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IMPEJIUCIIOBHUE

Hactosinias kHura npeacrapisier coboii NnepBblii ONbIT CO3MaHMs
yueOHMKa 110 MOJICKYJISIPHOM OMOJIOIMM 1S eiaroruieckmx Bv30B. He-
00X0AMMOCTD TAKOTO M3/AIHS CBA3AHA C BKJIIOYEHHEM MOJIEKYISIPHOI
Ouonorum Kak obs3aTesbHOro npeamera B F'ocynapcrBeHHbii 06paszo-
BATCABLHBIH CTaHaapT obyueHunss 6HOAOTHH. B cOOTBETCTBHH C MPHHSI-
ThIM CTAHIAPTOM aBTOpaMu Onina coctapiaeHa u onybaukosana Ipo-
rpamMma 110 MoJIeKyJIspHOI Ononoruu s neaarorunyeckux Bysos (2001),
Ha OCHOBE KOTOPOH M HAmnMcaH AaHHbIH yueOHMK.

[Tpu noAroToBKe KHUIM ABTOPBI HCHOJIL30BAIH CBOH MHOTOJETHHI
OIIBIT UTEHHsI KypcoB JIEKIIMA 110 MoJieKyasipioil dbnonormn B Moc-
KOBCKOM I1€1arorM4yecKoOM rocyiapcTBeHHOM yHUBepeuTete. Tpemwra-
racMasi KHUTa He BEJIMKA 1Mo 00BbeMY M, €CTECTBEHHO, HE OXBATBHIBAET
BCE COJEPKAHME COBPEMEHHON MoseKyIsipHOit 6nonorun. Tem He me-
Hee B Heil oTpaxeHbl Hanbosiee GyHIAMEHTAIBHBIC JTOCTHXEHUS 3TOI
HayKH, MMEIOIeH MCKIIOYUTENILHO BAKHOE 3HAUYEHHE JUIS TIO3HAHUS
KUBOIT npuponbl. OcBoeHUe cojepKanns KHUIK Tpebyer onpenesieH-

'HOIi MOATOTOBKM B 00JIACTH OPraHMYecKOil XMMHH U OHOXMMHH, OJ1-

HAKO aBTOPbI, COXPAHUB, HACKOJBKO BO3MOXHO, (VHIAMEHTAILHBIII
Hay4YHBIH MOJIXOM, CTAPATUCH CANATH YIeOHHMK JIOCTYITHBIM HE TOJIHKO
JUIA CTYIEHTOB BY30B, HO W JUIA YUYMTEICH M yYanIuxcs ctapiimx Kiac-
COB CMENHATM3UPOBAHHBIX 1IKOJ, BKIIOUUB B HEro, B YaCcTHOCTH,
MAKCHMIBHOE KOJIMYECTBO WUTKOCTPAlMi, 00neryaionmux BOCHpPHsi-
THE BECbMa HEIPOCTBIX MOJIEKY/ISIPHO-OMOIOrHYECKHX NMOHATHI. B KoHIe
KHHTH TPUBEAEH CMMCOK JIMTEPATYPhl, PEKOMEHIYEMOIT UMTATEIAM,
KOTOpbIE 3aMHTEPECOBAHBI B YIIyOJICHHOM M3YYEHUH OTACABHBIX BOI-
POCOB MOJIEKYJISIPHOMH OHOJIOTHH.

ABTOPbLI HAICIOTCH, UTO YUCOHMK IMOMOXKET CTYACHTAM TOJYYHTH
HEODXOAMMBIH MUHHUMYM 3HAHUII 110 BAXHOMY pasjielly COBPEMEH-
HOIT GHosoruK, n OyayT UCKpeHHe O1arogapHbl 3a BCE OT3LIBLI M 10-
JKETaHMS.



BBEJEHUE

MonekyasipHasg OMOMOrMs BO3HUKIIA BO BTOPOit nososuHe XX B.
Hassanue 9Toii HAYKM Yallle BCETO CBA3BIBAIOT C HMeHeM Y. DcTOropH,
koTopblid B 1939 r. Hassan ceba «MonekyasipHbiM Gnonorom». Yepes
/B4 To/ia OH Xe IMoJayuua nepsyio pedtreHorpammy JIHK u tem ca-
MBIM TIOJIOXKHII HAYAJI0 M3YUEHHMIO TOHKOH CTPYKTYpPBI «CaMOM IjlaB-
HOI MOJeKyJIbl», BriepBbie BhisgBieHHOM ®. Muinepowm eme B 1869 r.
[Mepsoe oduimaibHOE YIIOMHHAHUE O MOJICKY/ISIPHOI Ouonoruu, Be-
POATHO, NMPUHAUICKHUT Y. YUBepy, pyKOBOJAMBLIEMY OTHEIOM €CTECT-
BeHHBIX HayK Pokdenneposckoro domaa, kotopslii B 1938 r. Hanuca:
«B Tex norpaHMYHBIX 001ACTAX, TAC XUMUA W (u3uKa nepecekaloTcs ¢
Ouoaoeueli, NOCTENIEHHO BO3HUKAET HOBLIH pasiesl HayKn — MOAeKy-
agpHas Guonoeus, HAYNHAIOLIAS NTPUOTKPLIBATH 3aBECHI HA/l MHOTHMH
TaiiHAMM, OKYTBIBAIOLIMMH OCHOBHbBIE 2JIEMCHTBI XKMBOIi Kaemiu» (Kyp-
cuB Hai, — Agmoput). Takum o6pazom ObUIO MOCTYIHPOBAHO BO3HHK-
HOBEHME HOBOTO HATNPABJIEHUs COBpeMEHHOM OBMOIOIMM, KOTOPOE NH-
TErpUpPOBAJIO YCWIIHs OMOJIOTOB, XHMUKOB M (DU3MKOB B 001aCTH M3yue-
Hisl 0OBEKTOB JKMBOI ITPUPOJILI.

PaspabGorka TOHKHUX (PH3NYECKMX M XUMHYECKMX METO/IOB aHaIU3a
CTPYKTYPBI M (DYHKIIMIT MOJIEKYJ/I, CBOMCTBEHHBIX BCEM XHUBLIM CHCTE-
MaM M TIpeXIe BCEro KJIETKe KaK 3JIeMEHTApHOH M yHMBEpPCalbHON
COCTABJIAIOLIEN BCEX OPraHM3MOB, UMeJIa ONpeesioee 3HaueHue juist
POXICHMUSI MOJIEKYJISIDHOI OMonorun. MolHbIM CTHMYJIOM LIS €€ pas-
BUTHSI CTAJIM YCTIEXH M ellie B DOJbIlei Mepe HepelleHHbe NMPpobieMbl
OMOXMMUM, LIUTOJIOTHH M TEHETUKH. DTH CHOPMHUPOBABIIMECH K cepe-
aure XX B. OHOJOrMuecKne HayKM CO3UTH MTOUBY JUTS MOJICKVIAPHOM
Ouosornu, Kotopas Obula NMpU3BaHA 3aHATHCA U3YYCHHUEM KN3HHM Ha
MOJICKYJISIPHOM YPOBHe.

LleHTpOM MOJIEKYIAPHO-0MOIOTMUCCKUX MCCHIENOBAHUI CTAIN pa-
GOThl B 06J1IACTH M3Y4YCHUHA MAaTCPUATILHBIX OCHOB HACJ/IEICTBEHHOCTH,
MPHPOALI TEHOB M MEXaHH3MOB Iepeauyu HACIeJCTBEHHbIX NMpU3Ha-
KOB M3 MOKOJICHHUSI B TIOKOJICHHE.

WMeHHO non BausgHHeM reHeTUKoB HoBoM (opmaumm (T. Mopra-
na, H.K.Koabuosa, H.B. Tumodeesa-Pecockoro u ap.) ¢pusmukmn-
TEOPETHUKM M 3KCNEPUMEHTATOPBI, IMHIPUpoBaBline B KoHue 30-x
ronoB u3 Esponbl B CIIA, oprann3oBaiu TaM Tak HasbiBaeMylo «(ha-
roByio rpyrrmny» Bo rnase ¢ M. densbpiokom, KoTopas Hadaiza uccie-
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NOBaHUS B 0071aCTH MOJIEKYJISIPHOTO CTPOEHMSI M MyTareHesa BUPYCOB
u Gakrepnodaros. TTosanee 31H paboThl GLUTH CYLIECTBEHHO PA3BHTHI
B Hawei crpane b. ®. [Tornazosbim, H. A. KuceneBsIM 1 ApYrUMHU yue-
HeiMH. Ente pansuie B.A. Dureasrapar cosmectio ¢ M. H. JTio6umo-
BOIH 0DOCHOBAJIM MOJIEKYJISIPHBIC MEXaHMU3Mbl MbIIIIEYHOrO COKpaille-
Hust, a A. H. benosepckmii sniepssie eiiennn JHK u3 pacrenwmii, uro
TAKKE OTHOCHUTCS K (DYHJIAMEHTAJILHBLIM BEXaM CTAHOBACHUS MOJEKY-
aspHOi Gionoruu. BriociencTBUM HMEHAMHM 3THX 3aMevaTe/IbHBIX yie-
HBIX OBUTM HA3BAHDBI KPYIHEIINe HAYMHO-HCCIE/I0BATEIbCKHE LIEHT-
pol: Uucturyt monekyasipHoit 6uonorun AH CCCP um. B.A. Dureb-
rapara 1 Uuerutyr dpusnko-xumuueckoil 6nogorun um. A. H. Beno-
3EpPCKOro.

K nauany 50-x rogos XX B. B Heapax GHOXUMHK ObUIH TTOJYUYEHDBI
(hyHaaMeHTANbHbIC AaHHbIE 00 3JEMEHTAPHOM CTPOCHHH OEJIKOB M
HYKJICMHOBBIX KMCIIOT, BKJIIOUas CBEINEHHS O criocobax opraHu3ainm
NOJUIENTHAHBIX 1ieneil 6e1KoB, U, YTO 0CODEHHO BaXHO, O CTPYKTY-
pe HYKJICOTHIAOB M 3aKOHOMEPHOCTIX MX KOJIMYECTBEHHOIO COAepkKa-
Hust B Mostekyiaax JIHK n PHK (9. Yapradg@). Umenno ykasammbie
paboTbl, a Takke Onodpmsnueckne uccnenopanus crpykrypsl JHK,
BLIIOJHEHHbIE B AHIJIMM METOJIOM PEHTIEHOCTPYKTYPHOIO aHaiM3a
Poszanunnoit @pankaud 1 Mopucom YWIKHHCOM, BIUIOTHYIO 110/1BE-
71 BOCMTUTAHHMKA <«haroBoit rpynnbi» JxkeiimMca YorcoHa u aHrmmiic-
koro ¢usuka Ppencuca Kpuka K packpbITHIO MOJIEKYJISIDHOM TIPHPO-
Jbl TEHOB M MEXaHH3Ma MX BOCIIPOM3BEACHMS (perIMKallMi) B COCTa-
Be JITHK.

Coznanue monenu apoitnoit cnmpann JTHK u otkpsiTe npuHimna
KOMIUIEBMEHTAPHOCTH CTIH BAOXKHEHIIUM cOOBITHEM COBpEMEHHOM OHO-
JIOTHH, BCKPBIBUIMM (VHAAMEHTAIBHBIC NPUHIMITBL (DYHKIIMOHNPO-
BAHMS JKHBBIX CUCTEM M ONpPEACHMBIINM JalbHEHIINE HANpaBIeHUs
necaenoBaHnii coppeMennoii Guonornu. CoBpeMeHHOE eCTECTBO3HA-
HUe 005A3aHO UMEHHO MOJICKYISPHOI OMOJIOTHH TEM, YTO B NEPHOL C
cepeauubl 50-x 10 cepemubl 70-x rojgos XX B. ¢ HEBEPOSATHOM ObICT-
pOTOit OBUIM PACKPBITLE PUPOIA U OCHOBHBIC YTH TEPEaYl U pea-
JW3ALMH TEHETHYECKOoit MHpopMalnu.

Ocnoponojaraomme OTKPLITHS MOJNCKYJIAPHOI OHOJIOTHH

1869 — @. Muep (F. Miesher) srepssic Beuteann JHK u3 neiikouuntos
M MOJIOK JIOCOCH.

1935 — A.H. Benosepcknit seiaenann AHK u3 pacrenmii.

1939 — B.A. Durensrapar otkpsit ATPasHylo akTHBHOCTE MHO3HHA,

1940 — V. DerGopn (W. Astbury) nonyuun nepsyio penrrenorpammy JHK.

1944 — O.T.3sepu (O.T.Avery) yeranoswi, uro JHK (a ne 6enok, kak
MOJAra/iy paHee) sBAACTCH HOCHTEJICM FeHeTHUeCKoi undopmainm,

1951 — JI.Moannr u P, Kopu (L.Pauling, R.Corey) oBoclioBain cylie-
CTBOBAHWE OCHOBHBLIX THIIOB YKIAJKH AMHHOKHMCIOTHBIX OCTATKOB B ITOJH-
NenTHAHBIX Hernsx 6eakoB (a-cnupaib U CKIaguaThlii f-cnoit).



1953 — Ix. Yorcon n @. Kpuk (J. Watson, F. Crick) cosnanu Mozens aBoii-
noii crimpann JJHK Ha ocHOBe peHTreHorpaMm, noaydeHHbix P. @pankiann u
M. Yunkuucom (R. Franklin, M. Wilkins).

1953 — @.Canrep (F.Sanger) paciund)poBaji NepBHYHYIO CTPYKTYPY HH-
cyinna Owika.

1956 — A. Kopubepr (A. Kornberg) orkpsin JHK-nonuMepasy.

1957 — A. H.Benosepcknii u A.C. CnMpHMH NMpecKa3ann CyLICCTBOBAHNE
mMPHK.

1960 — JIx. Keapeio (J. Kendrew) BnepBbie OnMcal TPeXMCPHYIO CTPYK-
Typy Muoraobuna kamanora, a M. TTepyru (M. Perutz) — cTpyKTypy remo-
ri0buHa.

1960 — onnoBpeMEHHO B HECKOMBKHX jabopaTopusix GblT OTKPHIT dep-
menT Tpanckpununn — PHK-nonumepasa.

1961 — @.XKaxko6 u k. Mono (F.Jakob, J. Monod) paspaGoranu mMozeinb
onepona.

1965 — 1967 — P. Xosnu (R. Holley) BBISSCHIN NEPBUYHYIO CTPVKTYPY aJia-
nunopoil TPHK, a A.A. baes — Banunosoit TPHK.

1966 — M. Hupen6epr, C.Ouoa u X.-T". Kopana (M. Nirenberg, S. Ochoa,
H.-G.Khorana) pacimdgpoBain reHeTHYccKHil KO,

1967 —M. Tenepr (M. Gellert) orkpsin IHK-nurasy — depmenr, crno-
cobubrit coeannaTs pparmentsl JAHK.

1970 — TI.Temun u 1. Bantumop (H.Temin, D.Baltimor) otkpsinn 06-
patnuyio tpanckpuntasy (PHK-zapncumyio JHK-nonumepasy) B onkoren-
HBIX BUpYyCaX.

1972 — I1.Boap, C.Koan u I1. bepr (P. Boyer, S.Cohen, P.Berg) paspa-
GoTtanu Texnonornio kKionuposanus JJHK., 3a10KuaM OCHOBBI FeHETHYCCKOIM
HHKCHEPHM.

1972 — X.-I'. Kopana (H.-G. Khorana) ocyumectBiii XUMHUCCKHIT cHHTE3
reda ananunosoit TPHK.

1975— 1977 — ®.Caurep (F.Sanger), a takke A. Makcam u V. I'nnbepr
(A.Maxam, W.Gilbert) pazpabotain MeToibl ObICTPOro OINpeneacHus mnep-
BHUHOM cTpykTypsl JHK.

1976 — @. Canrep (F.Sanger) paciundposan HyKJICOTHIHYIO [1OCACLOBA-
renstocts JHK dara X174,

1976 — V. T'untepr (W. Gilbert) oTKpbUT MO3aHMYHOE CTPOCHHE FEHOB JyKa-
pHOT,

1976 — C.Kuwm, A.Puu 1 A. Kiyr (S.Kim, A. Rich, A. Klug) onpenennin
Tpernunyio crpykrypy TPHK.

B pesynbrare suigatoumxes otkpeituii k. Yorcona, ®. Kpuka,
X.-TI'. Kopausi, A. Kopubepra ¥ Apyrux KpynHeiimx MoIeKy/IspHbIX Ouo-
JIOTOB, VAOCTOGHHBIX HODEJIEBCKMX MPEMHU, yXe B cepeanne 60-X roxos
XX B. OKOHYATEILHO VTBEPAWICS OCHOBHOU MOCMYAQM MOACKYASAPHOU
2eHemuxu, hopMyINpPYIOLINIE MAarMCTPANILHBII MYTh peain3aliny reHe-
THYeCKOi MH(pOpPMaIIMK B KJIETKe:

JHK — PHK — benok

3aTeM OBLTH JIETAJIBHO W3YYEHbl MeXaHM3Mbl BOCIIPOM3BEICHHUs (pert-
sukanumn) JAHK, tpanckpunuuu (6mocunrtesa PHK) u tpancna-
inn (buocunTesa Genka). [MapaiensHo pazBuBaiuch paboThl 1O M3Y-
UEHMIO BHYTPUKJIETOYHOM JIOKAJIU3alMK STHUX [POLIECCOB, YTO NMPH-
BCJI0 K 0CO3HAHMIO (DYHKUMOHANILHOTO 3HAYCHUS BHYTPHKIETOYHBIX
KOMITOHEHTOB (siapa, MUTOXOHAPHIt, puOOCOM M /IP.) M A0 OCHO-
sanue JUk. Yotcony B 1968 r. nns onpeaeneHusi MOJIEKYIsipHOH GHo-
Jdorum: «MonekyasipHasi OMOJOrns N3ydaeT CBSI3b CTPYKTYPbL! OHOJ10-
FHYECKHX MaKpPOMOJIEKYJ] M OCHOBHBIX KJIETOUHBIX KOMIIOHEHTOB C
MX (DpYHKUMEH, a TAKKE OCHOBHbIE NPUHIMITBI H MEXAaHU3MbI caMope-
FYASIMK KJIETOK, KOTOPbIE OIIOCPEAYIOT COMNTACOBAHHOCTL M €HH-
CTBO BCEX NPOTEKAIOUIMX B KJIETKE MPOLECCOB, COCTABIAIOUIMX CYLIL-
HOCTB XXH3HH»,

BriociieACTBUMM HEHTPAILHBIH MOCTYAAT MOJCKYISPHON TeHEeTUKH
OblJT OTTOMIHEH NPEACTABICHUSIMH O CYLECTBOBAHMM Tpoliecca obpar-
Hoit tpanckpurnumnn (o 6uocuurese JIHK na matpuie PHK) n pen-
aukauun PHK, 4To no3ponaniao npuaaTte eMy Caeayiommi BIIL:

Perukatms Perumkanms

Tpanckpunms Tpancasims
@HK w—r=r—=ror || PHK.——— Benck

O6paTHas
TPAHCKPUTTIIMSA

OnHoBpeMEHHO Bce Doliee JeTANU3UMPOBAIMCHL MPEACTABIEHHSA O
crpoerun u Qyuxkumax GenkoB, HeoOXOAMMBIX sl Katanu3sa (dep-
MEHTBI) U peryisiinu (peryasTopHbie OeJKH, NenTHIHLIE TOPMOHbI)
BCEX BAXKHENILMX MOJCKY/I5PHO-TEHETHUECKHX NTPOLIECCOB.

OTkppiTHE M pa3paboTKa METOIOB HEJICHATIPABIEHHOTO HCTIONb30-
BaHus Henoro psaaa dhepmentos (obparHoit Tpanckpunrase, JHK-
PECTPUKTA3 M JIP.) NIPUBEAN K CO3/IAHHIO TEXHOJIOIHH TOJIYUEHUs pe-
koMOuHauTHLIX JIHK, BOZHUKHOBEHHIO FEHETHMUYECKOH MHXEHEPHH,
YTO CTAT0 NOUCTHHE PEBOMIOIHOHHBIM COOBITHEM B UCTOPUM MOJICKY-
JdapHOit Onostoruu.

B konue 70-x u Hauaie 80-x rogos XX B. Mosieky/sipHast Ouoaorus
BCTYNACT B MepHOL paciiseTta. B 9T0 BpeMsi BBISICHAIOTCS MEXaHU3MBbI
crmaiicunra (B. Kemtep m up.), npoucxoaut otkpbitie PHK-(depmen-
ToB (puboszumon) M ayrocruiaiicuura (T.Yek), akTHBHO M3y4valoTCH
MEXaHH3Mbl TEHETMHYECKOH PeKOMOMHAIIMM M MOABMXKHLIC FeHEeTHYe-
ckue anemenTsl (. Xornecc, I'. I1. T'eoprues), Ha HOBBI YPOBEHD Bbi-
XomaT pabornel B 00J14aCTH CTPYKTYPLI (hepMEHTOB W OHOJOrHUYECKMX
memGpan (0. A. OBYMHHHKOB), HAYMHAaIOTCs paboTel 1o pacuindpos-
K€ CTPYKTYPbl T€HOMOB BBICILIMX OPraHM3MOB (BKJTIOMAsi FeHOM Yej0-
BEKa), CO31a10TCd OCHOBBI HOBBLIX (FeHHO-HHXKEHEpPHBIX) OMOTEXHO-
JI0ruil, obHApYXUBAIOTCSH M CHHTE3HPYIOTCSH KATUIMTHUYECKH AKTHB-
Hbie anTHTea (ab3MMbl), BOZHUKAET OeIKOBast MIEKEHepHs.



[TocteneHno monekyasipHasi GMONOrUsi CTAHOBUTCS B LIEHTPE HaykK,
COCTABJISIIOLINX COBPEMEHHYIO (PU3HKO-XUMHYECKYIO OHOJIOrNIO:

;—‘ Dusnko-xuMuieckas Guonorus —J

buodmanka == MonekyiasipHas 6uonorus === Bunoxumus
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BHDOpI'&I-IH'—ICCKaﬁ XHMHA

bypuoe pazsuTiHe MOJIeKYJISIpHO# Ononoruu npuseno B Hayate 80-x
ronoB XX B. K BO3HUKHOBEHMIO HOBOH Haykum — OuoumH(popMaTHKH
(BBIMMCITUTEILHOI BHOJIOrMN, KOMNBIOTEPHON reHeTHKM), BO3HUKLICH
Ha CTBIKC MOJIEKYJIAPHONH reHeTMKM M MH(popMaTHKH. ToaukoM K ee
BO3HUKHOBCHMIO MOCIYKW/IO NOsIB/IeHHe ObICTPBIX METOMNOB Ompejie-
JIEHMs HYKJICOTUIHBIX MocsaenoBatenbHocTeit JJTHK, pazpabotaHHbix B
1975—1976 rr. ®. Canrepom n A. KoysicoHom, a Takxke A. Makcamom
n Y. 'unbeprom. B 1982 r. 611 opraHu30BaHbl 0aHKH HYKICOTHIHbBIX
nocienosarensHocTeit: Gen Bank 8 CLLIA u EMBL B Esporie, B KoTo-
PBIX KOHUEHTpHpOBaack HH(pOpMalMs 0 paclii(ppoBaHHBIX HYKICO-
THHBIX nocienoBatenbHocTax JHK paznuunbix opranusmos. [Tocre-
neHHo GnonH(OPMATHKA BKJIIOYHIIACH B pa3paboTKy psiia BAXHBIX MO-
JIeKyJIsipHO-Onoiornyeckux npodaeM, BKIIOYAs: CTATUCTUYECKHI aHa-
JIU3 HYKIeoTHIHBIX nocienoatesnbHocTeit JITHK; npenckaszanue yu-
KIWK 1o nepeuuHoil crpykrype duononumepor (JHK, PHK u 6en-
KOB); aHAIM3 (MOJIEJIMPOBAHME) MPOCTPAHCTBEHHON CTPYKTYPHI Gei-
KOB M HYKJICMHOBBIX KMCJIOT; TEOPUIO MOJICKY/IIPHOI DBOJIIOLMH U CH-
CTEMATHKH.

[Tporpecc B obnacTh onpene/ieHus: HyKJICOTHAHBIX 110CIe10BATE b~
Hocteit (ceksenupopanus) JHK paznuuHblX OpraHn3MoB, TOCTUTHY-
Thlit B KoHIe XX B. (B 1995 r. ObUI CEKBEHMPOBAH MEPBbIi DaKTepHaib-
HBII reHoM, B 1997 r. — reHom apoxxkeit, B 1998 r. — resHom Hemaro-
A, B 2000 r. — reHom apo3oduiibl U MOYTH NOJHOCTBIO — TEHOM
YyeJoBeKa), MpuBesl K BOZHUKHOBEHUIO 2HOMUKU — HAYKH, M3yvalo-
et Habopobl BCeX reHOB JIAHHOTO OpraHu3Ma Kak ennHoe uenoe. Og-
HOBPEMEHHO BO3HMKJIA HPOMeoMUKa — HayKa, UCCIIEAYIOLIas I10JIHbIe
Habopb! 6eKOB, (GPYHKIUMOHUPYIOLINX HA PA3JIMYHBIX 9Tarax pasBuTHs
TOTO MJIM HHOTO OPraHM3Ma.

B koHie XX B. pacluMpsilOTCS M CTAHOBATCS Bee DoJiee Le/ieHanpas-
JICHHBIMH B Hay4qHO-NPAKTUYECKOM OTHOLUCHMHN 3aJaYH MOJIEKYJIsp-
HOit OMOJIOTHH, CPE/IM KOTOPBIX:

* pacuinpoBKa CTPYKTYPhl FTEHOMOB;

® co3naHne DAHKOB I'eHOB;

® reHOMHAs! TAKTHJIOCKOIHS

® U3YYCHME MOJEKYJISPHBIX OCHOB 3BOMIOUMH, JuddepeHUnpos-
K1, GuopazHoobpasns, pasBUTUS M CTapeHMsl, KaHLEporeHesa, UM-
MYHHUTETA M Ap.;

8

® CO3/IaHUE METO/IOB JIMAarHOCTUKU M JIeUeHUs reHeTHyeckux 6ones-
Heil, BUpYCHBIX 3a00/ieBaHMIA;

® CO3/1aHHE HOBBIX OMOTEXHONOIHI IIPOMU3BOJACTBA IMIIEBLIX MPO-
JIYKTOB M pa3sHooOpasHbIX OHONIOTMYECKH aKTHBHBIX COEAHHEHHH
(rOPMOHOB, AHTHTOPMOHOB, PEAU3IUHT-(DAKTOPOB, IHEPTOHOCHTENEH
H ap.)

Hauano HoBOro ThicsueneTHs 03HAMEHOBAIOCH BBUIAIONIMMCH CO-
OpiTHEM — paciMdPOBKOH HYKICOTHIHOH NMOCIe/10BaTe/IBHOCTH Te-
HOMA 4YeJI0BeKa, C KOTOPOii CBSA3aHbl HAIEXJbl HA PELIEHHE MHOTHMX
1pobsieM yesoBeyecTBa (KOPPEKIIMUsl HAcHeJICTBEHHBIX 3ab0eBaHuii,
IPOJUIEHHUE KU3HM M T.JL.).

Takum obpasom, 1o npasy cumTtaercs, yto XXI B. J0JKEH cTaTh
BEKOM MOJIEKYJIIPHOI OMOJIOrUM M HOBLIX OMOTEXHOMOTHH, IPH3BaH-
HBIX OCBOGOIMTH YETOBEUECTRO OT THAXKKOTrO rpysa bonesHeil, nopokos
M JIMIIEHHIA W 3A10KUThH OCHOBBI ero Oyayniero rnpoiserTaHms.



I'nasa 1. METO/IbI MOJIEKYJIIPHON
BUOJIOT'UHA

MonekyngpHas OMOIOTHS MCMONL3YET LUMPOKUIL apceHan Guono-
THYECKMX, (PM3MYECKHX M XMMMYECKMX METO/10B, OJIHM M3 KOTOPBLIX
JIOCTAJIMCH € «B HACJEACTBO» OT HAYK-TpeAIlecTBeHHULL (OMOXUMHUH,
IIMTOJOTHM, TEHETUKH U JIP.), a Apyrue ObLIM CO3/laHbl B Npoliecce ee
CcOOCTBEHHOIO Pa3sBUTHS CIIELMAIBLHO [U1sE pabOThI ¢ MOJEKYISAPHBIMH
obbekTamMu. Huxe npuseneH nepeuelb psia Haubojiee WMPOKO MC-
MOAb3YCMBIX MCTOIOB M OTMCUEHDBI O0JACTH UX NMPUMEHEHMS.

Mukpockonusi — MMeeT AaBHIOW ucTopuio, HaunHas ¢ XVII B,
korma B 1611 r. M. Kenuiep npewioxnn npuHIMN CO3AaHUs CBETOBOTO
MUKpockona, a A.JleBeHIyK BriepBble HADIIOAAN € €ro NMOMOILBIO Of1-
Hokzetounbie baktepun (1638). MMmerno ceetoBag MUKPOCKOIUS, HMe-
omast npeaen paspewennsi 0,4—0,7 MM, nospoauna M. [neitneny
n T.Isany B 1838 r. co3nath KACTOYHYIO TEOPHIO, COIJIACHO KOTO-
poil KJIETKA, cojlepxaluas sapo, SBAsieTCsi CTPYKTYPHOI H (DYHKIIM-
OHAJILHOW CAMHHUIIECH CTPOCHMS BCEX XXHUBOTHBIX M pacTeHHi. 3ateM
P.A. Komnkep sriepssie B 1857 r. onucain MutoxoHapuu, a B. @nem-
MMHT — TOBEAEHHE XPOMOCOM TIPH MUTO3C.

B pasBuTHH MUKPOCKOITHH CYIIECTBEHHBIMM BEXaMH CTAIM M306pe-
teuust uutepdepertmornnoro (1930), daszoso-kourpactHoro (1932)
M, HAKOHELl, 2JAeKTPOHHOTO MUKpockornor (1939).

DNIeKTPOHHAA MUKPOCKOMNMS, TMO3BOJAIOLAN ODLIMHO pa3/inyaTh
o6nhekTh pasmepom okoso 20 A (2 Hm) n umelomas B nanbosee co-
BPEMEHHLIX MOJEJSX DJIEKTPOHHBIX MHKPOCKOIORB Ipe/es paspelie-
Hus a0 0,1 HM, Hama caMoe MIMPOKOE NPUMEHEHHE Ui H3YyHeHHs
CTPYKTYP BUPYCOB, BHYTPHKJIETOUHBIX OpraHes, 6e1KOBO-HYKIEHHO-
BLIX KOMIUIEKCOB (XpOMATHH, puOOCOMBI, HH(OPMOCOMBI) M OTACb-
HBIX 6eaKOBLIX MOJIeKYI. ONMH W3 BADHAHTOB 2TOr0 METOla — KPHUO-
3JCKTPOHHAS MUKPOCKOIMSI — SIBJASETCS B HACTOSIECE BpeMs Bely-
LM TIPH U3VYEHUH TOHKOM CTPYKTYPBLI pubocom.

HaunGosnee nevatisiiolme 1 MHGOpMaTHBHEBIE TpexMepHble (00beM-
Hble) M300PAXKEHHUA KIETOUHBIX CTPYKTYD IO3BOJSIOT MOJYYUTH CKa-
HUPYIOLLHE DIEKTPOHHBIE MUKPOCKOTBE (puc. 1).

PentrenocTpykTypHblii anajiu3z — OocHoOBaH Ha AudpakuMu peHTre-
HOBCKHUX Jiyyeil (27eKTPOMArHUTHOIO H3JIYYeHMsl C JUIMHONH BOJHBI
okono 107" m); nossonsieT BHISIBUTL TPEXMEPHOE PACTONOXEHNE aTo-
MOB B MoJsieKy1ax (paspeluenne cocrasisiet MeHee 0,1 Hm). MeTton O6bin
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DarouHTHPVIOLLHI

JICHKOLHT

Puc. 1. [Npumepsl n3o00pakeHnii, noaydaeMbIX METOAOM JIEKTPOHHOH MHKPO-
CKOIHU:
A — anexrponnas mukpodororpatus darosux yactiun («200000). Cnepa nanpapo:
thar X174, nveioumit hopmy HKocaspa, BUpye Tabaunoi Mo3ankH (nasnoukoobpasHas
wactnua) v dar Ty 5 — noayueHHas ¢ NOMOIIBIO CKAHHPYIOLUIETO WIEKTPOHHOTO MHK-
pockona chororpadus noAMMOPMHOLIEPHOTO JICHKOLNTA, MOIOMAKLIEIO MOCPeACTBOM
tharoumTo3a APOKKCBYIO KIETKY

pazpaboran B Aurium I'. Bpsrrom u J1. bparroM, m MMEHHO € €ro 1no-
MOILIBIO OBUIH MMOJIVIEHBI OCHOBOIOJIATAIOLINE CBEIEHWs O CTPYKTYpe
monekya deaxkos, JIHK n PHK.

B Hallie BpeMs 9TOT MCTOI B COYCTAHHH ¢ KOMITBIOTEPHBIM aHATH-
30M MOJYUEHHBIX JAHHBIX SBASCTCS BEAVILMM U M3YUEHHS TpeXMep-
HOH CTPYKTYPblI OMOMOINMEPOB.

Pa/lH0AKTHBHBIE H30TONMBI — LIIMPOKO MCTIONB3YIOTCS JUTSl U3YUCHUS
HYKJIENHOBBIX KHCJIOT, OEJIKOB, YIJICBOJIOB W JAPYIUX MOJICKYJ B XKH-
BOH KieTke. Painon30Tornbl HecTabHIbHBI M MTOABEPraloTes CrIOHTAH-
HOMY pacriany, 1mpy KOTopoMm JIMDO BHICBODOXKIAIOTCS 3apskeHHbIE
JACTH LB — 3JIEKTPOHBL, JTUOO TIPOUCXOINUT raMMa-uiyderue. [lepu-
O[1 TOJIYypacnaga BapbUPyeT OT KOPOTKOTo, KakK, HalpUMep, ¥ H30TO-
na **P (14 cyr), 10 oueHb npoTsikeHHoro, Kak y *C (5570 sner). Daek-
TPOHBI OMPEAESIOT 0 HOHU3ALMH Ta3a B CHMHUWUISIIIMOHHOM CYEeT-
uyuke wiM cuetunke Ieiirepa, 1mbo meromom pammoastorpaduu (1o
UX BO3ACHCTBMIO Ha cepebpo, comepxalleecsi B YVBCTBHTEIbHOM (o-
TOAMYJIBCHOHHOM C10€).

PannoakTHBHBIC MOJIEKY/IBI MCTIONB3YIOTCS MPH M3YUCHHU CAMBIX
pPa3zHOOOpPasHbIX BHYTPUKICTOUYHBIX MPOIECCOB: CHHTE3a MOJIEKY/ M3
WX TIpe/IILICCTBEHHUKOB, OMNpeae/ieHuss BHYTPUKICTOYHOM JTOKaau3a-
UMM MOJIEKYJI, BpeMEHH HX (DYHKIIMOHUPOBAHMSI B KIIETKE M €e OT-
JeTBHBIX KOMTIAPTMEHTAX, XMMUYECKHUX TMPEBPALICHUAX B OTACABHBIX
yuacTKax MakpomoJiekya  T. 1. Ecimn, Hanpumep, HHKYOHPOBaTh KISTKU
¢ paauoakTHBHbIM npeamectseHHnkoM PHK (PH-ypuanHowm), 1o
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Puc. 2. Tpu pannoaktusHbic hopmel ATP,

Pannoaktusheie atoMel Beitesensl kupibiM wipndrom. [Mpuseaens obosnaderis,
VEA3BIBAIOWIHE PACTIONOXKCHHE H THI PAAHOAKTHBHLIX aTOMOB

MOXHO onpeaennts, uto PHK cuHTe3upyercs B siipe, a 3arem nepe-
XOIHUT B LIUTOIIA3MY KJIETOK. PaiMOaKTMBHYIO METKY MOXKXHO BBOIMTh
B M3y4aeMbie MOJIEKY/Ibl ¢ MOMOMLbIO (hepMeHTOB. Tak, ¢ HCTOIb30BA-
HueM dochorpancdepas u HykieoTuanITpaHchepas MOXKHO BBOIAHTH
METKY B O€JIKM, YIJIeBO/IbI M HYKJIEHHOBBIE KMCIOTHI, HCITONB3YS JUIS
3TOro pasjinyHbie painoakTusHele popmbl ATP (puc. 2).
Yasrpauentpudyruposanne (CCAMMCHTALUMOHHBIN aHAIN3) — MO-
JYYWIIO LHIMPOKOE paciipocTpaHeHue nocie usobperenust B 1926 r.
T.Caenbeprom aHamuTHUECKON YALTPAUEHTPHUMDYIH, ¢ MOMOLIBIO KO-
TOPOil OH BIEPBLIC ONPEIe/INI MOJEKVISAPHYIO MACCy reMoriodbuHa
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(68 klla). B aTOM MeTO/Ie CKOPOCTD CeIMMEHTALIMMN (OCAKIECHMST) Oonpe-
jiesisieTcsl pasMepoM M (popMoil pasaesisseMbIX KOMITOHEHTOB M BhlIpaxa-
ercs koappuunentom ceammerntaunn S. KosdduumneHr cenmmenTa-
LM M3MepSeTCsl B CeKyHIax U onpejensiercs 1o gpopmyse: (dx/df)/wx,
rJle X — paccTosiHME OT LeHTpa BpauleHus (pajauyc potopa neHtpudy-
rn (c™m), onpejessieMblit OT OCH BpallleHHs 10 JIHa LEeHTPUQYKHOM
NpoBHUpKN); dx/df — CKOpPOCTb ceiMMEHTalMu (cM/c); w — yrjioBasi
cKopocTb BpaiieHus poropa (pan/c). KoadpuumenTsl ceiMMeHTalHK
0OBIMHO NMPEACTABISAIOT CODOMH OUYeHb MaJIbIe 3HAYCHUS U TTO3TOMY Bbl-
paxaitorest B enmnunuax Ceenbepra (S): 1S = 11075 ¢. Koadppuumenr
Ce/IMMEHTAlIMKM MOJIEKY/Ibl reMorioOuHa cocrapisietT 4,55, Monekybl
TPHK — 4S5, pubocombl kuuieunoit nanouku — 708, nuzocombl —
9400S.

B 40 —50-e ronst XX B. A. Kuion n K. Bpaiue paspabortanu metos
i depeHIHATIBHOTO HEeHTPU(DYTHPOBAHUS JUTS Pa3aeieHHsi OpraHes
KJIETKH, ¢ MoMoIIbo KoToporo je Jdos (de Duve) B 1953 r. BnepBbie
BBIUIE/IMII IN30COMBI, 4 3aTeM — rnepokcucombl. B 1957 r. M. Mecenb-
con, Y.Cranp n JIx. Bunorpan pazpaboranu meton ueHTpudyruposa-
HUS B IPAIMEHTE IUIOTHOCTH XJIOPUCTOTO Le3us JUId pa3aejieHusa HyK-
JIEMHOBBIX KMCJIOT, € TIOMOLIBIO KOTOPOro ObUIO YCTAHOBJICHO, YUTO
pernkanmsg JIHK ocyliecteasieTcst nojaykoHcepBaTUBHLIM NMYTEM (CM.
1. 7). Paznuunble BApHaHTbLI METOA YALTPALICHTPU(DYIHPOBAH NS LI~
POKO MCITONBL3YIOT B MOJEKYISIPHO-0HOMOIrMYECKHUX HCCIIeI0BAHUSIX JLUIs]
BbIJICJICHUS BHYTPUKIIETOUHBIX KOMITOHEHTOB M MaKPOMOJIEKYT (HYK-
JICMHOBBIX KHCJIOT M OEJIKOB), a TaKXe OIpeic/icHHsA UX MOJICKYIsIp-
HBIX Macc U KO3(D(MUIIMEHTOB CeIMMEHTAIINH,

Jlns Gonee TOHKOTO (PPAKLIMOHHPOBAHMS W OUMCTKHU pasHoobpas-
HBIX MOJICKYJT M TpeXJ/ie Bcero OeNKOB B HACTOSIECE BPeMsl IIPUMEHS -
eTcst DosbIIas rpynna pasHoo0PasHbIX (PU3NKO-XMMHYECKMX METO/L0B.
PaccMoTpuM TONLKO HanboOJIEe HIMPOKO PacnpOCTPaHeHHbIe METObI
¢pakumonupoBanmnd 06ejaKos: Xpomarorpaduio, anekrpodopes 1 u30-
asekTpohokycupoBanue. METodbl HCC/IeJOBAHMS CTPYKTYPLI U (pyHK-
M HYKJICHMHOBBIX KHCJIOT M3/I0XKEHBI B TIOCJEAVIOUINX [JIaBax.

Xpomartorpadms — METOJI, BliepBbie M300pPETCHHBINH PYCCKHUM Yye-
Heim M. C. IlseTtom, kotopoiii B 1906 r. ¢hpakiiMoHHpPOBAI OKpalleH-
HBIE IKCTPAKTHI JIUCTHEB PACTEHHIA HA KOJOHKAX C TIOPOUIKOM MeJa.

B nacroguiee Bpems cylecTsyer 00JbILIOE KOJIHYECTBO BAPHAHTOB
xpomatorpaum, B KOTOPLIX UCIOAL3YIOT MATPUKCHI (HOCHTEJIH) pas-
HBIX THUIOB, [TO3BOJISIIONIME Pa3ieanTs 6eaKn 1o 3apany (MoHooOMeH-
Hast xpomaTorpadus), pasmepy MoJieky (rejib-xpomarorpadusi, vauie
HasbiBaeMasi rejb-(QuibTpaumeit) winm cnocobHocTH cneumnduuecku
B3aMMOACHCTBOBATL € OIPE/ICJICHHBLIMH XMMUUECKHMHU TPYIINaMH Be-
1IECTB, MPeABAPUTEILHO CBA3AHHBIX ¢ MarpukcoMm (addunnas xpo-
marorpacus). U3 Beex sapuantos xpomarorpadhun Hanbosbiueii ag-
(pekTHBHOCTBIO oOnanaeT afhpunnas xpomamozpagus (xpomarorpadusi
M0 CPOJICTBY), B OCHOBE KOTOPOIi JIeKUT crienupuueckoe B3anMo/eii-
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cTBHe (V3HaBaHME) MOJEKY/ B3auMojeHcTBylonmx peuects, Hampu-
Mep, NMPeABAPUTEILHO CBSI3aB C MATPHMKCOM cyOcTpaT (hepMeHTa, MOKHO
N0OMTLCSI M30MpaTeILHOrO VAEpXKHBaHUA epMeHTa Ha KOJIOHKe, a 3a-
TEM I10CJIE BIXOJA OCTAIBHBIX («0aJ1acTHBIX» ) Ge/IKOB 37I0MPOBATH €10
B MPAKTHMYECKH FOMOTEHHOM COCTOSSHMH. MaTpMKC MOXHO OCHACTHTD
u crietMuueckMmMu aHTUTEIAMH M MCITOJIB30BAThH TAKOH HOCHTEb JUisl
BbleJeHNsl GelKOB, paclio3HaBaeMbIX 3TUMM aHTuTeaamu. CBg3aB C
matpukcoMm ¢pparmentsl JIHK, M0OXHO BblaeauTh 6enku, cneumdu-
YECKM CBSI3bIBAEMBIC C OTpPEIeJeHHbIMH YYACTKAMHM XPOMOCOM.

[IInpokoe pacnpocTpaHeHHUe TNMOJIYYMIA TAKKE 6bICOK0IPdexmus-
nas weuokocmuan xpomamozpagus (HPLC). B aTom MeTo1€ MCNOJIB3Y-
10TCS CIelMaibHO pa3paboTaHHble KPEMHHHOPraHMYeCKHEe CMOJIbI,
criocobHble 00pa3oBLIBATL TOMOTEHHYIO cpeiy B ¢hopMme MHKpochep
anaMeTpoM 3— 10 MKM 1 MO3BOJISIIOLLME MTPH BLICOKOM JIaBJICHUHU OCY-
HIECTBUTL OBbICTPOE paBHOMEPHOE MpPOTEKaHWE PACTBOPHTENS 4epes
KOJIOHKY, IPH KOTOPOM BeCh NMpOoLEce XpoMaTorpaduu 3aHUMAET CUH-
TAHHbBIE MUHYTBI U oBecrieunBaeT TOHKOe (ppakiHOHHPOBAHNE CMECH
AHAIM3NPYEMbBIX MOJIEKYJI.

DaekTpodopes — B OCHOBE 3TOTO METOAA JIEKHUT CHOCOBHOCTD Gel-
KOB, O0IAIAI0IINX OTIPE/IeIEHHBIM CYMMAPHBIM TMOJOXHTEbHBIM HIIA
OTPULIATEILHBIM 3aPsiIOM, NEePeMeliaTbCsl B 3JIEKTPUUECKOM ToJie B
COOTBETCTBMM C BeJIMMMHOM 3apsna, pazMepoM U (OpMOM MONEKYI.
Dnekrpodopes MOXKHO NMPOBOANTL B BonHOM (OydhepHoMm) pactsope,
OJIHAKO, KaK MPaBHJIO, ero NpoBOIAT B KAaKOM-IMG0 nmopuctoM (nosiu-
MEPHOM) HOCHTEJIE: KPaXMaJIbLHOM, arapo3HoM WIH MOJIHaKpUIaMiI-
HOM reJie, Ha LeJUTIONO3HBIX HJIH HATPOUEUTIONO3HBIX ITACTHHAX U T. 11,

[Tpocreitiuuit Meron snekTpodopesa na naacmunax Ueattoao3ot bl
ucnoiibzosad B.Murpamom B 1956 1. npu dpakumonuposanuu dpar-
MEHTOB IIPOTCOJMTHYECKOIO pacllieryieHus reMorao0uHa esoBeka,
NOJIVUeHHBIX B pe3yabTaTte 006paboTku atoro 6enka tpuncuHoM. C no-
MOILIBIO JAHHOTO MeToAa ObITH MoJyUYeHbl NENTHAHBIC KAPThl — «(prH-
repnpHHTE (OTIEYATKH NMaIbLECB), MO KOTOPLIM OLLIO YCTAHOBICHO,
yro 3aboseBaHue CEPIIOBUAHOKIETOMHOM aHeMueil obycnoBieHo 3a-
MEHOM O/IHOH-e/IMHCTBEHHOH AMUHOKHMCIIOTHI B B-LIen# reMoriobuHa.

HauGosee yacTo B HacTosiliee BpeMsi /Uil pasiesieHnst 6eikoB uc-
NoJL3YIOT MeToJ 2eKTpodopesa B noauakpusamudnom 2eae (ITAAT),
KOTOPBIii npeactapasieT coO0H MHEPTHLIM MATPUKC C BLICOKMM M KOH-
TPONMPYEMBIM YHCIOM MOMNEPEYHBIX CLIMBOK. Bapbipys pasMepni re-
JIEBBIX NMOP, MOXHO (hpakuMOHUPOBATh OENKM, CYLLECTBEHHO OTJIMYa-
IOLIMECs 110 MOJIEKVISPHOI Macce (0T HECKOJILKUX JICCATKOB ThICSY 10
coreH Thicay panbToH). MeTon 6601 pazpaborad B 1959 r. C. Paiimon-
oM, a 3atem ycosepuieHceTBosal b. JIzsucom un JI. Opucreitnom. OH
MO3BOJISACT OCYIIECTBUTHL TOHKOE (hpakumoHHpOBaHHE cMeceit 6enKoB,
OTJIMYAIOLIMXCH T10 3apsuly M MoJieKyasapHoit Macce. JlanbHeiteit Mmo-
andukaimeit aToro Merona crai aaexmpogopes 6 ITAAI ¢ dodeyuacyns-
pamom nampus, nipe;noxeHHblit B 1966 r. Jx. Maiizenem. Jloneum-
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cyabar nwatpus (ACH, SDS, JIC-Na) npeacragasier coboii Molil-
HbIif MOHHBIH JIETEPreHT, KOTOPblil BbI3LIBACT pa3BopavduBaHue Oes-
KOBBIX MOJIEKYJI B BLITAHYTHIC HEMH M cOOOIAeT UM M30LITOYHBI OT-
punaTesbHbii 3apsut (puc. 3, A). [Motepasiune HaTHBHYIO (hopmy DeJIKH
B TAKOM (OCHATYPUPYIOLIEM) Tesie MepeMeIlaroTesl K MOJOXKUTEILHO
3apSKEHHOMY 3JIEKTPOAY (aHOIY) CO CKOPOCTHIO, KOTOPas JAeTepMu-
HHUPYETCH TOJBKO pasMepoM (Maccoii) MX NOAUNenTHAHBIX ueneii. [Tpu
9TOM Tefib, BHICTYIIAS B POJIM MOJICKVJISIDHOTO CHTA, JIerde MpoIycKaer
HEKPYMHBIC MOJMMMENTHAL W B OoJblIei MEepe TOPMO3MT MPOABHXKE-
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Hue OoJiee KPYNMHBIX MOJIEKYJI, TEM CaMbIM pasacisisi OeaKu B COOTBET-
CTBUH C MX MOJICKYJISIpHBIMU Maccamu (puc. 3, 5). [1pn snexktpodope-
3e ¢ SDS 06bIvHO HCTTONB3YIOT TakKe 00paboTKy 6EIKOB B-MepKanTo-
9TAHOJIOM, Pa3pbiBAIOMIMM (BOCCTAHABIMBAIOIIMM) TUCY/Ib(HUIHDBIE
CBA3M MexXay cyObeauHUIaMu BelKOB, UTO MO3BOASET ONPEICIUTh
4qucio U Macey cyvobenunnu B Genkax-mynastumepax. ITocne anektpo-
(hopesa Genku seisiBsiOT 1060 KpacuTeneM Kymacen, nubo cepeGpe-
H1UeM (MUHOpPHBbIE OeNKM), YTO MO3BOJIAET BBISIBUTHL Ha 21eKTpodope-
rpaMMax HMUTOXHbIe Konuyectsa (okoso 10 Hr) Genka.

B nayane 70-x rogos XX B. B lIBeniun 6511 pazpaboran HOBBII Me-
TOJ pasfencHud 6eJKOB B JEKTPUUECKOM M0JIe, NMOJAYUMBIINIA HA3Ba-
Hue u3oanekrpodokycupoBannsa. B oriimume ot metona anexrpodope-
34, B npouecce Kotoporo 6enkn GpakMOHUPYIOT MPH KAKOM-TO OIl-
peaeneHHoM 3Hauenun pH, 3anaBaemom anekTpodopernueckum Oy-
(hepubiM pacTBopoM, 1pu u3oanekrpodokycupoBanumn 6enku pasje-
JISIOT B rpaarenTe pH, co3naBaeMoM ¢ MOMOUIBIO CHeIUMAIbHBIX pea-
renros (amposnnos). B npoiecce n302;eKTpodoKycHpoBaHus GelKH
MEPEABUTAIOTCS B 3IEKTPHYECKOM I10JIe B CTPOTOM COOTBETCTBUH TOJILKO
C 3aps/IoM MOJIEKY M ocTaHapauBalorcs (GokycHupyloTest) B Tex Tou-
Kax rpaaveHTa pH, KoTopbie COOTBETCTBYIOT HMX M303JIEKTPHYECKHM
Toukam (p/), T.e. Tam, IJIe MOJIEKYJIbl CTAHOBSATCSl MEKTPOHCHTPAIb-
HBIMH (pHc. 4). M30anexkTpodokycupoBaHie TO3BOSIET HE TOALKO HC-
KJHOMUTEIbHO TOHKO pa3ienuTh besiku 1o 3apsany (paszgensiorcs 6en-
ku, ommvatouecs no pl seero na 0,005 eamunu pH), HO M BbICTPO M
TOUHO ONMPEJACIHTHL UX U302MEKTPHYECKHE TOUKH.

Paspaborannoe B 1975 r. [1. OdapessioMm couetaHue METOI0B H30-
anekTpodokycupoBanus U asnekrpodopesa B TTAAI ¢ SDS nonyunio

®
+ +
4 1 +. + +.+ 2
: +
5 -
i
==
6 - + +
T =N Puc. 4. Paznencnue 6eJ1KOB METOIOM
& HM303ICKTPOPOKYCHPOBAHMS.
g7 [Mpu HU3KKX 3HaveHusx pH Geaxn 3aps-
E i KCHBI TONOKMTEABHO (+), NPH BBICOKUX
~ gl +D + sHaveHuax pH — otpuuarensho (). B anex-
i TPHUECKOM I10JIe¢ MOZeKY/Ibl GelKoB Mur-
PUPYIOT K NPOTHBOTIOIONKHO 3aPsSikKCHHBIM
9+ NOJAI0CAM M OCTAHABIMBAIOTCS B TeX TOM-
Kax rpaauenta pH, Kotopbie cooTBeTCTRY-

= o 10T MX WM3027eKTpHUCCKUM Toukam (pl).

10 - 1 '.' '.‘ 2 H3oanekTpuueckne Toukn Geaxa 1 u Gen-
= % ka 2 naxomsrest npi pH 6.0 u 8,0 coor-
(&) BETCTBEHHO
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Puc. 5. Pannoasrorpamma, WUTIOCTPHPYIOLIAs pe3yibTaT pasiaencHus 6eakos
KHLIEYHOH TAJOUKH C BKIIOYEHHBIMH B HUX *C-aMMHOKMCIOTAMH METOLOM
ABYMEpHOro anektpodopesa.

Ha paIHOABTOTPAMME, llnﬂy‘icr—llﬂ\ﬁ HATOXKCHUEM HA TUIACTHHY NOJHAKPHWIAMHIHOIO
reis dQororpadurieckoil MICHKH, MOXHO pazimints cswime 1000 naren, coorser-
CTBYIOUIHX OTAC/BHBIM NMOJHNCTTHAHBM LCIAM Denkon

HasBaHue AByMepHOro 3aexTpodopesa. B sroil npouenype 6e1Ku BHa-
yane 06pabarpiBalOT B-MEPKANTOITAHOIOM Y MOYEBHHOM, YTO NMPUBO-
JNT K UX IOJHOMY PacTBOPEHUIO, JICHATYPALIMM W JIMCCOLIMALIMK T10-
JUMENTHIHBIX Leneil 6e3 nimeHeHus 3apsana. [lanee npoBomsT H30-
snekrpodokycuponanue B INTAAT, paspensis benku no sapsuiy, a 3a-
TeM (B NMEepneHAMKYISIPHOM HAINpPaBIeHWH) BeayT X anekTpodopes B
onoke TTAAT ¢ SDS, npu KoTopoMm OeJIKM pa3iensiores no MOJIeKy-
asapHoii Macce. Takum oBpasom, coueTast TOHKOe pasjieicHne BHavaje
MO 3apsily, a 3aTeM 110 pasMepy (macce), yaaeTcs 3a OLWH pa3 pasjie-
auTh 10 2000 MOJMNENTHAHBIX LErNei, T.e. MpoaHaIn3upoBaTh 60Jib-
LIMHCTBO Beex OeIKOB DakTepHalibHOH KIeTKH (pHc. 5).

Kyastypa Kierok — 370t Mero Geper Havano ¢ 1885 r., koraa
BiiepBbie ObUIO0 OOHAPYXEHO, YTO KIETKH KyPHHOro SMOpHOHa coxpa-
HSIOT KU3HecTiocobHoCTh B coteBoM pacteope. C 1907 r. ctanm ucnosb-
30BaTh KYJILTYPL! parMeHTOB TKaHeH (3KcranTaHToB). B HacTosiee
BpeM$S MCITOIB3YIOT JIMCCOIMMPOBAHHBIE KYJILTYPhl KJIETOK, U3 KOTO-
PBIX MOXHO MOJYYUTH KJIETKH ofHOro THna. MHoraa B KyabType Kie-
TOK TMOSIBISIOTCS] MYTAHTBI, KOTOPLIE MOTYT OECKOHEUYHO Pa3sMHOXKAThb-
cst ¥ 00pa3oBBIBATh KAETOYHYIO JTHH OTJIHYHE OT PaKOBBIX KJIE-
TOK, TAKXKe CIOCOOHBIX K HETIPEPLIBHOMY TRy M r

BUBJIUOTEKA

yHaszepenter




KM JIyulle pacTyT B KOHTAKTe ¢ KaKOM-TO 1nmoBepxHocThio. Kierounsie
JIMHUHM CITYXKAT HCTOYHUKOM GOTBILIOro KOJNYECTBA KJIETOK OHOTO THIA
M K TOMY Xe MOryTt xpaHutbcsi npu —70 °C HeoripeinesieHHO 1010, He
Tepsis cnocobHocTu K npoaudepamnu. Hanbosee yacro uenonbsyior-
Csl KJICTOUHbIC JIMHUH (hUOpoOIacTOB Mblleil M XOMSIYKOB, a Takxke
MHUTEINATBHbBIC KIETKK Yeaoseka. B 1952 r. Obina nonyuena nepesnsa-
€Mast JIO CHX NMOp JIMHUST KIAETOK KapUMHOMBI IHEHKH MaTKH Ye/I0BeKa,
LIHPOKO M3BecTHas Kak nunug Hela.

OnHOPOAHOCTH KJIETOYHBIX TMHHIT MOXKHO TMOBBICUTH MYTEM KJIOHH-
posanusi. Kjion — 9710 nonyasiums Ki1eToK, NpoMcXoasiias oT oaHoi
KIEeTKN-TpeinecTBeHHUIbl. C MOMOIIBLIO KJIOHHPOBAHUS BBLIEISIOT
MYTAHTHBIC KJIETOYHBIE JIMHHH, Y KOTOPbIX MYTallusl 3aTPOHYJIa ornpe-
JeneHHbIe rerbl. Takue KiIeTKH ObIBAIOT HepeaKo Ae(GeKTHBI 10 KaKo-
MY-TO Olpeje/ieHHOMY DKy, YTO MO3BOJsIeT NPOaHAIM3UPOBATD €10
(DYHKIMIO B HOPM@IBHBIX KJIETKAX.

CAMsHNEM IBYX KJIETOK MOTYT ObITh TONYUYEHBI 2eMepokapuons —
KIETKHM C ABYMSI OTAEIbHBIMM siipamu. [locie MuToTHUEcKoro aee-
HH# TETEPOKAPUOH NPEBpAIaeTcs B TMOPWIHYIO KIICTKY, Y KOTOPOii
BCE XPOMOCOMBI OOBEIMHSIOTCS B OJHOM siape. Takue ruGpuiHbie Kier-
KH JIaI0T BO3MOXHOCTD M3Y4aTh (DYHKIIHM OTJICJIBHBIX XPOMOCOM, B3a-
MMOJCHCTBIC BHYTPUKJICTOUHBIX KOMIOHEHTOB (MUTOXOHAPHIL, sijiep
H JIp.) PasinyuHbIX KI1ETOK. MX MOXHO KJIOHHUPOBATH M MOJVIUTDL IH6-
PHAHYIO KJICTOYHYIO JnHHI0. CylecTBeHHO, YT0 rHOpHAHbBIC KICTKH
HectabuiabHbl. B yacTHOCTH, ruOpHAHbBIE KIETKH YCT0BEK-MBILIDL 110~
CTCIIEHHO YTPAauMBaIOT XPOMOCOMbI YeJOBEKA, YTO MO3BOJSET CYAHTh
O (hYHKIMSAX OTACABHBIX XPOMOCOM, OCYIICCTBISAs TAKMM 00pPa3oM HX
rEHETHYECKOE KAPTHPOBAHME.

beckierounbie cHCTEMBI — HE3AMEHMMBI JUIS M3VHEHMSI MeXaHW3-
MOB OTPEIC/IEHHBIX MOJIEKYJISIDHBIX MPOLIECCOB, TAK KAaK HCKIIOYAIOT
pasaIMuHbIC MOOOYHBIC PEAKLIMU, IPOTEKALne B KieTke. B 1954 r.
IT. 3ameunnK nonyuns rnepsyio GECKIETOUHYIO CHCTEMY [UIS H3YYeHNS
OuocunTesa Genka (TpaHcasiinmn). Bo3MOKHOCTH DTHX CHCTEM GbLIH
Janee oaecrsie ucnonbsosanbl A. C. CrimpunbiM, M. Homypoit u apy-
THMH HCCIIC/LOBATe/IAMH JUIsl M3YYeHMs neTtaneit pancasiunm. [pn otom
U3 3KCTPAKTOB KJIETOK BBIIC/SIM BAXKHEHIIIHE KOMIIOHEHTbI Ben0K-
cunresnpylouiei cucremnl (MPHK, pubocomsr, TPHK u ap.), a 3a-
TCM TOCJICA0BATEIbHO BBOJIMIM UX B CHCTEMY M YTOUHSUIM POJIb KaX-
JI0ro komitoneHta B 0uocuHrese Genka. C nmoMoubio 6eCKICTOUHbIX
cucreM Obut pacin@poBaH reHETHYECKMIT KOJL, LISl Yero B KauecTBe
MPHK ncnonb3oBann cHHTETHYECKME OJUTO- M MOJAUHYKICOTHIb H3-
BECTHOTO cocraBa. beckeTouHbie CHCTEMbI HCITONB3YIOTCH TaKKe JUTs
M3YUCHMS JICTATICH APYTHX BAKHEHIINX MOJIEKYAAPHO-TEHETHYCCKMX 11PO-
tieccon: perumkannu 1 Tpanckpunuun JIHK, crnaitcunra PHK u ap.

Monoxiona/bHbIe ANTHTENA — OYCHD YYBCTBUTEILHbIN MHCTPYMEHT
BbISIBACHHMA (MACHTU(PUMKALMM). MOJEKYJI B CIOXHBIX CMECsX, M 110-
STOMY OHH HANOAST QYEHb LIMPOKOE NPUMEHEHHE B MOJICKV/ISIPHOI
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GHONOrMK. AHTHTEIA B 11€JI0M TPEACTaBasioT coboii 6enku (MMMyHO-
r1oOyANHB), BbipabaTbiBaeMble MTO3BOHOYHBIMHM XXKMBOTHBIMM JUIA 3a-
IIMTBI OT YYXKEPOIHbIX COSMHEHHIT — aHTUreHoB. KieTku no3sonou-
HBIX XMBOTHBIX crTOCOGHBLI CHHTE3MPOBaTh KOJOCCATLHOE KOJIMYECTBO
(10%) paznuuHbiX (DOPM aHTHTEJ, OTIMYAIOIIMXCS YYaCTKaMH y3HaBa-
Hus aHTHreHoB. UMEHHO BBICOKas CrielM(PMYHOCTbL aHTHTEl onpene-
JISIET MX YHHKAbHBIE BO3MOXHOCTH [UT5 BbIsSIBJIEHUS PA3IMYHBIX MOJIE-
kv B kiaetke. Pazpaborannbliii B 1976 r. MeTon BKIIOYACT KIOHMPOBa-
jine B-nmuM(pOIMTOB, CEKPETUPYIOLIMX TOILKO ONpe/e/IcHHbIH BHJI aH-
tHTed, Grarosaps ueMy 3TH aHTHTElAa MOXHO Tonayyarb B G0nbLINX
konuuectsax. Ho Bpemst Xu3uu B-1uMdOLMTOB B KYJIbTYpe HEBEIH-
KO, NO3TOMY IIPOBOASIT UX CAUSIHUE C KJIETKAMM, TIPOUCXOALLIUMH OT
«BeccMepTHOI» OMyXoaH, Takke noaydenHoi u3 B-mumdouuros. U3
oBGpasoBaBlIeiicss CMECH KJIETOK 0TOMPaloT rubpmiibl, CriocobHbIe pas-
BHBATHCS B KYJILTYPE M CHHTE3MPOBaTh AHTUTEJIa OMPEJIC/ICHHOrO BUA.
DTH rMOPUIHBIE KIETKH Ha3bIBAIOT 2ubpudomamu. VX KIOHUPYIOT 1O
OTACIABLHOCTH M MOJYYAIOT KJIOHbI, KaXAbIH M3 KOTOPBIX ABISETCS HUC-
TOUHHMKOM MOHOKJIOHAILHBIX aHTHTe]l. MOHOKIOHAILHBIE AHTUTENA
[IPOMCXOSAT OT OJHOI-EANHCTBEHHOI KIeTKn u obaanaior abeosmior-
Hoii cneuMpuuHOCTBIO K OenkaM: oHM criocoOHbI y3HaBaTh Onpeze-
JICHHYIO KOH(DUIYPALIMIO IPYTITbI U3 5—6 aMUHOKHMCIIOTHBIX OCTATKOB.
Kaxblif THIT aHTHTEJI MOXKHO Jlajiee MCIIOJIb30BaTh B KauecTse 30H0a
UIsL onpesiesieHMs ToOKaNn3anK Oesika B KJIETKE M JUISi OYMCTKH Oeli-
koB B adunHoil Xxpomarorpaduu. B Henanekom Gyayuiem MOHOKJIO-
HAJIBHBIE AHTHTENA MOTYT CTaThb MCTOMHMKOM Ul CO3/IaHWs HOBOM
rPYNIbl KATATMTHYECKH aKTHBHBIX MOJIEKY]l — aB3MMOB (CM; . 2).
KarannTHdecku akTusHbie Oeaku (epmentnr) — BaXHEHIIME UH-
CTPYMEHTbI GHOXMMHMYECKHX METOIOB Hecne10BaHus. OHM HALUIN 1IH-
POKOE NMPUMEHEHHE B MOJICKYJISIPHOI OMOJIOTMH, N KOHKPETHBIE 1PN~
Mepbl UX HCTIONb30BaHHs Oy1yT NPUBEICHBI B MOCAEAYIOLINX TIaBax.



I'nasa 2. BEJIKHA

benku npeacrasnsior coboii Suonoaumneps (noaunenmudwr), cocrag-
JEHHBIC N3 AMUHOKUCAOMHBIX OCMAMKOG, COCAMHEHHDBIX HenmudHsiMu
CEAZAMIU.

beskn — camblit pacnpocTpaHeHHbIN B KMBO NpUpoIEe Kiacec bno-
ITOJIMMEPOB, COCTaBASIOMINNA DOJILLIYVIO HACTh CYXOrO BEIIECTBA XM-
BOTHBIX (50—80 %) u, uto camoe rmaBHOe, OGNANAIOMMNI HAMGOMH-
IINM O CPABHEHHIO CO BCEMH JIDYTHMM BELIECTBAMH OPraHHYeCKOif
NPUPOJILI pasHOODpasnem cTpyKTyphl M pyHKumii. UmeHHo Beikit or-
PEACIIOT B KOHEYHOM cyere (hpeHOTHN J11060ro opranusma, hopmu-
PYIOT O0JIMK BCeX KMBBIX cucTeM. M XOTst MX cTpoeHMe 3arporpaMmm-
POBAHO HYKJICOTHIAHO# MOCJICNA0BATEILHOCTBIO COOTBETCTBYIOIMX Té-
HOB, B CTPYKTYPHOM M (DYHKIIMOHAILHOM OTHOILIEHNH GeIKi Hecpas-
HEHHO Donee papnabenbHbl, UeM KOAUPYIOUIHE MX MOJIMHYKIIEOT LI
(TIHK u PHK). 9ta ocobennocts 6e1k0s IIPOUCTEKAET U3 BHYTPEeHHE-
ro pa3sHoOGPa3ns COCTARMSIOIIMX HX MOHOMEPHBIX 3BEHbEB — AMMHO~
KHCO0T. YHCI0 MOCTOSIHHO BCTPEYaIONINXCS B KUBbIX OPraHMu3Max aMm-
HOKHCAO0T (20 Tak HazbIBaeMbIX KAHOHHYCCKHX, MM OENTKOBbIX, aMM-
HOKHCIIOT) B YeThIpe pa3a Bosblile, YeM YHCI0 KAHOHUYECKMX HYKJIC -
otnios (A, G, T, C, U), o6pasyionimx MOJICKYJIbl HYKJIEMHOBBIX KMC-
JIOT, W TODTOMY «s13bIK» DEJIKOB OKa3bIBACTCH HAMHOIO BOraye «si3bi-
Ka» HYKJIEMHOBBIX KMUCJIOT.,

Beskn yuacteyior o Bcex 6e3 MCKITIOUEH s MOJEKYAAPHO-GUO0I0-
TUIECKHX npoueccax. Obnanas Npexie BCero sipko BeIPaXeHHOM KaTa-
JIMTHYECKOH CIIOCOBHOCTBIO, OHM B KauecTse ghepmenmoe JIETEPMHHM~
PYIOT HHTCHCHBHOCTh BCCX METa0OAMYECKHX MPOIECCOB B KIETKE M
OpraHusme B uesoM. PasnooGpastble pezyasmopusie Geaku KOHTPOJIH~
PYIOT CBOEBPEMEHHOCTL M TOYHOCTh OCHOBHBIX MOJEKYAAPHO-ICHETH-
HECKHMX ITPOLIECCOB (OeIKM-PEeryIsSTOPhl PETUIHKALNM, TPAHCKPHIILIMK
W TpaHCsiumMn). beaku SBasioTcs HenpeMeHHBIM KOMIOHEHTOM BCex
Ouosornueckux MemGpaH, cocTasisior OCHOBY LIMTOCKEJIeTa, BXOASAT
B COCTAB COCIIMHUTEILHBIX TKAHEH, BOJIOCSHOTO MOKPOBa, T. ¢. obecrie-
HHBAIOT «CTPOHTENbHYIO» (DYHKIMHIO (cmpykmypubie Geaku). OHM xKe
OCYWICCTBASAIOT UMMYHOJIOTUMECKYIO 3aILUTY OT YYXKEPOAHbIX COCM~
HEHMIT M TIaTOTEHHBIX MUKPOOPTAHU3MOB (3auumibie beaxu-ummyHo-
2nobyaunnsl), obecrneunpaioT cHabxenue OpraHu3Ma KHCIOPOJOM M
PasHOOOPasHbLIMM MUTATENLHBIMH BELIECTBAMHM (mpancnopmusie Gen-
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ku). Ocobast rpymnna nojunenTuaoB KOHTPOIUPYET (PU3HOIOTHUYECKYIO
AKTMBHOCTL TKaHe# M opraHos (6eaku-eopmonst). beaku dopmupyior
MOHHDBIE KaHalbl M OCYILECTBALIOT BOCHpPUATHE, TpaHchopMalnio M
riepeady pazHooOpasHbIX BHELIHUX CUTHANIOB (6eaku-peyenmopnt). Bee
RUJIbI JIBUXKEHMSI, HAUMHAS C JIBHMKCHHUIH KIYTHKOB OakTepuit M KOH-
yast IBMXKEHMSIMH NATbLEB NHaHucTa, obecnevyupaiorcs paboToi «565]:
KOBLIX MOTOPOB» (cokpamumenshsie Geaxu). TaKoB Jlaneko He NOJHBIH
riepeyeHb (hyHKIMI GeKOB. YHUKATLHBIE CBOMCTBA OCIKOB 32J10KEHbI
B KOJOCCAILHOM Pa3HOOOpa3uM NMPOCTPAHCTBEHHOTO CTPOEHMSI HX
MOJICKY/1. 3TO pazHooOpa3ue Oonpejiessercd OrpoOMHbLIM YHCJIOM BO3-
MOXKHBIX COYETAHMN AMHHOKHCIOTHBIX OCTATKOB B JUIMHHBIX, COCTOS -
IIMX, KAK MPABUIIO, H3 HECKONKUX COTEH OCTATKOB, MOJIUTIENTHIHBIX
ensx 6enkon. Janee, 1o Mepe paccMOTPEHNs YPOBHEH CTPYKTYPHOI
opranusanuu 6enkos, OyAyT NpUBeAeHbl KOHKPETHBIC TTPUMEPhI B3a-
HMOCBS3H UX CTPYKTYPBI U (DYHKIIMIA.

AMMWHOKHCJIOTHBIA COCTAB BEJIKOB

AMHHOKUCIIOTBI, yuacTsylonme B obpazopannu 0enkoB, MMEIOT
06y dopmyny:
H.N—CH—COOH, rne R — GokoBas 1iens (pagaMkan)
: |
R

Dopmyibl paaukaios 20 KaHOHUYECKUX aMuMHoKucaoT (18 amuno-
KHCJIOT M JIBYX aMWIOB — acnaparuHa v miyTaMmuHa) npeacTasiaeHbl B
tabn. 1, rae npuBeneHbl Takke MX O0BIMHO HCTOJIL3YyeMbie TPexOyK-

Tabnanua 1

H[DDTQHIIOI'CI!HHC AMHHOKHC/JIOTBI H aMH/IbI

. .z (;;palucmme
AMHHOKHCIOTA Crpykrypil BoKoBoit Lenn (paankan) B el———
AnundaTtnuyeckne
muunn —H Gly, G
Ananun —CH; Ala, A
Banun —CH(CH’ Val, V
CH;
Jeiiunn T e s GH Leu, L
CH, CHHCHS
W3soneiiuun (|3H3 lle, T
—CH—-CH,—CH;
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Ilpodoaxcenue maba. 1

Oxonuanue mata. 1

AMHHOKHCIOTA

Crpyxrypbl GokoBoil nenu (paaukan)

Coxkpauiernnoe

Cokpamentoe

AMHHOKHCAOTA obGoznauciie

Crpykrypel GokoBoil Lenu (paxukan)

Conepxamyue rugpoKCcCHIBHYIO TPYNOY
(aMHHOKHCJIOTHI-CITUPTHI)

Cepun —CH,—O0H Ser, §
Tpeonun —?H—CH, The: T
OH
[Tponuu :/I—COOH Pro, P
|
H

(chopmyna npuBeaeHa NoOJIHOCTLIO)

obosHaucnmne
ApoMaTHuecKkue
GOceumnananun _HzCO Phe, F
Tuposun —HECAD—OH Tyr, Y
Tpunrodan —H,C Trp, W
)
H
OcHoBHBIC
(HecyLme MONOKUTENBHBIT 3apsi)
JInzun —CH,—CH,—CH;—CH,—NH; Lys, K
Apruvmny *CH_,—CH:—CH;—NH-(IF—NHZ Arg, R
NHz_
Inetnanu —-HzC—|:| His, H
HN___NH"
(npu pH 6,0)
OnkapbGonosnie
(Hecyme oTpHLATeNBLHBII 3apsi)
Acnaparuio- —CH,—CO0O" Asp, D
Basl KHCHoTa
nyramunoBas —CH,—CH,—C00" Glu, E
KHMCI0Ta
AMUIB ANKAPOOHOBBIX AMMHOKHCIOT
Acnaparus —CcH~cZ9
3 NH, Asn, N
Tayramun -CH;—CH2~—CfO Gin, Q
NI,
Cepocoacpxamme
Lucrenn —CH,—S Cys, C
MeTtHonnH —CH,—CH,—S—CH;, Met, M
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BEHHbIE ¥ OJIHODYKBEHHbIE COKpalleHHbie 0003HaYeHus (B AaibHe-
uieM OyIyT ucnoib3oBarhest Gosee JIerko 3arnoMMuHalolmecs Tpexoyk-
BEHHBIE CUMBOJIBI).

Bce nocrosstHHO Berpevalounecsd B 6enkax (IpoTeMHOreHHbIe)
AMMHOKMCIOTBI COJIEPXKAT /IBE Pa3Hbie XMMUUYECKHE TPYIIILL AMUHOT-
pynny (—NH,) n kapboxcunshyio rpynny (—COOH), cnocobHbie
pearuposath ¢ 00pa3’oBaHUEM nenmMudHol CeA3U:

R H R

O
.o H;N—CIJH—*CZ—T?I—‘ICH—'COOH + H,0
R H R
h—.',_l
IMenTuaHas cBsisb
B IMOCTTHIE

B Bosnoit cpene pagHoBecue TAKOTO THINA PeaKlMii CABUHYTO B CTO-
poHy obpa3zoBaHusd cBOOOAHBIX AMMHOKMCIOT, W NO3TOMY OMOCHHTE3
NOJUIENTHIOB B KJIETKAX HEe CBOIAMTCS K TPOCTOMY OTHIETIIEHUIO BOJIBI,
a mporekaer no Gonee CIOKHOMY IHEPrOCMKOMY MEXaHH3MY C yva-
cTHEM crieunhuyecKux BHYTPHKIETOUHBIX yacTull (pubocoM) U Mak-
POIPIUUECKHUX cCoeMHeHMIt (em. 1. 1 1).

EanncTBeHHO NPOTEeHHOreHHON aMMHOKMCJIOTOM, HE MMEIoLEeH
cBOOONHON aMUHOIPYIIIL, sBasieTest nmponud. He umeer ee u conep-
Kateecsi B HEKOTOPbIX OeJIKax rmpoM3BoHOE MPOJIMHA — OKCUITPOIAMH.
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[IposmH M OKCHIIPOJIMH MHOTAA HA3BIBAIOT UMUHOKUCAOMAMU, KECT-
Kasi KOH(hopMaIiMs KOTOPBIX BbI3BIBAET M3rMObI B IMOJIHNENTHAHBIX 11e-
151X 6EJIKOB.

CasasaHubie B pesyabrate GHOCHHTE3a B JUIMHHbIE MOJUIIENTHAHDIC
LIeNu aMMHOKMCIOTHI NPUCYTCTBYIOT B GeJKax B BUJIE aMMHOKMUCIOT-
HBIX OCTATKOB, MOJIEKYJIIPHAsl Macca KOTOPbIX BapbupyeT oT 57 o 186
Ha (cpennee 3nauenme npunsaro 110), u, Takum obpazom, 6Geok ¢
MOnekyJsipHoii Maccoit 44000 da coaepxut npumepHo 400 aMuHo-
KMCIOTHBIX OCTaTKOB. KpoMe aMHHO- M KapOOKCHIIBHBIX TPYITIT B aMH-
HOKMCJIOTaX CO[epxarcs Takxke OOKOBbIC LIENMH, HE YYACTBYIOUIME B
00pas’oBaHUM NMENTHAHBIX CBSA3EH M Ha3bIBAEMbIE padukaramu. Xnmu-
uecKas NpupoIa pajuKaloB BeCbMa pa3HOoOOpa3Ha, YTo MMO3BOJSET UM
BCTYNATh B Pa3THYHbIC (B GonBIIMHCTBE C/IYYAEB HEKOBAJIEHTHbIC) B3a-
UMOJICHCTBUS 110 Mepe CHHTEe3a W (POPMUPOBAHMS TIPOCTPAHCTBEHHOI
CTPYKTYpbI BeKoBoil Monekyabl. UMeHHO nocienoBaTeibHOCTL pac-
MOJIOKEHUSI PANMKAJIOB OTIpeiessieT 0COOEHHOCTH IIPOCTPAHCTBEHHOI
(TpexmepHOii) CTPYKTYphl OEJIKOB M COOTBETCTBEHHO MX (DYHKIIHO-
HaJbHBIE CBOMCTBA.

AMHHOKHCJIOTHI, 0Bpasyiolne 6eIKH, MOXKHO paccMaTpUBaTh Kak
IPOM3BOAHBIE KAPOOHOBLIX KUCAOT. OHM ABIAIOTCSH o1-AMHUHOKHMCIOTA-
MM, TAK KaK AMHHOIPYNIbLI B HUX CBSI3AHBI C 0-VITICPOIHBIM ATOMOM.
CxonHble ¢ o-aMHHOKHMCIOTAMH BO MHOTMX OTHOLICHHMSIX M TAKKE
BCTpeUaloLMecs B NpUpoae B-aMHHOKHCIIOTBI, TEM He MeHee, 0ObIv-
HO HE BXOJAT B COCTAB MPHUPOAHBIX NOAUMENTHAOB, OUEBHIHO, B CHIIY
TOTO, YTO MOJMNENTHAHAS LeMb, COJepXKalasi B—ammoxncnonmé
OcTatku, umesa Ol KosaieHTHbIe cBsasu THa C,—Cy, KoTOphie 10~
MYCKAIOT IONOJHUTENIBHYIO OABHXHOCTD (BPAILICHME), 3aTPYAHSIONIVIO
CaMOMNPON3BOILHOE CBEPTBIBAHHE LEMU B PEryisipHble CTPYKTYPHI,
CBOMCTBEHHBIE NMPUPOIHBIM Oenkam (cM. HUXKe). BepositHo, nostomy B
XOJ/Ic 9BOJIOIMK OTOOP ObUT HANPABJIEH HA NMPEHMYIIECTBEHHOE CO-
XPAHEHHUE a-AMHHOKUCIIOT.

g aMMHOKHMCIOT XapakTepHa ONTHYECKAass M30MEpPHS, OTHAKO B
Oenkax NMpUCYTCTBYIOT, Kak NMpaBuio, L-aMuHOKMCIOTEI, 1 L-KOHDM-
rypaimsi, o Bced BUIMMOCTH, Obuta otoOpana cayuaiiHo. D-dopmbl
AMWUHOKHCIOT 0OHApYXHBAIOTCS B COCTABE NENTUAOB IOCTATOUHO PE/l-
K0. OHM BLISIBICHBI, HATIPUMED, B KJIETOYHbIX CTEHKAX GakTepHii CH-
Gupckoit a3sbl (D-Glu), a Takke B cocrase NENTHAOB KOXH OLHOTO
M3 BWIOB I0XKHOAMCPHKAHCKHX JISITYIUEK, B KOTOPLIX Haiinen D-Ala.

Eanncrsennoit 6enkoBoit ammHokucnoToil, He obaanaiouieii on-
THYECKOI aKTMBHOCTBIO, SABJISIETCS TIMIIMH, HE MMEIOIIMII XMpaIbHO-
IO YIJIEPOAHOIO aroMa. ¥ MIMUMHA B KaYeCcTBE PAjMKana BhICTYNaer
4TOM BOAOPOJIA, M CAMO IMOHATHE PAJMKAI B JAHHOM CIIyYae MMeeT
ycioBHbIH XapakTep. OTCyTCTBHE painKasia NPUBOANT K ToMy, uto Gly
VBEJIMYMBACT INOJIBHXKHOCTbL NMOJMNENTHAHON teny B Benkax 1 oHO-
BPEMEHHO (M3-3a MaJOro pasmepa) criocobCTByeT ee IaoTHOi via-
KoBke. OcTajibHble aMMHOKHMCIIOTHI COJEPXKAT B KAUECTBE PAAMKAIOB
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pa3sHOOGPasHbIE MO XMMHUYECKOMY CTPOEHMIO M CBOMCTBAM IPYIIH-
POBKM, 1O KOTOPBIM MX 0OBIYHO M KAaCCH(HULIMPYIOT.

K aMMHOKHCIOTAM C aAKUAbHbIMU PALTUKAIAMH OTHOCSITCS AJIaHVH,
BAJIMH, JEHLUMH W M30JeiUHH (MOCHCAHUH CONEPKUT 2 XHPAIBHBIX
1IEHTPA M COOTBETCTBEHHO MMeeT 4 ONTHYECKHMX M30Mepa). ANIaHUH —
camasi pacrnpocTpaHeHHass B MPHPOAE aMHMHOKHCIIOTA, COJCpXKaHHe
KOTOpPOIi B OesiKax 0OBIYHO MAKCHMAIBLHO, BEPOSTHO, B CHJIY I1POCTO-
ThI €€ CTPOEHHA U JIOCTYITHOCTH JUIsi CHHTE3a KJICTOYHBIMU (hepmerTa-
wi. PasBeTBiIeHHbIC 0GBbEeMHbBIE M «wKecTKue» paankaibl Val, Leu u Ile,
B CBOIO OUepe/ib, CYIIECTBEHHBI st ruapodobHoit crabuimsatmn dei-
KOBBIX TEJI.

B rpynny apomamueckux aMMHOKHCIIOT BXOAAT (peHWIaIaHnH, TH-
posun u Tpuntodan. Kpynusie HenonspHeie octatku Phe u Trp na-
pany ¢ Val, Ile u Pro pacnonaraiorcsi npeMMyLIECTBEHHO BHYTpH Gei-
KOBBIX MOJIEKY/T. THPO3MH COIepKUT QDYHKLIMOHAILHO AKTHBHYIO IPYTITY
OH, NpoOTOH KOTOPOIi JIErKO AMCCOLMMPYET, YTO crnocobeTByeT obpa-
30BAHMIO BOZOPOAHBIX CBsizeil. IToaTOMY TMPO3WH, OTHOCHIIMHCA K
[MOJAPHBIM HE3aPSKCHHBIM AMUHOKHCJIOTAM (K HUM OTHOCATCS TaKXke
CCpPUH, TPEOHMH, IJIYTAMWH, acnaparuH M 1MCTEHH), YIacTBYET B
00pa30BaHUM MHOTOYMCICHHBIX BOJIOPOIHBIX CBsA3eil MexXiy OOKOBbI-
MU LIEMSIMM AMUHOKHNCIOTHBIX OCTATKOB 11PH (POPMUPOBAHUM YHUKATIb-
HBIX TPOCTPAHCTBEHHBIX CTPYKTYP Oeskos. ITo To# Xe npuunHe ocrar-
ku Tyr, Ser n Cys 4acTo BBICTYNAIOT B BHAE (QYHKIHOHAILHO aKTHB-
HBIX FPYNIT IPH (pepMeHTaTHBHOM Kataimse. [ WIpOKCHIIbHbBIC IPYITIBL,
CBOWCTBEHHBIE CEPUHY M TPEOHHHY, CMOCOOHBI 06pa30BBIBATE HPUPHI
¢ ocoproit M psitoM oprannueckux Kuciaot. [Toatomy, B HaCTHO-
cTH, (YHKIMOHAIBLHO BaxHoe docdopuinpoBanne psaaa OejKoB ocy-
IIECTBASIETCS Yalle BCEro 110 OCTaTKaM JaHHbIX aMMHOKHCIO0T. CepHH,
KaK ¥ THPO3WH, NPUCYTCTBYET B AKTHBHBIX IIEHTPaxX ps/ia (GepMEHTOB.

[To ruapokcuabHbiM rpynnaM Ser u Tyr NpoOMCXOAMT NpHCOCANHE-
HHe K GeJKaM YIIeBOAHBIX KOMITOHEHTOB (IIMKO3WIMPOBAHHE), UTO
MMEeT MECTO NPH CHHTE3e CIOXHBIX 0EJKOB — IJIMKONPOTCHHOB.

LlucTens u METHOHHMH COCTABJISIIOT TPYIIY Cepocooeplcaujux aMmu-
HOKMCJIOT. XapakTepHoil ocobeHHOCTbIO ocTaTKoB Cys sIBAsETCs MX
crnocoBHOCTb K CAMONPOU3BOJILHOMY OKUCJIEHHIO B IIPUCYTCTBHM KHC-
Jopoja ¢ 06pazoBaHUEM «IBOHHOW» AMUHOKUCIOThI — LIUCTHHA. B Gei-

KaX 9TO BEJET K BO3HMKHOBEHMIO TNONEPEUHBIX KOBAJIEHTHBIX CBA3CH
MEKIY TOJIMMENTHIHBIMH LeTSIMHU MO0 BHYTPH OIHOM IOIUTICNTHI-
Hoii nenu. Tak BO3HUKAIOT ducyabudnvie MOCMUKU:

Cys—CH,—8H HS—CH,—Cys
_'CHZ_S_S_CHI_
Conepxkanne Cys 0coGeHHO BBICOKO B 0c000ii rpynre 6eJkoB, cno-
COOHBIX CBSI3BIBATH ATOMBI TSDKENIBIX METAUIOB — METAIOTHOHEHMHAX

(cM. HIKE).
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CrepyeT NMOMHWTB, YTO AMMHOKHMCIOTBI B BONHOI Cpele XMBBIX
KJICTOK MPeICTaBisgioT coboit 6unoasapHbie HOHBI (LIBUTTCPHOHBI):

H o
H;ﬁ“?*CtO"
R

[TosToMy GONBIIMHCTBO AMHHOKHMCIOT, BYAYUYN MOHOAMHHOMOHO-
KapOOHOBBLIMM KMCJIOTAMH, HE 00J1a1al0T CKOJIBKO-HUOY/IbL BhipakKeH-
HBIM 3apsiioM BOIM3M HeiTpanbHbix 3uavenwit pH. K sapaxcennviv
amutoKucaomam OTHOCAT T€ M3 HHUX, KOTOpbie COAEPXKAT AOIMOMHM-
TeJIbHBIC 3apsiKeHHbIe rpynnbl B 60KOBLIX Hernsax (paaukanax). Tak, K
AMHMHOKHCIIOTAM, 001a1aI0UIUM KHCIIOTHBIMH CBOHCTBAMM, OTHOCSIT-
Csl acmaparnHoBasi ¥ [IyTaMHMHOBAasl, UMEIOLIUE MPH HEeHTPaIbHOM
3HavyeHuu pH oTpunarenbHblii 3apsi1 6aaronaps HAJIMYMIO B UX Pajin-
Kanax KapOokcuabHoi rpynnbl. K 3apskeHHBIM MMONOXHTENBHO (0C-
HOBHBIM) AMHHOKMCIIOTAM OTHOCSTCS JIM3MH, aprHHMH M THCTHANH.
3apsukeHHble octaTku Lys m Arg MoryT adhiekTnsHO cBasbiBath (hoc-
(hopHbie OCTaTKM, YTO JIEKUT B OCHOBE B3aUMOICHCTBUS TTOTOKHTEIBHO
3apAKCHHBIX O€KOB XpoMaTHHa (ructoHos) ¢ monekyiammn JTHK (cM.
11, 9). THCTHIMH CONEPKMT TeTePOLMKITHYECKYIO (MMUAA30ILHYIO) Py~
ny, Koropass B (pusnonornueckom mHTepsajie 3HaveHmii pH moxer
BBITIOJHATE poib akuenTopa nporoHa. [Toaromy His npucyrersyer B
AKTHBHBIX LEHTPaX MHOTMX ()epMEHTOB, Tje BBINOIHSIET POJib «IIPO-
TOHHOMH TMOMIIbI»,

B nacrosiniee Bpemsi 110Ka HEBO3MOXHO OIHO3HAYHO OOBACHUTS,
MMOYEMY MMCHHO PACCMOTPEHHbIE AMUHOKMCIOTHI ObUIH OTOOpaHbl B
XOJIe 9BOJIIOLMYU JLUIst ocTpoeHus DosblinHeTRa Genkos. [Tpocrsie 1o
crpoenuio Gly, Ala, Glu, Ser, Asp cumuraiotcsi Gosiee JAPeBHUMH B
IBOJIIOLMM B OTJIMYHE OT CHOXHBLIX AMMHOKMCIIOT, TAKMX, Kak Asn,
His. Kpome BbliieoxapakrepuzoBaHHbix 20 KAaHOHHUECKMX aMHHOKHC-
JOT B O€/IKax BCTPEUAlOTCsl M JPYrHE aMUHOKHUCIOTHI, OIHA M3 KOTO-
PbIX, ceieHoyucmeut, COIECPKUT aToM CejieHa:

H3N—$H— COOH
SeH

CesenouncTeH oGHapPYXeH Y CaMbIX Pa3HBIX OPraHM3MOB — OT ap-
xubakrepuii 10 YeJOBeKa — B COCTABE Psjla KATATMTUUECKHM AKTUBHBIX
0esIKOB (MIMLIMH-PEIYKTa3bl, IIYTATHOH-IIEPOKCHIA3BI, S-ACHOAMHA3DI
M JIP.) M pacCMaTPUBARTCS B NOCAEAHME TO/bI Kak 21-s1 GeskoBast amu-
HOKHCIIOTA,

Henasno oTKpbIThIe 0COBEHHOCTH CHHTE3a, KOAMPOBAHMS W BKIIO-
YCHMsl CEJICHOIMCTEHHA B MOMMNCNTHANDIC Lenu 6enkos OyjiyT pac-
cMOTpeHbl B 1. 11.
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NEITHUABI

a-AMHHOKHCIOTHI TPEACTABAAIOT c000it MOHOMEpHbIE BJ10KH, M3
KOTOPBIX cTposTCes Geaku. Briepsoie 9T0 Gbi1o nokazaHo 3. Puiepom,
CUHTE3UpOBaBLIMM B Havase XX B. KOPOTKHE IMENTH/IbI, COCTOSILHE U3
HECKOIbKMX AMUHOKHCIOTHBIX ocTaTKoB. B 50-x roaax XX 8. P. Meppu-
(b paspaboTasl TEXHOJIOTHIO TBEPAO(A3ZHOro CHHTE3A NOJMNENTH-
JIOB JUISE TOJIYYEHHS TOJIHOpa3MepHbIX OEJIKOBBIX MOJICKYJl, UMEIOLIHX
B cBOeM cocTase 6ojiee COTHM aMMHOKMCIOTHBIX OCTAaTKOB. Tak Briep-
Bhic ObIT CHHTE3HPOBAH KaTAJIMTHYECKM aKTHBHBIA Genok — pubo-
Hykaeasa, coctosiias u3 124 aMMHOKHMCIOTHBIX OCTaTKOB, & 3aTeM M
npyrue QyHKIMOHATBHO aKTUBHBIC MOJIEKY/IbI GElKOB, UTO CTao ab-
COJIIOTHBIM JIOKA3aTELCTBOM TMOJUTNENTHIHONW TEOPUH MX CTPOCHHS.

Takum o6pa3oM, MOJUTIENITHAHbIE LENH OEJIKOB COCTOAT M3 amu-
HOKMCJIOTHBIX OCTATKOB, CBA3AHHBIX nenmudnsimu ceazamu. CTpyKTy-
pa MenTHIHOI cBsi3u npuBeaeHa Ha puc. 6. Ee mapameTpbl (MeXaToM-
HbIE PACCTOAHMS M BajieHTHbIe Yribl) Oburi onpenenehbl JI. [TonuH-
rom 1 P.Kopu Ha KpMCTAJUIMYECKHUX CTPYKTypax MOJIEKYJI, cojaepxka-
IIMX OZHY WIH HECKOJBKO MEeNnTHIHBIX cBsasei. Okasanock, YTo pac-
crosinmne mexay atomamu C u N (0,132 HM) MeHblle 0OBIYHOTO, TOI-
na kak cesasb C—O uMHHee, YeM B 0ObIYHBIX OPraHMYeCKHUX Coeiu-
HeHusIX (anbiaeruaax 1 KkeroHax). IToJAMHT M ero COTpYAHHKH 00BsiC-
HSIIM OTO HAIMYMEM pe30HaHca JBYX Mpeae/ibHbIX CTPYKTYP NenTHi-
HOH CBHA3H!

—Ca H —Ca
| ™~ ~ § % =f Fd
C—N_ | = C=N_ |
— ~ — ~ <
0 n (i:a— 07 Ca

TlenTHaHAS CBA3L MMEET, TaKuM 06pa3oM, YacTHYHO IBOHHOI Xa-
pakrtep M coctouT Ha 60 % n3 dopmbt (1) 1 Ha 40 % n3 dopmst (2).

B 6Genkax Hanbosee pacnpocrpaHeHa mpaxc-InenTHaHas CBsA3b, Nnpei-
CTABJICHHAS Ha pHC. 6, BpallleHWe BOKPYT KOTOPOI 3aTOPMOXEHO, M
mects atomos (C, O, N, H, a taxke C, u C;) HaxoadTcsi B OJIHOH
MIOCKOCTH, M3 YEro C/IeAYeT, YTO MOJUIENTHI MOXHO pacCMaTpUBaTh
KaK LIEMOUKY M3 CBA3AHHBIX MEXIY coB0ii TIOCKHX 3BeHbeB. [uc-nern-
THAHAS CBSA3b MEHEE pacnpocTpaHeHa W vaule Bcero obpasyeTcs npu
aToMe a30Ta NpoJHHa:

— =
E N-..H %:_N

0O

[uc-ceasn oBHapyXeHbl B psiie NIPHPOIHBIX YUKAUYEeCKUX TICTITH/IOB.
XoTs NOAUNENTHAHAS 1elb MMeeT 00bIMHO OIHY CBODONHYIO AMHHO-
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Pue. 6. Ctpoenue nentuanoil rpynmsl.

YKa3anbl MEeKATOMHBIC PACCTOSHNA, A TAKAKC THHA BOAOPOAHON CBS3M, obpazveMoii
¢ cocenneii nenTHAHON rpynmoit. Bee aToMbr BHYTPH NYHKTHPHOI PAMKH JeKaT npu-
MEpPHO B OIHOH TUIOCKOCTH

Ipynny Ha oaHOM KoHle (N-KOoHel) ¥ 0HY CBOBOIHYIO KapBOKCHITb-
HYIO Tpyniny Ha apyrom Konie (C-KoHell), MHOra 3TH TPYIIbl CBsi-
3bIBAIOTCS OJIHA C JIPYTOM, YTO M MPUBOANT K 0OPA30BAHHIO LIMKIH-
Jeckoro nenruaa. Linkimueckoe crpoenne MMEIOT, B 4aCTHOCTH, NPH-
POJIHBIC NMENTUIHbIC AHTHOMOTHKM TPAMHUIIMAMH S M LIMKIOCTIOPHH.
ITH W HEKOTOPBIE JIPYrHe HMKIONEIITHAB CHHTE3UPYIOTCS MUKPOOP-
FaHU3MaMH 110 0COOOMY HEMATPHYHOMY MYJALTHIH3HMHOMY Mexa-
HU3MY U COIEPKAT B CBOEM COCTABE HEKAHOHMYECKHME AMHHOKHCIOThHI
(N-MeTHINpOBAHHBIE AMMHOKHCIOTHBIE OCTATKM, D-M30Mepbl amu-
HOKHCIIOT M 21p.). D-ananut HenasHO BISIBJIEH M B cocTaBe depmopghu-
106 — JIMHEHHBIX ONMMOMIAHBIX NMENTHIOB, BbIIEICHHBIX M3 KOXH 10X~
HOAMEPHKAHCKUX JisAryuiek pona Phyllomedusa, v koTopbix oH Haxo-
autes B nocienosarensHoct: Tyr-D-Ala-Phe-Gly-Tyr-Pro-Ser-amu.
B cocrase nepmopdunon D-Ala oGpasyercs u3 L-Ala yke nocie cunre-
3a NeNTHIa B pe3yjibTaTe AeHcTBUS 0c000ro (hepMEeHTA «IeNTHAN30ME-
pasbl», KOTOPBII BBISIBJICH TAKXKE B s/1¢ BOPOHKOBBIX IMAYKOB. D10T (hep-
MEHT CIIoco0OeH KaTaiu3upoBarhb npespamieHue L — D-Ala B coctase
MENTHIOR.

Muorne npuposHble MenTHab BO3HMKAIOT n3 Goee KpyrnHbix 6ei-
KOB-TIPE/IIIECTBEHHUKOB B PE3YJILTATE 02PAHUYEHHO20 NPOMEOAU3A TION
JIeHCTBHEM (DEPMEHTOB NpOTEHHA3, Pa3pyHIAIONIMX NENTHAHBIC CBA3N
MCKIY ONPEACACHHBIMM AMUHOKHMCIOTHBIMH OCTATKAMM, TEM CaMbIM
BLICBOOOXK/as (PU3HONOTHYECKH aKTHBHBIC enTu/bl. Takum obpasom,
HanpuMmep, M3 cocrtaBa Oejka-npesulecTBeHHHKA (IHm0phHHA) BbI-
CBODOKIAIOTCS NMENTHABI-AHANBICTUKN JHKedaunbl, OTHOCSIINECS K
OTNMMOMIHBIM TTENTHAAM:
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IMporennasa

. L]
-Arg-Arg-Tyr-Cly-Gly-Phe-Leu-Arg-Arg-

f L'—‘Ileii—m[xed)wmn——l

KapGokcnnenriaasa

benok-npeamecTseHHUK
(anpophun)

U3 Genka-ripe/ilieCTBeHHUKA MOTYT OJHOBPEMCHHO BbIPE3aThCs

100 HECKOJBKO MOJIEKYJT OJIHOTO M TOTO K¢ MenTuia, Jinbo Heckob-

KO PAIIMYHBIX TIO CTPYKTYpe M 00JaNalonmx pasnuaHbiMu (husmoso-
rnueckumu a¢exramu nentuios. Hanpumep, B coctase B-aunopdu-
1a obHapyxeH HaGop NMenTHIOB, NMOJYYMBLINI Ha3BaHHE NPONHOME-

nanokoprun (IMTOMK), B coctaB KOTOPOro NOMHMO dHKe]aIHHA BXO-
JIAT BBIPE3aEMbIC COOTBETCTBYIOLUIMMU IIPOTEHHA3AMM TPH TTCTITHAHBIX

ropMoHa: MejaaHouurcrumyaupyiounii ropmon (MCT), anperokop-
rnkorpontelii ropmod (AKTI) u simnorponun. Takum obpasom, u3
oaHOoTO OeKa-npeecTBeHHNKAa 00pasyeTcst Heblil «IaKeT» MenTH-
108, MOAHGUIMPYIOLMIT 0OOMEH BEIIECTB B OPraHM3Me B CTPECCOBRIX
curyaumsx. Kak cieayer U3 BbILIECKA3aHHOTO, MHOTHE ITPUPOHBIE TTeTI-
TH/BI BBIMOJHAIOT onpeaencHHbie dusnonornueckue Gynkumu. s
HEKOTOPBIX 3 HMX XapakTepHa MOJIMMOJATLHOCTh — CIOCOOHOCTD BN~
4Th Ha MHOTHE Ipouecchl B opranusme. Tak, Terpanentii TapuuH
(Tre-Lys-Pro-Arg) sBisieTcst OJHOBPEMEHHO M MMMYHOCTHMYJISITOPOM,
i nicsxocTumyaaTopom; TpunenTna ryratnon (y-Glu-Cys-Gly) noa-
/IePKHBAET BOCCTAHOBJIEHHYIO (hOopMmYy Kele3a (Fe*) B remornobuue n
VUACTBYET B MEPEHOCE aMHHOKMCIIOT Yepe3 MeMOpaHHbIe CTPYKTYPbI B
wietke, P nenTuios, BeipabaThiBaeMbIX B MO3re, CriocOOHBI YIpaB-
A49Th IMOLMAMMU M MMOBEICHUEM (IICHXOTPOITHbBIE MENTHIIBI).

U3yuenne CTPYKTYPbI NMPUPOAHBIX MENTHIOB TOMOTAET CO3/1aBaTh
MX CHHTETMHECKME aHaioru, obsajalonme MOUIHLIM (U3HOI0oTHYE-
ckum addekrom. Hanpumep, Obulo nokasano, 4to OHONOTHUYECKHI
9beKT WIPEHOKOPTHKOTPOMHOTO rOPMOHA (TOPMOH TIENTHAHOMN MPH-
PO/Ibl, COAEPXKHUT 39 aMHHOKMCIOTHBIX OCTATKOB, CHHTE3MpYETCH B
runoguse, peryaupyer GYHKINIO KOPbI HAIIOYECUYHUKOB) 00yCI0B-
feH HanmuueM nentuaHoro gparmenTa: -Met-Glu-His-Phe-Arg-Trp-
Gly-. B Poccuu HesaBHO Obll CHHTE3MPOBAH NENTHIL, CNIOCOOHBIN CTH-
MYJIMPOBATH MAMSTh M, YTO HEMATOBAXHO, 00JaNaloUMi MOBBILICH-
HOIl 110 CPABHEHHUIO C NPUPOJHBIM TOPMOHOM YCTOHYHBOCTBIO K MPO-
teonuTnueckuym pepmenTam Oiaroaaps leleHaNpaBIeHHOMY BBejle-
HHIO B ero coctaB octaTkos nponnna: Met-Glu-His-Phe-Pro-Gly-Pro.
JlexkapeTBeHHBII TIPENapaT JaHHOTO TENTANENTHIA — «CEMaKe» — CI10-
cOOCTBYET JIEYEHUIO PACCTPOICTB MaMATH 110C/Ie MHCYILTOB U eper-
HOMO3TOBBIX TPABM, NOMOTaeT TIPH MUTPEHSIX U BOCHAJIEHMAX TPOi-
HUYHOIO M JIMLIEBOTO HEPBOB.

OTMmeyeHHAs BbILIE MOJHMOAAIBLHOCTE (1oAn(YHKIIMOHAIBHOCTD)
NENTHIAOB, BEPOSTHO, OOBICHSIETCS MX CIIOCOOHOCTHIO CBA3LIBATLCS C
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Pa3TMIHBIMK peLEnTOpaMyu AMOO0 CXOACTBOM CTPYKTYPhI CAMUX pelier-
TOpPOB. B 3TOM OTHOLIEHUM OTHOCUTENBLHO HEBOBILNE, YACTO CBOCO6-
pa3Hbie 10 AMMHOKHMCIOTHOMY COCTABY NPUPOAHbBIC NMENTH/IBI CYIlle-
CTBEHHO OTJIMYAIOTCH OT CBOMX Oosiee KPYITHBIX «CcoOpaTheB» — cob-
CTBEHHO DEJIKOB, WIH MPOTEMHOB (OT Ipey. «POTOC» — MEPBHYUHBILT),
Y KOTOPBIX BBIPAXKEHO COOTBETCTBHE MEK/LY 1OCIIEI0BATEILHOCTLIO pac-
MOJIOKEHUS aMMWHOKHCIOTHBIX OCTATKOB B MOJHUIENTHIHON LEenu M
OMNpeAe/IeHHOH NPOCTPAHCTBEHHOM CTPYKTYPOi Moneky/ibl. Hecmorpsi
Ha TO YTO HEKOTOPLIE NMENTH/IbI CNOCOOHBI MPUHHUMATE OIPEIEJICHHYIO
KoH(popManmio, yI1o0HYIO LISl B3aUMOJAECHCTBHSA C PELIENITOPAMH, TOMb-
KO Desiku cnocobHbl (POPMUPOBATL M YACPKHBATDH CIOXKHBIE IPOCTPAH-
CTBEHHBIE CTPYKTYPHI, JUIsi 06pa3oBaHUsi KOTOPLIX HEOOXOMMBI J10C-
TATOMHO NPOTSKEHHBIE MOJHUMENTHAHBIC Lienn. HIKHUM npeietbHbiM
pasMepoMm Juisl OGeJIKOB CUMTaeTCsl MOJMNMENTHAHAS 1EMb, COCTOS AN
13 50 aMMHOKMCIOTHBIX ocTaTkoB. K Takum GesikaM OoTHOCSTCS, B Ya-
CTHOCTH, (DAKTOpP pOCTa SMUTENNSA, MHCYIMH M OeIKn 000J04KH psiia
Gakrepuodaros. Yaie Bcero 6enku umeroT B csoem cocrase 100 —400
AMMHOKHUCJIOTHBIX OCTATKOB, 00pasyiolIuX B MPOCTPAHCTBE Orpejie-
JIEHHYIO TPEXMEPHYIO CTPYKTYPY.

CTPYKTYPHASA OPTAHM3AIIUA BEJIKOB

B 1959 r. narckmit 6uoxumux K. JInnzeperpem-Jlanr npeuioxkun pas-
JIMYATL 4embipe ypoeHs CTPYKTYPHON oprann3aiiuu 6eIKoB: nepeuinyio,
GMOPUYHYIO, MPEMUUHYVIO W HEeMBEPMUYMHYIO CIPYKMYPbl, KOTOpbie 060-
3HAYAIOT COOTBETCTBEHHO AMUHOKHCIOTHYIO MOCIEI0BATEILHOCTD, VITO-
PS/IOYEHHOE CTPOEHHE OCHOBHOM LIEMN MOMMNENTHIA, TPEXMEPHYIO
CTPYKTYpY Gesika U cTPYKTYPhI OEJIKOBBIX arperatoB. Jra Kiaccuduka-
1ust rocnoncrsosaia 1o Havana 80-x rogo XX B., korga [, Ulyiasi n

Arperar

(yerBepTHYHASN
CTpyKTYpa) .

* e M
no6ynspusiit Genok X
(TDETH‘[HM*C'I‘pYKTYpﬂ) / \

Homen . .
Cseg;my%rp;r};;ﬂaﬂ ./.7 ‘\.\.
st N X

- VY VY.V.VY

rocaeIoRa L s R i SR S e R i P e i S S
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P. [LInpMep C Y4eTOM HOBBIX AAHHBIX O CTPYKTYPHBIX OCOOEHHOCTSIX Gen-
KOB NPEUTOXWIN JOIOJHUTD €€ elle ABYMs YPOBHAMM OpraHu3alum:
CGePXEMOPUHHBIMU CINPYKMYpPaMu W domenamu. B ntore CJI0XMIOCH Mpea-
CTABJICHME O Wecmu YpoeHAx CTPYKTYPHOIT opraHu3aluu OejikKoB ¢ or-
pe/lesieHHOI nepapxueit, Buipaxennoii Hlyrsiiem n LlInpmepomM B BHIE
cxembl (eMm. c. 30).

Kak BMAHO M3 CXeMbl, B OCHOBE CTPYKTYPHOIT opranmsanmuu Gei-
KOB JEXKWT OrNpeeeHHasi TeHeTHIECKH JIETePMUHHPOBAHHAS aMUHO-
KICIOTHAS MOCAEA0BATEIBHOCTD MOIUMENTHIHON Lenu (nepeuiHas
CTPYKTYpa), KOTOpasl OlpesieiisieT Bce Noceyloume 6oiee BbICOKne
YPOBHH OpraHU3aLmm.

[Tox mepBMYHOl CTPYKTYpOii HeIKa MOHMMAIOT TOPSUIOK HepenoBa-
11S AMIHOKMC/IOTHBIX OCTATKOB B MOAMMENTHIHON 1enu Oenka. Ora
CTPYKTYPA, JOCTATOYHO XECTKO 3alporpaMMHpOBaHHasA B OIPCIC/ICH-
1Ot HYKJICOTHIHOI 1OC/Ie/I0BaTENbHOCTH COOTBETCTBYIOIINX CTPYKTYP-
nwix renos JHK, nmepenuceiBaercst (mpanckpubupyemcsi) B KOMII-
JeMeHTApHBIE HyKJIeoTHaHble rocaenosarenbHocth MPHK, xotophie
cIyKaT MaTpULaMy juiss GHOCHHTE3a NOJMNENTHAHBIX HEnel B 1po-
llecce JEKOAMpPOBaHMS (mpancasyuu) reHeTHIecKoil nnpopManum B
pnbocoMHOM cucTeMe KiIeTKH. TeM He MeHee nepBuiuHas CTPYKTypa
3pesioro (hyHKUMOHAIBHO aKTHBHOTO Geika He BCerla COOTBETCTBYET
crpykrype MPHK, 410 CBA3aHO ¢ BO3MOXHOCTAMH PENpOrpaMmMHupo-
pAHMS B Xone TpaHceasuuu (cm. 1. 11), a Takxke ¢ npoieccamu nocr-
TPAHCASUMOHHON MOIM(UKALIMNA CHHTE3UPOBAHHBIX Ha pHbOCOMaX 110~
JNMENTUAHBIX Lenei.

BHyLIMTEIbHbIE Pa3sMepbl MOJINMENTHAHBIX Leneii GelkoB, KOTo-
pbie MOFYT BKJIIOYATh HECKONbKO ThICAY AMMHOKHCIOTHBLIX OCTATKOB
(1enb THpeoriobyanHa coctouT u3 2750 aMHHOKHMCIOTHBIX OCTATKOB,
A LICIH OTAEJBHBIX TPAHCMEeMOpPaHHbBIX O€JIKOB-PELENTOPOB COACPXKAT
10 5000 aMMHOKHCIOTHBIX OCTATKOB), OCIOXHSIOT pacliM(poBKy UX
NepBUUHOI CTPYKTYPBLI. JL1st paciuinpoBKH MCIOJIb3YIOTCA CriCinab-
HBblE METO/bI, C KOTOPLIMH CBSI3aH NPOrpecc B M3yYEHNN MOJIEKYJIApP-
1oil 6ruonornm Geakossix e, [eppoii yaanocs paciundpoBaTh aMHHO-
KHCIOTHYIO TocaenopateabHocTs urcyauna (P. Canrep, 1953). OHa
cocTonT 13 51 aMMHOKMCJIOTHOTO OCTaTKa M OPraHu30BaHa B BHIE
ABYX MOJAMMENTHIHBIX Heneii (uerb A — 21 octatok u uens B — 30
OCTATKOB), KOBAEHTHO CBA3AHHBIX MEX]y co00it 1ByMs aMcyibgui-
HBIMM MOCTHKAMU (pHc. 7). DT1a umTeabHas paboTa, Ha3blBacMas HHOIZA
«pYMHBIM CEKBEHMpOBaHMEM» (OT aHII. sequence — TOC/IEAOBATEIb-
HOCTH, COMeTaHMe), Obu1a BHINONIHEHA AMHUTPODTOPOCH30IbHBIM Me-
ronom @. Canrepa (JIHD-meTo), € OMOLIBIO KOTOPOTo no3aHee Obuin
pacindpoBaHbl NEPBHYHBIE CTPYKTYPBI acniapTaTaMMHOTpaHChepasbl
(10.A.Opunnnukos, A.E.Bpaynwireiin, 1971) n eme HeCKOAbKHMX
KPYMHBIX MOJIMNEITIIOB. AHAIH3 aMHHOKHC/IOTHBIX 1OC/IEA0BATE b=
jocTeit GEJIKOB Pe3KO yeKopuics rocie BHeapenns merona I1. Duma-
Ha (cM. HMXKE) M CcO3laHud aBTOMaTHUYECKHMX npubopoB (cekBeHaTO-
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1 Gly | Phe POB), KOTOpBIE MO3BOJISIOT B ABTO-
fle VhI MATHYCCKOM PEXHME OCYLIECTBIIATH

| | cekBeHMpoBaHue (parMeHToB IO~
Val Af'“ JIMIENTHIHBIX LIETeil UTHHOM B He-
Glu Gln CKOJBKO aecsaTkoB (10 50) amuHo-

5Gln 5 His KHMCITOTHBIX OCTATKOB. OJIHAKO J1axe

S— Lu MCTIO/IB30BAHHE CEKBEHATOPORB Tpe-
Crs—S—S— e OyeT 3HaYMTELHOTO BPEMEHH JUIs

“ ornpe/eeHus NMepBHYHON CTPYKTY-

TFI GIIY Pbl KPYIHBIX GEJIKOB, KOTOpLIE He-

Ser Ser PEJIKO COCTOST M3 HECKOIbKMX I10-

Iltc 10 Hlis JUNENTHAHBIX Hemneil. B aTtom ciy-
S—c Ly yae BHayajie TpeGyeTcsl yCTAaHOBUTD
f’s i YMCJIO 1ETIEH, 3aTEM Pa3ie/MTh 3TH

Sor s Lenu, pacuienuTh UX HA OTHOCH-
Leu Gllu TeJIbHO KOPOTKHE (hparMeHThl,

r Ala NPUTOJHBIE Ul ABTOMATHYECKOTO

15 Gln 15 Ll_u Thr3o CEKBEHMpOBaHMs 110 metoay I1. In-

MaHa, OMpEaeanTh UX CTPYKTYPY M
TOJILKO TOT/IA COCTABUTD MPEICTaB-
JIEHHUE O LEJOCTHOI AMMHOKHCIIOT-
HOM NMOCJIe10BATEILHOCTH GeJiKa.
Bce ati onepaumu tpedyior crie-

|
TI /S“—‘ Crs T
_ HMATBHBIX METO/I0B.
0G5 v Gﬁ i MparMeHTAIMIO M30IHPOBAH-
A Gl Phe  HBIX nOAMNENTHAHBIX Lenel npo-
Arg—-Gly BOJISIT € MCTIONIB30BaHuEM (hepMeH-

TOB: TpUICHHA (M30MpPATENILHO THjL-
POJIM3VET MenTHIHbIE CBSI3H, 06pa-
ITokazana nocnenoBaTeNbHOCTh pacnoio- 30BaHHbIE Kapﬁch”ﬂbH hIMH l‘p}fl'h
KEHHS AMUHOKHCIOTHRIX ocTaTkon a- 11aMH Arg u Lys), XMMOTpHIICHHA
yunas ¢ N-KOHUIOB ABVX MOJHIENTHI- (I"HII]JO.TIH3}’CT NMEenTHiaHbIC CBA3H,
HBIX LETei, a TAKKe pacrnonokenns - obpasoBaHHbie KapOOKCHABHBIMHK
cyabQIIBIX CBsI3ei rpynnamu Phe, Tyr, Trp, Leu),
TEePMOJIM3HHA (pacliernisier rner-
THIHBIC CBsA3M, oOpasoBaHHble amuHorpynnamu Leu, Phe, Tyr, Val u
[le) u psina cretnduuecKuxX 3HAONPOTEHHAZ, PACTIO3HAIONINX OCTAT-
KM OIpejie/IeHHbIX aMUHOKHCIOT M PACHICTUISIIONINX TTeNTHIHbIE CBfA-
3u, 00pazoBaHHbIe HX KAPOOKCHIBHBIMM TPYMNAMU (2HIONPOTEHHAIDI
Glu — C, Lys — C u Arg — C).

M3 xumMuuyeckux MeTo10B (hparMeHTallMK TIOJUIENTH/IOB Yallle BCero
HCTOJBL3YIOT 00paboTKy OPOMIUMAHOM, KOTOPbII pacLleruiseT menTui-
Hble CBs3M, 0OpPA30BAHHbBIC OCTATKAMM MeTHOHMHA. Pasnenenue nen-
THIOB, MOJYYEHHBIX 11oc/ie parMeHTalMH MOAUNENTHAHLIX Lienei o1-
HUM M3 BhILIETEpeunC/IeHHBIX COCOG0B, Hallle BCero NpoBOIAT METO-
10M BeicoKo3(dekTHBHOI XuakocTHoi xpomartorpacun (HPLC).
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Puc. 7. Tlepsuunas cTpykrypa
HHCYIHHA.

Memod 20mana, MCHONB3YEMBIH U1 aBTOMATHYECKOTO CEKBCHM-
POBAHMS MOJYYEHHBIX MENTHAHBIX PArMEHTOB, OCHOBAH Ha C/IEAyIo-
IIUX peakuMsx (YnpoleHHo):

CgH;=N=C=S§ + Hl?l—-(FH—CO—NH—(TIH—CO...'[CH—COOH S5

PeHLINIOTHOLHAHAT H R] R3 Rﬂ
j
CF;COOH
—= CH=N-C-N H—(I:H—cofN H-CH-CO...CH-COOH — -
H R, R, R,
@enwrrnokapbamuanenTua
CeHs S
TN
g 0¢C\C,HNH - H:N—(IIH-CO...(llH-COOH
| R, Ry
R,

Qe HIUTTHOMANHTORH Menmia, ykopouennut it Ha oann

AMHHOKHCIOTHEIE OCTATOK

[ToBTOpEeHHE LMKJIOB 3TUX PEAKIHI MO3BOJSIET MOCAEN0BATENLHO
1oay4aTh (heHUJATHOTHAAHTOMHOBbIE MPOH3BOIHBLIE AMUHOKHCIOT HA-
ynHag ¢ N-KOHIA aHATU3MPYEMOTO MENTHAA. DTH NMPOH3IBOLHLIC 3a-
TeM WICHTH(HUIMPYIOT METOJIOM TOHKOCJIOIHOM XpoMarorpaduu mbdo
BLICOKOA(DEKTHBHOM XKUAKOCTHON Xpomartorpadmeit, Kpome Boiie-
OTMEUEHHBIX METOJIOB JUIS ONPEAeIeHHs TIEPBHYHON CTPYKTYPHI Gell-
KOB HCTIONB3YIOT TAKXKE Macc-CHeKTPOMETPHIO, JTA3EPHYIO PEHTIeHO-
ckonuio 1 ap. OIHaKO UMEHHO METONOM DaMaHa ornpeaeaeHo 60b-
LIIMHCTBO BbISICHEHHBIX MEPBUYHBIX CTPYKTYP OEIKOB.

Jlaxe camble nporpeccHBHbIC METO/ILI OENIKOBOro (NpsAMOro) cex-
BCHUPOBAHUs TPEOYIOT NOJyYeHUs! 3HAYUTEILHBIX (Yallle BCero Mui-
JIMTPAMMOBBIX) KOJIMYECTB FOMOTEHHBIX TIpenaparoB OelKoB, nojyye-
HUE KOTOPLIX, 0COOEHHO B OTHOLIEHUH MUHOPHBIX OJIKOB, conepxa-
LIMXCS B KJIETKAX B HUUTOXHO MaJIOM KOJIMYECTBE, CONPSIKEHO ¢ JUIH-
TEAbLHBIMM TPYJIOEMKHMH NPOLIEAYPAMH MX BBIIEICHHUS U OUMCTKH OT
npumecH apyrux benkos. IToaromy juist onpeneaeHns NePBHUHON CTPYK-
Typhl OEJIKOB BCe valle MCHONb3YIOT AaHAJIM3 HYKJICOTHIIHON 1ocieno-
satenbHocTH KIAHK, npumeHsist cooTBeTcTBYIONIHE MEmMoOdbl 2enemu-
yeck ol unxcerepuu (cMm. 1. 14), uto 3aHUMaeT 3HAYHTEIHLHO MEHbILE
BpeMeHH. Y3HAR HYKJIEOTHIHYIO nocieaoBatenbHocth KIHK win co-
OTBETCTBYIOLLYIO IociaenoareabHocTs MPHK, MoXHO, yuuThIBasi oco-
OeHHOCTH 2enemuyeckoeo koda (cM. ri. 11), onpeaennts AMUHOKHCIOT-
HYI0 MOC/IeI0BaTeIbHOCTL KOAMPYEMOro UMK Oenka (He uMes mpena-
para Genka'). OnHAKO 3TOT NOAXON HE NMO3BOSET BHIABUTL NOCTTPAHC-
JAUMOHHBIe Mo ukaunm 6enka, U Takoe (KOCBEHHOE) CeKBEHHPO-
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BaHHE HEeJbL3d cuuTaTh McuepnbsiBaroum. [ToaTtoMy MeTonbl pAMoOro
CeKBEHMPOBaHMA HAa OCHOBE aHA/IN3a OCJIKOBBIX NpEnapaTros He yTpa-
THIM cBoero 3HaueHusi. MurencuBHas pabota B 3TOM HanpapieHUH
MMEeT KakK Hay4yHoe, TaK M INpakTHYeCcKOoe 3HAYCHUE,

ConocrapieHHe NEPBHYHBbIX CTPYKTVP HOPMAJILHBIX H AaHOMAbHBIX
OCAKOB TMO3BOJNACT PACKPBITE OCHOBBLI NMAaTOJOTHYECKHX TPOLIECCOB,
BKJIIOYAs] HIMPOKO PACNPOCTPAHEHHbBIE FTEeHETUYECKH JIETEPMHUHUPOBAH-
Hble 3a0oaeBanmng. MMeHHO 3TOT MOJIXO0/L BLISABUI [IPUYHUHY CEPIIOBU/L-
HO-KJICTOUHOI aHEMHUM — PacipocTpaHeHHOIl 601e3HU KPOBU, KOTO-
pasi BO3HUKAET U3-3a TOUYCUHONH MYTALIMK TCHA, KOIUPYIOLIETO 110ce-
JIOBATEILHOCTh B-1eny reMorno01MHa. 3aMeHa 0/IHOro-eIMHCTBEHHOIO
ocrarka Glu B HopManbHOM remorsiobuse tTuna A Ha ocratok Val npu-
BOIUT K NMOARICHUIO AHOMAJIBHOTO remoriodnHa tuna S, He cnocod-
HOTO B JIOCTATOYHOIH MEPE CBA3BIBATH KHCJIOPO/L, YTO IPHBOJIUT K pa3-
BUTHIO KHCJIOPOAHOI HEMOCTATOYHOCTH B TKAHAX 4esloBeKa, Habaio-
JlaeMoif 1Ipu 9ToM 3abojieBaHNH.

BrisigieHue ¢cTpyKTYPHOro 1oaoomst (roMo10ruu rnepBuYHLIX CTPYK-
TYp) OCJNKOB JICKHUT B OCHOBE M3YHEHHSI MOJCKYJISAPHOH 3BOJIOIIHMH
OelIKOB, & JICH/IPOIPaMMbl, [TOCTPOCHHbIC HA OCHOBE MEPBHYHBIX CTPYK-
TVp OCAKOB, HIMPOKO NMPUMEHSIIOTCS JUlSl BbIsSIBAEHHUS (DUIOreHeTH e
CKHMX CBSI3eH pasinyHBIX TPYII OPraHU3MOB. YUUTBIBAst OTPOMHYIO MH-
opMarnio, HAKOMICHHYI0O B OTHOUIEHHM aMUHOKHCIOTHBIX I1OCIe-
poparensHocTeil 6enkos (kK kouuy 1997 r. KpynHeiime MeA1yHapo1-
Hble KOMITBIOTEpHbIE DAHKH JJAHHBIX COAEPKAIN CBEJICHHS O TIEPBUY-
Hoit crpykrype 100 000 GesikoB), Takue MOCTPOEHMS IIOMOTaloOT C Bbi-
COKOMH CTENEeHbBIO JOCTOBEPHOCTH CYANTL O MPOLEccax MOJIEKYIAPHOM
IBOJTIOLMM, OTCTOSLIIMX OT HALLIErO BPeMEHHU HA COTHH MWJUTHOHOB JIET
Hazajl. JlaHHble uccaenoBaHus MO3BOJAMIN, B HACTHOCTH, YCTAHOBUTD,
YTO HENKH IBOTOIMOHUPYIOT € Pa3HBIMU cKOpocTsiMu. OueHb KOHeep-
BATHBHBIMH B 3BOJIIOLIMHN OKa3bIBAIOTCH BO3ZHHUKILINE HA CAMbBIX PAHHHX
CTYMEHSAX 3BOJIOIIMM MAKPOMOJIEKYJl THCTOHBI — Oesku, obecrieumnsa-
jote kKomnakrhyio yioaaky IHK B cocrase xpomatuna (cM. 1. 9).
OHu NMPUCYTCTBYIOT B SUIPAX MOAABISIONIETO OONBLUIHHCTBA XHBBIX Opra-
HU3MOB M TOJIEPXKHUBAIOT CTAOMIBLHOCTD (hyHAAMEHTAIbHBIX MOJIEKY-
JSIPHO-TCHETUYECKHUX MEXaHN3MOB XPAHEHHUA M BOCTIPOU3BEACHUS Ha-
caencrBeHHOM uudopmainu. bosee nameHunBbl GeJIKH, BCTPEYaIOLIN~
ecs y onpeiesieHHbIX BUAOB (LIUTOXPOMbI, TJIOOUHBI XKHUBOTHBIX M JIP.).
Dti Genkn Haubonee HacTo MCIOAbL3YIOT KaK MOJACIH JUIS M3YUCHMS
MOJIEKYJIAPHOM 3BOMIOLMK. CXOICTBO MM pasiiMuHE NMEPBUYHBIX CTPYK-
TYP MCNOAB3YIOTCSI JUTS TIOCTPOCHHSI MOJICKYJISIPHO-(DMIOTEHETHYECKIX
«IePeBbEB» C MPUBJIEYEHUEM JUISI 3TOFO CHENHAILHO pa3paboTaHHbIX
KOMMBIOTEPHBIX NPOTrPAMM, YTO M103BOASIET YCTAHOBUTE CKOPOCTh pas-
BUTHs! OEJIKOB HA OTACTBHBIX 3TAMAX IBOJTIOUMH OPraHn4yeckoro Mupa.
Tak, B oTHOWEHWN TJIOOMHOB VCTAHOBIEHO, YTO € MAKCUMAJILHOM
CKOPOCTBIO 3TN Benku 3Bosmonnonnposanu 400— 500 min aer nasai,
B IEPHOJL BLIXOJA MO3BOHOMHBIX XXMBOTHBIX Ha cyiy. OcobeHHO CHilb-
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HO M3MEHAJIACH MePBUYHAS CTPYKTYPA TEX YUYACTKOB MX IMOJTUMIENTH/I-
HBIX LETIeH, KOTOpLIE OTBETCTBEHHbI 32 0Opa30BaAHUE YETBEPTUYHOMN
crpykTypsl. K Haubosee GpicTpo 9BOMOLMOHMPYIOIIMM GeIKaMm TpH-
nauiexar 6enkn PHK-conepxammx BUpycoB (BMPYCOB IpUMNA, BH-
pycoB uMMyHoOIe(HLINTA Yel0BeKa, OHKOTeHHbLIX Bupycos). He caeay-
¢T 3a0BIBaTh, YTO B OCHOBE 5BOJIIOLMH OEJIKOB JIEXKNUT U3MEHYUBOCTD
COOTBETCTBYIOLIUX TEHOB, (DPUKCHPOBAHHBIC HYKJIEOTHIHBIC 3aMEHBbI
(MYTaLMHK) B KOAMPYIOUIMX 001aCTAX KOTOPBIX U TIPUBOMIST K U3MEHe-
HUIO MEPBUYHOM CTPYKTYpPbI GeaKoB. BMecTe ¢ TeM ectecTBEHHOMY WK
HHIYLMPOBAHHOMY MYTallHOHHOMY IPOLIECCY B KMBOI KIIETKe I10-
CTOAHHO NPOTHBOCTOMT cucmema penapayuu (WCTIPaBIeHUs TTOBPEX-
JICHMI HYKJICOTMIOB), KOTOpasi MOILHO pa3BuTa B oTHoweHun JJHK
(em. 1. 12) n manosddextusHas B otHomerun PHK, uem, Beposit-
110, 1 00OBACHSIETCS! HEOOBIMHO BBICOKAsi CKOPOCTh M3MEHYMBOCTH GeJi-
Kos, konupyeMmbix PHK-coaepxaimmu reHomamm.

AHAIN3 NEPBUYHOMN CTPYKTYPHI CYLECTBEH JUISl BBISICHEHUS W npei-
cKasaHus GyHKUMOHANBHLIX CBOHCTB Geskos. Tak, Hanpumep, crieim-
(pryeckag rpynna 1mmMpoKo pacrnpoCcTpaHeHHBIX B npupone 6eaKoB —
MCTALIOTHOHEHHOB, CIIOCOOHBIX CBA3BIBATB BEChbMa 3HAYHTENBHOE KO-
snuectBo TsKenbix Metainos (Cd, Cu, Fe n np.), obnanaer obora-
IIEHHO#T OCTaTKAMM LIMCTEMHA AMMHOKMCIIOTHOM TOCNen0BaTeIbHOC-
I'bIO PETYJIAPHOM CTPYKTYPHI:

NH,—..— (I:H—X—(ITH—X“. ..—COOH,
g
S—Me—S

e X — moboii aMMHOKHCIIOTHBIH OCTATOK.

IlepBbiit M3 METALIOTHOHENHOB, BblIeneH b Maprosucom u Baj-
JI M3 MOYEK JIoWanM, rnpeacrasisger coboit Hebomblioit benok, co-
crostmii 13 61 aMMHOKMCIOTHOTO ocTaTKa, 20 M3 KOTOPLIX — OCTAT-
ku Cys, ciyxaime Juist CBA3bIBAHNA aTOMOB KaJIMMSI.

3nanne NepBHYHOM CTPYKTYpbl 6eKa HEOOXOAUMO ISl CO3NAHMS
MOJIenieif ero BTOPUUHOM CTPYKTYPbI M 00Jiee BLICOKMX YPOBHEH CTPYK-
TYpHOH opraHu3aunn. Paborel B 9T0it 06/1acTH B HacTosilee BpeMsi
BBITOJHSIOTCS € UCTIOIB30BAHUEM CTIELMAIBHBIX KOMITBIOTEPHBIX 1TPO-
I'PaMM, B KOTOPbIX YYMTHIBAIOTCS OINpE/IeIEHHbIC 3aKOHOMEPHOCTH
(hOPMHpPOBAaHHA NPOCTPAHCTBEHHON CTPYKTYPhI GENKOB, HAaNpsMyio
CBSA3AHHBIE C MX AMMHOKHMCIOTHBIMH 1ocienoBateibHocTamMu. Pynja-
MEHTJIbHbIE NMPEICTABACHHUS O 3aKOHOMEPHOCTSX YKJIAJIKMU B IIPOCT-
PAHCTBE NMOJMNENTHAHBIX Leneii GbuiH chOpMYIHPOBAHBI B CEpenHe
XX B. B ocHoBonosaraonmux paGorax JI. TTosmura, nocssimeHHbIX n3y-
YCHHUIO BTOPMYHON CTPYKTYPBI GEJIKOB.

Bropuynas cTpykTypa 0eiKOB — 3TO yHOPSIOUEHHOE PACTIONONKE-
HHE OTAEJbHBIX YJACTKOB OCHOBHOI 1Llenu nojunentuaa, 6e3 yuera
pacnonoxeHus OOKOBBIX Leneil (paanKajioB aMMHOKMCIOTHBIX OCTaT-
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KoB). MccnenoBanusa BTOPHYHON CTPYKTYPHI, OCHOBAHHBIC HA JaHHbIX
PEHTTeHOCTPYKTYPHOTO aHAIW3a, MoKasaim Haiuune B Oenkax pery-
JIAPHO CBEPHYTBIX M 3aKOHOMEPHO 3aKPYYEeHHBIX YYACTKOB IOJMIICI -
tuanoi uenu. JI. [Toauur u P. Kopu B 1951 r. Briepebie NoCTYIMPOBAJIN
CNIUPAIBHOE PACIOJOXKEHHE B TPOCTPAHCTBE MOJMIIENTHAHBIX LIenei,
a 3areM Cc(hopMYIMPOBUIM OCHOBHbBIE TIPHHLIMITLI MOCTPOCHUS MOJIE-
Jieit BTOPHUHBIX CTPYKTYP OEIKOB.

B COOTBETCTBMU ¢ STHMHM MpaBuiIaMu ObLIO MPETOXKEHO HECKOIb-
KO THIIOB GeJIKOBBIX CriMpaneil — o, 3y, © 1 ap. (puc. 8). JanbHeiimmii
AHAJIM3 CTPYKTYP GEIKOB MOATBEP/INII CYIIECTBOBAHUE B IIPUPOJIE 1pe-
MMVILECTBEHHO o-CITUpaieit, 4To OOBACHSETCA UX BbICOKOH cTabMIIb-
HocTblo. Crimpaan tuna 3y (MMe10T 3 AaMMHOKHUCIOTHBIX OCTaTKa B 0j1-
HOM BUTKe 1 10 aTomoB B umkKje, 00Opa3oBaHHOM BOMIOPOJIHOI CBSI-
3p10) BCTPEUAIOTCH B IPHPOJAE MCKIIOYUTEIBHO peako M obpasyior
TOJIBKO KOPOTKHE Y4acTKH. BeposiTHO, 3TO CBSI3aHO C T€M, YTO CIH-
pasib 3,y SHEpreTHYECKH HE BBITOAHA, TAK KaK B HEil BOIOPOIHbIE CBsl-
31 HE HAXOSTCHA HA OJHOM JMHMHM. DTH cnupaan obpasyioT Beero | —
2 BUTKA M BCTPEYAIOTCSI Y SIMHUYHBIX OeJIKOB: B reMOorJIobnHe Mopc-
KOW MWHOTH, a Takxe B OeJKe nmayTuHbl, U1 NepBHYHON CTPYKTYPbI
KOTOPOTO XapaKTepHO HaIMUMe KIACTEPOB AMWHOKHMCIOTHBIX OCTAT-
ko Tumna Gly-Gly-X, obpasyioumx crimpaiu aroro Tuna. Crimpaiau « B
oenkax He oOHapyxeHbl. [Tpeobnanaiowas B Gekax a-CrHpalb UMeeT
panuyc 0,23 uMm, pacctosHue Mexay BuTkamm coctapiser 0,54 Hm,
cpeiHee YUCI0 AMUHOKHCIOTHBIX OCTATKOB, MPHUXOIsIIEecs Ha OAHH

Puc. 8. Paznuunbie THINBI (CICBA HATIPABO: 3j4, o0 M ) CIIMpaieil B TIONMTIEN-
timeix uensx 6enxos (I Wyasi, P.Mupsmep, 1982). Tlosicnenns B TekcTe
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obopot, — 3,6, yroi moaxbeMa BUTKa crimpanu — 26°. B npupomaHbix
Gesikax CYHIECTBYIOT TOJIBKO MPaBO3aKpyuYeHHbIE a-CIIMPAIN, YTO CBS-
JMHO C HATMYMEM B HUX aMHHOKHCIOT L-psaa.

Bce BTOpHYHBIE CTPYKTYPbI CTAOWIM3UPOBAHBI BONOPOIHBIMH CBSI-
MM MEXILY KMCJIOPOIOM KapOOHWILHOI TPYNIbI K BOTOPOIOM HMH/I-
Hoil rpynnsl nentuanbix cesaseil: C=0...H—N. ApxurekToHmnka pac-
110JIOXKEHHUS AaTOMOB a30Ta U KAPOOHMABLHBIX TPYII B a-CITHPAIH TaKO-
B3, YTO CO3/IAET BO3MOXHOCTb Ui 00pa30BaHUS MAKCUMAILHOIO KO-
JIMYECTBAa BOAOPOIHBIX CBA3CH MEXILY STHMH IPYINIaMu, MO3TOMY CIH-
paTb OKa3bIBAETCH TMOMHOCTbIO MPOHU3AHHOM (HACBIIIIEHHOH) BOIO-
POAHBIMH CBA3AMU. B cumy 2TOro oHa MMeeT IUIOTHO YIaKOBAHHYIO
CTPYKTYPY, HE UMEIOLLYIO BHYTPEHHETO KaHAIA M HEIPOHULIAEMYIO JIaxke
U151 MOIEKYJT Bofibl (puc. 9). ITpoTsiKeHHOCTh a-CHHPATLHBIX YIACTKOB B
Oesikax pasiauyHa: B r1o0yisipHbIX 6ejkax oHa 00bIMHO He NMpeBbIlaeT
|5 aMmMHOKHCAIOTHBIX 0cTaTKOB (3—4 obopora crniupainu), a B pubpui-
JIsipHBIX OeJKax ropasjio JUlMHHee, U B Heil MoryT HabioaaTsest rnepe-
OBl (M3JI0MBI), Hallle BCEro B MeCTax pacroJIOKeHUsi OCTATKOB MPo-
JIHA, He crocoOHBIX K 00PAa30BAHMIO COOTBETCTBYIOLIMX BOJIOPO/IHBIX
cpa3ed. Hanpumep, B Geske nmayTHHbBI MJIOTHO yNAaKOBAHHAsA o-CITH-~
pasib, 0OpasoBaHHasi npeuMylecTBeHHo octatkamu Ala u Gln, uepe-
JIyeTCsl ¢ MEHEe PeryasipHbIMM (3JACTHUHBIMHK) YUACTKAMM, IJe pac-
rojaraloTes knactepbi aMuHokuenot tuna Gly-Pro-Gly. JUmnusle crep-
AHEBUIHbIE MOIUTNENTHAHbBIE LEMHU, COCTOSIME U3 HECKOIBKHX (-CITH-

) 0 — Yraepon
© — Asor
® — Bonopog
O — Kuciopoxn

1,6

IMpasosakpyueHHas
CIHpalb

Puc. 9. CxeMarnyeckoe n3obpaxeHne o-Crupain (0KasaHo pacrolokeHHe Bo-
JOpPOAHLIX cBs3eil; BokoBble rpynnb! (PaaMKaabl aMMHOKHCIOTHBIX OCTATKOB)
He ToKa3aHbl)
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paseil, obHapyXeHbl BO MHOrMX OeiKax, B 4aCTHOCTH B a-KepaTHHE,
BHYTPUKJIETOUHbIE BOJIOKHA KOTOPOro 06ecneynBaioT MpoYHOCTL KOXH.

OcobGas cnpaib BhISABIEHA B COCTaBe KojulareHa, Haubosee pac-
NPOCTPAHEHHOro BeJIKa MJIEKOMUTAIOUIMX. DTa paBo3akpyyeHHas cru-
pajb COCTOMT M3 TPEX JIEBbIX CIMPAJIEi, PACONOXKEHHBIX Mapaiielib-
HO ¥ 0Opa3syioimx cynepcnupaib. CTPYKTYPHOH elMHULICH LerneH KO-
nareHa sisasiercst Tpurer ¢ obuei dopmynoit Gly-X-Y, rae X uaue
BCETO MpecTaBieH OCTATKOM IMpojuHa, a Y — OCTATKOM OKCHIPOJIN-
Ha. Kosnaren conepxkut 33 % ramiuuHa, a Ha 0110 NPOJIUHA M OKCH-
npoinHa B cymme npuxoaurcs 21 %.

B-Cmpyxmypobt. DT BTOPUYHBIC CTPYKTYPbI, OYEHB IIUPOKO Tpe-
craBieHHble B 6eskax, 6pi1n nocrynuposanb JI. [Tonruurom u P. Kopu
1 Ha3BaHbI NAPAAACABHBIMI <NAOCKUMU» U AHMURAPAAACALHBIMU [}-CKITaJL-
YaTBIMH JIMCTAMM. DKCMEepUMCHTATBHOH MOIEDbIO Ui MX M3YUCHMs
ctan B-¢ubpoMH 1IenKa, OTKyja COOCTBEHHO M BO3HMKIJIO Ha3BaHHe

bokosas rpyna
B AMMHOKHMCIOTH

|
e TlenrmuaHan rpynmna
= 1,39 um >

Puc. 10. p-Cxunanuarbie JIHCThL:

A — anTumapaniesbHas TpexuenoveaHas B-crpykrypa; b — napaanenbias Tpexierno-

ueynast B-cTpykTypa; B — Gonee aetansioe n3obpakenue p-crod. Boaopojibie cuan

0B03HAYCHBI MYHKTHPHBIMH JTHHUSIME, Hanmpasnenne ueneil — crpeakamu, C,-aToMbl —
TOUKAMH
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[i-cTpYKTYp, NMOM0OHO TOMY KakK Ha3BaHUE o-CIHUpaib MOSBHIOCH B
CBA3KM ¢ paboTaMM MO M3YUEHMIO CTPYKTYPbI a-Kepatnia. Pubpoun
1IeJIKa COCTOUT B OCHOBHOM M3 MOBTOPSIOLUEIHCS 1OCIe10BATEILHO-
crn: -(Gly-Ser-Gly-Ala-Gly-Ala),-. B otinume ot a-crimpaiu B B-CTpyk-
TYpax BOAOPOIHBIE CBSI3M BO3ZHHKAIOT HE BHYTPH LIEITH, a MEXILY napaji-
JICJILHO MJIM AaHTHITAPALIEIBHO HAVILMMHU M COMMMKEHHBIMM YUACTKAMM
nenu (puc. 10). DTH CTPYKTYPHI He CTOAb HACHIICHBI BOAOPOAHBIMH
CBA3AMHM, KaK o-CIHUpaib, NO3TOMY B UX COCTAB MOTYT BXOJMTbL He-
CKOJIBKO YHACTKOB NMOJAMNENTHIHON Lenu. boapunHeTBO CKiatuaTbix
JINCTOB coziepKaT He Oojee HIecTH Uene, M UX CpeaHsis MpoTIxeH-
HOCTh (~ 2 HM) COOTBETCTBYET Pa3Mepy CTPYKTYPHOTO A0MEHA (CM. HIKe).
Y r100yasipHbIX OeJKOB B-CTPYKTYPBI COCTABIISIIOT ~ 135 %, XOTs MX UnCII0
MOXeET ObITh M 3HaYHTEAbHO OOJbile (HAMPHUMEDP, BO BTOPHUHOI CTPYK-
Iype HeHpaMHUHH/IA3bl — OJHOIO M3 KATAIMTHUYECKH aKTHBHLIX DEJIKOB

Puc. 11. Benku, otHocauinecs K pasanuibiM CTPYKTYPHBIM TPYIIAM B 3aBH-
CHMOCTH OT IPEACTABNTCIBLCTBA 3MEMEHTOB BTOPHYHON CTPYKTYPbI:

A — umntoxpom ¢ (rpynna a); b — WHrHGHTOp TPHMICHHA W3 coeBIX GoGoB (rpyrna f);
B — pubonykieasa (rpynna a + p); I'— anennnatemnasa (rpynna «/f)
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pupyca rpurina). Panukais aMMHOKHMCIOTHBIX OCTATKOB PACTO/OKEHb
110 pa3Hbie CTOPOHBI OT NOBEpPXHOCTH PB-ci0s (eM. puc. 10). Onu obpa-
3yIOT CBOEro poja rpebHM, B KOTOPHIX HEPEIKO COCPENOTOYMBAIOTCSA
fokosbie Lenu rHapoGo6HbIX aAMUHOKMCIOT, W TaKue [B-CTPYKTYpBbI
y4acTRYIOT B 06pa3zoBaHuu rusipooBHBIX Aaep r1o6yasapHbIX 6e1KOB.
B Genkax f-ckaaavyaThbie JIMCThI, KAK NPABUIO, HE ABAAIOTCA abCOMOT-
HO TUIOCKMMH, Yallle OHM MMEIOT JIEBYIO 3aKpYYEHHOCTb. Takoe 3akpy-
YUBAHME NPOUCXOIUT KaK B (pHOpsapHbIX (pubpoune menka), Tak
1 B r106yasipHbix (KapboaHruapase yenoneka) Genkax.

Hanuuune B Genxkax a-crimpaneit U B-cTpykryp Obu1o MOJIOKEHO B
OCHOBY CTpYKTypHOil Kiaccupukaunn Genxkos (M. Levitt, C.Chotia,
1976), B COOTBETCTBMM C KOTOPOIt pasauyaloT Genku tuna a (comep-
KAT TONBKO o-CTMpanu), Tuna f (06J1aKaioT TONbKO B-CTPYKTYPaMu),
a Taxxe 6enku o+ B W of/f. benku o + 3 couepxar a-Crnupaid 1 f-
CTPYKTYPBI, OTYETJIMBO pasjielieHHbIe B IIPOCTPAHCTBE BA0Jb Lenu. bejaku
o/p umeloT Goaee CIOKHOE CTPOEHME C NEPEMEXAIOINMHCH YYacTKa-
MM c-CriMpasicii M P-CTPYKTYp (HEUTO HANOMHHAIONIEE CAOCHBIH TH-
por win conasud). K Hanbonee M3BECTHBIM M JICTATLHO H3YYCHHbBIM
GeKaM THIIA o OTHOCSITCH MHOIMOOMH, LMTOXPOM ¢, OelloK BUpyca
tabauHoil MO3aMKM M MHCYJIMH; K OesikaM THna B — HelipaMuHMIa3a
BHpYCA IPUNNA, CYNEPOKCHUTMCMYTA3a M KOHKAHABATNH A, K GenkaMm
THINA o + P — puBOHYKJIIEa3a, JIM30LMM KYPHHOIO siila n KapboaHrui-
pasa, K TMny a/p — kapbokcunentuiaasa u Tpuosodocharusomepasa.
Ha puc. 11 npeacrasieHsl cxeMaTHiyecKue H300paxeHus TPEXMEPHBIX
CTPYKTYD 0OeIKOB € PasIHYHBIM MPEJICTAaBHTEILCTBOM BTOPUYHBIX CTPYK-
TYp. JIOCTATOuHO NPHUYUTMBOE Ha NMEPBBIH B3IJISUL PACMOI0KCHHE OT-
JIEJIbHBIX 2JIEMEHTOB BTOPHUYHONH CTPYK-
TYPbl Y MHOTHX O€JIKOB, TeM HE MeHee,
Hecer B cebe onpeaeneHHyo (hyHKIIMO-
HUTLHYIO Harpy3ky. Tlpumepom moxer
CIIVKHTD CTPYKTYpa 3esieHoro durioopec-
nmpyioiiero 6enka, y koroporo 11 p-cio-
es obGpa3yioT noablii mwmuHap (6o4o-
HOK), 3allMIIAIOLIMI PacioNoXeHHYIO
BHYTpH XpomodopHyio rpyiny (puc. 12).

Puc. 12. Cxematnueckoe n3obpaxeHue Tpex-

MEPHOIl CTPYKTYpPHI 3enenoro (puioopec-

uupyiouiero Oejika, BbINONHCHHOE € MC-

MOJAL30BAHHEM CHNEUMAILHOH KOMIBIOTEP-
HOIl mporpaMmal.

Oaunnaauars f-caoes obpasyioT noawii uu-

JUHAP, BHYTPH KOTOPOro pacnofoxena xpo-
modopuast rpynma

[ToMHUMO perysspHBIX BTOPUYHBIX CTPYKTYP B NOJMMENTHAHBIX Le-
151X OEJIKOB COAEPXKATCS 3HAUUTETIbHBIC YIACTKH HEPErysipHOil CTPYK-
Typhl, obpasylolme pazinwuHbie e 1 u3rubsl. OIUH U3 BHIOB Ta-
KOro pojia CTPYKTYP MOJAYYHJ HasBaHWue (-u3rub. D1oT ajieMeHT Ha-
Omonaerest npu obpatHoM (Ha 180°) u3MEHEHUN HATIPABACHUS MOJIM -
NCNTHAHON e ¥ CTAOMIN3UPYETCS BOJIOPOIHOMN CBSI3bIO MeXIy |-M
it 4-M 1o xoj1y Llenu aMMHOKMCIOTHBIMI ocTaTKamu. Kpome Toro, ner-
neobpasHble CTPYKTYPBlI MOTVT OTPaHUYMBATHL (DYHKIIMOHAIBHO Bak-
HBLIe YYACTKM (IOMEHBI) MOJMIENTHIHBIX LEMNCH.

HecMOTps HA TO YTO BTOpMYHAS CTPYKTYPA MOJMIENTHIHOMN LIENN
OenKoB npesonpeaesieTcs reHeTHUECKU IETEPMUHHPOBAHHOM rocie-
JIOBATEJILHOCTBIO AMUHOKHCIOTHBIX OCTATKOB, OHA HE BCEIJIA OKA3bi-
BACTCS OJHOZHAYHO OPraHU30BAHHOI. 3TO HAKIIANBIBAET OIPEAe/ICHHbIC
OrpaHNYeHUss Ha MpeicKka3aHue BTOPUYHOW cTpyKTyphl. Yamie takue
IpeackasaHust cOBIBAIOTCS B OTHOLUEHUM o-CITUPAJICH, U 3HAYHUTEIb-
HO pexe — B OTHOLIEHUH B-cTpyKTYp. HeonHO3HAYHOCTDL YKIIAJIKH OC-
TOBA TIOJWIENTHIHON Llenu MOXeT ObITh CBfA3aHa ¢ TeM, 4YTO Ha ee
(hopMHpOBaHUE BAHAIOT MEXPAIUKAIbHbIE B3aMMOACHCTBHS, BO3HM-
Kalolme npu 00pas’oBaHUM TPETHYHOI CTPYKTYpHI (M. Hiuke). [ToaTo-
MY OJIHHM H T€ Xe (pparMeHTbl HOAMNENTHIHON e B PHHIIMIIE MO-
I'VT CHYKUTB JUISL CO3/1aHUSA PA3HBIX 2JIEMEHTOB BTOPHYHOI CTPYKTYPHI.
lak, nocnenosartenbHocTh Asn-(Ala),-lle-Arg-Ser B ocodpykro-
KnHa3e uMeeT KOH(MOPMALMIO a-CIIMPAIH, 4 B TEPMOJIHM3HHE BXOJHT B
[}-cknamyaTelii cioi. 3HAUHTENIbHbIE H3MEHEHUS BTOPHYHON CTPYKTY-
PbI BO3MOXHBI M B IPeIenax OAHOH U TOH XKe MOAUNenTHIHON Lernn.
(HM BLISIBJIEHBI BO BTOPUUHOIT CTPYKTYpE npuotog — 6GENKOB, BbI3bl-
BAIOUINX TAK Ha3bIBAEMbIe MC/UICHHBIC MO3roBble MH(EKIIMU — KOpPO-
Bhe OeleHcTBo, BepTsiuKky oerl U ap. Kak mokazanm uccnenoBaHms
C. I1pysenepa, HOpMaILHBII OEJOK-TIPEAIECTBEHHUK (ITPONPHOH) CO-
NEPKUT Beero 4 % B-CTPYKTYpBI, @ €ro ayTOKaTAJIMTHYECKH nepexos
B DonesHeTsopHYIO (opmy (NMPHOH) CONMPOBOXKIAETCH CKAYKOOOpa3-
HBIM MHOTOKPATHLIM VBeJIHUEHHUEM JIOJIN -CTPYKTYP.

CaepxBTOpPHYHbIE CTPYKTYPBI ITPEICTABIAIOT CODOMH IHEPreTHUCCKN
IpearnoynTacMble ancamOGIM BTOPMUHBIX CTPYKTYP. B cooTBeTCTBHM €
[IPUHIIMITAMH KMHETUKM Takue oOpasoBaHMs, BEPOSITHO, MPEIIOYTH-
reibHbl U1t (hbopMupoBaHus (CBepTHIBAHMS) MOJMIENTHAHON LENu B
IIPOCTPAHCTBE IO MEpPe CHHTE3a, a TAKXE JUIS NPUaaHmus ctabuibHoc-
™ yXe c(hopMHPOBAHHOM NMPOCTPAHCTBEHHOM CTPYKTYpe Gejika. Dtor
VPOBEHBL OPraHU3alun CBOICTBEH Kak (PMOPMILIAPHBIM, TaK M 1106y~
asipHbiM Gesikam. B Gubpiuisipibix 6eskax ase o-crmpaiyu MoryT 6biTh
CKpYY€HBI OTHOCHUTEJILHO IIpYT [Apyra, o6pasysi aeeyiwo cynepcnupais,
Mepuo MIEHTHYHOCTH KOTOPOii cocTapisieT okoso 14 nm. Takue crnin-
pajan HaHIeHbl B a-~-KepaTuHe, TPOMOMUO3HHE U JIpYrux Deskax, uto,
OYE€BUIHO, MPHUIACT UM onpejesieHHble (PYHKUMOHAILHbIE CBOMCTBA:
MPOYHOCTb, 3JACTHYHOCTE, Cr1I0COOHOCTE K COKpauieHnio. B rmobvasp-
HbIX GEJIKax yalle NpeacTaBaeHbl CBEPXBTOPUYHbBIE CTPYKTYPBI, COslep-
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A B B

Puc. 13. TTpuMepsl CBEPXBTOPHYHBIX CTPYKTYP:

A — BEp-3seno: b — aBa NMociea0BaTeIbHO COCAMHEHHBIX yuacTka Pafi: B — sursar
(apTHnapanieabias Tpexuenoyeunas B-cTpykrypa)

Kalpe B-ckiaanuarbie JIMCThI, MEXKIY KOTOPbIMM MOTYT pacrojiararb-
cst a-crimpasin (puc. 13). Hepenko xapakTepHble CBEPXBTOPUYHbBIE CTPYK-
TYPBI COMEPXKAT B CBOEM COCTABE aTOMbl METAJLIOB, YTO, MO-BUAWMO-
My, obecrieqnBaeT MX JONMOAHHTENbHYIO cTabMiabHOCTL. K uneny no-
JIOGHBIX 00pa30BaHMIi MOXHO OTHECTH TAK HA3bIBACMBIC «IIMHKOBbIC
NAIBIBD (CBEPXBTOPUYMHBIC CTPYKTYPBI ¢ BKIIOYEHHBIMM B HHX aTOMa-
MU LIMHKA), CTPOEHHUE KOTOPBIX 3aMeuarteibHbIM 00pa3oM crocobeTByeT
B3auMoneicTBHIO oTaeabHbIX BIIoB 6enkos ¢ JIHK (em. 1. 9). Ceepx-
BTOPUYHBIE CTPVKTYPBI ONPEACJeHHOr0 BH/IA BOCIPOU3BOAATCH BO
MHorux deskax, obpasys cTpykTypHbie Gioku. Mx usyueHmne rpuseno
K BO3HMUKHOBEHMIO ITOHATHS G104HOCO RPUHLUNG CIMPYKMYPHOU 0peani-
3ayuu 6eaxos, NOJYUMUBILIETO 3aKOHOMEPHOE Pa3BUTHE B YIEHUH O Oea-
K08bIX OMEHAX.

Jlomensl. AHAJIN3 27EKTPOHHON IJIOTHOCTH MOKA3LIBAET HAJIMUME B
OeJIKax YeTKO BLIpAKEHHBIX T00YISIPHBIX obaacteil — cmpyKmyphbix
domenoe. MonekyjisipHasi Macca J1eMEeHTAPHBIX CTPYKTYPHBIX JIOMEHOB
cocTanisier okoio 20 k/la. JloMeHbl YaCTO COEAMHAIOTCH MeXay coboi
KOPOTKMMH YUACTKAMM MOJHICHITHIHON LENH, KOTOPbIE BLIMTOJHAIOT
POJIL HIAPHUPOB, 0OECIICUMBAIOLINX ONPEIEAEHHYIO TOABMAKHOCTD Y4a-
CTKOB MOJIEKY/1 GeJIKa OTHOCHTEALHO Apyr jipyra. B npenenax oaHoi
MOJUTICIITHIHOMN LIENTH MOIYT BCTPEUaTLCsl HECKObKO JJoMeHOoB, OanH
WM HECKOJIBKO CTPYKTYPHBIX IOMEHOB MOTYT 00pa30BbIBaTh (DYHKIIU-
oHaJLHBle noMmeHbl, TTocienHne HAeHTH(ULMPYIOTCH MO CBOICTBAM:
Mo CNocoOHOCTH OCYIIECTBIISATh (PEPMEHTATMBHYIO PEAKLIMIO MU NPU-
COGJIMHATL Kakoe-1ubo BeuiecTBo (KodepMeHT — B ciyyae depMeH-
TOB, AHTHUIEH — B C/yyae MMMYHOITIOOVJIMHOB M T.J1.). «AKTHBHBIN
ueHTp» (DYHKUMOHANBLHBIX JIOMEHOB, KakK [paBWiIo, PaciiojioXeH Ha
rpaHuie CTPYKTYPHBIX jJjoMeHOB. B KauecTse npumepa 6ejka ¢ J0CKo-
HAJILHO M3YYEHHOI1 IOMEHHOIT CTPYKTYpOit Ha puc. 14 npuseieHa cxe-
Ma cTpocHMs MMMYHOrIoOyIuHA. JJoMeHbl SIPKO BhipaxeHsl y (ep-
MEHTOB, HYXIAIOLIMXCH JUISL OCYIIECTBICHHS KaTaju3a B JOTMOJIHH-
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Mecto npHcoenMHeHUA aHTHTEHA

'5/5
Mecro Cr
IIPHCOCTHHEHH
KOMILICMCHTA

Puc. 14. lomennas ctpykrypa uMmyHoraodynuna G,

Moaekyna coctonT u3 asyx Tskenwix (H) u asyx nerkmx (L) uenecii, coeamHeHHBIX
jeyvasphuanbiMu MocTHKamMH. Jlomennl obo3navenst B Buae kpyros: Cy n Cp — Kon-
CTANTHBIC TOMEHBI TAXEIBIX H JIETKHX Lernei cooTBeTcTBeHHO; Vi n Vi — Bapnabens-
Hbie JOMeHBL. MeXIoMeHHBIe YUACTKH TSKETBIX Heneil obaataioT onpeaeneHnoil noa-
BHAHOCTBIO: B 001aCTH JABYX AHCYIL(HIHBIX MOCTHKOB, COSAMHSIIOUIMX TSAXKEbIe LIenH,
PACTIONOXKEH TAK HA3KIBAEMBIIT 1IAPHMPHEIT YMACTOK, COOBIIAIOLINIT MOABHKHOCTE YMACT-
kam Fab («nankams) ummynoraobyanna. BapuabeiabHbie foMeHbl 06pa3yiorT yHKIH-
OHATBHBI TOMeH, HeoDXOAMMBII 1S CBA3LIBAHMS AHTHIEHA. YITICBOAHBIE KOMIO-
HEHTBI MOJEKYJLI He TOKa3aibl

reIbHBIX BenecTsax HeOesKoBoi npupojsl (KodepMeHTax MM npo-
CTeTUYECKUX TPYNIax, HOHAX MEeTAIJIOB), NMPHCOEJAMHEHNWE KOTOPBIX
OCYUIECTBIISIETCS B COOTBETCTBYIOIIMX JloMeHax. Takue kogepmenmees-
ibl6aiouyue JoMeHbl BbISIBJIEHBl B COCTABE MHOTHX (DEPMEHTOB, KaTaiu-
SMPYIOLIMX OKUC/IMTEIbHO-BOCCTAHOBUTENIbHBIE peakiinu. Ha puc. 15
1300paxeHa NMPOCTPAHCTBEHHAs CTPYKTYPA AllbAerHAOKCUIOPEyKTa-
3bl: KO()EPMEHTCBS3bIBAIOLLMIT IOMEH UMEETCSI B KaXK/I0H M3 JIBYX MJICH-
TUYHBIX NOJUNENTUAHBIX Lienei (cybbeantuil) a3Toro depmenTa.

KodepmeHTecBsA3bIBAIOLIME JOMEHDI OKa3bIBAIOTCS JOCTATOMHO KOH-
CCPBATUBHLIMH B 2BOJIIOLIMM, U B LIEJIOM CTPYKTYPHBIE JIOMEHBI OJIHO-
ro IJIaHa CTPOEHMS BCTPEYAIOTCS Y MHOTMX (DYHKIMOHAIBHO pasiny-
HbIX O€IKOB. DTO OTHOCHTCS, B YACTHOCTH, K CTPYKTYPHBIM JIOMEHAM
uMMyHorno0ynuHoB, NAD-CBA3bIBaIOIIMM JOMEHAM JErHAPOreHas u
JApyrux epMeHTOB, Hanpumep tpuosodocharusomepase U nNupysar-
knHase. [TpucyTcTBHe CXOAHBIX JIOMEHOB Y pa3sHbIX OEJIKOB JIEI/Io B OC-
HOBY IpEJICTaBJICHUIT 0 MOAYJILHOM (IIOMEHHOM) NMPUHIIUIE OpraHu-
saumu 6enkos. [To3aHee cTano OUEBHAHBIM, YTO MATPHIIAMM JUIS CHH-
Te3a TAKMX CTPYKTYPHO ITOAOGHBIX (HO HE MIEHTHUYHBIX) OEJIKOB MOTYT
CIIYKHTh 0coOBIM 06pazom npoueccupoBarHbie MPHK, BosHuKaomme
B pe3yabTaTe albTepPHATHBHOIO cruiaiicuura (cm. . 10).
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Puc. 15. Cxematnueckoe M300pakeHHE MOJCKY/Ibl AJBACIMIOKCHIOPEAYKTAbL.

Monekyaa atoro depmenTa npeacTapigeT coboil AMMep, cocToRMIE U3 IBYX CHMMET-
PUYHO PACTIONOKCHHBIX MISHTHYHBIX MOAMMENTHAHKX Heneil (roMoanmep): A — ob-
LM MIaH CTPOCHWS MOJICKY/IbI, B KAXKI0H M3 MOIUNenTHANBIX neneii (cybneannmi)
KOTOPOIH MMEETCH MECKOABKO JIOMCHOB, 00pasoBAHHBIX ONpPEIeAeHHBIMH YHACTKAMM
a-cnupaneit n f-ctpyktyp. B nentpe xkuphoii Toukoit obozHavyena ock cuMMeTpin. Mo-
JeKyabl KohepmeHTOR M300pakeHbl B BUAE MEPHBIX IHAPO-CTCPAHEBBIX Moaeneii,
pacnoioAKeHHLIX BOAW3IN LCHTPAa Kaxuiol cyObeanHuusl; b — oana w3 cyOnennnul,
COCTOsAIIAS M3 Tpex JOMCHOB: JAoMeH | BeiAeACH uYepHBIM HBETOM, joMeH [II —
cepeiM; B eHTpe (B oGnacti noMena |) pacnonokenbl MOJCKY.Ibl KO(EPMEHTOB

JloMeHbl BIpaXEHBI HE TONLKO Y (hepPMEHTOB, CBA3LIBAIOIINX 100a-
BOUHbBIe (HeGeNKOBbIC) TPYMMb, HO H Y MPOCThIX (OJIHOKOMITOHEHT-
HbIX) (hepMeHTOB — npoTenHoB. PasnoobpaszueM 1oMeHOB 0ObsICHSI-
eTcsl CrnocobHOCTL (DEPMEHTOB BHIMTOJIHATL MHOIHE KaTaINTHYECCKHE
dbyukuun. Ipumepom depmenTa ¢ ABYMs PasaMuHbIMH CTPYKTYPHBI-
MH (M OJIHOBPEMEHHO (PYHKUHOHATBHBIMM) JIOMEHAMU MOXET CJly-
XMTh aHaonykneasa PI—Scel u3 knerok npoxxeit Sacharomyces
cerevisiae. OHa OTHOCHTCSH K rpynie (pepMeHTOB IeHHOH KOHBEPCHH
(homing), yuacrsylouieit B cair-crnieunguueckoil HHTErpaluu reHoB
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Puc. 16. [lomeHHasi CTPYKTYPa SHI0-
nyviieasst PI-Scel (Bende B. m np.
Monekynsipiaa 6Guonorng. — M.,
2000. — T. 34. — Bein.6. — C. 1034).

Jlomen | oTBeqaeT 3a NpOTEOINTHYECKYIO
AKTHBHOCTh, aomen Il — 3a Hykieas-
1vio akTusHocTh, OGa 1oMeHa yyacTBy-

10T B casispiBanun JIHK

Homen 11

Homen 1

B XpOMOCOMBI. DHIOHYKIea3a obpasyercs u3 Gonee KpynHoro Oenka-
peALIECTBEHHUKA B PE3YJILTATE QVMOKAMAaiumu4ecko2o npomeoausa
(yianeHust YaCTH MOJAUTNENTUAHON 1IENU U3 MOJIEKY/bI TPeILIeCcTBeH-
nuka). Takum obpasom, 210T hepMeHT obaanaer ABOWHOW KaTAIMTH-
veckoi (hYHKIMEI: BHOCUT Pa3pbiBbl B moauHykieotuiatsie uenm JTHK,
JICHCTBYSl KaK 2HIOHYKIea3a (4TO HEeoOXOAMMO LISl TMOCJIeAYIOLIe
MHTErpallii TeHOB B XPOMOCOMbI), M OCYLICCTBJISIET OIpaHMYEHHBIN
MPOTEON3 cBOEH MOMNNenTHAHOM 1ernu. [IBoiiHas dyHKIMs cBg3aHa
C HAIMYMEM [IBYX JAOMCHOB, CHJIbHO Pa3IMYAIOLIMXCS 110 CTPYKTYpE:
nomeH | oTBeTCTBEH 3a MPOTeonn3 OeKa-IpealecTBeHHUKA, a joMeH 11
obnanaeT HIOHYKJIea3HOI aKTUBHOCTBIO (puc. 16).
CrpyKTypHO-(hDYHKUMOHAIBHBIE UCC/IEIOBAHUSI HEKOTOPBIX (hepMeH-
TOB MO3BOJIMIN BBISIBUTD €LUE OIHY 0COOEHHOCTL CTPOEHMS IOMEHOB —
HAJIMYME B MX COCTaBe cy0domenos, Kaxablii M3 KOTOPbIX criocobeH
BBITOJHATEL OMpeaeeHHYI0 KaTaanTrueckylo hynkunio. Takoit cnox-
Hoit cyOoMeHHOI CTPYKTYpoil o0nasaeT CUMHTA3a BBICLIMX XHPHBIX
KMCJIOT NMO3BOHOYHBIX KHBOTHBIX: B KAX/I0# M3 JIBYX ee TOJUMenTHI-
HBIX LIeTeit CoMepKUTCs 1Mo TP JloMeHa. B cocTase ABYX JIOMEHOB yaa-
J10ChL MACHTH(DUIIMPOBATE HECKOJIBLKO CYOIOMEHOB, KaXIblii M3 HMX
KATATU3UPYET ONPeJIeICHHYIO PEaKIMIO B CEPUM XMMHUUECKMX MpeBpa-
HIEHW, MPUBOMALIMX K CHHTE3Y MOJIEKYJI MaJIbMUTUHOBOM M cTeapu-
HoBoit kucjor. Eule 6oee BreuatasgiommuM NpuMepoM HOAUDYHK YO
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IMonmanmon-
CBA3KBAIOILHH
JIOMeH
N-pons
PHKaza-
on06HETI
caiir
C-gons
ATP-cBsa-
SBIBAIOTIIMI
JIOMEH
ano-J1® Fe-J1®

Puc. 17. IlpocrpancTBenHas CTpykrypa noaugynkuusonansioro 6eika nak-
TodeppuHa, ONpeaeaeHHAs METOIOM PEHTICHOCTPYKTYPHOIO aHanu3a (rnosc-
HEHHS B TEKCTE)

HanreHocmu 6e1KOB ¢ pazIMYHBIMK (DYHKUMOHAIBHBIMU JIOMEHAMN SIB-
asiercs naktoeppuH, OEJOK MOJIOKA MJIEKOMUTAIOIIMX U3 CeMEeHCTRa
TpaHcheppPHHOB — IIMKONMPOTEMHOB, nepeHocsalmx Honbl Fe''. Jlak-
todeppun crnocober B3anmosneictsoath ¢ JAHK, PHK, Oeakamu,
MOJIMCAXAPUIAMU U B KOMIUIEKCE C HUMH BBIIOJIHACT CaMbie Pa3Hble
dyuxkmm: pacuerisier PHK kak gepment pubonykieasa, CiayiKuT
(hakTOpOM TPAHCKPUIIUMH, MHIMOMPYET CHHTE3 IPOCTATIAHAHHOB,
aKTHBUpYET Hecreuu@uyecKuii MMMYHHBIH OTBET OpPraHuiama u T. L.
MonekynsipHas macca 3toro 6ejika, cocrosiuero u3 673 aMMHOKHC-
noTHBIX octaTkoB, ~ 80 k/la. B eanHoil moaMnenTHIHON LEnu JJakTo-
(heppuHa METOIOM PEHTIEHOCTPYKTYPHOTO AHANU3A BbIABJIEHBI /IBA TO-
MOJIOrMYHBIX JlomeHa (N- u C-monu), coaepxalime XKeae30CBa3biBalo-
mme ueHTpbl. CBsI3bIBAaHHE MOHOB XeJse3a ano-JjakropeppuHoM (amno-
JI®) npusoaut Kk dopmuposanuio Fe-nakrodeppuna (Fe-JIP) —
foJsiee KOMNAKTHOM (3aKpbiToi) hopMbl MOJIEKYIbl, ¥ KOTOpoi N- u
C-n01mn umeloT Gosiee TUIOTHYIO NPOCTPAHCTBEHHYIO CTPYKTYPY (pHc. 17).
B mosiekyiie storo 6esika BoisiBieHbl ATP-cBsi3bIBalolMii 10MeH, Mo-
JIMAHWOHCBSI3BIBAIOIINI JOMeH (CIIYKUT JUIS B3aUMOJIeHCTBHSA C HYK-
nenHoBbiMM KucsiotamMu) u PHKasza-nmono6usiit caiit, T.e. obnacts,
CTPYKTYPHO 1000HAsI aKTHBHOMY LeHTpY (hepMeHTa puboHykKiIeassl
(PHKa3b1) — braronaps eit aakrogeppuH cnocobex pacuersite PHK.
Takum 0O6pa3oM, MHOTOUMCIIEHHBIC JOMEHBLI NMPUIAIOT 3TOMY M ApY-
MM MOJUGYHKIMOHAIBHBIM GenKaM CJIOXHYIO MPOCTPAHCTBEHHYIO
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(TPeTUYHYIO) CTPYKTYPY, B KOTOPO#l 3a/10)KeHbI paszHoobpasmbie (yH-
KIIHOHATbHBIE BO3MOXHOCTH.

Tperwunas cTpykrypa 0eliKa — 3TO PACMOJNIONKEHME B IPOCTPAHCTRE
Bcex aToMoB GenKOBOI Monekyibl. MHBIMU cllOBaMM, MO TPETUUHOMN
HOHUMAIOT TPEXMEPHYIO CTPYKTYPY GelKOB, XapakTepHu3yIoLLyIocs Ori-
pe/le/IeHHOM YKJIAAKOMH B MPOCTPAHCTBE BCEX 3BEHbLEB MOJAUINeNTHIIHOI
tenu. B camom obuiem Busie o popme yKIaaKm B ipoctpaHcTie Oen-
KOBbIE MOJIEKYJIBI JaBHO NMPHHATO MOJpas3aeisiTh Ha (pubpuiisipHbie U
rnobyasipHeie. TpeTHUHYIO CTPYKTYPY OOBIMHO PACCMATPHBAIOT B OTHO-
ICHUH rAo0yaspHBIX OeKoB, MMelIMX 6ojiee pa3HoobpasHyIO 1po-
CTPAHCTBEHHYIO OPraHU3alHI0 U COOTBETCTBEHHO Dosiee pasHooOpa3-
Hble (PYHKLIMOHAIbHbIE BO3MOXHOCTH. M3yueHHe TPETHUHOM CTPYKTY-
pul npeacrasisier coboit 04eHb CI0XKHYIO 3a/1a49Y M BBLITTOJIHACTCS Tpe-
MMYILECTBEHHO METO/OM PEeHTIreHOCTPYKTYPHOro aHainsa. Tpexmep-
Hast CTPYKTYpa MUOITIOOMHA rpeacTasiera Ha puc. 8. YaukanbHas tpex-
MEpPHasl CTPYKTYpa Jiloboro M3 M3yueHHbIX OEIKOB CTOMbL CIOXKHA, YTO
JUISL ee JIeTAIbHOTo onucaHus norpedoBasioch Obl CAMIIKOM MHOIO
speMeHH. TTooTOMY MBI OFrpaHHMYMMCS M3JI0XKEHMEM OCHOBHBIX TPHH-
1LUTIOB Oprann3alny TPETUUHON CTPYKTYPLI OEJKOB.

Jlng hopMupoBaHUs TPETHUYHOI CTPYKTYPHI BaXHeiilee 3HaueHue
HMEIOT PasjJUyHbIC BUIbLI CBSA3EH, BOZHUKAIOIIME MEXJLY PaMKATIaMH
onpeaeaeHHbIM 00pa3oM pacronokeHHbIX AMUHOKHCIOTHBIX OCTATKOB
B MOJMIENTHAHON Henu 0eika. DTH CBA3H PEaTu3yIOTCHd B OCHOBHOM
3 cueT c/1abbIX B3aMMOICHCTBUI: BOJLOPOIHBIX CBA3EH, MOHHBIX M I'MJI-
podobHbIX B3auMoneiicTeuit (puc. 19). B psiae ciyvaes TperuyuHasi CrpyK-
rypa JIOMOJHUTENAbHO TMOMIEPKUBACTCS MPOYHBIMH KOBAJICHTHBIMM
(AncynbHUIHBIMM) CBA3SMH, BOSHHKAIOLIMMU MEXKIY OCTATKAMM 1IM-
CTEHMHA BHYTPH IOJHIENTUIHOMN LIEMH.

Crnenyer OTMETHTh, YTO MMEHHO MOPSIOK PACTONOXEHHs AMHHO-
KHMCJIOTHBIX OCTATKOB (NIepBHYHAs CTPYKTYpa Beska) onpeaesser cne-
LHMDUKY YKIQIKH B TPOCTPAHCTBE BCEX 2EMEHTOB GE/IKOBOI MOJIEKY-
nbl. B XKMBOI KJIETKE HA TPETHUHYIO CTPYKTYPY O€JIKa OrpoOMHOE BIIHS-
HHME OKAasblBAET B3aUMOJCIHCTBME NMOANIMENTUAHOM Lenu ¢ npupo-
HBIM PacTBOpPUTEIEM (BOJIOI), @ TAKXKE C PACTBOPEHHBIMH B HEM MaK-
PO- U MHUKPOMOJICKYAAMU (IPYTHMHM BeJIKaMH, CONSIMH METAILTOB M T.J1.).
[Tpy B3aMMOACHCTBUH € BOJIHBLIM OKPYKEHHMEM MOJSAPHBIE M HETIONSIP-
HbIE PAIUKaIbl AMMHOKHUCIOT BeAYT cebst no-pasHomy. Tlonsipabie pa-
avkanel (Ser, Tre, Tyr, Asp, Lys, Glu u ap.) ruapodmibhbl, cno-
coOHBI B3aMMOIEHCTBOBATL C JAMIOMSMM BOJABI M IO3TOMY ODLIMHO
pACTONIOKEHbI Ha 1MOBEPXHOCTH BesikoBoit rnobyasl. Henonsipubie pa-
aukansl (Ala, Leu, Ile, Phe u ap.), Hanporus, ruapodobiint 1 oka-
3bIBAIOTCS BHYTPU MoJeKya 6enka, obpasys ruapodobuoe ganpo. I'pa-
HUIBL MeXIY THAPOGOOHBIM SJIPOM M HAPYXKHOI TTOBEPXHOCTBIO He
BCErAa BBIPAXKEHbI, U UacTh rHApOoGOOHBIX PAIMKAIOB MOXET BBICTY-
aTh HA MOBEPXHOCTHL MOJIEKYJIbI, UTO CYIIIECTBEHHO JUIS KOHTAKTA MEXILY
OeskoBbIMHM To0ynaMu 1pu 06pa30BaHUK YETBEPTHUHONW CTPYKTYPSI
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Puc. 18. Tpernunas cTtpykrypa MuoriobuHa, yeTaHOBICHHAsE METOIOM PEeHT-
FeHOCTPYKTYPHOTO aHaaInsa:

A — cxeMaTHyeckoe i'l']l]Gpﬂ)KEHl[{.‘ MOJIEKY.TRI; 5 — monens, JEMOHCTPHPYIOWAA pac-
MOJIOXKCHHE B NMPOCTPAHCTEE KaXI0T0 aroMa MOJEKYIIBEl 3TOTO benka
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Lys Tyr Valsl

f f 1 \
(CHy), CH, CH
NH; - ;H:C CH,
1
Q0 CH,
c O-H;Q 0" HC CH,
CH, c CH
?Hl Phe (I:Hl Ile Cys
T l 1
Glu cH, A® CH
S
3 4]
?
?HZ (I:Hl
Phe Cys

Puc. 19. Cesa3su, craGHan3upyioniHe TPETHYHYIO CTPYKTYPY GesikoB:
] — nonnsle; 2 — sogopoausie; 3 — rmapodobusie; 4 — KoBaICHTHBIC

OEJIKOB, a TAKXKE JUIS B3aMMONEHCTBUS C APYITUMH BHYTPHKIIETOUHbI-
MH MOJIEKYJIAMH.

W3smenenue sHeniHero okpyxenus (pH, noHHoit cunsl, Temnepa-
TyYpbl M T.[1.) CMOCOOHO BBI3BIBATHL deramypayuto GEITKOB — TOTEPIO
MMM HATHBHOM TPETHUHOMN CTPYKTYPHI, CBSI3aHHOM C HApYIICHHUEM pe-
IVISIPHOCTH BHYTPUMOJICKYJISAPHBIX CBSA3CH, IMOIACPXHUBAIOLINAX TTPO-
CTPaHCTBEHHYIO cTPYKTYpY. I1pH 3TOM Hanbosee ysa3BUMBIMH OKa3bi-
BAIOTCS CHJIbI CJ1a0BIX B3aMMOACIHCTBHIT — BOIOPO/IHBIE M HOHHBIE CBA3H.
HecMOTpst Ha TO UTO AeHATYpallUs HE CONMPOBOXIAETCH paspyllieHHeM
KOBAJIEHTHBIX (MENTHMAHBIX M JUCYIbMHIAHBIX) CBsA3el, OeloK yrpa-
ynBaeT CBOM (PYHKIMOHATbHBLIE CBOWMCTBA, YTO MOJAYEPKHMBAET BaX-
HOCTb €ro NPOCTPAHCTBEHHOM opraHu3alnu. B onpeneieHHbIX YCI0BU-
ax OCJIKU MOIYT peHamypupoeams — BHOBb MPUOOPECTH HOPMAJIbHYIO
I100yIApHYIO CTPYKTYpY. IlepBbie 2KCEepUMEHTHI 110 JIeHaTypaluu —
peHaTypaumu 6eiKoB 6bu1H BbinosHeHsl B 60-¢ roast XX B. K. Andun-
ceHoM Ha puboHyKiIease M JIM30LMME, a MO3AHEe U Ha PsSIe JPYTUX
6esIKOB (TPHUTICMHOreHe, CHIBOPOTOYHOM ankoyMuHe, a-ammuiiase). B xone
pPEHATYPAIINM CHAYaNa BOCCTAHABIMBAIOTCS 3JE€MEHThI BTOPUYHOMN
CTPYKTYPBI (c-criupasin, B-ciiom M U3rubbl), a 3aTeM YYacTKH TMOJIM-
NenTHIHON 1enu Gnarogaps cuiaM cnabbix B3auMoeiicTBUi opraHnu-
3VIOTCS B MPOCTPAHCTBE ¢ 00pa3oBaHUEM JIOMEHOB, H 6eslok obpasyer
B MIPOCTPAHCTBE TaK HA3BIBAEGMYIO pacnaaeaeHiyio 2106yay. YTouHeHue
B3AMMHON OPMEHTALIMK JOMEHOB 3aBepllaeT CTAHOBJIEHHME ITPOCTPaH-
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CTBEHHOMN CTPYKTYPbl, B pe3yjbTaTe 4ero BOCCTaHABAMBACTCH (hyHK-
IIHOHAJIbHAA aKTHBHOCTL Oeka.

