHopeLenTops!, B3aUMOIEHCTBUE KOTOPBIX C
alIETWIXOJTMHOM BbI3bIBA€T COKpaLLEHWe MBILILL. JLJist
pacciabiaeHUsT MBI B 3HAOCKOMUUYECKHUX HCCIIe-
JIOBAaHMSIX, a Takxke IMpH Pa3HOOOPa3HbIX XUPYpPrH-
YECKMX OTEPALMAX MCIONb3YIOT CTPYKTYPHBIE aHa-
JIOTH aUEeTWIXOJIMHA, CJyXallue MHTMOUTOpaMu
JIaHHBbIX pelentopoB. IIpvMep Takoro BellecTBa —
JUTUIIMH, OTHOCSIIUMICS K TPYIINE JIeKAPCTBEHHbIX
BELLIECTB, Ha3bIBAEMbIX MMOpEIAKCAHTaMM (BbI3bI-
BalOUMMU MblilieyHOe pacciabiaenue). IlepBoHa-
YaJIbHO 3TU CBOKMCTBa ObUIM OOHApYXeHHI Y siia Ky-
pape, B CBSI3W C YeM HaHHbIE Tpernaparsl Ha3hIBaloT
TakXke KypaperiofoOHbIMU (CM. cxeMy A Ha c. 44).

Haubonee u3BecTHBIN crenndU4eCKUA UHIU-
ouTop M-XOJIMHOPEHENTOPOB — aTPOIMH. ATpO-
MUH — aIKaJIOW, coaepxalluiics B HEKOTOPBIX
pacTeHusiX: Kpacaske, OesieHe, gypMaHe. OH Mpu-
coenuHseTcss K M-XxonMHopelenropaM, Haxomosd-
wuMcsi Ha MeMmOpaHe 3¢ (eKTOpHbIX KIIETOK, B
001acTU OKOHYAHU MMapacMMITaTUYECKUX HEPBOB.
ATpOIIMH NOpPEensITCTBYET MX B3aMMOIEMCTBMIO C
alLEeTWIXOJAMHOM (aHTAarOHUCT MPUPOITHOIO JUTaH-
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[a), TeM caMbIM ycTpaHssa 3¢ geKTH pasgpaxe-
HUS TIapacUMITaTUYECKUX HEPBOB.

Tak Kak alLeTUIXOJHH, CBA3bIBAsICh ¢ M-XoJu-
HOpELENTOpaMH, BbI3BIBAET COKPAllEHME MHOTUX
[JIAAKUX MBI, aTPONMH (KaK JeKapCTBEHHbII
rpenapar) CHAMAaeT MBIIIEYHbIE CHa3Mbl (Cra3Mo-
JIUTUK). KpoMe TOro, OH CHIKAET CTUMYJIUPYEMYIO
ALICTWIXOJIMHOM CEKPELIMIO XEE3 (OpOHXHANIBHBIX,
MUILIEBAPUTENbHBIX, MMOTOBBIX).

M-XOJMMHOPEUENITOPH IIPUCYTCTBYIOT B Pa3HBIX
otnenax LUHC. [lepenosupoBKa aTpomuHa MOXET
BbI3BaTh JABUTATEJbHOE W peyeBoe BO30YXIEHHE.

JIeKapcTBeHHbIE BEIECTBA — CTHMYJIATOPLI
0eIxoBbIX (hyHKIMIA

OnHaKO HEKOTOpbIe CTPYKTYPHbIE aHAJIOTH JIM-
TaHIOB PELENTOPHBIX OEJIKOB HE SIBISIIOTCS MHIU-
6uTOpaMM, a BbI3bIBAIOT TaKHE Xe WM 00Jiee CUIIb-
Hble (HU3NOIOTHICCKUE F¢PPEKThI, YeM MPUPOTHbIE
Juranasl. Ux Gonee CHIBHBIA M UIMTEJNBHBIN 3¢)-
(hexT 4yacTo CBSI3aH C TeM, YTO MOAUMDUIIMPOBAH-
HbIE JIMTAHABl MeJUIEHHee UHAKTUBUPYIOTCS U Pas-
pyuiaiotrcs B opraHusme. Hampumep, Me3aToH Mo
CTPYKTYpE MOXOX Ha HEMpOoMenHaTopbl CUMIIATH-
YeCKOW HEPBHO#M CUCTeMbl (HOPAIpPCHAIMH W al-

peHanH). Me3aToH TNOBBILIAET TOHYC COCYIOB U
AJl, mMo3TOMY €ro HCMOJb3yIOT TPH TMIIOTOHUM U
Kosutarice. OH MeHee TOJBEPXEH ACMCTBHIO MHAaK-
TUBUPYIOIIMX €ro (hepMEHTOB, MOITOMY OKa3bIBa-
eT OoJiee JUIUTEIbHBIH W CWIbHBIN 3PEOEKT, YeM
€ro MpUpPOJHbBIE aHaIorn (CM. cxemy b).

2. ot — cneuuthunecxue auzanowt
onpeodeaénnbix Geaxos

HekoTtopsle b1, TIonagas B OpraHu3M 4ejioBe-
Ka, MPOYHO CBSI3BIBAIOTCS C OMpeAcICHHbIMU Gel-
KaMM, MHTMOUPYIOT MX M TEM CaMbiM BBI3BIBAIOT
HapyllIeHUs] OMOJOTUYECKUX (DYHKIIMIA.

Hanpumep, o-HEHPOTOKCUHBI KOOPHI M KpaiTa
CNer@UUECKH B3aMMOIEUCTBYIOT C XOJUHEPTH-
YECKMMH PELIeNTOPaMM MOCTCUHANTUYECKHUX MEM-
OpaH, Gi0KMpys MX paboTy, U OKa3bIBalOT Kypa-
penoaobHoe aedcTBHE. o-HEWPOTOKCUHBI —
HeOoblIMe GeIKY ¢ MOJIEKYASAPHON MAaCCOi OKO-
a0 7000 /I (65—70 aMUHOKHUCIIOTHBIX OCTATKOB).
HX TPeTHMYHYIO CTPYKTYPY CTabHIU3UPYIOT 4 WiIn
5 cneunduyecKux AUCYIbMUIHBIX CBSI3ed (B 3a-
BUCHMOCTU OT BHAA TOKCcHHA). CpoAcTBO HeHpo-
TOKCHHOB K XOJJMHEPTMYECKUM PELEITTOPaM O4eHb
BbicokO (K = 10-""). O4eBHIHO, MEXIy TOKCH-

AuUcc

CHa~
CH3 —N*-CH;-CH,-0-C-CHj3
CH3” o
AUeTUNXONUH
CHa_ _CH3
CH3 —N"~CH;-CH,-0O-C-(CH;),-C-0O-CHy-CH,- N*—CH3
CHy” 5 5 NCH;,
Outunuk
HoC-CH—CH, o4
N—CH_oyCH -O—C—(TZ
H2G-CH—CH, CH,
1
OH
ATponuH
Cxema A
OH (I)H OH CI)H OH (')H CI)Hs
HO <)~ CH—CHy—NH HO - CH ~CHz=NH CH—CH,—NH
]
CH; CHs
HopappeHanuH AapexanvH MesaToH
Cxema B
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HOM M pPELEINTOpOM 00pa3yeTcsi MHOXECTBO CBSI-
3€if, YTO U MPUBOJAUT K UX MPAKTUUYECKU HEoOpa-
TUMOMY COEAUHEHUIO.

Heo6xoaMMo NMOMHUTh, YTO MEX/Y JIeKapcTBaAMU
Y siIaMU YacTo CYILECTBYET Mpo3pauHas rpaHuLia, 1
addekT ux AeHCTBUSI 3aBUCUT OT [03bl BBOAMMOIO
BelecTBa. Tak, JiekapcTBa, Ha3HayaeMble B J03aX,
0OJIbIIMX YEM TEPATIEBTUUECKHE, MOTYT JACHCTBOBATD
Kak $11bl, T.€. BhI3bIBATh CEPbE3HBIE HAPYLLEHUS 00-
MeHa BellecTB M (DYHKUMIA opraHuM3Ma, a siobl B
MMKPOJ03aX YaCTO UCIOJIb3YIOT KaK JIEKAPCTBEHHbIE
npenapartbl. Hanpumep, aTponuH, 1KUPOKO TpUMe-
HSIEMBIH JIJIS1 CHATUS CNa3MOB IJIAAKWUX MBILIIL, B
00JIbLINX 103ax Bbi3biBaeT Bo30OyxaeHue LIHC, a B
el€ OGOJIbIINX H03aX — COH, MEPEXOISIINNA B KOMY.
M3BecTHOE runoTeH3UBHOE CPEACTBO KIO(EIUH IIpU
MepeJ03UPOBKE BbI3bIBAET KOJUIAIC.

V. OCOBEHHOCTHU
®YHKUNOHUPOBAHWUA
OJINTOMEPHDbIX BEJIKOB

HA NPUMEPE r'EMOIN1OBUHA

OnuroMepHble GeJIKM TPOSIBISIIOT CBOKMCTBA, OT-
CYTCTBYIOLLIME ¥ MOHOMEPHBIX O€1KOB. BiusiHue yet-
BEPTUYHOU CTPYKTYpbl Ha (PYHKLMOHAJIbHBIE CBOi-
cTBa 6e/1Ka MOXHO pacCMOTPETD, CPABHUBASI CTPOSHUE
Y (pyHKIIMM ABYX POACTBEHHBIX TeMcoaepXamx O6e-
KOB. MMOTJI00MHa U remoriobuHa. Oba Oeka UMe-
10T 00lIee 3BOJIIOLIMOHHOE TMPOUCXOXIECHUE, CXOM-
HYI0 KOH(MOPMALIMIO OTAEIbHBIX IIOJUIMENITUIHBIX
Leneit U cxooHyo (YHKUMIO (Y4acTBYIOT B TpaHC-
MOpTe KUCIOPOAa), HO MUOIJIOOMH — MOHOMEPHDIN
6esiok, a reMoroOMH — TeTpamep. Hamuuue yer-
BEPTHUYHOI CTPYKTYpbl Y TeMOIJIO0MHA MPUIAET 3TO-
My O€/IKy CBOICTBA, OTCYTCTBYIOLIME Y MMOITIOOMHA.

A. CTPYKTYPA U ®VHKIIMM MHOTJIOBWHA

Muorio6MH OTHOCSAT K Kaccy reMcoaepxka-
KX OEJKOB, T.€. OH COACPXHUT MMPOCTETUYECKYIO
Ipyfny — rem, AOBOJIbHO IMPOYHO CBSI3AHHYIO C
0e/IKoBOI YacTblo. MUOIIOGUH OTHOCAT K TIJIO-
OyasipHbIM OeJikaM; OH MMEET TOJbKO OJHY IO-
JIMIIENTUIHYIO LIElb.

1. Kiemounas aoxaruzauua u Qynxuus

Muornobux COOCPXKHUTCA B KpaCHBbIX MbILILAX U
Y4aCTBYET B 3altaCaHMU KHUCJIOpOaa. B YCJI0BUAX UH-

TEHCHUBHOM MBIIIEYHOM paboOThI, KOraa IapLuaib-
HOE JIaB/ICHME KMCJI0poJa B TKaHu manaet, O, oc-
BOOOXIAETCS M3 KOMILIEKCA C MMHOIVIOOMHOM U
UCTIONB3YETCSI B MUTOXOHAPHSAX KJIETOK JJIs1 TTONy-
YEHHUST HEOOXOAMMOM A1 paboThl MBbIILIL SHEPTUM.

2. Cmpoenue muozro6una

MuornobmH cogepXuT HeOEIKOBYIO YacThb (TeEM)
M OEJIKOBYIO 4acTb (allOMHMOTJIOOMH).

I'em — Mosiekyna, MMemolliasi CTPYKTYpY LIMKJIU-
4ecKOro TeTpanuppoJia, rae 4 muppoJbHbIX KOJb~
LA COCOIMHEHbl METWIEHOBBIMM MOCTMKAMHU M
coaepxar 4 METWIbHbIE, 2 BUHWIbHBIE U 2 TPO-
MYOHaTHbIe OOKOBBIEC LIETTH. DTa OpraHUYecKas
4YacThb reMa HasbIBaeTcsl NMPOTOTIOPGUPHHOM.
Bo3MoxHbl 15 BapUaHTOB pacnojoxeHus: 60-
KOBBIX lieTei, HO B COCTaBe TI'eéMOIIPOTEHHOB
TIPUCYTCTBYET TOJILKO OJMH M30MEp, Ha3biBae-
MbIi npotoniopdupuH IX. B reme 4 atoma azo-
Ta NMUPPOJBHBIX KoJiell mpotonopdupuHa IX
CBSI3aHbl YETHIPbMS KOOPAWHALIMOHHBIMM CBSI-
39Mu ¢ Fe?", HaxoasIMMcsl B LIEHTpe MOJEKY-
Jbl (puc. 1-29).

AnomMHOIJIOOMH — GeJIKOBasi YacTh MUOITIOOMHA;
NEpBUYHAsI CTPYKTypa MpeAcTaBIeHa Mocaeno-
BaTeJbHOCTBIO U3 153 aMUHOKHMCIOT, KOTOpbIE
BO BTOPHUYHOI CTPYKTYpE YJIOXEHBI B § a-Ccriu-
paneit. o-Cnupajii 0003HAYAIOT JIATUHCKUMU
6ykBamu oT A 10 H, HauuHas ¢ N-KoHUa mo-
JUNENTHIHONW LENM, M coaepxaT oT 7 go 23
aMUHOKMCIOT. 1 0603HaYeHUS] UHIMBUIY-
JTbHBIX aMHHOKHCIIOT B IIEPBUYHOI CTPYKTY-
pe anoMUOIIOOMHA MCIOAB3YIOT JUOO HaIu-
CaHMe HX TOPSIAKOBOro Homepa ot N-KOHIa
(nanpumep, I'uc,,, @eH, ,;), 1160 OYKBY O-CIIH-
paiM U TIOPSIAKOBBIM HOMEpP AaHHON aMMHO-
KMCJIOTHI B 3TOH CriMpaid, HauuHasa ¢ N-KOH-
ua (Hampumep, I'uc F,).

TpeTnyHast CTpyKTypa MMeeT BUI KOMIIAKTHOM
r100yabl (BHYTPU IPaKTHYECKM HET CBODOOA-
HOTo Mecrta), 00pa3oBaHHOM 3a CYET IeTeslb U
MMOBOPOTOB B 00J1aCTU HECNHPATU30BAHHBIX
y4yacTKOB Genka. BHyTpeHHSIA 4acTh MOJeKy-
JIbl TIOYTH LEJMKOM COCTOMT M3 TUAPODOOHBIX
PaaVKaIOB, 3a UCKJIIOUEHUEM IBYX OCTATKOB
I'uc, pacnojaraiouidxcsd B aKTUBHOM LIEHTPE.

3. Cenzvieanue cema ¢ anomuoz106unom

I'eM — crienMgpuyecKUii IMraH arroMUOIJI00U-
Ha, OPUCOEIUHAIOUIMICS K OSJIKOBOM YacTH B yr-
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Puc. 1-29. CtpoeHne rema, Bxoasuiero B coctaB MuornobuHa u remorno6umHa.

JyOjieHuM Mexny aByMs o-crnupansiMu F u E.
LleHTp CBsI3bIBAHUS ¢ TeMOM 00pa3oBaH Tipe-
HUMYLLECTBEHHO TMAPOGOOHBIMM OCTaTKaMUA aMH-
HOKMCJIOT, OKPYXalITUMUA THAPOGOOHBIE MHP-
pOJIbHBIE KOJIbLA rema. JIBe OOKOBBIE TDYIIIbI
MPOMUOHOBBIX KUCIOT, MOHU3HPOBAHHEIE TIPH HH-
3UOJIOTUYECKUX 3HadyeHusiXx pH, BeicTymaloT Ha
MOBEPXHOCTH MOJIEKYJIBI.

B akTUBHBIH LIEHTp alIOMUOIIO0OMHA KpOMeE THI-
podOOHBIX aMUHOKHUCIIOT BXOIAT TaKXKE 2 OCTAaTKa
I'nc (ucy, u T'ncy, wm T'nc E, u Tuc F,), urpaio-
1I€ BaXHYIO pojib B (PYHKIIMOHHPOBAHMM OeJiKa.
OHHM pacroJIoXeHbI 10 pa3Hbie CTOPOHBI OT ILIOC-
KOCTH I'eMa U BXOIAT B cocTaB cnupaieit F u E,
MEXIy KOTOPBIMH pacriojiaraeTcs reM. ATOM xe-
Jie3a B reMe MOXeT 00pa30BhIBaTh 6 KOOPIHHALIM-
OHHEBIX CBsI3€H, 4 U3 KOTOPBIX yIepxuBawoT Fe?* B
ueHTpe nportonopdupuHa IX (coeauHss ero ¢ ato-
MaMH a30Ta MUPPOJIbHBIX KOJEL), a 5-51 CBSI3b BO3-
HUKaeT Mexny Fe?* u aroMoM a3ora MMHAA30J1b-
Horo konbua I'mc F; (puc. 1-30).

I'uc E, X0oTa 1 He CBA3aH C reMOM, HO HE06Xo-
IUM Ui TIPAaBUJIbHOM OPUEHTALIMK W TIPUCOEHM-
HEHHs apyroro juraHaa — O, K MUOIIOOUHY.

AMMHOKNCJIOTHOE OKPYXEHHE reMa CO3IaET yc-
JIOBUSL [UISL JOBOJIBHO TPOYHOTO0, HO OOpaTHMOTO
casbiBaHus O, ¢ Fe?* muornobuHa. I'mapodo6-
HbI€ OCTaTKM aMMHOKMCJOT, OKPYXaloLUUE IeM,
MPETNSTCTBYIOT MPOHMKHOBEHUIO B LEHTD CBS3bI-
BaHKs MHOTJIOOUMHA Boabl U okucieHuIo Fe?* B Fe’*,
TpéxBaleHTHOE Xe€Jie30 B COCTaBe TeMa He CIHo-
cobHo mpucoeauHATh O,.
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Bb. CTPYKTYPA U ®YHKIIMM T'EMOIJIOBMHA

T'eMorI00MHBI — POACTBEHHbIE OEJIKKU, HAXOMSIIM-
€Csl B 9pPUTPOLIMTAX YeJIOBeKa U MO3BOHOYHBIX XUBOT-
HBIX. DT O€NKH BBITOJHSIOT 2 BaXHbIE (QYHKIIMH:

o niepeHoc O, U3 JIETKUX K EpUPEPHIECKIM TKa-

HSIM;

» yyactue B nepeHoce CO, U NPOTOHOB U3 Ne-
pudepryecKrX TKaHe B JIETKHE IS TOCIIELy-
IOILETO BBIBEACHHUS W3 OpraHU3Ma.

KpoBb exeqHeBHO TO/DKHA MTEPEHOCUTH M3 JIET-
KUX B TKaHu okoyio 600 i O,. Tak xak O, rioxo
pPacTBOPHM B BOJAE, TO MPAKTHMYECKH BECH KMCIOPOI,
B KPOBH CBSI3aH C T€MOIJIOOMHOM 3PHUTPOLIMTOB.

Or cnoco6HoCTH remoraobuHa Hacknuarses O,
B JIETKMX W OTHOCHUTEJIBHO JIETKO OTAABaTh €ro B

Mne Fg

1
F-cnu- I E-cnu-
parb pank

Puc. 1-30. PacnonoxeHue rema B aKTUBHOM LIEHTPE anomu-
ornobuHa u npoTtomepoB anoremornobuxa.



Kanmwuisipax TKaHed 3aBUCST KOJMYECTBO MOJyyae-
Moro TKaHsAMM O, M MHTEHCUBHOCTh MeTabosM3Ma.
C npyroii ctoponsl, O, — CWIbHbBIA OKHUCIUTEb,
n30bITOK NocTyruieHna O, B TKaHU MOXET NpHBeC-
TH K MOBPEXAEHUIO MOJIEKY M HAPYLLEHMIO CTPYK-
TYphl ¥ GYHKIMI KiIeToK. [ToaToMy BakHeiuas xa-
pPaKTEepUCTUKA TeMOMIOOMHA — €ro CIIOCOOHOCTb
perynmMpoBarhb cpoAcTBo K O, B 3aBUCMMOCTH OT TKa-
HEBBIX YCJIOBHIA.

I'eMornoOMHBI, TaK X€ KaK MUOTJIOOMH, OTHO-
CSIT K TeMOIPOTEMHAM, HO OHU MMEIOT YETBEPTUY-~
HYIO CTPYKTYpY (COCTOSIT U3 4 MOJMNENTUAHBIX Lie-
rieif), 6;aromapst KOTOpOi BO3HUKAET BO3MOXHOCTh

PETYJISIUKM MX (QYHKIIHIA.
1. Temoeaobunvt uenoéexa
I'emoryio0HHBI B3pOCJION0 YesioBeKa

B spuTpoLuTax B3pocjoro 4ejioBeka reMorjao0uH

coctarisaeT 90% ot Bcex OeIKOB JaHHOM KJIETKH.

I'emorio6us A — OCHOBHOI reMOTr1I00MH B3pOcC-
JIOTO OpraHu3mMa, COCTaBJsieT okojo 98% ot
0o0111ero KOJM4YecTBa reMoriobuHa, Terpamep,
COCTOUT M3 2 MOJIUMENTUAHBIX Leneit o U 2
(202P).

Temornodun A, HaXOOUTCS B OPraHU3Me B3pOC-
JIOTO 4YeJIoBeKa B MEHbIIIeH KOHIIEHTpAlIWH,
Ha ero A0JIO NPUXOAUTCS OKoJio 2% obiiero
remoraodouHa. OH COCTOMT M3 2 o- U 2 &-lie-
Mew.

I'emoraobmn A, — remMorio6uH A, MoauGHLK-
POBaHHBII KOBAJICHTHBIM ITPUCOEANHEHHEM K
HEMY IJII0KO3bl (TaK Ha3bIBAEMbIM TJIMKO3M-
JIMPOBAaHHbIM TE€MOTJIOOHH).

I'eMorio0MHBI, CHHTE3UPYIOIHECS B NMEPHO
BHYTPHYTPOOHOIO Pa3BHTHA ILIOJAA:

DOMOpPHOHAJIbHBIN TeMOTJI00MH CUHTE3UPYETCS B
3MOPHUOHANIBHOM XEJTOYHOM MeEIIKe 4Yepe3
HECKOJIBKO Heleab TOocJie OMJIOJOTBOPEHHUS.
Ilpencrabnsier coboit terpamep 2&2e. Yepes
2 Hea 1ociae (popMHUPOBAHMS IIEYEHH IUIONA B
HEel HauyMHaeT CUHTE3UPOBATbCS I'eMOTJIOOUH
F, xoTopblit K 6 Mec 3aMelaeTr 3MOPUOHATH-
HBI reMOIJIOOHH.

T'emorno6un F — deraibHbIN reMOrIo0MH, CUHTe-
3UpYeTcs B MIEYCHH M KOCTHOM MO3re IUIOJA JI0
repyoia ero poxnaeHusa. IMeeT TeTpamepHyo
CTPYKTYPY, COCTOSILYIO U3 2 o~ M 2 y-LIETei,
ITocne poxneHus pe6EHKA MTOCTENEHHO 3aMellia-
€TCSl Ha TEMOIJIOONH A, KOTOPBII HAYMHAET CUH-

TE3UPOBATBHCA B KJIICTKaX KOCTHOIO MO3ra yX¢ Ha
8-M Mecsiie pa3BUTHA ILTIOAA.

2. Cmpoenue zemoeaobuna A
Crpoenre npoToMepoB reMorjio0MHa

KoHgopmMmalust oTaeIbHBIX IIPOTOMEPOB TEMOT-
JIOOMHA YIMBUTEJILHO HAOMHHAeT KOH(MOPMAIIUIO
MHMOIJIOOMHA, HECMOTPSI Ha TO, YTO B MEPBUYHOMN
CTPYKType WX MOJUIEHTUIHBIX 1IeTeil UACHTUYHbBI
TOJBKO 24 aMHMHOKMCJIOTHBIX ocTatka. ITpoTtomepn
reMonIo0MHa, TaK Xe KaK M allOMHOTJIOOMH, COCTO-
T U3 8 crvpaseif, CBEPHYTBIX B IUIOTHYIO TJIOOY-
JIAPHYIO CTPYKTYpPY, COIEPXKAIllyl0 BHYTpEHHEE T~
podobHOe S1IpO U «KapMaH» ISl CBSI3bIBAHUS TeMa.
CoenrHeHHE reMa ¢ IJIOGMHOM (O€IKOBOI 4acThio)
aHAJIOTUYHO TAKOBOMY Y MUOIIOOMHA — ruapocdo6-
HOE OKPYXEHUE reMa, 3a UCKITIOYEHWEM 2 OCTAaTKOB
I'uc E, u I'uc F; (puc. 1-31). OmHako teTpamepHas
CTPYKTypa reMorio0MHa IpeacraBnser coboit 6o-
Jiee CJIOKHBIM CTPYKTYpHO-(QYHKLIMOHATbHBIA KOM-
IUIEKC, YeM MMOIJIOOHH.

Posb ructuanna E, B GpynkumoHuposaHuu
MHOIJIO0HHA H reMorJio0nHa

I'eM MMeeT BBICOKOE CPOACTBO K OKCHMIY YTJje-
pona (CO). B BogHoI cpeae ¢cBOOOAHBIN OT GeJIKO-
Boit yacTu reM cassbiBaetcsi ¢ CO B 25 000 pas
cwibHee, yeM O,. Bbicokas cTeneHb CpOACTBa remMa
K CO no cpasHenuio ¢ O, 0OBACHAETCS Pa3HBIM
MPOCTPAHCTBEHHBIM PACITONIOXKEHNEM KOMILIEKCOB
Fe?" rema ¢ CO u O, (puc. 1-31, A).

B kommnekce Fe?* rema ¢ CO atoMsl Fe?*, yrire-
polia M KHCJIOpoIa pacItoNioXeHbl Ha OJHOM Tpsi-
Moit, a B Komruiekce Fe?* rema ¢ O, aToMbl Xenesa
M KHCJIOpOJa pacroIOKEHBI TTOA YIJIOM, YTO OTpa-
XKaeT UX ONTHUMAJIbHOE MPOCTPAHCTBEHHOE PacIIo-
JIOXEHHUE,

B MuornobuHe u remorinobuHe Han Fe?' B o6na-
cti npucoenuHenus O, pacnonoxeH 'mc E., Ha-
pylialoniuMii onTuMaibHoe pacrojoxeHue CO B
LIEHTPE CBSI3bIBaHMS OEKOB M OCHabJISIONIUIA ero
B3auMoAeWCTBUE ¢ remMoM. Hampotus, ToT Xe I'mc
E, co3gaér ontumanbHble YCIOBUS VISl CBSI3bIBa-
Hus O, (puc. 1-31, b). B pe3yasrare cponctso rema
K CO B 6enkax Bcero B 200 pa3 IpeBBILIAET €ro
cpoxctso K O,.

CHMXeHME CPOJACTBA reMCOAepXauluxX OeJIKOB
kK CO umeeT BaxXHOEe OHMOJIOIMYECKOE 3HAYEHHUE.
CO ob6pa3syercsti B HeOOJBIIMX KOJUYECTBAX IPU
KaTaboJM3Me HEKOTOPHIX BELIECTB, B YaCTHOCTH

47



(0]

1l /ﬂ
¢ ‘
——$F—— ——$P—~
/N\ N
HC CH HC CH
I Il Il I
N—C N-—C

A

~ O\\ /‘O\\
\4\\ C/)(\ V\\\ 9\(\ Mic E;
wo § W N
Ay Ly
C///O o/’O
‘ ! MnockocTb
—Fe— ——Fe— rema
- N N s N o
HC  CH HC  CH
i I I I Mnc Fg
N N

N——C

B

Puc. 1-31. MpocTtpaHcTBeHHOe pacnonoxeHnue CO u O,, cBA3aHHbIX CO cBOGOAHBIM reMoM (A) U reMOM B COCTaBe remornobuHa

unu muornobuHa (B).

rema. DTOT 3HAOTeHHO obpasywiuuiics CO 610-
kupyeT okojo 1% remconepxawmx 6eakos. Eciiu
Ob1 cpoacTBo rema K CO He yMEHBLLIAI0Ch MO
BJAUsIHUEM OCMKOBOTO OKPYXEHWS, IHAOTeHHBIN
OKCUI yriiepona Mol Obl Bbi3blBaTh CEPbE3HbIC OT-
paBeHMUsI.

YerBepTHUHAA CTPYKTYPA reMorjo0HHa

Yetbipe MOJMUIIENTUAHDBIE LEMU, COSAUHEHHbIE
BMeCTe, 00pa3yoT MOUYTH MpPaBUIbHYIO (HhopMmy
liapa, THE Kax[asi o-11eMb KOHTAKTUPYET C ABYMH
B-uensimu (puc. 1-32).

Tak Kak B 001aCTH KOHTAKTa MeXay o - U B -,
a TAKXKE MEXIY o,- U B,-UensIMH HaXOAMTCS MHO-
ro ruaApohoOHbIX paanKaIoB, TO MEXIY ITUMMU MO~
JIUTMIENTUAHBIMU LENSMU PopMUpYETCsi CUIILHOE
COENMHEHME 33 CYET BO3HUKHOBEHHWs B MEPBYIO
ouepe/ib TAPOPOBHBIX, a TAKXKE MOHHBIX U BORO-
pOIHbIX cBsizeil. B pesyiibraTte ob6pasyrorca aume-
pol o B, 1 o, B, Mexiy 9TUMKU AMMEpaMu B TCTpa-
MEPHOU MoJsieKyjle TeMOorjobuHa BO3HUKAKOT B
OCHOBHOM T10JISIpHblE (MOHHbIE M BOAOPOAHbIEC)
CBSI3U, MO3TOMY MPU U3MeHEHUU pH cpeabl B Kuc-
JYIO WIKM LIEJOYHYIO CTOPOHY B MEPBYIO OYepeilb
paspyluaroTca cBa3u Mmexay aumepamu. Kpome
TOI'0, AUMEPDI CNIOCOOHBI JIETKO NEPEMELLIATHCS OT-
HOCUTEJIBHO APYr Apyra.

Tak Kak IIOBEPXHOCTh [1POTOMEPOB HEpPOBHas,
MOJUMENTHUHBIE LIETIM B LIEHTPAIbHOI 00J1acTH He
MOTYT IJIOTHO TNPWJIEraTb APYr K APYry, B PE3YJib-
TaTe B LEHTpe (POpPMUpPYETCsl «lLeHTpajlbHas MoO-
JIOCTL», TTPOXOJsiLLasi CKBO3b BCIO MOMEKYy reMor-
JIOOMHA.
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J. Ceasvieanue 2emoerobuna ¢ O, 6 aéexux
U e20 OuCCOuUauus u3 KOMNACKCA 6 MKAHAX

OcuHopuasi (PyHKUMST TeMOorToOMHa — IOCTaBKA
O, ot A€rkux K TKaHsiM. OnUroMepHasi CTpyKTypa
reMor106MHa 00eCreUnBaeT ObICTPOE HAChILLEHKE
€ro KMCJ0poaOM B JICTKUX (0OpazoBaHME OKCUIe-
mornobuHa — Hb(O,) ), BO3MOXHOCTb OTLIETIC-
HUS KUCI0DPOJIa OT IeMOrJ00MHA B Kanuisipax
TKaHCH NMpU OTHOCUTENBHO BbICOKOM MapLUaIbHOM
AapfieHUu O, a TakXKe BO3MOXKHOCTb pPeryJsiuviu
CPOLCTBA IEMOTI00NHA K O, B 3aBUCHMOCTH OT 10~
TPEOHOCTEH TKAHEW B KUCIOPO/IE.

Koonepatusable u3MeHeHHSI KOH(OPMALMH
IIPOTOMEPOB

O, cBSI3bIBACTCSI C MPOTOMEpPAMH TeMOrjo0MHa
yepes Fe?' | KoTopblit COEAUMHEH ¢ UEThIpbMSI aTOMA-
MM a30Ta MHUPPOJIbHbIX KOJCLL FeMa U aTOMOM a3oTa

UenTpanshas
nonocTs

Puc. 1-32. CtpoeHue remMornobuHa.



['nc F, 6eaxoBoit yactu nporomepa. CaasbiBaue O,
C OCTaBlUCHCA CBOOOOHON KOOPIMHAUMOHHOM CBsi-
3b10 Fe?* MpoMCXOAMT IO APYrylo CTOPOHY OT IUIOC-
KocTH rema B obsnacti ['uc E, (aHajoruyHo TOMY,
KaK 9TO MPOMCXOIMT Y MUOIIOOMHA). I'uc E, He B3a-
nMoneicTeyet ¢ O,, HO ObeCIIeYMBaET ONITUMATHHBIE
YCJI0BHSA AJ1s1 €T0 CBsi3biBaHMS (puc. 1-33).

B ne3okcuremornobuHe 6aronapsi KOBaJIEHTHOM
CBSI3U C OeKoBOi yacThio aToM Fe?" BrIcTymaer u3
TUIOCKOCTH reMa B Hanpasienuu I'c F,. Ilpucoe-
auHenue O, K atromy Fe?* ogHoro mporomepa BbI-
3bIBAET €r0 IEPEeMEILEHHE B ILUIOCKOCTb reMa, 3a
HHMM MepeMelnanTcs ocratok I'nc F, u nonumern-
THIHAs LIeMb, B COCTaB KOTOPOM OH BXOAWT. Tak
KaK IPOTOMEP CBSI3aH C OCTaJbHBIMM IPOTOMEpA-
MH, a 6eKu 061a1a10T KoHGOPMAaLMOHHOM JTaOuIIb-
HOCTbIO, MPOMCXOIUT M3MEHEHHE KOH(pOPMalUU
Bcero Oenka. KoHdopMalMoHHbIE M3MEHEHUH,
MPOUN3OLIECAIIME B APYTHX MpOTOMEpax, oberdaior
NIPUCOEAVHEHME ClIeayiomed Monekyabl O,, 4To
BbI3bIBAET HOBbIe KOH(POpPMAIMOHHEIE M3MEHEHUS
B OelKe W YCKOPEHHE CBSI3bIBAHUS CIEIYIOLLEH
Mmojiexyibl O,. Hetsépraa Monekyna O, nmpucoenu-
HsleTcd K reMoryioouHy B 300 pa3s jerde, yeM Iep-
Bas MoJiekyna (puc. 1-34).

+ 0,

Mc FB- Fe2+ PR——

Puc. 1-33. UameHeHune nonoxeHus Fe* u 6enkoBo# 4acTu re-
morno6uHa npu npucoeauHeHnm O,

Puc. 1-34. KoonepatueHbieé n3amMeHeHUs KOHdOpMauUuKu npo-
TOMepoB remMornoGuxa npu npucoepuHennn O,

H3meHeHue koHpopmalnu (a CIeA0OBaTE/IBHO U
(YHKLIMOHAITLHBIX CBOMCTB) BCEX ITPOTOMEPOB OJIH -
rOMepHOro Oenika Ipv MPUCOETMHEHUM JIMIaHAa
TOJILKO K OJHOMY M3 HUX HOCUT Ha3BaHHE KOOIIE-
paTUBHBIX U3BMEHEHMI KOH(OpMalLIMK MPOTOMEPOB.

AHaJIOTMYHBIM 00pa3oM B TKAHAX AUCCOLHALHS
Kaxaoi Mosekyabl O, U3MEHAET KOHGOPMaluIo
Bcex MPOTOMEPOB M 00JieryaeT OTLUEIUIEHWE TI0C-
Jepyroumx moiekyn O,.

Kpusbie muccomsaunu O, 118 MMOrI00MHa
H TeMOrIo0HHA

KoorepaTuBHOCTb B paboTe MPOTOMEPOB IEMOIJIO-
OMHa MOXHO HaO/MoOIaTh U Ha KPUBBIX JIHCCOLMALIU
O, wis MuorobMHa U remoriobuHa (puc. 1-35).

OrHoweHne 3aHATBIX O, YYaCTKOB CBA3bIBAHUA
0ejika K o0lieMy 4MCIy TaKUX Y4aCTKOB, CIIOCO0-
HBIX K CBSI3BIBAHMIO, HA3bIBACTCSl CTETNICHbIO Ha-
CBILLIEHUS 3THX OeJIKOB KUCJIopoaoM. KpuBbie auc-
COLIMAIIMM ITOKA3bIBAlOT, HACKOJIbKO HACHILIEHBI
AaHHble 6e1ku O, P pasIM4HbIX 3HAYEHHUSIX T1ap-
HUATLHOTO JaBJIEHUS1 KUCJIOpOoJa.

Kpuaa guccounaupu O, 11 MHOTIIO0HMHA MMEET
BHJ TIPOCTOM TruilepOoJibl. DTO yKa3bIBaeT Ha TO,
YTO MHUOIJIOOMH OOpaTMMO CBSI3BIBAETCS C JIUTAH-
JIOM, 1 Ha 3TO HE OKAa3bIBAIOT BIMSHNE HUKAKUE
NOCTOPOHHME (PAKTOPHI (CXeMa HUXKE).

MB + O, @ MBO,

[e3sokcumnornobuH  OxkcumuornobuH
Cxema

CTeneHb HacbiuleHus
6enkoB kucrnopoaom, %

0 L S —

10 20 30 40 50 60 70 80 90 100

MapuunansHoe gaenexne Oz, MM pT. CT.
Puc. 1-35. Kpusble guccoLmaumm Kncnopoﬁa Ana muorno6u-

Ha U remorno6uHa B 3aBMCMMOCTH OT napLManbLHOro faene-
HUS KACROPORAA.

49



Ilpouieccer 06pa3oBaHUA U pacrana OKCUMUOT-
JIOOMHA HAXOmATCS B PaBHOBECHM, M 3TO PaBHO-
BECHE CMEIIAETCS BJIEBO IM BIIPABO B 3aBUCHMO-
CTH OT TOTO, J0DABJISIETCS UITH YIAISIETCS KMCIOPOLT
U3 CUCTeMBl. MMOMIOOUH CBSI3BIBAET KMCJIOPO,
KOTODBIM B KAMMWINSIpax TKaHe BBICBOOOXIAET Ie-
MODJIIOOMH, U caM MHOIIOOMH MOXET OCBOGOX-
nate O, B OTBET Ha BO3pacTaHUe MOTpeGHOCTEH B
HEM MBILICYHOM TKAHU M MpPH MHTEHCUMBHOM HC-
nojb3oBaHuu O, B pesyibTare (GQU3MYECKO Ha-
IPY3KH.

Muorino6uH MMeeT O4eHb BEICOKOE CPOICTBO K
O,. Haxe npu napumansHoM nasneHuu O,, paB-
HOM 1—2 MM PT. CT., MUOTJIOOMH OCTAéTCS CBSI3aH-
HbM ¢ O, Ha 50%.

Kpusas muccoumanym O, 1151 remorio6una. M3 rpa-
¢uka Ha puc. 1-35 BHOHO, YTO TeMOIVIOOMH UMeeET
3HaYMTEIbHO Gosiee HU3KOE cponcTBO K O,; mony-
HacblleHre remorioouHa O, HacTymaer npu 6osiee
BbICOKOM JamieHuu O, (0Koj1o 26 MM pT. CT.).

KpuBass auccoumanuu misi TeMOTJIO0MHA UMeeT
CUTMOMIHYIO dopMy (S-00pa3Hyio). D10 yKa3biBa-
€T Ha TO, YTO MPOTOMEPHI I'eMOIIOOHMHA paboTaloT
KOOIEPATUBHO: YeM 6osibuie O, OTIAI0T IPOTOME-
pBbI, TeM Jierye UIOET OTIIEIUICHME TOCIESTYIOLINX
Mojiexy1 O,.

B xanwinsipax ITOKOSIILIMXCSI MBILILL, TAE daBjie-
nue O, cocrapisier okoio 40 MM pT. cT., 6oblLIas
4acTb KUCJIOPOJA BO3BPALIAETCS B COCTaBE OKCHIe-
MorioonHa obpatHo B jérkue. Ilpu dusmueckoi
pabore maBneHye O, B KanwUIgpaXx MBIILIL MagaeT
1o 10—20 mm pr. cr. MMeHHO B 3TOi obnact (OT
10 mo 40 MM pT. CT.) pacojaraeTcsi «Kpyrasi 4acTb»
S-00pa3HoOi KpHBO#, Ilic B HAMOOJIbBILICH CTEIEeHU
TIPOSIBJISIETCS] CBOMCTBO KOOTICPATUBHOM paboThI PO~
TOMEPOB.

CrnepoBatesibHO, 6yarogapsi YHUKQJIBHOM CTPYK-
Type KaXIbIi U3 pacCMOTPEHHBIX O€JIKOB MPHUCIO-
co6JIeH BBITIOJHATh CBOIO (DYHKIIMIO: MUOJIOOMH —
npucoeauHATs O,, BBICBOOOXIAEMBIH TeMOIIOOU-
HOM, HaKaIUIMBaTh B KJICTKE M OTAaBaTh B CIydae
KpaitHeil HeOOXOOUMOCTH; reMOIJIOOMH — TIpHCoe-
muHATE O, B JIETKMX, TO€ €r0 HACHILICHHUE TOXOMUT
1o 100%, u ormasate O, B Kanuuisipax TKaHed B
3aBUCHUMOCTHU OT M3MEHEHMS B HUX JasieHust O,

4. Ilepenoc H* u CO, us mxanei 6 aézxue
¢ nomowsio zemozaobuna. Ippexm bopa

OkucneHue OPraHM4YCCKUX BEUWICCTB C LEJIbIO 110~
JIY4CHUS SHEPruM NMpOUCXOOUT B MHUTOXOHIPHSAX
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KJIETOK C MCIOojb3oBaHueM O,, IOCTaBIsAEMOrO re-
MOTJIOOMHOM M3 JIETKHX. B pe3ynbrate OKMCIEHUS
BELLECTB 00pa3yloTCsa KOHEUHbIC IMPOAYKTHI pacia-
na — CO, u H,0, Konm4ecTBO KOTOPBIX MPOIIOp-
LIMOHANTBHO MHTEHCUBHOCTH TIPOLIECCOB OKMCIICHHS.

CO,, 06pa3oBaBLIMIiCI B TKaHAX, TPAHCIIOPTHU-
pyercsi B 3pUTPOLMTHL. TaM Ion jeicTBueM ¢ep-
MEHTa KapOaHruapa3bl MPOMCXOIUT YBEJIMYECHUE
ckopoctu obpasoBanus H,CO,. Cnabas yrojpHas
KHCJIOTa MOXeT auccouuuposats Ha H*u HCO,”

CO,+ H,0 < H,CO, & H*+ HCO,".

PaBHOBecHe peakuM B 3PUTPOLIMTAX, HAXOIS-
IIIUXCH B KalM/UISIpax TKaHEMW, CMELLIAETCs BIIPABO,
TaK Kak obpasyiolliiecss B pe3yjbTaTe TUCCOIUA-
UMM YTOJBHON KMCJIOTHI MIPOTOHBI MOTYT TIPHUCOE-
JUHATBCS K CrIEHMGUYECKUM Y4acTKaM MOJIEKYJIbI
reMorjobuHa: K pagvkanam Iuc , mByx B-uemnei,
pagukanaM I'uc ,, ¥ KOHUEBBIM C-aMHHOTPYIIam
IByX o-lLiereil. Bce ati 6 y4acTKOB IIpM Mepexoe
reMorioorHa OT OKCH- K Ae30KCH¢OpMe IIPUOO-
peTaioT Oosiblliee cpoacTBO K H* B pesynnrare no-
KaJIbHOI'O M3MEHEHHUS aMHMHOKHCJIOTHOTO OKpYXe-
HHSI BOKPYT 3TUX YYAaCTKOB (IIPpUOMMKEHUS K HUM
OTPULIATEIILHO 3apSKEHHBIX KapOOKCHIBHBIX TPYIIT
aMMHOKHUCJIOT).

IpucoenuHenue 3 map MPOTOHOB K TeMOIJIOOH-
HY YMEHBILAET ero cpoactso kK O, M yCUIMBaeT
tpaHcnopT O, B TKaHU, HYXJal0LKMECs B HEM (puC.
1-36, A). YBeqmuenue ocBoboxnenuss O, remor-
JIOOMHOM B 3aBHCMMOCTH OT KOHIeHTpauuu H*
HasbiBalOT 3¢ dekrom bopa (M0 MMEHM AATCKOTO
¢dusmonora Xpuctuana bopa, BepBbie OTKpPbIBILIEC-
ro 310T 3¢ QEKT).

B xamwwrsipax JIETKyx BBICOKOE TapLIATLHOE JaB-
neuve O, IPUBOAMT K OKCUTEHUPOBAHHIO T€MOLJIO-
OuHa M ynaneHuio 6 mporoHoB. Peakuua CO,+
+ H,0 <& H,CO, & H* + HCO,™ caBuraercs BI€BO
1 obpasyrowmiica CO, BbIIENAETCA B a/IbBEOJISIPHOE
MPOCTPAHCTBO U YIATSIETCS C BBUIBIXaCMbIM BO3MY-
xoM (puc. 1-36, B).

CJienoBaTe/IbHO, MOJIEKYJIa reMOTJIOOMHA B XOJIE
3BOJIIOLIMM IIpHOOpea CIIOCOOHOCTh BOCIPUHM-
MaTh M pearupoBaTh Ha HHMOPMaLIHIO, NONXyYae-
MYIO M3 OKpyXamwllei cpelbl. YBEJIUYCHUE KOH-
LIEHTpPALMHU IIPOTOHOB B CPeIe CHHAKAET CPOACTBO
O, x reMOrIO6KMHY M YCHJIUBAeT €ro TPaHCIOPT B
TKaHu (puc. 1-37).

Bonpiuast yacte CO, TpaHCIOPTHPYETCSA KPOBBIO
B BUJe Oukap6oHara HCO,™. HeGosbluoe Komye-



Kanunnspsl TkaHe#n Kanunnspel nérkmx
Txanu Nérkwne
Oprannyeckue
BelecTsa 40, 0,
= + +
™ l Hb(02)4-—i HbH Hb(02)4 HbH
=
S lt/ Oz _ 7—
?
5 | - Hccy co;
o4 N !
HO + CO. CO; + H,O @ HCO4 H2CO3 & H,0 + CO;
OpuTpouut Mna3ama OputpoumnT
A B

Puc. 1-36. lMeperoc H* u CO, ¢ kposb1o. Apthext Bopa. A — BnusHWe koHueHTpaummn CO, n H* Ha BbicBoGoXpeHue O, U3 koMnnekca
C reMorNoGYHOM B TKaHsX (athekT Bopa); b — okcurenwposanve nesoxcvremornobura B nérkux, obpasosanme v soiieneqve CO,.

TkaHu Nérxkve
100 A
L0
I 80 1
x
X 76 7.2 68 pH
s
38 60
oo
&8 Hb
32
n 4 A
[
-
(@] 20 -
0 . r r v - .
10 40 50 80 120

MapuunaneHoe aaenexue Oy, MM PT. CT.

Puc. 1-37. Bnnsinne pH Ha kpusylo guccouuwauuu O, ana re-
mornobuua.

ctBo CO, (oko0s10 15—20%) MOXeET NEPEeHOCHTLCS B '

JIErKue, oOpaTHMO TIPUCOEIHHSISICh K HEHMOHU3U-
POBaHHBIM KOHLIEBLIM o-ammuHorpynnaM. R-NH,+
+ CO, = R-NH-COO- + H", B peayznbrare o6pa3sy-
eTcsl KapooreMoryioouH, rae R — nonunentuaHast
uenb remorno6uHa. Ipucoenqunenue CO, K reMor-
JIOOMHY TaKXe CHMXAET €ro CpoacTsBo K O,.

5. 2,3-bBugpocghozaunyepam — aasocmepunecxuii
pezyaamop cpoocmea zemozrobuna k O,

2,3-Budocdornnuepar (b®I') — BemecTBo,
CHHTE3UPYEMOE B 3PUTPOLIUTAX U3 MPOMEXYTOY-
HOTO MpOAYKTa OKUCJIEHUS Iioko3sl 1,3-6mdoc-
dorauuepara.

i
0- F" -0-CH;-CH,-COO’
_ ]

o o
O- F:’ =0
o
2,3-Bugrochornmuepar

Peryasuns ¢ nomomsio 2,3-ondocdormmnepara
cpoxcTsa remornoouna K O,

B HOpMasbHBIX YCJIOBUSIX 2,3-0uochormmiie-
paT MPUCYTCTBYET B 3PUTPOLIMTAX IIPUMEPHO B TOM
X€ KOHIUEHTpAIUK, YTO U reMorniobuH. bOI', npu-
COEUHSISACH K TEeMOMIOOMHY, TaKXe MOXET MEHSTh
ero cpoactso K O,.

B ueHTpe TeTpaMepHOIl MOJIEKY/IBI I'€MOTIJIO-
O6MHa ecThb MOJOCTb, 0Opa3oBaHHasE aMHHOKMC-
JIOTHBIMH OCTAaTKaMM BCEX YETHIPEX MPOTOMEPOB.
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LleHTpanbHas TIONOCTh — MECTO MPUCOETUHEHUS
bOT.

Pazmepbl LIEHTpaTbHON IIOJIOCTH MOTYT MEHSIThb-
cst: omerienue O, OT OKCUTEMOITIOOWHA BbI3bIBAET
€ro KoH(OpMaLIMOHHBIE U3MEHEHMsI, KOTOpPbIE CIIO-
COOCTBYIOT 00pa30BaHMIO JOTIOHUTEIBHBIX MOHHBIX
CBA3el MeXny nuMepamu o, ¥ o,B,. B pesyasrare
[IPOCTPAHCTBEHHAS CTPYKTYpa JEe30KCMIeMOIIOOMHA
CTaHOBUTCS GoJiee XECTKOM, HATIPSXKEHHOM, a LEHT-
pasibHasi TIOJIOCTb PaCIIHPSIETCS.

IToBepXHOCTb IMOJIOCTH OTPaHUYEHA OCTATKAMH
aMHUHOKUCIIOT, B YMCJIE KOTOPBIX UMEIOTCS TTOJIOXKM-
TeJIbHO 3apsDKEHHbIE pamukanbl JIuzy, I'uc,,, B-ue-
MEH U MOJIOKUTENILHO 3apSKEHHbBIE O-aMUHOTPYIIIIbI
N-koHLIeBOrO BanyHa P-leneil. B pacimpeHHyo
IOJIOCTh Ae3oKcureMonioonHa bOI, nMmerori ciib-
HBIA OTPULIATEIBHBIN 3apsil, NPUCOETUHAETCS C MO~
MOLLIbIO MOHHBIX CBSI3ei, OOpa3yIOIIMXCS C TOJIOXKM~
TEJILHO 3aPSDXKEHHBIMU QYHKIIMOHAIEHBEIMU IPYIIIIAMA
IByx B-ueneit remornobuHa. IlpucoemHenue BOI
€€ CWIbHEE CTA0WIM3UPYET XKECTKYIO CTPYKTYPY €3~
OKCHTEMOIJIOONHA U CHMXaeT cpoiacTso 6enka k O,
(puc. 1-38).

IIpucoemunenue BPI K ne30KcHreMoraIoouHy
TMPOMCXOAUT B YYaCTKE, UHOM II0 CPaBHEHHUIO C re-
MOM, [Jie NPOUCXOAMT CBsA3bIBaHue O,. Takoi yu-
TaHJ| Ha3bIBAacTCs «ALIOCTEPHYECKHIt», a LEHTp, I1e
CBSI3bIBACTCSl AJUIOCTCPUYECKMI JTMTaHI, — «aJLIo-
CTepHYecKMil LeHTP» (OT Ipey. «auloc» — IPYroi,
WHOM, «CT€pOC» — IIPOCTPAHCTBEHHbIIL).

B nérkux BeICOKOE mapuuaibHoe naBiaeHue O,
NPUBOAUT K OKCUTEHHPOBAHUIO TeMOorIoonHa. Pa3-

Puc. 1-38. BaaumopevicTeme 2,3-6ucoccornmuepara ¢ amu-
HOKMCNOTHBLIMY OCTaTKaMM LIeHTPansHOW NONOCTH AE30KCU-
remornoGuHa.
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DbIB HOHHBIX CBA3EH MEXIy quMepamu o ff, u o,pB,
IIPUBOIUT K «pacciaabieHuio» GelKOBOM MOJIEKY-
JIbl, YMEHBIUCHUIO LIEHTPAJIbHON ITOJIOCTH W BbI-
TecHeHu1o BOI.

TkaHn
He(Oz)s + BOIr &
Nérkue

He-BOI + 40,

N3menenne xonunentpanun BPI' kak MexaHwsm
ajanTanyM opraHM3Ma K rumokcuM. KoHLeHTpaLus
BOTI' B sputpouurax Jionei, XUBYIIUX B OTIpele-
JIEHHBIX KJIMMATUYECKMX YCIOBUSIX, — BEJIMYHHA
nocrosiHHasi. OmHaKO B MEPHOM alanTalHuH K BbI-
COKOTOpbIO, KOTa 4eJIOBEK MOTHMMAETCS Ha BbI-
cory 6onee 4000 M Han ypoBHEM MODSI, KOHLIEHT-
pauusa BOI yxe yepe3 2 qHs BO3pacTaeT MOYTHU B 2
pasa (ot 4,5 1o 7,0 MM). BTO cHMXaeT CPOIACTBO
reMorobuHa K O, M yBeIMYuBaeT Koauyectso O,,
TPAHCIIOPTUPYEMOTO B TKaHM (puc. 1-39).

Takyro xe aganTaiiio HabIoaal0T ¥ 00JbHBIX C
3a00/1eBaHUSIMH JIETKUX, IPH KOTOPBHIX Pa3BHBACT-
csl obmiast runmokcus TKaHei. Tak, y GOJbHBIX C
TSDKENOM OOCTPYKTUBHOM SM(H3EMOI JIETKMX Nap-
LIMaJIbHOE JaBjeHMe B HMX cHuxaerca oT 100 mo
50 MM pT. cT. HO npH 3TOM B 3pUTPOLIMTAX YCHIIM-
BaeTcsl BbIpabotka BDI', 1 ero KoHUEHTpAIIUs T10-
Bbllaercs ¢ 4,5 no 7,0 MM, 4yTo CylleCTBEHHO YBe-
JIMYMBAET 10cTaBKy O, B TKaHM.

2,3-60r=0
(remornobuvH Ges 2,3-69I")

100

2,3-BoI=5 mMmonb/n
(Hopma)

2,3-bPI=8 mmonu/n
(kpoBb YenoBeka, agan-
- TUPOBAHHOIO K BbICOTE)

CreneHb Hacbilenus O,
kucnopoaom, %

P} A e i i " i M i

0 40 80 120
MapumanbHoe gaeneHve O,, MM PT. CT.

Puc. 1-39. BiusiHue pa3nuyHbiX KOHLEHTpauv#n 2,3-6uctocto-
rmmuepaTta Ha CpOacTBO remornobuHa k O,



Kmunnyeckoe 3Hauenne Konmentpauuu bPT
B KOHCEDBHDOBAHHOH KDOBH

B KpoBH, KOHCEPBUPOBAaHHOM B HEKOTOPHIX Cpe-
Jlax, HampuMep LUTpaT-IeKCTpo3HOM, 3a 10 mHei
KoHueHTpauust BOI cHuxaercs ¢ 4,5 no 0,5 MM.
I'eMOrn06MH TaKoil KPOBH MMEET OYE€Hb BBICOKOE
cpoactBo K O,. Eciii KpoBb CO CHMXEHHOM KOH-
ueHrpanueir b®I' niepenrBarh TAXKEI000ABHBIM,
BO3HMKAET OIIACHOCTH Pa3BUTHSI TUTTIOKCHH TKaHei.
BBei€HHbBIE C KPOBBIO 3PUTPOLIMTHI 33 24 Y MOTYT
BOCCTAHOBUTbD JIMIIb ITOJIOBUHY HOPMAaJTbHOH KOH-
nenatpauuu bDI'. JJobasnenuem B KpoBb bOTI
HeJIb3s BOCCTAHOBUTh HOPMAIBHYIO KOHLIEHTPAIIHIO
€ro B 3DUTPOLIUTAX, TaK KaK, UMes BbICOKHI OTpH-
narenbHbId 3apsin, bBOI He MOXeT TIPOHUKATh Ye-
pe3 MeMOpaHhb! 3puTpolnTOB. [1oaTOMY B Hacrosi-
Hiee BpeMsi B KpOBb N00aBISIOT BellleCcTBa,
CIOCOOHBIE TTPOHMKATh Yepe3 MeMOpaHy 3pHUTpO-
LUTOB U ITOAIEPXKHBATh B HUX HOPMA&IBHYIO KOH-
ueHrpauuio bdI.

6. Pezyanmopnuie ceoiicmea oauzomeprozo Geaxa
eemozn00una

TakuM 00pa3oM, OJUTOMEpHbI OejlI0K TeMor-
JIOOUH, B OTJIMYME OT MOHOMEPHOIO POJICTBEHHO-
ro 0ei1ka MMOrI00MHa, CrIOCOOEH MPUCOEAUHATH
K crreurprYecKUM yyacTKaM 4 pa3iMyHbIX JIATAH-
na: O,, H*, CO, n BOT. Bce a1 nuranabl npuco-
EIUHSIOTCA K TPOCTPAHCTBEHHO Pa30OILEHHBIM
yyacTKaM, HO KOH(pOpMalLHOHHbIE MU3MEHEHHUS
6ejika B MeCTe MPUCOETUHEHMSI ONHOTO JIMIaHIa
MepenamTcsl Ha BeChb OJIMIOMEPHBIH OeJIoK U M3-
MEHSIIOT CPOACTBO K HEMY APYrMX JUTaHIoB. Tak,
KOJIMYECTBO TOCTyMawuero B tkauu O, 3aBUCHUT
HE TOJIBKO OT MapUMaibHOro gasjaeHus O,, HO U
KOHIIEHTpAlIMM AJUTOCTEPUYECKUX JINTAaHIOB, YTO
YBEJIMYHUBAET BO3MOXHOCTb PETYISIMH (PYHKLMH
reMoTrJIO0MHa.

Kak MBI yXe paccMaTpyBaJIy BBIIIE, B KATAILISA-
pax paboTaioleii MbIIILUBI YBETNYEHHE KOHIIEHT-
paunn CO, 1 H* yMeHbIlIaeT CPOACTBO TeMOIIO-
6uHa K O, 1 yBeIMYMBAET OTAAYY €ro B TKaHU. [Tpn
JUIMTEJIbHON TUIIOKCUM YCHJIMBAETCS CHHTE3 2,3-
BDI B 3pUTpoUMTax, YTO TAKXKE CHMXAET CPOJ-
CTBO remorio6uHa K O, U MpU TOM Xe IapLuyalb-
HOM JaBneHuu O, YBEIMYMBAET €r0 TPAHCIOPT B
TKaHH.

CrnenoBaresibHO, Oaronapsi BO3NCCTBUIO pery-
JIATOPHBIX JTUTAHIOB OJIMTOMEPHEIE GEJIKH CIIOCO0-
HbI MMPUCNOCa0IMBaTh CBOIO KOH(popMaLUio U HyH-

KUMIO K U3MEHECHUSIM, MTPOUCXOJSAILIMM B OKpYyXa-
IOLLEH cpege.

7. Ocobennocmu cmpoenus
u ynxyuonuposanusn 2emozrobuna niooa

®eTanpHbiil reMornooun (HbF) 3amensier am6-
PUOHAIBHBII TeMOIJIOOMH, HaYyWHast CHHTE3UPO-
BaThCS B MEUEHH Yepe3 2 Held Tocie €€ ¢GopMUpO-
BaHua y wioga. C 6 Mec pa3BUTHA ILIOAA IO €ro
POXAEHUSI 3TO OCHOBHOI TeMOIJIOOMH 3PUTPOIH-
toB. Ilocne poxaeHusi peb€HKA OH MHTEHCUBHO
HayMHAeT 3aMelllaThCs Ha TeMOITIOOHH A.

B ¢usmonornueckux ycaosusix HbF nmeer 60-
Jee BBICOKOE cpoacTBo K O,, yeM HbA, urto cosna-
€T ONTUMATbHBIE YCIOBUs st TpaHcnopta O, u3
KPOBHM Marepy B KpPOBb IIToaa. DT1o cBoiicTBo HbF
00YCJIOBJIEHO TeM, YTO OH cjabee, yemM HbA cBs-
3piBaerca ¢ 2,3-BPI’. ®dusnosiornyeckmre ocobeH-
Hocti HbF cBg3aHbl ¢ 0COGEHHOCTSIMU €F0 CTpOe-
HUS: BMecTO B-rioO0MHOBBIX ueneil B HbA, oH
CONepXMT ABe y-uenu (B-mompoOHble). CBsA3bIBAHKE
2,3-b®I' ¢ HbA npoucxomuT Mpy y4yacTUH IOJIO-
KUTENbHO 3apsDKEHHBIX PamTUKaioB aMHHOKHCIIOT
JIBYX B-lierreil, HEKOTOpbIE U3 KOTOPBIX OTCYTCTBY-
10T B TIEPBUYHOM CTPYKType y-Leneid. B cpene, au-
wéHHoi 2,3-b®I’, HbA u HbF nposBasiior oau-
HAaKOBOE BBICOKOE CpoacTBo K O,.

B. HACIEICTBEHHBIE HAPYHIEHUS
MEPBMYHOM CTPYKTYPHI U ®YHKLIUI1
TEMOIJIOBUHA A — HACJIEICTBEHHBIE
TEMOIJIOBMHOIATHH

BaxXHOCTh NMEPBMYHON CTPYKTYPHI OEJIKOB LIS
(opMupoBaHUsS MX KOH(pOPMALUN U (PYHKIMH
MOXHO TIPOCIAECAUTHL Ha TIPMMEPaX HAC/IEACTBEHHBIX
3a00/1eBaHUi, CBA3aHHBIX ¢ U3BMEHEHHEM ITEPBUY-
HOM CTpYKTYphl reMorioduHa. B HacTosiiee Bpe-
Msi u3BecTHO 0koJio 300 BapmaHTOB HbA, MMelo-
HIMX B IEPBUYHOM CTPYKTYPE O- WJIU B-LIeNeHt JIUlb
HeGoJbllMe U3MeHeHusi. HekoTophlie M3 HUX TIO-
YTU HE BIMAIOT Ha (PyHKUMIO OenKa M 340pOBbE
YyeJioBeKa, Apyrue CHUXaloT PyHKIHUI 6enka u
OCODCHHO B 9KCTPEMAJILHEIX CUTYALIUSIX CHUXKAIOT
BO3MOXHOCTb aIiallTalluy YeJI0BEKa, TPETbU — BbI-
3BIBAIOT 3HAYUTEIbHBIC HApyILeHUsT pyHKIME HbA
A Pa3BUTHE AaHEMHUM, YTO TIPUBOAMT K TSKEIBIM
KJIMHUYECKUM ITOCTEICTBHUSIM.

B aHOMAasibHBIX reMOrJIOOMHAX U3MEHEHHUT MO-
TYT 3aTparuBaTb aMUHOKUCJIOTHL:
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e HaxXOIsILUMECSH HA MOBEPXHOCTH 0eKa;

¢ yYacTBylOLIME B (OPMHUPOBAHMM AKTHBHOIO
LIEHTpA;

e 3aME€Ha KOTOPBIX HapyllaeT OOILIyI0 TpEXMep-
HYI0O KOHQOPMALIMIO MOJEKYJIEI,

* U3MEHAIOLLME YETBEPTUYHYIO CTPYKTYpY Oejka
U €r0 peryJsATOPHLIE CBOMCTBA.

1. 3amena amunoxucaomot Ha nosepxHocmu
2emoza06una A

Euwg B 1904 r. yukarckuii Bpau JIxeitMc Xep-
PMK OIUCAT y CTYAEHTA TSXKETYI0 aHEMHIO C OOHa-
PYXEHUEM B €r0 KPOBH MHOXECTBA YIJIMHEHHBIX,
FIOXOXHUX Ha ITOJYMECSL, pUTPOLUTOB. 3ab0jeBa-
HUE TIOMYYIIIO Ha3BaHME «CEPIIOBHIHO-KIETOYHOM
aHeMuu», ¥ Tonbko B 1949 r. Jlaiinyc IlonuHr u
€r0 COTPYIHMKHK JOKa3ajlM, YTO OHO BHI3BAHO H3-
MEHEHMEM TEPBUYHOM CTPYKTYpbl HbA.

B monekyne reMorjao6uHa S (Tak HasBaH aHO-
MaJIbHBIA TeMOIJIOOMH) MYTaHTHBIMU OKa3alduch 2
B-LIen, B KOTOPBIX IJTyTaMar, BEICOKOIOJISIPHAs OT-
pULATeNbHO 3apskeHHasi aMUHOKHCIIOTA B TOJIO-
XeHUU 6 ObUTa 3aMeHeHa BATMHOM, COINEpPKAIUM
TMAPOGOOHBIA pamguKal.

1 2 3 4 5 6 7 8
HesA B-uens  Ban-Tuc-Jewn-Tpe-MNpo-Tny -y - fina -

HBS B-uens  Ban-Tvc -Jle - Tpe-MNpo-Ban-ny -Jna -

B ne3okcureMoriobuHe S HMMeeTCS Y4acTOK,
KOMIUIEMEHTAPHBIA IpYyroMy y4acTKy TaKHX Xe
MOJIEKYJI, COAEPXALLEMY U3MEHEHHYIO aMUHOKUC-
JIoTy. B pe3yssTaTe MoJIeKyJIbl Ie30KCUTEMOITIO0NHA
HAUYMHAIOT «CIHINAThCs», 00pa3ysd YIJIHMHEHHBIE
bubpmLIsipHBIE arperathl, AeOPMHUPYIOIIME SPUT-
POLIMT M MNPUBOMSALIME K OOpPa30BaHMUIO aHOMAJIb-
HBIX 3PUTPOLUTOB B BUAE ceprna (puc. 1-40).

@ 9
CenabiBanne Monekyn
@ 9@ pegokcuremornobuHa S
a P »
°" e ¢ obpasoBaHuem
@ 9, Bblooxouonexy{mpﬂoﬁ
. HepacTBOPUMOW
° 99 pubpunnnl

Monexkynst Hb S

Puc. 1-40. Accouunaumsa monekyn gesokcuremornoGuna S.
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B okcuremornobuHe S KoMIIEMEHTapHbIH ydya-
CTOK «3aMacKMpOBaH» B Pe3yJibTaTe M3MEHEHHS
koHpopManuu Oenka. HemocTynmHocTh ydacTKa
TIPETISITCTBYET COCAMHEHHUIO MOJIEKYJ OKCHUTEMOT-
JiobuHa S gpyr ¢ apyrom. ClenoBaTelbHO, 00pa3o-
BaHMIO arperatoB HbS crocoGCTBYIOT ycinoBMSA,

'TTOBBIIIAIONINE KOHLUECHTPAHHUIO JIe30KCUTEMOIIIO0N -

Ha B KieTkax (dusuyeckas padoTa, THIOKCUS,
yMeHbllieHue pH, yCcJI0BHSI BBICOKOTOPBSI, TTOJIET HA
caMoJIETe).

Tak KaK «CepnoBMIHBIE» IPUTPOLUTHI ILIOXO
MPOXOIAT Yepe3 KaMWUISIpbl TKaHEH, OHM 4acTo
3aKYyIOPUBAIOT COCYIbI M CO3[AI0T TEM CAMBIM JIO-
KaJIbHYIO T'HMIIOKCHIO. DTO MOBBIIIAET KOHIEHTpa-
U0 JE30KCUTEMOIIOONHA S B 3pUTPOLIUTAX, CKO-
pOCTb OOpa3oBaHMsI arperaToB reMomio6WHa S u
el oLy nedopmaiuio 3purpouuTos. Hapy-
weHre goctaBk O, B TKaHU BbI3bIBAET 6OJIM U IaXe
HEeKpOo3 KJIETOK B JaHHOH 006/1acTH.

CeprnoBUIHO-KJIETOYHAS! aHEMHUsI — TOMO3HUTOT-
HOE pelieCCHBHOE 3a00/1eBaHNE; ITPOSIBSIETCS TOJIb-
KO B TOM CJlyyae, Koraa ot o0OMX poauTeNeil Ha-
CleyroTCs 2 MYTaHTHBIX TeHa [B-uerieil I1oGHHa.
ITocne poxaeHust pedb€Hka 00Jie3Hb HE IPOSB-
JIsieTcs A0 TeX T0p, IoKa 3HAUWTEIbHBbIE KOJIHYe-
crBa HbF He 3amectsitca Ha HbS. ¥ GonbHBIX
BBISIBJISIIOT KIIMHUYECKUE CUMIITOMBI, XapaKTEPHbIE
IUTST aHEMHH: TOJIOBOKDPYXEHHE M T'OJOBHBIE OOJIH,
OfpBIllIKa, yYalléHHOe cepailedueHue, 60JM B KO-
HEYHOCTSIX, TIOBBIIIIEHHYIO BOCIIPUMMYHUBOCTD K UH-
bexuoHHBIM 3a060JICBaHUSIM.

['eTepO3UTOTHBIE MHAMBUIYYMBI, UMEIOLLIUE ONMH
HopMateHBIN reH HbA, a npyroit reH HbS, B kpo-
BH UMEIOT JIMIIb CJIeN0BbIE KOJIMUECTBA CEPIIOBUI-
HBIX KJIETOK ¥ HOPMAJBbHYIO NMPOIOLKUTEIbHOCTh
XKH3HU; KIMHUYECKUE CUMIITOMBI OOJIE3HU Yy HHX
OOBIYHO HE MPOSIBIISTIOTCS.

MNapannensHan yknagka

o6pa3oBaHHbiX
pubpunn gesoken-
remorniobuHa S




g muarHoctuky Hanmausg HbS B aputponurax
yeJIoBeKa HUCIIONB3YIOT MeToj, 3eKTpodopesa, oc-
HOBAaHHOTO Ha ABWXXCHWU 3apsDKEHHBIX OEJIKOB B
anexTpuyeckoM rosie. Tak kak B HbS orpuuarens-
HO 3apsDKEHHBIE TPYIIITBI IIyTamara B P-Lielsx 3a-
MeHEHbI He3apskeHHbIM BanuHoM, HbS B 1ienou-
HOM cpene OydeT ABUTaThcsl MeteHHee, yeM HbA.

Boicokast yacrora reHa HbS cpemu xwureneit Ad-
puku (mo0 40% HacenreHUs] B HEKOTOPHIX paiiOHaXx)
00yCJTOR/IEHA TEM, YTO TETEPO3UIOTH MEHee UYBCTBU-
TEJIBHBI K MATSIPHH, YeM JTFOIM C HOPMaJIbHBIM I'eMOT-
nobuHoM A. Plasmodium falciparum — BO30yIuTE/b
MaJISIpUM, OOJMraTHYIO 4acTb CBOETO XXM3HEHHOTO
LIMK/JIa OH TMPOBOIUT B 3pUTpOLIUTAX. TaK KaK 3pHT-
POLIMTHI Terepo3urotHeiX o HbS moneit umetor 6o-
Jiee KOPOTKMI CPOK XXM3HU, YEM HOPMATBHBIC 3PUT-
POLMTBI, BO30YIMTE b MATISIPHK HE YCTIEBAET 3aKOHYMTh
HEOOXOMMMYIO CTAAMIO Pa3BUTUSL. DTO CO3MAET U30HU-
paTebHOe MPEUMYILIECTBO AJIsSi TETEPO3UTOTHBIX MO
HbS moneit B Tex 001acTsix, Te Maisipysi BbI3BIBAET
rMbeb MHOTHIX JTIOACH.

CepItoBUIHO-KJIETOYHAs] AHEMUSI — TIEPBbIN OM-
CaHHBI MPUMEP MOJIEKYJISIPHOU 60JIe3HHU.

TloutH Bce BcTpevaroiliyecs: 3aMeHbl AMUHOKMC-
JIOT Ha TIOBEPXHOCTHU MOJIEKYJIbI TEMOTJIO0MHA 6€3-
BpeAHbl. 'eMOrno6UH S — peakoe UCKITIOUEHUE.

2. Himenenun aMunoKuc10mmnozo cocmaea
6 obaacmu aKmuenozo uenmpa 2emo2100una

Mexmy reMoM M O€JIKOBO# 4acThiO TeMOIIO0H-
Ha CYIIIeCTBYET OKOJ0 6() MeXaTOMHBIX KOHTAKTOB.
BonblIMHCTBO MyTaluii, HApYIIAIOIIMX B TOM WM
MHOM Mepe 3TH KOHTAaKThl, TIPUBOIST K Pa3BUTHIO
reMOrJIOOMHOIIATHM U aHEMMH.
I'emornobun M — BapuaHT reMorjiiobuMHa A, e
B pe3yJbTaTe MyTallMd B T€HE O- WIH B-Lenu
npoucxoaut 3ameHa 'ic E, wim I'uc F; tupo-
3uHOM. B pesynbrate Fe?* oxucasercs B Fe’*
U crabunmMsupyercss B 3710t dopme. [eMoriio-
OMH, comepxalluii B reme Fe**, Ha3bIBaOT MeT-
reMomio6vHOM (OTCIOa ¥ Ha3BaHUE — TeMoT-
a06uH M). Bmecro O, x Fe** npucoeannsiercs
H,O0. O6p1vHO M3MEHEHMs 3aTparvBaroT JIM60
o-, 1160 B-uenu, B pe3ysibTare I'eMOTI00MH
MOXET MEPEHOCHTDb He Gostee AByX Moniekyn O,
Y TeTepO3UroTHHIX JIIOAEH OTMEYalOT LIMAHO3,
CBSI3aHHBIA ¢ HapylleHueM TpaHcnopra O,, a
FOMO3UTOTHOCTb IO 3TOMY T€HY IIPHBOIUT K
JIETAJIBHOMY HCXOMY.

['emornobuH XamMMepcMuTa — BapuaHT I'eMOr-
JobuHa A, rae B nosoxeHuu D, BmecTo de-

HUJI-alaHWHA (TuapodoOHOM aMUHOKHMCIIOTHI)
HaxoauTcs cepuH (runpoduibHast aMUHOKMC-
nora). PeH D, BXOOUT B HETOJISIPHOE OKpYyXe-
HMe TeMa. 3aMeHa €ro Ha TIpOdMIbHYIO aMH-
HOKWCJIOTY IPUBOIAT K HAPYILECHHIO IIPOYHOCTH
CBA3BIBAHMSA TeMa C TIIOOMHOM; B «THAPod0O6-
HBIA KapMaH», TA¢ pa3MELIAaceTCs TeM, CIIoco0-
Ha [POHMKATh Boaa, okucasiownas Fe?t mo Fe’t,
B pe3yJbTaTe 4ero pa3sBUBAcTCSl aHEMUA.

3. Hamenenus amuHOKucA0omuo20 cocmaea,
dehopmupyrowmgue mpemuynyro cmpykmypy
2emozaobuna

Bo Bcex HOpMaJIbHBIX TeMOIJIOOMHAX U B MUOT-
JIOOMHE B MECTE MEpPeceUYCHUsl OBYX o-crivpaicii B
1 E HaxomMrcsa aMHMHOKHCIOTA ITTMUMH. Tak Kak
DJIMLMH BMECTO pagyKalla COAEPXUT aTOM BOAOPO-
Jla, B 3TOM MeCTe JBe CIMPAH [UIOTHO IPHIEralor
APYT K APYTY.

B remornob6une PuBepaeitia—bpoHkca (Bapu-
aHT TeMOrIo0MHa A) BMECTO IVIMIIMHA B IOJIOXKE-
HuM B, HaxoauTcs aMWHOKMCIIOTA aprUHMH, UMeE-
oniasi o0bEMHBIN pagvkKal. B pe3yinbrate OH He
YMEILAETCSA B CTOJIb Y3KOM MPOCTPAHCTBE, MOJIEKY-
Jla MeHsIeT KOH()OpPMALIMI0 M CTAHOBUTCS HECTa-
OMJIbHOM.

4. 3amenvt amunoxucaom 6 obaacmu KoHmMaxmos
dumepos o, o.,, Hapywarowue asrocmepu-
Yeckue pezyaamoprvle QyHKUuu 2emozro06una

IToutu Bce BapHaHTBI TeMOMIOOUHA A, TI€ ITpPO-
WCXOIUT 3aMeHa aMHMHOKHCJIOT B 00JJaCTH KOHTaK-
Ta IUMEPOB B, O,),B,, TMPOABISIOT MOHUXEHHYIO
KOOTIEpaTHBHOCTb M HapylIEHHOE CPOACTBO MeMOT-
Jo6uHa K O,.

Tak, reMorioouH KeMricu — BapuaHT reMorjio-
6uHa A, rne B nojoxenuu G, B-uenu acnaparu-
HOBasi KMCJIOTa 3aMEHEeHa Ha acriapardH. B Hopme
acraparMHoOBasi KMCJIOTa Y4acTByeT B 00pa30BaHMU
BOJOPOIHOM CBSI3M, CTaOWIM3UPYIOIIEH Je30KCH-
reMomioOMH. B pesynbpTaTe 3ameHbl 3Ta CBA3b HE
obpasyeTcsi, YTO HapyliaeTr cTabWIbHOCTb KOH(DOP-
MalUM AE30KCUTeEMOINIOOMHA, U CPOACTBO T'eéMOT-
Jo6rHa X O, noBbIIaeTcs. Y 60JbHBIX Pa3BUBAET-
Cs aHEMMSI C BBIPAXKEHHBIM 1IHAHO30M.

Takum o6pa3om, repBHYHANA CTPYKTypa OeJIKa oIl-
pefensieT 0COOEHHOCTH €ro KoHgopMaluu, CTpoe-
HMSI aKTMBHOTO LieHTpa U ¢yHKiHMil. M3MeHeHHe
OIHOW aMWHOKHCJIOTHI TOJBKO B OTHOM Oejike Mo-
XeT ObITb NPUYMHON HAPYILEHMH YHKUMIA JAaHHO-
ro 06eKa ¥ pa3BUTHSI HACIEACTBCHHOM TATOJIOIHMH.

55



Vi. MHOIMOOBPA3WUE BEJIKOB

B opraHu3me 4esoBeKa COAEPXKMUTCS CBBILIE
50 000 MHOIMBUIYAIbHBIX OEJIKOB, OTIMYAIOLIUXCS
MEPBUYHOR CTPYKTYpOil, KOH(dOpMaLIMei, cTpoe-
HUEM aKTUBHOIO LieHTpa ¥ GyHKUMSIMHU. benku no-
cTpoeHbl U3 20 XMMHYECKH pa3IMyHbIX AMMHOKHUC-
JIOT, KaXxJasi U3 KOTOPhIX MOXET 3aHUMaTh JI000e
MOJIOXEHUE B MOJUNENTHIHON Lermd. KpoMe Toro,
Oenku pa3MyaloTcs KOJHMYECTBOM aMHUHOKHCIIOT,
M3 KOTOPBIX OHHU ITOCTPOEHHI.

OxaHako OOJBIIMHCTBO TaKMX OGEJIKOB B Cpele
JOJDKHBI TIPUHUMAaTh MHOXECTBO KOH(OpMaluii ¢
NpUOAM3UTEBPHO OIMHAKOBOM HEpIrHe, HO pas-
HbIMHU XMMHYECKUMHM CBOMCTBAMU U (DYHKIIASIMU.
[ToaToMy B 3BOJTIOLINH, TTO-BUAMMOMY, ObLIA OTO-
OpaHa aMilb HeOOMbIlasi YacTh BO3MOXHBIX BapH-
aHTOB O€JKOB, KOTOPhLIE CIIOCOOHB MPUHUMATD
€IMHCTBEHHYIO CTaOWJIBHYIO KOH(OPMAIIHIO.

TakuM oOpa3oM, nepBUYHasi CTPYKTypa M3BECT-
HbIX OeJIKOB, OTOOpaHHBIX 3BOMIOLMEN, obecIeyn-
BA€T UCKJIIOUMTENbHYIO CTAOMJIBHOCTH OJHON M3
BO3MOXHBIX KOH(popMalLIMii, KoTopas U OIpeaesisaeT
0cOOEHHOCTH (PYHKIIMOHMPOBAaHMWS JaHHOTrO OeJika.

Bo3HHMKHOBEHHE HOBBIX OEJIKOB YacTO CBSI3aHO
C HEe3HAUMTEJIbHBIMH M3MEHEHUSIMH B CTPYKType
yXXe UMelolluxcsi 6enkoB. KpoMe Toro, Grmarogapst
TEHETUYECKMM MEXaHM3MaM, O KOTOPhIX OyIeT cKa-
3aHO B pasnene 4, 0eJoK ¢ MoJe3HbIMM CBOICTBa-
MU WIiM OCHOBHasi CTPYKTYpHas 4yacTb 3TOro Genka
MOTYT BXOAWTb B COCTaB Apyrux OejxkoB. Takue
0c/IKM, UMEIOUIME CXOXYIO IMOCJIENOBATECIbHOCTD
aMHUHOKHMCJIOT ¥ POICTBEHHbIE (PYHKIIMH, O0BEAM-
HSIOT B CeMeICTBAa POACTBEHHBIX OCIIKOB.

A. KJIACCM®UKAIINM BEJIKOB

Jlo HacTosIIEro BpeMeH HeT €IMHON W CTpOM-
HOM KJiacCHM(MKALIMY, YYUTHIBAIOLLEH pa3/IAYHbIE
rnapameTpbl 6e1KoB. B ocHOBe MMEIOLUIMXCSI KJac-
cuuKauii 06bIYHO JIEXUT OOMH NpU3HAK. Tak,
0eJIKM MOXHO KnacCU(pUIIMPOBATS:
e 110 opMe MOJNEKYJ (IJIOOYIsApHbIe WK Hub-
PUJLISIpHBIE);

e TI0 MOJIEKYJISIPHOM Macce (HU3KOMOJIEKYJISp-
Hbl€, BBICOKOMOJEKYJISIDHbIE U JIP.);

e 110 XUMHYECKOMY CTPOCHHIO (HATUYNE WIH OT-
CYTCTBHE HeOEeJIKOBOM 4acTH);

e 110 BBINOJTHSAEMbIM (DYHKIIMSIM (TPAHCTIOPTHBIE,

3al[UTHBIE, CTPYKTYpHbIE O€JIKA U JIp.);

e TIO JIOKIM3ALMH B KJIETKe (SOepHbIE, IUTO-

IJIa3MaTUYeCKUe, JTM30COMAJIbHBIE U 1ID.);
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e I10 JIOKATU3ALMK B OpraHu3mMe (6eIKh KpOBHM,
MEYeHH, Cepaua u Ip.);

o 110 BO3MOXHOCTH aIallTUBHO PETYJINPOBATh KO-
JINYECTBO JAHHBIX OEJIKOB: O€JIKH, CHHTE3UDY-
IOILMECS] C TIOCTOSIHHOM CKOPOCTBIO (KOHCTH-
TYTMBHBIE), U OEJIKH, CHHTE3 KOTOPbIX MOXET
YCHJIMBATLCS TIPH BO3NEHCTBUM (PaKTOPOB cpe-
bl (MHAYLIMOEbHbIE);

e TI0 TIPOJOIKUTEABHOCTH XU3HH B KIETKE (OT
0YeHb ObICTPO OOHOBIsIOIINXCA 6eKoB, ¢ T, 2
MeHee 1 4, 10 0YeHb MeJUIEHHO OGHOBJISIIOUINX -
cs1 GenkoB, T, , KOTOPbIX UCYHCISIOT Heles-
MM U MECSLAMH);

e 10 CXOXMM Y4YacTKaM IEepBUYHOI CTPYKTYpHI M
POICTBEHHBIM (PYHKIIUSIM (ceMeiCTBa OEJKOB).

B. KiIACCU®UKAIIMA BEJIKOB MO ®OPME
MOJIEKYJI

DTO OmHA M3 caMBIX CTapbiX KiacCH(UKaLIMIA,
KoTopasl IJIUT OeJIKK Ha 2 TPYIIILL IJo0yaApHbIe
1 buopwspusie. K rioOynsipHBIM OTHOCST Oeli-
KH, COOTHOIIIEHME ITPOJOJIbHOM U MONEepeYyHOoi oceit
KOTOpBIX He mpeBbiaeT 1:10, a yauie cocrassieT
1:3 wiu 1:4, 1.e. OejikoBast MoJIeKyJia UMeeT popMy
annca. BoabIIMHCTBO MHAUBUAYATBHBIX OEJIKOB
YeJIOBeKa OTHOCHT K INIOOYJsipHBIM Oenkam. OHM
HMEIOT KOMIIAKTHYIO CTPYKTYPY U MHOTHE U3 HHX,
3a CYET ynajeHus THApOoOOGHBIX paarKaiOB BHYTPh
MOJIEKYJTBI, XOPOIIIO PacTBOPHMMEI B Boxe. Harmsaa-
Hble TIPUMEPHl CTPOEHHS M (PYHKIIMOHMPOBAHUS
IJIOOYNISIPHBIX OEJIKOB — pPacCMOTPEHHBIE BBIILE
MMOIJIOOMH ¥ TeMOTJIOOMHBI.

OuopuLIsIpHbIE O€JIKH UMEIOT BBITSHYTYIO, HU-
TEBUIHYIO CTPYKTYpY, B KOTOPOH COOTHOLIEHHUE
MpOIOJBHOM M TIOMEPEYHOM oceit cocTaBisieT 6o-
nee 1:10. K doubpmuisapHbeiM 6eKaM OTHOCSIT KOJI-
JIareHbl, 3JIaCTHH, KEPATHH, BBITOTHSIOILIME B Opra-
HU3MeE YeJIOBeKa CTPYKTYPHYI0 QYHKIIMIO, a TaKXe
MHO3MH, YYACTBYIOLIMIA B MBIIIIEYHOM COKPAILIEHUH,
1 GUOPHH — 6EJI0K CBEPTHIBAIOLLEN CUCTEMBI KPO-
BH. Ha nipuMepe KOJUTareHOB M 3J1aCTUHA pacCMOT-
PUM OCOOEHHOCTH CTPOEHMST ITHX 66)11(013 M CBSI3b
HX CTPOEHUS ¢ HYHKIIMEH.

1. Cmpoenue u yynxuuu xoaiazenos

KosutareHbl — CeMeCTBO pOACTBEHHBIX (Pub-
PWUISIDHBIX O€JIKOB, CEKPETUPYEMBIX KJIETKaMU
CoeIMHUTEIbHOM TKaHH. KosulareHbl — caMble pac-
MPOCTPaHEHHBIE OEJKM HE TOJBKO MEXKIETOYHO-
ro MaTpukca, HO U OpraHu3Ma B II€JIOM, OHHM CO-



CTaBIAIOT OKOJIO 1/4 Bcex GenKoB opraHu3Ma ve-
JioBeKa. B MeXKJIETOUHOM MaTpHKCE MOJIEKYJIbI
KoJulaTeHa 00pa3yioT IOJMMEPbI, Ha3biBA€MbIE
¢ubpunnamu koJareHa (6osiee MOaApoOOHO 3TO
omucaHo B pasfene 15). ®ubpumIbl KoJuiareHa
00/1a1a10T OTPOMHOM MPOYHOCTBIO U MTPAKTHYECKH
HepacTsKuMbl. OHM MOTYT BbLIEPXXMBAaTh Harpys-
Ky, B 10 000 pa3 mpeBBILIAIOLIYIO X COOCTBEHHBIH
pec. ITo nmpouyHocTH KosuiareHoBble (PUOPUILTHI TIpe-
BOCXOJSIT ITPOYHOCTDb CTAIbHOM MTPOBOJIOKU TOTO XK€
ceyeHust. UMeHHO 1o3ToMy OOJIbILIOE KOJTHUYECTBO
KOJUTareHOBBIX BOJIOKOH, COCTOSALIMX M3 KoJuUlare-
HOBBIX (PUOPHILI, BXOJUT B COCTaB KOXH, CYXOXKH-
JINA, XpALIEH U KOCTEH.

HeoObIuHbIE MEXaHUYECKME CBOMCTBA KoJuiare-
HOB CBSI3aHbl C MX MEPBUYHOW U ITPOCTPAHCTBECH-
HOM CTpPYKTypaMH. MoJieKy/ibl KOJlar€Ha COCTOSIT
U3 TPEX MOJMIENTHUIHBIX LETei, Ha3bIBAEMBIX O-
persaMu. Mnentudguimmposano Gonee 20 o-lemei,
OONBILIMHCTBO KOTOPHIX MMeeT B CBoéM cocTase 1000
AMUHOKHUCJIOTHBIX OCTATKOB, HO LIEMM HECKOJIbKO
OTJIMYAIOTCSI aMUHOKMCJIOTHOM ITOCJI€I0BaTENIbHO-
CThIO. B cOCTaB KOJITar€HOB MOTYT BXOAMTb TPH
OIMHAKOBbLIE WJIM Pa3HbIe LIEIH.

IMepBuuHas CTpyKTypa o-Liereil KojulareHa Heo-
ObIUHA, TAaK KaK KaXaas TPEThsi aMUHOKMCJIOTA B
TIOMUTIETITUAHON LENM TPeacTaBleHa TJIUIIMHOM,
0K0J10 1/4 aMUHOKHUCIIOTHBIX OCTAaTKOB COCTAaBJIsA-
IOT NpPOJUH WIHA 4-TUIAPOKCHUIIPOJHH, OKOJIO
11% — amaHuH. B KojiareHe OTCYTCTBYIOT TakKue
aMMHOKMCOTBI, KaK LIIMCTEUH ¥ TpUnTodaH, a ru-
CTUIVH, METUOHUH W TUPO3UH HAXOISITCS JHUILIb B
oueHb HeOOJIBLIOM KOJWYecTBE. B cocraBe mep-
BUYHOM CTPYKTYPHI G-LICTTH KOJUIareHa CONEPXUTCS
TakXke HeoObluHast aMWUHOKHCIOTa — TUIPOKCH-
Ju3uH. TTonUImenTUaHYIO LIeNb KOJUIareHa MOXHO
MPEACTaBUTh KaK MOCJIEN0BATEIbHOCTh TPUILIETOB
Imu-X-Y, rne X u Y Moryr ObITh 110OBIMU aMu-
HOKMCJIOTaMH, HO yYalll€ B TMOJOXEHUH X CTOUT
MMPOJIUH, 4 B MOJIOXEHUM Y — THAPOKCUMIPOIUH
WIK TMIPOKCHWIN3WH. Kaxnas U3 3TMX aMMHOKMC-
JIOT UMeeT OoJbllioe 3HaueHHWe i (popMHpoBa-
HMS1 KOJUIar¢HOBBIX (hUOPHILI.

ITponuH Gnaromapsi CBOei CTPYKTYPE BBI3HIBAET
MU3rUOBI B MOJUIICITUIHON 1I€TH, CTaOMIIM3UPYA Jie-
BO3aKPYYCHHYIO CIUpalibHyI0 KoHpopMauuo. Ha
OIMH BUTOK CIHPAJIM NPUXOTUTCA 3 aMHUHOKHC-
JIOTHBIX OCTaTKa, a He 3,6, KaK 3TO XapakTEPHO
JUIs1 BTOPUYHOM CTPYKTYPbI TJIOOYJISAPHBIX OEJIKOB.
Crouypais NenTHIHON LIEMN KoJulareHa CTabMiIn3u-
pOBaHa HE 3a CYET BOMOPOJHBIX CBSI3EH (TaK Kak

MPOJIMH MX He o0pa3yer), a CWIaMU CTEPUUYECKOTO
OTTAIKMBAHUS TTUPPOJMIUHOBBIX KOJIEl] B OCTaT-
Kax MpoauHa. B pe3ynbrare paccToOssHUE MEXIy
AMUHOKMCIOTHBIMM OCTAaTKaMH IO OCH CITMPAIN
YBEJIMUMUBAETCSI, U OHA OKa3bIBacTCs 0oJjiee pa3Bép-
HYTOH IO CPAaBHEHMIO C TYIO 3aKpPYYE€HHOM o-CITH-
pajibio MIODY/ISAPHBIX GEIKOB.

Cnpanu30BaHHbIE MOJUIICITHIHbIE LEMH, TIe-
PEBUBASsICh IpPYr OKOJIO Apyra, o0pasyloT TpeEXiie-
MOYEYHYIO ITPAaBO3aKPYUEHHYIO CYTIEPCIIMPATBHYIO
MOJIEKYJTY, YaCTO Ha3bIBaEMYIO0 TPOITOKOJIAre HoM
(puc. 1-41). llenu ynep:xuBaioTcsa APYyT OKOJIO IpyTa
3a CYET BOJOPOAHBIX CBSi3ei, BOZHUKAIOLIUX MEX-
Iy aMMHO- ¥ KapOOKCWIbHBIMM IPYIIIaMH MENTUI~
HOIO OCTOBA Pa3HbIX MOJUIENITUIHBIX LIEMeil, BXO-
ISIIIMX B COCTaB TPEXCIHUPANbHONM MOJIEKYJIHI.
«XKEcTkre» aMHMHOKMCIIOTHI — MPOJIMH U TMApPO-
KCUIIPOJIMH — OTPaHUYMBAIOT BpPALlEHUE MOJIUIISIT-
TUIHOTO CTEPXHS Y YBEJIMYMBAIOT TEM CaMbIM CTa-
OMIBHOCTD TPOHHOU criupanu. [TIMIMH, UMeIoLIi
BMECTO paJiikajia aToM BOJIOPOIa, BCEraa HaXOaMTCs
B MECTE TIepeCeUeHUs lieTei; OTCYTCTBUE paauKa-
Jla TIO3BOJIAET LENSAM IUIOTHO TpPHJIEraTh IPYr K
Apyry.

B pesyabraTe TaKoro CKpydMBaHHUS TETTHAHBIX
OCTOBOB TTOJIMITCNITUAHDBIX LIETIEH U HATHMYUS Y-
HEHHOM CTPYKTYpHI JIBa JAPYTMX DAAUKaia U3 TpUa-
OBl aMUHOKHUCIOT [/m-X-Y oOKas3pIBalOTCS Ha Ha-
PYXHOH IOBEPXHOCTHA MOJIEKYJIBI TPOITOKOJIIAreHa.
HexoTopbie KOMIUIEMEHTApHbIE YYACTKH MOJIEKYJ
TPOIIOKOJJTareHa MOTYT OOBEIUHSTLCA APYT C Apy-
roM, ¢opMHUPYs KOJUTareHOBbIe (hUOPHILTIBI, TIPUUEM
3TH YYaCTKH pPaCHOJIOXKEHbI TAKUM OOpa3oM, 4YTO
OIIHA HUTH TPOIOKOJUIareHa CIBUHYTA IO OTHOILE-
HHIO K Ipyroil mpuMepHo Ha 1/4 (puc. 1-42). Mex-
Iy panMKajaMyd aMHHOKMCJIOT BO3HHUKAIOT MOHHBIE,
BOAOPOIHBIE U TUAPO(POOHDBIE CBA3H.

a-uenb KonnareHa

Puc. 1-41. Ctpoenune MoneKyns! TponokonnareHa (dhparmenr).
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O6pa3oBaHue nonepedHbIX
CBA3EH MeXay Monekynamm

KonnareHn

KonnareHa

Puc. 1-42. CtpoeHue KonnareHoBo# pubpunnsi (hparmeHT).

BaxHyio posib B (h)OpMUPOBAHHUM KOJLUIATEHOBBIX
GuOpIWLT UTParOT MOTUPULIMPOBAHHBIE AMHUHOKHC-
JIOTHI: TUAPOKCHIIPOJIMH M TMAPOKCWIU3UH. ['ma-
POKCIUTbHBIE TPYNTIBI THAPOKCUIIPOJIUHA COCEIHUX
Lierei TPOIOKoJIareHa o0pa3yloT BOJOPOAHLIE
CBSI3U, YKPEIUIAIOUINE CTPYKTYPY KOJIJIar€HOBBIX
¢ubpwul. Pagukanbl JU3MHA U THAPOKCWJIM3HMHA
HeoOXOAUMBI Jis1 00pa30BaHUS TTPOYHBIX MOTIEPEY -
HBIX CIIMBOK MEXIy MOJIEKYJaMH TpPOIIOKoJuIare-
Ha, el CHUIbHEE YKPEIUIIOIINE CTPYKTYpY KOJUla-
reHoBbIX GuOpHI. KpoMe Toro, K riApOKCUIBLHOIM
TpyMnne THIPOKCUIM3UHA MOIYT MPUCOECIUHSITHCS
YIJIEBOAHBIE OCTATKU ([JIMKO3WJIMPOBAHUE KOJUIA-
reHa), GYHKUMST KOTOPBIX MOKA HEsICHA.

TakuM 06pa3oM, aMHHOKHUCJIOTHas IOCJIEIOBa-
TEJIbHOCTb TMOJMIIENTUOHBIX LEMNeH KoJUlareHa Io-
3BOJISIET C(OPMUPOBATh YHUKAIBHYIO IO CBOMM
MEXaHMYECKHUM CBOMCTBAM CTPYKTYpY, 00J1aialoLIy1o
OTPOMHOM IMPOYHOCTHIO. I3MEHEHHE B MEPBUYHOMN
CTPYKTYpe KOJUIareHa MOXET MNPUBOIMTb K pPa3BH-
THIO HAC/IEACTBEHHBIX Ooyie3Hel (cM. pasmen 15).

2. Cmpoenue u ynxuua 3nacmuna

B orinume oT KojutareHa, o6pasyrolero mpod-
Hble (UOPWILIBI, CIIOCOOHBIE BBIAEPXATh GOJIbIIME
Harpy3ku, 3JJaCTHH (TaKxe 0eJI0K MEXKIIETOYHOIo
MaTpHKca) obj1afaeT pe3MHONnoA00HPIMUA CBOMCTBA-
mu. HuTH snactuHa, comepxallidecs: B TKaHsX JIET-
KHX, B CTEHKaX COCYIOB, B 3JaCTHYHBIX CBSI3KaX,
MOTYT OBITb PacTSIHYTHl B HECKOJIBKO Pa3 Mo CpaB-
HEHUIO ¢ UX OOBIYHOM JIHHOM, HO IIOCJIEC CHSITHS
Harpy3ky OHW BO3BPAILIAIOTCS K CBEPHYTOM KOH-
¢opmalinu.

DJIaCTUH COAEPXHUT B cocTtaBe 0Kos10 800 aMuHO-
KHMCJIOTHBIX OCTATKOB, CpPeIM KOTOpPbIX Ipeodiaaa-
10T aMUHOKHMCJIOTHI ¢ HEMNOJSIPHBIMA PagyKajlaMH,
Takye KaK DIMIMH, BaJWH, alaHUH. DJacTUH CO-
JIEPXHUT AOBOJBHO MHOrO IpOJMHA WU JIU3MHA, HO
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JIAIIb HEMHOTO THAPOKCHUIIPOJIMHA; MOAHOCTBIO OT-
CYTCTBYET TUAPOKCUJIM3HH.

Hanuuue Gonbiioro xomuyectBa runpodoOHBIX
PagUKAJIOB TIPEMSITCTBYET CO3HAHMIO CTaOMIILHOM
[JIOOYIIBI, B pe3y/bTaTe MOJUIENITUAHbIC LIETH J1a-
CTMHA He (OPMUPYIOT PETyISIPHBIE BTOPUYHYIO U
TPETUYHYIO CTPYKTYpPhl, 4 IIPUHUMAIOT B MEXKJIe-
TOYHOM MAaTpUKCE pa3Hble KOHGOpMAallMK C TIpU-
MEpHO paBHOIl cBOOGOMHOI 3Heprueit (puc. 1-43).
OTO KakK pa3 TOT Ciy4dail CTpPOSHHMS IEepPBUYHOMN
CTPYKTYpbI, KOIJa OTCYTCTBME OOHOM CTaOWMILHOM
YHOPSIAOYEHHOM  KOH(pOPMALiMM TPUBOAUT K BO3-
HUKHOBEHHUIO HEOOXOIUMBIX OCJIKY CBOMCTB.

bonee moapo6HO 0COOEHHOCTH CTPOECHUS ¥ QyH-
KLIMOHUPOBaHMS 3JIaCTMHA PacCMOTPEHBI B pa3ie-
ne 15.

B. KJIACCU®UMKAIINA BEJIKOB
10 XMMHUYECKOMY CTPOEHMIO

1. Ilpocmuie beaxu

HexoTtopbie 6elKM comepXaT B CBOEM COCTaBe
TOJIKO MOJIUTIEIITUAHBIE LIETIH, COCTOSIIIIME U3 AaMH-
HOKHUCJIOTHBIX OCTaTKOB. WX Ha3blBaloT «mpocThie
O0eqku». TIpuMepoM TpOCThIX GEJKOB MOIYT CIy-
XHUTb OCHOBHBIE OCJIKM XpOMaTMHAa — THCTOHBI; B
HMX COCTaBE COACPXKHUTCS MHOTO aMUHOKHUCIOTHBIX
OCTAaTKOB JIM3MHA U aprMHMHA, PaJuKaibl KOTOPBIX
HMMEIOT TTOJIOXKHTENbHBIN 3apsy (6osiee moapobHO

Puc. 1-43. CnyuaiiHble KoH(hbopMaLIMKM MOnNeKynbl 3nacTUHa.



TMCTOHBI OIMCaHbl B pasnene 4). PaccMoTpeHHBIH
BbIllie O€JJOX MEXKIETOYHOro MaTpUKCa 31acTUH
TAKXe OTHOCSAT K IPOCTHIM O€JIKaM.

2. Caoxcrote Geaxu

OnHako oyeHb MHOTME O€NKM, KpOMeE MOoJIMNen-
TUAHBIX lleneid, colepxaT B CBOEM COCTaBe HEOEN-
KOBYIO YacTh, TPUCOCAMHEHHYIO K O€JIKY ClnabbIMU
WA KOBAJICHTHBIMU cBs3IMU. HebGenkoBasi yacth
MOXeT ObITh MpPEJCTaB/IeHa HOHAMU METaJUIOB, Ka-
KUMU-M00 OpraHM4YeCKMMH MOJIEKYIaMU C HU3-
KOI WM BBICOKOM MOJEKYIsipHOM Maccoit. Takue
OeJIKM Ha3bIBAIOT «CJI0XKHbIE OeakH». ITpoyHO CBSI-
3aHHasl ¢ OeJIKOM HeOelKOoBas 4acTb HOCUT Ha3Ba-
HHUE NPOCTETHUYECKON TPYTIILL.

IIpocrernyeckas rpynmna MOXeT ObITh NPEACTaB-
JIeHa BellleCTBaMM pa3Hoil mpupoabl. Hanpumep,
OeJIKH, COeNUHEHHBIE C T€MOM, HOCAT Ha3BaHUE
reMonpoTerHbl. B cocTaB reMonpoTeMHOB, KPOME
Y€ paCCMOTPEHHBIX BBILIE O€JIKOB reMOr100MHOB
U MUOIJIOOMHA, BXOAAT (PEPMEHTHI — LIUTOXPOMBI,
KaTaja3a U nepokcugasa. ['eM, MpUCcOeIMHEHHBIN
K pa3HbIM O€JKOBBIM CTPYKTypaM, BBITIOJHSET B
HHX XapaKTepHBIE IS KaXHKOro M3 0eJKOB dyHK-
My (HampuMep, B COCTaBe reMoriobrMHa TepPeHo-
cut O,, a B COCTaBe LIMTOXPOMOB — 3JIEKTPOHBI).

Benxu, coemnHEHHbBIE C OcTaTKOM (hochopHoit
KHCIIOTBI, Ha3bIBaloT ocdomnporenHamu. Pochop-
HbI€ OCTATKHM TPUCOETUHSIOTCS CJIOXHO3(pUPHOMN
CBSI3bI0 K THAPOKCWJIBHBIM IPYIINIaM CEpWHa, Tpe-
OHMHA WM TUPO3WHA TIPU y4acTUM (PEepMEHTOB,
Ha3bIBa€MbIX NMPOTEMHKUHA3aMH.

B cocraB 6eKOB 4aCTO BXOIAT YIJIEBOIHBIE OC-
TaTKH, NpUgaolme 6ejikaM JOTIOJHUTEIBHYIO CIie-
UHGUIHOCTb M YaCTO YMEHBILAIOILME CKOPOCTb UX
(dbepMeHTaTUBHOTO TIpOTeou3a. Takue Oenku HO-
CAT Ha3BaHUE ITMKOIPOTEeMHOB. MHorme Genku
KPOBH, 4 TaKX€ PELENTOPHbIE OJIKM KJIETOYHOM
MOBEPXHOCTH OTHOCSIT K DJIMKONPOTEUHAM.

benku, GpyHKIIMOHUPYIOLIME B KOMILIEKCE C
JIMTIMIAMU, Ha3bIBAIOT JIMMIOMPOTEMHAMH, 2 B KOM-
IUIEKCE ¢ METAUTAMU — META/UIONIPOTEMHAMM.

CH0oXHBINM 0eJTOK, COCTOSLIUIM 13 OeTKOBOM Ya-
CTU (amompoTenH) U HeOEIKOBOIt YacTH (IIPOCTETH-
yeckasi TpyTina), Ha3bIBalOT «XOJOMPOTEHH».

I. KIACCHU®PUKALIMSA BEJIKOB
O ®YHKIUAM

Bbenku BRIMOJIHAIOT B KJIETKaX MHOXECTBO OMOJI0-
ruyeckux ¢yHkuuii. [To Mpu3HaKy cXOICTBa BbI-

TOJTHSIEMBIX OeKaMH (YHKLMI MX MOXHO pasfe-
JIMTh Ha CJieAyIoliue GOJIbIie TPYTIIHI.

1. Pepmenmut

®epMeHTbI — CIEITHATM3NUPOBAHHbIE OENKU, yC-
KOpSIIOIIME TeYCHUE XMMHUYECKHX peakivit. biaro-
naps ¢pepMeHTaM B KJIETKE CKOPOCTH XMMMYECKMX
peakiiiii Bo3pacTaloT B MIJUTMOHBI pa3. Tak Kak
¢epMeHTHI, KaK ¥ JI00ble OEIKHM, UMEIOT aKTUBHBIN
LIEHTP, OHM CTIIELM(UIECKH CBSI3bIBAIOT OIPEIEIEH-
HbI JMraHa (MM TpYIIy MOXOXHX JIMTaHIOB) U
KaTATU3UPYIOT OMpeACNEHHBIA THUIT XUMHUYECKOTO
TIpEBpaleHKs TaHHOK MOJIEKYJIbl. B HacTosiiee Bpe-
MsI M3BeCTHO 0Koj1o 2000 pa3nmyHbIX (hepMEHTOB,
YCKOPSIOUIUX pa3Iu4yHble XMMUYECKHE DPEaKIUH.
Harmnpumep, niporeonutuyeckuil ¢bepMeHT TPUIICHH
paspyluaer B 6e1Kax NENTUAHBIC CBSI3M, OOpa30BaH-
Hble KapOOKCHIbHOM IPYNIoil OCHOBHBIX aMHHO-
KHMCIOT — apruHWHA Wi Jm3uHa. PepMeHT pubo-
HyKJI€a3a paciuerusieT (ocho3hUpHYIO CBA3b MEXIY
HYKJICOTUIAMM B MOJTUHYKJICOTHUIHOMN IHIETIM.

bnaromapsi HaGopy ¢depMeHTOB B KJI€TKaX Ipe-
BpallicCHUs1 MOCTYTAIOIIMX B HMX BELUECTB IIPOTE-
KaloT HE XaOTHMYHO, a B CTPOTO OMpEAEIEHHBIX Ha-
TIPABJICHUSX.

2. PezyaamopHbie beaxu

K peryasropHbIM GeJTKaM OTHOCSIT OOJTBLITYIO TpyII-
Ty GEJIKOBBIX TOPMOHOB, YYACTBYIOILIUX B MTOMIEPXKa-
HHUM TIOCTOSTHCTBAa BHYTPEHHEH Cpelbl OpTraHU3Ma,
KOTOpBIE BO3ICICTBYIOT Ha crieMUYecKue KIeTKH-
muuieHd. Hanpumep, ropMOH MHCYJIMH BHIIESIETCS
B KPOBb TpH TMOBBILIEHNN KOHIIEHTPALIMK JIIOKO3bI
B KPOBH IOC/IE €Ibl M, CTUMYJTUPYSI MCTIONb30BaHHE
[JTIOKO3bl KIETKaMU, CHIDKAET KOHIICHTPALMIO IJII0-
KO3bI IO HOPMbI, T.€. BOCCTAHAB/IMBAET TOMEOCTA3.

KpoMe Toro, K peryisTopHbIM OTHOCAT OCJIKH,
TIPUCOEIMHEHHE KOTOPBIX K APYrMM Oe€JiIkaM Wid
VMHBIM CTPYKTYpaM KJIETKM peTyJIupyeT MX (yHK-
uuio. Hanpumep, 610K KanbMOIYJIMH B KOMIUIEKCE
¢ 4yeTbIpbMsI MoHaMH Ca?t MOXeT ITPUCOCIMHATLCS
K HEKOTOPHIM (pepMEHTaM, MEHSSI UX aKTHBHOCTb.

Perynsitropunle JIHK -cBsi3bIBaloiye 6eJIKH, NpH-
COEIUHSSACH B OIpeaeEHHbIE MOMEHTHI K CIIEIH-
¢uyHbIM yyactkam JIHK, MoryT peryaupoBaTh CKO-
POCTb CUMTBHIBAHUSI T€HETHYECKON WHbDOpMaiinu
(OHM omucaHHI B paszuene 4).

3. Peuenmopuvie 6eaxu

CUrHabHbIE MOJIEKYJIBI (TOPMOHBI, HEMPOMEIU-
aToOpbI) ACHCTBYIOT Ha BHYTPMKJICTOUYHBIE IIPOLIEC-
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Cbl Yepe3 B3aUMOIEUCTBHE CO CIEUNPUICCKIMU
OenkaMu-perienropamMu. Tak, TOPMOHBI, LIMPKYITH-
pYIOILME B KPOBH, HAXOAST KJIETKM-MUILICHN ¥ BO3-
JEACTBYIOT Ha HMX, CIELUU(PUYHO CBA3BIBASICH C
OeskaMU-pelenropaMu, 0ObIYHO BCTPOSHHBIMU B
KJIETOUHY10 MeMmOpaHy. s ruapodoOHBIX pery-
JIATOPHBIX MOJIEKYJI, TIPOXOMSIHUX Yepe3 KIEeTOY-
HyI0 MEMOpaHy, peLenTOpbl JOKAIU3YIOTCA B LIM-
TOILIa3ME KJIETOK.

4. Tpancnopmnuvie beaxu

MHuorue OenKM KpOBH Y4YacCTBYIOT B IIepeHOCE
crneuudUUecKx JIMraHIoB M3 OAHOTO OpraHa K
JIpyroMy. Yacto B KOMILIEKCE € OeJIKaMU IMEpeHO-
CATCSI MOJIEKYJIBI, IUIOXO PacTBOPUMBIE B Bozie. Tak,
0eoK IUIa3Mbl KPOBH aJIbOYMUH TEPEHOCUT XUP-
HBIE KMCJIOTHI M OWIMpYyOMH (IIpOOyKT pacrana
reMa), a TeMOIIOOMH 3PUTPOLIUTOB Y4YaCTBYET B
nepeHoce O, OT N€rkux K TKaHaAM. CTepoMIHBIE
TOPMOHBI MIEPEHOCATCA B KPOBU CHEITUPUYECKIMU
TPAaHCITIOPTHBIMU GeJIKaMi.

TpaHCrOpTHBIE OEIKM YYacTBYIOT TaKXe B Ile-
peHoce THApOQUIbHBIX BEILIECTB Yepe3 THapodod-
Hble MeMOpaHbl. Tak KaKk TPaHCIOPTHBIE OENKH
00J1a1a10T CBOHMCTBOM crielinHYHOCTH B3auMOAeii-
CTBUSI C JIUTAaHAAMU, UX HA00p B KJIETOYHOM MeMO-
paHe omnpenensaeT, Kakue ruapodiIbHbBIE MOJIEKY-
JIbl MOTYT IIPOWTHU B AaHHYIO KAETKY. C NMOMOHIbIO
0€IKOB-TIEPEHOCYMKOB B KJIETKY IPOHHUKAIOT TITIO-
K033, aMUHOKUCJIOTbI, HOHbI M APYTHE MOJIEKYJIBI.

