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Bagedenue

Bnoopraﬂnqecxaﬂ XHMHSA — HayKa CpPaBHUTEJILHO MOJIO-

[asi, HO OHa yJ)Xe ycIieJa 3aHSTb Ba’XHOE€ MECTO Cpelu
ApyTMX OTpacjeil 3HaHUA, HOCKOJBbKY HMeeT SPKO BhIpa-
JKEHHYIO0 TPaKTUYECKYIO HalpaB/JIeHHOCTb.

OCHOBHBIM TIPEAMETOM H3YueHUs GMOOpPraHWYECKON XH-
MHUU SABIAIOTCA «MOJIEKYJIBI JXM3HM», B TOM YHCJIE HyKJe-
WHOBbIE KHCJIOTBI, KOTODBHIM HOCBsillleHa 3Ta KHura. Bo
MHOTHX 00/1aCcTSX XMMHH, GHOJIOTHM, CEJbCKOr0 XO3ANKCTBa
U MeAMIUHBI TMOHATUHE <«HYKJIEMHOBBIE KUCJIOTBI» SABJIAETCH
ocHoponoyiaralomuM. C HUMH CBfI3aHB BC€ IIPOSIBIEHHSI
CBOWCTB J>KMBOTO. Pa3MHOJXEHHWE M pa3BUTHE OPraHM3MOB,
6eIKOBBIA ¥ JIMINAHBIA OOMEHEL

OTKpBITHE HYKJIEMHOBBIX KHCJIOT IPOM3BEJIO HACTOSILIMI
NEPEBOPOT B MPEACTABJICHUAX O CYLIHOCTH JKM3HH, O NyTAX
yhnpaB/ieHHs NpolieccaMy o6MeHa, 0 HaCJeACTBEHHOM opra-
HU3aLMM PacTEeHWH, XXUBOTHBIX U yeJioBeka. [TosBuiaach Bo3-
MOXXHOCTb U3YYEHMA DBOJIIOLMHM HA MOJIEKYJISAPHOM ypDOBHE,
YTO TMO3BOJMJO OCO3HAaTh NPONLIOE M OHEHHTh Oyayluee
XHMEBIX OpPraHM3MOB, B TOM YHCJIE ¥ YeJIOBEKa.

W3yueHre HYKJIEHHOBLIX KMCJIOT MMEET HE TOJBKO 60Jb-
LIO€ MO3HaBaTeJIbHOe 3HaueHue. OHO SBASAETCSA WHCTPYMEH-
TOM, C MOMOIUIbI0O KOTOPOrO0 MOJXKHO W3MEHUTb MNPHUPOAY,
NPOHUKHYTb B €€ CaMbleé COKPOBeHHble TaWHbl. 3HaHUS O
HYKJIEMHOBBIX KHCJIOTaX MOMOralOT Y4YeHbIM pelmaTb Mpo6-
JIeMbl TUIOJIOPOAMS, Pa3BUTHA HOBLIX T€XHOJIOTHYECKHUX ITpO-
LIECCOB, MpEeNyNpeXICHUA U JiedeHus 3a60seBaHuil.

Cenekuusi, ruOpuausanus, oTéop — 3TH AABHO 3HAKO-
Mble HaM IOHATHSA MOJYYMIH pa3BuTHe Osarosapsi BHeape-
HUIO Hay4HbIX METOJOB B IPaKTHKy. VccaefpoBaHUS HyKJe-
MHOBBIX KHCJIOT B OpPraHM3Me CIOCOOCTBOBaJM BbIBEJEHUIO
HOBBIX COPTOB IIIEHWIB!, OBOLUEH, (PPYKTOB, HOBBIX IOPOZ,
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CKOTa, TMO3BOJWIM TIOBbICUTH YPOXKAHHOCTb PpacTEHHH
¥ IPOU3BOAMTENbHOCTD JKMBOTHBIX.

B nacrosimiee BpeMsi pa3paboTaHbl MPUHLMIINAIBHO HO-
Bble OMOTEXHOJIOrMYECKUE TPOLECCHl I TOJYyueHUsl pas-
JIMYHBIX GUOXMMHYECKHX COEMHEHMH, UCTIOIb3YEMBIX B Me-
JAMLIMHE, CEJIbCKOM XO3AMCTBE U IMPOMBIILIEHHOCTH.

B aToif KHMre BBl HaliflcTeé MHOTO HMHTEPECHOro 00
HCTOPUH OTKPHITMSA M MCCJIEAOBaHUS HYKJIEHMHOBBIX KHCJIOT.
Bac, HECOMHEHHO, 3aUHTEPECYIOT UMEeHa YYeHbIX, IOCBATUB-
IIMX CBOIO )XM3Hb M3YUEHHMIO 3TUX BeLlecTB. BoJee moapob-
Hble CBEICHUA O HUX MOXKHO IOJIYYUTb B MMEHHOM yKasaTe-
Jie B.KOHIIE KHUTH.

B pasubix obsacTsax 3HaHMI, KaK U B Pa3HBIX CTpaHax,
CYIIECTBYIOT CBOM s13bIKM. HayuHblii sI3bIK BKJIIOYAET CIEIH-
ajbHEIE TEPMHHLBL, COKpamieHMs W abbpesuartypol. IlycTb
Bac He MyTaloT HOBblE NMOHATUSA, C KOTOPLIMU Bbl BCTPETH-
TeCh Ha CTPaHMLAX 3TOoi KHMrd. O6paTHTECh K CJIOBapio
TEPMHHOB M COKPAlICHMI1: OH CTaHET KJIIOYOM, NO3BOJIAIO-
IIMM OTKpBHITb ABEPb B HOBBIA JJIA BaC MUDP HYKJIEHHOBBIX
KHCJIOT.

BonpmuHCTBO Ha3BaHMN (EepMEHTOB IO TPHBHAJIbHOM
HOMEHKJIaType B TEKCT€ MOJXKHO OINpEeNe/JMTb 10 OKOHYAHHUIO
«-a3a»: JMrasa, 1e30KcMpuboHyKeasa, puboHykieasa. ck-
JIIOUEHWEe COCTAB/ISAIOT TPUICHH, JusouuM. CoriacHo cucre-
MaTH4YeCKON HOMEHKJIAaType Ha3BaHue (epMeHTa COCTOUT
U3 [BYX 4acTeil: nepsas 4acTb NpeAcTaBasieT coboil Ha3Ba-
Hue cybcTpaTta, BTOpasi C OKOHYAHMEM <«-a3a» YKa3blBaeT
Ha KaTaJu3upyeMmyro ¢epmeHToM peakuuio. Hanpumep, mo-
YeBHHa-aMUHOTUApOsa3a. TpuBuanbHOe Ha3BaHHE STOro
depmeHTa «ypeasa». BOJBIIMHCTBO yrjieBOJOB IPU Hamuca-
HUY UMeeT OKOHYaHHE «-03a», HalIpuMep IJ0K03a, GpyKTo-
3a, pubo3a, fe3okcupubo3a, caxaposa, nemonosa. Vckio-
yeHUe COCTaB/IsIeT Kpaxmall.

Crnenyer o0paTUTb BHUMaHME Ha MJUIIOCTpaluH. ITomu-
MO 3a0aBHBIX pPUCYHKOB M HECKOJBKMX CXeM, B KOHLE
KHUTM HaXOAATCS LBETHble Tabiuubl, 0003HAUEHHbIE B TeK-
cte puMcKkuMHU nudpamu. OHM NOMOTYT BaM JIydyile NOHATb
CyTb GMOXMMHUYECKUX MPOLECCOB.



CJIOBAPb TEPMHHOB

Annenb — oAMH U3 HECKOJILKMX BapHMaHTOB IeHa, KOTO-
pble MOTyT HaXOIUTbCS B [aHHOM JIOKYCE XPOMOCOMBHI.

AHTHIeH — YyXXJ0€ JUIsi OpraHu3Ma BelIeCTBO, BbI3bIBa-
olee 00pa3zoBaHUe B OPraHM3Me aHTUTEIL

AHTUTENO — MOJIeKy/1a Gesika rpynibl UMMYHOIIO0YIH-
HOB, 00pa3yoLascs B OpPraHU3Me Y€JI0BEKa M TEIUIOKPOB-
HBbIX JKMBOTHBIX TP IONafaHUM B HEr0 aHTUIE€HOB M HEWT-
paim3ymolias UX BPEIHOE HeiCTBHE.

AyTocomMa — OOblYHAasi XpOMOCOMa ffipa KJETKH opra-
HH3Ma, He OTHOCSIIASCA K IIOJIOBBIM XpPOMOCOMaM.

C'UCTOJIOrMsl — HayKa O TKaHAX MHOIOKJETOYHBIX XKH-
BOTHBIX M YeJIOBEKa, KOTOpasi M3ydyaeT pa3BUTHE, CTPOEHME
u (YHKIMOHMPOBaHUE TKaHEH B HOpPMe.

I'ncToXxMMHMYeCKHe peakuuM — peaklldd, NpoTeKalolue
pY U3YyYEHUH XUMHUYECKMX CBOMUCTB TKaHeil. B ocHOBHOM
9TO peaKklMH, CBA3aHHbIE C OKPacKoW Cpe30B TKaHEM.

I'TMKO3MIHBIN yraepod — aToM YIJIepoja, BXOASLIMHA B
CTPYKTYpY IJIMKO3HJA.

T'opMOH — NpOAYKT xeje3 BHYTPEHHEH CeKpeLMH, Bbl-
JleJIieMblil HEMOCPEACTBEHHO B KpOBb. I'ODMOHBI SIBIAIOTCS
¢$uU310JIOTHYECKHM aKTUBHBIMHM BeLIECTBAaMU M aKTHBHO ydac-
TBYIOT B peryjsauuu yHKUMA opraHusMa.

Wnnynuposanue — mpoLecc, NMpUBOAAIIMA B JeiicTBHE
Kakue-M00 peaxiyuy, siBJICHHA.

KaTaiu3 — NoBbilIEHHE CKOPOCTH XMMHMYECKMX M OuO-
XMMHMYECKUX peakuuil 3a cueT M00aBKM HeOOMBbIUMX KOJH-
4YeCTB ONpeJie/IeHHbIX BelleCTB — KaTaJM3aTOpPOB.

KonhopMaunoHHasa XapaKTepUCTHKA — XapaKTepUCTH-
Ka pacloJIOXKEHUs yacTed MOJIeKyJibl B IIPOCTPAHCTBE.

Koppeassuysa — TepMHH, HCIOJb3YEMBII B MaTeMaTH-
YeCKOH CTaTUCTHKE, KOTOPbIM 0003HAYaKT CBA3b MEXAY

5



SIBJICHUSIMM, OJHO M3 KOTOPBIX MOJKET OBbITh NPUUHHOMN
IpYroro Wi, €CJId UMEKTCA OOLe IPHYMHEL, BO3AEHCTBY-
ol¥e Ha U3ydyaeMble SBJIEHUS.

KpoccuHroeep (rnepekpect) — B3auMiblii 0OMeH yacTs-
MU MEXAY NapHbIMM (rOMOJIOTHYHBIMH) XpOMOCOMaMH, B
pe3y/bTaTe KOTOPOro OOpasyloTCs HOBblE KOMOMHALMM re-
HOB, T. €. IPOMCXOAUT PeKOMOMHALMSA T'€HOB.

KogepMeHT — opraHudyeckoe BEIIECTBO  HebeaKOBOR
MPUPOJBL, COCTAB/AIOILEE BMECTE ¢ OeKOBOM yacTbio (aro-
depmenToM) mosekyny ¢depmenta. Kodepmenr Gosee yc-
TOWYMB K TeMIIEpaTypHbIM BO3/IEHCTBUAM, yeM OEJIOK.

JIaOHUABHOCTD — M3MEHUYMBOCTb, HEYCTOUYUBOCTD.

JIunonpoTeuaHbiAi KOMILIEKC — COEIMHEHHE B LEj0e
JIMIIUIOB U 6eNKOB B KPOBU C oOpa3oBaHuMeM CHEPHUECKHX
YacTHLL.

Me30coMa — 0co00€e BhHINSUMBAHHE LHMTOIUIa3MaTHYEC-
Kol MeMOpaHBl GakTepHaJbHOH KJETKH, COEJMHEHHOE C
MoJtekysioi xpomocomuoit JJHK. Mesocoma mpeacrasnsieT
co6oil 3aKpy4YeHHOe B ILIOCKYIO CIHpasib WJIM HallOMHHAIO-
mee KIyOOK TpybuaTtoe MeMOpaHHOe 0Gpa3oBaHmMe.

Perumkauus — co3fanve cebe mogoOHOU CTPYKTYpHI, B
YaCTHOCTH CHHTE3 KaXZoi u3 Hutei Monekysanl JHK map-
HOl el muTH. Perukauus JIeXMT B OCHOBe mepegauu
HacJeACTBEHHON MHGMOPMALMHN OT KJIETKE K KJIETKE.

CepnoBUAHO-KJIeTOYHAs aHeMmMs — 3abosieBanue, Xa-
paKTepU3yIoLIeecs: BPOXAEHHON HENOJHOLIEHHOCTHIO JPHT-
POLMTOB, CBS3aHHON C HaJMuyMeM B OEJIKOBOH 4acTH MoJe-
KyJibl reMorjobuna go 60—90 9% mnaToJOru4ecKoro reMo-
r700MHa — aHOMaJIbHOTO reMorjo0uHa S B OT/IMYME OT HOP-
MasbHoro remorsiobuna A. PasBuBaercsa y AeTeil-roMo3uro-
TOB. JleTH-TeTepO3UroTHl ABISIOTCS HOCUTENSIMUA CEPIIOBUJ-
HO-KJIETOYHOW aHEMMH. o

J
CioxtoadupHas CBA3b— CBA3b —C\ , COEONHSIO-

O—
uias ABa yrJaeBOJOPOAHBIX pajuKasa.

TpaHckpunuusi — 6uocunres PHK na marpuue JHK,
OCYLIECTB/ASIOLUMNCA B MPOLECCE Mepefayy HacJIeCTBEHHON
MHOpPMaLMKM BHYTPHU KJICTKH.

TpaHCAALUNA — GMOCHHTES MOJIMIENTHAHBIX Lenei 6es-
KOB, OCYILECTBISIOIIMNACA MyTEeM CUUTHIBAHUS IeHETHYECKOMU
uHdOopManUy, 3alIMCAHHOM B BU/IE TI0C/I€I0BATEIbHOCTH HYK~
neotupoB B Mosaekyaax uPHK.

TpaHchopmauyst — H3MeHeHHe HacseCTBEHHBIX
CBONMCTB KJIETKH B pe3yJbTaTe BHECEHHUS B Hee F€HETUYECKO-
ro matepuana (JHK, xpomocom, reHoB) Ipyrux KJIETOK.

6



@eHNIKETOHYPUA — HacJeAcTBeHHoe 3aboseBanue, 00y-
CJIOBJIEHHOE HapylieHueMm oOMeHa (peHusIaaHUHa, XapaKTe-
pHU3yIoLeecs IPOrpeccupyomuM cnaboymueM. B ocHose Gu-
XMMHUYECKUX HApYIUIEHHUH JIEXXHUT OTCYTCTBME BblpabaTbiBae-
Moro neyeHoto Qepmenra deHunanaHUH-4-THAPOKCHUIASHI,
YTO MPUBOAUT K GJIOKMPOBAHMIO MpeBpalleHus (peHnIaniaHu-
Ha B TUPO3HUH.

@epMeHT — BEIEeCTBO 0eaKOBOM NpUpoAbl; (epMeHTH
MPUCYTCTBYIOT BO BCEX XKUBBIX KJIETKaX )XMBOTHBIX, PaCTEHUH
U MHUKpOOPraHu3MoB. (DepMeHTbl HANpPaBJ/AIOT, PETyJUPYIOT
U YCKOPSIIOT OMOXMMHYECKME PeaKLMH B KJIETKaX.

XpomMomMepbl — GoJiee TOJCTbIE U MHTEHCUBHO OKpalleH-
HbI€ Y4aCTKM XPOMOCOMBI, Yepeayloiliiecs C MeXXpoMoMep-
HbIMM HUTAMU. [IpenmosnaraeTcs, YTo XpoMOMep SABAETCHA
eNMHULEN TeHEeTHYSCKOH (DYHKLMM.

Kcnpeccust — creneHb (GEHOTUIIMYECKOTO MPOSBIAECHUS
reHa, T. €. CTeNeHb BbIPa’KEHHOCTH TOTO WJIM MHOTO NPY3HAaKa,
KOAMPYEMOT0 AAHHBIM I'€HOM.

DyKapuOTbl — BCe BBICLINE OPraHU3MBbl, KJIETKH KOTOPbIX
copepxaTt 0dOPMJIEHHOE AP0, OTHAEJIEHHOE OT LMTOILIA3MBbI
0601040l B BUAE MeMOpaHbl. DYKapvOThl OCYLIECTBIAIOT
Je/eHHe KaK 10 THUIY MHTO3a, TaK M NO THIy MeKosa.



Tnaga 1

3 UCTOPUH U3VYYEHHSA HYKJIIEMHOBBIX
KHCJIOT

orxpmme HYKJIEMHOBBIX KHUCJIOT NPHHAMJIEXHUT LIBEANap-

cKOMy XuMHUKy @D. Muwepy, KOTOpbII MPOAOCIKUTEIBHOE
BpeMs M3y4Yas SiApa JIEMKOLMTOB, BXOAALIMX B COCTaB I'HOS.
Kponoramsas pabora 3aMeuaTesbHOrO MCCIefOBaTesst
yBEHYaJIaCh YCIIEXOM.

B 1869 r. @. Mumep oOHapyXu1 B JIEHKOLUTAX HOBOE
XHMHYeCKOe COeIMHEHNe, KOTOpOe Ha3Basl HyKJIeMHOM (J1aT.
nucleus — sigpo). HanbHeiluue WCcaefOBaHUA IOKa3ajwy,
YTO HYKJIEMH IPEACTaBIAET cO00H cMeCh HyKJIEMHOBBIX KHC-
JIOT.

BriocnesCTBUM HyKJIEHHOBBIE KMCJIOTHI ObUTH OOHapyKe-
HBl BO BCEX PaCTHUTEJIbHBIX M JKMBOTHBIX KJETKaX, OaKre-
pusx n Bupycax. OgHaKO XHMHYECKOE CTPOEHHE HYKJIEKHO-
BbIX KHCJIOT M UX OCHOBHBIX KOMIIOHEHTOB YCTaHAaBJINBaJIOCh
C TPyZOM.

B nmpupope cyLecTBYIOT ABa BUJa HYKJIEHMHOBBIX KHCJIOT:
He30KCUpHOOoHyKIeHHOBasgs U puboHyKIeuHOoBasA. Paszmuue
B Ha3BaHUAX 00bsACHsAETCA TeM, uto monekyna JAHK copep-
JXUT caxap ne3okcupu6osy, a mosexysa PHK — pu6oay.
B Hacrosuiee BpeMsi U3BECTHO OOJIbILIOE YHUCIAO pPA3HOBU-
Hocreii JHK u PHK, ommuarmonmxcs Apyr oT Apyra
IO CTPOEHMIO M 3HAYEHMIO B oGMeHe BemecTB (meTabo-
Jm3me).

C MomeHTa OTKpHITHA @D. MuliepoM HyKJIEHHOBBIX KHC-
JIOT {0 YCTAHOBJIEHUS] UX TOYHOM CTPYKTYPHI NPOLLIO HNOYTH
CTOJIETHE, HO 3a TaKOi, Ka3aJoCh Obl, OFPOMHBIN CpPOK B
pacimdpPOBKe COCTaBa ¥ CTPYKTYPHI HYKJIEMHOBBIX KHMCJIOT
6buto chenaHo HemHoro. OCHOBHAas NPUUMHA MEIJICHHOTO
pa3BUTHsI 3HAHHWI — HECOBEPLUEHCTBO CPEACTB MCCJELO0Ba-
HHsI, KOTOpble MMEJIUCh B PACMOpsiKEHUH (U3MKOB, OMOJIO-
ros U OMOXHMHKOB B Te BpeMeHa. OKOHYATe/JbHOE MpEf-
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crasnenne o crpyktype OHK cdopmuposasoch TOABKO B
Hauase 50-x ropgoB XX cToseTHs.

TeM He MeHee C MOMEHT2 OTKDHITHS HYKJIEWHOBBIX
KMCJIOT yYeHble Pa3HbIX CTPaH WHTEHCHUBHO M3yYa/JM CTpOe-
HME M CBOWCTBa 3TOro GMOOPraHMYECKOro coeauHeHust. Bbua
HaKoOIUIEH OrPOMHBIA (DaKTHYEeCKMI MaTepHuas, IOCJYXHB-
UM OCHOBOH KaK [Jisl MOCJEAYIOLIero MUcCAeJOBaHUA HyK-
JIEMHOBBIX KMCJIOT, TaK Y I IPaKTUYECKOTO IPUMEHEHHA
pe3yJIbTaToB, MOJYYEHHBIX NPU UX HU3yYeHWH.

B 1909 r. B pesysbraTe THApOJM3a HYKJIEHMHOBBIX
KHCJIOT ObLIM BbiiesIeHbl BXOAMIME B HX COCTaB caxapa:
pubo3a u me3okcupubosa.

PacummdpoBKy CTPYKTYyphl MOHOHYKJIEOTHAOB CJEAYET
oTHecTH K 20-M ropam, Korfia B pe3yJbTaTe NPOJAOJIKKUTE b~
Hoit paGoTel Obl1a pacKpbiTa MX CTPYKTypHas ¢opmysa H
ObLIO NOKa3aHO, YTO OHU HBJIAIOTCA OCHOBHEIMU COCTaB-
JISIONYMH €IMHUIAMH, U3 KOTODPBIX IOCTPOEHbI HYKJEHHO-
Bble KMCJIOTHL. B rmocijeayiomem 3T faHHble ObUIM HMCIIOJb-
30BaHbl npu pacmudpoBke cTpykTypsl mojekyanl JHK B
LeJIOM, a TakKXe A IOHMMaHHUA MeXaHM3Ma pelnpoayK-
wuun JTHK.

B 1936 r. coseTckuii yueHnlii-xumuk A. H. Benozepcxuil
puepeble oOHapyxun IOHK B xnerkax pactenuil. 3710
OTKPBITHE HUMeJO mnpuHuunuagpHoe 3uayenne — JHK
CTalu paccMaTpMBaThb KaK YHMBEPCAJbHBIA GHOJOTHYECKHI
MaTepHal.

B mepuon ¢ 1900 mo 1930 r. mposopaTcs paGoThl Mo
CO3MaHUI0 XPOMOCOMHON TEODUHM HAaCJeJACTBEHHOCTH, B
OCHOBY KOTOPOI IOJIOXKEHbI JaHHBIE O TOM, YTO MaTepHasib-
Haa crTpyktypa — redsl JHK — conmepxaT reHeTHYECKYiO
undopmanuio. OCHOBOIIOJIOKHAKOM DTCH TEOpUH SABIAETCH
Tomac Mopean. VIMeHHO eMy NpPUHAMJIEXUT IPUOPUTET
B NPUMEHEHMH HOBOrO OMOJIOrMuecKoro 0oObeKkTa, KOTOPBIN
B HacTosfllee BpPeMs NOBCEMECTHO MCIIOJb3YeTCs NpH IIpo-
BellcHUM MPAKTHYECKV BCEX TIEeHETHUECKHMX HCC/IeOBaHuM.

C 1909 r. T. Moprad Hayaja WCIOJIb30BaTh IJIOJOBYIO
MYHIKYy ApO30dHIy KaK OObLEeKT Ajis U3ydeHWsl W3MEHEeHHS
HaCJIEJCTBEHHBIX MPU3HAKOB U uX koMOuHaumii. T. Mopran
cosmectHo ¢ K. Bpudsxucom, I'. Meanepom u A.Crepre-
6anTom pa3paboTal M BKCHEPHMEHTAJBHO OOOCHOBAJ
CyLIECTBOBaBllle€ B HesABHOM BHAE IpEACTaBJCHHE O Te-
HaxX — 3JIEMEHTapHbIX e€JAMHHLAX HaCJeACTBEHHOCTH U
u3MeHunBocTd. Ilo MMeHM co3maTesnss Teopus IOJIyYHIa
Ha3BaHHE KOHLEILMH MOPraHM3Ma, COIVIaCHO KOTOpOH enu-
HYIbl HACJIEACTBEHHOCTH MMEIOT MaTepHaJIbHYIO NpUPONY
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C KOHKPETHOM JIOKa/M3alyeil B XpoMOCOMax siApa KJIETOK
BCE€X JXMBBIX OPraHU3MOB. MOpraHu3M sBIsAE€TCA TEOPETH-
YECKOM OCHOBOM XPOMOCOMHON TEOpHUHM HaC/eACTBEHHOCTH.

B 1901 r. Boimia B ceer Kumra I'. de @Ppusa «Myra-
LMOHHAS TEOpUsi», B KOTOpPOoM Oblia gaHa WHTEpHpeTalyst
TepMHHa <«MyTauusa». KHura mosyumsia HIMPOKYIO H3BECT-
HOCTb, 2 BM€CTE€ C HEll B JXM3Hb BOLUEJ M TEPMHUH «MyTa-
US>, XOTs HeNocpeacTBeHHas cBs3b ero ¢ JHK O6bLia
OKOHYaTe/JbHO YCTaHOBJIEHa ropasfio INo3>Xe. DTOT TEPMHH
CTaJM MPUMEHSTh i1 0003HaueHHMsl BHE3AIHOTO HM3MeHe-
HUS FeHEeTH4YeCcKOoM MH(poOpMaLuH.

Beepenre B 0OMXOJ, HAay4HbIX MpPEeACTABICHUNA O MyTa-
LMAX OKaszano Goblioe BAMSHUE Ha JajbHeilllee pa3BUTHE
3HAaHUA O HYKJIEMHOBBIX KHCJIOTax. B caMoMm pene, eciau
MPOUCXOAUT pe3Koe HU3MEHEHHE reHeTHUeckod uHGOpMa-
1uH, o6Hapy)KMBaIOLIEeCs B MOABIEHUH MM MCUE3HOBEHUM
KaKoro-jambo Mpu3HaKa, TO 3TO AOJUKHO ObITb CIENCTBHEM
OBYX COOBITHI:: BO-TIEPBBIX, CYLIECTByeT KaKOHW-TO Marte-
pHaJIBHBINI HOCHUTE/Ib 3TOM TreHeTHueCcKoidl HHPOpMauUyu W,
BO-BTOpBIX, 3Ta MHGpOpPMaUus NO/UKHA MEHATBCA AUCKDPET-
HO, T. €. TIOPLMSIMH, COOTBETCTBYIOLIMMM KaKUM-TO GJIOKam,
KCIIO/Ib3YEMBIM JJISl €€ KOAKPOBaHUS.

B 1921 r. C. Paiir BBes IOHSITHE <«IaBJICHUE MyTaLUi»,
KOTOpbIM 0GO3HauaeTCsi YCTOMYMBOCTbL MAcCCOBOIO IpOLiECcca
MyTHPOBaHUA. DTUM IIOHSTHEM OIMCHIBAETCS] BO3HUKHOBE-
HUE Kakoro-auGo Npu3HaKa M pa3BUTHE €ro B IpOLECcCe
€CTECTBEHHON JKU3HM TOMyJISALUA OPraHN3MOB.

C pa3BUTHEM HCCIeHOBaHMA, CBA3aHHBIX C H3yYEHUEM
MyTaluy#, MOSABUJIUCH MHOIOYUCJIEHHbIE METOJAbI KOJMYECT-
BEHHOTO M KayeCTBEHHOro ompejeneHus Mmyrtauuid. Kauecrt-
BEHHbIE METOJbl HCCJEJOBAHUA IO3BOJISIIOT OLEHUTH
3¢ddeKkT BO3AEHCTBUA: BbI3bIBAET OHO MYTalWM WM HET.
KosmyecTBeHHbIE METOMBI IMO3BOJISIIOT OLIGHUBATh YacCTOTY
BO3HUKHOBEHMS MyTanuil. OFHOBPEMEHHO CTaJ0 CKJIAJbI-
BaTbCsl IpeAcTaBieHHe o0 aJuiesiaX — CyLeCTBOBaHUH
KaXJoro resa, no kpadeeif Mepe, B AByX ¢opmax. OmuH
U3 auiesied IPOUCXOAUT OT MaTEPHUHCKOrO OpraHu3Ma,
ApYyroif oT OTLIOBCKOTIO.

OreyecTBEHHbIE YYeHbIE TakXXe BHEC/M CBOM BKJIajA B
pa3BUTHE KOHLENLMM MaTepHaJbHONM NPUPOAbl HaCIEICT-
BEHHOCTH.

B 1925 r. I'. A. Hadcon n T.C. @uaunnod OTKpbUIH
BJINSIHME PEHTIe€HOBCKHX Jlyyeld Ha MOSIBJIEHHE HACJEICTBEH-
HbIX M3MEHEHHil B BKCIIepMMEHTe M 0GOCHOBaIM (HOPMHUPO-
Banne (HU3MOJOTUYECKUX M OHMOXMMHUYECKMX TOAXOMOB B
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TPAaKTOBKE NMOHATHUSA reHa. PeHTreHoBCcKOe M3yyeHue OblLIoO
KCNOJb30BAHO 1A YCKOPEeHHs MYTAlLMOHHOIO Mpolecca.

B xonne 20-x — nauane 30-x rogos H. II. Dy6unun,
A. C. CepeGpoBCKMil C COTPYAHMKAMM, HMCIOJb3Ys HaHHbIE
I'. A. Hapcona u T. C. @ununnosa U pe3y/bTaThl COOCTBEH-
HbIX OKCMNIEPUMEHTOB, AOKAa3aJIM CJOXKHOE CTPOCHHE TIeHa.

BbL10 ONIPOBEPrHYTO MHEHUE O TOM, YTO NEPBEHIM U IJIaB-
HBIM <«TIPETEHIECHTOM» Ha POJib reHa sIBJAseTcH Oesok. Xu-
MHSA Jaja HOBBI WMITYJIbC K MCCJIEJOBAaHHUSM B GHOJIOrMH U
reHetuke. I'eHeTHyeckue coobpaskeHus UIPad OTHOCHTENb-
HO Majyl0 poOJb B MCC/IECJOBAaHHM HYKJIEHMHOBBIX KHUCJIOT
BIJIOTH o pabGor O. Ditsepu.

KakoBo Xe peajbHOe 3HaueHHE OTKPBITHS HYKJIEHHOBBIX
kucyaor? Kakoit BkiIag B HayKy M MMPOBO33peHHE JIOZCH
BHECJ/IM TIOJIy4eHHBbIE Pe3y/bTaThl MCCIeIOBaHUH, CBA3aHHbIE
¢ ycraHoBl€HHeM (aKTOB JIOKAJIU3aLUHM HaCJIeACTBEHHOM
uH}OPMalK B HYKJIEMHOBLIX KHCJIOTaX?

HyxsnerHOBbIE KHUCIOTHI SBAAIOTCA PEAJbHO CYLIECTBYIO-
MM CyGCTPaTOM, KOTOPBIH XpaHUT, epedaeT Mo HacJAeaCT-
BY ¥ BOCIPOM3BOAMT BCE MHOrooGpa3sue CBOMCTB M XapaKTe-
PUCTHK JXUBBIX OopraHu3MoB. C MX OTKDBITHEM Dpa3Besscs
MU 00 HISAIMCTHYECKOH CYLLHOCTHM Iepefayu HacJencT-
BeHHOU HHpopMaiuu. Bputo HaliieHO KOHKpPETHOE XUMHU-
4YecKOe BEIECTBO, KOTOPOE MOJKHO <«IIOTpOraTh pPyKaMu»,
BENIECTBO, Hecyllee TreHeTHyecKylo uHopManuio. ITo
OTKPBITHE B 3HAUUTEJbHOH CTENMEHH CTUMYJHMPOBAJO IpaK-
THYECKOE MCIIOJIb30BaHUe OHOJOrMYecKUX 3HaHMiA, B yacT-
HOCTH [UIsi M3YYEHHS HACJAEACTBEHHBIX 3260JI€BaHHUIL.

B 1908 r. A. F'appod BnepBsble NMpOC/HEIN Ha TIPaKTHKE
CBA3b MEXAY MaTepHajbHbIM HOCUTEJIEeM HacJeACTBEHHOMH
MH(pOpMaUMM — HYKJIEMHOBOM  KHMCJOTOH, sABJSIOLIEHCS
CTPYKTYPHOH OCHOBOH reHa, ¥ (PEPMEHTOM, KOAHPYEMBIM
9TUM TeHOM. BrepBble 6bl1 MOKa3aH MYTb K HM3YYEHUIO
MOJIEKY/ISIPHBIX OCHOB HacJIeACTBEHHLIX 3a6osieBaHUM. Bbul
CHAT MHUCTHUYECKUI IOKPOB C JOCEJe 3arafOuyHOro SIBJIEHUA
rnepefayd NaTOJOTMYECKUX NPU3HAKOB OT POJHUTEJNIEHd I1o-
toMcTBy. KoHeuno, A. T'appoa 3Has 0 CylECTBOBaHUU HyK-
JIEMHOBBIX KHCJOT M O TOM, YTO OHM HAXOHATCA B sApe
KJIETKH, HO B CBOEM OTKPHITHM OH PYKOBOACTBOBAJICA COOCT-
BEHHBIMM HAOJIIOAEHUAMM, CTATHCTHYECKMMHU HCCIE0Ba-
HUSIMHM, 2 HE UMEKOLUEHCs B TO BpeMsA CKyAHOH uHpopMa-
Huell 0 HyKJICMHOBBIX KMCJIOTaX, KOTOpbie Obl1M Ype3Bblyaii-
HO Maso u3ydeHbl. Ha ocHoBanuM cBoMx HaGmopeHuit u
KJIMHUYECKOr0 MaTepuaja, HaKOIUIEHHOTO K TOMY BPEMEHH
ApyriMu yuensiMy, A. I'appon cdopMysmpoBaa KOHLIEMIHUIO
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O BpPOXJEHHBIX OOJNIE3HAX, CBA3AHHBIX C HapylIeHHEM
oOMeHa BelIEeCTB.

B nepuon ¢ xonuma 20-x po Hayanma 50-X rofoB GbLIM
OTKDBHITHI HOBbie (DaKThl, CBSI3aHHbIEe CO CTPYKTYypoil M
dyukuped HyKJIEWHOBHIX KHUCJOT. Y TBEPAWIACh XPOMOCOM-
Hasi TeOpUs HACJE[ACTBEHHOCTH, OCHOBAaHHasd Ha HAyYHbIX
CBE/ICHUAX O HYKJIEMHOBBIX KHMCJIOTaX.

B 1926 r. A. Crepresant BBen B ynorpebieHue MOHsATHE
UHBepCHHM. B reHeTHYecKHX HCCIeIOBaHUSIX OHO HMeEeT
Gosblioe 3Hayenue, OH OOHApPYXHWJI DTO SIBJEHWE MpH U3Y-
YeHHHM KPOCCHHIOBEpa y CaMOK IUIOZOBOM MYIIKH JpO30-
¢dunel. Ilpu stom A. CTepreBaHT OGHApYXMJI, UTO CPEAHH-
HbIIl y4aCTOK OJHOM M3 XpOMOCOM TpeTbel maphbl Nnepesep-
Hyt Ha 180° T.e. mocTaBseH B OOpaTHOM HaIpaBJECHUH.
BOT 3TOT NepeBOpPOT y4acTKa XPOMOCOMBI U CTaJM Ha3bl-
BaTh uHBepcueil. M HBepcuM ObIBaOT NpoOCThie (OXMHOYHBIE)
M caoxHbie. IIpuueM cCI0KHbIE WHBEPCUH BEAYT K BECbMa
3HAUUTEIbHBIM IIEPeCTAHOBKAM OJIOKOB T'eHOB.

B 1928 r. coserckuit Guosor H. K. Koabyos HaMHOTO
omepexasi otkpbitue [. Yorcona u @. Kpuka, B sAcCHOH
¢opmMe BbICKa3ajl NPEAIIONOKEHNE O MAaTPUYHOM CHHTE3e,
T. €. O TOM, YTO B HacTosllee BpeMs MMOHMMAIOT IOJ, MeXa-
HU3MOM DEIUIMKAlLUN ¥ TPaHCKDHUIILUH.

B 1930—1933 rr. 4. Kocros n T. Ileiintep noka3zaim,
YTO pa3Hbie yYaCTKH XPOMOCOMBI OKPaIMBAIOTCS HEOJMHa-
KOBO. DTO /1aJI0 BO3MOKHOCTb HEMOCPE/ICTBEHHO HAaGMI0AATh
3a U3MEHEHHEeM reHeTH4ecKol MH(OopManun B XpOMOCOMax
C IOMOLIBI0O MHKDOCKOIIA, B YacCTHOCTM 3a INpOTEKaHHEM
XpOMOCOMHBIX MyTauui. MeToapl HCCIeIOBaHHUS XPOMO-
COMHBIX MYTalMi NOMOIJIH OKOHYaTeJIbHO 3aKpPENUTb MaTe-
pUAMCTUYECKUE TMO3ULUUM TEOPHMHM HACJEACTBEHHOCTH M
M3MEHYMBOCTH. BBUIO yCcTaHOBJIIEHO, UTO XpOMOCOMa IOCT-
poeHa M3 XPOMAaTHHOBBIX HHUTEH, XOpPOIIO OKpalIMBaeMbIX
pa3/JMYHbBIMH KPaCUTEISAMH.

HccnepoBanus, npoBeeHHblE B CBSI3U C OTKDPBITHEM
HYKJIEMHOBBIX KHCJIOT, MHOTOUUC/IEHHBIE PabOTHI [€HETHKOB
¥ OHOJIOrOB MO U3Yy4YEHHMIO MEXaHU3MA HACJEACTBEHHOCTH
¥ M3MEHYMBOCTU NPU3HAKOB, NPUBJIEKJIM K ITOH mpobieme
BHUMaHHe OOLIECTBEHHOCTH.

B paboTax MO MCCIEAOBAHMIO HYKJEHHOBBIX KHCJIOT,
KakK, BOPOYEM, M MPH Pa3BUTUHU JI0OOr0 HOBOTO HAIpasie-
HHMS HayKW, ObUIM OMIMOKM W 3a0/yXIeHHsL.

B 1935 r. rpynna y4yeHbIX nop pykoBoactsoM X. Jlemana
00HApPYXUJIA, YTO HYKJIEMHOBBbIE KHCJIOTHI M HYKJIEOIIPOTEU-
Hbl (HYKJICHHOBbIE KHCJIOTbl B COYETAaHHH C OKPY KAOUIMMH
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ux Gesikamu) 06/1afal0T CNOCOOHOCTBIO MHAYLMPOBATh pas-
MHOXeHue U pauddepeHuupoBky KiaeTok. IIpuyem, Kax
OLUTO [TOKA3aHO B MOC/IEAYIONIME [OMbl, TAaKOM aKTMBHOCTBIO
06saa10T JI00ble HYKJIEONPOTEUHb], HE3ABUCUMO OT HCTOY-
HUKa HX npoucxoxpaeHus. OTKppITME HHIAYyLIMPYyOWEH
aKTUBHOCTH HYKJICOIIPOTEHHOB HAJOJIIO INPHUBJICKJIO BHMMa-
HHUE HCCAefoBaTeJel K M3YYeHHIO HYKJIEHMHOBBIX KMCJOT,
B 4aCTHOCTH, K m3yuenuio PHK. Opnako B mocneaymomem
0Ka3aJock, 4To 3(deKT MpenapaToB CKOpee CBsi3aH C Ges-
KOBOM cocTtasiasitonleif, uem ¢ PHK.

B 1950—1953 rr. 3. Yapzaggh ¢ COTPyAHMKAMU OITyO-
JINKOBAJI CEHCALMOHHYIO CEPUIO PaboT, MO U3YUEHHUIO XUMU-
YeCKO#l CTPYKTYPHI HYKJIEHMHOBBIX KMUCJIOT. OHnM o6cieoBanu
OrpOMHOE KOJMYECTBO Pa3HBIX OPraHU3MOB, Opasu 06pasibi
M3 pa3/MyHbIX OpraHoB M TKaHeid. IIpoBemeHHbIE MCCaERO-
BaHUA NoKa3zayM, uto B coctaB JHK, BoigeneHnoit us3 saupep
KJIETOK uejioBeka, BxoasT 30 Y, ameuuna, 20 9% ryauwuHa,
20 % uurosuHa, 30 % TuMmHA. B To Xe BpeMs y GakTepuii
Hanpumep Sarcina lutea, 3ty uudpH 3HAUYUTEIBHO OT/IHU-
4yaloTcs M cOCcTaBaAT coorBerctsenHo 13 %, 37 %, 37 %,
u 139%. 9™ U gpyrume HabMIOAEHUS IO3BOJWIM CHSIAaTh
BeiBOA, 4TO0 B coctaB JJHK pa3HbiXx OpraHnn3sMoB BXOIHUT
HEOJMHAKOBOE KOJIMYECTBO a30TUCTbIX ocHoBaHuil. Ho pna
OOHOrO M TOTO JX€ OpraHM3Ma COOTHOLIEHUE MEXAYy Hy-
KJIEOTU/IAMH COXPAHAETCA MOCTOSAHHBIM, M3 KaKux Obl Kie-
ToK Hu Bbifesasuim JHK. 9To 3HauMT, YTO BO BCEX KJIETKaX,
HanmpuMmep, 4YesoBeka, spepuas HOHK 6ymer comepxarb
30 9% apenuna. M xakoi 6bl mramm OakTtepwit Sarcina
lutea wA ObUT B3AT, B KaKMe CPOKM M B Kakux Obl TO HU
6bLUIO YC/IOBUAX HH NPOBOJAMJIMCH DKCIIEPUMEHTHI, COfepKa-
HWe B HUX ajgenuHa Oyzmer Bcerga paBHbM 13 %, TuMH-
Ha—139% u T. A

UTak, oblluee KOJIMYECTBO afleHUHOBBIX OCTATKOB B KaX-
por Mosaexyse JHK paBHO KOMYeCTBY TUMUHOBLIX OCTaT-
KOB, @ KOJIMYECTBO TYaHMHOBBLIX €JWHUL — KOJMYECTBY
LIMUTO3MHOBLIX. B fmanbHeiiiieM >THM OTKPBITHEM, IOJIyYHB-
UM Ha3BaHue «npaBwio Yapradda» BOCNOIL30BANUCH
Ax. Yorcon u @. Kpux npu MoCTpOSHUU MOAEIEH MOJIEKY-
st THK. Ha ocHOBaHMYM NpPOBEIEHHBIX UCCIEAOBAHNN OBLIO
BBICKa3aHO IIPEAINOJIOKEHHE, YTO TaKasi 3aKOHOMEPHOCTb
00ycJIOB/IEHa HAMUKMEeM TEHETHYECKOro KOJa, 3aKJIIOYeHHO-
ro B crpykrype JHK.

B 3TOT Xe mepuoj ObLIO CHENaHO elle OJHO YHHUKallb-
HOEe OTKpbITUE, yKa3aBlllee Ha Ba’XHYIO DOJIb HYKJIEMHOBBIX
KHCJIOT B Iepejaye HacJeAcTBeHHOU uHbopmauuu. Bpanu
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KJIETKM COBEDLICHHO Pa3JIMYHBIX, YAAJEHHBIX APYr OT Apyra
opraHoB M TKaHel. MccrnepgoBanusi ToOKasajd, 4TO SIAPO
J000if KIeTKH comepKuMT mpuMmepno 6. 10~° mr IHK.
Tonpko B AHLEKJETKaX U CIEPMaTO30MAAX COAEPIKAHHUE
OHK 6bui0 B fBa pa3a MeHblle, YeM B KJIETKAX OCTasb-
HBIX TKaHeH.

Taxoe OTKpbITHE BBI3BAJIO [Ba HPEANOJIOXKEHUA.
Bo-nepBbiX, OHO TOBOpHJIO 00 YHHMBEPCAJBLHBIX CBOHCTBax
OHK B npepenax ofHOro opraHu3ma, 0 TOM, YTO B OTHOLIE-
HUM XpaHeHHs U Mepejayd HacjelCTBEHHON WHbOpMauuH,
3aKJIIOYEHHOM B sIpe KJIETKH, BCe€ KJIETKM OpraHu3ma
paBHbl, HE32BUCHMO OT TOro, OTKyJa OHM ObLnu B3sTHL. Bo-
BTOpHIX, B JIOOOM OpraHM3Me MMeeTcs [ABAa THIIA KJIETOK:
COMaTHYECKUEe KJIETKH — KJIETKU TeJia opraHusMa ( B mepe-
BOJiE C IPEY. «COMa» — TeJs0) W MOJIOBbIE KJIETKH — KJIETKH,
CBSI3aHHBbIE C Pa3MHO)XEHHEM OpraHu3MoB. Mexay coMaTtu-
YeCKMMHU U TOJIOBHIMH KJIETKAMM CYIIECTBYET OTJIMYMe, KO-
TOpOE TNpOsBASETCA B AUIUIOWAHOM M ralIoOMZHOM Habope
XpOMOCOM. JIMIIOMAHBIA — 3TO MapHBIA HabOp XpPOMOCOM,
rarvioMgHbIl — OAUHapHbf. VIMEHHO MOITOMYy B ITOJIOBHIX
KJEeTKaX HaxoJuTcA B [Ba pa3a MeEHblIe HYKJIEHHOBBIX
KMCJIOT, YeM B cOMaTuueckux. Takum obpasom, Bpope Obl
HECJIOJKHBIE KOJIMYECTBEHHbIE HCCJICOBAHUA HYKJIEWHOBBIX
KHCJIOT Aa/M BaXHYIO IO cofepXaHuio uHdopmanuio.

B 1941 r. . Budar n 3. Tarym yCTaHOBWIM, UYTO KaX-
IObll T€H, CTPYKTYDHOW OCHOBOH KOTOPOro SBISETCH HY-
KJIEHHOBass KHCJIOTa, OTBEYaeT 3a CHHTE3 OMNpesesieHHOro
depmenTa. ITOT hepMeHT yuacTByeT B OMOCHHTE3e KaKOro-
1160 XUMHYECKOro BELIeCTBa.

Passutue TeopeTHYeCKHMX 3HAHWII O HACJIEICTBEHHOCTH,
BKJIIOYasl M MPEACTaBICHUsA O HYKJIEMHOBBIX KHCJIOTAX, IIOC-
cayxuno 6a30il [Isi MEPONPUSATHIA IO TPAKTHIECKOMY TIpH-
MEHEHHUIO 3HaHYH O HACJEeXCTBEHHOCTH.

B 1941 r. JI. Hun Bnepsble OpraHu3oBajl KaOWHET IO
MEJMKO-TeHETHUECKOMY KOHCYJIbTUPOBaHUIO Impu Muumuras-
ckoM yHuBepcurere B CIIIA, Cospanue yupexXpeHUH meau-
KO-T€HETHYECKOro KOHCYJIbTHPOBAHUSA — OAHO U3 HaIJIsAA-
HBIX IIPOSABJIEHMH IIPOBEiEHMsSI TEOpETHYECKMX Hied B
HENOCPECTBEHHYIO MPAaKTHKy. MeauKko-reHeTHYeCKoe KOH-
CYJIbTHPOBaHHE — 3TO CYACT/IMBbIE CEMbH, ITO YMEHbIICHHE
YKCIa Hac/eCTBEHHBIX G0JIe3HElH, CHHKEHHE POXKAAEMOCTH
GOJMBLHBIX C pa3JMYHBIMM BPOXXAECHHBIMA YPOACTBAMU U
MaTOJIOTHYECKUMH COCTOSIHUAMU. D(D(PEeKTUBHOCTb TaKHX
KOHCYJIbTalliii BO MHOTOM OIIpeleseTcs HOCTUTHYTHIMH
3HAHUSIMUA O HYKJIEWHOBBIX KHCJIOTaX.
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Pa3BuTHe MeguKO-reHeTHUYeCKOr0 KOHCYJIbTHPOBaHUSA
NPUBJEKJIO K MPo0JieMe Hac/eACTBEHHBIX 3a00/1eBaHNil BHU-
MaHue OOLIECTBEHHOCTH M Bpaueil. CTanu BbISBASATLCA pas-
JIMYHbIE HACJIEACTBEHHbIE 0OJIE3HM M CHUHIPOMEL B cBsA3M
C OTCTaBaHMEM METOAOB MCCJAEOBAaHUA HYKJIEHHOBBIX
KMCJIOT OT KJIMHHYECKUX HCCIeZOBAaHUH UCTODUS U3YYEHMS
HaCJeACTBEHHbIX 3a0o0sieBaHMil TPUMEPHO [0 CepeIvHEBL
50-X romoB OCyLIecTBAsaCch Ha OCHOBe 0OcCiefoBaHus
cemeii. Bpay, paccnpaminBas yieHOB CeMbH, COCTaBJIsAJ reHe-
aJIOTHYECKOE JPEBO POJACTBEHHMKOB, Ha KOTOPOM ObUIO BUJ-
HO, KTO M3 WICHOB CEMBM CTpajaJl HacJeJCTBEHHBIMH 3a-
6osnesanusiMu. K 1958 r. 6bu10 BoisfiBsIeHO 412 HacieaCcTBEH-
HbIX MPU3HAKOB YEJIOBEKA, T. €. IPHU3HAKOB, O0YCIOBIEHHBIX
nndopManueri, 3amMcaHHON B HYKJIEMHOBBIX KHCJIOTaX.

C 1944 r., Haunnas ¢ pabor O. Jgepu, WO HAKOIJIEHHE
¢axTOB, yKa3bplBalOIIMX HAa TIEHETUYECKYIO pPOJb UMEHHO
OHK. 911 paHHble nocayxuau ¢GyHZAMEHTOM IIpU mo-
crpoenuu Teopuu ¢ynxumonuposanus JHK. B 310 Bpems
6oty pa3paboTanbl MeToAbl TpaHcdopMauuu GakTepwuit,
T. €. U3MEHEHUe CBONCTB GaKkTepUasJbHONH KJIETKU 3a CUET
MOCTYIVIEHUS TeHEeTHYeCKOH wuHdopManuu € 4YyXepoaHOH
OHK. Crenyetr oTMeTUTD, YTO BrepBLiE siBJIEHHE TpaHCOp-
Mailun ObUI0 OTKpbiTO y Gaktepuit B 1928 r. @. I'pudgu-
Tom. B paGorax O. DBepy M ero COTPYJAHMKOB XXUBbIE KJIET-
KU <IIIePOXOBATOro» IUTaMMa OakTepuil TpaHchOPMMPOBAIH
B mpobUpKe B «IJIaiKyio» (opMy, 061afaioliyi0 BBICOKOM
Gosie3HeTBOPHOCTBIO. Ha OCHOBAHMM M3YuyEHHS ITOTO SBJIE-
Husa B 1944 r. O. 3Bepu moKaszas, YTO TPAHCPOPMHUPYOLIUM
dakropom sBasercs OHK.

B 1945 r. I'. Kanvkap sKCIepUMEHTAJIbHO OOHapyXul,
4yTO cyulecTByeT ¢ochopomuTuyecKuii MeXaHU3M paclierl-
JIEHUS HYKJIEO3UJ0B — CTPYKTYPHBIX €MHMI] HYKJIEHWHOBBIX
KHCJIOT.

B 1950 r. JI.onunz mokazaj, 4TO HOJMIENTHIHbIE
LNy UMET a-CIUPaJbHYI0 KOHMHUrypauuio, Ha OCHOBaHHU
4yero OH BbICKa3aJl NpeArosoxeHue, uyro 1 Mosiekyiaa JHK,
Mo-BUAMMOMY, MMeeT CHMpPaJIbHYI0 CTPYKTYpPY, 3aKpellieH-
HYI0O BOJAODPOAHBIMHM CBAI3ZSMH. DTO IOCIYXXWIO €lle OJHUM
KOCBEHHbIM TMOATBEP)XAECHUEM CYLUIECTBOBABLUET'O IIPEAIO-
JIOXKeHHsT 0 BUHTOOOpasHoi ctpykrype JHK. Boito noka-
3aHO, YTO BO3MOXXHO CYILIECTBOBaHHE HECKOJbKMX pas/uy-
HbIX YCTOWUMBBLIX KOHbUrypauuil MocCje0BaTeIbHOCTH
aMMHOKMCJIOTHBIX OCTATKOB B IOJIMITENITHAHON LienH, OgHOM
M3 KOTODPBIX sIBJsieTc a-cnupasib. Koudurypauus a-cnu-
panu SBAAETCA OZHOM u3 Haubosiee pacrmpocTpaHEHHbIX
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CTPYKTYp HenTupgHo# uenu. VIMeHHO TaKkas CTPYKTypa AaeTr
BO3MOJXHOCTb 00pa30BaHMsl BOZOPOAHBIX CBs3eH MeEXAY
aMHHOKHCJIOTaMH, HaXOASIUUMUCHA PSAOM Ha CMEXHBIX
BUTKaX Lend. [103TOMy ecTecTBEHHO GbUIO NPEAINONO0KHTb,
YTO aHaJIOTUYHBIH MeXaHHU3M CBOHCTBEHEH M IJIA HyKJIe-
HHOBBIX KHCJIOT, TaK KaK IO IPOTSDKEHHOCTH M YHUCITY
COCTaBHBIX 3JICMEHTOB — B JaHHOM CJIyyae MOHOHYKJIEOTH~-
OB — OHM  BIIOJIHE COOTBETCTBOBJIM  IOJIMIIENITUHBIM
LIETISIM.

B 1951 r. K. Kaprep Buimesmsn (depMeHTBI, TUAPOJIHA-
3ylollide IVIMKO3WJHbIE CBSA3H HyKJeo3uaoB. Takum obpa-
30M, GbUIO NOKa3aHO, YTO CYIIECTBYIOT JBE CHUCTEMBI (ep-
MEHTaTHBHOIO paclaja HyKJI€O3WAOB: TMAPOJHTHUYECKUH M
docdopomTrueckrit. ITHMH OTKPHITUSMHU ObLIO ONpOBEPT-
HyTO paHee CyIIeCTBOBaBliee IIPeAINoJIoKeHue, 4Yto ¢dep-
MEHTAaTHBHOE pacilieIUIeHHe HyKJIeO3UJ0B IIPOMCXOIUT B
pe3yabTaTe NPAMOro MMAPOJIN3a UX MosekyJsl mo N-rimko-
3UAHBIM CBA3AM C 0Opa3oBaHMEM CBOOOAHHIX A30THCTHIX
OCHOBaHMH M YIJIEBOJIOB.

Takum 06pa3oM, BUAHO, UTO eIle 3aJ0Jro A0 OTKPHITUS
crpyktypel JHK B 1953 r. mHorue ucciepoBaTtesu Besu
paboThl B 3TOM HanpaBieHHWH. Pa3IMuHbIMM MeTOJaMM ILIO
HaCTYIUIEHNE Ha TalHy MeXaHW3Ma HacCJIeACTBEHHOCTH, M
IIOCTENEHHO HaKaIUIMBAJIOCh Bce OOJIbIiE DKCIEPUMEHTANb-
HBIX JaHHBIX, NPSMO WM KOCBEHHO YKa3blBalOHMX Ha
CTPYKTYPy M npuHuun ¢dyukunonuposanusi JHK. B pau-
HOM KOHKDETHOM CJIy4yae MpPOSIBWJICH BCEOOIUMI 32KOH Hay-
KHM: KaXf0e OTKDBHITUE IIOArOTaBIMBAETCS MHOTUMHU Mpef-
HIECTBYIOIIMMH MCCJIEOBaHUAMH, 0€3 KOTOPHIX HEBO3MOXK-
HO cHeJaTbh 3TO OTKphITHE. OTCIOAA CTAaHOBUTCHA TOHSITHOM
Ba)KHOCTb H3y4YEHUs HAYYHbIX OCHOB J000i IpoGreMsl,
UHTEPECYIOIIEH HccaenoBatesas. TONBKO H3YYMB TO, YTO
ObUIO CENaHO O HEro, yueHblif MOJXET BBHINOJIHATb MOMCKO-
BYIO CaMOCTOSITEJIBHYIO paboTy.

Bnepsbie npepcrasienne o mojaekysne IHK, kak o ru-
raHTCKOM CHupany, ObUIO BBIABMHYTO MOCJE MOJTYYEHHS
SKCIEPUMEHTA/IbHBIX AaHHBIX M. Yuakuncom, KOTOpHIA Ha
OCHOBAHMM TNPOBEICHHBIX PEHTICHOCTPYKTYPHBIX MCCJIEHO-
BaHMH ykazaj, yto Mmosekyna JHK npeacrasiser coGoit
3aKpPYYEHHYIO HUTD.

B 1953 r. . Yorcon u @. Kpux 060CHOBaIM CYLECTBO-
Banve pBoiHON crupasy JHK wu BhnepBble npemioXuiu
afiekBaTHYI0 Mopenb mosekyasl [JTHK, xotopas oObsicHuna
Bce (bakThl, CBA3aHHbIE ¢ (MYHKUIHOHMPOBAHUEM HYKJIEHHO-
BbIX Kuci10T. OHa moKa3aja, KakuM 0Opa3oM MoJIeKyJa
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nepefiaer MHbOpMauMIO M Bocmpou3BoauT cama ceds. ITo
CyTH JeJsa, ObL1 OTKDBIT CrIOCOD 3allMCH U BOCIIPOU3BEIECHUA
reHeTHyeckod HHGPOpMaIMK Ha MOJIEKYJSIPHOM YpOBHE.
O. Yorcon n ®. Kpuk camu He MPOBOAWIM PEHTIEHOCTPYK-
TYPHBIX UCCJIEJOBAHUI HYKJIEMHOBBIX KMCJIOT, HO BOCIIOJIb30-
BaJMCb JaHHbIMM M. Yuiakunca u P. @peHxiuH u pabo-
tamu 3. Yapradda.

OcCHOBHBIM KOMITOHeHTOM XpomocoM sBasiercst JHK.
. Yorcon n ®. Kpuk Bbiie/ MM ABa OCHOBHBIX CTPYKTYp-
Heix csoiictBa JTHK: ee psycnupanpHOCT M KOMILIEMEH-
TapHOCTb, MHaye rOBOps, COOTBETCTBHE JDPYr APYTY Lemnei
OHK. OT 3TMX AByX CBOICTB 3aBHCHUT DEIJIMKAlLMs reHe-
THYECKOTO MaTepHasa, T.e. BO3MOXKHOCTb co3fauus cebe
nono6Hoit crpykrypet JHK. B mponecce perMkauyu JBOii-
Hasa crmpaab JHK packpyuuMBaeTcs M Ha KaXIOH U3 Lie-
neif, KaK Ha MaTpHIE, CTPOMTCS KOMIUIEMEHTapHasi ed Ho-
yepHASA Lienb.

1953 r. cumTaeTcs faTOil POXAEGHMA HOBOH GHOJIOTH-
4EeCKO#l HayKH — MoJieKy/isapHo#i Ouonornu. Hazsanue «Mo-
NeKyasipHask GUOJIOTUsS» TPEAIOKU AHIVIMACKMN YYEHbIH-
Kpucrasuiorpad Y. Acrbepu. B cBoio ouepeb OHa 3aJI0KMIA
OCHOBY BO3HHKHOBEHHMSI MHOIMX CaMOCTOSTEJIbHHX Hayy-
HbiX aucuuuimH. Tak kak @. Kpuk u [. YoTcoH, Kpome
oTkpeiTusi cTpykTyphl JHK, BHecau Gonblioil BKIaj B U3y-
YyeHHE JPYTUX Pa3/Ie/ioB MOJEKY/IAPHOM Guosoruu, paspu-
THEe 3TOW HayKM IO NpaBy CBA3LIBAIOT ¢ MX MMEHAMH.

HNurepecno, uyrto . Kpuk posroe BpeMs 3aHUMAJICHA
pa3paboTkoili MHUH B BpuTaHcKOM apMHupanaTeiicTBe, a C
1947 r. nepewen pa6oTaTh B HayuHyio JaGoparopuno. Kpo-
Me COBMECTHOro OTKpBITHSI ¢ [I. YOTCOHOM, OH BBIABHHYJ
ellle psfi MOJOXEHU U KOHLEMUMH, CBA3aHHBIX C MCCJE/10-
BaHMEM HYKJIEMHOBBIX KHCJIOT, HauboJiee 3HAUMTENIBHON U3
KOTOpBIX sABJseTCA copMyavpoBaHHas uM B 1961 r. kon-
yenuusi 06 OCHOBHBIX CBOWCTBaX TIEHETHYECKOTO KOAa.
O. YorcoHn, aMepuKaHCKMil OMOXMMHK, [OCJEe OKOHUYaHMS
acnupaHTypbl B yHuBepcutere mrata Wummana c 1951 mo
1953 rr. pa6oran B Kasenmumickoit saGoparopuu KemG-
PHKCKOro yHuBepcuTera (AHIIMA).

Orkpeite B 1953 r. cTpykTypHl ¥ MexaHU3Ma (byHKUHO-
HupoBanus JHK B kauecTBe HocuTensi HacJeICTBEHHOU
uHbOpPMAaLMU SBISETCA Ha4YaJloM COBPEMEHHOTO 3Tala B
U3YyUYeHMM HYKJIEMHOBBIX KHCJIOT. PacmmcdpoBka cTpoeHns
HYKJIEMHOBBIX KMCJIOT, NOHMMaHME MX (DYHKUMH CIOco6CT-

BOBaJIM 3HAYUTEJIbHOMY IIpOrpeccy B H3Yy4Y€HHUH GeJIKOBOro
CUHTE3a.

17



B 50-x rogax XX B. B ONMBITaX C MOJEJbHBIMU CHCTEMA-
My OBUIO [IOKa3aHO, YTO MECTOM CHHTe3a Oenka B KJeTKe
ABNAIOTCA pubocoMmbl. B 310 Xe Bpema Obuia oTKpbITa
tpaHcroptHas PHK u ycranosnena Bcs mociemosaTtesib-
HOCTb 3TarnoB GHMOCHHTE3a GEeJIKOBbIX MOJIEKY.I.

B cepemune 50-X romoB Ha OCHOBAaHMM MCCJIEIOBaHMIA,
MpOBefieHHBIX B pa3/IMYHBIX pasfenaax Ouosorud, Obuia
copMyMpoBaHa KOHLEMIUS O TOM, UTO TeHbl SIBJISIOTCS
ydyactkamMu MoJekyasl JJHK, B koTOpBIX HacjeAcTBeHHast
vHOpMaLMs 3aKOAMpPOBaHA YepeJOBaHHEM Iap HYKJIEOTH-
IoB. bBbli1 co3pmaH HOBBIM pasfen TreHeTHKU — MOJIEKYJIAp-
Hafl T€HeTHKa.

B konue 50-x — mawane 60-x ropoB rpyrmma COBETCKHX
YUEHBIX IOJ PYyKOBOACTBOM akazemuka A.C.Cnupuna n
3apy0e X Hble UcCIe0BaTes M Bo riase ¢ I1. Joru paspabora-
Ji1 Mopesib BTopuuHO# cTpykTypsl PHK ¢ Tak HasbiBaeMbiMU
wnuwibkaMy. Bbulo ycTaHoBrEHO, uTo OOJBLIMHCTBO MpH-
poaubix PHK sABAAIOTCA OZHOHUTEBHIMH IOJMHYKJIEOTH-
Jamu. OpgHako B HekoTopelx ywactkax PHK cymectsy-
foT GoJiee MM MeHee INPOTSKEHHblE YYaCTKM KOMILIE-
MEHTapHBIX a30TUCTHIX OCHOBaHMil. B Tex ciyvasx, korga
KOMIUIEMEHTApHBIE OTPE3KM PACIOJIOKEHBI OJM3KO APYT K
APYrY, OHM COEQMHSIOTCA M 06pa3yioT LINUIBKOOOpa3Hble
9JIeMEHTHI, (PYHKUMA KOTOPHIX IO CUX IOP HE COBCEM SiCHa.
ITo CBOEM CYWIHOCTH LUMHJIBKM MPEACTaBASIOT CoboM chu-
paJIbHYIO CTPYKTYpPY, CXOaHyI0 co ctpykrypoit JHK.

B 1955 r. I'. Ilanade oTKpbLA pubOCOMEI NP 3JIEKTPOH-
HOM MMKPOCKOIMPOBAHUHN KJIETOK.

B 1958 r. P. Pobeprcom GBu1 MpenioxXeH TEPMHH <«pU-
Gocoma». PHOGOCOMBI — BHYTPHMKJIETOYHBIE OPraHOMAE, Ha
KOTODHIX OCYIUECTBJsETCS cUHTe3 Oenka. C OTKPBITHEM PH-
Gocom ObLT OKOHYaTeJbHO pa3paboTaH MOAXOH K peaJib-
HOMY YIPaBJIEHHIO CHHTETHUYECKOHN (pyHKUMEH KJIETKH, TakK
KaK ObUIO OTKDHITO MOCJTESHEE HEW3BECTHOE /IO TeX Iop
3BEHO B CHUHTE3€ MNOJUNENTHIHBLIX Lieleil B KJIETKE.

B 1957 r. A. H. Benosepckuii u A. C. Cnupun Ha oCHO-
BaHNM CHCTEMAaTHUYECKOrO CPaBHUTEILHOIO aHajn3a COCTaBa
OHK u PHK y OGakrepuit mpeackas3ainu CyLIECTBOBaHUE
uHdopmanuonsoii PHK.

B 1957 r. A. Kopubepz co cBOMMH KO/JleramMu BIepBbie
B unucToM BuAE Bbyieanmm ¢depment JHK-nomimepasy us
GaKkTepHasbHBIX KJIETOK. DTOT (PepMEHT KaTaJu3uUpyeT
cunre3 JJHK u3 Bcex ne30kcupuGOHYKIEO3MA0B: afeHO3UH-
tpudocdarta, ryanoszunrpudocdara, uurosunTpudocdara,
TuMuanHTpUdOcdara. DTM HaHHBIE SBUIMCH HOBBIM IIOA-
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TBEPXJAEHHUEM MOJEJH CTPYKTyphl M (YHKUNOHHDOBaHUA
OHK.

W3yyenne oOMeHA HYKJIEMHOBBLIX KHCJIOT NPHBENIO K
OTKPBITHIO HyKJIea3 — (PepMEHTOB, NPUHAJJEXAIIUX IO
xapakTepy gedcTtsusi K docdoauacTepaszam, KOTOphIE crie-
MdUIECKN paclUeIUISIOT MEeXHYKJIEOTHHbIe CBA3U B IOJIHU-
HYKJIEOTMJHHIX LensAx 6e3 obpa3oBaHUsi HEOPraHMWYECKOTO
docdara.

B 1959 r. M. JIackosckuii NpepioxXul pa3feauTb HyK-
Jea3bl Ha JIBe KaTeropuu Ho crocoby pedcTsus Ha cyOcT-
paT — Ha DHAOHyKJea3bl M 3K30HyKyeaswl. IlepBble pac-
HIETVIAIOT IOJIMHYKJICOTUAHYI0 Lelb MEXXAY BHYTPEHHUMU
HYKJIEOTHAAMH, a BTOpPble KaTaJU3UPYIOT IOCJIe0BaTEIbHOE
OTILIEMJIEHNE MOHOHYKJIEOTHAOB OT KOHHA MOJIMHYKJIEOTH[-
HoM nenu. OTKppITHE MeXaHHW3Ma JAeHCTBUA HyKaea3 H
UCNO/Ib30BaHUE UX [/151 MIPAKTHUYECKMX LieJedl uMmeno 6osib-
moe 3HayeHue M paclu@poOBKH IOCJIEJ0BATEIHLHOCTH
HyxieotunoB B mosekyaax JHK u PHK. Ormemnnenue
HYKJICOTHMIOB C TMOCJEIYIOIIUM OIIpEAC/IEHUEM IIPOAYKTOB
pacnaja HyKJIEWHOBBIX KHCJIOT [aJI0 KJIOY JJISl MOHUMAaHMA
MHOIMX SIBJIEHUH, CBA3aHHbIX C (DYHKUMOHMPOBAHHEM HYyK-
JIEMHOBBIX KHUCJIOT.

B cepegune 60-x romoB wuccnemoratemm P. Xonnu,
I'. Iaxay, A.A.Baee w ppyrue pa3paboTaal [IPUHIMII
ompefiesIeHUs MociaeqoBaTeabHOCTH HykeoTuaos B PHK,
KOTOpHIN JIET B OCHOBY H3yY€HUS CTPYKTYPHO-(DYHKLHO-
HaJIbHOM opranu3auuu otmeiabHbix PHK.

B 1961 r. @. Kpuk chopmy/mpoBaji OCHOBHbBIE CBOICTBa
reHeTHYecKoro Koga. OH MaTeMaTH4YecKM M IKCIEepHUMEH-
TaJIbHO JI0Ka3aJ1 CylIeCTBOBaHUE KOJUPOBAHUS reHETHYECKOH
undopMaym.

B 1961 r. @. XKaxo6 u J]. Mono yctaHoBmiu o6Limit
NpUHLMI PaboThl OMEpPOHA — TPYMNbI T'€HOB, ONpEAEJsI0-
IUX CHHTe3 (PYHKLHMOHANbHO CBA3aHHBIX (pepMEHTOB. JTa
MOJe/Ib SIBUJIACh MOIIHBLIM CTUMYJIOM B Pa3paboTKe MPaKTH-
YECKOr0 HCIOJb30BaHUS 3HAHWI O HYKJIEMHOBBIX KHCJIO-
TaX, BKJKOYas U Pa3BUTUE I'eHHON HMHIXEHEPHH.

B 1965 r. @. Kpux BHIABUHYJ THIOTE3y HEOJHO3HAYHO-
ro COOTBETCTBMA. Pa3BuTHe 3TOH rumore3bl BBUIMJIOCH B
pa3paboTKy OOLIMX MPUHIMIOB CTPYKTYphl €HETHYECKOro
KOJa, YTO IO03BOJIMJIO OOBACHUTb MEXAaHU3M COOTBETCTBUS
KOJOHOB aMuHOKMcaOoTaM. OpHoBpemenHo M. Hupenbepe u
€ro COTPYAHMKHM DKCIEPHMEHTAILHO JOKa3ald, YTO TeHe-
TUYECKHIl KOJ, COAEPXUT PaBHO3HAuHble, Kak Obl B3auMMO-
3aMeHsieMble KOROHBL. OHu 0OHapyXuiaH, 4to (heHUIATaHH-
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HoBaA TpaHcnopTHass PHK MoXer mpucoequHATbCS K ABYM
pPas3IMYHBIM KOJOHAaM: KaK K KOIOHY ypauuJ-ypauuJi-ypa-
LM, TaK U K KOJOHY ypalWJ-ypauuia-IUTO3HH.

B 50-x rogax XX B. mosiBMJachk BO3MOXXHOCTb HabJ10-
JaTb U ONMCHIBATBL Ka’XXAYI0 XPOMOCOMY ueJioBeKa B BHAE
CaMOCTOSITEJbHOM eIMHULBL. Bce XpOMOCOMBI OB CTPOTO
upeHtudyuMpoBaHbl. B OCHOBe HMAeHTHUHKALMYU JIeXKaIu
ABa Npu3Haka: oflias AJMHA XPOMOCOMBI M PacIoJIOKeHHE
LIEHTPOMEpBl — MEPBHYHONU MEPEeTSKKH XPOMOCOMBI. IDTOT
METOJ IPOCT, IO3BOJISIET AMArHOCTMPOBATh MHOTME XPOMO-
coMHbie 60JIe3HH, 4 TAKXKe M3y4aThb MYTALMOHHbIH HpOLECC.

B 1956 r. 4.Txuo n A.Jlesan yCTaHOBWJIH, YTO XpPO-
MOCOMHbII Habop 4esoBeKa COCTOMT M3 46 xpomocoMm. Jta
JaTa CUMTAETCs JATOM POXAECHUS COBPEMEHHOHW LMTOreHe-
THKHA 4esioBeka. K TOMy BpeMeHHM yXKe yCHEeIIHO KyJbTHBH-
pOBajMChb KJETKH BHE OpraHM3Ma, NPHUMEHSUIMCh OcoOble
Croco6bl MOJMyueHHsi MPUTOAHBIX [JIA NPOBEJEHHA XPOMO-
CoMHOro aHaam3a MeTadaszHbIX IUIACTHHOK, T.€. ILIaCTOB
KJIETOK, Haxopasmmxcs B MeTtada3se.