OKCNepUMeHTBI 10 06paTUMOI ICHATYPALIUN CTAJIM MOIIHBIM CBH-
JIETE/ILCTBOM CrocoOHOCTH OE/IKOB K camoyKkiadke B NPOCTPAHCTBE —
NPpHOOPETEHUIO ONPEACACHHONU TPETUYHON CTPYKTYDPHI, JETePMUHIN-
POBAHHOI IOCAEA0BATENBHOCTBIO PACIIONOKEHUHA AMHHOKUCIOTHBIX
OCTATKOB B noJunenTuaHoii uenu. C 3TUM CBI3aHA TEOPHUH CYIIECTBO-
BAHMS cmepeoxumuyeckoeo Koda — 3aKOHOMepHoCTel (hopMUpOBaHMS
MPOCTPAHCTBEHHOI CTPYKTYPbI M3 TAHHOM NEePBUYHOM CTPYKTYPHL. XO0TA
CTEPCOXMMHUYCCKHI KO, ONpPeeasiolnit COOTHOIEHHE MEXIY nep-
BMYHON M TpeTHuHOM cTpykTypamu Gesika, He paciundgposaH, ciena-
HbI MOIBITKH PACKPBITh Er0 OCHOBHBIC NMPUHIIMITBI M NPEACKA3aTh HA
3TOH OCHOBE MPOCTPAHCTBEHHYIO CTPYKTYpY OenkoB. Tak, corjnacHo
TEOPETHYECKHUM TONIoKeHUAM, chopmynupoBantbiM JI. B. Mekiepom,
TPETHYHAsA CTPYKTYpa OEIKOB OCHOBAHA HA CMepeoKkoMnaAeMeHmapHoc-
M AMUWHOKHMCIOTHBIX OCTATKOB. OHA NPOYBASETCS B BO3MOXKHOCTH BO3-
HUKHOBEHMS BOJIOPOIHBIX CBA3CH OT MOJAPHOIL rpyIirbl GOKOBOH Lenn
O/IHOTO AMMHOKHCIIOTHOIO ocTaTKa (JoHopa Boaoposia) Kk CO-rpynme
OCTOBA TOJHUIIENTHAHOMN e — KOMITOHEHTY aMHHOKHCIOTHOTO OC-
TaTka naprHepa (akiuenropy). B 6oibimHCeTBe cayyaes noctyjampyercs
Takask HANPABJIEHHOCTh BOIOPOAHLIX CBsI3€i, KOTa B KAYECTBE JIOHO-
pa BBICTYNAET NMOJAPHBIA paiuKkan, a B Kavyectse akienropa — CO-
rpynmna HenoispHOro aMMHOKMCIOTHOroO octarka: His — Met, Asp —
Val, Asp — Ile u T.11. B cooTBeTcTBHM ¢ 9TOit Teopueii TpexmMepHbIe
MOJIEKYJIBI TTOJUNENTHIOB CTPOSITCS HEMOCPEACTBEHHO B XO/IE MX CUH-
Te3a Ha pHOOCOMAaxX B pe3yibTaTe MoC/e0BaTeIbHOTO, AT 34 111aroM,
KOMIUIEMEHTAPHOIO B3aMMOIACHCTBUS AMMHOKHCIOTHBIX OCTATKOB M
MPOXOJIAT Yepes CTAIMIO PACTIIABICHHOMH I100Y/IbI K «TBEPAOMY» (KOM-
MaKTHOMY) COCTOSHUIO,

O BO3MOXHOCTH PEANLHOTO CYLIECTBOBAHMS KOMILICMEHTAPHBIX
COYETAHMIT AMMHOKMCIOTHBIX OCTATKOB CBUIETEILCTBYET BHICOKAS CXO-
JMMOCTh PE3YJIbTaTOB, MOJYUYEHHBIX HA OCHORBE TEOPETUYECKOTO Tpeji-
CKa3aHM$ CTPYKTYPBI MOJIMMCHTHIOB U 3KCNEPUMEHTATLHBIX JAHHbBIX €
HCIMOIBL30BAHUEM A/IEPHOTO MArHMTHOTO PE30HAHCA B OTHOIIEHUHN JIBYX
OesikoB: TaxunnesuHa (nenTuia, coctosumii u3 17 aMMHOKHCIOTHBIX
OCTATKOB, BbIICJCHHLIH W3 opranusma kpabos) u Gosiee KpynHoii
Monekybl Genka-penpeccopa Cro 6akrepuodara A (em. 1. 9). Kak u
«IJIaBHBII» reHeTHYecKuii Koa, oTkpeiThlid M. Hupenteprom, C. Quoa
u X.-I'. Kopana, ctepeoxnmuueckuit Koj B3auMOIeHCTBUS aMUHOKHC-
JIOT, BEPOSITHO, MMeeT He abCOMIOTHBII XapakTep M YaCTHUHO BBIPOX-
JIEH, UTO MOJIpasyMeBaeT onpeneieHHbIe OTKJIOHEHHS OT XKeCcTKOI 3a-
MPOrpaMMHMPOBAHHOCTH TPETHUHBIX CTPYKTYP OenkoB. Dtu diykrya-
UHM CTPYKTYPBI BCaeACTBUE 00pa3oBaHusl pasindHbIX (AIbTEPHATHB-
HBIX) KOMILIEMCHTAPHBIX AaMHHOKHCIOTHBIX OCTATKOB ITPHUBOIST K CV-
LIECTBOBAHMIO «MEPLIAIOIIHNX» DJIEMEHTOB CTPYKTYPbl, GoJiee moaBux-
HBIX MO CPABHEHMIO C JAPYTHMHM YYaCTKaMM MoJieKvibl. Takue Q-no-
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100HbBIE CTPYKTYPhI XapakTepHbl Uist 6eKoB (HanpuMep, MMMYHOTJIO-
OynuHOB), (DYHKIIHS KOTOPBIX COCTOMT B «y3HABAHWHM» M CBA3bIBAHNH
TeX MJIM MHBIX JIUTaHA0B (AHTHTCHOB).

Hayuenne 3akoHoMepHocTeil (hopMUpoBaHUS TPETHYHOMN CTPYKTY-
pbl GENKOB CNOCOOHO B MEPCHEKTUBE COAEHCTBOBAThL PEHICHHIO allb-
TEPHATUBHOI 3a1a4M: COCTABICHHIO TAKOH IEPBHUHOIL CTPYKTYpbI,
KoTOpast MOIJIa ObITh OPUEHTHPOBAHA HA CO3/IaHHUE OTIPE/Ie/ICHHOMH Tpe-
TUYHOI CTPYKTYPBI, T.e. cozdanue de novo 6eako6, omcymcmeyouux 6
npupode. IToka B Takoro poja paborax yaaercsi co3jarh HeOGOMbLIHE
MOMMENTH/IBI, COCTOAIINE W3 HECKOJbKHX AECATKOB AMUHOKHCIIOT W
HAMOMMWHAIOIINE TIPHPOIAHBIE OEJIKH (MHOTEM3PETPHH H LIMTOXPOM C),
COCTOSAIIME M3 a-Cclupaieil, a TakXKe OTAeJbHBIC IMOJUNENTH/BI, CO-
AepKaline He TONBKO G-CITUPAIH, HO U B-CTPYKTYpHl (ansbedeTHn).
Cunres Tux Oenkos Ha Matpuuax cuurernyeckux MPHK, a Takxe
cunTes cootsercraytouux renos (kKIHK), ux kionuposaHue B Kier-
kax Gakrepuii (METO/Ibl FEHETHYECKOH MHKEHEPHH U3JIOKEHbI B 1. 14)
¢ MOCJIEIVIONIMM BbIIEJIEHHEM W AHAM30M CTPYKTYPhI 3alporpaMmMu-
POBAHHBIX MOAMIENTHIOB JAIOT BITOJHE OXKHAAEMbIE PE3YILTATHI, YTO
MOXKHO PACIIEHWTD KAK NepBble Harn UCTHHHOMN 6e1K0601 UHXICeHepuu.

Onnum 13 Haubosiee NeperneKTHBHLIX HanpaBIeHUit 6e1KOBOH HH-
KEHEPHH SIRJISAETCS CO3NaHNe Kamaiumuiecku aKmuenblx anmumedn —
cBOe0BPA3HON IPYIIbI OENKOB, MONYYNBIIMX HA3BAHUE «aO3UMbI».

M3secTHO, 4TO 0DIIMM CBOMCTBOM (hepMEHTOB U aHTHUTEN (HMMY-
HOTIODYJIMHOR) SABJIAETCS MX COCOOHOCTD crielnUIECKH CBSA3bIBATH
onpeieeHHbIe MOJIEKYIbl (JIMTaHapl) — cyberparbl M AHTHIEHbI CO-
orperctenHo. Eme B 1948 r. JI. ITosunr, cpaBHuBas CTpPOEHHUE ITHX
ABYX (DYyHIAMEHTAILHBIX KJIACCOB O€JIKOB, NMPHILIET K BbIBOY, 4TO (ep-
MEHT HE TAK CTPOro KOMIUIeMeHTapeH cybcrpary, Kak aHTHTeJIo —
aurureny. M3pectHo, 4To akTHBHBIN 1IeHTp pepMeHTOB (hopMUpYeTCH
Oaaroaps YHUKaIbHOMY COYMETAaHMIO Onpe/esieHHbIX aMHHOKMCIIOT-
HBIX OCTATKOB (PaiMKAIOB), HEPEIKO J0CTATOYHO YAAJIEHHBIX JIPYT OT
JIpyra B MOJMNenTHaHoM nenu 6eska, Ho CONMXKAIOLIMXCS B IPOCTPaH-
ctBe npu GopMUpOBaAaHUK TPETHYHOI CTPYKTYpHI Gesika. [Tpu B3aumo-
AeHCTBHM € CYOCTPATOM TIPOMCXOIAT HHAYLMPOBAHHBIE UM KOH(Op-
MallHOHHbIE M3MEHEHUs B CTPYKTYpe drepmeHTa, B pe3yjbTaTe Yero
JIOCTHIAETCS TOUHOE M OTHOCHTEILHO NMPOoYHOe (3a cueT CHl caadbixX
B3aMMoneiicTBHit) cBsA3bIBaHME CyOCTpaTa ¢ aKTHBHBIM LIEHTPOM (ep-
MeHTa. B 9H3MMOJIOrHH 3Ty CTaAHIO KATATUTUYECKOr'o Nponecca npu-
HSITO HA3LIBATHL MEPEXOJHBIM COCTOSIHHEM peakilMM, B rpouecce Ko-
Toporo (opmupyetcsi (pepMeHT-CyOCTpaTHbIi KOMIUIEKC M JIOCTHTA-
eTCsl ONTUMAIbHAA OPUEHTALMA pearupyioiux rpynn depMeHTa u
cyberpara.

B oranume ot pepMeHTOB UMMYHOTTIOOYIMHBI MMEIOT CTaH1apPTHBIH
rian crpoeHus (em. puc. 14). OrpoMHoe paznoobpa3sue aHTUTes B opra-
HU3Me 0OBSICHAETCS TEM, YTO MX BapHaleabHble YYacTKM, COCPE/10TO-
yeHHble B N-KOHLEBBIX 00JACTAX TSKEIBIX U JISTKUX MOJUNENTTHIHBIX
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ueneit (Vi u Vy), Gopmupyiorest B K1eTKax MUMMYHHO#M cucTteMbl (f-
AMMOOLIMTAX) KaK MPOAYKTHI IKCIIPECCHH MHOXECTBA Pa3HbIX NeHOB.
Biaronaps KonoccanbHOMY YMCIy BO3MOXHBIX COYETaHMiT BapHaGeb-
HBIX M KOHCTAHTHBIX YYaCTKOB MOJMMENTHAHBIX Leneil MMyHorio6y-
JIMTHOB BO3HHMKAET COOTBETCTBYIOIIEE MHOXECTBO aHTHTEJ, CITIOCOBHBIX
CBSI3bIBATDL Pa3HbIe AHTHUIEHBI, B KAYECTBE KOTOPbIX MOTYT BBICTYMATh
BBICOKOMOJIEKY/ISIPHBIC COEAMHEHMS, a TaKKe HeDOosbllKe Mo pasMe-
pam MoJiekyasl (rantenbl). CrieunduiecKoe B3aMMOIEHCTBUE AHTUTE -
Jla CO CBOMM JIMFAHJIOM, XOTS M 110100HO B3auMoIeHCTBHIO hepMeHTa
¢ cybeTpaToM, 0IHAKO CTepuyeckH Gosiee 0HO3HAYHO M Mpenoara-
er Gojiee NPoOYHOE CBA3BIBAHME JIMTAHIA NO CPABHEHHIO CO CBSI3bIBA-
HueM cyberpara B akTHBHOM LieHTpe (epmenTa. Passusas uaen J1. [To-
Junra, B 1969 r. Y. JIKeHKC Npeanonoxui, 4To eciu 6bl yIanoch Bbi-
pabotaTe aHTUTENa, KOMIUIEMEHTAPHBIE MMEPEXOAHOMY COCTOSHHIO
(hepMeHTATUBHOI peakunu, TO o1 OblIN Obl CIIOCOGHBI KATAIU3MPO-
BaTh COOTBETCTBYIOLIHE XMMHYECKHE peaklinu. PeajibHble YCIoBMst st
CO3/IaHMsl KATAIMTHYECKH aKTHBHBIX AHTHTE BOSHUKIIM TOCJIE TOrO,
KaK ObUIM CHHTE3UPOBAHLI OTIE/IbHbIE AHAIIOTH TIEPEXOHOIO COCTOSI-
HUsi ¥ paspaboTaHbl METOMBI MOJYYEHHS MOHOKJIOHANBHBIX AHTUTE
(cm. . 1). TMepsble anTHTea-hepMeHTHI GbUIM TOIYUeHb! B 1986 T.
P.Jleiinopom u IT. Llynbuem. Umu cranu ab3umbl ¢ scTepasHoil ak-
THBHOCTBIO, TNMOJYYCHHbIE MMMYHM3aLUEH XHUBOTHBIX CTAOMIbHBIM
AHAJIOrOM IIEPEXOHOTO COCTOSHMSI C TIOCIEe/IYIOIIUM OTOOPOM KIIOHOB
B-aumbonnToB, crocoOHBIX MPOAYLMPOBATH COOTBETCTBYIOLIME AHTH-
Tea. B ciyyae (hepMeHTATHBHOTO KaTain3a, OCyIIECTBISEMOrO MMIPO-
JUTHYECKUMHU (hepMeHTaMK (ICTepasamMM) TIPH THAPOJIU3E CIOXHBIX
3(hUPOB, B KOTOPLIX ATOM YIJIepOjia CBSA3aH € TPEMs IPYTUMM aToMa-
MH, TOCJIE MPUCOEAUHEHUS MOJEKYIbl BObl 00pa3yeTcs HecTabuIb-
HOE TepexojiHoe coctosiiue. Ipu 5TOM aToM yriiepoma HaxoIMTCs B
TETPas/IpMuecKom cocTosasHuM (puc. 20). B kauecTBe aHanora nepexoj-
HOTI'O COCTOSIHMA JUIA NoJiydeHus ab3uma ObUI NCMOAB30BAH CJIOXKHbIH
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Puc. 20. Peakums ruaponnsa ciokHoro 3¢upa KapboHOBO#H KHCIOTH M CTPYKTY-
pa dochanara — cTabHILHOrO aHAIOra NEPEXOIHOro COCTOSHIS
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9¢hup dochopHOit KUCAOTHI, B KOTOpoM atoM (hochopa nMHTHPOBAT
TeTpasapuueckuii atom yraepomra. Mcnonszopanue docopHbix adn-
pPOB B KAYECTBE IanTEHOB IPHUBEIO K YCICIIHOMY MOJNYYCHHIO aHTH-
res1, 0BNaTAIONIMX CTEPa3sHOil aKTMBHOCTBIO. Tak, Hanpumep, ObuIH
noJjyueHbl aHTUTEeAa K n-nurpodennndocdonnibaiepnary:

0
Il
01N~©— O—P~CH,~CH,~CH,~CH,~COOH

OH
n-Hutpodennidocdonnnpaiepuar

[TonyueHHBIE AHTHTENA OKA3AJIUCh CMOCOOHBI MMAPOJAM30BATL C
BLICOKOI CKOPOCTBIO CYOCTpaT 3cTepas — n-HUTPO(heHUIMETHIIKAP-
foHaT, KOTOPbIH CTEPMYECKM TOXOX HA aHTHIeH (ranTeH) ¥ npu co-
CJIMHEHHUH C AaHTHUTEJIOM cpa3y o0pa3syer IepexojiHoe COCTOSHNUE, pac-
[JIaI01IEecs 10 NMPOAYKTOB PeaKlMH:

9
OJN—QO—C—O—C.H;

n-Hurpodenuamernakapbonar

o_.N—@m HO—C—0—CH;
0

n-Hurpodenon MeruakapGonar

JansHeitiue paborsl B 061aCTH MOJIYIEHUS KaTAIMTUYECKH aK-
IMBHBIX AHTHTE] MOKA3aJK, YTO ab3MMBbl CIIOCOOHBI YCKOPATh XUMH-
yeckme peakumu B 106—107 pa3s, Toraa Kak npHpoIHbIE JH3UMBI — B
10— 10" pa3. ToayuyeHbl ab3uMbl, AKTHBHbIC HE TOJIBLKO B PEAKIIHAX
pacnana, HO M B peakiMsax CHHTe3a (Hanpumep, B peakuuAx obpaso-
BaHUA TENTHIHON CBIA3N).

B npupone KaTaJIMTHYECKHM AKTHBHBIE aHTHUTENa OOHApYXeHbI Y
T01eH, CTPAIAIoIIMX ayTOMMMYHHbIMHU 3abonesanmsamu. JIHK-ruapo-
JIM3YIOIHE AHTHTEJIA BhISIBICHBI H B KPOBH DOJIBHBIX JIEHKO30M, JTyye-
poit 6onesupio u CITHU oM. BoisiBiieHbl OHM M Y J1ofed, G0JBHbIX CHC-
TeMHOIi KPACHOM BOJMAHKOI, MPHYEM B 3TOM Cliyuae (ppakims cekpe-
TopHbIX [gA-anTHTeN 06s1anaeT MPOTEMHKMHAZHOM aKTHBHOCTBIO. B Kpo-
BM OOJBHBIX PEBMATHUECKMM aPTPUTOM, 4 TAKXKE JTI0/IEH, CTPAJAIoINX
pakoBbIMM 3a00seBaHUsIMI, OOHAPYXKEHbI AHTUTEIA C AMMJIOTMTHYC-
CKOW aKTMBHOCTBIO.

Bornpoc O CyIIECTBOBAHMHM KATAIMTHYECKH aKTUBHBIX AHTHTEN B
KPOBH 3/10pOBBIX JlOAeH ocTaercs oTKpbiTbiM. He BhisiBneHsl onn 1 y
GOJILHBIX TPUIITIOM, TTHEBMOHHMEN M HEKOTOPHIMM BHIAMM paka. 3Ha-
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UMTEJIbHBI MHTEPEC B CBA3H C 9TUM TPEACTABIsIET OOHApyXeHMe Ka-
TUIMTHYECKHX AHTHTE B MOJIOKE yesoBeka. ITH aHTuTesna obiagaor
TIPOTEHHKHHA3HOH aKTHBHOCTHIO, (hocdopunnpys Kasems u japyrue
6eMKM MOJIOKA, 4acTh U3 HHUX CrocobHa runponusosats JJHK u PHK,
Apyrue 00G1anaT aMHIOJMTHYECKON aKTMBHOCTBIO. ITonaraior, yro
ab3MMbl MOJIOKA MOTYT MTPaTh OMNPENEACHHYIO POJIb B 3alMTe HOBO-
POXICHHBIX OT BUPYCHBIX M OaKTepHATbHBIX MH(MEKIIHIA.
[TpakTHyeckoe 3HavyeHue aG3MMOB MOXKET ObITH BEChbMa MHOTO-
o6pa3HbiM. OHO CBA3aHO MPEXJIE BCEro ¢ TeM, UTO KOJOCCATHHOR npu-
ponHoe mHorooGpasue antuten (1-10%) cospaer npennocwinku as
co3anmsi GHOKATAIM3ATOPOB C 3aJlaHHBIMM CBOWCTBAMM, OTCYTCTBY-
IOILMX B npHposie. bonbioe 3HaueHne MoXeT UMETh IpUMeHeHHe a6-
3MMOB B OMOTEXHONOTHM M MeauLMHe. B neperniekTuse ab3uMbl MOTYT
ObITh UCIIOJIB30BAHBI JUIS PA3JICJICHUS] ONITHYECKMX H30MEPOB KaK npu-
POAHBIX COCAMHEHHH, TaK M (apMaKoJOrHYECKHX Mpenaparos, YTo B
HacTosilee BpeMst NMPaKTHYECKH He0CTHXHUMO JIDYTUMU criocobamu.
@opmuposanme NPOCTPAHCTBEHHOI CTPYKTYPbI GEJIKa B KUBOIl KIeT-
K€ npejcrasisier Co00il HENMpOCTYIO CUCTEMY B3aMMOJICHCTBUIT BHOBD
obpasyloiueiics B nporiecce TpaHCIAIMK GeIKOBOM MOJIEKYJIBI C npej-
CYILECTBYIOUIMMH B KJIeTKe GenkaMu. D1 6€1KH MOTYT BCTYIAaTh BO
B3aMMO/IEHCTBHE C CUHTE3HPYEMON MOMUTICNTHAHON LIENbIO N 3aTpyji-
HATH (hOPMUPOBaHHE ee HATUBHON 3aNpOrpaMMMUPOBAHHOI B aMUHO-
KHCIOTHOH NOCNE0BATENBHOCTH CTPYKTYpbl. HecmoTps Ha psin Heo-
CIMTOPMMBIX CBUCTEILCTB OTPE/ETISAIOIICTO 3HAYCHUS NIEPBHYHOI CTPYK-
TYpPbI JUist POPMUPOBAHIS TOH WK HHOM TPEXMEPHOI CTPYKTYPHI Desi-
Ka (CM. BBILLIE), B KJIETKAX CYIECTBYET IPYIa 0COOBIX OeJIKOB-TIOMOL11-
HHKOB, HENOCPEACTBEHHO NpEAHA3HAYEHHBIX IS obaeryeHus op-
MHPOBAHHUSA NPOCTPAHCTBEHHON CTPYKTYPbl BHOBb CHHTE3MPYEMbIX
nonunentuaos. Ipouece GpopmupoBaHus NPOCTPaHCTBEHHON CTPYK-
TYpbl Oenka — ghoadunz — obo3nauaer oGpasoBaHme OIpeNCIEHHBIX
CKJIQJIOK, MU3rHbOB B IOJMIENTHIHOM HEMH, T.€. NPOLECC CTAHOBJIC-
HHSA TPETHYHON CTPYKTYpbl Gesika, KOTOPYI0 MHOI/A TIPEACTABISIOT
KaK rpyniy (041006 — cTpyKTyp ¢ OnpeeieHHbIM HaGopOM M TOTOJIO-
rHei pacrookeHus 2IEMEHTOB BTOPUIHON cTPYKTYphL. B 1987 1. 6b110
NPE/UIOKEHO Ha3biBaTh OeikM, obcayxuBaiouine (HOIINHT, MoaeKy-
aaprvimu wianeponamu (molecular chaperones). TepMuH «lanepoHei»
NPHMEHSETCA B HACTOSILEE BPEMsi B OTHOILEHNH TPEX Pa3IMYHbIX TPYIN
GenKoB: HYK/ICOIUIa3MHHOB (OHH ABNSIOTCS SUICPHBIMM BeIKaMH, yua-
CTBYIOLIMMH B cOOpke HyKineocoM), Genkos, HaszpiBaeMbix Hsp 70-
Bip (rpynna Genkos tenznosoro moka — Heat shock proteins — u ux
FOMOJIOTOB) M COOCTBEHHO OEJIKOB-1IANEPOHOB, NMOJYYMUBIINX HA3BA-
HHUE waneponursl 1 NMEIOLIMX HENTOCPEACTBEHHOE OTHOLIEHUE K CBO-
PauMBaAHHUIO MOJMITENTHAHONW LIENU B HATHBHLIH BesioK.
LarepoHnHbl NPeACTaBASAIOT COB0M GENKOBBIE KOMIUIEKCHI, BCTpE-
yalouuecs: B 6akTepusix, HMTOIUIA3ME SYKAPHOTHUECKMX KJIETOK, MaT-
PHKCE MMTOXOHIPHH ¥ XJI0pOIUIacToB (Taba. 2). OHu crnocobeTByIOT
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Tabnuua 2
DOyHEUMH HIANCPOHOB
Herounnk | Beakn, noasepraio- [anepou LRI
wMecs onaunry
E. coli IMpemmectsennun- | GroEL 3aUiepKKa CBEPTLIBAHUS
KM CeKpeTopHbix | SecB repea TPaHCnopTOM;
oenkon; JITHK- DnaK / Dnal | peopranmsatms
PerUTHKALIMOH- 6eJIKOBOrO KOMILTEKCa
HbIIi KOMILICKC
MorocunTe- | Pubynoso-1,5- GroEL / Cb6opka onuromepa
supyioume | Gucdocdarkap- | GroES
bakTepun Gokcniasa
Xi1opo- Pubynoso-1,5- RuSBR CHopka onuromepa
1acThl OGuchocdarkap-
Gokcuaasa
Muroxonn- | Mutoxonnpnanes- | Hsp70 3apeplicHie TPAHCIOKA-
pun Hble Gesikn- 1un; crabwimsauus He
TIPCLICCTBeH- MOJHOCTBIO CBEPHYTHIX
HUKH CTPYKTYP B MAaTpHUKCe
benku-npei- Hsp60 Crabwinsanms He noj-
1IeCTBE HHUKH HOCTBIO CBEPHYTBIX CTPYK-
B MaTpHKCe TYP M CBEPTLIBAHUWE; pe-
IKCTIIOPT Npe/LIeCTBeH-
HUKOB B MeskMeMOpaHHoe
MPOCTPAHCTBO
Duporas- | CekpetopHble Bip 3asepueHme TpaHcaoKa-
MaTuye- Genku LK, crabunnsaims He
CKMit peTh- MOJIHOCTBIO CBEPHYTHIX
KyJ1yM CTPYKTYP B KAHAJIBIIAX
CyObeTMHNIILE TRAP, CbHopka peuenTopa
T-knerouHoro wiu p28
pelenropa
3anacupie 6eakn [ b70 (Bip) Crabunanzaums BHOBb
pacreHuii CHHTE3UpPYEeMBIX OeKoB
Llntozons | Cuntesupyemoic | Hsc70 Crabuimsanus He non-
MOJAUIENTHIBI HOCTBIO CBEPHYTBIX
CTPYKTYP
Muroxonapuans- | Hse70 Pa3sopauusanme nepen
HbIC U CeKPETOp- TpaHcloKauueH
HBIC OeKu-T1pen-
LICCTBEHHMKH
bBenku-peuenro- | Hsp90 Crabunusaims HeaKTHB-

Pbl CTCPOMAHBIX

ropMorios

HOo# (hopMBl penernTopa
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Oxonvarnue mata. 2

| beakn, noasepraio-
Hetounmk iNecH GoXARRTY Ianepon Dynxums
LluTo3onk benakn, Tparic- Hsp90 Crabunnsanmns HeakTHB-
hopmupyionmne HOil hopMBI Denka
PETPOBHPYChHI MPH MPOXOXKACHUH
Yyepes MJaasMaTniaccKylo
Membpany
Slapo I'uctonbl Hyknconnas- | CHopka HYKIEOCOM
MHH

KOPPEKTHOMY CBOPAYMBAHMIO CUHTE3UPYEMBIX TTOIUTICNITHHBIX Lernei,
3AULMLIAIOT CBEPHYTBLIE B paciulaBlieHHbIe [I00Y/Ibl LEIH OT arperaum.
Hanbonee ncenenopannbl mwaneponunsl E. coli, vassiBaemblie GroEL n
GroES. GroEL cocront n3 14 maeHTHUHBIX cYObenuHMIL (1IpoTOMEe-
poB) ¢ MonekyasspHoi Maccoit 57 ka kaxawelit. OH npeacTasisier co-
0ol tmanHap, chopMUPOBAHHBIN U3 JIBYX KOJELL, KaKI0€ N3 KOTOPbIX
B CBOIO OuYEpe/Lb COCTOUT M3 CeMU npoToMepos. OTae/1bHBII NpoToMep
HIANIEPOHHHA COCTOMT M3 3 JIOMEHOB: IBKATOPHAJIILHOTO, alTHKATBHOTO
U npomexyrouHoro (puc. 21). AnmkanpHpie (BepiuiMHHBIE) JOMEHbBI
KaXJI0T0 KOJIblA 00pa3yioT BXOJHBLIE OTBEPCTUSI B LEHTPWILHYIO TMO-
aocets wwmmnapa GroEL. laneponnn GroES (ero takke Ha3biBaloT
KOWanepoHuHoM) COCTOMT U3 7 MIEHTHYHLIX NTPOTOMEPOB C MOJIEKY-
ssproit maccoit 10 xa. INporomepsr GroES o6pasyior kynonoobpas-
HVIO CTPVKTYPY. OBpazoBaHible YACTHI0 AMHHOKHMCIOTHBIX OCTATKOB
(Gly 45—Pro 56) kopoTkue 1noABMXKHbIE netmiu rnporomepos GroES
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Puc. 21. Crpykrtypa manepoHuHoBoro komruiekea GroEL:

A — Bua cboky wnnmnapa GroEL, cocrosintero u3 asyx koneu; b — vun ceepxy. Tem-
Hble NPAMOYTONLHHKH — YYACTKM CBA3LIBAHWA TIOMHNENTHIA
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(hDOPMUPYIOT KpBIlTY KyroJa, B LIEHTPe KOTOPOH HMEETCsH OTBEPCTHE
snamerpom okoio 0,8 M. GroEL n GroES obnanaior CMocoBHOCTHIO
cesizpiBath ATP (14 1 7 MoJieKy/1 COOTBETCTBEHHO). MecTa cBs3bIBaHMS
ATP pacnonioxeHbl Ha BHYTPEHHEi NMOBEPXHOCTH IKBATOPHAILHBIX
nomeHoB GroEL. [Tomrexaias cCBOpauMBaHUIO MOJMNENTHIHASA LEMNb
BHOBb CHHTE3MPYEMOro Gejika CBS3bIBAETCA C ONpeleNeHHbIM y4acT-
KOM BHYTpeHHeil GOKOBOI 1MOBEPXHOCTH alMKaJIbHBIX TOMEHOB. [Tpu
ruaponnse ATP nponcxoamt s3anmoneiictene GroEL u GroES — obpa-
syercst Komruieke GroEL/GroES (puc. 22). B aTom KOMIUIeKce co3aa-
eTCSl 3aKPHITOE MPOCTPAHCTBO (LIMpPHHA ~7 HM, BbICOTA ~6,5 HM)‘,
BHYTPH KOTOPOTO NMOJAMMENTHAHAS LEeb CBOPAYNUBACTCS B HATHBHBLIH
Genok. TTpolece cBOpayMBaHMsl MPOUCXOAUT B TEUEHNE HECKOJIBKHX
[MKJIOB JAMCCOLMALIMU-PeaccolMaliMy KOMIUIEKCA 1IanepoHHHOB, B
pe3yjbTaTe Yero, BEPOSITHO, TIPOMCXOIMT MOCTENEHHOE, 3allMIICH-
1HOE OT HeXeJIaTeJIbHBIX KOHTAKTOB (hOpMHUPOBAHHE HATHBHOM TPETHY~
Ho#t cTpykTypbl Oeinka (puc. 23). CHavana CUHTE3UPOBAHHBIN TTOJIH-
MENTHI CBI3bIBAETCS ¢ KOMITICKCOM LIANEPOHUHOB B KOJIbLIE, HE 3a-
paToM GroES (cranus 1). 3ateM NpoHCXoasT CBA3bIBAHUE H THAPOJIH3
ATP, B pesynbrate yero GroES oTXoiuT OT KOMILIEKCa (nepexoj Ot
cTanuM 2 K cTajmu 3), a 3aTeM BHOBb B KOMIUIEKCE C O4€pe/IHOH Nop-

GroES

Puc. 22. IMpeanonaracmas mozenb crpocuns GroEL/GroES-komruiekca (ba-
wapoe M. A. // Bnoxumus. — M., 1997. — T. 62. — Bein. 4 — C. 489):

A — st oBpasopanmst komruiekca GroES npucoeannsercst K GroEL: b — yetoituu-

Buiit cummerpunbtit GroEL/GroES-kommnieke. Crpenkamyt 0603HaeHB! Npenona-

racmpic yaactkin GroEL, koHdopMauMoHHbie MEpecTPOiKH KOTOPBLIX MPHBOLAT K
“PACKPBITHIO» AMHKATLHBIX JOMEHOB
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Puc. 23. Monean donamnra 6enkos ¢ yuactiiem GroEL/GroES-kommnekca
waneponnnor (M. Maptun, 1998).

KOMIUIEKCh! WIANepOHIHOB MOKA3albl BEPTHKAILHEIM Pa3pesoM yepes konbua. Cramm
LKA, Beayume ot HecsepHytoro Genka (U) k natustomy Geaky (N). omucadbl B TeKCTe

®

uueit ATP npucoennnsiercss k GroEL (craaust 4). Ha s70ii ctanmu
GroES «akpeisae» nosmnenria B nonoctu GroEL, rie on cBopaun-
BaeTcst BO Bpemst rujapoansa ATP (ctamuu 5 u 6). OtaeabHbiil UK
(onnnnra sanumaer 15—20 ¢ u 3aBepiuaercs ruaAponu3om ete 7 Mo-
nekyn ATP, yro npusoaut k ocsoboxienunio GroES n3 komiuiekcea ¢
GroEL (nepexon ot cranun 6  cragumn 7) u BEICBOGOXIEHHIO CBEp-
HYTOrO MOJIMINENTHAA Yepe3 oTBEpeTHE nosiocTd umiannapa GroEL.

Crpykrypa komruiekca GroEL/GroES netanbHo u3ydeHa MeToioMm
SJEKTPOHHOH MHUKPOCKONHHU. YCTAHOBICHA €ro BEAVILas pojib B (hop-
MHUPOBAHUH HATUBHON CTPYKTYPBL!I O0JALUIOH MOJMNENTHIAHON LEenu
OJHOTO M3 KIIIOYEBLIX (pepMEeHTOB GHOCHHTE3a YIIEBOAOB — pHOYIIO-
30-1,5-6ucocdarkapbokcunassl (Ru Bis Co). Cxomnbiii 1o CTPYKTY-
Pe 1IANEpOH BhISIBICH B XJIOPOIJIacTax BhiCNX pactennii — RBP (Ru
Bis Co building protein). Kak 1 GroEL, on obnanaer peaxum tHiom
7-ny4eBoii CHMMETPHH.
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YerpeprHunasi CTPYKTYpa XapakTepHa Juisi OesKOB, IOCTPOCHHbBIX
13 HECKOJIBKMX TOIMNEenTHIHbIX erneif. OHa npejicrasisier coboii cro-
c00 B3aUMHOIO PACITOIOXEHMS B MPOCTPAHCTBE OTAEIbHBIX MOAUTIEN-
rMAHBIX Henei B mojekyvie Genka, HeoOXOUMMBIH IS NMPOSBICHUS
criertpmuecknx dpyukumit. OraenbHble MOJUNENTHIHBIC LIeMU, BXO-
ngmmne B cocras Oenkon, obna/lalOIUMX YETBEPTHUHOMH CTPYKTYPOId,
HOCAT HA3BAHHUE NPOMoMepos, Uan cybsedunuy, 3 KoTopuix hopMupy-
CTCSL INUMONCKYAA TAKOTO Oeaka-myabmumepa.

UeTpepTHuHas CTPYKTYPA NMOUIEPKMBAETCS MCKITIOUUTEIBLHO CHla-
MI c1a0BIX B3aMMOJICHCTBHI, NMO3TOMY OHA npeacTtasiaseT coboi 1o-
CTATOUHO fabWibHOe 06pa3oBaHKe, 3HAUMTEILHO MEHee IMPOYHOE, YeM
rpeTHYHAas U TeM Dosiee BTOPHMUHAs CTPYKTYpa. MexcyObeAMHUYHBIE
KOHTAKThl BO MHOTOM OMNpPEAEsOTCs BOJAOPOAHBIMH CBSA3SMH, C 1MO-
MOIIBIO KOTOPBIX MOTYT, HaNpUMep, KOHTAKTUPOBATH MEXK1y co0oii -
CKJIAIYATBIC JIMCTBI MPOTOMEPOB. CyLIECTBEHHYIO POJIb BBITOJIHAIOT U
1podobHbIe B3aUMOJICHCTBHS HA KOHMAKMHBIX NA0WadKax cyObenun-
HHULL, OCYIIECTRIsIeMble MexXay THapoGoOHBIMM paluKalaMHU aMUHO-
KHMCJIOTHBIX OCTAaTKOB. Tak, HanpuMmep, cocTosiasl M3 AByX cyObenu-
HITLL AMTUMOIeKya (pepMeHTa aJIKOTOJIbIEIHPOreHassl MICKOIUTAI0-
mx obpasyercs Gnaroaapsi rmapodobHoMy B3anmozeicTeHIO 18 amu-
HOKHMCJIOTHBIX OCTATKOB M 00pa30BaHMIO 8 BONOPOAHBIX CBA3EH MeXIy
nporomepamu. OnpeneneHHoOe MeCTO B HOPMUPOBAHUM YETBEPTUYHOMN
CTPYKTYPBI NTPAIOT H NEKTPOCTATHYCCKHE B3AMMOACIHCTBHA MEXILY He-
CYUIMMH TIPOTHBOMOJIOXHBIC 3apsilbl pAIMKAJIAMM AMMHOKHUCJIOTHBIX
OCTATKOB.

benku, obnanaiomme UYeTBEPTHYHOM CTPYKTYPOH, KaK IpaBuilo,
coepKaT YeTHOEe YMCao cyObeAMHHLL M NPEACTaBAAIoT coboii auMe-
pbl, TETpAMEpPBbl, TeKcamMepbl, OKTaMePbl U T.J1. YHcao IMMepoB M TeT-
paMepoB pe3ko npeobnanaeT cpein n3ydeHHbIX OeskoB. YeTHoe uncio
CcYOBEMHULL, OUEBIIHO, OTpaxaeT oOIMi npunyun cummempliu, CBOH-
CTBEHHBIH XMBOIT npupoae. Benky ¢ HeYETHBIM YHCIOM CYOBEIMHHULL
rIpecTaBasiior cob0i OTHOCHTENILHO PEIKOe SABJAEHNE, H HAaCTh U3 HUX
BBITOJHSET OUYCHD BAKHbIE M CBOeoOpa3Hbie PYHKIMM Y MHOTHX Opra-
1u3moB. Tak, mpumepamu sisnsiotres HekoTopsie H3 GTP-cBsizbiBalo-
mmx Gesakon (G-6enku). Ux ocHoBHAs PYHKLIMSA COCTOMT B repejaayve
CHUTHAJIOB BHYTPb KJIETKH WIM B PA3IMYHBIX €€ KOMIIAPTMEHTAaX, XOTs
4ACTb U3 HHUX BBINOJIHSIOT M MHbIe (DYHKLIMM (Y4acTBYIOT B OMOCHHTe3e
Oeska M Apyrux aHeproeMkux npoueccax). G-6enku obnanaior cno-
cobnocteio ruaponunzosate GTP 1o GDP un docdara, nepexons
13 aktupHoro cocrosuus (Komrneke G-6enok — GTP) B HeakTHB-
Hoe coctosiiue (komruieke G-6enok — GDP). GTPasnas akTMBHOCTh
G-6enKoB NPUBOIMUT K BLICBODOXIEHNIO I9HEPIHU MAKPOIPSUHECKUX CB~
seit GTP, kotopast M MCnonb3yeTcs Ui nepeiayd CHrHajios,

K G-0enkaM OTHOCHTCS, HANpUMep, TPAHCIAYLMH, KOTOpbLIH yya-
CTBYET B Iepejiaye M YCHWIeHMH CBETOBOTO CHIHANA, BBICTYIAs B Kave-
CTBE KOMITIOHEHTA KOMiLUieKca Genkos (TpaHCcayuuH-poaoncuH-¢oc-
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(honnacTepasa UMKIMIECKMX HYKJICOTHIOB), 06ECTeuHBAIOIINX BOCTIPH-~
ATHe ¥ MHOrokparHoe (5-10° pa3) ycuieHue CBETOBOro CHUrHama B
ceTyaTKe riasa. Monexyna TPAHCAYIIMHA COCTOMT M3 TPeX PasiMYHbIX
cyosenunmit (T, T n'T,), n3 koropeix GTPa3Hoii akTHBHOCTBIO 061a-
naet cyobenunmma T,. Cxonnoc crpoeHne umetor 6enku G, u G; —
KOMITOHEHTBI LIMPOKO PACTIPOCTPAHEHHOH B XMBBIX CHCTEMax adenu-
AQMYUKAA3HOU CUCMEMbl, YIACTBYIOLME, B YACTHOCTH, B NEpeIaye rop-
MOHAJILHBIX CUTHAJIOB BHYTPb KJIETOK-MHILUEHEH. DTH BeJIKH CriocCOOHbI
BOCIIPHHUMATh CHIHA OT eJIKa-perienTopa ropMoHa M MepeaBaTh ero
aneHUIATUMKIIa3e — (DepMEHTY, OCYHIECTBISIONIEMY CUHTe3 CAMP —
BTOPHYHOTO MecceH/Kepa (NOCpPeHMKa), KOTOPBIA B CBOIO OYEpeilb
PEryJIMPYeT aKTHBHOCTD 11€/10T0 Psiia BHYTPHKJIECTOUHBIX (DEPMEHTOB M
COOTBETCTBYIOIHX OHOXHMHUYECKHX nipoueccos. Beakun G, u G;, Kak #
TPAHCAYLMH, NPEACTABIAIOT CO00Il TPUMEPHI, COCTOSIINE U3 Pas3iny-
HBIX cyOBeanuu (o, B, y). G 1 G; Ha3bIBAIOT COOTBETCTBEHHO CTUMY-
JIMPYIOLINM ¥ HHTHOUPYIOINM GeJIKaMH, CIIOCOOHBIMM albTePHATHB-
HO BJIMSITh Ha aKTUBHOCTD ajieHnIaTumnkiassl. ¥ Ge-6enka cyobennm-
a o criocobna cpsizbiBath M ruapoaunsosate GTP, uto Bener K u3Mene-

H, Hi
K i
GTP GTP
Ahs-'—-rr 1),

Mem6Gpana /\
Inromnasma \C/

ATP cAMP
Puc, 24, Cxema yuactust G-Genkos B riepeate ropMolaibHoro cHriaga ae-
HHJIATHHKA3e,
Fopmonst (H, u Hj) nepesaloT curial cooTBETCTBYIOLLIM peuentopam (R, m R)), ¢
KOTOpBIX OH sanee noctynaer Ha 6eaxkn G, u G;. Kommiekesl a-cyGneaminni (o, u a;)

¢ GTP anbo cTumyanpyior, nubo ;mrnﬁupyun AKTHBHOCTh ajenunaTunknassl (C).
AzeHmiaTunkiasa Katatusupyer obpasosariie cAMP u3 ATP
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1m0 KoHdopmanuu G-6eika v aneHWIATUMKIA3BI, KOTOpas NMepexo-
JIMT B akTHBHOE coctosiiue (puc. 24). Komruieke cyobenmuniib o, GDP,
cyObeaunuil B u y npeiacrapiaser coboil HeakTuBHyio (hopmy Genka
(a-GDP—p-y). 3ameumenue GDP na GTP B 3TOM KOMIIIEKCe pe3ko
vOBICTpSIETCS TOJL JeHCTBHEM CTHMYIMpyloliero peuentopa R,, pac-
nojoxeHHoro B Mmembpane. Ipucoennnenme GTP Bener K nucconma-
IIMH YEeTBEPTHUHON CTPYKTYPhI Ha JIBE COCTABISAIONIME: JHMEDP cyObe-
Jnnui B-y u monomep a-GTP, kortopslit M npexcrasnsier coboii ak-
TusHy10 (hopmy G,-6enka. [Tocnennsas BeTynaer Bo B3aUMOJICHCTBHE C
AIEHHJIATUMKIIA30M M aKTHBUPYET €, YTO MPHUBOJUT K MHOTOKPATHO-
MY VBEIMUEHMIO KOHIeHTpaimu cAMP U cooTsercTByIOlIeMy HU3Me-
HEHHMIO BHYTPUKJIETOUHBIX MpoiieccoB. [TponomkurebHOCTb 1eHCTBHS
G -0ejKa Ha alcHWIATUMKIIA3y Olpejensercss BpeMeHeM HIpoan3a
GTP non aeiicteneM o-CyObEAMHULB, 10 UCTEUEHHUH KOTOPOr0 KOM-
inekc Gg-a-GDP BHOBL coeauuseTcs ¢ AMMEPOM [-y-CyObeIMHULL,
1 Oe/IOK BO3BpalLAeTCs B HEAKTMBHOE COCTOSHUE.

Ilpocrpanctsennas cTpyktypa tpumepa Gi-6eika npejicrapieHa Ha
puc. 25. Ha 3TOM Xe prUCYHKE NPUBEICHBI CTPYKTYPhI ABYX apyrux G-
oenkon: GTP-cessbiBaloliero hakropa ajJoHrauum TpaHcasaumum (6uo-
cunresa benka) EF-T, 6akrepuii (em. r. 11) u 6eaka Ras, yuacrsyio-
11ero B npoaudepanyy KieTok miekonuraommx. Iocaeanme asa 6esika
HE MMEIOT YeTBEPTHUHOM CTPYKTYPHI, OJIHAKO O6IAIAI0T BHIPAKEHHOI
FOMOJIOTHEN TEPBUYHON M TPETHUYHOM CTPYKTYP B OBJACTH CRSI3bIBA-
Hust GTP u GDP. BaxkHbIM poACTBEHHBIM 2JIEMEHTOM CTPYKTYP 3THX
OElIKOB ABJASETCH YIACTOK, cojepxaiuii cnimpais (switch I1) u ocy-
ICCTRASIONINI KOHTAKT ¢ y-(hocdartroit rpynnoit GTP. ®unoreHeru-
yeckoe ponctBo G-0e/IKOB, BbIIEJIEHHBIX W3 Pa3HbIX OPraHM3MOB,
MPOSIBISACTCS B KOHCEPBATHBHBIX AMUHOKHUCIOTHBIX ITOCIE/I0BATEILHO-
CTSIX, BBISIBJIEHHBIX B cocrane 5Tux Oenkos (yuacrku G-1—G-5 Genka
Ras na puc. 25) y Gaktepuit, OAHOKICTOUHBIX, MJICKOMUTAIOIINX W
YCJOBEKA.

B cocrase Oe/lKOB ¢ YeTHBIM YHMCJIOM CYObEAMHMIL MOTYT COIEp-
AKAThCS MICHTUYHBIE WM Pa3/IMUHbIE 110 CTPYKTYpEe npotomepsl. Tak,
(hepMeHT anbaosiaza U3 CKEAETHBIX MBILITLL KPOJHKA COCTOUT U3 YEThl-
peX OJIMHAKOBBIX CYOBEMHHUILL, 4 TeMOIIOOMHbBI MICKOMUTAIOIIMX (TaKxKe
TCTPaMephl 10 CTPYKTYPE) COJEPKAT B CBOEM COCTABE JIBE Maphbl pa3-
JIMUHBIX CYOBEAMHMIL ABE CYOBEIMHMIILI THNA o U JBE CYOBEMHUILbI
tuna B. Takum oOpasoM, YeTBepTHUHAsE CTPYKTYpa reMorjio6MHoB OT-
pevaeT opmyie 2a2p. B 060MX BbIIICOTMEUECHHBIX TTPHMEpax TeTpa-
MEPHBIX OEJKOB MX MPOTOMEPbI MPOCTPAHCTBEHHO PACMOJIOXKCHBI B
pepiurHax rerpasapa (puc. 26). Hanbonee sipkue npumepbl YeTBEpTHY -
HOM CTPYKTYPbl MOXHO HalTH CPEIM KATAIMTHYECKH aKTHBHBIX Den-
KOB — (pepMEHTOB, /LIt KOTOPBIX 0COOEHHO XapaKTepHa B3aUMOCBA3bL
CTPYKTYPBI ¥ (DYHKIIMOHATIBHBIX CBOICTB.

Jumepamu, cocTosiiiiMu U3 cyObLeIMHUIL OQHOTO BMIA (TOMOIU-
MepaMu), SBJISIOTCH aJlberHaAOKCHaopeayKTasa (cM. puc. 15) 1 anio-
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Puc. 25. Ctpoenne G-6enkon (Sprang S. R. // Ann. Rev. Biochem. — 1997. —
V. 66. — P. 639):
A — reteporpumep Genka Gy, cBA3aHHBI ¢ IasMaTHIeckoil memOpanoit (mosepxHo-
cTi cyOBeanmuMubl y (caesa) ¥ cyGbeanHuUb o (cnpasa), KOHTAKTUPYIOLIHE ¢ MeMO-
panoit, BeiaeneHs TeMubiM usetom; SI, SIL, SIIT — yuacTky a-cyOneannib; Moie-~
kyaa GDP cassana ¢ a-cybweanmnnueit); 5 — crpykrypa (hakTopa S70HTALHKM Tpanc-
nsumu (EF-Tu) akrepuwn Thermus aguaticus, cagaasipaiomero xommieke GDP —
Mg*%: B, I' — ctpyktypa Geaka Ras (I’ — xomnnekc 6enka Ras ¢ GDP — Mg*%: B —
komnaeke Geaka Ras ¢ mermaponusyembim ananorom GTP (G,,C.): aj—os —
o-cnupann; B—pg — p-crpykTyphl; G-1—G-5 — romosornuisie 06acTi, CBOHCTBEH-
Hele Muorum G-Beakam)

HykJieasa pecTpukumum (pecrpukrasa) Bam HI, cxema ctpoenust Ko-
ropoii npeacrassieHa Ha puc. 27. Pecrpukrasa Bam HI, BoiienenHas us
Bacillus amyloliquefacions w ornocsaasics K pecrpukrazam tuna Il (moa-
pobHee 0 pecTpUKTazax cM. ri1. 14), npeacrapnsier coboit AuMep M cBs-
seigaetcst ¢ JAHK, naxonsiueicst B B-popme. ITocne cBsi3pIBaHHS C
JIHK Monekyia aToro depMeHTa npetepresaeT psaa KoHGOpMalHOH-
HBIX M3MEHCHMIT, B pe3y/ibTaTe KOTOPLIX OTIE/IbHbIE YYACTKH TMOJH-
NMENTHAHBIX LErei Kaxaoi u3 cybGpeauHuil odpasyior csoeobpasHbie
CTPYKTYPHBI («pyKH»), KOTOpbBIE CAYKAT uist oTHOro kontakra ¢ JIHK
(cM. puc. 27, B). «Pyka» oHo# cyObeIMHHMLIBI BXOIAUT B Manyio 60po3iy
JIHK, a «pyka» apyroil cyObelMHMIIBI B3aMMOIEHCTBYET C caxapo-
(hochaTHBIM OCTOBOM HA JAPYroii cTopoHe ABOIHOI cnupanun JTHK.
Vaunapanue 3oubl pacuierienust ueneit JTHK nponexoaut B ocHoBHOM
B 30He DOAbLOI Bopo3asl (bonbuioro xenoba) monekyist JJHK.

[ o-Cyomemmm
B-CyObeanHuIs
- T'pynms rema

Puc. 26. Moaenb 4eTBEpTHHHOI CTPYKTYPLI reMorIoGinHa
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Puc. 27. Crpykrypa pectpuktassi Bam HI, B3auMoaeicrteyouieit ¢ 1HK:
A — crpyktypa kommiekca Bam HI-JIHK. [se cybneanauis thepmenita (L u R)
PACIIONOXEHL! COOTBETCTBEHHO C/I€BA M CpaBa OT 0OO3HAYCHHOH BHM3Y MOJNEKYIbI
,-th”: b — R-cybveamnnua pecrpukrasst Bam HI (nokaszano pacnonoxenue o-crim-
panen (o) wy) U f-cnoes (B;—By): undpamu oboznadeHo PACnOINOKCHHE OTACIIb-
HBIX AMHHOKHC/IOTHBIX OCTaTKOB HaunHas ¢ N-KoHua mosekynst, C — KapBoKcHIb-
HEIH KOHEL MOJACKYAB); B — B3aUMONIEHCTBHE OTACABHBIX CTPYKTYPHEIX 2IEMCHTOR
R—”u L-cyGrennnnn pecrpukrasst ¢ moaexynoi JIHK (cnupann u netin BTOPHY -
HOH CTPYKTYPH CYOBEAMHNLBE R BhiZeeHsl TEMHBIM LIBETOM, COOTBETCTRYIOUIHE e~
MeHThl L-cyGneanHunb — cepbiM)

64

Cpenu 6enkos, BzauMozneiicteyowmmx ¢ JJTHK, BoisiBieHbl MoieKy-
JIbI, UMEIOLIIHE CBOR0OpasHYIO0 mopoudansiyio (KOAbLIEBVIO) CTPYKTYPY.
B 1iennom oGpa3zoBaHine 3aMKHYTBIX CTPYKTYP (KoJjell, Tpybok win ce-
PHYECKMX DIMTMMOICKY) JHOMOJIHUTEIBHO CTAaOMIM3NPYET YeTBepTHY-
HVIO CTPYKTYPY 3a CHET YBeJAuUeHMs 0OILEero YMciaa KOHTAKTOB MEXILY
nporomepamu. K takmm OenkaM OTHOCATCS, B YaCTHOCTH, <«Delnku
cKonb3fLero 3axuma (obpyua)». Tak, v E. coli BeisiieH 6enoK KOJIb-
11eBoit hopMbl, SABASIOUIMACS MHTErpaNbHOM 4acThio OEIKOBOro KoM-
Iuiekca, obecnieunsawouiero perummkaumnio JHK (em. . 7). beakw, pac-
naeTaomue apoitHbie cnupain JIHK B Xoze pennukanmm v HasbiBae-
MbIC XeAUKa3amu, TAKXKe HMEIOT KOJBLLEBYIO CTPYKTYPY W MpeacTaBisi-
10T co00ii rekcamepnl. Yucao cyObeIMHMIL B MYJIbTHMEPHBIX MOJIEKY-
11X TOPOMAANbHBIX OEJIKOB BApLHPYET B IIMPOKMX ripeaesax (o1 6—7

Jno 12—135).

Eule 6onee KpynHbIMH MOJIEKYJIAMU TIPEACTABICHBI B IIPHpoOJIe OeKH
(heppumunbt, CHyXKaline U8 CBA3bIBAHUS M AENMOHUPOBAHMS XKeje3a y
pPa3IMUHBIX BHIOB XUBOTHBIX M pactenuii. Tak, B anumonexyne gep-
PUTHHA XHBOTHBIX, KOTOpas npejacrasnger coboit cepuyeckyio Mo-
NEKYAY, conepxkuTca 24 cyOneMHMIIbI, MEXAY HUMKM Pacioiaraiorcs
NOJ0CTH (KaHalbl) JUIS NMPOHUMKHOBEHHMS OKCHIOB Xenesa. Buyrpu
HEHTPAIBLHOMN MOJOCTH (PEPPUTHHA HACEKOMBIX MOI'YT OLITH CBSA3AHDI
1500 atoMoB xenesa Ha | Monekyiy Takoro 6einka-myabTumepa. AHa-
IOFMYHbBIE KAHAJIBI BBISIBJICHB! M Y (beppuTHHOB pacTeHuii (puc. 28).

Cpean (hepMEHTOB AOCTATOYHO HYACTO BeTpevalorTes Oenku, coaep-
KAllMe pasauYHbIE 1O CTPYKTYpE H (DYHKIHAM CyObeIMHHIILL. [eTepo-
IMMEPHOIT CTPYKTYpOIl obsanaloT npoteMHKHHa3b! ((hepMeHThl, Cro-
coOHble hochopuanpoBath onpeaesicHHbIe AMUHOKHCIOTHBIE OCTATKH
i pasaMuyHbIX GejIKax), oiHa M3 CYOBCAMHMIL KOTOPBIX sIBjseTcs cob-
CTBEHHO KatanuTuieckoit (cyobeanmnuua tuna C), a apyras — pery-
imToproit (R). [Mocneansga Mmoxer ceasbiBathes ¢ CAMP, uTo nepeso-

Puc. 28, KomneloTepHoe n3obpaxenme
CTPYKTYPBI MOJICKYJIBI anodeppuTiHa
M3 ceMsil ropoxa.

Monekyna coctont us 4 cybrenmunit, -

popmasreie octatkn His u Arg, npuHan-

AekalMe vethipeM cybweannunaM, gop-

MUPYIOT KAHANEI, KyIa NMPOHHKAIOT MOHBI

wene3a. INoxkaszansl Takke ocratkum Trp,

pACnoONOXeHHble Ha rpaHuLax pasjgeia
cybOBeaAHHn
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JWT hepMeHT B aKTHBHOE cOCTOsiHME. [eTepoMyIbTHMEPOM, COCTOSI-
LIMM M3 HECKOJBKMX pasiMuHbIX cyobeanuuil, apiaserca 1 PHK-no-
JuMepasa (cM. 171, 9).

Brieuat/asiiOlUIMM IPUMEPOM CJHOXHOI YeTBEPTUUHOI CTPYKTYPHI
MOXET CAVKHTh MoOJeKyia acnaprarkapbamunrpaHcedepassl E. coli.
Dopmysa YeTBEPTHUHOM CTPYKTYPbI 3TOT0 (hepMeHTa MOXeT ObITh 3a-
nucana tak: (C;3),(R,)s, T.e. B cocrase naHHoro 6ejika MMerTcs 1ecTh
KATAJIUTHUECKUX cyOBeIMHUIL, OOBEIMHEHHBIX B 1Ba TPUMEPA, U 111eCTh
PeryasiTOpHBIX CYOBEAHHHIL, O0pasyIowmx Tpu auMepa. PervisropHblie
cyOBeAMHULIBI MOTYT B3auUMojieiicTBOBaTh ¢ akTuBaTtopoM (ATP) mau
uaruburopoMm (CTP), uto Braever 3a coboii n3meHeHue KoHpopMaim-
OHHOTIO COCTOSIHMS SMUMOJIEKV/Ibl. B 3aBHCMMOCTH OT TOTO, Kakoi a(-
chekTOp NMpUCOEAMHSIETCS K PEryasiTOPHBIM CyObeIMHUIIAM, MOJIEKYJIA
epMenTa MoxeT npuodperats pLIXJIVIO (perakecupoBaHHylo) (hopmy
(R-(popma), KoTOpO#t CBOIICTBEHHA BLICOKAS AKTUBHOCTE, 160 H6onee
TUIOTHYIO M MeHee akTuBHylo dopmy (T-popma).

B uenoM HaMuMe pasanuHbIX MoaeKyaspHuix gopm y Genkos, 06-
JAaoUImMX YeTBEPTUUHOH CTPYKTYPOM, npeacrasisier coboii jocta-
TOYHO PACHpPOCTPAHEHHOE SABJIEeHUE, OOYCIOBIEHHOE OTHOCUTEIbHOM
MOABHXKHOCTBIO OT/IeJIbHBIX cyObeanHuIL B antumosekyie. CyliecTBo-
BaHWE TAKMX MHOXECTBEHHBIX (hopM umeeT hyHIaMeHTAIbHOE 3HauYe-
HUE JUIg peryasaiunu ux QyHKIMOHAIBHON aKTUBHOCTH B KJIETKE, OT-
JeJLHBIX €e KOMIAPTMEHTAaxX, a TakXKe B TKaHsAX M OpraHax BbICHIMX
OPraHHU3MOB.

OT 4eTBEPTHUHON CTPYKTYPbl CHEAYET OTIHYATh 0AUCOMEPHOE CO-
cmosrue Geakos. Muorue 6enku 061a1a10T ¢rnocoGHOCTLIO 0OPA30BHI-
BaTh CTPYKTYPbI C N3MCHSIOIIMMCS B OIpeAe/IeHHO! 1TPOoNnopiun Yuc-
JIOM TIOJIMIENTHAHBIX 1EMcii, OAHAKO 3TO HE CBI3aHO ¢ BOZHUKHOBE-
HHEM WK Mcue3HOoBeHMeM cneumduyeckux dpyukumii. Tak, cuiBopo-
TOUHBIIT wILOYMUH ObIKA MOXET CYLIECTBOBATL HE TOJILKO B BHJIC MO-
HoMepa (67 k/la), Ho u B BUe JquMepa, TpUMepa M TeTpamepa, UTo,
OIHAKO, He Be/eT K IOSBACHUIO KAaKUX Obl TO HU ObL10 HOBLIX (PYHK-
uuit. He obnanaior, no cyuiecTsy, YeTBEPTHMUHBIMU CTPYKTYPAMH H
OeKOBbIE MOJIEKYIIbI, BO3HUKAIOILME B Pe3ylbTaTe paculernieHus (or-
PAaHHYEHHOTO MPOTE0AN3a) DENKOB-TIPEAILIECTBEHHUKOB M COCTOSIIINE
B CBA3M C 9TUM M3 HECKOJBLKUX NOJUNENTHAHLIX ueneit. TTpumepamu
TakuX OeJIKOB MOIVT CIYVKHMTh XMMOTPUICHH (BO3HHMKaeT u3 Genka-
MpeIIECTBEHHUKA — MPOXUMOMPURCUHA — N COCTOUT U3 TPEX IMOJIH-
MENTHAHBLIX LENeil, KOBATCHTHO CBA3aHHBIX MexXKy co0oit aucyabpui-
HBIMH MOCTHKaAMM) M MHCYIMH. Mojiekyia MHCYJIMHA COCTOUT M3 JIBYX
MOJMMEeNTHAHLIX teneit — A n B, conepxamnx coorsercteeHHo 21 1
30 aMMHOKHMCIOTHBIX OCTATKOB. DTH 1enu obpasyIoT eMHYIO CTPYKTY-
py ¢ AMCYALMUAHBIMHU CBIA3SIMH, KOTOpasi NOJIYYaeTCsl 1ocje Bhipe3a-
HHMSL M3 MpOMHCYJIMHA cBaA3yiouiero nentuaa C, B pesyabTate 4ero
MHCYJINH TipHoOpeTaeT CBONCTBEHHbIE MY FOPMOHAIBHBIE (DYHKIIMH
(puc. 29).
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Pic. 29. O6pasosatine akTHBHOI (OPMBI HHCYIUHA H3 MOJEKY/Ibl Npelle-
creeHHuKa (MpoMHCYIHHa) nyTeM Boiueruienns C-nentuaa (nosicHeHus B
TEKCTE)

K yeTBepTHYHOI CTPYKTYpe He ClIe/lyeT OTHOCHTb U HAOMOAeKYAAD-
ite Geakogole U ghepmermuble KOMHACKCH — MYJIBTHIH3UMHBIE (TTOJIN-
(pepMeHTHBIE) KOMIUIEKChI U Memaboaonsl. OOpasoBaHHe TAKUX CTPYK-
VP CBSI3aHO C HEeOOXOMMMOCTBIO IMOIIEPXKAHUSL BLICOKMX CKOPOCTEH
vMeTabonMnyecKuX npeBpaiieHnii B XXKuBoi kiuerke. MHbIMK ciioBamu,
CKOpocTh OOHOBIEHUS (CMHTE3a) MOJICKY JOJDKHA npeobnajars Hajl
CKOPOCTBIO UX pacnaia. beictpoe 0OHOBAEHHE TPUHIMITHAILHO BaX-
HBIX JUISL KJIETKM COeAMHEHMIl (KITIoueBbIX MeTaboJMTOB) 3aBUCHT OT
ahdekTuBHOCTH paboThl (hepMEHTOB, KATAIM3UPYIOIIMX COOTBETCTBY-
IO11ME PeaKlMK, Ybs CKOPOCTh B CBOIO OUEpEeAb JIUMHTHPYETCSI BO3-
MOKHOCTSIMH CTOJIKHOBEHHMS (hepMEHTOB C MX cyOCTpaTtaMu, T.e. aJie-
MeHTapHbIM npoueccoM auddysun. C Apyroit ctopoHbl, 00beIMHEHHE
()epMEHTOB B JIOCTATOYHO YCTOMYMBBIE KOMIUIEKChHI CMOCOOHO Cyllie-
CTBEHHO YNPOCTHTb (YCKOPUTBL) NMPOTEKAHHE CEPHHM XMMHUYECKHMX pe-
AKLIMI 32 cyeT aapecHoi nepeaaun MeTaboaUTOB OT OIHOTO (hepMeHTa
K Jipyromy. Cpeau Takoro poja mojandepMeHTHbIX KOMILIEKCOB MOXHO
pasnuuath abcopbuyuonnsie U unmezpasbisvle avcamonu pepMeHToB. A~
copbLMOHHBIE aHcaMbam 0Gpas3yloTes 3a cyeT cHil ciabbix (He KoBa-
JIEHTHBIX) B3aUMOJICHCTBHII MexXay MmosieKyiaMu (epMeHTOB Ha mo-
BEPXHOCTH MeMOpaHbl NGO KaKOM-TO KPYITHOM LEHTpalbHOM (KOpo-
BOI) MoseKyabl. MHTerpaibHble KOMILIEKChI OKa3bIBAIOTCS BCTPOEHbI
BO BHYTPHKJIETOYHbIC MemMOpaHbl. K MHTErpaJibHbIM KOMIUIEKCAM OT-
HOCHTCS, HallpUMep, LEMOYKN OKHCJIMTENBHO-BOCCTAHOBUTEIbHBIX
(pepMeHTOB (LIMTOXPOMOB), BCTPOEHHBIE BO BHYTpPEHHHE MeMOpaHb
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Puc. 30. Crpoenne MyabTHIH3IHMHOTO KOM-

8 TpuMepoB TUICKCA OKHCIAUTEIBHOTO ACKAPOOKCHIN-
AR DO NIL - pOBanHs MHPOBUHOTPALHONH KHCIIOTHI,
TpaHcaleTHIaskl
BDTOT KOMIUIEKC KAaTAIM3UPYET npeppauietmne
nHpoBHHOTpaanoil KicaoTel B auetia-CoA
+12 monexkyn
JUTHIPOIHITOWI-
JIETHIPOTEHA3bI

MHTOXOHAPUA. DT aHcamban depmeH-
TOB OCYUIECTBISIOT OLICTPYIO Mepena~
4y 3JEKTPOHOB C OKHCIAEMOro cyo-
cTpata Ha Kucioponu, baarogapst yemy
CO3/1aI0TCS YCAORHS LT CONPSKEHHO-
:54 “°JT‘:§;“’{ ro ¢ 3THM npoueccom cuuresa ATP.
Smfgﬂam P* WurencusHocTh paboOTHI TAKOI CHCTE-

Mbi (P€pPMEHTOB CTOJIb BLICOKA, YTO IM10-

3BOJISIET OAHOI KieTke 3a | —2 MHUH

NOJAHOCTBLIO BO30OHOBIATE 3anackl ATP
(107 monekyn), a Bech OPraHU3M 4eJI0BEKa CIocoOeH CHHTE3HPOBATH
okosio | r ATP B MUHYTY.

K ancopbuMOHHBIM KOMIUIEKCAM MOXHO OTHECTH NOJH(EepMeHT-
HBIIT KOMIUIEKC OKHCIINTENLHOTO JIEKAapOOKCHIMPOBAHNS MHPOBHHOT-
pannoit kucnorsl (IBK), cocrosiumii u3 tpex GepMeHTOB, KaxIbli
M3 KOTOPBIX B OTOM KOMIUIEKCE NPEACTABICH ONpeJeIeHHbIM YUCIIOM
mostekyi (puc. 30). 3ToT MyABTHIH3UMHBIH KOMIUIEKC OCYIIECTB/ISIET
opicTpoe npeppauierne [TBK B apyroit kiatouesoii Metabonut — aue-
Tii-CoA. Eine 6osiee KpyrHpie ancopOLHOHHBIE KOMIUIEKCHI HOCAT Ha-
3BaHKue memaboronos — aHcambaei hepMEeHTOB, KATAUIM3UPYIOLLHUX Ce-
PUIO peakiMii, COCTABISIIOIIMX ONPeAeICHHBIH Mematoaudeckull nymo.
B coctase M3BECTHBIX MeTabOIOHOB 2auKoau3a U yukaa Kpedca BXOIUT
oonee 10 pazanuHBIX (DEPMEHTOB, MEXIY KOTOPLIMHM BO3MOXHA ajl-
pecHasi «acmacpemnan» nepenavya cyocTpaTosB.

OnvH U3 BHAOB NMOJU(EPMEHTHBIX KOMIUIEKCOB — NpOMeacoMul.
D70 KpYNHbIe, UMEIOLINE ONpeie/IeHHbIH TUIAH CTPOCHHS KOMITIEKChE
MPOTEOJUTHYECKHX (DepPMEHTOB, pacllieiUISIOILINE PA3JINYHbIE BHYTPH-
Kj1eTounble 0eskn, OHM 0OHAPYKEHbBI Y CAMBIX PA3HBIX OPraHM3MOB (OT
apxubakTepuii 10 yeroBeka) U npejacTapisioT coboil cyniecTBeHHbLIH
KoMnoHeHT ATP-zaeucusmoeo npomeoauza, B Xojae KOTOPOro ocyliie-
CTBISIETCH MCKJIIOYUTENLHO ObICTpast Aerpagaums Mnpexie Bcero aHo-
MajbHbIX OEJIKOB, BO3HMKAWIINX TUO0 BCACACTBHE MYyTaluii, 1ubo B
pesyabraTe omnbok GenokcunTesupyioneit cucremsl. [Tpoteacomsr pac-
HIETUIA0T OeIKM, KAaK NMPaBWIo, 10 KOPOTKHX MENTHUIOB, KOTOPbIE 3aTEM
FHMIPOJIN3YIOTCS 10 OTIEILHBIX AMHUHOKHCIOT IIMTOIUIA3MAaTUIECKUMU
sksonentuiaaszamiu. [TporeacoMsl, BbIIEIEHHBIE M3 PA3HLIX 00BLEKTOB,
UMEIOT MOJICKYJISIpHYIO Macey okosno 2000 k/la (26S-nporeacombl) M
BEChMa CXOIHBI MO CTPYKTYPHO-(DYHKUMOHANBHON opranusauuu. o
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Puc. 31. Cxema crpoenust npoteacomst uz Thermoplasma acidophillum
(Coldberg A.L. // Science. — 1995. — V. 268, — P. 522):
A — obuwmii nnan ctpoenns 20S-nporeacomsl; 5 — 20S-npoteacoma B paspese. Jlpa
BHEUIHHIX KONbIA COCTOAT H3 CeMH a-CYOBeINHHIL KAXKI0e, MOJ. Macca cyObeaHHu-
sl — 25,9 k/la. /Ipa BHYTPEHHMX KOJbLA COCTOAT M3 CeMM P-CyOBeAMHMIL KAXIOe;
Mom. Macca cyoseantnibl — 22,3 k/la. Kosbua o6pasyior LeHTpaisibil Kanan ¢ Tpe-
Msl KAMEPaMM, BXOJbl B KOTOpHIE PACITONArAlOTCH B BepXHEH M HILKHEll yacTax Komi-
JleKca Mexay oa-cyObeaHHHIaMM

COBPEMEHHBIM JIAHHBIM, IPOTEACOMA CONCPXMT 110 KpaiiHeii Mepe 28
1IPOTOMEPOB (OTACNLHBIX OETKOBLIX I100YII), COBPAHHBIX B CTONKY M3
4 Konent Mo 7 MpOTOMEPOB B KAXIOM KOJIbLIE, BHYTPH CTONKH pacro-
JIaraeTcs 1MojiocThb, TAC U NMPOMCXOAUT AecTpyKums O6enkos (puc. 31).
J1Ba BHEIHHX KOIbLA POPMHUPYIOTCS 0-CYOBEAMHMIIAMM, BBITIOTHSIIO-
IIAMH PETYASITOPHYIO (DYHKIINIO, A JIBa BHYTPEHHUX — B-CyObeMHU-
[AMH, KOTOpbIe 00JaJal0T NPOTEOJNTHIECKOI akTHBHOCTBIO. Mone-
KYJISIpHbIE MAacChl MPOTOMEPOB BapbUpyIoT ot 22 o 35 k/la, npuuem
pasjMIHBIe MPOTOMEPLI HE BCEI/la MPeCTABJIEHbl B PABHOMH CTENEHMU.
Hanpumep, npoxxkesbie nporeacoMmsl cofaepxat 14 pasaudHbiX TH-
OB MPOTOMEPOB, MPOTEACOMBbI pacTeHuii — 12— 1[5, a apyrue syka-
PUOTHYECKHUE MPOTEACOMBI MOT'YT BKJIIOUATH JIO 25 pasjiMuHbIX OeJIKOB.
B cocrase HekoTophix nporeacoM sbisinensl PHK, cocrosume npu-
MepHO M3 80 HYKJICOTHAHBIX OCTATKOB.

[IpoTreacombl NMPUCYTCTBYIOT He TOJBLKO B LMTOIUIA3ME, HO W B
SIpax KJeTokK, a TaKXKe B H/I0IUIa3MAaTHYECKOM PETHKYJIYME, OjlHa-
KO MX cojiepxaHue 0COOEHHO BLICOKO B LIMTOMJIA3MATHYECKOM Mat-
pukce (He Menee 50 %). PeHTreHOCTPYKTYPHBI aHa/IM3 MOKa3all, uTo
20S-nporeacoma u3z Thermoplasma acidophillum wmeer Gpopmy 6oyoH-
ka (14,8 - 11,3 HM) ¢ NPOHMKAIOUINM LIEHTPANBHBIM KAHAJIOM M TPEMs
OOBLIMMM BHYTPEHHHMM Kamepamu. JoCTyI B OAOCTL OCYIIECTBIIS -
CTCSl MEpe3 Y3KHE OTBEPCTHA B LEHTPE KaXI0ro Kojiblia. OTBepcTHs
BHEUIHMX KOJIC1] COCTABAAIOT Beero 1,3 HM B iMameTpe, 4To 4yTh 60Mb-
e AMaMeTpa o-CriMpaseit M yKasslBaeT Ha HeOOXOOMMOCTDL pa3Bopa-

69




P " Ubi
ATP A

\ .
. U i ATP
@ — _ULV TMerrmiisl —3» AMHHOKHCIOTE!

ADP b Touka npucoean-

(:00“/ HeHHS K DOKOBEIM
LIEIAM OCTATKOB

JIH3HHA B Genkax

E;

19S-KoMIUIEKC

20S-mpotekcoma

Tunpodobnas
cepiuleBHHa
MOJICKYJIbL

Puc. 32. ATP-3apuciMblil MexaHn3M aecTpykinu 6esika (S) ¢ yuactiem youk-
BUTHHA M MPOTEACOMBI (TIOSICHCHMUS B TEKCTE):
A — cxema npouecea ¢ yuactueM (epmenton (E;, E;, Ej), OCYUICCTBILIOLUIX NOJIH-
youksiTHpOBaie Gesika; b — TpexMepHas CTPYKTYpa yOUKBHTHHA, [-._I — YOMKBHTHH-
akTusipyioumit gepment; E; — nepeHoCUUK YOUKBUTHHA] E; — VOMKBUTHHTIpOTE-
urnuraza; Ubi — yOMKBUTHH

YMBaHMst GCIKOBLIX MOJICKVII Tepe/l UX MTPOHUKHOBEHHEM B I1POTEACO-
Mbl. OT/Ie/IbHbIE TPOTOMEPHI OONAIAIOT PASTHYHOMN CreUHPUIHOCTHIO
B OTHOLUCHMM TNENTHIHBLIX CBs3eil paciuenjseMbiXx UMM OENKOB, UTO
crocobeTByeT OLICTPOIT IECTPYKLUMHN MTOCHEAHNX B MIOJOCTH IIPOTEACOM.
B cocrase nporeacomM MMEIOTCS TPUIICHHITOAOOHBIC M XHMOTPUIICHH-
nojao6HbIe NPOTEHHA3Bl, @ TAKXKE MOCTIIYTAMUIIIPOTEHHA3bl (O cre-
LMUUHOCTH POTEMHA3 CM. Bbillie). MeXaHH3M paciuerieHus 0eKoB
MPOTEACOMAMM CBSI3aH C AeHCTBUEM 0COBOro BHYTPHKIETOUHOTO Gen-
Ka — ybukeumuna, MoJiekynsipHasa macca koroporo 8500 [la (76 amu-
HOKMCJIOTHBIX OCTATKOB) (puc. 32). DTOT 6enok cnocobeH ¢ yuacTuem
ATP u Tpex crneunajin3npoBaHHbIX (DEPMEHTOB CBA3BIBATLCS € MOLIC-
KalUM pacuieriennio 6enkom. OOpasyiommiics noauyonKBUTHHHPO-
BaHHBIH GEJI0K 1a/iee BOBIEKAETCS B IPOTEACOMY, TJIC W JIECTPYKTHPY-
eTcsl 10 KOPOTKMX NenTuaos. AKTHBHas 26S-nporeacoma umeer (op-
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Puc. 33. DaekrpoHHas MUKpogoTo-
rpacdus 26S-nporeacomsl (Ann. Rev.
Biochem. — 1996. — V. 65. — P. 802).

“Iror GeaKoBBI KoMILIEKe nmeeT (opmy
IHMHACTHYECKOH THPH. o U [} — cyDbean-
nntsl 20S-nporeacomel. Cripasa M ciepa
OT o-CyOBCAMHHIL TPOTEACOMBI PACTIONA-
rajotes Genkopsle KoMmiiekesl PA 700,
HLITIOAHAIOIIHE POJTL AKTHBATOPOB H HME-
wmue Gonbline V-obpasHbie BrsunBa-
HUs — MecTa BXoda cvberpara

MY THMHAcTUYecKou rupu (puc. 33). B nenTtpe ee pacnonoxeHo HinH-
npuyeckoe obpasopanue (20S-nporeacoma), a no 6okam — aBa 10-
IMOJJHUTENIbHBIX OEJKOBLIX KOMILIeKca (19S-KoMIIeKesl, Wil 1marnoy-
KW — K3Ibl), CAYXallMe aKTUBATOPaMH MPOTEACOMbI M coaepKalime
MecTa Bxona cyoerpara. [1pucoeanHeHne 3THX aKTUBATOPOB, Ha3biBae-
MbIx PA 700, Biaeuer 3a coboit usmMeHeHne KoHGOPMAIIHH LEHTPAIb-
HOW YacTH MPOTEacOMbl U MPAKTHYECKH MTHOBEHHO [EPEBOANUT €€ B
AKTUBHOE cocTosiHme. DToT npouecc umeet ATP-3aBucumelii xapak-
Tep, M 4acTh MpoTOMepoB IpoteacoM obusajaer ATPasHoil akTui-
HOCTBIO, TOCTABJIMIOLICH SHEPIrUIO JUIs cBsidbiBaHus 20S-1poTeacom ¢
PA 700 u, BeposiTHO, HEOOXOMMMOM /Ul pa3sBOpaYMBAHMs OEITKOBBIX
MOJEKYJ Tepel UX BXOXIEHUEM B MPOTEACOMY.

3akaHuMBasi pacCMOTPEHHME CTPYKTYPHI OETKOB, OTMETHM KPaTKo
HCKOTOPbI€ ACMEKTBI UX CTPYKTYPHO-(DYHKIHOHAIBLHON 5BOJIOLIHNA.
ITpUHLIMNT YCIOXHEHUS! KU3HEHHBIX (hopM B npouecce Guonornye-
CKO#H 3BOJIIOIIMM OKA3bIBAETCS B 1IEJIOM BIOJTHE NMPUMEHUM K 9BOJIIO-
11 6es1KoB. BoNBIIMHCTBO COBPEMEHHBIX DEJIKOB COCTOUT W3 HECKOIb-
KHMX COTEH aMHMHOKHUCIOTHBIX OCTATKOB, U BMCCTC C TCM B MPHPOIC
CYIIECTBYIOT KOPOTKHE, COCTABJICHHbIe He Dosee UeM M3 HECKOIbKHX
JIECSAITKOB OCTATKOB OMOJIOrMYEeCKM aKTHBHBIE TIETITH/IbI. [J1aBeHCTBY-
IOIIHHA M, OYEBHIIHO, CIOXMBIUMICA HA CAMBIX PAHHMUX 3Tarax dBO-
JHOLIMK Mampu4Hblll npunyun 6UOCHHTE3a OEJIKOB MO3BOJISAET CUUTATS,
4To GoJiee MPOTSKEHHBIC MOJIUNENTHABI TIOABUINCH B PE3VJILTaTe Ha-
paliMBaHUs WK CIIMsSTHUS DONlee KOPOTKMX IeHOB. YBeIHUYeHHe pasme-
POB MOJMNENTAAHON LIENH OTKPBIBAJIO BO3MOXHOCTL [UISl 00pa3oBa-
HUsl cepuu u3rnboB (nereiab) M 0bocobiieHns OTACALHBIX (OIIOB,
BO3HHUKAIOUINX B Ipoliecce csopaunBanus (Gonnunra) uerncii B rpo-
CTpPaHCTBE. DTO MOCTENEHHO MPHBENIO K BOSHUKHOBEHHIO BTOPHUHOIA,
CBEPXBTOPUYHOUN M IOMEHHOM CTPYKTYphI IIOOYJISPHBIX OEJKOB, T. €. K
MOCAEN0BATEILHOM (I1aBHOI ) 3BOMIOLIMEK MX CTPYKTYphI. C Apyroii cro-
POHBI, CIUAHUE TCHOB WJIH BHEAPEHUE YYKCPOMHBIX (BUPYCHBIX) re-
HOB MOTJIO MPUBOANUTE K OBICTPOMY CKaukooOpasHOMY HM3MEHEHMWIO
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CTPYKTYpbI OeJIKOB, TIOSIBIEHNIO OE/IKOBBIX KOHBIOTATOB, K KOTOPBIM,
BEPOSATHO, IPHHALIEXKAT BhIIIEOXAPAKTEPHU3OBAHHBIC MOIU(DYHKIINO-
HanbHble 6enku. HeobpiuHbie ¢ TOYKM 3pEHUS «TPaAMLIMOHHOW» 5BO-
JIOLMH OeNKOBBIC CTPYKTYPhI MOIJIM, BUIMUMO, BOZHHUKATh B pe3y/ibTa-

Te BHenpenus supycHbuiX KIIHK B reHOMBI y2Ke JIOCTATOYHO NMPOLIECCH-

poBaHHBIX (hopM Xu3HU. BosHMKHOBeHME B pe3yjibTaTe MyTALMA al-
JIeNIbHBIX BAPHAHTOB FeHOB, WX pekoMOMHaums ewe Gosee yBenu-
YU BaJIM paaHooﬁpaaue DEIKOBBIX CTPYKTYp, HC HMCHOIIEE aHATOIOB
CpelH NpoOUYHX MakKpoOMOJICKY/L. MOJICK)’JIﬂprIM ACITeKTaM KOoAMpoBa-
HHUA U ICKOIHUPOBaAHHA OCKOBBIX TEN IOCBAUEHBI MOCHASAYIOUHE I'TTd~
Bbl 9TOH KHMIH.

I'masa 3. HYKJIEMHOBBIE KHUCJIOTbI

HyK1eMHOBBIE KUCIOTBI MTPAIOT OCHOBHYIO POJIb B XpAHEHHMH M pea-
IM3AIMM reHeTyeckoil nudopmamu. Pasnnuaior 1sa Bujaa HyKJIeMHO-
BLIX KUCIOT: ae3okcupubonykienHossie kucnotsl (JIHK), kotopbie
obecrieynBaloT XpaHeHne reHeTHIecKoi nHbopmaimu, U pubOHYKIIeH-
nopeie kucaotel (PHK), npuHuMalouime yyactue B ee peaausaluu,
XpoMocoMma IMPOKAPHOTHUECKOI KIIETKH MpeicTaBisieT cob0it oy JUTMH-
Hy1o asylenodedHyo mosiekyiy JHK, cobpannyio B komnaktHoe obpa-
JOBAHHE — HYKAeoud. DYKapMOTHUECKHE KIIETKH COIepKAaT DOJIBILIOE YNCIIO
mostiekyn JAHK, koropasi HepaBHOMEpHO pacnpeiesieHa 1o HecKob-
KHM XPOMOCOMAaM B BHJIE KOMILIEKCOB C MHOTOYHC/ICHHBIMHU OEIKaMH.
Bupycsl Takke coaepKaT B KauecTse reHeTHYECKOro MaTepuaia HyKJie-
HioBble Kucaotel: y onHux sto JAHK, v apyrux PHK.

B peannsaumm reHeTHYECKOH MHMOPMALMK NMPUHUMAIOT y4acTHe
pasnnynbie Buabl PHK.

INEPBUYHASL CTPYKTYPA HYKIIEMHOBBIX KHCJIOT

HykienHoBbie KNCIOTH ABASIOTCS OMONOrHYECKHMH MOJIHMEPAMH.
MounomepHbiMu 3eeHbsiMI JIHK u PHK ansiiotest mykaeomudw (puc.
34) — (pocopHbie aPHPHI HYKIICO3UI0B, KOTOPBIE, B CBOIO OYepe/lb,
TOCTPOCHBI M3 MECHTO3bl U reTepoumnkiInyeckoro ociosanms. B PHK
VIIIEBOAHBIH KoMnoHeHT — D-pubosa, B JIHK — D-2-ae3okcupn-
603a. CBA3b MEXKILY YIJIEBOAHLIM OCTATKOM M IeTEPOLIMKIHYECKHM OC-
HOBAHMEM B HYKJIEOTH/IE OCYUIECTBISETCS C MOMOIIbIO N-IIMKO311-
HOI1 cBsA3M. B KauecTse rerepounknnyeckux ocHopauuii JIHK conep-
KMT ABa nypuHa: ageHuH (A) u ryauud (G) M jBa NUPUMHAMHA:
tuMuH (T) u unrosun (C). B PHK BMecTo THMHHA CONEPKUTCS ypa-
uua (U).

MoHoMepHbIe OCTaTKH B HYKJIEMHOBBIX KMCJIOTAX CBSA3aHBI MCKIY
coGoii chocoanadbupubiMu ceazamu. Kak B JIHK, tak u B PHK, 3T1a
CBSI3b OCYILECTBISICTCS TOJABKO 3a cueT 3'-OH oaHOoro HyKJIeoTHIHOIO
octatka U 5'-OH npyroro. Takyio MeXHYKICOTHIHYIO CBSA3b HA3LIBAIOT
3".5" -pochoauadupnoii. Llenu JIHK u PHK obnanawor onpeneneHHoii
MOASPHOCTBIO, MJIM HANpPaBJEHUEM, MOCKOILKY BCE MEXHYKJIEOTHI-
Hete hochoanauprbie CBI3H OPUEHTHPOBAHBI BAOJIL LEMH OJIMHAKO-
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'uc. 34. CrpykrypHbie (opMy/Ibl HYKICOTHAOB — KOMITOHEHTOB HYKJIEHHO-
BBIX KMCJIOT:

A —XUMMYECKOC CTPOCHHE HYKIcoTHAA; b — Ae30KCHPHOOHYKICOTHIBI, BCTpevalo-
umecs B JIHK; B — pubonykieornnsl, setpeyaiommnecs 8 PHK

Bo. brarogapst monsipHOCTH Kaxkj1as NMOJMHYKJICOTHIHAS 1IeNb UMEeT
5'-xoHen u 3'-koHer (puc. 35). U3-3a nanuuusa 2'-OH rpynnst y pubo-
3b1 MEXHYKJIeoTHIHbIEe cBsi3u B PHK 3HauntensHO MoOWIbHEE, YeM B
JIHK; oHM 71€rKo THAPOIU3YIOTCS B MPUCYTCTBUHM 1LETOUH.

[Tocne okonuanusg nuukia cunresa JJHK HekoTopbie nypHHOBLIE 1
IUPUMHMINHOBBIE OCHOBAHMS MOTYT TOABEPraThCsi XMMHYECKOH MO-
andukaunn. Moaudukanus mypuHOB M MUPUMHUAXHOB XapaKTepHa U
juig PHK (puc. 36). B Heit npucytcTByioT 2'-O-MeTHIHYKICOTHIIBI, 4
TAKXKE MOXeT Hab/oaaTbCss MHOM Crocod CBSI3LIBAHMS MEXIY Ypaliu-
oM M pnbo30ii (Tak Ha3bIBaeMasl NceBaoypHaAnIoBas Kuciaora). Mo-
AMDHLUHPOBAHHBIE HYKJIEOTHABI JOCTATOYHO YacTO BCTPE4UaloTCs B
TPHK. Kak u y JIHK, Mmoanduxanms ocHoBaHMii U puOO3HBIX OCTaT-
koB B PHK npoucxoaut nocne 3apepiieHust cunte3a PHK, a ne Ha
CcTaninu OMOCMHTETHYECKHUX MPeIlIeCTBEeHHHKOB.
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Puc. 35. Cesi3b MeX1y HYKICOTHIAMH B MOANHYKIICO-

CpGpT
THAHOW LEMu: 5-M 3

A — nomunesokcupnbonykneotrna; b — noanpubonykieo-
T, B — enocoBbl cxeMaTHIecKoro n3obpaxenns HYKIeOTHI-

HOH MOCAeI0BATENLHOCTH (HYKICOTHAHYIO MOCACA0BATEIRHOCTE
npuHgTO M3o6paxkarh caesa Hanpaso, oT 5 K 3'-KoHuy)
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Puc. 36. CrpykTyphbie (hopMy/Iibl MUHOPHBIX TYPHHOBBIX M MHPHMUINHOBIX
ocroBanuii, obuapyxeunsix B cocrase JAHK (4) n PHK (5)
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Onpenenenne nykaeorunuoii nocaenosarensnoct JJHK u PHK. Uc-
xoaHyio monexkyny JAHK npeasapurenbHo ¢parMeHTHPYIOT € NOMO-
HIbI0 PECTPMKTA3, NMPUYEM OCYIIECTBISIOT HE3aBMCHMMOE paclieruie-
HUe aBymsi U Golee pecTpHMKTazaMM, B pesyiibrare yero obpasylorcs
nepexkpeiBaoimnecs: hparMeHThl. DTO MO3BOJSIET MOCJIE ONpe/ie/IeHUs
HYKJICOTUIHOH TTOC/IEI0OBATENBHOCTH COOTBETCTBYIOIIMX (hparMeHTOB
PEKOHCTPYMPOBATh NMepBUYHYI0 cTpykTypy Beei JTHK.

Cyu1ecTBYIOT JiBa MPUHLMINAIBHO Pa3IMYHBIX MOAX0JA K Orpene-
Jenmnio nepsuuHoit crpykrypel JJHK. B ocHoBe oaHOro nexar xumu-
YEeCKME PeaklMM, B KOTOPBIX MCTIONB3YIOTCS HENOCPEACTBeHHO (hpar-
meHThl ouninennoi JIHK, Bo Bropom cayuae ucnoabsyior JJHK-ko-
MUY OMHILEHHBIX CErMEHTOB, MOJYYEHHBIX (PepMEHTATUBHBIM TTVTEM
(cM. ¢. 375). O6a meTo1a ITOJTHOCTLIO ABTOMATH3UpOBaHbl. [1pn cekpe-
uupoanuu JIHK no Canrepy (sTopoii MeTon) BBOIAT (hiyopecleHT-
HbIC METKH, TIPHYEM JUISI KaXJIOr0 U3 YeThIpeX aHAIM3UPYeMbIX HYK-
JIEOTHIIOB MCMOJL3YIOTCS (hIyopecuupyIolUine areHThl ¢ pasaiuuIHbIMA
CITeKTPa/IbHBIMH XapaKTePUCTHKAMHU, YTO MO3BOJISIET OCYLIECTBUTH CKa-
HUPOBAHHME Tresieil MpM pasHbIX JUIMHAX BOJH M IepejaBaTh JaHHbIE
HEMOCPEJACTBEHHO B KOMITBIOTEP.

[MonaHas HyKJIEOTHIHAA NOC/IeN0BaATeIbBHOCTh MHOTHX BUIoB PHK
(uHoit 10 250 — 300 HyKJIeOTHAOB) MOXKeT ObIThL TIPSAMO ONpeaciaeHa
¢ nomouibio Metona Makcama— 'unbepra (cMm. ¢. 373). Hapsiny ¢ xu-
MHUECKHM paciieriennem ceksennpoBanne PHK moxno nposoauts
nyreMm rujponusa ee uenu crneunguyeckumu PHKazamu.

B HacTosiiliee BpeMst JUisl onpeie/ieHUs HYKJICOTUIHON Mnocie1oBa-
TEJILHOCTHU JIOCTATOYHO NMPOTSKEHHON nonuuykieotuanoi uenn PHK
(nanpumep, MPHK) ceksenupyior ren (1.e. JIHK), B xoTopom ata
PHK sakoauposana. [Lis 210if wenu Bpiaeasior Heobxoaumyio PHK u
¢ OMOIIIbIO 06paTHO# TpaHcKpuiTasbl cuHTe3upyioT KJAHK (cm. ¢. 358),
KOTOPYIO M MCMOJB3YIOT B aHAIU3.

Komnsiorepnsiii anain3 HyKJIeOTHIAHBIX NocaenopareisnocTed. Ha
NIePBLIil B3NS JUIMHHBIE PSLIbl OCHOBAHMI KaXyTCA COBEPLIEHHO 3a-
ralouHbBIMM M He nojjatonmnMucs pacumoposke (puc. 37). [Tpobiemy
paciuingpoBKH petialoT ¢ NMOMOIIbIO BbICOKOI(D(MEKTUBHBIX KOMIILIO-
TEPHBIX NMPOrpamMM, KOTOPbIE NPUTOIAHbI JUISL TTIOMCKA KaK CTPYKTYp-
HBIX, TAK M OMomoruueckux OocoOEHHOCTEH 3THUX 1OC/eJ10BaATEIbHO-
creit. C noMoubio nporpaMM MOXHO BbIYMCIUTE HYKJICOTHIHBINH CO-
CTaB, BBISBMTHL Y4acTKH, OoraTbie NypHMHAMH, NMUPUMHIMHAMM WM
OnpeaeaeHHBIMU COYeTAHUAMH OCHOBAHMIA, ONIPEIE/IMTh YacTOTY BCTpe-
YaeMOCTH PAINYHBIX ANHYKICOTHAOB. Tak, OJIHON M3 XapaKTepUCTHK
nepsuuHoit ctpyktypsl JJHK spnsiercst yactoTa BeTpeuaeMoOCTH B OTIpe-
JICICHHOM COCEICTBE JII00BIX IBYX OCHOBaHMIA. YacToTa BCTpeuaeMocTH
5'-CG-3'u 5'-GC-3' B IHK npokapuor 1oyt oiMHAKOBa U 6JIM3Ka K
CAyuaitHoOM; TO e caMoe MOXHO CKa3aTh M 0 AMHYKIeoTHaax 5'-GA-3'
u 5'-AG-3'. Onnako B JIHK BUpYCOB, KMBOTHBIX M pacTeHHit 4acTOTHI
Berpevaemocti 5'-CG-3' cocrasnsitor ot 1/2 no 1/5 wacror 5'-GC-3'.
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Puc. 37. Meppuunas crpykrypa AHK supyca SV40.
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[Tokasana nocaenoBaTe/ILHOCThL HYKJIEOTHAOB ¢ 1-ro no 180-it w.n, (Beero 3226 w.n.)




Taxkum obpasomM, nociepoparesbHocth 5'-CG-3' Berpeuaercs B JJTHK
BLICIIMX IVKAPHOT AOBOJILHO PENKO; 3TO CBSI3AHO CO CMOCOOHOCTBIO
JIAHHOTO JAMHYKJICOTUAA CAYKHUTb MUILIEHBIO MPU METUINPOBAHUU U C
€ro ponabio B pPervisiium 3Kcrpeccuu reHoB. COOTBETCTBYIOLIHE TTPO-
rPAMMBbI ITO3BOJISIOT BRISIBUTE Criciuduyucckue cybnocienonarenbHoc-
TH B TIpe/IeJiax OrpejIeJICHHOTO CErMEHTA, YTO YacTO UCTONb3yeTes 1pyu
HAXOXCHHUM CAHTOB /UIA PECTPUKTUPYIOLIUX SHAOHYKIIea3. Umelouu-
ecsl IPOrpaMMbl OCYILIECTBISIIOT TaKXKe MOMCK XapaKTepHbIX ocobeH-
HOCTEH nocjenoBaTe/IbHOCTeI, BKIIOYast npsiMbie U 0OpaTHbIe MOBTO-
pbl. MOXHO MOMYYUTH JaHHBIE O TOMOJIOTMW WM YaCTHYHOI TOMOJIO-
MU PA3JIMYHBIX [TOCTIE/IOBATEILBHOCTEN. DTO MOXKET KacaThCsl CTPYKTY-
pbl OTHOTO M TOrO € I'eHa Y JIBYX Pa3HbIX OPraHM3MOB WJIH POJACTBEH-
HBIX FEHOB OJIHOTO opraHu3ma. Takoi cpaBHUTENbHBII AaHAIU3 LIUPO-
KO MCIOJIB3YETCS MPH M3YUYCHHH DBOMIOIUM HA MOJIEKYISIPHOM YPOB-
He. PazpaboraHbl TiporpaMMsl, NO3BOJAIOIIME NTPEICKA3aTh CTaOWIb-
HYI0 BTOPUUHYIO cTpYKTYpY oaHouenodeunsx PHK wan JHK. C no-
MOIIBIO KOMIBIOTEPHBIX MPOrPAMM MOXHO TiepeBecTH MHMOpMallHio
C fA3bIKA HYKJIEOTH/IOB Ha fA3bIK AMMHOKMCIOT B COOTBETCTBHM C Tpa-
BWJIAMM FEeHETHUECKOTO Ko1a; 00HAPYXKHTH MOC/IeN0BaTeIbHOCTH CO Crie-
inUUeCKMMH CBOMCTBAMU (HanpuMep, MpOMOTOPbI M YYACTKH CBSi-
3pIBAHUS ¢ pubOCOMaMH).

Cosnanbl MeXJIyHapoaHble DaHKH JaHHBIX O 110CJIeI0BATEILHOCTIX
nykiaeoruaos B JIHK pasusix opranmsmon (takue, kak GenBank,
EMBL/DDBIJ) u o nociaeaoBateIbHOCTSAX aMMHOKUCIOT B Oenkax
(PIR/SwissPot, Ha ocHOBE HYKJICOTUIHON MOCHEAOBATENIBHOCTH CO-
OTBETCTBYIOIIMX I'eHOB). MOXHO NnpakTHiecku OecrpensTcTBEHHO BOUTH
B 9TH DAHKH JAHHBIX M BOCMOJIL30BaThesl cobpaHHOH TaM HMH(opMa-
uueit.

Kondgopmauun KoMnoneHToB HyKJIeHHOBBIX KHca0T. Bee nsath rere-
POLMKJIMYECKHUX OCHOBAHMIA, BXOJSILIHUX B COCTAB HYKJIEHHOBLIX KHC-
JIOT, UMEIOT TUTOCKY10 KoHpopMaluio. B To XKe BpeMmsi [Uist OCTATKOB
pnbO3bl K 1e30KCHpUOO3bI I10CKast KOH(popMaliust (Koria aToMbl yr-
nepona Cl', C2', C3', C4' u retepoatoM KHCJIOpOja HAXOMSITCH B
OJIHOH TLTOCKOCTHM) 2HEpreTnyecku HepbiroaHa. Cpeam MHOrouymc-
JICHHBIX TCOPETHUECKH BO3MOXHBIX KOH(MOPMAUMNA 3TUX OCTATKOB B
MOJMHYKJICOTHAAX peaiu3yloTcs TolbKo ase: jaubo C2'-3u110-, 1ubo
C3'-aunokondopmanun (puc. 38). Hykneoruanas eguauua ¢ 3'-sH-
JIOKOH(hpopMalmen yIyieBOIHOTO OCTaTKa MMEET MEHBLIYIO JUIMHY, YeM
2'-3upou3omep (puc. 39).

BaskHeiiieiil XxapakTepucTHKOI B onpeneieHnH KoH(popmaumii HyK-
JICOTMIHOIO 3BEHA ABJISETCA B3aHMHOE PACHOJIOXKEHME YITIEBOAHOM M
reTepoLHKIHYeCcKOil yacTeil, KOTOpoe OrpeleiseTcsa YIJIoOM BpauleHHA
BOKPYT N-IJIMKO3UIHOM cBsi3H. TeopeTnuecKHii aHaIu3 KoH(opMalinu
HYKJICO3UIOB M HYKJIEOTHAOB U PEHTTCHOCTPYKTYPHBIE UCCIEIOBAHMS
MOKA3AJIM, YTO 3[eCh CYLIECTBYIOT ABe 00MacTH pa3pellieHHbIX KoH(bOop-
MalMii, Ha3bIBAEMBIX CUH- W anmu-KoHpopmaumsamu (puc. 40).
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C3'-3un0- C2'-9nu0-

Puc. 38. Ise koHpopMaLmMM yrACBOIHBIX OCTATKOB, Berpevalomecs s JHK
u PHK.

Cl', 0 u C4' pacnonoxeHsl B oanoil naockocri, C2' wm C3' HaxoasaTes B 9HIAOKOH-
(hopMALIMK, KOFZA OHM BEIBCACHLI HAA 5TOil IIOCKOCTRIO, T.€. B HANpPaBjieHHH CBS-
an C4'—C5'

B cBoGonneix HyKieo3maax M HykiIeoTuaax nepexoa or C2'-aHno- K
(C3'-3HI0- 1 MEXILY Cut- U aHmu-KOH(HOPMaLMSAMK TIPONCXOANT J0CTA-
104HO J1erko. Ecim e HyKI€OTHIHbIi OCTaTOK BCTPOEH B MOJMHYKIICO-
THIHYIO LIEIb, TO ero KoHgopMalus NpH AaHHBIX BHEILHUX YCIOBUSIX
okasbiBaeTcs (PUKCHPOBAHHOM: B OOBIMHBIX (DOPMaX MONIHHYKIEOTUIOR
MOHOMEPHbBIE 3BEHbS UMEIOT MCKITIOUHUTENILHO axmiu-KoHpopMauumio.

B nonupuboHykieoTHIax YIJIEBOI Hallle BCEro HAXOMNTCS B 3'-2H-
JI0KOH(bOpMALIMK, TOTAa KakK B TNOJHAE30KCHPHOOHYKICOTHIAX OH

Puc. 39. BoamoxHbie KoHdopMaLNN HYKICOTHAHBIX CAHHHIL
A — C3-snnoxondopmauns; 5 — C2'-angokondopmarns
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Puc. 40. Anmu-u cun-kondopMalun B HYKICOTHAAX

MoKeT OpiTh KaK B 3'-9HI0-, Tak U B 2'-3H10KOH(GOpMaliMK. 3TO Npu-
BOJIMT K TOMY, YTO YMCI0 KoH(bopmamii, Bo3MoxHbIx it JJTHK, 6osb-
e, yem s PHK.

MAKPOMOJIEKYJIAPHASL CTPYKTYPA JTHK

Jpoiinas conpasis JJTHK (moness Yorcona— Kpuka). B 1953 r.
Jx. Yorcor n @. Kpuk npevioxman moaens crpykrypst JHK. Tlpn
TIOCTPOEH I MO/IE/TH YUEHbIE OCHOBBIBAIMCH HA YEThIPEX IPyIax jaH-
HBIX:

1. JIHK npencrasiser coboit noaumep, COCTOALINI U3 HYKJICOTH-
JI0B, coeinieHHbIX 3'-5'-gochodusgupnoimu ceszamu.

2. Cocms nykieorunos JIHK noaunnserca npasunam Yapradda:
B mi06oit JIHK conepxkanue nypuHOBbIX HykieoTunos (A+G) seerna
PABHO COMPKAHMIO TIHPUMHMANMHOBBIX HykieoTHaos (T+C); uucio
OCTATKOB A Bcerjia paBHO umciy octatkoB T, umcno ocrarko G —
yucny ocrarkos C.

3. Pentrenorpammbl BosiokoH JTHK, Brniepsbie noayuennbie M. Viun-
kuHcoM u P. @paHKJIMH, YKa3biBalOT Ha TO, 4TO MOjekyaa obaazaer
CriMpaibHOil CTPYKTYPO# M coaepXuT Bosiee 0aHOI MOJAMHYKICOTHI-

HO# Lenu.
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4. Kucnorno-wenouynoe tutposanue JHK nokaswiBaer, uto ee
CTPYKTYpa crabunusupyercs eodopodubimu cészamu. TUTpOBAaHUE H Ha-
rpesanue HatuBHoli JIHK Bbi3biBaeT 3aMeTHbIE H3MEHEHMS ee (PH3HU-
YECKMX CBOMHCTB, B YACTHOCTH BSI3KOCTH, NMEPEBO/IS €€ B «I€HATYPHPO-
paHHYI0» (hopMy, NpUYEM KOBaJIEHTHBIE CBSI3M MPU 3TOM He pa3pylia-
IOTCSI.

Ha ocHopanuu stux aauueix . Yorcon n @.Kpuk npeanoxuiu
Tpexmepnyio Monenb JHK, kotopas obGbsicHsiia pe3yiabTaThl peHTre-
HOCTPYKTYPHOrO aHainsa v xapaktepuyio wis JHK napHocth ocHo-
patuit (puc. 41). CornacHo ux mozxenn monekyna JHK npeacrasnsger
co0oii NpaBUJILHYIO MPABOBMHTOBYIO CMMPaib, 00PAa30BaHHYIO IBYMS
HOJUHYKJICOTHIHBIMM LIEMSIMM, 3aKPYYCHHBIMH JIPYT OTHOCHUTEJIBHO
Jipyra u BoKpyr obiueil ocu. JIpe noauHyKJIEOTHIHbBIE LIeMH, PacIoo-
KeHHble 1o nepud)epun MOJIeKY/Ibl, MMEIOT aHTUIAPALIE/ILHYIO OpU-
enTaimio (puc. 42). 3to 03HavaeT, YTo eCJIM ABUraThCs BAOJIb OCH CITH-
paJIM OT OJIHOTO €€ KOHIA K Apyromy B ofHoil nernu, dochonunapup-
Hble CBA3M MMEIOT HanpasieHue 3' — 5, a B aApyroit — 5 — 3', T.e. Ha
KaKJ1I0M M3 KOHLOB anHeitnoi monekynsl JIHK pacnonoxens: 5'-ko-
Her OHOM tenu u 3'-KoHeu aApyroit uenu. JnameTp cnupaiu nocro-
sSIHEH BOJIb BCEH ee JUIMHBI M paBeH 2,0 HM.

['mapodmabHbie nentosodocdarHbie OCTORSLI LIENeil pacnoaoX)eHsbl
Ha BHELIHEH cTopoHe JBoitHoi crimpain. M'inpodobHbie nypHHOBBIE B
NMUPUMHUIMHOBBIE OCHOBaHMS 0Benx 1enei yIoXeHbl CTONMKOW ¢ MH-
tepsasiom 0,34 HM M HanpaBieHbl BHYTPb CITHPATH; TJIOCKOCTH KOJell
reTePOLMKINYECKHX OCHOBAHUWA NepreHIUKYJISPHBI [JIABHOH OCH CITH-
panu. Limua sutka cnimpanu (nojHbiii o0opoT crnupain), KOTOPLIH
COOTBETCTBYET €€ MNepuoay MiaeHTHuYHocTH, cocrasiser 3,40 um. Ha
OJIMH BUTOK criupaiu nipuxoauTtcs 10 HYKICOTHAHBIX OCTATKOB B O/~
HOH LeIH.

JlBoiiHas crupans cTabMIM3UPYETCs C MOMOLIBIO BOAOPOIHBIX CBS-
Jei Mexay nypuHamMu oaHoi uernn JIHK v nupuMuanHaMu 1pyroi, a
umerHo, Mexay A u T, G n C. OcHoBanus, obpa3syioliue napel, B
KOTOPBIX OHM COYETAIOTCH BOAOPOIHBLIMM CBSI3SIMH, TOJTYYHIIM Ha3Ba-
HHUE KOMNAEMEHMAPHLIX nap. :

B AT-nape ocHOBaHMS COCIAMHEHBI ABYMSI BOJIOPOIHBIMH CBA3SIMH:;
OJIHA — MEXKIY aMHHO- M KeTOrpyIraMH, Apyrass — MEeXIy IByMs
ATOMAMM a30Ta NypPHHA ¥ NUPHMMIMHA cooTBeTcTBeHHO. B GC-mape
MMEIOTCH TPU BOJIOPOHBIE CBSA3M: JIBE M3 HUX 00pa3yIoTcsl MEXIy aMu-
HO- M KETOTPYNMaMHu COOTBETCTBYIOIIMX OCHOBAHUI, 4 TPEThSI — MEXIY
ATOMAMHM a30Ta MypHHa M NMHPUMMANHA. B CBA3M ¢ 3THM nociaenoBa-
TEJLHOCTh OCHOBAHMI B OJHOI 1LIENU ONpejiensieT HX MOCJe10BaTeIh-
HOCTB B Apyroii. Komnaemenmapnocms nocaedoeameabHocnmu 0CHOGAHUI
& deyx noaunyKseomudusix yensx — Katouegoe ceoticmeo JAHK.

ITo3zaxee Guuto yeranosneno, uyro moaeib . Yorcona u @, Kpu-
Ka OMUCHIBACT CTPYKTYPY ONHOM M3 HECKOJbKMX (QopM ABOHHOM
crnvpanM, HazpaHHOH B-dopmoii. D10 ocHoBHas hopMa ABYCIIMPATIb-
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: h=0,34 um

Puc. 41. B-popma nsoiinoii cnupanu JIHK:
P — docdar; S — nesoxcnpubosa
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Puc. 42. [1se anrunapannensisie nenu JHK.

CaxapodocdaTiibiii OCTOB pacnonoxen cHapyku W 3apskeH oTpunatenstHo. OcHopa-

HUA TIOBEPHYTHI BHYTPEL CIIMPATH M PACTIONATAIOTCA CTOMKOI, ApYr Haa apyrom. Jlepas

uenb CBEPXy BHM3 MMeeT HanpapileHue 5'— 3, a npasas — 3'— 5. 3akpyuusaHue
JIBYX Llenei B crnupank He NoKasaHo
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Hoit JIHK, B koTopoii Gonbiuasi 4acTh €€ MOJIEKY] CYLIECTBYET B
KJIETKE.

B3aumoeiicTBus MeXAY reTepOIHKINYeCKHMH 0CHOBAHUSIMH B HYK-
JienHoBbIX KuejaoTax. Crietpudpuyeckasi MAKpOMOJIEKYISIDHAsE CTPYKTYPA
JHK onpenensiercsi AByMa THIAMHM B3aMMOACHCTBUI MEXIY retepo-
LIMKIMYECKMMH OCHOBAHMAMH HYKJIEOTHIHBIX OCTATKOB: B3aUMOJICii-
CTBMSIMH MEXJ1y OCHOBAHMSIMM B KOMIUIEMEHTAPHBIX 1apax W BepTH-
KaJIbHBIMH MEXILUIOCKOCTHBIMH B3aUMOJICHCTBHSIMH OCHOBAHHIA, pac-
MOJIOXKEHHBIMH IPYT HAJL JIPYTOM (CTIKMHI-B3aMMOICUCTBUSIMU, OT AHIJI.
stacking — yKIaabIBaTbCs B CTOMKY).

OGpaszoBanne KOMIUIEMEHTapHbIX nap ocHoBaHuii (A-T- u G-C-
nap) 010 Briepseie noctyaupoBaHo /1. Yorconom n @. Kpukom npu
coznaHuu Mozesiu apoitHoi crimpanu JIHK. O6e napor 6113ku 110 opme
M MMEIOT OJIMHAKOBbBIE pasmMepsl (cM. puc. 42). Kpome yOTCOH-KPHKOB=
ckux nap (A-T, G-C) reTepolHKIHYECKUE OCHOBAHMS CITOCOOHBI
00pa30BLIBATL MHOXECTBO CBSI3aAHHBIX BOJOPOAHBIMHM CBSI3SIMH TIap
JIpYroit crpykTypbl. KBaHTOBO-MEXaHMYECKHME pacyeThbl MOKA3bIBAIOT,
410 yoTCOH-KpHkKoBcKue napsl (A-Tu G - C, B cayuae PHK 310 A - U)
HepreTHyeckn Hanbonee BuIroAHbl. B 3THX nmapax LEeHTPbI C MOBBIIEH-
HOH W ITOHMKEHHOI 22eKmponHol TUIOTHOCTBIO OCHOBAHMI PacIiofio-
KEHbI ONTHMAIBLHO JIPYT OTHOCHTEILHO apyra. Takoil Ui KoMruieMeH-
TAPHOCTH HA3BIBAIOT 2aekmporiol, Ipy 9ToM G - C-napbl CyLIECTBEH-
HO Gonee crabuwibhbl, yeM A - T-napel. OBpazoBanue nap Mexiy JIBy-
ML TIYPHHAMU, ABYMSI MUPUMMIAMHAMM HJIM HEKOMIUIEMEHTAPHLIMA
ocHoBaHusMHU (A-C wmm G-T) crepuyecku 3aTpyaHEHO, YTO Hapy-
LIAET FEOMETPUIO CIIMpaH. MOM(HIMPOBAHHbBIC TYPHHBI H THPUMH-
auHbl, Berpevatoninecst B JJHK, o6pasylor Te xe BoaopojiHble CBA3H,
4YTO M UX HEMOAM(DUIIMPOBAHHbBIC AHAIOTH,

FeTepolMKIMUECKHE OCHOBAHMA HYKJICHHOBBIX KMCJIOT J0CTATOY-
HO THAPO(OOHBI, B BOJHOM PACTBOPE UM «BBITOIHEE» PACTOIOXKUTHCS
JIPYT HaZ IPYroM, YMEHbILAs TeM CAMbIM KOHTAKT C MOJIEKYJIAMH BOJIbI.
[Tpn 06pazoBaHUM TAKMX CTOMOK BO B3aUMOJIEHCTRUE BCTYNAIOT (DYHK-
UHOHAIbHBIE TPYIIbI OJHOTO OCHOBAHWS W -3JIEKTPOHHbBIE CHCTEMBI
COCEJIHETO ¢ HUM 110 BEPTUKAIM OCHOBaHMA. «BepTuKaibHbie» B3au-
MOIEHCTBUS (CTIKMHI-B3aUMOIEHCTBUSI) ODYCIOB/IeHbl B OCHOBHOM
BaH-JICP-BAaJIbCOBBIMM CHJIAMH.

CT3KMHIr-B3aMMOJICHCTBHS OCHOBAHMIL B iyruiekce (IBOHHOMN criu-
panu JIHK) 3aBucaT Kak OT cocTaBa KOMIUIEMEHTAPHBIX 11ap, TAK U OT
MX nocsaepoBarenbHocT. Ha cyliiectBoBaHue TAKMX B3aUMOJICHCTBUHI B
pacTBOpax MOTMHYKJIEOTHIOB YKA3bIBAIOT OTKJIOHEHUS MX (DN3MKO-XH-
MUYECKMX XaPAaKTePUCTMK OT aHAJIOTMYHBIX XapaKTepHUCTHK, Habio-
JIAEMBIX JUISl CMECU MOHOMEPHBIX KOMITOHEHTOB, COCTAB KOTOPBIX MIEH-
THYEH HYKJICOTUIHOMY COCTABY MOJIMHYKICOTHAOB. Tak, koadgduiment
MOJSPHOI 9KCTHHKIUMHK (noraouieHue B YM-cBete) MOJIMHYKICOTH-
JIOB MEHbLIe, YeM cymMma KOd(POhUIMEHTOB MOJISIPHONH 3KCTUHKIIMK
BXOIAIIMX B HETO MOHOMEPOB (2unoxpomubiii sghghexm).
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ITosumopdnsm nBoiinoi cnmpaim

[Mpasbie cnimpann obpasyior aBa cemeiicTBa: A-cemeiicTBO (KOH-
dopmanms caxapa C3'-3H10-) u B-cemeiicTBo (KoH(opManus caxapa
C2'-aH10-). CTpyKTYphl B NpPeaeiax KaKIloro M3 ceMeicTs B 3aBUCU-
MOCTH OT YCJIOBMI (KOHUEHTPAIIMM COMU, TEMIIEPATYPbl) MOI'YT UMETh
pa3zHoe MMCIO Map, NPUXOMSIUMXCH Ha BUTOK CNHPAIMN, Pa3sHbId Ha-
KJIOH Map OCHOBAHMII K OCH CIIUPAIH M T.JL.

A-cemeiictso JIHK. Eiue /10 OTKpbITHS ABOIHOI ciupanu P. Ppan-
KJIMH TTOJIVYHIIA IKCIIEPUMEHTAILHBIE CBUIETENILCTBA CYIIIECTBOBAHUSI
BECbMa YIOPSIOMEHHONU CTPYKTYPbl B OPHEHTUPOBAHHBIX BLITATHBA-
HueM 1 nojacymeHHbix BonokHax JIHK. Bra crpykTypa nonyuwia Ha-
spanue A-dopma JTHK. Broii dopme ponro He npuaasain ocoboro
JHAUEHMSI, TAaK KaK OHA BO3HMKAJIA NMPH MAIOH BAAKHOCTH, T.e. He
1pH (PU3HOJIOTHYECKUX VCIOBHUSIX,

C3'-sH10KoH(OpMaLIMA caxapa MPUBOIAMT K YMEHBLIEHHUIO pacCcTO-
siHUSE Mexiy (bochaTHBIMK TPYNNaMu |, CIAe10BaTCIbHO, K YMEHbILe-
HUIO PACCTOSIHUSI MEXKJ1Y HYKACOTUAHBIMHU NapaMu B10JIb OCH CITMPAIH.
DTO COOTBETCTBEHHO BEJIET K YBEJIMHYCHHMIO KOTHYECTBA HYKJICOTHIOB
Ha BUTOK crimpaim (11 nykaeoTHanbix octatkos). Ilpu aTom napel oc-
HoBaHHH B A-opme 00pazyioT ¢ ocbio cnmpautd yron okono 20° u
OY€Hb CHJILHO OTOABHHYTBI OT OCH CIIMPALIN K neprhepuun MOJICKYIIbL:
casur gocruraet 0.4— 0,5 HM, T.€. HOYTH OJOBUHY panuyca (puc. 43).

A B

Puc. 43. IpocrpancTseHHasi CTPYKTYPA COCEAHNX 3BEHBER MOIMHYKICOTHAHOM
ueny B A- u B-dopmax 1HK » apoiinoit cnupann JAHK.

BC{)THK&"II:IIM JIHHHA Cl1eBd — OCbh CITHPAJIH; B — asoTHcTHIe OCHOBAHMSA
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Besienersue storo A-JIHK nipu B3rasiae ceepxy (Baoas ocu CTIMPAJTH)
BBIIIAINT Kak Tpyba. B A-JIHK B crakuHre yuacTByloT OCHOBAHHS,
NPHHALIEXKALIHNE Pa3HBIM LIEISIM, T.€. HMEeT MECTO KaK OJIHO-, TaK |
JIBYLICTIOHYEYHBIH CTIKHHT. DTO OOYCIOBACHO BEJINYHHOM YIIa HAKJIOHA
IJI0CKOCTEH OCHOBaHMII K OCH ciMpai (MOJOKMTEILHAA BETHIHHA)
M YIJIOM 1TOBOPOTA OCHOBaHMiT BOKPYT ocu cnimpain. [Uist cpapHeHus B
B-AHK TonbKO OlHOLENOYeYHbIH CTOKHHT.

PHK, kak npasuio, npejcrasisieT coboif OIHY NOMHHYKIEOTHI-
HVIO LieMb, HO, HaBMBAsICh cama Ha cebsi, oHa MoxeT o0pa3oBaTh KO-
POTKHIT y4acTOK IBOMHOM criupanu. OKazanock, UTo ABOIHHASN Crpab
u3 ueneit PHK umeer ctpykrypet A-popmer npu 100 %-it Braxnocts
(8 oux yenosusx JIHK seera cyinectsyer B B-¢opme). I1o otkpbiTie
nocrasnio A-koHdopmaumio B psin Guonornuecku sHaunmbix. Ceiivac
VXKe MoayqyeHbl noaArpepxaeHnst Guonoruueckoit posn A-JIHK.

B HebnaronpusaTHbIX YCIOBHAX HEKOTOPbIe GaKTePHH MPEBPAILAIOT-
C5l B CTIOPBI M HAXOATCH B TAKOM HEAKTHBHOM COCTOSIHMM CKOJIb YIOJI-
HO JIONITO, 10Ka HE TOSABATCHA MOAXOMSLINE YCJIOBHS JUIS Pa3sMHOXe-
Hust. Mx JIHK okpyxena cnoposbiMu Gesikamu 1 Haxonutest B A-op-
ve. Mmenno B atom cocrosimm JIHK npumepno B 10 pas Gonee yeroii-
UMBA K JICHCTBHIO YibTpachuoeToBoro uanyueHus, yem ta xe JIHK B
B-(hopme B akTHBHO pasMHOXalommxces 6akrepusx. B ciyuae co cro-
pamu Dakrepuii crioposbie 6eKu crocobeTByioT npespatienunio JJHK
Hakrepuii u3 B-chopmer B A-popmy, utobnt zammtits JHK B He6na-
FONPHATHBIX YCIOBHSIX,

B o1om xe 1uiane 60ibiIONH MHTEPEC MPEACTABISIOT THOPHAHBIC

crmpanu JIHK-PHK. Onu o6pa3syiotest npu TpaHCKPHITIIH NOCAE10-

pareabHocTi JIHK B koMmiemenTaphyio eii nocaenosarensiocts PHK,
npu 5ToM 1ipuMepHo 40 H. 1. B obnacth aktuBHoro uexdtpa PHK-no-
JIUMEPA3sbl NMPEACTABAAIOT Takoi rubpua. I'mbpuanas crmpans JTHK-
PHK ¢opmupyercs u Torna, koria ofpatHas TpPAHCKPHIITA3a OCYILE-
crasier cunrre3 JIHK na PHK-martpuiie, a takxke B xo/1e peruinkaumm
npu obpasosanun Koporkux monekyn PHK-npaitmepos. OrmeucHo,
4TO 00€ LenH NOAMHYKIeOTHIHOTO KoMruiekeca — uenb JIHK u nens
PHK — nocTpoeHsl u3 HyKJI€OTHIOB ¢ 3'-3H10KOH(BOpMAalieii caxa-
pa. CTpyKTypa Takux rudpHaHbIX cripaneii (reTepoayIuIeKcoB) Hano-
munaer A-JIHK (cm. puc. 43), npu stom B-JIHK nosnxua nepeiitu B
A-dopmy 10 obpasopanust rubpuna ¢ PHK.

B-cemeiictso JTHK. [1ns JIHK B-cemeiictsa xapaktepHo cTpykTyp-
Hoe pasHoobpasme. JIHK co cayuaitHbIMuU 110C/1e10BaTEILHOCTIMU MOTYT
HaxoauThesi B B-, C-, D- n apyrux KoH(OpMALIMOHHBIX COCTOSHMSIX.
Ha crpykrypy IHK BAMSIOT THI M KOHLIGHTPALMS KATHOHOB, a TAKXKE
Temneparypa. XapakTepucTHKa OTMEUYEHHBIX KOH(DOPMALIMOHHBIX CO-
CTOSIHMI NpeAcTaBlieHa B TabJr. 3

Mexity 5STUMH pasnnaHBIMH (GOPMAMK OCYLLECTBISIOTCS B3ANMHBIC
Nepexo/ibl, YT0 OOYCIaBAMBACTCS CTENEHBIO OOBOJIHEHHOCTH GHOMO-
JEKYIBI M PAsIMInsiMH B HOHHOIT cuiie okpyxkaiouieit cpeasl. Cunra-
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Tabnamuma 3
XapakTepHCTHKA HeKoTOphIX KondopManmonnsix cocrosnmii JHK

y A- B- C- D- Z-
HGKINTGRS ¢opma | dopma | dopma | dopma | dopma
Uncno nap HyKJIeOTHAHBIX 11 10 9.3 8,0 12
OCTATKOB HA BUTOK
Vroa HaKIOHa MI0CKOCTEeH 20 -2 —6 -6 -7
OCHOBAHHMIt K OCH CITMPAJIH, rpan
Yros nosopoTa oCHOBaHH 32,7 36 38,6 | 45.0 -30

BOKPYT OCH CITHPanu, rpaj

Paccroanue kommaementapusix | 0,425 | 0,063 | 0,213 | 0,143 —
rnap OoT OCH CITHpalTH, HM

Paccroanue Mexay nykneorna- | 0,256 | 0,338 | 0,332 | 0,304 | 0,340
HBIMH OCTATKAMH 110 BLICOTE
CIUPAIH, HM

Yroa Mexay Ia0cKoCTIMH KOM- 8 5
TJIEMCHTAPHBIX OCHOMIIHﬁ, rpan

Kondopmauns gesokeupuboser | C3'- C2'- C2'- C2'- C2'-
3H10- | HA0- | 3HAO- | 3HAO- | 3HAO-
C3'-
3HJI0-

MNpumeuanne. A-dopma nojayueHa U3 BOAHO-COJCBBLIX PACTBOPOB, COACPKALLNX

o+
MOHBE WETOYHBIX METALIOB, KpoMe Li'; peHTTeHOCTPYKTYPHBIIH aHaiu3 — npu OTHO-
cHTEABHOI Braxnoctn 75 %. B-copMa noaydyeHa W3 BOAHO-CONEBBIX PACTBOPOR, CO-

nepkammx Li'; peHTreHOCTPYKTYPHBIIE AHATH3 — MPH OTHOCHTENILHOI BAAXHOCTH 66 %.

C-opma noiydeHa B Tex ke yoiaosusx, uto B-gopma, HO B pacTBopax ¢ MHBIM
COOTHOLICHNEM KATHOHOB, PEHTTEHOCTPYKTYPHBIN aHANM3 — MPH OTHOCHTEILHOMN
naakHOCTH Metiee 66 %. D-gopma puiaenena u3 dara T2: coaepKHT OCTATKH ITIIOKO-
JITHPOBAHHOTO OKCHMETIUIIMTO3HHA, PEHTICHOCTPYKTYPHBII aHANH3 — TMPH OTHOCH-
reasHoit Braxiocti 60 %. Z-dopma — monokpuctanasl noau-(dG—dC) B crabom

COJICBOM PacTBOpE.

0T, uTo B OnonornueckoM ruiane A-gopma JIHK yuactsyer B TpaHc-
kpunuuu 1 nepenave uHdopmammnu ot JIHK x PHK (cMm. rubpuanbie
mosiekyisl IHK-PHK); a B-hopma JJHK — B periMkaTtuBHBIX 11po-
1ieccax, B yMHOXKeHUH Kosinuectsa uHpopmaimu. C-chopma Haubosee
noaxousia wist ynmakoskn JJHK B cocrase HaamMonexsipHbIX CTPYK-
TYP XpOMAaTHHa, T.€. B XpaHeHUH HHpopMaunu (puc. 44).

Z-dopma THK. Jlepasi cnupans, nonyuusiias HazpaHue Z-(hopmel
JHK, 6buia obHapyxeHa y IMOJMHYKICOTHIA € uepeayioleics rno-
cienosareabHocTblo (AG—dC). B pactBope ¢ HM3KOI MOHHOM CHIOI
ITOT NOJAMHYKIeOoTH 06pasyeT aBoiiHbie cnupanu B-tuna. [Tpu Boico-
Koit konuentpauuu coneit (MgCl,, NaCl) wnau noGasneHuH crimpra
9Ta JIBOiTHAs MpaBasi ClMPaib NEPexXoauT B aeeyio Z-(hopMmy.
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Puc. 44. A-, B-. C- u D-chopmbt JHK (Bun cBoky u crepxy) (B.3enrep, 1987):

A — ckenetHas monens; b — obbemuas MOIeIb
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Ocobennocts Z-JJHK — yepenoBanne koHdbopMaluii HYKJICOTHI-
HBIX OCTATKOB: IC30KCHILIMTHINH MMEET CTAaHAAPTHYIO KOH(pOpMAalHIO,
r.e. caxap C2'-3H10-, OCHOBAHWE — AHTH-, Y JIE30KCUTIYAHO3HHA ca-
xap Haxoautcs B C3'-5HA0KOH(DOPMALIUH M, YTO CaMOE YIAWUBUTEIb-
Hoe, ocHOBaHMe uMeeT cux-koHdopmauunio. Takum obpaszom, reomer-
pus NeBOiH JIBOHHON CcriMpanu orpenensercs 4YepeaoBaHMEeM cuH- W
aumu-xoHgopMalmnii HyKJIeOTHIOB.

CT3KMHT OCHOBaHHIt 00ManaeT HOBBIMHU, XapaKTePHBIMH JIMIL LIS
9TO CITUPATHA CBOMCTBAMM: OH MMEET MECTO MEXIY OCTATKAMM LIUTO-
3MHA MPOTHBOTIOJIOXKHBIX 1IeNeil, & OCTATKK ryaHHHa BooOlie He B3au-
MOJICHCTBYIOT JIPYT C IPYI'OM, KOHTAKTHPYS C aTOMaAMM COCEIHUX Jie-
30KCHIUTHIMHOB,

®ocparel B Z-JIHK He 9KBUBaJICHTHBI IPYT APYTY: paccTosiiue ¢oc-
thata 10 ocn cnupanu (doceatheiii panuyc cnupanm) y d(CpG) pas-
1o 0,62 um n d(GpC) — 0,76 um, T.e. OH MeHsIeTCs, IPUHUMAS T10-
lepeMeHHO JiBa Pa3HbIX 3HAYEHUS; COCEHUE caxapa «CMOTPSIT» B MPo-
TUBOIOJIOAKHBIC CTOPOHLI, OTYEro JIMHMS, MOCJEI0BATEILHO COEIH-
Hstomas aromsl (hocopa B Lenm, npuobperaer 3ur3aroodOpasHbIid BUL.
Otciona u Haspanue Z-AHK (puc. 45). B-chopma u Z~hopma repexoast
APYT B JIpYra nNpH M3MEHEHUH MOHHOMN CHJIBI PACTBOPA MIIM KOHIIEHT-
pallMK KaTHOHOB, HEHTPAIU3YIOUIMX OTPUMLIATENILHBIN 3apsi Ha (oc-
dhonuadmprom kapkace. s ocymectenenunsi nepexona B— Z ne tpe-
Dyercst pacxoxaeHud neneid. OH MHUIMMPYETCSA Pa3pLIBOM BOIOPO-
HBIX CBSI3eil Y HECKOJIBKMX TIap OCHOBaHMIiA, Mocjie 4yero ryaHuH «3a-
KperusieTcst» B cun-KoH(OpMaliuM, BOIOPOIHbBIE CBS3H BOCCTAHABIMBA-
I0TCA M OCHOBAaHMsI BHOBL 00Pa3yIOT YOTCOH-KPHMKOBCKHe napbl. O6nacth
nepexosia nepeMenaeTcs BAOJIbL CIIMPAIH B Buae HeOOIbILOI neTin.

Haanuue B JJHK sykapuot nocaeaosareabHoctn (dm’C-dG) ces-
3BIBAIOT € peryisiiiueii TPAHCKPHUITLIMK TeHOB. B cBO1O ouepeib, UMEH-
HO NOJIMHYKICOTHIL Takoro coctaBa noan(dG-dm’C) - nomu(dG-dm’C)
rpu (hmanoornueckux 3HaueHusx obpasyer Z-dopmy. Z-popma JHK
nmeeT ocoboe 3HaYeHue JUIS CBepXCrupanun3atnim; nepexon B—Z naxe
Ha HeboabuioM yuactke Mosiekyibl JIHK oka3sbiBaeT oveHb CHIBHOE
BIMSIHME HA TOomoJI0ruio ceepxcnupanbHoit JIHK (yBennuuBaetcs Kpy-
yeHue Tw — c¢. 96), 1 3TO HCMOAB3YETCA KIETKOI B ITPoLIecce IKCIpec-
CHH I'€HOB.

Z-JIHK ¢ noMouibio aHTUTEN K Heil oDHapyXeHa B MEX/IMCKOBBIX
00acTsAX MOJIMTEHHBIX XpoMocoM. HykieocomHble vyacTuibl 00pasy-
1o1es Tonabpko B-hopmoit JITHK. TTepexon B Z-dopmy paspyiiiaer CTpyk-
TYPY HYKJIEOCOMBI, @ 3HAYUT, U CTPYKTYPY COCTOSILLETr0 M3 HYKJIEOCOM
xpomaTtuna (eM. c. 270). BosamoxHo, Z-(hopma BHITONHSIET KAKYIO-TO
PerVJsITOPHYIO poiib, TeM Bostee uto nepexon B— Z obparum. Peryisi-
LIMS SKCTIPECCHM reHOMa MOXET BKJIIOYAThH CBEPXCITMPAJIA3AIlNI0, CBsI-
spiBanMe ¢ Geakamu, crietnduueckumu Kk Z-IAHK, cBsasbiBanue ¢ on-
pejieieHHbIMM KaTHOHAMH THMIA CIHePMMAMHA M METHIMPOBAHHWE ae-
30KCHUMTHINHA.
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Puc. 45. Z-popma 1HK;

A — ckenetHas Monenn (B cOoky i cepxy): 5 — obbeMHas Moaeab (BHA c6oKy M

cBepxy); B — sursaroobpainas auuus, coenmnsiomasn docdarreie rpynms 8 Z-JTHK.

BeprukanbHas npsmas — OCh CIMPaiH, TOPHIOHTAIBHBIC OTPE3KH — [apbl OCHOBA-

Huii 1 caxapa. [Tocie 0CTATKOB ryaHHHA 3Mr3aroo00pa3Has AMHUSA HIET BEPTHKANILHO,
Nocjie OCTATKOB LHUTO3MHA — FOPH3OHTAILHO

BHyTpH ABOIHO#N CrMpaiyn CyIECTBYeT KOH(MDOPMALMOHHAS MHUK-
POrETCPOr¢HHOCTL: B 3aBUCHUMOCTH OT MOCIAeNOBaATEIbLHOCTH HYKJI€O-
THAHBIX Map KOH(pOPMALIMK CAXapoB B HYKJICOTHAHBIX OCTATKAX HE-
CKOJIBKO OTJIMYAIOTCSI. DTO U3MEHSIET MEXHYKICOTHIHbBIC PACCTOSTHUS
BIOJIb OCH CITMpPaIM, a TAKXKE YroJl HaKJOHA Map OCHOBaHWI K 3Toil
ocu. Pasnnuns Bo Bropuunoii ctpykrype JIHK, 3aBucsiume ot nocne-
IOBATCIBbHOCTH HYKJICOTHIOB, 110-BUIAMMOMY, YPE3BLIYANHO BaXKHBI 11
ee (hYHKIMOHUPOBAHMUS.

Kaxnas dopma IHK nmeer maasid v 6oavwoin xenobku onpeae-
JeHHoro pasmepa. ¥ Z-JIHK ecth Tonbko OAMH Maiblii Xkeno6ok,
uepe3 KOTOPBI MPOXOAUT OCh CMUpanu; OH TIYyOOKMH M Y3KMil, C
NIBYX CTOPOH orpannyeH (docarHbiMu rpynnaMu. C pasimaHbIMU pas-
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Puc. 46. Manunapom THK B auneii- -~ GCTA[GTTCA]CTC[TGAAC|AATT~
L]

om (A k) cocro-
Homt GALN ”‘"Eﬁ:::o”( A ~CGAT[CAAGTIGAG[ACTTG|TTAA~

® — OChb CHMMCTPHM MAUIHHAPOMHLIX A "
nocjenoBaTebHoCcTei T

0
0

Mepamu XKeJoOKOB cBsi3aHa crie-
ndunyeckas criocobHocTs (hopm
JIHK k koMiuiekcoobpa3oBaHHIO.
B Goableii crerneHu OHK J10CTYI- -~ GCTA
Hbl MOJICKYJIAM BOJbl M HOHaM 8. - CGAT
metannos. Crabuausupylouiee
JeCTBHE MOJICKYJT BOJIbI HANPAB-
JICHO Ha YCHJICHHE CTIKMHI-B3a-
MMOAEICTBIIT, B cayyae ocnab-
JIEHWST TIOCHEIHUX MOJIEKYJIbI
BOJIbI KOHKYPEHTHO B3aMMOJEii-
CTBYIOT C TIPOTOH-JIOHOPHBIMU H
TIPOTOH-AKIIENITOPHBIMHA HEHTPAMM OCHOBAHMIA, 1eCTabHIN3HPYS 1BOJi-
iiyio cnupais. Muapataims JHK urpaer saxnyio posib B npespatiie-
1un A-popmel B B-cbopmy JIHK, u HaoGopot. KatuoHs! cBsizbIBaloT-
csl B OCHOBHOM ¢ neHTo30thochaTHBIM OCTOBOM, paciiojarasich npe-
HMVILIECTBEHHO B MaJioM XeJao0Ke aBoiiHoi cnupanun. Bee aTo noa-
yepKuBaeT AMHaMuaHocTh cTpyKTYphl JIHK 1 Bo3moxHocTh KOHGOpP-
MAIMOHHBIX TIEPEXO/IOB B HEll T0J1 IeHCTBHEM areHTOB OKpyXkKalouei
cpejibl.

Bucnupansubie crpykTypbl B Monekyiax JIHK moryr Bozuukars u
B rIpesetax oaHoN MoJHIe30KCHpHOoHYKIIeoTHIHOI tenn. [1ins sToro
B nnocaeposarensHocTH JIHK 1ospkHbBI pHeyTCTBOBATH MHBEPTHPOBAH-
HbIE, WIH «NaAUHOPOMIbies , TOBTOPSIIOIIHECS MOCIe/0BATe/ILHOCTH [UTH-
HOI OT HECKOJILKMX JIO MHOTHMX TBICSY Map OCHOBAHMIA.

5
'

TTAA ==

QI-—m>>nl/ \[C)-]’-](')>|
Q[>O-I—IC)|\ /|r>>>c)—1|

>

[Manunapom («obpatHo Oeryine» MociaeAOBATCALHOCTH HYKICOTHIHDIX
IBCHBEB; OT TPeY. «ManiH» — 00paTHO, «poMe» — Bery) npejacrasisier coboi
AByLenoyeunyio nocaeaopareabiocts AHK, Kotopas oimHakoso unTaercs B
0DOMX LIETIX, CC/IH KakIYIO Lielb YUTaThL B COOTBETCTBHU € €€ OpHEeHTALIUEIH.

B kauccrie npuMepa MOXHO NPHBCCTH NOCNCIOBATCIBHOCTD g'ggl?ggg, '

Ocblio CHMMCTPHU SIBJSICTCS LUCHTPTBHAN TOYMKA, OTHOCHTCIILHO KL')TO}‘)Oﬁ noc-
JIe0BaTeNBHOCTE OCTACTCH OIII{I{aKOB{)ﬂ MNpH YTCHHH B NMPOTHBONOJMOXKHBIX
HanpasacHMsIX).

Braronapsi HaIM4Mi0 COOCTBEHHON CMMMETPHUM BTOPOro IOpsiiKa
MaJWHAPOMbI MOTYT 0OPA30BBIBATH ILMHAEUHBIE CTPYKTYPbI MPOCTOM
KkpecroobpasHoii opmbl (puc. 46). Takue nocienoBaTe1bLHOCTH CIIO-
cOOCTBYIOT CrieliH(hUHECKHM HYKJIEUHOBO-0e/1KOBLIM B3aUMOJICHCTBU -
SIM M, BO3MOXHO, YUACTBYIOT B IpoLIeCCax perysiliiu.
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PABHOOBPA3BUE ®OPM JIHK

JHK Mmoxer HaxoaMThesi B JMHEIHOW WIM KoJblieBoi (opme
(puc. 47). BakrepuanbHbie MIa3MHIbI, XPOMOCOMBI HEKOTOPLIX OakTe-
puit, DONBILIMHCTBO MUTOXOHIPHANIBHBIX M XjaoporutactHeix JITHK, re-
HOMbI BUPYCOB MJICKOITMTAIOLINX MPeIcTaBleHbl AMHCTBEHHOMH KOBa-
JIEHTHO 3aMKHYTOIl KONbLeBOil ayrjiekcHoit monekynoi JHK.

He Bce JIHK in vivo apisiorcs aByuenoyeyHbiMi., e HOMBI HEKOTO-
PBIX MEJIKMX BUPYCOB OakTepuii, pacTeHUl U XXUBOTHBIX IPEACTaB/IsA-
10T cO00H KOBAJIEHTHO 3aMKHYTBIC KOJIbLA, COCTOAIIHE TOIBKO U3 Ofl-
HOit uenu. Bee uspectHble oaHouenovyeunsie konbiessie JHK otHo-
curenbHo mMambl: JIHK daros X174 m M13 counepxar 5300 u 6000

(D
.@@

YactiuHo

JIeHATYpH~
pOBaHHOE
KOJIBIIO

CaepXcnmpanbHOe
KOJIBIIO

Puc. 47. Cxemarnuceckoe nsobpaxenne JJHK — nuueitnoit (a), xonslepoii

JBYLIEMOYEYHOIi () M CBEPXCIHPATLHOI KONLIECBOI (6); peakCHpOBaHHbIX

KOMBLEBLIX (hOpM, MmonyueHHbIX 160 B pe3ynsTaTe pa3phiBa OIHON M3 IBYX

uerneil (2), mmbo B pesyinbTaTe JOKAILHOIO PACXOXKICHHS ABYX ueneii (d);
Katenasa (e) u yana ()
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HYKJICOTHIOB ¥ MMEIOT JUIMHY 1,5 —2 mMkM. OnHako Ais periMKaiuu
J1060it M3 aTHX BiupycHbIX JIHK cosepiiieHo HeoGxonuMo npespatie-
HHE ONHOLEMOYEYHOr0 KOJbLA B COOTBETCTBYIONICE ABYIIEMOYEUHOE,
M3 KOTOpOro 3ateM 00pasyioTcsi oaHouenoyeyHbie Koiablessie JHK
BUPYCHOTo 1MOTOMCTBA. Bosiee Toro, skcripeccus reHeTHUecKoit MH-
(hopMalInK B TAKMX TEHOMAaX BCET/A OcyUIecTRAsAeTCs B hase JABYLENno-
vyeynoit JIHK, mockonbKy MMEHHO OHa sBAsieTCsi cyOCTpaTOM JUIs
rparckpunumn nocaenoparensHocteit JHK B PHK. Tpetruunas cTpyk-
TVpa M JMHeitHbIX ¥ KonbleBslX Gopm JIHK xapakrepusyetcsi cnupa-
ausquueli U cynep(ceepx)cnuparuzauued.

CBEPXCITUPAJIM3AIIUA JIHK. TOITOM3OMEPA3BI

B xuBbix oprannsmax mosekyist JIHK npencrasasior coboit ambo
OYEHb JUIMHHDBIE, TUO0 3aMKHYTHIE B KOJIbIIO ABYCITMPAIbHBIE MOJIEKY-
JIbl, MO3TOMY MI000IT npolece, CBA3aHHLIN C repejadyeil HacaenCTBeH-
HOM MH(OpMaLIMK, NOMKEH HATAIKUBATLCS HA CEPbE3HbBIE TOMOJIOIM=
uecKue npobsieMbl: BO3HUKHOBEHHE TMOJOKHUTENLHON (+) WIM OTPH-
natenbHoi (-) ceepxcnupanusaunu JIHK, obpasopanne kaTeHaHOB
WM Y3II0B.

K uucay Takux npoueccos otHocutes permkanna JJHK. Isnxe-
Hue peruimkatuBhoit sunku srons JTHK conposoxiaercst pacxoxie-
HyeM BHOBbL oGpasoBasiuxcs ueneii. Mx jummHa cimuikoM Bejmka juis
TOTO, YTOOBI NO3BOJIUTL PETUTHKATHBHOM BWIKE BPAILIATHCS BAOJb [J1aB-
Hoit ocu [IHK. B pesyiasrare npoucXouT HarHeTaHne noaoucumenavHou
ceepxcnupaauzayuy B poantensckoi JIHK, korna Bospacraer Kojnnye-
ctBo 000poToB Ha otpeske JIHK ¢ onHoBpeMEHHBIM yMeHbIIEHHEM
KOJIMYECTBA Map OCHOBAHMI, NMPUXO/siieecs Ha oauH o6opor (puc. 48).
AHaJIorMuHo 06e BHOBL 00PA30BAHHBIE KOMHH OKA3LIBAIOTCS ompuya-
MeAbHO ceepxcnupaiuzoéannvimy. s HUX XapakTepHO YMCHBILECHHE
Konuyectna oboporos Ha otpeske JTHK ¢ onHoBpeMeHHBIM yBenue-
HUEM KOJMYECTBa Nap ocHOBaHWIT Ha oauH 060poT. K MOMEHTY OKOH-

I./’\\G\\G\\G\\z’\\G\\G\\G\\G\\G\\G\\G\\CII

A PacxoxsicHue [MonoxurensHas
ene CYIIepCTIIMPATH3ALIS

I:l’)\\;’\\z’\\;’\\;’\\;’\b’\\;’\b’\\;’\\;’\ql
™ (A) nmnbo nyrem paspesa-

Pa3spes
I:@Mf AR
HHA, BpallCHKWA H BOCCOCIH-

3aneyuBaHue paspesa
' | — YRRV
Heuus (b)
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Puc. 48. Paszpenenne uencii
nyrnekcHoit JHK nocpen-
CTBOM KOMMEHCHpYIOMeit
MOJIOKUTEALHOH CcyIepcrn-
pain3alMu B Ipyroii obmac-




YAHUS PETUIMKALIMU, KOIJ1a PEIUIMKATHBHBIC BUJIKM BCTPEYAIOTCH JAPYT
¢ JipyroMm, obpasyloTcst y3nbl UM (B cjiydae KOJBLLEBBIX MOJIEKYJ) Ka-
TeHaHbl. Harneranue cBepxcrnmpain3aliii MPOMCXOINT M B Npollecce
TPAHCKPUIILMK (3/1eCh OHA HE MTPaeT NMPMHUMONAILHOI ponn). «[Te-
PETNYTHIBAHME» CBEPXUIMHHBIX HUTEI COBEPIIAeTCs B NPOLECCE KOH-
JIEHCAUMM M cerperalii XpoMOCOM, OPTraHM3alMM XpOMaTHHA.

Kosbuenast IHK, He comepxaiias paspsiBoB HU B OIHOIl M3 1e-
1eif, MOXeT CYILECTBOBATL B PA3IMUHBIX TOMOMOTHUECKHX hopmax. DTH
(hopMbI XapaKkTepM3yIOTCsl NOPSIIKOM 3alervieHuss Lk — 1eouncieH-
HOMH BeJIMYMHOH, 0D03HAUalOlIeH KOJTHYECTBO 000POTOB OJHON LN
oTHOCHTENBHO Apyroi, koraa JHK naxoautes B Kondopmamm, co-
OTBETCTBYIOIIEH TIOCKOMY Koablly. [TpaBbiM BUTKaM COOTBETCTBYIOT
NOJOXHUTEIbHBIE 3HAYEHHUs LK, neBbIM — oTpHliaTe/bhbie. Kaxnas to-
nonoruyueckas dopma JITHK (Tonomsomep) MOXET CYUIECTBOBATL B
OecKoHe HOM yHcae KOH(opMalnid, KOTOpbie ONPEACIsiOTCs ABYMS
napamerpamu — xkpyuenuem Tw u paiisnarom Wr (ot aurin. writhe —
CKpy4uMBaThes): Tw — YHCIO BUTKOB IBOHHOI CIMPAIN B IAHHOM KOH-
(hopmepe; Wr — unciio BUTKOB CYNEPCITMPan, T. €. CIUpain, obpasy-
lomeHca npu nepekpyuynsBadum asycnupanstoit JIHK Bokpyr cebs.
CBa3b 9THX TpeX napamMeTpoB MeXiy coboil onpeensieTcsi ypapHeHH-
eMm: Lk = Tw + Wr.

Koraa JIHK HaxoauTes B peslakCHPOBAHHOM COCTOAHMH, T.e. 0e3
BCSIKOTO HANPSDKEHM S, OHA MOXKeT ObITh PacnojiokeHa B 0JIHOM 1ioc-
KocTH, Torna Lk = Tw. Ecau xe yBeIMUHTb WM YMEHBIIUTL YHUCIIO
BUTKOB JIBOIHON CIIMpanM, COXPAaHUB KOBAJICHTHYIO HENPEPhLIBHOCTH
obenx 1enei, To Takoe u3MeHeHne HyIeT KOMIEHCHPOBaTLCH 06pa30-
BaHWEM BUTKOB cBepxcnupaau (Wr). Wr moxer ObITH Kak MOJIOXKHK-
TEJNBLHOH, TAK U OTPHUATENLHOI BEIHUUHOIL.

Konbuessle koBanentHo samkuyrhie JIHK, BouieieHnbie H3 Kie-
TOK, BCErjla MMEIOT OTPUIATEIBLHYIO cynepcnupanusainio. CreneHn
cynepcnupanmdanynu JHK y1o6Ho xapakTepu30BaTh MAOTHOCTHIO ClIH-
pasaumumn o, Koropasi pasda Wr/Tw u He 3asucut ot jutnusl JIHK.
Jing MHOrux npupoanbix ceepxernupanusosanisx AHK o = -0,05.

Caepxcnupannsobantas JITHK obnanaet sHaunTeIbHBIM 3a11aCOM
IHEPIrUH 10 CPABHEHMIO C ee penakcupoBanHoil dopmoit. Chenosa-
TENbHO, NOKWIbHOE pacnaeTanue aBoiHoi cnmpanu JAHK ¢ orpuna-
TeALHBIMM CBEPXBHTKaMu OyaeT NpUBOLUTHL K cOpoOCY HampsiKeHHs
CBEPXCITMPAIM3ALMYN U [TOITOMY IHEPTeTHUECKH BBIFOAHO. DTO OTYET-
JIMBO TPOSIBJISIETCSI B TOM, YTO OTPULATE]bHAA CBEPXCITHPAIM3AIIMS
3aMeTHO cTtumyaupyet nepexon JHK u3 npasoit B-opmbl B eByio
Z-opmy. OrpuuatensHas csepxciupannsaims JHK obneruaer csa-
3pIBAHNE ¢ Hel OeNKOoB, PAacKPYUMBAIOIIMX €€ ABOMHYIO Crinpaib.

Pelrenne HaspaHHBIX TOMOJIOTHYECKHX npobieM obecrneyuBaoT
JHK-monouzomepazor — pepmMenTsl, uameHsonme tonosormio JHK
(puc. 49). Tononsomepassl peIaKCHPYIOT CBEPXCIMPAIH30BaHHbIE MOJIe-
kyasl JIHK, cHumas ux BHyTpeHHee HanpspKeHWe MmyTeM BHeCeH sl OIHO-
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1 JIBYLIETIOUYEYHBIX PA3PBIBOB C 1M10-
CJICIYIONIAM HX BOCCTAHOBJIEHHEM
(niuruposanmnem). Ilo mexaHu3my

neiiersug paznuyawot JAHK-Tono- QP MEEREET()
wiomepasel asyx Tanos — I u 1. 58 0
JTHK-toronsomepasel I — mo- JAHK-tononzomepasa
HoMepHbIe OeJIKH, PelakCHpYIOT JESPESIOT OREY 1 BtER
JIHK 6e3 3aTpathbl 3HEPruM IyTeM ¢ cdocipaTHOM E:ynnoﬂ
pHECCHMS OJHOLEMOYEYHBIX pas- Moekynst [{H
peisos. JIHK-Tononsomepassi 11 y-0 H
(DYHKIIMOHUPYIOT B BHJIE IMMCPOB ( ’L J) 0
(v 9yKapnot) 1 TeTpamepos (y npo- ¢ 0
kapuot), ocyiiectsiass ATP-3asu- [ ——
CHMOE paciiervieHue obemx uernei BpALIATHLCS BOKPYT
JIHK ¢ nocneayoumm nepeHocoM l mmﬂupﬂoﬂ
Iernei yepes paspbiB M €ro JIMTH-
pOBaHHUEM. " Tyr-0,
JInsi BHECEHHS OJHOIENnoYey- N o

noro pazpsisa B JIHK sece JTHK-
rOMOMU30MEpPa3bl UCMONB3YIOT OC-
IATOK THPO3MHA, KOTOPLIH Ocyllle-
CTBASET HYKIeO(DHIbLHYIO aTtaky
(pocarnoit rpynnst JIHK ¢ 06-
pasopanmneM (occhotnposuna. B pe- Tw_o "

jyabTaTe (hepMeHTBl OKa3biBalOT-

5l KOBAJICHTHO CBA3AHHBIMHU C 5'- ( T 0

nin 3'-konuamu JIHK B onnone- : 0
fI04CYHOM PA3PLIBE.

Tonouszomepasvt nodmuna I-5° Puc. 49. Peakunn, Katanusupyembie

CBY3bIBAIOTCH MPEUMYLIECTBEHHO C Tononsomepazamu Tuna |
odnoyenoyeunvimu ytacmxamu JJHK,
OCVILIECTRISISI ee pa3pbiB ¢ obpasoBaHneM 5'-chochoanadupHoit ceasu
¢ TUPO3MHOM AaKTHBHOrO LeHtpa (hepmenta. Yepes obpasosapiiniics
paspbiB poxoauT anbo oxnouenoveyHas JAHK (custue Butka), nbo
nsyuenoveuHas (obpasosaHue y3na win KateHaHa). DepMeHThl 3TOTO
THITA CHUMAIOT TOJILKO OMPUUAMENbHYIO CYNEPCRUpanu3auiiio. Xapakrep-
Hbl JUISI TIPOKAPHOT.

Tonousomepazvt nodmuna I-3’ caspiBaiores ¢ deyuenoyeuno JHK,
Pa3pLIBAIOT OHY 1ienb ¢ obpasoBanneM 3'-(ochoanabupHoii cBasH ¢
IMPO3MHOM aKTHBHOIO 1ieHTpa (hepmenTa. HYepes pa3pbiB NpoXoauT BTO-
pasi Lenb JAyIUIeKca, YMeHbllas IioTHoCTh cynepenmpainsaunn JHK;
JHAK CYIIEPCIIMPAIM3ALINH CYILICCTBCHHOI POJIM He urpaeT. XapaKTepHbl
JUISL 3YKAPHOT.

Tonousomepaszvt muna Il caswiBalorest ¢ asyuernoveynoi JHK n
OCYLLECTRISIOT pa3phiB 0Oenx uereii ¢ odpasoBanmneM AByX 5'-(ocdo-
1uaUPHBIX CBA3EH ¢ THPO3WHAMM aKTHBHOrO LeHTpa. B obpasosas-

Oochoanacduphas cpgsh
BOCCTAHARIMBACTCH

4 Kounven 9?




Puc. 50. Pazmbikanue ABYX KOMBLIEBBIX
AYTUIEKCOB, KATAIM3HPYEMOE TOION30-
mepaszamu tuna II:

a — B3auMoneiicTene ¢ depmentom; 6 —
paspuis AHK; ¢ — nporarusanue JHK
Hepes paspeiB; ¢ — BOCCOCIAMHCHHE pasop-
sannoit JIHK; @ — ocpoboxaecnue JTHK
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|
OfpasoBaHie CTPYKTYPH C
TOJIOKHTETbHEIM CBEPXBHTKOM

f

Hanpesanue nansHero ayriexkca

!

Boccoemaenne aymiekca crepeimu

1

Puc. 51. Cxema obpasosanmst oT-

PHUATEABHBIX CBCPXBUTKOB B

apyuenoyevnoit JJHK noxn neit-
creuem JIHK-rupasst

1yiocst Lejab npoxoauT sropas asyuenovyeunas JHK, u pesynpratom
SIBISIETCS M3MEHEHHE YMCIAa MOJOXHTEIbHbBIX MM OTPHLATENLHBIX CY-
IEPBUTKOB Ha 2 (B oTAnuMe oT (hepMeHTOB THMA I, MU3MEHSAIOLIMX YHC-
JIO CYIIEPBUTKOB HA eIHHMLY 3a Liar).

ITOT hepMEHT crocobeH KATEHUPOBATh, ACKATCHHPOBATL M pPa3Bsi-
sLIBaTh Y3716l nHTaKTHOM JHK. [1j1s MHOrOKpPaTHOrO MOBTOPEHMs LMK~
na tpebyercst ATP (puc. 50).

Tonownzomepasa Il E. coli (JIHK-rupasza) orHocutcs K (hepMeHTaM
1una 11, Ho He TpeGyer ATP. OHa nHayuMpyer ob6pasoBaHue oTpUla-
IC/IbHBIX CYNEPBUTKOB B peslakcupoBaHHbix KoJblesbix JHK. I'upasza
wianmopencrsyet ¢ JJHK Takum obpazoM, 4to nocieaHss HaMaTbiBa-
crest Bokpyr Oenka. [Ipu 9TOM BO3HMKAET MOJOXHUTENLHAS CBEPXCITH-
painzaums B Tex mectax Mozekyibl JHK, kortopbie cBsasanbl ¢ 6e-
koM. 3atem ¢hepMmeHT paspeiBaeT obe nutH JJTHK u nepeHocur jaBoii-
HYIO HWTb ¢ BHYTPEHHEN CTOPOHBI Ha BHEILUHIOD, MOCIE YEro CKpern-
nsieT 00a paspbiBa, npeBpalias moJoXKNTEIbHYIO METII0 B OTPULIATE b-
nyio (puc. 51). 310 0cobeHHO BAXHO JUIS HHULIIMALLIMK PEIUIMKALIMH, a
I1KKE HeOOXOMMMO JUIS ee JIOHTALMH M TEPMUHALIMH.

JIHK-tonousomepa3sa Il sipnsiercst KM3HEHHO BaXHBIM (hepMEHTOM
1100010 9YKapHOTHUYECKOro opranusma. Beisichena poab JIHK-Tono-
i3oMepasbl B (hpOpMHUPOBAHNM BBICIIMX YPOBHEH CTPYKTYPbl XpOMaTH-
i, @ MMEHHO, yyacTiu epmeHTa B 00pa3soBaHMM NMETelb XPOMAaTHHA
13O BPEMS$i KOHIEHCALMH XPOMOCOM.

CTPYKTYPA 1 ®YHKIIUU PHK

Conepxanne PHK B mio6six kiertkax B 5— 10 pas npesbiiaeT co-
nepxkanmne JJHK. OcHohag pons PHK coctouTt B TpaHCasiiinu reHeTH-
‘1eckoit nHdopMaunu ¢ odpazosaHueM 0eJIKOB, a TAKXKE B OCYLIECTB-
ICHUHM HEKOTOPBIX CHELHATN3NPOBAHHBIX YHAOHYKICA3HbIX (DYHKIIMIA,
BO3MOXKHO PErYIMPYIOIINX PA3THUHBIC 9Tarbl 9KCNpeccuH reHos. Ie-
HOMbI HEKOTOPBIX BUPYCOB (PETPOBUPYCOB M MHOXECTBA BHPYCOB XH-
BOTHBIX, PACTEHUH M HACEKOMbBIX) MPEACTABICHBI OIHO- M JIBYLIENO-
ueyHol monekynoit PHK.

Buant PHK. Bo Beex kietkax npucytersytor caeayioime suasl PHK:
pubocomuast (pPHK), tpancnoprHas (tPHK) u wndopmanmonHas,
i MarpuuHas (MPHK). BosnbliiMHCTBO KJIETOK coepXaT MHOTO Ma-
apix nuronaasmuyeckux PHK (MuPHK), a B kneTkax sykapuor npu-
cyrerByioT Mansie saepHeie PHK (MaPHK) (ta6u. 4).

Oxkouno 80— 85 % macesl kietounbix PHK cocrasnsiior Tpu (npoka-
puoTel) win yetsipe (aykapuorst) suaa pPHK, okono 10 % — noutn
100 Buaos TPHK. Ha 107110 HECKOIBLKHX THICAY PA3/IMUHBIX MATPUYHBIX
PHK npuxomurcsi menee 5% xuerouHoit PHK, a na pomo manbix
suilepHOil M uutorasmaruyueckoit PHK, uncino BUIOB KOTOpHIX MOKa
HeusBecTHo, — MeHee 2 % ot obuiero koaumyectsa PHK,
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Tabnauna
Ocnosnsle Buan PHK

[MpuGanaurtens- | [Tpubansurens-
Bux PHK e |+ | e
B KJIETKaX HYKJICOTHIIOR)

Tpancnopriass PHK (tPHK) 80— 100 75—90 IT, ®
Putocomnas 58 PHK (pPHK) 1-2 120 I, 2
Pu6ocomnast 5,88 PHK (pPHK) 1 158 G
Pubocomnas 16S PHK (pPHK) 1 1600 I
PuBocomuas 23S PHK (pPHK) 1 3200 I1
Putocomnas 18§ PHK (pPHK) 1 1900 )
Pu6ocomnas 28S PHK (pPHK) 1 5000 ]
Marpuunas PHK (MPHK) Toicsun Bapbupyer I, 5
l'eteporennas sinepuasi PHK Tricsun Bapeupyer 2
(raPHK)
Manas unTornsasMaTHUcCKasi HecsTku 90—330 : 4 PG )
PHK (MuPHK)
Manas snepuas PHK (MsPHK) Hecsitkn 58—220 3

* T1 — npokapuoTsi, D — 3YKAPHOTEI.

Maxkpomonekyaspraas crpykrypa PHK

JIsyrsukesnie PHK, nocrpoeHnbie U3 IBYX KOMIUIEMEHTAPHBIX 110~
JIMHYKJICOTHIHBIX LIeTei, 0OHApYXHMBAIOTCS TOJMLKO B COCTaBe HEKO-
TOpbIX BUpYcoB. Kpome Toro, nsBecTHbl odnomaicegnie PHK (Bupou-
ZIb1), COCTOSIIME, MO CYTH /1eJ1a, U3 ABYX KOMIUIEMEHTAPHBIX HYKIEO-
THAHBIX MMOCIEJI0BATEILHOCTEH W [M02TOMY CYLICCTBYIOLINE B BUJIE [IBY=
CHUPAIBHBIX MOIEKYJT (eM. puc. 59, c. 116).

B asoitnoit cnimpain PHK Bosmoxna tonbko ofaHa, C3'-3H10-KOH-
chopmanmsa ocrtatka pubosel. [Toaromy asycnupanshbie PHK, a Takxe
KOMITJIEMCHTAPHDBIE ABYTSIKEBBIE MOJIUPHOOHYKICOTHIHBIC KOMIUICK=
chl [Tuna noau(A) - noau(U)] cyiecTsyoT TOALKO B npaBoit A-dop-
Me, B OCHOBHBIX uepTax nomobuoi A-gopme 1HK.

Obmme yeprni BTOpH4HOI cTPYKTYphI otHoTsukesbix PHK. Makpomo-
Jiekysibl GosbimHeTsa npupoadbix PHK nocrpoensl 3 oaHoii nonm-
PUOOHYKIEOTHIHOM 1ierni. OCHOBHOMN 2JIeMEHT MX BTOPUYHOI CTPYKTY-
Pbl — CPaBHUTEILHO KOPOTKHE JABOIHBIC CITMPaTH, 06pa3soBaHHbIe KOM-
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[JIEMEHTAPHBIMHU YUACTKAMM OHON M TOM XKe LIenu ¥ nepeMexaioime-
Csl ee ONHOTSXKEBLIMM cerMeHTaMu. [TonupuboHYKICOTHIHBIC HENN B
FAKUX JBYCIIMPAJIbHBIX CTPYKTYpax (crimpaiusaums cama Ha cebs) an-
Munapaiieabst, a CaMu JBOIHbIC criupanm, Haxosmecs B A-opme,
He MACaIbHbL: B HUX HMEIOTCA jJeeKThl B BH/IE HECHapeHHbIX HYKJICO-
IMIHBIX OCTATKOB WJIM HE BIIMCHIBAIOLIMXCS B IBOHHYIO CITMPAb OJHO-
IsiKeBbIX nerenb. Hapsily ¢ kiaccHuecKMMM YOTCOH-KPMKOBCKMMM Na-
pamn (AU u GC) B asyrskesbix yuactkax PHK uacto Berpeuaercs
napa GU. Takum obpaszom, crabMILHOCTD JABYTSXEBbIX PailOHOB MOJL-
JICPXKMBACTCS KOMIUIEMEHTAPHBIMM M MEXITIOCKOCTHBIMHM B3auMOJICH -
CTBUAMM OCHOBAHMI. B 0OQHOTSIKEBBIX yuacTKax HabMOAAIOTCSH CHIIbHbIC
CMIKUH2-63auMOdelicmeus OCHOBAHMIA, BCIICJCTBHE YEro OHM CTPEMSITCA
IIPUHATH KOH(OPMALIMIO OTHOTSKEBOM CITHPAIIH.

Tpernunas crpykrypa opnorsokesnix PHK. Ilpu ncenenoBanmsx Max-
pPOMOJIEKYISIPHOM opraHu3aunu ogHoTsxesblx PHK 6b10 yeranosie-
HO, Y4TO B (DM3HOJIOrMYECKUX YCJIOBUSIX OHM XapaKTEePU3YIOTCH KOM-
ITAKTHOH M YNOPAIOYEHHOH TPETUYHOMH CTPYKTYPOH, KOTOpasi BO3HM-
KAeT 3a CUET B3aMMOJIEHCTBUS 2JIEMEHTOB MX BTOPHYHOMN CTPYKTYPHI.

1. Dnementsl BTopuuHoit crpykTypsl PHK pacnionaraiores apyr or-
HOCHUTEJIBHO JIpyra Tak, 4ToObi obecrneyuTh MaKCUMAIbHBIH CTIKMHT
OCHOBAHMIT B MAKPOMOJIEKYJIE B LIEJIOM.

2. KOHTaKTbl MEX/1y OTACTbHBIMH 3/IeMEHTAMM BTOPHYHOI CTPYK-
TYPBI OCYUIECTBISIIOTCS 33 CUET HECKOJALKMX THIIOB TaK HA3BIBAEMBIX
«TPETHUYHBIX» BHYTPHMOJEKV/ISIPDHBIX B3aUMOIEHCTBHIA:

* 3a cueT oOpa3oBaHMs JOMOIHUTENBHBIX, 3a49aCTYI0O He-YOTCOH-
KPUKOBCKHX Nap OCHOBAHHIA MEXKIY HYKJICOTHIHBIMU OCTATKAMM YJia-
JICHHBIX APYT OT jipyra (B NMEepBMYHON M BTOPHYHOMH CTPYKTYpax) oi-
HOTSIKEBBIX YUACTKOB H TPUTUIETOB OCHOBAHMH MEXIY HYKJIEOTHI-
HBIMM OCTATKAMM OJTHOTSIKEBBIX M JIBYTSDKEBbIX 2JIeMeHTOB. [Ipu ana-
/N3¢ BTOPHUHBIX CTPYKTYP BUPYCHBIX M pubocomubix PHK 6nu10 06-

S’

Puc. 52. Cxema obpasopaius «ricesioyanas (A) nNpH cnapuBaHHM KOMILIC-
MeHTapHbiX ydactkop PHK B Beplumue wnmuiabku u B APYroM oaHOTSKEBOM
YHACTKE, MPOCTPAHCTBEHHASA MOJE/L «lcesioysna» (b)
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Puc. 53. O6paszoganne A-U-A-  Puc. 54. Unrepkansums Ag MEXKITY OCTaTKa-
tpuruieta B TPHK mit m’Gyg m Gys B TPHK.

10T 0cobBIT BIA CTIKMHT-B3AHMO/ICHCTRMA CO-
NpsKeH © pacxoxieHWeM OCTATKOB ryaHuHa,

npu aToM Kohdopmaums pudo3pl HIMeEHSETCH

ot Cy-aun0- go Cy-3u10-

HAPYXEHO, YTO OJHOTSKEBbIE YUACTKH B BEPIIMHE TeTelb B MPHH-
LMME MOTYT JaBaTh JABYCITHPAIbHBIE KOMIUIEKCH! C MEXTIETE/IbHBIMH
OAHOTSIKEBBIMM CEIMEHTAMM C 0Opa30BAHUCM <«IICEBAOY3I0B» (pHC.
52, 53);

® 34 CYET JOMOJIHMTENBHBIX («TPETHYHBLIX») CTIKMHI-B3auMOJIeii~
CTBHH T10CJIE HHTEPKAISLIMK (BHEIpEHHSI) OCHOBAHMIA OJTHOIO y4acT-
Ka MEXIY JBYMs COCEJIHHMMMN OCHOBAHMSIMM APYTOTO OJHOTSKEBOIO
yuyactka (puc. 54);

e 33 cueT 0Opa3oBaHMs JAOMNOJIHHUTEILHBIX BOJIOPOAHBIX CBA3EH MCXK-
v 2’OH-rpynnaMu octatkoB pub03bl U OCHOBAHMSIMM, a TAKKE 1py-
THMH TPYMnaMH neHtosogocdarHoro ocTopa.

3. Tperuunasa crpykrypa PHK crabunmsuposana nonamu nsyxsa-
JICHTHBIX METAJUIOB, KOTOPBIE CBSI3BIBAIOTCH He TOIAbKO ¢ docdaTHbi-
MU IPYIIAMH, HO U C OCHOBAHMSIMH.

AHAJIOTHYHBIE TIPUHLIMIIBL JICKAT B OCHOBE OPraHM3allii CTPYKTY-
pui Beex onHotaxeBbix PHK. CtpouTh KOHKPETHBIE NMPOCTPAHCTBEH-
Hble CTPYKTYpHl onHoTaxesbix PHK kpaiiHe 3aTpyiHuUTENLHO H3-32
MHOKECTBA BO3MOXHBIX BAPHAHTOB YKJIAAKH B HUX 3JIEMEHTOB BTO-
PHYHONH CTPYKTYPBIL.

Tpancnoprasie PHK

nasnoit dyukumeit tpancnoprabix PHK (TPHK) sasnsierca ak-
LENTUPOBAHHE AMHHOKHUCIIOT H MepeHOC UX B OEOKCHHTE3UPYIOLINH
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anmnapar kieTku. OHM BBICTYIIAIOT B POJIM 3aTpaBKM (npaiitmepa) B 1po-
liecce obpatHoil TpaHCKpUITLIMK (cM. c. 234).

IMTocnenoBarensraocts TPHK pronouaer 70 — 90 HYKICOTHIOB M OKOJIO
10 % muHopHBIX KoMIIOHeHTOB. OHa 00pasyeT BTOPHYHYIO CTPYKTYDY,
H3BCCTHYIO 1TOJ1 HA3BAHHEM «KJ"IBBCDHI;IH JIMCT». DTa CTPYKTYpa COCTO-
UT U3 4 Win 5 ABYLIENIOYEYHBIX CIIMPAIBHBIX cTe6aCH M TpeX MneTeb.
Kaxnpiii cre6enb copepkut 4 — 7 yoTCOH-KPUKOBCKHX Tap, o6pasyio-
1IMX JABOMHBIE CITIUPAIN. Paznnyalor akuenTopHbii, aHTHKOJIOHOBDIH,

TyC-crebens Axuenropusiii crebens

OH
AKUeTTTOpHBIN
KOHEI[

>P00Rw

5
G--C
C--G AxKuenTopHBIii AHTHKOJOHOBBIHA
G-~-C crebens
G--U
A--U

TwC-netas
2 U--A  TyC-
DU-nerns U--A  cre & U

B4 Y gache” A
bu ?I;I?“:’ mii o0 G
G (}i | (:‘;I cu CiUG.r v c
G A szz C

@& Se--6 K,um?
ok S BapuaGensuasn
=G G TeT/s
A-=-U
AHTHKOOHOBHI GMc
crebenb iR
on A
AnTHKOI0HOBAS Y
neri mG A A
|
ANTHKOIOH
A

Puc. 55. Ctpyktypa apoxkesoit TPHK;

A — mepBUYHAA ¥ BTOPHYHAA CTPYKTYPhL; b — TpeTHUYHAS CTPYKTYPA (CXeMaTHyeckoe

n3obpaxenue). Ilenrozodocharnriil ocTor H30OpakeHn B BUAC HENPEPLIBHOIM JEHThI;

napel OCHOBAHMIT — B BHAC JUIMHHBIX [OJ0COK; HECHapeHHEIC OCHOBAHNS — B BHIC

KOPOTKHX noocok. Monexyna umeet [-o6pasnyio opmy. ApaGekumn undpamu yka-
3aibl HOMCPA HYKACOTHAHLIX OCTATKORB, B— NPOCTPaHCTBEHHAA MOICIL
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auruapoypuanwiossiii (D), ncesnoypuannossiit (TyC) u noGasoyu-
Hblil cTe6an. AKuenTopHblit crebenb coaepxur 3'- U 5'-KOHILbI N0~
JIMHYKJICOTHIHOM LIen#M, MpUYeM K KOHIIeBOH 3'-THIpOKCUILHOI Ipyri-
ne (CCA3'OH) npucoenunsiercsi cnenuduyeckas aMMHOKHUCIOTA, OT-
BeYaloLlas 1oc/Ae0BaTe/IbHOCTH aHTMKOAOHOBOIO TPUILIeTa B aHTH-
KOAOHOBOIH nerie (puc. 55). Yncno HyKIe€oTHIOB B cTeOIIsAX U MEeTIsIX
no4TH noctosHuo vy pasublix TPHK 3a mckmouennem BapuabenbHbIX
nerenb (o1 4 1o 21 nykineoruna). Tpancnoprubie PHK — ennncrseH-
Hble NPEeJACTABHTEN TPHPOAHBIX MOJAMPUDOOHYKICOTHIOB, KOTOpbLIE
VIAJIOCH 3AKPUCTAIIIM30BATh M U3YMHTbL METOIOM PEHTIEHOCTPYKTYp-
HOI'O AHAIM3A C J0CTATOMHO BbICOKMM paspemieHuem. Haubonee je-
TalbHO OTpaboTaHa TPETHUHAs CTPYKTypa apoxxesoit TPHKP®
(A. Puu).

B nocnenosarensuocty TPHK nMeloTcs HHBapHaHTHbLIE OCHOBaAHUS,
T.€. OCHOBaHMA, npucyrcrByloume Bo Becex TPHK. Onn yuacrsyior,
rIaBHBIM 00PA30M, B «TPETHMHDbIX» B3aUMOJICHCTBHAX, KOTOPHLIE BO3-
HUKawoT Toraa, Koraa monekyna TPHK copaunBaercs B HaTMBHYIO -
0OpasHyio cTpyKTypy (cM. puc. 55). I'-hopMa COCTONT M3 IBYX TIOUTH
HeprieHANKYISIpHBIX Apyr apyry cnupaneit A-PHK, anuHa kotopbix
cocTapisieT oKosio 7 HM, TommuHa — 2 HM. OaHy cnupaib o6pasyior
VJIOXKEHHBIE JIPYT 32 APYTOM aHTHKOLOHOBBIH M JAHTUAPOYPHIHIOBBI
cTebamn, APYrvio — akuenToOpHbIil ¥ MCeBI0OYPHUANIOBLIH cTeOIH.

Tpetuunbie B3aMMOIEHCTBUS BKIIOYAIOT cTOKMHT (v TPHK™ p3
76 ocHOBaHMIl B CTIKMHI-B3aMMOAEHCTBUAX yuacTByeT 71 ocHoBa-
HUE); MHTEPKAISIMIO M HeOOBIMHOE CHapuBaHWe OCHOBaHMU, Ipu
KOTOPOM 00pasyioTest He TOJAbKO Maphbl, HO U TPHIUIETHI (CM. puc, 55).
Boapmag yacte CTAOMANZHPYIOLUIMX TPETHUHYIO CTPYKTYPY BOIOPOJI-
HBIX CBs3ei 0Opa3syercst MeXJ1Y HHBAPDHAHTHBIMM M MOTYBAPHAHTHBI-
MH OCHOBAHMSIMH.

OcobBIM BHIOM CTIKHMHTA SIBJISIETCH MHTEPKANSUMS (B OTACIbHBIX
MECTax OCHOBAHME M3 OJIHON LIENH BCTPAUBACTCS MEXKILY JBYMS OCHO-
BAHMAMHM 1pyroit ternu) (cM. puc. 55). Takoe B3anmosneiicteue ocylie-
CTBJISIETCH TaM, Tje BCTpevalotest cpasy Tpu uenu. Ilentosodocdar-
HBIIl OCTOB B MECTE BCTABKH OCHOBAaHMS NEPECTPAMBACTCSH IYTEM H3-
meHeHust Kondopmarnmn caxapa C3'-a110-— C2'-3H10-, B pe3yiibTa-
T€ Yero VBeIMunBaercsi paccrosiiue Mexay ¢ocedaramu (or 0,59 Hm 10
0,70 uM), 1 2TO crocoOCTBYET HHTEPKATSALIMN.

AHTHUKOJIOH UMEET XKECTKYIO apXHUTEKTYpY, KOTOpas MO3BOJSET eMy
ObicTpo cunThIBaTh MaTpuuHyio PHK.

Putocomunie PHK

Bricokomonekyasapusie pubocomusie PHK (pPHK) sisasiiotcs
CTPYKTYPHOI OCHOBOM Uit (POPMUPOBAHMS pUOOHYKIIENTPOTEMHOBOTO
TSKA, KOTOPBIH, CKJIAILIBASICH B MPOCTPAHCTBE, NaeT Havyano 30 —408-
1 50— 60S-cybuactnuam pubocomer; pPHK B3aumoneiictayior c MPHK
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n amunoauua-TPHK B nponecce tpancnaumn. HuskomonekynsipHas
5SpPHK B komnnekce ¢ pubocomubiMu Gekamu dhopMupyeT KOMIT-
JIEKC, KOTOpBIH Ha3bIBAIOT TpeTheil cybuactuueir pubocomsl, rie
5SpPHK BbIcTYnaer B pojiM NMOCPEHUKA MEXIY NenTHauiTpaHcde-
pasHbiM eHTpoM N EF-G-cBassiBaommmn gomMeHamu (cm. c. 309).

JletTasibHO M3y4YeHbl NEPBHYHASA, BTOPUMHAS M TPETHYHAS CTPYK-
Typel 5SpPHK. Buisichennl neppuyHbie crpyktypbl 16— 18SpPHK u
23—25SpPHK psna opranusmoB. Bropuunas ctpykrypa pPHK xa-
paKTepU3yeTcs CrMpain3anuei caMoit Ha ceds moanpHOOHYKJICOTHIL-
Hoit uenu (puc. 56). BucnupaibHble W JIMHEHHbIE YYACTKH 3THX MOJIe-
Kyl (hOpMUPYIOT TOCTOSIHHBIE M BapHabelibHbIe 1OMEHbI, KOTOpbIE
3aTeM YKJIAALiBaloTCA B 00Jlee KOMMAKTHBIE CTPYKTYPLI BBICLIETO T10-
psJIKA.

LeHTpaabHblii JOMEH

II'IIII”_II

Puc. 56. Crpykrypst 16S pPHK E. coli:

A — BTOpHuHAS CTPYKTYpa, coaepkauas 4 OCHOBHBIX AOMEHA: LCHTpPaAbHBIR, 3'-
rAaBHBIE, 3'- 1 3'-MHHOPHBIA (MX FPAHMUBLL YKA3aHbI TYHKTHPHEIMU JHHMAMU); b —
NEPBHMHAA U BTOPUMHAA CTPYKTYPHI 5'-1omena 16S pPHK. B crabummsaumn ayruexc-
noit crpykrypsl pPHK yuacrsyior G - U-napsl. Heckonbko ocHoBanuii obpasyior net-
710, €CAM B NMPOTHBOMONOKHON LENH OTCYTCTBYIOT KOMIUIEMEHTapHble OCHOBaHWA
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Puc. 56. [lpodoaxcenue

Marpuunsie PHK

Marpuunoii (MPHK) cuutaior PHK, xotopast B nociemgoBaresinb-
HOCTH HYKJICOTHHBIX OCTATKOB B MOJIEKyJIe HeceT HH(popMaiuio, obec-
[eYMBAIONLYIO CUHTE3 crielnduueckoro Gejika HernocpeiaCTBEHHO Ha
Hei camoil, a Takxke MH(MOPMALMIO 0 BPEMEHHM, KOJIMYECTBe, MecTe H
VCJIOBHSIX CHMHTe3a 3Toro Genka.

Crpoenne MPHK sykapuor cneun(pnyuHo: B UX COCTaBe €CTh MH-
(hopmaTuBHbIe, T.e. paboTalolMe KaK MaTpULIbl B TIpoliecce OMOCHH-
Tesa Genka, 30HbBI M HeMHGMOpMaTHBHBIE yyacTKM. OTMeUEeHHOE CBOE-
obpasue B crpoernn MPHK u pacnosioxenue hyHKUMOHATBHBIX y4ya-
CTKOB B €€ MOJIEKYJIe TpejcTaBieHbl B BUjae o00011IeHHON CTPYKTYPhI
(puc. 57). HemudopMaTuBHbBIE YUACTKH COAEPXKAT K3, 5'-HETPaAHCIN-
pveMyio obnacte (5'-HTO), 3'-HerpaHcnupyemyio obaactb (3'-HTO),
MOJMANEHUIOBBIN (DparMeHT.

Kon (ot anri. cap — kenka, 1anka) — HyKJICOTHAHAS MOCHe/10Ba-
TeJILHOCTDB, COAEpkKalasl 7-MeTHJITYaHO3MH, NPHCOEANHEHHBII yepes
TpudocdarHylo rpynnmupoBKy K riepBHuHOMY TpaHckpunrty. Kam yacrto
prurouaet 2'-O-MeTWIbHbIE TPYIIbl, CBA3AHHbIE C MEPBbIM WM C JIBYMSI

m 5'-HTO @ Tpanciupyemas obnacthb @ F-HTO}Momu(A)

A
0
CH,
HN | )TI\J@
HN" >NH H s
CH,
OH HO
H 9 H
HO,, O  OCH,
=
o< 0
g B LM

Puc. 57. O6o6iuennas ctpykrypa mPHK sykapuot (A4) U kan-cTpykrypa Ha
5'-konue MPHK aykapuor (b)
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nepBbIMU pPUOO3HBIMH OCTATKAMM TMOCJACAYIOLLNUX HYKIEOTHIOB (CM.
puc. 57). Kan nyxen s sawmuthl MPHK ot ak3onykiieas, a Takxke /uist

cBsi3biBaHUs GenkoBbIX (aktopoB ripu Bzaumozeiictsun ¢ pPHK B

pubocome (MrpaetT cUrHanbHyIo pojib B npucoeanHednn MPHK k pu-
Hocome M yuacTBYET B TPAHCISILIMN).

JUimna nonn(A)-pparmentos y pasibix MPHK konebrercs or 50
7o 400 H.1m. 3tH hparMeHTbl OTCYTCTBYIOT B MOJIEKYJIaX TMCTOHOBBIX
MPHK. [MToaaraior, yto noavaaecHua0Bast yacth Moaekyiabl MPHK yua-
cTBYeT B npoiiecce coszpeBanuss MPHK, npenonpenenser Bpems Xu3-
uu MPHK, cnoco6ersyer nepenocy MPHK u3 siapa B umronnasmy u
MPUHMMACT Y4acTHe B TPAHCIALIMH.