5. Cmpyxmypuoie Geaxu

Hexoropble 6enku, pacrnoloxXeHHbIE OMpeAc-
JEHHBIM 00pa30M B TKaHAX, TIPUOAIOT UM GopMy,
CO3JaI0T OMOPY, ONPEACTAIOT MEXaHUYECKUE CBOI-
CTBa JaHHOM TKaHW. Hampumep, KaK yXe roBo-
PWIOCH BBIIIE, [JIABHBIM KOMIIOHEHTOM XpSLUEH U
CYXOXWINIA ABNsgeTCS GUOPUIIAPHBINA OCJIOK KO-
JIar€H, UMEIOIUI BBICOKYIO IPOYHOCTb. pyroi
CTPYKTYpHbIN GesioK (31acTHH) Gnaromapsi CBOeE-
MY YHUKQJIbHOMY CTPOCHHIO O00GeCIIEYMBAET OIpe-
JENEHHBIM TKAHSIM CBOMCTBO pPAacTATMBATLCS BO
BCEX HAaMpaBJICHMSIX (COCYABI, JETKHUE).

6. Jawumnote 6eaxu

HexoTopble 6€JKH, B YACTHOCTU UMMYHOIJIOOY-
JIMHBI, 00J1a7a0T CrIOCOBHOCTBIO Y3HABaTh U CBSI-
3bIBATh YYXEPOJHBIC MOJICKYJIbl, BUDYCHBIE YaCTH-
1B M OaKTEpUH, B PE3YJIbTATE YETO MPOUCXOMUT MX
HelTpanuzanus. KpomMe Toro, KOMIUIEKC 4yKepOo-
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HOHM YacTHLBI ¢ MMMYHOIJTOGYJIMHOM JIETKO Y3Ha-
€TCA U YHUYTOXAETCS KICTKaMH MMMYHHOU CHC-
TEMBI.

3alUTHBIMH CBOICTBaMU 001a0atoT GeJIKK CBEP-
ThIBalOleii CUCTEMBI KPOBH, HanpuMmep GuOpIHO-
reH, TpoM6uH. OHU y4acTBYIOT B (YOpMHUPOBAHUH
Tpomba, KOTOpPBIA 3aKy[OPUBACT IMOBPEKIEHHBIN
COCYZl U TIPEMSITCTBYET ITOTEPE KPOBU.

7. Coxpamumeasnvie beaxu

HekoTtopble 6e1Ku NpHU BHITOIHEHUH CBOUX (YyH-
KIIMHM HAJEIAIOT KJIETKY CIIOCOOHOCTBIO JIMOO CO-
Kpauiatecsi, MO0 mnepensuratbes. K takum 6e-
KaM OTHOCSIT aKTUH Y MHUO3UH — (PUOPHILIAPHBIE
O€JIKM, Y4acTBYIOIIME B COKPAHICHWM CKEJIETHBIX
MBIIIL. Jpyroi npuMep TakKux OeJIKOB — TyOYJIMH,
U3 KOTOPOTO MOCTPOEHBI KJIETOYHbIE OPraHeJLIbl —
MMKpPOTpYy604kH. MHUKpOTPpYOOUKH B TIEPUON Je-
JIEHUS KJIETKU PETYIMPYIOT DACXOXIECHME XpoMa-
TUA. MHUKpPOTPYOOUKM — BaXXHBIE 3JIEMEHTHI pec-
HHUYEK U XTYTUKOB, C IMOMOIIbIO KOTOPBIX KJIETKU
MEPENBUTAIOTCA.

OmHaKo CyLIECTBYyeT OOJNBLIOE KOJIMYECTBO OEII-
KOB, IMEIOHIMX YHUKATbHBIE (DYHKIIUH, KOTOPHIE HE
BOLIUTM B 3Ty JAOBOJIBHO MPOCTYIO KjacCUdUKaIuIo.

JI. CEMEJCTBA POJICTBEHHBIX BETKOB

B xoxe 3BoJIOLMH B IpeAeiax OAHOTO 6UONIOTH-
YECKOro BMAA 3aME€Hbl aMUHOKUCJIOTHBIX OCTaTKOB
MOTYT NPUBOAWTh K BO3HUKHOBEHUIO Pa3HBIX Oei-
KOB, BBHIMOJHSIOHIUX POJACTBEHHbIE (DYHKIIUM U
WMEIOIIUX TOMOJIOTMYHbIE NOCJEI0BATEIbHOCTH
AMHHOKHUCIIOT. 'OMOJIOTMYHBIMA HaA3bIBAIOT ITOCIIE-
JIOBaTEJIbHOCTH, MMEIOLIME MHOTO CXOJHBIX YEpT.
OHM comepXaT BO MHOTHX ITOJIOXKEHWSAX OJHU U T
X€ aMMHOKMCIOTHI, Ha3blBA€Mbleé MHBAPUAHTHBI-
MH, a B HEKOTODPBIX IMOJOXEHUSIX MOTYT HAXOIUThb-
cs pa3Hbie, HO OJM3KME MO (PU3UKO-XUMHUYECKUM
CBOMCTBAaM aMHMHOKMCJIOTHBIE OCTaTKH.

OTH GeIKM MUMEIOT MOPa3UTENbHO CXOXHE KOH-
¢dopMalMU: KOJMYECTBO M B3aMMOPACMOIOXECHUE
o-CIMpaieid u/WiIH B-CTPYKTYp, OOJBILIMHCTBO MO-
BOPOTOB M M3rMOOB IOJUIIENTUAHBIX LIETIEH CXOMd-
HO WJIM MIEHTUYHO. Takue OeNKd, MMEIOLIME ro-
MOJIOTUYHBIE YYACTKHM TIOJUMNENTUIHOM LEMH,
CXOAHYI0 KOH(OPMALIMIO U POACTBEHHBIE (DYHKIIMH,
BBIICIISAIOT B CEMEHMCTBA OEJIKOB.

TIpumep cemeiicTBa pOACTBEHHBIX OEJIKOB — Ce-
MeHCTBO MMOINIOOMHA, KyAa BKJIIOYEHBI, KpoMe
CaMOro MUOIJIOOMHA, U BC€ BHABI TreMOTI00MHA.



1. Cemeiicmeo cepunosvtx npomeas

K cemericTBy poICTBEHHBIX O€JIKOB OTHOCAT Ce-
PHUHOBBIE IMPOTEa3bl. ITO CEMEMCTBO (PEPMEHTOB,
KOTOpBIE MCITOJIb3YIOT YHUKAIbHO aKTUBUPOBAHHbIM
OCTaTOK CEpHHA, PAaCIIOJIOXEHHbIII B aKTMBHOM
LIEHTpe, Al CBSI3bIBAHUSA M KaTaMUTUYECKOIO TUl-
posiM3a METNTUAHBIX CBA3EH B GEeNKOBBIX CyOCTpa-
TaXx. MHUILIEHX JISI CEpUHOBBLIX MPOTE€a3 — CIICLIU-
¢uyeckrie NeNnTUAHBIE CBA3M B Oejkax (4acTo B
IpYTUX CEpUHOBBIX MPOTEa3ax).

Hns Bcex OENKOB 3TOrO CEMECTBA XapaKTepHO
HaJIMyKe B aKTHBHOM LieHTpe ocTatkoB Cep o, I'HC,;,
Acni, (3Ty HyMEpauHUIO MCIOJB3YIOT HE3aBUCHMO
OT X TOYHOTO PaCIOJIOXKEHUSA B IEPBUYHOM CTPyK-
TYpe OIpeleNEHHBIX CEPWHOBBIX MpoTeas). Brias-
JIEeHA TaKKe BbICOKAsl CXOXECTb UX NPOCTPAaHCTBEH-
HBIX CTPYKTYP, HECMOTDSI Ha TO, YTO TOJIbKO B 40%
TIOJIOXEHHUI OHM colepXKaT UAEHTUIHbIE aMUHOKHC-
JoTHl (puc. 1-44). Katautudeckuil y4acToK cepu-
HOBBIX IIPOTE€a3 PACIIONIOKEH B pacIlCIMHE MEXIY
JIByMsI JTOMEHaMH.

HekoTopble aMMHOKHUCIIOTHBIE 3aMEHbI TIPUBE-
JHA K U3MEHEHUI0 cybcTpaTHOI cnelu¢pUIHOCTH
3TUX GEJTKOB U K BOSHMKHOBEHUIO PYHKIIMOHANb-
HOro MHOTroo0Gpa3usi BHYTPH 3TOrO0 CEMEHCTBa.
Tax, MUIEBApUTEIbHBIE CEPUHOBBIC MPOTEa3bl
VYaCTBYIOT B nepeBapuBaHUM (THAPOTUTUIECKOM
paclleIUIEeHUHM MENTUIHBIX CBSI3EH) MEeHATYpUPO-
BaHHBIX MUILIEBbIX 6€KOB. K HUM OTHOCSIT TPHII-
CHH, XUMOTPHUIICUH, 3JlacTady, HO KaXIbIA M3
3TUX (PEPMEHTOB TMPEATIOYUTAET pa3pblBaTh IEN-
THAHBIE CBSI3M, 00Opa30BAHHBIE OIPEACITEHHBIMU
aMMHOKHMCIIOTaMMU.

Puc. 1-44. MpocTpaHCTBEHHbIE CTPYKTYpPbI 3nacTa3bl (A) U
xumotpuncuHa (B).

Eug 6onblueit cybcTpaTHOM crieli(pUYHOCTHIO
00J1aAal0T CEPUHOBHIE TMPOTEa3bl, YYACTBYIOLIME B
TIIATEABHO KOHTPOJMPYEMbIX (DHU3UOJIOTHYECKHUX
Mpolieccax, TaKMX KakK aKTHUBALMA KacKaja 0elKoB
CBEPTHIBAHMSI KPOBH, (PUOpPHHOJIN3A, aKTUBALIUS
0eIKOB cUCTEMBI KOMILIEMEHTa, 00pa3oBaHus OeJi-
KOBBIX TOPMOHOB. B npouecce akTUBallMK HATHUB-
HbIX O€JIKOB CEPUHOBBIE IPOTEa3bl T'MAPOJIUIYIOT
OIHY WIM JBE OCOOEHHbIC MENTUAHBIE CBSI3U M3
COTEH CBSI3€H, UMEIOLUUXCS B OEJIKOBOM CYyOCTpa-
Te. DTO CBSI3aHO C TE€M, YTO B HAaTUBHOM OeJike
¢epMeHT y3HA€T HE TOJbKO aMHMHOKWCIIOTHI, He-
MOCPEACTBEHHO (POPMUPYIOLIIE TIENITUAHYIO CBA3b,
HO U HEKOTOPHIE aMHHOKHUCJIOTHBIE OCTATKH, OK-
pyXalolMe CBs3b, MOABEPralolylcst pepMeHTa-
THBHOMY THUIPOJIM3Y.

Bosiee moapo6GHO 0 CEpUHOBBIX MPOTEA3aX MOX-
HO TMpoyecThb B pasgenax 9, 14.

2. Cynepcemeiicmeo ummynoz2106yaunos

B pabore MMMYHHOH CHCTEMBI OTPOMHYIO POJib
UTpaloT OeJIKM, OTHOCSIIUECA K CyNepCeMeicTBy
MMMYHOIJIOOYJIMHOB. DTO CYTIEPCEMENCTBO BKITIO-
YyaeT Mo KpaitHeid Mepe Tpu OOJbILIMX ceMeiicTBa
0eJIKOB, Y4aCTBYIOILMX B MMMYHHOM 3aillUTe Opra-
HM3Ma; CEMEICTBO KIMMYHOIIOOYIMHOB, CEMENCTBO
T-KJIETOYHBIX aHTUTCHPACTIO3HAIOIMX PEIIENTOPOB
M OEJIKM IIaBHOTO KOMILIEKCAa TMCTOCOBMECTHUMO-
ctu I u Il xnaccoB, KOTOpEIE B JIUTEpaType 000-
3Hayator MHC (ot aHrn. major histocompatibility
complex). B 3T0 CyInepceMeicTBO BKIIIOYEHO TaKXKe
CEMENCTBO are3MBHBIX OEJIKOB, Y4ACTBYIOITUX B y3-
HAaBaHUM OIPECTEHHBIX THUIIOB KIIETOK U UX MeX-
KJIETOYHBIX B3aUMOICHUCTBUSIIX.

OCHOBHOI KpHUTepUil BKITIOUYECHUSI OEJKOB B CY-
MEPCEMENCTBO UIMMYHOTJIOOYJIMHOB — WX JOMEHHAsT
OpraHM3alMsi, JOCTOBEpHAs] TOMOJIOTHSI aMHUHOKIC-
JIOTHBIX MOCIENOBATENBHOCTEN U MPOCTPAHCTBEHHBIX
CTPYKTYP OTHENBHBIX JOMEHOB. KpoMe Toro, Gejiku
3TOTO CYNEPCEMENCTBA MMEIOT CXOXHE (PYHKLUMU:
VMMYHOTJIOOY/IMHBI B3aUMOICHCTBYIOT C Uy>KEPOIHbI-
MU CTPYKTYpaMH, HaXOMSLIUMMCS B KpOBH, JumMde,
MEXKIIETOUHOW KUIKOCTA MU CEKpETax Xene3, a
peuernropbl T-MMOOLUTOB U OEIKH MIABHOTO KOM-
TUIEKCA THCTOCOBMECTMMOCTU — C aHTHTEHAMH, Ha-
XOISILIMMUCS Ha MMOBEPXHOCTH KJIETOK JaHHOTO Opra-
HH3Ma.

3. Cemeiicmeo ummynozaobyiunoe

MNMMyHOTTIO0YTMHbBI, WIA aHTHTENA, — CrieliMpH-
yeckue Oesky, BbIpabaThIBaeMble B-ymmdormramu
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B OTBET HA IOMAINaHHE B OPTraHU3M YYXKEPOIHBIX
CTPYKTYp, Ha3biBaeMbIX aHTUIeHaMH. B opraHn3ame
YyeJioBeKa BhipadaThiBaeTcst 0Ko10 107 K10HOB B-JmM-
¢oUUTOB, KAXObIA U3 KOTOPLIX CIELHATU3HPOBAH
Ha BbIpaboTKe omHOro u3 10’ BUIOB MMMYHOIIOOY-
JIMHOB.

Bce MMMyHOTIO0YIMHBI  XapaKTepU3YIOTCa 00-
IIUM IUTAHOM CTPOEHMSI, KOTOPBIi MBI PacCMOT-
puM Ha npumepe crpoeHus IgG.

Monekyna IgG cocToMT M3 YeThIPEX IOJIHUIIEI-
THIHBIX LEMNei: NBYX HACHTHYHBIX JIETKUX (L — or
aHri. light), cogepXaumx okojo 220 aMMHOKHC-
JIOTHBIX OCTaTKOB, M IBYX TsKEIbIX (H — ot aHm.
heavy), coctosiiux u3 440 aMMHOKHMCJIOT KaXjas.
Bce 4 uenu cOeAWHEHBI OPYT C APYIOM MHOXeE-
CTBOM HEKOBAJIECHTHBIX M YETHIPbMS AMCYJIbMHUI-
HbIMM CBsi3aMH. [lostomy Monekyny IgG oTHocsT
K MOHOMEDAM.

JIérkue uemn IgG cocTosT U3 2 JOMEHOB: BapHa-
GenpHoro (V,), Haxonsuerocss B N-KoHLEBO#H 06-
JIaCTH NOJIMIIENTHIHOM Lie, ¥ KoHCTaHTHOrO (C)),
pacnosioxeHHoro Ha C-xonue. Kaxnprii u3 nome-
HOB COCTOHUT U3 2 CJIOEB C P-CKIaaYaToOi CTPYKTY-
pOH, TO€ YYaCTKU MOJHMIETITUIHOM LIENH JIeXar
aHTUnapawienbHo. B-Cnou cBA3aHbI KOBAJEHTHO
JUCYTbMUIHOM CBA3bIO MPUMEPHO B cepeMHe J0-
MeHa (puc. 1-45).

Taxémie nemn IgG mMeior 4 JoMeHa: OOMH Ba-
puabenbHbiit (V,)), Haxondamumicss Ha N-KoHLUE, U
Tpu KOHCTaHTHBIX (C,,, C,,,, C,;). JloMeHbI Taxe-
JbeIx tenei 1gG MMelT roMOJIOTHYHOE CTPOEHME C
JIOMEHaMU JIETKUX Leneil. Mexmy 1ByMsi KOHCTaHT-
HbIMU JoMeHamu Takéneix uenedt C, u C,, ecth
Y4aCTOK, COAEpXauyii 60Ib1I0e KOJTUYECTBO OCTaT-
KOB IIPOJIMHA, KOTOPhIE MPEIITCTBYIOT (HhOPMHPO-
BaHHIO BTOPUYHOM CTPYKTYpBHI M B3aHMOICHCTBHIO
coceaHux H-ueneit Ha 3ToM OTpe3Ke. BTOT y4acToK
Ha3bIBAIOT «IIAPHUPHOI 06J1aCThIO»; OH IPHUIAET MO-
JIeKyJie THOKOCTD.

Mexny BapruaOebHBIMA JOMEHAMU TSKENbIX U
JIETKUX LieTeil HaXonsATCs 1Ba UISHTUYHBIX Y4acT-
Ka, CBSI3BIBAIOLIMX [IBa OMMHAKOBHIX CIieluduyec-
KHX aHTUT€HA; IO3TOMY TaKME aHTUTENA YaCTO Ha-
3bIBAIOT «OHBaNIEHTBH». B CBA3BLIBAHMHU aHTUIE€HA C
AHTHUTEJIOM YYacCTBYeT He BCA aMHUHOKMCJIOTHAs
TIOCJIE0BATEIbHOCTh BapUabeIbHBIX JOMEHOB 00¢-
ux uemneit, a scero guub 20—30 aMMHOKHUCIIOT,
PaCIOJIOKEHHBIX B TMIepBapuabeabHbIX 001acTIX
Kaxaoi uenu. MMeHHO 3TH 00JIaCTU ONpeAeisioT
YHUKAJTbHbIE CTIIOCOGHOCTH KaXIOTO KJIOHA aHTH-
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AHTUreHCBA3bIBAKOLLME
y4yacTku

“lapHupHan
L-uens obnacts”
OucynsduaHble
CBA3N
H-uens /

Puc. 1-45. CtpoeHne nmmyHornobynuHa G.

TeJd B3aUMONEMCTBOBATh C COOTBETCTBYIOLIUM
(KOMITIEMEHTAPHBIM) AHTUTEHOM.

OcHoOBHBIE (OYHKLIMH aHTUTE] — OGHapyXeHHe
U CBSI3bIBAHHE UYXEPOJHBIX aHTHTCHOB, HaXoOms-
IMUXCS B OpraHM3Me BHE €ro KNeTokK (B KpOBH,
JTuMde, MeXKIIeTOUHON XUIKOCTHA, B CIM3UCTHIX
ceKpeTax). OTO MPOUCXOTUT C IOMOILNbIO CIIEU-
(DUYEeCKUX aHTUTEHCBS3BIBAIOIIHMX Y4acTKOB pa3-
HBIX KJIOHOB MMMYHOIJIOOyIMHOB. KpoMe TOTO,
Oy1arofapsi CBSI3bIBAHUIO aHTUTE€HA ¢ aHTUTEJIOM 06-
JIeT4aeTcs Mpoliece JaJbHEHIIIEro paspyueHust dy-
XepodHbIx BewecTB. CrnenudUYHOCTh IMYTH pas3-
pYILIeHUSI KOMIUIEKCA aHTHTEH—aHTUTEJIO 3aBUCUT
OT XJIacca aHTHTE].

Knaccol ummynornoOyaunoB. CyluecTByeT 5
KJIaCCOB TSIXENBIX LIENIEA UMMYHOTIIO0YJIMHOB, OT-
JIMYAIOUINXCSA MO0 CTPOSHMIO KOHCTAHTHBIX HOME-
HOB: 0, 8, £, Y4 .. B COOTBETCTBUM ¢ HMUMH pa3-
JIMYAIOT 5 KJ1acCOB UMMYHOTIOOYIHHOB: A, D, E,
G 1 M. OcoGeHHOCTH CTPOCHUS TSXKEIBIX Lenei
MPUJIAIOT UX «IIAPDHUPHBIM y4yacTKaM» U C-KOH-
LIEBBIM 00JIaCTAM XapaKTEePHYIO JUIS KAXI0ro KJac-
ca koHpopMmanu. CBs3bIBaHUE aHTUTeHA C aH-
TUTEJIOM M3MEHSET KOH(POPMALIMI0 KOHCTAHTHBIX
JIOMEHOB TSDKENBIX 1ieTiel, YTO OIpeneNseT IMyThb
pa3pylICHUs] KOMIUIEKCA B OpraHU3Me (CBsI3bIBa-
HHe ¢ OeJKaMU CHCTeMBI KOMILIEMEHTa MU I10-
DIOLIEHNE KOMILIeKca (aroLMTHPYIOLIMMH KJIET-
KaMH).

HMmmyHorno0ymuabst M — niepBBIi KJTacC aHTHU-
TeJ, CHHTE3UPYIOLIUICS B pa3BUBAIOIIUXCSl B-TMM-
douurax. Paznmuyaotr 2 GopMbl MMMYHOIIO0YTH-
HOB M: MoHOMeEpHasi, MeMOpaHHO-CBsI3aHHasA



dopMa 1 nmeHTaMepHas, cekpetupyemas B-nnumdo-
LINTAaMU B KPOBb.

MemOpanHo-cBs3anHas ¢opMa HMMYHOII00YH-
HoB M. CospeBalomne B-muM@pOLUTBI CUHTE3UDY-
0T MOHOMEpHbIE OMBaJIEHTHBIE MoJieKyJIbl IgM, o
CTPYKTYpE IIOXOXHE Ha pacCMaTpUBaeMble BHILIE
IgG, xoTOopbie BCTPaMBAIOTCS B IL1a3MATUYECKYIO
MEMOpaHy KJIETOK M WTPaloT POJib MEPBbIX aHTHU-
reH-pacno3HaKIIUX pelenTopoB. [IpukperieHue
IgM k MeMOpaHe OCYIUECTRIISIETCS C [IOMOILBIO THI-
podo6HOro y4yactka, Haxomsuierocss B C-KoHIle-
BOHM («XBOCTOBOi1») OONaCTH TSXKETBIX LEMEH, Co-
nepxaiieit 25 ruapo¢oOHBIX aMUHOKMCIOTHBIX
OCTAaTKOB.

B3auMoneicTBYE aHTUTEHA C PELIENITOPOM Ha To-
BepXHOCTH B-1MM@OIINTa BHI3BLIBAET €r0 Pa3MHO-
XeHre U 00pa3oBaHHUE 1IENIOro KJIOHA JuMdouu-
TOB, TIPOMCXOASIINX U3 OTHOM, CTUMYJIMPOBaHHOMI
AHTUTEHOM KJIETKH. DTOT KJIOH B-numdonuron
OyzeT BbIpadaThiBaTh UMMYHOIJIOOYJIMHBI C OIMHA-
KOBBIMH aHTUTEHCBSI3BIBAIOILMMM y4acTKaMu. Of-
Hako B-1MM@oLUTHI CIIOCOOHBI IIEPEKIIOYATHCS HA
BBIpabOTKY IpPYTHUX KJIacCOB aHTHUTE]L.

CekperopHas (opma ummyHorno0ymHoB M. Kor-
Ja B-yMd$oLUTI BIEpBBIE BCTPEUYAIOTCS B XHI-
KOCTSIX OpraHM3Ma C HEU3BECTHBIM paHEE aHTHIe-
HOM, OHM CHHTE3WPYIOT M CEKPETHPYIOT B KPOBb
IgM, xoTopble comepXar IsITh MOHOMEPHBIX CYOBe-
JTUHMII, CBSI3aHHBIX APYT C OPYTOM AMCYJIbhUIHBI-
MU CBSI3SIMM M JOTIOJHMUTEIBHOU MOJUIICTITUIHON
J-uennio (puc. 1-46).

B TSKENBIX 1IEnIX UX MOHOMEPOB OTCYTCTBYET
ruapodobHast «XBOCTOBasi» 4acTh. [leHTamepHasi
MoJieKyna comepXuT 10 ydacTKOB CBsI3bIBaHHUS C
aHTUTEHOM, 4TO 00JIeryaeT BEpOSITHOCTh NMPUKPEN-
JIEHUS] HEU3BECTHOIO PaHEee aHTUIeHa K MMMYHO-
o0yauHy (puc. 1-47).

B3aumoneiictBue anTureHa ¢ IgM M3MEHSIET ero
KOHGpOpMALIMI0 U UHAYUUPYET CBSI3BIBAHUE €T0
«XBOCTOBOM» 00JIaCTU C MEPBBIM KOMIIOHEHTOM
CHUCTeMBI KOMIUIEMeHTa. Ecau aHTHUTeH pachojio-
XEeH Ha TMOBEPXHOCTU MHKPOOPTaHM3Ma, aKTUBH-
POBAaHUE CHCTEMbI KOMIUIEMEHTA BBI3BIBACT Hapy-
UIeHWe LEIOCTHOCTH KJIETOYHOM MeMOpaHbl U
rubesb OaKTepUaATbHON KIIETKU.

Wmmynorsooymunbl G. B KoiMyecTBEHHOM OT-
HollleHVH IgG NOMUHMpPYIOT B KPOBH M COCTaBJIsI-
10T 0koJIO0 75% oT 0611ero KoiudecTsa 3TUX Gei-
koB. CrpoeHue IgG nmoapoOHO OMMCAHO BBIIIIE.
B xpoBu IgG 00HapyXuBaIOT TOJIBKO B MOHOMEp-
HOU (OpME; OH CEKPETUPYETCSl aKTMBUPOBAHHBI-

Mu B-mumdonntaMu B 60ONBIINMX KOJTMYECTBAX PU
BTOPHUYHOM UMMYHHOM OTBETE, KOTJa aHTUTEeH T10-
BTOPHO MOTMAIacT B OPTaHU3M.

Y yenoBeka oOHapyxkeHO 4 moakiacca IgG:
IgGg,, 1gGg,, 1gGg,, 1gGg,. Iopsanxosblii HOMED
VKa3bIBaeT Ha KOJIMYECTBEHHOE CONEepXKAHME Kax-
JIOTO TOJKJIAacca B CHIBOPOTKE (B HAMOOJIBIIEM KO-
nmyectse conepxurca IgGg,, a B HauMeHbLIeM —

MoHomepHas
Monekyna

J-uenb

Puc. 1-46. CTpoeHue neHTaMepHO! CEKPEeTOpHO! MOoneKynbi
uMmyHorno6ynuxa M.

Komnnemer
IgM

Sinanposanxasn
BaxrepuanuHan
KeT«a

Puc. 1-47. CeasbiBaHue IgM ¢ aHTUreHamu GaKTepuanbHbix
KNeTOK ¥ UX paspyuleHue akTusupoBaHHbiMU Genkamu cuc-
TeMbl KOMNNeMeHTa.

63



/— bakTepusa

AHTUrEeHb!
PevenTtopb! \.\(HYH)«— Auxtutena (IgG
k 1gG
_
Heittpodun w
Aapo

A

)
RN

®darocoma

B

Puc. 1-48. ®aroumuTos KOMNNeKca aHTUreH—aHTUTeNno HeidTpounom. A — B3anmopeiicTeue GakTepun, NoKpeiToi IgG, ¢ peuenTo-
pamu HeTpotunos; B - nornoweHne 6akrepun HeilTpochunom; B — nepesapusamne 6aKrepun BHYTpH (parocoMbl HEHTpodmna.

IgGg,). Crenenr roMonoruy Mexiay 3THMH MOA-
KJIaccaM# O4deHb BbICOKa (0koso 90—95%).

IgG He ToNbKO 3((PEKTUBHO CBA3BIBAIOT U MHAK~
TUBUPYIOT YyXEPOIHbIE MOJIEKYJTbI U KJIETKH, TTOTaB~
LUME B OPraHu3M, HO TaKKe 00JIeryaroT UX JaTbHEH-
1iee yHuYTOXeHue. KoHdopMallMoHHEIE H3MEHEHHUS
B «XBOCTOBOM» obnactu IgG mociie ero B3auMmoneii-
CTBUA C QHTUTEHOM IPUBOAAT K CBSI3bIBAHUIO U aK-
TUBALMU OCJKOB CUCTeMbl KOMILIEMEHTa. Kpome
toro, C-koHueBasi obiacts IgG cnocoGHa B3auMo-
JEHCTBOBATh CO CNELMGPUYECKUMU PELIENTTOpaMU MaK-
podaroB 1 HEUTPOGWIOB, YTO TIPHUBOAMT K haroiu-
TO3Y KOMILIEKCOB @HTUI€H—aHTUTEJIO U Pa3pyILICHUIO
MX B ¢parocoMax (puc. 1-48).

IgG — emMHCTBEHHBIN KiIacc aHTUTEN, CIOCO0-
HBIM MPOHMKATh Yepe3 IUIAlleHTApHbIA Oapbep U
obecreurBarb BHYTPUYTPOOHYIO 3aLLUTY ILTOAA OT
WHGbEeKUNHA.

Hmmynorio0yimnel A. OCHOBHOM KJIacC aHTH-
TeJ1, TIPUCYTCTBYIOIMI B CEKPETax XeN€3 opraHu3-
Ma (CJIIOHBI, MOJIOKA, IUIIEBAPUTEIBHOTO COKa,
CEKPETOB AbIXaTeJIbHbIX MyTeil). B CBIBOPOTKE KpOBU
ero comepxaHue He npesbinaer 10—15% ot obie-
IO KOJIMYECTBA UMMYHOIJIOOYJIMHOB. MOHOMEpPHast
¢opma no crpoeHuro HariomuHaer IgG. OnHako B
cekperax IgA HaxoIMTCd B OCHOBHOM B (opMe
JUMEpa, TI€ MOHOMEDPBI COeTMHEHBI TOMOTHUTEIb-
HOii menTuaHoi uenbio J (puc. 1-49).

Ha 6a3anbHoi MOBEpXHOCTH SMUTETHANTBHBIX KJie-
TOK auMep IgA crnienmpuyecKd B3aUMOJENUCTBYET C
OesKaMU KJICTOYHOW NOBEPXHOCTH, HA3bIBAEMbIMU
CEKPETOPHBIM KOMIOHeHTOM. O0pa3yIoluiicss KOM-
MJIEKC MOCPEACTBOM 3HAOLMTO32 TOTJIOLIACTCS
BHYTPb KJIETKHM U MEpEMEILAETCS K alMKaIbHOM Ya-
CTH. 31ech KOMILIEKC MOABEPracTcsi ACUCTBUIO I1PO-
TEOJUTUYECKUX (EPMEHTOB, U CBOGOIHBIN AUMED
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BBICBOOOXKIAETCSI BO BHEKJIETOYHOE MPOCTPAHCTBO
(puc. 1-50).

OO6pazyroluiics py B3auMoneiicTBuM IgA ¢ aH-
TATEHOM KOMIUIEKC HE B3aUMOICUCTBYET ¢ OeKaMu
CHCTEMBI KOMIUIEMEHTA Y QaroLUTUPYIOIIMMHU KJIET-
KaMU, HO TIPENSTCTBYET NPUKPEIVIEHUIO aHTUTEHOB
K TIOBEPXHOCTU JIMUTEIUANBHBIX KIETOK W MPOHHK-
HOBCHMIO MX B OPTaHHM3M.

Hmmynorno0ymmbl E. ConepxaHue 31oro xiacca
MMMYHOIJI00YJIMHOB B KPOBH KpaitHe Mano. IgE —
MOHOMEPBI, HO, B omiIH4Ke OT IgG, yX TSLKEBIE 1INy
€ comepxar He 3, a 4 KOHCTaHTHBIX JoMeHa. [loce
CHHTE32 U CEKPEHUHU B KpoBb B-mmdormramu IgE

i _— J-uenb

—

MoHomep

Puc. 1-49. CTpoeHue auMepHO MOfIeKYNbi UMMyHornobynuHa A.



Monocts
npoToka
nenesbl

BHekneToyHoe
NPOCTPaHCTBO

Cekpetop- __,
Hbih Benok

Puc. 1-50. TpaHcnopT MMMyHOrno6ynuHoB A Yepes anuTenu-
anbHble KNEeTKU B NPOTOKK Xenés.

CBSI3BIBAIOTCS CBOUMH C-KOHIIEBBIMI YYacTKaMH C
COOTBETCTBYIOILIMMH peLieATOpaMHM Ha TMOBEPXHOCTU
TYYHBIX KJIETOK U 6a3oduiioB. B pesyiabrate oHU cTa-
HOBSITCSI PELIEITTOPaMi aHTUTEHOB Ha MOBEPXHOCTH
JaHHBIX KJeToK (puc. 1-51).

[Tocie mpucoeIUMHEHUsS aHTUICHA XOTs Obl K
JIBYM aHTUI€HCBSI3bIBAIOIIMM Yy4yacTKaM ABYX CO-
cenHux IgE kieTka Mmojyyaer CUrHan K CeKpeluu

AHTUreM

IpaHyribt, —
3ANONHEHHbIE
FACTAMNHOM,
CepoToHUHOM .
u ap. .

OMONOTMYECKM AaKTUBHBIX BEIECTB (CEpPOTOHMHA,
THCTaMUHA), XPAHSILIMXCS B CEKPETOPHBIX My3bIPb-
Kax. BeiOpoc 3TuX BelIEeCTB B 3HAUUTENBHOU Mepe
OTBETCTBEHEH 3a Pa3BUTUE BOCIANMTEIbHOU pe-
aKIWdMd, a TaKXe TaKHX AJUIEPTHYECKUX peaKIuit,
KaK OpoHXHanbHasi acTMa, KpaIlMBHHULIA, CEHHasl
JIMXopanka. YBeaudeHue KosimuyectBa IgE moxer
MPeIIUECTBOBATh PA3BUTHIO a/UIEPTHYECKUX PeaK-
104070

Nmmynornodymansl D. IgD o6HapyxeHBbI B Kpo-
BU B OUYEHb MaIbIX KOJUYECTBaX. MOHOMEpHbIE
OeJIKM UTpaloT poJib pelenTopoB B-muMdouuTos;
npyrux ¢yHkumit y IgD noka He BBISBIIEHO.

4. Cemeiicmeo T-xaemounvix
AHMUZEHPACNOZHAIOWUX DPeUenmopos

Ecnu anTtutena, BeipabarbiBaeMbie B-mumdborm-
TaMU, CBSI3bIBAIOT AHTUICHBI B XUIKOCTSIX OPraHu3-
Ma (TaK Ha3bIBaeMblii T'yMOpaJIbHbIA UMMYHUTET), TO
T-aum¢poLUTEl B3aUMOJCHCTBYIOT ¢ aHTUTEHAMM Ha
ITOBEPXHOCTH 3apaXEHHBIX BUPYCAMU M N3MEHEHHBIX
B pe3yJIbTaTe OITyX0JIeBoii TpaHCHOpMaLIMU COOCTBEH-
HbIX KJIETOK OpraHu3Ma (KJIETOYHBI UMMYHUTET).
T-numboUMTEl Y3HAIOT aHTUIEHBI TOTBKO B KOMII-
Jekce ¢ monekyaamu MHC 1 unm 11 xiacca, Takxke
MPUCYTCTBYIOIMMA Ha KJIETOYHOI IMOBEPXHOCTH.

Penenropbl T-mmdommroB — reTepoavMepsl, T.€.
cocTosT U3 o- U B-ueneit. Kaxnmas i1ienp umMeer jasa

- PeyenTop K IgE

et Bpifpoc ructammuna
.+ ¥ Jpyrvx Meamartopos
. B MEXKNETOUHbBIA

Puc. 1-51. Bbibpoc 6Monoruuecku akTuBHbLIX BELLECTB TYHHOW KNETKOW B pe3yNbTare NPUCOERUHEHNS aHTUreHa K (hMKCHPOBaH-

HbIM Ha eé nosepxHocTy IgE.

3—2128
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WMMYHODJIOOYIMHOIIONOOHBIX JOMEHA: BapyUabe ThbHbIH
(V) u xoHcrantHeii (C) (puc. 1-52). C-KoOHIIEBbIE
YYaCTKH KaX[IOM LIETI BCTPOCHBI B IUIa3MaTUYECKYIO
MeMOpaHy. EqyHCTBEHHBIII aHTUT€HCBA3BIBAIOIIUIA
Y4YacTOK PAcCIioiaraeTCsl MEXAY AByMsI BapuadeIbHbI-
mMu JoMeHaMd Vo U VP. KonuyecTBo pelenTopoB
T-1muMpOLIMTOB ¢ pa3sHBIMH AHTUTEHCBSI3bIBAIOIIH-
MM y4aCTKaMH COIIOCTaBMMO C pa3HOOOpasueM HM-
MYHOTJIOOYJIMHOB.

CeMeiicTBO 0€JKOB ITABHOTO KOMILIEKCA I'HCTO-
COBMECTHMOCTH

benku rmaBHOTO KOMILIEKCA TUCTOCOBMECTHMO-
CTH ObUIA OTKPBITHI IIPH U3YYEHUN BOTIPOCOB BHYT-
PHBUAOBOI NEPECATKM TKaHEH, OTKyIa U TIPOU3OIII-
JI0O X Ha3BaHue. Mx HasbIBaloT Takxke GeakaMu
MHC (cMm. Beime), win 6enkamu HLA (oT aHDI
human lymphocyte antigen — d4elloBe4ecKUe JIUM-
(doumTapHbie aHTUIeHBbI), TaK KaK BIIEPBBIE OHM
ObUtM OOHapyXeHbI Ha JUM@OLIUTAX YETOBEKA.

CyuiecTByeT Ba OCHOBHBIX KJIacca MOJIEKYT
MHC: 1 u 11. Monekynst MHC xacca 1 pacriono-
XEHBI Ha TIOBEPXHOCTU ITPAKTHYECKU BCEX KIJIETOK
opraHusMa 4ejioeka, a 6enku MHC xiacca II
TOJIbKO Ha OMNPEACAEHHBIX KJIETKaX UMMYHHOU CH-
CTEMbI, Ha3bIBa€MbIX AHTUTEHIIPEICTABISIONIMMU
kinerkaMu. K HMM, B TiepByIO odepenb, OTHOCST
Makpodard 1 B-muM@OLUTEI, KOHTAKTUPOBABIIIHE
C aHTUTCHOM.

Monekynnt MHC knacca I — rerepomumepsl.
OHU MMEIOT ONHY MOJUIENTUAHYIO O-1elb, CBS-
3aHHYI0 HEKOBAJIEHTHBIMHU CBSI3SIMM C HEOOJIBIIUM
BHEKJIETOYHBIM G€IKOM [3,-MUKPOTIOOYTHHOM.
IonumnernTuaHas o-Herb UMeeT TPU BHEKIJIETOUHbIX
DI00YIAPHBIX JOMEHa (o, O, O,), TPAHCMEMOpaH-
HbIA YYaCTOK M KapOOKCWIbHBIA KOHEL, JOKAIHU-
30BaHHBIN B muromiasMme (puc. 1-53, A). o,-[o-
MEH ¥ [,-MUKPOTIOOYIMH MUMEIOT KOH(POPMALIHIO,
HAIIOMMHAIOLIYIO CTPYKTYPY MMMYHOIVIOOYJIMHOB.
JloMeHbI o, M o, COaEpXar BapHabeIbHbIE Y4acT-
KU, CITOCOOHBIE CBSI3BIBaTh «Pa3BEPHYTHIN» aHTHU-
reH (4ailie BCETo IMENTUAHBINA (PparMEeHT IyXKepo.-
HOro OeJika), pacIoOXEHHBIH Ha IOBEPXHOCTH
KJIETOK.

Mouiexysmi MHC xnacca II — taxke retepomimMe-
pbl. OHH COCTOSIT U3 JBYX MOJMIETITUAHBIX LIETe —
o ¥ B, MIMEIOILIMX 110 OTHOMY KOHCEPBaTUBHOMY UM-
MYHOIJIOOYIMHIIONOOHOMY JOMEHY M IO OTHOMY Ba-
pUabelbHOMY JOMeHY Ha N-KOHLEBbIX Y4acTKax.
Ces13bIBaHHE AHTUIEHOB IIPOMCXOIUT B 00JIacTH Ba-
puabesTbHBIX JOMEHOB o- M B-tieneit (puc. 1-53, b).
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Puc. 1-52. CtpoeHue peuentopa T-nuM¢oUMTOB.
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Liuronnasma

Puc. 1-53. CtpoeHue 6enkoB rnaBHOro KOMMNEKca rmcTocoB-
mecTtumocTu: MHC knacca | (A) u MHC knacca Il (B).

YyxepoaHble OEIKM B KJIETKE YeJIOBEKA (HAIpU-
Mep, 0eJIKHM BUPYCHBIX YaCTHII), B JIM30COMaXx IO~
BEPraloTCst OTPaHUYECHHOMY MPOTEONU3Y, U HEGOJTb-
e (pparMeHThl 3THX OeJIKOB BMECTE C OeaKamu
MHC knacca 1 wu 11 3KCIOHUPYIOTCSI HA MOBEP-
XHOCTH KJIETOYHOM MeMOpaHBbI.

Komruiekcnl nentua—6enok MHC 'ysHatorest pe-
uenropamu T-ymMonuToB. B pesynbrate npouc-
XOJUT CIlel(prdeckoe B3auMoneicTaue (puc. 1-54),
aktuBalwsl T-muMdoLmMTa M pa3BUTHE MUMMYHHOM
peakiun. Tak, B3aMMOAEHCTBHE LIUTOTOKCHUYECKO-
ro T-nmuMmdbonmra ¢ KoMruiekcoM aHtureH—MHC 1
Ha TIOBEPXHOCTH 3apak€HHOM BUPYCOM KJIETKH MPU-
BOIHT K BBICBOOOXAECHUIO TMM(POLIUTOM CIIELUAITb-



KneTtka-MuilieHb,
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rarenibHbIA

PeuenTo|
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T-numdpoura
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Linrotokcuieckui
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Puc. 1-54. Cneundmueckoe B3aumopeicTaue peuenropa umro-
ToKcuyeckoro T-numdouuTa ¢ KoMnnexkcom aHTureH—-MHC |
Genkom.

HBIX 0€JIKOB, BhI3BIBAIOIIMX MOBPEXIEHUE U THOEIb
3apaKEHHOM KIIETKH.

E. N300YHKHMOHAIBHBIE BEJIKA

H3odyHKIHOHANBHBIE OeIKM — CceMelCTBa Oeli-
KOB, BBITIOJTHSIIOIIMX TIOYTH OAMHAKOBYIO WU OIM3-
KY10 YHKIIHIO, HO HEOObILNE OCOOEHHOCTH CTPO-
eHUs M (YHKIHOHUPOBAHUSI HEKOTOPBIX WICHOB
3TOTO CeMeCTBa MOTYT MMETh BaxHOe (HU3UONO0-
ruyeckoe 3HaueHue. [IpuMep Takux 6e1K0B — H30-
¢dopmbl remornobuna yenoseka: HbA, HbA,, HbF
W IpyTue, paCCMOTpEeHHbI¢ Bhille. Bce oHM mpen-
CTaBJIAIOT COOOM TE€TpaMephl, HO COCTOSIT M3 pas-
HOro Habopa rpoTOMEpoB «, B, v, 8. [eMOrIOOHHBI
BBITIOJTHSIIOT OAMHAKOBYIO (GYHKLIMIO — IPUCOEIH-
HAI0T O, U IIEPEHOCAT €ro B TKaHU. OJHAaKO Kax-
JIbI{ U3 HUX 06nanaeT PyHKIMOHANBHBIMH OCOOEH-
HocTsiMH. Tak, remornoous F mMeeT Gonbliee
cponctBo K O,, yeM HbA, u Grarogaps stoMy obec-
neuuBaeT quddysuio O, or HbA u3 xposu Matepu
K HbF B kpoBu minona.

H300e1KH — MHOXECTBEHHBIE (HOpMBI OenKa, 06-
HapyXuBaeMble B OpraHM3Max OJHOro Bua. bein-
KU, BHIIMONHSIONINE OAMHAKOBbIE (DYHKIINU B Opra-
HU3MaxX pasHbIX OMOJOrMYECKMX BHAOB, HOCAT

Ha3BaHHE <«rOMOJIOTHUHbIe Oeakm». Hampumep, 1m-
ToXpoM C — MHTOXOHIPHANbHBIN OE/IOK, YUaCTBY-
JOLLIMiT B OMOJIOTHYECKOM OKHCIIEHUH, ITPUCYTCTBYET
Y MHOTHX BHMIOB XUBOTHBIX. Llutoxpomsl C Kypu-
Bl U YTKM OTIMYAIOTCS JIMIUb ABYMS aMHHOKHMC-
JIOTHBIMH OCTATKaMHM B IEPBHYHOM CTPYKTYpe,
BBITIOJIHSIIOT OXMHAKOBYIO (DYHKIIMIO, HO TaK Kak
OHM TIPHHAJIEXKAT pa3HbIM BHAAM, TO UX OTHOCST
K TOMOJIOTHYHBIM OesKaMm.

K 1306€e1KaM OTHOCSIT TAKXKE MHOXECTBO M30(hopM
CTpYKTypHOro Oenka xojuiareHa (cM. pasmen 15).
MHorne depMeHTbI UMEIOT HECKOIBKO HM30¢opM U
HOCAT Ha3BaH¥ie M30()epMEHTOB (CM. pasmen 2).

Vil. ®USNKO-XUMUNYHECKUE
CBOWCTBA BEJIKOB U METOAbI
X BbIAENEHUA

BaxHoe MecTo B 6HOXMMUYECKHX UCCIEJOBAHU-
SIX 3aHMMAET BBLICICHUE MHANBUAYAIbHBIX O€JIKOB
Y3 OPraHoB M TKaHei. OYMILEHHbIE MHINBUIYab-
Hble OCNIKM HYXKHBI [UISI M3YYEHHUsI MX TEPBHYHOMN
CTPYKTYpBI, IOJy4YEHHUsI KPUCTAIUIOB OEIKOB C Lie-
JIbIO MCCJICIOBAHMSA MX MPOCTPAHCTBEHHOM CTPYK-
Typbl METOIOM PEHTICHOCTPYKTYPHOTO aHaiu3a,
YCTAaHOBJICHUSI B3aUMOCBSI3M MEXIY IEpBHYHOIA,
MPOCTPAHCTBEHHOM CTPYKTYpoil Oejika U ero pyH-
KIIME.

Hexoropbie o4MILEHHBEIE THANBUAYAJIbHbBIE Gell-
KM HCITONB3YIOT B MEOULIMHE KaK JIEKAPCTBEHHbIE
npenaparsl, HallpUMEp TOPMOH HMHCYJIMH NpUME-
HSIOT JUIS JIEYCHUS caXapHoro avabera, a muileBa-
pUTeNibHbIE (HEPMEHTHI MOKETYAOYHON XeJe3bl
Ha3HAYaloT MpU HapyLIeHUH €€ (PYHKIIMM B Kade-
CTBE 3aMeCTUTENIbHOM Tepanuu. KpoMe Toro, oun-
LIEHHBbIE (PEPMEHTHI YACTO MCIIONbL3YIOT B GHOXH-
MHUYECKHUX UCCICIOBAHUSIX B KAYECTBE XUMHYECKHX
PEaKTUBOB JJi OMPEACACHUS BEIIECTB B OHONIOTH-
YECKMX XMIKOCTSX.

BONBUIMHCTBO METONOB, MCIOJL3YEMBIX IJIs
OYMCTKU WHIMBUIYaATbHBIX OEJKOB, OCHOBAaHO Ha
pasuyUsIX UX (PU3MKO-XMMHUYECKMX CBOWCTB, a
TaKXe BO3MOXHOCTU CIEHU(PHUYUHO CBS3BIBATLCS C
JINTaHAOM.

A. ®U3UKO-XUMHYECKHE CBOMCTBA BEJIKOB

HWnanuBuIyabHbIe OEJTKH pa3Ii4alorcsd 10 CBO-
UM (U3NKO-XHMHYECKUM CBOHCTBaM: popme MO-
JIEKYJI, MOJIEKYJISIDHOM Macce, CyMMapHOMY 3apsiay
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MOJIEKYJIbI, COOTHOLLEHUIO TOJSIPHBIX W HEIOJAp-
HBIX TPYIII HAa MOBEPXHOCTM HATUBHON MOJIEKYJIbI
6e/1Ka, paCTBOPUMOCTH O€JIKOB, a TaKKe CTEICHU
YCTOMYMUBOCTA K BO3ACHCTBUIO NEHATYPHUPYIOLLIMX
areHTOoB.

1. Pazauuus Geaxoe no gpopme moaexya

Kaxk yxe roBopuioch Bhillie, IO (popMe MOJIEKYJT
OeJIKM JenaT Ha MIoOynsipHble M (PUOPHIUISIPHBIC.
I'moOynsipHbie 6eku UMEIOT 0ojiee KOMITAKTHYIO
CTPYKTYPY, UX THAPOdOOHBIE paaIvKaJIbl B 6OJIBIIMH-
CTBE CBOEM CIIpSITAHbI B ruipohoOHOE SIpO, U OHU
3HAYUTEJIBHO JTYYLLE PACTBOPUMBI B XXUIKOCTSIX Opra-
HU3Ma, YeM GUOPWUISIpHBIE OeNKU (MCKITIOYEHHE
COCTaBJISIIOT MeMOpaHHbIE OCJIKH).

2. Pazauuus 6eaxoe no MoaexyAapnoli macce

Benku — BBICOKOMOJIEKYIISIPHBIE COEIMHEHHA, HO
MOTYT CUJIBHO OTJIMYATBLCH IT0 MOJIEKYJSIPHOM Mac-
ce, Kotopas kojebiercs or 6000 1o 1 000 000 1 u
BbILLE. MoieKy/isipHasi Macca 0eJika 3aBUCHT OT KO-
JIT4ECTBA AaMMHOKUCJIOTHBIX OCTATKOB B ITOJIUIIEI-
TUIHOW LEMH, a 151 OJIMTOMEPHBIX OEJIKOB — U OT
KOJIMYECTBA BXOMALUUX B HETO MPOTOMEPOB (MUIH
CYOBEeAVHMII).

3. Cymmapnvtii 3apsao 6eaxos

benky MMeIoT B CBOEM COCTaBE PAIMKAIBI JIM3U-
Ha, apr’MHWHA, TUCTUIMHA, TJYyTaMUHOBOI M acma-
pParvMHOBOM KMCIIOT, Cofiepxkaiilivie (pyHKIIMOHAJIbHbIC
TPyMIbl, CIOCOOHBIE K MOHU3ALUMUM (MOHOTEHHBIE
rpymnbel). Kpome Ttoro, Ha N- u C-KOHUax Imojau-
NENTUIHBIX TIETIC UMEIOTCS 0-aMMHO- B 0.-KapOoK-
CWJIbHAsI TPYTIIIbI, TAKXE CIIOCOOHBIC K MOHU3ALIUU.
CyMMapHbIit 3apsii 6eTIKOBOUN MOJIEKYJTBI 3aBUCUT OT
COOTHOLLUECHHSI MOHU3UPOBAHHBIX AHUOHHBIX pajiu-
KaioB I7ly 1 Acn ¥ KaTMOHHBIX paaguKaioB JIu3,
Apr u I'uc.

CreneHb MOHM3ALMM (PYHKIIMOHAIBHBIX TPYIII
9THX pagukaioB 3aBUcHUT oT pH cpenpr. Ilpn pH
pacTBopa OKOJIO 7 BCe MOHOTE€HHBIE TPYIIIHI Oenka
HaxomATCSA B MOHU3UPOBAHHOM COCTOSSHMU. B kumc-
JIO cpeme yBeTWYEHHE KOHIIEHTPAIMK IPOTOHOB
(H") npuBOAUT K NMOMABJACHUIO TUCCOLMALINHN Kap-
OOKCUJILHBIX TPYI M YMEHBLIEHHIO OTpULIATENb-
Horo 3apsga 6eiakos: -COO~ + H* - -COOH.
B 1enouHoit cpenme cBs3biBaHMe M30bITKa OH™ ¢
MPOTOHAMM, OOpPa3yIIIMMHUCS MPU AUCCOLMALIMHU
NH,* ¢ 06pa3oBaH1eM BOIbI, IPUBOIUT K YMEHb~
IUEHUIO TTOJIOKHUTEJLHOTO 3apsiia Ge/IKOB:
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-NH,* +OH- - -NH, + H,0.

3nauenre pH, mpu KoTopoM OeloK mpHrobpe-
TaeT CYMMAapHbIX HYJIEBOU 3apsifi, HA3bIBAIOT «H30-
3JIeKTPpHYECKas Touyka» U 00603HadaloT Kak pl. B
N303JEKTPUYECKONM TOYKE KOJMYECTBO ITOJOXM-
TEJbHO M OTPULIATEJIbHO 3apsSXXKEHHBIX TpyHil Oe-
Ka OJIMHAKOBO, T.€. 6€JIOK HAaXOAUTCH B U303JIEKT-
pUYECKOM COCTOSIHUU.

Taxk kak GOJBIIMHCTBO OEJIKOB B KJIETKE UMe-
€T B CBOEM COCTaBe 00J1blLIE aHHOHOTEHHbIX TPYIIN
(-COO), To U303 NEKTpUUECKasd TOYKA ITHX OeJI-
KOB JIEXHUT B ciabokucioi cperae. M3osnexkTpu-
yeckasd TOYKa OeJIKOB, B COCTaBE€ KOTOPBIX IIpe-
00J1aJa10T KaTUOHOTE€HHBIE TPYIIbI, HAXOAUTCSA
B 1eJI0YHOU cpene. Haubosee spkuii npumep Ta-
KUX BHYTPHUKJIETOUYHBIX OEJIKOB, COIAEpXAILIUX
MHOrO apruHUHA Y JIM3UHA, — TUCTOHbI, BXO/S-
1LIE B COCTaB XpOMAaTHHA.

Benku, uMeloliMe cyMMapHBIH ITOJIOXUTEIb-
HBI WM OTPULIATEJbHBIN 3apsAl, JTy4YIle PacTBO-
pUMBI, YeM O€JIKM, HaXOASIHUECS] B M303JIEKTPH-
4eckKoil Touke. CyMMapHBI 3apsii yBEIUYMBaeT
KOJIMYECTBO THUITOJEH BOMBI, CIIOCOOHBIX CBSI3bI-
BaThCs C OCJIKOBOM MOJIEKYJION, U IPENSTCTBYET
KOHTAKTy OJHOMMEHHO 3apsXEHHBIX MOJIEKYJ, B
pe3yabTaTe pPacTBOPUMOCTb O€JIKOB yBEJIWYHBA-
eTcsi. 3apsiKeHHble O€JIKW MOTYT ABHTaThbCd B
2JIEKTPUUYECKOM I10JIe: aHUOHHEIE OCIKU, UMEI0-
ILMEe OTPULATEJbHBIN 3apsii, OyayT ABUTAThCA K
MOJOXUTEJIBHO 3apsiKEHHOMY aHomy (+), a Ka-
TUOHHBIE 0€NKH — K OTPULIATEJIBHO 3apsSKEHHO-
My KaTtoay (—). benku, Haxoasiuecss B U303JIeK-
TPUYECKOM COCTOSSHMM, HE NEepeMellarTcs B
BJIEKTPUYECKOM TMIOJIE.

4. CoomHnouenue noAApHLIX U HENOAAPHBIX
2pynn HQ NOGEPXHOCHMU HAMUGHBIX MOAEKYA
beakoe

Ha noBepxHOCTU OOJBILUMHCTBA BHYTPHUKJIECTOU-
HbIX O€JIKOB Ipeo0IafaloT IMOJSpHbIC pPaauKalbl,
OJHAKO COOTHOIIEHUE MOJISIPHBIX WM HEMNOJSIPHBIX
TPYTII OTJIMYHO [JIsi Pa3HbIX MHAMBUIYAIBHBIX O€JI-
KOB. Tak, mpoToMephl OJIUTOMEPHBIX: OEIKOB B 00-
JIaCTU KOHTAKTOB JApYr C APYroM 4acTO COIepxKar
ruapo¢oOHbBIe pamukanbl. ITIoBepXHOCTH O€JIKOB,
(PYHKIIMOHHMPYIOILMX B COCTaBe MEMOpPaH WIH TpH-
KPEIUIIOLLIMECS K HUM B Ipoliecce (PyHKIIMOHU-
pOBaHMsI, TaKXe 00OorailieHbl TMaApO(QOOHBIMUA pa-
Jukanamu. Takue OejKM Jyvyllle pacTBOPMMBI B
JIMTIMIAX, YEM B BOJIE.



5. Pacmeopumocmp Gearos

PacTtBOpMMOCTh GEJIKOB B BOIE 3aBUCHUT OT BCEX
TePEYMC/ICHHBIX BBILLIE CBOMCTB GeJTKOB: (hOpMBI, MO-
JIEKYJIIDHOM Macchl, BeJJMMMHbBI 3apsiia, COOTHOIIIE-
HUSI HOJISIPHBIX U HEIMOJSAPHBIX (HDYHKIIMOHATLHBIX
TPYIHT Ha TIOBEPXHOCTH Oenka. Kpome 3Toro, pacTBo-
PUMOCThL O€/IKa OIpEAEssieTcsl COCTaBOM pacTBOPH-
TeJsl, T.€. HAJIMYUEM B PacTBOPE APYTMX PacTBOPEH-
HeIX BenlecTB. HampuMep, HEKOTOpbIE OCIKM Jierye
PacTBOPSIIOTCSL B CIa0OM COJIEBOM pacTBOpe, YEM B
JUCTWLIMpoBaHHOI Bome. C Opyroit CTOpPOHbI, YBe-
JIMYEHUE KOHLICHTPAlUU HEUTPAIBHBIX COJIE MOXET
CITOCOOCTBOBATH BBITAACHUIO OIPEACIEHHBIX OEJIKOB
B 0cafioK. JleHaTypUpylOLIHe areHThbl, IPHUCYTCTBYIO-
IIME B PacTBOpPE, TAKXKE CHUXKAIOT PacTBOPUMOCTb
0eJIKOB.

B. METOIBI BLIAETEHUS W OYMCTKH BEIKOB

IMosryyeHne UHAUMBUAYAJIbHBIX GENKOB K3 OHO-
JIOTHUECKOr0 Marepuaja (TKaHeW, OpraHoB, KJie-
TOYHBIX KYJbTYp) TpeOyeT MpOBEAEHHUS IOCen0-
BaTeJIbHBIX OIEpalldii, BKIIOYAIOIINX:

e IpobieHre OMOJOrMYecKoro MaTepraia 1 pas-

pYLIEHHE KJIETOUHBIX MeMOpaH;
¢ (DpaKILMOHMPOBAHUE OpraHesUl, COAepPXalllUX
T¢ WIM UHbIE OCJIKM;

e DKCTpaKildio O€JKOB (MEpeBOd MX B pacTBO-
PEHHOE COCTOSIHME);

e pasjejeHue cMecH OeJKOB Ha MHIAWBMIYaNb-
Hble OEJIKH.

1. Memoow: pazpywenus mxanei
u 3Kxcmpaxuuu b6eixoe

Juis paspylleHrss OUOJIOTMYECKOro Marepuala
MCITOJIb3YIOT METONBI: TOMOI'€HM3aWU TKaHH, Me-
TOH MOMEPEMEHHOIO 3aMOPaXUBAHUS M OTTAHBa-
HMs, a TaKXe 00pabOTKY KJIETOK YJIbTPa3BYKOM.

T'oMoreHu3anus OMOJIOIHYECKOr0 MaTepHaa

TkaHb, HaxoAIIyIOCS B 6y(hepHOM pacTBOpE C OI1-
peneNéHHbIM 3HauYeHueM pH M KoHLleHTpauMeid co-
JIe#, TIOMEINAaoT B CTEKISIHHBINA COCyl (FOMOTe€HH3a-
TOp) C MIECTUKOM. Bpamiaroiimiicsi NeCTMK U3Me/IbyaeT
Y PacCTUPAET TKAHb O TIPUTEPTHIE CTEHKU COCYAA.

Meron 3aMOPAXKHBAHHA U OTTAUBAHUA TKAHH

B pesynbrare morepeMeHHOTO 3aMOpaXUBaHUSA
M OTTaMBaHUA 0Opa3yolIrecs KPHUCTAIUIBI Jbaa
paspyiranT 000J0YKH KIIETOK.

TMocne pa3pylleHUs] TKAaHWM HEpacTBOPUMBbIE ya-
CTU ocaxaarT HeHTpudyrupoBaHueM. Ilocremnyio-
Iee LeHTpUGYTrUpoBaHNE TOMOTeHaTa C pa3Hoi
CKOPOCTBIO TTIO3BOJISIET MOJTYYUTb OTIEAbHBIE (hpaK-
LIMH, colepKalllie KJIETOYHBIE SIApa, MUTOXOHIPUH
W IpYTHE OpraHeJIIbl, a TAKKE HANOCAA0YHYIO XU~
KOCTh, B KOTOPOI HaxOOSTCS PACTBOPUMBIE OEIKH
LIUTO30JIs1 KJIeTKU., MckoMblii Genok OymeT coaep-
KaThCST B OMHOM M3 3THUX (ppakLuid.

DKCTpakuuaA 0eKOB, CBA3AHHBIX ¢ MeMOpaHaMmmu,
H pa3pyllieHHe OJIMTOMEPHBIX OEJIKOB HA MPOTO-
Mepbi

Ecan uckoMblif 6eI0K TPOYHO CBSI3aH C KaKu-
MHU-IH00 CTPYKTYpaMU KJIETKHU, €r0 HEOOXOIMMO
MepeBECTH B pacTBop. Tak, IUisl pa3pylUeHUs M-
po¢oOHBIX B3aMMOIEUCTBUM MeXny OelkamMu U
JMNUJaMy MeMOpaH B pacTBOp J00aBISIOT JETEp-
FeHTHI; Yallie BCero MCIonb3yIoT TpUuToH X-100 wimn
Joaelwicynabdar HaTpHsl.

MexaHW3M IeHCTBHUS IETEPreHTOB ONKCaH B pa3-
nene «JeHarypaims 6enkoB» (cM. puc. 1-15). Tlpu
JMEeUCTBUM HETEPreHTOB OOBIUHO Pa3pylIaloTCs U
ruapodobHbIE B3aUMOICHCTBUSA MEXIY MPOTOME-
paMU B OJIMTOMEPHBIX O€JIKax.

Yianenne U3 pacTBopa HeOEJKOBbIX BElIECTB

HyknenHOBbIE KUCIOTHI, JUIKWALI U APYTUE HE-
O€JIKOBBIE BEILIECTBA MOXHO yIaJIWTh M3 PacTBOpA,
HUCIONb3yst UX OCOOEeHHbIe (PU3NKO-XUMHUYECKHUE
cBoiictBa. Tak, TUIUABI JIETKO YIAIAIOTCA U3 pa-
CTBOpa [00aBJIEHUEM OPraHWYECKMX PaCTBOPHUTE-
Jei, HampuMep aleroHa. OOHAKO BO3ACHCTBHE
JOJDKHO OBbITh KPaTKOBPEMEHHBIM, TaK KaK aleTOH
BBI3BIBAET JIEHATYpaLIMI0 HEKOTOpbIX OeskoB. Hyk-
JICMHOBBIE KUCJOTHI OCaXAAIT JOOABJACHUEM B pa-
CTBOp CTPENTOMUIIMHA.

2. Memodot owucmxu 6eaxos

HauGonee TpynoéMkuii 3tar noaydyeHus: MHIU-~
BUIyaJIbHBIX OEJIKOB — MX OYUCTKA OT APYrUx OeJi-
KOB, HaxOASIILIMXCS B pacTBOpE, MOJYYEHHOM U3
JAaHHOH TKaHW. YacTo uzyvyaeMblil O€JOK MPUCYT-
CTBYET B HEOOJBIIIMX KOJUYECTBAX, COCTAB/ISAIOLINX
JOJIM MPOLIEHTa OT Bcex OEJIKOB pacTBOpa.

Tak kak 0eysku 00sanaT KOHGOPMAIIMOHHOM
JJaOUJIBHOCTBIO, TIpU paboTe ¢ GenkaMM Ciaeayer
U30eratb JCHATYPUPYIOLUIUX BO3NEUCTBUM, IOITO-
MY BBLIIEJIEHUE U OUMCTKA OEJIKOB MPOUCXOAST MPU
HM3KMX TeMIIeparypax.
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Ha mepBbIX cTagusix OYMCTKU OEKOB LIeJIeCo-
00pa3HO HKCMOJIb30BaTh METOIbI, YYMUTHIBAIOIIHE
KaKylo-J1M00 XapakTEpHYI0 OCOOEHHOCTb JTaHHOTO
Oenka, HaIpUMep TEPMOCTaOWILHOCTD WIM YCTOM-
YUBOCTb B KUCJIBIX pacTBopax. IlepBbiMU MeTona-
MM OYUCTKU HEOOXONAMMO YIAIWTh U3 pacTBopa
OCHOBHYIO Maccy OajlaCTHBIX O€JIKOB, KOTOpBIE
3HAUUTEIBHO OTJIMYAIOTCSL OT BbIIEISIEMOro Oejka
(bu3KMKO-XUMUYECKUMH CBOMCTBaMM. Briociencreuu
TIPUMEHSIOT BCE 00jie€ TOHKUE METOABI OYMCTKM
Oeika.

OuncTka 0eKOB H30MpATEIbHOH deHATYpanuei

BoibiIMHCTBO G€JIKOB JIeHATYpUpYeT WM BbINa-
JlaeT B OCAlOK yXe€ IpH KPaTKOBpEMEHHOM Ha-
rpeBaHuHU pactBopa a0 50—70 °C wiM moakucie-
HuH pacTBopa 10 pH 5. Ecau BhiaensieMblil 6e10K
BBIJICPXKUBAET 3TH YCJIOBHS, TO C ITOMOILBIO M3-
OMpaTeIbHON EHATYpallMy MOXHO YIAIUTb 00b-
LIYIO 9aCTh ITOCTOPOHHHMX OEIKOB, OT(UILTPOBAB
BBINABIIKE B OCAXOK OCIKU, WIIM OCAIUTh UX IIeH-
TpUDYTUPOBAHUEM.

BoicainBanue

Metoa OYMCTKM O€JKOB, OCHOBAaHHBIM Ha pas-
JIMYUSIX B UX PACTBOPUMOCTH MPU pa3HON KOHIICH-
Tpaluu cojid B pactBope. CONU LIEAOYHBIX U 1IE-
JIOYHO-3eMENBHBIX METAJUIOB BLI3BIBAIOT 00paTHMOE
ocaxjeHue O6eKOB, T.€. MOC/E UX YIaJeHUsT OeKU
BHOBb MPHOOpETAIOT CIIOCOOHOCTh PacTBOPSTHCH,
COXpaHsIsl IIPU 3TOM CBOM HATMBHbIC CBOMICTBA.

Yaire Bcero uisi pasaeiieHus O€IKOB METOIOM
BbICAIMBAHUS MCIOJIB3YIOT Pa3Hbi€ KOHLEHTPALIUU
coreii cynbdara ammonus — (NH,),SO,. Yem Boiiue
pacTBOPUMOCTh Oejika, TeM 0oJibllasg KOHLEHTpa-
LML COJTM HeoOXoauma [Jisl €ro BhICUTMBAHMS.

T'enb-unbTpamis, WM METOI, MOJIEKYJIIPHBIX CHT

s pasneneHust 6€JIKOB YacTO UCIIOIL3YIOT XPO-
Marorpauyeckie MeToIbl, OCHOBAaHHbIE Ha pac-
TIpeaesicHUM BELHECTB MexXay AByMs (a3zaMu, ooHa
M3 KOTOPbIX MOABWXKHAsA, a Jpyrasi HETIOABIKHAsL.
B ocHOBY xpoMarorpad®MyeCKHUX METOIOB I0JIOXE-
Hbl pa3HbIC MPUHLUIBL Tejb-QUWILTPALMK, HWOH-
HOro obMeHa, agcopOLKH, OMOJOrMYECKOrO CpOJI-
CTBa.

Merton pasgefieHUs] OCJIKOB C IIOMOLIBIO TIejlb-
pUIBTPAlIMOHHON XpoMaTorpaduu OCHOBaH Ha
TOM, YTO BEUIECTBA, OTJIMYAIOLIMECS MOJIEKYIISID-
HOHM Maccoi, Mo-pa3HOMY PacIpeleIsioTCs MEXIY
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HENOJBMXHOM U MOJABWXKHON (pazaMu. XpoMarTor-
paduyeckas KOJOHKA 3alOJIHAETCS TpaHyJaMu
TIOPUCTOro BellecTBa (cedamekc, araposa H Ip.).
B cTpykType monmcaxapuna o0pa3yioTcs Tmoreped-
HBIE CBS3M U GOPMUPYIOTCS TPAHYJIbI C «[IOpAMU»,
Yyepe3 KOTOphIE€ JIETKO IIPOXOAAT BOJAa M HHU3KOMO-
JIEKYJIsIpHBIE BELHECTBA. B 3aBUCUMOCTH OT YCJIO-
BUHA MOXHO (OpMHpOBaTh IpaHyJibl C Pa3HOIl Be-
JIMYUHOM «ITOp».

Henonprcktasi ¢a3a — XUIKOCTb BHYTPU Tpa-
HyJI, B KOTOPYIO CIIOCOOHBI ITPOHMKATh HU3KOMO-
JIEKYJISIpHBIE BELIECTBa M OEKH ¢ HEOOJIBIIOH MO-
JIEKYJIsIpHOM Maccoil. CMech 0OeJTKOB, HaHECEHHYIO
Ha XpoMaTorpaMyeCcKyl KOJIOHKY, BbIMBIBAIOT
(3TI0MpPYIOT), TIPOMYCKasi Yyepe3 KOJIOHKY pacTBO-
puTesb. BMecTe ¢ GpOHTOM PacTBOPHUTENS ABHUXKYT-
Csl M caMble KPYITHBIE MOJEKYJIbI.

bosee Meskie MoJieKyJIbl TU(PHYHAUPYIOT BHYTPb
rpaHyn cedagekca U Ha HEKOTOpOE BpeMs TToraaa-
10T B HEMOIBMKHYIO (ha3y, B pe3y/ibTaTe Yero Mx
JBIDKCHUE 3alepXuBacTcs. BenmunHa mnop omnpene-
JISET pa3Mep MOJIEKY], CIIOCOOHBIX NMPOHHUKAaTh
BHYTpb Ipanyi (puc. 1-55).

Tak xax reJjieBasi CTpyKTypa cedanexca Jerko Jie-
¢opmMupyeTcs TION HaBICHUEM, TeJd CTATA 3aMe-
HATb OoJiee XECTKUMU MaTpUilaMHu (cedakThi, ToM-
OIIepJT), TIPEACTABIAIOIIMMU ChePUICCKIE TPaHYIbI
C pa3HbIMHU pa3MepaMH mop. Beibop pazMepoB nop
B IpaHyjax 3aBUCHUT OT LieJiel xpoMarorpadpuu (o
Ipyrux xpoMarorpaduuyeckux MeTojax OyneT cxa-
3aHO HUKE).

YabTpauenrpudyrupopanue

Meron pasneneHUS TakKe OCHOBAaH Ha pas3iid-
YUM B MOJEKY/SIpHBIX Maccax 0eiakoB. CKOpOCTb
CeIMMEHTAIlMM BElHECTB B MPOLIECCEe BpAllEHUS B
YJIbBTpaLeHTpUGYTE, TIe LIEHTPOOEKHOE YCKOPEHUE
gocturaer 100 000—500 000 g, MPOITOPLIMOHAIILHO
X MOJIEKYNIsIpHOI Macce. Ha nmoBepxHocTb Oydep-
HOT'O pacTBOpa, MOMELUIEHHOIO B KIOBETY, HAHOCHT
TOHKMH cJiofi cMecu OenkoB. KioBeTy NoMelaioT B
potop yiabTpaueHTpudyry. IIpy BpallleHUH pOTO-
pa B TeyeHue 10—12 4 Gonee KpyrHbIE MOJEKYIbI
(¢ Oonpliell MOJEKYJISIPHOM Maccoi) oceiaioT B
OydepHOM pacTBOpe C OOJIbIICH CKOpOCThIO. B pe-
3yJIbTaTe B KIOBETE ITPOUCXOIUT PaCCIOCHHE CMECH
0eJIKOB Ha OTHEJIbHBbIE (PPaKIIUU C PA3HON MOJEKY-
asipHOM Maccoii (puc. 1-56). Mocne pacciaoeHust
O€IKOBBIX (PAKLMIA JHO KIOBETHI MPOKAIBIBAIOT
WIIOM U IO KaruisiM cOOMpaloT CONEPXKMMOE He-
OOJIBIIMMU TOPLIMSMH B MTPOOUPKH.



KpynHble monekynsl —
6enka BHyTpb rpaHy”n
He nonagaioT

CMecCh BbICOKOMOSEKYNAPHbIX
—""" ¥ HU3KOMONEKYNAPHLIX Benkos

KonoHka, 3anonHeHHas
rpaHynamu cedagekca

HuskomonekynsipHbie Genku
L —" NpoHUKaloT B rpaHynsl ceda-
Aekca

BbicokomonekyrnsipHble 6enku
NPOXOASAT MeXAY rpaHynamu

l\ PasneneHue Genkos Ha

tpakumnu
(/

Puc. 1-55. PaapeneHue cmecu 6enkoB MeTOROM renb-hunbTpauum.

T~ Benkosuie

7 dpakuuu

Puc. 1-56. KioBeta, 3anonHeHHan GycepHbiM pacTBOpoMm ¢
pasgenéHHbiMm 6enxkoBbiMu (PpaKLUAMK.

DnekTpodope3 Oenkon

Merton ocCHOBaH Ha TOM, YTO NpPM OIpPEAENEH-
HOM 3HaueHuM pH u MoHHOI cuibl pacTBOpa Oel-

KJ JBUTAlOTCA B 3JIEKTPUYECKOM MOJIE CO CKOPOC-
ThIO, TIPOMOPLIMOHAILHOM MX CyMMapHOMY 3apsiy.
benkyn, nMewolre CyMMapHBIA OTpULIATEIBHBIN
3apsii, ABUralTcsa K aHomy (+), a MOJIOXUTEIHHO
3apsikKeHHble 6eKu — K Katony (—).

DnexTpodope3 NPOBOAIT Ha Pa3IUYHBIX HOCH-
Tensix: OyMare, KpaxMaJbHOM TIejie, MOJIHMaKpuia-
MUIHOM reie U ap. B oTauuue ot anekrpodopesa
Ha Oymare, riie CKOpPOCTh IBHXEHHS GEIKOB Mpo-
MOPLMOHATbHA TOJBKO UX CYMMapHOMY 3apsiiy, B
MOJUAKPUNAMUIHOM TeJie CKOPOCTb ABUXECHUS
0eNKOB TIPOIIOPIHOHAIBHA UX MOJEKYAAPHBIM
Maccam.

Paspenrarouiad criocobHoCTb aniekTpodopesa B no-
JIMaKpWIaMHUIHOM rejie BbIlIe, yeM Ha OyMare. Tak,

71



MpH 3eKTpodope3e OeTKOB CHIBOPOTKH KPOBU Ye-
JIoBeKa Ha Oymare OOHapyXMBAIOT TOJIBKO 5 TMIABHBIX
Gbpakuuit: abOyMHHDI, 0, -IIOOYIMHBI, OL,-IJI00y/11-
HBI, B-TTOOYAMHBI U Y-TIO6YIMHBI (puc. 1-57). Dnek-
Tpogope3 TeX ke OENKOB B ITOTHAKPHIAMHIHOM Tejie
MO3BOJISIET MOIYYUTH A0 18 pazmmuHbix dhpakimii. [
OOHapyXeHHs OeKOBBIX (PpaKIIMiA ITOJIOCKH GymMaru
WIN CTOJIOMKY refisi 06pabaThiBalOT KpacHTe/eM (Jallie
BCero 6poM@eHOIOBbIM CHMHUM WIM aMUAIOBBIM YEp-
HbIM). OKpallleHHbIii KOMIUIEKC OEJIKOB C KpacHTe-
JIEM BBISIRJISIET PAcrOIOKEHNE Pa3IMYHbIX (PpaKiimiz
Ha HOCHTEJE.

Honoobmennas xpomarorpadus

Tak xe Kak M 2j1eKTpodope3, METOJ OCHOBAaH
Ha pasieJeHNH GelIKOB, pa3IMJalolIuXcs cyMMap-
HBIM 3apsiIOM IIpU OINpene/€HHbIX 3HaYeHusx pH
¥ MOHHOM ciJibl pactBopa. Ilpu mpornyckaHum pa-
CTBOpa 6€JIKOB Yepe3 xpoMaTorpaduuecKylo KOJIOH-
KY, 3aIlOJJHEHHYIO TBEPIBIM TMOPHUCTHIM 3apsLKEH-
HbIM MaTepHajioM, 4acTh OEJIKOB 3alepXHBACTCS
Ha HEM B pe3yjibTaTe JJIEKTPOCTATHYECKUX B3au-
MOZEWCTBUIA.

B kauecTBe HemomBHXHON (ha3bl MCITOIb3YIOT
MOHOOOMEHHUKU — TIOJIMMEPHBbIE OPraHUYECKHUE
BELLIECTBA, COAEpXKAllUe 3apsKeHHbIe (QYHKIIMO-
HaJIbHEBIE TPYITTHL.

Paznuyaor MoNIoXUTEIbHO 3apssKeHHBIE aHUO-
HOOOMEHHHMKH, Cpelld KOTOPBHIX Haubojiee 4acTo
KCITONB3YIOT AU3TUIAMUHOATWILEILTION03Y (JIDAD-
UEJUTIONO3Y), COAEPKAIIYI0O KATUOHHBIE TPYIIIBI, U
OTpHLIATEIbHO 3apsikeHHbIC KaTHOHOOOMEHHUKH,
Hanpumep KapookcumeTwuemtonody (KM-men-
JIIOJIO3Y), CONEPXKAIIYI0 aHUOHHBIE TPYMIIBI.

+, CHy-CHs
- 0-CHy- CH-N{
H ™ CH,-CH,

-0-CHz-COO"

LOustunamuHaTunuennionosa Kap6okcumeTunuennionoaa

Bbi60p MOHOOOMEHHHKA OMNpEAESETCS 3apsaoM
BblAEAseMOro Oenka. Tak, IUIS BbIIE/IEHUS OTpULIa-

AnbbymuH oy ax B v-I'noBynnHe:

Puc. 1-57. 3nekTpotopes GenkoB CbIBOPOTKU KPOBU 3A0pO-
BOro 4Yenoseka Ha Gymare.
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TEJIbHO 3apsDKEeHHOro Oejika MCITOMB3YIOT aHUOHO00-
MeHHUK. [Ipy mpormyckaHuu pacTBopa Oenka yepes
KOJIOHKY TPOYHOCTb CBSI3bIBAHHSI O€JIKa C aHMOHO-
OOMEHHHKOM 3aBHICUT OT KOJIMYECTBA OTPULIATEIIHHO
3apSKEHHBIX KapOOKCWIBHBIX TPYIII B MOJIEKYIIE.
benku, agcopbupoBaHHbIE Ha aHUOHOOOMEHHHUKE,
MOXHO CMBITh (3JII0MpOBaTh) OydepHBIMU pacTBO-
pPaMH C pazTMYHOM KOHLIEHTPALMEN COMH, Yallie BCETO
NaCl, u pazHeiMu 3HaueHusMu pH. MoHbl xiopa
CBSI3BIBAIOTCA C ITOJIOXKUTEJIBHO 3apSDKEHHBIMU (DyH-
KLUMOHAIBHBIMM TpyINaMy aHUOHOOOMEHHUKA U
BBITECHSIIOT KapOOKCWIBbHbBIC rpynnbl 6enkoB. Ilpu
HMU3KHMX KOHLIEHTPALMSX COJIM JJTIOMPYIOTCS OeJIKH,
¢J1a60 CBsI3aHHbIE C aHUOHOOOMEHHUKOM. TlocTeneH-
HOE YBEJIMYEHUE KOHLEHTPALUU COMH WIH U3MEHE-
Hue pH, uro MeHsieT 3apsin 6e1KOBOI MOJIEKYITBI, ITPY-
BOIUT K BbIAEJEHUIO OEIKOBbIX (Dpakilvii, B OJHOMU
U3 KOTOPBIX HAXOAMTCS MCKOMbIM OeJIOK.

Addunnas xpomarorpadus,
WM XpoMaTorpagus 1o CpoacTBY

310 Hauboiee crielnUIHBIN METOA BhlACICHUS
WHAVBUIYAJIbHBIX O€JIKOB, OCHOBAaHHBbIA Ha MU30U-
paTeibHOM B3aMMOAEHUCTBUH OEJIKOB C JIMTAHAaMU,
MPUKPEIIEHHBIMU (MMMOOWIU3UPOBAaHHBIMU) K
TBEPIOMY HOCHUTEJO. B KauecTBe JiuraHaa MOXET
OBITh MCITOJIb30BaH CYOCTpaT MM KODEPMEHT, eIt
BBIACJISIIOT KaKo#-IM00 (HEepMEHT, aHTHICHBI ISl
BBIIEJICHUS aHTHTEN U T.0. Yepe3 KOJIOHKY, 3amoJi-
HEHHYI0 UIMMOOWIN30BaHHBIM JIUTAHOM, IIPOITYC-
KaloT pacTBOp, comepXaliuii cMech 0eikoB. K -
raHay MPUCOEANHSIETCS TOJBKO O€JI0K, CrieLIM(UIHO
B3aMMOAEHCTBYIOLLMIA C HUM; BCE OCTaIbHbIE OEJi-
KM BbIXOAST ¢ 3moatoM (puc. 1-58). benok, aa-
COpOMPOBaHHbBIII HA KOJOHKE, MOXHO CHSTb, PO-
MBIB €€ pacCTBOPOM C U3MEHEHHBIM 3HauyeHueM pH
WX U3MEeHEHHON MOHHOM CUJIOi. B HekoTophIx
CJIy4dasix MCIIOJIB3YIOT PacTBOP AETepreHTa, pa3phbl-
BalolUii ruaApo¢oOHbIE CBA3W MEXIy OCIKOM W
JIUTaHAOM.

Addunnaa xpomaTorpadusi OTAMYAETCS BBICO-
KOl M30MpaTeTbHOCTbIO M TIOMOraeT OYMCTUTh BbI-
JesisieMbIii O6e10K B THICSIYM pas3.

3. Ouucmxa 6eaxoe om HU3KOMOAEKYAAPHBIX
npumeceil

s ynaneHusl HU3KOMOJICKYJISIDHBIX COEHUHE-
HHWI, B YaCTHOCTH CyJib()aTa aMMOHHS ITOCJiE BbI-
caluBaHMs, TIPUMEHSIOT auain3. Meron ocHOBaH
Ha TOM, 4TO Yepe3 IOJYTTPOHUIIAEMYI0 MeEMOpaHy,



Mpukpernéx- @
HbIWl K UHEPTHOMY — | =
nonumepy
cneyuuyeckuin

nvrana

Puc. 1-58. AdcmHHas xpomaTorpacus.

TIPOITYCKAIOLIYI0 HU3KOMOJIEKYJISIPHbIE BElLECTBA,
He MpOoXOoIsaT Oeyku, MMelolme 0ojiee BbICOKYIO
MOJIEKYJIIPHYIO Maccy. B crakaH 6oibinoit éMKoC-
TH (oKoJio 1 1) ¢ OydepHBIM PacTBOPOM ITOMELA-
0T MOJYTIPOHUIIAEMBI MEHIOUEK, 3aTOJHEHHBIM
pacTBOPOM 06ejiKa ¢ COJIBIO.

CKOpOoCTb BbIXOIA COJIKM M3 MellIoyka B Oydep-
HbIii pacTBOp MPOINOPIMOHAJIbHA TPATUEHTY €ro
KOHLIEHTpaIuii Mo 06e cTopoHbI 0T MeMOpaHhI. I1o
Mepe BbIXOJa COJIM U3 MeloyuKa 6ydepHbIii pacTBOP
B CTaKaHE MEHSIOT.

JIns oynucTKy GEJIKOB OT HU3KOMOJIEKYJISIPHBIX
TIpUMECE MCIIONB3YIOT TaKXe METOH Teb-hUIbT-
paiuuy (CM. BBILIE).

st onpeneieHusT 4acToThl (TOMOTEHHOCTH) BbI-
JIeIEHHOro 6eNka NMPUMEHSIOT METOMbI C BHICOKOH
pa3penamiieii crioCOOHOCThIO, HAMPUMED 3JIEKT-
podope3 B NOJMAKPUIAMHIHOM Te€jie, BhICOKO(-
¢ekTHBHasE xpomaTorpadus BBICOKOTO JABJICHUS.
OT YMCTOTHI JIEKapCTBEHHOro G€JKOBOTO Nperapa-
Ta 3aBHCAT ero ouonornyeckas 3¢p@deKTUBHOCTD U
a/UIEPreHHOCTb (T.€. CTIOCOOHOCTh BBI3BIBATh aJUIEP-
rMyeckue peakuuu). Yem KauecTBeHHee OUMIIEH
npernapar, TeM MEHbIIe BEpOSTHOCTh OCJIOXHEHMUH
MpU €ro NPUMEHEHMHU.

Vill. UBMEHEHUSA BEJIKOBOI'O
COCTABA OPIrAHU3MA

benkoBbIit cocTaB OpraHM3Ma 3I0POBOTO B3pOC-
JIOTO YeJOBEKa OTHOCUTEJIBHO NOCTOSIHEH, XOTSI
BO3MOXHBI M3MEHEHHUS] KOJMYECTBA OTIAEIBbHBIX
OCJTKOB B OpraHax ¥ TKaHsIX B 3aBUCMMOCTH OT CO-
CTaBa MUIIM U PEXKMAa NMATAHUS, OT (HU3HOJIOTH-
YeCKO aKTHBHOCTM YeJIoBeKa, GHOJIOTMYECKUX
PUTMOB.

Cwmech benkos

A. U3MEHEHHE BEJKOBOTO COCTABA KJIETOK
B MPOIIECCE UX AUOOEPEHIIAPOBKH

B mporuecce pa3BuTHsi MHOTOKIETOYHOTO Opra-
HM3Ma, 0COOEHHO Ha cTaausix IuddepeHINpOBKU
KJIETOK, O€JIKOBBIM COCTaB 3HAYMUTEJIBHO M3MEHS-
ercsi. JIsi KaXxaoro TMIa CHELUAIM3UPOBAHHBIX
KJIETOK XapaKTepHO IMOSIBJIEHUE crelnpUIecKux
O€JIKOB, KOTOpBIE OMPEIENSIOT 0COOEHHOCTH MX
OuoJ0rnYecKuX GyHKImMHA. TakK, TOJBKO B 3pUTPO-
IIUTaX €CTh NTEMOIIOOMH, OCYUIECTBIISIONIMI TPaHC-
MOPT KUCIOpoda K TKAHSIM, a B KJIETKaX CeT4aTKu
1a3a — OeJIOK pOJOICUH, HEOOXOAUMBIN A5 yJiaB-
nmBaHusl GOTOHOB cBeTa. KpoMe Toro, crielany-
3UpPOBaHHBIE KJIETKWU OTJIHYAIOTCS U KOJIWUYECTBOM
0€JIKOB, TPUCYTCTBYIOIMX TMPaKTHYECKM BO BCEX
WIM BO MHOTHMX KJIETKaX OpraHM3Ma.

I[Ipu paszanyHbIx 3a00/IeBaHUSIX TIPOMUCXOAUT
H3MeHEeHHEe OeJIKOBOIo COCTaBa TKaHel. DTH u3-
MEHEHMUS Ha3bIBalOTCs IpPOTEMHOMNaTusiMu. Pas-
JINYAIOT HACAEACTBEHHBIE U NPUOOPETEHHBIE TIPO-
TEUHOMNATUH.

b. HACJIEACTBEHHBIE NPOTEMHOTIATHH

HacnenctBeHHble NPOTEUMHONATUM Pa3BUBAIOT-
Csl B pe3ysibTaTe MOBPEXIEHUI B NeHETUYECKOM
anmnapare OaHHOro WHAUBUAYyma. Kako#-nmnbo
O€JI0K HE CUHTE3UPYETCS BOBCE MJIM CUHTE3UPY-
eTCsI, HO €ro IMepBUYHAas CTPYKTypa M3MEHEHa.
IIpuMepsl HAC/IEICTBEHHBIX POTEUHOIIATHIN — Te-
MOTJIOOMHONATUM, PAaCCMOTPECHHbIE BhIlIe. B 3a-
BUCHUMOCTH OT poJIM IeEKTHOro OejiKa B XKU3HE-
JESTEIbHOCTU OpraHu3Ma, OT CTEMEeHU HapylleHus
KOH(MOpMauUHu ¥ GQYyHKIIMUA OEIKOB, OT TOMO- WJIU
reTepO3UTrOTHOCTU UHIMBHUIAYYMA TIO 3TOMY OENKy
HACJIEACTBEHHbIE [IPOTEUMHONATUH MOTYT BBI3bIBATD
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00JIe3HH, MPOTEKAIOUINE C PA3IMYHON CTETEHbIO
TSIKECTH, BIUIOTH O JIETAJIBHOTO MCXOHa €€ IO
POXJIEHUS. WIK B MEPBbIE MECALIBI TIOCIE POXIE-
HHUS.

B. IIPMOBPETEHHBIE TIPOTEMHOIIATHH

JIro6ast 60J1e3Hb COMPOBOXKIAETCA M3MEHEHHEM
OeJIKOBOro CocTaBa OpraHu3Ma, T.€. pa3BUBAETCS
npuobperéHHas mporerMHomnartusa. Ilpu 3toMm mep-
BUYHAasI CTPYKTypa O€IKOB He HapyllaeTcs, a OObIY-
HO HPOUCXOOUT KOJIMYECTBEHHOE U3MEHEHMUE Oeli-
KOB, OCOOEHHO B T€X OpraHax M TKaHsX, B KOTOPBIX
pa3BUBaeTCs Maroyiornuyeckuii mpouecc. Hampumep,
TIpY MaHKpeaTUTax CHIXAeTCs BhIpaboTKa (pepMeH-
TOB, HEOOXOAUMBIX IS MEPEBAPUBAHUS TMHILIEBBIX
peiectB B XKKT.

B HexkoTOpBIX CiTyyasix MPUOOpPETEHHBIE TIPOTE-
WHOMAaTHM Pa3BUBAIOTCA B Pe3yJIbTare U3MEHEHMS
YCJIOBHIA, B KOTOPBIX (GPYHKLIMOHUPYIOT Gesiku. Tak,
1npu u3mMeHeHnHd pH cpensl B 1IETOYHYIO CTOPOHY
(ayikasio3bl pa3IM4HOM TIPUPOJIbI) H3MEHSIETCS KOH-
(opmauus reMorIoOMHa, YBEIUYUBAETCS €ro CPOI-
ctBo K O, u cHuxaercsa goctaBka O, TKaHAM (TU-
MOKCHSI TKaHeil).

HHorna B pe3ynbraTe 601€3HH ITOBBILIAETCS YPO-
BEHb META0OUTOB B KJIETKaX M CHIBOPOTKE KPOBH,
YTO TIPUBOAMT K MOAM(pPHUKALMM HEKOTOPBIX OeJi-
KOB Y HapylleHUI0 uX GyHKuuH. Tak, MOBBILLIEH-
HBlEe KOHUEHTPALNK IIIOKO3bl B KPOBH MPH caxap-
HOM IMabeTe MPUBOIAT K HedepMeHTaTUBHOMY
MPUCOEANHEHUIO €€ K 0eIKaM (IMIMKO3HWIMPOBAHUIO

6enkoB). IlpuMepoM MOXET CIYXMTb IOBBILLIEHUE
YPOBHSI INIMKO3WIMPOBAHHOI'O reMOIIOOMHA B 3pUT-
POLIMTAX, YTO YBEJMYUBAET €ro CpoACTBO K O, M
cHmxkaeT TpaHcnopr O, B TKaHu. IMKo3nAMpoBa-
HHe OeJIKOB XpyCTaluKa rja3a (KpUCTa/UIMHOB)
MMPUBOIMUT K €ro MOMYTHEHHUIO U pa3BUTHIO KaTa-
PaKThI.

Kpome Toro, U3 KJI€TOK MOBPEXAEHHOTO OpraHa
B KPOBb MOTYT BBIXOJHTb O€JIKH, KOTOPbIE B HOpME
ONpEEISIOTCS TaM JIMIUb B CIEJOBBIX KOJIMYECTBAX.
Ilpu pa3auyHbIX 3a00JIEBAHUSAX YACTO UCIOIb3YIOT
OHOXMMMYECKHE MCCIIENOBaHUsT OeJIKOBOTO COCTa-
Ba KPOBU IJISI YTOUHEHUS KJIMHMYECKOTO JUarHo-
3a. HampuMep, npu maHKpeaTHTe B KPOBU IOBBI-
IAETCS] aKTUBHOCTb MAaHKPEATHMYECKOMW aMiula3bl
((pepMeHTa, YYACTBYIOLLETO B PACILEIUICHAM Kpax-
MaJjia), KOTopass B HOPMe HE€ JOJDKHA TOMajaTh B
KPOBb, @ MO TPOTOKY IOJXENyIOUHOUN XKeJie3bl
BBIIEJISIETCS TPH MUIIeBAPEHUU B JIBEHAILATHIIED-
CTHYIO KMIIKY (CM. pa3aen 2).

B HekoTOpBIX CliydyasgXx OMOXUMMYECKHE TAHHBIE
00 M3MeHEHNH 6eJIKOBOrO COCTaBa KPOBU MM MOYH
MOTYT CTaTh BeAYLIMMH MPH MOCTAHOBKE JMArHO-
3a. Hampumep, mpu muenomMe (310Ka4eCTBEHHOM
MEPEePOXICHUHU TJIa3MAaTUUYECKUX KJIETOK, CHHTe-
3UPYIOLIMX MMMYHOTJIOOYJHHBI) B KPOBU M MOYE
mosgBJIsIIoTCs 6eyku beHc-J[X0Hca, KOTophble B HU3-
KHX KOHLEHTPALIMSX TIPUCYTCTBYIOT M B KPOBM 3710~
POBBIX Jiofeil. DTH OeJKU TIpeACTaBJsIOT COOOoM
JIETKHE Llend UMMyHOrI006yiruHa G, CUHTe3 KOTO-
PBIX YCHJIUBAETCS B 3JI0KAYECTBEHHO MEPEPOXIEH-
HBIX KJIETKAX.



p‘nmn SH3UMOJI0OInA

OCHOBY XHU3HEIESITeJIbHOCTU JII0OOro OpraHM3Ma COCTaBISIIOT XH-
MMYECKHE Ipolecchl. IIpakTUyecKu BCe peakilMd B XHBOM OpraHM3-
Me TPOTEKaIOT ¢ YYacTHEeM NMPUPOAHBIX OMOKATaIM3aTopoOB, Ha3blBae-
MBbIX (bepMeHTaMH, WK 3H3UMaMHu. Cpenr MHOXECTBa SHEPreTUYECKH
BO3MOXHBIX peakluil hepMeHThl U30MpPaTENbHO IIPe0OPa3yIOT peareH-
ThI, Ha3bIBa€MBble CYOCTpaTaMH, MO (HU3HOJIOTMYECKH TTOJIE3HOMY ITYTH.
TaxuMm 00pa3oM, ¢epMeHTHI YITPaBJISIOT BCEMU METab0JINMYECKUMU TIPO-
lleccaMu OpraHusma.

B Hay4yHOI1 nUTepaType Ha PYCCKOM SI3bIKE YTBEPAWUIUCH 00a Tep-
MUHA: «(hepMEHTBI» U «3H3UMBbI», HO NPEANTOYTEHHE OTHAIOT TEPMH-
HY «(depMeHT», XOTs Hayka O (pepMeHTax Ha3bIBa€TCs SH3MMOJIOTHS.
CnoBo «(epMeHT» IPOUCXOAUT OT JIaT. fermentum — 3aKBacKa, a «3H-
3UM» — OT Tped. en — B, BHYTPU U zyme — APOXXKHU. JlaHHasT TepMU-
HOJIOTMS] BO3HMKJIA UCTOPHUYECKU IPU U3YyYEHUU (PepMeHTATUBHBIX
TPOLIECCOB CITUPTOBOrO OpOXEHUS.

CraHoBJIeHUE 3H3MMOJIOTMHM KaK HayKHW Ipou3011LI0 B Havyaie XIX
BeKa. AKTUBHOe €€ pa3BUTHE IPOJOJIKAETCS AO HACTOSILUEro Bpe-
MeHHU. B 3amauyn 3TOM HayKu BXOIST OIpeAeIeHUE POJU OTAEIbHBIX
(bepMEHTOB B YCKOPEHMHM XWMUYECKUX pEaKUMi, MPOTEKAIOIINX B
OopraHu3Me, BbIJEJIIEHUE MU OYUCTKA (DEePMEHTOB, YCTAHOBIEHHUE HX
CTPYKTYpPHI, MCCJIeJ[OBAHHE MeXaHU3Ma JCHCTBUS, M3YyUECHHE KHHE-
THYECKHNX XapaKTEPUCTHK M OCOOEHHOCTEM peryisiiiii aKTUBHOCTU
in vivo.

JIJ1s1 IpaKTUYECKOM MEIUIIMHBI BaXXHOCTh SH3UMOJIOIMH 00YCI0B-
JICHa Te€M, YTO OHa HAaET dapMakojoraM MHCTPYMEHT HarpaBjieHHO-
ro M3MEeHEeHHUs1 MeTaboJiM3Ma KJIETKU MYTEM BO3IAEHCTBUS OIIpele-
JIEHHBIMU XMMHUYECKMMM BellleCTBAMM Ha aKTUBHOCTb (PEPMEHTOB.
OrpoMHoe KOJIM4YecTBO (papMalleBTMYECKHX IMpenapatoB — WHIH-
ouTopsl epMeHTOB. JIpyrasi, He MeHee BaxHas 3aJa4a 3H3UMOJO-
TUM JJISI TPaKTUYECKON MEIUIUHbI — MCIOJIb30BaHUE METOHOB OIl-
peleJIeHUsT aKTUBHOCTH (PEPMEHTOB B OMOJOTHMYECKUX KUIKOCTIX
I MMarHOCTUKM 3abosieBaHuil. KpoMe TOrO, BEIJIEIEHHBIE U O4YU-
LIeHHBIE (PEPMEHTHI MOTYT MCITOJB30BaThCs B KayeCTBE TE€PAIlEBTH-
YECKMX CPEJICTB.



l. OBLLAA XAPAKTEPUCTUKA
®EPMEHTOB

KAK BUONOIM4YECKUNX
KATAJIMSATOPOB

DepMeHTBI, KaK ObLIO YCTaHOBJIEHO elié B 1922 1.,
SIBJISIFOTCS OenkamMM. VX postb YHUKaIbHA: OHU YBEJTH-
YMBAIOT CKOPOCTb NMPOTEKAHUSI XUMUYECKOM PeaKiIvy,
O[ITHAKO NpU 3TOM He pacxoayiorcsa. B 1926 r. Obun
BIIEPBbIC OYMILICH U BHIICIICH B BHJIE OEITKOBEIX KPUC-
TA/UI0B (bEPMEHT ypeasa, KaTamn3upyIOInii peaKkiin
pacCLIETUIEHHsT MOYEBMHBI 1O aMMHaka W JTHOKCHIA
yriepona. K HacTosiieMy BpeMEeHH B KPUCTALTAYEC-
KOM BUIE TMOJy4YeHbl COTHM Pa3IMYHBIX (DEPMEHTOB,
paciudpoBaHbl UX AMUHOKUCIIOTHBIE TIOCIIENI0BATE -
HOCTH, M3y4yaeTcs UX pojib B METAbOMUYECKUX TIpe-
BpAILICHHUSIX.

B posu 6rokaTamM3aTopoB MOTYT BBICTYIIATh U He-
OesKoBbIe coennHeHHs. HanmpyMep, HEKOTOPHIE THIThI
PHK Be3bIBatOT rviaponn3 ¢ochoanapupHbIX CBSI-
3¢ HYKJIEMHOBBIX KMCJI0T. Takue Monekyiasl PHK ¢
KATATUTHYECKOM aKTMBHOCTBIO HA3BIBAIOT PHOO3U-
MaMM, OIHAKO MX 3HAYCHUE B XUMHUYECKOM IIpeBpa-
LUCHUW COSIMHEHNI HAMHOIO MeHblile, YeM y ¢ep-
MEHTOB.

TTockonbKy (hepMeHTbI — OEJIKOBbIE MOJEKYJIBI,
CIeAOBaTeIbHO, OHU 00JIafar0T BCEMM CBOMNCTBA-
MH, XapaKTepHbIMU i1 OeakoB. B TO Xe Bpems
OHM MMEIOT OCOOEHHOCTH CTPOCHMS, XapaKTepH-
3yIOlIMEe MX KaK KaTaiu3aTopel. PaccMoTpuM oc-
HOBHBIE CBOICTBA (hepMEHTOB KaK GHMOJIOTHYECKHX
KaTaJM3aToOPOB.

A. CIIEHUONYHOCTD

buonoruueckass ¢pyHkuus (gepMeHTa, Kak u
J1I000ro 0e1Ka, 00yCIOBRIEHA HATHUMEM B €10 CTPYK-
Type aKTHBHOTO LieHTpa. JluraHm, B3aMMOAEHUCTBY-
IOIIMI C aKTUBHBIM LIEHTPOM (hepMEHTA, Ha3bIBa-
10T cydcTpaToM. B akTUBHOM IIEHTpe (pepMEeHTa €CTh
aMHUHOKMCJIOTHBIE OCTaTKM, GYHKUMOHAJbHbIC
TPYIIIIBI KOTOPLIX 0GECIIEYMBAIOT CBSI3bIBAHUE CYO-
CcTpaTa, ¥ aMWHOKUCIIOTHBIE OCTATKU, (YHKIIHO-
HATBHBIE TPYIIIBI KOTOPBIX OCYIIIECTBISIIOT XUMU-
yeckoe IMpeBpalleHue cydcTpara. YCJIOBHO 3TU
TPYIITH 0603HAYAI0T KAaK YYaCTOK CBSI3bIBAHUS CY0-
cTpaTa M KaTaJuTUYECKWi Y4acTOK, OJHAKO Clie-
JIyeT ITOMHUTD, YTO HE BCETAA 3TU YYaCTKHA UMEIOT
4ETKOE IPOCTPAHCTBEHHOE Da3lejieHUE U MHOrAa
MOTYT <«IIepEKpPBIBaTLCS» (pUC. 2-1).
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B yuacTtke cBsA3bIBaHUS CyOCTpaT Npu MOMOIIM
HEKOBAJICHTHBIX CBA3€i B3aMMOJAEMCTBYET (CBSI3bI-
Baetcst) ¢ (pepMeHTOM, (hopMupyst pepMeHT-CyD-
CTPATHbIA KOMILTEKC. B KaTalUTHYECKOM y4yacTKe
cy0CTpaT IpeTepreBacT XMMUYECKOe ITpeBpallicH1e
B MPOAYKT, KOTOPBIA 3aT€M BBICBOOOXIAETCA M3
AKTUBHOTO LieHTpa ¢epMmeHTa. CXeMaTMYHO Mpo-
LIECC KaTaiu3a MOXHO MPEICTaBUTh CJEIYIOLIMM
YPaBHEHUEM:

E+SoESoEPE+P,

rne E — depMenr (sH3umM), S — cyberpar, P —
MpoaykT. JlaHHBIE 0603HaYeHUst OOLUCTIPUHATHL U
MPOUCXOISAT OT aHIJIMMCKMX CIIOB enzyme, substrat,
product.

CoeunduyHocTs — HauboJjiee BAXHOE CBOWMCTBO
¢hepMeHTOB, onpeesiollee GUOJOTMYECKYI0 3HaYH~
MOCTb 3TVX MOJIEKYJ1. Pazuyaror cyocTpaTHyro U Ka-
TATUTUYECKYIO CreMPUYHOCTH epMeHTa, orpene-
JisleMble CTPOEHHEM aKTHBHOIO LieHTpa (puc. 2-2).

1. Cy6cmpamnas cneyugpuunocms

IMoa cybcTparHoit CriellM(UYHOCTBIO TTOHUMA-
0T CIOCOOHOCTh KaXaoro (hepMeHTa B3aMMOICH-
CTBOBATb JIMIIbL C ONHWUM WM HECKOJIbKUMH OIIpe-
JIENEHHBIMU cyOcTpaTamMu. Pa3mnyaror:

e a0COJIIOTHYIO CYOCTpPaTHYIO CHelM(pPHUYHOCTD;

® PYIIIOBYIO CYOCTPAaTHYIO CIEHUMUYHOCTD;

o cTepeocneln(UIHOCTD.

AbGcomoTHas cyOcTpaTHas cnenu(puIHOCTD

AKTUBHBIH 1IEHTP epMEHTOB, 001a1al0lIMNX ab-
COJIIOTHOM CcyOCTpaTHOI CcIleuUu(pUUYHOCTHIO, KOM-
IUTEMEHTapeH TOJILKO ogHOMY cyoctpary. Cremyer
OTMETUTb, YTO Takux (EPMEHTOB B XKMBBIX Opra-
HM3Max MaJo.

ITpumep epmeHTa ¢ abCOMOTHOM cyOCTpaTHOM
CrelM(pUIHOCTBI0O — apruHasa, KaTajlu3upylolias
peaxkivio paclleTIeHUs] aprWHWHA OO0 MOYEBHHBI
U OPHUTHHA:

\
C=NH

I

NH NH; NH:

| ApruHasa ! !
(CH2)3 +HO —— (C|2H2)3 + cl;= (0]

I

(I“,H—NHz (IJH—NHZ NH.
COOH COOH
ApruHuH OpHWTUH MoueBuHa



AMMHOKWUCNOTLI, oBpasyiolme

aKTUBHbIN LEeHTPp dhepMeHTa

k“"“r-“J %r—/
Yuactok Katanutuuec-
CBSI3blBaHWS KM y4aCcToOK

AKTUBHbIA UEHTD

hepmeHT

Puc. 2-1. CTpoeHue aKTUBHOro LeHTpa cepMeHTa. A — NnpucoeanHeHne cybcTpara k GepMeHTy B aKTUBHOM LieHTpe; B — nonoxexne
aMWHOKMCNOTHBIX OCTATKOB, (hOPMUPYIOILUX aKTUBHbIA LIeHTp hepMeHTa, B NepBUHHON CTPYKType 6enka; B — akTUBHbIA LIEHTP depmeH-
Ta YCNOBHO pa3fensieTcs Ha y4acToK CBA3bIBAHUA W KaTaTUTUYECKUIA YYaCcTOK. Y4YacTOK CBA3bIBAHWS NPeACTaBneH pagvkanamMu aMuHo-
KWUCNOT, (pyHKLMOHAmNbHbLIE rPyNMbl KOTOPbIX 0GecneyvBaloT cBsa3biBaHUe cybcTpaTa. Katanutudeckuii y4actok obpasoBaH papgvkanamu
aMUHOKMUCNOTHBIX OCTATKOB, (DyHKLIMOHAMbHbIe rPynnbl KOTOPLIX 06ecnevnsaloT xumu4eckoe npespauweHne cyberpara.

Hpyroii mpumep pepMeHTa ¢ aOCOMIOTHOM CyO-
CTPaTHOM CIeHM(PHYHOCTBIO — ypeasa, KaTalu3u-
pyolasi TMIPOJIN3 MOYEBUHBI IO JUOKCHIA YIJIe-
pona ¥ aMMHaKa.

'TIHZ Ypeasa
(;,‘=O + H;O — CO; + 2NHs.
NH

I'pynnoBas cybcrparnas cnemapHuHOCTD

BonblmHCTBO (pepMEHTOB KaTaIM3UPYET OOHO-
TUTIHEIE peaKLWHU ¢ HeOOJbIINM KOJUYECTBOM
(rpyrnmoii) CTpyKTYpPHO MOXOXMX CyOCTpaTOB.

Tak, ¢epMeHT MmaHKpeaTUdyecKasi Jinia3a KaTa-
JIM3UPYET TUIPOJIU3 XHUPOB B ABEHAALIATUTIEPCTHOM
KHUIILKE YeJIOBEKa, KaTATU3upysl IpeBpallieH’e JIo-

0011 MOJIEKY/IbI XXMpa (TPUALIMIIIIIMLIEPOJA) IO MO-
JIEKY/IbI MOHOALIWINIMIIEPOJIA U IBYX MOJIEKYN BbIC-
[IIMX XUPHBIX KUCHOT. IlaHKpeaTnyeckas aumnasa
TMIpOIM3YeT 3(UPHYIO CBSI3b Yy 0i-aTOMOB YIJIepoaa
IJIMIepoaa, He3aBUCUMO OT TOIO, KakKue XHUpPHBIC
KHCJIOTBI BXOISIT B COCTaB MOJIEKYJIbI XHpa (CM. Cxe-
My Ha C. 4).

BOJNBIIMHCTBO TIPOTEONUTUIECKUX (PEPMEHTOB,
OCYILECTBJISTIOIIUX TUAPOJIA3 OEJIKOB, UMEET TPYII-
MOBYIO CYOCTpaTHYIO CIETUPUYHOCTD, THAPOJIHA3YS
MEeNTUAHbIE CBSA3M, 00pa30BaHHbIE pa3HbIMU aMK-
HOKMCJIOTaMU.

CrepeocnenudmyHoOCTDb

Tlpyu Hammumy y cyGCcTpaTa HECKONBKUX CTEPEO-
U30MEPOB (DEPMEHT TIPOSBIISIET aGCOMIOTHYIO CITe-
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(0]
Y
(0] Hz(i':—O—C—R1

: ﬂauxiii'rav;:ecxan (") Hz(l; ~OH
Re=C-0-CH: o * 20 — R;~C—0—CH,
H,C-0—-C—-R3 chl:—OH
RiCOOH R3;COOH
Tpuauunrnuuepon 2-MoHoauunrnuuepon
Cxema
AKTUBHBIW LUEHTp hepmeHTa

Y4yacTok CBA3bIBAHUA KaTtanutuyeckuin y4acTtok

ObecneunBaeT O6ecneunsaet BbIOOp NyTH

cybcTpaTtHyio cneumgu4HOCTb XUMUYECKOro NpeBpaLleHus

(sblbop cybeTpara) AaHHoro cy6crpata

|

- abconioTHas cybcTpaTHas
cneundu4HoOCTL

- rpynnoeas cybctpatHas
cneunduyHOCTL

- cTepeocneuntn4HOCTL

|

CneuucduyHocTb NyTh
npespaLLeHns

Puc. 2-2. ®yHKumoHanbHas 3HaYUMOCTb OTAENbHBIX YHaCTKOB aKTUBHOrO LieHTpa epmeHTa.

UPUYHOCTD K OTHOMY M3 HMX. B opraHu3me ye-
JIOBeKa HaOoaaloT CrieiupuIHOCTb PEpMEHTOB K
CIIEAYIOLIHUM CTEPEOM30MEDPaM.
Crepeocnemdrunocts K D-caxapam. BoJbiuvH-
CTBO MOHOCAXapHIOB M TIPOAYKTOB MX OOMeHa
B OpPraHM3Me 4YeJIOBEKa U JPYrHX MIIEKONHTAIO-
X OTHOCAT K D-crepeousoMepam. PepMeH-
ThI, OCYIIECTB/ISIONINE X METaboMU3M, UMEIOT
crieitudryHocTh K D-, a He Kk L-caxapam.

CHzOH CHz‘O‘POaHz
HAL (o) reKcokWHasa H O H
+ATO ——— + Ao
HON_HOn HON_HOH
H OH H OH
D-rnoxo3a D-rnioko3o-6-chochat

CrepeocnemmpuanocTs K L-amuHoxucnoram. ben-
KU YeJI0BeKa COCTOST U3 aMMHOKUCIOT L-psna.
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BOoJbLUIMHCTBO (bepMEHTOB, OOECIEUUBAIOLLIAX
TIpeBpallieHue aMUHOKUCIIOT, UMEET CTepeoCHe-
1MGUIHOCTL K L-aMMHOKHUCIOTaM.
CrepeocniemnduIHOCTD K LHC-TPAHC-H30MEpPaM.
MepMeHT hyMapasa 0Ka3bIBaeT JECHCTBUE TOMb-
KO Ha ¢yMapar. ManerHar (uMc-usomep o¢y-
mapara) He sBjsercs cydcrpatom ¢ymapasbl.

