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Mocssimaercs namsTd PomaHa .
BenuamuHOBHYa XecHHa —
yuuTeas H Jpyra

NPEAUCITOBHE

Ora KHura — MepBbiii ToM y4eOHHKa 110 MoJIeKy JISIpHOR GHOJI0-
M, KOTOpHIH MJIaHHpYeTCs M3JaTb B TPEX TOMAX. Bropo#t ToM
sToro yueGHuKa «Moseky.asipras Guoorusi: CTpykTypa pH6ocoM
¥ GrocuHTE3 GenKka», HAMHCAHHBIA A. C. CnupuHbIM, BHUET B
uagaTenscree «Bpiciuas wKoaa» B 1986 r. Bbixoj B CBET TPETHETO
ToMa, MOCBSAIIEHHOTO CTPYKTYpe M (YyHKIHAM 6e/KOB, NJIAHHPY-
ercsl HEeCKOJIBbKO T03Xe.

3nauMTeNbHAS YACTh HACTOAIEH KHHIH HalHCaHa [0 MaTepHa-
JlaM KypCoB JIeKLHil 10 MOJIEKYNSIPHOH GHONOTHH H MOJEKYJAP-
Holi BMDYCOJIOTHH, KOTODbIE aBTOPHl Ha NPOTAKEHHH MHOFHX JIeT
yuraor 8 MTY um. M. B. JlomoHocosa. OneuM W3 cosjarenelt
JIEKLHOHHOTO Kypca MoJeKyJsipHoil Ouosiornu B MocKkoBcKoM
yHHBepcuTeTe GblI BLIIAMOMMICS COBETCKUH OGHOXHMHK H TEHETHK
P. B. XecuH, KOTOPOMY H TOCBAIAETCH ITA KHHIA.

MouexyJsipHas Guosiorus — OjiHa H3 naubosiee 6YPHO Pa3BH-
BaOWMXCS] TMCUHIIMH B COBPEMEHHOM €CTECTBOSHAHHH. C kax-
AbiM TOOM TIPMBHOCHTCS MHOMECTBO HOBBIX dakTos B 3Ty 00-
NAaCTh GUOJOTHH, M TOUYTH KaXblii rofi COBEPLIAIOTCS OTKPBITHA.
O6nem HACTOAMEro yYeGHHKA CJHIIKOM MaJ, 4robbl BMECTHTb B
ce6si OrpOMHBIl HAKOMJEHHbIA MaTepuan mo cTpyKType H OHo-
CHHTe3y HYKJIEHHOBBIX KHCJOT. [TosToMy B Kax/loM pasfienie KHH-
MM 1aHBl 0GOOLIEHHBIE M YCTOABLUHECH MPEACTABICHUA O TOH HJIH
HHOll npobieme, NPOH/IIOCTPHPOBAHHbBIC npuMepaMH M3 COBpe-
MeHHoi inTepaTyphl. ABTOPH! HE MOTJIH He BOCMO/b30BATHCA TaKXe
H Tem OGCTOSTENbCTBOM, 4YTO B MOCHAENHEe MATHJIETHE B Hale#
cTpaHe GblI0 H3/1aHO HECKOIbKO LEHHbIX (B OCHOBHOM TepEBOLHBIX)
YueGHbIX MOCOOHH 1O MOJIEKYISPHOM GHOMOTMH U CMEXHBIM JIHC-
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Asmopu

BBEAEHHE

Hayuaolas
TOsITe/IbHAaaA HaykKa,
JIOTHS KaK CaMoc a4 DV
Movieky/1apHas GHO H3HeJeATeJbHOCTH KJETKH, BO3HHK/A Ha pY
MOJTEKYISIPHbIE OCHOBHI X a Gbla YCTAaHOBJEHAa TeHETHuecKas poJb
— 1950 rr., Korn CTDVKTYDBI
Gexe 1940 l? noswix kucaor ({HK), a pacwngposka PYMH}HI;x
Ae3okcHpHOOHY K el aTb B NMPOCTbIX (PH3HKO-XHMHUECKHX Tep X
J1a OIHC off KJeTK
e n03§gg:ﬂaqn HacJieyeMbIX MPHIHAKOB OT PORHTENLCK
NP HHLUI
. , HCJIOT HACYH-
3 A}%q:ggﬁhf BPEMEHH HCTOpHSI H3YYEHHS HY KJIeHHon;bD;TP:m npHiALTe-
. ;x}e 0OKOJIO BOCBMHEeCSATH JIET. YecTb H?f %) gnpldxy Mnmepy.
THB?anl)lllalouleMYCﬂ WhefLapCKoMY CHOXINMIKY HeTgK THOSl M CllepMBbl
};(ngOPbm b 18681872 rr. BLiel] U3 cﬂieop taSBaHHoe HM HYKJEH-
BeLLECTBO, ) X
copcoaepKaluee KHCJIOT
JIOCOC(ﬁ HOEZ?* q)r(l)u(cbleis— aipo). Briepasie Hqugggoiy}OKoropblﬁ y};
HOM {oT rped. P. AnbTMaH B "
Gesikos, NOMY4HI & bigeNeHHsl H
Boea STOT Tepwn 5 CHoxio. abanosix KonoT Gufly MPOTON-
) BbI
cTaBa HYKJEHHO O Lo
He XHMHYECKOro <o . JleBHHa .
;lKS’eYHq;HB nagoparopusix A. Koccens, ¥. [lxosca, Il )

x. [yananga u 1p. b YCTaHOBHTD,
Mep§’TceuHJ?p;ﬂ\%l]x\4 amxy VUeHBIX H MX COTPYILHHKOB yiaJ:{(i{CmgT. OnuH U3
aTo B npﬂéoﬂe CyllecTBYeT ABa THIA HYKJIQHHOBbIﬂBa g
HHX CONEPXKHT 1B NypHHA — aJCHHH f FyaHwytboc(bOPHorfi KHCJIOTHI.
UHTO3HH H THMHH, OCTAaTKH JE30KCHNEHTO3Bl H BMECTO  1e3OKCHIIEH-

b
auuaI, a

Tl HMHHA COJEPHKHT YP , KHCJIOTH
Hpyroi BMe%’I:;’O T Tar  Kan ;le30KcuneHT030HyKnenﬂoab:e Kcon
— . ,
2(3)3;1)8 el'?fl?:x:loﬁy TePMHHOJIOTHH — H€30KC“p"60Hym%il;c;zg,oﬂyxneuﬂO-
ﬂHK)pBl;Ule'HH‘HH B OCHOBHOM M3 THMYca TeJleHKIa),HElK) — w3 JpoxKeit
BhI€ KHCIOTH (PHOOHYKJEHHOBBIE KHCMOTHL, EHHOCTb B TOM, YTO
H PACTeHHI1, TO 10.1T0€ BPEMs CymeCTBOBaﬂaﬁﬁepa 2pa KJIeToK pac-
AAPa KJeTOK HBOTHBIX COAEPXKAT TOMBKO JL 1930-x TogoB GBLIO 10-
TeHHli — toasko PHK. Y auwb K cepeanHe it xuBoil KJIeTke. [lep-
Kazano, uto IHK 1 PHK coepxarcs B Kamﬂouxi?H{Taanoro nonoxe-
BOCTeneHias pob B YTBEPAKIEHHI STOTO (yH1a) penuswemy JHK

HHs npunaanexut A. H. Bedosepckomy, Biepshie Bbil

5



u3 pacrenuii. C pa3BuTHeM MeT00B LHTOXUMHH H rHcroxuMuu (T. Kac-
nepccod, JK. Bpaue u ap.), a Takxe MeTo10B (PPaKLUHOHHPOBAHHSA CY6-
kieTouHelXx ctpyktyp (A. Haync, A. Mupcknit, k. [lanaze u ap.)
K KoHny 1940-x roios 6bwio ycranosieHo, uro JIHK soxkanusyercs
npeunMyllecTselHo B siape, a PHK — B uutonaasve Kaerok.

K wauamy 1950-x rozoB 6blTH 3aBeplueHsl paGoTBl MO H3YHEHHIO
IPHHLUMIIOB XHMHYECKOTO CTPOeHHs HYKJeHHoBbIX Kucaor (A. Toax,
B. KoH # coTp.), Kor1a GblIO YCTAHOBJEHO CTPOEHHE HX MOHOMEPOB —
HYKJIEe03H10B H HYK/IeOTHIOB, H zokasaHo, 4to u B JHK, n B PHK
HYKJEOTH/IHble OCTATKH CBA3aHbl TOJIbKO 3'—5'-hochoausdupHoil cBsi-
3bt0. K 3TOMY e BpeMeHH C MoMollbto OyMaKHOH XpomaTorpacHu
6T BBISICHEHBl OCHOBHble 3aKOHOMEPHOCTH HYKJIEOTHIHOTO COCTaBa

JHK u PHK (3. Yapradd u corp.). B yactHocTH, 6bly10 MOKa3aHO, YTO -

B JIHK azeHHH ¥ THMHH, I'YaHHH H LUTO3MH BCerJla COJEPKaTcst B pas-
HBIX KOJHUECTBAX; 3TO HMeJO NMPHHIUNHATbHOE 3HaueHHe NPU YCTaHOB-
JIEHHH ee MaKpOMOJIEKYJSIDHOH CTPYKTYDHI.

Boigarouteficss BeXolf B M3YYeHHH HYKJEHHOBBIX KHCJIOT CTajo OT-
kpbitie O. JitBepH H coTp. (1944). OHu nokasasau, 4To € NOMOILLIO YHC-
Toit JAHK Hacaeiyembli nmpH3HaK MoxKeT ObITb TepeHeceH H3 OHOM
KJeTkH B jApyryio H uto JJHK sBnsieTcst HocHTesneM reHeTHYeCKOH HH-
dopmaLmi. ITO MoJoKeHHe MOJYYHIO0 BeKope Y6 UTe 1bHOoe N0ITBePHK-
neHue B skcnepuMentax A. Xepum u M. Yeiis ¢ JIHK 6axtepnogaros.

B 1953 r. [Ix. Yorcon u @. KpHK cyMme/u NpaBHIbHO HHTEPNPETH-
poBaTb JaHHEIE DPEHTTEHOCTPYKTYpHoro amann3da JHK, naxonsenHble
B Nabopatopusix P. ®pankiauH u M. YWIKHHCA, H HAa HX OCHOBE MO-
CTPOHTb MOjeJb npocTparcTBeHHON cTpyKTypbl JHK. OHu mnokasanu,
yro makpovosaekyqaa JHK — 3o peryasipuast ABoliHas cnupaJb, B KO-
TOPO# [Be NOJHHYKJEOTHAHblE LENH CTPOTO KOMNJIeMeHTapHbl ApYT
Apyry. M3 aHaau3a Mole/H C1e10Bajo, Y4TO NOC/I€ PaclieTaHHsi ABOH-
HOH CnHUpadH Ha KamAoH H3 NOJHHYKJEOTHIHBIX Lenefl MoxeT GbITh
NOCTPOEHA KOMIJIeMEeHTapHas efl HOBasi, B pe3yJbTaTe 4ero o6pasy-
IOTCS1 1Be JA0YePHHE MOJIEKYJbl, He OTJIHUHMble oT MaTepuHckoi [JTHK.
Uepes nsate Jjer M. Meseabcon u @. Crajgb 3KcnepHMeHTaJbHC NOA-
TBEPAMJIH 3TOT MeXaHM3M, a HecKo/bkKo pawbue (1956) A. KopHGepr
oTkpel1 ¢epvert JHK-noanMepasy, KoTopblfi Ha pacn/leTeHHBIX Le-
OsiX, KaK Ha MaTpHLAX, CHHTe3HPYeT HOBble, KOMIlJIeMEHTapHbIE HM
wenn [JHK.

OrkpoiTie rexeTHueckoft poru JTHK norpeGosano peuenns apy-
roii ¢yHiavMeHTaabHOH 3ajauyd — npobaeMbl Koja, C NOMOIIbIO KOTO-
POr0 HYKJEOTHIHbII TEeKCT MepeBOJHTCS Ha $I3bIK aMHHOKHCJIOT —
CTPYKTYpPHBIX einHHL Gelka. Bnepsrle 5Ty 3a3ayy npaBuibHO copMy-
JupoBaa B Hayale 1950-x roioB I'. 'avoB, KoTOpBIE npeilckasasd, YTO
3TOT KOJ J10.DKeH GblTb TPeXOYKBEHHbIM H HerepeKPpbIBAIOIMMCSH. JKC-
NepHMeHTa 1bHO OfllHe CBOICTBAa TeHEeTHYeCKOTo Kola Obl1H YCTaHOB-
geusl @. Kpuxov, C. bpennepoM u cotp. Kk KoHuy 1950-x -— Hawaay
1960-x roi0B. K 3TOMy »Ke BpeveHH B OGLIHX uepTaX GblLTH BbisCHEHb
GYHKUHM W NPHHUHNBI CTPYKTYpHO! opranusauuu PHK. bBbun or-

€

KpPHITHL PHGOCOMB! H PHOOCOMHbIE PHK (pPHK), tpaHncnopThbie PH’K
(TPHK) u, HakoHeu, HHGOPMaLHOHHbIE (nu «meccenkepr, MPHK).
Crano ACHHIM, uT0 B coBokynHoctH Bee 3th PHK cayxar npomexyrou-
HBIM 3BEHOM INIDH TlepeHoce TeHeTHHeCKOoH HH(pOpMalHH OT JHK k Gea-
KaM. DBWIO J0Ka43aHO, YTO COGCTBEHHO OGHOCHHTE3 NOJHNENTHIHBIX
erieii GeJKa NPOHCXOAHT Ha pHOOCOMAX, T1e TeHETHUECKaR HH(p?pmamm,
fiepenHcaHHas (rpanckpubuposannas) ¢ JJHK B Buae MPHK, rpaHc-
JUpYeTcs C MOMOILBIO TPHK. B 1959—1961 rr. I1. Jotu, A. C. Cnu-
DHHEIM H HX COTP. OblIO YCTAHOB/JEHO, UTO BCE kaerouHele PH Kunpen-
CTABMAIOT COGOH OZHOTSXKEBbIE MOJHHYKJIEOTH/Bl C XapakTepHoH BTO-
DHUHOH CTPYKTYpOH, [I0CTPOEHHOH H3 KOPOTKHX IBYCNHPaIbHBIX
YHaCTKOB, COCAHHEHHBIX OJHOTSMEBHIMH yUaCTKaMHU. HeckosbKo Mo3xke
B snaboparopuax [Ix. Yorcona, A. C. Cnupuua u M. Homype! 6bl1H
yCTAHOBMeHbl NPHHIHMABL CTPYKTYPHOH opraHi3aunH pubocoM.

B 1960 r. cpasy B HeCKONBKHX J1aGopaTopisiX Obll OTKDBIT tep-
meuT PHEK-nonumepasa, OCYLLECTBJSIONHA CHHTE3 PHK na ,ZIHK:
matputiax. Takum obpasom, uges ®. Kpuxa o nepeiaue reHETHUECKOH
ungpopmaunu or JHK x 6eaky vepes PHK (IHK — PHK — 6eu0k),
BLICKA3aHHAs MM ellle B cepelnne 1950-x ronos, npuoGpesna KOHKpeET-
Hoe cojepxauue (puc. 1).

TeHeTHYECKHE AMMHOKHC/IOTHBIA KON ObLT MOJHOCTBIO pacungpo-
pan B 1961— 1966 rr. yeunusmu naéopatopuit M. HupenGepra, C. Ouoa
u I'. Kopanbl.

OTKpBITHE OCHOBHBIX KOMIMOHEHTOB CHCTEM TPAHCKDHILHH H TpaHc-
JSLUMH TOCAYKHIO BaKHbLIM CTHMYJIOM B H3YHYEHHH MEXaHH3MOB pery-
JsiLHH 5THX nporeccoB. B 1961 r. &. JKako6 u K. MoHo onyGaHKoBani
CXeMy peryJslHH CHHTe3a GeJKOB Ha ypoBHe TPaHCKPHILMH [pH IO
MOILLH PEryJATOpHbIX GeJKoB, a B 1966 r. Y. I'un6epr u b. Mioniep-
X W/ BlepBhe BHEJNHIH Takol Geaok. Kpome rtoro, okasanoch, HTo
PHK-nonumepasa cama siB/sieTcsl DeryJsiTopoM TEHHOH aKTHBHOCTH
(P. b. Xecnn, 1962—1966). 3tn paGoTbl NpHBENH K OTKPLITHIO OCHOB-
HBIX PErY/IATOPHBIX TEHETHUECKHX 3/IEMEHTOB — MPOMOTOPOB M TEp-
MHHATOPOB TPAHCKPHMNIHH.