Bpemsi nonyxusuu MPHK B kieTke, Kak 1 MOMEHT MX JIerpaja-
MU, 3arporpaMMHpOBaHbl crieMpuaecKMMH MOCICI0BATENLHOCTS -
mit yacto B ux 3'-HTO. UX Ha3plBalOT 2J1eMEHTAMU HECTabHILHOCTH
MPHK. Onpenenentbie OeJKH KICTKH Y3HAIOT 9TH IMOCIEI0BATEILHO=
CTH, CBA3bIBaloTCs ¢ HUMHU M ctabuansupyior MPHK. Kpowme storo 3'-
HTO conmepxaT cHrHanbl UMTOIJIA3MATHYECKOTO H SJIEPHOTO TMOJIH-
AIEHWIHPOBAHNS U CUTHAILI BHYTPMKIICTOUHOM JIOKAJIU3ALINN JUIS 9THX
MPHK. MHTepecto oTMeTHTh, yTO MHGOPMaLKs 00 OJIHOM U TOM XKe
cpoiictee MPHK MoxeT cojepxarbcst B pasHbIX HacTsAX MOJICKYJ/IbI
MPHK, nHoria orcrogimx Apyr ot Apyra BAOJAb MOJUHYKICOTHIHOM|
LIENH HA 3HAYUTETHLHOM PACCTOSIHUMN. BeposTHO, 9TH YYaCTKH MOJIEKY-
anl MPHK cOamxkalorcst npu (hOPMHPOBAHHH €€ MPOCTPAHCTBEHHOIH
cTpykKTyphl. [lpennonaraior, yto BTOpUUHas (CriMpaan3salms cama Ha
cebst) M TpeTHuHas CTPYKTYpbl MeHee KommakTHbl, ueM wist TPHK n
pPHK.

I'ereporennas sinepnas PHK

I'eteporennas sinepras PHK (raPHK) — emech TpaHcKpHnTos MHO-
TUX sUIEPHBIX FEHOB; JIoOKaIM30BaHa B sape. Hexotopbie U3 HUX sBISI-
I0TCs1 TIEPBHUHBIMM TPAHCKPHTITAMH H MMEIOT TAKYIO XKE JUTHHY, KaK H
reHbl, C KOTOPHIX OHH CKOITHPOBAHbI, APYTHE — YACTHUHO MPOLECCH~
POBAHBLI M YTPATHIN PsiL UHTPOHOB.

Maunsie anepusie PHK

Bce sykapuoTHuyecKie KIeTKH COAepXaT MHOXECTBO MAIbIX siiep-
mbix PHK (MssPHK) — kopotkmnx crabmabhbix mojiekyn PHK, Gonb-
LIMHCTBO KOTOPBIX B COCTABE HYKJICOTPOTEHIAHBIX YACTHIL TPUCYTCTRY-
10T B siipe. Oy 06HAPYKEHbI B COCTABE CIUIANCHMHTIOCOM MJICKOIMTAIO-
wmx. At PHK nasweisaror U-PHK n3-3a neobnivaiino 60ib1ioro co-
nepxKanus ypauuna u ero moauduumposaHubix Gopwm (raba. 5). Hyk-
neotuaHble nocaenosatenbHoct ecex U-PHK nossoHourbix cosna-
jaloT Ha 95 %.
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Tabnwumua 5
U-PHK M/ICKOIMMTAIOMAX

U-PHK (lmc%:::;::;cgr[;(moa) Dynxas

Ul 164 Crnaiicunr npo-MPHK

U2 187 Crutaitcuur npo-MPHK

U3 217 [Mpoueccunr npo-pPHK B sapeinike
U4 145 Crnaiicunr npo-mPHK

uUs 116 Cruaitcunr npo-mPHK

[8[¢ 106 Crnaiicuur npo-mMPHK

u7 65 O6paszopanue 3'-KOHLIOB IHCTOHOBLIX

MPHK
U1l 131 [Moanaaennanposanuc npo-MPHK

Maasie nuromnazmaTuyeckie PHK

Dyukumnu maisix nutormazmarudeckux PHK (muPHK), 3a uckiio-
vyenueMm 7SL-PHK curnai-pacrno3Haiommx 4acTmil, He YCTAHOBIEHBDI.
UasectHo, uto SonbiunHeTBo 3THX PHK accoumnupoBalbl ¢ KpynHbl-
MU CEMEICTBAMM I10CIeI0BATENBLHOCTEN, COAEPXALIMMH KAaK T'eHBb,
TAaK U TICEB/IOTeHbI.

B nepeHoce HOBOCHHTE3MPOBAHHBIX CEKPETHPYEMBIX M CBSI3AHHBIX C
MeMOpaHAMM TTOJIUIIEIITHIOB Yepe3 JUIMMAHBIA CJ0H 3HI0MIa3MaTH-
YECKOTrO PETHKYJIVMA YYAaCTBYIOT CHIHAJIPACIIO3HAIOIIME YACTHLIbI, OC-
HOBHBIM KOMIOHeHTOM KOoTOphIX siisieTcss 7SL-PHK. Hykieornansie
nocnenosarebHOCTH 7SL-PHK v rppi3yHOB M NMpUMATOB MpakTHtie-
CKH OIMHAKOBHI, a y aAposoduanl ota PHK Ha 64 % romonoruuna co-
otercrBylolieii PHK uenoseka (ta6a. 6).

TaGnuua 6
Mansie maronnamarnueckne PHK

PHK Opranmnam JUmmna PHK (4ncno HyKIeoTHAOB)
7SL [Toasonounble 300
78 becnossonounbie 254
78K Becrnossonovibie 330
4,58 I'pri3yHb! 90—94
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KOHIIEILINSA «MHP PHK»

Paccmotrpennble Boiliie 0COOEHHOCTH CTPYKTYpBI M (hyrkuwmii JHK
n PHK nobyxnaioT K cOnocTapieHMIO MX POJIM B KHMBOH IpUpoOE.
[Tpu 3TOM BO3HMKAET OTYETIMBOE BIIEUAT/ICHHE O 3HAUMUTE/ILHO Bosee
pa3Hoobpa3HbiX GYHKLUHOHATLHBIX BOSMOXHOCTAX PpUOOHYKIEMHOBBIX
kucnotr no cpasieHuo ¢ JHK, cywecrBoBanmue KoTopoii cBa3aHO
HCKIJIIOYMTENBbHO ¢ HeOOXOAMMOCTBIO COXpAHEHMs M NepeJadu U3 Io-
KOJCHUA B NMOKOJEHUE HACJEACTBEHHBIX NpH3HakoB. CoBpeMeHHBIC
3HAHMS O CTPYKTYPHOM M (PYHKLMOHATLHOM pasHoobpasun PHK vike
HE YKJAIBIBAIOTCA B T¢ KAHOHMYECKUE MPEACTABICHMA 00 MX pOau B
peaimsainn reHeTHueckoil MHhopMalunH, KOTOpbIe BO3HHKIN B ca-
MOM Havajie pa3BHTHUs MosiekyagapHoit Ouonorun. [lpeacrabienne o
ToM, yTo PHK CAyXHUT TOJIBKO MHCTPYMEHTOM TpaHchOpMallMHU reHe-
THUECKOIT nporpaMMbl (reHoTHNA), 3ai0XeHHoi B ctpykrype JHK, B
KOHKpeTHBIH (peHoTHn, dbopmupyemsblit pasHooOpasuem OenkoB
(JIHK — PHK — 6es10k), 66110 B 3HAUUTENIBHOMH MEPEe paspylieHo 1nocie
OTKPBITHS obpamuou mpanckpunyuu. Okazanocs, uro PHK moxer ciy-
KHMTh MATPHLIEH HE TOJNBKO JUIS BOCIPOM3BEIACHMS CBOCH COOCTBEHHOI
cTpykrypbl B PHK-conepxaiuux BHpYCHBIX FTeHOMax, HO W Uil OHOCHH-
Te3a JJHK y BeicIumMX opraHn3mMoB. YKe 0J1HO 3T0 OTKpbITHE (hopMaib-
Ho nocrasuino PHK B 1ieHTp OCHOBHOro moctyjata MOJEKYJSIPHOMU
reHeTHKM, TaK KaK MOoKa3ajlo, UTo MOTOK reHeTHYecKoil HHpopMaluu
pacnipoctpansercss ot PHK He B o1HOM, a B JIBYX HalpasjJeHMsX: He
ToNbKO K Oenky, Ho u K JIHK. Bee Gonee riaybokoe NpoHMKHOBEHHE B
MEXaHH3Mbl OCHOBHBIX MOJIEKYJISIDHO-T€HETHUECKHUX MPOLIeccos (per-
JIMKALWIO, TPAHCKPHUITIIMIO M TPAHCASLINIO) CrTocOOCTBOBANIO BO3HHK-
HOBEHHMIO MOHATHY O Hekanonuyeckux gynkyusx PHK, ocoznanuio no-
AupyukyuonarsHocnmu pubOHYKIEUHOBBIX KHeoT (puc. 58).

Jlist Toro urtoObl oneHuTh 3HaveHune PHK B npupoae B ueiom,
CHELYET MONBITATLCH OTBETUTH HA Bonpoc: mo moeym PHK?

e K 10CTATOYHO JABHO OMNpeAeIeHHBIM KAHOHMYECKUM (DYyHKUHSM
PHK oTtHocsTes: cnocoGHOCTh BHITTOIHATE POJIb MECCEHLKEpa IPH fe-
penaue HacaeacTBeHHOH mHpopmaumu o cTpykrype 6enka or JHK x
OenokenuTesupyomeMy annapary kiaerok (MPHK), ywacrsosath B
dopmuposarinn ctpykrypsl pubocom (pPHK), obecrieunsars crienm-
¢nueckoe akUeNTHPOBAHHUE M MEPEHOC aMUHOKHCIOT K pubocomam
(tTPHK).

Bmecte ¢ Tem PHK cBoiicTBeHHBI 0cO0ObIC HEKAHOHMYECKNE (PYHK-
LMK, pearu3yeMble Ha Pa3HBLIX ATanax NporpamMMbl KH3HHM TeX WU
MHBIX OPraHu3MOB. B nocneayioimx rmasax HeOAHOKPAaTHO OYAYT Npu-
BEJICHBI TPUMEPDI CBOEOOPA3HBIX CTPYKTYP M (DYHKLMI PA3THYHBIX BH-
jgos PHK, ceituac e orpaHMYMMCs TONBKO MnepedyrcacHuem (pyHKim-
OHAJILHBIX BO3MOXHOCTEH 3TOi BechMa noauMopdHoit rpynmnsl Moie-
KyJ, BOBJIEYEHHBIX B pealn3auuio O0JIbIIMHCTBA (DyHAaMEHTAILHBIX
OMOXMMMYECKHX MPOLECCOB B KIAETKE.
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«AHTHCMBIC/IOBEIE»
PHK (PHK I)

PHK-couepxamas
TejioMepasa

Puc. 38. Poab pazmunbix PHK B ocHOBHBIX MONEKy1spHO-OHONOrHYECKHX TTpolieccax (ITOsSICHEHMS B TEKCTE)
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« PHK yuactyioT ¢ penauxayuu JHK, BbicTynasi B poJiu 3aTpaBoK
(npaiiMepoB), HEOOXOAMMBIX JUIS MHMUMALIMM CUHTE3a KOMIUIEMEH-
tapubix neneit JHK. Ocobas «antucmsiciaosas» PHK (PHK 1) Boi-
MOJHACT PoJib peeyasmopa wHniHammm pervmmkammu JJHK B Toukax
Havana peruiMkauymm, obnanas BO3MOXHOCTBIO CBA3LIBATDL IpaiiMepsl
¥ TeM caMbiM ocTaHaBnuBath Onocunres JTHK.

e PHK BbinonHsieT poiib MampuyHol MoaeKyas: B ripoueccax o0-
parHoii Tpanckpunuuu (6uocunresze JHK na marpuue PHK) n
cBoeit coberpeHHoiIl pertnkainn y PHK-conepxkaimx supycos u ca-
ros. B npouecce obGpaTHO# TPAHCKPUIIIMK POJIb 3aTPABKH, HeoOX0aM-
MOit Ut cuHTesa KoMiutemeHTaproit nernn AHK, semmonnger TPHK.
Marpuunsie coiictsa PHK peannayiorcs B npouecce HapauidpaHus
TesioMepHbix nopropos B Monekynax JIHK: PHK-marpuua gapnsiercs
BKHEH MM KOMITIOHEHTOM meromepas — (hepMeHTOB, OCYIIECTRIsIIO-
HMx cuHte3 TeaoMepHbix vuactkos JJIHK B xpomocomax.

o B npouecce mpanckpunyuu (bnocunrese PHK na marpune J1HK)
Hosbioe 3HaueHue uMeer criocobHocts PHK obpazosbirath pasnoodpas-
HbIE DJEMEHThI BTOPHUYHOH CTPYKTYPhl (LUIMTHJILKM), KOTOPbIE BIMSIOT
KAaK Ha MHHULIHALIMIO, TaK 1 Ha TepMuHaimnio cuntesa PHK. PHK akrugs-
HO YUACTBYET B Ipoliecce CBOero coOCTBEHHOTO CO3PEBAHUS — npouec-
cunee nepsuuHbIX TpaHckpunTos (npo-PHK). ¥V npumutusHbX oaHo-
KJIETOYHBIX OPraHH3MOB BeisiBieHa cnocobHocts PHK k aymocnaaticun-
2y — BBLIPE3AHHIO HEKOJAHPYIOIINX YUACTKOB (MHTPOHOB) M CHIMBAHMIO
KoMpylouux (pparmeHToB (3Kk30HOB) 63 yuactus 6enkoB-GhepMeHTOoB.
Y opraiu3MoB, yrpaTHBILIKHX CITOCODHOCTH K ayTOCTUIAHCHHTY, B CIUIai-
cuposanni PHK Tem He MeHee NpMHUMAIOT ydacTHe 0cobbie MOJIeKy-
Jibl — mansie saepubie PHK (MaPHK), neobxoaumbie s 6e3oiunbou-
HOI'0 BbIMIEHEHHWS MWHTPOHOB M3 mojekyn PHK-npeamecrseHHUKOB.

o B duocunmese deara (tpanciasiumn) PHK Geszycnosno urpaer onpe-
Jieistiontyio poib. Pazimunsie no crpykrype pPHK dopmupyior octopy
cybuacTuil pubOCOMBbI U ONPEIeAgIOT B3aUMOAeNCTBIE CyOUacTHIL TpH
cbopke nonnoit pudocomol. [Mpucoennuenme MPHK k pubocome jierep-
MHUHHUPYETCS KOMIUIEMEHTAPHBIM B3aHMOACHCTBHEM ONPE/Ie/IeHHbIX Yia-
crkoB MPHK n pPHK. AktuBauus aMMHOKMCIOT, HX crienduieckoe
aKlenTHpoRaHKE U JocTaBKa K pubocomam ocyuectsisieres TPHK. Ko-
JOH-aHTUKOMOHOBOE B3aumoneiicTeue mexay MPHK u TPHK obecrie-
YHBAET INMEPEeBOIl HYKACOTHAHOH MOCASI0BATE/IBHOCTH MH(POPMaLLHOH-
HbIX MAKpPOMOJIEKY/I B aMHHOKHMCIOTHYIO MOCJAEA0BATEILHOCTL CHHTE-
anpyembix 6esiko. Cama peakumsi 00pa3oBaHMs NEMTUAHON CBA3M (TpaHc-
nenTUaIMpoBanue) M npoasikenne pubocomsl no MPHK (tpancioka-
IH51) TAKXKC, MO BCCH BHAMMOCTH, cBfA3albl ¢ (DYHKLHOHMPOBAHHEM
pPHK. ITpocrpancrsennas crpyktypa MPHK HenocpencrseHHo Bamsier
Ha CKOPOCTH TPAHC/SILIMH, @ €€ CrocoOHOCTh B3aUMOJIeiicTBOBATL ¢ pa3-
HOOOpa3HBIMHM PeryIsiTopHbIMI GeiikaMu, ocobeHHO XapakrepHast JUlst
BBICIIMX SYKAPHOT, SIBJISETCS OCHOBOMH JUISl TOHKO# pervisiunn GHOCHH-
te3a H6enka. Ocobwlit Bua PHK (tMPHK), coueraronmii B cebe coiicTna

[12

TPHK 1 MPHK onHoBpemeHHO, criocobeH obecneunBaTh mpanc-mpanc-
Aauuio — GUOCHHTE3 NMOJMNENTHAHOH Lenu 6enka ¢ UCIoNb30BaHNEM
PA3TUIHBIX MATPHUHBIX M0CHEI0BATEILHOCTEIH.

« [TocrrpaHcnsfoHHbIe MOAN(DUKALIMN CUHTE3MPOBAHHBIX B XOJI€
TPAHCASLUNH TTOJTUIIENTTHIOB, B pe3yabTaTe KOTOphIX obpa3yiotcs ¢yH-
KIMOHANILHO AKTHBHBIC MOJICKYJbl, TAKXE HEPEAKO COMNPSKCHDBI C
MPUCOEIHHEHNEM K HUM 3HAUMTENBHBIX 10 pasmepaM Mmomekyn PHK.
Takum nyrem Bosuukaot PHK-codepxcawque ghepmermor — pnbOOHYK-
neonpotenust (PHKaza P, Tenomepassl u ap.).

e 1 nakoHen, Henb3s 000HTH BHUMaHWEM TOT (hakT, 4TO MHOTHME
Katanusatopbl OesikoBoil npupoasl (hepMeHTHI), KaTaTH3UpYOLIHe
pasanuHble OMOXMMUYECKHE TTPEBPAILIEHHS B KJIeTKe, (DYHKLIMOHUPY-
0T Giarogapsi COACPXKAHUIO B HUX Kogepmennioe puboHykieomuoHou
npupodst (NAD, FAD, ATP u ap.).

e [Tocne orkpurtuga T. Yekom ¢ coasropamu ayrocraaiicudra PHK
V TeTpaxMMeHbl CTIO SICHO, yTo camu Mojekyabl PHK moryr obaa-
JAaTh KATATHTHYECKUMU CBOHCTBAMH, BIOJTHE COMOCTABUMBIMH CO CBOIi-
creamu (pepMeHTOB-T1IpoTenHOB. MMeHHO oTKpbiTHE prbo3umos (PHK-
thepmeHTOB) NpHBEJIO K co3aaHmnio KoHueniuu «Mupa PHK» — mupa,
KOTOPHIN, BEPOSATHO, BO3HMK M CYHICCTBOBAJI 3aJ10/r0 Jio odopmiie-
HUA HbiHe cyiecTsyiomero «JIHK-6enkosoro mupar». Bekope nocie
otkpbiTus pubosumos T.Yekom B onHoM u3 coux pabor @.Kpux
rucan: «Jru sKenepuMenThl (o karanutuueckoit PHK) nomnepxu-
paior runore3y, yro oGmoxumms PHK npeninecrsoBana TpaauimoH-
HOMH GMOXMMMH, OCHOBAHHOI HA HYKJEHHOBBLIX KHCIOTax H Denkax».

CyllecTByeT HeCKOABLKO apryMeHTOB B rosib3y Toro, uro PHK npea-
crapasietT coboil nepBHYHYIO MOJEKYIY — HOCHUTEIb XH3HH. M3BecTHa
criocobnocts PHK Hect# reHeTHueckyio HHpopMauuio. 1o B MOJHOH
Mepe cBoicTBeHHO HblHe cylecrsyommnm PHK-copepxammm Bupy-
cam. Jlokaszano takxke, yro BupycHbsie PHK criocobubl Kk pexomouna-
{uu, B KOTOPYIO MOTYT BOBJICKAThCSl KAK BUPYCHBIE, TAK U KJIETOUHbIE
PHK. ILInpoKO M3BeCTHLI CTaBLINE VKE KJIACCHUYECKHMM Pe3yabTaThl
onsiron I'. ¥Ypesa u C, Muiepa, BOCHIPOU3BOASIINX NIEPBHYHYIO (abu-
oTHueckyio) cpeay 3emin. Tak, u3 razoobpasHbIX BellecTB (aMMHUaKa,
VIJIEKHCIOTO Ta3a, MeTaHa M BOJOPOIA) TPH BO3ACHCTBUM 3JEKTPH-
yeckoro paspsiia m YMP-o0uyueHHst MOXHO MOJYYUTb dJIeMEHTapHbIe
coenuHeHus (popManbiaerua, CHHUJIBHYIO KHCIOTY, MOYEBHHY, OT-
JIEJIbHBIC aMUHOKMCIIOTHI M /1p.), U3 KOTOPLIX aajiee o0pasyroTcs ny-
puHoBbie ocHOBaHMs (A U G) — MCXO/IHBIE MOJIEKYJIbI, HEOOXOIMMble
Jjuist oOpaszoBaHus HyKneoTHA0B. CaMu HYKIICOTH/IbI YXKe SBISIIOTCS YOUK-
BUCTHYIECKMMH MOJIEKYJIAMM, CITOCOGHBIMM CYIIIECTBOBATL B BU/E pa3-
JMYHBIX XN3HEHHBIX (hopM (Ko(hepMeHTOB, IHEProHoCUTeIeH U JIp.).
B pesyanTarte MCNoNb30BAHUSI IHEPrUM, BhIIe/IsIBILCHCS NPU Harpesa-
HHM CYXUX OPTaHMYeCKHX OCTATKOB WM MO ACHCTBUEM KaTaluTH4eC-
KOI aKTMBHOCTH HeopraHmiecknx noaudocdaros, HYKICOTHILI MOT-
JIM B3aMMOJIEHCTBOBATE JIPYI C APYroM ¢ 0Opa3oBaHHMEM MOJIMMEPHBIX
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Mosiekys. CayyaitHoe 06beIMHEHHE HYKJICOTHIOB B MOJIMMEPHbIE 1IEMH
MMEJIO pelnaolee 3HayeHue, OO0 MPHUBEIO K BO3ZHMKHOBEHHIO MaT-
PHUYHBIX MOJIEKYJI, IIPUTOHBIX [UISE KOMIJIEMEHTAPHOIO KOMMPOBAHUA.
HanbHeiinas 5BOMIOLMS 9THX MOJICKY/T MOIJIA TIPUBECTH K 0TOOPY Ka-
TasnTnyeckn aktuBHbiX PHK. Takum o6pazoM MOr BOZHUKHYTH «MUD
PHK>», rie PHK BeicTynaer kak camMoaoctaTouHas MoJIeKy/1a, coye-
Taomaa B cebe reHoTMIT M (PeHOTHUI OINHOBPEMEHHO M CriocobHast K
9BOJIIOIIMOHHOMY pa3BUTHIO Gnarogaps peKoMOMHALIMKM M KaTATMTH-
yecKHM crniocobHocTsM. KioyeBbiM (hepMeHTOM 3TOro Mupa JoJIKeH
ObiTh hepment PHK-peruinkasa, crnocoGHblit oCyleCTBAATh ayTOKa-
TanntHyueckyio permkaunio PHK. TToucku takoro ¢epmenTa B Ha-
CTOsillIee BPEMsI BEJLYTCS CPEIM MHTPOHOB rpyinbl | — yyacTkoB MoJe-
Kyl onpexaesneHHbIX BuaoB PHK, ciayvxkamimx MCTOYHMKOM UIsL BO3-
HUKHOBEHHS M HbIHE CYHIECTBYIONINX PHOO3MMOBR.

B xone panbsHeitiei 6nonornueckoi 9BoJIOIHU U OCODEHHO B CBSI-
31 C BO3HMKHOBEHUEM KJIETOUHBIX (hOPM KU3HU vacTh pyukumii PHK,
BeposATHO, nepeuwia k JIHK, a apyras yacts — K 6eakam. CyiecTsy-
oue PHK obnanaior BLICOKHM pasHOOOpasueMm XH3HEHHBIX (hopM
(penotunos), npesocxons B 3rom otHowennn JHK, u coxpansior
CIocoOHOCTh K XpAHEHHIO U Mepejiaue reHeTUUECKNX MPU3HAKOB, YeM
MPUHLMITHAIBEHO OTIMYAIOTCH OT OEJIKOBBIX MOJIEKY], MHOTHE M3 KO-
TOPBIX OHH «ITPUCTIOCOOHINY [UIs obecnedeHust CBOero cobCcTBEHHOTO
cyuIecTBoBaHms. B nocienyionmx riasax Mbl NpOAEMOHCTPUPYEM TIPU-
MEPBI MEXMOIEKYIAPHBIX (0EIKOBO-HYKJIEMHOBBIX B3aUMOIECTBIIT),
XapakTePHBIX JUIS COBPEMCHHOI'O 9TAlA CYIIECTBOBAHMS TIABHBIX KJIAC-
CcOB OMOIIOJIMMEPOB,

I'nasa 4. CTPYKTYPA TEHOMA BUPYCOB
N PAI'OB

Bupychl — 3T0 BHeKJeToYHast hopma Xu3HHM, obnanaiouas co0-
CTBEHHBIM FTEHOMOM M CIocoOHas K BOCTIPOU3BEIEHHIO TOJILKO B KIIET-
Kax JKHMBLIX OPraHu3MOB.

Bupmon (WM BUPYCHAs YaCTHIIA) COCTONT M3 OJIHOM MIIM HECKOJIb-
kux monekyn JHK nan PHK, 3akiioueHHbIX B GelKOBYIO 060/I0UKY
(Karcu), MHOIJIA COIePKAILLYIO TAKXKE JIMITHIHBIC W YITIEBOLHBIC KOM-
MOHEHTBI.

Bupychl pasMHOXAIOTCS TONBLKO MOCHe MHOUIMPOBAHUSA XHBBIX
kieToK. Pa3nuHblie BUPYCHI IIPOHUKAIOT B XKMBOTHBIE M PACTHTEJIbHbIE
KIETKM, a TakKe Gakrepun (BUpyChi GakTepuii Ha3bIBAIOTCH GaKmepuo-
hacamu). BUpycChl SIBISIOTCS BHYTPMKIETOYHBIMU NApa3sUTaMu Ha re-
HETHYECKOM YPOBHE M MCTIONBL3YIOT [UIsi CBOETO pa3MHOXeHHs: OeoK-
CHUHTE3MPYIOLIMI armapar KJIeTK1-X0351Ha.

JKHU3HEeHHBIH MK BUpYyCca HAYUHAETCH C MPOHUKHOBEHUS BHYTPL
neTku. [Uis 9TOro OH CBSA3LIBAETCS CO Creun(PHUECKUMH peLenTopa-
MM HA €€ TTOBEPXHOCTH M JING0 BBOAUT CBOIO HYKIEMHOBYIO KHCIOTY
BHYTPb KJIETKH, OCTaBIsAsl GEJKNM BUPHOHA Ha ee MOBEPXHOCTH, JIHOO0
IPOHMKAET LEIMKOM B pe3yibTaTe HAOLMTO3a. B nociennem ciy4ac
[10c/ie NPOHMKHOBEHMSI BUPYCA BHYTPb KIICTKH CJIEIyeT ero «pasjena-
HHe» — OCBOBOKACHUE FEHOMHBIX HYKJICHMHOBBIX KMCJIOT OT OENKOB
0GonouKH. B pesyansrare 3T0il MpOLEypbl BUPYCHBIH FeHOM CTAHOBHT-
csl LOCTYIHBIM U1t (PEPMEHTHBIX CHCTEM KJIETKM, obecrieunBaiolmnx
IKCIPECCHIO IeHOB Bupyca. MMEHHO mociie NMPOHUKHOBEHMs BHpPYC-
1HOI reHOMHOI HYKJICHHOBOI KMCIOTBI B KJIETKY 3aKJIIOYEHHasi B HEH
reHernyeckas MHGopMalms paciinpoBLIBAETCS TEHETHYCCKUMH CH-
CTEMAMM XO3SIMHA M MCIOJBL3YETCs Ul CUHTE3a KOMIIOHEHTOB BHPYC-
HbIX yacTHil. [To cpaBHEHMIO ¢ TeHOMaMM JIDYTMX OPraHu3MOB BHpYC-
HbII TEHOM OTHOCHTEILHO M1 M KOAMPYET JIHIIb OrPpaHHYCHHOC 1HCIIO
GenKkoB, B OCHOBHOM OIKM KArcHAa M OJIMH WIH HECKOIBKO OeIKOB,
VUACTBYIOLIMX B PEIUTMKALIMK M 9KCTIPECCHU BUPYCHOTO reHoMa. Heob-
XOIMMBbIE METAGOIMTBI ¥ SHEPIHs MOCTABISIOTCA XO3SHCKON KIETKOI.

I'eHOM BHPYCOB, 3aKJIOUEHHDbIH BHYTPH BMPMOHOB, MOXET ObITb
npeacrasied JHK win PHK, nocneanne Moryr 6bITh OHO- M ABYLIE-
OYeYHBIMHU, KOJILLUEBBIMH M JIMHEHHBIMU. 3HAYEHUS MOJICKYJISIPHBIX
mace JJHK BHEYCOB HAXOIATCHA B npeaenax 1-10°—200-10% PHK —

|.10°—15-10° nansTOHA.

115




Bupyc JHK-codepucawue CrpykTypa resoma
(MpuMepHBEIt pasmep GuUpYyCH

F€HOMA B THIC. H.IL

HIH TBIC. H.)

Bupyc renarura B(3) YacTHYHO oﬁ:}_ilrﬁmnotlmax

KOJbBLICBas

CaepxcHpaibHas 3aMKHYTast

TManosasupycst (5) konbiesas JJHK

Anenosupyc (36
Bupyc reprieca (200) E JNuneiiHblit yruekc
Bupyc ocnopakumusr (200) o_.__c, ﬂ:mongmlmmexcu&
KOHUAMHK
[Mapsosupyc (2) Onnouenogeynas
:D JUHelHas I[_H_K
®ar X174 (5,3
¢ (.3) OnHouenoueunoe
Mar M13 (6,0) KOJIBLIO
PHK-codepwcawue
supycst
P N— W’V\ OnHollenoYeyHbIi
ctposupyc (10) JHIUTOMANBIH reHoM
NSNS

Bupyc rpunma (16) mm 8 pasHBIX OIHOIETOYEYHBIX

AN AT AN
AN/
Tomosupyc (7) Onnonenoyey
BTM (7000) RN e S

% 10 pasHbIX /1By LlEIOYECHHEIX
Peomupyc (30) == MOJIEKYJT

Puc. 59. Crpykrypa rerioma Bupycos
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Ilo cnoXHOCTH CTPOEHMSI TEHOMa BHPYCbl HIMPOKO BapbUpPYIOT —
ot dara Q; (PHK-conepxkaumii supyc 6akrepuii), nmelowero 4 rena,
no supyca ocnbl (JIHK-coaepxaiimii Bupyc), reHoM KOTOpOro Ha-
cuntbiBaeT okono 250 renos. Kpome Toro, sce reHbl BUDYCOB MOTYT
ObIThL 3aKJIKOYEHBI B OJIHOW MOJEKYJIe HYKJIEHHOBOM KMCIIOTBI WIH pac-
MpeaeieHbl MO HECKOJBKUM MOJIEKYJIaM, KOTOpbIE BMECTe M COCTaB-
JMI0T TEHOM Takoro Bupyca. Hanpumep, y peoBHpycOB reHOM TIpeji-
crapineH asyuenovyeuHoit PHK wu coctout m3 10 monekyn (wam cer-
MeHTOB). I'eHOMbBI BHpYCOB, conepxauinx oaHouenoveunyo PHK, tak-
&Ke MOIyT OBITh JIM0O HENLHBIMU (PETPOBHPYC), OO CErMEHTHPOBAH-
HpiMu (Bupyc rpunmna). lenom PHK-conepxaimx BupycoB npeiacras-
JCH TOJIBKO JHHeHHbIMM Monekyaamu PHK.

Bee nssectunie JIHK-conepxalime BUPYCHl MO3BOHOYHBIX HMEIOT
FCHOM, 3aKJIIOUeHHbIH B ojHOI Monekyie JHK, auHeiiHo# uiu Komnb-
11eBOI1, OJIHO- MJIM JIByLEnoueuHoi (puc. 59).

Y HeKOTOpBIX BHPYCOB, Hanpumep y Bupyca renatuta B, reHom
npejacTasied KojblieBoi monekynoii asyuenovyeurnoi JHK, B obenx
HEMSX KOTOPOit B pa3HbIX MecTax 00HapyXeHbl OJIHOLIeTIOYeYHbIE Yya-
CTKH.

TUITbI TEHETUYECKOT'O MATEPHUAJIA U MEXAHU3M
Ero PEILNIMKAIIMN ¥ PA3JIMMHBIX BUPYCOB

PHK-conepxamme supycst (PHK — PHK). I'enoMbl nours Beex m3-
pecTHbIX PHK-cosepxkalimx BHPYCOB — 3TO JIMHEHHDLIE MOJIEKYJ/IbI, MX
Vv106HO pas3aesuTh Ha 3 TPYIIbL.

[lepsas epynna — 5T0 OJIHOHUTERBBIC TEHOMBI MOJOXHTEILHON NO-
JISIPHOCTH, T. €. C HYKJICOTH/IHOH T10C/Ie/I0BaTeIbHOCTBIO, COOTBETCTBY-
joeit Takopoit y MPHK. Takue renomel obosHavalor kak (+) PHK.
Onnonnressiit (+) PHK-renom xapakrepen i dara Qy, Bupycos
TabaYHON MO3AaMKH, NOJIHOMHEINTA, KiIelleBoro sxuehannra. Bupyc-
Hole (+) PHK-rernoMsl KoanpyloT HeCKOJILKO OeJIKOB, CpPelin KOTOPHIX
PHK-3asncumas PHK-noanMepasa (pervinkasa), crnocobmnas cMHTe-
suposars Monekyiasl PHK 6e3 yuactus JITHK. C nomoiibio atoro dep-
MeHTa cuHTe3upylorcs cHavana (-) uutn PHK dara, a 3atem npu
HATMYUH 0coB0Tr0 BE/IKA, HAZLIBAEMOI0 «X039HCKUM (DAKTOPOM», perl-
JMKasa ocywectsiaser cuHTe3 (+) vutn PHK. Ha s3akmouutensHoit
CTAINM M3 HAKOMUBLINXCS BUPYCHBIX Oenkos u (+) PHK ¢opmupy-
IOTCSL BUPHOHDBI. YIIPOIEHHAs CXeMa 3TOro fpolecca Takosa:

/\
(+) PHK (-) PHK
\/

(B pamky 3akmioucHa Ta (opMa HYKICHHOBONH KHCIOTHI, KOTOpast NpHCyT-
CTBYET B BUPHOHC).

117




Bmopas epynna — 310 OHOHUTEBbIE TEHOMBI C HETATUBHOM 1M0JIsIp-
HocTeio, T.e. (=) PHK-reHomer. K Bupycam ¢ HeratusHbivM PHK-re-
HOMOM OTHOCSITCSI BUPYCBHI TrpuUnmna, KOpM, OemieHCTBa, XenToi Kap-
JukoBocTH Kaprodens u ap. ITockonsky (=) PHK He Moxer Bbino-
uATh pyukumn MPHK, ans obpasosanusi «cBoux» MPHK Bupyc sHe-
JIPSIET B KJIETKY HE TOJBKO I'eHOM, HO M (DepMEHT, YMEIOLIHUiI CHUMATh
C 9TOr0 reHOMa KOMIUIEMEHTapHbIe KOTIMU TI0 CXeMe:

/\
(+) PHK
\_/

Oror Bupychbiii (pepment (PHK-3aBucumas PHK-noanmepasa, cun-
TE€3NPOBAHHAs B NPEAbLIYLIEM LIMKJIe PA3MHOXEHHS) YIIAKOBaH B BH-
pHOHE B y100HO#M [UTst TocTaBKy B K1eTKy opme. MHekmonnslit npo-
[1eCC HAYMHACTCS C TOTO, YTO BMPYCHBIH (hepMEeHT KONMMpyeT BHpYC-
HbIii reHom, obpasys (+) PHK, kotopasi BeicTynaer B Kauecrse MaTpu-
LIBI JUISI CUHTE3a BUPYCHBIX Oesnikos, B ToM uucine PHK-3asucumoit PHK-
HOJIMMEPA3bl, KOTOPAsl BXOAMUT B COCTAB 00Pa3yIoOUINXCs BUPHOHOB.

Tpembvio epynny cocTaBisioT ABYHUTEBbIE reHOMBI, (+) PHK-reno-
Mbl. M3BecTHbIC IBYHHTEBBbIC F€HOMbI BCErJIa CErMEHTHPOBaHbI (T.e.
COCTOSIT M3 HECKOJIbKMX Pa3HbiX Mosieky:). Ciojla OTHOCSITCSI pEOBUPY-
cbl. X pasMHoXeHHue NMPOXOJAUT M0 BAPHAHTY, DJIM3KOMY K MpeibULy-
emy. Bmecre ¢ supycnoit PHK B kierky nonagaer n supycnast PHK-
sapucnumasi PHK-noanmepasa, Kotopast obecriedMBaeT CHHTE3 MoJjie-
kyn (+) PHK. B csoio ouepens (+) PHK oGecnieunBaer npoussonctso
BUPYCHBIX BeskoB Ha puOOCOMax X03sCKOI KIETKHU U CIIYKUT MaTpu-
ueil i cunresa HoBbIX (—) PHK-uenouek supycnoit PHK-nosnnme-
pa3oii:

/\
(+) PHK
\l\_/

LHenouku (+) n (-) PHK, komruiekcupysics apyr ¢ apyrom, odpa-
3y10T aByHutesblit (+) PHK-reHoMm, KoTOphIil yiiakoBbiBaeTcs B Gei-
KOBYIO 000JIOUKY.

PHK-coznepxammue supycsl (PHK — JIHK — PHK). Ciona otHocsIT-
Csl BUPYCBI, Y KOTOPBIX UMKJI PEIUTHKALIMY TeHOMa MOXHO pa3buTh Ha
ase miasHble peakuun: cuHTes PHK na Mmarpuue IHK v cuntes JIHK
Ha marpuue PHK. [Tpu 31oM B cOCTaB BUPYCHOM YaCTHLIbI B KAYECTBE
reHoMa Moxet BxoauTh ambo PHK (perposupycsr), aubo JJTHK (pet-
POMIHBbIE BHPYCHI).

B a1y rpynny BxoadT BUpyc ummyHoneduimta yenoseka (BUY) u
HEKOTOpbIE BO30YIMTEIN 3JI0KAYeCTBEHHBIX HOBoOOpasoBaHuit. Bupyc-
Had YacTUIIA COACPXKMT JBE MOJIEKYJIbI FEHOMHO OIHOIIENoYeYHOM
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(+) PHK. B BHpycHOM reHOME 3aKOAMPOBAH HeOObIMHBIH (hepMEHT
(oBpaTHast TPAaHCKPMITTA3a, WM pesepras’a), KOTopelil obianaer cBoii-
crBamu kak PHK-3asucumoit, tak n JIHK-3asucumoit JJHK-monmnme-
pasbl. ATOT (hePMEHT TIOMNAACT B 3apakaeMylo KJIETKY BMECTE C BUpYC-
toit PHK u obecrieunsaet cuntes ee JJHK-konum cHauana B ojiHoLE-
noveyHoit dopme [(-) IHK], a sarem B apyuenoueunoit [(+) IHK]:

Bupycubiit reHom B hopme HopmanbHoro ayiuiekca JIHK (Tak Ha-
spipaemas nposupychas JIHK) BctpanBaetcss B XpoMOCOMY KJIETKH
xo3siuHa. B pesyasrare asyuenoueunas JIHK supyca npeacrasiser co-
60ii B CYIIHOCTH JIOMOJHUTEAbHBIH HAbOp reHOB KJIETKM, KOTOPbIi
perummumpyerca smecte ¢ JIHK xossanna npu aenennn. L oGpasosa-
HHUSI HOBBIX PETPOBUPYCHBIX YACTHII MPOBUPYCHDIE TeHbl (FreHbl BUPYCa
B XPOMOCOMAaX XO35HHA) TPAHCKPHOMPYIOTCH B sUIPE KJICTKH TpaHc-
KPUITIIMOHHBIM anmapatom Xossinua B (+) PHK-Tpanckpuntsl. Oann
M3 HMX CTAHOBHATCH FEHOMOM HOBOTO «IIOTOMCTBAa» PETPOBHPYCOB, 4
apyrue noasepraiorcs npoueccuury 8 MPHK u ncnonssyiores juis
TpaHcasiun OeJIKOB, HeOOXOIUMBIX Ui COOPKU BHPYCHBIX YaCTHIL
(cM. ¢. 296). K 210ii e Tpyrine OTHOCATCS OHKOTEHHBIE PETPOBUPYCHI:
Bupyc capkoMbl Payca (rrui), Bupyc aeitkosa Mblueil u 1.1, Passu-
THE OIMYXOJIH OINpEeJeNsieT OJIMH I'eH PeTPOBUPYCA — OHKOTCH.

JIHK-conepxamme supycsl. /Tepeas epynna — BUPYCHI C JABYIIETIO-
vyeunoit JIHK, perukanusi KOTOPBLIX OCYHIECTBAACTCS MO CXEeMe!
JIHK — PHK — JIHK. Onu nosyuwin Ha3BaHHe pempoudnsie 6upycol.
[peacTaBUTEAMM STOM TPYNITLI BUPYCOB ABAAIOTCA BUpYC renartuta B
M BUPYC MO3aMKHM LIBETHON KarycThbl.

Penukanusa JJHK-reHoMa 9THX BMPYCOB OCYILECTBISCTCS TPH
nocpeacTse NpoMexyTouHbIX Moaekyn PHK:

&) AHK l
1

Monekynst PHK obpasyiotcest B pesyibraTe TPAHCKPUITIIHK BHPYC-
ubix JIHK B xaetounom suipe xosgitckum depmentom JTHK-3asucu-
moit PHK-nonumepa3oii. Tpanckpubupyercst TONBLKO OHA U3 HUTEH
supyctoit JIHK. Cunres JTHK na PHK-marpuie npoucxoamurT B pe-
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3yJibTaTe peakilny, KaTaM3npyeMoit o0paTHOI TpaHCKPHIITA30i1; CHA-
yana cunresupyercs (—) uure JAHK, a 3ateM Ha BHOBb cHHTE3MpO-
BaHHO#H (-) nutn JAHK ToT Xe depmeHT cTpouT (+) HUTE.

B uenom obniast cxeMa peruinKaumy reHoMa peTpOMIHLIX BUPYCOB
MOPasUTeNIbHO MOXOXA HA CXEMY PEIUIMKAIIHU TeHOMA PeTPOBUPYCOR.
[To-Buammomy, naHHOE CXOACTBO MMeeT Moj coboil M 3BOTIOLHOH-
HYIO OCHOBY, TaK KaK MepPBHYHAS CTPYKTYPA 00paTHBIX TPAHCKPUIITA3
9THX BUPYCOB BBLISBISCT ONpPEJICJIEHHOE CXOACTBO MeXy coboii.

Bmopas epynna — Bupycel ¢ asyuenoueunoii JJHK, permkauums
KOTOpbIX ocyuiectrasercs no exeme JHK — IHK. B 3apaxenHoit kiertke
IAHK-3asucumas PHK-noaumepasa tpaHcKpuGupyeT ¢ reHoMa THX
sipycos monekynst MPHK (1.¢. (+) PHK), koTtopeie npuiumMaior yua-
CTHE B CHHTE3¢ BUPYCHBIX O€JIKOB, a pa3sMHOXEHHE BUPYCHOTO TeHOMA
ocyutectriaser pepment JHK-3asncumas JTHK-noanmepasa:

— () PHKD

B omnux cayyasx npoussoacreom kak MPHK, tak u IHK 3anuma-
I0TCS KJIETOUHBIE (DEPMEHTDI; B APYTHX CIAYYasiX BUPYCHI HCHOIB3YIOT
coberserbie (hepmenThl. BbiBaet, uTo Te M apyrue depmenTs 06Cay-
KHMBAIOT Npolece perankaunu u tpaHckpunuuu. K aroii rpynie or-
HOCATCA BUPYCHI reprieca, OCibl W JIp.

Tpemes epynna — Bupycei ¢ onHouenoveyHoit JJHK, aubo ¢ nera-
THBHOIA, aubo ¢ No3nTHBHOIF nossipHocThio. [Tonas B KiIeTKy, BUpYC-
HBIH TEHOM CHavala NpeBpallaeTcs B ABYLENOYCYHYIO (hopmy, 9T0
npespauteHne obecneunsaer kierounas JHK-zapucumas JTHK-no-

JIMMEpasa:
(+) ®

win (#) IHK —= (+) PHK
() AHK

S

Tpanckpunims 1 perMKaumus Ha MOCAEAYIOUIMX ITANAX IPOUCXOJNT
TaK Xe, Kak W juig Bupycos, ¢ () JHK-reHomoMm.

THUITBI B3AUMOJIEMCTBUSI BUPYCA
C KJIETKOM-XO3MHOM

CYLIICCTB)JIOT JIBA THITA B3aUMOIEHCTBHS BUpYCa U KIIETKH, rje rnas-
HOC PA3ITHINE — CTEIEHb aBTOHOMHMH BHPYCA OT KJIETKH-X035MHA. ITO
JACTATLHO UCCAEIOBAHO HA puMmepe GakTepuohara i.

Korna 6akrepuodar A 3apaxaer noAXoAsyio KJAeTKy KHIIEYHOI
NMAJI0OYKH, OH HEMEUICHHO perutnimpyercs 1 o0pasyeT HECKOILKO CO-
TCH J0YepHHX (DAaroBbIX YACTHIL, KOTOPBIC BHIXOAAT HAPYKY B MOMEHT
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AM3Nca KAETKH. JIM3HC KIeTOYHOIT CTEHKH OCYILECTBJSACT KOAHpye-
Mblit haroM epMEHT JM30UMM. DTO TaK HA3bIBAEMbIN AUMUYecKuil NyTh
nHpEKIMH — OH 3aKaHYMBaeTCsl THOEIIbIO KISTKH-X0381HA. B laHHOM
c/Iyuae BUPYC HE MOAYMHAETCH KIETOUHOMY KOHTPOJIO.

ANILTEPHATHBHBIM SIBJISICTCS AU302€HHbIN TTYTh WH(MEKIIUH, TIPH KO-
TOpoM anHeitHbie nHduumMpylomme monekyasl JJTHK dara A 3ambika-
I0TCH B KOJIBLO M BKIIOYAIOTCS (MHTErPUPYIOT) B KOJIBUEBYIO XPOMO-
COMY KJIETKM-X035iMHA, DTa HHTErpaLusi OCYIIECTBISAETCS MyTeM CaiT-
crielnuyecKoi reHeTHYeCKOH peKOMOMHALIMHK, KaTaIH3HPYEMOii 0CO-
6uim Genkowm hara A, Tak HasbIBaeMoit unmeezpasol. Kietka, cojepxa-
mas JIHK dara 2. B cBoeil XxpoMOCcOMe, HA3BIBACTCS AU302CHHOU KIIET-
koit, a serpoernast IHK dara A — npogpazom. Kiietku n nx xpomoco-
MBbl JISTATCH, @ BMECTE ¢ XPOMOCOMAMH B KXyl JOYEPHIOIO KJIETKY
nonanator 1 aroseie rerbl. [Ipn onpeeseHHbIX 00CTOATENBCTBAX, A
MMEHHO TPH BO3JCHCTBMM KAaKOro-HUOY/b MOBPEXIAlONero BHell-
iero (axkropa (Hanpumep, vabTpadHOIETOBLIX JIyueid, HOHU3NPYIO-
HEro M3IYYeHHs, XUMHUUCCKHX pPearcHTOB), aKTHBHPYIOTCS TaK Ha-
sbiBaemble «SOS»-hyHKLNN, NpeiHa3HauYeHHble JUIsl yCTPaHeHMs Ha-
pytieHuit. B 1M30reHHOI KJaeTKe 9TO NPHBOANT K BBILEMIEHHIO (IKC-
nusuu) npodara n3 kierounoit JJTHK u navany oOwbruHoro, cBoi-
CTBEHHOTO (hary HMKIa PA3MHOXEHM, T.e. OTHielHBUIMiics npodar
BCTYNAET B IMTHUYECKUI LMK peruikaumuu. Murerpuposannblii npo-
thar, TakuM 00pazom, He norubaeT BMecTe C MOBPEXKICHHON KIeT-
KOI-XO3SIMHOM, 4 V HET0 €CTh LIAHC MepeiTH B COCE/IHIO HeNOBPeX-
JIEHHYIO KJIETKY KHIeUHO# nanouku (puc. 60).

B kXMBOTHBIX KJIeTKaxX, Kak u y bakrepuit, JITHK-Bupycs MmoryT pas-
MHOXATLCSH JIMTHUECKUM TYTEM, BeAyllMM K rubenn kietku. Takne
JKMBOTHBIE KJIETKH HA3BLIBAIOT nepmuccushvimu. KIeTKn, B KOTOPBIX pa3-
MHOXKCHHE BHPYCOB OJIOKMpPYETCSH, HA3bIBAIOTCA HENEPMUCCUGHBIMIUL,
RUPYCHAsH XPOMOCOMA B TAKMX CIIY4asiX JIMOO BKJIIOYACTCS B reHOM KJIET-
KH-XO3siMHA M 3aTeM pasMHOXaeTcs BMecTe ¢ HMM, nnbo obpasyer
ma3Muay — Kojblenyio mosekyiay JHK, peruimkauus Kotopoit pe-
ryinpyercss M He BeaeT K rubenn kietku. MHorma 310 BbI3BIBACT B
HETMEPMHCCHBHBIX KJIETKAX OMpeae/ecHHOe reHeTHYECKOe U3MEHEHHE,
B Pe3yJbTATE KOTOPOTO HAYMHAGTCSl UX HEKOHTPOJIMPYEMBIIl pOCT, T. €.
HOPMaJIbHBIE KJIETKH TpeBpaiialoTcs B pakopbie. CoOTBETCTBYIOLINIA
JTHK-supyc HaspiBaior B Takux ciayvasx onyxoiesbim JIHK-supycom;
K HUM OTHOCATCH Hanbojiee N3ydeHHble NMPeICTaBUTENH N1aloBaBUpy-
coB — SV40 u BUpPYC MOJTHOMBI.

B perposupycax (PHK-coaepxxammx supycax: Bupyc capkomsl Pay-
ca, supyc CITH]la u T.4.) peseprasa npespauaer ux PHK B dopmy
JTHK, kotopas BcTpausaercs B KIETOYHYIO XpomocoMy. B pesyibrate
TpaHCKpUITLIMA uHTerpuposanHoil supyctoit JTHK kaerounoit JIHK-
sapucumoit PHK-nonumepasoii o6pasyercs Gonblioe KOJHUYECTBO
mosexyan supycHoit PHK, mieHTHUHBIX MCXOAHOMY MHODULMpPYIOlIe-
MY TEHOMY. 3aBepuiaeTcs npouecc TpaHcasumeil arux monexyn PHK
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BakTepuansHas KneTka

Xpomocoma
KJIETKH-XO3AHHA

Bakrepuodar A p

TIpukperuieHne K KieTke
H BBefenme B Hee JJTHK

@ _.‘I

Obpasopanue KOIBIEBOM

topmer JIHK
6enKkoB, HeoOXOMMMBIX

Brmovenune JJTHK
fakrepuodara
B XPOMOCOMY KJIETKH
WHAVKLIAS s o6pazoBaHmns
@ HOBLIX BUPYCOB
Ol

Kierounoe neneun%
JHK u ee ymakorxa

Cile) =S
A A\ /&/\)\

Huterpuposannas supychas JIHK l JIuzuc knerkn

CuHre3 BUPYCHBIX

BricTpasi permuxanmus
cBOGOIHOH BHPYCHOI

PasMHOXaeTcA BMECTE € XPOMOCOMOit BrICBOGOXIaeT BoBIIOE
XO35MHA; 06PA3YIOTCS HOBBIE KOTTUU UMCI0 CBOGOHEIX
MHTErpHpoBaHHoit BupycHoi JIHK t:% jﬂ;ﬂpymm 9ACTHIL

JIM30TEHHBIA NIVThH JATHYECKHHA [YTh

Puc. 60. 2Kusuennniii unkn 6akrepuodara i

¢ 0bpa3oBaHMEM KancHAHBIX M MeMOpaHHBIX GEJIKOB, a Takxe obpar-
HOIi TPAHCKPHIITa3hl; HAKOHELL, TPOMCXOAMT COOPKA HOBBLIX BUPYCHBIX
yacTulL, BRItovalomx Bupyctblii PHK-renoM u obparnyio tpanckpur-
Tasy. BupycHble yacTHIIbI MOKWIAIOT KIIETKY, He yOuBas ee. BosHukaer
ocobas hopma XpoHHYECKOIH HHGEKIMH, IPH KOTOPOii paGoTaionii
BHUPYCHBIM T€HOM, BKJIIOUYEHHBIH B COCTAB KJIETOYHOWH XPOMOCOMBI,
nepeiaeTes J0YepHUM KieTKaM. Takoe cocyliecTroBaHne He 0OX0auT-
ca Becenento juis kietku. CBOMCTBA €€ Nojl BAMSHHUEM HaXOUSLIMXCS
B HEl BUPYCHBIX OCIKOB MOTYT APAMATHUYECKM MEHSITHCS, M B HEKOTO-
PBIX Cy4dasixX 3apakeHHasi KJ1eTKa CTAHOBUTCSI PAKOBOIT.
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XAPAKTEPUCTHKA HEKOTOPBIX BUPYCOB

@ar ). JIHK ara ) ynakoBaHa B reKCaroHaJbHyI0 IoJIoBKy, obpa-
JOBAHHYIO HECKOJIbKMMH Genkamu (puc. 61, A). K ronoske npukpern-
JIeH XBOCTOBOM OTPOCTOK, MOCTPOEHHbIH M3 ApyrHx 6enkoB. beaku ro-
JIOBKM M XBOCTOBOT'O OTPOCTKA KOAMPYIOTCSi FCHOMOM (ara A M CHHTe-
JMpYIOTCs B KieTkax Gakrephit, nuduuuposanHbix darom. Par npu-
Kperuisiercss K KaeToyHoi creHke u Bsoaut JHK B OakrepHaibHyio
KJIETKY NMOJI00HO 1ITPHILY.

HOHK dara L — nuueitHas asyuenodeyHas MOJIEKYaa, coaepxka-
tias 48502 H. 1. OcylecTBAeHO KapTHPOBAHUE NPAKTHYECKH KaXI10ro
13 ero 61 rena, MOJHOCTBIO ONpejielieHa HYKJIEOTHIHAs I0C/ie10Ba-
TEJILHOCTB €ro reHoOMa.

Mornekyaa JITHK dara A coaepxut obnacth Hayama peruiMmKauuMu
(ori), TeHbl CTPYKTYPHBLIX BHPYCHBIX O€IKOB (rOJIOBKM M XBOCTOBOTO
otpoctka) u depmeHTOB, YyacTeyiowmx B periukaunn JIHK, ansnce
MHGHUUIMPOBAHHBIX KJIETOK M YCTAHOBIECHUHM Jin30oreHuu (puc. 61, B).

ITpubausutensHo 1/3 reHoma, npeacrasjieHHas: HENMPEPbIBHbLIM
BHYTPEHHHM CErMEHTOM, HaXOISUIeMCsl Ha KapTe mMexay Toukamu 20
1 38 ThIC. H. 1., HEOOXOMMA UTSI YCTAHOBJIEHHS JIM30T€HHOTO COCTOS -
Hust, Y Beex BeKTOpoB, ckoHcTpynpoBannbix Ha ocHose JIHK dara A,
MHOIME MM JIAKe BCE reHbl, TPpeOylolmecs Ui yCTaHOBJICHHS JIN30-
FeHHOTO COCTOSIHMS, YIAASIOTCH, U B ITUX ciyuasx MHGUIIHPOBaHHE
haroM A KMIIEYHONH NAJOUKH CONPOBOXKIACTCS MX JTH3HCOM.

Bo Bpemsi CBOETO XH3HEHHOTO HHMKJIA A-TEHOM MOXET HaXOIMThLCS
B pasHbix hopmax. Buyrpu darosoii yactuus JITHK Haxoaures B nu-
Helnoit hopme: 5'-KOHel KaxJio# ee Lenu npejacrasisier coboii on-
HOULEMOYEUHYIO NOC/IeN0BATe/IbBHOCTb U3 12 HYKJI€OTHIOB. DTH nocie-
JIOBATEIILHOCTH HA3BIBAKOTCH «IUNKUMU KOHUAMU», TAK KaK OHH B3a-
MMHO KOMIUIEMEHTAPHBL M MOTYT criapuBaThesi Apyr ¢ apyroMm. Ipu
nonagannu B Kietkn E. coli renom dara A 3aMbIKaeTcsl B KOJIbLO M
ciumBaercs ¢ nomotibio bakrepuanbhoii JJHK-urasn (puc. 61, B).

MecTa criapMBaHMsl JTUTTKUX KOHLOB MOJYYHJIM Ha3BaHUE cos-Cal-
toB. Konbuesast popma obs3aTebHA U1 OCYLUECTBICHUS PEIUIHKALIMH
(parosoit [1HK, oHa Takxe cayXuT npeauieCTBEHHUKOM IPH JIM30-
rednoi nurerpaumn JAHK dara B renom xossimua. [locne nHterpauuu
reHoM (para A CHOBA CTAHOBHUTCH JIMHENHBIM, OqHaKO Giaronaps yna-
JeHHocTH caitta materpaunn Ha darosoit IAHK (aifP) ot cos-caiira,
unrerpuposatnag auHeinas JHK npodara okasbiBaeTcsi nepmyT-
poBaHHON (M3MeHeHHOil ¢ nepecTaHoBKoi) otHocuTtenbHo JHK,
Haxoasiueiics B (parosoit yacTuue.

Ha ocroge ¢hara A CKOHCTPYMPOBAHO MHOXECTBO PA3HbIX A-BEKTO-
POB, KOTOpbIE BKJIIOYAIOT BCTABKM Pa3sHbIX Pa3MepoB; MakKCHMallb-
HBIIf — HEMHOTUM Oosee 24 Thic. H. 1L

®ar ¢ X174. T'eHom atoro ¢para npeacTaBieH KOJAbLUEBOH OAHO-
uenoveynoit JIHK, conepxauieit 5386 nyxieornnos. HykieornaHas
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Puc. 61. bakrepuodar A (M. Cuurep, I1. Bepr, 1998):

A — crpoenne; b — dopmwe renoma: | — auneiinas; 2 — konsuesas; 3 — uHTEPH-

poeannas; atfP-caiit muTerpauun; B — CTPYKTYpa reHOMa: 3alliTpUXOBAHBI TeHbl, He-

obs3aTeNbHbIC A4 JINTHUECKON MH(pEKUUH; CBeTILIi oBan — obi1acTh Havala pern-
mukaimu; E— EcoRl-caiiti

nocaenosarensHocts JIHK aToro menkoro cpara Guiia ycraHonsieHa B
1977 r. ®.Caunrepom u ero komieramu B KemGpumxke (Aurmins). 3o
JOCTHXXKEHHEe 3HaMeHOoBano cobOi Havyaio HOBOM 3pbl B MOJIEKYJISIP-
Hoit 6uonoruu u npunecno Caurepy sropyio HobeneBckyio npemuio.
BaxupiM pesynbratom pabotbl Obulo oOHapyxkenue B reHome ara
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¢ X174 nepekpbIBAIOIMXCS FEHOB W Hauano
«reHOB BHYTPH T€HOB». DT0T (hakT PECDARSHH
OBUI YCTAHOBJIEH B PEe3yJibTaTe TIa-
TEJILHOTO CPaBHEHMsL HYKJICOTHIHOI
nociuenopareabHocTh JJHK ¢ amu-
HOKHMCJIOTHOMH TOCIeN0BaTeNLHOC
I'bI0 Koaupyembix eto 6enkor. JJTHK
hara ¢ X174 conepXxur JIeBsITh 'eHOB,
0003HaYeHHBIX B al)aBUTHOM I10-
psuike A—J. benku xe, Kojmpyembie
sroi JIHK, comepxar 6osbiiee Ko-
JIMYECTBO AMMHOKMCIIOTHBIX OCTAT-
KOB, YEM MOXKeT OBITh 3aKOAMPOBaA-
110 5386 HyKJIEOTHIAMHM, HANIECHHbI- Puc. 62. Tenernyeckas kapra dara
mu B JIHK dara (puc. 62). ¢X174.

Okasanoch, 4To red B pacnono- bykBamun oGosnauennl reust. I'en B

KCH BHYTPH reHa A, aHaJIorHIHbIM pacno:m).xcu BRHYTPH TeHA A: aren E
uyTpu rena D. LlTpnxoBkoii nokasa-

obpaszom red E nexur BHYTPH TCHA 11 vyacrkn, KOTOpbie He TpaHCKpuGH-
D. B ngaTu ciyyasx crapToBbiii Ko- pyloTes

JIOH OJTHOTO FeHa NepeKkpbiBaeT Tep-

MUHHDPYIOIIWH KOJOH JAPYroro, NMpu 3TOM CHUIHAILI HCIONb3YIOT pa3-
HbIe PAMKH cUMThIBaHuA. [IpOTSKeHHOCTh nepeKphIBAIOIIMXCS Toclie-
JMOBATEJILHOCTEH M BHYTPEHHUX I'€HOB MOJHOCTbIO KOMIICHCHPYET He-
xpatky Hykneornaos B JJHK storo thara. Bouio BeickazaHo mpeanono-
KEHHE, UTO NEPEKPLIBAIOIIMECH IeHbl U «T¢Hbl BHYTPH T€HOB» CVIIE-
CTBYIOT TOJILKO B TEHOMAX MaJIbIX BUPYCOB. DUKCHpOBaHHbBIE pa3Mepbl
BUPYCHOTO Karicujia obyciaBinBaioT 9KOHOMHOE MCIOJIb30BAHME Or-
pannuennoro koanvectsa JIHK, xotopoe konupyer Genku, neobxo-
JIMMBble Juis obecriedeHnst HH(MEKIMOHHOCTH BUPYCHBIX YACTHIL M TOJI-
faepxkanmns ee crnocobHOCTH K peruiMkaunu. Sisiercst Jin 9TOT ciyvai
KypLe30M HIH OH uMeeT ob1uebnonornueckoe 3Hauenue? IMoka tpyn-
HO OTBETHTL HA 3TOT BOIPOC, Tak Kak oanu paru (Hanpumep, G4),
poncteeHnbie ¢ary ¢X174, Benyr cebs aHajoruuHbIM 06pa3om, apy-
rue (kak fd) — uer. [Tonobuasi KapTuHa nepekpbIBaHUA reHOB OblIa
sapukcupoBaHa juist ara A m Uit onyxosnesoro supyca SV40, pas-
MHOXKAIOILIErocst B KJIETKaX 9YKapHoT.

Bupyc SV40. SV40 — sto asykapuoruueckuit JTHK-conepxaimii
OHKOreHHbBIit BUpYC. Ero reHoM npejictaBieH oJHOH 3aMKHYTOM IBY-
nernovyeyHoi mosekyiaoil JAHK. JIHK B cocraBe BHPYCHOH 4acTHIIbI
HAXOJINTCS B KOMIUICKCE C MeThIPbMS KICTOUHBIMH TMCTOHAMU 1 06pa-
3YET KOJILLEBYIO, CONEPXKALIYIO HYKJIEOCOMbI MHHMXPOMOCOMY, VJIO-
AKEHHVIO B KOMITAKTHYIO CTPYKTYPY M OKPYXKCHHYIO BHeEllIHell Oeiko-
BOit 0bonoukoil (Kancuaom). [puponseim xo3smuom SV40 sisasietcst
MakKaka-pesyc.

Pacumdposana HyKJICOTHIHAS MTOC/IEI0BATEALHOCTL BCEIO reHoMa
SV40, cocrosimasi u3 5243 H.M., ¥ YVCTAHOBJICHBI YUACTKH, KOAUPYIO-
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Puc. 63. I'enom Bupyca SV40.
C pHyTpeHHeil CTOpPOHBI KapThl VKA3aHO
yueno nap ocHosauuit; Hp, T, E, B, He —
YHUKATBHBIC PECTPUKTa3HbIE caliThl. YuacT-
KH, KOAHPYIOILME TITh BUPYCHBIX Geskos,
BLIHECEHHI 3a npenens! KapTel. bonsinoii T-
AHTHTEH KOAHPYETCH ABYMSA OTACTLHBIMH
rPyNnaMu reHos

LLIME IT51Th BUPYCHBIX OE/TKOB: MaJIbIi
U Gonbiuoit T-anTureHs! (oT aHr.
tumour — onyxonb), VP1, VP2 u
VP3 (puc. 63).

Bupyc SV40, npoHukHyB B
KJIETKY, HamnpaBisieTcsi K sUIpy.
3/1ech MPOMCXOIMT €ro «pasjieBa-
HHUE», a 3aTEM B CTPOTOif BpeMeH-
HOM 110CJIEIOBATEILHOCTH — KCHpeccHs TeHOB. [TepBbIMU TPAHCKPHU-
OMpYIOTCS TeHbl ABYX OEJKOB — Manoro u Gosbuioro T-aHTHIEeHOB B
HAINPaBICHUH TIPOTUB YACOBOM CTPEIKHN. DTOT YYACTOK B FTeHOME Ha3bl-
BaeTCH «paHHen obnacteio». [Tpu cunreze MPHK mns T-antnreHos npo-
MCXOANT BhIPE3aHHe BCTABOYHOM MOCAEN0BATEILHOCTH M3 TIEPBUYHOIO
TPAHCKPHIITA C HCMOJIBL30BAHUEM AITAPaTa CIUTaiiCHHIA KJICTOUHOTO sIpa.
Pannue GeJIKH He BXOIAT B COCTAB 3pesibIX BUPYCHBIX YAaCTHL, HO 0O0JIb-
woit T-anTurex urpaer BaxHyio pojib B peryimkaumn supycroii JIHK,
BBITOMHSIS] GyHkumio xenukaspl. Peryimkauus HasMHAeTCsl B TOUKE Ori,
WIET B 000OMX HATIPABJICHUSX M 3AKAHYMBACTCS B MECTE BCTPEYM PEIUIM-
KATHBHBIX BWIOK; 3aTCM TPOUCXOJIUT CLIMBAHHE JIOYCPHHX JIBYIENO-
veunbix MoJekyn JJHK ¢ oOpazoBanueM 3aMKHYTBIX KOJBIICBBIX CTPYK-
Typ. Bekope nocne nnnumnaumnn pertnkatmn JIHK 3amemnsierest cunTes
«paHHMUX» OEJIKOB 1 AKTUBU3UPYETCS TPAHCKPHITIIHUS «ITO3IHUX» FCHOB,
KOTOpast HaYnHaeTcst BOJIM3M Ori M [POTEKAET M0 YacoBoii crpeske. Tpu
MPHK, no-suinmomy, o6pasyioTcst B pe3y/ibTaTe pasiuyHbIX peakiimii
CIUIACHHIA U TPAHCIMPYIOTCS B COOTBETCTBYIOIME Genku — VPI, VP2
u VP3,

Hakornenne nouyeprmx monekyn JHK, BupuoHHbIX GeikoB, 3a-
Bepiraercd cOOpPKO HOBBIX BUPYCHBIX YACTHIL, MX BREICBOOONICHUEM
13 KiIeTku 1 rubensio nocneneii. Bupye SV40 He perummunpyercs B
KJIETKax rpbI3yHOB, €ro reHoM BcTpauBaetcsi B kiaetouynyio JIHK, Bbi-
3bIBas 3/I0KAYECTBEHHOE NEPEepoXICHUE KIeTKU-X03suHa. [Lng nomuep-
KaHust TpaHC(OPMUPOBAHHOIO COCTOSIHUSI HEOOXOMHMMbI 00a BUpYC-
HBIX AHTUICHA (IKCTpeccus «paHHei» 0bIacTH reHOMa BUPYCa), «I103/1-
Hsis» 00JIACTD HE YYACTBYET B 3TOM Mpoliecce.

Takum o6pasoM, OrpaHHYEeHHOE KOJIMYECTBO FeHETHYCCKOMH HH(Op-
Mauuu y sBupyca SV40 ncnonb3yercss ¢ MakcumaibHbiM dddekTom
(MepekpbIBAHUE TEHOB, CIJIAMCHHT U T.J1.); KPOME TOro, HOBOCHMHTE-
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suposanHas JJHK cBsizpiBactcst ¢ rTHCTOHAMM KJIETKM-X03s1HHA U oOpa-
JVeT CBEPXCIMUPATN30BAHHbBIN KOMIUICKC, KOTOPBIH 3aTeM YIIaKOBbIBa-
eTCsl B Karcyny ¢ rnomolisio Bupychbix 6eakon (VP1, VP2 u VP3).

Ha ocHose Bupyca SV40 KOHCTPYMPYIOT pasjiMUHbIC TUIbI BEKTO-
POB: 3TO TPAHCAYLMPYIOUIUE, TUIa3MHIAHBIC, 1acCUBHBIE TpaHchop-
vupyioutne SV40 BekTopsi.

dar M13. ®ar M 13 sxonurt B rpyniy HUTYATHIX DakTepnodaros
E. coli. Ero reHOM NpeiCTaB/IeH OHOLENOYeYHOH KOIbLEBOH MOJIEKY~-
q0i IHK, conepxanteit 6400 nykacorunos. OH ynakoBaH B HAIIOMH-
HAIMH MPOGUPKY KAalcui, IMOCTPOCHHbII M3 TPEX Pa3HbIX KOAMUpPYye-
mbIx darom Genkos. Par M13 undunupyer kietkn E. coli B Tom ciy-
yae, eCJIM TOoCHeIHHE UMEIOT TOHKHME, HamOMHHAlOIMe BOJIOCKH
CTPYKTYpbI, Ha3biBaeMbie F-nuisiMu, KOTOpBIe HEOOXOAMMbI [UIS TTPH-
kperienus ara K kietke. B npouecce pervmkaimm para M13 B kier-
kax E. coli onnouenoveynas JAHK npespaiiaerca B ABylenoyeqyHyio
KOMBLEBYIO (DOPMY, T.e. CHHTE3UPYETCs KOMIUIeMeHTapHas HHHIIN-
pytomieit nenu AHK. JIsyuenoueunast JJTHK nerepmunupyer cuHTe3
npumepro 300 cBOMX KOMMIf, KOTOPbLIE 3aTeM UCIOJIb3YIOTCA B Kaye-
CTBE MaTpHIL ipn ob6pazoBaniy oxHolenouyedHbix harossix JHK, yna-
KOBBIBAIOLIMXCSI B (paroBbie yacTHilbl. OHOBPEMEHHO TPAHCKPUOHPY-
I0TCs M TPAHCIUPYIOTCs (paroBble FeHbi, a Ha BHYTpeHHeH MemOpaHe
kietku E. coli KOHIEHTPUPYETCS OCHOBHOM KarcHaHbIi Genok. 3pe-
J1ple ojiHoLenoueyHbie Mosiekyibl harosoit JIHK npoxoadar uepes meM-
OpaHy, 3aXBaThIBast I1PU HTOM KallCHii-
HBIHA BesloK, B pesyiabsTrate yero obpa-
3yeTca DOJIBIIOE KOJHYECTBO 3PEIbiX
tharoseix wactui. Uuduunposanybie
KJIETKM TIpH 3TOM He rnorubaior, HO
POCT MX 3aMEUISIETCS.

bonbiag vacte resoma MI3 co-
JEPKMUT TeHbl, Koaupylolue Oesku
000I0YKH, a TakKe OesKH, yJacTRy-
jolMe B peruimKanum u coopke a-
roBoii yactuis! (puc. 64), Odnacts Ha-
yama periMKalMyM COCTOMT NpHMep-
1O U3 150 HYKJICOTHIOB, HAXOAALIIHX-
Csl BHYTPH HEKOIMPYIOILEI0 CerMeH-
ta juinHoit 507 Hykieotuaos. B ator
CerMeHT MoXeT ObITh nomeuieHa Puc. 64, Crpykrypa reHoMma ara

scraska yyxeponnoit JIHK 6es napy- M13.
weHus crocobHocT M3 K perim-  Tenst o6osnadenst undpamu: rersi 2
Kaluu. M 5 OTBETCTBCHHBI 33 PCIUIMKALIHIO,

BYIICTIOUEYHYIO PEIJIMKATUBHYIQ OCTAIbHBIC ACTEPMUHHMPYIOT 00paso-
A Y % y Banme kKancuaa u cGopky BUpycHoOil

opmy THK MOXHO JIErKo BRUIEIAT yactibl. Ceeranii oan — obracth
U3 MHQHUUNPOBAHHBIX KICTOK M MC-  jayana penamkaumi; EI — HEKO-
MOJIb30BaTh 3aTCM B Ka4€CTBC BEKTO- ANPYIOUWIHIT YHACTOK
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pa B reHHO-MIDKeHepHBIX paborax. Onnouenoueunas JJHK, conepxa-
11@sACs B HECKONBKMX COTHAX (DarosbiX YacTHIL KyJAbTYPAIBHON Cpeilbl,
ABJISACTCS YIOOHBIM OOBLEKTOM JUISt [1OJIYYEHHSE OAHOLIENOYEYHbIX pe-
KOMOMHAHTHBIX MOJEKY]l M NPOBEJACHMA HA MX OCHOBE AETATHLHOTO
AHAJIM3a HYKJICOTWIHBIX TIOC/ICA0BATE/ILHOCTEM, a TAKXKe CUHTE3a Ccrie-
unduuecknx paarnoakTueHo Meuenubix JIHK-301108 (M. 1. 14).

Perposupycsl — 3T0 0OLIMpHas rpyInna BUPYCOB, NPeACTABUTENH
KOTOPOH pasinyalorcd Kak no OHOJOrMYecKnM cBoiicTBaM (Harpu-
Mep, 1O CMOCOOHOCTH BbI3BIBATH 3JIOKAYECTBEHHBIE OINMYXOJIM), TAK U
1Mo MOpP(OAOrHM; UMEIOTCS M 3AMETHbIE BAPHALIMHM B CTPYKTYPE UX re-
HOMOB. OOlIMe YepThl ITHX FEHOMOB CJIE/LYIONINE:

1) Bupycnas PHK — oaHouenoueuHast Moaekyaa aIMHON 10 Je-
CATH TBICSAY HYKJICOTHIOB, MpeacTasasieT coboii (+) HUTh, MOIEKYJIbI
PHK kanuposanbl Ha 5'-KOHLE W TTOIHATEHUINPOBAHBI Ha 3'-KOHIIE;

2) B mosiekynax PHK ectb npsimoit konuesoit nosrop (R) mwimHoil
HECKOIbKO JIECATKOB HYKICOTHAOB (HA 3'-KOHIIE OH MPEaIieCTBYeT
nmoJn(A)-Tpakry);

3) B upycnoii PHK sanucana undopmarms s cunTtesa o kpaii-
Hell Mepe Tpex rpynn supyc-crenuduueckux 6eIKoB: CTPYKTYPHBIX
Genkos cepauesunbl Buprona (Gag-6e1KkoB), depMeHTATHBHBIX 6eJl-
KOB, NMPUHHUMAIOIIHMX yHacTHEe B 00paTHOI TPAaHCKPHITIIMH BUPYCHOTO
reHoMa M B MHTerpaiun supyc-crneunduyeckoit JITHK B knetounyio
XpPOMOCOMY (NPOAYKTOB reHa pol) u GeaKoB, BXOAAIIMX B COCTAB Ha-
PYAHOIT TUIONpoTeMHoBol o6onouyku BupuoHa (Env-Genkos). V He-
KOTOPBLIX PETPOBUPYCOB €CTh JAOTIOJHHTEIBHbBIE IeHbI;

4) BMpyCHast yacTMLIA COJEPXKMUT JIBe MOneKynbl reHomuoil PHK:

TAKUM 00pa3oM, peIkoit (eciu He YHUKANBHOI) 0COGEHHOCTHIO peT-

POBHPYCOB SIBSICTCS IUIIOMIHOCTL HX reHOMA.

MyH1aMeHTAIbHBIE MCCIEN0BAHUS PETPOBUPYCOB, BhI3bIBAIOIHX
ONYXOJIN Y NTHIL M MJIEKONUTAIONIMX, YKA3WIH MYTh K PEIICHHIO Ha-
CYHIHBIX KJIMHHUYECKUX MPoGIeM, CBA3AHHBIX ¢ PAKOBLIMH 3a0o0eBa-
HUAMH HEJIOBEKA M CHHAPOMOM MPUOOPETEHHOTO HMMYHHOTO jedu-
unta — CITWdom. CITHU]L BhisbiBaeT oMH u3 petposupycor BUY
(Bupyc MMmyHoeDHIIMTA YENOBEKA), KOTOPBIA MHDUIIMPYET MAKpO-
dbaru u onns U3 THHOB T-1MMGOUNTOB, BBIBOAS N3 CTPOSI UMMYHHYIO
cuctemy GosnbHoro. JIpyrue JuM¢OTPONIHBIE PETPOBUPYCH! YeTOBEKA
Takxke HHPUUHPYIOT T-KIeTKH, HO BBHI3LIBAIOT JIEHKO3BI.

Crpyxrypa Bupyca mmmyHojaedmumTa uejoBeka npejcTaBieHa Ha
puc. 65. Bupychas yactnia umeer cdepuueckyio Gopmy, ee anamerp
okoJ10 100 mm. OGonouka yacTHitbl 06pa3oBaHa ABOHHBIM CJIOEM JiN-
IWIOB, MPOHU3AHHBIX MIMKoNpoTenHaMu. Jlumwinas memMOpana npo-
HCXOINT M3 BHEUIHEl MeMOpaHbl KIeTKM-Xo3auHa. B kaxioil rmmko-
NPOTCMHOBOW MOJICKY/Ie UMEIOTCS e cyObeanuuubt gpd4l, nponu-
3biBatoinas Mmemopany, u gpl20, Haxoasimasicsi cHapyxu. Buyrpu o6o-
JIOUKH 3aKJTIOYEHA cepleBHHA BUpyca, obpasoBaHHas Genkamu pl7 u
p24. B cepanesune BUPYCHOI yacTuiibl Haxoastesi BupycHas PHK u
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MOJIEKYITBI 00paTHOI TpaHckpunTasel. B HacTosiee spems paciumndpo-
paHa cTpykrypa renoma BUY-1. Beaku, 3akoampoBaHHbie B reHOME
BWUY, npencrasnersl B Tabu. 7.

M3 nannpix Tabauiel BUAHO, yto reHom BHUY conepxut 9 reHos,
HO TMPOIECCUHT (KIETOMHBIMH M BHPYCHBIMH (hepMeHTaMH) reHepH-
pver 14 GenkoBbiX NMpoaykToB. ['eH gag KOAUPYET BHYTpeHHUe De/KM
BUPHOHA; OHU CHHTE3UPYIOTCH B BHIE INMOJMIPOTEHHA, M3 KOTOPOTO

TaGnauua 7
Benkn, 3akoauposannsie 8 reiome BUY-1

l'en l benok DyukumMa

Benkn snpruona

MA (p17) | Matpuumsblit 6eJ10K; CRA3BIBAHUE C MEMOPAHOIl,
cbopka Bupyca

eag CA (p24) benok kancuna; cbopka BUpyca

NC (p9) benok nykieokaricuna; PHK-ces3biBanne;
cbopka Bupyca

PR (pl1) |[Ipoteasa; cospesatine sBupyca

pol | RT (p66/p51) | OGpatHast TpaHCKPUTITA3a; PEIUTUKALINS BUpYCa

IN (p32) MuTerpasa; peryimkaums supyca

env| SU (gpl20) |Bupychbiii 6e10K 06010UKH; CRA3bIBAHNE
CD 4-peuenrtopa, MH(EKLIMOHHOCTL BUpYCa

T™ (gp41) | TpancmemOpaHHBIR IIHKONPOTEHH 00OMOMKHM;
uHGEKINOHHOCTL BUpYCa

Benomoratenstibie GeKu

vpr Vpr Bupychnlii 6enok R: nepemetietine
MIPEABIHTErPALIMOHHOTO KOMIUIEKCA B SIPO

vif Vif Makrop BUPYCHOiT HHEKITMOHHOCTH;
npeabHQeKIMoHHbIC COBBLITH

vpu Vpu Bupycustit 6esiok U; cospesanue supycHoil 06o104Kkn
W BBIXOI BUpYyca

Perynsitopubie 6eikm

tat Tat TpancakTHBaTOp; CTUMYAMPYET MOHTALINIO
TPAHCKPHILIMK

rev Rev Peryasitop akcripeccuy nosyiHux reHos; CruMysinpyer
nosienenre HecrumaiicupoBanibix MPHK B nuroruasme

nef Nef Orpuuarensnas peryasuus CD4; perynupyer

CHTHAJILHDBIC MTYTH T-knerok

5 Kowumuen 129




MOTOM IpOTEa3a Beipe3aeT KOHKperHbie Oeaku. Caeayionmii Koaupy-
JOLIMH yuacToK, pol, nerepMUHHUpYeT cHHTe3 06paTHOIl TpaHCKpHUIITa-
3u1. DepmenT noaudyHKIMOHATEH: OH cnocoben cuHTesuposats JHK,
uenonab3ys B kayecrse marpuilel 1n6o PHK, nn6o JIHK; kpome Toro,
oH BejieT cebs nonobno PHKaze H (r.e. paspyiiaer uens PHK, Bxo-
asyio B coctaB PHK/IHK nynaexkca) u obnagaer SHIOHYKIea3HOM
aKTHBHOCTBIO. 'eH pol KoaupyeT M HHTErpasy, OCyIEeCTBISIOLLYIO BKTIO=
yenue JTHK Bupyca B renom 3apaxeHHoit kiaetku. ['eH env Koaupyer
KOMITOHEHThI BUPYCHOM 000J0UKH, KOTOpast 3aXBaThIBAaeT YacTh KJe-
TOYHOI LMTOrIa3zMaruyeckoit memopannl. B renome BUY npencrasne-
HbI TAKXKE IreHbl BCIIOMOTaTe/bHBIX M peryastopHbix 6enkos. Tak, Oen-
kn Tat u Rev copmecTHO obecrieuMBaioOT 3HAUMUTENBHOE VBEJIMYEHHE
CHHTE3a BHPYCHBIX OCJIKOB MpH Mepexo/ie MPoBHpYyca U3 JTATEHTHOH B
AKTUBHYIO (hopMmy.

Pemmkarususiii kst BUY. TMocnie B3aumoneiicTBug BUPYCHOIT ya-
CTHILI C 4yBCTBHTEAbHOMH KieTkol (T-smmdponuroM) cepaueBuHa
BHPHOHA OCBOOOXKIAETCA OT THIONPOTENHOBOMH 0000YKH U OKa3blBa-
ercst B umrorasme T-numdormTa. 3ech obpaTtHas TpaHCKpUIiTasa
nipespautaet BupycHyio PHK B 1nHeiHYI0 IByLIENOYEUHYIO MOJIEKYILY
JHK. O6pazosasiuasics monekyia supycioi JIHK juinnHee moneky-
Jbl BupycHoit PHK, koTopas nociayxuia Marpiieil juis ee CHHTE3a.
HeiictBurensho, K 5'-kouiy supycHoii JIHK nobasnsiercst nocneno-
BareJbHOCThL Us, a K 3'-KOHILLY 3T0ii 1enu — nocjaenoBareibHOCTb Us
(cm. puc. 114). B pesyabrare Ha KOHLIAX MOJIEKYJIBI BUpYC-crienuduye-
ckoit JIHK mnossuics amHAbli KoHuesoil nosrop (AKIT), nmeio-
wni crpykrypy U;RUs. Ha creayioiieM srane aMHelHas Moljekyia
JHK nponukaer B spo, rjie MpeBpailaercs B KOJIbLEBYIO MOJEKYIY
(puc. 65) 3a cuer B3aMMOJICHCTBHS MEXKILY ee «TYNbIMH» KoHllamu. [1pu
atom onHa ¢opma konbuepoit JTHK copepxur onny konuto JKIIT,
apyras — jise tTadaeMHbie konuu JAKIT. OpHa wan HecKoabKO KOnuit
JIHK muTerpupyior B reHoM Jumdonnta.

HMurerpauust JHK BHUY B reHoM 3apaxeHHOM KIETKH sIBIsIeTCS
KJTIOUEBOI CTa/iMeil peruimKaTMBHOIO 1IMKJA 3TOro perposupyca. OHa
OCYLUECTBISIETCH BUPYCHBIM (hepMEHTOM MHTEIPa30ii, KOAMPYEMbIM re-
HOM pol. UnTerpasa y3Haer cTporo onpeaeaeHHble HyKJIeOTUIHbIE MoCc-
JenoBaTesIbHOCTH, JokainsoBanubie B U m Us JIKTT Bupycnoit JHK,
CBSI3BIBACTCH C HUMM M KATAIIM3UPYET PeaklMio 3'-KOHIIEBOIO Mpollec-
CHHra. 9Ta peakius npeacrasisieT cobol aHNOHYKIIea3HOe paculene-
uue supycHoi JIHK, B pesynbrate KoToporo ¢ 3'-KOHIA KaKIOMH 1IenH
vaansercs aunykieorun GT (puc. 66). 3aTeM HHTETpa3a OCyIIEeCTBIsAET
peakuuio TpancoTepuUKaLMK, KOTOPas BKIIOUALT HYKIeO(UIbHYIO
aTaky 3'-rUAPOKCUIILHOM rpynikl npoueccuposanHsix neneit JHK Ha
MeXHYKAeoTHIHbIH hocar kierounoit JIHK ¢ obpazoBanuem Kopa-
JIEHTHOTO TIPOAYKTa. BaXHO OTMETHMTH, YTO BCTPAMBAHME BHPYCHOI
JHK moxer ocymiectsiaThes B moboe mecto kierounoin JHK, T.e.
npouecc (Ha3bIBACMBIit IIEPEHOCOM LICMH) HE 3aBUCHT OT HYKJIEOTHII-

130

P24 GP41 GP120

A
Jlunmanas
MemOpana
PHK
b
vif
vpr y Py Us
5’ RUs gag pol e v ¥
K31l
i I l, I \ ' ko moan(A)
B P at rey far poy  pef R
U\x R Us gag pol env UsR Us
——
¥-JKI

Puc. 65. Bupyc nmMMyHonedgmuuTa yejoBeKka:

A — crpykrypa Bupyca: GP — rnukonportensst; P — Deakn cepiuesnHbl BUpyca; ® —

obpaTtHasi Tpanckpuntasa; b — ctpykrypa PHK-renoma perpoenpyca (paciundposka

reHoB fana B T1abn. 7); B m I’ — nponyktel, obpasyiommecs B pesynsrate obparHOi

tpanckpunumu PHK Bupyca: B — nuneitnsit aymneke JIHK ¢ nocneasosarensHocTbio

UsRU; (mmnnsie konuessie nosropsl — AKIT); 7' — npa KoableBsIX AyIUIEKCa, mpo-
u3poausX dopmel B: /1 — ¢ onuum JKI1, 2 — ¢ asyma JAKIT
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Kierounas kIHK BHY Kierounas
JHK JTHK

Puc. 66. Mexauusm nurterpaunn JITHK sBupyca ummynonedunmra B Kietoy-
nyio JHK

Hoit nocienosarenbHOCTH. OOBIMHO peakuuu TpaHcaITepudUKaLmum
MOJABEPTAIOTCS MEXKHYKIICOTH/IHBIC CBSI3M, PACIIOIOXKEHHbBIE B PA3IMY-
Hbix tensax JJHK Ha paccrosinum 5 1. n. onHa ot apyroii. [Tpu sasepuie-
HUH MHTErPaLUK POUCXOAAT NPOLIECCHHT 5'-KoH110B BUpycHoii JTHK,
NOJIMMEPa3Hasl JIOCTPOIKA MATH HEAOCTAIOIIMX HYKICOTHI0B M JIMIH-
POBAHHE, OCYLIECTBASICMOE KJIETOMHBIMU OeKaMi.

Cunres PHK perpoBupycos ujier Torja, KOrja reHOM BHpyca B
Bujie nposupycioi JJHK sapiasiercs mHTErpanbHOM 4acTbio KIETOUHOI
XPOMOCOMBI, H OCYILECTBISIETCS B SJIpe KACTOUHbIM TPAHCKPHITHHOH-
HbIM anapaToM; B KauecTse 0OCHOBHOTO hepmeHTa menoib3yercs PHK-
noaumepasa I1.

[Tposupyc umtnee PHK, nostoMy TpaHCKpMILMg HAYMHASTCS M
OKaH4YMBaeTcs BHYTPH rnociaeposarenbrocreit JKIT: npomoTop pacro-
JoxeH B paiione Us;, TepMHHATOP — MEXKAY MOCICA0BATEBHOCTAMMU
R u Us.

[Tepsuunbie TPAHCKPHITHI MPOBHPYCA TMOABEPraloTcs OOBLIYHBIM
MOCTTPAHCKPUITLIMOHHBIM MOIM(MUKALMAM: KIMUPOBAHMIO 5'-KOHIIA,

132

10JIMAleHUMPOBaHMIo 3'-KoHua (B pailoHe 0

R ecTh cHrHajz noavaacHWIMPOBaHUs) M

: H,C NH
crnnaiicuury. [Mocnenusis monudukamms 3a-
tparusaer He Bce PHK Bupyca. MonaekyJisl
PHK, coxpanupiiMe BCIO MOCIENOBATENb~  HOCH. N° O
HOCTh HYKJICOTMIOB, BKJIIOYAIOTCSI B BUPH- -0

oH, noasepriuuecs crutaicuury PHK wmc-

MOJIL3YIOTCS JUISE TpaHcasiuu 6enKoB, Heob-

XOIMMBIX JUIS COOPKH BUPYCHBIX YaCTHLL, TEM N;

CaMbIM 3aBepluaeTcs UK perIMKalnu Puc. 67. Azorumuiann
TpaHckpunuuu reHoma BHUY.

Jlns ozoyamtens CITHUla xapakrepHa BhLICOKasl TeHETHYECKas H3-
MEHYHBOCTB: OHA HA MOPSJIOK BblllIe, YeM y BUpyca rpunna A. B cea3u
C 9TUM TPYAHO CO3/1aTh YHHBEPCAILHYIO BAKIIMHY IPOTHB BUpyca UM-
MyHoaeHIMTa YeJloBeKa.,

PaspabatsiBaercs crparerus tepariesrnueckoro neyenuss CITHU ] la.
IMpenapart a30TMMUAMH MHIHOMpYeT oOpaTHylo TpaHcKpunTasy. s
9TOTO OH JOIKEH mpeBpatnThes B Tpudpocdar, ABIsIOWMACH aHano-
rom A TTP. Asorummant 3asepiuaer aaoHranmnio nenn JJHK u3-3a or-
cyretsus 3'-OH rpynnst (puc. 67). Knerounas JIHK-noaumepasa top-
MO3MTCS 3THM I1PENapaToM B rOpas3io MEHbLIEH CTeneHu.

Henonssyiores paznuunbie kiacesl HHrnouTopos nurerpammu JHK
BHUY, cpean KOTOPBIX I'MAPOKCHINPOBAHHBIC apOMATHUYECKHE COeIHU-
HeHus (pIaBoOHbI, apUIAMMH/ABI, TETPAUMKINHDBL), CYIL(MOHLI U CYJIb-
onater, a Takxke MOAM(PHUMPOBAHHBIC OJMTOHYKICOTHIBI, OCYIlie-
CTBJISIIONINE IKPAHUPOBAHHE CAHTOB CBA3bIBAHUSA MHTErpasbl B coCTa-
e JIHK u HenocpencrseHHoe B3auMoJeHCTBUE C MHTErpasoi, npm-
BOJIsIIIEE K MOJABJICHHIO ce (hepMEHTATUBHOM aKTUBHOCTH.

IMPOUCXOXJIEHHUE BUPYCOB
1 UX POJIb B BBOJIIOIINHA

M3pecTHO, YTO jaxe caMble KPYIHbIE BUPYChI HE CIIOCODHBI OCy-
HECTBAATL OMOCHHTETUYECKHE TPOLIECCH CAMOCTOSTENBHO — OHM 3a-
BUCAT B 5TOM OTHOILIEHHH OT KJIeTOK-X03sieB. Takum oOpa3om, KIIeTKH
JIOJDKHB! OBbLIM NMOSIBUTLCS B MPOLECCe 3BONIOLMH PAHBILE BUPYCOB.
[pentecTBeHHUKAMM BHPYCOB, BeposiTHO, Obuti HeGosbline dpar-
MEHTBI HYKJIEMHOBBIX KMCJIOT, KOTOpPbIE NPHOGpen criocobHoCThb pas-
MHOXAaThCS HE3aBMCHUMO OT XPOMOCOM MX KNeTOK-X03sieB. TaKMMH He-
3aBUCHMO PA3MHOKAIOLIMMUCS DJICMEHTaAMM SIBJISIIOTCS TasMuibl, OHM
serpevatores B JIHK- u PHK-dopme. [Tnasmuns: He nmeror 6eakoBoii
0DO0JIOUKH U HE MOIYT CBODOIHO 1epPeXodHTh U3 KIICTKU B KIIETKY.

BosmoxHo, yto nepsbie PHK-nnasmuabst Hanomuuanu coboii Bu-
POMIIBI, BCTPEUAIOIIHECS B HEKOTOPBLIX PACTHUTEABLHBIX KJIETKAX. DTH
Hebonbixe Koablesble Mosekyasl PHK (ne 6onee 300 —400 Hykneo-
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THIIOB) Pa3MHOXAIOTCS, XOTS He KOAMPYIOT HUKaKuX Genkos. Bupou-
Abl MPOABJIAIOT CBOHCTBA MH(DEKUMOHHBIX MATOreHOB pacteHuit. OHH
NEPeXOAsAT OT PACTCHMS K PACTEHHMIO TOJBKO B TOM CJy4ae, Koraa W
JIOHOpHasl KJIeTKa, M KJIETKA-PELMITUEHT OKa3bIBalOTCSl MOBPEXICH-
HBIMM, KOTJa MEXJly HUMM He cyliecTByeT mMemOpaHHoro Gapbepa,
KOTOPBIH BUPOWJL He criocobeH npeoaoeTsk. [Toa naBneHneM ecrecTseH-
HOro oT60pa TAKHE HE3aBUCHMO PETUTHIIMPYIOLIHECS 3JEMEHThI MOT-
JIH, OYEBMIHO, BKIIOYATL B ce0s Te HYKJICOTHAHbIE TOCIEI0BATEIbHO-
CTH KJICTKH-X03AMHa, KOTOpbIe obJeryain UX camocTOsTebHOE pa3-
MHOXEHHE, B TOM YMCJIE W HEKOTOpPbIE IMOCJIEA0BATE/IbHOCTH, KO-
pviouiue 6eaKM.

[Tepsbiil BUpYC BO3HHMK, BEPOSTHO, KOT/A Y TUIA3MMALI TTOSBUIICS
reH, Koaupylowmit 6enok kancuzaa. Yucno reHoB, KOTOPOE MOXET 3a-
KJI04aTh B cebe BUPYC, IMMHTHPYETCS pasMepaMu Kancuaa. Tak, mes-
Kue supychbl (ar ¢X174) ob3aBennch B X0/€ 9BOTIOLHH NEPEKPbIBA-
FOUIMMHUCH TCHAMM, B KOTOPBIX YacTh HYKJICOTHIHOMH MOC/Ie/10BaTE /b~
HOCTH, KOAMPYIOLIEH OJIMH Kakoif-HuOyab 0eoK, ucnoib3yercs Juis
KOJIMPOBAHUA BTOporo 6esnka. ¥ Apyrux BUPYCOB B NpOLIECCe IBOIIO-
MM BO3HMKIW OoJiee KPYINHBbIE KaNCHABI, YTO MOIJIO JaTh MM BO3-
MOXHOCTbL NPUHODOpeTaTh HOBBIE MOJE3HbBIE TCHBI.

O6nanas yHukansHoit criocobHocTeio K neperocy JIHK uepes su-
Nosbie Gapuepbl, BUPYCHl MIPAIM BaXKHYIO POJib B 3BOJIOIMU TeX Opra-
HU3MOB, KOTOpble OHU MHpUUMPYIOT. MHOrHE BUPYCHI YaCTO BCTYIIA-
10T B peKOMOMHALIMIO KaK JIPYT C IPYIOM, TaK H C XpOMOCOMaMH KJie-
TOK-XO035I€B; IPH 3TOM OHH 3aXBATBIBAIOT CJYYaiiHble (hparMeHThl Xpo-
MOCOM M IIEPEHOCAT UX B JIPYTHE KJIETKH WIN JIpyrue opranuamMel. Kpo-
M€ TOro, BKJIIOUMBIUMECH B F€HOM XO3MHA (MHTEIPUpPOBaHHbIE) KO-
nuu supycHoii JJTHK (npoBupychkl) CTAHOBSITCS NMOCTOSHHBIMM KOM-
MNOHEHTAMM reHoMa y 00Jb1Ioro yncaa oprauusmos. MHTerpuposan-
Hast pupycHas JIHK vacto Buaon3MeHseTcs Tak, YTo yTpauHBaeT cro-
CcOOHOCTL 00OPA30BBIBATEL NOTHOLEHHBIIH BUPYC, HO COXPAHSET CIOCO0-
HOCTH KOAUPOBAThL OEJIKM, YACTh U3 KOTOPLIX OKA3bIBACTCS I10JIC3HOM
s Kiaetku. Takum o0pa3oM, BHPYChI, KaK M MOJOBOIT mpouece, co-
3/1410T BO3MOXHOCTH JUISi YCKOPEHHUS DBOJIOINH, OTKPLIBAs JUIsl Hee
TAKOH MyTb, KaK cMelleHne reHOOoHI0B PasIMuHbIX OPraHH3MOB,

I'naga 5. TEHOM IIPOKAPHUOT

OcHOBHOI YepTOU MONEKYISPHOI OPraHU3alMK NTPOKAPHOT SIBJIsI-
eTcsl OTCYTCTBME B MX KJIETKAX $/Ipa, OTTOPOXKEHHOIrO siAepHOH MeMO-
paHoit ot uuToriasmel. OTCyrcTBME Aapa SIBAAETCS JIMLIL BHEUIHUM
rpospieHnemM ocoboil opraHu3allMy reHoMa y npoKapHorT.

I'eHOM ITPOKAPUOT NOCTPOEH OYEeHb KOMIAKTHO. KoanuecTBo HEKO-
JAMPYIOLIMX TOCAEA0BATEIHOCTEN HYKICOTHIOB MUHUMaIBHO. MHO-
e MEXaHHM3MBbI PEryjadiuuM 3KCIPECCHH TC€HOB, HCTOJB3YIOLIHECS ¥V
9YKApHOT, HUKOI/Ia He BCTpevaioTcst y npokapuort. [Tpocrora crpoe-
HUS TEHOMa NMPOKAPHOT OOBIACHSCTCS UX YIIPOUIEHHBIM XKU3HEHHBIM
HMKJIOM.

CTPYKTYPA BAKTEPUAJIBHOM XPOMOCOMBI

[TaThaecAT J€T Ha3al BCe XPOMOCOMBI MPOKAPHOT CHHTAINCH JIH-
HeitnpiMu. Ho B 1956 1. . 2Kako6 u E. BunbMaH 1pejuioKuin Kojiblie-
BYIO MOJIENTb BakTepHaibHOI XpoMocoMbl. C Tex 1op 3Ta MoJeJIb CYHTa-
71ach ODLIENPUHATOI JI0 MOSABICHNS METO/A NPSIMOTO aHaIM3a (u3n-
YECKOI CTPYKTYpBI XpOMOCOM — 3JieKTpodopesa B IyJbCHPYIOIIEM
nose. B 1989 r. Briepsbie 9THM MeTOIOM ObU1a HACHTH(MHLIMPOBAHA JIN-
HeiHag OGakTepHaibHAas XpoMocoMa y BO30yaUTeNst KJIeHeBoro Crim-
poxero3sa Borrelia burgdorferi. Bckope 0bU10 00HapyXeHO, 4TO JIMHEH-
Hasi ¥ KOJIbLIEBAsi XPOMOCOMBI COCYIIECTBYIOT OJHOBPEMEHHO Y
Agrobacterium tumefaciens, a y rpaMnonoXuTebHbIX OakTepHii poua
Streptomyces, 001a1a101IMX OJIHUM M3 caMbIX OOJIbIIHMX OaKTEPHATBHBIX
reHoMoB (~8000 Thic. H.11.), MeeTCs O/lHA JIMHeiiHas Xxpomocoma. JIn-
HelHbIE XPOMOCOMBI Y OAKTEPHil YACTO COCYLIECTBYIOT C JIMHEHHBIMU
MJIa3MMIaMH ¥ LIMPOKO paciipocTpaHeHsl B nipupoae. CoctaB reHOMOB
HEKOTOPBIX OakTepuii mpuseseH B Tadl. 8.

Pasmep reHoma y paznnaHbix 6akrepuii kosediercs ot 580 Thic. H.IL Y
Micoplasma genitalium no 9500 teic. H.11. Y Myxococcus xanthus. J1ns ku-
weuHoi nantouku E. coli pasmep renoma coctasisie 4600 Thic. H.11. (MO-
nekyasipHasi Macca okono 3 - 107 [la, winHa Mosekysbl okono 1,5 Mm).
B GakrepuaibHBIX KJIETKAX XpOMOCOMA CHILHO KOMIakTH3oBaHa. Tak,
konblesas monekyna JIHK E. coli mmnoit ~1,5 MM 3aKi1104eHa B KJIET-
Ky, UMeoILylo (hopMy MajoyKu AMaMeTpoM | MKM M JUIMHON 2 MKM.
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Tabauua 8§
CocTaB CIOJKHBIX TeHOMOB DaKTepuii

Bakrepust TernoMm

Agrobacrerium tumefaciens |1 nuneiiHas xpoMocoma; | KonblieBas
Cs8 XpoMOcoMa; 2 r1asMiuLbl

Bacillus cereus F0836 76

Brucelia melitensis

| konwuesas xpomocoma; | Merariasmmaa

2 KOJIBLIEBBIC XPOMOCOMDI

Leptospira inferrogans | Kosblesas xpoMocoma; | Meraruiasmmna

Rhizobium meliloti 1 KOIBIIEBAA XPOMOCOMA; 2 MErariasmMuiIbl

Rhodobacter sphaeroides 2 KOJIBLEBLIC XPOMOCOMBI

Rhodococcus facians 1 nuneiinas xpoMocoma; JTMHEHHAA TUIa3MuIa

Streptomyces ambofaciens |1 nuneiiHas XxpoMocoMa

B nociennue roabl HabmomaeTcsl nMporpecc B UCCAe/I0BAHUMN Tep-
BUUHOI CTPYKTYpBI OakTepuaibHbix Xpomocom. Ha konerr 2001 r. 6buta
OINpe/e/ICHA MOJHAs HYKJICOTH/IHAS TocaenoBaTe/ibHocTh ~ 100 npoka-
PHOTHYECKHX TEHOMOB.

Pasmepnl M XapakTepUCTHKHN HEKOTOPBIX IPOKAPHOTHUECKMX I€HO-
MOB C M3BECTHOH HYKJICOTHHOI MOCJIeA0BATEIBHOCTLIO TIPUBE/ICHBI B
Tabn. 9.

CrpykTypsl, cBszannpie ¢ pemiMkaumeii. [TonHas nykieoruaHas
NOCAeNOBATEILHOCTL DaKTe pHAILHOI XpPOMOCOMBI MO3BOJISIET OTpe/e-
JINThL CTPYKTYPbI FEHOMA, CBSI3aHHBIE € ero (pYHLHMOHMPOBAHHEM, T.€.
C 1pOLeCcCaMM PETLIMKAINH, TPAHCKPUITIINH, TPAHCASILINM, perysis-
LIHH U T. 1.

Peruiikanms GakrepuaibHONH XpOMOCOMBI HauHHaeTes B Touke ori C
(origine) M npoaoikaercs B 060MX HANIPABJIEHHSX /10 YUACTKA TEPMH-
HaiMu perukaiimu ter C (terminus). ¥ GonsimnHcTBa Gaktepuil yua-
ctrit ori C u ter C /ST KOJbIEBYIO XPOMOCOMY HA JIBE IOUTH PaBHbIE
perixopbl. Ob6nacTh Havana periMKalMyg BO MHOIUX BakTepHaibHbIX
IeHOMAX MMEET KOHCEPBATUBHYIO cTPYKTYpY. [Togo6HbIe cTpyKTYphl Haii-
JIEHBI MOYTH BO BCEX CEKBEHUPOBAHHBIX DaKTepHAIbHBIX reHoMax. s
JMHEHHBIX XpoMocoM TouKa ori C onpeaensieTes poOBHO TocepeanHe
ce. Hanpasnenue TpaHCKpHMIIMHK OONBLUIMHCTBA reHoB OAKTEPHii C Bbl-
COKOIi CKOPOCTBIO pOCTa COBIMAAAET C HanpapJeHHEeM peluIMKallny.
Crpykrypa obnacty unmuuaunu permkanuun JAHK apxebakrepuii He-
u3ectHa. OteyrerBue acumMerpun GC B reHOMe apxeit ykasbiBaeT Ha
HAIMYHME MHOXKECTBEHHBIX YIACTKOB HHULIMALIMN PETUTMKALIMH,

OTKpbITHIE PAMKH CulThIBANUA U onpenesienne dynkumii 6eska. Ot-
KpbITasi pamka cuntbiBanms (anra. open reading frame, ORF) cocrout
M3 psJIa TPUILIETOB, KOAMPYIOUIMX AMHHOKHCIIOTBI; HE CONEPKHUT Ka-
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XapaKTepHCTHKH HEKOTOPHIX GAKTEPHAIBHBIX FEHOMOB, ONPEIEICHHbIE N0 HX HYKJEOTH/IHOH TOC/Ie0BATEABHOCTH
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HeussecTHbie reHsl

@aru u

TPAHCIIO30HE Mera6omam JHK/PHK

Tpancnopr CTPYKTYypHBbIe
B e Benku
Puc. 68. ®Oynkunonanbhas xapakTepHcTHKa reiioB E. coli, BBISABICHHBIX 110
NOJHOI HYKJICOTHIHOM MOCAEI0BATEILHOCTH ¢ TeHOMA

KHX-TMOO TEPMUHMPYIOIMX KOAOHOB; MOTEHLMATLHO MOXET TpaHC-
JupoBathes B 6e10K. B yeTaHOBAGHHOIT HYKJICOTHIHOI NOC/IeIOBATE b=
HOCTH reHOMa IPOKAPHOT C MOMOMUIBIO KOMITBIOTEPHBIX [TPOrPAMM Bbi-
ABJICHBI OTKPbITIC PAMKM CUMTBhIBaHMsA. CpeiiHHii pazmep MX B Npo-
KapHOTHYECKMX I'EHOMAaX COOTBETCTBYET npumepHo 300 aMHHOKHUCIIOT-
HeiM octatkam. Conocrasnenue cocrasa ORF 1o dynkimsam (Takxke ¢
MOMOUIBIO KOMIBIOTEPHBIX IPOrPaMM) 1M03BoJsIeT HACHTH(OULIMPOBATh
KOMITOHEHTBI TeHoMa, oOLIMe /Uls BCeX OpraHu3MoB, oblumne Uist JaH-
HOM IPYIINEI BUAOB M YHUKWIbHBIE, CHeHHUUHBIE TOIBKO UISl JAAH-
HOTO opraiu3ma. MYHKIMOHANLHAS KTAacCH(DUKALINSA FeHOB U FeHHBIX
MPOLYKTOB SABJISICTCSH OCHOBOI JUISI CPABHEHUSI TEHOMOB M BbISIBJIEHUsI
CXOJICTBA U pasnuumnsd UX Metabosusma. B kauecTse MOAC/IBHOTO 00bEK-
Ta MCNOJbL30BaH IeHOM FE. coli. Bee Oenkm M KOOMpYIOLIME MX FeHbI
Ki1accHuLmMpoBanbl Ha TPH (HYHKUMOHANLHBIE FPYIIBL DHEProOGMEH,
MH(popMauns, KOMMYHHKalHs (BHYTPH- M BHEKJIeTOYHas ). Pacnipene-
Jenne hyHkumii reHos E. coli, BLISBICHHBIX MO MOJHOI HYKJIEOTH]I-
HOM MOCJIC/IOBATEILHOCTH IeHOMa, NpeaCTaBieHo Ha puc. 68. Cpeau
4288 ORF E. coli ne suisipiensl Gynkuun y 40 % ORF. Tpumepno
TaKas Xe YacTh FeHOB C HEM3BECTHOI (hyHKUIMEH OTMEUYeHa U B JIPYIHX
MPOKAPHOTHUYECKUX FreHOMAX.

Munumaibnbii pasmep resoma npokapuor. Ha ocHoBanmuu anainsa
NEPBUYHOH CTPYKTYPBI MPOKAPHOTHUECKUX I€HOMOB ObL1 COCTABICH
nepeyeHb reHoB, abCOMOTHO HEOOXOAMMBIX /UISl CYLIECTBOBAHUS CBO-
0ONHO XMBYIIMX KACTOK. DTOT mMepevyeHb FeHOB MOJYYWI Ha3BaHHe
Munumanvhviil natop eenog. OH Koampyer 256 GelKOB U BKITIOYACT Clie-
JYIOIIHE XKNU3HEHHO BAXKHbIE FEHETHYCCKUE CHCTEMbI MMKPOOPraHM3-
MOB: NOYTH TOJIHBIIH HAGOP reHOB CHCTEMBbI PETLTHKALIMN; TeHbl PYAH-
MEHTapHOH CHCTEMbI Penapaiiu U peKOMOMHAIIMH; TeHbl anmnapara
TPAHCKPHUILHM, B KOTOPOii MOYTH MOJAHOCTBIO OTCYTCTBYIOT FeéHbI pe-
TYJSALUMH TPAHCKPUITIHK; 00Jib1I0# Habop reHoB, Koaupylommx 6e-
KH, TOMOJIOTH'HbBIC LIANEPOHAM; IeHbl, KOHTPOJIMPYIOIINE aHadpPo6-
HblH MeTaboan3M, BKIIOYas reHbl Mukoansa u gochopuanposanus
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Tabauuna 10
@ynknnn 0eNKOB, COOTBETCTBYIOIMX MHHHMAILHOMY HaOopy u3 256 renos

DyHkumsa Yueno Geskon

[TpeobpazoBaHue dHEPrHH 28
Tpancrnopt U MeTaboIM3M AMHHOKHCIOT 11
Tpancrnopt 1 MeTabOIU3M HYKJICOTHIOB 20
TpancnopT u MeTaboOJIHU3IM YTJICBOLOB 5
MeTtabonusm kodakropos

MeTabonn3M JUITHI0B 6
Tpaucasiuust u 6GnoreHes pubocom 94
Pennmkanuus, TpaHCKPUMLINS, peKOMOMHALM, penapaius 35
CrpykrypHast yHkims (6eku HapyKHOH MeMmOpaHbl) 7
Cekpeuns u aareaus 5
Lanepons 13
TpancnopT HeOpraHMYECKNX HOHOB 4
[Tpenckasana runoreTueckan GyHkims 15
MDyHKLIMSA HEeH3BecTHA 4

cyOCTpaToB; reHbl OMOCHHTE3a JIMITMIOB; TeHbl CHCTEMBbI TPaHCIOpPTa
OeJIKOB; I'€Hbl, KOAHPYIOIMe (pepMEeHTHI, MCMONb3YIOLIHE CIIOXKHbIE
KoakTopel; Habop reHOB, oDecneYnBaICLLHIT TPAHCIIOPT MeTaboIN-
TOB; MOJHBIH HAOOP reHOB YTWIN3ALNH HYKJICOTHIOB de novo W reHsbl
Hx 6uocuHTesa (tada. 10).

Ecnu ke U3 reHoMa NPOKapMOTHYECKOTO OPraHu3Ma BbIUeCTh KOH-
CepBATHBHBIIH MHMHHUMAIbLHBIN HabOp reHoOB U MUKPOOPraHHM3MOB,
JKMBYIIMX B CXOJHOH cpejle, TO MOXHO IMOJXYYUTb T€ FEeHbl, KOTOPbIE
onpeaensiior cneunpuyeckne GeHOTUTIHYECKHE XaPAKTEPHCTUKH, CO-
CTABJISIOLIHE YHUKIBHOCTh OpraHu3Ma.

Dkosioraueckas cuenHUIHOCTs HA YPOBHE reHoMa. Anantauus K
OMpe/ie/IeHHBIM YCIOBUAM 0OUMTAHUS MPOSIBISETCH KAK B U3MEHEHUHU
obmux xapakrepuctuk reHoma (I'll-cocras, cynepcnupanmnsaius
JAHK), Tak 1 B HaIM4YMH T'eHOB, IPOAYKThLI KOTOPLIX 0OecrnevyuBalor
rpucnocobiaeHe MUKPOOPraHu3Ma K TeM WIN MHBIM ycaoBusM, [To-
Ka3aTeNeH B 9TOM OTHOLIEHHW IeHOM XeJIMKobakTepuu, oburaloleii B
JKEJY/IKe YeJIOBEKA U BbI3bIBAIOLICH s3BeHHYIO Bose3Hb. XenmkobakTe-
puu cnocoOHbI K 0OUTAHMIO B KMCIIOH cpejie, TaK KaK YCTaHABJIMBAIOT
MOJIOKUTENbHEIH BHYTPUMEeMOpAHHBIH NOTeHIMAI npu HU3KuX pH u
MOAMMHUMPYIOT MHKpOCpEIYy ¢ noMoulsio ypeasnl. benku H. pylori
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cozepxar BiBoe 60/1bllie OCHOBHBIX aMUHOKHCIIOTHBIX OCTATKOB apry-
HMHA ¥ mM3uHa, yem 6eskn E. coli. C napasMTH3MOM CBA3aHO HATHYHE
y H. pylori ne Menee NsITH Pa3INYHBIX CHCTEM AJINe3HH JUIS NIPUKPEN-
JICHUSA K 9MUTEIHAIBLHBIM KJIeTKaM XKeayaka. HeoxnuaanHupiM siisiercst
Hannuue B reHome H. pylori 14 renos (Gonee 1% reroma), OTHOCH-
LIMXCH K cHCTeMe pecTpuKUMM — moaudukaunu tuna I1. Beposrho,
3Ta cMcTemMa, KpoMme paciierienmns yyxkepontoii IHK, nmeer unyio,
HEM3BECTHYIO MOKa GMOJIOrHYecKyio (hyHKIHIO.

OrtcyTcTBue onpeneseHHBIX FeHOB TAKXKE YKa3bIBACT Ha 0COGEHHO-
CTH MeTaboIM3Ma, CBA3AHHBIC C YCIOBUSMM Xn3HM Mukpoba. Eciu
opranusm obecrieyeH pecypcamMu 3a CUeT ux aicopOLMM, TO MeXaHH3-
MbI CMHTE3a (a4 3HAYMUT, U TeHbI) MOTYT UCUYE3HYTh.

CTPYKTYPA ITPOKAPUOTHYECKHUX T'EHOB

len — epnuuua HacaeACTBEHHON MH(DOPMALIMK, 3aHHMAIONIAs! OTpe-
JICJICHHOE TTOJIOKEHHME B TEHOME MM XPOMOCOME M KOHTPOJIMPYIOLIAs
BBITIOJIHEHME ofpe/eeHHoi GyHKuMKu B opranusme. Mo pesyiabratam
UCCIIe/IOBAHMA IPOKAPHOT, IJIaBHBIM o0OpaszoMm E. coli, ren coctouT u3
JIBYX OCHOBHBIX 3JIEMEHTOB: PETYJISTOPHOMN YaCTH 1 COOCTBEHHO KO-
pytoiueit yactu. PerynsitopHasi yacth reHa obecneumBaeT nepsbie dra-
Mbl peajiv3alun reHeTnyeckoil nHhopMaIum, 3akIoueHHOoIl B CTPYK-
TYPHOH YaCTH reHa; CTPYKTYPHAsl 4acTh TeHa COolepkuT MHpopMma-
LIMIO O CTPYKTYPE KOJMPYEMOTO JAHHBIM reHoM ronunerntuaa. Koan-

UECTBO HEKOIHMPYIOLIHX MOCIIEN0BATELHOCTEH B CTPYKTYPHOIT YacTH

reHa y npoKapnoT MMHUMAIBLHO. 5'-KOHell IPOKapHOTHUECKOro reHa
MMEET XapaKTepHYI) OpPraHu3aliio peryJsTOPHbIX 3JIEMEHTOB, OCO-
BeHHo Ha pacctoannu 50 — 70 H.11. OT TOYKM HHHLIMALIMM TPAHCKPHII-
HHH. DTOT YYaCTOK reHa Ha3bIBAIOT Apomomopom. OH BaxeH JUIs TpaHc-
Kpunuuu reta, Ho cam B PHK ne tpanckpubupyercs. INporusono-
JIOXKHBIH 3'-KOHELl — TepMHHATOPHAst 061acTh, HeobX0MMast 115 Tep-
muHaluK Tpanckpumumu. B PHK o Ttakxe He TpaHckpuOupyercs.
Tpanckpunumsa HaYMHACTCS CO CTAPTOBOIT TOUKH (+1).

[TpoMoTOp MMeEeT /IBE KOHCEPBATHBHBIC MOCAE10BATEILHOCTH: OHA
COCTOMT M3 6 wau 7 nap OCHOBAHMI M PACHONOKEHA HA PACCTOSIHUM
~10 ocHOBaHMI OT CTAPTOBO# TOUKHK; ee 0603HAYAIOT KaK —10-rioce-
JoBaTesbHOCTh, WK 60ke [pubHoBa, — B YeCThb ee NepBOOTKphIBATE -
251, Bropasi nocieioBateIbHOCTb, JUIMHA KOTOPOit paBHa o6bIYHO 9 HyK-
JICOTHJIAM, PACIOJIOKEeHA HAa paccTOdHMM ~35 ocHoBauMil or caiita
uHumaumuu (puc. 69). 9ra 35-nocaeaoBaTeIbLHOCTL YYACTBYET B CBSI3bI-
Banun PHK-nommmepassr; B 6okee IMpubrHosa PHK-nonumepasa na-
YMHACT JIOKAILHOE PACKPYYMBAHME CIMPAJIU M CO3/IAET YCIOBWS JUIS
HHUUMauum cuHresa PHEK.

[TocnenopatensHoctn JAHK, siasonmecss CHrHAIaMM OCTAHOBKM
TPAHCKPUIIIIMM, HAXOAATCA Ha 3'-KOHIE TeHa W Ha3bIBAIOTCSl TpaHC-
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Puc. 69. CTpyKTypa NpoMOTOPa M TCPMHHATOPA NPOKAPHOTHYECKHX FEHOB!

A — KOHCEHCYCHEBIC MOCACAOBATEILHOCTH JeMeHTOB npoMoTtopa E. coli; b — cTpyk-
TVpBl TepMunaropusx wmwiek 8 PHK npokapuor

KPUITLIMOHHBIMU mepmunamopamu. OHHW COAEPXKAT MOC/IeA0BATEIbHO-
CTH, KoTopbie B Tpanckpubupyemoit PHK dopmupyior crpykrypy
winniabky. [TocieoBatesbHOCT OCHOBAHMIL B 3TOM MECTE CrocoOCTBYET
obpazopanuio cradmibhbix nap G —C 3a cYET BOJOPOJIHBIX CBSI3CIH.
Benen 3a mimunevHoit crpykrypoit B tpaHckpunte PHK naxonures
HECKOJIbKO 0cTaTKOB U (COOTBETCTBEHHO B reHe Mocje/10BaTe/IbHOCTh
As_¢), naommx cnaboe csassipanue PHK ¢ JIHK. D1o 1 obneruaer
TEPMHMHALMIO TPAHCKPHITLIMH,

Yyacrok JIHK Mexiy npoMOTOpoM M TEPMUHATOPOM HAa3bIBACTCS
eMHULEH TpaHckpuunu. [TocaenoBaTe/IbHOCTH, KOAUPYIOLIHE OEIKH,
ObiBaloT 00BIMHO (PIAHKMPOBAHLI HETPAHCIMPYEMBIMH CETMEHTAMU (MX
obosnavaiot 5'-HTII u 3'-HTII). I'ennt PHK nepemexarorcsi cnieiicep-
HBIMM (OT AHIJI. Spacer — PacropKa) MOCHAeA0BATEALHOCTSIMH, KOTO-
puie Buipesaiorces B xoae nponeccuHra pPHK u TPHK (puc. 70). Yncio
reHOB, BBISIBJICHHOE B pe3yibrare paciiM(h)poBKU HYKICOTHIHOIl 1o-
CJIeIOBATEILHOCTH TEHOMOB HEKOTOPLIX MPoKapuoT, cM. B Tabi. 10.

Oneponnas opranu3auus renoMoB npoxapuot. Y E. coli reribl, Koam-
pylolme 6eJKn OIHOTO M TOro Xe MeTaboanvyeckoro nyTH WiH orpe-
nensomme 6an3KopoaACTBEHHbIE (DYHKIIMH, YacTO ObIBAIOT CLUETICHBI.
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EjMinia TpaHCKPHIIINK

i
Peryms- K Touka
OIHPYIOMAs
TOpHAasA T1oceIoBa HOCTS | gg?;:pamm

Axmpatop [lpomorop HerpaHcaupyemas Herpancmapyemas
Omepatop 5'-moc/IeIOBATENLHOCTL  3'~-TIOC/E0BATeALHOCTE

b Enununa TpaHCKpUITLHMK

Crieiicepst

Puc. 70. Crpoerine npoKapHOTHYECKNX FEHOR;
A — ren, xoampyoumit oani 6en1o0k; 5 — renst, koaupyomme pPHK u TPHK

OHHM TPaHCKpHOMPYIOTCS ¢ MPOMOTOPA, HAXOMAIIErOCH Ha 5'-KOHIE
TAKOH rpyInmel reHoB (Kjactepa), B BHIE €ANHCTBEHHOH MOJIEKYJIbI
PHK, naspiBaeMOl noauyucmpontsim (WM HOAUSEHHBIM) MPAHCKpUN-
mox. I'pyrnna KoopAnHHUPOBAHHO IKCIPECCUPYIOLIMXCSI TEHOB HA3bIBa-
ercs oneporom. Tpu reHa, Koaupyioiue (hepMeHThI, OTBETCTBEHHBIC
3a MeTabonausMm ranaktoswl y E. coli, OpraHn30BaHbi B ONEPOH C 11PO-
MOTOPOM (P) M npuMBIKAIOMMM K HEMY PEryisiTOPHBIM CErMEHTOM-
oneparopom (O) Ha 5'-KOHIIE TPAHCKPHUOMPYEMOii NMOCIEN0BATEABHO-
ctu (puc. 71).

[Tpu cpaBHenun reHomon E. coli n B. subtilus, iMCIONX OKOJO
1000 o6mux reson, otmeueHo, yto 100 M3 HUX HAXOANTCSA B COCTABE
OIHMX U TEX XKe€ OMNEPOHOB, XOTH B HEKOTOPHIX CIIYUasiX MOPHAI0K FeHOB
B O1iepoHax u3meHeH (apabuHosHblii onepon ara ABD v B. subtilis v ara
BAD vy E. coli).

I'eHbl, KOAMPYIOIIHE HECKOIBKO POACTBEHHBIX (DYHKIMI, HE Bee-
raa oOpasyior eauHblii onepoH. Tak, reHbl, KOAMpyiolne pubocom-
Hble 6€/IKM, OpraHU30BaHbl BO MHOXECTBEHHBIE ONEPOHbBI, B ueil co-
CTAB MHOIAA BXOIST TeHbl, KOAMPYIOILIHE Apyrue OenkH, y4yacTBYIO-
LI¥e B TPAHCKPUITUMKM M/MiM TpaHcasuun. Kak npasuio, otaeibHbie
OMEPOHBI, KOAUPYIOUIHE POACTBEHHbIE (DYHKIIMM, MMEIOT OJMHAKO-
Bble WJIM CXOJHBIE PEryJsTOPHbIE IOCIEI0BATEIbBHOCTH M IT0ITOMY
pearupyloT Ha OornpeneaeHHbI peryIsTOPHbIN CUTHAN CXOIHBIM 00pa-
30M. CoxpaHeHHe reHOB B COCTaBe OJHOTO ONEPOHa JaeT OrpeeseH-
HBbIE TIPEMMYILECTBA: BO-TEPBLIX, 00eCneunBaeT KOOPAWHNUPOBAHHYIO
9KCITPECCHI0 TEHOB; BO-BTOPBIX, TAKOE PACMOJIOXKEHHE FEHOB BAXHO
JUIst X PacIpOCTPAHEHMS IYTEM TOPU3OHTAIbHOro nepexoca. F'opu-
30HTAJILHBIN IEPEHOC FEHOB BHOCHT CBOM BKJIAI B 9BOJIIOIINIO MPOKa-
puoTHyecknx reHoMos. ITokazaHo, YTO OH MPOMCXOAMT KaK MEXIy
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| TonuumcTpoHHas efMHKLA TPAHCKPHIIIKA |

p———TanaKTO3HKI OTIEPOH ———————————f
b gal-MPHK

(e ()
st O

gaf R gal T gal K
gal- i
Penpeccop Tpan!
UDP-rmoko3a «——— UDP-ranakrosa Tanakrosa-1-P T'anakrosa
T'moko3zo-1-P \ ADP \
UDP-rimioko3a ATP

Puc. 71. Oneporntasi opraHu3saiis reHoB MPoOKapuoT:

A — ob1as cxema onepona; b — ranakrosuslii onepou E. coli. lpeacrasiennl onepa-

Top (0), npomotop (P) u Tpu rena onepona — gal E, gal T, gal K. Bunay nokasansl

pCAKLMH, KATAIH3UPYEMbIC TPeMs TeHHBIMH MPOIYKTAMHM — TalakTOKMHA30M, ypH-

aunrpancdepasoii 1 UDP-ratakrozoonumepasoii. Bee Tpu dhepmenTa TpancanpyioTes

eMHCTREHNO0i moanumcTporHoil gal MPHK, ren gal R, koaupyiommii penpeccop ra-
JIAKTO3HOIO ONepoHa, He CLETUIeH C OfepOHOM

'POJICTBEHHBIMH, TaK M MEXIY HEpOJCTBEHHbIMM Oaktepusamu. ['eHbi,

MOSBUBLLIKECH B JJAHHOM IeHOME B pe3yJibTaTe rOpU30HTUIBHOTO 1epe-
HOCa, Ha3bIBAIOT Kcerotoeamu. OTMEUCH TOPU3OHTAILHBIN TepeHoc re-
HOB MEXI1y YKapMoTaMH M NpoKapuoTaMH: HauboJIblliee YUCJI0 reHOB
ayKapuoTuucckoro TMna (okoso 30) obHapyxeHo B reHOME XJIaMHINH.

BAKTEPUAJIBHBIE TIJIASMHW/IbI

Kpome xpoMocomebl y 60IBbIIMHCTBA OAKTEPHUIT CYLLECTBYIOT Apyrie
crocobHbIe K ABTOHOMHON PETUTHKALMK CTPYKTYPbl — maamudsl. ITO
asyuenoveuynbie Konbliessie JIHK pasmepom or 0,1 1o 5% pasmepa
XPOMOCOMBI, Hecylllne reHbl, Heobs3aTeNbHbIC U KJIETKM-XO03AMHA,
WJIW reHbl, HeobXOoIMMBIE JININbL B ofnpejiesicHHoi cpexe. MMero Ta-
KHe BHEXPOMOCOMHBIC 3JIEMEHTHI M COAEPXKAT TeHbl, KOTOphIe IpHia-
10T KJIETKAM HACJIEIYeMYIO YCTOHYMBOCTD K OJIHOMY WJIM HECKOJIBKHUM
anTnbnornkam. OHU MONYIHIH Ha3BaHUE (haKkmopoe pesucmenmHocmiu,
win R-ghakmopos. JIpyrue niaasmuiibl onpeaessiior 601e3HeTBOPHOCTD
naToreHHbIX GakTepuii, HaNpUMep NaToreHHeIX WTamMmoB E. coli, BO3-
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Oyauteneit yyMbl # cTonbHsAKa. TpeTb — OnNpenensiior cnocobHOCTh
NMOYBEHHBIX DaKTEpHil HCNOJIL30BATH HEOOBIYHBIE HCTOMHHKH YIJIEPO-
J1a, HanpuMep YIIeBoAOPOibl He(TH.

CyluecTsyioT pasHble BMABI KIacCHMHKALMK IUIA3MUI, HO uallle
RCEr0 OCHOBY KJIACCU(DUKALINY COCTARJISICT HAJTMUUE B TUIA3MMIAX OTpe-
AENCHHBIX MoOdyavhbix ceemermos JIHK. [l cBoeit peruiMkanmm nias-
MUJIbl MCITOJIBL3YIOT PEIIMKATUBHBIN anmnapat KAeTKH-X03sMHA, O1HA-
KO peruiMKains ruia3MuJL IPOMCXOINT HE3ABUCHMO OT XpOMOCOMBI. Kax-
Jast NJ1Ia3sMKa sIBJISIETCSI CAMOCTOSITEIHBIM PEIIMKOHOM, caMa KOHT-
POJIMpYET COOCTBEHHYIO PEIUTHKALMIO. [Ist 9T0# 11e1iM OHa 10KHA MMETh
10 KpaifHed Mepe OIMH MJIM HECKOJILKO pentuxamuensix mooyiei (06-
JIACTH MHUIIMALLMM PETUTHKALIMHK), KOTOPBIE M NO3BOJISIIOT ¢il aBTOHOM-
HO perinimMpoBathest. B oHoM u3 knaccos ruasmua (F-rutasmwn) pen-
JIMKATIMA M CErperaius peryampyloTcsi COrIacoBAHHO C PerimKarmeii
DakTepHAIBLHOIO reHOMA, M B KAXKIOH KJIETKE COACPKMTCS OJIHA WK
JIBE KOTMM 1U1a3Muiibl. O TAKOM THITE PEerIMKALIMM FTOBOPAT KaK O peniu-
Kayuu co cmpoeum Konmpoaem. Bropoit TN penimkaunoHHOTO MOJLyJIsI
cBOOOICH OT TAKOrO0 KOHTPOJISi, YTO NMPUBOANT K CYIIECTBOBAHHIO B
KjieTKe MHOTMX Konuii maasmui (10— 30 konwmii). TMomxoGubiit THIT pen-
JIMKALMK TTOJIYYHIT HA3BAHUE PenAUKAUUU ¢ 0CAQOACHHBIM KOHMPOACM.

Hannune apyrux Mouyseit, He CBA3aHHBIX € PeTUIMKALIHeit, He siB-
JisieTcst 0043aTe/IbHBIM JUTSE KAXI0M OrpeeeHHOM tiasmusl. [Toso-
Bbie (DAKTOPLI, T. €. KoHBI02amueHbie (MWW CaMompancMuccugbie) nias-
MBI, 1on06Ho F-hakTtopy MMEHT MOIYIH, cOomepKaliie reHbl
peryisTopHbie o6iacTu (reHsl fra), HeOOXOAMMBIE JUIH TIepeHoca 1J1a3-
MHJIbI M3 OJIHOM KJIETKH B ApyTyio. TpaHCMHCCHUBHBIE TIA3MM/IbI KOJIN-
PYIOT CHEUHAIbHLIE BOPCUHKH, MOJOBBIE NMHJIH, KOTOPLIE TOSBIIAIOT-
Csl Ha IMOBEPXHOCTU KJICTOK, COACPXKALUMX IJIA3MMILI, U CIIOCOOHBI
cricuMuyecKkn cBA3bIBATLCA C MOBEPXHOCTBIO OECIUIasMUAHBIX KIle-
ToK. Tlocnenyiouee CoKpaiieHne MW NPUTATHBACT KJICTKH APYT K
JIPYTY, 1 MEXIY HUMH 00pasyeTcsi MOCTHK, Yepe3 KOTOPLII I1a3Mui-
Hast JIHK moxeT nepenasatecsa B HOBYIO KieTKy. CnocobHocTs nepe-
NABaThCH B HOBbIE KJIETKH — TOJIE3HOE JUISL TUIA3MMI KauecTBO, HO
AMiIb GonbUINe MAa3MHIBI MOTYT KOJMPOBATH CIOXHYIO CHCTEMY T10-
BEPXHOCTHLIX U3MEHEHMUI KIJIETKH, O0eCreuHBaIOLIyIO KOHBIOTALNIO.
Hekxonsroeamuenvie nnazmusl (YTpaTHBIINE MOIY/Ib KOHBIOTAIIMM) HE
CmocoOHBI K CAMOTPAHCMMCCHBHOCTH, HO CMOCOOHBI K nepenade B
NPUCYTCTBUM TPAHCMUCCUBHBIX IUIA3MMI, HCTIONBL3Ysl HX ANNAPAT KOHb-
lorauuu. Takue naasMuiibl Ha3bIBAIOT MOOUAUIYEMBIMI.

Mojtyau ipyroro THIa COAEPXKAT reHbl, GeJKOBBIE NPOAYKTHI KOTO-
pBIX (Hanpumep, f-1aKTaMasa M Ip.) HHAKTHBUPYIOT aHTHOMOTHKH.
[Tnasmunel, HecylMe TakMe MOAY/IM, YaCTO Ha3biBalOT R-muasmmua-
MH (OT aHIJI. resistance — ycToYMBOCTB). OtHA rulasmuaa obecrneunsa-
€T YCTOWUMBOCTL K HECKOJIBKMM AHTHOMOTHKAM, IIPU TOM BCE WIM
HECKONIbKO INeHOB PE3UCTEHTHOCTH PA3HOIrO THUMA MOTYT ObITh CIpyII-
MHUPOBAaHbI B OJIHOM MOJYJIE.
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WMeeTcs ellle OJuH THIT MOJYJICH, BCTpeYaloMiica B IjiasMuiax:
Col-modyau. OHW KOAMPYIOT OJMH U3 HECKONbKHX GelKOB-KOIHLMHOB
(aHTHOAKTCPHATIBHBIX areHTOB, MPOAYLMPYCMBIX GuaKTepHHMH). Konn-
|IMHBI PA3HYAIOTCS TIO CTPYKTYpe M crocoby aeiicTeus. Tlrasmunsl,
KOMMPYIOIIHE OnpeeIeHHbI KOJMIIMH, YaCTO COACPXAT IeHbl, obec-
MeYyMBAIOLINe UMMYHHOCTB K 9TOMY KOJMIIMHY, CTPaxyst KJIeTKy-T1po-
JIYLIEHT OT TOBPEXKICHNH, BbI3bIBACMBIX €€ COOCTBEHHBIM CPEICTBOM
saumThl. HeKoTOpbIC MJIa3MMIbI CONEPXKAT TAKXKe MOAYIH, KOAHPYIO-
1Me CHCTeMbl pecmpuruui-modughuxayuu. [TpuMepoM TaKOro MOYJIs
asasierca cucrema Eco RI

Trnsanas naasmuaa. MoJyibHOe CTPOeHHe TUINYHBIX R-rasmul
CXeMaTHUECKHM TpeacTaBieHo Ha puc. 72. Okono 50 % nocrnenopareib-
Hocreit u3 npubansutebHo 100 ThIC. H. I 9THX TUIA3MM/L TOMOJIOTHY -
Hbl OJIHOMY M3 yuacTKOB F-ruazmuibl. 9T1a 061aCcTh BKIIOYACT FEHDI,
HeoBXOJMMBbIE JUIS KOHBIOTAUMU (fra) W PEerjIMKalud co CTPOrum
koutposiem. B F-1nonobHoi obnacTtv HaXOAMTCA }J.OuIIOJIHHTeJIbeIﬁ
MOJLYJIb, COJEPXKAllHil TeHbI, KOHTPOJMPYIOIHE YCTONUHMBOCTD K TET-
pauukaudy. Bropas nososuna R-1iasMuiibl HE pOACTBEHHA F u co-
JIEPXUT MOJIYJIH, OTBETCTBEHHBIE 33 PE3UCTCHTHOCTDL K aHTHOMOTH-
Kam (CTpenTOMMUMHY, CylbdaHuIaMuIaMm, xJopam(peHUKOIY M Ka-
HAMMUIIMHY).

[T1a3Muibl, BbUIEJIEHHBIC HE3ABUCUMO M JIAXKE B Pa3IMYHBIX Yac-
TAX CBETA, YACTO cojepxkar GIM3KOPOJCTBEHHBIC MOLY/IN (onHU U TE
XKe TreHbl pe3HCTEHTHOCTH K aHTHﬁHOTHKaM). Ha ocHoBaHuM 3THUX
NAHHBIX BO3HUKJIO MPEJCTABICHHUE O TOM, YTO MEXIly FreHOMaMH Ipo-
HCXOANT obmen HEKOTOPbLIMH reHeTHUYECKMMHU MOIAVIAMU B BUIC HH~
takthbx cermenTon JIHK. BeicTpoe pacrpocTpaHeHHE reHOB pe3nc-

" TeHTHOCTH K aHTHOMOTMKAM OOBACHAETCS MMEHHO 0OMEHOM MoOy-

JIAMH MEXKY TUIa3MHAaMHi. DTH W Ipyrue JlaHHble, IIOyUYCHHBIC TIPH
M3VUEHMH FeHeTHKM GakTepuit, MpUBeIn K WICHTU(MMKALIMK TTOIBHX-
HBIX 2IEMEHTOB, HA3BAHHBIX UHEPUUOHHBIMU NOCAEO08AMEALHOCMAMIU (IS)

Puc. 72. CtpykTypa THIHYHON KOHB-
foraTusHoil R-niasmubl.

Cpetnpiil opan — ob1acTb HAYaNa perinka-
umu (ori). Telisl pe3sHCTEHTHOCTH K aHTHOU-
OTMKaM: TeTpaumkanuy — fet”, xiopamde-
HUKONY — cam’, KaHaMuuuny — kan',
CTPENTTOMMLIMHY — St, AMIHIAILINIY — amp,
ToukamMi BhUIEACHBI CerMeHThi, HEOOXOAM-
MbI¢ Ul KOHBIOTAUWK (fra), IUTPHXOBKOH —
MOBHJIBHBIC 2IeMEHTHI (eM. ¢. 147)




W Mpancno3onamii, KOTOpbie CMOCOOHBI MEPEMELIATLCS HE TOIBKO MEXILY
IIa3MHAAMHM, HO U MEXIY MJIa3MHAHBIMM M KJIETOYHBIMM FEHOMaMM,
a TakXke B Ipejesiax caMoro 6akTepHaibHOIO reHoMa.

IS-DJIEMEHTBI 1 TPAHCITIO30HBI BAKTEPUN

[S-anemenTsl (OT aHTI. insertion sequences — NoOCIEA0BATEIBLHOCTH-
BctaBku) — 9710 cermenThl JJHK, cnocobubie kak uenoe nepeme-
LIATHCA M3 OJIHOTO YYacTKa JOKaIu3aluu B apyroi (puc. 73). 1S-sne-
MEHTBI COJIEPXKAT JIMIIL T€ TeHbI, KOTOPbIe HEOOXOMMMBI [UIH UX COD-
CTBEHHOTO NnepemelieHus — mparcnosuiuu. KpoMe toro, 1S-anemen-
Thl MMEIOT 0COOYIO MOCJIENOBATEIbHOCTh HAa KOHIAX, KaK TpaBuiIo,
uneepmupogantvie noemopst. IIpn BCTpAMBAHHMM B HOBYIO T0CJIEI0BA-
tenabHocTh JIHK IS-25meMeHTBl BhI3HIBAIOT HEGOMBIIYIO AYILIMKALUIO;
JYTUTMIIMPOBAHHLIA YYACTOK € JIBYX CTOPOH (hIaHKUPYET BCTPOMBLIMICS
IS-snement. Xapakrepuctuka Tunnuneix 1S-snementos E. coli npen-
crapieHa B Tabm. 11,

Tpancnosonamu (Tn-snementamun) HaswiBaoT cermentsl JJHK,
obnasalone TeMH Xe cBoicTBaMH, uyto M IS-anemMeHTHI, HO comep-
Kallue TakKe reHbl, He MMEIOIINE HETTOCPEICTBEHHOTO OTHOIIEHMS K
TPAHCIIO3UIMKU (TeHBl YCTOMUMBOCTU K aHTMOMOTMKAM, IeHbl TOKCH-
HOB WJIK IeHbI JIONOTHUTEILHBIX (DePMEHTOB KJIETOMHOIO MeTabo/IM3-
ma). B obuiem, Ui TPAaHCNIO30HOB XapakTepHBI T€ XK€ reHbl, KOTOPbIe
MMeIoTCA B rasMuiax. bonee Toro, HepeaKo NPUCYTCTBHE B COCTABE
TUIA3MMIIBI TOTO MJIM MHOI'O reHa oOyCJIOBJIEHO HAJIMMUEM B I10CIIEN0-
BatenbHocTH tasmuanoit JJHK coorsetcryioero tpancnosona. On
MOXET ObITh YCTPOEH Tak Xe, Kak [S-3jieMeHT, HO ¢ JOIOJHUTENb-
HbIM TeHOM. OIHAKO BaXXHO OTMETHTh, UTO 4acto asa IS-anemenTa,
oKazasLIMecs MmooaU30CTH APYI OT JPYra, CroCOOHLI IepeMeIaThes
BMECTE, OJHOBPEMCHHO I1€PEHOCS 3aKJIIOUEHHBIH MEXIy HUMM Cer-
ment JIHK. Takum oOpa3om, TpaHCIIO30H MOTYT 00pasoBath JiBa pac-

Ten (wim remsl), Komupyiommii
TpaHcIo03a3y — GeJloK, HeoOXonMMBIH
UL NepeMeleHunst

S

—— > 7T
\ Kopotkue KoHuesbie _/

HHBEPTHPOBAHHBIE TTOBTOPBI

Aymmakauwus JHK-muueny,
BO3HHKAIONIAS TIPDH BCTPAK-
Ranuu 1S-anementa

Puc. 73. 1S-anemenr E. coli
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Ta6auua 11

Tunuansie 1S-anementst E. coli

Jnmua xon- Husia myni-
LICBRLIX W= »
IS Cyshiprag BEPTHPOBAH- Jamppones OBBIMIIOE MECTOHAXOXIIEHHE
JUTHHA, H.IL. HBIX TIOBTO- HOH MH-
: LeHM, M.
POB, 1.1
IS1 768 23 9 Xpomocoma E. coli, 19 xo-
nwit; rrasmmaa R6, npe Konuu,
Shigella dysenteria, > 40 xormii
IS2 1327 41 5 Xpomocoma E. coli, 0—12
konwuii; R6, onHa Komnus;
F-nnasMuaa, oaHa Korms
1S4 1426 18 11 Xpomocoma E. coli, 1 —2 xoruu
1S10 1329 23 9 R-1utasMuast

nosioxeHHbix psaom I1S-anemenTa. TpaHCTO30HbI Pa3/INTHON CTPYKTY-
PbI OKA3aHbl Ha KOHKPETHBIX MPUMEPAX Ha PHC. 74. .
Tpancno3onbl ¥ IS-3/1eMEHTbI OTBETCTBEHHDI 32 LeJIBII PsilL FEHEeTH-
qecKMX smjieHmii y Gakrepuit. Berpausanne MOOMIBHOTO JJIEMEHTA B
KAKOI-THO0 TeH MOXET MPUBECTH K ero uHakTHBaumu. Kpome Toro,
HeKoTopbie 1S-2/1eMeHTbl M TPAHCTIO30HbI BbI3BIBAIOT TEHETHUECKYIO

HecTabWILHOCTH MOGAN30CTH OT MECTa CBOEH JIOKIM3AllMM: B OKpeCT-

HOCTSIX D1EMEHTA 3aMETHO TIOBBILLIAETCS YACTOTA JIeIe i 1 WHBEPCHii,
pPUYEM O1HA W3 TPAHMILL TIEPECTPONKHM BCEI/IA COBIANACT C OTHUM U3
koHuoB 1S-3/1eMeHTa, AaBTOHOMHOI0 WIHM B COCTABE TPAHCIIO30HA. Mo-
GHIILHBIC 21EMEHTBI CIOCOOHBI TAKXKE BbI3bIBATL TPAHCIOKALIMH.
Mexanu3mMbl nepemeienns MOOH/IBHBIX 3JIeMEHTOB ﬁalﬂ"elumii. Cy-
[IECTBYET JIBA THIA TPAHCIIO3NIIMH U3 OIHOTO reHOMa B JIPYTOii. EE xone
TPAHCTIO3UIIMM TIEPBOTO THTIA, HA3BIBACMOW KOUHME2PAUUOHHOU, 1O~

VeroitunBocTh K xnopaMbeHHKOTY

151 / 151
—_—

Cm
CTE — L »
LT, 1100 B 770
VerouuBocTh K KAHAMULIHHY
1550 / 1850
Km
Tn 5 ——4C—
N 2800 o L LAS00 Uik

Puc. 74. Hekoropbie GakTepHaIbHbIC TPAHCIO30HLI
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HOTO 2JICMEHTA B HOBBII reHom

Peummuent

TIpocToe p
BC‘I'paHBalﬂ!/ \ LN
TPAHCIIOIULIUS
PN

HODHBII T€HOM, KOTOPbIif Hecer IS-a1eMEHT WM TPaHCIO30H, CIIN-
Baercsd ¢ peunnueHTHOU Monekyinon JIHK. Perumkanus 3a cuer xie-
TOYHOIrO PEIUVIMKATHBHOIO aInapara NpUBOIMT K YIBOEHHIO MOGWIb-
HOTO DJIEMCHTA. O6pa3syercs npoMexXyTOMHbIA KOMHTErpaT C JIYIUIN-
Kalei MoOHIbHOTO areMeHTa. YT0Obl MPON301I0 passieeHne KOMH-
Terparta Ha MCXOIHbIE PEIUVIMKOHbI (OIMH W3 KOTOPBIX Npuobpesn Obl
HOBYIO KOMMIO MOOMJIBHOTO 3JIEMEHTa), HEOOXOMMMO IeHCTBHE IMpPO-
AykTa reHa tnpR, HasbiBaeMoro pesoaeazoii (ot aHrL. resolution — paspe-
LICHHE), KOTOPasi Pa3pe3acT KOMHTErPaT Ha MCXOMHBIE PEILTMKATOPDI
(puc. 75).

Tpan CIIO3ULHS BTOPOTO THIA HA3BIBACTCS NPOCMbIM BCMPAUGAHUEM.
MoGHIBHBIT 2IEMEHT MepeMellacTcss B HOBbIN reHOMHbIt JIOKYC, TIpH
9TOM HUKAKMX JAPYrUX EPECTpoeK, KPoMe NYIUIMKALMK CaiTa-MuLIIe-
HHU, HE IPOHCXOINT. DTOT B/ TPAHCIIO3MIIMM MHOIAA HA3BIBAIOT KOH-
cepeamugHsim (WIH HEPETUTMKATHBHBLIM). [Ins 3aBepuierus nponecca
notpeGyeTcs AniIb OTPAHUIEHHBIH penapaTuBHbIi cunTes JIHK.

I'eneTnueckas uamenauBocTs GakTepuit. MOGHIbHBIE 31EMEHTHI Bbi-
3SBIBAIOT FEHETHYECKYIO HECTAOMILHOCTh MOGAN30CTH OT Y4acTKa cBO-
€M JIOKQJIM3alnu, 0COBCHHO B NMpolecce peruiMKaTMBHOTO MeXaHu3Ma
TpaHCno3uumii. B 3aBucumocti ot T0ro, Kak BHeceHb! pa3pbisbl B JJHK-
MHILEHB, NMOAYYHTCA 100 neneunsi, 1MbO MHBEPCHUS TeHEeTHYECKOro
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Puc. 75. Tunsl BeTpanBaHus MoOGHIIb-

MoGHIBLHBI 27IeMEHT
Puc. 76. Mexannam obpaszoBaHus ayIi- i
JIMKALIMH 33 CUCT TOMOJIOTHYECKO#H pe- . :é
KOoMOMHAUNKM 1O MOOUIBHBIM BJC-

senTam (HepaBHBIT KpoccHurosep) Pe —

i

MaTepuasia MexJiy MeCTOM pacro-

JIOKEHMSI TPAHCIIO30HA M MMUIEe-

HBIO ero nepemelieHusi. B cesasu ¢

9TMM MHTEPECHO OTMCTHTb, YTO

XPOMOCOMBI POJICTBEHHBIX BHJIOB T N—
DakTepuii oTAMYAOTCHA APYT OT
JIpYra MHOTOUHMC/IEHHBIMU Tepe-
CTpOKaMyU MMEHHO 3TOro THIA.
[To-BuaMMoOMy, MOOMIBLHbBIC 3Jie-
MEHTBI CHIFPAJIH CYILECTBEHHYIO
poJib B INBEPreHIIMM M BH100Opa-
soBaHuy dakrepuii. Berpansanune
[S-oneMeHTOB MOOAU3OCTH OT
MOJIMAIIIETO 'eHa MOXKET MPUBOAMTL K €0 aKTUBALIMM 34 CHET TpaHC-
KPHIIIIMK ¢ IpoMoTopa [S-3/1eMenTa, T. ¢. M3MEHSIeTCs pery/isiuus 6ak-
TepuabHOro reHa. OueHb BaXHO, YTO MOOM/IbHbIC 3/IEMEHTBI CIIYKaT
MOJIBMKHBIMH YIACTKAMM FOMOJIOTHH, TOMOJIOTHYUECKAA PEKOMOHHALMS
MEXKILY KOTOPBIMH MOXET NPHBOIMTH K AYIUIMKALMAM TeHOB (puc. 76).
CumTaeTcst, 4TO AYIUIMKALMS — OJMH U3 OCHOBHBIX IyTeil DBOJIIONH-
OHHOTO BO3ZHUKHOBEHMs HOBBIX (DYHKLMIH. JleHCTBUTENBLHO, «IHIITHSISA»
KOMNMSi TeHA BBIXOAMT M3-TIOJ JABIEHHS €CTeCTBEHHOro oThopa M r1o-
JIYUaeT BO3MOXHOCTh HAKATJIMBATh H3MeHeHust. Hane Bcero 310 npu-
BeJeT K yrpare Kakoi Obl TO HM ObU10 (YHKIMM, HO MHOIAA MOXET
OJIYIUTBCH TeH C HOBbIMU (DYHKIMSMHU.

Henbsa 3a0b1BaTh M TOT (QaKT, YTO KJIETKA MOXKET IMOJYUHTD CCIICK-
TMBHOE MPEUMYIIECTBO 3a CUET NPUOOPETEHHUS B COCTABE TPAHCIIO30HA
reHa, KOTopblit cam 110 cebe crocobeH 0Ka3aThes BLITOJAHBIM JUist Oak-
TEPUH B ONpPE/IeJICHHbIX YCI0BUsAX. [ecTBUTENIHO, HA TPAHCIO30HAX
«ITyTEIICCTBYIOT» IeHbl YCTOWYHMBOCTH K Pa3iMuHbIM OaKTepHAIbHBIM
saM, B TOM YMCJIE K TSOKEAbIM METallaM ¥ aHTHOMOTHKAM, TeHbl
JIOTIOJTHUTENBHBIX META00JIMYECKHUX MYTEH, MO3BOJIAIOLINE UCTTOIB30~
BATh HCOOLIMHBII MCTOUHMK YIJIEPOa, HAKOHEIL, TeHbl HEKOTOPhIX TOK~
CUHOB, Jie/ialoline GakTepuu MaTOreHHbIMH M TO3BOJISIIOIIME UM TEM
CaMbIM CYIICCTBEHHO M3MEHUThL 06pa3 xn3Hu. CKasaHHOE B PaBHOMN
CcTereHn OTHOCHTCH M K TUIa3MMIAM, TOCKOJBLKY OOJBIIMHCTBO MO-
JIE3HDBIX JUISL KJIETKM-X035IMHA TUIa3MUAHBIX TEHOB HAXOIAUTCs B COCTaBe
TPAHCITO30HOB.




I'nasa 6. CTPYKTYPA TEHOMA DYKAPHUOT

Jlisi KIIETOK 2yKapHOT XapakTepHo Haiuuie o(hopMICHHOTO Adpa.
MudopmalinoHHOI MaKpOMOIEKYI0ii MX TeHOMA SBJISeTCS JHK, ko-
TOpast HEPABHOMEPHO pAacpe/ieieHa 110 HECKOJIBKMM XPOMOCOMAM B
BIIE KOMITICKCOB ¢ MHOTOYMCICHHBIMH GenkaMu. OIHAKO reHeTHYe-
CKYIO MH(OPMALMIO B KJIETKAX COAEPXKAT HE TOJIBKO XPOMOCOMBI SIpa.
KusHeHHO BaxHas reHeTHYecKas MH(OPMALMs 3aKTI0YeHA U BO BHe-
XpomocoMHbIx Mosekynax JAHK. ¥V aykapuor — a1o JIHK xnoponnac-
TOB, MUTOXOHAPHI M Jpyrux miactua. IToa reHoMom sykapuotuue-
CKOI'0 OpraHu3Ma B HacToOsilICe BpeMs MOHMMalOT cymmaphyio JJHK
FaryIONIHOTO Habopa XPOMOCOM M KaXIOr0 M3 BHEXPOMOCOMHBIX I'e-
HETHUCCKIX 3/IEMEHTOB, COACPXKALIYIOCS B OTAENBHOI KIETKE 3apo-
JBIIIEBOH JIMHUM MHOTOKJIETOYHOTO OPraHU3Ma.

Cymmaproe konuvecrso JJHK B rannouasom reHome NPUHSTO
0603HayarTh 1aTHHCKUM cuMBooM C. OHO u3MepsieTcs B IMUKOTrpam-
Max (1), MOXeT OBbITh BLIDAKEHO B IApax HYKICOTHIOB MIN JATBTO-
Hax: 1 nr=0,965-10° n.n. = 6,1 - 10" [Ta). Pasmep resoma asykapuor B
CpeiHeM Ha 2—3 fopsaka Bellie, YeM y npoKapor (tab. 12).

TaGanua 12
Cpeaumii pasmep ranjiouanoro remoma y HEKOTOPBIX OPraHH3MOB

Oprannzm Cpennuii pasmep reHoma, .11,
Menkue supycsl 1,0-10°¢
Mukonnasmel 1,6-10°
Baktepuu 2,0-10¢
['pudnI 4,7-107
Hacekompie 2,3.108
Momntiockn 1,6-10°
Koctucreie pribs 1.4-10°
becxpocteie amduGun 2,7-10°
XBocratkie amgubum 3,6-10w
Penmiinm 1,5-10°
ITTHib! 1,2-10°
Muekonuraomme 2,6-10°
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Oxonuanue maba. 12

Oprasmsm Cpeanuii pasMep renoma, H.I.
Yenosek ! 3.2.107
Pacrenms:
roJoceMeHHbIE 1,6-10'
MOKPBITOCEMCHHBIC 2,7-101
sunust Lilium longiflorum 1,8-10"

['eHOM 3yKapHOT CYILECTBEHHO OTJIMYAETCs OT reHOMa NPOKapHoT
M0 psily MPU3HAKOB, CPEN KOTOPBIX HEOOXOIMMO OTMETHTD €ro U30bi-
mounocmp. DYKAPMOTHUCCKAS KIIETKA COJCPKUT BO MHOTO pa3 bosblie
reHOB, ueM rpokapuoTHueckas. [Mosbimennoe conepxanue IHK B
reHOME DYKApHOT HeJib3si OOBSICHUTH JIHIIbL YBETHYEHHEM MOTPEOHO-
CTH 3TMX OPraHU3MOB B JAONOJHHUTEIbHON reHeTHuecKkoii uHpopma-
[IMM B CBSA3H C YCJIOXKHEHUEM OPraHU3aIHH, OCKOIBLKY O0JIbIIast YacTh
ux renomuoit JITHK, Kak npaBuiio, npejactaBieHa Hekooupyrouumi noc-
nedosamensHocmamu HyKi1eoTuaos. PeHoMeH 3HAYHTEIbHON H30bITOY-
HOCTH I'€HOMA 3YKAPMOT B OTHOLLEHUHM HEKOIMPYIOLNX TOC/ACI0Ba~
TeJIHOCTEH HYKJICOTHIOB M3BECTEH MO HazBaHneM «rapaiokca Cr.

[TonyunTh CyMMapHVIO XapaKTepHCTHKY CTCIIEHH pasHoobGpasus
nocaenosarensiocrteit JITHK, obfpasylonmx reHoM, MOXHO, MCCleays
KMHETHKY peaccouuanuu aeHarypuposannoit JJHK.

KAHETUKA PEACCOLIMALIMM JTEHATYPUPOBAHHOM
JTHK U CJIOXHOCTb TEHOMA BDYKAPHOT

Bonioponble CBsAI3M M MEXKIUIOCKOCTHBIE B3AMMOACHCTBHSI, CTabM-
JIM3UPYIONIHE ABOHHYIO CIIMPAJIh, 10CTATOYHO CAabbl ¥ MPY MOBbIlIC-
Hum Temmnepatypsl (10 100 °C) npoucxoaut pasaenenue ueneit. Takoi
MpoLECe HA3BIBAIOT MAagaenueM J6oUHOU cnupau, Win ee deramypa-
yueti. TIOCKONBLKY JUIst pa3pyleHus! IByX BOLOPOIHBIX cBaseil AT-nap
TpebyeTcs MEHBILLE SHEPIHH, YeM JUls PaspbiBa TPeX BOIOPOIHBIX CBSI-
3eit GC-nap, 3HaYeHUs TEMNEPaTyphl, NPH KOTOPOH MPOHCXOIMT Je-
HATYpaIMsi, 3aBUCAT OT HykKieoTuarHoro cocrasa JTHK.

Jenatypauust — npouecc odparumblii. [Tocieayiouiee BoccTaHoBs-
nenue apyuenodeyHoi crpykrypsl JHK mMoxer npoucxoauts naxe
Mpu NOAHOM pacxoxiaenny ueneii. Ilpouece Boccoennennsi, Ha3pl-
BaeMblil penamypauueii, peaccouuayuen, WIA OMMCUZOM, TIPOUCXOIHUT
NP NOHVKEHHH TEMTEPATyPhbl 3a CYET B3aHMONCHCTBHS KOMTUIEMEH-
TapHBIX OCHOBAHWIA,

B MOJICKYJISPHOI GHOIOrHMHM IHPOKO MCTIOJIB3YETCs CNOCOOHOCTD
aenarypuposanabix JHK penatypuposarh ¢ BOCCTAHOBICHHEM MC-
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XOJIHOM JIByCNUPAIbHOM CTPYKTYPBI. OHa JIEXHT B OCHOBE METOJIa MO-
JICKYJISIPHOIT rHOpUAM3ALUMN HYKITEMHOBBIX KieaoT (eMm. ri. 14). Heko-
TOpbie (POPMATbHBIE XaPAKTEPUCTUKM IYKAPHOTHYECKOTO TEHOMA MO-
YT OBITH MOJIYYEHBI C MOMOIIIBIO 3TOTO MeTona. McenenoBanne Kune-
THKM pPeaccoliMaluu OJHOHUTEBBIX JeHATYPHPOBAHHBIX ()PATMEHTOR
HAHK nyrem onpenenenusi B KaXbiii JAHHBII MOMEHT PeakliMH KO-
JMYeCTBa peHaTtypuposasiicii asycnupanbioit JIHK noseonsier no-
JAYYHUTH CYMMApHYIO BAJIOBYIO XapaKTePUCTHKY CTENeHH pasHoobpa-
susa nocaenoparensHocreit JJHK, obpasyionimx reHoM, MM ciox-
nocts JIHK. Ckopocrs peaccounannu JAHK nponopunonansna Cyt
(v = kCyr), rne Cy — ncxonHas MOIApHAS KOHIIEHTPAIMS OAHOHUTE-
soit JIHK; 7 — Bpemst peacconnaumn, c. 3nayenne Cyf),, Koraa pe-
accormupyer 50 % JIHK, xapaktepusyer creneHb CI0XHOCTH reHo-
ma. Cnoxnocers [JJTHK onpenensiercs o61eii anunoii (B HyKieoTHI-
HBIX Tapax) pasHbix nocaenosateabHocteil JIHK, comepxaumxes B
ucejenyemoMm obpasue JHK.

Mccnenosanne KWHETHKY Tpoliecca peaccoumaiinm, pa3paboTka
MATEMATHYCCKOTO OMUCAHMA PEAKLMH, CO3AAHUE BbIYMCIMTENBHBIX
nporpamMm Jjuist obcuera KMHeTHYeCKMX AaHHbX (Bputren n corp.,
1966 — 1968) BbIsSIBUIN Ype3BbIYAHHYIO MH(DOPMATHBHOCTD KMHETH-
YECKHMX napamerpoB peaknuu peaccornaumn JHK s monumanusg
CJIOKHOCTH TeHOMa, 0CODEHHO reHoMa 3yKapuoT, JLis ronyueHust Ku-
HETHYECKUX nmapaMeTpoB peakitnu peaccounanmu JIHK nocnenHion
tdparmentupyior (~ 1000 H.11.), dhparmenTsi aeHatypupyior npu 100 °C
B Teyenue 10— 12 mun, 3arem obpasen JAHK oxnaxnator a0 65°C
(na 20 °C nmxke Temnepatypsl ruiasneHus). B otnx yerosusix parmeni-
Thl BOCCTAHABJIMBAIOT JIBYCIIMPAILHYIO CTPYKTYpY. Pasnenenne on-
HoUenoYvyeyHplX U asyuenoveqyHnix ¢gparmentos JJHK Ha kononke ¢
ruapokcuanatutoM [3Ca;z(PO,),- Ca(OH),] ¢ nomoliisio docharHoro
Oydepa (0,4 M — g smiounu asynenoueyHsix pparmentos u 0,12M
Uit SIIIOIMK O/IHOLENOYeUHbIX hPAarMeHTOB), OnpeacieHue uxX Ko-
LLEHTPALHH IMO3BOJIAIOT IMOCTPOUTL KPUBYIO peaccoumnannn JJHK. g
ee NMoCTpoeHH Ha ocH abcuuce oTKaanbIBalOT Bennunny C,yf B J10ra-
pupmuyeckom Macuitabe, Ha OCH OPAMHAT — JIOII0 PEaCCOLHHPO-
panHoit JJTHK.

Mepoii ckopoctn peaccoumaumnu spisercs seianunna Cyf 525 T.€.
NPpOU3Be/ICHUE HAYAIbHOM KOHUEHTpaunH onHonenovyeunoil JJTHK na
BpeMsl e¢ MOJynpeBpalieHusl U3 OJAHOLETIOYEYHOIT B GucnupaibHoe
cocroguue. dns JJHK npokapuor xon peaccounanuu JJHK onmcsisa-
eTCsl CHMMETPHYHOI S-00pa3Hoil KpMBOI ¢ TOYKO# nepernba, coor-
BETCTBYIOLIEI 1O10BHHE peakinH. Y sykapuoT xoj peacconuarmu JTHK
pacTgaruBaeTcs Ha MHOro nopsiakon 3HaueHuit Cyf (puc. 77). Dtn pe-
3YIBTaThl NMPUBENU K 3aKJIIOYEHHUIO, UTO CYILECTBEHHAS 4acTh reHoMa
IYKAPHOTHYECKHX OPraHU3MOB COCTOUT U3 MOBTOPSIONINXCS B pa3HOii
crenenm nocnenosareabHocteil JJHK. Paznuvaior BbicokonosTopsiio-
HIHECs, YMEPEHHO MOBTOPAIOIIMECS M YHHKAIBLHBIE MOCISI0BATENb-
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Puc. 77. KpuBble KHHETHKH PEACCOLMALIMM JBYUCTOUCHHBIX JHK pa3zxoro
MPOHCXOKICHNS!

A — JIHK supyca SV40, dara T4 u E. coli: b — NHK meiuw; C/Cy — nonst pea;cgll_lluli
uposannoit JIHK, rie Cu Gy — cymMmapHbie KOHLUCHTPALNHN nenawpnpom;lmo ,mm’
B MOMEHT BpEMENH f 10C/Ie HAMAIA PEACCOLHALMH H B MOMEHT Bpt_!?«lcﬁll 13: | ocanen .
teasnocTn JIHK, peaccoumupyionine npyu 3HauCHHAX Cyt (_)lT 10~ mo 1 7 Ha3LIBa J
BLICOKOTOBTOPSIOIMMHCS MOCTeN0BATENBHOCTAMH, OT 107" 1o 10 = yMepeHHo r;:u
BTOPSIOLIMMICH; OCTABIIAsACS (ppaKitis JIHK — yHHKadbHbIe TOCACAOBATEABHO

noctin JIHK 9yKapHoT, COOTBETCTBYIOLIME TPEM BbIABISICMBIM TIDH
penarypaimi (pakuuam. s JIHK kaxnoro suaa BeIMyMHA gnr, n
IPONOPLUMOHA/IbHA BEJIMYMHE FEHOMA. COHOCT%Bﬂﬂﬂ 3HAUCHH of1 2
JTHK passpix suaos 1 JIHK Buaa ¢ M3BeCTHOM BEANIMHOM IEHOMA,
MOKHO ONpPEIAEIUTh Pa3Mep reHoMa 3TUX BUIOB.

MOCJEIOBATEJIGHOCTH HYKIEOTHIOB
HYKAPUOTHYECKOTO TEHOMA

ITosTopsomuecs 10C/e10BATENLHOCTH. B coBpemeHHOiT K1accngu-
KALLMM TIOBTOPOB NPHHATO Pa3jinyarh BbICOKOMOBTOPAIOIMECH nocne-
JIOBATEJILHOCTH, YHCII0 KOTOPBIX MPEBbILIACT 10° na rarmonanubm reHOM,
M YMEPEHHO IMOBTOPAIONLHECS, MPEACTABICHHBIC 10— 10% xkonusiMH.
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Boicoxonoemopsiouuecs nocaedosamensnocmu BK1iovaior dbyukum-
OHAILHO M CTPYKTYPHO 060CO0JIEHHYIO YacTh FeHOMA, NMPEICTaBIeH-
nyio cameasumuvimu JTHK (cam JJHK). Carennurrbie JIHK coctosit u3
KOPOTKHMX TaHACMHBIX IOBTOPOB JIMHOK 1 —20 H.11., opraHu3oBaH-
HBIX B JUIMHHbIe 6:110KkK. Cpoe nazsanue atu JIHK noayumam Ha ocHo-
BAHMM TOT'O, YTO NPH aHAIM3E CYyMMapHOi sykapuotuyeckoit JTHK
LEHTPU(DYTUPOBAHUEM B IPAIMEHTE MJIOTHOCTH xjopuna uesus (CsCl)
OHH CONPOBOXIATIN OCHOBHOI NUK ONTHYECKOH IUIOTHOCTH B BUAE
ruieva (cnyTHuKa, catenta) (puc. 78). MUMEHHO roMoreHHbiii HYKJIE-
OTHAHBIA cocTas ppakumn careintbix JJHK, onpenensemplii Hanu-
YHEM B HCH MHOTIOUMC/ICHHBIX KOPOTKMX MOBTOPOB, M3MEHMII ee I~
BYYYIO TLIOTHOCTB, 4TO JIEFKO 0OHApYXHUBaIOCh MPU LEHTPUDYTHPO-
BAHHH.

JLnist caTe/IMTOB XapakTepeH psiji CBOICTB, Cpe/IH KOTOPBIX HAnbo-
JIe€ BAXHbI: a) OBICTPas N TOUHAS PEACCOLMALIMSA B MPOLIECCE peHary-
paunn JIHK; 6) MHoxXecTBo Konwuii; B) npocras NEPBUYHAS CTPYKTY-
pa; r) TOMOreHHBII COCTaB (NPOTSKE HHbIE KJIACTEPhI OJIHMX M TEX XKe
MOBTOPAIOLMXCSH OJI0KOB MOCAC0BATEALHOCTEH); 1) NypHH-TIMPU-
MUIHHOBAsE aCHMMETPHS B pacrpe/ieleHMH HYKJICOTUIOB 10 LEensaM
JHK; e) koHuenrpuposatue B MPUILIEHTPOMEPHOM TeTePOXPOMATH-
He; X) OrpaHMyueHHasl peruIMKaimsi (HesopenanKaLus) npu MoJHTe-
HU3ALMK XPOMOCOM; 3) HAXOX/IEHHE B COCTABE XPOMOCOM B BHJIE TAH-
AEMHO (JIPYT 32 JIPYroM) Pacriolo)eHHbIX KnacTtepon. Conepxanue ca-
requmTHoit JIHK B renome aykapuor moxer mocturate 5— 50 % ot
cymmaproro konunyecrsa JIHK. B cocrase oiHoro reoma MoxHo 06-
HAPYXHUTb HECKOJIbKO pa3HbIX cate/uiuTHBIX JIHK.

Onpejiesienne HYKICOTHAHBIX MOCAEAOBATENBHOCTEH CATC/UTUTHBIX
JHK nokasano Hanuume B MX COCTaBE TAHIEMHBIX ITOBTOPOB M3 He-
CKOJILKMX HYKJICOTH/I0B. [J1aBHAS MOBTOPAIOIASICS €IMHHMLIA CATE UTNT-
Hpix JIHK (6azosas nocnenosatensnocTs), Hanpumep vy D. melanogaster,
MOXET ObITh IOCTATOYHO MPOCTOIl, COCTOSALIEH M3 TISITH HIH CeMH HYK-
Jeotuios: (AATAT)n, (AATAG)n, (AATAC)n, (AATAAAC)n u
(AATAGAC)n. Berpeuatotes u 6oee c10XKHbie MOBTOPSIIOLIMECS €11~
HULBL U3 359 H.n. Basosas nocnaeqoBaTeNbHOCTD CATEUTMTHOI JAHK
MOBTOPSAETCA MHOTOKPATHO Ha npoTsikeHUH 10 Thic. H.11. ¥ Gonee. Ta-
Knm obpasom, carenthbie [IHK 06pasyioT npoTsxeHHble reHOM-
Hble OJIOKH.

Meuensie carenmntbie JHK moxHo rMOPHIN30BATL C XPOMOCOM-
HBIMM Npenaparamu in situ, a nociae rubpuIn3aLnm BISBISTD UX JIO-
Ka/M3aiHio. B XxpoMocomax caMbixX pasHbIX 9yKapHoT (aposzocmna, mie-
KomuTalomue) carentasie JJHK npenmyiecrsenno obHapyxuBa-
IOTCS B HIEHTPOMEPHBIX M TEIOMEPHBIX PAHOHAX XPOMOCOM (cM. puc. 78).
OTO TaK HA3BIBAEMBIC TE€TEPOXPOMATHYECKHE PAOHBI, B KOTOPBIX Ma-
TEPHATL XPOMOCOM COXPAHSIETCA B MPOLECCE KAETOYHOTO 1IMKIA B 3HA-
YHTEJIIbHO GoJlee KOMIIAKTHOM COCTOSIHMM B OTAMYHE OT OCHOBHOI
(9YXpOMaTHUECKOIf) YaCTH XPOMOCOM.
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Puc. 78. Caresututhbie JJHK:

A — uentpudyruposanune npenapata JIHK

Drosophila virilis B rpannente CsCl, ocHoBHas A

vacca JIHK nmeet riasyuyio ruiotHocTs 1,693;

5 — noxkanuzaums catenutHeix JHK, Beise-

asemMast MeToIoM rHOpHAN3ALUMH in situ B Xpo-

MocoMax miaekonurtalomnx (cxema); LI —
LIEHTpOMEpa

OTOXIECTBJICHHE CATEJJIMTHOM
JTHK ¢ reTepoxpoMaTHHOM O3HAayaeT, 1,
yto Beicokonopropsomasncs JJTHK ne 1,
JKCIIpeccupyercst ¢ oGpa3oBaHHUEM T10- B
aunentuaos win PHK. Jlokanusauus [ e )
caresutntHoit JIHK B obnactu 1eHr- 1
pPOMEDBI TOBOPHT O TOM, YTO OHA Bbi-

MOJHAET HEKOTOPYI CTPYKTYPHYIO )

(DYHKLIMIO B XPOMOCOME TIPH MHTO3¢ U Meiio3e. BoamoxHo, hyHKuMs
caresuntHoil JIHK MoxeT ObITh CBA3aHA C NMPOLIECCaMU PACXOXIEHMS
XPOMOCOM. 5 :

CrpykTypa U DyHKIMH MHHM- ¥ MMKPOCATEJUIMTHOIM, a TaKXe Te-
nomeproit JIHK npeacrasienst Ha c. 170.

K ymepenno nosmopsiowumcs nociedogameabnocmam OTHOCHTCS
MOC/IeI0BATENILHOCTH, TPEICTABIEHHbIE B TCHOME JeCATKAMM MJIK He-
CKOJIBLKUMM COTHSAMM Kornid. Cpean HUX MOXHO BbLICJIUTL CTPYKTYPHO
1 (YHKIMOHAIBHO pasiauyalolmecs reHoMubie (hpakunu. CyuiecTBy-

1,664

N 5 o e i e

o0
(=]

JOT ceMelCcTBa reHOB, MOCTPOEHHBbIE U3 CIPYINMUPOBAHHLIX TAHAEMHO

ropTopstonmxcs Konuil. OHK y4acTBYIOT B OCYLIECTBICHUH XH3HEH-
HO BAKHLIX OOIEKIETOYHBIX (DYHKLMIL. DTO reHbl THCTOHOB, TPHK n
pPHK. Onn HOCAT Ha3BaHMe «TeHbl doMawHe20 X039Ucmea», B FreHOMe
HAXOATCS B MHOTOYHMCJACHHBIX MOYTH MM COBEPIIEHHO MICHTHYHBIX
KOTIHSIX.

BoJIbLLIYIO PA3HOPOIHYIO TPYIIIY COCTABISIOT nodeuchbie (MobUNb-
HbIE) 2CHEMUYeCK e IAeMeHmul Pa3Hoit pupozsl (eM. ¢. 177). Ha nx nomo
NMPUXOMTCS 3HAYMTE/IbHAS YacTh TeHOMA (10—20 %). B otnuumne ot
reHOB MEPBOIl rPYMMbI, OTAC/ILHBIE CEMEHCTBA KOTOPBIX CIPYNIMpoBa-
Hbl B OJHOM WIM HECKOJbKMX paiOHaX 3YKapHOTHYECKOro reHoma,
MOABMXKHBIC JIEMEHTBI paccesiHbl 110 reHoMy. B reHome obHapyxuBa-
I0TCS TAKXKE paccesiHHbIE WM HAXOASUIMECS B KJlacTepax reHbl, KOIu-
PYIOLIME FOMOJIOTHYHBIE OEJIKH CO CXOAHBIMU DYHKUMAMM. DTO reHbl
pasHBIX BHIAOB aKTHHA, TYOY/IMHA, I100MHA, HMMYHOIJIO0Y/IMHA, TEHBI
TeruioBoro 1moka u ap. OHKM BBINOAHAIOT KaK OOLIEKIECTOUHbBIE, TAK U
CrielMaIn3upoBatHbie (PYHKIMH.

YHHKAIbHBIE TOCIEA0BATENBHOCTH. Y HUKAIbHBIC (HEMOBTOPAIOLIM-
ecst) nocyesoBaTeIbHOCTH — Haubosiee CI0XKHbBIA KOMIIOHEHT reHOMa
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aykapuot. CojiepxaHue HX BAPBUPYET Y Pa3HbIX OPraHU3MOB B Mpejie-
nax 15—98 % ot Bceit JIHK. TlpoueHTHoe coaepxanue YHHKAIbHBIX
MOC/IEI0BATEIbHOCTEH Y HU3LIUX 3YKAPHOT 3aMeTHO Gosiblie, YyeMm y
BoiciiMX. OcoberHo maso yuukansHoit JIHK y pacrenmii.

Bo (dpakumio yHUKaIBHBIX 110C/I€10BATEILHOCTEN MMONANAI0T MHO-
I'ME CTPYKTYpHbIE reHbl, Koaupyoume Genku. bBonbinas yacth yHU-
KaJIbHBIX TTOCAEI0BATENIBHOCTEH SIB/SIETCH HEKOAMPYIOUIEH M 0OBIYHO
He 3akiioyaer B cebe reHeTuueckoit MHGopManuu B o6LIENPUHATOM
3HAYEHUHU STOTO TEPMHMHA, T.€. HEe KOJAMpYeT (DYHKIIMOHAILHO 3HAYM-
Mmbie nosunentuansie uenu win PHK. Xopouo n3sectHsiM npumepom
TAKUX YHUKAJIbHBIX MOC/ICA0BATE/IbHOCTEN SIBIAIOTCS MHTPOHBI, OOILIMIA
pasMep KOTOpbIX, KaK MPaBuJIo, Ha NOPsAOK M Bosiee npesbllaeT CyM-
MapHbIii pasmep 5K30HOB cojiepxkalux ux reHoB. Ciozia ciie/iyeT OTHeCTH
M MOC/IEN0BATCIBHOCTH, PACITIOIOXKEHHBIC MEXIIY FeHaMM.

HecMoTps Ha IMPOKYIO pacnpocTpaHeHHOCTb MOBTOPSIIOILMXCS M0~
CclieIoBaTeIbHOCTEN B reHOME 9YKaproT, OMOIOrHYeCKOe 3HAYEHHUE ITHX
W IPYTHUX HEKOJIHPYIOIIMX DJIEMEHTOB FeHOMa OCTAETCSI HEMOHATHBIM.
BbI3bIBaeT COMHEHHME MPABUJILHOCTL AKTUBHO 0DCYK1AeMOii B TeUeHHE
JIBYX JICCATHIETHI THITOTE3bI 00 «3rOMCTUYHOCTH» U30BITOYHON TeHOM-
Hoit JIHK, o ee HenyxkHOCTH. ‘

Henasno st 06bsicHeHUst OCHOBHOI# (hYHKUMOHAILHOI POTH «HU3-
6biTounoii» JIHK B reHoMe 3yKapHOT npejulokeHa rHIoTesa «ajibTpy-
uctnueckoi» JIHK (JI. M. IMarpyiies, 1997). UMeHHO H30BITOUYHBIE 110~
caenosarenbHocTH JJTHK okaspiBaloT crabuiansupyioiee BIMgHue Ha
reHETHYECKYI0 HH(OPMALIMIO, 3AKITIOYCHHYIO B TEHOME MHOTOKJIETOY-
HBIX Oprann3MoB. OHn pa30aBIsiOT KOAMPYIOIIHE MOCIe10BATEIbHOC
TH HCKOAMPYIOUIMMU TaKMM 00pa3oM, YTO MOCJEIHWE BBICTYIAIOT B
POJIM JIOBYLIIEK MYTAreHOB /1100010 BUaa. 3To pa3basiieHUe MOIJIO IPo-
M30MTH B pe3yibTaTe 3BOJIOLIMOHHBIX Tpeodpa3oBaHUi reHOMa-TIpe/-
LIECTBEHHHUKA MyTeM BKJIOUYEHHUs] B HETO HEKOMMPYIOIINX M30BITOYHBIX
T10CJICIOBATEIBHOCTEH MTPH YHACTHH Pa3HBIX MOJIEKYISPHBIX MEXaHU3-
MOB. Oprauu3smel, Y KOTOPbLIX XH3HEHHO BaXHBIE FeHbl MAKCHMATBHO
3aLULICHBI OT ACHCTBUS MYTareHoOB, JOKHBI 00J1a1aTh 9BOJIOIMOH-
HBIM TPEUMYILECTBOM M B IEPBYIO OYepe/lb COXPAHSTLCS €CTECTBCH-
HbiM otOopoM. U30bITOuHbBIE MOC/IeI0BATEILHOCTH BEAYT cebsl BITOJIHE
«QIbTPYMCTHYHO», NPUHUMAs yap MyTareHoB Ha cebsi u crnieuudu-
YECKH 3alllMiLas XXKU3HeHHO BaxHbie yyacTku JAHK ot Myranmii,

CTPYKTYPA DYKAPHOTUYECKHUX T'EHOB

Opranusalms reHOB Y 3yKapHoT 3Ha4YHTEIBLHO COXHEE, YeM Y IPO-
KapHoT. DYKapnOTHYECKHIT TeH MOXHO pacCMaTpMBaTh KaK COBOKYII-
HocThb cermeHToB JIHK, KOTOpBIC BMECTE COCTABIASAIOT IKCIIpEccUupye-
MYIO EIHHMILY, OTBETCTBEHHYIO 3a 0Opa3oBaHue criennpuyeckoro hyHk-
HHOHAILHOTO TnpoaykTa — anbo monekyasl PHK, nubo nonunenrtuaa.
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Hayano PHK Konen
Mpomorop  (+1) WUntpon | Mmmpon 2 HMurpor 3 MPHK
/ 9xaou 1 /\Smn 2/ Dx3om 3 /E)mn 4
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5-HTIT Buyrpentue 3-HTIT  TIpaseuie

JleBnie
perysiTopHbie PeryiasTopHkie pPeryJsTopHbIC
3ICMCHTBI 3JICMCHTHI DMEMEHTBL

EJMHHIA TPAHCKPATILHE ———— f ===~ ~ -

Puc. 79, CTpyKTypa 3yKapHOTHYECKOTO FeHa, KOAHPYIOIEero Oes1oK:

+1 — Touka wHMmmauwy Tpamckpunuuu; 3-HTI u 3-HTIL: 5~ u 3'- — He-
TPaHCAUPYEMBIC TIOC/IEI0BATEIBHOCTH

K cermentam JIHK, cocrapisiiolniuM reH, OTHOCSATCS CACAYIOUIHE
HIEMEHTBI: ]

|. Eaunamia tpanckpunumn — 370 yyactok JHK, xonupyloumit
nepBuuHblil TpaHckpunT. OH BKJIIOYAET: ) MOC/IeI0BaTEIbHOCTD, KO-.
Topas 0GHAapYKHBAaeTCs B 3pesiblX (PYHKIMOHAILHBIX MOJICKY/IAX PHK;
6) untponst (Uit MPHK): B) IIDOMC)KYTO‘IHble“HOCJICH,OBaTe.ﬂbHO-
ctu — cneiicepsl (st pPHK). MUHTpOHBI M CHICHCEPDBI YAAIAIOTCS B
X0JI€ TIPOLIECCHHTA NEPBUUHBIX TPAHCKPHITTOB; r) 5'- u 3'-HeTpaHciu-
pyeMmble 10CIe10BaTeIbHOCTH (5'-HTTI u 3'-HTII).

2. MUHMMAIBHBIC TIOCe10BATEILHOCTH, HEOOXOMMMBIE /UTS HAYaIa
TPAHCKPUIILIMK (IPOMOTOP) M KOHIIA TPAHCKPHITIHM (TepMUHATOP).