'T‘ ?00. dymapasa ';‘ (1300-
A
‘o0C H ‘00C OH
dymapar Manar
oK
=<
‘00C COO”
ManeuHat



HckiioueHue COCTaB/ISIIOT TOJbKO (bePMEHTBI 3111 -
Mepasbl (palieMasbl), KaTATM3UPYIOLIME IpeBpa-
LLIEHUE OIITHYECKUX HM3OMEPOB.

Crepeocnemd(paHOCTD K O~ W B-IIHKO3HIHBIM CBSI-
3am. PepMeHT amuIa3a IEHCTBYET TOJBKO Ha o
[JIMKO3UIHBIE CBSI3H, YTO TIO3BOJISIET MMAPOIM30-
BaThb KpaxMal ¥ IJIMKOTeH (TTOIMMEPBI TIIOKO3bI),
OCTaTKH ITIIOKO3bl B KOTOPBIX COCOVMHEHBI O-[JTH-
KO3UIHBIMU CBA3sIMU. Lleyumono3a — Takxke 1mo-
JIMMEP TITIOKO3bI, OMHAKO OCTaTKH TJTIOKO3bI B HEM
CBSI3aHbI [-ITIMKO3WIHBIMU CBSI3SIMU. B pe3ynb-
TaTe OTCYTCTBUSI Y 4eJloBeKa (DepMEHTOB, CIIEIM-~
(bUYHBIX K B-IJIMKO3WIHOM CBSA3M, LIEJUTION03a HE
TMAPOIA3YETCS] B KMLUEYHHMKE YEJIOBEKA U HE MO-
KET CITyXKUTb UCTOYHUKOM DJTFOKO3bI.

2. Kamaaumuuecxas cneuuguunocmo

@epMeHT KaTalU3UpPYyeT IMpeBpallieHue Mprcoe-
JUHEHHOro CyOcTpara N0 OJHOMY M3 BO3MOXHBIX
IyTeil ero IpeBpalleHusl. DTO CBOMCTBO obecre-
YHUBAETCAd CTPOEHUEM KaTaTUTUYECKOro y4acTKa
aKTHBHOTO HeHTpa (pepMEHTAa M Ha3bIBAECTCS KaTa-
JIUTHYECKON crenr(pUYHOCTbIO, WIM creiudpuy-
HOCTBIO TIyTH TIpeBpailieHust cyocrpara. Tak, Mo-
JIEKyJIa TIoK030-6-docdara B KIIeTKax NeyeHH ye-
JIOBEKa — CcyOCTpaT 4 pasauvHbIX PepMeHTOB: doc-
¢dormokoMyTassl, II0K030-6-dochardocdarassr,
docdormokonsoMepasbl U IIOK030-6-pocdarae-
runporeHassl. OHaKo U3-3a OCOOEHHOCTEH CTPO-
€HHUS KaTaIUTUYECKUX YIaCTKOB 3THX (hepMEHTOB
MPOMCXOIUT Pa3IMYHOE TIpeBpallleHHe 3TOro CO-
eAMHEHMs ¢ 00pa3oBarueM 4 PaziMuyHbIX MPOAYK-
TOB (CM. CXEMYy HIXE).

b. KATAIMTHYECKAS D®PEKTUBHOCTH

BonbIIMHCTBO KaTaTU3UPYyeMbIX (hepMEeHTaMH
peaxkiMii BICOKO3((EKTUBHBI, OHM MPOTEKAIOT B
108—10" pa3 ObIcTpee, YeM HeKATaIM3HUpyeMble pe-
akumy. Kaxnas Monekynaa ¢pepMmeHTa criocobHa 3a

Fnoko3o-1-pocdar

®doctorniokomyrasa \

cekyHny TpaHcgopmupoBath or 100 mo 1000 mo-
JieKkyn cybcTpara B MPOOYKT.

KonnyecTBo Monexkyn cydcrpaTa, NpeBpalléH-
HbIX B IIPOAYKT C IIOMOLLBIO OJHOU MONEKYJbI (pep-
MEHTa 3a 1 ¢, Ha3bIBAIOT YUCJIOM OOOpPOTOB (ep-
MEHTa, WIM MOJISIPHOM aKTUBHOCTBIO.

B. JIABWUILHOCTE ®EPMEHTOB

Karanutnyeckass 3pPeKTUBHOCTb (PpepMEHTA,
KakK M J1to00i1 OeJIKOBOH MOJIEKYJIBI, 3aBUCUT OT €r0
KOH(pOpMalLlM¥, ¥ B YaCTHOCTH OT KOH(pOpMauuu
aKTMBHOIO LIEHTpA.

s ¢pepMeHTOB XapakTepHa KOH(GOpMalMOHHast
JIabUIBHOCTh — CMOCOOHOCTh K HEOOJNBILIMM M3-
MEHEHUSIM HaTUBHOM KOH(pOpMalLWM BCIEICTBUE
pa3pbiBa cj1a0bix cBsA3eil. [1oaTOMy BO3IEHCTBHE
JIEHATYPUPYIOIIMX areHTOB, CITOCOOHBIX M3MEHSTH
KOH(MOpMALIUIO MOJIEKYJIbI (hepMEHTA, TPUBOIUT K
W3MEHEHHUI0 KOH(OpMallM¥ aKTUBHOTO LIEHTpa U
CHWXXEHMIO CITOCOOHOCTM MPUCOEIUHATEL CyOCTpar.
B pesynbrare 5TOro yMEHbIIAETCS KAaTATUTHYECKAs
3P @PEKTUBHOCTL (PEepMEHTA.

I'. CHIOCOBHOCTh ®EPMEHTOB K PETYJISLIUA

AKTHUBHOCTb (D€pMEHTOB B KJIETKE 3aBHCHUT OT
KOJIMYeCTBa MOJEKYJ cyOocTpara, MpoayKTa, Halau-
yust KopakTopoB U KopepMeHTOB. [eiicTBue ¢ep-
MEHTOB B KJIETKE, KaK IPaBUJIO, CTPOTO YIIOPSIO-
YEHO: MPOAYKT OMHOU (hepMEHTATUBHOM peakiIuM
ABJISIETCS CyOCTpaToM Apyroi, oOpasyst Takum 00-
pazoM «MeTabonmyeckue nyT». Cpenr MHOXECTBA
(bepMeHTOB MpPaKTHYECKU KaXKJIOro MeTabosmyec-
KOTO ITyTH Pa3inyaloT KJIKYEBHIE, WA PETYISTOp-
Hble, PepPMEHTBI, aKTUBHOCTh KOTOPBIX MOXET H3-
MEHSAThCS B 3aBUCUMOCTH OT HOTPEOHOCTH KJIETKU
B KOHEYHOM MPOAYKTE€ METa0OJINYECKOTO MYTH.
PerynaropHbie epMEHTHI pacIioNIOXEeHBI, KaK Ipa-
BWJIO, B Ha4YaJie U/WJIM B MECTE pa3BETBJICHHUS Me-
Tabosmvyeckoro nmytd. OHM KaTWIM3UPYIOT JINOO

6-cpochorntokoHONAaKToH

/ nioko30-6-thocaTaernpporeHasa

Imoko30-6-cpocchar

Tnioko3o-6-thoctharasa /

Inioko3a

\ ®docorniokonaomepasa

®pykT030-6-hocdaT
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caMbl€ MeUICHHBIE (CKOPOCTh-IMMUTHPYIOILINE pe-
aKkuuM), Jubo HeoOpaTuMele peakuyu. Ilogpo6HO
0 TOM, KaK OCYILIECTBIIIETCS KOHTPOJb MeTab0In3-
Ma IyTEM DPEryJsiiMM aKTHBHOCTU (EePMEHTOB,
ornucaHo B nojpasneie VII.

Il. KNTACCUDPUKALIUA
N HOMEHKNATYPA ®EPMEHTOB

Kaxnpiit ¢hepmeHT MMeeT 2 HasBaHuA. IlepBoe —
KOPOTKOE, TaK HasbiBaeMoe pabouee, yIOOHOE s
MOBCEHEBHOTO MCTIO/ib30BaHMs. Bropoe (6oee mo-
HOE) — CUCTEMAaTHYeCKOe, IIPUMEHIEMOE JUTsSl OIHO-
3HAYHOU MAEHTU(OUKALIMU (PepMeHTA.

A. PABOYEE HA3BAHMUE

B HazBaHuM 60MBLIMHCTBA (PEPMEHTOB COMEPKUTCS
cybduKCe «aza», MpUCOETMHEHHBIM K Ha3BaHUIO CYyO-
cTpara peaklivy, HalpyuMep ypeasa, caxapasa, JIMIa-
3a, HyKJ€a3a WIM K Ha3BaHUIO XMMMYECKOIO IIpe-
BpallleHMsT OTIpeAeIEHHOrO cyOcTpara, Halpumep
JIJAaKTaTAeTUIpOoreHasa, aaeHuwiIaruukiasa, docdo-
TJIIOKOMYTa3a, nupyBaTtkapbokcuiaaza. CorjacHO
poccuiickoil knaccupukanuu ¢pepmeHToB (KD),
Ha3BaHUs1 (EepMEHTOB MUIIYTCS CauTHO. OmHAKO B
yIIOTpeOIEHUM COXPAaHWICA DS TPUBHAIBHBIX, UC-
TOPUYECKH 3aKPEIUIEHHBIX Ha3BaHU (hepMEHTOB, KO-
TOpbIE HE JAIOT MpEACTaBRIeHUs1 HU O cybcTpare, HU
0 TUTIE XWUMWYECKOTO MpEeBpalLeHH ST, HATIPUMED TPHITT-
CHH, TIETICUH, PEeHWH, TPOMOHH.

B. KiACChI ®EPMEHTOB

MexayHapomHBbIiA O3 OUOXUMHUM U MOJIEKYIISIP-
HO#t 6uosoruu B 1961 r. paspaboran cucreMaTuyec-
KyI0 HOMEHKJIATYpy, CONJIACHO KOTOPOii Bece (hepMeH-
Thbl Pa30UTHI HA 6 OCHOBHBIX KJIaCCOB B 3aBUCUMOCTH
OT THUMNA KaTaIM3UPYEMON XMMHYECKON peakKlMM.
Kaxnaplit K1acc COCTOWT M3 MHOTOYMCHIEHHBIX TO-
KJIaCCOB U MOATIOAKIIACCOB C YYETOM IpeodpasyeMoit

XMMUYECKOM TPYIIIbI cybcTpara, JOHOpa M aKlenTo-
pa mpeodpasyeMbIX TPYIIIMPOBOK, HAIWYMS JOITOJN-
HUTENBbHBIX MOJIEKYI U T.1. Kaxnplil U3 6 xiaccoB
MMEET CBOM TTOPSIIKOBBIA HOMED, CTPOTO 3aKpeTLIEH-
HBIM 32 HUM.

1. Oxcudopedyxmaswvt

KaTtanusupyor pasauvyHble OKHMCIMTEIbHO-BOC-
CTAaHOBHUTEJIbHBIE PEaKILMU ¢ y4acTHeM 2 CyOcTpa-
TOB (MEPEHOC €~ WIM aTOMOB BOAOPOAA ¢ OTHOTO
cybcTpaTa Ha ApYroit).

Cucremarnyeckoe HaMMeHOBaHME (PepMEHTOB
COCTaBIISIOT TI0 opMynIe «IOHOp: aKIEeNTOp—OK-
CUIOpeNyKTa3a», pabouee — cyOGcTpaT—MoAKIIacc
OKCHJIOPEMYKTA3.

Jlemaporenasbl. B 370T moaxnacc BxoadaT dpepMeH-
Thl, KATAM3UPYIOLIIHME PEAKIIMU JETAIPUPOBAHUS
(oTwrerieHyst Bomopona). B KavectBe akierTo-
POB 3JIEKTPOHOB MCITIOJIB3YIOTCS KO(MEPMEHTHI
NAD*, NADP*, FAD, FMN (cMm. Hizxe). Bce
¢epMeHTbI 3TO# IpyITIIbI 06/1aMa10T BHICOKONM Cy0-
CTpaTHOl creldryHOCThIO. [TprMep peakimmu:

COO (e{elo)
H(l_‘.—OH ManargerwaporeHasa C|:=O
I +NAD®  —— ! + NADH + H"
Hz? H2C|>
(e{ele) Coo’
Manat OkcanoauyetaTt

Oxkcunaaspl. AKILIEITTOPOM 3JIEKTPOHA CITYKUT MO-
JIEKYJIIpHBINA Kuciaopon. IIpuMep peakiium, Ka-
TAIUM3NPYEMON ITUTOXPOMOKCHIIA30IM:

Lintoxpomokcuaasa
O, +4H +4e ———— 2H,0

Oxcurenaspi (THAPOKCHIA3bI) — aTOM KHCJIOPO-
Jla M3 MOJIEKYJIBI KUCIOPOIa TPHCOETUHSIETCS
K cyocrpaty. TIpumep peakiiuu:

OH OH

OH OH

Dodamunruapokcunasa
+0, > + H;0O
HEM~ 7 N HBN
(|3H2 AckopbuHoBast  [erugpoackopbuHosas ?HZ_ OH
CH, Kucnota Kncnota c,:H2
I
NH2 NH
DodamuH HopagpeHanvH
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2. Tpancgepaszot

Katamzupyior nepeHoc (GyHKUMOHATBHBIX TPYIII
OT OHOTO COeMMHEHHMA K apyromy. [loapasnensior B
3aBUCUMOCTH OT TEPEHOCHMOM TPYMITHIL.

HazpaHue 3tux (epMEHTOB COCTAaBISIIOT MO (hop-
MyJIe «[IOHOD: aKLENTOP—TPaHCIIOPTUPYEMasi IpyIla-
TpaHcepasa». K kinaccy TpaHcdepas OTHOCHT
amMuHOTpaHcGepassl, auurTpaHcdepasbl, MCTVIITpaHC-
(depaspl, rKo3wITpaHcdhepasbl, KMHa3bl (docdo-
tpaHcdepasbr). TIpyMepsl peakinii (CM. cxeMy A).

3. T'udpoaasst

Karann3npyloT peakuuu ruapoiusa (paciierie-
HHSI KOBAJICHTHOM CBSI3M C IPUCOCIMHEHUEM MO-
JIEKYJIbl BOIBI ITO0 MECTy pa3pbipa). Ilompasmensior
B 3aBUCMMOCTH OT pacCILEIUIIEMOM CBSI3H.

HauMeHoBaHue (pepMEHTOB COCTABJISIOT MO ¢op-
MyJie «CyOCTpar—THUApOia3a» WM MPSIMBIM TPUCO-

eIMHEHMEM K Ha3BaHHIO cyOcTpara cydduKca «azar,
HampHMMep TpoTeasa, JiMiasa, docgoimnasza, pubo-
HykJeas3a. IIpumep peakumu (cM. cxemy b).

JJ1a oTAENBHBIX KJTaCCOB TMApOJia3 MPUMEHUMBI
crielMaIbHbIE TEPMMHBI, XapaKTEPU3YIOLIUE THll-
pOJIN3 OTipefeeHHON XMMHYECKON CBS3U: 3CTEpa-
31, pocdarassi v Jp.

4. JIuasvt

K nuasaM otHOCST epMEHTHI, OTILIEILISIOIINE
OT cyOCTpaTOB HETUIPOJUTUYECKUM IyTEM OIIpE-
JIeIEHHYIO Tpyniy (Mpy 3TOM MOTYT OTILEIUIATh-
ca CO,, H,0, NH,, SH, u 1ip.) win npucoeanHs-
IOIIMe Yallle BCEr0 MOJIEKYJY BOABI IO JBOMHOM
CBSI3U.

HanmenoBaHue (pepMEHTOB COCTaBISIIOT IO
dopMyne «cyGeTpar—oTIIEeIUISeMasl Wi IPHUCoe-
JuHseMast IpyrnupoBKa». [IpuMepsl peakiuii (cM.
cxemy B).

AnaHnH—-o-KeTo-

COOH rnyrapaT amu- CEOOH
C'7H3 C:: =0 HoTpaHcepasa C|3Ha H(|:_ NH,
TN e (CHa ¢ * o (CHak
COOH SooH COOH COOH
Mupysat CnyramuHoBasn
AnannH  a-KetornyTaposas kucnora KUCroTa
[poTenHkuHasa
MpoteuH + AT® —— >  docdonpotenH + AQlD
Cxema A
({? (”) MpoTeasa ? ?
-= —NH—(;:H—C— NH ~C'H—C— —— +H,O —— ——-—-NH-CH-C—-OH + H,N-CH-C——-—
| |
Ry R; R1 R2
Cxema B Benok Mentvug MNentng
COOH COCH
I nyramartgekapbokcunasa !
((EHz)z (CEHZ)Z
Cl:H—NHz - c|:|-|2 +CO,
COOH NH,
FnyTamuHoBsas kucnota y-AMuHomacnsiHas kucnora (FAMK)
(EOO- dymapaTtrugparaza (dpymapasa) (IJOO'
IC‘H HC‘:— OH
—
(':H + H,O H2C|2
COO’ Co0oO’
Cxema B dymapar Manar
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5. Hzomepazw

Karanusupyior pasnudHbie BHYTPHMOJEKYIISAp-
Hble npeBpaileHus. [loapasaensioT B 3aBUCUMOC-
TH OT TUIA PEaKLUHU HN30MEPHU3ALIUH.

Kak obiiee Ha3BaHue hepMEHTOB 3TOro Kjiacca
MPUMEHSIOT TEPMUH «U30Mepasbl», HAIIpUMED (CM.
cxeMy A).

H3oMepasbl MOTYT KaTAIM3UPOBATh BHYTPHMOJIE-
KYJSIDHBIE OKHUC/IUTE/IbHO~-BOCCTAHOBUTEIbHBIEC PEaK-
LIMH, OCYILECTBJISISI B3aUMOIIPEBPAILEHUS albI03 U
KETO03, KETOHHBIX M €HOJIBHBIX IPYIMI, MepeMELLCHUs
JBOMHLIX CBSI3cH BHYTPM MOJEKYNHI (CM. cxeMy B).

Kornma u3oMepuzaliusi COCTOUT BO BHYTPHUMOJIE-
KYJIIDHOM [EPEHOCE IPYMIibl, (PEPMEHT Ha3bIBAIOT
«MyTa3oii», HarpuMep (cM. cxemy B).

6. Jluzazvt (cunmemasvi)

KaTanusupyloT peaxiuuyd NpUCOEAMHEHUS APYT
K JIpYTY OBYX MOJIEKYJ C 00pa30BaHMEM KOBAIECHT-
HOM CBSI3U. DTOT IIPOLIECC COMPSIKEH C Pa3pbIBOM
docdoapupHoi cBsi3u B Mosiekyie AT® (wnm apy-
TMX HYKJICO3HATpUPOCHATOB) MIM C pa3pbiBOM
MaKpO3pru4eCKuX CBsI3€il APYTMX COeHUHEHHH.
B nmepBoM cimyyae (Ipu MCNOIB3OBAHUM 3HEPIUU
rugponu3a AT®) Takue (pepMEHTHI Ha3bIBAIOT JIU-
rasaMu, WIM CHHTeTa3aMu (CM. cxeMy I).

B cnyvae, xorma MCTOYHUKOM 3HEPTHM CIYXUT
Mo0oe JApyroe MaKkpoO3prHuecKoe COoeIuHEeHHe (He
AT®), dbepMeHTbI Ha3bIBaIOT CUHTa3aMU (CM. CXe-
My Ha c. 83). :

CH;O-POH; CH;~0—PO;H,
occhorniokonsomepasa
H A OH o P O~__CH,0OH
HOOH HOH HH HOOH
H OH OH H
nioko30-6-cpocchar PpykTo30-6-docdat
Cxema A
H\o P H,C—OH
| c=0
H-C—OH TpuosodocdaTnszomepasa I
| ) H,C—O— POs*
CH,—~0O~-PO;~
—
'nuuepanbaerva-3-cocdar AurvapokcnauetoHdocdar
Cxema b
2
CII -0 - POs* (]300'
H? —OH AudocornuuepatmyTasa HC|3 -0 - POy
H,C—0 - POy H.C —0 — PO;%
Cxema B 1,3-Buctocdornuuepat 2,3-buccocdornuuepat
CIOOH (‘: —NH;
FnyTaMuHcuHTeTa3a
(CHa) T (CHa
HC—NH, + NH; + AT® Em— HC—NH; + Ald + H;3PO,
| |
COOH COOH
Cxema I I'nyTaMnHOBaR Kucnota FnytamuH
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coo
I

G
0=C
C ~ SKoA + | + H0
Il CH;
0 |
(elel0)
Auetnn-KoA OxkcanoaueTtat

Cxema

LuTtpaTtcuHTasa CI:OO
HO—-C—CH,—COO"
-_ |
CH;
|
o{o]0}
UuTtpat

B. CUCTEMATUYECKOE HA3BAHHUE

B cooTBeTcTBUM ¢ KIacCMPHUKaLMENd KaxXIbIH
¢depMeHT MOJYYIUT CUCTEMaTHYECKOE Ha3BaHHUE,
ONHO3HAYHO XapaKTEpU3YIOLlee KaTaIU3UPYEMYIO
UM XuMHYecKylo peakuuio. Hanpumep, D-rouue-
panbaerua-3-docdar: NAD—okcumopenykrasa (pa-
boyee HasBaHue — IULepanbaernagocdar aerua-
poreHasza). U3 Ha3zBaHus depMeHTa clieayer, 4To
cyocTpaToM 3TOro (pepMeHTa CIyXKHT D-riauiie-
panbaerua-3-docdar, TUI KaTaTU3UpyeMOH peak-
1IN — OKMCJIUTEJIbHO-BOCCTAHOBUTEbHAS B MPHU-
cyrctBuM KodepmeHnta NAD™,

B 1972 r. KoMHccHeEN O HOMEHKIIATYpe OHOXH-
MHYECKHX COeAMHEHMIT MeXXIyHapOoIHOro coo3a Te-
OpETHYECKOM Y NPUKJIATHON XMMUM ObLUTH IPEasio-
XeHbl «IIpaBuiia HOMEHKJIATyphl (QEPMEHTOB»,
HMMeEIOLIME KOMOBOE YeThIPEX3HaAUHOE UMPpPOBOE
0003HaYeHue, rie neppas uugpa 0603HAYAET KIacc
¢depMeHTa, BTOpass 1nu¢pa (MoAKIACC) YTOYHSET
Mpeo6pa3yeMylo IpyIIUupoBKY, TPETbsl (IMOANOM-
KJIACC) — YTOYHSIET AOTOJHUTENbHBIX YYaCTHHUKOB
peakLMH (HamnpuMep, JOHOpa M aKLenTopa) U 4eT-
BEpTast — MOPSIOKOBBI HOMEDP depMEHTa B JaHHOM
noarpynmne. Taxk, pepMeHT MajatieruaporeHasa
HMMEET CUCTeMaTnuecKoe Ha3BaHue L-manar: NAD-
OKCHIOpeayKTa3a 1 konoBbii mmvidp 1.1.1.38. IIudp
O3HAYaeT, YTO 3TOT (PEPMEHT OTHOCAT K IIEPBOMY
Ki1accy (epMEHTOB — OKCHIOPEIYKTa3, OKHUCIIsie-
Mas rpylna — TMIPOKCWIbHAs rpynnupoBka (1) B
npucyrcTBuM KopepmeHra NAD™ (1) U nopsiako-
BbIli HOMep ¢epMeHTa B 3TOM momrpymme — 38.
KonoByio HoMeHKIaTypy (E€pMEHTOB B OCHOBHOM
HCIOJIb3YIOT B Hay4YHOH JIMTEpaType.

. KO®AKTOPbDI
N KO®EPMEHTDI

BonbIIMHCTBO (hepMEHTOB 151 POSABNIEHUS (pep-
MEHTAaTHBHON aKTUBHOCTH HYXIAETCS B HU3KOMO-
JIEKYNSAPHBIX OPraHMYECKUX COeAVWHEHWSIX Hebe-
KOBOM IIpUponbl (KodepMeHTax) M/MJIM B HOHAX
MeTaUIOB (KOo(akTopax).

TepMuH «KodepMeHT» ObU1 BBENEH B Hauaje
XX Bexka ¥ 0003HaYas! YaCTh HEKOTOPLIX PepMEH-
TOB, KOTOpasi JIErKO OTAEJsIach OT 6EJIKOBOM MO-
JieKyJibl pepMeHTa M yOausulach Yepes MOJyIpo-
HHMLIaeMyl0o MeMOpaHy 1npu auanuse. Heckosbko
MO3X€e OBbUIO BBIICHEHO, YTO OOJILILMHCTBO (hep-
MEHTOB COCTOMT M3 TE€pMOJIAOMIbHOMU GenKkoBOit
YacTH U TepMOCTaOMIbHOTO HebeJKoBOro ¢ak-
Topa — KodepMmeHTa. benkoBas 4acTp mojayyuiia
Ha3BaHMeE «anodepMeHT», KOTOPBIif B OTCYTCTBUE
KodepMeHTa He 00JiafaeT KaTaJIUTUYECKON ak-
THBHOCTBIO. KoepMeHT ¢ OeIKOBOM MOJEKYIOMH
(arropepMeHTOM) (OPMHUPYIOT MOJIEKYJY XOJIO-
depMeHTa, 061a0aI01IYI0 KATATUTUYECCKON aKTUB-
HOCTBIO.

A. Ko®AKTOPBI

bonee 25% Bcex depMEeHTOB I IPOSBIEHHS
MOJTHOM KaTaJlMTUYECKOM aKTUBHOCTH HYXIAETCS
B MOHax MeTaLioB. PaccMoTpuM poinb Kodakro-
poB B DEpPMEHTATUBHOM KaTaju3e.

1. Poav memaaioe é npucoedumnenuu cybcmpama
6 akmueHoM uenmpe pepmenma

HoHbl MeTaia BHIMOMHAIOT QYHKITUIO CTaOMIA-
3aTOpPOB MOJIEKYJIbI CyOCTpaTa, aKTMBHOTO IIEHTpa
cdepMeHTa U KoHpOpMaLMK GEIKOBOM MOJIEKYJIbI
depMeHTa, a2 UMEHHO TPETUYHON M YETBEPTHUMHOM
CTPDYKTYP.

Honbl MeTaNI0B — CTAOWIH3ATOPHI MONEKYJIBI
cybcrpara

g HekoTopbIX (PepMEHTOB CYOCTPaTOM CIIYKHT
KOMIUIEKC TIPEBpPalllacMOro BELLECTBA ¢ MOHOM Me-
tajuia. HanpuMep, wis GOMBILIMHCTBA KMHA3 B Kaye-
CTBE OIHOTO M3 CYOCTpAaTOB BBICTYIIAET HE MOJIEKYJIa
AT®, a xomiuiekc Mg -AT®. B 3toM ciyyae HOH
Mg** He B3aMMOJIEICTBYET HEMOCPEACTBEHHO ¢ (ep-
MEHTOM, a y4aCTBYeT B CTabM3aiMy MosieKyitbl AT®
U HEWTpaM3aliM OTPHLIATEIIBHOTO 3apsiia cyocTpa-
Ta, YTO OOJIETYAET €T0 MPHUCOSIMHEHHE K aKTHBHOMY
LIEHTpy ¢epMeHTa (CM. CXEMy Ha C. 84).
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Cxema

OH OH

CxeMarnuHO pojib KodakTopa NMpH B3aUMOJEki-
cTBuUM (hepMeHTa U CyOCTpara MOXHO ITPEICTABHTH
Kak xomiuiekc E-S-Me, rae E — ¢epment, S — cy0-
cTpat, Me — voH MeTamia.

B xayectBe mpuMepa MOXHO IIPHBECTH Paco-
JIOXEHUE CYOCTpaTOB B aKTMBHOM ILIEHTpE TeKCO-
KWHa3H (puc. 2-3).

I'ekcoknHasa KaTaIM3HpyeT HEPEHOC KOHIIEBO-
ro, y-¢ocdarHoro ocratka MojeKyibl AT® Ha rmo-
KO3y ¢ 00pa3oBaHHEM III0K030-6-ocdara:

CHz_OH CHz"O"POaHz
HA, OH Fexcomnasa  H A O H
+ATO ——» + All®
HO OH H OH HO OH H OH
H OH H OH

[niokosa Fmoxo30-6-pochar

Fniokosa

F'vapatvpoBaHHbIN
VIOH MarHus

Puc. 2-3. YuyacTue MOHOB MarHus B npucoepuHeHnn cyberparta
B aKTUBHOM LIGHTPe reKCoOKuHa3bl. B aKkTMBHOM LIEHTPe rekcoku-
Ha3bl €CTb Y4aCTKK CBA3LIBAHUA ANst MONEKYNbI MIOKO3bl 1 KOMI-
nekca Mg#-AT®. B peaynbTare epMeHTaTUBHOR peakumn npovc-
XORWUT NepeHOC KOHUEBOTO, y-thocdaTHOro octatka Monekynsl ATd
Ha rnoKo3y ¢ obpasosaHneM rnioKo3o-6-hoctara.
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Hon Mg?" yyacTByeT B IPUCOEAUHEHUH U «IIpa-
BWIbHOM» OpHUEHTALIMU MOJIEKYJIHI AT® B aKTHUB-
HOM IIeHTpe epMeHTa, ociadisas dpochorpupHyo
CBsI3b M 0oOJieryas mepeHoc ¢ocdara Ha DIOKO3Y.

Honbl MeTa/ia — CTA0WIM3aTOPbl AKTHBHOIO
HeHTpa (pepMeHTa

B HekoTOpbIX ciydassX MOHBI MeTajsia CITyXaT
«MOCTUKOM» MEXIY (PEpMEHTOM M CyOCTpaToM.
OHM BBINOJHAT PYHKUMIO CTaOMIM3aTOPOB aK-
TUBHOTO IIEHTpa, 00J1eryas MpucoeIMHeH!E K HEMY
cyObcTpaTa M MpOTeKaHWEe XUMUYECKOM pPEaKIIUU.
B psine cnyyaeB MOH MeTaIa MOXET CITOCOOCTBO-
BaTh MpUCOeTUHEHMIO KodepMeHTa. [lepeuncnen-
Hble Bbillle (PYHKUHUM BBIMONHSIIOT TaKHe MeTaj-
Jbl, Kak Mg?", Mn?*, Zn?*, Co%*, Mo?*. B
OTCYTCTBUE MeTaJLIa 3TU (h€PMEHTHI AKTUBHOCTHIO
He obnanaroT. Takue pepMeHTHl MOJYYWIN Ha3Ba-
HUE «MEeTaJJIOIH3UMBI». CXeMaTW4yHO MaHHBIN
Mpoliecc B3auMomeiicTBUSA depMeHTa, cybeTpaTa
M MeTajlla MOXHO TIPEICTaBUTh CJIEAYIOLIUM 00-
pasom:

E-Me-S

K MerajiosH3MMaM OTHOCST, Hampumep, dep-
MEHT TUpyBaT KWHa3y (puC. 2-4), KaTalu3UpylO-
IUUI peaKkiuIo:

? MupysaTkuHaza (”)

CI:— o + All® (|3—,O' +ATO

¢-0 ~ PO4? c=0

CHZ CH3
docgoeHonnupysaT Mwnpysar

2. Poav memaanoe 6 cmabusuzayuu mpemuynol
u uemeepmuunoi cmpykmypot pepmenma

Honbl MeTA/UTOB 00ECIIEeYMBAIOT COXPAHEHUE BTO-
PUYHOM, TPETUYHOMN, YETBEPTUYHOM CTPYKTYPHI MO-
JeKysbl (pepMeHTa. Takue (hepMeHTHI B OTCYTCTBUE



docdoeHonnmupysar

WoH maruus

YJactok cBA3biBaHUA

Ao

Puc. 2-4. YuyacTne HOHOB MarHusi B NnpucoeauHeHun cybecrpara B akTUBHOM LIEHTPE NUPYBaTKMHa3bl. AKTUBHbLIV LIEHTP NUpyBaT-
KWHa3ki UMEeT y4acTKu CBA3bIBaHMA ans dochoeHonnupysata u AQD. Mg? yqactayeT 8 cTabunnuaaumi akTUBHOrO LIEHTpa, YTo obner-
4aeT npucoeauHeHve octhoeHonnupyeara. B xone hepmeHTaTUBHON peakuun obpasyetcs nupysat u AT®.

HMOHOB METAUIOB CITOCOOHBI K XMMHYECKOMY KaTa-
JIU3y, OOMHAKO OHHM HecTabwibHbl. WX aKTUBHOCTH
CHIDKAETCH M JaXe TOTHOCTBIO MCYe3aeT IMPU HeOOJb-
X usMeHeHusx pH, TeMmeparypel M Ipyrux He-
3HAYMTENIbHBIX U3MEHEHUSIX BHEUIHETO OKDPYXXEHUS.
Takum 06pa3oM, MOHBI METALIOB BHITIONHAIOT QyH-
KUMIO CTaOMIM3aTOPOB ONTUMAaJIbHOIM KOH(OpMaLu
6ENKOBOIM MOJIEKYJIBI.

HHorna B cTabwin3alMy BTOPUYHONW U TPETUY-
HOHM CTPYKTYpHl IPHUHHAMAIOT y4acThe WOHBI LIE-
JIOYHO-3eMEJIbHBIX METa/UTOB. Tak, And mogaepxa-
HUSA TPEeTUYHONW KOH(OPMALIMU NMUPYBaTKUHA3bI
HeoOXoAuMbl MOHBI K.

s cTabmnIn3auuy 4eTBEPTHUHON CTPYKTYpHI
AJIKOTOJIBAETMIPOreHasbl, KaTanv3upylouen peak-
LIMIO OKHUCJIEHUS 3TaHOJIa, HEOOXOAUMBbI MOHBI 1IUH-

36 k0 36 k[

OO

+4zn%

Ka. AJIKOTOJIBIETHAPOTeHA3a COCTOMT M3 4 CyOmne-
JHHHIL ¢ MOJIEKyJIsipHoit Maccoi 151 kII. B cocraB
dbepmenTa BxomaT 4 atoma Zn?*'. Ymaneuwe Zn?t
IIPUBOJNT K TTOTEPE aKTUBHOCTU (DEPMEHTA 3a CUET
JUCCOUMALIMM Ha 4 HEeaKTHMBHbIC CYOBEIMHULBI C
MoJieKyIsIpHOU Maccoit 36 k]I (puc. 2-5).

3. Poav mMemannos é hepmenmamusrom
Kamaause

He Menee BAXHYIO DPOJIb OTBOIAT HOHAM METAI-
JIOB B OCYLHICCTBIICHUH ¢hepMeHTaTUBHOTO KaTajlu3a.

YyacTHe B 2/IeKTPOHILHOM KaTa/IM3e

HanGosnee yacTto 3Ty QPyHKIHIO BHITTOJIHSIOT
WOHBI METAJIOB C IepeMEeHHOM BaJIEHTHOCTHIO,
HMewlIne CBOOOAHYI0 d-opOMTanb W BHICTYIAIO-

2+ 2+
Zn Zn

Q Q - 4zn2+

36 k[ 36 k[

depMeHT He aKTUBEH

Zn* zn**

151 k0

AnkoronbaerngporeHasa
depmMeHT akTuBeH

Puc. 2-5. Ponb MOHOB UMHKA B CTaGUNN3aLMM YeTBEPTUHYHON CTPYKTYPb! aNKoOrofbaernaporeHassl.
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LIME B Ka4yecTBe 3JEKTPOPHJIOB. DTO, B HEPBYIO
odepenb, TaKME MeTajuibl, Kak Zn?*, Fe?*, Mn?*',
Cu*. WoHBI ILENTOYHO-3eMETBHBIX METAJUIOB, Ta-
kue Kak Na* u K*, He 06;1a0a10T 3TUM CBOMCTBOM.
B kauecrse mpuMepa MOXHO pacCMOTpETh (PyHK-
LMOHMPOBaHue ¢epMeHTa KapOoaHruapasbl. Kap-
6oaHrmopasa — MMHKCOHEepXallui (epMeHT, Ka-
TIM3UPYIOUINA pPeaKLMIO 00pa30oBaHHsA YroJIbHOM
KHCJIOTHI:

CO,+ H,0 & H,CO,.

HoH Zn?** B pe3ynpTaTe 3MeKTpOPUIBLHON aTaku
yyacTtByeT B oOpaszoBanuu H™ u OH~ uoHOB u3
MOJIEKYJIBI BOJBI:

H H
E—Zn2*+0\ — E-Zn%*--0 + H'
H

TIpOTOH ¥ THAPOKCWJIbHAA TI'PYMIA MOCICAOBa-
TEJIbHO TIPUCOCAMHAIOTCA K ITUOKCHIY Yrjepoaa C
o6pazoBaHHMEM YTOJbHOM KHUCIOTH (CM. cXemy A).

B xome 3mekTpodUIBHOrO Karaim3a HOHBI Me-
T/UIOB Y4CTO Y4aCTBYIOT B CTAOMJIM3ALMU IIpOMeE-
XKYTOUHBIX COCHUHEHHM.

VyacTHe B OKHC/IHMTEIbHO-BOCCTAHOBHTEIbHBIX
PeaKnMsxX

HoHBI METAUIOB C MEPEMEHHOM BAIEHTHOCTHIO
MOTYT TaKXe y4aCTBOBATh B IIEPEHOCE SJIEKTPOHOB.
Hanpumep, B 1UTOXpOoMax (remMcoiepxaiimx 6ei-

Kax) MOH XeJie3a CIIOCOOEH MPHUCOCAUHSTh U OTJa-
BaTh OIUH 3JIEKTPOH:

-
Fe** — Fe*
+e

brarogapsi 3ToMy CBOMCTBY ITUTOXPOMEBI Y4acTBY-
0T B OKUCJIMTEIbHO-BOCCTAHOBUTEIBHBIX PEaKLIMSIX.

Hpyroit mpuMep y4acTHUsI MOHOB META/UIOB B
OKHUCJIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIUSAX —
pabota pepmeHTa D1ODAMHUHIMIPOKCUIA3BI, KaTa-
JIM3UPYIOIIETO peakinio 0Opa3oBaHMS HOpaIpeHa-
JIMHA TIpY yyacTuM Butamuua C (cM. cxemy b).

3a OKHCIUTENBHO-BOCCTAHOBUTEILHBIE CBOM-
CTBa y 10OaMUHTHIPOKCHIIa3bl OTBEYAET MOH MEIU
(puc. 2-6).

®epmeHT, cogepxammii noH Cu?*, He BCTyIaeT
B peaxiMio ¢ MoJIeKyJoit kuciaopona. ITpu Boccra-
HorineHnHn Cu?* 1o Cu* ¢ ToMoIIbio aCKOpOUHOBOMH
KHCJIOTbI 00pasyeTcsi HOH MeIH, CTIOCOOHBIN B3au-
MOIEMCTBOBATh ¢ KMCJIOPOAOM C 00pa3oBaHHEM
MEPEKUCHOro CoequHeHus. [lanee ruIpoKCUIbHast
TpynIa IEPEeHOCUTCS Ha MOJEKYNly AodaMuHa C
obpa3oBaHNeEM HOpaApeHaINHAa.

4. Posb MeTasioB B peryisiiidd aKTHBHOCTH
¢epmenTOB

MHoraa MOHBI METAJUIOB BEICTYIAIOT B POJIM pe-
I'yISTOPHBIX Mojiekyin. Hampumep, monst Ca?* ciry-
KaT aKTMBaTOpaMH (pepMeHTa MPOTEUHKHMHA3H C,

H H
/ /
E-Zn¥--0 + H" + 0=C=0 — E-Zn%--0 +H
0=Cc=0"
7
E-Zn#----- (|)— C—OH ¢ E-Zn* + H,COs
Cxema A H
OH OH
OH 0, H0 OH
CH; H,BN i H,5 CH-OH
! AckopbuHoBas DerunpoackopbuHosas !
C‘Hz kucnoTa Kvcnota ?Hz
NH, NH,
Cxema B HodamnH HopagpeHanuH
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O=9
HO-CH
+ |
HO—(|3H
He
HO—CIIH
H,C -OH

AckopbuHoBas
KMcnoTa

1. 2E —Cu**

2

2

2. E—-Cu" + O+ H*

2E—cut + ¢
0
HG
HO-CH
H.C -OH

DervapoackopGrHoBas
KucnoTa

E—-Cu-0-0O—-H
OH

HO
3. E-Cu—-O0—-0O—-H +* @CHZ—CHz—NHg +2H' @

OH

2

Hocdammu

E-Cu?® +HO\©CH—CH —NH; + H,0
| 2 2 2

OH
HopaapexanuH

Puc. 2-6. YuacTue uoHa Mefn B aKTUBaUUM MONEKYNbl KUCiopoaa NPU (hyHKUMOHWPOBaHUK AodaMUHIrMAPOKCHAAsbl. 1 — BOC-
cTaHoBnewne Cu?, BXORAWETrO B COCTAB aKTUBHOTO LIEHTpa [othaMUHImgpokcunasel, go Cu* ¢ nOMOLbLID ackOpOUHOBOW KUCNOTL;
2 — B3aumopemcTeue Cu* ¢ KUCNOPORAOM ¢ 06pa30BaHMEM NEPEKUCHOrO COEAUHEHNs; 3 — NEPEHOC MMAPOKCUNLHON rPYNNbl HA MONEKyNy

podamuHa ¢ obpasoBaHvem HopagpeHanuHa.

Karajausupylowero peakuuu ¢ochopunuposaHus
GenkoB (cM. pasaen 5). Monsl Ca?* Takxke N3MeHs-
JOT aKTHBHOCTD psifia KaJbLIMH-KaTbMOIYIMH3aBH -
CUMBIX (PepMEHTOB (CM. noapaszaen V).

Bb. KO®EPMEHTEI

Kak yxe ObUIO cKa3aHo, /IS MPOSBJIEHUS KaTa-
JIMTHYECKON aKTUBHOCTH OOJIBIUIMHCTBY (PepMeH-
TOB HeoOXomuMo Hanuuue kKodepmeHTa. Mcximo-
YeHHWE COCTABJSIIOT TUAPOJIUTHYECKHE (PepMEHTHI
(HanpuMep, MpoTeasbl, JUMa3bl, pUOOHYKIIEasa),
BBITIOTHAIONIHME CBOIO (DYHKLMIO B OTCYTCTBHE KO-
¢epMeHTa.

KodepMeHT, oKanM3ysach B KaTaIUTHYECKOM
Y4acTKe aKTUBHOTO LIEHTpa, IPUHHUMAET HEIOCPea-~
CTBEHHOE YYacTHe B XMMUYECKOM peaKlIuM, BHICTY-
nasi B KQUeCTBe aKIIeNTopa M JOHOPa XMMHYECKHX
TPYIITUPOBOK, aTOMOB, 2J¢KTpOHOB. KodepMeHT
MOXeET ObIThb CBfi3aH C OENIKOBOM 4acTbi0 MOJIEKY-
JIbl KOBAJIECHTHBIMM M HEKOBAJICHTHHIMHU CBSI3SMH.
B niepBoM cityyae OH Ha3bIBaeTCs MPOCTETHUYCCKOM
rpynmo# (Hanpumep, FAD, FMN, ouotuH, aurmoe-
Basi KMcJioTa). BMecTte ¢ TeM M3BeCTHbBI TPHUMEpHI,

Korma KoQepMeHT MPUCOCHIMHSAETCS K (epMeHTy
HEKOBAJIEHTHBIMH CBSI3SIMU HACTOJIBKO MPOYHO, YTO
HE TUCCOLIMUPYET OT OEIKOBOM MOJIEKYJIBI, HAIIPH-
Mep THaMMHaM@ocdar. )

Bo BTOpOM cityyae kodepMEHT B3aUMOXEHUCTBY-
eT ¢ ¢epMEeHTOM TOJbKO Ha BpeMs XMMHMYECKOU
PeaKkIMK U MOXET paCCMaTpUBAaThLCS B KAUECTBE BTO-
poro cybcrpara. IIpumepsr — NAD*, NADP*.

ArnopepMeHT obecnieuuBacT crieliHYHOCTb Oeii-
CTBUSI M OTBEYAET 3a BHIOOP TUIIA XUMHYECKOTO Ipe-
BpaieHusi cyocrpara. OguH U TOT Xe KO(QEPMEHT,
B3aMMONCHCTBYSl C Pa3IMYHBIMHU anogepMeHTaMH,
MOXET Y4acTBOBATh B Pa3HbIX XUMHYECKUX MpeBpa-
meHusix cyocrpata. Hampumep, nmpuaokcamsdoc-
¢at B 3aBUCUMOCTH OT TOTO, C KaKUM anogepMeH-
TOM B3aMMOJEHCTBYET, YYaCTBYET B peakKILUsX
TPAaHCAaMUHUPOBAHUS WIH AeKapOOKCUINPOBaHUS
aMHUHOKMCIJIOT.

XuMuueckas npupoaa KopepMeHTOB, UX ¢GyH-
KUK B (pepMEHTATUBHEBIX peaKHUsIX Ype3BbIyaii-
HO pa3HooOpa3Hbl. TpaTUIMOHHO K KOpepMeH-
TaM OTHOCSIT NPOU3BOAHBIC BUTAMHUHOB, XOTs
TMOMHUMO HHUX €CTh 3HAYMTEIbHBIA Kilacc HeGen-
KOBBIX COeIMHEHMI, MPHHUMAIOLINX YyYacTHE B

87



MPOSBJIEHUU KaTaauTuyeckoil yHkuum oep-
MEHTOB.
K xodepMeHTaM OTHOCAT CJIEIYIOLIHE COEIMHEHMS:
® [IPOM3BOAHBIE BUTAMHHOB;
® T€MBI, BXOJALIHME B COCTAB LIMTOXPOMOB, KaTa-
Jia3bl, TIEPOKCHAA3bl, TyaHWIaTLukKAa3bl, NO-
CHHTAa3bl ¥ SIBJISIIOIMECS IPOCTETHYECKOM IpyIIi-
ot epMeHTOB;
® HYKJIEOTHbl — JOHOPHI M aKIENTOPHl OCTaTKA
docdopHOi KUCIOTHI;
o YOMXMHOH, WK KodepMeHT Q, y4acTBYIOILMI
B MEpeHOCE 3IEKTPOHOB M npoToHoB B LIIID;
* pocoaneHosmnpocdocynbdhar, yyacTBYOLIMT
B IepeHoce cyibdara;
e S-aneHO3WIMETHOHUH (SAM) — mOoHOpP Me-
TWIBHOM TPYMIIBI;
® [JIyTaTHOH, YYacTBYIOUIUA B OKHUCJIUTEIbHO-
BOCCTAHOBHUTEJIBHBIX PEaKLIMsX.
CrpoeHre 1 QYHKUMH 3THX KODEPMEHTOB IO/I-
pOGHO pPacCMOTpPEHbI B COOTBETCTBYIOIMX pasie-
Jlax y4eOHHKa.

B. MyJIbTUCYBCTPATHBIE PEAKIINH

BoNBIIMHCTBO (pepMEHTOB KAaTaIU3UPYET peak-
MU, B KOTOPBIX YYacCTBYeT OoJiee 4yeM OIUH CyO-
crpar. B ciyyae ecnu KodepMeHT HE SIBJISIETCS
MPOCTETAYECKOM IpynIioM, ero TakxkKe MOXHO pac-
cMaTpMBaTh Kak euié oguH cyocrpar. CrnemoBa-
TEJIbHO, YY4aCTHUKOB (PEPMEHTATUBHOM pEaKLMHU
MOXET OBITb HECKOJIbKO: HEMOCPEACTBEHHO dep-
MEHT, HECKOJIBKO CyOCTpPaToB M KOGEpPMEHT.

B 3tux ciaydasx MexaHM3M (pepMeHTaTHUBHOM
peakliMM, KakK IpaBUJIO, MOXET UATU 1O OTHOMY
W3 IBYX MyTEH: IT0 MEXaHU3MY «ITMHT-TIOHI» (M€-
XaHU3My JIBOMHOIO 3aMELUEHMS) WM TOCJIeI0-
BaTeJabHOMY. PaccMoTpuM 006a MexaHU3Ma.

1. Mexanum <«numnz-nouz»

CXeMaTUYHO MEXAHU3M <«IIMHI-TIOHT» MOXET
OBITh TIPENCTABIEH CIIEMYIOUMM 0Gpa3oM:

P4 B

[

E+A— EA— E—EB— P, + E

Cy6erpar A, BlaumoneitctBys ¢ epmeHToM (E),
npespalaercs: B npodykr (P,). ®epmeHT ocTaércs B
pesyJIbTate 3TOro INpeoOpa3oBaHMs HE B HATUBHOM
dopme, a B usMeHEéHHOI (E) B pe3ybTate Moqudu-
Kaimy KodepMmeHTa. [lanee K akTMBHOMY LieHTpy E’
npucoenuHsercs cyocrpar B, noasepraroiuuiics mpe-
obpasoBaHuio B mpoaykt (P,) ¢ BbICBOGOXIEHHEM
HatuHOM ¢dopmbl ¢epMeHnTa (E).

Xopoumii mpUMep MeXaHHU3Ma <«I[IUHT-TIOHD» —
peaKkiMy TPaHCAMUHMPOBAHMS C y4acTHEM (hepMEH-
TOB aMHMHOTpaHcPepas (KopepMEHT MUPUIOKCAIb-
docdar). AMuHOTpaHchEpa3sl, OTKPHIThIE OTE-
yecTBeHHBIM yu€HbIM A.E. BpayHuireitHoM, Katanu-
3UPYIOT OOpaTUMbie PeaKlMK MEepPeHOCca aMUHOTPYTI-
MBI ¢ aMWHOKHMCJIOTEI Ha KETOKMCNOTY. MexaHu3M
«IIMHT-TIOHT» JaHHOM PeaklMHM CXeMaTHU4YHO Mpen-
CTarJIeH Ha puc. 2-7.

Ipyroit mpumMep MexaHM3Ma <«IIHHI-TIOHT» —
peakiLuy JeTMAPUPOBAHUS C y4acTHEM KodepMeH-
1a FAD (bnaBuHaneHUHOUHYKJIeoTHa) Wwin FMN
(1aBUHMOHOHYKJIEOTH), KOTOpPbIE NMPOYHO CBS-
3aHBI ¢ (PepMEHTOM M, CJIeJOBaTeIbHO, HE MOTYT
paccMaTpuBaThCs B KauyecTBe BTOPOro cyOcTpara.

CxeMaTH4HO CTPYKTypa 3TUX KOHEPMEHTOB H CO-
OTBETCTBYIOILIME UM XMMHUYECKUE (OPMYJIbI Mpes-
CTaBJICHH Ha puc. 2-8.

FMN u FAD y4acTBYIOT B OKMCJIMTEILHO-BOC-
CTAHOBMTEJIbHBIX PeakIUsX, aKUEeNTUPYsd 2 € U
2 H* BM30aU1aKkca3siHOBOM KOJIBIIE (CM. CXEMY HUXE).

H
? | 0
HsC N HsC N
N NH  +2e7, +2H" N NH
DH, + /k ———= D + /k
AN -2e", -2H* AN
HisC lil N o HsC T l}l O
R R H
FAD (FMN) FADH; (FMNH,)

okucneHHas cgopma
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«-—HZN—AK{‘

H>N

(X-KKZ

HoN— AK,

Puc. 2-7. CobbiTs B aKTUBHOM LIEHTPEe aMMHOTpaHcdepasbl Kak NMpUMep MEXaHN3Ma «MUHI-NOHr». KodhepMeHT NUupraoKcans-
thocdar (Nd), ceasanHbIA ¢ HEePMEHTOM, NPUHUMAET C-aMUHOFPYNNY OT NepBOA aMUHOKUCNOTHI (AK ), koTOpas npu 3Tom Npespauiaet-
cs B a-ketokucnoty 1 (KK,) n BeicBo60XAAETCS U3 aKTUBHOMO LeHTpa epMeHTa. [lanee B akTUBHLIA UEHTP (hepMeHTa NpucoeanHAeTcs
o-keTokucnoTa 2 (KK,), kotopas 3abvpaeTt aMuHOrpynny oT KodepmeHTa 1 NpeBpallaeTcs B o-aMmuHoKucnoTy (AK,).

CxeMy peakuuu JerdapupoBaHUs (KaK MpUMep
MEXaHU3Ma «IUHT-TIOHT» C y4yacTueM KogepMeH-
t0B FMN 11 FAD) M0oXHO npeAcTaBUTb B CJEAYIO-
LLIEM BUIE:

AH,

rae AH, — 1noHop BO@OpONa, OKMCIsIEMbI CYO-
ctpar 1; A — okuciaeHHas ¢opma cyberpara 1;
B — akuenrTop Bogopoma — cyocrpar 2; BH, —
BoccTaHoBneHHas ¢opMma cyocrpara 2; E (FAD),
E (FADH,) — okucneHHas M BOCCTaHOBJIEHHas
opmbl kopepmeHta FAD, Bxoasiuero B cocraB
epmenTa E.

B xauectBe npuMepa FAD-3aBucuMoi peakumm
MOXHO TMPUBECTH CYKLIMHATIAETUAPOreHA3HYO pe-
aKuuio. B 3TOM peakiMu B KauyecTBe BTOPOTroO CyoO-
CTpaTa y4yacTBYeT YOMXUHOH — OAUH M3 MOCpel-
HukoB LI[1D (cMm. cxemy Ha c. 90).

2. Hocaedosamenvnutii mexanuzm

B cnyyae nmocieaoBaTebHOrO MexaHu3Ma s
MpoTEKaHUsl hepMeHTHON peakulun TpebyeTca oj-
HOBPEMEHHO B3aUMOJCHCTBUE OBYX CYOCTpATOB.
B aToMm cnyyae BO3MOXHO MpuUcoearHeHue cybeTpa-
TOB IBYM$ Pa3jJWYHBIMUA OYTSIMU:

MexaHu3M ynopsiio4eHHOro B3aUMOEHCTBUSA Cy0-

CTPATa C aKTHBHBIM HEHTPOM chepmeHTa:

P P,
E+A— EA+B— EAB— EPP,— EP,— E

[lepBbiM B aKTHUBHBINA LIEHTP (depMeHTa Mpu-
coennHsaercs cyoctpar A, obsieryasi mpucoe-
anHeHnue cyoctpara B. Ilocie xumuueckoi
MoandukauMu Takxke HaOMIAT ornpene-
JIEHHBIA TMOPSAOK BbICBOOOXKICHUS! MPOAYK-
TOB peakUHH.

MexaHu3M CJIy4aiHOTO B3aUMOIEHCTBHSA CyocTpaTa

C AKTUBHBIM HEHTpoM chepMeHTa:

E+A— EA+B\ -P4 EP, — E + P,

EAB — EP4P»

E+B—> EB + A" }‘EF”"E*F”
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FAD (dnasvHageHuHauHykneoTua)

N
A r N
f ®naBuH
(13oannakcaauHosoe
om0
PubodnasuH
(BuTamuH B,)
CnupTt P
~ pubuton @ ® wbosa

FMN (dpnaeunHmMoHOHYKNneoTUa)

HC-H

HC:—OH
HCIJ—OH
H(|3—OH

I
H,C-0— I?— @)

(e}

OH

h
—|||°—

I

IOH

AM® (apneHoavHMoHodgocdar)

Puc. 2-8. Crpykrypa (A) n xumuyeckoe ctpoeHue (B) kocpepmentos FMN n FAD.

HisC—O

HaC~O

Cxema

0

(;300'
e
ot
coo’

Cyxuunar

CH;

1
(CHz— CH=CH- CH2)10H

Y6uxuHor

CH,

|
'
|
|
|
|
i
|
NH> :
|
NZ N
N | J :
N \
NT N !
I
|
|
O—-CH; !
o !
§
|
OH OH !
!
OH
CH3
gH
{CH;— CH = CH - CHa)soH
OH
Youxunon
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TTpHOpHUTETHOCTH 32 B3aUMOJIeICTBHE CyOCTpa-
TOB A 1 B B aKTMBHOM IIeHTpe hepMEHTA HET
(xaxapIii cyOcTpaT MMEET CBOM LIEHTD CBSI-
3bIBAHUS B aKTMBHOM LiEHTpe). Takxe HeT
CTpPOroil 3aKOHOMEPHOCTH BBICBOOOXICHUS
MPOAYKTOB PEAKIIUM.

IIpuMepoM mociIen0BaTEIbHOIO YNOPSIAOYEH-
HOTO MeXaHM3Ma MOXeT OBITh peakuMs Aerui-
PUpOBaHHUA C ydyacTHeM KodepMeHTOB NAD®,
NADP-.

CxeMaTH4yHO CTPYKTypa U XuMHIecKue popmy-
JIBI 3TUX KOMEPMEHTOB MpeICTARIEHBI Ha pHC. 2-9.

06a xopepMeHTa PYHKLMOHUPYIOT KaK MOCpe/I-
HHUKH TIEPEHOCA IBYX 3JIEKTPOHOB U OIHOTO IpO-
TOHA OT JOHOpPA K aKLENTOpy, APYroro MporoHa —
B cpeay (CM. cxeMy A Ha c. 92).

JIOHOp M aKHENTOp He 0053aTeIbHO YYacTBYIOT
B OJIHOM METaGOJUYECKOM MyTH. JApyrMMH ClIoBa-
MH, BOCCTaHOBJIECHHAsE HopMa 3THUX HYKJIEOTHAOB
JNEeHCTBYET KaK OOLIWit Iys 3J€KTPOHOB, 00pa3o-
BAaHHBIN B pe3ylbTaTe OKUCIUTENbHBIX DPEaKIUii,
YU MOXeT OBITh MCIIOJb30BaHA B Pa3JIMYHBIX BOC-
CTAHOBUTENBHBIX peakuusix. Takue peakiuu Ha-
3bIBAIOT COMPSIKEHHBIMU (CM. cxemy b Ha c. 92).

A NAD" (HUKkOTUHAMUAAAEHUHANHYKIEOTU)
AN
- N\
HukoTuHamng,
(suTamMuH) AReHuH
@ ® ® Pu6osa
N HononHuTtensHas
@ —— cocpaTHan
I rpynna
y NADP*
AM® (aneHo3nH-
MoHogrocdar)
Nea HykneoTupa
B NH,
NH, N~ N
W
~
NH. X
N N
A i i
N CH;—O-P—-0~P-0-CH;
(0] | ] o
OH OH
H I
HOH OH H OH OH (—IID—OH)
L ~ /  OH
g NAD* Y,
~
NADP*

Puc. 2-9. Ctpykrypa (A) u xumuueckoe ctpoeHue (B) kothepmerTo NAD* u NADP-.
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L GNH 5
z e +2e", +2H*
DHZ + —e'.!-_l__.__.’ D + l | + H"'
'——————
X{ -2¢", -2H* N
| |
R R

NAD* (NADP*)

OoKucneHHas opma
Cxema A thop

NADH (NADPH) + H
BOCCTaHOBIIeHHas cbopma

Cxema B

rie AH, — noHOp BOmOpOIa, BOCCTAaHOBJIEHHAS
dopma cyberpara 1; A — oxkuciaeHHas popma cy6-
crpata 1; B — akuenTop Bogopojga — BTOpOii Cy0-
ctpat; BH, — BoccraHOoBieHHas ¢opma cy6-
ctpata 2; NAD*, NADH — oxucieHHasi U BOcC-
cTaHOBJIeHHast ¢opMbl Kodepmenra; E, u E, —
(epMEHTHI.

JIBe depMEeHTATUBHBIC PeaKLMM, KaTaIH3Upye-
mble pepmentamu E, u E,, conpsixensl gpyr ¢
JpyroM tiocpeacTBoM kopepMmeHTa NAD™, ciyxa-
ILETO B KaXKIIOM U3 3THX CIy4yaeB cyocTpatoM. s
nepBoro ¢pepMeHTa CyoCTPaTOM CIIYXXUT OKHMCJIEH-
Has ¢opma NAD, B KayecTBe BTOpOro cyberpara
BBICTYIIaeT TOHOP BOIOpOJa — IPUMEP MOCIeno-
BaTeJIbHBIX PEaKIUii, MPOAYKTOM — BOCCTaHOB-
neHHast ¢popma NAD, mia depmentra E, — Ha-
obopor.

B kayecTBe mpyMepa MOXHO PacCMOTPETh CJie-
IYIOLINE COTPSIXKEHHBIE peaKHuu (CM. CXeMy Ha
c. 93), rne E, — mmnepansaeruadocdar aeruapo-
reHasa;, E, — nakratneruaporeHasa.

IV. MEXAHU3M AEWCTBUS
®EPMEHTOB

Mexanusm neiicTBUst GEPMEHTOB MOXET OBbITh
PacCMOTPEH C IBYX ITO3HULIMIA: C TOYKHM 3PEHUS H3-

92

MEHEHHS SHEPreTHKH XMMHYECKHMX peaklui U ¢
TOYKM 3PEHUS COOLITHIL B aKTUBHOM LIEHTPE.

A. DHEPTETHYECKUE U3MEHEHUSA
NP XUMHWYECKUX PEAKIIMSX

JIroOble XUMHYECKHUE peaKIUK ITPOTEKAIOT, MOI-
YUHSSCH JBYM OCHOBHBIM 3aKOHAM T€PMOAMHAMHU-
KU 3aKOHY COXpPaHEHHS 3HEPTUM U 3aKOHY SHTPO-
muu. ComTacHO 3THMM 3aKOHaM, 00Ilasg SHeprus
XMUMHMYECKON CHUCTEMBI M €€ OKPYXEHHUsI OCTa€TCst
FIOCTOSIHHOM, TIPH 3TOM XMMUYECKasi CUCTEMA CTpe-
MUTCS K CHMXXEHHIO YIIOPSIOYeHHOCTU (YBEIHYe-
HUIO SHTpONUU). 19 MOHMMAaHUS 3HEPrETUKU
XMMUYECKOI peakliMd HeJIOCTATOYHO 3HATb SHEp-
TETUYECKUI OajlaHC BXOASILMX W BBIXOAAILIMX U3
peaKkilMd peareHToB, HEOOXOMMMO YYUTHIBATH U3-
MEHEHMSI SHEPIUM B TIpolecce JaHHON XUMMUYeC-
KOt peakiiMu 1 poyib (PEPMEHTOB B TMHAMMKE 3TO-
ro mnpouecca. PaccMOTpUM peakilivio pas3yioXKeHMsI
YIOJIbHOM KMCJIOTBI:

H,CO, - H,0 + CO,.

VYronbHast KucaoTa ciaabasi; peakuusi e€ pasiio-
XKEHHUS TTOMIET IIPH OOBIYHBIX YCIOBHSIX, €CJIA MO-
JIEKYJIBI YTOJIbHOM KMCJIOTHI UMEIOT 3HEPTHIO, TIpe-
BBHIILAIONIYIO OIpeAeIEHHBIN YPOBEHb, HA3bIBACMBIH
sHepruei aktmsaumu E_ (puc. 2-10).

DHeprueil akTHBallMA HA3bIBAIOT JOTOTHUTENb-
HOE KOJIMYECTBO KMHETHYECKOI 3HEPruu, Heo0Xo-
JUMOE MOJIEKY/IaM BEILECTBa, YTOOBI OHU BCTYITH-
JI1 B PEAKLHIO.

IIpu DOCTIKEHUH 3TOTO SHEPreTHUECKOro 6apb-
€pa B MOJIEKyJIe TPOUCXOAAT MU3MEHEHHs, BbI3bIBa-
ollMe TepepacnpencicHie XUMUYECKHAX CBs3e U
o0pa3oBaHMe HOBBIX COeIMHEHMHA. ['OBOpAT, 4TO
MOJIEKYJIBI, obnafaonme E , Haxonsarcs B nepexon-
HOM COCTOSIHMM. PasHWIIy SHEpruii Mexmy UCXOH-
HbIM peareHToM H,CO, ¥ KOHEYHBIMM COEIMHEHH-
smu H,0 u CO, Ha3bIBatoT U3MEHEHUEM CBOGOAHOM
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Puc. 2-10. UameHeHne cBOGOAHONK 3HEPTrUK NPU Pa3NOKEHUU YroNbHOK KUCTIOThL.

sHepriu peakimuu DG. Monexynet H,O u CO, —
Oonee crabunbHble BewecTsa, yeM H,CO,, T.e. 00-
JIamaloT MEHbLUEH SHEprUei U ITPU OOBIYHBIX YCIIO-
BUSIX IIPAKTMUYECKU HE pearupylor. BulmenuBlIascs
SHEPTUsl B Pe3YJIbIATe 3TON peaklMd paccerBaeTcs
B BUJE TeIUIa B OKPYXAIOIIYIO Cpedy.

Yem Oosblile MOJIEKYSI 00JIalacT SHEPTUCH, TIpe-
BbIlIaoLiel yposeHb E,, TeM BbIllie CKOPOCTb XH-
MuYecKoi peakiuu. [IOBBICUTH CKOPOCTH XH-
MMUYECKOM peakiMM MOXHO HarpeBaHueM. [lpu
3TOM YBEIMYMBACTCS SHEPTUS PEarupyIOLIMX MOJie-
Kya. OgHaKo Ui XHMBBIX OPraHU3MOB BBICOKHE
TEMITEPATYPhl TYOUTENIbHbI, TIO3TOMY B KJIETKE JUISI
YCKOPEHUSI XMMHUYECKMX PEakLUi HCIONb3YIOTCA
dbepmeHTbl. @epMeHTH 00€CTICUMBAIOT BBICOKYIO
CKOPOCTb peakKiMil MpU ONTUMAIbHBIX YCIOBH-

sIX, CYIECTBYIOUIMX B KJIETKE, IMYTEM TIOHMXEHUS
yposHs E . Takum 00pasoM, epMEHTBH CHUXKAIOT
BBICOTY IHEPreTMYECKOro Gapbhepa, B pe3yJbTaTe
BO3pacTaeT KOJUYECTBO PEeaKIIMOHHO-CIIOCOOHBIX
MOJIEKYJI, CJIENOBATEIbHO, YBEIHIUBAETCH CKOPOCTD
peaxiIuu.

B MexaHu3Me ¢epMEHTATUBHOIO KaTaju3a pe-
HIapuiee 3HaYeHue uMeeT obpa3oBaHuEe HECTOM-
KHX IIPOMEXYTOUYHBIX COCAMHEHUIN — (hepMEHT-
cyOcTpaTHbili koMruieke ES, moaBepraromiuiics
NPEBpAalEeHUIO0 B HECTAOMJIbHBIN IT€PEeXOXHBII
KoMiuieKc EP, KOoTophIif mo4TH MTHOBEHHO pac-
fagaeTcs Ha CBOOOIHBIN (PEPMEHT U MPOIYKT pe-
aKILWH.

Takum 00pasoMm, OGMOJOrHYeCKHE KaTaaM3aro-
pbl (bepMeHTBI) He U3MEHSAIOT CBOOOTHYIO SHEDP-
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TUI0 CyOCTPAaToOB M MPOAYKTOB U MO3TOMY HE Me-
HSIOT paBHOBECUE peakUuH (puc. 2-11).
@epMeHT, BBINOMHAS QYHKIIMIO KATaIM3aTopa X1-
MHMYECKON peaklMM, MOIYMHSIETCS OOLIMM 3aKOHaM
Karanu3a U objamaeT BceMHW CBOWCTBAMH, Xapak-
TEPHBIMU IS HEOHMOJIOTUYECKHUX KATalu3aTOPOB,
OJTHAKO MMEET U OTJIMIMUTEJIbHBIE CBOMCTBA, CBSI3aH-
Hbl€ C 0OCOOEHHOCTAMM CTpoeHHs (PepMEeHTOB.
CxoncTBo pepMEeHTOB ¢ HEOMOJJOTHUSCKUMH Ka-
TaJIU3aTOpaMH 3aKJIIOYACTCSl B TOM, YTO:
o (hepMEHTBI KaTAJIM3UPYIOT SHEPreTUYECKH BO3-
MOXHBbIE PEaKIIUH;
e JHEPrusi XUMUYECKOH CHUCTEMbI OCTaETCS ITO-
CTOSIHHOW;
& B XOJI¢ KaTajJM3a HarpaBlIeHUE PEaKIIUXA He U3-
MEHSIETCS
¢ (bepMEHTBHI HE PacXoAylOTCsl B MPOLIECCE peak-
LIUH.
Otanuns GepMEHTOB OT HEOMONOTHYECKHX Ka-
TAJIN3aTOPOB 3aK/IIOYAIOTCSI B TOM, YTO:
® CKOpOCTb (PEPMEHTATUBHBIX PEaKlLMil BhILLEC,
YeM PeaKkLMil, KaTAUIU3UPYEMbIX HEOETKOBHIMU
KaTaju3aTopaMHu;
o (hepMEHTHI 00J1aal0T BHICOKOW CrielupHUYHO~
CTBIO;

CeobopgHas
3Heprus

-

HauvanbHbie
cy6eTpathbl

¢ (bepMeHTaTUBHAs peakuMs IPOXOANT B KJIET-
Ke, T.e. npu temneparype 37 °C, ITOCTOSHHOM
atMocdepHOM HaBICHUU U (HU3HOTOrHYECKOM
3HayeHuu pH;

e CKOPOCTb (hepMEHTATHBHOI peakIMUd MOXET
peryJupoBaThCA.

B. DTAIbI ®EPMEHTATUBHOTO KATAJTA3A

1. Dopmuposanue epmenm-cybcmpamnozo
KoMnaexca

Tor ¢dakT, yto PepMeHTH 00JaJaI0T BLICOKOM
crienuPUYHOCTBI0, O3B B 1890 r. BHIIBUHYTh
TUIIOTE3Y, COTIACHO KOTOPOil aKTUBHBIM LIEHTP (ep-
MEHTa KOMIUIEMEHTapeH CyOCcTparty, T.e. COOTBET-
CTBYET €My KaK «KJIIo4 3aMKy». Ilocyie B3auMonei-
CTBHA cybcTpara («KJII04») C aKTUBHBIM LIEHTPOM
(«3aMOK») TIPOUCXOASIT XMMHUYECKHeE NpeBpallieHHs
cybcTpara B MPOAYKT. AKTUBHBIA LIEHTP MPU 3TOM
paccMaTpuBaICs KakK cTabuiibHast, XECTKO eTepMU-
HHpPOBaHHAasA CTPYKTypa.

B 1959 r. 6bUT MpeyIoXeH APYroil BapuaHT TH-
TIOTE3bl «KJIIOY—3aMOK», OOBSCHSIOILHA COOBITUS
B aKTUBHOM lieHTpe ¢epMeHTa. I1o 3TOM rumnore-
3¢ aKTUBHBIM LIEHTP SBISIETCI THOKOM CTPYKTY-

NPoAyKTbl

» Bpems

Ea- 3Heprua aktmeauuv HeKaTanusMpyemon peakuuu

E', - 3Heprust akTupauum Katanusupyemom pepMmeHTamm

peakumu

Puc. 2-11. UsmeHeHne cBoBOgHON SHEPruM B XOAe XMMUYECKON PeaKLMKu, HekaTanu3upyemMon U Karanusupyemoi gepmenra-
MU. DepMeHT NOHWKAET JHepPruio akTusauum E , T.6. CHUWXKaeT BLICOTY 3HepreTudeckoro 6apwepa, B pesynsTate Bo3pactaer fons
peakLMOHHO-CMIOCOGHBIX MONeKYN, CNefoBaTeNnbHO, YBENMHMBAETCA CKOPOCTb peakuui.
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poii no oTHoueHuo K cyberpary. Cybcrpar, B3a-
MMOJEHUCTBYSI ¢ aKTHBHBIM LEHTpPOM (epMeHTa,
BBI3bIBAET M3MEHEHHE ero KOoHdopmauuu, IpU-
BOIsA K (OpMHUPOBaHHIO (PEepMEHT-CyOCTPaTHOIO
KOMIUIEKCa, OJIaronpusTHOTO 1T XMMUYECKHUX MO-
nudukanuii cyocrpara. Ilpu atom Monekyna cy6-
CTpara TaKkXe U3MeHsET CBOIO KOH(bOpMaIIHIO, YTO
obecrmeynBaeT 00jee BBICOKYIO 3¢ (HEKTUBHOCTH
(epMEHTATUBHOM peakLUd. DTa «rUIoTe3a UHIY-
LMPOBAHHOTO COOTBETCTBHS» BIOCJIEACTBUU IIO-
JIyYrjia 3KCIIEPUMEHTAIBHOE ITOATBEPXKACHUE.

2. ITocaedosameavnocmo cobvimuii 6 xode
depmenmamuenozo xamaausza

IIpouecc pepMeHTAaTUBHOTO KaTanm3a YCJIOBHO
MOXHO pa3leNdTh Ha CJIeMyolHe Iranst (puc., 2-12).

[lepBhIit, BTOPOH M YETBEPTHIN ITAIlbl KaTaju3a
HETIPONOJDKHTEbHB U 3aBUCST OT KOHLEHTpaLMU
cyocTpaTa (I TepBOro 3Tana) M KOHCTAHT CBS-
3bIBaHUS JIMTAHIOB B aKTUBHOM lIEHTpe (pepMeHTa
(o151 IEpBOrO M TPEThEro 3TaroB). W3MeHeHUs
SHEPreTUKH XMMUYECKON peakLMU Ha 3TUX CTaiu-
SIX HE3HAYUTEJIbHBI.

Tpernit sTann Haubonee MENJICHHBIN; INUTENb-
HOCTh €TI0 3aBUCUT OT 3HEPrdM aKTHBAlIMM XUMH-
yecKoi peakuiuy. Ha 3Toii cTaguu IpOUCXOISIT pa3-
PBIB CBsI3eil B MOJIEKyse cyOcTpara, obpazoBaHue
HOBBIX CBsi3eil U (bOpPMHUPOBAHUE MOJIEKYNBI MPO-

JYKTa.

3. Poab axmuenozo uenmpa 6 gpepmenmamug-
HOM Kamaause

B pe3ynbrate HCCIEN0BaHUI GBUTO TOKA3aHO, YTO
MoJiekyaa cepMeHTa, Kak IpaBujo, BO MHOTO pa3

6oJiblile MOJIEKYJIBI CyOCTpaTa, IMOMBEPralolIerocs
XMMUYECKOMY IPEBPAILEHUIO 3THM (epMEHTOM.
B KOHTakKT ¢ CyGCcTpaToM BCTYTIAET JIMIL HEOOIIb-
was 4yacTb MOJIEKYBl (epMEHTa, OOBIMHO OT S 110
10 aMHHOKHMCIOTHBIX OCTaTKOB, (POPMHUPYIOIIHX aK-
TUBHBIA 1ICHTp epMeHTa. Poib OCTaIbHBIX aMU-
HOKHCJIOTHBIX OCTaTKOB COCTOMT B 0o0ecrie4eHUM
MPaBWILHON KOHGMOPMAUUK ‘MONEKYABl (hepMeHTa
JUIS. ONITUMAJIBHOTO MPOTEKAaHMI XUMHYECKOH pe-
aK11H.

AKTHBHBIM IIEHTP Ha BCeX 3Tamax (epMeHTa-
TUBHOTO KaTajiu3a HEJIb3sl paCCMATPUBATh KAK Iac-
CHMBHBIN Y9aCTOK JUISI CBSI3BIBaHMS cybcTpara. D10
KOMIUIEKCHAsI MOJIEKYJIIPHAsT «MAalllHHA», UCITONb-
3ylolasi pa3HOOOpasHhle XMMHYECKHE MEXaHU3-
MBI, CITIOCOOCTBYIOILLIME IIpEBPAILEHUIO CyOCcTpara
B TIPOIYKT.

B akTBHOM licHTpe (epMeHTa cyOCcTpaThl pac-
TI0JIaraloTCsA TAKUM 06pa3oM, YTOObl YYaCTBYIOHLIHE
B peakiMM (PYHKIIMOHAIbHBIE IPYMIIE CyOCTpaToOB
HaXOAWINCh B HEMOCPEACTBEHHOU OIM30CTH ApPYT
K JIpyTy. DTO CBOMCTBO aKTHBHOIO II€HTpa Ha3bl-
BalOT 3¢@deKTOM COMMXEHUS W OPUEHTALMUM pea-
reHToB. Takoe yropsino4€HHOE pacloOXeHUe Cy0-
CTPaTOB BHI3BIBAET YMEHBIIIEHUE SHTPOIUH M, KaK
CIE[ICTBME, CHUXEHHE dHeprum aktuBauuu (E),
YTO OMNpeaeiseT KaTATUTUIECKYIO 3(P(PEeKTUBHOCTh
bepMeHTOB.

AXTUBHBI! LHEHTP (hepMEHTa TAKXKE CIIOCOOCTBYET
JeCTa0MIN3aLMM MEXATOMHBIX CBf3eil B MOJIEKYJIEe
cybcTpara, 4to o6GneryaeT NMpOTeKaHME XHMHYEC-
KO# peakiii M 06pa30BaHie IPOIYKTOB. DTO CBOM-
CTBO aKTMBHOTO LIEHTpa Ha3bIBalOT 3¢deKToM ne-
¢dopmaumu cyberpara (puc. 2-12).

S
— — N
E E
E+S — ES E— EP —_— E+P
| i " v

Puc. 2-12. 3tansl hepmenTaTMBHOrO Katanuaa. | — atan conuxeHns n opueHTaumm cybcTpara OTHOCUTENbHO aKTMBHOMO LIGHTpa
tepmenTa; Il — o6pasosaHue depmeHT-cybeTpaTHoro komnnekca (ES) B pesynkTaTe MHGYLMPOBaHHOTO cooTBeTcTems:; lIl — nedopma-
uusa cy6eTpaTta u obpasoBaHue HecTabunbHOro Komnnekca hepment-npogykt (EP); IV — pacnag komnnekca (EP) ¢ BbicBoGoXaeHnemM
NPOAYKTOB peaxuyun U3 aKTMBHOrO LieHTpa diepMeHTa U ocBoboxpeHnem epmeHTa.
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B. MOJEKVISAPHBIE MEXAHU3MBI
®EPMEHTATABHOTO KATAJTA3A

MexaHu3Mbl (pepMeHTaTUBHOTO KaTaau3a oIpe-
JEJSII0TCSL POJIbI0 (PYHKUMOHANBHBIX IPYIIN aKTHB-
HOTO LIEHTpa (epMeHTa B XMMMYECKOH peakLHu
TIpeBpallleHus1 CyocTpaTra B IMPOAYKT. Beinesnsior 2
OCHOBHBIX M€XaHHM3Ma (PEPMECHTATUBHOIO KaTajiu-
3a; KHCJIOTHO-OCHOBHOM KaTajiu3 U KOBAJICHTHBIN
KaTajms.

1. Kucaomruo-ocnoenoii xamaaus

KoHuenus KHUCIOTHO-OCHOBHOTO KaTaju3a
OODBSCHSIET (PEPMEHTATUBHYIO aKTMBHOCTb Y4aCTH-
€M B XMMHY€ECKOIl peaKlIMM KMCJIOTHBIX TPy (I0-
HOPBI IIPOTOHOB) W/MWJIM OCHOBHBIX IPYIIN (aKIIeTI-
TOPHI NPOTOHOB). KHUCIOTHO-OCHOBHO# Karamms —
4acTo BCTpeyvarolleecs sIBJIeHHE. AMUHOKUCIOTHBIC
OCTaTKH, BXOISLIUE B COCTaB AKTUBHOIO LICHTPA,
UMEIOT (DYHKUIMOHAIBHEIE TPYIIbI, ITPOSBISIOLINE
CBOMCTBA KaK KHUCJOT, TaK ¥ OCHOBaHUM.

K amMuHoOKuUC/TI0TaM, y4acTBYIOUIMM B KMCJIOTHO-
OCHOBHOM KaTajli3¢, B MEPBYID Ouepelb OTHOCHT
Huc, Tup, Cep, JIuz, I'my, Acnt u I'uc. Pamukansl
3THX aMMHOKUCIIOT B IIPOTOHUPOBaHHOU opMe —
KHMCIOTH! (JIOHOPBI IPOTOHA), B AEMPOTOHHUPOBAH-
HOU ~- OCHOBaHHsI (aKlLenTophl IIpoToHa). biaro-
Iaps 5TOMY CBOMCTBY (YHKLMOHAIbHBIX I'PYIIII
AKTHUBHOTO LIEHTpa ()épMEHTBI CTAHOBATCS] YHUKAJIb-
HbIMHM OMOJIOTHYECKUMU KaTaInN3aTopaMu, B OTJIH-
yie OT HEOMONIOTHYECKMX KaTaIu3aTopoB, CIIOCO0-
HBIX MPOSIBJISITh JIMOO KUCIOTHBIC, TUOO OCHOBHBIC
CBOIACTBA.

Yyactok H
cBsI3bIBaHUS [ CHy-C-H  H
[
3TaHona H5+_95_ y C//O
7 [ NH, &
_Zn2+ N

IprMepOM KHCIOTHO-OCHOBHOIO KaTain3a, B
KOTOpOM Ko(dakropaMu SIBJISIIOTCS MOHHBI Zn?*, a B
KayecTBe KO(PEepMEHTa HCMOJB3YeTCs MOJIEKYyNa
NAD*, MoXHO npuBecTH (PEPMEHT aTKOTOIbAETH -
pOreHa3y Me4YeHH, KaTaJIHU3HUPYIOLIYI0 PeaKIHIo
OKMCJIEHHsI crupTta (puc. 2-13):

C,H,OH + NAD* - CH,-COH + NADH + H*.

2. Kosasenmnuui kamaau3s

KoBaneHTHBII KaTajli3 OCHOBAaH Ha aTake HykK-
JNIEOOMIBHBIX (OTPULIATEIBbHO 3apAXEHHBIX) WU
3JIEKTPOGUIBbHBIX (MOJIOXHUTEIBHO 3apSDKCHHBIX)
IPYIN aKTUBHOTO LieHTpa (hepMEHTa MOJIEKYJIaMU
cyberpaTta ¢ GopMHUpPOBAaHMEM KOBAJIEHTHOM CBSI3U
MeXIy cyOcTpaToM M KOQEepMEHTOM WX (QYHKIIM-
OHAIBHOM IpyNIoi aMMHOKUCIOTHOTO OCTaTKa (Kak
MpaBWIO, ONHOM) aKTUBHOTO LiEHTpa (hepMeHTa.

JeitcTBUe CepHHOBBIX NMPOTEa3, TAKUX KaK TPUII-
CUH, XMMOTPHUIICUH U TPOMOMH, — IpUMEp MeXa-
HHM3Ma KOBAJICHTHOIO KaTajiu3a, KOrna KOBAJICHTHas
CBsA3b 00pasyercsi MeXay CyOCTpaToM M aMHMHOKHUC-
JIOTHBIM OCTaTKOM CEpHMHA aKTHBHOIO LieHTpa ¢ep-
MeHTa. TepMUH «CEpUHOBBIE IPOTEA3bl» CBSA3aH C TEM,
YTO aMUHOKUCJIOTHBIN OCTaTOK CEpHHA BXOAMT B CO-
CTaB aKTHBHOTO 1IEHTPa BCeX ITUX (GEPMEHTOB U y4a-
CTBYET HEIOCPEJACTBEHHO B KaTajiu3e. PaccMoTpum
MEXaHU3M KOBAJICHTHOIO Karaji3a Ha IIpUMepe Xu-
MOTPUIICMHA, OCYLUIECTBIAIOIErO MMIPOJM3 MEITHI-
HbIX CBA3CH MpHU IEpeBapUBaHUK OCIIKOB B ABEHAl-
LaTUIIepCTHOM Kuiuke (cM. pasmen 9). Cybcrparamu
XUMOTPHUIICHHA CJTyXaT MEeITUAbI, COAepXKALIe aMHU-
HOKHCJIOTBl C apOMaTHYECKUMHU U LMKIMYECKUMHU

H
CHy-C H H
H* O ,0
// C\
// l l NHz
-Zn* N

THRE

4
TTTITTT

YyacTok cesablBaHus

NAD*
1

Puc. 2-13. MexaHu3Mm KMCNIOTHO-OCHOBHOrO Katanu3a Ha npuMepe ankorofibaeruaporeHass! neyeHun. | — monekyna sTUNoOBOro
CNMpTa MMeeT LeHTpP CBA3biBaHUs, obecneqmBalowmin ruppoobHoe B3aUMOOECTBUE aKTUBHOMO LIEHTPa M METUILHON rpynnbi CNvpTa;
Il — NONOXWUTENLHO 3apPSXKEHHbIA aTOM LMHKa CNOcoGCTBYET OTWENNEeHUI0 NPOTOHA OT CMNPTOBOWR rpynnbl STaHona ¢ o6pasoBaHuem
oTpULAaTeNLHO 3apsikKeHHOro atoma kucnopoga. OTpuuaTtentHbiil 3apaf NepepacnpefenfeTca Mexay aToMoM KUCopoda ¥ CoCeiHum
aToMOM BOLOPOAA, KOTOPLIW 3aTeM B BUAE rMAPUT-UOHE NMEPEHOCUTCS Ha YETBEPTLINA YIMepoOHbi aTOM HUKOTMHamuaa KotdepMeHTa
NAD*; lll — B pe3ynbTate opmMupyeTcsi BoccTaHoBneHHas dopma NADH u ykcycHbIi anbaerva.
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ruapodobHbMU pamykanamu (®en, Tup, Tpu), uro
yKa3blBaeT Ha yyacThe ruapodoOHbIX cuit B hopMu-
poBaHUU (EPMEHT-CYOCTpaTHOrO KOMIUiekca. Me-
XaHU3M KOBQJIEHTHOTO KaTaIu3a XUMOTPUIICHHA pac-
CMOTpEH Ha puc. 2-14.

Pamukanet Acrr,, I'nc,, u Cep s y4acCTBYIOT He-
MIOCPEACTBEHHO B aKTe KaTajiu3a. BciencrBue HyK-
sneodWIbHON aTakM NMENTUAHON CBSI3M cyOcTpara
MPOMCXOIUT Pa3pBIB 3TOM CBSI3M C 0Opa3oBaHUEM
KOBJIEHTHO-MOIU(MULIMPOBAHHOTO CEPUHA — allWJI-
XUMOTpUIICUHA. JIpyToit IenTUuaHbIH (GparMeHT BbIC-
BOOOXKIAETCST B pe3yJIbTaTe pas3pbiBa BOJOPOJHOM
CBA3M MEXIY NMENTUAHBIM (dparMeHToM u I'mc,, ak-
TUBHOTO 1IEHTPa XMMOTPUIICMHA. 3aKJIIOMMUTEIbHbIN
9Tan TWAPOJM3a MENTUIHOM CBSI3U OeNKOB — Aeca-
IWIMPOBAaHWE XUMOTPUIICMHA B TIPUCYTCTBUM MO-
JIEKYJIbI BOOBI C BBICBOOOXIECHMEM BTOpOro ¢par-
MEHTa THIPOIN3YEMOTo OeKa U UCXOIHOU (DOPMBI
¢depMeHTa.

V. OCHOBbl KWHETUKU
®EPMEHTATUBHbIX PEAKLIUNA

KunneTrnka pepMeHTaTUBHBIX peakiiuii — pas3nen
SH3UMOJIOTUM, M3Y4alolWii 3aBUCHMOCTb CKOPO-

i1
._C__O... ||_|

N
rues) @ H-O-
~

CH?NCCHN
O RHOR H

Acnt 1g2)

MNentug

(o)

Il
Acn 102) -C-0- |I|

" CHN
0O

CTH XMMMYECKHUX peaklMii, KaTaliu3upyembix (pep-
MEHTaMM, OT XMMMYECKOM MPUPOAbI pearupyio-
LIMX BELLECTB, a TAKXe OT (DAKTOPOB OKpYXKalollei
Cpelbl.

Hns u3MepeHHusT KaTaauTUYECKO aKTUBHOCTH
(epMeHTOB MCIIONB3YIOT TaKWe MOKa3aTelM, Kak
CKOpPOCTb p€akKlIMU WJIM aKTUBHOCTb (pepMeHTa.
CkopocTh (pepMEHTAaTUBHON pEaKIIMM OIpeHesi-
€TCs U3MEHEHHEM KOJIMYECTBA MOJIEKYJ CcyOCcTpara
WIM TIpOAYKTa 3a eAUHULY BpeMmeHHU. CKOpOCTb
(pepMEHTATUBHOI peakUUM — Mepa KaTaJuTuyec-
KOM aKTMBHOCTH (pepMeHTa, €€ 0003HAYaloT Kak
aKTUBHOCTb (PepMeHTa.

MareMaTHYeCKN CKOPOCTb (PEPMEHTATUBHOM
peaKkiliid BHIPAaXaeTcsi B U3MEHEHUM KOHIIEHTpa-
MU cyOcTparta (yMeHblleHWe) UK TpoayKTa (yBe-
JIMYEHUE) 3a €IMHUILY BpEMEHH:

V= DIS}/t = D[P]/t.

Ha navanbHoMm stame [0 — t;] ckopocTh peak-
LIMA TIPSIMO IPOITOPLIMOHAIbHA BPEMEHU U MUMEET
JIMHEWHYIO 3aBUCUMOCTD. I'padhruecku usMeHeHHe
CKOpOCTH (DEPMEHTATUBHON PEAKIIMM OIpeNesi-
€TCS TaHIeHCOM YIJIa HaKJIOHAa KacaTeJbHOM K
KpuBOi mnpoduns peaknuu. Yem Oosiblie yrou

0]

I
Acn 102) -C-0- H

N
Mvc s7) ‘@\l b 05 (Cop s —s ruc s7) @

(Cep1os — Tlucsy) -<‘ ((|3ep 195 —
?
"GRG ? §oeHh
O RH OR H
Mpoaykr 1 Aumnxumo-
TPWNCUH
9
Acn 192)—C-0- H
H "O—(Cep 195
,0-C—CH-N--
H TR !
(0]
MpoaykT 2

Puc. 2-14. MexaHu3M KOBalleHTHOMo KaTtasu3a B aKTUBHOM LIEHTPE XMMOTPUNCUHA.
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HakKJIOHa, TeM 0oJjblle M3MEHEeHUE CKOPOCTH pe-
akuuu (puc. 2-15).

C TeyeHHEM BpeMEHHI H3MEHEHHE CKOPOCTH (ep-
MEHTaTUBHOU peakly B 9KCIIEPUMEHTAIbHBIX YC-
JIOBUSIX YMEHBIIAETCSI, 00 3TOM CBUMIETENIBCTBYET
YMEHBLUEHHKE YTJIa HAKJIOHA KacaTeJTbHOM B MOMEHT
BpeMeHU t. CHUXEHUE CKOPOCTH (pepMEHTATUBHOM
peakUMM MOXET ITPOMCXOAMTH 3a CUET psina (ak-
TOPOB. YMEHBIIEHHUS KOHLIEHTpaluu cybcrpara,
YBEJUYEHUS] KOHLICHTPAIIMHU IIPOAYKTAa, KOTOPHIA
MOXET OKa3blBaTh MHTUOUpYIOllee IEHCTBHE, MO-
IYT MPOUCXOIUTh U3MeHEeHUs1 pH pacTBopa, MHaK-
TUBALHA (PEepMEHTA U T.I.

Ha srane [t, — t ] CKOPOCTb peaklUMU U3MEHSIET-
¢ HEJIMHEWHO B 3aBUCUMOCTU OT BpeMeHHU. [lo-
3TOMY [UTSl OTNPEACIIEHUSI CKOPOCTU (hepMEHTATHB-
HOH peakUUHU 4allleé BCEro MCCIEAYIOT M3MEHeHHe
CKOPOCTM Ha HavyaJbHOM 3Tame [t, — t,], rme Ha-
6y01a10T JIMHEMHOE M3MEHEHHE KOHIIEHTPALIUK
npoaykra (WM cybcrparta).

CKopocTh (h€pMEHTATUBHOM pPEaKIIMU 3aBUCUT
OT psina (GakTopoOB, TAKUX KaK KOJMYECTBO U aK-
TUBHOCTb (PepMEHTOB, KOHIIEHTpAIUsA CybOcTpara,
TemmnepaTtypa cpensi, pH pacrtBopa, mpucyrcTsue

Pl 1

tQ t1 tx

'BpeMﬂ

PETYISATOPHBIX MOJIEKY/ (aKTHBAaTOPOB M MHTHOM-
TOpoB). PaccMOTpUM BAUsiHME 3THX (PAKTOPOB Ha
CKOpOCTh (hepMEHTATHBHOM peaKIUH.

A. 3ABUCUMOCTb CKOPOCTH ®EPMEHTATUBHOI
PEAKITIH OT KOJIMYECTBA ®EPMEHTOB

ITpu npoBeneHnM (pepMEHTATUBHON peakiMU B
YCIIOBMSIX M30BITKA cybcTpara CKOpPOCTh peaklUu
OyneT 3aBUCETh OT KOHIIeHTpauuu depmenTa. I'pa-
¢uyeckas 3aBUCHMOCTb TAaKOM peakiiMi UMEET B
npsiMoil TMHKUK (pHC. 2-16). OJHAKO KOJIMYECTBO
¢epMeHTa YaCTO HEBO3MOXHO OIIPEICTUTh B ab6CO-
JIIOTHBIX BEJIMYMHAX, [I03TOMY Ha TIPAKTHUKE MOJIb3Y-
10TCS YCJIOBHBIMM BETMYMHAMU, XapaKTepU3YIOLLY -
MM aKTMBHOCTb (p€PMEHTA: OfHA MEXAYHapOmHas
equHuna aktuBHoct (ME) coorsercTByeT Tako-
My KOJNMYECTBY (DEPMEHTA, KOTOPOE KATATU3UPYET
npeBpalieHue 1 MKMoJib cybcTpaTa 3a 1 MUH npu
OINTUMAJIBHBIX YCJIOBUSIX MpOBeAeHUs (pepMeHTa-
TUBHOU peakiuv. ONTUMAIbHBIE YCIOBUS HHIM-
BUIYAIbHBI TSI KaXO0ro ¢epMeHTa M 3aBUCAT OT
TEeMITEPaTyphl cpenbl, pH pacTBopa, IIpH OTCYTCTBUH
aKTUBATOPOB M MHTMOUTOPOB.

2

'Bpema

Puc. 2-15. 3asucumocTb HakonneHus npopykrta (A) u y6binu cybcTpara (B) oT BpeMeHU (NPOAOMKNUTENbHOCTH) NPOTEKaHUs
peakuun. CkopocTb HEPMEHTATMBHON peakLMu onpeaenseTcs U3MEHEHUeM KOHLEHTpaLmMM npoaykTa unn cy6eTpaTa 3a eanHuLy Bpe-
MeHU. B peakumsax, katanuaupyemeix epmeHTamu 1 U 2, HavanbHas CKOPOCTb Peakuun, KaTanmampyeMomn hepMeHToM 1, HUXe, Yem
CKOPOCTb peakuuu, KaTanusnpyemoit epMeHTOM 2, Tak Kak TaHreHC yrna HaknoHa KacaTentsHoW K KpuBoi npotmnsa peakLvu, npose-
DOEHHOI M3 «0» TOYKM Yy BTOPOro )epmMeHTa Bbllle, Kak B Cy4ae HakonneHua npoaykta (A), Tak u ybbinu cy6eTpata (b). CkopocTb 8
nio6o MOMEHT BpemeHM t onpeaensieTcs TaHFEHCOM yma HakfoHa KacaTenbHOW K Npodunio peakumm B MOMeHT Bpemenn t. Mepuon
BPeMeHu hepMeHTaTMBHON peakuwn [t, — t,] xapakTepusyeTca nuHeliHbIM HakonneHuem npofykTa (Mnu y6einbio cybeTpata) B 3aBucu-
MOCTU OT ANMTENLHOCTH peakumu. Mepron PepMeHTaTUBHON peakuum [t, — t ] xapakTepnayeTcs HeNMHeNHLIM HaKOMNeHUeM NpoaykTa

(vnn y6binblo cy6BeTpaTa) B 3aBUCMMOCTM OT BPEMEHWU peakuuu.
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1 MKMOnb NpespalLéHHoro cybcTpara

1ME=
1 MUH

Komnyecto emumumu axktuBHoctTd nME ormpe-
JeNsioT 1o (popMyIie;

KonuuecTtBo npeBpaléHHoro cyberpaTa (MKMOnb)

n ME =
Bpems (MuH)

B 1973 r. Ob1a nNpuUHATA HOBasA €IUMHULA aKTHB-
HOCTH (pepMeHTOB: 1 Karayn (KaT), COOTBETCTBYIO-
LA TaKOMY KOJIMYECTBY KaTaau3aropa, KOTOpoe
npeBpaiaeT 1 Moib cyoerpara 3a 1 ¢. Konudectso
KaTajoB ONpeaessioT no gopMmyse:

Konunuectso npespawéHHoro cybectpaTa (Monb)

n katan =
Bpewms (c)

MexnyHapojaHasi eAMHULA (PePMEHTATUBHOM aK-
TMBHOCTH ME cBsi3aHa ¢ KarajJioM CIeOyIOLIUMU
pPaBEHCTBAMHU:

1 kar = 1 Mmosb S/c = 60 Mo/ S/MHH =
60x10¢ Mxmoumb/Mun = 6x107 ME,

1 ME = 1 mxmons/mMun = 1/60 Mxmoim/c = 1/60
MKKaT = 16,67 HKat.

B MenuLMHCKOM U apMalleBTHIECKON ITPAKTUKE
JUIS OLIEHKH aKTUBHOCTH (DePMEHTOB YacCTO UCIIOJIb-
3YIOT MEXIYHAapOIHbl€ €IMHUIIBI AKTUBHOCTH —
ME. )11 OLeHKH KOJMYECTBA MOJEKYN depMeHTa
cpeay Ipyrux OeJKOB HaHHOW TKAHUW ONPENENSIIOT
yAEJIBHYI0 aKTMBHOCTb (yA. aK.) depMeHTa, 4MC-
JICHHO PaBHYI0 KOJMYECTBY €IMHUII aKTUBHOCTH
depmenra (nME) B 06pasiie TKaHH, AETEHHOMY Ha
Maccy (Mr) Oenka B 3TOM TKaHH:

KonuuecTBo npeBpaléHHoro cybctpara (Mkmonb)

Ya. ak. =

Bpems (MuH) x konuuecTBO 6enka (Mr)

Ilo ymenbHON aKTMBHOCTH CyIAT 00 OYMCTKE
(depMeHTa: YeM MEHBLIE TOCTOPOHHUX OEJIKOB, TEM
BbILIE Yy/€IbHAsA aKTUBHOCTb.

B. 3ABUCMOCTh CKOPOCTU ®EPMEHTATUBHON
PEAKIIIH OT.TEMIIEPATYPEI CPE/bI

IloBblIeHHE TeMIIEpaTYpPhl [0 ONpPEAEAEHHBIX
MPEAEIOB OKA3hIBAECT BIMSHUE HA CKOPOCTh (ep-

HavanbHas ckopocTb

KoHueHTpauun epmenTa

Puc. 2-16. 3aBMCUMOCTb CKOPOCTU (hepMEeHTaTHBHOW peak-
uum (V) oT KOHLeHTpauun hepmenTa.

MEHTaTUBHOM peakLUWy, NOJOOHO BIUSHHIO TEMIIEe-
paTypbl Ha JIOOyI0 XMMHYECKYI0 peakuvio. C rmo-
BBIILICHUEM TEMIIEPATYpbl YCKOPSETCS IBHXCHUE
MOJIEKYJI, YTO IIPUBOIHUT K ITOBBIIIEHHIO BEPOSITHO-
CTH B3aMMOJCVUCTBUS pearupylolmx seiliects. Kpome
TOrO, TEMIIEpATypa MOXET TOBBIIIATh SHEPTHIO pe-
arupyIoLuX MOJIEKYJ, YTO TaAKXKe IPUBOAMT K YCKO-
peHuUIo peakiiu. OIHAKO CKOPOCTh XUMHUYECKOM pe-
aKLIMM, KaTau3upyeMasi (pepMEHTaMH, UMEET CBOM
TEMIICPATYPHBII ONTUMYM, MPEBBIILIEHUE KOTOPOrO
COIPOBOXIACTCS MOHVDKEHHEM (PepMEHTATUBHOMN
aKTUBHOCTH, BO3HMKAIOLIUM H3-3a TEPMUYECKOM
JeHaTypaly 6eJKoBoi MoJieKyisl (puc. 2-17).
Hnst OonplMHCTBA (DEPMEHTOB 4YEJIOBEKA OITH-
MajbHa Temneparypa 37—38 °C. OnmHako B npupome
CYLIECTBYIOT M TepMocTaOwibHble (pepMeHThl. Ha-
npumep, Taq—nojmMepasa, BbIICJICHHAs U3 MUK-
POOPraHU3MOB, XWBYIIMX B TOPSYMX MCTOYHMKAX,
He WHAKTUBUPYETCSA IpH IOBBIILICHUM TEMIIEpAry-
pH 10 95 °C. DTOT hepMeHT UCTIOIL3YIOT B HAyYHO-
MPaKTHYECKOW MCOULIMHE IUII MOJNEKYJISIDHOW IH-
arHOCTUKH 3200J1€BaHMH C UCMOJIB30BAHUEM METOA
nojuMepasHoi 1ienHoi peakuuu (ITLP).

v MakcuManbHas
MKMOND/MMH 1 KaTanuTu4eckan
aKTMBHOCTb
Karanutudeckan

aKTUBHOCTb Katanutuyeckas

BO3pacTraerT, AaKTUBHOCTb
/ CHUWXeHa

1 i 1 1 1

0 10 20 30 40 50

] »
60 t,°C

Puc. 2-17. 3aBUCUMOCTL CKOPOCTU hepMeHTATUBHOK peak-
uuu (V) ot Temnepatypbl.
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B. 3ABUCHMOCTH CKOPOCTU
®EPMEHTATUBHOI PEAKLMM OT PH CPEIEI

AXTHUBHOCTb ¢hepMEHTOB 3aBUCHT OT pH pacrtBopa,
B KOTOPOM MpoTeKaeT (hepMeHTaTUBHAs peakiyst, [
Kaxnoro ¢epMeHTa cyHiecTByeT 3HayeHWe pH, mpu
KOTOpOM HalJmoaeTcsi €ro MAaKCUMaTbHAsA aKTUBHOCTb.
OTKJIOHEHHE OT OIITUMATBHOIO 3HaYeHust pH mpuBo-
JIUT K TIOHVKEHUIO (PEpMEHTAaTUBHOM aKTUBHOCTH.

Bmgrue pH Ha akTUBHOCTE (hepMEHTOB CBS3aHO
C VMOHHM3aITHeN (DYHKITMOHANBHBIX IPYIIIT aMUHOKHC-
JIOTHBIX OCTATKOB JJAHHOTO 0ejKa, 06eCIIeuMBaloIiX
ONTHMAIBHYI0O KOH(MOPMAIIMIO aKTHBHOIO ILEHTpa
epmenta. Tlpy n3MeHeHnu pH OT OnMTUMAJIBHBIX
3HAYEHUI TIPOMCXOMUT U3MEHEHHE MOHM3AIMH (hyH-
KIIMOHATBLHBIX TPy MOJIEKyIbl Oenka. Hampumep,
TIpY 3aKUCJICHWHA CPEIbl MPOMCXOTUT MPOTOHUPOBA-
Hue cBoOOmHbIX amuHorpymn (NH,*), a npu 3amue-
JIAYMBAHMM TIPOMCXOIUT OTHICIUIEHUE IIPOTOHA OT
Kap6okcWIBHEIX Tpymrl (COO™). B1o NPUBOAUT K U3-
MEHEHHIO KOH(OpMalluu MOJIEKYIbl (pepMeHTa B
KoH(pOopMaIlu aKTMBHOTO IIEHTpa; CJIEIOBaTENbHO,
HapylllaeTcsl MpUCOeANHEHNE cyOcTpaTta, KodakTo-
pOoB U KOdEpMEHTOB K aKTUBHOMY IIeHTpY. Kpome
TOro, pH Cpeabl MOXET BIIUSITE HA CTETIEHb MOHU3a-
LIMY WIK IIPOCTPAHCTBEHHYIO OpraHU3aifIo CyOcTpa-
Ta, YTO TaKKe BIMSET Ha CPOICTBO CyOCTpara K ak-
THUBHOMY 1IeHTpy. IIpyd 3HaYHTEILHOM OTKIOHCHUM

F — —— e e Y

OT ONITUMAJILHOTO 3HaYeHus1 pH MOXeT IPOMCXONUTD
JeHaTypauusi 6eJIKOBOM MOJIEKY/IbI C MOJHOM I0Te-
peit pepMEHTaTMBHOM aKTUBHOCTH.

OrnrrumyM 3Ha4eHud pH y pa3HbIx (p¢pMEHTOB pa3-
JUYHBIA (puc. 2-18). @epMeHThl, paboTarollude B
KUCJIBIX YCJIOBUSIX Cpelbl (HanpuMep, MEeTCHH B Xe-
JIyIKE WM JIM30COMaNIbHBIE (DEPMEHTDI), 3BOJIOLIM-
OHHO TIpHOOpETalT KOHGOpMaLIUo, 00ecreYnBalo-
1Iyio paboty depMeHTa NpYU KUCAbIX 3HaueHusx pH.
Onnako 6osblliasi 4acTh (hepMEHTOB OpraHu3Ma Ye-
JIoBeKa uMeeT ontumyM pH, 6aM3kuit K HeHTpab-
HOMY, COBMAAaIoOlIUil ¢ (PUINOIOTUYECKMM 3HAYe-
HueMm pH (tadm. 2-1).

Tabnuua 2-1. OnTuMansHble 3HaveHus pH ans HekoTopbIX
thepmeHTOB

DepmeHT OnTumaJbHoe 3HaveHue pH
Tencun 1,5-2
ITupysat- 48
KapbokcHiasa
Katanasa 6,87
®ymapasa 6,5
Vpeasa 6,8-7,2
Kabokcumnenruaasa 7,5
Tpuncun 6,5-7,5
ApruHaza 9,5-9,9

1 1 ! 1 1 1 L e 1 1 1 >
1 2 3 4 5 6 8 9 10 11 12 pH
MencuH Tpuncux LenoyHas

doccarasa

Puc. 2-18. 3aBHCUMOCTL CKOPOCTH hepMeHTaTUBHOW peakuuu (V) ot pH cpeppi.
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I'. 3ABUCMMOCTD CKOPOCTH ®EPMEHTATHBHO¥M
PEAKIIIA OT KOJIMYECTBA CYBCTPATA

Ecin koHueHTpauuio (pepMEHTOB OCTaBUTh MO-
CTOSIHHOM, M3MEHSISI TOJBKO KOJIMYECTBO CyOCTpa-
Ta, TO I'papuk CKOpOCTU (epMEHTATUBHON peak-
LMK OIHCBIBAIOT rumnepoosoi (puc. 2-19).

[Ipu yBeJMueHUM KONWYECTBA CyOCTpaTa Havalb-
Hasi CKOpocTb Bo3pactaeT. Korma ¢gpepmMeHT craHo-
BUTCSI TIOJIHOCTBIO HACBILLIEHHBIM CyOCTpaToM, T.€.
MPOUCXOAUT MAaKCHMAaJIbHO BO3MOXHOE IPU JaH-
HOH KOHlieHTpauuu (epMeHTa HOpPMHPOBAHUE
tbepMeHT-cyOCTpaTHOrO KOMILIEKCA, HaOIIOJAI0T
HauOOJBIIYI0O CKOPOCTh 00pa3oBaHUsl MPOAYKTA.
JanbHeliiree TIOBbIIIIEHHE KOHLUEHTPALIMU CyoCcTpa-
Ta He MPUBOJIUT K YBEJIWYEHUIO 0Opa3oBaHUs Mpo-
JYKTa, T.€. CKOPOCTb peaklMi He Bo3pacrtaeT. JlaH-
HO€ COCTOSIHHME COOTBETCTBYET MaKCHUMaJlbHOU
CKOPOCTH peakuuu V.

Takum 06pa3oM, KOHLEHTpaLMsl hepMeHTa — JIU-
MUTHPYIOIINIA (pakTop B 0OpPa30BaHUU IMPOIYKTA.
D10 HaAOMIOOEHME JIETJIO B OCHOBY (DEpMEHTATHUB-
HOM KMHETUKM, pa3paboTraHHON yuyéHbiMM JI. Mu-
xasucoMm 1 M. MenteH B 1913 1.

MdepMEHTAaTUBHBIN TPOIIECC MOXHO BbIPA3UTh
CAeaYIOINM ypaBHEHUEM:

k4 ko
E+S = ES — E+P
K.y

rae k, — KOHCTaHTa CKOpOCTH 0GpasoBaHUsA ¢ep-
MEHT-CYOCTPaTHOrO KOMIUIEKCA; K | — KOHCTaHTa
CKOpOCTH OOpaTHOIl peakiuiMu, pacrnaga ¢pepMeHT-
CyOCTPaTHOrO KOMILIEKCA; K, — KOHCTaHTa CKOpO-
CTU 00pa30BaHMs NPOAYKTa PEAKLIMHU.

Crenymolllee COOTHOIIIEHUE KOHCTAHT CKOPOCTEi
(k_, + k,))/k, HasbIBalOT KOHCTaHTOM Muxasmuca u
obosHavarwr K .

CKOpOCTh peakIIMy MPOMOPLIMOHATIbHA KOHIIEH-
Tpauum depMeHT-cyocTpaTHOro Komiuiekca ES, a
CKOpOCTh OOpa3oBaHus ES 3aBUCHUT OT KOHIIEHT-
pauuu cybcTpara U KOHUEHTpaUuM CBOOOIHOIO
depmenTa. Ha xkoHuentpauumo ES Biauser cko-
poctb hopMupoBaHus U pacriaga ES.

HauGobias CKopocTh peakuuy HabMomaeTcst B
TOM CJIy4yae, KOTJa BCE MOJIeKyJibl (hepMeHTa Haxo-
ISATCSl B KOMIUIEKCE C CyOCTpaToM, T.e. B (pepMeHT-
cyocrpatHoMm KoMruiekce ES, T.e. [E] = [ES].

3aBUCHMOCTb CKOPOCTH (hepMEHTATHBHOM peak-
1IMUY OT KOHLIEHTpalMX CyOCcTpaTa BEIPAXKAETCS Clie-
IYIOIITUM YpPaBHEHMEM (MaTeMaTW4YeCKOE BhIBEIE-
HHUE 3TOM (POPMYJIbI MOXHO HaWTH B TIOCODUSIX TIO
¢bepMEeHTaTUBHOM KUHETHKE):

V= Vmax[S]
Km + [S]

D10 ypaBHeHHE TOJYyYHJIO Ha3BaHWE YPaBHECHUS
Muxasnuca—MeHTEH.

B cnydyae, xorma CKopocTh peakiluM paBHa TO-
N0oBUHE MakcumanbHOM, K = [S] (puc. 2-19). Ta-
KM 0o0pa3oM, KOHCTaHTa Muxasjuca YMCJIEHHO
paBHa KOHLEHTpallMu cybcTpara, Mpu KOTOPOI
JIOCTUTAETCS MOJOBMHA MaKCHUMaJIbHOI CKOPOCTH.

VpaBHeHue Muxasnuca—MeHTeH — OCHOBHOE
ypaBHeHUEe (EPMEHTATUBHOM KMHETUKU, OIUCHI-
BAIOUIEE 3aBUCHMOCTb CKOPOCTH (P€pPMEHTATHUBHOM
peakLuy OT KOHLEHTpaluuu cybcrpara.

Ecau KOHIEHTpalusa cyOcTpaTa 3HAYUTEJIbHO
Gompiie K (S>>K ), TO yBeIMyeHUe KOHUEHTpaA-
uuM cyOcTpara Ha BeaMuuHy K rnpakTUyecku He
BisteT Ha cymmy (K + S) u €€ MOXHO cuMTaTh
paBHOI KOHIEHTpaluuu cybctpara. CiaenoBaTesb-
HO, CKOPOCTb peakKlUM CTAHOBUTICS PaBHOIl Mak-
CUMaJIbHOM ckopocT: V =V . B 3THX yCioBusix
peakuusi UMeeT HyJIeBOM MOpsIOK, T.€. HE 3aBUCHUT
OT KOHIEHTpalUuu cybcTpata. MOXHO caeaTh
BBIBOI, YTO V__ — BEJIMYMHA MMOCTOSHHAA LTS JaH-
HOM KOHHEHTpaLM¥ (epMeHTa, He 3aBUCSILAS OT
KOHLIEHTpalM1 CyOCTpara.