B cepeanre 1960-X rojoB Hauya/JHChb WCC/EI0BAHHA HYKJI€OTHAHBIX
nocsenopareabHocteii PHK. TlepppiMH Obli onpejesieHbl NepBHUHbIE
crpykrypsl TPHK (P. Xoanu 1 cotp., 1965; A. A. Baes u cotp., 1967).
PasBuTHE TeXHHKH (PaKUHOHHPOBAaHHS (ParMeHTOB HYKJIEHHOBBIX
KHCJIOT M Tpeie Bcero redb-saextpodopesa (P. CaHrep u coTp.)
N03BOJHAO B Hayade 1970-X rojoB NMPHCTYNHTb K H3YUEHHIO nepBuY-
HOIl CTPYKTYPhl BEICOKOMOJIEKYJISIPHBIX PHK. B 1976—1978 rr. Obuiu
co37aHbl HCKJIOUHTEJbHO GObICTphle H S(QeKTHBHBIE METO1bl CEKBEHH-
posanus JJHK u PHK (A. Makcad u Y. I'nacept, ®. Canrep u cotp.),
KOTOpble MO3BOJIMIH 32 KOPOTKOE BpeMs MNOJy4YHTb OFPOMHYIO uudop-
MAIMIO O NEePBHYHOH CTPYKTYPE TEHOB, HX PErYJATOPHHIX SJEMEHTAX,
BHpYcHLIX H pubGocoMneix PHK u T. 1. )

B 1973 r. onHoBpeMeHHO B JabopaTopusx A. Puya u A. Knyra
C OMOILbIO PEHTTEHOCTPYKTYPHOTO aHa/iu3a Obla yCTAaHOBJEHa NPO-
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Ma OHOCHHTE3a HY-

KJIEHHOBBIX  KHC10T

u Geaka (AHK— Oenox
—PHK—-6es10k)

cTpaHCTBeHHAs CTPYKTYDA TPHK. B 3TH ke rofbl 6bl1 OTKPBIT OCHOB-
Woll CTPYKTYDHBIfi SJEMEHT 3YKAPHOTHYECKHX XPOMOCOM — HYKJIEO-
coMa — 1 Ppa3paboTaHbi METOAb €e HCCJELOBAHHA.

B 1970 r. T. Temnun u J1. BanTumop OTKPHUIH B OHKOFEHHBIX BHDY-
cax PHK-3aBHCHMYIO JHK-nosnumepa3y H Tem CaMmbiM [OKa3alH, 4TO
p TpHHIHIE TIOTOK reHeTHyeckoil HHQoOpMalHH MOXeT ObiTb OOpalleH
oT PHK K lI.HK

OrpoMHOE 3HaueHHe 115 MOJIEKYAsipHOft GHOJIOTHH T0CJEIHEro
1eCATH/IETHS MMeeT Pa3BHTHE [EHETHUECKOH HHXKEHepHH (BO3HHKLUEH
5 1972—1973 rr.; I1. bepr, I1. Jo6au, C. Kosn u I'. boiiep) 1 MeTozoB
paGothi € peKOoMOHHAHTHBIMH JHK B coueTaHHH ¢ MeTOJdMH XHMHYe-
CKOTO CHHTe3a KPYTIHbIX (parMeHTros JHK. B pesyabrare cienannch
JOCTYTHBIMH VISl HCC/IEJI0BAHHA HWHIHBHIYANbHbIE TEHEl H DEryaiTop-
Hble FeHeTHUECKHe 371eMEeHTbl, OO CTHMY/JHPOBAHO H3YueHHe (pepMeH-
ToB GHOCHHTE3a H OBMeHa HYKJEHHOBBIX KHcaoT. baarogapsi sTomy
nocste 1977 r. GbIH OGHAPYKEHbl MO3aHUHOE (IK3CH-HHTPOHHOE) CTPOE-
HHe TeHOB, fABJEHHe CILIalfiCHHra H (epMeHTAaTHBHOH AKTHBHOCTH Y
PHK, ycuauTeNH (<HXAHCEPBI») SKCIIPECCHH [EHOB, MHOTHE pery.d-
TopHble GeJKH, OHKOTeHb H OHKOOENKH, MOGHJIbHbIE TeHETHUECKHE -
MeHTbl. BosHHKIA 6eJKoBasi HHXKEHePHsi, KoTopas M03BOJAseT NoJy-
yaTh HOBbIE, He CYLIECTBYIOILHE B npHpoae Geakn. MonekyspHas 610-
JIOTHS Hauala OKas3biBaTb CYLIECTBEHHOE BJIHSIHHE Ha pa3BHTHE OHO-
TeXHOJOTHH, MeAHLHHbl H CENbCKOTO XO3fHCTBA.



QacTs BBoaHas

[naBa 1

CTPYKTYPA
HYKJIEHHOBbLIX KHCJIOT

Y sykapuoruueckux oprauusmos JHK nokanusosana mnpeuMylecT-
BEHHO B AJPaX KJETOK; Y MPOKAPHOT OHa 06pa3yeT AOBOJBHO KOMIAKT-
Hblil HYKJEOHJ, B KOTOPOM COJEepKHMTCSl BCS XpomocoMa Gakrepuasnb-
HOi kJeTKH. TakHe KJeTOuHble OpraHesbl, K&K MHTOXOHAPHU H XJIOpO-
naacTsl, uMeloT ceoo cobereennyro JHK. Kpome toro, BuuTtonsasme
MHOTHX NPOKAPHOT H HH3LIKHX 3YKapHOT OOHAPYKHBAIOTCH BHEXPOMO-
comuple JJHK — nnasmupst.

PuGocomuble, TpaHcnopTHele H HHpopMauxonuble PHK sokanunso-
BaHbl ¥ (GYHKUHOHHPYIOT B [UTOMJA3Me PO- M 3YKapPHOTHYECKUX Kile-
TOK. ¥ 3yKapHOT OHH CHHTE3HPYIOTCS B KJETOUHOM sijpe, rlie H 06Hapy-
XKUBAIOTCA MX [IpPeJIleCTBEHHHKH. KpoMe Toro, B fiipaX W HHTOMJa3me
KJETOK HMEeTCsl MHOMECTBO TaK Ha3biBaeMblX Manwix PHK.

Besikomy cTpyktypHomy uccienosaniio JHK wan PHK npeawect-
BYIOT BblIEJ€HHE HX H3 KJETOK, OYHCTKA H (paKnuonuposanue. Ilo-
CKO/IbKY B KJeTKe HYK/JEHHOBbIE KHUCJIOThl NPAKTHYECKH BCErJa Haxo-
IATCA B KOMIJIeKce ¢ 6esKaMu (T. e. B BHIE H YKaeonpomeudos), UX Bbl-
JieJleHie CBOJKTCS B OCHOBHOM K OUHCTKE OT 0eJKOB (I1enpoTeHHH3ALKH).
Yallle BCEro HYKJEHHOBbiE KHCJIOTHI IKCTParHPylOT U3 [OMOTEHATOB
KJETOK HJH OUYMUIEHHBbIX KJETOUHBIX OpTaHeaN CMechbld (eHos — Boja
B TPHCYTCTBHH HOHHbIX JETEPreHTOB (Hampumep, JOAEUHMJCYJbdaTa
natpus). [Ipu 3TOM GeakH (M Psii APYTHX K/IETOYHHIX KOMIIOHEHTOB)
nepexoisT B OPraHHyecKylo dasy, a HYKJIEHHOBas KHCJOTA OCTaercs
B Bommoi ¢ase. U3 Bomworo pacteopa JHK wim PHK ocaxaator
CIIHPTOM.

Cpeau MHOXKeCTBa MeTO0B (PPaKUHOHMPOBAHHS HYKJIEHHOBBIX KHC-
JIOT OTMETHM 3jech 3/MekTpodope3 B reqasx, BHICOKAs paspeliamlias
€nocoGHOCTb KOTOPOro No3BoJsieT noayuntb mobyio JHK win PHK
B HHJWBHAYAJbHOM COCTOSHHH.

1. NTEPBUYHASA CTPYKTYPA
HYKJEHHOBbLIX KHCJIOT

HyxkJeHHoBBIE KHCJAOTHI OTHOCATCH K KJAaccy OHOMOTHYECKHX MOMHMe-
pos. [TosTomy B nousitie nepsudras cmpysmypa AHK u PHK, kak n
moboro apyroro GHonoauMepa, BXOIUT CTPOEHHE HX MOHOMEpHBIX OC-
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KOB XUMHuecKasn npupoja MEXMOHOMEDHBIX KOBaJEeHTHLIX CBA3EH
;aTnOCJ,IEJOBHTEJTbHOCTb yepeloBaHHA MOHOMEPHBIX 3BeHbeB B [10JH-

MepHOH LenH.
Hyxaeozudol u HyKieomudol

MouoMEpHbIMH 3BEHBAMHU IHK u PHK ssasiores ocragm HYK.1€0TH-
JOB. Hyxaeomudel — 3T0 dochopHele 3PHPBl HYKAEO3UOOE, KOTOpbIE,
& cBOIO Ouepeb, NOCTPOEHbI H3 OCTaTKa yraeBoaa — NEHTO3Bl H 2eme-
POYUKAUHECKO20 ocnoganus. B PHK yrieBoiHble OCTaTkh npejcras-
nenbl D-pubosold, B TIHK — 2-D-desoxcupubosott. Cpssb MYez:xny yr-
JeBOAHBIM OCTATKOM H TeTEPOLHKIHYECKHM OCHOBAHHEM B HYKJEN3HIe
oCVILECTBJSETCS uepes aroM asoTa B OCHOBaMitH, T.€. C ’l'lOMOlllI_l;}O
N-TJHKO3WIHOM CBSA3H. TakuM 06pa3oM, HYKJIe03HJIHbIe OCTATKH B JHK
u PHK orHocates K KJjacey N-rankosugos. Kax yxe orMeuasoch BO
BBejeHHH, B KauecTBe TeTepOUNK/IHYECKHX OCHOBAHHH LI.HK couep-
AT ABa NYPHHA! Q0EHUH H 2YaHuK -— W ABA NHPHMUIHHA: MUMUH H
yumosur. B PHK Bwecto THMHEHA cogepkuTCs ypayur. Kpome TOro,
JHK u PHK ofbiuso coaepxkar Tak Ha3nBaeMble MHHOPHBIE HYKJEO-
THIHBE OCTAaTKH — TPOH3BOHbIE OOBIMHBIX HYKJIEOTHIOB 1O OCHOBA-
HUSIM HJIH YTJIEBOIHOMY OCTAaTKY, 10/ KOTOpBIX B 3aBHCHMOCTH OT
B HYKJEHHOBOH KHCJOTBI KOJIEGIeTCst OT JECHTBIX npoLexTa 10 je-
CcATKOB TIpoLeHToB. CTPoeHHe, XHMHYECKas HOMEHKJATYpa | NpHHATHIE
cefiuac cOKpalleHHbie O0O3HAUEHHS HYKJEOTHAOB H HX KOMIIOHEHTOB
nokasaHbl Ha pHC. 2.

Menxcnyrieomudnas cesso. Hyxeasol

B HVK/IEHHOBEIX KHCJIOTAX MOHOMEpHblE OCTATKH CBA3AHBI MEXIy CO-
60t PocoduUIPUPHbIML CEAIAMU. Ka}{ s JHK, Tak u B PHK 3ta cBa3b
OCYLLECTBARETCS TONbKO 3d CueT 3 -OH opmHOTO HYKJEO3HIHOTO CCTaT-
ka u 5-OH agpyroro (puc. 3). [losToMy MeEXHYKACOTHIHYIO CBA3b
HasbipaloT 3'—5 -Pocoanaduphoit. OTcioaa Ce1yer, uTo NOJHHY KJIE0-
tiamsre tenn JAHK 1 PHK noaspHbl M HX KOHLEBbiE OCTATKA HepaBHO-
LeHHB: ec/H PaceMaTpiBaTh HeocQOPHAHPOBAHHBH 1O KOHLAM no-
JMHYKJEOTH, TO Ha OJHOM KOHLE OH OyIeT colepiaTb 5., a Ha apy-
rom Komue — 3'-OH. DT KOHIB Ha3bIBAIOT 5- n 3'-KoHyamu yenu,
COOTBETCTBEHHO.

W3 xapakTepa MeXHYK/JEOTHIHOH CBA3H CNEIVET TAKKE, UTO HYK-
NeHHOBbIe KHCIOTbl — 3TO HepasBeTBJIeHHble noanvepbi. JTHilb B OueHb
PEIKHUX cJVuasAiX (OHH OTHOCATCH, KAK MPaBHI0, K [POMEXYTOUHbIM
npoavkray Guockntesa PHK) 2'-THIPOKCHIbHAS TPYNNa HYKJ/EOTHI-
HBIX OCTATKOB MOMeT HCTIOJb30BaThesl 115l 06Pa3oBanHA 10TONHUTEIb-
HOHl QocdoansupHOi CBA3H (CM. I \"IIIV, paszea 4).

Ha cpoiictBax (oco1u3pHUPHBIX CBA3EH CHILHO CKa3blBaeTcsl Ha-
JAHype uau orcytcrTBie OH-rpynnel npH C2'-aTome pubosnl. Tak, mex-
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Puc. 2. CrpyktypHsle GOpMYJIH, HOMEHKJIATypa H COKpalleHHbIE 0603HaueHHS
KOMMOHEHTOB HYKJIEHHOBHX KHCJOT

Hykneorauste cssish B PHK 3HaunTesbHO na6bunbuee, yeM B JHK;
OHH JIETKO THAPOJIM3YIOTC B TMPHCYTCTBHH 1LEJIOUH.

B kJaeTke mexuykreotuansle csisn B JIHK n PHK pacuennsiores
#Hykreasamu — OOWHPHBIM KJIACCOM (hepMeHTOB, NPeICTaBHTEIH KOTO-
POro pasjiHuaioTcst Mo MeXaHH3MY JeficTBHA U crneundHuHOCTH (Tada. 1).
Cpenu HyK/ea3, NpHBeJeHHbIX B Tab/Hle, HYXKHO 00060 BbIIENHThL 3H-
QoHyKaeasvl pecmpukyut ( pecmpuxkmasot) . ITH QepMeHTh (ux QYHKUUH
paccMotpersl B [, VI) y3HaIOT B MOJIEKYnaX JHK He oTaenbHble HYK-
JIeOTHIHBE OCTATKH, a HYKJEOTHIHEE MOC/IE10BATeNbHOCTH H3 UEThl-
pex, MATH WJIH WIECTH OCTATKOB H MO3TOMY PACIIENIAOT aobyro JHK
#a CPaBHHTELHO HEGOBLIOE YHCJIO CTPOTO OPEAENEHHbIX ¢parMeHToB.
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Puc. 3. Moaunykaeoruinsie uemi PHK 1 JHK

Oﬁpam're BHHMaHHe Ha TO, KaK COKPalleHHO 3aNHCHBAIOTCA HX HYK.JI€OTHIHble Noc.1eA0Ba~
TeAbHOCTH
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Tabauya 1. Tipumepn HyKneas, HCIOAb3yeMWX LS H3YdeHHS CTPYKTYPH
HYKJNEHHOBBIX KHCAOT

THN HYKJeasHo#l

oryzae
Dochoausc-
Tepasa H3 sja
3Meii
DK30HYKJIea-
sa 1T us £. coli

I'yaHuJoBas
PHKasa T; us
aKTHHOMHIE-
TOB

PHKasa V,
H3 f1a KOGDbI

PHKasza III
3 E. coli

JHKasza I us
noKeay104-
HOR 2Ke.e3bl

DHAOHYKTea-
33 (pecTpHKTa-
3a)EcoRIu3E.
coli

dHgoHyKaea-
3a (pecTpHKTa-
3a) Alul wus3
Arthrobacter
luteus

Hecriennduve-
ckan 3’ — 5'-3K30-
HYKJeasa

Hecneunduue-
ckas JHKasa,
3" — 5'-3K30HY K-
Jeasa

Creundunuec-
kaas PHKasa, 3H-
AOHYKJIea3a

Hecneunduue-
CKas 3HIOHYK.lea-
3a

To xe

Cneuuduyeckasn
I HKasza

To xe

OJsuro- 4 moJu-
HYKJIEOTHIbI CO CBO-
60gHBIM 3'-KOHLOM

JAByTaxeBas
HK

MeXHyKaeoTH -
Hble CBA3H B 0JHO-
TaxeBbix PHK, 06-
pasoBaHhbie 3'-¢doc-
haTHLIM OCTaTKOM
ryaHosuHa u 5'-
THIPOKCHIOM 11060
TO HYKJeOoTHaa

JByTAXeBLle
yuactkn PHK

To xe

JAHK (npeanou-
THTeIbHO ABYTsXKe-
Bas)

TlocstegoBateds-
HOCTh

GAATTC
CTTAAG

!