3. TMocnenoBaTebHOCTH, PErviMpVIOUIHE YacTOTy HHHIIHALMM
TPAHCKPHMIIIIMM; OTBETCTBEHHbBIC 32 MHIYLMOEIBHOCTL U PEIPECCHIO
TPAHCKPUIIIIMM, A TAKXKE KJICTOUHYIO, TKAHEBYIO M BPEMCHHYIO chie-
uwndmunocTh TpaHcKpunmu. OHM Pa3HOOOPA3HBI 110 CTPOCHMIO, MO~
aoxennio  Gyukumam (puc. 79). K ux uncity OTHOCATCA dHxaHcepbl
(oT anrn. enhance — ycuaMBaTh) W cauaencepol (ot aurn. silence —
3araylaTh) — 3TO MOCHEN0BATEAbHOCTH JIHK, pacrnionoxeHHbIe B
THICAYAX NAP HYKICOTHIOB OT NPOMOTOPA SYKAPHOTHUECKOTO reHa u
OKA3LIBAIOIIHME MCTAHIIMOHHOE BAMSHIE HA €ro TpaHCKpunuumio. B o510
orpeiecieHne TeHa He BKJIIOUYEHbI MOCHe10BaTe/IbHOCTH JHK, koto-
pbie BAMSIOT HA POCTPAHCTBEHHYIO KOH(UIYPAIHIO TeHa B XpOMaTH-
He, HU MOCJIeI0BaTeIbHOCTH, KOTOPbIE PEryaupyloT €ro TOnojJ0rtio.

I'enbl, Koaupyomue OeJKu

B omiMuuMe OT NMPOKAPHOTHYECKHX FeHOB, MOYTH BCErla KOUIHHE-
apupix ceouM PHK, MHOrue renbt 3yKapuoT HMEIOT Mo3auHoe cmpo-
enue. 1o MO3aMUHOCTBIO B IAHHOM Clly4ae MoApasyMeBacTes uepe/io-
BaAHUE KOAMPYIONINX (2K30Hbl) N HEKOIMPYIOIIHX (BCT&IBE‘J‘IHMC nocie-
J0BATCABHOCTH, WM UHMPOHb!) TIOCHENOBATE/ILHOCTEH B Npeaesax
eIMHMIIGI TPAHCKpUIIMK. MHTPOHBI vallle BCEro BCTPEaroTes B re-
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Hax, KOAMPYIOMX 6€e/IKK. 3a MCKIIIOYEHUEM HEKOTOPBIX reHOB, KO-
PYIOILUMX NATH THCTOHOB, o~ M B-MHTEPHEPOHBI, BCE IeHbl, KOAHPYIO-
me Oe/KH MO3BOHOYHBIX, COAEPKAT HHTPOHBL. Y GONblIei YacTH re-
HOB Drosophila waTpoHbI oTeyTeTBYIOT. ONHAKO HEKOTOPbLIE KIacTephl
FCHOB, pCryJMpyIOIUHEe pa3BUTHE OPraHOB TeJa HACEKOMOTO, COMep-
KAaT MHOXECTBO MHTPOHOB. MHTPOHBI NPUCYTCTBYIOT M BO MHOIMX Te-
Hax pacTeHMi.

Pasmepsi, yncno u mecrononoxenne MHTPOHOB Y Pa3HbIX TreHOB
PasinyiHpl. TeM He MeHee CXOHbIE TeHbI Y OPraHN3MOB PA3HbIX BHIOB
'1aCTO HMCIOT OJIMHAKOBOE YHMCJI0 MHTPOHOB B OJIHMX M TeX K€ MO3MLIM-
#X, XOTH JUIMHA M HYKJIEOTHIHAS NOCIeA0BATEIbHOCTh MHTPOHOB MO-
YT 3aMeTHO pasnnyarhbes. OGBIMHO YMCIO MHTPOHOB HA TeH BO3pa-
CTACT NMPONOPUHOHATILHO JUIMHE MOCAE0BATENBHOCTH, KOAMPYIOLICH
0e0K, a pasMepbl 3K30HOB B CPEHEM COCTABISIOT OKOIo 300 H. 1.
(puc. 80). B ienom o6uas uMHa nocien0BaTenbHOCTE WHTPOHOB I1pe-
BBIIIACT CYMMAapHYIO JUTMHY 9K30HOB 06b14HO 0T 2 110 10 pa3, a uHorna
cuie Gosbuie (Tabm. 13).

MHTpOHBI pacnionaraioresi B eiMHUIAX TPAHCKPUITLIMHU He cIyyaii-
HbIM 00pasoM. B 6e10K-KOAMPYIOIMX FeHaX OHM YACTO HAXOISITCS MEXKILY
CEIMCHTAMH, KOTOPbIC KOAMPYIOT OTACNbHbIE CTPYKTYPHBIE MIIH (hyH-
KIIMOHAJIbHBIE JOMEHBI HeKa.

DBONIOLHOHHOE BOZHUKHOBEHHE MO3aMYHOI (MHTPOH-2K30HHOIA)
CTPYKTYPbI TEHOB 9YKAPHOT, TAK XK€ KaK U KOHCEPBATUBHbIIT XapakTep
HAC/ICI0BaAHMA PA3MEPOB M B3AUMHOIO PACTIONOXEHHS! MHTPOHOB B re-
Hax, HE HAXOJIAT B IAHHOE BPEMSI MCUYEPIIBIBAIOLIETO 0OBICHEH IS H3-33
KKYUICrocs OTCYTCTBHS (PAKTOpPA IaBIEHUST €CTECTBEHHOTO 0T6Opa Ha

I'en uncymna kpeicu (ren I) 50 11O —y

i

I'en a-rno6uxa Mpim 100 IO ——

l

l'en B-mrobuna Mummm 100 10—

f

I'en oBasGymuna kypuist 500 10 —

f

I'en oBoMykomna Kypuusr 500 ITO —i

!

I'en komans6ymuna kypunst 500 110 —i

i

Puc. 80. KapTbi HeKOTOPBIX MPEPBIBUCTBIX FEHOB.
)KI‘IPIIHMH JHHUAMM 0D03HAYCHBI JK30HbI, TOHKHMH — HHTPOHBL

158

TaGauua 13
TIpepbiBHCTBIC FeHbl IYKAPHOT, KOAHpYOIHe (eaKkn

: DK30HBI Hiurmporint
L ooy if;l:aap:::lﬁ yucno | cymMmapHas IuHa, H.IL
a-I'nobnn Mpin 463 2 256
Yenonek 596 2 265
Wucynun Yenosex 417 2 964
Kypuua 540 2 3619
AnsGymuH Kpeica 2000 13 12500
a-AMHiIasa Kpsica 1600 i 7400
Hduruapodo- Mplb 1600 26 40400
JlaTpeiyKTasa
OBanbbyMHH Kypuua 1872 7 5758
M®ubpoun Tyronnbiit 18000 1 970
HICKONPSIL
Mazconn Daconb 1263 5 515

[0C/Ie0BATEIBHOCTH HYKJIEOTHIOB 63 YeTKMX GHosornieckux hyHk-
umit. HanGosnbiiee pacnpoctpateHne nojyynia konuenuus B. 'nabep-
ta (1977), cornacHo KOTOPOIi MOSBJICHUE MHTPOHOB, TO-BUAMMOMY,
COBMNaBLIEEe 1O BPEMEHH C IBOTIOIUUMOHHBIM BO3HHKHOBEHMEM MHOIO-
KJIETOYHBIX OPraHH3MOB, 00CCHEYHIO BO3MOKHOCTL 0OMEHA IK30HA-
MH MCXJY HEPOACTBEHHBIMM reHamu. Takoid oOMEH 0JIKEH COompo-
BOXKIAThCs 0Opa3oBaHeM HOBbIX DEJIKOB MO3AUYHOTO CTPOCHHS, CO-
CTABJIEHHBIX W3 FOTOBLIX MOJUNENTUAHBIX (DYHKIIHOHATBHO 3HAYHMBIX
MOJIYJICH (IOMEHOB), paHee MPUHALICKABIINM Apyrum Oenkam (ru-
[10Te3a 0 MEePEeTacoBKE IK30HOB B npoiecce 3sosnounn). CieacTsnem
9TOrO, M0 MHEHMIO CTOPOHHMKOB JIaHHOI KOHUENIMH, ObUIH pe3koe
ycKopeHue oOpaszosanust 6eJKOB H (hpepMEHTOB ¢ HOBLIMM (DYHKIIMAMH,
a Takke riybOKHMe 3BOJIOIMOHHbBIC 11peodpa3oBaHus CaMUX OpraHu3-
MOB, PEAIM3YIOIIMX TAKHE MOJIEKYISPHbIC MEXaHN3MBL. DTa TOYKA 3pe-
HUS TIOJIYYMJIA €11le HA3BAHUE «IMIOTE3bl MO3THET0 BO3ZHUKHOBEHHSA
MHTPOHOB». B cooTercTBIY € Apyroit runotesoii (k. [lapuenn n B. [ly-
autTa, 1978) coBpeMeHHbIE MHTPOHBI NPEACTABIAIOT COD0i «3BOMIO-
LIMOHHBIE PeIHKTBI». KOra-10 HHTPOH bl ObUIH YaCTLIO THTAHTCKHX TCHOB.
[Mpennonaraercsi, YTO MO3au4Has CTPYKTYpa FeHOB ONpeJieNseT 3B0-
JTIOLMOHHBIE BO3MOXHOCTH TeHOMA, TOIIa KaK MPOKAPHOTHI, YTepsB-
IIME MHTPOHBI, MPEACTABSIOT CO00i IBOMOUMOHHBIA TYNHK.
Onpesie/ieHne HYKJICOTHIHBIX 110C/Ie0BaTEILHOCTElH B COCTaBe ro-
MOJIOTMUHBIX TeHOB (Hanpumep, reHos r100MHOB) MOKa3ajio, YTO Hau-
GOJIBIIMM M3MEHEHHMAM B SBOJIONMH MOABEPTAIUCH MHTPOHDLI, & He
9K30HbI. B HTpOoHAax 0OHapyKeHbl BCTABKH, JIEJIELINH U IPYTHE T1epe-
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CTPOIKHU, B TO BPEeMsl Kak MOCIe/I0BATE/IbHOCTH 9K30HOB OKA3bIBAIOT- ;

Csl 3HAYMTETBLHO Goslee KOHCEPBATHBHBIMM: B HUX MMEIOTCS JIMIIb OT-
ACHBHBIC HYKJICOTHAHBIE 3aMeHbl. DTH HABMIOICHUSI MOKHO UCTONIKO-
BaTh B 1OJIb3Y NPEACTABACHUI O TOM, YTO NepeKoMOMHALINS IK30HOB
OCYLICCTBIISAIACH 110 PaifOHAM MHTPOHOB, YTO M COIMPOBOXIAIOCH M3~
MEHEHHEM MX CTPYKTYPBI.

HJisi 5yKapHoT XapakTepHbl MOHOLMCTPOHHBIE eAKHMIIbI TPaHCKPUII-
IIMH B OTJIMYME OT MPOKAPUOT, Y KOTOPBIX OOBIYHO reHbl OPraHu30Ba-
HbI B ONCPOHBI, @ NX IKCAPECCHS ONOCPEAYETCH TMOIULMCTPOHHBIMH
MPHK. B aykapunotuuecknx kietkax obpasyiorcs MPHK, konmnpyio-
L1l TO/ILKO o1MH Bestok. Jlaxe ecin ren koaupyer He oaun s MPH K,
KaK npn aILTepHaTHBHOM cniaiicuure, kaxaas 3penass MPHK nmeer
TOJILKO OJIHY TPAHCIMPYEMYIO KOIUPYIOIIYIO MOCAeI0BATEILHOCTb.

Peryaaropnbie aeMenTsI renos, Koaupyiommx Geikn

¥ Bhicumx sykapuor B npeznenax 100— 200 m. . repej1 CrapToM TpaHe-
KPHIILNH BRISIBICHA CI0XKHAS MO3AHKA MPOMOTOPHBIX 2JIEMEHTOB, Tpe/i-
CTABRJICHHBIX KOPOTKHMH HYKJICOTHAHBIMH OC/IE0BATENLHOCTAMH («MO-
THBaMu»). Ha paccrosmmuu 27 —30 n.n. ot caiita MuMmmMaimm TpaHc-
Kpununu pacnionoxeH TATA-MoTHB, KOTOPbIi CTPOro onpenensier cait
HHUIHALIHA TPAHCKPUITLMH, T. €. 5'~-KOHeIl TpaHckpunTa (puc. 81).

Ha paccrosnum 80— 50 .11, umeloTes nocaenosatenbHocts CCA-
AT, oObMHO BeTpewalomasicss B NpOMOTOPHOIl 30He pasHbIX TKaHe-
crneuuduyecknx reHos (1oOHHOB, THPEOrNobyIMHA, aKTUHA U ap.),
1 nocaenosarensHocte GGGCGGG, yepeaHennsiit BapuaHT «GC»-
MoTHBA. [TocenHmit MOXeT BCTpeuaThest HECKOILKO pas 110 UTHie npo-
MOTOPHBLIX PAHOHOB reHOB, paboOTAIOUMX KOHCTUTYTUBHO M obecrie-
UHBAIOLNX OOLIEKICTOUHBIC (DYHKINM: Nepes reHaMu I71I0K030-6-(hoc-
bataermaporenassl 1 GocornunepaTknHazbl BKparjieHbl COOTBET-
CTBEHHO JIEBATHL M IBA TAKMX MOTHBA.

DPPEKTUBHOCTL MPOMOTOPA ONpPEAETACTCH KAK ahdekTHBHOCTRIO
OTAGIBLHOTO 3JEMEHTA («MOTHBa») B COCTABE NIPOMOTOPA, YHCIIOM €10
SJIEMCHTOB, TaK M GJIMXAHIIMM HYKICOTHAHBIM OKPYKCHUEM BOKpYT
HETO.

I'enbl, Koampymomme anantHeHbie Gesku, obpazosaHue KOTOPbIX
PE3KO YCHIIMBACTCS TIOA BIMSIHMEM PasHbIX (DaKTOPOB cpeibl (11OBbI-
IEHHE TCMNEPATYPhl, OTPABICHHUE MCTAIAMM), CONEPKAT B COCTABE

+1 PHK
-90 -80-50 =30
—~ ceart}——frama}—)
Go

Puc. 81. O6uias cxema crpoers IPOMOTOPOB I'eHOB, KOAMPVIOIIHX Benkw,
V 3YKApHOT
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MPOMOTOPOB JOTIOIHUTENbHBIE XapaKTepHbIe KOPOTKHE HYKJIEOTH/IHbIE
nocnenosarebHocTi. Tak, B reHe Ge/1Ka TEIJIOBOro NIOKa Apo30duib
B MPOMOTOPHOM paiioHe umeiorcs nosropsioinnecs Mmotusel CTCG u
GTTC; B renax 6es1Ka’ METAJJIOTHOHEMHA BBISIBJIEHBI IOBTOPHIOLLHECH
nessrnnykieoruansie «MotuBbi»: TGCGCTCGG. Ecnu Takue MOTH-
Bbl BCTABUTH B IPOMOTOPBI IPYTUX T€HOB, TO UX 3KCIIpECCUsl HAUHET
3aBHCETb OT MPUCYTCTBHS METAJUIOB. BbIsIBJICHBI YUaCTKH, OTBETCTBCH-
HBIC 32 TOPMOH3ABUCHMYIO peryasimio. Takum obpasoM, obracts npo-
MOTOpa 3YKAPMOTHYECKOro TeHa paccMaTpUBAeTCs Kak crietuuduue-
cknit JIHK-ocroB, Ha kotopom cobupatorcs GelKM TPAHCKPHITLHMH,
V3HAIOINE CBOM CANTDHI CBSI3bIBAHUS M B3aHMOJACHCTBYIONINE KAK APYT
¢ apyrom, Tak u ¢ PHK-nonumepasoii. i

B cocTtaBe 3yKapmoTH4YECKOTrO reHa MMeloTesi ocobble yuc-neiicTBy-
IOLLME 2JIEMEHTBI PeryIsiitii, MOAYYHBLINE Ha3BaHHe YCHIHTEeRs (2H-
XaHcepa), WiH aKTHBAaTOpa, TpPaHCKpHUMIMK. OKa3anochk, 4T0 3HXaHCe-
pbl MOTYT pacrojiaratbcsi Kak Ha 5'-, Tak M Ha 3'-KoHue (parmeHTa
JIHK, BKJIIOUAIOLIEro IeH, a TAKKe B COCTaBe MHTPOHOB (puc. 82). Ouu
crocobHbI JielicTBoBaTL M Ha OosbMX paccTosaumusx (bonee 1000 H.11.),
M BHE 3aBHCMMOCTU OT OPUEHTALMH MO OTHOIIEHHIO K HANPABIECHUIO
TPAHCKPHUIIHK FeHa.

DHXaHCEePbl COCTOST U3 «HYKJICOTHIHbIX MOTHBOB». KOpOTKME HYK-
JICOTHIHBIE BJIOKH MOTYT CAYXHTb LIEHTPAMM CBSI3bIBAHMS crieuundu-

-2000 =200 +1

A —P—
Ficy > et ;v
- 5, 3
PHK \/
I~
" reH Yo
;' 5,
5
Duxancep
Marpuke sipa
(Tomonzomepasa)

Pic. 82. Duxancepbl 9yKapHOTHYECKHUX FeHOB:

A — po3MOXHBIE pailoHBl JOKAAM3AUMH JHXalcepa ([KSY) ¢ pasHOil opHeHTauHeH
(—) OTHOCHTEABLHO HATIPABRJCHHS TPAHCKpHNUKYN; 5 — B3aumozneciicTane Beaka ¢ 9H-
XaHcepoOM; CTpesIKa — TPAHCKPHIIIHA IeHa

6 Konmuen l 61




YecKHX siepHbIX OenkoB. Cuia sHxaHcepa, BeposSiTHO, MOXET 3aBHCETh
oT uucia Takux 6J10KoB. OOCYKIAI0TCA ABa OCHOBHBIX MEXAHM3MA jeii-
cTBUA dHxaHcepoB. CunTaeTcd, 410 (PYHKUHOHAIBHbIE YIACTKH FEHO-
Ma, cojepxailie ONMH MM HEeCKOJILKO T€HOB, 00pa3yioT JUIMHHBIE
MEeTIH, BKIIOYAIOIINE NECATKH Thicsy HykiaeoTwiaHbix map JITHK. ITer-
JIM 3aKperuieHbl B MATPUKCE KJIETOMHOTO SJIpa M CBEPXCITMPAIM30BAHDI.
B cocras maTtpukca BXoauT Tonouszomepasa 11, onpenensiiomas Tono-
soruio netnn JAHK. B3aumoseiicrsue snxancepa ¢ 6eikaMy M3MeHSeT
KoH(popManMIo Beeil NeTin, BKIIOYAs M YIAICHHBIH OT HEero yyacTok
JHK, B pesyabrare 4yero B cOCTaBe METAH M3MEHAETCS JIOKaabHAasI
CTPYKTYpa XpoMaTHHa 1 obJierdaercsi TpAaHCKPUIILIMSI reHa (cMm. puc. 82).
boiiee BeposiTHO, YTO BJIMSHHE DHXAHCEPA, CBA3AHHOTO ¢ OEJIKOM,
OIpeJIe/IsieTCsl ero HerocpencTBeHHBIM B3aumoJieiictenem ¢ PHK-mo-
JIMMepasoii (eum. ¢. 265).

DHXaHcep B 3aBUCHMOCTH OT OesikoBoro (hakropa MoXeT BecTH cebst
M KaK HEeraTMBHO JIeiicTBYIONIMIT «ryinuTeib» (caiiiencep) aKcnpec-
cuu reda. HeratusHoe sieiicTBue cailyieHCEPOB, KAK M B CJIyyae 2HXaH-
CEpOB, HC 3aBUCHUT OT IMOJIOXKEHHUS W OPUEHTALIMH OTHOCHUTEILHO Caii-
Ta HHULMALMK TPAHCKPUITLIHH.

Takum oGpa3zoM, peryasiTOpHbIe JIEMEHThI FeHOB 0BJIANAI0T PSJIOM
obmmx hyHkuMoHanbHBIX Xapakrepuctuk. Ha ¢hmsmueckoii kapre pe-
TYASTOPHOI 00J1ACTH TeHa OHM MOTYT PACTONIATATLCS B OJTHOM paiio-
HE, COIaBast CAOKHYIO MO3AHKY PEryIsaTOPHBIX curHanoB. OteyreTBHe
TpeboBAHMIT K CTPOrOM JIOKATM3AIMK U OPUEHTAIINU PETVISITOPHBIX
MOCeA0BATEILHOCTEH OTHOCHTEILHO FE€HOB PACHIUPAET BO3MOXHOCTH
CO3/aHMsi HOBBIX PEryasiTOPHBIX CBSI3€i T1yTEM EPETACOBKU peryJisi-
TOPHBIX 2JIEMEHTOB B IpOlecce 9BOIOLMK. B Takom ciyuae 9B0oJIO1IHS
PEryasiTOPHBIX 3JIEMEHTOB DYKAPHOT MOXKET ObITh OCHOBAHA HA M3MEH-
UMBOCTH MO3aHMKH OFPaHMUCHHOIO YMC/IA PEryJIsITOPHBIX HYKJIEOTHI-
HBIX MOTHBOB.

PuOocomnbie rensi

Yucno renos, koaupyioumx pPHK (p-renwi, p/IHK), kone6nercs
OT COTEH /IO HECKOJILKMX ThICSY B 3ABUCMMOCTH OT BHIA 3YKapHoT. Tak
KaK TPAHCKPHIIT P-T€Ha JIaeT TOJIbLKO OJIHY KOMHUI0 KOHEYHOro Ipo-
aykra (5,8S, 18S u 28S pPHK), cnpoc na pPHK wacro ynosierBopsi-
eTCH 34 CHET OrPOMHOrO M30LITKA TCHOB.

I'eHbl HAXOMSATCS B OJIHOM WM B HECKOJILKHX XpoMocoMmax (v uesio-
Beka okono 200 p-renos, pacnosoxkeHubix B 13, 14, 15, 21 u 22-ii
XpoMOcOoMax) B obracTax ¢ xapakTepHoil Mopdosiorueit, HasBaHHbIX
SUIPBILIKOBLIMM OPraHU3aTOPaMH.

I'enst pPHK npakTH4ecky BCeX 3yKapHoT HOCTPOCHBI B BUJIE JUTMH-
HBIX ITOBTOPOB THIA «rojioBa K XBocTy». Ha anekTpoHHbiX MUKpoOdO-
Torpagusix hparmenra JIHK sapbiiiek B MOMEHT TPaHCKPHITIIMHM BHII-
Hbl HeckobKO Kiiactepos reHoB pPHK (cm. puc. 144). Kaxk npasuio,
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Konupytolme obnactu resos 185, 5,85 u 28S pPHK crpynnuposaHsl
B YKA3aHHOM NMOPSIIKE B OJIHY TPAHCKPHUITLIMOHHYIO eIMHMILY (KiacTep).

Kaxubiit knactep p-reHoB JUIMHOM 0T 7 10 14 Thic. H. 1. (B 3aBHCH-
MOCTH OT BMJIa) OT/CJEH OT JAPYrUX KJIAcTepOB MEXIeHHbLIM creiice-
pom (MI'C) (puc. 83), JUIMHA KOTOPOro y pasHbIX BUIOB CHILHO pa3-
JIMYAeTcs, HO B Ipe/ienax OJHOro BUAa OTHOCHTE/IbHO [OCTOSHHA.

Envnunia TpaHCKPHMITLIMK HAYMHAETCH OT MECTa COCAMHEHHS MeX-
reHHoro crneiicepa n 5'-BHTC. Ona nanpasisgercs B cTopoHy reHa 18S
pPHK u 3akanumuBaercs B pasHbIX cailTax MEXreHHOro creiicepa 3a
1MOCJIeI0BATENbHOCTEIO, Koaupylouiei 285 pPHK.

Konupyiouue obaacTH p-reHOB y pa3sHbIX BUIOB SBJISAIOTCSH KOH-
cepBaTHBHBIMHU, [IAMHA M HVKICOTUIHBIE MOCAEA0BATENbHOCTH MEX-
FCHHBIX CTeiicepOB BEChbMa CHJILHO pasjIMualoTes OT BHiaa K Bumy. 00-

Kmacrep Mex-  Knacrep Mex-  Knacrep
pPHK- remnmit  pPHK- rennsiii pPHK-
TEHOB CIHeicep TEHOB CIleiicep  I'€HOB
2 S= = oy

- 8—14 ThiC. HIT. "~

- -~

- -~

MIC .-<{1) 185 (3)5.85(5) 288 - (T)MIC

5 Yenosek
~3 19 -2 ~2 |= 51 >
[P |
" EnuHuua TpaHcKpumimu, ~14 thic. . |
Berapku
0,5—6 ThIC. H.II
188 8528 268 v
!-—1 1,9 | i e % ,l
" EAMHHMUA TPAHCKDHILHH, 7—8 ThIC, H.II,
178 5,88 26S
S. cerevisiae }
(apoxKi) - :
1,7 = + >
pRiFy -0,7 38

¥ Eaupuua TpaHCKpHIIMH, ~7 THIC. H.IL

Puc. 83. Opranusaumst KI1acTepoB p-reHOB 3YKapHOT:

A — Kaxaplit KaacTep p-reHoB LTHHO#N oT 8 g0 14 Teic, M., OTAeACHHBIE OT Jpyrux

KJ1acTepos MexrenubsiMu cneficepamu (MI'C); b — xnacrep p-resos (euHuia Tpate-

KPHMILNH) "ed0BeKa, apo3odmib, ApoxoKeil, cOCTOSIIMI M3 nocaeaopaTesbHocTeil,

komupyiowux 188, 5,85 u 288 pPHK. a takike TpaHckpubOHpyeMbIX crieiicepoBn: 5'-

sHewero (1); 5-suyrpennero (3); 3'-suyrpennero (5); 3-suewero (7): ren 268
pPHK aposodmisl conepxut BetaBky umHoit 0,5—0,6 thic, H.1L.
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I'en 58 pPHK
JUATYIIKH

120, 300—800

Criejicep
— # —
I

25
Puc. 84. I'ennt 5S pPHK

[Mpomotop () pacnonaraetca BHYTPH rena (25 n.im)

et 0coDEeHHOCTBIO MOCASJHUX SIBJSETCS TO, YTO OHM 00bINHO coaep-
KAT NpsIMble TAHIEMHBIE MTOBTOPLI, CXOAHBLIC C TEMH, KOTOPLIE OKPY-
KAIOT CaiiThl HA4aJ1a TPAHCKPHITLIMU, T. €. CHTHAIBLHBIC TTOCIEI0BATE b=
HoctH juist PHK-nosnmepassl 1. Pazroe uMciio akToB KpoccHHIrosepa,
MPOUCXOJISAIIMX MEXKAY TaAHAEMHO IMOBTOPSIIOIIMMHUCS CAMHHILAMU B
MEXT€HHOM crieiicepe, NPUBOAWUT K Pa3jHYUAM B YHCIE CAMMX 3THX
eMHMIL, 4 TAKXKE B UUCIIC MOJTHOPasMepHbIX p-reHoB. Takum obpasom,
MEKIeHHBIC cIeiicepbl PBOJTIOUMOHMPYIOT KaK COMJIACOBAHHO C p-re-
HOM, B KOTOPbIit OHM BXOJISIT, TAK W HE3aBUCHMO OT Hero. B pesyabrare
KpOCCHMHTOBepa 0011ast JUTMHA NOBTOPSAIONIEICA eAMHMILB! P-TCHOB Ba-
PLUPYET OT OAHOTO OJM3KOPOICTBEHHOTO BHIA K IPYTOMY M JaXKE B
ripeiesiax oJIHOro BU/A.

Eaunniia tpanckpunuuu p-reHos B JIHK uenopeka umeer pas-
Mep 0KOJIO 14 ThiC. H.I1., TPUOJINXKAACH K CAMOM JUTMHHON U3 U3BECT-
Hoix. [IpumepHo noaosuna obnacreii p-renos Drosophila, Koaupyio-
mnx 268 pPHK, uMmeior BCTAaBKHM pasiuaHbIX PA3MepoOB; OHW HE AB-
JSIOTCH MHTPOHAMM, M KJIACTEpbl ¢ TAKMMM BCTABKaMM He TpaHC-
KpHOHpYIOTCS.

[Tocne 3asepuienns tpanckpunuuu npo-pPHK pacuienisiercs noa
JICHCTBUEM 3HAOHVKICa3bl Ha Tpu 3penbie Monekyiant pPHK: 58S,
18S u 28S.

l'enbl 5S pPHK mpeacraBacHbl COTHSAMHM M JIaXKe ThICSYAMM TaH-
JIEMHO TTOBTOPSIIONIMXCS KOTHii, pa3aeseHHbIX HeTPAHCKPHOHNpYeMbl-
MH crnieiicepaMu. OHM coOpaHbl B OZIHOM WJIH HECKOJIbKMX paiioHax
reHoMa M, Kak npasujo, cuerienst ¢ renamu 18S, 5,85 u 28S pPHK.
I'en 5S pPHK, manna kotoporo pasHa juinne 5S pPHK u cocrasnger
120 HykJI€OTHI0B, HE MpEepPLIBACTCS HHKAKUMH HHTpOHAMM (puc. 84).

B ramnouanom renome jposoduist 160 konumii reHos 5S pPHK, vy
yenoseka — 2000 (nokanusanmst Ha l-it xpomocome).

ITpomoTtop pacnonaraercst BHYTPH KOAMPYIOLIEil rocienosare/ib-
HocTH (¢ 55 no 80 H.1m.). CurHanoM TepMHHAIMN TPAHCKPUNIINK CITy-
JKHT MOCAEI0BATEIBHOCTD H3 HECKOJILKMX CAEAYIOLMX APYI 32 APYTOM
THMHIHJIOBLIX HYKJICOTHIOB.

HosooGpaszosanxas 58 pPHK me noasepraercss moandukaiuu u
MPOLIECCUHTY.
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I'enst TPHK

Iennt pasubix TPHK (B 2yKaproTHUECKMX KJIETKaX HACUHTLIBACTCS
40— 60 ocnosupix THos TPHK) Takxke yacro crpynnupoBatbl B Kja-
CTepbl, PACTIONOKEHHBIE B PA3HBIX XpOMOCOMaX. Y yesioBeKka Ha rario-
nnHptii resom npuxoautes 1300 renos TPHK (no 10— 20 konwmii s
kaxaoit TPHK). Xapakrep opranuszaumnn renos TPHK B cocrage 610-
KOB CHJIBHO BAPBHPYET Yy pasHbIX opraHn3mon. PacnonoxeHue reHoB
TPHK B Kiacrepax He CTONb peryagpHo, Kak B ciyuae pubOCOMHBIX
reHOB: HAMPABJICHNE TPAHCKPUITLIMK GIM3J1eKalINX reHOB ObIBaeT 1npo-
THBOMOJOXKHBIM, & TeHbl MOTYT ObITh Pa3e/IeHbl MPOMEXYTKAMH, BKIIIO-
varommmu 100— 150, a mHOrIa M HECKOJIbKO ThICHY HYKICOTHIIHBIX
nap. Ipupona n Gpynkumn yaactkos AHK, paszpensommx renst TPHK,
He BBISICHEHBI.

ITpomorop rena TPHK pacnonaraercs BHYTPH KOJMPYIOLIEH 110-
caeoBaTeILHOCTH 1 uMeeT asa paitoHa (A- n B-6okcb), Heobxonu-
Mbie JUIsl NPaBwibHOM 1 3 deKTHBHON TPaHCKpUIMN. A-OoKe noKa-
au3oBaH B obaactu ot +10 g0 +20 H.11., a B-60KC — Mexy napamu
ocHoBaHmuit +50 1 +65 (puc. 85). Kanonuveckne nocieaoBare/ibHOCTH
A- u B-6okcos umeror Bua: 5'-TGGCNNAGTGG-3' n 5'-
GGTCGANNC-3" (N — moboit nykineorun). bokest A u B takoro
«pACIIETUIEHHOIO MPOMOTOPa» COBMANAIOT € pailoHaMM reHa, KoTo-
pble COOTBETCTBYIOT HanboJiee KOHCePBATUBHBIM paioHaM MOJIEKYJIbl
TPHK B AMruapoypuaHIOBOH M ICEBIOYPHAMIOBOH TETIAX, Cojuep-
Kaumx Haubosapliee KOJHYCCTBO MHBAPHAHTHBIX HYKJICOTHIO0B. s
AKTHBHOM TPAHCKPUIILMK TPeOyeTCs COXPAHHOCTh PACCTOSHUS MEXIY
A- n B-6okcamu, Kotopoe coctasasier okono 50 H. 1.

B renax TPHK MHOrHx opraHu3sMoB UMEETCS OJIMH MHTPOH pa3me-
pom ot 14 no 60 n.m. (s 3aBucumoctn ot suiaa TPHK). On Beerna
JIOKQJIM3YETCH B OIHOM M TOM Xe mecte ¥ pasHbix TPHK: uepes onun
HyKJIeoTH1 oT 3'-KoHua antukoaona. Paiton renos TPHK, koaupyro-
1IMIT MHTPOH, BBHILIEIISIETCS B Pe3yibTaTe MpoOLECCHHTA.

I'AcTOHOBBIE TeHbI

TMepeuynas CTPYKTYPA '’MCTOHOB Y Pa3HbIX 3YKAPUOT BHICOKOKOH-
cepBaTUBHA. DTO HEYAMBUTEILHO, MOCKOJLKY I'MCTOHBI MIPAIOT KJIO-
YEBYIO POIH B MOJIEPKAHUK CTPYKTYPH! XpomaTuHa. YacToTsl nosTo-

C A-Boke B-6okc C
N
C Lo}
+1  +10 +20 +50 +65 ot +70
no +90

Puc. 85. Crpykrypa rena TPHK.

[MpomoTtop pacnonaraercst BHYTPH reHa (A- u B-Gokcewt). (+1) — cailT uHHIHAIINNA
Tpanckpuiimnu; C — HeTpanckpubupyeMsie cneiicepnl
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Tabauua 14
Yactorst HOBTOPCHHS THCTOHOBBIX TCHOB ¥ IYKAPHOT

Opranuam Yueno reHoR Ha TanioMAHB reHoM

Hpoxxn 2

Hpo3soduia 110

Mopckoii ex 470

Tputon 700

Kypuua 10

Mubiun 10—20

Yenosek 40

PEHUS THCTOHOBLIX FEHOB B FTEHOME Pa3/IMUHbIX OPFaHU3MOB U3MEHS -
JIUCH B XOJ€ 2BOJIOLMH €3 BHIMMOI CBI3M C VCIOXKHEHUEM OpraHm3-
MoB (Tabma. 14).

["eHBI pasHbIX THCTOHOB cuerieHbl. Bee oHM TpaHCcKpUOHpyIOTCH 110
OTIAENBHOCTH, YacTO ¢ npotusononoxHeix neneit JAHK. B reHome ric-
TOHOBbLIE I'€HbI pacrpeie/eHbl HEOAMHAKOBO. Y OIHUX BHIOB OHI 00pa-
3YI0T TaHJAEMHBbIE MOBTOPLI, Y NTHIL M MJIEKONUTalOWmMX (puc. 86) pac-
CesHBbI 110 BCEMY reHoMy. DOJIbIIMHCTBO rHCTOHOBBLIX I€HOB JIMIIEHO
nurporos, a y MPHK orcyreryior 3'-nonam(A)-KOH1IbL.

Taxkum obpazom, Gonablias 4acTh M3YUEHHBIX I'€HOB Y 3YKapHOT
NpeNCTABACHBl MIM MHOXECTBOM CXOJHBIX KOMMI, MIIM OrpaHHUCH-
HBIM HADOPOM JIYMJIMITMPOBAHHBIX U JIMBEPTUPOBABLIMX B Pa3HOi ¢cTe-
NeHu nocaepoparelibHocTei. Te u Apyrue HOCHAT HA3BAHME «MVYJIbTH-
reHHble ceMeilcTBar. [TOBTOPSEMOCTL TEHOB B MYJIBTHUI€HHBIX CeMEi-
crBax HeobXxoaMMa JIMOO JUIs YCWIeHUS 003l TEHOB, JIMO0 s obecrie-
YeHHS CHHTE3a PA3IMMHBIX 6apUAHMOE8 POJICTBEHHbIX TOJIHIIENTHIIOB.
Jlo3oBast 1IOBTOPSAEMOCTL XapaKTepHa Uis reHoB, koaupyrowux PHK
pubocoMm, TPHK, a TakKe rucToHOBbLIX reHOB. UMEHHO MHOXECTBEH-
HOCTB reHoB, 00CIYKHMBAIOIMX afnapar TpaHcasaummu, obecrieuynpaeT
(hu3nonOrHUECKyYI0 peakTUBHOCTL KJIETKU, TaK Kak TeMn 0ei1koBoro
CHHTE3a YacTo JMMUTHpYeTCs KonudectBoM pubocom n TPHK. Ove-
BUJIHA 11eJ1eco00pa3HOCTh MHOXECTBCHHOCTH M FTMCTOHOBLIX I'€HOB, TAK
KaK B ONpejle/ieHHble MOMEHTDL! XH3HH KJIeTKa J0/DKHA 33 KOPOTKHIt

Hl H4 H2B H3 H2A
¢ .

e _l‘-‘l-é _"HZE"' Puc. 86. Pacrionoxenne ricToHOBBIX
Hl H3 o HIA reHOB B MOBTOPAIOUIEHCS eIuHHIe
_— e Mopckoro exa (@) u nposoduisl (6)
30 ol o Dl S st (cTpeIKaMH NoKAa3aHo HaMpasicHme
0 2 4 6 THIC. H.IL TPAHCKPHITLLNKN)
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WHTEPBAJI BPEMEHM OJHOBPEMEHHO C peruiMKalueil CHHTe3UpoBaTh
IOJIHBIH KOMIUIEKT TMCTOHOB.

BapuaHTHasl MOBTOPSIEMOCTL CBOMCTBEHHA TAKUM TeHaM, Kak IJ10-
GUHOBLIE, AKTMHOBLIE, MMMYHOIIOOYIMHOBBIC, XOPUOHHBIE U T.JI.
Upeao reloB B 9THX MYJBTHIEHHBIX ceMeiicTBax, Kak IpaBuio, He-
0oJibllIOE, 4 CTENEHb TOMOJIOIMH OTICJBHLIX €ro YWIEHOB BapbHpYET B
HIMPOKUX npeneaax, YneHsl MyJIbTHIEHHBIX CEMENHCTB IPOUCXOIAT, 110~
BHIMMOMY, OT OJIHO 00111eil MPeaKOBOH Mocaen0BaTe/IbHOCTH MyTeM
JIVIUTHKALMK M T10C/Ie1yIOIeH THBEPTCHIINM.

MyJibTHIEeHHbIE ceMeHCTBA OTIIMYAIOTCS JAPYT OT ApYyra I1o CTerneHH
CJI0KHOCTH opraHunsaiini. HanGosee mpocTeie MyJILTUTEHHbBIE CeMeii-
cTBa 06pasyior rensl, Koaupytomue pPHK. bosee cioxHO yeTpoeHbl
rens! wis rucrodoB U TPHK. M Haubonee cnoxHoe cTpoeHue xapak-
TEPHO JUIA PETYJIMPYEMBIX MYJIBTHTCHHBIX CeMEiCTB, KOHTPOIMPYIO-
HIMX KJTIOYEBbIe CTAJIMN PA3BUTHS OPraHU3MOB.

TAHAEMHBIE ITOBTOPBI

TanjaeMHO OpraHU30BaHHBIC MTOBTOPSIOIINECS TTOCIEI0BATEILHOCTH
JIHK pasiaugHbIX THUMOB IIMPOKO MPEACTABICHBI B 3YKAPHOTHYECKUX
reHoMax. OHM BapBUPYIOT MO JUIMHE KJIacTepa U pasMepy MOBTOPsIO-
11ICrOCs 3BEHA.

B ciayuae renos pPHK wiM rucTOHOBBIX FEHOB TAHIAEMHO TTOBTOPSI -
10TCSI TPYIIBI OJMHAKOBBIX TeHOB. B TaHmeMbl OpraHM3oBaHbl Takue
POJICTBEHHDBIE, HO BCE K€ PA3/IU4aloNninecs reHbl, KaK WieHbl MyJIbTH-
reHHBIX CeMeil TIOOMHOBBIX M OBATLOVIAMHOBBLIX reHoB. TanaeMHble
MTOBTOPBI BCTPEYAIOTCS B KOMMPYIOIINX M HEKOAMPYIOILMUX YYacTKax,
MEXy reHaMH M B MHTPOHax.

TanneMHbIe MOBTOPHI, I/1e ObI OHM HU HAXOAWJIMCH, KAK NMPaBUIIo,
CBSI3aHbI C MEXBHIOBBIM noanMopduamom. Cneifcepbl MeX/1y reHaMu
pPHK u mexay TpanckpunuHoOHHBIMMK
eaxunnuamu pPHK o6biuHO comepxar A B __C
MHOXECTBO BHYTPEHHHUX TAHACMHDIX ITO-
BTOPOB, KOTOpPbIE OTBETCTBEHHBI 3a I10-
aumopdu3M UTHHBI cneiicepoB. [Tpuun-
HOM MPOMCXOXIeHus 1Mojao0HoI BapHua-
OeJILHOCTH MOXKET SIBUTbCH HEPaBHBIH
Kpoccuurosep (puc. 87). Ecau annenu cme-
LIAIOTCS! OTHOCHUTEIBHO JAPYT Ipyra Ha He-
CKOJIBKO MOBTOPSIONIMXCS 3BCHBEB, TO pe-
3YJILTATOM KPOCCHHTOBepa OVIeT Aeneims
B OJIHOM aJUlejie ¥ yBeJMueHue KoJnue-
cTBa MOBTOPOB B ApyroM. Hanbosnee yac-
TO U3MEHEHMS YHUC/IA IIOBTOPOB KOPOTKUX  Puc. 87. Hepasiibiii kpoccHi-
NMOCJIe10BaTeILHOCTEH CBA3BIBAIOT C SAB- rosep

Hexsarka
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Puc, 88. Jdeneunn n ammandHKanny, BOSHUKAIONHE NPH PCIUTHKALIMI WIH pe-
napaumvm:

A — «npocKasib3LIBAHME» MATPUUHON Leny, BLIPE3aHHEe NETIH WM PerinKaumsa (M-

HY# MeTII0) ¢ nocieaywLleil penapauueii, NPUBOLALINE K Aeaelunn; b — «IpoCcKaih-

3bIBAHME» CHHTE3HPYEMOIl e M MOC/CAYIONIAS penapaums, NpuBOASLINE K aMIUin-
uxaumun

sneHueM «npockanb3sisaHus» HuTH JIHK B nponecce permkanmm win
penapauunn JAHK (puc. 88). TTpu Hamuumn TaHIeMHO MOBTOPEHHbIX KO-
POTKHX IOCJIE/10BATE/IbHOCTEH MOTYT HAOII0MATLCSl «BBITIETIMBAHUE»
HECKOJIBKUX MOBTOPSIOLIMXCH €AMHNLL OTCTAIOIICH 1IeNH B BUIIKE peri-
JIMKaluM 1 06pazoBaHue JIYIUIEKCA ¢ MATPHIHONH HUTBIO CO CMEIICHH-
€M Ha COOTBETCTBYIONIEE KOIMYECTBO TAHAEMHBIX MOBTOPOB.
HauGonee nonumopdHbIMU cpei TaHAEMHO OPraHM30BaHHBIX 110~
BTOPAIOLIMXCA 1TOCAE0BATE/IbBHOCTEH SIBJASIOTCS MUHUCATE/UIMTHBIC M
Mukpocate/uiMTHble JIHK, M3MEHUMBOCTL KOTOPBIX TNpOsBAsieTCs, B
YaCTHOCTH, B AJUIEJILHBIX BAPHALIMSAX YHCJIA MMOBTOPAIOLIMXCH 3BEHBEB.
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MWUHHU- I MUKPOCATEJLUIUTBI.
JHK-©OUHTEPIIPUHTHUHT

MuHMCATEIUTUTBI XapaKTepPU3YIOTCSI PA3MEPOM TTOBTOPSIIOLLETOCS MO-
HOMEPHOTro 38eHa B uHTepBasie 6 — 100 H. . v uIMHOI knactepa 0,2 —
20 tic. H.11. BosiblIMHCTBO W3 HUX oTHOCcUTeS K GC-THITy, HO M3BECT-
Hbi AT-oboraueHHbie BapuaHThl. CoiepXaHue pasIMIHbIX KIACCOB U
TUMOB MHHUCATE/UIMTOB LLIMPOKO BAPbUPYET, COCTABIIAS OT HECKOJb-
KHMX COTEH JI0 HECKOJILKMX ThICAY KOIHI Ha reHoM. [1ng HeKOTOpbIX 13
HUX TOKA3aHa NPUTEJOMEPHAs KlacTepu3allisg Ha HEKOTOPBIX XPOMO-
COMAx, a JIPyrue paBHOMEPHO paclipefie/leHbl M0 TeHOMY.

XapakrtepHble pasMepbl MOHOMEPHOTO 3BEHA MUKPOCATE/UIMTOR
cocrapasitor 2—6 H.n. (CT, CAC, TCC, GACA u ap.), Knacrepbl —
20—60 s.11. (no 1000 H.11. TpY HEKOTOPLIX HACJIECACTBCHHBIX 3ab0/1eBa-
HUsX, KOTa MPOMCXOAMT IKCHAHCHS TPUILICTHBIX MOBTOPOB). Heko-
TOpble MUKPOCATE/LTUTBI HacuuThiBaloT 10— 10° konwmii, KoTopbie pac-
MpelesisioTes Mo BCEMY TEHOMY PaBHOMEPHO.

A. Jlxeddpuc u corp. (1985), ucronb3ys MUHHCATE/UTMTHBIE TTPO-
Obl B KQUECTBE 30Ha JUISI ICTEKTUPOBAHMSI MHOXECTBA FOMOJIOTHYHBIX
nokycoB B JIHK uenoseka, obHapyKuau crniemguyeckue U8 Kaxio-
IO MHAMBHIYYMA KapTUHBI O10T-rubpuamn3aiuu, 1oJayunBlle Ha3Ba-
uue JAHK-dunrepnpunros (puc. 89). [MocnenosatebHOCTEL NPOLIEAYD,
cocrapisiiominx ocHoy Merona JIHK-guHrepnpuHTHHra, npeicrap-
sieHa Ha puc. 90. Merox Bmouaet: ruaposaus JIHK-pecrpukrasoii; pas-
nenexue obpasyviommxes parmentos JIHK ¢ nomouibio anekrpodo-
pesa B arapo3HoM reJie (Mpu 3TOM MX MOABUXHOCThL 00PAaTHO Mponop-

Mimsiayymsl 8 9 10 11 12 I3|

Puc. 89. Pesyiabratsl 610T-rHdpuIH3aLmnm

soHMa (AGAGGTGGGCAGGTGG)y

¢ JHK, obpaBotaHHoii pecTpuKTa30ii
Hinf 1.

Yerwpe obpazua IHK nmoayuens ot wieHon
onnoit cempu: otia (1), marepu (O) u ux
jaereilt — oanosiuosux 6ausuenos. Jdopox-
K 12 u 13 — HepoacTBeHHbIE WHAWBHIVY-
Mbl MYAKCKOro noja. CTpejkaMu OTMeYeHbl
«POAUTENLCKHE» CATCIAMTHEIE NOJOCH Ha
anextpodoperpammax JHK dausnenos
(A. Jeffreys w np. // Nature. — 1985. — V. 316. —
P.76)




4. Bnexrpodopes
dparMeHTHpOBAHHOS
IIHK B rene araposst

X0
XML
?_}-b'
.DparMeHTHpOBalHE
JIHK pectprkTazol

5. Mepenoc
(GaoTTiHT)

AOHK n3 rens ua
meMOpany

6. I1piroTorneHne
MEueHOTO 30H/1a

1.O0pasent kposu
JIH TKaHH 7.CrasnBanue
sonaa ¢ JIHK
Ha MeMmbpane

[

8.OrMEBKa HIOKITKA

MEYeHOTO 30HMa
9. Bricyunisanue
MEMUODAHLI

In iy

[

1. TTomywensni 10. Pamoantorpadus
pamHoasTorpad MeMOpanbl Ha peHTIe-
HOBCKOil IUIeHKe

Pue. 90. Cxematnueckoe nzobpaxenne meroga JHK-punrepnpuntnnra

[IMOHWILHA JUIMHE); nepeHoc ¢parmentoB JHK u3 resisi Ha Mmem6bpan-
Hblit puALTP (6J0TTHHI) ¢ COXpaHEeHHEM KapTHHbBI (PPaKIMOHUpOBa-
Hug pectpukroB JHK; rubpuiausaunio puibTpa ¢ MEUEHBIM 30HI0M,
BBISIBJISIOLIMM JIMUIL TE PECTPUKLMOHHBbIE (hparMeHThI, KOTOpPbIE Io-
monoruunbl JHK-30mHaY.

Ha rubpuamzaumonnoit kaprune (cMm. puc. 89) onHoBpeMeHHO ObLIO
BBISIBJICHO MHOXECTBO JIOKYCOB, COMEPAKAUIMX rHIepBapruadebHble MH-
Hucaren Tl [Tormmopduam 31X KapTiH ObL1 BLICOK. BeposiTHOCTD MX
COBMAIEHUS LTS IBYX HEPOJACTBEHHBIX HHIMBHIYYMOB TIPH UCITOB30-
BaHMM OJIHOTO 30H1a OKa3biBanach pasHoii 107", Dtu rubpuausyionm-
€Csl MOCNe0BATEIbHOCTH ObUIM crietlMUMHDBI JUIH AaHHOTO MHIWBH-
ayyma B Gonblicii cTeneHu, YeM KamwuisipHbie y3opol (10°%), otvyero
JaHHBIH METO/I Ha3bIBAIOT FeHOMHOM JaKTHIOCKOMHME, T.€. C ero no-
MOUIBIO MOXHO OCYLIECTBUTL WICHTH(MKALMIO IHYHOCTH HA TEHOM-
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HoM ypoBHe. Ecnu pacnipenencHue ruOpMan3aliMOHHBIX MOJ0C Y pas3-
HBIX HHAMBHIYYMOB pasnuaHo, 1o wist JHK #3 pasHbiX TKaHeH 0aHOTO
WHIMBUIYYMa OHO OCTAeTCsA MOCTOSIHHBIM. DTO YKa3biBaeT Ha TO, YTO
KapTUHbl rTHOpUaM3aLny 06Ja1al0T COMaTHYECKOH CTabMIBHOCTBIO.

Comatuueckne paziuuust HabmonanTes AHilb MPU UCTIONB30BAHUH
pa3HbBIX pecTpuKTa3. Pacnipenenenne noaoc Hacnenyercs no AAepHOMY
tuny (mo I'. MeHneni0), T.e. MPpUMEPHO MOJOBUHA THOPUANYIOLLIMXCS
()parMeHTOB y IMMOTOMKOB — OT MaTepu, a Apyrast [0JIOBUHA — OT OTLA.
Konuuectsa JIHK, conepxkamierocss B HECKOJBKMX KarsiX KpoBH,
BIOJIHE I0CTATOUYHO /LIS MPOBeAeHUSs OI0T-rubpuan3aummn u onpejue-
AeHUY KPOBHOTO POJACTBA (Yallle BCEro — OTLOBCTBA).

B 1987 r. Genbruiickuii uccnenosarens Jx. Baccapr, a Takxe poc-
cuifickmit yuennii A.Il. PoicKOB ¢ cOTp. OOHApPYXMJIM, YTO MHMHHUCA-
et (hara M 13 (15-unennoe 3seHo — GAGGGTGGXGGXTCT
(X — moboit Hykyieotua) obpasyer B reHome (hara asa kmactepa,
MoOBTOPASiCh B oaHOM yvactke 10, a B apyroM 4 pasa, ¥ HAXOAHUTCH B
reHe Geska 111) mMPOKO NpeacTaBiaeHbl y pa3HbIX OPTaHU3MOB, BKJTIO-
yasi yeJaoBeKa, 6eCrmo3BOHOYHBIX JKHBOTHBIX, PACTCHUSI, HU3IIMX DyKa-
puot ¥ 6aktepuit. McnonbioBanue 310it npodnl as 6aoT-rubpuiansa-
ioHHoro aHanusa JHK HeponcTBeHHBIX WHAMBHAYYMOB BLISIBUJIO
Ype3BbIvaiHO BLICOKMI ypoBeHb noaumopdusma (20— 25 nojgoc rub-
puamzaunn) (puc. 91). Tot akT, YTO rOMOJOTHYHBIE MUHHCATEJJIUTDI
0BHAPYKMBAIOTCS B CTOML Pa3HbIX opraHu3max (uenosek u dhar M13),
MpeanoiaraeT mMupPoOKoe PacrpoCcTpaHeHUe ITHX TOCeN0BATEIBHOC-
Teil B KUBOM NPHPOJE M BO3MOXHOCTD Henonb3oBanns JIHK-(uurep-
ripuHTHHTa ¢ 30Ha0M JAHK dara M 13 g uccnenoBanus MHAUBHIY-
AJIbHOCTH, TEHETHYECKOTo pasHoobpasust M poICTBa JIIOOBIX JKHBBIX
CYLUECTB.
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Puc. 91. TuneppapuaGenbibie yuacr- 4 -"e ;I-'g' 3
kn JHK uenoseka, netekTupyemuie o *- - ;! & =
¢ nomousio JHK ¢ara MI13 ([1po- el®* L EBE
cusik M. H. w np. // Tenetnka. — M., == _" '
1990. — T.26. — C. 134): ': =
A — JIHK ¢ara M13, meuennas P; 5 — - ea”
JHK ¢ara M3, 6espsoTonnnii papu- 2+ Poag s
aut. Menonsszosana JHK Bockmu mHu- +
AMBHAYYMOB A b
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Oka3anock, YTO HEKOTOpbIE runepsapuadbenbHbie MUHH- U MUKPO-
caTeJUTMTHBIE auiean uMmeroT uaMmeHuusocts B 100— 1000 pa3s Gonb-
Iy10, MeM OObIMHBIE JIOKYChI F'eHOMa, BCJIS/ICTBME KAK MYTAallHOHHBIX,
TaK M peKoMOMHALIMOHHBIX rpotieccoB. B csasu ¢ atum JIHK-dunrep-
IMPUHTUHT UMEHHO ¢ MMHM- M MHMKPOCATE/UIMTAMU B KAUeCTBE 30HJ1A
SIBWICS WH(OPMATHBHBIM METOIOM JUIsl (DyHIaMEHTAIBHBIX NCCIE/10-
BaHW B TIONYJISILIMOHHOM OMOJIOTUHM B TUIaHE M3yueHUsi 6BuopaszHoobpa-
3U$1 HA TeHETHKO-TIonyasiiMoHHOM ypoBHe. JIHK-chbunrepnpuaTuHr no-
3BOJISICT OLICHNUTD BHYTPH- U MEXITONY/ISILIMOHHYIO TEHETHYECKYIO W3-
MEHUMBOCTE B ayTOpeHbLIX, MHOPEIHBIX U NapTCHOTEHETUUECKUX 110-
TYJISILIMSIX.

Hcnonp3oBanne MUHMCATE/UIMTHBIX MapKepoB 3(¢heKTHBHO MpH
u3yucHuN audepeHIHALINA MATBIX M 30 IMPOBAHHBIX TTOTTYJISLIMI, a
TAKXKE JUISl PEKOHCTPYKIIMU MX (PUJIOTEHETUUYECKMX CBSI3ei, UTO Ipe-
KpacHo ObLIO NMPOAEMOHCTPHPOBAHO HA TONYIALNAH OCTPOBHBIX JIH-
cunt (Urocyon littoralis) w ropbaroro kuta (Megaptera novaeangliae).

Meton JIHK-uHrepnpuHTHHIA MO3BOJIMI OXapaKTepH30BaTh re-
HOMBI MHOPEAHBIX NONYASUMNH — JTMHUK MBbILICH, MOPO/IbI KYp U re-
HETHYECKH MOYTH FOMOTEHHOMH MPHPOIHOM MOMYISLIMK TOJBIX 3eMIC-
konos Heterocephalus glaber. Tlocnennee XUBOTHOE SIBISICTCH CIAMH-
CTBEHHBIM TPEACTABUTEIECM MJIEKOIMTAIONINX, WMCIOIINM TaKVyIO Xe
COLMAJIbHYIO OPraHM3alMIo, KakK Imieibl M TepMuThl. [TpuMeHenne mMu-
HUCATC/UTMTHBIX MAPKEPOB 0OHAPYKWIO UPE3BBIYAIiHO BLICOKHIT VPO~
BEHb TEHETHUECKONH OJTHOPOJHOCTH XHUBOTHBIX KaK BHYTPH BMJIA, TaK
W MEXKIY KOJOHUSMH (BHYTPUITONVISALMOHHBIE KO3(DDUILIEHTB PO~
crea (r = 0,8) u unbGpuamnnra (F = 0,45) okasanucs HAUBBICILIMMH
JUISL IMKUX MJICKOITUTAIONINX). Pe3yabTaTsl MOATBEPXKIAIOT MEXPOJi-
CTBEHHOE CKpEIIMBAHNE BHYTPU KOJIOHHM (KOJOHMSI MMECT OIHY lla-
puity; | —3 caM1I0B U MOJO/IHSK M3 TPEAbLIVIIETO MOTOMCTBA, 00CIy-
JKHBAIOLIMI KOJIOHMIO).

JAHK-huHrepnpuHTHHI OKasaics oueHb MH(OPMATHBHBLIM METO-
JIOM B ITOTVJISIIMOHHOM OHOIOIMH JUIA PELICHUSI MHOTOYMCICHHBIX 3a/1ak
B MPOTPaMMax, CBSI3aHHbBIX C OLEHKOMH, palMOHAIbHBLIM HCITO/1b30BA-
HHUEM M KOHCepBallMel reHeTHUeCKHMX PEcypcoB, 0COOEHHO JUIS BhIpa-
DOTKH HAYYHO 0DOCHOBAHHbBIX PEKOMEHIAIINI 110 COXPAHEHMIO U 101~
JNePKAHHMIO PEIKUX M MCYE3AIOLIMX BHIOB.,

BuiOop nonyisinmoHHBIX 00pa3siosB /Ui KOHCEpBauMu (npu cosna-
HHUH 3aMOBEAHMKA WK KpuoreHHuix 6ankos kinetok u JAHK) onpene-
JISIETCS YHUKANBHOCTBIO MX reHotuna. [Tpu cHMXeHMM nonyasiiimoH-
HOM UMCJICHHOCTH 3HAYMTENLHOE BIMSHNE HA TEHETHYECKYIO CTPYKTY-
py okaseiBaioT apeii u mubpuanur. Bee 9T napameTpnl onpeaessi-
10TCS TIOJIMMOP(HBIMU MapKepaMH M B NEPBYIO ouepeib runepsapua-
OCABHLIMM MUHHM- M MUKPOCATE/UINTAMM. 3/ICCh CACAYET OTMETUTD pa-
0OTHI 110 MCCAeIOBAHMIO Mcue3alolei nonyasunu Boaka ( Canis lupus)
B MeXJIyHapoaHoM 6uoctepHoM 3anoseannke Ha o. Aiui-Poiian (Be-
ankue o3epa, CeBepHag AMepHKAa); M0 BOCCTAHOBICHMIO HCUE3aAI01IIE-

172

ro nys3propukaHckoro nonyras (Amazona vittata); cHOUpPCKOro xypag-
a8 (Grus leucogeranus) Wan cTepxa; aCKOHMITCKOM MONMyJIsAUMNT Jola-
qn Ilpxesansckoro ( Equus przewalskii) w ap.

Uccnenosanme meronom JIHK-hUHrepnpMHTHHIa reHOMOB KJIO-
HAJTBHO PA3MHOXKAIOIIMXCH OIHOIOIBIX BUIOB MO3BOHOYHBIX Ha MpPH-
Mepe MapTeHOTreHeTHYeCKHX BUIOB KaBKA3CKUX sitepull poaa Lacerta
MO3BOJIMJIO BILUIOTHYIO NMOJXOHTH K BBISICHEHHIO MPHPOJILI U MEXaHM3-
MOB FeHETHYECKOi M3MEHUYMBOCTH, a4 TaKxKe (PakTopoB, ee onpemes-
FOILNX.

Boablioit MHTEpec METOA TMPEeACTaBAseT ISl MEAMLMHBL B TJIaHe
JHK-guarnoctuku. ObHapyxeHa B3aMMOCBA3b MEXIY TaK Ha3blBae-
MBIMH JIMHAMUYCCKHMH MYTALIMSAMH M ITATOI€HE30M psiia HEBPOJIOTH-
YeCKHX HACJIeACTBEHHBIX 3aboneBannii (xopest [eHTMHITOHA, CHHIPOM
JIOMKO#H X-XpOMOCOMBI M JIp.).

[l'eHeruveckas nacroprusauust HaceneHus: MmetoaoMm J1HK-dunrep-
NPUHTHHTA HIMPOKO MPOBOJAUTCS B PA3BUTBIX CTPAHAX: TEHETHYECKHI
nacrnopt umeloT Bee BoeHHocayxaimne CLIA u Bce MyXckoe Hacese-
e Auramn. [l Poceuu coeBpeMeHHOM siBUach Obl nacroprusa-
1US Beex aeteii, 0coO0eHHO BOCIMTAHHHUKOB JIETCKHX JOMOB M Criel-
WHTEPHATOB, HEPEJIKO CKJIOHHBIX K ACOIMAJIBHBIM MOCTYIIKAM, B TOM
ypcse K jijpoMmomanuu (GpomskauvectBy). MMeHHO HajMuMe y TakMx
JieTeil TeHeTHYeCKOro Macropra Mo3BOJMT C YBEPEHHOCTBIO MPOBO-
JIUTh MX WICHTU(HUKALIMIO, YTO HECOMHEHHO OyIeT MMETh TOJIOKH-
TEALHBIE COLMATIBHbBIE MMOCC/ICTBHSI.

OHKOTEHbI 1 AHTUOHKOI'EHBI

HekoTopble BUPYCHI B OMPEACACHHBIX YCIOBHAX CMTOCOOHBI BbI3bi-
BaTh 0OpazoBaHue oryxosieil. ITH BUPYCHI ObUTH HA3BAHBI OHKO2eHHBIMU.
IlepBbiM cpe/i ONUCAHHBIX OHKOTEHHBIX BUPYCOB ObUT BUPYC CAPKO-
mbl Payca ntuil (peTpoBHPYC), BBI3BLIBAIOUIMIT ONYXOJIM MBILIEYHOI
TKaHM 1eiuitT. Pazpurue onyxonu o0yc/OBIUMBAN OOHH TCH PETPOBH-
pyca — oukoeex. OKazajioch, UTO B KTKJIOM CIyuae PeTpoOBUPYCHbIH
OHKOTE€H MMEET CBOEro «IBOMHMKAa» B HOPMAaJIbHBIX KJeTKax. Bupyc-
HBIit reH 0003HA4aI0T NMPUCTABKON v (OT aHIJL. Virus — BHPYC), a COOT-
BETCTBYIOLLMIL KAemouHbili 2eH TIPUCTaBKO ¢ (o1 anm. cellular — knerou-
Hblit), Kierounslil reH naswiBaetcst npomoonkozetom. [1IpOTOOHKOTEHBI
KOJAUPVIOT OeJIKH, YUACTBYIONIMNE B BAXHBIX PETYISTOPHBIX KJIETOYHBIX
MEXaHM3Max, HapylieHue KOTOPBIX MOXET NPHBECTH K HEKOHTPOJIM-
pyemomy aenernio kinetok. Hekotopeie M3 HUX KOAMPYIOT (akTophl
pocTa M TPAHCKPUITLIMK, MeMOpaHHbIE pelienTopsl /Us (PAKTOPOR pocTa,
BeJIKH KOHTPOJIST KJIETOYHOTO HMKIA (LIMKJIMHDBL), Oe/IKH, YUACTBYIOLINE
B anornro3se, «0esok GecemepTrs» TeJloOMepasy M T. 1. B aBoiiounoHHoM
TJIaHe PeTPOBUPYCHBIE OHKOTEHbI MOIJIH ITPOU30HTH OT PeTPOBUPYCOB
B pe3yabTaTe 3axBara reHoB Xo3snHa, OAMH U3 1yTeil aKTUBALMK OHKO-
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reHa — CTPYKTYpHAasi MyTallusi, HanpuMmep 3amMeHa Hykieotuaa B JIHK,
Beayilas K 3aMeHe aMMHOKHUCIOThI B OETKOBOM 1IENH U K M3MEHEHHIO
dyHxunm 6enka. Apyroit nyrb — 310 yCHNIEHHE aKTUBHOCTH OHKOIeHa,
Beayllee K YCHICHHIO CHHTe3a Oe/JIKOBOTO INMpOAYKTa OHKOreHa W ero
HAKOIUIEHHIO B KJIeTKe. AKTUBALIMS OHKOTEHAa MOIJIa ObITh Pe3yIbTaToM
VBEJIMUEHMSI YMUCIAa KOIMMIA JAHHOTO reHa B reHoMe (amruivdukaiius)
WJIHM CJICACTBHEM TAKOM IMepecTpoiikKu, KOria psjioM ¢ NOTeHIHATBHBIM
OHKOTEHOM TOSIBISIETCSI HOBBIiT PEry/IsITOpPHBIN 2JIeMEHT, obecreynBa-
[OLIMiT ero 6o1ee AKTHBHYIO TPAHCKPUTILIMIO. YHCIIO U3BECTHBIX OHKOTe-
HOB HEMPEPBIBHO pPacTeT M, MO JaHHBIM cekBeHuposanmusa JIHK ueno-
Beka, Ha (espans 2001 r. Buisiznero 130 oHkoreHos.

Bckope nociie OTKpBITHS NEPBBIX OHKOTEHOB MOSIBUINCH c00011Ie-
HUsl O CYIIECTBOBAHHMM T'€HOB, YTpaTa WIM NOJABJIEHUE aKTUBHOCTH
KOTOPLIX TOXE NPHBOIUT K Pa3BUTHIO onyxoJieil. MHBIMU clioBaMH,
OeJIKOBbIE MPOAYKTHI 3THX I€HOB MNPENSTCTBYIOT KJIETKE MPEBPATHTHCS
B PAKOBYIO. DTH IreHbl ObIM Ha3BaAHbl aHMUOHKOCCHAMU, WIIW 2eHAMU-
cynpeccopamu onyxoaeii (I'CO). Yucno nssectoix 'CO Toxe OvicTpo
pacTer, XOTsl M YCTYIAeT YMCIY OTKPBITBIX OHKOTEHOB.

MHuorue rexbl, Koaupyoume 6eJKn nepeaadn CHrHaia juis pocra
M Pa3sMHOXCHHUSA KJIETOK, SABJISIIOTCS MOTEHIMAIbHBIMH OHKOTEHAMM.
B omaxeHHO# cucTeMe HOPMAIBLHOI KJIETKH OHM 00eCreunBaioT CTporo
peryJupyemMbie poCcT H pa3sMHOXEHHE, HO IIPU TOBPEXKICHHH WIH He-
PeryJimpyemMoii akTHBAallMM STHX FE€HOB KJIETKH MPEBPAILaloTCst B pako-
BbIC.

[Tockonsky oukoreHos u 'CO upesBbiuaiiHo MHOTO, Habop MyTa-
1MiT B Pas/iM4HbIX OMYXOJISIX YeJIOBEKAa BeCchMa pasHoobpaseH. B onnux
ONYXOJSIX AKTUBMPOBAHBI WIN MOJABICHBI OJIHU TeHbI, B JIPYIHX — JIPY-
rue. Kaxmast onyxofib, TAKUM 00pa3oM, MMeEeT CBOI IeHeTHUYECKHil
MOPTPET, KOTOPbIi M XapaKTepH3yeT ee CBoiCTRA.

M3BecTHO, 4TO anonTo3 (KJIETouYHas CMepThb) onpeaesiercs: 60i1b-
UM unciiom Geskos. LleHTpanbHoe MECTO cpeiln HUX 3aHHMAeT reH
p53, Konupytoiui 6enok ¢ Most. Maccoi ~53 000 [la. l'en p53 urpaer
BAKHYIO POJIb B HANPaBIeHUH KJIeTOK ¢ nospexaeHHoit JIHK no nyru
anonto3a. I'eHsl, ciocoberByoume anonto3y, orHocat K 'CO, a npe-
NATCTBYIOLLNAE €My I'eHbl — K OHKoreHam. Korja red p53 BbiBeseH u3
cTpost, Kierku ¢ nospexiaeHHoi JIHK (myranTHble kieTku) nepe-
CTAIOT BLIOPAKOBBIBATLCH M B HMX MPOMCXOAWUT HAKOILICHHE HOBBIX
MyTaumii, Kotopsie MoryT 3arparusath ['CO u onkorenst. [Tosromy no-
BpexXaeHue p53 pe3ko YCHJIMBACT aKKyMYJISILIUIO IPYTHX M3MEHEHUIT
JedbekT p53 HabaroaaeTCs B ONMYXOIsIX 04eHb 4acTo. Tak Kak onyxoib —
fone3Hb reHoma, oHa Hezapa3Ha. C apyroi cTopoOHEI, HMEIOTCSH BUPY-
cbl — HocHTeaH oHKoreHoB. JHK Takux BUPYCOB MOXET BCTpauBaThCH
B I'E€HOM KJIETKH, M B TaKOii KJIETKe MOSBASETCA AKTMBHbIH OHKOICH.
Takum oOpa3om, HEKOTOpPbIE BHPYChl MPUBHOCAT B KJICTKM HOBbIE
OHKOIEeHbI, TEM CAMBIM MOBBILIAIOT BEPOSATHOCTL BOSHMKHOBCHMS paka
y HHAMBHAYYMa. KOHKpeTHbIE MEXaHM3Mbl PA3BUTHSI KAXKA0M OTIe/b-
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HOM OMNyXOJIM pa3iuuHbl WU 3HAHWE MCTMHHON MPUYMHBI KIETOUYHOM
TpaHcopMauMy KpaifHe BaxHO juist pa3paboTku MeTon0B 3 heKTHB-
HOM Teparuu,

INMOJABMKHBIE TEHETUYECKHUE DJIEMEHTBI DYKAPUOT

CyuiectBeHHyo0 vactb reHoMa aykapuot (10—30 %) cocrasasitor
MOBTOPSIOLIMECS TOCJIENI0BATEILHOCTH, UMEIOIIHE OIpeaeeHHYIO
CTPYKTYPHYIO OPraHH3alni0 ¥ CrocOOHbIE MepeMellaThcsl B FeHOME
KaK B npejesiax OJHO XpOMOCOMBI, TAK M MEXIy XxpoMocoMaMu. OHU
TIOJIYMMJIN HA3BAHHUE HO0GUMNCHBIX 2eHENMUYECKUX IAeMEHMOE. DIIEMEHThI
BKJIIOYAIOT B CBOI COCTAB OT THICAYM JIO JECATKOB ThICSY HYKJICOTHI-
Hbix nap. [MepemeltieHne MOJABMNKHBIX JIEMEHTOB OCYILECTBIISICTCS MO0
NYTEM BBIPE3AHHMS 2JEMEHTA U3 OAHOI0 MECTa M BCTpauMBaHWA €ro B
apyroe, jubo nyrem o0pa3oBaHus KONMHMHU TOABMXXKHOTO 3JIeMEHTa,
BHEJIPAIONIENCA B HOBOE MECTO, TOT/IA KAK POAUTENLCKAs KOS OCTa-
€TCs Ha nmpexxHeM MecTe. B nociearem ciiydae yBeJHIMBAETCS MX YHCIIO
B reHoMe. OTKPBITHE MOABMXKHBIX 2JIEMEHTOB MOKA3aJI0, YTO MOCASI0-
BaTeJIbHOCTh HYKJIeoTHnoB JITHK mo juinHe XpoMOCOMBI M3MEHSIETCS
Onarojlaps rnepeMerleH1Io 3THX 2JIeMeHTOB. Berpansasch B reHbl in B
coceiHue ¢ reHaMu obsactv, oHM AHOO BBI3BIBAIOT MyTalMH, Janbo
NOBBILIAIOT YPOBEHb AKTUBHOCTH 61M31eXKalINX reHoB. Bee 910 nosso-
JINIIO B3TASIHYTL MO-HOBOMY Ha MPUPOAY MYTALIMOHHBIX MPOLIECCOB U
MOJIEKYJISIPHBIX MEXaHM3MOB BOJIOLIMM I'€HOMA,

[MoaBMKHbBIC 2IEMEHTBI YKAPUOT NPEACTABICHBI OTACILHLIMMI Ce-

_MEHCTBaAMM, CXOJHBIMM 110 CBOEH CTPYKTYpe M nopeieHHio. Buyrpu

ceMeicTBa pasIMyaoTes MnojaceMeicTBa MACHTHYHBIX WIN OYEHb CXO/1-
HbIX HOABMXKHBIX 3JIEMEHTOB, YMCII0 KOTOPLIX KOIeOIeTes 0T HeCKOMb-
KMX KOMUIA 10 HECKOJILKUX Thicsid Konuit Ha reHoM. HauGosbliiee Ko-
JIMYECTBO IOABMKHBIX 3JEMEHTOB 00HAPYXKEHO B reHOMe pacTeHMii
(1o 50 %). IMoaBuxHBIC TCHETUYECKUE IEMEHTHI 0OBIYHO paccesaHbl
110 TEHOMY, HO MOI'YT KOHLEHTPHPOBATLCS B OTAEAbHBIX YHACTKAX Xpo-
MOCOM.

Pasznuualor ABa OCHOBHBIX KJIAcca MOABMXHBIX TEHETHYCCKHX 2J1e-
MEHTOB: mpancno3onsl W pempompancnoszonst. Taxkas xiaccudpmkaims
OCHOBAHA Ha MOJIEKY/ISIPHBIX MEXAHU3MAaX, C IOMOLIbLI) KOTOPLIX Ie-
pEMELIAIOTCS 3TH DJIEMEHTBI.

Tpancnozonsl. DTH 3JEMEHTH OrPaHMYEHbl MHBEPTHPOBAHHBIMH
MOBTOPaMH (T1OCIE0BATEILHOCTSIMM, HANIPABIEHHBIMU HABCTPEUY Jpyr
JIPYIY), KaK M HEKOTOPbIE TPAHCITO30HbI IIPOKAPHOT (cM. ¢. 146). [Tpu-
MEpaMU MX MOTYT CAYKHUTh P-aseMeHT 1po3oduiasl U Ac-2/1IeMeHT Ky-
Kypy3bl. B renomax atux opraHu3moB HacuuteiBaetcst 1o 30— 50 korimii
Takux aneMeHTOB. [TonHble Konuu (YacTh Konuii nedekTHa, TaAK Kak
MMEET BHYTPCHHHE JACICLIMM) CONEPXKAT OTKPBLITHIC pAMKW CUMTHIBa-
HHSI, KOAHPVIOLINE TpaHcro3asy (puc. 92).
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MPHK tpancnosasm

MPHK Ttpancniosassr mocne cruiaiicunra
B KJIETKAX 3aPOJBIILIEBOTO MyTH

Puc. 92. Tparicriozonsr 3ykapmor

Cxema nepemewLieHNs TPAHCIIO30Ha 1TOKa3aHa Ha prc. 93. WUusepru-
POBAHHBIC TTOBTOPbI HEOOXOAMMBI Ul TIEPeMELICHHS JIEMEHTa, KO-
TOpoe ocyuiecTBiasieTcst Onaroapsas uX COMMKEHUIO JAPYT C JPYIOM M
Y3HaBaHHMIO TpaHCTIo3a3aMu. UHBEPTUPOBAHHBIE MOBTOPI COAMKAIOT-
Cs1 M TOUHO oTpe3aloTes oT cocennux ydacTkoB JIHK xo3auna. Bripe-
3aHHbIH TPAHCIO30H BHEAPSETCS B PaiiloH BHOCHMOTO TPAHCHO3a30it
PasppiBa B MOJIEKYJie-MUILIeHH U cluuBaetes ¢ JIHK xo3suHa B HOBOM
mecte. PaspuiB 1 3aliMBaHMe OCYILIECTBAAIOTCS TPAHCIIO3a30i M BCNO-
MorarenbHbiMu 6enkamu. TpaHco3asa MOXeT KOAMPOBATBCS KaK Ca-
MUM TIOABMOKHBIM DJIEMEHTOM, KOTOPBIH OyaeT nepeMewiarsed, Tak u
APYTOii KONUei 3/1eMeHTa, JIOKATM30BAHHOI B TOM XKe reHOME B OT/Ia-
JieHUH. P-3/1eMeHTBI 06BIMHO BCTPAMBAIOTCS B ONpPeeeHHbIE CaiiThl,
KOHCEHCYCHas MOCJIeI0BATEIbHOCTL KOTOPBIX TakoBa: 5'-GGCCAGAC.
[pu Berpausanum P-sneMeHTa 9TOT CalfT-MUILICHD AYIUIMIMPYETC.

Tpancnoszon

[T B e mancnossss COGRT[[]]

e ——
Huseprupopannsie moeropet  JTHK xossuna

l AHK-muiens

T TS —=={IIIIIIT
Berpausanue

Puc. 93. TlepeMeleHue Tpancnosona
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P-32/1eMEHT CONEPXKMTCSI TONBKO B HEKOTOPLIX JinHusIX D. melanogaster.
Ckpelnsanmue camok 6e3 P-anemenTa ¢ camuamu, Hecymmmu P-ane-
MEHTBI, IPHBOAMT Yy THOPHIIOB K TpaHCIO3MLMSAM P-ai1emenTa, KoTO-
pbie HabIIOAAIOTCS TOMLKO B KJIETKaxX 3apojbiiiesoro nyru. CoBokyn-
HoCTh HabmomaeMbix 3heKTOB HA3BLIBAIOT 2ulpudHbiM duczenesom. Jnc-
reHHBIC MYXH YacTO OKa3blBAalOTCS CTEPHIbHBIMM, a eclii oHM ep-
THJIbHBI, TO ¥ MX IMTOTOMKOB OOHAPYKMBAETCH MHOXECTBO MYTaLMil H
9TH NPU3HAKK TIEPEIAIOTCS ClIeyIonuM mokosenusim. [Toatomy nm-
HuM ¢ P-371eMeHTOM M 6e3 Hero BHILISIST KaK PenpojyKTHBHO M30-
JIMPOBaHHbBIE, 110 KpaiiHeil Mepe yacTuuHO. bruonornueckasi M30masiius
HUIpaeT OrpoOMHYIO POJib B fpoLiecce 3BoouuH. Monsiums amHuii Bol-
3BaHa aKkTHBaLMEH TpaHcnosnuuii P-aieMeHTa, NpUCYTCTBYIOILETO B
onHoH u3 HuX. [Ipuunua, nmovuemy TpaHcrnos3uumnu P-anementa orpa-
HHUYCHBI 3apOJLIIIEBLIMI KIETKAMH, OOBSICHSIETCS TEM, UTO TOALKO B
KJICTKAX-TPEe/IIeCTBEHHMKAX TAMET OCYLIECTBIISIeTCSl TAKOM THIT Crulaii-
CHMHTa, KOTOPbII MPUBOIMUT K 00pa3zoBaHHIO HENPEPLIBHOH OTKPLITON
PaAMKM TPAHCISILIMHN, KOAUPYIOLIEei TpaHcno3asy (cMm. puc. 92). Orpann-
YyeHHe TPAHCIMO3UILIMM 3aPOJBIIICBLIMU KIETKAMMH UMEeT OrlpelesieH-
HBII CMBICII, TTOCKONBLKY 0OecrieunBaeT BbKHBaHUe ocobeil, Hecylmx
raAMeThbl, B KOTOPBIX NPOM30LLUIM TeHOMHBIE MepecTpoiiku BCIeACTBHE
Tpancnosunmn P-anementa. [MogobHbli «reHOMHBIIH 1I0K», CONTPOBOXK-
JIAIOIMIICA BBICOKOM YacTOTOM MyTareHesa, MoxeT obecrnieuutb 60I1b-
LIYIO CTETNEHb TeHOMHOW M3MEHMUBOCTH, KOTOPasl MOCTYXHT MaTepU-
anoM Ui otrbopa B MpoLecce IBOIOLMH.

ITepemerrieHust AC-271eMEHTA MPOUCXOJAT H B COMATHYECKHUX KJIeT-
Kax KYKypy3bl. 32 HUMH MOXHO CJICJINTh 110 PACipele/IeHHIO MyTaHT-
HbIX YYACTKOB TKAHM, HANpUMep JMIIEHHBIX NMUIMEHTA BCIEACTBHE

.HHEIKTHBRHHH reta, onpeiaciaiouero nNMrMeHTalmio. IMoromcTBO KIeT-

KM, COlepKalleil TOJbKO MHAKTHBUPOBAHHbIC FeHbl, Takxke Oyier nu-
1ieHO nUrMeHTa. Boipesanne MOOMILHOIO 3J1IeMEeHTa NMPUBOIUT K pe-
AKTUBALMK reHa. B cAsn ¢ 9THM ObUl ¢1eIaH BHIBOJL O PEryJIsiTOPHOI
QVHKIMHA MePeMCIIAOLIAXCA JTIEMEHTOB U OHM ObUTH HA3BAHBI KOHM-
poaupyrowumu (b. Mak-KnuHrok).

bpems 8 JITHK nocie Beipe3anus TpaHCMO30HA MOXET 3a/1e/ILIBATh-
cs1 mbo ¢ noMouslo romosnoruuHoro orpeska JAHK, anbo 3a cuer
CILIMBAHMS PA30PBAHHBIX KOHIIOB (3TO 0COGEHHO XapaKTepHO LIS TPaHC-
MO30HOB PacTeHMit).

B 11e/10M MOIBMXKHLIE 3JIEMEHTBI 9YKAPUOT MpeacTaBusiioT coboii
Ype3BbIYaiHO pa3HOPOAHYIO nonysaunio. CyniecTsyeTr MHEHHE O TOM,
UTO OHM HE BJIMSIOT HA (heHOTUI OpraHM3Ma M PasMHOXAIOTCH B re-
HOME Jiniiib 61arojapsa 0COOCHHOCTAM CBOEH CTPYKTYPbI, B pe3yiib-
TATE Yero rocrerneHHo 3acensiior reHoM. llpennonaraercsi, 4TO OHM
COCTABASIOT YACTh TAK Ha3bIBACMOM ArOMCTHYHOI (cM. ¢. 156) IHK,
pa3sMHOXEHMEe KOTOPOiT OrpaHMuYMBAeTCs eCTeCTBEHHBIM oTOopom. O1-
6op ycTpaHsieT Te cay4dau, Koruaa BHeapenue srouctnunoii JJHK co-
MPOBOXJAETCS BpeAHbIMU nocaeacTBusmu. Ha onpenenenHbix cra-
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Puc. 94. CtpykTypa perpoTpancrno3oHa ¢ JUMHHBIM KOHIEBLIM ITOBTOPOM

JMAX SBOJIOLUNHU ITH JEMCHTBI MOTYT MCIOJIBL30BATLCA JUISL LEHEi,
KOTOphIE B ajibHEHLIeM obecrieyaT CeIeKTHBHbIE TIPEHMYLIECTBA Opra-
HU3MY.

Bonbuioit Knace MOABMKHBIX MEMEHTOB NPEACTABISIOT pempo-
MPancno30Hbl, CXOIHBIE 1O CBOCH CTPYKTYPE C MPOPETPOBUPYCAMM,
KOTOpbIC BHE/IPAIOTCSA B ICHOM, WCIONb3Ys MEXaHM3MBbI O0OpaTHOI
TPAHCKPUTILIH (CM. €. 233). DTH 2J1eMEHTBI COLEPKAT «TEJI0» PA3MEPOM
5—8 ThiC. H. 1., OrPAHMYEHHOE NPAMBIMHU JUIMHHBIMH KOHIICBBIMH 110~
sropamu (JIKTT, mau LTR — ot aura. long terminal repeats), 06b14H0
conepxaituMu 1o 300—400 1. 11, (puc. 94). Yncao KOl 3THX S1eMeH-
TOB, NPHHAUICKANNX K OJHOMY CeMEHCTBY, JIOCTATOUHO MOCTOAHHO
JULSL BULA, HO BapbUPYET OT HECKOJILKMX KOTMIi IO COTEH ThICSY KOMUIi
B 3aBUCUMOCTH OT THIIA PETPOTPAHCIIO30HA, PeTpoTpaHCos0Hbl, 0THO-
CALLMECs K PAa3HbIM ceMeiicTBaM, He UMEIOT MPOTHKEHHBIX TOMOJIOrHi
HYKJIEOTHIAHBIX nocaenoparensHocteit vu B JIKIT, nu B tesie. B cocrase
«TeJIa» 3JIeMeHTa OOHAPYXXMBAIOTCS OTKPBITHIE PAMKY CUMTHIBAHMS JUIS
00paTHOi TPaHCKPHUNTA3bl M HyKJI€a3bl (MHTerpasbi). PasHbie Konum
OJIHOTO CEMEHCTBA MOIYT MMETh BCTABKM M jeneunn kak B JKIT, Tak
B camoMm ssiemenTe. ITo dnanram JIKIT HaxoaaTcst KOPOTKME NpsiMbie
1NOBTOPBI. PeTPOTPaHCMO30HBI IMPOKO PACHIPOCTPAHEHbBI Y HYKAPHOT.

Oz1H M3 croco6oB nepemMeneH s peTPOTPAHCIIO30HOB TIPEANOA-
racT ero TpaHckpunimio ¢ nomousio PHK-nommmepassr I1. B cocrase
JKIT umeiores caiiThl MHULIMALIMH TPAHCKPHUIILMK W CUTHAJIBI TTOJIH-
ancHuamposatus. JAKIT MoryT ciykuth aKTHBHBIMH NMPOMOTOPAMH.
Tpanckpunumst HaunHaercest B onxrom JIKIT (yeroBHO nesoM, 5-JKIT),
a 3aKaHunBaercs B apyroM (npasom, 3'-JAKIT). Cunresupyemas Moe-
kyna PHK tpancimpyerest ¢ oGpaszoBanmem dhepMeHTOB, HEOBXOMM-
MbIX wist cunTesa JIHK v BHeapeHns ee B reHoM. DT1a ¢XeMa MoJIHOCTbIO
TIOBTOPSACT cXeMy 00pa3’oBaHMs W MHTErpalum nposupyca (puc. 95).
OcTaercst OTKPBITBIM BOMPOC: TIPOM3OLLIN JIH PETPOBHPYCHI U3 per-
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JHK (crpenku) obecneyuBaioT HAYaI0 M KOHEIl
TPAHCKPHITIIHM, & TAKKE PEIUTHKALHIO

I =TI Perporpancrnosox
% . TpaHCKpHILMS *
\AAnAa> PHK saranns PHK

BupychHas yacTuua, OGpa3zopanne Benkos
criocofHas K 3apaXeHHIO, BUPYCHOM YACTHIIBL,
WAH BHpycononobHas, a TaKxke
nediexkTHAS peBepTa3kl/MHTETPasbl

JNHK Y __ Y o O6parnas
PHEK »rrrnas® TPAHCKPHITITHA

IHK £ =3

l Berpausanue,
E =8 uurerpasa

Puc. 95. IMepemeuieHHe PETPOTPAHCIIO30HA € [UIMHHBIM KOHLIEBBIM ITOBTOPOM

POTPAHCIIO30HOB WM, HANPOTUB, PETPOTPAHCIIO30HBI BO3HMKIN M3
BUPYCOB B pe3yJibTate notepH crocobHocTH K 3apaxenuio? INojasns-
JO1Las YACTh PETPOTPAHCIIO30HOB (ITPU CPABHEHHH HX C PETPOBUpYCa-
mu) 6o notepsiia reH 06o04KK BUpyca, 6o eme He npuobpena
¢ro. Taknum 00pasoM, peTPOTPAHCIIO30HbI TPEICTABIAIOT COOOH BHYT-
pUTeHOMHBIC, HeMH(DEKIIMOHHBIE DJIEMEHTbI, COCOOHBIE JIMIIb K Ca-
MOBOCMPOM3BEICHHIO U «ITOA3APAXKEHUIO» TOTO XKe reHOMa.
Breapenue perpoTpaHCIO30Ha BHYTPh FeHa MJIM OKOJIO I'e€Ha Bbl-
3piBaeT pasiibie 3(hdexTsl. Bo MHOTHX cliydasX MPOMCXOAHT HHAKTHBA-
umst rena (pue. 96). IMpu uHTerpain B pailoH npomMoTopa Ha 5'-¢ax-
re reHa pPeTpPOTPAHCIIO30H MOXET Pe3KO aKTHBHPOBATH IKCIPECCHIO
rena, obecrieunBasi TPAHCKPHIIIMIO ¢ cobcTBeHHOrO rpomMoTtopa. Ecin
B 9TOM CJIy4ae MOMABMXKHBIA DJEMEHT OKa3aJICsA OKOJIO NPOTOOHKOre-
Ha, TO PE3yJILTATOM MOXeT ObITh CBEPXNPOAYKUMs Beika u 3j10Kave-
CTBEHHOE 1EPEPOAKICHUE KIETKH. DTO Ke BO3MOXKHO NP BO3/ICHCTBUH
9HXAHCEPOB, PUBHOCUMBIX MOGH/ILHBIM 21eMeHTOM. OcobbIe BO3MOX-
HOCTH JUISl TIEPEHECEHUsI M TPUOOPETeHMs PEryIsTOPHBIX CUTHAIOB
BO3HMKAIOT TOLIA, KOraa anemeHT (PeTpoTpaHCIO30H) yiajlseTcd 3a
cyer romosiornaHoil komouHammn Mexay AKIT ¢ naeHTHYHBIMH NO-
BTOpamu (cM. puc. 96). B pesynsrare coxpansiercst b oaut KIT Ha
MecTe BHeIpeHHs peTpoTpancnosona. B csoio ouepens onuHokue JKIT
CYIIECTBEHHO BAMAIOT HA M3MEHUYMBOCTDL PETYJISITOPHBIX CHCTEM KJIET-
ku. MMeHHO Takoil TpOMOTOP MOXKET NeperporpaMMnpoBaTh Xapakrep
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Puc. 96. Sdybexrsi BHEAPeHMs peTpoTpatciiosona BHYTPb TeHa WK OKOJIO FeHa:

A — napyuienie TpAHCKPUIIIMH TP BHEAPCHHN B HHTpoH: B — ycuienue sKenpec-
CHM TeHa 1pu BHeApeHnn B 5'-paiton rera; B — oBpasoBanie MOABMKHOLO fpoMoTopa
B Npotecce roMoa0rnieckoil pekoMOHHALIMKM MTOCe yoaleHus Teda 21eMenTa

3aBUCHMOCTH pabOoThl reHa KaK OT BHEIIHUX CHTHAIOB, TaK M OT BHYT-
PHKIIETOUHBIX PErVJIsSTOPHBIX CHCTEM.

[MpencrabneHHbie cayuanm BHeApeHHs 3eMeHTA COTPOBOXKIAIOTCSH
MYTAIMAMM C CAMBIMM Pa3sHBIMH (DEHOTUTNTMYCCKUMM TPOSIBICHMSIMHM,
00yCIOBJIEHHBIMH MOJABICHHEM 00PA30BaHMsl WM, Haobopor, runep-
npoaykumeii 6eska. IlNepemelitieHue 31EMEHTOB 11O reHOMY cnocobeTByeT
PACHPOCTPAHEHNIO PETYASTOPHBIX CHTHAIOB (CATOB MHMLIMAIINM TPAHC-
KPUITIIHK, CHTHAIOB TNOJWANEHWIMPOBAHUSA, WIH 3HXaHCEPOB), YTO
ACTACT 3HAYUTENILHOMH posib MOOMIBHBIX 3JIEMEHTOB B DBOJIOIHH CH-
CTEM DPETYIISILIUM.

Cywectsyer apyroii Gonbiioil Kiace PETPOTPAHCIIO30HOB, KOTO-
PBIC HE HECYT JUIMHHBIX KOHLIEBBIX MOBTOPOB. MexaHM3M BHeIpeHMs
MX HECKOJILKO MHOI, XOTSi OH TAKXKE OCYIUECTBASCTCS C MOMOIIBIO
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P ancnoson 6e3 JKI1
(yanamm:gp }.‘c’ég*a BCTpauBaHms M obparnas
TPAHCKPUIIIMA CONPSIKCHEI)
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nocrpoiika nsyruresoi JTHK,

Ynanenne PHK,
BCTpaMBaHMHe

Puc. 97. Tepemenienne perporpancnosona 6e3 JIKIT

obpartHoit TpaHckpunuuu, K HUM OTHOCSTCS NPEJACTABUTENIN CeMeii-
crBa L1, Hacensiiouine reHoM ucioseka. Permkanus snemenra 6e3
JKIT conpsixkeHa HENMocpejaCTBEHHO ¢ pailoHOM OVIYIIEro BHEJIPeHUs

* perporpaHcnosona (puc. 97). PHK, obpa3soBasuiascs npu TpaHcKpHI-

LMK DJIEMEHTA, NepeMellaeTes K J0CTaTOYHO CaydaiHOMY MecTy pa3-
poiga JIHK-mumenu, vacro cimpaercs ¢ onnoit n3 Hureit JIHK. Ciona
VCTpeMJISIOTCSH M HeoOXoluMble Julst uHTerpaimn 6eakn — obparHas
TPAHCKPUNTA3a M uHTerpasa. JIpyras, komruiementapHas Huts JIHK
CHYXKMT 3aTpaBkoit s konuposauust PHK-konum snementa ¢ yua-
cTHEM 00paTHOit TpaHcKpunTasbl. MepMeHT KONMpYeT CHavala Hebob-
mioit yuactok JAHK-muiienn, a 3arem MeHsIeT MATPUILY M KOITUPYET
PHK, nocne ywero PHK ymansiercsi u oGpasyercs BTopasi KOMILIEMEH-
tapHas uuth JJHK. Petporpancnosons 6e3 J1KIT yuactsyior B coxpa-
HCHMH KOHIIOB XPOMOCOM B PSiLY MOKOJIEHHIT.

IMono6Hy0 QYHKINIO Y MHOIMX OPraHM3MORB BBITOJHSET TEJIoMe-
paza (cMm. c. 230). V psina HacCeKOMBIX, B TOM HMC/Ie U Y 1po30duibl,
otcyrerByeT TesoMepastag aktueHocTh. Konusr JIHK y vux yanuns-
I0TCS 34 CUeT NepeMellCHMIT peTpoTPAHCIIO30HOB M B 3TOM cliyuae
BBICTYINAIOT KaK KOMIMOHEHTBI FTeHOMAa, CIacaloline XpOMOCOMY OT VKO-
paunBaHusd. PeTpoTpaHcio3oHbl nepemMenaioTes, obpasysi MoBTOPSIO-
HIYIOCS CTPYKTYPY, B KOTOPO# 2J€MEHTBI COSIMHEHBl APYT C APYIOM
Mo THITY «roqoBa K xBocty». CHavyana na PHK-rpanckpunre Kak Ha
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MATpHLIE C MOMOLUBIO OBPATHOI TPAHCKPHIILMHU CTPONTCS KOMILIe- Mexay ocobGsiMM OIHOTO BWIa MHOIIA HAGMIONAIOTCS pPasaHunsd

MmeHTaphast Hute JIHK, a 3atem nocne yaarenns PHK-marpuus no- (nosuMopdu3M) B CTPYKTYpe TeHOB M MX OIMXKaiiluero OKpyXeHus,
CTpauBaeTcst apyrasi. Takum 06pasoM, reHOM X03iHHA NPHCIOCOGHI 0BYCIOBNCHHbIE BHEAPEHHEM KOPOTKHX WIH JUIMHHBIX [OBTOPOB. B re-
9TH DJIEMEHTBI Ul COXPAHEHHSI KOHLIEBBIX YYACTKOB XPOMOCOM, JUISI HOME CYIIECTBYET MHOXECTBO HCAKTUBHBIX J€(EeKTHBIX KOMMii 3THX
CMACEHUSI XPOMOCOMBI OT IIOTEPH I'€HOB. 271eMCHTOB, OHH HC CMIOCOGHBI KOJMPOBATh TPAHCIo3asy WiH obpat-
B renome miekonuralonmx, ntui, amduGmii 1 HaCeKOMBIX obHapy- HyIO TpaHcKpunTasy. C Apyroii CTOPOHbI, OHN COXPAHSIIOT CMIOCOOHOCTh
KHUBAIOTCSL pempono3onst — BHeApuBLINecs B reHoM JIHK-konuu, ci- K MepeMelleHHsIM, eCIH B CIlyuae TPaHCHO30HOB MMEIOTCSA MHBEPTH-
TC3MPOBAHHbIC HA Pa3HBIX THMAX KieTouHbix PHK, kak na marpuuax. pPOBAHIBIC TIOBTOPI, Y3HABAEMBbIE TPAHCMO3a30ii, A B CIydae PETpo-
CrpyKTypa peTporo3oHOR o3BoJsieT ¢ YBEPCHHOCTBIO FOBOPUTH 06 yua- TPAHCIO30HOB COXPaHEHbI TPOMOTOP M BO3MOXHOCTb TPAHCKPHITLNH
CTHH OOPaTHOM TPAHCKPHITUMM B NpoLiecce ux obpasosanus. Taknm aneMenTa. MHOXECTBO TaKMX Ae(heKTHBIX KOTIHIE HAUHYT NepeMelaTh-
00pa3oM, HapsiLy ¢ MepeHocoM nHpopmaimm or IHK k PHK ocyuie- cs1, ecnu (hepMeHTHhI, OTBETCTBEHHbIE 3a fepemelienne, OyayT Koau-
CTBISIETCA M 0OpaTHbI npolece — Bo3BpalleHne ee B reHOM B Bie po’Bamﬂ JAPYTMMHM TOJTHOLIEHHBIMHU JleMeHTaMu. B reHome uenoseka
PETPOIIO30HOB. Y MJIEKOMHTAIOILMX PETPONO30Hb COCTABISIOT Goee MCTOYHMKOM AKTMBHOW OOpPaTHON TPAHCKPHUITA3bl SIBJISETCS PETPO-
10 % JIHK, creioBatesbio, MOLHOCTb BETPEYHOTO 1MOTOKA nHpopma- Tpancnoson L1, uucno xonuit koroporo pocturaer 100 teic. U3 Hux
unn or PHK x JIHK moxer 6biTh CYUICCTBEHHOM, 1O Kpaiineii mepe akTuBHO nepementaioresi 30— 60 Teic., ocTaibHbIe, MOBPEXKIECHHbIE,
IIpH OLIEHKE €TI0 BO BPEMEHHOM 3BOMIOLMOHHOM Maclutabe. Pasinuaior nepeMeLaTbest He MOTYT.
Pa3HLIC THIIbI PETPOTIO30HOB, CPE/I HUX ncesdocenbl. DTO KON TeHOB, MoGHIbHbIE TeHETHYECKHE IEMEHTBI MOTYT MPHHUMATh YUacTHE B
JAMIICHHBIC MHTPOHOB M 00J1afaloNnIHe 1oc/ie1oBaTe bHOCTBIO T10JH- nepecTpoiikax XpoMoco. Halmume B XpoMocomax HECKOIBKHX OJIiHa-
AA-nomi-1T Ha 3'-nanre. Marpuueii nipu nx KOITMPOBAHUH TTOCITYKU- KOBBIX 110 HYKJICOTMIHOM IOCIEI0BATEILHOCTH KOTIHIt MMOABMXKHOTO
71 «ITpONECCHPOBAaHHAs» oIHaleHUMpoBarHas MPHK. Pamku Tpanc- 37IEMEHTA TO3BOJISIET B PEAKHX CIIYUasX OCYIIECTBUTH PEKOMOUHALIMIO
JALMH TAKHX «T€HOB» YACTO «MCIIOPYEHBI» CTON-KOAOHAMM M 1e/IeLsi- Mo paifoHaM UX JIoKamu3aumu. B pesyibrare HepaBHOTO KPOCCHHTOBEpa
M. OHM, KaK 1 NPOPETPOBUPYCHI, OFPAHHYCHEI KOPOTKMMH MPSAMBIMH BO3HMKAIOT JCHCIINH OTACNbHBIX YUACTKOB WIH, ‘l:]aOGODOT, JIYTUTMKA-
TTOBTOpPaMH, NPEACTABASIONIUMH COBOM JAVIUIMKALMIO FeHOMHOI 10- unn (puc. 98). HepaBHbIII KPOCCHHTOBEP 110 paloHaM JOKAJIHM3aLHH

CACAOBATE]ILHOCTH B obsactu caiita sueapenuns JHK-konuu, obpa-
3osannoi na MPHK. Ecau perponoson npaeunsao NPOLIECCHPOBAH,
JIHK-Konus conepxut oTKphITYIO PAMKY CUMTBHIBAHHMS M BO3MOXHA
€TI0 SKCIpeccHs, TO TaKHe PETPONO3OHBI HA3BIBAIOT pempoeeHamu.

bosbiyio Maccy noBTOpSIOUINXCS 2716 MEHTOB TO3BOHOYHBIX npexu-
crasasior JIHK-konuu kierounsix PHK, Koampyionmx Geiku Hems-
BECTHOM NMPUPOJIBI, & TAKKE aHOMAIBLHO NPOLIECCHPOBAHHBIX KJIETOY-
HbiX Tparckpuntos TPHK, 7S PHK n UPHK. Oun npejcrasisior
CODOH JUTMHHBIC H KOPOTKHE NoBTOpbl. CeMeicTBa NMOBTOPSIOUINXCS
TOCJIC0BATEIBHOCTEH YACTO MONYIAIOT CBOM HA3BAHMSI 11O PACLLCTLISI-
IOLHM X pecTpuKTaszam (Hanpumep, Koporkue Alu-noBTopbl wim
JUMHHBIe Kpn-1oBTOpsl B reHOME yesioBeka).

Kaxaptit Bua maekonuraommx o6nanaer coGeTBeHHBIM ITABHBIM
CEMEHCTBOM JUIMHHBIX OBTOPOB, OTAHYAIONNX €r0 OT JIPYTHUX BUIIOB.
[Ipeanonaraior, uto pasHeie cemecTBA LUIMHHBIX MOBTOPOB BO3HMK-
M CPABHUTE/ILHO HEAABHO, YKe 110CIe IBONIOLMOHHOI IHBEPreHIMM
BHJIOB MJICKOIHTAIOLINX.

Kopotkue nosropei, nanpumep NnoBTOpbI Alu-cemeiictsa v yeno-
BeKa, coctassior 3 - 10°, yto cootBercTBYeT 5— 6 % Macch JIHK kner-
Ki. MIX HYKJIeOTHIIHAS 110CIe10BATEIBHOCTD FOMOIOrMHA nocjenosa-

f

TCABHOCTH oTaeabHbIX yuacTkoB 7S PHK. Takue nosropsr paccesitpi Putc. 98. TTepecTpoiiKi XpOMOCOM, OBYCIOBICHHBIE PHCYTCTBHEM B HHX O/IH-
M0 TeHOMY, MX OOHApY)KHBAIOT B MHTPOHAX, Ha 5'-aHTax reHoB, B HAKOBBIX TOBTOPSIONINXCS MOCICAOBATEBHOCTE, MPCACTABICHHBIX NOIBHK-
cocTase 3'-HeTpaHCIMPYeMBIX YUACTKOB IeHa. HBIMH 2/1EMCHTAMH
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Obiyuenue Puc. 99. ¥Ycrpanenne aByHure-
11 (1ieHTpoMepa) Boro paspsisa AHK ¢ nomo-
[ @ o= . LIBIO PETPOTPAHCNO3OHA
L _l:I 1L £ |
Pacxaxcnente XpOMOCOM Moreps
[ = ] KOHLICBOTO
¢parmenTa
L =1 —
@parMeHT PETPOTPAHCIIO30HA

(zaneunBanme Gpewrm)

TPaHCo30Ha mariner (MOpsIK) y YeJloBeKa NMPUBOANT K JICJICIHH yia-
CTKa B KOPOTKOM ruieve 17-if xpomocombl. Ecim 210 cobbiTre npouc-
XOJIMT B 3apO/bILIEBON KJICTKE NPH CO3PEBAHMM FAMET, TO XPOMOCOMA
¢ aeneuneit Oyaer nepesana NoToMKaM. DTo NMPUBOANT K HACEACTBEH-
HBIM 3a00J1eBaHMAM HEPBHOI CHCTEMbI — HEBPOMATUAM H NapaIHiaM.
BryrpuxpomocomHasi peKOMOMHALIMS MEXILY ABYMS 2JEMEHTAMM NIPH-
BOANT K MHBEPCHH — [MOBOPOTY yuacTka xpomocomel Ha 180°. Musep-
CHst MOXeT OBITH BpelHa Ul OpraHu3Ma, a MOXeT crnocoOCTBOBATH
OBOJIOLIMKM TEHOMA, MMOCKOJIbKY [IOMOTAeT Mepeaath MOTOMCTBY CIy-
JAHHO CIIOXMUBILIEecq O1aronpusiTHOE CoueTaHue TeHOB, NPenaTCTBys
KPOCCUHTOBEPY.

Perporpancnosonst ¢ JIKIT yqacTByloT B AMKBHAALIMH JIBYHHTEBBIX
paspuisos JIHK. O6bIYHO TaKOi paspbiB 3ajcHMBACTCSl ¢ MOMOIIBIO
romoJiornyHoit Monexkyiasl JIHK, nHanpumep cecrpuHcKoil, TOABKO uTO
PeIIMLMpOBaHHOi HUTH. YuacTie perummumpyiomeiics JTHK perpo-
TpaHcnosonos ¢ JIKIT B nporecce 3akMBICHMA ABYHHTEBLIX PA3Phi-
BOB OOHApyKeHO y apoxokeit (puc. 99). Bpeiub B AByHUTEBOI CriMpaiH,
JlelaHHasi PETPOTPAHCIIO30HOM, COXPAHSET 1EJOCTHOCTH XPOMOCO-
MbI, HO U3MCHSAET €€ HYKJICOTHIHYIO MOCIIeN0BATE/NILHOCTL. Ecan paii-
OH XPOMOCOMBI, rae Obia 6peinb, He CONEPKUT CYILIECTBEHHOIO reHa,
TO KJICTKA OCTAETCs XH3HECNOCOOHOI.

[ToaBuXKHbBIC 2JIEMEHTBI HE CTOMT PACCMATPHBATH TOILKO KAK «3r0-
nernyeckyio» JIHK, napasurupyiomyvio na JIHK knerkn-xozsmuna. Onu
NPUCTIOCODAEHBI M LTS HYXKJL TeHOMA KJIETKH: CIOCOOCTBYIOT COXpaHe-
HHUIO CTPYKTYPHO# wenoctHocTH XpomocomHoii JIHK: suenpssich B
TCHBI, HE TOJILKO MHAKTHBUPYIOT, BLI3BIBASI MYTALIMH, HO M MCHSIOT
XapakTep MX 3Kcrnpeccuu. B CBSA3M € 3THM MOABMXHbBIC TEHETHUECKHE
INEMEHTBI, OyIyuH BAXHBIMH (PAKTOPaMH M3MEHYHBOCTH IreHOB 1 yua-
CTBYsl B MEPECTPOIiKax CTPYKTYPbI XPOMOCOM, MUMEIOT OIPOMHOE 3Ha-
YCHHE B NIPOLIECCax IBOTIOLMN FEHOMOB.
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IIPOITPAMMA «'EHOM YEJIOBEKA»

JLtst BceCTOPOHHETo MeCaeoBatms reHoMa yenoseka B 1990 r. 6bura
paspaboTaHa W B HACTOS1EE BPeMsl BOIUIOLIACTCS B XKU3Hb CHICHAIIb-
Hasi MeXIvHapoaHas rnporpamma «I'enom vesioseka» («Human Genome
Project») — 3TO OAMH M3 CaMBbIX JEP3HOBEHHDBIX, JOPOrOCTOSALIMX M
MOTEHIMAJILHO BAXKHBIX MPOEKTOB B HCTOPHUH LIMBUIIM3ALIMU.

B sizpe Kax10ii coMaTHUECKOI KJIETKH YeJIOBeKa COICPXKUTCS 23 napsbl
XPOMOCOM: Ha KaXIyl0 XPOMOCOMY TPHXOMAMTCS 1O OAHOM MOJIEKyJe
JIHK. Inuna Beex 46 monexkyn JAHK B oaHO# KI€TKE YyeoBeKa paBHa
MOYTH 2 M, KOJTHUYECTBO HYKICOTHJIHBIX Map coctasisieT 6,4 Mmipll.

OcHOBHOIT 3amadeii nporpaMMbl ABIASETCH MOCTPOCHHUE HCYEPTIbI-
BAIOIIMX FeHETHUECKMX KapT 6OIbIIOro paspelieHus Kaxaoit us 24 xpo-
MOCOM 4eJIOBEKA, KOTOPOE JIOJKHO 3aBEPIIMTLCS ONPElesIeHHEM 0JI-
Hoit nepsuunoit crpykTypsl JJTHK Beex xpomocom. Lis peiueHust aT0H
3a0aYM BO3HMK MeXIyHapo/Hbli KOHCOPLUMYM T10 U3YHYEHHIO TeHOMA
uenoBeka, oonenuuBnii 20 1aboparopuili M COTHM YYEHBIX BO BCEM
MuUpe.

B ciyuae yCneniHoro 3apepuieHus nporpaMmbi (1o miaHy sto Aoi-
*HO npousoiity B 2005 r.) y yenopeyecTsa MOABATCH MEPCIEKTUBL
MOHSTH MEXaHH3Mb! (DYHKITMOHMPOBAHMS KaXKI0Io U3 €ro reHos, 1puH-
LMITBI PA3BUTHS OPraHu3Ma, reHeTHYecKue NMPUUMHLI MHOTMX HaCIe/l-
CTBEHHBIX BoJIe3Hel U MEeXaHW3Mbl CTAPCHHMSL.

KaprupoBanune reHomMa JeioBeKa

Pelenue 0CHOBHOM 3a1aun nporpaMmMel «I'eHoM yenoseka» BKIIO-
yaer CACAYIOUINE ITanbl.

* Ha nepsom srare HeoOXOAMMO 3aBEPUIHTL COCTABICHHE JIETAIbHOM
2eHemu4eckoll kapms! i OTMETHTBL TeHbI, OTCTOSILIIME APYT OT JApyra Ha
PACCTOAHMH, HE TIPEBBLILLIAIOIIEM B cpeiHeM 2 MIH ocHopanuil (1 MiIH
ocHoBaHMit pasen | merabasze — 1 MG, ot aH. base — ocHOBaHME).

e Bropoii aTan npejnojaraet coctapaeHue GU3NIECKUX KapT HU3-
KOIO paspelieHmus Kaxiou xpomocomsr (paspetienue 0,1 M0).

e Ha Tpetbem 3tane cienyer nojayuuth (pU3NYECKy0 KapTy BbICO-
KOTO pa3pelieHHsi BCero reHoMa B BUJIe OXapaKTEPU30BAHHBIX IO OT-
JICILHOCTH KJIOHOB (KJIOH conepxut 5 KO6).

e YerpepThiit 9Tan NMOCBAIICH ONpENeIeHHIO MOMHOH NMepBUYHON
cTpYKTYphI (ceksenmpoBanmio) seeit JITHK reHoma denoseka (paspe-
mwienue — | ocnosanue). ITo miaaHy 310 a0/pkHO npon3oiitn K 2004 r.

¢ Ha nsaroM, 3axII0UHTENLHOM, 3Tarne HeoOX0AMMO B HAHIEHHBIX
TIOCIEOBATENBHOCTAX HYKJICOTH/IOB JIOKATH30BATh BCE T'eHbl OPraHU3-
Ma ¥ onpeaeanTh ux pyHKuMoHanbHoe 3HaueHue (x 2005 r.).

[TpoxoxieHue BhLCNEPEYHCIICHHBIX ATANoB Tpedyeres uid noay-
yeHHs HCYEPTBIBAIOLIMX XAPAKTEPUCTHK HE TOJIBKO reHOMa YeJI0BeKa,
HO M J1060ro pyroro reHoma 60/bIIOro pasmepa.
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I'eneTnyeckoe KapTupopanue

Tenernueckmne Kaprsi cuemienns. [eHeTHUCCKHE KAPTHI CLETICHMUS
OTPE/IeJIAI0T XPOMOCOMHYIO NMPHUHAUIC)KHOCTh M B3aMMHOE PacnoJio-
KEHHE TEHETHYCCKNX MAPKEPOB OTHOCHUTENLHO Apyr jpyra. Kaptupo-
BAHWUE B Y3KOM CMBICJIC — OMNpENe/IeHHE MOJOXEHHsI TeHa WM MyTa-
lmn B Xpomocome. TMosnHee ator tepmun noayunn Gonee mwmpokoe
TOJIKOBaHue. OH OTHOCHTCS He TONBKO K IeHy, HO K T1060My Mapkepy,
MO/l KOTOPBIM MO/IPA3yMeBaloT reH, myrauuio, yyactok JAHK ¢ neo-
npeseneHHoi ynkuneii, Touky pacuwervierns JIHK pecrpukrazamu.
Taknm oGpasom, mapkep — 3710 M060I HacaeayeMblii IPU3HAK, JIO-
CTYIMHBIH MACHTH(DHUKALIMH TeM WIM MHBIM criocobom. YeTaHoBIeHHe
JIOKATM3a1IHM KaKoro-1Mb0 Mapkepa Ho3BoJseT HCMOAb30BATh €ro JUls
Orpe/ie/iCHMs MOJOXKEHNsI APYrOro MapKepa.

Mapkepbl, BLIOpaHHbIE Ui KAPTUPOBAHMSI, JOJKHBI OBITH HOAU-
MOp@HbIMU, T. €. IOJDKHBI CYIIECTBOBATD ATbTePHATHBHbIC (hOPMBI 1npu-
3HaKa, KOTOpbIe MOXHO ObLIO GBI JIETKO OTIMYNTB M OITUCATD Y YWICHOB
cembi. B nocnenosarensroctu JIHK sapuupyer (. e. nonumopden) B
cpeanem oaun u3 300 —500 nykneotnaos. Myraluu B 9K30HaX MOTYT
MPUBOJIHTE K BHIIMMbBIM M3MEHEHHMSIM — PA3JIMUMIO B 1IBETE BOJIOC M
r1as, rpynmne KpoBH, OCOOEHHOCTSX CTPOEGHMSI Teja, JeHTelbHOCTH
(bmsnonornyecknx cucrem, NMOABEPKEHHOCTH GOIEIHIM U T. I1. Myta-
LMK B MHTPOHAX MMEIOT MMHMMAIbLHLIIL 3(D(hEKT HiIH He MUMeloT ero
BooOLIe. B TO Xe BpeMst 9TH H3MEHEHHS JIETKO ONpPEe/sioTcs Ha YPOB-
ne JIHK n MoryT ncrionbzoarbest Kak mapkepst. Cpein niapxepéa Ta-
Koro tina — [TAP® (noanmopdusm anun pecTpUKLHOHHBIX (hpar-
MEHTOB) — u3MeHeHune nocaeaosatensioctn JHK B cajitax pe-
CTPUKLHH; PA3INYNs B UUCIIC TAHAEMHbIX MOBTOPOB, YTO NPUBOANT K
pazmmunsm no e JIHK, Kotopyio MoXHo serko onpesenants. Bos-
MOXKHOCTb II0CTPOCHHS TEHETHYECKHUX KAPT CLEIIeHUsl 0bycioBieHa
ABYMSL (DYHAAMEHTATBLHBIMM XaPAKTEPUCTHKAMM FEHOMA: JTHHEIHBIM
XapakTepoM JIOKATU3ALMM TCHOB B XpOMOCOMeE (3TO Onpejiessercs
JmHenHocThio Moaekybl JIHK) u orHocHTe bHOM cTaBMABHOCTBIO
PacnosokeHus obMraTHeIX (00sI3aTeAbHbIX) 3MEMEHTOB reHOMA B
npeziesiax Bujia. TepMUH «CueruieHne» ynoTpedasieTcs B reHeTHke wist
00603Ha4YCHUS BEPOATHOCTH COBMECTHOI NEpeayi ABYX MPU3HAKOB OT
OJIHOTO M3 POINTENICH MTOTOMCTRY.

leneTnyeckne NpU3HAKH, JOKATN3OBAHHBIC B PAa3HBIX XpoOMOCO-
Max, HE CHETUICHbI JIPYT C JIPYIOM, T.€. MEPealoTcsi OT POdHTes e
ACTAM HE3aBMCHMO. ['eHbl, J0KanM30BaHHble B OMHON XpOMOCOME,
PEKOMOMHHPYIOT 3a CYET KPOCCHHIOBEPA, 32 CYET OOMEHA Y4acTKaMu
FOMOJIOTHYHBIX XPOMOCOM B TPOLIECCE MX CHApMBaHMsl NPH Meiiose.
BeposTHocTh KpoccHHroBepa Mexiy JIBYMSt FeHaMH 3aBMCHT OT pac-
CTOAHMS MEAILY HUMH. HeM O/MKe reHbl PacooXeHbl APYT K APYTY,
T.e. 4eM Bosblile OHM CUETUICHBI, TEM 9Ta BEpPOSTHOCTH MeHbine. Ha
TEHETHYICCKUX KapTax CLETUICHUs! PACCTOSHHUE MEXIY MapKepaMH orl-
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peaensieTcst B caHtumopranmaax (cM). Korzna wacrora pekomOHHALNH
MeXIy JIBYMSI MapKepaMu pasHa | %, 3T0 3HaYMT, YTO OHM HAXOUSATCSH
na paccrostaun 1 ¢M. Ienernyeckoe paccrosiHue B 1 ¢cM npumepHo
paBHO (u3nMUecKOil NPOTsKEHHOCTH B | MiH H.m. — 1 MO6. O6uwas
JUTMHA TeHOMA UeJIoBeKa B 3TUX eAAMHMLaxX cocTasisieT okono 3300 cM.
[eHeTHUECKHE KAPTHI CLIEIUIEHHS IPABHILHO OTPAXAIOT ITOPSIOK pac-
MOJIOXKEHUS! TEHETHYECKMX MapKepoB Ha XpOMOCOMAax, HO 3HA4YCHHs
PACCTOSHMI MEX/1y HUMM MPHUOIN3UTENILHBI U HE COOTBETCTBYIOT pe-
ATbHBIM (PM3HYECKMM PACCTOSIHUAM. DTOT (DAKT CBA3BIBAIOT C TEM, YTO
2 peKTHBHOCTE peKOMOMHALMK HA OTAENBHBIX YYACTKAX XPOMOCOM
MOXET CHIbHO paziuyathesi. CyLIECTBYIOT TaK Ha3bIBAEMbIE «IOpsiuue»
TOUYKM PEKOMOMHALIMK W PailOHbl TeHOMa, rae peKoMOHHALMS 110/1aB-
JieHa (HeHTpOMEpHBIE, TeJIOMEPHbBIE M FeTePOXPOMATHHOBLIC YYaCTKH
xpomocom). Kpome Toro, yacrora peKoOMOHHALIMK Y MYX'UHH MEHbILLE,
YyeM v KEHIIMH, TaK 4To o0uas JUIMHA MYXCKOIro reHomMa, U3MepeH-
Hasl B eAMHULAX pekoMOuHaumu, cocrapisier auiub 3000 cM. Takum
06pa3oM, FeHETHYECKME KapThl CLCTUICHUs SIBJISIOTCS HaMMeHee ToY-
HBIMH M Q10T BEChMa OPMEHTHPOBOYHYI0 MH(MOPMALIMIO O peaJlbHOM
PACcCTOSIHIM, BBIPAKAEMOM B napax HykieoTuaos. Tem He MeHee Ha
NPAKTHKE MMCHHO OHM M TOJIBKO OHM TTO3BOJIAIOT JIOKAIH30BATh CJI0XK-
HblE FEeHETHUECKHEe MapKepbl (HarnpuMep, acCOLMUPOBAHHbBIC C CHMII-
TOMaM# 3a00JieBAHMA) HA MEPBLIX 2TANax MCCAe0BaHMUs U JAalOT BO3-
MOXHOCTh HUX JIaJIbHEeH1Iero u3yyeHus.

o nayana 70-x ropos XX B. NOCTPOEHUE FeHETHUYECKHUX KapT Ye-
JIOBEKA NMPOABUIaAIOCh OYeHb MEUIEHHBIMH TemnaMu. [Tepsbiit rex ve-
joBeKa (reH HBETHOM ciaenors) Obll KapTHpoBaH Ha X-XpOMOCOME
B 1911 r., a nepBblit ayroCOMHBIH red — ToibKo B 1968 1. K 1973 1.
Ha XpoMocoMmax 4ejoseka Obio KapruposaHo 64 rena, a k 1994 r. —
5000 cTpykTypHbIX reros u cbiie 60 000 mapkepubix JHK-nocaeno-
pareabHocTed. CTONb CTPEMHUTENBHBIN MPOrpece B KAPTHPOBAHHM re-
HOB Y€JI0BEKa CBA3aH C MOSBICHMEM HOBBIX TEXHOJIOTHH B LIMTOTEHETH-
Ke, B KJICTOUHBIX KYJIbTYPax U 0CODEHHO B MOJIEKYJISIPHOIH FEHETHKE.

I'nOpuamzanmusi comaTHdeckux Kiaetok. OnHum u3 Haubosiee nomny-
JSIPHBIX METO/IOB OTHECEHHMSA TEHETHYECKOro Mapkepa ((pyHKIIMOHAIBHO
AKTUBHOIO reHa) K KOHKPETHOM IpyInine CHeruieHus apiasercsa rubpu-
JAu3aumst (CAMsiHUeE JIPYT € APYIOM) COMATHUECKMX KJIETOK pasHbIX Ouo-
JIOTMYECKHUX BHJIOB OPraHU3MOB, OIMH M3 KOTOPBIX — MCC/e1yeMblil.
['MOpHIHBIE KIOHBI MOJYYAIOT MyTeM MCKYCCTBEHHOTO C/IMSAHMS KIIETOK
4eJI0BEKa M PAITHYHBIX TPHI3YHOB: KMTAHCKOro XOMSYKa, MBILIH, KPICHI.
Ky/bTHBHPOBAHHE TaKMX COMATHYECKMX TMOpPHIOB, KaK OKas3aJloCh,
COTNPOBOXIAETCS YTPATOit XpoMocoM uenoseka. [lotepst XpomocoM HO-
CHT CJIyyaitHbIil XapakTep, U 00pasyIoONIHecs KIOHBI KJIETOK COojiepkKaT
OCTABLIMECH XPOMOCOMBI B Pa3HbIX coueTaHUAX. Tak noayyaoT naHelIu
r'MOPHIHBIX KJICTOMHBIX KJIOHOB, COACPKALLMX BCErO OIHY WIH HeCKOIb-
KO XpOMOCOM YeJIOBEKA M IMOJIHBII Habop XpoMOCOM JIPYIoro BHA.
OGHapyxeHue yenoseueckux 6ekos, crietmduyueckux MPHK wiu nmoc-
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neposarensrocteit JIHK B Takux kiionax nossoJisier 01HO3HaYHO OM-
PENEINUTL XPOMOCOMHYIO MPUHAUIEXHOCTh COOTBETCTBYIOLIMX IeHOB.

T'uGpuansanus in situ. 10T METOJL IaeT BO3MOXHOCTD JIOKATH30BATh
onpe/e/eHHbIC MOC/IeN0BaTe/IbHOCTH HYKJICOTHIOB Ha XpoMocoMax. OHM
BBICTYNAIOT B KauecTBe 30HA0B. [1penaparhl hUKCHPOBAHHBIX XPOMO-
COM rMOpPMAN3YIOT C MCCIIEAYEMbIMHU TOC/IEI0BATEILHOCTSIMHM, MEUEH-
HBIMH PaIHOAKTUBHON Wan ¢yopectieHTHOI MeTKoii. MeueHbie Mo-
JIEKYJIbI OKa3blBAIOTCH aCCOLMMUPOBAHHBIMH C YYaCTKaMH XPOMOCOM,
COAEPXKAILMMH [10CACI0BATEILHOCTH, KOMILIEMEHTAPHLIC MEYEHOMY
sonay. IMonyyennbié ruGpu/ibl AaHATM3HMPYIOT C MOMOLILBIO MUKPOCKOIA
Jnbo HenmocpeACTBEHHO, Anbo nocsie paanoasrorpauu. DTOT METO/
MO0 YaCTOTE MCIOJIb30BAHHUS B IMOCJE/IHEE BPEMSI TIPOYHO BBIXOIMT Ha
nepoe mecto. HanbGosiee nonyisipHoii okasanach rpyrina MeTOI0B,
MOJVYMBIIUX Ha3BaHUe ghayopecuenmruoti 2ubpudusanii in sith — MeTOIL
FISH (ot aura. fluorescence in situ hybridization).

[Torumepasuas nennas peakuwms (ITLIP) nossonmna 6eictpo u agh-
(beKTHBHO aMIIM(UIIMPOBATE MOYTH J11000# YYACTOK reHoMa yeioBe-
Ka, a nonyuyennnie npoayktel [TLIP ucnonb3oBath B KayecTse 30HI0B
JUISE KAPTUPOBAHMSE COOTBETCTBYIOHIMX YUACTKOB Ha XPOMOCOMAX 1YTeM
rubpuamnsaumy in situ. B aTom 1uiane vereiHo paspabotaHa KoHLern-
11M8 CaiiTOB, NPUBS3AHHBIX K mociaenoBareibHocTsIM, — STS (ot anri.
sequence-tagged sites). Bee ¢parmentsl JJHK, KoTOpble MCnonb3yoTes
JUTSI TOCTPOEHMS TEHeTUYECKUX M (DU3MYECKUX KAPT, MOXHO 0JIHO3HAY-
HO MAEHTU(DHIMPOBATE C MOMOLIBIO MOCIEI0BATENLHOCTH HYKJIEOTH-
aoB juimHoi B 200—3500 H.n., KoTOpas ABAAETCH YHHUKAALHOH JUIS
jJanHoro ¢parMenTa. DTH cailTel aMrIMUUMPYIOT ¢ rnmomolibio [P
1 TIPUMEHSIOT B KayecTse 30H10B. STS mo3soaniIn co31aTh OCHOBY /LIS
pa3paboTKH eAMHOTO A3bIKa, AAIOLIEr0 BO3MOXKHOCTh PasHbIM jlabopa-
TOPHSIM OMMUCATh CBOM KJIOHBI. KoHEUHBIM pesyabTaToM paspaboTku
konuenuun STS sasgercs coznanmne ncuepnbiatoreit kaprter STS re-
HOMa vesioBeka. JLis nosyueHust Mapkepos B HACTOsIIIEE BPEMs 4acTo
MPUMEHSIIOT NpaiiMepsl, COOTBETCTBYIONIME JIMCIIEPrHPOBAHHBIM TTO-
BTOPSIOLLAMCSH MTOC/IEA0BATEILHOCTAM, CPE/IM KOTOPBIX NEPBLIMH CTa-
JIH HCTIOIB30BaTh AlU-TTOCIE10BATEILHOCTH, TAK KAK OHH XapaKTE¢PHBI
MMeHHO /Uil reHoMa venoseka. ITockonbKy B reHOMe 'esioBeka 0osbliie
90 % ymepeHHO MOBTOPSIONIMXCSH TTOC/AE/1I0BaTe/IbHOCTEH TpeacTaBie-
Hbl cemeiictBamu Alu u Kpn | (nocneanne nosropsiorest pexe u ob-
J1IANAI0T XapaKTepHOH JIOKAIN3auueil B XxpoMocoMax), OHU U UCMOJTb-
3YIOTCS JUIA TIOJIYYEHUSI COOTBETCTBYIOIMX 30H10B B [TLIP-peakimm.

Du3nyeckne Kaprsl HH3KOro paspemennsi. Dusnueckue Kaprol re-
HOMa OTPAXAIOT peaibHoe PACCTOSIHUE MEXILY MapKepaMM, Bhpaxae-
MOE B fapax HyKJICOTHA0B. (PH3NUECKYIO KAPTY HU3KOTO paspelueHms
YacToO Ha3bIBAIOT Xpomocomuou ((umozeHemu4eckol) Kapmou 2eHomda.

B nauane 70-x ronos XX B. nosiBWIACh peaibHasi BO3MOXHOCTb TOU-
HO uﬁeﬁmcbnxauuu HE TOJILKO BCEX XPOMOCOM B KapHOTHIIE YesloBe-
Kd, HO M MX OTIEIbHBIX CEIMEHTOB. DTO CBA3AHO C MOSIBICHHEM METO-
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na anddepeHIMaTBHOrO OKPalIMBAHMS NpenapaTos MeTadasHbIX Xpo-
MOcOM. XPOMOCOMHBIE MpenapaThl OKPalIMBalOT HEKOTOPBIMH (uryo-
POXPOMAMM T10C/IE COOTBETCTBYIONUIEH MPOTEOJNTHYECKOH 0OpaboTkm
win Harpesanms. [Tpy 5TOM Ha XpOMOCOMAX BLISIBJISIETCS XapakTepHast
ronepeyHas HCuepueHHOCTh — TaK Ha3biBaeMble JAMCKHM (09H/IbI), pac-
MOJOKEHHE KOTOPBIX CretmHIHO JUTsl KaXKA0i XpoMocoMbl. Benuun-
Ha HeBGOJIBIINX AMCKOB HA NTpoMeTadasHbIX XPOMOCOMAX COOTBETCTBY-
eT npumepHo | MitH H.11. Ha dusnyecknx Kaprax. Kaxmas xpomocoma
nocie mddepeHIHANIBLHOH OKpAacKH MOXeT ObITh pasjeseHa Ha cer-
MEHTBI, HYMEPAIIMS KOTOPBIX HAYMHAETCS OT LEHTPOMEPHOIO paio-
Ha BBepX (KOpoTkoe ruredo p) anbo BHM3 (JUIMHHOE Mieyo — q)
(puc. 100). TTonock! B KaXI0M CErMEHTE TAKXKE TPOHYMEPOBAHBI B aHa-
JIOTHYHOM TIOPSIZIKE. 3anuch MOJIOKEHUS TeHa Ha KapTe BKIIIOYaeT HO-
MEp XPOMOCOMBI, TLIEYO, HOMEP cermeHTa, 6aH1a M ero cyObeIMHHIIBI.

CunzpoM doH Xurmens — Jinngay
Pe3HcTeHTHOCTh K THPEOMIHOMY FOPMOHY
MenkoknerouHas KapiHHOMA JICTKHX
Tlcesnocunapom Lemwsserepa

GM I1-ranrmo3unos
Cungpom Mopkwo, i B

[My3ssipuarsrii AuCTpOhHHECKHIl 3ITHICPMOIN3

KapumHoMa KIeToK 1edeHH

Hepocratounocrs 6enka S
lemonuTHYecKas aHeMUs B pe3yabTare
HEAOCTATOYHOCTH FIYTATHOHIICPOKCHIIA3bI

Boneans Rh-Hons (pe3yc-oTpHIIATEIBHOCTS)
OpoTHKauuIypus

ITpormonanuaeMus, pecB-Tum
Arpancdeppuremus

[Tunoiepy 0IUIA3MUHEMNS HAC/IE/ICTBEHHas! |
IT¥rMeHTHEIT PETHHHT-3

[MocranecTesmdccKas OJBLINIKA
HenepenocnMocTs caxapossl

Biedapodumos, obpaTHBII 3MUKAHTO3 ¥ NTO3
Tpombodminsa B pesynsrate u3burka HRG
HelocTaToYHOCTE THPOTPOITHHBEICEOGOX 1a1011IeT0 TOPMOHA

¥
Puc. 100. I'enetnvieckas kapra 3-if XpOMOCOMBI 4€/I0BEKA
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3anuch 7¢21.1 o3Havaer, 4To reH JIOKaaM30BaH B cyObeanuuiie 1-ro
0sH1a 2-ro cerMeHTa JUIMHHOTO muieya xpomocomel 7. [Mono6xas 3a-
NUCh yI0OHA JUISI HIUTOFeHETHYECKOrO KapTHPOBAHMA METOAa rubpH-
AU3aLMM In situ, MO3BOJSIONIETO JIOKANTU30BATh I'eH ¢ TOYHOCTLIO 10
OIHOTO O3HAA M aXe ero cyObeIMHMIILL

XPOMOCOMHBIE KapThl FeHOMA YeJ0BEeKA MOJIYyYaloT TAKKE JOKAIN-
3a0Meil reHeTHYeCKMX Mapkepos, uaiie sBcero mertojgoMm FISH: s
meTahasHbIX XPOMOCOM pasperaonias crocodHOCTL XPOMOCOMHBIX KapT
HAXOAUTCH B npeienax 2—35 MJIH H.IL; Ui MHTepdhasHbIX XPOMOCOM
(reHeTHueCKHit MaTepuan HaAXOAUTCH B MeHEe KOMIMAaKTHOI ¢dopme) —
npubmkaerest K 100 Toic. H. 1. [Inst 3TOro ypoBHs KapTHpOBaHMS Xa-
paktepubl kapmor kKIHK (c. 358). OHM oTpaxaioT nojaoxeHue sKcrnpec-
cupyitonmxcs yyactkoB JIHK (9K30HOB) OTHOCHTENBHO M3BECTHBIX 1IH-
TOreHEeTHYECKUX MapkepoB (02Ha0B) Ha MeTaaszHbIX XPOMOCOMAX.
[TockonbKY TakMe KapThl IAl0T NpeACTaBICHHE O JIOKAIM3ALMH TPaHC-
KPpHOMPYIOUIMXCH YYACTKOB reHOMa, B TOM YHCJIE M T€HOB C HeM3Be-
CTHBIMM (DYHKIHSMH, OHH MOTYT ObITb MCHO/Ib30BaHbl Ul MOMCKa
HOBBIX TEHOB. DTOT NMOAXOJ M0JIe3CH NPH TTONCKE TeHOB, MOBPEXICHHE
KOTOPBIX Bbi3biBaeT 3a00/eBaHNs YeJI0BeKa, B TOM CJIyMae, el npu-
OaM3uTENILHAS TOKATN3AIMs TAKHX YIACTKOB XPOMOCOM VXK€ TpoBesie-
HAa Ha reHeTHYECKUX KapTax cuenjeHus (cm. puc. 100).

DusnaecKue KapTbl BBICOKOro paspemenus. /Lisi noctpoerus usn-
YECKMX KapT BLICOKOIO pa3pelieHs IKCNEePHMEHTAILHO PEalU3yeTcs
JIBA AILTEPHATUBHBIX TOAX0NA: KAPTUPOBAHHE CBEPXY BHU3 M KapTH-
posaHue cHU3Y BrepX (puc. 101). last KapTupoBaHUs CBEPXY BHU3 Tipe-
napar JIHK uxaneuiyaisHoit XxpoMOCOMBI YeTOBeKa paspesaior Kpyri-
HOILEISAIIAMHU pecTpuKTazaMu (Hanpumep, Not 1) Ha jutuHHBIe (hpar-
MEHTBI, KOTOPBIE N10CJIe Pa3ieIcHUsl METOIOM 2aeKTpodopesa B ny/ib-
CHPYIOLLEM I10JIe NTO/IBEPIaloTcs JlaibHeiinei odpaboTke ApyruMu pe-
CTPHMKTA3aMMU.

MeTtoznom anekrpodopesa nox ACHCTBHEM OJHOHANPABICHHOIO NOCTOAH-
HOTO MOJA B arapo3HOM WIM TOJIHAKPHIAMHIHOM TeIsX YIACTCA Pa3ie/nTh
({parmentsl JJHK paamepom ne 6onee 30— 50 toic. 1. n. Ipoasuxenne 60b-
wmx parmentos JHK B resie npu nyJibcHpyioleM M3MeHCHHH Harpasie-
HUsl 9NIEKTPHYECKOTO MOast MPOHCXOINT 34 cueT KoH(hopMallHOHHBIX H3MEHe-
Huil, 0byCIOBACHHBIX CKPYYMBaHHCM M packpvuuBanuem moackyn JHK B
MOMEHT [MepeKsoue s HarparncHust nons. B atoM cnyuac yaaeres pasnennTth
monekyasl JJHK pasmepom ot 50 teic. .11 go 10 mas m.).

B pesyibTaTe noayvyaioT MaKpopecmpuKkyuoniyio Kapty. Mero ssek-
Tpohopesa Obl1 ¢ YCHEXOM HCIOAB30BAH JUIS KapTHPOBAHHS MajibiX
reHOMOB.

Jlisa kKapTupoBaHMsl rTeHOMa YeJIOBEKA CHU3Y BBEPX HA OCHOBE Tpe-
napata cymmapsoit JITHK renoma win mHAMBHIYATBHON XPOMOCOMBI
MOJIYYal0T CePUIO CAYYAHHBIX KJIOHOB IPOTSKEHHBIX MOCICI0BATE b=
Hocreit IHK (10— 1000 Thic. H.11.), YaCTh U3 KOTOPBIX NEPEKPLIBAET-
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Puc. 101. Cpparerns (pm3Hyeckoro KapTupoBatus renoma (A) w THTIBI KapT
reHoMma (b)

cs Ay ¢ Apyrom. B kauyecTse BeKTOpa Ui KIOHHPOBAHHS B 9TOM CJly-
yae UCMOJIB3YIOT MCKYCCTBEHHbBIE MUHIUXPOMOCOMBI IPOKKEH (YAC).
[MocnenoBatebHbI HAGOP KJIOHOB, CoAePKAIINX YACTHUHO [1EPEKPbI-
BalolmMecs u gonosHsonme apyr apyra dpparments JIHK u3 onpene-
JIEHHOTO PAHOHA TEHOMA, MOJIYYNI HA3BAHNC CKOAbIAUE20 30HOUPOEA-
HUus, W «TIPOTYIIKH 110 XpoMocome». Kaxiiblit pa3 oroGpanHblii (par-
MeHT ucroab3yercsl B kauecrse JAHK-3011a juis nociaeayioniero mno-
ucka. B peaysisrare nonmyuaior Habop kionnposanisix (pparmertos J1HK,
MOJHOCTBIO MEPEKPBIBAIOLIMX HCCIICAyeMbId YUAaCTOK reHoMa, nojy-
YMBIIHIA HA3BAHHE «KOHTHUM». DTa CTpaTerus Briepsbie ObUia yCreuHo
[PUMEHEHA JUIsl U3ydeHus 3-it xpomocombl aposoduinl. C ee noMo-
1bIo penxo ynaercs npoitti Gonee 200 —300 Tric. H.1I. B OAHOM Ha-
MPABJEHUH U3-3a HATUYMS B TEHOME MOBTOPAIOIMXCSA W TPYAHO KO-
HupyeMbix nocaenosarensrocteit JIHK. [lig npeononenns Takux or-
PAHMYEHMIT M YCKOPEHHs IPOIIecca NMOUCKA TeHHBIX TMOCJIEI0BATEIb-
wocteit @. Konnuus, HelHe npe3auaeHT MeXiyHapoaHoro KoHCoOpuu-
yMa, MPEUIOKHUI METOJ «[PBIKKOB» 110 XPOMOCOME, MO3BOJISIONIHIA
uzonuposath (pparMentsl JHK, orcrosituue B reHOME Apyr OT JApyra
Ha COTHM THICSY Map HYKJICOTHAOB (JUIMHA TIPLIKKA), HE BbICsA NPH
3TOM BCe MpoMexXyTounbie nocienosarenbiocTn THK.
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[paBuibHOCTE NOMYYEHHBIX KOHTHIOB NOATBEPAIAIOT O0LIYHO THG-
puausanmeit in situ (FISH) ¢ onnospemenHoi NPUBA3KOI K ornpeje-
JICHHBIM YYAaCTKaM MCCIIeIYeMbIX XPOMOCOM.

Onpenenenne HyK1€0TH 0 NOCICI0BATEILHOCTH FEHOMA Y6/I0BEKA.
HcuepnbiBaiomas hpusmueckas Kapra reHOMa YeI0ReKA T0IKHA npem-
CTaBJISITHL COBOH MOJIHYIO MOCACA0BATEILHOCTD HykJeotHnos JIHK seex
€ro xpomocoMm. K pemieHunio Takoil rpaHaMosHoi no oObeMy 3amaun
TMPUBJICYCHBI MHOTHE XOPOWIO (pMHAHCHPYeMBble JTaGopaTOpuu B pas-
HBIX CTPAHAX MMPA, OCHALICHHbIC ABTOMATHYCCKHMM BBICOKOMPOM3-
BOAMTENbHBIMM CEKBEHATOPAMM.

CekBeHHpOBaHUE HAYMHAETCS C CYOKIOHMPOBaHUS HeGOIBILNX
pecTpukunonHbiXx ¢parmentos [IHK, obpasyiommxcs pesyabrare
PCCTPHKIIHH NPEABAPUTEIILHO KIOHHPOBaHHBIX Goiee KpyMHbIX (par-
MCHTOB, M NIEPBUYHAA CTPYKTYPA KOPOTKHX (hParMeHTOR Onpe/ieisier-
€4, KaK Npasuio, METOAOM ITOJIMMEPA3HOTO KOMHPOBAHHS C MCTIONb-
SOBAHHEM TEPMIHUPYIOMX aHaIoroB (P. Canrepowm, cM. ¢. 380). Cpej-
HiAsl CKOPOCTb CCKBEHMPOBaHMA K KOHIy 1998 r. cocrasisuia 90 M6.
Ceituac aHannsy yame noasepraior nponykrel I1LP, a ne kioumnpo-
BaHHble (pparmentsl JIHK. Yxe paspaborans u BHEJIPEHBI TMIAHTCKHE
aBToMaTuyeckue (pabpuKu Mo CEKBEHMPOBAHMIO TEHOMA — T'CHOMO-
TPOHbI (CEKBEHATOPBI-POGOTHI), NPoM3BoOAsIIME 10 107 NOJIMMEPa3HbIX
LICITHBIX PeakIMii B Yac M CCKBEHMPYIOLUIME HECKOJIBKO MIULTMOHOR
HYKJICOTHIIOB B Heet0. OXHIACTCA, YTO BHEJIPEHHE TEXHOIOI M Tpe-

TbCro NMOKOJICHHSI, CPE/IU KOTOPBIX (hIIyOPEeCIieHTHOE AeTEKTHPOBAHNE
OTACABHBIX MCHCHBIX OCHOBAHMI B NPOTOUHBIX IMTOMDOTOMETpAX, 1psi-
MOE YTCHHC ocHOBaHMit B nocaeaosatenbHoceTsix JIHK ¢ nenonszosa-
HUEM CKaHHUPYIOIMX TYHHEIbHBIX MUKPOCKOIIOB, NMPAMOii MACC-CrIeK-
TPOMETPUYCCKUIT aHanu3 nocaenosareabHocteit JJHK, rubpUIM3aIMs
H3YIaCMBIX BbICOKOMOJICKY/ISIpHBLIX (hparmentos JAHK ¢ nanensimu
(AHK-unnamu) xopotkux ¢parmenton HAHK, no3soaut cekpenmpo-
BaTh 110 500 M6 B rox. Heobxoaumo umers B BUIY, yTo wimna JJHK
camoi MaIEHBKOIT, Y-XpoMOCOMBI yenoneka, coctarisier 50 M6, ca-
MOt Gosbiioit (xpomocoma 1) — 300 M6. Dru LMbPLl HAMISIHO Jie-
MOHCTPHPYIOT MaciuTabbl 3a1aun, KOTOPYIO NMPEACTONT PEIINTS.

[Mocne onpenenenns nepeuunoii CTPYKTYPbI FTEHOMA YeJI0BeKa HYK-
HbI OYIyT K0ATHE TOZIbl /ISt ee 06paboTKM. OnHa TONBKO 3a1HCh Beeii
MOCACAOBATENLHOCTH HYKJICOTHIOB FEHOMA YeIoBeKa 0ObIYHBIM 111pHd-
TOM noTpedyer okoso 200 TomoB kHur 1o 1000 crpanm Kaxuas, Xpa-
HEHHC M aHau3 Takoro obwema MHGOpPMaLNK BieueT 3a coboii Heob-
XOLMMOCTb CO3/IAHMSA YHUKAILHBIX AITOPHTMOB 06paboTKH nHdopma-
MU C TMTOMOIILIO BLIMUCITUTENLHON TEXHHKH.

Kpynueiiweit 6a3oii ganusix no CTPYKTYpE reHOMa Ye/IOBeKa B Ha-
crosinee spemst sipasercss GDB (Genome Data Base), cosnannas n
noiiepxknBaemast B yausepenrere JIx. lonkunca (Banrumop, CILA).
Kpowme usBecTHbIX nocnenoBareasHocTeil HYKJIEOTHIOB I'eHOMA YeJsio-
BCKA B HEi XPAHMTCA BCsA MOAYYEHHAst MHDOPMALINS O TeHETHUECKIX
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Mapkepax, 30HJaX M KOHTHUIax, aCCOLMUPOBAHHBIX C MeHETHYCCKHMH
3a001eBaAHUAMH,

Yerpipe apyrux 6a3bl JaHHBIX XPaHAT BCE M3BECTHBIC TMOCJIEI0BA-
TEJLHOCTH HYKJICOTHIOB, BKJIOYAsA MOCAENA0BATEIbHOCTH HYKICOTH-
J1oB reHoma yenopeka: GenBank n Genome Sequence Data Base (GSDB)
B CLIA:; European Molecular Biology Laboratory (EMBL) Nucleotide
Sequence Database B Benukobpuranuun; DNA Data Bank of Japan
(DDBJ) B Anonnu. B Poccnn MHCTHTYTOM MOJEKYASIPHOM OHOIOIrMH
M. B.A. Durensrapara noaiepxuBaeTcs aHanornuHas 6a3a TaHHBIX 10
renomy uenoseka (Hugene).

CTpykTypa reHOMa 4eJiOBEKa
(1o nauneiM cekpennposanns ua 2001 r.)

Hauunas ¢ 1998 r. paboTsl M0 CEKBEHMPOBAHMIO FEHOMA UE/IOBEKA
MPOBOMAT NapajiebHo MeXIyHapoAHbIH KOHCOPIIMYM H 4acTHAas
kommepueckast komnanus Lenepa I'enomuke (Celera Genomics, npe-
auaeHT Kpeiir Benrop). B despane 2001 r. Obu1m onydiimkoBaHbl e
NpeiBapHUTEIbLHBIC BEPCUM CTPYKTVPLI reHoMa uesiopeka®. Onucanne
reHOMa YeJIOBEeKa TMOKA YTO HEe OTJIMMAETCS BLICOKOIH TOYHOCTBIO, HO
VKe ceruac MOXHO ¢IenaTh Pl BaKHBIX 3aKaloueHuit. bobioe 3Ha-
yenue npuobpeTaeT cpaBHEHME reHOMa YeJIOBEKA C OTCEKBEHUPOBaH-
HBLIMH TEHOMAMM YETBhIPEX JIPYIHX SYKAPHOTHYECKHUX OPraHu3MOB —
NPOXCKEi, KPVIJIOro 4epssi, IUIOAOBOH MYLIKH M PACTEHMS.

Ha ocHOBe KOMITBIOTEPHBIX AJIFTOPHTMOB, IOCTPOEHHBIX HA COBpe-
MEHHBIX TMpeacTaaeHnsx o6 obuiei cTpykType reHa M o GelKoBbIX
AoMeHax, O6bUTO0 pacCUMTAHO KOMMYECTBO TEHORB, KOAMPYIOUIMX Desikn
B FeHOMe 4eoBeka. MexXIyHapoaHblii Koncopimym onpeneaunn 31 780
DenoK-Koaupyioumx reHon, a hupma Lleaepa Nenomuke obHapyxuia
39 114 takux revos (tadn. 15).

DTH BETMUHMHBI SIBASIOTCSA MPEIBAPHTEIBHBLIMH, H OHU MHOTO MEHb-
I1IC paHee NMOCTYIMPOBAHHOTO UHcia OCJIOK-KOIMPYEMbIX T¢HOB, KO-
Topoe ouenusaiock B 100 000— 140 000. Ormeuaercs dosee HU3KadA
TLIOTHOCTh OEI0K-KOAMPYIOIINX FEHOB B reHOME 4eJIOBEKa.

ITokazano, 4TO THNMYHBIIL I'€H YEJOBEKA COCTOMT NMPHMEPHO M3
28000 H.m. M MMeeT 8 DK30HOB, €ro KOAMPYIOLAs MOC/IEA0BATEb-
HocTh 1340 H.11., 9TOT reH Komupyer 447 aMMHOKHCIIOT.

CaMbiM OONBILMM FEeHOM, HAIIEHHBIM B TEHOME 4eIOBEKa, SIBJISi-
erest re Mulednoro Genka aucrtpoduna (2,4 - 108 1. 1.). Gubpuansp-
Hblii OeJIOK THTHH, OTBETCTBEHHBIH 34 ITACCHBHYIO 2JIACTHYHOCTL CKe-
JIETHBIX MBI, cocTouT u3 27 000 aMMHOKHCIOTHBIX ocTaTkoB. Ero

* Ventor J. C., Adams M. D., Myers E. W. et al. The sequence of the human genome //
Science, 2001. — V. 291. — Ne 5507. — P. 1304— 1351.

The International Human Genome Sequencing Consortium. The Human Genome:
Initial Sequencing and Analysis // Nature, 2001. — V. 409. — P. 806—921.
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Tabnnua 15

KoamuecTBo H NIOTHOCTL F'EHOB B NATH OTCCKBECHHPOBAHHBIX
IYKAPHOTHYCCKHX NeHOMAxX

Koanuecrso
» _ OTCCKBEHUDORAH- CreneHb meiec_:mo KO..‘!H‘IECTBC;
Prafusm HBIX OCHOBAHMI JAKOHMCH- npeacKasal- reros Ha 10
| nocm, % HEIX FEHOB OCHOBaHMIT
TBIC. H.TI.
Jpoxckn 12 068 93 5885 483
(.S. cerevisiae)
Kpyrabtii yepsb 97 000 99 19 099 197
(C. elegans)
Inoxosast Mytika 116 000 64 13601 117
(D. melanogaster)
Pacrenue 115000 92 25498 221
(A. thaliana)
Yenonsek 2693000 84 31780 12
(H. sapiens)
(KoHCOpLIHMYM)
Yenosek 2 654 000 83 39114 15
(H. sapiens)
( Celera)

reH coaepxuT 234 sK30Ha. D10 HauboblIee KOJMYECTBO 9K30HOB, 1OKA
HaliieHHoe B 6eTOK-KOAMPYIOIIMX IreHax yenoseka. CTpyKTypa v opra-
HU3ALIMA TEHOB YEeJIOBEKA MHOTO CJI0XKHEE, YeM CTPYKTYpa I'eHOB JIpy-
FUX 3yKapuoTt. OueHb YacTO OHM MPEephIBAIOTCS OOABIIMMI MHTPOHA-
MH, 35 % TreHOB 4YeJOBEKA MOIVT CUMTBLIBATLCH € pasHbIX pPaMokK, a
40 % PHK noasepraiorest anbTepHATHBHOMY crutaitcuury. Takum o6-
pazoM, oaHa nociaepopareabHocTs JJHK Moxer kKoauposath Gosiee
oanoro suna MPHK.

[To cpaBHEeHHIO C FTEHOMAMM JIPYTHX 3YKAPHOTHUECKHMX OPraHH3MOB
y uejgoBeka Oosbliiee pacnpocTpaHeHHE TOJAVMMIM TeHbI, YUACTBYIO-
upe B obecrneueHMM UMMYHHOI 3alMThI; B PA3BUTHM HEPBHOI cUCTEe-
Mbl (HeiipoTpouueckue hakTopsl, (PAKTOPLI POCTA HEPBOB), CUTHAIb-
HBLIX MOJIEKYJI, MHEJHHOBLIX DEJIKOB, MOTEHLMAI-YIIPABASEMbIX MOH-
HbIX KAHAI0B M CHHANTUYECKUX PELENTOPHLIX OCIKOB; B ITOCTPOCHUHM
LHMTOCKENeTa M JIBMXKEHMH BE3UKYJ, oOecreyeHuu BHYTPH- M MEX-
KJIETOUHOM CHIHAIM3ALMH, [TO/IePKAHMM roMeocTasa. ¥V yeoBeka 3Ha-
UMTeIbHO BOJIblIee KOJAHYECTBO FeHOB VUACTBYET B TPAHCKPMITLHAM M
tpancasin. M3 2000 takux renos 900 otHocsTes K ceMeiicTBy Oe-
KOB, COAEPXKAIIMX «IIMHKOBBIC MAJIbIIbI».

B reHome vesioBeka YUMo reHOB, Koaupytoumx 6e1ku, seero B 2 pasa
Gonplile yKMCIa TCHOB B TEHOME YepBsi, MYLIKH, pacteHusi. 1o oby-
CJOBJICHO BO3HMUKHOBCHHEM Y 4esioBeka 60bIoro yucaa HoBbix Gen-
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koB. CyuecTByer npeanonoxenue, yro H. sapiens e «n3obpesi» HO-
Bbl€ TCHBI, 4 MCMOJIL30BaJl CYLECTBYIOLIME CTPYKTYPHBIE JIOMEHBI,
cobupas U3 HUX HOBbIe OekH ¢ HOBBIMH (hyHKIMsIMU. ['eHOM yenose-
Ka KoampyeTt GoJibllie MapajoroB 1 MHOrOOMEHHBIX 0enKoB ¢ 6oJib-
1MM paszHoobpasuem (bYyHKLMIT M ADXMTEKTYPh! JOMEHOB 110 CpaBHe-
HUIO C TEHOMAMM JIPYTHX 3YKApHOT.

B 1e10M Ha JI0N10 TEHOB, KOAMPYIOLMX Oesku, npuxoautcs 2 %
renoma; Ha obnactu, kommpyoumme PHK, — okono 20 % renoma,
IIOBTOPSIOLLMECS] TociesoBaTeabHOCTH 3aHuMalor Gosee 50 % reHo-
Ma, npHyeM sHaumTebHas yacTb 971oi JIHK Bosnukna 3a cuer obpat-
HO# TpaHckpunuun PHK.

KiioHupoBaHue HeKOTOPBIX MOBTOPSIOLIMXCSE 0DaacTei npejicTapis-

e1 GoJbIINE TPYAHOCTH, 4 T0POii BOOOIE HEBO3MOXHO. DTO XapakTep-
1o s 12 % reroma yenoseka. o 10 % reHoMa yesoBeKa cOCTaBJIsAIOT
TIOBTOPSIOIINECS] JIEMEHTBI, MO CBOEMY CTPOCHHIO HAMOMMWHAIOIINE
WHTErpupoBaHHYIO (hopMy MH(MEKIIMOHHBIX PETPOBUPYCOB MTHIL U MJIe-
koruTaommx. Yncio odHapyKeHHBIX CeMeHCTB DHIOTCHHBIX PETPOBH-
pYCOB B reHoMe vesnoseka jocturiio 30 u npoaoskaer pacti. IToka nx
OuoorHuecKas pojib B reHOMe YelioBeka HenmspecTHa. Kpaiine unrepec-
HO, 4TO Y 00e3bsiH DHIOMeHHBIX BUPYCOB HAMHOIO MEHbILE MJIH HET
poobiue. IMoayqaercs, 4To 10 YyKEPOIHBIM 2JIEMEHTAM F'eHOMa Yesi0-
BeK M 00e3bsiHa Pa3IN4aloTCs ropas’ao CHJIbHEe, YeM 10 CAMHM IeHO-
MaM. DTO JlaJi0 OCHOBAHME OJHOMY M3 M3BECTHBIX MCCeloBaTeseH
renoma akaneMuky E. JI. CBep/utoBy BBICKA3aTh MBIC/bL O TOM, YTO BHPY-
Chl MOTJIH CHITPATL BAXKHYIO POJIb B «04ETOBeUMBAHMM» 00e3bsiHbl. B cBs-
31 C THM TaKasi JIpeBHsisE M MOCTOAHHO MPUBJIEKAOILAs] BHHUMAaHHE
npodJieMa NPOUCXOXKIACHUS YeI0oBeKa MOJIYYWIa HOBOE 3ByUaHHe.
- Wnentuduumposanbl reHbl MPakTHUYECKH Bcex Haumbonee 4acTo
seTpeyarotmxest (npumepHo 320) u cpaBHUTENLHO peKnX (okono 170)
HacaencTBeHHLIX 3aboaesanuii, 30 peueccnBHbix U Gonee 100 romu-
HAHTHBIX OHKOIeHOB. TeM He MeHee CeroHsi eue HeJlb3sl MCKIIOUNTh
BEPOSATHOCTB TOTO, YTO JIONOJIHUTEIbHBIE FeHbl PACOIaraloTcs B He-
OTCEKBEHHPOBAHHBIX JIO CHX NOp obacTsx reHoma. MexayHapoiaHbii
koHcopunyM 14 anpesst 2003 r. coobumt, uto paciundposano 99,99 %
reHoMa uenoseka. KonnyecTBo reHoB, BOBIACUEHHBIX B Pa3BUTHE Ha-
ciecTBeHHBIX 3abonesannii, — 1400.

HcciieioBanmne CTPYKTYpbl FeHOMA psiZia IIPOKApHOT M 3YKApPHOT, H
YeJIOBEKa B YACTHOCTH, CMOCOGCTBOBAIO CO3IAHHIO HAYKN O TeHOMAX —
eenomuku. B Hee BKJIIOYAIOT M3yYeHHE TEHOMOB Ha MOJICKYJISAPHOM, XpO-
MOCOMHOM, OGHOXUMHUYECKOM M (heHOoTHNHYecKoM yposHax. Ha puc. 102
fIpe/ICTaB/eHa CXeMa, MOACHSIOAs B3aUMOOTHOLIEHH!S! MEXIlYy FeHo-
MMKOI 4eI0BeKa M JIPYTMMHU HayMHBIMM HATNIPABJICHHSAMH B COBPEMEH-
Hoit 6uosornn. CTPYKTYpHAs M CPaBHHTEIbHAsI TEHOMMKaA depe3 Ono-
uH(pOPMATUKY MEPEXOJNT B HOBbIN pasnen — (GYHKUMOHAILHYIO re-
HOMMKY, [JIABHOM 3ajiaueidl KOTOPOM SIBIsAETCS BbiSCHEHME OMOJIOrH-
yecKHX (OYHKUMI FTéHHBIX TIPOJIVKTOB U B TIEPBYIO O4epelb Oe/1KoB.
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TEHOMMWKA
Gaxrtepnif, ApoXCKeld, HEMATOIBI, APO3OMIIBI, MBIIIH

|

l'enomuka pactennit <— FEHOMMKA YEJIOBEKA —= Teopus spomonun

R . S

Tlonynsumonnast Menumnckas DyHKONOHATEHAS

TeHeTHKa TeHeTHKA TeHOMMKa
Arorpadms I'eHomHarHocTHKa Kietounas
Hcropus lenonpornocTrka GHoOrHT
4eI0BEYCCTRA Buonorns
JIuHrBHCTHKA l PasBHTHA
lenorepanms
I'enonpodunakruxka

Puc. 102. Cxema, nosicHsIo1Ias B3aMMOOTHOLICHMSI MEKIY TCHOMMKOH 4eso-
BCKA M JIPDYTHMH HAYMHBLIMH HANPABICHMUSMH

Y MHOIHX COBPEMEHHBIX HCCIe0BaTeNel, paboTAIOIMX B 0614CTH
FEHOMMKH, HET COMHEHMi, yTo nepsoe necstwierne XXI B. Gyaer
9poil PYHKUMOHATBLHOH TeHOMUKHM M GHOMH(OPMATHKH.

B cern Wnteprer MOKHO HaiiT GONBLIOC YHCIO AIPECOB, COLEPKAILMX

pasnooGpa3nyio HHpOPMALIIIO, KACAIONLYIOCH FeHOMA YCTOBEKA:
http://www.nhgri.nih.gov
http://genlink.wustl.edu
http://www.geneletter.org
http://www.hhmi.org
http://www.mpimg-berlin-dahlem.mpg.de/~cytogen
http://fip.tigr.org
http://cancernet.nci,nih.gov/ord/index
http://www.wiley.co.uk/genetherapy
http://www.genom.gov.

FEHOMbI OPTAHEJL/I DYKAPHUOT:
JTHK MUTOXOHJIPUA U XJIOPOILJIACTOB

Cyumiectsyior jiBa Tuna umronnasmaruueckux JHK: omnm Haxousit-
Cs B MMUTOXOHAPHAX IYKAPHOT, JIPYTHE — B XJIOPOTMJIACTAX 3eJIEHbIX
pacteHuit n Bogopocneit. Kak 1 Bce nuroniasMarinieckme 31eMeHTh,
OHH HACACJIYIOTCS 110 MATEPHHCKOI JIMHUM, a He 1o 3aKkoHaM MeHzes.
Bojibinas yacTh GeIKOB 9THX OpraHesl, 3aKOANpoBaHHAs B SJIEPHOI
AHK, cunresupyercs B LMTOMIA3ME M 3aTEM MEPEXONT B opraHesny.
Onnako HekoTopbie GeJKM MHTOXOHAPHIL 1 XJIOPOIUTACTOB M BCE MX
PHK xonumpyiorcst 8 IHK cammx oprasesul u B HUX ke CHHTE3HPYIOT-
csi. Takum 06paszom, oprasesiibl — 9T0 Pe3yabTaT O0BeIMHEHHBIX yCcu-
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Tabauua 16
I'enom oprasenn

Tun JHK Paamep, Toic. ..
JIHK muroxonapsii
Ipocreitime 22—40
[puGLI 17—78
Beiciume pacrerust 150—2500
ZKMBOTHBIC (BKTIONAS TUIOCKUX YePBEH, HACCKOMBIX 16—20
1 WICKOMUTAIOILINX)
JIHK xsiopomiacroB
Chlamydomonas (3enerast BOIOPOCIIb) 180
Bricime pacreHus 120—200

JIHIA IBYX TEHOMOB M ABYX TpaHC/IsUMOHHBIX annapaTtos. PHK-kommno-
HeHTBI pubocom opranesul, a takxke TPHK, mcnonwsyommecs npu
TPAHC/SALMHK, KOAUPYIOTCH TeHOMAMH MUTOXOHAPHI M XJIOPOTLIACTOB.

Pasmepb! reHOMa XJIOPOIMIACTOB Y BCEX MCCNIEIOBAHHBIX OpPraHM3-
MOB CXOJIHbI, TOT/Ia KAK MHUTOXOHAPHAIbHbIC T€HOMBI ¥ PACTEHMIT Ha-
MHOT0 O0JiblIe, YeM y KUBOTHBIX (Tabu. 16).

Bce MUTOXOHAPHH M XJIOPOTUIACTEI COACPAKAT MO HECKOJIbKO KON
cobersenHoit renomuoit JIHK. D1i monexyis JIHK o6uato pacnpe-
JIeIEHbl B BUJIE OTAEAbHBIX TPYIII B MATPUKCE MUTOXOHAPHIT U B CTPO-
ME XJIOPOILIACTOB, I/Ie OHU TPUKPEIIeHbl K BHYTpeHHel MemOpane.

 Cnocob ynakosxu JIHK nenssecren. Ilo crpykrype renom Gosiee cxo-

JIeH ¢ GaKTeprnaIbHBIM TEHOMOM: HAIPUMeEp, Kak W y DakTepuii, y HUX
HET 'MCTOHOB.

TI'enomMbl MHTOXOHIPHI

B kuerkax suiekonuraommx Mutoxonnpuansias JIHK cocrapnsier
metbiue 1 % peeit knerounoit JJHK. B kierkax aApyrux opraHuzMoB — B
JIMCTHAX BBICIIMX PacTeHUIl MM B OUeHb KPYMHBLIX sitlax ampuounii u
ap. — nons JIHK sHepreTnueckmux oprateisi, ocobeHHO B NMOCHAeHEM
cayuae, moxer gocturath 99 % seeit JTHK knerku.

MHoOre MHTOXOHIPHAIBLHBIE TEHOMBI NpeacTaBsiioT coboil 3aMK-
HYTBIE KONblieBble cBepXcnupanbibie aymaekcHble JTHK. boabiimH-
CTBO M3 HMX KOAMPYIOT cxoaHbie (GyHkuuu. Chenartb elle Kakue-To
obobmenus orHocuTensHO MuToXoHApHaabHbIX JIHK noka nosonbHo
TpyiaHo. MHora naxe 61M3KopOACTBEHHBIC BHIBI MMEIOT COBEPIIEHHO
pa3Hble PECTPUKTHLIC KAPTHI M JIMIIL YACTHYHO COBIIAIAIOLINE HYKJIC-
OTHIIHBIE MOC/IeIoBaTeIbHOCTH. PacnonoXeHue roMoJIoTHYHLIX TeHOB
B konsienoit JIHK takxke paznuuaercs. Muoraa y otnensHoro pacre-
HUS NTPHUCYTCTBYIOT MUTOXOHIPHAILHBIE TEHOMBI PAa3HBIX Pa3MepoB, 1
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TIPEACTABAEHbl OHM KaK JIMHEHBIMM, TaK W KOJILLUEBLIMM MOJEKYa-
MU. MUTOXOH/IPUM HEKOTOPBIX IPUOOB M MPOCTENLLINX UMEIOT JIMHEH-
HBIE TEHOMBI.

Bce mutoxonnpuansHbeie JIHK He MeTnnnposanbl. B oueHb KPYITHBIX
MHUTOXOHIPHATBHBIX Fe HOMAaxX IMoAaBIsonyio 1010 u3beitounoi JJHK
COCTABMSAIOT HEKOUPYIOLIHE MOCAEI0BATENLHOCTHY C HEU3BeCTHOI QyH-
kuueit. Hanporus, mutoxouapuanshsie JIHK maekonuraommx opra-
HHM30BaHB! PALIMOHAIBHO, H MEXJIY F'€HAMM MOYTH HET NPOMEXVTKOB.

K nacrosiiemy Bpemenn JJHK mutoxonapuit cekBeHuposaHa 60-
nee yeM y 20 BUIOB NMpOCTEINX, IPOXKEH, pacTeHHIT MapIUIaHIIMK W
apabuaoncuca, y yenoseka. OGHapyKUIOCh, UTO CXO/IHBIE T10 MOC/e-
JIOBATEJIbHOCTU HYKJIEOTHIOB YUACTKHU HHOIJIA BBITIOJHSIOT pa3inuHble
(hyuxumn. ITepBbiM MOAHOCTBIO pacilU(PPOBAHHBIM FEHOMOM OpraHes
OKa3a/ICsi MUTOXOHAPHATIbHBII reHoM yenoseka. B 1981 r. 6wi1a ony6-
JIMKOBAaHa MOJIHAS MOCAEN0BATEILHOCTL ATOTO TeHOMA, COCTOSILIAA U3
16 569 nap HykiaeoTH10B. 'eHOM MMTOXOHIPHIT YeTOBEKA NMPEACTABICH
OJIHOM Kosblieroit monekynoi JIHK, ee MoxHo pa3ienuts Ha jiBe oj1u-
HAKOBbIE LMK — TAKEJIYIO, KOTOpast HasbiBaeTcss H-11enbio, M erkyio
L-1iensb, pasiMuaioinmuecs no cBoei ruasydei muorHoct (puc. 103).

[erHomM MMTOXOHApPHI uenoBeka koaupyer 13 Genkos, 22 (Bce)
tpaHcnoptHeie PHK, nse pubocomunie PHK. Bonbumucrso (60 %)
reHOB, KOAUPYOLMX OeJIKH, NpuxosaTcs Ha 7 cyObeamMHUIL KOMILICK-
ca, okucistiouiero HAJIH, ocranbHbie TeHbl KOAUPYIOT 2 cyOheAMHU-
bl AT®-cunTasel, 3 cyObEAMHMIILI IIMTOXPOMOKCHIA3LI, OJHY CYOb-
CANHMNILY YOUXHHOH-LIUTOXPOM C-pejlyKTasbl (LinToXpom b). I'eHbl Bcex
OeskoB, KpoMe 01HOTO, reHbl 2 pubocomHubix M 6 TPHK naxomsites na
Oonee Taxenon nenu JAHK (u3o6paxkena Ha puc. 103 cHapyxu), rexb
14 apyrux TPHK u oaHoro Genka — Ha nerkoii nenu (Ha puc. 103
n3obpaxeHa BHYTpH). OnpeenieHbl TaKXKe MOJHbIE MOCIEN0BATENb-
Hocti Moaekya JIHK MHTOXOHIpHAIbHBIX TEHOMOB KOPOBBI H MbIILIH,
KOTOPbIE COAEPXKAT T XK€ IeHbl H OPraHM30BaHblI CXOAHBIM 00Pa30OM.
B reHome MHMTOXOHAPMIi YETOBEKA MPAKTHUYECKH KaXK/Iblil HYKICOTH
BXOJIMT B COCTaB KOAMPYIOUIEH rnocjeaoBaTebHoCTH Jnbo juis Helka,
subo pPHK win TPHK. TMockonbKy 2TH KOAMpYIOLIHE TIOC/IeI0BA-
TEJILHOCTH EPEXOAT HEITOCPEJACTBEHHO O/IHA B APYIVIO, JUISI peryJsi-
TopHbix nocaenoparesbHocTelt JIHK ocraercs ouenn masio mecra. [po-
MEXYTKM MEXJly reHamMH, Kak NpaBuio, He TIPeBbIUAIT 25 H.1. U B
GOMBUIMHCTBE CIy4aeB COCTABISIIOT MEHee 3 H.M. M MHOI/IA epeKphi-
Batorcst (Hanpumep, red TPHK™, TPHK™ u renst AT®-cunrasHbix
cybbennnmnil 6 u 8).

MuroxonapuansHas JIHK npoxokeii 1 yesioBeka CofepKUT NMpUMEPHO
paBHOE YMCJIO FEHOB, HO Y JIpoxCoKeidl oHa Goablie MoyTtH B 5 pasz —
okoo 80 Teic. H.n. OcHOBHAs ee vyacTh npuxoanTes Ha 100 AT-60ra-
ThIX YYACTKOB C HeM3BECTHOI (yHKUMEi, a TaKKe MHTPOHOB, KOTO-
Pbie NPEpbLIBAIOT KOAMPYIOUIHE YIACTKM M OTCYTCTBYIOT B MMUTOXOH/I-
punanpHbix JHK sMuexkonnraomumx. Pazamuus B CTPYKTYPE MHUTOXOH/1-
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16 569 H.11.

ATPmBTPHKMﬂ COoll TPHK "

Puc. 103, Murtoxonapuansias JTHK yenoseka.

- OBo3naucHpl rersl, Koaupyioume cyvoseannnust HAJH-aernaporenasnoro komrn-

aekea (ND), cyGueanuunin untoxpom-c-okenaasel (COIL, COIL, COILL), unroxpom

b (uut. b), cyonenunuust 6 u 8 ATP-cunrasel (ATPasa 6 n ATPasa 8), Koaupyloime

pPHK (12SpPHK n 16SpPHK): komupyioume TPHK: ori (H) u ori (L)-caiirsi win-

LML PeTUTHKalny Tskeoit u aerkoii neneit IHK. Touku sHyTpn Kpyra obosnata-

JOT cailThl MHHLMALH TpaHcKpumiin. ManenbKie CTPRIKH YKaIRBalorT 5'—>3'-na-
MpaBJeHHe CMBICAOBOIT LENH B pasiniHBIX reHax

puanbhoit JITHK y pasHbIX 1WITAMMOB JIPOXKXKEH OnpeessioTes B oc-
HOBHOM M3MEHUYMBOCTBIO HEKOAMPYIOLMX YIACTKOB.

KonmuecTso MUTOXOHIPHIA B PACTUTENLHON KIETKE COCTABISAET OT
50 a0 2000, u Kaxmasi MUTOXOHApMst copepxut ot | go 100 konwmi
reHoMa. [eHOM MHUTOXOHIPHIi PACTEHMIH 3HAYUTENBLHO DOJIbILIE reHOMa
MHTOXOHAPHIA XMBOTHBIX. ¥ apabujoncuca (ceM. KpecTOBETHBIX) MU-
TOXOHAPHAIBHBI reHom coaepxkut 370 Thic. H.11, T.e. B 20 pa3 60b-
11e, YeM reHOM MHTOXOHJIPHIi uesoBeKa. PasMep MUTOXOHIPHAIBHOTO
FeHOMA PACTEHHIT CHIILHO BAPLUPYET JIaKe BHYTPH OIHOTO CEMENCTBA
unorna B 5— 10 pas. Tak, B cemeiicTBe ThIKBeHHbIX ¥ apbysa B JTHK
MUTOXOHAPHIT conepskutest 330 ThIC. H. 1., Y THIKBB — 850 ThIC. H.11.,
y apiHn — 2400 ThIC. H. 11
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B Hacrosiniee BpeMsl TOJHOCTBIO CEKBEHHPOBAHA TOC/IEIOBATE b~
HOCTb MMTOXOHIPHUAIBLHOIO TeHOMA IIEUYEHOYHWKA MaplIaHIMH, 3a-
BepuieHa pabota 1Mo CceKBeHUPOBAHUIO MHUTOXOHAPHAILHOIO TeHOoMa
apabugoncuca. MUTOXOHAPHATILHBIA FEHOM PAaCTEHHMI KOAUPYET TpH
pubocomusie PHK, 16 TPHK, okono 10 pubocomansubix Genkos,
HEeKOTOpbIe OeJIKM AbIXaTeJbHOM 1enu, 3 cyobeamanins ATM-cunTa-
3bl, yeTbipe OesiKa, yYacTBYIOIUMX B CHHTe3e MTOXpoMma c. Bonbinas
BapuabenbpHOCTL pa3Mepa Mosekysl JHK, HX MHOXeCTBEHHOCT B MU-
TOXOHJIPHSAX BBICIIMX pacTeHMIi CBsI3aHA C PEKOMOMHOTEHHOMN MpUpo-
II0# caMoro reHoMma y 3tux o0bekToB. MHoxectso mosiekyn JIHK o6-
Pas’oBaoch B pe3y/ibTare PeKOMOMHALIMI MEXIY NMOBTOPSIONIMMUCS
110CJIEI0BATEILHOCTSIMM H UX PEKOMOMHOTEHHBIMM TIEPECTAHOBKAMM.
YacTh nocnenoBaTeIbHOCTEH MMEET SAEPHOE M JIAXe XJIOPOIUIACTHOE
npoucxoxiaeHne. PekomdbuHammu n mytaimm mutoxosapuansHoit JJTHK
BCJIVT K 1LIMTOIUIA3MATHYECKOM MYXCKOH CTEPHJILHOCTH, BLI3bIBAs Ha-
pYLIEHHS CO3peBaHus MbUIbLIEBLIX TPYDOK.

Pemmkanusa maroxouapuansnoi JITHK

Pernkaums mutoxonapuansioit JIHK He cpaszana ¢ kieTouHbIM
koM. Kaxnas u3s ueneii aynaekcuoi monekyisl JTHK Mutoxomn-
pPHii UMEET CBOIO TOYKY Hayala peruiMkauuu (touka ori Ha puc. 103).
Perummkanua JJHK B MUTOXOH/IDHMSIX 4eOBEKa OHOHATIpABACHHA M
ACMHXPOHHA, YTO ODYCIOBIMBACTCH Pa3AWYHON JTOKAMM3ALMEl TOUeK
MHUIMALMKY perukanui. CHavana MHMLMKUpYeTCs permkanus H-nieru
JAHK, a cunre3 L-uenu — TOAbKO nocjie TOro, Kak CHHTE3UPyeTcs
okoso 67 % H-uenn.

B npoxokeBoit MutoxonapuanbHoit JIHK nmeercst cemb u Gonee mect
Hayajla PeriMKallum, pacCesiHHbIX 110 BCEMY IeHOMY; KaX/10€ M3 TaKHX
MECT CoepKuT TpH KopoTknx GC-6oraThix cermMeHTa, pa3inencHHbIX JIBY-
M JUIMHHBIMM YYACTKAMM, MTOUTH LIEJIMKOM COCTOSILUMMM M3 AT-nap.

Cunres muroxonapuanstoit JJHK ocyvuiectrisiercst ripu yuactuu
JAHK-nonumepasst y. Csenetinst 0 apyrux depmertax u 6eakoBbix (ak-
TOpax, YYacTBYIOLMX B PEIUIMKAUUH MutoxoHapuaisHoil JHK, or-
CYTCTBYIOT.

ITosmmopduzm muToxomnpuansnoi JITHK
H 3BOJIIOIMSA YeJOBEKA

YuukansHubiM cBoiictBoM MutoxoHapuansHoii JJTHK uenoseka, kak
M JIPYTUX TIO3BOHOUHBIX, SIBJISIETCSI HAC/IeIOBAHHE €€ 110 MaTepuH-
CKO#i JIMHUH, YTO OBbIIO NPOEMOHCTPMPOBAHO € MOMOMUIBLIO CeMEeiiHO-
ro aHaJn3a.

BosHMKHOBeHHE MYyTaLMit B OIHOI M3 MOJEKY] MHTOXOHIAPHATb-
Hoit [IHK co3naeT BHYTPHKICTOUHYIO CMECh MYTAHTHBIX H HOPMalb-
HBIX MOJIEKYJ1 — COCTOSIHHME, M3BECTHOE Kak rerepornasmud. Ilocae-
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JIOBaTebHBIE JICJICHUS IeTepoIIasMUYecKoil KJIETKH CABHTAIOT COOT-
HOIICHUE MYTAHTHBIX H HOPMaALHBIX MUTOXOHAPHANLHBIX JTHK 1160
K UMCTO MYTAHTHBIM, JHO0 K HOPMQJILHBIM (TOMOTLIa3MHs) MOJIEKY-
aam JIHK. HecMoTpsf Ha TO HTO reTeporiasMus B HacTosIIee BpemMs —
e/IMHCTREHHBIIT MexaHu3M (GopMUPOBaAHUSI Pa3HOOOPa3Usi MUTOXOHI-
PHAIBHBIX '€HOMOB, MOJICKY/ISIpDHbIE OCHOBBI MOUIEPKAHHMS COCTOS-
HUS reTeporia3MHH OCTAIOTCSI HEBBISICHEHHbIMHU. BbiCcOKasi cKOpoCTh
spomoinn MutoxowapuansbHoit JIHK B 10—20 pa3 Gonbie, uem y
SJIEPHBIX TEHOB, M 3TO MOBBILIAET YacToTy ee Myraunid. M3-3a orcyr-
CTBHMA CHCTEM PEriapaiiiy 1 U3MEHEHHOIO TeHeTHYECKOro Ko/ia (B 60J1b-
IIMHCTBE CJYYaeB 3aMeHbl OCHOBAHUII B TPETHEM IOJOXEHHHU KOIO-
HOB HE OTPAXAIOTCS HAa AMMHOKHMCIIOTHBIX 11OCJIEI0BATEILHOCTAX Oes-
KoB) Myrauuu ¢ukcupyiorcs ¢ Gonblueil BeposaTHOCThIO. Bhicokast
CKOPOCTL HAKOTUIEHHs MyTaimit B MutoxonapuansHoit JIHK napsay
C OTCYTCTBMEM PEKOMOMHAIIMOHHBIX MPOLIECCOB SIBJISICTCS KpaiHe BaX-
HBIM CBOMCTBOM, KOTOPOE 1MO3BOJISET UCTIONB30BATH MUTOXOHIPHATb-
Hvio JIHK B 3BONIOLMOHHBIX M NMOMYJISIHOHHO-TEHETHYECKHX HCCle-
JIOBAHMSIX.

BapnabenbHOCTh HYKIEOTHIHON MOCIe10BATeIbHOCTH MUTOXOHII-
puanbHoit JIHK uenoBeka Hanbosbinas B pailoHe r1aBHOH HEKOIHPY-
jouieit obiactin (KOHTPOJABLHOIO PperMoHa), riae HaXoOAATCsl BCEe CTPYK-
TYPbl, OTBETCTBEHHDBIE 3a MHHLHALIMIO WU PETYJISILIHIO ITPOLIECCOB TPaHC-
KPUITIIMHM M PETUIMKALIMM, TOUKA Ori JUISl TSDKEJIOi Leru, poMOTOpbI
Tpasckpunimu obenx neneit muroxouapuansnoit JIHK, caiitel cea-
3bIBAHMS TPAHCKPUTNLIMOHHBIX (pakTOpOoB. BaprabenbHOCTh 31010 paii-
OHA 00YC/IOBJIEHA MPEUMMYLICCTBEHHO HYKJICOTWIHBIMH 3aMeHaMHu W
KOPOTKMUMM JICJICLIMSMM HJIM MHCEPLHSIMU. Y uesloBeKa, KaK M Jpyrux

" MJIEKOINMTAIONIMX, OH COCTOUT U3 Tpex JOMCHOB, pPasjiHYAKIIUXCAH 110

crernenn sapnadbeIbHOCTH M HAChILIEHHOCTH (DYHKLMOHAILHBIMH 3J1€-
meHTamn. HambGonee sapuabenbHOR YaCThI0 KOHTPOJBLHOTO PErHOHa
MT/IHK siBasieTcs noMeH, paciioioKeHHbIH MeXILy nosuimsiMu 16 024 —
16400 wu.11., nonyuuBIINii Ha3BaHWe THIepBapuabenbHoro cermenTa |
muroxonapuanbHoi JIHK. M3-3a BLICOKOTO YPOBHSI H3MEHUMBOCTH MMEH-
HO 3TOr0 CErMeHTa KOHTPOJBHOrO peruona mMutoxownpuaibHas JHK
Haubosiee YacTo UCTIONBL3VETCH B IBOJIIOLUOHHBIX UCCIIEI0BAHMSIX.

K nacrosmeMy BpemMeHM uccaenosadus noaumopdusma mrHK
BBIMOJAHEH Bl BO MHOTHX 3THHYECKMX Ipynmnax yenopeka. Iogyuennnie
JIAHHBIC O TeHeTHYeCcKoi anddepeHMaIIMM COBPEMEHHOTO YesloBeve-
CTBA LIMPOKO MCIIONB3YIOTCS JUIS YCTAHOBJICHUS POACTBA MEXIY 9THO-
CAMH M PEKOHCTPYKIIMH PacoOreHeTUYECKMX MPOLIECCOoB.