Ecnu KoHUeHTpanus cybcrpaTta 3HAaYUTEJIbHO
menbiie K_(S<<K ), To cymma (K + S) npumep-
Ho paBHa K, cienosarensHo, V=V _ [S]/K  T.e.
B JAaHHOM CJIy4yae CKOpPOCTb peakiIMu NpsIMO IIpo-

HavanbHas ckopocTs
=
=
o
>

|
i
i
i
i
¥
Kn [s]

Puc. 2-19. 3aBucuMocTs cCKOpocTH peakuum (V) OT KOHUEHT-
pauuu cybctpata S. V_ — MakcuManbHas CKOpPOCTb peakuvm

NPy AaHHON KOHUEHTPaUWUN (hepMeHTa B ONTUMANLHLIX YCIIOBUAX
nposeaeHnsa peakuun. K — koHcTaHTa Muxaanuca.
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NOPUMOHATIbHA KOHLUEHTPALUK CyOocTparta (peakuus

HWMeEET TEPBBI TTOPSIIOK).

V., 1 K — KUHETHYECKHME XapaKTEPUCTHKH 3¢)-
¢heXTUBHOCTH (hepMeHTA.

V__ Ha€T XapaKTepUCTUKY KAaTAIUTHYECKOM aKTUB-
HOCTU (hepMEeHTa U UMeeT PasMEPHOCTb CKOPOC-
T (GEPMEHTATUBHOMW peakLUM MOJIb/M, T.€.
OnpelesisieT MaKCUMAJIbHYIO BO3MOXHOCTb 00pa-
30BaHUs MPOJYKTa NPU JAHHON KOHLIEHTpalUWH
¢depMeHTa U B YCIOBUSIX M30bITKa cybcTpara.

K XapakTepusyeT CpPOICTBO JaHHOTO (epMeHTa K
JAHHOMY CYOCTpaTy W SIBJISICTCS BEIUYMHOM MO-
CTOSHHOM, HE 3aBUCAIIECHA OT KOHLEHTpPaUVH
Gbepmenta. YeMm Menbine K, Tem 6oibiue cpoa-
CTBO bepMeHTa K TaHHOMY CYOCTpaTy, TeM BbIllIe
HayajJbHasi CKOPOCTb PeaklUMM U Hao0OpoT, YeM
6ompiie K, TeM MeHblle HayajbHass CKOPOCTh
peakiuu, TeM MEHbILE CPOACTBO (EpMEHTa K
cybcTpary.

Ha puc. 2-20 npencrapieHa 3aBUCMMOCTb CKO-
pocTy ABYX (hepMEHTATUBHBIX peakiiuii (1 u 2) ot
KOHUEHTpaluu cyocrpata. KoHcraHta Mwuxasnu-
ca nepBoro (pepMeHTa MEHBIIE KOHCTAHThI Muxa-
anuca Broporo ¢pepmenta (K <K ). Crenoareib-
HO, CPOJCTBO IepBOro ¢pepMeHTa K CcyOCTparty
BBILLE, Y€M Y BTOpOro ¢GbepMeHTa, U HadaJlbHasi CKO-
pPOCTBh PEAaKIIMM, KATATU3UPYEMOM IepBbIM (DepMEH-
TOM, BBILIE B CPABHEHUH CO BTOPHLIM (DEPMEHTOM.

VI. UHTUBUPOBAHUE
®EPMEHTATUBHOW
AKTUBHOCTHU

[Ton TepMHMHOM <«MHrMOMpoOBaHUE (epMeHTa-
TUBHOW aKTUBHOCTHU» MOHUMAIOT CHUXEHHUE Ka-

Vi,

depmeHT 1
Vmax |-———————=—-———==

depMeHT 2

1/2 Vinax

| |
I |
| |

|
| {
| |
| |
1

| >
»

Km; Kmj, [S]

Puc. 2-20. BnusiHue pa3anu4HbIX KOHUEHTpauui cybetparta Ha
CKOPOCTb peakuum, KaTanuaupyemMoin cepmeHtammn 1 v 2.
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TaTATUYCCKON aKTMBHOCTU B TPUCYTCTBUU OIpe-
JNETEHHBIX BEIIECTB — WHrHOMTOpOB. K MHrHOU-
TOpaM CJelyeT OTHOCHUTD BEIIECTBA, BbI3bIBAIOIIME
CHUXEHHME akTUBHOCTH (pepmeHTa. Cienyer OT-
METUTb, YTO BCC JCHATYPUPYIOLIME ar¢HTHI TaKXKe
BBI3BIBAIOT YMEHBIIIEHHE CKOPOCTH Jtoboit dep-
MEHTAaTUBHOM PEAKIIMHU, BCJEACTBUE HecCHelubHU-
YEeCKOM NCHATypaluM OCIKOBOM MOJIEKYJIbI, IO-
3TOMY JEHATYPUPYIOUIME areHTbl K MHIMOMTOpaM
HE OTHOCSIT.

MHrUOUTOPHI BHISBIBAIOT OOJIBIION UHTEpEC it
BbISICHCHUSI MEXaHHU3MOB (hepMEHTATUBHOTO KaTa-
Ji3a, TTIOMOTaloT YCTAHOBUTh POJib OTAEIbHBIX (dep-
MEHTOB B METa0ONIMYECKHUX IYTSIX OpraHu3ma.
B ocHoOBe neiCTBUS MHOTMX JIEKAPCTBEHHBIX IpeE-
1apaToB U SIA0OB JIEXXUT WHTMOMPOBAaHWE aKTHMBHO-
CTH (DEPMEHTOB, NTO3TOMY 3HAHHUE MEXAaHU3MOB 3TO-
ro mpolecca KpaHe BaXXHO IUIS MOJIEKYJISIPHOMN
¢apMakosOrMM ¥ TOKCHKOJIOTHH.

MHruburopsl Crioco0Hbl B3aMMOJAEHCTBOBATh C
(epMeHTaMu ¢ pa3HO# CTENEHBIO MPOYHOCTH. Ha
OCHOBAaHMM 3TOTO pa3InyYyaloT o0paTUMOE M HEO-
Oparumoe uHruOMpoBaHue. [lo MexaHu3My neii-
CTBUSI MHTMOUTOPHI NOAPA3AEISAIOT HAa KOHKYPEHT-
HbI€ U HEKOHKYPEHTHBIC. '

A. OBPATUMOE MHTHBUPOBAHME

OOpaTUMbIe UHTUOMTOPBI CBA3BIBAIOTCS ¢ dep-
MEHTOM C/1a0bIMUA HEKOBAICHTHBIMH CBSI3SIMHM U IIPU
OTpEJEEHHBIX YCIOBUSX JIETKO OTACJSIOTCS OT
depmeHTa. O6paTHMble ”HTMOUTOPEI OBIBAIOT KOH-
KYPEHTHBIMM U HEKOHKYPEHTHBIMM.

1. Konuxypenmnoe unzubupoeanue

K KOHKYpeHTHOMY WHTMOWPOBAHHWIO OTHOCST
00paTUMOE CHUXEHHUE CKOPOCTU (DepMEHTATUBHOM
peaklyH, BbI3BAHHOE MHTHOMTOPOM, CBSI3BIBAIO-
IIAMCS C aKTMBHBIM HEHTPOM (epMEeHTa M IIpe-
MSTCTBYIOILMM 00pa3oBaHHUIO (epMeHT-CyOCTpat-
HOro KoMmIuiekca. Takoil TUn WHrubupoBaHUs
HaOJIIOJAI0T, KOTAa MHTMOMTOP — CTPYKTYPHBII
aHajor cyocTpara, B pe3yjabTaTe BO3HUKAeT KOH-
KypeHLIMsT MOJIEKYJT cyGcTpaTa MU MHrMOMTOpa 3a
MECTO B aKTMBHOM LIEHTpe (pepMeHTa. B 3TOM City-
yae ¢ (epMEeHTOM B3aUMOICHCTBYeT JaUbO CyO-
cTpar, Tu00 MHrUOMTOpP, 00pa3ysd KOMIIJICKCHI
depment-cyocrpar (ES) uiau pepMeHT-UHTUOU-
top (EI). Ilpu dopMupoBanuu Komiuiekca ¢ep-
meHta ¥ uHruouropa (EI) mpoaykr peakuuu He
obpasyetcs (puc. 2-21).



J11s1 KOHKYpEHTHOI'O THNa MHITHOMpPOBaHMsE Cripa-
BEIUIUBbI CIJIEAYIOUINE YpaBHEHUS:

E+S<ES—>E+P,
E + 1< EL

Kiaccuyeckuit npumep KOHKYPEHTHOTO MHIHOU-
POBaHMA — MHTMOMPOBAHKE CYKIIMHATAETMAPOreHas3-
HOM peakiy MAJIOHOBOM KHMCIOTOM (puc. 2-22). Ma-
JIOHOBas1 KMCJIOTAa — CTPYKTYPHBIA aHATOT CyKLIMHATA
(Hamfyue IBYX KapOOKCHIBHBIX TPYIIN) U MOXET TaK-

N~

Yuyactok Katanu-
CBSi3blBa- TUYECKUI CBA3bLIBA-
y4acToK HUsA

K€ B3aMMOIECHCTBOBATH C AKTUBHBLIM LIEHTPOM CYKIIW-
HaT jaeruaporeHasbl. OMHAKO OTILETUIEHME ABYX aro-
MOB BOJIOpOIa OT MAJIOHOBOM KHCJIOTbI HEBO3MOXHO;
CJIEIOBATE/IBHO, CKOPOCTh PEAKLIMM CHUXKACTCS.

Kunernueckue 3aBHCHMOCTH

KOHKypeHTHbIE UHTUOMUTOPH YMEHBIIIAIOT CKO-
POCTb XMMMYECKON peakMu. KOHKYpEeHTHbI MHTH-~
Ourop nosbiuaer K s nanHoro cy6erpara (yMeHb-
11aeT CpoACTBO cybcTpaTa K depMeHTy). ATO
O3HayaeT, YTO B IIPUCYTCTBMM KOHKYPEHTHOIO WH-

L

Yyvacrtok

E+S+1I

Yuactok. Katanu- Yuacrtok
CBA3blBa- TUYECKUIA CBA3bIBA-
y4acTok HUs

E

ES

|

N

E+P

Yyactok Katanu- Ywvactok
CBsi3blBa- TUYECKUA CBA3bIBA-
HUs y4acTok HUA

E

El

Puc. 2-21. CxeMa KOHKYPEHTHOro MHrH6UpPOBaHMS aKTMBHOCTH hepMeHTa.
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ruéuropa HeoOxoauMa GosbIlias KOHIIEHTpalus Cy0-
CTpara Juisl JOCTHXeHus 1/2 V.

YBenuyeHre COOTHOILIEHHSI KOHIIEHTPaLUK Cy0-
cTpaTa U UHTMOUTOpA CHUXKAEeT CTeNEeHb WHTHOHU-
poBaHust. Ilpu 3HauuTEeNbHO 0OJie€ BBHICOKMX KOH-
LIEHTPaLMsX CyOCTpaTa MHTMOMPOBaHUE MTOJTHOCTHIO

CyKlJ‘VlHaT,ﬂer waporeHasa

Puc. 2-22. MpuMep KOHKYPEHTHOro MHrMGMPOBaHUS CyKUUHAT-
AerMaporeHa3bl ManoHOBOW KMCNOTOM. | — CyKUMHAT CBA3bIBA-
€TCA C aKTUBHbLIM LISHTPOM (hepMeHTa cyKuuHaraernaporeHasb;
Il — B x0O© PepMEeHTATUBHON peakLmu NPOUCXOANT OTILenNeHne
ABYX aTOMOB BOAOPOAA OT CyKUMHATa U NPUCOBAUHEHNE UX K KO-
¢depmenTty FAD. B pesynbrate ob6pasyetcs gymapaT, KOTOpbIi
BbICBOGOXAAETCS U3 aKTUBHOIO LEHTpa cykuvHaTaeruaporeHa-
3bl; Il — ManoHoBas KucnoTa — CTPYKTYPHBIN aHanor cykuuHara,
OHa TaKxe CBA3LIBAETCH C aKTUBHBLIM LEHTPOM CyKuuHaTaerva-
poreHasbl. [Mpn 3TOM xuMKUyeckas peakuvs He upért.

MCYE3aET, TOTOMY YTO aKTHBHBIE LIEHTPHI BCEX MO-
Jiekyn ¢epMeHTa OYyIyT HAXOOUTLCA NMPEUMYIIe-
CTBEHHO B KOMIUTEKCE C CyOCTpaTom.

JlexkapcTBeHHble NpenapaThl KaK KOHKYPEHTHbIE
HHTHOMTOPBI

MHorue JeKapCTBEHHbBIE MpenapaTbl OKa3bIBa-
0T CBO€ TepareBTUYECKOE NEWCTBME MO MEXaHU3-
My KOHKYPEHTHOTrO WHrubupoBaHus. Harmpumep,
YETBEPTUYHbBIE AMMOHUEBBIE OCHOBAaHMS WMHIUOU-
PYIOT aleTUIXOJUHICTEPA3y, KATAIU3UPYIOIIYIO
peakUHUIO THAPOJIM3a alleTUIIXOJIMHA HA XOJUH U
YKCYCHYIO KHCIOTY (CM. CXEMY HUXE)

Ipu n106aBaCeHUY UHIMOUTOPOB AKTMBHOCTD alle-
TUJIXOJIUHACTEepa3bl YMEHbIIAETCS, KOHLIEHTpALs
alleTUJIXONIMHA (cyOcTpaTa) yBEIWYMBAETCS, YTO
CONPOBOXAAETCSl YCWICHUEM ITPOBEACHUST HEPBHOTO
umityjibca. MTHrMOMTOPBI XOJAMH3CTEpa3bl UCIOJb-
3YIOT TPU JICUCHUM MBIIICYHBIX TUCTpoduit. Dd-
(beKTUBHBIE aHTUXOJIUHAICTEPA3HbIe TMpernaparbl —
Mpo3epyH, 3HAPoGOHUI U ap. (puc. 2-23).

AHTHMETA00MTbI KAK JICKAapCTBEHHBIC Npenaparsbl

B xadecTBe MHIMOUTOPOB (PEPMEHTOB IO KOHKY-
PEHTHOMY MEXaHU3My B MEIMIIMHCKON IPaKTHUKE
KCMOJIB3YIOT BEILECTBa, Has3bIBAeMble aHTHMETA00-
JIUTaMU. DT COeOUHEHUs, OyIyYn CTPYKTYPHBIMU
aHaJioraMu MpUPOIHBIX CyOCTPATOB, BHI3BIBAIOT KOH-
KYPEHTHOE€ MHTMOMpOBaHME (DEpMEHTOB, C OXHOM
CTOPOHBI, U, C IPYTOi — MOTYT UCIOJIb30BAThCS ITH-
MU Xe (PpepMEHTaMHU B Ka4eCTBE ICEBIOCYOCTPATOB,
YTO MPUBOIUT K CHUHTE3Y aHOMAJIBHBIX MMPOIYKTOB.
AHOMaJIbHbIE MPOAYKTbI HE 06JanaioT ¢GpyHKUMO-
HaJIbHON aKTHBHOCTBIO;, B pe3yNbTare HaOMIOAaioT
CHIDKEHHME CKOPOCTU OIPEIEIEHHBIX METa0oIMYec-
KUX TIyTEH.

B xadecTBe JIeKApCTBEHHBIX [PEIapaToB UCITONb-
3yIOT CJeIyIolliie aHTUMETA0OMUTHI: CYIb(haHMII-
aMMIHBIe TIperiapathl (aHaJIOrvM mapa-aMHHOOEH-
30MHON KUCJIOTBI), NPUMEHSIEMbIE IS JICYCHUS
WH(peKIIMOHHBIX 3ab0neBaHmii (CM. pasznen 9), aHa-
JIOTH HYKJIEOTHJIOB Uil JICUEHUS] OHKOJIOTMYECKUX
3a6oseBaHuit (cM. pasmen 10).

o AueTunxonuHacTepasa o
CHs_ + I Hs_ + I
CH;~N—CH;~CH;-O—C—CH; + H.O ————  CH3ZN-CH;~CH;-OH + HO—-C-CHs
CH3 CHS
AueTUnxonud XonuH YkcycHasa kucnoTa
Cxema
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2. Hexonkypenmnoe umzubupoeanue

HeKoOHKYpeHTHBIM Ha3bIBAIOT TaKoe MHTHOMpO-
BaHME (PEPMEHTAaTUBHOW DEaKLUUU, IIPU KOTOPOM
WHTUOUTOP B3aMMOEHCTBYET ¢ (hepMEHTOM B ydac-
TKe, OTJTMYHOM OT aKTHBHOrO LEeHTpa (puc. 2-24).
HekoHKypeHTHbIe THTMOUTOPBI He SIBIISTIOTCST CTPYK-
TYPHBIMU aHAJIOraMu cybcrpara.

HekoHKypeHTHBI HHTUOUTOP MOXKET CBSA3bIBATh-
cs oo ¢ depMeHTOM, JTMbO ¢ pepMeHT-cybeTpar-
HBIM KOMITJIEKCOM, 0Opa3ysl HEAKTUBHbII KOMILIEKC.
[IpucoenuHeHe HEKOHKYPEHTHOTO MHTUOUTOpa
BBI3BIBAaCT M3MEHEHHE KOH(MOPMALIMU MOJIEKYJIbI
(hepmeHTa Takum 06pa3oM, YTO HApYLIAETCSl B3au-
MOJEMCTBUE cyOcTpaTa ¢ aKTUBHBIM LIEHTpOM ¢ep-
MEHTA, 4TO TIPUBOJMT K CHUKEHUIO CKOPOCTH ¢ep-
MCHTATUBHOW DPEAKIIVH.

Kunetnyeckue 3aBHCHMOCTH

Kunetndyeckasi 3aBUCUMOCTb HEKOHKYPEHTHOTO
HHIMOMPOBAHUS MpeAcTaBjieHa Ha puc. 2-25. 3tor
TUIT MHrUOMPOBAHUS XapaKTepPU3YeTCs] CHUKEHU-
eM V__ (hEePMEHTAaTUBHOM pEeakiMy U YMEHbUIEHH-
€M cpojicTBa cybcTpara K epMeHTy, T.e. YBEeIU4de-
Huem K .

b. HEOBPATUMOE WHIMBHMPOBAHME

HeobpaTMoe WHrmbupoBaHUe HaOJIOIAIOT B
cydyae 06pa3oBaHMsI KOBAJIEHTHBIX CTaOMJIbHBIX
CBSI3EH MEXITy MOJICKYJIOi MHrubutopa u gepMeH-
ta. Yawe Bcero Moau¢UKallMd MOABEpraeTcs ak-
TUBHBIN 1LEeHTp ¢epMmeHTa. B pesynabrate dpepMeHT
HE MOXET BHITIOJIHATh KaTATUTUYECKYIO (PYHKIIMIO,

K HeoOpaTMMbIM MHIMOMTOPAM OTHOCST MOHBI
TSLKEIBIX MeTajL1oB, HarpuMmep prytu (Hg?'), ce-
pebpa (Ag") 1 Mbibska (As*'), KOTopble B MaJIbIX
KOHIEHTPALUMIX OJOKMPYIOT CYNb(PTrUIpUIbHbIC
TpYNMbl aKTUBHOro HeHTpa. CyOoCcTpaT mpu 3TOM
He MOXET TIOABEpPraThCsl XUMHUECKOMY TIpeBpaliie-
HuO (puc. 2-26). [Ipy HanMyuu peakTUBATOPOB
depMeHTaTBHaAsA (YHKIMSI BOCCTAHABIMBACTCH.
B 60JbILIMX KOHIEHTPAUMSX HMOHBI TSEKENBIX Me-
TAJUIOB BBI3BIBAIOT JeHATYpALMI0 OEJIKOBOM MoJie-
KyJibl (pepMeHTa, T.€. IPUBOIAT K TITOTHOI MHAKTHU-
BauuK (pepMeHTa.

1. Cneyuguveckue u necneyuguveckue
UH2ubUmMOpbH!

HUcnonb3oBaHue HeoOpaTMMbiX WHTMOHUTOPOB
npencrapisieT GONbILIOW MHTEPEC IS BLIICHCHMSA

'maponus
ahrpHoOK CBA3K

CH3 CH3
+ s
CH, CHZ—O%CI:—O—H

/N\

CHa

2 ¢

A
Katanutu-
YuacTtok Yeckun
CBS13bIBaHUA y4acToK
AueTUnNxonuHacTepasa
HsC CH3
CHs; N
+ |
N= {O)—0—%—Cc—0—H
CHs CH3 ]
V7772 A ?
B
S
CoHs
4
CH3 CHs |
v 7777 (ID
B
©

Puc. 2-23. Cxema aKTMBHOIO LEHTPa aueTUAXONNHICTEpa3bl.
A ~ NpyUcoeanHeHne aueTUnxonnHa B akTUBHOM LEeHTpe depmeH-
Ta. CTpenkoi ykasaHo MeCTo rupponuaa aMpHoi CBSIan B Mone-
Kyne aueTunxonuHa; b — npucoeguHeHne KOHKYPEHTHOrO MHINGK-
Topa — Mpo3epuHa B aKTMBHOM UEHTpe depmeHTa. YkasaHo
MEeCTO ruaposnn3a npo3epuHa, OfiHako peakuus vaéT HamHOro
MeaneHHee, YeM ¢ aueTUNXONUHOM; B — npucoefHeHne KOHKyY-
PEHTHOrO MHIMOUTOPa B aKTMBHOM LEHTpe depMeHTa — 3HOpO-
(PoHUA. DHAPOGOHUIA CBA3LIBAETCA B aKTUBHOM LEHTPe aueTun-
XONMH3CTEpasbl, NPENATCTBYS NPUCOSAMHEHUIO aLETUNXONMHA.

MexaHu3Ma aeiictBusi depmeHToB. C 3TOM HLeEsbIo
TIPUMEHSIIOT BEILIECTBA, GJIOKMPYIOILME OTIPEIETEH-
HBIE TPYIIBI aKTUBHOIO LeHTpa depmeHTOB. Ta-
KW€ MHIMOMTOPBI Ha3bIBaIOT crieliupuyeckuMu. Psan
COEIMHEHUI JIETKO BCTYIIAET B PEAKLIMU C OMpee-

105



ES

l
\l/

" ™

E+P

AKTUBHbLIA
U L___l U UEHTp He
KOMNeMeH-
TapeH
cybetpaty
E
El

Puc. 2-24. Cxema HEeKOHKYPEHTHOTO MHIMOMpOBaHUA aKTUBHOCTH thepMeHTa.

JEHHBIMH XUMUMEeCKUMU rpyrinamMu. Eciu atu rpyr-
ITBl YYacTBYIOT B Karajiu3e, TO IIPOMCXOXHT MOJTHAasI
MHAKTUBaUus (epMeHTa.

Posib riIpOKCHIIBHBIX IPYIII CEPUHA B MEXaHU3-
Me Karajn3a UCCIEAYIOT ¢ IoMollbio propdocda-
TOB, HaripuMep Auusonponwidropdocdara. Juu-
sonponuidropbochar (APDP) cneuubudecku
pearupyer JIMIIb C OAHUM M3 MHOTHMX OCTaTKOB Ce-
pHMHa B aKTUBHOM LieHTpe ¢epmeHTa. Octatok Cep,
CrIocoOHbIi pearupoBath ¢ J1P®, UMeeT HACHTHY -
HO€ WIM O4YeHb CXOIHOE€ AMMHOKMCIIOTHOE OKpY-
xeHue (Tads. 2-2). BeIcokasi peakilMOHHasi CIO-
COOHOCTB 3TOrO OCTaTKa MO CPAaBHEHUIO C IPYTUMH
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ocrarkaMu Cep 06ycnoBIeHA aMHHOKUCIOTHBIMU
OCTAaTKaMH, TaKXKe BXOASIIMMU B aKTUBHLIHA LIEHTP
¢depMEHTOB.

N PD otHOCAT K crieUPHUIECKUM HEOOPATUMBIM
UHIMOMTOpaM <«CEPHUHOBBIX» (PEPMEHTOB, TAK KaK
OH 00pa3syeT KOBAJCHTHYIO CBfi3b C T'MIPOKCHJIb-
HOWM TpYIINON CepyHA, HAXOAAWIETOCS B aKTUBHOM
LIEHTPE U UTPaIOIIEro KJIOYEeBYIO poJjib B Ipoliecce
Karanusa (puc. 2-27).

AlleTaT #Hoja, M-XJIO0pMEpPKypUOeH30aT JIErKo
BCTYMAaloT B peaknuu ¢ SH-rpynnamMu octatkos
HucTeMHa 6enkoB (puc. 2-28). DTH MHrHOMTO-
pbl HE OTHOCAT K creuupUYHBIM, TaK KaK OHHA



B oTcyTcTBME CMelaHHoro
HEKOHKYPEHTHOro nHrnbnutTopa
Vmax B
Vmgx
2 |
|
} B npycyTCTBUM CMELIAHHO
| ! HEeKOHKYPEHTHOro uHrmbuTopa
Vmax e —— -
|
1
|
\_/maL_ —————=
2 I i
I

Puc. 2-25. BniusiHue HEKOHKYPEHTHOro MHrubuTopa Ha cko-
pocTb (hepMEeHTaTUBHON PEAKLMKA B 3aBUCUMOCTYU OT KOHLICH-
Tpauum cyberpata. V| — makcuManbHast CKopocTb peakunm B
OTCYTCTBUE MHIMBUTOPa; 'V, — MakcumanbHas CKOpOCTL peak-
LuM B NpUCYTCTBUM MHrMBUTOpa; K — KOHCTaHTa Muxasnuca B
oTcyTCTBUE MHrMBnTopa; 'K — koHcTaHTa Muxasnuca B npucyT-
CTBMM MHrMéutopa.

Puc. 2-26. MexaH1M3aM QEACTBUA MOHOB PTYTH Kak HeobpaTtu-
MOro MHrMbuTopa. MoHs! PTyTH B Manbix KOHLEHTpaLmsx 6noku-
PYIOT CYNbMrMapuUnbHLIE rPYNMbl aKTUBHOMO LEHTPA, YTO NPUBO-
OWUT K CHUKEHUIO CKOPOCTU IePMEHTATUBHON peakLmun.

CH; CHs; CH; CHs
~. ~
¢H GH
? Q

- -P= — -P= +

(E}cHOH + F-P-0 (E)cH, 0-P=0 +HF

XUMOTPUNCUH ? 9
CH CH
PN PN

CHs CHs CHs CHs

Ounzonponun- Ounzonponun-

dropdocdar dhTopdocdar-

XMIMOTPUNCUH

Puc. 2-27. NHrnbuposaHue akTUBHOCTU XUMOTPUIMCUHA C NO-
Mowbo puuaonponundTtopdocdara.

Tabnuua 2-2. WccnepoBaHne nocnenoBaTenbHOCTY aMUHOKUCNOTHBIX OCTaTKOB BOKPYr peaKLIVIOHHO-CI'IOCOGHOFO ocTaTKa ce-

pvHa, B3anmopencTeytoulero ¢ 1Od

AMMHOKHCJIOTHbIE 0CTATKH,
®epmeHT ®yurkuus GepMeHTOB HAXO/IAINHCCA B OKPYXKEHHHU
(moakiace gepMeHToB) PeaKUHOHHO-CNOCOOHOI0 cepHHa
B AKTHBHOM LEHTPC
XUMOTpHIICHH Acu Cep 'ty
Tpunicun [Tporcosmruyeckue Acrn Cep I'my
(hepMenTn
TpombOun Acn Cep I'nmy
Onacrasa Acn Cep I'ny
XoJmH3cTEpasa DcTepasbl I'ny Cep Ana
(ruipoan3 3pHPHOH CBsI3H)
Hlenounas I'ny Cep Ana
docharasa
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pearupyoT ¢ J00bIMM CBOOOIHBIMH SH-rpymn-
nmaMu O€NKOB 1M Ha3bIBalOTCH Hecreuupuyeckm-
MU uHruoutopamu. Ecniu SH-rpymnnsl npuHu-
MalOT yJyacTHUE HEINOCPEeACTBEHHO B KaTaJIM3€e, TO
C NOMOIBI0O ITUX MHTHMOUTOPOB IpeaCTaBJsIeT-
¢Sl BO3MOXHbBIM BhIggBjieHHe poau SH-rpynm ¢ep-
MEHTa B KaTajiu3e.

2. Heo6pamumbie uneubumopot ghepmenmos xax
JAeKxapcmeeHHble npenapamol

ITpuMep nekapcTBEHHOTO Ipernapara, 1eUcTBUe
KOTOPOTO OCHOBAHO Ha HeoGpaTMMOM WHTHUOHPO-
BaHWH (PEPMEHTOB, — IMUPOKO HCIOJib3yeMblit
npenapar acnupuH. IIpoTHUBOBOCTATUTEIbHBIN
HECTCPOMIHBIA TIpenapar aclmupuH o0ecrieynBaeT
(apmakoyioruyeckoe IEUCTBHE 3a CYET MHTUOM-
poBaHMs (epMeHTa UMKIOOKCUIeHAa3bl, KaTaju-
3UPYIOLLIET0 pPeaklMi0 00pa3oBaHUs MpocTarjaH-
JUHOB U3 apaxWJIOHOBOM KUCHOTH. B pesynbrare
XMMHUYECKOM peaKLMM aLeTU/bHBIA OCTaTOK ac-
MMPUHA TIPUCOETUHAETCS K CBOOOJHOU KOHLIEBOIA
NH,-rpyrnmne oaHoit u3 CyObeIMHHUL LIMKIOOKCH-
reHasbl (CM. CXeMy HHXe).

DTO BHI3BIBAET CHUXEHME 00pa30BaHUs IIPOIYK-
TOB peakUMM MPOCTarIaHAMHOB (CM. pasgen 8),
KOTOpBIC 00J1aaloT IMMPOKKUM CITIEKTPOM OHOJIO-
ruyeckux (QyHKIM, B TOM YUCJIE SBISIOTCS Me-
JUATOpPaMM BOCITAJICHMSI.

C”) COOH
E—NH, + Hy,C-C-O

Linknookcu-
reHasa

AcnupuH

Cxema

VII. PEFYNAUus
METABOJIMYECKUX MPOLIECCOB

KuBasi KjieTka — OTKpBITast CUCTEMA, MOCTOSH-
HO 0OMEHMBAIOLLIASICA ¢ BHEIHEH CPeIo BellleCTRA-
MH M SHEprucii; B HE€ MOCTYNalT MUTATEIbHBIC
BELLIECTBA, KOTOPHIE MOABEPraroTCsl TIPeBPaAllCHUSIM
U UCIIONB3YIOTCS B KQUECTBE CTPOUTEILHOIO U SHEP-
TeTUYECKOTO MaTepuasa, U3 KJIETKU BBIBOISITCS KO-
HeyHble NPOAYKTH MeTabonu3Ma. B MHorokierou-
HOM OpraHM3Me€ KJIETKa pearupyeTr He TOJbKO Ha
M3MEHEHME OKPYXAIOUIEeH cpeabl, HO U Ha (PYHKIIU-
OHAJIbHYIO aKTMBHOCTb COCEIHMX KJieToK. IIpu a3Tom
OHa CTPEMMUTCST COXPAHUTh HEM3MEHHBIM CBOW BHYT-
PEHHHMI COCTaB. DTO COCTOSIHME HA3bIBAIOT CTALIMO-
HapHBIM WM KJIETOYHBIM TOMEOCTa30M.

B KJIETKE MOCTOSIHHO MPOUCXOAUT OOJIbILIOE KO-
JIMYECTBO Pa3HOOOPa3HBIX XMMMYECKMX peakiUM,
KOoTopbie (OPMUPYIOT MeTaboIUYECKHE MYyTH —
MOCJieI0BaTeIbHOE TpEeBpallieHUe OJHUX COEIUHE-
HUit B apyrue. MeTaboiu3M — COBOKYITHOCTb BCEX
MeTa00IMUECKHX ITyTel, NPOTEKaIMX B KJIETKaxX
OpraHusma.

Cpenyn Bcex MeTaboONIMYECKUX IMyTed, mpoTeka-
IOIMX B OpraHU3Me, BBIICJSIOT MPOTUBOIOJIOXHO
HampaBJICHHBIE TIPOLICCCHI; KaTaboim3M M aHabo-
qu3M. Kataboim3M — pacraa CIOXHBIX BEINECTB
J0 TIPOCTbIX C BBICBOOOXIEHUEM 3HEPrUM. AHab0-

o COOH
I
E—NH;—C—CHs + HO

CanvuuvnoBas
Kucnora

ALeTUNUPOBaHHbLIN
hepmeHT

(E)-CHy-sH

depMeHT

0
+ | -CH,- C\
OH

WMopauerar

(E)-CH,- SH

depmeHT

——  (E)CHy- S-CH,-C?

O
OH

+ HI

+ CI~HQ@COOH et @s-Hg@COOH + HI

Napaxnop-

MepkypubeHaoaT

Puc. 2-28. UHrMbupoBaHue aKTUBHOCTU hepMEHTOB BCNEeACTBUE KOBANEHTHOW MOAUGUKaLMU OCTaTKOB LIUCTenHa.
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JIN3M — CHHTE3 M3 IIPOCTbIX 00JIee CIIOXHBIX Be-
iecTB. MeTaboInuecKne MyTH COTJIacOBaHbI MEX-
Iy coboii TI0 MeCTy, BpeME€HHM M WHTCHCHUBHOCTH
TpOTeKaHus. DTa COIJIaCOBAaHHOCTH INMPOTEKAHMS
BCeX ITPOIIECCOB 00ECIeYHBAETCS CIOXHBIMU U
MHOT0OOPa3sHBIMH MEXaHU3MaMM PETYIISLIMH.

A. OPrAHM3AIINA XUMWYECKHMX PEAKIIUI
B METABOJMYECKUE TIYTH

OntuManbHas akKTHBHOCTb (DePMEHTOB, KaTallu-
3UPYIOIIUX PEaKUUU OZHOTO METabOJIMYECKOTO
MyTH, JOCTUTaeTCsl Oyiarogapsi OnpeaeaeéHHON Mpo-
CTPAHCTBEHHOW OpPraHMU3allUM B KIIETKE.

1. Ilpocmpancmeennas aoxkaauzauun hepmenmos

BonplIMHCTBO (PepMEHTOB UMEET BHYTPHUKIIETOU-
HYI0 JIOKAJIU3alMI0 U paclpeleieHbl B OpraHu3Me
HepaBHOMepHO. Bce ¢pepMeHTBI 0OTHOTO MeTabou-
YEeCKOIo ITyTH, KaK IMPaBWJIO, HaXOJATCS B OJHOM
otaene KieTku. OcobeHHO pasaesieHre MeTaboJIu-
YeCKHUX IMyTeid BaXHO IS IPOTHBOIOJIOXHO Ha-
MpaBJeHHBIX KaTabOJUYECKUX U aHAOOJIMYECKUX
npoiieccoB. Hampumep, CUHTE3 XUPHBIX KHCJIOT
MPOMCXOANT B IIMTOILIA3ME, a UX pacnalg B MHUTO-
xoHApusix. Ecim Obl TaKOrO pa3faeneHus HE Cyllle-
CTBOBAJIO, 00pPa30BBIBAIMCH Obl OECITOJIE3HBIEC C
(DYHKIIMOHANTBHOM U 5HEpreTHYeCKOM TOYKU 3pe-
HMS TTYTH.

B MeTabonmmueckux MyTsxX NPOAYyKT nepBoi dep-
MEHTATUBHOI peaklIMU CIYXXWUT CyOCTpaTOM BTO-
poii M Tak nanee 10 (POPMHMPOBAHUSA KOHEYHOTO
npoaykra. IIpoMexyToyHbie IPOAYKTH METadOH-
YeCKOro ITyTM MOTYT BBICBOOOXIATBCSI M3 TOCIE-
JIOBaTEJIbHOCTH PEaKLIMi M MCIIOJb30BaTbCs B APY-
rUX MeTaboJMyecKuX MyTsX, T.e. MeTaboJIMYecKUe
MYTH CBSI3aHBI MEXJAYy COOOH MPOMEXYTOUYHBIMH
TIPOAYKTaMH.

B psize ciiyyaeB mpoCTpaHCTBEHHAs OpraHu3a-
uMst GEPMEHTOB HACTOJIBKO CHJIBHO BbIpaXeHa, YTO
MPOAYKT PEaKIIMA HU TIPH KAKUX YCJIOBHUSAX HE MO-
XET OBITh BHIWIEHEH M3 MeTabOoJUUYECKOro MyTH U
00513aTeIbHO CYXUT CYOCTpaTOM crenytolueil pe-
ak1uu. Takas opraHu3alust MeTaboIMYECKOro myTH
HOCUT Ha3BaHME MYJIBTU(PEPMEHTHOrO KOMILTEKCA
Y BO3HUKAET B PE3yJIbTaTe CTPYKTYPHO-(PYHKIIHO-
HaJILHOUM opraHu3anum ¢epmeHToB. OOBIYHO Ta-
KM€ KOMILIEKCHI CBSi3aHbl ¢ MeMOpaHaMmH. B kave-
CTBE MPUMEPOB MYJIbTU(EPMEHTHBIX KOMILIEKCOB
MOXHO TMPUBECTH MUPYBATAECTHAPOTeHA3HBI KOM-
IUIEKC, MO NEACTBUEM KOTOPOTO TTPOUCXOTUT OKVC-

JINTENIbHOE IEKapOOKCHINPOBAHUE TUPOBHUHOTPAI-
HOM KMCJIOTHI (IMpyBata) (CM. paszaen 6), CHHTa3y
XWPHBIX KHCIIOT, KaTaIU3UPYIOILYI0 CUHTE3 MaJib-
MUTHHOBOM KHCJIOTHI (CM. pasmen 8).

2. Cmpyxmypa memaboauveckux nymeii

CrpykTypa MeTabONMYECKUX NyTed B KJIeTKe
KpaiiHe pa3HooOpa3Ha (cM. Taba. 2-3). B ciyuae,
Korma cyocTpar B pesysbTate psina ¢epMeHTaTUB-
HBIX TMPOLIECCOB TMpeBpalliaeTCs B OAMH MPOAYKT,
TaKoOU MyTh HOCUT Ha3BaHUE JIMHEIHOTO MeTabo M -
yecKoro nytv. Yacto BCTpevaroTcsl pa3BeTBJIEHHBIE
MeTab0IMYECKHe ITYTU, IPUBOISIIIME K CHHTE3Y pa3-
JIMYHBIX KOHEYHbIX MPOAYKTOB B 3aBUCUMOCTH OT
NoTpeOHOCTU KIETKU. B mpouecce u3yueHusa Kypca
OMOJIOTMUECKON XMMHUHU BBl TakXke MO3HAKOMUTECH
¢ UMKJIMYECKUMH U CIIUPAIbHBIMM MeTaboJIMYeC-
KUMH TYTSIMH.

OpranocnenuduaHOCTD

MepMEHTHBIN COCTAaB Pa3IMYHBIX KJIETOK HEOo-
IUHAKoB. PepMEHTHI, BBIMOJHSIONIME (YHKIIHIO
XKHU3HeoOeCneueHUsl KIeTKM, HaxXOMsITCS BO BCEX
KJIeTKax opraHusma. B npouecce auddepeHunpoB-
KU KJIETOK MPOUCXOOUT M3MEHEHHE (PepMEHTHOro
cocTaBa KJIETOK. Tak, (pepMEHT apruHasa, y4acTBY-
IOIIMI B CUHTE3€¢ MOYEBHMHbBI, HAXOJUTCSI TOJBKO B
KJIETKaxX TeueHu, a kucnas docdarasa, yqacTByro-
mas B IuapoJiu3e MOHO3GbUPOB opTodocdopHOit
KHUCJIOTHI, — B KJIETKaX MMPOCTaThl. DTO TaK Ha3bl-
BaeMble opraHocrennepuyHbie (HEepMEHTHI.

Ecnyv roBoputh 00 y3KO CHELMATM3UPOBAHHBIX
KJ€TKax, TO (PEpMEHTOB, BBIMOIHSIOIINX (QYHKIIUH
B 3THUX KJIETKaX, HaXOOMTCs OOJbIIE, YeM B APYTHMX
KieTKax. Hampumep, B KjieTKax cepAaeyHOit MbIL-
1Ibl UMEETCS MOBBIILIEHHOE KOJIMYECTBO (hepMEeHTOB
KpPEaTMHKMHA3bl U acrapTaTaMMHOTpaHcGepasbl, B
KJIETKAaX MEYEHU — aJlaHMHAMHMHOTpaHCcepasbl U
acrnapraTaMMHoOTpaHcgepasbl, B OCTeo0yacTax —
IENOYHOM (ocdaTasbl U T.1I.

KoMnaprMmeHTanu3anus

Knerka — cnoxHo¢pyHKIIMOHAIbLHAS CHUCTEMA,
peryaupympoluas CBo€ Xu3HeobectieueHue. MHoro-
obpa3uve (PYHKIIMIA KJIETKH oOecrieuuBaercsl Mpo-
CTPaHCTBEHHOW U BPEMEHHOM (B MEPBYIO OYepelb,
B 3aBUCUMMOCTHA OT PUTMa IIUTAHUS) PETY/ISILIUCH
onpeae€HHbIX MeTaboIyecKux mmyreit. IIpocTpaH-
CTBEHHas PEryJISALMS CBSI3aHA CO CTPOTOM JIOKATH-
3alMeld ONpeAc/ieHHbIX (EPMEHTOB B Pa3THYHBIX
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Tabnuua 2-3. Tunbi MeTaGonuyeckux nyren

Cxema Hassanne Mpumep
A—B—»C—D—E NuHenHbIA rnukonua
D—E
Pa3BeTBNEHHLIN Cuhtes
A—B—C HYKNeoTMaoB
F—G
A Uwkn
Tpukap6OoHOBbIX
G+ . >- B xmcnoT
r Liuknuueckuin
E /C CuHres
*—pD MOYEBUHDI
A
é B-okucnexve
¢ CnupanbHbIn KUPHbIX
KucnoT
C
E«lsaD

opraHejutax. Tak, B sipe HaxomsaTcsd (PEpMEHTHI,
cBa3anubie ¢ cuHTe3oM Mosiekyn JHK u PHK, B
uMroriasMe — (PepMEHTBI TJIMKOJIM3a, B JIU30CO-
Max — TMIPOJIUTUYECKUE (DEPMEHTBI, B MaTpUKCE
mutoxoHapuii — depmentsl HTK, Bo BHyTpeHHEi!
MeMOpaHe MHUTOXOHApUiA — EepMEeHTH LienH Te-
peHOca 3JIEKTPOHOB | T.I. (puc. 2-29). Takas cy6-
KJIETOYHAs JIOKaNM3auus (hepMEHTOB CIIOCOOCTBY-
€T YNOPSIO4EHHOCTH OMOXMMHYECKHX TIPOLIECCOB
4 YBEJIMYMBAET CKOPOCTh OOMEHA BELIECTB.

Bb. IIPMHIUTIBI PETYJISLIAU
METABOJIMYECKUX ITYTEM

Bce xuMuyecKue peakiiii B KJIETKE MPOTEKAIOT
npu yyactum ¢epmeHToB. IloaToMy, YTOOBl BO3-
JeiiCTBOBaTh Ha CKOPOCTb IMPOTEKaHUsI MeTaboiu-
4YeCcKOro MyTH, IOCTaTOYHO PETYIMPOBaTh KOJIUYE-
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CTBO WJIM aKTUBHOCTb (pepMeHTOB. OGBIYHO B Me-
Ta0OJIMYECKHUX ITYTSIX €CTh KIIOYeBble (DEPMEHTEHI,
Gylaromapsi KOTOPbIM MPOUCXOIUT PETYJISILIMSI CKO-
POCTH BCETro MYTH. DTH (HepMeHThbl (OAUH WIU He-
CKOJIBKO B METa00IMYECKOM IMyTH) Ha3bIBAIOTCS pe-
TYJISTOPHBIMH (pepMEHTaMM; OHHM KaTajJlU3UPYIOT,
KakK TpaBWIO, HayaJbHBIE pEaKkliuy MeTaboiuuec-
KOro TYTH, HeoOpaTMMBbIe peaKlMh, CKOPOCThb-JIH-
MHTHPYIOIKUE PEAKIUM (CaMbie MeJieHHbIE) Win
peaKkiiyd B MECTE NMEePeKIIOYEHUsT METabOIMIECKO-
ro ITyTH (TOYKW BETBJICHHUS).
Perynsiiinsg ckopocty hepMeHTaTHUBHBIX PeaKLvii
OCYIIECTBIISIETCSI HA 3 HE3aBUCHUMBIX YPOBHSX:
e U3MEHEHHEM KOJMYECTBA MOJIEKY (epMEHTa;
e JIOCTYITHOCTBIO MOJEKYJ cyOcTpara U Kodep-
MEHTa, ‘
e U3MEHEHUEM KaTaATUTUIECKON aKTUBHOCTH MO-
JIeKyJibl (pepMeHTa.



Puc. 2-29. BHyTprKneTouHas noxanusauuns hepmeHTos.

L. Peeyasauusn xoauvecmea moaexys ghepmenma
8 Kaemke

M3BecTHO, 4TO O€IKM B KJIETKE [OCTOSSHHO 00-
HoRJIsIOTCs). KonuecTBo Moniekyst pepMeHTa B KIETKE
ornpeeaseTcss COOTHOIUEHUEM 2 IPOLIECCOB — CHH-
Te3a ¥ pacrnazna 0eJKOoBO# MOJeKYIbl (depMeHTA:

Cuntes

AMWHOKMUCHOTHI depmenT (Genok)

Pacnap

CuHTe3 U DOoAIUHT OejKa ~—~ MHOFOCTAAUHAHbBIN
npouecc. Peryasiuusi cuHTe3a Gejika MOXET ITPOUC-
XOIWUThb Ha AKO00ONA CTaguu (POPMUPOBAHUS OEIKO-
BOI Mosiekysibl. HanGosiee mM3yueH MexaHu3M pery-
JISIUMU CUHTe3a OelKOBOM MOJEKYIbl Ha YPOBHC
TPAHCKPUTILIMK, KOTOPbIN OCYILUECTRISIETCS! OIpejie-
JIEHHBIMU MeTa0O0IMTaMU, FOPMOHAMMU U PSIOM OHO-
JIOTMYECKU aKTUBHBIX MOJNEKYJ (CM. paszen 4).

Yr1o kacaercst pacnaza (pepMEHTOB, TO perysis-
LIMsT ATOTO TpoLecca MeHee u3yyeHa. MoxHO TOJIb~
KO MPeJIonaratb, YTo 3To He MPOCTO POLECe Mpo-

Teonusa (pa3pyuieHuss OEJIKOBOW MOJEKY/bI), a
CJIOXKHbBIA MEXaHU3M, BO3MOXHO, ONpeneseMblii
Ha reHETUYECKOM YPOBHE.

2. Peeyaayus cxopocmu hepmenmamugHoii
peaxuuu GoCmynHoCmbvio MoAeKya cyocmpama
u Kogepmenmos

Baxublit napamerp, KOHTPOJMPYIOIUUIA TTpOTeKa-
HME METabOIMUECKOTO MNMYTH, — HaTUuue cyOCTpaTos,
W [JIaBHBIM 00pa3oM — HaM4MeE MEPBOro cyocrpara.
Yem 0oJibllie KOHLIEHTPALMUS UCXOOHOro CyOcTpaTta,
TEM BbILIE CKOPOCTb META0OJMYECKOrO TIYTH.

Jpyroit napameTp, IMMHUTUPYIOLIWI ITPOTEKaHWE
METabONMUYECKOTO TIYTU, — HATWUME pereHepupo-
BaHHbIX KodepMeHTOR. Hanpumep, B peakuusx
JAEFVAPUPOBAHUS KOPEPMEHTOM JeruaporeHas ciy-
Kat okucieHHble dopmbl NAD', FAD, FMN,
KOTOpbI€ BOCCTAHABJIMBAIOTCS B XOA€ PEAKUMHU.
Yro6bl KOodepMeHTbI BHOBb Y4acTBOBaIM B peak-
MM, HEOOXOAMMA WX pereHepauusi, T.€. IpeBpa-
HIEHWE B OKHCAEHHYI hopMmy.

3. Pecyaauua xamaiumuueckoll axmuenocmu
depmermos

BaxkHeiiniee 3HaueHWe B U3MEHEHMM CKOPOCTH
META0O0INYECKUX MYTEN HMIPAET pEryssiups Karta-
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JINTUYECKON aKTUBHOCTH OJHOIO WJIM HECKOJIbKMX
KJIIOUEBbIX (DePMEHTOB JaHHOIO METa0OJMYECKOrO
[yTU. DTO BBICOKO3(PGDEKTUBHBIN U OBICTPLINA CITO-
cob peryssiliui MeTaboIm3ma.
OcHOBHBIE CTIOCOOBI PEryasiliiiid aKTUBHOCTHU
(hepMEeHTOB:
® AJUIOCTEpPUYECKAsT peryJsiius;
® PEryJsilUs ¢ ITOMOILbIO OET0K-0EIKOBLIX B3a-
UMOJEHCTBUM,
o peryJsims myTeéM gocopunrpoBaHusi/nedoc-
¢opunrpoBaHUs MOJIEKYITHI (EPMEHTAa;
e PEryJisiLivsl YaCTUYHBIM (OTpaHUYEHHBIM) IIPO-
TEOJIU30M.

Annocreprgeckas peryJisnus

AnjocTepuuyecKuMU (epMeHTAaMH Ha3bIBAIOT
(EepMEHTDI, aKTUBHOCTb KOTOPBIX PETYJIUPYETCS HE
TOJIbKO KOJIMYECTBOM MOJIEKYJI cyb6eTpaTa, HO U
IPYTMMHU BellleCTBaMM, Ha3biBaeMbIMU 3P HEKTO-
pamMu. Y4acTBYOILME B aJUIOCTEPUUESCKOM peryJisi-
1M 3 GEKTOphl — KIIETOYHBIE METAOOIUTHI Yac-
TO UMEHHO TOTO IYTH, PETYJIAINIO0 KOTOPOrO OHM
OCYUIECTBJIAIOT.

Poab annocrepuuecknx ¢epMeHTOB B MeTado-
JM3Me KJIeTKH. AJUTOCTEpHYEecKHe (epMEHThI
WUIpaloT BaXHYIO pojb B MeTaboiu3Me, Tak
KaK OHM 4Ype3BblYaiiHO OBICTPO pearupyroT Ha
MaJiCllNe MU3MEHEHUS BHYTPEHHETO COCTO-
SIHUSL KJIETKU. AJUIOCTEPUYECKAST PETyIsaius
“MeeT OOIbIIOE 3HAYCHUE B CJICAYIOIINX CH-
Tyalusx:

e NpH aHabOAMYeCKUX mpoleccax. MHrmbupo-
BaHME KOHEYHBIM IMPOAYKTOM METabOITYECKONO
IyTM ¥ aKTHBalMsl HaYaabHBIMU METabOJIMTa-
MH TO3BOJISIOT OCYLIECTBIISATh PErYJISIIUI0 CHH-
T€3a ITUX COEIUHEHWI;

e TIpyU KaraboJMYecKMX Mpoleccax. B ciayvae
HakoruteHnsa AT® B KiieTKe MPOMCXOAUT UH-
rubMpoBaHUEe MeTaboIMYECKUX IyTeit, obec-
MeYNBAIOIINX CHHTe3 SHepruu. CyGCcTparthl
TIpYU 3TOM PAcXOMYIOTCSI Ha peaklUH 3araca-
HHS PE3ePBHBLIX NMUTATENLHBIX BEIECTB;

e [ KOOPOIUHAITMA aHAOONMYeCKMX U KaTa-
oonuueckux myrei. AT® n AP — amioc-
Tepuueckue 3deKTopsbl, AeHCTBYIOIINE KaK
AHTarOHUCTAI;

e IS KOOPAMHAIINK TapajUIeIbHO MPOTeKalo-
IIUX ¥ B3aMMOCBSI3aHHBIX METAOOIUYECKUX
myTeil (HampuMep, CUHTE3 IyPUHOBLIX U IH-
PYMMIMHOBBIX HYKJICOTHAOB, UCITOJIb3yEMbIX
VTSI CUHTE3a HYKJIEMHOBBIX KUCIOT). Takum
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00pa3oM, KOHEYHBIE MPOAYKTbl OOHOIO Me-
TabOJIMUYECKOTO TYTH MOTYT OBITH aJJTOCTEPU-
yeckuMU 3¢ deKTopaMu IpPyroro MeTabosu-
YECKOT'O MYyTH.

Annocrepudeckue 3ddextopsl. IPheKTOp, BbI3bI-

BAOLLIMII CHUXXEHUE (MHIMOMpPOBAHUE) AKTUB-
HOCTH (hepMeHTa, Ha3bIBAIOT OTPULIATEIbHBIM
3¢ deKTOpOoM, UIU UHTHOUTOpOM. DddexTop,
BbI3bIBAIOLLMI IMOBBILLIEHHE (aKTUBALIMIO) aKTHB-
HOCTH (DEPMEHTOB, HA3bIBAIOT MOJIOXUTETbHBIM
3¢ hexTopoM, WIM aKTUBATOPOM.

AstocteprueckMM 3¢ deKTopaMu 4acTo Ciyxar

pa3IMYHbIe MeTadOMUThl. KOHEUHbiE MPOAYKTHI

METabOMIMYECKOTO ITyTH — YacTO MHIMOHTOPbI

aTOCTEpUIECKUX (DEPMEHTOB, a UCXOIHbIC Be-

IIECTBA — AKTHUBATOPBL. DTO TaK Ha3bIBaeMast

reTepoTpOIiHas pery/siuyst. Takoi Bua asioc-

TEPUUYECKOM pEry/siiiii OYeHb PaclpoCTpaHEH

B OMOJIOTMYECKUX CUCTEMAX.

bonee penkuii ciydail ajnocrepumyeckoil pe-
TyJsSILiMM, KOraa caM cyOocTpaT MOXET BBIC-
TYIlaThb B Ka4ye€CTBE IOJIOXKUTEILHOrO 3¢dek-
Topa. Takas peryisiuusi Ha3bIBaeTCsi TOMOTPOII-
HOM (3¢dexTop U cybCcTpaT — OOHO U TO XK€
BELLECTBO). DTH (EePMEHThI UMEIOT HECKOJIBKO
LIEHTPOB CBSI3bIBAHMS 17151 CyOCTpara, KOTOphIe
MOTYT BBIIIOJHATh OBOIHYIO (DYHKIIMIO: Kara-
JIMTUYECKYIO U PETYSITOPHYIO. AJLIOCTepHYeC-
Kue (OEPMEHTHI TAKOTO THUIA MCIOIL3YIOTCSl B
CHMTyallMu, Korja cyOcTpaT HakKaIIMBaeTcs B
U30BITKE M JOJKEH ObICTPO IpeoOpa3oBaThCs
B IIPOIYKT.

BbisiBUTH hepMEHTHI ¢ aJTOCTEPUIECKOM PeryIIsi-
LMe MOXHO, U3ydasl KUHETUKY 3TUX (dpepMeH-
TOB. DTH (QepMEHTHI HEe TTOTYMHSIOTCS 3aKOHaM
Muxasmica—MeHTeH, OHM UMEIOT XapaKTEPHYIO
S-00pa3Hyl0 KPUBYIO 3aBMCHUMOCTH CKOPOCTU
peakuMy OT KOHIIEHTpalMK cyOcTparta.

OcodennocTu cTpoenns M GYHKIHOHHPOBAHNS aJI-
JIOCTEePHIECKNX (DePMEHTOB:

e 0OBIYHO 3TO OJIMTOMEpPHBIE GEJIKH, COCTOSI-
LLIM€ U3 HECKOJIbKHX MPOTOMEPOB WM MMe-
JOllIME TOMEHHOE CTPOCHME;

e OHM HUMEIOT AJUTOCTEPUYECKUI LIEHTP, Mpo-
CTPAHCTBEHHO YIAIEHHBIM OT KaTaJIUTHUYEC-
KOro akTHBHOTO LIEHTPA;

¢ 5(¢deKTOphl PUCOEAUHSIOTCI K (DEPMEHTY
HEKOBAJIEHTHO B aJUIOCTEPHUYCCKUX (perysisi-
TOPHBIX) LIEHTPAX;

e AIOCTEPUUECKUE LIEHTPHI, TaK XK€, KaK U Ka-
TATUTUYECKUE, MOTYT TIPOSIBIIATH Pa3IHYHYIO



cnet@UUHOCTb MO OTHOWIECHUIO K JTMTaHAaM:
OHa MOXeT ObITb abCOJIIOTHON U TPYINOBOA.
Hekortopsie dhepMEHTbI UMEIOT HECKOJbKO
ALJIOCTEPUYECKUX LIEHTPOB, OAHU M3 KOTO-
pbIX crieUM(UYHBI K aKTUBATOpaM, Apyrue —
K MHTMOUTOpAaM,

® [IPOTOMEP, Ha KOTOPOM HAaxOIUTCsl a/UloCTe-
PUYECKUM LIEHTP, — PErYJIATOPHLINA [IPOTO-
MEp, B OTJIMYKE OT KaTaJUTUUYECKOTO NMpPOTO-
Mepa, COAepXallero akKTUBHBbIA LEHTp, B
KOTOPOM [POXOAUT XMMUYECKasl peakums;

¢ ajilocTepuueckue hepMeHTbl 00J1aal0T CBOM-
CTBOM KOOIMEPaTUBHOCTH: B3AUMOJAEHCTBUE aJl-
Jlocteprueckoro agdexropa ¢ aocTepuuec-
KWMM LEHTPOM BbI3bIBAET MOCJEA0BATEbHOE
KOOMNEePaTUBHOE U3MEHEHUE KOH(popMaluu
BCEX CyOBEAMHULL, NIPUBOJSILLIECE K UBMEHEHUIO

KOH}OopMaLMKY aKTUBHOTO LIeHTpa 1 U3MEHe-
HUIO cpoiacTBa (pepMeHTa K cybcTpary, 4To
CHUXAeT WM YBEJUUYMBAET KATAIMTHYECKYIO
akKTUBHOCTb (epMeHTa (puc. 2-30);

® PEryJsLus aUIOCTepUIECKUX HEPpMEHTOB 00-
paTuma: oTcoeauHeHue 3ddexTopa oT pery-
JIATOPHOW CyOBEAMHUIILI BOCCTAHABIMBAET
HCXOIHYIO KaTaJIMTUUECKYIO aKTUBHOCTh (ep-
MEHTA;

e ajUloCTepuuecKre (HEepMEHThI KaTaJIU3UPYIOT
KJIIOYEeBbIE peakliMM JaHHOro Meradosuyec-
KOrO IyTH.

Jlokaym3zauus aniocrepuyeckux (PepMeHToB B Me-
Ta00amueckoM myTd. CKOpOCTh MeTaboIM4eCcKHX
MIPOLIECCOB 3aBUCUT OT KOHLIEHTPALIUK BELIECTB,
WCIOJIB3YIOLIMXCS U O0pa3yIoLIMXCs B JaHHOM
uenu peakuuii. Takas peryasiuusi rpeacTaBisi-

A g = S
—
/ -1 \
ANnOCTEPUIECKMI AKTUBHBbIA Crukenne
LeHTp LUeHTp cpofcraa
(KaTanuTU4EeCKni) aKTMBHOTO
MpucoeanHexune ueHTpa K
uHrmbuTopa (1) cyBerpary (S),
B a/n10CTePUYECKOM CHimKerne
LeHTpe KaTannmTrnieckon
aKTMBHOCTH
AKTUBHbBI (hepMEHT ] [ HeakTusHbn (bepmeml
+A
)
5 S =
/ \ -A /
Annocrepuyeckumn AKTUBHBLIA MpucoeguHenve Ysenuuexue
UeHTp LeHTp axkTusaTopa (A) CpoacTBa
(kaTanuTmyeckun) B annocrepuyeckom Kk cyberparty (S),
ueHTpe nosbillieHue
KaTanuTuieckon
aKTUBHOCTH

HeakTusHbih hepMeHT

AKTHBHbI hepMeHT

Puc. 2-30. Cxema, nosicHsolan paboTy annoctepnueckoro hepmeHTa. A — feiicTBMe 0TpULATENLHOTO addekTopa (MHréuTopa);

B — penctBue nonoxutensHoro atbekTopa (aktuesaTopa).
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€TCsI JIOTHYHOM, TaK KaK TMpH HAKOIUIEHWH KO-
HEYHOTO ITPOAYKTAa OH (KOHEYHBIH IMPOMYKT)
MOXET JeHCTBOBaTh KaK aJUIOCTEPUYECKHil MH-
ruouTop (hepMeHTa, KATATU3UPYIOILEro Yaile
BCET0 HAYaJIbHBIM 3Tall JaHHOTO MeTabomtyec-
KOTO IIyTH:

©

E1 E2 E3 E4 E5

A—B—>C— D— E—F

RS

PepMeHT, KaTATH3UPYIOLUMI TpeBpalleHre cyo-
cTpata A B npooykr B, mMmeeT auroctepuuyec-
KHH LEHTP ISl OTpULATENIbHOro 3¢ deKTopa,
KOTOPBIM CJIYXKMT KOHEUYHBIN MpOAyKT MeTabo-
Jmyeckoro nyty F. Eciu xoHuenTpauus F yse-
JuyuBaeTcs (T.e. BewecTBO F cuHTE3Mpyercs
ObICTpee, YeM pacxomyeTcsl), MHTHOUPYETCs aK-
TAUBHOCTb OJHOTO M3 HayalbHbIX (PEPMEHTOB.
Takylo perysLuio Ha3bIBalOT OTPHIIATETBHOM
00paTHO# CBSI3biO, WJIH PETPOMHTHOMPOBAHU-
eM. OrpuraresbHass oOpaTHas CBS3b — 4YacTo
BCTPEYAIOLIMICS MEXaHU3M PETYJISLIY MeTabo-
JIU3Ma B KIIETKE.

B LieHTpasbHbIX METAbONTHYECKHNX ITYTSIX MCXOI-
HbIE BELLECTBA MOTYT OBITh aKTUBATOPAMM KITIO-
YyeBbIX (EPMEHTOB MeTaboIMYecKoro myti. Kak
MPaBUIO, TIIPU 3TOM aJUIOCTEPUYECKOM aKTH-
BallM4 MOABEPrawTcs GepMeHThI, KATATU3UPY-
IOLIYE KJIIOYEBLIE peakiMU 3aKIIOUMTEIbHBIX
3TarioB META0OIMYECKOTO IYTH:

®
1

E1 E2 E3 E4 ES

A—+B— C—> D— E— F

B xavecTBe nipMepa MOXHO pacCMOTPETh ITPHH-
LIMNBI PerysALMH [JTUKOIU3a — clienuduyec-
KOro (HayaJbHOTO) ITyTH pacriafa TIIOKO3bI
(puc. 2-31). OmuH U3 KOHEYHBIX NPOIYKTOB
pacraga moko3sl — mousekyia AT®. TIpu
H30bITKE B KiIeTKe AT® IpoMCXOOUT peTpo-
MHTHOMPOBAHHE AJUIOCTEPUYECKHX (DEpMEHTOB
dochodpyKkrokrHa3E ¥ MTUPYBaTKUHA3LL. [1pu
0o0pa3oBaHMM OOJBIIIOrO0 KOJIWYECTBA (PpyKTO-
30-1,6-6ncdocdara HabmOOAIOT ALTOCTEPUYEC-
KYI0O aKTMBaLMIO ¢epMeHTa IMUPYBAaTKUHA3HI.
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Fnwokosza
Inioko3o-6-octar
1

@pykrozo-6-chocchar
PocodpycToxMHala
®pykTozo-1,6-pocdar

it

® !
l

®ocdoeHoNIMpysaT
FlupyeatkuHasza
Mupysar

Auetun-KoA

ATo

Puc. 2-31. Cxema NonoXxutensHONW W OTPULATENLHOW pery-
nauvmu katabonusma rnoko3bl. Monekyna AT® yuacTteyet B
peTpouHrnbuposaHny annoctepuyeckux pepmeHToB docdo-
(PpyKTOKMHA3bI ¥ MIMpPYBaTKMHA3bLL. PPYyKTO30-1,6-6Ucthoctar —
aKTMBaTop mMeTabonuyeckoro Nyt pacnaga rmiokossl. Mnioca-
MU OTMeYEeHa aKkTuBauus, MMHycaMn — uHrubvposaxve gep-
MEHTOB.

bnaromaps Takoil peryisguudy OCYIIECTBISIETCS

CJIAXXEHHOCTb ITPOTEKAHHUSI MeTaboIHYECKOIo

NyTHU pacrana TIIOKO3bI.

Peryasimua KaTaJdTHYeCKOH AKTHMBHOCTH ¢ep-
MEHTOB 0eJI0K-0€eJIKOBbIMH B3aMMOACHCTBHAMH.
HekoTopsle dhepMeHTH U3MEHSIIOT CBOIO Ka-
TAINTUYECKYIO aKTUBHOCTb B pe3yjbTaTe Oe-
JIOK-0eJIKOBBIX B3auMoacicTBHU. PaccMoT-
puM 2 MexaHM3Ma aKTHBaUH (PEPMEHTOB C
TTOMOILBIO 0€JI0K-0€JIKOBBIX B3aUMOAECHCTBUM!:
e akTHBaUusA (GEPMEHTOB B pe3yJIbTaTe IIPUCO-

eIUHEHUS PETYJISITOPHBIX OEJIKOB;

e U3MEHEHHE KaTaJIuTHYECKON AaKTUBHOCTHU
(bepMeHTOB BCJICACTBUE aCCOLMALIUM WU
JHUCCOLIMALIMM TPOTOMEPOB (hepMEHTA.

AKTuBaIMs (hpepMEHTOB B pe3y/bTaTe MpHCOeIuHe-
HHA PEryJATOPHBIX 0eJKOB. DTOT THIl PETY/ISLIMA
MOXHO pPacCMOTPETb Ha TpUMEpPE aKTHBALIMMU



(depMeHTa aJeHWTATLMKIIA3b], JIOKATM30BAHHOM
B IUIA3MAaTUYECKOM MEMOpaHE KIICTKH. '
AXTMBHBIA LIEHTP aleHWJIATLIMKIIA3B! JIOKAJIM-
30BaH Ha LIMTOILTA3MAaTHYECKOM CTOPOHE I1J1a3-
MaTU4YeCKOW MeMOpaHbl. AKTMBUPOBaHHas
aJeHWIATIIMKIIAa3a KaTAIU3UpyeT peakluio 00-
paszoBanus u3 AT® umnkimaeckoro 3°,5-AM®P
(UAM®) — BTOPHMYHOTO, BHYTPUKJIETOYHOT'O
IOCpPEeIHMKA ACUCTBHSI TOPMOHOB (CM. CXEMY
HHXeE).

B mem6pane ameHunatuukiaza GyHKUMOHMPY-

€T B KOMIUIEKCE C APYTMMU OelKaMu:

e peUENTOpOM TOPMOHA, BBICTYIIAIOIIETO BO
BHEKJIETOYHYIO Cpeay Y B3aHMOJEHCTBYIOLLETO
C TOPMOHAaMH;

o ¢ G-6eKOM, 3aHMMAIOIINM IIPOMEXYTOYHOE
MOJIOXEHUE MEXIY PELENTOpoM U GepMeH-
TOM aneHwnaTiuxiason. G-6e10K — OJUro-
MEpHBII O€JIOK, COCTOSIIWM U3 3 cyobeam-
HUIL — 0, B, V. o-CyObeaMHULIAa UMEET LIEHTP
cBa3biBanusg U pacuieruieHuss I'T®. Ilosto-
My 3TOT Gesiok HasbiBaeTcsi [ T-cBs3bIBaO-
M 6esikoM, Wi G-6ekowm;

® B pe3y/bTaTe CBA3bIBAHUSI TOPMOHA C peleI-
TOPOM TMPOUCXOAMT M3MEHEHHE KOH(OpMa-
unn G-0esnka, yMEHbIIIEHWE €r0 CPOACTBA K
monekyie I'Id, ¢ Kotopoil OH CBsI3aH B OT-
CYTCTBHE TOPMOHAJIBLHOTO CUTHAJIA, U YBEJIHU-
yeHne cpoiactBa K I'T®. IlpucoeauHeHue
I'T® Boi3bIBacT KOHGOPMAIITMOHHbBIE H3MEHE-
HuA B G-0€JIKe 1 AMCCOLMAIINIO €T0 Ha CyObe-
JUHHLBL CYOReIUHULY o, CBs3aHHyIO ¢ [ TD
(o-T'T®), aumep PBy;

o o-I'T® mMmeer BHICOKOE CPOJACTBO K aie-
HUJIATLIMKJa3e, €ro MPUCOCAMHEHUE IPU-
BOJMT K aKTHUBALMU TOCJIEOHEH, MO3TOMY
o-I'T® — peryaaTopHbIi 6€l0K, a JaHHBIA

NH;

o ' </ f\)

(0]
Il Il
'0—||°— 0O —l|° A,qenmnamuxnasa
o o / o H

OH OH
ATo

MEXaHM3M AKTHBALlMM adeHMIATUMKIIA3bI
Ha3bIBAIOT aKTHUBalLUeil (QEePpMEHTOB B pe-
3yJbTaTe NPUCOEIMHEHUSA PETYISTOPHBIX
6enkoB (puc. 2-32).

Peryasimmsa KaTaMTHYECKOH AKTHBHOCTH (pepMeH-

TOB accolyalMeii/ancconnanyeil NpoToMepos

IMpoTeMHKMHa3pl — Tpymia (epMEHTOB, KaTa-

JIM3UPYIOILIMX TNEPEHOC OcTarka (ocopHO
kucinotel ¢ AT® Ha crieunduyeckue OH-rpym-
MBI aMMHOKMCJIOTHBIX OCTAaTKOB O€JIKOB (BbI-
3pIBalOT ochopuiMpoBaHue OeskoB). Mexa-
HUM3MbI aKTHMBAUMU Pa3IMYHbIX NMPOTEUMHKHHA3
HEOIMHAKOBhI. B KauecTBe mpumepa peryis-
LMY KaTAIMTHYECKON aKTUBHOCTH (HEpMEHTOB
accoLMalluerd WM JUCCOLMALIMEN ITPOTOMEPOB
MOXHO IIPUBECTH PETYJISILIMIO aKTUBHOCTH (pep-
MEHTa MPOTEMHKMHA3bI A.

IIporemnkmnasza A (UAM®P-3aBucumasi) co-
CTOUT U3 4 cyObeqUHUIL 2 TUIIOB: 2 peryJis-
topHBIX (R) u 2 kataoutnueckmux (C). Ta-
KOH TeTpamep He 00JIafacT KaTAIMTUYECKOM
AKTUBHOCTHIO. PeryisiTopHble CyObeIMHUIIBI
AMEIOT YYacTKU CBSI3BIBAHUS I IIUKJIH-
yeckoro 3’,5-AM® (uAM®), mo 2 Ha
Kaxayio cyorenunuiy. Ilpucoennnenue 4
MoJieKyaT HAM® K 2 peryJIssTOpHBIM CyObe-
JWHUIIAM IPUBOIUT K U3MEHEHUIO KOHDOP-
MallY PETYJIATOPHBIX IPOTOMEPOB U K JIUC-
COlLIMallM TETPaMEePHOTO KOMILIEKCa, IpHU
3TOM BBICBOOOXHAIOTCS 2 AKTUBHBIE Ka-
TaTUTUYECKUE CyObenumHULBl (pHuc. 2-32).
Takoif MexaHM3M peryisiuu obpatum. OT-
HeIIeHue MoJieKyal HAM® ot peryaarop-
HBIX CyObEOIMHMII MPUBEAET K acCOLMALUU
PETYJISITOPHBIX U KaTATUTUYECKUX CYObheIu-
HMII MPOTEMHKHUHA3bl A ¢ 00pa3oBaHUEM He-
aKTUBHOTO KOMILJIEKCA.

o o N™ "N + H4P20;

o=p—0 OH
& uAMo
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Puc. 2-32. Perynauus akTMBHOCTM ageHunartumknasel. FopmoH (M), B3aumopencTeys ¢ peuentopom (R) Ha NOBEPXHOCTU KNETOK,
NpyBOAUT K yMeHbleHuto cpoacTea M Td-ceassbiBaowero 6enka (G-6enka, CoCToAwero 3 NpotToMepoB o, B, ) k MO u yennyeHwo
cpopcTea Kk M. lNMpucoeamHerne monexkynsi M TO k akTuBHOMY UeHTPY G-6enka Bbi3biBaeT AMCCOUMALMIO KOMMNNeKca Ha CybbeauHnub
o-[TO v gumep By. Komnneke o-f TO akTuBMpyeT apeHUnaTumknasy, 4to cnocobeTByeT cuHTesy u3 AT® BHYTPUKNETOYHLIX PErynaTop-
HbIx Monekyn LAM®. ALl — apeHunatunknasa, NMKA — npoteutkuHasa A, P, — H,PO,.

Perynsmsa KaTa/MTHYECKOH AKTHBHOCTH (pepMeHTOB
nyrém cocopumposanusi/nedochopumposanns
B Ouosormyeckrx cucrteMax 4acTo BCTpevyaeTcst
MEXaHHU3M pEeryjlsiuiM aKTUBHOCTH (PEPMEHTOB
€ TIOMOLbIO KOBAJIEHTHON MOAMGIUKALNU aMU-
HOKHCJIOTHBIX OCTATKOB. BbICTpbIii M 1LIUPOKO
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pacrpoCTpaHEHHBINH CIIOCO0 XMMUYECKOI MO-
auduxkaiuu dhepMeHToB — ochopuinpoa-
Hue/nedochopunvposane. Moaudukauum
nonsepratotcsi OH-rpynnbl epmenta. ®oc-
dopuarpoBaHue ocyiliecTiasieTcss pepmeHTa-
MU TIpOTEeMHKHMHa3aMH, a aedochopuanposa-



HHe — (dochomnporenHdocdarazamu. Ipuco-
eIWMHEHHE ocTaTtka GOoChHOPHOI KUCIOTHI MpH-
BOJIUT K U3MEHEHHIO KOH(POpMaLIMM aKTHBHO-
TO LIEHTPa U €ro KaTATUTAYECKONH aKTUBHOCTH.
IIpu 3TOM pe3ylbTaT MOXET OBITh ABOSIKMM:
OonHU ¢epMeHTH NpU GHOCHOPUTUPOBAHUHU
aKTHBHPYIOTCS, JPYTHe, HalpOTHB, CTAHOBST-
cs1 MeHee akTUBHBIMH (pHC. 2-33).

M3MeHeHHe aKTMBHOCTH (DEpMEHTa, BbI3BAHHOE
dochopuirpoBaHreM, 00paTuMo. OTIIETUIEHHE
ocratka (GocopHOIl KHMCIOTbI OCYLLECTBIISAECT-
cs ¢epmeHTamu GoconporerHpocharazaMu.
AKTHBHOCTb IPOTeHHKUHA3 U GocHOonpoTenH-
(docaraz perynupyercds ropMOHaMH, YTO MO-
3BOJIgeT OBICTPO M3MEHATh aKTHBHOCTH KIIIO-
4YeBbIX (PepMEHTOB METaOONMUYECKHUX MyTel B
3aBUCHMOCTH OT YCJIOBMH BHEIUHEH CpEHbl.
AHTAarOHUCTUYHLIE IO (DYHKIIUA FOPMOHBI ITPO-
THUBOIOJIOXHBIM 00pa3oM BIHAIOT Ha ¢ocdo-
pwirpoBaHue/nedochOpHINpoBaHUE (pepMeH-
TOB, BBI3BIBas IIPOTUBOIOJIOXHBIE 3(PPEeKTH
M3MEHEHUS] MeTaboNu3Ma KIIETKH.

Hanpumep, nmon neicTBreM IIIOKaroHa (B MepH-
oI MeXIy NpUEMaMH MULIM) B KJIETKAX MTPOKUC-
XOIUT YMEHbIIEHHE CHUHTE3a SHEPIreTHIECKOTO
MaTepuayia — X¥pa, NIMKOTeHa M YCHICHHE €ro
pacrnaga (MoOWIM3aIs), BhI3BaHHONO (hocdo-
PUJIMPOBAaHUEM KJIIOYEBBIX (PEPMEHTOB 3THUX
MpoLECCOB. A MO ACHUCTBUEM WHCYJIMHA (BO
BpeMd IHILLEBapeHsi), HA0O0OPOT, aKTUBUPYET-

CsI CHHTE3 IJIMKOTEHAa M UHTHOMpYETCS ero pac-
naj, Tak Kak B3aUMOIEHCTBHE MHCYJIMHA C pe-
LIENTTOPOM aKTUBUPYET CUTHATLHBIN MyTb, NPHU-
BOASILIUN K AeOCHOPUIHPOBAHUIO TEX XKE
KJTIO4EBbIX (DEPMEHTOB.

Peryasnus kaTaInTH4ecKoil aKTHBHOCTH diepMeH-
TOB YACTHYHLIM (OTPAHMYEHHLIM) NPOTEOIHIOM

Hexoropsie epMeHTHI, QYyHKLIMOHUPYIOLIUE BHE
kierok (B XKT wiu B r1asmMe KpoBH), CHHTE-
3UPYIOTCSI B BHIEC HEAKTUBHBIX MPERIICCTBEH-
HUKOB U aKTMBHUDPYIOTCSI TOJbKO B pE3yJbTare
FUIPOJIN3a OAHON WM HECKOJBKUX ONpeeNneH-
HBIX TTENTHOHBIX CBSA3€M, YTO NMPUBOIUT K OT-
IIETUICHUIO YacTH OeJIKOBOM MOJEKYNbI Ipef-
LIECTBEHHUKA. B pe3ynbTaTe B OCTaBLICHCS
YacTH GEJIKOBOM MOJIEKYNBI MPOUCXOIUT KOH-
dopMaLMoHHas nepecTpoiika U (HOPMHPYETCS
aKTUBHBIN LIEHTp (PepMeHTa.

PaccMOTpUM MeXaHM3M YaCTUYHOIO NPOTEONU-
3a Ha NpUMepe aKTHBAlMH MPOTEOIUTHYEC-
Koro epMeHTa TpUIIcHMHA (puc. 2-34). Tpum-
CUHOTeH, CHMHTC3UPYCMEBIA B IOLKEIY10YHOMN
XeJe3e, IpH MUILEBAPSHUH 110 MPOTOKaM IT01I-
XEJIyIOYHOM Xejie3bl IOCTYyNaeT B JABCHAlI-
LATHIIEPCTHYIO KMINKY, TOH€ W aKTUBHPYETCS
MYyTEM YaCTUYHOTO IIPOTEO0JiM3a MOA ACUCTBU-
eM ¢epMeHTa KMIIIEYHHKA SHTEPOINENTUIA3bI.
B pesyibrare oTlIeMIeHHA rekcanentraa ¢ N-
KOHLA (OpMHUPYETCST aKTUBHBIA IIEHTP B OC-
TaBlIecs 4acTu MoJeKyibl. Clenyer HaroM-

HO ﬁ‘gxz”b'" Hz03P. KoHepopmaums
/ aKTUBHOIO
UeHTpa
n3MeHeHa
AT® npoteunkmHaza ANP
E-OH :/ i E-OPO3H;
docchonpoTenH-
H3POs ¢ocdparasza H20
DecdocchopunuposaHHbIi docopnnupoBaHHbIv
dhepmeHT depmeHT
HeaktvBHbIM AKTUBHbIN
(aKTUBHbBIR) (HeakTUBHbIN)

‘ue. 2-33. Perynsiuus akTuBHOCTH hepmeHTOB hocopunnposannem/gedoctopunuposaHnem.
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HMUTb, YTO TPUIICHH OTHOCSIT K CEMEHCTBY «Cce-
PUHOBBIX» TIPOT€a3 — aKTUBHBINA LEHTp ¢ep-
MEHTa COACPXKUT (PYHKUMOHAIBLHO BaXKHBIH
octarok Cep.

YacTHUHBIA IPOTEOIN3 — TPUMEDP PETYJISILHH,
KOFJa aKTHUBHOCTb (pepMeHTa U3MEHSIETCSA HEO-
oparumo. Takue depMeHTH QYHKIMOHHUPYIOT,
KaK MpaBUJIO, B T€YEHHE KOPOTKOIO0 BPEMEHH,
OIPENEAEMOr0 BpeMEHEM XH3HU OeIKoBOM
MOJIEKYJbl. YacTHYHBIH IIPOTEOJH3 JIEKUT B
OCHOBE aKTMBALMM IIPOTEOJUTHYECKUX (dep-
MEHTOB, 0€JIKOB CBEPTHIBAIOLIEH CHCTEMBI KPO-
B M (PubpuHOIM3a, OEJIKOB CHCTEMbI KOMII-
JIEMEHTA, a TAKXe IENTUAHbIX TOPMOHOB.

Viil. SH3UMOMNATUN

B ocHOBe MHOrMx 3a00JIeBaHUIA JeXaT Hapylle-
HMS PYHKITMOHMPOBaHUST QEPMEHTOB B KIIETKE —
3H3UMoNaTuu. Pa3innyaloT nepBuUYHbIC (Hacnaemd-
CTBCHHbIC) U BTOPHYHbIC (IPUOOPETEHHBIE) DH3U-
monaruu. IIpuoOpeTéHHbBIE H3UMONATHH, KaK U
BOOOII€ IIPOTEMHOIIATHH, NO-BHANMOMY, HabJIIO-
JAlOT MpY BcexX 00JIe3HSAX.

IIpy mepBHYHBIX 3H3UMONATHUAX HeheKTHEIe
(epMeHTHI HACTIENyIOTCS, B OCHOBHOM, IO ayToO-
COMHO-PELIECCUBHOMY THITy. ['€TepO3UroThl, Yaliie
BCETO, HE MMEIOT (DEHOTUITMYECKUX OTKIJIOHEHMIMA.
IlepBUYHbBIE SH3UMONATUM OOBIYHO OTHOCAT K Me-
TabONMYECCKUM OOJIE3HSIM, TaK KaK IPOUCXOAMT
HapylIeHUEe OINpPeNeIEHHBIX METa00JINYECKUX Iy-
tel. I1Ipu 3TOM pa3BUTHE 3a00JI€BAHHUS MOXET IIPO-

Mecto
rmaponusa

N-koHeu
HoN-Ban-(Acn)s-Nusz-Une-Ban-...

TpuncuHoreH

|

HzN-Ban-(Acn)s-Nna-COOH + HoN-Une-Ban-...

lekcanenta TpuncuH

Puc. 2-34. AKTuBaLUuA TPUMNCUHA YacTUYHBLIM NPOTEONU3OM.
Mop percTeBuemM dhepmeHTa KulleyHuKa HTeponenTugassl npo-
UCXOAUT rMApONU3 nenTupHon censu Jlna-Une. B peayneTate ot-
wenneHus rekcanentuga ¢ N-koHUa POPMUPYETCA aKTUBHLIA
LIeHTP B OCTaBIIEWCH YaCTh MOMNEKybl.
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TEKaTh 110 OAHOMY M3 HHXe IepeYrCIIEHHBIX «Clie-
HapueB». PacCMOTPUM YCJIOBHYIO CXeMy MeTabo-
JINYECKOTO yTH:

E+ E2 Es E4
A—sB——sC—> D— P

BeliecTBO A B pe3yJibTaTe MOCJCAOBATEIBHBIX
¢depMEHTAaTMBHBIX peaKliMii IIpeBpallaeTcsa B IIPO-
aykt P. IIpu HaclieACTBEHHOW HEAOCTAaTOYHOCTH
KaKoro-ambo ¢epmenTa, Hanpumep depmenra E,,
BO3MOXHBI pa3Hble HapylLIEHUsS METabOIM4YeCKUX
yTeu:

Hapymenue o0pazoBanusi KOHEYHbIX MPOXYKTOB.
HenoctaTok KOHEYHOro IMpOAYKTa 3TOro Merabo-
nuyeckoro nmytd (P) (Ipu oTCyTcTBMM anbTepHa-
TUBHBIX MYTEH CHMHTE3a) MOXET IIPUBOIUTH K pa3-
BUTHIO KJIMHUYECKUX CUMITTOMOB, XapaKTePHBIX: 1Tl
JaHHOTO 3ab0eBaHMS:

E Ez e3 E4 Knuhuueckue
A »B »C--—-2D ---+p > NPOSABNEHUS

Knunnyeckue nposipienna. B xauyectBe npumepa
MOXHO paccMOTpeTh ambOMHU3M. [Ipu ann0m-
HHM3ME€ HapylieH CHHTE3 B MEJAHOUMTAX IUT-
MEHTOB — MeJIJAHWHOB. MeJlaHMH HaXOAWTCS B
KOXe, BOJIOCAX, paIyXKe, MTUTMEHTHOM 3IH-
TEIMM CETYATKH IJia3a W BIUSET HAa UX OK-
packy. IIpu ansouHu3Me HaOmomalor ciaadylo
NMUTMEHTAUUI0 KOXH, CBETJIbIE BOJIOCHI, Kpac-
HOBAaThbIii LBET PaxyXKW Iia3a U3-3a MPOCBE-
YUBAIOIIMX KamwuripoB. [lposiBieHue anbOu-
HHU3Ma CBI3aHO ¢ HEOCTATOYHOCTHIO (PepMEHTA
TUPO3MHIUAPOKCWIA3bl (TUPO3UHA3BI) — OA-
HOTO U3 (hbepMEHTOB, KaTAJIM3UPYIOILIETO MeTa-
00JMYeCKU TyTh OOpa3oBaHUSI MEJIAHWHOB
(cM. pasnen 9).

Haxkonende cyocTpaToB—NpealieCTBEHHUKOB.
Ipu HenocrarouHocTH (epmenra E, 6yayt Hakarn-
JUBaThCs BelllecTBO C, a TakXKe BO MHOTMX Cily4a-
SIX M TPEOIIECTBYIOIME COSMHEHUS. YBeIUIEHUE
CyOCTpaTOB—TIPEIIIeCTBECHHUKOB AedeKTHOTO dep-
MeHTa — Bemylliee 3BEHO Pa3BHTHUS MHOTHX 3a060-
JIEBAaHUM:

Eq E, e3 Eq4
A—— B—>C---» D---» P

- J
Yo

KnuHwnyeckne npoaBneHna




Kimawgeckue npossiiennsi. M3BecTHO 3a0oseBaHue
QJIKANTOHYPHSI, TIPU KOTOPOM HAapYILEHO OKHC-
JIEHVE FOMOTEHTU3MHOBOM KMCIOTHI B TKaHsIX (ro-
MOTEHTU3MHOBAsA KHCIOTa — IIPOMEXYTOUHBIN
MeTaboJIMT Karabojim3Ma TUPO3HHA). Y TaKHX
60JIbHBIX HAOMIOOAIOT HEIOCTATOUHOCT (PEPMEH-
Ta OKHUCJEHUS TOMOI€HTU3MHOBOH KUCAOTBL —
JTUOKCUTEHA3bl FOMOTE€HTU3NHOBOM KHCJIOTHI,
MPUBOASIIIEH K pa3BUTHIO 3a0oseBaHus. B pe-
3y/IbTATe€ YBEJMYMBAIOTCS KOHLIEHTpALUs Io-
MOTE€HTHU3UHOBOM KUCIOTHI M BBbIBellEHME €€ C
MOYO#i. B mpucyrcrBuM Kvcnopona TOMOT€HTH-
3MHOBAsI KMCJIOTa TIPEBPAILIAETCS] B COSMUHEHME
YEpHOTO 11BeTa — ajkanToH. [losTomMy Moua Ta-
KuX GOJBbHBIX Ha BO3MYXEe OKPALLMBAETCS B YEP-
HBIH LIBET. AJIKANTOH TaKXe o0pa3yercsi U B 610-
JIOTMYECKMX XMIKOCTSIX, OCENasi B TKAHAX, KOXE,
CYXOXHWIMSIX, cycTaBax. [1py 3HaYMTENIBHBIX OT-
JOXEHUSIX JIKAIITOHA B CYCTaBAX HAPYILAETCS UX
TTOABVDXHOCTD.

Hapymenue 00pa3oBanns KOHEYHbIX NPOAYKTOB H
HAKOIJIeHHe cyOCTpaToB mpeqmecTBeHHHKOB. OTMe-
4atoT 3a00J1eBaHMs1, KOT/Aa OMHOBPEMEHHO HETOCTa-
TOK TIPOAYKTa U HAKOIUIEHHUE MCXOQHOTO cyOcTpa-
Ta BbI3BIBAIOT KIMHHUYECKHE TPOSBICHHS.

E1 Ez €3 E,4

A—B—C--——->*D---2p

L__V__/

Knunuueckue nposisneHus

= Knunnueckue
MposBneHus

Kiunuveckue nposisienusna. HanpuMep, y moneit
¢ 6onesnbto I'mpke (rmukoreHo3 I Tuma) Ha-
OJTI0NAIOT CHHUXEHWE KOHLEHTpAlLUW TIIOKO3bI
B KPOBH (TMIIOIIMKEMMSI) B IIEPEPhIBAX MEXIY
MpUEMaMH THILH, DTO CBSI3aHO C HApPYILIEHH-
€M pacrmaza TJIMKOTeHa B TeYeHH M BBIXOIOM
M3 HE€ DIIIOKO3BI BCIIeACTBYE AedekTa hepMeHTa
IJTI0K030-6-docdatdocdarasnsl (cM. pasien 7).
OmHOBpPEMEHHO Y TaKHX JIIOAel YBeJIMYMBAIOT-
Cs pa3Mepbl MeyeHM (rermaToMeranusi) BCJej-
CTBME HAKOIUIEHUWSI B Hefl HE WMCITIOIb3YeMOro
IJIUKOTEHa.

IX. IPUMEHEHUE ®EPMEHTOB
B MEOAUUMHE

@epMeHTHBIE MpenapaThl IMKUPOKO WCIOAb3YIOT
B MeauiHe. PepMeHTH B MEIHLIMHCKON IPAKTH-

K€ HaxoIST NMPUMEHCHHE B KA4€CTBE THATrHOCTU-
YeCKHX (IH3UMOAUArHOCTHKA) M TEPareBTUYECKUX
(3H3uMoOTEpanus) cpeacTB. B 3ToM pasnmene Mbl
OCTAHOBMMCSI Ha OCHOBHBIX TIPUHLIMIIAX IH3UMO-
JUArHOCTUKM M SH3UMOTEpPAIIHH.

KpoMe Toro, cepMeHThl HCIOJB3YIOT B Kaue-
crBe crieundpuyeckux peakTUBOB sl OIpeacsie-
HuA psla BellecTB. Tak, IJIIOKO300KCHAA3y MpU-
MEHSIIOT IJIs1 KOJIMYECTBEHHOI'O OIpEleJICHUSs
[JIIOKO3bl B Moue W KpoBU. PepMEHT ypeasy HC-
MOJIb3YIOT [JIS1 ONIPENENIEHUsI CONEpPXaHUS KOJH-
yecTBa MOYEBUHBI B KpOBU M Moue. C MOMOILBIO
pPa3IMYHbBIX JErMAPOreHa3 OOHApYXMBalOT COOTBET-
CTByIOILIME CcyOCTpaThl, HapUMeEp NMPYBaT, JaK-
Tar, 3TWIOBBIM CIUMPT U Ip.

A. DH3UMOINATHOCTHKA

DH3MMOIMAarHOCTHKA 3aKJTI0YAETCS B TIOCTAHOBKE
JiarHosa 3abojieBaHMs (WM CHMHIPOMA) Ha OCHO-
Be OIlpee/ieHUsI aKTUBHOCTH (PEpMEHTOB B OMO-
JIOTUYECKUX XUNKOCTAX YeyioBeka. [IpuHUMIIBI 3H-
3MMOJMATHOCTUKMA OCHOBAHBI Ha CJEIYIOIMX
MO3ULIMSX:

e TIpU TIOBPEXICHHHU KJIETOK B KPOBH WIH IpY-
ruX OMOJIOTHYECKUX XUAKOCTIX (HapUMep, B
MOY€) YBEJTWYMBACTCS KOHUECHTPALMSI BHYTPU-
KJIETOYHBIX (PEPMEHTOB MOBPEXAEHHBIX KIIETOK;

e KOJMYECTBO BLICBOOOXAaeMoro pepMeHTa J10-
CTAaTOYHO TSI €r0 OOHAPYXCHMS;

® AKTUBHOCTb (DEPMEHTOB B OMOJIOTMYECKIX XM~
KOCTSIX, OOHApyXHUBAaEMbIX IIPH ITOBPEXIECHUH
KJIETOK, CTa0WiIbHA B TEUEHUE JOCTATOYHO TN -
TEJIbHOTO BPEMEHM M OTJIMYAETCSI OT HOpMaJlb-
HBIX 3HAYEHMUIA; '

e psii PEPMEHTOB MMEET IIPEUMYILIECTBEHHYIO
WIN abCOMIOTHYIO JIOKATU3ALIMIO B OTIpEIeIEH-
HbIX OpraHax (opraHocCHnelunu@UYHOCTD);

e CYUIECTBYIOT Da3jIMYUs BO BHYTPHUKICTOYHOM
JIOKaJIM3aUMK psga (GepMEeHTOB.

1. Hpununoi, npusodsnugue K yseausenuro Koiusue-
cmea ghepmenmos 6 xposu

®epMEeHTBI IIa3Mbl KPOBH MOXHO Pa3IejiuTh Ha
2 rpynnbl. IlepBasi, OTHOCHTEIBHO HeGOJbIIAS
rpynmna GepMEHTOB aKTUBHO CEKPETHPYETCS B U1a3-
My KPOBH OINpedeJ€HHBIMM opraHaMu. Hanpumep,
TIeYEHb CHMHTE3UPYET HEAKTHBHBIE TIpEAIlIECTBEH-
HUKU (DEPMEHTOB CBEPTHIBAIOLIEN CHUCTEMBI KpPO-
BU. Ko BTOpO#t OTHOCAT GOJIBLIYIO TpyIITy hepMeH-
TOB, BBICBOOOXIAIOIIMXCS M3 KJIETOK BO BpeMa MX
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HOPDMaJIBHOTO (YHKUMOHMPOBaHUsA. OObIYHO 3TH
(depMeHTHl BHINMOJIHAIOT CBOIO (DYHKIIHIO BHYTPH
KJIETKM U HE UMEIOT (PM3HOJIOTMYECKOro 3HAYCHHS
B IUIa3Me€ KpOBHU. Y 3J0pOBOro 4YeJioOBeKa aKTHB-
HOCTb 3THX ()€pPMEHTOB B IUIa3Me HHU3Kasl ¥ J0CTa-
TOYHO ITOCTOSTHHAsI, TaK KaK IOCTOSIHHO COOTHO-
LLIEHUE CKOPOCTEM BBLICBOOOXICHMS MX M3 KJIETOK
U CKOpPOCTEW pa3pylUCHHSI.

IIpu MHOrux 3a6o0JieBaHUAX MPOMCXOTUT ITO-
BpEXIEHME KJIETOK, U UX COAEPXUMOE, B TOM YHC-
e U (GepMEHTHI, BEHICBOOOXIAOTCA B KpoBb. K
MPUMMHAM, BbI3BIBAIOIIMM BbICBOOOXIECHHE BHYT-
PUKJIETOYHOTO COIEpPXHUMOr0 B KPOBb, OTHOCST
HapylIeHUE MPOHUIIaeMOCTA MeMOpaHBbI KJIETOK
(Ipy BOCHIAIMTENbHBIX IIpOLieccax) WIM Hapylie-
HHUE LEJIOCTHOCTH KJIeTOK (IIpH HeKpo3se). Onpene-
JIEHWE B KPOBH aKTMBHOCTH psiga (pepMEHTOB XO-
POILLIO HalTaXeHO B GHOXMMHUYECKMX JIabOpaTOpHsIX,
YTO MCMOJB3YIOT 1T JUATHOCTHKH 3a00JieBaHUMA
cepiua, reyeHu, CKeJIETHOW MYCKYJaTyphl U ApY-
TMX TKaHei. YpoBeHb aKTHMBHOCTH (PEPMEHTOB B
ia3Me KOppesiupyeT CO CTEIIEHBbIO IOBPEXICHMS
KJIETOK.

st SH3MMOAMATHOCTUKM MMEIOT GOJIBIIOE 3Ha-
YeHWe 3HaHMA O CYOKJIETOUHOM JIOKaIU3aluu (ep-
MeHTOB. Tak, NosiBiIeHre B IUIa3Me KpOBU (epMeH-
TOB, UMEIOLLMX TOJILKO LIUTO30JIbHYIO JIOKATU3ALMIO,
CBHIETENILCTBYET O BOCMAJIMTEILHOM TIpoLiecce; MpU
00HapyXCHUH MUTOXOHIPHANBHBIX WIM SICPHBIX
¢epMEHTOB MOXHO TOBOPHUTH O 0oJjiee IITyOOKHX
MOBPEXKICHNSAX KJIETKH, HaPUMEP O HEKpO3e.

OnmHako NOBHIIEHNE KOHLIEHTPAIIMU (PEpMEHTOB
He BCEraa CBS3aHO C MoBpexXineHueM TKaHei. Ilpu
M30BITOYHOI KJIETOUHOM Nposrdepaliiy, HarpuMep
TIpY OHKONpOoJMGepaTUBHBIX MPOIIECCaX, MPHU TO-
BBHIIIEHHOW CKOPOCTY CHHTE3a HEKOTOPBIX (hepMeEH-
TOB B KJIETKAaX WJIMA TIPU HAPYIUIEHHOM KJIMPEHCE
(CIOCOOHOCTH BHIBOIMTHCS IIOYKaMM) HAOMIOmaoT
MOBBILLIEHWE KOHLEHTpAllMKM B KPOBH OMpeneIeH-
HBIX ¢epMeHTOB. BpauaMm ciemyer yYyuThIBaTb, 4TO
HOpPMAJbHbIE 3HAYEHWS aKTUBHOCTH (DEDMEHTOB B
KPOBH JieTeif 1 OepeMEHHBIX XEHIIMH OTIMYAloTCS
OT TIOKa3aTeNei, XapaKTepHbIX IS B3POC/bIX 310~
POBbBIX JIIOIEH.

2. Hzogpepmenmut

MepMeHTBI, KaTATM3UPYIOIIME OTHY M TY XK€ XH-
MHYECKYIO PEaKIIHIO, HO OTIMYAIOILMECS TI0 Iep-
BHYHOM CTPYKType O€JiKa, Ha3bIBalOT M30depMeH-
TaMM, WM U309H3UMaMH. OHU KaTaIM3UpYy1OT OTUH
M TOT X€ THIT PeaKlIuM ¢ MPUHIIAITMAIILHO Od1HAa-
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KOBBIM MEXaHM3MOM, HO OTJIMYAI0TCS APYT OT ApY-
ra KUHETUYECKMMH TlapaMeTpaMU, YCJIOBUSIMU aK-
TUBallMHd, OCOOEHHOCTSMM CBSI3M anogepMeHTa U
KodepMeHTa.

ITpupona nosiBeHUs1 U30(pepMEHTOB Pa3HOOO-
pas3Ha, HO yallle Bcero o0yclioBJIeHa pa3TuYUSIMHU
B CTPYKTYpe I'¢HOB, KOIUPYIOIINX 3TH N3oPepMeH-
Thl. ClieioBaTeIbHO, M30(DEPMEHTHI Pa3INYaIOTCS
MO TIEPBUYHOM CTPYKTYpe OeJTKOBOM MOJIEKYIbI H,
COOTBETCTBEHHO, MO (PU3UKO-XHUMHYECKUM CBOM-
crBaM. Ha pa3nnuusix B PU3IUKO-XUMHUYECKHUX
CBOMCTBaX OCHOBAHBI METOABI OIpeNeIeHUs] U30-
¢epMeHTOB.

ITo cBoeii cTpykType U30(epMEHTH B OCHOBHOM
SIBJISAIOTCST OJMTOMepHBEIMH OenkamMu. [Ipuuém Ta
WIM MHas TKaHb NMPEMMYILUECTBEHHO CHUHTE3UPYET
ornpenenéHHble BUABI MPOTOMEpOB. B pesysbrare
onpenenéHHON KOMOMHAIIUM 3THX NMPOTOMEPOB
GopMupPYIOTCST PEPMEHTHI C Pa3IMYHON CTPYKTY-
poit — m3oMepHble dopMul. OOHapyXeHHE Ompe-
JIENEHHBIX N30(pepMEHTHBIX (OpM (PEPMEHTOB I1O-
3BOJISIET MCIIOJb30BaTh MX IJIsI OMarHOCTUKHU
3a00JieBaHUM.

H3odopmbl aakraTaernaporesassl. DepMeHT nak-
tataeruaporeHasa (JIIAIN) katamusupyer o6paTumyio
peaKkiiio OKMCIIEHMsI JIaKTaTa (MOJIOYHOM KMCIIO-
Thl) JO NMUpYyBaTa (IMPOBUHOTPAAHON KUCIIOTHI) (CM.
pazmen 7).

CI:H3 nﬂr CIHS

H(IZ—OH + NAD" — ?=O + NADH + H*
CoO CoO’

NakraTt Mupyeat

JIakTaTIernaporeHa3a — OJIMIOMEPHBLIN 6GesloK ¢
MoJiekyngpHoi Maccoit 134 000 [, cocrosmmii U3
4 cyorequHuIL 2 THIIOB: M (OT aHIJI. muscle — MbILL-
ua) u H (ot aHrn. heart — cepnie). KomOuHarus
3TUX CYOBETUHUIL JIEXKUT B OCHOBE (DOPMHUPOBAHUSA
5 uszodopM JakTataeruaporeHasbl (puc. 2-35, A).
JAI', n JIAI', Haubosiee aKTMBHBI B CEPACIHON
mbiune ¥ moukax, JIUIL, w JIAL, — B CKeleTHBIX
MEIIIIAX U MeYeHH. B OCTaIbHBIX TKAHSIX UMEIOTCS
pasuuHbie GOPMBI 3TOTO (epMeHTa.

o Uzogopmer JIT ommmyarorcs -saekTpogope-
THYECKOM TOJIBIIKHOCTBIO, UTO MO3BOJISET yC-
TAHABJIMBATh TKAHEBYIO NPHUHAJIEXHOCTh U30-
dopm JIAT (puc. 2-35, B).
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Puc. 2-35. U3othopmbl nakTaTaerupporeHasbl. A — CrpoeHne pasnuuHeix n3ogopm JIAM; B — pacnpeneneHne Ha anekTpodoper-
pamme U oTHocuTentHble Konuuectea usodopm JIAM B pasnuuHbIX opradax; B — copepxanue usocopm 1A 8 nnasme kpoeu B HOpme
¥ NpU Nartonoruu (aNeKTpothoperpamMmMbl — cnesa U (hOTOMETPUYECKOE CKaHMPOBaHWe — CNpaBsay).

o TTosiBNIEHME B 3BOJIOLNM PasIMYHBIX U30(OPM TIPEACTABIEHb 3JEKTPOdOperpaMMbl TLIa3MBbI

JIAI' obycioBiaeHO OCOOEHHOCTSMU OKWCJIM-
TeAbHOro MetabonmaMa TKaHeii. M3odepMeH-
t1 JIAL, n JIAI, (M-tuns JIAT) pa6otaror
3(dexTMBHO B aHaspoOHBIX ycnosusix, JIAT,
u JIAT, (H-tumer) — B a9poOHBIX, KOraa Iu-
pysar 6bicTpo okucisercs 1o CO, u H 0, a e
BOCCTAHAB/IMBAETCS 10 MOJOYHOH KWMCJIOTHI.

o [1pu psine 3abosieBaHUi UCCIERYIOT aKTUBHOCTD
JIAT B mma3Mme KpoBH. B HOpMe aKTHBHOCTH
JAT cocrasnsier 170—520 EJl/a. TloBbiieHue
AaKTUBHOCTU HaG/II0a10T MpU OCTPHIX TTOpaxe-
HUSAX Cepalia, MEeYeHW, MOoYeK, a TaKKe TIpH
MErajio0IaCTHRIX ¥ TEMOJUTHYECKUX aHEMMSIX.
OnHako 3TO YKa3hIBAET Ha MOBPEXIECHHE JIUIITD
OMHOM W3 NepPEeYHCICHHBIX TKAHEMH.

e JIn9 MOCTAaHOBKHU AMarHo3a HeOoOXOAWMO HC-
cienoBanne u3odopMm JIAI B rasMe KpoBu
MeToaoM 3nekTpodope3a. Ha puc. 2-35, B

KPOBH 3I0OPOBOTO 4eJIoBeKa, O0JIbHOro uH(pap-
KTOM MHOKapia M OGOJBHOro rerarutomM. Bri-
sIBJICHHE B TUIa3Me€ KPOBU TKaHECIEIH(pHIeC-
Kux uzobopM JIII ucronn3yioT B KayecTBe
JIMarHOCTHYECKOrO TECTa TTOBPEXAEHHUS JTaHHOW
TKaHM.
HN3odopMbl KpeaTHHKHHA3BL. KpeaTHHKMHa3a
(KK) xaranusupyer peakiiuio oOpa3oBaHHs Kpea-
TuH(pochara:

" i

Cl:—NHz + ATO & (I)—NH—P03H2 . AZO
rsll —CHj I\IJ —CHs

C|2H2 ?Hz

COOH COOH

Kpeatun KpeatuHdpocdar
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Monexyna KK — miMep, cocrodiimii u3 cyobemm-
HMII IByX TWTIOB; M (OT aHIn. muscle — mpmiima) u B
(ot aHm. brain — mosr). U3 atux cyGbemmHmil obpa-
sytorcst 3 m3odepmenta — BB, MB, MM. HUsodep-
meHT BB Haxomurcst mpeuMylliecTBeHHO B IOJIOBHOM
mo3re, MM — B ckenreTHbIX MBIIIIax ¥ MB — B cep-
JeyHoii mpiime. Uzogpopmbl KK MMeroT pasHyio ai1ek-
TpodopeTIIecKyI0 MOIBIXKHOCTD (puc. 2-36).

AxtBHOCTh KK B HOpME He J0JDKHA TPEBHIILIAT
90 ME/n. Onpenenenne aktuBHocTd KK B 1uiasme
KPOBM UMEET AMArHOCTHYECKOE 3HAYCHME TIPU WH-
(apkre MUOKapna (IIPOUCXOMUT TIOBBIIIEHHE YPOBHS
MB-u3odopmer). Komuecrso uzopopmer MM Mo-
XET MOBBILIATHCS MPU TPaBMax M NMOBPEXIEHUSIX CKe-
JieTHbIx Mbilnl. Mzodopma BB He MOXeT mMpoHMK-
HyThb Yepe3 reMaTosH1ehamyecKuii 6apbep, O3TOMy
B KPOBU IIPAKTUYECKHA HE OMPENCIIeTCs JaxXe Ipu
MHCYJIbTaX U AMArHOCTHYECKOTO 3HAYEHMS He MMeEeT.

C]
m— KK
=i 00
! ~O®
Crapt

Puc. 2-36. CTpyKTypa 1 anexTpochopeTuyeckas noABMKHOCTb
PasnUYHLIX N30HOPM KpeaTHHKHUHASLL.

3. Inzumoduaznocmura npu ungapkme muoxapoa

[MpumepHo 30% GoabHBIX WHGAPKTOM MHOKap-
Jla UMEIOT aTUITMYHYIO KIIMHUUYECKYIO KAPTUHY 3TOTO
3abonepanus. [loatoMy HeoOXOOMMO MPOBOJIUTH
JIOTIOJIHUTEIbHBIE METOBI UCCAEAOBAHUS IS MO~
TBEPKACHUSI TIOBPEXICHUS CEPACYHOM MBILLLIbI.

[Ipn mHdapkre MHoKapaa HabJOJAIOT IOCTO-
BEpHbIE U3MEHEHUS B KPOBU aKTUBHOCTH (epMeEH-
toB KK, JIAT 1 acnmapraraMuHoTpaHcdepa3sl —
ACT, KoTopbI€ 3aBUCAT OT BPEMEHU, IMPOLLIEALIETO
OT Hayvaja pa3BUTHs UHGApKTa U OT 30HbI TKaHe-
BOTO MOBpeXAeHUs. TUMMMYHYIO KPUBYIO M3MEHE-
HUSI aKTUBHOCTH 3THX (PEPMEHTOB MOXHO BMIETH
Ha puc. 2-37. [locne 3akynopku (OKKJII03UH) KO-
POHApHOTO COCyla B KPOBH BHauyajle OTMEYAIOT
noBeIeHue aktTupHoct KK m3odopmer MB, ox-
Hako (bepMEHT OBICTPO YyHaNAeTCsl U3 KPOBOTOKA.
OO06HapyxeHue MoBbIIEHHOW akTuBHOCcTU KK B
IJ1a3Me KPOBU — OCHOBHOM H3UMOIUAarHOCTUYEC-
Kui kputepuit UH(papkTta Muokapaa. Eciou y na-
LIMEHTA C 3arpyAMHHBIMU GOJISIMU He O0OHapyXkeHO
u3MeHeHusT B aktuBHOcTU KK, nuarHo3 nmHdapkra
MUOKAp/a MaJIOBEPOSITEH.

JOnoAHUTEILHBIM TTOITBEPKICHUEM TUarHo3a UH-
(bapkTa MHOKapaa CIyXUT OOHapyKeHUEe aKTUBHOC-
e ¢pepmeHToB ACT u JIAT B KpoBU OONbHBIX.
JdvHaMuKka U3MEHEHMH STUX aKTUBHOCTEH TakKxke
TIpeACTaRIeHa Ha 3TOM pUcyHKe. AKTHBHOCT ACT B
HopMe coctaBisieT 5—40 ME/n. Tlpu uHdpapkre Mu-
okapna aktusHocth ACT TioBbIIIaeTcs yepes 4—6 u;
MaKCHUMYM aKTHBHOCTM HabJIOJAIOT B TeYECHUE

=

5

g -

2o 7r

£ 3

© s 6

0=

553

39 st nar

I2¢

con 4t ACT

o3

>~2I 3L

352

(O]

E2E 2f

885 KK

RS 11
0 24 48 72 96 120
T Bpems, 4
Wudpapkr
Muokapaa

Puc. 2-37. U3ameHeHWe aKTUBHOCTH (hepMEeHTOB B NNa3Me KpoBu Npu UH(apKTe MUoKapaa.
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2—3 nueii. Yposens JIJII' Takcke yBenuuuBaeTcsi B
TUIa3Me KPOBM yepe3 HECKOJIbKO YacoB MOCIE 3aKy-
TIOPKY KPOBEHOCHOTO COCYNIa; MAKCMMYM aKTHMBHOC-
TH HabmonaioT Ha 3—4-if IeHb, 3aTeM HACTYIIaeT Mo-
CTeTNeHHas] HOpMaIM3allisl aKTUBHOCTU. YPOBEHb
noBbliieHUs: akTUBHOCTH JIJII' Koppenupyer ¢ pas-
MEPaMH TTOBPEXTCHUS CEPACYHON MBIIIIIHI,

b. IIPUMEHEHUE ®EPMEHTOB B KAYECTBE
JEKAPCTBEHHBIX CPEJCTB

Hcnonb3oBanue (GepMEHTOB B KayecTBe Tepa-
MEBTUYECKUX CPEICTB MMEET MHOTO OTPaHMYECHUH
BCJIEICTBHE MX BBICOKO MMMYHOTEHHOCTH. TeM He
MeHee 3H3UMOTEPANUIO AKTUBHO Pa3BUBAIOT B CJie-
JYIOIIMX HarpaBICHUSX:
e 3aMeCTUTEJbHAsl Tepamnuss — HCIOJb30BaHUE
‘bepMeHTOB B clTy4ae MX HEIOCTAaTOYHOCTH;

® 3JIEMEHTbl KOMILIEKCHOMH Tepanuy — IpuMe-
HeHHe (PepMEHTOB B COYETAHWUM C JPYTOM Te-
panuen.