B ABYTAXeBOR
K' *

INocaepoBarens-
HOCTb

AGCT
TCGA
4

B BV TsKeBO#

AHK*

depMent AKTHBHOCTH Cy6crpat T1poAyKTH peakunu
Hykneasa S;| Hecneunduye- OxHOTSAKeBHE 5'-pocpopu.Tu-
u3 Aspergillus | ckas sHgonykaeasa | PHK u JHK poBaHHble OJHIO-

HYK.1€OTH 1l
Hyxeosng-5'-
hocharsl

To xe

Oauronyxk.aeo-
THAB € OCTaTKOM
ryaHosiH-3'-poc-
data Ha 3'-KOHIe

5'-pocopu.au-
pOBaHHble OJHTO-
HYK.J1EOTH b

3'-pochopuian-
pOBaHHbIE OJIHIO-
HYK.I€OTH IbI

To xe

Crneunguyeckuii

Habop AByTaAXe- |

BbIX (parMeHToB

IHK, dochopuau- |

POBAaHHBIX mo 5'-
KOKLaM

To xe

* CTpe1KaMH NoKa3aHbl paculenafeMunle MeXHYKNEOTHAHLI® CRA3M,

F(ACTCTCC)S’

H
PR H__ & .. UCUGAGAGGAUGA. ..3 - —=

§'...UCUGAGAGGAUGA.. .3 diccTcTeA

PHK
— 5., ,UCUGAGAGon 3 + 5 pGAUGA...3
dparmentst PHK

Puc. 4, HanpasnernHoe pacillenJieHHe NOJHHYK/IeoTHaHOR uenn PHK
depyventom PHKaszoli H

B kadecrBe npuMepa [oKasana c¢parmentauds uend pubocoMHoir 16S PHK
Escherichia coli

PecTpukTasbl He3aMeHHMBl B CTPYKTYPHBIX HCCJEJOBAHHSIX HYKJEHHO-
BbIX KHcaoT. B cayuae PHK gocratouno cneunduueckoe pacuienseHue
€e LlenH MOXHO OCYILIECTBHTb C MOMOLLbI0 pHGOHYKNeassl H, ruaposu-
3ylowell noaupHGOHyK/aIeoTHAbl Toabko B JHK — PHK-ru6puaax.
Jas sroro ¢ ywyacrkom PHK, npejanasHaueHHbIM AJsi paciuenyieHHs,
NpeABapUTE]bHO CBA3bIBAIOT KOMIJIEMEHTAPHBIA €My OMHIOJE30KCHPH-
OoHYKJIeoTHA H oOpabarbiBaloT oOpasoBaBwiHics Komnaeke PHK-
asoii H (puc. 4).

Onpedeserue HyKaeOMuUOHOL
nocaedosamenvrocmu [THK

PasMepbl asycnupanbhbix JOHK Xxapaktepusylor YHc/iOM map HyK/aeo-
THAOB (1. H.), NPUXOAAIUXCA Ha OJAHY MaKpomoJekyay. [las kieroy-
HelX H BUpycHblX JIHK oHu BapbupylOT B OYeHb HIMPOKHX TNpefenax.
Tak, Hanpumep, Haubojee H3yuyeHHble OaKTepHa/bHble M1a3MHAbI H
JHK muorux BHpycoB H 6aKTepHO(aroB COHEpPHAT HECKONBKO ThICSY
nap HykJaeoTHioB (r.n. H.), JHK nonoseix ¢akropor 6akrepui,
MHTOXOHIDHH H XJIOPOIIACTOB — HECKOJBKO [JeCSTKOB HJH COTEeH
T. 0. H. Pasmepbl XpomocoM GaKTepHH — HECKOJbKO MHUJJIHOHOB
m. H., Apox:keld — nopsiika 107 n. H. CymMMapHasi ATMHA XPOMOCOMHBIX
JIHK 4enoBeka coctaBiser okogo 3-10° m. H.

CoBpemeHHble METOAbl ONpejeNeHHs ‘HYKJIeOTHAHOH MocCae/loBaTeNb-
HoctH JHK mnosBonsiior B OAHOM 3KCEpPHMEHTE INPOCEKBEHHPOBATb
{oT aHra. sequence — noc/jeloBaTeNbHOCTb) ee (parMeHT LTHHOH
B 150—300 HykneoTHAHBIX ocTaTKOB (H. 0.). ITosToMy ucxonnasi MoJge-
kyna JJHK npeapapurennto ¢parmentupyercs. s 310ro ualle Beero
JHK ruapoausyior pecTpHkTazaMH (IpHYEM NPOBOAUTCS HE3aBHCHMOE
paciuen/ieHHe JBYMSI PeCTPHKTa3aMH HJH Gojee, B pe3y/abTare 4Yero
o6pasyloTcs nepekphiBatoliHecs: pparmeHTl (puc. 5). 310 nosBoaser
nocJ/ie ONpejieJleHHs] HYKJ/JEeOTHAHOH MOCIel10BaTelbHOCTH COOTBETCTBYIO-
mHX (ParMeHTOB PEKOHCTPYHPOBAThb MePBHUHYIO CTPYKTYPY Beei
JHK.

CyuiecTByeT 1Ba MPHHIHMIHAIBHO Pa3NHYHEIX MOAXOZA K ompeieie-
HHIO HYKJIEOTHAHOH nociaenosatesnbHocTH JHK. TlepBrilt u3 Hux npei-
JoxeH A. MakcamoM u Y. [H16epTOM H OCHOBaH Ha CllelUPHYECKOM XH-
MHUYECKOM pacllen/ieHHH TNOJHHYKJIeOTHAHOH mnend. [locieloBaredb-
HOocTb onepaumuit npu cekseHupoBanun JHK Merozom Makcama —

15



EcoRI EcoRT EcoRT
Haell  Hpal| Haell
R R R R e T X X X XXX KX XXX T

7 | S 1 2

Pue, 5. Pacmensenne pectpukrasavu KDYMHOTO cerMeHTa reHa P-uenu
rn06HHa KpOaiKa ¢ 06pa3oBaHHem NepekpblBaloWHXCs HparMeHTOB

CexBenupoBatne pparmenta 4, 01yHaEMOro COBMECTHLIM TeHCTBHEM pecTpuKTas Hae 111
® Hpa 1, N03BOAIsieT OQHO3HAYHO pPACTION0KHTD APYT OTHOCHTeNbHO ApPyra ¢parMeHThi
1u2 .

T'un6epra B o6umx uepTax nokasana ma puc. 6. PaccMorpuM 3gecs oc-
HOBHbBIE NIPHHLHIBL 3TOMO MeTOIa.

1. ®parment JTHK aomKeH 6HITH roMoresen o TOMY H3 KOHILOB,
N0 KOTOPpOMY BBOJHTCS PajHOAKTHBHAS MeTKa.

2. Obpaseu anaiuaupyemoii uenn JHK JENTHTCH HA ueThpe pas-
HBIX MOPUHH, H YCNOBHS XHMHUECKOH MOIM(PHKALHH KaXaol M3 HHX
NOAGHPAIOTCS TaKuM 06pasoM, uTOGHL B peaKilHH yuacTBoBaso JH6G
TOMTBKO OZHO, JIHGO MpPEeHMYLIECTBEHHO OAHO H3 ABYX YPHHOBBIX HJIH
[THPHMHAHHOBBIX OCHOBaHH; NYPHHOBEIE OCHOBAHHSN METHJIHPYIOT Mo
N7-atomy aumernacymbdatom, [THPHMHIHHOBbIE — PacCUleNAsIoT ofpa-
GOTKOH THAPA3HHOM; 06PaGOTKA XHMHUYECKHMHU peareHTaMH TIPHBOJHT
B 060HX CJIYYEsX K MOSBJICHHIO MOJIHOHUHPOBAHHOIO MOHOMEPHOro
3BEHA, KOTOpOE MOXET GhiTb JIETKO BBILIEMNJIEHO M3 MOJHHYKJIEOTHIHO
LenH.

3. Xumuueckas MogHpHKALHKs NIPOBOAHTCA B TaKHX OTPAHHYHBAIO-
IIHX YCJIOBHAX, KOTAa B Kaxiofi Momekymse JTHK MoaHQHIHpYeTCs
TOJBKO OLHO M3 3BEHbEB JaHHOTO THNA, NMPHYEM C PABHON BEPOATHO-
CTbIO HE3ABHCHMO OT €0 NOJNOKEHHS B LENH; eCH 3T0 YCIOBHE BbIIOJ-
HACTCH, TO B HTOTe B Ka)AOH NMOPLUHH MONYHAIOT NOMYJISIHIO dparmen-
toB JJHK ¢ enuncreensm MOIH(HUHPOBAHHBIM HYK/EOTHIHBIM OCTAT-
KOM, HO B CYMMe Bce OCTaTKH JaHHOro Buaa (G, Hanpumep) 6yayT npo-
MOIHDHUHPOBAHDL.

4. Pacuwienuiene uenu conpoBokAaeTcs BblLENIeHHeM MOIHGHILH-
POBaHHOTO 3BeHa; €C/IH TeNepb H3MepHTb IIHHY 06pPa30BaBLIerocs
®parMesTa ¢ TOUHOCTBIO 10 ONHOTO HYKJIEOTHIHOTO OCTATKa, TO MOXKHO
ONPEICNIHTL NONOMEHHE MOAH(PHUHPOBAHHOIO OCTATKA; COBOKVIHOCTD
AMHH $PAaTMEHTOB 4151 CJlyuast MOAHDHKALHH OJHOTO H3 YeThIpeX THIOB
OCHOBaHMI 11aCT HaM, TaKHM 06pasoM, HHPOPMALHIO O pacrpeeneHHu
STOrO OCHOBAaHHA BJOAb UenH uexoiuoii JIHK.

5. Ilnunbl $parMeHToB ONpeIesior ¢ MOMOMLbo BbICOKOpa3peliamn-
LIero 3/1€KTpOpopesa B TOHKOM CJI0e MOIHAKPHIAMHIHOMO Tefls. DIeKT-
Podopes NnpoBoAHTCH NMPH HOBLILIEHHOL Temnepartype B 6vdepHoit cue-

TeMe, coiepxkaueid 7 M mouesHHY, uro CMOCOOCTBYET Pa3pyIIeHHIO
BTODHYHOH# CTPYKTYDPH (DPAarMeHTOB; 1€TEKIIHS 30H (parMeHToB Ha
SNIEKTPOGOPErpamMMe 3aBHCHT OT CIIOCOGA MEUYeHHS €ro KOHWA (ec1t 31O
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gg!::;z:(: (?)%};h;lg;;ix:?igﬂonpu oTuleNJeRHH 3’-KoHUeBoro octaTka C), a OHICTpee BCero
HBt parMent

’ TCS

PajHoaKTHBHAsi MeTKa Ha 5'-KoHUe, Kak Ha puc. 6, T0 an};Me::fbKo
PailxoaBTorpagHs; NpPH 3TOM, €CTECTBEHHO, JETEKTHPYIOT r\;ema
'-KOHUeBble (parMeHTHl); COGCTBEHHO H3MepeHHe AIHHBI ¢par: o
OCYLIeCTBIsIeTC CpaBHEHHEM €ro MOABHXKHOCTH CO CTaHI1apTOM («1
HHUa» Ha puc. 6).

BTopoﬂpnouo:l paspa6oran @. CsHrepoM H corIE)i. B erl?os(cn};ﬁ:g
JIKHT esuppymasiie  aHanusupyeMoro yyactka [JHK ¢
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om PPP-OH,C
npaiimep , PPP 0
. 3 _ | AHK-nonuMepasa d(GTP)
$-1GGCCAGTHOH HO H
4-CCGGTCACCTTAAGCGTGAAS HAesoxcuiykneos

3ug -TprdoCcHar
t HapalueaHv1e Lienu {0ObI4HbIH)

s-GoccAc O "

- CCGGTCACTTAAGCGTGACA S
PPP-OHC o [&

NHK-nonuMepa3a l
ppp [A}H 'i—? dd (ATP)

1 OH
S-|GGCCAG T DNUAE30KCHHYKNeO-

- ! 3un- Tprdocdat
3-CCGGTCACTTAAGCGTGACAS (TepMPMHaTop,-

l npUCOeauHeHHe

TePMHUHATOPA
- 5-[GGCCAG GIA]

3- CCGGTCACTTAAGCGTGACAS
HK-non
l F‘F’P@JJH Ee cnocog:;epasa
s_-I1GGCC AGT ] HapaWMBaTh uenb
4-CCGGTCACTTAAGCGTGACAS

10CNeaoBaTenbHOCTL,

KpoMe TOro, 1pn ncnonb3osaxnui
KOMNNEMeHTapHaR NpanMepy

cMecy d(NTP)c dd{ATP)
CEeKBEHUPYE MaR obpaaytoten

NOC NeROBATENHOCTD GA
GAATTCGC

Puc. 7. Cxema, HILIIOCTpHpYIOmas NpHHLHNHE cekBeHnpoBaus JTHK no Canrepy
IMokasana TepPMHHAUHA TOMbBKO MO OCTaTKaM A

IHK-nonumepasHoii peakuud (paccmatpuBaemoil B ri. 11 npu obecyx-
nenun perukamuu JIHK). TIpuunun Meroja nokasau a puc. 7. Kak
H npHu cekBeHHpoBaHHH JIHK no Maxkcamy — T'un6epty, 3aecb 106H-
BalOTCA, 4YTOOL OOGDLIB LEnH (pH fonaaaHUH Ha ee 3'-KOHeL KoMILTe-
MEHTAPHOTO MePMUHAMOPHOZ0 HYKJEOTHIHOTO OCTATKa) NPOHCXOIH.T
PaBHOBEPOSAITHO MO BCeM MOJOXEHUAM JAHHOTO OcTaTKa (puc. 7 —
OCTaToOK T1). ITO 1OCTHIAeTCsl KCMIEPHMEHTAlbHbIM BBIGOPOM «TIPaBH.1b
HOTO» COOTHOWEHHS Je30KCHHYKJIe03HATPHPOCHATOB H TEPMHHATOPHOTO

“;esoxcnHyKJ!e03mrrpu¢ocq:aTa. B uTore B KaXJOH W3 uYeThpex pe-
cmeceii 06Pa3yIOTCs MPUMEPHO B PABHBIX KOMHUECTBAX MO-
7eKYJbl KOMIIIEMEHTAPHHIX TOJHHYK/IEOTH/0B, CHHTE3 KOTOPBIX ocra-
oB/EH Ha aHAIH3HPYEMOM HYKJIEOTHAOM OCTaTKe.

[l CexBeHHpOBaHHA JIHK no Canrepy co3iaHBl YHHBEpCAIbHBIE
KOHCTPYKLHH (na Gase rexoma Qara MI3) ans BCTPaHBaBHA B HUX
#3yuaeMoro pparMenTa *, MO3BOJAINULHE NPHMEHATD Y HHBEpCAbHbIH
npafivep. Merka BBOIHTCA B npaiivep win mo a-GocaTHoH rpynne
}{y}(J]eOSHIITPH(bOCCpaTa. B noc/eiHeM caydae 3T0 MOXeT ObiTh He Tgsnb-
kO MeueHbli aToM docopa (¥P, Hanpumep), HO H aTOM CephI (*S),
3aMeHsIIOLIHE aToM KHCI0poJa:

aKIIHOHHDBIX

OoCHOBaHWe

Meuenble (parMeHThl pPasie/isiioT TaK e, Kak W npu CeKBeHHPOBaHHA
IIHK no Makcamy — [naGepty.

B HacTosilee BPeMs CYWeCTBYET MHOXeCTBO BAPHAHTOB KakK MECTOLA
Maxcama — [unGepra, Tak u merofa Csurepa. ['iaBHOE, STH METOIbI
yAal0Ch TOJHOCTHIO ABTOMAaTH3HPOBAT. Tak, HanpuMep, NMpPH CeKBe-
suposanxi JHK no Caurepy na 5’-KOHell nmpafiMepa BBOAAT (yopec-
LeHTHEE METKH, NpHueM sl KaXa0ro M3 4YeThipeX aHalH3HPYyeMbIX
HYK/IEOTHAOB HCTIONb3YIOTCH (1Y OPECUHPYIOLLHE areHThl C pas/IHuHbIMH
CTeKTPaJbHBIMM XapakTepHcTHKaMmu. [locae 3MeKkTpoopeTHUECKOTo
pa3jieleHHsi relb CKaHMPYeTCs NPH YETbIPeX PasfHUHBIX ATHHAX BOIH
¥ MofyueHHas uHdoOpMallis cpasy oGpaGaTbiBaercs Ha OBM. [Ipu atom
BCe GHOXHMHUECKHE ONepaiul TaKXKe NpPoBOIATC POGOTOM.

TIpHMeHeHHe aBTOMATOB NO3BOJfAET B MPHHLHNE ONpeleNsTh Mot~
HYI0 HYKJEOTHIBYIO MOCJeL0BaTebHOCTD JIHK, cocrapasiouieii reHoM
Mmo6oro opraHWaMa, BKJIOuYas TFEHOM ue/loBeKa.

Onpedeenue HyKkaeomudHol
nocaedosameasrocmu PHK

Pasmepr nonuuykneornanbix ueneii PHK kone6moTcs OT HECKOJIbKAX
ZeCSITKOB H COTEH (TPAHCHIOPTHbIE, Majlble PHOOCOMHBIE, Majble AACpHbIE
PHK) 10 ueckonbkux ThcSY (pHGocoMubie, HHGOPMaLHOHHEIE H BH-
Pychble PHK) HyK/eOTHAHBIX OCTATKOB.