Uccrenosanus sapuabensviioctn mTIHK nponemoncrpuposanu sbi-
COKHIl YPOBEHb MUTOXOHIPHANLHOTO TeHO(OHIA U HAJIMYHE KOppes-
it mexay tThnamm MtIHK 1 aTHOreorpauuecKum npoMcxoxieHu-
eM uHanBuayymMos. COracHo MoJydyeHHbIM JaHHBIM, MAaKCHMAIbHOE
pasHoobpasue Tuno MutoxoHapuaibioit JHK Gbito sadukcuposa-
HO B MONy/situsix Herpouaos. C nmoMolubio QUIOTeHETHYECKOTO aHa-
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Jm3a 6b110 yeTaHOBIEHO, uTo Bee Tk 9Toit JIHK yenoseka sisnsiior-
Csl BETBAMHM OJIHOIO JICpeBa, NPHYMEM KOPHEBLIE TUTbI €r0 XapaKTepHbl
Ul COBPEMEHHBIX HEIrpOMJIOB, 4YTO, 110 CYTH, SABJACTCH IMOATBCPXKIE-

HUEM THIOTE3bl 00 adpPUKAHCKOM TPOMCXOXACHUH COBPEMEHHOrO

YETOBCKaA.

JHK xnoponaacros

Xnopornnactaas JTHK (xaJIHK) npencrasasier co6oii 3aMKHYTYIO
KOJIBLIEBYIO ABYCIIMPAIILHYIO MOJieKyy. Ee pasmepsl Bapbupyior y pas-
HBIX BMJIOB PACTEHUIf npeumyliecTBeHHO B uHTepsaie 130 — 160 Toic.
H.1. B HacTOsiliee BpeMsi MOJHOCTHIO paciingpoBaHa HYKJIEOTHIHAS
nocienosareabHocTh XA HK psana Bunos, B Tom uncne tabaka u puca.
[Tpu 5TOM 0GHApyXeHbI 06LIME TPUHIINIBI OPTAHM3ATINHT XJI0POIUIACT-
Hoit [IHK u ee koHcepBaTHBHOCTH (HEM3MEHHOCTD NEPBUUHOI CTPYK-
Typbi) B xoze spomounu. XiJAHK conepxur okono 130 reHos. B Hei
NPECTAaBICHBI 10 jiBa reHa versipex tvnos (4,58, 58, 16S u 23S)
pubocomanbubix PHK (pPHK), rens Beex tpancnoprasix PHK (oko-
710 30 BU1OB), renbl pubocomManbHbiX Genkon (okoso 20). Fenbl cyobe-
amuu PHK-nonaumepassr — gepMmenTa, OCYyHICCTBIASIONIErO CHHTES
PHK na xa/IHK. Xnopornacrusiii renom koanpyer okosno 40 6en1kos
THJIAKOMIHONH MeMOpaHbl, YYACTBYIOIIMX B (JOPMUPOBAHUN KOMILIEK-
COB JCKTPOHTPAHCIIOPTHOM LMW, JTO COCTARISAET OKOJIO0 MOJOBUHBI
BXOSLIMX B HUX OenkoB. OctajibHble OeJKM THIAKOMIHONH MEMOpPaHbI
koaupyiorest B anpe. XaJlHK comepxur ren 6onbiioii cyObeanHmib
KioueBoro depmenta porocunTesa pubdyinosonndocharkapbokenna-
3bl (PJIMPK).

Opranu3sanms reHeTHUeCKOro arnrapara XJoporacTos u GakTepHii
MMEET MHOTo obuero. ITo NpoKapuOTHIECKOMY THITY OPraHM30BaHbI
NPOMOTOPbI, PETYJINPYIOIIME HAYAIO TPAHCKPHITIIHH M JIOKAIH30BAH-
Hbie B 061acTH 35— 10 H. 1. 10 TOYKH Havala TPAHCKPUIILAK, U Tep-
MHHATOPbI, ONPE/IeNAIONINe ee OKOHYaHue. BMecte ¢ Tem B otanyue
ot mpokapuot B X1JIHK oGHapykeHbl MHTPOHBI, XapakTepHbie JUls
FCHOB 3YKapHoT. XJI0poruiacTHele pubocomsl oTHOCATCs K 70S-Tuny,
XapaKTEPHOMY JUIS TIPOKAPHOT.

st Kaxaoro Buja pacTeHHil XapaKTepHO ONpeAeeHHOe YHCIIO
XJIOPOTUIACTOB B KJIETKE, BAPBUPYIOILEE Y PAa3HbIX BH/IOB OT HECKOJIb-
KHUX eIMHULL IO BeJIMYMH, MPEBLILAIOIMX COTHIO. Yneno xioponiac-
TOB B KJICTKE, & CJE/I0BATEIbHO, MX JICJIEHUE KOHTPOJIMPYETCS SLPOM.
Tak, THK-nonumepasa, ocywecrsasiomast perummkammio xiJIHK,
KOJIUpYeTCH B siiape, cuHTesupyercd Ha 80S pubocomax uroniasMel 1
34TeM TIPOHMKAET B XJIOpOIUIacT, Tie ¥ obecrnieunBaer cunres JHK.
@opmuposanye pepMeHTATHBHOIO ANMapaTa TeMHOBBIX peakiuii (ho-
TOCHHTE3a, B X01€ KOTOPBIX NMpoucxoauT yesoeHne CO,, Takke Haxo-
JIUTCA IO KOHTPOJIEM JIBYX FCHOMOB, Slpa U Xjuoporuiacta. bonbias
cyoseannuua (54 x/a) xmouesoro depmenta unkia Kaappuna —
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bGencona pubynosonndocdarkapbokcuiasbl KOIMpYETCH U CHHTE3M-
pyercss B xJoporutacte, a manast (14 xda) xoampyercst B sIpe M CHH-
TE3UpPYEeTCH B LUTOIUIA3ME B BHIEC npeaiecTseHHUKa, a 3aTc¢M NMPOHH-
KaeT B XJIOporuiacT, rae 06a moaunentuaa obpasyior cTpykTypy yHK-
[IMOHAZBLHO aKTHBHOTrO (hepmeHTa pubynosonndocharkapbokcuiazbl,
cocTosLero U3 8 Gonbnx H 8 MaabIX cydbeanHuL. Taknum obpasom,
{I)OpMHpO BaHHE BCEX BAXKHEMIIMX CTPYKTYP XJIoporuracta 3aBUCHT H OT
sjapa, U HUTOIUIA3Mbl. D10 0OBACHAET HEBLIMOAHUMOCTL MIEH CO3Ma-
HUS KYJIbTYPbl H30JIHPOBAHHLIX XJTOPOIUIACTOB, rje Obl OHH CaMOCTO-
SITEJIbHO PasMHOXAJIUCDL HA IMUTATEILHOM cpeje.

Tpoucxoxnenne IHK opranenn

[IInpoko pacrnpocTpaHeHo MHEHHe, YTO MUTOXOHAPHH H XJIOpO-
MJIACTBI TPOM3OLILIH OT NMPOKAPHOTUYECKHUX IHIOCHMOHOHTOB, KOTO-
phie OOMTAIN B LMTOILIA3ME MPEIILECTBEHHUKOB ayKapHoT. Kak nona-
ral0T, MUTOXOHAPHSIM JIAIH HAYAIO IyprypHbie OakTepuM, a XJiopo-
iuiactam (rosaHee) — nuaHobakrepun (CHHE3eJICHbIE BOIOPOCIN) HIH
OJIN3KHE K HUM OPraHu3MBbl.

CUMOMOHTBI TIPOHHKJIM B 9YKaPUOTHUYECKUE KIIETKM H B XOJI€ 9BO-
JHOLMU MOTEPSJIM CBOIO ABTOHOMHOCTD, fepeaas 00J1b110e YHCIO BaX-
HeHIIMX TEHOB B sepHbIii reHoM. B pesyibrare HezaBucHMas bakTepH-
WILHAS KJIETKA MPEeBPaTHIIACH B MOJIVABTOHOMHYIO OpraHeuy, coxpa-
HUBLIYIO [JIABHYIO MCXOAHYIO (DYHKIHIO — crocoOHOCTh K POTOCHH-
Tesy (Y XJIOPOIUIACTOB) M CHCTEMY OKHMCAHTeNbHOro (hochopuanposa-
HUSL (Y MUTOXOHJIPHIA).

XOoTs MHOIME reHbl 9TUX JpeBHUX DakTepHil BCE ele MCNOoIb3yIoT-
¢Sl Ui CHHTe3a BeJIKOB opraHesuibl, Dobias UX 4acTh M0 HEsICHBIM
MPUYMHAM BKJIIOYHIACH B SZICPHBII TEHOM, TJIe OHM KOIMPYIOT (hep-
MEHTBI, KOTOpbIE CXOAHBI C OAKTEPHAJIbHBIMM M CHHTE3HPYIOTCS Ha
pubocoMax B LMTOILIA3ME, a 3aTeM NEepexo/isiT B OpraHesuy.

CyILEecTBYIOT 3KCHEPUMEHTAIbHbIC JIAHHbIC, CBUACTEILCTBYIOLINE
o ToM, uTo nociepoparensHocTn JJHK «nyreniectByiors Mexily opra-
HEJJTAMM M SUIPOM, a TaKXKe MeXIy reHomamu camux opranesul. Iloa-
TBEPKIEHUEM NEpBOro Apasiercs ToT (akr, uyto ase cyObeAUHHIIbI
pubynosonudocdarkapbokcmnassl y npocteitiiero Cyanophora paradoxa
KOIMPYIOTCH HESIEPHBIM FTEHOMOM, BXOAAIIMM B COCTaB XJIOPOILIac-
TOMOAOOHOI CTPYKTYPH — LIMAHELIbl, THIIMYHOM /Ui LiMaHOOaKTe-
puii. OnHako mMexaHu3mbl nepemeuienust ¥ uuTerpaunu JIHK opra-
HEJUl B HOBbIE TEHOMbI 1T0Ka HE YCTAHOBJICHBI.




I'nasa 7. PEILJIMKAIIUA JTHK

I'enernyeckast nporpaMma KIeTOUHbIX OPraHM3MOB 3alMcana B HyK-
JeotuaHoi nocaenosarenbHoctu JHK. JIng coxpaHeHus: VHHKaIbHBIX
CBOICTB OpraHu3Ma HeoOX0AMMO TOYHOE BOCITPOU3BE/ICHHE ITOI 110C-
JICJIOBATEILHOCTH B KaXKIOM I1OC/IEAYIOLEM IToKoJieHnn. Bo Bpemsi 1e-
Jenunst kietku cojepxkanue JHK 10/KHO yIBOUTBCS, YTOOBI Kax/ias
JIoMepHsis KIeTKa Moria Iojayuuth nojansiid cnekrp AHK. Tak, ku-
HIeYHAs NAa04YKA TPU 00Pa30BAHMN KaXI0I0 HOCESAYIOLIETo NOKoJIe-
HHS JIOJUKHA JIYTUTMHLMPOBAThL NPakTHYeckKu 0e3 ommbok noaHsiii re-
HOM pasmepoM 4 - 10° 1. 11., TOYHO TaK KE JOJKHBI OBITH CKONMpPOBa-
HBI TIOYTH 6 MJIPA H.11. B J11000# COMaTHYECKO# KJIETKE HeIoBeKa.

[Tpouece yaBoeHHUs poauTeabecKux Mosekya renomuoii JIHK Bo
BPEMsl BOCIIPOM3BOACTBA KJIETOK XHUBOTO OPraHM3Ma TOJYYHJI Ha3Ba-
HHEe perUIMKalnuK, WIK peruiikaTtuBHoro cuHTtesa JJHK.

Perummkanms JIHK sisisiercst nppumepoM MaTpuyaHoro cuuresa omo-
JIOTHYECKHX MakpoMosieKysl. OCHOBY XpOMOCOMBI COCTABJIAET OJIHA He-
npepsiBHas asyuenoueunas monexkyia JJHK. Bo spems peruimkaimm
Kaxiast u3 werieit poautensckoit JIHK cayxur marpuieii uist cunresa
KOMIUIEMEHTapHOo# nouepHeit nenu. [MojsoxkeHne Kaxioro HyKJIeoTHIa
B crpoduieiics uenu JJHK no npasuwiam komrementaproctn (G—C
H A—T) 01HO3HAYHO ONPEnessieTCsl MOJ0XKEHUEM COOTBETCTBYIOLIETO
HYKJICOTHIA MATPHILBI.

Mexanusm npoucxoasuieit npu peruinkainn JHK xumuueckoii
PEAKIMYK 3AKII0UAETCH B MEPEHOCE OCTATKA AC30KCHUPHUOOHYKIEO3MI-
monodocdara or nesokcupubonykieoswarpudochara Ha KOHIEBOI
HVYKJICOTHIHBIA OCTAaTOK pacTyllieil B MpOLECcce CHHTE3a HYKJICOTH]I-
Hoit uenu (puc. 104). INepenoc uner Ha mecto aroma H rugpokcuns-
HOI TPYIIbI, CTOSIICH TPH 3-M YIJIEPOJIHOM aTOME JIe30KCHPHUOO03LI
KOHIIEBOTO HYKJIEOTHIA, M COTIPOBOKIAETCS BhlIe/ieHHeM nupodocda-
Ta, KOTOPBIii 3aTeM pacuierisieTcst HeopraHuyeckoii nupodocharasoii,
YTO JEJAeT Peakuuio MOoJUMEPH3aLMKM NTPAKTUYECKH HeoOpaTuMoii.

Tak kak ¢hopMHpOBaHME HOBOIO NMOJMHYKICOTHIA MIET HA MOJW-
HYKJICOTHIHONH MaTpuie NpH HellPepbIBHOM 3aMbIKAHHH BOIOPOIHBIX
CBsA3Ei MEXILY KOMIUIEMEHTAPHBIMU NYPUHOBLIMU U MUPHMMINHOBLI-
MM OCHOBaHMAMMW MATPUILbl 1 Ae3okcupubonykieosnarpudocharos,
TO YCAOBHEM (PYHKIIMOHHPOBAHHS HTOr0 MEXaHM3Ma ABJIACTCH 00HO-
uenoyeuHas cmpykmypa mampuiol. B CBI3M ¢ 5THM CyIIECTBEHHBIM MO-
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MEHTOM B 6HOCHHTE3e SBASETCS pacXoXaeHue OUCIUPaTbLHOro Mojau-
JIE30KCHPHUOOHYKICOTH/IA HA OAMHOUHBIE MMTOJIMAE30KCHPHOOHYKICOTHIL-
HbIE TIEMNH, HA KOTOPBIX OCYLIECTBISICTCS COOpPKa KOMILIEMEHTAPHBIX
MM MOJMHYKIeoTH/I0B. B uTOore u3 oaHol GHCNUpPaIbLHON MOJIEKYITbI
JTHK ofpasyiores npe GucrmpansHbeie monekyiast JHK, copepuienno
waeHTHYHBIE ApYr Apyry u uexoxnoit mosiexkyie JITHK. IMocie onHoro
payH/Ia PEIUIMKALIMM OJIHA 1IeTb B KAXJI0i N3 ABYX JOYEPHUX MOJIEKYl
SIBJISIETCH POJMTEILCKOM, T. €. KOHCEePBAaTUBHOI, a ipyrasi — CUHTE3HU-
popaHHOil 3aHoBO. Takoit criocod yasoenust monekyn JIHK HasbiBaet-
cs noaykoncepeamuansim. B 1958 r. M. MesenbcoH u @, Crans noayumiu
IKCMNEePUMEHTANIBHOE I0KA3aTeIbCTBO MOJYKOHCEPBATHBHOTO cllocoba
perumkauun JAHK.

BEJIKM 1 ®EPMEHTbBI, YYACTBYIOUIHUE
B PEIIVIMKALIUMA JTHK

[Mpouece permkaunu JTHK ocyniecteageTcs ¢ yuactueM MHOXe-
cTBa GENKOB, KOTOpbie 00pa3yloT cloXHbii 1 3hdexTnsno padoraio-
LM PEMIMKATHBHBII KOMILIEKC.

JIHK-nosmmepa3ssl. KomruieMeHTapHOE KOITHPOBAHHUE OIHOLIENOYeY -
Hoit Marpuibl Katanusupyiot JIHK-3asucumsie JIHK-noaumepasst win
npocto JIHK-nonmmmepassl. Hekoropsie npo- u sykapuotnueckue JIHK-
MOJAMMEpPa3bl NMOJYYEHbI B YMCTOM BHJIE, OXaPAKTEPH30BAHBI MX (hu3n-
yeckue u (pepMeHTaTHBHBIE CBOIcTBA. M XOTSI 5TH CBOMCTBA HE COBCEM
MICHTHYHBI, MEXaHM3M WX KaTaJM3a JUIsl BCeX YKa3aHHbIX (pepMeHTOB
B ODIIMX YepTax OJAMHAKOR.

[Monumepusalus HYKJIEOTHIOB B IPOLIECCe PEIIMKALMKU ITPOUCXO-
JMT TOJABKO B OJHOM HANPABACHMUM: OT 5'-KoHIA K 3'-KoHuy (5'—3')
CTPOSAIIEHCS 11CTTH, U CUHTe3HPOBAHHAs NMOJMHYKIeoTHAHas nenb AHK
anTHnapauienbHa no otHomenuio Kk JAHK-marpuue (puc. 104).

JIHK-nonumepassl Ge3pasiuyHbl K MOCJAE10BATEILHOCTH HYKJIE0-
TiaoB Matpuiisl. JITHK cnatesnpyetes upessbituaiiino ObicTpo: CKOPOCTH
ee NoAMMeEpH3alMKu Kosebaetcst B npejenax or 50 HYKIeoTHA0B/C Y
sykapnot o 500 HykieoTHnos/c y GakTepmii.

HopmansHoe pasMHOXeHHEe KIeTOK TpeOyeT BhICOKOI TOUHOCTH KO-
nuposanus JHK-Marpuubl, /U 4ero CyuecTByior CrenmaibHbie Me-
XaHH3MBI, OJIMH M3 KOTOPBIX — MexaHu3m Koppekuuu. JTHK-nommmepa-
3bl TIPOBEPAIOT KOMIUIEMEHTAPHOCTh KaXkJ10r0 HYKJIEOTHAA MaTPHULIbI
JIBAXKIIBL: OJMH pa3 — Iepe/l BKIIIOYEHHUEM ero B COCTaB PacTyuIei Lernm
U BTOpPOH pa3 — mepesi TeM, KaK BKJIIOYUTh CACAYIOMMI HYKIEOTHIL.

QuepesHas pocdonnapupHas CBsi3sb B poliecce periikaium obpa-
3yeTcsl JIHLb B TOM Cjlydae, eciu nocaeanni (3'-koHuesoit) HyKIeo-
THJ CHHTE3UPYEMOIl 1IenH KOMIUIeMeHTapeH matpuiie. Ecnu xe Ha
MPEABIAVIICH CTATUK NMOJMMEpPU3ALIMKM TIPOM301IIAa ONIMOKa, TO per-
JMKALMA OCTAHABINBAETCH JI0 TeX MOp, MOKa HEeMpaBWIbHbIil HYKJIEO-
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TH/L He Oyaer ynaueH. [List atoro depMeHT nepemeniaeTcs B o6paTHOM
HanpasJIcHUM U BbIPe3aeT nocjenaHee nobasieHHoe 38eH0. OKa3anoch,
uTo HekoTopbie JIHK-nonmumepass obnanaor Hapsny ¢ nojammepas-
HO# Takxe 3' — 5'-9K30HYKJICa3HOI aKTMBHOCTBIO (CM. ¢. 215), 6aaro-
JIapsi KOTOPOit M NPOMCXOAMT OTLIEIUVIEHHE HE CMAPEHHOro ¢ MaTpH-
LeH HYKJICOTHIA CUHTE3UPYEMO 1IeMH, TOCJIe Yero MoJIMMepH3alins
BOoCcCcTaHaBAMBaeTcs. B pesyabraTe TaKoro ycrpaHeHMs OlIMO0K cum-
ThIBAHHSA MX YPOBECHb CBOAMTCS K MMHUMYMY. Tak, yacrora omnboy-
HbIX BKIOYeHHil Hykieotuaos B JJHK y kuieuHoit najouku He npe-
soiaer 10— 1071 ya nykineoTna 3a onMH payHa peruiMKaLm.

JAHK-npaiimaza. THK-nonmmepasel He crnocoGHbl MHHIIMAPOBATD
cuHTe3s HoBbIX weneit JAHK, onn Moryt auuub 106aBasTh ae30KcHpH-
OOHYKICOTHIHbIE 3BeHbsl K 3'-KOHILY YKE€ MMelouleiics MoaIMHYKIeo-
THIHOM tenu. Yrobur mosnekynst JIHK-nonmmepas Morim Hauats CHH-
te3 JIHK, um neobxonnma sampaeka, wiv npatimep (OT aurn. primer —
3aTpaBKa), KOPOTKHil ONIMTOIC30KCHPHOOHYKICOTH/L HIIM OTHIopuGo-
HYKJIEOTH/I, KOMIUIEMCHTAPHBIH cooTBercTByiomieMy yuactky JIHK-
MaTpHIIbl, ¥ KOTOPOro Ha KoHlle umeercsi ceoboanas 3'-OH-rpynna.
Hecniocobnocts monekyn JHK-nonrumepas camocrositensho, 6e3
3aTpasku HauuHarth cunTe3 JHK npuHumnuansio otanyaer stm dep-
MEHTBI OT JIPYrux (pepMenToB MaTpuuHoro cunresa — PHK-noan-
Mepas.

Ha cranum mumumanuu perumkanmm koporkyio PHK-3arpasky 13
pubonykneosmnrpudocdaros cunresupyer epMeHT, Ha3bIBAEMBIii
HHK-npaiimasoii. JIHK-npaiimMasa MoXeT ObITh OTAEIbHBIM (hepMeH-
TOM (Kak y Gakrepuii) MM BXOIMTh B KauecTse cyObennuuibt B JIHK-
nojaumepasy (kak y IHK-nonaumepasst a sykapuor). B mobowm ciayuae
npaimasa — 310 depmeHT, oTanuHblii or PHK-noaumepas, kotopsie
CHHTE3HPYIOT pasHoobpasHbie kietounbie PHK. IMocne Toro kak 6y-
net cunresnposad PHK-npaiimep, nonknovaercs JAHK-nonnmepasa
H NPOaoJIKACT HapamupaTh uenb. HoBocuuTesnposantbie tenu JITHK
BCETIA COAEPAKAT Ha 5'-KOHIIE HECKOJIBKO PHOOHYKICOTHIOB: Y 1PO-
KapnoT — OT JBYX /10 MATH HYKJICOTHAOB, Y SYKAPHOT MX B JBa pa3a
Bosnpiie. B nanbHeiiinemM KOpoTKHe npaiMepsl 3aMealoTes CerMeHTa-
mu JTHK.

[Mockonbky ase uenu B monekyne AHK antunapaenshn, a JJHK-
MoAMMepasbl CMOcoOHbB! HapauinBaTh NOMMHYKICOTUHYIO 11ETTh TOJb-
KO B HanpasieHuu 5'—3', oanH u 10T Xe epment, JJHK-nonume-
pasa, He MOXeT obecneuuTh COOPKY JOUEPHHUX LieTeil OJIHOBPEMEHHO
B HanpasjieHusix 5'—3" M 3’55 B COOTBETCTBMM C MepeMellieHHeM
PEMUIMKATUBHOM BUJIKM TIPU PACIUIETAHUM GHCNMPAILHOW MOJIEKYIIbI
JHK. HanpapieHue pacruieTanusi ABOAHON CriMpaiy MpH peruimka-
IIMK coBmanaer ¢ HarpasienueM cunresa JJHK nuws juis onxoit mat-
PHYHON LENH, B TO Xe BPeMsi OHO IPOTHBOIOJIOKHO HANPABICHUIO
cunresa JIHK na kommuemeHTapHoii MaTpuiie. DTo 3HaAUNT, YTO JIHILL
HA OTHON MaTPHYHOI 1IenH, OPHEHTHPOBAHHOI B HanpasieHnn 3'— 5,
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Puc. 105. Cunres neneit JIHK B perinkaTnBHoN BUJIKE.

Hanpasienue periMkanmnn 53— 3. Oana uenb (nuaMpyiouias) cHHTe3npyeTcs Kak
eanHoe Lenoe, a apyras (oTcTawinan) — KOPOTKHMH ¢parMeHTAMH (d)paruc]lel Oka-
JaKi), KOTOpBIE BHOCACACTBHM COCAMHAIOTC ¢ 00pa3oBaHMEM HENPEPLIBHON LETH

cuntes JIHK moxer npoxoauth HenpepsisHo. Ha BTopoit MaTpuyHOM
LIeTH, OpUEHTUPOBaHHO# B Hanpasnenun 5'— 3", JIHK cunresupyer-
cst kopotkumu dparmertamu (1000 — 2000 HyKI€OTHIOB Y TPOKAPHOT
u 100—200 nykieotnaos B peruinumpyionieiicss IHK aykapmor), Ha-
3BaHHBIMH hpaemenmamu OKG3aKU B YECTh OTKPBIBUIETO MX YYEHOTO
(puc. 105).

BHOBbL 0O6pa30BaHHasi Lelb, KOTOPasi CHHTE3UPYETCsl HEMPEPbIBHO,
MOAYYWIA HA3BaHUE gedywjeil, WM audupyiowei, a apyrasi, cobupae-
masi u3 pparmentoB OKasaku, 6e0oMoil, WIH omemaroued. Cmmfs Kax-
1010 13 3Tux (hparmentos HaunHaercs ¢ PHK-3arpasku. Takoit mexa-
HUM penauKayuy HasbiBAeTCs npepuisucmoim (WIN HOAYHENPEPLIGHbIM).
Beayiast Henb HyXIaeTcsi TONbKO B OAHOM aKTe MHUIMALIMM, a Juis
CHHTE3a OTCTAIONICH LENH JI0KHO MPOU30HTH HECKOJIBKO aKTOB HHM -
umnannn. Yepes nekoropoe spemsi PHK-3aTpasky (ripaiimMepst) yiais-
jotesi, Gpewn «3acrpausaiorcsiy JTHK-noanmepasoit u dparmMeHTs
cumBaiores cneunaibibiv pepmentom JHK-nura3oi B onny Henpe-
PHIBHYIO OTCTAIOLIYIO ILEITh.

JIHK-mmraza. JIHK-miraser Bupycos, 6akTepui, MICKOIMUTAIOIHX
coeanusiorT 3'-pocdarnyio u 3’ -ruaApOKCHIbHYIO Ipyniibl HYKICOTH-
JIOB, HAXOJSIIMXCS HA MPOTHBOMOIOXKHBIX KOHLAX OXHOLETIOUeHOro
paspuiga B aymekce JIHK. B pesynsrare obpasyeres dochoanadup-
Hasl CBA3b, JMKBHAMPYIONAsi 3TOT paspbis (puc. 106).

HNHK-nurasa E. coli — 310 OIMHOYHbBIH mojaunenTui (Moj. mMacca
75000 a).

Jlnst ob6paszopanus docdoanapupHoil cBA3M MEXIY KOHUAMH HYK-
seoruanbix neneit JIHK-irasst HCnoab3yloT aHepruio ruaponnsa ATP
6o NAD. Peakuus 1poTeKaeT B TpH CTAIHH:

1. Peaxuus adenuauposanus JIHK-rueasv. DepMeHT B3aHMOICHCTBY -
er ¢ ATP (JIHK-nurasa daros u muekormratommx) uan NAD (IHK-
aurasza E. coli) ¢ obpa3oBanueM (hepMeHTa — ANECHWIATHOTO NMPOM3-
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Puc. 106. Mexanuam aeiicteusa JJHK-1uraser:
Pub — pubosa: A — azenun; PP — nupodocdar

BOIHOTO 10 ¢-NH,-rpyrne ocratka JM3MHA MOJMIENTHIHON Lenu ¢
OIHOBpeMeHHbIM BbicBobOXIeHueM nupodocdara (B cnyuae ATP) wiun
HUKOTHHAMMWJIMOHOHYKJIeoTHaa (B caydae NAD).

1. Peaxyus mpancadenuauposarus. OCTaToOK QICHWIOBOI KHCIOTHI C
ajgeHHaaTaurassl nepedbpacoiBaercs Ha cobonnylo ocdatHyio rpymn-
ny 5'-yrieponHoro aroMa pubo3sl KOHIEROTO HYKIICOTHA.

1. Peakuyus aueupoganus. Mexny cOIMKeHHBIMU aKTHBHPOBAHHOIH
agenunarom 5'-cpoccharHolt rpynnoit n 3'-OH-rpynnoit dparmenta
uenu JIHK npoucxonur obpazosanue cochonrusapupHoit cpsiszm ¢
Bbitenenuem AMP.

JHK-xenukaza. Hatususie JJHK 6ucniupanshbl. [is ocyuiecrsie-
HUS KOMIUIEMEHTAPHOIO KOMUpOoBaHus uenei asyuenoueunas AHK
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Puc. 107. JIHK-xenuKka3bi:

A — YeTBEpPTHYHASE CTPYKTYpa FeKCaMepHbIX NHK-xeaukas: ¢ara T4 (/), Bupyca
SV40 (2), Dna B E. coli (3); B— exema pacruieTanust ABOHHOI CITHpatn JIHK-xenukasoit

JOJKHA TIOCTeNEHHO pacKpyunBathes. PackpyuuBaHue, Wiy pacmic-
TaHme, CIUPATH MPOUCXOINT TOIBKO B JIOKATLHOM YHACTKE JHK. D1y
PeakiMIio OCYIECTBIsACT XeJnKasa — JHK-3asucumas ATPasa, uc-

. mosk3yloias sHepruto ruaponusa ATP st pacruieTaHus JIBOMHOI CITH-

panu JAHK. Xenukaspl HMCIOT KOJIbLEBYIO (TOPOMAAIBLHYIO) CTPYKTY-
py, 06pa30BAHHYIO IIECTIO CYObEAMHHIIAMH. Takue rekcaMepHbie Xe-
TMKa3bl KoabiieobpasHoit (popMbl 0OHAPYKEHbI Y (haros, BUPYCOB, Oak-
Tepuii, apxeii, aykapuot (puc. 107). Hapy:kHblil AHamMeTp XeJMKa3sHoro
KOJIbLIA BAPBUPYIOT OT 12 10 14 HM, BHYTPEHHMIA IMaMeTp — OT 2 1o
4 HM. JIOCTATOYHBIH JLIsI B3aUMOJCHCTBHUSl KaK C OJIHOLICMTOYEYHOIH,
Tak u ¢ asyuenoyeuHoit JHK.

Xenukasa, aswkumas ruapoanszoM ATP, oqHoHaNpaBiIeHHO nepe-
Memaerest o oaHoii 13 ueneii JIHK (BeposTHO, 32 cueT ee KOHGbOp-
MALIMOHHBIX M3MEHEHMUHT), paciuieTas repea coboil 1BOHHYIO CTIMpanb,
B pe3yJIbTaTe Yero BO3HHMKAET «BHJIKa» (Y) 13 ABYLENOYEYHOTO y4acT-
ka JIHK ¥ ABYX OHOLICTIOUEYHBIX BETBEI (CM. PHC. 107).

Xenukasbl 4acTo (YHKIUHOHMPYIOT B COCTaBE KOMIUIEKCA, OCylle-
CTBASIOIICTO TepeMelieHue PeryIMKaTHBHON BHJIKH H PEIUIMKALMIO
pacruieTeHHbIX LeTIeH.

Benku, ceaswiBalommecs ¢ oanonenoueynoi JIHK, wim SSB-6eku
(Single Strand Binding Proteins), oGranaior QONBIIMM CPOICTBOM €
onnouenoueunoii JHK BHe 3aBHCHMOCTH OT MOCJIEA0BaTE/IbHOCTH
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OCHOBAHMH M B3aMMOJICHCTBYIOT ¢ Hell 1o Beeit Juinie pasaesiMBIINX-
s Huteit. SSB-Genok E. coli npencrasisier coboit Terpamep (MoJl. Mac-
ca 88 000 [1a), xapakTepusyeTcsi BbICOKOI CTENEHbIO ACUMMETPHHN MO-
JIEKYJIbl, TipeobiaganueM JAMKapOOHOBBIX AMUHOKMCIOT HAl JMAMMU-
HOKHMCII0TaMu. Bes1oK KoonepaTHBHO CBA3BIBACTCS C OMHOLENOYeYHOM
AHK, coxpanssi ee B pactsinyrom coctosuun. CyTb KOOIepaTuBHOTO
crocoba CBA3bIBAHUS COCTOMUT B TOM, YTO CBSA3bIBAHME OJIHOI MOJIEKY~
Abl Genka obieryaer cBs3bIBAHME APYToOif, MOKA BCS OMHOLENOYe HAs
HAHK wne Gyner nokpoita 6eakom SSB. Eciim XeMKa3bl BbI3bIBAIOT JIO-
KaJIbHOE packpyuMBaHME JIBOIHOI cnupanu, To SSB-6enku crabuim-
supylot oaHouenodeuHyio JIHK, obecrieunsas yenosust wis Kkomrie-
MEHTApHOro cnapuBaHus. SSB-0ekn yIansgior BO3MOXHbBIE 3J1eMeHTbI
BTOpuuHOi cTpykTypnl JAHK; cesasbiBanme oanouenoueynoit JJHK ¢
SSB-Genkamu crumynupyer JIHK-nonanmepasy u noBbIIaeT TOUHOCTS
ce paboTel. ¥ 9yKapHOT TAKOBBIM GeIKOM ABASICTCS SiTepPHbII peruinKa-
TMBHbIA Oejok A (RPA), npencrasasiionmii rereporpumep ¢ cyGne-
auniamu 70, 32—34 u 11— 14 x/la.

Tononoruyeckue npobremur permkaumun JHK PACCMOTPEHBI B
. 3 (c. 95)

Havano pemmkawmm. Monexkyna JIHK, criocobHas K aBTOHOMHOI
PEIUIMKALINK, MOIYYNIa HA3BAHWUE Peniukona. PeIINKOH CONepKUT BCe
HEOBXOIMMBIE TEHBI M PETYJISITOPHBIE TTOCACA0BATEIBHOCTH, KOTOphIE
obecneunsaor peryampyemoe yasoenne ero JIHK. Yuacrok PErInKo-
Ha, B KOTOPOM HAYMHACTCSH PETUIMKALMS, HA3BIBACTCS PenauKamopom,
WK obaacmoio navana penaukayuu (auran, replication origin), y E. coli —
ori C.

[pn mHMIMAUMK perUMKALMK wHUKUamMOp, KOAMPYeMbIik peruim-
KoHOM (y E. coli — Henok Dna A), B3aumoneiictsyer ¢ PEILUIHKATOPOM.
[enast xpomocoma E. coli sBRsieTcst peryimKoHOM; y IYKApHOT peruin-
KOHOM HasbiBatoT oTpesok JIHK, perummkaumsi kotoporo nporekaer
MO/l KOHTPOJIEM EIMHCTBEHHOH TOYKM Havyajia pernavkaunu. Touka
Havajia peruiMKalum nMeeT cretnguueckyio 1ocienoBaTe/IbHOCTh 0C-
HOBaHmii, boratyio napamun A—T, 4to, BeposiTHO, objieryaer pasie-
JIEHME Lerneii.

B pesynbTate mHMUMALMK payH/Ia PEMUIMKALIMKM B TOYKE Ofi obpa3sy-
CTCsl OJIHA WIIM /1B pelUIMKaTUBHbIE BUIKH. [Tpn ojHoHanpasienHoii
PETUIMKAIIMM BO3HMUKAET OJHA PernMKaTHBHAsd BMJKa (muiazmmiaa
ColF1), u cunres 3akanunsaetcs B Touke ori (puc. 108).

[1pu aByHanpapneHHo# perumkaimu (xpomocoma E. coli) mHuLM-
MPYIOTCA JIBE PEIUIMKATHBHBIC BUIKH, TepeMeiaionnecs B NpOTHRO-
MOJIOXKHBIX HAaNpaBACHUAX JIO TeX I0p, OKA OHM HE BCTPETSTCS Ha
NPOTUBOMOJIOXKHON CTOPOHE KOJbIA.

JU1st reHOMOB 3YKapuOTHUECKUX KJIETOK OOBIYHO XapakTepHo Ha-
JIMYHE MHOXCCTBEHHBIX TOYCK Hayala PeruiMKauuM, pasbpocanHbix
10 XpOMOCOMEe Ha paccTosiHuM 20 ThIC, H.M., T.€. 3YKAPHOTHYCCKHE
XPOMOCOMBI MMEIOT MOMNPEILTMKOHHYIO opranusaumio. [Tocne MHuim-
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A Hauano b
Hauano JByoKeHme PeIUIHKALIHA JIBnxkeHue

DT OF

Ponmrensckas
JHK

'\ Hauano

peTUTHKAILIHA
Pannsis
cTajaus
PeILTMKALIMH

[Moauss

CTauAa
> & AN, '.__—/r—/-\-—‘\—t—_—/’/— pes "

2

L. ]
L. ]

Jouepnue
JIYTUIEKCh

Ee]

Puc. 108. Hanpagienne peruimkaimm:

A — OaHOHANpPARIEHHAA pelvIMKalms B Koablesoii monexyne JIHK; 5 — npynanpan-
Jennag penankauns B Koasueroit monekyne JIHK; B — mHoxecTBeHHas JAByHanpan-
JIeHHAS PETUTMKALNG B HVKapUTHYECKoil xpoMocome (NMOIHPEeTUIHKOH)

ALLMM PerIMKALMS TIPOIOJIKACTCA B JIBYX HAIPABICHUSX OT KaXIOH
TOUKM JIO TeX 110, MOKA PEIUIMKATHBHBIC BHJIKH JIBYX COCE/HUX TOUCK
Hayana perviMkaumu He coubiorcs. ITonxopasmepnsie JIHK kaxioi
JlouepHEit XPOMOCOMBI T0JIYHAI0TCst TyTeM COeMHeHNs Dosiee KOopoT-
KMX, HE3ABMCHMO MHMIIMMPOBAHHBLIX HOBOCHHTE3HPOBAHHBIX LEMe.

PEIUIMKAIINSA XPOMOCOMBI E. coli

Perimkaiims Jyville BCEro M3ydyeHa y KMLICUHOM MalovKu.

Beaku u (hepmenTsl, ydacTsyiomue B permkamuu. OCHOBHBIC 6em<}.|
n (hepMEHTBI, BXOJSIILME B COCTAB PETUIMKATUBHOTO KOMIUIEKCA E. coli,
a Takke MX QyHKUMM yKasauwel B Tabu. 17. ¥V E. coli ectb Tpu JHK-
nonnmepassl — 1, 11 u 111 (HaszBanusi 1aHbl B NOPSIJIKE WX OTKPBITHS).

JIHK-noaumepasa 1 — Obina puinesneHa A.Kopubeprom u cotp. B
1958 r. D10 oamHOuHLIH nosunentha (mon. macca 109 000 da) ¢ mynn-
THOYHKIMOHATBHBIMH aKTHBHOCTAMM, XOPOLIO CBA3BIBAETCS C OHO-
nenoveuHoit JJHK win ¢ 3o0HaMu paspbiBa cl)ocdaonnatbupriux cpsizei
B Gucrmpansroil JJHK. Ona o6aagaer JAHK-noamMepasHoit akTHBHO-
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Tabauna 17

Besku, sxonamue B cocras pemmkaruenoro Kommwiexca F. coli

benkun

DHIUMATHYECKAS
AKTHBHOCTh

Buonornyeckas dyukiis

Dna A

Dna B

Dna C

Dna G
SSB

JHK-nonumepasa |

JAHK-nomumepasa
I1I:

(tBe) — Kop-
(hepment
fi-benok

y-Komineke
(v, 8, 8, %, w)

t-benok

JIuraza

Tononzomepasa [

Tonousomepasza I1
(AHK-rupasa)

JHK-xenukasa

[Tpaiimasa

JHK-nonumepasa

3'—5"-3K30HyKIICA3A
5'—3'-3K30HVKIea3a

JHK-nonumepasa

JHK-3aBucumas
ATPaza

JInraza

Tononsomepasa

Tonounsomepasa

Yanapanue obaactn navana pe-
TUIMKALMY ¥ MPURBICYCHHE K
MeCTy cOOpPKH OCTATBHBIX GeKo-
BbIX KOMIIOHEHTOB PeIJINCOMBbI

PackpyunBanme aBoitioit crm-
panu JIHK B peruukatupiioit
BIJIKE

Ob6ecneyeHme B3auMoaeiicTBis
XCAuKa3bl 1 1paiimasel ¢ JIHK,
Haxoasueiics B KOMIUICKCE ¢
SSB-6enkom

Cunres PHK-3atpasok
Biaumosneiictere ¢ oxHoleno-
yeynoii JJHK; akrusauns JTHK-
NOAMMEPAa3bl M CTabIn3anmns
PacIIETeHHOrO AVILIEKCA

Cospepanue peruMuupyoeiics
JHK (sacrpansanue 6peueii)
Koppekuus ommtox

Vnaneune PHK-3atpaskn
(npaiimepa)

Cuures anaupyouieii n orcra-
iowmei ueneit JTHK

Axmmsauns JTHK-noanmepasst u
IHK-3aBucumoii ATPasbi; ocy-
HiecTRACHNHE (PYHKIIHM «CKO/b-
3ALICTO 3aKUMa», obecreunpalo-
LUETO MPOLECCHBHOCTD PEILTHKALIMMN

Crsi3pIBAHHME 3aTPABKM C MATPH-
ueit; akmsaumst JTHK-nonnmepasst

CBopka M AMMEpPHU3ALLHY XOJI0-
dbepmenta THK-noanmepasnt

JIuruposanne dparmentos JJHK

Penakcuposanmne otpunatens-
HOI cyrnepenupannsainm

Unnyunposanue obpaszosanus
OTPHLATENbLHEIX CBEPXBHTKOB,

pazacacHHue KaTeHaHOB
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3 — 5'-sK30HYKICA3A

@——5' 2o — (PF—=oH
y;
9 |||||||||||| 15 9IIIIIIIIIIIIIIIII I'o ARSI

5 'OH
— He pacurenaser
: ||||||||| ®

+ 5'-MOHOHYKACOTHILI

5 - 3'—3x30nyw1e:13a

OH ,
°|||||||||||||||u||| 15— ®_IHII[D]]]]IH'® IE—

Puc. 109. Sxzonykncasnsie peakitnn JTHK-noanmepass 1

cTbio (cM. puc. 104), a Takxke ocyuectsisiet ruipoans ocdoauapup-
HbIX cBA3eil Kak B onHoi uenu JHK, Tak n Ha HecrnapeHHOM KOHIIE
ayruiekcHoit JIHK, npuieM 3a ouH akT yAajisgaeTcst OJMH HYKICOTHIL,
HaunHas ¢ 3'-KoHua uenu (3'—» 5'-sk3onykieasa) (puc. 109).

Bropast peakimsi TaKKe COCTOMT B OTIICTUICHUH HYKJICOTHIOB, HO
I'WIPOJIN3 HaYMHaeTcs ¢ 5'-KoHna ayruiekcHoil JIHK B nanpasieHnn
K 3'-KoHuy (5'— 3'-3K30HyK/Iea3a). DTU pasinyHbic AKTUBHOCTH NPH-
CyIM pasHbIM caittam nosunentuaHoii nermu JIHK-nonmmepaser 1. Tpn
obpaboTke hepMEeHTA TPUIICHHOM T10J1 MIENTHIHAS LeTb PACIIETIAeT-
ca Ha Ooabmoit 1 Manwlil hparmenTsl. boasiioit, C-koHueBoi par-
meHT («pparment KieHosa») coxpansier JIH K~1‘t0;11m_t.:pa3uy10 H3 -
5'-3K30HYKJICA3HYIO AKTHBHOCTH; Masibiil, N-KOHLEBOM parMeHT 00-
JnajaeT ToNbKO 5 — 3'-9K30HYKIEa3HOH aKTUBHOCThIO.

I HK-nommmepasa I 1 npucyiine e 9K30HYK/I€a3HbIC AKTUBHOCTH
UrpaloT GOMBIIYIO POJIb B PEIUIMKALMM M Penapaiiy XpoMOCOMHOM
IHK E. coli. Dx30HyK/Iea3Hasi akTHBHOCTD 3’ —» 5" obecrnieunBaeT KOH~-
TPOJIb 3a MPUCOCAMHEHHEM KAXJIOTO HYKICOTHAA M YIaJleHHE OMIN-
GOYHBIX HYKJIEOTHIIOB C PACTVIIEro KOHLA uenu. Ecjin 31a akTHBHOCTD
MoJIaBjieHa B PE3yJabTaTe KakMx-TO MyTallMii B reHe, KOAMPYHOLIeM
JHK-ronumepasy I, To npu peruimkaumu reHomMa 4acto npoucito,uﬂ'l:
MYTaLMM — 3aMeHbI OCHOBaHM . DK30HYK/Iea3Has aKTHBHOCTb 5" — 3
OCYILECTB/ISIET paspyllieHHue mpaiiMepa, HeoOXOAMMOTo JUIS CHHTe3a
(bparmenTon Okasaku (cMm. c. 209)

B knetke E. coli nmeetca Heckoibko coreH monekyn JHK-noan-
mepasbl 1. B nesom JIHK-nonumepasa I umeer Gosbiee OTHOMIEHHE K
cospesanuio peruinumpyoueiics JTHK, YeM HETOoCPENCTBEHHO K 110~
JIMMEpasHbIM TPOLIeCcaM B PeIIMKATHBHOM BUIIKE. 3

JTHK-noaumepaza 11 (mon. macca 90 klla) — npecTaBieHa o,r;mou
MOJMTIENTHAHOI 1enbio, obianaouieil noaumepasHoi u 3 — 5'-9K-
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30HYK/ICA3HOH aKTHBHOCTAMH. OHa TUIOXO COCAMHSIETCS C OMHOLICNO-
ueuneiMi JIHK, Ho nydme paGotaer ¢ 6ucnupanshoii JJHK, umeio-
UIei oxHoNenoYe Hbie GpelIn JTMHON B HECKOIBKO IECATKOB HYKIIC-
oTuaos, obnanaer vk 10 %-it JHK-nonnmepasHoil aKTHBHOCTBIO
no cpasHeHmio ¢ JJHK-nonumepasoii 1. IMpeanonaraor, uro ocHoR-
Ho# hynkumeit THK-nomimepasst 11 sisnsierest aoctpansanime MOBpeX-
ACHHBIX y4acTKOB B Mosiekyne JJHK, 1.e. penapauns JTHK.

AHK-noaumepasa 111 (mon. macca 10° k/la) — urpaer [JIABHYIO POJIb
B perutnkauun IHK y E. coli. B xaxioi KieTke comepXuTes TONbKO
10—20 konwmit hepmenTa, NPUGININUTENBLHO CTOIBKO Ke, CKOIBKO peri-
JuKaTMBHBIX BUIOK. JIHK-nonnmepasa 111 spasietcss OCHOBHBIM KOM-
MOHECHTOM MYJIbTH(EPMEHTHOTO KOMIUIEKCA, MHHULMMPYIOUEro (hop-
MHPOBAHHME PEMUIMKATHBHBIX BWJIOK B TOUKAX Hayaaa perviMKaluu,
VUACTBYIOIIETO B 3JIOHTALIMM JIMAMPYIOLIEH LETH B BHIKE M VUTHHSIO-
mero PHK-npaiimepsl ¢ obpasosannem dparmenTos Okazaku.

AHK-nonnmepasa I11 cocTonT U3 AECATH THITOB CYGBEANHMIL (a, B,
1, 8, &, €, 0, 1, 1, y). Perinkaumio nposoaut nonnas dopma dep-
MeHTa — xoJodepMeHT, conepkalmii Bee cyObeanHMIIbL. Xosnodep-
MeHT He obnanaer 5'— 3'-3K30HYKJIEa3HOI AKTHBHOCTBIO, B CBSI3M C
HEM JUI PEIUIMKALIMK OTCTalomel uenu Heodbxoammo yuactue JJTHK-
nonnmepasei 1. [MosmmepasHyio peakimio ocyiecTsisieT KatTainTHye-
CKHIi KOP M3 -, £-, 0-CyObeAMHMUIL, B KOTOPOM o-CyObeiMHMIa 06/1a-
JAeT NMOJMMEPA3HOI AKTHBHOCTBIO, £-CYOBeIMHMILA — 3'—5'-3K30HYK-
JIea3HON aKTUBHOCTBIO, (DYHKIMS 0-CYGheIMHMIIb 1T0Ka HesicHa, [To-
MHMO CYOBEIMHHMIL, COCTABIAIONIMX TonuMmepastbiii kop, JIHK-no-
Jmmepasa [11-xonobepMeHT conepkut eie cemb cyobemum (x, Y, B,
8, &', %, ¥). DTH NOMUMENTHABI CYILECTBYIOT BO MHOXECTBE KOMMIi,
ABJISIIOTCH PEryAATOPHBIMH W YCUIIMBAIOT AEHCTBUE KaTAIMTHUECKOTO
siipa (kopa) JIHK-nonumepaser 111.

Ornnuntensuas vepra xonodepmenta JTHK-noanmepass 11 — wc-
KINIOYMTEILHO BBICOKASI MPOLECCUBHOCTh. Mepoit npoieccHBHOCTH
SABJACTCS JUTMHA (DPArMEHTA BHOBbL CHHTE3HPOBAHHON MAaKPOMOIEKy-
JIbl, KOTOPYIO KOMIUIEKC (MJIH MHAMBHLYaIbHbIE (DEPMEHTBI) CrOCOo-
Oen 06pa3oBbIBaTHL B OXHOM LIMKJIE, HE AHCCOLMHPYS OT MaTpPHILBI.
Yeranosneno, uro xonopepment JIHK-nommmepasst 111 CHHTE3UpYeT
enyutyio uenb JHK mumnoit 8 50000 HyKI€OTHIOB €O CKOPOCTHIO
Gosiee 500 HyKICOTHIIOB B CEKYHIY B OLHOM IMKJIE, HM pasy He aMc-
counnpyst ot JJTHK-marpuiisr.

Wnmmanms perwmkawan (puc. 110). Xpomocoma E. coli COIEPKMUT
CAMHCTBEHHYIO 0bsacTh Havyana perinkainu (oriC), pasmep KOTOPOii
cocrapser 258 H. 1. B oriC nmeeTcst 1smh KOHCEHCYCHBIX ICBSITHHYKTC-
OTHIHBIX CAlTOB CBA3bIBAHMS WHHITMaTOPHOTO Gesika Dna A, HassaH-
HbIX Dna A-6okcamu. B nieBoit yactu oriC napsiny ¢ Dna A-Gokcamu
Haxomsitest AT-6orarbie 13-Hykaeotuanbie nosropsi. Besok Dna A pac-
no3xaer obnacTh Havana PerUIMKAlMK ¥ IPUBJIEKaeT K oriC ocTalbHble
Oe/IKOBBIE KOMITOHEHTBI, YYACTBYIOLINE B MHUITHALIMH PETUTHKALIIMN,
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HHK E. coli

OriC
’/-’ATP, Dna A
Obpaszopaxue
KOMIUTEKCa
[ Hauansmsiit xommnexc |
'/-ATP, BerioMorarenbHee benkn
Pacrineranue
AT-nosropos
= [ OrkpriTsiit xommuiekc |
BaanMmojieiicTBHE f/- (DnaB—DnaC—ATP),

DnaB/DnaC, SSB-Genkos
¢ AT-noropaMu

[ Tpenpaitmocoma I _|
TMo3unMoHUpOBaHHE N 6DnaC
DnaB (xen1uKa3nl) B TOYKE - AJIP + Pu

nayana cuuresa JHK

[ Tipenpaiivocoma IT_ |
/-Dna('.i (npaiimasa)

| Tpaiimocoma |
JHK-rupasa
+[IHK-nomamepasa 111

| Permucoma |

Puc. 110. CxeMa HHHIIMALIMK PETJIAKALINH XpoMocoMbl E. coli

Cuauana 6enok Dna A B xommiekce ¢ ATP B3anmoneicrsyer ¢
Dna A-6okcamn. C noMouIbIo 971eKTPOHHOH MUKPOCKOITHH HCXOHbIH
KOMILICKC 0OHAPYKUBACTCH B BUIE KOMITAKTHOM 2JUIMTICOMAHON CTPYK-
Typl, coaepxanieii ~20 monomepos Dna A, kotopasi 3aKpbiBaeT oriC.
B 5TOM KOMIUIEKCE YacTHUHO paciietaiotces AT-6orarsie MoBTOphl M
dhopMupyeTcs OTKPBITBIT KOMILIEKC. B 3TOM npoiiecce yuacTByloT He-
KOTOpbIE BCIIOMOTaTe/IbHble OEKH, KOTOPbIe TIOMOTaloT HHHLMATOPY
Dna A packpyuusatb ¥ u3rubats JIHK (panee onu 0603HauaiuCh n,
n’. n”, i, a. B nocnennee Bpems ux obosznavaror IME, FIS-akropsi
J Tﬁiﬁox Dna B (xenmkasa) B sujie rekcamepos (cM. puc. 107) B Kom-
niekce ¢ iecteio Monomepamu 6enka Dna C, Kaxablii W3 KOTOPbIX
cpsi3biBaet ony Mosnekyny ATP, a umenno (Dna B—Dna C—ATP),
B3aMMOJICHCTBYET C OTHOLIETIOUeYHBIMU YYaCTKAMM YaCTUYHO pacruie-
rernoit JIHK. B 3ToM KOMIUIEKCe XenKasHasi akTusHocTh Dna B Gio-
kuposaa. Tpanciokais Dna B (xenukasel) OT MecTa ee nepBoHa-
JATLHOTO BXOXJICHHS B KOMIUIEKC K MECTY CTapTa perjiMKaTMBHOM
BIIKH, KoTopas accoumupyercsi ¢ ATP-3aBHCHMBIM OCBOOOXICHHEM
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3 Komiuiekca 6eska Dna C, BbI3BIBACT aKTHBALIMIO XeIHKA3bI. Hanee
XCJIMKa3a B3aumoJeiicTeyer ¢ Genkom Dna G (nmpaimasoii), u sror
KOMIICKC MTDACT KIIOUEBYIO POJIb B MHHIIMALIMM PETUIMKALIMH Ha OriC.
Oba depmenta obecneunsaior COMpsKEHHOE PYHKIMOHMPOBAHME JBYX
PCIUIMKATHBHBIX BUJIOK, JIBUXYLLHXCSE B TPOTHBOTIONOKHBIC CTOPOHBI:
XCIMKasa HauMHAeT pacruierars ayruieke JHK, npaiimasa CHHTE3UpY-
€T nepsbie 3atpaBku. B cdhopmuposannom npaitmupyiotiem komuiexce
npucyrereue 6eaka Dna A He Tpebyeres, U OH 1ocae 0CBOBOXKICHMS
M3 KOMIUIEKCA MOXET OBITh IIOBTOPHO MCIOAB30BAH JUISI PEIUTHKALLHM
Ha Jipyrom oriC,

CloXHBII KOMIUIEKC OeJIKOB, OCyIIeCTRASIOIINIT MHHULIHALINIO perl-
JIMKALMK, TIONy4Wl Ha3BaHue npaiimocomst. Y E. coli mon. macca npaii-
Mocomsl paHa 10° /1a. Ipaiimocoma B cBOIO Ouepe/ib SIBJISCTCH KOMITO-
HEHTOM e1ie 6osiee CI0XKHOro KOMIIekea — PEnAuCOMbL, OCYIIECTBIS-
I0LUEH TIpoLiece NoMHOI peruinkammyu. CxemMa WHHIMALMH peruinkKa-
LMK XpoMocomsl E. coli n 06pasoBatme peruimcomsi npejicTaBiaeHa Ha
puc. 110. TTpu o6paszosanum permcombl npoucxoanTt ATP-3asucumoe
(hopmupoBaHMe ANMEPHOTO KOMILIEKca xonotepmenta JTHK-nomu-
mepasbl 111, cssasannoro ¢ 3'-konamu npaiMepos.,

Daonranms pemsmkanun. Mojenn NOJIYKOHCePBATHBHOI 1PEPbIBU-
croit permkaunn JHK B penaukaTtvsHOl BuiIKe NpeicTaBieH Ha
puc. 111. Jlynaekc poantenbekoit mousekyanl JIHK pacnineraer ATP-
JaBuckmast xeankasa. O6pasylonumecs OAHOUENOYCHHBIC YIACTKH KOO~
TEpaTnBHO ToKpeiBaeT SSB-Genok. JIHK-nonnmepasa 111 asmxerces
110 OZHO#H M3 MATPUYHBIX Lierieil B HATIpaBIeHUM PACKPLIBAHHUA BHJIKH
M CHHTe3HpyeT Beaywyio uens JJHK. Mo apyroii, MaTpUYHOI LIENK B
TOM KC HanpasJIeHUM JBHXKETCS npaiiMocoMa. Bpems or BpeMEHH,
BXOJIALLAS B COCTAB MPaiiMOCOMBI npaiiMasa (6e10k Dna G), cuHTE3H-
pyer PHK-3arpasku ais orcraiomeii uemnm. Bropasi monekyna xoso-
(hepmenra JHK-noanmepassi 111 VIUIMHACT 5TH 3aTPaBKM J10 TeX Mop,
TIOKa HE NOCTUTHET NpPEAbILIYIIEH 3aTPaBKH, T.e. OHa CHHTE3Upyer
(parmenTsl Okasaku wHoit ot 1000 10 2000 HYKJICOTHIIOB. Viiane-
Hue cermentos PHK ¢ 5'-konna kaxjoro (pparmenTa Okazaku ocy-
mecrsaser JAHK-noaumepasa I, MCHOJIb3Yst CBOIO 5'— 3'-3K30HYyKIIe-
A3HYIO aKTHBHOCTBL. 3anonHeHue npobesnon (Opeweit) mexnay dpar-
MeHTamu OKasaku Katanusnpyerest Toii xe JJH K-nonumepasoii 1. Ona
HHU3KOMPOLICCCHBHA, HENPOYHO YACPKUBACTCS HA MATPHYHOIN LICITH ¢
JOBOJILHO GBICTPO OTACASACTCSI OT Hee nocie yaanenus PHK. [Mocne
NOJIMMEPA3HOIO JICHCTBUSI YKA3aHHOTO (hepMeHTa Mexy IBYMS cO-
ceannmu pparmenTamu OKa3aku OCTACTCS TONBKO OTHOHLETIOYEY H LI
Pa3peis, KOTOpbIit 3aiumBaet JIHK-auraza. Takum obpasom, u3 cepun
(parmentos Okasaku obpasyercs HEMpepbiBHAS HOBasi 1EMb.

Xonohepment JHK-noaumepasst 111 moxer obpasoBbiBaTH IMMED
NpH yqacTuu t-Oejika, B CBA3H C YeM BEAYILAS M OTCTAIOMAS LenH
PEILHLIPYIOTCS OnHOBpeMeHHO. [Tpeononenne aHTHNapaIe bHOCTH
Leneli NpH PerIMKAMM B 9TOM Cy4ae OCYHICCTRISeTCs 3a CYeT BO3-
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JecTabnmsupylomnme

(SSB)-6enku Mpaitmaza

PHK-npaitmep

+NTP
¥ 5 +dNTP s
Jwmapyionas -—
(TpephIBHCTAS 11CTTh) (rlpeopm] cuumcra.no ens)
Puc. 111. Cxema cunresa JHK B peniukatnsHoi BUIKE Y TPOKApUOT

HUKHOBeHHs <«retau» (Moaens A. Kopubepra), rie lu::pcﬂf?lmm'l'e (?éoc-
(homaupHBIX CBA3EH HA €€ BOCXOAAIEM OTPe3Ke H3MEHACTCS Ha P?—
tHoe u He npenstersyer JHK-nonumepase 11 BECTH CHHTE3 dbpa "
MeHTOoB OKA3aKH HA OTCTAIOWIEH LEenH p(onme.ln;:;;mu JIHK B TOM X
: BJICHMM, YTO W Ha Beayuied uenu (puc. 1

H‘m!-rl)goﬁmuo‘crb cutyauun Bo Bpems cuuresa JHK B PeTUIMKATHB-
HOIi BUJIKE 3aKJII0YAETCs B TOM, YTO OJMH M TOT ke ﬁenxouuuﬁxomn:
JIEKC OCYIICCTBIISET KAK BHICOKOMPOLECCCHBHbIH HENPEPhIBHEI ;1::3
te3 seaymieit nenu JIHK, Ttak u npepeiBUCTIR cuHTE3 (parme 2
Okazakn OTCTaloLUeit uenu, npereprnesas BO BTOPOM ciyuae nc'gg ¥
JIMYECKYIO JIMCCOLIMALIMIO OT MaTpHILbl Ui MHHULHAIIMH cuHTeaaﬂHK‘
¢ Kaxmoro Hosoro npaiimepa. M3BectHo, uTo XonogepmeHT
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5;_'3‘ Puc. 112. Ipeononenne antunapan-

H T JICMBHOCTH Leneif npyu perunKanuy

i 34 CYCT BO3HMKHOBEHMS 11ETAH (MO-
nens A, Kopnbepra)

PHK-npaiimep

nosimepassl 11 Briouaet Kop-hepMeHT, NOABHKHO CBSI3bIBAIONILM I
f-6es10k u H6esku y-koMiuiekca (cm. Taba. 17).

Pouib y-KOMIUIEKCa 3aKII04aTCs B paciio3HaBaHnm PHK-3atpaBok
Ha Marpuutoil JIHK. On cBaA3biBaeTca ¢ eMHCTBEHHbIM npaiiMepom
seayuei tenu JTHK wmm ¢ kaxasim u3 npaitmepos ¢parmenToB OKasza-
KI OTCTAIOIEH LeTH, YTO JIeJIAeT BO3MOXKHBIM NPHCOENHEHHE K T1PO-
MapKHPOBAHHBIM TaKUM 00pasom npaiimepam Kop-epmenta 1 B-6eska.

e moiekyabl B-Genka BXOMST B cOCTaB PEIIMKATUBHOI'O KOMIT-
JieKca Beael 3a OeJKaMM y-KoMIuiekca, cBssbiBasch ¢ JIHK nosanu
GeJIKOB y-KOMIUIEKCa M OCTaBISSE 3'~KOHEIL npaimMepa A0CTYITHBIM JUIH
HHK-nonnmepaspr. dnmep p-tesika o0pasyeT KoJIbLO BOKPYI MOJIEKY-
aet AHK u ctumynupyer ATPasnyio aktuBHOCTb GesikoB y-x-o.\mnexcu.
O6a Buna Gesika, Oyayum CBA3AHHBIMM C JIYTJICKCOM IpaiiMep-MaTpu-
1, 0BeCreYnBaIOT MPUCOSMHEHHE K ITOMY KOMILIEKCY Kop-thepMeHTa
JHK-noaumepasst 111, 3arem HHK-nonumepasa I npu nanmumn ve-
ThIpeX Ne30KenpubonykieosnaTpudocdaTos, HCNOJIb3Yys npaiimep, ¢
BLICOKO¥i a(hekTHBHOCTLIO CHHTe3upyeT Beayuiyio uens JHK. Te xe
cambie OE/IKH yuacTByIoT 1 B cuHTese otcraionieii nenu JTHK. Ho Toibko
B 9TOM cayqae cunres JIHK mHorokparHo muuummpyercs na 60s1h-
ITOM KOJIMYecTBe rnpaiiMepos. OKasanock, 4To NpH BCTpeue perimKa-
TUBHOTO GEJIKOBOTO KOMITIEKCA € JAYNAEKCOM, 0BGpa3oBaHHBIM MAT-
puunoit IHK u PHK-3arpaskoi, B-Oenok ocraercs cBgI3aHHBIM ¢ 3'-
KOHIIOM BHOBb cuHTe3npoBanHoi nenu JIHK, a y otaenmnsuimxces kop-
(epmenTa 1 GEIKOB Y-KOMILIEKCA MOSIBASICTC BOIMOKHOCTD BCTYITHTD
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B HOBBIH LMK cHHTe3a parmMenTos OKasaku MyTeM B3auMOIeicTBIA
¢ ouepeanbiM ayruiekcom PHK-3atpaska — marpuua. [Tpu aToM BXoX-
jeHue Kop-(hepMeHTa B HOBbII PeryIMKaTHBHLI KoMruieke obaerya-
ercs HaJmuueMm B Hem P-6esika M GesIKOB y-KOMIJIEKca, acColMMpo-
BaHHBIX ¢ ouepenrbiM PHK-npaiimepom. Takum obpazom, JTHK-no-
anmepasa 11T obranaer crnoco6HOCTHIO paco3HaBaTh MOJIEKYISIPHOE
okpyxeHue, coznasaemoe matpuuHoit JIHK, ocymecteasats TepMuHa-
o cuuresa JAHK npu nammumm curbana B suae ayrvekca JHK-
3aTpaska M penHuimMuposath cuntes JIHK na caenyiouem npaiimepe.
Kpome TOro, periMkaTHBHBIH KOMILIEKC MOXET pPacro3Hasarb Io-
ppexaennsa JATHK, mapkupoBanHble cneundpuyeckKumMu OeakaMu, M
MpEeKpaliaTh PETUIMKAIIMIO COOTBETCTBYIONIETO YYaCTKa, OCTAHABINBA~
SICh WM JINCCOLMUPYs OT MaTpuiibl. Perummkanms Takux yqactkos JJHK
BO300HOBISIETCH MOCie JTHKBUWIALIMK 1TOBpPEXIeHUI (hepmeHTaMH pe-
napaunu. JList inecounnposasuieii JIHK-nonumepassl 9310 craHoBUT=
Cs BO3MOXHBIM O1arojiapst TOMy, 4T0 3'-KOHel] BHOBb CHHTE3MPOBAH-
noii tenu JJHK B mMecTe OCTAHOBKM perUIMKAllMK OCTAETCS CBSI3aH-
HbIM ¢ B-6esnkoM, obaervaionium nosropHoe sxoxaenmne JHK-momn-
Mepasbl B PEMIMKATHBHBII KOMILIEKC.

TepMUBANMSA PEIUIMKAUMM NTPOMCXOANT TOT/IA, KOIJa BCTPEYaloTCs
JIBE PEIUIMKATUBHBIC BUJIKH TPU YIABOCHUU KobiieBbix Mosiekyn JITHK.
HenpepblBHBIH POCT JIMAUPYIOLIECH W OTCTAIOLIEH LIereld BA0JIb KOJib-
HEBOI MATPHIILI HENM30EKHO MPUBOIUT K COBMELIEHHIO 3'-THIPOKCH- U
5"-(hochopHIBHOIO KOHIIOB OJIHOM Lienu, Do B TOUKe HAvala peruim-
Kaluu (0IHOHATPABICHHAS PETUTMKALIMST), THOO — NMpH ABYHATIPABIEHHOM!
peruIMKanum — B cepe/nte koubia (cM. puc. 108). Konbita B 911X Me-
crax Berpeun coenmusiiorest JIHK-nurazoit, npu 910M 00BIMHO OHH
OKa3bIBAIOTCsI MOTMAPHO CIIETUICHHBIMM, T. €. 0bpa3syiot kamenan. JIHK-
rupas’a MOXET PACUENUTh 3alefIeHHbIe KOJbIla, HCIOIB3Ys CBOIO BO3-
MOXHOCTh BHOCHThL BPEMEHHBIi JIBYIICTIONEUHBINH pa3pbiB (cM. puc. 50).

Peryaaums pervmkanuu. [TpH KaxioM KIeTOUHOM IE/ICHAN Kax/ast
monekyna JIHK momkna yasauparbes, T.€. Ha KaxuioM oriC 10omkeH
MPOMCXOINThL B TOUHOCTH OJIMH aKT MHUIIMALIMK peruiuKaumu. B npotus-
HOM CJIy9ae MoCTeneHHo npoucxoiania Obl yTepsi perulMKOHa WIM €ro
OeCcKOHTpOIbHOE HakoruieHne. Takum 06pa3oM, K peryisiiy peruimKa-
UM TIPEBSIBIASIIOTCS JIOBOJILHO JKECTKHE TpeOOBaHUsI: peryisiTopHas
CHUCTEMA JIOJDKHA UYBCTBOBATL OTKJIOHEHUS B 00€ CTOPOHBI OT CpejiHe-
ro YHCaa KOMWH JJaHHOIO PEeIUIMKOHA M COOTBETCTBYIOLIMM oOpa3zoM
MEHATH 4acTOTY UHHIHAUUK Ha oriC. OueBHaHO, YTO YACTOTAa MHULIH~
alMN JIOJDKHA OBITH COJIACOBAHA TAKXKE CO CKOPOCTBIO POCTA KJICTOK.
Cy11ecTBYIOT TOHKHE MEXaHH3Mbl PETVIIALAN PEIUIMKALIMK Ha YPOBHE
HHUIHALMY HOBBIX payH10B. [TO3UTHBHBIM PEryasiTopoM 3TOTO Ipo-
1ecca sisnsiercst 6enok Dna A. Cpeau mojieneii, oOBSICHSAIONINX Mexa-
HU3M peryisTopHoro jaeiicTsust 6enka Dna A, nauGoinsuiee pacrnpo-
CTpaHeHHe MoJIyaHia Moeb TUTpoBanust Dna A: Bech BHOBb CUHTE3H-
pvemblii 6esiok Dna A cesisbiaercsi (tutpyerest) Dna A-6okcamu oriC
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XpomMocoMbl. Kak TONBKO KOTHYECTBO MOJIEKY/T HHHLIMATOPA MpeBbi-
1aeT YMuea0 BHYTpHKIeTOYHBIX Dna A-60kcoB (Bce Dna A-6okchl 3a-
Hsitel 6enkom), manumuupyercs cuHtes JIHK. [MTocne 3anycka uinnna-
MK Ha oaHoM oriC ocBoGOXKAAIOTCS MOAEKYIbI Dna A, pe3ko nosbi-
LWAKOTCA ero BHYTPUKJIETOUHAS KOHIIEHTPALIMS M CHHXPOHHAS HHUIIN-
aumsa cunteda JHK Ha apyrux noctynHbix obaactsx Hayana perjimka-
unn. Ilpu aTom accoumaumsi ¢ memOpanamu nepBoil oriC saiuinaer
€e OT MCIOJb30BAHUS B PEMHULIMALIMH.

OtmeyveHa aKTHBALMS PETUTMKALIMM TPAHCKPHUITLMEH, IPH KOTOPOii
nepen TpaHckpudupyomeit PHK-noiumepasoit uMeeT MecTo JIOKaib-
Has nonoxurenasHaa ceepxcrupanusauus JAHK, a senen 3a weit —
oTpHuaTeabHas. 310 obneryaer 0Opa3oBaHHe OTKPLITBIX KOMILICKCOB
npu uHHIMauuu cuHTesa JHK.

Cerperauns 0aKTepHAIBHBIX PEIIHKOHOB 110 JIOYEPHAM KJIETKAM HPH
nejennn. CrabuibHoe nojaepxkanue Jio00oro peruimkoHa Tpedyer He
TOJIKO COIVIACOBAHMS €r0 PEIUTMKALINM € KICTOMHBIM JICJIEHHEM, HO H
yriopsiioyeHHoro pacnpeaenenusa Moaekya JIHK no pouepHum kiet-
kKam. Cumraercsi, YTO NMPABWIBHAS CEerperanms aocruraercsi y Gaxre-
puii 3a cuer npukpennenus JHK k memOpaHe, npuueM npocrpaH-
CTBEHHAs OPraHM3aLMsl YYacTKOB TMPUKPETUIeHMs, 30HbI pocTa Memb-
pPaHbl ¥ KJICTOYHOI CTEHKHM oDecrneuymBaeT aBTOMATHYECKOE «pacTac-
KMBaHHe» JIBYX KONuUii npoperunumposasiieiics Monekyisl JTHK no
pPa3HBIM JIOYEPHUM KJIETKaM.

PEIUVIMKAIINA XPOMOCOM VY BYKAPHOT

Mexanusmsl persiukauuu JJHK y saykapuoT meHee n3yueHsl u3-3a
ux Gonbiieit cinoxHocTH. OCHOBHBIE PE3YJAbTATHI MOJYVUEHBI HA MOE)b-
Hoii cucteme ¢ JJHK Bupyca SV40, B KoTopoit nipoliecc pervimkatuu
UCCIIEIOBAIM B 3aPaXKE€HHBIX KJCTKAX YMeJOBEKa, KYJILTHUBHPVEMBIX in
vitro. B »T0it cucreme BupycHbiil 6e10K, HaszpiBaeMblii T-anTurenom,
BLIITOJIHSIET MHOIMe (PYHKIIMM, HEOOXOAMMBbIE VISl PerUIMKalluM BH-
pyveroit JIHK. Ou asaserca 6enkom-uHuiLmaTopom, obnanaer JIHK-
XeJIMKA3HOI aKTMBHOCTBIO M HEOOXOAMM JUISI NMPABUIBHOIO B3aMMO-
neicteus ¢ JIHK depMeHTHOTrO KOMIUIEKCa, CHHTE3UPYIOILETO Ipaii-
mepsl. B To ke Bpemst Bupyc SV40 uCrionb3yeT /Ui peruinKanmy CBoei
HeDONBLIOH XPOMOCOMBI U MHOTHE BEJIKH KJIETKM-XO03SHHA, 4TO I10-
3BOJISICT NCCIeoBaTh (DYHKIIMOHHPOBAHHME PEIUTMKATHBHOIO KOMILIEKCA
KJIETOK YeJIOBEKA B TAKOI OTHOCHTENIBHO IIPOCTON CHCTEME.

JIHK-nommepassi aykapuor. B KieTkax 2yKapMoT HMEIOTCs! 110 MEHb-
el mepe ectb pasnuyHbix JIHK-3asucumbix JTHK-nonumepas: o,
B, 8, &, v, L. Yerbipe U3 HUX — @, B, 8, € — HENMOCPEACTBEHHO Yy4a-
CTBYIOT B perimkauuu xpomocomuoit AHK (raén. 18).

JMHK-noaumepasa o. — nepasi JTHK-nonumepasa, obHapyxeHHas B
KJIeTKax aykapuoTt. OHa npeicTasieHa B KJIETKe B BWIE [POYHOT0 KOM-
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TaGauua 18

BeJiku, BXOAANIME B COCTAB PEIIHKATHEHOIO KOMILICKCA IYKAPHOTHYCCKHX
OPraHH3MoB

Beaok

Monekyasap-
Hasa macca
cyOBeAMHIMLL,
kMa

DH3MMaTHYCCKas
aKTHBHOCTh

Buoaornyeckas
dynkuus

JHK-nonumepasa:

a (anbda)

f (Gera)

¥ (ramma)

& (nenbra)

& (3MCHIOH)

& (n3cra)

160—185*

67—70

54—58

46 —50*
39 —40*

125—140*

35—40
125—130*

48—55

230—261*

35
173*

29

JTHK-nonumepasa

Ipaitmaza
JIHK-nonumepasa

JIHK-nonumepasa
3'— 5'-3K30HY-
Kieasa

JHK-noanmepasa
3’ 5 5'-3K30HY-
Kieasa

JHK-nonnMmepasa
3’ — 3'-9K30Hy-
Ki1easa

JHK-noaumepasa
3" —» 5'-3K30HY-
Kieasa

Cunres npaitMepos Ha
obenx nensx JHK
Tpancnopr JHK-mo-
JIMMEpashbl B KIeTo4-
HOE AP0
CpsA3bIBAHNE MYPHHO-
BOr0 HYKJICOTH]IA,
NpHCOCIMHEHHE
npaiimasel k JJHK-
nosauMepase

Janonuenue opeei
IpH IKCIU3NOHHOM
penapaunn AHK,
yyacTHe B peKomOM-
HALIMK, TIPOLIECCHHT
dparmenTo Okazakn

Perimkaiums m
penapanms
MHTOXOHAPUATBHOMN
JHK

CunTes JMaHpylonei
wenu resomuoit JTHK
B PeIUITMKATHBHOMN
BUIIKE

Cpasbc hakTopoM
MPOLECCHBHOCTH
PCNA

Cuntes orcralomiei
wenu reHomuoil JTHK
B PEIUINKATHBHOI
BUJIKE

Cunres AHK na
NOBPEKACHHON MaT-
puue npu SOS-otBeTe
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Oxonvanue maba. 18

THBHBII 6eloK A)

RFC (pennnka-
THBHBII hakTop C)

PCNA (spepHniii
AHTHIEH TPOIH-

(epupyioumnx
KIETOK)

Jluraza 1

FENI1 uan MF1

(daxrop
co3peBaHus)

PHKaza H1

Tonousomepasa [

Tonousomepasa 11

JHK-3apucumas
ATPasa

Jlurasa

DK30HYKICa32

DHAOHYKIeasa

Tonousomepasa

Tonousomepa3sa

Monexynsp-
Benok Has Macca DHauMaTHYCCKas buonoruueckas
cyOBennimL, AKTHBHOCTE hynkums
k/la
T-anruren JHK-xenukasa Packpyunpanmne
JABOHHOIT cniupain
JIHK B pennnka-
TUBHOH BIJIKE
RPA (pennnka- Besiok, ceg3nipalo-

wHicsa ¢ OHOLENoY -
toit J1HK, obecne-
YHBACT ONTHMAILIVIO
st eunresa JHK
KonpopMainio
MaTpuil

OGecrnieucHue cBsi-
3LIBAHMS 3aTPABKM C
MATPHLICH, CTUMYJIH-
posanune JHK-nonu-
Mepashl

(akrop
NPoOLUECCHBHOCTH
PETUTHKALNH; BBITTON~
HSIeT (DYHKIMK «CKOJb-
JHLICTO 3aKKHMa»

Jluruposarnmue dpar-
meHton JITHK

Vnanenune PHK-
3aTPaBKH

Ynanenuwe PHK-
3aTpaBKH

Penakcaums Kak
MOJOXKHTEABHBIX, TAK
M OTPHLATENbHBIX
ceepxeuTkor JJHK

Penakcaumns noso-
KHUTCIbHBIX CBEPX-
BUTKOB

* Karanuueckas cyGneannmnua.
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nnekca ¢ JIHK-npaiimasoit — (epMeHTOM, OCYLICCTB/IAIONINM CHH-
te3 PHK-3arpasok. Kommaexkce JIHK-normmepasa a-npaiimasa sipjis-
eTCsl EJIMHCTBEHHBIM ¥ 3YKapHoT (pepMEeHTATHBHLIM aHcambiem, cro-
cobHbIM nuHIMupoBass cuuTe3 JJTHK de novo. Ha Gorarslx nupumu-
JMHOM YYaCcTKax MaTpuibl npaiimasa komiviekca cunresupyer PHK-
3aTpaBKH JUIMHOM 1ipuMepHo 10 HYKICOTHAOB, KOTOPBIC 3aTeM 3JI0H-
rupytorcs JHK-noaumepasoit 63 AHCCOLMALIMN KOMILIEKCAa OT MaT-
puubl. B xozne perutkaunn B kietounbix supax JHK-nomimepasa a-
npaiiMas’a CMHTE3MPYET 3aTPaBKy JMAHPYIOLIEH HUTH B YIacTKe Ori M
sarpaBku (pparmeHTOB OKasaky 3arnas/ibBaloliei HUTH.

Kak npasuno, JJTHK-nonumepasa a He obranaer KOppeKTOPCKOi
3" — 5'-3K30HYKJIea3HOH aKTHBHOCTBIO. ITo-BHAMMOMY, B X0/I€ 9BOJTIO-
LIMM SK30HYKJICA3HbIH LEHTP B IAHHOM (epMEHTE PeAyLHPOBAJICS.

JIHK-noaumepasa P Apnsercs HaMMeHblUeH No pasmepy M camMol
rnpocToit no crpoexuio JIHK-noaumepasoit B knetkax sykapuor. Oc-
nopuas Gyrkims JHK-nosaumepasel f B KIETKe CBA3aHa € 9KCUM3H-
onnoit penapauueit sueproit JTHK. CyuiectByloT 3KCniepuMeHTaIbHbIC
VKa3aHHs Ha BO3MOXKHOCTD YUacTHsi 3TOro (hepmeHTa B peKOMOMHALIN-
OHHBIX coObITHAX U B peruinkanuu [JJHK, B yactHoCTH B TpOLECCHHTE
(dparmenTos Okazaku. Tak, JJHK-nonnmepasa p cnocobHa 3aMeHNATL
JIHK-nonumepasy | B knerkax E. coli, myrantheix no reny JIHK-
rnonumepasei I, uunmnpys permkarmio ¢ 3'-konna PHK/JIHK rub-
puia B paitoHe ori. )

JIHK-noaumepasa & — rerepoauMep, COCTOALLMIT M3 KaTanuTHie-
ckoit cyGbenmumnust (125—130 x/la) u cydbsenunuun 48 —55 xla,
HEOBXOMMMOM st peonoseHus (PepMEHTOM CTPYKTYPHBIX Baprepos
B PUPOAHBIX OJIHOHUTEBBIX MATPUIIAX W JUIs CBSI3N € PAKTOPOM 1poO-
neccusnoctn PCNA. O6e depmenTarnsHble akTHBHOCTH — IIHK-110-
auMepasHas M 3'— 5'-9K30HyKIeasHas — CBA3aHbI C BHICOKOMOJIEKY~
AspHbIM nosmnentiaoM. Kpome akropa, B IpUCYTCTBHH KOTOPOTO
IPOLLECCHBHOCTL 3TOTO (hepMeHTa YBEIWYMBACTCH Ha /Ba TMOPAJIKA,
xonodepmenT BrmodaeTt B ceds dakropst RFC u RPA. Tpu Monexyiibi
PCNA 00pasyiorT KOJIbIEBOil TPUMEP ¢ OTBEPCTHEM JUIsSI IBYHUTEBO
JIHK B ueHTpasbHOIl YacTH, KOTOPKIii 1pejcTaniser coboit nepeme-
waonyiocs o JIHK noasmxHylo rmaatrgopMy HIH «CKOJb3SALIYIO
ckpernky» B (popme Topa (6y6anka), yaepxusatoutyo JTHK-nonmnme-
pa3sy & B XO/ie TOJMMEpH3alMi Ha MaTpuie 1 00ecneunBalouyio Bbi-
cokonpoueccusnpiii cuntes JIHK. Xors PCNA u npokapuotnte-
ckmii hakrop npoueccusHoct cyobemnmia f JAHK-nonnmepassr 111
E. coli "MEIOT HU3KVIO TOMOJIOTHIO Ha YPOBHE TMEPBUYHON CTPYKTYPHI,
06a 6enka GopMUPYIOT OJIM3KHME 110 MPOCTPAHCTBEHHOH TEOMETPHH
CTPYKTYPbI «CKOJIb3AILEH CKPENnKH».

JIHK-noaumepasza e, uiienernnas n3 kierok Hela, conepxur asa
nonunenTuaa — xkatatmtuueckuii 261 xa u nonmunentua 55 xk/la. Ka-
tanuTHueckuii moaunentua obaamaer JJTHK-nonumepasnoii n 3'— 5'-
3K30HYKIeasHoi akTusHocTsiMu. OcobenHocTsio xonohepmenra JIHK-
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nojimmepasbl £ o cpasHenuio ¢ JAHK-nonumepasoit 8 asnsiercs ero
MEHbILAs 3aBUCHMOCTb OT BeroMmoratensibix dakropos (PCNA, RFC
1 RPA), a Takxe Hu3Kast (1IOYTH Ha 1OPSILIOK) cKopocTh cuHTesa JTHK.
OT0 pasnuune, BO3MOXHO, CBI3aHO ¢ pa3sHoii ¢yukumeit JHK-no-
JuMepa3s B penaukatusHoll suike. Onun xonodepment, AHK-nonu-
Mepasa 8 OCYUIECTRAACT OBICTPLIH M NPOLIECCUBHDLII CUHTE3 JIMAHPYIO-
UIeH HUTH, UCHIONL3YS JUIS SJIOHTAINK eIMHCTBEHHYIO 3ATPABKY, CHH-
tesupyemyto JIHK-nonmmepasoii a-npaiimMasoii B paiiote ori, 1 amc-
COILMHPYET TOJALKO 1O JIOCTHMAKEHMH KOHLA PEIIMKOHA, TOI1a Kak He-
ckosbKo xosnodepmentos JJHK-nonaumepassl € MOryT oIHOBpEMEHHO
cuHTesnposaTh hparmenbl OKazaku B «30He OKas3aku», VUIMHAS 3a-
TpaBku, cuHTesupyemsie JIHK-noaumepasoii a-npaitmasoii B Hauaie
Kakjioro (parmMeHTa.

Crieayet OTMETHTD, YTO Y BBICIIMX 2yKapuoTt yuyactue JAHK-nonu-
MEpashbl £ B CHHTE3¢ 3amas3/ibiBaloIei Hernu He sIBJIsSieTCs CTPOro A0Ka-
sanHbiM. Tax, npu penmmkaunn JJHK Bupvea SV40 B HeckierouHoii
cucreme obe HUTH Ha dTane snoHratmu cuHTesupyer JHK-nonume-
pa3sa 3.

JHK-noaumepaza y TOKQUIM30BAHA B MUTOXOHAPMSIX, €¢ PyHKUMS
CBA3aHA C perutMKaiueit u penapaimeii MutoxoHapuaisHoin JHK,
oHa Koaupyercst suepHbiM reHomoM. JIHK-nonmmepasa y criocobna
HaNpPaBisaTh BEICOKOMPOLECCUBHYIO OJMMEPH3ALHIO Ha OJIHOHHUTEBBIX
JHK-MaTpHIlax B OTCYTCTBHE BCIOMOTaTeAbHBIX (DAaKTOPOB.

Oxapaxrepusosatbl Takxke apyrue JJTHK-nonnmepassl 3ykapuor: 1,
0, 1, REV1. Bee aru depmentil yuactsyior B penapaimn JJHK.

B nocaenmne roapl Hapsay ¢ vrayGie HHBIM M3YSEHHEM CTPOCHMS
cBoiieTs otaeabHbix JJHK-noanmepas sykapuor 6oibiioe BHUMaHiE
VACIHETCH B3aUMOJICHCTBHIO 3THX (DEPMEHTOB CO BCIOMOTaTeAbHBIMH
(hakTopamu ¥ MexaHH3MYy (DYHKIMOHMPOBAHUS MX B COCTaBE MHOIO-
KOMITOHEHTHBIX PEIUIMKATHBHBIX M perapaTUBHbIX KOMTIuieKcoB. Crin-
coK Oesnkos, s3aumoneiicTeyiommx ¢ JIHK-noanmepasamu, nocrosin-
HO PACTET M BKJIOUAET He TONbLKO u3BecTHbie (hakTtopel PCNA, RFC n
RPA, no u xnouessie (hakTopbl peryisiMm KJIeTOUHOro MeTtabonmns3-
Ma, Takue, Kak oejaxku rpynnsl MCM (minichromosome maintenance
factors), cakropsr y3nasanusi yuactkos ori penimkaunn ORC (origin
recognition complex) u jp.

IpyHuMnnanbHOe 3HAYCHNE UMEeT yeTaHORIeHUe Toro akTa, 4To
(bynkunonuposanue perumkarusibix JIHK-nonumepas a, 8, ¢ B xoze
KJIETOUHOIO KA PEryIMPYETCs ¢ MOMOIIBIO CrieitmuyeckKnx mocr-
TPAHCASLMOHHBIX MOMdHKaLMii, B yacTHOCTH dochopuanpoBaHus.
Taxk, neratusnas pervasinmsi AHK-noaumepassl a-npaiiMasst B xone
KJIETOMHOIO HMKIIA OCYLIECTBIISIETCS C ITOMOLILIO hochopuanpopanus
cyObeanHull ¢ Moaexysipaoit Maccoit 180 klla u 68 —70 x/1a no oc-
Tatkam cepuHa. OnHOM N3 XapaKTepUCTHK HEKOTOPBIX OTMYXOJIEBBIX Kile-
TOK siB/IsieTcs Hapywenue dochoprnmnpoparng cyosenrnmib 180 xa
B KJICTOYHOM LIMKJIE.
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B knerkax aykapuot curtes JIHK npoucxonut B ocHOBHOM B crie-
HM(UIECKHUX TUIOTHBIX CTPYKTYPaxX («peruiMKaTuBHBIX (habpukax»),
npucoennHeHHBIX K aMbdysHomy smepHoMy MaTpukey. B cocrase «pert-
JIMKATHBHBIX (haGpHK», CBA3AHHBIX C SAEPHBIM MaTPHKCOM, OOHapy-
KeH MynbTubGenkosbiid 21S koMmieke («CMHTECOMa»), COCTOAUIHA HE
meHee yeM 13 30 6enkos (cM. Tabi. 18).

MuuMumamus perumkanun y aykapuor. Ckopocts cuntesa JIHK v syka-
PHOT CYIIIECTBEHHO HMXe, YeM y npokapuot (~50 nykneotunos B | ¢
v yesioBeka). Buanmo, no 31oil npuunHe mHuuMaums cuurtesa JHK
IYKAPHOT NMPOMCXOAUT BO MHOIMX TOUKAX XPOMOCOMBI, T.€. 9yKapHo-
THYECKHE XPOMOCOMBI UMEIOT ROAUPENAUKOHHYIO ODeAHU3AULIO.

Munimanust perviMKaiuu y 3yKapHoT NPOMCXOAMT Ha crietHdu-
YECKHMX MHOKECTBEHHBIX MOCIEN0BATELHOCTAX HYKICOTHIOB — pell-
JIMKATOPAx, WM OpHIDKMHAX perikaumu. Hanbosee usyueHsl peruin-
KATOPbI JPOXIKeil, BriepBble WIeHTH(MUIIMPOBAHHBIC KAK aBTOHOMHO
penjuuupyloume nocieaosaresbHoctH (ARS — autonomously
replicating sequences). Y apoxcokeit Ha yqactke JIHK jummnoit 5 Toic. H. 1.
HAXOIWUTCH TPH OTACAbHLIX perunikatopa (ARS). ¥ muekonuraroimx
001aCTH HAYANIA PEILTUKALIMK pacnonaraloTest Ha pacctosauuu ~ 100 i,
H.IL JApYT oT apyra. YeranosneHo, yto cuHTe3 JIHK B otnensHbix pen-
JIMKOHAX TPOMCXOAMT 110 JIBYM HAIMpaBJIEHHUSIM, NPHUEM [epemelie-
HUE PEIUIMKATHBHOM BMJIKHM OCYILIECTBIISIETCS] NMPEANOYTHTENILHO B OJI-
HOM HATIpaBJIEHHH, KOTOPOE MOXET M3MEHSIThCA B 3aBUCHMOCTH OT
CTAJIMM PasBUTHs opraHu3ma. JactoTa HCMoNb30BaHMA OTAEAbHBIX Peri-
JMKATOPOB W3MEHACTCH B OHTOTCHE3E, YMEHBILAACH B KJIETKAX B3pOC-
JI0ro opraiu3Ma. PernMkaTopsl 3yKapuoT pasiuyHbl MeXay cobou 1mo
MOCJIEIOBATEIbHOCTH, HO MMEIOT HECKOJIBKO YYACTKOB TOMOJIOIMH:
JAHK-pacnyeraiouue 3/1eMeHThI, YYaCTKH NPUKPEIUICHUS K SIepHO-
MY MaTpHMKCY, IMUPMMHINHOBBIC TPAKThl, KAHOHHYECKHE MOCIe/10Ba-
TEJLHOCTH, B3aMMOJICHCTBYIOLINE C DelKaMu PerUIMKaTHBHOTO KOMII-
nekca, AT-6orareie nocaesoBarebHoCTH, yyactky warntos JTHK u
Jpyrue, B DOJIbUIMHCTBE CBOEM CIIyXalllue, BEpOsiTHO, MECTaMH Y3Ha-
BaHUSI OTBETCTBEHHBIX 33 MHHLIMALIMIO PETUIMKALIMM SICPHBIX OEJIKOB.
Wuuumaums peruimkaumu crporo peryaupyercs. ITonupernsmkonnas
opraHu3aiug TpedyeT, uToObLl B KAXKIOM LMKIJIE KJIECTOYHOrO JIe/ACHUSs
KAaXJIbL perinkaTop «cpaboTais TOJILKO OJHH pa3, B IPOTHBHOM CIIy-
yae Ha Xxpomocome 00pa3yIoTes pa3BeTRICHHbIE CTPYKTYPLL. s 1pox-
xkesbix ARS-rocieioBareibHOCTE i HHHITMALIMSA TPOUCXOAMT OAMH Pa3
B KaXk/10ii S-(haze ki1eTOUHOTO HUKIIA. Y BBICIIMX 9YKAPUOT JOCTATOYHO
MPOTSDKEHHBIE YYACTKH XPOMOCOM, COJEepXkalllue HEeCKOJIbKO cocell-
HHUX PEerUIMKOHOB, HaunHaot cuures IHK B S-aze npubausurensHo
OIIHOBPEMEHHO, HO KAXIbI TAKOH YYACTOK MMEET XapakKTepHoe JUs
HEro BPeMsi MHUIIMALIMH PEIJINKAIIMN: OIHU AKTMBUPYIOTCH B Havasie
S-(asel, Apyrue — mnos3xe, a TpeTbM — B KOHIE. Takum obpasom,
CYUIECTBYET 3amnpeT Ha NMOBTOPHYIO MHMUMALMIO PEIUIMKALIMM B TOM
Ke IIMKJIEe KJIETOYHOTO ACACHMS, XOTS OJHOBPEMEHHO MOXET IpOMC-
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XOAMTb HHHUIMALIMS Ha IPYTUX, He cpaboTaBlIMX paHee peruiukaropax.
Hekoropsle nannbie yKa3blBalOT HA TO, YTO MOA0OHLIH 3anpeT cHUMa-
eTCsl B XOJIe MUTO3a, Kor/a siepHas obosnouka pacnagaercs. Hapyuie-
HHE 3a11peTa Ha NOBTOPHYIO MHULMALIMIO MPUBOIMT K aMIUIMDUKAIMK
(HOABEHNIO MHOXECTBEHHBIX KOTMHIH) TOTO WK MHOIO V4acTKa Xpo-
MOCOMBI, T/1¢ NPOH30LLIA «THILHSAS» UHHIIMALIMA PErJIMKALIHH,

Daonranua perumkanan. Yernipexcydoneanununas JHK-noanme-
pasa o o6pasyeT (hyHKIMOHATbHBIC KOMILIEKCHI C PSUIOM (DEPMEHTOB M
BCIIOMOTATe/ILHBIX DeJIKOB. B KOMILIeKce, OCYHIEeCTBISIOUIEM PerIHKa-
uuio muaupyilouteii nenu, JHK-nomumepasa o cssazana ¢ JIHK-noan-
Mepas’oil &, a B KOMIUIEKCe, CHHTE3HPYIOEM OTCTAIOWYIO Helb, — C
HHK-noaumepasoit . ¥ aykapnoTt 0ba KoMIuiekca CBsi3aHbl, BeposiT-
HO, JIPYT € IPYTOM B PETUIMKATHBHOM BIUIKE MOA0OOHO TOMY, KaK CBS-
3aHbl X0J0(EPMEHTLl CHHTE3a JMIAMPYIOIIEH M OTCTAIoNIeH 1eneii v
NPOKAPHOT.

Aykapuornueckas JIHK-npaiiMaza B omimune or aHanoruaHoro
benka npokapuot obpasyer nocrosHubiil kKoMruteke ¢ JIHK-nonume-
pasoit o, posib KOTOPOTO OTPAHUYMBAETCS CMHTE30M TNPAiiMepoB NpH
perummkaumu obeunx neneit JJHK.

benok PCNA u dakrop permmkaunn C (RFC) Takke o6pasyior
crabuabhbiii komiueke ¢ JIHK-nomumepasoit 8, a B onpeaeneHHbix
YCJIOBHAX CTUMYIIMPYIOT M akTuBHocTh JIHK-nonnmepasnt &. Bo Muo-
rux otHoueHnsAx PCNA u RFEC asasiorcs QyHKIHOHANLHLIMH AHA-
JloraMu cooTeeTcTBEHHO B-Oeika u GenkoB y-Komiuiekea E. coli. Mexa-
Husmbl perinkaimu JIHK npo- m aykapHoT cyliecTseHHo pasiaHya-
JOTCSL B TOM OTHOILEHHUM, YTO BO BTOPOM CJIyuae CHHTE3 JIMIMPYIOLIEil
n orcraionieit ueneit IHK ocymecrsasior pasusie JIHK-nosmmepass
(6 ¥ & cooTBeTcTBEHHO), Toraa Kak v E. coli o6e nenu JAHK cunresu-
pyiores aumepom JAHK-noaumepassr 111, Cosperanue dparMeHTon
Oxkasaku y aykapuot tpebyer ynanenus PHK-3arpasok ¢ nomouisio
5" 3'-aksonykieassl (besnkobie hakropsl FENT i MF1) u PHKa-
3pt H1. JIHK-noanmepasa B 3anonusieT Openiu, pasHble BHIPE3aHHbIM
npaitmepam, a JIHK-nurasa I coenunsier chparMeHTBI OTCTAIOMIEH EITH.

Tepmunaunsa pemwmkauuu. [TpoJBIKeHNE PEIUIMKATHBHON BHIKH
IpeKpatiaeTcs TOAbKO MPU CTOIKHOBEHUH C JIPYTOi BHIKOMH, JIBUXY-
HIEHCA B IMTPOTHBOIONOKHOM HANPABJICHUH, WIH 110 JIOCTHXEHUH KOHIA
xpomocomsl. [Tocre coopku na mosekyne JITHK xpomocomublx 6e1KoB
Kakaasi 1apa XpoMOCOM B I11POLICCCE MUTO3a YIOPANOUYCHHO pasjie/si-
€TCS MO JIOUEPHUM KIIeTKaM. Peruimkaiing npoucxoaut B S-dasy kie-
TOYHOTO UMKIA. M3BECTHO, UTO B Peryjasiiii KJICTOUHOTO 1IMKJIA Vua-
crBYIOT Oenku yurkaunst (A, B, D, E). Oun akTHBMPYIOT LUKIHH3aBU-
CHMBbIC NMPOTEMHKMHA3BL, U Te MOTYT (hochopuinpoBath creimduse-
ckue OesIKM, y4acTBYIOLIME B MOAIOTOBKE KJETKHM K jeneHuio. Tak,
mkann D perynupyer nepexon kiuetku u3 Gi-¢aspl B S-hasy; umk-
Junbl A u E — akrusupyior cunrtes JAHK Ha navansmoii ctaamn S-
(asbl; unkimu B peryimpyer nepexon kKietku u3 Go-¢asst B M-thasy.
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PelMKaums TEJIOMEPHBIX Y9ACTKOB JYKAPHOTHYECKUX Xpomocom. Ha
KOHIIAX XPOMOCOM 2YKAPHOT HAXOAATCS CIENHATU3NPOBAHHDIC ITOBTO-
psiioumecs nocaenosaresnbioctd JHK, noayqusiine HassaHue me-
aomeproi JIHK, a conepxalliue ee KOHLBI XPOMOCOM — meAoMepami.
B KJeTKax XHBOTHBIX KOJIHHYECTBO XPOMOCOM, @ C/CAoBaTe/IbHO, 1 Te-
JIOMEPHBIX YHACTKOB HEBEJIMKO — OHH COCTABJISIOT JIMILb HEOO/IbILIYIO
YACTh OT BCEX OCTANBHbBIX HOC/ICA0BATEAbHOCTEIH.

Ucnonp3oBaHne B KauecrBe OOBEKTA MCCICAOBAHUS TEJIOMEPHOM
AHK pecuuunoit uudysopun Tetrahymena thermophila, B Kietkax
KOTOPOH HAXOMSTCS NECATKHM ThICSY MEJIKUX XPOMOCOM, a ClieioBa-
TENBHO, ¥ MHOXECTBO TEJOMED, IMOKA3aJ10, YTO TEAOMEPBI MMOCTPOE-
Hbl U3 KOPOTKHUX (cojiepxaT mo 6 —=8 HyKJICOTHIHBIX OCTATKOB) MHO-
FOKPaTHO NOBTOPSIONMXCS MocaenosareabHocTei (6iokos). IMpu atom
onna uens JAHK oboramena ocrarkamu ryanumiopoii kucaotsl (G-60-
rarast 1ernb, v rerpaxumernsl — 910 010k TTGGGG), a KoMILieMeH-
TapHas ce lenb o0OralleHa oCTaTKaMu HUTHAMIO0BOH Kucnotsl (C-
Goraras 1ens). Tenomepnas JIHK uenosexa nocrpoeqa U3 TTAGGG-
OJI0KOB, T.€. OTJIHYAETCH OT MPOCTEHIINX BCEro Julllb OJAHUM HYKIIEO-
oM B nosrope. M3 TTAGGG-610k08 noctpoenst Tesiomeprbie JIHK
(ux Gorarpie G-lienu) Bcex MACKOMMTAIONIMX, penTuiauii, ampudmii,
ntiil ¥ pbi6. Yuausepcanen u teaomepubiii nosrop (TTTAGGG) y
BCeX pacTeHMit.

Xapakrepuctukoii Tesiomepibix JAHK sipsiercest ux uinHa. B kierkax
KIYTHKOBBIX pa3mep Tesomep cocrasiasier ~50 H.11. VY yesioBeKa OHa
koneonercs ot 2 10 20 ThiC. H.II., 4 Y HEKOTOPBIX BUAOB MbILIEH 10CTH-
raeT COTHM THICSY nap HYKJIeoTHa0B. OTMeueHa 3HAYUTEIbHAs reTepo-
reHHOCTh B PA3HBIX KJIETKAX W TKAHAX JaXe OIHOIO OpraHu3Ma; JUTHHA

- JJTHK B Teomepax XpoMOCOM HEI0BEKa KJIETOK 3apOAbILIEBOMH JIMHUH

coctapisier 10— 135 ThiC. H.IL., & B JIeiKOIUTAX nepudeprHyecKoi Kpo-
B 5— 12 TBIC. H.TI.

TenoMmepbl UTPAIOT BAXHYIO POJib B CO3aHMM crieunuieckoii ap-
XMTEKTYPbl M BHYTPEHHEH YIIOPANOYEHHOCTH KJIeTOMHOTO stpa. Onu
NPEAOTBPAIAIOT ASTPAIALHI0 M CIIHSIHUE XPOMOCOM, a TAKXKE OTBET-
CTBEHHBI 3@ MX NPUKPEIUIEHHE K CneUMaibHOll BHYTPUKIETOUHOM
CTPYKTYpe (CBOCOOPA3HOMY CKEJIeTY KIETOMHOTO siApa).

MeXaHH3Mbl PEIUTHKALIMN TEJIOMEPHbIX YUACTKOB 9YKAPHOTHYECKUX
XpomMocoM U HeHTpaabHbix obsnacreit JJHK npuHumnuaibHo pasinyia-
jotcst. Bee uasectuble JIHK-noamumepassl, sipasiiouinecs pepmeHTaMu
CJI0XKHOTO PENJIMKATHBHOIO KOMIUIEKCA IYKAPHOT, HECIOCOOHbI MoJi-
HOCTBIO PEIJIMLMPOBATh KOHL! nHeitHbIX Mosekya JITHK. Masectho,
yro JIHK-noaumepassl, cunresupys aouephioo Huth JIHK, npoun-
TBIBAIOT POAMTENILCKYIO HMTh B HarnpapjieHuu orT ee 3'-KoHua K 5'-
KoH1y. COOTBETCTBEHHO JOMEepHsisl Lellb CHHTE3UPYETCs B Hanpasie-
Hum 3’ 3. Kpowme toro, JIHK-noanmepasa HaunHaeT CMHTES TOIBKO
co cneunansioro PHK-npaiimepa, komruiemenraproro JAHK. [Mocae
okoHuanus curTesa JJTHK PHK-npaiimeps! yaansiores, a NpOIyCcKH B
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Puc. 113. Peruinkanng TeIOMEPHBIX YYACTKOB 3YKAPHOTHUYECKHX XPOMOCOM:

A — BO3HMKHOBEHIE HEJOPCILUTHLUMPOBANHA 5'-KOHLA AMHEHHO XPOMOCOMBI 1 CHH-
Te3 Ha 3TOM KOHuUeBoM yuacTKe TesomepHoit JIHK ¢ nomowwio tenomepasei; b —
OCHOBHBIE 3Tarnbl CHHTE3a TEJOMEPHOIO MOBTOpa TEA0MEpa3oii

onnoi u3 nouepuux ueneit JIHK (orcraroweii) sanonnsiorea JTHK-
noaumepasoit B. Onnako Ha 3'-konHuessix yuactkax JJHK rakoit npo-
IYCK 3artoJIHeH ObITh HE MOXET, ¥ [03TOMY OHH OCTAIOTCS OIHOTSI-
KEBBIMM, @ MX 5'-KOHIIEBBIC YYACTKM — HEAOPEIUIMIMPOBAHHBIMH
(puc. 113). Orclona SICHO, YTO NP KaXIOM payH/Ie peruiMKaluu Xpo-
MOcOMBI OyayT ykopaunsatbes Ha 10— 20 HykiIeoTHROB (Y pasHbIX BU-
nos pasmep PHK-3atpaBok pasiuyen), u B nepByio ouepesb COKpa-
warh uinHy renomepHoit JJHK. Bosuukia npoGiieMa «KoH11eBOii He-
noperuinkauun JIHK». B cayuae peruinkaumu KoablieBbiX 6akTepuaib-
HbiX JIHK aT0it nnpobiembl He cyliecTBYET, Tak Kak IepBbie Mo Bpe-
MEHH obpaszosanust PHK-npaiiMepst ynansiiorest (pepMeHTOM, KOTO-
PBIH OIHOBPEMEHHO 3anojiHsier obpasyiolyiocst Opeib NmyreM Hapa-
mmBanusa 3'-OH-konua pacryweit nenu AHK, nanpasnenHoii B
“XBOCT» yAalsieMOMY npaiimepy. [Tpobnema HepoperiMKauuu 3'-KoH-
HOB JIMHEHHbBIX MOJEKYJ PElIaeTcsl 3YKAPHOTHUECKMMM KIIETKAMM C
MOMOLLLLIO CHELMaIbHOTO hepMeHTa — meaomepasel. ITot epMeHT Gbin
obnapyxeH sriepsbic B 1985 r. y undysopun Tetrahymena thermophila, a
BITOCJIC/ICTBMM — B JIPOXOKAX, PACTEHMSIX M Y XKMBOTHBIX, B TOM YHCIIE
B SHYHUKAX YEJI0BEKA U MMMOPTAJIU30BAHHBIX (BeCCMepPTHBIX) JIMHH-
siX pakoBbIX KJeToK Hela.

Tenomepasa ssasiercs JTHK-nonuMepasoit, nocrpansaiomeii 3'-
KOH1bI JIMHeHHBIX Monekya JIHK xpomocom koporkumu (6—8 Hyk-
JICOTHJIOB) NMOBTOPSIIOIIMMHUCSH MOCHEI0BATEILHOCTAMHU (Y [103BOHOY-
Hbix TTAGGG). CornacHo HOMEHKIIAType, 3TOT (DepMEHT Ha3bIBaIOT
JNHK-nyxieornannaksorpadchepasoif, Win TeJIOMEPHOIT TEPMUHAL-
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1oii Tpancdepasoit (Mo, macca 103—133 k/la). ITomumo GekoBOi
vactn Teaomepasa coxepxkur PHK, BeinonHsiouiyio pojib MaTpuilbl
st Hapammsanus JHK nosropamu.

Jlinna teaomepnoit PHK konebnercs or 150 HykKi1eoTHaoB — y npo-
creiinmx 10 1400 HYKICOTHIOB — Yy APOXXKeif, y yenoseka — 450 Hyk-
neotunos. Hanmmume B monekyne tenomepassl PHK-nocienosaresib-
HOCTH, 110 KOTOpPOil MAET MaTpuuHblilt cunTe3 dparmenta JAHK, nos-
BOJISICT OTHECTH TeJIoMepasy K cBoeobpasHoii 0bpaTHO# TpaHCKpUnTa-
3e, T.e. (hepmenty, criocoGHomy BectH cunTe3 JIHK mo marpuiie PHK.
OCHOBHOE HA3ZHAYEHHE TEJOMEPa3bl — CHHTE3UPOBATL TAHIEMHO T10-
propsiionmecss 6aoku JIHK, n3 koropwix cocrout G-lienb Teno-
meproit JHK. MatpuuHblii yIacToK NpeACTaB/IeH B TeIOMEPa3HOi PHK
TOJILKO OAMH pa3. Ero juimHa He npepsillacT JUIMHY JBYX IIOBTOPOB B
tenomepoii JTHK. Cxemy MexaHu3ma CHHTE3a TEJIOMEPHBIX MMOBTO-
POB, KATATM3HPYEMOTO TelIoMepasoif, cm. Ha puc. 113. Ha nepsoii cra-
aun (CBA3BIBAHME TEJOMEPbl) ITPOUCXOANT KOMIIJIEMEHTapHOC B3au-
MOJICHCTBHE YaCTH MaTpU4HOro yuactka Texomepasnoii PHK ¢ 3'-
KOHLEBBIM BBICTYNAIOMNM ojiHolenoyeubiM cermentoM JHK xpo-
mocom. ITpu stom 3'-komuesoii pparment JHK cayxur 3arpaBkoit
s yumbenns atoit JIHK na PHK-marpuue. Ha craanu snonraiuu
ppicTynaiomas uenb JHK yuimbseTcs 10 KoHua MaTpHiibL. Drta peak-
st ocyiectsasiercss PHK-3asucumoii JITHK-nonnmepasnoil akTs-
HOCTBIO TEJIOMepPasbl.

Mocne yaunenus seictynaioweit nenm JHK 10 KoHLa MaTpuiibl
POMCXOAMT TPAHCIOKALMS, T. €. IepeMellleHHEe MAaTPHLIb H OeIKOBBIX
cyObeuHuLL (pepMEHTa HA 3AHOBO CHHTE3MPOBAHHbIH KOHEIL TEJIOME-
pasHoit JIHK, u Bech 1k nosropsiercst BHoBb. [locne sasepiuenus

" YIUITMHEHHST OJIHOLIENOYeYHOH 3'-KOH1IeBOH TEJOMEPHOM [ocjenoBa-

tenpHocTn Bropas uenb JJHK (C-uenb) noctpanBaercst ¢ MoMoOLLbIO
o6niunoii JJHK-monnmepassl. Takum 00pazoM NpoHCXOINT pellieHue
npobaemsl KoHuesoi peruimkaumu IHK y sykapuor.

[Ipeanonaraior, 4To B COCTABE TEJIOMEPa3hl KPOME JIBYX OTMEUEH-
HBIX KOMMOHEHTOB — OOpaTHOH TPAHCKPUNTA3bl H TEIOMEPA3HOH
PHK — n0/xHBI ObITH CYOBEMHHLIBI, OTBEUAIONINE 34 [TOUCK H CBfl-
3bIBAHME 3'-KOHIIA XPOMOCOMbI, 32 TPAHCJIOKALMIO, 32 CBA3bIBAHME
npoaykta peakunn (oaHorskesoit JHK), a Takxke cybneanuuia ¢
HYKJICA3HOH AKTMBHOCTBIO, KOTOpasi OTHICIUIAeT OT 3'-KOHUA Tejo-
mepnoii JJHK oann 3a 1pyrum HYKJICOTHIIBE 10 TEX 110p, 110Ka HA 3TOM
KOHIIE HE OKAXKETCH IM0C/Ie10BaTeIbHOCTh, KOMILIEMEHTApHAA HYX-
HOMY YYACTKY MATPHHHOro cermeHTa Tejiomepassoit PHK.

Hanmume y XKMBOTHHIX TKaHecneun(UYHOCTH B pacrpencieHuH
TeJOMEpP 110 pa3Mepam, a TAKKE U3MEHEHHE Pa3sMEepPOB ITHX MOCIe10-
BaTeaLHOCTEl B OHTOreHe3e 1PEe/IroJaraloT CylecTBOBae MeXaHu3-
MOB, PeryJMpylonmx JaHusiii npouecc. Henapuue ncenenosanms 00-
HAPYAKWIH PE3KOE MOBLILICHHE AKTHBHOCTH TEJIOMEPa3, XapakTepHoe
JUISE ONYXOJIEBBIX KJIETOK, YTO CJAYXMT B HACTOsIILEEe BpeMs UYBCTBH-
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TEIBHBIM (DPM3HOJOTHYECKMM MAPKEPOM MX 3710KaYeCTBEHHOIO Nepe-
poxueHus. B cBsi3u ¢ 5THM CerojiHs B Ka4yecTse OHOrO M3 MOAXOI0B K
TepanuM OINyxoJieH pacCMaTPUBAIOT MOJABJIEHHE AKTHBHOCTH TEJIOME-
pa3, GyHKUMOHUPOBAHUE KOTOPBIX HEOOXOIMMO Ul MMMOpPTATH3a-
LIMK KJIETOK M pOCTa OIMyXOJeil.

CyliecTBOBaHHE TEJOMEP Y 3YKapHOT MMeeT ryboKkuii cmpic. Te-
Jlomepasa obHapyxeHa B 3MOPHMOHAIBHBIX KJIETKaX, KOTOPBIE MOCTO-
AHHO M OLICTPO JIENATCS, U HENPEPLIBHOE YUIMHEHHE XPOMOCOM He-
00X0IMMO JUTst KOMIIEHCALIMM MX MOCTOSIHHOTO yKopoyeHus. B comatu-
YECKMX KJIETKAX, KOTOPbIE IeJISITCS He YacTo, TeJloMepasa He obHapy-
KeHa. MOXHO NMpeinonoXHuThb, YTO COMATHYECKME KJIETKH MOJIYYaloT
cBOIO «rnopitnio» TenomepHoit JTHK, HeoOGxommmyio Ha BpeMst XH3HM
KJICTKH M ee noToMcTBa. Teromepsl B GOJBIIMHCTBE KJIETOK YKOpaun-
BAIOTCH C BO3PACTOM, M 3TO MOXET SIBJIATLCSH BAXHLIM (hakKTOpOM, oripe-
JCTISIOLUM TTPOIO/IKMTENLHOCTD XKHU3HU 0cobu. Takum obpasom, usy-
YeHMe MeXaHu3Ma paboThl TEJIOMEPasbl H PEryJIsALNY ee DKCIPECCHH B
KJIETKE ITOMOTYT MOHSATH MOJIEKYJISIPHBIC OCHOBBI MPOLIECCa CTApEHUs
M 3JI0KAYeCTBEHHON TpaHCchOPMAIIHU XKUBOI KIETKH.

PenuimkaTusHbiit KOMIUIEKC BEJIKOB — peruimcoMa — M3y4YeH Jio-
crarouno xopowo y E. coli. [TocTosiHHO HakanIMBaloOIMecs JaHHbIE O
KOMIOHEHTAX PErUIMCOMBI 3YKAPUOT MOKA3bIBAIOT, YTO MHOIME Yyep-
Tl €e CTpoeHust M (PYHKLUMOHMPOBAHMS Y MPO- M 3YKApHOT 0b1Me.
Munumaumsi perinkanmm u npepsisuctblii cunres JJHK Ha orcramo-
uieit uenn ocywectsiasiores no PHK-npaiimepHomy mexanmsmy u
ABISIOTCH YHUBEPCAJIbHBIM CBOHCTBOM perutnkaumu JHK y npo- u
9yKapuoT. OCHOBHbIC KOMITOHEHTbI CHCTEMbI PETUTMKALMU B (hustore-
Hese (YHKIIMOHAIBHO KOHCEPBATHBHBI, M 11060ii HenKoBbIil KOMIO-
HEHT CUCTEMBI ITPOKAPUOT UMEET CBOIt NMPOTOTHIT B CUCTEME perLInKa-
unn JIHK muexonmraionmx. O6uieit yeproii sipisieTest (hyHKLIMOHUPO-
Banue B peruimkatuBHoil Buike JJHK-tononsomepas, xenmkas, 6es-
KOB, CBA3bIBAIOIMX W CTAOWIH3MPYIOUIHX onHocnupanbHyio JIHK, Bbi-
cokonoaumepubix JAHK-nonumepas, npaiimas, 3'— 5'-3k3onykieas,
nura3. bonee yAMBUTENIbHBIM NMPEACTABISETCA TO, YTO Y GEIKOB pa3-
HbIX OPraHW3MOB, BBLINOJHSIOWIMX OAMHAKOBLIE (DYHKLWW B pernjim-
Kalinu, B OOJIBIUMHCTBE CIIyHaeB OTCYTCTBYET FOMOJIOTMS B aMMHO-
KHCJIOTHBIX T0C/Ie10BaTEIbHOCTAX. Tak, He oOHapyXeHO CXOACTBa Y
Oenka SSB E. coli v 6enka RPA peruiMKaTHBHON CHCTEMBI YeI0BEKA.
To xe camoe xapaktepHo u uis1 B-cyobeanuunint JAHK-nonnmepass: 111
E. coli (B-6enok) mn Genka PCNA 4enoBeka. DTo yKasplBaeT Ha BO3-
MOKHOCTb BBLIMTOJIHEHUS OTHUX M TeX Xe QyHKIMIT MoJIunenTUAHBIMH
HEMsIMHU C pasHbIMM AMHMHOKMCJIOTHBIMU TIOC/IEIOBATEILHOCTSIMU, a
TAKXKE Ha BEPOATHOE KOHBEPIEHTHOE IBONIOIIMOHHOE MTPONCXOXKIEHHE
Taknx GesKoB M X PYHKIMIT H3 PasHBIX HEPOICTBEHHBIX GEIKOB-Tpeil-
mecrseHHukos. Penymmkauua JHK y npokapuor u sykapuor cyie-
CTBEHHO pasnanyaercs. /Ui BBICHIMX OPraHM3MOB XapakTepHbl: Gosee
COXKHAS OPraHMU3aliust MHULHALUMHK PEIUIMKauuy (MHOXECTBEHHOCTD
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PEIUIMKOHOB Y 3YKapvoT M OLHOPEIUIMKOHHAs opraHu3auus y 6akre-
pHit), CTPOrMii BPEMEHHON MOPANOK BKIIOYEHMS PEIUIMKOHOB, Bpe-
MEHHASI COIJIACOBAHHOCTD MOCICAYIOIMUX akToB auruposanua JAHK no
(hnaHKMPYIOIMM PETUIMKOHbI KOHIIAM, CJIOXHasA CBSI3b PEILUIMCOM C
MATPHKCOM $IIIpa W, HAKOHELl, CBOCOOPA3HbII MEXaHHU3M PerUIMKalmuu
TEJTOMEPHBIX YYACTKOB 3YKAPHOTHYECKUX XPOMOCOM.

BUOCHMHTE3 JIHK HA PHK-MATPHLE
(oOpaTnas TPAHCKPHIIINS)

Buocuntes JIHK na PHK-marpuue nojyunn HasBaHue obpaTHoi
TPAHCKPHITIIMM, & (DEPMEHT, KaTAJIU3UPYIOLIHI KOMIUIEMEHTapHOE
kormposanne PHK ¢ o6pasoanuem JJHK, — obparnoit TpaHcKkpui-
tasoit, peseprasoil i PHK-3asncumoit JJHK-nonaumepasoii. B npo-
M 9YKAPHOTHHECKMX KJIETKAaX MOTYT BCTPEUAThCH PasiMUuHBIC MO 1Mpo-
nexoxaennio PHK-zasucumbie JTHK-nonumepassl, BBITIOJHAIONINE
pasHbie Guosiornaeckne GyHKuMH. ITH 06paTHbIE TPAHCKPHUITTa3bl 06be-
JUHSIIOT B JIBE TPYMIMbE: 1) rOMOreHHYIO, NMPEACTaBICHHYIO 9K30reH-
HBIMH PETPOBMPYCHBIMH DH3HMaMH, MOSABIAIOIUMUCH B HHDHIIMPO-
BAHHBIX 2YKAPHOTHUECKHX KJIETKaX; 2) reTeporeHHylo, B COCTaB KOTO-
POl BXOIST H3HMBI, KOJAUPYEMbIE SAEPHBIM (KJIETOUHBIE TeHBI H MO-
OUJIBLHBIC TEHETHUECKHE 3JIEMEHTBI) WIH MHUTOXOHAPHATBHBEIM (MH-
TPOHBI) FEHOMAMH KJIETOK, MUTOXOHJAPHATBHBIMH TUIABMMIAMM, IH-
JIOTeHHBIMU TPOBUPYCAMH, HHTETPUPOBAHHBIMH B SUIEPHBIA FEHOM.

PHK-3aBucumeie JIHK-nonumepassl 6buin Bnepsbie HiaeHTH(HU-
uuposansl B 1970 r. Heszasucumo apyr ot apyra 1. bantumopom — B

" cocrase Bupyca Paymepa neitkemun mbiueit u I'. Temunniv u C. Mu-

3yTaHU — B cOCTaBe BUpyca capkombl Payca. DTH peTpoBHpPYCHBIC SH-
3UMBI, MOSIBASIONINECS B DVKAPMOTHUECKMX KJICTKAX [MPU PErpojyK-
IIMH PETPOBUPYCHBIX YACTHLL, IIHPOKO HCC/ENI0BaHBI B (DyHIAAMEHTAIb-
HOM M NpHKJIaIHOM acriektax. OuuuieHHbli hepMEeHT BUpYCa capKo-
mbl Payca (RSV), Konupyemblit TeHOM pol, gBasietcst MyabTHOYHKIM-
OHAJIBHBIM H3MMOM, C KOTOPHIM ACCOLIMHPOBAHO HECKOJBLKO H3H-
matnueckmx akrusrocreii: PHK-3asucumas JHK-nonnmepasa, JTHK-
sapucumas JHK-nonumepasa, PHKaza H, snnonykieasa (murerpa-
3a), MOAMHYKJICOTH/I-PACILICTAIONIAst AKTHBHOCTb. (DYHKLIMS SH3UMATH-
YeCcKMX aKTHBHOCTEH, KOIMPYEMbIX reHOM pol, cBsA3aHa ¢ periMKaLm-
eit supycoB n nHterpaumeit nx JAHK-komnuii B reHoM KJIeTKH-XO3siMHA.

Kaxbiii BAPHOH PETPOBHPYCOB COAEPAMT ABE MIAECHTHYHBIC LICTIH
PHK pasmepom or 8000 no 10000 nykneoruunos. OGmactn 5'- u 3'-
KOHLIOB 06enx tieneil MoaupULIMPOBAHbI, KAK Y BCEX SYKAPHOTHYECKHX
MPHK (5'-xanbl, 3'-noananernnosbie XBocThbl). Bupycubie PHK nme-
IOT 5 CTPYKTYPHBIX 2JIeMEHTOB: |) NpsiMbie MOBTOPBI Ha 5'- M 3'-KoH1ax
PHK (R); 2) nocienosaresabHocTh U3 80— 120 HYKICOTHAOB, Haxo-
JSILYIOCS 0K0J10 5'-KoHuesoro nosropa (U3); 3) nocienosaresibHOCTh
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u3 170— 1200 nykneotunos — okojio 3'-koHuesoro nosropa (U3);
4) nocnenoparebHOCTL M3 15— 20 nykineoruwnos (P), B npenenax Koto-
poii knerounas TPHK koMmiemeHTapHo B3auMojeiicTBYeT ¢ peTpo-
sBupycHoit PHK, uto cosmaer npaiimep /uist cunTesa nepsoit uenu AHK;
5) cerment Pu, Haxomsiniuiics HemocpeacTBEHHO nepe nosropoM U3
W sBsolMiics caifToM juts npaiiMmuposanust Bropoit nenu JHK —
Takoit cermeHT oauHakoB y PHK Bcex peTrposupycoB ornpeneneHHOTO
THMA. DTarnel o6paTHOMH TPAaHCKPHITILIMM TTPEJICTABIeHbl Ha puc. | 14.

Iman . Hapauwmmsanue TPHK-npaitmepa na marpuuax US u R B
HanpasaeHun 3’ — 5. Ponb PHK-npaiimepa BoinosHsier ojiHa U3 Kjie-
Tounslx TPHK (Hanpumep, tpuntodarosas, npoanHosas u 1.1.). Ha
pacctosuumn npumepro 100— 200 nykneornnos ot 3'-koxnua PHK (juis
KKIOro BUpyca — 3TO BeJMYHHA TMOCTOSHHAs) MMEETCs YYacToK,
KOMIUIEMEHTAPHBIA 3'-KOHIIEBON TIOCAEN0BATEILHOCTH MOJIEKYIIbI
TPHK, KoTOpbiit MCIOABL3YETCS B KAUECTBE 3aTPaBKH. DTOT Y4ACTOK
06bIMHO 0003HaualoT Kak pbs (ot auii. primer binding site — yuyacTtok
cBA3bIBAHMS 3aTpaBku). OOparTHas TpaHCKPHITTAa3a CHHTE3UpYeT cer-
ment JIHK, komruiemenTapubiii 5'-KOHIEBOI MMOCACIOBATE/ILHOCTH
sBupychoit PHK. D1oT cerMeHT npuHATO Ha3uBaTh (—) «strong—stop»
JIHK, nockonbky cunres JIHK nocne 3aBepuieHus KonuposaHust 5'-
KOHI1a MaTPHIIbI BpEMEHHO ocTaHaBiuBaeTcs. (-) «strong— stops JIHK
COZIEPKHT MOCHENIOBATELHOCTH, KOMIUIEMEHTAPHBIC KOHLIEBOMY paii-
ony R n paitony US. Ha nepsblit B3IJsul MOXET 1MOKA3aThCH CTPaH-
HBIM, yTO cunTtes [AHK naunnaercs Hemaneko ot 5'-KoHUA MATPHIILI
n obpasyercst KOpOTKHH npoaykr. Ho 3ToT KopoTkuii npoaykr (-)
4strong —stop» MMeeT MOCAeNOBATE/ILHOCTh, KOMIIEMEHTAPHYIO TaK-
xe u 3'-konuy supycrnoit PHK, a kak msgecrro, ang cusatna JTHK-
KOnuH ¢ 3'-KoH1a MaTpHLIbl Beerjia Tpebyercest npaimep. Y peTposupy-
COB KOMILIEMEHT 3'-KOHLIA MATPULLBI TPOHU3BOAMTCSH B «YI100HOM» Me-
CTE, a 3aTEM [IEPEHOCHTCSl HA «CBOE» MECTO. DTO MPOMCXOINT CIIEIVIO-
M obpasoMm: 5'-konerl BupycHoit PHK, oOpasyiomit ayruieke ¢ (-)
«strong —stop» AHK, paspyiuaercs noa siamsgHueM npucyiueit obpar-
HO# TpaHckpunTase aktusHoctn PHKazp H.

Iman 2. PHKasza H, cneunduunas k PHK B coctaBe rubpuano-
ro PHK-1HK-nyniexca, pacuterisier cerment PHK 3toro aymiekca.
B pesyabrare (-) «strong—stop» (RUS) okasbiBaercs B OAHOHUTEBOI
(hopme M MOXeT B3aMMozeiHcTBOBaTh ¢ 3'-KOHUOM (¢ yuacTtkom R)
TOH JKe caMoil uin Apyroi Moaexkynbi BupycHoi PHK, nockoneky Ha
J-konue PHK umeercs nosrop R.

Iman 3. HosocuntesnposaHHasi Koporkas iens JHK smecte ¢
NPaiiMepoOM «IIepenpuIriBagT» Ha 3'-KOHEeLl MaTpuLbl U B3anMOACii-
CTBYET TAM C KOMIUIEMEHTApHLIM eif yuacTkom R.

Iman 4. lens JIHK yummHsieTcs, B KauecTse MaTpULLbl HCITONB3Y-
etcst octanbHas vacth BupycHoit PHK. Ha aToit cranumn B kauecrtne
3aTpaBKM BhICTYMaeT yxe (-) «strong—stop» JIHK; snoHraums 3a-
TPaBKM NPUBOAUT K cuHTesy (-) uenu JHK, B koTopoii otcyrcrByer
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TPHK

3 5
Tenomuas PHK > 0 300 O R R ¥

(1) Ha BaHHe
TPHK ¢ ofpa-
sopanues JTHK-
KOTHH 5" -KOHUA
redomuoit PHK

(2) PHKaza H ynanser Us
Pm}? MIH30BABIIYIOCH

(3) Ieppuiit MPRIKOK:
JHK mubpwmsupyercs
¢ R-mocreioBaTe IbHOCTRIO
Ha ipyroM xonne MmPHK

(4) Hapaumsanue uenm JHK

(5) BOé[bl.Lla.ﬂ 4aCTh Acia PHE
ruGpIIM3oBaBmelics A ’
ynansiercs PHKasol H =l LR s

(6) Cunres 3-xonua
sropoii uemt JTHK D

l U3

8]
(7) Ynanenue ocrasiedics 31 M:&}Ii 5
uvact PHK u TPHK R4 F DY
l u3 us
U3 us
YT w05
(8) Bropoit npsxox 5 GZRRRZZZF U~y
U3 us l
U3 U35
(9) Cuures obenx 3' (2 7 5
ueneit apepuien 5’ L2 URRI/ 2 £ 3
u3 us * A
LTR LTR

Puc. 114. Cxema obpaTHoit TpaHckpunumy perposupyctoii PHK ¢ oGpa3sosa-
nueM JmHeiinoit apyuenoveunoit IHK (Darnell J., et. al. // Molecular Cell
Biology. — N.Y.: Scientific Amer. Books, 1986. — P. 1052)
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KomruieMeHT paiiona RUS, NOCKOIbKY COOTBETCTBYIONIMI YHACTOK (+)
Matpuunl 6601 paspyiuesn PHKazoii H.

Iman 5. K MOMEHTY 3aBepLIeHHS CHHTE3a nepsoii uenu JJTHK 6onb-
wmast yacts supycHoit PHK paspywaercs PHKazsoii H.

Iman 6. Cuure3 3'-koH1a Bropoit ienu JJTHK.

Iman 7. Ynanenwe TPHK u octasuierocs: yuactka BUPYCHOI (+)
PHK PHKasoii H.

Iman 8. Bropoii npsIkok, B pe3yibrarte KOTOPOI0 HOBOCUHTE3UPO-
BatHas Bropas uens JIHK kommiementapro s3anmoneiicrsyer ¢ TPHK-
CBA3BIBAIOLLCH TOCIC0BATEILHOCTBIO MEPBOit e,

Iman 9. Yiuinuenne 3'-KOHIOB KaXioii nenm, obpasoBaHue ayI-
nekca JIHK.

Best npejicrariennas nocsieaosaTensHOCTD peakumii nporekaer 6e3
ABHOTO yuacTus (pepMEHTOB PeruIMKAlMM KIETKM-X035MHA (TOMOM30-
MEpasbl, XeJuKasel, npaiimasel, JHK-cBsa3biBaomero 6esnka, gurassl
u T.7.). IIpu 3TOM Ccrienyer oTMeTHTh, YTO MOICKYIIbI BUpycHbix JIHK
JuinHHee monekyan supycHsix PHK, xotopeie nocayxuau marpuueii
Jutst 0bpatHO TpaHckpunmn. JdeicTBUTEIbHO, K 5'-koHuy (+) nenu
supycHoit JIHK no6asunack nocnenosarensiocrs U3, a K 3'-KOHILy
9TOM e — nocenopareibHocTs US. B pesynbrate Ha KOHLEAX MOJIe-
Kyiel Bupyc-crieunguyeckoit JTHK nosisuics mimnnplit (HecKoabKo
COTEH HYKJICOTHIOB) KOHUEBOI nosTop (AKIT mwin LTR), umeonmii
crpykrypy U3US. CoGbiTisti, MpoucXosilime ¢ ABYLEeNnoueyHoi ¢op-
Moii perposupycHoii JJHK, onucans Ha ¢. 128.

Fereporennas rpynma oGpathbix TpaHcKpuirras MaJIOM3yuecHa M
IPCACTABAACT OPOMHBIH MHTEpEC B 00JACTH MCCHEAOBAHMSA CTPYK-
TYPHOI OPraHu3aliui TeHOMA, HBOMOLMH OPraHU3MOB M PEryIsiLmM
sKcnpeccun retos. Hanbonee ncenenosannoit o6parHoii TPAHCKpPHII-
Tas0it M3 91O rpynIbl sBasiercs Tenomepasza. PHK siitouena B CTPYK-
Typy camoro (epmenTa (em. ¢. 231). C nomMoubio 06paTHBIX TPAHCKPUII-
Ta3 TETEPOICHHOI TPYNIbI CHHTE3UPYIOTCH HEAKTHBHbBIC KOMUHM KJie-
TOUHBIX reHOB — ncesnorennl, LINE- u Alu-nocienosarennnocTs,
perpono3oHbl ¢ JAKIT (em. c. 182, 183) u ap.

OGpaTHble TPAaHCKPHNTA3BI in Vivo HHIYUMPYIOTCH B ONpeae/ieH-
HBIC TIEPHOJIbI KU3HU KJICTKH H BCEIO OPraHu3Ma M ux GpyHKIUMOHMPO-
BAHHE MOXKET ObITh PE3KO OTPAHNYEHO BO BPEMEHM M/WJIN HEKOTOPbI-
MM TKaHAMM/KICTKAMH MHOTOKJIETOYHOTO Opranuama. Pasnas cy6kie-
TouHast JioKaiu3aums nocnenosareasnoctei JHK, koanpyiommx 06-
PATHBIC TPAHCKPUNTA3bl M PasiuYHbIC CBOICTBA 3TUX (hEePMEHTOB,
NO3BOJIAIOT NPEANOAraTh, YT0 OHM MOIYT KOHTPOJIMPOBATH PasiHy-
HbIC JIOKJIbHBIE (DYHKLMM B KIIETKE.

Cunres [IHK na PHK-matpuie in vitro ucrnionwsyercs B renerts-
YECKOH MHXKEHEPMM JUISl CHHTe3a ICHOB M MX (DParMeHTOB, a TakKe
cunresa KIAHK misa pusnyeckoro kapruposanus reHoMoB 1 pacumng-
POBKH nepsuiHoit cTpykTyphl PHK 1 6esikon (cM. c. 358).

I'naga 8. TEHETUYECKAS PEKOMBUHALIUA

ITon eenemuueckoli pexombunayuell NOHUMAIOT TPOLIECCHI, PHBO-
JALIME K [epepaciipe/ie/eHHI0 HYKICOTHIHBIX 1T0C/IeA0BATE/IbHOCTE I
B IreHOMAax. DTH IPOLIECCHI JIEKAT B OCHOBE FeHETHUECKOH U3MEHYHBO-
CTH, MO3BOJISIONIEH OPraHM3MAM MPUCNOCADINBATLCS K OKPYKaIOLLei
cpejie M obecrneynBarh JUIMTE/IbHOE CYILIECTBOBAHKE BHJIOB.

Ha BO3MOXKHOCTD reHeTHHECKOH peKOMOMHAIIMKM Kak 0OMeHa yyacT-
KaMH rOMOJIOrHYHBIX XpoMocoM Briepsbie yKkasaa B 1903 r. T, bosepn.
Jlokazarennersa oOMEHA TEHAMM MEXIY XpoMocoMaMmu ObLIH BIIEpBLIE
noayyensl T.X. Mopranom B 1919 r. B Hacrosiiiee BpeMst reHeTnue-
CKYI0 peKOMOMHALINIO MMOAPA3ACAIOT Ha ABa DOJBIINX Kiiacca: ofugyio
peKOMOMHALINIO W caltm-cneyuguueckyro («HE3aKOHHYIO») peKoMOu-
HALMIO.

Obwasn pekomounanust. B xone obuieit pekombunanmm obmen reme-
TUYECKUM MATEPHATIOM TIPOUCXOANT MEXIY FOMOJIOTHYHBIMH HYKJIE0-
THAHBIMK nocsegoBateabHocTaMu JIHK, vame Bcero mexny asymsi
KOMUAMH OJTHONH M TOIl Xe xpomocoMbl. CaMbiil M3BECTHBLIH npUMep
TAKOTO POJIa PEKOMOMHAIIMK — 3TO OOMEH YYACTKAMH TOMOJIOTHIHBIX
XpOMOCOM B npouecce metioza. B npodase | Meitosza nponcxoamr Kpoc-
CHHIOBep (nepekpect), Korja XxpoMoCOMbl OOMEHHBAIOTCSI YYACTKAMM.
Kpoccunrosep crnocobeH TakuM 00pa3oM <«IepeTacoBbiBaTh» TeHbI
10001t XpoMOCOMBI. ¥ NPOKapuoT, He 00IaIaI0IIKX MEHO30M, TEM HE
MeHee Takeke Habaomaercs obuias peKoMOUHALNS, TPHYPOUCHHAH K
MHUTOTHUECKOMY JEJICHHIO.

B npoiiecce pekomOuHaumuu y E. coli npMHUMAIOT yUacTHe HECKOILKO
OesikoB, oDecneyHBAIOINX MONCK H PeKOMOMHAILIMIO FOMOJIOTHYHBIX
nocaenoparensHoctei JAHK. Tak, 6enok RecBCD npucoenmusiercsi K
apoitHoi cnupanu JITHK u apuxercst B10Ib MOACKY/IbI, OCYINECTRIISSA
ee pacruieTaHue B NoMcke caiita pekombuuammm (puc. 115). Dot Ge-
JIOK AeHCTBYeT Kak xeauxasa, paciuieras apoiHyio crmpais JIHK, u
fepemMenaeTcst Baojb Hee co cKopocThio 300 HYKICOTHIOB B CEKYH/LY
MoKa He OOHAPYKHT KOHCEHCYCHYIO BOCHBMHHYKJIEOTHIHVIO MOCIEA0~
BaTENILHOCTL B caiite pekoMOuHalmu. 3atem 6enok RecBCD, neiicrnys
KaK HyKJIeasa, OCyIIeCTRIseT pa3puiB B oaHoM u3 neneit JIHK, B pe-
3VJILTATE Yero BhICBOOOXKIACTCH HEOONBLILON ONHOLEITOMCYHBIH yyac-
Tok JIHK, KOTOpBIit MOXET NMpOB3aUMOAEHCTBOBATE ¢ KOMIUIEMEH-
TapHbIM yyacTkoM apyroit monekyasl JIHK. s obecneuerHus: Komn-
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A «Yc»
Caiir
pexoMBHHALUH SSB-Getox
HEt '
RecBCD

(IS

Puc. 115. Hauanoiele atansl obieil peKoMOMHAIIMM MEXIV JIBYMS FOMOJIO-
rHYHBIMH JBOIHBIMU cninpamsiMu JIHK:
A — tenok RecBCD asuxketcs sraons monexynan JJHK, ocyulectansisi ee pacrera-
HMe, a 3areM paipein oanoi 3 ueneit JAHK; 5 — nocie paspuiBa onHoil M3 uenei
JHK obpazoBasimiics «ycs BHEAPAETCSH BO BTOPYIO CMpanb, 0Bpasys KOPOTKMil cra-
pennbiil yaactok. besok RecA yaepkusaer BMecTe OAMHOYHYIO LeMb M ABOHHYIO CITH-
pans JIHK. Benok RecA u SSB-6enok npucoeanusiiores K JIHK B suae rpynn
MOJIEKY

JIEMEHTAPHOTO B3aMMOICHCTBUS BLICBOOOJMBLIMIICS YUaCTOK OHOI M3
ueneit JJTHK, HazpiBaeMbIid «yC», MOUIEPXKHBAETCS B BHITAHYTOM (JIK-
HelfHOM) cocTosiHMM ¢ nomollbio SSB-6enka. D1oT 6e/10K yuacTByeT
Kak B perikaunu dakrepuansibix JIHK (eM. 1. 7), Tak M B MX peKoM-
OuHaumMu, KOONepaTuBHO B3aumoneHcTeys ¢ caxapodocdarubimM oc-
TOBOM Beex oaHouenoveuHnix yuactkos JIHK u cosnasas Takum obpa-
30M YCJIOBMS JUISE KOMIUIEMEHTAPHOTO B3aUMOIEICTBUSA a30THCTBIX
ocHoBaHMil. B xone pekombuHauuu SSB-6enok nelcTByeT B KOMIUIEK-
ce ¢ OenkoM RecA, KOTOPLIH yaAepXHBAET BMECTE OJHHOUYHYIO HETbL U
asoitnyio cnimpans JHK (em. puc. 115). HeGonbiuoii no pazmepy 6e1ok
RecA (most. macca 38 k/la) uMeeT aBa pa3iIMYHbIX YYaCTKa LIS CBA3bI-
BAHMS B3aWMOJEIHCTBYIONINX (CIApUBAIOLINXCS) B Xojae pekoMOnHa-
umn ueneit JIHK. bBeakn RecBCD u RecA rakxke obaanaror JJHK-
3apucuMoit ATPa3Ho# aKTHBHOCTBIO, U MHTEHCHBHBIH ruapoans ATP
1o ADP unabGmogaercs B rnpolecce INpUCOSAMHEHHs 3THX OeNIKoB K
JHK. Tak xe kak SSB-6enok, denok RecA npucoeauHsiercs K B3au-
moneicryowmm tensm JIHK B Buze rpynn Mosnekyn (kiactepos), u
COBOKYITHOE JieiicTBHE 3THX IBYX OesKoB cosnaeT yciaosue st addek-
THBHOI pexomOGunaimu. B Touke pekomMOMHALIMM BO3HUKACT reTepo-
ayviviekcHoe (crynenuaroe) coeamHenue Monekyn JIHK (puc. 116),
KOTOPOE€ MOXeT BKJIIOYATh B3aUMOIEHCTBHE HECKOJbKMX ThICAY rap
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Puc. 116. O6uias cxeMa reHeTHyecKoii pexomon-
T HALMN C MEepeKpeimBatiueM Lenei:

I — obmen Ge3 kpoccuurosepa; /1 — obmen ¢ Kpoc-
CHHTOBEPOM, MPH KOTOPOM NMPOMCXOINT BpalleHue

JMEMEHTOB KpecToo0pasioil CTPYKTYPBl OTHOCHTEIb-
HO ABYX YKajaHubix oceil. 3TOT BapHaHT NMPUBOAMT K

I

Bosiee MaclITaGHBLIM TMEpecTPoiiKaM MEHIY ToMOJIoTHY -
neiMu Modexkyramu JAHK (zetanu ne ykasaisl).
l 1-#t paspuin OcTaniblibie MOSCHEHHSA CM. B TEKCTE

-} paspuis

m .

g] E 1 17
. Pasphin
& Cunanne l
Papnonenusie
- P P
CTPYKTYPHI ﬁ}

I
)
I
I
1
- I
|
I| Paspeie 1
: CIITHBAHHE
1
I
I
]
Y
Cumpanne
" .
leHeTHyeckuit obMeH Tenernuecknit obMeH
6e3 KpoCCHHTOBEPA ¢ KPOCCHHTOBEPOM
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OCHOBaHHIi. 3aTeM NPOMCXOAMT pa3psis B apyroii uenu JHK, cosnao-
LM MIPEITOCHUIKM JUISt PeKOMOMHALMHU C nepexpeugusarues yened. Tpu
9TOM BO3HMKAET XapaKTepHasl kpecmooopaszHas cmpykmypa, NpeioxXeH-
Hast P. Xonnuneem B 1964 r., paspsiB u ClUMBaHHE KOTOPOl 3aBepiiaeT
00111YI0 peKOMOMHALIMIO B OTCYTCTBHE KpOocCHHIoBepa. ToMHOCTH pa3-
PbiBa H BOCCOC/IMHEHHUS OKA3bIBAIOTCS CTOJb BLICOKHM, YTO HU OJIMH HYK-
JICOTWL HE YTPAauMBaeTcs ¥ He N00aBasieTcst, U BMECTE C TeM MOJIEKY-
abt JTHK 06MEHMBAIOTCA 3HAYMTEILHBIMM 110 pa3MepaM y4acTKaMH, a
coliepxkaliue Mx KJIeTKu ODHOBISIIOT CBOM IeHEeTUYECKHil IOTEHLIHAIL.

[Tpn KkpoccuuroBepe B KpecTooGpa3Hoil CTPYKTYpE MOTYT NpPOMC-
XOINTh BPaUICHUsI COCTABISIIONIMX €€ 2JIEeMEHTOB OTHOCHTEABHO IPYT
apyra (em. puc. 116). D1u BpalieHus, COMPOBOXKIAIOLIMECS H30MEPH3a-
1Medi ueneii, co3naloT yciaorus st Gonee KpynHomaciitabHoro ob-

MeHa yuactkamu Mmexay monexkyinamu JJTHK. Takum o6pasom, y syka-

PHOT B PE3yJAbTaTe TeHETHYECKOH PEKOMOHHALIMM C KPOCCHHTOBEPOM
OCVIIECTBIISIETCS [EPEMellIeHUE U3 XPOMOCOMBI B XPOMOCOMY B0JIb-
LIMX TOMOJIOIHYHBIX TTOCIEI0BATEILHOCTEH, 0OIHAKO ob1uas nocjiemno-
BATEJILHOCTD PACTIONOXEHMSI FEHOB B XpoMocoMe He Hapyiuaetes. Co-
BEPLICHHO MHBIC MOCACACTBUSA MOXET BbI3BaTh cailT-crienubunyeckas
peKoMOMHaIms,

Cajir-cneunpuyeckas pexomdunauus re Tpebyer romonornu JJHK.
B sTom ciayuae B 0OMeH BCTYNAIOT KOPOTKME CrielH(HUECKHE HYKIIeO-
Tuansie nocsenoparensHocTH JAHK. TTpn aT0M n3mensiercsa pacnpene-
JIEHUE HYKIEOTHAHBIX rocnenosarenbHocTeil B reHome. CylecTsyer
0coOblit (hepMeHT peKOMOMHALIMM, KOTOPBIi «y3HaeT» crietmduyeckme
MOCIE/IOBATE/ILHOCTH B OIHON WIN IBYX PEKOMOMHHUPYIOLIMX MOJIEKY-
Jax JIHK, a koMI11eMeHTapHOTO CriapuBaHMs NMPOTSKEHHBIX VYACTKOB
HE NIPOMCXOHT.

IMepsas uccaenoBaHHas cUCTEMa TAKOH PEKOMOMHAIIMM — 3TO BKIIIO-
ueHue Dakrepuodara i B JIHK E. coli. @epMenT, ocyiiecTBASIONIMI
9TOT NPOLECe, Ha3KIBAIOT asmboa-unmeepaszol. Jlannplit (hepMeHT cB-
3biBaeT Mexiy coboi JIHK Gaktepuodara u onpeneneHHslii yuactok
JAHK Gakrepuu, paspbiBast enu ob6enx MOJIEKY], a NOC/AE B3aUMO-
neicrsusa darosoil n dakrepuansioit JAHK cumsaer nx (puc. 117).
Takum obpasom IHK chara okaspiBaeTcsi MHTETPUPOBAHHON B reHOM
KJIETKH-XO3sHHa.

Wurerpasa konupyercsi reHoMoM 6aktepuodara u MOXeT OCYIICCTB-
JisTh 06patHbiif Buixos ero JIHK u3 JIHK Gakrepun (cMm. cxemy Ha c. 60).
JlamBaa-nHTerpasa npeacrapiaser coboil «odpamumyio wykieasy»: 1Ot
(hbepmeHT criocobeH Kak Hyk/easa paspseiBaTh ochoanadpupHbie cBsi-
3u B mosiekynax JIHK, a zatem cHoBa ciimBaTh MX, eiicTBysl Kak Ju-
rasa. Takum oGpasom, ambra-uHTerpasa neiicrsyer ananornuuo AHK-
monousomepase (eupase) Gakrepuii, Koropas, Kak ONHCAHO B Il. 3,
BHOCHT oOparumbie paspbisbl B nenu JJHK B npouecce peruimkanmm.

CaitT-cneunduyueckast peKOMOMHALNS JIEXKHT B OCHOBE TepeMelie-
Husl reHoB B npejgenax oaHolt monekyasl JJTHK u obbacusier, Takum
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Puc. 117. Cam-cneuultmqecxan_pemmﬁu- JIHK dara
HALM, OCPEACTBOM KOTOPOii KOJbLIC-
past mojgekyna JJHK cara A sHenpsiercst
B xpoMocomy kietkn 6akrepun (IT-cre- 11
uH(HYECKHE MOCIe10BATEABHOCTH, Oll- =
peAeIsIoLIe MecTo BHEAPCHUs! (aroBoi

AHK)

06pa3oM, (PeHOMEH «IIPBITAIONINX> TEHOB (ITOABMUXHBIX FeHETUYECKHX
3J€MEHTOB), CBOMCTBEHHBIX KaK Mpo-, Tak U syKapuotam. [Toasux-
Hble 21eMeHThl (IS-2/1eMeHThI 1 TPAHCITO30HbI) POKAPHOT U MOOIIIb-
HbIC AMCTIEPIUPOBAHHBIE IeHbl (PETPOTPAHCTIO30HbI) YKAPHOT TAKXKE
MPEACTABASIOT COBOIl MOLIHBII eMeHT pekomOuHaumn. Ona ne TONBKO
CO3/IAET YCIOBMS JUISE COXPAHEHHS BU/IOB, HO M ABJsieTCs (110 KpalHeH
Mepe, /Ul 3yKaproT) MOLHBIM (pakTopom aBosiouni. Maccossle re-
peCTpOiiKH B reHOME MOTYT, BEPOATHO, NMPHBOANTEL K «IBOJIOLMOH-
HBIM B3pbiBaM» — CKAYKOOOPa3HOMY BO3HMKHOBEHMIO HOBBIX BHIOB
n/man rubesan paHee CyLIECTBYIOIIMX OPraHu3MOB. OcobeHHOCTH
CTPYKTYPBI, MEXaHM3Mbl NEpeMELICHMs TIOABVKHBIX TeHETUUECKHX
3JIeMEHTOB M MOJIEKYJISIPHBIE MOC/IEACTBUSA ITHX MPOLIECCOB PACCMOT-
peHbl B 1. 7.

B cBsi3u ¢ TeM uTO PeKOMOMHALIMS MOXET 3aTparuBaTh Kak KOJAUPY-
IOIIME, TAK ¥ PEry/IsiTOPHbIE MOCJIEA0BATENILHOCTH FEHOMOB, OHA MO-
JKEeT BBICTYIATh KAK OIMH U3 C11I0COD0B peryisiiini 9KCIpeccuu reHos.
JlaHHbie nepecTpoiky HabAOAAI0TCA, B YACTHOCTH, B TOBTOPAIOLINX~
¢4 MoceIoBaTeIbHOCTAX FeHOMOB MHOTHX OPraHM3MOB, KOTOPbIE MO-
IYT HAXOAMTHCS 110 OTHOLICHHIO APYT K APYry nbo B npsAMoit, 1mbo B
0BpPATHOI OPUEHTALMM, U HOCAT HA3BAHHE 00PAUEHHbIX N06MOpos (CM.
1. 5). Takoro pona caiit-crneunguyecKkue HHBEPCUHN YUaCTKOB XpPOMO-
com HabonatoTes y 6axrepuit (E. coli, Salmonella typhimurium w 1p.)
u 6axtepuocaros (P1, P7). Ouu cocrosiT B nosoporax Ha 180 onpesie-
JEHHBIX CErMEHTOB XPOMOCOM, TIPOMCXOSILIMX TPH YUACTHH OCOOBIX
(hepMEHTOB — MHBEPTA3, U3MEHAIOT OPUCHTALIMIO TEHOB OTHOCUTE/Ib-
HO MX MPOMOTOPOB M TEM CAMbIM AJIbTEPHATMBHO BJIMSAIOT HA UX TPaHC-
kpunuuio. CylIecTBYIOT Onpejie/ieHHbIe CBUACTENbCTBA TOro, YTo Ta-
KHe TIePECTPOITKH, HECMOTPS HAa UX CJIy4alHbIi XapakTep, HMEIOT IpH-
CHOCOOMTE/IbHOE 3HAUEHME JUIsl DaKTepHii.

[TepecTpoiiku B reHOMax MOryT HOCHUTb 3anporpaMMupoBaHHbLIH
XapakTep Ha OnpeleNieHHbIX cTanusx AnbGepeHItMPOBKH KJIETOK, UTO
BBISIBJIEHO, B YaCTHOCTH, npu AuddepeHMpoBKe reTepoLMCT y LHa-
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HobakTepuit. B atom cayuae nabionaercs yianenue scrapounbix JIHK-

IJIEMEHTOB, KOTOpPbIE BCTPOEHLI B KOIHPYIOHIHE MOCAe10BaTe/IbHOCTH

OTIPE/ICICHHBIX TEHOB. DTH 9JIEMEHTBI, HECYLIHE HA KOHIAX KOPOTKHE
TpsAMbIC TIOBTOPbI, YAANSAIOTCH HA ONpENe/eHHON CTaiuM pa3BHUTHS
KJIETOK crietnpuiucckumu hepMeHTaMn — pexombunazamu, criocob-
HBIMU Jlajiee OCYIIECTBAATh OOBeAMHEHNE pa3IeeHHbIX YaCcTell reHOB
NYTEM PCKOMOMHAIIMHM MEXILY MX TIOBTOPAMH.

K sanporpaMMHpOBaHHBIM HepecTpoiikaM OTHOCHTCS | thopmu-
POBAHHE TCHOB MMMYHOIJIOOYJIHMHOB B KJIeTKaX-IpeAlleCTBEHHUKAX
B-11MM(bOIUTOB 1103B0HOYHBIX KMBOTHBIX, CHopka 3THX reHOB ocyIie-
CTBIAIETCS NYTEM PEKOMOMHALIMM M COBMEIIEHNS Pa3oGIeHHbIX (par-
MCHTOB, a 3aTeM (10CJe OOLEMHEHUS CO CHEUHATbLHBIM POMOTO-
POM) NPOMCXOAAT TPAHCKPHITIMA M OGMOCHHTE3 Pa3zHoOOPa3HbIX MO-
JCKYl HMMYHOTI00YAMHOB B B-nmumdounrtax. Cxonmmsie npoueccst
HMeIoT Mecto u npu anddeperiunposke T-tumdountos. Bo Beex apy-
THX COMATHYCCKHX KJICTKAX XKHBOTHBIX (DPArMEHTHI IEHOB MMMYHOIIO-
OyiMHOB ocTaloTest pa3obiieHHBIMU M OHOCHHTE3 HMMYHOIITOOYINHOB
HE TIPOMCXO/INT.

B sakimoueHmne oTMeTHM, YTO reHeTHYeCKAs peKoMOMHAIINA BKIIIO-
HaeT B cedst BO3MOXHOCTL pekoMGuHatmn PHK-reHoMOB, cBOjiCTBeH-
HBIX MHOTHM Bupycam. Mexauusmel pekomOGunaumnn PHK eiie ne no-
CTATOYHO M3YUCHBL. Y psila BUPYCOB, HATIPUMED BUPYCOB IPHUIINA, pe-
KOMOMHALIMS OCYILECTBISIETCH KaK 0OMEH 1eabIMI mosiekviamun PHK,
UTO 0DECTICUMBAET BLICOKYIO M3MEHUYHBOCTH BHPYCOB M COOTBETCTBEH-
HO 3aTpyansier 6opsby ¢ numu. PHK-coaepxatime 6akrepuodparu (ar
QP M poacTBEeHHbBIE €MY) TAKKE COCOOHDI K peKOMOMHALUU, TTPHUBO-
Jsiiei K 00pasoBannio HOBBIX Moekyn PHK, MPHYEM NapTHEPAMH B
TaKO#H PeKOMOMHALIMM MOTYT BBICTYHATDH KaK TIPUPOJIHBIE, TAK M HOJIY-
UCHHBIC MCKYCCTBEHHBIM mnyTem (CMHTeTMYecKue) Moaekyab PHK.
[Mocaeanee 0GCTOATENBCTBO HCTOMB3YETCS MPH CHHTE3€ aGHMUCMbICA0-
eotx PHK w pubosumoe ¢ uensio cosnanmns crnietnguuecKmux npenapa-
TOB uUiA GOpeObI ¢ BUPYCHBIMM MHbeKImsMu. BaxHblie NMePCHeKTHRLI
MMEIOT HCCIeA0BaHMA B 001aCTH nojyyeHns pekoMOutanTHeix PHK
M JUIsE paspaboTKH CUCTEM BHEKJIETOUHOTO CHHTE3a BeNIKOB (cMm. 1. 14),

I'nasa 9. TPAHCKPHUIILIUA

Tpanckpunyueit naspipaiotr 6mocunres PHK Ha marpuue JHK. Ot0
nepasi CTajiusi peain3allii reHeTHUecKoii nugopmaiuu, B npotecce
KOTOPOii OnpejiejieHHbIe YYaCcTKH HYKJICOTHIAHOW IMOCIE10BATEIbHO=
cti JHK «repenucbiBaloTcsi» B KOMIUIEMEHTAPHbBIE OIHOLIEIIOYEYHbIE
monekyabl PHK. B pesyiabrare Tpanckpuniinu obpasyiores MPHK, ko-
JMUPYIOIIHE aMUHOKHCIIOTHBIE MOCHEIOBATEIbHOCTU OEJIKOB, a Takxke
TPHK, pPHK u apyrue Buast PHK, BeimonHsiionime cTpykTypHbie,
peryjasTopHbie H Kataiutuueckue (pyHkumu. B ocHoBe TpaHCKPHITIIHK
JIEKUT (DYHIAMEHTAILHBIN HpUHLUN KOMRAEMEHMAPHOCHU A30THCTBIX
ocHoBauuii noauuykieoruansix nenei JHK u PHK, a cam npouecc
OCYILIECTBJISIETCS] C YUACTHEM COOTBeTCTBYIolMX hepmenTos — PHK-
nosumepas, U 60abILOI rpynnbl 6eJKOB — PEeryisiTopoB TPAHCKPHIT-
K. OTHOCHTENLHO JIETATLHO M3YUEHbl 3Tarbl 1 MEXaHHU3Mbl Peryiis-
UMM TPAHCKPHITLMM MPOKAPHOTHUYECKHMX I'EHOMOB, TOI/1a KAk JEeTajin
TPAHCKPHITLIMM Y SYKAPHOT M3BECTHBI MOKA JAJIEKO HE B TIOJTHOM Mepe.
BMmecte ¢ Tem B 001Lei CHCTEME KOHTPOJISI peaiM3aliH IeHETUUECKOH
uH(pOpMaLMH KOHTPOIb HA YPOBHE TPAHCKPHITIHHU Npe/ICTABISIET CO-
G0ii, HeCOMHEHHO, Haubo/ee BaXHbBIH ATal, OTBETCTBEHHBIN 3a nud-
(bepeHIIMAILHYIO AKTHBHOCTb [€HOB B OHTOreHese Jiioboro opraHus-
Ma, M CJIOKHOCTb OPraHu3aliMu 9TOr0 KOHTPOJIS, MPOrpecCUBHO yBe-
JIMMMBAIOIIANACS B DBOJIOLHH, JIMIIHKAN pa3 NnojATBepKIaeT pyHaaMeH-
TANBLHOE 3HAYEHME TPAHCKPHITIMHU B PEAIM3ALIMH TIPOTrPAMMBbI XKM3HU.

[Mockonbky AHK y nogasmstiowero 601b1MHCTBA OPTAHU3MOR Tpe/i-
crapisier coBOoil IBYLIENOUCYHBIE MOJIEKYJ/1bI, COCTABJICHHbLIE U3 KOMIl-
JIeMeHTApHbIX (HO He WICHTHYHBIX) Lienei, TPaHCKPUIILIMK noasep-
raercss OOBIYHO OJIHA M3 HMX, HOCsSLIAsi Ha3BaHWUE MampuvHou uenu

(MaTpulibl):

5-ATGATTGGGGCTCTA-3' cMmuicionasi uenb
BHK 3 TACTAACCCCGAGAT-S' matpimias vems

l Tpanckpunuums
PHK AUGAUUGGGGCUCUA

Paznnynbie PHK 00bivHO TpaHCKpHOMPYIOTCS € OIHOH M3 Uenen
JIVIUIEKCHOTO TeHOMA, OIHAKO Y HEKOTOPBIX FreHOMOB (Kak y bakrepno-
(bara T,) maTpuueit Moryr cayxkurth pasisie uenu JJHK. B ciyyae ne-
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Matpuanan uens JJHK

Pactyiast nens PHK | 3
5 H O

pekpbiBalolmxcs reHoB matpuilamu s Monekyn PHK, tpanckpu-
OHpyeMBIX B IPOTHBOINOIOKHBIX HAITPABICHHSIX, cayxaTt obe nenu JTHK
B OJIHOH M TOil Xe 00/iacTH ee MOJEKY/bl, KaK 3TO UMEET MECTO Yy
Oaxkrepuodara Ai:
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Cunres PHK na marpuue JHK Benyr PHK-nonnmepasel (IHK-
3aBucHMble), Kotopsie, Kak n JIHK-noaumepasei, oTHOCATCH K IpyII-
ne HykjaeotuauaTpaHcgepas, MCIOIL3YIOLIMX B KayecTse cyOCTpaToB
Hykineosua-3'-rpucocharel. Tak xe kak JHK-noaumepass, PHK-
MOJIMMEPa3bl AKTHBHBLI TOJILKO B NMPUCYTCTBMH MOHOB Mg>", uist cBsi-
3BIBAHMA KOTOPBIX B X MOJIEKYJIE CYLIECTBYET KOHCEHCYCHAs aMHHO-
KHCAOTHAA NMOCAeA0BATeNBHOCTh M3 10 aMHHOKHMCIOTHBIX OCTaTKOB.
PHK-nonumepassl B ommnuue ot JIHK-nonuMepas He Hyxiaaiores B
npaiiMepe M ucnob3yloT pubonykico3un-5'-rpudocdarst (ATP, GTP,
CTP, UTP). Poct niernin PHK npoucxoamT nyreM nocjienoBareasHoro
npucoeanHeHus pubonykieosnn-3-monodocdaron K 3'-ruiapoKcuiIb-
HOH rpyrine pubo3bl NPeIecTBYIONEro HykieoTnaa (T. e. B HarpagJie-
HUHM 5’ 3'). TlocnenoBaTeIbLHOCTE HYKJICOTHIOB B CHHTE3HPYEMOM
PHK-tpanckpunTe onpenensiercsi KOMIUIEMEHTAPHBIMU B3auMO/Ieii-
CTBMSIMM a30THCTBIX OCHOBAHWII, MCMOJbL3YEMbIX JUISl CHHTE3a pHBO-
HYKJICOTHIOB, C A30THCTBLIMM OCHOBAHMSIMM MaTpuaHoM uenu JHK
(puc. 118). Pasusie Buas PHK y 9yKapuoT CHHTE3HPYIOTCSE pa3iuiHbi-
mu PHK-nosmmepasamu, torna kak y 6akrepuit o1nH epMeHT CHH-
Teaupyer Bee Buanl PHK.

Y Beex Ge3 McKIIoteHHsi OPraHM3MOB TPOLIECCY TPAHCKPUITLIMH 1101~
Bepraercs eJiMHoBpeMeHHo He Besi Moaekyia JIHK, a tonbko onpere-
JIEHHBIC €€ YYacTKU — mpanckpunmots.. OHM OTpaHNYEHbl IBYMS 110~
CNIC/IOBATE/ILHOCTAMM, KOTOPLIE HA3LIBAIOTCS npomomopom (30Ha Hava-
J1a TPAHCKPHUTILMN) U mepMutamopom (30Ha OCTAHOBKH TPAHCKPHITLIMHK).
Tpanckpuntonbl OakTepuit (MX CTPYKTYpa paccMOTpeHa HMXKe) Hasbi-
BaloT oneporamu. OnepoHbl OOLIMHO BKJIIOYAIOT B ce0sl HYKJICOTHIHbBIC
[0CJICI0BATELHOCTH, KOAMPYIOLIME CTPYKTYPY HECKOJBKHX OCNKOB,
Ha3bIBACMBIC {ucmponamu, Wiu cmpykmyproimu cenamu. [1oaToMy cHH-
Tesupyemast Ha oneponax 6axkrepuit MPHK siBnsietcs noaunuemponosoti
M MOKeT ObITh HCITOJIL30BAHA JUISl CHHTE3a HECKOJIBKHMX DE/IKOB, B OT/IH-
yme o1 morHoyucmporoesix MPHK BBICIIMX OpraHN3MOB, CiyXallux MaT-
PHMLIAMH JUIsI CHHTE3a OJIHOIO ONpele/IeHHOro Oenka.

Ha MHTEHCHBHOCTH TPAHCKPUITLIMH CYIIECTBEHHOC BIMSAHHME OKa-
3piBaeT npoctpaHcTBeHHas crpykrypa JIHK, B kotopoit Hepenko Ha-
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ToeneoBaTe ILHOCTE HYKIEOTHAOB B eHHTesnpyemoii Monexyne PHK onpenensercs
HYKJICOTHAHOI NOCTIEAOBATENBHOCTHIO MATPUMHOI HenH JIHK. B octoe npouecca JexuT
NpUHLMAIT KomrieMenTapiocTi. CyGeTpatami s CHHTE3A Caykat pubOHYKICO3N-
rpuocdars. K 3'-xouuy pactyweii uern PHK npucoeannseTes HyKICo3HAMOHO-
docdat, a seicpoGomuBumiics nupodocdar GHICTPO THAPONUIYETES JI0 JBYX MOJIEKYN
neoprannieckoro Qocdata, UTO ACNACT PEAKLUMIO IHEPreTHUCCKH BHITOAHON M He-
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Omionarores n3rnbel, neTan (AoMeHsb), a Takxke CBEPXCIUPAJIN30OBAH-
HbIe yyacTki. Bee st motuse crpykrypet JIHK nepenko CrnocoGcTBy-
10T YCHWICHHIO TPAHCKPUITIIMM, MOCKOIBKY CO3/1aI0T JIOMOJHHTEIbHbIE
BO3MOXHOCTH juist npucoeamnenus Kk JJHK paznoobpasubix 6enkos-
PErynfATOpPOB TPAHCKPUIIIMH. DTH GENKM CrnocOOHbI CBSA3LIBATLCS C
ONpeJIC/ICHHBIMU HYKJICOTHIHBIMH 1iocaenoBatebHocTsiMu JJHK, pac-
TIOJIOKCHHBIMH KaK B CAMMX TPAHCKPHMIITOHAX, TAK M B JIDYTUX, He-
PEIKO I0CTATOYHO YAAICHHBIX OT 30Hbl TPAHCKPHITLMH 061acTAX, HO-
CALLMX Ha3BaHMe dnxarcepoe (yCuuuTeneit) u adanmoproix s1emenmoe.
B nocnenHem cayuae Bosneiicraue PEryJISTOPHBIX 3J€MEHTOB reHoMa
MOXET ONOCPENOBATLCS 0CODBLIMU OeIKAMH, CITIOCOGCTBYIOLIMMHM YCH-
JCHHIO MM OcabaeHHI0 MHTEHCHBHOCTH TPAHCKPHUIIIIMH.

Camu Genku-peryasTopsl TPAHCKPHITLIMK npuodperaior uiun yrpa-
YHBAIOT (PYHKUMOHANBHYIO AKTHBHOCThL B Pe3yJibTaTe MoauuKanmii,
BBI3HIBACMbIX JIMOO KATAIMTHYECKH aKTHBHBIMH GeakaMu-hepMeHTa-
MH, JINDO BO3HMKAIOWIMX MPH COSAMHEHMM C BELIECTBAMM HEOGEIKO-
BOW [IPMPO/IbI, MOAYIMPYIOLUMMHU MX PETYAATOPHbBIE CBOHCTBA. Y npH-
MHUTHBHBIX (DOPM XKH3HH B PEryJsiiiiy TPAHCKPHIILIMM HEMOCPEACTBEHHO
YUACTBYIOT PasiM4HBIC KJICTOYHbIE MeTabOMMTHI (VIIEBOALI, aMHUHO-
KMCJIOTBI, HYKJACOTHIIBI 1 JIP.). Y 9yKapHOT TPAaHCKPHIILMSI HEMocpe/-
CTBEHHO CBA3aHA C U3MEHECHHWEM CTPYKTYPbI XpoMamuna — GelKOBO-
HYKJICHHOBOTO KOMIUICKCA, B KOTOPOM MOCTOSIHHO 1pebbisatot nx JIHK.
ITepexon atoro koMruiekca B AKTUBHYIO (TpaHCKpUOHpyemyio) opmy
NPEACTABIACT CODOM JAOMONHUTEIBHBIN 3JIEMEHT Peryasium TPaHCKpHUN-
LIMH Y BBICIIMX OPraHU3MOB.

TPAHCKPHUITIIUA ¥ ITPOKAPHUOT

Bakrepuanbivie PHK-nonumepasst — cioxmbie OeNnKH, COCTOMH-
LHE M3 HECKOJILKMX cyObemnmi. Haubosee nsyueHnbiit u3 nux dep-
MeHT E. coli conepXunT nsth MOCTOAHHO NPHCYTCTBYIOLIMX nporome-
POB: JIBe CYOBEAMHMLILI o W 1O OAHOM B, B' M © (KOHCTHTYHTHBHBIC
CYOBCAMHMIILI, COCTABNISAIONINE OCHOBY hepMmeHTa, HA3bIBAEMYIO KO-
pom). Tlocne npucoeaMHeHUs K KOPY ele OaHoil CYOBEAMHHIILI — o-
(hakropa — obGpasyercs xoroghepmenm PHK-noaumepasza, cnocobuas
Y3HABATH IIPOMOTOPHYIO 06J1aCTh B OnepoHax baktepuit u HHHLMHUPO-
BaTh IMPOLECC TPAHCKPUITLIMKM. MoJIeKyIsipHbIe Macchl a-, -, p'- U ©-
CYOBEMHMIL COCTABNAIOT COOTBETCTBEHHO 36,5; 150; 155 1 70— 80 ka,
a xonoepmenta — 487 klla. [To HyKI€OTMAHOI MOC/IEIOBATEILHOCTH
I'€HOB PEKOHCTPYMPOBaHa I10JHAs aMMHOKHCIOTHAS MOCEN0BATE b~
HOCTb Kax10ii cydrenumnubl PHK-nonmmepasel E. coli. Metonom (yr-
TIPUHTHHTA YCTAHOBIEHO, 4TO npu B3aumoneiictsun ¢ JIHK depment
«3aKkpbiBaeT» 60 nap HykneoTnnos. B-CyonennHuua VUYACTBYET B CBSI-
3biBanuyn pubonykneosnaTpudocdaros u nocrpoeHnu MOJMHYKIIeO-
TuaHol uenu PHK, p'-cyopennnnua ocymectsisier cesspianme JTHK,
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a KOMIUIEKC a- W '-cyObetMHuI (a,B') CAyKMT Uis cnetuguieckoro
B3aMMOJIEHCTBUS C npoMomopamu — HYKICOTHAHBIMH I1OCIE10BATE/b-
voctamu JIHK, netepMHHUPYIOIIMMHA HHULMAIIMIO TPAHCKPUIIINH.
DyHKIMN O-CYOBEAWHM LB HE YCTAHORICHBI. Y3HABaHUE TPOMOTOPOB
IIPOMCXOAMUT TOIABLKO NOCTE MPUCOEINHEHNS K Kop-(hepmeHTY o-hak-
topa. [Tocne naunmanun cunresa PHK o-cyGpennuuia otaensercs
or xonodepMeHTa M JialibHeas TPAHCKPUIILIMS (2I0HTaUMUA Hernu
PHK) ocyiiectsisieTest Kop-(hepmeHToM. 3/1€Ch CleAYeT 3aMETHTh, UTO
CTOJNB CJHOXKHOE CTPYKTYpHO-hyHKIMoHAIbHOe yeTpoiictBo PHK-mo-
sumepas 6akrepuit (1 ente 6osee crnoxnast opranmsauus PHK-nonu-
Mepas DYKapHoT, B COCTaBe KOTOPBIX, MO PasHLIM OlLEHKaM, couep-
skutes ot 12 10 18 pasanunpix cyObenHMIL) TOKA HE UMECT OTYeT/IH-
BOro OOBSICHEHHMs, NMOCKOALKY M3pecTHO, yto PHK-nomimepassl He-
koTopsix Gakrepnodaros BnoaHe KomnereHTHs B cuuTese PHK, He-
CMOTPSL Ha TO YTO COCTOSIT BCErO-HABCEIO M3 OAHON NMOJIUIENTHIAHOM
LeI ¢ MONeKyIspHoi Maccoit He Gonee 100 x/la.

Cunres PHK tpebyer HOKaIbHOIO pacruieTaHus IBYLENOuYeyHOMH
vosekyinsl JAHK ¢ tem, urobsr PHK-nosmMepasa noayumuna nocryn K
A30THCTBLIM OCHOBAHMSIM MaTpLlibl. UMelonMecs JaHHbie TOBOPAT O TOM,
yro PHK-nonumepasa pacruieraer (packpyuyuBaeT) JBYIEMOYETHYIO
mosekyay JIHK ¢ nomoisio ocoboro JIHK-packpyuusatoniero caiita,
BCTYIIAS BO B3aHMOJICHCTBIE ¢ MaTpuLIeil Garogapsa HATHUMIO B €€ CTPYK-
TYpE «IMHKOBBIX naasiuesy» (cMm. puc. 129). Mepemeniasics BILOAL 1BOii-
Hoit cnupanm JIHK, PHK-noaumepasza HenpepslBHO pacKpyuuBaer
CHMpaIb BIEPEIN TOro yuactka, riae npoucxoaur cunres PHK u e
Ha KOPOTKOE BpeMsi 00pasyeTcsi TaK HA3bIBACMBIH OMKPbIMbIIL KOMN-
aexe, sayTpn Kotoporo sosuukaetr PHK-JTHK-cnupans juimnoit okosno

20 nykneoTiaoB. 3arem depmeHT (BeposSTHO, ¢ TIOMOIIBIO CTIeLIHATBHO-
ro caiita) BHoBb 3akpyunsaer JJTHK nosagu yuacrka nojiuMmepHsanuu
PHK, u rorosast wacth PHK-Tpanckpunra BLIBOIHMTCS M3 KOMIUIEKCA
yepes ocobwlii kanan, ceoiicTBerHblii PHK-nonumepase (puc. 119).

Ckopoctn cuntesa PHK y Gakrepuit cocraBnsier ~30 HyK/I€0TH/I0B
B | ¢, OIHAKO OHa HE MOCTOSAHHA M MOXET HECKOJIbKO CHMXKATBLCH.
Takue riepuoabl HOCAT HA3BAHME AQY3 MPAHCKPUnUUL, UX TIPHITHHBI He
BITOJIHE SICHBI.

g sdpexTHBHOTO NPOSoKeHust (WIOHTALMK) TPAHCKPUTILIMH
n3HavwIbHO npucoemHuBniicss K PHK-nonrumepase o-dakrtop aon-
KeH ObITh 3amerieH (hakTopoM 3MoHTauMN (OAHUM U3 3THX (DAKTOPOB
signsieTest Oesok NusA E. coli).

Hrnuyuanyus mpanckpunyuy IPOUCXOAUT B 30HE MPOMOTOpA — 0CO-
6oit nykneoruaHoi nocneaosareasnoctu JAHK, xoropas conepxur
CHTHAI HAYAIA TPAHCKPHUITIMKU (cTapT-curHan). B obnactu crapr-cur-
HAJIA PacIloaraloTcsi ABE KOHCEHCYCHbIe NOCAe006ameabHoCmu, BblsiB-
JIeHHbIE Y MHOTHX CHILHBIX TPOMOTOPOB E. coli: nocaenosareibHOCTb
5'-TATATT-3' (pacniosioxeHa Ha pacctosHun 10 HyKJICOTHIOB OT TOUKH
Havyajsa TpaHckpumin), nocaenosareipHocth 3 -TTGACA-3" (yaa-
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Puc. 119. Cxema rpatickpsmimmm,
Katanusupyemoii PHK-nonume-
pasoit E. coli:

I — ocyuectsnenve PHK-noanme-
Pasoli nocsie NpUcoennHeHna o-thak-
Topa (hakTop MHMUMaLMK) MOMCKA
npoMotopa; 2 — obpajosaHue 3a-
KPBITOrO NPOMOTOPHOIO KOMIUIEKCA:
PHK-noanmepasa cpsismBaetcs ¢
30HOM npomoropa JIHK; 3 — o6pa-
30BAHHE OTKPHITOrO KOMILIeKca:
PHK-nonanmepasa packpyumsaer
asoitayio cniwpans AHK, nonvuaer
JIOCTYT K A30THCTHIM OCHOBAHWAM
MaTPUIHON LIENTH M HaYMHACT CUH-
Te3 PHK (cramms mumumaumnn); 4 —
oTcoeauHeHne a-akTopa u npHco-
eanHenune akTopa MOHTALHK CO3-
AAIOT YCIOBHA 114 370HTALIMK TPaHC-
Kpunuuy: PHK-noanmepasa 6wicr-
po npoasuraercs no JIHK, packpy-
"HBas e ABOHHYIO cliipaib, CHITe-
supyer PHK u BHOBL 3akpyunsaer
cnupans JIHK nosanu mecra cunre-
3a PHK; 5 — 3asepuicne (tepmit-
Haums) cunrtesa PHK: PHK-noau-
Mepasa JOCTHTACT 30HBI TCPMHHATO-
pa, rae cunres PHK npekpamaercs
(cMm. puc. 120); 6 — mpicBoGoxkacHHE
rotosoii PHK-tpanckpunta n sune
KOMUM MaTpuuHoii uenu JIHK

JieHa OT TOYKM Havaia TpaHCKpunuuu Ha 35 Hykneotunos). O6e o1H
MOCJIe/10BATEIbBHOCTH BHIBEICHBI HA OCHOBE AHANM3a HECKOIbKHX Jie-
CHATKOB Pa3IMYHBIX IPOMOTOPOB M MX NPUHATO 0603HAYaTh HA Hemam-
pusnoii (emoicaogont yenu) JJHK. TlocnenHee o6CTOATENILCTBO MMEET BAXK-
HOE 3HauYeHHE B CBA3M C TeM, YTO JUIS TPAHCKPHMIILIMHK CYILECTBEHHA
OpMeHTALMs npomMomopa: UMeHHO oHa omnpenensier Ty uens JJHK, ko-
Topas cnyXuT Matpuiieit s cunresa PHK. Ha koHceHcycHble noce-
JIoBaTeIbHOCTH (DOKChI), OUEBHIHO, U OPUEHTUPYETCH XolodepMeHT
PHK-noaumepasa, ocyuiecTsisisi MOMCK TOYKHM Havyalda TPAHCKPHII-
uuu. [Nocnenosatenbiocts 5 -TATATT -3’ HaswiBaeTcsa Takke TATA-
dokcom, vnu Tpubrnos-6okcom — B uecThb ee OTKpbiBaTesns. B obnactu
TATA-60Kca, O4EBHIIHO, MPOUCXOIHT OTKPBITHE NTPOMOTOPA (JIOKAJIb-
HOE [UIABICHUE OTHOCHTEIBHO HEMPOUHO CBA3aHHBIX MEXIy coboi
0ayMst 6000POOHBIMU CBA3SMH KOMTUIEeMEHTapHbIX map A : T B ayruiekce
JHK), uTo m npuBOANT K 00pa3oBaHMIO OTKPLITOTO KOMILIEKCa (CM.
puc. 119) ¥ HHULIMALMK TPAHCKPHITLIVH.

Tepmunauyun mpanckpunyuu TaKxe onpenensiercs ocoboit Hykieo-
TUIHOI nocaepoBatenbHocTbio B JIHK, pacnonoxenHoit B 30He Tep-
MHHaTOpa fAKTePHATBHBIX OIIEPOHOB M HA3BIBAEMOM CIMON-CUZHANOM.
B cron-curnane umeercss GC-6oraTeiit yuacTok, obnanaiommil neHT-
PAILHOW CHMMETpHel M npenctapisiiomuii coboit caMoKoMILIeMeH-
TAPHYI0 HYKJICOTHAHYIO TTOC/IEIOBATEIbHOCTb. 3a 9THM YYACTKOM Ha
MATPMYHOMN 1IENK paciionoxena oauro(A)-nocnenoparesibHOCTh (4 —8
AIEHWIOBBIX HYKJIeoTHIa noapsia). Tpanckpunums B o6nactu GC-60-
raToro caiita MpPMBOAMT K TOMY, 4T0 B o6pazosasiemcsi PHK-tpanc-
KpunTe 6bicTpo 0Opasyercsl yCTOHUMBBIH 2JIEMEHT BTOPHYHOI CTPYK-
TYPbl — wnuavka (CNUpain3oBaiHas 0061acTb, cojepkalias KoMiuie-
meHtapHbie GC-napbl), KOTOpasi Hapyliaer MpoYyHoCTh rudpuamsa-
imn JJHK : PHK B otkpsitom Komruiekce U BoeitecHsier PHK-nonu-
Mepasy u3 koMriekca (puc. 120). Kpome 3T0ro TpaHCKpUIiums oim-
ro(A)-nocae0BaTe/ibHOCTH B MATPUYHOM LIEMHU BejleT K 00pasoBaHHIo
yuactka PHK:JIHK nynnexkca, coctaBneHHOr0O M3 HENpouHbIX (Jier-
Kormaskux) A:U-nap, uro Takxke crnocoOCTBYET paspylIeHHIO KOH-
TakTa Mexay tpaHckpubupyemoii uenbio JIHK u monekynoit PHK.
Taxkum o6pazom, cpasy nocje 06pa3oBaHms LIMHIBKH TIPOUCXOINT Bhi-
croboxienne cunresnpopanHoit PHK, orcoenunenue PHK-nonume-
paskl M BOCCTAHOBJEHME JABYCnMpanbHOH cTpykTypel JHK, mpuuem
pelaonMM MOMEHTOM B 3TOM Tpoliecce siBisercs odpasoBaHue Tep-
MHUHMpYIoweil mmuwibku B cocrase PHK.