3aMmecTuTeNIbHAS 3H3UMOTepanusa 3¢ ¢eKTHBHA
TIPH XeTyIOYHO-KUILEYHBIX 3200/1€eBaHUSIX, CBA3aH-
HBIX C HEIOCTATOYHOCTBHIO CEKPEeIlUH ITHUIeBapH-
TeJIbHBIX COKOB. Harmpmmep, memncuH HCIOJIb3YIOT
MpU aXWIMM, TUIIO- U aHALIMOHBIX racrpurax. [de-
GULHT TTaHKpeaTHYeCKUX (epPMEHTOB TaKXe B 3Ha-
YUTEJLHOM CTENEHH MOXET ObITh KOMIICHCHPOBAaH
MPUEMOM BHYTPb IIPENapaToB, COMEPXKAIIIUX OCHOB-
Hble (epMEHTHI MOIXETYIOYHOM Xene3nl (¢ecTan,
SH3UCTAJI, Me3UM-(DOpTE U 1Ip.).

B kayecTBe JOMOJHMUTEIbHBIX TEPANIEBTUUYECKMX
cpencTB pepMEHTBI MCITOB3YIOT TIPH psizie 3abosieBa-
amii. TIporeommriieckue ¢epMeHTHI (TPUTICHH, XH-
MOTPHIICHH) TIPHMEHSIOT IIPH MECTHOM BO3AEHCTBUU
J1st 00pabOTKH THOMHAIX PaH € LIETbIO PaCIICTUICHUS
6e1KOB MOTWOIMX KJIETOK, VIS YNAIEHUSI CTYCTKOB
KPOBH WM BSI3KMX CEKPETOB IPH BOCIAMTEILHBIX
3a00JIeBaHMSIX JbIXaTeNbHBIX MyTei. PDepMeHTHBIE

rpenaparbl pubOHYK/Iea3y U JAe30KCHPHOOHYKIIeasy
HCTIONB3YIOT B KAUECTBE IPOTHMBOBHPYCHBIX IIpeTiapa-
TOB MPY JIEYEHUH aEHOBUPYCHBIX KOHBIOHKTUBHTOB,
TEpIETHYECKUX KEpaTHTOB.

MDepMeHTHBIE TIpeTiapaThl CTAIM ILHHPOKO IpH-
MEHSTb IIPU TPOMO03ax ¥ TpoMOoaMObousix. C 3Toit
LETbI0 MCIIONB3YIOT Tiperiaparhl GUOPUHOMM3UHA,
CTPENTONMA3bl, CTPENTOAEKA3bl, YPOKHUHA3HI.

DepMeHT THAlypOHHOA3y (TMaasy), KaTaJlu3H-
PYIOIIMI pacilleIVICHHe THAJIYypPOHOBOM KHUCIOTHI,
HCTIONB3YIOT TOAKOXHO M BHYTPUMBIIICYHO AJIS
paccachiBaHVisl KOHTPAKTyp PYOIIOB ITOCNIE OXOTOB
M orepanuit (rMajJypoHOBasi KHCJIOTa oOpasyeT
CIIMBKM B COCIMHUTEILHOM TKaHM) (CM. pasgen 8).

®epMeHTHBIE TIpETIapaThl UCIIONb3YIOT TP OH-
KOJIOTUYECKHX 3a00JieBaHUAX. AclapariHasa, Ka-
TANM3UPYIOIIas peaklnio KaTaboau3Ma acraparu-
Ha, HallUTa IpPUMEHEHHE Ui JIEYEHUS JIEHKO30B:

Py C//O
I “NH | “OH
CH, AcnaparHasa  CH,
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CH-NH, = CH—NH, + NHs
COOH COOH

L-AcnaparvH L-AcnaparuHoBasn

Kucnorta

IpenarnockUiKoi aHTWIEHKEMUYECKOTO JeHCTBUS
acraparrHasbl ITOCIYXWIO OOHapyXeHHUe B JIENK03-
HBIX KJeTKax JAe¢eKTHOro ¢epMeHTa acraparmH-
CHHTETa3bl, KaTAIM3UPYIOLIETO PEAKIUI0 CHHTE3a
acriaparHa (CM. CxeMy HHXe).

Jleiiko3HBIE KIIETKH HE MOTYT CHHTE3MpPOBATh
acraparvH M MojJyyaroT ero 43 Iuta3Mbl KpoBH. Ecin
HMMEIOLIUICS B MJIa3Me acllaparviH pa3pylliaTh BBe-
JIEHUEM acliaparvHasbl, TO B JIEHKO3HBIX KJIETKaX
HACTYyNUT JeULIMT acriaparMHa U B pe3yjibTaTe —
HapyLIeHHE METab0JIu3Ma KIIETKH.
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L-AcnaparuHoBast L-FnyrtamuH
KucnoTa

Cxema

L-AcnaparvH L-FnytamuHoBasn

Kucnora




Pﬂgﬂm BUTAMMWHDI

Ko Bropoit nonosune XIX crosieTus GBUIO YCTAHOBJIEHO, YTO ITHILIE-
Basi LIEHHOCTb MPOAYKTOB IIUTAHUS OMNPEACIAECTCS COACPXAHUEM B HUX
0enKoB, XUPOB, YIJIEBOAOB, MUHEPAJIbHBIX COJIEH U BOIBI.

OnHako MPaKTUYECKHI OMBIT Bpaueil M KIMHUYECKUE HAGMIONCHUS,
a TaKXe MCTOPHMS MOPCKMX M CYXOITyTHBIX IMyTEIIECTBUM yKa3bIBAIM Ha
BO3HMKHOBEHHE psija crenubudecKux 3aboyieBaHuit (1uHra, 6epu-
OGepu), CBsI3aHHBIX ¢ AedeKTaMy TIMTAHUS, XOTS ITOC/EeIHEE MOJTHOCTHIO
OTBEYAJIO YKA3aHHEIM BHILIIE TPEOOBAHMSIM.

BaxxHblil BKJTIag B pa3sBUTHE YYEHHUSI O BUTAMHUHAX ObLT CIeIaH oTede-
cTBeHHbIM BpadoM H.W. JIyHMHBIM B ombITax Ha MbIlax. OgHa rpymnma
MBILIEH (KOHTpOJIbHASA) ITOJyyala HaTypajJbHOE MOJIOKO, a BTOpas —
CMEChb KOMIIOHEHTOB MOJIOKA: G€JIOK, XHpP, MOJIOYHBINA caxap, MHHE-
panbHble CONMU U BoAa. CIyCTsI HEKOTOPOE BPEMs MBIIIN OIBITHOM IPyII-
MBI NOrudany, a MBI KOHTPOJBHOM IPYNIBI pa3sBUBATNCh HOPMallb-
Ho. Orciona ciemoBajt BBIBOI O HAIMYMU B MOJIOKE IOITOJTHUTEIbHBIX
BELUECTB, HEOOXOMUMBIX JIJII HOPMAJIBHOM XU3HEAESTEIbHOCTH.

IMonTBepXaeHHWEM TIPABIJIBHOCTH BhIBoAa JIyHMHA SIBWIOCH yCTa-
HOBJICHHE MPUYMHBI 6epu-6epu. OKa3anoch, YTo JIIOIU, YIIOTPEOIITIO-
LK€ B MUILY HEOYMILEHHBIA PUC, OCTABAINCH 3JOPOBBIMHU, B OTJIMYUE
OT OOJBHBIX Oepu-0€pH, KOTOPHIE MUTAIUCH MOJUPOBAHHBIM PHCOM.
B 1911 r. monmbckuit yu€Hblit K. OyHK BBIIEIHI U3 PUCOBBIX OTPYOeit
BELIECTBO, KOTOPOE OKAa3hIBATIO XOPOUIHi Je4eOHbIN 3¢ GEKT IIpH 3TOM
3aboneBaHUU. [1OCKOJIBKY 3TO OPraHMYECKOE BEIIECTBO COAEPXaNO B
CBOEM coCTaBe aMMHOrpynmy, ®@yHK Ha3BajJl 3TO BELIECTBO BHUTAMH-
HOM, WIM aMHUHOM XM3HH (OT JIaT. vitla — XWU3Hb). B HacTosdliee Bpe-
MS U3BECTHO OKOJIO ABYX IECSTKOB BUTAMHUHOB, KOTOPbIC OOCCIICUH-
BalOT HOPMAJIBHBEII POCT OpraHM3Ma M HOPMaJIbHOE IIPOTEKaHUE
(bHM3HOTOTHYECKUX M GMOXMMHYECKHX MPOLeCCOB. MHOTME M3 HHX
BX0o#AT B coctaB kKodepmenros (B,, B,, PP u mpyrue); HekoTopbie
BUTAMHUHBI BBIMOJTHSIOT CIELUATM3UPOBAHHBIE (YHKIIUK (BUTAMUHBI
A, D, E, K).

ButaMHUHBI — HHU3KOMOJIEKYJIAPHBIE OPraHU4YE€CKHUE COCAUHEHUS pa3-
JAYHON XMMHUYECKOH MPUPOAbl U Pa3IUYHOIO CTPOCHUS, CUHTE3UPYE-
MBbI€ TJIaBHBIM O0pa3soM pacTeHUAMH, YaCTUYHO — MHKPOOPTraHHU3Ma-
Mu. [Ing yemoBeKa BUTAMMHBI — HE3aMEHHMbIE MULUEBBIC (HAaKTOPHI.

HenmoctaTok NMoCTYIUIEHHS BATAMMHOB C MUILICH, HAPYIIEHUE UX BCa-
ChIBaHUS WM HapYIIEHUE WX UCIOIb30BaHUSI OPraHU3MOM TMPUBOIUT K



Pa3BUTHIO ' TIATOJIOTMYECKHUX COCTOSTHUI, Ha3blBae-
MBIX THIIOBUTAMHHO3aMHU.

OcHoBHbIE NpHYHHBI M'MIIOBUTAMHHO30B

» Hegocratok BUTaAMMHOB B ITMIIIE;

« Hapyurenue BcacwiBanusi B XKT;

o Bpoxnénunnie nedektbl hepMEHTOB, YYacTBY-

IOIIMX B TIPeBpAIIEHWSIX BUTAMUHOB;
e JleiicTBHe CTPYKTYPHBIX aHAJIOTOB BUTAMHHOB
(aHTUBUTAMHUHBI).

IToTpeGHOCTDL 4YesloBeKa B BUTAMHUHAX 3aBUCHUT
OT ToJ1a, Bo3pacTa, (pHU3HOJIOTHYECKOTO COCTOSIHUS
1 MHTEHCUBHOCTU Tpyna. CylUeCTBEHHOE BIMSHUE
Ha NOTpeOHOCTh YEJIOBEKA B BUTAMHUHAX OKa3bIBa-
10T XapaKTep MUK (ipeodiajaHue yrieBOIOB WU
0EJIKOB B AMETe, KOJIMYECTBO M KayecTBO XHUPOB),
a TaKkKe KJIMMAaTH4ECKUe YCIIOBHUS.

KINACCNPUKALIUA BUTAMNHOB

ITo xMMHYECKOMY CTPOCHUIO U bU3HKO-XIMH-
YeCKMM CBOMCTBaM (B YaCTHOCTH, 1O PacTBOpHU-
MOCTH) BHTaMHUHBI JIeJIAT Ha 2 TPYIIIHI.

A. BOIOPACTBOPMMBIE

Buramud B, (TMamuH);

Buramun B, (puGogaBuH);

BuramuH PP (HMKOTHHOBasi KMCJIOTa, HUKO-
TUHAMUN, BUTaMUH B,);

IManToTeHOBas1 KMCMIOTa (BUTaMMH B,);

Buramun B, (nupugokcusn),

Buotusd (ButamuH H);

®osmesas kucnora (BuTamMuH B, B));

BuramuH B,, (kobanaMuH);

Burtamun C (aCKOpﬁPIHOBaSI KHCJIOTA);

Buramun P (6uodnaBoHOMIDBI).

b. ZXKVPOPACTBOPHMBIE

Butramun A (peTuHOMN);

Buramun D (xonekanbiudepo);

Buramuu E (ToKOepo);

Butamun K (pmmioxuHoH).

BoxopacteopuMble BUTAMUHBI NPU UX U30BITOY-
HOM IIOCTYIUICHHM B OpPraHHU3M, OyIyYM XOpOLIO
PacTBOPHMBIMM B BOZIe, GBICTPO BRIBOIATCS U3 Opra-
HHU3Ma.

ZKupopacTBopnMbie BUTAMKMHBI XOPOLLIO pacTBO-
pUMBI B XMpax M JIerko HakaIUIMBalOTCS B Opra-
HHU3ME TIPM UX M30BITOYHOM TMOCTYIUIEHHH C ITH-

e, X HakOIUIEHHE B OpPraHM3ME MOXET BbI3-
BaTh PacCTPOMCTBO OOMEHa BEILIECTB, HA3BIBAEMOC
TMIIEPBUTAMHHO30M, M JaXe THOEJIb OpraHu3Ma.
A. BO,Z[OPACTBOPI/IMHE BUTAMMWHBI

1. Bumamun B, (muamun). CTpyKTypa BUTaAMH-
Ha BKJII0YAeT MTUPUMUANHOBOE U THA30JI0BOE KOJb-
11a, COeIUHEHHbIE METHHOBBIM MOCTHKOM.

S

1— NUPUMMUGUHOBOE KOMbLO; 2 — TUA30MOBOE KOMbLO
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Butamun B, (Tuamun)

Ucrounnku. Butamud B, — mepBbld BATaMuH,
BBIIEJIEHHBIH B KpUcTa/UIMYecKOoM Buae K. OyH-
xoM B 1912 r. OH 1LHMpPOKO DPacmpoOCTpPaHEH B
MPOAYKTaX PAaCTUTEJBLHOTO IMPOMCXOXICHUS
(060J10YKa ceMsTH XJIEOHBIX 371aKOB M pHca, ro-
pox, dacosb, cosl ¥ Ap.). B opraHu3Max XHBOT-
HBIX BUTaMUH B, conepxuTcs perMylLecTBeH-
HO B Bule audochopHoro 3dupa THaMHUHa
(T®P); oH obpa3yercs B IleYEHH, ITOYKAX, MO3-
re, cepue4yHoil Meiile myréM docdopuinpo-
BaHWSI THAMHMHA TP YYaCTUM THAMHUHKHHA3bI
u ATO.

CyTouyHasg moTpeOHOCTh B3pOCJIOTO YEJIOBEKA B
cpenHeM coctasiisieT 2—3 mr ButamuHa B . Ho
MoTpe6HOCTh B HEM B OY€Hb OOJBIIONH CTere-
HM 3aBUCUT OT COCTaBa M OOl KaTopUifHOC-
THA MMM, AHTEHCUBHOCTH 0OMEHA BELIECTB U
WHTEHCUBHOCTH pabotel. Ilpeobnamanue yr-
JIEBOZOB B MULIC MOBBILIAET MOTPEGHOCTH Opra-
HU3Ma B BUTaMMHE; XHPBI, HA000POT, pe3KO
YMEHBUIAIOT 3Ty MOTPeOHOCTb.

buosornueckas ponsr BUTaMUHA B, ompenesser-
cs TeM, yto B Buae T/IMD oH BXOZUT B COCTaB
KaK MUHUMYM TpEX (GpepMEeHTOB U (DepPMEHT-
HBIX KOMIUIEKCOB: B COCTaBe NHUpYyBarT- U -
KETOIIyTapaTACTUIPOreHa3HbIX KOMITJIEKCOB
OH Y4YaCTBYET B OKMCJIMTEILHOM IeKApOOKCH-
JIUpOBAaHUM TMHpPYyBaTa U o-KEeTOriayrapara; B
coctaBe TpaHcketonasel TA® y4yacTByer B
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NeHTo30(hocHaTHOM ITyTU MpPeBpalleHHsl yr-
JIEBOJIOB.

OcHOBHO#, HauboJjiee XapaKTePHBIA U CIICHM-
duyeckuii MpU3HaK HEAOCTATOYHOCTH BHTa-
MHMHa B, — MoOJIMHEBPHUT, B OCHOBE KOTOPOIO
JieXaT NEereHepaTUBHBIE U3MEHEHMS HEPBOB.
BHauane pa3BuBaercs 00J€3HEHHOCTh BIOJb
HEPBHBIX CTBOJIOB, 3aTEM — HOTEPS KOXHOM
YyBCTBUTEJIbBHOCTH M HACTyMNaeT mapajuy
(bepu-6epu). Bropoii BaxHeMHIIMII TTpU3HAK
3a00n1€BaHNsl — HapyllIeHWe CEPACYHON aesi-
TEJIbHOCTU, YTO BBIPAXAETCS B HapyIIEHUH
CEepAEYHOro pUTMa, YBEJIMYEHUH pa3MEepoB
cepialla U B IOSBJIEHMU Oo0Jieii B obiacTu
cepaua. K xapaktepHbIM npu3HakaMm 3abo0-
JIEBAaHUSI, CBSI3aHHOIO0 C HEJOCTATOYHOCTHIO
BUTaMWHa B, OTHOCAT TakXe HapylleHus
cekpeTopHoil U motopHoit dyHkuuit KKT;
HaOMI0Jal0T CHUXEHUE KUCIOTHOCTH XENy-
JIOYHOTO COKa, TOTEpI0 alllleTUTa, aTOHHUIO
KULIEYHHUKA.

2. Bumamun B, (pubogpaaeun). B ocHoBe CTpyK-

TYpbl BUTAMMHA B, JIEXUT CTPYKTypa M30a/UIOKCa-
3MHa, COEAUHEHHOTO CO CIIUPTOM PUOUTOJIOM.
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OH OH OH
Butamux B,

PubognaBuH mpeacrapiasier COO0OM KpHCTAJLIbI
xéntoro useta (ot Jjart. flavos — XEntwii), ciabo
pacTBOPUMEIE B BO/IE.

CnaBHble MCTOYHMKM BUTaMUHa B, — meyeHs,
MOYKMH, SIiila, MOJIOKO, NPOXC K. ButaMuH co-
JEPXKHUTCS TAaKKe B LIMTAHATE, MIIIEHHULE, PXU.
YacTuyHO 4Y€IOBEK MOJNy4aeT BUTaMUH B, Kak
MPOOYKT XU3HEAEATETBHOCTH KULIEYHOM MUK-
POGJIOPEL.

Cyrounas norpebHOCTL B BUTaMUHE B, B3pocio-
ro yejioBeka cocrasisier 1,8—2,6 mr.

Buosnormyeckune pynkumn. B causucroit 0605104-
K€ KHWIIIEYHHMKA TOCJIC BCAChIBAHMSI BUTAMHUHA
MPOUCXOANT obpa3oBaHMe KopepMeHTOB FMN
u FAD no cxeme:
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PubotbnaeuHkuHasa FMN-anenununtpaschepasa
Pubopnasut g FMN e FAD
ATO  Al® AT®  HP0»

Kodepmentst FAD u FMN BxoIdaT B cocTaB
(b1aBUHOBBIX (DEPMEHTOB, IPUHUMAIOLIHX yYa-
CTHE B OKHCJIUTEIbHO-BOCCTAHOBUTEIBbHBIX
peakimsx (CM. paszgensl 2, 6, 9, 10).

KiMHuyeckne NpoABJIEHAS HEAOCTATOYHOCTH PH-
0ocdaBUHaA BHIPAXAIOTCS B OCTAHOBKE POCTa
Y MOJIOABIX OpraHu3MoB. YacTo pa3BUBaIOTCS
BOCIIAJIUTENbHBbIE MPOLECCH Ha CIU3UCTOU
000J104YKe POTOBOM MOJOCTH, TTOSIBJISTIOTCS TH -
TEJIbHO HE3AXUBAIOLIME TPEIIMHBI B YIJIaX pTa,
JepMaTUT HOCOTYOHOM CKJIaAKW. TUIHMYHO
BOCIIAJIEHHE IJ1a3: KOHbIOHKTUBUTHI, BACKYJISI-
pHU3alMg pOroBUIIbI, KaTtapakTrd. KpoMe Toro,
IIpY aBUTaMUHO3€e B, pasBuBaroTcs o61as Mbl-
meyHasa caabocTh M CIaboCTh CepAeYHOM
MBIILLIIBI.

3. Bumamun PP (nuxomunoeas xucioma, HUKO-

munamuod, eumamun B)

Pe
COOH C
“NH;
N N
HukoTuHOBas kucnoTa HukoTuHamma

Butamun PP

HUcrounnkn. Butamuu PP mpoko pacrmpoct-
paHEH B PACTUTENBHBIX IPOAYKTAaX, BHLICOKO
€ro CoJAepXaHWE B PHCOBLIX MU IMILIEHUYHBIX
oTpyOsIX, ApPOXXKaX, MHOIO BUTaMHHa B Iie-
YeHU M MOYKaxX KPYMHOro poraroro cCKora W
ceuHeil. ButaMuH PP MoxeT 06pa3oBbIBaTh-
ca u3 tpuntodada (U3 60 MoneKyn TPUIITO-
daHa MoxeT oGpa3oBaTrbesi 1 MOJEKysa HU-
KOTMHAMMIA), YTO CHMUXKAeT MOTpeOHOCTb B
ButaMuHHe PP mpu yBeTUYeHHM KOJIHWYECTBA
TpuIiToaHa B THIIE.

CyrouHasd nmoTpeOHOCTL B 3TOM BHTAaMUHE CO-
CTaBlsgeT g B3pocablx 15—25 wmr, aasa ge-
Ted — 15 Mmr.

Bbuogornueckue dynkipd. HHUKOTMHOBas KHMCIO-
Ta B opraiusme Bxomut B coctaB NAD u NADP,
BBIMOJHAIIMX (QYHKUUM KOGEPMEHTOB pa3-
JIMYHBIX JernaporeHas (cM. pasgen 2). CHHTe3
NAD B opraHu3Me MpOTeKaeT B 2 3Tarna:



1. HukotuHamupg + OPOD® —7—+ HukoTuHamugMoHoHykneoTua + HaP207

HukoTMHamuaMoHoHykneoTnanupodgocopunasa

2. HukoTMHamuamoHoHykneotug + AT® 7—‘ NAD* + HsP,07

NAD-lMupodocchopunasa

NADP o6pasyetrca u3 NAD myrém dochopu-
JIMPOBaHMS TIOA AEHCTBUEM IUTOTUIA3MATHYEC-
kot NAD-kuHa3bl.

NAD* + AT® —» NADP*+ AJ®

HenocrarounocTs BHTaMuHa PP mpuBoaur K
3a00JIeBAHUIO «TIeJUIarpa», [UI KOTOPOTO XapaK-
TePHBI 3 OCHOBHBIX NpPHU3HAKA: A€pMaTHT, AWa-
pes, neMeHums («rpu J»). Ilennarpa nposipis-
eTcd B BHIE CHMMETPUYHOTO JepMaTHUTa Ha
YYacTKaxX KOXW, JOCTYITHBIX NEHCTBUIO COTHEY-
HbIX rygeit, pacctpoiictB KKT (auapest) 1 Boc-
MAJTUTEJIbHBIX MOPAXEHUH CIM3UCTBIX 000J109eK
pTa U s3biKa. B ganeko 3alleimx ciayqasx Ie-
Jarpel HabmonawoT paccrpoiictea LTHC (memen-
Msl): IOTeps IIaMSITH, TA/UTIOLIMHALMHK U Ope.

4. ITanmomenosan xucioma (sumamun B)

TTaHTOTEHOBAsT KMCJIOTA COCTOMT U3 OCTaTKOB D-

2,4-TUTUIPOKCH-3,3- IMMETUIMACISIHONA KUCHOTHI U
B-anaHuHa, COEMMHEHHBIX MEXIy coOOl aMUIHOM
CBSI3bIO:

(|3H3 (I)H
HO—CHg—Cli—-CII—(I".)—NH—CH2~CH2—COOH
CH;H O

2,4-NInrnapoxcu-3,3-auMeTun-
MacnsaHas Kucnorta

B-AnaHuH

ITanToTeHOBas KMC/IOTA — OENbIA METKOKPUCTAII-
JIMYECKUIA MOPOILIOK, XOPOILO paCTBOPUMBIA B BOIE.
OHa CHHTE3UPYETCH PACTEHHUSIMU U MUKPOOPIaHH3-
MaMM, CONEPXUTCS BO MHOTHX ITPOMYKTaX XXUBOTHO-
IO ¥ pACTUTEJIBHOTO IIPOMCXOXKAEHMS (SIALI0, IIeYeHb,
MSICO, pbI0a, MOJIOKO, IPOXKH, KApTO(dheIb, MOPKOBb,
MIIcHUIA, S070KH). B KuilleyHrke 4eI0BeKa MaHTo~
TEHOBasI KHCJI0Ta B HEOOJIBIIMX KOJIMYECTBAX MPOIY-
LIMpYETCs KMIIIeYHOM Iayioykoii. [TaHToTeHoBast K1uc-
JIOTAa — YHUBEpPCAIbHBIA BUTAMUH, B HEH WIM €€
TIPOU3BOAHBIX HYXKIAIOTCSI YEJIOBEK, XXMBOTHBIE, pa-
CTeHUSI U MUKDPOOPraHU3MBI.

Cyroynas noTpeGHOCTb U€JIOBEKa B MAHTOTEHO-
BOU Kuciotre coctasisier 10—12 mr.

Buonormueckne pynkipm. I[TaHTOTEHOBasI KMCIOTaA
HCTIONB3YeTCs B KJIETKAX IJIST CHHTE3a KoepMeEH-
T0B: 4-(bocomanrorenHa u KoA (puc. 3-1).
4-pochonaHToTeUH — KOPEPMEHT HATbMHTO-
wichHTa3el. KOA yyacTByeT B I€peHOCE alliib-
HbIX PAAVKAIOB B peakiysxX OOILero myTy Kara-
6omM3Ma (CM. pasmes 6), aKTUBAllMM KHUPHbBIX
KHUCJIOT, CHHTE3a XOJIECTEpHHA Y KETOHOBBIX TN
(cM. pasnen 8), cMHTE3a AUCTHINIIOKO3aMHUHOB
(cM. pasmen 15), 00e3BpeXMBaHUS YYXXEPOIHBIX
BELIIECTB B IedeHH (CM. pasnen 12).

Kinuyeckue nposiBjcHHS HEAOCTATOYHOCTH BH-
TAMHHA. Y YeJIOBEKA M XWBOTHBIX Pa3BUBAKOT-
csd AEpMATUThI, AUCTPOPHUYECKUE MU3MEHCHUS
XeJI€E3 BHYTPEHHEN CeKpellH (HarpuMep, Hal-
II0YCYHMKOB), HApYIIEHUE ACSITCIbHOCTA HEPB-
HOM CHUCTeMBI (HEBPHTHI, NapaTH4M), TUCTPO-
dbunyeckue U3MEeHeHHUS B cepjle, IOYKax,
JEMATMEHTALIMS U BBIMAJEHUE BOJOC U Iep-
CTH Y XUBOTHBIX, TIOTEpS alIeTUTa, UCTOLLE-
Hue. Hu3kuii ypoBeHb TAaHTOTEHATa B KPOBH Y
JIOJEH 4acTo coyeTraeTcsl ¢ IPYTUMM TMITOBH-
TamMuHO3amu (B, B,) u nposiBisieTca Kak Kom-
6uHKMpoBaHHas GopMa TMIIOBUTAMMHO3A.

5. Bumamun B, (nupudoxcun, nupudoxcats, nu-
Pudoxcamun)

B ocHoBe CTpyKTyphl BUTamMMHa B, nexwr mu-
PUAMHOBOE KOJb10. U3BecTHBI 3 (POPMBI BUTAMU-
Ha B, oTiMyalonMecs CTPOCHHMEM 3aMeEINaroINei
TPyMIBL y aTOMa yT/iepoaa B TM-TOJOXEHHH K aTo-
My a3ora. Bce OHUM XapakTepu3yIOTCS OMUHAKOBOM
OHOJIOTUYECKON AKTUBHOCTBIO.

e
CH,OH C\H CHoNH2
HO CHOH HO CH;OH HO CH20OH
HiC HsC HsC
N N N
Mupuaokcon Mupupokcans Mupuaokcamux
(nupugokcuH)
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4’-docdonaHToTenH

Puc. 3-1. Ctpoenune KoA u 4'-chocthonaHrorenHa. 1 — To9TaHONAMUH; 2 — afieHo3un-3'-tocdo-5'-gudocdar; 3 — naHToTeHosas
xucnota; 4 — 4'-chochonaHToTemH (hocthopunuposaHHan NaHTOTEHOBAA KUCNOTA, COOAMHEHHAN C TMOSTAHONAMUHOM).

Bce 3 dopmbl BUTaMuMHa — OecLIBETHBIE KpHC-
TaJIIbI, XOPOLIO PacTBOPHMBIE B BOZE.

Hcrounnku suramuna B, 11g yenoBeka — Takue
NMPOAYKTHI MUTAHUA, KakK fillia, Me4eHb, MOJIO-
KO, 3€JIeHbIH I1epell, MOPKOBb, MIIICHHUIIA, IPOXK-
xu. Hekoropoe KOMM4eCTBO BUTAMHHA CHHTE-
3UpyeTCsl KUILIEYHOU (Griopoit.

CyTouHas moTPeOHOCTb COCTaBISIET 2—3 M.

buonormueckue dysxmms. Bee hopmbl ButammHa B,
HCIIONB3YIOTCS B OpraHM3Me I CMHTe3a Kodep-
MEHTOB: TTMpHAOKcabocdara ¥ MAPUIOKCAMIH-
docdara. KodepMeHThl 00pasyioTcs IyTeéM ¢oc-
boprMpoBaHUs IO THAPOKCUMETIUILHON IPYIIIE
B IITOM TIOJIOKEHUM TTMPUMUATUHOBOTO KOJbLIA
MpH y4acTHH (pepMeHTa MAPUIOKCATLKUHA3B 1
AT® kak ucToyHHKa ¢ocara.

pe o P
C\H H
HO CH,0H HO CH;—0-PO3H;
HsC +ATO — HsC + All®
N
Mupuaokcans Mupnaokcanscgocdar
(BUTaMUH Bg) (kocbepmeHT)
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IMMupupokcanessie GEPMEHTH UIPaOT KIIIOYe-
BYIO pOJIb B OOMEHEe aMMHOKMCJIOT: KaTalu3H-
PYIOT peaKIiMM TpPaHCAMMHHUPOBaHUS M AeKap-
OOKCIIIMPOBaHUS aMHUHOKHCIIOT, YYaCTBYIOT B
crnenuduyecKx peakiuMsax MeradojiM3Ma OT-
JeJIbHBIX aMUHOKHCJIOT: CepMHAa, TPEOHHHA,
TpunrodaHa, cepocolepKaiiux aMUMHOKHUCIOT,
a Takxe B CHHTe3e reMa (CM. pasuensi 9, 12).

KiMHMYecKHe NposBiieHHs HEJOCTATOYHOCTH BH-
TaMMHA. ABUTaMUHO3 B y JieTeii nposiBisieTcst
noBhIlIeHHOM Bo30ymuMocTeio LTHC, nepwo-
JUYECKHMHM CYJAOpOTaMH, YTO CBSI3aHO, BO3-
MOXHO, C HEJIOCTaTOYHBIM 06Pa30BaAHUEM TOP-
mo3Horo meamaropa 'AMK (cMm. pasmen 9),
crienMpUIECKUMHU JepMaTUTAaMU. Y B3POCJBIX
NPU3HAKM TUIIOBUTaMKHO3a B, HaGmonaioT mpu
JUIMTEIBHOM JIEYeHUH TyOepKyn€3a M30HMA3HU-
JioM (aHTaroHuct ButamMuHa By). I1pu aTom Bo3-
HMKAIOT ITOpPaXeHHsT HEPBHOM CHUCTEMBI (I1O-
JIMHEBPUTEHI), NEPMATUTHL

6. buomun (6umamun H)

B ocHOBe cTpoeHMs OHOTHMHA JEXUT THO(PEHO-
BOE KOJIBLIO, K KOTOPOMY IIPHCOETMHEHA MOJEKyNa
MOYEBHHEI, a OOKOBasl LieNb IMPEICTARJICHA BaJie-
PBSIHOBOM KMCJIOTOMA.
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HMcTounuku. BUOTMH COmepXKUTCSA MOYTH BO BCEX
[MPOAYKTAX XWBOTHOTO W PacTUTEJbHOIO Mpo-
ucxoxmeHus. Hanbosee 6oratel 3TUM BUTAMHU-
HOM [IeYyeHb, MOYKHU, MOJIOKO, XEJITOK  SHIa.
B OOBIYHBIX YCIOBHMSIX YEIOBEK IOJYy4aeT 10C-
TATOYHOE KOJUYECTBO OMOTHHA B pE3yJbTare
0aKTepHAIBHOIO CHHTE3a B KHUIIEYHHKE.

CyTouHast moTpebHOCTh OMOTMHA y YEJOBEKa HE
npesbiliaeT 10 MkT.

BHonormdeckaa poab. BHOTHH BbINOJHAET KOep-
MEHTHYIO (PYHKIIUIO B COCTaBe KapOOKCWIA3: OH
y4acTByeT B 00pa3oBaHuy akTUBHOM opMel CO,.

? Q
/C\ /C\
HI\‘J Il\lH Hh'l N—COOH + Al®
HC—CH +CO, + AT® HC—CH + HyPO,
| | — |
HC. CH—(CHz)s— COOH H:C. COOH
S

CH (CHz2)a—
g

B opraHu3zMe OMOTHH MCIIOJB3YyeTCS B 00Opa3o-
BaHUM MaloHUI-KoA u3 anerun-KoA (cM.
pasnein 8), B CHHTe3€ IYPMHOBOIO KOJblia (CM.
pasgen 10), a Takke B peakUMU KapOOKCHIH-
pOBaHMS IMUpyBaTa ¢ 0O0pa30BaHUEM OKCasIo-
auerara (cM. paszgen 6).

Kimnndeckue nposiBiieHHs HEOOCTaTOYHOCTH OMO-
THHA Y YeJIOBEKA U3y4YeHbI MAJIO, OCKOJIbKY 0aK-
TepUU KMIICYHMKa 00JafaoT CIOCOOHOCTHIO
CHUHTE3UpOBaTh 3TOT BUTAMHUH B HEOOXOIUMBIX
konuyectax. [loaToMy KapTMHa aBUTaMMHO3a
TPOSIBJISIETCS MPU AUCOAKTEPHO3aX KUIIEYHUKA,
HarpumMep, Mocje MpuémMa OOJIbIIMX KOMMYECTB
AHTMOMOTHKOB WX CY/ib(aMHUIHbIX ITPENapaTos,
BBI3BIBAIOIIMX THOETb MUKPOMIOPhl KWIIIEYHH-
Ka, JIM0O Tocjie BBEICHHS B PaliMOH OOJIbLLIOTO
KOJIMYECTBa ChIPOr0 SAMYHOro Oenka. B simaHOM
0eJIKe CONEPXKUTCH TIMKOMPOTEUH aBMIWH, KO-
TOPbIN COEAUHSIETCS C OMOTUHOM U MPETSTCTBY-
€T BCaChIBaHUIO TTOCJIETHETO U3 KUILIEYHHNKA. ABH-
IuH (MoneKysspHas Macca 70 000 k1) cocrout
W3 YETHIPEX MICHTUUYHBIX CYObeIUHMILI, COIEP-
Kalyx no 128 aMMHOKHCIOT; Kaxaass Cyobeiy-
HMILIA CBS3bIBACT 1O ONHOM MOJIEKyJle OMOTHHA.

5—2128

I1pu HegoCTaTOYHOCTU OMOTHHA Y YEJIOBEKA pa3-
BUBAIOTCS SBJEHUS CIEeLMdUUECKOro aepma-
THUTA, XapaKTePU3YIOLETOCs MOKPAaCHEHUEM U
LIeJYIICHUEM KOXM, a TaKXKe OOMIbHON CeK-
peuMeil caibHBIX Xen€3 (cebopes). Ilpu aBu-
TaMHUHO3e BUTamMrMHa H HabOxomaloT Takxe
BBITIaZIcHWE BOJIOC M IUEPCTH Y XKUBOTHBIX, I10-
paxeHHe HOITeH, 4YacTO OTMevarT 6oiu B
MBIIIIAX, YCTAIOCTh, COHIMBOCTD U IETIPECCHIO.

7. Doauesan kucaoma (umamun B, eumamun B)

®onreBas KHMCIOTa COCTOMT U3 TPEX CTPYKTYP-

HBIX €IVHMIL OCTaTKa nTepuauHa (1), mapaaMmHoO-
6ensoitHoi (II) u rmyramunoBoi (IIT) xkucnor.

I
N/“ 5\ CHyNH NH-
2t @co‘ CH=(CHa)p-COOH
H2N \1 I COOH

s

ButamuH, Moy4eHHHI U3 pa3HBIX CTOYHWUKOB,
MOXET COAEPKAaTh 3—6 OCTaTKOB ITyTAMUHOBOM KHC-
Jotel. Ponuenas KucoTa OblIa BhidesieHa B 1941 r.
M3 3eJEHBIX JIMCThEB PACTEHU, B CBS3M C YeM U
MOJIy4YrJia CBOE HazBaHMe (OT JaT. folium — nuCT).

HMcrounnku. 3HAYUTEIbHOE KOJMYECTBO 3TOTO
BUTaMHMHa COLAEPXHUTCS B APOXKax, a TAKXKE B
MEYEHM, TOYKAxX, MIACE U APYTUX TIPOAYKTax
XXKMBOTHOTO MPOMUCXOXICHHUS.

CyTrounas norpedHOCTh B (POTHUEBOI KUCIIOTE KO-
aeoserca or 50 mo 200 MKr; omHako Bcied-
CTBHE TUTOXOM BCAcChIBAEMOCTU 3TOr0 BUTaMU-
Ha peKOMeHAyeMasi CyToyHas no3a — 400 Mxr.

Buosormyeckas posb PoMeBoii KUCIOTHI OMpe-
NEJISIETCS TEM, YTO OHA CIIYKUT CyOCTpaToM JUis
CHUHTe3a KODEPMEHTOB, YJaCTBYIOLIUX B peak-
IMSAX MepeHoca OMHOYIJIEPOOHBIX PajNKaiOB
Pa3IMYHOM CTeNeHU OKUCJIEHHOCTHU: METHIIb-
HBIX, OKCUMETHIBHEIX, (DOPMIIBHBIX U APYTHX.
DT KOPEepMEHTHI YYacTBYIOT B CHHTE3¢ pa3-
JIMYHBIX BELIECTB: MYPUHOBBIX HYKJIEOTHIOB,
npespaiieHun dYM® B dTM®, B 06MeHe min-
LIMHAa ¥ cepHHa (cM. pasnensl 9, 10).

HawuGosiee xapakrepHpie NPH3HAKH ABHTAMMHO32
(OoNMEBOI KUCIOTHI — HapyllleHHe KPOBETBO-
PEHHUS U CBSI3aHHBIE C 3TUM pa3IHYHbie POpPMbI
MAJTOKPOBHUSA (MakpoLMTapHas aHeMUsl), JIeiKo-
MeHUs. W 3aIepxkKa pocta. [Ipy rumoBUTaMu-
HO3¢ (oJsiMeBol KUCIOTHI HAGMIOMAIOT Hapylle-
HUSI pereHepaury 3nureansa, ocobeHHO B KKT,
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00yCITOBIEHHEIE HENOCTATKOM IypUHOB U TIH-
pumuanHOB st cuHTte3a JJTHK B mocrossHHO
JEN[INUXCS KJIETKaX CIU3UCTON O0OJIOUKH.

ABUTAMUHO3 (HOJIMEBOIN KHUCIOTHI PEIKO IIPOSIB-
JIIETCS Y YEJIOBEKA U XKHBOTHBIX, TaK KaK 3TOT
BUTAaMHUH B JOCTAaTOYHOM CTETEHH CHUHTE3UPY-
eTCsl KMIIleYHON MuKpodopoit. OmHaKoO HC-
MOJTb30BaHUE CYIb(aHWIAMHIHBIX ITPENapaToB
I JeyeHUs psifa 3a00eBaHUII MOXET BBHI3-
BaTh pa3BUTHE aBUTAMUHO30B. DTH IIpenapa-
Tbl — CTPYKTYPHbIE aHAJIOrd NapaaMUHOOEH-
30MHOM KHCJIOTH, UHTMOUPYIOIIUE CHHTE3
(hoseBoOi KUCIOTHI Y MUKPOOPTaHU3MOB (CM.
pasnen 2). Hekoropsle NMpOU3BOIHBEIE ITEPH-
JUHA (aMUHONITEPUH M METOTPEKCAT) TOPMO-
3T POCT IOYTH BCEX OPraHU3MOB, HYXIAIO-
IMxcss B POJTUEBOI KUCIOTE. DTHU TIperaparsl
HAXOAAT TpUMEHEeHUEe B JieyeOHOM MpaKTHKe
JUISI TIOMABJIEHHS OIyXOJIEBOTO POCTA Y OHKO-
JIOTHYECKUX OOJIBHBIX.

8. Bumamun B,, (kobaramun)

Buramun B,, 6bUT BbIIEI€H U3 NEYEHU B KPUC-
TautmyeckoM Buze B 1948 r. B 1955 r. lopotu Xon-
XKEH C MOMOIIBIO PEHTTEHO-CTPYKTYPHOIO aHaIM-
3a pacummdpoBana CTPYKTYpy 3TOrO BHTaMHHa. 3a
3ty paboty B 1964 r. eii 6pU1a npucyxiaeHa HoGe-
JeBckas npemus. ButamuH B, — exvHCTBEHHbIH
BUTaMUH, CONEPXKAIMA B CBOEM COCTABE METAJLI
KobaneT (puc. 3-2).

Hcrownmxku. HU XUBOTHBIE, HU PACTEHMS HE CITIO-
COOHBI CHHTE3UPOBaTh BUTaMUH B ,. D10 eamH-
CTBEHHBIII BUTAMMH, CUHTE3UPYEMBIA MOYTU
HMCKITIOYUTENILHO MUKPOOPraHU3MaMu: GakTepu-
SIMH, aKTHHOMHIIETAMU U CHHE-3€JEHBIMU BO-
JopocisiMi. M3 XUBOTHBIX TKaHeil HauboJee
Goratel BUTaMUHOM B, neyens u noyku. He-
JIOCTAaTOYHOCTh BUTAMHMHA B TKAHSIX XWBOTHBIX
CBSI3aHa ¢ HapyllleHWeM BcachblBaHMS Kobasa-
MHHA H3-32 HApYIIEHUs] CUHTE3a BHYTPEHHETO
dakropa Kacna, B COEAMHEHUH C KOTOPLIM OH
" BcachiBaeTca. Pakrop Kacna cuHTesupyercs
00KJIAIOYHBIMK KJIETKAMH XKETyIKa. BTO — IH-
KOTIPOTEMH C MOJIEKyIsipHOM Maccoi 93 000 1.
OH coenuHsieTcs ¢ BUTAaMMHOM B, mpu y4ac-
THM MOHOB Kanbuus. I'mnoaButamuHos B,
OOBIMHO COYETAETCS C IMOHIDKEHUEM KHMCJIOTHO-
CTH XeTyNOYHOTO COKa, YTO MOXeET OBbITb pe-
3yJIETATOM TIOBPEXICHHUS CIM3UCTOM 000JI0UKH
Xenyaka. ['MnoaBUTaMMHO3 B, , MOXET pasBUTHCS
TAKXe MOCJIE TOTANBHOTO yIaJIEeHUS XeTyaKa Ipu
XUPYPTHUUYECKHMX OIEPaLIMsIX.
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Cyrounas norpebnocTs B BuTamuHe B, kpaiine
Majia M COCTaBJISIET BCEr0 1—2 MKT.

BuramuH B,, cIyXUT UCTOYHUKOM 0Opa3soBaHus
IBYX KO(PEPMEHTOB: MeTWIKoOalaMHUHA B LIM-
TOIJIa3ME U Ie30KCUaneHO3WIKobaTaMUHa B
MHUTOXOHIPHUSIX (puc. 3-2).

» Metui-B,, — KodepMeHT, y4acTBYIOILMiA B 06-
pPa3oBaHMM METHOHMHA W3 TFOMOILIUCTEHHA.
Kpome toro, MeTwi-B,, NpMHUMAET yyacTHe B
TIPEBPAILEHUSX TPOM3BOIHBIX (POTHEBOM KHC-
JIOTbI, HEOOXOAMMBIX JUISI CUHTE3a HYKJIEOTH-
noB — npemmectBeHHUKoOB JIHK u PHK.

¢ Jle3okcHaneHO3WIKOOIaMUH B Ka4yecTBE KO-
(epMeHTa ydacTByeT B MeTab0JIM3ME KHUPHBIX
KHUCJIOT C HEYETHBIM YHCJIOM YTJIEPOMHEIX aTo-
MOB M aMUHOKMCJIOT C Pa3BETBIEHHOM YIJIEBO-
JIOPOJHOM 1IeMblo (CM. pasmessl 8, 9).

OcHoBHO# NpPU3HAK aBUTAMHHO3a B, — Makpouu-
TapHas (MeranoonacrtHas) aHemus. J{jist aToro 3a-
OoJieBaHMSI XapaKTepHBI YBeJT4eHHe pa3MepoB
SPUTPOITUTOB, CHIDKEHWE KOJIMYECTBA SPHTPO-
LIMTOB B KPOBOTOKE, CHMKCHHE KOHIIEHTPALIMU
reMorooMHa B KpoBu. HapyieHue KpoBeTBO-
PEHHS CBSI3aHO B TEPBYIO OYepelb C HapyllIEHH-
eM 0OMeHa HYKJIEMHOBBIX KHCNOT, B YaCTHOCTH
cunte3a JIHK B ObICTpOnesISiIMXCsl KJIETKaX KPo-
BETBOPHOI cucTeMBl. [ToMUMO HapylllEHUs1 KpO-
BETBOPHOM (yHKUMM, [UIs aBUTAMUHO3a B, crie-
HMGUYHO TaKXKe PACCTPOMCTBO AESTEIBHOCTH
HEPBHOM CUCTEMBI, OOBSICHSIEMOE TOKCHYHOCTHIO
METWIMAJIOHOBOM KMCJIOTHI, HAKaIUIABAXOLLEWCs
B OpPraHM3Me IIpH pacnaje KUPHBIX KMCJIOT C He-
YETHBIM YMCJIOM YIVIEPOMHBIX aTOMOB, a TaKXe
HEKOTOPHIX aMUHOKMC/IOT C Pa3BETBIEHHOM Lie-
TTBIO. ;

9. Bumamun C (acxkopbunosan xucaoma)

AcCKOpOMHOBas KHCJIOTA — JAKTOH KUCIOTHI,

OJIM3KOM IO CTPYKTYype K rmokose. CylIecTByeT B
IByX popmax: BoccTaHOBJIEHHOM (AK) U oKucieH-
Hoit (meruapoackopOouHoBoit kuciotoi, JAK).

CI//O » (i://o
HO—CT -2H O=C7
(e —_— I O
HO-(%J — 0=(|3J
¢ g
HO-—?— H ’ HO—?— H
CH,0H CH,0OH

Ackopburosas kucnota (AK)  Oeruapoackop6uHoBas kucnota (BAK)
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Puc. 3-2. Ctpyktypa utamuHa B, (1) u ero kochepmeHTHBIe hopmbl — meTwnkoGanamuH (2) u 5-pesoxcuapeHosunkobanamuH (3).

06e 3TH HOopMBI aCKOPOUHOBOM KHUCJIOTHI OBICT-
PO ¥ 0OpaTUMO TIEpEXONSAT IPYT B Ipyra U B Kaye-
CTBe KO(EPMEHTOB YYaCTBYIOT B OKHMCJIMUTEIBHO-
BOCCTAHOBMTEJIbHHIX peakIusX. ACKOpOUHOBas
KHCJIOTa MOXET OKHC/ISThCS KHUCJIOPOIOM BO3IyXa,
MEPOKCHUAOM M IpyruMHu okuciurensMu. JAK mer-
KO BOCCTAHABJIMBAETCH LIUCTEMHOM, TJIYTaTHOHOM,
cepoBoaoponoM. B ciaGouieouHON cpeae mpouc-
XOIAT pa3pylieHue JAaKTOHOBOTO KOJbLIA U TOTeps
OHoMOrHYeCKoM akTMBHOCTU. [1py Ky iMHapHO# 06-
paboTKe MUILM B MPUCYTCTBUM OKMUCIMTENEH YacTh
putamuHa C paspyuiaercs. ‘
Hcrounukn BurtamMuHa C — cBeXue QPYKTHI,
OBOIIIM, 3eJeHb (Taba. 3-1).
Cyrounas moTpedHOCTD YesioBeka B BuTamuHe C
cocrasisier 50—75 Mr.
buronormieckue dynkiym, ['1aBHOE CBOMCTBO ac-
KOpPOMHOBOM KHCJIOTBI — CIIOCOOHOCTBH JIETKO

Ta6nuua 3-1. CopnepxaHue aCKOpGMHOBOW KUCNOTbI B HEKO-
TOPbIX NULIEBbLIX NPOAYKTaX U PACTEHUAX

IIponyxr Conepxanue BUTaMHHA,
Mr/100 r
IInoxrs! wMnoBHUKA 2400
OGnenuxa 450
CMopoauHa 4épHas 300
JlumoHBI 40
AneabCHHEL 30
Abnoxu 30
Kaprodens cBexuit 25
Tomarst 20
Mornoko 2,0
Msco 0,9

131



OKUCJIAAITBCSI U BOCCTaHaBIMBaThcA. BMmecTe ¢
JAK oHa obpasyeT B KJIeTKax OKHCIUTEIBHO-
BOCCTAHOBUTEJIbHYIO TMapy C PeIOKC-TOTEHLHU-
anoM +0,139 B. bnaromapst 3Toit crocoOHOCTH
acKopOMHOBast KMCJIOTa Y4aCTByeT BO MHOTHMX
peakuusx TMIPOKCUIMPOBAaHHS: ocTaTKoB IIpo
1 JIu3 rpu cHTe3e KojutareHa (OCHOBHOTO OeJi-
Ka COEAMHUTENIbHOM TKaHHU), NMPH THIPOKCHIIU-
pOBaHUHU IT0daMUHA, CHHTE3€ CTEPOMAHBIX TOp-
MOHOB B KOpE€ HAIIIOYEYHUKOB (CM. pa3liesibl
9, 11).

B xuineyHMKe acKOpOMHOBas KHCJIOTa BOCCTa-
HaBmmBaeT Fe’* B Fe?*, cmocoGcTBYS ero Bca-
ChIBAHUIO, YCKOPSAET OCBOOOXKIEHHE Xeje3a U3
(epputuHa (cM. pasgen 13), crmocoOGCTByeT
npeBpalieHnIo ¢onata B KopepMeHTHbIE Pop-
Mbl. ACKOPOMHOBYIO KHCJIOTY OTHOCAT K MpHU-
POIHBIM QHTUOKCHUAAHTaM (cM. pasien 8).
bonbiroe 3HayeHue 3Toil poiau BUTamMuUHA C
NpUIaBal U3BECTHBIA aMEPUKAHCKWI YYEHBIN
JI. ITonunr, nBaxnanl jJaypear HobOeneBckoit
npeMun. OH peKOMEHAOBAT UCITONb30BATh IS
npo¢IaKTUKU U JIeueHus1 psaa 3aboeBaHui
(HarpuMep, MPOCTYAHBIX) OOJIBIIME TO3bI ac-
KOpOMHOBO# KHUCIOTH (2—3 ).

Kiunudeckue npossiieHHs HeJOCTATOYHOCTH BHTA-
muna C. HenoctaroyHocTh aCKOPOHHOBOIM KHC-
JIOTBbI ITPUBOAUT K 3a00JIEBAaHUIO, Ha3bIBAEMOMY
nuHroi (ckopOyr). llmHra, Bo3HuUKawowias y
YyeJIoBeKa IPU HEJIOCTATOYHOM COAEPXaHUM B
MULLIEBOM PaLIMOHE CBEXMX (PYKTOB U OBOILICH,
ommcaHa 6omee 300 yieT Hazaa, co BpeMEHM TIpo-
BElleHUs JUTUTEJIbHBIX MOPCKUX TIABAaHWH U Ce-
BEPHBIX 3KCHEeIULIMA. D10 3ab0/ieBaHKE CBA3A-
HO ¢ HefocTaTkoM B maie ButamuHa C. bonelot
LIMHTOM TOJILKO Yesa0BeK, IIPUMAThl U MOPCKHE
CBUHKHU. ['J1aBHBIE MpOSIBICHUST aBUTAMHHO3a
00yCITOBJIEHBI B OCHOBHOM HapyllleHHeM obpa-
30BaHMSI KOJUTareHa B COETUHUTENbHON TKaHMU.
BcnenctBue 3Toro HabJMIOAAIOT Pa3phIXJICHUE
JIECEH, pacluaTblBaHWe 3y0OB, HapylUEHUE He-
JIOCTHOCTH KalWUISIPOB (COIIPOBOXIAIoLIeecs
MOAKOXHBIMH KPOBOUINUSHUSIMH). Bo3HMKaIOT
OTEKM, OOJIb B CyCTaBaxX, aHeMHsI. AHEMHUSI TIPU
LIMHIe MOXET ObITh CBAI3aHa C HAPYIIIEHUEM CIIO-
CcOOHOCTH MCITOJIb30BAaTh 3aIlachl XKeje3a, a Tak-
K€ C HapylueHWsiMM Metabonmuiama (osireBoit
KHCJIOTHI.

10. Bumamun P (6uocpaasonoudot)

B HacTosilllee BpeMsl M3BECTHO, YTO TOHSTHUE

«BATaMUH P» 00beauHAET ceMelcTBO OuodaaBo-
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HOMIOB (KaTeXWHbl, (bJIABOHOHBI, (hJIaBOHBI). DTO
O4YeHb pasHooOpa3Hasd rpynma pacTUTENbHBIX IMO-
JU(PEHONBHBIX COeIUHEHUH, BIUAIOLIMX Ha IIpO-
HUIIAEMOCTb COCYIOB CXOJIHBIM 00pa3oM C BWTa-
MuHOM C.

dnasoH

o)

Haub6onee 6oratel BUTAaMUHOM P J1MMOHEL, Tpe-
Yuxa, YEPHOIUIOAHAA psiOMHA, Y€pHAasi CMOPOAMHA,
JIUCThS Yasi, TUIOAbl IIAMOBHUKA.

CyTounas moTpeOHOCTb [UISI YeJIOBEKA TOYHO HeE

YCTaHOBJICHA.

Buonormyeckas pomb GraBOHOMIOB 3aK/IIOYAET-
Cs B CTaOMIM3aLMM MEXKJIETOYHOTO MaTpuKca
COCTUHUTEIbHON TKaHU M YMEHBIHEHUH TIpO-
HMIAEMOCTH KaNwiIsipoB. MHOTHE TNpPeacTa-
BUTEJIM Tpynmbl BUTamMuHa P o6Giamaior rumo-
TEH3MBHBIM JEHCTBHEM.

Kannmyeckoe nposiBjieHHe rurnoaBUTaMAHO3a BU-
TaMUHa P xapakTepu3yeTcsi MOBHILLIEHHON Kpo-
BOTOYMBOCTBIO NECEH U TOYEYHBIMU MOAKOX-
HBIMM KPOBOM3IHUSIHUSIMU, OOIIIel cl1abocThlo,
OBICTPOI YTOMJISIEMOCTBIO U GOJIIMU B KOHEY-
HOCTSIX.

B TaGnuie 3-2 mepevyuciieHbl CYyTOYHEBIE ITO-
TpeOHOCTH, KOGEPMEHTHBIE (POPMBI, OCHOBHbIE
ouojoruueckre GyHKUUN BOJOPACTBOPUMBIX BH-
TaAMHUHOB, a TaKXe XapaKTepHble NMPU3HAKU aBU-
TaMHUHO30B.

B. ZK1UPOPACTBOPUMBIE BUTAMWHBI

1. Bumamun A (pemunos) — UNKINIECKHIA, HE-
HACBIILIECHHBbIA, OAHOATOMHBIA CIUPT.

Hcrouynukn. BUTaMUH A COOEPXMTCSI TOJIBKO B
SKMBOTHBIX MPOAYKTaX: EYeHU KPYIMHOro pora-
TOTO CKOTA U CBUHEH, IMYHOM XEJTKE, MOJIOY-
HBIX INPOAYKTaX; OCOOEHHO Oorar 3THMM BHUTa-
MHHOM pbIOU#i XXup. B pacTUTeIbHBIX POIYKTaX
(MOPKOBb, TOMAThI, Tepell, canar U Jp.) Coaep-
3KATCsl KAPOTUHOMIBI, SIBJISTIOIINECS IPOBATAMM-
Hamu A. B ciusucroii 060/104Ke KMILIEYHUKA U
KJIEeTKaX IT€YeHU CONEPKUTCH CITIeLM(pPUUECKUi
¢epMeHT KapOTHUHIMOKCUTEHA3a, TpeBpalliaio-



Tabnuua 3-2. Bopopacrsopumbie BUTaMUHbI

Ha3zsanne Cyro4nas KodepmenTnas Buosorndeckue pyHKUHN XapakTepHble
MOTPeGHOCTD, ¢popma NPHU3HAKH
Mr aBHTAMHHO30B
B, 2-3 ToD HexapOokcumupoBaHHe [NonuueBpur
(THamuH) O-KE€TOKHCIIOT, IEPEHOC
aKTUBHOTO abACTHAA
(TpaHCkeTOIa3a)
B, 1,8-2,6 FAD B cocraBe apIxaTenbHBIX Iopaxxenue rioa3
(pubodnaBun) FMN (epMeHTOB, IepeHoC (KepaTHTEI, KaTa-
BOZOpOJA paxTa)
Bs 10-12 KoA-SH Tpancnopr anmuibHbIX Tpynn | JucTpoduyeckue
(nma"TOTEHOBas H3MEHEHHS B
KHCIIOTA) HagNOYCUHUKAX
W HEPBHOM TKaHH
Bs 2-3 11O (mupunmoxcanp- | OOMEH aMHHOKHUCIIOT IoBbimennas
(MUpHIOKCHH) docpat) (TpaHCaMHUHHpPOBaHHE, IeKap- | BO30yIMMOCTH
GOKCHIMPOBaHHE) HEPBHOH CHCTEMBIL,
JIEPMaTHUTHI
PP 15-25 NAD AXnenTopsl ¥ HEPEHOCUYHUKH CuMMeTpHYHBLH
(unanuH) NADP BOoZOpOaa JepMaTHT Ha
OTKPBITHIX y4acTKax
Telna, JEMEHLHA
U nuapes
H 0,01-0,02 buotun Ouxcarus CO,, JlepMaTHTHI,
(6uoTuH) peakuuH KapOOKCHIIHPOBaHHS | CONPOBOXIAIOLIHECS
(HarpuMep, IMpyBaTa H YCHICHHOH
anetwi-KoA) JeATENLHOCTBIO
CaJIbHBIX Xen€3
B. 0,05-0,4 Tetparuzpo- Tpancnopt ogHoyriaepoaubix | Hapymrenus
{(donuenas ¢onueBas kuciora | rpymn KPOBETBOPEHHSA
KHCJIOTA) (anemus, neil-
KOIICHHH)
Biz 0,001-0,002 | JlesokcHageHo3un- | TpaHCIIOPT METHIBHBIX rpynn | MakponutapHas
{xo6GanamuH) U METHIKOOAIaMHH aHeMHUs
C 50-75 - I'mapoxcunupoBaHue KpoBorouusocts
(ackopOunOBas IPOJIMHA, TH3UHA (CHHTE3 A&ceH, pacuIaTEIBAHUE
KHCIIOTA) KOJlJIareHa), aHTHOKCHIAHT 3y0OB, ITOJIKOXHBIE
KPOBOH3JIHUAHHS,
OTEKH
P He - Bwmecre ¢ ButamuaoM C yua- | KpoBoTouuBocTh
(pyTHH) yCTaHOBIICHA CTIBYET B OKHCIIMTEIBHO-BOC- | AECEH M TOUCUHBIE
CTaHOBHTENBHBIX NIPOLECCaX, | KPOBOH3IIUSIHHUS

TOPMO3HT AEHCTBHE THATTY-
POHHIA3bI
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CrpoeHue npoBuramuHa A (1),
BuTamMuHa A (2) n ero npon3BofHbIXx (3, 4)

NIRRT

1)

PetuHon

3 TR

PeruHanb

1M1 KapOTHHOMUBI B aKTUBHYIO (hopMy BUTa-
MHHa A.

Cyrounas nmorpe6HOCTh BMTaMMHA A B3pOCIOTO
YeJIoBeKa COCTaBIseT OT 1 1o 2,5 Mr BUTaMUHa
Wik oT 2 no 5 Mr B-kapoTHoB. O6BIYHO aK-
TUBHOCTb BUTAMMHA A B IHILEBLIX ITPOAYKTaX
BBIPAXAECTCS B MEXAYHAPOAHBIX €AMHUILIAX;
onHa MexayHaponHas enuauua (ME) Butamu-
Ha A skBuBaJeHTHa 0,6 MKr B-kapoTHHa H
0,3 MKT BUTaMHHa A.

Buosornyeckne dynkuun sutamuHa A. B opra-
HU3ME PETUHOJN TpPEBpAIiaeTCs B PETUHAIbL U
PETUHOEBYIO KHUCJIOTY, YYacTBYIOLLIME B pery-
nsauMy psaa GyHkuui (B pocte  auddepeH-
LIMPOBKE KJIETOK); OHU TaKX€ COCTaBJISIIOT (o-
TOXUMHUYECKYIO OCHOBY aKTa 3PCHMSI.

HauGonee netanbHO U3yYyeHO y4acTHe BUTAMMHA
A B 3puTeNbHOM akTe (puc. 3-3). CBeTOYyBCTBU-
TEJIbHBIM anmapar rjia3a — cervyarka. Ilapato-
1WA Ha CETYaTKy CBET afCOpOMpYyeTCS U TpaHC-
dopMuUpyeTcsi TUIMEHTAMU CETYaTKHU B JIPYTYIO
¢opMy sHepruu. Y yesioBeKa CeTyaTKa COAEp-
XUT 2 THUIA PELENTOPHBLIX KJIETOK: MAJOYKU U
konbouku. IlepBble pearupyioT Ha ciaboe (cy-
MepeYHoe) OcBellleHHe, a KOJIOOYKHM — Ha XO-
poiee ocBelieHUe (THeBHoe 3peHue). Ilanou-
KH CONEPXKAT 3PUTENIbHBIA MUTMEHT POXOIICHH,
a Konbouku — #onomncuH. Oba murMeHra —
CJIOXHBIE GeNTKH, OTJIMYAIOLINECs CBOCH OenKo-
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B-Kapotux

Q
N

PeTnHoeBasn kucnorta

BOi YacThio. B xauectBe kodepMeHTa 0ba 6en-
Ka coaepxar 11-Luc-peTMHaNb, ajJbJETHIHOE
MIPOU3BOJHOE BUTaMMHa A.

PeTuHoeBass KMUCI0Ta, NMOJOOGHO CTEPOUIHBIM
TOpMOHaM, B3aMMOJEHCTBYET C pelienTopamMu
B SApe KieToX-MuuleHei. O6pa30BaBIIMICS
KOMILIEKC CBSI3bIBAETCS C ONpEACNEHHBIMM yua-
ctkamu JIHK 1 cTUMyIHpyeT TpaHCKPHITIIUIO
reHoB (cM. pasgen 4). beaku, obpasyloluecs
B pe3yJIbTaTe CTUMYJISILIMM F€HOB IO/ BIMSHU-
€M PETMHOEBOM KHWCJIOTHI, BJAMSIOT Ha pOCT,
IO EpECHIIUPOBKY, PENMPOAYKIIHIO U 3MOpHO-
HalbHOe pa3putHe (puc. 3-4).

OcHoBHbBIE KIMHHYECKHE NPOSB/ICHAA THIIOBUTAMK-
Ho3a A. HauGoJiee paHHUI U XapaKTEpHbIA MpU-
3HaK HEJOCTaTOYHOCTH BUTAMMHA A y JIIOiei U
SKCIIEPUMEHTAIBHBIX XUBOTHBIX — HapyllIeHUE
CYMEpPEYHOro 3peHUsl (reMepalionus, WIK «Ky-
puHasi» ciaerota). CrieluyyHO 1A aBUTaMU-
HOo3a A TopaxeHME TIJIa3HOoro siojioka — Kce-
podTANBMHUSA, T.€. PA3BUTHE CYXOCTH POTrOBOM
000JI04KH I71a3a KaK CJICICTBUE 3aKYTIOPKH CJIE3-
HOTO KaHajla B CBA3M C OPOrOBCHHUEM SIMUTE-
JHsL. BTO, B CBOIO OYepeb, MPUBOAUT K pa3BH-~
TUI0 KOHBIOHKTUBHUTA, OTEKY, U3bS3BICHUIO U
pa3sMSTYEHHUIO pOTOBOi 000JI0YKM, T.€. K Kepa-
ToMansauun. KcepodTaabMus U KepaTOMATSLUS
MpU OTCYTCTBMHU COOTBETCTBYIOILErO JICYEHMS
MOTYT NPHUBECTH K TMOJMHOM TOTEpE 3PESHUAL.



POOONCHH

(oncuH-11-umc-peTvuHans)
OHeprus ceeTa
ONCWH
1 2

Liuc-petnHans TpaHc-peTuHanL-oncuH

4
HepBHbIN MMNyNbC
- 5
PetnHanb 3 MO3ra
n3omepasa
OncuH

TpaHc-peTuHanb
NADH + H*

AnkoronbaerugporeHasa

TpaHc-peTnHon NAD"

Puc. 3-3. Cxema 3putenbHoro yukna. 1 — umc-petmHans B TEMHOTE coefmHsieTca ¢ 6enkom oncuHom, o6pasys poaoncut; 2 — nop
OEACTBNEM KBaHTa CBETa NPOUCXOAUT oToMaomepusaLms 11-umc-peTuHans B TpaHc-peTuHanb; 3 — TpaHC-peTUHaNb-OMNCHH pacnapaeTcs
Ha TPaHC-PETUHANb K ONCHUH; 4 — NOCKOMbKY NUIMEHTLI BCTPOEHb! B MeMbBpaHbl CBETOHYBCTBUTENbHBIX KNETOK ceTHaTku, 3TO NPUBOANUT K
MECTHOI fenonsipusaummn MemopaHbl U BO3HUKHOBEHHUIO HEPBHOMO UMNYNLCA, PACNPOCTPaHAIOWErocs NO HepBHOMY BOJIOKHY; 5 — 3aKnio-
YUTENLHLIA 3Tan 3TOTO NPOLEcca — pereHepaunsi UICXORHOMo NUrMeHTa. STO NPOMCXOAUT NP YHacTUK peTUHaNLU3OMepasbl Yepes cra-
[MK: TPAHC-PETUHANL — TPAHC-PETUHOM — LIMC-PETUHON — LIMC-PETUHANb; NOCNeOHWA BHOBb COBANHAETCA C ONCMHOM, 06pa3ys POJONCHH.

[qupu penmona\—» [ PetnHon | *—= PetuHan, —» PE€TUHOEBAA
> Kucnora

A

g0 posth M.

Bnusaxue Ha B akre Crumynauus 3nu¢e?1$r::§5§#:zanu
penpoaykuuio 3peHun pocta

Puc. 3-4. [lelicTBue peTUHOMAOB B OpraHuW3aMe. BeuecTBa (HasBaHMA B paMKax) — KOMMOHEHTHI NULLK.
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Y nmereit U MOJIOABIX KMBOTHBIX TIPM aBUTAMHHO-
3¢ A HaOmMoAaOT OCTAaHOBKY pOCTa KOCTEH, \Ke-
paTo3 SMUTEIMAIBHBIX KJIETOK BCEX OPraHoB H,
KaK CJEICTBUE 3TOT0, U30OBITOYHOE OPOTOBEHHUE
KOoxXxH, nopaxeHue anutenusi KKT, Mouernono-
BOHM CHCTEMBI M ABIXaTeIbHOTO ammapata. Ilpe-
KpPalllEHWE pOCTa KOCTel 4Yepera MPUBOIMT K
noBpexaeHuio TkaHeil IIHC, a Taxke K MOBBI-
LICHUIO JaBJCHUSI CITMHHOMO3TOBOM XUIKOCTH.

2. Bumamunot epynnot D (xarvuugpepoast)

Kanbuudeponsl — rpynna XMMHUYECKU POX-

CTBEHHBIX COCIUHEHMI, OTHOCAIIMXCSI K TIPOM3-
BOOHBIM cTepyuHOB. Hamnbosiee GHOIOTHYECKHU aK-

TUBHbi€ BUTaMMHBI — D, u D,. Buramun D, (3p-
rokajibliugepoa), MPOU3BOJHOE IProcrepruHa —
PaCTUTENIBHOIO CTEpOUIA, BCTPEHAIOHIErocsl B HE-
KOTOPBIX Tprbax, APOXKax U pacTUTENBHBIX Mac-
nax, Ilpu obnydyeHHM NUIIEBbIX NPOIyKToB YPO
13 5ProCTEpHHA MOJIyYaeTcsa BuTaMuH D,, ucrnob-
3yeMblii B ie4eOHbIX LesX. Butamun D,, uMero-
LIUICS Y YEJIOBEKA U XWUBOTHBIX, — XOJEKaJbIU-
depon, obpasyoiuiics B KOXE 4YeJOBeKa W3
7-IeruapoxoecTeprHa o aeicteueM Y D-nyueit
(puc. 3-5).

Butamunbl D, u D, — 6eble KpUCTaLIBI, XHP-
HbI€ Ha OlLYIb, HEPACTBOPUMBIEC B BOIE, HO XOPO-

CH, CH,
v
48 CH— CH,- CH;CH,- CH
N
21 26 CH, CH,
CH, CH,
/7
18 CH~— CH,~ CH;CH,~ CH c
22 23 24 25°GH
27 CcCs8
|
Y0 6~ C 7
4 U
CH,
19
ButamuH D,
7-AernapoxonecTepvH HO Xonekanbuvhepon
* o o on,
/
CH-CH=CH-CH - CH
N
CH, CH s
CH,  cH,
CH-CH=CH-CH - CH
AN
CH, T 8
Cc
YO c” 7
Y |8
CH,
19
Butamun D,
SprocTepuH
HO P P HO Oprokanbundepon

Puc. 3-5. Cxema cuntesa sutamuHos D, u D,. MposutamuHbl D, n D, — CTepUHbI, y KOTOpLIX B KonbLe B nBe nBoiiHbie cBA3u. Mpu
BO3MeCTBUM CBeTa B npotiecce HPOTOXMMUYECKOW peakLmu NPOUCXOANT pacuienneHune koneua B. A — 7-permapoxonectepuH, nposu-
TamuH D, (cuHTe3npyeTcsa u3 xonectepuHa); b — aproctepun — npoeutamun D,
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IO PacTBOPUMEIEC B XMpax M OPraHMYECKHUX pa-
CTBOPHTEJISIX.
Hcrounnkn. HanGonpiliee KOIMYECTBO BUTAMM-
Ha D, comepxurcs B MPOLYKTax XHUBOTHOTO
MTPOMCXOXICHUS: CIIMBOYHOM Macie, XEITKE
SIUL, phIOBEM XMPE.
Cyrounas norpedHOCTh Insi metedt 12—25 MKr
(500—1000 ME), nns B3pOCJIOrO 4esioBeKa I10-
TPeGHOCTh 3HAYUTEILHO MEHBIIIEC.
Buonormaeckas posb. B opraHusme uesnoBeka BU-
TaMMH D, ruapoKCHIMpyeTcsi B MONOXEHHSAX
25 u 1 ¥ npeBpallaercss B OMOJOTMYECKU aK-
THUBHOE coeguHeHue 1,25-muruapokcuxose-
Kanbiudepon (KaabuuTpuon). KanbuuTpuoa
BBIMOJIHAET FOPMOHAITBLHYIO (PYHKIHIO, Yya-
cTBYsI B perymsiuu oomeHa Ca** u docdaros,
CTUMYJIMPYS BcachbiBaHue Ca?* B KMILEYHUKE U
KaJbUU(UKAIMIO KOCTHOH TKaHHU, peadbcopO-
o Ca?*u docdaros B moukax. IIpy HU3KoM
KoHLIeHTpauuu Ca’* wiM BBICOKOH KOHILEHT-
pauuu D, on crumynupyer Mmo6mwimsauuto Ca**
U3 Kocteil (cM. pasgen 11).
HenoctaTounocts. [1pu Henocratke BuTamMmmuHa D
y IeTell pa3BUBAETCs 3a00JIEBAHUE «PAXUT», Xa-
pakTepu3yeMoe HapylleHUeM KaJiblinHKaluu
pactywiux Kocreil. IIpu aTOoM HabaogaoT ae-
(opMaLMIO CKeJieTa ¢ XapaKTEpHBIMU M3MEHE-
HUSIMH KocTel (X- v 0-o6pa3Has opma Hor,
«JIE€TKW» Ha pebpax, gedopMalusa Kocrel ye-
pema, 3aJepXkKa Mpope3biBaHus 3yOOB).
H30brok. TlocTyruieHHe B OpraHM3M H30BITOY-
HOTO KOJIMYECTBA BMUTaMMHa D, MOXeT BbI3-
BaTh rurepBuTamMmuHo3 D. DTO cocTosHME Xa-
pakTepHu3yeTcsl M3OBITOYHBIM OTJIOXEHHUEM
coJeif KaNblMS B TKAHSIX JETKUX, IOYEK, Cep-
JIlla, CTEHKAax COCYIO0B, a TAKXKE OCTEOIOPO30OM
C YaCTBIMHU MepeIoOMaMM KOCTeil.
3. Bumamunwvt epynnet E (moxocpepoant)
ButamuH E ObL1 BhIAEJIEH M3 Macia 3apOibl-
e MIeHUYHBIX 3€peH B 1936 r. U moJy4un
Ha3BaHWe TOKogepoa. B Hacrosiee BpeMs MU3-
BECTHO CEMEICTBO TOKO(MEPOJIOB U TOKOTPHUEHO-
JIOB, HAMAEHHBIX B MPUPOJHBIX UCTOYHHUKAX. Bce
OHU — METHUJIbHBIE IPOU3BOAHBIE HCXOAHOTO CO-
€AMHEHMSI TOKOJA, [0 CTPOEHUIO OYEHBb OJIU3KH
1 0003HavarTcsa OyKBaMu rpeyeckoro ajidaBu-
Ta. HanGonbuiyo GHMOJOrHYECKYI0 AKTMBHOCTH
MIPOSIBIIIET C.-TOKOQEPOJT.

Tokodeponbl NMpeACTaBASIOT cOO0M MaC/ISTHU-
CTYI0 XHIKOCTb, XOPOIUO PacTBOPMMYIO B Opra-
HUYECKUX DPACTBOPHUTENSX.

CHs
MG /CHy  CHy
\(CH,-CH~CH - CH)H
CH, CH2

a-Tokocepon (5,7,8-TpumeTUnTOKON)

Hcrounuku Buramuna E /111 yesoBeka — pacTu-
TeJbHbIE Macjia, cajar, KamycTa, CEMeHa 3/a-
KOB, CJIMBOYHOE MAacjio, SIMYHBINA XEITOK.

CyrouHas noeTpeGHOCTb B3pOCIIOTrO YEJIOBEKA B BU-
TaMHHE MPUMEPHO 5 M.

Buosorimaeckas poab. [To MexaHu3My AeiicTBUS TO-
Koepo siBisgeTcd OGMOJOrMYECKUM aHTUOKCH-
JaHToM. OH MHTUOUPYET CBOOOIHOPATUKAIbHBIE
peakiiMi B KJIETKaX U TaKUM OOpa3oM IperisiT-
CTBYET PAa3BHTHMIO LICTIHBIX PEAKIIMI MEPEKUCHO-
IO OKMCJIEHHSI HEHACBIIIIEHHBIX XUPHBIX KUCJIOT
B JUITMIAX OMOJIOTMYECKWX MEeMOpaH M IPYyrux
mosnekyi, Hanpumep JAHK (cMm. pasmen 8). To-
KO(EepOoJI MOBHILIAET OUOTOTUYECKYIO AKTUBHOCTh
BUTAMMHA A, 3aIMLIAsE OT OKMCJIEHUSI HEHACHI-
LWIEHHYIO OOKOBYIO LIETIb.

Knvandeckne NposBiieHAst HEAOCTATOYHOCTH BHTA-
vuHa E y denoBeka 10 KOHIIA He U3y4YeHBl. M3-
BECTHO ITOJIOXMTENbHOE BIUSIHUE BUTaMHHa E
IIpH JIEUCHUH HAPYIIICHHS TIpoLecca OIUIONOT-
BOPEHHS, NPU TOBTOPSIOIIMXCS HEITPOU3BOJIb-
HbIX abopTax, HEKOTOPHIX (OpM MbILICYHOM
cnaboct u auctpoduu. IlokaszaHo mpuMeHe-
HUe BUTaMuHa E U191 HeJOHOUIEHHBIX HIeTeil U
JeTel, HAXOASIIIIMXCS Ha UCKYCCTBEHHOM BCKap-
MJIMBAHWHU, TaK KaK B KOPOBbeM MoJIoKe B 10
pa3 MeHblle BUTaMuHa E, yeMm B xxeHckoM. [le-
uuut BuTaMrHAa E NposIBISETCS pasBUTHEM
IEMOJIMTUYECKOI aHEMHUH, BO3MOXHO M3-3a pa3-
pylLIEHUsT MEMOPAH 3pUTPOLIMTOB B PE3yJIbTATe
ITOJI.

4. Bumamunvt K (nagpmoxunonsy)

BuramuH K cyliecTByeT B HECKONBKUX hopMax
B pacTeHusiX Kak ¢uuroxuHoH (K,), B KieTKax
KUIIEYHOM (IIopbl Kak MeHaxuHOH (K,).

Hcrounukn surtammia K — pacturenpHbie (Ka-
[ycTa, IINWHAT, KOPHEIUIOA M (PPYyKThI) M
XKUBOTHBIE (I€4eHb) MPOAYKTH. Kpome TorO,
OH CHHTE3UpYyeTCs MUKPOQIOpOH KMLIeYHU-
Ka. O0b1yHO aBUTamMuHO3 K passusaercs Been-
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(0]
CHs;
O
CH2-CH=C-[CH;-CH,-CH,- CH]:; CH;
0] ButamuH K (pMnnoxmHoH)
(0]
UL
CH;
(CHz—CH=é—CH2)s~H
(0] Butamun K; (MeHaxuHOH)

CTBUE HapyllieHUsA BCcachbiBaHHUs BUTaMHHA K B
KHLUEYHHUKE, a HE B Pe3y/bTaTe €ro OTCYTCTBUS
B ITUILE.

Cyrounas moTpe0HOCTD B BUTAMHHE B3POCJIOTO
YeJIOBEKa COCTaBJIsAET 1—2 Mr.

Buonornveckan ¢ysxkuus purammia K ceszaHa ¢
€0 YJacCTMEM B MpoLecce CBEPTHIBAHUA KPOBH

(puc. 3-6). OH yyacTBYeT B aKTHBALMH (PaKTo-
POB CBEPTHIBAHUST KPOBH: ITPOTpOMOMHA (ax-
top II), npokonBeptuHa (pakrop VII), dpakro-
pa KpuctMmaca (daxrop 1X) u ¢akropa Crioapra
(dakTop X). DTH Genkosbic (HPaKTOPbI CHHTE3N-
pYIOTCA KaK HEaKTHBHbBIEC MpEALIECTBEHHHUKH.
OnuH U3 3TanoB aKTMBALIMM — HX KapOOKCH-
JIMPOBAHUE TI0 OCTAaTKaM TJIYTAMMHOBOM KHC-
JIOTBI ¢ 0Opa3’OBaHMEM Y-KapOOKCUTITyTAMHHO-
BOI KHUCNOTBHI, HEOOXOMMMOM Ui CBSI3bIBAHUS
HUOHOB KanbliMs (cM. pazmen 13). Buramun K
Y4aCTBYET B peaKUMsIX KapOOKCHJIMPOBaHHS B
KayecTBe Ko(epMeHTa.

s sedeHus ¥ NpeayNpeXacHUs TUTIOBUTaMU-
HOo32a K UCTIOb3YIOT CHHTETHYECKHE ITPOU3BOI-
Hble HAQTOXMHOHA: MEHATVOH, BUKACOJ, CHH-
KaBHT.

OcHoBHOe nposBieHHe aBuTaMuHo3a K — cuib-
HOE€ KPOBOTE€YECHHE, YaCTO TIPUBOSILIEE K ILIOKY
U TUOEIM OpraHu3ma.

B tabmmue 3-3 nepednciieHb CyTOYHbIE IOTPEO-
HOCTH W OMojoruyeckne (yHKLUHUH XUPOPACTBO-
PHUMBIX BUTAMHHOB, a TAKXKE XapaKTepHbIE IIPH3HA-
KW aBUTaMUHO30B.

®docchonunuasl MemGpaHbl TpomGounTos

ARARAAAA
1'8'4'8'2'2'2'2's
\\ //, \\ //,
N\ 7/ A4
‘C’a++ C’a++
// N\ AN
// \\\ //, \\\
coo CO0O™ ~00C.,.COO 00C\,CO0” “00C.,CO0 00C.,CO0"
+
HN™ co&‘ HNE HN™
Butamun K :>
“CoO~ -COO -COO
I, VI, 1X, X I, VI, 1X, X Kpose I, VI, 1X, X
y-Kapbokcunrnytamar 3penbie TpomMbGounThi
MpodepmMeHTh
MeyeHb

Puc. 3-6. Ponb BuTamuHa K B CBEPTbIBAHMM KPOBM.

138



Tabnuua 3-3. XKnpopacTBOpUMble BUTAMUHbI

Ha3zpanue CyTounan Buonornyeckre QyHKIHH XapakTtepHble NPH3HAKH
noTpedHOCTD, aBHTAMHHO30B
Mr
A 1-2,5 YdacTByeT B aKTE 3peHuUA, I'emepanonus (KypHHas
(petuHOM) pETYJIHpYET pocT CJIETIOTA), KcepodTanbMus,
U 11 QepeHIHPOBKY KIETOK KEpaTOMAaALHs, KEPaTo3
SIUTENHANBHBIX KIETOK
D 0,012-0,025 Perynsius obmena docdopa Paxur
(xansimdepomn) M KaJIbLMs B OpraHu3Me
E 5 AHTHOKCHJIAHT; PEryIHpyeT HemoctaTo4HOo H3yUueHS!;
(Toxodepomn) HHTEHCHBHOCTh H3BECTHO ITOJIOKHTENBHOE
cBOOOIHOPaAUKAIBHBIX BIIMSHHE Ha Pa3BHTHE
peakLHi B KJIETKE OepeMeHHOCTH U TIPH JICYEeHUH
decmomnusa
K 1-2 VYgacTByeT B akTHBaIHH QaktopoB | Hapymenue cBépTriBaromeit
(Ha¢ToXMHOH) ceépreiBanmsi kposu: 11, VII, IX, XI | cucreMsI kpoBH




PA24LA

BUOCUHTE3 HYKJIEMHOBDbIX
KNCNOT N BENKOB
(MATPUYHbIE BUOCUHTE3bI).
OCHOBbI MOJNEKYNAPHOW
FrEHETUKWU

HyknenHoBble KMCIOTHI — BBICOKOMOJEKYISIPHBIE COCIUHEHUS CO
CTPOro ONpPeNeAEHHON JIMHENHOM ITOCIeI0BATEILHOCTbIO MOHOMEPOB.
Crpykrypa JHK n PHK — cnoco6 «3anmucwn mHGoOpMaimm», obecre-
yyuBaoNui GopMHUPOBAHME B OpraHU3MeE JIBYX MH(MOPMALMOHHBIX I10-
ToKOB. OIUH U3 TOTOKOB OCYILECTBISIET BOCIIPOM3BeleHHEe HHPOpMa-
uuu, 3akmoyéHHoi B Mousekynax JHK. YaBoenue monekyn JHK
Ha3bIBAIOT «pelIMKanus». B pesynbraTe 5TOro npouecca u Mocjieayro-
LLIETO JACNIEHMSI TOYEPHHE KJIETKH HACTEAYIOT TEHOM POIUTEILCKOM KIIeT-
KU, B KOTOPOM COJEPXKMTCS TMOJHBIA HAaOOp TEHOB, UIW «AHCTPYKUMI»
o ctpoenun PHK u Bcex 6enkoB opraHM3Ma.

Bropoii moTok MHGOpMAaLMKM PEAIU3YETCS B IIPOLIECCE XKU3HEAEATEIIb-
HOCTH KJIETKM. B 3TOM cilyyae MpOMCXOOUT «CUMTHIBAHWE», WM TPAHC-
KpHIIHs, TeHOB B (POpMe MOIMHYKIIEOTUIHBIX MocienoBateabHocteit MPHK
1 UCTIOJIb30BAaHUE MX B KAUECTBE MATPUIL ISl CMHTE3a COOTBETCTBYIOIIMX
OenxoB. B mocjeqHeM ciydae OCYLUECTRIISIETCS] «[I€PEBOI» (TPAHCIISALMSA)
nHbopMauyy, 3akmodénHoi B MPHK, Ha «iI3bIK» aMHHOKHCJIOT. DTOT
norok MHbopmauvu ot JJHK vepes PHK Ha Genok monydyun HazBaHHE
«IeHTpa/ibHas jorMa Omosiormm». OH XapakTepeH TSl BCeX XKMBBIX Opra-
HM3MOB, 3a MCKIIOueHHeM HekoTopbix PHK-comepxkaiuux BHpycOB.

MarpuyHas Ipupoaa CMHTE3a HYKJIEMHOBBLIX KHCJIOT U OeJIKOB 0bec-
MeYMBAET BLICOKYID TOYHOCTH BOCIIPOU3BedeHMsI MH(popMaumK. Tak, B
XOJle peIlIMKalUMu nodyepHue Mosekyiabl JIHK cuHTe3upyloTcs Ha HH-
Tax matepuHckoi JJHK. Ilpu obpaszoBannu Bcex BuaoB PHK, Heobxo-
JIUMBIX JUIS1 CUHTE3a 0eIKOB, MH(pOpPMaLUI 00 UX CTPYKTYpE «CUMTbHIBA-
eTcs» C ompeleneéHHBIX reHoB B Mojiekynax JJHK. B cunHTe3e HOBBIX
MOJIEKYJT OEJIKOB MaTpulei, cojepXkaiieid nHGOopMauio 00 Ux CTpoe-
HuH, seisiiorcss MPHK.

Hcrpasnenne omm6oK, Bo3HUKaommx B ctpykrype JHK mon Bos-
JefcTBUEM (PaKTOPOB BHEIITHEH M BHYTPEHHEW CpeAbl, OCYLIECTBIISIET
elié OIMH MaTPUYHBIA CUHTe3 — penapanuia. OH SIBISIETCS BapHAHTOM
OrpaHUYEeHHOU pEIUIMKAllMM U BOCCTAHABIMBAeT MEPBOHAYaAJIbHYIO
crpykrypy JHK, ucrons3ys B KauecTBe MaTpULbI y4aCTOK HEIIOBPEX-
nénuoit uutu JAHK. ITpu pasmMHoxenun PHK-comepxaimx BUpyCOB B
KJIETKAX 3YKapUOTHYECKUX OPraHu3MOB HOBbie Mosiekynbl JHK moryr
CHHTE3MPOBAThCA ¢ TMOMOIIBIO mpoliecca, B xome koroporo PHK ciy-
KUAT MaTpuleil nnsa cuHre3a KomiuieMeHtapHoit JJHK, xotopas Moxer
BKJIIOYATHCS B TEHOM BBICIIMX OPTAaHW3MOB (00paTHASL TPAHCKPHIIIINS).



. CTPYKTYPHAAA OPIrAHU3ALIUSA
HYKINEWHOBBIX KUCIOT

B KaxmoM XvBOM OpraHM3Me TPHCYTCTBYIOT 2
TUMA HYKJIEMHOBBIX KHCJIOT: PHOOHYKJIEMHOBAs
kuciota (PHK) u nesokcupnboHykieHHOBasE KUC-
qora (JJHK). MonekynspHass mMacca caMmoif «Ma-
JICHBKO#» M3 M3BECTHBIX HYKJIEMHOBBIX KMCJIOT —
tpaHcnoptHoii PHK (TPHK) cocrasister nmpumep-
Ho 25 k. AHK — Haubonee KpYyIHBIE MMOIUMED-
HbI€ MOJIEKYJIbl;, MX MOJEKYJISIpHas Macca BapbH-
pyet or 1 000 go 1 000 000 k4. AHK u PHK cocrosr
M3 MOHOMEPHBIX €IUHUL] — HYKJICOTUIOB, MO3TO-
MY HYKJIEMHOBBIE KHMCJIOTHI Ha3bIBAIOT IOJHUHYKIIE-
OTHIAMH.

A. CTPOEHUE HYKJIEOTHIOB

Kaxpiit HyKi1e0TH I CONEPXKUT 3 XMMUYECKH pa3-
JINYHBIX KOMIIOHEHTA: Te€TEPOLIUKINYECKOE a30TH-
CTO€ OCHOBaHHe, MOHOcaxapu/ (MEHTO3y) U OCTa-
TOK (pochOpHOIT KUCTOTHI. B 3aBUCHMOCTH OT YKCJIa
UMEIOUIMXCSI B MOJIEKYJe OCTaTKOB (hochHOpHOM
KHCJIOTHl pa3INYyamT HYKJICO03UAMOHOGochaThI
(HM®), nykneosunaudocdarst (HIAD), HykIeo-
suarpudochartel (HTD) (puc. 4-1).

o (o] @)

B cocTaB HYKJIEMHOBBIX KMCJIOT BXOAST a30THC-
Thie OCHOBAHUS IBYX THITOB. ITypUHOBBIC — aje-
HHH (A), ryanud (G) U IHPUMUIVHOBLIE — HUTO-
3uH (C), Tumun (T) u ypamma (U). Hymepauus
aTOMOB B OCHOBAHMSIX 3alTMCBhIBAECTCS BHYTPH IIMK-
na (puc. 4-2). HoMeHKIaTypa HyKJI€OTHAOB IpH-
BeneHa B Tab. 4-1.

[lenTO3HI B HYKJICOTHAAX TIPEACTABICHBl JTHOO
pu6030ii (B cocrae PHK), mmbo ne3okcuputo3oit
(8 cocrae IHK). UTo6BI OTIMYMTL HOMEpA aTo-
MOB B TIEHT03aX OT HyMEpallMMd aTOMOB B OCHOBa-
HHSX, 3aTKCh MPOU3BOAAT C BHEUIHEH CTOPOHEBI
UMKIa ¥ K uudpe gobassttor mrpux () — 17, 2/,
3, 4 nu5 (puc. 4-3).

[1eHTO3y coeIMHSIET C OCHOBaHKEM N-TJIMKO3U.-
Has cBA3b, 06pa3zoBaHHas C,-aTOMOM NEHTO3bI (pH-
003bl WJIM [1€30KCUPUOO3bI) U N -aTOMOM MUPU-
munuHa wid Ng-aroMoM nypuHa (puc. 4-4).

HykeoTuasl, B KOTOPBIX IIEHTO3a MpPEACTABICHA
pub030ii, Ha3bIBAIOT PUOOHYKICOTUAAMH, a HYKJIE-
WHOBBIE KUCJIOTHI, TIOCTPOEHHbIE M3 PUOOHYKIICO-
THIOB, — PUOOHYKJIEMHOBBIMHM KHUCJIOTaMH, WIN
PHK. HyknenHoBble KMCIIOTBI, B MOHOMEPHI KOTO-
PBIX BXOIHT A€30KCUpHO03a, Ha3bIBAIOT J€30KCHPH-
OoHyKIIeMHOBBIMU KHcaoTamu, wid JIHK. Hykre-
HMHOBBIE KUCJIOTHI IO CBOEMY CTPOEHHIO OTHOCST K

NH,

N
/ SN
I

"0-P-0-P-0-P-0-CH,

o (o} (o8
OH OH
J
AneHosuH
- J
ApeHosuHmoHogocdar (AMD)
. J
ApeHosvHandocdat (AOP)
G J

AgeHosnHtpudocdar (ATP)

Puc. 4-1. Hykneoauamono-, au- u Tpudoctarsl apeHoauHa. Hykneotuasl — thocthopHble atupbl Hykneoanpos. OcTtatok droctiop-
HOW KWCMOTblI NPUCOEMNHEH K 5'-yrnepogHoMy atoMy neHTosbl (5-hocdoactmpHas CBA3b).
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Puc. 4-2. NlypuHOBBIE 1 NMPUMHUANHOBBLIE OCHOBaHMS.
Tabnuua 4-1. HomeHKnaTypa HyKneoTMpos
Oano-
A3oTHCTOE Hyxkseo3ua Hyxkneorna TpéxoykBennoe OyKBeH-
OCHOBAaHHE oGo3Hayenue HBIH KO
AneHHH AneHo3uH AneHno3snHMOHOGOChaT AM®D A
I'yanun I'yanoszun I'vano3zuaMoHodochat 'Mo G
Luto3un Huruanu LutuauamMonodocdat IM®D C
VYpauun VYpunun Ypuauamonodocdar YM® U
THMuH TuMuaux TumuanaMoHopochar ™® T
HOCH, o OH
B-D-Punbosa
H H
MenxTo32
0OBa Buga OH OH
HOCH, .o OH

B-D-2-Aesokcupubosa

Puc. 4-3. MNMento3b!. MpucytctayioT 2 Buga — B-D-pubosa B coctaBe Hykneotnaos PHK u 3-D-2-nesokcupnbosa B coctaBe HyKneoTn-

pos AHK.

KJ1accy JIMHEWHBIX NMOJAMMepPOB. OCTOB HYKJIEMHO-
BOW KMCJIOTbI UMEET OIMHAKOBOE CTPOEHUE 10 BCEi
JUIMHE MOJEKYJIbl U COCTOMT U3 YepeayroLiuxcs
rpynmn — rneHro3a-pocdar-neHrosa- (puc. 4-5). Ba-
puabeNbHBIMU IPYNNaMU B TOJMHYKICOTHIHbBIX
HETISIX CAYXKAT a30TUCTbIE OCHOBAHMS — IMYPHHbI U
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nupuMUInHbl. B Monekynbl PHK Bxoast ameHuH
(A), ypauun (U), ryanuH (G) 1 uurosuH (C), B
HHK — aneHuH (A), TumuH (T), ryanun (G) u
unuto3uH (C). YHUKaTBHOCTb CTPYKTYpbl M (PYHK-
UMOHaNbHAs MHAWBUIOyaIbHOCTh Mojekyn JHK wu
PHK onpenensitotcsi UX NEpBUYHON CTPYKTYPOH —



© H H N-rnvkoauaHan
H CBA3b
OH OH
AMO®

Puc. 4-4. MypuHOBLIA U NMPUMUAWHOBLIA HYK/IEOTHALI.

O  5-koHeu

o
0-P=0 BapwabenbHbie
o rpyAnbI
T
CH,
OcHosaHve

3, 5-chochopmacmpHasn
cBA3b —

OcHoBaHue

OcHoeatxue

Puc. 4-5. ®dparment uenun OHK.

MOCJEA0OBATEIbHOCTLIO A30TUCTBIX OCHOBAaHUI B
TIOJIMHYKJIEOTUIHON LIETIU.

B. CTPyKTYPA JE30KCHPUBOHYKJIEUHOBOI
kucjaorsl (JIHK)

IlepBuunas crpykrypa JHK — mopsimok uepe-
JMOBaHUS N€30KCHPHOOHYKIIC03UIMOHOPOoCcHaTOB
(tHM®) B MTONMMHYKICOTUIHOM LIETIH.

OH nLM®

Kaxnaa ¢ocdarHas rpynna B NOIUHYKICOTHL -
HOWM 11en#, 3a UCKiIoYeHrneM ¢GochOPHOro ocraTtka
Ha 5'-KOHIIE MOJIEKYJbI, Y4aCTBYET B 0Opa3OBaHUH
IBYX 3(HUPHBIX CBA3eM ¢ ydactueM 3'- u 5-yrume-
POIOHBIX aTOMOB JABYX COCEIHHUX AC30KCUPUOO3,
TTIO3TOMY CBSI3b MEXIY MOHOMEpaMM 0003HAYaioT
3, 5-dbochomnapupHoiL.

Konuesble Hykieotunsl JHK pasauyaror 1o
CTPYKTYpe: Ha 5-KoHLie HaxoauTcs PocdarHas rpyr-
ma, a Ha 3’-KoHue uenu — cBobogHas OH-rpymma.
OTH KOHIIBI HA3LIBAIOT 5~ U 3'-KOHLIaMU. JIMHeHasT
MOCNIEIOBATENLHOCTh JIE30KCUPUOOHYKJIEOTHIOB B
roimMepHoit tienu JJHK oObI4HO COKpall€éHHO 3a-
MUCHIBAIOT C MTOMOLUBIO OTHOOYKBEHHOIO Koja, Ha-
npumep -A-G-C-T-T-A-C-A- ot 5- x 3’-KoHily.

B xaxnoM MoHOMepe HYKJIECUHOBON KHMCIOTHI
MMPUCYTCTBYET OcTaToK dochopHoi kucaoTel. Ilpu
pH 7 docdarnas rpynma MoJIHOCTHI0 HOHU3HUPOBA-
Ha, TIO3TOMY in Vivo HYKJICMHOBBIE KUCJIOTHI CYIlie-
CTBYIOT B BUJIE TTOTMAHUOHOB (MMEIOT MHOXKECTBEH -
HBIN OTpULIATEIBHBIN 3apsin). OCTaTKy IIEHTO3 TOXE
MPOSIBISIIOT THAPOMUIbHBIE CBOMCTBA. A30THCTHIC
OCHOBaHMA IOYTH HEPACTBOPHUMEI B BOJIE, HO HEKO-
TOpbIE aTOMBI ITyPHHOBOIO ¥ ITHPUMMINHOBOTO LMK~
JIOB CIIOCOOHBI 0OPA30BLIBATH BONOPOIHbIE CBS3H.

Bropuunas ctpyxrypa THK. B 1953 r. Ix. Yor-
coHoM B @. KpuxoM 6ObUIa TIpeioKeHa MOAEIb IIPo-
crpanctBeHHOU cTpykTyphl JHK. CornacHo 3t1oii
moaenu, Monekyna [AHK wmeer dopMy crimpaim,
00pa30BaHHYIO ABYMSI TTOJUHYKJICOTHAHBIMU LIETISI-
MM, 3aKpYYEHHBIMHM OTHOCHUTEJIBHO JAPYr Ipyra u
BOKPYT o01uei ocH. JIBoitHasA cnupaib MPaBO3aKpY-
YeHHasA, TIOJUHYKIICOTUAHBIC LIEITM B Hell aHTHNA-
pauiebhbl (puc. 4-6), T.e. €CM OfHA M3 HHUX OpH-
€HTHpOBaHA B HAIpaBlIEHUH 3'—5’, TO Bropas — B
HamnpasieHuH 5’—3’. [1losToMy Ha KaXIoM U3 KOH-
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3!

Puc. 4-6. iBonnaa cnupane AHK. Monexynst OHK coctosaT ua
ABYX aHTMNapanneribHbIX Leneit ¢ KOMNNEMEHTApHOW nocnemo-
BaTeNbHOCTLIO HYKNEOTUHOB. Lienn 3akpy4eHbl OTHOCUTENLHO ApYr
apyra 8 NpaBo3aKpy4eHHYIo Crinparb Tak, YTO Ha ORWH BUTOK Npu-
xouTcs NpumepHo 10 nap HYKNEOTUROB.

uoB mosekyasl JJHK pacronoxeHst 5'-KoHell Of-
HOM Ueny ¥ 3’-KOHell ApYroM LieTn.

Bce ocHoBanusa ueneit JHK pacnosoxeHst
BHYTPY JBOMHOM CITUpAIM, a INMeHTo30hochaTHbIA
OCTOB — cHapyxH. [TonMHYKIEOTUAHbIE 1IN
yIEPXUBAIOTCST OTHOCUTEILHO APYr Apyra 3a CYéT
BOJOPOAHBIX CBSI3eil MEXITY KOMIUJIEMEHTapHBIMU
ITyPUHOBBIMY ¥ TUPUMMIMHOBBIMU a30TUCTBIMU OC-
noBauusiMu A u T (aBe cBsizn) U Mmexay G u C (tpu
cBsa3u) (puc. 4-7). IIpn TaKkoM COYETAaHUM KaxKmast
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LTo3mH 33 M'yaHuH
(Tpv BOAOPOAHLIE CBA3N)
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Puc. 4-7. NMypuH-nupuMUauHOBLIE Napbl ocHoBaHuK B [IHK.

rnapa COOCPXWT MO TPU KOJblid, ITO3TOMY OOLLMI
pasMep 3THUX Map OCHOBAHW OAMHAKOB IO Bcel
JUTMHE MOJeKybl. BopopoaHbie CBS3M NpU APYrUx
COYETAHMSIX OCHOBAHMI1 B Ilape BO3MOXHBI, HO OHH
3HaYUTENbHO cnabee. IlocnenoBaTeIbHOCTD HYKJIe-
OTHAOB OJHOM LEN! TOJHOCTHIO KOMIUIEMEHTapHA
MTOCIEA0BATEIbHOCTH HYKJICOTHIOB BTOPOM LIETIN.
IToatomy, cornacHo mpasuny Yapradpda (DpBuH
Yapradd B 1951 r. ycTaHOBWI 3aKOHOMEPHOCTU B
COOTHONICHWM TIYPMHOBBIX M MUPUMIIMHOBBIX OC-
HoBaHuit B Mosiekyie JHK), uncio nypuHOBBIX
ocHoBaHwMit (A + (G) paBHO YMCY MMPUMHIMHOBBIX
ocHoBanwmit (T + C).

KoMmnieMeHTapble OCHOBaHUS YJIOXEHBI B CTOM-
KY B CepALEBUMHE COMpaaud. MexXay OCHOBaHUSIMU
IBYXIIETIOYEYHON MOJIEKYJIBI B CTOIKE BO3HUKAIOT
raapodoOHbie B3AHMOAEHCTBHA, CTa0WIM3UPYIOIIHE
JBOMHYIO CIIAPAJIb.

Takast CTpyKTypa MCKIIIOYAaeT KOHTAKT a30TUC-
THIX OCTATKOB C BOJOi1, HO CTOIIKA OCHOBAHHWIA He
MOXeT ObITh aDCOMIOTHO BepTUKAIBbHOM. [lapbl oc-



HOBaHUM clieTKa CMELLEHbI OTHOCUTENbHO APYT
apyra. B o6pa3oBaHHO# CTPYKTYpe pa3ivyaioT jABe
00po31KM — OOJIbLIYIO, LLUMPUHON 2,2 HM, U Ma-
JIy10, WMPUMHON 1,2 HM. A30THUCTBIE OCHOBAaHMUS B
o06sacTy 00JIbLLION UM Masioi 6OPO3A0K B3aMMOJEH-
CTBYIOT CO CIELM(PUUECKUMHU OeJIKaMU, y4aCcTBYIO-
UIMMHU B OPraHM3alMU CTPYKTYpbl XpOMaTHHaA.

Tperuynas crpykrypa JHK (cynepcnmpasinzanus
HK)

Kaxmast monekyna JJHK yrnakoBaHa B OTAE/IbHYIO
XpoMocoMy. B IMIUIOMIHBIX KJIETKAX YeJoBeKa CO-
nepxurcss 46 xpomocoM. O6as umHa JJHK Beex
XPOMOCOM KJIETKU cocTapjsieT 1,74 M, HO OHa yna-
KOBaHa B spe, AMaMeTP KOTOPOTO B MUJUTMOHBI pa3
MeHbliIe, Utobsl pacrionoxutb JJHK B siipe knetku,
JIOJKHA ObITh C(OOPMUPOBAHA OUYEHb KOMITAKTHAS
CTpYKTypa. KoMIakTU3almMs M Cyrepcrvpain3anus
JHK ocyluecTBASIIOTCS € MOMOLLIBbIO pa3HOOOPa3HbIX
0€JIKOB, B3aMMOJEHCTBYIOLIUX C OINpedeEHHBIMU
nocjienoBaTebHocTsIMU B cTpykType JHK. Bce cBsi-
3biBatoimecs ¢ JIHK aykapuoToB 6esiKuM MOXHO pa3-
JIEJIUTh HAa 2 TPYMIbl: THCTOHOBbIE M HETHCTOHOBBIE
oemxu. Komruieke 6enkoB ¢ smepHoit JJHK kietok
Ha3bIBAIOT XPOMATUHOM.

I'mcToHpr — O€IKM C MOJIEKYJSIDHOMA Maccoif
11-21 /I, comepsxalliye MHOTO OCTaTKOB aprMHMHA
Y au3uHa. baarogapsi nojoXuTebHOMY 3apsily TUC-
TOHbI 0OPa3yOT UOHHbBIE CBA3W C OTPULATENIBHO 3a-
PSLKEHHBIMU (hochaTHBIMU TPYTINAMHU, PaCIONOXEH-
HbIMHM Ha BHEWIHEN CTOpOHE nBoiHOM cniupany JHK.

CylIecTBYeT 5 THUIOB TMCTOHOB. YeTbIpe rucTo-
Ha H2A, H2B, H3 u H4 o6pa3yloT okTaMepHblii
Oenkosbiit Kommieke (H2A, H2B, H3, H4),, koro-
pblii Ha3bIBAalOT «HYKJEOCOMHBIA KOp» (OT aHIJ.
nucleosome core). Monekyna JHK «HakpyunBaet-
Csl» Ha TIOBEPXHOCTb TMCTOHOBOIO OKTamepa, Co-
Bepiuasi 1,75 obopora (0kojo 146 map HYKIEOTHU-
JioB). Takoit koMIIJIeKC TMCTOHOBbIX 0esikoB ¢ JHK
CJIYXXUT OCHOBHOU CTPYKTYPHOW €IUHULIEH XpOMa-
THHA, €€ Ha3bIBalOT «Hykleocoma». JIHK, cBs3bI-
BalOLLYI0 HYKJIEOCOMHbIE YACTULIbl, HA3bIBAIOT JIMH-
kepHoit IHK. B cpeanem nunkepHas JHK
coctapisier 60 rmap HyKJI€OTHAHBIX OCTaTKOB. Mo-
nexkyabl rtuctoHa H1 cessbiBalotes ¢ JHK B mex-
HYKJIEOCOMHBIX yyacTKax (JIMHKEPHbIX 10C/e10Ba-
TEJILHOCTSIX) M 3aLMILAIOT 3TH YYaCTKU OT JIeHCTBUS
HykJiea3 (puc. 4-8).

B aape Kaxaoil KJETKM MPUCYTCTBYET OKOJIO
60 MJIH MOJIEKYJl KaXxJIOro TUMa MMCTOHOB, a 06-
ujasi Macca MCTOHOB MPUMEPHO PaBHA copep:ka-

<— [HK

/

JunkepHbin
yqacrtok [IHK

N

Mactox H1

Puc. 4-8. CtpykTypa HyrieocoM. Bocemb MONEKYn MACTOHOB
(H2A, H2B, H3, H4), cocTaBnaioT AApo HYKNeocoMbl, BOKPYT KO-
Toporo [IHK o6pasyeT npumepHo 1,75 BuTka.

Huio JITHK. AMMHOKMCIOTHBIE OCTAaTKWM JMU3UHA,
apruHMHa U KOHUEBBbIE AMWHOIPYIINbl FMCTOHOB
MOTYT MOAMGMUUUPOBATLCS. ALUETHUJIMPOBATHCH,
(hochopunupoBatbesi, METUIUPOBATLCS WK B3a-
UMOZENCTBOBATh C OEIKOM YOMKBUTUHOM (HEIu-
CTOHOBBIN 0enok). Moaudukauuu 6biBaloT 0bpa-
TUMBIMU U HEOOPAaTUMBIMU, OHU U3MEHSIIOT 3aps
M KOHGOPMauMIo TMCTOHOB, a 3TO BIMSIET Ha B3a-
UMOJECUCTBUE TUCTOHOB Mexany coboi u ¢ JHK.

AKTUBHOCTb (PEPMEHTOB, OTBETCTBEHHBIX 32 MO-
NudUKaLUM, PETYJUpYeTCsl U 3aBHCUT OT CTaIuU
KJIETOYHOTrO UMKJIa. Momudukauuu aenarT BO3-
MOXHBIMU KOH(MOPMALIMOHHbIE TTEPECTPONKHU XPO-
MaTHHa.

HerucroHoBble GeJlkn XpoMaTuHa

B sinpe 3yKapuoTH4eCKOi KJIETKM MPUCYTCTBYIOT
COTHU caMbIx pa3zHoobpasHbix JHK-cszbBatommx
HErMCTOHOBBIX 6e/iKoB. Kaxbliil 6e10K KOMILIeMeH-
TapeH OTpeAeIEHHOM 10C/1€10BaTeTbHOCTH HYKIIEO-
tunoB JAHK (caitr IHK). K 370i#f rpynne oTHOCAT
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CceMENCTBO calT-crieunduueckux OEaKOB TUIA
«LIMHKOBbIE NajibUbl» (cM. pa3aes 1). Kaxablit «umH-
KOBbII Najiell» Y3HAET OMPEAC/IEHHbIN CaiiT, cOCTO-
SIMM M3 5 HYKJIEOTHAHbIX nap. dpyroe cemeicrso
caiiT-cneuuUUEecKUX OCJKOB — TOMOAMMEPHI.
®parMeHT Takoro 6esika, KoHTakTupyowuid ¢ THK,
HMMEET CTPYKTYPY «CITUPaAIb-IMOBOPOT-CITUPAIB» (CM.
pazmen 1). K rpynme cTpyKTypHbIX M PETYJISTOPHbIX
0eJIKOB, KOTOpbIe TMOCTOSIHHO acCOLUMHUPOBAHbI C
XPOMATUHOM, OTHOCSIT O€JIKU BBICOKOI MOIBUKHO-
ctu (HMG-06eakm — oT aHra. high mobility gel
proteins). OHM MMEIOT MOJICKYJISIPHYIO Maccy McHee
30 kI ¢ xapaKTepu3yIOTCsl BLICOKUM COAEpKaHUEM
3apsikKeHHbIX aMUHOKUCOT. biaroaaps HeGobLLIOMI
MosnekyJsipHoil macce HMG-06enku 001anator Bbl-
COKOI1 TOABMIKHOCTBIO TIPU 3JIeKTpodopese B Mo-
JiMaKkpuiamMuaHoM reie. K HerMctoHoBbIM Oenkam
NpUHaaliexar Takxe (epMeHTbl periMKaLuu,
TPaHCKPUITUMHK W penapauuu. [1py yyacTum cTpyk-
TYPHBIX, PEryJISITOPHBbIX 0eJKOB U (EePMEHTOB, yya-
crBytowinx B cuHtese JAHK u PHK, HuTh Hykieo-
COM TMpeobpa3yeTcsi B BHICOKOKOHIEHCUPOBAHHBIN
komruieke OenkoB v JIHK. O6pa3osaHHas CTpyKTy-
pa B 10 000 pa3 kopoue ucxogHoi Mosekynl JIHK.

B. 'EHETMYECKAS CUCTEMA MMTOXOHAPUI

MUTOXOHAPUN — BaXHEHUILLIKME OpraHeslibl KJIETOK,
ocyuiecTeisttone cuHte3 AT® 3a cu€T oKMCaeHus
cyocTpatoB. MUTOXOHIPUM UMEKOT COOCTBEHHbIN
VHUK&IbHBIN F€HOM, HacAeayeMblid MO MaTepUHCKOM
JIMHUM, TaK KakK OH TMPOUCXOAWUT M3 LIMTOIJIA3MbI
AALEKACTKU. [€HOM MUTOXOHAPUIA CriepMaTo30MI0B
HE TOMNajaeT B OIUVIONOTBOPEHHYIO SIMLEK/IETKY.

MUTOXOHAPUAILHBIN TEHOM UeN0BeKa MpeacTaB-
JIeH OaHOM KonbLeBoi Moaekynoi JHK u3 16 569
HYKJI€OTUAHBIX nap (puc. 4-9). OH xoaupyet 13
0C/IKOB, MCIIOJIb3YEMbIX Ha MOCTPOEHUE CTPYKTYp-
HO~(PYHKIIMOHAJILHBIX KOMITOHEHTOB MUTOXOHAPHIA.

B MMTOXOHAPUSIX OTCYTCTBYIOT (D€PMEHTHI, OT-
BETCTBEHHbIE 3a perapauuio, Mo3TOMYy MUTOXOH-
pPHUAJLHBI TEHOM COACPXMT HEMalo OIUMOOK.
MUTOXOHAPUHK 3YKAPUOTOB MMEIOT OUY€Hb MaJjieHb-
Kre puOOCOMBI ¢ KOHCTAHTOM ceiMMEHTauuu 558,
TOr/la Kak pubocombl nmpokapuotoB — 70S.