B 60-e rompl okoHuYaTeabHO CGHOPMHPOBaJacCh HOBas
HayyHasl JUCHMIUIMHA — KJIMHHUYECKasl [MTOreHeTuka. Boum
OTKPBITHl MHOTOYMC/ICHHbIE HApYLIEHHs OPraHoB, 00yCJO0B-
JIEHHbIe OTKJIOHEHHEM YHCJIa XPOMOCOM HJIM H3MEHEHHEM
HX CTPYKTYPHI, OIpejesieHa OOliasi 4aCTOTa XPOMOCOMHbIX
Gose3Hell cpefi¥ HOBOPOXKAEHHBIX, 4 TakXXe€ YacTOTa CHMHJ-
pOMOB, CBA3aHHBIX C HapYLIEHUSIMH B XpOMOCOMaX.

B 5T0 Xe BpeMs yueHble HauyaaM oOCTOSATEBHO HCCJe-
IOBaTb XPOMOCOMHbBIE aHOMAJIMM C IIOMOIIBIO HOBHIX METO-
[IOB, OCHOBAaHHBIX Ha MOCJEIHUX AOCTHUXEHHUSIX B M3yUEHUHU
CTPYKTYPBl HYKJIEMHOBBIX KHCJIOT. BBLIO yCTaHOBJIEHO, UTO
XpOMOCOMHBIE 60JI€3HA HAUMHAIOT NPOSBAATLCA YKe Ha ca-
MOH paHHe# CTafiuM pa3BUTHUA 3apOJbINIa, a HEKOTOPbIE XPO-
MOCOMHbIE HapyHIEHWs BbI3HIBAIOT ero rubenn. Haxonnenue
3HAHUI O HYKJICHHOBBIX KHMCJIOTaX M MOCJIEACTBUSIX U3MEHe-
HUH X CTPYKTYphl B 60—70-X rogax mpuseso K fmOsiBJEHHIO
B Pa3HbIX CTPaHaX MEAVKO-TeHEeTUUYECKHUX YUPEXAESHMH s
OKa3aHudsl MEIWIMHCKOH IOMOIIM JIMIaM, CTpaJaroliuM
HaCJIEACTBEHHbIMM 3a00/I€BaHN IMMU.

Haynnas c¢ 70-x romoB XX B. pa3paGoTka MeTO[0B
auddepeHINaIbION OKPACKM XPOMOCOM ISl KJIMHMYECKOM
LMTOT€HETHKH II03BOJIMJIA BHISIBUTH KaXXKAYI XPOMOCOMY B
AApe KIETKH, Aajia BO3MOXXHOCTb BO MHOIMX CJydasix Cy-
JUTb O IPOMCXOXAECHMM aHOMAJIbHBIX XpOMOCOM. Ycmex
KJIMHHYECKON LIMTOreHeTHKM HpPOJOJIKAaeT pa3BUBATHCS U B
HacToslllee BpeMs: BbIICJEHBl peaKue Hac/eJCTBeHHbIE
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3aboseBanusi, OOYCJOB/IEHHbIE HAPYILEHHEM OTAE/bHBIX
CErMEHTOB XPOMOCOM, a YMCJIO U3BECTHBIX HACJIE[CTBEHHBIX
TIpU3HAKOB y yesioBeka K 1978 r. mocrurmo 2811.

K navyany 80-X rogoB CIMCOK Hac/I€CTBEHHBIX GoJe3-
Hell, CBS3aHHBIX C OOMEHOM aMHHOKHMCJIOT, HAaCUATHIBA
6onee 60 mamMenoBanuit. Kaxpoe m3 Takux 3aGoseBaHMit
BCTpeYaeTCs JOBOJBHO peiako. YacToTa MX pacmpocTpaHe-
HUS Cpelu HOBOPOXJeHHbIX KoJsieOnercs ot 1:20 000 no
1:100 000. Ho B cymMMe OHH COCT2BJAIOT 3HAYUTE/IbHYIO
4acTb BCEX HaCJIeACTBEHHbIX 3a0oJieBaHM.

TakuM 06pa3oM, UCTOPUS Pa3BUTHUS 3HAHMI O HYKJIEH-
HOBBIX KHMCJIOTaX HAaIJIAAHO JEMOHCTPUPYET IOCTEIEeHHbIN
rnepexos oT (PEHOMEHOJIOIMM HYKJIEHMHOBBIX KHUCJOT K HX
SKCIEPUMEHTAJIbHOMY U TEOPETHYECKOMY HU3YUYEHMIO C IIOC-
JIEAYIOLIUM BBIXOIOM B HpPaKTHKY.

Ho uro ke Bce-Taku mpeActaBasiior coboil HyKJIEMHO-
Bble KucaoThl? IlepeiimeM cHauasa K pacCMOTPEHHMIO HX
CTPOEHHUS.



Tnasa 2
KAK IIOCTPOEHBI HYKJIEMUHOBBIE KHUCJIOTHI

B 3TOi mIaBe OyJeT pacCMaTpMBaThCsl TOMBKO TNPHHIMU-

fuaJibHOe CTPOCHME HYKJIEMHOBBIX KHCJIOT, TaK KakK B
CBA3M C YPe3BbIYAHHOM MX CJIOXKHOCTBI KOHKDETHOE
B3aUMHOE DacCIIOJIOXKEHME YacTeit B COCTaBe OOJbLIMHCTBA
U3 HUX [0 CHMX TMOp OcTaeTci Hem3BeCTHbIM. OpjHako
B CBA3M C NPOrpPeccoM B METOHAX HCCJIelOBaHUS HyKJIeH-
HOBBIX KHCJIOT MOJXHO PELUHTb M DTy 3ajauy.

UroObl peajbHO OLEHHUTh TPYAHOCTb YCTAHOBJIEHHS
CTPOEHUs HYKJIEHMHOBBIX KHCJOT, AOCTATOYHO ITOCUMUTATD,
CKOJIbKO HX HaXGHOUTCS, HAIpuUMep, B OaKTepUU KHUILIEYHON
nanoykyd. Okazanoch, YTO 3TO UYUCJIO COCTaBASAET OKOJIO
1000 pa3nuyHbIX HYKJIEWHOBBIX KUCJOT. Bricuide XXHUBOTHbIE
M pacTeHMsA CcOAep)KaT HyKJEUHOBbIE KHUCJIOTBI B elle
GosbiieM KosuuyecTBe. IlpHueM KaXXAblit B, OpraHM3MOB
COZIEPKUT CBOM, XapaKTepHbIi TOJbKO /i Hero, Habop
STUX KHUCJIOT. B ipupose HacuntniBaeTca 6osee 1 200 000 Bu-
JOB JKUBLIX OPraHM3MOB — OT OaKTepHii [0 4YesoBeKa. DTO
3HAuMUT, 4TO cymecTyeT mpuMepHo 10'C paszmuunbiX Hykie-
WHOBBIX KHcJ0T. CMOrsIa I co3[aTh NPUPOJA COBEPLICHHO
pa3inyHble XMMHYECKHe BellecTBa C pa3/IMYHOH XumHyec-
KOl (POpMYJIOH B TaKOM GOJBIIOM YMC/IE JKMBBIX OpraHM3-
MoB? Koneuno, Her. Bosiee TOro, Hyk/JeWHOBble KHUCJIOTHI
IOCTPOEHBI BCErO JIMIIb U3 YeThbIpeX CTPYKTYPHbIX €AUHUL, —
YeThbIpeX a30THUCTBIX OCHOBaHMil. Kak ’xe Morytr uetnipe
a30TUCTHIX OCHOBaHus 3axkomuposats 10' HykIeMHOBBHIX
kucaor? IpubausuTeNbHO Tak e, KaK M MBI KOAMpYEM
Hal¥ MbIC/M Ha OyMare. Mbl ycTaHaBiamBaeM NOCJeNOBa-
TEJbHOCTb M3 OyKB asdasuTa, pynnoMpys WX B CJIOBa, a
Npupoja KOAMPYET HacjJeACTBeHHYr HH(OpMalLHio, yCTa-
HaB/BasA [OCIEI0BATEAbHOCTh U3 MHOJKECTBA HYKJIEOTH/IOB.
HyxneoTna — 5TO CPaBHUTENBHO IPOCTOM MOHOMEp, H3
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MOJIEKYJl KOTOpPOro TMOCTPOEHbI HYKJICHHOBBIE KHCJIOTHI.
Kaxaplii HyKJIeOTHZ B CBOIO OUepeldb COCTOMT U3 HECKOJIb-
KMX COEJMHEHHbIX BMECTE MOJIEKYJ: U3 a30THCTOr0 OCHO-
BaHMsl, caxapa (puGo3a uam gesoxkcupubosza) u docdop-
HOM KMCJOTHL I'J1aBHOM 4acTbiO HYKJIeOTHJA SIBJISIOTCA a30-
THCTble OCHOBaHWA. UTO OHM NpeACTaBASIOT M3 cebs?

A30THCTbIE OCHOBAHUA

A3zoTHCTbIE OCHOBaHMSI OTHOCATCS K a30TCOAEPIKALIUM
FEeTEPOLIMKJINYECKUM coeuHeHUssM. OHM MMEIOT LMKJIMAYe-
CKYI0 CTPYKTYpPY, B COCTaB KOTOpOil Hapsjay C aToMaMHu
yrjepojia BXOAST aTOMbI JAPYTrUX 3JIEMEHTOB, B YaCTHOCTH
aToMbl asora. ITo HaiuMuMio B cCOCTaBe MOJIEKYJbI aToma
a30Ta 3TH COENIMHEHUS M IOJAYYUJIM CBOE Ha3BaHUE —
azoructole. C 3TUMU aTroMaMHM CBsI3aHbI U Ba)KHeHiuue
CBOMCTBa a30THCTHIX OCHOBaHMII, Hanpumep ux ciabooc-
HoBHBIe (wienounbie) cBoHcTBa. OTCIOHa M Ha3BaHHE STH
COeIVHEHUS TOyYWIM «OCHOBauusi» (puc. 1).

B HykJIEMHOBBIX KHCJIOTaX BCTpPEYalOTCA a30THUCThIE
OCHOBaHMA IBYX KJIaCCOB: NMUPHWMHUAMHOBbIE U IIypHHOBBIE.
Onu copepxar Gosee OZHOTO aToMa a30Ta B COCTaBe
MOJIEKYJIBI U 06pa3yloTcs Ha OCHOBE XapaKTepHOM CTpYK-
Typbl IMPDUMHINHA ¥ MypHUHA:

CH
ZIN CH N
"\‘3450” N'/Gs\o/7\\
wea ol baadl oo
NUPUMUANH nypHH H

IInpuMUAMHOBBIE OCHOBAaHWA SIBJIAIOTCA IIPOM3BOJHBIMM
IMEeCTUWICHHOT0 reTepouykia nupumuauHa. ITupumuaux B
YHCTOM BHAE — 3TO OGECIEETHOE KPHMCTAJLUIMYECKOE Belle-
CTBO, OTHOCsAUIEECA K KJIaccy AWa3UHOB — IIECTUWIEHHBIX
reTEPOLMKIJIOB C ABYyMs aToMaMu a3oTa. CylecTBYIOT TpH
CTPYKTYPbl OYa3WHOB: nupuaaszud, uian 1,2-nuasun (1),
NUpUMHKIUH, Uan 1,3-nua3un (2), u nupasul, uin 1,4-gua-
3uH (3):

C C N
Z 7\ 2O\ Z N
c;?ufi Wotod TN
2 eé 2 6 2 8
1 C 1
NUPUAAZUH NUPUMULAKH nupasuH
1,2-4Anasuu 1,3-41a3uu 1,4- gnasun
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Hassanue
A3OTUCTHIE
OCHOBAHUA

}

HassaHue

2=

Cso#cTBa — WEN0YHbIE
(oCHOBHbIE)

Puc. 1. CBsi3b CTPYKTYpHI, CBOMCTB M Ha3-
BaHHUS a30TUCTBIX OCHOBAaHHUM.

IInpuMupyH MMeeT XapaKTepHble JJisfl Kjacca AMa3vHOB
CBOMCTBa — IUIaBUTCS NpH Temnepatype 22 °C, TeMnepatypa
ero kumenus coctapaser 124 °C, obnamaer xopouel pacT-
BOPUMOCTBIO B Boze. IIpy 5TOM OH He maeT INEJIOYHOH peak-
LM, HO 00pa3yeT COMM C CHJIbHBIMH KHCJIOT2ZMH.

Wurepecso, uto GapbuTypoBasi KHMCJIOTa, SBJISIOASCSH
OCHOBOM MHOTHMX YCIIOKauBalOLIMX K CHOTBOPHBIX Ipena-
paToB, CJYXHT HCXOJAHBIM COeAMHEHUEM IIPH CHHTE3e
NUpUMHIMHA K B IMPUCYTCTBMM IMeHTaxjopupa ¢ocdopa
(PCls) ¢ mocnenyoumuM BOCCTaHOBJIEHHEM TPHUXJIOPIHPH-
MHAMHA HOJOBOAOPOAOM:

OH o]
I
C C CH
ZiN 27N =R
N7 4 GH PCls N345 H Hl N3450H
HO-——!J?Ieg—-—OH 2, ° HIC216 H
Vg o NN NG, SN
6ap6uTyposan NUMPUMHUAKH
HucnoTta 2,4.6-TpUXNOpNUPUMUANH

ITo cytu fmena, 6apOUTYpOBas KUCJIOTA SBJASIETCH OXHUM
U3 OKCHUIPOM3BOAHBIX NUPUMHUIMHA, KOTOpbIE O0JIafaloT
y)Xe HOBOJIBHO CHJIbHBIMA KHMCJOTHBIMU CBOHCTBaMHu IIO
CpaBHEHHUIO C NMHUPUMUAMHOM.

K naubGosiee pacmpoCTpaHEHHLIM NMPUMHIMHOBBIM OC-
HOBAaHUSIM OTHOCATCH ypauuJ, UM 2,4-TUOKCUIIHPHUMH-
g (1), Tumul, i 5-Metua-2, 4-auokcunupuMugulE (2),
LMTO3MH, WM 2-0KCH-4-amuHonupumuguH (3):
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ypauun TYUMHH UUTO3HH
2,4-Awoucwnmpumumm 5-meTtnn~ 2- OHCH-4-aMUHO~
2,4 - AMOKCHNHPUMUAKH NUPUMULOMH

IlyprHOBEIE OCHOBaHUA ABJIAIOTCS ITPOM3BOAHLIMU reTe-
pouykiIa mypuHa. IlypuH oTHOCHTCA K OMUIUKINYECKHM Coe-
JUHEHUSAM M COCTOMT M3 NMUPUMHUAMHOBOTO IIECTHUYIEHHOTO
U MMK/Ja30/IbHOTO MSATHWIEHHOro KoJiell. ITypuH B uncToM BH-
Jie IpefcTaBisier coboii GecuseTHbie KpucTawtsl. Hymepauus
aTOMOB ITyPUHOBOrO KOJIblAa OTJIMYAETCS OT HyMepaluy aTo-
MOB MNHPUMHJMHOBOIO KOJIbI[a. JTO CJeAyeT 3allOMHHUTb,
4TOOBI U36€XaTh YyTAHULEI IPY 0003HAYEHHH IPOU3BOHBIX
STHUX OCHOBaHMH.

YCa0BHO MOXHO CUMTaTh, YTO NyPHH — 3TO IPOU3BOJ-
HOE MHMPUMMIMHA, TaK KaK COCTOMT M3 KOHJEHCHPOBaHHBIX
KoJiel| MMPUMUIMHA ¥ uMKpa3oaa. CrefoBaTesbHO, 10 CBOE-
My MPOMCXOXJEHHUIO BCE a30THUCTbIe OCHOBaHMS (POPMaJIbHO
MOJXHO OTHECTH K IPOM3BOAHBIM MMPUMHUIHHA.

K nypvHOBBIM OCHOBaHHMAM OTHOCSTCS afeHHH, WiHd 6-
amuHonypuH (1), ryaHuH wiam 2-aMuHO-0-OKcUIypuH (2):

NH; ('?
C\ N
SRS E
HCS 3 ? " H N—Cl 8t 98/ H
G\ Hy C\ \N
H H
afleHKH ryaHuH
6-amnHonypwH 2-aM1UHO-6-0HCHNYPHH

B npupopne cymecTByeT BCero msath OCHOBHBIX a30THUCTHIX
OCHOBaHMI{, BXOAAUIMX B COCTAaB HYKJIEHHOBBIX KHACJOT. OHMN
BCTPEYAIOTCS BO BCEX KJIETKAX, HauMHAfA OT CaMbIX MPOC-
ThIX — KJIETOK MHUKOILIa3M, AO CaMbIX CJAOXHBIX — KJIETOK
YyeJIoBeKa.

CoxpalileHHO [IBa [VIaBHbIX IIypPHHOBBIX a30TUCTHIX OCHO-
BaHUs — aJIcHUH ¥ I'YaHUH — 0003HAYAIOT 3arJIaBHbIMU OyK-
Bamu A ¥ I', a mUpUMHAKMHOBbIE OCHOBaHUsS — ypaLWI, TH-
MUH ¥ 1MTO3MH — Y, T u 1. Vpauun BXoguT B cocTas
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toabko PHK, tumuu — B ocuosnom B JHK u ouenb pen-
ko — B Hexkotopeie PHK. TumMuH u ypauusa uUMeEOT OKMUC-
JIEHHbI aTOM yTJepoja B mosioxenuu 4. B nurosuHe xe
9TOT aTOM AaMHHHPOBAaH, T. €. CBA3aH C aMHWHOTPYIIOH
(—NH:). Agenvn u ryauumn Bcrpevaworcs kak B JHK,
Tak 1 B PHK. OCHOBHBIM CTDYKTYpPHBIM HX OTJIHYMEM
SIBJIETCS TO, YTO aTOM YIJepoAa B IOJOXXEHHUH 6 B IyaHH-
HE OKHUCJIeH, a B aJeHHHE aMUHHPOBaH.

IIpu u3yyeHMM HIpPOCTpPaHCTBEHHON KOH(PUTYpaLUH MO-
JIEKYJl a30TUCTBIX OCHOBAaHHMH YCTAaHOBJIEHO, YTO BCE OHHU
MMEIOT IJIOCKOe cTpoeHue B Buze mactuH. Ho y mypuno-
BLIX OCHOBAHMiI B MeCTe COeJMHEHMs ABYX KoJel Habuo-
naeTcs Kak Obl MW3J7I0M ILIOCKOCTH.

HHormpa B cOCTaB HYKJIEMHOBBIX KHUCJIOT BXOJAT Tak
Ha3biBaeMbleé MUHODHBbIE a30THUCTble OCHOBaHMsA. OHM HOJYy-
YMWJIM TaKoe Ha3BaHUWE IOTOMY, UTO BCTPEYAIOTCS OYEHb
peako. K MHHOpHBIM NUPUMHIMHOBBIM OCHOBAaHHUSIM OTHO-
CATCS CreAyloulye BelecTBa:

rilH2 I}le
NP —CH, N 0 = CHLOH
Ll 3 ST
0=C H =02 1°
\ o= CH
H
5-MeTUNUUTO3 HH D<~OHCUMETUNUMUTO3 HH

TakXe CyIECTBYIOT MHHODHbIE MyPUHOBbIE OCHOBaHMSA:
NH, ﬁ

0\ C\/
N/ | \

(L H
H;,C—J)\:3 \.\]/ HaN— \N/ \ /C
Q-MeTnnaAeHwH 1- Memnryanmu

Onu obuapyxeuoi B Hekotopeix PHK, B uacTHOCTH
B tpaHcrioprHoit PHK, a Takxe B HYKJIEMHOBHIX KHCJIOTax
BUPYCOB. BO3MOJXXHO, UTO MMHOpHbIE OCHOBaHHUS NPEACTaB-
JI0T cOo0OH OfHY M3 BeTBeil pa3BUTHA NUPUMHANHOBBIX
U TypUHOBLIX OCHOBaHuil. Ho B oT/MuMe OT OGBIYHBEIX a30-
THCTBIX OCHOBAHMI MHHOpPHBIE OCHOBaHUA B MpOILECCE DBO-
JIIOLMK He TMOJIyYMJIM LIMPOKOro pacmpocrtpanenus. ITo-Bu-
OUMOMY, 3TO OOCTOATENBLCTBO CBA3AHO € OCOGEHHOCTHIO
$H3UKO-XUMHUYECKUX CBOMCTB JAAHHBIX MOJIEKYJL.
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ITo cTpoeHNI0 MUHOpPHbIE OCHOBAaHMSA MPEACTABIAIOT CO-
0ol MeTHIMpOBaHHble (OPMbI OOBIYHBIX OCHOBaHui. Cuu-
TaiOT, HallpUMep, YTO METUJIIMPOBaHUE, T. €. IPUCOEAUHEH:E
meTmiabHOM rpynnel (—CHj), tpancmopraeix PHK ocy-
mecTaaseTcA cnenuduyeckumu GepMeHTaMM yXKe Mnocie
00pa30BaHMS MOJMHYKJICOTUAHOM MOCAE0BATEIbHOCTH. Me-
TUJIMPOBAaHUE MEHSAET CBOICTBAa HYKJIEMHOBBIX KHCJIOT U Be-
JeT K H3MCHEHMIO cojep)XaHus reHeTmueckod wundopma-
LMY, 3aKOAMPOBAHHOM B HYKJEHMHOBBHIX Kucjortax. Tak,
METHJMPOBAaHUE aJeHNMHa M LIMTO3WHA, BXOASIIMX B COCTaB
IO HK-daroB — BUpycoB, mopaxkamowux 6akTepuu U Apyrve
MUKDPOOPraHW3Mbl, IPUBOJUT K TOMY, YTO Takue ¢ard pas-
MHOJXAIOTCA BO BCEX IUTaMMax (pa3sHOBUJHOCTAX) KJIETOK
KMIIeYHoH masnouxku. @aru, comepiKalliye HEMETHJIHPOBaH-
nyio JHK, npu nonaganuu B KJIETKM OJHOTO HU3 LITAMMOB
pa3pylaTcss KUIIEUHOMH I1aJI0UKO.

CBo6oAHbIE NMUPUMHUAMHOBLIE M IyPUHOBbIE A30THUCTBIE
OCHOBaHMA MMEIOT CXOJHble cBolicTBa. M Te u apyrue pact-
BOPDHUMBI B BOJI€, HO HOBOJIBHO IIJIOXO.

dABjneHue TayTOMEpUM IpPeACTaB/IsAeT B3aUMHOE IpeBpa-
LIeHHe OJHOM CTPYKTYpHO! (pOpMBI MOJIEKYJ B ApPYIYIO.
IMpuuemM M30MepBI UMEIOT OFHY M TY XKe XUMH4eckylo ¢op-
MyJly, HO Da3JMyHOE CTPYKTypHOE CTPOEHuEe H, CJIefi0oBa-
TeJbHO, pa3JiuyHble cBolicTBa. Yame Bcero HaGmoAaeTcs
TaKk Ha3blBaeMasi JaKTUM-JlaKkTaMHasi TayTomepus. Hampu-
Mep, OOMH K3 HM30MEpOB ypaluia MpPeACTaBaseT coboi
JIaKTUMHYI0 ¢opMy, a Apyroil — JaKTaMHYIO:

OH (IZI)
27N\, /C\
NZ  CH HN H
I L = L
HO \N/ O——C\N/
H
NaKkTuMHas gopma NaKTamHasa opma

TayToMepu3alus ypalun/a MPOMCXOJUT 32 CYeT IepemMe-
LLEHUST aTOMa BOJOPOAA OT KHUCJAOPOAa K a30Ty M HaoOOpoT.
B pacTBope o6e 5Tit (POPMBI MPUCYTCTBYIOT OXHOBPEMEHHO.
CylecTByeT TakK Ha3bplBaéMoOe JUHAMHYECKOe paBHOBECHe,
KOrja, HeCMOTpPs Ha IOCTOSHHO IIPOTEKalollMe B3aWMHbie
nepexozibl MOJIEKYJ/l U3 OJHOTO COCTOSIHMS B ApYyroe, B pacT-
BOpe TMOAJEPXMBAETCA CTPOro IOCTOSHHOE COOTHOLIEGHHE
TeX ¥ JApyrux dopm.

TaytomepHOe paBHOBECHE 3aBUCUT OT TEMIIEpaTypHl,
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MpUpPOAbl PaCTBOPHUTENSA M OT CTENEHHM CBIA3LIBAHUSA C Oesi-
KaMy ¥ JApyruMu MoJiekysaamu. [lepexox B Ty HMJIM HHYIO
TayTOMepHYI0 (opMy 3aBHUCHUT TaKXKe OT KMUCJIOTHO-IIEJI0Y-
HBIX CBOMCTB pactBopa. Hanmpumep, B HeliTpasbHOH cpepe,
npu pH 7,0, npeobnagaer JakTaMHas d)opma ypauwia.

TayToMepusi a30THCTBIX OCHOBaHMit WMrpaeT GOJbLIYIO
poJsib B (GDYHKUMOHHMPOBAaHMM HYKJIEMHOBBIX KHMCNOT, B 4acT-
HOCTY OHa SIBJISIETCA MPUUUHON HEKOTOPhIX MyTaumit. Kax-
Joe a30THCTOe OCHoBaHme, Bxomsuiee B coctaB JHK,
HaxXOOMTCHA B OIpelesieHHOH TayToMmepHoit ¢opme. Ecim
B pe3yabTaTe Kakux-aMbo BO3/eMCTBUHA a30THCTOE OCHO-
BaHME Mepeluio B APYIyI0 TayTOMepHyio ¢dopMy, TO COOT-
BETCTBYIOLIle€ €My a30TUCTOE OCHOBaHME B HPOTHUBOIIOJIOXK-
noit nenu JHK Gymer yxe apyrum. Hampumep, azortuc-
TOE OCHOBaHWE aIcHUH oOpa3yeT BOXOPOAHBIE CBS3U C LHU-
TO3WHOM. A TayToMep afeHMHa — UMHHOPOPMa — MOJKET
00pa30BaTh KOMIUIEMEHTApPHYI0O Mapy TOJIBKO C JPYTMM
a30TUCTBIM OCHOBaHMEM — C THMMWHOM. TayTOMEpHBIH Ile-
pexop ageHWHa B UMHHOGOPMY CJIeXyIOLIMIL:

NH, li\IJH
C C
i /é
\N/ \T/ C \N
H
afeHuH MMMHorbopma
ajleHnHa

Ilpu MOBTOpEHHH IeHa B pe3ysbTaTe Pa3MHOXKEHHSA KJIETOK
TIOJTYYMTCS HEBEpHAs KOMHUS, IJ€ BMECTO LMTO3MHA Oyzer
pacnosiaraTbCs THMHH.

MosiBuBIIEECS TakuM 00pa3oM HapyuieHWE B KOAUPO-
BaHMM TeHeTHMUYecKON uHdbOpMalu 3aKpeIUIseTcAs U Mepe-
JaeTcs Mo HacJIeICTBY — BO3HUKaeT MyTalus.

HYKJIEO3U/1bl U HYKJIEOTUbI

A30THCTbIE OCHOBAaHMS HE eIWHCTBEHHBIH BHJ XUMHYeE-
CKMX BeLIeCTB, M3 KOTOpPbIX I[OCTPOECHBI HYKJIEWHOBbLIE
kucaotel. Ilpy rufposmse HYKJIEMHOBBIX KHUCJIOT OKa3ajoch,
YTO OHM pAacHajalTCA C 0bpa30BaHMEM M APYIHX HPOAYK-
TOB: yrJeBofoB M opTtodocdopHoi KucAOTHL. B KauecTse
YI1€BOAOB B HYKJIEMHOBBIX KMCJIOTaX HaxoasTcs pubosa
(CsH,00s) u pesokcupuboza (CsH,00.), KOTOpBIE OTHO-
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cATCA K MEeHTO03aM, T. €. COJAepiKaT NATh aTOMOB yrjepoaa.

B pesysabTraTe coeIMHEHHs a30THCTOrO OCHOBAHUA U
yrneBoaa obpasyeTcsi MoseKyda — HYKJIEO3H,

Hyxneo3uapl oTHOCATCA K KJIacCy COeAMHEHHH, U3BecCT-
HbIX MO/ Ha3BaHMEM IVIMKO3WAbL. [JMKO3uzABI He paspy-
waoTcs uenoyamu. Ho B Kuciotax ¥ 0coGeHHO mpu
HarpeBaHMM OHM OBLICTPO pa3jaralTcs, T. €. TMAPOIU3Y-
forca. Tak Kak HYKJIe03u[pl OTHOCATCA K DTOMYy KJaccy
COEJMHEHHNl, TO OHM, €CTECTBEHHO, OBICTPO TIHAPOIU3Y-
I0TCSI B KHMCJBIX Cpellax NpU HarpeBaHWM M 4Ype3BblYaitHO
YCTOWUMBEI K ACHCTBUIO LIEJIOYEH.

CregyeT OTMETHUTh, YTO He BCEe HYKJIEO3H[bl NOABEpra-
IOTCS1 THAPOJK3Y, He BCE OHW OJUHAKOBO YCTOMUMBBL K
paspymalomieMy BO3AeHCTBUIO KHCJIOTHI M TeMIepaTypbl
VY CTaHOBNEHO, YTO MUPUMHUIMHOBBIE HYKJIEO3UAB Oosiee yc-
TOHUMBBI K T'MApPO/U3Y, YeM MypHHOBblE. MexaHU3M 3TOro
SIBJICHUS HE COBCEM SICEH.

'Uapou3 HyKIeO3MI0B MOJKHO Bbi3BaTh 0e3 Harpesa-
HUs ¥ Bo3feiicTBus Kucioramu. O6a THIA HyKJIEO3UOB
XOpOLIO TUAPOJIM3YIOTCA B IIPUCYTCTBUM CreuudUUecKHux
¢epMeHTOB, Ha3biBaeMbIX HYKJIEO3UOAMHU.

B u30/MpOBaHHOM BHAE HYKJICO3UABI MOJKHO INOJYYUTB
THU/IPOJIM30M HYKJIEOTHAOB (DepMEHTATHBHO WM TaKXXe IIpHU
IeACTBUY aMMHMAaKOM, OTIIenuB (pochOPHYIO KUCJIOTYy OT OC-
TaBILINXCS CBA3aHHBIMU reTepolMKiIa ¥ yrieBoja. B MoHo-
HYKJIEOTHAAX UMeeTcsl CBA3b ¢ 5'-pocdaTHBIM OCTATKOM.
DTa CBA3b ABJIAETCA HOCTATOYHO NPOYHOHM U He NOoJAaeTcs
KUCJIOTHOMY  TMApPOJM3y. D'HOPOMKMTHYECKM  OTILEIIATH
docdaTHyo rpynny B 5'-IOJOXKEHMH CHOCOOEH TOIBKO
cneidnyeckuit pepMeHT — 5’-HykaeotHaasza. IToT dep-
MEHT pacClIeIUIsieT CBA3b B 5'-TOJIOXKEHWH, HE 3aTparuBas
OpyTHX CBs3eM.

CTpyKTypa [e30KCHpU0O3bl OTJIMYAETCH OT CTPYKTYDHI
pubO3bl TeM, YTO MpH 2-M aTOMe YrjiepoAa Ae30KCHpUGO3bl
HET T'MAPOKCHMJIBHOM TDYNIbL:

5 4 3 120 =0
CHr—CH—CH—CH—C’ = CHi—CH=CH—CH—C"
U I H
OH OH OH OH OH OH OH
pu6osa Ae3oxcupubosa

9TO OTPa3’U/IOCh U B €€ Ha3BaHWHU.

B cocraBe HyKJIEMHOBHIX KICJIOT MOJIEKYJIBI 3THX caxa-
pOB HAaxXo#ATCA HE B aJbAETHAHOH, a B LIHKJIHYECKOH
dopme. IIpu 3aMbiKaHMM KOJbla KapOOHWJbHas rpymna
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(rmepBbIi aTOM yI/Iepofa) B3aUMOJAEICTBYET C THAPOKCHU-
JIOM 4YETBEPTOrO aTtoma yriepoga. B pesysabrate mnepe-
[PYNIMPOBKM aTOMOB o00Opa3yeTcsi NATHUIEHHBIA LMKIL
B BopHOM pacTBOpe HUMK/IMYECKHE (POPMBI MIEHTO3 HAXOMAT-
Ccs B HNOABU)XHOM DaBHOBECHM C aJIbAErMAHBIMHU (POpMaMH.

[MeHTO3BI B CYXOM BHIE NpEACTaBISIOT coboil craakue
Ha BKYyC KPUCTaJIJIMYeCKUE BEIeCTBA, XOPOIIO pacCTBOPUMbIE
B BoZeE.

ITeHTO3bl IPH OKHUCJEHAM IO aAbAeTMAHON rpynne 06-
pasyoT kucaoTel. Hanpumep, pn6o3a npy OKHCJICHHH AaeT
PUOOHOBYIO KHCJIOTY:

5 4 3 2 l/o
CHz— CH— CH—CH—C
(L [ NOH

H OH OH OH

IIpu BOCCTaHOB/IEHVM MEHTO3BI MPEBPALLAIOTCS B MHO-
roaToMHble COUpTHl. Tak, NpM BOCCTAHOBJIEHMM pPUOO3bI
BOOPOAOM 00pasyeTcsi MNATHATOMHBIA CIUPT — PUGHT.

IIyreM npoBemeHMsl CJOXHBIX XMMHYECKHX aHaIM30B
ObLIO YCTAHOBJIEHO, YTO B NMPUMMIAMHOBBIX OCHOBAHMAX
MEeHTO3a MPUCOEJMHEHAa K MEepBOMY aToOMy a30Ta JaHHOTO
ocHoBauus. ITypuHOBbiE OCHOBAaHMSI CBfI3aHbI YEepe3 aToOM
a30Ta, HaXOoOAWMACS B 9-M moJI0OXKeHUH. DTO NOKA3aHO Ha
NpUMepe CTPOEHHUS NYPHUHOBHIX HYKJIEO3UJOB — COEMUHe-
HMII a30THCTOrO OCHOBaHMSA aJCHMHA M YIJeBoja pubo3bI
WM Je30KcHupubo3bl: afeHo3MHa M 2’-[Ie30KCHafiecHO3MHA:

OH OH OH H

’
afeHo3uH 2 — [Ee30HCMaAEeHO3MH

Hykneosuabl He TOJNBKO CYIIECTBYIOT B IPHPOAE, HO
MX MOJKHO CHHTE3MpOBaTb UCKyCCTEeHHO. BooGlue e HyK-
JI€03UJIbI MOTYT COCTOATb U3 CaMbIX Pa3/UYHBIX YIJIEBOJAOB
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U reTepoLUKJNYecKUX coeauHennii. Ho B cocraB HyKiIeu-
HOBBIX KHCJIOT, BBIJEJIEHHBIX M3 fIJED pa3JIMYHBIX KJIETOK,
BXOJAT TOJbKO PHOOHYKIEO3MAb U [e30KCHPMOOHYKJIEO-
3uABL, COAepiKallie MUPUMHAMHOBBIE M MyPHHOBLIE a30THC-
Thle ocHOBaHUSA. Hyksieo3uapl pacTBOpAIOTCA B BOAE Jiydlle,
YeM HCXOJHble a30TUCTbie OCHOBAHHS.

ITepeiineM Ternepb K pacCMOTPEHHIO HyKJIeoTHAOB. Hyk-
JIEOTUAB! SIBJAAIOTCS MOHOMEDHBIMM CTPYKTYPHBIMM €IMHH-
LlaM{ COOTBETCTBYIOLIUX HYKJIEMHOBBIX KHUCJIOT: [AE30KCH-
pubonykaeotuast — OHK, a pubonykiaeoruast — PHK.
BuoCHHTE3 HYKJIEOTH/IOB ABJNAETCA NMEPBLIM JTAlloM B GHo-
CHUHTe3€ HYKJIEWHOBBIX KHMCJOT M OTHOCHTCHA K JKM3HEHHO
Ba’XHbIM IpoLeccaM. DTH MOJIEKYJIbl SIBIAIOTCA HENOCpen-
crBeHHbiMu npemectBeHHnkamu PHK u JIHK, a Takxe
HYKJIEOTHAHBIX KO(EepPMEHTOB.

HyksieoTusipl NpefcTaBiIsaioT coboit dpocdopubie 3¢dpupbi
HYKJIeO3u#oB. B cocraB HyKJIEOTHAOB BXOIAT BCE TpH
KCXOJHble KOMIIOHEHTa: MEeHTO3a, a30THCTOE OCHOBAaHHE H
octatok oprodocdopHoii kucaoThl. Eciu oT HykieoTHaa
oTuenuTh (HOcOpPHYI0 KUCIOTY, MOAYYUTCA HYKJICO3HU],
T. €. HYKJIEOTHJ — 3TO HYKJIEO3UJ, COEIUHEHHBIH C OcTaT-
KoM ¢ocopHOH KUCTOTHL.

B MoJieKysle HyKJIEO3MIOB MMEETCsl HECKOJbKO CBOGOA-
HBbIX, HE3aHATBIX TI'MIPOKCW/IbHBIX rpynn. ITosrtomy cyiue-
CTBYEeT U HECKOJbKO BO3MOJKHBIX MECT, K KOTOPbIM MOJKET
npUcoeguHNTbCA ¢docdaTHast rpynmna K KOJbLY IEHTO3bI
npu obpa3oBanuM HykieoTuaa. B Mosekyaax Ae3okcupubo-
HYKJIEOTHJOB TaKMX MECT CYLIECTBYET JBa: B HOJIOKEHUAX
3 u 5. INo 5TUM MOJOXEHUAM MeXAy [Ae30KCMpuOo30i
u docdopHoil KHCAOTOM MOXET 00pa3oBaThbCA CJIOXKHO-
ac¢upHas CBA3b.

CtpykTypHasi opMmy/ia IJIaBHBIX JAE30KCHPHOOHYKIEO-
3ug-5'-MoHodocdaroB uMeeT ClAeAyIOLIMA BUA:

i
HO€ OCHOBaHHe
HO—P—0—CH; o
Lk

He3okcupuboHykieo3uan-5'-monodocdarsl  Ha3bIBAIOT
eme 5'-me30KCHpUOOHYKICOTHAAMH, a PUOOHYKJIEO3UA-5'-
MonodocdaTsl  COOTBETCTBEHHO — 5/-prOOHYKJIEOTHIAMH.
LlIupokoe pacnpocTpaHeHHE MONYYMIM OOMXOAHBIE MX Ha-
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3BaHUSA. AJEHWIOBask KHUCJI0TAa — HYKJIEOTHH, aJeHO3HHa,
ryaHMHOBAs KMCJIOTa — HYKJIEOTHJ, I'yaHO3HWHA, yPUAUIIOBAs
KHMCJIOTa U T. [,

Y puOOHYKJIEOTHHOB docdaTHass IpyNna MOXET NpH-
COEAMHATLCA IO TPEM IIOJIOXKEHUSAM B KOJbLE MNEHTO3bI

HO-—-Fl’——OH
afEeHO3UH-
&'—tocgiopHan kucnota a/leHO3UH —
(aheHWnoBan KUCNOTA, 3'-thoctopHan Kucnota
5'—ajeHnNoBas KUCNOTA) (3-ageHnnoBan KucnoTa)

(@]
HO— P —OH
aJleHO3NH—
afEHO3UH— 3',6-tdochopran KucnoTa
2-tochopHan KHcnoTa (uMKnMyecHan ajgeHnnosasn
(2-apeHnnoBan KucnoTa) HUCnoTa, unMKanueckun AMd)

HyxiienHoBble KHCJIOTbI COCTAaBJEHBI M3 HYKJICOTHAOB
KaK Ielb U3 3BEHbEB WM KaK cToa6MK MoHeT. Hykieoruant
B HHMX CBfI3aHBI MeXIy co0oil CJ0KHOH CBSI3bIO OCTaTKa
dochopHO# KHUCAOTBI € THMAPOKCHIOM IEHTO3H! CJIEAYIOLIe-
ro Hyxkiaeotuaa. B IHK u PHK docdognacdpupubie Moc-
THUKH COSINHSAIOT 3'-THAPOKCH/IBHYIO IPYIIY OLHOIO HyKJe-
oTHJAa C 5'-rMApPOKCHJIBHOM TPYNION Apyroro:
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ocHosanue 1

AHH PHH

PacTBop HYKJIEOTHAOB OOJafaeT CHJbHBIMU KHUCJIOTHBI-
My cBoiictBamH. IloaToMy npyM HeHTpajbHBIX 3HAYEHUSX
pH B HelTpasnbHBIX cpeAax cBOGOAHBIE HYKJIEOTHABI HAXO-
OATCA B JUCCOLMUPOBAHHOM COCTOSIHMH.

B npupoie CyleCTBYIOT He TOJbKO DPHOOHYKJICO3HIbI
M JIe30KCUPHOOHYKIC03Ubl, NIPe/ICTaBIeHHbIE Bbile. B Guo-
JIOTHUECKMX OODBEKTaX, B JKMBBIX KJIETKAaX BCTPEYAIOTCH H
gpyrme ux GopMbl W BapuMaHThbl, HanpuMep B Buiae 5'-gu-
docdaroB u 5’-tpudocdaros. VuHaue ouu HaA3HIBAIOTCHA
5’-nupodocdopusie u 5’ -rpudocdopHbie 3d#pbl HYKIEO3HU-
10B. TepmuH «nupodocdOpHBIl» 03HAUAET «COAEPIKAIIMI
ase MoJekysbl (ocdopHoit KucaoTbl». O6wias CTpyKTypa
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HYKJIEOTHIOB C pasHbiM cofepkaiueM MoJekya docdop-
HOM KHUCJIOTBI BBITVIIOUT TaK:

OCHOBaHue

Cl)H CI)H CI)H
HO— P~ O0—P~~0—P—0—CH,
| I | '

0 o) o

H T H

N OH OH

N
HyKneoana-5-morHodocdar

HyHneoaup,—S}—/AMqaocqlar

N
HyKneoaua-5-Tpudochar

Hyxneosun-5'-nndocdoprass u Hyxreosnn-5’-tpudoc-
dopnast KMCJIOTBI MOTYT AMccoLuMpoBath. IIpu MX Aucco-
pmatmy 13 ¢ocdarHsIX Tpynn OCBOOOXKIAIOTCS TPU HIH
yeThlpe MpOTOHA. B npucyTcTBuu woHOB Marhus (Mg'™)
u xanbuusa (Ca*t) cocdaThble Trpymmbl  HYKJI€O3UA-5'-
audocdaToB M Hykaeo3upa-5'-rpudocdaro HOPMHUPYIOT ¢
HUMH KOMILIeKChl. POpMUpOBaTH KOMILJIEKCHI MOIYT He
TOJBKO MOHBI MarHusi ¥ KaJblMsl, HO M JIO0ble [pyrue
JBYXBaJEHTHbIE HMOHBI METa/UIOB. B peasbHBIX YCI0BUAX
JKMBOM TPUPOABI B KJIETKE OTH HYKJIEOTHUABI 0OpasyioT
KOMILJIEKCHI C MOHAMM MarHusl.

MocnenHsaa u mpeanocienusisi  ¢ocdaTHble TPYIIILI
HYKJIEO3MA-AM- U TpudocdhaToB MOTIyT pacllieTIsTLCS C T0-
MOILBIO CHelHaabHbIX (PEPMEHTOB, KOTOpble, pacLIenIAs
STY TPYIIbl, HE 3aTParMBaloOT ApPYrue CBA3M.

Mpu cunreze JHK nyxneosun-5'-rpudocdatel asns-
I0TCS HE3aMEHUMBIMM CTDOMTEIbHBIMH Osokamu. [esno B
ToM, uto mpu cuHTe3e kak JHK, tak u PHK B kauecTse
HUCXOAHBIX CTPOMTE/LHBIX OJIOKOB KCIIOJb3YIOTCA TOJIBKO
oti HykJeoTuabl. Jdudocdaret U MonodocdaTh HyKjeo-
3up0B He ucnoas3yiorcs B cuurese JHK u PHK. 3210
CBSI3aHO C TeM, YTO HyKJeo3uA-5'-tpudocdartsl ABAAIOTCA
BBLICOKODHEPreTUUECKMMHU INpelIeCTBEHHUKAaMM MOHOHYK-
J1e0THAOB. B 9TOM 3axiiouaercst BaxxHasi (DYHKUMA HYKJIEO-
suaTpudocdaToB npu ¢GepMEeHTATHBHOM CHHTE3€ HYKJIEH-
HOBBIX KHCJIOT.

B npouecce cuuresa JHK wiu PHK ot nykneosun-
5’-rpudocdatos oTwienIgeTCs KOHIEBast nupodocdarHasn
rpymna. Hykneosuprpudocdar mocnaemoBaTesibHO IIpeBpa-
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maerca B Hykieosupmudocdar, a 3areM B HYKJICO3M[-
MoHodocdar, BXOAAWHMA B COCTAB HNOJMHYKJICOTHAHBIX
Helleil HYKJIEeHHOBBIX KHUCJIOT.

Taxum 00pa3oM, CHHTE3 HYKJIEHHOBBIX KUCJIOT B IIPO-
Liecce XHU3HEACSATENbHOCTH OpraHu3Ma OCYLUECTBISIETCS U3
BBICOKOJHEPreTHYeCKUX MPEeJIIeCTBEHHUKOB HYKJIEHHOBBIX
kucnor. OTCI0ga BUJHA Ba’KHOCTh MJIA OpraHu3ma coueTa-
HUA BCEX 3BEHbEB OOMEHa, a HE TOJbKO MPOLECCOB He-
MOCPE/ICTBEHHOTO CHHTE3a HYKJIEMHOBBIX KHCJOT.

HyxkjeoTHAbl B BUJE pPa3/IMUHBIX OMOJOTMYECKU aKTHB-
HBIX COE[IMHEHMI WIpalOT BaXKHYIO PoJib B OOMeHe BeILEeCTB
B KJEeTKE U B Oopranusme B IeoM. Tax, mypHHOBBIA HYyKJI€O-
TUA, — AJEeHUJIOBasl KUCI0Ta — B BHUAE aJeHOo3MHTpHudoC-
dara (ATD)

NH,
0 0 0 N N
I | ll I J
HO=——P—0——P—0—P—0HC O~ N N
bbb K
OH OH

SIBJIAIETCSL TJIaBHBIM HOCHMTEJEM XWMHYECKOH DHEepruuM B
KJIeTKaX BCEX J>KUBBIX opraHM3moB. IIpu mnepemaue cBoeit
SHEPruM APYrMM MOJIEKYJIaM OH TepsieT KOHuUeBylo docdart-
HyI0O Tpyniy ¥ TIpeBpaiiaercd B afeHo3MHAudocdaT
(ADD). ApeHosungmdocdar — 3T0 MEHee 3IHEProeMkoe
coeguHenne no cpasHenuio ¢ AT®. Ho AIND wmoxer
BHOBb TOJIYUHUTDb 3allaC XMMHUECKOH 3HEpruM, NPUCOECIMHHB
¢docdaTthyo rpynmy n npespatuBuinchk B AT®D. DToT mpo-
necc HasbiBaeTcs (ocdopunrpoBanneM. [ npeppallieHH
AO® B AT® Tpebyercsa NMpUTOK KaKOW-nub0 >HeprumM M3-
BHe. JTa SHEPrusl MOXeT ObiThb Np¥BHeceHa iubO 3a cueT
COJTHEUHHBIX JIy4yel B ciyyae (POTOCHMHTE3a B PacCTUTEJIbHBIX
KJIETKaxX, AM00 3a CYeT XWMHMYECKOW DHEPTMU B MpoLecce
ofMeHa BeleCTB B reTepoTpPOHBIX KJIETKAX, T. €. KJeT-
Kax OpraHM3MOB, IUTAIOMIMXCSH OPraHUYECKHMMH BeLIEeCT-
BaMH.

3a cuer dyskumoHupoBauus cuctemsr ATD — AIID
OCYUIECTBIAETCSA B3aMMOCBA3b TUIOB (DEepPMEHTHBIX peak-
UMl B KJIeTke. B opHOM M3 HHMX XHUMMUeCKas DHEprud,
MOCTYNAKas U3 OKpyXKallleil cpelpl, 3amacaeTcs B BUAE
AT®. B gpyrom Tumne peakuuit, Hao6opoT, aueprus AT
HCIIONIb3YeTCs A1l Hy XA KieTkyu. Takue depMeHTHbEe peak-
UMH XapaKTePHbl I BCeX BHIOB JKUBBIX CYIIECTB.
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Fuaponns AT® obecrieunBaeT JHeprueil Mpolecc ak-
THBHOI'O TPAaHCHOPTa BELIECTB uepe3 MeMOpaHbl KJIETOK.
I'maponus, wn pacwervienve, AT® ocymecTBasior Mem6-
panHble AT®-a3bl. @epmentoB Takoro tuma mHoro. Cy-
wecTByioT, Hanpumep, K, Nat-AT®-a3w1, koropbie obec-
NeYynBalOT mepeHoc uoHOB K BHYTpb KJIETKM H BBIXOZ,
nonos Nat mapyxy. K, Nat-AT®d-a3m paGoraror To/b-
KO B MPHUCYTCTBHMM DTHX HOHOB. AKTHUBHOCTb (hepMeHTOB
peryJMpyeTcsi FrOpMOHaMM.

Hykneotuasl urparoT 6o/blLy0 PoJb M B APYTMX Ouo-
XHUMHUYECKUX PEAKUMAX — B KAUECTBE OMOJIOTMYECKH AKTHB-
HBbIX COCIMHEHMIl OHM PEeryJMpyioT IPaKTHYECKU BCE BUJbI
oOMeHa BELIECTB B KJIETKe.

HexoToprle HYKJI€OTHABI SBAAIOTCA NEePEeHOCYMKAMH
CTPOUTENbHBIX 6JI0OKOB B kjieTke. Hampumep, ypuaumHau-
docdar sABnAeTCA crnelUdUUECKHM MIEPEHOCYMKOM Caxapos
MpU CHHTE3e TOJHCAXapUAOB.

HutupnaandocdaTxonun sBiseTcss HOHOPOM XOJKHA
npu OHOCHMHTE3e XOJMHCOAEpXALIMX MOJIEKYJ, YYacTBYIO-
IUX BO MHOTMX Ipoleccax o6MeHa B KJETKe.

B HUKOTMHaAMHAMOHOHYKJIEOTHIE M KodepMeHTe A azo-
THCTOE CCHOBaHHME CBsi3aHO ¢ pubo30ii ¢ momouipio B-N-
rJMKO3UAHOU cBsizd. HUKOTMHAMMIMOHOHYKJIEOTUN, SBJISA-
eTCcs NpefieCTBEHHUKOM HUTOKMHAMHUAAAeHUHAUHYKIIEOTH -
mna (HAL).

KodepmeHt A BbnmosHsieT QYHKIMIO HepeHOca aLMJb-
HBIX TPyNN IPH JAOCTaBKe WX pPa3JIMYHBIM aKIENTopaM.

Bosblioe 3HaueHHe M1 MHOTMX CTOPOH oOMeHa Be-
IIECTB B KJIETKE UMEIOT U AuHyKjaeoTunbl. B 1905 r. nocne
MHOIUX DKCIIEPUMEHTOB ObLIO YCTAHOBJEHO, YTO AJISL CIIUP-
TOBOro 6POKEHHs, ABAAIOMIEroCcsi OCHOBON NMPOMBIILICHHOTO
MPOM3BOACTBA 3TUJIOBOrO CHKPTa, HEOOXOAUMO MPUCYTCTBHE
KodepMmenTa, obaagaioiiero creudpHIecKUMHA CBOHCTBAMH.
OtuM (hbepMEHTOM SIBJIAETCS HUKOTHHAMKAANEeHUHIMHYKJIe-
OTHJ, OTHOCSIIIMHACS K KJIACCY AUHYKJIEOTHIOB.

JMHYKJICOTHABI COCTOAT M3 ABYX MOHOHYKJIEOTHAOB.
CoenpHAIOTCST MOHOHYKJICOTHAB yepe3 ¢docdaTHblil MOCTHK
MeXAY 5-M yIVIEpOAHBIM aTOMOM puOO3bl WIN AE30KCHPH-
G03bl OJHOrO HYKJEOTHAAZ M 3'-M YIJIEPOZHBIM aTOMOM
caxapa Apyroro Hykseotuaa. Takum oOpasoM, y 60.b-
IIMHCTBA HYKJIEOTHIOB MOCTHK MEXAY [ABYMS €IWHHLIAMH
obpa3zosaH 3a cuer 3,5 -bocoausdupHoit cBA3n. Y O4eHb
HeOOJIBILOrO KOJMYECTBA [MHYKJIEOTHIOB CBA3b OCYLIECTB-
JisieTcsl uepe3 Apyrue nosnoxenus. PocdaTHeii MOCTHK 06-
pas3oBaH 3a CYET KaKoi-mb0 MHOH CBA3HU.
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®aasunMoHoHykaeoTnn (OM]), npuHUMas y4yacTHe B
KJIETOUHOM JbIXaHHMHM, BBIITOJIHAET (YHKIUIO OKCHIIMTEIbHO-
BOCCTaHOBHMTEJIBHOTO KodepMeHTa. B KauecTBe a30THUCTHIX
OCHOBaHM# B (DJIABUHMOHOHYKJIEOTHIE M HHUKOTHHAMH/-
MOHOHYKJIEOTHJE CJIyXKaT COOTBETCTBEHHO [AMMETHUIN30aJI-
JIOKCa3UH ¥ HUKOTHHaMuJ. MoHOHyK/IeOTHAHbIE KOdepMeH-
THI COJEP)KAT B CBOEM COCTaBe KaKoOi-1M00 BUTAMUH IPyI-
nst B:

o
afeHmnH C N
P NA
NZ N\
HUKOTHHaAMKUA I | FH
HO\N/C\N
OH 1 = ﬁ_NHQ
|
HO—F—0—GHy N O —GCHz
o H H H H
H H H H
OH OH ? OH
HUKOTHHAMUAMOHOHYHNEOTHA Ho_ﬁ_OH
HO— =0 o
9
Q W HO—P=0
s & N
| L
2
HaC—C C= |
’ \ﬁ/o\'il,c\ © HiC— (Ot
CH, ) L HO—CH
anme- |
Tunusoan- HCOH pu6o-  S_—q Bnamoreuoeaz
NIOKCAa3vH | Gnasun | KucnoTa
H(|30H (B2) H'il (B3)
HCOH ) pubut Ho
CH, / Ha
0 —o
HO—II:"-'OH lilH
(o) GCHy
| amunostanTHon
hNaBUHMOHOHYHNEOTHA Ha
H

KotepmeHT A
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Huxkotunamupagenunguuykaeorsny (HA), HUKOTHH-
amupapenunarHykieoruadocdar (HAOD) u daasunape-
HuH Hykieotun (DAJl) — Bce oun cofepXKaT afAeHO3WH-
5’-dbocdatT ¥ MMEIOT OBe MOHOHYKJIEOTHIHBIE EOUHULIbI,
CBSI3aHHBlE MeXJy co0oil aHrMApUAHOI CcBsA3blO. MeXxay
ux ¢ocdarubiMu rpynnamua obpasyercs 5, 5'-nupodoc-
¢atHas cBsu3b. B cocTaB mepBbIX ABYX BELISCTB BXOJUT
HUKOTWHAMUA, a mnocaeguuil copepxut daasun. HAOD
no cpaBueHHro ¢ HAJL uMeeT eule OfHY, IOMOJHHUTE/b-
Hy10 MoJsiekyny docdopuoit kucaotel. HAL ¥ aHasornyuble
JMHYKJIEOTHABI OTBETCTBEHHBI 33 MHOIKE >KM3HEHHO BaX-
Hble (pyHKUMM OpraHu3Ma.

Takum 06pa30M, HyKJIEHHOBBIE KUCJIOTHI MOCTPOEHbI U3
MOHOHYKJIEOTHAOB, KOTOpPbIE B CBOIO OYepeAb COCTOAT U3
a30THCTBIX OCHOBaHUI1, NeHTO3 U 0pTO(hochOPHONH KUCTAOTHI.
Kpome GYHKIMHM CTPYKTYPHBIX KOMIIOHEHTOB B HYKJIEMHO-
BBIX KHCJOTaX, MOHO- M OUHYKJEOTHZbl BBHIOJHSIOT CaMo-
CTOATE/bHYIO (PYHKUMIO GMONOrMYEecKH aKTHBHBIX BeELIECTB.

OBMEH HYKJIEMHOBBIX KHCJIOT

B xopme ofMeHa NOCTynuMBLIME B OpPraHM3M BeLICCTBA
MOCPEACTBOM OHOXHMUUYECKHX peaklUuil NpPeBpaIlaloTca B
cobCcTBeHHbIE HYKJIEMHOBBIE KHCJIOTHI OpraHM3Ma, 3aTeM
HYKJIEHHOBBIE KHCJIOTBI Pa3pylIalOTCs U B BHAE OTAE/bHBIX
COCTaBHBIX 4acTeil BHIBOASATCS W3 opranusma. O6pa3oBaHue
U pacrnajg HYKJIEMHOBBIX KHCJOT OCYLIECTBIAETCS B He-
CKOJIBKO 3TafoB:

1. H3BjeueHue 3Heprud H3 OKpyXamolwed cpeasl u
npeo6pa3oBaHie €€ B DHEPIUI0 TAaKUX COeAWHEHHit, Kak
AT®. DOra ¢dyHkuus HeoOxomuMa IS DHEPreTHYeCKOro
obecrnieuenuss TPOLECCOB OMOCHMHTE3a M pPaCLUCIVICHHS
HYKJIEWHOBBIX KHCJIOT.

2. OGpa3oBaHne KOMIIOHEHTOB HYKJIEHHOBBIX KHMCJIOT K3
HX NpeAIecTBEHHUKOB, KOTOpbIE NOCTYNAIOT B KJIETKY K3BHE,
T. €. CHHTe3 HYKJICOTH[JOB U OTAE/BHBIX UX YacTei.

3. CuHTe3 HYKJEHHOBBIX KHCJIOT M3 HYKJIEOTHHOB.

4. PaspyuieHune HYKJIEWHOBBIX KHCJIOT. OcymiecTsis-
eTcsi B OOpaTHOM MOps/KE CJefoBaHUs C oOpa3oBaHHEM
KOHEUHbIX MPOJYKTOB, YHOOHBIX [Ulsl BblBeACHUS U3 Opra-
HU3Ma.

OGMeH HYKJIEMHOBBIX KHUCJIOT B KJIETKE XapaKTepusy-
eTcsi AByMsl ocobeHHocTsMyu. C OFHON CTOPOHBI, oH o0sa-
JaeT BbICOKOM YCTOHYMBOCTBIO K JIEHCTBHMIO HeOJaronpusar-

38



HbIX (DAaKTOPOB OKpyXxarwuiei cpeprl. C Apyrof CTOLOHSI,
MMeeT 3HAaUMTEeNbHYI0 W3MEHUYMBOCTb, YTO MPOSBISETCS B
3aBUCHMOCTH CKOPOCTH €ro mpoTeKaHus OT MHOTMX peryJu-
pyrommx ¢dakropoB. Takoe cOCylIeCTBOBaHUE NPOTHUBOINO-
JIO>KHBIX CBOMCTB HeoOXOAMMO [1s mpucrocobnenus obme-
Ha HYKJIEHHOBBIX KHCJOT K M3MEHEHWIO YCJIOBMil BHEIIHel
M BHYTpPeHHe#t cpenmpl. OTCyTCTBHE TakMX OCOOEHHOCTEN
npuBoauio Obl K GO0 B Tepefaue HACJIEACTBEHHON MH-
dopmanyy ¥ peanusaunu 3Tod WHGOPMALMHU IIPU CHHTE3E
GesKOBBIX Mosiekys. Hapymienue cunTesa 6eska IpuBEO
Onl K1eTKy K rubesn.

JduanekTuuecKoe eOUWHCTBO [BYX YKa3aHHBIX CBOHCTB
NpOABIASCTCA B COIJIACOBARHHOCTU TPOLECCOB CHHTE3a H
pacrnana HYKJIEMHOBBIX KHCJIOT. CHHTE3UPYeTCA HWMEHHO
cToJbKO, Hanpumep, TPHK, cKoabKo uMX HecOXOoauMo Ais
CBOEBPEMEHHOM JOCT2BKM aMMHOKHCJIOT K CTPOSIIEics
Leld nosaunenTraa. M36bIToK npuBeneT K HeoBOCHOBaH-
HOMY paCXOJ0BaHHMIO CTPOMTENbHBIX MaTepuasos (pubo-
HyKJIEOTHIOB) M JHEPruM, HeOOXOAMMON Ha NOCTpOeHHe
TPHK, a TakXe ¢QepMeHTHBIX U HYKJIEUHOBBIX CHUCTEM,
yUacTBYIOIIMX B 3TOM CuHTe3e. HemocraTok cpasy ke
CKaXXeTCsl Ha CKOPOCTHM CHHTe3a 0esKka U, KaK CJeICTBHE,
npUBedeT K HapyuweHuo paboTbl COOTBETCTBYIOLIMX (bep-
MEHTHBIX CHCTEM, BHIIOJHAIOIMAX B KJIeTKe crielduueckue
dyukuyn. [1o3TOMy CKOpOCTb GHOCHMHTE3a HYKJIEMHOBBIX
xucaor, ocobenno PHK, onpegensieTcsi X MOTpeGHOCTHIO
Ha JaHHbIH MoMmeHT BpeMenu. Kietka cuntesupyer PHK
UMEHHO C TOi CKOPOCTbIO, KOTOpas HeoOXoauMa [isl TOro,
yTOGBl 00ecneuynTh B TOC/IEAYIOIEM CHHTe3 Tpebyemoro
KJIETKE KOJIM4ecTBa Gesika.

IMpocrenimii MexaHu3M peryJsuy CHHTE3a HYKJEH-
HOBbIX KMCJIOT OCYILIECTBJSIETCA 3a CYET DPery/saUuuu CKO-
pocTH mnpoTekaHus ¢epMeHTHbIX peakuuil. CKOpOCTb Ipo-
TeKaHusi (PEepMEHTHOI peakuuy 3aBHUCUT OT BeauuuHbl pH
cpenpl, KOHUEHTpauun (epMeHTa, KOHLEHTpauum cyocrpa-
Ta, KOHUEHTpAaUUX NPOAYKTa peaKUHMH, HaJMuhsA aKTUBATO-
POB MJIM MHTHOMTOPOB PeaKLHH.

Crenyomuid ypoBeHb peryjsiliuu KacaeTcs MHorodep-
MEHTHBIX CHCTEM, IAe B IpolLecce CHHTe3a IIPUHUMAET
yuyactue psifi GepMEHTOB, PacloIOKEHHbIX B ONpefeseHHOM
MocJjeAoBaTebliocTh. Takasi CHCTeMa MMeeT B CBOEM COC-
TaBe ClelualbHble (PePMEHTBI, KOTOpble YNPaBJISIOT aKTUB-
HOCTBIO Jpyrux ¢epmMeHToB. Peryastophbie ¢depMeHTb
OOBIYHO PAClOJaraloTCs B Hayase BCeil M0C/Ie0BaTeIbHOC-
T (hbepMeHTOB.
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TpeTbUM ypOBHEM peryJasuuu oOMeHa HYKJIEHHOBBIX
KHCJIOT CJIYXWT TeHeTHYecKHid ypoBeHb. DepMeHTHI,
yuacTByoupie B OOMeHe HYKJIEMHOBBIX KHMCJIOT, MpeA-
CTaBJISIOT CO00M 6eNKH, U CUHTE3 UX OCYLIECTBISAETCS C yua-
CTHEM CHELUWaJbHbIX HYKJIEMHOBbIX KHUCIOT. I'eHeTmueckui
KOHTPOJIb ONpeJe/isieT CKOPOCTb CHHTEe3a 3THUX (epMeHTOB.

V BbICIIMX JKMBOTHBIX M Ye€JIOBEKa CYLIECTBYIOT elle
JBa YPOBHA DpEryisanuu oOMeHa HYKJIEHHOBLIX KHCJIOT:
rOpMOHAJIbHbIA ¥ HepBHbIL. BaxHast 0coOeHHOCTb 3THX
YPOBHEH 3aKJII04aeTcs B TOM, UTO OHM CBS3bIBAIOT BOEAMHO
JaJIeKo y/aJieHHbIE JApYr OT Apyra opraHbl H TKaHH.

TI'opMoHanbHBIH yPOBeHb PEryIsiliiy 3aKJI0YaeTcs B TOM,
YTO yBeJMYeHHE CHHTE3a WM pacliafla HyKJIEWHOBBbIX KHC-
JIOT WIM CHUJ)KEHHE ITHUX HPOLIECCOB OCYUIECTBJSIETCA IIOA
HETIOCPEACTBEHHBIM [eHCTBHEM T'OPMOHOB, KOTOphble BHIpa-
6aTHIBAIOTCA DHOOKPMHHMLIMM OpraHaMH, T.e€. OpraHamd,
BbIpa0aTLIBAIOIMMY  crieliuduyeckue TOPMOHBEL. I'OPMOHBI
BLIXOAAT W3 DHAOKPUHHBIX OpPraHOB M CTHUMYJHUDYIOT HJIH
MOJABJSIIOT CKOPOCTh MHpOTeKaHust (hepMEHTHbIX peaKuui
B IPYTrMX TKaHAX M OpraHax.

MHorse OMOJIOrMYEeCKH aKTUBHbIE BELIECTBa, HalpuMep
NPOCTAarJaHAMHbL, TaKXXe PEryJMpyioT oOMeH HyKJIEeMHOBBIX
Kucyaot. VI3BecTHO, YyTo mpocrarjadaud F, CHUXaeT CHH-
te3 JHK u, creposaTenpHo, cuures 6Oenka. B 1981 r.
C. C. Mucronuusiv, M. II. IlepcTHeBBIM M [OpYyrdMH HC-
clefoBaTeNsMM ObLIO MOKAa3aHoO, uTO MOJ JeiicTBHEM
npocrarianguaa F,, CHUXaeTcs yCTOMYMBOCTb MeMOpaH
KJIETOK K MOBPEXJAEHHOMY [EHCTBHIO MEPOKCHAA BOJOPOAA,
MOBHINIAETCS TPOHULIAEMOCTb MeMOpaH /s HOHOB M KpyIi-
HBIX OEJKOBBIX MOJIEKYJ. YBeJIMYMBAeTCA CHOCOOHOCTD
MeMOpaHHbIX ©Ge/IKOB TIeHEpUpOBaTb aKTHBHbIE (HOPMBI
KMCJIOPOAa IpPY AEHCTBMM OJHOIO M TOrO K€ KOJIMYECTBa
nepokcuaa Bopoposaa. V3BecTHO, 4YTO aKTUBHBbIE (POPMBI
KMCJIOpOAa BbI3bIBAIOT MoBpexjaeHuss B Mosekyne ITHK,
MpUBOASAIIME K HapyumleHHI0 ee (PyHKLUH.

IMo-BuaumoMy, B moBpexpenun JTHK yBenamnuenue mpo-
HMLIAEMOCTH M YCHJIEHHME CITOCOOHOCTH K reHepaly aKTHB-
HbIX (opM KMCIOpOJa SBASIOTCS NapasUle/IbHBIMM M B3au-
MOCBSI3aHHBIMHM Tpoueccami. IToBbilieHHe NPOHHUIIAEMOCTH
cnoco6creyeT npoHunkHoBeHHI0 K JIHK He TONBKO aKTHB-
HbIX (POPM KHCJOPOJa, HO M APYTMX MOBPEXAAIOMIKX areH-
TOB. YBenumumBaeTcsa poctynHocTh JHK nns mospexpaio-
IIMX areHTOB JIIOOBIX BMAOB, YTO CONPOBOXIAETCS YBEJIH-
YeHHeM 4aCTOThl MyTaLMii.

BhicummM ¥ HauboJiee COBEpLIEHHBIM PEryJsATOpOM obMe-
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HAa HYKJIEHHOBBIX KHUCJOT SABJISAETCS HepBHas CHCTeMa,
KoTOopasi OOBEeIMHAET B eIMHOE LEJOE B OpraHu3Me Kak
coOCTBEHHO OOMEH HYKJIEMHOBBIX KHCJOT, TaK M BooOuie
obMeH BewlecTB B opranu3Me. HauGonee wacTo HepBHas
peryasiliysi OCyLIECTBJSETCS MOCPEACTBOM BBbIJICJCHUS TOp-
MOHOB B KpOBb. VI3MeHeHHUsI B OOMeHe HYKJIEMHOBBIX KHUCJIOT
MOIyT NPOMCXOAUTh MNOJ JAeliCTBUEM KaK BHEIIHMUX, TakK
M BHYTPeHHHX (paKTOPOB Cpepbl.

K BHemHuM ¢dakTOopaM OTHOCSTCA HapyUIEHHUs MUTAaHUA
OpraHuM3Ma, TOCTYIIeHUe B OpraHu3M Yy KepOJHbIX, Hall-
pUMEp TOKCHYHBIX, BELIECTB, B TOM UMCJIE ¥ 0aKTEPHaJbHbIX
TOKCHHOB, BHDYCOB, H3MEHEHME COCTaBa BbIILIXaeMOTO
BO3/lyXa, B YaCTHOCTU TMOsIBJieHME B HEM YrapHoro rasa
(CO), monaganve B OpraHU3M COJIEH TAXKEJBIX METaJUIOB,
COe/IMHEHMI MbIIbsKa, UAHUAOB, KaHLEPOTreHOB.

K BHyTpeHHUM (akTopaM OTHOCATCA TIEHETHYECKH
obycnosnennsle gedekThl pepMeHTOB, TPUHUMAIOMUX ydac-
THe B MeTaboJM3Me HYKJIEHMHOBBIX KHCJIOT, AedekTbl 6e-
KOB, NMPUHMMAIOWIMX ydacTUe B peryJsiuuM cBOOOZHOpaIu-
KaJbHbIX, T. €. HanboJiee aKTMBHBIX, MPOLECCOB, HMMYHHBIX
6e/KOB, OEJKOBLIX W MENTHAHBIX FOPMOHOB.

Haunbosnee yacto Hapymennsi oOMeHa HYKJIEeHHOBBIX KHC-
JIOT SIBASIOTCS CJAEACTBMEM MYyTalMid HJIM U3MeHEeHUH B
npouecce TpaHckpunuun THK mnpu cusrede wuHpopMa-
uuonHoit M gpyrux tunos PHK. ITpuuunoii HapyuieHWs
CHHTe3a HyKJIEMHOBBIX KHMCJOT MOXeT ObiTb 6JI0KMpOBaHMe
OTAE/NBHBIX CTAajUil CMHTE3a HYKJIEOTHOB.

BuocuHTEe3 HYKJIEMHOBBIX KHMCJIOT U3 OTAE/TbHBIX MOHO-
HYKJIEOTHJOB NPEACTaBAsAeT co6oil 0colyio 00JacTb XUMHU-
yecKUX W OMOXMMHMYECKMX HCCaeaoBaHuii U OyfeT paccMoT-
peH oco6o B mociaeaywimx riaasax. Ceiuac Mbl paccMoT-
pUM, KaK OCYIIECTB/ISETCA OHMOCHMHTE3 MOHOHYKJIEOTHOB.

BHOCHMHTE3 NYPHHOBLIX HYKJIEOTHI OB

Ilonaranu, uTO Ha nNEepBON CTaAMM CKHHTE3a IYyPUHOB
IO/KHA OOpa30BLIBATLCHA CHCTEMA KOJEL, M yXXe IMocie
3TOro K CJI0XKHOMY KOJbLY NPHCOEQUHSIOTCSA pubosa
u docdar.

B pesysbTate 3KCIEPUMEHTOB, MPOBEACHHHX Ha >XUBOT-
HBIX, OKa3a/0Cbh, YTO aTOMbLI NMypPMHOBOro Kosblia GepyTcst
M3 MPOCTBIX MOJIEKYJI: aMHHOKMCJIOTB! IMIyTaMHHa, IVIMLMHA,
acrmapardHOBOI M MYpPaBBMHON KHCJIOT.