Takuv o6pasoM, nosnHas HYK/EOTHIHas NOC/Ae10BATeIbHOCTH MHO-
WB PHK (aaunoit 10 250—300 H. 0.) MoxeT GbiTh NpsAMO O~

B * Metoan nonyyeHHst peKOMOHHAHTHBIX JIHK B 3TOil KHHre He paccMaTpH-
cafo_T(‘ﬂ‘ UnTaTeasm pekomeH1yeTcs O6PaTHTLCA K DYKOBOACTBAM 1O reHeTHUe-
KOH HHXKeHepul, npiBeleHHbIM B KOHLE 3TOH r1aBbl.
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pelesieHa ¢ TOMOUIBIO OIHOTO K3 BapWaHToB MeTofa Makcama — Ima-
6epra. Kak u B cayuae ¢parventos [JHK, na oxun n3 konumos PHK
BBOJHTCA PajHOaKTHBHas MeTKa. Hapsiy c¢ dochopuiuposanuem 5'-
KOHLLA MOJHHYKJEOTHIHOH LENH (C MOMOLLbIO NOJHHYKJIEOTHAKHHA3H H
v-[32P]-ATP) 3pech npuMeHsieTcsi BBeJIeHHe PaIHOAKTHBHOH METKH
Ha 3'-KoHell Mosiekyabl. [as storo kK 3'-konuesoii OH-rpynne PHK
TNPHIIHBAIOT MedeHHHi N0 5'-dochaTHoit rpynme wuutuaun —3', 5'-
augocpat (5'-[32P)-pCp) ¢ nomowsio pepmenta PHK-nurasw:

PHK-nHraaa_’ 5'prN o PN32PCP

5'pNpN...pN—OH3’ —-32pCp

Hapany c XxuMHyecKMM paciuenjieHseMm cekpeHHpoBanve PHK
MOXKHO NPOBOAMTL MyTeM THIPOAH3a ee lenH crnennduyeckumu PHK-
a3aMH.

Yacro 1J1s onpejiesieHHsi HyK/IeOTHIHOH Moc/1e10BaTeIbHOCTH 10CTa-
TOYHO NPOTHKEHHOH nonuHykaeoruaHoi uend PHK Hau6osee npocTbiM
OKasblBaeTcs cekpenHposanue rena (r. e. JHK), B kotopom 3ta PHK
3aKOAHpOoBaHa. B Tex cayuasx, Koria 3To cjeJaTb 3aTpyAHHTENbLHO,
npuMeHsietcst cekenuposaie PHK no Csurepy c ucmosnb3oBaHHeM
OOPaTHOH TpaHCKpHNTa3bl BMecto o6biHoil JIHK-nonnmepassl. Irtot
(epMeHT, 3aKOIHPOBAHHbII B reHOME MHOTHX BHPYycoB (cM. ra. 13, pas-
aen 3), cuuteaupyer Ha PHK-vaTpHlle Kommn/eveHTapHYoo ed NoJuje-
30KCHPHOOHYKJIEOTHAHYIO Henb. [Ins ero paboThl Tpebyercst 3ampaska
(npatimep) cc CcBOGOIHBIM 3'-KOHIOM, B KauecTBe KOTOPOH HCMOIb-
3yeTcs OMHTOHYKJIEOTH;, KoMIleMeHTapHblil 3'-KoHUeBo#t uyacth PHK.
Jans nonuaseuunuposanusix PHK (em. ra. VIII, pasaen 4) saTpaBkoit
CTTYXKHT OJTMTOTHMHIHJ0BAs KHCAOTa. B Apyrux xe cayyasx TpeSyercs
JONOJHHTebHAsA HHOPMALUA O MePBHUHOH CTPYKTYype 3'-KOHUEBOro
yuacrka PHK, Ha OCHOBaHHH KOTOPOHl XHMHYECKH CHHTE3HPYIOT OJHIO-

HYKJIeOTH] -— 3aTpaBKy. CaMo e CeKBeHHDOBaHHe MPOBOIHTCA TaKk,
KaK NoKasaHo Ha puc. 7.

2. MAKPOMOJIEKYJISIPHASL CTPYKTYPA
HYKJEHXHHOBBIX KHCJIOT

TIpocTpaHcreenHad oprauusauns Makpomonekyn JHK u PHK 3a-
JIaeTCs HX HYKJIEOTHIHOH MOC.1e10BaTesIbHOCTBIO H OMHCHIBAETCSt CTPYK-
TypaMH [BYX YpOBHeli: BTOPHUHOH H TPeTHYHOH.

Bmopuunas cmpykmypa HYKJIEHHOBbIX KHCJIOT C0313eTC 3a cuer
B3aHMOJEHCTBHSI COCEIHHX MO MOJHHYKJ/JIEOTHIHOH LenH MOHOMepHbIX
3BEHLEB, a B CJIyyae IBYCMHPAJbHBIX MOJEKYJ] (HJIH V93aCTKOB MO.1€-
KyJ) TakxkKe B3aHMOI1EHACTBHEM HYKJIEOTHIHBIX OCTaTKOB, HAXOIALIHXCSH
HalpoOTHB JAPYr Jpyra B 1BOfHON cnupatu. Tpemuunas cmpykmypa
HYKJ/IEHHOBBIX KHCJOT OPraHH3yeTcsl 3a cueT B3aHMOJEHCTBHS HYK.1eo-
THIHBIX OCTATKOR, MPHHALIEKAWHX DPa3THUHBIM 3JeMEeHTaM HX BTO-
PHUHOM CTPYKTY Pbl.
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Marpomorexyrspras
cmpykmypa AHK

a. [lsofiHas cnupanb
JHK. Mogene YorcoHa
H KpHka

B 1953 r. k. Yorcon
n ®. KpHk, onupasch Ha
H3BeCTHble  1aHHbE O
CTPYKTYpPE MOHOMEpPHBIX
OCTATKOB  HYKJEHHOBBIX
KHCJIOT  H  OTKphbiTOe
3. Yapraddom npasuio,
COrJIaCHO KOTOPOMY B JO-
goit OAHK xomnnuectBo
aJeHHHA PAaBHO KOJIHYeCT-
BY THMHHAE, a KOJHYECTBO
ryaHdHa -— KOJHYECTBY
uurosuHa (A=T, G=C),
pacliHdpoBaii PEHTreHo-
rpaMMbl  [1CEBIOKpHCTaN-
Jyeckoll Gopmbl (OpHeH-
THPOBAHHBIX BOJIOKOH)
JHK. CornacHo HX Mo-
aenu, Moaekyna JHK
npejcrapasier coboi mpa-
BHJBHYIO CNHpaib, obpa-
30BaHHYIO ABYMSi MOJHHY-
KJIEOTHHBIMH LENsIMH, 3a-
KPYYEHHBIMH Jpyr OTHO-
CHTesNIbHO jJpyra H BOK-
pyr ofweft ocu. [lnavetp
‘CIIHPAJIH OCTOSTHEH BIOMb
Bcell ee JJIHHBI H papBeH

Puc. 8. B-dopma aBoitHO#H
cnupaan JHK:

a — o6wuit BHA CHOHpaJH (KJAHH-
Hasi OCb CNKPAJH JEKHT B I10C.
KOCTH PHCYHKa) (XOpOWo BHAEH
caxapHo-bocdaTHbIl OCTOB MOIEKY-
Abl, o6pauleHusili Hapymy. Kom-
NJeMeHTapHble Napbl CXeMaTHYeCKH
H300pamenbl 1PSIMOYTOTbHHKAMH,
NJI0CKOCTH  KOTOPbIX MNOYTH  nep-
TIeHIHKYJIAPHBl  OCH  CTHpATH);
6 — Bul cBepXy (noxalawbi 1Be
hOMI.TeMEHTapHble TNapbl OCHOBa-
HHI. XOpowo BHAHO, YTO OCHOBA-
HHS  3aNOJHAIOT  UEHTPATbHYI
4aCTh CNIHPa&H)

Manas

Jopo3dxa
Bonsuion
Jopoadxa




1,80 M. JlnuuHa BHTKa cnupanu, KOTODLI COOTBETCTBYeT ee MepHoly
HIEHTHUHOCTH, cocTaBiser npumepno 3,40 uMm. Ha oiud BuTOK cnu-
pamu npuxoautcs 10 HykJEOTHIHBIX OCTAaTKOB B 01HON uemu. Takig
006pa30M MEXKHYKJIEOTHIHOE PACCTOSIHHE BAOJIb OCH CIHpajH cocTas-
nser 0,34 oM (puc. 8).

Il1s noxiepaHnsi peryaspHocTH CIIHPpAIH HEeOOX0JIMMU, YTOGbI
NPOTHB OCTAaTKa MNYPHHOBOIO OCHOBAHHSA B OHOH LeNH HaxoIwiIcs
OCTaTOK NHPHMHIMHOBOTO OCHOBaHHA B apyrofi. kK. YoTcoH u
®. Kpuk Haway, uto 310 TpeGoBaHHE BHIIOTHAETCA TOJABKO B ToM
cayuae, ec A c6pasyeT cTabHJIH3UPOBAHHYIO BOJIOPOJIHBIMH CBSI3AMH
napy ¢ T, a G ¢ C (em. coenyiowuit paszen).

KoMn/ieMeHTapHble OCHOBAHHS B IBOHHON cnupany JHK nexar
B OJHOH MJIOCKOCTH, NPHYEM 3Ta NJAOCKOCTh MpPAKTHYECKH nepre -
KyJsipHa I1aBHoO# ocH crnupanu. CocelHHe napel ocHoBanuii B JJHK
TOBEPHYTBI JIPYT OTHOCHTENBHO 1pyra Ha 36° [yroa vexi1y mpsiMbivu,
coeannsiiouinmy Cl’ B coceanmx KOMILIeMEHTapHBIX napax (cM. puc. 12)].

M3 puc. 8 BuaHo, urto YreBo10ochaTHbI OCTOB MOMeKy.1h o6pa-
uieH Hapyxky. Cnupanb 3akpyueHa TakHM OGpasoM, UTo Ha ee NOEepX-
HOCTH MOXHO BBLIETHTb JB€ GOPO3IKH: GOAbIIYIO WHPHHOH 2,20 Hym
H Malylo IHPHHOK OKoMo 1,20 HM (MX HA3HIBAIOT TAKXKe IJABHBIM It
MUHOPHBIM KeloOKamu). Crupanb — npasosakpyuexHas, a NOJHHY K-
JIEOTHIHBIE LMY B Heil aHTHNapalebHbl. JT0 03HAYEET, UTO, ecal
ABHraThest B0 OCH CHPAMH OT OIHOTO €€ KOHUA K APYTOMY, B 01HOI
ueny 6yayT BCTpeyaTbes PochoIn3bUPHBIE CBA3M B HanpaeaeHuH 3’ —
5’, a B Ipyrofi — B Hanpabaennr 5—3'. Mnbivy C/I0BaMH, Ha KaxIoMm
H3 KOHUOB JuHeiiHOl Monexkyas JHK pacnooxenb 5 -koHel 01HOM
H 3'-KoHel Ipyroit uemu.

[losaHee 6bLIO YCTAaHOB/IEHO, YTO MOZedb YOTCOHA H Kpuxka onu-
CbIBA€T CTPYKTYPY OJHOH H3 HeCKOJbKHX (OpM 1BOHHOMH CIIHpaJH,
Ha3BaHHOK B-ghopaoi. 310 ocHoBHas opma aBycnmpaabwoii JHK,
B KOTOPOH GOTbIAst YacThb ee MOJEKYA CYLIECTBYET B KJeTKe.

Has Toro uto6b Gosiee NoIpoGHO ONMHCATH B-dbopmy IHK, a takxke
NpEBpAlIEHHs e B IpYrHe GopMbl 1BOKHO CMHPAIH, PACCMOTPHM Npo-
CTPAHCTBEHHYIO CTPYKTYPY MOHOMEPHBIX 3BEHbEB HYKJEHHOBBIX KHC-
JI0T M MEXMOJEKYIADHLE B3aIMOIeHCTBHSA, NPHBOIALLIHE K C6pa3oBa-
HHIO JBOHHOH CHHPAJH.

6. KortopMalns HYKJAEOTHIHBIX OCTATKOB
H MEXKHYK/IEOTHIHbIE B3aHMOIEHCTRHS
B HYKJEHHOBBIX KHCJOTax

Bce nath retepounk.Inuecknx ocHOBaHIIl, BXOIALHX B COCTAB HVKJeH-
HOBbIX KHC.IOT, HMEIOT ILTOCKYIO KOHbopMaimo. B 10 ke Bpems 117
OCTaTKOB PHOO3bl M 1€30KCHPHGO3BI I.10CKass KOHDOPMAlUHs (KOrna
arombl yraepoa Cl', C2', C3’, C4’ u reTepoaToM KHC.10D01a HAXOIATCS
B OIHOH NJIOCKOCTH) 3HEPreTHYECKH HeBhIroJHa. Cpelll MHOroulc.IeH-
HbIX TEOPETHYECKH BO3MOMHBIX KOHGOPMAUHMI 3THX OCTATKOB B MOJH-
HYKJIEOTHAAX peaH3yloTCs TOAbKO 1Be: JHb6o C2'-swdo-, audo C3'-
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C3'-3#00- C2'-3udo-

puc. 9. JBe KonpopMalUHH YIJeBOIHBIX OCTaTKOB, BeTpewawwrecs B [JHK x
P},‘IK: C4’ pacriofloXKeHbi B OfHOH NA0CKOCTH, C2° nan C3' HaxopAaTca B 3100-KOHDOPMALHH, KO-
<l O: BhiBefleHbl Hal 3TOlt MJOCKOCTRIO (T. €. B HanpaB/JeHHH CBA3H C4" —» C5). O6paTuTe BHH-
:}:131-11?: uTo cocegunit C3'- HaH C2’-aTOM c/lerKa BbiBefieH NOA NJAOCKOCTb (T. €. HaXOAHTCH B caboil

3K30KOH(OPMaLLKH)

sndo-KoHOpMallH (Ha3biBaemble Takike S- B N-KoHpopMalMAMH CO-
OTBETCTBEHHO; pHc. 9). .

BaxHelAlIHHA napamerp NMPOCTPAHCTBEHHONH CTPYKTYPH! HYKJEOTH]-
HOTO 3BEHA — B3aMMHOE€ PacMo/OXKEeHHe OCTAaTKOB OCHOBAHUS H yrje-
poja. TeopeTHuecKHi aHa/Ju3 KOHQOPMALHH HYKJEO3HAOB H HYKJEOTH-
OB W PEHTIEHOCTPYKTYPHbIE HCC/EJOBAHHS MOKA3amMH, uTO 3/1€ch Cy-
LECTBYIOT JBe O6JacTH paspelleHHBIX KOHGbOpPMauHii, HasblBaeMbIx
CUH- M aumu-KOHpOpMauHAMH. ¥ MHPHMHJMHOBbIX HYKJEO3HI0B B
caydae anmu-KoHpopMalHu 6amxke Bcero K aromy C2’ pacnosoxeH aToM
pogopoia mpu C6, a B cayuae cuu-KOHQOPMALMH — aTOM KHCJIOPOAA
npu C2. Y nNypHHOBBIX HYK/IEO3HAOB B Qumu-KOHDODMALHH € aTOMOM
‘Ch’ c6mmxen atom Bogopoga npu C8, a B cux-KoHpopManuu atom N3
HaXOAHTCS Haj MJIOCKOCTHIO YIJIeBOAHOro ocratka (puc. 10). ,

B H307HpOBaHHBIX HYKJIEO3HJax M HYyKJ/eoTHaax nepexox or C2'-
-3H00- K C3'-3#00- 1 MEXKAY Cum- H AHMU-KOHQOPMALMAMH MPOHCXOANT
JIOCTATOUHO JIETKO (XOTA B 3aBHCHMOCTH OT XapaKTepa OCHOBAHHSA sl
JaHHOIO COeJHHEHHs CYLIeCTBYIOT MPEANoYTHTENbHble KOHbOpMAlMH;
TaK, HanpuMep, NMHPUMHIAHHOBbIE HYK/EO3HAbl HAXOJATCA B OCHOBHOM
B grmu-koudopmainH). Eciu ke HYKTeoTHAHbIH 0CTATOK BCTPOEH B NO-
JHHYK/JICOTHAHYIO  LEMNb,

TO ero KoHgopMauus npu H oM
A3HHBIX BHEWIHUX YCJIOBH= o

AX OKa3blBaeTcst «3aMo-

POXeHHOHY. 24 TN

Ormetuy  Takxe, 4TO k\,‘{J 'y
1PH u3MeHeHHH KOHOP-

Mauuu yraesogHOro ocTaT- HOCH,

Ka 3ameTHo H3MeHseTCs

Paccrosnne mexay doc-

aTHBIMH ~ rpynmnamH B

NOTHHY K1e0THAHOH LenH H H

(pHC' 11) (47 anru

Creunduueckass Mak-

PoMOtekyaspHas CTPYK-  pyc. 10. Cun- (aneHo3HH) W ammu- (YPHAHMH)
TYPA HYKNeHHOBBIX KHC-  KOHbOPMALMHM HYKAGO3HAOB
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Puc. 11. Cxema, nmoka3biBaiomlast i3MeHeHHe pac-
CTOAHHA MexX1y QochaTHBIMH OCTaTKaMH HYK.1€0-
Tuiworo 3sedHa JHK npun C3'-3n0o- — C2’-3n00-
KOHDOPMALHOHHOM Nepexofe:

a — dG B cun-KoHdopmauuu (Z popma); 6 — dG B aHMU-KOH-
dopmaury (B-popma)

JIOT omlpejenisieTcsi ABYMS THIaMH B3aHMOAeHCTBHA MeXAy reTepolHK-
JHYeCKHMH OCHOBAHHSAMH HYKJEOTHIHbIX OCTaTKoB: 1) R3auMojeiicT-

BHSIMH MeX,1y OCHOBAHHSIMH B KOMILIEMEHTAPHBIX mapax; 2) MeXnJI0cKo-

CTHbIMH B3aHMOJEHCTBHAMH OCHOBAaHHIl, pacmoNOXKEHHbIX APYT Hal
APYTOM, HJIH TaK Ha3blBAaeMbIMH «CTIKHHI»-B3aHMOIEHCTBHAMH (OT aHII.
stacking — yKJaablBaTbCcsi B CTONKY).