Yactb TepmuHatopos y3Haercss PHK-nonnmepasoil Tonbko ¢ no-
MOliIBI0 GekoBOro hakTopa TepMuHanun — p(po)-takropa. 3ot He-
JI0K ¢ MOJIeKYIspHOil Maccoit 46 kJla o6pasyer rekcamep (6 - 46 k/1a),
CrocoOHBIH CBA3BIBATLCA € 001ACTHIO TEPMHHATOPA. YCTAHOBIEHO, YTO
oH npucoeanusercs K PHK-nponykry HerocpeacTseHHO rnepejt Tep-
muHatopoMm. Paxrop p obnanaer NTPasHol akTUBHOCTBIO, M KaTasiM-
3upyeMas MM peakums ruaponusa nykieosunrpudocdaros (NTP)
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PETYJIALUA TPAHCKPUIILINHA
Bornpoc 0 pery/isiiny TPAHCKPHITLNKH HMEET BaXKHOE 3HAYEHHE JUIS
[TyTeM pery/isiiiuu reHHO# IKCIPecCHH KIETKM NPUCIOcabIuBaIOT CBO
A PHK-nomimepa3sa
TpaHCKpHITIS dl/
874

NMOHUMAHNS MEXaHU3MOB dughheperuuarvroll akmusHocmu (Kcnpeccuu)
I€HOB B OHTOreHe3e J106010 NMpo- MM 2yKapHOTHYECKOTo OpraHu3ma.
(hbeHOTHIT K M3MEHSIOIMMCS YCIIOBHSIM BHELIHE! W BHYTPeHHei cpe-
abl. PeHOTHN KIETOK B CBOIO OYEPE/lb ONPEACNSETCS KOJINYECTBOM U

creyet BpiTecHenuio PHK unu PHK-nonuMepassl M3 TpaHCKpHITLM-

maumio. MsmeHenne kondopmauuu p-dakropa, BEposATHO, Criocod-
OHHOTIO KOMILIEKCA.

Bener K BbiCBOOOXICHUIO SHEPrUM, KOTOpast BAMSCT Ha ero KoHdop-
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CBOWCTBAMH NPOAYINPYEMBIX MMHU CTPYKTYPHBIX, KaTAJIUTHYECKHX,
PEryJATOPHBIX WM IPYTHX Kaccos 0eikoB. MHbIMM clioBamMu, 10mKHA
cyuecTBoBath 3MMEKTUBHASE CuCmeMa KOHMpoas peaiusauuu 2enemu-
HeCKoU unghopmayuu B KieTKe, MO3BOAAIONIAN B KOKIBIH MOMEHT ee
CYHIECTBOBAHHA CUHTE3MPOBATH H TOJIEPANBATL B (DYHKIMOHAIBHO
AKTHBHOM COCTOSIHHM HEOOXOAHMMOE M JIOCTATOYHOE KOJIMYECTBO pas-
HbIX Gesnkos. ¥V GakTepuii HaGop 6€J1KOB peryiHpyercs B OCHOBHOM
Haanunem MPHK, npuroansix s 6mocHHTesa 6enka (TpaHcasiimm),
PEryIsiMei caMmoro npouecca TPaHCJASAINN B puGOCOMAILHOM amma-
paTe KJIETKH, a TaKXKe peryisiiueil npoleccos aerpaiauuu (nporeo-
7n3a) OeNKoB. Y dyKapHoT GeJIKOBBI 1yJ1 B KJIETKE MOXET MOMOJIHH-
TCJABLHO KOHTPOJIMPOBATECS! C MOMOLLBIO MTPOLIECCOB CO3peBaHust (Mpo-
LIECCHHTA) NMEPBUYHBIX TPAHCKPUIITOB M TpaHcnopta 3peasix PHK n3
ANPa B LIMTOTUIa3My. JlononHuTe IbHBIE BO3MOXHOCTH KOHTPOJIS KJIeT-
KH 9YKapHoT Npuobpenun B pesybrate pa3obliieHus: B NPOCTPAHCTBE U
BPEMECHM TIPOLIECCOB TPAHCKPHITLMHK (MPOUCXOANT B SIIPAX) M TPaHC-
JAUMH (MPOMCXOANT B IIMTOTLIA3ME). ¥ NpoKapHoT TPAHCKPHITLINS U
TPAHCIISILMA [IPOUCXO/IAT TMPAKTHUYECKM €IMHOBPEMEHHO B eIMHOM
HECTPYKTYPUPOBAHHOM KJIETOUHOM cojepxuMoM: cuures PHK Ha
JHK-maTpuue eiie npoaosxkaercs, a yxe HaumHaeTcs TPAHCIISILIMSI
coaepxkauleics B Hell TeHeTHYeCKoi MHAOPMaUMK B CTPYKTYpY Gei-
KoB ¢ yqactiem pubocom, TPHK u Genkossix hakropos TpaHcasimm
(puc. 121).

B n0Gom ciiydae nepBuiM M I1aBHBIM 2716MEHTOM KOHTPOJIsE peasin-
3alIHK NIOTOKA reHeTnyeckoi nudopmanmu Ha nytu ot JIHK K Gesky
Y BCEX OPTAHH3MOB SIBASICTCS KOHTPOJIb HA YPOBHE TPAHCKPHITIIHA.

PETYJIAINSA TPAHCKPUITLUM ¥V ITPOKAPUOT

Tpanckpunums y npokapHor peryanpyercs IIPEUMYILIECTBEHHO HA
CTauu HHMITHAIIMK M CBA3AHA C JICATEbHOCTBIO PEryJIsSTOPHBIX Gesi-
KOB — akmueamopoe W penpeccopos mpanckpunuuu. B xone snonrammu
TPAHCKPHITIHMHK BAXKHOC 3HaYeHHe npuobpeTacT BTOPUYHAS CTPYKTYpA
cuntesnposanHoii PHK: ot Hee Bo MHorom 3asucut, GyayT im cuHTe-
3HPOBAHBI MOJIHOPA3MEPHBIE MOJICKYIIbI, IHOO MPOLECC OCTAHOBUTCH
Ha CHHTE3¢ KOPOTKUX (DYHKLHOHATLHO HEMPHIOAHBIX TPAHCKPHIITOB.
Perynsiumst tpanckpunmm y Oakrepuii 0GbIMHO OXBaTBIBaeT rpymniy
(Kmacrep) reHos, Koampyiownx GpyHKUMOHATBHO POACTBEHHBIE G-
KH, YHaCTBYIOIIME B OCYIICCTBICHNUH TECHO CBSI3AHHBLIX MEXIy coboii
XHMHYCCKHX NpEeBpallicHUi B KieTke. Takumu 6ekamu o6bIYHO SBIIS-
I0TCH (DEPMEHTDI, 3aHATBIC OCYIIECTRICHHEM CEpUM peakiimil (meTa-
DONMUCCKUM TyTEM), BEAYIIMX K pacramy Win CHHTE3Y TeX WJIN MHBIX
coenHeHuit. I'pynna coriacoBaHHo PeryMpyeMbiX reHos, KOJHUpY-
IOLLMX 3TN (hepMenTbl, HasbiBaeTcs onepornom. K HamnbGosee XOpOo1Io
H3YYCHHBIM OfleporaMm bakTepuii OTHOCATCS JaKTO3HbIN (lac)-onepoH,
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rajiakTo3Hblil (gal)-onepon u TpuntodanoBblii (trp)-onepon E. coli.
B cocTaB KaxJ/10ro U3 5THX OMEPOHOB BXOST HECKOILKO CTPYKTYPHBIX
reHOB, KOAMPYIOMX (PEPMEHTDI, @ TAKXe PEryasTopHbIe obracTn —
npomorop (Mmecto npucoeautennsi PHK-nomumepassi) u onepamop —
V4aCTOK ONEpoHa, K KOTOPOMY MPUCOCAHHSIOTCS Oe/IKH-penpeccopbl
J1/WJIH AKTHBATOPBI TPAHCKPUILIMK. 30HBI IPOMOTOPA U ONIEPATOPA HACTO
[IEPEKPLIBAIOTCS, W ITO OOBACHSET, KaK OeJIKM-PeryisaTopbl BIHAIOT
HA MHMIIMALMIO TPaHCKpHnuuu. PaznnualoT HeraTuBHYIO M MO3UTHB-
HYIO PETYJSIIIMIO TPAHCKPHITLIMM ONEPOHOB, KOTOPLIC BKIIOYAIOT HE
TONBKO JIEHCTBHE COOTBETCTBYIOLINX PerysiTOpHBIX OEJIKOB, HO M psiia
BHYTPUKJIETOYHBIX MeTabONUTOB HEOEJIKOBON NMPHUPO/IbI, PaCCMATPH-
BAEMBIX KAK Kopenpeccopsl WIH KOGKmMueamopbl TPAHCKPHITLIHH.

OJHO# M3 MEepBbIX CTajla M3BECTHA CTPYKTYpPa M MEXaHM3M IKC-
npeccun lac-onepona E. coli.

B ero cocrtap BXOAAT CTPYKTYpHBIC TeHbl Z, Y 1 A, Koaupyolime
(hbepMEHTBI, YUACTBYIOIIHE B METabOIN3ME 2AKMO36l — IIABHOTO TTH-
TATEJILHOTO AMCAXapH/ia, Ha KOTOPOM PACTYT KJICTKH ﬁax"rfpuu. ['en
lac Z koaupyet (hepMeHT B-raslakTo3uasy, paciiervisiiommi -rajak-
TO3W/Ibl, B YACTHOCTH JIAKTO3Y, ¢ 0OpasoBaHHeM Jierko mMerabosin3u-
pyeMoro MoHocaxapuja — rmokossl. I'en lac }’Konupyeruﬁ-ranamo-
sunrpancdepasy (nepmeasy) — depmeHT, HeOOXOAMMBIN JUlst NPO-
HUKHOBEHMS! [3-Ta/IaKTO3MAOB Yepe3 KieTouHyto memopany. I'en lac 4
KomupyeT depMeHT B-rajakrosuiarpaHcalerTuaasy, GyHKuHoHalibHas
POJIL KOTOPOTO JI0 KOH1IA HE BhisicHeHa. Bee 9Th reHbl sBASIOTCS whdy-
yubeasioimy. X TpaHckpunims v obpasopanme COOTBETCTBYIOLLHMX Gen-
KOB TPOMCXOAUT B KJICTKE TOJIbKO TOI/Ia, KOI/la B HEH HakarumBaercs
M36LITOK JAKTO3bl U OLIYLIAETCH HEJIOCTATOK IIHOKO3bI.

[TOMUMO CTPYKTYPHBIX TEHOB B COCTAB OMEPOHA BXOAT NPOMOTOP
(40 1.n.) n oneparop (27 u.n.). [Mocneannii npeicrasisiet cwoﬁon Ty
ofuiacTh, ¢ KOTOpoOit B3ammoneicTsyer Oenok-penpeccop. Cam lac-
pernpeccop ABIACTCs MPOAYKTOM SKCIPECCHH COOTBETCTBYIOLIETO I'eHA
(i-rena) u conepxurcst y E. coli B konnuectse He Gojee 10 Mosekyn
Ha | kietky. MonekyaspHasi Macca lac-penpeccopa cocraiser 37 K,[la“,
a ero akTuBHas popMa npeicrasisier co00H roMoTeTpamMep, KOTOpbii
cBs3BIBACTCS ¢ 30H0ii onepatopa u Grokupyer aeiicrene PHK-noamn-
mepasbl (puc. 122). Takast neeamugnasn peeyasyua TPAHCKPUIILMKN Ha-
GiroaaeTcsl NP JOCTATOYHOM KOHUEHTPALUM IIIOKO3bl B KJIETKE H B
OTCYTCTBHME M30LITKA JAKTO3bI.

[Tpu u36bITKE B-ranakrosznaa (JIAKTO3bl) €r0 MOJIEKYJIbl CBS3bIBA-
joTcsl ¢ cyObeAMHMIIAMU penpeccopa ¢ obpasoBaHueM penpeccop-
UHOYKMOPHO20 KOMRAEKCA, B KOTOPOM MHIAYKTOP (B-rajiakTosmi)
BBICTYTIACT B POJIN QAI0CMEPUHECK020 Pecyasmopd, W3MEHAIONICTO KOH-
dopmanmio Geska-perpeccopa, 4TO BEACT K MHAKTHBALMM T0CIHE-
nHero. Y HHAKTMBHPOBAHHOTO PENpeccopa pe3ko CHNXKACTCs CPOICTBO
K 30He Oreparopa, B pe3yabTaTe uero perpeccop OTCOCAMHSCTCH OT
npoMoTopa, oTkpbiBas «Bxoa» juisi PHK-noanmepasel. Benen 3a stnm
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A Pic. 122. Cxema perynsinn nak-

Tpanc
u?;"m :rpﬂm-lﬂﬁ CrpykTypHbie reHsl TO3HOro onepona E. colf:
St A — naKkTO3HKIT OMEpPOH perpeccu-
. POBAH npHcocanHeHueM Genka-
[ i l P—-0 | Z I Y l A I pernpeccopa K 30He onepatopa
* T (TPaHCKpUMUMA 11e MAeT); i — ren
; ’ I Genka-penpeccopa; P — nposorop:
3 O — oneparop; b — aepenpeccus
MPHK ONEpOHA NYTEM MHAKTHBALMH Ges-
lac-penpeccopa Ka-penpeccopa. [Tponcxonu tparc-
‘ KPHILHSA CTPYKTYPHBIX TFeHOB M
CHHTEINPYETCH NONHLMCTPOHOBaS
| lac-MmPHEK
AKTHBHBIM
penpeccop
b
Tpanckpunims
e ——
Li[po]l Zz TrTa]
S f
sr._____ 3t sr 31
; lac-MmPHK
L p B
: -rajlak- ~TalaKTO3MH/I-
Jv P-ranaktosMn N\ rosunaza \ rpancanerinasa
\ p-ranaxrosua-
T nepmeasa
AKTHBHBII HeaktusHerit
perpeccop penpeccop

HAYMHACTCS TPAHCKPUIILMS OMEPOHa, a 3aTeM M CHHTe3 (hepMeHTOR
METabOM3NPYIOLLIMX IAKTO3Y. ‘
ITozumusenas peeyasyus onepona cocTouT B WHAYKIMH TPAHCKPHIT-
LIMH, JIOCTUTaeMOii MOCPENCTBOM NPHUCOCANHEH NS K IPOMOTOPY KOM-
fuickca, cocrosiuero u3 CAP-Genka (6enok-akTHBaTOp KataGonuTH-
HECKHMX onepoHoB) u CAMP — yuusepcanbHoro BHYTPHKIETOYHOTO
PENYIIATOPa MHOIMX MeTabouecknx npoueccos. Kommiexke CAP-cAMP
cessbiBactes ¢ JIHK B camom mauane npomortopa HEIMOCPEACTBEHHO
nepei caitrom ceassiBanus PHK-nonmnmepassr u cioco6en MHOTOKpaT-
HO (ouTi B 50 pas) ycHAMBATH TPAHCKPHITLHIO onepona (puc. 123).
Heckonbko Gonee cnoxuas u cBoeoOpasHasi cucTeMa peryisiinm
TPAHCKPHIILIMK CBOICTBEHA TpunTodaHoBoMy (trp-) onepony. OH co-
ACPKHUT NATH TCHOB, KOAMPYIOUMX (DEPMEHTBI CHHTe3a TpHATO(haHA.
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A ITpomorop
Obnacts
cpaspBanug  MecTo npucoeIHHEHNs
I CAP-cAMP  _ PHK-nomimepasst J Oneparop
PR T e BT f;"-?'. " ARG W SN TR R A T *E"-Ea.ﬂ&‘.'.[.-', Al
SN (FREmTE Sry (TSR e T (IR e e S
-35 -10

GTGAGTTAGCTCAC

CACTCAATCGAGTG  GTGGGGTCCCAAATGTGAA CTTAACAC
M
VYacTOK, 3aHMMaeM L’;::gﬁ‘i
CAP-cAMP e
penpeccopoM
Vuacrok, sanuMmaemhuiit PHK-nmoanmepasoit
b PHK-momm-
capcamp \ & O\ mepaza
L AY i P i |
L N i . il

-80 -60 -40 -20 1 +20

Puc. 123. Peryastopubie o6aactu lac-onepona £. coli
(M.Cunrep, IT. Bepr, 1998):
A — HYKJICOTHIHEIC 1OCACNOBATCIBHOCTH, 3a1eiCTBOBANITRIE B PCIVSLIMM IKCOPECCHI
onepona; b — cxema nzaumoneitctens koMmruiekca CAP-6enok — cAMP ¢ o-ipakTopoM
it kop-thepmeritom PHK-nonnmepasel. Lindpel 0003Ha4210T 4HCTO HYKICOTHIHBIX T1ap,
PACTIONOKEHHBIX Mepelt (~) HaYanoM W nocie (+) Havana TpaHcKpHniMu lac-onepona

Penpeccusi 3100 Onepona, Kak M lac-onepoHa, OCYIIECTBIAAETCS C
MOMOILLIO BejIKa-penpeccopa ¢ MOJEKyAsipHOi Maccoit 58 k/la, xo-
JMPYEMOTO reHoM trp R, pacroioKeHHbIM HA 3HAYNTEIbHOM PacCTo-
sSHHH OT trp-onepona. besok-penpeccop 6a0kupyeT 001acTh OneparTo-
pa B KOMILIEKCE C CAMHUM TPUNTO(MAHOM TOJILKO MPH BLICOKOH KOH-
IIEHTPALIMMU 3TOI AMMHOKHMC/IOTHI B KJIETKE, KOI/Ia HET HEOOXOaHMOoC-
TH B aKcnpeceun trp-onepona. HykieoruaHble nocnenoBaTebHOCTH
POMOTOPA M ONIEpaTopa B {rp-onepoHe NePeKpbIBAIOTCH, MOITOMY NPH-
COCIMHEHNE KOMIUIEK A (rp-Be/IOK-Penpeccop aBTOMaTHUeCKH MpernsaT-
crpyer ceaspiBannio PHK-nonumepasel ¢ npoMoTopoM.
JlononHUTE/IbHBIE BO3MOKHOCTH PElpeccHu Lrp-orepoHa CBA3aHbl
C HAJTMUMEM B €ro CTpyKType ocoboii ammenioamopHol nocienosa-
TeNLHOCTH, PACMOJAraloleicss MexXay 30HOH IpoMoTopa U 061acThio
CTPVKTYPHBIX TeHOB (puc. 124). Ora nocneaosareibHOCTb BXOAUT B CO-
CTAB TaK Ha3bIBAEMON audeproli oGaacmu, KOAMPYIOUIEH JIHAEPHBIN
MENTHI B COCTABE MEPBOro (pepMeHTa, CHHTE3UPYEMOro Ha MOJANIHC-
tponosoii MPHK, Tpanckpnbupyemoii ¢ 1aHHOro onepoHa. ATreHioa-
TOPHAs NOC/eA0BATEILHOCTD CNOCOOHA BI3BLIBATH NMPEXACBPEMEHHYIO
TEPMMHALMIO TPAHCKPUITLLMK C HTOTO W Psijia IPYruX onepoHos Gakre-
pHit, BAMSS HAa BTOPHYHYIO CTPYKTYpY cuHTesupyemoit PHK. Takue
arreHaTopbl («ocnabuTeIn» ), KOTOPHIE Ha3biBAKOT TAKXKE peryiupye-
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MPHK trp-onepona

50 |
5’13 Jlunepnas mPHK
P A E D > B A
o, ——
=== ! : : : FaHK
]
=
Tepmunanus
Havamo Tepmunarms TPAHCKPHITIIHH

TPAHCKPHITIMK TPAHCKPHTILIHK

Puc. 124. Cxema tpuntodanosoro onepoHa £. coli:

P — nposmotop; O — onepartop; A — arreHioatop; L — niaepnast nocae0BaTelbHOCTD;

E, D. C, B, A — uMcTponbl, KOAMPYIOUIHE CTPYKTYPY (EePMEHTOB, YUACTBYIOUIMX B

Guocnnrese rpuntodana. MNoxasanw ykopouennaa (anaepuas) MmPHK, sosnnkaio-

as B pe3yjabTaTe TePMUHALNH TPAHCKPHIIIIMH B 301¢ aTTEHIOATOPA, a Takxke Noj-
Hopasmephasi nmoauuncTporosas MPHK trp-onepona

MBIMH TEPMHHATOPAMM, COIEPXKATCS HE TONLKO B onepoHax E. coli,
HO u y Oakrtepuit popa Salmonella. ArreHioatopHasi NnocjaeaoBaTelb-
Hocthb B trp-onepore E. coli conepxur ase odaactH ¢ odpalleHHbIMH
MOBTOPAMH. TPaHCKPHIILIMA 3TOI MOCIEI0BATEILHOCTH NMPUBOJAUT K
obpaszoanuio B MPHK wmmwiedHbIX CTPYKTYP, KOTOPLIE MOIVT OCTa-
HABJIMBATE JJATbHEH NI X0/ TpaHekpunuumn. B pesvibsrare oGpasyercs
(YHKIHOHAIBHO He 3HAYMMasi (He NpPUToaHas I TPAHCKPHIILLMM)
audepnan PHK jummnoit 140 HyKN€OTHI0B, YTO MPOMCXOJIUT NIPH JI0C-
TATOUHO BBICOKOH KOHUEHTpauuu tpuntodana B kiaerke. [Tpu cHmxe-
HUM KoHueHTpaunn tpuntodana PHK-nonumepasa npeoonesaer 300y
ATTEHI0ATOPA M TPAHCKPUILMS TIPUBOJMT K CHHTE3Y T0JIHOpa3Mep-
noit MPHK. Kak okazanocs, Takoil anbTepHaTHBHBIH XOJL TPAHCKPHI-
IIMH CBA3AH C AIbTEPHATHBHBIM XapakTepPOM BTOPHYHOMH CTPYKTYPHI
auanepHoit obnactu PHK-tpanckpunTa, Ha (opMUpoOBaHME KOTOPOI
RIMSCT anmnapar TPAHCAALMM, W, KaK ObLIO OTMEYEHO BhILIe, TPAHC/IA-
LM4 IIPOMCXOAMT Y BAKTEPHit NMPAKTHYECKH OJHOBPEMEHHO C CUHTE30M
MPHK. Tak kak B 30He aTTeHI0aTOPA OTIEPOHA PACTIONIOXKEeHbI 00JacTH
obpauiennbix nosropos, B PHK-Tpanckpuirre takxke obpasyiorcs co-
OTBETCTBYIOLINE KOMIUIEMEHTAPHbIE NMOBTOPbLI, KOTOPBIC MOTYT 00pa-
30BLIBATH WUMWIBKK BO BropuuHoii crpyktype PHK (puc. 125). Onna n3
ITHX 1ITIMJIEK SIBJISICTCS MepMUNamopHoll, 32 KXOTOPOii ClelyeT rnoclie-
nosatesbHocTh onnro(U), n npyu ee BOSHUKHOBEHMH HACTYNACT Tep-
MHUHALMSI TDAHCKPHITLIAK B COOTBETCTBUH C BHIIIEPACCMOTPEHHBIM Me-
xaHu3MoM (cMm. puc. 120). TepmunaropHas mnuiabKka obpasyercst B TOM
CIIyuae, CCAM OCYHISCTBIAsieTCsl OBICTPOE M «TUIABHOEC» JBMXEHUE pH-
Oocompl, HauuHas ¢ 5'-koHua MPHK B ycnosusix noctatouyHOro Ko-
JIMYMECTBA BCEX aMMHOKMCIIOT, BKIovas Tpuntodan. B atom cayuae B
XOJ1e TPAHCASIMN pHOOCOMA 3aKPHIBACT IBAa U3 YEThIpEX 0OpalieHHbIX
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Puc. 125. Cxema peryasiuny tpaHckpunuuu MPHK trp-onepona ¢ yuacruem
pHOOCOMBI;

A — nmnepuwniit yuactoxk MPHK trp-onepona, conepxaumit uersipe obnactm obpa-
WICHHBIX MOBTOPOR, CrOcOOHBIX OOpPa30BLIBATE LINKJICHHBIE CTPYKTYphl. Crpenkamn
NOKA3aHO pacnONOXeHHE ABYX PAIoM PACTTONONKCHHBIX KOAOHOB, AeTEPMHMHHPYIOLINX
BKIOYEHHE AMHHOKMCIOTHBIX ocTaTKoB TpunTodana (Trp) B cunTesupyeMblii noau-
nentua; b — YIpolieHHas cXeMa Tpex BapHaHTos (GopMUpPOBAHMS CTPYKTYDH JHACP-
rioro yuactka MPHK trp-oniepona, oann #3 KOTOPLIX MPHBOANT K NPOJO/IKEHNIO TPac-
KpHmumu (B LEHTPE), a ABa APYTHX — K OCTAHOBKE TpaHcKpurimn (/ — gocratoynoe
KOJAMYECTRO BCeX amuHokuenor, skmovan Trp; 2 — nenocratok Trp; 3 — napywenne
CHCTeMBbl TpaHceaaunn); B — cTpykrypa TepMmutaropuoii mmmasku MPHK trp-onepona
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MOBTOPOB, a [1Ba JIPYIHe B3aMMOICHCTBYIOT ¢ 0Opa3oBaHMEM TEPMM-
HaTopHoil mmnwisku. Hanportus, npu Hepoctatke Tpuntodana (1 co-
otsetctBenno TPHK™) puGocoma octaHaimBaeTcsi B TOM Y4acTKe
auaepHoit nocaeposatenstocty MPHK, rie naxonsrcd noapsa asa
TpUIUieTa (KOAOHA), KOAUPYIOUIMX JAHHYIO AMHHOKHMCIOTY B COCTABe
CHHTE3UPYEMOTo JinaepHoro nentuaa. [Ipu stom pudbocoma 3akpbiBaeT
nepByo M3 yerbipex obiacreit oOpallleHHbIX MOBTOPOB, UTO BeAeT K
BO3HUKHOBCHUIO JIDYTON anmumepmunamopnol 1WINWILKH, TepMUHA-
TOpHAst LWINWibKa He obGpa3yercs, ¥ TPAHCKPHITLIHS TMPOIOIXKACTCS B
00J1aCTh CTPYKTYPHLIX I'eHOB. TepMHHALINS TPAHCKPUIIIMKA B ATTCHIOA-
TOPHOil 30HE (rp-onepoHa NMPOMCXOAMT M TOTAA, KOT/IA M0 KaKoii-To
MPUYUHE HAPVIIACTCH CUCTEMA TpaHCSIIMU B 1iesioM. B aToM ciyuae
sropuuHas crpykrypa MPHK dhopmupyercs HezaBucumo ot puboco-
MBI, YTO TaKXe BejeT K 00pa3oBAHMIO TEPMHMHATOPHOMW LUNMWIBKU M
OCTAHOBKE TPAHCKPUMLIMH (CM. puc. 125).

PEIVJIAAIUA TPAHCKPUIILIUU Y BAKTEPHO®ATA L

Perynsmns tpauckpunuum y 0akrepuodara ) npejicraniser coboit
[pUMEp TOro, KaK OTACJIBLHbIC KAIOUeabie peeyasmopHole deax crnocob-
Hbl (PYHJIAMEHTAIBHO U3MEHHTH HATIPABICHHE TPAHCKPHUITIIMK reHOMAa
M TeM CaMbIM M3MEHHTL BECh MOJLYC CYLIECTBOBAH NS BUPYCA B KJIETKE.
dar A, kak u3BecTtHO (cM. puc. 60), pacniogaraer JABYMS criocodbammu
CVIIECTBOBAHUA B 3apPAXKEHHON KJIETKe: NMACCUBHBIM (1U302eHHbIM) W
AKTUBHBIM (aumuteckum). MonekyisipHOi OCHOBOIH 1epeKIIo4YeHust CIo-
coboB cyuiecTBOBaHMg (hara A gBisioTCs COOBITHN, NPOUCXOSIIUE B
arnnapare TpaHcKpuiiMu. Peryisiiusg TpaHCKPUITIMK JaHHOro (ara
ocyiecTrisiercst AByms 6enkamu: Cro-6enkom M A-penpeccopom. OHu
MOTYT B3aMMHO PENpeccHpOBATbL CHHTE3 JIPYT Jpyra TaKMM 00pasoM,
4TO CBA3BLIBAHME A-pernpeccopa ¢ COOTBETCTBYIONLCH 061acTbio onepa-
Topa osokupyet Tpanckpuninio MPHK Cro-6Genka m onpeaensier jiu-
30reHHbBIM NyTb cyluecTBoBaHMs (ara, U HanpoTus, Cro-6ej10K MOXeT
BLICTYIATL B POJM pernpeccopa, 4To BEACT K TPAHCKPHUITLMH TEeHOB
JIM3uca, cMHTe3y (harosbix 6CJIKOB M AMTUYECKOMY MYTH pa3BuTHs (ara.

2-Penpeccop, Koaupyemblit renom cf, npeacrasiser coboit 6enoxk,
COCTOSILUMI M3 236 aMMHOKUCIOTHBIX OCTATKOB, OPraHM30BAHHBIX B
ABa rHOOYAAPHBIX JOMEHA, CBA3aHHBLIX MEXay coboi MOCTMKOM M3
CePUH AMUHOKHMCIOTHBIX OCTATKOB. OH QYHKUHOHUPYET B BUILE TUME-
pa, B KOTOpOoM KOHTAKTHPYIOT C- u N-kouiiessle goMeHbl. benok Cro
TAKKC SIBISICTCS TOMOAMMEPOM, OTACIbHBIC IPOTOMEPbI KOTOPOTO NMpeji-
cTaBasior coboit rodyasipHbIe YacTHILbl, coaepxkalme 66 aMHHOKMC-
JOTHBIX ocTatkos (puc. 126). i-Penpeccop u Cro-6e1oK cBA3bIBAIOTCSH
¢ JIHK B obnactu Goabuioii 60po3ibl B 30He oneparopa, rie npoMc-
XOJIUT TOHKOE ¥ TOUHOE B3aMMOIEHCTBHE CTPYKTYPHBIX SN1EMEHTOB (o~
crnipaneit) OeNKOB ¢ a30THUCTLIMH OCHOBAHUSMM B y3HaBacMmoii Gen-
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Puc. 126. [lnmepHbie MOJIEKY-
ael Genka Cro(A4) m penpec-
copa thara A (B).
a-Cnupanyu nokasaHbl B -BHIC
UHJIMHAPOB, B-clon — B BHAE
crpenok. Toukoil obo3Havena och
cummeTpii. Cimpain o, H o3 A-
pernpeccopa Y4acTBYIOT BO B3al-
sozneiictsnn ¢ JAHK (em. puc. 127)

BDneMeHT

\ «CITMpanb—
HeTIst —

JHK-cBsi3siBa-
JOLIHE JOMEHB!

i
|
| Och cHMMeT- |

1 i \
/ 2-TO mopsAaKa 9
7/

Puc. 127. Baaumoneitcreue ¢ JIHK 6enkos, conepxaiuux CTpyKTYPHBII aie-
MCHT «CITHPAIb— NMETJIH — CIHpalib» (K HUM OTHOCHATCH, B HaCTHOCTH, Benok
Cro u x-penpeccop) (M. Cunrep, I1. Bepr, 1998).

boasmme kpyru — aomenst, csswipalommecs ¢ JIHK; a; — cnupans, sxoasuas B
Goapioit kenob JIHK; o; — dukenpylomas (sanupaioias) cniupaib
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KaMu HykieotuaHoi nocaenosatensHoct JAHK (puc. 127). V o6oux
Oe/IKOB MMeeTCs XapaKTePHBIH CTPYKTYPHbIi 27IEMEHT «CITHpaib— MeT-
Jisi— crnupaie», 6aaronaps Kotopomy oHM Kontaktupyior ¢ JHK. OnHa
M3 3THX CrMpaieil BXOAMT B 30HY Oonbiuoro xkenoba JAHK, a npyras
(zarmuparouiasi crinpasib) (QPUKCHUPYET TEPBYIO B ITOM TMOJOXKEHHH.

Y dara A maeHTHdHUMPOBaHbI ABa npomMoTopa: cuiabHblil (Pg), ©
KOTOpPOro OTKpbIBaeTcs TpaHcKpunius reqa 6enka Cro v reHOB IM3H-
ca, n cnabmii (Pgyy), npucoennnenue k koropomy PHK-nonnmepassi
JICTEPMUHHPYET CHHTE3 A-penpeccopa. O6a npoMoTopa 1nepeKkpulBaioT-
Cs C 30HO# oneparopa, B KOTOPOii Beae/sioT TpH yuactka: Og,, Og,,
Og, (puc. 128). Yuactok Oy, nepekpbiBacTcs ¢ CHIBHBIM (TTPaBbIM)
npomoropom (Pg); yuactok Og, nepekpsiBactcs co c1abbiM (J1eBbIM)

A PHK-nonmmepaza A-penpeccop
Tpanckpumiusa
Prym Pr
cl-ren W\\ / ///// 7} Cro-ren |lenst mmanca
1 Tl ™1 1
Og; Or, Og,
Omnepatop
Rec A

b
_,r'"x@ _\ A-pernpeccop

VO N
O”Q

PHK-nonumepasa

Cro-6enok
B
PrMm Pr M
- N7 .
cl-ren \\\{\\}\\“{\ -(71/4//'/////{/ Cro-ren |T'eHsl imu3uca
R R: Og,

Puc. 128. Cxema pzaumouciictBusi monekyn A-penpeccopa n Cro-6enaka
¢ 3on0ii oneparopa IHK chara A:

A — h-penpeccop onpeaensieT JAM30TeHHbI NyTh cywecTsoBanusa dara; 5 — Genok

Rec A, noa nefictenem Y®-obayuenus npuodperaoutil NpoTeoanTHYECKYIO aKTHB-

HOCTh M PaCIIETUIAIONINIT MONeKyay A-penpeccopa; B — Cro-6eok, onpeaeasomniii

AKTHBHBIE (TUTHYECKHI) nvTh cyitecTBoBanns (para; Pry — JeBwiii (cnadwiit) npo-

motop; Pp — npassiit (cuablbiil) npoMoTop; Ogys Ogye Ogy — yuacTkn oneparopa;
¢l — ren, KoaupyloLMii A-penpeccop
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npomotopoM (Ppry); yuactok Og, nepekpbiBaeTcsi ¢ 000MMH 1IPOMO-
TopaMu. PasHbie onepaTopHbie YH4aCTKH HMEIOT pasHoe CPOJICTBO K besi-
KaM-perviasitopaM, a 3deKTHBHOCTb CBsI3bIBAHUS THX DEJIKOB 3aBH-
CHUT OT HX KOHLIEHTpaluK B KieTke. Tak, A-pernpeccop rMpH HEBLICOKON
KOHIIEHTPAIIMH CRS3ZLIBAETCS TOIBKO € y4acTKOM Og,, a 1PH BLICOKOI
MOXKeT cBA3aTheA ¢ yyacTKaMu Og,, Og, M TEM CaMBIM 3aKpbITh BXOJ
st PHK-noaumepassi, 4ro 6710KMpyeT TpaHcKpunuumio rexa cl (t.e.
Gaokupyer TpaHckpunimio ceoeit MPHK). Korna A-penpeccop cBs3bi-
aetcsi ¢ Oy, OH 3aKpbiBaeT CWILHBIN (NPaBblit) MPOMOTOP M OJIOKK-
pver TpaHckpuminio reda Cro-0esika u reHoB au3uca. ONHOBPEMEHHO
eule OMH JMMep A-perpeccopa B3aumozeiicTsyer ¢ Ok, M crocod-
creyer cBsa3biBaHuio PHK-nonuMmepassl co ciabbiM (IEBbIM) 1TPOMO-
TOPOM, UYTO BEJIET K TPAHCKPHIIIMM reHa cl U 1mouiepKuBaeT maccus-
1oe (nmsoreHHoe) cocrogumne dara.

[Tpu YP-0bnyuennu A-penpeccop paspyuiaercs. B a1om npouecce
yyactsyeT 6e10K Rec A, KOTOpblit B HOpMeE ABJIsIeTCs HEIKOM peKOMOH-
Haunu (eM. 171, 8), HO noj aeiicTBueM yasTpaduoieTa npuodpeTaeT rnpo-
TEOJIMTHUECKYIO akTHBHOCTD. besiok Rec A paciluennsieT A-perpeccop B
obnactn MocTuka (cM. puc. 128) u mHaktusupyet ero. MHaktuBHpye-
MBIt A-perpeccop nokuaaet 3oHy Oy, nocne yero PHK-nonnmepasa
CBA3BIBACTCH C CHILHBIM [TPOMOTOPOM M HAUMHAETCS TPAHCKPHITLIHA
renos 6enka Cro m reHos Ju3uca, a 6aktepuodar BCTynaeT Ha akTHB-
HBIIT (ImTHuUecKuit) nyThk passutus. [To Mepe yBenHueHHs KOHLIEHTpa-
1mu Cro-0ejKa oH Tipes/ie Beero (B CHIY BbIPAXKEHHOTO CPOICTBA) CBsi-
spipaetcest ¢ O, v OI0KMpYeT cHHTE3 A-penpeccopa. Korna KoHueHT-
patusi Cro-6e/1ka CTAHOBUTCSL OYeHb DOJBLION, OH 3alMpaeT TakKke
Og, 1 Oy, M OCTAHABIMBAET TPAHCKPHITLIHIO CBOETO COOCTBEHHOTO IeHa.

ITpumep GakrTepuodara 2 MoKasblBaer, YTO JOCTATOMHO CJIOXKHAas
CHCTEMA PEeryisiliMi AKTUBHOCTH T€HOB MOXeT c(hOpMHPOBATLCS B pe-
3yJbTATE B3aMMOJIEHCTBHS BCErO0 HECKONBLKMX PEryisiTOpHbIX OenKkos.
Ecnm yuecTs, UTO v SYKAPHOT YMCIO PETYASTOPHBIX 0EJIKOB Hensme-
pUMO BOJIbLIE, TO CTAHOBUTCS YCHO, KaK BETHKH Y HUX BO3MOXHOCTH
KOHTPOJISi SKCITPECCHH TEHOB.

TPAHCKPHUIIITUA ¥V DYKAPHOT

PHK-nonumepassbl 3yKapuoT M3yueHbl 3HaYMTENIbHO cnabee, yem
cootsercTByloine Gepments 6akrepnii. Cunres PHK y sykapuor ocy-
1iecTBAAT Tpu paznuuHbie pepmenta: PHK-nonumepassr I, 1T u 111,
CTPYKTYPa KOTOPBIX M3YHMEHa JajIeKO He MOTHOCTBIO. OTCYTCTBYIOT O~
HO3HAYHBIE CBEIAEHUA O Yncie U PYHKIMAX COCTABISIOINX HX TOJH-
NenTHAHBIX LEMNei, YHCI0 KOTOPBIX, BeposTHO, Gonee 10 B anumoe-
kyne. MUsHauansro sykapuornueckue PHK-noanmepassl 6bim naen-
TU(UUMPOBAHBI Ha OCHOBAHMM MX YYBCTBHTEALHOCTH K AMAHUTHHY —
BLICOKOTOKCHYHOMY aHTHOMOTHKY, coiepxaliemycs B OienHoi no-
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ranke. ITosnnee 6bu10 yetanosiaeno, yro PHK-noaumepasa I (ne uys-
CTBUTEJIbHAS K AMAaHMTHHY) cuHTe3upyeT Gonbinme (28S u 18S) pu-
bocomanbhbie PHK, PHK-nonumepasa Il (Hanbonee yyscTBUTE IbHAS
K aMaHHUTHHY) TPAHCKPHOMPYET reHbl, KOAUPYIOIHe OCIKH, a Takxke
rensl Mmadibix siiepubix PHK, a PHK-noaumepasa 111 orseuaer 3a cuu-
Te3 58 pPHK u TPHK.

PHK-nosnmepasst I, I1 u I apoxikeit MMEIOT TpH MIEHTHUYHBIE
MO MOJIEKYJISIpHO# Macce cyObenuHuubt (27, 23 u 14,5 klla). [lpoxxe-
Bole PHK-nonumepassi 1 1 11 comepxat Takxe aBe JApyrue oJuMHaKo-
Bble 110 Macce cyObeauHuubl (14 u 40 x/la). OctanbHble M3BECTHLIC
cyobenunmnusbl y Beex Tpex PHK-noanMepas apoxxkeil cyiecrseHHO
pasMyaloTes 1Mo MojeKyasipHoi macce: 135 u 190 k/la — yv PHK-
nosumepasst I; 146, 150, 220 u 445 xla — y PHK-nonumepassi 11;
82, 128 n 160 xla — vy PHK-noanmepassr I11.

Hu onna w3 PHK-nonumepas sykapuor He criocobHa camMocTosi-
TEJIbHO CBSI3BIBATLCS C ITPOMOTOPAMH TPAHCKPUOUPYEMBIX HMH I€HOB.
Jlis npucoeMHeHHs K TPAHCKPHNITOHAM 3YKAPHOT CHAYVXKAT Creld-
(uunbie aas kaxaoi PHK-nonmMepassl 6eaxossie gpaxmopst mpanc-
kpunuuu ( TF-ghakmopnt): PHK-nonmmepaset 1, 11 u 111 tpebyior yuactus
thaktopoB TpaHckpunumu, HasbiBaembeix TFI, TFII u TFIII coorser-
crBeHHO. boabiuas natuHekas OykBa, KoTopast OOBIYHO CJIEIVET 32 PUM-
CKoii umdpoit, obosHavaer, KakuM 1o cuety 6bi1 OGHApYXKEH JaHHbII
(bakrop. Tak, Hanpumep, nepsbiM ObUl BbiaeaeH (aKTOp TPaHCKPHIT-
unu rena 5S pPHK, tpanckpudnpyemoro PHK-nonumepasoii 111 —
TFIIIA.

Pasznnunple (bakropsl TpaHCKpunumu npucoeanusiores K JIHK B
Pa3IMYHBIX MECTAX OTHOCUTEJIBHO TOYKM Havala TpaHckpuniuu. Tak,
(hakroper TFID n TFIID ces3biBatorest ¢ JIHK 1 obpasyior komruiek-
col ¢ PHK-nosmnmepasaMu nepejt calToM Havaja TPAHCKPHUITIMM, A
(bakrop TFIIC — cpasy nocie coorsercrByioiero caitra. @axrop TFIID,
cyuiecTBeHHbl Uit MHornx npomotropoB PHK-noanmepassr 11, Haswi-
Batot enie TATA-daxkTopom, nockonbky oH cessbiBaercd ¢ TATA-Gok-
COM, PaCrnoJIOKEHHBIM 3a 25 H. 1. JI0 caifTa HauYala TPAHCKPHITITHHM.

Hecmorpst Ha 10 4TO M3yuyeHue GeIKOBBIX (haKTOPOB TPAHCKPHIT-
LUK 3YKAPHOT ellle TOJBLKO HAUMHACTCS, BBISIBIEHB HEKOTOPBIE 0CO-
OEHHOCTH CTPYKTYPbI 3THX OEIKOB, CocobHbie 0GecneunBaTh Crenm-
(huueckoe B3aMMOAECHCTBHE MX AMMHOKHMCIOTHBIX NMOC/IEI0BATENbHO-
creit ¢ asotucTeiMu ocHoBaHusMu JIHK. B atux Genkax o6buHo nMe-
FOTCH JIBA 1IOMEHA, OIMH M3 KOTOPbLIX OTBevYaeT 3a casbiBanue JJHK, a
JApyroit — 3a peryasunio TpaHckpunuuu., Hanpumep, v 6enka GAL 4,
PETYIMPYIOLIETO TPAHCKPHUITIMIO B JIDOXKXKEBBIX KieTKax, (hyHKIIHIO
cesspiBanns JJHK 1 akTHBaLMIO TPAHCKPHTILIAN BBITIONHSIOT pa3Hbie
JIOMEHBI. DTOT OEJIOK-aKTUBATOP BKIIOYAET TPAHCKPHITLIMIO JIOOLIX re-
HOB, yyacTBylommux B metabonusme ranakrossi. benok GAL 4 coe-
IWUHSAETCS ¢ onpejiefieHHoi nocneaoBatenbHocThio B JIHK mimnoit B
17 H.1. OIHUM JIOMEHOM CBOEI MOJIEKYJIBI, B KOTOPOM COCPEIOTOUYEHBI
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73 aMHHOKMCJIOTHBIX OCTATKA, TOIIA KaK Jpyras yacTb MOJCKYJIbl (ee
ob1ast jutMHa cocrapasier 900 aMMHOKMCIOTHBIX OCTaTKOB) HE yua-
cryer B npucoennrennn K JIHK. B nromenax cssasbisanus JHK Haii-
JICHBI XapaKTEPHbIE CTPYKTYPHbIE DJCMEHTBI: CIIMPab— MET/Isd—Clu-
pasib, BICPBbIC JACTANILHO Oxapakrepusobanibie y Cro-6enka u A-pe-
npeccopa 6akrepuodara i (cM. BbillIe).

V pasauyHbIX BHIOB 3YKapHOT BbisiBACHA crieumduyeckas rnocie-
nopatenasHocts B JIHK mnunoit 180 H.m. B Tex reHax, KOTopnie yya-
CTBYIOT B peryisaunn andhepeHIMPOBKY U pasBUTHsL. DTa nocaeaosa-
TEJLHOCTD IOJYYMIAA Ha3BaHME 2omeo0oKkc, TAK Kak Brepsbie Oblia
BBISIBJICHA B 20Meomuueckux 2enax dpozoguast. oMEOTHYECKHE TCHbI
OTIpeaesiioT TUiaH MOP(OJOrHIecKOro CTPOeHHs Tejla HaCceKOMOro,
T.€. YUacTsyioT B Mdhepenumposke 3apoanima. Ipu HEeKOTOpBIX My-
TAUMAX ITUX FCHOB HA TOJIOBE YV MYLIEK BMECTO aHTEHH HauHHAOT
passuBathess Horu. COOTBETCTBYIOLIMH TeH JAPo30(HiIbl MOJIYyYHIT Ha-
3paHue awmennanedua (antennapedia). l'omeo6GokccoaepKaue reHpl
BLISIBJICHBI TAKXKE Y HEMATO/I, MOPCKHX €XCil, JIATYIlIEK, KYP, MbIILCHi
U yesioBeka. B cocTase KOAMPYEMBIX ITUMH reHaMu OeKOB UMEIOTCH
comeodomennl, coctosime u3 60 aMMHOKMCIOTHBIX OCTATKOB, CMocob-
Hble casasbiBaThes ¢ JIHK Graromaps HUIMUMIO CTPYKTYPHOTO 3JIeMEH-
Ta CIUpaib-NeT/Isi-CIIMpalib, a TaKxkKe OJiarofaps BHICOKOMY cojepxa-
HH10 (710 30 %) NoJoXUTENLHO 3apsKeHHBIX AMMHOKHCIOTHBIX OCTaT-
koB (Arg u Lys).

Jna ceaspianus ¢ JAIHK Genkosbie (pakTopsl TPAHCKPHITLUK He-
PCAKO MCITOJNB3YIOT «IIMHKOBBIE Tablibl» (puc. 129). DTH 3J1eMEHThI
CTPYKTYpHI BhisibieHbl y chakropa TFIIIA, B Genke GAL 4 npoxxkeii,
daxkrope SP1 muekonuralonmMx ¥ B pelenTopax CTepPoOMIHbIX TOPMO-
HOB (cM. HuKe). U3BecTHO HECKOJIBKO THITOB LIMHKOBBIX MAJILIIEB, OT-
TUYAIOLIMXCH YHCIOM W IOKAUIM3ALUMCH OCTATKOB LIMCTEMHA M FMCTH-
JAMHA, KOOPAMHAIIMOHHO CBA3AHHBIX C ATOMOM LIMHKA, @ B 1IEJIOM 3TOT

Puc. 129, « LInHKOBBIC NATbLbLIY —
AICMEHTBI CBEPXBTOPHYHON CTPYK-
Tvpel B J1HK-cesa3siBatommx 6en-
Kax, YYacTBYIOIIMX B Peryisiuu
TPAHCKPUITLIMU:

A — ynpouennas cxema CTpoeHHd
JAHK-cpasmBaouero gomena, co-
nepxautero octaten Cys u His, obpa-
JYIOIHX CBA3KH € ATOMaMM LHHKA,
b — cxema B3anMOACHCTBHA YEThI-
pex «LUMHKOBBIX MAALUER» ¢ 6O~
Mu kenobamu moaekyast JTHK. Kax-
JAbLL «naneu» v3naeT onpeacineHnyo
NOoCAeA0BATELHOCTL M3 TIATH HYKIe-
OTHAHBIX 11ap




3JIEMEHT SIBJISIETCH OTJIMMUTENbHBIM ITPU3HAKOM OeJIKOB, CIIOCOBHBIX
ceasbiBaThed ¢ JJHK.

Muorue (akTopbl TPAHCKPHILIAKM COAEPXAT 0COOBI, COCTOSINIA
U3 JIBYX YACTEH CTPYKTYPHBII /IEMEHT — <«1eUlUHOEYI0 MOAHUIO» . DTOT
DIEMEHT BKJIIOMAET MPOTSDKEHHBIE a-CTUpain, oboralieHHbIE OCTaT-
KaMu JiefilMHA, pacroI0XeHHLIMH 110 OAHY CTOPOHY CIIMP{IH, A TaK-
Ke J1oMeH, 6orathlil MOJMOXKUTENbHO 3aPSKEHHBIMU AMUHOKHUCIOTHbI~
MU ocTaTKamH. Benkosbie ()akTOpbl TPAHCKPHITIIMM, COIEpPXKAlINe
«IeHLIHHOBbBIE MOJIHMK», B3aumoneicTyior ¢ JIHK B Buie numeposn
(puc. 130). Henocpencreennbiit Koutakt ¢ JIHK B aTux mumepax ocy-
IECTBSIOT JIOMEHbBI, DoraTbie MOJ0XHMTEILHO 3apsSKEHHBIMH AMHHO-
KMCIOTHBIMM OCTaTKaMH, a Gorartbie JICHLIMHOM YUYACTKM CAyXaT JUIs
CTabMJIN3aLIMK CTPYKTYPHI IMMEPA 3a CHET B3aMMOJICHCTBHS C IMIApPO-
(hoGHBIMK OCTaTKAMM COOTBETCTBYIOILMX o-CITHPAIE.

Pasznoobpa3sue 6e1K0BbIX (PaKTOPOB TPAHCKPUITIIMHN Y 9YKAPHOT CRSI-
3aHO € pa3HOOOpa3MeM PeryJsiTOpHbIX MOCAEI0BATEIBHOCTEN, CBOM-
CTBEHHBIX TeHaM BbICIIMX opraHu3moB. K ux uyuciay nomumo TATA-
OOKCOB OTHOCIITCS dnxancepst (YCWINTENN), catinercopsl (TAVIINTEIN),
a TaAKXKe adanmoprvie 24eMennibl. DTH DJIEMEHTbl MOTYT OBbITh YAATCHbBI
Ha 3HAYMTENIbLHBIC PACCTOSHUSA OT TOUKHM Hayala TPAHCKPHUITLIMM, H MX
BO3/EHCTBHE HAa TPAHCKPHITLIMIO OCYLIECTBIISICTCH Yepe3 COOTBETCTBY -
JOLIME PETVASITOPHBIC DEJIKH.

BepositHo, Bausiiine DTHX 2JIEMEHTORB Ha TPAHCKPHITIIMIO CBSI3AII0 ¢
u3MeHeHueM tonosorum ueneit IHK, B yvactHoct ¢ obpasoBanuem

NH,

Jlejinuu-6oraTeiil yHacTox

il COOH
CBA3LIBAHMSA
B MOJIEKY/e

JHK COOH

OcHOBHBIH JOMEH

NH;

Puc. 130. Cxema B3anmMoneiicTBHs AMMEPHOH MONCKYIBI (haKTOpa TPAHCKPHII-
UMM, coaepsKalleil «ieiiuuHoBbele MOTHHH», ¢ Moiekyioii JHK (M. Cun-
rep, I1. Bepr, 1998).

Inmepnan cTpykTypa (aktopa TpancKpUniMu craGuansnpyercs 3a cuet ruapohobHiix
BIaMMOneHCTBII GOraThIX ACHIIMHOM YYACTKOR ABYX MOJMMENTHANBIX Lereil. OcHOBHbIe
aoMensl GenkoBoro mumepa axkTopa TPAHCKPHITIHH CBA3BIBAIOTCA C COOTBETCTBYIOLLINM
OTPHLATEILHO 3apsikeHHBIM caiitoM B Monexkyne JAHK
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NeTesIb, YTo NPUOIMKACT PEryasiTop- DHxaHcep
HBIE MOCNCA0BATEILHOCTH K TPOMO-
TOpaM, ¢ KOTOPBIMM OHM B3aUMO-
JICHCTBYIOT MOCPEACTBOM Oe/IKOBbLIX
(pakropos (puc. 131).

JleiicTBHE SHXAHCEPOB, BEPOSITHO,
umeeT Hecrieunpuueckuii xapakrep,
MOCKOJIbKY OHM CIIOCODHB! YCHIINBATD
TPAHCKPUITILHIO C JIIOOBIX TOCTYITHBIX
NpoMoTOopoB. Bo3MoxHO TeM He Me-
Hee, 4TO 3HXaHcepsl 00/1aaaloT TKa-
HecrnenmpnuHocTsio. Tak, sHXaHCe-
pBI MaHKpeaTnyeckux epMeHTOB B
ICHHO-MHXCHCPHBIX KOHCTPYKUMAX o oiicrppio perymsiroproro aie-
YORARRIIOT MTAICKPRIMIER0 RPN Gy (anxancepa) na PHK-nonn-
POLHBIX TEHOB B KJIETKAX MOMKENY~ \onaay uepes Genkosbie hak-
JIOUHOI XKene3bl MbILH (Y TPaHCIeH- TOPBI TPAHCKPHITIH
HbIX XUBOTHBIX). Caitnencopsl o0Ha-
pyKeHbI Y ApoxcKeit S. cerevisae. OHM
KAKUM-TO 00pazoM OJOKMPYIOT TPAHCKPHITLMIO reHOB, obiagaloimx
BCEMH HCOOXOAMMBIMM JUISL TPAHCKPHUITLIMK PErYJISTOPHBIMU DJIEMEH-
tamu. JleiicTeue caitiencopos onocpenyercs 6enkamu rpymi SIR (silent
information regulator), KoTopble, MO-BUIAMMOMY, CNOCOOHBI OKKYTIN-
posarb 6onbime obmactn JHK u tem cambim 3akpbiBath jgoctyn Gen-
KaM, CrIOCOOHBIM MHHIIMUPOBATE TpaHckpunuuio. [1pu sTom penpec-
CHPYIOTCSl BCE TEHBI, PACIONOXEHHBIE HA PACCTOAHUM HECKOTbKUX
TBICSIY HYKJICOTHIHbBIX Map OT caitjiencopa.

AIANTOPHBIE IEMEHThI FeHOMA 3YKAPUOT NPOSBISIIOT H30HpaTelih-
HYIO YYBCTBUTENBHOCTb MO OTHOWICHHIO K CTEPOMIHBIM TOPMOHAaM,
cAMP, rmokokoptukonaaM. OHM crietmduueckn peryiMpyioT Kie-
TOUHBIH OTBET Ha TeIUIOBOH 10K, AeiicTeue Metaos (Cd**, Zn*) u
HEKOTOPBIX XHMHUYCCKMX COCJIMHEHMI (HAnpuMep, JIMOKCUHOB).

AIanToOpHbIE 2JMEeMEHThl 00Ja1a10T crietn(pnIecKHMHA HYKJICOTHIL-
HBIMH TIOCJICIOBATEILHOCTSIMH, Y3HABaeMbiMK Oenkamu. Tak, Hanpu-
mep, daxkTop TpaHcKpunimu GeKOB TeroBoro moka ysuaer 8 JIHK
nociaenosareibHocTh CNNGAANNTTCNNG (rae N-mio6oit Hykie-
OTHII), @ INTIOKOKOPTHKOMIHBIH Genok-penentop cesasbiBaeres ¢ JHK
B obnactu nocaeposarensHocty TGTTCT.

B o6nacTH npoMOTOPOB MHOTHX 3YKAPUOTHYECKHX TPAHCKPHIITO-
HOB BhisiBieH CAAT-60kc — 21eMeHT, PeryJIupyloimuii HacToTy HHH-
LMALUKA TPAHCKPHITLIMH.

PesynbTaThl M3yyeHHs] SHXAHCEPORB, YIAIEHHBIX MOPOH Ha 3HAUM-
TenbHbie pacctosnms (1o 20 000 H.1M.) OT NPOMOTOPOB, A TAKXKE Pery-
JIATOPHBIX YY44CTKOB BOJIM3M TTPOMOTOPOB, MO3BOJH/IM CIAENATh HEKO-
TOpbIe cyllecTBeHHble 00001eHns. Bo-nepBeix, peryjisiTopHbie Io-
caepoparenbHocTH B JIHK uMeloT MoaynbHOE CTPOEHUE U COCTOSAT U3
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Benkosbie (haxTopsl
TPaHCKPHIIIHH

PHK-nomimepasa

Puc. 131. U3smeHeHHe TONOJOTHH
uened JHK, cnocobersyioutee




DJIeMEHT, PeryYIUpYIONH JacToTy

HMHHUIMAIIHN TPAHCKPHITLMH
_|Ananropnisie| | Ouxamcepnt | |CAAT-| , | TATA-| _ |Crpykrypmbiii|
3eMEHTH | | caitencopri| | Bokc | Boke reH

P R - e

Puc. 132. MoayisHoe cTPOCHHE peryasTopHbix nociaeaosareabiocreii 8 JHK
3VKApPHOT.

CT[)C."[KH VEAQ3bpIBaloT HA BO3MOAKHOCTD pﬂfi."li!'lliﬂn OpHCHTAUMH PEryiasaTOpPHBIX nocie-
noBatebHOCTE (nosicHeHus B TCKCTE}

CepuH OMpeieieHHBIX HYKJICOTHAHbBIX NocienoBarensHocTei (puc. 132).
Kaziag takas 1ociaejoBaTe/bHOCTL COAEPKUT 8 — 15 HYKICOTHAO0B M
COEJIMHACTCS B IpOLIECcCe PeryasliMy TPAaHCKPUIILIMK C cepueil oe-
KoB-peryisaTopos. Hekoropbie 3 3TUX OeJIKOB MPUCYTCTBYIOT B OT-
JEJIbHBIX THIAX KJICTOK, a APYrHe — BO BCeX KIleTKax. DHXaHcepbl Aeii-
CTBYIOT B JIBYX OPHEHTAIIMAX: HOPMAJIbHON M MHBEPTUPOBAHHOIA.

Bo-BTOpBIX, CYIIECTBYIOT O€JIKH-PEryJIsTOPLI, KOTOPbIE AKTUBHPY-
0T TPAHCKPHUIILIMIO, a JIpYrue ee nogasustior. Tak, Harnpumep, y 1o3Bo-
HOYHBIX JKMBOTHBIX CHJIBHOH aKTHMBHpYIOILeH cnocoOHoCThIO obnana-
o1 Genkn AP1, AP2 u Ery F1, a takxxe CACCC-akrop u 6enok SP1.
Heratusro saumsier Ha tpaHckpunumio axrop NF1. Bosneiicteue pery-
JIATOPHOTO 2JIEMEHTA 3ABUCHT OT KOMOMHALIMK PEryIsiTOPHLIX OelkoB
M MOXKET MEHATLCS 110 Mepe pa3BuTHsi KieTok. Takum obpasom, 9H-
XaHCep MOXKET HE TOJILKO aKTHBUPOBATh, HO M MOJAABJIATL TPAHCKPHII-
LHIO, T.€. HA3BAHME HTUX 2JIEMEHTOB HE TOUHO OTPAXKAET UX (PYHKIMIO.
B 3aBUCHMOCTH OT TOTO, Kakne OeIKy CBS3bIBAIOTCH C PEryaIsaTOPHbIMH
2AEMEHTAMM, KaX/Ibli U3 HUX OKa3biBaeT CHILHOE WK ciaboe moJjo-
AKHTENbHOE MIIH OTPULATEILHOE JeHCTBUE Ha TPAHCKPHIILIHIO.

B-TpeTbHx, 9HXAHCEPbl M 3JIEMEHTBI, PACITOJIOXKEHHBIE Mepes fnpo-
MOTOPAMM, CBI3BIBAIOT MHOI'O OJIMHAKOBbLIX OesKoB. [Tpumepom B aTOM
OTHOLUEHNH MOXET CIYXKMThb IeH B-r1o0MHa Kypulibl. DHXaHCep 3TOro
TeHa, pPacmoaoXeHHLI 10ce Koaupyiouei 6eJoK ob1acTh, CBA3bI-
BAeT rpynity OeJIKOB, KOTOPbIE MOTYT MPUCOCAMHATLCS U K PerysiTop-
HOMY DJIEMEHTY, PACTIONOKEHHOMY HENOCPEJCTBEHHO TIepei NpoMo-
TopoMm (puc. 133).

besikM-perynsgaropsl TPAHCKPUIILIMK B CBOKO O4E€PE/lb MOTYT aKTH-
BUPOBATLCS WM MHAKTUBHMPOBATLCS IOCPEACTBOM Pa3jIMYHBIX Mexa-
1H3MoB. X akTHBaLMsa MOXET NMPOHCXOAMTH 1YTCM [PHCOCAMHCHMSA
HU3KOMOJIEKYJSPHBIX JIMTAHILOB, JAOMNOJHHUTEIbHOH CyObEAMHMILBI,
thochoprirpoBatms onpeaeieHHbIX AMMHOKHMCIOTHBIX OCTATKOB M JIP.
[TpuMepoM aKTHBALIMA PEryJIaTOPHBEIX OEJIKOB MOIYT CIYXKHTb COObI-
THSE, TPOMCXOISLINE IPH YIACTHH 0e1K06-Peuenmopos CmepouoHbix 2op-
monog (puc. 134). Dru 6enkn obecneunBaloT peakiumio KJIeToK Ha BO3-
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Konrtponupyiomnuii
3MEMEHT, PacilooXKeHHEIH Caiir

nepes NPOMOTOPOM MOTHATCHIWIHPOBAHHSA
lTpchKpnmum Hurpons l DHxaHcep
¥
v U/ v JIHK
X A
DK30HH
Hunumanus
Tpchrqm
-g{m ! 5; +1 +1814 +19*39
NFI \
BGPI SP1  @axrop SPI 4, \ 5"1 NFl  ap| CJAT Ery Fl

Makrop
(cnabmit) CACCC CAAT

Puc. 133. lNpncoenunenne 6eaKOB, yCHAMBAIOUIMX (+) M ocnabnsiommx (=)
TPAHCKPHITLIMIO, K PEryIATOPHLIM 2JIeMEHTaM reHa P-rino6HHa Kypuusl (nmo-
screnus B Tekere) (mo b.AnGeprcy u ap., 1994)

YuacTok cBA3LIBAHMA pelienTopa

Benok- / : Cailrencop
peLenTop & (ocnaburens)
Mackupyrommit l X
6esox JAHK

<2

@ RaTpRe PHK-nommmepasa

T'opmoH

Tpaxckpunnus
JIHK

/

l'opmon-
pPeLenTOpHEI
KOMIUIEKC

Puc. 134. Bosaeiicteue cTepOMINBIX FTOPMOHOB HA TPAHCKPHITLIMIO
(no B.A.TBosneny, 1996):

F — Genxorble (pakTOpbl TPAHCKPUILMH (MOSICHEHUA B TEKCTE)
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ACHCTBME PA3TNYHBIX FOPMOHOB, AKTHBUPYH WM TOAABISAS DKC-
TIpeccuio onpeneieHHbIX reHoB. B coctane aTux Geskos umeercs JJTHK-
cBsA3bIBalONIMil jomeH. OH pacrionoxeH Ha N-KOHLIE MOJIEKYIIbI, CO-
Aepxauted 100 aMMHOKHMCIOTHBIX OCTATKOB, 00pPasylomMX CEpPHIO
«IIMHKOBBIX NasblieB». Jpyroit (ropMOH-CBSI3RIBAIONINIA) JIOMEH 3THX
Genkop pacrnonoxeH Ha C-KOHLE MX MOJAMNENTHAHBIX Leneit. [Tocue
NPOHUKHOBEHMS B KJIETKY CTCPOMIHBII FOPMOH CBs3bIBAETCS ¢ Oen-
KOM-peLenTopoM (KOTopkIi rpenctasisieT coboit (pakTop TpaHCKPHII-
IIMH), H3MEHSCT ero KOH(OPMAaLKIO H CrocoOCTBYET OCBOOMKICHUIO
PeLenTopa OT MackKMpyloumnx ero 6enkos. [lajsee ropMOoH-penenTop-
HBIH KOMIUIEKC MPOHUKACT B SIAPO M CBSI3LIBAETCS C OMNpeAeIeHHbI-
MM PeryasTopHbiMu nocsenosareibHoctaMu B JIHK. CesisbiBanue rop-
MOH-PELIENTOPHOrO KOMIUIEKCA MOXKET CIOCOOCTBOBATH VIATEHHIO Oe1-
Ka — cajiileHcopa M TakuMm 0Opa3oM CHUMATh 3alpeT Ha TPaHCKPUII-
IIMIO T'€HOB.

Honroe BpeMst CUMTANN, YTO ¥ IYKAPHOT, KaK M y MPOKAPHOT, Gei-
KH-aKTHBATOPBI M PENPECCOPBI TPAHCKPHUIILIMHU ACIHCTBYIOT HANIPSAMYIO,
KoHTakTHpys ¢ JIHK. Oanako 3atem ObU10 0GHAPYXEHO CYIIIECTBOBA-
HMe meduamopos (NOCPEIHUKOB) MEXIAY THMU OelKaMu M TpaHc-
KPHIITOHAMM Y JAPOXKEH M BBICUIMX SYKApHOT. OIHH 13 STHX peryis-
TOPOB JICHCTBYIOT Ha XPOMAaTHMH, Jpyrue Bzaumoneiictsyior ¢ PHK-
MOJIMMEPA30i M cBA3AHHBIMMK ¢ Heit Gesikamu. Ilepsas rpyrna peryssi-
TOPOB BKJIOYAET GE/IKOBbIE KOMIUIEKCHI, MOAM(DULIMPYIOIIIUE CTPYKTY-
PY XpOMATHHA: THCTOHALIETHATPAHC(hepa3Hbie KOMIUIEKCH M THCTOH-
JleaneTuiiasHble KoMIuIeKesbl (eM. Huxke). Bropag rpynna npejcrasieHa
ME/IIMATOPHBIM KOMIUIEKCOM JIPOXIKEH M HECKOJbKMMHM I10J100HBIMHU
KOMILIEKCAMHM B KJIeTKax muiekonutaoiux. BepostHo, i ase rpyn-
bl MEAHATOPOB (DYHKUMOHUPYIOT HA PasHbIX CTAAWAX: H3MEHEHUS B
XpoMaruhe npemuectsyor ctumyasuun PHK-nonumepastoit akrnp-
HocTH. Ha ypoBHe MeanaTopa onpenensiercsi B KoHeuHOM ntore, 6yjier
JIH MHHULLIHMPOBATLCA TPAHCKPHUILMS, M €CJIM [1a, TO C KAKOil 4acToTOill.
B cocras menmaropa xomsar 6e1ku, crnocobHbe HHUIIMUPOBATL WK
HoAaB/ATL TpaHcKpuimio. Meaunarop u PHK-nosmmepasa 11 sykapu-
OT NPOSABJISAIOT CBOI0 aKTHBHOCTb B BHJIE NOJMMEPAa3HOro Xonodep-
MeHTa. Meanatop, o4eBHIHO, HHTEIPUPYET M MEPeilaeT Moa0KHTE b~
HbIe M OTPULATEIbHbIE CTUMYJIbl OT SHXAHCEPOB K NIPOMOTOPAM, JIeii-
CTBYsl HCTIOCPEACTBEHHO Yepes PHK-noaumepasy B npomorop-3aBu-
CHMOI TPAHCKPHUIILIMH.

Brepseie Menmarop 6bu1 0OOHAPYXEH MPH U3YYEHHM TPAHCKPUIIIUH,
ocyuectnsiemoii PHK -noanmepasoii 11 y aposxckeii. B stux onbrrax 6uu10
VCTAHOBJIECHO, YTO B cucTeMe, conepxauieit PHK-nonumepasy, tpanc-
kpunuuonHelit dakrop TFIIB, TATA-ces3biBaionmii 6e1ok (TBP) u
JIPYTHE, paHee M3BECTHbIC OeJKM-PEeryasiTopbl, TPAHCKPHITIINS OCY-
HIECTBSANACH TOJILKO B IIPUCYTCTBUH MONEKYIbI adanmopa Mexiy bej-
KOM-aKTHBATOPOM M JIDYTMMH BBIIIETIEPEUHCICHHBIMH KOMITOHEHTA-
MH TPAHCKPHIILUMK. DTOT a1antop u ObUI Ha3BaH MEAMATOPOM. 3arem
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MELHATOP APOsoKelt ObLT MoJyyeH B roMoreHHOM coctosunn. OH npen-
crapisieT coboit KoMIuieke, cocTosdimii n3 20 cyObeiMHuIL, YeThipe U3
kotopbix (Srb2, Srb4, Srb5 u Srbb) siBasroTCA NMPOAYKTAMH YeThbIpeX
JIOMMHAHTHBIX TeHOoB-cynpeccopoB. Eiue aeBsiTh cyObeAMHULL MeIna-
TOopa TAKXKe MPeCTaBAAI0T CODOM NMPOAYKTHI KCIIPECCHH paHee WIeH-
TH(HIMPOBAHHBIX y APOXIKE TEHOB, a OCTANILHBIE CEMb CYObEIMHMLL
KOAMPYIOTCS PaHee HeM3BECTHBIMM TeHAMH, NOJIYYMBIINMH Ha3BaHHUE
Med. YeraHoBaeHo, uTo cyObeMHHUIIb TUIIA Srb B3aUMONICHCTBYIOT ©
C-kxonuessim nomeHom (CTD) PHK-nonumepaser 11, Tlpeanonara-
10T, ITO B KJIETKAX JIpoXiKeil MeauaTop cesasbipaercs ¢ PH K-rnonume-
pasoit 1. 3atem obpasosasumiicst X010(hepPMEHT BXOJUT B COCTAB KOM-
naekca npeunuyuayuy TPAHCKPHITINK, TOCKe Yero npoucxoant goc-
topunmposanue C-koniesoro jomena PHK-noanmepassi. Meaunarop
ppicBoOOXknaercs, a akrupHas PHK-nonumepasa cesispiBaercst ¢ HO-
BBLIM KOMIUIEKCOM DEJIKOB — 340H2amopoM, YIACTBYIOIIIMM B peryJisi-
1u amonranuu tpanckpununu. Kpome 20-cyobeiIMHHYHOTO MEIHA-
TOpa y ApoXKeil ObUIM HailleHb! JonogHuTeIbHbIEe OelKn-nocpe-
Huku (Stb8, Srb9, Srbl0 u Srbll), koTopeie yuacTBYIOT B OTpHIIA-
TEJILHOMN PETY/ISHIIMKM TPAHCKPHITLIMK. Y MIEKONMHUTAIOLUIMX MEPBLIM O4H-
HIEHHBIM JI0 TOMOTEHHOro coctosius meauaropom cran TRAP-ko-
AKMUBAMOPHBIL KOMRACKC A0ePHO20 peyenmopa mupoucoHsIX 20pMOHOS.
Y yenoBeKka M MbIlICH BBIIEIEHO CEMb MEAMATOPHBIX KOMIUICKCOB,
YTO MO3BOJSET CUUTATH MEIMATOPBI OCHOBHBIMHU MOCPEAHUKAMH TTPH
nepenaye HHGOPMAIIMH OT IHXAHCEPOB K NPOMOTOPAM BBICUINX JVKa-
puort (puc. 135).

CorlocTaBjieHHe CTPYKTYP MeIMATOPOB, BLUICJEHHBIX M3 Pa3HbIX
0OBEKTOB, MOKA3AJ10, UYTO OHH UMEIOT ModyabHoe cmpoeHiie, N OMH N3

@ )
%2

Tpanckpunuus

Puc. 135. Komruiekchl Ge/IKOB, VYACTBYIOIUMX B PEryJsiliii TPaHCKPHITLIMH
V 3yKapuoT (VIpoIlleHHO):
R — GenKu-peryasTophl, Mepejaoue curuan ot suxauncepa; A, B, D, E, F, H —
¢paxropnt Tpatckpunumn (TF); Srb, Gal 11, Med — Geaky cybmMeanaTopHOIrO KOMII-
nexca; SWI/SNF — komnueke GeskoB, MoanpHUIMPYIONIMIE CTPYKTYPY XpoMariuna;
TBP — TATA-cesasnsatounii 6eaok; CTD — C-kouuesoit nomen PHK-nomume-
passt Il ¢ npucoeanneHnpMn K Hemy docdoprsiMu octatkamn — (P)
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Moayseit oObIYHO npejctasiaeH Srb-1moaoOHBIMM GeJIKaMu, KOTOphIE,
BEPOSITHO, COBEPLIEHHO HEOOXOMMMBbI JUISi HHULHALIMKM TPAHCKPHII-
UMM Beex reHos, TpaHckpubupyemsix PHK-nonumepasoii 11

XPOMATHH U OBHIAA (TOTAJIBHAA) PEI'YJIAITHS
TPAHCKPUIILIIUN ¥V DYKAPUOT

Ha peryasiliMio TPAaHCKPUIILIMK Y 9YKAPHOT GOIbLIOE BAUSTHHE OKa-
spiBaet yvnakoska JAHK B cocraBe xpomamuna — 6e1KOBO-HYKIEHHO-
BOIO KOMIUIEKCA, B cOCTaBe KOTOporo rnocrosHHo npeboiBaer JHK
BhICIIMX opraHu3moB. M3amenenusi B ynakoske JIHK HenocpencrseH-
HO BJIMSIIOT HA 9KCNPECCHIO TeHOB. XPOMATHH TPEICTABIACT COOOMH KOM-
meke JHK ¢ Genkamu (ructoHaMM M HETrMCTOHOBBIMM Oejikamu),
KOTOpbIii oDecreunBaeT KoMIaKmHuyo YnaKkoeKy rTuraHTCKHX, JIOCTUTa-
IOLIMX JUTMHBI HecKonbko MeTpoB, monekyn JITHK asykapuot B sinpax
uxX KiaeTok. JInHeiHbiil yeTbipexOyKBeHHBIH reHeTHUCCKHIT KOJI, «Cl0-
BAMU» B KOTOPOM SIBJISIIOTCSI TPOMKH HYKJIEOTHI0B (KOMOHBI), MO3BO-
JIIeT XPaHUTh OFPOMHYIO HH(OpMalIMIo B MasioM obbeme. Best renetu-
yeckasi HHdOpMALIMSL, COAEPXKAlIAsCs B ralIOMIHOM T'€éHOME YeI0Be-
Ka, 3akommposatHas B 3 - 10° H. 1., TeopeTHYeCKM MOXeT ObITh YIAKO-
BaHa B KyOuk ¢ pebpom ~ 1,5 mkm. B coctaBe XxpoMaTHHA NPHCYTCTBYIOT
nsth beakoB-ructToHoB, Ha3siBaeMbix H1, H2A, H2B, H3 u H4. I'uc-
TOHBI MPEACTaBISIIOT coboit HebGoblIMe OeKH ¢ MONEKYJISIpHOI Mac-
coit or 11,3 k/la (H4) no 23 x/[a (H1) ¢ BbicOKMM coaepxaHueM
OCHOBHBIX aMHHOKMCHOT (Lys u Arg), 6aaromaps yeMy OHM 37€KTpO-
CTATUYECKH B3aMMOJIEHCTBYIOT C OTPMLATENbLHO 3apsbKeHHBIMU (hoc-
darupivu rpynnamu JHK. Tak, B rucrone H1 kponuka, cocrosiiem
M3 213 aMHMHOKHMCIIOTHBIX OCTATKOB, 65 cocraBiasioT octatkn Lys m
Arg, a B rucrore H3 6bika u3 135 aMMHOKHCIOTHBIX OCTATKOB HA JI0I0
OCHOBHBIX aMMHOKHCAOT npuxoauTcs 32 ocratka. [To nepBuuHoii crpyk-
Type TMCTOHBI BechbMa KoHcepBaTuBHBL. CooTHOMeHNe rucToHoB H2A,
H2B, H3 u H4 B XxpoMaTiHe HU3WMX 3YKAPHOT (JIPOXIKH, TIECHEBbIE
rpubbl) Takoe XK€, Kak B XpoMaTHHe muekonurtawoiux. Ucknoyenune
coctasasier rueton HI, kortopwiil nocratouHo BapuabeneH no mep-
BUYHOH CTPYKTYPE M B 3PUTPOLMTAX KYPHULIBI 3aMEILICH HA IPVIOid TH-
cron (H5). B xpomatuHe npoxxkeit rucrod H1 BooGuie oTcyTCTBYET.

B u3obpaxeHHsX, MOJIYYEHHBIX METOLOM 3JEKTPOHHOM MHUKPOCKO-
MHH, XPOMATHH HAINIOMHHAET HUTKY OyC, B KOTOpoil Kaxnas OycuHKa
npeacTapiseT coboit OKTaMep r’MCTOHOB (BKJIIOYAET 110 JIBE MOJEKYJIbI
ructonos H2A, H2B, H3 u H4), HassiBaeMblit HyKaeocomMubim KOPOM.
Taxum obpasom, rucronst nomoraior JTHK oprann3oBarscsa B CTpyK-
TYPHBIE SIMHHIIBL, KOTOPbLIC HA3BLIBAIOTCS HyKreocomamu. Bokpyr okra-
Mepa KOpPOBBIX T’MCTOHOB 06BHBaeTcs yyactok cnupantu THK mwinHoi
145 1. 1., cosepas 13/4 o6opora u 06pasys ceepxcnupais (puc. 136).
Monekynbl ructoHa Hl He BXOAAT B COCTaB HYKJIEOCOMHOrO KOpa:
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JTnnkepnas JHK Tucron HI

11 M

@
|

1,8 nesnix OxraMmep
CYIIEPBHTKA KOpOBBIX
HHK I'HCTOHOR

Puc. 136. Bzanmoneiicteie JJTHK u rHcTOHOB B cOCTaBe XpoMaTHHa
(Kornberg R., Klug A. // Sci. Amer. — 1981. — V. 244, — N 2. — P. 52):

A — Mojaeib HykieocoMtoro kopa: yaactok JIHK miunoit 145 n.n. obsusaeTt oktamep
KOPOBBIX THCTOHOB, coBepiiad 14 oBopora; 5 — cxema ctpoenns | 1HM-du6puis
(«rnTKa Dyce)

OHM COSAMHSIOT MEXKIY CODOM OTAE/IbHBIC OKTAMEPbl, KOHTAKTHUPYs C
aunkeprot JHK, pacrioOXKeHHON MEXIY HYKJICOCOMHbIMH KOPaMmM.
LlenTpanbHag rinobyaspras yacts rucrona HIl npucoenmnusercs K no-
BEPXHOCTU HYKJICOCOMHOTO Kopa, a N- u C- KoHUEeBbIEe Y4acTKH 006-
PasyIoT BLITSHYTbIE 001acTH («Tuiey»), KOTOpble B3aUMOJICHCTBYIOT C
anHkepHoit JIHK M ¢ cocenneit Hykneocomoii. CyOHYKICOCOMHbBIE Ya-
CTHILIbI, COIEPXAIIME HYKICOCOMHBIN Kop, ructon H1 u 168 n.n. JHK,
TTOJIVUMIIM HA3BAHWE XPOMAMOCOMDI.

[lenouka HykieocoM («HuTKa Gycr), umetomas aunametp ~11 Hm,
MOXKET KOHAEHCHpPOBaThCS ¢ oOpasosaHueM (uOPHLUILI TONIMHOH
30 uM (puc. 137), B KOTOpOIt HAOMIOAAIOTCA MPOMEXKYTKH, COlepXalmne
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JIBoiinan cnvpans )W 2 oM
JHK 1 ]
HyxneocomHasi HUTE 11 aM

(«Oychl Ha HUTKe»)
'y
XpomaTHHOBas
ubpwina 30 1M
Cepus
neTeTbHbIX
JOMEHOB 1300 HM

KonnencnposanHbli
YIACTOK
XPOMOCOMBI 700 v
[ A E )
Meradasnas "
XpoMocoma 1400 uM

Puc. 137. Komnakruszauus monekynsl JJHK B cocraBe xpomatuna (no b. An-
Geprey u ap., 1984)

nerviotHo yrakoparnuyo JAHK. B atux Mecrax, sepostho, k JIHK npu-
COCNMHSIOTCH He2lucmOoHosble feaKku XpoMamuHa, KOTOPLIC B TIOCIeAHEe
BpeMsi OTHOCSHT K rpynne cait-cneunduveckux JAHK-csa3biBaonmx
Oenkos, y3Hawommx ocobsie nocneaoparenbHocTH B JIHK. Cpeau ne-
THCTOHOBBIX Oe/IKOB BLIACAAIOT TAK HAa3biBaeMbIe 0eaKU 8bICOKON00BUMNC-
noti (npu anexrpodopese) epynnot (HMG-6enku). U3sectHo, 4TO He-
kotopeie U3 HUX (HMG-14 u» HMG-17) npucoenunsiiores k JHK B
TeX yJaCTKAax, IJe MAeT AKTHBHAsl TpaHCKpuIus reHoB. [To-Bummumo-
MYy, NpHCOeIMHEHHE ITHX OEJIKOB NMpealecTByeT H COCOOCTBYET CBsI-
3bIBAHMIO TOpPMOH-peuenTopHbix Kommuiekcos ¢ AHK, uto npusoant
K aKTHBalLWM TpaHcKpunumu (puc. 138).
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A DyxpoMaTHH
I'eTepoxpoMaTHH r ~40 HyKneocoM * TeTepoxpoMaTHH

YIaKOBKa

Puc. 138. [lekonaeHcanns XpoMaTiHa B 30HC AKTHBHOH TPAHCKPHITLIHHI

A — Genku, ceszannpie ¢ JIHK B obGnacti syxpoMmaTuia; B — u3MeHeHMe CTeneHd

(MpouHOCTH) CBA3LIBAHNS [HCTOHOB C JIHK no ATP-3aBHCHMOMY MEXaHH3MY; R —

peLenTop creponaoro ropmona; H — creponmislii ropmon; Pol — PHK-nommmepas-
Hbtit kommuieke; SWI/SNF — GenkoBblil KOMILICKC, (hochOPUTHPYIOLIHIT THCTOHb

Benen 3a 30 HM-DUOpHIAMA B XpoMaTHHE HAOMIOAAIOTCS fosnee
BBICOKME YPOBHH KOHIEHCALMN: nemenbHbie 0MeHbl, TATAHTCKHE TMeT-
am cynepenupanmsosannoil JTHK (KoHOeHcupogannslii Xpomamun)
HaKOHel Memaghaznvie Xpomocomvl (CM. puc. 137).

B nenom komnaxktuzaims JTHK y aykaprot npesicrasiisier co00i o1H
13 crocoGoB KOHTPOJISi aKTUBHOCTH FEHOB, TAK KAK XapaKTep yKJal-
kn JJHK BausieT Ha TPAHCKPUMUMOHHYIO aKTHBHOCTB I'EHOMA. Paszin-
YaloT TUIOTHO OPraHH30BaHHbINA (KOHICHCUPOBAHHBII) XPOMATHUH —
2emepoxpoMamuH, v MeHee KOMITAKTHBIH JyxpomamuH, BosbLIeii aK-
TMBHOCTHIO TpaHckpumnin. Takum 06pa3oM, Y 3yKapruoT HaCaCACTBEH-
Hast nepeaaya nHdopmaitnu 0 GYHKUMOHATLHOM CTATyCE TCHOB MOXET
OCYIIECTBIATLCA B BHJIE CTPYKTYPHOIl OpraHM3alin XpoOMaTHHA. Ora
0COBEHHOCTb UETKO BBIPAXEHA B HHAKTHBALIMH X-XPOMOCOM Y MJICKO-
UTAIOUMX: M3BECTHO, YTO XEHCKHIl TUIT Y HUX ONpe/Ie/sieTcs Haln-
yMeM JBYX X-XpOMOCOM, OIHA U3 KOTOPbIX HHAKTHBUPYETCA (t.e. co-
nepxamasicsi B Heil JTHK ne TpaHckpubupyercs). ¥V Mblluei HHAKTH-
BALIMS TIPOMCXOIMUT Ha 5— 6-if IieHb SMOPHOHATBLHOTO Pa3BUTHA, TIPH
3TOM X-XpOMOCOMA SIBJIAETCS MOJIHOCTBIO KoHaeHcHposaHHO. Heak-
TUBHASI CTPYKTYPA ONHOIT 13 X-XPOMOCOM YCTOHYMBO HAC/ICAYCTCA.

B cocTaBe XpOMATHHA FeHbl 9YKApHOT BKITIOYEHBI B METE/IBHBIC 110~
MEHBI PA3IHYHOTO pasmMepa (WIHHOI OT 20 xo 200 ThIC. H.11.). DTH NeT-
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M TNPCACTABAAIOT cODO0i (PYHKUMOHATLHO HE3aBUCHMBIC JOMEHBI,
CoJiepXKallne OAMH WM HECKOJAbKO reHoB. [Temin oraeneHs! apyr or
opyra ocoObIMH TMOCIEI0OBATEILHOCTAMU — uxHcyasmopamu (0T aHri.
insulate — M307MPOBATB), C KOTOPLIMH B3aNMOIECHCTBYIOT 0COBbIE y3Ha-
oune ux 6enku. MHCyasaTopsl npensTeTBYIOT BAMSHUIO PCry1ATOPHBIX
MOCJIE/IOBATE/ILHOCTEH OIHOM MET/AM Ha SKIPECCHIO TeHOB APYIoif MEeTIN
(momeHa) 1 cnoco6eTBYIOT LEJIEHANIPABJIEHHOMY BO3/ICHCTBUIO 3HXAH -
CEpPOB HA TPAHCKPUIILIMIO TEHOB OMNpe/Ie/IeHHOro 1omMeHa. HekoTophie
MO/IBUXKHBIC IEHETHYECKUC DJIEMEHTHI (JIEMEHT gypsy Apo30(HIIbl)
COAEPXAT B cebe HYKIEOTHAHBIC MOCIEI0BATEILHOCTH HHCYISTOPOB,
M MX BHEJIPEHUE B ONpPEACICHHbIE YUACTKH XPOMATHHA BINSET HA K-
cripeccuio reHos. [TepemerieHne TAKMX NMOABHKHBIX 27IEMEHTOB MOKET
H3MCHSITh TPAHULIBI IOMEHOB, 9KCNPECCHSI KOTOPBIX KOHTPOJIHPYETCS
OMNPE/ICJICHHBIM JHXaHCEPOM, a BHEAPEHHE MEXIY NMPOMOTOPOM M
OMNepaTopoM MOXKeT BOOO1Ie BJI0KMPOBATH TPAHCKPUITLIHIO.

Ha skcnpeccuio reHeTHUECKOro Matepuaia MOTYT OKa3biBaTh BO3-
ACHCTBHE M KPYITHOMACIITAGHBIE M3MEHCHHS B TEHOMAX, K KOTOPBIM
OTHOCHUTCS QUMUNYKUa XPOMATHHA. DTO sIBACHUE 0GHAPYKEHO YV MHO-
IHX BWJIOB HEMATOJ, I1apasuTHPYIOUIMX B KMIHEUHHUKE MJICKOIHUTAIO-
IMX H qegoBeKa. OHO COCTOMT B IMMMHALIMM 3HAMHTENLHON YacTu
XpOMaTHHA Ha PAHHWUX CTAIUAX 1CJICHHUS! OTUIOAOTBOPEHHOI SHIICKICTKH,
B pesyabTate 91010 npouecca pasHbie THIIbI KJICTOK npuobperaior pas-
HBIE IO CTPYKTYPE XPOMOCOMBI M COOTBETCTBEHHO PA3HBIC BO3MOXKHO-
CTH SKCIIPECCHU TEHETHYeCKoro marepuana. ¥ ackapuawl Parascaris
univalens numuHy1IMs NPUBOANT K yTpate a0 80 % xpomartuHa, npej-
CTapIeHHOro B ocHOBHOM catesutHoi JIHK. Onnako Hapsay ¢ atim
VIANAIOTCS U HEKOTOPhIC YHUKATLHBIC reHbl (B YACTHOCTH, T'eH OJIHO-
ro u3 pubOCOMHBIX OENKOB) M, TAKUM 0OPa3OM, AMMUHVIIHS Tpe/-
CTaBaseT cOOOI CBOCOOPA3HBIH MEXaHU3M BBIK/IIOYECHUS TCHOB MyTeM
VX YIAICHUS M3 TEHOMOB COMATHUECKMX KIeToK. ManMuHams yactu
XpomMaTHHa 0OHapyXeHa B OHTOTCHE3E PA3IHUYHbIX BHIAOB HACCKOMBIX.

[Tpu akTMBALMM SYKADHOTHYECKHX T€HOB MPOMCXOMNT H3GHPATEIh-
Has1 JICKOHIEHCALLMA XPOMATHHA. DTO NMPOAEMOHCTPHPOBAHO B 9KCIIEe-
pumentax ¢ JIHKa3soit I — depmerrtom, cnocobmpim atakosars JIHK
BHE CYNEPCIMPATU30BAHHBIX yuacTKoB. O6paborka JIHKazoii [ Bbi3bI-
BAeT Jierpanaunio 1oabko tex yyactkos JIHK, koropbie cocrasisiior
TPAHCKPHOMPYeMyI0 yacTh reHoma sykapuor (~10 %). B rene jausonn-
Ma KYpHLIbI BBIABICHO CeMb rurnepuyBcTBuTenbHbIX K JIHKase | yuac-
TKOB B 00JIaCTH aKTHBHOTO 9yXPOMaTHHA NPOTSKEHHOCTHIO 20 000 H. 11.
[TonHoCTBIO MexaHM3M aKTHBALMM XPOMATHHA elle HE BBIICHEH, OJi-
HAKO IMOCTeNeHHO HAKAIUTHBAIOTCS OTIPe/IC/IEHHbIE MpeacTaBIeHMs 06
3TOM Mpoluecce. YCTAaHOBIEHO, HAIPUMEP, YTO NPH JEKOMIAKTH3A-
LIMM XpoMaTHHa ociabesaer npexie scero ¢sasb rucrona H1 ¢ JJTHK.
CsoGonnpie or rucrona H1 o6ractu nousepraiores MHTEHCHBHOI
TPAHCKPHTILMH, TaK KaK BO3PACTAECT YMCIO JOCTYIHBIX Y4AaCTKOB JUISI
cesi3biBanus PHK-nonnmepassl.
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Ec/ti paHee noJaraiu, YTo KOPOBbIe TMCTOHBI TOJILKO CMOCOOCTBY-
joT peryasipHoit ynakoske JIHK B coctaBe HYKJI€OCOM, TO B HACTOA-
[llee BpPeMsi CUMTAIOT, YTO OHM YHACTBYIOT B PEryJsiLlMH WHULHALMK

TPAHCKPHUIILMK. YCTAHOBJIEHO, YTO M30MpaTeIbHOE BKIIOYCHHE TATA-

HOKCOB B HyKJIeOCcOMBI B0KupyeT paboTy PHK-nonumepasle, ofHa-
KO ecin 06pa3oBaHKUe HYKIEOCOM NPOMCXOINT B KOAMpYIOLLeit obrac-
TH TE€HOB, TO TPAHCKPUIMLMSI He OJIOKMpYETCsl, XOTsI MHTEHCUBHOCTD
ee pee xe cHuxkaerces. ITpennonaraior, 4TO 'MCTOHBI NPEAOTBPAlLA0T
CBSI3bIBAHNE OCHOBHBIX OEIKOBBIX (PAKTOPOB TPAHCKPUIIIMHK (TaK Ha-
3piBaeMbIx 6azaasnbix gaxmopos) ¢ JHK. Tak, HykieocoMbl 610KHpY-
jot npucoeannenne ¢akropa TFIID n TBP k IHK. B 10 Xe Bpems
M3BECTHO, YTO PELENTOPbl NIIOKOKOPTHKONIOB CIIOCOOHBI IPUCOEIH-
HSIThCS KaK K CBOGOJIHOM, TAK M opraHn3oBaHHoil B Hykieocombl JIHK.

BeKM-aKTHBATOPLI TPAHCKPHITIIMH KOHKYPUPYIOT ¢ THCTOHAMH 32
cpsasb ¢ JIHK. Ocnabnenne casasu rucroHos ¢ JTHK nponcxoaut cko-
pee BCero B pe3yJibTaTe B3aMMOJCHCTBHS MEX/1y O€JIKOM-aKTHBAaTOPOM
M OIHMM M3 oMeHOB riuctoHa H4. DTOT 10MEH, BUAMMO, HE YJacTBy-
er B cOOpKe HYKJIEOCOM, UMECT HHTEBUIHYIO (HecmUpPaTM30BaHHYIO)
(bopMy ¥ crocobeH K B3aUMOJICHCTBHIO C OKPYXalOUIMMHU MOJIEKYJIa-
mit. Auernanposanue 31oro (N-KOHLEBOTO) I0MeHa rMCTOHA H4 ge-
IeT K CHUKEHMIO ero MOJIOKHUTEIBHOTO 3apsjia, N3MEHEHHIO €ro KOH-
(dopMaumK M, Kak ClEeJCTBAE, — K BPEMEHHOMY OTCOCAMHEHMIO OT
rucronos H2A u H2B. lanee npoucxXouT pacKpy4MBaHue I:{HK BOK-
pyr ocrasummxcsi rucronos u JIHK cranoButcst IOCTYNHOH JUIs Ga:‘
3abHbIX (PAKTOPOB TPAHCKpUITIMK. HUTEBHIHbBIE XBOCThI THCTOHOB H
1 H3 MoryT y4acTBoBaTh M B PENpeccHy TPAHCKPHITIMH, YTO NoKasa-
HO, B YACTHOCTM, JUIS TEHOB, KOMPYIOIIMX THIIbI CITAPHBAHMS Y JIPOXK-
skeii. N-KOHIeBbIe y4acTKy («xBoctbi») ructoHoB H3 u H4 nanbonee
KOHCEPBATHBHBI B 9BOJIOMOHHOM TUIaHE M TMPCACTABIAIOT coboi
OOBEKTHI PSiJIa KOBAICHTHBIX MOAU(DHUKALIMN, KOTOPbIE MOTYT IPHBO-
JANTH K M3MEHEHUIO B3aMMOIECHCTBUS 3TUX IMCTOHOB € IPYTHMM KOM-
nonenTamu Hykieocom, a takxe ¢ camoit JIHK u JIHK-cBsi3sbiBaio-
iMMH 6enkoBbIMH (haKTOPaMH TPAHCKPHUITLIMH.

Cpenn KOBATICHTHBIX MOAM(pHKALMIL auemunupogarue rHCTOHOB, 10
BCeil BUIIMMOCTH, HanboJjiee BaXKHO JUIsSl TOTAJIbHOH PEry/iAlinu TPaHC-
KPHITIMHU FeHOB 3YKapHOoT. DTOT MPOLIECC KaTaIM3UPYETCs TMCTOHALE-
untpancdepasoit (HATS)-depmenTom, criocoOHbIM MEPEHOCHTD aLie-
THJILHBIE OCTATKM C MOJICKY/Ibl AUETHI-KOIH3UMA A Ha OCTATKM JIU3U-
Ha B MOJIEKYJIAX TUCTOHOB M TEM CaMBIM CHIKATh MX MOJOXKHTEbHbIHA

c, 139).
aapg:gg:oancu; TecHasi B3aMMOCBS3b MEXILY alleTUIMPOBAHMEM THC-
ToHOB, nx p3anmozeiicreuem ¢ JIHK u rparckpunumeit. OnH U3 KOM-
noHenTos Geakosoro kommaekca TFIID y uenoseka conepXkur 6en10K
TAFI11250, obnanaiommit aueTuaTpaHcdepasHold aKTUBHOCTBIO, 4TO
VKa3biBaeT Ha HEOOXOAMMOCTh aUETWIMPOBAHMA Ul Hauaaa 1pch-.
KPHIIMK. ALETWIHPOBAHHE THCTOHOB MMEET 0OpaTHMblil XapakTep:
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.‘.HN—?H—CO... ...HN—(liH—CO...
(CH,), CH,
L0 T:JH; OH
CH;—C ~ SKoA ATP
HS—KoA j ADPJ
...HN—(IZH—CO... ...HN—C|JH~—C0...
(?H:h (I:Hz
o 0
|=0 OH?—OH
CH, 0"
A b
Puc. 139. Kosanentusie Mo.uud:mKaumemcmuoB, 0Cnabsonne X CBsi3b
c JHK:

A — aueTuanpoBanIe, CHUMAIONMICE MONOKNTEILHDII 3apsil ¢ OCTaTKOB Ju3uHa, b —
thocopunuporanme paankaios CepHHa ¢ 0bpasoBaAHIEM OTPHLATEILHO 3apsAKCH-
Horo ocratka ocdocepnna

JUIA MX JICAUCTHAHPOBAHMS, BEPOATHO, HEOOXOIMM 0COBBII GeIKOBLII
KOMILIEKC featieTHanpoBanus. CaMo aleTHINPOBAHHME TaKkKe CTHMY-
JIUpyeTcst 0coObIM GEIKOBBIM KOMILIEKCOM (HAT-komrmuiekc), cBsi3bi-
Balounmest ¢ imikeproit JIHK 6ausu caiita npucoennnenns PHK-
NIOJIMMEpAa3hl.

Pocopuruposanue rucToHOB TPEACTABASIET COGO €lle OJIMH TYTh
AKTHBALMK TPAHCKpUNIMH. Itor ATP-3aBucHMBII MexaHu3M, B oc-
HOBE KOTOPOro, O4YeBMIHO, JIeKNT (ochopuinposanne paaukaion
CCPHHA KOPOBBIX TUCTOHOB (CM. puc. 139). '

B dochopuanposanun rucronos NPUHUMACT y4yacTue cnelgu-
UCCKHI1 OE/IKOBBIH KOMILIEKC, HTOI paGOThl KOTOPOIO COCTOMT B OC/Ia-
Oaennn cesa3u rucronor ¢ JJHK. Menee miornas ynakoska JHK B
COCTABE HYKJICOCOM 110¢s1e (hoChHOPHIMPOBAHHSI THCTOHOB CO3JIAET YCI0-
BH31 JUISE YCTICUIHONW MHNLIMALINM M 9IOHTALMH TPAHCKPUNIMK. B xoze

PHK-nonumepasa
AHK Terepoxpomarus

Puc. 140. I'nnotetnucckas Mozes, WUNIOCTPUPYIOLIAA M3MEHEHUS B HYKJICO-
COMHOI OpraHM3auMM XPOMATHHA B MCPHOX TPAHCKPHITLMN (nosicHeHus
B TEKCTE)
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9J10HTAIIMH TPAHCKPHUTITIIMHU, OCYIIECTBISEMOM PHK-nomjmepason 11,
HYKJICOCOMBI PACIIOJIArAlOTCs Tepe v nocjie paboraloniei no.uumepg-
3bl, UTO YKa3bIBAET Ha BO3MOXHOCTb MepeMeleHnsl HyKJIeOCoM JInbo
nx paspyuieHue (passopauuBaHue) 1 PEKOHCTPYKIMIO 1oc/1e npoxo;:;—
nenust epmenta (puc. 140). Besnkoswiit kommieke SWI/SNF, 3aneii-
CTBOBaHHbII B (hochopuanpoBaHiu rucToHOB (cM. puc. 138), yuactsy-
et B npeononenun PHK-noanmepasoii HykiaeocomHoro Gapbepa (T.e.

B 2JIOHTALMN TPAHCKPUITIIMHM).




I'nasa 10. ITIPOIIECCHUHI' PHK

Ob6pasyiolmecst B pesyabTate TPAaHCKPUIILMM nepsuunbie PHK-
TPAHCKPHIITBI ITOHAYATY 1aJ1EKO HE BCEraa NPeACTaBisiioT coboii (hyHK-
IIHOHAJILHO akTHBHBIE Mosiekyibl PHK. Tpexie uem crath TakoBbi-
MM, OHM, KaK MpaBHJIO, NOJKHBI MpeTeprieTh psin Moaudukanmii,
KOTOpbie 1 npeppaiaor ux B 3peasie PHK, npuronusic K Beinonxe-
HMIO COOTBETCTBYIOIMX (PYHKIMIE. DTOT NPOLECC NOCTTPAHCKPHUITLIN -
OHHON MOaMpuKauuu nepsuuHbIX TpaHckpuntos (PHK-npexuie-
CTBEHHMKOB) HA3BIBACTCH NPOUCCCUHSOM W HOCHT JOCTATOYHO CrelH-
(buyeckuii xapakrep B OTHOIIEHMM pasHbix Buaos PHK y npo- u
9YKapHOT.

B cBSA3M ¢ M3BECTHBIMM BBILLICOTMEUEHHBIMH PA3IHUUSIMM B HTanax
peaIn3alnmn reHeTHYeCKOH MH(MOPMALHMK Y NPOKApHOT M SYKAPHOT
MPOUECCHHT Yy NPOKAPHOT HMEET BEChbMa OrPAHMYEHHBI XapakTep,
TOI/IA KaK Yy 9YKapHoT OH TpejicTaBsieT cob0i 10CTaTOUHO TOHKO Opra-
HHU30BAHHBIH TPOLECC, HEMOCPEACTBEHHO BAMSIOWIMIA HA PEryIsaiHIo
IKCIMPECCHUH reHETHYECKOro MaTepuania B i hepeHIMpoBaHHBIX KICT-
Kax BBICIIMX opraHn3Mos. Haubosnee netanbHO M3yYeH MPOLECCHHT
MPHK sykapuor, KOTOpbIif BKIIOYAET TPH IJIABHBIX MOMEHTA: CIUIAi-
CHMHT, K9MHPOBAHME 5'-KOHUA U NOJTHAACHWIHPOBaHue 3'-KOHIIa 1ep-
BUYHBIX TPDAHCKPHITTOB,

Chnaaiicune (o1 anrn. splice — COeMHATL KOHLIbI) COCTOMT B BbIpe-
3annu u3 npe-MPHK Hekonmpyiommx obnacreit — unmponos — v cum-
BaHHH KOIHPYIOUIMX CTPYKTYpPY OejIKa y4acTKoB — 2k30H08. Paznuua-
FOT HECKOJIbKO Pa3lTHYHbIX MEXaHMU3MOB crulailcuHira (cM. Huxe). Konu-
posanue NPEICTaBaseT coboii obpazopanmne Ha 5'-konue MPHK oco-
Goit cTpykTyphl — Kana (manouku) (eM. 1. 3). Kanuposanue npouc-
XOIMT BCKope nociie Havana cuuresa MPHK n ocymectsisierces ¢ yua-
crnem GTP, n3 cocrasa koroporo GMP nepenocurest Ha 5'-aucoc-
dar nepsoro nykneoruaa MPHK. Hoauadenuruposanue ocymectsiser-
e pepmeHTOM NOAM(A)-NONMMEPA30i M NPUBOAUT K 0OGPA3OBAHMIO
Ha 3'-koH1ue onuro(A)-dparmenTa, conepxautero 100 —200 ocraTkos
AICHWJIOBOM KMCJIOTHI MOAPSI M Ha3bIBAEMOT0 TaKXKe «10oaH(A)-xXBoc-
Ttom». [Tom(A)-xsoct onpenensier crabuibHocts MPHK u Bpemsi ee
KH3HM B KieTke. KpoMe Toro, y aykaproT 1mojm(A)-XBoCT BO3ZMOXHO
criocobersyet Bhixony MPHK 13 sapa B umronnasmy, a takxke cyiie-
cTBeH Ui peryasiunu tpaHcasumu MPHK (em. . 11).
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IMPOIIECCUHI Y ITPOKAPHOT

Ipoueccune y npokapuom B OCHOBHOM 3aTPAruBaeT IpeIlecTBeH-
nukn pPHK u TPHK, Torna xak nomuuuctponosbie MPHK ncnoss-
syioTest s Tpancasimu (GrnocunTesa 6enka) cpasy nocie UX CUHTesa
HA COOTBETCTBYIOIIMX OMepoHax OakTepHit ¥ laxe eile 10 OKOH4YaHHA
TPAHCKPHIILMHK, TaK 4To GmocuHTe3 Geiika OKa3biBaeTcsi HENoCpel-
CTBEHHO COTIPSKEH ¢ TpaHCKpHIimeit (cM. puc. 121). Panee cuntaiy,
YyTO NOAManeHIINpOBaHHe cBoicTBeHHO ToJbKo MPHK sykapuor.
OJ1HAKO B HACTOSILLIEE BPEMsl YCTAHORBJIEHO, YTO MOJH(A)-XBOCTBI €CTh
u y MPHK nipokapmort, Ho onu kopoue, yem y MPHK aykapuor (co-
aepxar ot 14 10 60 ocTaTKOB aleHHIOBOH KNCIOTHI) U BCTPEUAIOTCH
He y Beex mosneky/t MPHK. B otinuue or 9yKapHOT NnoinaieHuIMpoBa-
Hue aecrabuwimsupyer crpykrypy psina MPHK Gakrepuii.

IMponeccunr y 6akrepuii Heodxoamum juisi 00pa3oBaHms 3pesibiX MO-
nexyn pPHK u TPHK. TTepBuunblii TPAHCKPHIIT, COAEPXAlLMii MOC-
nepoparensHoct atuX PHK, oOpasyercs Ha onepoHax, BKJIIOYAIOLIUX
retnt 16S pPHK, 23S pPHK, 5S pPHK 1 TPHK (puc. 141). ITepsuu-
Hble TPAHCKPHIITHI TAKMX ONEpoHOB umeloT umHy ~5000 Hykieorn-
JI0B M nomumo nocaenosarenbHocteit pPHK coaepxar BCTaBouHbIe
nocaenopatesbHOCTH (cneticepor), CYWICCTBEHHBIE JUISA TPOLIECCHHTA.
Borunenenue nuaupuiyansieix pPHK npouexomur ¢ yuactueM sH10-
HYKJICa3, Pa3pesaloimnx NepBHIHbIC TPAHCKPUITTHL B 00J1aCTAX crieice-
pos. Tak, PHKa3za I11 y3naer u paciieruisiet AByHUTEBbIC YIaCTKH (nyn-
JileKChl), 06pasylolecs 3a cueT creicepos u coctasiasiomme crebnn
nereab (IUMUIEK) B CTPYKTYpe NpealiecTBEeHHUKOB. B memisx sTux
HINAIEK COIEPXKATCS MOCASN0BATEILHOCTH 3peibix Monekyn 16S pPHK

" (~1600 nykneotnaos) u 23S pPHK (~2900 nykneorunos). [pyroii

depment — PHKasza M5, naentuduumposanusiii y Baccillus subtilus,
oTuieruiser ot nepsuunoro tpaHckpunta 35S pPHK. O6pasyioumecs
10c/e NEePBHYHONO SHAOHYKIeOTHYecKoro paciervienus npe-TPHK
JIOBCPralOTCs AaTbHEeileMy NPOLUECCHHTY NMPH YJacTHU ABYX (ep-
MEHTOB: 2HA0HYKIea3bl P u ok3onykieassl D (puc. 142). Tlpu stom
npe-TPHK, conepxainas Gosee 100 HyKJI€OTHIHBIX OCTATKOB, YKOpa-
yupaercs ¢ o6OMX KOHIIOB A0 craHmaprHoro pasmepa (70—90 Hyk-
neotunos). C 5'-konna Ha npe-TPHK neiictyer annonykneasa P, a ¢
3'-koHIa — 9K30Hykiea3a D. UntepecHo, UTO MOJEKYJIa SHIOHYKIIE-
asul P (PHKasel P) cama conepxxut B coeMm coctase PHK wmmnoit 1o
400 HYKJICOTHIOB, KOTOpasi 00J1anaeT OCHOBHOI KaTaIMTHYECKOI aK-
THBHOCTBIO, a OeJIKOoBas yacTh 3TOM Hykieassl (Mon. macca 17000)
ronbko yewupaer PHKasnyo akrusiocts. PepMeHTHI 3TOTO THIIA
BLISIBJICHBI KaK y GakTepuii, Tak u y sykapuot. ¥ E. coli ninna PHK B
coctase PHKasul P nocruraer 377 HYKICOTHIOB, ¥ Apoxokeit — 250
HYKJICOTHIOB, a y vesnioBeka — 100 HyKieoTnaos.

MeTojlaMH FeHEeTHYECKOIl MHXEHEpMH TOJYUeH BIIOJHE aKTHB-
et B npoueccunre TPHK rubpuansiit pepment, conepxammii PHK-
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Puc. 141. Ipoueccunr pPHK y npokapuor (M. Cunrep, IT. Bepr, 1998):

A — cxema THnHYHBIX eannny Tpanckpununn pPHK E. coli. Mexuy KoaupyoummMm
yuacTkamu ans 168, 23S u 35 pPHK n TPHK pacnonoxensl creiiceprbie nociesaosa-
TEABHOCTH; b — crieiicepHble MOCNE0BATENLHOCTH, PACTIONOKEHHBIC B MPEIILECTBEH-
nuke pPHK, obpasyior wepewxkn (ctebnu), kotopsie pacutersiiores PHKasoit I1I;

B — PHKaza M5 orwenisieT ot nepsudHoro tpanckpunra 35S PHK :
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OH Tpu ocrartka,
OTIIEIUIAEMBbIC
PHKazoit D

85 < 3-xonen TPHK

cn»

JIMIEPHYIO TIOCIICIOBATENBHOCTD
THHOM 41 HyKIcoTHI
¢ obpasopanyem 5'-xonma TPHK

sHeHoNeleF IeleF NoloF:

MomudHKamn OCHOBAHNA G
110C/Ie TPAHCKPHITIAY

Autukonon Hurpon AHTHKO/IOH 5

Puc. 142. IMpoueccunr TPHK (nosAcrenus B TeKeTe):

" A — npoueccnnr TPHK 13 MOJICKY/IbI-NPCALICCTBEHHIKA TPHK™ E. coli (M.Cunrep,

[1. bepr, 1998); b — yaaienie WHTPOHA U3 NPEAIECTBEHHHKA TPHK v aykapuot; E —
noangyiKIMonaInHeit (pepment, obnanawonmii KuHasHoit, aurasioil n docdoan-
3CTepasHoil AKTHBHOCTLIO

komroHenT PHKaspl P, BouaesieHHbiit 3 E. coli, n 6e1KOBYyIO 4acTh —
M3 cooTBeTCTBYIONIEro (pepmenTa yenopeka. JHAOHYKIea3HOE Jeit-
creue PHKaspl P 3akmouaercst B oTieruieHun 41 Hykieotuaa ot '
KOH1IEBO# (JIMJIEPHOIT) 1MOCJHEN0BATEIbHOCTH NPEIIICCTBEHHUKA H
cpasy NpuBOAMT K (DOPMUPOBAHMIO 5'-KOHLIA TPHK, npeacrasneH-
noro (hochopuanposaniibiM ryasosusom (3'-pG). Dk3ounykneaza D,
CO CBO€Ii CTOPOHBI, OTIIEILISIET NOC/IEA0BATEeIbHO HECKOIBKO HYKIICO-
THIOB € 3'-KOHIIA MOJIEKYJbi-IIPe/IeCTBeHHNKA, OCTAHABIHBASCH
HA ajieHO3MHEe, COCe/ICTBVIOLIEM C JIBYMS ITUTHWIWJIOBLIMH HYKJICOTH-
namu, M TakuM obpazom (opmupyercs 3'-KoHell (aKuenTupyloumHit
crebenb) TPHK, cojepxaumii CTaHAAPTHYIO 1OC/IEI0BATE/1bHOCTD
CCA-OH. Onnospemento ¢ npoueccunrom pPHK u TPHK ocyuie-
CTBSIETCS MOAMMHUIMPOBAHME PSIiAa A30THCTBIX OCHOBAHWIA, NPUBO/LA-
liee, B YaCTHOCTH, K 00pPa30BaHMIO XapaKTEPHBIX JUIs TPHK aurua-

281




poypaumwia (UH2), ncesnoypuauna (W) u tumuna (T). MepmeHTsI,
OCYLIECTBIISIONIME ITH MOAMDHUKALMM, 10 CHX MOP He OXapaKTepH30-
BaHBI.

IHPOLECCHUHT tPHK U pPHK V DYKAPUOT

IIpoueccunz y sykapuom 3atparusaet BCe BHIbI TIEPBUYHbBIX TpaHc-
KpPUNTOB 9YKapNOTHYECKUX TeHOB. [TpojiyKThl TpaHCKpHIIIMK, BO3HU-
Kaiouue npu yuactun PHK-noanmepaser 111 (npe-tPHK), conepxar
BCTABKY (MHTPOH) BOM3M aHTMKOIOHA. BripesaHue 5T0ro nHTpona u
JMrMpoBaHme (CIUIMBAHUE) OCTATLHON YACTH MOJIEKYTbI-IPE/ILIEeCTBEH-
HUKa NIPUBOIHUT K obpaszosanmio 3penoit TPHK (puc. 142). Heobxoan-
MBIC JUlsi 3TOrO npouecca HykiaeasHas ((ocoanacrepasnas), auras-
Has W KMHA3HAs PeaklMM OCYIIECTBISIIOTCS, KaK MOJATaloT, OJHUM
NOJHMDYHKIMOHATLHBIM (hepMEHTOM.

[Tpoteccunr pPHK Bbicumx opranusmoB cosepiuaercs B aapax
KJICTOK Ha Oase MOJIEKyI-NPEIICCTBEHHIKOB, TPAHCKPUOGHPYEMBIX C
MHOTOYHCIICHHBIX T'eHOB, cojepxatinxces B JIHK B Bume TamaeMHo
MOBTOPSIOLMXCS KOMMiA (K1acTepoB). B 01HOM 11epBHYHOM TpaHCKpHIi-
TC, UMCIOIICM Y MICKOMUTAIOIINX KOd(huimenT cenmmMenTaimm 455
(~13000 Hyk;1€0THIOB), CONEPKATCH HYKICOTHAHBIE MOCHCIOBATE -
HoctH 18S (~2000 nykneorunos), 288 (~5000 HYKJIeOTHI0B) M 5,8S
(~160 nykneorunos) pPHK, kortopele pasaensiorcs crneiicepHnIMH
NMOC/IC0BATENLHOCTAMH. DHIOHYKACA3HOE PACIICILICHHE 3TOTO Npe/i-
WECTBEHHUKA Be/eT K BoiliervieHuio speabix pPHK (puc. 143) u npo-
MCXOIUT IPH y4acTHK ManbIX siepHbsix PHK (eMm. Hike).

5S pPHK uenoseka, umeiomas wmny 120 HyKIeoTHIOB, KOIMpy-
€TCS M TpaHCKpubupyeres orenbHo ot apyrux PHK c cootrerersyio-
HUIHX TECHOB, YUCJI0 KOTOPBIX B reHome jocturaet 2000. CuHTes Beex
pPHK (kpome 5S pPHK) npoucxonur B ANPBIIKAX C OYEHb BLICOKOI
ckopocteio. TannemHo nosropsioimecs reus pPHK TpaHcKpubupy-
IOTCs1 CHHXPOHHO, M MX TPAHCKPUIITH IO JMEKTPOHHBIM MUKPOCKO-
IIOM MMCIOT BHJL XapakTEepHBLIX CTPYKTYpP THIIa «eiouek» (puc. 144).
OstHoBpeMeHHas TPAHCKPHIILLAS TeHOB pPHK u nponeccunr obiero
TPAHCKPHIITA NPUBOAT K CHHXPOHHOMY 0OPa3s0BAHMIO MPONOPLHO-
HalbHBIX KonuecTs Beex pPHK, HeoGxonumbix mwist c6opku pubocom.

Y psana BUAOB NPUMHTHBHBIX 3YKApHOT (Tetrahymena thermophila,
Physarum polycephalum w np.) rernt pPHK conepxar ocobble HHTPO-
Hbl (MHTPOHBI rpynmbl 1), st KOTOPBIX XapaKTepeH YHUKAIBHBIH Me-
XaHU3M clutaiicHHra. Takue HHTPOHBI BCTPEYAIOTCS TAKKE B reHAX pPHK
MHUTOXOH/IPUIH, XJIOPOTUIACTOB, APOXKEH M rpuboB, OAHAKO OHM He
BLISIBTICHBI B TEHAX TMO3BOHOMHBIX KXMBOTHBIX. 3yuenue nporeccunra
26S pPHK retpaxumensi (anaor 28S pPHK Bhicimx IYKAPHOT), BbI-
nosHerHoe T.YeKoM U COTPYAHUKAMH, IPUBEIO K OTKPHITHIO 0COBO-
IO BHJIA CTUIAHCHHTA, OCYLICCTBAAEMOro 6e3 yyacTusi Kaknx-ambo 6e-
KOB M NOJYYMBILETro HasBavme aymocnaaticune (cruiaiicunr tuna ).
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A 5 45S-npemuecreenauk pPHK ¥
poof [N T
I——— 13 000 HYKI1COTHAOB

HerpagMpylolme y4acTKu

OH

IMpoueccuur PHK

18S pPHK 5,88 pPHK 288 pPHK I
|
5! 3! 51 3’ 5? 3}
Monexyns 58 pPHK I:I

CHHTE3HPYIOTCS —
B JIPYTOM MecTe ¥3

Briodenne B MATYIO Bromouenue B 60IBIIYIO
pufiocomuyio cybuactuiry pubocoMHylo cyGyacTHuy

Ui4, U3, U8 uUs
B / u22 \ ( Us ) / \
188 5,88 288 —

npe-pPlTI;
Puc. 143. TTpoueccuur pPHK y aykapuort:

A — npoueccuir 45S-npenwecrsennnka pPHK (cneiicepubie noc:uenonamnauocm
Ha pucynKe Temibie); b — m3aumozeiicraue pasimunbnx U-PHK c. Il?l‘pallii‘llt;l[:(;(i
VUACTKAMH CIEiiCePHBIX NOC/IEN0BATEABHOCTEH B MOIEKYAC-NPEALICCTBEHHUKE P

’ y asrywek Xenopus laevis

Okaszanoch, yTo coiepxkaiascsa suyrpu 26S pPHK teTpaxumeHb
BeraBka (MHTpoH) umMHoi 400 HyKIeoTHIOB crocobHa cama ocyle-
CTBJSITh BbIPE3aHME 3TOI0 HHTPOHA U CLUMBAHHME K30HOB B MPUCYT-
crBun Mg?* u csoGonHoro ryanosnua (ombo ero ochopuanpoBan-
HBIX NPOM3BOAHBIX). TakuM o6pazom Obuia OTKpHITA aymoKamaaumu-

Puc. 144. Dnextponnas mukpodororpadus PHK-TpanckpunTos, CHHTE3NPO-
pannbix Ha tanaemuo pacnonoxennsix B JHK renax pPHK (B. AnGepre u
ap., 1994)

Ha 5'-KoHuax mporpeccusHo yutiHsioumxes monekyn PHK Buansi wacTHiel, Ko-
TOpbIE, BEPOATHO, OTPAKAIOT Mpoliece Havana cGopku pubocom
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DHJIOHYKIea3HOe
paciierieHne AyTocrnaiicuur

5' * l l 3’
npe-pPHK == 178 ——s3§— 268 ' =

OK30H 1 OK30H 2
Hurpon

HuTtpon

..UpU.... 268 pPHK O

Bx3oH | Dk3on 2

HO-G Up
Puboszum L -19 IVS

Puc. 145. Cxema ayrocnnaiicunra 26S pPHK v tetpaxumens 1 npoiiecc obpa-
30Batus pubosnma. B sepxneil uacTy pucynka npeacrasiena CTPYKTYpa npejl-
mecrsennuka pPHK. B nocaenosarensnoct 26S pPHK umeerest Beraska
(MHTpOH):
I — ryanosun arakyer 5'-KOHeU HHTPOHA, B PEIVILTATE YEro MPOMCXOLAT paspeiB
MEKHYKICOTHAHOI CBA3M 1 BHICBOGOKIEHHE 5'-KONIA HHTPOHA; 2 — IIIPOKCHIbHASA
rpynna 3'-konua sk3ona 1 arakyer docdoansadpupryio cpais Ha 3'-Konue HHTpOHA,
'ITO BEJACT K BhIMJICHEHNIO MHTpoHa; J — 3amuikanue docdommadupoii casan mexay
OH-rpynnoii 3'-xonua sxsona 1 u 5'-ochaTroii IPYNNnoii 3x30Ha 2 NpHBOAMT K
CUIMBAHKIO DK30HOB W obpasosanmio spenoii 26S pPHK; 4 — s peayantate AByXoTan-
HOrO ayTOKaTATMTHYECKOTO BBILICIUICHNMA 19 HYKJICOTHIOR I3 COCTABA MHTPOHA OBpa-
ayercst pnbo3uM, obaataloumil KataauTHieckumu caoiicteamn (L =19 [VS)

weckaa @ynkyus PHK n nonoxeno navano usyuenmio PHK-gepmen-
moe — putosumoe. Cxema ayrocnaiicunra pPHK y terpaxumensi npes-
crasieHa Ha puc. 145. Uutpon 268 pPHK Ttetpaxumensl — IVS, co-
CTOUT U3 413 HYKJICOTHIOB. AYTOCTUIARCHHT MHIYLIHPYETCS TyaHO3M1-
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HOM, THJIPOKCHJIbHAsE TPyIia KoToporo atakyer docdarnyio rpyniy
Ha 5'-KOHLIe MHTPOHA, B pe3yJibTaTe Yero pa3pbiBaeTCsi MEXHYKIeO-
tnaHas (ochonuadupHas) cBsizb U BeicBoOOXIaeTCs 3-KOHElL IK-
soHa I, 3areM ruapoKCWIbHAS TPYNIa, colepxkaiasca Ha 3'-KoHIle
sk30Ha 1, atakyer docharHyio rpynny Ha 3'-KOHLIE WHTPOHA, YTO
BeJET K BLIICHEHHIO MHTPOHA U 3ambIKaHMIo (ocdoanapupHoii css-
31 mexay OH-rpynnoit 3'-koHna 3xk3ona 1 u 5'-ocdarHoit rpynnoii
ok3oHa 2. Takum 06pazoM B pe3yabTaTe peakuMu mpaHcImepuuxayuu
6e3 JOMOTHUTEIBHBIX 3aTPAT IHEPIUHM OCYLICCTRISIETCS JIMTUPOBAHNE
JIBYX 9K30HOB ¢ o6pazosaHuem 3pesoii 26S pPHK. Broipezannblit uHT-
pon 3arem uukiausyerca. M3 ero coctasa myTteM IBYX3TAMHOTO ayTo-
paciervieHmst oceoboxaaercest hparMeHT, coaepxaimii 19 HykieoTn-
JloB, B pesviabsrate yero obpasyercs PHK juunoit 376 HykieoTuios
(L =19 1VS), kotopast n npeacrapisier coboit uctunnblii PHK-dep-
MeHT (pnbo3um), 0baaaI0IMI KATAUIMTHUYECKHMH CBOHCTBAMU. DTOT
pubo3uM obsagaeT yCTOHUMBONH CTPYKTYPOi, UMEET SHIOHYKIICA3HYIO
AKTHMBHOCTD, pacilenisia UMHHbe oaHouenoueunsie PHK, u nposis-
JseT crelngUUHOCTDb, pacno3HaBas B COCTaBe aTakyeMoro cybcrpara
terpanykiieotmibl CUCU. Okasanock Takxke, uto pubozum L -19 IVS
MOMHMO HYKJIeasHo# obiazaer in vitro HykieoTuauaTpanchepasHoi
(1MoIMMepasHoit) aKTUBHOCTBIO M CIOCOOEH KAaTATM3UPOBATL CHHTE3
OJIHMToHYKIeOTHOB (01110-C). DT0 VKa3bIBaeT Ha BO3MOXHOCTh aymo-
kamaaumuveckot penaukayuu PHK u siBisieTcst olHUM W3 BaXKHbBIX CBH-
JIETEJILCTE B M0L3Y cylnecTBoBaHust «Mupa PHK» (cMm. . 3). B crpykry-
pe MHTPOHOB TUIA | BHISIBJIEHBLI XapakTepHble BHYTPEHHUE OJIMTOITY-
PUHOBLIE MOCJIEA0BATEALHOCTH (Y TETPAXMMEHBI 3TO MOC/S10RATEb-
nocts GGAGGG), HazpiBaeMbie adanmopHbimu TOCIeI0BATEIbHOCTS -

* MM, KOTOpBie vuacTByioT B oOpazoBaHmu aktuBHoro nenrpa PHK-

GEepPMEHTOB M BBIMOJIHAIOT BAKHEHIIYIO POJIb B KATAIMTHUECKOM pac-
werviennn PHK.

Hetanbhbie ucenenosanmst npupoarbix PHK-dGepmenTos nocayxuim
MOILIHLIM CTHMYJIOM K MOJICJIMPOBAHMIO H CHHTE3Y pHOO3MMOB 3a1aH-
HOTO CTPOEHHS. DTH paboThl MO3BOAWIM YCTAHOBUTE, YTO KATAIMTH-
YEeCKO# aKTUBHOCTBIO 06aa1a10T He Tonbpko Kpynubie PHK (~400 Hyk-
naeotuaoB y terpaxumersl 1 PHKasel P), Ho u koporkue 13— 20-
YWICHHBIE OJIMTOHYKJICOTHIIbI, KOTOPbIE MOTYT ObIThH CHHTE3MPOBAHBI in
vitro. Takue puGo3MMBbl CTAIM Ha3BIBATL Munusumamu. QjiHa U3 IeTalb-
HO HCCIe0BAHHBIX Mojeaelt hYHKUHOHMPOBAHMS TaKUX pHOO3HMOB
MOJIYYMIA Ha3BaHME «IOJI0BKA MoJIOTKa» (puc. 146). Tpetuunas crpyk-
TYPa «roJIOBKM MOJIOTKa» CTaOWIM3UPYeTCsl NOHAMM JIBYXBATICHTHBIX
METAJJIOB, KOTOPbIE HEHTPATN3YIOT OTPUIIATEILHO 3apsiKeHHbBIE aTo-
Mbl KMcaopoaa ochoanapupHbix ¢Bsi3eil U OIHOBPEMEHHO COCIUHSI-
1ot docharHble rpynibl KOBAJCHTHBIMU CBSI3SAMU, YTO CYLIECTBEHHO
ans obpazoBanus cTabHILHOTO MepexoiHoro coctosinus (hepment-
cyberpaTHoro Komiuiekea). Kak m B ciyuae Katanusa, ocyllecTsisie-
moro epmeHTaMU OENKOBOIT IPHPO/LI, PUOO3UMBI U ATAKYEMBbIii Cy0-
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Puc. 146. Mozens «<ronoska mosotka» (C. M. Kenonaposa, 1998):

A — obuwwmii B Kommiekea, obpasylouerocs Mexkay pubosnmom (R,) m pacuens-
eMbIM noanpubonykaeoTHAHBIM cyberpatom (S): N, N’ — no6sie KOMILTEMEHTAPHBIE
nykneoTnasi; X — moboii nykneorun, kpome G. Crpeskoil 0603HaueHo NonokeHMe
aTaKkyemoit cpi3n B cyGerpare; b — a3Tanbl peakilMu, KaTaM3HMpyeMmoil pHOosnMom,
AHUTOTHYHBIC CTAMMAM pPeakiiu, yckopsemoii hepmeHTamu HenkoBoii npupoas:; ES —
thepmenT-cyGeTpatusiii Kommieke; EP — depMenT-npoaykTHslii KoMmmieke: B —
CHEUHATLHO CKOHCTPYHPOBaHHbIH pubosnm, pacwerusiomnii PHK supyca ummyno-
AeduuuTta yesopeka B obnacTH rema gag
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Puc. 147. Cxema peakuumii aurnposanng PHK u crpykrypa puboszuma xiac-

ca [, cnocoBHOro OCVIIeCTBAATE TUTHpoBaie ¢ obpasopanueM 3'—5'-thocdo-

aunadpmpnoii ceszn (Kenodapoea C. M., Kiseuna B. 11, // MonekyaspHas 6uo-
norust. — 1998. — T. 32. — Ne 6):

A — cxema peakiiu BHYTpUMoeKynspHoro anrnposanust; [ — PHK: J — koucrant-
Has 5'-007acTh; 2 — MaTPUUHEIH Y4acToK; J — 00aacTs XaoTHHUECKOi Noc/iea0BaTenb-
HOCTH; 4 — KaTaTuTHYCCKHil tomen; [/ — onauroHykacoTHaneii cyberpar: tag — onpe-
JIeIeHHAS TIOC/AS/0BATEIBHOCTE HYKICOTILIOR, MCNONb3yeMas KaK METYMK: pp — Tupo-
ocar; 5 — cxema peakumn Mexmonackyasphoro surnpopanus; [ u [l — PHK-cy6-
crpathl: | — MatpuuHblii yuactox; 2 — npaitmep; /Il — komnueke cyberparos; JV —
Katanurnueckuit nomen PHK-amrasei; V' — npoaykrsl auruposanuns; B — monens
BTOPHYHOMH CTPYKTYPBI Aurasnl knacca 1. Junun nocae U-19 ykaswsaloT MecTo, rie
Monekyaa pubosuma MoxeT BBITH pacierieHa Ais npespaiieHus B pubo3um, Kata-
JM3UPYIOINIT MEXMOJCKYAApHoe Jurnpopanne; Pl — aymiekc Me#uly MaTPHUYHBIM
VYACTKOM ¥ OJHTOHYKJICOTHIAHBIM cybeTpaToM
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cTpat (MpUPOAHBIE WK CHHTETHYECKH TIONyYeHHbIe MoseKynsl PHK)
obpasyiot depMeHT-cyOCTpaTHBI KOMITJIEKC, a 3aTeM — epMmeHT-
MPOLYKTHBIIT KOMIUIEKE (cM. puc. 146). CneunanbHo CKOHCTPYMPOBaH-
Hbie pHOO3HMBI, cojiepXKalliue HeoOXOAUMYIO JUIA KaTaJMu3a agantep-
HYIO 110CJ1e/10BaTENILHOCTD, CMOCOOHBI, B HaCTHOCTH, paciuenaaTh PHK
BHUY | B obaactn reHa gag (cM. puc. 146), 4T0 OTKPBIBAET BO3MOXK-
HOCTb CO3AHUSI AHTUBUPYCHBIX TIPENapaToB NPUHUMITHAILHO HOBOTO
ina. K coxajiennio, B opraHu3Me YeJ0BeKa CHHTETHYeCKHE pubo3m-
MBI MOTYT GbicTpO pacuieruisithes noa neiicrenem PHKas. s crabu-
JIN3ALMH CTPYKTYPBI puO03MMOB (3alIMThl OT HYKJIEA3) MPOBOAAT MO-
aupukanio (METUIMPOBAHNE) A30THCTBLIX OCHOBAHMI JIMOO MOIHU-
thuuupyioT octatkn pubo3bl, nosyvas (PTOPNPON3BOJAHBIE WIH aMH-
HOMPOM3BO/IHBbIC HYKJIEOTHIOB, uTo Gonee yeM B 1000 pa3 noswbinaer
yCTOHUMBOCTL pHOO3MMOB B opranusme. Eille oIMH nyTh 3alUTLHE KaTa-
JIMTHYECKH aKTHBHBIX OJIMTOHYKJIEOTHIOB OT HYKJIea3 COCTOMT B CHH-
Te3e HCCBOWCTBEHHBIX NPHUPOJIE XUMEPHbBIX MOJIEKYI HYKACO3UMOE, B
COCTABE KOTOPLIX HAPSAAY C pUOOHYKJICOTHIAMM TIPHCYTCTBYIOT JIE30K-
CHPHOOHYKICOTHILBI,

Paborbl ¢ pubo3uMaM# MAYT 110 NYTH NMOUCKA W ceaexuuu in vitro
taknx PHK-karannsatopos, KOTOpbie HE TOJIBKO MOIIH Obl YCKOPATD
jgectpykumio PHK, Ho n obaaganu Gbl crnioco0HOCTBIO clunsars (Ju-
ruposath) Moiaekyiasl PHK win ux ¢parmentsl. B aroM nanpasieHuu
B NOCJC/IHHE TOAbl JOCTHIHYTHI BIEYATISIOUIME YCIEXH: TOIYIeHb
PHK-nuraset, cnocoOHbIe OCYIIECTBASTh PEAKIIMH BHYTPHUMOIEKYJISP-
HOI'O M MEXKMOJIEKYAspHOro aurnposatus (puc. 147). PHK-n1urassl pas-
JIMYHOI'O CTPOEHMS! MOAPA3AENAIOT HAa HECKOJILKO KJIACCOB, OJHW W3
KOTOPBIX CNOCODHbLI KaTaluzuposars obpazosanue 3' — S'-cocdoans-
(hupHBIX cBa3eil (uraser Kiaacca 1), a apyrue — 2'— 5'-chochonnadmp-
HBIX cBsA3eil. Bee 9Th (hepMEeHTBI IOJAYHaloT NYTeM TPAHCKPHITLUH, OT-
Oopa (cesiexnmn) U aMILIMpHKALMKH CNEIMATBHO CKOHCTPYHPOBAHHBIX
mosiekys JTHK. 3ru monexkyast ITHK umeroT ueHTpaibHyio 0baacTh JUn-
Hoit ~ 200 HYKJI€OTHIOB, PACHOIOXEHHBIX CAYYaHHBIM (XA0THYCCKHM)
obpaszoM, M cayxart Ui cudTesa in vitro Habopa (rmyia) pasanuHbixX
no crpykrype PHK, cpean kotopeix segercsi otoop pubo3nmos.

ITPOOECCHHI MPHK Y DYKAPHOT

[TocTrpanckpunuuonusie Moaudukaunn npe-MPHK ocobenno
CYILLECTBEHHBI JUIS 9YKAPHOT, YTO CBA3AHO C MOZAUHHBIM CIPOCHUEM UX
2e106, COMEPKAIUMX HEKOAHPYIOLIHE MOCHSIOBATCABHOCTH — HHTPO-
Hbl. YHCII0 MHTPOHOB B I'eHaX 2YKAPHMOT MOXET AOCTUTATH HECKOIBKMX
JIECSITKOB, YTO JMKTYET HEOOXOAMMOCTL CYLUECTBOBAHMSA YETKOH cH-
CTeMbl CrutaiicHra nepsBUYHbIX TpaHckpuntos. B crnaiicusre npe-MmPHK
Y BBICLIHMX YKAPHOT 3ajeiicTBOBaH psii 6enkos, a Takxke PHK ocobo-
ro suaa — maawie sdeprvie PHK (MaPHK). Mansie sinepusie PHK ume-
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10T MOCJIEOBATEILHOCTH TNMPOTSDKEHHOCTBIO oT 65 1o 1000 u Gonee
Hykaeotunos (10S—90S), GoraTthie YPUIWIOBBIMH HYKJICOTHIAMH, M
nmoaromy HaswiBaiorcs Takke uPHK (Ul, U2 u 1.4.). ¥V apoxckeit Bbl-
sigieHo 25 pazmmunpix MaPHK, y no3BoHOYHBIX KHBOTHEIX — 15,V
ninopueBsix gsirymex Xenopus laevis psn maPHK (U3, U8, Ul4 u
U22) yyacteyior B npoueccuHre pubocomanbubix PHK, ceszbiBasich
C MOrpaHUYHBIMHA YYACTKAMH CIIEHCepHBIX MOCHeI0BaATEILHOCTEN (CM.
puc. 143). Mansie sineprbie PHK BbIsiBICHBI HE TOJNILKO Y MO3BOHOYHBIX
JKMBOTHBIX M IPOXXKEi, HO TAKXKE Y HACEKOMBIX M apxubakrepuii. Oun
NPEACTABAAIOT c000i, BEPOSATHO, OMEHb JPEBHIOK IPYINY MOJEKYIL.
HykineoTnaHas noclienoBatelibHOCTh BeeX cootsercrByiommx uPHK
9yKapHoT cosniagaer 6onee ueM Ha 90 %, uTO, B 4ACTHOCTH, OTHOCHT-
cs K Ul venoseka u aposzogmisl. Beicokuit KOHCEpPBATH3M CTPYKTYPhI
uPHK ropopur o TOM, uTO CIUIAliCMHI Mpeactamisier coboii o4yeHb
JIpeBHUI Npollecc, HavyaBlIMiicd ¢ ayTociulaicHHra (CM. BBIIIE) W
TpaHchOPMHUPOBABILMIICS B CTUIAICHHT € YYacTHEeM 0CcOoDBIX pubOOHYK-
neonpotenanbix yactuil — MAPHIL. Tenst MaPHK Tpanckpubupyior-
ca PHK-nomumepazoit [1 1 nMeoT pasinuHyio JIOKATH3ALMIO B FEHO-
ME: YacTb U3 HUX NPEeACTaBIseT cODO0M ANCKPETHBLIC HE3aBUCHMBIE TEHBI,
HE MMEIOLIHE MHTPOHOB, TOrla Kak reusl apyrux masPHK pacnoaaza-
omea 6Hympu UHMpoHoE TeHOB, Koaupyoumx oenku. Tak, y Xenopus
Ul3 koaupyetcsi TpeMs YHUKAIBHBIMHU IOCHEIOBATEILHOCTAMM, Ha-
XOJSIIMMHUCS B HHTPOHAX 5, 6 M 8 reHoB GEJIKOB TEIUIOBOrO 1I0KA, a
rern Ul6 HaxonuTtest BHYTpH MHTpoHA pubocomanbHoro 6enka L1, TToc-
JjieiHee o0CTOATENILCTBO HMEET BAXKHOE 3HAYEHHE, TaK KaK MMOKa3biBa-
et, uro npoueccuHr pPHK u npoueccunr MPHK 6esikos pubocom
MOXeT ObITh cKoopauHupoBaH npu ydactun MaPHK. Kpowme Ttoro,
npeanonaraiot, uyro MIPHK crnocobusl ciayvxurs PHK-waneponamu,
yuactBysl B hoadunee pPHK, T.e. noMorast eit npuHsaTs HeOBX0ANMYIO
CTPYKTYPY B NMPOCTPAHCTRE.

Mauie sineprbie PHK npucyTcTByIOT B suipax B KoMiuiekcax ¢ 6es-
KaM¥, TTONYYHBILIMMHU HA3BAHNE Maibie PUbOHYKACONPOMEUHOBbIE YaACMU-
bt (MaPHIT). CrabwibHbim koMnonenTom MsiPHIT sipnsietcst 6esiox pub-
PHJUIAPHH — OYE€Hb KOHCEPBATHBHBIH 10 CTPYKTYpe OesloK ¢ MOJIEKy-
nsipHoit Maccoit 34 xJla, nokanuszoBaHHbIit B sapeinkax. KomMruiekc,
cocrosiumii U3 MHoxectsa MsiPHII, koTopwiii kKatanmusupyer cruiaii-
cunr saepHbix npo-MPHK, HocuT Hazsanwe cnaaticuneocomn. Cruiaii-
CHHIOCOMa coOMpaeTcsi Ha MHTPOHE TIEPe/l ero BLILLETUICHHEM M COolep-
KHT HeCKONMbKo pasnuyinbix MaPHTI. ¥ muekonwmraommx M PHIT craii-
cuHrocoM Beerna copepxkar PHK Ul, U2, U4, U5 u U6. Cnnalicuuro-
COMBI — BJIMTICOBHIHBIC YACTHIIBI pasMepoM 25x 50 MKM, HMEIOT KO-
spduument ceanmentamn 50— 60S. Mansie sinepHsie PHIT cobupa-
I0TCS B CIJIAMCHMHTOCOMBI B OTIPEIENICHHO MOC/Ien0BaTe/IbHOCTH.

Paznuunsie MaPHK no koMrieMeHTapHOMY NIPHHLIMITY CBA3bIBA-
IOTCS € MOrpaHUYHBIMM YHACTKAMH MHTPOHOB B ciutaitcupyemoiit PHK
(puc. 148). Inst 317010 B3aMMOAECHCTBHS CYIIECTBEHHbI KOPOTKHE KOH-
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Puc. 148. Cnnaiicunr npeuuectsenuuka MPHK ¢ yuactuem msaPHIT:

A — aTmansl cnaaiicuira ¢ yyactueMm crialicuirocom (nosicHenus B Texcre). Kpyramu

obosnavennsl oraeapHbie MaPHIT: GU u AG — komHcelcycbie napbl HYKJICOTHIOB

HHTPOHA, pacrnoloxenubie B 3'- u 3'-calfite cnaalicuura cooTBeTcTBeHNO; b — cxema

KoMIuieMenTapHoro ssanmMoneiictsus MaPHK. sxonpsammx B coctas maPHII, ¢ norpa-

HIMTHBIMEM YHACcTKaMu HiTpona; B — neobbiunsle G-G-p3anmoeiicTsis, cnocoderny-
omMe comukennio 3'- 1 3'-KOHLOB HHTpOHA

CEHCYCHBIE T10c¢eioBaTe/ibHOCTH MHTpOoHOB: GU — Ha 5'-KOHUE M
AG — nHa 3'-koHiie. ToueyHbie MyTallMH B 9THX MOCJICIOBATCIBHOCTAX
BEAYT K HAPYLIEHMIO CIUIAHCHHIA M MPEeKPALCHUI0 CHHTE3a COOTBET-
crBytoimx 6eskos. [Tomobrbie MyTalmu B reHax riioOMHa yesloBeKa BeayT
K anemun. Koncencycubie nocienosaresibHocTH 5~ n 3'-caiftos cruaii-
CUHTA UMEIOT CIeIYIONINI BUIL:

Ox3oH 1 DK30H 2
(5'-ak30H) & Hutpon 3 (3'-3K30H)
5..A(C)AG] [[GUJAGU... omro(Uyn ..N[@AG]I [ GA)..

win onuro(Cn

Bsanmoneiicreue pasubix MaPHK, sxoasiiimx B cocras crulafcuu-
rocomel, co cruaiicupyemoii npe-MPHK B 5'- 1 3'- caiitax coobuaer

290

MHTPOHY NeTieobpasHyio crpvkTypy. Ilpn 310M cOIMXKAIOTCS KOHIIbI
IK30HOB, YeMy criocobcrsyer obpa3soBaHue HEKaHOHHYECKUX (OTIH-
YAIOUIMXCH OT YOTCOH-KPMKOBCKHMX Map) BOMOPOIHBIX CBA3EH MEXay
JIBYMSI TYaHMHaM#, coaepXawuMucs B 5'- u 3'-caiitax crutaiicunra
(cm. puc. 148). CoOmkeHHe 3K30HOB CO3/IaeT YCJIOBUE JUISI ATAKH 5'-
KOHIIA MHTPOHA AJCHUIOBBIM HYKJICOTHIOM, PACIOJIOXKEHHbIM BOJIH-
3n 3'-koHia. B pesyiabrarte paspeisa ochoiuadupHOil cBA3M Mexny
9K30HOM 1 U 5'-KOHLIOM MHTPOHA TTOC/IEHHI{ B3aMMOJIEHCTBYET ¢ ale-
HWIOBBLIM HYKJIEOTHIIOM M 00pa30BaHHEM B MHTPOHE MET/IH THITA «JIac-
co» (cm. puc. 148). Benen 3a atum ocsoboausiumiics 3'-OH-konelr sk-
30Ha | paspesaer 3'-caiiT criaficMHTa, BBIILETUISIET MUHTPOH W, COCIH-
HASCh € 2K30HOM 2, obGpasyer B uTore 3peiyio (crjaalicHMpOBaHHYIO)
monekyay MPHK.

[TonaraoT, 4TO CHAANCHHI, KaTaIM3UPYeMBbli CruiaiicMHrocoma-
MM, BO3HMK M3 aytocruiaiicnara. O0 3TOM CBMJIETEJILCTBYET CXOJICTBO
MOC/IEN0BATEIbHOCTH PEaKIMid, TPUBOALLUIMX K BBIPE3aHNIO WHTPO-
HOB: oOpa3zoBaHue 1eTieobpasHoOl CTPYKTYphl B pesyiabTate cOmmxKe-
HUS$ JIBYX 9K30HOB; BRICBOOOXIEHHE 5'-KOHIIA MHTPOHA (MO JeifcTBH-
€M aKTHBHOIO IYaHWIOBOTIO HYKJICOTH/IA B CIUTAHCHHIE HHTPOHOB TH-
na I, u To xe — noja AeHCTBUEM AJICHHJIOBOIO HYKJIEOTH/IA B CIUlaii-
cunre uutpoHos Thna I1); araka BeicRoBOAMBIIIErOCS 5'-KOHIIA 9K30HA
dochonnadmupHoii cBsa3mn B 3'-caiite crutaiicuHra; BeicBoboxaeHMe 3'-
KOHIIa MHTPOHA U €ro cyliecrsoBaHue B netneobpasnoii popme. C yue-
TOM LIMPOKO PACTIpOCTPAHEHHOro MHeHust o Tom, uto PHK npen-
crasisuia coboi riaBHblit GUONIOIUMED B MEPBOOBLITHLIX KJIETKAX, CIUlai-
CHMHT B 3THX KJETKax, BeposATHO, KatainsupoBaics PHK-depmenra-
MH, @ HEKOTOpbIE CAMOCIUIAHCUPYIOLIHE HHTPOHBI COXPAHHIINCH M JIO

‘HACTOSAIEr0 BpeMeHM (Kak, Hanpumep, HHTpoHbl pPHK Tetpaxume-

Hel). Ha Bosjee nMo3aHUX CTyNEHsIX 3BOJMIOUMH DOJILIIMHCTBO KJIETOK
VTPaTHIH CIOCOOHOCTh K ayTOCIUIACHHTY M (DYHKUMM pHOO3MMOB
Mepenii K OTAe/bHbIM KOMIIOHEHTaM CIUIAiiCUHIOCOM.

AnprepraTHBHbIH ciiaiicuur. Heckoabko HHTPOHOB, CoepKalluX-
ca B MPHK, Moryr cuumsarbest B pasHblx KoMOMHauusx ¢ obpasosa-
HUEM pPasIMuHBIX MATPUYHBLIX nocaenosateiabHocTei. Takasa audde-
penumanus nyreit cospesanns MPHK monyunna HasBanue anbrepHa-
THUBHOI'O CIUIAHCUHTA. DTOT CIIAHCHHT OblJI BNEPBLIE OTKPLIT Y aJIeHO-
BUPYCOB, Y KOTOPBIX YaCTh KOAMPYIOUIMX [TOCAeA0BaTebHOCTEH yia-
Jsercs nopobHO MHTPOHAM, a 5'-K3M coeiHseTcs ¢ J00bIM U3 JIpy-
I'MX 9K30HOB, M, TakuMm obpa3zoMm, obpasviorcsi pasninyHbie MPHK,
Konupyoumne pazusie 6enku (puc. 149). Brot Bua cnnalicuHra no3ro-
€T HeOOIbILIOMY YUCITY NEPBHMHBIX BUPYCHBIX TPAHCKPHUITTOB KOIH-
poBaTh 3HAYMTEIBHOE KOJIMUYeCTBO OeKOB, B IMPONOpHMsX, Heobxo-
JIMMBIX JUISl CYIIIECTBOBAHMSI BUpYCA.

VY sykapuor anbrepHaTHBHBIN cruaiicuur MPHK, coxepxaimx
BobliIoe KOJIMYECTBO MHTPOHOB, siBisieTcsa 2((eKTHBHBIM criocoboM
peryJisitiuym akTHBHOCTH FEHOB, CO3/IAeT BO3MOXKHOCTD JUISl BO3HUKHO-
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Puc. 149. Tpu paznuunsie MPHK, Bo3nnkaonme n3 oanoi MoJaeKyabi-npei-
HICCTBEHHNKA vV agacHopupycos (no b.AnGeprey u ap., 1994). TloschHenus
B TCKCTE

BeHMA M30(hopM GenkoB (cM. 1. 2), HaBGOpbl KOTOPLIX MOIYT CVllie-
CTBEHHO Pa3inMyaThCsl B Pa3IMYHBIX KJICTKAX, TKAHSX M OpraHax MHO-

FOKJIETOYHBIX OPraHM3MOB. AJILTEPHATHBHBIH CIrUIAMCHHT MO3BOJISICT

OpraHM3My CHHTE3MPOBAThL PasHbIe 110 CTPYKTYPE M CROMCTBAM Genku
Ha 6ase oHoro rena. Takne reHbl KOAMPYIOT CEMEHCTBA POACTBEHHbIX
OenKOoB, YUaCTBYIOIIMX B MbIILEYHBIX COKpalleHusx, (hopMHPOBAHMH
LIMTOCKEJICTA, HEPBHBIX BOJIOKOH, MOACKYJI HMMYHOTJIOOY/IMHOB, TIer-
THIHBIX TOPMOHOB M T.JI.

B opmuposanuu ansreprarusasix MPHK moryt 6b1Th 3aneiicTso-
BaHbl TPU OCHOBHbLIE MexaHu3Ma. [TepBblil U3 HUX COCTOMUT B TOM, UTO
wist obpasopanus pasnnuHbix MPHK MoryT ucnonpsoBaTthes pasHble
npoMoTopskl. B aToM citydae 06pasyroTcst TPAHCKPHITTHI, HMEIOLINE Pas-
HbIC 110 JUIMHE 5'~-KOHIIbI H PA3HOE KOJNMYECTBO 5K30HOB. Takoii Mexa-
HU3M crulaiicuura seisisiieH Ui npe-MPHK sierkoit nienn muosmna
MO3BOHOYHBIX XXKHBOTHBIX.

Bropoii THN aabTepHATUBHOIO CIUIAICHHIA MMEET MECTO TPH H3-
MCHECHHH CaiiTa NnoIMaIeHWIMPOBAHNS NIEPBHYHOTO TpaHCKpHITTa. B atom
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Puc. 150. Tune anstepuatusHoro crutaiicuura npe-MPHK:

A — anwrepnatueibie npomotopst (tun 1); b — ansrepHaTHBHEIC CAHTH MOANATCHWITH-

posanms (tiun I1); B — seibop paitmineiX ak3onos (tumn HI). Temmsle ynactkn — 2K30-

HBI, CBCT/BIC — WHTPOHBL; CIUTOWHBIMH W TIYHKTHPHBIMH JTMHHAMH COEIMHCHBI 5~ H

3'-caiiThl crnaiicHira B 3aBMCHMOCTH OT TOro, umeeT a1 npe-MPHK pasusie 5-konum,
pasHBIe 3'-KOHULI WIH OJIMHAKOBEIE 5'- M 3'-KOHIBI

cilyyae M3MEHSIIOTCS pa3sMepbl M CTPYKTYpa 3'-KOHLEBOI0 yuacTKa npe-
MPHK (puc. 150). Takum cniocobom obpasyiorest asa suaa MPHK Ts-
KeJIOH Henu UMMYHOTI00YIMHOB.

Tpetnit THIT AILTEPHATHBHOIO CIUIACHHIa BKJIIO4YaeT BblOOp pas-

JIMYHBIX 9K30HOB M3 OJIMHAKOBbBIX npe-MPHK. l'Ipu ITOM LI CbOpMH-

posanus 3peabix PHK mMoryT Mcrnonb3oBatbesl pasiuiHbie IK30HbI, a
YacTh M3 HUX He BKJovaeTcs B cruiaiicuur. TakuM ob6pasom rpoucxo-
jmt craiicuur npe-MPHK tpononuna T cKeneTHbIX MbIllIL MJIEKO-
rutaonmx, cojgepxaiuit 18 akzonos. Ilpu aTom BeibOp 3K30HOB 3a-
BUCHUT OT CTAJIMM PA3BUTHSI OpraHu3Ma: ak3oH 16 npucyrersyer B MPHK
tportonnHa T y B3pocisix, a 9k30H 17 — B MPHK atoro Genka y
ambpuonos, ToHKMe MexaHu3Mbl Beibopa caiiTa crulaiicuHra eie He-
uapecTHbl. ONHAKO OHON U3 NMPUYUH BOZHUKHOBEHHUS AJIbTEPHATHUB-
HBIX TIPOAVKTOB MOTYT CIYXWTh MYyTallMM, NPUBOISILIME K pas3pylie-
HUIO HOPMATBHBIX CANTOB CIJIANCHHIA H BO3HUKHOBEHHIO HOBBIX caii-
TOoB (puc. 151). Takoii MexaHH3M aJIbTEPHATHBHOIO CIUIACHHIA BbISIB-
JieH y BOJLHBIX TaacceMuei (rpyria HacaenCcTBeHHBIX 3a60sieBaHuIi,
MPU KOTOPBIX PE3KO0 najiaeT cojiepxkaHue reMmornobuHa). [loteps B pe-
3yJILTATE MYTAIlMM OHOTO M3 CAMTOB CIUlaiicMHra eule He O3Hauvaer
OTMEHY CIUIAHCUHTA B LIEJIOM, TAK KaK OCTaBIUMHCH APYTOif cailT «MieT»
MOAXOMALIMIT YHACTOK M MOXET COEIMHSATLCSI € TAKMUM CKPBITBIM, pa-
Hee He peaJM30BaBIHIMMCS cailToM crutailcuHra ¢ o6pa3oBaHUEM HO-
poit MPHK. Takum obpazom, MyTalium B MO3aMYHBIX I'eHaX 3YKapuOT
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Puc. 151. Anomansusiii nporeccunr MPHK B-rnoGuna v Gonblibix Tanacce-
MHEH:

A — nepeuyunbiit Tpanckpunt MPHK nopmansHoro p-ranobuna (3penas mPHK cocront

13 TPEX 9K30HOB); b — MyTalms, NPUBOALLAS K MOABICHUIO HOBOTO caiita crutaiicui-

rd W YIVIMHEHHIO 9K30Ha 2; B — MyTauus, NpHBOASLIAA K MOABACHIIO A0TIOIHHTEIbHO-

0 9K30Ha MeXIY 2K30HaMu 2 u 3. MyTanThsie caiitst 0603HaMeHbl cTpeakami. TemHbie

VHACTKN — 3K30HBI, CBET/ILIC — WHTPOHBI; 3ALUTPHNOBAHHBIC YUACTKH — HOBHIE Moc/e-

JOBATENALHOCTH HYKJICOTHIOB, KOTOpble BKIWuaroTces B 3peayvio MPHK B pesyawsrare
MYTALMM; THHHM COCAUHSIOT 5'- U 3'- caiiThl cruiaiicuira

MOIyT CTUMYJIMPOBaTh 0Opa3oBaHue HOBBIX OENKOB, a ajibTepHATHB-
HBIH CIJIARCHHT MOXET UIPATh PEILAIOLLYIO POJIb B 9BOJIOLIMYU BBICIIHX
OPraHM3MOB.

INpouecc cospeanusi PHK xpome BbillicOXapakTepu3oBaHHBIX
CIIAUCHHTA, KMUPOBAHUS M IMOJHAUCHWIMPOBAHHUS BKIIOUAIOT €llle
psut MOAM(UKALMI NIEPBUYHON CTPYKTYPBI, Ha3bIBAEMBIX pedakmupo-
sanuem PHK. K 5TUM peakllMsiM OTHOCATCS MOANMDHUKALIMM a30THCTHIX
OCHOBaHMH (le3aMUMHHUPOBAHKUE, METHIMPOBAHUE, BOCCTAHOBIEHHE M
JIp.), B pe3yibTare KOTOpbIX obpasyiotcesi HeoObluHbie st PHK mu-
HOpPHBIE OCHOBAHHUSI (MHO3MH, TUMMH, Aeruapoypauun u jap.). K pe-
JAKTHPOBAHUIO OTHOCATCS M BCTABKM HYKJIEOTHIOB (ualile BCETo ypu-
IMJIOBBIX) BHYTPL TpaHcKpubGuposanHoit uenu PHK. HecmoTpsa na To
4TO (hepMEHTATUBHBII anmapar peakTHPOBAaHMA MAJIO M3YYeH, Oue-
BHJIHO, YTO ITOT MPOLECC MOXET ObITh OYEHb BAXKEH IUIS KOPPEKLHH
uH(popmanMoHHoro 3HaueHust kogonos MPHK, a cienosarensHo, u
VISt TIEPBUYHOM CTPYKTYPBlI KOAMPYEMbIX MMM 6enkoB. B peayabrare
TPaHCISALUMU TAKUX «OTpeaakTHpoBaHHbix» PHK B kietke Moryt cuH-
TE3MPOBaTLCs OENKH, AMUHOKHMCIIOTHAS MOCAEI0BATEILHOCTE KOTOPBIX
Oyuer He BIOJIHE COOTBETCTBOBATH HYKJIEOTHIHOM MMOCJ/Ie10BaTe/IbHOC-
™ JAHK Matpuumbl (reHa).

CuHTe3MpoBaHHas B siipax 3YKapHOTHUYECKMUX KJIETOK TeTeporeH-
Hast sinepHasi PHK (rsPHK) cpasy nociie cuHTe3a csisbiBaercs ¢ 6e-
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kamu u obpasyer rsiPHIT-yactuubl. B coctas rs PHIT-uactuu sxoaut
jie MeHee BocbMu pasHbix 6esnkos. Bee atn PHK-caaspisaonme 6enku
CONEPXAT B CBOEM COCTABE BLICOKOKOHCEPBATHBHYIO 1IOC/IEI0BATE b=
nnocts: NH,...Lys(Arg)-Gly-Phe(Tyr)-Ala(Gly)-Phe(Tyr)-Val-X-
Phe(Tyr)...COOH. TIereporennas syepuas PHK, orkpsiras O.I1.Ca-
sapunoii u I.I1.Teopruessim B 1960 r., npeacrasiasier coboii npe-
vPHK, nassaunyio asropamu JIHK-noxo6noit PHK (nPHK). dans-
neitime pabotel B obnacTn nayderust cTpykryphbl raPHK nokasanu,
4TO BLICOKOMOJEKYJIsipHbie npeamectseHHUkn MPHK B siipax acco-
LLMMPOBAaHLI C IIOOYASPHBIMH GEIKOBBIMH YACTHLAMM — UHpopMmOpe-
pamu, T.¢. HOCUTEAAMH HHPOPMAIIMOHHOM PHK.

Ha kaxapiit undopmodep Hakpyunsaercsi otpesok PHK juimnHoii
~600 HyKIeoTHAOB, M 06pasyeTcsi MOHOMepHas yacTHua ¢ Koaddu-
unentom cepumenTannu 30S. ITpu a10M NPOUCXOINUT YACTHUHOE «IUIAB-
nenne» propuuHoit crpykrypsl PHK. Ha nporsxenun scero nepmona,
noka raPHK HaxoauTes B siipe, oHa, BEPOATHO, HAXOAUTCA B KOMII-
nekce ¢ uadopmodepamu. OTae/ibHbIE ITAIBI POLECCHHTA, BEPOSAT-
1o, Tpebyior uamenenus crpykrypst rsPHIL. B niporiecce Bbixona npo-
ueccuposantoit MPHK u3 saapa B uMroriasMmy oHa TepsieT CBSI3b C
uHdopmodepaMu, CBA3LIBACTCS C APYTHMH OEJKaMH M NPHCYTCTBYET
B LIMTOTIA3ME B BHAE ungopmocom — tmrorasmaruyeckux PHIT-ua-
CTHIL, OTKPHITLIX B nabopatopun A.C.Crnupuna B 1964 r. 3ta dopma
cymectsosaius MPHK 1meer npsimMoe OTHOLIEHHE K PETyJIsSiiMi TPAHC-
asiumu (6uocnnTesa Genka) B pubOCOMaILHOM arnnapare KJIeTOK.




I'masa 11. BUOCHUHTE3 BEJIKA

buocuHTes Geska (TpaHCHSAUMA) — BAKHEHIIMI TaN peainsalinm
FeHETHYECKOM MPOrpaMMbl KJIETOK, B Mpolecce KOToporo uHgopma-
11sl, 3AKOAMPOBAHHAs B IMEPBMYHON CTPYKTYPE HYKJICHHOBBIX KHC-
JIOT, MEPEBONTCH B AMMHOKHMCJIOTHYIO TIOCAE/I0BATEIBHOCTL CHHTE3H-
pyembix 6eKoB. MHBIMU CIOBAMM, TPAHCHISIIIUA — 3TO MEPEBOJL YEThI-
pexOYKBEHHOTO (MO YHMCIY HYKJIEOTHIIOB) «S3bIKa» HYKJICMHOBBIX KHC-
JIOT Ha ABaJUATHOYKBEHHDI (MO YMCAY NPOTEHHOTEHHBIX aMUHOKMC-
10T) «A3b1K» 6es1koB. [TepeBos ocylecTBaseTCs B COOTBETCTBUM C Npa-
BWIAMM 2eHemuyecko2o koda. TpaHCasiuMsl NPOUCXOINT ¢ YYacTHEM
CTICHIHATH3NPOBAHHBIX BHYTPHKIETOUHBIX YaCTHLL — puocom, U B ee
OCYIICCTBJICHNUHM TPUHHUMAET yyacTue TPU riaBHbIX Kiacca PHK
(MPHK, pPHK u TPHK), a takxe Gonbliast rpynmna ocobbix Geakogbix
paxmopoe mpancasyuu. OcOOCHHOCTH MOJIEKYJISIPHOTO alnapara u Me-
XaHH3M TPAHCIALUMM M3YUYEHBI B OCHOBHOM HAa TPOKAPHOTHUECKHMX
obnekTax (bakrepusax n GakTepuodarax), 0JHAKO €CTh BCe OCHOBAHMS
CUMTATh, YTO OCHOBHbIE NMPHHIIMIILI TPAHCISILIMU PEAIN3YIOTCH M B
SYKAPHOTHYECKHUX KJIeTKaX, B KOTOPBIX B TO e BpeMsi 6ojiee pa3BUThI
MEXaHHU3MbI PEryJsiiiii OCJIOKCMHTE3UPYIOLIEH CUCTEMBI.

TEHETMYECKHMH KOJI

MUsydenne TpaHcasunu ® npexie Bcero pacuindpoBka reHeTHue-
CKOI0o KoJa CTajln OJIHOM M3 Hanbozee SAPKUX CTPAHUIL MOJIEKVIISIP-
HOH Omonoruu Bropoit nonosuusl XX B. Eme B Havane 50-x ronos
[.TaMOB NpeAnoaoxuiI, YTo IeHeTHYECKHit KOJI ABISACTCS TPUILIET-
HBIM: TPH COCEIHMX HYKJICOTHA B IMOJHHYKICOTHIHOM LI [porpam-
MHUDPYIOT BKJIIOYEHHE OJHOH aMHUHOKHCIOTHI B MOJHNENTHIHYIO 1IEMNb
Genka. B cepeamne 60-X rojtoB B cepMu OPUTMHAIBHBIX KCIIEPUMEHTOB
®.Kpuk, C. bpennep, I'. BUTT™MaH M apyrue McciaeaoBaTenmn JAeiicTBm-
TEJILHO YCTAHOBMIIU, YTO KOJL SIRISIETCH MPUNACIHBIM W HENPepbiGHbIM
(He CONEPAMUT «3anAThIX»), T. €. B IIpoLecce CHHTe3a 6eKka nociaenosa-
tenbHocTh MPHK cunTbiBaeTesi nocnenosatebHO IpyniaMu 1o TpH
HykaeoTuaa. [Tonnast pacumndposka reHeTHYeCKOro Koja, nposeieH-
nast M. Hupenbeprom, C.Ouoa u H.T'. Kopana ¢ ncnons3osanuem 6ec-
KJIETOYHBIX CHCTEM, colepXalmX PHOOCOMBI U CHELMATBLHLIE CHHTE-
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THYECKH TMOJYYeHHbIe MATPHIILI ONpeleIeHHOro cTpoeHud, Obula 3a-
KoH4yeHa B 1966 r. B coOTBETCTBMM C KOJIOM TTPH MCIOJIL30BAHUH KOTIO-
sumepa nonu(UC)n B KauecTBe MAaTPULILI B 9THX CUCTeMax 00pa3oBbI-
BAJICS TIOJIMIENTHI, TOCTPOSHHBIH M3 OCTATKOB CEpHHA M JIeiflIMHa, a
noan(UG)n ciayxnn MaTpMUei Ut CHHTE3a COTIOIHMEPA C Uepeyio-
iwmmiucsa ocratkamu Val m Cys. Dra paGora nokasana, uyro 61 u3 64
BO3MOXHBIX COMETAHMIT TPEX HYKJICOTHIOB YeThipeX THIOB (4x4x4)
KOAMPYIOT OHY M3 JIBAIALIATH NPOTENHOreHHBIX AMMHOKHCIIOT (pHc. 152).
Ocranbhble TpH KonoHa (3 64) — UAA, UGA n UAG — He Konmpy-
0T HH OJIHY M3 KAHOHHYECKHUX aMHHOKHMCIIOT. DTH KOJIOHbI SBISIOTCS
CUTHAJIAMH OCTAHOBKH (TEPMHHALMM) TPAHCIALMU U MTO3TOMY HA3bI-
BAIOTCS CMON-KOOOHAMU, VI mepMutupyouumu kodonamu. TepMuHn-
PYIOLLIME KOTOHBI HE BCET/1a OTHO3HAYHO PACTIO3HAIOTCS CHCTEMOI TpaHC-
asiumMn M roatomy B coctase MPHK o nepejiko ayénmpyiores. [Mepsbim
(OCHOBHBIM) CTON-KOIOHOM 0ObIMHO siBasieTcs KoaoH UAA, a Ha He-
OOJIBLILIOM PACCTOSIHHM CSIOM 32 HUM PAcIofiaraeTcst OJMH M3 JAPYIruxX

Bropasi byksa
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UuU UCuU UAU UGU U
Phe Tyr Cys
u[9ue uce|  [UAC UGC C
UUA[ " [Uca *f TUAR | crox | UGA [ cion |A
vuG| " [UcG UAG | cron | UGG| Tmp |G
El Ccuu CCU caul . [cGu ul g
= 1S e .- -
2 | leve] |, [eec] 4, [€Ac cael |, [c] &
o | [coal ™ [cca| ™™ [caa 1 | COA * Rla
n p—v
= cUG CCG CAG CGG Gl g
& AUU ACU AAU AGU Ul &
Asn Ser [ =
3 " AUC| Ile | ACC % AAC AGC c| 2
r
5 | [AUA ACA| " [AAA AGA Al &
= Lys Arg
AUG | Met | ACG AAG AGG G
GUU GCU GAU| , "[GGU U]
GUC GCC cac| ™ [Gac C
G Val Ala Gly
GUA GCA GAA| | GGA A
; A
GUG GCG GAG GGG G

Puc. 152. N'enernyeckuii Kou.

[Tpn cunrese Geaka Tpuiersl Hykneotwaos MPHK (koaousl) Tpaticanpyores B co-

OTBETCTBYIOIME UM amuHoknea0Tel. Hanpumep, konousl AUG u GUG nerepmunn-

pYIOT BKIIOYEHHe B GeJOK METHOHMHA M BanuHa cootBetcTBeHHO. Kononm UAA,
UAG u UGA ssasioTcsl TepMHHUPYIOIIMMH KOLOHAMM (CTOM-KOIOHBL)
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tepmutnpyioumx tpurietos (UGA win UAG). CrenyeT Takke YIUThI-
BaThb, 4TO 1NPH cuHTE3e pana 6enkoB KoaoH UGA ucnonb3yercs JUist BKIIIO-
yeHMs B OEJI0K AaMMHOKMCIOTHOTO OCTATKA CeJICHOLMCTEMHA (CM. HUXE).

[Tockonbky uncio koaupyoumx Tpurietos (61) B Tpu pasa 60/1b-
Hie YMC/a aMHHOKHCIOTHBIX OCTATKOB, OOBIMHO NMPHMCYTCTBYIOIINX B
Oesikax, reHeTMUeCKUil KOl CHIILHO 6bipodcden, TAK YTO MHOTHE aMH-
HOKMCIIOTBI KOIMPYIOTCS 1BYMs M Gosiee KogoHamu. TosbKO jBe aMMU-
HOKMCHOTEI (Met u Trp) KoaupyloTcs eanHnuHbiMU KogoHaMmu (AUG
m UGG COOTBETCTBEHHO), MO3TOMY, OUYEeBHIHO, BCTpeyaloTes B 6e-
Kax pexe Apyrux. BoIpoXaeHHOCTb reHETHUECKOro KoJIa MposIBIAeTCs
B TOM, YTO JUIS KaXKI0H aMMHOKMCIOTHI cyiuectsyer OoJiee OaHOMN
TPHK, 1 ogna TPHK moxer B3aumoneiicTeosath 6oJjiee yeM ¢ OJIHUM
konoHoM MPHK. B TpexOykBeHHOM reHeTHUECKOM Kojie Hanbosiee Bax-
HBI TICPBBIC JIBE OYKBBI, TOIJAa KaK TPeThsl OyKBa 4acTo 6bIBacT pasHoil.
Tak, Hanpumep, IIMIMH KOJAMPYETCSI YCTBIPDBMS CHHOHUMUYECKUMU KO-
donamu: GGA, GGC, GGG u GGU. B cea3u ¢ npeobuanaioniei
pOJIBIO TEPBBLIX JIBYX OVKB KOAOHOB (CUMTasg ¢ 5'-KOHIA TpUILIETa
MPHK) reHeTnueckuii Ko MHOTIA HA3BIBAIOT Keazudynaemmsim (1CeB-
JIOIYTUIETHBIM). DTa 0COOEHHOCTh KOJIA NMO3BOMSET HCMOIB30BATh MEHb-
uiee uncno TPHK: s B3anmoneiicreus ¢ 61 kononom nocrarouro 31
TPHK B unronnasme u secero 22 TPHK B 6enokcunTesnpyionieii cuc-
TeMe MHUTOXOHIPHH KHBOTHBIX.

I'eHeTHyeCKMit KOJ NMOYTH BCETIA YHUGepcaneH, T.€. INH JUIS BCeX
AKUBYLIMX Ha 3emuie opraHnsmos — ot Oaktepuii 10 uenoseka. He-
OonblIMe OTIMYMS MMEIOTCS, OJHAKO, B FEHETHYECKOM KOjJ€ MHTO-
XOoHAPHI 1 xnoporutactoB. Her HMKaKMX HaHHBIX O TOM, YTO KOTaa-
b0 CYIIECTBOBAJIM OPTAHM3MbBI C APYTUM KOIOM MJIN JAPYITMMH aMM-
HokucaoTaMu. OYeBHIHO, TeHEeTHUYCCKMIT KOJI TIIATEILHO COXPaHsIeT-
Cs B DBONIOLIMKM M M3MCHCHMSI B KOJIE, a TaKke B PUOOCOMAIbHOM
annapare KJIeTOK CeIyeT NPU3HATL CHILHO 3aTOPMOKEHHbBIMHU.

AKTUBALIMA AMMHOKHCIIOT

[Mepea HAYanOM TPAHCASLMHK CHHTE3UPOBAHHLIC B PE3YJIbTaTe pas-
HOOOPA3HBIX OMOXMMMUYECKHX PeakilMil MM [OJVYEHHBIE C INUIei
MPOTEMHOTEHHbIE AMUHOKHMCIIOTHI AOJKHBI NPOHTH cmaduio akmuga-
yuu u npucoeanunTbes K TPHK, ocyuiectaisionimmmu MX 10CTaBKy K
pubocomam. Bo Becex xietkax umeercst Habop TPHK, kotopsie ciyxar
adanmopamu TIpN TEPEBOJE HYKJICOTHIHBIX IOCAEA0BATEILHOCTEM
MPHK B amuHOKMCIOTHBIE TTOCEA0BaTEIbLHOCTH GenikoB. B cTpykType
TPHK comepxurcsi HeCKONbKO (DYHKIMOHAILHO BAXHBIX YYACTKOB
(neresn), IMABHBIMU M3 KOTOPBIX /LIS afAanTepHoil (hyHKUMM SBISIIOT-
csl anmuxodon W akyenmupyrowui koxey (cM. puc. 55).

AHTHKOJIOH CJIYXNT JUIS B3aUMOICHCTBHA C COOTBETCTBYIOLLMM
(komrutemeHTapHbsiM) KonoHom MPHK, a akuenrtupyiommii Koneu
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(pacnonoxexHas Ha 3'-konue Monekyisl TPHK nocnenosatensnocts
CCA-OH) — i npHcoeAMHEeHNa aMMHOKMCIoTh. Hanuuue antuko-
noHa W akuenrupyiomme ceoiictea TPHK mo3Bonsiior UM BBIMOAHATH
ajanTepHylo GYHKLWIO: CBA3BIBAS M NMEPEHOCH AMMHOKHMCIOTHBII OCTa-
TOK M TIPUCOEIHHSISACH 3d CYET AHTUKOIOHA K COOTBETCTBYIOLLEMY KO-
nony MPHK, oHM MO3BOJISIIOT aMHMHOKHCIIOTHBIM OCTATKAM BLICTpau-
BAThCS B NMOPSJIKE, JIMKTYEMOM I10CIeI0BATeIbHOCTHIO HYKJIEOTHIIOB B
matpuuHoit Monekyie PHK, u Takum obpaszom crniocoberByloT nepe-
BOJY TMOCJE/10BATeIbHOCTH HYKJIEOTHIOB B IT0OCJIE0BATEILHOCTD aMH-
HOKHC/IOTHBIX OCTATKOB CUHTE3MpyeMoro 6esika B COOTBETCTBUM C npa-
BuaaMu reHetuueckoro koma. Kaxnas TPHK Mmoxer nepeHOCHTh TOb-
KO OJTHY N3 aMUHOKMCJIOT, BOBJIEKaeMbIX B OnocuuTes denka. Lis 6ob-
1€l yacTh aMMHOKMCIOT umeetcsi Heckonbko TPHK, Kotopbie Hasbi-
BAIOTCS U30aKKenmopHbiMu M 0603HavaloTes cootseTcTBeHHO TPHK(Y,
TPHKS™ u 1.1. Cymecrsosanne uzoakuentopusix TPHK csizano ¢
BBIPOXIIEHHOCTBIO TeHETHYECKOT0 Kozia. B pesynbrare npucoeamHeHus
aMMHOKMCIIOT K 3'-koHuy monekyiabl TPHK aMHHOKHCIOTH aKTHBU-
PVIOTCH — MeXIY KapOOKCHJIBHBIM KOHIIOM MOJIEKYJIBI U KOHIIEBBIM
ajieHo3MHOM akuentupyiowero koHua TPHK Bosumnkaet maxpoapeu-
YecKas C6A3b, IHEPTUsi KOTOPOM MCTIONIB3YETCS! lajiee JUlsl CHHTe3a rern-
TUJIHOM CBSA3M B Xojie OnocuHTe3a 6enka Ha pubocomax (cMm. puc. 157).
B pesyabrare crienuguueckoro Bzanmoseiictsust TPHK u cootsercry-
lo1eil aMMHOKUCIOTH Bo3HWKaeT amunoauur-TPHK — monexyna,
coiepxKauias aKTHBHPOBAHHBIH AMUHOKHCIOTHBII OCTAaTOK M COOTBET-
CTBYIOILMIT AHTMKOJOH W SBISIIOLIASCH UCMUHHLIM cyGempamom JUis
peaKiMK CHHTE3a MOJMNMENTHIHON Lenu Oenka:

R ? 9 9
H,N—CH-COOH + HO—P~0O—P ---O—P—O—CH_,0
AMHHOKHCIOTA (_!)H (I)H (I)H = ATP

OH OH

I i
H O—II)— O—FI’—OH Mupodocdar

OH OH
R 9
H,N~CH-C~0—P-0-CH,
OH

OH OH

AMHUHOAUHAANEHWIAT

/’"
TPHK AMP
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Amunoauni-TPHK (3'-koneu Monexyinsi)

Jns Kaxaoit M3 aMHHOKHCIOT CYHIECTBYET CBOS 0cobasi aMHHO-
aimn-TPHK-cuuTerasa, koropasi ocyuiecTisieT cnenudunueckoe y3-
HaBaHue M cBs3biBaHue amuHokucaoT U TPHK, B pesynbrate uero n
Bo3HuKaeT ammHoauna-TPHK. Amunoanmn-TPHK-cunrerass (APC-
aspl) o0Jaal0T MCKJIIOYHTENIBHO BBICOKOM cybcTparHOil crnenmduy-
HOCTBIO, AKTHBUPYS TOJILKO Oe/IKOBble aMUHOKHCIOTH L-psiaa u npu-
COeMHAA HX K uMeloleit onpeneneHubiii antukonod TPHK. Takum
o0pasoM, oHM Kak Obl cO001IAI0T AaMMHOKMCIIOTE ONpeaeieHHbII mdp
B BHJIE TPeX HyKJIeoTua0s antukoaoHa TPHK u nosromy stu dpepmen-
Thl MHOTA HA3BIBAIOT Kodazamu VIV wugpazamu. Beinaomascs poib
APCas B 6e301IMB0YHOM CHHTESE NOIMNENTHIHBIX 11ereit 6enKkon Obuta
JI0KA3aHa B CIIELHATBHBIX 9KCIEPUMEHTAX C MCIOIB30BaHHeM Geckiie-
TOYHBIX CHCTEM OCJIKOBOIo CHHTE3a, B 3THX OMNbITaX OCYHICCTRIISINA XM~
MHYECKOE TpeBpalieHHe aMHHOKHCIOTHBIX OCTATKOB B COCTABE aMM-
noauna-TPHK, 3aMeHsisi, HanpuMep, OCTATOK HMCTEMHA HA OCTATOK
wranuna. Ipu uenonb30BaHNM TAKMX MOJIEKYJT B Xoj1e GuocHHTe3a He-
NpaBWibHble AMUHOKHUCIOTHBIE OCTaTKN (Ala) BKIIIOYANHMCH B TOJIM-
NENTHAHYIO Lelb BO BCEX TeX MOJOKEHUSIX, KOTOPbIE COOTBETCTBOBA-
an autukononam TPHK (tPHK®?),

APCa3bl MoryT oOpa3oBbIBATL KOMITIEKCH (K0docombl), B cOCTaR
KOTOPBIX BXOAAT HeckoJbko APCa3, a takxke (hepMEHTBLI, KOTOPBIE B
CBOIO OYepe/ib PEryJIUPYIOT UX aKTUBHOCTH (NPOTEMHKHHA3LI, TPOTe-
unpocdarazpl, MeTuaTpaHcQepassl U JIP.) NYTEM COOTBETCTBYIOIINX
KOBICHTHLIX Moandukaumii (dhocdopuamposanme, MeTHAMpOBaHME
U JIp.).

APCa3bl MOTYT IPHCOCIMHSATE AMUHOKUCIIOTHBIE OCTATKH KaK K 3'-,
TaK M 2'-THAPOKCHIBHBIM IPYINaM KOHLEBOIO aICHO3WHA, PACIolo-
KeHHoro Ha akuenrupymoiem yyacrke TPHK. Onnn n3 APCas npe-
MMYLIECTBEHHO CBA3LIBAIOT aMUHOKHCIO0TY ¢ 3'-OH rpynnoit pubo3sl
(cepua-, rauumn-rPHK-cunrerassl), a apyrue — c¢ 2'-OH-rpynnoii
(penmnananun-rPHK-cunTerasa). Opnako juist GuocunuTesa 6ejka 310
HE UMECT CYLIECTBEHHOTO 3HAYEHMsI, TAK KAK aMMHOKHCIOTHBIH OCcTa-
TOK MOXET JOCTATOYHO JIETKO 1ePexoiuTh W3 OJHOI MO3ULMH B IApY-
ryio uepes obpasoBanue 2',3'-1MKia:
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B LUeNnk B HCMb B LEMNb 1
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[Mocne obpasosannsg amuHoauwi-TPHK a1ti Mosiekysisl Hanpasis-
10TCsl K pubocomam — puOOHYKIICONPOTENHOBBIM YaCTULIAM, CHIELMANb-
HO MPUCNOCOOICHHBIM K OMOCHHTE3Y MOJMIIENTHAHBIX Lenei GeaKos.

Pubocomsbl. Mayuenne pubocom U MexaHusma GesIKOBOTO CHHTE3a
MpoJoJKaeTcsa yke 6osiee nojayBeka, UTo CBA3aHO CO COXKHOCTBIO MX
IIPOCTPAHCTBEHHON OPraHM3aluy H MHOTOI3TAMHOCTHIO CAMOIO I1PO-
iecca tpaHcasumn. B anddepeHumpoBaHHbIX KI€TKaX 9YKapuoOT CHH-

Te3 Oenka MAET NPEeHMYIIECTBEHHO B IHAOIUIA3MATUYECKONH CeTH M

0cobeHHO B TON ee (hpakitin, KOTopas HOCHT Ha3BaHUE IpaHyupo-
BaHHBIA (1IEPOXOBATHIIT) YHIOIUIA3MATHYECKNH PEeTHKY/IYM, MeM0-
PaHbl KOTOPOTro OYKBATLHO YCesiHbl MHOTOUYHCIEHHBIMUA pubocomMamiu.
B kuertkax 6akrepuii pubOCOMBI paccpeioTOYEHbI [0 BCeit IpoToruias-
Me, 1 ux uncno aocturaet ~10* Ha onny knerky. Lnrorasma neaud-
hepeHIMPOBAHHBIX OBICTPO PACTYILIUX SMOPHOHANIBHBIX KIETOK 9YKa-
PHOT TAKKE COACPXKMT MPEHMYLIECTBEHHO cBOOOAHBIE pubocoMbl. Onpe-
JCJIEHHOE YHCI0 OeJIKOB CUHTE3MPYETCS TAKXKE B S/IPe, B MUTOXOH/I-
PUSIX U XJTOPOIUIACTAX pacTeHMii. B MUTOXOHAPUSX BbIsIBICHBI puboco-
MbI, KOTOpPbIE HECKOJIBKO OTJIMYAIOTCS OT OOBIYHBIX (LMTOILTA3MATH-
yeckux) pubocoM no pasmepy (Ko GpuumenTy ceaMMeHTaLumn), 4ro,
BEPOATHO, CBA3AHO ¢ 0CODEHHOCTIMU MPOUCXOXK/IEHUS ITUX OPraHen,
crieumuKOi MX TEHOMOB M FEHETHYECKOro Koaa. Tak, MUTOXOH/IpH-
anbHble pubocoMbl rpubos nmeiot KoadGduumenT ceaumenTaim 758,
a MUTOXOHJIPHATbHBIE «MHHUPHOOCOMBI» MIeKOnuTaomx — 558, Ln-
TOIUIA3MaTHUYECKHE pHGOCOMBI DYKApHOT M PHOOCOMBI IIPOKAPHOT 04eHb
CXOIHBI 110 cTpyKType. Kaxnas ux HuX COCTOMT U3 JIBYX cyouacmuy —
OOJIBLILOI M MAJION, KOMIUICKC KOTOPBIX M mnpeicTanisieT coboit cod-
CTBEHHO puOOCOMY ¢ MOJeKyaspHOIT Maccoit 2,5 i (70S) y npoka-
puot wian 4.2 mun (80S) — vy sykapuor. Manas cybuactuua (30—
40S) cayxur juist cesaseiBaiug MPHK n TPHK, a Goabiian yuactsyer
B 00pazoBaHiy NenTHAHOI cBsi3u. OcHOBY (Kapkac) Kaxaoi cybuacTu-
1Bl COCTABASIOT MOJeKyabl pubocomanstbix PHK, Bokpyr KOTOpBIX B
ONpeeIEHHOM YHCIIE | MTOPSJIKE IPYIupyloTest Genku Manoii (S-6en-
kn) u 6onbiuoii (L-6eakn) cybuactuusl pubocomst (puc. 153). Cpas-
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Puc. 153. benku puboco-
Mbl B OIpe/e/JIeHHOM I0-
pAAKE TpynmnupyroTcs
BOKPYT Monekyiasl pPHK
(no A.C. Cniupuny, 1986).
Hzobpakensl iBe NpoekiiMn
pacnionoxenns 21 Genka (S-
benkn) Bokpyr Y-obpasHoit
monexkyast 168 pPHK B 308-
cybuacTuue pubocomel Dak-
Tepui

HEHHE CTPYKTYPHBIX KOMITOHEHTOB NMPOKAPHOTHYCCKUX M 3YKAPHOTH-
yeckux pubocom npuBesieHo Ha puc. 154.