IIpoucxoxaeHne aToOMOB MYyPUHOBOrO KOJbLA [pef-
CTaBJIEHO Ha CjeAymolueill cxeMe.
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TlonyTHO 3aMeTHM, YTO MypaBLMHas KHCJOTa IMOCTOSH-
HO HaxOAWUTCA B OpraHM3Me KaK MPOMEXYTOUHBIA MPOAYKT
MHOTHX OMOXMMHUYECKMX peakiuii, a ¢opMMaT — OCTaTOK
MYpaBbHHOH KMCJIOTBHI.

Bhauasie 06pa3yloTcsi HyKJI€OTH/IbI, TIe BMECTO MyPUHO-
BOTO KOJIbIIa MMeeTCsI OTKphiTast 1emb. HykiaeoTnapl coenu-
HeHbl ¢ pub030i U ¢ocharoM. CreayouHM STAIOM CHHTE-
3a SBJAAETCA 3aMblKaHME KOJblia M o0pa3oBaHHe MypPUHOBO-
ro HyKJEOTHJA.

Cuires afeHWJIOBOH M T'yaHMJIOBOM KHMCJOT HAayMHAETCHA
¢ obpasoBanus Qochopubosuanupodocdara:
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H
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puboso-docgar
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9710 coeauHenue ofpasyercs u3 pubosodocdara,
KOTOpbII mojBepraercs dbepMeHTaTHBHOMY mnupodocdopu-
JMPOBaHMIO 3a cyeT dHepruun AT®. Ha caepyromeM srane
CHHTe3a NypHHOB oOpasyercs ¢dochopubo3unaMuH 3a cyeT
peakuun  dochopubozuanupodocdara ¢  TIYTAMHHOM.
Ilpu sTom amunorpymnna (-N H,) amupHoi yactu Moseky-
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JIbl IJIyTaMHHA 3aMellaeT paHee MPHCOSAMHEHHYIO MHpO-
docdatuyo rpynmuposky. IToGOYHBIMM HPOAYKTaMH 3TOM
peakuuu SBASIOTCS CBOOOAHAsA IVIyTaMHUHOBAast KUCJIOTa
¥ HeopraHumueckuit mupodocdar. IMupodocdarnas rpynna
rugposusyercs o optodocdara ¢ moMouwpr QepMmeHTa
nupodocdaTasbl.

Ha tperbeit cragymu o6pa3yeTcsi aMUHOKUCIOTA TVIMLMH.
KapGokcunpuasi rpynna (-COOH) raunpHa BCTymaeT B
peaKkL{dioO ¢ aMHHOTPYIIOH IOJIYUEeHHOro Ha Mpejbiayuiei
crapuu docdopubosunamura. JIas MpoTeXaHUsl ITON peak-
mun Tpebyercs sHeprus AT®. Dueprus pacxoiyerTcsi Ha
o6pasoBaHne aMHUAHON CBA3M MeXAy [VIMLIMHOM M aMHHO-
caxapoM. B pesysibraTe ofpasyeTcs pUOOHYKJIEOTHI, C
OTKDBITON Henblo, a Takxe A® u docdar.

Ha cnepyromeit craguu OuocHHTE3a IYPUHOB IIPOHC-
XOJUT IPUCOeANHEHHE OJHOYIJIepoAHOH (DOPMUJIBHOM rpyI-
nel (OCH-), koropast gaeT BOCbMOI aTOM IIypHHOBOTO
Kosibua. Takasi ¢opmunbHas rpymna obpasyeTcss U3 My-
paBbuHOM KuCIOTH. IlepeHocunkoM ¢OPMHIBHON TPYIIbl
CJYXHUT CIIeLMaJIbHOE COedWHEHME MEeTEeHWJITETParuapodo-
JaT, KOTOpbIA sABAseTCA HOHOPOM (HOPMHUIBPHON TIpPyNIbI
IJisi  cUHTe3a nypuHoB. O6pasyercss (OPMUITIMIMHA-
MHIPHOOHYKJIEOTU
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HO—P—0—CH, 0 NH—C~—CH;=—NH;
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MEeTeHunTeTparuapogonar
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/
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! lOI pruboHyKneoTug

2
Q=C 1

pnb6oso-tochar

Ha >Toit cTagyu aToM a30Ta M3 aMHJHON IPYNNHMPOBKH
IJIyTaMHHa coefinHsieTcss ¢ dopmuabHON rpynmoil dhopmui-
[JIMLUMHAMEAPUOOHYKIEOTHAA. DHEPrUst U1 TaKOro Ipespa-
LEeHUsT 0CBOOOXKAaeTcsi B pe3yabTate ruppoansa ocdar-
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Hoi cBsizu AT®. OGpasyercsi coelMHEHUE, COMEPKAaLIEE
NATb aTOMOB OYAyIEro HWMHAA30JbHOrO KOJbLla MYPHHO-
BOro ocHoBaHHMsA. IIpOMCXOAUT 3aMbIKaHMeE KOJbI@, COCTOS-
1ero u3 nATH atoMoB. OXHOBPEMEHHO BBIIEJISETCS MOJie-
KyJa Bofbl U oOpasyeTcs aMHHOMMHIAA30JPUOOHYKIEOTH/,

Hanee, atom yriepoga MoJekyasl CO; BrAOuYaeTcs
B [IypMHOBOE KOJIbLO, 3aHMMasi B HEM MIeCTOe IOJIOXKEeHUe:

N
HC{3§CH aMMHOWMMAA30N—
\\bs ' / pnboHyKneoTUa

/
HaN

4 CO,

N prubOoHyKneoTna
HOOGC— /s\CH aMHMHOUMK 301
i“s ‘2/ KapGoHOBOM
C—nN HHCAOTHI

HQN/ pu6oso-tocdar

ITporcxomuT peakuusi KapOOKCUIMPOBaHHS, B Pe3yJib-
TaTe 00pa3yeTcsi puOOHYKICOTH], aMHHOMMH/IA30IKapOOHO-
Boil kucioThl. Ilpouecc wupaer Ges yuacTusi KodepMeHrTa.

BaXkHbIM 35TanoM OMOCHHTe3a IyPUHOBBHIX OCHOBAaHMIA
ABJIsSIeTCsT 00pa30BaHUe WHO3MHOBON KMCIOTHI — IyPHHOBO-
ro pubOHYKJIEOTHAA, Y KOTOPOrO BIEPBbIE HA MYTH OMOCHH-
Te3a NyPUHOB IIOABUJIACh 3aBepLUCHHAs IYPUHOBasA KOJb-
uesas cucrema. Cragus o6pa3oBaHUsA NWHO3MHOBOM KHUC/IOTHI
XapaKTepU3yeTcsA TeM, 4YTO MyTeM MepeHoca (HpOpMHIbHOMN
rpynmnbl K aMUHOIPyINe PpUOOHYKJIEOTHAA B IyPHMHOBOE
KOJIBLIO BBOAUTBCS aToM yraepopa. OT o6pasoBaBuueiicst
CTPYKTYPBl TMPOMCXOAUT OTUIEIUVIEHWE MOJIEKYJbl BOJbI
¥ 3aMbIKaHHe KOJIbLEBOH CTPYKTYphl. IHO3MHOBas KHUCJI0Ta
SIBJIAIETCSL 1ETIOCPEACTBEHHBIM MpPEJLIeCTBEHHUKOM afeHH-
JIOBO¥ Y T'yaHWJIOBOH KHCJIOT.

Ipouecc 6rocHHTE3a MYypHHOB [0 CTaguM O6Gpa3oBaHMs
MHO3MWHOBOHM KHCJIOTBl TpebyeT pacxofa 3HAYMTEIBHOTO
KoJIMYecTBa dHepruu. Haumnasi ¢ o6pasosanus pubosodoc-
¢dara TpebyeTcst pasphiB IIECTH BBHICOKOIHEPreTHYECKHX
docdarubix cBsa3eil.

44



Hecko/bKO JIeT noTpe6oBaIoch UCCAeI0BATESIM, YTOObI
TOYHO YCTAaHOBUTb BCE€ OT/eJbHble (DepPMEHTHblE CTaguu
CJIOJXHOTO MpOLECCca CHHTe3a MypuHOB. i usdydeHus 6uo-
CHHTe3a IYPMHOBBIX OCHOBaHMII Oblla HCIOJIb30BaHA Me-
TOOWKA C TPUMEHEHMEM MeueHHbIX PpaJAu0aKTHBHBIMU
aTOMaMH BEIIECTB, SBJASIOIMXCA IPEAUICCTBEHHHUKAaMU B
MOCTPOEHMH IyPUHOBBIX OCHOBAHHH.

BaXHOCTb OMOCHHTE3a IypPUHOBLIX HYKJIEOTHIOB 3aKJIIO-
YaeTcsi B TOM, YTO IIyPDHHOBbIE HYKJICOTHUIBI SIBJAIOTCA HeE
TOJILKO CTPYKTYPHbIMM OJ0KaMM HYKJIEWHOBBIX KHCJIOT,
HO ¥ BBINOJHIIOT CaMOCTOsATeNbHble (YHKIHM B BUIE
OMOJIOTMUECKH aKTMBHBIX coefiuHeHmit Tuna ATO, AMO
u HA.

BUOCHHTE3 NUPUMHUIAMNHOBLIX HYKJIEOTHI 0B

BuocuHTe3 NUPUMHAMHOBBIX HYKJIEOTHHOB HE TaK CJIO-
JKeH, KaK ITypHHOBBIX, MOCKOJbKY MPUCOEIMHEHNE DPUOO3BI
K MNHUPaMUAUMHOBOMY KOJIBLy OCYLIECTBJAAETCS HOCJE €ro
cunTe3a. VIcXoQHbIMU BelleCTBaMHU A/ GMOCHHTE3a NHpH-
MHMJMHOBOTO KOJIbLia SBAAIOTCA yriekucawili raz  (COg)
n ammuak (NH3). ¥V MHorux GakTepwmii npepiecTBe HHUKOM
NUPUMMIMHOB SIBJISETCA OpOTOBas KucjoTa (6-kapbokcH-
ypauui)

VY BoicUIMX OpraHu3MOB OHa o0Opa3yeTcsi B Iipollecce
6rocuHTE3a MUPUMHMIMHOBOLO KOJbIA.

IepBasi cragusi GMOCHHTE3a MMPUMUANHOBBIX OCHOBa-
HUI 3aKJoYaercs B mpucoeauHeHnH Monekyast COz x amun-
HOW rpymnmne rjyTaMuHa.

B pesysbTaTe mnocaeaymolMX peaKUuil NHPUMHAMHOBOE
KOJIBLIO 3aMbIKaeTcsi C OOpa30BaHMEM AUTHIPOOPOTOBOM
KUCJOTbl M TMOCJAEAYIOLIMM OKHUCJIEHUEM €€ B OpPOTOBYIO
kucaory. OkucjeHue ocyuiecTBisieTcss hAaBOIPOTEH/IHBIM
depmenTom. ITyTem nocsieAyOMMX He3HAUUTEIbHBIX IIPEBpa-
IIEHNI U3 OPOTOBOH KHMCJIOTHI O0pa3yloTcs COOTBETCTBYIO-
e NUPUMHIUHOBBIE a30THCThie OcHoBaHusA. Ilpucoenu-
Henue caxapa M HocchopHOH KUCIOTH HPUBOAMT K 06pa3o0-
BAaHUIO COOTBETCTBYIOIIErO HYKJIEOTHIA.
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PACIIAL HYKJEMHOBDBIX KHCJIOT

Hyk/ienHOBbIE KMCJOTHI IOA JeilcTBUEM (PEPMEHTOB —
HyKJIea3 pacrnajfialoTcsi Ha OTHeJIbHble MOHOHYKJIEOTHIBL.
CyliecTBYIOT [IBé OCHOBHBIE HYKJIEashl: [€30KCHPUOOHYKIIE-
asza (JIHK-a3a) u pubonykneasza (PHK-aza). Hyxneasnl
OCYLIECTBAAIOT crneuuduueckuii (epMeHTHBI THAPOIN3
ME)XXHYKJIEOTHAHBIX CBA3ei. MeXay MOHOHYKJIEOTHAAMU
CYLIECTBYET €IMHCTBEHHBIH THIN CBA3U — 210 3, 5'-pocdo-
pusdvipHas cBA3b. MIMeHHO 5Ta CBs3b M pa3pbiBaeTcad B
npolecce pacrnafa HYKJICHHOBBIX KHCJIOT.

3aTeM MOHOHYKJEOTHABI ITOABepraiorcsa (epMEeHTHOMY
TMAPON3Y, B pe3yJbTaTe KOTOPOro o6pa3ylTcsi CBOOOA-
Hbl€ MyPUHOBLIE U NMUPUMHUAMHOBBIE a30THCTbIE OCHOBaHMSA.
B opranu3me uesioBeKa HypUHOBbie OCHOBAaHUSI B pe3yJib-
TaTe MeTabOIMYeCKNX M3MeHeHHUI MpeBPAaLIaloTCsi B KOHEY-
Hblii MPOAYKT — MOUEBYIO KHUCJIOTY, KOTOpasi BLIBOJUTCSA U3
opranu3ma. OTO NpeBpallleHHe OCYLIecTBAfAETCA IOR Aeii-
cTBUeM (QepMeHTa KCaHTHMHOKcuaasbl. OCHOBHblEe CTafguH
npouecca pacrnaja IYyPpHHOBBIX a30THUCTBIX OCHOBaHWH Ha
TpUMepe aJeHMHA INpeACTaEeHbl Ha CXeMe:
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H
CHQQ ageHasa
l NH3
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& & !
N¢ \C/N\ (o2} N/ \ﬁ—r\{\ HN/ ~ /N\H
I (>H ol [ e—on=="] ©=0
HO— \N/C\ij : Sy UN O¢C\§/ —NH
HCaHTHH HCaHTUH —
oKcHaa3a
MOYEBaR KUCNOTA MOYeBaR KUCNOTA
{eHonbHaA topma) (reTo-thopma)
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IMp¥MHUAMHOBBIE a30THCTbIE OCHOBAHUSI B pe3yJsibTare
pacnaza M Jerpajaliy MPEBPAINAIOTCA B MOYEBMHY M am-
muak. Ho, B oT/Mune OT mypuHOB NHPUMHAUHOBBIE OCHO-
BaHUsA MOTYT HCIIO/Nb30BAaTbCs B KaueCTBe MpeJIlueCTBeHHH-
KOB /[UIl CHHTe3a HEKOTOPhIX AMHHOKMCJIOT, HampUMep
-anaHnHa ¥ B-aMHHOM30MACJSIHOM KUCJIOTHI.

TakuM 00pa3oMm, npouecc o6MeHa HYKJIEMHOBBIX KUCJIOT
CKJIaJpIBaeTCs U3 ABYX DTAnoB: OMOCHHTE3a HYKJIEMHOBBIX
KHCJIOT M MX pacmaja. JTH JBa Ipouecca MPOTEKAKT He
pa3pO3HEHHO, a B3aUMOCBSI3aHHO, COXPaHsAsd AHHAMHUYECKOE
paBHOBecue. Takoe paBHOBecHe IMO3BOJISIET MOAJEPKUBATH
CTPYKTYPHble ¥ (YHKUMOHA/IbHbIE CBOMCTBA TKaHeil U opra-
HOB Ha OINTHMAaJIbHOM YpPOBHE.

METOJbl HCCIIENOBAHHWSA HYKJENMHOBBIX KUCJIOT

s u3ydeHUss HYyKJIEWHOBBIX KHUCJIOT UCIOJIb3yeTCs -
POKMii CHEKTP XMMHUYECKHX, OMOXMMHUECKHX, (PU3MYECKUX
¥ 6UOPU3NUECKUX METOJOB MCCJIEAOBAHUS.

it rUCTONIOTMYECKOro HCCJISeJOBaHUA pacrnpeje/eHUus
OHK B kieTkax pas3inuHbIX OpPraHOB Ha cpe3ax TKaHei
¥ B Ma3KaX MHMKPOOPraHU3MOB HCIIO/Nb3YIOTCS pa3nUyHble
rucroxumudeckue peakuuu. Hanmpumep, JHK cmoco6ua
OKDAIUMBATbCA B TEMHO-MypIypHbI LBeT Npu obGpaboTke
ykcunom, oBeclBeyeHHBIM CepHUCTON KucaoToH. [ossie-
HHe OKpalMBaHHs 00ycnoBreHo 06pa3oBaHMEM CBOOOAHBIX
anpgeruaHblx rpynn B Mosekysne JHK. Opnaxo npucyt-
cteue Gosbiioro Kosmuectsa PHK B simpe cozpmaer TpyaHo-
ctu nipu okpamwmBanud JHK. OcoGeHHO 3TO XapaKTepHO
oast MukpoopraHu3mos, B kotopbix JHK He Boigenena
yeTKO B 000cO0JIeHHOE sAPO M pacrosiaraeTcs B HeIo-
cpeAcTBeHHOM 61m3ocTy K nuromasmaruueckos PHK. [ns
ynanenuss PHK ee rupposmsyior. I'mpposus 3axnrouaercs
B TOM, 4TO HOC/]e bUKCauuu mnpenapatbl 00pabarbiBaioT
ropsiueit (60 °C) OnHOHOPMAJIbHOM COJIAHON KHCJIOTOU B
TeueHue 7—8 MuHYT. BMecTO COJIsTHOH KHUCJIOTHI TMADPOJIU3
PHK MoxHO BbI3BaTh puGOHyKJIea3oi. IIpoaykThl rugpo-
musa PHK He malor oxpammsaums npu o6pabotke ¢yxk-
CHHOM.

Ilpexxne yeM aHaM3UPOBATh HYKJISHHOBLIE KHUCJOTHI, MX
HY>KHO BbIAe/UTE. C 3TOH Le/bI0 MCIOJIb3YIOTCA pa3/JN4Hble
MeToAbl dKcTpakuuu. B uacTHOcTH, sKcTparuposanue PHK
BUpyca Ta0ayHOM MO3aMKH OCYIIECTBASIOT C I[OMOIUBIO
xnopuoit (HClO4) kucsorsi. s mocjeAymoEero UCciaeno-

47



BaHMS JKCTPAKT JHMOO HeHTpanusyloT, JuOO BHINOIHAIOT
aHAJIMTUYECKNE MAHMIYJIALMUA B KUCJIOH cpefie.

Tak KaK HYKJEHMHOBble KHCJIOTHI IIJIOXO PAacTBOPUMBI B
BOZIE, AJIS WX BBIACJIEHMSI MCIOJB3YIOT COJIEBble PaCTBOPHIL
B coseHOit BOZE HYKJIEHMHOBBHIE KHCJIOTBHI pacTBOPSIOTCS
JIydIre.

[ns aHajn3a HYKJIEMHOBBIX KHUCJOT MCHOJB3YIOT pas-
JIMYHbiE XUMHUYECKHe U OHOXMMHYECKHE METOLH HMX pac-
LIeTJIeHNs], HalpUMep C MOMOIUIbI0 XUMHUYecKoro wiaym dep-
MeHTHOro rupposusa. ITo mpoaykraM rupgposmnsa cyasaT o
COCTaBe HYKJEUHOBBIX KHUCJAOT. V30MpaTenbHbIl rMAPOIN3
ME KHYKJIEOTUAHBIX CBSI3el MO3BOJISIET ONMPEAE/IATb HYKJIEO-
THJHYIC TOCJIe0BaTEbHOCTb HYKJIEMHOBBIX KHCJIOT.

OnHuM U3 BeAylWMX METOAOB B HM3YYEeHHMM COCTABHBIX
4yacTell HYKJIEMHOBBIX KHCJOT, B YaCTHOCTH a30THUCThIX OC-
HOBaHMH, fABIAsAETCH CHEKTPOGOTOMETpUUECKHH, OCHOBaH-
HBI Ha IOIJIOLIEHUM CBETa MOJIEKYJIaMH IIyDHHOB U NHUPH-
muauHoB. Eciu yepe3 pacTBOp OCHOBAaHHUM HYKJIEMHOBBIX
KHMCJIOT TPOIyCKaTh CBETOBOH Jiyy, TO IpH AAHHOHU [jMHE
BOJIHBI AOJIM TIPOXOASIIEro uepe3 pacTBOP U IOTJIOLIEHHOrO
MM CBETa OTHOCAT K TOJIIMHE [OIVIOUIAIOUIEro CJ0s H
KOHLEHTPAlMK TOTJiollaolero BewmecTsa. Yem GoJblue
MOIJIOTHJIOCh CBeTa NpPY [AaHHOW JJIMHE BOJIHBI, TEM BbIIIE
KOHIIEHTPaLsl BelecTBa.

Ons pazpesieHUsT cMeCeH pas3JIMYHbIX HYKJECOTHAOB HC-
MOJIL3YIOT XpoMaTtorpaduyeckuil MeToHd, CYTh KOTOpPOro
3aK/II04aeTCs B CjeAylomeM. B KOMOHKY ¢ KakWM-Iu0o
HATIOJIHUTEJIEM, HanpuMep MOHOOOMEHHOW CMOJION, BHOCST
CMECb OJIMTOHYKJIEOTH[OB, MOJyYeHHBIX IIpeABapUTEIbHO
MyTeM paciieIUIeHNs] HYKJIEMHOBBIX KHCJIOT C TOMOLIBIO
COOTBETCTBYIOIUMX TUApOIUTAYECKUX (epmeHToB. Osmro-
HYKJIEOTHAB! TPEACTABASIOT coGoi HeGOJbIIYI0 MO MpOoTs-
JKEHHOCTH IEMOUKY HYKJEHHOBOH KHCJIOTBI, COCTOSINYIO
BCEro U3 HEeCKOJIbKMX a30TUCTBhIX ocHoBaHui. Ilop peiicTBu-
€M CHJB! TSXKECTH OJIMIOHYKJIEOTHIbl, HaXOAsLIMeCs B pa-
CTBOpEe, MPOXOJAT 4yepe3 KOJOHKY. Ilpoie Bcero 3amaua
OIpese/ICHUsT HYKJIEOTHAHOW TIOCTEIOBATETbHOCTH pella-
ercs pgns TPHK, rak kak moznekysnt atoit PHK otHocuTenn-
HO HEBEeJIMKH.

®@parmentsl TPHK paspensiior xpomaTorpaduuyecku Ha
KOJIOHKE, TMOCJie 4Yero Ka’XJAbii M3 HHUX TMOJHOCTBIO pac-
IUENISIOT M y>Ke OKOHYaTeJIbHO ONpeJessiioT HYKJICOTHM-
Hblt cocTaB. Tak KaK pas3jvyHbie HYKJIEOTHAbl OTIMYA-
FOTCSI TI0O CTPOGHUIO M HECYT HEeCKOJIbKO pa3/IMuYHbIi 3apsif,
TO OHM C pa3HOH CKOPOCTBIO ONYCKAalOTCS B KOJIOHKE.
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BHu3y KOJOHKM CTOAT mpobupku. Kak Tonbko B mpo6upky
IonajaeT HEKOTOPbI CTpOro ompeAe/eHHbI 00GbeM, Ha-
npuMep 1 MJI BBITEKAIOLIErO JJ/IIOEHTA C PAacTBOPOM, IOJ-
CTaBJSIIOT [PYTYI0 NPOOUPKY. I0EHT — 3TO CHELMaIbHO
nof00paHHbli pAacTBOPUTE/b, W3BJAEKAIOWMI BEILIECTBO, B
JAHHOM CJIyuyae HYKJIEOTHIbl, IIyTeM €ro BbIMbIBAHUA M3
koJsioHKH. Ternepp B npoGrpKax HAXOAATCS Pa3Hble HYKJIEO-
THOBL Te, KOTOPble NPOXOAAT Yepe3 KOJIOHKY GBICTPO, U Te,
KOTOpbIE MPOXOAAT MepjieHHO. PacTBOp HYKJICOTHIOB, Ha-
XOAALIMACS B MPOOUPKAX, aHAJM3UPYIOT C MOMOILBIO NPH-
Gopa cnekrpodoromerpa. CTpouTcss XpomaTorpamma —
rpauK 3aBUCHMOCTHM CTENEeHHM MOIJIOIICHUSA CBETAa OT IMO-
PAOKOBOTO HOMEepa MNpOGHMpKM € aHaJM3UPYEeMbIM pacTBO-
poM. UeM Bbillle MUK TOIVIOIIEHUSI CBETa B JAHHOM OOBbeMe
pacTBopa, TeM 0oJblile KOHLUEHTPAlLMs STOro HyKJIEOTHHA B
3JIIOEHTE.

IIpu pa3penennn GparMeHTOB MCHOJB3YIOT (ocdhoam-
acTepa3y 3MEMHOro sfa, KOTOpas IOCJeJOBaTeJbHO OT-
LIETNISIET MOHOHYKJIEOTHIBI TOJBKO C OJHOrO KOHLA LeNH.
YcraHOBNIEHHE HYKJIEOTHAHOM IOC/I€I0BAaTEIbHOCTH B HC-
ciaenyeMoM (parMeHTe OCYLUECTBJSIOT B pe3yJbTaTe Xpo-
martorpaduy TOJYUYEHHBIX CJOXKHBIX cMmeceid (puc. I).
Pacmemsienne ¥ xpomartorpaduio MpoBOASAT MHOTNOKpPaTHO.

Kpome xpomatorpaduu Ha HOHOOOMEHHBIX CMOJIaX,
MOXXHO NPMMEHsATb XpoMaTorpaduio Ha Oymare, Xxpomaro-
rpacduIo B TOHKOM cJI0e, a Takxe d1ekTpodope3 Ha Gymare.

YHUKaA/JbHBIM METOAOM HCCJEHOBAHUA HYKJEHHOBBIX
KUCJIOT SIBJISIETCS METOJ, PEHTIreHOCTPYKTYPHOTrO aHasu3a.
C ero noMouUIbI0 Obula M3yueHa TPEXMeEpHasi CTPYKTypa
MUPUMUIMHOBBIX M NYPHUHOBBIX a30THCTBHIX OCHOBaHWM.
StoT Meton 6a3upyeTcs Ha U3yueHMH AUQPAKLMKM PEHTre-
HOBCKHX JIydyeHd Ha a30THCTbIX OCHOBaHMAX. dudpakuus
NpejCTaBasieT cO00il paccesiHMe PeHTreHOBCKUX Jyueh a30-
THCTHIMA OCHOBAaHMSIMH 6e3 M3MEHEHWs [JIMHBI WX BOJIHBL
W3syuyenne >Toro paccesHuss ¥ JaeT MNpPEACTAaBICHHE O
CTPYKTYpe a30THCTBIX OCHOBAaHMHA M MOJIEKYJISIDHOH opra-
HU3aUMK HYKJIEMHOBBIX KHUCJIOT BOOOLLE.

B reHHO#l MH)XEHEpPUH IS CO3JaHUsI PEeKOMOWHAHTHBIX
(rubpuanbix) mosexkyn IHK 1MpOKO HMCMONB3YeTCsl COBO-
Ky[THOCTb METOJOB pa3beJUHEHUS M COeOWHEHUS HHUTHU
AHK c nmomowpio dpepmentoB. K takum depmeHTaM OTHO-
cutcsi PepMEHT pecTpUKTa3a, KOTOPbIl paccekaeT MOJeKy-
ay OHK B crtporo onpepenenHom Mecte. pyroi dep-
MeHT — Jiurasa ciuusaetr otaesbHbie yuactku JHK B enu-
HYIO0 HUTb. JIurassl 06pasyioT cBsa3u 3a cueT aHeprun ATO.
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T'aasa 3
NE30KCHUPUBOHYKJIEMHOBBIE KHUCJIOTbI

Hamy [UIaHeTy HaceasieT Oojiee MHIIHOHA pas3/iM4HBIX

BUIOB JKMBBIX OpraHu3moB.  Kaxxpplii BUJI BKJIIOYaeT
OrPOMHOE YMCJIO CYLIECTB, MMEIOLIUX CXOJHble OCHOBHBIE
YepTHl 4 OTIMYAIOUMXCA B fAeraiax. M Bce 3TO CXOACTBO
u paszimune onpepensier JHK. ITHK Ha3biBalOT MOJIEKYIOH
HacsencTBeHHOCcTH. CaMoBOcIpou3BeJeHUe JKKBBIX oOpra-
HHU3MOB HEpa3pbIBHO CBA3aHO C CYILISCTBOBAaHHUEM M DEIUIN-
Kanueit (cozpgaumeM cebe mnomo6Ho#) crpykrypm AHK.
Tonbko Ha ocHoBe JHK kjieTku U OpraHM3M B LIEJIOM MO-
IyT BOCIIPOM3BOAUTEL cebe MogoOHbIX.

B oxuoit meboabmoit monekyte AHK 3anoxena Bcs
undopMauys 0 MHOIOIPaHHBIX CBONHCTBAaX JIOGOr0 OpraHus-
Ma. dpkas, mecTpasi OKpacka KpuulbeB 6abouKkH, cTpeM-
TeNbHbIA OPOCOK TWUTPa, FeHUA/IbHBIA ITIOJIET MBICJAM 4YeJso-
BEeKa — BCE JTO ONpe[e/JIeHO TOM IeHeTHYecKoil HH@opMa-
L[Mei, KOTopasd 3aKOAMpDOBaHAa B HEBUIMMON HEBOOPYXKEH-
HbIM ry1a3oM MoJsekysne JHK.

SBOJIIOLMOHHOE Pa3BMTHE JXUBBIX CYLIECTB TECHBIM 00-
pa3oM CBf3aHO C pa3BUTHEM CTPYKTYPHBIX HM3MelleHNnH
OHK. Mo>XXHO NMpeanoioXXUTh, 4TO 3BOJIOUMS OCYIIECTBIIA-
ach 3a cyeT [00GaBleHHMS pa3/MUHBLIMM NYTSIMHA K HUTH
JOHK npornosHuTeIbHBIX HYKJIeOTHIO0B. B mocaeaymoleM, ec-
JIM TaKO€ COYETaHHE HYKJIEOTH/IOB 6blLI0 ONTHMAaIbHBIM, BHJ
COXpaHAICSA, B NPOTUBHOM cCJyyae — ucye3as. Ho mpocToe
ycnoxunenne JJHK 3a cuer yBesnyenmss koauyecTBa HyKJie-
OTHIOB LLIO, MO-BUAMMOMY, A0 KaKOro-To npejesa. Beoie
3TOro TMpefAesia 3BOJIOLUMS LIJIa HE 3a CUET YBEJIWYEHHUS
KOJMYECTBAa HYKJICOTH/OB, 2 3a CyeT MX 0oJee yAauHOH
KOMOMHAUUM B TNpefesax TOro JXKe KoJsuuyecTBa. Jlokaza-
TeJbCTBOM 3TOMY CJYXKAaT HabmiogeHMs, yTo Yy BUIOB, CTOS-
IMUX [0 OpraHM3auMi ¥ pa3BKTHIO BBILIE, YUCJIO XPOMOCOM
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u Boobme OHK B kneTke MoxeT ObITh MeHbIle, YEM Y
BUA, KOTOpPbIH Ha DBOJIOLMOHHOM JIECTHUIE PaclOJIOXeH
HUXKE.

Ho uro u3 ceba mpeacrasnser JHK u xak ona ocy-
LWECTBSAET PEryJALMIO )KU3HEAEATEIbHOCTH KJIETKM, XpaHe-
HUe W Iepefayy HacJeACTBeHHOH mHdopMauuu?

COCTAB U CTPYKTYPA JE3C0KCHUPYBOHYKJIEHHOBOM
KHCJIOThI

Moaekynst JHK, Bbizenennbie U3 sigep KIETOK, B 3JIeK-
TPOHHOM MHKPOCKOII€ NPEACTaBJAeHbl B BUAE IAJIMHHBIX HH-
Teil, COCTOAIMX U3 GOJIBIIOro YMcIa AE30KCHPHOOHYKIEOo-
tugos. Huty JHK Tosue M [maMHHEe, YeM HHMTH O€JIKOB.
Oanna monekynsl JHK pocturaer coTeH THICSY HAaHOMET-
poB. DTO HecpaBHMMO OoJbllie caMOM KpynHO# GeskoBoii
MOJIEKYJIbl, KOTOpasi B pa3BepHYTOM BHE AOCTHIaeT B JJIMHY
ne Gosee 100—200 um. Monexyna THK no macce goctu-
raer 6. 107" rpamma.

TI'eHetnueckaa uHdopmanms, 3akiaoueHHass B JHK, co-
CTOMT U3 nocyuefoBaTebHOCTH HykneotunoB. ITHK cocrout
B OCHOBHOM M3 4YETbIpeX HYKJICOTHJOB, KOTOPbI€ COOTBET-
CTBYIOT YETHIPEM a30THCTHIM OCHOBAaHMAM: aJcHKHY, I'yaHH-
HY, THMHHY ¥ LMTO3MHYy. KpoMe 3TMX OCHOBaHMii, Ipemna-
patel JTHK MoryT comep’kaTs MeTHIMPOBaHHbIE MPOU3BOJ-
Hble DTUX OCHOBaHWM (BCIIOMHHMM MHHODHBIE OCHOBaHMs).

OCHOBHYIO CTPYKTYPHYIO Lienb Moaekyasl [THK o6Gpasy-
0T TOCJE[OBaTEJbHO COEJUHEHHbIE JPYF C APYroM MoJie-
Kysabl neHrosbsl U oprodocdopuoit kucaorel. Lems HTHK
MpeacTaBasieT yrieBogHO-(ocGhaTHYIO HOCIEA0BATENbHOCTD,
C KOTOPOM COEOMHEHBI a30TUCTblE OCHOBAHMUA. YIVIEBOAHBIE
u docdaTHble TIPyNNbl BBIIOJAHSIOT TOJBKO CTPYKTYPHYIO
dyukuuto. Mosexkysabl oprodochopHOH KHMCJIOTHl COEAMHI-
JOT MeXAy coboif MOJeKy/abl Me30KcUphOOo3bl 3a cueT 00-
pa30oBaHMs XUMHYecKuX cBasei. [Ipy B3anMOAEHCTBUM THA-
POKCHJIBHOH rpynibl 3-ro aroma yrjaepojga OLHO# MOJIEKYJIbl
MEHTO3bl C THAPOKCHUJILHONW TPYIINONR 5-ro yriepogHoro aro-
Ma Jpyrofl MOJIeKyJbl MEeHTO3bl OTLIEIUIAETCA MOJIeKya
Bogbl. Torma y ocrtarkoB opTodochOpHON KHCIOTHI COXpa-
HSETCS elle NMO OJHO! T'MAPOKCHJIbHOM TpyIIe, CIOCOOHOIM
JMCCOLMMPOBaTh. DTO O0OYCNOBAMBAET KMCJIOTHBIE CBOHCTBa
Bceil Makpomosiekysisl JHK.

Omnu konen, uenu HHK mnecer 5-OH-rpynny u doc-
dar, a apyroit — 3’-OH-rpynny. Hanpumep, B HeGoJbILOi
IOHK, cocTosumieit U3 Tpex 3BeHbEB M MMEHYEeMON TpPUHYK-
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JIEOTHJOM afeHO3UH-UMTHAMH-Tyano3un (ALT), cBobomHAs
5’-OH-rpynna npUHaA/IeXUT AE30KCHACHO3MHY, a CBOOO/I-
Hasa 3’-OH-rpynna — me3okcuryaHo3uHy. Bo Bcex ciayyasx
MOCJeOBaTEIbHOCTD OCHOBAaHWI MULIETCS B HaMpaBJCHUU
or 5 k 3.

Onsi cpaBHEHHMA: aMHHOKHCJIOTHas IOCJEL0BATEIbHOCTD
Geska TMMUIETCS] B HanpaBleHMd OT N-KOHIEBOH aMKHO-
kucaotel K C-KOHLEBOM aMuHOKKCIOTe. VIcxons U3 mpaBu-
Jla HalMCaHUs IOCJIeIOBATEILHOCTH a30TUCTHIX OCHOBaHUH
B OHK, He creayer 3abmBath, uto AL m I'IIA — 310
[0 CYIIECTBY pa3Hble TPHUHYKJIEOTHABI, TaK JXe& KaK U IOo-
caepoBatenbHoCcT [iry-Den-Ana u Ana-®en-I'imy npen-
CTaBnAT coboif pa3sHble aMMHONENTHIDL

Monekyna HJHK wumeer gBe Lenu HyKJI€OTHHOB, pac-
TOJIOKEHHBbIX [apajUleIbHO APYr APYry, HO B 06paTHOI
NOCJIEAOBATEIbHOCTH. DTH LIENU YAEPKUBAIOTCS MEXAY CO-
Goit 3a CUeT BOOPOAHLIX CBA3Ei MeXAy MapaMu afeHUH—
TUMHMH ¥ T'yaHWH-UMTO3UH. [IpM 3TOM a30TUCTbIE OCHOBa-
HUA pacnoJiaraloTcs BHyTpu cnupayu (puc. II). Bomopon-
Hble CBS3M OOpa3ylOTCS MeXAY Jo0ObIM 3/1EKTPOOTpHLA-
TEJIbHbIM aTOMOM, HallpuMep KUCJIOpPOJOM THMHMHA UJIH a30-
TOM aJeHHHAa U aTOMOM BOJOpOZa, KOBAJICHTHO CBA3aHHBIM
C [ApYTMM 3JIEKTPOOTPHULIATEbHBIM aTOMOM:

BOAOPOAHBIE H
CBA3M

CH3 O°! H—N C
\._& N/ 7?73H
/5 s\ Je s 9
H—-C/4 y N—He+- N1 4\\0/"’
\3s 2/ 23/ heHTo3a
/N—C C===N
neuTosa \\0 H/
TUMHH afeHuH

MexXay ajJeHMHOM M TUMHUHOM OOpasyIOTCA fABE BOJO-
pOAHbIE CBA3M, MEXAY IyaHMHOM M LHUTO3MHOM — TpH.
STU CBSA3W HWTPAIOT OYEHb Ba’KHYIO POJIb B TNOAAEPKaHUU
BTOpHUYHOH cTpyKTyphl JHK.

Bonopoansie cBsA3M MOryT 0Gpa30BLIBATBCSH MEXIY ABY-
M MOJIEKYJIAaMH WJIM MEXAY ABYMS Pa3/JUUHbIMHM YacTSIMH
ONHOM M TOH JXe MOJIEKYJbl. B Tex ciydasax, KOrja AsBe
MOJIEKYJIBI CBSI3aHbl MEXAY CO00ii GOJIBIIMM YHUCIOM BOJO-
POJHBIX CBs3eil, dHeprusi, Tpebyemas sl pasdesieHUs] MO-
JIeKys, OoJiblle CYMMBlI DHEpPruil OTHEJbHBIX BOJOPOAHBIX
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cBaseit. 3toT addexT Ha3biBaeTca 3hGPeKTOM KOONepaTHB-
HOCTH BOZOPOAHBIX CBsizeil. OH 06yCJI0BANBAaeT GOJBLIYIO
MPOYHOCTb COeIUHEHNs ABYX HUTel mosekysnn JHK u npy-
rMX HYKJIEHMHOBBIX KHUCJOT. VIMEHHO mO3TOMY HyKJIEMHOBbIE
KUCJIOTHI YPe3BbIYaifHO CTabU/IbHBI B BOJE.

HonosiHeHne afleHWHA TUMHMHOM M I'yaHHHA LMTO3MHOM,
vHaye Ha3bIBaEMOE KOMILIEMEHTApHOCTbIO, OOecreunBaer
OJMHAKOBOE II0 BCed IIMHE JBOWHOH CIMpaJM pacCTOsSHUE
MeX/JAy LeNAMH U 00pa3oBaHHE MEXIY NPOTHBOIIOJIOKHBI-
MM OCHOBaHMSIMM MaKCHMAaJIbHOTO YHCJIa BOJOPOAHBIX CBsI-
3ed, YTO NpUAAET MOJIeKyJie OJHOBPEMEHHO YCTOHYMBOCTB
¥ MOABMXXHOCTb. IlocjiemoBaTeIbHOCTL OCHOBAHHU B OJIHOM
nermu JTHK cTporo cooTBeTCTBYeT IMOCJ/IEOBATEIbHOCTA OC-
HOBaHMI B [PYyroi uemnd. D10 sABISAETCA HEOOXOAUMBIM yC-
aosueM (dyuxkumonuposannss JHK u mepemaum Hacsenct-
BeHHOM uHbopMauuu. IIpy HeoOXOAMMOCTH ABOHHAS CIM-
pane JHK 7nerko peercssi mop AeiicTBueM (epMeHTa Ae3-
OKCHpUOOHYKJIEA3HI.

CrpykTypa gByxHuTeBoi Mosieky/sl JHK npencrasrena
Ha pucyske III. Monekyna JHK npepcrasaser co6oit cnu-
pajb, COCTOSIIYI0O M3 [ABYX Leneil, 3aKpyYeHHBIX BOKDYT
obweit ocu. 1o BTOpMuHaa crpyktypa OHK. duamerp
TaKko# cnmpajM cocTaBiaseT okoso 2 HM (puc. I1V). Ha-
JIOKEHHE THUCTOHOBBIX O€JKOB Ha HCXOAHYIO [ABOMHYIO
COMpaJb IPUBOAMT K TOMY, YTO OHa M3rUOAETCS B BUAE elle
ogHOM crnupanu. B pesynbrarte sTOro Auamerp ee yBeJHUH-
BaeTcsi 1o 4 HM. Takas uenb o6pasyeT HET/IIO M CKPYuH-
BaeTcsi ¢ (POPMHMPOBAHMEM TOJICTOTO TSXa JAWaMETPOM
10 BM. Enie ofHO CKpyuuBaHKMe TOJICTOTO TSIKa HPHUBOIUT
K 00pa3oBanuIO cynepcnupaau (puc. V), XOpoumo BUAMMOIK
B 3JIEKTPOHHBIH MHUKpockomn. Bo3MoXHO, YTO cynepcrupau
NpeACTaBIAT co6oil XpoMoMepsl XpoMocoM. Kak oTmeua-
JIOCh, XPOMOMEDbl — 3TO YEeTKOOOpa3Hble YTOJLICHHS, Ie-
PHOANYECKH pacliosiaralouecss BAOJb IUle4a XPOMOCOMEL

Moanexyna OHK B sape kieTku He cyuiectByeT M30-
JMPOBAaHHO caMa Imo cebe. OHa OKpY)X€Ha CBA3aHHBIMU
¢ Heii Geaxamu. Ho 6enku He mMpMHMMAIOT yyacTHs B mepe-
Jaye HacJIeICTBEHHOH WHdOpMauuu.

OCHOBHBIMHM 6€JIKaMH, JIOKaJM30BaHHLIMU B sApe Kie-
ToK M cBasaHHbIMH ¢ JJHK, sBasiorcs crneuunasibHble Gen-
KM, Ha3blBaeMble 2ucToOHami. TMCTOHBI 00/1aJa10T OCHOBHBI-
MM (ILEJOYHBIMH) CBOMCTBaMM 6/1arojaps BBICOKOMY CO-
[AEPKaHUIO B HMX OCHOBHBIX aMHUHOKHUcCJO0T. ITo-BupuMomy,
UX ACHCTBHE KOMIICHCHDPYET B HEKOTOPOM CTEMEHM KHUCJOT-
HBIE CBOMCTBA HYKJIEMHOBBIX KucsoT. [1o mpeoGrapaoimemy
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COAEPXaHMIO aMHHOKHCJIOT BBIAEAAIOT MATh BaKHEHIIUX
ructoHoB: TuctoH H1 uMeeT BbicOkoe cozpepkaHHe JIM3MHA,
ructod H2b snu3uHa comepXuT MeHblie, YeM MpeauiecT-
BYIOLIMHA TUCTOH, r'dcTOoH H2a MMeeT BBLICOKOE COAEpPIKaHHE
JM3UHA U apruHuHa, ructoH H3 comepxut Gosbuioe Kosim-
4ecTBO aprMHMHa, ructoH H4 GoraT apruHMHOM W T/MLM-
HOM.

Bce rucTOHBI XOpOWIO PacTBOPUMBbI B KHUC/BIX Cpefax.
3TO CBOKWCTBO JIEXUT B OCHOBE METOJAa MX DKCTparuposa-
HASL U3 AP KJIETOK.

T'ucToHOBBIE GEJIKM ¢ HEOAMHAKOBOH MPOYHOCTHIO CBs-
spiBatorca ¢ JHK. IMostoMy onu o06namaior pasauyHoi
CTMOCOGHOCTBIO MEHSITh NPOCTPAHCTBEHHOE DACIONIOXKEHHE
uutn JHK u Bausare Ha yuacte HHK B npouecce Tpanc-
KPUIILUH.

B KjeTke ¢ penpeccHMpOBaHHbIM [EHOMOM Habona-
ercsl 3aMeHa OfHOH (bpaKLUMY TMCTOHA Ha APYry0 U U3Me-
HEHME aMMHOKHCJIOTHOTO cocTaBa 0eska, B 4aCTHOCTH INpH-
CYTCTBME B THCTOHax Genka A24, KOTOPOro He HaXOAST BO
BpeMsi MMTO3a KJeTkd. IloaToMy npeanonaraioT, yTo 6e-
Jok A24 sBnasercss OogHUM U3 (PaKTOPOB, NPENATCTBYIOUINX
MUTOTHYECKOH KOHJEHCALMU JAe30KCUHYKJIEONPOTEHAa B HH-
tepdaze. Monekysabl rucroHoB coepguusitorcsa ¢ JHK B oc-
HOBHOM 3a CYeT 3JJIEKTPOCTATHYECKHUX CBs3el MeXay OT-
puLaTenbHo 3apsxeHHbIMU docdaTHBIMU rpynnaMu MoJie-
kyael JHK # mnonoxurtesbHO 3apsKeHHbIMH TIpDyNIiaMH
THCTOHOBBIX aMHHOKHCJIOT, 00/1aJa0MMX LIETOUHBIMUA CBOM-
crBamu. B pesyasrate obpasyercs nykieocoma. Hykneo-
coma — 310 Komrmuiekc yuactka JHK ¢ rucronamu. O=
nMeeT HeGOMBIUYIO IJIMHY M HEpHOJUYECKH MOBTOPSETCS
no sceit manre JHK. B uaykieocomy Bxomut or 160 mo
240 HYKJIEOTHAHBIX Map ¥ HO 2 MOJEKyJbl Kaxpmod dpak-
uuu ructosoB H2a, H2b, H3 u H4. B mykieocomax Bbl-
JIeJISIIOT OCHOBHYIO 4acThb, BCErJa COMEPIKALLYIO MOCTOSTHHOE
kosmuecteo JHK (140—150 map uyxneotumos) u 8 mone-
KyJ TMCTOHOB, COE€OWUHEHHBIX ApYr C APYroM IpH IMOMOIUY
cBoux ruppodobHbIX yyacTKoB. OCHOBHAsi 4acThb HYKJIEO-
coMbI TpefcTaBaser coboit auck auamerpom 11 HM u Ton-
wuHoi 5,7 um (puc. VI). Yuacrok JHK B Buzne cnupanu
auaMeTpoM 9 HM M marom 2,8 HM HaBMBaeTcs Ha GenkoBoe
AApo. OCHOBHBIE YacCTH HYKJIEOCOM COELMHEHBI MEXAY CO-
Goit yuacrkamu JHK, He BXOAAIIMMM B COCTAaB OCHOBHBIX
yacTelt.

ITomumo spepunoit JHK, sykapuoTHyeckue KJIETKU CO-
AepKaT HeOO/IbIIOE KOJMYECTBO IMTOILIA3MaTHUECKOMN
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OHK, 1. e. IHK, xotopas pacnosiaraercsi B UUTOILIa3Me,
3a npeaenamu sapa. Jra JHK uHa3wiBaeTcss BHESAAEPHOM.
Ha pomo Bueagepuoit IHK npuxoanrcs okoso 0,1—0,2 9%
Bcedt kierouHor HK. Brespepunas JHK otiuvaercs or
SIIepHOH COCTABOM a30THUCTBHIX OCHOBAHMH M MOJIEKYJISIPHOM
Maccoil. OHa HaAXOOUTCS B MHTOXOHAPUAX — MOCTOSHHO
MPUCYTCTBYIOUINX BHYTPHUKJIETOUHBIX OpPraHOMJAaX, ydacT-
BYIOLIMX B NpeoOpa3oBaHnM ZHEPTUHM B KIETKE.

HeGonbmoe komnuectso AHK copepxaT HEXOTOpEHIE
MJIACTUAB! PACTUTENbHBIX KJIETOK, B YaCTHOCTH XJIOpOIJac-
THI, — IUIACTUAB!, MUMeIoLye XJOpodH/ U ydacTBYIOLIWE B
npouecce ¢GoToCHUHTE3A.

B xyeTke OakTepu¥ HaXOAMTCA EAUHCTBEHHAs MoJIe-
kyaa JHK. Ha ee pgomo mpuxomutcsa oxoso 1 9 wmaccel
KJEeTKH. S1apa, Kak TakoBoro, y GakTepuil HET, ¥ [1O3TOMY
monexyna JHK y nux soxanusoBaHa B Tak Ha3blBaeMOM
sifepHoil 30He. OHa YacTO MPUKpeIVIeHa K Me20CoMe —
BBIMISIYMBAHMIO KJIETOYHOM MeMOpaHbl. B 6GakTepuasnbHOIN
knetke JIHK He cBsizaHa c 6eakamu.

VY HekoTOpHIX 6aKTepuit B LMTOMIA3ME HAXOAATCH MO-
Jexysabl BHeXpomocomuoi JJHK, HazbiBaeMble niazMuaaMu.
OTH MOJIEKY/IBI IO pasMepaM 3HAYKTEIbHO MeHbIlle XpOMO-
COMBI.

OU3NKO-XUUMHUYECKHE CBOWCTBA NE30KCHPUBOHVYKIIEU-
HOBO¥ KUCJIOTHI

Ilpu narpesanunm [JHK pewartypupyer, T. e. pa3pyma-
etca. Jenatypauus asyx uernouek HHK mpoucxomut mpu
teMneparype Bbie 90 °C, a unakrusayus (4acTU4HOE pa3-
pylIeHNe) HauMHaeTcs npu temmepartype 85 °C.

Ilpu Harpesanum pactBopa JHK u osHOBpeMeHHOM pe-
TMCTPUPOBAHUM ONTHUYECKOH IMJIOTHOCTH PacTBOpa IPH AJM-
He BOJHBI 260 HM mpu ompeje/ieHHOM TeMIeparype IpoH-
30HACT PEe3KOe yBeJMYEHMe MOTJIOLIEHUsI CBETa PacTBOPOM.
Habaopaercss Tak Ha3blBaeMblil TMIEPXPOMHBIN 3ddexT.
TeMmepartypa, NpH KOTOPO# HaGMIOOAeTCsA TMIePXpPOMHBIM
oddexT, HasbplBaeTCA TeMilepaTypoil IUlaBieHus. I'unep-
XpoMHbIl dddekT npu Temmnepartype IJIaBIEHHUA CBA3AH C
TeM, YTO MPOMCXOAMT pPA3PbIB BOJOPOAHLIX CBA3eH M Ha-
pymaercs ynopsagoueHHocTb Mosekyasl I HK. Ilonsarne
TeMrepaTtyphsl riasnenus B otHouwennd JHK cessbiBaior ¢
KpUCTa/LIMYeCcKUM coctosinneM Mozaekynsl JHK po coot-
BeTCTBYIOIIEH TEMIIepaTypbl U HapyLIeHUEM YNOPAAOUeHHOU
CTPYKTYPBI TNIPY HAarpeBaHWH BBILLIE TEMIMEPATypbl IJIaBiIE-
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Hus. Xapakrep AudpakiMy PEeHTreHOBCKUX JIyyed TakiKe
yKa3blBaeT Ha KPUCTA/UIMYECKOE CTPOEHME Je30KCHpuOOoHy-
KJIEMHOBOM KHMCJIOTHI.

IIpu geiicTBUM yabTPadHOJETOBOIO CBeTa Ha MOJEKYJIBI
JHK OGaxTepuasbHbIX KJIETOK INPOUCXOJAUT pPa3pbiB OJIHO-
maureBoit JTHK, uTo cBA3BIBAIOT ¢ 06pa30BaHUEM MIEPOKCHIA
BOJOpOAa IoJ, JedicTBUeM ysbTpaduoseToBbix Jyyei. Ilep-
OKCHA, BOJOPOZ2 B KayecTBe BTOPUYHOIO MPOAYKTa IIpHU-
BOAMT K mnoBpexzaeHno monekysianl HJHK. Hapsaay c stum
Opd  OedcTBMM yJabTpaduoseToBOoro ceeta Habmomaercs
cHHTe3 GaKTepUalbHBIMU KJIETKAMM HOBBIX GE/NKOB, OfIHMM
U3 KOTOpBIX fABJAsieTCA KaTasja3a. Karanasa wHakTUBHpYeT
MepOKCU/, BOAOPOAA, U TOITOMY TaKOi CHHTE3 MOXXHO CYH-
TaTb NPHUCNIOCOOUTEBHBIM, T. €. HANpPaBJIEHHbIM Ha TMpHU-
crnioco6/1eHne K BHUKMBAHHIO B HEOJaronpUATHBIX YCIOBUAX
okpyxatomei cpegpt. CnemoBarensno, JHK ycrpoeHa Tak,
4YTO pearupyeT Ha INOBpeXAalolliee BO3[AEHCTBHE HE TOJIBKO
pa3pblBOM HHUTH HYKJCOTHAOB, HO M KOMIIEHCATODHOH
(nprcnocoOuTENPHO-BO3MELAOLIEH)  peaKluelt — CHHTe-
30M ¢epMeHTa KaTtajasbl, AEHCTBHE KOTOPOTO HAIpaB/CHO
MPOTHB HOBpeXjamwiero ¢akTopa, MO KpaiHell Mepe Npo-
TUB HENOCPE[CTBEHHOr0 BHHOBHHMKA ITOBPEXJEHUA — Iep-
OKCH/ia BOJOpOJa.

MNPEACTABJEHHUA O I'EHE

I'en — 3TO 3/1eMeHTapHasi eOWHUIIA HACJAeACTBEHHOCTH,
MpeAcTaBasiowas coboil OmpeneseHHYIO CHeLUPHIECKYIO
MOCJIeI0BAaTeIbHOCTD HykJIeoTaos B JTHK.

B xpomMocoMax AUIUIOWAHBIX OPraHM3MOB IeHbl pacrno-
JIOXKeHbl TapaMu. XpoMOcOoMa pa3je/ieHa Ha Y4YacTKU —
JOKychl. JIOKyC — 3TO MeCTO pAacCrOJIOKEHHSI TOro W
MHOro reHa B xpomocome. CaM reH COCTOHT M3 ABYX UM
HecKoJbKMX asuened. Kak ormevanoce paHee, a.siiesib —
5TO OJMH WM HECKOJIbKO BapHaHTOB reHa, KOTOpble MOTYT
HAaXOIMUTBCS B JAHHOM JIOKyCe Xpomocombl. Takum obpa-
30M, ajUlesib MPEACTaBAseT coBOll COCTOSHME TreHa, Ofpe-
Jensollee pa3BUTHE NAHHOIO MpHU3HAKa.

Ecsm s10Kyc MMeeT OfMH auviesnb A, TO BO3MOXHO dop-
MHUpOBaHHME TONbKO oOfHoro redHoruna AA. [Ias Jiokyca ¢
ABYMsi ayienisiMu A| B Ay yXXe CyUeCTBYeT ueTbipe KOM-
ounauun: AjAs, AsA;, AjA] U AsA;. Tak Kak TeHOTHIIH
AjA; 1 AyA| MOEHTUYHBL, TO B TaKOH CHUTYalUW BO3MOJXKHBI
Tpu resotuna: AjAr AjA; u AsAo. JIasi JIOKYCOB C TpeMs,
YeTHLIPbMSI M OOJIBIIMM YHCJIOM aJuiesied, HallpuMep 7, YUCJI0
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T€HOTHUIIOB OIIPEHL/IAETCA BbIpAXEHHUEM

343 943 6
2 T T2 T
AAg, A1A3, ArAg, AsAs U AsAs.

Ofuiee YHCJIO IEHOB B KJETKE BBHICIUMX OPraHM3MOB
coctaBasgeT okoso 100000. KaxpmoMy reHy coOOTBeTCT-
ByeT cBOIi Oesok. CTpYKTypHbIE reHbl B F€HOME pacIioJso-
JKEHbl B TaKOH IOC/eAOBAaTENIbHOCTH, B KaKoil AEeHCTBYIOT
oOpasyioluecss 1oj WX KoHTposieM depmentsl. CTpyKTyp-
HBIMM FeHbl Ha3bIBAIOTCA TaK MOTOMY, YTO OHU OMNpPEIEJISIOT
CTPYKTYpy (epmenToB. Hampumep, cuHTe3 apruHMHa Mpo-
HCXOIUT B YeThIPE 3Talna, Ka’X[Ablii U3 KOTOPHX KOHTDOJIH-
pyeTcsa onpeneneHHbIM ¢depMeHToM. Bces mocienosaTtesnb-
HOcTb (bepMeHTOB 3akoaupoBana B JHK B Buzae reHos B
TOW K€ MOCJIeI0BaTENbHOCTH.

B renax 3akogupoBaHa reHeTHuyeckas WHoOpMaNus,
€INHMILIEH KOTOPOH fABJsETCS KOOOH — rpylmna u3 Tpex Io-
C/IeiOBATEJbHbIX HYKJIEOTHZOB, HHaye Ha3biBaeMas TpH-
IIJIETOM.

Y nmpokapuoT, HampuMep O6akTepHii, MOJHMIIENTHIHbIE
LMY KOAUPYIOTCS HEeNpPEePbIBHOM MOCJIe0BATEIbHOCTHIO TPHU-
IJIETHBIX KOAOHOB. IIpOKapHOTHI — 3TO OpraHU3MBI, y KOTO-
pbIX HeT O(OPMJIEHHOTO sifipa M KOTOpble He NpeTeprena-
IOT JeJIEHNs 110 TUMY Meio03a, XapaKTepU3YIOLIerocsa yMeHb-
IIEHWEM YHKCJIa XPOMOCOM BIBOE.

B 1977 1. GbUIO OTKDBITO, YTO I'eHbl DYKAPUOT — Opra-
HU3MOB C 0GOPMJIEHHBIM SIAPOM MPEACTABAAIOT 060l Mo-
3aMKy U3 TPAHCJMPYEMbIX U HETPaHCJAMPYEMBIX YYacCTKOB B
nocaeposatenpbHoctd JHK. Hanpumep, res B-uemm zemo-
2n06uHa — Gesika KpOBHM — TIpepbiBaeTcss B 006s1acTy, KOOu-
pymowed aMUHOKHCJIOTHYIO TOCJIeA0BaTeJbHOCTb, AJMHHON
HEKOAMDYOLIEH BCTAaBOYHOM MOCJEL0BAaTENbHOCTbIO U3 550
nap OCHOBaHMH M KOPOTKOHM MOCJe[O0BaTENbHOCTBIO H3
120 nap ocuosauuit. CrepoBaTesbHO, TeH B-robuna pas-
JeJleH Ha TPHM KOJAMpYIOIMe mocjefoBaTesbHOCTH. Takas
CTPYKTYpa Oblia OOHAapy)XeHa NpH MPOBEJEHHH BDJIEKTPOH-
HO-MUKPOCKOIHMYECKOTO HCCNAEHAOBAHMS TUOPHAOB MEXAY
B-rno6unosoit uPHK u ¢parmenrom OHK mbium, comep-
xaumM reH B-robuna  (puc. VII). [IByxuemnoueuHyio
OHK uactuuHo penatypupoBanu, uro nossoawto uPHK
rubpuau3osaThca ¢ ofHoit u3 uenouek JHK. Opsouerno-
yeynblit yuyacrok JHK o6pasyer metno. Ecau Obl ren 8-
r06uHa OblI HenpepbiBeH, Oblna Obl BUAHA OJHA TNETJA.
OnHako Ha 2/JeKTPOHHBIX MUKpodoTorpadusax ObLIM BUAHBL

4+ n
——» Hampumep

TpeMsA aJuIesiMU

a uMeHHO A A,
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TpY NeTad. OTO BO3MOJXKHO TOJBKO B TOM Ciydae, KOrza
TeH NnpepbiBaeTcs Mo KpaiHeit Mepe onuuM yyactkom OHK,
KoToporo HeT B coorserctBylomeir uPHK. ITogreepxnenns
3TOMY 3aKJIOUEHMIO ObLIY NOJAYYEHBl M APYTHMU METOHAMU
HCCJIel0BaHuUS.

MHuorue reHel, 10 KpadHedl Mepe y MPOKAapUOT, BXOASAT
B cocTtaB omepoHa (puc. 2). Onepon — 3TO TpyINa TI'eHOB,
omnpepensmmas CUHTe3 (YHKIMOHANBHO CBs3aHHBIX ep-
MEHTOB. B Hero BXOZAT CTPYKTypHble M JApPYrMe TeHbl,
HalpyMep, 2eH-pezyasiTop, KOTOPhI ¢ HeDO/MBbILOH, HO MO-
CTOSIHHOM CKOPOCTBIO ofecreuynBaeT CUHTE3 cCreuudUUecKo-
ro Geska, Ha3bIBAEMOTO penpeccopom. DTOT Oenok obna-
JaeT CHJBHBIM CPOACTBOM K P€Hy-ONepaTopy M MOXKET Jer-
KO TIPUCOEAMHATBCA K HeMy. [en-oneparop yupasiasieT
(pYHKUMOHHUPOBAHUEM CTPYKTYpPHBIX TeHOB. OH Kak Obl TO
BKJIIOYAET MX, TO BbIKJIKOYaeT. [Ipy cBA3BIBaHWM reHa-one-
paropa ¢ OGeskoM-penpeccopom pabGoTa CTPYKTYPHBIX Tre-
HOB IpeKpallaercs.

Ona npuxkperienns PHK-nonuMepassl CiayxuTt een-
npomotrop. Kak Toapko K Hemy mnpucoeaunsiercs PHK-
NOJIMMEPA3a, HAYMHACTCH TPAaHCKPUIILUA CO CTPYKTYPHBIX
reHoB. K reHy-mpoMoTOpy NpHUCOEOMHSETCS TaKXe KOMII-
JIEKC LHMKJIMUYECKOro ajeHo3MEMoHodocdaTa M creuuasis-
HOro Genka peuumnHMeHTa. DTOT KOMILIEKC HEOBXORUM IUist
TPaHCKDUIILMKU OTiepOHa.

V 5yKapmoT reHb! MOTYT ObiTh COOpaHbBl BMeCTE U IOB-
TOPATbCS TaHAeMHO MHoro pa3. Hampumep, tak opraxHuso-
BaHbl B IeHOME MHOIOKDaTHO IMOBTOPSIOIUECS TeHbl, KO-

Onepon

PerynatopHblie reHbl CTpyHTYpHEIE reHbl

+ t -] JHIH{

7 7

/ reH/perynﬂTup
reH-oneparop
3 .

4anbHeIR yuacTor TpaHckpunuuu «PHH
res-npomoTop

Puc. 2. CxeMa TpaHCKPHILMHU reHetnueckoi uudopmaunn HHopMaumoH-
woit PHK c¢ omepona y npokapuoToB.
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pupyiowue GenkH, B YACTHOCTH TeHbl, KOZMPYIOLIME TIHC-
TOHBI — CaMble TIPOCThIE BellleCTBA B rpyiile Oeskos. Ilpu
pacuerienny pectpukrazoin JHK, xopupyiomuil rucToHBI,
nojy4yaauch (pparMeHTHl AJIAHOM 7 THICAUY THap OCHOBAHWH,
xoTopsle rubpuansuposamick ¢ rucroHosoit uPHK. 3atem
yueHble KJIOHWpOBaau TubpuaHbie (parmMeuTsl B GaxTepu-
anbHBIX KJIETKaxX KUIUEYHOH MaJIoOykKm M HCCIEHOBaJU C
MOMOIIBI0 (PEPMEHTOB M 3JIEKTPOHHONU MHMKpockomuu. Oka-
3aJ710Ch, UTO T'€Hbl, KOAUPYIOILIME IATh OCHOBHBIX T'MCTOHOB,
CrpYINIUPOBaHbl BMECTE B COCTaBe OCHOBHOIO MOBTOPSAIO-
[Ierocss SJ€MeHTa JJUHOM 7 ThicsA4 fap OCHOBaHUH
(puc. XI). B sTOoM moBToOpsomEeMcs 3JeMEeHTe MATb KOAU-
PYIOLIMX YYacTKOB YepefylTCsl C IMATBIO CcreicepaMu.
Kopupyiomue mocaegoBaTeJbHOCTA TMCTOHOB B OTJIHYME OT
ODYTMX TIC€HOB 3YKapHOT He NpPephIBAIOTCS BCTaBOUHBIMH
[10CAeAOBATENBHOCTAMU. ['pynmnsl U3 NATH FMCTOHOBBIX re-
HOB TNOBTOPSIOTCS MHOrO pas.

[lonroe BpeMsi CUMTaJIOCh, YTO TEHETHUECKMIi ammapar
KJIETKM HEMOABMXXEeH, (DUKCHUPOBAH M BCE TeHbl 3aHUMAIOT
B HEeM CTpOro omnpepaesieHHoe noJioxeuue. OLHAKO psAx HaH-
HbIX HE COIJIaCOBBbIBAJCH C 3TUM mojoxenvem. Eule B KOH-
ue 40-x ropos B. Makwunurok (CHIA) nosyumna Ha Ky-
Kypy3e psii MyTalLii, KOTOpble OHA OOBACHW/IA HAJHYUEM
FeHETHUYECKUX DJIEMEHTOB, MeHAIMX cBoe Mmecto B JHK.
DTO MOJIOXKEHHE ObLI0 HACTOJBLKO PEBOJIIOLIMOHHO, UTO K He-
My OTHECJIMCh BHauase ¢ GoapwiuM HegoBepueM. Tem Gonee
YTO TOJIyUEHHbIE aBTOPOM DKCIIEPMMEHTasIblible MaHHbIE
ObUIH TOJIBKO KOCBEHHBIMH. I1037Hee MOABUMIKHBIE IeHbl Obl-
v ofHapyXXeHB! y GakTepHit.

Ceiiuac cyMTaeTcs, YTO M B KJIETKaX JKUBOTHBIX HE
BCE€ TeHbl CTPOro (UKCHUPOBAHBI — CPefAM HMX TaKXe Cy-
LIECTBYIOT IIOABMIKHbIE TeHbl, KOTOPbie HIpPalOT BaXKHYIO
pOJIb B 3BOJIIOLMOHHOM mpouecce. C MOABMIXHBIMM I€HaMH,
BO3MOJKHO, CBSI3aHO M BO3HUKHOBeHHE 3JI0KaYeCTBEHHBIX
omnyxoJsen.

I'en Ba)xeH emie TeM, YTO OH OTBETCTBEH 3a IPOSIBJIE-
HUe AedcTBUS MyTauuit. Myrayus — 3TO BHE3aIlHO BO3HMK-
lIee ¥3MeHEeHUe TFeHEeTHYECKOM HHdopMauul, obycaoBieH-
HOe H3MEHEeHHWEM CTPYKTypbl KOAMDYIOUIEH €€ MOJIEKYJIbI
OHK. Myrauuy, B 3aBUCUMOCTH OT TOYKU IIPHJICKEHHS,
MOTYT U3MEHHUTDb BHEIIHUE NMPU3HAKM OpraHu3ma, ero dhusu-
yeckre OCOOEHHOCTH, OMoxuMHMueckMe M OuodusMueckue
NPOLECChl, HApYWIMTb pPa3BUTHE, OCJAOMTb >KMU3HECIO0Co6-
HOCTb OpPraHM3Ma WJIM [1aXXe NPUBECTH ero K rubesnu. Yaie
BCEro MyTalUMH COMPOBOXAAIOTCA HEOJArONpPUSITHHIMU II0-
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caeacTBUsaMH. 'eHHble MyTauuM SABJISIOTCSA NPUYMHON pas-
BUTHs HEKOTOPHIX  0Ose3Hel, HampuMmep CEprNOBHIHO-
KJIETOYHOI aHeMHUHU.

Ha mnpuMepe IulecHeBoro rpuda MHMKpOCHOpBI OBLIO
MO0Ka3aHo, YTO €CJIM B pe3y/bTaTeé MYTAalLUH, Bbi3bIBAIOLIEH
MOBpEX/JEHNE reHa, He oOpasyercss (pepMEHT, NPUHHUMAIO-
LM yyacTe B OMOCHMHTE3e XMMHYECKOrO BellleCTBa, He-
06X0UMOro KJIeTKe, TO MHMKpPOCHOpa He pacTeT Ha Cpefe,
He cojeprkalllell JaHHOro XMMMUecKoro BellectBa. Cieno-
BaTeJIbHO, B pe3yJbTaTe H3MeHeHUA (HUIMKO-XUMHYECKUX
CBOMCTB HYXJIEMHOBBIX KMUCJOT MyTalMsl IPUBOAMT K Hapy-
LIEHHIO CTPYKTYPBI IeHa, YTO INPOMABISETCS B U3MEHEHHU
o6MeHa BewlecTB B KJIETKE, B JAHHOM cJydae B MHKPO-
criope.

ABneHne MyTaluMy JIEXXMT B OCHOBE DBOJIIOLIMU M CeJieK-
LIMM JXMBBIX OpPraHusMoB. B pesysibrate perumkanuu JHK
HaC/lEeICTBCHHbIE MNPU3HAKM IlepefaloTcd IOTOMCTBY, HO
TOJIbKO MyTalMU 0GecreynBaoT BOZHUKHOBEHHE KAKOrO-JiM-
60 HOBOro mpusHaka. M yxe 3aTeM 5TOT HOBbI IpHU3HAK
repefaeTcs IO HaCJICJACTBY.

s n3ydeHust MyTauuii ¥ UX MOCJAEACTBUIA B OTHOILIE-
HUM OpPraHM3Ma HCIOJIb3YIOT BEHIECTBa, KOTOpbie HCKYCCT-
BEHHO BbI3bIBAIOT MyTaluu. BemiecTBa, BbI3bIBAaiOIIME MYyTa-
LMY, Ha3bIBAlOTCA MyTazenamu. K TakuMm BemecTBaM OT-
HOCATCS, HaNpUMep, COeAWHEHUs U3 TIPYNIbl aKPUAMHOB.
AKPHIUHBI COCTOSAT U3 TPeX PaCIOJIOKEHHBIX PSOM yrJe-
BOZIOPOAHBIX KOJIEll, YTO OMNpefAessieT HMX OKpalIMBalolIue
M MyTHpyIOIIMe cBOHCTBa. B wyacTHOCTH, K aKpuAuHaM OT-
HOCHTCS BELIECTBO aKkpuQJIaBHH.

Ecom npu pervmkanmun JHK B okpyxaroweit cpepe
HaxoauTCA akpudJaBUH, OH MOXXET BCTPaMBaThCA B KOMII-
aeMentapuyio uHens JHK B mnpouecce ee mnocrpoeHus
(puc. XII). AkpudnaBun Kak Obl 3aKphIBa€T OJHO U3 OC-
HOBaHMI Ha MaTpuyHOoi Uemn. I[ToaToMy K MecTy, rae pac-
nosaraeTca akpudJaBUH, HU OfHO OCHOBaHHE NpPHU IOCHe-
ayoumed, BTOPOM penyIUMKalW¥ He MPUCOeNUHUTCHA
(puc. XIII). 3ror mpoben coxpaHAeTcss U NP MOCIELYIO-
KX peIUMKauusax. Tak BO3HHMKaeT MyTalus.