Kak yxe orMeuasoch, o6pa3oBaHHe KOMIJIeMEHTApHBIX Map OCHO-
saHHi (A-T-u G-C-nap) 610 BrepBble NOCTY.THPOBAHO XK. YOTCOHOM
H ®. KpukoM npH co3iauun Molein Isoiinoi cmupatu JHK. Crpo-
eHHe 3THX nap nokasano Ha puc. 12. O6e napbt 6.;1H3KH N0 PopMe H HMeloT
OAHHAKOBble pa3vepbl. OHH CBS3aHbl OCbIO CHMMETPHH BTOPOTo NOpsiIKa,
HO MpPY 3TOM MCEBIOCHMMETPHUHBI: NPH noBopoTe Ha 180" BOKpYT ocH,
qexallell B MIOCKOCTH PHCYHKA (C BbIXOJOM OCHOBAHHH H3 €ro nJocko-
CTH), coBnaziaioT To.abko Cl'-aToMsl.

Heo6x01MM0 OTMETHTB, YTO KpOMe VOTCOH-KPHKOBCKKHX map rete-
POLHK/AHYECKHE OCHOBAHHS HYKJIEHHOBbIX KHCJIOT B MPHHUHNE Crocod-
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Pue, 12. Crpoenne n HekoTophle napaMeTpsl YOTCOH-KPHKOB-
CKHX mnap

HbI 06Pa3OBblBa’rb MHOXECTBO CBSI3aHHBIX BOJOPOIHBIMH CBSI3AMH MNap
APYTOH CTPYKTYpHI. HexoTopele M3 3THX map ofHapy»KHBaKOTCA 3KC-
NePHMEHTATLHO 15 NPOH3BOIHBIX HYKJIEO3HIOB M HYKJIEOTHI0B, a TaK-
€ B KoMIl.TeKcaX psi1a CHHTETHUECKHX NOTHHYKJ1e0TH,10B. O1HAKO KBaH-
TOBO-MexaHHuecKHe pacyeTbl MOKA&3bIBAOT, YTO VOTCOH-KPHKOBCKHE
Bb'l'rr-(a cnyyae PHK — A-U-) u G-C-napsl 3xepretHuecky HauGonee
. OIHBL. [IpOHCXOAHT 5TO MOTOMY, YTO B 3THX NapaX UEHTPbI C NOBbI-
)K:E:IOH H MOHHXEHHOW 3.1€KTPOHHOI NIOTHOCTbIO OCHOBAHHH PacnoJo-
me“eHoTnTnMa:buo ApYT OTHOCHTEIbHO Ipyra. Takum o6pa3oM, KoM-
Poaéﬂm apHble Napbl OCHOBAHHH B HYK.JIEHHOBBIX KHCJA0TaX cTaGHJIH34-

NPeHMYLIECTBEHHO 3JeKTPOCTATHYECKHMH B3aHMO,IeHCTBHAMH
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Puc. 13. Cxema, HaJ0CTPHpYIOLLAS NepeKpPuIBaHHe OCHOBAHWIA B JBOHHOM cnHpa-
au JHK:
a — A-T-napa HaxogHTcs cBepXy (KHpHbie NHHHH), G-C-mapa — CHH3Y (TOHKHMe JNHHHK); 6 —

G-C-napa — cBepxy; C+G-napa — CHH3y; GoNbluHe CBET/Ible KPYXKKH — aTOMB KHCJAOPOAA: Ma-
Jbie — a3oTa

(Takylo KOMIJIEMEHTaPHOCTb Ha3blBalOT 3/1eKTPoHHOH). OTMeTHM Tak-
xke, uro G-C-napsl cyumectBeHo Gonee cTabuibHbl, 4eM A-T-naphi.

HHyio npHpoay HMET MEXIJOCKOCTHble B3aHMOJEHCTBHA OCHOBA-
Huii. TeTepoLHKIHYeCKHe OCHOBAHHA HYKJEHHOBBIX KHCJOT JOCTaTOYHO
rupodo6Hbl, T.e. B BOAHOM PacTBOPE HM BEITOjIHEE DPACTIONOXHTbCSH
APYT HaJ APYTCOM H TeM CamblM YMEHBIUHTh KOHTAKT C MOJIEKYIaMH BOJbI.
[lpu o6pazoBaHMH TaKHX CTONMOK BO B3aHMOJeHCTBHe BCTYNAMOT (Y HK-
unonanbuple (C=0 u C—NH,) rpynnel 0AHOro OCHOBaHHA M J-3JIEKT-
PGHHBIE CHCTEMBI COCeJHEro ¢ HHM IO BePTHKalu ocHosaHMs. [Tostomy
CT3KHHT-B3aMMOJEHCTBHA OCHOBaHHH (B apoitHo#t cnupanu [IHK, Ha-
npuUMep) 3aBUCAT KAaK OT COCTABa KOMIIEMEHTAapHHIX Nap, Tak H OT
HX mocnaenoBartesbHocTH (puc. 13).

B. [oaumop¢usm asoitHo# cnupamn JHK

Ve Ha panHeM 3Talle U3YYeHHsi NPOCTPaHCTBeHHON crpykryphl JHK
BBISICHHJIOCH, YTO TIPH U3MEHeHHH BHEUIHWX YCJIOBHH ABOfiHas cnupajb
MOXeT NpHHAMATb (OPMbI, OTJIHUHBIE OT YOTCOH-KpHKOBCKOH (B-dop-
Mmbl). Tak, NpH TIOHHXKEHHH BJAXHOCTH (B npemaparte ofpasua 11d
PEHTTeHOCTPYKTYPHOrO aHa/lW3a) HWJIH aKTHBHOCTH BOAbl B pacTsope
(mpu no6asnenun cnupta, Hanpumep) JAHK nepexoaur B Tax HasbiBae-
My A-¢popmy (puc. 14). 3roT nepexop cBA3aH B NEPBYIO ouepeib C
M3MeHeHHeM KoHbopMauuu YrJesofHOro ocratka. Ecau B B-dopme
JHK ocratok aesokcupu6osbl Haxoautess B C2'-3ndo-KoHbOPMALHH, TO
npH nepexone B A-dopmy on npunumaer C3’-sndo-xonpopmannio. Kak
6bl10 NOKa3aHO Ha puc. 11, 3TO NPHBOAHT K YMEHbIUEHHIO PACCTOAHHA
MeXKAYy GochaTHBIMH TPYNNaMH H, CeX0BaTe]bHO, K YMEHbUICHHIO pac-
CTOSIHHIl MEX1Y HYKJEOTHAHbIMH napamH BIOMb OCH CIIHpadH (40 NpH-
mepro 0,25 uM npu 11 HYKJEOTHAHBIX OCTATKAaX Ha BUTOK CIIHPAJH).
JlvaMeTp crHpain YBeJMUMBAETCs, H3MeHseTcsl LIHPHHA M Ky6HHAE
60p0310K, Napbl OCHOBAHHH 06Pa3yIOT € OCbIO CITHPAJH YTOM OKOJIO 20°
M, IMaBHoe, cMelleHbl K nepudepun cnupanu. Beneacrsie 3Toro ciit-
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a1b 1IOXOX@ HA NOJOTYIO
BHHTOBYO JecTHHLY, a
pHYTPH €€ BO3HHKAEeT No-
Ji0CTb 1MaMeTpoM 0,40 H™m.

Broc1eaCTBHH  ObLIO
OBHAPYKEHO ~ 3HAUHTEb-
Hoe UMCJI0 BADHAHTOB A-
4 B-gpopy JIHK (B ocoben-
HOCTH nocaeaneit). Takum
06pa3soM, MOXKHO FOBOPHTDb
o JBYX cemeficTBax (opu
JBOHHO# CIHPAAH, OTIH-
yarolliXcs KOHPopMaLHed
yIIEBOIHOTO OCTATKA. B
To e BpeMs JIBOHHbIE
cnHpasH, OTHOCAIIMECH K
moboMYy M3 ITHX CeMeH-
cTB, BCerla 3aKpyueHbl
8npaso.

Oxkasajochb, ORHAKO,
YyTO HaApAAY C TNpPaBbIMH
CYIIECTBYIOT H .1€8bie CTIH-
paan  JIHK. Tlepsoua-
yalbHO JeBasi CNHpalb,
TIOJYYHBLIAA Ha3BaHHe
Z-popmor (puc. 15), 6bu1a
obHapy»KeHa Y [MOJHHY-
KJEOTHIa C Yepeaylollei-
€Sl 110CJ1e10BATENbHOCTBIO
d(GC),. Uenn noau-
(dG-dC) caMoKoMILIe-
MEHTapHbl H B PacTBOPE C
HH3KOH HOHHON cH0H 06-

Puc. 14, A-popma asoitno#
<nipaan JHK:

@ — obwuii Bug cnupann. Buawuo,
9TO MiocKoeTH KOMILTeMEeHTApHBIX
ﬁﬂp OCHOBaHM il CHJIBHO HaK.JIOHEHB

OCH cnupaan (cp. ¢ B-dopmMoit
“HHCI;’; Ha pHC. B): 6 — BMA cnupa-
Aok epxy. Ecau, MbicTento aBKra-
B}mannonb OCH CNIHpaJK CBepXy
eng, npencTaBuTy, cebe pacnoso-
W C. TOCTEIYIOWKX Nap OCHOBA-
uem-’ TO FAETKC 3uMeTuTL, 4YT0 B
‘!lee'{:ce Aeofikoli  cnupaaw AHK
Jlalm.ue; noao(Tb [Ha npoekuuH,
yHoK) BH1 cBepxy (HUAKHHI pH-
"Jle“eﬁ XODPOLIO BHAKO, 4TO KOM-

J€HTapiele napw  ocHoBakMit

Pacnoqox
eHbl 61K3KO Kk NepndepuH
COHpaay ) pndep

fapss ocsofanud

ubIy 0£MY
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Puc. 15. dpoitnas cnupaas AHK B Z-dopsye (a) u B B-gop-
Me (6)

ToNCTHIMH JTHHHAME coefliHeHbl GocdaTHble TPYNNb (aATOMBI KOTOPBIX Bblges
JieHbl); BHAHO, 4TO B c/1ydae Z-GopMel 5Ta JIHHHA HMeeT 3HI3aroo6pasHsift
BHA

pa3yioT npasble 1BoiiHble cnupany B-tuna. [1pH BbICOKOM KOHUGHTpaLHH
coJieft uau 106aBAeHHH CIIHPTA 3Ta ABOIHAS CIHPaJdb NIEPEXOLHUT B JIEBYIO
Z-gopwmy . Ee aameuaresbHast 0CO0HHOCTE — 4epeiOBaHHe KoH(opMauHit
HYKJIEOTHAHbIX 0CcTaTKOB: ecau B dC-3BeHbsIX OCTATKH YIJ€BOJA HMEIOT
C2'-31d0-, a ocHoBaHHe — armu-KoHpopmaliu, To B dG-3BeHbAX OC-
TaTKU J1e30KCHPHO03bl HaxoasTest B C3'-3#00-, a OCHOBaHHE — B CUA-
KoH(popMmauuu. B npaeeix A- # B-QopMax Bce OCHOBaHHA HMEIOT aH mu-
KOH(pOPMALHIO.

Takum o6pasoM, mnosropsiowancs eiuuuua 8 Z-gopve JHK co-
CTOMT U3 JBYX Nlap HYKJEOTHIOB, a He H3 OJIHOM, Kak B B- # A-opmax;
B pe3yJbTaTe JHHUSA, COeJMHAIOWAs PochaTHble FPYNNbl, yepes KaxIble
JIBE Naphl HMEeT H3J0M W NPHHHMAET 3Hr3arooCpasHEIfl B (oTcrona Ha-
apanue Z-opmei). [lo cpasrentio ¢ B-gopmoil B Jesoit Z-popme pes-
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xo H3MeHeH XapaKTep CT3KHHTa OCHOBaHHH: CHAbHBE H Clabble Mex-
[IOCKOCTHBIE B3aHMOJEHCTBHS TaKXKe YepelyloTcs.

Kpome d(GC),-nocnenoBateibHOCTH Z-opMy MOTYT NPHHMMATh W
4e ABYTSKEBBe MOMHHYKIEOTHIbl H/IH Y4acTKH JAHK ¢ uepe-
Mucs  TIOCaeoBaTeqbHOCTAMA. BaxHo, uyro B NPOTAXKEeHHOH
naxonsuleiics B B-popMe, NPHHLHIHAIbHO BOSMOXHO Cy-
JuecTBOBaHHE OTAENBHBIX paioHOB, HMEIULHX Z-popmy. Bonpoc o cy-
[iecTBOBAHHH Z-opmbl AHK in vivo 10 KoHUA He BbIACHEH. UO}lHaKO
B KJeTKax yjaercs oGHapYKHTb 0€1KH, KOTOpble B3AMMOLEHCTBYIOT
¢ Z-gopmoit JIHK, Ho He cBsizbiBatotcs ¢ ee B-thopmod. i

B rioc/ie/lHKe TOIbl apameTpsl B-, A- n Z-popv ABOHHBIX cnupaleit
JIHK ynanock YTOYHHTH BLICOKOpA3peLIAolHM  PEHTTEHOCTPYKTY P~
biM AHATH3OM MOHOKPHCTA//IOB CaAMOKOMILIEVEHTAD HBIX CHHTETHYECKHX
OJHIOHYKJIEOTH10B, 00pasylollHX KOPOTKHE ABOfiHBIE CITHPATH (ayn-
gexchl). [IpH 3TOM MOXHO OLEHHTD KOH(OPMALHIO KAXIOR HYK/IEOTH1~
woii mapbl B aymuekce. OKasanoch, 4To BHYTPH ABOHHOH CNHPalH cy-
jmecTBYeT KOH(OPMALHOHHAs MHKPOTreTepOreHHOCTb: B 3aBHCHMOCTH
oT NMOCNeNOBaTeJbHOCTH HYKJIEOTHIHBIX Map KOH(OpMAlHH caxapos B
HYKNEOTHIHBIX OCTaTKaX HECKOJbKO OTJIHUAIOTCH . 310 NPUBOAHMT K OT-
IMUHAM B MEXKHYKJEOTHIHBIX DAacCTOSHHSX BIOJb OCH Crlipaid H K
pasiuYHOMY HAKJOHY nap ocHoBaHHil K 310l ocH. Takhe 3aBucsiLiHe OT
nepBUYHON CTPYKTYPBI pasjHuus BO sropuunoil crpykrype JHK, no-
BUAMMOMY, UPE3BBINARHO BaXKHbI 115 ee (yHKUHOHMPOBAHHA.

yr
Ayt
THK,

r. Hdenarypauusi u penarypauus JAHK

Baxkueiiueli 0COGEHHOCTbIO BHYTPHMOMEKYJSPHBIX B3aHMOJEHCTBHI,
CTabUAM3HPYIOIHX MaKPOMOJIEKYIAPHYIO CTPYKTYPY JHK, sBasercs
X Koonepamusrocme. ILisi ABOMHBIX cnupajeif, MOCTPOEHHBIX H3 KOM-
IVIEMEHTAPHBLIX TOMOMNOIHHYKJIEOTHAOB, 3TO O3HAYAET, 4TO NpH HX JeHa-
TYpauuu, NPOUCXOAAILell, HANPHMEDP, NPH TOBbILUEHHH TEMNEPATYpbl K
npuBosiell K 06pa30BAHHIO H30JHPOBAHHbLIX MOJHHYKJIEOTHIHBLIX Le-
neil, Bce 3BeHbA CHUPANbHON CTPYKTYPbl paspyLIaOTCs O1HOBPEMEHHO.
Takoit npouecc HasbBalOT naagieHuem O8OUHOU CRUpalL. Ero onuchbi-
BAlOT KPUBOIl NJaBJeHHs, KOTOpas, B CBOK Ouepelb, XapaKTepH3YeTCs
memnepamypott naaérenus Tr, W WHPHHOH TEMNEPATYPHOro HHTEpBa-
13, B KOTOPOM NPOMCXOAMT paspylueHHe IBOWHOH cnupany {puc. 16).