Y Beex npokapioTHyeckux Gopm Kusuu (3ydakTepuu, aKTHHOMM-
LEThI, CHHE3eJeHbIE BOAOPOCIN M apxebakTtepun) nmpucyrersyior 70S

Heanccouuupoparnnas

pubocoma Cybuactiupl  ———— KoMnoHeHThHl
2
< 0nm 23S PHK +5S PHK
(1,1 MJla) (0.5 MJa)
3000 1. 120 u,
34 Benka
30 am 508
(1,7 Mla)
16§ PHK
- (500 k/la)
1500 n.
n]l)OKil]JHUTH‘iECKﬂﬂ 21 5&'.-!:01(
708 308
(2_7 Mﬂ,a} (] Mﬂ.d)
9
L 288 PHK 5,85 PHK 55 PHK
(1.5MOa) (44 kla) (36 kla)
5000 w. 160 1, 120 .
Oxkono 30 Geakon
35 um
188 PHK
- < (700 k[la) 2000 1.
DyKapHoTHYECKas Oxono 35 Benkon
808
(4,3 MIa)

Puc. 154. CpaBrenue coctaBa NPOKapHOTHYECKMX H 3YKAPUOTHYECKHX pHGO-
CcOM (MOSICHEHUH B TEKCTE)
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pubocomsl. Becoroe cootromenne PHK: 6es10k v Hux cocrapnsier 2: 1.
Oxkono 2 % cyxoit macesl pubocom coctapisier Mg. B npenaparax pu6o-
COM, BBIACACHHBIX M3 TIPOKAPHOT, OOBIMHO MPUCYTCTBYIOT OpraHuye-
CKHe TIOTHKATHOHBI, TAaKMe, KAaK CIIEPMHIH, CIIEPMHINH, KalaBepuH M
MyTPECIIMH (CyMMapHOC KojuuecTso ~ 2,5 % oT cyxoit Macchbl pubocom).
Crpoenue 70S pubocom npakTHIECKH MAEHTUYHO Y BCEX MPOKAPHOT.

B nuroruiazMe 3yKapMoT COAepKaTcs HECKOJIbKO fosiee KPVIHbLIE
80S pubocomsl, y Kotopbix cootHoteHue PHK : 6enok 6amsko k 1: 1.
B ux coctaBe oGHapykeHbl HOHB Mg m Ca®, a Takxke HeGosbinoe
KOJIMUECTBO MOJTHaMHHOB.

HauGosee metanbHo M3yueHa cTpykrypa 70S pubocom Gakrepwii
(E. coli). B coctaBe Manoii (30S) cybuacTuiibl pubocoM pasimmualor ornpe-
lleJIeHHbIC MOMH, HA3bIBAEMbIE «TOJIOBKOI», «TeJIoM» U DOKOBOI BbIC-
Tyn, wiu miatgopma (puc. 155). bonbiuas (50S) cybuactuiia conep-
KT TPH BBICTYNA, WK npoTybepaHiia: HeHTpaibHbIi 1poTybepaHent
(rojioBka) W aBa OGOKOBBIX, CpelH KOTOPBIX pasnuuator «L7/L12 —
CTepKeHb» («Majiell») U PACIONOXCHHBIE MO APYIVIO CTOPOHY OT ro-
J0BKH «L1-pebpo» (mnm Gokosast nosst). B Ha3BaHUM STHUX BBICTYTIOB
OTpaXkeHa JOKAIM3alUMsl B HUX COOTBETCTBYIOIIMX O€/IKOB O0nbIIOi
cybuactuitbl (L-6eakoB).

B nociienHue rojibl METOAOM KPHOJIEKTPOHHONH MUKPOCKOITHH T10-
JiyueHbl Dojiee geranbHbie H30Gpaxkenus cybuactuu pubocom Gakrte-
puii. Ha HuX Kpome BbllLicHA3BaHHBIX focii B 30S-cybuacTuiie mieH-

A
Fonoska HLI[:;F:;PP‘;;_
Bepanent
J-xouen [ _
16S PHK/3S P'V
MPHK
bokosoii
BBICTYTI
(rumaTdpopma)

CrepxeHb

Teno (nanen)

Puc. 155. Cxema cTpoeHust pubocoMbl
Baxrepuit (mo A.C.Cnupuny, 1986):

A — saurrpuxosatinasi 063acTh NOKa3bIBa-
et pacnosoxeHne MPHK-ces3biBaowero
yuactka Ha 30S-cybuactuiie (H30bpaxeHa
Ha niepsoM Tutape). S0S-cybuacrtuia u3o6-
pakeHa Ha BTOPOM TraHe; b — 21eKTpoH-
neie Mukpodotorpagmn pubocom Gakre-
puii M UX MOZedM B ABYX NMPOCKIIMIX
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THOUIMPOBAHbI «KaHaJ» M BBICTYT («imopar). B uesom pubocoma npe-
crapigeT coboil CI0XHOe M0 apXUTEKTOHIKe o0pa3zoBaHue ¢ 061acTs-
MM MOBBIIIEHHON 3JIeKTPOHHOM TioTHOCTH. MMerolmecs B pubocome
yriyGneHust («kaHan», «TYHHEIb» M IP.), NO-BUAMMOMY, CIYXKAT UIS
szanmoercraua ¢ MPHK u amunoaumn-tPHK, a takxke, sepoatho,
MCIIOJIb3YIOTCS JUISE BBIXOJA CHHTE3MPOBAHHOTO MOJMMNENTHAA (Kak,
Hanpumep, E,- u E,-caiitel). B xoze TpaHcasumm B npouecce npojsu-
xenus no MPHK pubocomanbHbie cybuacTHiibl, 1o Beei BUTMMOCTH,
JIMHAMHYIHO KOHTAKTUPYIOT Apyr ¢ apyroM u ¢ MPHK. Tak, B n1a6opa-
TopuM akagzemuka A. C. CrimpuHa ¢ MCNOIb30BAHHEM OPUTHHAILHOTO
MeTola TPUTHEBOH OGOMOApPIMPOBKM YCTAHOBIEHO, B YACTHOCTH, YTO
cTepxkeHb («nanel») 60abIoNH cybUacTHIIL 06a1aeT CrocobHOCTBIO
«obHUMATB» MaIYIO cyGuacTuiy nocie npucoeauHennsi GTP-cpsizbi-
Balolmnx Oes1koBbIX (hakTopoB TpaHcasalMH. CTpyKTypa Beex Oestkos Hak-
TEPHATBHLIX PUOOCOM NOCKOHANIBHO M3YYeHa, M B HACTOMALICE BpeMs
NPaKTUYECKM 3aBepileHa paboTa Mo BbISICHEHMIO MOJHOM MpocTpaH-
CTBEHHOH CTPYKTYPBI pUOOCOM NPOKApHOT, BKIIOUAs AETaIu B3auMO-
JeiicTsus Beex cocrasmsiionmx ee 6enkos u pPHK.

Putocomansusie PHK, cocrasisionime Gonee nojoBUHBI MACCHI
pHOOCOMBI, UMEIOT BeChbMa CJIOXKHYIO MPOCTPAHCTBEHHYIO OpraHm3a-
UMAIO M BBITIOJIHAKOT, MO COBPEMEHHBIM MPEACTABICHUAM, BEIAYIYIO
posb B GiocunTese Oeska. [1pn HEKOTOPBIX OTJIHUMSIX CTPYKTYPhI 60J1b-
wux (16— 18S u 23—28S) u manesix (5S) pPHK B nenom secbma
CXOAHBI Y PA3HBIX OPraHU3MOB, YTO TOBOPHUT 00 YHMBEPCAILHOM Xa-
pakTepe M KJIOYEBOH POJIM 3THX MOJIEKYJ B (DYHKIIMOHHPOBAHMHN PU-
Gocom. B coctaB pubocoM BXOAMUT TaKXKe 3HAYUTEIbHOE KOIMYECTBO
DesikoB, aMHHOKMCIIOTHBIE NMOCIE/IOBATE/IBHOCTH KOTOPBHIX B 3BOJIO-
[THH MEHSUTHCH 3HAYNTENLHO cHIbHee, ueM crpyktypa pPHK. Yacrs u3
9THX O€JNIKOB, BO3MOXHO, BOOOIIE HEe HYXHa i paboThl pubocoMm.
Tak, no obpastomy Boipaxernio akan. A.C.Crnupuna, 6e1KH TOIBKO
«1IeKOpHPYIOT pubocomy», a raaBHbie YHKIMKU B ee paboTe, HecoM-
nenno, spinmonusAior PHK, torna kak 6enku MOryT JMilb YCHIHBATD
9TH pyHkunn. Hanpumep, Beayuryio pons B cassbiBainn MPHK Bbi-
nonHger 3'-KoHuesoit yyactok 16S pPHK manoit cyGuactuimn pu-
bocomel npokapuoT. B ocHose (hopmupoBanus 6obiioii (50S) cybua-
CTHIIBI JIEKNT KOMIUIEMEHTAPHOE B3aMMOJICHCTBHE ONpee/ICHHBIX Yua-
crkos 23S u 5S pPHK. O16op u ceassiBanue amuHoauna-TPHK B
pubocomMe Takxe ocyiecTsisiiores ¢ nomouibio 16S pPHK, Toraa kak
caM CHMHTe3 nenTHAHO cBsa3u Tpebyer yuactus 23S pPHK. Pasnoo6-
pasHele GyHkimu pPHK B ocywecrsienuu tpaHcasiiium Ha puboco-
Max, BEpPOSITHO, OTpaxaloT onpencisioiee sHayernne PHK Ha nep-
BUYHBIX (100eMKOBBIX) aTanax GMoJI0rHIecKoil IBOTIOLIMH, KO CAMH
PHK morimn dopMupoBaTh KaTaIMTHYECKN aKTHBHBIC MTOBEPXHOCTH M
BBLITIOIHATE (hyHKUIMKM GHOKaTan3aTtopos (pubo3umos).

Kak npokapuorHyeckue, Tak M 3yKapuoTHuyeckue pubocoMbl co-
JepXKat no oaHoi BeicokonoaumepHoii PHK Ha kaxayio cy6uactniy
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onHy Huskomonekyisipuyio (58 PHK) B cocrase Gosbinoii cybuactu-
I(6l, FOJIOBKY (LIEHTpaIbHbIH NpoTyOepanel) KoTopoit oHa u obpasyer.
B sykapuoTnuecKuX pubocomax COAEPXKHUTCs TAKKE HU3KOMOJICKYp-
nast 5,88 PHK, xoropasi npejicTasiser cofoi roMonor 5'-KOHIIEBOro
yuyactka soicokonoaumepHoilt PHK 6onbiuoit cyGuactuiiel pubocom
npokapuotr. 9ta PHK u ananornynas it 4,55 pPHK xnoporuiactos
BBICIIMX PACTEHMIH NpeacTaBastioT coboil pe3yibTaT NpoIecCHHTa rnpeji-
mecTBeHHMKa BoicokonoaumepHoit PHK Gosbiioii cybuacTuiisl u yya-
cTBYIOT B e¢ (hopMUpOBaHUH. MOJIEKY/IPHBIE MACChl M YHCJIO HYKJIEO-
inos paznnaHbiX pPHK npeacrasiensr Ha puc. 154.

HykneotuaHas nocienosateabHocTb Beex Bunos pPHK npokapuor
paciiugpoBaHa ¥ MOJHOCTBIO U3yYeHa MX NMPOCTPAHCTBEHHAA CTPYK-
typa (cMm. 1. 3). B cocraBe 3THX MOJIEKY/I BbISIBJICHBI ONpPEACICHHbIC
yaacTKH (IOMEHBI), H3YMeHO UX CTPYKTYPHO-(DYHKIHMOHATBHO® HA3HA-
uenue. B uenom 16S pPHK 6akrepuii umeer Y-00pa3Hyio CTPYKTYpY,
OTHeNnbHbIe KOHIb (BETBM) KOTOPOH (POpMUPYIOT FONIOBKY, TelNO M
ratopMy Manoil cyGuactuibl. HanGosnee npumeuaresieH ToT (akr,
yTo 061mas (opma sroit PHK Hanomunaer dopmy camoit 30S-cyGua-
ctiubl. Umenno cnocobrocth 16S pPHK K caMonpou3BoJibHOH YK-
nazKe B nipoctpaHcTse (6e3 yuacTs 6e1KoB) onpesnensieT o0uLyio hopmy
1 pasmepsl pubocomManbHOi cybuacTuiibl, B Kotopoii 16S pPHK cay-
KMT KapkacoM (CBOEro poja «apMatypoii») juis accounaunn S-6ei-
koB. Beicokomonekynsaphas 23S pPHK 6akrepuit umeeT B mpocrpan-
ctBe Gonee okpyriyio opmy, uem 16S pPHK, uro csasano ¢ ocoben-
HOCTSIMH €€ BTOPHYHOIi CTPYKTYphI: 5'-KoHew 1 3'-konen 23S pPHK
chnmxeHbl (crnapeHsl) W 06pasyloT yCTOHUMBYIO criMpaib M3 8 HyKie-
oTUMAHBIX nap. B onpenenenHoii obnactu (nerie) BTOPHIHON CTPYKTY-
pbi 23S pPHK nipoucxoaut KoMIUIEeMeHTapHOE B3aUMOJICHCTBHE C 5S
pPHK. 3a nckiioueHueM HECKOMBKHMX PeAYIHPOBAHHbIX BBICTYIIOB (Mpo-
tybepanieB) KoHTypsl 23S pPHK
coBrnanalT ¢ Koutypamu 50S-cyo-
YACTHMILBI, YTO OTISITb-TAKM FTOBOPUT
o anampyiouieit poan PHK B dop-
MHPOBAHUU TMPOCTPAHCTBEHHOI
CTPYKTYpbI pubocombl (puc. 156).

TTocnenoBaTeLHOCTL COOBITHI B
npoiecce OMocuHTE3a OEIKOB Ha
pubocomax 0ObIMHO NOAPAZAENAIOT
Ha TpU GONBLIUMX ITana: UHUKUA-
UUIo, INOHEAHUIO U MePMUHALUIO.

235 PHK

Puc. 156. CpaBHenne KOHTYPOB cyOua-

cTull pubocombl GakTepuit U coctas-

nsommnx ux ocuosy 23S u 16S PHK
(no A.C.Cnupuny, 1986)
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[Ipouecc npourenusi (tpancasumn) MPHK crapryer ¢ onpene-
JIEHHOTO €70 y4acTKa, rjie HaYMHAaeTCsl Koaupylouas (TpaHeaupyemas)
NOCAeI0BaTe/IbHOCTh HYKJIEOTHI0B. [Inst obecrieyenust Havyaita (MHM-
UMALHK) TPAHCASLUHU HEOOXOJAHM MHHLMHUPYIOWMIT (CTapTOBBI)
konon MPHK, unuumaropnas amunoaunn-tPHK u 6enkosuie dak-
TOpbl MHKUUMamMK. [Tocae MHUIMaMU pubocoMa NMOCAENOBATEIBHO
Tpancaupyer MPHK B Hanpasnenuu ee 3'-konua. Tpancasiuus conpo-
BOXKIAETCH CHHTE30M TOJHUIIENTHIHON 1ienu Oeka 1nyrem nocieiosa-
TEAbHOTO ITPHCOETMHEHHS AMUHOKHUCIOTHBIX OCTATKOB K KAPOOKCHIE-
Homy (C-komily) pactyuiero nenruaa. YuimHeHue (2J10Hraumsi) mnern-
THAZ NPOUCXOIUT B COOTBETCTBUH € MOCACJOBATEILHOCTLIO KOAOHOB
MPHK, npouTtenne Kaxaoro u3 KOTopbIX CONPOBOXKIAETCS ITPHCOCIN-
HEHHEM K TENTHIY OJIHON0 AMWHOKHCJIOTHOIO OCTATKA, JIOCTABIse-
Moro cooreercreyioleit TPHK. g obecrieuennst ononranum Heobxo-
aumo Hasmune amuHoauua-TPHK, Genkosebix dakropos amonraimm,
a TAKXKC MCTOMHMK SHEPIrUM Ul NPOABMKEHUS TpaHCAUpYIoueit pu-
Gocompl o MPHK. McrounnkoM sHeprim uist TpaHCAALMH CAYXKHT
GTP. LenTpanbHbIM MOMEHTOM DIOHTALMH SBJISCTCS PEaKIIns TPAHC-
NENTHINPOBAHNS — CHHTE3 NMENTHIHOI CBA3K € yYaCTHEM aKTHBUPO-
BAHHBIX AMMHOKHCIOTHBIX OCTATKOR, JIOCTABISICMbIX B pUBOCOMY B CO-
crae amuHoaui-TPHK. Peakuus ocymecrsasiercs: mexy C-koHile-
BO# KapOOKCHIILHOM IPYNIoif pacTyiieil moJUnenTHHoi Hem U cBo-
GoaHol aMMHOTPYNIOI OYepelHOH AMMHOKHCIOTHI, MEPeHOCHMOI
TPHK. Ha nporsixenun Bcero npouecca KapGoKCHIbHBIIH KOHEI[ 110~
JIMNENTHAA OCTACTCS B aKTHBUPOBaHHOI hopme, Oyiyun cBsizaH Mak-
pospruveckoit casbio ¢ TPHK. B kaxnoit peakunu cuHtesa ouepeji-
HOM NMEeNTUAHON CBA3M MAKPOIPTHUECKAsH CBSA3b Pa3phIBACTCS M TYT Ke
3AMELUACTCsl TAKOM JKe CBS3LIO, 00pa30BaHHON CEAVIONIHM aMUHO-
KHCIOTHBIM OCTATKOM, JIoCTaBIeHHbIM aMmuHoauma-TPHK (puc. 157).

OH
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IMenmuaun-TPHK  AMunoanun-TPHK Avunoanun-tPHK,
TPHCOCIMHEHHAA
X KapboKcHiIbHOMY
KOHILY pacTyiei
TIOJMITCIITHIHOM
e

Puc. 157. Peakuus tpancnenTuanposanus (MosicHeHUs B TeKCTe)
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TepMuHalus TPAHCASIMM NPOMCXOAMT TOraa, Koraa pubocoma 10-
cturaet TepmuaMpyioutero kogona MPHK. C nanubiM Ko10HOM 00bIM-
HO He B3auMoneHcTByeT HHM oiHa U3 amuHoaumwi-TPHK, Bmecto atoro
k MPHK npucoenunsiorcst 6enkosbie (hakTopbl TEPMHHAIIMH, 101 AEH~
CTBMEM KOTOPBIX CHHTE3WPOBAHHBII MENTHI BRICBODOXKIAETCSH U3 PH-
6ocombl. B ciyuae tpancasiuu moHouuctpoHoBbix MPHK 6nocuHTes
Genka Ha 9TOM 3akaHuMBaeTcs. [Ipu TpaHCHSLMHK NMOJMIIMCTPOHOBBIX
MPHK pubocoma MOXeT MpoNOIKUTh ABHKEHHE, [1OKA He JOHIET 10
OYEepeIHOTO0 MHHMIIMHPYIONIEr0 KOAOHA, C KOTOPOr0 HAYHETCs HOBBIN
MOJIHBIH MK TPAHCIALMK, BKIIOYAIOIIMIA MHUIIMALIWIO, JIOHTALIHIO
1 TEPMHHALHIO.

IMocnenoBaTebHOCTL COOBLITHIA, TPOMCXOMSAIIMX B XOAE OIHOTO LIHK-
J1a TPaHC/ALIMK, TipeacTarieHa Ha puc. 158. Pubocoma B nipouiecce TpasHe-
MK BeinosiHsier psaa (yHKmi: ceassiBaet u yaepxusaer MPHK,
cea3biBaeT amuHoauwi-TPHK, ocyuiecTsisier CHHTE3 NENTHAHOM CBSI~
3M, YAEPXKXHMBAET PAaCTylIMi noannentua, ydacrtsyer B runposmse GTP
u npoasuraercst no MPHK, B3aumoneiicTeyer ¢ GenkosBsiMi (akTo-
pamu TpaHcasaumnun. st BeinoaHeHus: Beex aTux (pyHkumi pubocoma
JIOJIKHA 001a4aTh COOTBETCTBYIOUMMHU (DYHKIIMOHAJBHBLIMU LIEHTPA-
MM, U3 KOTOPBIX TOJIBKO YaCTh B HACTOSIIEE BPEMSl YETKO MAECHTH(DH~
uuposaHa. Tak, MPHK, BepositHo, cBsizpiBaetcs ¢ 30S-cybuacTuiieit
B paitoHe xenobka, OTIeNsIoero rojoBKy oT GOKOBOH JIONACTH W
rosiopky ot teja. B esaszsisanun MPHK y npokapuot miasHyo posib
MIpaeT KOMIUIEMEHTAPHOE B3aMMOJEHCTBHE OTIpeAeIeHHOro MypHH-
GoraToro yuactka ee MoJIeKy/ibi (nocredoeameasiocms Ulaiina— danv-
2apHo) ¢ KOPOTKMM MUPUMHUIAMHOOraThiM Y4acTKOM 3'-KOHLA Moje-
kyibl 16S pPHK, nokanusoBannoii B 30S-cybuactuie. B cesasbiBaHuK
u ynepkusauinn MPHK, BeposiTHo, yuacTByloT Gesiku Manoii cy6uac-
Tuust (S3, S5, S10, S14), a Takxke crepxenb (naneu) Gonbluoit cyd-
yacTuibl (Benkoseiii Komruieke L7/L12).

Caaspianue amuHoaumn-TPHK npoucxoaut B pubocome B IBYX
CIICUHATBHBIX LEHTPAX, KOTOpbie (hOpMHUPYIOTCH B pesyabrare o0be-
AnHeHus OoablIoit M Manoit cybuactull — P-ueHtpe (nenTuauib-
HbIiT HeHTP) ¥ A-1ieHTpe (aMUHOalMIbHBIN HeHTp). O6a 1eHTpa jaoc-
TATOYHO KOMTMAKTHBLI M PACMOIOXKeHbl PAAOM APYr € APYroM BOJN3H
ronosku 30S-cybuacTuiib M 6osbiIoro nporybepanua 50S-cyGuacTHiibl
(puc. 159). 3aech nPOUCXOAUT B3ANMOIEHCTBHE AKLIENTHPYIOLIMX KOH-
oB amuHoamn-TPHK u nenmunma-rPHK ¢ obpasosanuem nentuia-
HOI cBsA3M (peakumst TpaHcnenTuanposanus). Uit opmuposanus A- 1
P-1ienTpoB, BepositHo, HeoOxoaumo s3aumoneiicteue scex pPHK pu-
GOCOMBI, a TAKXKe 11e/10T0 psijia HeakoB B0bLIoH 1 MAJIOi cyBuacTHIL.

CasizpiBaHME pa3zHOOOpasHbIX GeIKOBBIX (PAKTOPOB DIOHIALHM H
GTP, no Bceit BUAMMOCTH, NPoUCX0AUT Ha S0S-cybuacTuue B paiione
L7/L12- crepxusi. K cesasbisanmnio GTP cnocobusl cnieungnyeckue
Genkossie dakrops Tpancasuuu: EF-Tu, EF-G (dakropsl 3m0Hra-
in), 1F-2 (dbakrop numumauun) 1 RF-2 (hakrop Tepmunannu). 9tu

307




308-cyGuacTima

TPHK™
MPHK

GTP

IF1

IF2 ’ AN

IF3

-HEHTD
<« EF-Tu- GTP [
@ Ouepeanas
Lnkn amMuHeaun1-TPHK
MOHTAIHY

EF-Ts* GDP

EF-Ts+GTP

WEF-Tu-GDP
+Pi

Tpancnerrrwmpopanme ~—RF2

Tepmumnanus

benok / +

505-cybuacTHua
30S-cyGuactnua
MPHK
TPHK

Puc. 158. Dranl Tpancisuny y 6akTepuii (noscHeHns B Tekcre)

(bakTopsI Beeria B3IanMONEHCTBYIOT ¢ pubocomoit B kommiekce ¢ GTP,
T.e. npencrasisior coboit GTP-ceaspiBalome Genkn (G-6enkn). Mpu
cBsi3piBaHmu ¢ pubocomoii akrusupyercss GTPa3suast akTHBHOCTH TOTO
WM MHOTO M3 3THX (hakTOPOB, a BLICBOOOIMBILIASCS B PE3y/bTaTe MHjl-
poruza GTP oneprusi MCHIONBL3yeTCs HA COOTBETCTBYIONIMX IHEPrOEM-
KHX CTAIMSX TPAHCISLMN.
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Ienmuduampancgepasnviic yenmp, B 58 PHK — Genkosmiil Komieke
KOTOPOM HJET CHHTE3 NEenTHAHON CBA3M, .
JiokanusosaH B 50S-cybuacTuiie n pacno-
JOXeH BOJIM3M LEHTPAIBLHOIO nporybde-
paHila HA BOIHYTOM TMOBEPXHOCTH, KOH-
takTupyioneit ¢ 30S-cybuactuueit. B opra-
HU3aLKHK 3TOTO LIEHTPa, BEPOSITHO, MPU-
HUMAIOT Y4acTHe OAMH M3 AOMeHOB 23S
pPHK u nekoropeie benku 50S-cybuac-
TULBl. MHOTOYUCIEHHBIC TONBITKH MICH-
tuduuMpoBaTL nentuauaTpaHcdepasy
cpeiu 6eJIKOB pUOOCOM HE YBEHYAIHMCD YC-
MEeXOM, W CKJIAZIbIBACTCS BIeUaTIeHne, 4To
34 CHHTE3 MeNTHIHON CBA3H OTBETCTBEH-
ia 23S pPHK. KoMmmsieke nepemenieHmii
(Tpancnokanus) monekyiast MPHK, nea-
numposarHoit TPHK u nentumwi-tTPHK, ocyniectsasemstii mo GTP-
3aBMCHMOMY MEXaHM3MY, MOXET, BEPOSITHO, POUCXOANTDL B Pe3yiib-
TaTe B3aMMOCICTBH cyOuacTHil pubOCOM (MX pa3sMbIKaHMsI M CMbIKaA-
HHA) TIPH YYACTHH CTepXHS Oosibluoil cybuacTuusl. Takas auHammuy-
Has Mojieib paboTel pUOOCOMBI JieTallbHO pa3paboTaHa akaJeMHUKOM
A. C.CriupHHbBIM.

Puc. 159.Cxema BO3MOXHOTO
pacnonoxeuusi TPHK (3a-
HITpHXOBaHHbIe 0b1acTH) B
A- u P-penrtpax pubocomsl

OTAIIbI TPAHCJIALIUA

Muununanus 6eJIKOBOro CHHTE3a COCTOMT U3 HECKOJIbKUX CTalMil N
00CIYyXKHUBAeTCs psioM Geakoesix ghaxmopoe unuyuayuu (IF — Initiation
Factors). ¥ Gakrepuii cywectsyior Tpu Takux dakropa: IF-1, IF-2 n
1F-3. ®akrop 1F-2 obaanaer GTPa3Hoit akTHBHOCTBIO M UTPAET 1IEHT-
PaJIbHYIO POJIb B CBSI3bIBAHMM MHULIMAaTOpHOM amuHoaumin-TPHK. JIsa
sipyrux hakTopa, BepodaTHO, BiusioT Ha KoHdopmaumio 30S-cybuac-
THILBI, omorast eit caasbiBathest ¢ TPHK™, nepenocsimeit moaudu-
IMPOBAHHBIN OCTATOK METHOHUHA — (hopMUAMEMUOHUA:

NH,
B uens TPHK
Hes
CHy cq, LN N)
0
i ,
o ((I:Hz)zH H
H’EC-—NH—CH—(";-—O OH
0

Bopmmamernonna-TPHK
(3'-KOHe MOJCKYIbI)
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Mmenno s1oit TPHK nipeacTonT cBsa3athes ¢ MHMLMMPYIOLINM KO-
noHom MPHK — xononom AUG. B HeKOTOPBIX ciIyuasx nepsulii aMu-
HOKHCJIOTHBIM OCTATOK BKJIIOYAETCH HE HA METMOHHHOBOM KOJOHE
AUG, a na konone GUG, KoTOpbIii KOTUpPYeT BATHH. DTO CBA3aHO C
TeM, 4TO Ul 3(PpPEeKTUBHON MHUUMAUMM Y NPOKAPHOT CTAPTOBbII
KOJIOH JI0JDKEH PACTIONarathCsi Ha BEepLIMHE IUMMJICYHON CTPYKTYpbI
MPHK, nepen kotopoil Ha paccrosanuu ot 3 10 10 HYKI€OTHIOB A0~
AHa pacrionaratbCsl nypuH-6oratas mnocnenosarenbHocTs laiina —
Hanvrapro. KoMmruiemenrapHoe cnapmBanue antTukoaoHa TPHK™¢ ¢
HHULMMPYIOUINM KOZOHOM UMEET NPUHLMITHAILHO BAKHOE 3HAYCHUE,
TaK KaK HMEHHO 3TO B3aUMO/ICICTBIE OTIPENE/ISIET PAMKY CHUMbBIGAHUS
(TpaHCAAUMM) HYKJICOTHIHOI Tocaenosatenbhocth MPHK, kotopas
B MIPUHLIUIIC MOXET ICKOIMPOBATBCSA € TPEX PA3IMYHBIX MO3uLMit (110
YHMCJY HYKJIEOTHUIOB B KOJIOHE), U B Pe3yJIbTATE MOTVT ObITh CHHTE3M-
POBAHBI TPH PA3/IMYHBIE MOJUTIENTUAHBIE LentH (puc. 160).

Ha caenyiouleii cranum MHULMALMY TIPOUCXOAUT TIPHCOEIHHEHME
30S-cybuactuun kK MPHK u yanasanmne manmmumpyiomero konona AUG
CPEu JIPYIUX AHAJIOTHYHBIX KOJIOHOB, KOJAMPYIOLINX METHOHUH. MHK-
unatopras TPHK™¢' npu stom ceaspisaercs ¢ 30S-cy6uactuueii B
BrIe Komruiekca ¢ pakropamu unnnmanmn u GTP (em. puc. 158). BeiGop
NPaBUIBHON TOYKM MHMUMaMu Ha monekyae MPHK onpenensiercs,
ouesniHo, 30S-cybuactuieil. Buibop craproBoro konoHa y 6akrepHii
IIPOHCXOMHUT € y4acTHEM KOPOTKOI (OT 5 10 8 HYKIEOTH/I0B) MypUH-
Goraroit nocnenosarensroctn laitna — Jdansrapuo 8 MPHK, koto-
pas KOMIUICMEHTAPHO CBA3BIBACTCS € MUPUMHIMH-6OraThiM Y4aCTKOM
BOsm3K 3'-konua 16S pPHK, nokannzosannoii B 30S-cy6yactuue pu-
Gocomer. Takum obpasom, B3aumozneiicreue Tpex suaos PHK (MPHK
16S pPHK n TPHK™®) yctanasnmeaer pamMKy CuMTBIBAHMS M npe:

nor:_pencnﬂe'r AMHHOKMCJIOTHYIO ITOC/IE10BATENIbHOCTE CHHTE3HPYEMO-
ro Genka.

5;_’_ 3!

QOQOC00

MPHK CAG UCU AUG GCA AAU AAG GUA GAC CAU

Pamka cunteiBanmng A

Pamka cuntsiBanms B tyr H gly H lvs FCron

Pamka cuntniBanms C Jeu H tp H gin { ile { arg [Cron

Puc. 160. Pasnuynpic paMKH CYUMTBIBAHMA (TPAHCIALUMH) HYKICOTHIHOMN
nocnenosarenbiocty MPHK,
T[)ilHCJ]ﬂL[I‘U[ MOXET OCYIUCCTRAATHCA € MOMOUILIO OAHON N3 TPEX PAMOK CHHTHIBAHMA,

Bn PHBEACHHOM NpUMepe PaMKit CYMTEIBAHNA B 1 C npepeiBaiotes cTon-KoaoHamu, «Ot-
KPBLITOli» ABASETCH TONLKO pPaMKa CUMTHIBAHMA A, HauMHaowasicsa ¢ konona AUG
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IMocne obpasosanusi xkomiuiekca 30S-cy6uactuun ¢ MPHK u
TPHK™ Genkosbie pakropst unummaimu [F-3 n IF-1 nokunaior 30S-
cybuactuity, yerynas mecto 30S-cybuactule, nMpHCOCIMHEHHE KOTO-
poit 3aBepiiaeT rnpomuecce c6opku nonHoii (70S) pubocoMbl nMpokapu-
or. O6penuHen e cybuacTiy NpUBOAUT K GPOPMHUPOBAHUIO IBYX LIEHT-
pos cesasbiBanust TPHK: P-uentpa u A-ueHTpa, Ha3HaueHue M JioKa-
JM3aIMs KOTOPBIX B pubocome ObutM OTMeueHbl HaMu paHee. [lanee
non neiicreuem dakropa 1F-2 nponcxonur ruaponns GTP, a Beicso-
GOAMBILIASICS TIPH STOM SHEPIHsi, BEPOSTHO, PACXONYETCA HA CTAOWIN-
sawmio (zakpervienne) TPHK™ g P-tientpe pubocomel. OnHOBpEMEHHO
topmupyercs A-UeHTP pUBOCOMBI, TpeaHa3HAYSHHBIH JUISl TIPUCO-
eauuenns caeayromei amunoaunwt-TPHK u, Takum obpaszom, 3akaH-
quBaeTcs rnporecc cOOpKH AKTHBHOM (TpaHcimpyiouieii) pubocombl,
OCYIIECTBAAIONICH 2I0HTranmnio H6e/IKOBOTO CHHTE3a.

Daoneayus Tpancaaumn y Gaktepnii obeayxmsaercs Tpems Oei-
koBbiMH (pakropamu (EF-Tu, EF-Ts n EF-G) n moxeT ObITb NO1pa3-
geseHa Ha TpH craauu. Ha nepBoil ctaamu K A-LeHTpYy puOOCOMbI
npucoeannsierca amunoati-TPHK, npunocsuias sropoii (nocne f-
Met) aMMHOKHMCIOTHBIIl OCTATOK, KOXHPYeMBIil BTOpHIM (mocie
rpuniera AUG) kononom MPHK. Takum obpasom, co3nalorest ycio-
BUS JUTS 0Opa3oBaHMsl MENTHAHON CBSA3M MEXIY aMMHOKHCIOTHBIMU
ocTaTKaMM, cesizaHHbIMM ¢ cooTsercTytommmu TPHK 3akperien-
ibiMu B A- M P-uenrpax pubocomel. Ilocrynas B A-UEHTP, aMUHO-
anmn-TPHK 3akpemuisieTcst B HeM B KoMruiekce ¢ GeakosbiM (akro-
pom EF-Tu n GTP. B ceassisanun amunoaunn-tPHK, sepostho,
MPUHNMAIOT YIACTHE HE TOJNBKO AHTHKOAOHLI, HO M JIPYTHE YHACTKH,
[TOCKOJIbKY MOCTTPAHCKPUTIIIMOHHbIC MOAN(DUKALIMN €€ MOJIEKYJIBI CY-
LIECTBEHHO BJAMSIOT Ha cBa3biBanue ¢ pudocomoii. Tlpu yuactnu
daktopa EF-Tu ocymectsasercst rmapoans GTP o GDP u docda-
Ta, a4 BHUICJSIIONIANACS DHEPIrus Pacxoayercsi Ha cONMXEHHE JIBYX aK-
tenTupylonmx Konuos monexyl TPHK ¢ npukpenieHHbIMH K HUM
amunokncnotrHbiMu octatkami. Kommieke EF-Tu—GDP npu aTom
rtoKuaeT puboCOMy M pereHepupyercs ¢ ydactueM (akropa EF-Ts,
tak uto (hakrop EF-Tu BHOBL OKasbiBaeTCs CBA3AHHBIM C MOJIEKY-
s0it GTP, a 3atem n co caeayioueii monekyioil amunoauna-TPHK
(cM. puc. 158).

Ha cieayiouieit CTaiiy 310HTAIHA — TPAHCIIENITUINPOBAHHH —
1epBbiit (HOPMUIMETHOHWHOBBIH) OCTATOK MEPEHOCHTCS Ha cBoboI1-
Hy1o NH,-rpyiiny BTOporo aMMHOKHUCIOTHOTO OCTATKA, CBSI3AHHOTO €
TPHK, pacnosoxennoii B A-uentpe pubocombl. B pesyasrare 3TOM
peaKIii, XHMH3M KOTopoit 6611 pasobpan Beile (eMm. puc. 157), obpa-
3yercsi neppas MenTHIHas CBA3b B MOJIEKYJle CHHTE3MPOBaHHOTO be-
xa n sosunkaer aurnentuana-TPHK. Crosuwmm nepsbiM Ha N-KoHILEe
octatok fMet (v 2yKapHOT WM sBIsieTCS ocTaToK Met) BMOC/Ie/ICTBHH
OTHICIJISICTCS TIPU YYacTUH amuHonentTuaas. OTiiernieHne MeTHOHNHA
CYILECTBEHHO 1MOTOMY, 4TO N-KOHIEBOH# aMMHOKHMCIOTHBIA OCTATOK
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MOXET ONpeaenarTb BpeMa XKU3HN beika, Bo3AeHCTBYS Ha YOUKBUTHH-
3aBMCUMBIIT YTh €ro Aerpagaiiuu (cM. . 2).

Tpetest cTanusi SNOHTALMM — MPAHCAOKAWUA — 3aKII0¥aeTCs B
ToM, uro aunentuaua-TPHK, ocraBasicek cBs3aHHOM € COOTBETCTBYIO-
M konoHom MPHK, nepemernaercst ua A-nientpa B P-uenrp pubo-
COMBI, OJIHOBPEMEHHO C TpoaBMXeHHeM TpaHcaupyemoir MPHK ye-
pe3 pubocomy. I1pu 3ToM ocBoGOANBIIASACA OT aMUHOKHCIOTHOTO OC-
TAaTKa B pe3yjabrate peakumu TpaHcrentuauposanus TPHK™ ynans-
ercs u3 P-nenTpa, nepemewasics B E-uenmp pubocomst, v jiajiee BbIBO-
antes u3 Hee. OnHOBpeMeHHO ocBoOOXIaeTcs A-IeHTP, HEOOX0aM-
MBI JUIst cBg3bIBaHMs caenytouieit amuHoann-TPHK. Tpanciokaums,
KOTOpPYIO MOXHO paccMaTtpuBarh Kak «war» pubocomer no MPHK B
HanpasjaeHuu 5'— 3', NPOMCXOAUT CTPOr0 Ha PaccTosHUe, COOTBET-
cTryloniee pasmepy onHoro tpurutera 8 MPHK. B pesyakrare tpancio-
KalMH HarpoTHB 0CBOOOAMBLIETOCS A-LIGHTPA pacnoiaraeTcst ouepe/-
Holt kooH MPHK, onpeaensiommii npucoeauHenne COOTBETCTBYIO=
meit amuHoanwl-TPHK. Tpanciaokauus y 6akrepuii wier ¢ yyacTuem
dakropa EF-G u cOnpoBoXaaeTcs ruipoju3oM eiie OaHOIN MOJeKy-
ant GTP.

MHOrokpaTHoe Nmocje0BaTe/IbHOE BOCIIPOM3BEIEHHNE BCEX Bbillie-
OTMEYEHHBIX CTAAMI 2NOHTALMK 0DeCneynBaeT ViVIMHEHHE NOJIHIer-
THIHON LENM B COOTBETCTBUU C KOJOM OEJIKOBOTO CHHTE3a M NPOMC-
XOJIUT C BeChbMa BBICOKOH CKOPOCTBIO: B BakTepHaIbHOIl KJIeTKe Mpo-
JOJIKUTENTBHOCTD OJIHOTO LIMKJIA 2JIOHTalMK cocrasiaser ~1/20 ¢, a Bech
cunTes besnka cpeanero pasmepa (~400 aMHHOKHCIOTHBIX OCTATKOB)
saHuMaeT okono 20 c.

Tepmunayus Tpancasiunm y 6aktepmii cazana ¢ HyHKIIHOHMPOBa-
Huem Tpex GenkoBbix hakropos: RF-1, RF-2 u RF-3 (o anrn. recog-
nize — Y3HaBaTh), pACNO3HAKIIMX «0eCCMBICJIEHHBIE» CTOI-KOJOHB B
MPHK. ®@aktop RF-1 y3naer konoust UAG u UAA, a dakrop RF-2 —
komoHel UAA u UGA. ®aktop RF-3 BBINOIHSAET BCIOMOraTeibHyIO
poub, ctumysnnpys pabory RF-1 u RF-2. Ilpu nocrynnenun B pubo-
COMY OJIHOTO M3 TEPMUHHPYIOIIMX KOIOHOB C HUM HEMEIJIEHHO CBA-
spiBaeTes coorsercreyolmii RF-daktop u Tem campiM Gr10KHpyeT npu-
coeamueHne amuHoanwi-TPHK. K Tomy ke B kKieTkax o6bI14HO OTCYT-
creytoT TPHK ¢ anTHKOMOHAMM, KOMIUIEMEHTAPHBIMM CTOM-KOIOHAM
TPHK. ITpucoennnenne ¢paxTopoB TepMUHAILIMM CTUMYJIUPYET MENTH-
JHJIZCTEPA3HYIO AKTUBHOCTL B pubocome (OHA CBOMCTBEHHA, B 4acT-
nHoctH, benkam L11 n L16), koTopasi TpMBOAUT K THIPOJIHM3Y CIOKHO-
apupHoit a3 Mexay C-KOHIIOM CHHTE3HMPOBAHHOIO TOJHIENTHIA
u akuenTupyioumm koHiiom TPHK. B pesyibrare cuHTe3npoBaHHbIi
Oenok otaensiercsi oT pubocoMsl; onHOBpeMeHHO otensiores TPHK u
MPHK, a cama pubocoma auccounupyer Ha 30S- u 50S-cybuyacTuuibl.
B TepMMHALUMK TPAHCKPHITUMHM NpUHUMaeT yqyactue monekyaa GTP,
KOTOpasi, BEPOSITHO, CJIYXHT IJIOCTEPUYECKUM PEryIsiTOpOM aKTHB-
HOCTH OENKOBLIX (PAKTOPOB TEPMUHALIMH.
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[Mockoasky MPHK Gaxrepwuii, Kak npasujio, NOJMLHCTPOHOBLIE
(T.e. HecyT MHGOPMALMIO O CTPYKTYPE HECKOJILKMX GeJIKOB), OHH CO-
JIEPXKAT HECKONBbKO MHMUMUPYIOUIMX M HECKOIBKO TePMUHHMPYIOUIMX
ko10HOB. XoTs1 pubocoma DakTepuii pacIro3HaeT TepMHUHHUPYIOLIHE KO-
J0HbI, oHa MoxeT npoiith mo MPHK u panbiie, HauaB TpPaHC/ISALIMIO
creayiowero yyactka s nonuumctporosoit MPHK. Kpome atoro, tpaHc-
JISIHSL MOXKET CTapToBaTh HE C NEpPBOro, a CO BTOPOro WM NOCaeyio-
I[Er0 MHMLIMUPYIOLIETo KOJAOHA, M TakuM obpazom Ha onHoi MPHK
MOTYT CHHTE3MPOBAThCs pasHbie GesIKu.

B KJeTKax 3yKapHoT 3tanbl OMocHHTe3a Oejika B OCHOBHOM COOT-
BETCTBYIOT TAKOBBIM Y NMPOKAPHOT, OJIHAKO MPECTaBisiior coboii 6o-
JIee TOHKO OpPraHM30BAHHBIN MpPoOLEce, CBA3AHHLINA ¢ 0COOEHHOCTHIO
opranuzaumu ux MPHK 1 nabiM HabopoMm OeJIKOBbIX (PaKTOPOB TpaHC-
asiumm, Kak ussectro, spenniec MPHK sykapnort conepxar Ha 5'-KOH-
11e 0coByio CTPYKTYpY — KM (CM. TJ1. 3), KOTOPbIi, KaK YCTAaHOBJICHO,
ieodxomnm wist cesizbiBanust MPHK ¢ manoit (40S) cybuacruueit pu-
Hocompl. Y BonblumHeTBa MOHOIMCTpoHOBEIX MPHK aykapuot B kaye-
CTBe CTApTOBOTO MCMONBL3yeTcsi Ovkaiiimif K 5'-konuy tpuruier AUG,
W HU OfMH U3 Apyrux TpuruietoB AUG, pacroloXeHHbIX B KOAMPYIO-
niei o6nactu MPHK, He MOXeT ObITh MCIIONB30BAH B KAYECTBE MHHU-
unupyomiero. Munumanus tpaHcisiuun ¢ kopona AUG npoucxonut
TONBKO TOTJIA, KOTJIa OH HAXOJIMTCSl B COCTABE COOTBETCTRYIOMIETO HYK-
JEOTHAHOIO OKPYXKCHMS: 3@ JIBA HYKJICOTHIA /10 HEro JIOJIKEH pacrio-
naraThest ypHHOBLINA HykiaeoTua (A nin G), a cpasy nocne Hero — G:

..NNN A(G)NN GNNN..,,

e N — NUpHUMHJIHHOBBIH HYKJIICOTHL.

[Tepen HavanoM TPAHCIALMM y 3VKApHOT TOCIE0BAaTeNbHOCTD
MPHK kak 6b1 ckaHupyeTcs (IIpOCMaTpUBaeTCsl) HauuHas ¢ 5'~KoHua
(kana) mna noucka AUG, pacmosioXeHHOTo B BbILUICOTMEUCHHOM
ONTUMATEHOM HYKJIEOTHIHOM OKpYXeHHH. MHULMaLMs TpaHCHALHH
y JYKapuoT CBs3aHa ¢ (DyHKIIMOHHPOBAHUEM DOIBLIETO YHCIA DKo~
BBIX (DAKTOPOB MHMLMALIMKM, KOTOphie HasbiBaloTcs elF-hakropamu
(eukaryotic Initiation Factors). K cobcreHHO (hakTopaM HHHIMALIHH
TPAHC/ISALMH Y 9YKAPHOT OTHOCAT Gesiku, oboszHavaembie elF1 — elF5.
9n hakTOphl YCAOBHO Toapasiensiorces Ha ase rpynnbl. K neppoit
rpyMie OTHOCATCS Te M3 HHMX, KOTOpbie B3aWMOJIEHCTBYIOT ¢ cybuac-
THLIAMM pHBOCOMBI M TeM caMbiM OGJIEr4aioT NPUCOEIHHEHWEe UHM-
imatoproit amunoaumi-TPHK (tPHKM®) u MPHK. ®akTopsi BTO-
POl TPYINIIbI YYACTBYIOT B MOArOTOBKE 5'-KOHIEeBoit obractn MPHK
K nauimany tpancasiunn. K nepsoit rpyne npuHawiexar dhakropsl
elF-1, eIF-2 u elF-3 (ananoru dakropos 1F-1 — IF-3 npokapuor), a
TaKKe psil nonoaHuTeNbHbIX (hakTopos (elF-2B u elF-S). Bropasi rpynna
hakropos cnieumcuaHa st syKapuor 1 BraovaeT MPHK-casispisaio-
e u MPHK-pacruietaionne 6esku. BaxHennMu U3 HUX ABISIOTCA
(haktops n3 rpynnbi elF-4 (eIF-4A, elF-4B, elF-4E u elF-4F). ®ak-
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Top MHuuMauun elF-4F npexcrasasier coboii GenkoBblit KOMIUIEKC,
KOTOPBbIii CBA3bIBaeTCA ¢ Kanom sykapuoruueckoilt MPHK. Ox coctour
3 Tpex cyObeauHuL (o, P M y), oHa M3 KOTOPBIX (cyObeanHuua )
obnanaer PHK-3asucumoit ATPa3sHoii ak TMBHOCTBIO. AKTHBHOCTD (hak-
topoB elF-4E pervaupyercsi nyrem ux docdhopuanposanus/nedoc-
hopuiimpoBanms,

ITocnie cBA3BIBAHMS K3Ma Il MHULMALIMHY TPAHCISALMH HeO6X0MM-
MO pacruieTanue BTopuuHOit cTpyktypel MPHK B 5'-Herpancaupye-
Moii obsracT. I1oT ATP-3aBUCHMBII NPOLIECC ¥ 3YKAPHOT OCYLIECTB-
nsieres 3a cuer PHK-xeauxasnoi akmsnoctn 6enkoBeix dakropos el F-
4A n elF-4B. ®akrop elF-4A cyuiectByet kak B cBoGoaHOM BHje (Ge-
JoK ¢ Maccoit 45 k/la), Tak u B Komruiekce ¢ haktopom elF-4F, u
UMEHHO eMy, no-BHAMMOMY, cBoiictBeHHa ATPasuas n PHK-xenu-
Ka3Hasi aKTHBHOCTb.

B uies10M 60/1b1IHHCTBO GeKOBLIX (HaKTOPOB MHUIIHAIIMN DYKAPHOT
(DYHKIMOHMPYIOT B BHMJIC KPYNHBIX OCAKOBBIX KOMIUIEKCOB MHMIMA-
LMK TpaHCasumm (Koo puumentsl cenuMenTannm 43S un 48S). Cesisbi-
BAHHE M ITPOABMACHHE 3THX KoMIulekcoB 1o MPHK (Bmecre ¢ manoii
cybuactuueit pubocombl) GI0KHpyeTcst 0coObIM Geakom-penpeccopom
MHUIMaLMK. Penpeccop B3aMMOACHCTBYET € JICMEHTAMU BTOPUYHOMN
CTpYKTYphl (inuabkamu) MPHK, pacnonoxennviMu B 5'-HetpaHc-
aupyemom pailone MPHK (imbo B nauane konmpyioeit obractn),
CTAOMIM3NPYET COOTBETCTBYIOLINE IIMWIBKM M TEM CaMbiM MPEAOT-
BpaiaeT (hyHKIUNOHNpOBaHNe KoMILIeKca (haKTOPOB MHHIIMALIMN.

B 50Hralmm TpaHcIsIMmM Yy 9yKapuoT yuacTsyior asa (akropa (eEF-1
n eEF-2), koropsie sasiores ananoramu (akropos EF-Tu u EF-G
Gakrepuit. Makrtop ¢EF-1 obpasyer xomiuieke ¢ amuuoauna-TPHK u
GTP, 1 3TOT KOMILIEKC NPHCOEAHHSAETCS K A-11leHTpY pubocomsl. Toc-
Je TPeABAPUTENIBHOIO «Y3HABAHMS» (KOLOHO-AHTHKOJOHOBOIO B3au-
MozeiicTsust) (akrop snonraumu pacieruisier GTP u otxoauT ot pu-
bocombr BmMecte ¢ GDP, ocBoBoXaasi TeM caMbiM aKLENTHPYIOLLHIL
konent nentmani-TPHK u otkpeiBasi BO3MoXHOCTH 111 VUIMHEHMS
HENTHIA B MOCJEAYIOLIEH peakuuu TpaHenentuanposanus. HeGonnsiuas
naysa Mexjy vaHasanuem u ruaponnsom GTP nocratouna s otie-
Jenna ot MPHK Hecywumx HenpasmibHbie (He BIOJHE KOMIUIEMEH-
TapHbie) aHTHKoLOoHb amnHoauwi-TPHK. Takum oGpasom ator ak-
TOP CHMXXACT BEPOSITHOCTh BKJIIOYEHUSI HECOOTBETCTBYIOIIMX AMHHO-
KHCJIOTHBIX OCTATKOB B MOJMIIENTHAHYIO Lierb Oesika, PakTops! 210Hra-
LMK 3YKApHOT B OT/IMYME OT COOTBETCTBYIOLIMX (hAKTOPOB IPOKAPHOT
obnanaior BuipaxenHoit PHK-ceaswearoweli cnocobnocmoro. Dtn 6e-
KM, Kak u amuHoawi-TPHK-cuHTeTa3bl, B3auMOICHCTBYIOT € KOMU-
pyiomnm yuactkom MPHK, k xotopomy npucoennusierca eiue psia
(bepmenToB, nMeromx cretttduyeckoe cpouctso Kk PHK (rmunepais-
nerui-3-ocaraernaporenasa, Jakraraerunaporesasa u ap.). [pesrno-
naraiot, yto 3T NAD*/NADH-3aBucumbie epMEHTHl YYaCTBYIOT B
IHepreTuyeckom obecrieyernn 6GnocuHTe3a 6eKa, cnocobeTBys co3na-
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Huio 6osee Beicokoil konuentpauyn ATP n GTP B GesiokcuHTe3upy-
IOLEH CHCTEME. y

B TepMMHAIMM TPAHCASLMU SYKAPHOT YYacTBYET OMH OeJKOBbINA
daktop — R, dyHKums xoroporo aHanoruiHa 6enkosbiM (akTopam
TepMHUHALIUK DaKTepHid.

PEIYJSALIMS TPAHCIISLIAN

UHTeHCHBHOCTD U 3 dEKTHBHOCTL DMOCHHTE3a GEJIKOB B KJIeTKaX
PO~ W HYKAPHOT OMNPEAEsioTesl KaK oOUIMMH JUIsi BCEX THIIOB KJle-
TOK MEXaHM3MaMH, TaK W crelnduiueckumMu s1eMeHTaMn KOHTPOIIA,
B GojblIEH Mepe CBOJCTBEHHBIMM OCTOKCHHTE3MPYIOLICH CHCTEeMe
IYKAPHOT.

' ﬂ%oucccm CHHTE3a M co3peBaHus pasauyHbix Buaos PHK u pons
GeKOBbIX (PAKTOPOB paccMOTpeHbl HaMy Bbiue. B 5TOM pasjene Mbl
OCTAHOBMMCS Ha JIPYrHX, paHee HEe OTMEYEHHBIX MOMEHTAX PeryJIslHH
TPAHCASALMH, W PACCMOTPUM OT/IC/IbHbBIE IPUMEPBI PEryJisilinu, BbIAB-
JICHHBIE Y Pa3HbIX 0OBEKTOB, VEJIHB JIOMNOJHUTEIbHOS BHUMAHNE POJIH
MPHK B peryisiiuu TpaHCAAIIMM Y 3YKapHOT.

[Mepsblii 3Tan peryIsaiuuy TPAaHCIs MK HMEET MECTO elle JI0 Havana
6uocunTesa Gesika Ha pubocoMax M CBA3aH C JeATeIbHOCThIO AMHHO-
anmi-tTPHK -cunreras. YeranosieHo, uto APCa3sl B3auMoneincTBy-
joT ¢o Bcemu TPHK, HO mposiBisiioT n30MpaTesibHOCTL K OMpe/iesieH-
HbiM H3oakuentopabiM TPHK. Ommbku, nonyckaembie APCasamu npu
cunTese aMmuHoauua-TPHK, oueHb pejku 1 NPOHCXOAAT HE Yalle HeM
1 pa3 na 10000 peakumii. OnHako, aaxe B cyvae OLIMOKH, APC-a3nl
CMOCOBHBI K CAMOKOPPEKLMH: OHH THAPOJM3YIOT CIOKHOIPUPHYIO
cesizb Mexay TPHK u HenpapwibHBIMM [IPHCOEIMHEHHBIMU AMUHO-
KHCJIOTHBIMH OCTaTKamM.,

UHuumanus TpaHcasiimi Ha pudocoMax siBIsieTCsl KJIOMEBbIM MO-
MEHTOM PErvJsiiMK BCETo NMpouecca H BKI0OYAeT HECKOJIBKO MEXaHU3-
mos. Y npokapuot, MPHK KoTOpBIX HE COmepXKaT Kana U OTCYTCTBYET
KOM-3aBUCHMAasi PEryjisilitsl MHHIMAIMHK, BEAYUIYIO pojib B 3amycke
TPAHC/SIINN MIPACT «CUA» UHUKUUPYIOWUX NOCAe006amebHocel mPHK.
Yem JUIMHHEE 3Ta MOCIEJI0BATENBHOCTL M YEM Bbllle ee KOMIUIEMeH-
taprocth 16S pPHK, Tem GbicTpee 10CTHTAaeTCA MHULMAILIMA TPAHCIIsi-
uuu. Kpome atoro, y npokapuoT (paBHO KaK M asz}pploT) MMeeT Me-
CTO peryJisiliust MHUIIMAIIMH 33 CYET ITPOCTPAHCTBEHHOH CTPYKTYPbl HHH~
uuupyiowiero ydacrka MPHK: csopaunBanue 3TOro yvacrka B CTa-
OGUIBHYIO BTODHYHYIO M TPETHYHYIO CTPYKTYPY MOXeT OI0KMpOBATH
yHuManmio. st nposo/keHus TPaHCAsSUMM HeoOX0nMMO, YTOObI
puBocoMa «pacruiesia» 3Ty CTPYKTYpY Jmbo cpabotanu ocodbie aecra-
Guamsnpyiome 6enkosbie haktopsl. U, HakoHelL, usbupamenvnas ne-
2GMUBHAA PeyAAUUS TPAHCASIIMM MOXET JAOCTHraThCsl CBA3bIBAHHEM
GenKoB-perpeccopos ¢ MHULMupyomym paiionom MPHK.
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B kauectse perynsaTopHbIX GelKOB MOTYT BBICTYNATH CHELHATH3N-
poBaHHBIC OeiKM (BBIIICOXAPAKTEPH3OBAHHBIC GEJIKOBLIE (hakTopsl
TPAHCAALINM, 4 TAaKXKe Apyrue GeJKH TPaHCISLULMOHHOTO KOHTPOJS, O
KOTOPBIX Mbl CKaxeMm Huxe) nubo Genku, UMeIonIMe B KIeTKe MHbIE
(yHKIMH, HO criocoGHbIE MPH ONpPE/EIEHHBIX YCIOBHSIX BHICTYIATD B
POJIN PETYATOPORB TpaHcasiun. Tak, Hanpumep, TpaHcasiums MPHK
(hepmenra Tpeonmn-TPHK-cunTeTasn y OakTepuit KOHTpOJIMpYeTCs
CaMUM NPONYKTOM TpaHCASUMH. M30bITOYHBINH CHHTE3 9TOTO (hepMmet-
Ta NMPUBOJIMT K TOMY, YTO YacTb €ro MOJEKYJ CBSI3LIBAETCS ¢ S5'-He-
TpaHcaupyemoii obaacteio, csoiictBennoil MPHK, B pesyibrate uero
B 9TOI obnacTn hopMupyerTcs WInuaAedHas CTpyKTypa, NPensTCTBYIO-
11as CBA3BIBAHMIO PUOOCOM C MHMIIMMPYIOILMM TPUILIETOM. B pesyiib-
TaTe TAKOI asmopezyaayuu vaunmanus rpancasiuun MPHK tpeonmi-
TPHK-cunrerasel ocranasansaercst. Takoii cnoco® peryysimm, Hassi-
BACMBIH TAKKe peeyasuueli mpancaayuu no nPUHyUny obpammnoil césasu,
XapakTepeH M Ul TPAHCIALMK pHOOCOMHBIX 6e1KOB GakTepmit. O6biu-
HO GakTepuaibHas KJIETKA HE JONYCKAET CBEPXNPOAYKIINN PHBOCOM-
HBIX OCJIKOB, CHHTE3UPYS MX B TOM KOJMYECTBE, KOTOPOE JOCTATOUHO
anst cbopku pubocom. CKOOPAMHMPOBAHHBII CHHTE3 STHX GEIKOB 1npo-
MCXOIMT HECMOTPS Ha TO, YTO UX FeHbl NIPEICTABICHBI HE3aBUCUMBIMH
oneponamu, paccesiHHbiMM 110 Beeit [THK, Ha koTopeix cuutesmupy-
10Test nosmnueTpoHoseie MPHK, komupyiotme rpynmnbsl pubocoMHbIx
Besnkos. Koopaunanns cunTesa 10CTHraeTCs TeM, UTO CPEIM CHHTE3H -
posanHbix Ha MPHK Gesikos ecth 0iH 610K, KOTOPBIH MOXET BbIC-
Tynath B Kauecrse pernpeccopa tpaHciasiuun cgoeit MPHK. Tak, Ha-
IIPUMEDP, ONIMH U3 NPOJYKTOB TpaHcsumuu (6enok S7) nommuucrporo-
Boit MPHK (ona kommpyer takxe Genok S12 u haktopsl n0Hraumum
EF-Tu n EF-G) npu noBeitieHuHn ero KOHUEHTPAIIMM B KJIETKE CIOCO-
OeH npuKperiaTees K onpeneaeHHomy yaactky MPHK u 61okuposats
TPAHCISILMIO BCeX KOAMPYEMBIX €10 BesikoB. Takum o6pasom, nosara-
10T, YTO PEryidlnsa CHHTE3a PHOOCOMHBIX BEIKOB MIET M0 IPOCTOMY
1 DJICTAHTHOMY MEXaHM3MY: PENPECCHa CHHTE3a 3THX OEIKOB HacTy-
[AET Torfa, Korjaa ueuepnneiBaercst konuuectso pPHK, Heobxonumoe
juist cbopkm pubocom (roka uaer nponece cbopku, Gesku pubocom B
Cuity ux Bbicokoro cpoactsa k pPHK ucnonssyiores wist hopmuposa-
His pubocoM, a no mepe ucuepnanus pPHK u3beitok pubocoMHbix
Oe/IKOB MOAAB/IACT TPAHCASINIO CBOMX cobcTBeHHbIX MPHK).

B KieTkax sykapHoT B KadecTse GelKa-penpeccopa HaYIbHOTO 3Tarna
TPAHCIIALUMM ONpeieIeHHBIX OEKOB MOXET BBICTYNATh OAMH U3 (ep-
MCHTOB YIJIEBOJIHOTO 0OMEHA — aKOHMTAT-rMapaTasa. BuoxumMukam
ObLIO IABHO M3BECTHO, YTO ITOT (HEPMEHT KaTAIM3UPYET B3aHMOTIpe-
BpallieHKe JIMMOHHON M M30IUMOHHOI KHCI0T ¢ 00pa3oBaHHeM B Ka-
YECTBE IMPOMEKYTOUHOrO COENMHEHHS UUC-AKOHUTOBOM KHCHOTHI. Oj1-
HAKO 0Ka3a/ioCh, UTO 3TOT (DEPMEHT 3a/1eiCTROBAH B PEryJIsLINHN TPAHC-
Jsumun MPHK depputiia — 6enka, CBA3LIBAIOIIETO TOKCHUHBIE LIS
KJIETOK MOHBI kenesa. Peryasums tpadcasunn stoit MPHK 3asucuT ot

316

OnpenesieHHOM Mocae/I0BaTeILHOCTH, 06pa3yIoiei nHIeYHyI0 CTPYK-

TYpY B obnacTu 5'-HETPAHCIMPYEMOTO yYacTKa ee MOJIeKyabl. DTa

IIMKIBKA B OTCYTCTBHE XKeJIe3a CB3BIBAETCS O crieuuduucckum ben-
KOM-PenpeccopoM — -aKOHHUTAT-TUIPaTa3oii, KoTopasi CTabuan3upyer
CTPYKTYPY HINMWIBKH Y TEM CaMBIM TPEISITCTBYET NPOABHKEHHIO (CKa-
HUPOBaHMUIO) pubocom no 5'-koHiy MPHK, nonaensas takum 06pa301\§
yHuimanmo tpasciasiiiun MPHK-depputnna. Penpeccop, umerommui
CPOJICTBO K MOHAM XKeJie3a, MPH MOBLIIEHUN UX KOHLIEHTPALIMH B KJIeT-
ke orxoaut oT MPHK, 4TO M BHI3BIBAET MHHLMALIMIO TPAHC/ISILIMKA M CHUH-
Te3 (pepputuHa. CUHTE3HPOBAHHLIH (heppUTHH, B CBOIO OYepe/lb, Cro-
cobeH oTHMMATB XeJje3o y Denka-penpeccopa, KOTOPbiH BHOBb MOXET
OCTAHOBHUTD TPAHCJISALIMIO MO BBILIEYKA3AHHOMY MexaHusmy (puc. 161).

DJloHTaLMs TPAHCASUMM TAKXKE [MOJBEPXEHA PEryaslluM, Ha 4TO
VKA3bIBAET HENOCTOSHHAS CKOPOCTh TPAHCJSAIIMMK, BHISIBICHHAS NPH
«rpouteHun» pubocomamu pazuvix MPHK. Takasa npepwsiBucras, co-
jiepKauiast 1naysbl TPAHCJSIINS BBISIBJICHA TIPM CHHTE3e IJIOOMHOBBIX
Hernei B peTHKYJIOIHTAX KPOJIMKA, B MHTAKTHBLIX KJIeTKax u Deckiie-
TOYHBIX CHCTEMAX CHHTE3a JUIst Apyrux Oenkos: pubpouHa 1eaka, Bu-
TEJUIOTeHMHA M CHIBOPOTOYHOTO allbOYMHUHA 1TO3BOHOUYHBIX, OEJIKOB BU-
pyca TabauHoit Mo3aukn u beska obonouxku para MS2.

MPHK deppurrHa

Tpancasuus He uuer e
3

N T
\ /

Kan o ® AlG AAA
5)

PerynsitopHblit 3/ieMeHT

Puc. 161. Peryasuns tpancasunn MPHK deppurnia ¢ yuactuem akoHuTar-
rH/IpaTaskl ¥ MOHOB Xese3a (nosicHeHusl B TEKCTe)
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Cyuwecrsyer Tpu oObsicHeHUSI T1ay3 TpaHcasimu. [TepBoe oGbsicHe-
HHUE COCTOMT B TOM, YTO PpUOOCOMBI MOTYT 3alepXHUBATHCA Ha KOIO-
Hax, COOTBETCTBYIOIUX MUHOPHBIM (T. €. PUCYTCTBYIOIIMX B KIETKaX
B MajibiX KoanyecTsax) uzoakuentopHbiM TPHK. KonoHbr MUHOPHBIX
TPHK HaswiBaloT Modyaupyrowumu, Tak Kak OHH MOTYT MOIYJIMPOBATH
CKOpOCTh TpaHcasauK. Yem Gonbiue 3TUX KopoHos B MPHK, Tem Huke
CKOPOCTh TPAHCIALINH.

Bropoe o0bsicHeHMe MPephIBHCTOTO XOIa TPAHCISALMKU COCTOUT B
HEO/IMHAKOBOM A0CTYMHOCTH pa3HbIX ydyactkoB MPHK wuis pubocom:
CKOPOCTb TPAHCIISILIMM HEen30eXKHO CHUXKAETCS NPHU TPEOI0IEHHH PU-
BGocomamu cTabWIBLHBIX 37IEMEHTOB BTOPHYHOM M TPETHUHOM CTPYKTY-
pol pasnuuHbix yuactkoB MPHK. Tlpeononennio «tpyaHbIX» y4acTKOB
MPHK y asykapuot cnocobcrByer (paktop anonraummn eEF-2, obnana-
it B ottnune ot dakropa EF-G npokapuor PHK-cssaseiBaonieit
n PHK-pacnneraioneit (xenmkasHoil) akTHBHOCTBIO.

Tperbe oOBbsicHeHMe Nay3 TPAHCAALMM CBA3AHO C JAEATEILHOCTHIO
0COOBLIX PeryisTopHbIX OCJIKOB WINM MAIBIX pUOOHYKIEONPOTEHHOB
(MPHIT-yacTui). ¥ sykapuor takoii crioco6HocTbio obnanaer MPHII-
yactuua, coxepxauas 7S PHK. Ona y3uaet ocobyio ruapodobHyio
MOCJIeI0BATEILHOCTE (CHIHAIBHBIA nenTHa) Ha N-KOHLe CHHTEe3upy-
eMoro Oeska, NMPHCOCAMHACTCS K TpaHCIMpylolleil pubocoMe U 3a-
JEepPAKUBAET BIOHTALMIO JIO0 TeX Iop, NoKa pubocoMa He BCTYIIMT BO
B3auMojeiicTBHe ¢ MeMOpaHOoil DHIOIUIA3MATHUECKOTO PETHKYJIyMa,
Ky/la I0JLKEH BHEAPHUTHCS CUTHANBHBIH nentua. [pepbiBUCTBI Xapak-
Tep npoasuxkenust pubocom no MPHK, seposarHo, csazan u ¢ Bo3-
MOXHOCTSIMM <«niepekoaupoBanusi>» MPHK, pasnnunbie BapuanTsl Ko-
TOPOrO Mbl PACCMOTPHM B KOHLIE 3TOH IJIaBhl.

Boicime 2ykapHoThl /Uil TOHKOIM peryasiiimm TpaHcasummn obnana-
10T 0CODBIMM BO3MOXKHOCTSIMM, CBSI3AaHHBLIMH CO CTPYKTYPHOII opra-
Husaumneid ux MPHK. Crenyer yuuThiBaTh, 4T0 O0AbIIAA YACTh XXU3HU
MPHK B kieTKax 2yKapHoT NPOMCXOAMT B KOHTAKTE ¢ Oe/IKaMH B BUJIE
SUIEPHBIX M LIMTOTUIA3MATHUECKUX PUOOHYKIICOTIPOTEIIHBIX KOMITIEK-
coB (MPHII). B ormuue ot npokapuot akcnpeccus MPHK y sykapnor
IIPOMCXOAUT HE cpasy I0Cc/Ie CHHTE3a, a TOALKO 10 3aBeplieHUH Npo-
LIECCUHTAa M TOCJIEAYIOIErO BbIXOAA U3 spa B LIMTOIJIA3MY, TJIe OCY-
LIECTBISETCS LIMTONIA3MATHYECKMI KOHTPOIL OMoCcHHTE3a BeJika, CBsi-
3aHHBIH ¢ OTOOPOM M CEJICKTMBHOM aKTHBALIMEH WJIM MHAKTHBALLMEH
pasmuuHeix nonyasgumit MPHK. MexaHM3Mbl LMTOIUIA3MATHYECKOTO
KOHTPOJISI PEAIU3YIOTCS B OCHOBHOM MOCPE/ICTBOM B3aMMOEHCTBUS
0cobbIX 6eKOB — (PaKTOPOB TPAHCASIIIMOHHOTO KOHTPOJISE — C Ofpe-
aeseHHbIMK yyacTkamu mMostekyist MPHK (puc. 162).

B sykapnornueckux MPHK cpasy 3a kanowm pacrionaraercsi 5'-He-
TpaHcaupyiowas obaacts (5'-UTR), ¢ koTopoit cesa3biBaloTest 6€IKH,
Urpaolme BaXKHEHIUYIO poiib B PEryasiind MHUIIHALIMH TPAHCIISALIMHN,
K ux umeny otHocsitest coOCTBEHHO OesiKoBbIe (DaKTOPHI MHHIIMALIMH
(elF), a rakxe Genku-penpeccops! TpaHCasuuu. B uHuimanm tpanc-
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Puc. 162, Cxema pacnonoxenns (hyHKUHOHATBHBIX yuacTKos B Monekyie MPHK
sykapuot (o A.C.Cnupuny, 1996, ¢ gonoiaHeHHsIMH).
CriourHbie CTpeKN — 0BaacTH npucoeantieHus 6e/IKOB, YTACTBYIOUIMX B PEryIaLMM
TPAHCAAUMN, MYHKTHPHbIE CTPCAKH — pPACMOJOKEHHE TEX MM HHBIX PEryis-
TOPHBIX MOCAENOBATEILHOCTEH (CHIHATOR) B PasiHYHBIX Y4ACTKaX MPHK

JSLAM TIPUHIMAIOT YJacTHe Takxke 3'-HeTpaHcaupyemas obnacrs (3'-
UTR) 1 nomu(A)-xsoctsl MPHK. B 3'-UTR umerorcst n ocobbie noc-
J1e1I0BATEILHOCTH: CH2HAND! ROAUAOCHUAUPOGAHUA U CUSHAA BHYMPUKAL-
mounoti aokaauzayuy. C 3'-UTR criocoGHBI CBA3LIBATLCS MACKUpylouiie
dearu (onw nenatror MPHK neocTynHoi /uist Tpancsiium pudocoma-
MH) M JaecTabuansnpyloine Oenku, JeTepMUHHPYIOINE 10CTYITHOCTD
MPHK juis atakm HyKJIeas M TakuM 0OpasoM OIpenesisioniue Bpems
xu3nn MPHK B knetke. B noctatouno npotsbkeHHoit obnactn 3'-UTR
npucoenunsieTcst Takxe denok MPHIL.

Komupyromuii yaactok (tparcianpyemas obaacts) MPHK crioco-
OCH CBA3BIBATH HE TOJBKO BBIIIEOXAPAKTEPH30BaHHbIC (DAKTOPBI 2JI0H-
raimn (eEF), APCasbi u pubocomsi, HO W kopoewiii eaok MPHII-
yaemuy, a TAKKe onpeaeieHHbie hepMeHTbi, HeOOX0IMMBbIe JUlsl TIPO-
uecca TpaHcasiimn. B koampyroueit obnactn MPHK pacriosnioxennl Takxke
CHUTHAJIbI nepekoduposanus (PErporpaMMMUpPOBaHNs) TPAHCISILINK, B1a-
rogaps KotophiM ¢ 0aHoi u Toit e MPHK moryT TpancanpoBathes
pasHbie GenKu.

(DyHKIMOHAILHAS POk K3Ma, a Takoke 3Havenne 5'-UTR n cBsa3bi-
BAIOIIMXCH € 3TOi 06J1acThio (PAKTOPOB TPAHC/ISILLMOHHOTO KOHTPOA
pacCMOTPEHBI BbIlIE. 316Ch KPATKO OCTAHOBMMCSH HA MEXaHH3MaxX KOH-
TPOJISE TPAHC/ISILMM, PEATN3YEMBIX C YIACTHEM JIPYTHX PailoOHOB MPHK.

3'-UTR urpaer, BEpOATHO, PEIUAIONLYIO POJIb B AKTHBALMK (MK
unaktuBauuu) u aerpasainn MPHK, BHYTPHKIETOUHOM JIOKaJIM3a-
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LMK M cTpyKTYpHOIl opranusaumu MPHII. Ota obnactk oTBeuaer 3a

mackupoBanne MPHK u yeunenne tpancnsuun. Mackuposanue ocy-
mecrnasietes 6enkamu, koropsie aesalor MPHK HepocrynHoit HM
pubocomam, Hu depmenTam aerpagaunn (Hykieasam). Takas MPHK
ripuobperaer cTabUAbBHYIO M HEAKTHBHYIO B CMbICHe TpaHensaimn hop-
My 1 HasbiBaetcst 3anacrhoi MPHK. Dra PHK cpoiticTBeHHa oouutam 1
CTIICPMATO30MIaM, & B OTJICIbHBIX CIy4asdX M COMATHYECKMM KJICTKaM.
3'-UTR n cesazanHbie ¢ Heit Oeikn yvyacTBylOT B GJIOKMpPOBAHUH
MHMIMALIMK TPAHCSIINM, KOTOpasi, Kak M3BECTHO, NPOMCXOAMT Ha
nporusonojoxHoM KoHiie MPHK (5'-UTR). INMpeanonaraior, uro 3'-
u 5'-UTR KoHTaKTHPYIOT ApYyr ¢ japyroMm aubo ¢ nmomolibio benka-
nocpeaHuKa, Janbo Gaarogaps npsaMomy cOIMKEHHIO, NTpoucXoasiie-
My ¢ usmeHeHuem crpyktypsi MPHIT, B atoMm ciyuae noa aeicrBiuem
Mackupyioiiero 6enka penakcuposantad (seitanyras) dopma MmPHIT,
BEPOSATHO, MOXET NMEPeXOANUTh B KOHACHCHPOBAHHYIO (KOMIAKTHYIO)
thopmy, Graronapsi wemy 5'- u 3'-UTR conmxkaiores (puc. 163).

K 3-UTR cnocobHbl NpHCOSAMHATBCH decmabuauzupyiowue oen-
KH, KOTOPBIE CTUMYJIUPYIOT OLICTPYIO JIerPAialliio ONpeieIeHHbIX BH-
noB MPHK. Takue xoporkoxusyuine MPHK BuisiBnenn! y untokMum-
HOB M TIPOTOOHKOTeHOB (c-mye, ¢-foc v np.). Onm comepxar B 3'-UTR
AU-borartbie 1oCieaoBaTe/IbHOCTH, KOTOpble, BEpOATHO, M pacro-
sHAloTCH Jectabunmsnpyiommmu 6enkamu. Harnpotus, cyiecrsyior Ge-
kH, crabmwmanpyiomne MPHK, xotopsie B3auMosieiicTryoT ¢ 0codbl-
MH CTPYKTYpHBIMH 3jiemeHTamMu B 3'-UTR u sammumaror MPHK or

7 Fan Y /"\ 7\
._O ® () 7, MPHK
benok MPHK
Mackupyomuii 6etox @ ﬁ Ca93nBaHme
—O—{0O—0
\ Y h
Konpaencanus

Puc. 163. IMpeanonaraemsrii Mexannim Mackuposanust MPHK (o A. C. Cnu-
puny, 1996). [TosicHenns B TekcTe
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araky Hykneas. K 9Tum 6ejikaM OTHOCHMTCS BBILLICYTOMSIHYTasi AKOHH-
Tar-ruaparasa, peryaumpyouas tpancasiuuio MPHK deppurnna.
BecbMa CyHIECTBEHHYIO POJMb B Pery/silHH TPAHCISALMM HIPaer M
noan(A) nocaenosarensiocts Ha 3'-koHuie MPHK. Yacts MPHK avka-
PUMOT NOJMALAEHUIUPYETCS B XO/I€ NPOLIECCHHIA B AApe KIETOK (CM. 1.
10), a curHaJioM JUist sIEPHOTO MOJTHATCHWIMPOBAHUS CYKHUT Toce-
noatensHocte AAUAAA, pacnionoxenHast BOIM3H 3'-KOHLA MOJICKY-
asl. B psane caygaes npoueccuposanusie MPHK He npoxosst nosnm-
AJICHUJTMPOBAHMS B SIIPE M HE MCMONB3VIOTCS B TEUCHHE OMNpe/iesieH-
HOTO BpemMeHM mnpu OmocunHrese Genka. Takme (3amacHbie) (hopmbl
MPHK BbisiBreHbl B oonMtax aMmpuOMii ¥ CYXMX 3apObIIax MieHHIbI,
AxtuBauus 3Tux MPHK conposoxnaercs ux noavajgeHUIHpOBaHH-
€M B IIMTOIUIa3Me, /LIS Yero CIYXXHT onpeaeieHHsii curnan B 3'-UTR.
YV ampubunit TakuMm curHanom ssasiercd noclepoatensiocts (U),
AUAAAG. ITonu(A)-xBoct MPHK Haxomutcst yacto B KOMIUIEKCE C
nosnu(A)-cesssipaiolinM Genkom (PABP), Monekysibl KOTOpOro Bhbi-
nonusoT hyHkuuio crabunusaropos MPHK. PABP conepxur uetnipe

Q 60S-cybuacTiiia

Cu}manpyeua.ﬂ. H MPHK

NOJHIIeNTHIHAS

b g ’ 100 rint ’

Puc. 164. Cxemarnueckoe n3obpaxeHue noaupnbocoMsl, IEMOHCTPUPYIOIIEe

BO3MOXHOCTh cOmkenus 5'- u 3'-konuos Monekynst MPHK, rae pacrioso-

xennl Kan, 5'-UTR u nomu(A)-xBocT, NpUHHMAIONIME YYACTHEC B WHMIIV-
aunn Tpancasuun (no b. AnGeprey u ap., 1994)
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PHK -cBs3bIBaIOnIMX 1OMEHA, M €I'0 KOMIUIEKC C MOJN(A)-XBOCTOM HE
TonbKO npenoxpanser MPHK ot merpanaumu, HO M BBICTYIAET B Ka-
yecTBe anxarncepa unuyuayuu mpancaayuu. Npeanonaratwot, uro PABP
obaeryaer npucoenunenue 60S-cybuactuubl pubOCOMBI YKAPUOT K
HHUUMHpYIoNIeMy KoMriekey 40S-cybuacTuiiel. DTOT npollecc, ecre-
crBeHHO, Tpebyer cOmmkeHus kana um 5-UTR ¢ nonu(A)-xsocrom,
UTO, BEPOSATHO, NOCTUTAeTCsl B XOJE TPAHCISLUNA 3YKAPHOTHYECKMUX
MPHK npu obpazopanum noauputocom (NMojamcom) — CTPYKTYpP, CO-
cTosiMX n3 onHoi Mosekyasl MPHK u 1iesioro psijia cesisaHHbIX ¢ Heil
pHOOCOM, OCYHIECTBISAIONIMX NOC/IeIOBATE/IbHYIO MHTEHCHBHYIO TPAHC-
asunio 9toit MPHK (puc. 164). Metonom 21eKTpOHHONH MUKPOCKOIHH
VCTAHOBJICHO, YTO MOJIUPHOOCOMBI B KJIETKAX SYKAPHOT MMEIOT 3aMK=
HYTBIC CTPYKTYPBI THIA «KPYTOB», «po3eTok» u T.11. Hapsny ¢ 6enka-
MM, PACIIO3HAIIINMHU onpejencHHbie yuactku B MPHK, sykapuoram
cBoiicTBerHa ocobast rpynna xecneyuguveckux mPHK-ceszviearouux
beaxos, KOTOpble YHUBEpCAIbHO B3anmoeicTsyloT co Bcemu MPHK.
Onu hopMUPYIOT B HUTOIUIAZME MATPUUHBIC PUOOHYKIEONPOTEHHBDI
(MPHIT), nnu wnghopmocomur. Cpenn Hux npeobnanaer 6enok p-50,
KOTOPBII cBSA3bIBACTCS KAk co cBobonHbiMu MPHK, Tak u ¢ nomuco-
mamu. Benok p-50 u3 perukynonuTos Kpoiauka obianaet cuiabsioin PHK-
cesi3bIBatolieit cnocobHocTbo. Jdanublit 610K, Kak 1 MHOIHE Jpyrue
enkn MPHIT, dochopunnpyercsi ¢ yuactueMm ¢hepMEeHTOB, KOTOphIE
TAKXKe BBIABIEHB B cocrane Oenkos, cpasbiBaomumxcest ¢ MPHK. Tlo-
HATHO, YTO M3MeHeHue 3apsiia 6enka p-50, npoucxonsiiee B pe3yib-
tate ochopunuposanms/nedochopunnposarus, cnocodHO BANATE
Ha adhdekTuBHoCcTb ero ceasbviBatns ¢ MPHIIT.

IEPEITPOTPAMMHMWPOBAHUE TPAHCIJIALIUH

Honroe speMsi cUMTAIN, YTO €AMHOXIBI M30OpaHHAas NMPH MHULIMA-
MM TPAHCJSALNM PAMKA CUHTBIBAHMS HYKJICOTHIHOMN IMOC/Ie10BaTE/ b=
noctn MPHK onHaznauno onpejensieT aMMHOKHCIOTHYIO MOCE10Ba-
TeNLHOCTH CHHTE3UPYeMOTO OeJIKa, T. . NMOCAe10BaTeIbHOCTL HYKIEOTH-
nos MPHK Bceria tpanciaupyercs HernpepbslBHO OT UHMIIMUPYIOLIETO
110 TEPMUHHPYIOLIEro KogoHa, OIHAKO B MOCIeIHUE ro/ibl ObUIM BCKPbI-
Thl BO3MOXHOCTH QUHAMUHECK020 NEPERPOCPAMMUPOGaHUA TPAHCSILIHY,
B PE3YJILTATE YEro 1Mo XOAY TPAHCISLMU MOXET W3MEHSTHCH MepBuy-
Hasi CTpyKTypa cuHTesupyemoro Oenka. Takum obpazom, MPHK mo-
AKET CIIYKUTH MATPULICH JUIS CHHTE3a Pa3iiMYHbIX 110 CTPYKTYpe OelKoB.
OKa3bpiBaeTCsi, YTO KJIETKH M NOPAXAIOUIHEe HX BUPYCHI C MAJIBIM MMC-
JIOM TEHOB CrocOOHBI «3KOHOMHO» HMCITOJIL30BAThL CBOM reHEeTHUYECKH
MOTEHLUAT HE TOJIBKO IyTeM AIbTEPHATHBHOTO CrulacuHra (CM. BbILLE),
HO M 3a cueT nepenporpammuposanus (nepekoauposanus) MPHK.

H3ameHenne paMKi cuuThiBaHUS (T. €. NepenporpaMMHpoBaHue TpaHe-
JSILMHA B OTHOLIGHHUH TIOpsAAKa cuuThiBanug Konronos MPHK) obbiuno
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TPOHCXOIMT HA OJIMH — /IBA HYKJICOTH/IA B Pa3HbIX HANPABJICHUSX: B
cTopoHy 5'-konua MPHK (-1 nyxieoTun) uam B cTopoHy 3'-KoHua
(+1, +2 Hykneornna). Tak NIPOMCXOAUT B TOM Clyyae, KOrjia KOAUPYIO-
e (TpaHcaupyemsre) obnactu Hekotopbix MPHK okassiBalotcst «uc-
IOPYCHBI» MPUCYTCTBUEM B UX COCTABE TEPMUHUPYIOIMX KOIOHOB. O~
Hako takue MPHK Bce Xe MOryr TpaHcampoBaThcs 3a cueT M3MeHe-
HUS DAMKH CUMTHIBAHMS, [UIS Yero HeoOXOAMMO HaIMyMe Ompese-
JICHHBIX CUTHAJIOB B TPAHCIMpPyeMoit 06JIacT.

Puc. 165. TlepenporpaMMupoBaHue B XoZIe TPAHCISLIMMN:
A — CABMT paMKH cuMTHIBaHMA Ha (~1) Npu TpaucasuM BUpycHoil PHK; b — casur
PAMKH CYHTBIBAHIA Ha (+1) npu Tpancasunn MPHK Gakrepuanssoro daxropa Tepmu-
nauun RF-2 (SD — nocaenosarenstocts Llaiina — Hanvrapro); B — «npusokoks pu6o-
coMel Ha 50 nykneotunoB npu Tpancasumun MPHK oamoro m3 Genkon bakrepuodara
T4: I' — npounTteiBanme Tepmiinpyiomero konona UGA kak K0aoHa aMIHOKHCJIOTHI
ceaeHouncrennna (SelSyc) npu 6uocuntese GopMUATICIHAPOTreHA3HI y E. coli
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Casur pamku cuuteiBanust Ha (-1) npu tpancasuun PHK perpo-
BUPYCOB IPOMCXOAMUT B 061acTn 0coboil rentanykIeoTHIHON noche-
JIOBaTEIbHOCTH Mepejl WINMUJIeYHOMH CTPYKTYpoit (puc. 165). V Gakrepuid
npu tpaHcusiinn MPHK, komupyioieit 6enkoBsiit haktop TepmuHa-
i RF2, cieur paMxky Ha +1 TakKe 3aBUCMT OT OKPYXKEHUSI TEPMM-
Hupylouero kopona UGA.

B apyrux ciyuasix pubocoMsl B X0j1e TPAHCISIIIAM MOTYT COBEpINAaTh
«TIPBIKKH», 00XO/Is1 TEPMHHHUPYIOIINIA KOIOH U NPOIYCKas 3HAMHTE ] b-
HYIO YacTh Koaupyouwei nocienosareabnocty MPHK, umelonyio
00bIMHO 0coby10 netesbHyIo cTpyKTYpY. Tak, npu tpancisiimn MPHK
(dara T, pnbocoma nepexomur ¢ konona GGA (xommpyer Gly) Ha
konoH GGA, orcrositimii or neporo Ha 50 HYKJICOTHMIOB, 00XOjs
TakuM o6pasom TepMuHHUpYyloLIMii kogoH UAG u cienyiontyio 3a HuM
nemieobpasnyio obaacts MPHK.

K nepekoaupoBaHHI0 OTHOCST BKJIIOUEHHE B CHHTE3UpPYEMbIe 11OJTH-
MeNnTUIHbIE LHEenu psiia OeKOB pekoil, HO (DYHKILMOHATLHO BaKHOI
(21-i1) 6eKOBOI aMMHOKHMCIOTBI — ceneHoumcTenHa (eM. . 2). Tpu-
CoeAMHEHHEe YHUKAIBHOI 110 cTpykType amuHoanma-TPHK (TPHK®),
TEPeHOCHIENH OCTATOK CEJEHOIMCTENHA, TIPOMCXOINT B XOAE TPaHC-
JSIIUK K TepMubupyioiemy kopody UGA, ecim 3a HUM pacriofioxe-
Ha ocobast ctuMyaupyioias nocienopateisHocts MPHK. D1a nocie-
JIOBATEJIbHOCTH MOXKET PacrioyiaraTbCs Ha 3HAYMTENILHOM VaaJIeHNH (10
200 HykaeoTnnos) ot Mecta ceasbiBaHud TPHKS n nokanusosarhes
B 3-UTR MPHK (cm. puc. 165). TPHK® umeer KomiieMeHTapHbli
konony UGA autukonon ACU u akienTupyeT octatok cepuna. B pe-
3ynpTaTe Bo3HuKaer cepui-TPHKS®, KOTOpasi 3areM y bakrepwii npe-
obpasyerca B cenenouncrennnn-rPHKS® B pesynsrare psina npespa-
HICHMIT, NMPOTCKAIOLIMX 110 CXeme:

H,0 ceneroocdar
cepit-TPHKS® ——» amunoakpna-TPHK 3¢ —— cenenouncrennmn-TPHK 5¢¢

V E. coli TPHK®* (npoaykt rena SelC) comepxut 76 HyKIeoTHI-
HbIX OcTaTKOB. Ee nepBHuHAsi U BTOPUUHAs CTPYKTYPBI paciundpopa-
Hbl (puc. 166). B neuenn 6sika TPHKS coctont n3 90 HyKI€OTHIIOR, 1
NpeBpanieHNe aKIEeNTUPYEMOTro €10 OCTATKA CEPUHA NIPOTEKAET 110 JIpy-
roi cxeme:

cepua-TPH K¢ d)ocd)ocepm—TPHKS"" —— cenenouncrenin-TPHKS®

st npukpennienus TPHKS® x pubocome Heob6xoauMm crieumdu-
yeckuit OGenkosnlii aktop SEL B (monekyisprags macca 68 klla),
KOTOPBIU npejictapiasier coboil anangor ¢dakropa anonranun EF-Tu
¢ N-koHueBbIM 1oMeHOM, cpasbiBaomm GTP. B MPHK dopmuar-
JlerujiporeHassl (OIHOTO M3 CeJEHOLMCTeMHWICOAepXKallMX OelKoB
E. coli) nnentuduumponara ocobas 30Ha y3HaBaHus JUIHHOM 40 HyK-
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4 {RNAS Cq’“;‘“
2’ AMMHOaKpHII-
8 CeneHOLUCTEHHMI -
Sr
% -70
&g
: A 60
10 -G CA
GC (':UCU(?(:;UG thlquu
G G GCAGGuyC

Konon_..t_}(}'A
Ccpnitt-
3 ®Docdocepm-

8 CeJleHOLHCTe HHILI-

Konon—~UGA

Puc. 166. Crpykrypa TPHK (Stadtman T. C. // Ann. Rev. Biochem. — 1996.
—V.65.—P.83):
A — crpykrypa TPHKS® npokapuot. ¥ E. coli TPHK® akuentupyer cepui, a 3atem
npeoGpasyercs B cenenouncrennun-TPHK; 5 — crpykrypa TPHKS* sykapuor. B ne-
uenn Guika TPHKS® Takke akuenTupyeT cepum, a 3aTeM mpeBpaliaetcs B celie-
HouucTenHMa-TPHK
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Puc. 167. Mogens sropuunoii crpyktypsl MPHK E. coli (M.3.3BepeBa 1 ap.,
2000).

3Be3a04Koil 0603HAYEHO HAYAIO TPAHCIHPYeMOro palioHa; A — CTON-KOAOHBI B paM-
Ke cunThiBanus; pkl —pk4 — ncepgoyansi. B paMke BbiieneHa aMHHOKWUCIOTHas
MoC/IeI0BaTeILHOCTS tag-TenTuaa
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aeotuaoB B obnacti konoHa UGA, cayxaumero misd 1npucoeamHeHus!
cenenounctennma-TPHKS®, kotopasi oTaM4aeT 310 MECTO OT JAPYrux
cron-koaoHoB. Jlanubii snemeHT crpykTypbl MPHK ouennb BaxeH, Tak
KaK YCTAHOBJIEHO, 4TO jiBa apyrux ctorn-koaoHa (UAA u UAG) MoryT
CIIYKMTD JUISI BKJIIOYEHHS CeJICHOIMCTEHHA B CHIITE3UPOBAHHDIN Tier-
THJL, €CJIM OHU ACCOLMMPOBAHBI C TAKOH «y3HaBaeMoit» 30HOi B MPHK.

K nepenporpaMMUpOBaHHIO YCJIOBHO MOXET ObLITh OTHECEH M aK-
TUBHO MCCJEAYEMBII B IOCIEIHHE HECKOJBLKO JIET NMPOLECC MPaHc-
mpancaayuy, KOrjaa CUHTE3 IMOJUNENnTHaa, HavaTelii pubocoMoii Ha
onvoit MPHK, 3arem mepexsioyaercs Ha tpaHcasaumio apyroii PHK.
Takoit BapuaHT TpaHcaauMM Obin BuIsIBACH Y aydakTepuit. OH nmpoxo-
JnT ¢ yuactuem HeoObruHoro suga PHK — tMmPHK (10S aPHK). Cronb
Hebosbinas no pasmepam PHK copmenraer B cebe cBoiicTBa TpaHc-
noptHoii u matpuuHoit PHK. OnHa yuacreyer B ocoboxieHun pubo-

Pubocoma

00000 — HenTHi, CHHTE3H-
& — 1PHK popanHslit Ha MPHK
® — (haKrop TepMUHALIMH
= s K A — SMHHOAILWTBHEI HEHTD
GCA

@P — MENTHIMILHEHA UEATP

Puc. 168. Cxema mpanc-rpancasumn c yaactuem anauun-tMPHK (M. 3. 3se-
pesa u ap., 2000). IMoscrenus B TekcTe.
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COM, He crocoOHbBIX 3aKOHYUTL GnocHHTe3 Oenka Ha MPHK, kotopeie
VIpaTHJIH B pe3yabTate caydailHoH MOAM(MUKAUHH CTOM-KONLOHBL.

V E. colitTmPHK konmpyeTtcsi MOHOLIMCTPOHOBBIM I'€HOM SSTA, MMe-
IOLMM cOOCTBEHHBII mpoMoTop U TepmuHaTop. Pasmep TMPHK Baps-
upyet ot 349 no 411 wykneornnos. B Hacrosuee BpeMs orpeiesneHa
HykieotnaHas nocaenosareabHocth TMPHK Gonee uyem y 50 Bujios
6axrepnit. Coznana Mmojenb BropuuHoii ctpyktypsl TMPHK, ocHoBan-
Hasi Ha CPABHUTEJILHOM aHATH3e NepBUYHOM cTpyKTYphl 3T0i PHK 13
50 mukpoopranusmos (puc. 167).

Bo sropuunoil crpyktype TMPHK BBIpaxkeHbl Tpu yuacTka: oauH
M3 HUX BKJIIOYAET 3'- M 5'-KOHIIBI MOJIEKY/IbI H 00pa3yeT XxapakTepHYIO
TPHK-110/100HYI0 CTPYKTYPY, COCTOSIIYIO M3 aKIIENTHPYIOero creb-
g1 1 TWC-nerin. Bropoil yuacToK COIEpPXHT JIMHEHHYIO TPAHCIHpye-
MYyI0 (MaTPUUHYIO) MOCJIEI0BATeNbHOCT, TpeTHii, CHILHO CTPYKTY-
puposaHHblif yuactok BkmovaeT TPHK- n MPHK-nono61bie obiaactu
mosiekyibl. Tpancimpyemsiit yuacrok TMPHK koampyer kopoTkuii no-
JIMNENTHI — lag-nernTui, y3HaBaeMmblit cnenmndnyeckumMu nporeasa-
mu. Komupyioineit tag-nenTin nociaeaoBaTe/ibHOCTH MpejiluecTByer TH-
nUYHAas azantopHas nocienosarensHocTs [aiina— Jdansrapio (AAGG).

Baaumoneiictene tMPHK 1 70S pubocom nceneopato B cucreme
TpaHcasiuK in vitro. ITo pesynbratam ncenenoBanus pazpaborana Mo-
neiab mpanc-tpancnsiumm ¢ ysactueM TMPHK, criocobHoit akuenti-
poBaTh AMWHOKHCIOTY alaHuH ¢ obpazosanuem ananwi-tM PHK. Co-
IJIACHO 3TOH MOJIENIM, CXeMa KOTOpo# npeacrapieHa Ha puc. 168, ana-
Hiwi-TMPHK Bxomut B A-tieHTp pbOCOMBI B TOT MOMEHT, KOT/Ia TPaHC-
JIALMS ocTaHaBanBaeTcs Ha 3'-koHie nospexaenHoil MPHK, y koto-
poit OTCYTCTBYET CTON-KOA0H. HenocuHuTe3upoBaHHas NMOJIHIIENTHIHAS
tenn nepeHocutes Ha ananwi-tM PHK (peakuus tpancnentuanposa-
HUs1), W Jasiee pubocoma NpoaoipKaeT TPAHCISILMIO, UCMONb3Ysl MaT-
puuHbii yuactok TMPHK. Cunres npomoskaercs A0 MOCTYIUIEHHS B
A-uenrp cron-kogona TMPHK (UAA), nociie yero BeTynaer B jieii-
creue (hakTop TEpMUHAIIMK M TpaHcsinua 3asepuaercs. [Tocne Tep-
MUHALMKM TPAHCIASIMM OT puDOCOMBI OTCOEIMHSIETCSsI euOpudnbii 6e-
A0k, cojnepxaimii Ha C-kKoHuUe tag-nenTuia, KOTOPLIH «pacrno3HaeT-
csi» TIPOTEA3aMM, aTaKyIOUIMMH M Pa3pylualoiuMu HeoObIUHbIH 11po-
KT TpaHcsiinu. TepMuHaims ocBoOOXIaeT paHee CBsi3aHHy10 pubo-
COMY, KOTOpasi Jiajice MOXET Y4acTBOBAaTh B CHHTE3e JAPYrux Oeskos.

Takum obpazom, TMPHK BeinmonHger nBe cymecTBeHHble (DyHK-
uuK: ocBoboxaaer pubocomnl ot cBs3u ¢ aedekTHoiMu MPHK u on-
HOBPEMEHHO CIOCOOCTBYET OBICTPOI Jlerpanauuy «HernpaBuiibHbIX»
GCAKOB, MPUCOCIMHAS K HUM Y3HABAEMBIH NpOTea3’aMM tag-renTu.
[Mockonsky TMPHK oTcyreTByer y BBICHIMX OPraHU3MOB, HE MCKIIIO-
YeHA BO3MOXHOCTB €€ MCMOJIb30BAHHA B KavyeCTBE MHUIIEHH MPH CO-
3IAHMN HOBBIX AHTHOAKTEPHAIBHBIX NPEMapaTos, KOTOPbie MOMIH Obl
6aokuposars yukimu T™MPHK y Oaktepuit u npusectu K rubenu
raToreHa, He 3aTparupasi CHHTe3 OeJIKOB 4ejloBeKa.

I'nasa 12. PEIIAPAIIUA JTHK

IMepenaua nacneacTeeHHONU MH(MOPMALIMKM B HEMCKAXKEHHOM BUIC —
BAOKHEHIIee YCJIOBME BbDKMBAHWUS KaK OTIEILHOTO OpraHu3Ma, Tak u
Buaa B uejaoM. boabwmuerso uameHenuit B crpykrype JIHK cosep-
LUIEHHO HEIONMYCTUMBbL: OHM JIMDO BEIYT K BPEAHBIM MYTALIMAM, JInbO
Onokupytor permmkanmio JAHK u BeissiBaior rubens kietok. Mexuy
teM JIHK nocrosiHHO noasepraeTcsi XMMUUECKUM M3MEHEHHMSM B pe-
3yJIbTaTe BO3AEHCTBUS KaK CITOHTAHHBIX, TAK M MHAYLIMPOBAHHBIX (haK-
TOpoB cpeibl: YM-obayuenneM, HOHU3MPYIOLIEH panHaineii, XuMm-
YeCKHMH MyTareHaMH, temiepatypoii H ap. K cmoHTAHHBIM MOBpeX-
JNEHUSM OTHOCSTCS: OIIMOKH peruimKaluMy (B pe3yJbTare MosiBIsioTCs
HEKOMIUIEMEHTAPHBIE Mapbl HYKJICOTHIOB — MUCMIMYU); aTlypUHHU3A~
1ust (OTLETUIeHUEe a30THCTBIX OCHOBAHMUI OT caxapo-(hocdaTHoro oc-
ToBa — obpasoBanue AP-caiumos) n nesaMuHupoBanue (OTIIEIUICHHE
AMUHOTPYNITBL OT a30THCTOIO OCHOBAHMSA).

K MHAyHMpyeMbIM 1MOBpeX/IeHUSM ITPHHATO OTHOCHTD: JIMMEpH3a-
1MIO (CUIMBAHUE COCEJIHUX TTMPUMIJIMHOBLIX OCHOBaHMUI ¢ 0bpa3oBa-
HUEM JAMMEpa); pa3MbIKaHHe IMYPHHOBOIO KOJIbLIA, ONHOHHTEBBIE W

‘iByHuTeBble pa3pbibl B JIHK; ciumsku mexay nensmu JIHK. B xone

3BOJIIOIMKM BbIpaboTaliack cHCTEMa, TIO3BOJISIONIAS MCIIPABISATL HapY-
ienust B JIHK, BoisBaHHbIe OlIMOKaAMU PErIMKAIIMM WM [TOBPEXIAI0-
ILMMH areHTaMH BHELIHe# cpeibl, — cuctema penapaunn JHK. B pe-
synprare ee aktupHoctH Ha 1000 nospexnennii B JIHK Toasko onHo
NPUBOAUT K MyTaun. Hapyiienus B cucreme penapaiuy MOTYT TIpH-
BOJUTH K MPEXICBPEMEHHOMY CTAPEHNIO, PA3BUTHIO OHKOJIOTHYECKHX
3abonesanuil, Gone3HsIM ayTOMMMYHHOH CHCTEMBbI M IIEJIOMY psiiy
JApYrux reHetuyecku obycionneHHsix aedekros. Tak, y moaei, crpa-
JAIOIIMX HUeMeHmHoll kcepodepmoti (HaciencTBeHHOe 3abosieBanue,
BbIpaXKalollieecst B 0Yarax paka KoXH), HapylieHHe CUCTeMbl pernapa-
LMK TTPUBOJUT K TOMY, YTO OHM HE MOTYT ObIBAaTh Ha COJIHEYHOM CBE-
TY B CHJIY MOJHOW He3aumineHHocTH oT YM-obayuenus. Yacrora 3a-
BoneraHUsl PAKOM YREJIMUUBAETCS C BO3PACTOM, REPOATHO, 3a CueT
Hakomienuit nospexenuit B JIHK, cpszannbix ¢ ocnabienuem cu-
CTeMbl penapaiyu. B cnenmanbHbIX onpeaeneHusix yCTaHOBJIEHO, YTO B
TeHOME 3apOAbILIEBOH JHMHHH KICTOK MJICKOMHTAIOWMX M YeTOBEKA
NPOUCXOIMT B cpeiHeM 6 HYKJICOTHIHBIX 3aMeH B roi. BepostHo, n B
COMATHYECKHMX KJIETKAX MPOMCXOIUT TAKOE XK€ KOJIHYECTBO MYTALIMI.
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MX HakomnieHue ¢ BO3pACTOM MOBBILIAET BEPOSITHOCTL PAKOBOTO Mepe-
poxieHns kietok. B uenom monaraiot, uto 80—90 % Bcex pakoBbIX
3abosieBanmii csizanel ¢ orcyrersuem penapauumn JJTHK. Muorue npy-
rue Hace/ICTBeHHbIe DONE3HU YeJIOBEKA TAKXKE CBA3AHbI ¢ nedekTaMu
B pabore cuctembl penapaumu. K HUM, B 4aCTHOCTH, OTHOCAT TPUXO-
aucTpoduio (HeXBaTKa cepbl B KJIETKAX BOJIOC, Beayllas K UX JOMKO-
CTH; AaHOMAJINK KOXH U 3y00B; ne(heKThl NM0JIOBOrO pa3BUTHSs), CHHI-
poM KokaiiHa (KapiauKOBOCTb, IIyX0Ta, aTpodust 3peHus M ap.); aHe-
Must DaHkoHH (VMEHBIIEHHE KOJHYECTBA BCEX KJIETOUHBIX 3JIEeMEHTOR
KPOBH, CKeJIeTHbIE HapylIeHHsi, MUKpouedaius, noreps ciyxa).

M3BecTHbI YeThIpe OCHOBHBIX THMA nospexaeHnit B JHK: nospex-
JeHUE OJIMHOYHBIX HYKJIECOTHJIOB; NOBPEXKIEHUE Mapbl HYKJIEOTHIIOB;
paspeis neneit JAHK; obpasosanue nonepevHbiX CLUIMBOK MEXIY OC-
HOBAHMAMM OJHOMN 1enu uian pasubix ueneit JJHK. Hecomuenno, uro
CHCTEMa pernapaimu crnocobHa NpOTHBOCTOATL BCEM THIAM TOBPEXK-
nenmit B JIHK, onHako MexanusMbl penapaitiun HaubGojiee M3yueHbl
TOJLKO B OTHOLLIEHUM TIEPBLIX JIBYX THIIOB, B OCHOBE KOTOPBIX JIeXKaT
W3MEHEHHs] CTPYKTYPhI TeTePOLUMKIMUECKUX A30THCTBIX OCHOBAaHHIA.
Verpanenue paspoisos B tensx JHK, sepositHo, nocturaercs nps-
MbIM JurupoBaHuem ¢ yuactuem JIHK-nuraz nubo B npouecce pe-
koMbuuaun monekya JHK (em. . 8), a MexaHu3mbl ycTpaHeHMs1
MoNepeyvHbIX CHIMBOK ITOKA HE M3YYeHbI.

HaubGonee yacto HabionaemMpie MOBPEXRICHUS HYKICOTHIOB BKIIIO-
qaeT OKucAeHle, 0e3aMunuposanie W aiKuaUpoGanie azomucmolx oCHO-
sanuii, 00pa3oBaHNe NUPUMUOUHOBHLIX JUMEDPO8, A TAKXKE BCTABKY HYK-
JICOTHIIOB WM BKAIOYeHlUEe ocHOGanuli-ananroeos (00pa3oBaHne HeKaHo-
HUYECKHMX TTap OCHOBaHHWIA), ruAposin3 N-IIHKO3HIHBLIX CBS3ei MeXI1y
OCHOBaHMEM M J1e30KCHpHO030ii (anypunuzayus). CXeMbl 3TUX ITOBPEXK-
JICHUI npecTaBieHbl Ha puc. 169.

Tak, crnoHTanHoe (WJIM MHAYLMPOBAHHOE IOBLIILEHUEM TeMIie-
paTtypbl) Je3aMHHMPOBAHHE A30THCTHIX OCHOBAHUI MOXET H3MEHHTh
crpyktypy JAHK, npespaiiag 1mMTo3nH B ypaiii— a3oTHCTOE OCHOBA-
nue, He cpoiictennoe JAHK u pacrniosnasaeMoe cucremoil penapa-
umu (puc. 169, I).

ANypUHM3ALUS — THAPOJINTHYECKOE BbINICTICHUE a30TUCTBIX (1pe-
MMYLIECTBEHHO MYPUHOBBIX) OCHOBAHWH U3 MOJINHYKICOTHIHOI 1ICTH
JAHK — npusoanT k 06pa3oBaHuio Tak Ha3biBaeMbix AP-caiitos (puc.
169, IT), uto cB#3aHO ¢ TepMOAAOUILHOCTHIO N-IJIHKO3HIHOM CBSI3H
MYPUHOBBIX HYKJIEOTHI0B. OIHAKO B 11es10M TepMuH «AP-caiit» oObe-
JIMHACT BCE C/IYYaM BbILICTUIEHHUSI OCHOBaHUI ¢ obpa3oBaHueM M any-
PHHOBBLIX, ¥ ANMPUMMAMHOBLIX caittoB. Tonaraior, yTo eXeaHEeBHO
JHK kaxnoit kietkn uenoseka tepsiet ot 5000 xo 10 000 nypuroBbix
OCHOBAHWI{, KOTOpbIE JIOJKHBI ObITH 3amelleHbl (BcrtasieHsl) ep-
MEHTaMM perapalvi.

Anxkuwmmposanne JIHK npoucxoanTt npu yyacTuu aJKuanmpyliounimx
peareHToB (MyTareHoB), DOMBLIIMHCTBO M3 KOTOPBIX SIBJISIIOTCS KaHlie-
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THMUHOBBIH AMMED

Puc. 169. HanGonee 4acto BeIsIBAAEMBIE MOBpeXaecHHA B HykneoTnaax JTHK:

I — nesamunupoBanue; I/ — anypunusaums; [/l — metunupoanue; [V — pasMbika-
HHe Konbla, ¥V — okucaenue; VI — obpasoBanue THMHHOBBIX IMMEPOB

porexamu. OIMH M3 IPOAYKTOB TaKoi Momudukaumu — O°-meTnary-
aHMH — npeacTasieH Ha puc. 169, 111 K yuciry MOIHbIX alIKHIUPYIO-
HIMX (METHIMPYIOLIMX) areHTOB NMPUHAUICKAT ahramoKkcuH HU3ILUX
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rpubos pona Aspergillus (nopaxaioT pacTeHus apaxuca), a TAKXe pas-
HooOpasHbie Humposzoamunsl, Kak Hanpumep N-metua-N-Hutpo-N-
HHUTPO3OIrYaHHIHUH:

HN—NO2
HzN—C
ll\I—NO
CH;

HuTpo3oaMuHBI MOTYT BO3HMKATH M3 BTOPMYHBIX AMUHOB M a30TH-
CTOM KMCJIOTBI M ee cosieif (HUTPUTOB), KOTOpPbIE B CBOIO O4Yepeab obpa-
3YIOTCSl B OPraHM3Me YeJIOBEKa B IPOIIECCE BOCCTAHOBJIEHMUSI HUTPA-
TOB, MOCTYIMAIOIIMX C MULLEH,

K qucay Hauﬁonee MOIIHBIX ATKHJIHPVIOLIIUX peareHTOB OTHOCATCA
WUIPUT U €ro IPOU3BOIHbBIE:

CICH,CH,—S—CH,CH,CI
unpuT (B, p'-auxaopanatuicyabgu)

[TpoussoaHbie UIPUTA CIIOCOOHBI BBHI3BIBATE MHOTOYMCIIEHHBIE T10-
nepeynbie ciuimBky B Monekyne JIHK, kotopeie BeayT K JieTabHOMY
UCXOIY.

Oxucaenne asoructoix ociopanmii B JIHK Boi3biBaeTcsi pasnnyunbi-
MU akmugnbmu opmamu kucaropoda (ADK). Cpean Hux Hanbosee Bbi-
PaXEHHbIMH OKHMCIMTEILHBIMM CBOHCTBAMM OOJNAnaloT cynepokcuda-
nuon-panukan (03) u odnossekmponnwiii 2uopoxcua ("OH). O6a an
COCJIMHEHMS MOTYT BbI3bIBATL OKMCIUTENbHBIE NoBpexaeHus B JJTHK:
pasMbIKaHue NMyPHHOBOTO Kojiblia ¢ oOpa3oBaHueM (hOpMaMUIONH-
puMuInuHOB (puc. 169, 1V) nnbo okucienne nypuHos (puc. 169, V).
B nocnennem ciyuae nambonee uacto obpasyercst 8-okcoryaHuH (8-
0x0-G) — npoM3BOAHOE T'yaHHHA, KOTOPOE SBJISETCS MYTATEHOM W
¢crnocobHO 0O6pa3oBLIBATL BOJAOPOAHBIC CBSI3M HE C IMTO3MHOM, a C
aIeHUHOM M TaKUM 00pa3oM TNPUBOAMT K 0Opa30BaHMIO MYTalluH
(mpanceepcuu) B npouecce peruinkauun JHK (GC-napa 3ameHsietcs
Ha AT-napy). Haubonee crabuibHbIMM NPOAYKTAMM OKUCIIEHUS LIMTO-
3MHA ABIAIOTCA 5-rUAPOKCHLMTO3HH (5—OH—C) u 5-ruapokcuypa-
uun (5—OH—U):

0] NH,
HO HO
X I
¥ ¥ o
H H
5-T'uapoxeuypaunn 5-TMAPOKCHIIMTO3HH
(5—0H—-U) (5—0H-C)
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Hanunume takux ocHoBanuit B MatpuuHoil nenu JHK npuBoaur x
TOMY, YTO B ITPOLECCE PEIUIMKALIMK 00pa3yloTcsi HeKaHOHHYECKHE Taphl
ocHopanmnii: (5—OH—C:A; 5—OH—U:C), uro Bener K TpaHcBep-
cuam C-»Tun C-G.

Tumunorsie 1uMepbl BozunkaoT B JIHK 3a cuer obpazosanng Ko-
BAJIEHTHBIX CBA3€i MEXJy COCeIHUMH THMHHAMM, PACIIOI0XKEHHbIMH
B onnoii tenu JAHK. 3ror npouecce puizpiBaercs YM-obnyuenuem (puc.
169, VI).

Cucrempt penapaimn JIHK jgoctatouHo KOHCEpBATUBHBI B 9BOJIIO-
MK ot HakTepuit 10 yenopeka v Hanbosee uzyuensl y E. coli.

W3BecTHbI ABA THIA peNapalin: apamas M IKcyusuonnas (0T aHri.
excision — Buipe3anue). [Ipsimast penapanmsi — Haubosiee MPOCTOM 1MyTh
yerpanenus nospexaennii B JIHK, B kotopoM 06b1uHO 3aneiicTBoBa-
HbI crienuduueckue hepMeHThI, crnocodbHbie ObICTPO (Kak NpaBuiio, B
OJIHY CTAIMIO) YCTPAHATL COOTBETCTBYIOLIEE IMOBPEKIACHHE, BOCCTA-
HABJIMBAg MCXOJHYIO CTPYKTYPY HYKJIeoTHI0B. Tak aeifcTByer, Harpu-
vep, O°-mernaryanun-JAHK-mermrrpancdepasa, kortopas cHuMaer
METHJIBHYIO TPYNIY € a30THCTOr0 OCHOBAHMSA Ha OJMH M3 cOOCTBEH-
HbIX ocTaTKoB HucrenHa (puc. 170, A). Y E. coli moxer B | MHH cHHTE-
supoBatbest 10 100 Monekyn atoro Genka. AHanornyHbli o GyHkum-
siM BeJI0K BBICILMX DYKAPHOT, OYEBHAHO, UIPAET BAXHYIO pOJib B 3a-
IIMTE OT PaKa, BbI3bIBAEMOTO BHYTPEHHUMH M BHEUIHHMH JIKMJIMPY-
oM (pakropamMu. AP-cailThl MOTYT penapupoBaThCst IyTeM MpsSMoii
BCTABKH NYPHHOB NpH ydacTuu pepmenToB, HaszbiBaeMbix JTHK-uH-
cepTazaMu (OT aHIJI. insert — BCTABISATD).

) 0—-CH, i
\/k H S—CH,-depment N
Oh (_l G
-m |\ /l\ \-.. H,C~S—CH,- q;epnem' N ‘J\NH
|
b 0 0 Dotoanaza 0 0
CH;H,C (cBeT € A CH, H.C
HN NH ‘300—600 mm) HN | i NH
|
| H  H | /

T

TuMIHOBLIT THMeEp

Puc. 170. ITpumepst npsiMoit penapauun nospexaennit s JJTHK:

A — menwposanoe octosanme (0%-mG) gemurnanpyercs depMeHTOM MeTHITPAHC-

¢epasoit, KOTOpas NepPeHOCHT METHABLHYIO TPYIINY HA OIUI W3 CBOMX OCTATKOB LIUCTE-

nHa; b — dotonnaza npucoeAMHsAeTCs K THMHHOBOMY JAMMEpY, U rocae obayuerus
TOTO KoMIulekea BHANMBIM cBeToM (300—600 nM) aumMep pacimpacTcs
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TumuHOBBIE AUMEPBI «PACIIMBAIOTCA» IYTEM MPSMOI penapaiun
1IPH VYacTHu omoauas, OCyllecTBISIONMX COOTBETCTBYIOIEee oTo-
xumuueckoe npeppaienue (puc. 170, 5). IHK-doronnasw npencras-
as10T coboit rpynny (epMEeHTOB, aKTHBUDYEMbIX CBETOM, C JIMHOM
sositbl 300—600 HM (Buaumas obaacth), JUISL Yero B MX CTPYKTYpE
MMeeTCst 0COOBIH CBETOUYBCTBUTEIbHBIN LeHTP. OHU LIMPOKO pacripo-
CTpaHeHsl B npupojie U obHapyXeHbl y DaKTepuid, NpoxiKeil, HaCEKO-
MBIX, PEITHANI, 3eMHOBO/IHBIX M YeJOBEKa. DTN (hepMeHTHl HYXIa-
10TCs B pasHooOpa3ubix Koakropax (FADH, terparuapodonuesasi
KHMCJIOTA M Ip.), YYaCTBYIOLIMX B (POTOXMMMYECKOiT akTHBauumn dep-
menta. Moronuasza E. coli npencrasisieT coboit 6enok ¢ Mojaexkysip-
HOil maccoii 35 k/la, NpoOYHO CBA3AHHBIH C OJUTOPUGOHYKICOTHIOM
WiMHON 10— 15 HyKJICOTH/I0B, HEOOXOAMMBIM JUISl aKTUBHOCTH (ep-
MEHTa.

K cuusuonan penapayus BKIOYAET YAAIeHHe MOBPEXIEHHBIX a30-
TvcTeIX ocHoBaumil M3 JIHK u nocnenyiouiee BoccraHoBieHue HOp-
MaJIbHOM CTPYKTYPhI MOJIEKYJIbI.

B akcum3nonHoi penapaiym o6bMHO NPUHUMAIOT YYaCTHE HECKOJIb-
KO )epMEeHTOB, a caM IPOLIECC 3aTParMBaeT HE TOJLKO NOBPEXICH-
HBIIi, HO M COCEIHUE C HUM HYKJIeoTHIbl. KpoMme aToro, juist 9KCIu3u-
OHHOI penapaiimn Heobxoanma Bropas (kommaemeHrapHas) uens JJHK.
O6wag ynpouieHHas cXxemMa S5KCLUM3MOHHOI penapaimm rpejacTaBieHa
Ha puc. 171,

ITepBpiM 5TanoM KCUH3MOHHOM pernapauuu sIBJIsIeTCs BhIpe3aHue
AHOMILHBIX a30THCTBIX ocHoBaHMii. Ero katanusupyior JIHK-N-riun-
KO3Ma3bl — (pepMEHTBI, PACILETUISIOIIME [NIMKOZUAHYIO CBA3b MEXIY
Ne30kenpub030it M a30TUCTHIM ocHoBaHueM. Y yenoseka JJHK-N-riu-
KO3Wia3bl 00s1a1al0T BbICOKOI cybcTpaTHOil creunduiHoCTbIO: pas-
Hble (PePMEHTBI 3TOTO CeMEeHCTBA PACIO3HAIOT M BBIPE3AIOT PasIHu-
HbIE AHOMAJILHBIE OCHOBAHMS (8-OKCOryaHMH, ypalluia, METHIIYpH-
Hel u ap.). B pesyaprare neiicreus JJHK-N-rimkosunasel obpasyercs
AP-caiit, kotopblii atakyercsi epmentom AP-anmonykieasoit. Ona
paspsiBaeT caxapodocdarhbiit octoB Monekyisl JJHK B AP-caiite u
IeM CAMBIM CO3/aeT YCI0BMS Ui paboThl cienyoliero epMeHTa —
9K30HYKJIea3bl, KOTOpas I0CIeA0BaTe/IbHO OTHIEIISET HECKOJIBLKO
HYKJICOTHJIOB OT MOBpexIAeHHOro yuacTka onHoi uenu JJHK. V 6akre-
pUit 0CBODOXIEHHOE MECTO Jlajiee 3arOJIHSAETCs COOTBETCTBYIOIMMH
nykieoruaamu npu yuactun JHK-nonuMepassl 1, opueHTHpyioiueii-
¢ Ha Bropylo (kommuiemenrtaphyto) uenes [HK. TMockonsky JIHK-
nosanmepasa | cnocobHa yUIMHATL 3'-KOHEL OHOI K3 Lieneit B MecTe
paspeiBa B asyuenoyeyHoil JHK u yiansite HyKJI€OTHABI ¢ 5'-KOHLA
TOTO K€ pasphiBa, T. €. OCYILECTBIATh Huk-mpanciayuio (M. . 14), atot
(bepmeHT MrpaeT KioueByio poiib B penapauuu JIHK. OkoHuarenbHOe
ClIMBAHKME penapupoBaHHbIX yyacTkoB ocyutecteiser JJHK-uraza.

Okecumnsnonnas penapauuns JHK B kaeTkax MAeKOMUTAKUIMX CO-
IIPOBOKJIACTCS PE3KMM BCILIECKOM aKTUBHOCTH €lie OJIHOro (pepMeH-
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ta — nonu(ADP-pu6030)-noaumepassl. [1pu aTom nponcxoaut ADP-
pubo3uauporaHue GenKOB XpoOMaruHA (TMCTOHOB M HETMCTOHOBBLIX
Oenkos), uto Beuer K ociabnenuio ux cesisu ¢ JJHK u oTkpbisaer
noctyn pepmertaM penapauuu. Jlonopom ADP-pu6ossl B 5THX peak-
imsax seicrynaer NADY, 3anacel KOTOPOTO CUIBHO MCTONIAIOTCS 1PH
IKCUM3HMOHHONH pernapaluu IOBpPeXIAeHUMN, BBI3bIBAEMBIX PECHTICHO-
BCKUM OOJIYYEHHEM:

benku XpoMaTHHAa

Moau(ADP-pu6oso)- |~ NAD*

HOHHME]JRB&
Hukornuamun
] ?
Benok OV D YD Yy
XPOMATHHA 0 O CH;-0 l|) 0 I|) 0 CH20
0 -0
H H
OH OH OH O o CH,—ADP...

OH OH

OrpunaresnbHo 3apsokeHHble octatki ADP-pubo3sl u3 cocraa NAD®
[PUCOCIMHAIOTCS Yepe3 pajauKai TIyTaMMHOBOM kucnotsl win doc-
(ocepuHa k Genkam XpoOMaTHHA, YTO BeleT K HEHTPAIH3ALMK 110J10-
KMTEJIBHBIX 3apsiI0B 3THX OeKOB U ocnabneHunio ux konrakra ¢ JTHK.

JTHK-2auko3uaass, yHacmeyrouue 8 yempaneHuu OKucAumenbHslx no-
spexcdenuu JHK B KIeTKax MPOKAPHOT U 9YKapHOT, BeCbMa pa3Hoo0-
pasHbl M OTIMYAIOTCH MO cyOCTpaTHOI cnetudUYHOCTH, MpoCTpaH-
CTBEHHOM CTpyKType u criocobam s3aumopeiicreus ¢ JAHK. K nanbo-
nee mayyennsiM JHK-ramkosunazam otHocsites sHnonykiaeasa Il
(Endolll), dopmamunonupumuanu-AHK-rimnkosnnasa (Fpg), Mut T
1 Mut Y KuieyHoi najiouku.

Dunounykieasa Il E. coli «y3HaeT» u cnieuupuyuecku BbilleTUIsIET
u3 JIHK okuciaeHHble MHPUMUINHOBBIE OCHOBAHHS. DTOT (hepMEHT
npejicTaBisgeT coboii MOHOMEPHBIH TI0OYISPHbII 00K, COCTOS NI
n3 21| aMMHOKMCIOTHBIX OCTaTKOB (MOJI. Macca 23,4 k/la). 'en, xoiu-
pyiommii Endolll, cekBeHMpoBaH, YCTAHOBJIEHA €ro HYKJIEOTH/IHAas
nocnenopareabHocTh. Endolll npexcrapnsier coboit xkenesocepHblii
Genok [(4Fe—4S)*-6enok], obnagaiowmii 31eMEeHTOM HATBTOPHYHOI
CTPYKTYPBI THIIA «TPEUecKMil KJou» (CnUpaib — IIMHIbKA — CIH-
paib), cayxaumm juist cesizsiBanms ¢ JJHK. Depmentsl ¢ anajnorny-
HOIi cyOGcTpaTHOM CrelM(UIHOCTBIO M CXOAHON aMUHOKMCIOTHO#M 11oC-
JIeIOBATEILHOCTBLIO BBIIEICHBI TAKXKE H3 KJICTOK ObIKA M YeNoBeKa.

Dopmamuponmpumnn-JIHK-rvkosunasa E. coli «y3Haet™ U Bbi-
wervister n3 JIHK okuciaeHHBIE reéTepoLMKINYECKUE OCHOBAHMSA Iy~
PHHOBOTO psizia.
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Puc. 171. Cxema 9KCLM3HOHHOI penapatuu: | [ | | | F i
! — JHK-N-raukosunasa yaaiser noppexiucH- * 2
HOoe ocHOBaHue, AP-3HI0HYKIea3a BHOCHT pas- B
puie B uens JAHK; 2 — aksonykieasa yaanser T — U1 T.1
pan nykneorwiaon; J — JIHK-nomumepasa sa- 11 il ol O
NOJHAET OCBODOANBIIMIICS YHACTOK KOMILIEMCH- * 3
TapHRIMM HykiaeoTHaamu, JTHK-nurasa cusa-
et penapupopannyio uens JIHK. Beepxy aera- T

[ ST A T ! N T SO
JU3upoBana craaus [/ I N Y I | &

Mut T — nebonbmoit Gen1ok ¢ MoaeKynsspHoil maccoii 15 x[la,
obnanaonmii HykjaeosuarpudochaTasHON aKTHBHOCTBIO, KOTOPbI
npeumymiecteeHHo ruapoiausyer dGTP no dGMP u nupodocdara.
Buonornueckasi pons Mut T 3akimiouaercsd B npejoTBpaiiieHun obpa-
30BaHMS BO BpeMs peruiMKaluu HekKaHoHuuveckux rnap A:G u A: 8-
ox0-G. Takue napnl MOIYT MOSIBJISITBCS| B TOM CIy4ae, KOIJ1a OKMCIeH=
Hast popma dGTP (8-0x0-dGTP) cranosurcs cyderpatom JAHK-no-
aumepassl. Mut T runposmsyer 8-ox0-dGTP B 10 pas OuicTpee, yeM
dGTP. Dr1o nenaer 8-ox0-dGTP HanbGonee npeanouTuTenbHbIM cyo-
crparoM Mut Y u obpacHsieT ero (pYHKIIMOHAIBHYIO POJb.

Mut Y npencrasaser coboii crnenuduueckyio aneHun-AHK-ran-
KO3WJIa3y, paculeruisionyo N-rJIMKO3MIHYIO CBS3b MEXIY aleHHHOM
H 1e30Kcupub0o30ii ageHo3nHa, 06pasyionero HeKAaHOHNYECKYIO MMapy
¢ ryauntoM. MYHKIMOHATBHAS POJb ITOro (hepMeHTa 3aKiouaeTcs B
npeaorspauieHu mytauun T:A—>G: A nyreM OTHICIUIEHHS HENO-
BPEXJIEHHOI0 OCTATKa alleHWHa M3 napbl ocHoBaHuil A : 8-o0xo-G.
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B nmocnennee BpemMsi B 9KCUM3HOHHOM pernapaliiu ocoboe BHUMA-
Hue yaensior ATP-3asucuMoMy MeXaHH3MY YIAJICHUS TTOBPEKASHMH
u3 JIHK. 31oT BuA KCUM3MOHHOI penapaliiy Moayuui Ha3BaHUe HYK-
Jaeomudnan sxcyusnuonnas penapayus (nucleotide excision repair; NER).
Omna skmouaer B cebs ynanenme u3 JIHK onuronykieotmanbix dpar-
MEHTOB, COACPXKALLMX TTOBPEXKIACHUE, M MOCASAYIOUIYIO PEKOHCTPYK-
uvio nenu JIHK ¢ yuactuem komiuiekca pepmentos (Hykieas, JITHK-
nonumepassi, JHK-aurassr u ap.). Yoaneuue parmenra JHK npo-
HCXOMT 1o 00€ CTOPOHbI MOBPEXASHHOTO HyKJIeoTHaa. [UtnHa yians-
eMbIX OJIMTOHYKJICOTHIHBIX (PPAarMEHTOB OTJIMYAETCS Y MPOKApHUOT M
aykapuot. Tak, v E. coli, B. subtilus, Micrococcus luteus ripesaercsi
chparMenT jutnHOM 12— 13 HYKJIEOTHIOB, @ YV APOXKeil, 36 MHOBOJIHBIX
M yesoBeka — parMeHT, cocTosnii U3 24— 32 nykieotHnos. Boi-
meriedne pparmenTa JAHK ocymecrsasercs gepmentom axcunyrkie-
asou (excinuclease). ¥ E. coli 310T hepMEHT COCTOMT M3 3 PasiMyHbIX
rnporoMepos — uvr A, uvr B u uvr C, Kaxiplit W3 KOTOPbIX BBITIOJIHSACT
onpeaeeHHy0 GYHKIMIO B X0/1e IKCIU3HOHHOTO BhIleiuieHus (par-
menTa JIHK. Hasparue 3THX O€JIKOB AaHO MO NMepBbIM OYKBaM CIOB
«ultra violet repair». [Tpotomep uvr A obnanaet ATPa3sHoit akTuBHOC-
ThlO, cBsi3biBaeTcs ¢ JJHK B Buae aumepa, ocyliecTBisisi epBUIHOE
pacro3HaBaHMue MoBpexieHust v cssizsiBadue uvr B. TIporomep uvr B
obnanaet nateHTHOI ATP-a3HO# M naTeHTHOMH XeJMKA3HOH aKTHBHO-
CTbIO, HEOOXOMMMOIT JUIsl M3MEHEHUsI KOH(OpMalLIMii U pacruleTaHMs
asoitHoi crimpanu JIHK; oH Xxe obGranaer sHIAOHYKIICA3HON aKTHBHO-
CThIO, paclleruisas MeXHYKIeoTHIHyIo ((pochonmapupryio) cesss co
CTOpoHbI 3'-KoHLIA Bhieruisemoro gparmerTa. ITporomep uvr C neii-
CTBYET KaK HykKJieasa, BHOCSIIA8 pa3psiB B penapupyemyvio uens JTHK
¢ 5'-koH11a Bbipe3aemoro ¢dparmMeHTa. Takum o6pa3om, rporoMeps
uvr A, uvr B, uvr C s3anmoneiicteyior ¢ JIHK B onpeneneHtoit no-
clieloBaTeNIbHOCTH, ocyiuectTsigs ATP-3aBucuMylo peakimio Bbiliern -
JIEHHS OJIMTOHYKJIeOTHIHOTO (hparMeHTa M3 penapupyemoii tenu JTHK.
Obpaszosasuiasicst 6penrs B mosiekyne JJHK pecraBpupyercs npu yuac-
tun JAHK-nonumepassr I u JIHK-aurazsl. Monenb 3KCumM3noHHOM
pernapaumM ¢ y9acTHeMm BblllienepeynciaeHHbIX (hepMeHTOB NpejicTaB-
JieHa Ha puc. 172.

DKCUM3NOHHbBIE penapaiuu y yejaoseka takke umeror ATP-3aBucu-
MBIii XapaKTep M BKJIIOYAIOT TPY OCHOBHBIX 3Tara: y3HaBaHHe MOBPeX-
JcHust, aBoitHoe paspesanue uenu JHK, BoccTaHOBUTEBHBIH CHMHTE3
W TUrupoBanme pernapupyemoit uenu. OIHAKO B 3KCIIM3HOHHOM peria-
pauuu JJHK uesoBeka npuHMMalOT ydacTHe 25 pasinvuyHbIX MOJIUIENTH-
J0B, 16 M3 KOTOPBIX YYaCTBYIOT B BBIIICTUIEHHH OJIMTOHYKJIEOTHAHOTO
dparMeHTa, 4BASACH MPOTOMEPAMH IKCHHYKIICA3bl, 4 OCTAILHbIE OCY-
IIECTBISIOT CHHTE3 pelaprupyeMoro y4acTka MoJiekyibl. B penapaim-
oHHo#t cucteme JJHK y uenoBeka BeCbMa CYIIECTBEHHYIO POJib Bbi1O-
HsioT Genku TpaHckpunumn — PHK-noaumepasa I u TF [IH — opun
M3 [IECTH OCHOBHBIX (DAKTOPOB TPAaHCKPHIILM dyKapuoT. Cneayer oT-

12 Kounuen 33?



PHK-nommmepasa

ATP ———
: ~_Y ~ATP
C» per
Jeiicrane i —
IKCHHYK/Iea3hl
A A
@ ADP+Pi
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3'-Hanpes l
12-13 m’legnnn % AETPES'-Hanpcs i
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JHK-nonumepasa I@—»@
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dNTP
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NHK-nurasa 5 3°
-_— 2 }—5
NAD Penapuposannan [JJTHK

Puc. 172. Cxema HYKICOTHIHOI 9KCIM3NONHOI perapauun y E. coli ¢ ysactyn-
€M SKCHHYKJIea3bl:

[ — TPaHCKPHIILIMOHHO He3apHCHMBIT Mexanuam; /I — TpaHCKpHITUHOHHO 3ABMCHMBII
sexaros: [I] — oBuwit otan penapaiu; A — Genok wvr A; B — Genox uvr B; C —
Genok wvr C (ocTasbibie MOSICHEHHS B TEKCTE), A — MECTO NMOBPEKACHUS B LECTTH JHK
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METHTb, YTO IKCLIM3HOHHAS PErapaius y mpoKapuoT, Kak U y JyKa-
PHOT, 3aBUCHT OT hyHKIMOHaNbHOro cocrosinusa JAHK: tpanckpubu-
pyemas JJTHK penapupyetcsa ObicTpee, 4YeM TPaHCKPUMLMOHHO HeEak-
TUBHas. DTOT (peHOMEH OOBIICHAETCS ClienyiomuMH (PaKTopaMu: CTPyK-
Typoif XpOMaTHHA, FOMOJIOTHEN Lerneit TpaHCKpUOUPYEMbIX YYACTKOB
IOHK, sddexkrom nospexaeHus uenei u ero pausinnem Ha PHK-
nonumepasy. M3BecTHO, YTO Takue KPYIHbIE MOBPEXIEHHUs], Kak obpa-
30BaHHE THMMHOBBIX JIHMEPOB, OIOKHMPYIOT TPAHCKPHUILIMIO KaK y Oak-
TEPHIi, TAK U Y YeJIOBEKa, €CJIM OHM NMPOMCXOAAT HA MATPUYHOI LEMNH
JIHK (rioBpexaeHMst Ha KOAMPYIOLIEHt 11eMn He BIUAIOT Ha TPAHCKPUII-
uroHHbI koMiuieke). PHK-nonmuMepasa octaHaBiImBaeTcsi B MecCTe 1o-
spexaennsa JHK n 6rokupyer paboTy TpaHCKPHUMIIMOHHOIO KOMII-
nekca. Y E. coli ycwneHue penapaium npu TPAaHCKPHUITLIMH OTIOCPELyeTCs
OIHUM CHEUUANbHBIM 0eTKOM — TPAHCKPUITIIMOHHO-PEeNapauiuoOHHbIM
tpakropom cuerienmns (TRCF). Dror 6e1oK cnocobCcTBYeT OTCoeIHHE-
nuo PHK-nomumepassl ot JHK 1 onHOBpeMeHHO CTUMYJIMPYET 06-
pa3oBaHHE KOMIUIEKca DeJIKOB, OCYLIECTRIISIOUINX PENAPAaLUIO MOBPeX-
neHHoro yyactka. [To okonuanum penapaunn PHK-nonumepasa scraer
Ha MECTO M TPAHCKPHIILLKS npoaoskaercs (cM. puc. 172).

Penapauns ommook penmkauun JITHK. Ommmbku cnapusanmns aso-
THCTBIX OCHOBaHHMI Bo BpeMms perummkaimn JITHK npoucxoast gocra-
TouHo vacto (y OGakrepuit onuH pa3 Ha 10 TeiC, HYKJICOTHIIOB), B pe-
3yJAbTATE KOTOPBIX B AouepHiono uenb JHK Bkioualores Hekomruie-
MEHTapHbIe HYKJEOTH/IAM MATEPHHCKON LN HYKICOTHABI — MHC-
MaTUM (OT aHri. mismatch). Heemorpst Ha to yro JIHK-nonumepasa |
npokapuor obiajiaet crocoGHOCTBIO K caMOKOppeKLMu (cM. 1. 14), ee
YCHJIUSI MO YCTPAHEHHIO OLIMOOYHO NMPUCOEIMHEHHBIX HYKJICOTHIOB
HHOIJIa OKa3bIBalOTCA HeaoctaTtouHbl, ¥ Toriaa B JJHK ocraiorcs we-
KOTOpBIE HelpaBUibHbIE (HEKOMIUIEMeHTapHbie) napel. B 3ToM ciyuae
penapaums NpoUCXOINT C HCTIOAL30BAHMEM ONpE/IEIeHHON CUCTEMBI,
cesizaHHoi ¢ metuauposanuem JTHK. [leiictBue 310l cuctembl pemna-
pPalUMM OCHOBAHO HAa TOM, UTO MOCJIe PeIUIMKAIIMM Yepe3 OnpeneieH-
Hoe Bpemsi (Heckosibko MuHYT) JIHK noasepraercss METUIMPOBAHHIO.
VY E. coli Mermugaye‘rcx B OCHOBHOM ajleHHH ¢ oGpasoBaHueM N°-me-
Twi-anednna (N°-mA). /1o 3T7oro BHOBb CHHTE3UpOBaHHas (104epHas)
LIETh OCTAETCH HeMEeTHAMPOBaHHOM. Ecnu B Takoii enu ectbh Hecna-
PEeHHbIE HYKJICOTH/IbI, TO OHA MTOJIBEPraeTcsi penapaiuu: MeTWIHpOBa-
HHe Kak Ob1 MeTut JAHK M BKIIIOYAET cucTeMy MCTpaBieHust olnboK
peruiMkaimu. B aToii cucreme penapaium y3HaioTes ocobble CTPYKTY-
pel: nocaenopareabHocth G—NO-mA—T—C u crexyiouwas 3a Heii
nedopmanmst B IBOHHOM CIUPAJIM B MECTE OTCYTCTBHSI KOMIUIEMEH-
TapHOCTH (puc. 173). B ycTpaHeHMH HeCNapeHHbIX HYKJICOTHIIOB B 1O-
aymeTwinposanHoit mosnekyie JHK npuHuMaer yyacTue 10cTaTouHO
CIIOXHBIN KOMIUIEKC (hDepMEHTOB perapaium, KOTopblii CKAHUPYET 110~
BepxHocTh MosieKyibl JIHK, Bhipesaer y4acTok jouepHeil 1enu, npm-
JIeralolei K MUCMITYaM, a 3aTeM CO3/1aeT YCIOBHS JUIS 3aCTpauBaHMS
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Pue. 173. Cucrema penapaunm, ceasantas ¢ meruanposannem JHK (ro-
ACHEHUS B TCKCTE)
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€ro Hy>KHBIMH (KOMIUIEMEHTAPHBIMHU) HYKJI€OTHIaMM. PasinyHbie KOM-
[TOHEHTBI 3TOTO KOMIUIeKca 061anal0T pa3HbIMHM AKTUBHOCTSIMM (HYK-
Jiea3Hoi, xenmkasHoil, ATPa3Hoii), HeODXOMHMMBIMH JUISS BHECEHMS
paspeisos B JIHK u BelliernieHnst HyKJ1e€0THI0B, pACTUIETAHUS JBOI-
Hoit cnmpanu JJHK u aHepretnyeckoro obecrieueHust JIBMXCHNUS KOM-
IJIeKCa BIOJIb perapupyeMoii yacTu MoJieKyabl. CXOIHBI 110 CTPYKTY-
pe u (hyHKUIMIM KOMIIEKC (hDepMEHTOB perapainm BuISIBACH M Y ueJio-
BeKa.

PexomOunanTnas (nocrpeniukaTupnas) penapanusa. B tex ciyuasx,
KOraa mo TeM MJIM MHBIM NMPHUYHHAM BBIILIEPACCMOTPEHHBIE CHCTEMBI
pernapammuy oKasbiBaloTes HapyineHHbiMH, B nersix JHK MoryT obpa-
30BbIBATLCS Opeiun (HeaopenapupoBaHHbIC YYACTKH), UMEIOILME HHOT-
JId BECbMA CYILIECTBECHHBIE Pa3Mephl, YTO YpeBaTO HAPYIIEHHEM CHCTE-
MBI PEIJIMKALMM U MOXET NPHBECTH K rubenn KieTok. B aTom ciyyae
KJICTKA B COCTOSIHMM MCMOAL30BaTh JUISL penapaiuvy oIHOH MOJEKYJIbl
JIHK npyryio nonyuennyio npu perimkauuu monexkyny JIHK, 1.e. npu-
RICU D JUIS 3TOI 11eJIn MexaHu3M peKoMOuHaiuu (eM. 1. 8). VY 6akrepuit
B peKOMOMHAHTHOI penapauuu npuHuMaet yuyactue 6enok Rec A. On
cBA3BIBACTCS € oaHouenoveuHbiM yyactkoM JTHK u Bosinekaer ero B
pPeKOMOHHALINIO ¢ TOMOJIOTHYHBIMY YYACTKAMM HEMOBPEXAEHHBIX Lie-
neit apyroi monekyasl JIHK. B pesyabrate u pasopsaHHas (comepxa-
11ast 6peim), M HenoBpeXIeHHas Lenu perniapupyemoit monexkynsl JIHK
OKA3BIBAKOTCS CIAPEHHBIMM C HENOBPEXKICHHBIMH KOMIUIEMEHTAPHbI-
mu yuactkamu JIHK, 4To OTKpbIBaeT BO3MOXKHOCTDL penapalvy mnyTeM
BBILIEOXAPAKTEPH3OBAHHBIX cucTeM. [IpH 3TOM MOryT nmpoMcXoiauTh
BbIpE3aHMe OIpe/eIeHHOro ()parMeHTa M 3aroJHEHHE C ero romo-
1iblo 6petnn B nedextHolt nenu. Boznukalomwme npu aToM npobenb U
paspeiBbl B nensax JIHK socnoausiiores ¢ yuactuem JIHK-noanmepa-
3ul | m IHK-naraser.

SOS-penapauus. CyuiecTBOBaHHME 3TOM CUCTEMBI BIIEPBbIE MOCTY-
Juposan M. Paavan B 1974 r. OH xe j1an HasBaHHe 9TOMY MEXaHU3MY,
BKJIOUMB B HETO MEXIyHapoHbli curHan oeacrust «SOS» (cnacure
Hawm aymn). Y neiicTBUTENBLHO, 3Ta CUCTEMa BKJIIOYAETCS TOrIa, Kor-
na noppexacHuit B JIHK cranoBuTCH HACTOIBKO MHOTO, YTO YIPOXa-
CT JKH3HH KJIeTKH. B 9TOM ciyuae rnpoMCeXoauT HHIYKLIMSA aKTHBHOCTH
pa3noobpa3Hoii TPyIbl FEHOB, 3a1CHCTBOBAHHLIX B PA3JIMYHBIX Kie-
TOUHBIX HpoLeccax, conpsukeHHux ¢ penapanmeit JJHK (tadi. 19).

BxiioueHne TeX WIM MHBIX F€HOB, OMNPEAEAACMbIX KOJIMYECTBOM
nospexnenuit B JIHK, npuBoauT K pasHbIM MO 3HAYMMOCTH KJIETOY-
HbIM OTBETAM (HAYMHAs CO CTAHAAPTHOMH pernapanmy NMOBPEXIAeHHbIX
HYKJICOTHIOB M KOHYAs MOJlaBfcHUEM KieTouHoro aenenus). Hanbo-
aee uayuena SOS-penapauns v E. coli, rnaBHbIMH YYACTHHKAMM KO-
TOpol aBusiores Oeaku, KoaupyeMbie reHamu rec A u lex A. Tepsbiit
M3 HHUX MnpeacTasaser coboit noandyHKuMoHaabHbIH Genok Rec A,
yaacTeyionuii B pekombunanmn JHK (cm. . §), a Takxe B perys-
LMY TpaHCKpHITMK redoB dara i, nopaxaiouero E. coli (M. ri1. 9), a
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Tabawua 19
Tenst, 3axeiictroBannbie B SOS-penapamun nospexiaennii JTHK

lenst [MocaencTsus akTMBALIAN reHa

uvr A, B, C, D |Penapaunsa noppexaennit BropuuHoit ctpykrypst JIHK

rec A [MocTpennKaTHBHAS penapauus, WHIYKIIHH
SOS-cHucTeMBbl

rec N, ruv Penapauust JBYHHUTEBBIX Pa3pbiBOB

ssb ObecneueHue peKOMOGMHALMOHHOI perapatmn

umu C, D MyTarenes, BhI3BAHHBII M3MEHCHMSMM CBOICTR
JHK-nonumMepasbl

sul A [Monagienne KIETOYHOTO AehAeHHS

lex A Boikniouenne SOS-cucremsi

BTOpOii (Oenok Lex A) aBasieTcs perpeccopoM TPaHCKPUNUMHK 00Jb-
1O rpYITILI TeHOB, npeadasHayeHHbiX i penapaumu JJHK 6akre-
puit. Ceassisanne Rec A ¢ Lex A nMpuMBOAMT K pacliierieHnio mocie-
JIHETO M COOTBETCTBEHHO K aKTHBAlIMM FeHOB pernapauuu. B coio oye-
penb, uuaykius SOS-cucreMpl 6akTepUM CIYKHT juisl hara A cUrHa-
JIOM OMACHOCTH M MPUBOAMT K TOMY, 4TO mpodar nepekiovaercs ¢
MACCMBHOTO Ha AKTMBHBIA (JIMTMHECKHWIi) MyThb CYLIECTBOBAHMS, Bbl-
3BIBAS TEM CaMbIM THOEIb KJIeTKM-X03auHa. SOS-cucrema penapatiuu
BbISIBJIEHA HE TONBLKO Y OakTepHii, HO M YV XKMBOTHBIX, U YeJloBeKa.

3akaHuyMBasl paccCMOTpPEHHE MEXaHM3MOB perapaluy, Heib3sl He
OTMETHUTh, 4TO McnpasieHue nospexaeHuit B THK tecubiM o6paszom
CBA3aHO ¢ APYrUMH (DYHAAMEHTAILHBIMM MOJIEKYJISIPHO-TeHETHUCCKMMH
npoueccaMiu: periMKalMei, TpaHckpunumeii 1 pekombunaumeit. Bee
OTH MPOLECCH OKA3bIBAIOTCS TMEPEIUICTEHHBIMU B OOLLYIO CHCTEMY
(ceTb) B3auMoOzAEHCTBUIL, 0O6Cay:KHBAeMYIO DOJIBUIMM YHCIOM pasHO-
00Opa3HbIX OEIKOB, MHOTHE M3 KOTOPBIX SIBISIIOTCS MOJAN(DYHKIHOHAIb-
HBIMWM MOJIEKYJIAMH, 32J€HCTBOBAHHBIMH B KOHTPOJIE PEeaIM3alluy Te-
HeTHueCcKoii MH(OopMalMK B KJIEeTKax npo- v aykapuot. B 1o xe Bpems
OQUEBWJIHO, UTO NPHUPOJA «HEe CKYIUTCS» HA 3JIEeMEHTaX KOHTPOs, CO3-
J1aBasi CIOXKHEMIIME CHCTeMBbl Koppekiiuu Tex noppexneHuii B JJHK,
KOTOPbIE HECYT OMACHOCTH JUIS OpraHu3Ma U ocoOeHHO JUIsl ero Ino-
ToMcTBa. C Apyroit CTOpoHbl, B TeX Cly4asx, KOrjia pernapalHOHHbIX
BO3MOMKHOCTEH HEAOCTATOYHO [UISI COXPAHEHUs] TeHeTUYeCKOoro cTaTy-
ca opraHM3Ma, HacTyrnaeT HeoOXOAMMOCTb B IIPOrPpaMMHPYEMOIl Kile-
TOYHON CMEPTH — arnorTo3e, KOTOPOMY MOCBsILUEHa CIeayioLast rjia-
Ba Hauei KHUTH.

I'naga 13. TIPOTPAMMMUPYEMASA KJIETOYHASA
CMEPTD (anonto3)

Y Bcex MHOTrOKJIETOYHBIX OPraHM3MOB, BKJIIOUasl YEJOBEKA, reHe-
TUYECKH 3ajI0XKeHa nporpamMma rudesnn Kietok. B tex ciyuasx, koriaa
NPOrpaMMa CAMOMMKBUIALMMK AKTUBUPYETCS MOJI BIMSHHEM Orpeje-
JIEHHBIX BHEUIHMX WM BHYTPEHHHX CTHUMYJIOB (BMPYCOB, TOKCHHOB,
KJIeToYHbIX oHKOreHoB, JIHK-nospexiaonmx areHToB W ap.), BCTY-
1aeT B aeiicTeue hopMa KIeTOMHOMH rHOeIu, HA3bIBAEMAad anonmo3om,
WIH 3anpo2pammuposannou Kaemovnoi cmepmoio (programmed cell death,
PCD). HarnsaHeIM npMMepoM anonTosa COyXKHUT OCEHHM Il TUCTONaL.
AnonTo3 — HeobxoanMoe 0b1ebnoIornyeckoe sipjeHne, No3BOsIO-
ee OMOJIOTHYECKMM CHCTEMaM OCBOOOIMTLCS OT CTApeiONIMX WIH
OOJIbHBIX, MOSIBUBLIMXCS B Pe3yJIbTaTe MYTAUMII M CTABIIMX NOTEHLIH-
QJIHHO OMACHBIMM JUISE OPTAHU3MA KJICTOK. Takue KIeTKH JOKHbBI ObITh
VMepIIBIeHKI s TOTo, 4ToObI, BO-1epBBIX, obecreunpancs GanaHc
MexXay nponaudepalimeil M cMepThIO YacTH KJIETOK OpraHusma, a Bo-
BTOPBIX, UTOOLI OTATOUIEHHBIE TPY30M MYTALMI KJIETKH HE MCKA3WIU
HACJIEICTBE HHYIO MPOrpaMMy Pa3BUTHSI.

Knerounas cMmeprb umeer, TakuM o6pasom, JBOHCTBEHHOE mpe-
Ha3HauYeHHe: ¢ OHOM CTOPOHBLI, 3TO MHCTPYMEHT IFOMEOCTa3a, B NOJ-
JICPXKaHHH OCTOSHHOIO YHEIA KJICTOK H HEOOXOMMMBII 21eMeHT and-
(hepeHIIMPOBKH KJIETOK, & C JIPYrOii — OPYXKHE CaMO3aLIUThI OPraHu3-
Ma OT Ipo3sUIMX EMY M €ro foToMCTBY onacHocreii. IlporpamMmmupye-
Mast CMepTh KJIETOK OOHAPYXMBACTCSI HAa PAHHUX CTannsiX SMOpHoreHe-
3a 1pu (POPMUPOBAHUM OPraHOB, 3aMeHe ONHUX TKAHEW Ha JApyrue,
pe30pOLHit BPEMEHHBIX OPraHOB H IIPH APYIHX MPOLIECCAX, CONMYTCTBY-
IOLMX HOpMabHOIM auddepermposke U passutHio. Bo B3pociom
OpPraHMU3Me arornTo3 CTAHOBUTCS KOMILIEMEHTAPEH MHTO3Y, YUacTBYeT
B PETYSILIAN KJIETOUHBIX MOMYJISLHIA, B YACTHOCTH, CIVKHT JUISE YHHY-
TOXEHHUS! BPEMEHHO BO3HMKAIOWETo M30LITKA JTMMQOLIUTOB, BbI3BAH-
HOro MHQUUMPOBAHKUEM OpraHu3Ma natoreHamm. OJHOBPEMEHHO amnor-
TO3 HEOOXOIMM JUISl MIUTMMUHALIMM KIIETOK, KOTOPBIC MPETEPIenn re-
HETHYECKHE MOBPEXIACHHS AN BCTAIM HA 1YTh PAKOBOTO Nepepoxie-
Hust. [lorepsi KOHTpOJIsi Hal alONTO30M BHI3LIBACT TATOJIOrMYCCKHE
M3MCHECHMS B OPTAHU3ME, YeMY MOI'YT CocoOCTBOBATH BUPYCHI, 00J1a-
JaolMe reHamMu, KOAMPYIOMUMNA GelIKH ¢ aHTHAMONTO3HOM aKTHB-
HOCTBIO. Takum 00pa3oM, KIETOUMHBIE M MOJIEKYIISIDHBIE ACIEKThI aror-
TO3a TECHO MeperUieTeHbl ¢ MpoleccaMi OHKOTeHe3a M BHPYCHOTO
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raToreHe3a U UMEeIOT HeTNOCPE/ICTBEHHOE OTHOLIEHHE K M3YYEHHUIO TOH-
KMX MEXaHHM3MOB PEryJisiliui KJIeToMHOTo jiesieHnsi. [ToaroMy B nocnen-
HHe roabl HabGmoaaerca OypHbIil Berieck paboTt B o6gacTy U3yueHUs
NPOrpaMMHPYEMOi KJIETOUHOM CMEpPTH.

LlnTonornyecky anonTo3 CyLIECTBEHHO OTJIMYAETCH OT HEKpOo3a —
apyroi (opmbr rubenm KJICTOK, KOTOpasi pacCMATPUBAETCSl KaK MeTa-
Oonnueckas Katactpoda, BbI3BAHHASA THAXKEIBIMU BHE3AMTHBIMM MOBPEX-
Jenusimu kietkn. Hekporuueckyio rufestb KJIETKH MOTYT BbI3bIBaTh (hu-
3HYECKHE MM XMMHUYECKHE MOBpeXIeHUs (0Xoru, oOMOpOXKEHHUS, OT-
paBlIeHMS, THTIOKCHS, BUPYCHBIE nopaxenus). [1pn HeKpo3e npoucxo-
JUT HaOyXaHue KJIETKH, HabJionaloTcs U3MEHEeHHUsS] B CTPYKTYpE LIMTO-
MJIa3MaTHYECKOIl M BHYTPMKICTOYHBIX MeMOpaH, CONpOBOXK/IaI0LINECS]
BbICBOOOXK/IEHHEM JIM30COMANIbHBIX (JIMTHMUYECKMX) (pepMeHTOB, M Ha-
crynaer Jusuc kietku (puc. 174). Hekpo3 conpoBoXIaeTcs BOCIAIN-
TEABHBLIM MPOLIECCOM, KOTOPBIH IOIHOCTBIO OTCYTCTBYET IPH aronTo3e.

B otnmume oT HEKpo3a anonTo3 nposBiIseTcs B ASCTPYKIIMN XpoMa-
THHA, YMEHbLICHHH 00beMa KIeTKM U (pparMeHTaLMH KJIETOMHOTO sipa.
ANonTo3 3akaHuMBaercs (parMeHTaluei KieTKu ¢ obdpazoBaHueM
anonTO3HbIX Tejel, KOTOpbIE 3aTeM ObICTPO paspylualoTes Makpoda-
ramu. JList anonroza xapaktepHa (hepMEHTATUBHASL MEKHYKICOCOMHas
tparmentaums JTHK, KoTtopas npemiectsyer paspyulieHHIO KIeTou-
HOM MeMOpaHbl.

B MOJIEKYJISIPHOM [L1aHE anonTo3 npeacTaBiser coboif MHOroaTan-
HbII (KaCKanHblil) npolece, KOTOPbI HauMHAeTCs ¢ rnpuema ornpe-
JICJIGHHOIO CHIHAJIA N 3aKAHUMBAETCS ACCTPYKIIMEit KJIETOUHBIX MOJie-
KyJl M CTPYKTYP TOJ JeHCTBUEeM JIMTHUYeCKHX (epmeHTOB (npoTteas,
HykJ1eas ¥ jip.). CUrHaia BOCIpUHUMAETCsl ONpe/ie/IeHHBIMU PelenTo-
paMH, MepeaaeTcsi MOJIEKYJIaM-TToCpeIHMKaM (ajanTepam, MecceHi-
Kepam) M JIOCTUTAeT siIpa KJICTKH, I7ie MPOUCXOIUT IKCHPECCHsi re-
HOB, JACTCPMUHHUPYIOLNX Pa3BUTHE allorNTo3a.

B nacTosuiee Bpemst HICHTH()HUNPOBAHBI Y€ThIPE OCHOBHBIE (DYHK-
LIMOHAJIbHBIE TPYNITbl MOJICKYJ, BOBJCYEHHBIC B IMPOLIECC anonTo3a:
ocobble npoTeonuTHYecKHe (hepMeHTHI (Kacmasbl); aaanrtepHbie OeKu,
KOHTPOJIMPYIOIINE AKTHBALMIO Kacnas; Oe1kM cylepceMeiicTsa pelen-
Topos (akTopos Hekpo3a onyxonaeit (TNF) u 6enxkn cemeiictsa Bel-2.

B KjieTkax )XMBOTHBIX M “YeJIOBCKA ATMONTO3 CBA3AH C aKTHBAlIMEH
Kacnas — Ipynibl 9BOJIOHHOHHO KOHCEPBATHBHBIX 1IMCTCHHOBBIX MTPO-
TeUHa3, paciuenAfomuX OcJIKH HoCe OCTaTKOB aciapariHOBOH KHC-
JoThl. Y muekonuTalounx uaeHtuduumuposano 14 kacnas. Ouu pac-
MO3HAIOT ONpeAe/ieHHbIC TeTpanenTuaHbie 0J10KH (MOTHBLI) B IOJK-
NMEeNTHIHBIX HensX GeIKOB M paciueruisiioT NenTHIHYIO CBsI3b, 00paso-
BaHHYIO KapOOKCUILHOM rpyninoii ocrarka Asp. Kacnassl cMHTe3upy-
I0TCSl B BHJIE NMpo(hepMEeHTOB ¢ OYE€Hb HU3KOI aKTUBHOCTLIO. 3pejibie
(nmpoueccHpOBAHHbLIE) Kacnmasbl NMPEACTABAAIOT cobOoit TeTpamepsl M
cocTosT U3 apyx cyosenuuni no 20 kda v asyx no 10 x1a. Mexanusm
00pa3soBaHMs AKTHBHBIX KACNA3 PeaIU3YeTCs MyTeM MPOTEOJHTHYECKOI0
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Puc. 174. CTpyKTypHBIC M3MEHCHHS B KJICTKC B Ipoliecce Hekposa (ciesa) u
anontosa (cnpaea) (B.. Camynnos u ap., 2000):
! — MuTakTHAas KieTka; 2 — cerperaiMg XpoMaTHHa B siape; J — (yparMeHTaLMs A1pa
u obpazoBanme anonToInsX Tejel; 4 — ¢arounTos anonTo3HLIX TeAeH coceatei Kier-
KOil; 5 — KOHIeHCAUMA XPOMATHHA M Ierpanalus UHTOMIA3MATHYECKHX CTPYKTYD; 6 —
paspyweHue MemOpan W rubens KICTKH

CAMOpACILEIUICHHS. MJIM [ePEeKPEeCTHOro pacilervieHus (ayro- wim
TpaHcmpoleccuHra). B xoae aToro npouecca ot npokacnassl (6esika-
TIpe/IecTBEHHMKA ¢ MoeKkysipHoil Mmaccoit 30— 50 k/la) oTmenis-
ercsl N-KOHIIEBOI TOMEH, a OCTABILASICS YACTh MOJICKYJIbI pa3iaenser-
csl Ha BoNblIyIo M Manylo cyObeIMHIIBI, KOTOpbIE 3aTeM acCOLMUPY-
10TCs ¢ 0Opa3oBaHMEM reTepoAMMepoB M TeTpamepoB (puc. 175). B hyHk-
LIMOHATBHOM TJIAHE CPEIM KACNA3 pas3jiMyaloT MHUIMHUPYIOIIHE Kac-
nassl (8 u 9) M akTuBHpyeMbie WK 3ddekTopHblie Kacnassl (3, 6, 7).
Tak, nanpumep, MHALIMUPYIOLIAsA Kacnasa § aKTHUBUPYET MpoKacnasy
3, U3 KOTOPO# BO3HUKART akTHBHas 3¢ dekropHag kacrnasza 3. AKTuBa-
st 3hpeKTOPHBIX Kacnas coolluaeT npoueccy anonrosa HeobpaTu-
mbiit xapaktep. Kacrnasel, ocobeHHO 2¢deKTopHbie (MX elle Ha3bIBaloT
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[Mpokacmasa Puc. 175. AkTuBaums rpokacnas ny-

HNYZ72777 [ }COOH TEM MpPOTeoJin3a Ha cyObeAMHHILBL
M MX acCOLMAIIMH.

lﬂpmewma boasiie cyOLeAMHHIIB Kacrias Ha pHCYH-

K€ TEMHBIC, MaTBIC Cyﬁ'btﬂi!l[ﬂl.llal — CBCT-
abie; 3auTpuxosaHa obnacts N-KoH1eso-
ro JOMeCHA B MOJIEKYJIE ITPOKAaCTasbl

s |

Acconmanusa

I:| L I:I KacrnasaMH BTOPOTO 3ILIEIOHA)
PACHIETUISIOT M MHAKTUBUPYIOT O~

Tercpommucpn peacICHHBIC XHU3HEHHO BaXHbBIE

i JUISt KJeTKW OenkM, Takue, Kak

(epmenTnl penapaunu JTHK, 6e-

JNok-uHrHOuTOp Benka p-53 (noa-

Kacrmazsa poOHee o Genke p-53 oM. HUXKE),

nporenHkntaza C u ap. OnHoit u3

MHIIIEHEH Kacnas ABJIsSeTCs MoJIin-

Terpamep (ADP-pu6030)-nonumepasa —

(pepMeHT, CBA3AHHBII C pernapaiu-

eit n tpanckpurumeit THK (ewm. 1. 12). Akrusnpyemas kacriazamu JJTHK-
aza CAD (caspase-activated DNA-ase) B HOpMe HAXOJIUTCH B Heak-
THBHOM COCTOSIHMM B KoMmiuiekce ¢ mHrnouropom DFF (DNA frag-
mentation factor). B xone anonrrosa DFF pacuienisiercs kacnasamu, 4To
NPUBOANUT K OCBODOXIACHMIO aKTUBHOM aHnonykaeassl CAD, koTtopas
OCYIHECTB/sIET MEXHYKICOCOMAIbHBIC Pa3pbIBbl XpOMATHHA B 00J1aCTH
aunkeproii JIHK. B pesyavrare obpasyiores dparments ITHK, coot-
BETCTBYIOIIHME 110 pasMepaM HyK/1eocoMHbIM dacTutiam (180—200 n.m.).

B KjeTKax CyLIECTBYIOT 0COObIE pelenTophbl anonro3a, BOCHPHHH-
MAIOlIHE CUrHAI OT COOTBETCTBYIOLIEro JIMTaHaa (MHIYKTOpa), CTH-
MYJIMPYIOILIETO MporpaMMy KietouHoi cMepru. Tak, peuentop Fas,
B3aMMOJICHCTBYS C COOTBETCTBYIOUIMM JimranaoM (amrana FasL —
TpaHcMeMOpaHHbIN JIMTAHA IMTOTOKCHYECKUX KACTOK, T-KHiIepoB),
AKTUBUPYETCH M 3alyCcKaeT MporpaMMy CMEpTH KJIETOK, MH(MHIIHPO-
BaHHBIX BUpycamu. Fasl otHocHTCs K ceMeicTBY JMraniaos akropa
Hekpo3sa onyxoneit TNF (tumor necrosis factor).

Peuenropst TNF npeacrasisiior coboii TpancMeMOpaHHbie OesKH,
KOTOpbIE CBOMMH BHEKJIETOUHBIMH JIOMEHAMH B3aNMOJICHCTBYIOT C TPH-
MEPHBIMHM MOJCKYJaMH JINFAHA0B — HHIAYKTOPOB anornro3a, a ux M-
TOTUIA3MATHYECKHE YUACTKM CJYXKAT /ISl B3aMMOIAEHCTBUS C BHYTPHU-
KJIETOMHBIMM YHACTHUKAMM aIloNTO3HOro Kackazna (puc. 176).

Tak, peuentop Fas, HasbiBaemblii Takke CD-95 (ot aurn. cell death —
KJIETOUHAS] CMEPThH), COAEPKHUT LIMTOIIA3MATHIECKHI YUaCTOK (IOMEH),
HEeOOXOMMMBIIT JUIS B3aMMOIEHCTBUS C MOJIEKYJION ananTtopa — BHYT-
PUKJICTOUHOTrO Oe/Ka, CIYXAalero nepefaryukoM (MEcCeHIXepoM)
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Puc. 176. KackanHas cucrema MHIYK- Jurann
1IMM aronTo3a, BKIlovYaoias hpyHk- CMEpTH
LMoHupoBanue auranaa FasL, pe- FasL
uentopa CD-95, anantopa FADD,
HHLHATOPHOI Kacnassl 8 u adpek- _ PeuenTop
TOPHOIT Kacnassl 3 Fas (CD-95) 1

/

TTT
CHTHaja oT peuenrtopa K 3ddex- I__ .__]

TOpPHBIM Oenkam — Kacnasam. [Tpu
u Tpokacnasa 8

Anantop
FADD

AKTHBALIMK TpoKacnasbl § obpa-
syorcst arperatel FasL-Fas-
FADD-npokacnaza 8, Koropbie

HOCSIT Ha3BAHUE @RONMOCOM, VIIN # Wrnumpyiousas

Anonmo3HbLIX WanepoHos. Kacrasa 8
Takum obpazoM, B peryisiiuio Y

AMONTO3a OKA3bIBAIOTCS BOBJIEYE- s [lpoKacnasa 3

HbI MPOYKTHI LEJIOTO Psijia FEHOB. ;

BriepBble npsiMble 10KA3aTeIbCTBA EEmm O0dexropuas
YYaCcTHs Crelm@niecKux reHos B u i
anonTo3e ObUIM MOJAYYEHBI NPH
U3yYeHUH NIPOrpaMMHUPYEMOIi TH-
Oesnn kietok Hemaron Caenorhabditis elegans, y xoropwix 131 3 1090
COMATHYECKMX KJICTOK MOrudaoT Ha onpene/ieHHOM CTaiuu Pa3BUTHSL.
V 31010 Bua YepBeit wist KIeTOYHOM rubesin HeobxonuMel reHbl ced 3
u ced 4. Ewe onmu ren — ced 9 konupyet 6eJ10K, NpeoTBpallaonmii
rubeib KieTok, nHayunposantyio ced 3 u ced 4. l'omosioramu ced 9 y
MJICKOIMHUTAIOUIMX SBJSIIOTCH TeHbl cemeiicrsa bel-2. B aTo cemeiictBo
BXOJIAT I€Hbl, KOAHUPYIOLHE [IBA TUNA CTPYKTYPHO-POACTBEHHBIX Oe-
koB. K nepBoMy THny OTHOCATCSt OEJIKM MICKONMTAIOMINX, NPEIsT-
creyoume anontosy (Bel-x1, Bel-w u ap.), a Takxe MHOXECTBO BU-
pycHbIX romonoros Bel-2, conepxammx cxoansie ¢ Bel-2 yyactku nep-
BUYHOM CTPYKTYpbI. BTOpOoii THIT BKIIIoYaeT 61K, YCHIMBAIOIIME Ao -
103 (Bax, Bak u Bok). AktuBHOCTb npoanonTto3Heix 6eakos Bel-2 koH-
TPOJIHUPYETCsl Ha CTAAMM MOCTTPAHCIALMOHHON MonMbukaunu: doc-
(bopunmposaHueM (MpM y4acTMM NPOTEMHKMHA3) M OrpaHHYEHHbLIM
NMPOTEON30M (IPH YYaCTHM Kacrias).

B knerkax, noasepraBuiMxcsi BO3ACHCTBHIO HHIYKTOPOB anornrosa,
NPOMCXOZAT pa3sUTeIbHbIE M3MEHEHWUS] CTPYKTVDhI MMTOXOHIPDHI —
obpasoBaHHe B MX BHYTPEHHNX MeMOpaHax ruraHTckux nop. Crencrsmem
3TOro ABJAITCA HaOyXaHUEe MATPUKCA MUTOXOHIPHIL M pa3pbIB UX Ha-
pyxHbBIX MeMOpaH. K (akTopaM, BbI3BIBAIOUINM PACKPHITHE 110D, OT-
HocsiTcsl akTuBHBIE (opmbl kuciopoaa (03, "OH u ap.), KoTopsie B
LLeJIOM SBJISIIOTCS MOIIHBIMM MHAYKTOpPaMH arnontosa. [1pu paspyine-
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HHUM MMTOXOHAPHI W3 HUX BLICBOOOXIAeTCs ps aronToreHHbIxX ak-
TOpOB: LUTOXpOM ¢, Benok (dnasomnporenn AIF (apoptosis inducing
factor), a Takke npokacna3ssl 2, 3 1 9. Takum o6pazomM, no obpazHomy
BBIPAXKEHMIO KPYITHEHILIero cneuManmucta B 001acTu OHOXHMHM W MO-
JICKYJISIpHO# Ouonorun MutoxoHapuii akaagemuka B. 1. Ckynauesa, Mu-
TOXOHJPUH «NOJ0OHBI TEPMOSIICPHBIM CTaHUMSAM», CINOCOOHBIM HE
TONBLKO CHabXaTh KIETKY dHEpPrueil, HO U NpH onpenejeHHbIX 00CTO-
SATEJILCTBAX MPHBOAUTD K €€ rubesu.

B psuie ciyyaes anontos peajiM3yeTcsi ¢ yuacTUEM JBYX CHCTEM —
PeLENTOPOB MIa3MaTUIecKoi MeMOpaHbl H MUTOXOHIPHAIBHBIX AMOM-
TOTEHHBIX (PAKTOPOB.

[Mospexnenne JTHK Benet K HakoruieHMIo B KieTke Genka p-53,
KOTOPBIf MOXET OCTAHABIMBATL JCACHHUE KIETKH M/MIW MHILYLUPO-
BaTh aronTo3. 3ToT 6eJ0K pacleHMBACTCS KakK ITIABHBIH aHTHOIYXO0/1e-
BbI Benok kieTok Miekonutaiommx. Y bonee yem 50 % nsyvyeHHbLIX
BHIOB OMYyXOJICBLIX KJAETOK reH Oenka p-53 MHAKTUBHPOBAH M Y HMX
HapyliieHa p-53-3aBucHMas perysiis KaeTouHoro romeoctasa. Obpa-
6orka kierok JIHK-nospexnaiommmmu areHTaM PUBOAUT K YBEJIU-
UeHMuIo conepxanust 6enka p-53, MHAYKIUU P-53-3aBUCUMBIX TEHOB U
3azepxkKe win 610Ky KiaerouHoro nMkia Ha dase Gl. Takum oGpasom,
NPH BO3JAEHCTBUM MyTareHoB Denok p-53 He TOJIBKO YBEJUUNBAST Bpe-
ma penapaunu JHK, Ho n 3amminaer opranusM ot npoiudepaimn
KJETOK C OMacHbIMH MyTtauusamu. benok p-53 sipmsiercst hakropom
TPAHCKPUITIIMM, PETYIUPYIOLIMM AKTUBHOCTL psifa reHoB. CyliecTBeH-
HO, YTO OH SABJISICTCS MHIYKTOPOM TPAaHCKPMITLMM reHa Oejika-MHIM-~
ouTopa nmkanHsapucumoil nporemHkuuassl (CDK) — (depmenra,
HeoOXxoaMMoro Juist (GYHKIIMOHUPOBAHMSA TPYINLL 6EJIKOB, 3a1eicTBO-
BAHHBIX B MUTOTHYECKOM JieJIeHHHN Ki1etok (puc. 177). AktusHas (op-
ma kuHasbl (CDK) oGpasyercsi B KjeTKe B pe3yibTate B3auMojeii-
CTBHS MOJICKYJIbI (hepMeHTa C yukauiom — OeJKOM, BBINOJHSIOUIHM
poJib peryiastoptoit cyobeaununsl CDK, Bech nepuoa mutoza CDK
OCTaeTCs B aKTUBHOM COCTOSIHMM, a 3aTeéM MHAKTUBHMpPYETCH 110cie
paspyuieHus HUKJIMHA B pe3y/ibTaTe YOMKBHTHH3aBUCHMOIO MEXaHM 3~
Ma nipoteonusa (cm. r. 2). [pu 3asepuieHnn mutoza kuHaza CDK ne-
PEXOJMT B HEAKTUBHOE COCTOSIHUE B PE3YLTATE MPUCOCIUHEHMS K ee
Mmostekyie criettidpuueckoro 6enka-uHruouropa. QObpasoBaHue KOMII-
JIeKca HHKJIMH — KMHa3a — 0e10K-HHIMOMTOP OCTAHABIMBACT MUTO3.
Takum obpaszoM, MHAYKIMS CHHTe3a Oelika-uHrHbuTOopa, OCyIIEeCTB-
asieMas Onaronapst 6eky p-53, SBASETCH KIIOYEBLIM MOMEHTOM OCTa-~
HOBKHM MHUTOTHYecKoro jaefieHus kietku. [Ipeanonaraior, 4To oTBeT-
Hasl peaklius KJeTku Ha obpaszopanue 6eika p-53 3aBHCHT OT CTENeHH
myraumit B JAHK. Tlpu ymepeHHOM HapyllieHMH reHoMa NpoMCXOOUT
OCTAHOBKA KJIETOUHOIO jejieHus, ocyulectsisercs penapauus JJTHK
M KJIETKA MOXET MPOJIOJIKATH CYIIECTBOBaAHHE, Mepeiiis K ouepeHo-
my Typy perinkarmn JITHK, a zarem x muto3sy. [1pu maccoBbix Hapy-
IEHUSIX CTPYKTYPhI reHoMa, Koriaa penapauusi yxe HeadekTusHa,
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Puc. 177. Yuactue Genka p-53 B peryisitiuv KJICTOUHOTO 1MKIa (MoscHeHus!
B TEKCTE):
C — wnomn; CDK — unkamn3asicnman npotentikunasa; | — warméurop: Ey, Ey, E; —
(hepMenTLI, 0BCITYAMBAIONIIE MUTOTIMECKOR Aestere KieTKH; Ubi — youksurun. [ynk-
TUPHOIL cTpeiKkoil obosnauena ponb Oenka p-33 Kak MHAYKTOpa cMHTe3a Genxa-
HHruouTopa kntaset CDK

BKJIIOYAIOTCS anonTO3HbIE KACKabl AKTUBALIMK KAacnas M HacTynaer
arornTo3.

K akropam, npensTcTBylOlmMM HOpMAILHOMY (DYHKIIMOHMPOBA-
Huto 6enka p-53, oTHocaTCs GEJIKH OHKOMeHHBIX BUPYCOB, B YACTHO-
ctH b6enok E6 Bupyca nannuaomsl yenoseka (HPVs), a takke Genku
Bcel-2 anenosupycoB. Kpome Toro, oGHapyXeHbl BUPYCHbIE TéHbl —
nHrubuTopnl Kacnas, saneiicrBopaHHbiXx B CD95-uHayuupoBaHHOM
anonTro3se.

Taknm oOpa3om, pakoBoe NepepoXieHHe KJETOK 10/ JAeHCTBHEM
OHKOIeHHBbIX BMPYCOB B IIOCJICIHMX HCCIEAOBaHUAX BCe B Oosbliei
MEpe CBA3LIBAIOT C HAPYHIEHHMEM CHCTEMbl aromnTo3a, B Pe3yJbTaTe
Yero KJIETKM NMepexousT K HeJIMMUTHPOBAHHOMY aenenuio. Pons Hapy-
1IEHNI anonToe3a B pa3sBUTUM MHOrUX DoJie3Heil BuIISINT yXe bec-
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criopHoii. Tak, reH bcl-2 6bur M3HAYANTBHO WIEHTH(GULIMPOBAH KAk
MPOTOOHKOTEH, A TM03/IHee YCTAHOB/IEHA ero posib B anonrtose. CaM 1o
cebe ren bel-2 npeacrasisier coboii cnabbiii OHKOTeH, OAHAKO OH MO-
KET BBICTYNATh CHHEPrMCTOM TaKMX OHKOIGHOB, KaK c-myc M pin-1.
Ipyrue nporoanonto3Hsie 6enkn cemeiicTsa Bel-2 MoryT BeicTynarsh
K4k cynpeccopbl onyxosied. MHOrMe M3 CO3XaBaeMbIX B HacTosllee
BpeMsl NIPOTHBOOMYXOJIECBBIX CPEJICTB HALIEJEHbl HA CTUMYJIMPOBaHHE
anonTosa.

bBonbiioe 3nauenue umeloT vccienoBaHus anonto3a y BUY-un-
(pMITMPOBAHHBIX KJIETOK. YCTAHORBJIEHO, YTO NpH nopaxeruu 3tum PHK-
cojiepXaium perposupycom (noapodnee o BUY cm. . 4) 3uaun-
TEJIBHYIO 4acTh MOrMOAIOIINX KJIETOK HUMMYHHOMH CHCTEMBI COCTABJISAIOT
snopoBbie HenHbuumposanusie T-mumpountsl. Paa 6enkos BUY oka-
3LIBAIOT YCHIMBalONIee aeicTeue Ha anonTo3. Tak, Tat-6Genok Bupyca
MOXeT MHIyLuHpoBath anonto3 T-niumboumnTos. B xone 3abonesanus
pacrer uyncyio T-kaeTok, sKenpeccupyonmx peuenrop Fas.

Dkenpeccns FasL raxoke unayuupyercst 6eankamu Tat m gp-120 Bu-
pyca, NMpUBOJIs B UTOTE K YCWIEHHIO Fas-3aBUCMMOro 1MyTH pasBUTHs
anonTosa. Bupycusiit 6enok gp-120, casbiBasich ¢ peuentopom CD-4
T-KJIETOK, TaKKe MHULMMPYET anonTo3 3THX KieTok. B To xe Bpems
HekoTopbie Genku BUY (B yactHocTh, Genok Vpr) yqacTBYIOT B MH-
rubupoBanum anonro3a. B nenom npopomkaomascs mporpaMmmpye-
mast rubens T-knerok npu BUY-undekunu npuBoaUT K HCTOLIEHHUIO
MMMYHHOW CHCTEMBbI OpraHu3Ma.

I'napa 14. TEHETUYECKAS WHXEHEPUS

METO/Ibl TEHETUYECKOM WHXXEHEPUU
(rexnonorua noaydenns pexomOunanTusix JITHK)

ITo onpenenenmio akanremuka A.A. baesa, n1onroe Bpemsi BO3IJIaB-
JsBiiero paborel B 061aCTH reHETHYECKOI MHXKEHEPUH B Hawei cTpa-
He, «reHeTHYecKas WHXeHepus rnpeacrasisier coboit KoHeTpyuposa-
HHUe in vitro (GYHKIMOHANBLHO aKTHBHBIX TeHETHYECKMX CTPYKTYp (pe-
koMOuHanTHeIX JIHK) mian nHaue — cosnaHue MCKYCCTBEHHBIX reHe-
THYECKHX ITPOrpaMMm».

DopMaILHO JIATOI POXKJIEHNSI TEHETHIECKOH MHXEHEPHH MOXHO
cyutath 1972 r., koraa I1. bepr u coTpyHUKK NOJYUWIH TIEPBYIO pe-
koMmOnHanTHyto JTHK, cocrosuyio n3 JIHK Bupyca SV40 u Gakrepuo-
chara Advgal. Coszpanne reHeTHYECKO MHXECHEPHH HMEJIO OrPOMHOE
3HAYEHHE JUIS MOJICKYJISAPHOIT OGHooruu B enoM. biaronaps ee MeTo-
JIaM TTPAKTUYECKH CTPYKTYpa U (QyHKIMH J1000ro reHa U npoaykToB
ero akcnpecenn (PHK u 6enkn) cranm JIOCTYIHEL JUId HCCIE10BAHUA.
[MTosiBMiIach BO3MOXKHOCTE HE TOJBKO JIETAIBHOTO M3YYEHMS THIaHTC-
KHX F€HOMOB BBICHIMX OPraHM3MOB, HO M LI€JeHANPaBICHHOIO H3Me-
HeHMs NX CTPYKTYPbL. CO31a1MCh YCI0BHA JUISI CO3JIaHNS TeHETHYECKH
TpaHC(OPMHUPOBAHHBIX BUIOB MUKPOOPTAHNU3MOB, PACTCHMI 1 JKUBOT-

" HBIX, CITOCOOHBIX CTATh NnpoayueHTamM OHMONIOrMIeCKH aKTUBHBIX CO-

eAHHeHUH ((pepMeHTOB, rOPMOHOB, AHTHDMOTHKOB M T.11.), T.€. ObL1a
co3jlaHa 6a3a Juisl pasBUTHSA HOBBIX OMOTEXHOIOTHIA.