Takoit e NPOLECC BO3HWKHOBEHHS MYTalLUMNA MOXKET
MpOUCXOAUTL U B MmpHpoje. BcrpamBanue coefuiHeHHs, C
KOTOPBLIM HE CBSA3bIBAETCSI HU OJHO M3 OCHOBAaHWI, NIPUBO-
AMT K TOMY, 4TO JaHHbI yuyactok JHK cranoBuTCH Kak
OBl 3aKpBHITHIM. DTO MPUBEJET MNPU IOCJIEAYIOUIEM CHHTE3e
¢depMeHTa K HapyLIEHHIO €ro CTPYKTYyphl M (YHKUMH.
B 3aBMCHMOCTH OT Ba)KHOCTH M3MEHEHHOTO yuyacTka OeJika
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MOXeT Tpou3oiTd Jubo mnosHas ytpara QepMeHTHOH
dyHKUMM faHHBIM GesKoM, G0, YTO HAa CAMOM Jiesie yale
BCTpeyaeTcd, yxyauenue GpyHKIMOHHPOBAHMA Takoro dep-
MeHTa. EcaM Takoe yXyAauleHWe 3HAUUTENbHO, OHO IIPOSIB-
JIfieTcs1 BHELIHMMHM Tpu3Hakamu. Hampumep, Takoe >XMBOT-
HOe XyXe Oeraet WiM MMeeT MeHee Da3BUTBIN IIEPCTHBIA
nokpos. He6raronpusiTabie MyTauuy OpUBOAAT K TOMY, 4TO
3T JKMBOTHbie MOTMOAIOT b0 B Pe3y/bTaTe TOro, YTO HE
crnocoOHbl y6exxaTb OT XMIIHMKa, JMbO OT Xos0Aa.

YuuThiBasi poJib MyTareHOB B M3MEHEHUU CTPYKTYDbI
HYKJIEMHOBBIX Kucaot, B CCCP ¢ 1976 r. BeefeHa obsza-
TeJbHAasi TIPOBEPKA HOBBIX JIEKapCTB Ha MYTareHHOCTb, KO-
TOpast NPUBOJUTCS Ha DKCIIEPUMEHTAJIbHBIX J>KMBOTHBIX U
KyJIbTypaX KJIETOK uejoBeka. Ecyi mpenapart o6siamaer my-
TareHHbIMH CBOMCTBaMH, TO IpH MOCJEAYIOLEM IeHeThye-
CKOM HCCJIEIOBAHUY B KJIeTKax BBIABJISIOTCA MYTHMDOBaHHbIE
reHsl WM JgedexTl B Xxpomocomax. Takue JsiekapcTBa WM
COBCEM HE MPUMEHSAIOTCS, WIM TPUMEHSAIOTCA C YUYeTOM
HX 0cOOBIX JieueOHBIX CBOMCTB, HampUMep I 3aMefJeHuUs
poCTa 3JI0KaYeCTBEHHbIX omyxoseil. ITocne neyenus 6ob-
HO! 00s13aTeJbHO OJDKEH MPOKOHCY/JIbTUPOBATLCS y eHe-
THKA.

CyuiecTByIoT ¥ OaaronpusTHble MyTauud. Takue MyTa-
LM NPUBOAAT K TOMY, YTO 3aMeHa, Halpumep, OAHOM
aMHHOKHUCJIOTBI Ha JAPYTYI0 CONPOBOXKAAETCA YJIyUYIIEHHUEM
¢yHKIMOHUMPOBaHUA JaHHOro (epmenra. Takas MyTanus
3aKpeIUIsieTcsl B OpraHu3Me IpH MOCJAeAyIOleM pa3MHO-
JKeHMH BHAA.

TEHETWUYECKUI KOJ,

I'eneTnuecknit KOJ — 3TO CHUCTeMa pacCIIONIOXEHMA HYK-
neortnpos B Hute JHK, o6ycnosnmBaoiiasi cOOTBETCTBYIO-
LIyI0 TIOCJIE€OBaTEJbHOCTb PACIONIOXKEHUA aMHUHOKHC/IOT B
Gesnke. I'eHeTHuecKMil KOJ TepefaeTcst MO HACJEACTBY H
onpejeaseT CBOMCTBa OpraHu3MoB. OH MOXXET MEHSAThCS B
pe3ysibraTe MyTaLuii, KOTOpbie ObIBAIOT IOJIOXKUTEJbHBIMU
U MEHSIOT ero B CTOPOHY, GJaronpusiTHYIO IJIsi OpraHu3ma,
uiaM, 4yTo ObiBaeT vamie, B HeGJArONPUATHYIO WIM Jaxe
ryOUTENbHYIO JUIS KOHKPETHOTO OpraHM3Ma.

Pa6oTbl 10 pacumdpoBKe IeHETHYECKOTO KOAa IpOBO-
IUJIACh B OCHOBHOM Ha KJIeTKaX OaKTepuH KHIIEYHOM ma-
JIOUKM ¥ ObUIM MOBTOPEHBI Ha ApPYTMX BUAAX OaKTepwi,
a TakXXe Ha OopraHu3Max >XMBOTHBIX, BKJIIOYasl 4esIOBeKa,
Ha pacTeHHUSIX.
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Undopmanus, HeoGxoauMas /i cHHTe3a J1000i mosm-
nentuAaHoN uenw, copepxurca B JHK. ¥V PHK-copepxa-
mux BupycoB MHGopmaums xpauurcsa B PHK. Ilocaenmo-
BaTeJIbHOCTDL HyKJIeoTHAOB B Lenu JHK, 1. e. ee nmepeuunas
CTpyKTypa, 00ycsiosnuBaeT Guosnoruyeckyio dynkuuo JHK
B KJeTKe. B moc/ienoBaTesIbHOCTH HYKJIEOTHUHOB 3awmmudpo-
BaHa BCSI HaCJEACTBeHHas MH(OpPMALMs JAHHOTO OHOJIOrH-
YEeCKOro BMJA.

Hyk/ienHOBbIE KMCI0ThI 0GPa30BaHbI YEPESOBAHMEM HY-
KJIEOTHJOB BCETO UYETBLIPEX THIIOB, @ OEJIKM NOCTPOEHBI U3
20 amMuHOKHCHOT. YUTO JIEKMT B OCHOBE COOTBETCTBUS MEX-
Jy OCHOBAHMSIMH HYKJIEMHOBBIX KHMCJOT ¥ aMHUHOKHCJIOTaMH
Genxor? Ecau Gbl KaXkaOMy a30THCTOMY OCHOBAHHMIO COOT-
BETCTBOBaJIa TOJIbKO OJHAa aMHHOKHCJOTa, TO B COCTaBe
GenkoB 6bL10 GbI BCErO UYEeTbIPE AMMHOKMCIOTHL. Ecan 6bl
IJisl KOZUPOBAaHUSI aMHHOKMCJIOT OBLIO MOCTATOUHO ABYX
OCHOBaHHUH, TO KOAMDPYWOLIAasi €MKOCTb HYKJICOTHAOB YBEJH-
4yuach Obl RO umcra coueTaHui U3 YeThIpeX MO fABE U DaB-
Hsnach 6b1 4° = 16 aMHHOKMCJIOT, YTO TAKXKE HEJOCTATOY-
HO Jjas KOA¥POBAaHUS BCeX CYLIECTBYIOIUMX B TMPHUPOAE
AMHUHOKHCJIOT. KOM6HHaU,H}I U3 TpeX HYKJICOTHIOB MOXET
yxKe koamposaTh 4° = 64 aMMHOKMCJOTHL. 64 KOMOWHALUH
yXe 60Jblle, UEM YMCJIO BCTpeualoWmxcs peasbHo 20 amu-
HokucyoT. IloaTomy mpennonoixuiad, YTo Kaxjas rpynina
U3 TpeX HYKJIEOTHAOB, pacmosioxeHHbix psgom B JHK,
KOAMPYeT OJHY aMMHOKHCJIOTY. Takyio rpynmy #3 TpexX
HYKJIEOTHAOB HAa3BaJM TPUILIETOM. B mocienymoouieM Obui
MOJIy4eHb!l JKCIIEpUMEHTaJbHble H0Ka3aTeJbCTBA TOTO, YTO
Ka>xApld TPHUILIET KOAUPYET OOHY M B peOKUX Ccaydyasx
HECKOJIbKO aMUHOKHCJIOT.

B pesyibraTe TpPaHCKpHUIILMM reHeTuuecKas HHpopMa-
uus nepexoaut u3 IHK B uPHK, a uPHK o6aagaer cro-
COBHOCTBIO (DUKCUPOBATH HA Ka)XXAOM CBOEM TpHILIeTe (KO-
JOHEe) oaHy aMuHOKMcaoTy. IlpucoennHeHne aMUHOKHCIO-
Tbl K CHHTE3UpyeMOH IOJIUNENTHAHOM LENU MPOUCXOIUT
rnocJjegoBaTesibHO. JIBHM)KEHMe B IpolLiecce CHHTe3a Hauy-
naercs ¢ N-KOHIEBONI aMWHOKHMCJIOTHI MO Mepe IMpOABHKE-
Husi pubocomsl Brosab uPHK. IlpucoeauneHne ouepemHoin
AMHHOKKCJIOTHI K IONUIENTUAHON LIeNy MPOUCXOAUT B TOT
MOMEHT, KOT[la KOJAMPYIOUIMI ee TPHUILIeT HaXOJAUTCS B PH-
6ocome. Ho aMuHOKMCIOTa B HECKOJIBKO Pa3 MEHbIIE, 4eM
KoaMpymowuii ee Tpumnnet. CreloBaTeNbHO, B KJIETKE JOJIXK-
Ha HaXOAMTbCsI CHCTEeMa, MpefHa3HayeHHas AJs cieuudu-
yeckoro npucoeauHenus amuHokucaorsi K uPHK. Oxa3za-
socp, uyto cyumectsyeT TPHK, xoropas y3naer Tpumier
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EUBNOTEKA
an =

Ha uPHK u TpaHcmoprupyeT aMHHOKKCJIOTY, OCYLUECTBIAS
CBA3b U KOPPENALMIO MEXIY aMWHOKUCJIOTOM U TPUILIETOM
uPHK.

I'eneTnueckuit koA, HAXOAALIMIICA B XpOMOCOMaX sijpa,
onpefesisieT PacHoNOoXeHHWe AMHMHOKHCIOT B OelKOBBIX
LensX pa3jInyHbIX (PePMEHTOB, CTPYKTYPHBIX GEKOB ¥ HEKO-
TOpbIX 6eaKOBbIX ropmoHoB. Monekyaa IHK, oxazaBmmch
MOJIe3HOM [Is1 Tepefayy HacCJeJCTBEHHBIX IPHU3HAKOB
opraHu3ma, npuobpesia yHMBEpPCAZbHOE 3HAYEHHE BelleCTBa
HACJIEACTBEHHOCTH ISl CaMbiX pPa3JU4HbIX [peACcTaBUTe-
Jielt OpraHM4eckoro Mrupa, HaulHasi OT BUPYCOB M 3aKaHYMBaA
YeJIOBEKOM.

Takum o6pasom, IHK uecer B cebe reneTHdeckuil Ko,
NPeACTABISIOIMI co00i KOMOWHALMIO W3 HYKJIEOTUACB H
ofecreynBamOMil oCTpoenue creuudUIeckoil mocienosa-
TENBHOCTH aMHUHOKHCJIOT B OeJsIKax.

PEMJIMKALNMS NE30KCHPHUBOHYKJIEUIIOBOM KMCJIOTbI

Jlioboe fesieHMe KJIETKH CBS3aHO C pelMKauueil. Pe-
nAuUKayus — dTO co3panue cebe mMomoGHON CTPYKTYpPHI, UTO
N03BOJIAET TOYHO BOCIHPOM3BOAUTL I€HETHYECKYI HHDOp-
mauuio. Konnpopanue JHK ¢ o6pa3zoBanueM HaeHTHYHBIX
JOUEPHUX MOJIEKYJ SIBJISIETCS MEPBbIM II0 BPEMEHH COObI-
THEM B Nepefaye HacjaeacteBeHHon unHdopmauuu ot JHK B
LUTOILIa3My KJETKH [JIsl CMHTe3a COOTBETCTBYIOIIMX Oern-
KoB. Perumkanmsa 3axiodaercsi B TOM, 4TO Ha KaXxJod U3
nutent mosekyael JHK cuHTesupyercss mapHasi el HUTH
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nHopoit JIHK. B mponecce perumkaumy NpPOMCXOAUT pas-
nenenne AByX uenowyek Mmosekyasl JHK u cunTe2 asyx
HOBBIX, AodepHux wnenovyek JHK. Takoif mpouecc Bo3mo-
JK€H BCJIEACTBHE KOMILJIEMEHTapHOCTH JABYX Iieneit MaeHTHY-
HBIX [0 CTPYKTYpPe Y TMOCJIeJOBATEJIBHOCTH HYKJIEOTHOB
poauteabckoir Mosekysine HHK u copepxammx omHy lienb
U3 POJUTEJbCKOM MOJIEKYJbI, a JAPYryI0 — BHOBb CHHTE3U-
posannyo uenb JHK.

BoJbIIMHCTBO KJIETOK BO3HMKAET B pe3ysbTaTe AC/ICHUSA
MaTepUHCKOH KkjeTku. IIpu 5TOM [mouepHHME KJIETKM HacJe-
AYIOT CBOHCTBAa MaTepUHCKOM. CBONCTBA KJIETKH OIpPEHessi-
10T B OCHOBHOM ee 6Gesnku. HykiemHOBbIE KMCAOTH oGecre-
YMBAIOT CMHTE3 O€JIKOB B IOYEPHMX KJIETKAX TOYHO TaK XKe,
KaK ¥ B MaTePUHCKOH KJIeTKe. PeIummKkanus Je>Xur B OCHOBe
rnepefauyy HacJeACTBEHHONM uHdopMauuy, KoTopast ocCy-
IIECTBASAETCA Ha JBYX YPOBHSIX: KJETOYHOM U OpraHus-
MEHHOM.

I'enetnueckasa MHbOpMaLUs Hepefaercss MPEUMYIUECT-
penno ¢ nomompio JTHK. VcraHoBuTb Takoit croco® me-
pepayd HacJeACTBEHHOM MH(pOPMaLMK IIOMOIJIAa CEpHUsi OMbI-
TOB C MHKPOOPraHM3MaMu pasHbIX mTammoB. Illtamm —
9TO YMCTas KyJbTypa MHKDOOPraHM3MOB MaHHOrO BHAA,
Bbile/IEHHAsl U3 OINPE/EIEHHOI0 HUCTOYHMKA M obsajamolas
0coObIMM (PU3UKO-XMMHUUYECKMMHU CcBOcTBaMH. JloKkasarteb-
CTBOM Mepefayd uHdopMaluu ciayXaT TpaHchopmalust u
TPaHCAYKLHUS.

T pancgopmayus — 310 BKJIIOYeHHe B KiaertouHyoo HHK
uyxepoanoit JJTHK ¢ umsmeHenuem B pesyJsbTaTe TOTO Ha-
CJIEACTBEHHBbIX CBOHCTB KJjeTkM. Tpanchopmainus XOpoiuo
M3yyeHa Ha MHEBMOKOKKaX. ITnesmokoxkku — 310 GakTepuy,
OKpY’XEGHHbIE CAM3UCTOM GecTAmEH moJMcaxapuiHON Kafl-
Cys0it M Bhi3blBaOUIMe 3a60JICBaHME IMTHEBMOHHIO — BOC-
nasende JerkuX. Kakmas Mosexysa KamncCyJbHOIO IOJIH-
caxapua COCTOMT M3 uYepeAyIoLeicsl NOcJef0BaTeIbHOCTH
IJIIOKO3bI ¥ IVIIOKypOHaTa. BakTepun, uMmelollye Takylo Kar-
CyJIy, CIIOCOOHBI BHI3bIBATh Gose3Hb. VX 0603HauaioT 6yKkBoi
S (aurn. smooth — rnapkuit), Tak Kak oOHM 00OpasyioT
rjaafxde KOJOHMM TMpY BbIPDALIMBAHMUA Ha THUTATEIbHBIX
cpepax. MyTaHThl, He MMeIOlIMe Karcysay, He BbI3BIBAIOT
Gonesnn. Ux obosnauator Oyksoit R (aura. roogh — mepo-
XOBaThIA), TaK KaK OHM O0pa3yloT Ipu BbIpAlIMBaHUH
LIEPOXOBaThle KOJOHMU. Y R-MYTaHTOB OTCYTCTBYeT chep-
MEHT AerHJporeHasa, npespalaonas rJaoKo3y B IVIIOKYpO-
HaT. Be3 rokypoHata HEeBO3MOJXKEH CHHTE3 KarCyJbLbHOro
nosucaxapuzaa. BbUIO yCTaHOBJIEHO, YTO HemaToreHHbId R-
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MyTaHT MOXHO TpaHc(hOpPMUpOBATh B MaTOreHHy10 S-dpopmy
myTeM nepepaun dakropa, cogepxxawero JHK. Ecm ¢ no-
MOLIbIO IINPHIA BBECTH MBINIAM CMECh JKMBHIX GakKrepuii
R-dopMEl U YyOWTBIX HAarpeBaHMEM MHEBMOKOKKOB S, TO
2Ta CMech BbI3biBaeT rubesp MBILEH, XOTS HU JXuBble R-
THEBMOKOKKY, HM yOuThHIE HarpeBaHueM S-IHEBMOKOKKH,
BBEJCHHBIE N0 OTJEJLHOCTH, JXMBOTHHX He ybuBawort. Bosee
TOro, MPY aHaju3e GbLIO yCTaHOBJIEHO, YTO KPOBb NOrHOINX
MBIIIEN CcOfiepKaJia JKuBble S-MHEBMOKOKKHM. 3JTO U3-
MeHeHHe OBUI0 CTaGMBHBIM: TpaHCHOPMEDOBAHHBIE MHEB-
MOKOKKY{ JaBaJId NMAaTOr€HHOE MOTOMCTBO S-(hOpMBI M3 IO-
KOJeHUs B TIOKOJieHue. 3aTeM ObUIO MOKAa3aHO, YTO TPaHC-
dopManuss MOXET MPOUCXOAUTh M IPH NPEeABapUTEJLHOM
CMELIMBaHWM BYX GOpM MHEBMOKOKKOB B npoGupke. CMme-
HmMBajM XiBble R-QopMbl ¥ GecKIEeTOUHBbIN DKCTPAKT yOu-
THIX HarpeBaHueM mHeBMOKOKKoB S. Ilocre cmemmBanus
HEKOTOphle KJIETKH B pacTyuieil KyasTtype R-dopmsbl Tpauc-
¢opmuposamuch B S-dopmy. B mociepymomeM B MHOrowdc-
JICHHBIX DKCIIEPUMEHTaX ObLIO J0Ka3aHo, yTo TpaHcdop-
mupyionimM daktropom ssiaserca JHK.

Baxrepun mnepepator JHK myreM Kowbiorauwm, T. €.
nyTeM OOpa30BaHHsl HEMOCPEJCTBEHHBIX MEXKJIETOUHBIX
KOHTakToB. ITepeHoc GaxTepUsIMM reHETMYECKOrO MaTepua-
J1a 00yc/IOBIEH HEKOTOpbIMM ILT1a3MuAamu. IIpoLiecc KoHb-
forauun ObUT OTKPHIT B 1946 1. [I. Jlenep6eprom u 2. Tary-
voM. IIpm KoHBIOranuyM KJIETOK KMIIEYHOM NaJIOYKH OJUH
MapTHEP CJIYXHUT AOHOPDOM IreHEeTHYEeCKOro MaTepmaa, Apy-
roif — peuunueHToM. JOHOPH COJepiKaT IUia3MUAY, Ha3bl-
BaeMyo ¢daktopoM F (auri. fertility — miogoBUTOCTD), KO-
TOPLIH HECeT TeHbl, ONpee/siioude o0pa30BaHME KOMIIO-
HEHTOB, Y4YaCTBYIOIUMX B KOHbIorauuu. Ilpm Komblorauuu
ofHa uenb mnasMugsl ¢daxropa F pa3pblBaeTcsa M IIpPOHC-
XOJMT PpacKpyydBaHHE OBYXIENOUYEYHOH  MOJIEKYJH
(puc. VIII). 5’-xoHel| pa3opBaHHOM LIENMM BXOJUT B peliu-
OUEHTHYIO KJIETKY, U Ha Heil CHHTe3MpyeTCsd KOMIUIEMEH-
TapHas lenb. IIpu 2ToM o6pasyeTcs 3aMKHyTas KOJbLeBasg
IByXnernoueyHass Mosiexysaa. IlpucyTcTeme IuiasMuibl ak-
Topa F B pellMnueHTHOI KieTke (nepBoHavyabHO F~) mpe-
Bpaiuaer ee B kietky F'. Takas KJeTKa MOXET CIIOHTaHHO
TepsiTh CBOY (PAKTOP M NEpeXOauTbh TAKUM 0Gpa3oM K re-
HoTMIy F .

Tpancdykyus — 310 mepenoc wactu Monexyasl JHK
oguux GaKTepwii JpyruM C IOMOHIBIO BHpYycCa.

HanpuMep, Npu 3apa)eHMM HENOABUXKHBIX OakTepyil
BUPYCOM, KOTODBI pa3sMHOJXKaJICsl paHee B KYJbType II0-
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OBHXXHBIX OaxkTepuil, YacTb M3 HENOABHKHLIX OakTepHii
npuobpena MoABUXXHOCTh., TpaHCAyKIMS yKa3blBaeT Ha TO,
YTO M3MEHEHHe HacJeACTBeHHOH uHGOpMauuy NPOU30LLIO0
Gaarogapsi mepenocy JHK 6axtepuit ¢ momowpio JHK
umu PHK Bupycos.

Omucana TpaHCAYKLMSA M y HaceKoMbiX. Hampumep, nmpu
3apakeHMM HEOKPAIIEeHHbIX JIMUYMHOK TYTOBOTO IUEJIKONps-
Jla BUPYCOM, paHee DPa3MHOJKaBIUMMCH B OKpalUeHHBIX Ha-
CEeKOMBIX, Y 4YaCTH NOTOMCTBa IOsBHUJIACh OKpacka. M3me-
HEHMe HaC/Je[ICTBEHHbIX CBOWCTB 3/[eCh TaKXe CBsA3aHO
¢ nepenocoM BupycoM IHK ObiBmiero xozsivna.

YOenuTenbHble JOKA3aTeNbCTBa MEPEHOCA HACIENCTBEH-
Hoii uHdopMaunu ¢ nomowpio JHK 6buM mosyueHsl npu
U3ydyeHUH BUpPycoB. Bupycuyio JHK npucoenunanu k kie-
rounoit THK. Bcsi Genkosasi 060/104Ka BUpyca ocTaBajiach
CHapyXxu 3a TIIpejesamMd KJeTKH. BpefeHme BHUpPYyCHOM
OHK paBayso HOBoe mokoJieHne BUpycoB. CJiefoBaTeNbHO,
He OeskOBasi COCTaB/ISIOLAs, a HyKJIEMHOBas KHMCJIOTa OT-
BETCTBEHHa 3a XpaHeHWe M Mepenauvy Hac/IeJCTBEHHOW MH-
dopmanun.

Ipyrumu paGoTamu, [OOKa3bIBAIOLIMMU Ilepefayy Ha-
cneACcTBeHHOW wuHpOpPMalMM C TIOMOLIbIO HYKJIEHHOBbBIX
KHCJIOT, SIBUWJIHCbh DKCIEPUMEHTBI, B KOTOpbIX AJIA 3apaxke-
HUSI PacTEHUH MCIOJB30BAJIM YHACTYIO HYKJIEMHOBYIO KHUC-
0Ty BUpyca TabayHOM MO3aWKu. DTOT BUPYC BbI3bIBAET
Gonesun pactenus tabaka. Ou mpepcrasnsier coboit PHK,
3aKJIIOUYEHHYI0 B 0esKOBYIO 0060JI0YKy, TpHUeM MOJeKyJa
PHK HemoCpeACTBEHHO COMPHMKACAETCs C 3TOi 000MI0UKOM.
Buemne Bupyc Taba4Hoil Mo3auKku uMMeeT POpMy NpPOJOJIO-
BaToit najouku. Ilpu 3aGosnesanuu nucTba Tabaka, Hopa-
JKEHHbIE€ BUPYCOM, CTAaHOBATCS MECTPBIMH, MO3aUYHbIMH.
OTciofa ¥ BO3HMKJIO Ha3BaHue GOJIE3HM U CaMoro BUpYca.

Beepgenue pacTeHMAM OUYMLIEHHOH HYKJIEMHOBOM KHMCJIO-
Thl BMpyca TabayHO# MO3aUKM BbI3BIBAET THIIMYHYIO Kap-
TUHY 3a60sieBaHus, KaK U NPH 3apaXXE€HUHM JMCTheB Tabaka
HEeNOCPEeACTBEHHO BUPycoM. Bosiee Toro, ecnu BbIACJTIEHHYIO
OUMLIEHHYIO HYKJIEHHOBYIO KMCJIOTY DAacloJIOXHMTh B 060-
JIOUKe BUpYCa JDYrOro TMMa W 3apa3uTb TaKUMHM THOpHA-
HBIMM BMPYCaM# KJIETKY, TO HOBOe MOKOJIeHHe BUpyca Oy-
JeT COOTBETCTBOBATH TOMY THIy, OT KOTOPOro ObLia B3sita
HYKJIEHHOBasi KHCJOTa.

Ilepepaya HacjeACTBEHHOH HMHbOpMaUUM OT KICTKH K
KJIeTKe OCYLIEeCTBJsIeTCsl B Ipollecce MUTO3a. MHTO3 —
3TO HempsMOe JeJIeHWe KJIETKH IpH YABOSHUM YUCIA XpO-
MocoM. OH NpOMCXOAMT B HECKOJIBKO (pa3, KOTOpble cle-
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AYIOT Opyr 3a [JpyroM. [JejeHHIO KJIETKH TMpeJIecTByeT
yasoenne Hured JTHK, U3 KOTOPHIX COCTOSAT XPOMOCOMBL.
IInoTHO ynakoBaHHas, KOMIIAKTHAs CTPYKTypa XPOMOCOMBI
B HHTepPda3HOM, T. €. HefeNslleMcs fALpe HOJKHA CHJIBHO
paspuIxaAThCs, uTobbel cnupans JHK moraa Gecnpensiter-
BexHO yaBauBathbes. Ilocse yaoenuss JHK HaumHawT KoH-
JEHCHPOBaTbCS B KOMIIaKTHbie oOpazoBauusi. Kak Tonbko
HauyMHaeTCs [esIeHHe, XPOMOCOMbI B fipe KJIETKM CTaHO-
BATCS XOpOLIO BUAHBI B CBETOBOM MHKpOCKON. Tak Kak
untH JHK mnpenBapuTesbHO yIBOWIHCH, KaXXAas XpOMO-
coMa MpeAcTas/JeHa B BHJAE Mapbl HUTeH. 3areM Kaxpas
XpoMocoMa M3 IMapbl IOnajaeT B CBOIO KJIeTKy. Bechb
MpOIeCC MHTO3a HEJAUTCS YCJAOBHO HAa HECKOJIDLKO 3TaMoB.
B ‘mpodaze craHoBATCS BHAHBI yABOEHHbiE Tesbla. B mpo-
MeTada3e XOpOLIO BUAHBLI XapaKkTepHble OCOGEHHOCTH KaX-
JOH XPOMOCOMBI — HMX pa3Mmepbl ¥ ¢GOpMa, a TaKXKe UYHUCJIO
xpoMocoM. Mertadaza xapakrepusyeTcsi pacIOIOXEHUEM
MapHbIX XPOMOCOM B DKBaTOPHMAJbHON ILIOCKOCTH sifpa.
PacxoxpeHve XpOMOCOM K MOJIOCAM KJIETKH OCYLIECTBIISA-
erca B adada3ze. B resodaze mMpoucXoauT AEKOHAEHCAIMSA
xpoMocoM. VI Taxoll LMK/ MOBTOPSIETCS NMPH KaXXJAOM [e-
JIEHUU KJIETKH.

Ocobnlit cayvail fesieHUsA KJIETKH MNpPeACTaBiaseT coboi
Meii03, IpU KOTOPOM MPOMCXOAMT 0Opa3oBaHUE ram/OMIHO-
ro Habopa XpoMOCOM, T. €. YMEHBIIEHHE UYHMC/IZ XPOMOCOM
B 2 pa3sa IO CPaBHEHMIO C KOJMYECTBOM XPOMOCOM, Ha-
XO[sILIMMCST B OObIUHOM KJeTke. Bo BpeMsi Meii03a XpoMo-
COMBb! YABauMBaIOTCA TOJIbKO OAWH pa3, a [eJieHHe MpOoHC-
XOJUT JIBa pasa.

OddexT Meiio3a 3akaOuaeTcAd B MepepaclpefiesIeHuHU
TEHOMOB, B pe3yJbTaTeé Yero MOMABIAKITCS HOBble KOMOWHA-
LMK XpoMOcOM. ITOCKOIBKY MyJ>KCKHE U JKEHCKHE XPOMOCO-
Mbl IIOYTM HHUKOTJ2a He HMMEIOT IOJHOCTBIO OJHWHAKOBBIX
reHoB, TO Telepb B OZHOM sAJgpe MOIYT OKa3aTbCs IeHHI,
KOTOpbIS [I0 CIMAHMSA TOJIOBBIX KJIETOK HaXOAMWJHUCh B pa3-
HbiIX siapax. TakuM o6pas3oM, CyMMapHasl [eHeTHYecKas
nHbOpMaIMsi MeHseTcs. IIpOMCXOmuT peKoMOuWHauus Lie-
JIBIX XPOMOCOM: I'€Hbl, HaXOAsIIHecA B OJHOH XpOMOCOME,
OCTaloTCsA cuelieHHbiMH BMecte (puc. XIV).

KpoMe Toro, mpu Meiioze NOpoUCXOOUT IepecTpoiika
caMHMX XPOMOCOM Ha MoJekyaspHoM yposHe. Ha mnepsoii
CTafiuM Melo3a XpOMOCOMBI Pa3fe/sIOTCA Ha [iBE I0JIOBHH-
Ku — xpomatupapl. Takum o6pasoM, mpH Meiio3e CoenuHsA-
IOTCSl HE JBe Liesible XpOMOCOMHI (OfHa MY’)XCKas M OJHa
JKeHCKas), a 4 xpoMaTuabl (2 MYXCKHX ¥ 2 JKEHCKHX).
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Kaxpmasi mapa XpoMOCOM IpeicTaBaseT coboit 4 Xpoma-
Tuael. B CBETOBOHI MHMKpDOCKOI Ha OIIpele/IeHHOM DJTale
Meit03a MOXHO HaOMIoAaTh NepeKpecT MeXAY XpOMaTH-
pamm. Tako#t mepekpect HasbiBaeTcs xua3mou (puc. XV).
Xwua3Ma pa3polBaeTcsi B INpoOliecce KPOCCHHIOBepa, B pe-
3y/JbTAaTE€ YEero IPOMCXOAMT B3AUMHBIAL OOMEH uacTsIMu
MeXJAy MapHbIMH xpoMocomamu. IIpoucxogut mepepacrnpe-
JesieHue TeHeTHYeckoll uHdOopManuy MeXAY OTAE/IbHbIMH
XPOMOCOMaMH.

Wrak, MeXAy /MOObIMH AByMs XpOMOCOMaMH B Kile-
TOYHOM sIgpe MOCXKET Mpou30iTa obmed yuactkamu JHK.

Yucso XpoMOCOM Y Pa3HbIX BHAOB 3HAYMTENBHO Baphb-
upyer. Tak, y ackapuap! MMeeTcs BCero 2 XpOMOCOMBI,
y IUIOJOBOM MYIIKM Jpo3oduikl — 8, y ropoxa — 14, y
ropwyuiel — 48, y sumepunst — 140, a y HgecsATMHOroro
pauka — 208 xpomocoM. Yucio XpOMOCOM SBJIAETCS CTPO-
ro TMOCTOSIHHOW BEJMYMHON Uil Ka’kJOro BHJA JKUBBIX CY-
LIECTB.

CyumecTByeT Takoe BaXXHOe IOHATHE, KaK IOJIOBbIE XpPO-
MOCOMBI, 110 BHEILIHEMY BHAY KOTOPBIX MOJKHO OIIpPE/E/IUTH,
K KakoMy IIOJly OTHOCHTCS HAaHHasi KJIeTKa M Becb opra-
HU3M B LeJIoM. Y JKeHIIUH 23-s1 mapa TakXKe FOMOJIOTHY-
Has — 2TO /iBé TaK Ha3biBaeMble X-XpOMOCOMBI (HMKC-XpO-
MOCOMBI). ¥ MYXXUHH >Xe 23-s mapa npeacrasieHa X- u Y-
XpOMOCOMaMH, T. €. OIHA U3 XpOMOCOM HMMeeT BUJ OyKBbI
«Y». HaGopsl XpOMOCOM MY KUMHBI M JKEHIIMHB! OT/IMYAIOT-
Cs MO BHEIIHEMY BUAY IOJIOBBIX XPOMOCOM.

Taxum o6pazom, permkanus JHK mo cyuiecTBy mpen-
cramisieT coboit 6uocunres JTHK. Buocunrtes JHK uaum-
HaeTcsi ¢ OOpa3OBaHWs HWHYKJICOTHAOB W3 Pas3IAuHBIX
HyK1eoTURoB. O6pa3oBanue JUMHYKJIEOTUA OCYLUECTRISIETCS
NyTeM CBA3BIBAHHUS [ABYX [AE30KCHPHOOHYKIeOTHIOB (doc-
GdaTHbIM MOCTHUKOM.

BaxxuelM MoMenTOM B GuocuHTeze NHK sBasercs cos-
Rauue Bropoil mapamtennuoi nutu JAHK. B npouecce 6uo-
cunreza [JHK unpoucxoaut obpazosanye CBA3EH HE TOIBKO
MEXXJYy MOHOHYKJIEOTHAAM#i B OJIHOM ee Lenu, HO ¥ MeXAY

HYKJICOTHAaMM, PaCHGJIOXEHHbBIMU B IAPaJIJIEJIbHBEIX HUTAX
OHK.



T'nasa 4

CTPOEHUE U CBOVICTBA PHBOHYKJIEMHOBbBIX
KHCJIOT

MOOHYK/IEMHOEbIE KHUCJAOTHI TIOBCEMECTHO  PacrpocT-
P parednl B XXuBoH mpupope. OHM HaxogATCi BO BceX
MMKPOOPTaHM3MaX, PaCTHTEJbHBIX ¥ JKUBOTHBIX KJIETKaX M
ABJNAKTCS HOCHTENSIMM HACJEICTBEHHONH WHGOpMaLUH BO
MHorux Bupycax. C uem 3710 ceazano? Ilouemy PHK, kak u
JOHK npucyTtcrByeT BO BceX KiaeTKax?

Buonoruueckast ¢pynxuus PHK obyciosiena teM, urto
OHHM 00eCIIeUNBAIOT peaju3alMio B KJETKE HaCJIe[CTBEHHON
wHbOpMaLMy, KoTopas nepegaerca ¢ nomowpbio JHK.

B xsetke cymecrsyer Tpu raBubix tuna PHK: undop-
maimonnass PHK (uPHK), pu6ocomnas PHK (pPHK) u
tpancrioptHags PHK (vPHK). Pubocomuas PHK cocras-
asier okono 80—82 9, oT comepKaHUA CyMMapHOH KJe-
toynoit PHK, 7PHK — 15—16 % u uPHK — 2—10 9%,.
B nekoropeix kiaerkax copepxanue uPHK oTHocurtenpho
o6meit Maccet PHK cocTapiseT ThiCAYHBble MOJM NpOLEHTA.

B ormmune or JHK mozekynsr Bcex tpex Ttunos PHK
OJHOLIETIOYEYHBIe, YTO SBJISETCS OZHOM M3 BAaXHBIX OCOOEH-
nocrer PHK. Copepxanue PHK B kieTke B mepecuere
Ha maccy B 5—10 pas sbiue, yem JHK. Kaxablii 43 TUIIOB
PHK xapakTepusyercsi onpefereHHbEIM HYKJIEOTHAHBIM CO-
CTaBOM, UTO OmpefenseT ux cBoiicTBa. OHHM MMEIOT TaKXKe
Pa3/IMYHYI0O MOJIEKYJISIPHYIO Maccy.

B GakrepuasbHoit Kiaetxke mout Bcss PHK pacnosnoxe-
Ha B UMToN/a3me. B kjeTkax BBHICIIMX OPraHW3MOB 4acTh
PHK HaxopaTcsi B pas/iMuHBIX Oprasejuiax.

PHK BxopuT B coctaB BceX BUPYCOB pacTeHHii, B 4acT-
HOCTH BHUpyca TabauyHOM MO3aMKH, HEKOTODBIX BHMDPYCOB
GakTtepuii, Hanpumep GakTepuodar Qs KMILEUHOH MAJOUYKH,
M HEKOTODPHIX BKPYCOB JKMBOTHBIX, HalpuMmep, BUpyca IO-
JIMOMUEJIHNTA,
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Bce tunet PHK npunuMarot yuactue B cuHTe3e Geska.
Ilepswlit aTam nepenoca reHetnyeckoii nudopmanuu ¢ JHK
B KJETKYy 3aKJIIOYaeTcsi B TOM, UTO reHeTuueckasf HHOp-
Maluusi B BHAE TIOCJASNOBaTeJbHOCTH HykseotupoB AHK
BBOAMTCS B INOCJeAOBaTeJbHOCTb HykaeoTnaoB uPHK. Un-
¢opmanuonnas PHK nepepaer sty undopmauyio B nocie-
JOBaTeJbHOCTb AMHUHOKUCJIOT COOTBETCTBYIOIIEH OeaKoBOii
MOJIeKy/IbL. DTOH GeslKOBOM MOJIeKyJI0i MOKET ObiTh dep-
MEHT, aHTUTENO, CTPYKTYPHBIH GeloK KJIeTouHoi MmemOpa-
Hbl, G€JI0K-MeANATOP MM TOPMOH.

Beuno 3aMeueHo, yTO Hayaso cuHTe3a Geska B KJIETKax
COBIIaJlaeT C yBeJIMUYEHHEM KOJIMUECTBA U CKOPOCTH OOHOB-
geunss PHK B mumronnasme wietku. Bmocaeactsuu ObL1o
10Ka3aHo, 4TO, MpeXXJe YeM CHHTE3UPYIOTCH HOJHUIeHTHLI-
Hbie (GesIKOBble) Lienu, ocyllecTeiasiercs cuure3 PHK, u B
nepsyo ouepeapb uPHK u 7PHK. Buocunres PHK npouc-
XOJMT B fAJPHILIKOBOH 30HEe sAApa kKiaeTok. OH CBfizaH C
BHYTPHS/IPBILIKOBBIM XpoMaTuHOM. Henb3sa MCKIIOUUTD, 4YTO
STOT XPOMAaTHH MABJSETCS BUOMMBIM TNPOSIBJIEHHEM JeHcCT-
pyrouteit THK. OrpaGotas B 0HOM MecTe, SAPLIIKO CMe-
WaeTcd Ha JApyroe, 4YTO O3HayaeT BKJIIOYEHHE [HDPYTHUX
yuactkoB JJHK B mpouecc cunresza uPHK. Iocrenosaresb-
HOCTb MOHOpuboHYyKeoTHaoB B uLenu PHK onpepmenserca
[10C/Ie0BaTe/IbHOCTBIO A30THUCTBIX OCHOBaHMM B  Lienu
Ie30KCHPUOOHYKIENHOBOM! KHCIOTHL.

O6paszoBaHve (DYHKLUMOHAJABHO AKTUBHBIX  MOJIEKYJ
PHK, koTopoe mpoposkaeTcs MOC/e 3aBepleHHsl TPaHC-
KPHMIILMH, HAa3blBAC€TCA NpoyeccuHzom. Y TPOKAapHOT MoJe-
kysnsl TPHK u pPHK o06pasyiorcs myTem pacuielUieHHs U
XUMHYECKOTO H3MEHEHHUs OINpejesieHHBIX HOBOCHMHTE3HPO-
Banubix neneit PHK. Hanpumep, y Gakrepuil KuliedHOil
najnoyku Tpu Buaa Mosekyn pPHK wu opHa mosexkyna
TPHK Bnipesarorcs u3 mnepsuunoit PHK. IlepBuunas
PHK copmepxur pasrpanunuusaiomue yuactku (puc. XVI).
Hpyras nepsnudas PHK cogepXuT HECKONBKO pas3/MUHBIX
BugoB TPHK wuaM Heckonbko Komuit OgHOH M TOH Xe
TPHK. CymectByior ¢epMedTs — Hykjeassl, KOTOpbie
pacuIeliIIOT U YKOPauMBalOT 3TH mpepuectsyowue pPHK
u tPHK. Hanpumep, pubonyxneaza P oGpasyeT mnpasu/b-
Hele §'-KOHUBI BcexX Mosiekyn TPHK B KjeTKe KHIIEYHOi
nasouku. Pubonywieaza III Boipe3aeT mNpeaiIecTBEHHUKH
pPHK wu3 nepsuunoit PHK u pacmennsier onpepeneHHble
CBSI3M B JABYXCHMPAJbHBIX IUMMJIEYHBIX O6/1acTsX.

IpyruM TUIOM NpOLIECCHHra sBASETCS NPUCOSAUHEHUE
HYKJIEOTHAOB K KoHUaM Hekotopbix PHK. Tperpum TunmoM
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NPOLIECCHHIA SIBJISIETCS] M3MEHeHUue OCHOBAHMN M pUOO3HBIX
OCTaTKOB.

Takum o6paszom, ecau 6e3 JIHK neBozMoxHa mepesaua
HACJeACTBEHHON MH(OPMalUMH OT KJIETKH K KJeTKe, To Oe3
PHK HeBo3MoOXXHa pacumdpoBka 4, CJIef0BaTeJbHO, pea-
Ju3zaums 3To KHopMauuH, KOTOopasi 3aKogupoBaHa B
OHK. OTHK u PHK B ¢yHKkUMOHaJIbHOM OTHOIIEHUHU
IONOJHAIOT JAPYT Apyra.

CTPYKTYPA PHBOHVKJIEMHOBBIX KHCJIOT

Hute PHK — 370 mocseqoBaTebHOCTb PUBOHYKIEOTH-
0B, coegMHEHHbIX B ofHy Uenb. PHK wumeer nuuelinyio
CTPYKTYPY MOJIEKYJIBI C OFPOMHBIM YHCJIOM BXOISAUIMX B Hee
COCTABJSIOLMX DJIEMEHTOB. PUOOHYKJIEOTHUIBI COENMHEHBI
Tak, YTO 00pa3sylT Hepa3BETBJEHHYIO HMTb GOJIBIION AJIH-
uel. CoeiMHeHHe pUBOHYKICOTHAOB MeXAY cOOOM ocyuiect-
pasercsd 3GUPHON cBA3bI0 Mexay S5'-docdartoM ogHOro
HyKJIEOTH/a U 3/-TUAPOKCHIOM pUOO3bI CIIEAYIOMIETO HYKIe-
oruga. OGpasyercs 5'-, 3’-dochonusdupHas CBI3b MeXAY
OBYMsl COCEIHUMM pHOOHYK/ICOTHAAMHU. YCJIOBHO [UISL OpH-
edtuposku kKoHen nenu PHK, kortopbiil 3akaHuuBaeTrcs
5’-ruapoKCWIbHOR rpymroi, naszsiBaloT 5'-koHuom PHK, a
koHel| uenn PHK, xoropwiii 3akanunBaeTcs 3’-rugpoKCcHiIb-
HO¥ rpynnoi, Ha3bBaT 3'-konuoM PHK. 3tor Koner mo-
JX€T OCTaBaTbCsl CBOOOAHBIM MM ObiTh hochopUIMpOBaH-
HbIM 3a CYeT IpUCOoeJuHEHMs Ha KoHel uemn ¢ocdopHoii
KHMCJIOTHI.

Vraesogubiit Komnonent PHK mnpexcrasnen pu6o3zoii.
Tak Kak pub03a OTHOCHTCA K KJaccy IMEHTO3, TO C 3THUM
GbUIO CBA3aHO W mepBOHayasbHoe HasBanve PHK —
MeHTO30HYKJIeMHOBble KUCa0Thl. Ho Takoe Ha3BaHME HE 3a-
KpENUIOCh B TEPMHHOJIOTMH, TaK KakK IEHTO3bl — 3TO HIH-
POKMIl KJIacC coefuHedui, a puGo3a sIBASETCS BCEro JIMIIb
ux yacTHeIM ciayyaemM. B PHK xe copgepxurcs u3 Bcero
KJlacca TIEHTO3 TOJbKO pubo3a.

A3soTtuctbiMu ocHOBaHMsAMM PHK ABRAIOTCS aficHUH U I'y-
aHKH M3 KJacca MyPUHOBBIX OCHOBAHMWI M LIUTO3MH M ypa-
I M3 KjJacca NUPUMHMAMHOBBIX OCHOBaHMI. B oueHb
uebonpmnx kKoquyectsax B PHK BcTpeualotcsi MHHOpHBbIE
ocHoBaHMs; ocobeHHo 3T0 otHocuTcs Kk TPHK.

A30THCTBIE OCHOBaHHUsS MPUCOEAMHAIOTCA K TEPBOMY
yIJIepogHOMYy aToMy NeHTo3bl. IlypuHOBbIE OCHOBaHHUS MpHU-
COEMHAIOTCS K MEHTO3€ yepe3 aToM a30Ta, HaXOAAIMHcH
B 9-M IOJIOKEHHH MypUHOBOrO KOJIbIA, a NMUPUMHINHOBBLIE
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a30THCTbIE OCHOBAaHMUA — yepe3 aToM a30Ta, HaXONAUMICA
B 3-M IOJIOJKEHHUH,

OtauunTensHOM ocobennocthio PHK or JHK siBnsercs
TO, YTO JJIA HEE HE XapaKTEepHO YCTOHUYMBOE CIIMpaJIbHOE
cTpoeHwue.

B cocraB PHK MokeT BXOOKTb OT HECKOJBKHX AECAT-
KOB [0 HECKOJIbKUX THICAY PUGOHYKIEOTUAOB. UMCAC HyK-
AeoTHAOB B Lend 3aBucut oT Buga PHK m moxer Bapbu-
posaTh B GoJibluMx npefenax. Mosekynsphaa macca PHK
Kosie6netcst or 10* mo 10°.

Cunurez PHK wu3 puboHYKJICOTHAOB KaTaau3upyloT
PHK-nonuMepass! wid, Kak HMX €lle HA3LIBAIOT, HYKJIEO-
TupmntpaHcdepassl — depMenTsl M3 KJacca Tpaucdepas.
PHK-nosuMepasbl 06HapyxeHsl BO BCEX JKMBBIX OpraHHM3-
Max. OHM MOIYT COCTOSITh W3 HECKOJBKHUX CYObeanHHML,
nanpumep PHK-monuMepasa kuieyHod NasioOukd COCTOHT
u3 5 cybvemuumy,. [lnsi ee pyHKIMOHMPOBAHUA HEOOXOAU-
Ma TakXXe 0-4acCTHlla, KOTOpas OCYIecTB/lfeT CBA3b dep-
MeHTa ¢ npomotopom matpuuynoit JJTHK. B kserkax syka-
puor cyuectByior Tpu ¢opmbl PHK-monumepas: sppoimi-
KOBasl, MUTOXOHIpHaJbHasi U HyKJEOIUIa3MaTU4eCKas.

Crpyxrypa PHK onpegensiercss mociefoBaTe/IbHOCTBIO
pUOOHYKJIEOTHUAOB. JTa MOCJEAOBATEBHOCTD PHOOHYKIIEO-
THJIOB B liellM Ha3blBaeTcA INepBuyHOH cTpyktrypor PHK.
IlepBuuyHasi CTPYKTypa CTpOro cmernyduuHa ¥ YyHUKaJibHa
ona kaxporo Bupa PHK. Ilepeuunas ctpykrypa PHK
npescTaBisieT co0oit cBoeoOpasHyIo 3amuch GUONOrMIECKON
uHbopManuy, 3akoauposanuyio B PHK onpepenenHsM Ha-
60poM pUBOHYKJIEOTHIOB, ¥ ONpPENENsieT BTOPUUHYIO CTPYK-
Typy, KOTOpast NposiBisieTcA B 3akpyuuBanud HutH PHK B
crivpasib. TPETHYHas CTPYKTYpa TaKXKe ONpefesfaeTcs mep-
BUYHOM CTPYKTYPOH M HpeAcTaBiseT coboil mpocTpaHCT-
BEHHOe pacnoJjioxeHue Bceil Monexyasl PHK. TpernuHas
CTPYKXTypa BKJIIOYAET BTOPHUYEYIO CTPYKTYPY M Te (PparMeH-
ThI TOJHHYKJICOTHIHOH Uenu, KOTOPhIE COEZUHSIOT OAUH
Y4aCTOK BTOPUYHOM CTPYKTYpHI C APYTMM. 2TO B3amMopac-
noJjioJKeHre u c¢sa3b ¢parmenro PHK.

Bropuunas u TpetuHas crpykrypet PHK dopmupyeres
IpEeYMYLISCTBEHHO 3a CYeT BOJOPOAHBIX CBA3eH W THA-
podoGHBIX B32WMOIENCTEHI MeXAY a30TUCTHIMK PHOOHVK-
JIEMHOBBLIMU CCHOBaHUSAMH. Tepmusn «ruApodOOHbIA» 03HA-
YyaeT, YTO AAHHOE BELIeCTBO WJIM IPYIIa 3JIEMEHTOB B Of-
HOM H3 Y4acTKOB MOJIEKYJ]Bl OTTAJKHBaeT Boay. TepmHH
«riEPOGUIbHEIN» NPUMEHAIOT IO OTHOLIEHWIO K BEILIECTBY
MJIM TPYINE B3JIEMEHTOB, NPUTACHBAIOLINX BOXY. MOsEKyJibl
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rupooGHOro BellecTBa BO3AEHCTBYIOT CHJIaMU DJIEKTPOH-
HOro NPHUTSKEHUs Ha MOJEKYJbI yrieBonoponos. OT Kosu-
YecTBa M PacCIOJIOKEHUA BOJOPOJHBIX CBA3CH M KOHTAKTOB
rufipopoOHOro B3aMMOAEHCTBUSA 3aBHCHT IPOCTPAHCTBEH-
HOe pacrosioxeHne (KoHUrypauus) Bced MOJIeKyJbl puo-
HYKJIEHHOBOH KHCJIOTEHIL.

Muorue PHK BxomsaT B cocraB mykaeonporeudos —
KOMIUIEKCOB G€/IKOB C HYKJIEWHOBbIMH KHCJIOTaM#. U3 pu-
GOHYKJ/ICOIPOTENIOB COCTOSAT MHOIWE BUPYCHI, HampUMep
BUpyc TabayHOi MO3aWKH.

MHEeOPMAUMOHHAS PUBOHYKJIEHHOBAA KHCJIOTA

Hndopmaumonnas PHK mporpammupyer cunre3 Gesi-
KOB KJIeTKH. HecMOTpA Ha OTHOCHTENIbHO HM3KOE IPOLEHT-
Hoe copepxanme B obmeir macce PHK kmetku, uPHK
o 3HAYEHWIO CTOMT Ha mepBoM Mecre. VIHdopmanuonHas
PHK ocymiecTBiasieT HeNOCPeACTBEHHYIO IepeAauy Koja
IOHK s cMHTE3a KJIETOUHBIX OE/IKOB.

CooTBeTCTBEHHO TOMY, uTo Mosiekyabl uPHK ucnonnsy-
IOTCS [/l CHHTE3a pa3HbIX OEJKOB, OHU IPE/CTaBJIEHH
MHOTMMHM BHJA@MH, KOTOpbie, €CTECTBEHHO, OTJIMUYAIOTCA II0
CBOEHl IIOC/IENOBATEIbHOCTH HYKJIEOTHIOB M MOJEKYJsIp-
noit macce. Kaxxasii 6esok KaeTKM Kopupyercs crierudu-
geckoit uPHK wmm cremuduyeckuM yyacTKoM 3Toi Moste-
Kyael. Kaxpplit 6enok TpebyeT cOOTBeTCTBYIOIEH eMy
uPHK. Tlosromy wPHK xapakrepusyiorcs 3HAUMTEJBbHOM
Pa3HOPOAKOCTBIO. DTa rpymma pa3HbIX IO pa3Mepy MoJie-
KyJ, Macca KOTOpHIX MoXeT KojiebGatbca ot 10* mo
2-10°,

BuocunTe3 uPHK ocymecrsngeTcss B A[pe B Npoliecce
TPAaHCKpUILLKH. B Xofe TpaHCKpUIMLIMH CTPOUTCS HYKJIeo-
THpHaA nocneposatensHocTs #PHK, coorsercTByOmas HY-
KJIEOTUIHOM MocJefAoBaTeabHOCTH oauoi M3 nermed OHK
XpOMOCOMBL. Tpanckpuiiuusi ocyuiecTBaseTcss (epmeHTa-
THBHBIM nyTeMm. Ilo cyt¥ pesna, TPaHCKDHMILUIO MOXHO
MpefCTaBATh KaK NepeBOJ, reHeTH4eckoil uudopMaluy, 3a-
KJIIOYeHHOW B IociepoBartenbHoctH HykiaeotuacB JHK, B
MOC/IEI0BATEAbHOCTD HykiaeoTunos uPHK. Ortnuiie ot 6uo-
cunre3a [IHK 3pgech 3akiroyaercsi B TOM, UYTO CTPOMTCH
oguuounasi HuTh uUPHK. Asoructoie ocuoBanmg uPHK
KOMIUIEMEHTapHbl a30TucTeiM ocHoBaHuAM LHK coortser-
CTBYIOIIEr0 Yy4yacTKa, C KOTOPOTO MPOMCXOAMT Iepenychi-
BaHMe reHeTHdeckoi wuHdopmauuu. Ilocne oxoHuanHus
tpanckpunuun uPHK nepexoaut Ha puGOCOMEIL, Te C Hee
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NPOUCXOAUT CUMTLIBAHUE WH-

dopmauuy B TIOC/IEOBaTe/Ib-

Tpunner 1 HOCTb aMHMHOKMCJIOT pacTylieH

noaunentuaroil uenn. IMocne-

ZOBaTeJIbHOCTD TPHUILIETOB

uPHK onpepesnsier mnociefno-

BaTeJIbHOCTh aMHUHOKHUCJIOT B

pactymeit uenu Genka. Eciu

BHayaJie MaTpullell I/if CHTe3a

Tpunner 2 uPHK cayxwuna OHK, to Te-

nepb uPHK cama cayxur mar-

puLeil A MOCTPOeHHus GesKo-

Boit nenu. [ToaToMy cymecTByeT

Puc. 3. 'eomeTpuueckoe pacmno- ewe oano nassamme uPHK —

JIOXKEHHe HyKNeoTHoB B Tpun- MaTPHYHAA PHK (puc. 3).

nere uPHK. Lludpamu 0603Ha- OT/MYNTENbHOI 0COOeHHO-

yeubl OTHeNbHble HykJIeoTHibl Tpi0 UuPHK ot pPHK u TPHK

TPHILICTOB. siBnsieTcs To, uro uPHK obaa-

JaeT HU3KOM yCTOMUYMBOCTBIO B polecce 06MeHa BELECTB —

uPHK sBaseTca OTHOCHTEJBbHO MaJIOXXHUBYIIEH MOJIEKYJOM.

Eme omuoit xapakrtepHoit ocobennoctoio uPHK sBiseTcs

HaJIM4yye B Hed ydyacTKa IOJIMaficHUJIOBOH KMCJIOTBI, COCTOS-

el 13 JECATKOB U aXKe COTeH PUOOHYKICOTHAOB, B COCTABE

KOTOPLIX HaXOJMUTCA OJHO M TO K€ a30THCTOE OCHOBaHKE —

apennH. IToaraneHua0Bast KMC/IOTA MpUCOeArHEHA K 3'-KOH-

ny Mosexyanl uPHK. Mexnay 3’-xonuom uPHK u noaunane-
HWJIOBOM KHMCJIOTOH BOZHHKaeT KOBaJIEeHTHasl CBA3b.

HexoTtopble oTAE/IbHBIE HYKJICOTHUABI SIBJSIIOTCS perys-
Topamu npouecca tpasdckpunuun uPHK. Tak, npu ymeHb-
IIEHWU KOJIMYeCTBa BHYTPHMKJIETOYHOTO HYKJIEOTHHA — LIMK-
JInyecKkoro ageHo3uHMoHodochara — TpaHckpunima uPHK
rnojaesjsercA. ITO IPUBOSUT K TOPMOJXKEHHIO CHHTE3a
Geska. ’

B xyieTKax MPOKapHOT, B YACTHOCTH OakTepuii, mpoiec-
Cbl TPAHCKPHUIILUU U TPAHCJISLMY B3aMMOCBS3aHbI, ITOCKOJb-
Ky OCYIIECTBJASIOTCS B HEMOCPENCTBEHHON MNPOCTPaHCTBEH-
HOIt GaM30CTH.

IIponecc mepeHoca rexetnuyeckoit mudopmauuu ¢ AHK
B LMTOIVIa3My KJIETKH Y 3YKapHOT HECKOJBbKO OTJIHYAETCS.
OcHOBHOE OTJIMUME 3aKJIIOYAeTCA B TOM, YTO B KJIETKAX XM~
BOTHbIX npouecc TtpaHckpunuuu uPHK wu Tpancasauuu
ungopmauuu ¢ uPHK npocrtpancreenno paspenenst. ITpo-
LlECC TPaHCKpHIUMH, T. €. OuocuHTes uPHK Ha McxomHoi
JAHK, nokamm3oBaH B Afpe KJIETOK, a TPaHCHALMUS HPOUC-
XOmUT B uMTOomIa3me. Kpome TOro, XpoMocoMnl 3yKapuoT
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Puc. 4. Mexanusm ¢yukumounpopanus nonupubocombl. Cuntes Gesnxa

Ha puGOCOMax NPOUCXOAMT HE3aBHCHMO ApYFr oT mpyra. Kaxmas puGo-

coMa, nepemewasch Baonb uenu uPHK, cuHTesupyer CBOIO NoOJMIENTUA-
HYIO LeTb CaMOCTOSITEJIbHO.

cozepxkaTt, nomumo JHK, Takke HeKoTOpOEe KOJIHYECTBO
PHK u 6eska.

IlpakTueckn Bca uuromsasmaruyeckass uPHK, oco-
GeHHO JXHMBOTHBIX KJIETOK, JIOKAaJH30BaHa B cocTase pubo-
COM, KOTOpble 00pa3yloT rpymibl, Ha3biBaeMble NOJMPHUGO-
COMaMM MJM NpocTo noJucomamu. Takum o6pasom, B co-
cras nosucom BxoauT uPHK u rpynna puGocom. K uPHK
[IPUCOEAUHEeHbl pXBOCOMBI, Ha KOTODBIX OCYILECTBASETCS
cuute3 Genka (puc. 4). IlpoucxoguT cuMTHIBAHME, WY,
KaK TOBODAT, TPaHCASALMS, reHeTUYEeCKOH HHdOpMauuH C
uPHK. Tak xak TpaHCASILMS NPOUCXOAUT INOCJIeN0BaTE/b-
HO no Bcelt pauHe moaekyanl uPHK, To Ha kaxpgoit pubo-
cOMe HaxXOAUTCH GesI0K Ha pa3aMuHOM CTagMU 3aBEepLIEHHS
GuocuHTe3a.

TPAHCIIOPTHAS] PUBOHYKJIEMUHOBAA KUCJIOTA

Tpancnoptuast PHK OTHOCHUTCS K HUZKOMOJIEKYISAPHBIM
tunam PHK, Mosexynsipuas Macca KOTOpbIX KoJebuercs
or 23000 mo 30000, tak xak B cocraBe TPHK wnaxomurcs
ot 75 po 90 putonyxneotunos. Opyrue tanei PHK umeror
ropasgo Gosbiune pa3mepsl. B cBsi3u ¢ HeGOJBIIOH Mose-
KyasapHon maccoit TPHK serko oTAensiloTcsi OT ApPYyrux
tunos PHK ¢ nmoMouipio pazimuHbix MeTOLO0B (PpaHKLIUOHU-
poBaHMs. YIOGCTBO BbiE/JeHUsI M OTHOCHTEJIbHO MPOCTast
CTPYKTypa (COCTOMT M3 HeGOJbIIOro uMcaa puGOoHyKJIEO-
TUJOB) mpuBesu K Tomy, uto TPHK siBasiercs HanGonee
U3YYEeHHOH MOJIeKy/I0i GeJOKCHHTE3UPYIOLER CHCTEMBI.

OcnosHoit dyukuueit TPHK siBasieTcst TpaHcmopr aMu-
HOKHCJIOTH Ha COOTBeTCTBYIOmuM yyactok uPHK B moau-
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comax. Tpaucnopriag PHK kak Obl BemmosnseT GyHKIHIO
aBTOMOOWJISI, IOABO3SIIETO CTPOUTEIbHbIN MaTepUal K BO3-
BOASILIEMYCsI 3AaHUIO OesKa.

Muorve TPHK BhesneHbl B Oosiee MM MEHEE YMCTOM
BUJE B FOMOT€HHOM COCTOSIHMM, HEKOTOpbIE M3 HUX IOJIY-
YeHBl B KPUCT2JLTUUECKOM BHIE.

Ona muorux TPHK wu3yuena mosHasi mociiefoBaTesib-
HOCTb HYKJICOTHAOB B LICIM MOJIEKYJIBI.

Iepsoit ormyuTebHON ocobennocTsio TPHK ssnsercsa
TO, YTO B HX COCT3B BXOJAWT 3HAUYMTEJbHOE KOJIHUYSCTBO
MUHODPHBIX OcHoBaHuii. Comepxanye MUHODHBIX OCHOBaHMH
poxomut nmo 10 9 ot obuero uuciaa ocHosanmit TPHK.

Bropoit otnmunTensHoit ocobennoctoio TPHK seiser-
Csl TO, YTO B WX CTPYKTypY BXOJAT HKEOOBbIUHLIE MOHO-
HYKJICOTH/bl, HANPUMED NCEBAOYPUAUIOBAS MW PUOOTHMHU-
[MJIOBAST KUCJIOTHI

ncespoyprannosasn HMCNoTa pw6ommnunnoaaﬂ HUCnoTa

B rniceBOOypUAWIOBOW KHCJIOTE TJIMKO3UAHAS CBA3b Ha-
XOAMTCA B MOJOXKEHHM 5 ypauusia, a He B OOBLIYHOM IIOJIO-
XKeHur 3. PUOOTUMMAN/IOBAS KUCIOTA — MUHODHBLA HyKJIe-
OTHJ, TOCKOJbKY B HOPME THMHH — 3TO KOMIIOHEHT HE
PHK, a JHK.

Tpetbeit XapakTepHoit ocobenHoctsio TPHK sBisiercs
TO, YTO BC€ OHY HA OJHOM KOHIlE UMEIOT MOCJETHUM HyKJIe-
OTHIOM OCTATOK TyaHHJIOBOH KHUCJIOTH], KOTOPasi COEEPXXHT
noGasouny ¢docdaTHyo rpyamy. DTa rpynna HaXomuTCH
npu 5’-rugpoxcuabHol rpymme. Ha pgpyroM koHie mnosw-
HykseotugHot nenoukn TPHK waxopgarcs Tpu Hykiaeorupa:
LMTO3UH-UATO3MH-agennH. O6was crpykrypa TPHK mpen-
CcTaBjela B BHJE IOCJEAOBATE/JIbHOCTH I'yaHHH7s—go-11UTO-
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3uH-uMTO3uH-afneHud-OH. Iludpamu oTMeueHo HpuGIU3U-
TEeJbHOE KOJIMYECTBO MOHOHYKJIEOTH[OB, BXOJSIIUX B CO-
craB TPHK.

K mocnepoBatensHocTé HykKaeotupoB IIITA Mosekysier
TPHK Kk cBo6opHoi 2’- wam 3’-rupOKCHJIBHOM rpymie
KOHIIEBOTO OCTaTKa aJeHHUJIOBOM KMCJIOTHI NPUCOEAUHSIETCA
crienpduueckas B otHowenun pansoit TPHK a-amuuoxuc-
aora. Takoe mpucoeguHeHWe aMUHOKHCJIOTHI OCYIIECTB/ISA-
eTcs uepe3 oOpa3oBaHHMe CBA3M MEXAY KapOOKCHMIIBHOM
rPYIIIOii 3TON aMUHOKHCJIOTH U 3'-rHAPOKCHIILHOM IPYINOH
KOHIIEBOIO OCTaTKa aJIeHMJIOBOM KHCJIOTB, HaxopsuieHcs
Ha KOHIEe OofHOM w3 nosymnentuaubix ueneir TPHK. TIpo-
1lecC, B pE3yJAbTaTeé KOTOPOrO HPOMCXOAMT 0Opa3oBanue
CJIOKHOI(UPHOK CBA3H, Ha3blBaeTcs arepuuxayueii. 3re-
pudukanua mporekaeT mop meicrsueM dbepMeHTOB. B pe-
3y/bTaTe 3TOH peakumu obpasyeTcs akTuBHas dopMma amu-
HOKMCJIOTBI, Ha3biBaeMasi amuHoaumia-rPHK:

Ms=90 LUA=Q—C—CH(NH,) R

Monekyna tPHK  wumeer L-obpaznyio  dopmy
(puc. XVIII).

B uuromiasme kiaetku Mmosexkyast TPHK mpencrasieHbr
neymsa dopmamu: 3to TPHK 8 cBoGonuoit popme u TPHK,
CBA3aHHasA C aMUHOKMCJIOTOH. Kaxk mpaBuso, AIs KaXXaou
aMuHOKHMCJIOTEI cymecTByeT omHa TPHK. Opmako, ectb
aMUHOKWCJIOTH, KOTOpBIE nepeHocsTcs pas3Heivu TPHK.
Hanprmep, p/is GakTepuy KMIIEYHOM MaJIOUKU YCTaHOBJIEHO,
YTO aMUHOKMCJIOTA JICHIIMH ITEPEHOCUTCSA NATHIO Pa3/IUYHbIMHU
TPHK, aMHHOKKCJIOTAa CEepHH TNEPEHOCHTCA TOXE IATLIO
pazesivu TPHK.

Kak ofuapyxum tPHK u poxazam ee dbyHxuuo?
Oco60 TOHKO M3MeJbYEHHbIE KJIETKY ME4EeHH — 20M02Ze-
RaTbl pa3fesUNM Ha deTbipe wacty (¢pakuuu): AACPHYIO,
MHMTOXOH/APHAJIbHY0, MHUKDOCOMHYI, ¥ pacTBOpumMyio (LHu-
T030/b) . OKa3aJ10Ch, YTO MUKPOCOMBI COJEP)KAT PUOOCOME,
Ha KOTOPHIX OCYWIECTBASieTCA cuHTe3 Oenka. Ho camu
no ceGe opHW puOCCOMBI CHHTE3MPOBATH GEJIOK HE MOTYT.
IOna ero cuHTe3a HyXHO 00s3aTe/IbHOE MNPHCYTCTBUE O-
MOJHUTEJBHBIX (PAaKTOpPOB, TaKuX, KaK aMWHOKHCJIOTH,
AT®, a TakXe LUTO30JIb — JXUJAKAs COCTABASIOWIAsS UXTO-
IIa3Mbl BMECTE € pPacTBOPEHHLIMM B HeH BeleCTBaMH.
Yro e HaXOAWTCS B UUTOILIA3Me, UYTO ZejaeT BO3MOIKHBIM
cuHTe3 GeJIKa MpU HAJMUYKM BCEX OCTAJbHBIX KOMIIOHEHTOB?
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IIpy TIIATEJIbHOM HM3YYEHHUH OKa3ajoCh, YTO B LIMTOMJIA3Me
npucyrcteyer TPHK, kotopas ocyuecrBaser mnepeHOC
aMMHOKMCJ/IOT, TPAHCTIOPT MX M3 JKMAKOH cpenpl Ha pubo-
COMBI, B MeCTO HEIOCDPEeJCTBEHHOI0 CHMHTEe3a OeJiKa.

PUBOCOMHAS PHBOHYKJIEMHOBAA KHCJIOTA H PHBOCOMbI

Pu6ocomuas PHK, tak xe xak u uPHK, umeer Gosb-
LIYI0O MOJIEKYJfADHYIO MacCy, HO B OTJIM4YHe OT HocCJefHei
XapaKTepu3yeTcsl OTHOCHTE/IbHOM MeTaboJM4ecKoi cra-
6uapHOCThIO. [lOC/Ie CHHTe3a OHM CYIIECTBYIOT B KJIETKE
Gosee mpoposKUTENbHOE Bpems, yem uPHK. PuGocomuyio
PHK swipensiror u3 cmecu ¢ TPHK, mosyunsmeitcs nocie
COOTBETCTBYIOLIEH 06paboTKM roMoreHaToB TKaHeil. YucTtole
npenapatsl pPHK noayyaioT ¥3 ounuieHHbIX pubOCOM MM
K3 COCTaBHBIX yacTelt pubocom — cyboedunuy.

Pu6ocomuyio PHK skcrparupyior u3 pubocoMm ¢ 1o-
mowsio denona. Tak, Hanpumep, nocie akcrpakiun pPHK
u3 pubocom Kuiueunoit nanouku pPHK noayuena B BHze
JIMHEHHBIX OHOLIENOYEYHbIX MOJIeKyJ TpeX BHAOB. PuGo-
comHass PHK copepXuT yeTnIpe riiaBHBIX a20THCTBIX OCHO-
BaHUs: aficHWH, TyaHWH, UTO3MH U ypauui. Craepyer orT-
meTuth, uTo B pPHK, xak u B TPHK, »exoroprie Hykseo-
THIbl METWIADOBAHBL, T. €. METHUNMPOBAaHBI UX OCHOBAHUAL.
CyluecTByeT HECKOJIbKO TPEAIoIoXeHUd o0 PYHKUUAX, KO-
Topele BhinosiHser pPHK.

Crpykrypa crneuudHyecKUX Y4acTKOB CBA3bIBAHUSA B
pubocomax, MO-BUAUMOMY, OINpEHENsieTCH CBONMCTBaAMH
pPHK. BrICOKOYNOpsALOYEHHOE PAacHoNIOXeHHE UX Ha pubo-
COME M CaMo CTpOeHHe PUOOCOMBI TaK)Xe ONpelessiioTCs,
HaBEpHOe, MOC/IeAoBaTebHOCTbIO HykaeoTunos pPHK. Ha-
uGosee MOAPOGHO MCCAENOBAaHO CTpPOoeHHE pubocoM GakTe-
puit. Ecau BbI3BaTh KakMM-Ju6o crnocoGoM HemoJiHOe pas-
pyllleHue 3THX puOOCOM, TO OHM pacHajaTcs Ha ABa
dparmenra, kaxpapli #3 Koropeix cocrout u3 PHK nu
0eJIKOB, KOJMYECTBO KOTOphiX cocrasiasier 20—30 B xax-
noM ¢parMenre.

IMpupona co3jasa yHMBEPCAAbHYI0 OpraHU3aLMio puto-
coMm. Kakoll 6bl XMBOH OpraHM3M HU B3sUIH, B JIOOBIX €ro
KJIEeTKaX PUOOCOMBI MOCTPOEHH! MO €AWHOMY IUIaHy: OHH
COCTOAT U3 OBYX CyObeAuHMI, — OOJbIIOH M Mayol. Bosb-
mas cybopefununa pubocombl kiaetok cofepxut pPHK
¢ MoseKyasipHOit Maccoit ot 1,1- 10% mo 1,65- 10° a ma-
nas cy6bemuuuna — ot 0,5 10° mo 0,65 108,

Pubocomuble Genku HepacTBOpuMbl B Boge mpu pH7 B
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oGbIuHbIX ycaoBusAx. HepacTBOopuMOCTh PHOOCOMHBIX GeJ-
KOB CBsI3aHa C TeM, 4TO OHM MpEeACTaBJsIOT Co6OM KOM-
NaKTHbIE CTPYKTYDbI, CBEpHyTble B KJIyOOK. 20 pasnuuHbIX
GesIKOB, KOTOpblE BXOOAT B COCTaB, HalpuUMmep, OJHOH U3
puBOCOMHBIX CYyObeqMHHL, MOXHO Da3fe/UTb C MOMOIIbIO
snekTpodopesa B moauMakpwiamuaHoMm rese npu pH 4,5.
MOJHO 3KCTParupoBaTh CyObeAMHUIBI pUOOCOM KOHLIEHT-
pupoBaHHEIM pacTBopoM xsopucroro nesus (Cs Cl). Ilpu
sToM, HanpuMep, U3 30 S-cyObeauHULBI B MATKHX YCI0-
BUSIX M3BJEKAIOTCA TONBKO MOBepXHOCTHble Oesnku. He u3-
BIeKaeTcs 6oJee cTabuibHas, YCTOWYMBAsA K ODKCTPAKLMH
cepaueBuHa. W3 cepaueBuHbI GefKM M3BIEKAIOTCS TOJBLKO
Gosee xecTkuMHM Metogamu. Cep/lieBHHA, OCTaBIIASCS IO-
cJie DKCTpaKUMH, Bbiiessiercsi B Buge 23 S-dparMenra.