m ABOHHBIX CrIHpafeil, TOCTPOEHHBIX Toabko W3 A:-T- W TOabkOo W3

-C-nap, oraunyatorcs Ha 40 “C. [Tosromy xapakTep KpHBbIX MJaB1eHHS
1pupoakbix JIHK cuAbHO 3aBHCHT OT pacnpelelieHHs yyacTKos, Gora-
Thix A-T- u G-C-napamu, Bloib ee MoJieky.bl. [1pu leHaTypalutit Ta-
Kix IHK, Kak BH1HO M3 pHC. 16, NPOHCXOIHT OIHOBpEMEHHOe (Koome-
DaTHBHoe) mn.aBjenHe OTIeAbHBIX TNporsikenHbix cermenTos JIHK.

m AHK CWIbHO 3aBHCHT OT KOHIEHTPAUHH KATHOHOB (MeTa.lioB) B
PacTBope, skpaHHpYIOLLHX OTPHIIATE IbHbIE 3aPAbl ee docaTHbIX rpynn
(nosToMy 105 GoabLIMHCTBA KATHOHOB Ty BO3PACTAET C POCTOM HX KOH-
Uentpayun),
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Puc. 16. Mnaeaenne JHK:

@ — KDHBBIe TIIaBJleHHsi ABycHpajibHoro Kommiaekca nonu(dT) — nonu(dA} (I} u THK 6akrepuy
Proteus vulgaris (I1). [Jenatypauus IHK conpoBonaercs yBesHueHHeM HX oNTHYeCKOM Niaor-
HocTH B Y ®-06sacTH (0K0/10 260 HM), Ha3bIBaeMbIM THNEPXPOMHLIM 3PdeKToM. DT0 NO3BOJSIET Cie-
AKTH 3a XoAoM AeHaTypauun JHK.]: AT/A,— oTHoweHHe onTHYecKoil niaoTHoctn AHK npu nan-
Holt TeMNepaType K oNTHYecKo# MIoTHocTH HatuBHoil JIHK (25 °C); 6 — nuddepenunanbHas Kpu-
Bas N1aBienHa pparmenta AHK Gakreprodara fd. [Ee moaydaor nyrem TliaTeabHOT0 H3MePeHis
3aBHCcHMOCTH @ (Mos1n 3BedbeB JLHK, nepewenmux B AeHaTypHPOBaHHOe COCTOSIHHE) OT TeMnepary-
pul.l: KaXABlll MUK Ha KpHBOH COOTBETCTBYeT BHIMLIABJeHHIO oTAelbYoro ydactka JHK

B MonexkyasipHo#t GHOJOTHH LUHPOKO HCIOJIb3YETCH CNOCOGHOCTD je-
HatypHpoBanHbiX JIHK pesaTypupoBaTh ¢ BOCCTAHOBJIEHHEM HCXOAHOI
JBYCMHPaJbHOH CTPYKTYPbl. OHa JIeXKHT B OCHOBE METOAa MOAEKYAAp-
Ho eubpudusdayuy HYKIEHMHOBBIX KHCJIOT, KOTODBIH MO3BOJIAET BhIsB-
JIATH crenenb cxXopcrBa pasnuunblx JHK (a rakxe PHK). Hdas sroro
JeHarypuposatinyio JHK (ecu uayuaercs ru6puan3auus ABYX pasJHy-
HBIX HYKJEHHOBHIX KHCJIOT, TO OIHA H3 HHX HeceT PaJHOAKTHBHYIO MeT-
KY) MOMelaioT B YCJIOBHSI, ONTHMAJbHble /st 0Opa30BaHHsl JBOHHBIX
cupajell (HOHHAas cuJa pacrtsopa — okoso 0,2; TeMnepar’pa — Ha
10—20 °C nuxe T, Hatupnoit JTHK). B ciyuae N0aHOCTbIO KOMIJIeMEH-
rapHbix ueneii JJHK co BpeMeHeM oHH HeJIHKOM mpeBpaTATCS B ABY-
CrHpPaJbHble MOJIEKYJ/bl. EC/H B CMeCH MPHCYTCTBYIOT KaK KOMIJIEMEH-
TapHble, TaK H HekoMmJeMeHTapHele nend JIHK, To nocse penarypanus
nepBbIX TeM HJM HHbIM CHOCOGOM ONPeNensioT A0/ ABYCMHPANbHbBIX
MoJsiexkyJl. B HacTosiillee BpeMsi LUHPOKO PacnipoCTPaHEHHl METOBI, KOT1a
JeHaTypHpoBaHHble MoJekyJ/abl JHK oasoro THma sakpemasiorcs Ha
HHUTPOLENMONO3HEIX (UABTPAX, KOTOPHIE 3aTeM MOMEUAi0T B PacTBOp
JHK (uau PHK) apyroro tuna. [Tocie ofpasoBaHus JBYCIHPaJibHbIX
KOMIIJIEKCOB Ha (PHJIbTPAX OHH JIETKO MOTYT OBITb OTMbITHI OT HECBs13aB-
weiica JJHK. 3T1or ke noaxoa Hcnoab3yeTcs MpH BhISIBJAGHHH wenel
JHK (unmn PHK), komnaemenrapusix apyrum JHK (man PHK), nocne
pasjieJleHHsi HX 3JeKTpodope3oM B TeasiX.

Ckopoctb npotiecca pedatypaund JJHK o6biuHO onHchiBalOT ypaBHe-
HHeM

c_ 1

Co T1FERCi ’
rae C — koHuentpauusa ogHorsikeBolt IHK; Cy — cyMmapnass KoH-
uentpamua JHK; ¢ — Bpems; k — KoHCTaHTa CKODOCTH BTOpOro Mo-
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agka. Vs 3T0rO ypasHe- 0
Lus BHIHO, UTO SO JeHa-

1y pHpOBaHHOH IHK, eue re
eacCOLHHPOBAHHOH K MO-
MeHTY BpeMeHH t, ecTb PyHK-
ups C,f. TloaToMy mpottecc
peHaTypauHH JHK  obbiu-
o ONHCHIBAIOT B  KOOPJIH- )
HaTtax, MoKa3aHHbIX 3 H? 401 o1 0 ”
pe. 17, a ero BaxHeHuieh \g(Cot)
xapamepucmxoﬁ ABISCTCA  Dyc. 17. Wpeannsuposankas Kpupas peac-
peJiHUMHA Cotn/,, IIpH KOTO- COLHALHH Lened JeHaTypHpPOBAHHOW JHK

§ peaccollMalUsl IPOXOJIHT (cM. Takxe puc. 107 H NOAACHEHHS K HeMy B
f[g"f)% % TeKcTe)

S
<

cmenenb
peaccoyuayuu

g
S

A. Ceepxcnupanusanus JHK;
TOMOH30MEpPa3bl

B cepemute 1960-x rosos J1. Bunorpaa u cotp. o6uapyxuau, uro JHK
HeKOTOpbiX GaxTepHO(aroB H MHTOXOHADHH MOMeT CYLIEeCTBOBATh B
Bije LHKJIHYECKHX MOJeKyJ/. [lozke 6bllo ycTaHOB/IEHO, 4TO GOJb-
WHHCTBO BHPYCHBIX H MHOXecTBo kaetounbix JTHK umetor KOJIbLEBYIO
dopMy. B Tom ciyuae, eciin obe MOMHHYK/IEOTHAHbIE LEMH B KOIbUEBOK
MoJeKy/ie, ofpasoBanHofi aBycnupaibroii JIHK, KoBaleHTHO 3aMk-
HYTH (aHAJIOTHYHAs CHTYallUsl BO3HUKAET, KOTJa KOHIIBI MeTe/b JABYCIH-
panbuolt JHK ckpensiensl GekaMu), TO OHH YK€ HE MOTYT GbITh pasie-
JieHbl B [POCTPAHCTBE. ) i

BaxHefiuit napaMerp KakJoH KOJbUEBOH KOBaJEHTHO 3aMKHYTOH
monekynel JJHK — nopsiiok 3auenyieHHs ABYX OQHOLENOUYEUHBIX KoJelL
B Heil. OH o603HavaeTcs Kak Lk (WM @) H B iepBoM NPHOIHKEHHH pa-
BeH YHC/Iy MepeceueHHil OAHOH NOJHHYK/IEOTHAHOH LenH ¢ APYron B
AByCnHpajbHOM Kodble (puc. 18). Lk, Takum ofpasom, HMeET LeJO-
YHCNEeHHble 3HaueHusA. Camoe BaxKHoe, Lk -— BeJHYMHA TNOCTOsIHHAS
(uHBapHaHTHast) A7 LaHHOH KOBAJEHTHO 3aMKHyTo# Kosbuesoi JJHK.

Ecau rakaa JIHK HaxomuTcsl B TaK Ha3bIBaGMOM peAaKCUPOSAHHOM
cocmosKuu, T. e. 6e3 BCAKOrO HANpPsKeHHS MOXeT ObiTh pacrnoJioxkeHa
B O7HOH nJaockocth, To Lhk=Tw, rie Tw (oGo3HauaeMoe Takxke f°) pae-
HO YuCcny BHTKOB B ABOIHOMH cnupaiau AasHoli JHK.

OnHako ecnu yBeJHUMTb HJH YMEHBIUHTb UYHCJIO BHTKOB ABOHHOM
CNHpany, CoXpaHHB KOBAJeHTHYIO HenpepblBHOCTb obeuX uemed, TO-
B CHNy itHBapuanTHOCTH Lk Takoe H3MeHeHHe OyjeT KOMIEeHCHPoBaTheA
o6pa3sopannen ceepxsumrog (puc. 18). Uucao cBepXBHTKOB B CBEPXCIIH-
Panusopannoit JIHK oGosnauaetcs Wr (WIH T; €ro 4acTO Ha3blBalT
“PaH3unrom» or anrs1. writhe — ckprounBarbcs) H onpejeaseTcs Kak

Wr=Lk—Te. _
Wj MOXeT OHTb KaK MOJOMHTEJNbHOH, TaK H OTPHIATENbHOH BEJIH-
WHHOH. Konbuessie KoBajeHTHo 3amkHyThie JIHK, BbijesenHbie 3
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penaxcupobanmas  popMa

cxpywwbasue wa
egmoe;’e dumxa

Bla=-4

10

sameixarue 8
Kobanewmno- wenpepoibuoe
x0M6Y0

ixn= 18
Tw = 22
Wr==- ¢

cBepxcnupans

Puc. 18, Cxema, uaaoctpupyowas o6pa3osalue OTPHUATENbHO CBEpX-
CIHPATH30BaHHOH KOJbUEBOA KoBasienTHok 3amknyTol JTHK

KJIeTOK, BCELa HMEIOT oTpHUATebHYH CBepXcnupanusauuio. Crenenb
cpepxcnupanusaunu Toil unu uuo# JAHK }{;106;{0 XapaxkTepH30BaThb
IUIOTHOCTBIO CBEPXBHTKOB 0, KoTopas pasHa Wr/Tw. [lnst MHOTHX NpH-
ponHsiX ceepxcrnupanusosadabx JIHK o paBHO npHMepHo —0,05.

C QYHKUHOHANBHOA TOUKH 3PEHHS BaXHO, YTO CBEPXCIHPATH30BaH-
Haa JHK ofJazaeT 3HAYHTebHBIM 3amacoM 3HePTHH MO CPAaBHEHHIO C
ee penakcHpoBaHHOH ¢opwmoii. CaejoBaTe/lbHO, JOKA/JbHOE paciljera-
Hue agoiinol cupanu JIHK ¢ oTpHUATENbHBIMH CBEPXBHTKaMH OyieT
NPUBOIHTL K cOPOCY HANDsKEHHA CBEDXCIHPATH3AUHH, H NOTOMY .OHO
SHepreT.lecKH BBIFOAHO. JTO OTYETJIHBO NDPOAB/IAETCH B TOM, UTO OT-
pHlaTesbHAs CBEPXCIHPATH3ALHA 3AMETHO CTHMYTHDYET NEPexo] OHK
H3 npaBoi B-GopMbl B NeByio Z-dopmy . JlelicTBHTeNbHO, y2Ke npH 06biY-
HBIX (H3HOMOTHYECKHX YCJIOBHSX YUacTKH C NOCIEN0BaTeNbHOCTAMH
d(CG), - d(CG), 1 d(AC),-d(GT),, crpoennnivu B JIHK ¢ o=—0,06,
NepexoAaT B JeBOCMHpaJbHylo Z-gopMy. EcTb BeCKHe CBHIETe/bCTBA
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Puc. 19. TuHeitnas (a) u kpectoo6pasHast (6) cTpyKTyphl

yuactka niasmiuisl pBR322, coxepxamero o6pamennyio mno-
BTOPAKOILYIOCH NOC.1e10BAaTEIbHOCTD HYK.I€OTHIHH X nap, noi-
YEPKHYTYIO Ha pHCYHKe
TTyHKTHPOM NMOKa3aHo TMo.104eHHe Napbl, 4Yepe3 KoTOPVIO NMpPOXOAHT OChb
CHMMETDHH BTODOro nopsjaka: MoBOPOT BOKPVT 3Toii ocH Ha 180° B njoc-
KOCTH“‘(EDTGH\'& NPHBOAHT K COBMELUEHHIO NMORTOPSAIOUIHXCH MOCACAOBATE b=
HOCTeH
TOMY, YTO OTpuUaTeIbHas cBepxcnupanusauus JIHK cnocobereyer
CYILLECTBOBaHHIO HEKOTOPHIX €€ YYacTKOB B Z-hopMe in vivo.

Jpyroit npuvep BAHAHHA CBEPXCIHPAIH3ALHHE HA CTPYKTYPHHIE Npe-
Bpaiuenusi aBokHo# cnupann JHK — obpasoBanne kpecTooGpasHbix
crpykTyp. [pakThuecku mobas JIHK coaepxuT nHBepTHPOBAHHMIE, HIH
NaJTHHIPOMHbIE, MNOBTOPSIOLLHECS MOC.1e10BATE1bHOCTH JIHHON OT He-
CKO.TbKHX I1. 0. 10 MHOTHX Thicsid M. 0. TeopernueckH MoXHO npeicra-
BUTb cefe NpeBpallerne THHEHHON IBYCNHPA.IbHOH BOPMBI MaJIHHIPOMA
B KpectoobpasHyto (puc. 19). s peaakcuposaunon JJHK seposiTHOCTb
TaKoTOo npespatlents HuutoxHa. [Tockoabky B JJHK ¢ oTpuLaTebHbIMH
CBEDXBHTKAMH 3TOT I€PeX0 3HePreTHUeCKH BLII0IEH, KPecToofpasHbie
Gopybl in vitro OGHApYKHBAIOTCA Y BCEX HCC.1e10BAHHBIX CBepXClHpa-
susosaHHblx JIHK ¢ HOpMaidbHOH NJIOTHOCTbIO CBEPXBHTKOB. (JKcre-
PHMEHTATbHO KDecTooGpasHele CTPYKTYDPBl (HKCHPYIOT MO HAJIHUHIO
OIHOTSIKEBBIX [METeTb E BepLUHHE «UITHIEK», KOTOPbie PaCLIeNJsoTCs
HYK.TeasaMu, crieundHuHbME K oanoTsxesolt JHK.) Bonpoc o cyutecr-
BOBaHHH KpecToobpasHbiX cTpYKTYp JAHK in vito ocraeTcsi OTKPHITHIM.
CkopocTb HX ;06Da30BaHHsl OUYeHb Mada, H, MOXET GbiTb, HMEHHO IMO-
3TOMY B KJIETKE HX ellle HHKOMY He YI1aJ10Ck OGHApYKHTb.

Ecan JHK colepHT rOMOMHPHMHIHH — rOMONYPHHOBbIE MOCJe-
J0BaTeIbHOCTH, TO NO01 BIHAHHEM OTPHIUATETISHOH CBEPXCHHPATH3ALMH
OHa MOXKET NepexolIHTb B QopMy, nokasaHuyio Ha puc. 20. [Tockoabky
Ats nocaeloBateabioctei THna d(AG),-d(CT), rako# nepexoi npo-
HCXOIHT Npit MOHHKeHHbIX 3HauYeHusX pH (a npu pH 4,3 on Habaw1a-
ercst 1 npu ¢=0), oHa no.1yuH.Ia HasBaHue H-gpopuee. Haanunem H-dop-
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-nou (U)] cymectByior TonbKo B npagoit A-dopwme, B ocHOBHBIX yep-
Tax nogo6uoit A-popme JHK. B 10 xe BpeMsi IIDHHLHMHAJAbHO BO3-
MOXHO CYIIeCTBOBaHHe H JIeBbIX ABOHHHIX cnupanefi PHK (Z-PHK).