Tpuymd resernueckoit mxenepun B Korrie XX B. cBszaH ¢ pas-
BUTHEM B €€ HeAPax HOBBIX, DLICTPO COREPIIEHCTROBABILUXCH METO-
JoB uecaeaoBanmnit, Cpetd 9THX METOJIOB CJIE/IYET BhUIEINTh OCHOBHBIE
SITh:

» pacwenaenue THK (pecmpuxuus), 1T0 HEOOXOMMMO JUIS BbIIEIIC-
HHUS F'EHOB M MAHUNYJISIIMH C HUMM;

* 2ufpudusauusn HYKAeUHOBbIX Kucaom, KOTopas Onaroiapst ux cro-
COOHOCTH CBA3BIBATLCH APYT C APYTOM 1O KOMITJIEMECHTAPHOMY NpPHH-
LLMITY, TTIO3BOJISIET BBISIRIATE crietmpuueckue nocaeposareasHocTn JIHK
n PHK, a takxke coBmeliars paszjiMuHble FeHETUUYCCKNE 3JIEMEHTBI;
HCIOAL3YeTCA B LEITHOM MMoJnMepasHoil peakuun juist amruindmka-
unu JAHK in vitro;

e kaonuposanue JIHK, ocyliectBiasieMoe rnyreM BeaeHus parmeH-
ToB JJHK win ux rpynn B ObICTPO peIUIMIUPYIONINECH TEHETHYCCKHE
3JIEMEHTHI (TIIA3MMIbI WK BUPYCHI), YTO J3eT BO3MOXKHOCTH PA3MHO-
KaTh TEHBI B KJIeTKaxX GakTepHil, IPOXIKEH MW SYKapuoT;
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* onpedenenue Hykaeomuonvix noctedosameavHocmei (cexeenupo-
éanue) B xionnpyemom ¢parmente JJHK, uro nossonser onpenennts
CTPYKTYPY T€HOB M aMHMHOKHC/IOTHYIO TOCJIEA0BaTeIbHOCTh KOJLUPpYe-
MBIX MU OEJIKOB; :

® XUMUKO-(hepMenmamuenslii cumes noAUHyKa1eomudos, 1acTo He-
0OX0MUMBIIT JUIS LIeJIeHATNTpaBJIeHHONH MoaupuKauu reHoB U obnerye-
HMSI MAHHTMYJSILAN ¢ HUMH.

Cnenyer OTMETMTb, YTO BO3HMKHOBEHHE TeHETHMYECKOH HMHXKeHe-
puH ObUIO HANMPSAMYIO CBSI3aHO C OTKPBITHEM 1iejioi cepumn depmeH-
TOB, OKa3aBILMXCH HE3AMEHHMMBIMH MHCTPYMEHTaMM JUISI MAHUNYJIM-
POBAHMS C TCHAMM, BBWIY MPaKTHYECKH MOJIHOTO OTCYTCTBHS COOT-
BETCTBYIOLIMX XMMHYECKMX METO/0B, MO3BOJISIOLMX MOAYYaTh, MOIAM-
duumposars M ammMpnuiMpoBars pekoMbuHaHTHBIE MoaeKy bl JTHK.
Huxe, B pazaeiie, MOCBAMIEHHOM PECTPUKLIMM, TPUREJIEH NEpeueHb
Haubosiee BaXHBIX (pepMEHTOB, UCITOABL3YEMBIX B FEHETUYECKOM HMH-
KEHEPUH.

Pecrpukuas JIHK

Pectpukuus JIHK nocturaercsi ¢ nomotibio cnenmbuieckux dep-
MEHTOB — pecmpuxma3s. OHM NPenCTaBIAIoT coboi dHI0HYKIea3bl baK-
TEPUAJILHOrO MPOUCXOXKIACHUS, MpeaHa3HAYeHHbIE JUIST 3alHTBI Kie-
TOK GakTepuii oT uvkepouHoit (Bupycuoit) JTHK.

Pectpukrasbl ¢cnocOOHBI OCYIHECTBISATH Pa3pbiBbl MEXHVKICOTHIL-
Heix (hochoanapupHbix) ces3eil BHYTPH TIOJMHYKJICOTHAHBIX LEnei
JHK. Briepsoie pectpukTasbl 6bUIH BBISIBIEHB! B KJIETKAX KHLIEYHO!
nanouku (E. coli), 3apaxenupix 6akrepuodarom A. [1pn 3T0M oKaza-
JI0Ch, YTO (haroBOe MOTOMCTBO, BbIPAIIIEHHOE Ha ABYX Pa3AHMUHbLIX HITaM=
Max 9Toil GakTepHH, C Pas3IMYHONH MHTEHCHMBHOCTHIO pasMHOXaeTcs B
KJIE€TKax NMPOTHBOIOJIOXKHBIX IITAMMOB.

Tak, car, BbipaiiieHHbIH Ha wtamMme C, MI0X0 pasMHOXAICH B
kierkax Gakrtepun wramma K12, 3T1o orpaHnyenue passutus (pecr-
pukums) Gakrepuodara, Kak 0Ka3ajioCh, CBA3aHO C IHIOHYKIEA3HOH
nerpananmeit ero JHK. Cama kierounas JHK sammiaercst ot pecr-
pukKTas wrraMmmocnenuduueckoit Moaudukauueii — METHIMPOBAHM-
eM YACTH HYKJIEOTHJIOB, KOTOpOE OcyliecTBiasiercs: ocobbiM depmeH-
tom — JAHK-merunaszoit. Yauie Bcero npoaykraMyu MeTWJIMPOBAaHUS
SIBISIFOTCS O-METHIaIEHUH M 5S-METHILMTO3HH (CM. 171, 3).

Taxum obpasoM, npucyTcTBHe B KieTKax 6akrepuit 1Byx (pepMeHTOB
(pectpukTassl n JIHK-MeTnnassl) obecneunBaeT KOMIJIEKCHYIO 3alllU-
1y ee JIHK. Ora cucrema pecrpukumu — Moaupukaumu (R-M-cucre-
Ma), BEPOSITHO, MPENSITCTBYCT CKPELIMBAHUIO MEXIY pasHbLIMM BUia-
MH M IITaMMaM# GakTepMil M TeM caMbiM ofecnevyuBaeT COXpaHHOCTh
HX BUIIOB B 9BOJIIOIIHMH.

B reHeTHuecKON MHKEHepUH pecTPHKTAa3bl HCITONb3YIoTCs Ulst hpar-
menTaunn monekyn JHK npu coznaHnm peKoMOMHAHTHBIX TEHOMOB.
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Hauwunas ¢ nepsrix pabor /1. Haranca u I'. Cvura (1962), yncno or-
KPBITEIX pecTpuKTa3 6sicTpo pocao, 1 B 1973 r. Cvmut u Harauc npen-
JIOXKHJIM HOMEHKJIATYPY PecTpHKTa3, KOTOpas BKIIOYACT CAeAYIOUIHe
MYHKTBI: .

1) Ha3BaHMe pecTpUKTa3bl opMHUPYETCA U3 POJOBOIO M BHIOBOIO
Ha3BaHMs MHMKpOOpPraHM3Ma-xo3siuHa, cojepxatero R-M-cucremy;
IPH 3TOM K NepBoil 3ariaBHoi OYKBe poJ0oBOro Ha3paHHs 100aBasIOT-
csl IBe NepBble CTPOuYHbIe OYKBLI BUAa, Hanpumep: Escherichia coli —
Eco, Haemophilus influenzae — Hin;

2) 3a pol10~-BMIOBbIM HA3BAaHWEM, B CIyMae HEOOXOAMMOCTH, NPH-
BoauTca obo3Hauenue wiramma (Eco B) man ceporuna (Hin d);

3) pasnuunbie R-M-cucteMsl, npucyime oaHoMy Buiy GakTepuii,
obo3navaiores pumckumu uudpamu: Hind 1, Hind 11, Hind 111;

4) ecin R-M-cucteMa JOKaJIM30BaHa B T€HOME TUIA3MUbI, TO
[ocjae poA0-BHAOBOIO HA3BAHUS YKA3bIBAETCS CMMBOJI TJIa3MUIIBI:
Eco RI.

OcHoBoit s KjaaccudHKaUMM PecTpHKTa3 CIVXKAT XapakTep UX
sosaeiicTust Ha JIHK u 3aBucumocts ot Kohakropos. Cpeiin HecKoJIb-
KHMX ThICAY M3BECTHBIX K HACTOSIILIEMY BPEMEHH PECTPUKTA3 BHIICIAIOT
3 knacca (Tuna).

Pecmpurxmaszvr muna I copep:at TpH HEMJICHTHYHBIX CYOBEIMHHULLBI
c mon. maccamu 135, 60 u 50 x/la (o, B 1 &) ¥ Maccoit IMUMOJIEKYIIbI
okono 500 kda. 3Tu pecTpukTaspl creuu@UUHb K HEMETHJIMPOBAH-
Hoit apyuenoyeunoit JJHK u tpeGyior B kauectse kodakTopos S-aje-
HO3MJIMETMOHUH (IOHOP METMJIbHBIX TPYIIN B PEakiiii MeTHINPOBa-
nus), ATP u Mg

CyObenuHuibl pectpukras Tuna | nmeior paznuukbie YHKIMK: a-
cybbenununubl nposoast pacuterienne JIHK, B-cyGbeamuuibl cno-
cobubl MeTmuposath JHK, y-cyObeAMHMLIBI OCYIIECTBIAIOT Y3HABA-
HUe crnieunduueckux nocuepoparensHocreit JTHK.

B 1o xe Bpems paspeisbi B uensix JJHK ron aeiicTBieM 3THxX pecr-
PUKTA3 NPOUCXOIAT CIAVIAaiHBIM 00pa3oM Ha 3HAYUTEILHOM PACCTOsI-
HUM OT YYacTKa y3HABAHMUS, a NPOAYKThI PACLIEIUICHUS OKA3bIBAIOTCS
BECbMa IeTePOTreHHbIMHM, YTO 3aTPYAHIET UX MCIIOJb30BAHME B reHe-
THYECKOH MHXKEHEPHHU.

Pecmpuxmasst muna 11 coctosT u3 AByX cy6beaMHMIL OTHOTO BH/A,
MMEIOT Maccy anuMosiekyibl 0koj1o 100 kila u HyX1a10Tcs Ui ocylie-
CTBJACHHSI HYK/Ia3HO# aKTHBHOCTH TOJILKO B MOHax Mg®* (MeTuiaspl
9TOI CUCTEMBI SBJISIOTCS CAMOCTOATEIBHBIMM (DepMeHTAMM).

PectprkTrassl atoro tuna ysuawot B JIHK nocneposarensHocTH 13
4 — 8 HyKJIEOTHIOB, HMEIOIITNE OCh CHMMETPUH BTOPOro nopsiaka (ma-
JMHAPOMBI).

Oun runponusyior ¢ochoauaduphsie casm B asyx nensax JHK,
OCYLIECTBISAS THO0 CHMMETPHYHBIE, TMD0 HECUMMETPUYHBIE pa3pbi-
Bbl B 30He naiuHapoma. B nmepBom ciyuae o6pa3yioTes Tak HasbiBae-
MBIE «TYIIbI€ KOHLIbIY:
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i

5..GTT AAC..3

3...CAATTG...5'

f Pectpukrasa Hpa |
(u3 Haemophilus
' parainfluenzae)

STYTIBIC KOHIIhI»

Bo BTOpOM cilyuae neMCTBHE PeCTPUKTa3 NMPUBOAMT K oOpa3osa-
Huio B JIHK Tak HasbiBaeMbIX «JIMITKHX KOHIIOB»;

5..GAATTC..3

" = s " s s

3..CTT AAG...5

Pecrpukraza Eeco RI
(n2 Escherichia coli)

«JIMHITKHE KOHILbI»

1*_ * — MeTWIHpOBaHHbIE
5..AAGCTT...3’ ocnoBanmns

" = s e 5w

3. TTCGAALS

Pecrpukrasa Hind 111

5'...3 @...3'

¥.T_TCGA|[A".5'

JIMNTKHE KOHIIbI*

Bricokas cnenmuuHOCTb AeHCTBUS, NPUBOASIIAS K 0Opa30BaHUIO
onpejieNieHHBIX YYacTKOB (CaiiTOB) peCcTPUKLIMM, OTIPE/einiia MOBbI-
IEeHHbIH MHTEPEC K pecTpuKTasam Tuna I, Kotopele cTajim BaxHeH-
LIMM MHCTPYMEHTOM reHeTHueckoit nrxeHepuu. LleneHanpasieHHbii
MOUCK PECTPUKTAZ ITOIO TUTIA, MO3BOJISIIOLIUX MPOBOINTE Kapmuposa-
HUE 2eHoMO06 110 PA3IIMUHBIM CAlTaM PECTPUKLIMK, & TAKXKE BBILLEIUISATD
onpeje/ieHHbIe YYACTKH, PACTIOJIOXKEHHBIE MEX/1Y STUMH cailtamu (pe-
CTPMKIMOHHBIE (hparMeHThl), U jgajiee KOMOMHUPOBATD 3TH YUACTKH,
MPUBET K TOMY, YTO YMCJIO M3BecTHBIX pectpukTas tuna Il crano 6wi-
cTpo Hapactath. Eciin B 1976 r. ObUIH OTKPBITBI 84 TAKMX pECTPHKTa3bl,
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to K 1995 r. crano ussectHo 2400 pecTpuKTa3 3TOTO THUMA, UMEIOLIUX
188 cneunduueckux caiToB pecTpukunM. BbluieneHHble M3 pPa3HBIX
HCTOYHHMKOB, HO UMEIOIINE OJHHAKOBYIO CIICIIHd)H‘{HOCTb PeCTpUKTa-
3bl CTAJIM HA3BIBATDL U30WIUMEPA3aAMU. Huxe MPUBCAEHBI HA3BAHUSA HE-
KOTOPBIX LIMPOKO MCIIOJNB3yeMBIX PECTPMKTa3 M 0003HAYEHMS COOT-
BEeTCTBYIOILIMX CANTOB PECTPUKIINH:

Pectpukrasa Caift pecTpHKIINH

Alu 1 Al

Bam HI B

Eco RI E

Eco RI1 E,

Hind 111 HIII
Hpa 1 HI

Sau 3A S;

B nocneanee BpeMs cpenu pectpukras tuna Il otkpeiTel hepmeH-
Tbl, PACIO3HAIOLUINE HENAINHIPOMHbIE CTPYKTYPb! M PacClUEIUISIONINnE
JHK Ha ctporo ¢)MKCHpPOBaAHHOM PACcCTOSIHMM OT Y4acTKa y3HaBaHMsI
¢ 0Opa3oBaHMEM KakK TYMbIX, TAK M «JIHIKHX KOH1IOB». MX oTHOCAT K
noaknaccey IS (ot aurn. shift — nepecranoska, casur). U3 Hux ocobeH-
HO MHTEPECHBI T€, KOTOPLIC 00Pa3YIOT A0CTATOYHO JUIMHHbIE WIMIIKHE
KOHLBI». B Kaxaom mecte ruapoamsa uzydaemoit momekyinsl JTHK ta-
KHE «IMITKHE KOHILbI» MMEIOT YHHKAILHYIO MOC/e10BATeIbHOCTh. DTO
MO3BOJISIET HANPABIEHHO 00bEIMHATL 0OPA30BAHHBIE STHMH PECTPHK-
TazaMu (pparMeHThl C BOCCTaHOBIEHHEM MexoaHol crpykrypsl JTHK,
KAk, Hanpumep, 310 Obuto caenaHo B otHoweHuu dara fl ¢ ucrionb-

‘30BaHMeM pectpukTasbl Hpa l. Eie ommu hepmenT 3T0TO0 NOAKIIacca —

Bbv 1 (w3 Bacillus brevis) — y3uaetr B JJHK nocnepoBatenbHOCTS,
MMEIONIYIO CTPYKTYPY

GCAGC(N)g

CGTCG(N),
n pacueruisier JIHK no oanoit n3 ueneit Ha paccrosinnu 8 HyKJI€oTH-
JI0B OT caiiTa y3HAaBAHMS, a4 110 JAPYroil LEeMnu — Ha PaccTosHuu 12

HYKJICOTHIOB OT Y3HABAEMOTO YYaCTKA.

Pecmpuxmasor muna Il cxonnpl ¢ hepmentamu tuna I. s nposis-
JIeHMs1 AKTMBHOCTH OHM HyXaaoTtes B ATP, Mg u S-aneHosuamern-
OHMHE. DTH PECTPUKTA3bl COCTOSAT M3 2 TUNOB CYObeanHMLL (PeCTPHK-
Tasbl M MeTIIA3bl). OHU Y3HAIOT HENAIMHIAPOMHBIE NMOC/EA0BATEIbHO-
CTH JUIMHON 5—6 n.1m. ¥ pacwemsiior JIHK B ctopoHe OT caiitoB
y3HaBaHMs Ha paccTostHuK 24 — 25 1. . McuepnibiBaloiero ruJpoansa
JHK oHM He npou3BomsT.

Kpome Gaktepuii pecTpUKTa3bl BRISIBICHBI Y APOXOKeH Sachramyces
serevisiae 1 OIHOKJIETOMHBIX Bogopocneit Chlamydomonas reinhardtii n
110 cBOicTBaM HanoMuHaloT pectpuktassl THna I11. Y Bogopocieii pe-
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crpukTasa Cre [ BuisiB/IeHa TOJNILKO B 3UrOTAX M aKTHBHA B OTHOLIEHUH
ToapKo Xioporptactudeckoii JIHK onnoro us mapruepos. B reHetnue-
CKOM MHKEHepHUM pecTpukTassl (ocobeHHo tuna II) ucronbsyior ms
nosyaeHust 6ubauomex, win 6ankoe zenommou JHK. Tlpn obpaborke
xpomocomuoit JIHK pecrpukrazamu (Meton npoGosrka — «shotgun»)
MoAyualoT orpomMHoe Kosnuyectso dparmentos JAHK (10°—107 dpar-
MEHTOB M3 TeHOMa MJIEKONHTalonmnx). Jlanee nyreM MUCroab30BaHus
TUIA3MMIL M MX KJIOHUPOBAHMS (CM. HHMXKE) I10J1Yy4aloT MMJLTMOHBI KOJIO-
HMIT KJIETOK DaKTepuii MIN IPOXKei, Kaxiash U3 KOTOPLIX COAEPXKUT
rrasMuy ¢ pasnuudsiMu pparmentamu JIHK. 31o u ects 6ubaunore-
ka, win 6ank renomuoi JIHK. CoorsercTsyiolnit 6aHk ObL1 HCTOb-
30BaH M NPUH U3YYEHUM CTPYKTYPbl FEHOMA YeI0oBeKa.

Huske npuseieHbl CBeJeHHs O APYTUX (PEPMEHTAX, UCTIONB3VEMbIX
B Pa3JINYHBIX METO/IAX TEHETHUYECKO MHKEHEPHH.,

JHK-aueaza npepcrapisier coboii eile OAMH BaXHEHIUH HHCTPY-
MEHT, CIIOCODHBIN Katanusuposarh cuHTE3 (hochoanahupHoii CBI3N
B asyuenovyeunoi JHK. HanbGonee yacTo B reHETUYECKOH MHXKEHEPUH
ncnonsayercs JIHK-nurasza ¢para T4, cnocoGuas B nipucyrcteun ATP
ciumpath hparmentol JAHK Kaxk ¢ JMIIKUMK, TAK U C TYNILIMA KOHUIA-
MH. DTOT (hepMEHT COCTOUT M3 OIHOM ToannenTHaHoM Henu (68 k/1a)
u yckopser cunte3 (ochommaduproii cBazn Mexay 5'-pocharHbim
(5'-p) u 3'-ruapokcuabHbiMM KoHnuamu (3'—OH) ueneit JIHK. Tlpu
JIMTUPOBAHMM JIMITKUX KOHLIOB peakins MIET 10 CXeMe

§————pG—0H pA ¥
3 Ap HO—Gp

JIHK-anrasa ' ATP, Mg*

5 —————— pG—pA 3t
Sr

3 Ap—Gp

YacTHbIM cllyyaeM JaHHOH peakuuM SIBJISeTCS JIMTMPOBAHHE Tak
HA3LIBAEMOTO HUKa — pa3pbiBa B onHOoM U3 teneit AHK (cM. Huxe).

JTHK-noaumepasa E. coli 6pu1a otkpbita A. Kopubeprom u coasr. B
1958 r. OroT hepmenT, HasbiBaeMblit B HacTosiuee Bpemst JITHK-noaun-
mepaszoit I, cocrout m3 omHoi noaunentuiaHoi uenu (103 kla) n
HMEeT TPEXJIOMEHHYIO cTpyKTYpy. Kaxablit noMen obnanaet onpeneneH-
HOIT (hpepMEHTATMBHON AKTUBHOCTBIO: N-KOHLEBOi A0MeEH 5'— 3" —
9K30HYKJIea3Hoi; C-KoHleBo# joMeH 5 — 3" — nojaumepasHoii (Hyk-
neoTHMATpaHcdepasHoit); a cpeHuit 1oMeH 3'— 5" — 3K30HYKIeas-
Hoi. N-KoHIieBO#i 1OMEeH MOXeT ObITh OTHIEIIEH € UCMONIb30BAHHEM
nporea3 (TPUNICMHOM, CYOTIIM3MHOM M JIP.); OCTaloLlascs 4acTb MO-
nexkyabl (68 klla) — gpaemenm Kienoea — coxpaHseT npucyuime ci
KaTAIMTHYECKHE aKTUBHOCTH.

3a cuer 5’ —» 3'— nykneasHoit akrusHoct JIHK-noanmepasa I cno-
cobHa OTHICTIATL HYKIEOTH b ¢ 5'-KoHua oaHoii uenu JHK (B cna-

356

PEHHBIX YUYACTKAX), YTO MPOMCXOAMT B MecTe paspeiBa (Huka). [pu
3TOM OJIHOBPEMCHHO WIYT JiBe peakuuu: 5'— 3’ aK30HyKIIea3Hblil rui-
poiau3 u 5'— 3" nonmumepasHas peakuusi. B sTom ciyuae npoMcXoauT
1poliece «rmepeHoca» OAHOLEMOUEHHOTO pa3pbipa Baoib uenu JHK —
HUK-MPAHCAALUA,

Yaununenne —= 'uaponns —=

N 11 .
3 i 3

JHK-nomumepasa | *

5 3 5 3

3 5

Eciin uenosib30B8ath B NPUBEICHHOMN peakiimu pajinOaKTHBHBIC HYK-
JIGOTH/IBI, TO MOXHO TtostyuaTh Mevenyio JTHK, Paspsis (Huk) oOb1uHo
nposor, pobasass k npenapary JAHK cienosbie KoauuecTsa 2HI10-
nesokeupubonykieasst (JIHKazsr [ u3 nowkenynounoi xenesnt Obika),
jaobuBasich UCXoaHoM Openn B Lernu, HeoOX0AMMOil LTS pucoeInHe-
HUsl (hepMeHTa M 3aycKa HUK-TPAHCISAIMM, DTa peakuus in vivo ur-
paeT BaxHYIO poJib B penapatun nospexiaerHoi JHK.

Hykneasot, cneyugpuunvie @ ommowenuu odnouenoveyroi J1HK, Bbi-
JIeJIeHbl M3 pasHbix 00LEKTOB: ruecHeBoro rpuba Aspergillus ovyzae,
Neurospora v np. Hykneasa S, BouieseHHas U3 A. oryzae, NCnoib3yercst
B FeHETMYECKOH MHXKEHEePHH JUIS VIAJICHUS IIMHILKH (OJHOLEenouey-
noro yuactka) JAHK npu nonyuenun xIHK ¢ nomouisio oGpartHoii

* TPAHCKPHIITa3bl (CM. HUXKeE).

PHKaszee H cnienuduueckn pacuweruisiior uens PHK B nynnekce
PHK:IHK. PHKaza H E. coli npejcrapisier coboii sHpopuboHykiea-
3V, NMPOAYKTAMH ACHCTBMS KOTOPOM SBISIOTCS OJMIOPHOOHYKIIEOTH-
Jbl. OHa IIMPOKO MCHOJB3YETCSH B psie MPUEMOB (CTpaTernii) reHeTn-
veckoi uHxeHepuu. KneTku 2yKapuoT Takke cofepkar SHAoHyKIeasy
TaKoro Tuna. duaonykiaeasnas aktusHocts PHKasel H csoiictreHna n
00OpaTHLIM TPAHCKPHIITA3aM PETPOBUPYCOB.

Obpamnas mpanckpunmasa (peeepmasa). B 1964 r. I'. Temun BbIABI-
HYJI THIOTE3Y 0 cyuiecTroBanuu cneunduueckux wisi PHK-coaepxa-
HIMX PETPOBUPYCOB (pepmMeHTOB, crocobHbIX cuHTe3uposaTh JIHK Ha
matpuie PHK, a 8 1970 r. I'. Temun u C. Mu3syranu, a Takxe He3aBH-
cumo oT Hux 1. bBantuMop oTKpBLIH 3TOT (hepMEHT Y BHPYCa CapKOMBbI
Payca. 9ta PHK-3agucumas JHK-nmonumepasa noayumnia HasBanme
obpamnas mpanckpunmasa, iiv pegepmasza. Haubonee nayuyeHa pesep-
Ta3a BUPYCOB IITHLL, KOTOpasi COCTOMT U3 2 cybobeantunl — o (65 ka)
1 B(95 kda) u obaanaer 1o kpaitHei mepe tpems aktuHoctsimu: JHK-
MOJMMEPa3HOi (MOXET HCITONB30BaTh B Kauectse matpuiisl kak PHK,
tak U JIHK); aktusnocteio PHKasel H (ruaposusyer PHK B cocrase
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rubpuna PHK:JIHK, Ho He atakyer cso6onnyio PHK); JJTHK-am110-
HYKJICa3HOH aKTUBHOCTBIO. TTepBbie 1Be aKTHBHOCTH MCIIONB3YIOTCS LIS
curresa JIHK, xomrementaproit supychoit PHK, kotopasi 3atem
MHTETPUPYETCS B FEHOM KJIETKM-X035IMHA. DHIOHYK/Iea3Has aKTUBHOCTD,
OUEBH/IHO, MCHOJIb3yeTCs Uil BHeceHus: pa3peiBoB B 1enu JHK-xo-
3auna. [lokasaHo, 4to B-CyObeAMHULBI IAHHOM peBepTasbl 061a1aioT
BCEMHM TPEMSI AKTUBHOCTAMM, ot-CyOBEAMHHIIA — TOJIBLKO AaKTUBHOCTSI-
v IHK-nonmumepassl m PHKaser H. 3arpaskoit (mpaiimepom) st
MOJMMEPA3HOI PeaklMH MOTYT CAYXKHUTb HeGOJIbIIME YYaCTKH OLHO-
uenoueunbix mosiekyn JHK niu PHK (a takxe TPHK).

B reHeTnueckoil HHXeHepH peBepTas’a 0YeHb IMPOKO HCMONb3Y-
€TCsl JUISL 1IeJICHANPaBIEHHOIo cHHTe3a Ha MatpuuHbix PHK koMmrie-
MEHTAPHBIX MOJICKY.1 HAHK (xAHK). 1ng nosbienus ¢ dexTBHO-
CTH 3TOH NPOLECAYPDI AONOJIHUTENLHO IIPUMEHSIOT M JIpyrue (epmeH-
ThI (pHc. 178).

Ecin siimounts nonyyennyto takum obpasom kJIHK B 6pictpo-
PETUTMLIUPYIOLUMECS] TEHETHYECKHE DJIEMEHTBI (TUIa3Muiibl), TO B HUX

5 PHK 3
| IMonu(A)-nonumepasa E. coli
oy MPHK HGJ'[H(A)y 5 TTomu(A)
? Omuro dT-nipaiimep 4
Ptl:_}acp'rasa
= onn(A
5V ;;ml 3’ PHK
yJ.U.l.Ulmn 5’ IHK
Oumro (dT)
1 Peseprasa
5 3* PHK
5 AHK
¥ l IMenounoi
runponns PHK
5 Onnouenoyednas
( ||[I 3 xkIHK
®parment Kienosa l
JHK-nomumepasni [ e

5 synenoyeunas xJJTHK
( QJ.LU.LLLLLU.[UUL 3¢ (mmuneyHsiit req)
Hyxmeasa Sl l

. 3 5
3 [T Assuenonesnas xaik

Puc. 178. Cxema nonyyenns kIHK ¢ ucrnosb3oBanueM peseprassi BUPYCa [TH-
4bCIO MHENOGACTO3a M TPEX HOTOMHUTENLHBIX (hepMEHTOB: MOMH(A)-MoaH-
mepasbl, (hparmenta Kuenosa JHK-nonumepassl I n nykneass: S| (paspy-
LIACT XapakTepHylo wnmisky B Mostekyne KJIHK, koropyio o6pasyer peseprasa)
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MOXHO BhipacTUTh Ki1oHbl KJAHK. C ucnons3osanuem pasimaabix MPHK
TaKMM criocobom nonyvaior tubauomexu kJAHK. bubmmoreka kJIHK
ommyaerca ot ombimoreku reHomuoit JIHK (cMm. Beime), KoTtopyio
nosyyaior nociie oopaborku JHK pectpukrazamu. B bubamnorexe re-
HomHoi JIHK cosnepxarcs MUIIMOHBI KIOHOB — KOJIOHUWIA, B KOTO-
pBIX He 0053aTeNIbHO MPUCYTCTBYIOT AMCKPETHBIE I'€Hbl, TAK KaK pe-
crpukTasbl paspesaior JJHK u BuyvTpu resos. OGpaTHas TpaHCKpUIITa-
34 [12eT BO3MOXHOCTB TOAY4UTh Gosiee nporpeccuBHyio OubauoTeky
MPanCKpUbUpyemvix eeHos, B KOTOPOH HETPYAHO HAEHTHOULHPOBATH
KJIOH, €CJIM FeH KOAMPYET Orpe/icaeHHblH 0enok, no kotopomy (6mno-
XHMHUYECKMMHU MeToaamin) U wiaeHTHguumupyor kioH. JIHK B Takux
OubIHOTEKAX HE COJAEPXKMT HHTPOHOB, W IO HEil JIErKO ONpeaeuTh
AMMHOKMCIOTHYIO MOCAEA0BATEILHOCTD Oe1Ka, Kak ceiiuac Hepeiko u
MOCTYMAIOT, ONpeJiesisi CTPYKTYPY 0elKOoB, He MMes MX [penaparos.

Hyxaeasza Bal 31, Buinensiemasi M3 rcesjioMoHaibl Alteromonas
espefiana, crocobHa KaK 9K30HYKJIea3a VAalsTh MOHOHYKIICOTH/ILI OJ1-
HOBPEMEHHO ¢ 5'- 1 3'-koHUOB asynenoyeyHoi JAHK, a takxe neii-
CTBOBATh KaK SHAOHYKJIeasa, cneltnuinas kK onHouenovyeuyHoi JHK.
Takum obGpaszoM, 3TOT (DepMEHT MO3BOMHCT «IOATYITUTE» HECUMMET-
puunbie KoHibl JJHK sm6o ykoporuts dparmentsl JJHK, uTodbt cOin-
3UTh UX (PYHKIMOHAILHO 3HAUYMMBIE DJIEMEHTEI, a 3aTeM 00BeIUHUTD
nx ¢ nomoubio JIHK-aurasmt.

Konuesas (mepmunansnas) dezokcunykieomudurmpancgepasa uz mu-
Myca TejIeHKa Hapauiusaer HykieoTuabl Ha 3'-OH-koneu oaHo- wiu
asyuernoueuroit moiexkyist JJHK. C ee noMouibio MOKHO «ITOATYITHTDL»
koHubl JIHK (ecnn 3'-OH-konen kopoue). Mcnonb3ys 5101 dhepment,
K ¢pparmentam JHK MOXHO npucoeauHsITs (HapalMBarh) OJIMTOHYK-
JICOTHIIHBIE «XBOCTbI», COCTOSIILIME M3 OIHOTO BMIA HYKIEoTHIOB. Eciu
K apyromy cparmenty JHK nipucoeauHnTh KOMIJIEeMEHTapHbIH eMy
JIPYTOi XBOCT (KOHEIL), TO OHM MOIYT ruOpuansoBatbes U 0Opa3oBbl-
BaTh ruOpuHbIe (pekoMOMHanTHbie) moiekyibl JIHK (eMm. puc. 179).

HMMeHHO 5TOT dhepMeHT M Obia Menoab3oBad B 1972 r. npu nonyve-
Huu nepBbiX rubpuateix JHK. Kpome 31oro ¢ ero noMoubio MoXHO
BBOJAMTb PaJIMOAKTHBHBIE HYKICOTHbI B 3'-KoHen JTHK.

TToau(A)-noaumepaza E. coli kaTanu3upyeT NPUCOEIUHEHUE K CBO-
boaHoMy 3'-koHuy oaHouenovyeuHoit PHK monu(A)-nocnenosareib-
HOCTH. DTOT (PEPMEHT HCMOAB3YETCs MpH moaroroske Monekyn PHK,
He coaepxaiumx rmoiu(A)-xpocra, juisi cuHTesa Ha HuX kJJHK ¢ no-
MOLLBIO peBepTasbl. OH MOXeT ObITb UCIOJIBL30BAH TAKXKE [UIS BBEICHHS
paanoakTHBHOM MeTKH B 3'-koHel PHK.

Hoaunyrkaeomuduskunaza 6vina seineneHa u3 E. coli, ungunumupo-
BaHHoIt 6akTepnodarom T4, MepmeHT Kojiupyercsi reHoMoM bakTepu-
otpara u nepeHocnt (hocopHbie OCTATKH HA 5'-KOHIIEBbIE THAPOKCHIIb-
Hete rpynnst monekyn JHK u PHK, ucnonnsyst B kauectse noHOpa
(bocdarta ATP. Dror dhepMeHT NPUMEHSIOT /UIS MEYEHUs 5'-KOHIA 1o-
JIMHYK/ICOTHIHOM 1IeNM C NMOMOIIBIO PATHOAKTHBHOIO P, comepxa-
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werocst B ATP, meuennoii no y-ocary. Conepxaumiics B HCXOHOMH
MOJIEKYJIe HeMeueHblid 5'-(ocdar npeaBapuTeIbHO VAAISIOT C NOMO-
11bIO JIpyroro pepmeHTa — hocghomonoscmepasul (hocghamasuvi).

THBPUAMUBATIINA HYKJIEWMHOBBIX KUCJIOT

MeTo OCHOBAH Ha CMOCOOHOCTH A30THCTBIX OCHOBAHMI 06pa3o-
BbIBaTh KOMIuieMeHTapHble napel: A-T (U) n G-C. Peakuus rubpuan-
3aIIMU MCTTOJIB3YETCSl B FeHETHYECKOM MHXKEHEPHUHM JUTSl cO3maHusl rut-
puanbix Monekyan JJHK, a Takxe Kak BecbMa YMyBCTBUTEIbHBIH METOJ
BbISIBJICHUS onpeeneHHbIX nocneaosarenbHocrel B JJTHK n PHK. Ecau
BoaHblit pactsop JAHK narpers s10 Temnepatypst 96 — 100 °C u cuiibHO
samenounts (pH > 13,0), To IHK anccoummnpyer Ha oTae/ibHbIE LEIH.
Dot npouecc denamypauuu JJHK obpatnm, nocKobKy eciiu ase n3o-
smnposadubie tenu JHK BoiaepxuBaTh onpelneieHHOE BpeMs TMpH
65°C, ToO oHM BHOBbL CnapMpaloTcst, 0Opasysi JBOHHYIO CHUpaTb, —
UTO W HA3LIBAIOT penamypauuell, Win eubpuduzayueli (omaucuzom). I'nté-
pHMIM3AINS MOXET MATH Mexay oiMHapHbiMM uensimu JHK u/unm
PHK (KoHe4HO, ec/iH OHH MMEIOT KOMIUIEMEHTApHbIE MOCJe10BaTe b~
HOCTHM HYKJICOTHIOB), YTO MPUBOAUT K 0Opa3oBaHMIO TBOWHBLIX 1ieniei
(myruiekcos) pasnoro cocrasa: JIHK:JIHK; PHK: PHK; JIHK: PHK.

[Tpu koncrpynposaunu rubpuanbix JJTHK rubpuansauus nHykien-
HOBBIX KMCJIOT peaju3yeTcs, KakK MpaBujio, B JIBYX OCHOBHBIX cTpaTe-
ruax (Metonax) noayuenus pexombunantHeix JHK: kouHekTopHOM
M PECTPHKTA3HO-JIMTA3HOM.

Konnexmopnuitt memod co3naer ycnoBusl st THOPHAM3ALKMM TTPO-
JIVKTOB PECTPHKIIMM PA3HBIX FEHOMOB IYTeM HapalMBaHus HA X KOH-
11aX KOMILUIEMEHTAPHBIX OJMIOHYKICOTHIHBIX Y4acTKOB (puc. 179). I'nb-
puansaums (OTKHUI) 9THX (pparMeHTOB BeaeT K 00pa3zoBaHUI0 rHOpuI-
neix mosekyn JHK. B atom metone ucnonndyiorest 3 depmenTa: 5'-
9IK30HYKIIE3a, TepMUHaIbLHAs HyKieoTuamaTpaHcdepasa m JHK-1mu-
raza. Umenno atum metonom I1. bepr u cotpyauuku nomxyaniu B 1972 1.
nepsyio rudpuaHyio monexkyny JJHK.

Pecmpuxmazno-aueazuwiii memod, pazpaboraHusii Kosnom m co-
TpynHuKamu B 1973 r., Haubosnee npocT U NonyJispeH B reHETUIECKOI
UHXeHepuH. B aToM MeTole ¢ UCTONBb30BAHMEM OJHON PECTPHUKTA3bI
tuna 11, naoweit ¢pparMeHTH PeCTPUKLIUM € «IMIIKMMH KOHLAMH»,
rubpuansanns Mexay gpparmeHtamu xpomocomuoi JIHK n JITHK -1uias-
MU0 ocyliecTiasieTcs: 6e3 0MOJIHUTEIBHOI NPoLeayphl HapauluBa-
HUSI KOMIUIEMEHTApHBIX KOHUOB. [Tocne okoHuaHus rubpuaMsauuu
OCTAETCH TOJNBLKO CIINTh NOJIMHYKIICOTUIHBIE (PPATMEHTHI C TTIOMOLIBIO
JAHK-nuraszer (puc. 180).

I'ubpuiMsanus MCNoab3yeTes Ui HaXOXAECHHMS YHCciia OrnpeaesieH-
HBIX HYKJICOTHAHLIX rocnenoparensHocteil (reHos) B JIHK. ast aToit
uenau npumensior JHK-3onde — pannoaktueHbie hparmentsl JHK ¢
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Puc. 179. Cxema KOHHEKTOPHOI'O METO/Ia MOJAYUEHMs THOPHIIHBIX Munekyn JHK
(no C.H. Ulenkynosy, 1994)

M3BECTHOIT HYKJICOTHIHOI NOCIEN0BATEILHOCTBIO. MeTKY B 30H/1 BBO-
JIAT IyTeM HUK-TPaHcastiny (cM. Boilre). [TockoabKy cKopocTh peHaTy-
paumn (rubpuansanun) geHarypuposannoii Harpesanuem J1HK mu-
MHUTHPYETCS BEPOATHOCTHIO CTOJIKHOBEHUSA KOMIUIEMEHTAPHBIX MOCe-
JOBATENIbHOCTEH, ckopocTh rubpuansannu ¢ JHK-30H10M aaer Bo3-
MOKHOCTb ONpeaeanTh Yyueso konuid reHos B JIHK. 310 ouens Tounsbiii
. METOJI, KOTOPBIH IMO3BOJSET BLISIBUThH OAWH-E/IMHCTBEHHbINA I'eH B KJIETKe.
Tak BhISABISIOT OTAE/bHBIE (YHUKAIBHBIC) TEHBI, 4 TAKXKE IeHbl, Nnpeji-
CTABJACHHBIE B TCHOME JIECATKAMM MWW COTHSIMU KOIMA.

JHK 1

AATT  AAATT

s 1 ! 1| AATT JHK-nurasa
TTAAY TTAA' S ——

\ / TT.
Pecrpukrasa \
AATT
AATT
JHK-nurasza

Puc. 180. CxemMa pecTpMKTa3HO-THIasHOr0 METoAa MONy4eHus THOPHIHBIX
monekyn JHK
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Jist noKanM3anuK crnetmuIHbIX NMOCAeI0BaTeIbHOCTEH HYKIEH-
HOBBIX KMCJIOT B XpPOMOCOMAX M KJIETKAaX UCNONB3YIOT eubpudusauiro in
situ. JHK-301161 pH 3TOM rTHOPMIM3YIOT C XPOMOCOMAMH TIOCTIE KpaT-
KOBpeMeHHOoro BosueiicTeus wenounoro pH. lanee mecra rmbpuansa-
LMK BBISIBJISIIOT C MOMOIIBIO paanoaBTorpaduu. [1pu 5ToM HCnonb3y-
10T He TOJbKO PalMOaKTHBHbIE, HO M XUMHYEeCKM MeucHHbie JIHK-
30HAbI. L1 9TOr0 NpH CHMHTE3€ 30HAAQ MCIONbL3YIOT HYKJICOTHIbI, CO-
Jlepxkamme OOKOBYIO 1enb Ouomuna, KOTOPYIO nocie rubpuamsannmn
OKpalmMBaioT crpenToBunHoM. C NoMOLIBIO THOPHAN3ATIMHN in Situ MOXK-
HO BBISIBUTH JIOKAIM3A1UIO onpeeseHHbix suaos MPHK B knetkax u
TakuM obpaszoM cyauTh 0 auddepeHIMaIbLHON aKTHBHOCTH IeHOB B
amOpuorenese M rnpouecce audgepeHUMPOBKH B KJIeTKax MOpHOHA.
[TonynasipHoit GMONOrHYECKONH MOJIEABIO TAKMX MCCICAOBAHMIT SBJIS-
10TCst SMOPHOHDBI TUTOJ0BOH MYLIKHM APO30( UL,

[MOpuan3aLMA HCTIONBL3YETCS JUI BbISIBICHHS TPAHCKPUOUPYEMBIX
n HerpaHckpubupyembix nocienosarensiocreit 8 JJHK. [Tpu atom
ananusupyiores npoaykrtel rubpuansauuu JTHK n marpuunsix PHK,
UTO [MO3BOJISIET BBISIBUTH aKTHBHBIE (TPAHCKPHOMpPYEMbIE) YYACTKN B
mostekyiax JIHK. Mmenno ananns pesynbratoB rubpuansanuu
JHK : PHK nossonun Y. I'munbepty BLISIBUTL MO3auuHoe cmpoetue 2e-
108 FYKAPHOT (CM. T1. 6), YTO CTAJIO OJIHUM M3 KPYIHEHIIMX OTKPBITHI
B MOJICKYJISpHOIT GHONOTHH.

ITpu BbICOKOM umciie reHoB vy aykapuort (o1 6200 v apoxkei 10
40000 1 Bosee y yenoBeka) BO3ZHUKAET HEOOXOAMMOCTL B MCIOJIb30-
BAHUM CIIELMAIBLHOM TEXHHKH JUIS OJHOBPEMEHHOIO ITOJYYEeHHsl DKC-
NnepuMeHTAIBLHONH HH(popMaluu 00 aKTHBHOCTH OOJIBILOIO vHCIa re-
HOB B KJIETKe.

CoBpeMeHHas KCIepUMEHTAIbHASA TEXHMKA MO3BOMSET CO3/1aTh MaT-
pULLY — Ououun, pasmMepoM BCEr0 HECKOJILKO CAHTHMETPOB, C MOMO-
IO KOTOPOI MOXHO TOJVYUTH JAHHBIE O (DYHKIIMOHAIBHOM aKTHB-
HOCTH MHOIMX (eCJIM He BCeX) reHOoB opraHuisma. B sTom Mertone Ha
CHEHHANBHYIO (CTCKISHHYIO) MOMIOXKY C MOMOLIbIO poOOTOB HAHO-
cat obpasupl IHK, koTopbie npeacrasiasior coboit 110 oTae/bHbIe
reubl, 1160 Mosnekynsl KIIHK, nonyuyeHHble B 10CTATOUHOM JUISI TPH-
rOTOBJEHHUSI OMOUMIIOB KOJMUYECTBE C HMCNOJB30BAHUEM MOJMMepas-
HoM uenHoit peakuuu (ILIP). Mocae nmmobuamzaumu JAHK na mar-
pHIIE C MOMOUIBIO YabTpadHoieTa MPOBOMAT IMOPHAM3ALIMIO COACP-
Kaumxes Ha yunax reHos ¢ obpasyiowmmucs PHK, soiieaseMbimm
13 nzydaemoro obbekTa. s aHann3a pesynbTaToB ruOpUAN3AIINK HC-
nosib3ylor quiyopeciieHtHbie Kpacuresn. [ocne Toro kak dutyopecnm-
pyiotne o6pasubl PHK npopearuposanu ¢ GHouunom, yui cKaHmpy-
I0T JIA3€POM M OLIEHMBAIOT MHTEHCHMBHOCTL CUTHAIA (havOpecHeHIInH,
cayxaieil Mepoit GyHKIMOHAIBHON akTHBHOCTH reHoB. Mcnoab3osa-
HHUe OMOYMITIOB NEPCNEeKTUBHO B PA3HLIX HAMPABJICHUX, U B YACTHO-
CTH JUIS BBISBJICHUS TEHOB, PEarupyloliux Ha HeraTMBHOE (cTpecco-
BOE) BO3ICHCTBME OKPYXKAIOUIEH Cpelibl M OCYIICCTRISIONIMX 3alliuT-
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Hble (hyHKIMKM B opradu3mMe. Tak, ¢ roMollbio GHOUHIIOB MOATBEPX-
JieHa Bbilaloulascst pojib reHa, koaupyiouero 6eaok p-33, B 3auure
OopraHMsMa OT pasHoOOpa3HbLIX MOBPEXAAIOLUIMX peareHToB (1moapob-
Hee 00 aTom Gesike cM. B ri. 13).

['MOpuaM3aLMs IWMPOKO HMCHOJBL3YETCH JUIS BbISIBICHUS OMpele-
JIEHHBIX HYKJICOTHAHbIX NOCJIEI0BATE/ILHOCTEH B CMECH PEeCTPHKIIHOH-
HbIX (hparMenToB. Takoit npueM HOCHT Ha3BaHHE «BJAO0TTHHI» (OT aHTIL.
blot — npomokarse). C 5T0ii LI€IBI0 peCTPUKLIMOHHBIC (DparmeHThl (hpak-
LMOHHPYIOT MeToAOM 3eKkTpodopesa B 0,8 %-it arapose, 4To NO3BO-
nsieT paznennthb 10 500 ¢pparMeHTOB, OTIIMHAIOLINXCS O pa3Mepy Bce-
IO Ha OJIMH HYKJICOTHIL. 3aTEM I'e/ib COBMELLAIOT C JIMCTOM HUTPOLEI-
mono3Hoit Gymaru. B pesyabrarte mnddysun pparmMeHTh YACTHUHO T1e-
pexoasit Ha 2ToT AucT (blot), M TakuM 0Opa3oOM MoJvyaeTCs penauxa
(oTreyaTok) ¢ resus. 3aTeM METOAOM paavoaBTorpauu ¢ MCIOIb30-
BaHWeM paanoakTusHoro JAHK-30Haa M peHTIeHOBCKOI IJIEHKH OM-
peaessiioT Ha peruinKe nojoxeHHe (pparmMeHTOB, KOTOPHIC THOpHIN-
3y10Tcs ¢ 3oHa0M. Takoii npuem soisisiernst ¢pparmenros JAHK ¢ uc-
nojb3oBainem JAHK-3onn08, npusoasumii K obpasosatunio rudpu-
noB JHK : JIHK, HocuT HasBaHue caysepu-6aommune.

Hozepn-6aommuneom HazbiBaloT npoueaypy, npm koropoit JTHK-
30H/Ibl THOPHAM3YIOT C PeIUIMKAMH Telisd, B KOTOPOM (hpakilMOHUPYIOT
PHK, uto npusoant k obpasosannio rudpunos JHK : PHK.

'mOpuansaumio (610TTHHT) 30HAOB MOXHO OCYIIECTBISTbL U B OT-
HOLIEHHMM 1IEJIBIX XPOMOCOM, KOTOpbIE yAaeTcsl (ppakumoHHpOBaThL B
KPYITHOIOPUCTBIX arapo3HbiX IeJisix METONOM Ayasc-daekmpoghopesa,
MEHSISl HanpapieHNe 3MEKTPHUUECKOro MoJisi, YTO MO3BOSICT (hpaKLH-
OHMpOBaTh orpomHbie Moaekyb JIHK.

Cnocoonocte IHK K aenarypatmm-peHatypalus UCnoan3yercs u
B OJIHOM M3 CAMbIX PACHPOCTPAHEHHBLIX B HACTOSIEE BPEMS METONOB
amrmurkauuu pparmentos JJHK in vitro — noaumepasHoit nenHoi
peaKkuMHm.

[lonumepa3snas nennas peaKuusl H ApYrue MeTo/ibl
amMmumduKanuu HYKJEHHOBBIX KHCJIOT

Hoaumepasnan yennas peaxyus ([TL[P) — 310 MeToN amruidpHKa-
LMK (PparMeHTOB HYKJIEMHOBBIX KMCIOT in Vitro, ¢ MOMOLLbLIO KOTOPO-
ro MOXHO JI0CTATOYHO OBICTPO (B TeueHHME HECKOJILKMX YacOB) MOIy-
YUTh MWUIHOHBI KOMHI ONpeie IeHHBIX HYKJICOTHIHBIX MTOCICI0BATE b~
Hocrteii (reHos). Meton 6bi1 npemnoxex B 1985 r. K. Mioutncom (6mo-
TexHosornueckas kopnopauus «Cetus», CILIA) u nonyumni wmnpokoe
pacnpoctpanenune ¢ 1988 r., korna P. Caiiku ¢ coasT. Obiaa onybauko-
BaHa ocHoBononaraiowas pabora no teopuum I[P n ee onrnMu3sanmm.
Meton TP, HaszBaHHbBIH «M300peTeHNEM BeKa» M OYeHb CKOpO, B
1993 r., ormeuenHblit HobeneBckoit ripeMueii, YCKOPHJI peaiu3alinio
nporpamMmel «I'eHoM yenoBeka» (cM. . 6), a Takxke CrnocodCTBOBA
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BHE/JPCHHUIO B NMPAKTHKY KIMHHYECKOH AMArHOCTUKHM MHOTMX 3abone-
BaHUH BBICOKO3(DPEKTHBHBIX AMArHOCTHYECKUX HADOPOB HOBOIrO Mo-
KOJICHUS,

B merone IMUP ana amnandukannn dparmenros JHK ucenonbsy-
101 TepMoycToiiunsyo JHK-nonumepasy u3 repmodmibHoit 6akre-
pun Thermus aquaticus (Tag-ronumepasy), Kotopasi B NPUCYTCTBHH
Bcex 4 BunoB AesokcupubonykieosnarpudochaToB 1 KopoTkux 20—
30-usieHHBIX 3aTpaBoK (NMpaitMepoB) OCVILECTBASET CHMHTE3 KOMILIE-
MeHTapHbIX nochenosateasHocTeid JTHK.

Buauasie ocyecTrISIOT TEPMUYCCKYIO JIeHATYpauurio (pacruietanne)
asyuenoueyHoit monekyibl (pparmenta) IHK npn 93—95°C, uto
NPUBOAUT K Pasjie/IeHHI0 KOMIUIEMEHTaPHBIX 1Henei, a 3aTteM npoObl
oxyaxaaTt 1o 60 °C, 4To gaeT BO3MOXHOCTD CBA3aThCH NMpaiMepaM M
OILHOHEMOYEUHBIM JIE30KCHOJHUTOHYKJICOTHIAM, a TAKIKEe 3aryCcKaer pa-
6oty Tag-nonumepassl.

[Tpaitmepbl 0OBLIMHO TOAYYAIOT METOAOM XMMHYECKOr0 CHHTE3a,
OTPEACINB MPEABAPUTEILHO HYKIICOTHIHYIO 1OCICA0BATEIbBHOCTD I10-
IPAaHUUHBIX ¢ amIuinpumpyempiM reHoM yuactko JIHK. B menee crpo-
rOM BApHAHTE, KOIMa He U3BECTHBI NOrPpAHUYHBIC YIACTKY FCHOB, UC-
NOJBL3YIOT CliyUaiHble npaiiMepnl, KoTopbie MoryT cessbiBaTbhes ¢ JIHK.
[Tpaiimepsl noacTpauBaloTes caMu (M0 KOMIUIEMEHTAPHOMY TTPUHIIM-
Mny) K JIEHATYPHPOBAHHLIM HarpeBaHHEM TOMOJIOTMYHBLIM YYacTKaMm
OIHOETIONSYHBLIX (hparMeHTOB HCXOAHOM («MaTepuHCKOi») JTHK. Onn
CJYKAT MO CYLIECTBY JUISL IBYX LieJICi: BO-TICPBLIX, 3aMyCKAIOT paboTy
JAHK-rnoaumepassl, a BO-BTOPBLIX, OrpaHUUMBAIOT €€ JACHCTBHE, KAk
Obl 3acTONOpHBAIOT (hepMEHT B paMKaX HYXKHOI'O y4acTKa KOIMHpPOBa-
nust JHK (puce. 181).

Kak BunnHo n3 cxembl, ITIP nmeet unkanueckuit xapakrep. B nep-
BOM M MaCTMYHO BO BTOPOM IIHMKJAaX oOpasylomuecs KOMuu (amMrauKko-
not) THK He cootsercTBYIOT rpaHuiiaM aMriandumpyeMoro reHa (sce
AMIUIMKOHBI B IEPBOM [MKJIE W YACTh AMIUIMKOHOB BO BTOPOM LIMKJIE
noayuaiorcsi 0oJiee NMpoTSKEHHBIMU B TEX YYACTKAaX, TJe elle He Mpo-
M30LILJIO CBSA3BIBAHME BTOPOI0 — «aAHTUCMBICIOBOIO» mpaitmepa). Ofi-
HAKO HAYMHAas YXKE C TPEThEro MKJIA JUTMHA AMIUIMKOHOB CTAHOBHTCS
CTAHJIAPTHOIM, T.¢. COOTBETCTBYET UMCIIY AP HYKJICOTHIOB (pparmeH-
o JHK-Matpuitel Mexay 3'-KOHUaAMH npaimMepoB. AMIIMKOHBI Ha-
KariMBaloTcsl B TeOMETPHUUECKOI 1POrpeccun M HAYMHAIOT JOMMHH-
pPOBATHL Cpeiu NpoaykTos amruindukainuu. [lpouecc mMeeT 1enHO
Xapakrep, Tak Kak cuHtesuposaHHpie ¢parmentsl JHK B panbHeii-
[IeM CaMM CJIYKAT MaTpuileid, HA KOTOpPOH MIET CUHTE3,

ITpy MHOTOKpaTHOM NMOBTOPEHUH LIMKJIOB CHMHTE3a (BKJIIOYAIOLINX
HarpeBaHnue M OXJKIAEHNE 1Ipo0d B BhIIEHA3ZBAHHBIX NPENENax TemIle-
patyp) uucao Konui cneunduueckux gparmentos JHK skcnonen-
HMATBHO YBEJIWYUBAETCS, YTO 1MO3BOJISET U3 HEeDOAbIIOro YUCIa MMe-
I01IUXCs (PparMeHTOB IMOJYYNTE 00JIbIIOE KOJMUECTBO KOMHIA, KOTO-
pbie MOXHO MACHTH(DUIIMPOBATE METOIOM 371eKTpodopesa.
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Puc. 181. Cxema nomumepasznoit uennoii peakunu (TTLP). IMoscHenus B Tekcre

[Mosropas nukanl ammdukaunu 30—40 pas, 3a 1,5—3 u nony-
qaoT MIWUTHOHBLI Konuii pparmenTtoB JTHK. Veeauuenne uucia nuK-
nos Hea(dexTneHo, Tak Kak [TLP nmeer 3KCITOHEHIIMAIBHBII Xapak-
Tep TOABLKO HA HAYWILHBIX 3Tanax (20— 25 HMKI0B), NOCIe Yero Hauu-
HAETCH BBIXOJ HA TIIATO B CWJIY MCTOLICHNMS AE30KCHPHOOHYKICO3HL-
TpudocdaTtos, MpaiiMepoB U HapacTaONIEro TEMITEPaTyPHOTO NOBPEXK-
nennst Tag-nosmmepassl. Tem He MeHee pesyJibTarhl, IOCTHIagMbIC C
nomoiubio [THP, 1mo3soiiin 3ToMy MeToly 3aHAThH Belyllee MeCTo B
MOJICKY/ISIDHOIT DHOIOTMK KaK 10 [MONyJIspHOCTH HCIIONb30BaHNA B
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HayuHbIX HCCAeI0BaHMAX (DYHAAMEHTAJILHOIO XapakTepa, TaK M IO
MPaKTUYECKOMY NPUMEHEHHIO B MEAMUMHCKUX LensXx. B yacTHocTH,
9THM METOIOM VIAJIOCH MOJYYHMTb MPOAYKThI aMITU(UKALIMK U3 O-
HO#H-EIMHCTBEHHON KOMMU MAaTPUYHOM IOCIEN0BATENLHOCTH reHa 1o~
O1Ha yesoBeKa M U3 YHUKAIBLHBIX T€HOB OJIHOTO CIEPMATO30M1A.

Jueaznas yennas peakyus NPOBOJAMTCH MO NMPUHLMITY, aHAIOIMY-
Homy ITLLP, no Bmecro Tag-nonumepassl 1 dNTP ucnons3yercs tep-
moctabunbHas JIHK-nurasa n 4 cnenuduuecknx oJIMroHyKICOTHIA,
100aBIsIEMBIX B pEaKLIMOHHYIO CMeCh B M36biTKe. Kaxkibie 2 OTMroHyK-
JIEOTHIA KOMIUIEMEHTAPHBI K aMIinuumupyemomy dparmenty JJHK-
MaTpMIILl U HEMOCPE/AICTBEHHO MPMMBIKAIOT JPYr K JIPVIy; OIXHOBpE-
MEHHO OHM KOMIUIEMEHTAPHBI U APYToii nape onuronykiueorunos. [locae
npeHarypaunn JIHK-matpuist nipu 95 “C oMroHyKJI€OTH bl CBSI3bIBA-
I0TCS € COOTBETCTBYIOIMMHU (KOMILUIEMeHTApHBIMU) (parMeHTaMH
teneit JJHK-marpuub M cuimsatotes aurasoi npu 50 °C. danee atu
JIBE CTAJIMM LIMKJIA MOBTOPSIOTCS MHOTIO pa3, B pe3yjbTaTe Yero 3Kc-
NMOHEHIMAIBHO YBEJIMYMBACTCS YMCJIO COCIMHEHHBIX KOBAUIEHTHOMH CBsI-
3bI0 OIMFOHYKJICOTHIOB, M TAKUM 00pa3oM AocTUraeTcs: aMnduka-
1us onpexenenHpix yuactkos JIHK.

NASBA-memod (Nucleic Acid Seaquance — Base Amplification),
pa3paboTaHHbBINA B IMOCIEIHUE TOJIbI, SIBIsIeTCA Hanbosiee YHUBEpCAIb-
HbIM MeTonoMm amiindukanuu kak JIHK, tak 1 PHK. 3T1oT MeTon, B
otimumne ot [1LP, sipisiercst H30TepMaIbHBIM M OCYILECTBSICTCS TIPH
41 °C. OcnoHbiMH KoMioHeHTaMu NASBA-cuctemsi sipnsiiotresi PHK-
nojumepasa ara T7, PHKa3za H u obparhas TpaHckpunTasa Bupyca
NTHYBEro MuesobaacTosa (06 aTnx pepMeHTaX M. Bhilue). B cucremy
BXOJIAT TaKXe HykJaeoszuarpudocdars M aBa cneurgHuecKux npai-
Mepa, OJIMH U3 KOTOPLIX COJCPXHUT YUACTOK, NpeAcTaBIsionmii coboi
NOCHEN0BATEILHOCTD (npoMoTop), pacnozHasaemyo PHK-nonumepa-
30i1. B kauecTse MaTpHiL MOTYT ObITh MCIOJIL30BAHBI M JIBYLIETIOYCYHBIE
HYKJIECMHOBBIE KHUCJIOTBI, HO T0CJE NPeBpalieHns UX B OJHOLENoYe -
Hele. NASBA-MeTOj1 npUMEHSeTCs JUIs IMarHOCTUKH MH(pEKIIMOHHBIX
3a00eBaAHUH, TeHEeTHYECKHUX JIe(heKTOB, JAHATHOCTMKHA M KOHTPOJS
Tepanuu paka. YyscrsurensHocth NASBA npu tectupopanun BUY
cocrasasier 3 konuu (PHK) Bupyca mmmynomeduumnrTa yeioseka B
100 Mxn obpa3sua nnasmbl KpoBH. MeTox MOXHO HCIOJIL30BATDL JUIA
KOHTPO/Isl THLIEBBIX MPOAYKTOB, B BETEPUHAPHO TMArHOCTHKE M Cy-
JneOHO-MeIULIMHCKOM cyxoe.

Knonuposanne THK

MeTtonom kioHupoBaHust ¢gparmentsl JAHK nwoboro Buaa, nony-
YeHHBIE C MOMOIIbIO PECTPUKTA3, MOXKHO BBECTH B TUIA3MMIY WK B
Oakrepuodar, nmonyyus, TaKMM oOpasoOM, BEKTOpP MOJEKYJISIPHOIO
KJIOHMPOBAHMS, &4 3aTEM PA3MHOXHUTH 3TH TEHETHYECKHE JIEMEHTHI B
KJeTKax OakTepuil MM ApOXCKe, yBeIMYMBas UX YHCIIO B MUJUTMOHBI
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pa3. Berpausanue ¢dparmenta JHK B niuasmuay ocyuiectsisiercs in
vitro, a 3atem pekombunantHaa JAHK BBoautcs B knetku Gakrepun-
xo3simHa. HanBosee yacto B posiu X03sMHA BBICTYIIAET AETAILHO U3Y-
yeHHBIH wtamMMm E. coli K12, a B poan BekTopa — naa3Muibl WiM daru
2TOI GakTepum.

B nenom 6akrepuu MOryT nipuodpeTaTh HOBBI FreHeTHYECKHIT MaTe-
pHan TpeMs NyTIMH: mpaHcghopmayuei, Konsioeayueld Wi mpancoyk-
yued. Tpancghopmanus npecTapisieT cOO0H M3MEHEHUE TEHOTHIA KIETKH
nyteM BHeceHus B Hee JIHK m3 kynbtypanbHoii cpeisl. B Monekysip-
HOIt OMOJIOrMM 3TOT TepMHH 0003HauaeT cTabuibHOe U3MEHEHHUE re-
HoTuna u ceHoTHNA KneTkH. Kowoocayua obo3HauaeT npsMoil rnepe-
noc JIHK wu3 opnoit kietku (I0HOpA) B APYIVIO KIETKY (PeLIMITHEHT)
yepes 0coOblit 6e/IKOBBIH MOCTHK (KaHA1), BOZHMKAIONIHI MEXITY KIeT-
kamu. ¥V E. coli atoT nepenoc sannmaet npumepro 90 mux. Yeranosus
BpeMsi, HEODXOJIMMOE JULS TIEPEHOCA Olpeie/IeHHbIX TeHOB B Npoliecce
KOHBIOTAIIMM, YAACTCS TMOCTPOMTL 2eHemuyeckylo kapmy OaKTepum.
Tpancdykyus NPOUCXOAUT ¢ yuacTHeM baktepnodaros, KOTOpbie BBO-
aa7 B JIHK KJ1eTKH HOBbIE reHEeTHYECKUE JIeMEHTBI.

Ilpu ucnoap3oBaHuK (haroB B reHETHYECKOH WHXKEHEPUMH HOCHTE-
Jiem pekomOunanraoit JAHK apasierca nonyasiims (haroseix yacTuil,
U peKOMOMHAHTHBIH (haroBLli TeHOM MOXKHO KJIOHMPOBATb Helocpe-
cTBeHHO (B yawkax [TeTpy) Ha rasoHe KIeTOK-X035€B, r/1e o0pa3yior-
cs haroseie OisIIKK, 3aTeM HX MOXHO BBECTH B KJIETKH Gaktepmii B
Bujie u3ojauposatHoit JHK (rpancdexnns) nubo B Buie peKoHCTPY-
MpOBaHHBIX (haroBeIX YacTHIl (MH(peKna). [Tpoueaypa nojyyeHus pe-
KoMOmHaHTHBIX JJHK u ux kionuposanmsi OCHOBaHa Ha TeX Xe NMpUH-
LMIax, YTO M TpaHcayKuus. ITomumo dakrepnodaros B Heil HCMOIL-
3YIOTCS TUTA3MMDI.

Tlaasmuodsr npecrapnsior coO0H KOMbIIEBbIE MOJCKYJIbI JABYLENO-
yeynoii JIHK, Berpeuatonmecs s kiaerkax GakTepuit n apoxxkeit, rie
OHH PeIUTMIMPYIOTCH B IIpoLecce Npojau(epalni KJIeTOK Kak caMo-
crosiTe/ibHbie eAnHULb. C TOUKH 3peHust reHeTUIeCKOoi MHXeHepHH
MIa3sMuIBL 001aJAK0T HECKOJABLKMMH BaXKHBIMH CBOHCTBAMU MIH (DyHK-
UMSAMH, K YHCJAY KOTOPBIX OTHOCATCH: PEeriMKalms, HeCOBMECTH-
MOCTb, (DYHKLIMS IIepeHoca M YCTOHYNMBOCTL K aHTuOHOTHKaM. Tnasz-
MHJIBI, o0Janaouine BhIIeNepeydncacHHbIMM CBOHCTBAMM, HAPSIY C
DakrepuodaramMu KUCNOJNB3YIOT B KAUeCTBE BEKTOPOB KJIOHMPOBAHMSI.
Bexmop — monexyna JIHK, koropasi cnocobia nepeHOCHTb B KIETKY
yyxeponnyio JIHK u obecrieunpath Tam ee amumduxauumio. B renern-
YyecKoi HHxKeHepuu npouecce ppeaerns monekyn JJTHK B kusbie kieTku
DakTepuil, Ha3bIBAEMBIW mparcheKlsa, 0ObLIMHO OCYIIECTBISETCS NOCIe
o06paboTku kierok CaCls, uto nenaer ux obonoukn Gojee NpoHUIae-
mbiMu, u BeesieHue JAHK zannumaer Bcero HeckoJIbKO MHUHYT.

bakrepuaibHbie Ua3Muabl umelot OirouHyilo opranusaumio. [pu
ITOM I'eHbl NEPeHOCa MOIYT OOLEANHATLCS C penaukorom (YIaCTKOM,
OTBETCTBEHHBIM 3a PeIUIMKalinio). biounas opraHusaist rjasMmi aer
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BO3MOKHOCTH METO/IaMM TEHETHUYECKOM MHXKXEHEPHH CrielMalibHO KOH-
CTPYMPOBATH BEKTOPHI, obiamaioiiMe HeoOXOAMMBIMU KauyeCTBAMM.
Onuum M3 Haubosee pacrpoCTPaHEHHBIX BEKTOPOB SIBJISIETCA CIIELIM-
anbHO co3nanHas rasmuaa pBR322 (puc. 182). HykneotuaHas nocne-
JOBATEILHOCTD 3TOTO BeKTopa (4362 H.11.) MOMHOCTBIO H3ydeHa. B HeM
MMEIOTCS TEHBbI YCTOMYMBOCTH K aMIMUWLIMHY (Amp") M TeTpaLMK-
auny (Tet’). Peniukon B 9ToM BexTope B3sT U3 rtasmuael Col EI. Ota
npupoaHas maasMuiaa E. coli copepxuT reH, KOAMpyIOLui Oenok-
TOKCHH KOJIMLIMH, YTO W OTPAKEHO B ee Ha3BaHMU. PerimkoH obGecrie-
YUBAET MHUITMALIMIO PETUTMKALIMK, BKIIOYasi cHHTe3 ocodoro suaa PHK
(rak nassiBaemoit PHKI), kotopasi KOHTpoOaMpyeT MHTEHCHMBHOCTD
peIuIMKalMn (YUCIO KONMIT) rura3sMuasl B kKietke. B Hopme B Ki1eTke
E. coli moxer conepxatscs 1o 50 konuit rasmuabl pBR322. Knetkn
E. coli, conepxaiime JaHHbIH BEKTOP, BLIPAILMBAIOT B Cpeie ¢ aMIu-
UWUIHHOM WM TeTPAUMKIMHOM, Ha KOTOPOil KJIETKH, He MMEIOLNe
9TV MIA3MUIY, HE pacTyT, U TakuM 00pa3oM Ha TakoH cerekmueHol
cpede HAKATUIMBAKOTCS TOJBKO T€ KJICTKH, KOTOPBIE CONEPXKAT PEKOM-

Pv
(2065)
Puc. 182. Cxema crpoenms naasmuanoro sekropa pBR322 (M.Cumurep,
I1. bepr, 1998):
ori — TouKa Havana peruMkaumu; Amp” u Tet” — reHnl yeTOHYMBOCTH K aMITHLIMIUIH -

HY H TCTPaUMKIHHY; YKa3aibl cailTsl PeCTPHKUMH [UIS PA3IHMHBIX PECTPHKTa3; UM~
pel 0603HAYAIOT YHCAO HYKACOTHAHBIX nap; R — penaukon
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6unantHyo [JTHK. Dto croiictBo obneryaer BolaeieHue G0IbIIMX KO-
qmyectB pekomOunanTHoi riasmuanoit JJHK. M3-3a ceoero Hebouib-
woro pasmepa nnasmuanasg JJHK nerko otaensiercss ot XxpoOMOCOMHOMN
JHK meTtonom 1eHTprdyrupoBaHms.

B reHeTHueckoil MHXeHEPUHM CO3MAIOTCS IUTA3MUIHLIE BEKTOPBI,
KOTOpbie 00ecneynBaloT BLICOKMI YPOBEHBL IKCIPECCHU OTpeae/eH-
HbIX reHos. Jlajee reH, KOTOphblit XOTAT UCIOIBb30BATh JUISl YCHIIEHHOIH
HapaboOTKM Kakoro-jiubo Oeika, COBMEIIAIOT B MUIA3MHJIE C CHIBHBIM
npomomopom — yuactkom JITHK, obecneunsarominm acpdekTusHoe CBA-
spiBaHne PHK-rnonumepassl M BBICOKYIO CKOPOCTh CHHTE3a MaTpuy-
Hoit PHK. Kpome 3Toro crapaiorcst MCNIONL30BATh peayaupyemvie npo-
MOMOpbl, MHTEHCUBHOCTD JICHCTBUS KOTOPBIX MOXHO M3MEHSITh NMYTEM
U3MCHEHUSI HEKOTOPBLIX NapaMmeTpoB (TeMIepaTypbl, KOHLUEHTPALMH
ONPENEIeHHBIX HOHOB M T.J1.). OJIHUM U3 TAKMX CUJIBHBIX peryjiupye-
MBIX IPOMOTOPOB siBngeTcs npomotop pL dara L. Ero aktuBHOCTH BO3-
pacTaeT MPH NOBBLIIIEHUM TEMIIEPATYpPhl B CBA3HW C MHAKTHMBaLMCH
oesika penpeccopa (A-penpeccop). [TpumepoM BeKTOpa ¢ NPOMOTOPOM
pL dara & ssasiercs u naasmuaa pl L203. Brot Bekrop Obu1 co3/iaH ¢
ucrnoab3oBanueM rasMuasl pBR322, y xotopoii peryasitopHasi 06-
nacTh Obl1a 3aMeHeHa Ha TakoByio (ara A (puc. 183). C nomouisio 2100
IIa3MMIbI OBUTH CO3/1aHbI DAKTEPUATIBHBIE 1ITAMMBbI-CYNEPITPOAYLIEH-
Thl HECKOJBLKMX (DEPMEHTOB.

BO3MOXHOCTH TUIA3MUI ISl FeHeTHMUYECKOM WHXeHepun He Oec-
npeeibHbl, YTO CBA3aHO ¢ uX HebonbuMy pasmepamu. Korna Hyx-
HO KJIOHHpOBaTh KpynHble pparmentst JJHK, yrobuee ncnonbizosath
BEKTOPbI Ha ocHOBe DakTepuodara A. leHom dara A mockoHaNbHO U3Y-
YEH: OH COIePXHT obsacTb Hayana
permmkanun (ori), rensl 0eJ1KOB ro- Y
JIOBKM M XBOCTOBOTO OTpPOCTKA, a
TakXe reHbl (epMeHTOB, HeoOXOo-

IMMBIE Ul PeruiMKauuu (arosoi ‘ Q
JAHK, rensl ausuca uHpuUUUpye- &
MBIX KJIETOK W TeHbl, AeTePMUHM- a m
PYIOLINE JIM30TEHHBIM MYTb Cyllie-

croBanmg dara (moapobuee o pe-

FYJASIMH AKTUBHOCTH 3THX I'eHOB

cM. 171, 9). B neHTpasibHO#M yacTy Jin-

HeliHoro reHoma dara conepxuTcs

obnacTh, HeobA3aTEAbLHAS JUIA JIH-
THYECKOI MH(EKLMH, KOTOPYIO M
MCTIONIB3YIOT [L1H BCTABKHM KJIOHHUPY-

emoii IHK. Puc. 183. VripoleHHas cxema crpo-
JAHK dara A paspesaior ¢ NMo-  eyyg nrasmumioro sekrtopa pl L203:

molubio pectpukrassl Eco Rl, yaa- N, rex, cro, ¢l, cll — renst dara A;
NAOT HEOOA3ATENBHYIO UEHTPANb= P, _ perymupyemsiit mpomoTop; Amp’ —
HYK obJiacTh M Ha ee MeCcTo BCTpa- r'eH YCTOHYMMBOCTH K aMITHUMLTHIY
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nBalT HyXHbI Gparment JAHK, nonyuas, rakum obpasom, kxowka-
Mep — NpeauecTBeHHHUK Ul ynakosku ¢arosoii JITHK B 3pessie ¢paro-
Bbie yacTHLbl. Par ), oyeHb nacTHyeH: 6e3 HapylueHus pasBuTus dara
M3 Hero MoXHO yopats 10 25 % JITHK wiu npucrpouts 10 6 % nuiuxei
HHK. B atot (harossiii BekTop MoXHO Berpansats 10 23 000 H.11.

B Tex cayuasx, Korza He XBaTaeT BO3MOXHOCTei (hara, HCMonb3yioT
eite Oosnee KPYNHbIe BEKTOPLl — KocMudbl. B cOcTaB KOCMMIL BXOMISIT:
reH (Mapkep) pe3uCTeHTHOCTH K aHTUOMOTHKAM, PEIUIMKOH J1a3Mu-
abl 1 ¢pparment JIHK ¢ara A (Tak HazbiBaeMblil COS-Y4acTok). 3TOT
(bparmeHT npeacTasisgeT coboii OTHOHNTEBBIE KOMILIEMEHTAPHbIE yia-
cTKM Ha koHuax darosoii JHK, T.e. «iunkue koHus». KocMuasl no
CYLECTBY NPEJACTABJIAIOT COO0 MOABUXKHBIE «COS»-CaNUThI, MEXITY «/THII-
KMMHM KOHLIAMH» KOTOPBIX yaaeTcsi BCTpouth (hparments JIHK pim-
HO#H 10 45000 H.11.

Eie oauH BHI BEKTOPOB — ¢hazmudsi, NCKYCCTBEHHBIE THOPHIIDI
mexay darom u rutasmunoil. Ioene Berpoiikn uyxkeponnoit JJHK oxu
B OIHHX YCJIOBHSIX MOIYT Pa3MHOXAThCs Kak (haru, a B JIPYTHX — KAaK
11a3sMuJIbl. DasMUIbI UMEIOT ONIPEIEICHHBIE TIPEMMYIIIECTBA Nepe/] BEK-
TOPaMH JIPYTHX THITOB. MIX MOXHO «YIaKOBbIBaTh» B 00010YKH (haro-
BLIX 6€JIKOB, M OHM OYYT CYLIECTBOBATL Kak (aru, npu Temreparype
42°C, mmbo, UCnonb3yst TeMIepaTypoOYyBCTBHTENLHBINH BEI0OK — per-
peccop (para A, 3aCTaBisATh MX PA3MHOXATLCSA KaK I1asMujist (npu 6o-
Jee HM3KOIl TeMneparype ~32 °C).

Bexmopvl na ochoee nHumeeuonsix (hacoe NPUMEHSIOT TOIla, KOTJa
ynobHee paborarh ¢ onnoii nensio JAHK (nanpumep, s onpenene-
HUS e¢ HYKJICOTHIHOI 1ocseoBaTebHOCTH — cM. Huke). Tak, daru
M13 u fd conepxar konblieByio ontotienoueunyio JIHK ¢ nonnocrsio
M3YyYeHHLIMH 110C/IeI0BATeILHOCTIAMMU HYKIeoTHaoB (6407 HykineoTH-
noBy cara M13) u ux oprauusaumeit. 3t haru MOryr conepxarbest B
konauuectsBe 200—300 konuit Ha ojiHY DakTepuanbHylo Kiaetky. s
PA3MHOXKEHMSI OHM MEPEXO/IAT B IBYLIENOUEUHYIO PEIUIMKATHBHYIO (hop-
MY, B KOTOPYIO C TTOMOIIIBIO PECTPUKTA3 M JINTA3 JIETKO BCTPOUTE HYXK-
Hbiil (pparment JIHK, rie nanee on Gyier pasMHOXaTLCS M CYILIECTBO-
BaTh B OIHOLIeNOYeuHoi opme. Tunuunblil BeKTOp Ha ocHose (hara
M 13 n3obpaxen Ha puc. 184.

Hna ynoberBa orbopa peKOMOMHAHTOB reHOM JAMKOro TMna M3
MOAM(HUUMPYIOT, BCTpaHBas B HETO 4acTh JIAKTO3HOTO onepoHa (lac-
onepona) E. coli, BKIIOYAIOILYIO TIPOMOTOpP, ONMEPaTop M KOAUPYIO-
11y10 obaactb reHa B-ranakrosmuaassl. B aty obiacts A0NnonHUTEIBHO
scrpanBaloT ¢dparment JHK, comepxawmmii caiitel y3Hasauus ans
orpeae/ieHHbIX PECTPUKTA3, C TeM, YToOkI jlajiee MOXHO ObUIO MX UC-
MoJIL30BaTh /Ulst BKoueHust hparmedTon JIHK ¢ coorBeTcTBYI0IIMMH
«THMKUMH KOHUAMM». Takoii CerMeHT Ha3bIBAIOT NOAUAUNKEPOM.

Bce BpilensiioxeHHoe MMEET OTHOLIEHME K KaoHHpoBanuio JHK
B HanboJiee YacTo HCMONb3YEMbIX MPOKAPHOTHUYECKMX CHCTEMAX X035~
MH-BeKTOp. ONHAKO B HACTOsIIEE BpeMsI HAYMHAIOT Pa3BUBAThCSI COOT-
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Puc. 184. Bexrtop Ha ocHoBe
(para M13:

1—9 — reust hara M13; z — ren
lac z; P — npomotop; O — one-
patop. [Momwinnkep (42 H.1.) co-
JCPANT calThl PECTPHKLIHW 1118
PA3THIHBIX PECTPHKTA3 (OCTATb-
Hbie MMOSACHEHUS B TEKCTE)

®parment lac-onepona E. coli

BETCTBYIOLME YKAPHOTHYECKUE CHCTEMBI KJIOHMPOBAHMS, HCIIO/Ib3Y-
JOLIME KIETKH APOXIKEH, pacTeHWil U KHBOTHBIX.

JIpoxxu Saccharomyces cerevisiae npeacTasasior coboit nepc-
MEeKTUBHBIE MOJIC/IHN JUISl IKCIEPHUMEHTOB ¢ pekoMOnHanTHBIMK JTHK.
Wx rarmiowiHblit reHoM coaepkut 1.4 - 107 1. 1. (B 3 pasa Gonbiue, yem
v E. coli), pacnipeaenenupbix 1o 17 xpomocomam. JIpoxxku He mHdmum-
PYIOTCS BUPYCAMM, HO B MX KJICTKAX BbIABJICHA IJIA3MMIA, HCIOJIb3Ye-
Mast B KauecTse BekTopa — 2MkM-rutasmuaHas JIHK. Ota asynenouey-
Had MIasMuIa MMeeT JUTHHY B 318 H.1L., HA O/IHY JPOXKKEBYIO KICTKY
npuxoantes 50 konwmit. Jdukuit THIT 9TOH MJIa3MuIbl HE MMEeT MapKep-
HBIX TEHOB, UTO HE IO3BOJIsIeT OTOMPaTh cojepXKallne ee Kierku. On-
HaKO 2MKM-TUTa3MIIa ObUIa MCITOJIL30BAHA JUIS CO3/1aHMSsI TAK HA3bIBA-
CMOTO 4eAHOYHO20 GeKmopa, TIOJIYIEHHOTO IyTeM 00beAnHEHUs ee Ya-
et ¢ rasmunoit pBR322, conepxkauieit 1poxokesoii ren. I'ed apox-
KeBOIl KJIETKM KoAupyeT (hepMeHT, HeoOXoauMbli uid OMOCHHTE3A
rUCTHANHA, Onarogaps yemy viaercs NMpoBOAUThL 0TOOP KJIETOK, pac-
TYILMX B OTCYTCTBHE THCTHIMHA. [ BBeIeHHs BEKTOPA XKECTKYIO MOJIH-
CaXapuIHYI0 CTEHKY JAPOXKAEBbIX KJIETOK PaspylIaioT ¢ MOMOIIBIO CO-
OTBETCTBYIOIINX (pepMeHTORB J1100 00padaTkiBalOT NX ALETATOM JIMTH,
4TO OTKPBIBAET BO3MOXHOCTD Uist npoHnkHosenust JIHK B knetku.

BaxHoii 0cOOEHHOCTBIO IPOXKIKEBBIX CHCTEM SBJISETCH TO 00CTOSN-
TEJNBCTBO, UTO KJIoHMpyeMbie parmerTsl JIHK cnocobHbl K pekom-
OMHALMK C TOMOJIOTHYHBIMM YYACTKAMM JIPOXKEBOro reHOMa, 4To
BejeT K CTaOMIBHOI caidm-cneyughudeckoi mparcgopmaruu nocaeaHe-
ro (He3aBHCHMMO OT COXpaHeHMsi WM yrparsl Bekropa). [Toatomy B
rocJie/iHee BpeMsi CO371aHbl KOHCTPYKIMM Ha OCHOBE APOXKEBBIX XPO-
MOCOM, KOTOPBIE TIO3BOJSIIOT KJIOHHPOBATh B KJIETKAX ApOAokeil (par-
menTsl JIHK pasmepom go 1000000 w. .

B kieTkax pacTeHHil HET IPUPOAHBIX TUIA3MUIL U B KaUeCTBE BEKTO-
pOB MOTYT GbITh HCIOABL30BAHBI PA3THYHbIC PACTHTEAbHbIEC BUPYCHL B TO
Ke BpeMsi BEKTOPBI JUTSE PACTHTEIbHBIX KJICTOK Hanbosiee ycrenHo co-
31a10T HAa OCHOBE 0coOLIX DakTepuanbHbiX Ti-TIasMui, KoTopble 00-
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JIafaloT cnocobHocThIo nepenocuts cermenTsl JIHK B reHomsl pacre-
HMIA (CM. HHXeE).

[Mpu seenennn JTHK B K1€TKM XMBOTHBIX 4aCTO UCMONB3YIOT BH-
PYChI, B KOTOPbIE ITPEIBAPUTEILHO BBOISIT Heobxoaumblit cerment JTHK.
[Tocsie obpasosaHusi BUPHOHOB BUPYCHI NPOHMKAIOT B KJICTKH IyTEM
HHPUUMPOBAHUSA. YIaKOBKA NMPOMUCXOAUT OOLIMHO in Vivo, Tak Kak in
vitro, B ommune or Gakrepuodaros, 3TOT NMpolece NoKa He ocyliie-
CTBMM. MOXHO 1poBoanuTh U nipsimyio uubekimio JAHK B kietku n nx
AIPA, HO MPH 3TOM TPaHCHOPMHUPYETCS TOIBKO Majiast YaCTh UCCICY-
eMBIX KJIeTOK (He Oostee 10 %). B psize ciiyyaeB HCnonb3yeTest 2J1eKTpo-
nopaiusa — obpaborka cmecH kaetok u BBoanmoit JIHK BricokoBoibT-
HBIM (2—4 ThiC. B) 2/1eKTPHYECKHUM Pa3psIOM, YTO MPUBOINT K 06pa-
30BaHMI0 B MeMOpaHax KJIETOK OTBepCTHH (rmop), HEOOXOAMMBIX LIS
npoxukHoBeHus JIHK. Bekrops! s tpancdopManinm KieTok KuBor-
HbIX Haubosiee YacTo co3naloT Ha ocHose Bupyca SV40 u Bupyca na-
nwuiombl. Ha ocHose supyca SV40 aHanormyHo BelLEYOMSHYTOIN
npoueaype KOHCTPYMPOBAHHUSI BEKTOPOB Ha ocHoBe (ara A co3maHo
HECKOJILKO THIOB BEKTOPOB: TPAHCAYLMPYIOLINE, TIa3MHUIHbIE M MAC-
cuBHble. Tpancdyuupyrouque 6exmopusl perUIMIIMPYIOTCS B KIETKAX MOYEK
06e3bsiHbl M YNIAKOBBIBAIOTCSE B BUPHOHBL. [Trazmudnsie SV40-sexmops
PEIUTHIMPYIOTCH, HO He YIIAKOBBIBAIOTCS B OejikoBbie 06010ukH. [Tac-
cusHble mpanchopmupyrougue 6eKmopsl He MOTYT HH PETUTHIIMPOBATHCS,
HH VIAKOBBIBATBHCS, OJIHAKO COEPXKAT YYACTKM FEeHOMa BUpyca, Cro-
coberByloume sKenpeccHu Apyrux reros. CrabunbHas Tpanchopma-
LMl B KJIIETKaX XXKHBOTHBIX NPOUCXOINT TOIJIA, KOT/1a TUIA3MM/IHbBIC BEK-
TOpbl SV40 HHTErpUPYIOTCs B TeHOM KJIETKM-X03siMHa. Yacrora 9Toii
MHTErpaumy cocrasiser He Gonee 10°— 107,

Tlanuanosupycet BpI3pIBAIOT 106pPOKAYECTBEHHbBIE HOBOOOPA30BAHMSI
KOXH (DOpOaBKH) y psjia BUIOB XMUBOTHBIX. [€HOM nanuuioMasupy-
ca KpynHoro poraroro ckota (BPV) ncnonbayior s cosnanus pek-
TOPOB XHMBOTHBIX. OH criocobeH PernIMpoBaTLCS B BMJIE CTAGMIILHOI
ia3Muabl 6es obpasosanmns BupruoHos. Berpausanue JTHK B 310T Bek-
TOP NPOM3BOJAT C COXPAHEHUEM YaCTH IFeHOMA BHPYCa, KOTOPYIO Ha-
3BIBAIOT «mpanchopmupyroweir». TIpi 3TOM BEKTOP He BHEApSAETCH B
FCHOM KIJIETKH-XO035MHa, @ OCTACTCS B HEM B BHIC MJIA3MMIBI B KOJH-
yectse oT 10 1o 100 konmii.

OIPEJIEJIEHUE HYKJIEOTHUAHBIX
IMOCJTEITOBATEJIbHOCTEM

Jns BBISICHEHUS CTPYKTYPBI, (GYHKIMIA, TIPOMCXOKIACHMS, BO3MOX-
HOCTeH pekoMOMHAUMKH M aMIUIMBUKAUMK (KITOHUPOBAHHMSA) MOJICKYJI
HYKJICHHOBBIX KHCJIOT WM WX (DparMeHTOB HEOOXOANMO YCTAHOBUTD
UX HYKJICOTHIIHYIO Mociea0BaTe/bHOCTL. PaboTel B 3T0# 061acTn Ha-
YAJIMCh ¢ M3yueHUs nepBUyHOi ctpykTypel PHK 1 6buM ocHoBaHbI

372

Ha npuMeHeHUH cneumnduueckux pepmeHToB — puboHykieas, pac-
urerupstionnx Mosekyibl PHK B MecTax pacnosioxeHunst onpesieieHHbIX
HYKJICOTHJIOB: TYPUHOBBIX, pacro3HaBaembix PHKaszoii U2; nupumu-
JMHOBBIX — nankpearnieckoit PHKas3oii I; ryanmnossix — PHKas3oii
T, u 1.11. C NOMONIKLIO 3TOTO METOMA «Pa3pe3aHust MOJIEKYIIbl>, B 3Ha-
YUTEJIbHOH Mepe pa3paloTaHHOro B HalleHd CTpaHEe akKaJleMHMKOM
A.A.BaesbiM M cotpyannkamu, B 60—70-e roast XX B. Obliu pac-
wnppoBaHbl HYKJICOTHAHBIE TTocjesoBarenbHocTH pasanyHbx TPHK,
5S u 16S pPHK E. coli, PHK ¢aros R-17, MS2 u ap. Oror METOI
TPYAHO ObLI0 ABTOMATHYECKM MEPEHECTH Ha M3y4YeHHE NEepPBUYHOI
cTpyKTyphl (cekBeHuposanue) JJHK, Tak kak He H3BECTHbI ObLINM Crie-
unduyeckue saHgoHykiaeasel, pacwerusiionime JHK no onpenenex-
nbiM ocHoBanuaMm (tuna PHKaswr T)). B cepennue 70-x r. B 3T0i1 001a-
CTH TTPON30ILIEN PEIIUTEIbHBII MepesioM, CBI3aHHbII ¢ OTKPLITHEM pe-
CTPUKTA3 M YCOBEPUICHCTBOBAHHMEM METO/1a resib-3eKTpoopesa, Kor-
JIa CTAJI0 BO3MOXHBIM PA3esiTh JOCTATOYHO NPOTSDKEHHbIE (pparmeH-
1ot JIHK, otnuualonimecs pasmepomM Beero Ha oauH Hykaeotua. C no-
molubio pectpukras JIHK cranu paspesarh Ha onpeseieHHbIe 0JI0KH 1
ONpeesTh B HUX MO3HIIMH HYKJICOTUI0B XHMUYECKUMH WIH SH3UMa-
THYECKMMM METOIAMH.

Xumuueckoe cexaenuposariie OCHOBAHO Ha criennduueckoit XuMu-
yeckoil MoaMdUKaIMN MYPHHOBBIX M MTUPHMMAMHOBBIX OCHOBAHMH C
NOCJICAYIOIUM BhILIETUIEHHEM MOAW(DHLUMPOBAHHBIX HYKICOTHIOB M3
MOJUMEPHOI e M aHATW30M 00pa30BABIIMXCH MPOILYKTOB METOLOM
renb-anexkrpodopesa. B atom metone, paspadboraHHoM A. Makcamom m
V. Tun6eprom B 1976 r., B 5'-koHen aHanusupyemoro yyactka JIHK
BBOJUSIT PATHOAKTHBHYIO METKY, MCITOJIb3Ysl (DEPMEHT MOJIMHYKIEOTH/L-

* kuHa3sy u3 dara T, u y-P[ATP]. Cpa3sy nociie BBeICHHS METKH OIHO-

HernoyeyHbie (PparMeHThl CEKBEHUPYIOT, a JABYLENOYeYHbIe pasjielis-
10T Ha OT/JEJNbHbLIE LIENN C TOMOULBLIO JeHaTypaunuu. Jlanee aHaansupy-
eMblit obpasell pa3iesioT Ha YeThipe MOPLUHH, C KaXI0H U3 KOTOPBIX
nposojiT criettduteckyn o6padboTKy, NPUBOISIILYIO K BbIIHEMICHHIO
onpeaeneHHOro Buaa HykneoTnaon. [1pu aTom UCnonb3yioT IMMETHII-
cyibhar, KOTopbiii MOINDUUMPYET (METHAUPYET) NMYPHHOBLIE OCHO-
Banust (a1eHMH no mojaoxenuio N, ryanun 1o nojoxenuio N7), a
TaKXkKe Iuipa3uH, KOTOPbIH pacluenisgeT M MoauduuMpyeT NUpUMH-
JAMHOBBIE ocHOBaHMA. [lanee, ncnonb3ysa o6paboTKy NMUNEPHANHOM M
IHIPOJIN3 MPU PA3IMYHBIX 3HaueHHsix pH, ocyliecTsisdioT Bhillerne-
HHE OINpeae/ieHHbIX MOAU(UIIMPOBAHHBIX OCHOBAHMI, COMPOBOXIa~
joleecst paspbiBom cocennnx pocdoanabupubix caseit. Takum obpa-~
30M, JUISl KAKI0H u3 4 aHanusupyeMbix npo6 noayualor Habop He-
Gonbiiux no pasmepy dparmentos JHK, wacts M3 KOTOpBIX HECET
paZMOAKTHBHYIO MeTKy. Bce 3Tu (hparmMeHThl (Kak MeYeHbIE TAK U He-
MeueHble P) pasiaensiioT METOOM IeKTpodopesa, KOTOPbIif 10380~
JiseT pasnensth pparMeHTsl, OTINYAIOIIHECS MO [UIMHE Ha OJIMH HYK-
jgeorut (puc. 185).
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Puc. 185. Cxema onpenecHUsE HYKJICOTHAHBIX NOceaoBare/ibHocTei no A. Mak-
camy u Y. I'muGepry:

1—10 — wmpa (YHcao HYKJIeOTHIOB) (PaKUHOHHPYEMBIX METOIOM 2JieKTpodopesa
PAIHOAKTHBHO MCHCHHBIX d)pal’l\-iCl-lTOIL OcTanbHble NOACHEHNS B TCKCTE

[MosnyueHHble 2neKTpodoperpaMMbl MPOSBISIOT C TIOMOIIBIO PEHT-
TeHOBCKOM rJieHKu. B pedynsraTte Ha anekrpodoperpaMmax BbisBIA-
FOTCSl TOJIBKO PajiIMOAKTUBHBIE (PPArMEHTHI, 110 KOTOPBIM U OTpe/iesisi-
10T HYKJICOTHIIHYIO nocienoBaresHocTh aHanusupyemoit JJHK. Ha-
npuMep, ecian B npode, rae ObUI0 NPOBEAEHO BhILIENIJICHUE LIMTO3MHA
(-C), paanoakTMBHOCTb ObLIa BhisiBleHa B (hparMeHTaxX XMMHYCCKOTO
pacuiernyieHusa JAMHOM 3 M 6 HYKJICOTHIOB, TO 9TO O3HA4aeT, YTO B
cekpeHnpyemoM yuactke JHK LMTO3MH HAXOOUTCSH B MO3HIMAX 4 1 7
COOTBETCTBEHHO. AHAIOMMYHO €CiM B Ipobe, riae NpOBOAHIOCH Bbl-
uterieHue ryanuna (-G), metomom snekTpodopesa ObIH BhISBAEHBI
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paIMOAKTUBHBIE (PArMEHTBI PasMepoM 5 M 9 HYKIEOTHIOB, TO 3TO
3HAYMUT, YTO I'VAaHUH B CEKBEHMPYEMOM YUYaCTKe pacrojaraercs B 1no-
noxeHusix 6 u 10. Takum o6pazom, ppakLHOHMPYSI HA OAHOI TejIeBOM
actuHe GparMeHTHsl, 06pa3oBaBILMecs Noce Creun(uIeckoro Bbi-
wertenus kaxaoro u3 4 nykneornnos (A, G, C u T), MoXHO Herno-
CPECTBEHHO YUTATh HYKJICOTU/IHYIO MOCIS0BATEIbHOCTD CEKBEHHPY-
emoii JIHK 1o nposisienHoii aaekTpodoperpamMmme.

Dusumamuveckuti Memoo 6b1 paspaboran Canrepom n KoyicoHom
B 1975 r. B 910M MeToze ananusupyemsiii hparment JIHK nenons3yior
B KAYECTBE MATPHILB B PEAKIMH MTOJIMMEPA3HOTO KOMMPOBAHHUS (CHHTE-
3a komiuiementaproit uenu JIHK) ¢ nomouio JAHK-nonumepasst |
E. coli. DroT MeTOIL NOAYUMJI HA3BAHNE <«IUIFOC-MHHYC-METO/», T10-
CKOJIbKY PEAKIHIO MOJIMMEPH3AaLIMK B HEM H3HAYATbHO NPOBOINIH Jmbo
B OTCYTCTBHE OJIHOTO M3 4 THUIOB HYKJIEOTH/IOB («MHUHYC»-CHCTEMA),
MO0 B NMPHCYTCTBUM TOJILKO OJIHOTO HYKJICOTH/A («IUTI0C»-CHCTEMA),
YTO OIPAHNUMBACT BO3MOXHOCTb HapallMBaHUA MTOJIMHYKJIEOTUIHOM
LIETTH, T.€. OCTaHaBAMBaeT (TepMHHMPYET) e¢ CUHTE3 N3-3a HE0CTaT-
Ka COOTBETCTBYIONIETO HYKJICOTH A, 3aTeM JUls OCTAHOBKM CHUHTE3a CTAIH
UCTIONB30BATh CHEHHATBHBIE MOJNEKYJIbl — TEPMHHATOPLI, B KA4Y€CTBC
KOTOpBIX GepyT anaesokcupubonykieosuarpudocdarsi (puc. 186). Ilna
CCKBEHMPOBAHMS ITUM METOIOM HMCIOJIbL3YIOT OJHOLENOYCHHYIO MO-
aekyny AHK, a taxke KOpoTkuid OJIMTO/IE30KCUHYKJICOTHIHbIH Mpaii-
Mep (3aTpaBKy), KOMIUIEMEHTAPHBIH HEOOIBIIOMY YYaCTKy aHATU3U-
pyemoit JIHK. OnuHounasi (ceKBeHUpyemast) Lerb JIHK cnyxuT Mart-
puueii s paborsl JIHK-nosmmepaser, a HoBast (xoMruieMeHTapHast)
11eMTh HAPAIMBAETCS, HAUMHAs ¢ 3'-THAPOKCHIBHOM IPYIIMBI NpaiimMe-
pa nyTeM NpUCcoeNHEHNSA COOTBETCTBYIOLIMX JE30KCUPHOOHYKIICO3H I~

“(hocdatos. [pu cekBEHUPOBAHNH MPOBOSAT YETHIPE PA3HBIX PEAKIIHH

KOTMPOBAHMS, JUIsl Yero KOMILIEKC <«MaTpuLia-npaimep» MHKYOHpy-
JOT B PHCYTCTBHH BCEX UETHIPEX OOBIMHBIX JIC30KCHHYKICO3HATPHDOC-
¢aros (dATP, dTTP, dGTP n dCTP) n Kakoro-To 0aHOro ornpeae-
JACHHOTO Anie3oKcuHykaeosuarpudocdara, KOTOPbIt U CIYXKHUT TEp-
MIHATOPOM CHHTE3a, TIOCJIe CBOETO BCTPAMBAHMS B PACTYILYIO HETb
JIHK: npucoeanHenue auae3okcunykieosuadocdara, y KOToporo
OTCYTCTBYET 3'-THIPOKCHIIbHASI TPYIIA, ACNAeT HEBOSMOXHBIM TIpH-
coeanHeHne caeyoniero nykieornia (puc. 186, A). TTockoabKy Tep-
MMHALMsl CHHTE3a NIPOMCXOAHT B Pa3HbIX MecTax, To 0Opasyercsi Ha-
Gop uerneit (hparMeHTOB) pasnIMMHON JUIMHBI, HAYMHAdA C 5'-KoHua
rpaitMepa 10 MecTa PacroNOkKeH!s: COOTBETCTBYIOLIETO MPHCOCTMHEH-
HOTO AMjIe30KCHHyKIeoTHaa. HoBOCHHTE3MpOBaHHBIC (PparMeHThI sIB-
JISIOTCS PAIMOAKTHBHO MEUCHHBIMM, TAK KAK JUIS MX CHHTE3a MCIOJIb-
3yIOT 110 KpaitHeil Mepe OJIMH MeuCHBI JIMAe30KCHHYKIIeo3uaTpHdoc-
¢pat. MeTKa BBOANTCS B IpaiimMep Win 1o a-(ocdarHoii rpymne Ae30K-
cunyxaeosuarpudocdara, MCnoab3yeMoro uisi HapalMBaHHs LCTH
JHK. ITpu 310M MOXKET OBITH MCIIOIL30BAH HE TONILKO aTOM dhochopa
2P, go u atoM cephl S, samensolmii atom Kucaopona B docdop-
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Puc. 186. Cxema AMIC30KCH-METO/IA CEKBEHMPOBAHMS (IH3NMATHUYCCKHIT MC-
Toji Canrepa— Koyicona) (M. Cunrep, I1. Bepr, 1998):
A— MoCNCaoBATeALHOCTL ONEpaum i CCKBCHHUPOBAHMA 1 CXeMa p:umoamoma(pa rene-
BOH NAACTHHBI NOCIE pasie/ieHns (parmenton. g cnnresa GparMeHTOR HCNOAB30-
pamit [ *P|-aesoken NTP. [Mpusenena crpykrypa ddATP; 5 — cxema VHHBEpPCATLHOI
KOHCTPYKILMM Ha ocHose reHoMa gara M13 ¢ ncnonb3osaninem yiusepcaibHOro npaii-
mepa. [MyuxkTupnoit crpenkoit obo3znaueHo HanpapieHME CHHTE3a KOMIICMCH-
taproi uenu JIHK ¢ ncnoaszosannem JTHK-nonumepasni

HOM OCTaTKe HYKJIeoTHIA. [TpoLyKTHI YeThipex peakumii aHaTM3HpyIoT
METOIOM 2j1eKTpodopesa, M CEeKBEHMUPYEMYIO MOCIECA0BATEILHOCTD
CYMTBIBAIOT ¢ panuoasTorpada, Tak Xe Kak MpH aHajJin3e XMMHUYecKo-
ro cekBeHupoBaHus (cM. Bbiue). JUiMHa BBISBAEHHOIO NMPH 31€KTPO-
(bopese pannoakTHBHOro (hparMeHTa yKa3biBAET MECTO PACIIONOKEHMUS
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KOMILIEMEHTAPHOTO HYKJIeOTH1a B aHanu3upyeMom (pparmente JHK.
Hanpumep, ecau npu aHanau3e Ha paauoaBTorpacde npobbl, mosy-
yeHHO# nyteM KorHposaHus B npucyrctBuu ddCTP, BbisiBaeHBI
(hparMeHThl JUTHHOW 3 M 4 HYKJICOTHIA, 5TO 3HAYUT, UYTO B AaHAIM3HUDY-
emoM (parmenTte JIHK B cOOTBETCTBYIOIIMX MO3MUMAX PACIIONOXKEH
TyaHHH.

B nacrosiwee spemsi wist cekpeHuposanust JJHK meronom Canre-
pa co3iaHbl YHUBEPCAIbHBIE KOHCTPYKIIMM (BEKTOPbLI) HA OCHOBE re-
HoMa para M13, B koTopbie BcTpauBatoT u3ydaemslit pparment JJTHK
(puc. 186, 5). B Takoit KOHCTPYKLHHM J1100ast BCTpoeHHas (KJIoHHUpYe-
Mas) NocienoBaTebHOCTh Beerma orpanMueHa (gnaHkupoBaHa) of-
HUMM W TeMHM Xe rnocienoBatebHocTsMu (parosoit JJHK, yto nosgo-
JISIeT MCTOb30BaTh YHUBEPCATbHBIN NpaiiMep, KOTOPbIii HETPYAHO CHH-
TE3UPOBaTh XMMHUYECKHMU MeToaaMM (cM. Huke). Takum oB6pasoMm, Kom-
OGuHMpYs Ki1oHupoBaHKue pasHbix dparmentos JAHK u ux cekseHupo-
BaHHe C MOMOIIBIO JIMAC30KCUTEPMUHATOPA, ObIJIM ONpeIeaeHbl noc-
nepoBareibHocTH MuToxoHapuanbHoil JIHK uvenoseka (16 569 H.1m.)
u JHK dara o (48 502 n.1m.).

PabGoTta 1o onpejeneHnio HYKJIEOTHHBIX MOCIeA0BATEILHOCTEH
KPYITHBIX TEHOMOB, COCTOSIIMX M3 MUJUTMOHOB M ©oJiee HYKICOTH/IOB,
CHJIBHO 00JeryaeTcsi MCMoOJAb30BaHNEM KOMIBIOTEPHBIX TPOrpaMM,
KOTOpPBIE TMO3BOJIAIT OBICTPO HAXOAUTH MEPEKPbIBAIOILHECS TTOCIEN0-
BATE/ILHOCTH B aHAJIM3HPYEMbIX (hparMeHTaX M 3aTeM COCTABUTH MOJI-
HYIO KapTy reHoma.

Metonsl Makcama— I'ninbepra u Canrepa— KoyacoHa B HacTos-
111ee BpeMsi MPaKTHIECKH MOJIHOCTLIO aBTOMaTH3HpoBaHsbl. [Tpu pabore
Haubosee pacnipocTpaHeHHbIM MeTonoM CaHrepa B 5'-KoHel npaiiMe-
pa BBOIAT (uiyopecueHTHbIC METKH, MPUYeM JUISl Kaxaoro u3 4 ana-
JIN3UPYEMBIX HYKJIEOTHIOB MCTTONB3YIOT (hIyopeciMpyIonine areHTsl ¢
Pa3INYHbBIMM CNIEKTPATLHBIMH XapakTepucTukamu. IMocne snekrpodo-
pe3a rejib CKAHUPYIOT MPH PasiNuHbIX [UIMHAX BOJH, W MOJYYEHHas
urdopmatinst obpabaTtreiraercs Ha komnbiorepe. ITpu 3TOM Bee Gnoxm-
MHUYECKHE Ofepainmn TakKe NMpoBoasitcsi poboToM, M CKOPOCTh CeKBe-
Huposanns npespbiaer 100000 HyKI€OTHIOB B CYTKH.

XUMHWYECKMI CUHTE3 T'EHA

Cunre3s reHa 6uin Brepsbie ocyniectsneH B 1970 r. 8 CIIA B na6o-
paropun X.-I'. Kopanbl. DTUM reHoM cTaja LMCTPOH, KOAMUPYIOLIMNIA
nposxckenyio TPHKA? coctosimumit u3 77 nap nykneorunos. K tomy
spemenu crpykrypa TPHKA Guuta paciumdposaHia u co3ianbl MPHEMbI
OPraHMYEeCcKOro CHHTE3a, MO3BOJSIONIME CUHTE3UpoBaTh 20-wieHHbIe
onuronykineotuasl. Kopanoit suavaie 6bu1H cMHTE3MpOBaHbl 15 oaHo-
LEeMOYeYHBIX OTUTOHYKICOTHIOR, coiepxatiux ot 5 10 12 ocHoBaHMii.
CHHTEe3 OCYILCCTBIISIIM CTYINEHYATO, MPUCOSANHAS HYKICOTHIbI OJUH
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3a apyruM. [Tonyuyennble XMMUUYECKUM CHHTE30M (DparMeHTBI COEIH-
HsUIM Mexay coboii ¢ momousio JJHK-nurassr para T4. Tak kak mwisa
obecnieuerust paborbl 3TOro epmMeHTa HeOOXONMMO HATUYHME OPTO-
(ocdarHO# rpynnbl B 3’ -1MOJ0XEHHN HA OJHOM M3 CHIMBAEMBIX KOH-
LIOB OJIMTOHYKJIEOTHIA, TO MPU CUHTE3e MCIIOJIb30BAIM ellie OIuH (ep-
MEHT — OJIMTOHYKJICOTHAKMHA3Y (hara T4, kotopas dochopuamnposa-
aa 5'-OH rpynny 3a cuer ATP.

ITockonbky nuraza cnoco6Ha ciumBarth (parments! tenu JHK Ha
OJIHOM 11K TOJILKO TOrAa, Koraa Bropas uenb HenpepbiBHa, X.-T', Ko-
paHa u COTPYAHHMKH BBOAWIM CHHTE3MPOBAHHBIE HYKJIEOTHIIbI B peaK-
IIHOHHYIO CMECh I10MAPHO € TAKUM PacHMeTOM, YTOOBI MOC/E B3aUMO-
JeHCTBUSI KOMITJIEMEHTapHbIX 00/acTeil ocTaBaiMch KOHLEBbIE OIHO-
LIETIOUCUHBIE YYACTKN («IMIKHE KOHLIBI»).

Tak ObiM noayueHsl 3 KpyrnHbie 610Ka OJIMFOHYKJIEOTUIOB, KOTO-
poie ¢ nomouipio JJHK-nurasel 66111 coeiMHEHBI B 11EJIVIO MOAEKYJTY
rea. ITosanee Kopana cuHTe3MpoBal reH THPO3MHOBOM Cynpeccop-
noit PHK, cocrosimeii u3 207 HyKJI€eOoTHIOB.

XuMHUecKMit cMHTe3 reHa (KOTOPBIil, CTPOro roBops, sBJASIETCS
XUMHMKO-(DEpPMEHTATUBHBIM) CTall KPYITHEHIINM JOCTHXCHHEM OMO-
OPraHHYeCKOH XHMHUH M MOJIEKYJISIpPHOI Ononornu. OH nokasai u Tpy-
JIOEMKOCTb 3TOi1 paboTbl, ONHAKO OTKPBUI MYTh MPSIMOTO TIOJYUEHHSI
HEOOXOMUMBIX FE€HOB IS TEXHONOTHH pekoMOuuanTHbix JHK u cran
BAKHBIM YCJIOBHEM TMPOrpecca reHeTHYecKOU MWHXKEHEPHH.

Meron, pazpaboranusiii X.-I'. Kopatoit, 6611 3aTeM npuMeHeH st
CHHTE3a 'eHOB rOPMOHOB COMATOCTATHHA M MHCcyauHa. Jlnsa cuHresa
reHa COMAaTOCTaTHHA ObUIO MCTIOIB30BAHO BOCEMb (8), a JUIst MHCYIIN -
Ha — 66(!) KOPOTKMX OJIHOUENOYEHHBIX CHHTETHUYECKMX (PparMeHTOB
AHK, kotopbie 3aTeM ruGpMAM30BAIN M TMOJYYAIW JABYLENOYCYHBIE
MOJIEKYJIbI, CTAOMIN3UPOBAHHBIC BOLOPOJIHBIMM CBA3SAMHU MEXIY KOM-
IUIEMEHTAPHBIMM HYKJICOTHIAMHU.

HecmoTpsi Ha TO UTO CHMHTE3MPOBATh HYKJIEOTHAHYIO MOCJEI0Ba-
TEJABLHOCTD LIEN0T0 I'eHa 04eHb TPYAHO, 3HAYNTEIbHYIO LIEHHOCTD Mpeji-
CTaBISET CHMHTES 1aXKe MX KOPOTKHMX YYACTKOB jutHHOM 15— 20 nyxie-
OTHJIOB, KOTOPbIE NPUTIOJIHbI B KayecTBe creuuduieckmx 30HI0B JUIS
rubpuausainu. Takue 30H1bl HCTIOAB3YIOT B Cay3epH- H HO3epH-6J10T-
THHIE, & TAKKe MpU CKpUHMHIre pekoMbunanTHeix kioHoB JIHK. Cun-
TE3MPOBAHHbLIC IN Vilro KOPOTKHE HYKJIEOTHJIHBIE TOCJIEA0BATEIbHO-
CTH TMPHUMEHSIOT B KayecTBe MpaiiMepoB NpU OIpejeieHUH HYKJIeo-
THIHBIX TI0C/e0BaTenbHOCTei o Metony Caxrepa (cM. Boiiie), CHH-
TETUYECKHE CErMEHTbI — JIMHKEPBI, COJEepXalilue CcalThl Y3HABAHMS
pecTpMKTas, IMrupyloT ¢ (pparmentamu JAHK, scrpanBaeMbiMu B BEK-
TOPBI, YTO CYIIECTBEHHO O0JIeryaeT MaHUIyJIMPOBaHUE C KJIOHHpYe-
MbIMH TE€HaAMM.

XUMHUYECKHUIT CHHTE3 NOJHIC30KCHPUOOHYKICOTHIIOB B HACTOSILIEE
BpPEMS MPAKTUYECKH MOJHOCTHIO ABTOMATU3UPOBAH M TIPOBOAMTCH Ha
VCTAHOBKAX, Ha3blBaeMbIX «CHHTe3aTopbl JJHK».
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JIOCTUXEHHMS U NMEPCIHEKTHBBI TEHETUYECKON
NHXEHEPHHA

Toayuenne OMONOrHYECKH AKTHBHBIX coejauHenwii. I'enermucckas
MHXXEHEPHs: He TOJbKO OTKPbUIA BO3MOXHOCTH JUIS KOHCTPYMPOBAHHH
reHOB, HO M JIEIJIa B OCHOBY HOBBIX @J1bTEPHATUBHBIX TEXHOJIOTHI I1O-
JIvaeHnst GMOIOrMUecKH aKTHBHBIX COS/IMHEHUI (TOPMOHOB, PHJIM3HHI -
(bakTOpPOB, PEryJIsSITOPHBIX NMENTHAOB, HHTEP(EPOHOB M Jip.). MHorHe
M3 9THX COEMHEHMIA COACPXKATCA B OMOMIOrHUECKMX 00bEKTaX B HUUTOX-
HBIX KOJIMYECTBAX, U UX NPEenapaTMBHOE BbICIEHUE TPALHLIHOHHBIMH
OMOXMMHMUYECKHMH METOMAMN OKa3bIBAETCS CIMIIKOM TPYIOEMKHM, a
MHOT1A U HEBO3MOXHBIM. METOIbI FeHETHYECKOH MHKCHEPHH 103BOJISI-
0T MPEOA0JIETh DTH TPYJIHOCTH NMYTEM aMIUTH(GUKALIMKM COOTBETCTBYIO-
ILIMX TeHOB, MX KIOHMPOBAHMS W SKCIIPECCHHU B KJIeTKaX DakTepuid, 1pox-
kel M BbICTPO PErIMIMPYIONINXCS KJICTKAX MHOTOKJICTOUHbIX OPraHmu3-
MOB ¥ TaKnM 06pa3oM JOGHTBLCS TTOJIYUeHUS] 3HAYNTEIBHBIX KOJIHYECTB
(hM3UONIOrMYECKM aKTHBHBIX MOJIEKYJI, NPUTOAHBIX /UTsl MPAKTHYECKOTO
MCIOJIL30BAHUS B KAUeCTBE ME/IMIIMHCKUX TTPENapaTos, MHUILEBLIX MPo-
JIVKTOB U T.J. B KauecTse nNpuMepoB NpakTHYECKOro MCIOIL30BAHHS
METOJIOB Ie HETHYCCKON MHXKEHEePUHU OCTAHOBUMCS Ha TEHHO-UHXEHEep-
HBIX criocofax MmojayyeHus NenTUAHBIX TOPMOHOB U MHTEP(HEPOHOB.

OHUM U3 NEPBBIX METOAAMM TEHETHUYCCKON MHKEHEepHH ObuUl rmoy-
YEH 20pMOH pocma weaogeka — coMmatorpontbiii ropmod (HGH). B opra-
HU3ME OH CUHTE3MpyeTes KieTtkamu runodusa. SToT TOPMOH COCTOUT
13 121 aMMHOKHCIOTHOTO OCTATKA, ero MoJji. macca coctasasier 20 x/la.
Cxema nonyuerng HGH ¢ ucnonb3oBaHueM reHHO-MHXEHEPHBIX Me-
TOAOB npusegeHa Ha puc. 187. OtnpaBHOii TOUKOI /UIS TTOJYYEHHS! rop-
MOHa pocTa SBJIsUIoch BbulesieHue cootsercrnyioneit MPHK u3 xkie-
Tok runodusa. Jlanee ocymectrasian cuutes kJAHK, u3 koropoii B
AanbHEeM BbIIETUISIN 001acTh, KOANPYIOLIVIO CUTHAJIBHBIA Ner-
THI, a BMecTto Hee Berpansanu Tpurier ATG, KOTOpbIH KOaMpyer
AMMHOKHCIIOTY METHOHHH ¥ CJIVKUT CHTHAJIOM Havyala TPAHCIAIMM B
OenoKeHHTe3HpyIoliei cucteMe kietok. K nonyueHHOMY TakuM obpa-
30M TeHY MPUCOETHHIN HeoOxouMbie /Uit ero 3 hekTnBHOI 3KCn-
PECCHH PEryJsiTOpHbIC 2JIEMEHThI (ITPOMOTOD M JIMJEPHYIO I0CIeA0Ba-
TeALHOCTL, ciayxautyio i npukperienus MPHK k puGocome) u
3aTeM BKJIIOYAJIM BCKO 3TV KOHCTPYKLMIO B COOTBETCTBYIOLLYIO ILUIa3-
MMILY, TOJIy4asi TAKMM 0OpasoM BEKTOP MOJIEKYISPHOro KJIOHMpPOBa-
Hus. JanbHeitmas tpaHcdopmaiiis M KJIOHHPOBAHUE 3TOTO BEKTOPA B
OAKTePUAIBLHBIX KJIETKAX, T OCYLUECTBISIETCH MHTEHCHBHAS PEIUIv-
KalMsl, TPAHCKPUIILMS W TPAHCISALMS, MO3BOJIsSET MOAYIHTh HeoOxo-
JIIMMOE KOJIMYECTBO FOPMOHA, KOTOPBIi 3aTeM WCIMOJIb3YIOT HE TOJILKO
B MEMIIMHCKHMX IIeJsIX, HO M B NMPaKTHYECKOM XHBOTHOBOICTBE, 10~
BBILIAS C €0 NMOMOILIBI0 HHTEHCUBHOCTL POCTA JKHBOTHBIX.

[Monyuenue comamocmamuna NpeACTaBaseT co00il MHTEPECHBIN
NpUMEP LieJeHANPABICHHOTO KOHCTPYMPOBaHMSA OEIKOB, BbIMOIHSC-
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IMaasMuaHLBI BEKTOP 3

ATG
ObnacTh CBA3LIBAHMSI
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l'opmon pocTa yenopeka

Puc. 187. Cxema noayueHus ropMoHa pocTa YeJa0BeKa:

@ — BBILIEIUICHHE PECTPHKTA30iT 061acTi, KOMMpyloeil cHrHaANBLIBIE MenTi, U npu-

coeanuenye Tputieta ATG. Koaupyiouiero METHOHUN; 6 — MPHCOCANHEHHE K TEHY

npomotopa M obnacti, Heobxoaumoii a1a ceaspiBannsg MPHK c pubocomoii E. coli,
BKJIIOYEHHE B BEKTOP; 8 — IKCIpeccHs reHa B KIeTKax 0akTepun

MOTO C ITOMOLIBIO METOA0B reHETHYECKOH HHXCHCPHH. ComaTtocTaTni
npeacrapaser coboit KopoTkuit nenTua (couepkurt 14 aMMHOKHMCIOT-
HBIX OCTATKOB), KOTOPLIH CHHTE3UPYETCS B XKEIYAOUHO-KHILEYHOM
TpakTe M TOPMO3MUT BhICBOOOXIEHHE M3 runodusa ropMoHa pocTa.
[TonyunTh COMATOCTATHH B KJleTKax OakTepuit B 3HAUUTEILHBIX KOJIN-
YECTBAX MEPBOE BPEMs HE YAaBaJIOCh, TAK KAK OH OBICTPO paspyluaics
NPOTEONUTHUECKUMHU (pepMeHTaMH. YToObI «0OMaHyTh» BHYTPHKIIETOY-
Hble OakTepuanbHbIE NTPOTEa3bl, MPUILIOCH CKOHCTPYMPOBATL XiMep-
Hbill Genok — NCKYCCTBEHHBIH MPELIECTBEHHUK coMATOCTaTHHA. B 3TOM
Oenke B kauecTBe N-KOHIEBOIO YYACTKA MCIOIL30BAIM JIETKO CHHTE-
supyeMblit G6enoKk 6akTepuH, a K HeMy uepe3 aMHHOKHCIOTY-CBSI3KY
IPUCOCIAMHMWIN CaM COMATOCTATHH. Bce 310 66110 CIeJ1aHO Ha YPOBHE
reternueckoro matepuana (JIHK), kotoperii 3ateM KJIOHMPOBAIH B
cooTBeTcTBYIONIEM BekTope (puc. 188). Jlng cuHTe3a comarocTtaTuHa
ero re’ ObUl MOJYYeH METONOM XUMMYECKOro CHHTE3a, a MoTOM COo-
BMelleH ¢ DaKTepHaTbHBIM TEHOM [-TamakTo3u/1a3bl, K KOTOPOMY J10-
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Puc. 188. Cxema nosyuenust comatoctaTtiia (NOACHCHUS B TEKCTE)

HOJHHTEALHO noacTponan (hparmMeHT OAKTEPUATBHOTO OMEPOHA, CO-
JICPKALINIT MPOMOTOP 1 orepatop. B KauecTse CBA3YIOLLEro 2JIeMeHTa B
3TOM KOHCTPYKUMM Obi1 Mcnonb3oBad Tpurier ATG. Byayun tpaHc-
chopMHpoOBaH B cOCTaBe IJIA3MMIHOIO BEKTOpa B OaKTepuanibHbie KJIeT-
KM, DTOT I€H CJYXWJ MCTOYHMKOM IUIS CHMHTE3a B HUX XMMEPHOro
Oesika, cojepxkaliero 1mocjiefoBaTe]IbHOCTH $-ralakTo3uaa3bl U CoOMa-
TOCTATHHA, COCIMHEHHBIC Yepe3 ocTaToK MeTHOoHMHA. Tlocie Buinene-
HHMS M3 KJIeTOoK Haktepuu 3T10T Genok obpabateiBanu 6poMLHAHOM, B
pe3yJIbTaTe Yero INPOUCXOINIIO ero paculeryieH1e 1o ocTaTKaM MeTHO-
HUHA ¥ TaKuM 06pa3oM A0CTUTAJIOCH BBIWICHEHHE M3 ero cocTasa (m-
3MOMOTHYECKH AKTHBHOTO MENTHAA — COMATOCTaTHHA. Ycenex paboThb
obecreunBancs NPeaABAPUTENBLHBIM AHATM30M NEPBUYHON CTPYKTYPDI
COMATOCTaTHHA, B COCTABE KOTOPOI'0 OTCYTCTBYIOT OCTATKH METHOHMHA.
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Ocoboe 3HayeHue WISl MPAKTHUECKOH MEIULIMHBI UMEJT FeHHO-HH-
JKEHEepPHbIN cunmes uncyauna, OT HEJOCTATKA KOTOPOro, IPHBOMISIIE-
ro K aMabery, NMoBCEMECTHO CTPaJaeT OIPOMHOE KOJMYECTBO JIONEH.
WUHcynuH, crpoeHde KOTOporo nojapoOHO OCBELIEHO B 1. 2, CHHTE3U-
pyeTcsi B MOJIKeNyI0uHON kenese B hopMe ofiHOLIeNoueyHoro Genka-
npeiecTBeHHUKa — npenpouncyauna. TTpenponmHCYINH CONEPXKUT CUT-
HaJBHBIH TIeNTHI, AMHHOKHCIIOTHBIE MocienoBatebHocTH A u B,
COOTBETCTBYIOIINE TOJIUIENTHIHBIM LICTISIM 3DEJIOr0 TOpMOHa, a Tak-
ke coenmHuTenbHbIH nentua C. B KneTkax momkeny10uHoil Kenesbl
roclie cuHTe3a 6e/Ka-npeaiieCTBeHHUKA CUTHAIbHBIH NeNTHI OTIIEN-
JsieTcst M obpasyeTcsi npouHCyAlH — MOJIEKYJIa, B KOTOPOil CoXpaHsieT-
csi coetmHuTeNbHbIN nenTia C, HeoOXOMMMBbII UIS MPaBHILHOI OpH-
eHTauun A- u B-ueneit ropmona. Ilocne o6paszoBaHus JIBYX JHUCYTb-
buanbix MocTukoB Mexy tensamu A M B ynansiercst nentun C u obpa-
3yeTcsi 3pejiasi MoJieKyJla MHCYJIMHA, obnagaloias ropMOHAILHBIMH
cBoicTBaMM (CM. puc. 29). UHCYIMH MOXHO BBLIEAATD M3 KMBOTHBIX
(CBMHEN M TeasAT), HO HEKOTOPDIE JIIOJAN UCIBITLIBAIOT AJUIEPIUIO K €T0
npenaparaM, MoJy4eHHbIM M3 KMBOTHBIX, Ja M CAMH BO3MOXHOCTH
BBIJAEJEHHMS U OYUCTKH FOPMOHA He BecrpeaelbHbl.

B 1978 r. B CILA nyreM XMMHYECKOro CHHTe3a ObLIM 1MOJYUYeHBI
reHbl, KOAUPYIOLHME AMHHOKHCIOTHBIC MOCAS/10BATENBLHOCTH 3PEoro
ropMOHa, M jiajiee OCYIIECTBIEHO HX KJIOHMpOBaHHue B KieTkax E. coli.
OHaKO BBIXOJA 6MOJIOrMYECKM aKTHUBHOIO ropMoHa Obul He3HauuTe-
JICH, BEpOSITHO, B CBA3M ¢ otcyrcTeuem C-nenrtuaa, 6e3 KOTOPOro
T10XO0 NPOXoanIo obpazosaHmne -S-S-MocTUKOB Mexny A- u B-uens-
mu uHeyauHa., B 1980 r. w3 TkaHei yenoseka 6buta Bhuiesiena MPHK
uHeyanHa, a B 1982 r. B Kanane 6bi1a 3aBepieHa padoTta 1o noiHoMy
XMMHUKO-(epMEeHTaTUBHOMY CHUHTE3y reHa NPOMHCYJIMHA IreHHO-HHXKe-
HepHBIMM MeTolaMu. CxeMa 3Toi paboTbl NMPaKTHYECKH aHAIOTMYHA TOM,
YTO IIPUMEHSICTCS JIIsi CHHTE3a COMATOCTATHHA, U Mbl HE OyaeM Ha Hel
ocraHaBiMBateesl. B Halleli crpaHe cMHTE3 reHa NMPOMHCYIMHA ObUT 3a-
pepuueH B 1983 r. 8 Uncturyre Guooprannyeckoit xsumuu um. M. M. Ille-
MSIKMHA 10j1 pyKoBojcTBoM akajieMuka FO.A. OpunHuukosa. Jlekap-
CTBEHHBIC Mpenaparbl MHCYJIMHA YeJOBeKa, MOJIYUYCHHbIE METOAaMM
reHeTHUYECKONW MHXEHEPHUM, BIEPBbIC MOCTYMMWIN B MPOAAXY B AHI-
aun (komnanus Eli Lilly). MHCYMH CTan nepBbIM NMpenapaToM JUis
BpaueOHON NMPAKTHKH, CO3JAHHBLIM C IOMOIIBLIO TEXHOJOIHH PEKOM-
ounantHbix JIHK. BypHoe passutue 3Tux paboT NpUBEIO K BOSHUKHO-
BEHMIO 2€HHO-UHN¥CEHEPHOU 3HOOKPUHOAO2UU, B PE3YJibTaTe 4ero Obuio
OCYLICCTBJICHO KJIOHHPOBAHME TEHOB puausute-(akmopos ropmoHa
poOCTa, KOPTHKOTPONMHA M COMAaTOKPMHUHA. BBeneHue 3THX reHOB B
reHeTHYECKM i arnmnapar Mbillieil 1T03BOJISET PeryanpoBaTh pocT XXHBOT-
HbIX. TakuM 0Opa3soM OTKPLIBAIOTCS NMEPCNICKTHBLI 2eHOmepaniit — We-
NpaBJIeHNsl HACIEACTBEHHBIX 1e()eKTOB NMyTeM BBEJCHUSA B FeHOM [10J1-
HOLICHHBIX TeHOB. BosblIMe yecnexu JOCTUTHYTHI B 00J1aCTH NOTy4YeHHs
METOAAMM T€HETHUECKOIt MHXKEeHEepUN OHOJOrHYeCKH aKTHBHBIX Men-
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THIoB, Tak, B HaLIGH cTpaHe CO3TaHbl WTAMMBIL £. coll, CHHTE3UpYIO-
LIHe B COCTaBe XMMepHbIX OelKoB Heitponentua neii-aHkedanun, a
TAKXKE MEeNTHIAHBIC TOPMOHbLI OPAIMKMHUH M AHTHOTEH3MH.
3HAYUTEIbHOE MECTO B MPAKTHYECKOM UCITOJIb30BAHHH METO/IOB I'e-
HEeTHYECKOI MHXeHepUH 3aHuMaeT cunmes unmepgheponos. B 1957 r.
Ucaaxkc u JInngepmanH oOHAPYKWIM, UTO KIETKH KMUBOTHBIX, I0JI-
BepraiouiMecs BO3IAEHCTBHIO BHPYCOB, BBUICSIIOT B cpeay akrop,
KOTOpbIi crocobeH MpuaaBaTh CBEXKMM (HE 3apaXeHHBIM) KJETKam
YCTOHYMBOCTE K BHPYCHOIT MHpeKIMH. DTOT (akTop, NMPensiTCTBYIO-
LM pa3sMHOXEHMIO BUPYCOB B KJIETKe, ObUl HazBaH MHTEpPdEPOHOM.
[TosnHee BBISICHUAMN, UTO CYLLECTBYIOT TPH IPYNIbI MHTEP(EpPOHOB: o.-
uHTepdeponnl (06pa3yioTcst MPU BO3/1EHCTBMH BUPYCOB Ha JICHKOLIM-
Thl), 3-uHTEpdEPOHBI (CMHTE3UPYIOTCS MPU BO3/EHCTBUM BUPYCOB Ha
hubpobnactel) M y-uHTepdepPOHbl, WIK TAK HA3LIBAEMBIE UMMYHHbIC
unmepgheponst, KOTopble NpoAyLUUpYIoTcs T-nuM@ouuTamMu B OTBET Ha
BO3JIeiicTBME BaKTepHAIbHBIX M BUPYCHBIX aHTHTeHOB. MuTepdhepoHs
npejcTapasiior coboit HeboblMe 10 pazMepy GesikH, cOCTOsIMe U3
146 — 166 aMMHOKHMCIIOTHBIX OCTaTKOB. o~ HTepdepoHb! SIBISIOTCS NMpo-
TEUHAMHM, HE COHCPKAIIMMHU MPOCTETHIECKUX TPYIII, a f- U y-MHTep-
deponsl — raukonporenHamu. Murepdeponsl npejctaBisioT BbICO-
KYI0 LIEHHOCTb [UIsl JIeUeHHUsI 11eJ10T0 psijia 3a00/eBaHmii: BAPYCHOIO M
XPOHHUYECKOTO TEMATUTOB, PACCESIHHOIO CKAEPO3a, MUEJIOMBI, OCTEO-
capkoMbl. EcTb ykazaHmsi Ha nonoxurenbiblil 2¢upekt npumeHeHus
uHTep(hepoHOB [UTS IeUeHUs paka JIeTKMX, Mo3ra U roptaiHu. B To xe
BpeMsi OHOJIOrHUeCKHE MCCIeIOBAHMS TI0Ka3alu, YTo MHTEepthepoHbl
BHIOCTeNDUUHBL, T.e. JUIs JeueHus Jioaei HeoOXxonumel uHTepde-
POHBI, MOJYIeHHbBIE U3 KIETOK uejopeka. OaHako U3 1 1 1oHOpCKO#M
KPOBH MOXHO MOJIYIUThL Beero | Mkr mnrepdepona (t.e. | aosy jus
MHBEKIIMK), M TAKOM MyTh, €CTECTBEHHO, HE npuemaeM. PemuTs npo-
OsieMy OKa3aJ10Ch BO3MOXHBIM TOJILKO € MCMOJIL30BAHHEM COBPEMEH-
HBLIX OMOTEXHOIOrMUECKNX Moaxonos. B To ke BpeMsi KIOHUPOBAHHUE
MHTep(EpPOHORB UejoBeKa — 3alava BeChMa CIOXHast. DTO CBA3AHO C
TeM, uTo B cmecu MPHK, koaupyiommx pastsie 6enku, gons MPHK,
koaupyioieii nHrepdeponst U Heobxoaumoil mis nonyuenust KIAHK,
ne npesbiuaer 0,1 %. [To3ToMy TpyAHOCTD BblEJAEHHs A10CTATOYHbIX
kKojmaects MPHK — nepBasi (Ho e eAMHCTBEHHAs) TPYAHOCTh IPH
npon3pojacTe UHTephepoHoB. Tem He MEHEE CO BPEMEHEM YIaloCh
KAOHMPOBATh TeHbI BCEX TPEX THUMOB MHTephepoHOB, YTO 0bIeriuniIo
MapajuiebHO 3a/1auy M3YYeHHs CTPYKTYpBI 9TUX Oenkos. Tlepsuutbie
CTPYKTYpPbl HHTepdepoHoB ObLIM BHAYAIE ONPeAeIeHbl HA OCHOBE aHa-
JIM3a HYKJICOTHUIHBIX MOCAEAOBATEILHOCTE MX IeHOB, a 3aTeM Ioj-
TBEPXKIEHB! MPSAMbIM CEKBEHHPOBAHMEM AMMHOKMCIOTHBIX MOCIHE10-
BaTeabHOCTell. 3aTem B psle CTpaH, B TOM YUCJIE M y Hac, ObUIM ocy-
LleCTBIEHBI PAGOTEI 110 MOAYHYEHNIO a-HHTephepoHa HeIOBEKa B KIICT-
kax E. coli. Du3uko-xuMHUUECKHe cBoiicTBA MHTEp(hEepOHa, BhIIE/ICH-
HOro M3 Gaxkrepuii, okasanuch OAM3KM K CBOilcTBaM MHTEp(hepoHa,
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BBIIEJIEHHOIO M3 KPOBH JIOHOpPOB. [lanee ymanoch NMOAy4UTb Takue
wraMmbl Gakrepuii, u3 1 1 GakTepHANBHON CYCIIE3UN KOTOPBIX MOX-
HO BbLIENHTL 5 MI MHTep(epoHa (T.e. B 5000 pa3 6onblue, yem u3 1 1
KPOBH yeJioBeka). DTO INMO3BOJIMIIO HAIAMNTS B psijie CTpaH, BKIIKOYast
Poccuio, nipombiluieHHOE NPOU3BOACTBO MHTEP(MEPOHOB ¢ MCTOIB30-
BaHueM E. coli. Tenpl nHTepdepOHOB KJIOHMPOBAIN B KJICTKAX JPOX-
XKeH M BBICIIMX YKapHOT, KOTOPbIE CIIOCOBHBI OCYILECTBAATh TIHKO-
3WIMPOBaHMe ITHX GENKOB, HEOOXOIUMOE /Ulsi TOYHOTO BOCIIPOMU3BE-
JICHUS CTPYKTYPHI - M y-uHTEp(depOoOHOB.

SANOHCKUMM MecieoBaTeNsiMi pa3paboTaHa MHTEPECHAas! cucTeMa
noxyyeHus o-uHTEpdepoHa u3 KposH (remonumdpl) ryceHHIl TYTO-
BOTO 1IEJIKONPSAIA, MOPAXKEHHBIX BUPYCOM SIEPHOTO MOJIM31po3a. B a1oii
pabore ren 6esika Bupyca (noMsapuHa) KIOHHPOBATH B COCTABE I1a3-
MMIbBI, & 3aTe€M IF€HHO-MHXCHEPHBIMM METOAAMH KOHCTPYMPOBAIU
PEKOMOMHAHTHYIO TUIA3MMIY, HECYILYIO reH MHTepdepoHa, NMPUMBI-
KaloLIMii K NIPOMOTOPY MOJN3APHHOBOIO reHa. DTy IIasMHIy UCMOb-
30BAJIH JUIS 3apaXeHMst KyJIbTYPbl KJIETOK TYTOBOIO Inesnkonpsana. Jla-
Jiee M3 KJIETOK BBUICJSUIM BUPYCHbBIE YACTHIILI, COIEpPXKALIMe reH WH-
TeppepoHa, u PerIMLMPOBAIH MX B IMYMHKAX TYTOBOTO ILIEIKOMpSi-
J1a, Y KOTOPBIX 110 MEpPe PasBUTHSI BUPYCHOM MHDEKIMH uHTEpdhepoH
HakaruMsazicst B remoanmpe (~50 Mkr Ha 1 M remonumds). Huke
NpHUBEACHbI HEKOTOPBIEC OesIKK uesoBeKa, MojJydeHHbIE reHHO-MHXKe-
HepHpiMu Metoaamu (B. nuk, JIx. IMacrepnak, 2002):

Benok ITpumenenne B Meunune
AJIPEHOKOPTHKOTPOIHBI TOPMOH Pesmartusm
0 ~AHTHTPHIICHH Ombuzema
I'emornobun Anemus
l'opmon pocra (comaToTponmum) 3anepxka pocra

Wucynun Caxapublii 1uaber

HuTtepneiikuub 3J10KauecTBeHHOE HOBOODPa3oBalHe,
HMYyliHbIE 3a00JeBaHMs

Bupycupie 3aboneBanus, 3nokaye-
CTBEHHOE HOBOOGpazoBaHue

Hurepdeponn (a, B, )

Kansuuronnn Ocreomanaums

JIumdorokeun 310KayecTBeHHOE HOBOOOpa3oBaHHe
Penakcun Ponnr

Peuenrop mnrepneiikuna- | AcT™a, peBMaTOMIHbII apTpuT

Comatonubepun
Comaromeaun C
ChIBOPOTOYHBIN ANLOYMUH Heduuur GeakoB miasMb
Tupeotponnetii ropmon Pax mmToBMAHOMN Xeaesbl
Txanesoit aktusatop miasmunorena  TpomGooGpaszopanie

3anepxka pocTa
3anepxkka pocta

TpomGouuraphsiii akTop pocra ATepocKiepos
Vporactpon A3Bwi
VYpokunasa TpomGoobpazopanne

dakrop, akTUBMPYIOIMIT Makpodarn  310KauecTBeHHOe HOBooDOpasosalmne
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3nokauecrseHHoe HoBoobpasoBaiine
[ToBpexiaeHue HCPBHOM TKaHU

DakTop HeKpo3a OMmyxonH
®dakrop pocta HEpBOB

dakrop pocra anmaepmMuca Oxoru
®Daxkrop VIII : I'emogunus
®Maxkrop IX lemoduams

®axToph pocta B-numdounton Hmmynnbie 3abojcBanus
Xopuonnyeckuii roHaoTponuH ZKernckoe Gecruionue
Aupopdunsl ¥ sHKeanHHB bonb

SpuTponosTHH Anemus, 3abonesatius Io4eK

I'enernyeckas Tpancdopmanus. MeTonaMu reHeTHUECKOH HHXKEHE-
PHH yAAaeTCs He TOJBKO MOJY4aTh OT/Ae/bHBIC TEHHBIC MPOAYKTHI, HO U
HAIpaBJIeHHO KOHCTPYMPOBATL KJIETKHM M HaXe IIeJIble OPraHU3MbI
KkuBoTHbIX. [TepBast Takast nmorneiTKa ObUIa caeaHa aMepUKAHCKHM HC-
cnenonatesieMm JIx.Topnonom B 1980 r.: METO/IOM MUKPOMHBEKIIUHA B
OIUIOAOTBOPEHHYIO SMLEKICTKY MbIIIK ObUla BBeAeHA peKOMOHHAHT-
Hast masmuia pBR322, kotopas conepxaia reH THMWIMHKAHA3L! BU-
pyca reprieca M (pparmeHT reHoMa Bupyca SV40, Bbi3bIBaIOLLETO OIy-
xoJieBy10 TpaHcgopmaimio. B nansHeiieM B reHOM MbILIH U JIPYTUX
KUBOTHBIX VJIAJIOCh BBECTH FeHbl MHTEP(EePOHOB, rOPMOHA pocTa ye-
JIOBeKa M psiji Apyrux. Takue KUBOTHBIC TONYYHIIM HA3BAHWUE mpaHc-
zenublx. OJIHAKO MOJYYEHHWE TPAHCTEHHBIX XXMBOTHBIX (eenemuteckasn
mpanchopmayus) npeacTapaser coboil CI0XHBIIT U HEOIHO3HAYHBIN
Npoliece, Npexae BCero moToMy, 4TO MHTErpalus YyKepoHbIX FeHOB
HOCHT CIYYaHHBIA XapakTep M, KaK CIeACTBHE, MOTYT MOBPEXIaThC
cOceHUe TeHbl PeLMITUEHTA, PACTIONOXEeHHbIe BOAN3H yJacTKa BHe-
npenmsi yyxeponHoit JIHK.

Pezyasiyus sKcnpeccuu 6cmpaugaemsix 2eH08 TaKXe MpeICTaBIIsIeT Cco-
00t cioxHyIo mpodaemy. OObIYHO DKCIIPECCHST TAKHX FEHOB MMEET He-
OJIHO3HAYHBIH XapakTep (reHbl MOTyT «0eCKOHTPOJIbLHO» BKIIOYATHCH B
Pa3HbIX TKAHSIX Ha Pa3HbIX CTAAMSIX PA3BUTHSI TPAHCTEHHOIO OPraHnu3Ma).
YT1o6Bl 3TOr0 M30eXaTh, BBOAMMBIC I'¢HBI COBMELIAIOT CO crnenudu-
UECKUMU pe2yaupyemsiMii BPOMOMOopamii, KOTOPbie MOMOTraloT 1o Mepe
HEOOXOAMMOCTH 3aITyCKATh 9KCIPECCHIO (TPAHCKPUIILINIO) 3THX TEHOB.
K umciy TaKMX NPOMOTOPOB OTHOCHUTCS MPOMOTOP reHa MeTaIOTHO-
HeuHa | — Gesika, cnocobHOro CBA3LIBATL MOHBI THXE/bIX META/LUIOB
(em. . 2). Uuaykums 6GMocuHTe3a MeTAIOTHOHEMHOB IPOHCXOINUT B
TKAHAX JKMBOTHBIX MPH MOCTYIUIEHHU C MUUIEH MOBBIILIEHHOTO KO-
YECTBa COJICH TSKENbIX META/LUIOB. YUNTBIBAsA 9TO, B OMbITAX IO MOJIY-
YEHNIO TPAHCTEHHBIX JKMBOTHBIX NTPOMOTOP METaOTHOHEHHA (Pyr.y)
COBMELIAJIN C FEHOM rOPMOHA POCTa M BBOAMIN B TUtasmMuay pBR322,
KOTOPYIO 3aTeM UHBELMPOBAIIN B OTUIOTOTBOPEHHYIO SHIIEKIICTKY MbILLM.
Ecnm 3aTeM poIMBLIMMCS TPAHCTEHHBIM MbILIAM J00ABISsIN B IHILY
LIMHK, TO BCJEACTBME MHAYKIIWM TPAHCKPMMLIMM HA MPOMOTOpE Me-
TAJUIOTHOHEMHA HAYMHAICS YCHJIEHHBIH CMHTE3 rOpMOHA pOcCTa, YTO
MPUBOIMIIO K PE3KOMY (JIBYKPATHOMY) YBEJIMYCHMIO PA3MEPOB M Mac-
Chl TeJia MBbILUEH.
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BBenenue cooTBETCTBYIOIMX reHeTHYECKHX KOHCTpyKumit B JIHK
OMNOAOTBOPEHHBIX SAHIIEKIETOK CeNbCKOX03SMCTBEHHBIX KMUBOTHBIX
(KOpoB, K03, OBeL,, CBMHEI) M NTHIL CTUMYJIMPYET MX POCT M MOBbI-
HIAeT BBIXO/L MPOAYKTOB IUTaHUsA. [TonyuyeHsl nomymsiiuu TpaHCreH-
HBIX pBID (Jlococeit), B KOTOPBIX Macca Tela roloBansix ocobeil B 10
pa3 MpeBbIlIaeT TAKOBYIO y 00bluHbIX pbi0. KpoMe Toro, renetuuecku
TpaHC(OPMUPOBAHHbBIE XHMBOTHBIE MOIYT ObITh MCIONB30BAHBI KAk
«Onodabpuku» no npousposicTBy 6enkoB yenoseka. MonoKo TpaHc-
FEHHBIX KOPOB MOXET CJIYXKHTh, HAIIPUMEP, UCTOYHHKOM JUlsl T10JIVYe-
HHst BENIKOB uesioBeKa, HeODXOMMBIX JUIs JIeYEHUs psijia 3a601eBaHMiL.
Konuuectso monoka, nosyyennoe B reuerHne roja or 20 TpaHCreHHBIX
KOpPOB, JIOCTATOYHO JUISl [OJIHOTO YIOBJIETBOPEHUA NoTpebHOCTE Me-
anuunbl B 6enke C, npeporspaiiaioiiem tpomboodbpasosanue. C apy-
FOH CTOPOHBI, OJIHON TPAHCTEHHOI KOPOBLI OYAET AOCTATOMHO JUis
BbLICJICHMS M3 ee MOJIOKa Heobxoamumoro Kosmvectsa (pakropa IX (dax-
Top KpHermaca) — KOMITOHEHTA KaCKaaHOTO MEXaHM3Ma CBEpPTHIBA-
HHS KPOBHM, KOTOPBIH BBOAST GonbHBIM remodmnueii. [Toayuenst nn-
HUHN TPAHCTCHHBIX CBUHEI, B KPOBH KOTOPBIX HAKAIIMBACTCSH I'eMO-
robun venoseka. Co3naHbl TPAHCTEHHbIE CBHHBH, Y KOTOPBIX 11PO-
JYKTBl 9KCIIPECCHU TEHOB MHIMOMPYIOT TNMPOIIECC OTTOPXKEHMS Opra-
HOB XXMBOTHBIX MIPM UX TE€pecaike MMpuMartam, YTo OTKPBIBACT Iepe-
NEKTUBbI YCHCIIHOM TPAHCIUIAHTAIIMM OPTaHOB XHBOTHBIX B OPraHU3M
YyeJI0BeKa.

MeToibl reHeTHIeCKOoi MHKEHEPUH MOXKHO HCNOAb30BATH UIsl UG-
npasieHus AeeKTHLIX FTeHOB B ofpamnod eenemuxe. B 5ToM Hanpasie-
HHHM HAYMHAIOT paboTy C BBIICICHHS M3 KJIETOK HYXXKHOTO Benka. 3atem
MOJIYYAIOT reH 9Toro 6eska, aMnanuIUpPyIOT €ro, oNnpeIesior HyK-
JICOTHAHYIO MOC/ICA0BATEILHOCTh M BHAOM3MEHSIOT €€, COo3/aBasi My-
TAHTHBIH reH. Ecan noayyennslit Takmm obpasom in vitro red ssectH B
OIUIOIOTBOPEHHYIO SANHLIEKIETKY, TO MOXHO MOJYYUTh MYTAHTHBI
(TpPAHCTEHHBIH) OPraHn3M, YTO CTAI0 OOBIMHOM npm.tenypo'ii B OTHO-
LIEHNH He TOTBKO MBIIIEN, HO M JIPYTUX MHOTOKJIETOYHBIX TeCT-00heK-
TOB: IPO30(DMJIbI, KPOJIMKOB M JIp. BBeleHHBII r'eH MOXET BCTPOUTHCH
B XPOMOCOMY B pe3y/ibTaTe rOMOJIOrHYEeCKOM PeKOMOMHAIIMKM 1 CTaTh,
TaKHM 00pa3’oM, NMOCTOSIHHBIM 2JleMeHTOM reHoMa. Eciin a1oT ren TpaHc-
KpuOuMpyercst, To B KJIeTKax OVIeT CHHTE3MPOBATHCH U3MEHEHHbII Oe-
JoK. Tlpn BBejieHMM MYTAHTHBIX T€HOB B KJICTKH Gaktepuii M Jpox-
XKell, KOTopble, KaK NMPaBujo, FaAnJIONIHLI, 3TH TeHBbI J0CTATOYHO Ya-
CTO PCKOMOMHHUPYIOT ¢ HOPMATLHBIMH TOMOJIOTAMHM, U JIAJIee BCE KIETKH
CHHTE3UPYIOT MYTaHTHbII Oe10K. ¥ BblCLINX (AMIUIOMIHBIX) OpraHu3-
MOB BCTABKA (uHCepyus) UMeeT ciyuaitHblil XapakTep n oObLIUHO B re-
HOME MMEIOTCS /IBa reHa (HOpMaJIbHBII 1 MYTAHTHBINA), a4 3aMeHa reHa
06bIuHO npoucxoaut He yaue 1 pasza na 1000 onsitos. YToOs! «BbIBE-
CTH M3 CTPOSi» TOM WIM MHOW TeH (B npuHLMNe Ji000i reH, B TOM
UMCIIe M TOT, 9KCMpeccust KOTOPOTO MO KaKOoH-TO NPUYMHE HE XKeja-
TebHA), TPUMEHSIOT LIeJICHATIPABACHHO TMOJYYEHHbIE HCKYCCTBEHHBIE
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reHsl, Komupyiomme anmucmoicrogsie PHK. C nOMOLIBIO TAKHX IT'eHOB
MOJXKHO CO3/1aBaTh AOMHUHAHTHBIE MyTaiu. [Tpn o1HOBpeMEHHOMH 3KC-
TIPECCHM JIBYX TEHOB — «HOPMAJILHOIO» ¥ MYTAHTHOTO — OymeT npo-
ncxonuth cuHTe3 asyx Bunos MPHK — HopManbHOil U aHTHCMBICIIO-
Boit PHK. B pesy/ibrate ux rudpuamnsannu 6uocunTes 6enka 6yaer 6110-
KMpOBaH M KJIETKA MepecTaHeT MCMBIThIBATH BO3JCHCTBHE <«HEXeNa-
TeJBLHOTO» I'eHa.

IMonyyenne TPAHCTEHHBIX PACTEHHi. DTOT METO/L UMEET OTPOMHOE
HayYHO-TIPAKTHYECKOE 3HAUYCHHE TIPEXKJIE BCEro Ul YBEJIMYCHHS ITH-
mesbix pecypcos. [To gannpiv FOHECKO, k 2050 r. Hacenenue 3eMin
MoxeT yaBouThes 1 Gyer coctasasth 11 mapa. Tpaanumonnoe cesbe-
KOXO034HCTBEHHOE NPOM3BOJACTBO HEe B cocTossHUM Oyner obecnevuTsb
COOTBETCTBYIOILMIT POCT MPOAOBOJILCTBHSA, MT09TOMY W OCHOBHBIC Ha-
JIEXIbI B 3TOM OTHOLLEHHH CBSI3aHbl C HOBLIMH I'€ HHO-MHXEHEPHBIMH
OMOTEeXHOJIOrMAMH. TpajiMIIMOHHBIE METO/bl CEJIEKIMH M METOAHKa
CJIMSIHUS IPOTOTJIACTOB, XOTSI M NMO3BOJIAIOT 10Jy4aTh HOBbIC FEHOTH-
Mbl pacTeHuii, HO TPeOYIOT MHOTO BPEMEHH M [IAJTIEKO He BCeraa npu-
BOJSIT K YAVULIEHHUIO X035 MCTBEHHO-IEHHBIX NMPU3HAaKoB. B TO Xe Bpe-
M3l BOOKHBIM TIPEMMYILECTBOM PACTEHHIt 110 CPABHEHMIO C XUBOTHBIMH
SIBJISIETCS CIIOCOOHOCTD UX KJIETOK W MPOTOIUIACTOB PasBUBAThCs B Lie-
J10€ pacTeHuil — momunomeHmHocmsp, YTo, eCTECTBEHHO, MCIONb3Y-
ercst B paboTax 1o 1moayyeHUIO TPAHCTEHHBIX PACTEHHUIA.

C MCHONL30BAHUEM TNPUEMOB ICHETUUYECKOI MHXXEHEPUHM IeHeTH-
yeckasi TpaHcopmaliMs pPacTeHUH MOXET OCYLIECTBISITBCH 6eKmop-
Hom chocofom (C Mcnonb3oBaHueM arpobakTepuii U BUPYcOB) JMGO
nyTem npamoo nepenoca 2enos. Haunnas c cepenmuni 80-x r. XX B.
CO3MAIOTCH BEKTOPHI Ha 6a3e rpaMOTpUIaTe/IbHBIX MOYBEHHbIX OakTe-

* puit Agrobacterium tumefaciens. Arpobakrepun 061a1a10T CrIoCOOHOCTbHIO

MHTErpUPOBaTh CBOM FeHETHMUYECKMI MaTepHall B KJIETKH ABYAOIbHBIX
pactenmii. Ouun copepxat kpyntbie (~200 k6) Ti-rasmusi (OT aHIJIL
tumor inducing — BBI3BIBAIOIAS OTYXOJIb), HECYLIHe TaK Ha3blBae-
myio T-IHK (ot aurn. fransferred — nepenapaemas). T-JAHK npex-
crasasier co6oii onpeneneHnyio obnacts niasmuatoin JTHK (~20 k6),
CIOCOBHYIO BKTIOYATHCH B sIEPHBII FeHOM pacTHTe/bHOI KneTku. B T-
JHK conepxarcsi reHbl (PHTOrOPMOHOB, NMPOIYKTHI 3KCNPECCHH KO-
TOPbIX MHAYLMPYIOT Y TPAHC(HOPMUPOBAHHBIX PACTEHUH HEKOHTPOJIH-
pyemblit poct HeanddepeHIMPOBAHHBIX KJIETOK M BbI3bIBAIOT 0Opa30-
BaHue onyxosieil — koponuarbix rauios. B T-JIHK conepxarcs rakxke
reHbl, KOAMPYIOLIME ONMUHBI, — HEOOBIYHbIC MENTHIbI, KOTOPbIE HC-
NoJb3yIoTCsi GaKTEPUsIMH B KauyecTBe MCTOYHMKA a30Ta M yriaepoja.
rEHbI, OTBETCTBEHHEIE 3a MHAYKIIHIO OITYXOJIH, CHHTE3 OIMUHOB H I10-
napjieHne audepeHIMPOBKM KJIETOK NMOpaXaeMoro pacTeHusd, pac-
noJjioxkeHs! 61m3ko apyr ot apyra B T-IIHK-nnasmuze. B To xe BpeMsi
reHbl, OTBETCTBEHHBIE 3a niepeHoc n uurerpaumio T-JIHK B xpomoco-
Mbl pacTeHMil, HaxoaaTes B Apyroi obmactu Ti-rmasmumsl — vir-o6-
nactu (puc. 189, A).
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T-THK

Puc. 189. Mcnonbsopanne Ti-nuasMuibl B KauecTse BEKTOpPa /Uls nepeHoca
reHoB B pactutenbHbie KaeTkn (no S, U. bypesnosy, 1999):

A — crpoenne Ti-naasMunr: vir — 061aCTh BUPYICHTHOCTH; TPEYFOJILHIKAMH MOKA3A-

Hbl ITPAMbIC TTOBTOPBI JUTHHOM 25 H. M., MEKAY KOTOPRIMH MOXHO BCTABAATH HYKHBII

rei; ori — TOUKA Hayaza perutMKaummu: 5 — nomydeHne uUeJHOUHOTO BEKTOPA, Cyka-

LUETO JUIH NepeHoca IeHoB B pACTHTEIbHBIC KICTKH; B — 4eanouislii BeKTop Ha ocHOBe

T-IHK w R-naasmuast E. coli; Tet” — ren yeTolMHBOCTH K TeTPaLMKANHY; Ori —
TOUKA HAYAIa PEIUIMKALUNT TUIA3MUILL ¢ IIHPOKUM KPYTOM X03seB

Uyxeponusiit  pBR322
IcH
3apaxenue

BETPOCHIEIM FEHOM

Ti-naasMuael npeacTasasoT coboii 0ueHb Y06HbIE eCTCCTBEHHbIE
BEKTOpHI, 1ockoabky ux T-JIHK orpannuena npsampiMn nosropsio-
IIUMUCH NOCICA0BATEIbHOCTAMM JUIMHOH 25 H. 1., MEeX1Y KOTOPBIMH
MOXHO BCTPauBaTh HYXHbIii reH, n oH nopobro T-JAHK 6yaer nepe-
HOCHMTBCS B KJIETKH pacTeHuil. TpaHCreHHbIe pacTeHUs MOJIy4YaloT, He-
mojib3yst Moancuumposanuyio T-IHK, B koTopoii oHKorens! 3ame-
HEHbI HA HYXHbIH I'eH.

B cBasu ¢ Tem uto Gosibuime pasmepst Ti-naasMun 3aTpyaHsioT Kio-
HUPOBAHME, UX MCIIONBL3YIOT B OukapHol cucmeme, N0GHBAsCh pe-
komOuHamu obnactn T-ZIHK ¢ reHoMaMu Apyrux, He6OIbIIUX M43~
M (Tuna pBR322), crnocobHbIX periMiMpoBaThes Kak B arpobakre-
pusX, Tak M B Kinetkax E. coli. Takum o6pa3’om moayyaioT BEKTOPbI,
cnocobHbie 3 hexkTHBHO TpaHC(OPMHUPOBATL TEHOM KJIETOK BHICIINX
pactenmii (puc. 189, b, B).

388

Bupycnsie gexmopbi Noay4aloT Ha OCHOBE (YUTOBUPYCOB, OOJIBLILINH-
CTBO KOTOPBIX comepxat oanouenoveynyo PHK, koaupyoutyio Gen-
KH, He0OXOAMMBIE JUISl PEMJIMKAIIMK M TPAHCIIOPTa BUPYCa B PACTCHUSI.
B renHoit MHXeHepHH YacTO UCTIONL3YIOT CHIBLHBIC BUPYCHBIC TIPOMO-
TOpBI (HarpuMep, 35S-NpoMoTOp BUPYCA MO3AMKH LIBETHOI KaIlycThbl).
CubHBIE TIPOMOTOPBI PACTEHMIT MOXHO MCIOJIb30BATh JUISE 3KCITpec-
CHM YY)XCPOIHBIX F€HOB M B JIPYTMX BEKTOPHLIX CHCTeMax. BuilieHas-
BAHHBII MPOMOTOP BMPYCAa MO3AHUKHM LIBETHOIT KanycTbl He obiamaer
TKaHeBoil creum@prUHOCTBIO M AKTHBEH HE TOJBKO B KJIETKaX Kpec-
TOLBETHBIX, HO M B KJIETKaxX pacTeHUi JPYrux ceMeHcTB.

bezgexmopnvie cucmemsl JAIOT BO3MOXHOCTb MPAMOro rnepexHoca
uyxeponaHoit JJTHK B pactutenbHbie npororiactsl. B atoM cayvae mc-
MOJB3YIOT METOJIbl JEKTPONOPALMH, MUKPOMHBEKIIMH U OaIHCTH-
YECKMH MeTOoJL.

Dnekmponopayus — KpaTKOBPEMEHHBIE ANEKTPHUECKHE paspsiibl (1 —
100 mke npu Hanpspkeaun 1000— 10000 B/cm) yBenmuusalor npo-
HUIaeMOoCcTh MeMOpaH NpOTOMAACTOB, UTO OGNETYAET NMPOHUKHOBE-
nue uyxkepoanoit JITHK. D1uM Meronom Obin mosyueHsl TpaHCTeH-
HBIE pACTEHHs KYKYPY3bl, pUCA M CAXapHOro TpocTHUKa, Mukpouns-
exyuro IPOBOJAT MOJL MUKPOCKOIIOM C MOMOIIBIO CTEKISIHHON MIJIbI,
BBOg yepes Hee JIHK B sapo knetku. Takum criocobom 6bLIM momy-
YeHBl TPAHCTEHHbIC PACTEHMS SUMeHsA M KanycTwl. bariucmuueckui
Memod sIBNSeTcs Ha CErOIHAITHMI IeHb OJIHUM U3 caMbIX 3¢hdeKTun-
HBIX [UTst TpaHchopMaluu OIHOAOALHBIX pacTeHuit. B 9Tom MeTone Ha
vyactuubl Boiaspama auamerpom 0,6 —1,2 mxm nanssercs JIHK
BEKTOpa, colepkKaiias HeoOX0IMMYI0 Uit TpaHc(hOPMAllMK reHeTHye-
CKYIO KOHCTPYKLMIO. 3aTeM 3TH YacTH1bl HAHOCAT Ha ueuiodaHoByio
MOUTOKKY M NMOMELIAIOT BHYTPb OJIINCTHYECKOM TYILKH, TPHHLIATI
JIeiiCTBUS KOTOPOil COCTOMT B M3MEHeHUM Aawitenus. B MmomeHT cOpa-
ChIBAHMSI TABJACHUS BOJIL(PAMOBbLIC YaCTHILbI ¢ OOJBLIOH CKOPOCTLIO
BBIOpACHIBAIOTCS M3 OAIMCTUUECKOI MYIUKH M TIPOHUKAIOT B LIMTO-
M1asMy | SUIpo TPaHC(OPMUPYEMBIX KJIETOK. DTHM METOIOM VIAJI0Ch
MOJAYYHUTH pacTeHUsI-TPaHCc(OPMAHTBI pUCa, SIMMEHS, MIIeHULIbl U Ky-
KYPY3bl.

[Mpsamoit nepernoc JIHK B pacTuTenbHble MPOTOIUIACTHI MOXKET MPO-
BOJIMTBHCH C MCIOJIL30BAHUEM JIMIIOCOM — C(hepHUeCcKHX YACTHLI, MEM-
Opanbl KoTopbix coaepxar cocdonunmisl. Yactuusl o6BOIaKUBAIOT
tpanchopmupytontyio JHK u teM caMbiM 3aiMILAaOT ee OT HyKieas.
JINmocoMbl MOXKHO CO3AThH MYTEM BCTPSXMBaHUS win 06paboTKH yiibT-
pasByKOM BOIHBIX dMyabeuit hoconnnuios: docdarnamicepuna, je-
uutiHHA 1 ap. C MoMoliLbIo JIMITOCOM B IPOTOIUIACTHI PACTEHHI yaeTcs
peectH JIHK Ti-nnasmun, a Takxke ueasie MetadasHbie XpOMOCOMBL.

[Mpu nosbimeHUH 3(PHEKTHBHOCTH BbIPALLMBAHUS KVJIBTYPHBIX pa-
CTEHMI PeATM3VIOTCS [1Ba B3aUMOJIONOJIHSIONIMX MOMEHTA: ViIyulie-
HUE MUIIEBBIX (WM TEXHOJIOTMYECKMX) KAYeCTB, a TAKKe MOBBIIICHHE
VCTOHUHBOCTH K GHOTHUECKHM M aGHOTHUYECKHUM (pakTOpaM BHEUIHeH
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cpensl. Tak, y 31aKoB HAUOOJIBLIYIO LIEHHOCTD MPEACTABIAIOT OEIKH,
3arnacaemble B 3HIOCIEpPMeE, KOTOpbIe, OMHAKO, HMEIOT HechanaHcu-
POBAHHBIN IUISI TIMTAHUS Y€JI0OBEKA M KUBOTHBIX COCTAB: MX 3aMACHBIC
Genku 6eaHbI TU3MHOM, TpUNTO(AaHOM U METHOHMHOM. MaJio MeTHO-
HHMHa U B 3anacHbix 6enkax 6060BbIX. BBeneHue NONMONHUTENBHBIX KO-
JIOHOB JIM3MHA B FeHbl 3aMacHbIX 6eN1KOB (MPOJaMHUHOB) 371aKOB MOTJIO
Obl CKOPpPEKTHPOBATh AMMHOKHMC/IOTHBINH cocTaB 3epHa. B Hacrosiuiee
BpeMsl OXapaKTepU30BaHbI JECATKM ICHOB 3anmacHbIX OEIKOB 3J1aKOB,
O00OBBIX M HEKOTOPbBIX JIPYIUX PACTEHUIT; KJIIOHMPOBAHBI F€HBI 3amnac-
HbIX OeKOB (rOpJAeMHOB) siUMEHs, IJIMAIMHOB M TIIOTEHWHA MIIeHH-
11bI, 3MHOB KYKYPY3bl U JIp. DKCNEPUMEHTHI 110 TpaHCcHhOpMAaInu mie-
HHLBI MOJIM(DULIMPOBAHHBIM T'€HOM, KOJMPYIOIIMM OIHY U3 CyObeau-
HHULL 3arnacHoro Oejaka rjlOTEHMHA, NMPHUBEIM K aKTHBHOMY CHHTE3Y
MoaubuumMpoBaHHOro 6e/iKa, YTO CHOCOOCTBOBAIO YIVUIIEHUIO XJIe-
0ornekapHOro KayecTsa MIUEHHYHON MYKH.

Hcnonb3oBaHHe reHHO-MHXKCHEPHBIX TOAXOAO0B IT03BOJISET MOBbI-
CHUTh PE3NCTEHTHOCTDL PACTEHMI K HaceKOMbIM-BpeauTensim. Uasecr-
HO, uTo Daktepuu Bacillus thurengiensis BbIICASIOT GEIOK-MPOTOTOK-
CHH, KOTOPBI B KHIIEUHOM TPAKTE HACEKOMbIX PACILEIUIAETCS HX MpPO-
Teas’amMM J10 AKTHBHOTO TOKCHHA, yousaloiero Bpeauteseil. Tpancdop-
Maums reHaMH SHI0TOKCHHA, BbIIEJIEHHBIMU U3 reHoMa B. thurengiensis,
pacTeHUit TomMara, BLI3BIBAET Y pacTeHUi 3aumuTHbIi addekT, conoc-
TABUMBIH C UCMOIBL30BAHHEM MHCEKTULIMIHBIX MPENapaTon.

B orBet Ha MH(MLIMPOBAHKE BUPYCAMH, DAKTEPUSIMU U rpHOaMH ¥
pacTeHUi MHAYLMpPYeTCs: CMHTE3 OenKoB-hepMeHToB, HasbiBaeMbix PRP
(pathogen related proteins), KOTOpbIe CMOCOOHBI ICCTPYKTHPOBATE 000-
siouku naroreHoB. C MX MOMOLIbIO ObUTH MOAYYEHBI TPAHCTEHHbBIE PaC-
TeHus1 Tabaka M TypHerica, yCToitumMBble K (huTonatoreHaM. AHTHBH-
pycHBblit ahekT y pacTeHU It MOXHO BLI3BIBATDL MYTEM TpaHC(popMHpO-
BaHMS B X FEHOMbI F'€HOB ueoBeueckux unrepdeponos. Tpanchop-
Malus TypHerca COOTBETCTBYIOIIEH BEKTOPHOM KOHCTpPYKLMEN mpu-
BOJIMT K TPOJIYIIHPOBAHUIO HHTEPEPOHA B KIIETKAX PACTEHUS M 110-
BBILIEHUIO MX YCTOHYMBOCTH K BUPYCY Xeatoi Mosauku. [pumenss
3TY METOAUKY, VIAeTCs TAKXKE IMOBBICHTH YCTOMUMUBOCTL KapTodess u
Tabaka K BUPYCHBIM 3a001€BaHUSIM.

CyliecTBeHHOE MPaKTUUECKOE 3HaUeHHUe UMEIOT paboThl B 06J1aCTH
MOJYUYeHUS TPAHCTEHHBIX PACTEHUH, YCTOHYMBBIX K repOMIIMIaM, KO-
TOpbIE, YHHUTOXKAS COPHSIKM, YTHETAIOLIE IeHCTBYIOT U Ha MOCEBBI CEJlb-
CKOXO351CTBEHHbIX KYJILTYD. B GonblIMHCTBE ciiyyaeB repOMIIMILI OT-
PHLIATEIBHO BO3AEUCTBYIOT HA (OTOCHMHTE3 U OMOCHHTE3 AMHHOKHC-
soT. Paa repounmnos (nmapaxksat, auuduayopded M ap.) MHIHOUPYIOT
doTocuHTE3 11yTEM TOBbIIIEHUS COUEPXaHNs aAKTUBHBIX (hopM (paamn-
KanoB) Kuciopona. U3secTHo, uto HellTpanu3auus (IMCMyTAINg) Cy-
nepokcuaanuona (0;) Katanusupyercs HepMEHTOM CYNepOKCHIUIMC-
MmyTa3oii, koaupyemoit reHom SOD. C nenbio 3aiuTel OT repOuIMIoB
obuta noayuena kJAHK resa SOD u3 Tabaka u BBejieHa B COCTABE BEK-
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Topa Ha ocHOBe Ti-Maa3MMIbI B TeHOM JIIOLEPHBI, YTO Pe3KO TOBBICH-
JIO YCTOIYMBOCTB 3TOTO PACTEHMS K BbIIIEHA3BAHHBIM repOMLIMIaM.
Kak caemyer M3 BBILIEU3JIOKCHHOIO, FeHETHUECKass HHXKEHepusl
CO31aeT OCHOBY JUISI COBPEMEHHOI OMOTEXHOJIOIMH, KOTOpasi B OCHOB-
HOM 0a3upyeTcsi Ha MCIONb30BAHHU KUBBIX KJIETOK MMKPOOPraHM3-
MOB, JIDOXKXKEH M, pexe, Ha KYJIbTYpax KJIETOK XHMBOTHBIX M BbICILHX
pactenuii. B GnorexHonoruyeckux padborax NpMHUMITHAILHO BaXHOE
3HAYEHHE MMEIOT TPM MOMEHTA ONEPHPOBAHUS C IEHaMM: BO3MOXK-
HOCTb OCYLIECTBJISATh PEKOMOMHAIIMIO, PEIUIMKALINIO U 3(D(HEKTUBHYIO
JKCIPECCHIO (TPAHCKPHIIIIMIO M TPAHCJSILIMIO) FeHeTHYECKOro mare-
pnana. C nogpjieHUeM reHeTUIeCKOH MHKEHEPUH MCCIIC0BATENN HA-
VUMWIHChH BbIJICJIATE HHAMBUIYATbHbBIE TeHbI, BUIOM3MEHSThH UX BHE KJle-
TOK M [I€PEHOCUTD ¢ MOMOLIBIO BEKTOPOB B ya00OHbIe jU1si aMiuinduKa-
MM KJIETKH, KOTOpbIE CIIOCOOHBI KaK «MUKpoOuodabpuku» CHHTE3U-
posaTth GeJIKM, KOAMpYeMble MOJM(DUIIMPOBAHHBIMH reHaMu. Takum 06-
pasoM, BHauaje yaanoch c/e1aTh MOJHOCTbIO KOHTPOJIUPYEMbIM TTPO-
liecc peKoOMOMHAIIMM, BRIHECTH €TI0 34 Npe/elibl KICTKH, T.€. NpHIaTh
eMy BHEKJICTOUHbBIH YPOBEHb. 3aTeM, 10cjIe CO3MaHus METoIA MoJIuMe-
pasHoil 1eNnHOil peakiMM, MpoLecc peruiMKauuu (aMminpukannm)
reHOB TAKXKE B 3HAYUTCALHOI Mepe CTajl KOHTPOJHUPYEMbIM H JIOCTYII-
HBIM U151 BLITTOJIHEHUS HA BHEKJIETOYHOM yposHe. OfHAKO NOC/HenHHit
M pelaloumnii atan nojayyeHus (pyHKIUHOHAIbHO aKTHBHBIX OEJIKOBBIX
MPOAYKTOB — TPaHCKPUILMs reHoB u tpaHcasumns MPHK — ocrancs
CBA3AHHBIM C XKU3HEACITCIbHOCTBIO KJIETKH. DT0 06CTOATENLCTBO CO3-
JiaeT GoablIMe CAOXKHOCTH NPU NOJYUYCHHH 3HAYUTEIbHBIX KOJIHYECTB
YHUCTBIX (rOMOTeHHBIX) OEJIKOBBIX NPOJAYKTOB. ECau yuecTs 1pyu 5TOM M
JApyrHe TPYAHOCTH, BO3SHUKaolMe B paboTe TPATHIIMOHHBIMH METO-

* JIAMM TEHETHYECKOH MHXEHEpUHM (NMpexiae BCero K HUM OTHOCHTCH

TPYJHOCTH BbIJIEJIEHUS JOCTATOUHBIX KOJIMYECTB MHAMBUIAYATBLHBIX
MPHK), To CTAaHOBHUTCH SCHBIM, YTO €1WHCTBCHHBLIM ITyTEM TMOBbILIE-
Hus 3¢dekruBHOCTH HAPAOOTKN OEIKOBLIX NPOAYKTOB MOXET CTaTh
nepexo/l K MoJHOCTHIO BHEKJIETOUYHBIM TEXHOJIOTHAM OEIKOBOrQ CHH-
Tesa. TeopeTnueckoe 00OCHOBAHME TAKOIO IEPEXOAd W €ro HaydHOo-
npakTHueckoe obecrnieyerne ObLIM BriepBble C/lejaHbl B HALllEH cTpaHe
B 1aboparopnu akaa. A. C.Cnupuna B Hayane 90-x ronos XX B. Peus
UIET O TOM, 4TOObl OTKA3aThCS OT XKMBBIX KJIETOK, 3aMEHHMB UX BHope-
aAKTOPaMH, CIMOCOOHBIMM OCYLIECTBIAATHL U30MPATE/IbHBIH CHHTE3 HYX-
HbIX 6enkoB. CaMu 1o cebe GeCKIETOUHbBIC CUCTEMBl B MOJNEKYASPHOM
OMOJIOrMN M3BECTHBI JOCTATOUHO JaBHO (cM. 1. 1) U ¢ ycriexom npu-
MEHSIOTCH B HAYYHBIX LEJISIX, OHAKO OHU PaboTaioT MEUIEHHO M C
oueHb HM3KHM BBIXOJOM Oenkoporo mpojykra. IleHTpanbhag unes
A.C.CrniMpyHa ¥ ero COaBTOPOB COCTOMT B TOM, 4TOOLI MCIOJB30BATh
B Ka4ecTBe MCXOAHOro Marepuaia duorexHonoruu OuocuHTesa 6eakoB
ne JIHK, a PHK. [Lns 31oro HeoOXoaumMo HMETh BO3MOXHOCTb OBICTPO
ammundunuposars uuausuayarbusie MPHK B Deckaerounoit cucre-
Me. Criesarh 3T0 MOXHO € MCITONIL30BaHUEM ocoboro ¢depmenta — PHK-
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sapucumoii PHK-nonumepasel — penaukassr, conepxaineiicst B 6ak-
tepnodare Q. Peruinkasa Q, — eamHcTBeHHas darosasi perinkasa,
KOTOPYIO Y1aJIOCh OYHUCTUTDL M MOJYYUTh B CTAOMIBHOM COCTOSIHUH M
Koropas criocobHa 6bIcTpo HapalmMBath KojimuectBo ueneit PHK (Te-
opetuuecku u3 | monexynast PHK 3a 100 Muu MoxHO moayunts 102
koruit). IIpu uccnenoBaHUM CTPYKTYPBI PETUIMIIMPYEMBIX 3TUM (ep-
mentom PHK okasanoce, uro PHK ¢ara u PHK Gakrepun criocoOHbl
K pekoMOuHauuu. OTCI0/1a NOSIBASIeTCS MEPCIEeKTHBA LieJieHanpasjieH-
Horo nonyyenusi pekombuHantHeix PHK Ha 6ase perumkaiuu ¢ pern-
aukazoh Q.

Takum obpa3om, paccmaTpuBaeMasi CMCTEMa, BEPOATHO, MOXKET
BKJIKOYATH BCE TPH HEOOXOAMMBIX OMOTEXHONOTMYECKUX KOMITOHEHTA:
PeIUIMKALHMIO, PEKOMOMHALIMIO M1 HHTEHCUBHYIO 2Kcrpeccuio B Gec-
KJneTouHoi cucreMe. MMeHHO B Hallel cTpaHe yYeHbIMH MNOJ PYKO-
poscTBOM A.C.CnupunHa ObuIM co3iaHbl nepsbie GMOpeakTopbl He-
NMPEepPBLIBHOTO ACHCTBUS, B KOTOPbIX OCYLLECTBISIETCSH BHEKIETOUHBINA
cunTes 6eskos. C ucnonb3oBaHUeM ToJIbKO onpeneieHHbXx MPHK yaa-
eTCs MOJNyYaTh BHICOKOOUYHIIIEHHbIE OEJIKOBbIH rOPMOH KaJbIIMTOIIMH
U uHTepGepoHsLl Yel0BeKa.
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Muebuoe uzdanue
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bymara i, Ne 2. Tlewars odeernan. Papanrypa «Taiivey. Ve new. . 25,0,
Tupax 5100 k3. 3axas Ne 14507,

Jimuensng ML Ne 02038 or 13.06.2000. Msparennekuii neHTp «ARaiemusy».
Camprrapno-amiiemuonorieckoe sakmodchie Ne 77.99.02.953.J1.004796.07.04 or 20.07.2004.
117342, Mockra, yi. Bymieposa, 17-B, k. 360. Ten/dakc: (095)330-1092, 334-8337.

Ormeuarano na Caparosckom nonurpaduueckoM koMOHHAaTE,
410004, r. Caparos, yi. Yepusmienckoro, 59.

ﬁ Kuurn Usparenbckoro ueHTpa
]
e «AKABEMUS»

MOXXHO npuobpectm
B posnuyy:

o Buictasko-npopaxa nuTeparypsl Magatenscraa
(Mockea, yn. Yepuaxosckoro, 9, ananue Uucturyta paseurus
npogeccuonansioro obpasosanus). Ten./dake: (095) 152-1878

o Knwxenuii kny6 «Onumnuitcknin (Mockea, Onumnuiickuii np-T, 16,
5-# atax, mecto 20; 3-i atax, mecro 166)

o Kumxkuan apmapko va Tynscxoit (Mockso, Bapwasckoe wocce, 9,
maraaun-cknan, «Mapkos)

* Mockosckuii aom kuuru [Mocksa, yn. Hoseiit ApBar, 8)

¢ [lom nepgaroruueckoi kimru (Mockea, yn. b. dmurpoeka, 7/5; yn. Kyaneuxwii mocr, 4)

e Toproesiit nom «Bubnuo-Mnabycs (Mockea, yn. Mackuukas, 6)

o [lom Texuuueckoil knuru (Mockesa, Jenunckuii np-1, 40

o [om mepuummckoi knuru (Mocksa, Komcomonsckuid np-1, 25)

e Marasuu «bubnuochepar (Mockea, yn. Mapkeucrckas, 9)

o Cetb marasuros «Hoswit knwkuwity (Mockea, Cyxapesckan nn., 12;
Bonrorpanckui np-t, 78|

Onrtom:

* Mocxkea, yn. bymepoea, 17-b, 3-i atax, k. 360 (znauue MY «Kuuroakcnoprs).
Ten./daxc: (095) 334-7873, 330-1092, 334-8337.
E-mail: sales@academia-moscow.ru

o Mocxaa, AsromoGunuiui np-n, 10 (tepputopus Y11 «Taraxckoes).
Ten./doxe: (095) 975-8927, 975-8928. E-mail: sales@academia-moscow.ru

o Caukr-lerepbypr, nab. Obsoaroro kanana, 211-213, nurep «By.
Ten./daxe: (812) 259-6229, 251-9253. E-mail: fspbacad@peterstar.ru
(onToBo-poanuunas Toprosns)



YBAXAEMBIE ‘-ll»"l[ATEJ'IHI
@ M3OATEJIbCKAU LIEHTP
MR «AKAAEMUSA »

MPEOJTATAET BALLEMY BHUMAHUIO
CIEQYIOWHUE KHUTH:

A.T.ENEHEBCKUIA, M.M.CONOBLEBA, B.H.TUXOMMUPOB
BOTAHUKA. CUCTEMATUKA BbICLLMX,

WU HA3EMHbBIX, PACTEHUA

O6vem 432 c.

Yyebuuk npepcrasnser coboi cuctemaTuyeckuit 063op Beic-
WHX PACTEHWUI HO YPOBHE TAKCOHOMUHYECKMX IPYNMN BLICOKOTO PAHIa
C YKO3QHWEM BOXHEMIUMX POAOB U OTYQCTU BMAOB.

Ons cTyneHToB BLICWIMX NEAArOrHYECKMX YHeOHBIX 3aBEAEHMH.

B.M.KOHCTAHTHUHOB, C.I1. LUATANOBA
CPABHUTEJIbHAA AHATOMMUA NO3BOHOYHbLIX
XUBOTHbIX

Obrem 304 c.

B yyeGHOM NocobuK OTPOXKEHB COBPEMEHHBIE HOy4YHBIE BOC-
THXEHNA B PYHKLMOHONLHOR MOPQONOrMM NO3BOHOYHBIX XHBOT-
HbIX, NOCNEAOBATENEHO PACCMOTPEHBI: KOXHBIE NOKPOBH ¥ UX NPO-
M3BOMHbIE, ONOPHO-ABUIGTENBHAS, NULLEBOPUTENBHOR, ALIXATENBHAS,
KPOBEHOCHOS M HEPBHAR CUCTEMBI, OPrOHBI YyBCTB, NOKA3UHA CBA3L
cTpoenuns u dyHkumit. Matepnon KHMIM POCNONOXeH NO 3BOMO-
LUMOHHOMY NPUHLMIY: OT NPUMUTHEHBIX BECYENIOCTHBIX [0 BBICLLMX
NO3BOHOUHBIX — MTHL, U MIEKOMUTOIOLLMX.

[ns cTyaeHToB BHICWIMX NEAarorMyeckux y4eOHeX 30BeaeHUHN.

B.M.KOHCTAHTUHOB
OXPAHA NnPUPOADLI
O6vem 240 c.

B yyebHOM MOCOBMM M3NArqIOTCA COBPEMEHHbE NPobnems
NPUKNAAHON 3KONOTUHM, PACCMATPUBAIOTCA COUMONEHO-3KONOIMYec-
KMe CBA3W. XOPOKTEPU3YIOTCS COBPEMEHHOE COCTOSHUE NPUPOA-
HOH Cpefbl U NPUPOAHLIX PECYPCOB, METOALI ONMTMMU3ALUMK B3AUMO-
penctena obuiectsa u Buocdeps, 0BOCHOBLIBAIOTCE NEPCNEKTUBbI
PEanU3aUMM YCTOHUMBOTO PA3BUTUA YENOBEYECTEA U NPUPOALL.

[ns cryneHToB BbicluMX negaroruyeckux yuebHbIx 3aBegeHuil.
MoxeT BbiTh noneaHo yuutensm Guonorum, Wmpokomy kpyry 6uo-
noros.