PuGOCOMBI 3YyKapuOT [0 CBOMM pa3MepaM Tropasyio
KpyrHee, YeM puOOCOMBbI MPOKAPHOT: AMAaMETP MX COCTAaB-
asieT 22 HM, MOJIeKyJifpHas Macca — okoso 4-10°.

Kak Gosbluasi, Tak ¥ Manas cyObeAMHUIB pubocom
npeAcTaBaAsaT coboit kommiekc pPHK u 6enka — pubony-
KJICOTIPOTENHbIA KOMILIEKC MM TaK Ha3biBaeMblii puOOHY-
KJICONpOTenaHbl Tsx. KoHumenuuio puOOHYKIEONPOTEHSI-
HOro Ts)Xa BbIABUHYJ B 60-¢ roapl OTEYECTBEHHBI yue-
uetii A. C. Cnivpun. B pu6ocomHuoit cyObepuumLe MoJieKysia
pPHK ciiyXuT Kapkacom s NpucOesMHeHNsT puOGOCOMHBIX
Genxkos. ITocse TOro puOOHYKJIEOMPOTEMIHBIA TSX CBOpa-
ymBaeTcA B 0ojiee KOMIIAKTHYIO CHCTeMY, 00pa3ys TpeTHU-
HYI0O CTPYKTYpY — BO3HHMKaeT COOGCTBEHHO puGOcOMHas
cyObeauHuLa.

Crpoenne puGOCOMBI oOmnpefesseT (BYHKUHMOHAIBHOE
npepgHa3HaueHue pPHK, koTopasi BEIMOJIHSAET CTPYKTYPHYIO
¢dynkumio B pubocomax. Tounee, ¢pynkuus pPHK cxogna
¢ GYyHKIMAMHM TaKUX CHCTEM, KaK aKTOMMO3MH MBILIL,
MHMKPOTPYOOUKM JKIYTMKOB B3YKapHOT, T.€. C MOJIEKYJsip-
HBIMH CHCTEMaMH, CIOCOOHBIMHM K COKDALIEHHIO U Mepe-
MELUEHHIO.

Kpome Broicokomonekyaspuoit pPHK, B cocras pu6o-
COM BXOOSAT ABe Hu3KoMmosiekyasipuble pPHK, Takke Bbl-
nosHsA©mKe CTpyKTypHble dyukiuu. OpHa u3 3thx PHK,
cBsA3aHHas C Oosboit cyGbemuuMied pubocombl, comep-
KHUT Bcero okono 120 puGonykaeorunos. Takas PHK
ofHapy>keHa BO BCEX KJeTKax M OakTepHsixX, KpOMe KJIETOK
pacrtennit. C Gosblioit pubOCOMHOM CyObeauHuLeil CBsi3a-
Ha ewe ofxa HusKkomosekynspuas PHK, koropas oGHapy-
JKeHa BO BCeX PaCTUTE/NbHbIX M JXMBOTHBIX Kierkax. Coe-
nuuenne sto PHK ¢ pPHK Goabmioit pubocomHo#i cy6n-
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€IUHUIBI OCYIIECTBJSETCA C IOMOILIBIO BOAOPOAHEIX CBHA-
3ed.

CrpykrypHas ¢yuximsa pPHK sBisiercs OCHOBHOH, HO
He HucuepnbiBaomed. YcraHomneHo, utro pPHK BricTymaeT
B poJaHM CBOeOOpa3HOro sAKOpA, 3a KOTODHEIA UeIisfeTcs
uPHK. Ilo xpaiineit mepe B mosiekyse ¥uPHK u B Mosnexysne
pPHK unmerorca crenuduyeckre KOMIUIEMEHTapHbIE yJacT-
K#. 3a c4eT ITHX yYaCTKOB OCYLIECTBIAETCA €PBOHAYAIbHOE
ceasuBanre uPHK u pubocoMsr.

Eme ognont ¢dyuxumess pPHK spiserca ¢opmuposanue
aKTUBHOrO LieHTpa puGocoMbl. B aKTHBHOM LEHTpPE IpO-
UCXOAUT 00pa3oBaHUe NENTHUIHBIX CBA3EH MEXZY MOJIEKY-
JlaM¥ aMHHOKHCJIOT B NpOLECCE CHHTe3a Oeika.

Cunresupyercsi pPHK B sigpe kieTok, a ToyHee, B SA-
peiinke. CunTe3 pPHK ocymecTeasieTcsi ¢ MOMOUIBIO crie-
uuduyeckoro depmenta, Koropolii HaspiBaerci PHK —
nosiumepasoil. Cunre3 pPHK ocymectsisieTrcss Ha omnpexe-
aeuHblX yyactkax Hutd A HXK, Kaxxgpiii U3 KOTOpPHIX KOAM-
pyetr cootBercTeyomyio pPHK. B THK xjieTku coaepXur-
csl GOJIBIIOE YHMCJAO KON T€HOB, KOAMPYIOIHMX MOJIEKYJIBl
pPHK. Pu6ocoMHble T€HBI B 3aBUCMMOCTH OT BHJAA Opra-
HM3Ma MOTFYT ObITb CrPYNIMPOBaHBI B OfHON XpOMOCOME
VJIM PacloJIOXKEHbI B HECKOJBKUX XPOMOCOMaxX.

Cxa3aHHOe BHIIIIC MO3BOJIAET CHEJaThb BBIBOA, YTO BCe
tunol PHK npepcraBnsor co6oit GhyHKUHMOHANBHO 00beau-
HEHHYIO CHCTEMY, HalTlpaBJICHHYIO Ha OCYIeCTBJIEHUE CHHTE3a
MOJIeKyJ1 Genka.



Tnasa 5

POJib HYKJIEMHOBBIX KUCJIOT B BHMOCHUHTE3E
BEJIKA

€KY SIBJSIOTCH HEOOXOLMMbIM KOMIIOHEHTOM JIH000ro

JK¥BOTO OpraHu3ma. B opraHm3Me OHH BBIIOJHSIOT Dsif
dyukuMi, 00ecneyrBalOIUX €ro JKK3HeNeATeJbHOCTh. M3
0eJika B KOMIUIEKCE C [APYI'MMH OPraHU4YeCKUMHU BElIECTBAMM
NOCTPOEEbl BCe KJIETKU W MHOTME BHEKJIETOYHbIE o0pazoBa-
HMA — 3TO MJacTuueckas dyaxkuus Beaxu obiana-
JOT TaK)XX€ KaTaJMTHUYECKOU cnocobHocToio. Taxue
Oeski HasblBalOTCH (QepmeHTamu. bBe3 QepMEeHTATHBHOTO
KaTanu3a He NMPOTEeKaeT MOYTH HY OfHa OMOX¥MHYEecKas pe-
akuusg. CymecTsyioT 6esiky, BHITOAHMIONHE clienuduueckue
dysxumd. K takum GenkaM OTHOCATCS aKTHH M MMO3HH,
KOTOpHE O00SCHEUYKBAIOT COXPaUIEHWE MHOTUX OPraHoB M
TkaHell. BeMka TpaHcmopTHAasA QyHKUMS Oenaxkos.
IlepeHOC BEIECTB B KPOBH OCYINECTBISIETCA OTAE/IBHBIMH
GEe/KOBBIMU MOJIEKY/IaMK, HANpUMep aJIbOYyMHHOM M JIUIO-
NpOTEUAHBIMY KOMIUIEKCaMu. PerynsatTcpHa s byHk-
LUs OCYIECTBISeTCs 6enKamu-ropMoHamu. bosbiioe 3Haue-
HEe [JIsi OpraHN3Ma WMeeT Takke 3a MU THa g PyHKIUA
GenKOB, OTBETCTBEHHBIX 3a HWMMYHUTET. HMMMyHUret —
HEBOCIPHUMYMBOCTD OPraHM3Ma [I0 OTHOLICHMIO K BO3OYyaU-
TenaM Oosie3Helt M onpeenesbM aaaM. K Geskam, obec-
TeYNBAOMUM UMMYHHUTET, OTHOCATCH, HaOpuMep, MMMYHO-
rio0yvHbL (aHTUTENA) , IU301UM, KOMIUIEMeHT. Y Haxower,
TIpeJICTaBIsieT OrPOMHBIAI MHTEpeC peNenNTOpDHAasA
dbyHKIMA OENKOB, HAXOAALMXCA HAa MOBEPXHOCTH KJIETOK
¥ B3aHMOZENCTBYOUIMX C TOPMOHAMHU U aHTUreRamu. K adTu-
reHaM OTHOCATCS Pa3JIMyHbIe Abl, GaKTepuE, BUPYCHI, UyiKe-
pOAHBIE KIETKH.

Hcxonsa u3s nepeunciaesHblx GyHKIMH GeNKOB CTaHOBUT-
cs IOHSITHOM Ta pOJib, KOTCPYIO OHH HIpalOT B JKH3He-
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[IeATEeJIbHOCTH KJIETKM M opraHu3Ma B nesoM. Ho kak xe
obpasyrorca 6enku? YTo MO3BOMSAET MOCTOSTHHO MOMOJIHATH
ypoBeHb Ge/IKOB B OpraHu3Me 0e3 yXyameHusi UX CBOMCTB?

Oxa3sblBaeTcsi, YTO B Opraiu3Me CyLIECTBYeT eJUHas
6eJIOKCHHTE3UpYIOILAas cUcTeMa. B Hee BXOAUT CHUCTEMa Hy-
KJIEHHOBBIX KYCJIOT, KOTOpasi MpeAcTaBieHa COBOKYIHOCTBIO
IOHK u PHK. OOmas cxema cuHTe3a OeJKa C ydyacTHEM

BCEX THUIOB HYKJIEMHOBBIX KHCJIOT IpeACTaBIeHa Ha
puc. XX.

TPAHCKPUIMIIUSA — NEPBLIA 3TAN PEAJIM3ALINU
FEHETUYECKO! MHO®OPMALVIU

Ienernyeckass uubOpMauusi BHauasle MEPEHOCHTCH C
OHK na yPHK. 9ToT mporecc Ha3bBaeTCA TPAHCKPUMIIHU-
eit. Ins TOro yroObl MPOM3ONILIA TPAHCKPUILMS, HeOOX0-
JUMO TIpe[BapUTEJBHO MMETb HOCTYIHYIO ISl CUMTHIBAHWA
undopmanun JHK. ITosTomy BHauyase DpOUCXOAUT PacKpy-
yupanue cnupamu O HK.

PackpyuuBaHue cynepcnupaiy Uisi CYUTHIBAHUS IeHETH-
yeckoi MHMOpPMALUU IPOUCXOOUT HE MO BCEH JIHHE Xpo-
MOCOMEI, @ B CTPOTO OIIPE/ie/IEHHOM MeCTe — TaM, I/ie Ipo-
ucxomat cunres undopmanuonnoir PHK (puc. 5). O6pasy-
I0TCS TaK Ha3biBaeMble myddnl, KOTOpbIe BUAHEI B CBETOBOM
MHKDPOCKOIl Ha OTAEJbHEIX Yy4YyacTKaxXx XpoMocoMbl. HuTb
OHK npespamaerca B nydd, BHelIHe MMOXOXHH Ha roJoB-
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Ky onyBaHuMKa. B stTux myddax
ppoitHas cmupans OHK mo-
CTyIHa JJISI CYUTHIBAHUS MOJIE-
kysnamu PHK reHeTtnueckoii nu-
¢opmanun. C renoB THK ocy-
LIECTBJASIETCA  TPAHCKPHIIHSL.
ITyddut 06pa3yoTcs B pesyib-
TaTe HaOyxaHus M pa3pbIxie-
HUSI  XpOMOMEp  XPOMOCOM.
ITIycdd Bo3HuKaeT myTeM JeKOH-
JeHCalyd XPOMaTHHOBLIX HH-
Tel, y/I0XXEHHbIX B XpOMOMEpE.
I'uranrckue nydbl Ha3bIBAOTCA
kosbuamu Bannbuanu. ITpouecc
obpazoBanus myddoB sBaser- Lic: 5. Cxemanybda — yuact-

Ka pacKpyyuBaHUsI CyIepciu-
ca obpatumbiM. [losBieHue paru THK. B TakoM shae HuTH

Hyd)(l)OB paccMaTpuBaeTCs BKa-  [THK cranossrcs 6oaee gocTyn-
yecTBe MOPGOJIOrMYECKOr0 Bbl-  HbIMU JUIS CUMTBIBAHMS TEHETH-

pakeHusl aKTUBHOCTH TIE€HOB ueckoit nucopmaiyy.
JNaHHO! XPOMOCOMBI.

K yuactkam packpyuennoit JJTHK noaxopst puGosuykie-
OTH[bI, U3 KOTOphIX crpoutcda Mmojekyaa uPHK, kortopasa
nepefaeT coaep)KaHve reHa B HUTOILIA3MY KJIETKH JJIsi CHH-
Te3a COOTBETCTBYIOUIMX 6esikoB. Micuesnosenne nydda yka-
3piBaeT Ha ckpyuuBanue JJHK. C artoro yuactka JHK cun-
TBIBAHWE TIE€HETHYEeCKOH HHGPOpMAIMKi CTAHOBUTCS HEBO3-
MoXubiM. Takum 06pazoM, Bo3uukHOBenne myddos, T. e.
packpyuuBanue cnupanu JJHK, n ncuesHoseHue ux B pe3yJb-
Tate ckpyuuBaHusa cnupaym JHK Bo3MoXHO M sABJsgeTCA
MEXaHU3MOM DeryJsiiuH lepefayu reHeTuyecKod nHdopma-
UMM 43 AJpa B LMTOILIA3My.

TpaHCKpUNUMS CTPYKTYPHBIX I'eHOB ONEPOHA, KOAUPYIO-
wwx crneurduyeckue GpepMeHTh KOHKPETHOrO MeTabosnye-
cKoro myTH, ocyniectsisiercsa #PHK npu cooTseTcTByIOlIEM
«paspellieHuy» DTOro Mpolecca peryJasTOPHbBIMH TeHaMH.
HanpuMep, CTpyKTypHbI€ reHbl KaKoro-Jubo onepoHa, BXO-
pamero B coctaB HUTH JHK, KogupyloT CHMHTE3 HECKOJb-
KuX epMeHTHBIX 6esIKOB, OCYILECTBAAIMMX MeTaboymue-
CKOe TMpeBpauieHHe IMpOAYKTa, MOCTYHAMOLUEro B KJIETKY
u3sHe. [loka 3TOT MPOAYKT OTCYTCTBYET, C Te€HOM-OIlepa-
TOPOM CBf3aH PEINpeCcCOPHBIA 6eJI0K, MOAAaBAAIOMMHA TpaHC-
kpumumio uPHK. PenpeccopHbiii 6€10K NOCTOSHHO MPUCYT-
CTByeT B OKDYJ)XEHHHM reHa-OlepaTtopa, Tak KaK €ro CHHTre3
KOHTPOJIUPYET IOCTOSTHHO (DYHKIMOHUPYIOWMH TIeH-pery-
asarop. Kak TosbKO NpOAyKT mosABIAETCA B KJETKe, OH

~
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B3aHMOJICIICTBYET C penpeccopHbiM GenkoM. Ilocnenuuit te-
psieT CHOCOGHOCTb CBA3BIBATECA C IEHOM-OMEPaTOPOM.
B otux ycinosusix uPHK cuuteiBaeTcs CO CTPYKTYPHBIX
reHOB W 3aTeM IIePEHOCUTCS B OEJIOKCHHTE3HPYIONLYIO
cucreMy ¢ obpa3oBaHHeM CrenudUUecKOro (pepMEeHTHOTO
Gesnka. IlosBuBLIMECST B GOJBLIOM KOJMYECTBE MOJIEKYJIbI
depMeHTa OCYIECTBIAIOT NDEBPALIEHNs] JAaHHOrO BELecTRa.
Ilpy HMcYe3HOBEHHMM B OXPYJKAIOIIEM KJIETKY MPOCTPAHCTEE
JAHHOIO XMMHYECKOr0 BEeHieCTBa PENpeccopHbIil 610K CHO-
Ba CBA3LIBACTCA C TeHOM-ONEpaTOpOM M TPAaHCKPUIILMA
uPHK npexpainaercs.

VuyeHsie O0OpaTW/M BHWMAaHWE HAa TO, YTO CYLUECTBYIOT
paz/iuMs B TIPOLECCaX CHHTe3a Oenka y IMpOKapuoT u
9yKaproT. TpaHCKDUILUS U TPAHCASUMA Y OVKapuUOT pas-
JeJieHbl BO BPEMEHM M NPOCTpaHCTBE. Y OaxTepuil oTCyT-
ctBUe OOpMJIEHHOTO fAApa JejiaeT BO3MOJKHON TpaHC/Ad-
muio uPHK Ha pubocomax yxxe Torpa, KOraa ee pacTyLIuii
KoHer ewe crouckiBaetcs ¢ JHK. DToT npouecc 01 Xopo-
1IN0 M3y4yeH Ha NpuMepe TPUNTO(daHOBOrO ONEpPOHA KHILIeY-
HOH MaJIOYKM.

Bruto 3aMedeHo, UYTO TIpM  BBICOKOM KOHIIEHTpayu
tpuntocdada cuuresupyerca uPHK, cocroswas wuz 130
HYKJSOTHAOB, a 0pHM Hu3koi — u3 700 HyxkIeoTHAOB.
IIpennosoxuM, YTO TPAHCKPUNLUMA TPUNTO(AH-OIEPOHA
JOJDKHA perynupoBathest ApyruMm ydactkom JHK Taxoxke
perynupyomumM cunte3 uPHK. Taxoit yyacTok HazblBaeTcs
arTenaropom.

IIpocnepum mo cxeme (puc. XXIII), xax mpoucxonur
ator npouecc. Korga tpunrodan mmeercsa B uabbitke (A},
yuacrok (1) wPHK mnonsocTslo TpaHcaupyercs. YuyacTok
(2) B3aMMOAEHACTBYET C pUOOCOMOM, YTO NO3BOJIAET OCHO-
BaH{AM YYacTKOB 3 ¥ 4 CuapuBaThesd. 37a ClapeHHas
obsactb curnamusupyer PHK-nonmmepaze o TOM, uT1o
CAeIyeT 3aKOHYMTh TPaHCKpumumio. Ecau xe tpunrodaHa
He xsataer (B), yuactku 3 w 4 He B3aWMOLECHCTBYIOT,
Tax kak pubocoma 3acTpesaeT Ha KOJOHAX ydacTka 1.
VYyacTox 2 B3auMOZEHCTBYET C YYacTKOM 3 BMECTO TOroO,
4TOGBl BXOHUTH B pubocomy. Yuactku 3 ¥ 4 He cmapuBa-
I0TCHA, TPACKDUIILMS IPOJOJKAETCH.

Ha camMoM fiene npouece TpaHCKPUTLIMKM FOPA3ao CJIOX-
mee. O” BIOYaeT B cefs STanm Tak HA3LIBAEMOIO CO3pe-
Banus uPHK. HoesocunresvipoBannbie PHK, Bhiie/icHHbBIE U3
Agpa, 3HAYMTENBHO AnuEHee moJekynsl uPHK, xotopasa 13
HMX nogyqaetca. B wactHocTu, meperuunas PHK, kopupye-
Masa reHoM B-ryiobuHa, COAEPXKT /[Be HeTpaHCAMpyeMble
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obaacTy. DTH BCTaBOYHBIE Vtpony
[OCAEOBATE/ILHOCTY B - 3
nepsuyHoi PHK Bripe3a- 5 r % W

Fen B —rnobuna
I0TCS, a KOAUpYyIlye mno-

CJIeIOBATE/IBHOCTH OJHO- Tpatckpunuus
BPEMEHHO COEAVHAIOTCA

MoJ, JefiCTBUEM (PepMeHTa _ﬂ

cnnaiicunra. Tak o6pa- \

syerca 3penasa uPHK !}nepawnan PHH

(puc. 6). Kopupyiomnme
IIOC/IeJOBATEJIBHOCTY  IIpe-
PHIBUCTBIX TE€HOB Ha3bl-
BalOTCS 9K30HAMU, a BCTa-
BOYHBIE TIOC/IEAOBATENb- B - rnoGunosan x PHH
HOCTH — UHTPOHAMU.

Ha puc. XXVII u30- Puc. 6. Tpauckpumuus resa — B-rio-
6pa}KeHa cxemMa B2auMoO- GuHa u yrajieHue vBcTaBOlIHbXX ngcne-
OTHOIHCH“ﬁ MC)KLLy KO}].O' ,ELOB&TC}IBHOC’];}P;]?S NEepBUUYHON
renom JHK, KomoHoM ’
uPHK ¥ aHTHKOJOHOM
TPHK. 3eneHsM 11BeTOM 0603HaueH afieHUH, CepHIM — rya-
HWMH, KDacHBIM — TUMMH, O€/bIM — LMTO3MH, JKEJITBIM —
ypauui. BHayane nmpoMcxomuT KONHMPOBAaHME I€HETHUECKOH
nndopmauuu ¢ kogorena JHK Ha xonoH uPHK. B nocre-
OyIOLIeM TIp¥ TOCTPOEHMH O€JKOBOM LENHM INPOUCXOTUT
coeauHenue aHtukomoHa TPHK ¢ xomonmom uPHK.

BosHukaeT Bompoc: KakuM oOpa3oM CUMTHIBAHUE TeHe-
TUYECKON WHOMOPMaLMM, 3aKJIIOYEHHOW B HYKJICOTHIHOM
nocsaeposateabHocty ¥uPHK, npuBogyT K TOMY, UTO aMWHO-
KHCJIOTbl COOMPAIOTCA B TMOJMIIENTHAHYIO Lelb, B KOTOPOM
aMHUHOKMCJIOTHBIE OCTaTKH PACIlOJIOKEHbl B crielMdrueckom
N0CJIEA0BATEeJIbHOCTU?

IMonvnentuoHasi Henb CTPONUTCS C MOMOIIBIO (epMeHT-
HOro MexanusMma. IIpaBuibHBI nmepeHoc MHbOpMauUUU OT
uPHK k nosunenTtuay obecrieyuBaeTcsi 3a CUeT (PYHKLUHU-
OHMpOBaHUA pubocoMm.

1 Cnnaincuir

PHUBOCOMbBI — MECTO CHMHTE3A BEJIKA

MecToM cHHTe3a 6esika ABNAIOTCA pAOOCOMBI, COCTOSIME
u3 pPHK u 6enka. Pubocombi Ha 50—60 9% comepxar
pPHK n Ha 35—50 9, — 6esiok. PuGocoMnl 3aHHMAIOT 3Ha-
YKTEJIbHYIO 4acTh KJIeTKH. Tak, B K1eTkax Gakrepuil Kumiey-
HOil TMaJIodkHM Macca pubocoM cocrasiseT Okoao 25 %
or obuieil Macchl 6aKkTepuanabHOM KiIeTKM. B Takoil KieTke
HaxopuTcst npumepHo 15 000 pubocom. Macca oaHoit pu6o-
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comnr pasusetcs 2,8+ 10° a guametp ee cocrtamnser 18 uM
(puc. XXIX).

PuGoCOMBEI — 3TO LEHTPH cUHTE3a Genka. PubGocommbr
pacriosiaraloTcsi Ha MemMOpaHaX JHAOIIa3MaTU4YeCKOM CeTH
(QI1C), xoTOpasg NMpOHU3BIBAET LUMTOILIA3MY BCEH KJIETKM.
B nmpocTpaHCTBO SHAOIIA3MATHYECKOH CeTH MOCTYMaioT
CHHTE3UpOBalHble B pubocoMax GeNKM U HANpaB/isfOTCH B
Te MecTa re ouu Heobxomumbl. IIporpamMa cuHTE3a Kax-
noro 6enxa 3akimoueHa B uPHK.

B npouecce cuntesa Genka puGocoma sawmiaer uPHK
M CHHTE3MpyeMblit 6eJIoK OT pa3pylalolero ACHCTBUA Kie-
TounblXx (epmenToB tTnma PHK-a3 u npotea3. Mexanusm
3aIMTHOrO JEHCTBHA 3aKJIouaeTcsa B ToM, uto HUTh uPHK
IPOXOAMT MeXAy Oosbmioit M Manoil CyObeIMHHIAMHA DPHU-
GocoMbl, a HayajbHAas YacTb BHOBb CHMHTE3MPyeMOro Oeska
HaXOJMTCs B KAaHAJIONOZOOHOH cTpyXType 0Oabiol cyOb-
epunuusl  (puc. 7).

Ecan cpaBuuth Maccy Mosekyanl #PHK u  o6ugymo
Maccy Mosiekyn 6esika, KOTOPbIi CHHTE3MpyeTcs Ha 3TOM
uPHK, TOo oxaxercs, uro Mmacca OejKa HaMHOTO MpeBO-
cxomuT KonuuecTBo uMeromneiics uPHK. Kaxum xe obpa-
30M CHHTE3MPYETCS ITOT M3OBITOUHBbIA 6enok? OKasbiBaeT-
cs, uto ¢ ogHol Mosekyaoi uPHK coenuHsieTca HECKOJIBKO
pubocoM, Ha KOTOPHIX U NPOMCXOAUT cuHTe3 Oenka. Tax,
npuMepHo Ha kaxgele 150 tpumneros uPHK mpuxomurcs
5—7 pubocom. Takoit KOMIUIEKC M3 HECKOJbKUX PHOOCOM
Ha3bIBaeTCd, KaK OTMeyaJoCch paHee, IOJUCOMOIl (puc.
XXVIII).

Kak e yaep>XUBalOTCs BMecTe pubOCOMBI B IOJHCOME?
Oxa3sbIBaeTcs, MOJMCOMbI MOXKHO pa3feUuTh Ha OTAC/bHbIE
pubOCOMBI, MOABEPTHYB MX AeicTBUIO crnenuduueckux dep-
MEHTOB-PUOOHYKJEa3, pa3pylIaloMX CBA3M MEXAY MoJe-
kynamu PHK. 3ror dakr o3mauaer, uro puOOCOMBHI B
nosiucome ypepxxupatorcs uutbhio PHK, a mmenno uPHK.
JedcTBUTENBHO, NMPU M3YYEHUH I[OJIMCOM B 3JIEKTPOHHBIH
mukpocken BuaHa HuUTb UPHK, coeguHsiomass BOEAWHO
OTJe/ibHbie pUGOCOMBL.

IIpn panpbHedlleM HM3YUYEHHH IMOJUCOM OKa3ajoCh, UTO
yucao pubOCOM B NOMICOME MPAMO IPONOPLMOHAJIBLHO
YUCJYy aMHHOKHUCJIOTHBIX OCTaTKOB B CHHTE3UPYyEMOM IIOJIHU-
nentuge. Bour caenan BeiBOx, uro uPHK opnoBpeMeHHO
CYMTBIBAETCS HECKOJbKUMHM pHOOCOMAaMH, KOTOPbIE pacro-
JIOXKEHbl Ha HEKOTOPOM pacCTOSAHMM APYr OT Apyra BIOJb
uenu uPHK. Ho 310 He o3Hauaer, uTo Kaxjaas u3 pubo-
COM 3aBHMCHUT OT NPUCYTCTBUS coceneil. OTHe/bHbIE pubOCO-
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Mbl B MOJIMCOME MOTYT HE3aBMCHUMO CHHTE3MPOBATbH IOJIHYIO
MOJKIIENTAAHYIO Lienb. 3aueM JXe Hy’)KHaA Torga mosmcoma?
Oxas3piBaeTcsi, 06pa3oBaHue MOMUCOM MOBbIAET 3PdeKTHB-
HocTb pyHKuuonuposanus uPHK 3a cuer Toro, uro mnpore-
KaeT OFSHOBDEMEHHBIN CHHTE3 HECKOJBKHUX IOJMIENTHAHBIX
Leneu.

A xaxosa gjuHa Mozexkyast uPHK? PaccMoTpuM cuHtes
TAaKOro pacnpoCcTpaHeHHOro Oenka, Kax, HampuMep, reMo-
rio6un. IosvnentuaHas uenb cyObeAWHULIBI TeMOrI061Ha
coctodT U3 150 amuHOKMCgOT. OHA KOJUPYETCS MOJIEKYJIOM
uPHK, cocroaneit u3 3 - 150 = 450 Hyxi1eoTHOOB, 4TO CO-
OTBETCTBYeT mauHe uenu oxono 150 M. Ho puamerp
pubocoM coctaBnsier Bcero 15—22 num. Takum oGpasom,
CTaHOBHMTCS OYEBH/AHBIM, yTo Ha opgHoi uPHK Brosxe moryr
Pa3MecCTHTbCA HECKoabKo pubocom. IlosmcoMsl copepixat
oT 5—6 1O HecKOJbKYUX AecATKOB pudocoM. Ecau npuxaTb
4uca0 puOOCOM pAaBHBIM INECTH, TO TMOJYYAETCs, U4TO pac-
CTOSIHME MEJXKAYy HMMH COCTaB/sdAeT MPUMEpPHO 3 HM mpu
yyeTe TOro, 4to AuaMeTp pubocoM 22 HM. VI3 3TOro Takxe
clenyeT, 4To pubOCOMBI BIOJHE MOTYT paboTaTh u B YCJIO-
BUAX OrpaHUYEHHOTO IPOCTPAHCTBA.

Ceiiuac BbICKa3bIBaETCA MPEATIONOXKEHHe, uTo pabora
HECKOJbKUX pubOCOM, BXOAALIMX B COCTAB MOJMCOMBI, CHH-
XPOHM3NPOBaHA BO BPEMEHH.

Peanbno CymecTBYIOT MOJMCOMBI, B COCTaB KOTOPHIX
pxogut ot 60 mo 100 puGocom. K TakuM KpYymHBIM IOJIM-
COMaM OTHOCSITCS TMOJIMCOMHBIE CHCTEMbI, OTBETCTBEHHbIE
3a CHUHTE3 IMOJMOENTHAHBIX lielNedl MHO3HMHA.

IMpounecc cuMThIBAHUA reHeTHYeCKOM MHOpMaluMy, 3a-
KJIIOUEHHOU B XapaKTepHOM MOCJeI0OBAaTEIbHOCTH HYKJIEOTH-
goB uPHK mnpuBogut K TOMy, YTO aMHHOKHCJIOTBI COEIM-
HAIOTCS B CTPOTG CenudUUecKyIo MoCae0BaTeIbHOCTD Oei-
KOBOH 1eny. DTO ABAAETCS TPETbUM DTAallOM COXPaHEHHS
TFeHeTHYEeCKOH HeIPEepPLIBHOCTH CYLIECTBOBAHYS JXKHUBBIX Op-
raHu3Mos. HamoMmHuMm, 4TO mepsBulif 3Tanm — 9TO mepeaaua
OTOMCTBY T€HETHYeCKOH MHGOpMAIMU IOCPEACTBOM pell-
sukaupn JHK, a Bropoit sram — mepeBox wuudopmMaumy,
3asoxeHHo B JIHK, B redetnueckyio MHOOpPMaLHIO, KOAU-
pvemyio B uPHK.

Vicxoms U3 TOro, 4ro MeCTOM CHHTE3a MOJUIMENTHIHON
Ueny SABIAOTCH puOOCOMBI, BOMpoc O OuocuHTe3e OGeska
B NPUHIMIE CBOAUTCS K BONpocy (DYHKIMOHMPOBAHMS pH-
Gocom. Hopmasbrnoe dyHsxkimonupoBanue pubocom obecre-
4Y¥BaeT NPaBUJIbHOE (QYHKIHOH#POBaHME IIpoliecca IepeBo-
na undopmanuy, 3axmoueHHoll B uPHK, B mociemoBaTenb-
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HOCTb aMUHOKHCJIOT B IOJIMTIENTHAHON Lenud. DTO U OIpe-
JesisieT MEPBUYHYIO CTPYKTYpPY 6e/ka ¥ B KOHEYHOM CueTe
¢yHkumO 6esika, KOTOPYI0 OH BBHIIOJHSET B KJIETKE M B
OpraHu3me B IEJIOM.

Kak xe 6wUIO HOKa3aHO, 4TO HWMEHHO Ha pubocomax
NpOUCXORUT cuHTe3 Gesnka? UToOBl 0KA3aThb 2TO MOJIOXKeE-
Hye, DKCHEPMMEHTA/IbHbIM JKMBOTHBIM BBOIWIM MeEUCHBIE
PafMOaKTHUBHBIMH EELIECTBAMHM aMHHOK¥CIOTHL ChoycTs He-
KOTOpOEe BpeMsl IeYeHb JXMUBOTHBIX YAA/sId, FOMOTE€HW3U-
pOBaJIM U IIOJIyUMBLIYIOCS MaccCy JeJuau Ha (ppakuun. [Ans
pa3fesieHus Ha (pakiuy MCIOJb30BaH MeTOA, LesTpudy-
rupoBanus. Ilosyyanuch OTAe/bHBIE (DpaKIUM KIAETOUHBIX
oprase/ul, KOTOpble aHaJIM3MPOBaJM Ha HajKWuyKe B HUX
MeUeHbIX aMUHOKUCIOT. Eciu mja ucciemoBaHusi HedeHb
yAaJisId Yepe3 HeCKOJIbKO JHeil Mmocjie BBEEHH A )XUBOTHBIM
aMHMHOKHUCJIOT, TO PaAMOAaKTHBHbINM 0e/I0K HAXO[WIH BO BCEX
CYOKIETOUHBIX (pakuusix. ECnmu xe meyeHb Opanu uepes
HECKOJIbKO MHUHYT IIOCJIe UHBEKIIMM MEYEHbIX aMUHOKMCJIIOT,
TO PagMOaKTHBHBINA GeJIOK O6HApyXHMBaJu TOMBKO BO ¢hpak-
MM MHUKPOCOM, T.€. YaCTHI, HpPEACTaB/SIOmMUX CcoBok
«OCKOJIKM» MeMODPaH 3HAOIIA3MATHYECKOH CETH BMECTE C
pubocomamu. DTOT (bakT ykas3piBaJl Ha TO, YTO BHayase
CHHTe3 0esKa MPOMCXOAMT Ha pubocoMax. 3aTeM CHHTE3H-
pOBaHHBIA Ge/IOK TPaHCIOPTUPYETCA M K JAPYTMM KJIETOU-
HBIM CTPYKTYpam.

IlosgHee cTanM moJyyaTh NPSIMBIE JOKa3aTesbCTBA
TOro, 4TO CHHTe3 Geslka OCyLIeCTBAAETCA Ha pubocoMax.
st 57010 Gpaay CBeXKENpUroTOBJIEHHbIE TOMOTreHaThl ITie-
YeHM DKCIIEPUMEHTAJIbHBIX JXMBOTHBIX, fo0asnsim ATD un
TIOJTyYUBIIYIOCA CHCTEMY XDaHWIM, WM, ¥WHaue roBopsd, WH-
KyOMpOBa4, ¢ aMHHOKUC/IOTAMM, MEUEHHBIMH pPafrOaKTUB-
HBIMH BellecTBaMU. 110C/IE HECKONbKHMX MUHYT HHKYyGauwmu
cucTeMy paszensuu Ha dpakumu. Oxaszasock, YTO MeueHble
aMMHOKHCJIOTH! BBISABISUIACH B MUKPOCOMax.

TToHumanie MexaHM3Ma cuHTe3a CesKa MO3BOJIMIO CMO-
LE/JIMpOBaTh JTOT MPOLIECC BHE KJIETKU. Takas MoJesibHasd
cuctema coctout u3 JHK, pubocom, uPHK, aM#BOKHMCIOT,
AT® u depmenra, peredepupyiciuero AA® &8 ATO. [ina
TOYHOI'O MCCJIENOBAHLZA GeJIOKCHHTE3UDYolle# DYHKIUM pH-
6ocoM K prOOCOMHBIM CHCTEMAM [IOOABJIAIOT BCE OCHOBHBIC
20 aMUHOKHCJIOT, @ METAT PafMOaKTHBHON METKOU TOJIBKO
OJHY M3 HUX. Bce BellecTBa C/IMBAIOT EMECTE U MHKYGUPYIOT
npu TeMmrepartype desnoBeueckoro tena (37 °C) B Teuenue
10—60 muHyT. ITocne okOHUaHMS SKCLiEPUMEHTA PErUCTPH-
pPYIOT DagyOaKTHBHOCTb MOJAYYEHHOro Oenka. VIHTEHCHUB-
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HOCTb OeJIKOBOTO CHHTE3a OLEHMBAIOT [0 KOJMYECTBY Meye-
HBIX aMUHOKMCJIOT, BOIIEAUIMX B COCTaB GEJIKOBOH MoJe-
KyJEL. Pajnosiornyeckuii aHaju3 OCYIISCTBIAAIOT HOCJE Bbl-
nenenus Geska M3 MHKYOaLMOHHON CMECH B KHUCJIOH cpene,
MOCKOJIBKY B KMCJIOH cpelle 0€JIOK He PacTBOpSeTCA.

Ina ocyliecTB/IEHMsI CHHTE3a K YKa3aHHOH CMecH He-
00X0aMMO [0GaBUTH ¢depmenr amunoaumia-rPHK-cueTera-
3y, KOTODBIil HaXOOUTCA B LKTO30Je. Mcnonb3osanue Gec-
KJIETOUHOU CHCTEMBI CHHTe3a 0e/Ka MO3BOIMJIO MOHATH Me-
XaHWU3M COEIHHEHUS] aMMHOKHUCJIOT B MOUIENTUAHYIO LEMb.

BaxxHo#t ocoGeHHOCTBIO (DYHKUMOHUPOBAHUSI 3TOH CH-
CTEeMbl SIBJISIETCST TO, UTO CHHTEZ 0eKa MOJXKHO OCTAaHOBUTH
nobaenenreM Ae30KcUpUBGOHyKIeassl. DTOT (PEepMEHT pas-
pywmaet mosekymry JHK, sensiomylocs MaTpuueil Ui CHH-
teda HoBeIXx uPHK (puc. XXXI). Iockombky uFHK,
HMeLascsi B CMECM KO BPEeMEHH HO0aBJICHUS OE30KCH-
puOOHYKJIea3hl, HEYCTOWUMBA M OBICTPO pa3pyluaeTcs, CHH-
Te3 6esika TpPEXPAlaeTcs B TEYEHHE HECKOJBKAX MHUHYT.
OpHako cuHTE3 6€eJiKa MOXHO BO30OHOBATD NpU AOOABAEHUHI
u3BHe HOBOM mopuuu uPHK.

Mbl yGemumich, 4TO GEJKOBBI CHHTE3 MOJXKET MATH U
BHE KJIETKH, T.€. [ IpPOTeKaHHs OEJKOBOTO CHHTEe3a
COBCEM HE Baj)KHO COXpaHeHHE KJIETOUYHOM MeMOpaHnl B
HEHAapYIUCHHOM COCTOSIHMM B COCTaBE KJIETKH.

Ckopoctb cuHTe3a 6esKa B PEKOHCTPYMPOBAHHBIX CH-
CTeMax, T. €. B CHUCTeMaX, COOPaHHBIX M3 OTHAEJbHBIX Ya-
creit  (pubocoM, AT®D, uUTO30/A8 WIM aMUHOKMCJIOT),
3HAYMTESBHO HUJXKE, YUeM B CaMHMX KJIETKaX. DTO ABISETCA
CJAE[CTBYEM, NO-BUAMMOMY, TOro, 4TO YIOPSAAOYEHHAs
CTPYKTypa, B COCTaBe KOTODON HaxoasTcsi puOOCOMBI B
KJIETKE, MFPAaeT pOJib B OCYIIECTBIECHUM CHHTE3d OEIKOBBIX
MOJIEKYJL

TIpu Gonee moApoOHOM HCCNEACEAHMM rOMOreHaT reve-
HM CTaJM pas3fesATh Ha YeThlpe (ppakiuu: SIEPHYIO,
MUTOXOH/PHAIBHYIO, MUKPOCOMEYIO ¥ DACTBOPUMYIO (IMTO-
304b). JoGapasii K stuM paxkuusm ATD u MeueHble
aMHMHOKKCJIOTBI, HUCCASNOBAM CHOCOOHOCTh (hpakuuii CHH-
Te3upoBath Oesok. OKa3anoch, UTO [/ CHETe3a Oenxa
HeOOX0JMMO MpUCYTCTBHE OO MHKPOCOMHOM, smbo pa-
creopuMoi dpakuun. Jobasnenne MUTOXOHAPHIT TpeboBa-
JOCh TOJIBKO MJii TOro, uToOni OHH reHepuposanu ATO.

AJis M3yyYeHNs KOMIOHEHTOB, OTBETCTBEHHBIX 32 CHHTE3
Genka, MPOBOAM/IM paspenenue Ha (DPakuMd MHUKDPOCOM,
MEUYEeHHBIX aMMHOKMCIOTaMu. OKa3anoch, UYTO pagHOaKTUB-
HOCTb OOHAPYXMBAETCS TOJBKO BO (bpaKiuM, CofepKallei
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MeJsIKHe prOOHYyKJIeonpoTeraHble YacTHLBL TaKue 4acTHLbI
HaxofisATCSl B LMTOIVIa3Me KJETOK Ha IOBEPXHOCTH MeEM-
Opan sxpomiaszMmatiueckoi cetd. DIIC cayXuUT MOAZep-
JKMBaOLLE CTPYKTYpOil, Ha KOTOpPOH pacrnosaraiorcs pubo-
combl. OHM oOcaXpalTcsa BMecTte ¢ ¢parMeHTaMu DHOO-
IJIa3MaTU4YeCKON CeTH, MOCKOJbKY cBsA3aHbl ¢ HUM. Otgme-
quth pubocombl or MemOpanbl DIIC MOXHO TOJBKO
06paGoTKOit MX HEHATpPa/JLHBIMM PAcTBOPAMH COJIEH JKesu-
HBIX KHMCJIOT. 3aTeM puGOCOMbI OTHENAIOT OT (PparmMeHTOB
SHJOILIA3MAaTUYECKOr0 PETUKYJIyMa IyTeM LeHTpHdyrupo-
anus. Ilosyyaercs cBoeoGpasHasi ouncTka pUOOCOM OT
MeMOpPaHHBIX CTPYKTYP KJIETKH.

IIpu wuHKy6aUMH OUMILEHHBIX pubocoM ¢ AT® wu
KOHaMH MarHusi B NPUCYTCTBHM LIMTO30Jis1 OKa3aJoCh, UTO
OHM aKTHBHO BKJIOYAIOT aMHHOKHUCJIOTHL B CHHTE3HUpYyEMble
Gesikp. DTO ellle pa3 MOATBEPAXIO, UTO UMEHHO PMOOCOMBI
peryaupyioT cuHTe3 6esnka B KJIeTKaXx.

IMocne Toro kak Obina pokasaHa pyHKUUsA pubocom
B KJIETKaX MeYeHH, B MHOTOYKCJECHHBIX HCCJEeJOBaHUAX
Ha JPYrMX KJIETOYHBIX MOJENAX OBbUIM MOJyuelbl AO0Ka3a-
TEJbCTBA TOrO, YTO BK/IIOYEHHE MEUEHbIX AaMHHOKHUCJIOT
MPOUCXOAUT UMEHHO B PUubOCOMHOM paKkuuH.

3TAIIbI BKIMOYEHNA AMWHOKYICJIOT B INOJUIIENITHI

BrocunTes GeskoBOM LienM Ha pmbocoMe OCYHIECTBIISI-
erca ciepyoumm obpasom. K tpuriery uPHK, kogupyio-
meMy Kakyio-inbo aMmuuOKMcaoTy, npubnuxaercs tPHK,
AHTUKOJOH KOTOPOH KOMIUIEMEHTapeH, T. €. COOTBETCTBYET
kopoHy uPHK (puc. XXVII). 3ra TPHK Hecer aMuHOKUC-
noty, koropas coorsercTByeT kKomony uPHK wu, cineposa-
TeJbHO, TOH mnporpamme, Kotopas 3anoxeHa B JIHK.
Amunokucnora ¢ TPHK Ha BpeMs mepemelleHust B LIMTO-
1a3Me KJIeTKM o6pasyloT KOMIIEKC, Ha3bIBAeMblil aMUHO-
aii-TPHK. Amunoaunn-rPHK mnpucoegussercs K aMu-
HOALMJBHOMY y4YacTKy puGocoMbl. 3mech MPOMCXOIUT
o6pa3oBaHHe MENTHAHON CBA3M MEXAY NPHHECEHHOM aMu-
HOKHUCJIOTOM, BXOJALISH B COCTaB KOMILJIEKCa aMHUHOaIMI-
7PHK, ¥ CBOGOAHBIM KOHLIOM BHOBb CHHTE3MPYEMOi Lenu
Genxa.

IMocne obpasoBanus nentunHoil ceazu TPHK mepeme-
1maeTcd B NENTHUAWIBHBIA yuyacTok pubocomsl (puc. 7).
O[HOBpPEMEHHO C 3TMM PUOOCOMa IEJIMKOM MEpPEBMTaeTCs
B HamnpasjeHuM ciaexyiomero kogouwa uPHK, xkoropbrit
KOJMPYET MECTOIIOJIOKEeHUE CJEeAYIOUed aMHUHOKUCJIOTH B
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Puc. 7. Crpoenne pubocombr
W CcXeMa TIpPOTEKAIOWEro B HeM
cuntesa 6enka. O6o3naueHus:
A — aMMHOKHCJIOTHBI yuyacTOK
puGocomsl, IT — menTuabHbL
yuactok, I — kogon uPHK,
2 — antvkogon TPHK, 3 —
TPHK, Bxopswas B puGocomy,
4 — aMmunokucaoTa, 5 — Kaua-
sononoGias cTpykrypa, 6 —
MeMOpaHa 3HAOMIA3MaTHYECKO-
ro peTukysayma, 7/ — mopa B
memOpaHe 3HIOMIAa3MaTHUYECKO-
ro peTukyJjayma, 8 — BHOBb
CHHTE3UpyeMBblit Genok, 9 —
rPHK, Bblwenmas u3 pubocombr,
10 — manas cybbenununa,
I]1 — Gonbluas  cy6bemnHMLA.

uenu Genka. Moaekyaa TPHK, koTtopas mpuHecaa aMHHO-
KMCJIOTY, BKJIOUEHHYIO B Liellb Oe/iKa, M HaXOAMTCHA Tenepb
B MENTHIUJIBHOM Y4YacTKe pHOOCOMBI, OTILEILISETCH OT
3TOr0 y4yacTka M YXOAUT B LMTOIUIa3My, TAE TNpUCOENV-
HSeT HOBYIO aMHMHOKMCI0TYy. K aMHHOALMJIIBHOMY Yy4YacTKy
OJHOBPEMEHHO TMPUCOEHUHSETCA CHAeAYIOUIMH KOMILIEKC
amunoaumia-TPHK, npucoenunenne kotoporo o6ycaoBIEHO
coorBeTcTByoimM kKogonom uPHK. Coepunenue amuHO-
KUCJIOT B O€/IKOBYIO Lelb OCYIIECTB/ISETCSH B MECTE BBIXOAA
KaHaJIo0no0GHON CTPYKTypbl B 3a30p MeXAy 6oabwoi u
Masoil cyObesnHMIIAMH pUOOCOMBI TaK, 4YTO CHHTE3Upye-
MBI GesloK pacmoJiaraeTcsi B 3TOM  KaHaJIomoJoOHO#
CTPYKTYpE U IO 3aBepLIEHMHM CHHTE3a uyepe3 Mopy B MeM-
6paHe 3HIOIUIa3MATHYECKON CETH INOCTYIAET B €€ BHYTPEH-
Hee IPOCTPAHCTBO JIHAOILIA3MATHYECKOIO PETHKYJIyMa Is
OKOHYaTe/JbHOr0 (POPMHUPOBAaHUS M TPAHCIOPTa IO MeCTy
Ha3HaueHus. BOJBIIMHCTBO 9K302eHHbIX 6enK0s, T.e. Oen-
KOB, BBIXOJSIINX M3 KJIETKM H&pYyXy, mHocje OnocuHTe3a
CKaIUTMBaeTCsi B DHAOIUIa3MaTHUeCKOU ceTH, a mpu HeoO-
XOIUMOCTH BBIXOJUT M3 KJIETKHA HapyXy.

IlepBbiM 3TanoM OuocHHTe3a GesKa B KJETKE SIBASETCS
aXTUBAIMSA aMUHOKMCJIOTbL. AKTHBALMI0O aMHHOKHCJIOT OCy-
mwectBasAT depMentsl amuHoauua-rTPHK-cuHTeTasbl. It
¢epMenTh! crienPHUHBI IO OTHOLIEHUIO K aMHHOKHUCJIOTaM,
T. €. I KaXJZ0M aMHHOKHCJIOTHI CYILIECTBYEeT CBOS aMHHO-
anun-TPHK-cunreraza (puc. 8). Mexanusm axTUBaLUyU
3aKJII04aeTCA B TOM, 4TO (PepMEHT OZHOBPEMEHHO B3aMMO-
JeHCTByeT C COOTBETCTBYIOIUEH aMMHOKUCIOTOH U ¢ AT®,
KOTOpasi TepseT mpu stoM mupodocdar. Huxe Ha cxeMme
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Puc. 8. Cxema B3aumopmeiicr-

AmvHoauun — mPHH pua amuHoauun-rPHK-cunre-
[ - L F_ ta3nl ¢ TPHK u amunokucnoroit.
mPHH - Amunoauun-rPHK -cunterasa

uMeeT ABOMHYIO crieiMdHUUHOCTD
- aMuHo- o orsomenuoo K TPHK u amn-
HucaoTa HOKHCJIOTE.

CHHTEeTa3a

MOJKHO YBH/IETb NPOLIECC aKTUBALMU aMUHOKUCJIOTH ¢ ofpa-
30BaHMEM AaKTMBUPOBAaHHOTO KOMIUIEKCa, IZ€ aJeHO3MH-
moHodocdar coxpauienHo obosnauaeTcx AMO:

NHz—-(i‘/H-—COOH

R
amuHoaunn TPHH cuntetaza + AT® + amuroxucnota

OH OH
aMmHoaUnn~ —AM® ] |
TPHK~ + O=p-0-r=0
cHHTETasa - -

T~~NH,—CH—COOH o o
TPOMHOMA ||;‘a nupogiocdar
HOMMNEKC

TpoitHoli KoMILieKC U3 (pepMeHTa, AMHUHOKHMCJIOTHI U
AM® Ha3biBaeTCs1 aKTUBHPOBAaHHOW aMUHOKHUCJIOTON. AKTH-
BUPOBaHHAs aMHHOKMCJIOTA SBJSETCA MCXOAHBIM OJIOKOM
IUIsl TIOCTPOEHUS MOJIEKYJBI MMOJMIEeNnTHAA.

BropbiM 3TanoM cuHTe3a 6esKa SIBISIETCS MPUCOEIMHE-
HUe K amuHOKHMcioTe Mosekyanl TPHK, ocymectsiasiomen
JOCTaBKY 3TON aMMHOKHCJIOTH B PUGOCOMHYIO CHCTEMY CHH-
te3a Gesnka. [IpucoeprHeHNEe aKTUBUPOBAHHON aMUHOKHCIIO-
to1 K TPHK npoucxonur 3a cuet achrpHO# CBSI3U MeXIY Kap-
GOKCH/IBHON TIpYNIOH aMMHOKHCJAOTBI M THIPOXCHMJIBLHOM
rpymnioit pu6ossi. CxeMa 06pa30BaHUs CBA3U MEXAY aMUHO-
kucsoroit 1 TPHK mpexcrasnsiercs caeayommm oGpasoM:

AT
aMMHoauun-l
TPHH - + TPHH <—=
cuHTeTasa
I— NHQ-—ICH— COOH

P

NH,—CH—-CO—-71PHH + AMd + amunoaumnn TPHH cunteTasa
}.a afeHosuHmonodocdar

Crporas crneuudHUYHOCTb B OTHOLIEHAM BbIOOpa aMHHO-
K¥CJIOTHI COOTBETCTBYIOLIel Mosekysoi TPHK ocymecrria-
eTcsi 3a cueT crelUuUYHOCTH B3aMMOJAEUCTBHUA aMHHO-
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aumia-TPHK-cuHTETa3Bl ¢ aMUHOKUCIOTOM, C OJHON CTO-
ponsl, ¥ TPHK — ¢ ppyroit (puc. 18). Jto siBiexue Ha3bl-
BaeTcs ABOWHOHM creiu(UUHOCTHIO, T. €. PepMEHT OJHOBpE-
MeHHO cnertiduued u B otHowenuu TPHK, u B oTHOmEeHHH
aMHUHOKHUCIOTBL.

Mosiekynet TPHK, npucoepumsomue K cebe pasimu-
HBIE aMHHOKHKCJIOTHI, UMEIOT pa3juyHble TOCIEHAOBATEIbHO-
CTH OCHOBaHWii, Grarofaps ueMy CHHTETa3bl JIETKO y3Ha-
0T uXx. Bonee croxuas 3amaua AaA CHHTETa3 — 3TO pas-
JMYUTh CXOJHBIE aMEHOKWCHOTHL Hanprmep, eIMHCTBEH-
HBIM pas/IMuMeM MeXJY H30JISHLIMHOM U BAJIMHOM SIBJSIETCHA
TO, YTO H3OJICHLIMHE COJEPXXKT JONOJHUTENHHYIO MeTuse-
HoBy rpymmy (puc. XIX). [domosnuTesnbHasi 3HEPrus
CBfA3M, KOTOPYXO BHOCHT 3Ta rpymma (—CH,—), Gnaro-
NPUATCTBYET TOMY, YTO AKTHBAUMs H30JEHIHHA ITPOUCXO-
put npuMepHo B 200 pas vaige, yeM akTWBalMsA BaJdHA,
KoHueHTpanms BajnwHa B HEKOTOPBIX OpraHW3Max MNpH-
MEpHO B 5 pa3 Bbllle KOHIEHTPALMM H30JeHlKHE, TaK
YTO Ba/MH JOJUKEH Obl O HENPABMIBHO BKJIOUATHCH
BMECTO H30JIeHilMHA B OfHOM caydae u3 40. Opnaxo
HaOyofaeMast yactota ommoOox cocTtapaser scero 1:3000.
2TO C3HavaeT, YTO JOJDKHA CYILEeCTBOBATH €Ile OJHa CTamus
Koppekumu owmuboK. JleficTBUTENBHO, caMa CHHTETa3a
UCHIpaBAAeT CBOM COOCTBeHHbie OMKOKM. BajuH, akTUBU-
poBaHHbIA NO ommubxe, e nepeHocutrca Ha TPHK, cme-
uuduuHy® K wusosneidnuHy. Bmecro storo rPHK cnoco6-
CTBYEeT THApPOIK3Y CBA3Y BaJMH-AM® u rtakuM obpaizcm
MpEeAyIPEXKAAET €rc HENpaBM/IbHOE BKIIOYEHHE B OEJIOK.
KpomMe TOro, sTa ruipO/IMTHYECKAsi peakivs OCBOGOXIAET
CHHTEeTa3y A aKTHBAaYM UK TIepeHoca W30JeHIMHa —
MpaBWIbHOY aMHUHOKKCIOTEHL

Ha prc. X uzolbpakeHs! NOC/AENCBATENbHbE DTAIS!
¢6OpKY NENTHROE W3 aMuHOKMcaoT. COOopKa mpoTeKaeT Ha
pn60comax npu nomomm yPHK wu rPHK. Boasmumn
mapaMd Ha pUCYHKE 0003HAueHBl aMMHOKMCAOTHL Ha
pPHK cymectsyior cnenuduueckue TPUIVIETH, K KOTOPbIM
npucoepunserca uPHK. Crnenmduueckye TPUIIETH 3aHM-
MawT pBa cocenuux komona xPHK. K stuMm kopmowam
TOACTPaVBAIOTCA CBOMMH 2HTUKOJOHAMH [BE MOJIEKYJIBLI
TPHK co cBoMMM aMHWHGKHMC/IOTAMY.

Henocpencreenno cuutes 6enka B puGoCOMEON cucTEME
HAUMHAETCS CO B3AKMOLERCTBHSA MaNoM CyOBeQUHHULEI PU-
focombl ¢ KOMIUiekcoMm amuuoaru-zPHEK. Batem K Komi-
nexcy Manoit cyovemwHpun ¢ ammuoauua-tPHK npucoe-
pnuzercss uPHK. Hdanee x o6pa3oBaBuieMycsl KOMILIEKCY
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npucoeauuseTcs Gospuas cyObeauHULA PEGOCCMBI, Moce
4ero BeCb PUOOCOMHBIM KOMIUIEKC HAUMHAET IePEMEIAThCA
B Hanpasjenuu 3’-koHua Monekyas #PHK. Ilpu sTom amu-
HOALMJIbHBIA YYacTOK pubOCOMBI HAXOAUTCA BIepedy, a
MeNTUIUABHBIH y4yacToK — c3agu. B mpoiecce ABUIXKEHUA
KoMillekcel amMuHoanua-TPHK, cooTsercTByloue nociaeno-
BaTeJbHOCTH KOAOHOB MoJekysrbl uPHK, noctynmaior B
aMHHOALM/IbHBIN y4aCTOK PUOOCCMEBI, @ MOC/Ie OTLIENJIeHUA
OT 3TOro KOMIUIEKCAa aMHUHOKMUCAOTH Mosiekyna TPHK
NOCTynaeT B NeNTUAWNbHBIA ydyacToK pubocombl Ilpouc-
XOAuT oObeguHeHue ABYX MOJIEKYJ aMUHOKHMCJIOT. Ilocie
atoro opgna u3 mosekyn tPHK orxomut or uPHK, a ko
Bropoit MoJiekyse TPHK mnpucoenunsiercs craepymomas
rPHK ¢ ammumoxucrnoroil. 3arem TpeTb M TaKk Jajee,
noka He OyAeT BHICTPOEHA MOJMMENTHAHAS LEMb, [JIUHA
KoTopoit 3aBucUT oOT cTpykTypel HHK, omnpepensiemoi
KOJIMYECTBOM TPHIUIETOB, KOIUPYIOUIMX aMHUHOKMCIOTHI
JaHHoro Geska.

Taxum o06pa3oM, mociaeacBaTeabHOCTb KopoHos uPHK
OIpefeIsieT MOCAeAOBaTEeNbHOCTh BKJIIOYEHHS aMMHOKHCIIOT
B Uenb Oenka. IOpyrue Bumsl PHK BBIDOMHSAIOT HpH 3TOM
KaK Obl BcriomorartesnbHylo poab: TPHK pocrasnsier amuHo-
KHCJIOTBI, HeoOXO[uMble A OCYLIECTBIECHUS OHOCHHTE3a
6esnxa, a pPHK cosmaer uentpsl (pu6OCOMBI), Ha KOTOPBIX
OCYLIECTBJISAETCA 3TOT OMOCHHTE3.

Ba>XHBIM MOMEHTOM B hpolecce OHOCHHTEe3a OesKa
siBIAeTCA HMOSHTUMUKANUS — YCTaHOBJIEHME COBIAJCHUs
tpumiera uPHK (komona) c¢ tpurerom TPHK (aHTHKO-
JoHoMm). Mpentuduxanus NpPOUCXOTUT BCJSACTBHE KOMII-
JIEMEHTApPHOCTH TpeX a30TuCThix ocHoBaHuit uPHK Tpem
azotucTeiM ocHoBaHuaM TPHK, pacronoXxeHHbIM Ha BbI-
crynawweid yactu mers wutu TPHX., Upenrudukanus
tpurietoB uPHK sBAsieTcst Heo6X0AMMBIM yCJIOBHEM OHO-
CHHTE3a TMOJIMIIENTUAHON LielH.

Ilpouecc cunTe3a Oeska mpefcTaBiseT coOoii, MO CyTH
Hesa, depMeHTATUBHBIA Npoliecc, MpeACTaBIeHHbIA cepuei
¢depMenTaTUBHBIX peakuuit. VIHTepecHO, YTO B 3TOM Me-
XaHU3Me NpMHHMAaeT HENOCpPe[CTBEeHHOE Y4YacTHEe TOT IXKe
camblit cBoGopHbI Hykaeotun — AT®. Apenosunrpudoc-
dar sBAsETCSI UCTOYHMKOM DHEPTHH, HEOOXOAUMBIM Uit
obpa3oBaHusl MENTHAHON cBA34. (PepMEHTATHBHbIA Mexa-
HU3M [IOCTPOEHMS] NOJMIENTHAHOM Lemn obecreynBaeT
cnendUYHOCTL B3aUMOAEHCTBUS BCEX 3BEHbEB IYTH
cunTesza Geska.

CyuiecTBylOT [Ba MPEINOJIOXKEHUS O KOTUPOBAaHUHU
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amuHokucaor Ha HutH uPHK: mpeanosnoxenHus o Hemne-
peKphIBalOIIEMCST M HepeKphIBAIOIEMCA KOJAX, KOTOpble
u300pakeHB! Ha CXeMme:

AcnH Mpo
e A ——
—A—A—T—I—T—U— —A—A—T—T—T—U—
———— ——— ——— — e —
Ban Mpo Ban Iy
HeNnepeKpLIBAWUACA KoA NepexpLIBAOWMACA HoA

Hcxons u3 HaGIIOAEeHUN M DKCIIepUMEHTAJIbHON MpoBep-
KY YCTAaHOBJICHO, YTO B MpPHPOJE HCIONb3yeTCs Hemepe-
KpblBalolMiica Koa. Eciamu Gbl cyluecTBOBas IepeKpbIBalo-
mMACA KOJ, TO HMMejach Obl OoJbllasi BEpPOATHOCTb, YTO
MeXY COCEJHMMH AMHMHOKMCIOTaMHM OOHApyXUBaeTCs
CBSA3b, KaK pe3y/abTata OOLIHOCTM JBYX HYKJIEOTHIOB.
Torga npu CTaTHUCTUYECKOM HCCJSIOBAHUM MEXAY COCen-
HYMM aMMHOKHCJIOTaMM [OJKHA Obuia Obl CylecTBOBaThb
cBA3p. Hampumep, ecnn Kakasg-TO aMHHOKHMC/IOTa OIpese-
JIfeTCA TPHUIVIETOM U3 aJicHHHOB, TO KaXXAad M3 COCEIHMX
C Heil aMHHOKHMCJOT JoJXHa 00s3aTe/IbHO ONpenessiThCs
OBYMS aJEHHHAMU M KaKUM-IHO0 TPEeTbHM HYKJICOTHUAOM.
B TakoM ciyuae, eClM MCXOJHBIM TPHILIETOM OyAeT AAA,
To cocepHue tpumuietsl — AAT, AAT wmm AAILL. Koppe-
JISLMIO MEXJAY COCeIHMMHM HYKJIeOTHIAaMH B HX TOCJIeHO-
BaTeJbHOCTH B MoJekyse PHK MoxxHO ompepesnutb nByMs
MeTOJaMH.

ITosp3ysichb OOHMM M3 3THX METOAOB, ONPEAC/IAIOT BCe
cnocoGul cooTHomenus 20 aMuHOKMCIOT ¢ 20 TpUIIeTaMH
nyTeM npo6 M ommbok. B XoJe 3KCNEPUMEHTAABHON
MPOBEPKM 3TOr0 MeETOoAa Ui aHaanW3a Lend aMUHOKHCJIOT
WHCY/JMHA YCTAHOBJEHO, YTO TNPU JIOOOM BO3MOJXKHOM COOT-
HOIUEHUM AaMHUHOKHCJIOT, pacIlOJIOXKEHHBIX B OT[AEJbHBIX
y4acTKax MOJIEKYJIbl MHCYJMHA, C KOAMPYIOIIUMH UX TpHU-
[IeTaMM Hesb3s ObUIO OOBSACHUTH CYLIECTBYIOLIYIO MOCIe-
[IO0BATEIbHOCTb AMUHOKHMCJIOT TePeKPhIBAKOLIENHCS MOJEbIO.

HOpyroifi Meropn mpearnoJaraeT H3y4YEHUE BEPOSITHOCTH
pacnpefesieHusi KOMOMHAUMH# aMHHOKHCJIOT B MOC/IeNOBa-
TENbHOCTH psAfa 6esNKOB, JOKa3bIBAET CYIIECTBOBAHUE Heme-
peKpbIBalOlIerocss Kojaa. ITOT MOAXO[ OCHOBaH Ha H3yue-
HAMA CTAaTUCTUKHU pacrpefie/ieHus Iap COCEJHUWX aMHUHOKHC-
JI0T B GeNKOBLIX LENaX. B pesyabrate MPOBEASHHOTO TaKMM
METOJIOM MCCJICIOBAHMA MHOTMX O€JIKOB YCTaHOBJIEHO, YTO
MOJIyYeHHbIE paclpesiesieH!si SIBJASIOTCST YACTO CJydalHbIMH.
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DbiI0 OKOHYATEJbHO [OKa3aHO, UYTO IePEKPHIBAMOLLErocs
KOJA HE CYIIEeCTBYET.

Crnenmyer OTMETHTh, YTO 3TO BEPHO JIMIIb B TOM CMBICJIE,
4TO [/ KOAMPOBAHWA XaXkIOd aMHHOKUCJIOTH HEOOXOAUM
B IpUHLMWIE HOBBIA TpuIUleT. PeanbHO JXe B INpHpoae
CYLIECTBYIOT TOCJICHOBATE/JbHOCTH HYKJIEHMHOBHIX KHCJIOT,
KOJUpYIOIiMe CHHTe3 TpeX pa3HblX OEJIKOB CO CHBUIOM
Ha OAMH HYKJIeoTdA. ECTECTBEHHO, YTO TaxKOW CHHTE3
OCYILUECTBASETCA He OaHOBpeMeHHo. Takoil 3KOHOMHBIM
criocold KopupoBaHUs OGHApYKEeH Y BUDYCOB.

B 1970 r. . Cabatumu u I'. Broben mpeano/c Kuig,
YTO CHMTHAJOM HPMKPEIUIEHWS CHHTE3MpyeMoro Oenka K
MeMOpane SHICIIA3MATAYECKON CETH CAYXHT NOCJIeI0Ba-
TEJIbHOCTh aMHHOKKCIOTHBIX OCTaTKOB, IpuWJeramomas K
N-xoHily HOBOOOpa3ymOlIelcs MOJUNISITHAHOK LEmH, KOTO-
pad Ha3biBaeTCs CUTHaJIBHOM  IOCJIEHZOBATEILHOCTDIO
(puc. XXIV).

IIpenmionoKeHUe © CHUTHAJIBHON IOC/IEOBATEIbHOCTH
6bu1o moaTBepxkAeHo C. Muncraitnom u 1. Bpaywm, xoro-
pble MOKa3ajd, YTO MMMYHOrJIOOy/JMHOBasi Lelb, CHHTE3H-
poBaHHas «in vitro» cBoGOAHBIMM pHOOCOMAMH, COAEPIKUT
N-KOHIIEBYIO MOCJIEIOBaTENNBHOCTh U3 20 OCTaTKOB, KOTO-
PhHIX HEeT B 3peJoM OenKe, CHHTE3WPOBAHHOM B JKHBOM
oprauuame. 3ateM ObLIO OGHApYKEHO, YTO BCE OCHOBHBIE
CeKpeTOpHbIe BeJIKH HOIXETYNOYHOM JKee3bl, CHHTE3NPO-
BaHHble B MpPOOMpKe Ha cBOOOAHBIX pubGOCOMax, COAepXKaT
Ha N-KOHile [JONOJIHUTENbHble (DParMeHTH JIMHOH OKOJIO
20 amuHoKKcaOT. CHrHasbHblE MOCAEOBATENBHOCTH MHO-
I'MX CEKPEeTOPHBIX Oe/IKOB MMeloT AauHy ot 15 o 30 ocrar-
koB. CurgasipHble INOCIENOBATEIBHOCTH IO3BOJSAIOT CEKpe-
TOpHBIM Ge/NKaM IpOXOJUTb uYepe3 MeMOpaHy 3HEOIUIA3-
matuyeckoil cetd. Iipu 3TOM ciegyeT OTMETUTh, UTO CHHTE-
supylouuiics Oe/IOK Ompeaensier, IUIaBaeT JM CBS3aHHAsA
¢ HuM puGocoMa CBOGOIHO B LMTO30JIE MJIM CBSI3bIBAETCS
¢ MeMOpaHOM 3HAOMNIA3MAaTHYECKONH CETH.

Bo3HukHoBeHue creuuduueckoit KoHpopmauun Oeska
H2 OCHOBE MEPBMYHO{ CTPYKTYphl NOJHWIEHOTHAHOK LeEIH,
HeOGXOAMMOM IS BHIONHEekEHUs 6esikoM ero byHKLUHU, 0CY-
LIECTBASETCS 0€3 yyacTusd HYKJEWHOBBIX KYUCJOT.

CunresupoBaHHslil Ha pubocomax GesoK MOCTyHaerT B
3TIC. DBesxu, HaXOLfAIIUECS BO BHYTPEHHEM NPOCTPAHCTBE
SHONIA3MATHYECKON CeTH M B ee MeMOpaHe, IepeHOCATCs
B annapat ['o/bIK# — KOJOHKY YIJIOMIEHHBIX MeMOpaHHBIX
memoukos (puc. XXVI). Ha mnpumepe rIMKonpoTedHOB
nokasaso, uro Takue Oeaxku pocrapasarca u3s OIIC B
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anmapaT I'onbxy B myselppkax guametrpoM 50 HM, OKpy-
XKEeHHBIX 000JI0UKOI, npeacTapasoled coboil MHOrOrpaH-
HYI0 peuetTyaTyr cTpyxrypy (puc. XXV). Bayrpennsas
[OBEPXHOCTh MEMODaHK OKAaHMJIEHHOrO My3blpbKa M amlma-
pata T'OJBAXKY COOTBETCTBYeT BHYTPEHHEH CTOpOHE MeMO6-
paH oHOoIL1a3MaTHuyeckor cetu. Korma oxanmiienHsle ITy-
3bIPBKY  CJIMBAIOTCSI € IUIA3MATHYECKOH MeMOpaHoil, HX
BHYTPEHHsAS IOBEPXHOCTb CTaHOBUTCSA Hapy>XHeH IOBepx-
HOCTBIO ILIa3MaTHyecko# MeMbpanbl. Crie[oBaTeIbHO, BHYT-
perEHss NMoBepxHOCTb mMemOpanst DTIC u Apyrux opraHesn
COOTBETCTBYET Hapy>XHe#l IOBEPXHOCTH ILIa3MaTHYeCKOM
meMmOparsl (puc. XXXII). Ilo >T0#l NpUYMHE YrIEBOZHEIE
rpyIIbl [JIMKONPOTENHOB IIa3MaTHYECKHX MeMOpaH Bcerza
pacniosIoXEHbl Ea €e Hapy’)XKHOH IOBEPXHOCTH.

TakuM 00pa3oM, poJib HyKJEMHOBBIX KHUCJIOT B GMOCHH-
Te3e GeJIKa 3aK/II04aeTCs B MpeoOpa30BaHMH TEHETHYECKOM
nHPOpMalMY, 32JI0XKEHHOH B MOCJIEJOBATEbHOCTH HYKJIEO-
tupoB JHK, B crpykrypy moaexyasl uPHK, 3atem cunre-
3MpPOBAaHME MMOJMIENTUIHON ey U3 y)Ke TOTOBBIX CTPOM-
TEeJIBHBIX OJIOKOB — aMUHOKHCJIOT.
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I'nasa 6

HCIOJIb30BAHUE 3HAHUI1 O HYKJIEMHOBBIX
KHCJIOTAX B MEJULIMHE

MeoulyHe 3HAHMS O HYKJIEMHOBBIX KHCJIOTaX NpaKTH-
qucxu KCTIONB3YIOTCA B TpPeX HampasieHHsx. Bo-mep-
BbIX, OHM NOMOTrAIOT MOHATb OCOOEHHOCTH BO3HMKHOBEHMS U
IpoTeKaHu s 3a00/1eBaHU I U IATOJOTHYECKHX COCTOSTHUH, Bbl-
SICHUTh MEXAHU3M JXU3HEHAESTEJTbHOCTY OPraHM3MOB B HOD-
Me. Bo-BTOpBIX, C TIOMOLIBIO U3YUeHHs KaueCTBEHHBIX M KO-
JIMUECTBEHHBIX M3MEHEHNM HYKJIEMHOBLIX KHCJIOT MOJXKHO
NpPOBOAMTh AMACHOCTHKY HEKOTODPLbIX 3aboseBanuii. B-TpeThb-
KX, B MOCJAeJHEE BPeMs Ha OCHOBE 3HAHMNA O HYKJIEHMHOBBIX
KMCJIOTaX pa3paboTaHbl HOBblE CTIOCOOLI JIeUeHH s OTAE/IbHBIX
3a0osieBaHM.