I'. CTPYKTYPA PMBOHYKJIEMHOBBIX KHUCJIOT
(PHK)

Ilepeuunas crpykrypa PHK — nopsaok yepeno-
BaHMs puboHyKieo3uaMoHodocharoB (HMD) B no-
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Puc. 4-9. KonbueBas monekyna mutoxoHapuanbHou AHK. eHbl
nd1-nd6, nd4l xoawpytoT cybbepuHuvusl NADH-gervaporeHasHo-
ro komnnekca; rem coi-lll — cybbeamHnLbl LMTOXPOMOKCHAASLI;
reH cytb — uutoxpom b. FeHel atp 8 n atp 6 koanpyoT CyobeanHn-
ubl AT®-cuHTasel (NADH-gervgporeHasHbiin KOMMReKe, LMToxXpo-
MoKkcupaasa, LMToxpom b — Bernku, yqacTeylowme B sHepretuyec-
Kom obmeHe). OcTanbHble reHbl KOanpyoT pubocomHbie (128 PHK
1 16S PHK) u TpaHcnopTHele PHK coOTBETCTBYIOWNX aMUHOKUC-
noT, 0603HaYEHHbIE NMATUHCKUMU ByKBamMu.

nunykieoruaHoi uenu. B PHK, kak u 8 JHK, Hyk-
JIGOTUIbl CBsA3aHbl Mexay coboil 3,5'-docdo-
JUAOUPHBIMU CBSI3IMU. KOHUBI MOJMHYKITIEOTHIHBIX
ueneit PHK HeoauHakoBbl. Ha ogHOM KoOHLE Ha-
xoautcst pocopunupoBanHass OH-rpynna 5-yrae-
pOAHOIO aroma, Ha apyrom KoHue — OH-rpynna
¥-yraepoaroro aroma pu0o3bl, 103TOMY KOHIIbI Ha-
3bIBAIOT 5'- U 3’-koHiiamu 1ienu PHK. Tuapokcuab-
Hasl Tpynmna y 2’-yrjaepoaHoro atoMa pubo3bl aeaet
mosniekysy PHK necrabunbHoii. Tak, B ciadolue-
JIouHoit cpene monekynbl PHK ruaponusyrorcst naxe
py HOPMAJIbHOI TeMrepaType, Torla Kak CTPYKTY-
pa uenu JJHK He usMmeHseTcs.

Bropuunas crpykrypa PHK

Monekyaa puOOHYKJIEMHOBOM KHCJOTHI MOCTpOe-
HA U3 OIHOM MOJIMHYKIIEOTUAHON Lenu. OTaesbHbIe
yyactku uenu PHK o6pasylor cnupainzoBaHHbIE
METJIN — <«lUMWIbKW», 3a CUET BOAOPOAHBIX CBsI3eil
MEXIy KOMIUIEMEHTAPHBIMM a30TUCTBIMU OCHOBAaHU-
aMmu A-U u G-C. Yuactku tenu PHK B takux cnu-
pallbHbIX CTPYKTypax aHTUIapaUleNbHbl, HO HE BCe-
Ja NOJHOCTBIO KOMILIEMEHTAPHBI, B HUX BCTPEYAIOTCS]
HECMApEHHbIE HYKJICOTHAHbBIC OCTATKH MJIM JAXe Ol-



HOLIETTOYEYHbIC TICTIM, HE BIIMCHIBAIOIIMECS B JABOM-
HYIO cImMpaib. Hamume crmpani30BaHHBIX YYACTKOB
xapakTepHO IS Bcex TurioB PHK.

Tpermunas ctpyxrypa PHK

Onnouenoveunbie PHK xapakTepusyloTcsi KOM-
MAKTHOW U YMOPSOOYEHHOW TPETUYHON CTPYKTY-
pOi1, BO3HUKAIOILIEH MyTEM B3aMMOIEHCTBUS CIIU-
PAIM30BaHHBIX 3JIEMEHTOB BTOPUYHOW CTPYKTYPBI.
Tak, Bo3MOXHO 00Opa3zoBaHWE IOMOJHUTENIbHBIX
BOIOPOAHBIX CBSI3eil MEXIY HYKJI€OTUIHBIMM OC-
TaTKaMHM, JOCTATOYHO YIAid€HHBIMU IPYT OT JApyra,
WM ces3eit Mmexay OH-rpynmaMu ocTaTKOB prdo-
36 U OcHoBaHMsIMH. TpernuHast ctpykrypa PHK
CTaOWIM3NpPOBaHa MOHAMHU JIBYXBAJIEHTHBIX MECTaJI-
JIOB, HarpuMep MoHamMu Mg?*, CBSI3BLIBAIOILIMMMUCS
He TOJbKO ¢ ¢ochaTHBIMHU TPYTIIIaMHU, HO U C OC-
HOBaHUSIMU.

Ocnosubie THINI PHK

B 1iMTorriazMe Kj€TOK IIPUCYTCTBYIOT 3 TUIIA pU-
OOHYKJIEMHOBBIX KHMCJIOT — TpaHcnopTHbie PHK
(rPHK), marpuunsie PHK (MPHK) n pubocomains-
Hele PHK (pPHK). OHu pa3nnuaiorcs 1o nepBuy-
HOIl CTPYKType, MOJEKYIsIpHOIl Macce, KOH(Op-
Malli¥, NPOIOJKMTEJIbHOCTH XHU3HU M, CamMoe
[JIaBHOE, MO (DYHKIIMOHAJIBHOM aKTHBHOCTH.

Tpancnoprabie PHK (TPHK)

INpocTpaHcTBEHHYIO CTPYKTYpY 100X TPHK, He-
3aBHCUMO OT PazTMUuii B TIOC/IENOBATEIBHOCTH HYK-
JIEOTHIOB, OTMCHIBAIOT YHMBEPCAIbHON MOAEBIO
«KJIeBepHOro Jcrta» (puc. 4-10). B kaxmoii Moneky-
Je TPHK ectp yyacTKM 1i€eTM, HE Yy4YacCTBYIOIIUE B
00pa3oBaHUM BOTOPOIHBIX CBSI3€ MEXIy HYyKIIEO-
TUIXHBIMH OcTaTKaMU. K HUM, B YACTHOCTH, OTHOCSIT
YYacTOK, OTBETCTBEHHBIN 3a CBSI3bIBAHHE C AMUHO-
KMCJIOTOM Ha 3'-KOHiIe MOJIeKYJbl M aHTUKOIOH —
crietdryeckuii TpUIIET HYKJIEOTHIOB, B3aMMO/IEH-
CTBYIOLMIT KOMIUIEMEHTapHO ¢ KonoHoM MPHK.

B cocraB HykieotunoB TPHK Bxonsit MuHOp-
Hble ocHOBaHUS (B cpeaHeM 10—12 ocHoBaHMii Ha
MoJieKyry). OHM NIPeACTaBICHBl METWIMPOBAHHbI-
MU OCHOBaHMSIMU, M30MEPaMM W aHAJIOraMu IH-
pUMMIMHOB (puc. 4-11).

MuUHOpHBIE OCHOBAHHMSA BBITIONHSIOT 2 (hYHKIIMM:
onu nenaoT TPHK ycToifuuBhIMY K I€MCTBHIO HYK-
Jiea3 LUWTOIUIa3Mbl U MOIAEPXKMBAIOT OINpeaesIeH-

HYIO TPETUYHYIO CTPYKTYPY MOJIEKY/IbI, TAK KaK He
MOTYT Y4acTBOBATh B 00pa30BaHMK KOMILIEMEHTAp-

1 O6wwit yyacTok
5 nap ocHoBaHu#

O6wwui yuactok |-
L MuHopHoe
l(' J OCHOJ)aHMe
OO«
AHTUKOQOH

Puc. 4-10. CtpoeHue TpaHcnopTHbix PHK. CnupanusosanHbie
y4acTku 0603Ha4Y€eHbl Ha PUCYHKE NYHKTUPOM; «obLme yHacTku»
onvHakosbl y Beex TPHK; 1 — netns nepemenHoro pasmepa; UH,
(amrvppoypatmn), y (ncespoypauuwn) — MUHOPHbIE OCHOBaHUS;
aHTWMKOAOHY Bcerpa npepwectsyeT U (ypauumn), a nocne Hero Bce-
rpa CTouT MUHOPHOE OCHOBAHME.

HBIX Tap, ¥ TPEMATCTBYIOT CIHUPATU3ALHIK OIpe-
JeJEHHBIX YYACTKOB B MOJUHYKJICOTHAHOM TOCIIe-
nosarenbHocTH TPHK.

Marpnunbie PHK (MPHK)

INepBuuHast ctpykrypa Bcex MPHK, He3aBucu-
MO OT YHUKAJBbHOCTH HX KOAMPYIOLIEH MOCIeno-
BaTEebHOCTH, UMEET OAUHAKOBOE CTPOEHHE 5'- U
3’-xoHuoB. Tak, Ha 5'- KOHlIe NPUCYTCTBYET MO-
IOULUPOBAHHBINA HYKJICOTHH 7-METHITYAHO3HH-
5 -tpudocdar (xam). HeckonbKo AeCATKOB HyK-
JIEOTHAOB OTAENSIOT K3 OT MHUIMHUPYIOWIETO
KOIOHa, 06br4HO 310 TpUrier -AUG-. 3a koau-
PYIOILIUM YYACTKOM CJIEAyeT OOUH M3 TEPMHUHMPY-
omux kogoHoB — -UGA-, -UUA-, -UAG-. Ha
3’-xoHue 6onbmimHcTBa MPHK mpucyrcrByeT nmoc-
JIeOBaTeNIbHOCTh, HykineoTunoB U3 100—200 age-
HO3MHMOHO(OCHATHBIX OCTATKOB.

Pubocomamsusie PHK (pPHK)

PutocoMansubie PHK uMeloT MHOrouuc/ieHHbIE
CIIMpaNM30BaHHbIE yyacTkd. Pazmmyaior pPHK —
58S, 5,88, 28S u 18S (S — ko3 duLHEHT ceTUMEH-
Tauuu). Pubocomansubie PHK cogepxkaTr HeCKOIb-
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Puc. 4-11. MuHopHbie ocHoBaHus TPHK.

KO MOIM(UIIMPOBAHHBIX HYKJIEOTHIOB, Yallle BCE-
IO 3TO METWIMPOBAHHbLIE TPOM3BOIHLIE a30TUCTHIX
OCHOBaHMH WM pub03sl (2'-MeTwipubosa). pPHK
00pasyloT KOMILUIEKCH ¢ OeKaMu, KOTOpHIE Ha3bl-
BalOT pubocoMamu. Kaxnas pubocomMa COCTOUT M3
IBYX cyObemuHuL — Masioit (40S) u Gonbiioit (60S).
CyObemUHHLIBI pUOOCOM pPAa3IMYaloTCd HE TOJIBKO
HabopoMm pPHK, HO 1 KOMMYeCTBOM M CTPYKTYPOM
6eskoB (puc. 4-12).

JI. I'usPMAN3AIIMA HYKIEMHOBBIX KHCJIOT

BropuyiHasi cTpyKTypa HyKJIEMHOBBIX KHCJIOT 00-
pasyercs 3a CYET CIa0bIX B3aUMOACHCTBHIL — BO-
JIopoAHbIX U THapodobHbIX. [loaTOMY eciau BOI-
nbiii pacrBop IHK Harpers 10 100 °C, 10 cBsI3M,
YAEPXKUBAIOLIVE ABE LENU IBOMHOMA CNIMPAIA BME-
cTe, paspymaiorcs. B pesyibrate paspbiBa BOIO-
ponHbIX M ruapodooHbIx cBa3er menu JHK pac-
XOISITCS. DTOT MPOLIECC HA3BIBAIOT «IEHATYPAIMA».
OnHako eciii pacTBOp, COMEpXAIWA AeHATYpHPO-
pauHy JIHK, ouyeHb MeMIEHHO OXJIaXJdaTh, TO
MOTYT TIOJYYUThCS ABYXCHUPaANbHBIE CTPYKTYDHI,
WICHTUYHbBIE MCXOAHBIM. TakoM MpoIece MOMYYIUI
Ha3BaHHE «PeHATHBALMA>.

Ha sieneHmy JeHarypaliy ¥ peHaTHMBALIMKA OCHO-
BaH METOII, Ha3bIBAEMEI «MOJICKY/ISIPHAA MMOpHaM3a-
mas». [Iponecc rubpuamzariy MOXeET OCYLUECTRISITh-
Csl MEXIY ABYMs TIOOBIMM LIEISIMM HYKJICMTHOBBIX
xucior (AHK—/IHK, ITHK—PHK) nipu ycJIOBHH, 4TO
OHM COIEPXaT KOMIUIEMEHTAPHBIE MOCIEAOBaTe b~
HOCTH HYKJICOTHIOB. Takue rMOpUAHbIE CTPYKTYPbI
MOXHO BBUICTHTh LHEHTPHU(DYTHPOBAHUEM B IPagu-
€HTE TUIOTHOCTH Caxapo3bl WIM HabmomaTh B 3JIEKT-
POHHOM MMKpOCKome (puc. 4-13).

Ecim pactBop, cogepxauiuii obpasusl JHK 1
M 2, BBIAENIEHHbIE M3 OPTraHM3MOB Pa3HbIX BUAOB,
JIeHaTypMpOBaTh, a 3aTeM IIPOBECTH PEHaTHUBA-
LHIO, TO OOpa3yIoTCA ABYXCHUpAJIbHBIE CTPYKTY-
pul. Ho wapsany ¢ ncxonasiMu JJTHK 1 u JJTHK 2
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H
Mcesaoypauun
MpokapuoThb!
PuBocoma :
70S
Cybveautuubt 508 30S
~. 58
PHK NN 238
P + 34 6enka
pPHK o 168
+ 21 Benok
SyKapuoTbl
Pu6ocoma

Cy6veanHnub! 40S

58S &
pPHK N 28S
+ 50 Benkoe

pPHK """ 188
+ 33 benka

Puc. 4-12. CrpoeHmne 3yKapuoTUHECKUX U NPOKAPUOTUUECKUX
pubocoMm. BenuunHa S xapakTepuayeT CKOPOCTb OCeaaHus yac-
TAL NpY yNsTpaueHTpugyrupoBaHuy 1 NPONOPLUOHANbHA MX MO-
nekynsipHoit macce. Pu6ocoma npoxapuoTos (70S) coctout u3 50S
1 30S cy6beguHuL, aykapuoTos (80S) — cocTouT u3 cybbeanHuL
60S n 40S. Pn60COMbI 3yKapvoTOB U NPOKapUOTOB PasnvyalTcs
no MONeKynspHoi Macce Cy6befnHMUL, KONU4YecTBy Monekyn
pPHK, macce pPHK, xonuuyecTBy u paaHoobpa3auio Genkos, crno-
COGHbIX CBA3LIBATL CeUupUYecKue nuraHasb.



o0pasyroTcs rTMOpHUIHbIC JBOMHBIE CIIUPAIH, CO-
nepxamme uenb JAHK obpasua 1 u uens JHK
obpasua 2, rae NPUCYTCTBYIOT KaK CITMpaiud30-
BaHHBIE, TaK M HECITMPaJN30BaHHbIE YYACTKH.
B HecnMpaiM30BaHHbBIX y4acTKax (parMeHTHI 1ie-
neit IHK He KoMILieMeHTapHbI, T.€. B X01€e r1ub-
PUIN3ALHH TTOJIYYalOTCS HECOBEPIIICHHBIE TUOPH-
Ibl. MeTogoM MOJIEKYISIDHON THOpHUIM3alLNU
MOXHO YCTaHOBHTD:
e CXOJCTBO M pasjiMuMe TNMEepBHYHOM CTPYKTYPHI
Pa3HBIX 00pPa3LiOB HYKJIEHMHOBBIX KHMCJIOT;
o pazimuuve JAHK, BbIIEIEHHBIX U3 OPraHM3MOB
Pa3HBIX BUIOB;

o uaeHtnyHocTh JJHK Bcex opraHoB M TKaHei
OIHOIO OpraHu3Ma.

IIpu nposeaennn rudpuousauuud JHK—PHK
ObLTH BhIeJIEHH MMOpPUAHBIE MOJIEKYJIBI, ColepXa-
mwue omHy uenb JHK u omny nens PHK. Ecam
1151 3kcnepuMenTa 66utH B3aThl JJHK 1 PHK (nep-
BUYHBIM TPAaHCKPHIIT), BBIOEJIEHHBIC W3 OJHOTO
OpraHu3mMa, To 00pa30BLEIBATMCEH COBEPIICHHBIE THO-
puabl, notomy 4ro MoJiekyna PHK xomriemeH-
tapHa uemu JHK. I'm6pummsanumeit JHK—PHK
ObLIO BIIEPBbIE YCTAHOBJIEHO, YyTO Bce BuAbnl PHK
KieTKH uMeior Ha Mosekyie JJHK koMmruieMeHTap-
HBbIE Y4aCTKH.

bt

OHK OHK
obpazey 1 obpasey 2

HeHatypupoBanHeie AHK T'u6puag OHK—OHK

A

OHK PHK

OenatypuposanHsie HK u PHK  Mmubpua OHK—PHK

b

Puc. 4-13. FTnBpuansaums HyKnemHoBbIX KMCNoOT. A — rubpuansauva AHK-OHK; B ~ ru6pnansauma JHK-PHK.
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Il. PETJIMKALINA

Kuspie opraHu3Mbl B Te4eHHE S-¢ha3bl KJIETOY-
HOI0 LIMKJ1a, KOTOpas NPEALECTBYET ACIEHUIO KIIET-
KU, yaBauBaloT cogepxanue JIHK takum obpa3om,
YTO KaXZAas JOYEpHsIS KJIeTKa I10Cie AeJieHUsl I0-
Jiy4aeT Habop XpOMOCOM, WACHTUYHBINA POIUTEID-
ckoil knerke. Ilpoliecc ymBoeHHs XpOMOCOM Ha-
3BIBAIOT pEIUIMKALMEN (pemyrumMKaiuei).

XpoMocoMa COAEPXHUT OAHY HEHPEPHIBHYIO
nByxuernodeyHyro Moxekyny JAHK. Tlpu perum-
KallMU Kaxnas Lenb poAUTEIbCKOR AByXlIeroyey-
Hoi IHK ciyxur MaTpuliei ajist CHHTE3a HOBOM
KOMIUIEMEHTapHOU 1ienyd. BHOBL oOpasoBaHHas
JBOMHAsA CIMpalb UMEET OAHY HCXOIHYIO (pOdu-
TENBbCKYI0) M OTHY BHOBb CMHTE3MPOBAHHYIO (I10-
YepHIOW) Lelb. Takoi Mexanu3M yaBoeHus: JJHK
MOJTYYUST Ha3BaHUE <«HNOJYKOHCEPBATHBHAA pPeIlIH-
Kauus» (puc. 4-14). IlepBuuHasi CTpyKTypa A04Yep-
HEH LENM OIPENe/sIeTCS MEPBUYHON CTPYKTYpOM
POAMTENBCKOM 1IENM, ITOTOMY YTO B OCHOBE €€
00pa3oBaHUA JIEXKUT NMPUHIIUI KOMILIEMEHTApHO-
ctv ocHOBaHM (G=Cu A =T).

®epMeHTHI M O€JIKH, Y4acTBYIOLIHE B PEIUIMKA-
UWH, JOJDKHBI paboTaTh OBICTPO M TOYHO. DTH yC-
JIOBUSI BBINOJIHSIOTCS C TOMOIIBIO 0COOOT0 MYJIb-
THGEPMEHTHOTO KOMILIEKCA.

Peruinkanuio MOXHO pa3ieuTh Ha 4 stamna; 06-
pa30BaHUE PETUIMKATUBHOW BWIKM (MHMIIMAIIUS),
CHHTE3 HOBBIX lieTreil (JIOHIalus), UCKIIOUYEHHE
MpaitMepoB, 3aBEPUICHUE CUHTE3a ABYX JOUYEPHUX
ueneit JHK (TepMuHamms).

A. NHUIIMAIUSA PETUIMAKAITAA

Cunre3 JIHK y sykapnoToB nmporcxomut B S-¢a3zy
KJIETOYHOTO LMKiIa. WHULIMAIMIO peTUTMKalMK pe-
IyaupyloT crielindudecKie CUrHajibHble OE€IKOBbIE
MOJIEKY/IBI — ¢akTophl pocta. DaKTOpHI pOCTa CBS-

C-A-G-A-C-C — 3

G-T-C-T-G-G— &

Pwic. 4-14. MonykoHcepBaTuBHas pennvKauus.
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3BIBAIOTCS PELIENTTOPAMM MEMOpPaH KJIETOK, KOTOPbIE
repeaoT CUrHaJI, MOOYKIAMI KJIeTKY K Hayaly
perukauudy (cMm. pasgen 11).

CHHTE3 HOBBIX OTHOLETIOYeYHBIX Moekyn JJHK
MOXET ITPOU30MTU TOJBKO IPU PACXOXKIEHUM PO-
JUATENIbCKUX 1ieneil. B onpenenéHHoOM caiite (T09-
Ka Hayana pemjMKamMM) IPOMCXOAUT JIOKAJIbHast
neHatypanust JHK, uenu pacxomsrcs u obpasy-
IOTCS IB¢ PeNIMKATHBHBIE BHJIKH, IBIDXYIIMECS B
MIPOTUBOIIOJIOXHBIX HaIpaBICHHSIX.

B ob6pa3oBannu peruinKaTHBHON BWJIKM MPHUHHU-
MaeT ydacTvie psnm OenkoB M ¢epmeHTOB. Tak, ce-
meictBo JTHK -ronouzomepas (1, 11 u IlI), obnanas
HYKJICA3HOH aKTHMBHOCTBIO, Y4aCTBYET B PETYJISALIMU
cynepcnupaymzauvu JHK. Hanpumep, THK-To-
nomn3omepasa I paspriBact GochoadUpHYIO CBS3b B
ONHOM M3 lIeTIC OBOMHOM CIHpaid U KOBAJEHTHO
TIPUCOEAMHSIETCS K 5'-KOHILY B TOUKE paspbiBa (puc.
4-15). ITo okoHyaHuu GOpMUPOBAHHUA PETUIMKATUB-
HOM BUJIKM (DEPMEHT JIMKBUIUPYET Pa3pbiB B LETH
u otaensiercs ot JJHK.

Pa3peiB BODOPOAHBIX CBSI3€H B OBYXIIEIOUYEUYHON
moistekysie JHK ocyumecteiaser JJHK-xenukasa.
®epment JHK-xenukaza MCIIOJIb3yeT 3HEPTHUIO
AT® nns pacruieteHus: aBoviHON crivpann JHK.

B pe3ysbrate TIPOMCXOAMT pacKpydMBaHHUE yda-
CTKa cynepcnupain3oBaHHoi Mosekyabl JJHK.
B nmommepxanum sroro ydactka JJHK B packpy-
YeHHOM COCTOSSHHM ydacTBYIOT SSB-0eikn
(ot aHr. single strand binding proteins, T.e. OeJ1KH,
CBSI3BIBAIOIIMECS C OAHOLIETIOMEYHBIMM HUTSIMH
OHK). SSB-6enkn, He 3aKpbiBasi a30THUCTHIX OC-
HOBaHMM, CBA3BIBAIOTCA ¢ ogHolenoueuHoi JTHK
Mo BCeil MIMHE pas3ldeMBIIUXCS Lieneil U TaKuM
00pa3oM mpeJoTBPALLAOT MX KOMILIEMEHTapHOe
CKpyuMBaHHe U 00pa3oBaHUe «Imiek». OHM 00-
JIagaoT 60JbLIMM CPOIACTBOM K OJHOLEMOYEYHBIM
yuactkam JIHK, He3zaBMCHMMO OT mepBUYHOM
CTPYKTYPHI LIETIEH.



AHK-tonowsomepasa |
Tup-OH

Tup-OH

"’@" Ak

OHK-xenvkasa

Puc. 4-15. Yuactue [lHK-Tononsomepass! | B o6pa3oBaHnuu pennmKaTmBHOK BURKK. 1 — thepMeHT pacuiennseT oy Lens AHK; mexay
OCTaTKOM TMPO3MHA MONEKynbl thepmeHTa U (hocthOpHBIM OCTATKOM Lienn 06pasyeTcsl KOBaNeHTHas CBA3b; 2 — MPOUCXOOUT NOKanbHoe
packpy4mBaHve QBOWHOW crmpanu npu ydactuv AHK-xenvkaset, AHK-tononsomepasa | socctaHasnueaeT qiocthosdmpHyto CBsisb.

B. DiaoHraumsa

Permmukanusa JHK ocyiuectnsiercss [JJHK-3aBu-
cumbiMi JJHK-nonumepasamu (puc. 4-16). Cy6-
CTpaTaMMd M VICTOYHWKAMM JHEPrMH IJid CUHTE3a
MpOOyKTa CAyXaT 4 Makpodpruueckux COoelAuHe-
Hus — Je3oKcupuboHykineosunTprugocdars IATD,
al'TO, plIT® n ATTO, i akTMBallM KOTOPbIX
HeoOXoAuMbl MOHBI MarHus. Helitpanuays otpuiia-
TEJIbHBIN 3apsii HYKJICOTHIOB, OHM IOBBIIAIOT WX
" PEaKIIMOHHYIO CMOCOOHOCTb. MDepMeHTH! TPOsIBIIs-
JOT KaTATUTAYECKYIO aKTUBHOCTb TOJIbKO B MPHUCYT-
CTBUH MpPEeIBapUTENIbHO PaCKpPYYEeHHON MaTpHUIHOM
asyxuenoueuHo [JJHK. Cunres ueneit IHK mpo-
HMCXOJUT B HAMpaBIeHUH 5'—3’ pacTylle 1enu, T.e.
ouYepenHON HYKJICOTHI ITPHCOETUHSETCSI K CBOOOI-
HoMy 3'-OH-KoHIly IpeaieCTBYIOIIETO HYKJIEOTHI-
Horo ocratka. CHUHTe3MpyeMas lieflb BCErjia aHTH-
napajieJibHa MaTpUYHOM Lenu. B xone pervtmkauyu
o0pasyloTcst 2 IoYepHUE LIEMH, TMPeICTABIISIONUINE
CcO0O0M KOIMM MATPUYHBIX LICTICH.

B cunrese sykapuornueckux JIHK npunumalor
yyactue 5 JJHK-nonaumepas (o, B, v, 0, €). JTHK-
NOJIAMeEpAa3bl PATHYAIOT 10 YUCITY CYOBEIMHULL, MO-
JICKYJIIPHOM Macce, acCOLMaIN ¢ pa3HbIMH BCIIO-
MoTateJbHbIMU GeIKaMM, YCKOPSIOILMMU MPOLECC
ouocuHTe3a AHK, n yHKuMOHanbHOMY Ha3Ha-

yenuto. JHK-mmonumepasel o (anbga), B (6era), 3
(menbTa), € (3MCUIOH) y4acTBYIOT B cuHTe3e JIHK
B sanpe kierok, JHK-nonuMepasa y (ramma) — B
perMkanuu MutoxoHapuaiasHoi JJHK.

JHK-nonmuMepassl B, 8, € He MOTYT MHULIMHUPO-
BaTb 00pa30BaHUE NOYCPHHX LIETIEN, TaK KaK HE UMe-
10T cponctea K onuHodHOM Hutn JHK. MHmpmpy-
et permkaumio JJHK-nonuMepasa o, Koropas
KOMIUIEMEHTAPHA OTIPEAEIEHHOMY CATy OTHOLIETO-
yeyHoit JIHK. TIpucoenunsisice k Hemy, JJHK-mo-
JNMMepas3a o CMHTE3UPYET HeOOoJibllioit (parMeHT
PHK — npaiiMep, coctosiuit u3 8—10 puGonykiie-
otunoB. JHK-monmMmepasza o COCTOMT U3 YETHIPEX
cyoremuumL,. Kaxmast u3 cyorennHui epmeHTa BbI-
MOJIHAET OIpPEeACAEHHYIO (QYHKIIMIO: «y3HABaHHE»
calTa perUMKaumMM, cuHre3 npaimMepa (8—10 pubo-
HYKJIEOTHIIOB), CMHTe3 (pparmenTa uenu JHK, oko-
J0 50 me30KcUpHOOHYKIEOTHAOB. TakuM o0pa3oMm,
AHK-nonumepasa o CMHTE3UPYET OJIMTOHYKJICOTHI,
conepxaluuid mpuMepHO 60 HYKJIEOTHAHBIX OCTAT-
KoB; nepblie 8—10 TpencrarieHbl pUOOHYKICOTHIA-
MM ([paiiMep), a oCTaibHble — AE€30KCUPUOOHYKIIE-
OTUHAMH.

JHK-nommepasa o

OnuroHykieotus, cuHTe3upoBaHHbI JIHK-110-
JIMMepa3ol o 1 obpasyroluii HeOOIbIIION IBYX1Ie-~
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PHK-npaiimep

5‘
Nugupyrowasn
yenb

PHK-npaiimep yanuHaeTca
NHK-nonumepason £ o BCTPeun
C APYTUM NpaimMepom

PHK-npaimep BoipesaeTca
[HK-nonumepazon B

Bpeus ycTpasneTcs
AHK-nonmmepason B

OpauouenovyeyHnie
paapbiBbl COBAMUHSET
AHK-nuraaa

Orcrawan

= D

5 NHK-nonumepasa B

Puc. 4-16. Pennukauus.

MOYeyHbIi parMeHT C MaTpHUiIeil, MO3BOJISET TIPH-
coemunuthess JIHK-mmonuMepase & ¥ mpodoIKHUTD
CHHTE3 HOBOM LIEMM B HaNpaBJiEHUH OT 5'- K 3’-
KOHILY IT0 XOOYy PacKpy4yMBaHMS pEeIUIMKATUBHOM
BWIKH.

JHK-nonuMepasa 8 nocnegoBaTenbHO Hapalliv-
BaeT 1ieMb, 1Iar 3a LIaroM MPUCOeIUHSIS K Hell Co-
OTBETCTBYIOILIME H€30KCHHYKIEOTUIRl. BribOp
JHK-moimmMepasoif 8 odyepeaHOro HyKJIEOTHIA
orpeeasgeTcs Marpulieil. BkioyeHne ne30KCHpH-
6oHykineo3ugMoHOdocHaTOB B pacTyliylo Lenb
JHK conpoBoxraeTcs TMIPOJIA30M MaKpO3pruyec-
KHX CBfI3eil COOTBETCTBYIOLIMX HYKIEO3HATpHGOC-
¢aroB u orwemienueM nupogocdara (H,P,0)).
DHeprusa MaKpO3PruyeCKMX CBA3ei pacxodyercs: Ha
obpasopanue 3’,5-dochoanadupHoit CBA3U MeX-
Iy TIOCJIEIHMM HyKJleoTHaoM pactyuieit nernu JHK
W TIpUCOEAUHSIEMBbIM HYKJIECOTUIOM. BkiioueHue
HyKJIeOTHIa B cuHTe3upyemylo 1enb JJHK HeBo3-
MOXHO ©e3 IMpeaBapUTEILHOIO CBSI3BIBAHUS a30-
THCTOTO OCHOBaHHS BOJOPOIHBIMH CBSI3SIMU C KOM-
ILTEMEHTAPHBIM HYKJIEOTHIOM MAaTPHUYHOM LIETH.
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[OHK-nonumepasa §

SSB-6enkn

AHK-xenukasa

PHK-nipaimep

[OHK-nosmmMepasa ¢

JHK-monmumepassl (o, B, v, 8, €) MOTYT CUHTE3U-
pOBaTh HYKJICOTHAHYIO ILIETh TOJBKO B Hampasie-
HUU 5—3’, MaTpyuHas Liellb BCErga CYMTHIBAETCS
B HarpaBileHuu 3'—5.

B kaxnol peruiMKaTUBHOM BIJIKE UIET OMHOBpE-
MEHHO CHHTE3 JBYX HOBBIX (IouepHUX). Leneit. Ha-
npasienne cuHre3a venu JTHK coBnamaer ¢ Ha-
MpaBJICHUEM IOBUXEHUSA PEIUTMKATABHON BWJIKHU
JIMLIb JJI OJHOM M3 BHOBb CUHTE3UPYEMBIX LIETICH
(mmmpyonas uen»). Ha BTOpoit MaTpyyHO! 1IETH
cunte3 pouepHeit JIHK ocymiecTBiasierca aByms
depmenTamu: JITHK -momumepasoit oo u JAHK-nomum-
M€epa3oil £ B HallpaBIeHUU 5'—»3’, HO TPOTUB [IBU-
KEHMS peTUTHKaTMBHOM BWIKHM. Ilo3TOMYy BTOpas
LIETTh CUHTE3UPYETCs] TIPEPBIBUCTO, KOPOTKMMU Gpar-
MEHTaMH, KOTOpble Ha3biBaloT «(pparmentsl OKkasa-
K#» (110 UMEHU OTKPBIBILIErO MX HCCJIEAOBATENA).
HouepHsas uenp JHK, cuHTe3 KOTOpoH MHpOMCXO-
JUT ¢parMeHTaMH, Ha3bIBAIOT OTCTAIOLIECH LENBIO.
Kaxnpiit ¢parment Oxazaku, npuMepHo 100 Hyk-
JIEOTUAHBIX OCTaTKOB, CONEpXUT mpaiimMep. [lpaii-
Mepol yaandger JJHK-nonuMepasa B, mocreneHHO



OTHIEIVIAA ¢ 5'-KOHILIA (pparMeHTa Mo OJAHOMY pH-
oonykneotay. K OH-rpynmne Ha 3’-KOHLE IIpelbl-
nymero ¢parmenra JJHK-nonnmepasa B npucoe-
JIUHSET Ie30KCUPUOOHYKIIEOTHIBI B KOJUYECTBE,
PaBHOM BbIpE3aHHOMY TNpaiMepy ¥ TaKAM oOpa3oM
3anoyiHsger Opelllb, BO3HUKAMOIIYIO TP YIaJIeHUH
PUOOHYKJIEOTHIOB.

®epment JHK-mMraza karanusupyetr o6pasopa-
Hue dochommaupHoii cBa3u Mexay 3’ -OH-rpyn-
Mok e30Kcuprb03bl ofHoro pparmenra uenu JJHK
u 5'-pocaroMm cremyiolnero ¢pparMenra. Peakius
npoTreKaeT ¢ 3arparoii sHepruu ATD. TakuMm 06-
pa3oM, U3 MHoOXecTBa (parMeHTOB (OKa3aku 00-
pasyetcst HenpepbiBHas Lenb JHK.

B. OPUIKUHBI PEIUIMKALINUA

JTHK xpoMOCOMBI 4€JI0BE€Ka COAECPXHUT MPUMEPHO
150 MyIH Map HyKJIeoTHAOB. Perumikaims Takoi 001b-
HIOH MOJIEKYJIBI CO CKOpOCThIO 50 HYKICOTHIOB B
MUHYTY 11a 661 ipuMepHO 800 y. TTosToMy MHMIIU-
anust cunTe3a JJHK mpoucXoauT B HECKOJIBKMX cavi-
Tax XPOMOCOMBI, KOTOphIE Ha3bIBAIOT CAMTAMH MHMU-
IIMalIMM PETUTMKAIIMY, WIM OPWIDKMHAMHM (OT aHIJL
Origin — TIPOMCXOXAEHUE) peruuKauuu (puc. 4-17).
TepMHH «caiiT> MCITONIB3YIOT AJB1 0003HAYEHUS JIIO-
0oro yyactka reHoMa. OpUIDKWHbI PETUTHKALIMM UMe-
10T OTPEASSIEHHYI0 HYKJIEOTHUIHYIO TTOCIIEIOBATEN b~
Hoctb. ITocnenoBarenpHocth JTHK, orpaHmdeHHyI0
JBYMsI OPUUKMHAMM PEIUTMKALIUM, Ha3bIBAIOT €Iu-
HHUIIEH pETUTUKAIIAW, WK pelvmkoHoM. Ha opumku-
Hax npu yyactun [JHK-tonouzomepasel I uHULMY-
pyeTcs AByHaIlpaRjieHHas perumkaimsi. O0pasylorcs
B¢ PEIUIMKAaTUBHBIE BWIKHU, MepeMeElIalonecs B
TPOTUBOTIOJIOKHBIX HAIPABICHUSX IO TeX 10p, I10Ka
HE BCTPETSITCS CO CIIEAYIOLIM PEIUIMKOHOM, T.€. pell-

OpunoxuH
pennukauum

JIMKaus IpEKpaliacTCs, Koraa BCTpeYaroTCs OBE perl-
JINKAaTUBHBIC BUJIKH.

Merwmposanue JTHK

Ilocne 3aBeplieHMST PETUTMKALMKM TTPOUCXOIUT
METHJIMPOBAHME HYKJICOTHIHBIX OCTAaTKOB BHOBB
obpazoBaHHbIX Lerneid JJHK. MeTtuibHbie rpymrbl
MPUCOETUHSIOTCS KO BCEM OCTaTKaM aJeHHHA B
nocyexoBaresbHOCTA -GATC-, 1npyu 3TOoM 00pas3sy-
ercst N -METWIaACHUH, a TaKXe BO3MOXHBI METHU-
JINPOBaHKE LINTO3MHA B NOCIeA0BaTeNbHOCTH -GC-
U obpasoBanue N, -MerwiuuTosuHa. Komuuectso
METUIMPOBAHHBIX OCHOBAaHMH PaBHO MPHUMEPHO
1—8%. Moaudukausi MPOUCXOTUT MPH YYaCTUH
¢depMEHTOB, MCMOJb3YIOLIUX B KAY€CTBE UCTOYHM-
Ka METWIbHBIX I'PYII S-aneHO3UWIMETHOHUH (SAM)
(cM. paznen 9). IlpucoenHeHHe METIWIbHBIX IPYIIIT
K OCTaTKaM aJeHWHAa ¥ LUTO3WHA HEe HapylLIaeT
KOMILUTEMEHTapHOCTH lienieii (puc. 4-18).

Hanuuue MerwibHbIX rpynm B uensx JHK He-
06xonuMo Wit GOpMUPOBAHHS CTPYKTYPhI XpOMO-
COM, a TaKXe IS PeryjslMH TPAHCKPHIIIUHU TIe-
HOB. B TeyeHue HeNpOmOXUTEIBHOIO BPEMEHH B
moaekyiae JHK mnocnenoBaresbHocTH -GATC-
METWIMPOBAHBI 110 aA€HHHY TOJIBKO B MAaTPUYHOI,
HO HE B HOBOH LIEMHU. DTO pa3IMuUe UCIOJIb3YeTCs
¢depMeHTaMH pernapaliMy ISl UCIIPABICHHUS OIIIM-
00K, KOTOpbI€ MOTYT BO3HUKATh IIPH PETUIMKAIIUH.

I'. CrroEHUE 3'- 1 5'-koHuoB UENEN JTHK.
TenomepHAs JTHK

Ha kaxmoMm KOHIIe XpOMOCOMBI MPHUCYTCTBYET
crienu¢puyecKas HYKICOTHAHAA MOCIeI0BaTENb-
HocTh. OHa NpeacTaB/ieHa MHOTOYHC/IEHHBIMU T10-
BTOpaMU (COTHHU WIH JaXe ThICSIYM pPa3) OJUTOHYK-

Orcratowias uenb Nuaupyowas uens

l PennukoH

I Ortcraiowas uenb

Puc. 4-17. O6pa3oBaHue ABYX PENNUKATUBHBIX BUNOK, NEpeMelLalowMXCA B NPOTUBONONOXHBLIX HANPaBNEHUSIX OT ODUIDKHUHA.
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3

5!

Pennukaumsa

3 5

AHK-meTunasa

Puc. 4-18. MeTunupoBaHue OCTaTKoB afeHUHa B nocnepoBarenbHocTH -GATC-. B TedeHWe HECKONbKUX MUHYT MOCne pennukauuv,
foKa He Npou3owWno MeTUNMpoBaHue, Hoeas uens [IHK otnuyaeTcs or MaTpuyHONA Lenu.

neotunoB -GGGTTA-, Ha3bIBaeMbIX TEJIOMEPHOM
MOCJIEAOBATEIbHOCTBIO, WU TIPOCTO TEJIOMEPHOM
JHK. Hamuuue TenoMep HEOOXOAUMO IJISI 3aBep-
LWIEHUS PeTUTMKALIMM KOHUEBBIX MH(POPMAaTUBHBIX
MOCJIEIOBATENbHOCTEN XPOMOCOM, T.€. IJISI COXpa-
HEHHMS TeHETHYeCKOM MHMOpMaluH.

INocne 3aBepllieHHs PEIVIMKALIMU XPOMOCOMBI
5’-xoH1mI noyepHux neneit JIHK HexocTpoeHsl, Tak
KaK MocJie yIaJleHHs MpailMepoB 3TH (parMeHTHI
OKAa3bIBAIOTCSI HEIOPEIUTMIMPOBAHHBIMU, DTO MPO-
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ucxoaut moroMy, uro JfHK-moaumepasa B, orse-
yaolias 3a 3aroJHeHUe Opeinu, oOpa3oBaHHOMN
TOCNIe yOaJleHUs TIpaiiMepa, He MOXET BeCTU CHUH-
1e3 uern JJHK or 3'- k 5-koHuy (puc. 4-19, A).
TaxuM o6pa3oM, B XO[€ KaxXJI0ro LIMKJIA PEeruIKa-
LUK 5-KOHUbl CUHTE3UPOBAHHbIX LIETIEH yKOpauu-
BafoTcs. Ho TakMe notepu He MPeACTaBIAIOT onac-
HOCTH U151 FEHETUYECKON MH(MOPMaLUUA XPOMOCOM,
motoMy uto ykopoueHue JHK unér 3a cuér teno-
Mep. Bo BpeMs cremyioniero 1MKiIa perviMkanvu



PHK-npaimep Hepennuuupyembiit
A cparmerTa Okasakm y4acTox
51 3- 3 3- 5- 34

Cuntes Yananexne
AHK PHK-npaiimepas

3 g 5 3 5
Pennnuupyemasn Y '
XpoMocoMa PHK-npaiimep Hepernuumpyembii
yHacTok
Tenomepasa

Otpesok PHK - npoctetnyeckan
rpynna depmenTa

CuHTea Tenomepa
aHTo

3
CuHTe3UpoBaHHbIA
TENOMEPHLIH NOBTOP

AHK

TpaHcnokaums TenoMepass!

1< S N
B T T e

Puc. 4-19. Cunte3s tenomepHoit [IHK. A — Ha p1CyHKE NOKa3aHO YKOpOYeHWe BHOBb CUHTE3UpoBaHHbIX uenei QHK nocne ynaneHus
npaimepos; B — B cocTae TenoMepass! BXOAWT kopoTkaa monekyna PHK, cogepxaliian B aKTMBHOM LIEHTPe NOCNeaoBaTenbHOCTL HyK-
11e0TMAOB, KOMNNEMEHTapHY0 TefloMepHOMY NoBTopy; 1 — epMeHT npukpennaeTca 3a c4éT BaaumopeircTeus PHK ¢ cywectsyiowen
Tenomepoi u nobasnser nocneaoBaTenbHO No OpHOMY HyKneoTuay dparMeHT -GGGTTA-. MaTpuuei cnyxuT npocteTuyeckas rpynna
Tenomepasbl — pparmeHT PHK; 2 — hepmeHT nepemeltaetca no Hutv [HK Takum obpasom, uto PHK-Matpuua B coctaBe Tenomepasbl
NOCTOSAKHO KOMMNEMEHTAPHO CBA3aHa C KOHUOM BHOBb CUHTE3UPOBAHHOIO TEOMEPHOro noeTopa. 3aHOBO CUHTE3MPOBaHHAA Teno-
MepHasa OHK cnyxut matpuuen ans yomHenns sTopoii uenn [IHK, Ho yxe B xofe cnepytollero umkna KneTo4Horo aenexus. Tenomep-
HbI NOBTOP Ha pUCYHKE B3AT B KBaapaTHble ckobku -[GGGTTA]-.
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5-xonup! nene#t JHK omare ocraioTcss HeoocTpo-
eHHbIMU. TakuM 00pa3oM, ¢ KaXIbIM KJIETOYHBIM
nenenuem JJHK xpomocom OymyT mocienoBaTemb-
HO YKOpauyMBaThCsl. YKOPOUYEHHE TEJIOMEpP B 0OJIb-
IIMHCTBE KJIETOK IO Mepe MX CTapeHHS — BaX-
HBIH (haKTOp, ONpeneN ANl IPOIOJLKUTETBHOCT
XU3HA OpraHM3Ma.

OmHako B SMOPHUOHAIBHBIX M IPYTHX OBICTPO-
JENALINXCS KIIETKAX IIOTEpH KOHLIOB XpOMOCOM He-
JIOITyCTUMBI, ITOTOMY 4TO YKopoueHHre JTHK Gyner
MIPOUCXOAUTb OYeHb OBICTPO. B 3yKapHOTHYECKHX
KJIETKaX MMeeTcsl ¢epMEeHT TeaoMepa3a (HYKIIEO-
THAWATpaHcdepasa), odecrneyUBaIONMii BOCCTa-
HOBJIEHHUE HEIOPEIUIMIIUPOBAHHBIX 5’-KOHIIOB.
K ocobenHocTsIM 3TOrO (hepMEHTA OTHOCST MpPH-
CYTCTBHE B KauyeCTBe INPOCTETHYECKOM TIPYIIIHI
PHK. ®parment PHK B akTUBHOM IIEHTpE TeJIO-
Mepasbl CIYXKHAT MATPHUIIEH TIPH CHHTE3€ TeJIOMeEp-
HBIX TIOBTOPOB XpPOMOCOM.

C nomonrsio PHK ¢epMeHT KOMILIEMEHTapHO
TIpUKpeIuisieTcss K 3'-KOHIly HEIOCTPOEHHO mo-
yepHeil nern JHK. Tenxomepasa 1o mpHHIIHAITY
KOMILUIEMEHTAPHOCTH MOCJICAOBATENBHO YIJIHHSI-
et 3’-xonen uenu JHK Ha omuH rekcaHykJIeOTHN
-GGGTTA-. Cunres Bceraa MAET OT 5'- K 3’-KOH-
y. 3ateMm TejioMepa3a cMelaercsd mo nernu JHK
Ha OJWH TeJOMEpP M HAYMHAET CHMHTE3 HOBOTO
tdparmenta -GGGTTA- (puc. 4-19, Bb).

B GOJIBIIMHCTBE COMATUYECKUX KIIETOK TeJIoMe-
paza HeaKTHBHA, TaK KaK COMaTHYeCKast KIETKA UMEET
JmHy TenomepHor JHK, moctatouHyio mist BpeMe-
HU XHU3HHU KJIETKH ¥ €€ riotomMcTBa. OIHaKO HeOOMb-
IIyI0 aKTUBHOCTb TEJIOMEpa3kl 00HAPYXKUBAIOT B KJI€T-
KaX C BBICOKOM CKOPOCTBIO OOHOBIEHMSI, TAKHUX KaK
JIMMGOLIUTHI, CTBOJIOBBIE KJIETKM KOCTHOTO MO3ra,
KJIETKHM SIUATENIAS, STMICPMICa KOXHU U Ip.

J. KJETOYHBI HYKJI M ETO PETYJISLINSA

IIpomeccel pocTa M JejdeHUS KIETOK JieXaT B
OCHOBe XH3HH J1I060ro opranusMa. Ho npexne yem
COBEPIIUTDh JCJICHUE, KJIETKA HOJDKHA C BBICOKOH
TOYHOCTBIO KOIMPOBaTh CBOI I€HOM, CHHTE3HPO-
BaTh MHOXECTBO BBICOKO- M HHU3KOMOJIEKYISPHBIX
coeqHeHnii. COBOKYITHOCTb COOBITHI, 0becreun-
BAIOIIUX JEJIeHUE 3YKAPUOTUYECKUX KIETOK, Ha-
3BIBAIOT «KJIETOUHBL OHKI». IIpOJOIDKHTEILHOCTD
KJIETOYHOIO LIMKJIA 3aBUCHUT OT THIIA AEJISIIUXCS
KJIETOK, Y B3POCJIOTO Y€JIOBEKA OHA MOXET Bapbu-
poBarh NMPUMEPHO OT 8 4 M OoJice, a WIst HEKOTO-
PBIX THUITOB KJIETOK [0 roza M Gojbine (puc. 4-20).
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Bce ¢aspl kiretoyHoro mukia G, S, G,, M mo-
IyT PA3IMYaThCS IO IJIHUTEIBHOCTH, HO B OCOOEH-
HOCTH 3TO KacaeTcs ¢aswl G,, IIMTEIbHOCTh KO-
TOpPOM MOXET OBITh paBHA MPAKTHYECKH HYIIIO WU
OBITb CTOJIb POIOJDKUTEIBHOM, YTO MOXET Ka3aTh-
cs1, OyOTO KIIETKM BOOOIE IPEKpaTWIN IEICHUE.
B 3TOM Ciyyae rOBOPSIT, YTO KJIETKH HAXOISATCA B
cocrosHuM 1oKod (Pasa G). Tak, HEHPOHBI B3pOC-
JIOTO 4Y€JIOBEKa He aenArcs BooOie. Kietku smm-
TEIUS KMIIEYHUKA JEAATCS Ha TpPOTSDKCHUH BCeit
XU3HU YEJIOBEKA, HO JaXe Yy 3THUX OBICTPOIPOIH-
(bepUpyIOLIKX KIETOK IOATOTOBKA K JIEJIEHHIO 3a-
HuMaer 24 4. KieTku n€rkmx, modyek, medyeHH BO
B3POCJIOM OpraHM3M€ HAYMHAIOT JEJIUThCS TOJBKO
JIMILIb B OTBET Ha ITOBPEXACHHE OPTaHOB.

BHentHMe CUTHAIBI MOTYT CTUMY/IMPOBATh WIH
MHIMOMPOBATh NMPOXOXIACHUE KIETKH Yepe3 UK.
ITponudepaTuBHBIE CUTHANIBI OYEHb Pa3HOOOpa3-
Hbl, OHM 3aBHCAT OT THUIIA KJIETKH, CTaAMHU pa3-
BUTHUS ¥ APYrux ¢akTopoB. TaKMMH CHUTHAJaMU
MOTyT ObITb haKTOpHI pOCTa, UHTEPJIEHKHUHEI, TOpP-
MOHBI, CIIOCOOHBIE MOAAEPXMBAaTh MW WHIYIIH-
poBaThk MpoJudepalnio ONpeneJEéHHBIX THIIOB
KIeToK. CUTHaJbHBIE MOJIEKYJIBI CBSA3BIBAIOTCS
cnenrupuyecKUMU MeMOpaHHBIMHU peLIENITOpaMHu,
aKTMBUPYIOT BHYTPHKJIETOYHBIE IYTH Iepeladyu
CUTHAJIOB OT peleNTopa K sIpy U TaKUM oOpa-
30M MHIYLMPYIOT TPAHCKPHUITIIHAIO ONPEAEIEHHBIX
reHoB. OMHMMHM U3 TEPBBIX AKTUBUPYIOTCS T€HHI,
Koaupylole OeNKy HMKAHHbI. benku Obliv Ha-
3BaHbl LIUKIMHAMH, MOTOMY YTO HUX KOHIIEHTpa-
LM B KJIETKE MEPUOIUYECKH MEHSETCS IO Mepe
TIPOXOXIEHUS KIIETKOM pa3HBIX ¢a3 KIeTOYHOTO
LYKJa,

Bce mukmiHb gensT Ha 2 noxaceMeiictea: Gl-
maxaukbl (D, E) 1 MUTOTHYECKME LUKIMHHBL (A 1
B). JIi060it U3 LMKIMHOB TNPEACTABJIIEH IPYIIION
NOJIMMOP(GHBIX O€JIKOB, HanpuMep HUKJIMH D nipen-
crasieH dopmamu D1, D2, D3. V¥ kaxgoro Tuma
LIMKJIMHOB €CThb TOMOJIOTUYHBIN ydyacTok u3 100
AMHUHOKHCJIOTHBIX OCTaTKOB — <«LIMKJIUHOBBIMA
OOKC», OTBEYAIOLIMIA 32 CBA3BIBAHME C LIMKJIMH3a-
BUcuUMOIl kuHa30il (ot aHra. CDK — cyclin-
dependent kinases). B Ki1eTkax 3yKapHOTOB CYy-
IIIECTBYET MPUMEPHO BoceMb pasnuyHbeix CDK
(CDK1-8), aKTMBUpPYIOLLHXCSI Pa3IM4HBIMM LIVK-
JMHaMU (Tabn. 4-2).

LIMKITMH3aBUCHMBIE KMHA3b], CBA3bIBAst LIMKJIUH,
MepeXoNsT B aKTUBHYIO ¢opMy U MOryT (ocdopu-
JIMPOBATh crieuupudeckue 6elKM, Harpumep ¢dak-
TOPHI TPAHCKPUIIIUH, GEIKM-UHIHOMTOPHI (haKTo-



POB TPAHCKPHUIILIMK, KOTOPbIE PEryIUPYIOT CUHTE3
(bepMeHTOB, OOECITEUMBAIOILINX peruTMKalrio. CUH-
Te3 KaxJ0ro UMKJIMHA HAUMHAETCS NMpPU MOATrOTOB-
K€ K COOTBETCTBYIOLIEH (ha3e KJIETOYHOIOo LMKIA,
€ro KOHLIEHTpaLMs B KJIETKE IMOBBILIAETCS, a TOC-
Jle OKOHYaHUs (a3bl pe3Ko MagaeT A0 Hyas. 3a-
BEpLUUBILHME CBOIO pabOTy KOMIUIEKCHI LIMKIMHOB
1 CDK cBsi3bIBalOTCSA CNeLUPUUECKUMU OEJIKAMMU,
UHFUOMPYIOIIMMY UX aKTUBHOCTb, M 3aTeM MOJ-
BEPraloTcsl paspylleHHUIO.

lil. PENMAPALINA

INpouecc, NMO3BOJSIIOLLMHN XUBBIM OpraHU3MaM
BOCCTaHABJIMBaTh MOBPEXKIEHUS, BO3HUKAIOLINUE B
JAHK, HasbiBaloT penapauuei. Bce penapauyoH-
Hble MeXaHU3Mbl OCHOBaHbl Ha ToM, uto JHK —
JIBYXLIETIOYeUHash MOJIEKYNa, T.e. B KJIETKE €CThb 2
KOMUWU TeHeTuueckoit uHgopmauuu. Ecan Hykie-
OTU/IHAsl TOCJeI0BaTeIbHOCTh OJIHOM M3 ABYX LeE-
neil OKasbIBAeTCs MOBPEXAEHHOU (M3MEHEHHOM),
WUH(MOPMALHI0O MOXHO BOCCTAHOBUTH, TaK KaK BTO-
pasi (KOMILIeMeHTapHas) Lielb COXpaHeHa.

IMpouecc penapaluy TMPOUCXOAUT B HECKOIBLKO
stanoB. Ha nepBoM 3Tare BbiSIBJSIETCSI HAPYLLEHUE
koMIuieMeHTapHoctu uenei JIHK. B xoge BTOporo
JTana HeKOMITJIEMEHTAPHBIH HYKICOTUA WU TOJb-
KO OCHOBAaHMUE€ YCTpaHseTCs, Ha TPETbEM W YETBEP-
TOM 3Tanax UIET BOCCTAHOBIEHHWE LIEJOCTHOCTH LeMK
Mo NMPUHLMIY KOMITIemeHTapHocTy. OaHako B 3a-
BUCUMOCTH OT TUIIA MOBPEXKACHUST KOJUYECTBO ITa-
NMoB U (EepMEHTOB, YUACTBYIOLIUX B €ro yCTpaHe-
HWU, MOXET ObiTh Pa3HbIM.

OueHb pelKo MPOUCXOAAT MOBPEXAECHUS, 3aT-
paruBawiumne obe uenu JHK, T.e. HapyweHus
CTPYKTYPbI HYKJICOTHJIOB KOMITJIEMEHTAPHOI Iapbl.
Taxue roBpexXIeHMs B MOJOBBIX KjieTKaxX He pena-
PUPYIOTCA, TaK KakK Jsl OCYLIECTBJIEHHUS CIOXHOMN
penapalyy ¢ y4yacTUEM TOMOJIOTMYHON peKoMOu-
HallMK TpedyeTcs HajJIMyue AUIJIOMAHOro Habopa
XPOMOCOM.

Puc. 4-20. ®asbl knerovHoro uukna. locne ¢aswl M, B xone
KOTOPOM NpoucxoauT aeneHne sigpa (MUTO3) U uuTOoNnasmsl (Lu-
TOKUHES), A0HEePHUE KNTETKN BCTYNalOT B WHTepdaly HOBOTO LNK-
na. NHtepthasa HaumHaetca ¢ a3kl G, B Xoae KOTOPON aKTMBHO
NpovCXoaaT BUOCUHTETUYECKUE NPOLIECCHi, PE3KO 3aMeaneHHble
BO Bpems mutoza. ®asza S — nepuop cuHTesa [HK; oHa 3akaH-
Yyusaetcsi, koraa conepxanue [HK B appe ynBouTCA M XpOMOCo-
Mbl IOMHOCTHLIO PennuUmMpytoTcs. 3aTem HacTynaet hasa G, B xone
KOTOPOW NPOMCXOANAT AeneHne MUTOXOHAPWIA 1 yBENUYEHUE JHEP-
reTudecknx 3anacos knetkn. ®asa G, npoponxaeTcsa Ao Hadana
MUTO3a, T.e. ha3bl M. B hase M apnepHasn obonoyxka paspywaet-
¢, POpPMUPYIOTCS ABa HOBbIX AiBpa, LMTonnasma penutcs ¢ obpa-
30BaHVEM ABYX AO4EPHNX KNETOK, UMEIoLUX MO ogHOMY sapy. Ha
pUCyHKe npeacTasneH 24-4acoBoi LMKA.

A. CIIOHTAHHBIE TTOBPEXIEHUA

Hapywienusi koMruieMeHTapHoctu ueneit JJHK
MOTYT TPOUCXOAUThL CTIOHTAHHO, T.e. Be3 yJacTus
KakuX-J11bo NoBpeXaaounx GakTopoB, HAIpUMep

Tabnuua 4-2. LIMKNUHBI M UMKIMH3ABUCHMbIE KUHA3bI, PErynupyIoiLyUe NPOXOXKACHUE KNETOUHOTO LUKNa

Huxnuu Kunasa DOyHkuus
D,E CDK4, CDK6 Perymupyer nepexon xnerku u3 G-¢asnl B S-¢asy
A CDK2 Axrtusupyet cunTe3 JJHK na nayaneHoit craguu S-¢assl
B CDK1 Perynupyer nepexo kietku u3z Gp-dasei B M-azy
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B pe3y/bTaTe OIMOOK PEIUTHKALMH, Ie3aMHUHUPO-
BaHUS HYKJIEOTHIOB, JEIypUHU3AIMH.

OmHOKN penHKauu

Tounocts pennukauuy JHK ovyeHb Bemuka, HO
MpUMEpPHO oauH pa3 Ha 10°—10° HyK/IeOTUIHBIX OC-
TaTKOB IIPOMCXOAST OLIMOKH CITapMBaHuUsA, U TOrma
BMecTo Tapel HykieotTuaoB A—T, G—C B gouep-
Hi010 1enb JIHK oka3biBaloTcsi BKIIIOYEHHBIMU HYK-
JICOTHIIbI, HEKOMIUIEMEHTApHBIE HYKJIEOTHIAM Mar-
puyHoi uenu. OpHako AHK-mommMepasmsl 6, €
CITOCOOHBI TOCJIE IMPHUCOSIMHEHNST OYEPEIHOTO HYK-
Jieotyaa B pactyiryio uerns JJHK nenarts miar Hazanm
(B HampapjeHHH OT 3'- K 5- KOHIIy) U BBIPE3aTh
MOCJACAHUH HYKJIEOTH, €CIM OH HEKOMIUIEMEHTA-
peH HykKneoTuny B MarpuuHoi uerm JHK. Dror
MPOLECC MCHPABJIEHUS OIIMOOK CrapyMBaHUS (MU
KOPPEKIIvsI) MUHOTIA He cpabaTeiBaeT, u Torga B JIHK
10 OKOHYAHMM PETUTHKALMM OCTAIOTCA HEKOMILIE-
MEHTapHbie napbl, TeM Oosee, yro JHK-mommme-
pasa o JiMuieHa KOPPEeKTUPYIOIIETO MexaHM3Ma U
«olubaercs» yaille, YeM IpPYTUe MOJIUMEpPa3bl.

IIpu HenpaBWJIBHOM CITAPUBAHUM B TIEPBUYHOM
crpykrype pouepHeil nermu JJHK HeoObaHBIE OC-
HOBaHHSI He TIOSIBJIAIOTCS, HapyllIeHa TOJNBbKO KOM-
IUIEeMEHTapHOCTb. CHcTeMa penapaliy HEKOMILIE-
MEHTApHBIX Map J0JDKHA IIPOUCXOAUTH TOJBKO Ha
JIOYEPHEM 1IENU M IIPOU3BOJUTL 3aMEHY HEKOMII-
JIEMEHTapHBIX OCHOBaHHWI TOJBKO B Heil. MepMeH-
Thl, YIACTBYIOILME B YIAJICHUH HENPABUIbLHOM Maphl
HYKJICOTHIOB, PacliO3HAIOT MATPUYHYIO LIE€Tb IO
HaJTMYMIO METWIMPOBAHHBIX OCTATKOB aleHMHA B
nocaenoBaTeIbHOCTSIX -GATC-. [loka ocHOBaHMS
HYKJIEOTUIHBIX OCTAaTKOB B JOYEPHEH LIENM HEMeE-
TWIMPOBAaHbI, (G€PMEHTHI JOXKHbBI YCTIETh BBISIBUTH
OoLMOKY PEIUIMKALMKA U YCTPaHUTD €€.

PacriosHaBaHue W ynaleHue (IIepBbI 3Tal) He-
KOMIUIEMEHTAPHOTO HYKJIEOTHIA MPOUCXONAT IIpH
YY4acTUM CIIelMadbHBIX OeskoB mut S, mut L,
mut H. Kaxnpiit u3 6ejKOB BBITIOJIHSIET CBOIO CIIE-
mpuyeckyio ¢hyHKIIMIo. Mut S HaxoauT HENpPaBWIb-
HYIO TIapy Y CBA3bIBaeTCs ¢ 3TUM (pparMeHToM. Mut
H mpucoequHsaeTcs K METWIMPOBAHHOMY (TIO ame-
HuHY) yJacTky -GATC-, pacnoyioxeHHOMY BOJIHU3U
HEKOMIUIEMEHTApHOM maphl. CBS3YIOILUM MEXITY
mut S 1 mut H cryxur 6erox mut L, ero rpucoe-
IMHEHYE 3aBepiiaeT 00pa3oBaHUE aKTUBHOTO dep-
menTa. PopMupoBaHue KOMIUIeKca mut S, mut L,
mut H Ha ywyacTke, comepxaileM ommoKy, Criocod-
CTBYeT MposIRIEHHIO Y 6exa mut H sHuoHykieas-
HOI1 akTUBHOCTU. PepMEHTATUBHBIN KOMILUIEKC THI-
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ponusyet pochoabupHyIO CBSI3b B HEMETUIMPOBAH-
HOU Lenu (puc. 4-21).

K cBOOOZHBIM KOHLIAM HEMU MPUCOCTUHSIETCS
9K30HyKJI€a3a (Bropoi 3tam). OTLIEIUIsis IO Of-
HOMY HYKJIEOTUIY B HaNPaBNEHUH OT 3'- K 5’- KOHILY
JIOUEPHEN 1IeTM, OHA YCTPAHSET YYacTOK, COAEP-
XallMii HEKOMIUIEMEHTapHYI Mapy. bpeiwb 3acT-
pauBaer JHK-nonumepasa B (Tpetuit artam), co-
€IUHEHHUE OCHOBHOTO U BHOBb CHMHTE3UPOBAHHOTO
y4acTkoB uenu KatanmmsupyeT depment JHK-mm-
rasa (4eTB€pThbiii oTam). s ycnemHoro byHKIM-
OHMpOBaHUs 3K30HykJeasbl, JJHK-mommmepassr 3
u JHK-mura3el Heo6XOIMMO YY4acTHE B pemapa-
UMM XeJIMKa3el U SSB-6enkos.

Jemypunmsanns (anmypHHH3aIMS)

JHK kaxmoi KJIeTKy 4eJloBeKa TepsieT 3a CyTKU
0K0J10 5000 MypHHOBBIX OCTATKOB BCJIEACTBHE pa3-
peiBa N-IJIMKO3UIHON CBA3M MEXIY ITyPUHOM U
JIe30Kcupubdosoi (puc. 4-22).

Torma B Monekyne JJHK Ha mecte 3THX OCHOBa-
HUI 00pasyeTcsl y4acTOK, JMILEHHBIA a30THUCTBHIX
ocHOBaHMii, Ha3BaHHHII All-caiftom (AP-site, wm
arypUHOBBIN cailT). TepMuH «All-caifT» MCIONB3Y-
IOT TaKK€ B Tex ciydasix, korga u3 JJHK Breimagaror
MUPUMUIMHOBbIE OCHOBAaHUS U 00pa3yioTcsa anu-
PUMUIWMHOBLIE CAliThl (OT aHIL. apurinic-apyrimidinic
site).

DTOT THUI TNOBPEXAEHHUN yCTpaHSET (hepMEHT
JHK-nucepTraza (OT aHTN. insert — BCTaBIATH),
KOTODBI MOXET IPHUCOEAUHSTh K Ie30KCHUpUOO03e
OCHOBaHME B COOTBETCTBHM C MPABUJIOM KOMILIE-
MeHTapHOCTH. B 5TOM cityyae HeT HEOOXOMUMOCTH
paspesath uHernb JAHK, BrIpe3aTh HEMpaBUJIbHBIN
HYKJICOTHI ¥ PENapupoBaTh Pa3phiB.

Je3amMuHMpOBaHHE

Peaxiimy me3saMHHUpOBaHUS LIMTO3WMHA M ITIpe-
BpallicHUE €ro B ypauui (puc. 4-23), ageHWHa B
TUMOKCAHTHH, TYaHMHA B KCaHTUH HPOUCXOIAT
3HAYMTEIBHO PEXe, YeM NCIyPUHHU3ALIUA, U COCTaB-
10T 10 peakuMii HA OJJUH T€HOM B CYTKH.

HUcnpasiieHre 3TOro BUIa CIIOHTaHHOTO IIO-
BpeXIeHMS] MIPOMCXOAUT B 5 3TanoB (puc. 4-24).
B penapanuu npuanMaer ydactue JTHK-N-rmm-
KO03Wja3a, THAPOJM3YIONIasi CBSI3M MEXAY aHO-
MaJIbHBIM OCHOBaHHEM W 1€30KCHPUO030H (Iep-
BBI 3Tam), B pe3yiabraTe obpasyercs All-caiir,
KOTOpBIi pacro3HaéTr depmeHT All-3nnonykiea-
3a (BTopoit stam). Kax Tonpko B enu JJHK Bo3-
HHUKAeT pa3pbiB, B paboTy BCTymaeT euwé OmuH
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Puc. 4-21. Cuctema penapauum owmbok pennukaummn. 1 — 6enok mut S «y3HaéT» HEKOMITIEMEHTAPHYIO napy ¥ NPUcoeauHaeTcs
B 9T0M ydyacTtke AHK; 2 — 6enkn mut H B3aMMOAEACTBYIOT C METUNMPOBAHHON NO aleHWUHY NOCNEeaoBaTeflbHOCTLIO MATEPUHCKONA
uenu -GATC- ; 3aBepliaeTcs hopMupoBaHue GepMeHTaTUBHOro KOMMNEKCa Nnocne npucoeauHeHns mut L; 3 — komnneke onpeaens-
€T BHOBb CUHTE3MPOBaHHYIO LieMb MO OTCYTCTBUIO METUIIMPOBAHHOIO ocTaTka afeHnHa B nocnepoeaTtenbHocTu -GATC- 1 paspbisaeTt

eé; 4 — 3K30HyKneasa ypanset dparmMeHT go4epHei uenv OQHK,

copepxawui ownbky; 5 — [IHK-nonumepasa B no npuHUMNy KOMn-

NleMeHTapHOCTW 3acTpausaet Gpeb; 6 — [HK-nurada 3'-koHey BHOBb CUHTE3WPOBAHHOIO )parMeHTa COeauHAeT C OCHOBHON Lie-

NbiO W 3aBEPWAET penapaumio oWnoKu.

(pepmeHT — All-3K30HYKA€a3a, KOTOPbIN OTLLEN-
JISIET OT UENHU Ne30KCUPUOO3Y, TUEHHYID OCHO-
BaHus (Tpetuil 3tam). B uenu JHK nossisercs
Opeilib pa3MepoM B ONUH HykIeoTwa. Cleayrolinii
depment JTHK-nommmepaza  x 3’-koHuy paszop-
BAHHOM LEMU MPUCOCIAUHSIET HYKJICOTUA 110 NMPUH-
LUNY KOMIUIEMEHTAPHOCTH (4eTBEPTHIN 3Tamn). UTto-

Obl COCNUMHUTL aBa CBOOOAHBLIX KOHLA (3’-KOHeLl
BCTPOEHHOIO HYKJICOTHIA U 5'-KOHEeL OCHOBHON
uenu), Tpedyercs emé oauH pepment — JHK-
Jrasa (TisiTeid aTarn).

HepenapupyeMo M MO3TOMY OIACHO JA€3aMUHU-
poBaHHEe METUIMpPOBaAHHOTO uMUTO3uHA. [lpoaykr
€ro CIIOHTAHHOIO JA€3aMHUHUPOBAHUSI — TUMMH,
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Puc. 4-22. lenypuHu3aumns — CroHTaHHOE yaaneHue afeHuHa unv ryaHuHa.
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Puc. 4-23. NpoAYKTbI CTIOHTAHHOIO AEe3aMWHUPOBAHUA Pa3nUuHbIX ocHoBaHWii [AHK. Bce nponykTbl fe3aMuHMpoBannsa (ypaumn,
r'MNOKCAHTUH, KCAaHTUH) HexapakTepHb! Ansa coctasa [HK u noatomy AOBOMLHO NErko pacrno3HaloTcs epMeHTaMu penapaumvu.
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HopMmanbHoe Mg JIHK ocHoBaHMe, KOTOpoe He
pacno3Haércsa JHK-N-riuko3unazoii.

B. UHAYIIUPYEMBIE MMOBPEXJIEHUS

HMHayuupyeMbie MOBpPEXIEeHUST BO3HUKAIOT B
JAHK B pe3synbTare BO3AeHCTBUSI pa3HOOOPA3HBIX
MyTareHHbIX (paKTOpOB KakK pagvalMOHHOM, Tak U
XUMWYECKOM TPUPOIBI.

O0pa3oBanie TUMEPOB MHPUMHIMHOBBIX OCHOBAHMIA

ITon neitcteuem YO nBoiiHas cBsasb Mexay C,
u C,aroMaMu yIieposia B COCTaBe NMMPUMHUIAMHOBBIX
OCHOBaHMI (TMMWHE W LIMTO3UHE) MOXET Da3pbl-
BaThCsl. ATOMbI yIJIepodd OCTalOTCS CBSI3AHHBIMHU
OITHOM CBSI3bI0. PaccrosiHMe MeXmy napajulieibHbl~
MU IUIOCKOCTSIMA OCHOBAHMUU TMOJMHYKJICOTUTHOU
LIeNd, B KOTOPBIX NMPOU3OLIEN PpaspbiB, PABHO MPU-
MepHO 3,4 A. DTO pacCTOsSIHUE TO3BOJISIET OCBODO-
IWBLINMCS BajeHTHocTsaM Mexay C-C aromamu
MMPUMHINMHOBBIX OCHOBAHMIA, PaCIONIOXKEHHbBIX MOC-
nemoBaresbHO B e JJHK, cdopMupoBars UUK-
JIoOyTaHOBOE KOJbLIO (puc. 4-25). B 3aBucMMOCTH
OT TOro, KaK1e OCHOBAHUSI COEAUHEHbI B JUMED, UX
Ha3bIBalOT AMMEPaMy TUMKHA, [MTO3WHA WIMA TH-
MHH-LIUTO3UHOBBIMUA JUMEPAMHU.

YianeHue MTUPUMUIMHOBBIX TUMEPOB TPOUCXOIMUT
non geiictBrieM ¢otommasbl. PEPMEHT pacLUErUIsieT
BHOBb 00pa3oBaBLUMECS] CBSI3M MEXIY COCEOTHUMU
TIMPUMHMIMHOBBIMUA OCHOBAHHSIMHM Y BOCCTAHABTMBACT
HAaTUBHYIO CTPYKTYpy. B ¢oTonmase ectb y4acTok,
JiMbo caM Morolwawiuui (poToHbl (B CUHEH YacTd
CIIeKTpa), JIMOO CBS3BIBAIOILIMICS ¢ KOodakTopaMu,
ancopOMpyloIMMU cBeT. TakuM oOpa3oM, CBET ak-
THUBUPYET (POTOIMA3y, KOTOpasl PAacIO3HAET AMMEPHI
B o6nyuéHHoit JIHK, npucoeauHsieTcss K HUM U pas-
PbIBaeT BO3HUKIIINE MEXIY MUPUMUANHOBBIMU KOJTh~

TUMUHBI

CH CH

3 3
HN I HN l
PPN

——————

N
I
I
i
i
I
i
I
I
I

Puc. 4-25. Qumep TuMmHa (umnobyTaroBoe KONbUo).

6—2128

-G-C-T-C-A-T-C-C-
-C-G-A-G-T-A-G-G-

H,O~N CnoHraHHoe
NH, AEe3aMUHUpOBaHNe

-G-C-T-U-A-T-C-C-
-C-G-A-G-T-A-G-G-

HO ;l OHK-N-rnukosunasa
U

-G-C-T----A-T-C-C-
-C-G-A-G-T-A-G-G-

H,O All-3HpoHYKNeasa
[-pnbo3a

-G-C-T A-T-C-C-
-C-G-A-G-T-A-G-G-
uLleJ\,l OHK-nonumepasa B
-G-C-T-C-A-T-C-C-
-C-G-A-G-T-A-G-G-
AT® \,‘t AHK-nurasa

-G-C-T-C-A-T-C-C-
-C-G-A-G-T-A-G-G

Puc. 4-24. Penapauus Al-caiitoB ¢ yyactuem AHK-N-rnuko-
3unasel u All-aksoHykneassl.

uamHu cBsizu. [locnie aroro ¢epMeHT oTaensercs or
JHK.

Hospexnenns ocHopanmii JHK xumuaeckumu

MyTareHamMu

Asotuctbie ocHoBaHMs B JIHK MoryT noaseprarbest
pa3HOOOpa3HbIM TOBPEXIECHUSIM: ANKUIMPOBAHHIO,

TUMUHOBLIA anmep

CH,

CH, HN
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OKMCJICHHIO, BOCCTAHORJIEHUIO UJTU CBSI3bIBAHUIO OC-
HOBaHMS ¢ opMaMIJIHBIMU TPYITIIMPOBKaMU. Pera-
pauusi HaumHaetrcsa ¢ npucoeguHeHuss JTHK-N-
[JIMKO3WJIa3bl K TOBPEXAEHHOMY OCHOBaHUIO. Cy-
miectByer MHOXecTBo JIHK-N-mmikosunas, creuu-
GMYHBIX K pasHBEIM MOAMGHULKMPOBAHHBIM OCHOBA-
HUSIM. DepMeHTHl I'MAPOJIUTHYECKH PACIIETLIAIOT
N-IJIMKO3MIHYIO CBSI3b MEXIY U3MEHEHHBIM OCHO-
BaHUEM M JE€30KCHMpUOO30W, 3TO MPUBOIUT K 0Opa-
sopaHuio All-caitta B nenu JIHK (mepBblit 3tam).
Penaparms AIT-caiita MOXET TIPOMCXOIHUTH HITH TOJTb-
Ko 1ipu yyactuu JIHK-uHCepTasel, KOTOpas npucoe-
JUHSIET K Ie30KCUPHU003€ OCHOBAaHHE B COOTBETCTBUH
¢ TIPaBWIOM KOMIUIEMEHTAPHOCTH, WIM NPU ydac-
THU BCEro KOMILIEKca (PEpPMEHTOB, YYACTBYIOILIMX B
penapauyu: All-sHaoHykneassl, AIT-3K30HyKII€a3bl,
JHK-nommmepassl f 1 JJHK-urassr.

B. JIE®EKTBI PEITAPAIIMOHHBIX CUCTEM
U HACJEJICTBEHHBIE BOJIE3HH

Penapaiisi HeoGxoouMa il COXPAHEHUSI HATWB-
HOW CTPYKTYpPbI TCHETHUYECKOTO Mareprasia Ha MpoTsi-
XEHWHM BCEH XM3HM OpraHu3Ma. CHIDKEHHE aKTHB-
HOCTH (PepMEHTOB PETIAPALIMOHHBIX CHCTEM MPUBOIMT
K HAKOTUTEHWIO TIoBpeXneHuit (Myrarmit) B JIHK.

TTpyynHO# MHOTMX HAaCAEICTBEHHBIX OONEe3HEN
YeJIOBeKa BBICTYIIAET HAPYLIEHUE OTACIbHBIX 3Ta-
MOB Mpolecca penapauyy.

ATO, I'TO, UTO, YTO

-

CopnepHut rexbl,
Kaxblit U3 KOTOPbIX
obnapaeTt yHUKansHoN
[e30KCMPUBOHYKNEeOTUAHON
nocnenoBarTenbHOCTLIO

IInrMenTHAas KcepoaepMma

Y GonBHBIX B CUCTEME pelapalvyd CHAXEHA aK-
TUBHOCTb (PEPMEHTOB, OTBETCTBEHHBLIX 3a yaAaje-
HUE HEMPaBWIBHBIX OCHOBAHUM, «3aCTPOMKy» Ope-
M 4 apyrue oyHkuuu. JedekT penapalMoOHHON
CHCTEMBI IPOABJISETCS B CBEPXUYBCTBUTEJIBHOCTH
K Y®-cBeTy, 4TO NPUBOAMT K TMOSIBICHUIO Kpac-
HBIX ISITEH Ha KOXe, TepeXosiliMX B He3aXuBalo-
LIIME KOPOCThl U HEPEIKO B paK KOXWU.

Tpuxornonucrpodus

3aboneBaHue CBSI3aHO C TTOBBILICHHOMN (DOTOUYB-
cTBUTENBbHOCTBIO [IHK, BBI3BAHHOU CHHXEHHEM
AKTUBHOCTH (D€PMEHTA, YYaCTBYIOLLETO B YIAICHUU
JUMepoB TUMHHA. CHUMIITOMBI 3a00JIeBaHUS: JIOM-
KOCTb BOJIOC BCJICICTBME HEXBATKU CEPbl B GeJIKax
BOJIOC M WX JIYKOBHII; YaCTO YMCTBEHHasl U GU3H-
4yecKasi OTCTAIOCTh; aHOMAJIMM KOXM U 3yOOB.

IV. TPAHCKPUNUNA

Tpanckpunuwsi — TiepBas CTaAUs peaU3alUU
reHeThuyecKoi nHpopMaIy B KieTke. B xone npo-
mecca obpasyiorcs Monekyasl MPHK, cioyxaimue
MaTpHlei Uil cuHTe3a GesKoB, a Takke TpaHC-
MOPTHBIE, pUHOCOMaNbHbIE U IPYTHUE BUABI MOJIE-
kyn1 PHK, BeITTONHSIIOIIME CTPYKTYPHBIE, aaanTop-
HBle U KaTtajiutudeckue dyHkiuu (puc. 4-26).

AMUHOKUCNOTbI

l

AmunHoaunn-TPHK

(

PuGocombl

1

-

Tpanckpuntol PHK,
puboHykneoTuaHast NOCAEACcBaTENbHOCTL

KOTOPbLIX KOMNNEeMeHTapHa
HYKNEeOTUOHOM
nocnepnosarensHoCcTH reHos 8 HK

N S

TpaHckpunuus
(6uocuHTes PHK)

v
TpaHcnsauus
(buocuHTE3 NnonunenTUaos)

Puc. 4-26. Cxema peanusaluu reHeTu4eckon MHdopmauumn B heHoTUNUHECKHE NPU3HaKK. Peannsaumio NoToka nHgopmauum 8
KneTke MOXHO npencTasuth cxemoii JHK—PHK—6enok. AHK—PHK o6osHauaeTt 6uocuttes monekyn PHK (tpaHckpunuuio); PHK—6e-

NOK 03Ha4aeT 6UOCUHTE3 NMONUNENTURHLIX Lienei (TpaHCnsaumIo).
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TpaHCKPUIILUAL Y 3YKAPUOTOB IPOMCXOIUT B
siape. B ocHOBe MexaHM3Ma TPaHCKPUIILUUHA JIEXHT
TOT X€ CTPYKTYPHbIA MPUHIUIT KOMILUIEMEHTAPHO-
ro crmapuBaHust ocHoBaHMi B MojieKyiie PHK (G=C,
A=U u T=A). IHK ciyXuT TOIbKO MaTpULEH U B
XOIe TPAaHCKpHWIILMK He M3MeHsieTcsl. PuboHykIte-
osuarpudocharet (UTD, I'TO, ATD, YTD) —
cyOCTpaThl U MCTOYHUKHU 3HEPTrUM, HEOOXOIUMbIE
JUIsL TIPOTEKAHUsI TIOJIMMEpPa3sHOM peakuuu, obpa-
3oBaHus 3,5 -pochonnapupHO CBA3U MEXIY PU-
O0OHYKJIeO3HIMOHO(pOCHaTaMu.

Cunre3 Monexky1 PHK HauynHaeTrcs B onpenei€H-
HBIX TocenoBatesbHocTaAX (caifrax) JIHK, koropbie
Ha3bIBAIOT NMPOMOTOPBI, M 3aBEPLLACTCS B TEPMUHHU-
PYIOIIMX y4acTKax (caiiThl TEPMHHAIMH). Y4acTOK
JHK, orpaHuYeHHbIN ITPOMOTOPOM M CalTOM Tep-
MUHAIMH, TIPENCTABRISIET COOO0M SIMHHLLY TPAHCKPUIT-
MM — TPAHCKPHITOH. Y SYKapHOTOB B COCTAaB TPAHC-
KPWIITOHA, KaK IIPaBWJIO, BXOOWUT OJIWUH T€H (pHC.
4-27), y IpOKapUOTOB HECKOJIbKO. B KaXImom TpaHc-
KpUIITOHE TPUCYTCTBYET HEMH(OPMATUBHASI 30HA;
OHa CONEPXUT CHeln(pUUecKHe TMOC/IeI0BaTEIbHOC-
TH HYKJIEOTHIOB, C KOTOPHIMU B3aUMOIEWCTBYIOT pe-
T'YISTOPHBIE TPAHCKPUITLIMOHHBIE (hAKTOPBL

Tpanckpummonbie GakTopbl — OCJIKH, B3aUMO-
JIEHCTBYIONIHE C OMNpENeIEHHBIMU PETYISITOPHBIMU
caiiTaMd U YCKOPSIIOLINE FUTA 3aMEIAIOHE TIPO-
Hecc Tpanckpunuuu. CooTHoLIeHUe NH(HOPMATHUB-
HOW M HeuH(OpPMATUBHOU yacTed B TPAHCKPUII-
TOHAX 3YKapUOTOB COCTABJSIET B cpeaHeM 1:9
(y npokapuotoB 9:1).

CocenHue TpaHCKPUIITOHB!I MOTYT OBITh OTHAEJIC-
HBI JIPYT OT Jpyra HeTpaHCKPHUOUPYEMBIMHU y4acT-
kamu JAHK. Pasnenenne JHK Ha MHOXecTBO
TPAHCKPUIITOHOB TIO3BOJISIET OCYIIECTBJISATh C pa3-
HOM aKTUBHOCTbIO WHAMBUAYAJIbHOE CUYUTbIBAHHE
(TpaHCKPUIILIMIO) Pa3HbIX T'€HOB.

B kaxmoM TpaHCKPUNITOHE TPaHCKpUOMpyeTcst
TOJABKO ogHa u3 nByx uHened JHK, koropasi Ha3bi-
BaeTCsl MATPHYHOM, BTOpasi, KOMIUIEMEHTapHas e
11eTIb, Ha3bIBaeTCsl koaupyromeii. Cuares e PHK

5 Mpomotop

HUIET OT 5’- K 3’-KOHIly, IPY 3TOM MATPUYHAS LIeTTh
JHK Bcerma anTtumapajuiejibHa CHHTE3UpPYEeMOit
HYKJIEMHOBOM KHMCJIOTE (pUC. 4-28).

TpaHcKpUniMs He cBsi3aHa ¢ (azaMM KJIETOY-
HOTO IIMKJIa; OHA MOXET YCKOPSIThCS M 3aMeIISITh-
cs B 3aBHCHUMOCTH OT IOTPEOHOCTU KJIETKM WU
OopraHusma B OIpeleJIEHHOM OeJiKe.

PHK-nosmmepa3sbi

buocuntes PHK ocyuiecrsaserca JJHK-3aBu-
cuMbiMi PHK-nmomiMepasamu. B sipax sykapuo-
TOB OOHapyXeHbl 3 crenuanu3upoBaHHsle PHK-
nojaumepassl: PHK-nommvepasa I, cuHTe3upyomas
npe-pPHK; PHK-noaumepasa II, oTBeTCTBEeHHas
3a cuHre3 npe-MPHK; PHK-noammepa3sa II1, cuH-
tesupylomas npe-TPHK. PHK-nmoaumepasmr —
OJIMTOMepHbIE (PEPMEHTBI, COCTOSIILIUE U3 HECKOJIb-
KUX cyopenuHuL — 2a, B, B’, 0. CydbbenuHuua o
(curMa) BBITIOJIHAET PETYJISITOPHYIO (PYHKIIHIO, 3TO
OIUH U3 (AKTOPOB MHULIMALIMM TPAHCKPUIILIMU.
PHK-nomumepassl 1, 11, 111, y3Hawomme pa3Hbie
MPOMOTOPHI, COIEPXKAT pa3HbIe IO CTPOSHUIO CyObe-
JUHULIBL ©.

A. CtAInn TPAHCKPUTILINU

B mipoliecce TpPaHCKPUIIIMK Pa3IMYaloT 3 CTAINN:
WHULIMALINIO, 3JIOHTANI0 U TEPMHUHALIMIO.

Nunmanmus

AKTHBaLMs1 TPOMOTOPA MPOUCXOIUT C TIOMOILBIO
oosbiioro 6enka — TATA-dakropa, Ha3bIBa€MOTO
Tak MOTOMY, YTO OH B3aUMOIIEHCTBYET CO CIIEIU-
(uyeckoii MmocyieaoBaTeIbHOCTBIO HYKJIECOTUI0B
npomoropa — TATAAA- (TATA-b6okc) (puc. 4-29).

IIpucoenunenne TATA-¢dakropa obieryaeT B3a-
umojeicteue npomoropa ¢ PHK-monmumepa3soii.
DaxkTOphl THUIWALIAN BHI3LIBAIOT U3MCHEHNE KOH-
¢dopmauuu PHK-nonumepasbl u obecreynBaior
PacKpyYyMBaHUE HPUMEPHO OJHOIO BHTKAa CITMPA-
qu JHK, T1.e. o6pa3yercsi TpaHCKpHMIIMOHHAS BHJI-

Cailt  TepmuHaum 3

3

'S

TpaHcKkpunTOH

Puc. 4-27. CTpoeHue TpaHCKpUNTOHa.
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5 -A-G-C-T-T-A

3 -T-C-G-A-A-T

AT® ~
Mo ~

UTo~ [

Koaupyrowas uens JHK

31

OHK

PHK-nonumepasa

-A-G-C-T-T-A- 1—
3l

5' M
3' 5l
5-A-G-C- —A,
-T-C-G-A-A-T

Hauano uenu PHK

MarpuyHas uens QHK

Puc. 4-28. Tpaxckpunuua PHK Ha matpuuroi uenu [IHK. CuHtes PHK Bcerpa npoucxoput 8 HanpasneHuu 5’3",

[____ CTpoeHue NpoMoTapa JyKapuoToB, Y3HABABMOTO m*-l

PHK-nonumepasoit 1l

40 n.H.

< >

25 n.H.

I

[T

T

CrapT TpaHCKpUnLmm

Puc. 4-29. CTpoeHue NpomoTopa 3yKapuoToB. [POMOTOPHbIE 3NEeMEHTLl — chelutuHeckne NocnefosaTensHOCTU HyKNEOTMAOS,
xapaKkTepHble fns n6oro npomoTopa, cessbiatowero PHK-nonumepasy. Mepsbiid NPOMOTOPHLIN 3NeMEHT — nocnefoBaTefibHOCTL
ATATAA- (TATA-60KC) OTAENEH OT caiTa Havana TpaHCKpUnuun NpubnuautensHo Ha 25 nap HykneoTaos (n.H.). Ha pacctosHun npu-
mepHo 40 (vHoraa go 120) n.H. OT Hero pacnonaraeTcs nocneposatensHocTs GGCCAATC- (CAAT-60kc).

Ka, B KOTOPOi MaTpHulia JOCTYIHA LTSl MHUIINAITNA
cuHre3a nermd PHK (puc. 4-30).

[Tocre TOro Xax CHHTE3UPOBAaH OJUTOHYKIEO-
™A U3 8—10 HYKJICOTHIHBIX OCTaTKOB, G-CyObe-
quHuua otaensercss ot PHK-noauMepassl, a BMe-
CTO He€ K MoJieKyJe (epMeHTa MPUCOCAUHSIOTCS
HECKOJIBKO (DaKTOPOB 3JIOHTallUM.

DJIoHrauusa

@axTophl 3JIOHTallMM IOBBIIIAIOT AKTUBHOCTD
PHK-monuMepasbl U 00JI€ETYAIOT PACXOXIECHUE Lie-
neit JHK. Cunres Monexkyasl PHK uoé€r ot 5'- k
3’-KOHLy KOMIDIEMeHTapHO MarpuyHoit ey JJHK.
Ha craguu snoHranuu, B 00JaCTU TPaHCKPUIILIM-
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OHHOM BWJIKHM, OAHOBPEMEHHO pa3le/ieHbl IIPUMeEp-
Ho 18 nyxkneorroueix nap JHK. Pactymmit koHel
nermu PHK o6pa3yer BpeMeHHYIO rUOpUAHYIO CITU-
paib, OKOJIO 12 map HYKICOTHIHBIX OCTaTKOB, C
MatpuyHoii Henblo JJHK. Ilo Mepe npoaBuxkeHUst
PHK-nonmMepa3sl o MaTpUiie B HAaNpaBlIeHUU OT
3’- X 5°-KoHIIy Bepeau He€ MPOUCXOMUT PACXOXK-
JIEHHE, a 1103aI1 — BOCCTAHOBJICHUE ABOMHOM CITU-
pam JTHK.

TepmuHauust

PackpyuuBanue aBoitHoil cnupanu JJTHK B obna-
CTU caiiTa TEPMHHALIMMA [IEJIAET €r0 JOCTYIHBIM LIS
(pakropa TepmuHanmu. 3aBepiuaercsi cuHre3 PHK B



MpomoTop Cant  TepmuHaLmu

>/\’><D<&>OQC>OO<‘>< IHK

TATA-dakTop
d -

[OHK
« PHK-nonumepasa
« ®akTopbl nHUUMaLMK
HT® — O-cybvegunmnua
3 PPi «| — ®akTopbl 3noHrauum
PHK-TpaHckpunT 5' \
OHK

PerynsipHble akTopbl ¢—"]

npe-PHK

ENNANANNN- 3 e

L

a dakTop TepMUHALIMK

!

\a PHK-nonumepasa

O T <] o< o< <] >< < [AHK

Puc. 4-30. Crapun TpaHckpunuumn. 1 — npucoeguHenne TATA-thakTopa K npomoTopy. YTo6kl NpoMoTop 6bin yaHaH PHK-nonumepa-
301, Heobxoanmo obpasosaHne TpaHCKpUNLWoHHoro komnnekca TATA-gakTop/TATA-6oke (npomoTop). TATA-(aKTop OCTa&Tcs CBA-
3aHHbIM ¢ TATA-60KCOM B0 BPEMA TPAHCKPUMNLMKM, 3TO O6neryaeT UCronb30BaHUe MPOMOTOPa MHOMMMW Monekynamu PHK-nonumepa-
3bl; 2 — oBpazosaHine TPAHCKPUNLMOHHOW BUNKW; 3 — SNOHrauus; 4 — TepMuHaums,

CTPOrO OMPEACACHHbIX Y4aCTKax MATpUIbl — Tep-
MUHaTopax (caiitel TepmuHaumu). PakTop TEPMUHA-
L1y 00eryaeT oTAeNieHUe MNEPBUYHOIO TPAHCKPUIT-
Ta (npe-MPHK), koMmrieMeHTapHOro Mmarpuie, u
PHK-noaumepassl ot Marpuibl. PHK-noanmepaza
MOXET BCTYNIUTbL B CJACAYIOLIMI LMKJ TPAHCKPUII-
LUMH MOC/Ie MPUCOETUHEHUSI CYOBEAMHHULIBI O.

b. KOBAJIEHTHAY MOJIUDUKALIUA
(npouieccuHr) maremyHonn PHK

[lepBuuHble Tparckpuntbl MPHK, mnipexiae yem
OyayT UCMObL30BAHBI B X0 CHMHTe3a Oeska, Ioj-
BEPraloTCs psly KOBAJEHTHBIX MOAU(DUKALMI. DTU
MoaudUKauMM HeoOXOaAUMbl ANt QYHKLUOHUPO-
BaHusi MPHK B kauyecTBe mMaTpulibl.

Moaudukanusa 5'-KoHua

Monudpukaumu npe-mPHK nHauuHarorcs Ha
CcTaauu 3j0Hrauuu. Korma ajiuHa repBUYHOTO
TPAHCKPUIITA AOCTUraeT npumepHo 30 HyKaeo-
TUAHbIX OCTAaTKOB, MPOUCXOAUT K3NMHPOBAHHE €O
5’-koHua. OCylUleCTBIsIET KIMMPOBAHUE TyaHW-
suatpancdepasa. PepMeHT THAPOIUIYET MAKPO-
3pruveckylo cBi3b B MoJjekyae F'T® u npu-
COoeaMHSIET HyKIeoTUaaUGOCchAaTHbIM ocTaTOK 5'-
docdaTHO# rpynnoit K 5'-KOHLY CUHTE3UPOBAH-
Horo ¢parmenta PHK ¢ o6GpaszoBanuem 5.5'-
pochonusbupHoit cesas3u. [lociaenyiolee mMeTu-
JIMPpOBaHHWE OCTaTKa ryaHWHa B cocraBe [T® ¢
0o6pa3oBaHMeM N, -METWITYaHO3MHA 3aBEpLUAET
dopMmupoBanue kana (puc. 4-31).
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OH OH

7-MeTmnryaHo;vﬁ-|TpMdaochaT (kan)

3'- KOHel

W\A,SS/V\, pApApApApApA:------ pA-OH
\ J/

MPHK MonuA-nocnenoBaTenbHOCTb

Puc. 4-31. KoBaneHTHaa moaudukaLua KOHUEBbIX HYKIEOTUAHBLIX OCTaTKOB NepBU4HOro TpaHckpunta MPHK.

MoauduuupoBaHHBIN 5'-KOHEL[ 06ecreynBaeT
WHULMYALUIO TPAHC/SILMM, YIUIMHSIET BPEMST XH3-
1 MPHK, 3amminas e€ ot neiicTBUS 5'-3K30HYK-
Jiea3 B uToruiaszme. KanupoBaHue HE0OX0IUMO JIJIst
MHULMALUKA CUHTE3a OefKa, TaK KaK MHULIMUPYIO-
e tpurutetel AUG, GUG pacrnio3HaroTcss pubo-
COMOM TOJIBKO €CJIM TPHUCYTCTBYET Kam. Hamuuwne
K3Ia TaKkXe HEOOXOAUMO Mg paboThl CIIOXHOM
(bepMeHTHOH cHCTEMBI, OOecTieUMBaOIICH yaane-
HUE UHTPOHOB.

Momapukanus 3'-konua

3’-KoHel 60JbUIMHCTBA TPAHCKPHUIITOB, CHH-
te3upoBaHHbix PHK-nonumepaszoit II, takxke
MojABepraeTcss MoauGpUKalMU, pU KOTOPOH cClie-
LIMaJdbHBIM (PEPMEHTOM NOJUA-TIONHUMEpPa30ii pop-
MUPYETCSl TTONUA-TIOCAEAOBATENbHOCTh (MOJIHA-
«XBOCT»), coctosiass u3 100—200 ocratkoB age-
HUJIOBOM KUCJIOTHI.

CUrHAJIOM K HavaJTy TTOJIMafeHUJIMPOBaHMS SIB-
Jgercs nociegoparenbHOCTh ~-AAUAAA- Ha pac-
tymeit nenu PHK. ®depMeHT NOJHA-TIONUME-
pa3a, TpOABIAA 3K30HYKJIEa3HYI0 aKTUBHOCTD,
pa3pbiBaeT 3’-pocoadupHyio CBsI3b MOCHE MO-
sapnennsa B uenn PHK cneuunguyeckoit mociue-
jgoBaTeibHOCTH -AAUAAA-. K 3’-KOHILY B TOuke
pa3phiBa MOJUA-TIOJIMMEpPA3a HapallUuBaeT I0-
JHA-«xBocT». Hainumne moauA-1niocieaoBaTelib-
HocTH Ha 3’-koHue ob6iaeryaer Boixogd MPHK n3
spa U 3aMeIseT e€ rMIPOJN3 B IIUTOIUIa3ME.

MepMeHTHI, OCYIIECTBASIONIME KAIMPOBAaHUE U
MONMHaICHHUINPOBAHUE, N3GHPATEIbHO CBS3LIBAIOT-
cs1 ¢ PHK-nmomamepasoit II, u B orcyrcTBHE monu-
Mepa3bl HEaKTHBHEIL.
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Cnnaiicunr nepsuyHbix TpaHckpunros MPHK

C NOSABIEHHUEM METOIOB, MO3BOJSIIOIUMX M3Y4YaTh
MepBUYHYIO CTpyKTypy Mosekyal MPHK B umrormasz-
M€ U MOC/IEAOBATETbBHOCTD HYKJICOTHIOB KOIUPYIOLLIEA
e¢ reHomHoit JIHK, ObUTO YyCTAaHOBJIEHO, YTO OHU HE
KOMIUIEMEHTApHbI, a [UIMHA I'€HAa B HECKOJIbKO Pa3
6ombile «3peoii» MPHK. TocinenoBaTensHOCTH HYK-
Jeotyaos, nipucyrcrByoiive B JJHK, HO He BXoms-
e B cocraB 3pesioil MPHK, ObuiM HazBaHbI HEKO-
JVPYIOIIMMH, WIM HHTPOHBL, A TIOC/IEIOBATETbHOCTH,
npucyrcreyole B MPHK, — konupyloinamu, Wi
9K30HbI. Takum 06pazoM, MepBUYHBINA TPAHCKPUIIT —
CTpPOro KOMIUIEMEHTapHasl MaTpULE HyKJICUHOBast
xucnora (npe-MPHK), conepxainast Kak 5K30HbI, TaK
U UHTpOHBbI. [IMHa UHTPOHOB BapbupyeT oT 80 @0
1000 nykneorunos. [TocrenoBaTeTbHOCTH MHTPOHOB
«BBIPE3AIOTCS» U3 TIEPBMYHOIO TPAHCKPHIITA, KOHIIbI
9K30HOB COCIMHAIOTCS JPYT C ApyroM. Takyo Momu-
dukammo PHK HasbIBaloT «cuiaiicuur» (OT aHIL. fo
splice — cpaimBarb). CrulaiiCHHI TPOUCXOIUT B SIIIpE,
B LMTOIUIA3MY ITOCTYyIaeT yxe «3penas» MPHK.

I'eHbl 3yKapHOTOB coaepXar 0Onblile UHTPOHOB,
YeM DK30HOB, MO3TOMY OYCHb UTMHHbIE MOJIEKYJibl
npe-MPHK (okoso 5000 Hyk1€0THI0B) MOC/€E CIUTai-
CHHTa TIpeBpallaloTcsl B 60j1e€ KOPOTKUE MOJIEKYJIbI
urorutazMatiuueckoit MPHK (ot 500 go 3000 Hyk-
JIEOTUIOB).

[poliecc «BbIpe3aHUsT» UHTPOHOB MTPOTEKAET MPU
YYaCTUM MaJlbIX SIIEPHBIX PUOOHYKIEONPOTEHHOB
(MsPHIT). B cocras maPHII Bxonut Manast sinep-
Hag PHK (MaPHK), HykineoTunHas ienb KOTOPOi
CBA3aHa ¢ GEJIKOBLIM OCTOBOM, COCTOSILLIMM U3 He-
CKOJIBKHX TIPOTOMEPOB. B cIutalicMHre nprHUMAOT
yuactie pasmuunble MAIPHIT (puc. 4-32).



Hyxneotuansie rmocienoBaTeIbBHOCTH MHTPOHOB
(hYHKIIMOHANBHO HeakTHBHBI. Ho Ha 5- U 3’-KoH-
[1aX OHW MMEIOT BhICOKOCTenndpuIecKue mocuaeno-
parejbHOCTH — AGGU- u GAGG- cOOTBETCTBEH-
HO (CaiiThl CIIalCHMHIA), KOTOpbIe OOeCHeYruBaIoT
UX yaajgeHue u3 Mojekyanl rnpe-MPHK. U3Mmene-
HUE CTPYKTYPHI 5THUX MOCJIeI0BATEIbHOCTEH BIIMSI-
€T Ha mpouecc CIUIaiiCHUHTA.

Ha nepBoii cranuu npouecca MaPHII cBsizbi-
BaIOTCSA CO CITEUMMUYECKUMH TOCIEI0BATENbHO-
CTSIMM TIEPBMYHOIO TpPaHCKpUNTa (CaWThl Crjaii-
CHHra), Jajee K HUM IPUCOEAUHSIOTCS APYTUE
MaPHII. ITpu ¢hopMupoBaHuU CTPYKTYpHI CILIak-
COCOMBI 3’-KOHEl OJHOTO 3K30Ha COJIMXKaeTcsl €
5’-KoHLOM cieaylouniero 3k3oHa. CrulaiicocoMa
KaTaJIM3UPYET peakUuuio pacierieHus 3,5 -¢oc-
dbonuapupHOIt CBA3KM Ha TpaHULIE PK30HA C MHT-
poHoM. IlocnenoBaTebHOCTh MHTPOHA yAaNsieT-
cs, a JIBa 3K30Ha coeauHsAwTcsa. OOGpa3oBaHHE
3,5 -pochomuabupHoit CBSISU MEXIY ABYMS K-
30HaMHU KartanusupyloT MIPHK (Manbie ssnepHbie
PHK), BxoasuiMe B CTPYKTypy CILIAMCOCOMBI.
B pesynbrare crulaiiciHra u3 nepBUYHBIX TPAHC-
kpuntoB MPHK o6pa3ylorcst Mosiekyibl «3peioii»
MPHK.

ANbTepHATHBHLIH CIIAMCHHT NEPBUYHBIX TPAHC-
kpuntoB MPHK

Jl1s HEKOTOPBIX T€HOB OMUCaHbl AlIbTEPHATUB-
Hbl€ NYTU CIUIAMCUHIA U MOJUAACHWINPOBAHUS O/~
HOTO ¥ TOTO X€ TPAaHCKPHUINTA. DK30H OIHOIO Ba-
pUaHTa CIUIaiCMHra MOXET 0Ka3zaTbCsl MHTPOHOM
B aJIbTEDHAaTUBHOM IyTH, MO3TOMY MOJIEKYJIbI
MPHK, o6pa3oBaHHble B pe3yabTaTe aJbTepHATUB-
HOTO CIUIaMCHHTa, pasityatoTcs HabOpOM 3K30HOB.
OTO NMPUBOAUT K 0Opa3oBaHUIO pasHbix MPHK u,
COOTBETCTBEHHO, pa3HbIX OEJNKOB C OJHOro Iep-
BUYHOTO TpaHCKpuITa. Tak, B napadosuidKyIsp-
HBIX KJIETKax LIMTOBMIHOM Xesie3bl (puc. 4-33) B
XOJ€ TPAHCKPUMIIMKA I'eHa rOPMOHA KaJlbLIMTOHUHA
(cM. pasnen 11) obOpasyeTcsi IEpBUYHBIM TpaHC-
kpunt MPHK, KoTOpbIif COCTOMT U3 LIECTH 3K30-
HOB. Marpuynas PHK kanpliuToHnHa obpasyeTcs
NyTEéM CIUJIAaiCMHTa TEPBBIX YETHIPEX 3K30HOB
(1—4). Tocaegauit (YeTBEPTHIA) 3K30H COAEPKUT
CUTHAJI TOJUAaJeHUIMPOBAHUS (MOCJeA0BATEb-
HOCTb -AAUAAA-), y3HaBaeMbIil MMOJTHA-TIOJIMME-
pasoii B napado/UTUKYISIPHBIX KIETKaxX IIUTOBHI-
HOM eNe3bl. DTOT Xe MEPBUYHBIN TPAHCKPUIIT B
KJIETKaX TOJIOBHOTO MO3Ta B XOJ€ Pyroro (ajibrep-

Caitt cnnaicuHra UHTpon Cant cnnavcuHra
\
5| SK30H 1 1-AGGU- -GAGG-| DK30H 2 13

PopMUpoBaHUe o MAPHN

Crinancocombt
J’ (- maPHMN

Cnnaiicocoma
5 OK30H 1 ' 9K30H 2 kS
«Bblpe3aHHbiit» MHTPOH Jlk’ msPHMA
3K30HK 1 | OK30H 2 |

«3penas» MPHK

Puc. 4-32. Cnnaicunr PHK. B npouecce cnnaiicuHra npuHAMAaloOT yqacte pasnidHble MAPHTT, koTopble opMMpyIOT crinaicocomy.
maPHIM, ssaumoneiictays ¢ PHK v apyr ¢ Apyrom, pUKCUPYIOT 4 OPUEHTUPYIOT PEakLMOHHbIe rpynnbl NEPBUYHOrO TpaHckpunTa. Kata-
nutndeckas (yHkuus crnancocom obycnosneHa PHK-coctasnsiowmmy; Takne PHK HasbiBaloT puboaumamu.
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OK30H 3K30H  OK30H

SK30H

OK30H 3K30H

res | 1 4 2 |4 3
%

B wuroBupgHoOn xenese

'
1 [2]3]

4 I—— nonuA

— 4 H 5 6]

1-6 3K30HbI

.

B kneTkax ronoeHoro mosra

[1]2]3] 5] 6] nonmA

Puc. 4-33. AnbTepHaTUBHDLIW CNNARCUHI reHa KanbLUTOHUHA. B KneTkax WUTOBWAHOW Xeneabt CrnaiCUHI NEPBUYHOMO TPaHCKpUNTa
np1BOAWT K 06pa3oBaHmio KanbuuToHUHoBOW MPHK, Bkniovaloweit 4 ak30Ha 1 NonMA-NocnenoBaTensHOCTb, KoTopas o6pasyertcsa noc-
ne pacuienneHns TpaHcKpUnTa B NepBOM y4acTKe curHana nonvapeHunmposaHus. B knetkax moara o6pasyetcs MPHK, cogepxallas:
9K30Hb! 1, 2, 3, 5, 6 M NoNUA-nocnenoBaTenbHOCTL, 06pa30BaHHyo NOCNE BTOPOro CUrHana nonuafgeHUnUpoBaHus.

HATHUBHOIO) NYTU CIUTAfiCUHTA IpeBpaIlaeTcs B
MPHK kxansnuroHMHIogo6HOro 0Gejika, oTBeYaio-
1LETo 3a BKycoBoe Bocmpusitue. Marpuuynas PHK
3TOrO OenKa COCTOMT U3 MEPBLIX TPEX SK30HOB, 00-
myx ¢ KanbliuToHnHoBoil MPHK, HO BKmMIoyaeT o~
TIOJIHUTENBHO IISThIA M IIECTOR 3K30HBI, HE CBOM-
crBeHHble MPHK xamenuronmna. Illecroit sk-
30H TOXE€ MMEET CHUrHaJl IOJHameHUIHpPOBAHUSA
-AAUAAA-, y3HaBaeMblif (epMEHTOM ITONHA-TIO-
JIMMepa3oi B KJIETKax HepBHOM TKaHU. BeIOop on-
HOro u3 myreil (aJbTepHATUBHBIA CILIAMCUHT) U
OHOTO M3 BO3MOXHBIX CAMTOB ITONUAACHUIMPOBA-
HMSI UTPaeT BAXHYIO pojib B TKaHecnelbuecKoi
3KCIPECCUM TE€HOB.

Pa3Hbie BapMaHTHI CIUIACMHIa MOTYT IIPUBOIUTH
K 00pa3oBaHMIO Pa3HBIX U30(POPM OZHOTO M TOTO
Xe Genka. Hampumep, reH TpOITOHMHA COCTOMT U3
18 3K30HOB ¥ KOAMPYET MHOTOYHCIICHHBIE H30(dOp-
MBI 3TOTO MBbILIEUHOTO Oesika. Pa3Hbie H30GOpMbI
TPOMOHHHA 00pa3yloTCsi B pa3HbIX TKAHSIX Ha OI-
pPEneNEHHBIX CTAAUSX UX Pa3BUTHS.

B. IIPOLIECCUHT IIEPBUYHBIX
TPAHCKPUIITOB PHBOCOMAILHON PHK
U TPaHCiorTHOII PHK

IeHbl, kODMpyOUIME GOJIBIIYIO YaCTh CTPYKTYD-
HbeiXx PHK, tpanckpubupytorcss PHK-monnmepa-
3amu 1 1 II1. HyxneuHoBbIe KMCIOTB — TIpelle-
crBenHukY pPHK u TPHK — moaseprarorcs B sigpe
paclleILVICHUIO ¥ XMMUYeCKOH MoIruGuKaliu (po-
LIECCUHTY).

ITocTTpancKpunuuoBHbie MOIU(HKALMN NepBHY-
noro tpanckpunra TPHK (npoueccunr TPHK)

IepBuunenii TpaHckpunt TPHK cogepxut oxoso
100 HYKJIEOTHMIOB, a IOCJE IPOLUECCHHTA —
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70—90 HyKNIeOTHIHBIX OCTATKOB. IloCTTpaHCKPUTILIU-
OHHbIe MOAM(MUKALIMKM TIePBUYHBIX TPAHCKPHUIITOB
TPHK npowucxomst npu yyactum PHK-a3 (pubonyk-
nea3). Tak, ¢opmupoBanmne 3’-koHrna TPHK xa-
tanusupyeT PHK-a3a, nmpeacrapasomas coboi
3’-3K30HYyKJIEa3y, «OTPE3aIOlyIo» IO ONHOMY HYK-
JICOTHIy, TTOKA He JOCTHTHET ITOCJIeIOBATEIBHOCTH
-CCA, omunakoBoit mma Bcex TPHK. /i1 Hexoro-
peix TPHK ¢opMupoBaHue nocnemnoBaTeNbHOCTA -
CCA Ha 3-xoHIle (aKLETTTOPHLINA KOHEI) IPOMCXO-
IIUT B pE3YJILTATE ITOCIEI0BATEIbHOIO ITPUCOSAMHEHUS
atix Tp€x HykieotnnoB. I1pe-TPHK comepxur Bce-
IO OOWH UHTPOH, COCTOSIIMI U3 14—16 HyK/IEOTH-
JIOB. YIajieHHe WHTPOHA M CIUIAMCHMHT TPUBOMST K
(OPMHPOBaHUIO CTPYKTYpPbI, Ha3bIBAEMOMN «AHTHKO-
JIOH», — TPUILIETa HYKJICOTUAOB, 00ECIIEYHBAIOLLIETO
B3auMozeiicteue TPHK ¢ KoMIuieMeHTapHbIM KOAO-
HoM MPHK B xome cunTe3a 6enkoB (puc. 4-34).