6. O6lwiue uvepThl BTOPHUHOH CTPYKTYpHI
onHotsKeBbix PHK

Makpomoniekynbi GosbiunHCcTBA npHpoaHbix PHK NOCTPOEHDbI H3 OJAHOH
MOMHPHOOHY KIeoTHAHOH Lenu. OCHOBHOMH 3JeMeHT HX BTOPHYHOH CTPYK-
TYPbl — CPaBHHTENIbHO KOPOTKHE [BOHHblE CIHPAJH, 06pa3soBaHHbIe
KOMII/IEMEHTADHbIMH YUaCTKAMH OJHOH M TOH XK€ LIeNMH H MepeMexaio-
IHECST €€ OAHOTAMEBBIMH cermenTamu. ITosMpUGOHYKIEOTHHbIE Henu
B TaKHX ABYCIHPANbHBIX CTPYKTYPaX aHTHNADAJJIENbHbI, a CAMH ABOH-
Hbl€ CIIHpaNH, Haxousinnecs B A-Qopme, He HJEaNbHbI: B HUX HMEIOTCS
AeeKTbl B BHJIE HECTAPEHHBIX HYKJEOTHIHBIX OCTATKOB MJH He BIIHChI-
BAIOWUUXCA B JIBOAHYIO CIHpalb OAHOTSIKEBHX neTens (puc. 21 u 22).
Hapsny ¢ kaaccHyeckuMu yOTCOH-KPHKOBCKUMH napamu (A-U u G-C)
B nByTskeBblX yuactkax PHK uacro Bcrpeuaercs napa G-U. Takum
06pasoM, CTaGHIbHOCTb ABYTSKEBLIX PaliOHOB NOAJEPKHBACTCS KOMILJIe-
MEHTADHBIMH H MEXKIVIOCKOCTHBIMH B3aHUMOJCHCTBHSMH OCHOBAaHHII.
B ofnoTsKeBbIX yuacTKax Ha6Ti0 AIOTCS CHAbHBIE CTSKH HI-B3aHMOJEHCT-
BHsT OCHOBAHUH, BC/IJCTBHE YEr0 OHH CTPEMSITCS IPUHSATH KOHPOPMALIHIO
OJIHOTSI2KeBOH CnHpasu.

Ofue NPHHUKNB! OPraHU3AUUH BTOPHYHON cTpykrypb! PHK Goinu
copmy.iupoBansl I1. loth 1 coTp. u A. C. CnupHHbIM ¥ coTp. (1959—
1961). Buoc/lecTBHH Gbio YCTaHOBAEHO, YTO 3TH NPHHUUNKL CIpaBes-
JIHBBI 17151 BCeX ofHOTskeBbIX PHK u Ha ux ocHoBe ans mo6oii PHK c
H3BECTHOH NEPBHYHOH CTPYKTYDPOH MOMKeET GbiTh MOCTPOEHA J0CTAaTOYHO
AOCTOBEpHAsi MOJeNb BTODHYHOH CTPYKTYDHI.

ITouck Tako#l MOZENH HaUMHAMOT ¢ BHIIBIEHHS ¢ noMombio SBM Ba-
PHaHTOB BTOPHYHBIX CTPYKTYP C HYMCJIOM KOMILUIEMEHTApHBIX Nap oc-
HOBaHHI, GIH3KHM K MaKCHManbHoMy. [lasmee OTGHpAIOTCS BTOPHUHBIE
CTPYKTYPBI, 06pa3oBaHHE KOTOPBIX COOTBETCTBYET MHHHMYMY CBOGOA-
HOil 3Hepruu. JINsi STOrO HCMOMb3YIOT CleLHabHbIe aJITOPHTMBI, KOTO-
PBIE NO3BOJIAIOT YYECTb NMPOTSHEHHOCTb NBYCIHPAMbHBIX YYACTKOB, KO-
JIHYECTBO M MOC/deNoBaTeIbHOCTb yepenoBanus G-C-, A-U- u G-U-nap
B HHX, XapaKTep H pasMmepbl J1eeKTOB B 3THX yuyacTKax H T. i. Takhe
AJTODHTMBL CO3ZIAIOT HA Ga3e IKCIEPHMEHTAJBHBIX JAHHBLIX, NOMYYeH-
HBIX IDH H3YYeHHH CTaGHALHOCTH GOJIBLIOTO YUHC/IA CHHTETHUECKHX OJIH-
TOHYK/ICOTHIHBIX KOMIIEKCOB, MOIENUPYIOIHUX OJHO- M JABYTSDKEBble
Yyuactku PHK,

Puc, 22 Bropuuubie ctpykTypst PHK-koMnokenTa puGonykaeassl P us E. coli
H Bac. subtilis

Hecemorps na Muorouncaensme HYKJIeOTH/IHbIE 3aMerbl, KapKac CTPYKTYpH coxpaHsieTcsl. [Tokasa-
HBEl TaKXKe YYacTKH MOJeKYJl (0AHHAKOBO PAcTofioMeHHble). CNocoGHbBle 06pPa30BaTh «ncesaoy3seT»

(M. puc. 25). O6e PHK 06:131310T PePMEHTATHBHOII aKTHBHOCTBIO H BRIOAHAIOT ORHY H Ty e
dYHKuKIO — yuacteylor B npoueccuure TPHK
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K coxanenuio, nogo6Hble pacueTs! faoT mis AanHol PHK, Kak npa-
BHJIO, HECKOJbKO (a AJIs BbicOKoMoJekyaspHbix PHK — MHoxecTBO)
MoJiesiell BTOPHUHBIX CTPYKTYP ¢ GNH3KMM 3HayeHHeM CBOGOAHOH 3Hep-
rud. OfHAKO TEOPETHYECKHH IOHCK MOJAENH MOXKeT ObiThb NPOIOJINKEH,
eCJIH M3BECTHbl HYKJEOTHAHble MOC/IeJOBATENbHOCTH XOTs Obl eie oA-
Hoit (nyumwe Heckoabkux) PHK, orHocswiefics K Tomy ke Knaccy, YTO
H MccaelyeMasi, HO BblAeJleHHoit u3 Apyroro o6wekra. B sToM cayuae
C yCrnexoM NPHMEHAIOT TaK Ha3blBaeMbli «(pHJIOreHeTHUeCKUH» MOIXOA,
KOTOPBI OCHOBaH Ha jonyweHuH, yto PHK, Bhinonsiomue B KiaeTke
OJIHY H TY e (QYHKUHIO, JOMKHb HMETb CXO/Hble BTOPHYHbIE H TPeTHY-
Hble cTpyKTypul. Torfa cpeiu pacueTHbIX Mojesel A1s ABYX (uau 6oJb-
wero uucaa) PHK HyxHO BbOpaTh OJHOTHIIHBIE.

Brepsble NPaBoMepPHOCTb «DHJIOTeHETHUECKOTO» MOAX0Aa Oblna fpo-
JeMOHCTpHpOBaHa npu HM3yueHuu cTpyktypnl TPHK. Okaszanoce, uro
BTopHuHas cTpykrypa Jo6eix TPHK nesaBucumo or Bapnauuit B HX
HYKJMEOTHAHBIX [OCAeI0BaTeIbHOCTAX ONMCHIBAETCA YHHUBEPCaLbHOM
MOJIE/IbIO «KJIEBEPHOTO JiHCTa». Ellle Gosee BneyaTasOT Pe3yabTaThl PH-
MeHeHHs 3Toro noaxoga K pabocomubiM PHK, korga M3 MHOrHX coTeH
pacueTHbIX Mojelell yjlanoch BHGpath no omHo#t ans PHK kaxporo
THra *. Kak ocylecTB/AsETCs TaKoi BbIGOP Ha YPOBHE OTAENbHbIX 3Je-
MeHTOB BTOpuuHBIX cTpykTyp PHK, nokasano Ha puc. 21, a Ha puc. 22
IeMOHCTpHpYeTCs MojoGue BTOpHuHbIX cTPYKTYp PHK-komnonenta
pubonykaeasbl P (0 ero (epMeHTaTHBHOH aKTMBHOCTH ¢M. B nat. VIII).

Teoperuueckas mofeab BropuuHoH crpyKtyphl PHK noskna Gbith
JlaNlee NOABEPTHYTAa SKCIEPUMEHTANbHOH mpoBepKe. IIpsiMble MeToOAbl
onpesie/ienust KOHPOPMALHH MaKPOMOJEKYJ — PEHTIEHOCTPYKTYPHbIH
aHAAU3 U AJepHbIH MarHuTHbIE pesoHaHc (SIMP) — moka npumenumbl
auwb s Huskomohexkyaspueix PHK (em. crenyiomuit pasaen). Ilo-
STOMY B GOJIBLIMHCTBE C/Iy4aeB NPHHAJVIEKHOCTb TOTO HJIH HHOTO HYK-
neoruasoro ocratka PHK (MM 10CTaTOYHO MPOTSAXKEHHHIX €e y4acTKOB)
K JABYCNHPANbHOMY HJIH OJHOTSI:KEBOMY 3/1eMEHTY BTOPUUHOH CTPYKTYpHI
olleHHBaeTCs KOCBeHHBIM nyTeM. OCHOBHasi PONb 3JeCb NPHHALJIEKHT
MeTojiaM XuMHuecKoll MoiudHKauuM M MerofaM pacuwennesns PHK
crpykTypocneuudnueckumu PHKazamu.

JleficTBUTENbHO, AASl KaKAOTO TeTePOLHKAHUYECKOr0 OCHOBAHHSA
MOHO NO06pAaTh TAKOH XUMHYeCKUH peareHT, KOTOPbIH H36UpaTeNbHO
B3aHMOeHCTBYeT TOJNILKO C aTOMaMu WJIH IpynnaMH, YYacTBYIOLIMMH B
o6pasoBaHUM BOZOPOJHHIX CBA3efl NPH KOMIJIEMEHTADHOM CNapHBAaHHM
HYKNEOTHAHBIX OCTaTKOB. TaK, Hanpumep, KeTOKCaJb U3OHpaTelbHO
p3auMogeiicteyer ¢ N1 u 2-NH,-rpynnoit ryaHnsa, AUMeTHICY/Ibdat
(B onpejeieHHbIX ycaoBusaX)— ¢ N1 agennsa u N3 uurosuna, kapGo-
auumua — ¢ N3 ypauuaa. ClefoBaTe/1bHO, €CIH TOT MJAH HHOMH, HYKJ/ieo-

* Moze/H BTODHUHBIX CTPYKTYpP TpaHCMOpTHHWX # puGocomuux PHK noapo6-
HO pacCMOTPeHH BO BTOPOM Tome 3Toro yueGHuka (Cnupud A. C. MonekyaspHag
6Hos0rHA: CTPYKTYpa pHEOCOM H 6HOCHHTe3 Geka.— M.: Bucwas wxkoaa, 1986),
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Puc, 23. Cxema, HAMIOCTPHPYIOUAA SKCNIEPHMEHTAIbHYIO MPOBEPKY MOJENH BTO-
pHuUHOH cTpykTYpH PHK

Tpuseaen dparment pubocomuoli 16 S PHK. Bujenens (ITPHXOBKO#H) ABYCIIHpaJbHbIE Y9aCTKH,
CYLleCTBOBaHHE KOTODBIX NOATBEPX/A4eTCA CPABHHTENbLHBIM aHaln30M (cM. puc. 21). CTpenxamu
TnoKasaukl Mecta pacutensennss PHK ryanunopoii T, (3auepnennas ranxa), agenunnosoit U, (Ton-
kaa crpenka) PHKasaMu u HyKaea3oll u3 sila KoOpbl ((KHPHAst CTPeJKa), a TaKXKe HYKJIeOTHAHbIE
OCTaTKH, MOAMQULUHPYeMble XHMHYECKHMH PeareHTaMH, CeuH@HUHBIMA K OAHOTSKEBbIM Y4acTKaM
PHK (3aYepHeHHblil TPEYTONbHAK). ITH Pe3yNbTaThi B OCHOBHOM TOATBEPKAAIOT MOJEb, OflHAKO
CYylecTBOBaHHE ABYCIIHPaNbHOTO Y4YacTKa, NMpuMbiKawoiuero x A1080, MajioBeposATHO, TaK Kax Noy-
TH BCS €ro «JieBas» LeNb MOAHGH LupYeTcs (HAH pacliellJINeTCA) areHTaMu, cllelHPHIHBMH K OfHO"
raxesoh PHK

THAHBIH ocratok PHK Moauduuupyercs oqHHM H3 3THX peareHToB, OH
NpHHAANEXAT opHOTskeBoMy Yyuactky PHEK. OrtcyrcrBue Mmojauduka-
LUHH HHTEPNPETHPOBATb TPYJHEe — HYKJEOTHAHbIH OCTATOK MOXKET
BXOJUTb B COCT4B NBOHHOH CNHpaJH, HO MOXeT ObiTb 3KPaHHPOBAH H
TPETHUHLIMH B3aHMOJEHCTBHAMH (CM. CJelylOLHHE pasjen).
AHanoruuHble NPHHIUNDI JEXKAT B OCHOBE (pepMEHTATHBHBIX METOJI0B
aHasu3a BTOPHYHBIX cTpYKTYp PHK. MaBectHo 6onbmoe uncno PHKas,
KOTOpble HanpasJieHHO THIpoaH3yioT docdoausdupHble CBA3H B OAHO-
TaxepblXx yuyactkax PHK. OGHapyxeHo TaKike HeCKOJAbKO HyKJjeas,
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HMEIOLIHX MOBbILIEHHOe cpoicTBo K asyTskeBbiM PHK. Anannsupys
KaptuHy ruapoansa PHK sTHMH depMeHTaMH, MOXKHO yCTAHOBHTb MNpH-
HaJIEXXHOCTh ONpele/eHHbX HYK/IEOTHIHBIX OCTATKOB K TOMY HJIH HHO-
My THNY BTOPHYHOH CTPYKTypbi. Pe3y.bTarhl, nojaydyaemble XHMHYe-
CKHMH H (hepMEHTAaTHBHBIMH METOJIaMH, XOPOLIO NONOJHSIOT APYT ApYra,
YTO BHAHO U3 puc. 23.

Wpentudukauusi MOAHPHIHMPOBAHHBIX HYKJIEOTHLAHBIX OCTaTKOB B M0-
auuyxaeorHanoit uenu PHK nonroe Bpems 6bla 3anauet ocoGo#l Tpya-
nocTH. C nosiBfieHHeM COBPEMEHHBIX METONOB CEKBEHHDOBaHHs HYKJIEH-
HOBbIX KHCJIOT OHa CYIIeCTBeHHO ynpocrinach. Moaudukauuio PHK uau
ee pacuienienne GepMeHTaMH BeAyT TaKHM o6pa3oM, uTobbl (KaK H npH
CEeKBeHHPOBaHHU) GbIIO 3aTPOHYTO B CPEJHEM TOJBKO OJHO 3BEHO Ha
MOJIEKYAY (B 4eM eCTb JONOJIHHTE/bHBIH CMBICJ, TaK KaK MHOXECTBeH-
Hast mogupukauns PHK Hckaxaer ee ctpykrypy). [lanee, ecan u3y-
yaercas PHK Hefoabworo pasmepa uin cermenT PHK, npumbikamomus
K OZHOMY H3 € KOHLOB, TO 3TOT KOHell METAT PaiHOaKTHBHOH METKOH H
3aja49a HIEHTHQHMKALMH MOAHGHIKHPOBAHHOTO OCHOBAHUA (OC/]E pac-
LieMJeHHs COOTBETCTBYIOIEr0 3BeHa) HJIH aTakOBaHHOH HYKJ/ea3o#
MeKHYKJIOTHIHOH CBSI3H CBOJUTCSA, KaK H PH CEKBEHUPOBAHHH, K ollpe-
IieJIeHHIo JIHHBL (pparMeHTa M0 ero NojBHXHOCTH B BbICOKOPa3peruao-
lieM sexTpocdopese B refle. B ToM cilyyae, KOrja aHalH3upyeMblit paiod
yianeH OT KOHUOB MOJEKYJbl na paccrosnue Goabwe 150—200 H.o.,
HCIIO/MB3YIOT Peakiiio o6paTHOH TPaHCKpHNUuH (cM. rat. 13). Has sto-
rO CHHTe3HPYIOT OJNHMTOHYKJEOTHA, KommeMeHTapHuit yuactky PHK,
PacnoJoXeHHOMY BOMM3H OT aHAJH3UPYEMOro paiioHa ¢ 3'-KoH1eBo#
CTOPOHbI MOJIEKY.Ibl, H JaJlee HCTOJB3YIOT €r0 Kak npaimep /s o6par-
HOil TpaHcKpunrasbl. Tak Kak 3TOT (PePMEHT «OCTaHABJIHBAGTCH» Ha
MOAMDHLHAPOBAHHBIX OCTATKAaX MaTPHIUBI (1M B TOM MeCTe, Ile pacuen-
JeHa QocdoausadupHasi CBsA3b), TO BHOBb MO AMHHE o6pa3yloLierocs
(parMenTa MOXHO OINPeJeNHTb MOJOXeHHe MOLH(HIIHPOBAHHOTO 3Be-
Ha B PHK.

C noMoLUbl0 3THX MOAXOAOB B HACTOsILIee BPEMs NPOaHANH3HPOBAHbI
MOJIeiH BTOPHUHBIX CTPYKTYD AECTKOB BHPYCHBIX H HH(OPMalHOHHBIX
PHK.