Pa3BuTHE NpPOCTHIX METOAOB ONpENECHUA HYKJIEMHO-
BBIX KMCJIOT B OMOJIOrMUeCKUX 06BbEKTaX JajI0 BO3MOJKHOCTh
HNOHATL B Psfe C/IyyaeB MPHUUMHbLI BO3HMKHOBEHUs 00Je3-




Heif, MX NPOTEKaHMe, a TAK)XE MHOTHE BOMPOCHI PETYJISILMN
¢usnonornueckux npoueccos. OcoGeHHO GobIIYIO CayXOy
COCJIYKWJIX METOZbl MCCJENOBAHUs HYKJIEHHOBBIX KUCJOT B
OTHOLIEHWH HACNEeJCTBEHHBIX Gose3HEl.

HACJIENCTBEHHDBIE 3ABOJIEBAHKA

SHaHMA O HYKJIEMHOBBIX KHCJOTAaX JaJId BO3MOJKHOCTB
IO-HOBOMY B3IVISHYTb HAa MEXaHW3M HacCJeACTBEHHbIX 6o-
Jie3Heit, KoTopble ObUIM OB HEMOHATHBI G€3 TEOPEeTHYECKHUX
HCCJIeIOBAHMH O Tepefaye, XpaHeHWHM M peaJM3aluuM Ha-
CJIeACTBEHHON HHbOPMaIHUH.

Hacnedcreennvie 60one3nu — 310 3aboseBanus, 00yc-
JIOBJICHHBIE XPOMOCOMHBIMK U TeHHbIMH MyTtauusmu. C Ha-
pyLICHHEM Ilepefiayd M BOCHPOM3BEJACHUS HACIEeACTBEHHOM
rHGOpPMaL¥H CBsA3aHbl TakXKe HACJCACTBEHHbIE aHOMAaJIMH,
K KOTOPbIM OTHOCHTCS, Hanpumep, aJbOMHU3M.

Hawu6oJsiee THNMYHLIMM HACJIEACTBEHHBIMHM 3200JI€BaHH -
MU SBJSIOTCA XpOMOCOMHble 6ose3uu. Xpomocomuuvle 6o-
ne3Hu — 310 (GOopMa MaToNOTHH, OOYCIOBIEHHAs Hapyuie-
HHUEM CTPYKTYphl XpOMOCOM B COMAaTHYECKHMX KJIETKaX.
XpoMocomHbie 6osne3HH cBA3aHbl JAM60 ¢ yTparoii, aubo c
u36bITKOM XPOMOCOMHOrO MaTepraja. XpPOMOCOMHBlE Ha-
pYyLIEHNS XOpOLIO BHUAHBI B CBETOBOM MEKKpPOCKOMN. bBoJib-
IIKMHCTBO XPOMOCCMHBIX 00Jie3Hell BO3HUKaeT BCJEACTBUE
FeHOMHBIX MJIA XPOMOCOMHBIX MYTaLH# B MOJIOBBIX KJETKAX
poauTesell WAM B TEPBBIX [EJICHUAX OIUIOJOTBOPEHHOH
wierku. Takue 3aGosieBanusl He HACJAEAYIOTCH U3 IOKOJe-
HUsSI B IOKOJIEHHE, TaK KaK [OfBJECHUE XPOMOCOMHBIX
HapyuieHuil CBA3aHO C BBHICOKOM CMEPTHOCTBIO 3apojpliieid
elle B yTpobe maTepu.

K mnaubosiee 49acTo BCTPEUAMIUUMCH XPOMOCOMHBIM
3a00/1eBaHUAM OTHOCATCA GonesHb [ayua, cuHapom Iilepe-
mieBckoro-TepHepa u cungpom Kiaitadenbrepa.

Bonesus [layHa ommcaHa ele B MPOLUIOM BeKe aHIIMI-
ckuMm Bpauyom JI. [layHoM. IT0o (opMa BPOXKAECHHOro cia-
GoyMusi, COMPOBOXKAACLIAsCH (HU3MYECKUM HEJOpa3BUTHEM.
K. Jdexen B 1959 r. ycTaHOBUJ, 4TO y JIOfEH ¢ 60/€3HBIO
Hayna wuMmerotrcsa Tpu XpoMmMocombl Ne 21. Drto saBneHue
ObLIO Ha3BaHO TpUCOMMEH (IO YMCIY COMATHYECKHX Xpo-
mocoMm). CraTucTHKa NOKa3bIBaeT, YTO TPHCOMMsA BO3HHMKA-
€T C OTHOCHMTEJHHO MOCTOSIHHOM 4acTOTOM — OOMH Ciydai
Ha 700 HOBOpO KZeHHHIX. Takue cyyam BO3HUKAIOT CIIOH-
TaHHO W HENpephiBHO. B mocsepyooumeM H3yYeHUH NPHYNH
3abonesanui OBUIO MOKAa3aHO, YTO MOBLIIATH YacTOTY
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BPOXX/JEHHBIX NATOJIOrWii, B TOM uucie W Gonesnn [layHa,
MOTYT ONpeJie/IcHHble BHeIIHUEe (aKTOpel. JTO OTHOCHTCSH
K MyTareHaM, KOTOpbi€ MOIYT IIDOHMKATb B OpraHusM C
munieil MM P BIBIXaHUU.

Haubonee IUMPOKO pacHpOCTPaHEHHBIMH MyTareHaMy
ABJISIIOTCA XUMMYECKUe COeIMHEHHUs, KOTOpble BXOAAT B
cocraB TabauHoro apiMa. IlodToMy y KypWIBILKKOB 4Yalie
poXpaioTcs netu ¢ Oosesnbio [dayna. Ilpuuem 3T0 ysesu-
yeHHe 4aCTOThl HAOMIOJAETCs HEe3aBUCHMO OT TOrO, KypHUT
MaTh MJIM KypUT TOJIbKO OTell peberKa.

C obuapyxeuneM B 1959 1. OTKIOHEHHH OT HOPMaJILHO-
rO YMciIa XpOMOCOM y OOJIbHBIX Hac/eACTBEHHBIMH 0oJsie3-
HfAMY NOSIBHJICA HOBBIA pPasfes MeJuUUHEI — Y4YeHKE O XpOo-
MOCOMHBIX 6O/Ie3HMIX.

Hekotopoe 3HaueHWe [UIsT DPa3BUTHSA NATOJOTUYECKUX
COCTOSIHMH MMEET paclpefesieHHe HYKJICHHOBLIX KHCJIOT U
6e/KOB B HYKJIEONPOTEMIHOM KoMruiekce. Haupumep, npu
Gonezun ayHa Ne30KCHPHOOHYKIEOIPOTEUAbl B OTASILHBIX
yuacTkax sfep K1eTok 6osiee KOHAEHCHPOBaHLI (YIUIOT-
HEHbl, HAKCIUIEHBI) IO CPaBHEHMIO C AE30KCHPHOOHYKJIEO-
mpoTenjaMy sfep KJIETOK 37opoBeix smojed. Henbss
UCKJIIOUHTE, YTO HEKOTOpPhIE MpPOSBICHHWS 3roro 336osesa-
HUMA CBfA3aHLI C T€M, YTO KOHASHCAUMd NPUBONKUT K Hapy-
IICHHMIC CUMTHIDAHMA reHeTHueckoi mHdbopMmampm ¢ AHK.

B 1925 r. oreuectBennblit xanuuimct H. A. llepewes-
CKuUll BrepBbie OMHCAJ XPOMOCOMHYIG OOJIE3Hb, cewuac
u3BecTHyw Kax cungpom Illepemesckoro — TepHepa.
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H.TepHep He3aBUCUMO MpeACTaBUJ ONMCAaHKE 3TOrO CHHJ-
poma B 1938 1.

B 1942 r. amepukauckum BpauoM I'. Kaaiingpenvrepom
BIIepBble ONMCAHA XPOMOCOMHasi 0oJie3Hb, Terepb W3BECT-
Has kaxk cuHapoMm Kuaiindenbrepa.

B 1934 romy M. @ennunzom BHEpBble KJIMHUYECKH
6bLIO OMMCAHO HacneACTBeHHOoe 3aboseBaHue (EHHUIIKETO-
Hypuda. U Jsmmb chnycrsa 19 JeT yCTAHOBMJIM, 4YTO 3Ta
Gosie3Hb CBsi3aHa C BPOXACHHOM HELOCTATOYHOCTHIO aK-
THBHOCTH (epMeHTa (eHMIaTaHWHTHAPOKCHIa3bl. JTO 3a-
GosieBaHME paHbLIE BCTPEYAAOCh C OTHOCKHTEJIBHO BBICOKOMH
yactoroif. YacroTa e€e pacnpocTpaHeHMsA COCTaBIAIA
1:10 000. ComnpoBoXxXpzanach OHa TSDKENbIM HCXOAOM —
YMCTBEHHbIM HEJIOpa3BuTHEM pebeHKa, BO3HHKABIUMM B
nepBole 2—3 ropma xu3uu. Ceifuac 3Ta HacneACTBEHHas
60s1e3Hb U3YUYEHa JOCTATOYHO XOPOLIO U ISl €e NMPEeAoTBpa-
meHusi pa3paboTaHbl AeiCTBEHHbIE CIIOCOOBI JMArHOCTHKH
U npodUIaKTHKH.

Bo3HUMKHOBEHHE psAfa aHEeMHUH y YeJOBEKa CBA3AHO C
HaauuueM y OOJbHBIX JOfeit IeHOB, OTBETCTBEHHBIX 3a
passutue Goneznu. Hanpumep, ceprnoBUAHO-KICTOYHAs aHe-
Muys BO3HMKAeT M3-3a HAJMUMs PELECCHBHOH aHOMAasbHOH
aJulesIi B T€HHOM JIOKYCe.

B ocHOBe CeprioBUAHO-KJIETOYHON aHEMHUH JIEXKUT BPOXK-
JelHHad HeIlOJIHCLEHHOCTh IPHUTPOLHTOB. B Takux spurpo-
LMTax npucyrTcTeyer o 60—90 9% mnaTosOrH4eckoro reMo-
rnobuna. IlaTosormueckuii remorioSuH 006JagaeT MOHHU-
JKEHHOU pacTEBOPUMOCTHIO, 4TO OGYC/IOBNMBAET IOSIBJICHUE
IPUTPOLUTOB CeproOBUAHON (OPMEI, B CBA3U C YEM H BO3-
HMKJIO Ha3BaHWe GOJIe3HH.

B 1949 r. JI. IToaunz (B mocienyiowieM ABaXIbl Jaype-
ar HoGenesckoil npemMur) BMecTe C COTPYAHHMKAMM yCTa-
HOBWJI, UTC IPWYMHON aHOMaJIbHOCTH B CTPYKTYpPE I€MOrJIOo-
OUHa TpY CEPIIOBUHO-KJIETOYHON aHEMHH ABISETCS 3aMe-
HAa B MOJIEKyZe [eMOrJo0MHa OCTaTKa IJIyTaMUHOBOH
KHCJOTBl HAa OCTAaTOK BaJiMHA. JTa 3aMeHa SBJAETCS pe-
3y/1bTaTOM IeHHOM MyTailui.

Bosie3Hu Cc HacleCTBEHHBIM NPEPACHOJIOKEHHEM OT=-
JIMYAIOTCS OT TFeHHBbIX Oose3Helt TeM, UTO JJisi MX MPOSIBIIEe-
HUsL HEOOXOAMMO pfeiicTBMe (PaKTOpPOB BHEIUHEN Cpenpl.
Tak Xe Kak M [ TeHHbIX O0cJie3Heil, pa3/iMyaloT MOHO-
reHHBIE W MOJWreHHble 3a060JIeBaHUS.

Monozennvie 6osne3nu ¢ HacNneACTBEHHBIM NpeApacIio-
JIOJXEHUEM XapaKTepu3yeTcs TeM, UTO IPeApacoJIOXEeHHe
ONpPeACNACTC OOHMM TEHOM, T. €. OHO CBSI3aHO C IIaTOJIO-
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THYECKOIl MyTauueit omHoro resa. s mposiBIeHUs 3TOro
npeapacnoniokeHus TpebGyercs obsi3aTenpHOe AeicTBHE
¢akropa BHEWIHEH cpenbl, KOTOPbIH MO OTHOIIEHHUIO K JAaH-
HOI Gosie3HM sIBAsieTCS CrelUpUUECKKM.

Honuzennvlie 60ne3nu C HacJEICTBEHHBIM NPEAPAcIoo-
JKEHHEM OIpeAesIOTCA HEeCKOJbKMMU I€HaMH, KaXXAblH H3
KOTOpBbIX HABJISIETCA CKOpee HOPMaJIbHBIM, YeM [aTOJOrH-
yeckuM. CBO€ NAaTOJIOrMYecKoe MpPOSIBIeHHE OHHM OCYLIEeCT-
BJASIIOT BO B3aUMOJEHCTBUM C KOMIUIEKCOM (hakTOpoB
BHelHeill cpeapl. JIio6as nomurenHass 607€3Hb XapakTepH-
3yeTcsi HaJM4YMeM OOJMbLIOro KoJMuecTBa (OpPM, BADMAHTOB
U KJIMHUYECKUX TPOSIBAEHHH. DTH OGOJNE3HH COCTABIAIOT
90 9% xpoHH4eCKMX HeMH(EKLIMOHHBIX 3abosieBaHMiA.

K 607€3HSIM C HACIEeNCTBEHHBIM TNPEAPACIIOJIOKEHUEM
OTHOCSATCS HalpWMeEp, Ncopuas, caxapHblii auabeT, wWKU30-
dpenusi. ITH GOJIE3HH B pa3HbIX CTPaHAX PAclpOCTPaHEHbI
C pa3HO# 4acTOTOMH.

Baxuoe Mecto B Gopble ¢ HacjaeacTBeHHBIMH 3abosie-
BaHUSAMU HMeeT HX npocdwuiaxkruka. Ilpodunakrtuka Ha-
CJIeICTBEHHBIX 0O/Ie3HEH MOJXXET HATH MO JABYM MOyTAM:
YMEHbLIEHUE HMHTEHCHBHOCTH CIIOHTAHHOIO MYTAaLMOHHOTO
mpolecca MyTeM aHTUMYTAreHHbIX BO3ACHCTBM, MO0 auar-
HOCTHKA TMAaTOJIOTHH Yy IICAA [0 €ro POXXIAEHUS — NpeHa-
ranvHas duaznocruka. Ilpu nposefeHUU NpeHaTaJbHON JU-
arHOCTUKH BBIAEJISIOT IPYMObl OCpeMEeHHBIX NOBBLILIEHHOIO
pHCKa pa3BUTUS HacJeCTBeHHbnX 6osesnedt. Hanpumep,
BO3pacT JKEHILIMH cBuile 35 ner sBasiercs dakTopoM I1O-
BBIILIEHHOIO DUCKA POXAEHUA neTeit ¢ Tpucomusimu (6o-
ne3nb dayna).

Hapsiny co crnoHTaHHBIM BO3HUKHOBEHUEM MyTauuil B
OpraHu3Me Yes0BeKa IMOCTOSIHHO BO3HUKAIOT MYTalUW, MH-
IyUMpOBaHHbIE 3@ CYeT BO3JEHCTBUS XWMHMUYECKHX, u3u-
4yecKMX M Onosoruuecknx (paxTopoB BHENIHEN cpefbl, KOJIH-
4YeCTBO KOTOPBIX M MHTEHCHBHOCTb BO3AEHUCTBUSA MOCTOSHHO
YBEJMUMUBAIOTCSA B CBSI3M C HMHTEHCHMBHON WHAYCTpHaau3a-
upeit. 3amuTa OT AeHCTBUH 3THX (PaKTOPOB TaKXe OTHO-
CUTCS K MPOoUIAKTUKE HACJIEACTBEHHBbIX GOJE3HE.

V3 dusnuecknx (akTopoB u3pecTeH MyTareHHbIH 3d-
dEKT TOJAbKO MOHU3MpYIOLEd pagualuy.

Pacyer reHeTMueckMX mOCHeACTBMA INPU MyTareHHbIX
BO3/leiiCTBUSAX NPOBOAMTCA C yuyeToM H03 obayuenus. ITo
OnpeJeeHMI0 HayuyHOro Komurerta nmo paauauuu npu OOH
03y PaJMallvi, YBeJIMUYUBAIOUIYIO YHCJIO CIIOHTAHHBIX MyTa-
UMii, BABOE Ha3blBAlOT ypaBaubamomeh. Ilpu ogHokpaTHOM
obsiyueHuu oHa cocrasiasieT He menee 0,3—1,5 I'p (rpeit),
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BHYTPEHHUNE

a mpy MHOTOKpaTHOM — B cymMme He menee 1,0—1,5 T'p.
Taxue [03bl IIONYYAIOT TOJBKO B pe3yJsbTaTe HECYaCTHBIX
C/IyuaeB WM NpPU OYEHb JJIMTENBHOM CTaxe paborbl. AHa-
JIU3 IOTOMCTBA JIMLI, IePEeHeCIIMX aTOMHbie 60MGapaAKpPOBKU
B Xupocume u Haracaku, He mokasas 3aMeTHOro MOBBIIIE-
HUMS YacTOTbl POXXACHUS C HACJEACTBEHHON MNaTOJIOTHEeM.
CorslacHO 3THM [JaHHBIM, yABauBaloUias [103a pajdaluy y
yesioBeKa cocTaBiafeT cBuiuie 2 I'p.

Ipu TakuXx m03ax 0OIy4yeHWs KHAYLMPOBAaHHBIA MyTa-
LIMOHHBIM NPOLECC NPEeACTaBIAET ONACHOCTb C TOYKHM 3pe-
HUSA TONYJSLMOHHOTO, a He HWHAWBUAYAJIbHOTO KOC/EN-
crBus. Tak, ecau B ceMbe OOUH M3 CYNPYroB HOJYYMI H03Y
xponuyeckoro obnyuenus 1,0—1,5 I'p, T.e. go3y obmyue-
HUsi He GoJsiee yBauWBawIeil, TO PUCK MOSBIEEUsT GONBHOTO
peGenka nosbicurcst ¢ 4—5 % no 5—6 9%, uTO BCe paBHO
ABJAETCA HM3KMM 3HauyenweM pucka. ITostomy B fAazuHOi
ceMbe MOJKHO He OrpaHM4YMBaTh AETOPOXAeHHE. B TO Xxe
BpeMsl, €CJM TaKylo [03y IOJIyYUT BCE HaceJIeHHe, TO,
YUATBIBAsl PaClpOCTPAHEHHOCTh BO3AEUCTBHS, 4HCJAO GOJb-
HBIX HACJICACTBEHHBIMH 3200JIeBAHUSIMM Yepe3 HEeCKOJBKO
TIOKOJIEHMHA YBEJMUUTCA B 2 pas3a, YTO HaHECeT JKOHOMU-
YeCKMii ¥ MOpaJbHBI ypOH OOIECTBY B TeuyeHHe BCEX
MOCNAEAYIOIIUX TOKOJISHUM.

Ipodunaxtuueckoe seueHse HACAEACTBEHHBIX Oone3Hel
MOJKET OCYILIECTBIATHCS Ha3HayeHUeM CIELUaIbHBIX JMeT,
HanpuMep [IpY HACJIEICTBEHHBIX GOJIe3HAX 0OMeHa BellecTs
(besmIKeTOHypHU s, HELOCTATOUHOCTb AYCAaXapuaa3) HUCKIIIO-
YEHHEe HEXOTOPHIX BUAOB nuud (IIPM  LieJMakuM) WM
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KOHCYAbTALRK G

NeKapcTB (IIpM  HEJOCTAaTOYHOCTH (pepMeHTa IJIIOKO30-
6-¢ocdarnernaporenassi). IIpy 3TOM HEOOXOAUMO IOM-
HHTb, YTO, YeM paHbIIE GbUIO HAYaTO NPODUIAKTHYECKOE
JleueHue, TEM BBIIIE TIOJIOXKHMTEbHBIA 3 deKkT OT JeuyeHus.

K nmpo¢dmiakTHuecKUM MEPONpUATHAM OTHOCHTCS M Me-
IHKO-TeHeTHYecKOoe KOHCYJabTHpOBaHMe. Halie 3a KOHCYJIb-
Taugeil obpamanTca CeMby, TAE yXe UMeeTCs PeDEeHOK C
HaCJIeICTBEHHOU TatoJiorde#i iy npu Ha/muuu (HaKkTOpOB
MOBHIILIEHHOTO PHCKAa €ro IOsIBJieHWsI B CBA3M C Hacjaeh-
CTBEHHBIMU 3200JIeBAHUSAMU Y POACTBEHHHUKOB, KPOBHOPO[-
CTBEHHBIM OpakoM, BO3pAacTOM pOAMTENe# crapuie 35—
40 ner, BO3JeCTBUEM MyTareHHbIX (PaxTOpOB BHeluHeHd
cpenbl (MOHM3MPYIOIAS paguanusg).

Pa3nnyaioT Takxe MOPOKH pa3BUTHSI, CBA3aHHbIE C Ha-
pYLUICHHEM JEJeH4sl KJIeTOK, T.€. Pa3MHOXEHHUs IeHeTH-
YECKOro Marepuajia B TMepuoj, BHYTPUYTPOGHOro pa3BHTHA
wioga. K TakuM IOpOKaM pa3BUTHA OTHOCSATCS IOPOKH
Cepana, BPOXJAEHHAsl PaciieMHa HEGa, MpUYWHAMM KOTO-
PHIX SBASIOTCH HeOaaronpuaTHBIE (PaKTOPH, OKAa3bIBAIOLHE
BIMSHVE Ha pa3BuTHe IUIofa. WHTepecHo, 4YTO MOPOKH
pPasBHUTAsL TakKXXe HMEIOT HepaBHOMEpDHOE pacCIIpoCTpaHe-
HHMe B reorpadHueckoM oTHoumieHuM. Hanpumep, uacToTa
pacuwenieHis ryObl U HEGa B AHrauu cocrasiaser 1 ciy-
yait Ha 555 wosBopoxpeuuwx, B Sncouum — 1:333, HO
BpPOXIEHHBI BbiBmx Oeapa B Sinomumm Habmwopaercsi B
10 pa3 wuame, yemM B AHmmu. B pa3BHTUY BPOXKIAECHHBIX
[OPOKOB y HYEJIOBEKA WUIpaeT poOJib KOMOMHAUUA Haclen-
CTBEHHBIX M JK30TeHHBIX (haKTOPOB.
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XPOHUYECKHE 3ABOJIEBAHNA U MHTOKCHKAUUN

C HakOIUIeHMEM OKCIIEPUMEHTAJbHBIX U KJIMHUYECKUX
AaHHBIX OBUIO YCTAHOBJIEHO, YTO COAEPKAHHE HYKJIEHMHOBBIX
KHCJIOT MEHseTCS TpM MHOorux Oosesusx. Hanpumep, y
GOJILHBIX A3BEHHOU OOJIE3HBIO XXEMYAKAa M XPOHMUYECKUM
aJKOTOJIM3MOM  HPOMCXOAMUT YMEHbIIEHHE COJepP>KaHUA
PHK B kyreTkax meueHw. 2TO yMeHBIICHHE yKa3blBaeT Ha
3HAYMUTENIbHBIE PAacCTPOMCTBa OeJIOKCHHTE3Upyolel GyHK-
Li¥¥ TNIeYeHN ¥ HapylleHUs, KOTOphle 3aTParuBaloT riIyOooKkue
MEXaHN3MBI 3To# pyHKUMH.

HenoctaTok Tex WM WHBIX BHTAMHHOB, UMEIOIMIMX OT-
HOIIEHME K HYKJIEOTHAAM, NPUBOTUT K Da3BUTHUIO XPOKM-
yeckix 3a007eBaHMil. PaccMOTPUM [Ba MpUMepa HeNOCTAT-
Ka, Wi, KaK ropopATt, AedulTa BUTAMHUHOB, BXOJAUIUX B
cocTaB KoepMeHTOB, (PYHKUMOHUPYIOLMX Ha OCHOBe a30-
THCTBIX OCHOB2HMI M MPEICTABIAIOIMX COOOM HYKIEOTHIDL

HukoTHHOBasi KMCJIOTa MMEET CJICHYIOLIMHA BUA:

_C
TI:S 4>C—COOH
8 2
\,{.%C

HHKOTHWHOBAR
HUCAoTa

C

OHa sABAsieTCA NpeAleCTBE HHUKOM HHMKOTMHAMK/JA, BXO-
OALIET0 B COCTaB HMKOTHHAMUAMOHOHYKJICOTUIA, U3 KOTO-
pOro CTPOKTCSH, KaK ObLIO OTMEYeHO paHee, KOGepMEHT
LbIXaTeJbHOM  Leny — HUKOTHHAMUAAAEHUHIUHYKIJICOTH],
(HA). IMo3TOMy HMKOTMHOBas KMCJIOTa HeoOxomuMa mjist
YyeJ0BeKa M MHOTMX APYIMX MjeKonuramomux. Ilpy Hemo-
CTaTKE HUKOTMHOBOX KWCJIOTHI B MHIIE Y YEJOBEKa pa3BU-
BaeTCs XapakTepHoe 3abosiesanme — meJuiarpa. Ilpu men-
Jlarpe HapymamoTcsa GYHKUMM LIeHTpaJbHOA HEPBHOH cHCTe-
Mbl, JKEJIYAOYHO-KMIIIEYHOTO TPaKTa. THUIMUYHBIM BHELIHUM
NpOSIBJIEHUEM I[ieJularpbl SIBJSIETCS BOCH2JIEHHE KOXH U
CJAM3UCTEIX 000JI0UEK.

HukoTHHOBasi KHMCJIOTA KCIOJb3YETCS NPU JIEYSHUHN aTe-
pocKieposa. B GosbloM KonmMuecTBe HMKOTHHOBAs KUCAOTA
HAaXOJAWTCA B pPa3JIMYHBIX OpraHax >JKMBOTHBIX: IEYeHH,
noykax, MbIIax. MHOro ee B MOJIOKe, phibe, ApOXKXKax,
oBoulax, GbPyKTax, rpeyHeBoil Kpyre.

BuraMeH B2 BXOZUT B COCTaB (PJIaBMHMOHOHYKJIEOTHAA
M IIO3TOMY TakXe HeOOXOomuM /I uesioBeKa W JPYTuX
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xuBoTHBEIX. HemoctaTouHOCTh €ro B OpraHu3Me COIpOBOXK-
JaeTCsA MNOBPEXACHUEM CU3KCTOM 06OJIOUKU pra A CTO-
MaTHUTOM.

NHOEKUYMOHHDBIE 3ABOJIEBAHHA

HyxsiemHOBbIE KHMCJIOTBI MMEIOT HEMOCPELCTBEHHOE OT-
HOIIEHHEe K BO3HMKHOBEHHMIO M DPa3BUTHIO MHOTMX HH(peK-
LMOHHBIX 3a6oseBanuit. OcoGeHHO 3TO OTHOCHTCA K 3a6o-
JIeBaHMUSIM BHPYCHOT'O IPOMCXOJKIEHUsI, KOraa cyTbh HH(pex-
LIMOHHOrO Ipollecca 3aKJII0YaeTcsi B TOM, YTO HYKJIEHMHOBas
KMCJI0Ta BUPYCHO! YacCTHLBI IPOHHUKAET BHYTPb KJETKH,
npucoegunsaercsa K JHK 3Toif xiaetku ¥ B mocjeaymoieM
NPMBOAMT K €€ pa3pyLIeHHIO.

IMpu GakTepHanbHLIX MHMEKUMSIX MHOTHE MEXaHU3IMBI
3a6osieBanusi ¥ 3 QPeKTh AEACTBUSA JIEKAPCTB TAK)KE CTaHO-
BATCA TMOHATHBIMM HAa OCHOBE 3HAaHUH O HYKJIEHMHOBBIX
kucnorax. Hanpumep, B psze c/lyyaeB BHYTPH OOJBHMIL
BO3HMKAIOT BCIOBIIKM WHMEKIMOHHBIX 3aboseBaHui, mopa-
Xamolue G0JbHBIX, KOTOPhIE HAXOAATCS B OOJIbHMIE C COB-
ceM apyrumu Oosesusamu. DTO TaK Ha3biBaeMas BHYTPH-
GosbHuuHas MHbeknusa. OHa He NoAmaeTcsl JIEUSHUIO aHTH-
O6MOTMKAMH, TaK Kak uHpeKuusi Bo3uukaeT Ha ¢oHe mmpo-
KOro ¥ MHTEHCHUBHOrO JieueHHs aHTuObuoTukamu. Ceifuac,
B CBSI3Y C MAaCCOBBIM, HEYMEPEHHbIM MCIOJIb30BaHUEM aHTH-
6UOTHKOB, BHYTpHOOJbHAYHbIE MHMEKLHMM CTAHOBATCS He
TAaKHMH YK PEIKUMHU.

B pesynbTaTe 4ero BO3HMKAET BHYTPMOOJILHHYHAS HH-
¢ekuua? OHa pa3BUBaeTCsd B pe3ysbTaTe BO3HKKHOBEHMS
MyTaLuil ¥ U3MEHEHUS reHeTHYeCKOro Kofa MUKpOOpraHu3s-
MoB. PaccCMOTpDMM MeXaHW3M 3TOro SIBJIEHUS Ha IIpUMepe
pa3BUTHSA YCTONUMBOCTH GaKTepHil K aHTMOMOTHKY CTPElTO-
MunuHy. CTpenToMuuME y6uBaeT MHOTME CBOOOJHO BCTpe-
YalolUecs B MPUPOJE, pas3inyHble (OPMbI MUKPOOPTaHHU3-
MOB, B TOM YHCJI€ U CTPENTOKOKKH, KOTOpbIE UYBCTBUTEC/Ib-
HbBl K CTpentoMuuuHy. Ecid cTpenTOKOKKY BbICESITH Ha
MUTATEJbHYI CpeAy, B COCTaB KOTOPOM BXOAMUT CTpENTO-
MUIL¥MH, BCE MHMKpOOpranm3Mbl morubuyr. OmHaKo B TeX
cayyasix, KOrga Ha MUKPOOpPraHM3Mbl OKa3biBalOT MyTarcH-
HOE BO3IeicTBHE YJbTpadUOJIEeTOBbIE JIyYU UM MyTareHHbie
BelliecTBa, MHOTJAa Ha IHUTATeJbHOH cpene, coaeprKaie
CTPENTOMMLMH, GOHAPYXMBAETCA POCT KOJIOHMI. DTO 3Ha-
YHT, YTO OTAE/bHbIE CTPENTOKOKKU CTaJM CTPEeNnTOMUYUH-
PEe3UCTEHTHLIMU — YCTOMUMBBIMM K HEHWCTBHUIO CTPENTOMHU-
nuHa. JaHHb aHTUCHOTHK y)X€ He MOJKeT yOWTh Takue
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MUKpoopraHu3Mbl. M1 HeBOCIIpUMMYUBOCTD K JAEHCTBHUIO aH-
TUOMOTHKOB 3aKpeIUvisieTcsi y O6akTepuil HacJeCTBEHHO.

Hrak, HacleACTBEeHHO 3aKpelUieHHas CTPeNTOMMIMHpe-
3UCTEHTHOCTb BO3HMKaeT B pe3yjbTaTeé MyTauuu. JTa
MyTauusi MosBIAETCS, KOHEYHO, He LeseHanpasieHHo. OHa
IIPOUCXOAUT cayyakiHo. Ho Temepb, B TPHCYTCTBUH B
OKpyXXalolleH cpefie CTPENTOMULNHE, BBIXXHTb MOTYT TOJb-
KO Te MHMKDOOPraHM3Mbl, Y KOTOPHIX Oblia HMEHHO 3Ta
MyTalusl.

B pganHOM ciyyae MyTalMsi OKas3ajiach IOJIE3HOW i
GakTepuil, XOTS BpauaM 3TO [AOCTaBJAsEeT MHOTO XJIONOT U
GecriokoiicTea. Benp st 60pp0bl ¢ MyTHpOBaHHBIMHM hop-
Mamy GakTepuil TpeGyIOTCS HOBbIE aHTUOMOTHKHM C HOBBIMH
CBOMCTBAMHM M CIIEKTPOM JHeHcCTBHUA.

OTcroga BO3HMKaeT M IpakTHYecKas peKOMeHJauwd,
KOTOPYIO TPONAaraHA¥pPYIOT OpPraHbl 3[ApaBOOXPaHEHHA: 3a-
npeniaeTcss HPUHUMATbh AHTUOMOTHKM 0e3 mpeanMcaHus
Bpaua. CaMoJieyeHre aHTHOMOTHKAMH NIPUBOAUT K BO3HUK-
HOBEHMIO PE3HWCTEHTHBIX IITAaMMOB HE TOJIBKO CTPENTOKOK-
KOB, HO ¥ JPDYIrMX MHKPOOpPraHH3MOB.

VKe u3BecTHble BaM IUIA3MHUABl 001afaloT HaKkTopoM,
OPUJAIONIMM OGAKTEPUAM YCTOMUMBOCTD K AHTHOMOTHKAM.
On Ha3pBaeTcs daxkrtopom R (aurn. resistance — ycToi-
yuBoCTh). B 1955 r. MHorme crpaubl OXBaTHUIa SIMEEMHS
[JM3eHTepHud, KoTopas Obiia cBf3aHa ¢ HeoObluaiHO ObICT-
poit sBosouyelt 6aktepuit u npHoGpeTEHUEM MMH YCTOWUM-
BOCTH KO MHOTMM autubuoTtukam (puc. XXXV). B cocras
I1a3Mu[ BXOOUT Takxe (akTop NepeHoca YCTOHYMBOCTHU
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RTF (resistance transfer factor). MajeHbkue ILIa3MHIBI
dakropa R ymuwenn obsactu RTF u oOBIYHO nepejaioT
KJIETKAaM YCTOMYMBOCTb TOJBKO K OJHOMY aHTHOHOTHKY.
Hamnpumep, mnasmuga R pavHoi 8,2 TeIcSYM map OCHOBa-
HUH HECeT IeH YCTOWYMBOCTH K TeTpauukumHy (r). Ilmas-
MHuAa R He MOXeT OBITh MEepeHeCeHa IYTEM KOHDBIOralluH.
OpHako 3TOT TeH r MOXeT NpYMCOeJUHUTbCA K ApYyroi
na3Muje, Hecyuled WHOM reH YCTOMYMBOCTM K KaKOMy-
qu6o semectBy (puc. IX). Ecim ren r oGbeauHsiercs ¢
IL1a3MUIOM, cofepXalleit obnacte RTF, BO3HHKAeT ILIa3-
MHUZa, cofepXKaumas reH r W crocoOHas NepexXoAuTbh B
JApyTHe KJIETKM NpU KOHbIorauuu., CrexoBaTesbHO, IUIa3MHU-
Opl MMEIOT HeCKosbKo (akTopoB R, o0pasyommxcs H3
TIOABMXKHBIX 3JIEMEHTOB. Takue IU1asMufbl 00YyC/IOBIMBAIOT
YCTOMUMBOCTD 6aKTepHil K OTAENLHEIM XMMHUECKMM COEAM-
HeuusiM. Taxkue reHeTHUYECKHE DJIEMEHTHI, CIIOCOOHEIE K mepe-
HOCY, Telepb Ha3bIBAIOT TPAHCHO30HAMU.

BaxHoe 3Hauenuwe AJig GopbObl ¢ MHMEKUUOHHBIMU 3a-
GosieBaHMAMH MMeET BHIpaOoTKa Opranu3MoM aHtutea. OHu
HeOOXOAMMBL 7/ 3alUMTHl OpPraHM3Ma OT Pa3/IMYHBIX MH-
dexuuid. AutuTena oGpasylOTCs TOrZa, KOrAa B OPraHM3M
MonajaeT aHTUred. AHTUTeH nonajaer B KieTky. Ha ocHoBe
GU3NKO-XUMHUYECKMX CBOWCTB (opMupyeTcss TpeTHUYHaAsA
CcTpyKkTypa (KOHMHMrypauus) UMMYHOrJIOOY/IMHA TaKUM
obpa3oM, UTO OH CTAaHOBUTCHA CINOCOOHBIM crheuudHuyecKH
CBSI3bIBATh MMEHHO OJTOT aHTHMreH. [loaToMy aHTUTENO
JOJUKHO MMeTh IO KpaiiHell Mepe [Ba crenudHYecKux
LIEHTPa CBA3bIBaHUA JUIA 3axBaTa JBYX AHTUITECHOB U HX
npeuunuranun (ocaxpaenus). Ha puc. XXI npeacrasieHa
cxXeMa BO3HHUKHOBeHMs creiduyeckoil KoHGHrypaUun
LieHTpa CBA3bIBAHUS OKOJIO aHTUTEHA, CHASIIEro Ha MoBepX-
HocTu pubocombl. Hemocpeacrsennoe (popMHpOBaHUE LEHT-
pa CBsA3bIBAHMA OCYINECTBIASETCA Ha TaK Ha3bBaeMoi
JeTEPMUHAHTHOM TpYINe aHTHTeHa, NpefHa3HAuYeHHON A
cnenudUUecKoro pacrno3HaBaHUA aHTUTEHa.

PA3BUTHUE 3JIOKAYECTBEHHBIX OINYXOJIEN

IMpo6nemMa pa3sBUTHA 370KAaUECTBEHHBIX OIYXOJEH AAaBHO
MpUB/IeKaeT BHUMaHUE Y4YEHBIX W SIBISEeTCH Ha CerofHsii-
HMI [IeHb aKTYaJIbHOHM JIfi BCEro yejoBeuecTBa. B ueM Xxe
MpUYMHA pPa3BHTUA 3JI0KAYeCTBEHHOro pocra kietok? Ilo
CYLIECTBYIOIMM CBEJEHUSIM HODMAaJIbHasi KJIeTKa CTaHOBUT-
cA pakoBoii moj AeiicteueM JsmbOo omHoro, aubo KomOu-
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Haupy (HaKTOpOB: XUMMUYECKHX KaHIEDOr€HHBIX BeELIECTB,
MOHU3UPYIOWIEro OG/IYYeHNsT U OHKOTeHHBIX BHUPYCOB, T. €.
BHPYCOB, BHI3BLIBAIOLIMX pakK.

MyTareHsl, KOTOphiE C [OCTaTOYHO GOJBLIOH YaCTOTOM
BBIZBIBAIOT PA3BHTHE 3JI0KAYECTBEHHBIX OIYyXOJel, Ha3bl-
BalOTCA KaHnyepoeenamu. Ilox peldcTBUEM KaHIIEPOTCHOB
J06o# TPUPOABI MPOMCXOAMT MOBPEXAEHUE Je30KCUpHGO-
HykyeonpotrenioB. K TakuM mOBpeXaeHMAM OTHOCSTCH
yactnuHasa puccormanms JTHK, o6pa3oBaHue CIUMBOK MEX-
ny OHK » okpyxamouwmmu ee 6esKaMH, pacnaj HYKJIEO-
MPOTEUNIOB.

Ko/M4ecTBO XMMHYECKMX KAHIEPOIreHHBIX BEIIECTB B
CBSI3M C Pas3BHTHEM IPOMBILNUIEHHOIO IPOU3BOACTBA MO-
CTOSIHHO YBEJIMUMBACTCS, UTO BEHET K 3arpsi3sHEHUIO OKpy-
xamomei cpeapl. CpencTBoM 3alUThl OT TaKOTO 3arpsas-
HEHUsI ABJIAETCA co3faHue 3(P(PEKTHBHONK CHCTEMBI KOHTPO-
ns. Co3paHue CRCTEMBI KOHTPOJIA MMEET OrPOMHOE 3Haue-
HUE JUIsi NPOQPUIAKTHKH paka., 3TO OCOOEHHO BaXKHO, eCiu
yuecTh, uro okoyio 80 % cayuaeB 370KaUYECTBEHHBIX OIy-
xone#i O0OYCIOBJEHH JEeUCTBMEM KAaHRUEPOT€HOB, HaXozs-
WUXCA B OKPY’Kalolel cpefie. 3arpsisHeHUeM OKpYXKalolen
cpelsl OOBSACHSIOT OTYACTH Pa3MuUs B PaclpOCTPaHEHHO-
CTH OTAEJIbHBIX BUMOB paka. Hanpumep, ObLJIO YCTaHOBJIEHO,
YTO paKk neyeHd B KeHWH BCTpeyaeTCs 3HAYKMTENBHO 4Yalle,
yeM B €BpOMEHCKHX cTparaxX. IIpM SIHMIEeMHOJOrHUYEeCKOM
o6CNeOBaHNM HACEJIEHHs DTOHM CTpaHB OOHApyXKeHO, UTO
CYWECTBYET CBA3b MEXAY YACTOTOH BO3HUKHOBEHHS paka
IEeYeHH K COJepXKaHueM B IpoxykTax acdJiaTOKCHHA, Be-
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1eCTBa, 00pa3yIoLIErocsi B pe3yibTaTe KU3HEAEsATeJbHOCTH
0Cco60ro BHJa IUIECEHH, XapaKTEpHOW [Jis BJAaXKHOTO XKap-
KOro KJIMMara.

Ho nauGojiee cepbe3HbIMH KaHLEpOreHaMH IO Paclpo-
CTPAaHEHHOCTH M TOCJASACTBUAM SBISIOTCH KaHLEPOTeHB
tabautoro gpiMa. B Tabake copmepxarcs cheuuduyecKue
HUTPO3aMMHBI (HalpUMep, HUTPO3OHODHUKOTHH), obnajga-
IOLIMe BbICOKOH KaHIEPOreHHOH AKTHMBHOCTBIO. B MHOro-
YUCJICHHBIX MCCJEJOBaHUAX HOCTOBEPHO YCTaHOBJIEHO, UTO
KypeHue siBasieTcsi (paKTOpOM pUcKa Pa3BUTHUA PaKa JIErKHX.
Takoe yBeqMyeHME YacCTOTHI YCTAHOBJIEHO KAK Yy JKEHIIHH,
TaKk ¥ y MyxuumH. Ilonararor, 4yro KypeHWe cHUraper ssJisi-
€TCsl OCHOBHbIM (PaKTOPOM B Pa3BHTHMH paka IOJIOCTH PTa,
KpacHoil KaiiMbl ry6, IJIOTKM W TNIPUYMHON MpepaKoBbIX
COCTOSIHKH 3THX opraHoB. OTKas OT KypeHMs CUMTaeTcH
Ype3BbiYalHO Ba>XKHBIM MOMEHTOM C TOUKHM 3PeHHs IepBHY-
HOil mnpoduaakTMKH paka roptand. Kypenue — akTop
pHCKA DPa3BUTHS paKka MOUEBOro My3bips. ¥ JOfeH, BBIKY-
puBaKOIUX B JieHb 60 curaper u GoJsiee, OH pa3BUBaeTCs
B 2,8 pasa uame, yeM y Hekypsiuux. Kypeuume Moxer
TaKXe CHOCOOCTBOBATb pa3BUTHMIO paka IpPeACTATENbHOMN
XKeJsie3bl.

YeM paHblle 4yesJOBEeK HauMHaeT KYPUThb, TEM BHILIE Y
Hero BeposiTHOCTH 3a0osieBanus. Pak MOpXenyJouHOM Xxe-
Jle3bl y KypsALIMX MYXuYKH pa3suBaercad B 2,4 pasa, a y
KypAlMX >XeHIMuH B 1,8 pasa uame, yeM y HEKypALIMX.
IIpu >TOM ¥MeeT 3HaueHUEe KWHTEHCHBHOCTb KYDEHHS: ueM




foblie YesI0OBEK KYPHUT, TEM BBIIE BEPOSTHOCTL Pa3BUTHS
y HEero paka IOJJKeJyIOUHOMH >Kese3bl.

M3 sTOoro MOXHO cpaesnatb BBIBOJ, UYTO KaHIEPOTEHHI,
BXOAsSILIME B COCTaB Tabaka, OTBETCTBEHHbI 32 3HAYHTE/b-
HYIO 4YacCTb 3JIOKaYeCTBEHHBIX OITyXOJied pa3HbLIX OPraHoB.
10 0GHApPY)XEHO B HCCJIE[OBAHUAX, NPOBEJEHHBIX B pa3-
HBIX cTpaHaxX. IlomcyuTaHo, UTO B Ciy4yae MOJHOrO MCKJIIO-
yeHUsI KypeHHsT M3 OOMXOJa UHMC/IO CAyyaeB paka ymeHb-
mutcss Ha 25—40 9%. Hekypsumii 25-n1eTHHE My>XUMWHA
MOJXKET MepeXUTb CBOEr0 POBECHMKA, BhIKypuBaloiero 20—
30 curapeT B HIeHb, B CPeJHEM Ha IIECTb C IIOJIOBUHOH JIeT.
Bopnba ¢ KkypenmeM CHocoGCTBYeT CHMXXEHMIO 3abosieBae-
MOCTH 3JIOKaYeCTBEHHBIMH OIYXOJISIMU.

B 1974 r. 6buio obHapykeHOo, UTO BHHWJIXJIODHUL —
UCXOAHbIA TIPOJAYKT, IIPUMEHsIEMBIH IIPY H3roTOBJICHUH
MIOJIMBUHWIXJIOPHIa B TNPOM3BOACTBE IJIACTHYECKHUX Macc,
o6/iafilaeT KaHUEPOreHHHIMU cBoifcTBamu. CaM MOJMBHHUI-
XJIODHJ, HE KaHLEPOreHeH, HO OH MOJKET COJEpXaTb CJelbl
(HECKOJIbKO YacTHI| HAa MWUIMOH) BUHH/IXJIOpUAA. Peasbhasg
OMacHOCTb CYIIECTByeT Ha NPEANpUATHAX, UMEIONMX MIes0
¢ BUHWIXJIOpHAOM. OpHako BOOOHIE MpPeKPaTUTb MPOHU3-
BOZICTBO MOJIMBUHUJXJIOPDHAA OOILECTBO HE MOXET U IpH-
XOAMTCS MHUPUTbCS C TEM, 4TO paGora Ha MpPeaNpUATHAX,
BBHIITyCKAIOUIMX CTOJIb HY)KHble BCEM H3MEJHs U3 IOJMBH-
HUJIXJIODHAQ, COMpPSIKEHa C HEKOTOPHIM DHUCKOM (Kak OHO
MHMPUTCS C TeM, YTO INAXTephl, AOOBLIBAIOLINE YIrOJb, TAKKe
MOJBEPraloTCs ONMaCHOCTH).

Jpyroil BaXKHbI# BONPOC, OTHOCAIIMIICA K BO3HKHKHO-
BEHUIO M Pa3BUTHIO 3JI0KAaYeCTBEHHBIX OIilyXOJeH, 3aKo-
4aeTcsi B TOM, BbI3LIBAeT JIM BUPYC PaxoBbie 3a00/eBanus
y uesioBeka. U3BecTHO, 4TO BUpPYC ABISAETCs BO30yAuTesleM
pa3nMuHbIX 3a00/1€BaHMit: KOPH, BETPSAHOW M HaTypasJbHOM
OCIIBl, KOKJIIOWIA, TIOJIMOMHUENNTA, TPHUIIIA.

CunTaercs, YTO HEKOTOpHIE BUPYCH MOIYT ObITH NpHYH-
HOM Pa3sBUTHA 3JI0KAUECTBEHHBIX omyxosieil. Takue BUPYCHI
Ha3bIBAIOTCA OHKOZeHHubIMU. W3BecTeéH adeHosupyc o6e3b-
sIH, KOTODHIH 00J1afiaeT BBICOKOM CIOCOGHOCTBHIO BBI3LIBATH
pak. IHK 2Toro Bupyca uMmeeT y4acTOK, HECYIIMH «OHKO-
2¢H», T. €. T'€H, OTBETCTBEHHbIl 3a paKoBOe IepepoXXJeHHe
KJIETOK.

MexaHn3M pa3BUTHS 3JOKAUECTBEHHLIX OMYyXOJel IpH
JefICTBHM BMPYCOB 3aKouaercs B cienywomeM. Ha navanb-
HOM 3Tane mnpoucxopur BHeppenue PHK Bupyca B sigpo
HOopMasnbHOH KIeTKH. UToObl reHernueckast WHOpPMaLMsI
u3 PHX Ttparckpubuposanace B JHK kieTku-xo3:auHa,
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HeoOXOMMO TPUCYTCTBHE CHELHabHbIX (DepMEHTOB, OCY-
LIeCTBAAIOIMX cHHTe3 cooTBeTcTBylonier JHK mo cxeme
PHK Bupyca. Takue depMEeHTH HA3LIBAIOTCH pesepras’amu
wid o0paTHbIMK TpaHCKpunrta3amMu. CHHTE3 C [OMOLIBIO
peBepTa3 OCYIEeCTBIISETCS JOBOJIBHO ObICTPO. 3aTeM CHHTE-
suposanHas O HK exmouaercas B JHK remoma KJIeTKH.
Ho pnsi GyHKUMOHMPOBAHMSA PeBEPTa3bl HEOOXOAMMO, YTO-
6nt ¢ PHK Bupyca Obina csssana mosekyna PHK. Ilpu
TIATELHOM M3yYEHHH CBOMCTB 3THX MOJIEXYa ObUio ycTa-
Hoeseno, uto 310 TPHK. Hanpumep, npy passuTHM Omy-
XOJ¥ y NTHUL, BHI3BGHHO¥ BHPYCOM capkommnl Payca, Takoi
PEK sasnserca tpuntodancBas TPHK, 1. e. TPHK, nepe-
HOCAIAas aMHUHOKMCJOTY TpenTodaH, a ecia 3abosiepaHue

BBI3BIBAETCA  BUPYCOM  JISUKEMHH  MBIIUEH — MPOJIMHO-
Basg TPHK.

TaxuMm o6pazom, HekoTopsie TPHK BbICTymalor B cosep-
IIeHHO HOBOH A HUX posu. OHM NMPUHMMAIOT ydyacTue B
3JIOKAYECTBEHHOM IIEPEPOXKACHUM KJIETOK IOJA JeHCTBUEM
OHKOT€HHBIX BHUPYCOB.

CyniecTByeT BUPYC, Ha3BaHHBLIA IO (PaMMJIMM OTKPBIB-
IIYX €ro y4eHbIX, — BAPyC DmmreitHa — Bappa. Ero obHa-
PYXAIH B PAaKOBBIX KJIETKaX GOJIbHBIX, CTPAJAIONKX PaKxoM
HOCOMIOTKM U JmMbomoit Bepxurra (10sBIeHuEe KPyMHBIX
omyxoJieft Ha 4esocTv). Pax HOCOTJIOTKM HIMPOKO pacnpo-
CTpaHeH Cpeay XuTesel IXHbIX pakonoB Kuras, B Cun-
ramype, 'OHKOHre, HO pefKo BCcTpevyaeTcs B APYTHX MecTaX.
Jiumdboma BepxuTTa uacTo AMArHOCTHPYETCsA B 3KBATOpHU-
anpHplx paioHax Adpuku (Yravpga), rae OHa MOpaxaer
Jeteit B Bo3pacte 6—8 ser. MIMMyHOJIOrHYeCK¥E MCCIEeno-
BaHUA NPO6 KPOBH, B3ATHIX Y TaKMX OOJILHBEIX, CBUAETENb-
CTBYIOT O HaJMuMM BUpyca JnureifHa — bappa B UX opra-
uusMe. OfHAKO MPAMBIX AOKA3aTeJbCTB TOIO, YTO WMEHHO
3TOT BMPYC BBI3bIBaeT 004 paKkoBHIX 3a00JieBaHUsI ¥ JOKHBIX
KUTaMNEB U JeTeli Yrauael, rmoka HeT. McciemoBareasaM U3
CLIA ygmanoch BbI3BaTh Y 00€3bsiH, WH(PHLMPOBAHHBIX BU-
pycom Dmurretina — Bappa, 3a6oseBanye, BO MHOTUX OTHO-
menusix nomobnoe jgumpome BepkuTTa.

B pa3BuTHH 3J710KaueCTBEHHBIX ONyXOJel KaK BUDYCHOH,
TaK M XMMHUYECKOH IIpHpPOAbLI MMEET 3HAYEHHUE TIeHeTHye-
CKasl IPEAPACIIONICKEHHOCTb K WX Pa3BUTHIO. YUeHbIMK Obl-
na p3yyeHa reHeTHuyecKass KOHCTUTYUHMS OJHON U3 rpynn
HaceJeHUs], KOTOPOE OTHYaeTcss GosbLIed YSI3BUMOCTBHIO B
OTHOIICHWHY DPaKa HOCOIVIOTKM, YeM JKUByIHe IO cocel-
crBy rpynmel Haceiaenus.. C MOMOWBIO OCOOBIX METOHOB
HCCNeNOEaHAsl YAANOCh OOHAPYXHMTb TOHKME IeHETHUECKHe

112



pas3nuus MeXIy OGOJIbHBIMU paKOM HOCOIVIOTKM M 3[0pO-
BbIMM WieHaMM NepBOM TIpynmbl. MOXXHO IIPEANOJIOKHTD,
YTO B TPyNme C FeHeTHYeCKOM KOHCTHTYLMEHN, 0OyCI0B/IM-
BaIOLIEH IPEIPACIOIOKEHHOCTh K Paky HOCOIVIOTKH, BCTpe-
yaloTCA 0cOo60 yA3BMMBIC B OTHOLIEHMM DAa3BUTHS DTOTO
3260/1€BaHMS JMLIA.

CiiepoBaTeIbHO, €CiM IBa JiUL@, Y OJHOIO U3 KOTOPHIX
€CTb NpPEe/PACIOJIaralomuii TeH, a y APYyroro ero Her, OyayT
TIOABEPraThcsi ACHCTBUIO ONHOIO M TOr0O JX€ KaHUEepOreHa,
6yIb TO BHPYC WM XHMWYECKOE BEIECTBO, BEPOSITHOCTH
BO3HKMKHOBEHUSI paKa HOCOIJIOTKM B IIEPBOM CJydae OKa-
JKETCH HAMHOrO 60JbIIe, YeM BO BTODOM.

HYKJIEWHOBBIE KHCJIOTBI ¥ BOZPACT

C pasBuTHEM HpPEACTaBJeHHH O HYKJICHHOBBIX KHCJIO-
TaX KaK OCHOBHON (popMe mepejad¥ ¥ XPaHEHHS IeHEeTH-
yeckoll MHGODPMAl¥ HOBOE HampaBJIeHHE IOJyudJa ¥ re-
POHTOJIOTHSA — Hayka O CTapeHUd OpraHu3MoB. MHoroumc-
JIeHHBIE MCCIE0BAHKSA, TPOBEJCHHbIE B 9TOM 06JacTH, IO-
Ka3aJM HECOMHEHHYIO CBA3b CTapeHUsA C OOMEHOM HyKJeH-
HOBBIX KHCJOT.

Hanpumep, crano uszsectHo, yto cunre3 JHK B kietke
HOBODOJK/ACHHKIX MPOUCXOJAUT HHTEHCHBHEE, YeM Yy B3pOC-
NbiX. DoJiee TOro, NpW HU3yuyeHHM OOMeHa HYKJEHHOBBIX
KHCAOT B 3MOpuorenese ycrauoesneHo, yro cumHre3 PHK
TaK)Ke TpOHCXomuT HepasHomepHo. Cunred PHK ycuaum-
BaeTcA B HaYajbHbIM mepuoj passuTus smOpuoHa. B oroT
XKe mepHoj, y SMOpHOH2 HOMBJIAETCA HECKOJBKO HOBBIX
AQHTUTEHOB, 4YTO OBbUIO [CKa3aHO C IOMOIIBI0 HMMMYHOJIO-
rMYeCKXux METOMOB.

Y crapblX JKMBOTHBIX MOBBIIIEH CHHTE3 OJHOHMTEBOH
IOHK, a npouecc ¢opmuposanus asynutesoit JTHK B pere-
HEpPUPYIOLIEH TKaHU I€YeHW 3aMeIsiercA. OTO O3HAvaeT,
4TO Y CTapbIX JKUBOTHBIX 32 KaXXABIH NPOMEXYTOK BDEMEHH
MeHbIIee KOMUYecTBo obpasymwoueiica JHK nepexogut B
IBYCIIMPaJbHYIO CTPYKTYPY, YeM y MOJOABIX JXUBOTHHIX.
3TO SBJIEHHE MOXET OOBSCHMTB CKJIOHHOCTD K ONyXoJje-
06pa30BaHAI0 y CcTapelX ocobeil.

CBa3b MEXAY CKOPOCTBIO U3MEHEHUS CTPYKTYPhl HyKJIe-
MHOBLIMM KMCJIOTaM¥ M BO3pactoM 0co0u OOHapyKeHa He
tonbkO s BHK, pacnoncxennoi B aape, Ho u giaa JHK,
pacroJIOXXeHHOW B OpyruX uvacTax Kietkd. Hampumep,
MHTOXOHIPUM MMeIoT cobctBennyio JIHK, xoropas obecrme-
UMBAET CHHTE3 MHOTMX MMTOXOHADMAIbHBIX OeskoB. ITpu
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crapenuu coGcrBenHass JHK Mmutoxonppuii HauMHaeT pa-
0OTaTb XyXe, UYTO TNpOSBIAETCA B CHW)KEHMHM CHHTe3a
MHUTOXOHPHAILHBIX 0esKOB. B TO )Xe BpeMsi CMHTE3 MHUTO-
XOH/IPUANIbHBIX ©0€/IKOB, KOTOpble KOAMPYIOTCS SAEPHOM
OHK, He cHM)XaeTcss B mpoliecce cTapeHHsA. BbLio moka-
3aHO, YTO TAKOE CHM)XEHWE CHHTe3a OeJIka COoueTaeTcst CO
cHHXXeHMeM peruidkaTuBHOi akTuBHOCTM JIHK Murtoxons-
pyit.

Penauxaruenas akTusHOCTb TMPeACTaBasgeT coBoM MmokKa-
3atenbp ckopoctu yasoenuss mutn JJHK. Ero ompenensitor
crepyowmM o6pasom. B mHKyGaumoHHYIO cpeay, TAe Bbipa-
LIMBAIOT KJIETKH, HOOABASIOT HYKJEOTHI, TUMM/IMH, OJMH U3
aTOMOB BOAOpPOA@ B KOTOPOM SHBJSIETCS DafAMOaKTHBHBIM.
Taxkoil TUMMOMH Ha3bIBalOT «MEUYEHBIA TPUTHEM THUMUAMH»
wm uHave “H-tumuamn, Hutu JHK, KoTopele yaBauBa-
IOTCS1 B IIPOLIECCE JKU3HENESATEJbHOCTH KJIETKH, 3aXBaThiBa-
0T 3TOT MeyeHbld TuMuauH, a B JHK, xoTopas He yasau-
BaeTcs, TUMHAMH OTCYTCTBYeT. 3aTeM BCE KJIETKH IIOMe-
warot Hag doromactudkoi. Eciu B cocras THK Bxomut
pagyoaKTHBHBIM M30TOI aTOMa BOJOPOARQ, TO (POTOILUIACTHH-
Ka 3acBeTuTcA. PagmoakTuBHBIA KM30TON BOAOpOJA B [aH-
HOM CJIyyae BBICTYIIaeT B KauyeCTBe METKH BHOBb CHHTE3H-
posannoit HutH JHK. Tlo uMciay yyacTkoB 3acBeyMBaHKA
cynar o6 uHTeHcuBHOCTM permkauuu JHK, o ee pemm-
KaTUBHOM aKTHBHOCTH. CHUXXEHHE PpEIIMKaTUBHON aKTHUB-
Hocty JHK MHUTOXOHApMIA mpH cTapeHud yKasbiBaeT Ha
CHHM)KEHHE DHepreTH4ecKoro obMeHa B KJIETKe, UTO HMe-
€T HeraTWBHbIE TOCJCACTBUA [JI BCEro oOpraHusMa B
LIeJIOM.

B nocnegHee BpeMsi ObUTO MMOKa3aHO, YTO B IEUYCHU
MoJnofbIX Kpeic uMeercsa peseps uPHK um pubocom, koro-
pbie IPM CTapeHHHd OpraHu3Ma BOBJIEKAIOTCA B CHHTE3
Gesxa. BbUIO BBHICKAa3aHO MpPEATNONOXKEHUE, YTO y CTaphiX
JKMBOTHBIX HCIOJB3YeTCS BeCb pe3epBHHIA IOTEHLMAas
Oe/IOKCMHTe3npyoUero anmapata. Ilpm 2ToM pe3seps
uPHK nepexoguT w3 HeaKTUBHO# B axTUBHYIO ¢opMy.

PEFEHEPALIYISI

O6MeH HYKJIEMHOBBIX KHMCJIOT MEHSeTCS M IOpd MHOTHMX
BOCCTaHOBHMTEJIbHBIX MpOLEcCax, NMPOTEKAIOIMMX B OpraHu3-
ME B OTBET Ha BO3JeHCTBUE MOBpeXAAMIUMX (HaKTOpOB.
Hanpumep, B mpouecce pereHepauuu (BOCCTaHOBJIEHUS)
[EYEHH B €€ KJeTKaX 3HAYHTeJbHO BO3pacTaeT COpAeprKa-
HUE HYKJICHHOBBIX KHMCJOT, 1 B yactHoctTyt PHK. 310 yka-
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3bIBaeT Ha NOBbIlIeHME OeIKOBOTO CHUHTE3a, 4TO, NO-BHAH-
MOMYy, ABJAECTCA KOMIIEHCATOPHBLIM (3aum’mo-npncn0006n-
TeJIbHBIM) MEXaHH3MOM B OTBET Ha IMOBPEXACHKE NECUYCHU.

JHUATHOCTHKA

Crneuuduueckue (QepMeHTH], pacUIeIUIAONINE HyKJIEH-
HOBble KMCJIOTBI, B YaCTHOCTM HyKJea3bl, HAllUIM LIHPOKOE
NpUMEHEeHUEe B MeIMIMHEe KaK JJIs1 AUarHOCTUKH, TaK U AJs
neyenus: 3abonepanuit. Hanpumep, onpenesisii aKTUBHOCTD
HyKJIea3, MOXKHO JAHArHOCTUPOBaTb psf 3aboseBaHUI.

VBe/MUeHHE AKTUBHOCTH AE30KCHPUOOHYKIEda3bl B CHI-
BOPOTKE KpDOBM HaOMIOHaeTcs NpH OCTPOM IIaHKpeaTHTe,
T. €. NpPH BOCHAJICHUH TMOJKEJYyJOUHOH ’Kene3bl. 3HaHHe
aKTHBHOCTH JA€30KCMPHOOHyK/Ieasbl MO3BOJISAET OLEHHBATh
CTEMEHb TSXKECTH COCTOSHUA OOJIbHOTO NPH OCTPOM BOCIHA-
JIEHUM B NOKEJIYAOYHOM XKeJese.

3HaueHne HyKJea3 BO3pacTaeT €lle M B CBS3U C TEM,
yTO TpU AOOPOKAYECTBEHHOM PpOCTE KJETOK aKTUBHOCTD
HyKJIea3 B KJIeTKax moBblumiaercsa (pOCT IUIALICHTHI, pereHe-
palus II€YeHH, pa3MHOJKEHHE MHUKPOOPraHM3MOB), a MpH
3JIOKaYeCTBEHHOM pPOCTE KJIETOK aKTUBHOCTb HyKJea3, ¥ B
yactaoctn HK-a3, cumxaercs.

IMoBbllieHHe aKTUBHOCTH PUOOHYKJIEa3bl B CHIBOPOTKE
KPOBH OTMEYEHO NPHU XPOHUUYECKOH MOUEYHOH HeJoCTaToY-
HOCTH, COIPOBOXJAIOIIEHCS YypeMHel — COCTOSIHMEM, Npu
KOTOPOM B OpraHu3me 6GOJbHOTO MPOUCXOAMT HAKOIJIEHUE
TOKCHYHBIX IIPOAYKTOB OOMEHAa BEUIECTB, HANpUMep Mo-
YEBUHBL

IoBblleHHe AKTUBHOCTM PHUOOHYKJiea3bl B ChIBODOTKE
KPOBM OTMEUEHO NpPU XPOHMUUECKON MOUEeYHOU HeZOoCTaToy-
HOCTH, COIPOBOXJAIOIIEKHCS ypeMuel — COCTOSIHHEM, IIpH
KOTOPOM B OpraHu3Me OOJbHOr0 HPOMCXORMT HaKOIUICHHUE
TOKCHYHBIX MPOAYKTOB OOMeHa BEWIeCTB, HAIpUMep Mo-
YeBUHBI.

Onenka ckopoctu cunte3a JHK ucnonssyercs B ummy-
HOJIOTMUECKOM MCCJIeIOBAHMU, HaIpUMep B pEeaklUUu cMe-
IIaHHON KYyJbTYpEl JUMGOLHMTOB ABYX Jwogeid. C moMoimpio
STOro TecTa MCCHAeAYIOT peakuuio JUMGOLUMTOB Ha awio-
QHTUZEHbl, T.€. AHTUIeHbl BHYTPU ONHOrO BHjAa, HO OT
pasHbIX OPraHM3MOB. DTa peakuusi Ba)KHa INpud mnoadope
JOHOpa A1 NPOBEASHUS TpaHCIUIaHTauwu. UeM Bollle UM-
MyHHasl peakuus JUMAbOUUTOB, TeM Bbllle KHTEHCHBHOCTb
cunresa I HK.

B mmpoxoM cMblcie guarHoCTHKa B 3PaBOOXPaHEHUU
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AABGPATOPM

BKJIIOYaeT HE TOJIbKO METOHbl OLIEHKH 3I0POBbS KOHKpPET-
HOTO Y€JIOBEKAa, HO M METOJBI OLEHKH <«3[0POBbA» OKpPY-
JKaroue cpejel.

3HaHMA O HYKJIEHHOBBIX KHCJOTaxX HOCJHY)XWIM OCHO-
BaHUEM JyiA PaspaboTKN METOJOB OXPaHbl M KOHTPOJs 32
OKPYXAaIOLIeH CPefo, Mep TEXHMKH 0e30MacHOCTU NpH pPa-
6oTe ¢ pagMOaXTMBHBIMM M XWMHYECKHMH BELUECTBAMH.
IIpoBepka BeLIECTE HA MYTAr€HHOCTb Ba)KHa M Heobxoauma
flaxe IO TOM NPUYMHE, YTO B MMPE €XETOAHO IOABIAETCS
okoso 40 000 HOBEIX XMMHYECKMX COEAMHEHHH, NpHyeM
COTHM H3 HUX IIOJYyYaloT IOMPOKOE pacnpoCTPaHCHHE B
Obity. K TOMy )K€ CymIeCTBYeT MHOXECTBO XHUMHUYECKHX
BEILECTB, YK€ MHTEHCHBHO KCHOJB3YEeMBIX B Paz3/IMYHbIX
06s1acTAX [JESATENIbHOCTH YeO0BeKa, HO IOKa He MOJyYHB-
IMX TPOBEPKHM CBOMX CBOMCTB OTHOCHTEJIBHO MyTa-
FeHHOCTH.

IIpu pe#icTBUM (PU3UYECKHX ¥ XUMHUYSCKHX MYTarcHOB
#a JHK B Hell pa3BuBarOTCA Pa3/iMyHbie ITOBPEXX/ICHUS.
3TH NOBpPEXACHH MOIYT IPHBOAUTH K M3MEHEHUIO CBOICTB
KJAETKM M OpPraHu3Ma B LEJOM, MOTYT BBI3HBarh rubesb
xneTku BcaeacTsve nospexaenvsa OHK, a B pange ciaydaes
TPHUBOAMTD K 3JI0KAYECTBEHHOMY I[IEPEPOKACHHUIO KJIETOK.

CyimecTBYIOT CTaHAApTHbIE METOHB! OLEHKHM MYyTareH-
HBEIX CBOMCTE cpasy GoJsibiuoro uucaa mpo6. IIPUHLMIT 5TUX
METOAOB OCHOBaH Ha TOM, 4YTO MYyTareHHbIE BeuiecTBa
BBI3bIBAIOT MyTalyy y OaKTepyil U 3a CYET ITOTO U3MEHAIOT
CBOVCTBa MX KonoHum#. IlpakTHueckw Bce BeileCTBa, BHI3HI-
BalOLe Pa3BUTHE 3JI0KaYECTDEHHBIX OMYyXOJEH y 2KCHepu-
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MEHTaIbHbIX JXMBOTHBIX, MOTYT TaK’)Xe BbI3bIBATE MYTaLMH
y ©6axrepuit. PerucTpupys mnosBieHMe MyTaLyii, MOXHO
OLEHHTb CTEleHb MYTAaréHHOCTH aHAJK3UPYEMOro XHMU-
YeCKOro BelieCTBa.

VYueHEIMY NIpe//IosXeH ObICTPHIM M NPOCTOH MeTOH, OUeH-
KM MYTareHoB C WCIHOJIb30BAHMEM CBETAIIUXCS MOPCKUX
6axTepuit. DT GakTepuy B HOpME M3IyualoT cseT. Ha mep-
BOM DTare MCHOJb30BAHKA 3TOr0 METOAa OTOKpalT BapH-
autr Mopckux GorobakTepuii, eCTeCTBEeHHbIM IIyTeM yTpa-
THUBLIMX CHOCOOHOCTb CBeTHThCA. IIpM MHKyOauuu 3TMX
GaxTepuil C COEJHHEHMSMH, BHI3bIBAIOIMMHM MYTALUH
OHK, OuoniomMuHecueHlus GakTepuil BOCCTaHABIMBACTCS.