ITocTrpanckpunumoHHble MOaUGUKauun (IIpo-
HeccHHr) mepsudHOro TpaHckpunra pPHK.
®opmupoBanue pudocom

B xneTkax yemoBeKa COMEPXMUTCS OKOJIO COTHHU
xormii reHa pPHK, nokanu3oBaHHBIX TpyIIaMu
Ha 1t xpomocoMax. I'ennsl pPHK TpaHckpubu-
pyiorca PHK-mosumepaszoit 1 ¢ obpasoBaHueM
WIEHTUYHBIX TpaHCKpUITOB. IlepBHUYHBIE TpaHC-
KPUNTH HUMeIOT WIMHY oKoJio- 13 000 HykieoTua-
HeIX octatkoB (45S pPHK). Ilpexne yem moku-
HYTh SIAPO B cOCTaBe pMOOCOMHOI 4aCTHULIBL,
Mosiekyna 45S pPHK moaBepraercss mpoLecCHUH-
ry, B pesyabTate obpasyercst 28S pPHK (okono
5000 nykneotuzoB), 18S pPHK (okosno 2000 Hyk-
smeotunos) u 5,8S pPHK (okono 160 HykieoTH-
JOB), KOTOpDBIE ABJISIIOTCA KOMIIOHEHTaMu pubo-
coM (puc. 4-35). OcrangpHasi 4acTh TPAHCKPUITA
paspyiaercs B siape.



Aapo

A A
C C
- T/ E— \D T/

O )

VIHTpOH / TPHK TPHK

npe-TPHK
Monvncpukau,uﬂ
OCHOBaHUIA
TpaHckpunuus 1 npucoeauHeHune -CCA
LuTtonnaama

Puc. 4-34. Npoueccunr npe-TPHK. OnpepenéHHbie a3oTCTbIE OCHOBaHWA Hykneotuaos TPHK B xope npoueccyHra MeTWmpyoTca nop Aew-
ctBuem PHK-meTunassl U NpeepawarTtes, Hanpumep, B 7-MeTWINyaHO3MH U 2-MeTUNryaHo3uH (MUHOpPHbIe ocHoBaHus). B monekyne TPHK
copepXarcs 1 Apyrne Heobbl4HbIE OCHOBaHNS — NCEBAOYPUAMH, UMMAPOYPUOMH, KOTOPLIE TAKKE MOOU(DULIMPYIOTCS BO Bpemsi NPOLIECCUHra.

P —

40
cyﬁbenﬁuuua pwBocom

80S pubocoma

¢
28S 55

/ A
AnepHan Apo 605
Membpara cybweauHuua pubocom

LinTonnasma

ﬂnepuan nopa

Puc. 4-35. OGpasosaHune U BbiXof U3 sippa cyGbeamHuL, pubocoM. B pesynbTare NpoLECCHHIa U3 MOMEKyTbI NPealecTBeHHKa 458 pPHK
obpasytotcst Tpu na pPHK: 18S, Bxopsiwas B cocras manoit cydweamHmubl pubocom, a Take 28S u 5,8S, nokanuaytowmecs B 60MbILON
cybwepunumue. Bee Tpn pPHK o6pasylotcs B paBHBIX KONMYECTBaX, Tak Kak OHW NPOMCXOAST U3 OQHOrO W TOro Xe NepBU4HOrO TPAHCKPUMTA.
58 pPHK 6onblsoi cybbemmhmnib puGocom TpaHCKpUGUpyeTCs OTAENLHO OT NEePBU4HOIO TpaHckpunTa 45S pPHK. PubocomantHbie PHK, o6pa-
30BaHHbIEe B XOfE MOCTTPAHCKPUTNILMOHHBLIX MOAUMKALMNA, CBS3bIBAIOTCS CO crieumdudeckumMn 6enkamu, n obpasyeTcs pubocoma.
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Pubocoma — opraHesia KJIETKH, Y4acTBYIOLIas
B OuocuHTe3e Oenka. Pubocoma sykapuorosn (80S)
COCTOUT U3 JIBYX, OONbIIONH U MaJloM, CYOBeIHMHHII;
60S u 40S. benaxu puGOCOM BHINOMHAIOT CTPYKTYD-
HYIO, PEFYAATOPHYIO W KATATUTHYECKYIO (PYHKIIMMU.

V. BUOCUHTE3 BEJIKOB
(TPAHCNALNSA)

ITepeBon uHGOPMaIMK, 3aKTIOYEHHOM B TTOJNH-
HYKJIeOTHAHOM mocnenonarebHocT MPHK, B amu-
HOKHCJIOTHYIO ITOC/IEAOBATENbHOCTb O€sika Tpedy-
€T ONpEAEJIEHHOTo cmocoba KOAUPOBAaHUS WITH
LWKPpoBaHMsI, T.€. CYIUECTBOBAHUSA ONpPEACIEHHO~
ro 3aKOHa, II0 KOTOPOMY 4YepedOBaHHUE YETBIPEX
HykseotioB B MPHK 3amaér cneumduyeckyto noc-
JIEMOBATEILHOCTh AMMHOKMCIIOT B OENKe.

A. 'EHETUYECKMI KOJ U ETO CBOMCTBA

HeobxoauMocTh KOAUPOBAHMUSL CTPYKTYphI OeJi-
KOB B JIMHEHMHO ITOCJEI0BATEIbHOCTH HYKJIEOTH-
noB MPHK n JIHK npoankToBaHa TeM, 4TO B XOIe
TPAHCIISILIAN;
e HET COOTBETCTBHS MEXIY YMCIOM MOHOMEPOB
B MaTpuiie MPHK u npomykre — cuHTe3upye-
MOM OeJiKe;

s OTCYTCTBYET CTPYKTYPHOE CXOICTBO MEXIY MO-
Homepamu PHK u Oenka.

DTO UCKIIIOYAeT KOMILUIEMEHTApHOE B3aMMOJIET-
CTBUE MeEXjy MaTpuleid W IMPOAYKTOM — IIPHH-
LIMII, TI0 KOTOPOMY OCYLIECTBJISIETCSI TIOCTPOECHHUE
HoBbix Montekys JAHK n PHK B xone peruukaiuu
YU TPAHCKPHIILINY.

OTciona CTAaHOBMTCS SICHBIM, YTO JIOJDKEH CYILiE-
CTBOBATh «CJIOBAph», IO3BOJISIIOLLMI BBISICHUTD, Ka-
Kast TIociegoBareIbHoCTh HykiieoTranoB MPHK obec-
ne4yuBaeT BKJIOYEHUE B 0€JOK aMUHOKHCIOT B
3aa’HON MOCNIECAOBATENBHOCTH., DTOT «CIOBApb»
TOJIYYMJT Ha3BaHHe TeHETHMYECKOro, OUOTOrMYeCcKO-
I'0, HYKJIEOTMIHOTO, WIM aMHHOKMCJIOTHOIO KO.Ia.
OH no3BoJisieT 1M¢poBaTh AMUHOKHUCIIOTHI, BXOJISI-
1IM€ B COCTaB OEJIKOB, C TIOMOILbIO OIpPeeIEHHON
rocaenoBareIpHocTH Hykieotuaos B JIHK 1 MPHK.
st Hero xapakTepHbl OINpeesiEHHbIE CBOMCTBA.

TpumieTnocts. OTHUM M3 OCHOBHBIX BOIPOCOB
TIpH BBISICHEHUH CBOMCTB KOJa OBLT BOIIPOC O YMC-
Jie HYKJEOTHIOB, KOTOPOE€ HOJKHO OIpPEAEIsATh
BKJIIOYEHHE B OEJIOK OJHOM aMUHOKHMCIOTHI. Cpa3zy
OBUIO IMOHSITHO, YTO 3TO YKUCJIO HE MOXET OBITh
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paBHBIM 1 WM 2, TaK KaK B 3TOM cCJjlydyae KOJHue-
CTBO KOJHMPYIOLIMX 3JIEMEHTOB OyIeT HEAOCTaTOY-
HbIM JUis IudpoBaHus 20 aMMHOKHCIIOT B OesKax.
Yucio KomupyIolMX NoCaeIoBaTeIbHOCTEN U3 Ue-
TBIPEX HYKJIEOTHAOB IO TPU paBHO 4°=64, uto 60-
Jiee yeM B 3 pasa IpeBbIIIAET MUHUMANbHOE KOJIU-
YeCTBO, KOTOPO€ HEOOXOMMMO ISl KOMWPOBAHUSI
20 amuHokucnot. B panbHeiinieM ObUIO yCTaHOB-
JIEHO, YTO KOAMPYIOUIMMM 3JIeMEHTaMU B IIUQpo-
BaHUHM aMUHOKHUCJIOTHOM T10OCITEI0BAaTEIbHOCTH e~
CTBUTENIBHO SIBNSAIOTCS TPOMKM HYKJIEOTUAOB, WU
TPHILIETbI, KOTOPbIE TTOJYYUIN Ha3BAHUE «KOTOHBD»,

CMBICT KOJIOHOB

CMpbICIT KOJOHOB CTajl MOHATEH B 60-x 1. XX
CTOJIETHSI, KOT/Ia, UCHOJb3ysl OECKIETOYHYIO CHC-
TeMy cvHTe3a 0enkos (Tabs. 4-3) U CUHTETHYEC-
KH€e TMOJUPUOOHYKIEOTHIbI C 3aJaHHOM IOCeno-
BaTeJIbHOCTHIO HYKJICOTHIOB B KaU€CTBE MATPHIIbI,
M. Hupen6epr u I'. MaTTen CMHTE3UPOBAIM MO-
JIMIENTHABI ONpPeNcNeéHHOro crpoeHus. Tak, Ha
MaTpHIIe TTOJHU-Y, COCTOsAILIEH TOJbKO M3 OCTaT-
KoB YM®, 6buT monydeH noaddeHWwIalaHuH, a
Ha Marpuue noau-1I — mommnponuH. M3 aroro
cienosano, uro TpurieT -UUU koaupyet @eH, a
tpuruiet -CCC — Tlpo.

B nocienymolmx 3KCIepUMEHTaX HCIOJIb30Ba-
JIM CMELLAHHBIE CUHTETUYECKUE MOJIMPUOOHYKIIE-
OTHUIBI C M3BECTHBIM cOCTaBoM. B pe3ynabTare sTOM
paGoThl yAaa0Ch YCTAHOBHMTb, YTO U3 64 KONOHOB
BKJIIOYEHHE aMHUHOKHCIIOT B CHHTE3UPYIOLIYIOCS
TIOJIMTIETITUAHYIO Lemb mndpyeT 61 Tpurwer, a 3
octanbHbIX — UAA, UAG, UGA He KOaupyioT
BKJIIOUEHHE B 6EJIOK aMHHOKMCJIOT Y TIEPBOHAYAIb-
HO OBLIM Ha3BaHbl OECCMBICICHHBIMM, WJA HOH-
ceHc-kKomnoHaMu. OnHaKo B JajibHeMHIeM ObLUIO T0-
Ka3aHOo, YTO 3TH TPHUILIETH CUTHAJIM3UPYIOT O
3aBepLICHHH TPAHC/IIUMH, U [IO3TOMY UX CTaJIM Ha-
3bIBATb TEPMUHMPYIOLIMUMM, WIH CTOI-KOIOHAMU.

Kononsr MPHK ¥ TpuIrureTsl HyKJIEOTHIOB B KO-
aupyroiueit Hutu JIHK ¢ HampasieHueM ot 5 k 3'-
KOHIIy MMEIOT OJAMHAKOBYIO ITOCJIEA0BATENIBHOCTD
a30TUCTBIX OCHOBAHMI, 32 MCKJIIOYEHHEM TOFO, 4TO
B JJHK BMmecto ypaumna (U), xapaktepHOro mis
MPHK, ctout tumus (T).

CnenutraHocTh

KaxaomMy KOJOHY COOTBETCTBYET TOJbKO OJHA
onpeaeaéHHass aMUHOKHCJI0oTa. B 3TOM CMBICIE Te-
HETUYECKMI1 KOI CTPOrO OJHO3HAYEH.



Tabnuua 4-3. OCHOBHbIE KOMNOHEHTHl 6ENOKCUHTEe3NpYowWel CUCTEMbI

Heo0xoa1uMbie KOMIIOHEHTHI

DyHKIHHA

1. AMHHOKHCJIOTBI
2. TPHK

3. AMunoanmi-TPHK cuHTEeTa3m]
4. MPHK

5. PubocoMsi

6. ATO, I'TD

7. benkosble (haKTOPEI

HHULHALNH, 3JIOHTAl[1H,
TEePMHHALUH

CyOcTparts! Ui cHHTe3a 6enKoB

TPHK BeImONHAIOT (yHKnMI0 amanTopoB. OHHM  aKIENTOPHBIM KOHLIOM
B3aUMOJIEMCTBYIOT C aMHHOKUCIIOTAMH, @ aHTHKOZIOHOM — ¢ KoJloHOM MPHK.
Kaxnass aa-TPHK-cuHTeTa’a kaTalu3HpyeT peakUHi0 CHEeH(UIECKOTO
CBA3BIBAHUA 0HOM N3 20 aMHHOKHCIIOT ¢ cooTBeTcTBYOIEH TPHK
Marpuna  coaepXuT ~ JMHEHHYIO  IOCJIENOBATENBHOCTH
OTIPEACTSAIOIINX NEPBUIHYIO CTPYKTYpY OeKOB
PuGonykieonpoTeHHOBBIE CyOKIETOUHbIE CTPYKTYPHI, SBISIOMHECT MECTOM
cuHTe3a HenKoB

KOJIOHOB,

HcTounuku sHepruu

Crenuduyeckue BHepHOOCOMHBIE O€nKHM, HeoOXOoauMble A Hpoliecca
TpaHciAuuH (12 ¢axropoB mHuuManuu: elF; 2 ¢axropa snonrauuu: eEF1,
eEF2, u ¢axTops! Tepmunanmu: eRF)

8. Uonsi Maraus

Kodakrop, crabmin3upyowuii CIpykTypy pubocom

Npumevanus: elF (eukaryotic initiation factors) — axTopbl nhmuvaumu; eEF (eukaryotic elongation factors) — (hakTopbl 3noHrauum;

eRF (eukaryotic releasing factors) — hakTopbl TEpMUHALMN.

BoipokaeHHOCTD

B MPHK u JHK umeer cmbica 61 Tpuruier, Kax-
bl M3 KOTOPBIX KOOWPYET BKJIIOYCHUE B O€JIOK
omHoi u3 20 amuHokucaoT. M3 atoro cienyer, 4to
B WH(bOPMAIIMOHHBIX MOJIEKYJIaX BKJIIOYEHHUE B Oe-
JIOK OJHOM M TOM XX€ aMUHOKHMCJOTBI ONIPEACIISIOT
HECKOJIbKO KOHOHOB. DTO CBOWCTBO GUOJIOTHYEC-
KOTo KoOjIa IIOJIyYuJI0 Ha3BaHWE BbIPOXIACHHOCTH.

VY yenoBseka OJHMM KOAOHOM 3alIU(pPOBaHbBI
TOJIbKO 2 aMHUHOKUCHOTHI — Met u Tpu, Torma
kak Jleit, Cep m Apr — 1IECTBIO KOJIOHAMH, a
Ana, Ban, I'mu, [Ipo, Tpe — 4eTbIpbMSt KOJIOHA-
MM (TabJ. 4-4).

M36ITOYHOCTD KOAMPYIOIIUX TTOC/IENOBATEbHO-
cTeil — IICHHeMIlee CBOMCTBO KOJa, TaK KaK OHa
MTOBBIIIIAET YCTONYMBOCTh MH(POPMALIMOHHOTO TO-
TOKa K HeGJIarornpHUsATHBIM BO3ICHUCTBUSAM BHEL-
Hel 1 BHyTpeHHel cpenbl. IIpu onpeaenenuu npu-
poOIbl AaMUHOKHUCJIOTHI, KOTOpasi AOJXHa ObITh
BKJIIOYEHA B OCNOK, TPETUH HYKJIEOTUI B KOIOHE
He MMEET CTOJIb BaKHOTO 3HAYEHMSI, KaK TEPBbIE
naBa. Kak BuaHo u3 1abia. 4-4, 11t MHOTHX aMUHO-
KUCJIOT 3aMeHa HYKJIEOTHAA B TPETbEM MO3ULIMH KO-
JIOHA HE CKa3bIBaeTCsl Ha €ro CMBICIIE.

JluneiinocTs 3anucu uHGopManun

B xone tpancmauuu konoHsl MPHK «umrtaror-
cs» ¢ GUKCHPOBAHHOM CTAPTOBOM TOYKHU IOCIIENO-
BaTeNIbHO W He TMepeKkphiBaioTca. B 3amucu uHdop-

MallM¥ OTCYTCTBYIOT CHTHAJIBl, YKa3bIBalolllhe Ha
KOHEIl OJJHOTO KOJOHA U HAyajo CleAyIOLIETo,
Konon AUG siBnsieTcss MHULIMAPYIOIIUM U IIPO-
YWUTBHIBAETCA KaK B Hayaje, TaK U B JAPYIHX y4acT-
kax MPHK kxak Mer. Cneayoume 3a HUM TpUILIe-
THI YUTAIOTCA TIOC/IeNOBaTeIbHO 6€3 KaKuX-JTH00
MPOIYCKOB BIUIOTb 0 CTOM-KOJOHA, HA KOTOPOM
CUHTE3 MOJUIIENTUIHOM LIEN 3aBepIlIacTCs.

YHuBepcaibHOCTh

10 HETaBHETO BPEMEHM CUMTAIOCH, YTO KOA ab-
COJIIOTHO YHUBEpCaJieH, T.€. CMBICA KOIOBBIX CJIOB
OIMHAKOB JUTSl BCEX M3YYEHHBIX OPraHW3MOB: BU-
DyCOB, OakTepwii, pacTeHMI, 3eMHOBOJIHbBIX, MJIe-
KOMUTAOINX, BKIIIoYast yesoeka. OHAKO TT03IHEee
CTaJI0 W3BECTHO OIHO MCKJIIOUEHHUE, 0Ka3aJ0Ch, YTO
muToxoHapuaabHass MPHK conmepxut 4 Tpuriiera,
UMEIOIIUX apyroe 3HayeHue, yeM B MPHK sanep-
Horo mpoucxoxneHusi. Tak, B MPHK muToxoHn-
puii Tpuivier UGA xomupyeT Tpu, AUA — Mer, a
AGA n AGG NpoyHTHIBAIOTCS KaK JOTIOTHUTEh-
HBIE CTOI-KOJOHBI.

KosimneaprocTs rena u nmpoaykra

Y 1npokapuoTOB OOHAPYXEHO JUHEHHOE COOT-
BETCTBUE MOCNEIOBATEIbHOCTH KOJOHOB IeHa U
MOCJIEAOBATENBHOCTA aMUHOKUCIIOT B GEJTKOBOM
NPOAYKTe, WM, KaK TOBOPSIT, CYIIECTBYET KOJM-
HEApHOCTb TeHa M MpPOAYyKTa.
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Tabnuua 4-4. FeHeTUYECKUH Kop

IlepBoe ocHOBaHHE Bropoe ocHoBanue
U C A G
U UUU ®Pen UCU Cep UAU Twup UGU Huc
UUC ®en UCC Cep UAC Tup UGC Iuc
UUA Jleit UCA Cep UAA* UGA*
UUG Jleit UCG Cep UAG* UGG Tpu
C CUU Jleit CCU IIpo CAUTuc CGU Apr
CUC Jleit CCCIlpo CACTnuc CGC Apr
CUA Jleit CCA Ilpo CAA T'nmn CGA Apr
CUG Jle#t CCG IIpo CAG I'nn CGG Apr
A AUU HUne ACU Tpe AAU AcH AGU Cep
AUC Hne ACC Tpe AAC Acu AGC Cep
AUA Mer ACA Tpe AAA JIuz AGA Apr
AUG Mer ACG Tpe AAG Jlu3 AGG Apr
G GUU Ban GCU Ana GAU Acn GGU I'mn
GUC Ban GCC Ana GAC Acnn GGC I'mn
GUA Ban GCA Ana GAA T'ny GGA I'n
GUG Ban GCG Ana GAG I'ny GGG I'mu

MNpumeyannsa: U — ypauun; C — umTo3uH; A — afeHuH; G — ryaHuH; * — TepMUHUPYIOWMIA KOROH.

Y 3YKapHMOTOB TIOC/IENOBATEILHOCTA OCHOBAHUM
B TeHe, KOJIMHeapHble aMMHOKMCIIOTHOM TOCTIEI0-
BaTeJbHOCTH B O€JIKe, MPEepPHIBAIOTCS WHTPOHAMH.
TlosToMy B 3yKapMOTHYECKMX KJIETKaX aMMHOKMC-
JIOTHasl TOCJIEAOBATEILHOCTh GellKa KOoJMHeapHa
ITOCJIENOBATEIbHOCTA 3K30HOB B T€HE WUIM 3peJioi
MPHK nocjie mocTTpaHCKpUITLIMOHHOTO YAaJIeHHS
WHTPOHOB.

B. OCHOBHBIE KOMIIOHEHTHI
BEJIOKCHHTE3HWPYIOIIEI CHCTEMEI

Kak BugHO 13 Ta6i. 4-3, g CMHTE3a MOJIMIIET -
THIHOM TIENMA HEOoOXOMUMO OOJIbIIOE KOJIMYECTBO
KOMITOHEHTOB, COBMECTHOE M COINIaCOBaAaHHOE B3a-
MMOIEICTBHUE KOTOPHIX MPHUBOAMT K 00pa30BaHUIO
oeska.

AMMHOKHCJIOTBI

Bce 20 aMMHOKHUCIOT, BXOISIIUX B CTPYKTYPY
0€eJTKOB OpraHM3Ma 4eJIOBEKa, IOJIKHBI IPUCYTCTBO-
BaTh B JOCTaTOYHOM KOJIMYECTBE. DTO TpebGoBaHMe
MpEXAE BCETO OTHOCUTCA K HE3aMEHMMBIM (T.€. He
CHHTE3HPYIOLIMMCS B OPTaHU3ME) AMHUHOKKCJIOTaM,
TaK KaK HEJOCTAaTOYHOE CHAOXEeHWE KIECTKU XOTS
OBl OJHON HE3aMEHWMOM aMHUHOKMCJIOTON IPUBO-
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JUT K CHIDKEHWIO, 2 MHOTIA M IIOJIHOM OCTaHOBKE
CUHTe3a OeJika Ha KOAOHe, TpeOylollleM BKIoue-
HHUS 3TO aMHUHOKMCIIOTH B O€JIOK.

MPHK. ConmepxnT MHMOpMALIMIO O CTPYKType
CHHTE3MPYEMOTO O€Ka M MCITONb3YETCS B Kaue-
CTBE MAaTPHIILL.

TPHK. V¥ uenoeka okosio 50 pazmuuyHbsix TPHK
00ecneynBaloT BKIIOYEHNE aMUHOKHCIIOT B GENOK.
TPHK Ha3biBaloT «azanropHbie MOJIEKYIbl», TAK KaK
K aKILIEITOPHOMY KOHILY 3THUX MOJIEKYJI MOXET ObITh
NpUCOEINHEHA ONpeneIeHHass aMUHOKHCIIOTa, a C
MOMOILIbIO aHTUKOIOHA OHHM Y3HAIOT crieluduyec-
kuit kogoH Ha MPHK. B nponecce cuHresa 6enka
Ha pubocoMe cBsi3biBaHME aHTUKOAoHOB TPHK c
komoHaM MPHK mpoucxomuT mo NpyuHLMITY KOM-
TUIEMEHTAPHOCTH M aHTUMAPAIIEIBHOCTH.

Antukonod TPHK"P
Koponsr Apr:

(3))-G-C-C-(5")
(5")-C-G-G-(3")

OgHako okasajnoch, uyro yuciio TPHK mnsa kax-
JO aMUHOKMCJIOThI HE COBMAJaeT ¢ YUCIOM KO-
aupyoux e€ kogoHoB B MPHK, u, cnegoBarens-
Ho, Hekotopble TPHK crnocoOHBbI CBSA3BIBATHCS
00JIbLIE YeM C OJHUM KOIOHOM.



HccnenoBaHue 3TOT0 BONpoca MO3BOJIMIO YCTa-
HOBWTb CJIEIyIOLIee:

e TICpBbi€ IBA OCHOBAaHMS KOJOHA W ITOC/IEAHHE
JIBA OCHOBAHMs QHTUKOIOHA 0Opa3yloT OOLIY-
Hbl€ NPOYHbIE Mapbl (TYaHWMH-UUTO3WH W aje-
HHH-YpalWI) ¥ BHOCAT HAaMOOJbIIMIA BKJIAL B
crieurUYHOCTh TEKORUPOBAHUS,

e CBSI3bIBAHHE TPETHETO OCHOBAHUSI KOJOHA C
MEPBbIM OCHOBAaHUEM aHTUKONOHA TIPOUCXOIUT
cnabee, 4yeM ¢ NEpBBIMU IBYMsI, U 3TO TTO3BO-
JseT HekoTopeiM TPHK mpountsiBark 6osbine
YeM OIMH KOMOH.

Tunoresa, 0ObACHSIOWIASA XapaKTep KOAOH-aH-
TUKOAOHOBOTO B3aMMOJAECHCTBUS, TOJyduaa Ha-
3BAHUE «THNOTE3bl KaYaHusA» (T.€. TPETb€ OCHOBA-
HHeE OOJIBIIIMHCTBA KOJOHOB UMEET ONPEACIEHHYIO
CTeTeHb CBOGOABI MPH 00pa3oBaHUM Maphl C CO-
OTBETCTBYIOLLIMM aHTUKOJOHOM M KakK Obl «Kaya-
eTCSI»).

Tak, Hampumep, oaHa M3 apruHMHOBEIX TPHK
uMmeeT aHTUKOIOH 5-1-C-G-3’, KOTOpHIT MOXeET
y3HaBaTh 3 pa3HbIX aprMHUHOBBIX KOIOHA:

Anmuxomor: (3)-G-C-I-(5') (3')-G-C-I- (3')-G-C-I-
(5')-C-G-A-(3") (5)-C-G-U- (5')-C-G-C-

Komonsr:

Avunoanun-TPHK cunTerassi
(amunoaumn-TPHK sira3sbn)

B tmTo3051€e Kiretok 20 pa3sTMYHBIX AaMMHOKHCJIOT
MPUCOCOUHSIOTCST -KapOOKCHIBHON IpyHIoi K
3’-TUIPOKCUIILHOMY aKLIEITOPHOMY KOHITY COOTBET-
creyoiunx TPHK ¢ obpasoBanuem cioxHo3¢bUp-
HOM CBAI3U. DTU peaklMM KaTaIU3NpyeT CEMEICTBO
(epMeHTOB, HOcsillee HazBaHWe aMuHoanwiI-TPHK
cunreras (aa-TPHK-cunTeTas). Kaxaplit wieH 3ro-
IO CeMeNCTBa Yy3HAET TOJBKO OAHY OIPeleEHHYIO
amuHoKkMciaoty U Te TPHK, koTopbie crmocoOHBI
CBA3BIBAThLCS C 3TOM aMUHOKMCIOTOH. U3 3TOTO Clle-
nyet, yto B rpynmny TPHK cuHTteTas Bxomut 20 pas-
JWYHBIX (hepmeHTOB. OHM OCYILECTBIAIOT aKTHBa-
LIMI0 aMHHOKMCJIOT B 2 CTAJMH: HA MEPBOIl CTaINH
aMHUHOKWCJIOTa TIPUCOEAMHSETCS K (PepMeHTY U pe-
arupyet ¢ AT® ¢ obpa3zoBaHHEM GOraToro Hepru-
€l TPOMEXYTOYHOIO COGOUHEHHA — AMHMHOALIMI-
AM®. Ha BTopoii cTanuy aMUHOALUILHBINA OCTATOK
aMMHOALIMJIAICHUIaTa, OCTABasiCh CBA3AHHBIM C
(bepMEHTOM, B3aMMOIECHCTBYET C MOJIEKYJION COOT-
BercTBytonleit TPHK ¢ o6pazoBaHuemM aMHHOALII-
TPHK (puc. 4-36).
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Puc. 4-36. O6pa3zoBaHue amumHoaumn-TPHK. AmuHokucnoTa
B3aumopeicteyeT ¢ AT® u akTUBMpyeTcs, o6pasys amuHoauun-
afieHunaT, KOTOpbIA, HEe OCBOBOXAAACL U3 CBSA3U C (hepMeHTOM
(E), otnaét aktueupoBaHHylo ammuHokucnoty TPHK ¢ o6pasoea-
Huem amuHoaumnn-TPHK (aa-TPHK).

CyMMapHyl0 peakuuIo, KaTaJu3upyeMylo aMu-
HoauuI-TPHK crvHTeTazaMu B pUCYTCTBUM MOHOB
Mg?*, MOXHO NpPEeICTaBUTh CIIEAYIOLIUMM 00pasoM:

AmuHokuciora +TPHK + AT® — aMuHoaumi-
TPHK + AM® + PP,
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Hdnst KaxmoM aMUHOKMCIIOTHI CYIHECTBYET CBOM
depmenT — cBost amuHoawi TPHK cunreTasa: st
rayramMata — riayrammwi-TPHK cuHTterasa, ructu-
quHa — ructuamn-TPHK cunTerasa u T.1.

AMWHOKHUCIIOTHl MPUCOEOUHSIOTCS K 3’- WK
2’-OH rpyrmmmam pu6ossl Ha 3’-koHue TPHK, rme
Bce TPHK uMeroT o6iiyl0 HYKJIEOTHAHYIO IOCIE-
nosatenbHOCTh -CCA.

OHeprus, 3aKM04E€HHAs B MaKpOIPTHYECKON
CJIOXHO3(UPHOI cBsizn amuHoauwI~TPHK, Broc-
JIEACTBUM MICITONIb3YyeTCsI HAa OOpa30BaHHE IENTHI-
HOW CBSI3U B XOJI€ CHHTe3a OeJika.

IInpodocdar, BrAEIIIOUIMICS B XOI€ 3TOM pe-
aKIIMM, THAPOJUTUYECKH PaCIIEIUISIETCs ¢ 00pa30-
BaHHMEM JIBYX MOJIEKYJ opTodocdara U BhiaEIEHM-
€M JHEPrUM, 4YTO JeJIaeT peaklMi0 aKTHUBaIUH
AMHUHOKHCJIOT HeoOpaTHUMOIA.

Ype3BbluaiiHO BBICOKASl CIEIMPUYHOCTb aa-
TPHK cunteras B CBSI3BIBAHMM AMMHOKMCJIOTHI C
cootBercTByOiMMU TPHK nexutr B ocHoBe TO4Y-
HOCTHM TPAHC/ASUMM TeHETUYECKOM HH(pOpMAaLIVH.
B akTMBHOM lieHTpe 3THX (QEPMEHTOB €CTb 4 Crie-
IMGUIECKHIX YJacTKa JUIS y3HABaHUS: aMMHOKMC-
qotel, TPHK, AT® u yerBéprolit — a1 IIPHCOE-
nuHeHus: Monekyinl H,O, kotopas yyacTByeT B
TUIPOIM3e HEMPaBHIIbHBIX aMHUHOALIMIAAEHUIIATOB.
3a CU€T CyleCTBOBAaHUS B aKTUBHOM ILIEHTpE 3THX
(bepMEHTOB KOPPEKTHPYIOIIIETO MeXaHNW3Ma, odec-
MEYMBAOLLIETO HEMEIIEHHOE yOaJIEHHE OMIMO0YHO
MIPUCOEAUHEHHOTO AMUHOKMCJIOTHOTO OCTaTKa,
JOCTHTAETCSl TIOPA3UTEIBHO BBICOKAsI TOYHOCTD pa-
ootbel: Ha 1300 cBszanHbix ¢ TPHK aMuHoKkuciaor
BCTPEYAeTCsI TOJIBKO OTHA OILIMOKA.

AMuHoKuca0oTa, npucoeaunssick K TPHK, B
JajbHeHuIeM He onpenensieT CleluPUIecKUux
cBoiicTB aa-TPHK, Tak Kak €€ cTpyKTypy He y3Ha-
ér Hu pubocoma, Hu MPHK. YuacTue B cuHTe3e
0eJIKa 3aBHCUT TOJIbKO OT cTpyKTyphl TPHK, a Tou-
Hee, OT KOMIUIEMEHTAapHOIO B3aMMOIEHCTBUSA aH-
tikomoHa amuHoaumn-TPHK ¢ komonom MPHK.

AHTHKOJOH pacloJIOXEH B LEHTpaIbHOU (aH-
tukogoHoBoi) nerne TPHK. Y3napanue TPHK aa-
TPHK cuHTEeTa3aMM He Bcerma MpoOMCXOOUT MO aH-
TUKOJOHOBOM TeTjie. AKTUBHBIN LEHTP HEKOTOPHIX
¢depMeHTOB 0OHApYXMBAeT KOMILUIEMEHTAPHOE CO-
OTBETCTBHE APYTUM YYacTKaM IPOCTPAHCTBEHHOM
ctpyktypsl TPHK.

PudocoMbl

PuGocoMbl mpencTaBisiior coboil pubOOHYKIIEO-
MPOTeUHOBbIE 00pa3oBaHUsI — CBOe€OOpa3HbIE
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«(pabpuku», Ha KOTOPHIX MIAET COOPKAa aMMHOKKC-
JIOT B O€JIKH. DyKapuOTHUECKHUE PUOOCOMBI UMEIOT
KOHCTaHTy ceauMmeHTauuu 80S u cocrosAr u3 40S
(mamoit) u 60S (OosbLioit) cyObemuHML. Kaxnas
cyobenuHuua Bkiaoyaer pPHK u Genku. B 40S
cyobenunuily Bxonut pPHK ¢ koHcraHTOil cenu-
MeHTauuu 18S u okono 30—40 Genxkos. B 60S
cyobenuHuie ooHapyxeHo 3 suaa pPHK: 55, 5,85
U 28S u okos0 50 pazIMYHBIX OEJIKOB.

benku BXOAAT B COCTaB CYOBETUHUIL pUOOCOMBI
B KOJIMYECTBE OXHOM KOITMM M BBIMOJHSIOT CTPYK-
TYpHYIO (DYHKIIMIO, oOecTieurBasi B3aMMOICICTBHE
mexay MPHK u TPHK, cBsizaHHBIMU ¢ aMUHOKMC-
JIOTOM WA TIETITUIOM.

B npucyrcrBum MPHK 40S u 60S cyobemMHULIBI
00bEIUHSIOTCS ¢ 00pa30BaHUEM IMOJHOM pUOOCO-
MbI, Macca KOTOpoii npuMepHO B 650 pa3 GoJiblie
Macchl MOJIEKYJIbI TeMOIJIOOMHA.

B pubocoMe ectb 2 HieHTpa A IPUCOEIUHEHUS
monekyn TPHK: amuHoaumibHbil (A) U nenTu-
nuibHblM (P) LeHTpbl, B 00pa30BaHUM KOTOPBIX
y4acTByIOT 00e cyObenuHuIIbl. BMecTe 1ieHTphl A
u P Bkmovator ygactok MPHK, paBHbIif 2 Komo-
HaM. B xome TpaHcnsiuMW LIEHTP A CBSI3BHIBAeT
aa-TPHK, ctpoeHHe KoTopoif ompenensieT KOIOH,
HaxoJsAlMicsa B 00J1acTU 3TOTO 1ieHTpa. B cTpyk-
Type 2TOTO KOJOHa 3alM¢poBaHa IpHUpona aMHu-
HOKUCJIOTBI, KOTOpasi OyIeT BKJIIOUEHA B PACTYLLYIO
MOJUTIENTUAHYIO Lemb. IleHTp P 3aHMMaeT nentu-
nwi-TPHK, 1.e. TPHK, cBsizdaHHas ¢ NENTUIHOM
LIETIOYKOM, KOTOpasi yXXe CHHTE3MpOBaHa.

Y 3yKapuOTOB pa3iMyaoT puOOCOMbI 2 THIIOB:
«CBOOOIHBIE», OOHApPYXHUBAaeMble B LUTOILIA3MeE
KJIETOK, M CBSI3aHHBIE C HAOIUIA3MAaTHYECKUM pe-
TUKyITyMoM (OP). PuGocoMsbl, acCOLMMpOBaHHbIE
¢ OP, oTBeTCTBEHHbI 32 CHHTEe3 OEJIKOB «Ha 3KC-
TIOpPT», KOTOpbie BHIXOIAT B TUTa3My KPOBHM M yda-
CTBYIOT B OOHOBJIeHUH OejikoB DP, MemMOpaHhI ari-
mapata ['oJIbIKH, MUTOXOHIPUN WA JIM30COM.

MWUTOXOHIIPUH COJEPXKAT CBO HAGop prubGocoMm.
MutoxoHIpHaNibHBIE PUOOCOMbBI MEJIbY€E, YEM DH-
00COMBI 3YKapHOTOB, IIPOKAPHUOTOB X UMEIOT KOH-
CTAHTY ceIMMeHTalMu 55S. OHM TakKXke COCTOAT
M3 IBYX CyObEAMHHII, HO OTIMYAIOTCSA OT 3YKapuo-
THYECKHUX PUOOCOM KOJHMYECTBOM U COCTaBOM
pPHK u 6enkoB.

Benkosble daxTopbi

B xaxmoii cranuy 6eaxoBoro cuHTe3a Ha pubo-
coMe: MHUIIMALUWH, IOHTALMH U TEPMUHALMM y4a-
CTBYET pa3Hblii Habop BHEPUOOCOMHBIX OEJIKOBbBIX



(axTopoB. DTH GEKH CBA3BIBAIOTCS ¢ PUOOCOMOM
WIH €€ cyObeIMHMLAMHU Ha ONPEACSIEHHBIX CTaIMsAX
Mpoliecca ¥ CTabWIM3UPYIOT WM 00JierdatoT QyHk-
LIMOHMPOBAaHUE OEJOKCMHTE3UPYIOLLEH MALIUHBI.

AT® n I'T® Kak HCTOYHHKH IHEPIMH

Ha BxiioueHue OJHOM aMMHOKMCIOTBI B pac-
TYLIYIO MOJUIICITUIHYIO IETb KJIeTKa 3aTpaynBa-
er 4 Makpoaprudyeckue cBsa3u: 2 U3 ATD B xoxe
peakumu, KatanuzupyeMoi aa-TPHK cuHTterazoin
(B mpotiecce akTHBalMK aMUHOKuMCIoT AT® pac-
werwigerca Ha AM® u nupodocdar), u 2 Mone-
xyael I'T®: omHa MCIHOJAB3YETCS Ha CBS3BIBAHWE
aa-TPHK B A-nieHTpe pubocoMbl, a BTOpas 3ar-
pauyMBaeTcsi Ha CTaauio TpaHcaokKauumv. K 3atomy
cnenyeT 106aBUTh MCITOIb30BaHKE €I ABYX MaK-
poapruueckux csszeii Monekyn: AT® u I'T® Ha
WHUIMALMIO ¥ TePMUHALIMIO CUHTE3a IOJIMIIEIN-
TUOHON LEIH.

B. CMHTE3 NOJMIIENITUIHON LEMUA
HA PUBOCOME

B xoze cuHTe3a 0€aKa npoyteHMe UHPOpMaLIU
MPHK wunér B HampaBieHuu OT 5~ K 3’-KOHILY,
obecrieunBasi cMHTe3 IenTuaa or N- Kk C-KoHILy.

Kaxnass sykapuotruueckas MPHK xonupyer
CTpOEHME TOJBKO OJTHOM MOJMIENTUAHOM LieMnH (T.€.
OHa MOHOIIMCTPOHHA), B OTJIMYME OT IIPOKAPHOTH-
yeckux MPHK, koTtopbie yacto coaepxar uHdop-
MaLIMI0 O HECKOJIBKMX IENTUAax (T.e. OHM IOJHU-
LIMCTPOHHBI). DTH pa3/inuusi BbI3BAHBI TEM, UTO Y
npokapuotoB JITHK smuena wHtpoHoB, 1 PHK-
MoJIMMepasa TPAaHCKPUOUPYET Y4aCTKH, IIPOYTECHUE
HHGPOPMAIMM ¢ KOTOPHIX NOTYMHSIETCS OOLIEMY
peTYJISITOPHOMY MexaHu3My. Kpome toro, Ha no-
ymuuctpoHHbIXx MPHK cuHTe3 Genka HaumHaercst
JI0 TOrO, KaK 3aKaHYMBAeTCs UX COOCTBEHHbIM CHH-
T€3, TaK KaK MPOLIECCHl TPAHCKPHUITIIMKA ¥ TPAHCIISA-
LMY He pas3ieciicHbl. Y 3yKapUOTOB TPAHCISLIMUSA
MpOTEeKaeT B LIMTOIUIA3Me, KyJa U3 SIpa IOoCTyIia-
10T yXe «3peabie» MPHK.

CoObITHs Ha pUOOCOME BKJTIOYAIOT ITAIBI: MHU-
LIMAlMM, JIOHTAMM U TEPMHHALIMH.

1. Huuuyuayus

UHuumanms TpaHCISIIIAM TIpecTaBasieT coboit
COOBITHE, B XOIE KOTOPOTO MPOMCXOIUT 00pa3oBa-
HHYE KOMIUIeKCa, BKmovaroumero Mer-TPHKMe,
MPHK u puGocomy, roe TPHKM" — unuummpyio-

mas MetuonuHoBast TPHK (puc. 4-37). B atom
Mpo1eCCe yyacTBYIOT He MeHee 10 pakTOpoB MHU-
LIMAllMM, KOTOpble 0003Ha4YaloT Kak elF (ot aHri.
eukaryotic initiation factors) ¢ yKazaHHEM HO-
Mepa u OykBbl. IlepBoHadanbHO 40S cybbeauHuia
prbOCOMBI coeluHsIeTcs ¢ (HDAKTOPOM MHHIIMA-
LIMH, KOTOPBIi IIPENSITCTBYET €€ CBSI3BIBAaHMIO ¢ 60S
cyOBequHMIIEH, HO CTUMYIUPYET OObEAMHEHHE C
TPOWHBIM KOMILIEKCOM, BKJIOYalomuM MeT-
TPHKM, eIF-2 u I'T®. 3arem 310T Temephb yxe
0oJjice CIIOXHBI KOMIUIEKC CBSI3BIBAETCS C 5'-KOH-
uoM MPHK nipu yuactum Heckonpkux elF. OmuH
n3 ¢aktopoB nHunMatmMu (elF-4F) y3Haér u npu-
COEIMHSIETCS K YYACTKY «K3M» Ha MoJiekyie MPHK,
II03TOMY OH ITOJy4YIJI Ha3BaHME KAICBSI3bIBAIOLIC-
ro 6enka. IlpukpermsBuicy K MPHK, 40S cyGbe-
TAHUIIA HAYWHAET CKOJIB3UTh 0 HEKOIUPYIOLEH
yactu MPHK 1o Tex mop, rmoka He 1OCTUTHET UHU-
uuupyoniero kogoHa AUG komypymollei HyKje-
OTUIHOM mociemoBaTeabHOCTH. CKoubxeHHe 40S
cyorenuuunbl o MPHK comnpoBoxmaercst rumpo-
sm3oM AT®, 3Heprusi KOTOPOro 3aTpavyrBacTCs Ha
MPeoAoJIEeHUE YYACTKOB CIIMPAIM3aLMY B HETPAHC-
nupyeMoit yvacti MPHK. B sykapnoruyeckux kier-
Kax Hekogupywoiuue ydactku MPHK wmmeror pas-
HYIO JUIMHY, HO 00b19HO OT 40 10 80 HYKJICOTUIIOB,
XOTsl BCTpevawTcs 06JacTH C MPOTIXKEHHOCTHIO
6oaee 700 HYKICOTHIOB.

HOoCTUTHYB Hauajla KOIHMpYIOLIeH IocieaoBa-
teabHOocTH MPHK, 40S cyGbennHuLa ocTaHaBIM-
BaeTCS U CBSI3bIBACTCS C IPYTUMHM (hakTOpaMu MHU-
LUAIMHA, YCKOPSIIOIMIMMH IpHcOoeauHeHue 60S
cybobenuHMLIbl U oOpaszoBaHue 80S puOOCOMEI 3a
cuét ruaponuza ['T® po I'/IP 1 HeOpraHMYECKOTo
docdara. Ilpu stom dopmupyores A- U P-1ieHT-
pbl pubOCOMBI, IIpUYEM B P-lleHTpe OKa3blBaeTcst
AUG-xomoH MPHK c¢ npucoennHEHHOM K HeMy
Met-TPHK Me7.

B kiieTkax ecTh 2 pasnnyaolmecs o CTpYKTy-
pe TPHK, y3Halomme kKogon AUG. MHnummpyo-
i KopoH y3Ha€r TPHK M, a tpuriersr MPHK,
KOAMPYIOLIYE BKITIOYEHWE METHOHWHA BO BHYTPeH-
HME y4acTKM 0eiKa, MPOYMTHIBAIOTCS IPYroi
TPHKMe,

2. Daonzayusn

Ilo 3aBepileHMM MHULIMALMKM PHOOCOMA PacIIo-
saraercss Ha MPHK Takum o6paszoM, yro B P-nieH-
Tpe HaxomauTcsi UHMuUMupylomnii kogoH AUG c¢
NPUCOCAMHEHHOH K Hemy Mer-TPHKM, a B A-
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Puc. 4-37. O6pa3oBaHne MHULMMPYIOLWEro KOMMAEKCa B XoAe CMHTesa benka y aykapnoTtos. MeT-TPHK " o6beanHsietcs ¢ manoit
cybvenuHuuen pubocomsi B hopme TporHoro komnnekca: Met-TPHKM™, elF-2 n I'T®. O6pasosasLinincst 6onee CNOXHbIA YETLIPEXKOM-
NOHEHTHBIW KOMMNNEeKC npucoeanHaeTcs K 5-koHuy MPHK ¢ nomMolbio HECKONbKMX [ONONHUTENBHbLIX (DaKTOPOB, U Manasi cybbeanHuua
HauMHaeT ckonbanTb No MPHK go Tex nop, noka aHtnkonoH MeT-TPHKM" He casixeTcs ¢ MHMuumpytowmm kopgoHom AUG. Mpu atom B
KOMIMMEKCE NPOUCXOANT N3MEHEHME COCTaBa UHMLIMMPYIOWKX (haKTopoB, 1 yCKopsieTesl npucoenHeHne 60S cybbeanHnubl pubocomsl,
CONPOBOXAAIOWEECs rMaponu3om I'Td. MeT-TPHKM* saHumaeT Ha pubocome P-ueHTp.

LIEHTpE — TPUIJICT, KOAUPYIOLLMI BKJIFOUCHUE Mep-
BOM aMMHOKMCJIOTBI CHUHTE3upyeMoro Oenka. Jla-
Jiee HAYMHAETCS CaMblil MPOAOJIXKUTEIbLHBIH 3Tarn
OCJIKOBOTO CHMHTE3a — 3JIOHTalMUsl, B XOJAe KOTOPO-
ro pubocoMa ¢ nomolitbto aa-TPHK nocnenopatenb-
HO «yutaet» MPHK B BHae Tpunnetos HykieoTn-
JIOB, CJECAVIOILMX 3a MHULUMUPYIOLIUM KOJOHOM B
HanpasAeHUM OT 5 K 3’-KOHIly, HapalluBas Moju-
NMEenTUAHYIO LIEMOYKY 3a CUET MOCAEI0BATCIbHOIO
NMPUCOCANHECHUSI AMUHOKUCIOT.
BritoueHHe Kaxaoid aMUHOKUCIOTHI B O€JIOK
NPOMCXOAUT B 3 CTallMM, B XOIAE KOTOPDIX:
e aa-TPHK kaxaoil Bxonsiueil B 6C10K aMHMHO-
KHMCJIOTb] CBSI3bIBAETCSI C A-LEHTPOM PHUOOCOMBI;
o nientua ot nentuanMn-tTPHK, Haxoasweiics B
P-uentpe, npucoeanHscrcs K o-NH,-rpynmne
aMHUHoOaUMIbHOTO ocTaTka aa-TPHK A—ueHTpa
¢ obpa3oBaHWEM HOBOM MENTHUAHON CBSI3M;
¢ VIJIMHEHHAs1 HA OAMH aMUHOKUCIOTHBIM OCTa-
ToK nentuana-TPHK nepemeniaercs us A-1ieH-
Tpa B P-1ieHTp B pe3ynbTaTte TpaHC/JIOKaLMKW
pUOOCOMBI.
CeaspiBanne amuHoauna-TPHK B A-uentpe. Ko-
JoH MPHK, pacrnionaratomuiics B A-meHTpe psi-
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JIOM C MHUUMUPYKOIIUM KOJOHOM, onpeaeasier
npupojay aa -~-TPHK* koropas Oyaer BkiouyeHa B
A-uenTtp. aa ~-TPHK®™ B3anmonenctnyer ¢ puboco-
MO B BUjie TPOWHOTO KOMILIEKCa, COCTOALIETO U3
(dakropa ononraumn EF-1. aa -TPHK™ n I'T®.
Kommieke 3pdexkTnBHO B3aUMOAEUCTBYET C pU-
00COMOIi NLLIb B TOM cyuae, ecili aHTUKOAOH aa-
TPHK® koMmmaeMeHTapeH W aHTUNapa/uielieH KO-
noHy MPHK B A-nieHtpe. Brittouenue aa-tPHK
B pUOOCOMY HPOUCXOAMT 34 CUET IHEPrUM THAPO-
quza I'T® po 1D u Heopranuueckoro gocdara
{puc. 4-38).

QOopasoBaHue HENTUIHOMH CBA3M MPOUCXOIUT CPa3y
’Ke Tocsie oTtulerniaeHus komruiekeca EF-1 u TAD
OT pUOOCOMBI. DTa CTalMsl 1polecca nojydyuna Ha-
3BAHME peaklMu TpaHcneinTwiauMu (pvc. 4-39).

B xoae 9T0i peakluMn OCTATOK METMOHMHA Mert-
TPHK M cBsi3biBaeTcst ¢ o-aMMHOIPYIINON MEpBO#
aMUHOKMUCJIOTBI, 11pucoeanHEéHHOU K TPHK* 1 pac-
MOJIOXKEHHON B A-LEeHTpe, oOpa3yeTcs nepsast nefi-
TUAHAS CB3b. YCTaHOBJIEHO, YTO TIENTHUAMITPAHC-
(epazHas aKTMBHOCTbL OOJbLHON CYyObEeAMHMULBI
pubocombl npuHaiexxut 28S pPHK. K HacTtosiie-
My BpemeHu oOHapyxeHa uenas rpynna PHK, o6-
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Puc. 4-38. BknioueHue aa,-TPHK® B pubocomy. aa,-TPHK* BaanmopeiicTeyeT ¢ pnocomoi B BUAE TPORHOTO KOMMAEKCa, COCTOS-
wero n3 haktopa snoHraumm EF-1, aa,-TPHK* n I'T®. AnTukopoH aa-TPHK®* koMnnemeHTapeH n aHTunapanneneH kopgoHy MPHK B A-
uentpe. CesisbieaHue aa,-TPHK* npomcxonnt 3a CH€T sHeprm rmpponusa [T® go MO n P
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Puc. 4-39. Peakuus TpaHcnentupauum. MetvonuH ot MeT-TPHKM*", Haxopsiwerocs B P-LeHTpe, npucoennHsietcst K o-NH,-rpynne
amnHoauwnLHOro octartka aa,-TPHK A-tieHTpa ¢ o6pa3oBaHnem HOBOW NENTURHO CBA3N.

Jajawouias CBOWCTBaMu (epMeHTOB. DTU KaTalu-
THyecku akTuBHble PHK noayuunu HasBamue pu-
603uMOB (cM. pazaen 2). [Tonaraior, 4To pubO3UMbI
MOXHO CUYMTaTb «pEJUKTAMHU» DPAHHEro rnepuoia
3BOJIIOLIMH, KOTAA OCJIKM €llE He MPUOOpeIn Tako-
r0 3HaY€HUs1, KaK B TMOCJIEAYIOLLME NEPUOIBI.
Tpanciokamusa — TpeTbsi cTanus ioHraunu. K pu-
0ocoMe npucoeanHsieTcst ¢akrop 1oHraunu EF-2
M 3a cYe€T sHepruu I'TD npoasuraer pubOCOMY IO

MPHK Ha omun komgoH Kk 3'-xoHuy. B pesynbrare
aunentuania-TPHK, xotopast He MeHsieT ¢Boero no-
JoxeHusi oTHocutebHo MPHK, n3 A-ueHTpa nepe-
Mewiaercss B P-ueHTp. CBoOOAHAsi OT METUOHMHA
TPHKM" nmokuaaer pudocomy, a B 061acTb A-LIeHT-
pa norajaer cieayouuridi KoaoH (puc. 4-40).

I'lo 3aBepllieHUM TPeTbEi CTamMK IJIOHTALMHU PU-
oocoma B P-nentpe umeer aunentuami-tTPHK, a s
A-LIEHTp MOMAaAaeT TPUILIET, KOAUPYIOLLUH BKJIO-
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A-ueHTp cBobOaeH

Puc. 4-40. Ctapua TpaHcnokaunn. K pubocome npucoeamHsietcst paxktop anonraumn EF-2, n 3a cyét sHepruv I'TO npopsuraeT puo-
comy o MPHK Ha oauH KofoH K 3'-koHuy. Mentugun-TPHK, He meHsas ceoero nonoxenns otHocutensHo MPHK, s A-ueHTtpa nepeme-

waetcs B P-ueHTp.

4YeHHE B MOJUNENTUAHYIO LEMNb BTOPOH aMMHOKMC-
JI0Tbl. HaunHaetcst cneayrolmii UMKIT CTailuK 10H-
rauuu, B X0I€ KOTOPOro Ha pubocome CHOBA Mpo-
XOJISIT BbllI€OIIUCAHHbIE cOoObLITUS. [loBTOpeHHe
TaKUX [{UKJIOB MO YMCY CMbICAOBBIX KOJ0HOB MPHK
3aBeplUaeT BeCh 3Tan 3JAOHTaLMMU.

3. Tepmunauusn

TepMuHAUMS TpaHCISLMKW HACTYIaeT B TOM CJIy-
4ae, Koraa B A-LIeHTp pMOOCOMBI [IONA/IACT OIUH U3
cron-kogoHoB: UAG, UAA unu UGA. das cron-
KOJOHOB HET cooTBeTcTBYIOWMX TPHK. Bmecro 310-
ro K pvubocoMe MPUCOCUUHSIIOTCS 2 BGEIKOBBIX BbIC-
Boboxnaroiux pakropa RF (ot aHrn. releasing factor)
unu gakropa TepMuHauuu. OIMH M3 HUX C MOMO-
LIbIO MENTUAMATPAHC(EPA3HOrO LEHTPA KATATU3U-
PYET THIPOJUTHYECKOE OTLLEIICHUE CUHTE3UPOBAH -
Horo nentuaa or TPHK. pyroi 3a cuy€T aHeprumn
rugponnsa ['T@ Bri3bIBaET AMCCOLMALUIO PUDOOCO-
MbI Ha CcyObeauMHMUBI (puc. 4-41).

WIHTepECHO OTMETUTh, UTO (PaKTOPbl TPAHCIISILIMHU,
peanusytomme 3oekTbl 32 cUET ruapoausa I'Td,
SIBJSIIOTCSL WieHaMU cyrnepceMeiictBa G-0enkoB, B
Kotopoe BxoadT G-0e/iKu, YYacTBYIOLLIME B TpaHC-
JYKLHMU CUTHAI0B TOPMOHOB U IPYTUX OUOJIOTUYECKU
aKTUBHbIX BellecTB, M Ras-0enku, HyHKLHUOHUPY-
IolMe Kak (aktopbl pocTa (cM. pasaenbl 11, 15).
Bce G-06esku ¢BS3BLIBAKOT U ruapoausyoT ['Td.
Koraa onu csszanbl ¢ I'T®, to akTUBHLI 1 y4a-
CTBYIOT B COOTBETCTBYIOLIMX MeTabOIUYECKUX
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1IPOLIECCax, a Korla B AKTUBHOM LIEHTPE B pe3yJib-
tate ruapoauza ['TD rnpespawaercst B [AD, atH
Oe/IKM NpuoOpeTaloT HeaKTUBHYIO KOHMOpMALUIO.

Takum obpa3zoM, MaTpuuHasi npyMpoaa Mpouec-
Cd TPAHCIISILMUI MPOSIBASETCS B TOM, YTO MOCEA0-
BaTe/IbHOCTb MocTyrieHus: amuuoanmi-TPHK B
pubOCcoOMy JUIsl CUHTC3a Oe/iKa CTPOro JeTepMUHU-
posaHa MPHK, T.c. nopsiiok pacronoxeHus Ko-
110HOB Baojab uenu MPHK oaHo3HayHo 3amaér
CTPYKTYpPY CUHTC3UpyeMoro oejika. Pudbocoma cka-
HupyeT uenb, MPHK B Buae rpurnietoB u nocieno-
BATEJILHO OTOMpPAET M3 OKPYXKAIOLIEH CPEbl «HYXK-
Hbic» aa-TPHK, ocBobGoxnas B xole 310Hrauuu
JeaunamnpoBaHHble TPHK.

Manast 1 60jbluas cybbenMHUUL pubOCOMBI B
npoilecce TPAHCISLMU BbITOIHSIIOT pa3Hble (YHK-
uMu: Manasa cyobenrtuila npucoeaunsiet MPHK u
ackosunpyetr mHpopMaunio ¢ nomotibo TPHK un
Me€XaHU3Ma TpalcJioKauuu, a 0oJjiplias cyobenu-
HULA OTBETCTBEHHa 3a oDOpa3oBaHWe MENTHUAHBIX
CBsI3eH.

I'. IToanrPusoCcomMbl

B nipoutecce cuHTesa Oenka pudocoMa npucoe-
nuHsieres k S'-koHuy MPHK u nepemeunaercs B
HanpasineHuu 3'-koHua. INpu sToM 5’-koHert MPHK
0CBODOXAAETCS, U K HEMY MOXET MPUCOCAUHUTD-
cs1 HoBast pubocoMa, Ha KOTOpOW HauyMHaeTcsl pocT
ci€ ONnHOW noaunentTuaHoi uenu. Kak npasuio,



Rentnann-TPHK

i1y

Puc. 4-41. TepmuHauus cuHTe3a 6enka.

MHOTO pPUOOCOM OJHOBPEMEHHO Yy4acTBYeT B CHH-
Te3e Oenka Ha oaHoi u Toit ke MPHK, oGpasys
KOMIUIEKC, KOTOPBIA Ha3bIBAIOT MOAUPUOOCOMOIA,
WM TIOIMCOMOI (puc. 4-42).

Kaxnast pubocoma 3aHumaer Ha MPHK y4ac-
TOK JUIMHON 0KOJ10 80 HYKJICOTUAOR, MOITOMY pU-
6ocombl pacnionaraiotcst HAa MPHK ¢ unreppaiom
npuMepHo B 100 HykneoTuaoB. Yem anuHHee To-
JIMMENTUIHAS LEMOUYKA CUHTE3UPYEMOro Oesika, Tem
Gosiblte pUOOCOM MOXKET OJHOBPEMEHHO OCYylle-
CTBASITb CUHTE3 3TOr0 0ejKa, 3HAaYMTEIbHO YBEJIU-
yyBasi TaKUM 00pa3oM 3PpPEeKTUBHOCTb UCMONB30-
BaHWSI MATPHULIbL.

Nentuann-TPHK

L1y

CrobBoaHbiA
norwmnenTug

Kaxnasi pubocoma criocodHa KatanuupoBaTh 00-
pasoBaHue okoji0 100 menTUaHbBIX CBS3EU B MUHYTY.
[ToaupuboCOMBI MOIYT CYLLECTBOBaThL B BHAE 4dc-
THIL, MJ1aBAIOIIMX B UMTOMAA3ME KJIETOK, WM MOTYT
ObITh cBsI3aHbl ¢ DP. CBOOOHbBIE LIMTOMIA3MATUYEC-
KHe TMOoMUpUOOCOMHBIE YaCTHILIbI OTBETCTBEHHbI 3a
CHUHTE3 OEJKOB, BbIMOJHSIOIIMX BHYTPHUKIETOUHBIE
yHkuuu. Nonupubocombi, aCCOLMUPOBAHHBIE C
AP, noa 2A€KTPOHHBIM MUKPOCKONOM HMMEIOT BHI
«1IEpOXOBATOM» T10BEPXHOCTH. bBesIku, cuHTe3Uupy-
€MBble «IIEPOXOBaThiM» DP, NOIKHBI TPAHCIIOPTH-
pOBAaTLCSl 4EPE3 MEMOpaHy [sl TOro, YTOOBI OHMU
JOCTUIJIM MeCTa OKOHYATEIbHOM Nokanuzauuu. Ais
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Puc. 4-42. CunHre3 6enkoB Ha NOnMPUGOCOMHOM KOMMnekce.
MsaTe pu6ocoM CHUTLIBAIOT MH(OPMaLMIO, cogepxaLiytoca 8 MPHK.

HUX XapaKTepHO IPUCYTCTBUE Ha N-KOHIIEe JUIep-
HOW, WIA CUTHAJIBHOM, IOCIECAOBATE/IbHOCTH [JIU-
Hoit oT 15 mo 30 aMMHOKMCJIOTHBIX OCTAaTKOB,
KOTOpast COAEPXUT MHOIO aMMHOKWCJIOT C TMIApO-
¢oOHBIMM paguKanaMyu M 00ecreyrMBaeT MpPOXOX-
JieHWe Oenka uyepe3 JMIMAHBIN GUcIoil MeMOpaH.
Hexkotopbie u3 3TUX GeNKOB sl JajbHEHIIETO
TPaHCIIOPTa YIAKOBBIBAIOTCS ammapatoM [ oJIbmku
B CEKPETOPHEIE TPAHYJIBI.

JI. TIOCTTPAHCJIISUMOHHBIE MOAU®UKAIIUA
MOJUNENTAAHONA LEIMH

HoaunenTuaHbie NN MOI'YT NnOABECPraTrbCs

CTPYKTYPHBIM MoaubHuKanuaM, Jubo Oymyun eine
CBSI3aHHBIMM C pHOOCOMaMHM, JHOO IIOCEe 3aBep-
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IHEHUS CUHTE3a. TU KOHDOPMAILMOHHBIE U CTPYK-
TYPHBIE U3MEHEHMS TTOJUTICNITUIHBIX LeIel Moy-
YA Ha3BaHME TIOCTTPAHCIILIMOHHBIX U3MEHEHMIA.
OHU BKITIOYAIOT yHajieHWE YacTH TIONMIICITHIHOM
LIENTM, KOBAJEHTHOE MPHUCOEIUHEHHE OTHOIO WM
HECKOJbKUX HU3KOMONEKYISIPHBIX JIMTAHAOB, TIPU-
obpereHre OeIKOM HaTHBHOM KOH(OpMALHH.

MHorue MoauduKauuM ocyliecTsisorcs B OP.
3nech mpoucxonsT (GOAIMHF MOJMIENTHIHBIX leneH
u (GopMHUpOBaHHE YHHMKAILHON TPETUYHOU WIH
YETBEPTUUYHOM CTPYKTYphl OenkoB. [lpuuyém mus
MOJIEPKAaHUS HATUBHOM KOH(MOpMaLMK MOJEKY
OrPOMHOE 3HAYECHHE MMEET MpaBUJibHOE (POpMHUpO-
BaHME IUCYIb(QUIHBIX CBA3EH.

YacTrynblii NpoTeonu3

MHorue 6€1KH, CeKpeTHPYeMBbIe U3 KJIETOK, TIep-
BOHAYAJIbHO CHHTE3UPYIOTCS B BUIE MOJIEKYJI-TIPE/-
HIECTBEHHUKOB, (YHKIIMOHAJIbHO HEAKTHBHBIX.
YaaneHue yactd NOJMIENTHAHON LT crielnpu-
YeCKMMM 3HIOMNPOTea3aMU NPUBOIUT K 00pa30Ba-
HMIO aKTMBHBIX MOJieKyn. Hekoropsie Oenku-npen-
HIECTBEHHUKH pacllerisiiorcs B OP wiv anmnapare
Tonbmxu, apyrue — mocne cekpeuuu. Tak, Heak-
TUBHBIE MPEIIIECTBEHHUKH CEKPEeTUpPYEMBIX dep-
MEHTOB — 3UMOT€HbI — 00pa3yloT aKTUBHbIN (hep-
MEHT TOCJI€ pacuIeIUIEeHUs MO OIpEeaeAEHHBIM
yYacTKaM MOJIEKYJBl: 3MUMOTEH TMaHKpeaTH4eCKOoi
KeJie3bl TPUIICHHOTEH TIpeBpalllaeTcsl B aKTUBHBIN
TPUIICHH IIOC/I€ CEKPELIMM B TOHKMII KMIICYHHMK.

HarisgaHbiM npuMepoM MOCTIEI0BATEIBHOTO ABYX-
CTaAMIHOrO IMpOTEON3a CIYXKHUT 06pa3oBaHUE aK-
TUBHBIX (POPM IENTUOHBIX TOPMOHOB (HAIpUMeED,
HMHCYJMHA WIM DJIIOKaroHa) M3 IperpoOropMOHOB.
IlepBoHayanbHO N-KOHILIEBOI CHMTHAIbHBIN TMENTHI
MOJIEKYJIbI-TIPEALIECTBEHHMKA ynaisercsi B OP B
npoiiecce CUHTe3a 6eka U 06pa3yeTcsl HEAKTUBHBII
MPOrOPMOH. 3aT€M IPOTOPMOH B CEKPETOPHBIX Ipa-
Hynax, GopMHpYIOILMXCSI B arnmapare [obaxu,
MOJBEPraeTCs AeHCTBHIO SHI0- M/WIN 3K30I1pOTeas
W TIPeBPAILaeTCsi B aKTUBHBIA TOPMOH.

KoBanentHble Moauduxanuu

CTpyKTypHBIE 0€AKH U (PepMEHTBI MOTYT aKTH-
BUPOBAThCSI MJIM MHAKTHBUPOBATLCS B pE3y/bTare
TMPUCOETUHEHUs PA3TUYHBIX XMMHYECKHMX TPYIIIL:
dochaTHbBIX, alUTBHBIX, METWJILHBIX,: OJIMTOCaxa-
PHUIHBIX M HEKOTOPLIX IPYTHX.

®ochopuwmpoBanie GCJIKOB OCYLIECTBIISIETCS 10

TUAPOKCUJIBHBIM TpYIIaM cepuHa, TPEOHWHa



H, peXe, TUPO3WHA (PepMEHTAMH M3 TPYIHIbI
NpOTEMHKMHA3, TOrma Kak aedochopwinpoBa-
HHE KaTATM3UPYIOT THAPOINTHYECKIE (hepMeH-
Tol oconpoTerHpocdarasbl (cM. pasaen 2).

[nuko3wmposanne. benku, BXOMAIUME B COCTaB
IDIa3MaTHYECKUX MeMOpaH WIM CEKPETHPYIO-
IIHeCA M3 KJIETOK, TOABEPraloTcsl TIIMKO3WIN-
POBaHMIO. YIJIEBOOHBIEC LENM NMPHUCOCAUHSIOT-
cA 110 THUIPOKCWIBHBIM TpPYIIaM CeprHa WIA
TpeoHHHA (O-IIMKO3WINPOBaHKUE) JIMOO acra-
paruHa (N-mmko3wmpoBanme). Ilocnenoa-
TeJIbHOE HapalllMBaHHE YIJIEBOAHOTO (pparMeHTa
nporcxomut B OP u anmapare I'oabmxu.

MHoOroYnciaeHHBIM Moau(UKaUIM TOABEpra-
10TCSI OOKOBBIE PamHMKalbi HEKOTOPBIX aMUHO-
KHUCJIOT: B TMpeOor1o0yInHe HOAMPYIOTCS OC-
TaTKM TUPO3WHA; B (haKTOpax CBEPTHIBAHUS
KPOBH KapOOKCHJIUPYIOTCS OCTaTKH TIIyTaMa-
ta; B ODP (ubpob1acTOB TMAPOKCHINPYIOTCS
OCTATKM TPOJMHA U JIM3MHA B LEMSAX TPOIMO-
KoOJIIareHa.

V.. A(HTUBUTOPbI MATPUYHbIX
BWOCUHTE3OB

CyuiectByeT GoJibliiasi Ipyrina BELIECTB, WHTH-
oupyroniast cunre3 JHK, PHK wm Genkos. He-
KOTOphIE U3 HUX HAIUIM NMPUMEHEHHE B MEAMLIMHE
JUTSL JIeYyeHUsT MH(PEKIMOHHBIX O0Ne3HEH U OmyXo-
JIEBBIX HOBOOOpPA30BaHUM, a APYrWe AJS1 YEIOBEKa
0Ka3aJIuCh TOKCHHAMHU.

JleficTBUe MHTMOUTOPOB MAaTPHUYHBLIX OMOCHHTE-
30B KaK JIEKAPCTBEHHBIX IPENapaToB OCHOBAaHO Ha
moaudukauuu Matpul: JIHK, PHK, 6enoxkcuHte-
3UPYIOLIETO annapara (pexuie Bcero, pubocoM) wim
Ha WHakTHBaUuWK (bepMeHToB. LleHTpasbHOE MECTO
Cpel HUX TIPUHAUTEXUT aHTMOMOTHKAM — pa3Ho-
00pa3HBIM MO0 XMMHYECKOMY CTPOEHHMIO OpTraHHYeC-
KUM COEIWHEHUAM, CUHTE3HPYEMBIM MMKPOOpTa-
HU3MaMH, DNIAaBHBIM 06pa30M, MUKPOCKOTTMYECKUMH
rpubaMu, U CIIOCOOHBIM B MaJIbIX KOJIMYECTBAaX OKa-
3bIBaTh M30MparelbHOE TOKCHYECKOE AEHCTBHE Ha
JIpyrvie MUKpPOOPTaHW3MbI (Tab. 4-5).

A. UHTMBUATOPHI PEILIMKALIUM —
TIPOTUBOOITYXOJIEBBIE TTPEITAPATBI
AHTHOMOTUKM, B3aumopneiicteyromune ¢ JHK,

HapylIIAloT €€ MAaTPUYHYIO (DYHKLMIO U BBI3BIBAIOT
MOJABJIEHUE IPOLECCOB PEIJIMKALUM U TpaHC-

kpumiun. IX UCTIONB3YIOT TS JIe9eHs 3JI0Kaue-
CTBEHHBIX HOBOOOPa30BaHUM M Ha3bIBAIOT MPOTHU-
BOOIIYXOJIEBLIMM IMpenapartamMu (cM. paszen 15).
JlayHOMUIIMH, JOKCOPYOUIIMH M HEKOTOpPBIE ApY-
rue B3auMoaekcTByloT ¢ Mojekyiaoi JTHK Takum
00pa3oM, 4YTO LWKJIMYECKAsT CTPYKTypa 3THUX aH-
TUOHMOTUKOB BCTpamBaeTCsl («MHTEpKaJIUPyeT»)
Mexnay nmapamMu ocHoBanuii G=C, a yrjeBon-
HbBI KOMITOHEHT 3aHMMaeT Maryto 6oposnky JJTHK
(puc. 4-43). 310 Ben€T K JIOKATLHOMY H3MEHE-
HUo cTpyKTyphl JJHK M MHruGHpoBaHMIO Periu-
Kallud ¥ TPaHCKPHITIIUH.

K «uHTEpKansiTopaM» OTHOCAT TaKKe aHTUOMO-
THK aKTUHHOMHULIMH D, 610okupyronimii cunres JJHK
u PHK y npo- u 3ykKapuoToB. DTO COE€OUMHEHHE
CJIMILKOM TOKCHUYHO, YTOObl HCIOJIb30BaTh €ro B
KIMHUYECKUX LIEJISIX, HO €r0 HIMPOKO MCITOIb3YIOT
B HAy4HO-MUCCJICAOBATEIbCKOM paboTre ISl H3yye-
HHS IPOLIECCUHTA IEPBUYHBIX TpaHCKpuUnToB PHK.

M36upaTeIbHOCTh ACMCTBUS MPOTUBOOIIYXOJIE-
BBIX aHTHOMOTHUKOB HEBEJIMKA U 0O0ecrieumBaeTcs
0oJiee BBICOKOM IO CPaBHEHUIO C HOPMaJbHBIMU
kieTkamu ckopoctbio cuHTe3a JIHK u PHK, a Tak-
K€ TMOBBINICHHON NMPOHUIIAEMOCTBIO KJIETOYHBIX
MeMOpaH OITyXOJIEBBIX KJIETOK. B TO Xe BpeMst 3Tu
COCIMHEHMSI TOKCUYHBI IJI OBLICTPOMEISIIIMXCS
HOPMaJIbHBIX KJIETOK OpraHM3Ma, TaKHUX KakK CTBO-
JIOBbI€ KJIETKH KPOBETBOPHOM CHCTEMBI, KJIETKH
CJIM3HCTOM 000JIOUKY XKEIyaKa U KMIIIeYHUKa, (oJI-
JIMKYJIOB BOJIOC. B MocnefHWE roAbl MPOBOASATCS
MCCJIEIOBaHUS 10 CO3IaHUIO TIPENApaToB, obecne-
YUBAOLIMX JOCTaBKY MHTMOMTOpPA TOJBKO B OIy-
XOJIEBbI€ KJIETKU. DTO JAOCTUIAETCS CBSI3bIBAHHUEM
HMTOTOKCHYECKUX aHTUOMOTUKOB C OeJIKaMH, pe-
LIETITOPbI K KOTOPBIM MMEIOTCS TJIaBHBIM 06pa3oM
Ha ONyXOJEBbIX KJIETKax (CM. pasaen 15).

K mpenapaTaM, oCTaHABIMBAOLIMM PEILTMKALIMIO,
OTHOCSIT AIKIWHpYIOIMe areHTbi 1 marnouTopbi JTHK-
Tonou3zomMepaspt 11 (omHOM U3 M30OPM TOMOM3OME-
pa3). [locnenHve Ha3bIBAIOT MHIMOMTOPAMU TMpa3,
nockoibky JHK-rupasst — ¢GepMeHThl IpoKapHo-
TAYECKUX KJIETOK, OTBETCTBEHHBIC 3a CYTIepCIIMpa-
mzauvio JJHK; y 3yKapyuoToB aHAIOIrMYHYI0 (PyHK-
umto BbmosHsror JJHK-Tomomsomepaser. M3BecTHO,
YTO TPAHCKPUILMSA HEKOTOPHIX T€HOB BO3MOXHA
JIYILIb TIPYW ONpeleNIEHHOM YPOBHE CyTepCIHMpai3a-
i Marpullbl. CoeqMHEHMS, BMEIIMBAIOILMECT B
pabdory AHK-rupas, Moryr HHTHOMpOBaTh WIM aK-
tuBupoBath cuHTe3 PHK. K mnHru6uropam rupas
NpUHAUIEXAT HATWIUKCOBAsI KMCJIOTa, HOBOOHMOLIMH
U HOMEDMMILIVH.
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Puc. 4-43. CTpoeHne «MHTepKansiTopoB» — fayHOMMULMHa U aKTUHOMMUMHA D.

B. UHrMBUTOPBI TPAHCKPUIILIUM
N TPAHCJIAIIMUA — AHTHUBAKTEPUAJIbHBIE
IIPEITAPATBI

K MHruouropaM MaTpU4YHBIX CUHTE30B, OKa3bl-
BaIOIMM TIPOTHBOOAKTEPUATBHOE AEHCTBUE, OTHO-
caT BemuecTsa, Onokupyoomue cuares PHK win
6enka. B 3Ty rpynimy BXOAMT 1UUPOKO IPHMEHsIE-
MBIIi B KIMHUKE puGaMITMIIVH, MMOJy4yaeMbld Ha
OCHOBE IPUPOJHOTO aHTUOMOTUKA PUDAMUIIMHA.
AHTUOUOTHKHA M3 ceMeicTBa pudaMULMHOB HMH-
rubupyIoT ToNbKO GaktepuaibHylo JIHK-3asucu-
myio PHK-nommepa3sy, cBsi3bIBasCh C B-cyObenu-
HULeH depMeHTa U TpPensaTCTBYA MHULMALUU
TpaHckpunimu (puc. 4-44). X NpuMEHSIOT LA
JiedeHus1 TyOepKy/€3a, TaK KaK 3TH NpeTiapaThl HE
BIUSIIOT Ha pabory smepHbIX PHK-nommepas ayka-
PUOTHYECKHX KJIeTOK. OIHAKO OHU MOTYT WHIH-
GupoBaTh cuHTE3 MuToxoHnpuanbHbix PHK, xotst
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J03bI TIperapara, Nmpy KOTOPbIX Giokupyercs 00-
pasoBaHue MuroxoHIpuaibHeix PHK, Bbiie Tex,
YTO WCIOJB3YIOT B Je4eHUH MHGEKLUMOHHOIO 3a-
foseBaHus.

Bospliast rpymmna aHTUOMOTHKOB SIBJISIETCST MH-
ruoUTOpaMM TpaHcasyu (puc. 4-45). TeTpauuK-
JTUHBI, SPUTPOMMLNH, TTyPOMULMH, X10pambeHn-
KOJI U aMUHOTJIMKO3MbI. Tak, onuH U3 Haubonee
M3BECTHBIX aMHUHOIITMKO3WIOB CTPENTOMMIMH HH-
rubMpyeT MHULMALIMIO CUHTE3a OeIKa y MpoKapu-
OTOB ¥ BBI3bIBAET OIIMOKM B TIPOYTEHHMH HHEPOP-
manuu, 3akogupoBaHHoi B MPHK. Ero 4acro
HA3HAYAIOT TIPY JIEYEeHNH MHGEKUIMOHHBIX 3a00J1e-
BaHMii cepaua. K aHTUOMOTUKAM 1LHMPOKOTO CTeK-
Tpa JEeUCTBMSI OTHOCST TeTpauMKmmHbl. OHM CBs-
3piBatoTcsa ¢ 30S cyOpeguHUIEH pUOOCOMBI U
onokupyloT npucoenuHerive amuHoauwi-TPHK B
A-LeHTp pnOOCOMBbI, TEM CaMbIM Hapyllasl 3JIOH-
raiuio MOJMITENTHIHOM 1enu. TeTpauuKIuHbl 3¢-



Tabnuya 4-5. AHTUBMOTUKM — MHIMBMTOPBI MaTPUUHBIX GMOCMHTE30B KaK NeKapCTBEHHbIE Npenaparsbi

AHTHOHOTHKH Mexanusm
JeHCTBHSA

HHrubuTopsl

pPeILIMKANHH

JlayHOMHIIMH Brenpstotcs («MHTepKaIupyOT») Mekay napamu ocHoBanuii JIHK u Hapymniator

JoxcopyOuiux pennMKauuIo U TPaHCKPHUIILHIO

AKTHHOMHLIMH D

Mendanan AnxunupyeT JJHK n Hapymaer penukanuio

HomepMuin Hnrrubupyior JJHK-romonsomepa3y I1, OTBETCTBEHHYIO 32 CyNepCIHPAIH3aLUI0

HoBobuoruy JHK, HapymaioT pelviMKalHio U TPAHCKPUIILHIO

Hurnbéuropsr

TPAHCKPHIILHH

PudamMuiHe! CaszpiBatotes ¢ OakTepraipHoii PHK-momumMepasoii 1 npensTcTByOT Hadary
TPAaHCKPHITHHU

HNnrnouTopsl

TPAaHCJIAHA

TeTpauMKINHBL Hurubupyrot snoHranuio: cBsseiBarotTcs ¢ 30S cybbequHuiei pubocoMsl U
6moxupyror npucoegunenue aa-TPHK B A-neHtp

JleBoMHLIETHH Ipucoenunsiercs k S0S cy6penuHUIIe pHOOCOMBI U HHTHOUpYET
nentTuauITpaHcepazHyo aKTHBHOCTb

OPUTPOMHLIMH Ipucoenunsiercs k 50S cy6benunuIe pubOCOMBI U HHTHOUPYET TPAHCIOKALHIO

CrpenToMHuIIUH WNurubupyet nHunpauuo TpaHcsauuu. Ces3biBaercs ¢ 30S cyObeiuHULCH
pubOCOMBI, BEI3BIBAECT OUTHOKH B IpOUYTeHHH HHPOopManuy, 3akoaupoBanHoit B MPHK

¢eKTUBHBI B OTHOILUEHMU BO3OYAUTENEH MHOTMX
6one3HeH. JlesomuneTun (xji0paM@eHUKON) TaKxke
OTHOCSIT K aHTUOMOTUKAM IWHMPOKOTO CIIeKTpa Jei-
crBusi. OH MHrMOMpPYeT CHHTE3 DeJiKa 3a CYET NpHU-
coeuHeHMsT K 508 cyObeauHulle pubOOCOMBI, IO-
JIaBJisisl MenTUIuITpaHchepa3Hyl0 aKTUBHOCTD.

enmmuuHbI 1 1edaJoCOPHHBI OTHOCST K TPYTI-
ne B-JJaKTaMHBbIX aHTUOMOTUKOB, MPOAYLIMPYEMBIX
IUteCeHbl0 1TamMMa Penicillum. B cTpyKrype 3THX
MOJIEKYJI [IPUCYTCTBYET PEAKIIMOHHO-CITOCOOHOE B-
JIAKTAMHOE KOJbII0, Bhi3biBalolllee MHTMOMpPOBaHUE
CHHTEe3a KJIETOYHBIX CTEHOK Y rpaMOoTpULaTeIbHBIX
MUKPOOPraHu3MoB. JleAICTBHE 3TUX aHTUOHMOTHKOB
HarpaB/I€eHO Ha (epMeHT, obecrieunBalolli 00-
pa3oBaHuKE TOMEPEYHbIX CBSA3CH B CTPYKType Oeli-
KOB KJIETOYHO# cTeHKM Oakrtepuii. HeoOparmmoe
WHTAOMpOBaHME aKTHBHOCTH 3TOro (hepMeHTa Be-
JET K 00pa3oBaHUIO0 M3MEHEHHBIX KIIETOYHBIX CTe-
HOK U rubenu Gakrepuii B Tpolecce pa3sMHOXe-
HHUS.

Hano cka3arp, 4To npenaparsl aHTHOAKTe pHaJIb-
HOI1 TPYTINBl OTJIMYAIOTCSI BBICOKOW M30MpaTeIbHO-

PudammnuvH B(R;= H; R,= O-CH,- COOH)

+
Pucamnuumn (R,=CH= N N-CH;; R,=OH)

Puc. 4-44. AHTUOMOTHKM U3 ceMeNCcTBa PUDAMULIMHOB.
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Puc. 4-45. HekoTopbie aHTHOMOTUKM—MHIrMGNTOPLI CHHTE3a
GenkoB y NPOKapHoTOB.

CTbIO M CPaBHUTEJIBHO MaJIO TOKCHYHBI JUIS YeJIo-
BeKa. DTO OOBACHAETCS Pa3IMYMSIMU B CTPYKTYpPE
PHK-nomiMepas, PHK u 6ei1xoB pubocoM B 3yKa-
PHOTHYECKHUX M MPOKAPUOTHYECKHX KJIETKaX.

B. Burychl 1 TOKCMHBI — MHTUBUATOPHI
MATPUYHBIX CHHTE30B B DYKAPMOTHYECKHX
KJIETKAX

Bupychbi

I'eHeTHYeCKHIf MaTepHial BHDPYCOB TIPEJCTaBlIEH
mosnekyaoi JJTHK wiu PHK. OH, xak npaBuio, He-
BEMK M COIEPXUT MHQPOPMALIMIO JHILb O HEKOTO-
pBIX crieluduiecKnx Genkax u depMeHTax, HE00-
XOOMMBIX IS PEIPOXYKIIMM BHUpyca (HarpuMmep,
BHPYCOB OCIIbI, TPHUIINA, TTOJTHOMHEIINTA, TeIaTUTa).
Bckope mociie 3apaxeHHs ¢ BHICOKOM CKODOCTBIO
HaurHaetcs1 cuHTe3 BUpycHbiX IHK, PHK u 6Gen-
KOB C MCMOJIb30BaHUeM (hepMEHTOB U OEJIKOB, CyO-
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CTpaTOB MU MCTOYHMKOB 3HEPTMM KJIETKHM XO3STMHA.
IIpu sTOM B MHGUIIMPOBAHHBIX KJTETKaX IIpeKpa-
LAETCSI CMHTE3 HYKJIEHMHOBBIX KUCIOT W OEJNIKOB,
CBOMCTBEHHBIX OPraHM3My XO3siMHa. Penpomykiiust
BUPYCHBIX YaCTUILI MAET BIUIOTH A0 TMOEIH 3apaxXeH-
HOM KIIETKM.

Tokcunbl

IIpuunHO# TMGENU niomeil MpU OTpaBIEHUH
6nenHoil moraHkoN Amanita phalloides siBnsercs
TOKCUH — O-aMaHWTHH, KOTODPbIA CONEPXHUTCS B
Teje rpuba U BbI3bIBaeT HeOoOpaTUMylo AUCGHYHK-
LIMIO MTIEYEHU U ToueK. BbICOKass TOKCUYHOCTD 3TO-
rO COCIMHEHUS JUISl YeJIOBEKA CBSI3aHA C TEM, 4TO
OHO MHrMOHUpyeT 3yKapuotuueckue PHK-nonmume-
pa3bl. HauGomblIyio YyBCTBUTEIBHOCTD K STy 00-
HapyxuBaer PHK-nonuMepasa 11, karanusupyio-
was cuntes MPHK. [lns a-amanutuna LD, (n03a
per os, TIpA KOTopoi norudaet 50% auLl, MOIy4YHB-
LUMX TOKCHH) cocTasisieT 0,1 mMr/kr Maccel Tena.

Ype3BBIYaifHO TOKCHYEH OCJIOK PHIIMH, BbIIEICH-
HBIH U3 KJIELEBUHBI OOBIKHOBEHHOM. OH npeacTaB-
JisteT coboi N-TIIMKo3mia3y, KoTopasi yIaiseT OquH
octatok aneHuHa u3 28S pPHK 6Goabuioit cyone-
JUHULIBI pUOOCOMBI 1 UHTUOMPYET CHHTE3 Oenka y
3yKapuoToB. PUllMH — OEIKOBBI KOMIIOHEHT Ka-
CTOPOBOTO Macja, MHOIZA MCHOJIb3yeMOTO B Kaye-
CTBE CJIA0UTENBHOIO CpeAcTBa. M3-32 BHICOKOM TOK-
CHMYHOCTH PHMIIMHA JIEYEHUE KAaCTOPOBBIM MacJIOM
MIPOBOMSAT KOPOTKUMH KypCaMH, TaK KaK JUTUTEIThb-
HO€ YTOTpeOJICHHE MOXET BbI3BaTh HEIpeKpalla-
IOLMICS TTIOHOC, HapylleHue paboThl KUUIEYHHKA
U Jaxe rubesib 00IBHOTO.

Y 4enoBeka pa3BUTUE HEKOTOPHIX Oakrepuaib-
HbIX MHOEKIUN CONMpPOBOXIaeTcsl MHTMOMpPOBa-
HMEM MaTpUYHbBIX CHUHTE30B. Haubosee u3yyeH-
HBIA NpUMep — HMHTHOMPOBAaHHE CHHTe3a OeIKOB
B KJIETKax CJIM3UCTOH OOGOJOYKH 3¢Ba M TropTa-
HHU DHTEPOTOKCHMHOM BO30yguTensi audrepuu
Corynebacterium diphteriae. HexoTopble 1LITaMMbI
3TOTO MAaTOreHHOIO0 MUKPOOPraHK3Ma NoyyaloT reH
TOKCHHA OT 6akTepHabHOTO BHpYcCa, Ha3bIBaEMO-
ro B-¢daroMm, kotopbiii UHGUUIMPYET OaKTEpUIO M
HHAYUHMPYET CHMHTE3 TOKCHMHA — OJHOLIEIIOYEYHO-

_T0 Genka ¢ Moseky/sipHoi Maccort 60 xII. B um-

TOTUTa3Me KJIETOK XO3sIHHA TIOJ BIMSIHUEM TPOTEO0-
JATHYECKMX (HPEPMEHTOB TOKCHH pacCIICIUISIETCS Ha
2 ¢parMeHTa, OIMH M3 KOTOPBIX SIBIITeTCS (hep-
MeHToM AJI®-pubosmaTpaHchepazoin. IToT dep-
MeHT KatanusupyeT AJP-pubo3uivpoBaHne u



MHaKTUBalMio (akropa anonrauuu EF-2 no pe-
aKLUu:

EF-2 + NAD* - AA®-pubosmi—EF-2 +
HUKoTHHamug + H*.

B ycroBusix in vitro 9Ta peakuusi obparuma, HO
mpy pH ¥ KoHIIeHTpalludk HMKOTMHaMHAA, KOTO-
phle CYILECTBYIOT B KJIETKAaX, OHA CTAHOBHUTCSA HEO-
opatumoit. Monudukanus ¢akropa EF-2 Hapyia-
€T TPAHCJIOKAIIMIO pUOOCOM, BEAET K IIpeKpallieHUIO
GHOCHHTE3a 0eJKOB B MHOMUIIMPOBAHHBIX KJIETKAX
M K ux rubenu. C neiiCTBUEM TOKCUHA CBsI3aHBI OC-
HOBHBIE CHUMITTOMBI AudTepun.

OnucaHel ¥ Jpyrde TOKCUHBI OaKTEpHUaTbHOTO
U PaCTUTEBLHOTO MTPOMCXOXACHUS, THTUOUPYIOLLIKE
CHHTE3 U (QYHKUMOHATBHYIO aKTMBHOCTH O€/IKOB
yTéM AJ1P-pubo3rIMpoBaHUA UK MOTUDUKALIMI
pPHK.

I'. UHTEP®EPOHBI

Wnrepdeporsr — HeGonbluKMe 6€IKA (IIMKOIPO-
TEUHBI), COCTOSILIME MPUMEPHO U3 160 amMHOKNC-
JIOTHBIX OCTaTKOB. OHU CEKPETHPYIOTCS HEKOTOPBI-
MH KJIETKAMM ITO3BOHOYHBIX B OTBET Ha 3apaXKe€HHUE
BUpYCaMU U IIPETISITCTBYIOT PaclpOCTPaHEHUIO BU-
pycHOIt MH(pEKIIMU. DTOT KJIacC OSJIKOB CUHTE3UPY-
ercsl B MCKJTIOYUTENIHO MAIbIX KOJIMYECTBAX: OT Ha-
HorpamMmoB (10 r) mo mukorpammoB (10-2 1), HO
SIRISIETCSI OYeHb aKTHBHBIM HECIIELIM(PUYECKUM IIPO-
TUBOBUPYCHBIM areHToM (10°—10° emMHMII aHTHUBH-
PYCHOM aKTMBHOCTH Ha 1 Mr Genka). BTO COOTBET-
CTBYET CITIOCOOHOCTH OJTHOM MOJIEKYJTbI MHTEp(EPOHa
3alUMIIATh OT MH(EKLMU OOHY KIIETKY.

HexoTtopbie KOMIOHEHTH BHPYCHBIX YaCTHII
(vampumep, aByxuernodeyHas PHK) unayuupyior
CUHTE3 MO KpaiiHeit Mepe 3 TumoB uHTepdepo-
HOB. Y dYenoBeka MMelOTCS 14 reHOB, KOIHPYIO-
IIUX O-HHTEPGEPOHBI, KOTOPHIE MPOTYLIUPYIOTCS
B-numdounTaMu 1 MakpodaraMu, 5 reHOB B-UH-
TepdhepoHOB, 00eCIIeYMBaOIIMX 00pa3oBaHUE CO-
OTBETCTBYIOLIUX OeKoB ¢ubpobaacTtamu, U 1 reH
Y-HHTepGhEpPOHA, IKCIPECCUS KOTOPOTO HAET B
T-numdoiurax.

CBA3BIBAsICh C pelelITOpaMM Ha IUTa3MaThyec-
KOl MeMOpaHe 3apaXE€HHBIX KJIETOK, 3TH OeJIKH,
MoI00HO GEIKOBBIM TOPMOHAM, CTUMYJIUPYIOT CUH-
Te3 (epMEHTOB, cOCOOHEIX pa3pyiiath MPHK
BMPYCOB M TpEKpalllaTh CHHTE3 OeNKOB Ha pudo-
COMax, IPEITATCTBYSI TEM CaMbIM 3KCIPECCUHU BH-
PYCHBIX T€HOB B KJIETKaX 3YKapHOTOB.

HccnenoBanne MexaHu3Ma AeUCTBUS HMHTepde-
POHOB IOKA3aJI0, YTO OHU:

e UHTUOUPYIOT CUHTE3 O€JIKOB, HEOOXOAUMBIX ISt
peIUIMKalMi BUPYCOB,

e CTUMYJIMPYIOT CUHTE3 (PEpMEHTA OJMIOHYKJICO-
THANIOJIAMEPA3b, KATATM3HPYIOILIEr0 00pa3oBaHie
HeOOJIBIUMX KOJHYECTB KOPOTKUX OJIMIO3JeHHU-
JatoB: 2,5 -o;mro (A). OTH ONMTIOHYKIIEOTHIbI
SIB/ISTIIOTCS aKTUBAaTOpaMK pUOOHYKJIIeasbl — Gep-
MEHTA, PaCILEIUIIOIICIO MAaTPUYHEIE U PUOOCOM-
Hele PHK;

e CTUMYJIMPYIOT CHUHTE3 IIPOTEMHKHUHAa3bl, KOTO-
pas pochopuIMpyeT U, TEM CaMbIM, HHAKTH-
BupyeT (haktop MHULMaLuK elF2;

elF2 + AT® — eIF2—OPO_H, + AZI®.

B pesynsrare cuHTE3 Beex GeJIKOB B UMH(ULIMPO-
BaHHBIX KJI€TKax npekpaiaercsa. Kierku moruba-
10T, HO BMECTE€ C HUMH OCTAHAB/IMBACTCSI Pa3MHO-
XE€HUE BUPYCOB, U HAYMHAETCH BBI3IOPOBJICHHUE.
TakuM 06pa3oM, XepTBYsl HEOOJIBILIMM KOJIMYECTBOM
KJIETOK, OpTaHW3M 3allMILIaeT ceOsl OT OOJIE3HU.

B Hacrosiee BpeMsi UHTEPHEPOHBI, MOMYYEH-
HbI€ TPOMBIIUIEHHBIM ITyTEM C MCIIOJIb30BaHHEM
T€XHUKU KJIOHUPOBAHHUS T€HOB, IUMPOKO MCIIOJIb-
3YIOT TIpM JICYEHUH OOBIYHOM IMPOCTYABI, TPUIIIA,
MOJUOMMENNTA, BETPSHOM OCIbI, Iepreca, BUpyca
reraTuTa ¥ Apyrux MHpekuuit. Xopolue pe3yib-
TaThl ITOKA3bIBAaeT MCITOJIb30BaHHE MHTEP(EPOHOB
B T€palMu HEKOTOPHIX BUAOB 3JI0KAYECTBEHHBIX
OITyXOJIEM, IJIaBHBIM 00pa3oM, reMo0JIacTO30B (CM.
pasaen 15), XoTa UX poJib B XHMUOTEPAIIUHU OITyXO-
Jie 10 HACTOSIIIEr0 BPEMEHM OCTAETCA MAaJIOIo-
HSATHOM.

VII. PErnsuund aKCrnrPeECcCuum
FEHOB VY NPO- N 9YKAPUOTOB

OpraHusMbl afanTUPYIOTCS K MEHSIOLIVMCS yC-
JIOBHSIM OKDYXAaIOLIEH Cpelbl ITyTEM H3MEHEHUS
3KCIIPECCHH (CKOPOCTH TPAHCKPHUIILIMN) T€HOB. DTOT
MnpoliecCc, B AETANSAX M3yYEeHHBIH Ha OakTepusx u
BUpYCax, BKJIIOYAET B3aUMOJEHCTBUE CrieLrduyec-
kux OenkoB ¢ yyactkaMu THK B HemocpencTBeH-
HOM O6JU30CTU OT CTAPTOBOTO YYACTKA TPAHCKPMII-
M. IIpy 5TOM MOXET MPOMCXOOUTh BKIIOYEHHE
WIM BBIKTIOYCHUE TPAHCKPUIIIUK. DyKapuoTHYEC-
KW€ KIIETKHM UCITOJNB3YIOT TOT XK€ CaMbIf TPUHLIUII,
XOTSI B PETYJIALMU PEATU3YIOTCS U HEKOTOPHIE JIpY-
rue 6osiee CJIOXHBbIE MEXaHWU3MEL.
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A. PEryIsiiiisi AKTMBHOCTH TEHOB
YV IIPOKAPUOTOB. TEOPUSI OIIEPOHA

Hccnenoanusa Ha xierkax F. coli mo3Boaunu
YCTAHOBMTD, YTO Y OAKTEPHI CYLLIECTBYIOT (DepMEH-
TBI 3 THUIIOB:

KOHCTHTYTHBHbIE, TIPUCYTCTBYIOLIME B KIETKAX B
MOCTOSIHHBIX KOJIMYECTBAaX HE3aBUCHMO OT Me-
Ta0OJIMYECKOTO COCTOSTHHS OpraHu3Ma (HaTlpu-
Mep, (GepMEHTHI TJTUKOJIN3a);

HHIyUHMpYeMble, UX KOHIICHTpPALUsI B OOBIYHBIX
YCIOBHUSIX Majia, HO MOXeT Bo3pacTtaTb B 1000
pa3 u Gojnee, eciav, HanpuMep, B Cpeay KyJjib-
TUBUPOBAaHUA KJIETOK O00aBUTh CyOCTpaT Ta-
KOro (hepMeHTa;

penpeccupyemblie, T.€. (pepMEHTHI MeTaboJIMuec-
KHUX IIyTeH, CUHTE3 KOTOPKIX MpeKpallaercs npu
J00aBJICHUU B CpeAY BHIPAILIIBAHUSI KOHEYHO-
IO MPOAYKTA 3TUX IMYTEH.

1. Teopus onepona

Ha ocHOBaHMHY reHETMYECKMX UCCIeI0BAHMIT UH-
IYKIIMKA B-TaTakTO3Ma3bl, YYaCTBYIOLIEHA B KJ€T-
Kax E. coli, B THAPOUTHIECKOM PacIleTIEHUH JIaK-
TO3bI (pUc. 4-46), Gpancya XKako6 u XKax MoHo B
1961 r. chopMyaMpOBAIM TUIIOTE3Y ONMEPOHA, KO-
TOpasi OOBSICHSIJIa MEXaHU3M KOHTPOJISI CHMHTE3a
0eJIKOB y TIPOKAapHOTOB.

B skcniepuMeHTax rumoresa OornepoHa Mojyvyuia
MOJTHOE TIOATBEPXICHUE, a IMNPEIIOXCHHBIA B HEM
TUIN PETYJSILIMKM CTAJIW Ha3bIBaTh KOHTPOJIEM CHH-
Te3a 6eaKa Ha YpOBHE TPAaHCKPHUIILIMHM, TaK KaK B
3TOM CJIy4ae M3MEHEHUE CKOPOCTHM CHHTe3a Gell-
KOB OCYILECTBIISIETCSI 32 CUET M3MEHEHUS CKOPOC-
TH TPAHCKPUIIIIMU T€HOB, T.€. Ha CTaAWMM 00pa3o-
paHuss MPHK.

VY E. coli, xax u y npyrux npokapuotoB, JJHK He
OTIie/ICHA OT IIUTOIUIA3Mbl STACPHOM O0OOJIOYKOWM.
B nporurecce TpaHCKpHUIMITMHN 00pa3ylorcs TEPBUYHLIE
TPAHCKPUIITHI, HE colepxaiive UHTpoHoB, a MPHK
JIMILIEHBI «K3Ma» U MojJu-A-koHua. CuHTe3 Genka
HaYMHAETCs JO TOro, KaK 3aKaHYMBAETCS CUHTE3 €ro
MAaTpHUIIbl, T.€. TPAHCKPHIILMS U TPAHCJISILIUA TIpoTe-
KAloT TTOYTH OTHOBPeMeHHO. Mcxonsa n3 pa3Mepa re-
HoMa (4x10% map HyKJIEOTHIOB), Kaxmas KJeTKa
E. coli conepxut MHGOPMALIMIO O HECKOJIBKHX THICS-
yax OenkoB. Ho npy HOpManbHBIX YCIOBUSAX POCTa
OHa CHHTe3upyeT 0ko0Jio 600—800 pazmyHbBIX Gen-
KOB, a 3TO 03HAYaeT, YTO MHOIME I'€HBbI HE TPaHC-
KpUOUPYIOTCS, T.e. HEAKTUBHBL. ['eHbl OesIKOB, (PyH-
KU KOTOPBIX B META0OIMYECKUX IIPOLIECCax TECHO
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CBSI3aHbl, YACTO B T€HOME TPYNITUPYIOTCS BMECTE B
CTPYKTYPHbIC €IWHHULLI (omeponsl). CoracHO Teo-
pun Kakob6a 1 MoHO, orepoHaMy Ha3bIBaIOT ydyac-
Tk1 Monekynbl JIHK, kotopelie comepxar uxgopma-
LIMIO O TpyIne (PyHKIMOHANBHO B3aMMOCBSI3aHHBIX
CTPYKTYPHBIX O€JIKOB, M PETYJISITOPHYIO 30HY, KOHT-
POJIMPYIOLIYI0 TPAHCKPUIILIMIO 3THX TeHoB. CTpyk-
TYPHBIC T€HBI OIEPOHA 3KCIIPECCUPYIOTCA COTJIaco-
BaHHO, JMO0 BCE OHM TPAHCKPUOHUPYIOTCS, W Torda
ONEPOH aKTHUBEH, JUOO HU OAUH M3 FEeHOB HE «Ipo-
YUTHIBAETCSI», M TOTrJAa OMEpOH HeakTHMBeH. Korma
OIEPOH aKTHMBEH U BCE €ro I'eHbl TPaHCKPUOMPYIOT-
¢s1, TO CMHTE3UpyeTcs noavuucrpoHHasi MPHK, ciy-
Xaluasi MaTpULIeH JUISI CUHTE3a BCEX OEKOB 3TOTO
onepoHa. TpaHCKpHIILIMS CTPYKTYPHBIX T€HOB 3aBU-
cut ot cniocobHoctu PHK-nommmepassl npucoeny-
HATBCS K MPOMOTOPY, PACIOAOXEHHOMY Ha 5 -KOH-
Lie ONEpoHa Ieped CTPYKTYPHBIMU TE€HAMM.
CasizpiBanue PHK-mmonMepasbl ¢ mpoMoTopoM
3aBUCUT OT MPUCYTCTBUS OejKa-pernpeccopa Ha
CMEXHOM € TPOMOTOPOM Yy4YacTKe, KOTOpPbIi Ha3bl-
BalOT «oneparop». beloK-pernpeccop CUHTE3UPYET-
C B KJIETKE C MOCTOSIHHOW CKOPOCTBIO M HUMeeT
CpPOJCTBO K OMNEPaTOpHOMY ydyacTKy. CTPYKTYpHO
y4acCTKHM MpOMOTOpa MU oreparopa YaCTMYHO Tiepe-
KDBIBAIOTCS1, IO3TOMY MPUCOCAUHEHUE OelKa-per-
peccopa K OINEparopy CO3MAET CTEPUYECKOE Ipe-
mATCTBUE i nipucoenuHeHuss PHK-noaumMepassl.
BoJbIIMHCTBO MEXaHU3MOB PETYIISIIIMA CUHTE3a
0€JIKOB Hanpapji€HO Ha U3MEHEHHE CKOPOCTH CBsI-
3piBaHus1 PHK -niommepasbl ¢ mpoMOTOpOM, BIMsIS
TakUuM 00pa3oM Ha 3Tall UHULMALMK TPaHCKPHII-
uuu. I'eHbl, OCYIIECTBSIOIINE CUHTE3 PETYJSATOP-
HbIX 0G€KOB, MOTYT OBbITb yIaJeHbl OT OIEpOHA,
TPAHCKPHUILIUIO KOTOPOTO OHM KOHTPOJUPYIOT.

2. Hnoyxuua cunmesa 6eaxoe. Lac-onepon

Teopus onepoHa ObL1a MpeaIoXeHa Ha OCHOBA-
HUU JaHHBIX, TTOJXYYEHHBIX TIPYU U3YYEHUU CBOICTB
JlakTo3Horo omnepoHa (lac-omepona) E. coli, T.e.
OTlepOHa, B KOTOPOM 3aKOAMPOBaHBI OENKH, yda-
CTBYIOIIIE B YCBOEHUU JIAKTO3HI.

Kinetkn E. coli 00bIYHO pacTyT Ha cpene, Hc-
MOJbL3Ys B KaUyeCTBE MCTOYHHKA YIJIEpoda TIIIOKO-
3y. Eciu B cpene KyabTUBHMPOBAHUS IJIIOKO3Y 3a-
MEHMTDH Ha JucaxapHJ JJaKTO3y, TO O TIPOIIECTBUH
HECKOJIbKUX MUHYT KJIETKHM aJanTHpPYIOTCS K U3-
MEHMBITUMCA YCIoBUSM. OHU HauYMHAIOT TIPOIY-
LIMpOBaTh 3 6ejIKa, 00eCIIeYHBAIOIIUX YTUIM3ALUIO
JNakTo3bl. OOMH U3 3TUX OEIKOB — (EPMEHT
B-rajakTo3uaasa, KaTaJU3UPYIOIIUNA TUIPOIUTHU-
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Puc. 4-46. F'vpponus nakTo3sbl -ranakTo3naas’on.

YecKOe paclleIlIeHHe JIaKTO3bl A0 TJIOKO3bl U Ta-
JIAKTO3BI.

B npucyTcTBUM TITIOKO3BI KJIIETKU F. coli conepxar
MeHee 10 Monekyn 3THx (epMeHTOB Ha KIETKy. Ile-
PEHOC KJIETOK Ha Cpemy, CONEPXKALylO JIAKTO3Y, BbI-
3bIBAET WHAYKLMIO — YBEJIMYCHUE KOJIUYECTBA MO-
JieKy1 Kaxaoro u3 depmeHTos g0 S000 (puc. 4-47).

Teopust orrepoHa OOBSICHSIET 3TO SIBJIEHUE Cle-
IylolMM o6pa3oM. B oTcyTCTBHE MHAYKTOpa (J1ak-
TO3BI) DEIOK-pEenpeccop CBsI3aH C OIEPaTOPOM.
A TIOCKOJIbKY YYaCTKH OII€paTopa U MpoMOTOpa Me-
PEKPHIBAIOTCSI, TO NMPHUCOEAMHEHHUE pempeccopa K
onepaTopy IpensTcTByeT cBsisbiBanuio PHK-mo-
JIAMEPA3HI C IIPOMOTOPOM, U TPAHCKPHUIILIUS CTPYK-
TYpPHBIX TeHOB omnepoHa He MIET. Korma B cpene
MOSIBJIAETCS] UHAYKTOP, T.€. JIaKT03a, TO OH IPHUCO-
eAuHsIeTCs. K OeJIKy-pempeccopy, U3MEHSET €ro
KOH(MOPMALIMIO M CHUXKAET CPONCTBO K OMEpaTopy.
PHK-nonuMepasa cBsi3bIBaeTcS ¢ MPOMOTOPOM U
TPaHCKPUOHPYET CTPYKTYPHBIE TEHBI.

3. Penpeccus cunmesa Geaxos. Tpunmogharoeutii
U 2UCMUOUHOBYLIl ONEPOHbL

CHIDKEHIEe KOHUEHTpalmu depMeHTa B BakTepH-
ATLHOM KJIETKE MOXET OCYILECTBIISIThCS IIYTEM peEll-
peccuM cuHTe3a (hepMeHTOB. CYIIIHOCTb 3TON0 MeXa-
HM3Ma PETYIISALIVM 3aKJTI0YaeTCsl B CICAYIOILEM: KOTia
xinerku E. coli pacTyt Ha cpenie, coaepXalleil B Kade-
CTBE €IMHCTBEHHOTO MCTOYHMKA a30Ta COJb aMMO-
HM4, TO UM TIPUXOAMTCS CUHTE3UPOBATh BCE a30TCO-
Jiepxallye BelllecTBa. Takye KJIETKH, B YaCTHOCTH,
JIOJDKHBI COJIEpXaTh Bce (pepMeHTbl, HeoOXOoaMMEbIE
st cudTe3a 20 pasIMyHBIX aMUHOKUCIOT. OmHAKO
ecim 1006aBUTh B Cpely KyJIHTUBUPOBAaHMSI OOHY M3
AMUHOKHUCJIOT, HanpuMep TpuntodaH WK TUCTUIKH,
TO KJIETKa IepecTaHeT BbIpabaTbiBaTh BeChb HAOOp

CH,OH CH,OH
O._ OH O. OH
OH + OH
HO
OH OH
anakrosa nioko3a

(pepMEHTOB, HEOOXOMWUMBIX IUIST CMIHTE3a 3THX aMU-
HOKHCJIOT M3 aMMHMaKa M MCTOYHHKKA yriepona. Per-
peccust cCMHTe3a (PepMEHTOB, KaTaIU3UPYIOIIMX TOC-
JIeIOBaTEeJIbHOCTh peakliiA MeTaboJIHMYecKoro IyTH
KOHEYHBIM TPOIYKTOM, KaK 3T0 UMEET MECTO B CJIy-
yae (pepMEHTOB CHHTE3a MMCTHONHA WM TpunToda-
Ha, Ha3bIBAeTCH PENPECCUEH KOHEYHBIM IIPONYKTOM.

DTO SIBIICHHE TEOpHUsl OIepOHa OOBSICHSIET Clie-
IyIOLIMM 00pa3oM: MpH OTCYTCTBHM B cpene [uc
Wi Tpu perysTopHbIii OeJIOK-pernpeccop He MUMEET
CPOICTBA K OIEPATOpPy W MPOUCXOOUT CUHTE3 (ep-
MEHTOB, OCYLLUECTBIISIOUIUX 0Opa30BaHUE FTUX AMU-
HokucioT. Korma B cpemy no6aBisitoT, Halpumep,
I'uc, To 3Ta HeGoJbLIAsS MOJEKYJa, MOJYyYMBILIAS
Ha3BaHMUE <«Kopempeccop», NPUCOSANHAETCA K Gen-
Ky-pernpeccopy. B pesyibrare KoHGOpPMAaIIMOHHBIX
U3MEHEHUI B MOJIEKYJIE PEIIPeccopa KOMIDIEKC Oel-
Ka-penpeccopa U Kopenpeccopa (I'mc) mpuobpe-
TaeT CPOACTBO K OTEpaTopy, INPUCOSAMHSIETCS K
HEMY, U TPaHCKPHIILIHS OIEpPOHa IIpeKpallaercs,
T.€. MPEKpallaeTcsl CUUThIBAaHUE WHGPOPMALMH O
ctpoeHud 10 pepMEHTOB, YYaCTBYIOLLUX B CHHTE-
3¢ 3TOM aMUHOKUCJIOTHI (pUC. 4-48).

Cremyer UMeThb B BHIY, YTO peIlpeccHsl U MH-
JOYKLIMST CMHTe3a OENKOB Y IMPOKApPHOTOB peau3y-
[OT IPUHLMILI aNanTaldd K MEHSIOLHUMCS YCITO-
BHUSIM CYILIECTBOBAHHS U KJIETOYHOU 3KOHOMUM:
bepMeHTBI TIOSIBASIOTCA B KJIETKaX, KOTAA B HUX
CYyILIECTBYET IOTPEOHOCTh, M TepecTaioT Bhipaba-
TBIBATbCS, €CJIU MOTPEOHOCTh MCYE3acT.