[pu usyuenun wWHEPEKUNOHHBIX 3a0oseBaHMi IyTeM
MPOBE/ieHUSI UMMYHOJIOTUUECKHUX aHaM30B HETPYAHO ycTa-
HOBUTB, UTO B Pa3BUTUHU JaHHON MHGEKIUH OCHOBHYIO POJib
chirpajs OIpefesieHHbi BUpyC. Ero MaeHTH(pHUMPYIOT, Ha-
npuMep, B KPOBH 4YeJIOBEKa C NOMOUIBI0O aHTUTEJ, CHely-
(bHUHBIX AaHHOMY OesKy. AHTHMTENa CO3JAIOT HA OCHOBAHUM
BbIJEJEHUs] YUCTHIX pakiuit 6eakos. OcoGeHHO nepcrex-
THUBHBEIMM SIBJAIOTCSI MOHOKJIOHAJIbHBIE aHTHUTeNa. MoHOKIIO-
HaJIbHbIE aHTHTEJla MOXXHO MCIIOJb30BaTh HE TOJABKO 1A
UaeHTHGUKAUMK WHOPEKIKOHHOIO areHTra, HO ¥ ISl Bbije-
JIEHUs] UMEHHO TOro Oesika, KOTOPHI OTEETCTBEH 3a pPa3BH-
THe paHHO¥ Oosne3nn. Kak MOJIy4aloTCd MOHOKJIOHAJIbHbIE
anTHTena’

Brnepsoie B 1975 r. I'. Kenep n K. Munnuireitn paspa-
GoTanu METOAMKY MONYYEHHA 2UOPUIOM — KJIETOYHBIX TMO-
pU[OB OT CAMSHUS HOPManbHbX JUMGQONUTOB MMMYHU3H-
POBAHHDBIX JKMBOTHBEIX C KYJILTUBMPYEMBIMM B NKTATCJbHOU
cpefe KIeTKaMyd MMEJIOMHBIX IITaMMOB. BBUIM HCIOJIb30-
BaHbBl TaKKe IUTaMMbl KJIETOK, KOTOpHIE He COJepXaau
depmenra runoxcantrudocdopubosnarpancdepasel. Ta-
KHe KJIeTKY OBICTpO morubaau B NUTATEIbHOM Cpefie, CO-
JepxKaled I'MIIOKCaHTKH, aMUHOITEPUH U TEMUIUH. Jlum-
douuntsl e B 310# cpene e rubau. Cnusnue JMMPOUMTOB
C MHUEJIOMHBIMHM KJIETKAMH OCYIUECTB/ISETCS IOJ AeHCTBHEM
MONUATHIEHIINKOsL. CruBmnecs TrUOPDHAOMHBIE KJIETKH
[OJAyYyaloT OT JKMGOLKMTOB CHOCOOHOCTb CHHTE3WPOBATb
onpefe/ieHHble aHTUTENA W CIIOCOOHOCTb BBIKUBATb B CpEZie
C THITOKCAHTHHOM, aMHUHONTEPUHOM U TUMuANHOM. OT Mue-
JIOMHBIX KJIETOK OHM MNOJYHalOT CHOCOOHOCTb OEeCKOHEYHO
Pa3MHOXAaTbCsd B MCKYCCTBEHHBIX yCA0BHAX. HakonuBuive-
Cs rMOpHIOMHbIE KNETKM MOTYT OBITb Pa3MHOXEHBL JTH
KJeTKM COCTaBJIAIOT TaK HasbiBaeMmblil xsaon. Orciopa #
o0pa30EaBLINeCs] aHTHTENA MOJYYMJM Ha3BaHME MOHOKJIO-
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HaJIbHBIX aHTHTeJ. MOHOKJIIOHAJIbHbIE aHTUTENd MIACHTUYHEL
1O BCEM MapaMmeTpaM: IO KJAcCy MOJEKyJbl, 110 ee THILY,
no creudUYHOCTH — OHK B3aUMOJEHCTBYIOT TOJBKO C OJ-
HUM aHTureHoM. CHHTE3MpOBaHHBIE KJIOHOM aHTHTesa
MOryT ObiTb MOJIyYeHbl B HEOTPaHUYEHHOM KOJHMYECTBE.
Taxkum 00pa3oM, MONYUYEHHBI B MPOOUpKE WM B KJIETOY-
HOM peaKTope Npenapat MOXeT CJAYXHUTb MICeaJbHBIM pea-
reHTOM 10 CeUdPUUHOCTY Ha TO MJM MHOE OPraHHyeckoe
BELECTBO, W/JEATbHBIM [IMArHOCTHYECKMM WM JIeYeOHBIM
cpenctBoM. HaGop crmeunduyeckux aHTHTEN, KOTOpPBIE
MOXHO OyAeT MOJy4YATb, HEOrPAHMYEH.

IpenMyILECTBO HCHOIB30BaHUSI MOHOKJIOHAJIbHBIX aHTH-
Ten nepel APYTMMHM MMMYHHBIMH MpenapataMM HacCTOJbKO
OYEBHIHO, YTO ceiyac y>Xe OpPraHu3yIOTCs YUPEXIAECHHUS MO
MPOU3BOJCTBY MOHOKJIOHAJbHBIX AHTUTENA B KAYeCTBE AUar-
HOCTHYECKHX U JIeueOHBbIX MpenapaTos.

JIEYEHME

Hyxneassl Mcnosp3yioT B AKArHOCTHKE U JICUEHHM He-
KOTOpbiX 3aboseBaHmii. DddeKkT HyksIea3 cBs3aH C pac-
werienneM Mosekyn IHK wu PHK B mnaroreHHnix u
W3MEHEHHBbIX KJIeTKaxX, a TakXe B BHpycax.

OHK-a3bl c1ocoOHbI NPOHMKATh Yepe3 KJIETOYHBIE MEM-
Opaubl 6e3 moTepu OMOJIOTMYECKONH AKTMBHOCTH. DTa CIIO-
COBGHOCTD SIBASIETCS BeCbMa CYLIECTBEHHOM ¢ yYETOM TOH UX
Guosornueckoil posu, yro JHK-a3sl BHICTYNAalOT B Kaue-
CTBe 3alUMTHHIX (aKTOpOB OpraHM3Ma B Cayyae NMPOHMKHO-




BEeHUs BO BHYTPEHHIOIO CpeJy OpraHu3ma uy>XXepOoaHbIX
HYKJIEKHHOBBIX KHCJIOT.

Ile30kcUpUOOHYKJIea3y HMCMONABb3YIOT AJiA JIEYEHUs] BHU-
pycHBIX MHDEKIMOHHBIX 3a00/1eBaHNi, BEI3BAHHBIX B OCHOB-
HOM ajicHOBMpycamMu M Bupycamu repneca. JHK-a3y wuc-
MOJIb3YIOT TaKXe JAJ1a JiedeHus npoieccoB HarHoenus. Ilpum
9TOM TakXe Ipoucxoaut paciuemienve JHK, na stor pas
GaKTepUasIbHBIX KJIETOK, BbI3BABIIMX HArHOMTEbHbIA MpO-
uecc. IIpemaparbl [e30KCHpHOOHYKJIea3bl HAaXOHAT IpUME-
HEHME [pM JIEYEHHWH HEKOTOpPHIX 3ab0JieBaHUI HepBHOM
CHCTEMBI, HamnpuMep IpPH JIEYEHHHM TaKOro TrpoO3HOro IO
MPOrHO3Y M OCJOXHEHHAM 3abo/eBauusi, KaK MEHHHIHUT.

IpenapaTtbi pubOHYKJiea3bl C YCIHEXOM HCIOJb3YIOTCS
IpY JICUSHUH KJIEHIeBoro 3Huedanuta, a Takxe A Jeye-
HUsSI ONyXO/eBbIX 3aboseBanuid. IlpuHUMN — AedcCTBHMsA
PHK-a3bl ocHOBaH Ha IIPOHHKHOBEHMH DTOro ¢epMmeHTa
BHYTpb KJeTOK ¥ paspymenuun PHK. Tlpu >TOM BbHIKIIO-
YaeTCsi OCHOBHOE 3BEHO B 0€/I0K CHHTE3UPYIOIIEH CTPYKTY-
pe xietku. Hapymaercsa nepemaya reHeTHueckoi MHpoOpMa-
mwmn ¢ JHK Ha cucremy, cunTesupyiomyo Genox. IToka
ONYXOJIM JIeYaT Y 3KCIIepUMEHTAJIbHBIX JXMBOTHBIX. Ho He-
Janex TOT vac, kKorga PHK-a3bl HauHyT MCIIOJIb30BaTh
1 B kimHuKe. Ceiluac pa3pabaTbiBaoTcs 6osiee CoBeplueH-
uble Mopubuxkanum PHK-asbl, Tak Ha3biBaeMble OUMEpPHI
pubonyksieassl. IIpumep mpexctaBasieT coboil coennHeHHe
zByx PHK-a3. YcraHop/ieHa MOBBINIEHHAas HPOTHUBOOITYXO-
JieBasi akKTUBHOCTb aumepoB PHK-a3nl. B ombiTax Ha MbI-
max ¢ TNPUBHTOH CAapKOMOi Np¥ BHYTPUOPIOMIMHHOM BBe-
JeHNM AuMepa ObLIO BbISIBAEHO 3HAUMTEJIBHOE YBeJIHueHHe




NPOAO/DKMTENbHOCTH XM3HM JKUBOTHBIX, UTO IPAKTUUYECKM
He Habiopanoch npy BBefenun obbrunoit PHK-asbl [lpu
JIEUEHUH MblIIIell C pPa3sBUTHIM JIEMKO30M 3a(pUKCHPOBAHO
ucyestoBenrie 50 9, y3n0B B JmMMOMIHBIX OpraHax H
cese3edke. [leiicTeue XXe MOHOMEpa IpK aHAJIOMMYHOM HC-
C/ENOB2HUM ObLIO HE3HAUMTEbHBIM.

BaXXHbIM SBJICHWEM B JIEYSCHMM MHOTHMX 3a00seBanuil
SIBJIAETCS TIPYMMEHEHUE ChIBOPOTOK, COJAEPIKAllUX aHTHTesa.
OpHako IMosyyeHHasi KMMYHU3aUyMed XUBOTHBIX CbIBOPOTKA
JaeT MHOro ocnoxxHeuri. IToatomMy B rocnepsee speMsi Jjis
IMKPOKOro MPUMEHEHWs NpeljaraloT MOHOKJIOHAJ/IbHbIE
aHTUTE 2.

OpHUM 43 HalpaBjieHWil MPaKTUYeCKOro HCIOIb30BaHUA
3HAHUN O HYKJIEMHOBBIX KHCJIOTaxX SIBASETCS paspaboTka M
npUMEHEHHe B INPaKTHUYECKOW MeaunuHe 6Gakrepuodaros.
Baxrepuogaz — 310 BupyC, yOuBamomuii Gakrepun. B Ha-
cTosliee BpeMsA CO3JaHbl M INPOU3BOAATCHA IPOMBIILIEH-
HOCTbIO Ipenapartbl GakTepnodaroB 1A JIEUEHHST MHOTHX
VH(DEeKUMOHHBIX 3a0oJieanuii: Opromuoro Tuda, AU3eH-
TEepHUH, CaTbMOHesUIe3a, CTadUIOKOKKOBOH ¥ CTPEHTOKOK-
KOBOH MHbEKIHH.

Yro xe mnpeacraeiaseT u3 cebs OGaxrepmodar? Ha
pucyexe XXII BHAHO, YTO OH COCTOMUT M3 KAaICYJbl, B KO-
TODOM pacHoJIOXKeHa HYKJeWHOBas KHUCJIOTa, U JOIOJIHH-
TeJIBHBIX CTPYKTYD, OOeCHednBaIOMIMX IPOHKKHOBEHUE 3TOM
HyKJIEMHOBOM KHCJOTH BHYyTpb Oakrepuu. Ilomas B Gakre-
PHaJIBHYIO KJIETKY ¥ BKJIIOUMBIUKCH B €€ IeHOM, BUPYCHafA
HyKJIEMHOBAsl KKCJIOTA BbI3bIBAST HApyIIeHWe oOMeHa ITOH
KieTkd u ee rudenb. OHOBPEMEHHO MPOMCXOJMT CHHTE3
HOBOM BUDYCHON HYKJIEHHOBOM KMCJIOTHI ¥ cOOpPKa BUPYCHOI
YaCTULB], BKJIIOYAS U ee GeIKOBHIH KOMNOHEHT. [lo1ydaercs
TaxK, 4YTO, MOMIaB BHYTPb MMKPOOPraHm3ma, Oaxrepuodar
Tak MeHsieT ee MeTabonu3M, uTo GaKkTepuaibHas KJETKa
HAaYYHAeT caMa CHHTE3WPOBAaTb CBOErc CMEPTEJbHOIO Bpa-
ra — cneuuduyeckuit Sakrepuodar. Takoe pa3MHOXEHHE
Gakrepuodara NPOUCXOOUT AO TeX MOp, TOKAa B OKPyKamo-
wedl cpefe COXPaHSIOTCA CilelucuuHble Ijisi Hero GakTe-
puun. 3atem Gaxtepmodar ruGHET.

BecoMa a¢dexTuBHB B IUIaHe UMMYyHUZaLUWM OKUBbIE
BUPYCHEIE M OaKTepUasibHble BaKIWMHbl C [OHUYKEHHBIMH
Gone3HeTBOPHBIMYM CBOWCTBAMM. B OT/IMUME OT MENTHAOB
M OUMILEHHLIX OeJIKOB, MOJyYaeMblX NpY NPOMbIILIEHHOM
KYJIbTUBUPOBAHMY GaKTePUI C M3MEHEHHLIMU TEHETHUECKH-
MH CBOICTBAMH, TaKHe BaKUWHE He TPeOyioT NpHMEHEHWs
LOMONHUTENEHDIX BEUISCTB, YCUIMBRIOLUX HX JefCTBUeE.
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B nacrosee BpeMs HeKOTOpble BHUPYChI HayMHAIOT HC-
MOJIb30BaTh B KAaYe€CTBE HNPOBOJHHMKOB APYTKX AHTHIEHOB.
Ipu sTOM 000JOYUKY BHpyca COXPaHSIOT, & B €ro I'eHOM
BBOZAAT HOBbIA cermedT JHK ¢ TpeOyeMbIMH aHTHIeHHBIMU
CBOMCTBAMU WJIA IIPOM3BOJAT ITOJIHYIO 3aMEHY HCXOAHOro
reHoMa Ha HOBblI. Hampumep, WHMpOKO BefyTcs paboTsl C
BupycoMm Koposbe# ocnbl. JTHK, xopupymomas aHTHIEHbI
pupyca rematura B, Obuta BHeceHa B BHPYCHYIO YacTHIY
KOpOBbeli OClbl. 3aTeM STOT BUPYC C HOBBIM I€HOMOM ObLI
BBeICH KpoauKaM. B pesynbTare TaKoro >KCHNeprMeHTa ¥y
KpOJMKOB Hab/ofanach IMTenbHAas BoIPaboTKa aHTHTEN
K BUpYCYy remnaTuTa.

3HaHue IyTeil CUHTe3a a30TUCTBIX OCHOBAaHUM II03BO-
M0 pa3paboTaTh M NPEMIOKHTh A5fA MPAKTUYECKOTO
KCIIOIBb30BaHMs DS BELIECTB, KOTOphle crelduuecky 610-
KUPYiOT OTAE/IbHblE YYAaCTKH KX CHHTe2a. TakHue BEUIeCTEa,
6I0KMpPYsI CHHTE3 HYKNEOTHHOB y OaxkTepuil, IPUMEHSIOT
LSSl JTeUSHHS DazJUYHBLIX WH(peKudd. YCTaHOBJEHO, YTO B
OmocuHTe3e MYPUHOB KO CTaguM OOpaz0BaHNA KWHO3UHOBOH
KHCOTHl — HENOCPENCTBEHHOrO MpeAlIeCTBEHHUKA IIypH-
HOB — MMEIOTCHA II0 KpaWHeH Mepe TPU Y4YacTKa, KOTOpbie
cnempdryecky HHrubUpYsoTcs aHTHOaKTePHAIBHBIMU ATeH-
TaMH.

Hanpumep, autu6uotuk azacepHH creluduyeckn 0s10-
KUpYeT MEPEHOC aMUIHON TPyl IyTaMuHa Ha (ocdopw-
Goswn-nupodocdar. ITOT AHTHOHOTUK BoHIAEJEH U3 JIyuM-
croro rpuba — ZKTUHOMALETH. A32CEPHH MO CYIleCTBY
SABAAETCA CTPYKTYDHBIM aHAJOrOM IVIyTaMMHA M KOHKYpH-
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pyeT C HUM IIpM IIOCTPOEHMM IIYPUHOBOIO KoOJbla. A3a-
CepuH, KpOME TOro, IPUHMMAaeT YyyacThHe €lle B [ABYX
CTamMsiX CHHTE32 HMHO3MHOBOW KHUCJIOTH. OH HMHTHOMpyeT
MepeHOC aMUHOTPYIILI IIIyTaMUHa Ha (pOPMUJITVIMIMHAMU-
pPUOOHYKJIEOTHA, a TakKXKe OJIOKUPYeT Cy/abdrupUIbHbIE
rpynnel  (—SH) ¢epMeHTOB, KaTanu3MpyoOUKUX BCE ITH
peakiuy CHHTe3a HMHO3WHOBOH KUCHOTHL. Cyabdruapuib-
Hble TPYIIbl MMEIOT Ba)KHOE 3HAYeHWe ANA PaboTHl ITHX
¢epMeHTOB.

IIpencraBnensl cTpyKTypHble GHOPMYJIbI HEKOTOPBIX &H-
THOaKTepUaJbHbIX NMPENAapaToB U KX aHAJOrOB:
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Il
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n-amuHo6eH30MHaa KMUcnoTa
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K unruburopaM GeaKOBOro CHHTe3a OTHOCATCA M GoJee
CJIOJKHBIE MO CTPOEHUIO BeulecTBa. HampuMep, cTpenToMu-
UMH, xinopaMdeHHKon (Tmpernapar JeBOMHULETHH), LMKJIO-
reKCUMUAL

oH3 u

HaC =0

UUHIoreKcummug

OH NH—C—CHCI,

] |
OQN_Q'CH—(')H J HO

CH,
OH

xnopamgieHnHon CTpenTOoMULMH

AHTHOMOTHKA JIEBOMMUETHMH M LMKJIOTEKCMMHUJA IOAAB-
NAI0T 00pa3oBaHUe MENTUAHON CBA3M MpU CHHTE3e GesKOB.
Hapsigy ¢ LIMPOKMM NpUMeHEeHVeM B JiedeGHOM MpaKkTHKe
3TU COEJMHEHHS MCIOJb3YIOTCA TaKXKe IS M3YYeHHs] Me-
XaHU3Ma PeryJasilu OesKOBOrO CHHTE3a B PA3/IMUYHBIX KC-
CJIe0BATENBLCKUX paboTax.

MexaHu3M [eHCTBUA JIEBOMUIIETUHA 3aKJI0YaeTCsi B
TOM, UTO OH MNOJKJIOYAETCA K OAHOM M3 CyObemauHHL pH-
Gocombl. ITO BeAET K 3aMEAJEHUIO CHHTe3a O6enka Ha
pubocoMe KJIeTOK MHKPOOPraHM3MOB. IMEHHO B MHIHOMPO-
BaHMM CHHTe3a Gesika 3a CyeT coeauHeHus ¢ pubocomamu
3aKJII04aeTCsT MEXaHU3M AHTUMUKPOOGHOrO AelCTBUSA JIEBO-
MULIETUHA W TPOSIBISIETCS €ro XapaKTEPHOE CBOHCTBO —
IUMPOKHIT CIIEKTP aHTUMHKpoOHoro paeiicteusa. Ou oddex-
THBEH B CTHOILIEHWW MHOrix Oaxtepmit. Ilpu 3TOM Jeco-
MHLETHH He HHrubupyer cuuTe3 Oenka Ha pubocomax
KJIETOK DYKapuoOT.

OnuuM 13 HanGosee pacpOCTPAHEHHBIX aHTHOMOTHKOB,
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KCIOJb3YEMBIX B KaueCTBE aHTHGAaKTepHasbHOrO CpPeACTEa,
SIBJISIETCA CTpenTOMULMH. CTpenToOMMLMH obnagaer IMIHpPO-
KMM CHOEKTPOM aHTUOaKTepuaibHOM akTuBHOCTH. OH 3¢-
(bekTHBEH B OTHOLIEHHH MHOTMX OAKTEPHil, BBHI3BIBAIOLIMX
caMpie pa3HooOpa3Hble MHOMEKIMOHHbE 3a60/eBaHUA Y Ye-
JIOBEKA M IOAABJISET POCT cTa(UIOKOKKOB, CTPEIITOKOKKOB,
FOHOKOKKOB, BO30yAUTEeH AM3EHTEPUH, YyMBl M TyOEpKy-
se3a. Yaue cTpenTOMHLMH BBOASAT BHYTPUMBIILIEYHO, TakK
KaK OH IUIOXO BCAacChlBAaeTCS M3 JKEJYJOYHO-KUIIEYHOTro
tpakrta. Crpenromuuys obnagaer GakrepuuuaHbiM dddex-
TOM, T. €. OH He MpOCTO TOPMO3MT pOCT Oakrepwii, HO
U IPUBOJUT K HX paspyumenuio, pacmaay. C ueM xe cBs-
3aH OaKTepUUMAHBIA 3P deKT cTpenToMHLIMHA?

Takoe fieiCTBHE CTPENTOMULMHA GOBICHSAETCS TEM, 4TO
OH B3aUMOJEHCTBYET C HYKJIEMHOBEIMHM KucJoTamu. Crpen-
TOMHMLUMH NPUCOEANHSAETCA K OLHOM U3 cyObemuumi pubo-
coMbl. B MyTaHTHBIX KJIETKaX, MMEIOLMX PE3UCTEHTHOCTD
K CTPENTOMHUILHMHY WJIM HY)XZAIOUMXCA B HEM, M3MEHsSET-
Csl TeHETHYeCKOoe KOAMPOBaHME DTOH cyObemuHMUB pubO-
com. CTpenTOMMUYH TaK H3MeHAET KOHUIrypauuoo pubo-
coMbl, uto amuuoauua-tTPHK, T. e. axruBupoBaHHas
TPHK, o6pazyomas KOMILIEKC C aMUHOKKCJOTOH, MeHee
NmpoyHo cBssbiBaerca c Tpuruietom uPHK, pacnosoxe:-
HbIM Ha pubocome. Menee mpounoe mpucoemunenne TPHK
03HayaeT TaKXXe YTPaTy A0 HEKOTOpOM CTeneHH crelrduy-
noctu 3toit TPHK. Takas yrpara cnenuduusoCcT! NPHBOAUT
K TOMY, YTO NPY CUMTHIBaHMM reseTHdyeckoro koza ¢ uPHK
BO3HMKAIOT OLIMOKM ¥ CTPOATCA OeNKH C HM3MEHEHHBIMH,
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HapYLICHHbIMM CBOHCTBaMHK. B KOHEUHOM CUeTe 3TO BELET K
rubesu 6aKTEPHANBHON KJIETKY.

HexoTopbie aHTUOHOTHKH SBAAIOTCA CHenuAISCKHMU
MHTrHOUTOpaMy TpaHckpunumu. K HUM OTHOCATCSH, HampH-
Mep, aHTHOMOTUK akTMHOMUIMH D, copepxaimil noaurnern-
THAb! AHTHOWOTHMKA, NPORYIMPYEMOIC  AKTHHOMMLETAMH.
Haxopsce B 1IeTKe B HEGOIBIIOM KOJMYECTBE, AKTHHOMH-
UWH TOAAB/AAET TOJBKO TPAHCKPUILMIO M HE OKa3blBaeTr
BIMSHUS HM Ha perutukanuio HJHK, nu Ha HemocpeacTBeH-
Hbl cuHTe3 Oesika. Taxkum obpa3oM, mHruOuposanue Ger-
KOBOTO CHHTE3a ONOCPelyeTcs uepes OAOKMPOBaHME CHUHTE-
3a uPHK. Bes uPHK me Moryr ocyliecTBiATbCSH IIPO-
meccel 6enkoBoro cuHTtesa. IlonmumenTuaHas LUENOYKa HE
Oynet oOpa30BBLIBATbCSH, TaK KaK HET KOAMpYowen uHdop-
Maluy, C KOTOpOHM MOria 6bl CUMTBIBATBHCS WHQPOpMALWS
O TOCJIEJOBAaTEJLHOCTH aMHMHOKHUCJIOT. TeM He MeHee B
SKCMEPHMEHTA/IBHBIX YCJIOBUSAX CHHTe3 OeJiKka MpOTeKaeT
HEKOTOpOe BpeMsi Iocjie Ao0aBjeHHsi aXTHHOMMIpIHA D.
CuHTe3 HPOJOJIXKAaeTcA [0 TeX Mop, IOKa He pa3pyLIUTCH
vucxojaHas, nepsoHavasbhas uPHK, xoropas Jserxo ruppo-
Ju3yeTcs HyKJ€a3aMH ¥ IIO3TOMY CYLIECTBYET HENpOLOJ-
JXUTEJIbHOE BpeMsi. DTO BegeT K TOMYy, YTO OpHu fA06as-
JIEHNM aKTHHOMHLMHA WHruGUpOBaHME OENKOBOrO CHHTEza
MPOMCXOAUT HE Cpasy.

MosteKynapHEIE MeXaHu3M [JeVCTBUS aKTHUHOMMIMHA
3aKJIIOYaeTCss B TOM, YTO OH CBS3bIBAETCH C ABYXCIHPAJIb-
goit JHK # 3a cuer 3TOro mnojaBjsfieT €€ CBOWCTBOM
Kak maTtpunb! s cuuTe3a uPHK. AKTHHOMNMIMH COCTOHT
¥3 JBYX OAMHAKOBBbIX NUKIMYECKUX IMENTHAOB, COEAWHCH-
HbIX (DEeHOKCa30HOBOI cucreMoit koser (puc. XVII). B
COCTaB 3TWX UUKIMYECKHX MNENTUOB BXOIUT CapKO3HH,
METHJIBAJMH M BaIHH. AKTHHOMHMIWH He COSJMHAETCA C
opguouenoveudsbivy JAHK wm PHK, gByxcuupaisHRMH
PHK. Cpasp axktuHoMuuura ¢ JHK ycumusaercs, ecau
B JHK ysesmuMBaeTca cojepixanue OCTAaTKOB [YaHHHA.
IIpu uccnenosaHwM KOMIUIEKCOB anTuOmotuka ¢ HHK yc-
TAHORJIEHO, YTO (DEeHOKCA30HOROE KOJbIO aHTUOHOTHKA TPO-
sukaetr B JHK Mexpy IByMs cocefHMMM IlapaMH OCHOBa-
Huit (puc. XXX). Takoil crmoco® BHEAPEHHA Ha3HBAETCH
UHTepKanayuell.

B MepuuuHe Iy MOAZBJEHUA POCTAa MHOTMX Gakrepuil
B KauecTBe aHTHOAKTEPUAbHEIX areHTOB IIMPOKO HCIIONb-
3yI0TCH CyabdaHuiaMuAuEe npenaparsl. OHU MHTHOUDPYOT
ofpa3oBaHue (DONMEBOH KWCNOTH, MPUHMMAWILEH yuacThe
B CHHTE3€¢ NYPUHOBHIX OCHOBaHMIL. Takoe UHrMOMpOBaHHE
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cunrte3a (OaMEBOM KHCIOTHI Cy/nbdaHUIaMHAAMH OOBsC-
HsETCS TEM, YTO OHM MpPEeACTABIAIT COOOH CTPYKTYpDHbIE
aHaJIOTH Tapa-aMUHOOEH30/MbHOM KHUC/IOThl,  SIBJISIOIEHCs
npeaiecTBeHHUKOM (osineBoil kucaothl. CyabdaHumaMuab
BCTYNAiOT B KOHKYDEHIMIO 3a MeCTO B CTPYKType doime-
BOM KHCJOTHI M TaKMM 06pa3oM TOPMO3AT HOPMAaJbHOE
ee ¢opmupoBanue. Takoe TOpMO)KeHMe Ha3blBaeTcs KOH-
KYPEHTHBbIM MHIUOUpoBaHueM. B pesysbTaTe KOHKYPEHTHOrO
UHruOMpoBanKs CyabPaMUAAMHA He NPOUCXOJUT HOPMAJib-
HOro BCTpaHWBaHUSA apa-aMHHOOeH30HHON KucjoTel B do-
JINEBYIO KHMCJIOTY.

Oco6oe 3HAaueHHE MMEeT KOMMJIEKCHOE HCIOJb30BAHUE
PasNMUHBIX AHTHOAKTEPHA/NbHBIX MPENapaToB, MEXaHH3M
JeiCTBHsI KOTOPBIX OCHOBaH Ha creluprIeCKOM HHIHGUPO-
BaHUU pa3HbIX YYACTKOB MYTH CHUHTE3a HYKJIEHWHOBBIX KHC-
sot. Takue npenapats! no 3¢ ¢deKTHBHOCTH JAEHCTBUS IIpe-
BOCXOAAT JAake cyMMmapHbli 3@ddeKT, KOTOpbIi MOXeT
ObITh MOJIyYeH OT MNPUMEHEHKWs KaXZOro KX 3TUX Ipe-
[1apaToB B OTLE/IbHOCTH.

TIpuMepOM TaKOro mperapaTa MOJKET CJAyXHTb Oucer-
Tos. BakTpUM mpefcTasisieT co60it KOMOMHUPOBaHHBIN Mpe-
rnapaTt, B COCTaB KOTOPOTO BXOAAT fABa HAEHCTBYIOIIMX Be-
mectsa: cyabdamMeToKkcasos, OTHOCHMiAcA K cyabdamu-
JaM, ¥ TPHUMETOIPHUM, SIBASAIOLUIUNACA IPOU3BOAHBIM AHAMU-
HonupuMuanHa. CTpykTypHbie GOpMYyJbI ITHX BELIECTB
MIpeLiCTaB/ICHbI:
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cynedameTorcaszon TpUmMeTOonpUM

CyabdameTokcasosl, Kak U TPUMETOINPUM, ABJISIOTCH aH-
THOaKTepUaJbHbBIMKA TpenapaTaMd M HUYEM CYLIECTBEHHO
He OT/JMYaIOTCH OT APYIUMX, POACTBEHHBIX MM IpernapaTos.
Ho B coueranun ux auTuOakTepuanbubii 3ddekT 3Haun-
TEJIbHO TPEBBIIAET CYMMy aHTHOAKTEPHaJIbHOTO AeMCTBUS
KaXXJIoro IpernapaTta, B3sATOr0 B OTHEJIbHOCTH.

Taknum 00pa3oM, 3HaHMA O HYKJIEMHOBBIX KMC/IOTaX MO3-
BOJM/IA OOBSACHUTb MHOTHE SABJICHHUS B MEAMLIAHE M pas-
paboTaTh HOBble CPEACTBA AMATHOCTHUKH M JIEUEHHMsI.



T'arasa 7

HCITOJIb30BAHUE 3HAHUI O HYKJIEMHOBBIX
KHCJIOTAX B HAPOJJHOM XO3SIICTBE

Cospemenﬂoe pa3BHTHE CEJIbCKOTO XO03AHCTBA HEMBICJIU-
Mo Oe3 3HaHUIl O HYKJIEMHOBBIX KHUCJIOTaX. ITH 3HAHMA
KCNIONBb3YIOTCS TPAKTHYECKH BO BCeX 0GJACTSIX CENbCKOro
xo3giicTea. OHM nomoramT pa3paboTaTh HayyHO OGOCHO-
BaHHbIE PEKOMEHAALMY 10 COIAEPIKAaHUIO JOMAIIHUX JKHMBOT-
HbIX W pAacTeHUH, NpoPWIAKTUKE U JICUEHUIO Pa3THYHBIX
6onesneir. JlaHuble, nosyuyeHHole npu usydenun AHK u
PHK, uCnonie3yloTCcs NpU BbIBEASHUU HOBBIX, YCTOWUMBBIX K
3a60/1eBaHIAM, [MPOAYKTUBHBIX MTOPOJ, XMBOTHBIX M COPTOB
pacTeHu.

Cenexupsi, rubpuau3anysi, BoIBEJEHHE HOBLIX HOPOJ, XH-
BOTHBIX M COPTOB pacTeHMN — Bce 9T0 GazupyeTcst HA Teo-
PETHUYECKUX CBEJEHUAX O HYKJIEHHOBHIX KUCJIOTaX, 06bemu-
HEHHBIX B HayYHO-TIPAKTMYECKOM acCIleKTe B CEJIbCKOXO3si-




Puc. I. Xpomarorpaduueckuil aHaIn3 HYKIEOTHAHOM NOC/IEA0BATEIbHOCTH
rPHK.

Puc. II. Cxema opHOi M3 memeii asoiiHoM crmpasu JHK.
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Puc. III. Cxema crpykryper JHK.



g%

Puc. IV. 3akpyuuBanue cnupamu JHK mnocre HalnoXeHHS THCTOHOBBIX
6e1KOB.

Puc. V. Cynepcnupamn u3 tsikeir JHK auamerpom 10 Hwm.



Puc. VI. Crpykrypa XpoMaTHHa U CTPOEHHE HYKJIEOCOMbI.



Puc. VII. BoisiBjieHHe BCTaBOYHBLIX TOCJEAOBATEIbHOCTEN.
Puc. VIII. MexaHu3M nepeHoca uutu axropa R mpu KOHBIOrauuu.

Puc. IX. O6pazosanue axropa R.



Puc. X. C6opka MenTMAOB M3 aMUHOKMCIOT Ha pubocomax.

Puc. XI. Kapra crpynnupoBaHHbiX B KJacTepbl TMCTOHOBbIX I'E€HOB.



Puc. XII. Boimagenue ocHosauusi THK nop peiicTBueM akpudaBHHA.
Puc. XIII. PepynnmnuposanHas pens JHK. (MyrupoBanHblf reH).
Puc. XIV. Cxema meito3a. IlepepacnpesesieHue reHOMOB.

Puc. XV. Cxema Kpoccurrosepa. O6pa3oBaHHe XMa3Mbl.



Puc. XVI. O6pasosanune monekyn pPHK u opnoit monekyasr TPHK.

Puc. XVII. IIpocTtpaHcTBeHHasi MOAE/b CTPYKTYpbl aKTHHOMHMIMHA D.



Puc. XVIIL. Cxema TpexMepHO#l CTpyKTypnl (eHmnananndosoir TPHK.

Puc. XIX. IIpocTpaHCTBEHHBIE MOAENU BaJIMHA M H30JeHIIMHA.



Puc. XX. O6mas cxeMa cUHTe3a Oeska.
Puc. XXI. I'unoTeTnueckas cxema o0pa30BaHMs aHTHTE.

Puc. XXII. Cxema crpoeunsi Gakrepuodara T2.



Puc. XXIII. Cxema arreHioauuud TpUNTODAHOBOIO OMNEPOHa KHIIEUHOH
[1aJI0YKH.

Puc. XXIV. Cxema HeiCTBUS CHMTHAJIbHOM IOC/IEAOBATENbHOCTH OEJKOB.
Puc. XXV. CxemaTnuHoe u3obpaxenne anmaparta I oJbaxH,

Puc. XXVI. CxeMaTuyHOe M300pa)KeHne OKaWMIEHHOTO Iy3bIPbKa.



Puc. XXVII. Cxema B3aMMOOTHOLUEHMIH KOJOreHa, KOJOHA M aHTMKOJOHA.



Puc. XXVIIL Tlonucoma — komiutekc mosekyasl uPHK u Heckosbkux
pudocom.

Puc. XXIX. Cxema paspmeneHusi pubocoM Ha CyObefMHHLBL.



Puc. XXX. Crpykrypa Komiuiekca aktuHomuuuHa D ¢ JTHK.

Puc. XXXI. Bospeiicteue JHK-asm m uPHK Ha o6pa3oBanue Geska.



Puc. XXXII. AccumeTpusi KJIETOUHBIX MeMOpaH.
Puc. XXXIII. Cxema cGopku Bupyca TaGauHOM MO3amKH.

Puc. XXXIV. CuHTe3 npepiiecTBEHHHKa MHCY/JIMHA — MPOWHCYJIHHA.



Puc. XXXV. Cxema o6pa3oBaHusi PEKOMOMHAHTHBIX IUIa3MHUL.



CTBeHHYIO reHeTHKy. I'eHeTHKa, Kak Hayka o0 H3MeHUu-
BOCTH M HACJEJCTBEHHOCTH OPraHM3MOB, UCIIOJIb3YyeT MeTO-
Abl MOJIEKYJISIPHOM OMOJIOrMH B 06G/JIaCTH TEOPUM ¥ NPAKTHU-
KM CeIbCKOro Xo3ficTBa. MeTOHbl MOJIEKYJSIPHOK OHOJIO-
MY TO3BOJIAIOT M3y4yaThb OCHOBBI JXH3HEHHBIX SBJCHHWH Ha
YDOBHE MOJIEKYJ, U3 KOTOPBIX COCTOSAT KJIETKH, W B UacT-
HOCTH HYKJIEWHOBbIE KHCJIOTBL.

3HaHUA O HYKJIEMHOBBIX KHCJIOTaX MOMOraloT IOHSTb
U CYLIHOCTb MHOTMX 3a60/€BaHEI PacTeHWil, B YaCTHOCTH,
BUDYCHOM B3THOJIOTMH, T. €. 3a00/7€BaHUi, IPHYUHON KOTO-
pHIX SIBJSIETCS 3apakeHWe pacTeHWi BUpycaMU. DTO HaeT
BO3MOXHOCTh 3} (HEeKTUBHO NPHUMEHATb COOTBETCTBYIOLIME
Croco6bl AEHCTBEHHOM NPOGUIAKTUKM M JIEUEHHS TaKUX
3aGoseBannit. OpnuM M3 Haubosiee SIPKUX TNPUMEPOB SB-
JisseTcsl TIOpaXKeHHWe JIMCTbeB TabaKa BHPYCOM Tabausoit
MO3auKH.

Bupyc TabayHOM MO3aMKHM COCTOMT M3 HYKJIEHHOBOM
KMCJAOTBl ¥ GesikoBoii o6osnouku. IocnedHsisi  BKIOYAET
2130 oTaesbHBIX MOJIEKYJ, OObEeOMHEHHBIX B €AMHLIA Kap-
kac. Haunbonee Bepositnas mopens GopMuposaHusi BHpYC-
HOM uyacTuubl mokasaHa Ha pucyHke XXXIII. C6opka
HAUMHAeTCsA C IPOHMKHOBEHUS MET/IY WHHLMALKU B UEHT-
paJIbHOE OTBEPCTHE ABYXCJIOHMHOro OeKOBOro aucka. Ilet-
Jisi CBA3BIBAETCA C MEPBbIM OO0OPOTOM [MCKa, M NpHJeralo-
muit crebesib, COCTOALIMIA K3 CHAPEHHBIX OCHOBAHHUM, pacK-
peiBaeTcsa. JTO B3aUMOAEHCTBME MEPEBOJMUT JOHWCK B CIH-
panbuyo ¢dopmy. Hduck 3axsateiBaer PHK. Tak Haumna-
€TCs NOCTPOeHME CNUpajd BHpyca. 3aTeM K HOBooOpa-
3oBanHoi mnetiie PHK, BoicTynmaromeiéf #3 LEHTpaJIbHOro
OTBEpPCTHS, TNPUCOEIUHSIETCH elle OJWH AUCK. binaropgaps
[POTACKMBAHUIO 5'-KOHLA yepe3 LEHTpPaJbHOE OTBEpCTHE
pacTymieif BHPYCHOM 4YacTHLBI IIpU NoGaBJeHHH Ka’XXJOro
crenywowiero aucka ofpasyercs HoBasa mnertsis. Hakowel,
NPOUCXOJMT OfeBaHue 3'-KOHHA M cOOpKa BMpyca B KJET-
Ke 3aBepluaeTcs.

Hayuublil mogxop K IpOBeleHMIO MNpodHIaKTHUECKUX
MEpOMpHATUN, HalpaBJEeHHbIX Ha IIpefOTBpAallleHHEe pa3BHU-
THUsT BUPYCHOH MHQEKIMU M JieueHue BHUPYCHBIX Oosiesneit
pacTeHUH TIO3BOJISIET 3HAYUTEJIBHO COKPATHUTh MOTEPU CEJIb-
CKOXO3AUCTBEHHON MPOAYKIMH M B OOIEM MOBBICHTH MpO-
K3BOAWTE/JBHOCTh TPYJa B CEJIbCKOM XO3sACTBe.

B XMBOTHOBOACTBe ¥ BETepMHApHUH HMCHOJIB3YIOTCSA BCE
T€ JX€ NPUHLMIbI ¥ NPHEMbl, OCHOBAHHbIE Ha MpPHUMEHEHUH
3HaHUI O HyKJIEMHOBBIX KMCJOTaX, Kak 4 npu paciudpos-
Ke mpuuuH 6osie3Hed YenoBeKa, AUATHOCTUKE M JICUEHUM
HX.

6—322
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TakuMm 06pa3oM, 3HaHMA O HYKJEHHOBHIX  KHMCJIOTax
UMET 00/IblIOe 3HAYEHHE B CEJbCKOM Xo3sicree. ViMeHn-
HO 3HaHHE MEXaHU3MOB MPOIECCOB, C KOTOPBIMH JIIOAH
MOBCEIHEBHO CTAJKUBAIOTCA B cBoeil pafoTe B CebCKOM
Xo3siicTBe, 06eCeunBaeT Nporpecc B 3TOi 06iacTy.

B nocsegHee BpeMsi MOSIBUNIOCH HOBOE HAallpaBJIeHHE
HayK4, KOTOPO€ JacT BO3MOJXHOCTb HENOCPEACTBEHHO BMe-
ILMBAaThCs B FeHETHMYECKH ammapaT KaeTku u 3dgextus-
HO Ha Hero BJMATb. JTO HallpaBJeHHe Ha3bIBaeTCsA TI'EH-
Hoit uH)keHepued. OHO genaeT BO3MOJKHBIM HE TOJBKO
OBICTPO CO3AaBaTh HOBBIE COPT2 PACTEHMI M IOPOABI JKH-
BOTHBIX, HO U1 B HEKOTOPOM pOJE 3aMeHSTb UX.

I'eHHasi MH)XEeHepHUsl — 3TO MCKYCCTBEHHOE  CO3JaHue
HOBOTO FeHETWYECKOI'O amnmapara KJICTKH, UMEIOLIEro HyX-
Hble U1 yesioBeKa CBoiicTBa. OHa BKJIIOYAET CUCTEMY Me-
TOJIOB, C MOMOIIBIO KOTOPBIX CO3/A2I0TCS PEKOMOMHAHTHbIE
mosnekynnl IHK, npepcrapasionide cofoil MCKYCCTBEHHbIE
reHHbie CTPYKTypbl. I'eHHas wHKeHepHs IO3BOJSET MaHH-
MyJMpOBaTh IeHaMH, UYTO JaeT BO3MOJXKHOCTb IepenaBaTh
reHeTHYecKylo MHGOpMALMIO OT OJHOrO OpraHM3Ma Jpyro-
My, HE POJACTBEHHOMY €My II0 TeHEeTHYeCKMM CBOMCTBaM.
IeHHas UHXXEHEPHs IO CYyIIECTBY MpeAcTaBaseT coboi pas-
paGotky TexHosornu pekombuHarubix JTHK.

1972 roa cuMTaeTCs roJOM POXKAEHUS TeHHOW HMHIXKEeHe-
puu. B srom roay I1. Bepz, BIOCNENCTBMM YAOCTOEHHBIN
3BaHMsA Jaypeata HoGesieBckoil mpeMuy, BMeCTe C COTPYA-
unkamu B Crandopackom yuusepcutere (CIIIA) Bnepsbie
noayuna rubpuaHyio monekyny JHK.

B 1973 r. 3. Yanz u C. Kosn (BenukoSpurauus),
a Ttakxe X. Boiiep u P. Xennune (CIIA) Bmnepsbe Io-
JIyyusa B npoOupke 6uosormuecku yHKUHUOHAIbHBIE MO-
nekyasl OHK, copmepxamue resernueckylo HHbOpMaLuMIo
U3 JBYX pa3HbIX MCTOUHHUKCB.

Ilepepaua yuactka JHK u3 opgHoro resoma MHMKpO-
OpraHu3MOB B JPYrod ¢ yyacTHeM IUIa3MHJ B KayecTBe
[epeHOCYuKoB coctouT M3 pacwervienus JHK u Bxio-
uennst yacty ee B Moiekyny JHK-uocurenn. Pacmenne-
HUEe W BKJIIOUEHHe reHeTuyeckoro Martepuasia B JJHK ocy-
LECTBJASIETCA 3a CYeT IPMMEHEeHWUsl PeCTPHKTa3 M JINras,
depmenTOB, (PParMEHTHPYIOLIMX U CIUMBAIOLIMX HYKJICHHO-
Bble KKCJOTHL. OYyHKIMS JWra3 3akjIl4yaeTcss B CHHTe3e
docdhoanabnpHON CBA3U MEKAY COCEIHMMM HYKJICOTHAA-
mu. JHK-nnraza He MoXeT COEAUHUTb [JBE MOJIEKYJIbI
onpnonernioueynod OHK. Hurn JHK, coepunsemoie THK-
JIMra3oi, LOJUKHBI ObITh YACTHIO ABYXIENIOYEUHON MOJIEKYJIbI
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OHK. Ona o6pasyeT cBA3b TOJABKO B TOM CJydae, ecjd
BOZIN3M OT MeCTa pa3pblBa MMeEeTCH XOTHA Obl HECKOJBKO
nap ocHosaHmi. M3BectHo, uto koHubi mosekyn OHK y
HEKOTOPbIX OaKTepuasbHbIX BHPYCOB MOTYT COEIMHATHCS
nyreM o0Opa30BaHUs Nap OCHOBAHMIT MEXIY KOMILIEMEH-
TapHbIMM TIOCJEA0BAaTEJBbHOCTAMH HYKJICOTHUAOB, KOTOpHIE
HAXOJATCS HA KOHLAX OJHOLIENIOYEUHBbIX YYaCTKOB: af€HUH
COEMHSIETCA C THUMHHOM, a IYaHMH — C LIUTO3MHOM, M
MOJIEKYJIBI YIEPXKWBAIOTCA BMECTe BOHOPOJHBIMHM CBSI3SIMHU,
MeXJAy TapaMu HyKJIeOoTHAOB. PepMEeHT KOHLEeBas TpaHC-
depaza katasm3NpyeT NpUCOELMHEHHE pANA HMIASHTHMYHBIX
HYKJICOTHUAOB cnenuduyeckn Ha  3'-KOHLAX OJMHOYHBIX
ueneri JHK. Mcnosb3oBanue KOMIIEMEHTAPHOCTH COEAMHE-
HUM OCHOBaHMH W KOHIEBOH TpaHcdepasbl IO3BOJUIO
coeauuuTh KoHupl IHK ¢ nomowpn AHK-nuraser (puc. 9).

IMonmas B OprarMzZM-HOCHTENDb, Uy KEPOLHASA MOJEKY.Ia
IOHK naumHaeTt permnuposath Tak xe Kak u JHK xier-

KN-X03sAHHa.
. .
i —_—
; AHH=—nuraza
I

{ AHH ¢ Penapupo- 4
paspeisom saHnan AHH

HO o}

Puc. 9. Beepxy nokasano, kak JIHK-nMrasa BoCCTaHaBJMBAeT pa3phIBbI
B OZHO¥ M3 Uemned asyxuenoyeunoi Mosekyanl JHK. IHK-nurasa kara-
JIM3YeT CHHTE3 CBA3M (BHU3Y) MeXAy Ae30KcHpubGo30it u docdarom
B MeCTe pas3pbiBa (IIOKa3aHO MYyHKTHPOM).
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Hanpumep, ¢ mnomoumpio Mmia3MAl MOXHO BBOJUTH
¢dparment HHK opnoro Bupa Gaktepuil (3050THCTOro cra-
dunmoxkokka) B JHK pgpyroro Bupa (KMIIEYHOM NaJIOUKH).
ITocsne 2TOro BBeZieHUS reHbl IIA3MHJA OT HEPOACTBEHHOrO
Buia GakTepmit (30J0THCTOrO cTa(pUI0KOKKA) HAXOAATCHA
B KJIETKE KUIUSYHON IaJIOUKH, Iie OHH MpPOSIBJAAIOT 6MOOrH-
YecKHe CBOWCTBA MCXOAHOTO BHUA.

IMpoBeneHbl OBUIM TakXKe 3CHEPUMEHTHI C BBEICHHEM B
KHMIIEYHYIO NAJIOUYKY HEKOTOPBHIX I'€HOB JIATYMIKHA. DTO O3Ha-
qaer, uro JJTHK mnpokapuot Moxno kombuumposath ¢ JJHK
DYKapHoT.

MOXHO BBLIIENUTb YETHIDE OCHOBHBIX YCJIOBHsI NpOBeje-
HUSI TeHHO-WH)XEHEPHBIX KCCJeI0BaHuIi:

1. Pacwennenue u coegunenne mosekysa JHK, nmomyuen-
HBIX M3 pa3HbIX UCTOYHHKOB.

2. Hannuue ypoGHOrO HOCHTENS FEHOB, KOTODLIM MOJXKET
peruMLMpoBaTh Kak ceGs caMoro, Tak M CBSA3aHHBIA C HMM
y4acTok yyxxepopHoi JHK.

3. Hamuue ypobHOro BBegeHHS KOMOHWHMPOBaHHOM
Mmosekyasi JHK B xusyio GakrepuanbHyIO KJIETKY.

4. Hannume oT6opa u3 GO/bLION MOMy/ASLMU KJIETOK TeX
H3 HUX, B KOTODHIX MPH)XNJIACh KOMOHHMPOBaHHASA MOJIEKY-
na JHK.

C nomoumpio reHHOM HH)KEHEpHH, MO3BOJIAIOLIEH Hapa-
GaTbiBaTb B 6aKTEpUAbHOM KJIETKE WHAMBUAYasbuble dpar-
MeHTbl 0608 uyxepoanoit THK, B uactnoctn JHK u3
JKMBOTHBIX KJIETOK, MOXXHO BBIZEJNUTh, HAKOIIUTb U KMCCIEN0-
BaTb WHAWBULYAJIbHBIE FEHEL.

Texnonorus pexombunanTHeix Monekysn JHK nossons-
eT BuiaenAaTh cerMedThl JJHK ¥ Bocnpon3soauTh UX B OakTe-
pusAx. ITO HaeT BO3MOXXHOCTb MOJY4UTb Tpebyemble cer-
Menthl [JHK B KosmuecTBaX, JOCTATOUYHBIX AJAs [ETaJbHOrO
WX M3Y4YeHud ¥ NMPaKTUYECKOro HCIoAb30BaunsA. Takol moj-
X0 fmaeT BO3MOXKHOCTb BcTpamsBath HHK m pobGuBatohes
cuuTe3a Geska, komupyemoro pmanuoit JHK B mpombii-
JIEHHBIX KOJIMYeCTBaX.

C noMoupbio METOAOB MeHHON MH)XEHEPHH CHHTE3UpPOBaH
reH, KOAMpPYWOUMH Jaumdoroxcun — 6enoK, yOusaomwuii
omyxoJieBble KAETKH. JInMbOoTOKCHH yOKBaeT TOIBKO OIyXO-
JICEbIE KJICTKM ¥ IIPM 3TOM HE OKa3blBaeT BPEAHOro BO3MEIH-
CTBUSI Ha HODMaJbHble KJETKH. [IJif MPOMBIIIJIEHHOIO Ipo-
H3BOACTBA JIMM(MOTOKCHHA KOAWPYIOLIMI €r0 reH BBOASAT B
GakTepHanbHYI KJAETKY KWILEYHOH majoukd. CKOpOCTb
NpOAYUMPOBAaHUA KJIETKOM KUieuroil mnanoukd B 500 pas
BBIIE, YeM KyJbTYpOH JUMQDOLMTOB.
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Pe3yabTaThl reHHOI HH)KEHEDUU HALUTM TaKXXe IpaKTH-
yecKoe TpUMEHeHNEe B NIPOU3BOACTBe UHTepdepoHa. B pe-
3y/JbTaTe KJIMHMYECKUX MCCIeOBAHUMA YCTAaHOBJEHO, YTO MH-
TepdepoH yesoBeKa 0OsafaeT BbipaXeHHbIM IPOTUBOBUPYC-
HbIM M aHTUNPOMU(EPATUBHBIM [EeHCTBUEM. AHTUNpONUDe-
parueHoe OdelicTéue BHTEPHEPOHOB 32KII0YASTCA B TOM, YTO
OHM TOPMO3AT Pa3MHOJXKEHKE OIyXOJIeBHIX KIeTOK. Jlo He-
JaBHETO BpEMEHH KJIMHHYECKUE MCIIbITAHUSA AeHCTBUS HHTED-
¢epoHa MPOBOAMIHCH C KCIIOJB30BAHAEM YeJIOBEYECKOro
HHTepdepoHa, BEIAEJIEHHOro K3 Jelikouutos. OaHako mwupo-
KOe KJIMHHMYECKOe NpHMeHeHue MHTepdepoHa pe3Ko 3aTop-
MO3WIUCh B CBA3U ¢ AedULMTOM JeHKOLMUTOB JOHOPCKOH
yesoBeuecKod KpoBH. IIpoMepliLieHHOE NIPOM3BOACTBO MH-
TepdepoHa B 6OIbIIKMX KOJMUYECTBAX, CHOCOOHBIX YHOBJIET-
BOPHUTb CIIPOC Ha HEro, CTAJO0 BO3MOJXXHBIM TOJIbKO Oaropa-
pA ycileXaM TeHHOH HH)KEHEDHUH.

I'eHHO-MHXeHepHbIe HHTePdEPOHDbI C YCIEXOM IIPUMEHS-
IOTCA VI JIeYeHHWS renaruTa, [Maparpuino3HON MHOEKLMH,
HEKOTOpBbIX BHUAOB 3JI0Kaue€CTBeHHBIX onyxosed. MHTepecHo
OTMETUTDb, UTO KCIOJb30BaHHE HHTep(depoHa cOmpoBOXIa-
ercs noGOuHbIM SBJEHWEM — YBEIHUEHWEM [UIMHbL PeCHHUL]
y NPUHUMABILIMX 3TOT Mpenapar.

Bo3moxHocTh Bcrpamsauus ydactka JHK mnexonura-
fommx B JIHK GakTepuy KuliedHo#l majoukd Gblaa MCIOJb-
30BaHa /I NPOMBINUIEHHOrO CHHTE3a TOPMOHA MOJKEeNy-
JOUHOH ’Xene3bl MHCYAMHA. UHCYy/IMH NpUMeHseTCs B MeIu-
LMHE /IS JleueHusl caXaproro auabera, 3aGoseBaHMs, Xa-
paKTEpU3YIOIIErocsi HEAOCTATOUHBIM COAEP)KAaHAEM HHCY-
JMHa B opranu3Me GOMbHBIX. PaHbllle WHCYJIMH, TPUMEHSB-
WUACA A9 MEeAULUHCKUX Illesiedl, mojy4yaayu U3 MOJXKeJly-
JIOYHOM JKeJIe3bl JKUBOTHBIX. Celuac HCTOUHMKOM IOJIyYSHU S
WHCYJIHA ABJIsIeTCH KHIleuHas rnasouyka. OTnpaBHON TOYKOH
9TOr0 MCCJAeAOBaHUS ABWIACH MHCYJMHOMA — ONYXOJIb MOJ-
JKENY[OUHOI JKeJe3bl, BbeAoWas O0/bIIoe KOJIMYECTBO
nucynmna (puc. XXXI1V). Dra omyxosns Gorata MoJeKy1aMu
uPHK pn1a curTe2a nmpealnecTBeHHHKa aKTMBHOIO ropMoHa
npenpouHcyivaa. C MoMoLpio 0OpaTHOH TPaHCKPUOTA3bi
aroit uPHK 6blL1a mosyyesa ABYXLENOYeYHasi KOMILIEMEH-
tapHasa [THK, koTopyio 3aTeM BKJIIOYHUIIM B COCTaB IJIa3MU/BI,
ucnonp3dyemoit s nepesoca HHK B kieTkd KuILeuHOH
najoukd. J[efCTBUTENLHO, HECKOIBKO 0aKTepHaibHbIX KJIO-
HOB, TPaHC(OPMMPOBAHHHIX MHCYJIMHOBOH KOMILIEMeHTap-
Hoit JIHK, cuHTe3npyIoT npeAniecTBeHHNK HHCYJIMHA. OKOJIO
100 xomuit Ha KieTKy. [ToueMy MMeHHO KOMILIEMEHTapPHYIO
OHK, a ne renomuyio HHK BBOAST B KJIETKM KHIIEYHOI
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najoyku? Kak yxe oTMeuanocb, MHOTHE dYKapuoTHyecKue
reHbl COZIep)KaT BCTaBOUHbIe NOC/Ie0BaTEIbHOCTH HYKJIEOTH-
JOB, KOTOPbI€ BBHIPE3AIOTCA K3 MNMEPBUYHBIX TPAHCKPHUIITOB.
IMockosibKy GakTepun He CIOCOGHBI YAAIATb 3TH MOCJEHO-
BaTE/IbHOCTH, HEOGXOAUMO TPaHC(hOPMHPOBATL UX YYACTKOM
OHK, xommeMenTapHubiM 3pesion uPHK.

Eme oanMM mnpyvMepoM IIpaKkTHYECKOro IpUMEHEHUA
TEHHOW WH)XEHEpHU SBJSIETCH XUMHUYECKM CHHTE3HpOBaH-
Hbl reH MNENTHAHOrO rOpMOHAa COMAaTOCTaTHHA, BbIPa’kKeH-
HBI TAaK)Ke B KJIeTKaX KullleyHol masouku. HemaBHo Gbina
rosiydeHa MocCaefoBaTeIbHOCTh MoJekysibnl [THK, xoaupy-
folell OBaJIbOYMUH KYPHMHOTO #iflla, KOTOPYIO 3KCIpecCH-
poBajsu B KJeTKax KHILEeYHOH NaJIoYK.

B Hacrosiliee BpeMs eme COXpaHsieTcsi Gosbmiasi mo-
TpeGHOCTb B HEOPOTUX U OE30MACHBIX BAKLMHAX, KOTOPHIE
NpeACTaBAsOT coboit mo cyru pmena 6Genok. MmeHHo ¢
NTOMOLIbIO TEHHON MHI)XEHEPUH WH(EKIIHOHHbIE areHThl, CIo-
coOHbIE HCMOB30BaTh B KAUYECTBE HOCHTENIEH MOJIEKYJIBL
OHK, komupymolleld Hpyrue aHTHUreHbl, MOXXHO TaKk H3Me-
HATb, 4TOOBI CBECTH K MMHHMyMY CJydYad OCJIOXKHEHHIA.
BakuuHauus HeoOXOAUMAa A NMPOQHUIAKTHKM MHOTMX 3a-
Gonesauuit. [IpuMeHenue reHHON WH)XXEHEPUM INpH pa3pa-
GOTKe BaklMH SBASETCS IEpPCHEKTHBHBIM, TAaK Kak JaeT
BO3MOJKHOCTb GOpPOTBCSI CO MHOTMMHM €Lie PacrnpocTpaHeH-
HbIMHM ceifyac WHQEeKUMSAMH, B YaCTHOCTH C MaJjspuel,
KOTOpO# CTpajaeT IOKa 3HAayuUTeJIbHAasi YacTb HaCesICHUS
Jlatunckoit AMepuKH.

Hcnosnp3oBaHne Takux BakuuH B Gopbbe ¢ ocroii mpu
MaccoBOH BaKUWHALMU HaceJIeHUsI B Pa3BUBAIOLINXCS CTpa-
Hax /ajJo OrpoMHbId ycmex. Yacrota pa3BUTHS OCJIOXKHE-
HUI TIpM BaKIMHALMM He TpeBbliana | uyesjoBeka Ha
300 000 BaKUMHMPOBAaHHBIX, UTO rOPa3fO MEHbLIE, YeM IIpH
MCTIO/Ib30BaHMA OOBIYHBEIX BakiyH. [loTeHUManbHas BHIrOAA,
KOTOpYI0O [aeT Tako¥ IoAXOoj B BaKIMHAIUM, Hecousme-
puMO Gosibllie MO CPaBHEHHIO C OTMEUEHHBIM HEZOCTATKOM
¥ TOpa3[0 BbIllle, YeM NPH BaKLAHALMK OOBIYHBIMHM BaKLH-
Hamu. Tem He MeHee, COBEPLIEHCTBYS Ipernapart, yueHble
paboTaloT Haj IOBBbILIEHMEM ero 0e30HacHOCTH, 4YTOOBI
CBECTH Ha HET PUCK BO3HMKHOBEHMS OCJIOXKHEHWH.

Hcnonp3yoTca reHHO-WH)XXEHepHbie BaKLIWHBI U B BETe-
punapun. Hanpumep, B GakTepun KuIIeyHOH Najouku Obuia
BHecena wMosekysa IIHK, xoaupyromaa Oenox Bupyca
fuypa, — 60/€3HM, HOpaXXaioulel KPYNHBIA pOraThlit CKOT
M T[pYHOCALIEN OrpoMHbIE YOBITKM JXKMBOTHOBOZAM. Bupyc
silypa B HEAKTUBHOM (popMe, T. €. B COCTOSHUM TOHUKEH-
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HOM XM3HECNOCOOHOCTH, ABNAETCA cefuac OCHOBOM s
MPOM3BOJACTBA MCHOJIb3YEMBIX B BeTepUHapuu BakuuwH. On-
HaKO BaKUWHALHMA BUPYCaMM C IOHMI)KEHHOM aKTUBHOCTBIO
4acTO CONPOBOXKJAETCs PA3BMTHEM PA3JWYHBIX OCJIOXKHE-
HUTj, HAMpUMEp DPasBUTHEM mxd)exuuormoro 3aboneBaHus
B TSKEJION (opMe.

Cermentnl JIHK, BBeneHubie B OGakTepwio KWIICYHOH
Majicuky, CTaJd B OTPOMHBIX KOJIWYEeCTBaX MPOAYLMPOBAaTh
0es1oK BMpyCa sIypa, KOTOPBIA HCIIOJB3YIOT IS HMMYHU-
3anuy XKHBOTHEIX. C NpUMEHEeHMEeM Takoro 0eska yJaajaoch
3aIMTHTb KPYIHBIA poraThif CKOT OT 3aGosieBaHus
ALY PCM.

Yicrienn30BaHe 5TOro mpemnapaTa BMECTO BAaKLKHbI MMe-
€T MHOIO NpeMMyliecTB. B HeM He cozepXaTcss BUPYCHBIE
4acTULBl, KOTOpbIE CIIOCOOHE! BhI3BATh UH(pEKUMO, OH MpaK-
THYeCKH Oe3BpelecH.

Ceiiuac CyHmIeCTBYeT BO3MOJKHOCTb BHECEHMS Y4aCTKOB
OHK, KOAMDYIOIIMX HECKOJbKO pa3J/IKYHbIX AHTUIE€HOB, B
GaxTepHasbHbIl TE€HOM C MOCJAEAYIOIUM NpPOSsIBIEHHEM [ei-
cTBusl BHecenHoro yuactka A HK. Ilosydyennl miTaMMbl He-
KOTOPBIX GakTepuii, KOTOpble MMpH NpPHEME UX B BHIAE MHK-
CTYpbl MM KAaIlCyJl MOTYT Pa3sMHOJKATbCsl B KHILEUYHUKE U
06pa30BLIBATL KOJIOHWH. EcaM BBeCTM B Takue OaKTepuu
monekynsl JHK, kogupyiomue uyxepoaHble aHTHUIEHb], TO
TaKo#l oAX04 OyIeT upe3BhIUAiiHO MEPCHEKTUBEH B Gopnbe
¢ KuumieyHbIMM  uHdekuysaMr THna xoJepsl. Orpomuoe
NPEMMYILECTBO MCIIOAb30BAHMHSA BHDPYCOB M OaKTepuil st

135



TakuX Liesiedl 3aKJIOYAETCSI B BO3MOJKHOCTH OIHOKPAaTHOrO
WX NpuUMeHeuMs. 3aTeM OHHM OYAYT CaMOCTOATE/BHO pas-
MHOJKATbCSI B KHINEYHHKE GOJBHOrO [0 IOJHOrO €ro Bhi3[0-
poBnenudA. bBiarogapss NpHUMEHEHMIO TakuX I[pPEnapaTos
MOXHO OyfeT IyTeM OJHOPA30BOTO BBENEHUS BAKLAHBIL
obecrneunTh AMTENbHbI UMMYHHTET. KpoMe TOro, 9TH mpe-
mapaTthl OT/IMYAOTCs BBICOKOM CTAaOHIBHOCTBIO U CTOUMOCTD
MX NPOU3BOJCTBA HEBeJIMKA.

B nepededp MeTONOB reHHOH HWHXXEHEPHU BXOAAT YCKO-
peHHe ¥ YyAyyllleHHe CeJIeKLWH NPOU3BOJUTENbHLIX IIPO-
MBIIIJIEHHHX IITAMMOB-TIPOAYIEHTOR aHTUOMOTHKOB, BHTA-
MKHOB, aMHHOKHCJIOT, HYKJICOTH[OB W HYKJIECO3UIOB, dep-
MEHTOB. I'¢éHHasi WHI)KeHepus SABISETCS OJHONM M3 COCTaB-
HBIX YacTeH COBPEMEHHOH I'e€HETHKY IPOMBIIIJIEHHbIX MEK-
poOpraHu3MoB, KOTOpble NpPOAYLUMPYIOT pa3jMyHbBlE Opra-
HUYECKHE BeleCTBa, MMeEIOolMe 3HauyeHWe 1A 3aBOJ0B H
¢abpuk. C NOMOILIBIO TEHHON WHXXEHEPHUHM CO3/AIOTCs KJIO-
Hbl 0aKTepuil, KOTOpble CHHTE3UPYIOT HY)XHbIE BEIIECTBA B
60/bINX (MPOMBILLIEHHBIX) KOJHYECTBaX Ipenaparhl.

Kax u B mo60i #pyroil Hayke, B FEHHON KH)XXeHEPHH
CyUIECTBYIOT [{BA acHeKTa: TeopeTHUeCKUN M IMPaKTUYECKUH.
Teoprsi HYKJIEMHOBBIX KHCJIOT HO3BOJIMJIA Ha IIPaKTHKe
yHpaBnsTbh FeHHbIM annapaToM Ha YpOBHE MOJIEKYJ, MOXXHO
OCYHLIECTB/ATL yHOpaBjieHUe FEHHbIM anmnapatToM Ha ypOBHE
KJIETOK, OprasM3Ma W MOIyJsuuu B LenaoM. Hesnosek mnpu-
ofperaeT MOryECTBEHHBIM CIOCO0 BO3AEUCTBMA Ha MPUPO-
Iy, MO CBOMM COIMAJIbHO-3KOHOMHUYECKUM IIOCJIECACTBHAM
CPaBHUMEIA C IOC/IEACTBUSMHU NPUPYUEHUS CHJIBI ATOMHOP
SHEPIVH.

TenHass MH)XeHEpUS — DTO HOBOE HaIpaBJIeHHE HaYKH,
“Mepiliee MPUJOKSHHE KaK B MeULIMHEE, TaK U B CEJIbCKOM
xo3saficTBe. C pa3BUTHEM 3TOr0 HampPaBsjeHUsT KOPEHHBIM
06paz0M WEMEHMIACh BO3MOXXHOCTb NPOHMKHOBEHYS! BIUTyOb
OMOIOrMYeCKHX, U B UYACTHOCTM TI'CHETHUECKMX, SIBJICHUM.
OTKpHITHE NEPCIEXTUB YIIPaBACHUA HACJSACTBEHHBIM MaTte-
pHasIicM, MAaHUIYJYMPOBAHHUA TIEHETUYECKUMH MOJICKYJIaMHU
SBUJIOCh Ba’KHEHIIMM CJIEACTBHEM, @ TeNepb yXe U ILeJbio
K3Y4YeHHs] CTPOCHUMA U (DYHKUMOHUPDOBAHUS HYKJIEMHOBBIX
KHCJICT. 3TO OTKPHITHE INpPUBEJO K TOMY, 4TO Ouosorus,
BoJIeL 3a XuUMHKed K (u3MKol, oKa3asiach BKJIOUEHHOH B
HayuHO-TeXHWYEeCKUH nporpecc. JOCTMIKEHMA TIEHHOH WH-
KEHEpUHU HCIIONIBL3YIOTCA B HOBOW OTpacJM IPOMLIILICHHO-
CTH — OMOTEXHOJIOTHH.

B mepcnexTyBe BO3MOXXHO CO3JaHNE OpPraHM3MOB C CO-
BEPLIEHHO HOBbIMU Te€HETHMYECKHMH KauyeCTBaMU, paHee He
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TEHHAR
UHXEHEPWA

BCTpPEYaBIIMMUCA Ha 3emsie M DBOJIOLMOHHO He 00yCJIOB-
JIEHHBIMH,

B 3TOoM TauWTCcA M OMAacHOCTb TeHHOH WHJ)KeHepuH, TakK
Kak MOCJEACTBHUSL TaKOro poJa 3KCIEPUMEHTOB IIpeAcKa-
3aTb upe3BbIYaliHO TpypHO. IloatoMy pa3suTHe paAfa cdep
TEHHOH WHJ)XEHEpHHM BpPEMEHHO Jaxke IpuocraHossieHo. Ha-
p¥Mep, B CBOE BpPEMs HaMeuyaJuCb SKCIOEPUMEHTHI 10
BBEJCHUIO ciel(PUUYECKUX PAaKOBbIX BHPYCOB, BBEI3BIBAIOIIUX
ONYXOJM Yy MbILIEH ¥ XOMSKOB, B OaKkTepHua/bHbie KJIETKH
KUIIGYHOX MaJIOYKH.

KulleyHas majioyka NOCTOSHHO OOMTaeT B KHUIUEYHHKE
4yesi0BeKa B HOPMAQJIBHBIX YCJIOBUSX. B €CTECTBEHHOM BHAE
U BTOT BUPYC, W OaxTepuu Oe3BpefHBl A 4YeJIOBEKa.
OnHako BBI3LIBAET OECMOKOMCTBO TO, UYTO C TEYEHHEM
ppemeny rubpunHas 6akTepusa MOXET OKa3aTbCs 3a Ipefe-
JIaMH 2KCIIEPMMEHTAJIbHOM CpeAbl M BHECTH PAKOBBIM BHUPYC
B JXKHBYiO KJETKy uesoBeka. [lostomy II Bepr, B snabopa-
TOpUY KOTOPOTO HOJIXHBI ObLIM MPOBOAUTHECA DTH DKCIIEPHU-
MEHTHI, PEUIMJI BpeMEeHHO OTKa3aTbCs OT HHUX.

Kakue Xe cylmecTBYIOT epClHeKTHBbl NPUMEHEHHA IeH-
HO# urKeHepuu? OHM, HO-BHAUMOMY, OYAYT 3aK/IIOYATHCS
B YJAYYLWIEHKH TPAJULUOHHLIX MHUKPOSUCTIOTMYECKHX MPO-
LIECCOB MIOMYyYEHMS CJICXKHBIX COEAWHEHYH, WHTeHCu(pUKa-
MM DTUX NPOLECCOB, 4 TaKXKe CO3JAaHWM HPWHLHUIIKAJbHO
HOBBIX MHKPOGHOJIOrMYECKUMX TIPOLECCOB MOJIyYeHUA Heol-
XOIUMBIX COeIUHEHKHA.

TaxuM 06pa3oM, reHHas MH)XEHEPAS OTKPHIBAET LIKPO-
KHE TIEPCIEKTUBEl HM3MEHSHHA HACJIEJCTBEHHbIX CBOMCTB

137



pa3/iMuHbIX OpPraHU3MOB: OakTepWif, BUPYCOB, pacTEeHUIA,
JXHUBOTHBIX. DTH OPraHM3Mbl PUOOPETAIOT CBOWCTBA, KOTO-
pble MOXHO 5¢GEeKTHBHO MCIOMb30BaTh B MeEIULUHE,
CEeJIbCKOM XO3AHCTBE ¥ [Apyrux cdepax HApPOAHOTO XO-
35HCTBA.

OpHaKko MOCTHXXEHHWS TFeHHOH WHIKEHEPUM CJefyeT MC-
0Jb30BAaTh Pa3yMHO, He Hapylias DKOJIOTMYECKOro paBHO-
Becus B npupoge. Ilpon3BosibHOE U3MEHEHHNE I'E€HETHYECKOro
MaTtepuaja CIMOCOOHO TaK HApPYIIUTb B3aMMOOTHOLIEHM
BUIOB JKMBOTHBIX, DacTeHuid, MHUKPOOPIaHH3MOB, 4TO IIO-
CJEACTBUSA BTOro BMEIIATEAbCTBA CTAHYT KaTacTpodoil
s uenoBeyecTBa. YUTo6bl M30exarb HebJaroNpUATHBIX
MOCEACTBUA Tporpecca B 06JacTM TeHHOM WHIKEHEPUH,
Ba>XHO HE TOJIBKO H3yYeHUE HYKJIEMHOBBIX KHUCJIOT, HO H
STUKO-HPABCTBEHHAs OLEHKA IMOCJEICTBHH HCIIOJIb30BaHUA
3THUX 3HaHU.

B nmacrosimee BpeMs BHMManHe OOILECTBEHHOCTH MHO-
rMX CTpaH oOpauleHO K 3KOJOTMUYEeCKHM IpobsiemaM, CBsi-
3aHHBIM C MHTCHCUBHBIM BO3JEHCTBHEM IIPOM3BOJACTBEHHbIX
dakTOpoB Ha XXHMBbIE CHCTEMBbl. HeoOXOmUMOCTb M3y4YeHHs
HYKJIEMHOBBIX KHCJIOT [UKTYeTCA HE TOJBKO HMX Hay4HO-
MPaKTUYECKUM 3HAUEHHESM, HO M JKEJaHMEM KaXAOro rpax-
nanpHa, HeOe3paslIuuHOro K mpobsieMaM 3JKOJOTMH, 3HATh
HOPMUMHBE BO3HWKHOBEHHS 3THUX NpPodJeM.



Saxnouenue

TaK, HYKJEHHOBbIE KHCJIOThHI — DTO OMONOJHMEDH!, Ha-

XOASIIIMECS BO BCE€X KJIETKAX JKMBBIX OPraHM3MOB U
OTBeyalollie 3a XpaHeHwe, Iepefayy M peaju3alyio Ha-
CJeACTBeHHOH MHbopmauun. IIpoyuTaB KHHUTY, BbI TeHepb
3HaeTe OTBETH Ha fBa Haubosee BaXXHBIX BOMpoca OHO-
JIOTHM: KaK¥MM 00pa3oM KJeTKa XpaHUT FE€HETHYECKYIO HMH-
dopMaimio ¥ Kak 3ta HHPOpMalMs DYKOBOAMT paboToi
Beelt kietkn? C Tex mop xak 40 jer Hasax 6bLI0 YCTAaHOB-
JIEHO, YTO XpaHHUTEJIeM TeHeTMuecKoH HH(pOpMalUUKM SBIs-
€TCs MOJIEKyJIa HYKJIEMHOBOM KMUCJIOTHI, B yacTHoctH [HK,
3HaHWA O HYKJIEHMHOBBIX KHMCJIOTaX 3HAYUTENbHO pacIIMpHU-
JIUCb U YrIyOWIKch. BBUIO yCTaHOBJIEHO, YTO MH(bOPMaLus,
copepxamasics B JHK, nepenaercs, nad TpaHckpubupyer-
cs, Ha MOJIEKYJIy ADYro HyxkJieuHoBo# kuciotsl — uPHK,
KOTOpas 3aTeM IepeMellaeTcsl 4yepe3 SAEpHYI MeMOpaHy
M BBIXOAWT U3 sAApa KIETKM B LMUTOIUIa3My, IepeHoCH
TakMM 00pa3oM reHetuueckylo uHdopmanmio. Ha ocHose
uPHK mpoucxofur cauTe3 MoJeKkys OesiKd, BRIIOIHSIOIMX
caMele pa3HoOOpa3Hble (DyHKIMH.

3HaHUA O HYKJEHHOBBIX KHCJIOTaX WCHONb3YIOTCH B
HECKOJIbBKMX OCHOBHBIX HalpaB/ieHHAX.

Bo-nepBbIX, OHM IIO3BOJIAIOT MOHATH MEXAaHU3M sBJIE-
HUH, ¢ KOTODBIMHM YeJIOBEK MMEET [EeJIO.

Bo-BTOpBIX, u3yyenue GUBUKO-XMMHYECKHMX CBONCTB M
MexaHusMa dyHkuuonupoBanuss mosekya OHK m PHK
JaeT BO3MOJKHOCTb IIPOrHO3HPOBaTh BEPOATHOCTb BO3HHK-
HOBEHMsI M IIpeAfiojlaraeMoe pa3BUTHE HaCJIeJCTBEHHBIX
GosiezHell. DTO SBAAETCA OCHOBOI MEAMKO-COIMAIBLHOTO
KOHCY/IbTUPOBaHMsI, HaIIPaBJICHHOrO Ha IpPO(dHIAKTHKY Ha-
C/IEICTBEHHBIX 0O0JIe3Heil.
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B-TpeTbHX, H3yyeHHE COAEpIKaHMUS HYKJIEMHOBBIX KHC-
JIOT NO3BOJISIET HCHOJb30BAaThb TaKue METOABl I JKar-
HOCTHKM.

B-yeTRepTHIX, NpenapatT HYKJIESUHOBBIX KHUCJIOT MCIOJb-
3yeTca AJist JiedeHWs 3aboseBaHuil.

B-nsThiX, YTO SABAALTCS, MO-BMAWMOMY, CaMbiM BaX-
HbIM ceHyac HampaBJieHHWeM — 3TO FEHHas WHXECHEpHA M
OrOTEXHOJIOrK. PeBomonus B MOAXOAE K KMCIHOJIb30BAHUIO
HYKJIEWHOBBIX KHCJIOT B MPOMBIILIEHHOCTA Jajia TIPUHIU-
MUATbHO HOBbIE TEXHOJIOTMYECKME IPOIECChl BBINYCKa IMpo-
OYKUMH B paMKax HOBOW OTpacis — OHOTEXHOJOTHH.

TenHasi WHXXEHEPHsI MO3BOJUT 3(PGPEKTUBHO GOpOTHCS
C pasiuyHbIMA 3a60JieBaHMAMM yesoBeKa. Bo3MoXHO, ¢ ee
MOMOIIBI0 YAACTCA CO3JaTh NPUHIMIHAJIBHO HOBBIE, HE
CYLIECTBOBABIUINE B IPUPOZE pacTHTeNbHble U JXHBOTHBIE
OpraHM3Mmbi, OONafaoLIMe HY)XHBIMM ISl 4eloBeKa CBOM-
cTBaMU. YKe ceHyac C MOMOLIBIO TIeHHONH HWHIXXEHEepUH
CO3JaHbl IITAMMBI MHUKPOOPraHM3MOB, NPOAYLHPYIOIUX Te
WIM MHble HEOOXOAWMble I NPaKTHUYECKOTO HCIO/b30-
BaHMs BellieCTBa. IIprMeHeHHe MHUKpPOOPraHM3MOB C 3a/laH-
HbIMY TEHETHYECKMMM CBOMCTBaMHM NO3BOJISIET IHOJyYaTh
BEILIECTBa BLICOKOW cTemeHM uucToThl. Hu opuH cymectBy-
IOLUY XMMHUECKMHA TEXHOJIOTHUECKMHA IMpOoLEecC He MOJKeT
BOCIPOU3BECTU NOAOOHBUI CHHTE3 C TAKOM YMCTOTOM, NMpPO-
HM3BOJKTE/JBHOCTBIO M HU3KOH CTOMMOCTBIO PacxofoB Ha
CO3JlaHME€ M DJKCIUTyaTalldlo, KaK MNpOMBbIIUIeHHAsl JKHHUSA
MMKPOOHOTO CHHTE3a.

B03MOXHOCTH, KOTOpBbI€ OTKpBHIBAeT FeHHas WHIXKEHe-
pus TEepes ueJI0OBEYECTBOM KaK B 00jactd (yHAaMeHTasb-
HOM HAyKd, TaK M BO MHOrMX [APYruX o0JacTaX, H B
YaCTHOCTM B TNPAKTHYECKOM IIPUJIOXKEHMH, TOUCTHHE Oe3-
rpaHuyHbel. OfHAaKO B NPUMEHEHHMH 3TUX BO3MOXXKHOCTEH
Hy)KHbI Pa3yMHas OCTOPOXKHOCTb M HayyHoe OGOCHOBaHHME
B INPOrHO3aX, OCOOBbIi y4eT Tex omacHocTelh M OmMGOK,
KOTOpblE MOIYT IPH 3TOM BCTPETUThCA. Bce 3TO peasbHO
BBIITOJTHUMO TOJBKO HAa OCHOBe 3HAaHMU O HyKJIEHMHOBBIX
KHCJIOTaX.

OuennBas NepCHeKTUBBl UCHO/Ib30BAHUA 3HAHUM O HyK-
JIEWHOBBIX KHCJIOTaX, MOJXHO C YBEPEHHOCTbIO CKa3aTb, 4TO
MHOTHME BbIAAIOIIMECS NOCTHKEHUSI, OTKPLITHS OyAyT caesa-
Hbl KMEHHO C KCINOJIb30BaHKMEM OTHUX 3HaHMH. ITommManme
U peanu3alsi Hac/JeACTBEHHON WHGoOpManuu, KoTopas co-
JIEP>XXUTCA B HYKJIEMHOBBIX KUCJIOTaX, MO3BOJMT, BO3MOJKHO,
HaBCcerna M36aBuThCsA OT MHOTHX Ceifuac enle CUMTAIOIHXCS
HEN3JICUMMBLIMM HAC/IEACTBEHHbIX 3a60/eBaHuiA.
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0600Imas M310XKeHHbII MaTepuas, CAeNYeT BbIAEIUTh
HECKOJIbKO 0C060 Ba’XKHbIX MOMEHTOB, UMEICLUMX 3HaUCHHE
U1l TOHMMAaHUs TIPUPOJBI U CBOMCTB HYKJIEHMHOBBIX KHCJIOT.
HanomuuMm, yto JHK sB/isfAeTCA HOCUTENEM HACIEICTBEH-
HOY wH(POpMaLUM KaK B INPOKapPHOTHYECKUX KJIETKaX, Tak
U B KJEeTKaX dyKapuoToB. HckiloueHwe COCTaBJIAIOT BU-
pycCHl, Yy KOTOpPbIX B KauyecTBE TI€HETHYeCKOro MaTepuasa
MoxeT Boictynath ymb6o JTHK, mi6o PHK. JHK B xnetke
npejcTaBieHa ABYMSA JJIMHHBIMHU CIIHPaJIbHO 3aKpPYYE€HHBIMHU
MOJMMHYKACOTUAHBIMYA LEMOYKaMHU. DTH LENH NapajuliesibHbl
IpYT ApyTy. A30THCTBlE OCHOBAaHHUSA NMOJMHYKJICOTHAHBIX Iie-
ned pacilosioKeHbl BHYTPU CIMpasM, a caxapogocdaTHbIi
OoCTOB — cHapyxu. IlapasutenbHas KoudopMauus KBYX IO-
JIMHYKJICOTU/IHBIX 1LIenoyek OOYC/lIOBIeHA TEM, UTO MEXIY
a30TUCTBIMM OCHOBAaHMSIMU YCTaHaBJIMBAIOTCA BOJAOPOJHBbIE
CBAI3M, KaXpgas Mexay mnapoit ocHoBanuil. CyliecTByeT
3aKOHOMEPHOCTb, KOTOpasi 3aKJII04YaeTCsi B TOM, UTO aJeHHH
BCErJa COSOMHACTCA C TUMHHOM, a I'yaHHH — C LIUTO3UHOM.
Orcropa caegyeTt, uToO LENH [ABOWHON CIMpaid B3aMMHO
KOMIUIEMEHTApHBI, T. €. JOMOJHAIOT Apyr apyra. I'eHetu-
yeckass uHpopMaumsa B JHK 3akogupoBana B BHUAE IIO-
C/IelOBATE/IbHOCTH HYKJIEOTHHOB. B OOJBIIMHCTBE CJyuaes
OHK npeacrasnera B BUAE JWHEHHOU (OPMBI, HO MOXeT
“MeTb M KoJblieByro ¢opmy. Kossuesas JHK moxer 3a-
KpyuuBaThCs C 00pa3oBaHMEM CyNepCiupasd, 4YTO JesaeT
JAHK 6onee kommaktaoit. Ilpu perumikammm JAHK nse ee
HUTH pacXOAsITCA M Ha KaXAOU U3 HUX CHUHTE3MpyeTcsA
noBass HuTh HHK. Kaxnas ucxopHas uenpb sBASETCS MaT-
puiuel IJisl CHHTe3a HOBOU MOJIMHYKJIEOTUAHON mNocseno-
BaTesbHOCTH. ClJiefoBaTesIbHO Mepefaua HacJIe[CTBEHHOCTHU
OCYLIECTBIIAETCA IOJYKOHCEPBATHBHBIM CIOCOOOM, T. e.
B KaXAaymwo aouepHIow napy ueneit THK nonmagaer mo of-
HOW MCXOZHOK M MO OAHOU BHOBb CHUHTE3KPOBAHHOM lierNoyY-
ke. Perumikauus JTHK ocyuiecTBisieTcs PV yYyacTAH MHO-
rux ¢epmenTtos: JHK-nomumepas n JHK-nurasel. Hosasn
OHK curTe3MpyeTcs M3 aKTHBUPOBAHHBIX NpeAIleCTBEHHH-
KOB: ueThlpex pAe3okcupubonyxneosuprpudocdaros. Ipu-
coeauHeHKe K ruapokcuiasHoMy kouuy uenu JHK Hosoro
nykaeotnga JHK-nosnmepasoil ocyiecTsisieTrcs JMLIb B
TOM CJIydae, €C/JI OCHOBaH¥e HYKJIEOTHAA KOMILIEMEHTapHO
OCHOBaHMIO poAuTenbcKod uenn. CrenoBaTesbHO YHKLUO-
Huposanue JIHK-monuMepassl OmNpefe/sieTCs POJUTE/b-
ckoit IHK. THK-moaumepasbt MOryT Takxe obsnajaTb U
HyKJea3HOM AaKTHUBHOCTBIO, YHajisfAsi HEKOMILUIEMeHTapHblie
HyKJIEOTHABl ¥ TOBBIIIAs TakUM o00pa3oM HaeXHOCTb
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peIVIMKALMHK, a TakXe NPUHMUMas yYacTHe B MEXaHM3Max
penaparuu JIHK.

Pennukaumua JHK HaumHaeTcst B CTpOro omnpeneaeHHOM
MecCTe M UAET OJHOBPEMEHHO B ABYX HampaBjieHusX. Pac-
mwierenne poautenbcko OHK ocymecreasercs 3a cuer
onepruu ruapoansa AT® u npu yyacTuu crieludmuecKkoro
¢epmenra. B npouecce cunureza JHK mpoucxomuT BCTpau-
BaHMe B €€ CTPYKTypy Mmojekyast PHK. Bnociegctsuun
ot yyactkn PHK rupposmusyrorca u 3amemarorcs JTHK.
Konupr ¢parmentupoBanuoit JHK coemunsoorcsa ¢ mo-
mompo depmenta OHK-muraser

Ilepepaua renetmueckoél uH(pOpMauMU B KJIETKE OCY-
LIEeCTBJASIETCST TOAbKO B Hampasideuunm ot JHK x PHK,
or PHK k Gesnky. CyuiecTByor Tpu TMma MoJieky1 PHK
B kietke: uPHK, rPHK u pPHK. Bce monekynst PHK
O[HOLENOYEUHBIE 3@ HCKIIOYEeHHEM OTHACJbHBIX YYacTKCB
TPHK u pPHK, KoTophie B HEKOTOpHIX MecTax cOymxa-
I0TCsI APYr € [pyroM, obpasys choupasbHble (PparMeHTHL
IMporsixenHocts PHK cuibHo BappupyeT oT 75 HyKJIEOTH-
zoB mis TPHK no Gosee 5000 nykneortmpos miasi uPHK.
Morekynpl PHK cHHTe3HPYIOTCS B COOTBETCTBHM C MCXOJ-
HOM Marpuuel, kKortopou sapaserca JAHK, nmpum yuactuu
¢epmenra PHK-nonmumepa3sel. B otymune ot JHK-nosmme-
pa3bl  maa  dyHkumonupoBanua PHK-mosmMepassl  He
TpebyeTcst HayuMs 3aTpasku. CyIEeCTBEHHOE OTJIMUME CHH-
Te3a PHK or cunreza [OHK 3sakicuaercss B TOM, YTO
ecau mpu cuHtede OHK wucxomuas OHK-marpuna pas-
pymaercs, 7o npu cuHTese PHK ucxopnas JHK-marpuna
He pa3pylIaeTcss ¥ MOJXKET HCIOJIb30BaTbCS MHOTOKPATHO.
Cunre3s PHK naumnaercs co cesaspiBauuss PHK-nommepa-
3pl ¢ ywactkamu [JHK-maTpunp, 9To NOpUBOAMT K €€
JokaysbHOMYy paciutetenuo JHK. Pacrerenne JHK-mat-
puLbl co3jaeT OJarolnpuATHbIE yCJIOBUS A (OPMHpPOBa-
Husi nepsoit docdoausdupHoit cBazn. OKOHUAHHE TpaH-
ckpuniyy PHK nHa ™matpuune OHK ocymecrsiaserca 3a
cuer HaymuuA B coctaBe JJHK cron-curnasmoB. Hekoropsie
BEILECTBA MOTYT crieliudpuuecKrn MHrMOMpOBATb TPAHCKpPUI-
LM10, MOAABJASI TaKuM o00pa3oM IMeperauy TeHeTHYecKo
undopMany B KJIeTKe ¥ Bbi3biBasg ee rubesb. Cpeau
IIUPOKOTO CHEKTPa TaKHUX BELIECTB MOJXHO BBIAENUTbH IOJIY-
CHHTETHYECKUI aHTUOMOTHK pUdAMIUIUH, KOTOPbIA MHIH-
Oupyer umHuumaumio cunre3a PHK, a TakXe aKTHHOMH-
uuH D, Giaokupyronmit cuures PHK.

ITocnenoBaTeJbHOCT aMVHOKMUCJAOTHBIX OCTaTKOB B
besike COOTBETCTBYeT MOCJCACBATENIBHOCTA HYKJIEOTUIOB B
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AHK. 310 cooTBeTCTBUE OIpenesisieT NOHATHE T'eHeTUYec-
KOro Koja, T. €. B3aUMOCBSI3M IOCJIeI0BAaTE/JILHOCTH OCHO-
pauuii B JHK u mnocnenoBaTebHOCTH aMHMHOKMCIOTHBIX
octatkoB B Oesike. Kaxpgasi aMHHOKMCJIOTA KOAMPYeTCH
B IHK rpymnno# u3 Tpex ocHoBaumit. U3 64 takux tpuiuie-
ToB 61 KOAMpyeT omnpenesieHHYI0 aMHHOKHUCJIOTY, @ OCTaB-
mmecsa Tpu tpumiera YAA, YA u YI'A cayxar cursa-
namMy TepMuHauue. TakuM 00pa3oM, B OTHOLIEHUM KOAH-
pOBaHMsI aMMHOKHCIOT CYIIeCTBYeT HeKoTopas w36bITOY-
HOCTb KOJIMYeCTBa KOJOHOB Haj, KOJIMYECTBOM aMHUHOKMHC-
not. OfHY M Ty € aMHHOKUCJIOTY KOIUPYIOT HECKOJbKO
KOJOHOB, MpHUYEM OTJMYHE MeXAY HUMH 3aKjioyaercs
TOJILKO B TIIOCJ€JHEM OCHOBaHMYM KOJOHa. I'eHeTHuyeCKHUH
KOJ YHMBEpCaJleH M HalJieH y BCEeX JXMBbIX OpraHU3MOB
M KJIeTOK. I'eHeTHueckui Kop Obul pacuimdpoBaH B pe3yib-
TaTe CePUHM IKCHEPUMEHTOB, BO BPEeMs KOTOPBIX IPOHU3BO-
JUJIM 3aMEHY MJIM HCKJIIOYa Iy OJHO M3 3BeHbEeB peasn3alidu
nepefgauu reHetuyeckod uudopmammu or JHK k Genky.

XapakTepHO# OCOOEHHOCTBIO MHOTMX TI€HOB JYKapHOT
sIBJIAETCA (PparMEeHTAapHOCTb UX CTPOEHHUS, 3aKII0Yalomascs
B TOM, YTO MeXJy 3K30HaMH (KOAMDYIOUIMMH [0C/IeA0Ba-
TEJIBHOCTSMM) PpacCHOJIOKeHbB HHTPOHbL. WHTpOHBI ynans-
JOTCSI BO BpeM$ IPOLIECCHHIA TePBUYHBIX TPaHCKPHIITOB
PHK, u 3penas uPHK yxe He COAEPXHUT HMHTPOHHBHIX
MoCJIeSOBaTeIbHOCTEH HYKJIEOTHAOB. IlodTOMYy mocienoBa-
TeJIbHOCTb AMHHOKHMCJIOT B Ge/iKe MOJHOCTHIO COOTBETCTBY-
€T MOCJIeI0BAaTEJbHOCTY OCHOBAHMI B DK30HaX reHa.

Myrayuu — u3MeHeHuss B mnepejaye HaCJIeACTBEHHOMH
uudopManuy, obpasyommecs B I[OCIAEIOBATENbHOCTH
Hyxsieotnnos B JJHK. HauGosiee pacnpocTpaHEHHBIM THIIOM
mytaun¥ B JHK sBisiercsa 3amMeHa OHOHM Mapbl a30THCTHIX
OCHOBaHMI Ha Apyryo. MyTaluu MOryT BO3HHUKATh JH6O
CTMIOHTaHHO, HAMpUMep NpHU TayTOMepH3aluH, Jubo IOZ,
IeACTBIEM HEKOTOPbIX XMMHYeckux BemecTB. OmnpepeneHue
MyTareHHONW aKTMBHOCTH, KOTOPOE HOBCJBHO IPOCTO MOJKHO
BBHIIIOJIHMTh Ha OaKTepWfAX, MCHOJB3YIOT AJsf OLUEHKH KaH-
LIEPOTeHHO AKTUBHOCTH HOBBIX BEIECTB, CHHTE3MPYEMBIX
IS IPOM3BOACTBEHHBIX M OBITOBBIX I(EJIEM.

Tpancasayus NpeacTasiseT coOOi CI0XHBIM Hpoiecc, B
KOTOpBIl BoBJIeueHbl 60s1ee 100 MakpoMOJIeKyJ1, KOOPAHWENPO-
BaHHOE B3aMMOJECHCTBIE KOTOPBIX HEOOXOMMMO Jisl [IPaBAIb-
HOro cuHTe3sa Genka. TpaHC/AsILUsA HAYMHAETCSA C TOro, 4TO
akTuBUpylomme depmentsl amunoauws- PHK-cunrerass,
ucrnosb3ys dHepruo AT®, ak THBUPYIOT aMUHOKHMCIOTHL. [Ias
KaXXJ0i aMHUHOKMCJ/IOTHI CYIECTBYIOT XOTs OBl B €MHCTBEH-
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HOM dk3eMILtsape crneuudnueckas TPHK u cneundpuyeckas
amuHoaiuma-TPHK-cuHrerasa. Bce TPHK oTymuaoTcs TeMm,
4YTO MMEIOT OJMHAKOBOE CTpoeHHWe (HAMOMMHAIOT KJeBep-
HbI JIMCTOK), TNPUMEPHO OAWHAKOBOE KOJIUYECTBO HYK-
JIeOTUHOB M COJEPKAT B CBOEM COCTaBe MoAUGHULHUPOBaH-
Hble a30THUCTbie OCHOBaHHUs, HalpUMep, METHJIMPOBaHHBbIE.
Cunte3 Genka Ha uPHK ocymecTsnsiercss 3a cueT TOro,
yro uPHK y3naer antuxkomon tTPHK, koropas TtpaHc-
nopTupyeT crnenudHUecKyl0 IAs Hee aMWHOKHUCJOTY.
Kopon uPHK xommiemenrapen antuxkomony TPHX. Opua-
Ko HexkoTopnle TPHK mnpucoeguHsAIOTCA He TOJBKO K KOM-
[IEMEHTAapHBIM KojoHaM. CunTe3 Gesika OCYLIECTB/AETCS
B pubocoMax, COCTOSIUIMX M3 OOJMBIIONH M Masoi cyObenu-
uul. Kaxpas w3 cy6be MHHULL TPMMEPHO Ha [IBE TPETbUX MO
macce coctoutr w3 PHK, a na oy TpeTb — m3 Oesxa.
Cunte3 Oenka Ha pubocomMax OCyWIECTBASETCS B TpHU
stana. Curnajiom Hauana TtpaHcasauuu uPHK cayxar xo-
poubl AYTD wmmm I'VI, KoTopsiM mpenmiecTBYeT NOCJEO-
BaTE/JbHOCTh HYKJIEOTH[AOB C IIPEeMMYLIECTBEHHbIM COJep-
JKaHMeM JIypUHOBbIX OcHoBaHuH. IlpomosixeHme cumHTE3a
GeKa BK/IIOUAET MOC/EL0BATE/IbHOE IPUCOEAMHEHNE AMHMHO-
amui-TPHK u o0pa3oBaHue NenTUIHON CBA3YM MEXIY aMH-
HOXMCJIOTaMH, YTO JIEXXUT B ocHOBe (OPMHPOBaHUSA BCEX
HOC/IEAYIOIMX CTPyKTYp Oenka. Cunre3 6GesnKa 3aKaHUMBa-
eTCsi Ha TepMHHUpYyloumX koaoHax YAA, YT'A wm VAT,
OKOHYaHME CHHTE32 MOJIEKY/Jbl GesKa OCyLIecTBIseTCA 3a
CUeT THUAPOJIH3a CBS3M MeEXJY TMNOJUNENTUAHON Lenbio
u Monekyaoit TPHK. Pasnuunbie auTHOMOTHKM U HEKOTO-
pble XMMHUYECKMEe BELIeCTBA MOTYT M30MpaTeJbHO HMHIUOM-
poBaTh Te WX MHBIE CTaAMM CHHTe3a Oenka. DTa ocobeH-
HOCTb MCIOJIb3yeTCs s K3yuyeHMs MeXaHu3Ma CHHTe3a
GenKa, a TakXXe /I MOJABIEHMs pocTa OaKTepHil B Jeuel-
HBIX LeJIfAX.

Pezynayus KOJMYECTBA CUHTE3UPYEMBIX B KJeTKe Oesi-
KOB OCYLIECTBJISETCA pa3HbiMM crnocobamu. Y 6axTepuii
9KCIIPECCUs I'SHOB perympyercs Ha ypOBHE TPAaHCKPHIILMHU.
Tennt GakTepuil OpraHM30BaHbl B OMNEPOHbl, KOTOPHIE CO-
CTOAT M3 PETyJATOPHBIX YYAaCTKOB M CTPYKTYDHBIX TI'€HOB.
Kpome Toro B cocrase JJHK BHe omepoHa CyILLeCTBYeT
ele TaK Ha3blBaeMbld peryjaaTopHbIi reH. Pery/siuus
MOXEeT OCYLIECTBAATbCA U CHHTE3UPYEMBbIM IPOAYKTOM IO
THry oOpaTHO# cBsidu. Tak, Hanpumep, TpunTodaH CBsi-
3piBaeTCA €O chneuucduyeckuM pernpeccopoM. Csi3biBaHUE
3TOro crneluUYECKOro pernpeccopa C OINepPaTopoM TPUIITO-
¢danoBoro omnepora MNPUBOAMT K TOMY, UTO TPaHCKPUIILMSA
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OTBETCTBEHHBIX 3a OMOCHHTe3 TpuITO(aHa TIeHOB onepa-
Topa mnpekpawaercs. KoHTpoyupyloT GYHKUMOHHPOBaHHE
HEKOTODPbIX ONEPOHOB CHHTE3a AMHHOKHMCJIOT TaKXe M aT-
TEHIOATOpbl. B HEKOTOpEBIX Ciyuyasix peryasiiusi 'eHOB OCy-
IIECTBJISIETCA 32 CUeT LUKINYECKOro aaeHo3uHMoHodocda-
Ta, KOTOPbI B KOMIUIEKCE C 0esJKOM B3aMMOIEHCTBYeT C
MpOMOTOPOM OflepOHa M HMHULMUpYyeT TpaHckpunuuio. Cama
mo ceGe KOHLEHTpauus LMKJIMYeCKOro afeHo3uHMoHodoC-
¢darta csA3aHa C KOHIEHTpalMed B OKpyXKamoued cpege
reKko3bl.  KoHLleHTpanus UMKJIMYECKOro ajeHO3MHMOHO-
docdara ysenmuuBaeTcs npu HegocraTke ryoxo3bl Cie-
[0BaTe/IbHO, MOBbIIIEHHE KOHLIEHTPALMHU IJIIOKO3bl TOPMO3UT
CHHTE3 HEKOTODhIX (DepMEeHTOB OIOCPEOBAaHHO uepes
IMKJIAYECKUH afgeHo3uHMoHOdocdar.

B kieTkax 3SyKapuoT Kaxxgasi XpOMOCOMa COJEPIKHUT
ofgny MmoJekysy psycnupaapHod AHK. [dauHa Mosexysb
OHK sykapuor npumepro B 100 pa3 mpeBOCXOOUT AJWHY
mouekysasl JTHK mpokapuor.

IOHK B sgpe KJETOK HAXOAZMTCH HE B CBOOOJHOM CO-
CTOSIHMH, OHA CBsizaHa C 0ejKaMM, Ha3blBAEMBIMH T'MCTOHA-
MH. XpOMaTUHOBAs HUTb AApa KJIETKH IpEACTaBisieT coboit
MOC/IEAOBATE/IBHOCTb HyKJIeocoM. HykineocoMa — ¢parmenr
OHK, xoropbiii Kak Obl Hakpy4yeH Ha TMCTOHOBBII OCTOB,
cocTosiuMi U3 ABYX MosieKya Gesnka. CTpYyKTypHas KOMma-
Hoka [HK B Bujge HykIeOCOM MO3BOJISIET YMEHBUIMTH
pudy IHK B cemb pas. Ilpn geseHuMd KJIeTKH peIivKalus
JOBK sykapuor HauuHaeTca cpa3y B HECKOJIbBKHX ThICSAYaX
MecT oaHoBpeMeHHo. OtnwumeMm sykapmotuueckoit JHK
or mnpokapuornueckoit JHK smasercsa 6osblioe uMcIo
MOBTOPOB MoOcCJefoBartebHocTel HykieotHaoB. JHK ¢ nau-
Go/MbIIMM YKMCJIOM MOBTOPOB pacrosiaraercsa B obsacTu
ueHtpomepoB. UHMCIO MOBTOPOB MOJXeT AocTMrath 10°%
OHK c yMepeHHBIM YUCJIOM TIOBTOPOB COJAEPXHT TEHHI,
KOTOpble MOIYT IOBTOPATbCA ACCATKM ¥ COTHHU pa3. YHU-
kanpHas AHK copepxur redbl, KoTopble Jub0 BOBCce He
NOBTOPAIOTCSA, /MO0 TMOBTOPSIOTCA BCETO HECKOJLKO pas.
Hanpumep, yuukaabHbeiMu nociegosatenbHoctaMu B JHK
KOAMPYIOTCS I'eHbl Takux 0e/kos, Kak ¢ubpouH weska, re-
Mors106uH, oBaabOymMuH. OTauuutenbHoit ueptoit JTHK
3yKapuoT fABJSAETCSA TaKXe TO, YTO MHOrME I'eHbl, KOAUPYIO-
mue OesKH, WMEIOT BCTaBOYHbIE IOC/IELOBATEIbHOCTH Hy-
KJICOTH/IOB.

Cunre3 PHK B aykapuoTHueckux KaeTKaxX OCYLECTBAA-
erca npu mnocpeacrse PHK-nmosmMepa3 Tpex THIOB.
B «PHK rpanciupyemasi HyKJieOTHAHAs IIOCJIeAOBaTeNb-
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HOCTb OKaiiM/JieHa ¢ O0OeMX CTOpPOH MAOBOJIbHO JUIMHHBIMHU
HeTpaHCJUPYEMBIMU NOCJIeA0BATENbHOCTAMHU. [{ONOMHUTE b
HO K ppyruM dakTopaM perysdaiyy TPAHCASALMSA ¥ SYKAPUOT
peryauMpyercsi HaGOpOM MpPOTEMHKMEA3. B MUTOXOHIADHAX U
xjoporiactax Moxxet Haxoxnutbest THK, me cBa3anHasA ¢
sanepuodt JHK xaetku. 2ta JHK snexur cBoGOmHO, He 00-
pa3yeT KOMIUIEKCOB C TUCTOHAMM U HCIIO/Ib3YeTCs [JISA CHH-
Te3a Oesika B OpraHe/uiax HanofoOue cuHTe3a Geska B GaxTe-
pHaIbHBIX KJIETKaX.

CuHTE3 CEeKPETODHBIX U MeMOpaHHBIX O€/IKOB B KJIETKaX
DYKapHOT OCYLIECTBJSIETCsI Ha pubOcoMax, KOTOpbIe acco-
LMMPOBaHbl B MOJMPHOOCOMHbBIE LIEMH, JOKAJIN30BaHHbIE Ha
MeMOpaHax dHAOIIa3MaThueckoi ceTd. CHHTEe3UpYyeMblil Oe-
JIOK MMEEeT CHUI'HAJIbHYIO NOC/IeN0BaTeIbHOCTb, KOTOpasi He-
obxonuma /11 NpUKperieHus puGocoMbl K MeMOpaHe dHI0-
MJIa3MaTHUECKOW CETH U OTINEIUISIETCS NPYU NPOXOKIAECHHH
NOJMIENTUAHON Lienn uepe3 Membpany. K Gesnkam, cuHTe-
3MPOBAHHBIM Ha MOJHMCOMAX, NPUKDPEIUIEHHBIX K MeMOpaHe
SIIC, npHCOeAUHAIOTCA OAMH WIM HECKOJIbKO YIVIEBOJHBIX
0CTaTKOB, 06pa3ys TIJAMKONpOTeHH. BHOBb 06pa3oBaHHbIE
[JIMKOIIPOTENHBl B COCTaBe OKANMJIEHHBIX MY3LIPbKOB Iepe-
HOCATCS M3 IPOCTPaHCTBa SHAOIJIA3MaTHUYECKOH CeTH B
mucrepubl anmapata [onbmoku. OKkaiMJIEHHBIE MY3BIDBKH,
HO-BHAKMOMY, SIBJASIOTCS YHMBEPCAJIbHBIM CPEACTBOM obOMe-
Ha Mexny MeMOpaHHbIMY cTpyKTypamu. B ammapare onba-
XM TIPOMCXOAMT OKOHuATe/JbHAs XuMHuecKas obpaGorka
CHHTE3UPOBAHHBIX TJIMKONPOTEMHOB M COPTHPOBKa MX MO
Ha3HaueHulo. BaXxHyio posb B DTOH COPTUPOBKE HIrpaloT
yIJIeBOAHBIE OCTATKH.

C NMOHATHEM HYKJIEMHOBBIX KHCJIOT TECHO CBS3aHO (hYyHK-
[IMOHUPOBAHUE BLPYCO8, OCOOEHHC baxrepuogazos, n3bu-
paTesNbHO pa3pylalolMX OakTepuajibHble KJIETKH. Mexa-
HHM3M pa3pyluaiollero AeHcTBUs OGakTepuodaros 3akaioua-
€TCA B TOM, YTO OHM MOryT BKJIOuaTh cBolo ITHK B cocras
IOHK 6axrtepun. IMocne 3apaxenus 6aktepuu Gakrepuoda-
rOM COOBITHSI MOTYT PasBUBAThCs ABYyMs NMyTsMH. Bo-TepBbIX,
BakTepyodar MOXeT Pa3MHOXXATbCSA B KJIETKE, IPUBOAS K €€
paspymennioo. Bo-propbix, JIHK 6akrteprodara Moxer
Brmouatbest B JJHK Gakrepum He pa3sMHOXAasiCh, @ TOJIBKO
3apaxas Kjietky. CienoBartesibHo, OakTepuodary He BCeraa
yOMBAIOT KJIETKY GAaKTEPHMH, @ MOTYT CyLIECTBOBATb B HeEil B
CKPBITOM cocTosinuM. Ilocsie monafakus B KIETKy GakTepu,
IIHK 6Gakrepuodara Moxer aubo scTpamsatscss B JHK
daxTepuw, nmbo CYyLIEeCTBOBaTh B KOJiblleBOI (popme. U B TOM,
U B Apyrom cayvasix ¢darosas JHK Moxer perumMuMpoBaThCcs
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IUIsi CUHTE3a GEJIKOB, HEOGXOANMBIX fiJIsi HOCTPOEHUSI HOBBIX
pupycoB. Buenpenne IHK 6Gakreprodara B cocras JHK
GaKkTepUH MOKET MPOUCXOAUTD TOJBKO B IPHCYTCTBUM CIie-
uuduueckoro 6enka. Bruipezanume JHK Gakrepuogara us
cocrasa [IHK 6aKTepun MPOUCXOAUT, €CJU B AONOJHEHUE K
3TOMY cneuuduyecKoMy OEnKy MOABJSETCsS APYroi crenu-
uueckmit Gesnok.

3a cyeT NPOHUKHOBEHVA HYKJIEHHOBHIX KHCJIOT B KJIETKH
aykapuoTt Hekotopbie PHK- u JTHK-copepxawye BUPYCHI
MOTYT BbI3bIBaTh paxoswie 3aboaesanusi. K Takum PHK-co-
IepixalyM BHpycaM OTHOCHTCS BHMpYC capkoMbl Payca.
DTOT BUPYC ABISAETCS OHKOIEHHBIM BUPYCOM. PasMHOXeHHE
OHKOTeHHBIX BUPYCHBIX YaCTHUI[ B KJIeTKe IPOUCXOAHUT C IO-
mowpio JHK-nocpennuka. [Ipyrue PHK-copepxaiue Bu-
pychl, He CHOCOOHBIE pa3MHOXaTbcsi ¢ momompbio JHK-
nocpenHyika, pax He seizpiBaoT. K JHK-copepxamum on-
KOTEHHBIM BUPYCaM OTHOCSATCS, HanpuMep, o0e3bsHMH BH-
pyc-40 u Bupyc mnonmombl. WHTepecHO, YTO OHKOrEeHHbIE
Bupycel, kak PHK-, rax m JHK-cenepxaiuue, coaepxar
BCcero 4YeThipe-naTbh reHoB. Cuuraercs, YTO B Pa3BUTHH
3710KaYECTBEHHON OIyXOJIM NPUHKUMAET y4acTHe BCEro OAVH
WIH [Ba BUPDYCHHIX I'€Ha, KOTOpble HAa3bIBAIOTCS OHKOTeHaMH.
ITocne 3apa’>keHHS OHKOr€HHBIMH BHPYCaMM KJIETOUHbIE
KYyJIbTYDbl P€3KO MEHSIIOT CBOM CBOMCTBa: KJIETKM HAayHHAIOT
IeNETbCS HEeNPEePhIBHO, OTACAATLCA OT KYJAbTYPbl M PaCcHpo-
CTPaHATBCA XaOTHYECKHd BO BCEX HANpamleHusaX. I'eHom
KJIETKM-XO03A¥HA COAepXHUT Bupycocneuuduueckyo [AHK,
KOTOpasi HepefaeTcs IOC/JeAYIOIMM ITOKOJIEHHSIM KJIETOK,
T. €. Hacjaepyetrcsa. [T0dTOMy CBOMCTBA KJIETOK, BO3HHKIIIME
B pe3ysjbTaTe MPOHMKHOBEHUSI BUPYCHOH HYKJEHHOBON KUC-
JIOTBbI, COXPaHAIOTCA B IOTOMCTBE U CTAHOBATCHA Hacjeaye-
MBIM M3MeHeHueM (eHoTurna. 3apakxeHHble KIETKH KyJbTyp
HaBcerga COXpaHAT NpHOOpeTeHHble HOBblE CBOMCTBa. B He-
KOTOPHIX Ciy4yasiX MpH BBEASHHUM TaKMX KJIETOK B COOTBET-
CTBYIOUIMA OpraHn3M B HEM pa3BMBaeTCs paKoBas oOmy-
XOJIb.

YCcTOHYMBOCTD KJIETOK JXHMBOTHBIX OpPraHM3MOB K HeH-
CTBHIO BUPYCOB 3HAUKTEJbHO YCHIMBAETCS B NPHUCYTCTBUH
UHTEepGepoHOa — BEWECTB, OTHOCAIIUXCA K KOPOTKOIEMO-
YeuyHbIM nosnunentupam. VlurepdepoHsl B 3HAYNTEIIBHOM KO-
JuyecTe 00pasyloTcs B JEHKONMTAX XMBOTHbIX. OGpa3osa-
HUe HMHTepPdEpOHOB YBEJMUYMBAETCSH B TIPUCYTCTBUU JBYX-
nenoveussix Mosiekya PHK. MexanusMm ycuienus cnoco6-
HOCTH KJIETOK CONPOTHMB/IATBCSH BHEIPEHUIO BUDPYCOB IO,
ZeiicTBueM uHTepdepoHa OOYCJIOBJIEH CBSi3bIBAHHEM 3TOrO

147



Geaxa c MeMOpanoit xietku. KieTku npuobpeTaioT Hecrmelu-
duueckyo ycTOHUMBOCTD K MHOTUM BHupycaM. VIHTepdepoHbl
06/1a7a10T BHICOKOHM AKTWBHOCTBIO M [JEHCTBYIOT B OYEHb
He6o/bIIMX KOHUEeHTpauuax. UurepdepoH ysemuuBaeT CUH-
Te3d Tpex (EepMEHTOB: OJIMTOHYKJICOTHA-CHHTETa3bl, DHAO-
HyKJIea3bl M KMHa3bl. OTH (epMeHTH Ha pa3HbIX 3Tanax
GJIOKMPYIOT CHHTE3 OeJika.

Bosnesioe 3HauyeHWEe B M3MEHEHHWH TeHeTAYECKOro Mare-
pyasia UMeIOT NePeCTPONKHU reHOB: pexOMOUHAYUsl, TPAHCNO-
3uyus M Kaonuposarnue. IIpy 3TOM NPOUCXOAMUT NepeMelle-
Hue xpynanx yuyactkoB JHK. I'enetnyeckas pekoMOUHaUMA
3aKJII0YaeTcs B TOM, 4yTo nmpoucxoaut pa3pbiB JHK c nocie-
AYIOIUM BoccoenuHeHueM ee uenei. Ilpu 3ToM BO3HHKaeT
noBas mosiekyna JIHK, yacTs KoTOopoif nmpou3souuia OT OAHON
ponuTensckoit Mosekyast JHK, a uwacte — ot apyroi. I'e-
HETHYeCKasi PEKOMOWHALNSA XapaKTePU3YeTCsA CIapUBaHHEM
romonoraunbix Leneid JHK. ITpy peKoMOMHALMH IPOMCXO-
nuT mepekpect AByX ueneit [THK. I'eneTnueckast pexoMOu-
HAalLMs COMpPOBOXAAeTCA OOpa30BaHMEM HOBBIX COYETaHWM
a/ulesied M TNPAKTHYECKHM He 3aTParuBaeT pacloJIoKeHUs
JIOKYCOB.

BaxHblit (DaKTOpD TNepecTPOWKM reHoma OaKTepuit —
HaJny¥ie MOABHIK HbIX FeHETUUECKUX DJIEMEHTOR, B YaCTHOCTH,
naasmud, NpeACTaBAAIONUX cO00I KOMbUEBbIE ABYXLENOUed-
ubie MoJiekyabl JJHK, B cocTaB KOTOpPBIX BXOJAHUT OT ABYX A0
HECKOJIBKMX COTE€H ThICAY Map a30TUCTbIX OCHOBaHMIM.
TlnasMuabl MPEACTABAAIOT cOOOM MOMO/JHUTE/bHbIE TEHbl B
GaKTepuanbHOM KJIETKE, OTBETCTBEHHHIE 33 HHAKTUBALMIO
HEKOTOPbIX AHTHOMOTHKOB, 06pa30BaHKE TOKCHHOB W YTH-
JIM3AIHI0 HEKOTOPBHIX NMPHUPOJAHBIX BellecTB. OTIMUUTENbHON
OCOGEHHOCTBIO IUIa3MUZ, SABJISAETCS TO, YTO HPH OMNpEAe/eH-
HBIX YCJIOBHSX OaKTepHanbHas KJETKa MOXKET CYyHIECTBO-
BaTh M 0e3 1wiasmup, a 6e3 ocHosHoit JHK Gakrepuasb-
Hasl KJIETKa CYIIeCTBOBATb HE MOJXKET.

JOoCTHXEHHMS B M3Y4YeHMM CTPYKTYpbl, XMMUK K OHONO-
UMM HYKJIEUHOBBIX KHCJIOT TPUBEJM CO BpPEMEHEM K TOMY,
4TO B J1aGOPAaTOPUAX CTAAM KOHCTPYMPOBATH HOBbIE FEHOMYI,
a 3aTeM M KJIOHMDOBAaTb MX B KJIETKAX >XKMBOTHBIX. BO3HMK-
JIO HOBOE HAamnpaB/JeHHe MOJEKyIspHOM 6uosorunm — Tex-
Hosnorus pexoMmbuHanTHerx JHK. DTo HanpamjieHue Aaj0
BO3MOXXHOCTb CO3[aBaTh B J1a0OpaTOPHBIX YCIOBHSX HOBbIE
KOMOWHAUMY HEPOJCTBEHHBIX reHoB. Ilocie oGpa3zopaHus
TaKol KOMOMHAUMHM €€ MO)KHO BBECTH B KJETKY, OCYLIECT-
BUTb €€ MHOTOKDaTHOE CYMTBbIBaHKE IS MOJIyYeHHs HOBOTO
CHUHTETHYECKOTrO NMpOAYKTa WIH MHOTOKpaTHOE ITIOBTOpEHME
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AN pa3sMHOJKEHHMs, MCITONb3ys MeXaHU3M peaju3alMH re-
HeTruecko#t uMHboOpMaLuy, CyllecTBylOmMiA B kierke. Ta-
KUM 00pa30oM, BO3HHMKaeT BO3MOXKHOCTb TPAHCKPHILMY HIIH
TPAaHC/SLUU HOBBIX I'€HOB, BBOAMMBIX B KJIETKY.

B xionmpoBanun [ HK MOXHO BbIAEIUTH TPH 3Tana.
Bo-mepBbIX, 3TO CO3JaHMEe DPeKOMOMHAHTHON MOJIEKYJIbL
IOHK. Bo-BTophiX, BBefenue pexkomOmnauTnoit IOHK B
KJIETKY-X035IMHa, KOTOPOE MOXET NMPOMCXOAUTh JUb0 CIOH-
TaHHO, 400 C TOMOLBI0 BUpyca-HOCHTENS. B-TpeTbux,
orfop KJIETOK, KOoTopble HecyT pexkombuHautHyio IHK.
Takue KIOHBI KJIETOK OTOMpAOT MO HAJIMUMIO IIPU3HAKa
npucytrcteua JHK-nepenocuynka win camoro resa. dpyrum
crocofoM ompejesneHys SABASETCH HCIOAb30BAHHE KOMILIE-
meHrapuoii PHK, xoropas choeuudHyeckn CBA3bIBaeTCA
C HCKOMBIM I'€HOM.

KUIOHBI KJIETOK, copepxanme pekomObunamtaywo JHK,
CTaGWIbHEL TIPU JICJIEHWM IO KpaliHell Mepe B TeueHue He-
CKOJIbKHX COTE€H NOKOJICHHUH.

CoBpeMeHHBIE HUccaenoBaHus pekombOuHauTHbiX JHK
MO3BOJIIJIM DacUMPUTh 3HAHUS O CTPOEHHM XPOMOCOM,
06 sxcrpeccud resa. MeToj, MOAYyYeHUS PEKOMOMHAHTHBIX
OHK B nacrosimee BpeMA BHEADAIOT [JIsI U3YUSHUS CJIOXK-
HbIX I'€HOMOB KX I€HOB, MyTell PEryJsAlMM DKCIPECCHU H
MOCJIEACTBHIl PAa3IMUHBIX MEePecTpPOeK I'eHETUYECKOro Mare-
puana. Tak, oA BBeleHuS DyKapHOTHUECKOro reHa B reHOM
GakTepuii HMCOONB3YIOT Haubosee W3yueHHble GakTepuH
KUIIeYHON masouky. [Ipu 3TOM coxpaHsercs cnocoOHOCTH
K TPAHCKPHUIILUH 3YKAPUOTHYECKOrO reHa B GaKTEPHAILHBIX
KJIETKaX, K DKCIpeccuu dToro rexa. CiepoBaresbHo, B 6ak-
TepusAX MOIYT SKCIIPECCHPOBAaTbCA M TIEHbl MJIEKOIHTAIO-
mux. JefCTBUTe/NbHO, B GakTepHasbHBIX KJIETKaX KHIey-
HOM MHa/ouKM OBUT 3KCIPECCHPOBAH IeH HMHCYJINHA KPBICHI.
IOHK reHa wuHCy/MHa BBOAAT B TeHOM OakTepuu mnocje
[OJIy4e€HHsI €ro ¢ NOMOLBI 00paTHOM TPaHCKPUIIMU
uPHK xJsieTOK OIyXOosd HOJKEJIyJO4YHOH JKeJsie3bl, BbiIe-
NAKOWMX HUHCYJUH B OOJBLWIMX KosjauuecTBax. Takod myTte
noayuenus pekombunantHoit JHK cBsasan c TeM, 4Tto red
SYKapHOTOB COJEPKMT BCTAaBOYHbIe IIOCJIEAOBATEIBHOCTH
HYKJIEOTUJOB, @ B KJEeTKaX OakTepuii HeT MeXaHum3Ma HX
ynajseHuA. 3aTeM KJICTKH C BCTPOSHHBIM I'€HOM KJIOHMPYIOT
U TONY4aloT TIPOAYKT, KOTOPbIi TNpejcTaBnsier cobou
YUCTHI CHHTE3MPOBaHHbIA OakTepUsAMM MyTeM TPAHCKPHUII-
LMY TeHa MHCYJMH. AHaJIOTMYHO OCYILIECTBJIIEH CHHTE3
JIPyTHX DYKapHOTHUUECKHX OEJIKOB.

Kaxue nepcnekTvBbl OTKpbIBaeT Nepes, HayuyHbIM MHUPOM
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KJIOHMpOBaHHe reHoB? B Mosekynspuoit 6uosioru c pas-
BHUTHMeM MeTofa pekomOunanTheix JHK nosmuwmmch 60ib-
mMe BO3MOXHOCTH. [lonyuenue B GOJBLIMX KOMMYECTBAX
opgnopopuoit [THK mo3BojisieT MpOBOAWTHD MHOTHE paHee
HeJOCTynHble HcchaefoBaHus. Mazyudarorcsa ywactku [THK,
OTBETCTBEHHbIe 3a creluduyeckue ee (PyHKUMH — perm-
KalMI0 ¥ TPAHCKPHUIUKIO, HYKJEOTHAHAs IOCJe10BaTE/b-
Hoctb B JJHK. Pe3ynbTaThl MHOTOYMCJICHHBIX DKCIIEpPHMEH-
TOB JAalOT HOBbIE CBEJEHUS O HYKJIEMHOBBIX KHCJIOTax, IO-
3BOJISIOT NPOBOAUTH KapTHPOBAaHHE XPOMOCOM M MaHUILY-
JIMpOBaTh OTHAE/JIbBHBIMM HMX yuacTkaMu. KioHHMpoBanue re-
HOB MMeeT M OOJIbIIOE TPHKJIAJHOE 3HaueHue, [aBasi BO3-
MOJXXHOCTb CHHTE3MpOBaThb B 6OJbIIMX KOMHYECTBAX pas-
JIMYHBbIe OEJIKM C BBICOKOH CTENeHbI0 XMMHUECKOH YHCTOTHI,
a4 TaK)Xe CO3/aBaTb COYETAHUA HEPOACTBEHHBIX TIE€HOB.
O6pazoBaHHblE COYETAHMA MOJXHO, KaK M €JUHHYHbIE TeHBbI,
KJIOHUDOBaTh B KJIETKaX-X03s€Bax.

JTa KHUra MNOKa3blBaeT CJAOXKHOCTh M BMECTE C TeM
NEepPCHEKTUBHOCTb U3YUEHHS XWMHUM ¥ OHOJOTMU HYKJIEHMHO-
BbIX KHMCJIOT KakK JUIf Hay4yHbIX IleJielf, TaKk U B IpaKTHyec-
KOM TMpWIO>KEHKHU. ABTODHI HA[EIOTCS, YTO paccka3 O COB-
PeMeHHBIX METOZAX H3YYEeHHs] HYKJIEMHOBBIX KHCJIOT Aaet
BO3MOJKHOCTD YIJIyOMTDb BAIM 3HAHUS HE TOJBKO O HYKJIEH-
HOBDIX KHMCJIOTaX, HO ¥ O MHOTMX JIDyTHX BEIUECTBAaX M 00-
MEHHBIX NpOLECCax KJETKHM, a TakKxe 00 OBIUX 3aKOHO-
MEPHOCTAX JKU3HHU.

HMEHHON YKA3ATEJIb

AnancoH M. (1727—1806) — ¢panuy3ckuit 60TaHUK, WieH
®panuy3ckoi akagemun Hayk (1759). Ogun M3 OCHOBOIO-
JIOJKHUKOB €CTECTBEHHOU cucTeMbl pacteHnil. OguH U3 Muo-
HEpOB NMPUMEHEHMA MATEMAaTUYECKMX METOHOB B Ouosorum.

ActOepu V. (1898—1961) — auramitckuii Kpucrastorpad.
O6pazoBanne noayuu B KeMOpHIKCKOM YHHBEPCHUTETE,
paboran B YHMBEPCHTETCKOM KoJiuleaxe, a 3atem B Kopo-
JIeBCKOM KHCTUTYTE B JloHmoOHe.

BaeB A. A. (p. 1903) — coseTckuii GMOXMMMK, UIEH-KOP-
pecnonaentr AH CCCP (1968). OxkoHuuMn MeOULMHCKHM
dakyaprer Ka3sanckoro yuusepcutera (1927). OcHoBHBIE
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TpyAanl Baesa B obsacty MosmekyasipHON GHOJIOTMM MOCBS-

HOIeHBl XUMHYECKOMY CTPOeHMIO H (DYHKUMOHUPOBAHHUIO
TPHK.

Benosepckmit A, H. (1905—1972) — coBeTckuil 6MOXUMUK,
akagemuk (1962), Bune-mpesugenr AH CCCP (1971 —
1972). B 1927 r. okoHumn ¢pusuxko-maremaTHyeckuii da-
KysabreT CpenHeasnaTcKOro rocyJapcTBEHHOIO YHUBEDPCH-
teta. ABrop cBblmie 200 HayuHbIX paboT.

BeprIL. (p. 1926) — aMepukaHCKMi OUOXMMHMK, OKOHYHJI
IMencuiabBanckuii yumsepcurer (1948), paGoran B Cron-
dopackom yuusepcurere (CILIA). Jlaypear HoGenesckoii
npemun (1980) 3a paGoThl B 061aCTH IeHHON MHXKEHEDHH.

Buna 0. Y. (p. 1963) — amepuxauckuii reHeTuk. B 1926 r.
okonumsn yuuBepcurer HeOpackm, a 3atem Kopuemickuii
yueeepcuret. Jlaypear HoGeneBckoit MpeMuH MO MeIulMHE
(1958) coBmectHo c 3. Teititemom u . Jlemepbeprom 3a
MUCCJIEIOBaHNsl MO I'eHETHKE,

BnoGen . (p. 1936) — amepukanckuit G6uoxXuMux. OKOH-
unn Tiobunresckuit yuusepcurer (1960), ¢ 1976 r. —
npodeccop Poxdemneposckoro yuwsepcurera. H3BecTed
paGoTaMyl MO M3YYEHMIO MEXaHU3MOB OMOCHHTE3a OEJIKOB.

Boitep X. — aMepUKaHCKMA HUccregoBatenb, paboran B
Mepuuunckod mxose KammdopHuiickoro yHuBepcHTETa B
Can-®panmucko (CHIA). YyactsoBasl B M3yYeHUM ILIA3-
Mmug GakTepuii.

Bpayuau . — anmmmiickuit MccaenosaTtenb, paboTtan B Ja-
6opaTopun MOJIEKYIAPHON Guostorny MeauuHCKoro uccle-
J0BaTeIbCcKOro coseta B KeMOpumxe (Aurams).

Bpumxuc K. (1889—1938) — amepukaHckmii Guosior, wieH
HaunonanbHoit axapemum nayk CIIA. PaGoran B Ilyii-
neitpc-@osnce (wrat Heo-Mopk). Okonunn Koaymouiickuii
yuusepcuter (1912).

Ipubdur @. (p. 1904) — aHrIMiCKUA TEHETMK U OHOXH-
muk. [lokazan B 1928 r., uto moA MAEHCTBHEM JKUBBIX
KarCy/JIMPOBaHHbIX BHUPYJIEHTHBIX [MHEBMOKOKKOB HEBHDY-
JIEHTHbI€ THEBMOKOKKH CTAHOBSITCS BHUPYJIEHTHBIMH.
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Dasunenkos C. H. (1880—1961) — coserckuii HeBpoma-
ToJior, akageMuk AMH CCCP (1945). B 1904 r. okoHuna
MmeguumHCKUE  (dakyaprer MOCKOBCKOro yHUBEPCHTETa.
C 1912 r. 3zasepyommii kadenpoil HepBHBIX OonesHeil
XapbpKOBCKOro XXEHCKOro MeAMLEHCKOr0 WHCTUTYTA.

Hayn JI. (1828—1896) — anmmiickuii Bpay, omucan dop-
My BpOXAEHHOro ciaboyMusi C XapakTepHbIMH duU3Hye-
CKMMH TPU3HAKaMM: HHU3KHUM pPOCTOM, HaJMYMeM CKJIaAKHU
KOXHM BO BHYTPEHHEM YIVIy IVIa3HOM IIIeJH, BIOCJIEACTBUU
Ha3BaHHYIO B €ro 4ecTb cuHjapomom JlayHa.

OyommyH H. II.  (p. 1907) — coBeTcKuit TreHETHK, uJeH-
koppecrionaeHT (1946), akagpemux AH CCCP (1966).
B 1928 r. okonuwa MI'Y. C 1932 r. paGotaeT B psAfe Hayu-
HO-HUCCJIEAOBATEIbCKUX YUpeKACHUMH AH CCCP,
¢ 1966 r. — gupekrop MucTHTyTa 0OLIEl reHETUKH.

XKakob @. (p. 1920) — ¢pauuysckuit Guosor. OKOHUMT
MeputMHCkUM  dakynprer Ilapuckoro yHuBEpCHTETa.
B 1940—1944 rr. cpaxanca B apmMuu ae Losund, ObL
paHeH M HarpaxieH kpectoM OcpobGoxpeuns. JlaypeaT
Ho6enesckoi npemun (1965) coBmecTHO ¢ A. JIbBOBBIM M
X. Mouo.

Kanexkap I. (p. 1908) — amepukaHckuii 6MOXMMHUK, WIEH
HanuonampHoi axkagemuyn Hayk CILIA, zammMaicst Bompo-
CaMH OKHMCJIMTEIbHOro ¢ochopuanpoBaHus, OAHOBPEMEH-
HO ¥ He3aBucumo oOT B. A, Besuuepa mnposen mnepsoe
KOJIMYECTBEHHOE H3YYeHKe OKUCJHUTEIbHOro ¢ochopuanpo-
Banusa (1937—1941).

Knaitndemrep I'. ©.  (p. 1912) — amepuxaHcKkuii dHIO-
kpuHosor. B 1942 r. BMecte ¢ cOTpyZHMKaMH BHepBble
onucan 3abosieBaHue, OOYCJIOBJIEHHOE HApyLIEHWEM YHCIA
MOJIOBBIX XPOMOCOM U XapaKTepHU3YyIoLeecs HeIopa3BUTHEM
TOJIOBBIX OPraHOB.

Koubuos H. K. (1872—1940) — cosetckuii 6monor, npo-
deccop (1903), unen-xkoppecnougent AH CCCP (1915),
akagemnk BACXHWJII (1935). B 1894 r. oKOHYMJI €CTECT-
BEHHOE OT/e/leHrne MOCKOBCKOrO YHHBEPCHTETa, 3aTeM ObLI
KOMaHAWPOBaH 3a IPaHHUIL.
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KopHOepr A. (p. 1918) — aMepuKaHCKUA GMOXMMHK, HOK-
rop MmemuuuHbl (1941), unen HamuoHanbHOH axKageMUHU
Hayk CIIA u AMepHKaHCKOH akaJeMUM MCKYCCTB M HayKH,
naypear Ho6enesckoit nmpemun (1959). Oxonuun Cutu-
xoanepx r. Hew-Mopka (1937) u Pouecrepckmii yHuBEp-
cuter (1941).

Kocros . (p. 1897) — Goarapckuii Guosor, wien Bosrap-
ckoit AH (1946) m IrocnasBckoit akageMuH HayK H
uckycctB (1948). Oxkonunn yuusepcuret B I'asute B 1924 1.
Pa6oran B Uucturyre renetuku AH CCCP (1932—1939).

Kosn C. — aMepuKaHCKMIl UccaenoBaTe]b, paboran B Me-
punyHCKo# mkone Crandopackoro ynusepcurera (CIHA).
YyacTBOBaJI B U3yu4eHUH sABJIEHMSA TpaHCHOpMaLUH.

Kpuxk @®@. (p. 1916) — anrymiickuil ¢Gu3MK, CHELUAIUCT B
obsacTi  MOJIEKYJASpHOH Guosorum, pokTop dusnocodun
(1954), unen JIOHAOHCKOro KOPOJEBCKOro oObluecTsa
(1959), mnoueTHbII wieH AKaJeMHM HayK M MCKYCCTB
CIOA (1962).

JienepGepr A. (p. 1925) — amMepuKaHCKUiT reHETHK U OMO-
xuMuK. Okonumn KonymOuiickuit yHusepcuter (1944),
NpoAo/Ku  obpa3oBanue B VleJbcKOM yHHBEpCHTETE.
Jlaypear HobGenesckoit npemun (1958) cosmecTHO C
O. bupnom u J. Tarymom.

JlexxeH K. (p. 1926) — dpanuysckuii meavaTp U IeHETHK,
IOKTOp ecTecTBeHHbIX Hayk (1961), mpodgeccop (1964),
unen KoposieBCcKoro MeauuLuHCKOro obuiecTsa AHIIMA
(1964), uwreH AMepukaHckoil axkagemud HaykK (1968).

JhicaBenko M. A. (1897—1967) — coBeTckuif pacTeHHe-
BOJ M cejexkioHep, akaaemunk BACXHWMII (1956). Po-
punca B c¢. Bororone KpacHosipckoro kpas. Yuwica B
Tomckom yumBepcurere (1917—1919) um MockoBcko#
CeJIbCKOXO03sicTBeHHOM akageMun (1929—1931).

JInionc 9. — aMepHKaHCKUI  HCCIedoBaTe/ib, COTPYAHHUK
KanudopHuuiickoro TexsoJsiornueckoro mHcTUTyTa (CHIA).
PazpaGotas MeTOA o006pa3oBaHMsL MyTaLyyd Yy ApO30(HI
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Mak-KmHTOoK B. (p. 1902) — aMepukaHCKMII LMTOreHe-
THK, u1eH HanvoHasnbHO!M akagemun Hayk CIIA. OxoHumsia
Bpyknuuckuit n  KopHesuickuit  yamsepcutern  (1927),
Jlaypeat Ho6enesckoit mpemun (1983) mo cusmonoruu u
MeJULHE.

Meanep I'. (1890—1967) — amepuKaHCKUH TEeHETHK.
B 1910 r. oxonumn Koaymbuiickuii yuusepcuter. B 1915 r.
3aIUTHI JOKTOPCKYIO pauccepraumio. B 1933—1937 rr.
corpyaunk WHctutyra remetmku AH CCCP B Mockse,
Kysa 6bu1 nmpurnamen H. W. BasunosbiM. Jlaypear HoGe-
aeBckoi mpemuu (1946).

Muep ®. (1844—1895) — wseitnapckuit Bpau, OKOXM-
MUK ¥ dusnonor. Okonumn bBaszenbckmil yHUBEPCHTET.
B 1869 r. u3 simep JIeHKOIMTOB BbIAEJK/ BEIIECTBO, Ha-
3B4HHOE UM HYKJIEMHOM M YCTAaHOBHJI €ro KHUCJIOTHbIE
CBOMCTBA.

Mono 2X. (p. 1910—1976) — ¢panuysckuii 6GHOXUMHK K
MuKpoGyosor. 1o okoHuamMM ecTecTBeHHOro (PaKyIbTeTa
IMapwxckoro yumsepcutera (1934) paboran TtaM  xe.
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6oB. Jlaypear HoGenescxoit npemun (1965) coBmecTHO
¢ ®. Xako6oM u A. JIEBOBBIM.

Mopran T. (1866—1945) — amepuxanckuit 6uos0r, OfMH
M3 OCHOBOIIOJIOXKHUKOB COBPEMEHHON IeHETHKH, MpPE3ULEHT
HaunonanpHo#t axapemun Hayk CIHA  (1927—1931),
nouetnbift wien AH CCCP (1932), naypear Ho6enes-
ckoit npemuu (1933).

Hagncou I'. A, (1867—1940) — coserckuii MAKpoOOUOJIOT M
GoTanuk, akageMuk (1929), ogMH K3 OCHOBOIOJIOXKHHKOB
paguo6rosorun B CCCP. B 1889 r. OKOHUH/I €CTECTBEHHOE
otpenenue [leTepOyprckoro yHeBepcHTETa.

Hun 0. (p. 1915) — amepuKkauckuii TeHETHK, Bpady, 4ieH
HaumonanbHolt akapemun Hayk CIHA (1963). B 1939 r.
nosyunn B PouectepckoM yHMBEpCHTETe CTelleHb HOKTOPA
dumrocopun mno rexetuxe, B 1944 r. OKOHUMJI TaM XKe
MEJULMHCKYIO ILIKOJIY.

HupenGepr M.  (p. 1927) — aMepuMKaHCKMI OHOXMMUK,
yied HaunuvonaneHoit axkagemum nayk CIIA (1967) #
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AMepHKaHCKOW aKaJeMHUH UCKYCCTB ¥ Hayk (1966). Jlaype-
ar Ho6enesckoit npemun (1968) coBmecTHo ¢ P. Xosm
u X. Kopanoii.

Nanage I'. (unorma Tleneiip O.) (p. 1912) — amepuxan-
CKHi1 6UOJIOT, 10 MPOXUCXOXKIEHHIO PyMbiH, WwieH Hargonans-
HO# akafiemuu Hayk CIIIA, naypear HoGesneBckoit mpeMuu
(1974). Oxkonumsn B 1935 r. Memuuuuckuil ¢axyabrer
Byxapecrckoro ynuBepcurera.

Tleiinrep T. (1889—1969) — amepukaHCKMil 3000 H
LMTOr€HETHK, WwieH Harmonanbuoi akagemuu Hayk CIIIA.
Pa6oran B Caneme (wrat Bupmxuuus). Oxonunn WMenn-
ckuit yHusepcuteT B Hpio-Xelisene (1909).

Homnr JI, (p. 1901) — amepukaHCKUil XUMHK M HU3MK,
uieH HauuonaabHoli akagemuu Hayk CIIIA, nHOCTpaHHBIA
unen AH CCCP (1958), naypear HoGesieBckol mnpemMuu
no xumuu (1954), Hobenesckoit nmpemuu 3a mump (1962).
Oxonuna B 1922 r. Operouckuit KoJ/Liemx.

Pobeprc P. — aMepuKkasCKMiI HCCIeA0BATEb, COTPYAHUK
na6opatopun Kosnp-Crnpunr-Xap6op (CILA).

Cabatunu J. (p. 1931) — amepukaHcKuit 6GHOXUMHK, 0Gpa-
30BaHKE MOJNYYynWsl B APreHTUHe, COTpYOHMK Poxdesiepos-
ckoro yHusepcurera. Ilokasas, uro cuHTe3WpOBaHHBLIA B
MHKPOCOMaXx GeJIOK MONajaeT BHYTPh DHAOI/IA3MATHYECKOH
ceTH.

CepeOpoBckmii A. C.  (1892—1948) — coserckuit ©uotor,
OJAMH U3 OCHOBOIIOJIOXKHHKOB reHeTukn B CCCP, uien-
koppecnonaeHT AH CCCP (1933). Oxonunsn MoCKOBCKHil
yuusBepcureT B 1914 r. C 1918 r. paboran Ha nNTULEBO/-
YeCKON CTaHIUM.

CrvipuiH A. C. (p. 1931) — coBeTckuil OUOXMMHK, axaje-
mMuk AH CCCP (1970), naypeatr JleHHMHCKOH mnpemun
(1976). B 1954 r. okonunn MI'Y. C 1962 r. 3aBenyroumii
naboparopueit Uncturyra 6uoxumuu AH CCCP. C 1964 r.
npodeccop Kadenpsl 6uoxumuu pacrenuit MI'Y.

CrepreBanT A. (1891—1970) — aMepuKaHCKH 300JI0T U
reHeTHK, COTPYAHMK KanuhopHHICKOro TeXHOJIOrHYeCKOro
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uacturyta (CIHIA). IMpemoXun MeTon HOCTPOSHUS TeHe-
THYECKMX KapT — IOC/TeJ0BaTeIbHOCTA IE€HOB B XPOMO-
comax.

Tarym 2. (umnorma Teittem) (p. 1909) — amepuxaHckmii
GUOXMMMK W TEHETHK, uwieH HauuoHasbHON axajeMun
Hayxk CIJA (1952). Oxonuua BHUCKOHCUHCKHIA YHUBEPCUTET
(1931). Jlaypeat Ho6enesckoit mpemun (1958) coBmecTEO
¢ . Bupnom u [. Jlepepbeprom.

Vunxkune M. (p. 1916) — anramitckuit  OGunodusux, uwien
Jloxponckoro Koposesckoro obmectea (1959). Oxkonuun
KeMmGpuxckuit yHuBepcuTeT, BOKTOp (bunocobun (1940).
Jlaypear HoGenesckoit npemuu (1962) CcOBMeCTHO cC
®. KpukoMm u [I. YorcoHom.

Vorcod . (p. 1928) — ameprKkauckuii ONOXMMUK, CHElua-
JucT B 0o6JacTH MOJEKyAspHOit Guosoruu, mnpodeccop,
naypeat HoGenesckoit npemuu (1962). Oxonuwnsn B 1947 r.
YUpkarckuili yHUBEDCHTET ¥ aclOUpPAHTypy YHHUBEpPCHUTETa
mratra ViHauaHa.

@uarnmos I, C. — coserckuil  mMukpobuonor. B 1925 r.
copmectHOo ¢ TI'. A. HagcoHOM OTKpBLT HCKYCCTBEHHBIN
MyTareHe3 y HU3IUMX IPUOOB MO/ BAMSHHEM PEHTIEHOBCKHX
Jyuer.

®@puz ge . (1848—1935) — rosnanackumii  60TaHHK.
OGpasoBanue nosnyuna B Jledinene, eiinennbepre u Bropu-
Oypre. B 1878—1918 rr. npodeccop AMCTEPIaMCKOro yHHU-
BEpCHTETa M JUPEKTOp OOTaHMUECKOro Caja.

XenmHr P, — aMepUKaHCKUM HMCCAEHOBATENb, COTPYAHHK
MepuimHckol wkoabl Kanudopuuitckoro yHuBepcuTera B
Can-@pannucko (CIIA). YyacTBoBajJ B H3yUYeHUHM IIa3-
Mug, Gakrepuil.

Xommi P, (p. 1922) — amepukaHCKuil OHMOXMMHK, UIEH
Hanuonanpnoit akagemuu Hayk CIIA, AMepukaHCKoil aka-
OEMHM HCKYCCTB W HayK, jaypeaT Ho6eneBckoil mnpemuu
(1968). B 1942 r. okoHuun yuusepcuteT wrata MmmHoiic
10 CHeLHMaJbHOCTH OpraHUvyecKasi XHMHUA.

156



YaHr 3. — aMepuKaHCKKI| MCCIe0BaTeb, COTPYAHUK Me-
auimHCKOH wkoabl CtaHdopackoro ynusepcutera (CIHIA).
Y4yacTBOBaJ B M3YYEHUU SIBJIEHUS TpaHchopManuu.

Yapragd 3. (p. 1905) — Guoxumuk. 10 HaUMOHATBLHOCTH
asctpuen. C 1928 r. B CILIA, B 1940 r. mpunsasa rpaxpaH-
crBo CIIA. Ynen HanwmonanbHoit axagemuu Hayk CIITA

(1965) m AMepuxaHCKOM aKaJeMuy HCKYCCTB M Hayk
(1961).

IMlepertesckuit H. A, (1885—1961) — coBeTcKUi TepamneBT
M 3HIOKPHUHOJOr, poktop Meauumuer (1914), npodeccop
(1933). B 1911 r. oxomuwsn MeIUUMHCKHHA (aKyIbTeT
Mocxkosckoro yHuBepcuteta. B 1913—1915 rr. craxupo-
Bajics B I'epMaHuu.

Diigepu O. (1877—1955) — amepukaHCKuil OHOXHMUK H
6akrepuonor, ypoxener, Kanagel, cosmectHo c¢ K. Mak-
Jleogom u M. Mak-KapTtu nokasan, 4ro AeHCTBYIOIUUM Ha-

yasoM Npu TpaHchopmanuu y Gakrepuit sisnserca JHK
(1944
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