B. MEXAHU3MBI PEIVJISIIMA DKCITPECCHHA
TEHOB V DYKAPHMOTOB

DYKapuOTUYECKHUE OpPraHM3MBI (M OCOOEHHO
MJICKOIMMTAIOIME) YCTPOSHBI 3HAYUTEIBHO CJIOXK-
Hee TPOKAPMOTOB M HYXHAIOTCS B OOJIee CIIOXK-
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A. B orcyTCTBUE MHAYKTOPA

MNpomoTop CTpyKTypHbie reHbl

len-perynaTop onepatop A B C

z:w\\

L

TpaHckpunums He naeT
mPHK benku A, B, C He obpaaytorcs

l

Penpeccop
(akTnBHbIA)

PHK-nonumepasa

b. B npucyrcraun nngykropa

" f;IW\\

MPHK J' TpaHckpunuus
i ﬂonMuMCTpOHHaH /\/\/\/\/\/\
MPHK 5 3

| L

@
UHaykrop Berok Benok Benok
(Nakroza) A B C

Penpeccop
(HeaKTMBHbIN)

Puc. 4-47. MexaHW3M MHAYKLMH NTAKTO3HOTO ONepoHa. A — B OTCYTCTBME WHAYKTOPA (NakTo3kl) 6eNoK-penpeccop CBA3aH C oneparto-
pom. PHK-nonMmepasa He MOXET NPUCOEANHNTLCS K NPOMOTOPY, TPAHCKPUNLMSA CTPYKTYPHbIX FEHOB OnepoHa He MAET; b — B npucyT-
CTBUM NaKTo3bl 6ENOK-Penpeccop NPUCOEANHAET €€, N3MEHNREeT CBOI0 KOH(OPMaLWIO U TepseT CPOACTBO K onepatopy. PHK-nonumepa-
3a CBA3LIBAETCA C NPOMOTOPOM U TPAHCKPUOUPYET CTPYKTYPHbie renbl: B-ranakto3unasbl (A), KaTanmanpytoweid rugponua nakTosb! [0
IMIOKO3b! U ranakTo3bl; ranakroamgnepmeass! (B), ocywecTensioweit TpaHCNopT NakTo3kl 1 APYrux ranakTo3nnoB B KNETKW; TMOranakTo-
3uaTpaHcaueTunasst (C) — epmeHTa, cnoco6HOro NepeHOCUTh aueTunbHYO rpynny auetun-KoA Ha Tuoranaktosy. OyHKUMS ero B
npouecce yTunu3auun nakTo3bl Noka HesicHa.



A. B otcyTcTeue Kopenpeccopa

TpomoTop CTPYKTYpHble reHb!
leH-perynarop

orepartop

Penpeccop
(HEaKTHMBHBIA) E, E, Eq

10 chepMeHTOB, yHaCTBYIOWIUX B CUHTE3€ TMCTUAMHA

b. B npucytcrenm Kopenpeccopa
FpomoTop

oneparop 2 10

TpaHckpununa He uaéT
MPHK Benku He obpasyioTcs

Kopenpeccop
(TucTnamnn)

Puc. 4-48. MexaHn3m penpeccumn cuHTe3a (hepPMEHTOB, yHacTBYIOUWMX B 0O6pa3oBaHUM rMCTUANHA. A — B OTCYTCTBUE KOPenpecco-
pa (ructupmHa) 6enok-penpeccop He umeeTt cpoacTea k onepartopy, PHK-nonumepasa npucoeguHseTca K npomMoTopy, W npoucxoaut
TpaHckpunums 10 CTPYKTYPHBIX MEHOB, KOAMPYIOWUX CTPOEHME (DepMEHTOB, y4acTBYIOWWNX B CUHTE3e ructuamHa; b — B npucytcTeum
rMCTUAMHA B Cpefe KoMnnekc 6enka-penpeccopa ¢ Kopenpeccopom, T.e. ['uc, cBA3bIBAETCA € OnepaTopoM, NPensTCTBYeT NpUcoeauHe-
Huto PHK-nonmmepasabt K NpoMOTOPY 1 OCTaHaBNMBAET TPAHCKPUNLMIO.

Perpeccop
(aKTVBHbINA)
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HOM armmapare perynsuuu. Tak, B opraHusMe ue-
JioBexa umeetcsi 6oyee 200 pa3aTUUYHBIX TUTIOB KJIe-
TOK, CYIUECTBEHHO DPa3jMYAMOIUMXCS IO CTPYKTY-
pe u GyHKUUsIM. B TO Xe BpeMsi pa3MYHBIMU
metogamu uccnenoBanus JHK (npexne Bcero,
METOAOM MOJIEKYJISAPHOU rubpuau3anuu) aokasa-
HO, 4TO KojiuuecTBO M cTpykTypa JAHK mpakru-
YeCcKHM BCEX KJIETOK OpraHM3Ma OJXMHAKOBHI (3a
UCKJIIOYCHHUEM JTUM@POLUTOB), T.e. BCe KIETKHU
OpraHM3Ma CcoAepXaT OIMH U TOT XK€ TCHOM.
¥ BBICIIMX OPTaHU3MOB IO CPAaBHEHHIO C IIPOKa-
PUOTHYECKMMU CYIHECTBEHHO BO3pacTaeT COmep-
xanue JHK Ha rammouanyro kiuerky: ¢ 4,2x10°
nap HykjieotTHnoB y E. coli no 3,3x10° map Hykie-
OTHAIOB B KJIETKaX YeJIOBEKa.

1. Opeanusauus xpomamuna 6 ougpgepenyupo-
GAHHBIX KAEMKAX MHO20KACMOUHO20 Op2aHu3IMa

B kjeTkax MJIEKONMUTAIOIIMX Hapsity C amar-
TUBHOM PEry/siuueit, 00cCIeYnBaOILCi TPUCIIO-
cobJieHHe opraHmM3Ma K MCHSIOIUMCS YCJIOBUSIM
BHYTPEHHEH Y BHECIIHEH CPENbl, CYLUECTBYIOT Me-
XaHU3MBbI, KOTOPbIC COXPaHSIOT CTAOUIIBHYIO (Cy-
LECTBYIONIYIO Ha NMPOTSIXKEHUU Bcell XKU3HU KIIeT-
KM ¥ JaXe MHOTHX €€ TeHepallMii) penpeccuio
OOHUX T€HOB U JENPECCHUIO APYTUX.

B sapax nndepeHIIMPOBaHHBIX KJIETOK XpOMa-
TAH MMEET TaKylo YKJAOKY, YTO TOJbKO HeOOJIb-
1LI0€ YMCJI0 TeHOB (Y4acTo MeHee 1%) MOCTYIIHO Uit
TPAHCKPHUIIIUU. Pa3IHyaloT yyacTKH reTepoxpoma-
THHA, B KoTopbix JHK ymnakoBaHa o4eHb KOMITaK-
THO W HEJOCTYITHA JUIS TPAHCKPUIILIMKU, U YYaCTKU
3yXpoMaTHHa, MMeIolue 0oJiee PhIXIYIO YKIAIKy
U criocoOHbIe cBa3biBaTh PHK-mmonuMepasy. B pas-
HbIX TUNAX KJIETOK B 00/1aCThb 3yXpOMAaThHa moma-
JIAIOT pa3HbIe TEHBI, a 3TO 03HAYAeT, YTO B Pa3HBIX
TKAHSAX TPAHCKPHOUPYIOTCS pasHbie Y4acTKU Xpo-
MaTuHa.

Croiikas penpeccus reHOB rerepoXpoMaTHHa obec-
TIEYUBAETCS:

« nIpocTpaHcTBeHHOM ykiaagkoit JTHK, mpu ko-
TOPOM reTepOXPOMATUH HAXOAMTCH B BBICOKO-
KOHIECHCUPOBAHHOM COCTOSIHUM;

¢ MeTWINpoBaHUeM Ae3okcuuutuarHa JHK-me-
tunazamMd B 5-CG-3’ nocienoBaTebHOCTAX
JAHK. 9ra MonuguKauus CWIbHO MEHAET KOH-
dopMaliuIo XpoMaTUHA U TIPENSTCTBYET AKTUB-
HOU TpaHCKPMIILIUMY,

e CBA3BIBAHWEM C TUCTOHAMM U 00pa30BaHUEM
HYKJIEOCOM, KOTOPBIC TAaKXKE CHUXAIOT TPaHC-
KpUILMOHHY1I0 akTuBHOCTh JTHK.
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HccnenoBaHust mokKasaid, YTO 00JacTH 3yXpo-
MaTHHA, B KOTOPEIX PacIiONIOXEHbI aKTUBHO TPAHC-
KpuOUpyeMble reHbl, 00J1a1al0T HEKOTOPhIMU CTPYK-
TYPHBIMU OCOOEHHOCTSIMM:

e OHU OoJiee YyBCTBUTENbHHI K nelicTBuio JTHK-

a3z, yeM ocTajbHble yyacTku JIHK;

o MOJIEKYJIbI THCTOHOB, cBsizaHHbIe ¢ JIHK B 31HX
y4YacTKax, MOAMGULIMPOBAHBI: £-aMHUHOTPYIINA
JIU3UHA METWIMpOBaHA WM alleTWIAPOBAHA;
METWJIMPOBaHbl HEKOTOPbIE OCTaTKWM apruHUHA
M TUcThIMHA B TuctoHax H2A n H2B, asiso-
LMXcs KOPOBBIMU OeIKaMM HykiieocoM. Heko-
TOpbie MOJIEKYIbl H2A 06pa3ytoT npoyHblii KOM-
TUIEKC ¢ OekoM yOMKBUTHHOM. B rucrone H1
hochopuMpyroTcs ocTaTku cepuHa. Pesynbrar
3TOH CEpHM KOBAJICHTHBIX MOIM(MUKAIIUNA —
CHIXKEHHME CYMMAapHOTO, TOJIOXKHTEIBHOIO 3a-
psia TUCTOHOB M OcnablieHWe CpOICTBa HyKJIe-
ocoM k JTHK.

K 00J1aCTAM «aKTHBHOI'O» XpOMAaTHHA IpHcoe-
JUHSIETCSl rpymnna HermctoHoBblx HMG-6en-
KOB, WIU OENKOB C BBICOKOH MOIBHMXXHOCTBIO
IIpU Treab-3jeKTpodopese. DT OCNIKU comep-
KaT MHOTO TOJIOXUTEJIEHO 3apsDKEHHBIX aMH-
HOKHUCJIOTHBIX OCTATKOB, CBSI3bIBAHUE C KOTO-
pbiMHu ocinabnsier B3auMogeictue JHK u
TUCTOHOB M BBI3BIBAET JONOTHUTEILHOE MOBHI-
ILIEHUE TPAHCKPUIILIMOHHONH aKTUBHOCTH I'€HOB.
Pa3HooOpa3ue KIeTOK U BO3pOCIliasi CJIOXHOCTh
KJIETOUYHBIX MTPOLIECCOB HYXXAAIOTCS B OOJIBIIIOM pa3-
HOOOpa3nu MexaHM3MOB pery/sitiuu. [lokasaHo, yto
pa3Hblii HAOOp U KOJUYECTBO OEJIKOB B 3YKapHO-
TUYECKMX KIIETKAX MOXET pEeryJuMpoBaThCS:
¢ U3MEHEHNEM KOJIMYECTBA CTPYKTYPHBIX T€HOB;
e IIEPECTPOMKOI T'€HOB B XpPOMOCOMaX,
¢ 3(p(heKTUBHOCTHIO TPAHCKPHIILIMU Pa3HBIX yya-
CTKOB T'€HOMa;

¢ XapaKTEPOM ITOCTTPAHCKPUITLIMOHHBIX MOIU-
(bukauuit MEpBUYHBIX TPAHCKPUIITOB;

¢ Ha YPOBHE TPAHCJIALMUY;

 C TIOMOIIIBIO TTOCTTPAHCIISIITHOHHBIX TpEBpaliie-
HUIA BHOBb CUHTE3UPOBAHHBIX MTOTUITETITUIHBIX
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2. Hamenenue xoauvecmea zeHoé

[eHOM 3yKapuOTOB OOHApYyXWBAE€T BHICOKYIO
IUTACTUYHOCTb, MIPAIOLIYI0 BaXHYIO PONb B pery-
JIALIMM aKTUBHOCTHU HEKOTOPBIX T€HOB M YBEJTHYH-
BaIOLIYI0 pa3HOOOpa3ue KIETOYHBIX OTBETOB. Y
MJIEKOTIMTAIOIMX PEaIM3YIOTCS CJIeTyIOlIUe Bapu-
aHTbl U3MEHEHUI B CTPYKTYpE I€HOB:



Avnympukaimms (WM yBeJIH4eHne YMCIa) TeHOB KC-
MOJIb3yeTCsA OPraHU3MOM B TOM Cilyyae, Koraa
BO3HHMKAeT HEOOXOAMMOCTb YBEJIMYUTb CUHTE3
OIpefeIEHHOTO TEHHOTO MpoayKTa. MHoOrue
reHnl, xomupytoume 6enku uid PHK, Heob-
XOOUMBIE OpPraHu3My B OOJIBIIMX KOJIMYECTBAX
(qampumep, rucronbl, pPHK, TPHK), nocto-
SIHHO TIPHUCYTCTBYIOT B aMILUTM(PHULIMPOBAHHOM
cocrosHuu. Tak, y uenoBexa 20% oOiuero re-
HOMa COCTOHMT M3 y4acTKOB, KOAUPYIOLIUX PH-
00COMHBIE, TPAHCIOPTHBIE WM SIAPBLIIIKOBHIE
PHK, nocienHue B3 KOTOPHIX OOECIIEUMBAIOT
MTOCTTPAHCKPHUITLIMOHHBIE Monudukaiuu PHK.
AMILIMIUIIMPOBAaHHBIE YYACTKM MOTYT PAcIo-
JlaraTeCsl APYT 3a APYroM (TaHAEMHO) B XPOMO-
coMe Win 00pa3oBbBIBATh BHEXPOMOCOMHBIE
dparmentnl JJHK, Ha3biBaeMble NTBOHHBIMHA
MMHH-XPOMOCOMaMH, MX pa3Mep Kojebiercs
ot 100 mo 1000 xmno6a3 (1 xkunobaza = 1000
nap HykieorrzoB). OmucaHo 6ojee 20 reHoB,
crnocobHbIX aMIIMGULIMPOBATLCS NIPU OIpe-
JIEJIEHHBIX YCIOBUSIX.

K uncay reHoB, IU1sl KOTOPBIX OOHApyXXeHa aMIl-
JTApUKaIA, OTHOCIT TeH MeTauloTHoHerHa. [1po-
OYKT 9KCIPECCHH 3TOr0 I'eHa — HW3KOMOJIEKY-
JIIPHBIN O€JI0K META/JIOTHOHCWH, O0Jyafaioiui
CITOCOOHOCTDBIO CBA3BIBATH TSXKEIbIE METAIUIBI (MEIb,
LIMHK, KaIMHW, PTYTh) M 3aLLMILATh KJIETKH OT OT-
paBJieHUs] 3TUMH COeIMHEHUSMH. YCTaHOBJICHO,
YTO B OTBET HA IOBBIIICHUE KOHIIEHTPALIMU TSLKE-
JIBIX METAJUIOB B KPOBH B KJIETKAX IPOUCXOIUT aM-
IUTAGUKALIA TeHAa METaJUIOTHOHEHWHA.

JpyriMy IipyMepaMy T'€HOB, KOJMYECTBO KOTO-
PBIX YBEJIMUYMBAETCS TOJ RIMSIHUEM JIEKaPCTBEHHBIX
TIPETIapaToB, ABIIIOTCS TeH AMTUAPOGMOIaTPEAYKTA3bI
(cM. paznensl 9, 10) ¥ red P-rmakonpoTenHa, OT-
BETCTBEHHBI 3a CMHTE3 O€iKa, 00ecrneunBalolIero
MHOXECTBEHHYIO J€KapCTBEHHYIO YCTONYMBOCTh
OMyXOJIEBbIX KJIETOK (CM. pasmen 16).

VTpaTa reHeTH4eCKOTO MaTepuajla — JIOBOJLHO
penkuii crioco6 peryisiunyd. HauGonee sipkuii
npUMep TIOTepy BCEX TeHOB 3a CUET pas3pyllie-
HUS SIIpa — TIPOIIECC CO3PEBAHMS 3PUTPOLIU-
ToB. HecTtabuibHb aMIUIUMDUIIMPOBAHHBIE
T€HBI, JBOMHEBIE XpOMOCOMBL. OHHM, Kak Ipa-
BWIO, MCY€3A10T B ITOCJICAYIOIIUX TeHEPALHSIX.
VYTpara reHeTHYECKOTrO MaTepuana IIPOMCXOIUT
B TPOLIECCE CO3peBaHMS JUMDOLUTOB U 06pa-
30BaHM TUIA3MATUYECKUX KIIETOK pa3sHbIX KJIO-
HOB, CHHTE3UPYIOLIHX CEKpeTHpYyeMble (hOpMBbI
MMMYHOTJI00YJIMHOB.

3. Ilepecmpoiixa 2enos

VY BbICIIMX OPraHHU3MOB, TaK X€ KaK U y MpPoKa-
PHOTOB, OTMEYAlOT Ipoliecc OOMEHa, NMepeMelle-
HMSI TEHOB MEXIY XPOMOCOMAaMH WX BHYTPHU XpO-
MOCOMBI, OOBEIUHEHNE T'€HOB C 00pa3oBaHUEM
U3MEHEHHOM XpOMOCOMBbI, KOTOpPas MOCJIE TaKMUX
CTPYKTYPHBIX U3MEHEHUI CMIOCOOHA K PETUTMKAIIAA
WA TPAHCKPUIILIUM. DTOT IMpollecc MOJyYru1 Ha3Ba-
HHE <«TeHEeTHYECKAs PEeKOMOMHAIHSL».

VYV 3ykapMoTOB peKOMOMHAIMK HaOIIOAAIOT:

e IIpY IIOJIOBOM CAMSHUU SHALIEKJIETKH U CHep-

MaTO30Ma;

e TIPU TIEPEMEILICHUM MOIBHXHBIX e HETUIECKUX
9JIEMEHTOB — TPAHCIIO30HOB, B COCTaB KOTO-
PBIX BXOAAT OTAENAbHbIE TE€HBI WIH TpyIIa re-
HOB, C MCXOIHOI MO3UIIMM B KaKOE-JIUOO Ipy-
roe MECTO TOM Xe€ MJIM JPYroil XpOMOCOMBI;

e Ip¥ (hOPMUPOBAHUU B JTUM(MPOLMTAX «OMOIHUO-
TEKW» TEHOB, KOTUPYIOIHUX aHTUTEJa WIH UM-
MYHOTJIOOYJIMHBHI.

PaccMoTpuM OoJiee MOAPOOHO MEXaHU3MBI,
obecrnieurBaloie 06pa3oBaHKe B OpTaHU3ME KaX-
nIoro yejoBeka okoio 10 miuH (107) pa3auuHBIX
aHTHUTEN, T.€. KOJUYECTBA 3HAYMTEJILHO OOJIbIIE-
ro, 4eM YMCJIO BCeX APYTUX OEJIKOB, CYLIECTBYIO-
IIMX Y KaXJA0ro MHAWBUAYYMA. AHTHTENA C OOU-
HaKOBbIMH AHTUTCHCBS3BIBAIOLIMMH CBOMCTBaMH
CUHTE3UpYloTC B-iuMdoumTaMu, npuHaaiexa-
LIUMU K OJHOMY OITpeIeIEHHOMY KJIOHY (T.€. FpyTI-
Me KJIETOK, BO3HHUKILIEH M3 OOHOW pOJOHAYalb-
Hoii kJieTku). [Ipy nonagaHMy B OPraHU3M JII000TO
aHTUTEeHa CpeaM UMelollerocs Habopa B-mumdo-
LIMTOB BCETia HAWAETCS TaKOW KJIOH KJIETOK, aH-
THUTEJIa KOTOPOTO UMEIOT KOMILIEMEHTApHBIN eMy
aKTUBHBIN IIEHTP. AHTHTENIA BCTPOEHHI B TLIa3Ma-
THYECKYIO0 MeMOpaHy B-1uM@oumnTOB, ¥ UX aHTHU-
TCHCBSI3bIBAIOIIME YYACTKH JIOKAJIM3OBaHbI Ha MO~
BEPXHOCTH KJIE€TOK. AHTUIEH, IPUCOCIUHSACh K
AKTUBHOMY ILIEHTPY aHTHUTEJIa, BBI3BIBACT ITPOJIM-
depanuo KJIETOK U npeBpaluecHUe B-mumdbonu-
TOB B IUIa3MaTMYECKHUE KIETKH, B KOTOPBIX MIOYT
AKTUBHBI CHUHTE3 M CEKpELUs] HE CBSI3aHHBIX C
MeMOpaHOM aHTHUTE.

M3ydyeHue BOIpoca 0 MPOUCXOXICHUU aHTUTEN
MO3BOJWIO CACIaTh BBIBOA O TOM, YTO OTPOMHOE
MHOroobpasue 6eJ1KOB MMMYHHOM CHUCTEMBI KOIH-
pyeTcsi OrpaHUYEHHBIM KOJMYECTBOM T€HETHYEC-
KOTO MaTepyaia, U3MEHEHHsS B KOTOpPOM obecre-
YUBAKOTCS PEKOMOMHALIMSAMU M COMATUYECKHMH
MYTaLUsSIMU (UM U3MEHEHMAMHU B cTpykType JHK,
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KOTODbIE COXPAHSIOTCA TpH MOCJSAYIOIIMX Jelie-
HUSIX KJIETOK).

BcioMHUM, YTO MOHOMEpPHBIE aHTHTENA — JI0-
MEHHBIE OEJIKM, COCTOSIIIME U3 OBYX MIECHTUYHBIX
Tsok€nbix (H) neneit M AByX MIEHTHYHBIX JIETKUX
(L) ueneit. JIérkue uemu MMEOT IBYXAOMEHHYIO
CTPYKTYpY ¥ BKJIIOYAIOT BapuaGebHbli (V) 1 KOH-
craHTHBI (C|) moMeHbl. Tax€nas Uenb COCTOUT
u3 4—5 NoMeHOB: ofHOro BapuabenpHoro (V,) u,
KaK MpaBuiio, TpEXx KOHCTaHTHBIX (C,). MMMyHO-
rOOYNNHBI — TJIUKOIIPOTEUHBI; MX YIJIeBOIHAS
YacTh TIPUCOEAMHAETCA K KOHCTAaHTHOI 00jacTH
H-ueneit. B cBsi3bIBaHUM aHTUTCHOB YYacTBYIOT 2
aKTUBHBIX LIEHTPA aHTUTeJNa, 06pa30BaHHbIE BapU-
abenbHbeIMU obmactamu H-nermeit (V,) u L-uerneit
(V). L-uenu GpIBatoT ABYX TUIOB: A (J1AMO1a) U K
(xanmna), 3HaYMTeJbHO pa3iMyalolLMecs Mo MepBuy-
HOH cTpykType C-oGnactei.

Hanuyue B antutenax C- u V-o6macreii mo3Bo-
JIWJIO TIPEATNOJIOXUTh, YTO T'€HbI, 00eCIIeYHBAIOLIME
cunte3 L- u H-uemneit, obpasytoTcsi B pe3ysbraTe
COETMHEHMS IBYX YYacTKOB T€Ha, OJMH U3 KOTO-
pBIX KOOMpyeT BapuabesbHyo 001acThb, a BTOPOA —
KOHCTaHTHYI0. M1 AeHCTBUTENBHO BCKOPE OBLIO YC-
TAHOBJIEHO, YTO B 3apOABIIIEBLIX KJIETKaX U COMa-
THYECKUX KJIETKaX, He CHHTE3MPYIOIIUX MUMMYHO-
rNIOOYJIMHBI, YYacTKM TeHa, Kogupymoiue V- u
C-obnactu L-1ieneit A-Tumna, pa3aeseHbl MPOTSIKEH -
HBIMM HYKJIEOTUIHBIMU TIOCIIEA0BATEIbHOCTIMHU, HO
cOnmuxeHbl B 3penbix B-nuMmdoinrax, cMHTE3UpY-
roumx L,. M3 3Toro ciemosan BHIBOA O TOM, YTO B
nponecce muddepeHHpoBKH B-nmumdornura u3
3apOJBILIEBOM KJIETKH MPOMCXOOUT <«BbIpE3aHHE»
MPOTSKEHHOIO yYacTKa TeHETHYEeCKOro Marepua-
na, obecrieyuBarouiee commxenue V, - u C -obnac-
Tel ¢ 00pa3oBaHUEM IOJHOrO reHa L-1ienu uMMy-
HOTJIOOYJIMHA. DTOT MpPOILIECC IMEePECTPONKH B
TEHOME TOJIYYH/T Ha3BaHUE COMaTHYECKON pPEKOM-
OMHALIMM, TaK KaK OH CBSI3aH C CO3PEBAHHEM JIUM-
(GOLMTOB U HE MEPEHAETCH IO HACIECACTBY.

OmucaHo 3 pasHBIX CeMeiicTBa T'€HHbIX (¢par-
MEHTOB, WJIM CETMEHTOB, KOMUPYIOIIUX CTPOEHUE
L- u H-neneit Ig. /IBa cemeiicTBa OTBETCTBEHHDI
3a CHHTE3 JIETKHX LIeTIeH: CErMEHThbI, KOTUPYIOILUE
ctpoeHue L-ueneit TMma A, pacroyiOXeHbl B XpO-
MOCOMe 22, reHeTHYeCKUM MaTepHan L-uemneii Tuna
¥ (Kanma) — B XpoMOCOMe 2, a MHGOpMaLIKMA O BCEM
pasHooOpa3un H-liemeil JokaiuM3oBaHa B XpOMO-
come 14.

IToasbie rennt L-ueneii A ¥ ¥ TMIIOB B xone auc-
(epeHUHUPOBKH COOMPAIOTC U3 3 CETMEHTOB: Ba-
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puabenbHoro (V,), COeNMHHUTENLHONO (J,) ¥ KOH-
cranTHOro (C,). Tak, s L-ueneit x Tuna o6Hapy-
XeHO 0KoJio 300 cerMeHTOB, KOTUPYIOIIHMX N-KOH-
LIEBOI BapHabebHEIN (VK) y4aCTOK MOMHIIETITHIHOM
LHeNW [UIMHOW B 95 aMHMHOKMCJIOTHBIX OCTaTKOB, 5
CErMEHTOB, B KOTOPBIX COAEPXUTCS WHGbOpMams
00 octanbHbIX 13 ammHoKkuUcnoTax Vk obnactu, u 1
CErMEHT KOHCTaHTHOM objactu. B 3aponbiilieBbiX
Kierkax 300 cerMeHTOB VK pacnoioXeHbI B XpOMO-
COME TIOC/IeJOBATE/IbHO Ha pacCTosiHUM 7 kunoba3
Ipyr ot gpyra. Kaxaplit V-CerMEHT COCTOMT U3 2
3K30HOB, Pa3deN€HHbIX KOPOTKMM HHTPOHOM: JIH-
JVpYIOIMiA 5K30H (L) KomupyeT CUTHAIBHBIN TeT-
THH (20—25 aMMHOKMCJIOTHBIX OCTaTKOB), a 3K30H
Vx — OCHOBHYIO 4acTb BapuabebHOro noMeHa. Ce-
MEHCTBO VK-CETMEHTOB OTHEJEHO OT IPYIIILl CO-
€AMHUTENBHBIX cerMeHTOB (Jx) yyactkoMm JIHK pa3-
MepoM B 20 kmio6a3. Mexny MOCIeTHUM U3
Jx-cerMeHTOB M Cx-3K30HOM, KOTUPYIOILIUM JOMEH
KOHCTAHTHOM 00/1acTH, pacriojioXeH MHTPOH pas-
MepoM B 2,4 kiob6asbl (puc. 4-49).

B xonme mubdepeHpoBKH B-kneToKk omMH U3
Bapuale/ibHBIX V| -CETMEHTOB ITYTEM COMATHYECKOM
PEKOMOUHALIMY TIEPEHOCUTCS U3 OTIAIEHHOTO y4a-
CTKa B YYaCTOK TOH XK€ XPpOMOCOMBI, PSIIOM C Of-
HHMM U3 CErMEHTOB J L Hanpumep, cermeHT V, 00be-
JMHSIETCS C COeJUHUTEIBHBIM MUHM-CETMEHTOM J
U opMUpyeTcs ToNHbIM reH L-nenu. OH cocTouT
M3 3 3K30HOB U 2 MHTPOHOB, PAacroJIOXKEHHbIX B
rere B caenyiouem nopaake: S'L-1-V,-J,-J-1,-
C-3’, roe L — nuuepHasi mociexoBaTeaIbHOCTh, KO-
AYpYyIollias CUTHAIbHBIA NenTu, I, — MHTPOH V-
CerMeHTa, a I, — MHTPOH MeXay ceMeicTBoM J, -
cerMeHTOB U Cx-3k30HOM. Ilocne TpaHCKpHITLIMU
reHa B XoJe CIUIaCHHIa U3 MEPBUYHOTO TpaHC-
KDUIITA YIAISIOTCS MHTPOHBI 1, I, v MiuHumi cer-
MEHT J,, a BCE KONAUPYIOLIME TOCIEN0BATEIBHOCTH
COEOUHAIOTCA B €AWHYI0 MH(OPMALIMOHHYIO MO-
nexyiy 3peioit MPHK. B mpotiecce cunresa L-uenu
Ha pUOOCOME JIMOCPHBIA Yy4acTOK, COCTOSLIUN B
OCHOBHOM M3 I'MJIpo()OOHBIX aMUHOKHMCIIOT, 0bec-
TieynBaeT MPOXoXaeHHe Oesika yepe3 MeMbpany DP
M 3aTeM oTtilersieTcss. O6pasyerca L-uenb, ume-
10111251 aMUHOKHCJIOTHBINA COCTaB, XapaKTEPHbIN UIA
L-uenu x-tuna B MoJiekyne Ig.

Pacy€Tel MOKa3bIBAIOT, YTO U3 UMEIOLLUXCS CET-
MEHTOB K-T€Ha B OPraHM3ME MOXHO CHHTE3UPO-
BaTh 4500 MOJHBIX TeHOB, Koaupylomux L-uenu
K-THMA. ‘

®opMUpOBaHHE MONHBIX FeHOB L-1ieneil A-tuna
TIPOUCXOANT TaK Xe, Kak L-ueneil x-tuna.
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Puc. 4-49. O6pa3oBaHue reHa nérkow Uenu x (Kanna) Tuna v ero TpaHckpunums. 1 — V-cermMeHTbl L-ueneii cocTosT U3 ABYX 9K30HOB
1 pasnensiollero Ux UHTpoHa. DK30HbLI KOQMPYIOT CUrHanbHLIM nentud (L) v no4Tn Becb BapuabenbHbIl noMeH V. B xoge comaTnyeckon
pekoM6MHaLMK CerMeHT reHa sapuabeneHoi yactu L-uenu (V,) 06beAnHAETCS C OfHUM U3 COEONHMUTENBHLIX CerMeHTOB (J,); 2 — TpaHc-
KpUBMPYETCA NONHLIA reH L-Lienu, CocTosLmiA U3 TpEX 9K30HOB 1 ABYX UHTPOHOB, PacronoXeHHbIX B cnepytowem nopsagke: 51 -1,-, V,J,-J -
I,-C-3’; 3 — B xopne cnnafcuHra NepBuMYHOrO TPAHCKPUMNTa reHa UHTPOH |, cermenTa V,, J, CerMeHT U UHTPOH |, oTaensiowmit V,J, ot C-

obnactu, ypansioTcs.

Ewg 6onpuiee pasHooGpasve BApUaHTOB BO3HU-
KaeT Mpu cOOpKe FMoJHBIX TeHoB Tsxkenbix (H) ue-
reif Ig. H-uienu KoaupyroTcst YeTBIPbMST CerMeH-
tamu: V,, D, (oT aHrn. diversity) cerMeHTaMu
pasnoobpasus, J, 1 C,. V yenoseka 0OHapyXeHO
okono 500 V,,, 15 D, n 4 J,, cermenTos.

Kaxapiii V,; cermeHT coaepxur uHGOpMaLMIO
00 aMMHOKHUCJIOTHOM TIOCJIEIOBATEIbHOCTA CHTI-
HaJlbHOro nenruaa u okojo 100 aMmuHokucoT V
noMeHa. B cermente D, 3akonupoBaH y4acToK Io-
JIMMENTUIHON UEMNM, coaepxaniuii ot 2 10 13 amu-
HOKMCJIOT, a B CerMeHTe J,, — 4—6 aMUHOKMCJIOT.
[TonHblA reH BapuabenbLHOro JAOMeHa oGpa3yeTcsi
MyTEM COeAMHeHUs V,, D u J, cerMeHTOB.

[Ipu GOpMUPOBAHMH TOJIHOTO TeHa Bapuadesib-
Hoit yactu H-uenu Ig, cocroawei na V,, D n J,
CErMEHTOB, NMPOUCXOAUT 2 peKOMOMHAIIMOHHBIE
COCTBIKOBKM: Ha MEPBOM 3Tarle ynaisieTcsl y4acToK

7—-2128

Mexay BbiOpaHHbIMM D, 1 J Koaupyoummu moc-
JIE[IOBATEILHOCTSAMM, a Ha BTOPOM — MeXay V, u
Dny CErMEHTaMM. DK30HOB, KOJAMPYIOLIUX KOH-
cTaHTHy0 obnacte H-ueneit, onucano 10: Cu, Co,
Cy,, Cy,, Co,, Cy,0, Cy,B, Cy,, Ce u Co,,, OHHM oOn-
PEIENSIIOT KJIACChl M NMOAKIACCHI UMMYHOIIOOY/IN-
HoB — IgM, IgG, IgA u 1.0

IlepBbIMH B MMMYHHOM OTBETE ITOSABISIOTCS
IgM, MOCKOJBKY K OJHOMY I'€HY BapHaGebHOro
JoMeHa OMxKe Bcex ocTaibHbIX C-3K30HOB Haxo-
nutest Cp cermeHT H-uienu. AxtuBrpoBaHHbie B-
KJIETKM MOTYT CUHTE3UpOBaTh MEMOpaHHO-CBA3aH-
HYIO M ceKpeTupyemyto gopmbl IgM. Kpome Toro,
OHM MOTYT TNEePEKII0YAThCs ¢ CMHTe3a IgM Ha 06-
pa3oBaHue aHTUTEN ApYyrux kiaccos. [lepen kax-
abim C,; sk3oHOM mmeercsa ydactok JJHK, Hasbi-
BaCMbIil «y4aCTOK MePEeKTIOYEHHS», WIIA «CBHY-CAWT»
(oT aHrA. swich site), TOCTPOEHHBI U3 MTOBTOPS -
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IOLUMXCS HYKJICOTUIHBIX IMOCIEA0BATEIbHOCTEH.
DTU ydyacTku oO6JerdyaroT NpoTeKaHWe IOIMOJHU-
TEJbHOU PEKOMOWHALIMM, B XOJ€ KOTOPOM yaais-
1oTcsi C-CerMEHThI MEXAy TOJHBIM T€HOM BapHa-
O0enpHOM 00mactT M C-cerMeHTOM TOro Kjacca,
KOTODBIA JOJ/DKEH ObITh BKJTIOUEH.

HccnenoBaHue HYKJIECOTUIHBIX MOCIE10BATEb-
HOCTEW T€HOB HEKOTOPBIX NMOAKIJIACCOB L-1iemneit k-
TUna u H-lernei mnokasango, 4To pa3HooOpasue
CTPYKTYpPBI CETMEHTOB, 3aKOJMPOBAHHBIX B 3apo-
JIBLLIEBOM KJIETKE, YBEJIMUYMBAIOT COMATHYECKHE MY-
Tapud. MyTtaiuu npoucxoasT B aucddepeHIMpo-
BaHHBIX KJIeTkax Ha ydactkax V,-J u V D/ J,
CErMEHTOB B MPOLIECCE WIM IMOC/IE peKOMOUHALINA,
JieJiast, TAKMM 00pa3oM, KOJIMYECTBO aHTUTE MpaK-
TUYECKU HEOorpaHWYeHHBIM. OueHb BaXHO, YTO
MyTallM{ MPOUCXOISAT B OOJACTSAX, OTBETCTBEHHBIX
3a y3HaBaHWE aHTUTCHOB, obecrieynBas Goee Imo-
HOE COOTBETCTBME aKTMBHOI'O LIEHTpa aHTUTEa
aHTUTEHY.

TakuM 00pa3oM, MepecTpOMKM IeHEeTHYECKOTO
MaTepuaia B mnpollecce GOpMUPOBAHHS TTOJIHBIX Te-
HOB Ig IpOUCXOAST B HECKOJIbKO 3TalioB, KaXIblii
M3 KOTOpBIX MPUYPOUEH K CTPOTO OIpEHAEIEHHOM
craguu auddepeHMpoBkyd B-nmuMdonuros. U3
CETMEHTOB, KOTOpbIe KOAWUPYIOT Pa3jMuYHbIe YYacT-
K/ NOJUIIENTUAHON LEIH, BXOISILIECH B Bapradeib-
HbIE JOMEHbI, 1 OJHOTO U3 3K30HOB KOHCTAHTHOTO
JIOMEHa COOUpPAIOTCS TOJHbBIE TeHBI TSKETbIX U JIET-
kux Hutel Ig. Chopka L-1ienei BKIOYAET OHY CO-
MaTUYECKYI0 peKOMOMHauuMio, a cbopka H-mienei
MPOMCXOAUT C TIOMOIIBLIO IBYX COMATMYECKHMX pe-
koMmbuHaimid. Korna B-mMMOLMTBI CUHTE3UPYIOT
Ig He knacca M, To 3TO COMpPOBOXIAETCS €LIE Ofl-
HUM JOITOJHUTEIBHBIM PeKOMOWHALIMOHHBIM COOBI-
TheM. CoMaTh4ecKue MyTAalluH, MPOMCXOMSIUUE B
3pesbiX B-nmumdounTax, aesarT MHOToo0pasue aH-
TUTEJ HEUCUYEPITAEMbIM.

AHaJIOTHYHBIC TIPOLIECCh HAOIIOMAIOT U B XOJE
mdgeperpoBku T-T1MMPOITUTOB.

4. Pezyaauus mpanckpunuuu

PerynasiLivsi TpaHCKPUIILIMKM T€HOB BBICILUX Opra-
HU3MOB CXOJIHA C PEryJsiiveid IKCIIPECCUU TeHOB
MpokapuoToB. OCHOBHOE PAa3IMYUE COCTOUT B 3HA-
YUTEJIbHO OosbliieM kKonuuectBe ydacTkoB JIHK u
PErYJIATOPHBIX (PAKTOPOB, KOHTPOJIUPYIOLIMX 3TOT
mpolrecc.

¥ XWBOTHBIX M Y€JIOBEKA PA3NTUYHBIC TE€HBI 3KCII-
PECCUPYIOTCSI B pa3Hbie MOMEHTHI BPEMEHHM U C pas-
HOM MHTEHCUBHOCTBIO. 3MIECh, TaK XK€, KaK Yy MpOKa-
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PHMOTOB, €CTh I'€HBI «[OMALIIHETO XO3sIiICTBa», TPaHC-
KpUOUPYIOIIMECS] KOHCTUTYTUBHO, T.€. TIOCTOSIHHO M
BO BCEX TKaHSX. DTO I'eHbl IMKOIM3a, cuHTe3a PHK
M HEKOTOPBIX OeJIKOB (Hampumep, anbdymuHa). Cy-
LIECTBYIOT T'€Hbl, TPAHCKPUOUPYIOLIMECS TOJbKO B
CIELMATM3UPOBAHHbIX KIIETKAX, T.€. IMEET MECTO TKa-
Hecrienuduueckas skcnpeccusi. Harpumep, skcm-
peccusi TeHOB - U B-lierneid r1o6MHa MpOMCXOIUT
TOJIBKO B KJIETKAX-IPEIIIECTBEHHUKAX SPUTPOIIUTOB.
MHorue reHsl MMOABEPraroTCsS amalTMBHOMN peryis-
WU U SABISIIOTCS O0ObEKTaMM WHAYLIMOETbHbIX BO3-
JEACTBUI WIA HETATUBHOTO KOHTPOJIS.

PaHee yXxe ropopuwioch 0 TOM, YTO MUHUMAJTb-
HBIA CHHTE3 JI000TO OejKa IMOAIECPXKMBACTCSA B
ToM ciyyae, ecid K TATA-yyacTKy mpoMoTopa
npucoenuHsercsi TATA-cBsi3pIBalOIUA 0€JIOK,
dakTopsl TpaHckpunuun U PHK-nmonmmepa3sa,
oOpasymolle MHULUHUPYIOLIMIA KOMILJIEKC, OCY-
LIECTBAAIOIIMNA CUHTE3 HEOOJBILIOTO KOJIWYECTBA
MPHK. ®opMupoBaHue KOMITIEKCA — MHOTOCTY-
TeHYaThlid TMpoliecc, OT oOpa3oBaHUs KOTOPOTO
3aBUCHUT CKOPOCTb MHUIIMALIMUA TPAHCKPHUIILIMU.
NaentuduumuponaHo 6osnee 100 paziuvyHbX Oen-
KOB, CIIOCOOHBIX B3aUMOJEUCTBOBAThH CO CICIHU-
dUUYEeCKUMHU PEryjasiTOpHBIMU TOCJIeN0BaTEb-
Hoctsimu [IHK, Biusst rmaBHBIM 00pa3oM Ha Mpo-
1ecc COOPKM TPAHCKPUIIIIMOHHOTO KOMILIEKCa M
CKOPOCTh TpaHCKpuIuuu (puc. 4-50).

OTH 6eIKU UMEIOT OIUH WM HECKOJIbKO JOME-
HOB, 00€CIEUMBAIOLLMX BBIIOTHEHUE PErYJISITOPHBIX
byHKIHNA.

JTHK-cBa3bIBalonmue J0MeHbl, OTBETCTBEHHBIE 3a
y3HaBaHUE U CBSI3bIBAHUE PETYJISTOPHBIX daK-
TOpPOB €O cHelM(PUYECKUMHU Y4acTKaMu Ha
Mmosekysie JTHK;

JloMeHbl, aKTHBHPYIOIIME TPAHCKPHIILMIO 334 CYET
CBSI3bIBAHUSI C OeJKaMU OCHOBHOTO WHUIIHAA-
TOPHOTO KOMIUIEKCA: TPAHCKPHUIIIMOHHBIMUA
¢dakropamu, koaktupaTopamu M PHK-nonau-
Mepasoif;

AHTHMpenpeccopubie JoMeHbI, 0J1aronapsi KOTOPbIM
0eJIKM CIIOCOOHBI B3aMMOIENCTBOBAaTh C THC-
TOHAMH HYKJIEOCOM M OCBOOOXIATh TPAHCKPHU-
o6upyembie yqactku JJTHK ot cBs3u ¢ 3tumu
UHTUOUTOPHBIMU CTPYKTYPAaMHU;

JloMenbl, CBA3LIBAIONIME JMTAHDI, IPUCOEIVMHEHUE
KOTOPBIX K G€JIKYy M3MEHSIET ero KOH(popMauuo
1 ofecIieunBaeT CBsi3biBaHue ¢ Monekyon JIHK.
JIMraHaBI-MHAYKTOPbI TPAHCKPUIIIIMHA — CTEPO-
WIHBIE TOPMOHBI, PETMHOEBAsi KUCIOTa, KaJb-
LMTPUOJ (POM3BOAHOE BUTaMHMHA D,) u rop-
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Puc. 4-50. ApantMahas PeryiRUMs TPaHCKPUNLMKA Y 3YKapuoToB. [1pOMCTOPL! 3YKaproTUUYECKNX MEHOB HaxGAATCA NOL KOHTPONEM
60NbLLIOro HACNa PeryiIaTopHbIX y4actkoB Ha monekyne [HK: TATA- CAAT-, GC-nocnepoBaTenbHoCTEN, SHXaHCEPOB, CalneHcepoB—
n10CNenoBaTensLHOCTEN, K KOTOPbIM NPUCOSAVHSIIOTCS KOMITIEKCH! HENKoB ¢ pasnuyHbiMiu nuraHgamu (WLAMO®, ctepompHbiMK ropmoHa-

MU, MeTabonuTami, MoHaMnm MeTannos v T.41.).

MOHbI LIIUTOBHIHOM XKenesbl. JIMravaamu-peri-
peccopaMu MOTYT ObiThb KOHEUHDIE TIPOAYKTb
MeTadONMIEeCKUX NMYTEH, HEKOTOPbIE FOPMOHDI.
byayur aunoduibHbIMU MOJIEKYJIAMK, OHU
MPOXOSIT I11a3MaTHUYECKYIO, @ MHOTAA W Snep-
HYIO MEeMOpaHbl, B3aUMOICHUCTBYIOT ¢ BHYTPH-
KJIETOUHDLIMM PEUCTITOPaMM, TPUCOCAUHISICH K
JIUraHA~CRSI3bIBAIOLLIEMY Y4YacTky (puc. 4-51).

IMpucoenmHeHue nuranaa K peuentopy oodpaszy-
et AHK-cBsa3bIBaloWMit y4acToK, Y3HAKILWKA clie-
LIUUUECKYIO NOCTEA0BATENIbLHOCTL B PETVISITOPHOI
3oHe JIHK ¥ MHAYUUPYIOWIMU TPAHCKPHIILIHIO OI1-
pENECIEHHBIX TEHOB.

Ha monekyne AHK na paccrosinum 100—200 nap
OCHOBAHUM OT CTAPTOBOU TOUYKKM TPAHCKPUIILIUH
UMEIOTCAd KOPOTKUE clieupUIeCcKHe MOCAe10Ba-
teabHoctTM AHK: CAAT — anemeHTt (Mau 6okc),
CG-60KC M OKTaMepHblil DoKe (BKIIOYaloWMi 8
rnap OCHOBaHWM), y3HAIOUIWE TPAHCKPUTTLMOHHBIC

(GAKTOPh. DTU 3JIEMEHTBI CCTh BO BCEX KJETKAX, M
KOHCTUTYTUBHO 3KCIPECCUPYEMbIE T€HbLI HYKAAK0T-
Cs1 TONIBKO B HUX. B TO ke BpeMst /151 TeHOB, NO/-
BEPratOLIUXCY AMANTUBHOW PETYSILIMU, OBHApyXKe-
Hbl yuacTku Mojiekyabl JAHK, koTopbic yaancHkbl
(10 1000 u Hosee nap oCHOBAHUIA) OT NPOMOTOPA,
HO TOXE YUACTBYIOLUME B PETYJISIUUN TPAHCKPUII-
UMK, DTU HYKJICOTUAHBIC TOCJIEA0BATE/IbHOCTH
OBIBRAIOT 2 TUIOB.

Duxancepet — ydyactku JHK pasmepom 10—20
rnap OCHOBAHWU, MPUCOCAMHEHUE K KOTOPbIM pe-
IYJISTOPHbIX O€IKOB YBEJIMYMBAET CKOPOCTh TpaHC-
kpuniuu. Ecim yuactkn JHK, cBa3biBasics ¢ 6e-
KaMM, o0ecrieunBaoT 3aMemieHe TPaHCKPUMILINU,
TO WX Ha3bIBAIOT CalljieHCEpaMH.

DT CTPYKTYpHbIe 3eMEHTbl Modekyant JHK
KOHTPOUMPYIOT TPAHCKPUITLUIO, JAXKE €CIM OHH:

e opueHTUpoBaHbl Ha monekyie JAHK B 110060m Ha-

TiparieHnH (0T 5'- K 3’-KOHIY WiIH HaobopoT);
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CvLa GNa cuHTeda

o CBSIBBIBAKGTCH ¢ OAHMUM WIW HECKOJALKHMMU pe-
FVASTOPHBLIMY DEIKAMM,
o PACTHIONATOTCH (1EPC/ WM NOCAE TeHa,
PECCHIC KGTODOMO GHI PCTVIIMPYIOT.

HremenThl 0TBETA, WAM CiS-3eMEHTB! — pCry-

BITOPHbIC tocaegoraTesnocTy AHK, obuine juis
rpyiribl renon. OHp 0beCneUMBAaT KOOPIHHUPO-
BAHHYIO PErVIsIIMIO TPAHCKPHITUMK T€HOB M, KaK
NPABUIO, PACHOTATAIOTCS HA PACCTOSIHUW TIpH-
MepHo B8 250 rap OCHOBAHMNA BBILLE IPOMOTOPA
KaKAOT O B 0CTa1bHOM 3TU HYKJICOTUAHbIE
NOCAEA0BATEALHOCTU UMEIOT MHOTO ODLIEIo ¢ JH=
xancepamu. B 1anHOM BapUAHTE PETVJISILMUK OJLIMH
W TOT K€ MHIIYKTOP, CBsA3bIBASICH C COOTBCTCTBYIO-
UM PETVASTOPHBIM OCIKOM, MOXET akKTUBUPO-
BATH MHOI'O Pa3HbLIX TEHOB, TaK KaK KaXAbld M3
HUX B PEryJsITOPHON 00JaCTH COUEPXKUT OJUH U
TOT Ke cis-onemeHT. OAuH K3 0eAKOB-IIPOAYVKTOR
STOH TPYIIIbI TEHOB MOXET OKa3arbCsd MHIYKTO-
pOM Apyro rpynnst reHoB. KoHeUHbIH pesyabrar
PETVJISIIIAM — CepHsl OTBCTHLIX pCaKLMii 33 Cuér
AKTUBALIMU PA3AUYHbIX TEHOB OAHWM UHJIYKTOPOM
{puc. 4-52).

DRCH-

reHa.
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S BHYTPNKNETOUHBIM PELIENITOPOM, HAXOGRWMMCR B SApE UK LUTCRnasmMe, ¥ nocTyns
COBJMHABTCA K ONPLOenEHHOMY y4acTKy Ha monekyne [HK 1 akTMBupyeT TpaHCKpuniuiie 1 eHa. (
Henka, 00ecneYnBaoOWEre oNPeAen@HHLIN KNETOYHBIA OTBET.
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K reHaM, peryanupycMbiv Cis-3aeMedTanmy, oT-
HOCSIT TCHbE, YYBCTBUTCALHBIC K CTEDOHIAHLIN 1OD-
MOHGM, TeHbl OCIKOR TeILIOBOTO HOK M rMHOUKE
Apyrue. Haopumep, npn noseigeipp re ATV~
Pbl MW FIOCIE KAKOTO-JTHOO ADVICTD KALTOMHOTD
CTPECCA AKTHRHUPYRTCS CHHTES TRAHCKDITUHGHIIOND
dakropa. KOTOPBLII HMILAVIIMPYET TPAHL KD
IeHOB, KOAUPYIOUIMX CTPOCHUC LLATICPOHOR.

OueBUAHO, YT0 HDPEKTHBHOCTL PETVISIIINT B0
MHOTOM 3aBUCHT OT CTPYKTYPDLI TPAHCKPUTTIINOH-
HBIX (PAKTOPOB U RHYTPUKJICTOUHBIX DCICTTONOR,
HETIOCPEACTBEHHO B3aHMOACHUCTRYIOUIMX € MO.i2-
Kysioi JJHK. Yctanosnene, uto OOABIWMHCTEO
AHK-cnsa3biBaomimnx 6CIKOR APUHALIEKNAT K TPEM
ceMENCTBaM B 3aBMCUMOCTU OT CTPVKTYPLI AOME-
Ha. HEIMOCPEACTREHHO B3aMMOIeHCTRVIONRIO ¢
ABoUHON cnupaibio AHK. D1h 6enku Brinoyaor
CTPYKTYPblI THIA «CNUPAIB-TIOBOPOT-CITUPATL»,
«UMHKOBBIC TaJAbUbl» M <«JIEHUUHOBOW MOJHHMH»
(cM. paznen 1). Kak npaBuio. 3TH CTPYKTYPh! —
HeboabLIMe BparMeHThl MOIEKYI OEIKOB, 4 CaliT-
cnenuUUYecKoe CsI3bIBAHME NMPOUCXOANT 32 CULT
B3AUMOAEHCTBUS MEXKIY PAAMKAIAMM aMUHOKMUC-
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Puc. 4-52. AKTMBauus rpyninbl FeHOB C MOMOILLbIO ORHOFO MHAYKTOpPA. pynna reHoB MMeeT O6IUMIA PEryNATOPHBIA CiS-2NeMEeHT U
aKTUBUPYETCSi OHAM U TEM Xe perynaTopHbiM 6enkom. OguH u3 6enkoBbIX NPOOYKTOB NEPBOIA CEpUN OTBETHLIX Peakuuii akTUBMpyeT
BTOPYIO CEPMIO MEHOB (* — Cis-anemMeHTb! K 6enky X; # — cis-anemeHTsi K 6enky C).

JIOT 3TUX Y4YaCTKOB M a30THUCTHIMM OCHOBAHUSIMHU
mojekyasl JIHK.

5. TlocTTpaHCKPHIMIMOHHAS perysiums

B opraHuaMe XHMBOTHBIX CYLUECTBEHHOE 3HAYEHHE
B obecrneyeHun pa3sHooOpasust OEJIKOB UIPaeT MoCT-
TpaHcKpHIumMoHHbIi npotieccuHr PHK. OcHoHble
Ccroco0Obl TaKOH peryisiiMu — aJbTepPHAaTUBHbIN
CTUIAMCHHT U U3MeHeHue cTtabuibHoct PHK.

AJbTE€pPHATHBHBIN CIUIAMCHHAT. YCTaHOBJIEHO, YTO
MHOI'HE 3YKapUOTHUECKHUE TeHbI, OYI1y4U TPAHCKPU-
OUpOBaHbl, 00Pa3ylOT HECKONBbKO BapUAHTOB 3pe-
Joit MPHK B xome rmpoueccuHra (Mav co3peBaHHUsI)
TEPBUYHOIO TPAHCKPHIITA, UMEIOIIETO MTOIUIK30H-
HO€ CTpOEHHUeE.

Boamoxtble BapuaHThl crutaiicuira PHK npen-
cTaBjieHbl Ha puc. 4-53.

Haubonee yacto npoMoTop COXpaHsieTCs Ha Ol-
HOM U3 KOHILIOB TPAHCKPMIITA, a B XO/I¢ CTUTAaNCUH~-
ra MPOUCXOMUT «BbIPE3aHUE» OJHOTO WJIM HECKOJb-

KHX 3K30HOB. B mpyrux ciydasx B 3pesnoit MPHK
COXPAHSIETCS] YacThb MHTPOHA M BKJIIOYAETCS B CO-
CTaB 3K30Ha ¢ 5 wiu 3’-konua. CrutaiiciHT MOXeT
BJIMSITb Ha BBIOOP ITPOMOTOpA MJIM Y4acTKa ITOJTH-
aJCHUJIMPOBAHHUSL.

C mnomolpio aJIbTEPHATHBHOIO CILIAHCHHTA B
MpOLIECCe CUHTE3a aHTHUTEN 00pas3yloTcst MeMOpa-
HOCBSI3aHHbIE U CEKpeTOpHbie (OPMbl aHTUTEN
(puc. 4-54). Tak, nepBoHayanbHO B-numdo-
LMUTbl NPOAYLUMPYIOT TPAHCKPUIITHI, MOJIMAACHU-
JIMPOBaHHbIE TTOCJIE BTOPOrO CTOM-KOMOHA, a HHT-
POH, B KOTOPOM HMEETCS IMepBblii CTOMN-KOJ0H,
ynansiercsi. B pesynbrare cuHTesmpytores IgM,
CBsI3aHHbIE C KJIETOYHOH MeMmOpaHOM, TaKk Kak
MPHK Ttakux kjietok comepxuT Ha 3’-KOHIlE K-
30H, KOOUPYIOLUMHI YYaCTOK MOJUTIENTUAHOMN LIENH,
COCTOSILLIUY U3 TUAPOdOOHBIX aMmuHOKMUCIOT. C T10-
MOILbIO 3TOTO Yy4acTKa IPOUCXOOUT «3aAKOPU-
BaHue» IgM B MembpaHe. Korna B-numdbonuts
[peBpalialoTcsl B MJa3MaTuYeckKue KIETKU, TO B
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Puc. 4-53. YacTo BcTpedalowmecs: BapuaHTLI CNNakCUHra nep-
BUYHbIX TpaHckpunToB PHK. I. BbipesaHve opHOro us aK3oHOB:
a) cuHTe3 Benka, cofgepxaliero nonHelih Habop ak3oHoB (1-5);
6) cuHTe3 Genka, NMWEHHOTo OQHOrO 3K30Ha (1, 2, 4, 5); Il. Coxpa-
HEHUe yuacTka UHTpOoHa: a) ¢ 5'-koHua; 6) ¢ 3'-koHua. IIl. CoxpaHe-
Hue Lenoro uHTpoHa. IV. Mcnonb3oBaHue anbTepHaTUBHbIX NPO-
MoTtopos (nMbo nepen ak30HOM 1, NMBO nNeped 3K30HOM 2). V.
Mcnonb3oBaHWe anbTepHaTUBHbIX YHaCTKOB NONVaAeHUNUPOBaHUA
(HanpuMep, Npyu nNocnepoBaTenbHOM CLIMBAHWM 9K30HOB Mocne
3K30Ha 3, a eciin 5K30H 3 He NPoUMTLIBAETCS, TO Nocne 3K30Ha 4).

pe3yJbTaTe ajJbTepHATUBHOIO CIUIaiicMHra odpa-
gyetcsi MPHK, B KOTOpO#i COXpaHsIETCSI WHTPOH,
coepxalliuii epBblit cTon-KonoH. [Toatomy nipo-
HUCXOAUT Oojiee paHHEe TMOJMAACHUIMPOBAHUE U
HCY€3aeT IK30H, KOAUPYIOUIMHA ruapodoOHBII
V4acTOK MOJIeKyJbl. CHUHTE3UPYIOTCS YKOPOYCH-
Hble MOJIEKYJIBI aHTUTEJ, CEKPETUPYEMBIC B KDOBb.

«Penakruposanue» PHK. OnucaHn psin ciayyaes,
Koraa nepBuyHas crpykrypa MPHK wusMeHsieTcs
(«penakrupyercsi») nociae tpaHckpuniuu. Ilocie-
JIOBAaTEIBHOCTh HYKJICOTHIOB B TAKUX I'€HAaX OAM-
HAakKoOBa, a TpaHCKpuOUpyeMas B Pa3HbIX TKaHSIX
MPHK paznuyaercss B pe3yabraTe MOSIBIEHUS B
MOJIEKyJIe 3aMeH, BCTABOK WIHM BBIMAAEHUNA HYKIIE-
otunos. [lpumep «pemaktuposanusi» PHK — o0-
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paszoBaHue anomnpoteMHa B (aro-B) B kieTkax mne-
YeHU U TOHKOTO KHUIlleuyHuKa (puc. 4-55). Ano-B —
OCHOBHOI KOMITOHEHT JIMIIONIPOTEMHOB, Y4aCTBYIO-
IIUX B TPAHCIIOPTE TPUALWITIMLUEPUHOB U3 3THUX
TKaHeil B KpOoBb. XOTs anonporedH B Komupyertcst
OIHUM Y TE€M Xe 'eHOM, BapuaHT Oejka, o0pa3ylo-
LIMIACS B MEYEHH, Ha3bIBaloT ano-B-100, u oH co-
JepXUT 4563 aMMHOKMCJIOTHBIX OCTaTKA, TOLIA KaK
0eJIOK, CHHTE3UPOBAHHbBIN B KJIETKax KMIIIEYHMKA,
COCTOMT U3 2152 aMUHOKMUCIOT. B reHe, Koaupyio-
IIEM 3TOT O€JIO0K, TOCISIOBATEIbHOCTD HYKJICOTU-
JoB B Tpuriere 2153 — CAA u wudpyeT BKIIOUe-
HHE B MOJMMENTHAHYIO LENMb OCTaTKa IIyTaAMUHA.
B xieTkax kuiieyHuKa B TIEPBUYHOM TPAHCKPHII-
Te I'eHa a30TUCTOe OCHOBaHHE — LUTO3UH (C) KO-
JoHa 2153 nmesaMUMHMpYETCsl M MPEBpallACTCs B
ypauwi (U). BosHukaet cron-kogoH — UAA, mipe-
Kpawamowuii TpaHcasuuio MPHK B cepeauHe mo-
JIEKYJIbl ¥ TIPUBOISIILIMI K CUHTE3Y YKOPOYEHHOTO
0enka. B pesynbraTe oOpasyetcst Oeyok (B-48),
JUIMHA KOTOpOTro cocTamiseT 48% OT JUIMHBI OeKa
CUHTE3UPYEMOrO TI€YEHbIO.

Hamenenne cradmwmuocru MPHK. J1ns1 Toro, uyto-
Obl yyacTBOBaTh B cuHTe3e Oenka, MPHK nomkha
BBIATH U3 siipa B LIMTOILIA3MY Yepe3 sAEPHBIC MTOPHI.
YCTaHOBJIEHO, YTO B siipe KJIETOK OOBIYHO CHUHTE-
3upyercs 0oablumnii Habop reteporeHHbIXx PHK, uem
TOT, YTO BBIXOAMT B LIMTOIIa3My. MHoOrue Ipo-
JIYKTbl TPAHCKPUIILUM IOJBEPraioTcsl pacllerlie-
HUIO HykJeasamu, a T¢ MPHK, 4yto, TpaHcnopTtu-
pYIOTCSl U3 siApa B LMTOILIA3My, 3allULIAIOTCS OT
TUAPOJIMTUYECKOTO Pa3pylICHUsI, 00pa3ysi KOMII-
JIEKCHI ¢ GeaKaMHu.

BpeMst xu3Hu sykapuotnueckux MPHK 3Hauu-
TeJbHO OoJbuie (t, ,» COCTAaBJISIET OT HECKOJBKUX
4acoB JI0 HECKOJbKUX [HEM), UeM t n MPHK mipo-
KapHOTOB, PAaBHOE HECKOJILKMM MUHYTaM. OueBna-
HO, 4TO CTaOWIbHOCTL Mosiekyal MPHK — ¢akrop,
M3MEHEHME KOTOPOro BJIMsiET Ha YPOBEHb TPaHC-
asguuu. Crabwiuszauuss MPHK nipu ¢uKcupoBaH-
HOI CKOPOCTU TPAHCKPHUITLUU TIPUBOIMT K HAKOM-
JIEHWIO Y YBEJIMYSHUIO KOJIUYECTBA 00Pa3yIoIIerocs
0€eJIKOBOI0 MpOAYKTA.

IponosskutenbHOCTL Xu3HU pa3Hbix MPHK Ba-
PBMPYET B JOCTATOYHO HIMPOKUX Tipeaeiax. Heko-
TOpble T€HBI KOAUPYIOT MPOAYKT C OOJbLIOH
MPOAOJDKUTENBHOCTBIO XU3HU. Tak, B X0Jie TpaHC-
Kpunuuu resa B-rro6uHa oopasyerca MPHK ¢ t, P
paBHoit TipuMepHO 10 4. [Jdpyrue reHol oOpasyior
MPHK ¢ KOpOTKO# MIPOJOIKUTENBLHOCTBIO KU3HMU:
MPHK, Ha KOTOpBIX CUHTE3UPYIOTCSI (PaKTOPBI PO-
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Puc. 4-54. Ncrionb3osane MeXaHU3MOB anbTEPHATHBHOTO CifIaliCUlIa U NONMAAeHUNMPOBaHNA B XOAe CuHTe3a meMmbGpaHHo-
CBA3aHHbIX W CeKperopHbiX ig. Ecnn TpanckpunT nogeepraeTcs NonMageHwIMpoBaHmnio nocne BTOPOro CTon-kKo[oHa, NpucyTeTByiowe-
ro B 9k30He rexa IgM, 1o crHTesnpytoTes 6enkn, y KoTopseix Ha C-KoHLEe NpucyTeTBYeT ruapotobHbIN AoMeH, obecnedmBalowmi CBA3LI-
BaHMe C nnas3martudeckon membpanon. [pn ctumynsuum B-numcountoB B KneTkax OCYILECTBNSETCS anbTEPHATUBHbLIA CNNancuHr
NEepPBUYHOro TPAHCKPUNTA, NPU KOTOPOM MHTPOH, COEPXailmin NEPBLIN CTON-KOAOH, coxpaHsieTcs. Obpasytotcs bonee kopoTkue MPHK,

nonuagerNNApPoOBaHNe KOTOPLIX NPOUCKCEUT NOCNe Nepisoro Crofi-koaoHda.

'eH anonpoTenHa B CAA
p
{
TpaHckpunums
\AA- T paHckpunT
Meuens .~ \\ Peﬂ,aKTMp.OBaHMe PHK
o \? KIeTKax KULevHvKa
['g
MPHK ———— CApA ——- === AA ——— MPHK
| CTOon-koA0H
MeueHs ! Tpaxcnayms l
Ano-B - Ano-B KneTok kuieuHuka

f———4563 ———- 2152 —
Korind4ecTBo aMmHoOKUCTIST B DENKOBOM NPpOayKTe

Puc. 4-55. «PepaxtuposanHue» MPHK anonpoteuna B. B xofe TpaHckpunumu reHa anonpotenHa B B neveHu obpasyetcs MPHK,
crnyxauias Matpulen gnsa cuHTesa 6enka, cocToswero v3 4563 aMUHOKUCIOTHLIX OCTATKOB. B KneTkax TOHKOro KMWeYHMKa 3Kernpeccus
TOro Xe reHa BbidbiBaeT obpasosaHue 6enka, coctoaAwW2ro us 2152 amuHokucnot. B PHK TpanckpunTte umMTo3unH kopoHa 2153 — CAA
npespataeTca B ypaumn (U), W BO3HUKaeT CToN-kogoH B cepefuHe monekynsi MPHK. 3To npuBoamuT K cUHTE3y YKOPOYEHHOrO Henka.
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MeT-TPHK " FemkuHasa (HeakT.)

MPHK
Cy6beauHuub! E‘eM:] [Fem] |
pubocom

FeMkuHasa (akT.)

.7?.‘

aKT. AT® HeakT.

WNHuumnaums
TpaHcnsauum

CuHTes 6enka

PucyHok 4-56. 3aBUCUMOCTb CKOPOCTH CMHTe3a rnobuxa or
KOHLIEHTpauuu rema. Korga BHYTPUKNETOUHbIN ypoBEHb rema
BbICOK, hakTop nH1LmaLum elF2 He (hochopUnupoBaH 1 akTMBeH,
npovcxoauT cuHTes rnobuHa. Ecnn cogepxanve rema B KneTke
CHUXaeTCs!, PaKTop MHMLIMALMK OCHOPUNMPYETCSs, UHAKTUBNPY-
ercs v cuHTes Genka npekpatlaercs.

cra, umetot t, , meree 1 4. [lokasaHo, 4ro nomu(A)-
(parmeHT Ha 3’-xoHue MPHK yBeanuuBaer mpo-
IOKUTEIBHOCTh XM3HU MOJIEKY1. YeM AJIMHHee
nonu(A)-gparMeHT, TeM Oo0Jblle BpeMsl XU3HHU
MPHK.

OnucaHO MHOTO MPUMEPOB PEryIsILUU KOMUYE-
CTBa CHUHTE3UPYIOLIMXCS1 OENKOB 3a CUET M3MEHE-
HUSI TIPOJAOJKUTENBHOCTU (PYHKLMOHUPOBAHHUS
MPHK. Tak, crabuabHocts MPHK-maTpuu nis
CHHTE3a MOJIEKYJ TMCTOHOB CHJIBHO 3aBHUCHUT OT
(a3bl kieToyHoOro uukiaa. B S-dase rucroHsl no-
CTOSIHHO CUHTE3UPYIOTCS U UCIIONb3YIOTCS IJIsI K-
Jlaiku BHOBb 00OpaszoBaHHoOM JIHK B HykJieocoMBbI.
I'mcroHoBass MPHK B 3TOT mepmon crabuisHa B
TE€YEHUE HECKOJbKMX 4yacoB. [locie S-nepuona,
korga JJHK yxe He cuHTe3upyeTcsl, B KJIeTKax 00-
pasyercsi HeGOJIbIIOe KOJUYECTBO I'MCTOHOB, TakK
Kak OHM He TpeOyloTcs sl (OpMUPOBAHMS HYK-
neocoM. B ator nepuon t, ,, ;utg ructroHoBoit MPHK
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cocrasysieT 10—15 MuH.

6. Pecyasuua mpancaauuu u nocmmpanHcAAyUuoH-
HbIX Modugurayui

H3meHeHue CKOPOCTH TPAHCAIIHH

XOTs1 U3MEHEHWE CKOPOCTH 00pa3oBaHUsi OEJTKOB
Ha YpPOBHE TPAHCASILIMU HE OTHOCST K YUCTY OCHOB-
HBIX CITOCOOOB PEry/siIMM KOJMYECTBA M Pa3HOO0-
pa3us OeJIKOB, HEKOTOPhIe Cly4yark TaKOW perysi-
UMM u3BecTHbl. Haubosnee M3yyeHHBIA NMpUMeEp —
CHUHTE3 OEIKOB B peTHKyjJouuTax. M3BecTHO, uTO
Ha 3TOM ypoBHe A1(pdepeHLIMPOBKH KPOBETBOPHbLIE
KJIETKM JIMILEHBI siapa, a ciaemoBareabHo, M JTHK.
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Perynsiusi cuHTe3a 6enka-rjao6MHa OCYLIECTRIIAET-
€Sl TOJILKO Ha YPOBHE TPAHCJISILIMKM U 3aBUCHUT OT CO-
JiepXaHusl reMa B KJietke (puc. 4-56). Eciu BHYT-
PUKJIETOYHAsI KOHLEHTpAalUsi reMa BBbICOKA, TO
IJIOOMH CHHTE3UpYETCs; KOTla coaepXKaHue reMa
CHWIXAETCsl, TO MHTMOUpyeTcsi MU 00pa3oBaHUE IJ10-
6uHa. OcTtaHOBKa CUHTe3a 0OenKa OCYILEeCTBISIETCS]
3a Cuy€r ochopunupoBaHusi (pakTOopa UHULIMALMHK
elF2, xoropntii B hochopunmMpoBaHHOK opMe He-
aKTuBeH. I'eM npenoTepaiiiaetT hochopuiipoBaHue
elF2, cBasbiBasich co crienM¢prueckoil NpoTeUHKHU-
Ha30M, KOTopasi MoJy4nia Ha3BaHUE T€MKUHA3bI.

Hexotopsie MPHK coaepxar 3neMeHTBl BTOpUY-
HOM CTPYKTYpbI Ha 5- WM 3’-KOHLAX HETPaHC/IU-
pyemoro ydyactka MPHK, k xoTopbiM MoryT npuco-
€UHSThCS OEJIKM U MHTUOMPOBATH TPAHCIISILIUIO.
Hanpumep, cuHTe3 depputnHa — Oenka, obecrie-
YUBAIOIIETO XPAHEHUE MOHOB KeJle3a B KJIETKE, YCU-
JIMBAETCS TIPU TIOBBILIEHUM BHYTPUKIETOYHON KOH-
LIeHTpalMM xeje3a (cM. pasaen 14). ObHapyxeHo,
yto MPHK ¢epputrHa Ha 5'-KOHLIE MMeeT METH,
K KOTOPBIM MPY HU3KOMA KOHLEHTPALIMU JKeJie3a IMpH-
COEIMHSIETCS] PeryasaTopHbIi 6esok. Koraa atoT 6e-
nok cesizad ¢ MPHK, To Tpancasiuus He uper. Eciu
KOHLICHTpAIIUsT MIOHOB XeJe3a B KJIETKE IOBBIILIAET-
cst, To Fe’" B3auMopnelicTByeT ¢ OeNKOM, U3MEHseT
ero koHdopmauuio u cpoacrso K MPHK. MPHK
OCBOOOXIAETCS OT PEryasTOPHOro Oejika, M Ha HeW
HauMHAeTCcsl CUHTE3 (beppUTHUHA.

Paznuuug B NPOAOLKMTENBHOCTH XKU3IHH MOJIe-
KyJ1 Oeska

[Tocie Toro Kak O€lKM CHHTE3UMPOBaHbI, BpeMs
MX XKU3HU PeryjMpyercs nporeazaMu. PasHble Gefi-
KM MMEIOT pa3Hbie t, .0 OT HECKOJbKUX 4acoB 10
HECKOJIbKUX MECSILIEB, a uHoraa M Jet (Tabn. 4-6).
B KaxIoi KJIETKe CKOpPOCTb paclleTuieHusi OenKoB
BapeUpyeT B IMMPOKUX Tipeaenax. PepMeHThI, KaTa-
JIU3UPYIOIIUE PETYJIATOPHbIE peaKIIMKU METADOIUYEC-
KUX TIyTe#, KaK NMpaBuio, MOABEPraroTesi ObICTPOMY
PpacILETUIEHHIO, TIO3TOMY CKOPOCTh OOHOBAGHUS 3TUX
MOJIEKYJT IOCTaTOYHO BBICOKA. (PU3MOIIOTMYECKOE CO-
CTOSIHME OpraHM3Ma TakKe BJIMSIET Ha ITPOJOKU-
TEJIbHOCTb XMU3HU O€JIKOB. Kpome TOro, cyiiecTBy-
€T MOIIHAs CUCTEMA 3alUThl, O00ECreuuBaKLLIaAst
ObICTpOE paclUerieHne aedeKTHbIX OelKOoB.

HekoTopbie 6eaKU pacllerisioTCst JIM30COMHbI-
mu (epmeHtaMu. B mpoliecce ayrogaruu conep-
XHUMOE KJIETKM, BKJIIOUAsT OPraHEe/UIbl, OKPYXAeTCst
MeMOpPaHO1, CIMBAETCS C JU30COMOM APYIOM KeT-
KM W TToJBepraeTcs AEMCTBUIO JIM30COMHBIX (ep-



MeHTOB. B pesyabTate rugposuza oOpasyroLIMecs
MOHOMEPDI MOCTYNAIOT B LUTOIMJIA3MY JIJISl TIOBTOP-
HOTO MCIOJIL30BAHMSL.

Tabnuua 4-6. NMepuop nonypacnaga HekoTopbix 6enkos B kneT-
KaxX MIEeKOnUTawWwmx

DepmeHT T 9
OpHUTHEACKAapOOKCUITa3a 0,5
Tupo3uHamMuHOTpaHChepas3a 2,0
Kap6okcukunasa 5,0
tocdoeHonnupysara
ApruHasa 96
AJjsnonasa 118
JlakTatnernaporeHasa 144
Luroxpom C 150

Ins apyrux O€JIKOB TIOKa3aHO paclleTUiCHUE B
LIMTOILIa3Me MpoTeazamu. Tak, nomaexalyue pas-
PYLIEHUIO OeJIKM NMepBOHAYA;IbHO OTMEYAKOTCs KNeT-
KO NMyTEM MPUCOCAMHEHMUs OeKa IMoJ Ha3BaHUEM
YOMKBHTMH. DTOT HEOOJIBIION OEJIOK, COCTOSILUIMIA
13 76 aMUHOKMCIIOTHBIX OCTAaTKOB, OOHapyXeH y
MHOTMX OPraHM3MOB.

Viil. MEXAHU3MbI
FEHETUYECKOW
M3MEHYUBOCTMU.
NONMMOP®U3M BEJIKOB.
HACNEACTBEHHbLIE BONE3HU

Tounast paboTta BCex MaTpMIHbBIX OMOCUHTE30B —
PEIVIMKALIMH, TPAHCKPUILIAY U TPAHCISILIMK — obec-
TeYMBAET KOITMPOBaHWE reHOMA M BOCHIPOM3BEIEHME
(EHOTUNMHUYECKUX XapaKTEPUCTHMK OpraHui3Ma B
MOKOJICHMSIX, T.€. HacJenCTBeHHOCTH. OaHaKo Ouo-
JIOTUYECKAS! 3BOJIIOLIMSL M €CTECTBEHHbBIM OTOOD BO3-
MOXHBbI TOJIBKO TIPH HAJIMUMU TeHETHUYECKON U3MEH-
YMBOCTU. YCTAaHOBNEHO, YTO FEHOM ITOCTOSIHHO
MpeTeprieBaeT pazHooOpasHbie u3MeHeHusi. HecMotps
Ha (PGHEKTUBHOCTb MEXaHM3MOB KOPPEKIIMU U pe-
napaimy JHK, yactb moBpexaeHui Wik olnboK B
JAHK ocraérca. MI3MeHeHMs1 B TIOCJIeOBATEIbHOCTH
MYPUHOBBIX WIN MTMPUMMANHOBBIX OCHOBAHUWIA B IEHE,
HE MCIIPABJACHHBIC (PepMEHTaMM perapalnu, TMoJy-
YWINA Ha3BaHue «myTaimm». OIHM U3 HUX OCTAIOTCS

B COMATMYECKMX KJIETKaX, B KOTOPbIX OHM BO3HMK-
JIM, a IpyTue oOHapyXuBaloTCs B MOJOBBIX KJIETKAX,
NEPENAOTCs MO HACIAESACTBY U MOTYT MPOSIRISATLCH B
(peHOTHUITE TOTOMCTBA KaK HACNeACTBEHHAs! OOJE3Hb.
CyllIeCTBEHHbIN BKJIA B TEHETMYECKYIO M3MEHUMU-
BOCTb BHOCSIT MEPECTPOMKHM XPOMOCOM B IPOLIECCE
Meio3a. Kak yxe ykasbIBalIOCh paHee, CIMSHUE STii-
LEKJIETKU CO CIMePMATO30MIOM Y 3YKApUOTOB COTIPO-
BOKIAETCSI TEHETUUECKMMHU PEKOMOMHALIUAMM, B XO/IE
KOTOPbIX TIpoucxonuT ooMeH yuactkamu JTHK mexmy
T'OMOJIOTMYHBIMH XPOMOCOMaMM. DTO TIPUBOAUT K MO-
SIBJIEHHIO TIOTOMCTBA ¢ HOBOM KOMOWHALUeH I'eHOB.
I'eH WM YacT¥ T€HOB MOTYT TepeMellaTbCs U3
OJIHOTO MECTa XPOMOCOMbI B Ipyrue. DTU NOABUX-
Hble 37ieMeHThl Win ¢parmenTsl JHK nmomyuwimn
Ha3BaHUE TPAHCIIO30HOB U PETPOTPAHCITIO30HOB.
Tpancnoszonsl — yvyactku JAHK, ynamsiemble 13
OJHOTO JIOKYCa XPOMOCOMBI M BCTpauBaeMbi€ B
JIpYroit JIOKyC TOW Xe WJIM JIPYroii XpoMOCOMbI.
PeTpoTpancno3oubl HE MOKMIAIOT MCXOJHOIO [I0-
JaoxeHus B mosiekysie JIHK, Ho MoryT konmupoBaTh-
¢sl, U KOMKMM BCTPAMBAIOTCS, MOAOOHO TPaHCI030-
HaM, B HOBbBIM y4acTOK. Bximouasicb B T€Hbl WIH
Y4YaCTKH OKOJIO FT€HOB, OHM MOTYT BbI3bIBaTh MyTa-
LIMU M U3MEHSTh UX IKCIIPECCHUIO.
['eHOM 3YyKapuoOTOB MOJABEpraeTcsi U3MEHEHUAM
n nipu 3apaxenuu JITHK- wiu PHK-conepxainy-
MM BUPYCaMM, KOTOPBIE BHEAPSIOT CBON I'€HETH-
yeckuit Marepuan B JHK ki1etok xo3suHa.

A. MYTATEHE3

M3MeHeHUsi B TEHOME MOTYT ObITb pa3HooOpa3-
HbI ¥ 3aTparvBaTh Pa3IMuHbIC MO NPOTSKEHHOCTH
yyactk JJTHK OT XpoMOCOM M I€éHOB 10 OTIE/b-
HBIX HYKNeOTHIOB (Taba. 4-7).

Haubosee ApaMatvyHbl T€HOMHbIE U XPOMOCOM-
HBIE MyTailMu, 4acTo HalsioJaeMble Ha YpPOBHE CO-
MaTu4ecKuX Kiertok. Eciiv oHHM MMEIOT MECTO B IO~
JIOBBIX KJIETKAX, TO IJIsSl OPraHM3Ma 3TO MMeET valle
BCETO JIeTajibHbIe mocaeacTsus. Yactora Myraumii B
MOJNIOBBIX KJIETKaxX BbicOKa. CYIIECTBYIOT JaHHBIE,
yKa3bIBaIOIME Ha TO, uTo B 20% ciiydaeB nipu Gepe-
MEHHOCTH Yy 3MOpPHOHOB HaOJI0[ai0T HapylieHUs
CTPYKTYpbI XpoMocoM. B 90% ciyuaeB 310 npyBOINT
K HEHOPMAaJIBHOMY Pa3BHTHIO ILIOAA M ITMMHUHMPO-
BaHMIO 3apOJbIIIIEN B Pe3y/IbTaTe CIIOHTAaHHbIX a0op-
TOB. BBIKMIBIIN, NPOUCXOAALIME B TEYEHHE TTEPBLIX
HECKOJILKMX Hemeslb GepeMEeHHOCTH, CBSI3aHBI C Cce-
PBE3HBIMU HapyleHUsIMU xpoMocoM. B 50% ciyya-
€B OTMEYaeTCsl TPUCOMHSL 110 ayTOCOMaM, T.€. BMECTO
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Tabnuua 4-7. Knaccudukauus Mytaumi

Tun XapakTep MyYTaUMOHHBIX IIpumepsl
MYTAIHH H3MEHEHUH nocjaeJCTBHHA
I'eHOoMHBIH Vi3MeHeHHe 9nciia XpOMOCoM bonesns Jayna (nosiBineHnc
JOIOJHUTENIBHON XpOMOCOMEI 21)
XpoMocoMHEIE Obr1iee 9MCIIO XPOMOCOM HE MEHSIETCSL. MuimewHas auctpodus Jronmerna
HabsromaroT nepecTpoiki XpoMocoM, 00bIUHO (nenenym X-XpoMOCOMBI)
BUANUMBIE TIPH MHKPOCKOITHYECKOM HCCIIEIOBAHHH.
I'ennsle H3MeHeHHs 3aTparuBaioT OMH KOJAOH HITH CepIoBUIHO-KIIETOUHAsA aHEMHUS,
He6OoJIBHION OTpe30k reHa U He 00HAPYKUBAIOTCS BbI3BaHHAs 3aMeHO# OTHOTO
HUTOTEHETHIECKH HYKJICOTH/A B TeHe [3-Len# rio0uHa

fapbl XpOMOCOM Habmonatorcs Tpu. IlpuMep Takoi
narojoruv — 6onesHsb JayHa, npd KOTOpoi XpoMo-
coMa 21 MpHUCYTCTBYeT B 3 DK3eMIUISpaXx.

Hekotopele reHHbIe MyTallMK 3aKPETUISIIOTCS B 110-
TIyJSILMM, CTAHOBSITCA HAC/IENCTBEHHBIMM U OTIpejie-
JIAI0T 3BOJIIOLMOHHEIE mpoliecchl. C MyTauusMu
TAKOTO TUIIA CBSI3aHO MOSIRICHUE PATMUHBIX HACTEI-
CTBEHHBIX TaTOJIOTHIA, COMPOBOXIAIOIIMXCS TIPeKpa-
LIEHWEM CHHTe3a Oefika, KOOMPYEMOro TOBpPEXAEH-
HBIM T€HOM, JIMOO CUHTE30M HM3MEHEHHOIO OesIKa.

I'eHHBIC, WK TOYEYHbIE, MyTallMK ObIBAIOT B OC-
HOBHOM 3 BHMJOB:

3aMEHBI, TIPU KOTOPLIX OJHO a30THCTOC OCHOBA-,

nue B JJHK zamentaercs Ha mpyroe;

BCTABKH, O0ECIICUMBAIOIINE BHEIPEHUE B MoOJie-
kymy JHK 0ZHOro mimM HeCKOJIbKMX JOMOJIHU-
TEJIbHBIX HYKJICOTHIOB;

JeJieind (MJIA BbINIAAEHYSI) OMHOTO WA HECKOJIb-
KHUX HYKJICOTHIOB, IIPU KOTOPBIX IPOMCXOIUT
ykopouyenne monekyanst JJTHK.

1. Mymauuu no muny 3amenb: BOZHUKAIOT B pe-
3yJIbTaTe€ 3aMEHBbI OJHOrO a30TUCTOI0 OCHOBAaHUA
Ha JPYyTO€, YTO BHI3HIBAET U3MEHEHHWE B ONHOM W3
KOIOHOB MYTaHTHOro rexHa. Eciau xonupyloluui
TPUIUIET, B KOTOPOM HAaXOMMTCS U3MEHEHHBIM HYK-
JIEOTH, U3-3a BBIPOXACHHOCTU KOJA BBI3BIBAET
BKJIIOYCHUE B OEJIOK TOI X€ aMUHOKMCIIOTBI, 4TO
UCXOJHBIA KOOH (WIM KOIOH «IMKOIO» THIIA), TO
TaKyl0 MYTAaLMIO HA3bIBAIOT «MOJYallel», U Oel-
KOBBI MPOAYKT OCTAETCS TEM XKe€.

Korga 3aMeHa OmHOro OCHOBaHMs TIPUBOIUT K
3aMeHEe aMWHOKUCJIOThI B MyTaHTHOM O€JIKe, TO Ta-
KYI0 MyTalIMIO HA3bIBAIOT «MHCCEHC-MyTanus». B psiie
C/lyyaeB, HECMOTPSI Ha NPOU3OLLEALIVIO 3aMEHY,
6eNTOK COXpaHSIET OMOJIOrMYECKYIO aKTUBHOCTb. DTO,
KaK MpaBWJIO, CBSA3aHO C TEM, YTO U3MEHEHHAs aMU-
HOKMCJIOTa HAaXOAMWTCSA B yUacTKe Oejika, He MMelo-
1eM (QYHKIIMOHANIBHOTO 3HAYEHHUS, U K TOMY Xe
OHa M0 CTPYKTYype W CBOMCTBaM HAllOMHHAET MC-
XOIHYK aMHUHOKUCOTy. Takasg Myralusa Toxe Oy-
JIeT «MOJIYalleii», a 3aMeHa — SKBUBAJICHTHOI.

Tpunier H3menénnbii
«IUKOI0» THIA TPHILIET
Marpuua JHK 3"-TAA-5 3V-GAA-5
Komon MPHK 5’-AUU-3’ 5-CUU-3’
AMHHOKHUCIIOTa -Une- -Jle#t-

HMHorma aMMHOKMCIIOTA, OKa3aBLIASICS 3aMEHEH-
HOM, pacriojiaraercsi B 00J1aCTH, BAXKHOM ISt ITPOSIB-
JieHus1 (PYHKUMOHAIbHON aKTMUBHOCTU Oesika, U eé
3aMelIEHUe TIPUBOAMUT K 0Opa3oBaHUIO (HYHKLIHO-
HaJIbHO HEaKTUBHOIO Mpoaykra. Tak, ToueuHast My-
TaLus B KogoHe cepyHa (Cep — BaXKHEHIIMIA CTPYK-
TYPHBIA KOMIIOHEHT aKTMBHOIO UEHTPAa CEPHHOBBIX
MpoTeas. TPUIICUMHA, XMMOTPUIICMHA M HEKOTOPBIX
IpyTux (pepMEHTOB) MPUBOAUT K IOJHOM IOTEPE
AKTMBHOCTU. Eciu nomoOHbil epMEHT Y4acTBYET B
peakuysIx TIaBHbIX METabOMMUYECKUX ITyTeid, TO Takast
«HESKBUBAJICHTHAS» 3aMEHA MOXET CTaTh JIETAJILHOM.

Tpunier HN3menénnbin Tpunier HN3meHEHHBIH
«IHKOr0» THNA TpHIIeT «IHKOro» THIA TPHILIET
Marpuna JJTHK 3’-GGT-5’ 3"-GGA-5 Marpuma JJHK 3’-AGA-5 3’-AAA-5’
Konon MPHK 5’-CCA-3’ 5’-CCU-3’ Komon MPHK 5-UCU-3’ 5-UUU-3’
AMMHOKHCIIOTa -IIpo- -IIpo- AMHHOKHCIIOTA -Cep- -Den-
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B psine ciayyaeB MyTaHTHbIN GeloK, HECMOTpSI Ha
BXOISILLYI0 B HETO MU3MEHEHHYI0 AMUHOKMCJIOTY, CO-
XpaHsIeT CIOCOOHOCTh BBIMOJHSATh CBOIO (DYHKILIMIO,
HO MOXET OBITh HE CTOJIb 3((PEKTUBHBIM, KaK OeJIOK
«TMKOTO» TWMA. B pesynbraTe MyTaluuu y (pepMeHTa
MOXET OKa3arhcs Oosiee BLICOKMM 3HaueHue K wim
Oonee HU3KMM 3Ha4YeHHUE V., a MHOTAA TO U IPyroe
OMHOBpeMeHHO. Takue 4acTHUHO (DYHKIUOHUPYIO-
1me GesIKi Ha3bIBalOT MYTAHTHBIMU OEJIKAMU C HE-
MOJIHOCTBIO TIONABICHHONW (PYHKLIMCH.

H3penxa B pedynbraTe MyTaiiny 6€1KOBBIN MpoO-
JYKT F€Ha OKa3bIBaeTCsl Jy4dllle MPUCTIOCOOIEHHBIM
K BBITIOJJHEHHIO cBoer (pyHKuMM. Takue MyTauuu
JAJOT TIOTOMCTBY IpEeUMYyLIECTBA B Oopbbe 3a cy-
LIECTBOBAHME, a CEPUSI COOTBETCTBYIOILIMX MyTalIMi
MOXET MPUBECTH K MOSIBJIEHUIO HOBOTO BMUIA.

HaubosbiiMM noBpexxaaloliMuM AeicTBUEM 00-
JJagaroT MyTallMd, TPUBOASIIME K OOpasoBaHUIO
OIHOTO U3 TEPMUHHUPYIOUIMX KOJOHOB (HOHCEHC-
mytammsa). B npoiiecce cuHtesa Genka paborta pu-
0ocoMbI OyleT OCTAHOBJIEHA HA MYTAHTHOM TpPMII-
Jete MPHK: UAA, UAG wiu UGA. IlposiBnenue
HOHCEHC-MYTalUMi 3aBUCUT OT MX BHYTPUTCHHOM
Jjokanu3auuu. YeMm Omke myrauus K 5'-KOHLY
TeHa, T.€. K HayaJly TpPaHCKPUIILIMHK, TEM KOopoue eé
OCJIKOBBIN TPOOYKT, a ClIeJ0BaTeIbHO, T€M MEHb-
e OH CITOCOOEH K OCYLIECTBICHUIO OUOJOrudec-
KOit (DyHKIIMM.

Tpunner H3menénnbiii
«IHKOr0» THIA TPHILIET
Matpuua JJHK 3’-GTC-5 3-ATC-5
Komon MPHK 5-CAG-3’ 5’-UAG-3’
AMHHOKHCIIOTA -I'nu- Cron-xoJ1oH

2. Mymauuu no muny écmasku uau deaeuuu
HyKaeomudoe

bosiee MHOrouMCAEHHbBI U OMACHBI AJ151 KJIIETOK
MyTallMH{ TIO THUIMY BCTaBKHM WIM OEAelMU (YTpaThl)
HYKJIE€OTUJIOB.

Eciv myTtanms nNpuBOIWT K BCTaBKE WX Aejie-
LMY B FeH OJHOW HYKJIEOTUIHOM Mapbl WX y4acT-
Ka JAByxuernoudyeuHoil mojekyasl JTHK c¢ uunciom
MOHOMEPOB, HE KpaTHbIM 3 , TO 3TO BBI3BIBAECT U3-
MEHEHME CUUTHIBAHMS BCEX TMOCIEIYIOUIMX KOIO-
HOB, TaK KaK MPOUCXOAUT CABUT «PAMKH CUMTHIBA-
Hus» THK ¥ HapylueHWe COOTBETCTBUS MEXIY
kogoHamu B JHK u aMMHOKHCIOTaMH B KOHEY-
HOM MNpoaykte — Oesike (puc. 4-57).

Kak BuaHO u3 puc. 4-57, HapylicHUs B IIpoYTe-~
HUM UHPOPMALUM HAYMHAIOTCS C y4JacTKa, B KO-
TOPOM TPOM30IIJIa MyTalusi, TaK KaK MUMEHHO B
3TOM MECTe MPOUCXOAUT CIABUT «paMKHW CUWUTHLIBA-
HMs1» MHpopMauM. benkoBbil NMPOAYKT 3a TOY-
KO MyTaiuu OyleT MMeTb CIAyJaifHyIo MOCJeno-
BaTeJIbHOCTh AMUHOKHMC/IOT. MyTailuu co CABMIOM
PaMKM CUMTBIBAHMS YAaCTO NPUBOAAT K IMOSBICHUIO
BHYTPEHHEro TepMMHMPYIOIIEr0 KOIOHA, BbI3bIBa-
IOIIETO TPEXIEBPEMEHHOE NpEeKpallleHue CUHTE3a
MOJIMACOTUIHON HENU U 00pa3oBaHME YKOPOUYEH-
HOTO MPOAYKTa, JUIIEHHOrO OUOJIOTMYECKON akK-
TUBHOCTH.

MyTaiym co CIBUITOM «paMKH CYUTHIBAHUSA» UH-
OYUMPYIOT MHTMOUTOPBI MATPUYHBIX CUHTE30B —
«MHTEPKAJITOPBI». UX OOblINE TVIOCKHE MOJIEKY-
JIbI, TIOXOXKHE Ha OObIYHBIC a30THCThIE OCHOBAHMSE
WU TIapbl OCHOBAaHWI, BCTPAMBAIOTCS MEXIy ABY-
Msl COCEIHUMM IMapaMM OCHOBaHWM, B pe3yJbTare
B JIHK «kak ObI» TIOSIBJIIETCS JIMIIIHEE OCHOBAaHME.,
B xone perummkanyy Takoi n3aMeHéHHoi uenu JHK
B JIOYEPHIOIO HUTH B pPe3yJibTaTe OLIMOOYHOro CIia-
pHBaHUSI C «MHTEPKAJIMPOBAHHON» MOJIEKYIOU
MOXET BCTPOMTbCS MOTIOJHUTENbHBIN HYKJICOTUI.

HMHorma, xoTs u KpaiiHe peako, TepseTCs WIM
Bkitovaercs: B JJHK onuronesokcuHykiieotun, co-
CTOSILLMIA M3 3 WM KPaTHOIO 3 YKcia HyKJI€OTUIOB.
Takue MyTauyy Ha3bIBaIOT ACTCMSIMH WM BCTaB-
KkamMu 0e3 caBura «pamku cuumThiBaHus» HHK.
B oOpasyrolieMcsi 6eJJKOBOM TMPOAYKTe B 3TOM yua-
CTKE OKaXeTcs NPOIMYIeHHOW WM, HAaobopoT,
BKJTIOYEHHOH JTOIOTHATETLHO OHA MJTH HECKOJIbKO
aMUHOKMCJIOT, TOTIA KaK BCSI OCTabHAsST aMMHOKMC-
JIOTHAs! MOCJIEAOBATEIbHOCTb OY/IET COOTBETCTBOBATH
UCXOMHOM MoneKyse. Takue MyTalMu, KaK TpaBH-
JIO, HE MPUHOCAT OOJIbIIIOrO Bpeaa.

HMHdopMaLiMsi 0 pa3HbIX TUTAX MyTallMid U U3-
MEHCHUSIX B CTPYKTYPE MYTAHTHBIX OEIKOB 0000-
1IeHBI B TabI. 4-8.

3. Yacmoma mymauuii

CuuTaeTrcs, YTO CpeaHss 4acTOTa BO3HHMKHOBE-
HHMSI MYTalUMil B CTPYKTYPHBIX JIOKycax (06acTsIX
JIOKQJTM3alMKU TeHa B XPOMOCOME WIM B MOJIEKYJIE
JAHK) denoBeka kosebnercs B npeaesnax or 107 1o
10-6 Ha omHY raMeTy 3a Kaxaoe nokoieHue. OqHako
3Ta BeJIMYMHA MOXET 3HAYUTEJIbHO BApbUPOBATh 11
pasHbIX TeHOB (0T 10 I TeHOB ¢ BBICOKOI CKOPO-
cThl0 MyTaimit no 10" g Hanboslee yCTONUMBBLIX
y4acTkoB reHomMa). Crojib CyliecTBeHHble Koneba-
HUS B YaCTOTE€ BOSHUKHOBEHUS MyTallUil O0YyCJIOB-
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HopmanbHbii N - Jleth —-Tpe - Acn - Apr - Mpo -
6enok KOHeL, T

HopmanbHas 5' - CUU-ACU-GAC-AGA-CCU-3
MPHK T

HopmanbHas 3'- GAA - TGA-CTG-TCT - GGA-5'

A. feneunsa T,

OHK l
MyTaHTHble
MPHK
i
MyTaHTHbIe
6enku

OHK /

MyTanTHbie 3'- GAA —GAC-TGT -CTG- GA -

5 - CUU-CUG-ACA-GAC-CU -

- Neia — Nen - Tpe — Acn -

\ BE. BcTaBeka A7

3'- GAA - TGA-ACT-GTC-TGG-A

l

5' - CUU- ACU-UGA-CAG-ACC-U-

!
Neit - Tpe

Puc. 4-57. leneumn (A) unu Bctasku (B) HYKNEOTUAOB BbI3bIBAIOT MyTaLMK CO CABUIOM «PaMKKN CHUTLIBAHUA».

Tabnuua 4-8. OCHOBHblEe BUibl FeHHbIX MyTauuin

Buasi myrammii

H3meHeHus1
8 cTpykrype THK

N3meHnennd B
CTPYKType Oeika

3AMEHA
be3 n3meHeHus cMeicna
KOZIOHA
C 13MeHeHHEeM CMBICTa
KOJI0HA (MHCCEHC-MYTaIus)
C obpa3opanueM
TEPMHHHUPYIOLIETO KOJOHA
(HOHCEHC-MyTalusA)

3amMeHa 0JTHOTO HYKJICOTHOA B
KOOOHE

Benox me usmenén

IIponcxogut 3amena oqHOM
AMHHOKHCIIOTHI Ha APYTYIO
CuHTe3 NeNTUAHON HenH
TpepeIBaeTcs, 1 o0pasyercst
YKOPOYEHHBINA NPOAYKT

BCTABKA

be3 casura «pamku
CYHTBIBAHUD»

Co cABUrOM «paMKHU

Bceragka ¢parmenrta THK u3 3
HYKIICOTUIOB HIIK C YHCIOM
HYKJIEOTHIOB, KPaTHBIM 3

BcraBka 0IHOTO WK HECKOJIBKHX

IIpoucxoaut yuinHeHHe
TIOJIMTIENTHTHOM HEeNH Ha OJIHY WK
HECKOJBKO aMUHOKHCIIOT

CuHTe3upyercs NenTHA o

CUUTBIBAHHS HYKJIEOTH/IOB, HE KPaTHBIX 3 «CITy4aiHOi» MoCne0BaTeIbHOCTBIO
aMHHOKHCIOT, TaK KaK M3MEHAeTCs
CMBICIT BCEX KOJOHOB, CIEAYIOIIUX 33
MECTOM MYTalliy
JEJELUA
be3 cnBura «paMku Bemmanenune dpparmenrta JHK u3 3 [Iponcxoaut ykopoueHHe benka Ha
CUHTHIBAHHUS» HYKJICOTH/IOB HJIH C YHCIIOM OJIHY WJIH HECKOJIBKO aMHHOKHCIIOT

Co caBHroM «paMKH
CUHTBIBAHH»

HYKJICOTHA0B, KPaTHBIM 3

BLIHa,IIeHPIe OJHOTO MIIN HECKOJIBKHUX
HYKJICOTHAOB, HE KPpaTHBIX 3

CuHTe3HpYeTCs MENTH]T CO
«CITydaltHOM» NOCNEA0BATEIbHOCTBIO
aMHWHOKHCJIOT, TaK KaK U3MEHAETCA
CMBICIT BCEX KOJIOHOB, CIEAYIOIHX 3a
MECTOM MYTaIHH
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JIEHBI XapaKTePOM MYTALIMOHHOIO MOBPEXICHUSI, Me-
XaHU3MOM BO3HWKHOBEHUS MyTalliH, MPOTSKEHHO-
CThIO KOAMUpYIOLLEH 06/1aCTH MYTAHTHOTO reHa, (pyH-
KUMSAMU OesiKa, 3aKOJAMPOBAHHOTO B 3TOM TeHe. Tak,
JUIS1 TeHa TeMOIVIOOMHA CKOPOCTh 3aMELLEHUST Of-
HOTO OCHOBAaHUSI [PYTUM JICKWUT B UHTECpBAIE [ =
2,5x10°—5x10 3aMeH B rameTe 3a OIHO ITOKOJE-
HUe. YToObI npencraBuTh cebe, YTO O3HAYaIoT 3TH
uvppbl, pacnpoCTpaHUM 3Ty CKOPOCTb MyTalluid Ha
BeCh reHOM uenoBeka — 3x10° map OCHOBaHUIA.
YMHOXUB pa3Mep reHOMa Ha CKOPOCTb [, MBI IIO-
JIYYMM, YTO '€HOM 33 OJHO TOKOJEeHUE MOXET IOo-
JIVYUTH OT 7 A0 15 MyTauuii, T.e. 9T0 3HAYMT, UTO
Kax/ias raMeTa COIEPXUT Takoe KOJIUYeCTBO U3Me-
HeHuii B JIHK no cpaBHeHu1o ¢ poaurenbckoi JTHK.
A NOCKOJIBKY Y KaX/I0r0 MHAUBUAYYMA KJIETKH JHII-
JIOWTHBI U MOJY4aloTCs MPU CAUSHUM 2 TaMeT, TO
MyTaluii Toxe B 2 pa3a GoJiblie.

CrpaiunBaeTcs, KakuM ke obpa3oMm uesioBeye-
CTBO CMpAaB/SIETCsl C TAKOH MYTaLlMOHHOM Harpys-
koi? OTBeyasi Ha 5TOT BOMNpPOC, CJEAYET MOMHMTD,
4YTO KOAMPYIOUIME YaCTU T€HOB, U3MEHEHMSI B KO-
TOPBIX HaubOJIee ONacHbI, 3aHUMatOT He Goree 10%
reHoMma, Curtyanusi oOsierqaercs el U TeM, 4TO
JlaJIeKO He Kaxkiasi MyTallusl B KOAUpYOLLEeH oba-
CTU uMeeT (heHOTUIUYECKOoe IposiBieHue. MHo-
rue nonajaalT B 3’-1oj0XeHUe KOJOHOB U, TAKUM
00pa3oM, SIBISIFOTCSI «MOJIYaAllMMM», TaK Kak 0Ja-
rojiapsi BHIPOXKIECHHOCTU TEHETUYECKOTO KOXAa OHU
HE MPUBOIAT K aMUHOKUCJIOTHBIM 3aMeHaM, JIpy-
r'Me OKa3bIBAIOTCS B AOMEHAX, HECYLIECTBEHHBIX AJIs]
dbyHkumnoHnupoBanmsi 6e1koB. IloTomMcTBy mepena-
I0TCS MYyTallMM, NPOUCXOASILLIME B raMeTax, a ux
MPOLIEHT COBCEM HEBEJIMK.

b. Orranm3Aiiyiss TEHOMA YEJOBEKA

I'eHOM 3yKapMOTUUYECKMX KJIETOK (KJIETOK YeJo-
BE€Ka B YACTHOCTU) COAEPXKHUT 3HAYMUTEJIbHO OO0Jb-
mwe JHK, yuem reHom mpokapuoroB. Y KHILIeUHOM
nanouku FE. coli JHK comepxut 3,8%x10¢ map Hyk-
JieotunoB uiad okoJio 3000 renos. Ilpu 3ToM Bes
OHK BbinoaHseT orpenet€HHble QYHKLIMA: KOAU-
pyet 6eaku, pPHK, TPHK unu yyactByer B pery-
JISILMM 00pa30BaHus TeHHBIX MPOoAyKToB. OOLast
winHa JIHK ramiouaHoro Habopa M3 23 xpomo-
COM yesioBeka cocTaBiser 3,5x10° rrap Hykj1eoTH-
J0B, yTo B 1000 pa3 npeBocxoAuT pa3Mmep reHoMma
npokapuoToB. Dtoro Koauvectsa JJHK gocratou-
HO IS CO3AAHUST HECKOJBKMX MUJUTHOHOB I'€HOB.
OnHako, coriacHO MHOTMM He3aBHMCHUMBbIM ITOACYE-

TaM, UCTMHHOE YMCJIO CTPYKTYPHBIX T€HOB Haxo-
nutcs B obaactu 100 000, a mo naHHbIM MexiyHa-
ponHoro koHcopuuyma u ¢upMbl «llenepa I'eHo-
MUKC», IOJTyYEHHBIM NPY CEKBEHUPOBAHWH [€HOMA
yeJioBeka U ornybaukoBaHHbIM B 2001 r., yucio Oe-
JIOK-KOAUPYIOIIHUX T€HOB, MO OIleHKaM MepBOii
opraHu3anuu, cocrasasger 31780, a Mo oueHKam
BTOpoi — 39 114 reHos. [lociaenoBareabHOCTh HYK-
sneotunoB B JIHK uenoBeka nmeer obyracTu, KOau-
pyloiue 6Oesnku (He Oosiee 2% oblilero reHoma),
oosactu, koaupymwouime PHK (okono 20% reHo-
Ma), U TIOBTOPSIOLIIMECS MOCIEA0BATENBLHOCTU (00-
nee 50% obiero reHoMa).

®ynkunu «u36biTouHOM» JJHK 10 koHua He
SICHBI, TIOJIAral0T, YTO OHA YYacTBYET B PEryJsLIMU
9KCIpEeCCUM TeHOoB, mnpoueccuHra PHK, BbinoJiHs-
€T CTPYKTYpHbi€ (PYHKILIMH, MOBBILIAET TOYHOCTh
TOMOJIOTUYHOTO CTApUBaHUs U PEKOMOUHALIMKI XPO-
MOCOM B IIpoliecce Meio3a, CriocoOCTBYeT yCIielli-
HO# permkaumu. bomwiiast yacts 3toit JIHK Bo3-
HMKJIA B pe3yJibTare obpaTHoil TpaHcKpuniu PHK
M Onarogapsi HUIMYMIO MOABHXXHbBIX 3JIEMEHTOB.

Yacro MOBTOPAIONIHECA MOC]IEA0BATEIbHOCTH
ITHK

Bo ¢dpakuum «u3obiTouHoi» JJTHK BbLIesII0T OT-
HOCUTEJIbHO KOPOTKME TOCIe0BATEIbHOCTH AAH-
Ho#i oT 2 1o 10 map HyKJI€OTHIOB, TOBTOPSIOIIME-
¢ MWUIMOHBI pa3. BTH 4acTO MOBTOPSIOLIMECS
MOCJICIOBATEILHOCTY MOJIYYWIM Ha3BaHME «CaTel-
sutHoit JJHK». OHu cocraBasior okono 10% Bce-
ro TeHOMa 4eJIoBeKa, paccesiHbl 0 BCEMY I€HETH-
YeCKOMY MaTepHaly KJIETKH, HO ITPeUMYIIIECTBEHHO
JIOKATTU3YIOTCS B LIECHTPOMEPHBIX M TEJIOMEPHBIX 00-
JacTAX OOJNLIIMHCTBA XPOMOCOM.

YMepeHHO NOBTOPAIOIKECS MOCIEA0BATELHOCTH
JHK

BblaestioT Takke rpyrmny yMEpPEeHHO MOBTOPSIIO-
muxcst nociaenoateabHoctein JAHK, oyeHb rere-
POTEHHYIO 1O JIMHE M YUCIY KOIIMHA, COCTaBsIO-
myto 6osiee 30% reHoma uesioBeka. DTa ppakims
BkJrouaeT JTHK, koaupyroiyio crpyktypy pPHK,
TPHK u Hekotopbix MPHK. I'eHbI TUCTOHOB TpH-
CYTCTBYIOT B T€HOME B KOJIMYECTBE HECKOJILKUX
COTEH KOIUI M TaKXe NMPUHAIeXaT K 3TOMY Kiac-
cy. YMEpEeHHO TMOBTOPSIOLLMECS MOCJICA0BATETbHO-
ctu IHK Brt04aoT y4acTku, KOTOpbie He TpaHC-
KPUOUPYIOTCSl, HO BaKHbI B PETYJISLIMM SKCIIPECCHUU
T€HOB; MPOMOTOPBLI U 3HXaHcepbl. B 3T10i1 rpyrnne
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ObLIM OOHapyXeHbl mociuegoBareabHocTH JJHK
IUtnHOM nipuMepHo B 300 map HyKJI€OTHIOB, KOTO-
pbi€ TIOBTOPSIIOTCSI OKOJIO MWJUIMOHA pa3 (B cpeld-
HeM depe3 Kaxable 5000 map HyKJIE€OTHIOB) U pac-
CesIHBI TI0 BCEMY I'€HOMY 4Y€JIOBEKa.

YacThie IpelCTaBUTEIU YMEPEHHO ITIOBTOPSIO-
LIMXCST MOCAEN0BATEILHOCTEN — line-ceMencTBO
(oT aHrn. long interspersed elements), iIM ceMeii-
CTBO JUIMHHBIX pAcCESIHHBIX 3JEMEHTOB, B KOTO-
poe Bxoaat JJHK mociaenoBaTeIbHOCTH JTUHOM OT
5000—8000 map HYKJIEOTHIOB, BCTPEYAIOTCS B re-
HoMme B KoimuecTse 850 000 xomuii.

YhuukajbHble nociaenoparenbHocTn JTHK

Onu mipencrapieHs JIHK-mocnenoBatensHoCTS -
MU, KOTOpPBIE IPUCYTCTBYIOT B T€HOME B KOJIMYECTBE
OITHOM WM HECKOJBKUX KOMWM, M TpaHCKpUOUPY-
1orest, oopasys MPHK, conepxaiuve vHGpOpMaLuio
0 pa3MyYHBLIX Oenkax (puc. 4-58).

TunmYHBIN reH 4e/I0BEKa COCTOUT IIPUMEPHO U3
28 000 HYKJICOTHIOB M COACPXKHUT B CPeTHEM 8 3K-
30HOB, €r0 KOIUPYIOUIAs ITOCIEI0BATEIbHOCTb CO-
crapisieT okosio 1340 map HYKI€OTHIOB U IHPPY-

eT OcyioKk, BKUodawiuii 447 aMHHOKHUCIOTHBIX
ocTaTkoB. CaMblii KpYIIHBIA T'€H — TeH MBIILIEYHO-

- 10 Geska auctpocduHa, cocTosinuii u3 2,4x10° map

HYKJICOTHUAOB, a HanOoJbIlIee KOJIMYECTBO IK30HOB
(234) npucyrcTByeT B reHe GUOPpWUIIpHOTO Oeika
TUTUHA, OTBETCTBEHHOro 3a IMACCHUBHYIO 3J1aCTUY-
HOCTDb CKEJIETHBIX MBbIIIII.

Hepenko yHHMKanbHBIE TOCICIOBATEILHOCTH
00pa3yioT MyJbTHI€HHBbIE ceMeiicTBa, pacriojara-
IOLIMECS B BUIE KJIACTEPOB B ONPEACHEHHBIX 00-
JIACTSIX OMHOM WJIM HECKOJBKHX XpoMocoM. Ilpu-
MEpaM¥ MYJIbTUT€HHBIX CEMEMCTB MOTYT CITYXUTb
T€Hbl PUOOCOMAJIbHBIX, TPAHCTIOPTHBIX U MAaJIbIX
saaepHbix PHK, reHsl o- u B-1100MHOB, TyOyIu-
HOB, MUOTJIOOMHA, aKTUHA, TpaHChEepUHa H MHO-
I'MX IpYyrux.

B MyJNbBTUTEHHBIX ceMeiicTBax Hapsmy ¢ (PyHK-
LIMOHAIBHO aKTUBHBIMM TeHaMH COAEPXKAaTcs MceB-
JIOreHbl — MYTAllMOHHO M3MEHEHHBIE ITOCNEA0BA-
TEJbHOCTH, HE CNOCOOHBIE TPAaHCKPUOUPOBATHCS
WM TPOAYLIMPYIOIIMEe (PYHKUMOHATbHO HEaKTUB-
Hble T€HHBbIE TIPOAYKTHI.

58 npe-pPHK 3 YMepeHHbie NOBTOPbI 3
O anwPHK |2 renwPHK 2 ronwPHK -, renmPHK N
wlillillllillilll L] i L
Tenomepsi
ren MPHK 1 1 2 red MPHK
[T {IHIIHHHHEHIHHD(PQIIIIHHIHEIHIMIH I
red MPHK
red MPHK UenTpomepa
rexsl TPHK |?! ren MPHK [ igH l ren MPHK rexs! TPHK reH MPHK
, 2
Tempbl o MPHK' | leHbl 6onblmov| npe-pPHK —— | %
(i NI . L
' 1 reH MPHK

T
ANPbILWLKOBLIA OpraHn3aTop
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