B. TpernuHas cTpyKTypa
oaHoTsKeBbix PHK

Yae B paHHHX HCCIEIOBAHHAX MaKPOMOJEKY/SIPHOH OpraHH3aluH
opHoTsiKeBbix PHK 6b1710 yCTaHOBNEHO, Y4TO B (PH3HONOTHUYECKHX YCJiO-
BUSIX OHH XapaKTePH3YIOTCA KOMIAKTHON H YIIOpfA04EHHOH TPETHYHOH
CTPYKTYPO#l, KOTOPas BO3HMKAET 3a CHET B3aHMOIEHCTBHA IIMH.IbKO-
06pa3HbIX 3J€MEHTOB X BTOPHUHOM CTPYKTYPbi. TpaHcnopTHbie PHK —
€MHCTBeHHbIe MPEACTABHTEH NPHUPOAHBIX MOJIUPHOOHYKIEOTHI0B, KO-
TOpble YyAajoch 3aKPHCTATIH30BaTE M H3YUHTh METOIOM DPEHTIEHO-
CTPYKTYPHOIO aHa/H3a C J0CTaTOYHO BBICOKHM paspelueHies. [losroMy
NpefCTaBJeHHs O NPHHIHIAX OPraHH3alHH TPETHUHOH CTPYKTYPhI PHK
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Puc. 24. BropHuHas M TPETHYHasi CTPYKTYDbi eHH.1a1aHHHOBON TPaHCMIOPTHOR
PHK apoxxeii:

@ — «KNeBePHbIiT JIHCT», TOHKHE JHHHH_COSHHSIOT OCHOBAaHHA, KOTOPHle OGPAa3VIOT «TpeTHUHbIe»
napH B TpHMNJeTax B MakpoModeKyae TPHK; 6 — Mofleab NpocTpaHCTBEHHON CTPYKTYDH TPHK;
JleHTaMH MoKa3aHm ABYcCTHpaabubie yaacTkh PHK; 8 — Moneab Tpetnunofl crpyktypn TPHK,
JIeMOKCTPHPYIOLIAA PacTiooxenHe MJoCKOocTell OCHOBaHHA B HYK/JICOTHAHBNX Mapax H TpHM.ieTax,
a TaKMkKe B OHOTSLKEBbiX YYacTKaX; C/leBa — CXeMa HHTePKaJJfALHK OCHOBAHHS OZHOrO y4yacTKa
WenH MeXAy ABYMsl OCHOBaHHSIMH APYTOro; CnpaBa — MpHMep «TPETHUHOrO» KOHTaKTa Apyroro
THna — A-U-A-TpHnjeta

NpaKTHYECKH MOJHOCTbIO OCHOBaHHl Ha JA@HHBIX O TNPOCTPaHCTBEHHOMH
crpykrype TPHK (puc 24).

KOpOTKO pacCMOTDHM 3TH NPHUHIHIIHL.

1. daementsl BropxuHoit cTpyKTypel PHK pacnonaraiorcs 1pyr ofr-
HOCHTE/IbHO ApYra Tak, uToGBl 06ecneynuTb MAKCHMAJNbHbIH CTSKHHI OC-
HOBaHHH B MaKPOMOJIEKY.J1e B LIeJIOM.

2. KOHTaKTbl MEX1y OTIe]bHLIMH 3JIeMEeHTaMH BTOPHYHOH CTPYKTY-
Pbl OCYIIECTBASIOTCS 33 CUET HECKOJIbKHX THIOB TaK Ha3blBaeMbIX «Tpe-
THYHBIX» BHYTPHMOMEKYJIsPHBIX B3aHMOJEHCTBHH:

a) 3a cueT 06Pa30BAHHA JONMOJHHTEJNbHHIX, 3aYacTVIO HEVOTCOH-
KDHKOBCKHMX Nap OCHOBAHHIl M1y HYK.TE€OTHIHBIMH OCTAaTKaMH Y la.1eH-
HBEIX 1pYT OT 1pyra (B MEPBHUHOH M BTOPHUHOH CTPYKTYPax) OIHOTHA-
XKeBbiX YUACTKOB M TPHILJIETOB OCHOBAHHH MeX1y HYK/IEOTHIHBIMH OC-
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Puc. 25. Cxema o6pa3oBaHHS «MceBAOY3JNa» 6Jaroiaps CnapHBaHHIO KOM-
neMeHTapHbIX yyacTKoB PHK B BepuinHe WIMHIBKH H B IpYTOM OXHOTAKEBOM
y4acTKe (a); MPOCTpPaHCTBeHHAs MOJE/Ib «NCeBIOY3aa» (6)

TaTKaMH OJHOTSIKEBHIX H ABYTSKEBHIX 3JIEMEHTOB; B MOCTEJHEM Clyuyae
B 00pa3oBaHHH BOJOPOAHBIX CBsA3eH yuyacTBYIOT N7-aTOMbl [1ypPHHOBBIX
OCHOBaHMH, a Takxe (YHKLUHOHa/bHble Tpynnbl npu ux C6-aTomax,
yXKe 3aHAThle B 06pa30BaHHH OJHOH BOJOPOAHOH CBSI3H B YOTCOH-
KpHMKOBcKOH nape. Ilpu aHajqu3e BTOPHYHBIX CTPYKTYP BHPYCHBIX H
pubocoMubx PHK Gbuio obHapyxeHO, YTO OAHOTSXKEBble YYacTKH B
BepLIHHE LINHJIEeK B NPHHIHIE MOTYT 1aBaTh ABYCHHPaJbHble KOMMJIEK-
Cbl ¢ MeXUINHJIEYHBIMH OJHOTSXKEBbIMH CeIMEHTaMH; eC/IH 3TO AEHCTBH-
TeJbHO TaK, T0 B MosekyJjax PHK mosxHbl cyliecTBOBaTh Tak Ha3biBae-
Mble «NCeBIOY3/bl», CXeMAaTHYECKH NOKa3aHHble Ha puc. 25;

6) 3a CUeT NONOJHHTENbHBIX ((TPETHYHBIX») CTIKHHI-B3aHMOJEHCT-
BHH IIOCJe HHTEePKAaNsUHH (BHEJPEHHS) OCHOBAaHHE OJHOTO YuacTKa
MEXIY ABYMS CCCeJHHMH OCHOBAaHHSIMH NPYTOIO ONHOTSXKEBOIO Y4act-
Ka (puc. 24);

B) 3a cyeT 06pa30BaHUs JIONOJHUTENbHBIX BOJOPOAHBIX CBA3EH MeX-
Ay 2'-OH-rpynnamu ocTaTkoB PUGO3bl M OCHOBAHHSIMHM, a TaKXe ApY-
THMH rpynnamu caxapodocdaTHoro ocroa.

3. Tperuunas crpyktypa PHK craGuausupoBaHa MOHaMH J1BYyXBa-
JIEHTHBIX METa/lJIOB, KOTOpble CBA3HIBAIOTCSH He TOJAbKO ¢ ocdaTHLIMH
IPYNMNaMH, HO H C OCHOBaHHSIMH.

Her coMHeHuii B TOM, YTO aHAJOTHYHbIE NMPHHIMMLI JieKaT B OCHOBE
OpraHH3allHH CTPYKTYphl BceX opHorsikeBblx PHK. Oamako cTpouTts
KOHKDETHble MPOCTPaHCTBEHHbE MOJENH MaKpPOMOJEKY. OJHOTAXKEBhIX
PHK xpaiiue 3aTpyaHHTeNbHO H3-32 MHOMKECTBA BO3MOXHBIX BAPHAHTOB
VKJIAZKH B HHX 3JIEMEHTOB BTOPHUHOH CTPYKTYphl. Hekoropyio zonoa-
HHUTEbHYI0O HHGOPMALMIO NaeT 3kech HACHTH(QHKALHsA HYKJIEOTHAHBIX
OCTaTKOB, KOTOpPble MOTYT GbiTh CUHTBl GHQYHKUHOHANbHBIMH XHMH-
YeCKHMH areHTaMH.
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BbuocuuaTes
HYKJIEMHOBBIX KM CJIOT

Yacrtpb

I'nasa 11
PEMJIUKALMSA AHK

CnocobuocTh renetnueckoro Marepuana, JJHK, k camoBocnpounssege-
HHIO (PeNJIMKaLHH) JIEXXHT B OCHOBE Pa3MHOXEHHS JKHMBEIX OpraHH3MOB,
nepefiayn Hac/eJCTBEHHBIX CBOHCTB M3 [OKOJIEHHs B MOKOJEHHe H pa3-
BHTHsl MHOTOKJIETOYHOIO OpTraHu3Ma W3 3urothl. Hacrosmas rnaea no-
CBsllleHA MOJIEKYJ/SIDHbIM MeXaHH3MaM camoBocrnpousbegennsa JHK.

1. MATPHYHbIA CHHTE3

Mogens IHK YorcoHa u Kpuka cpasy e No3BoiM/ia MOHATH NMpPHH-
unn ynsoenua JHK. INockonbky kaxpas n3 ueneit JHK conepxut
110C/1eI0BaTeIbHOCTh  HYKJIEOTHAOB, KOMILIEMEHTApHYIO APYroil Lem,
T. €. MX HHPOPMAlLHOHHOe COlepXaHHe HIEHTHYHO, MpeACTaBAAI0Ch
BIOJIHE JIOTHUHBIM, uTO NnpH yaeoeHnu JHK uenu pacxogartcs, a 3atem
KaXjas nernb CJAYXHT MaTpHleH, Ha KOTOPOH BHICTPAaHBAETCA KOMILIe-
MeHTapHas edl Hosas uenb JHK. B pesynbrate o6pasyiorca gsa ayn-
aekca [IHK, KaxIblit U3 KOTOPBIX COCTOMT U3 OJHOH LenH HCXOIHOH po-
autensckod mosekynol JJHK W oxHoli HOBOCHHTE3HpOBaHHOH LeNH.
DKCNEePHMEHTANBHO NOKA3aHO, YTO HMEHHO TaK, 110 N0AYKOHCEPEAmMUEHO-
my mexanusdmy, npoucxonut penaukauus JHK (puc. 26). Hecmotpa Ha
NPOCTOTY OCHOBHOTO MPHHIHIA, NPOLECC PEMVIHKALHMH CJOXKHO OpPTaHH-
30BaH M TpebyeT yyaCTHs MHoXecTBa GeJKOB. OTH GelKH, KaKk M Bce
JpyTHe, 3aKOAHPOBAHBI B M0CJAeZ0BATENbHOCTH HyKaeoTuaos JIHK. Ta-
KHM 06pa3oM, BO3HHKaeT BaXKHeMllas A1 XKH3HH MeTis oB6paTHOil cBsi-
su: [IHK wnanpasaser cunres Genkos, kotopsie penaunuupyior JHK,

HAHK-noarumepasol

KomniemeHTapHoe KOMHPOBaHHe MAaTPHUB OCYLIECTBASIOT (epMeHTH
JAHK-3aBncumble JIHK-nonumepassl uau npocro JAHK-noaumepass:.
[lepsuifi gepmeHT 3TOrO THNA GblA OTKPHIT B 1956 r. y E. coli, 3ateM
JOHK-nonuMepassl GblIH OGHAapy»KeHsl B ApYyTHX opraHuamax. JHK-
noiumepasbl BeayT cuHte3 JHK Ha ogHouenoueunoi Martpuue, eciH
HMeeTcs 3aTPaBKa — KOMIVIEMEHTApHLIH MaTpuue QparMeHT pacrylied
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nenu JHK. JHK-noaumepass nocneno-
G- & BaTeJIbHO HAPAIUHBAKOT KOHEl 3aTPaBKH,
_i\ e I: LIAT 33 LUAFOM TIPHCOBJMHAS K HeMy cCJie-
:T A Ayiollye HYKJIeOTHAb (pHC. 27), MpHueM
¢ .. G- BHIGOp OuepeHOro HYKJIeoTHAa AJIA [PHCO=
| 6 .. cd eMHEHHA K KOHIY 3aTPaBKH AMKTYETCd
LA - T Mmartpuueil.
C ++ GH OuepeHOl HYK/IeOTHR, cy0cTpaT njst
3 JHK-nonumepasbl, NOCTYNaeT B peak-
/ \ satpaska T T T T3
CTAA
c GATTCGAC
A 7 warpuua ——L-1 1L 11§
T :— GTP
¢ o]
L6 c- o
-A T CTAAG
< & GATTCGAC

N/

-G +« C —.G"'C"l 5 ¥
| A.. T T T T T

A * T ¢ : CTAAGC
_;":: 1o A GATTCGAC
|+ .. , A
G .. G -C ++ G ¥ 5
tG..cH -G+ C ' l
...A.-T_ A ** T

o GH t_c..(;— *

Puc, 26. IMonykoHcepBaTHB- Puc. 27. MaTpuunblA CHHTe-
Has penJIHKaLHS 3a JHK

B xome pensnmkauuu abe Kommie-
MexTapubie uenu JAHK pasgensior-
CH M KaxJas U3 HEX CAYXKHT Mar-
PHueil 15 CHHTE3a HOBOH KoMIje-
MeHTapHo# uenH (TOHKas JIHHHH).

JAHK-nonumepasa war 3a liarom
yAAuusier 3arpaBKy. Llenn Matpn-
bl H 3aTPaBKH HalpaBleHH B
TIPOTHBOIOMOX Hble CTOPOHH —
dHTHNAapajnelbHbl

pesyabTaTe 0O6pa3yloOTCH OAH-
HaKopnie  [JOYepHHE  MOJEKY.H,
'Hlﬁu'ruquue HCXOfHOMt  MoJeKyne
K

WHIO B aKTMBHPOBAaHHOH BBICOKO3HEpreTHueckofi ¢dopMe  JAe30K-
CHpuboHyKkneosHarpudocdara. B stom orHouwenun cuures JHK nano-

- MHHaeT CHMHTe3 BceX IPYIHX OHOMONHMEPOB: MOCKOJbKY MOJHMepH3a-

UHg MOHOMEpOB B MOJHMEp IHEPreTHYECKH He BHIFOJHA, MOHOMEpH BCer-
A2 nocTynarmT B peakLHIO CHHTe3a B akTHBHpOBaHHO# dopme. B ciayuae
CiHresa JIHK npucoeanHerne ouepeHOro HyKJeOTHAA K KOHLY 3aTpaB-
KH compoBoxzaercss THAPONM30M GOraToil 3Heprueidl CBA3W M OTILEN-
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KOHUeBOH
HyKNeoTna

LAY

Tputochat

Puc. 28. Peakuns, ocywectsasienass JTHK-nonumepasoit

depMeHT KaTalH3HPYeT HYKI1eopHILHYIO aTaKy 3'-rHAPOKCH/IbHOI FPYTINb 3aTPaBKH, HANpaBJeH=
HYio Ha &-bocdaT ovepeaHoro Le30KCHPHGOHYKIe03nATPHGocdaTa (B TOM cayuae, eC/Ik OH KoMILIes
MeHTapeH MaTpHIle; MaTpHLa Ha PHCYHKe He NIOKa3aHa)

JeHHeM THpogochaTa, YTo M JesiaeT PEAKUHIO B LEJI0M 3HEPTeTHUECKH
BhIrofHOM. Hanuuue B kJeTke mupodocdarasbl ofecrneunBaeT paciien-
nenne nupodocdara H JesaeT peakUHIO TNPAKTHYECKH HeoGpaTHMOH.
ITpH moMMMepH3aUHH pacTeT Bcerna 3'-KOHEl 3aTpaBKH, T.e. CHHTE3
NPOHCXOAHT B HanpasieHun 5—3': 3'-OH-rpynna KOHUEBOTO HYKJEO-
THAA 3aTPaBKH arakyeT a-hochaT OYepelHOro 1e30KCHPHGOHYKMEO3H1-
Tpudochara (HO TOMBKO B TOM Clydae, €CJH OH KOMMIEMEHTapeH oue-
DeHOMY HYKJEOTHAY MaTpHusil), B pesy/ibTare uero OTILEILAAETCH MH-
podocdar, a Je30KCHPHOOHYKNeo3HAMOHO(oChaT OKa3hiBaeTCA CBsA-
3aHHBIM ocdoaM3DHPHOH CBA3BIO C PAcTYLIEH LEMbo AHK, yanuuasn
ee Ha OJHO 3BeHO (puc. 28).

3arpaBKa aHTHNapaiielbHa MaTpHue (puc. 27). Ecrecrenno, 313
MOMAPHOCTb COXPAHsAETCS H NMPH ee faNbHeHIleM POCTe, TaK 4TO pesylib-
tatoM paborbl JHK-nonnMepassl Ha OJHOLENOUYEYHOH MaTpuue sB/f-
ercsl aHTHnapalienbHas ABoiHaa cnupanb JHK.

Heo6xoaumas 415 MOJAHMEPH3AIHH TeOMeTPHA XHMHUYECKHX TDYMITH-
pOBOK B akTHBHOM Lentpe JIHK-nonuvepas 3anaerca ¢ noMolllblo KOop-
JIHHALMOHHOTO B3aHMOJEHCTBUS OMpele/eHHbIX aTOMOB MATpHIbl, 3a-
TPaBKH M cy6cTpaTa ¢ HOHamH veranioB. Cy6CTpaThl MOCTYMAlT B
peakiuio cuuteza [IHK B BHIe KOMIIEKCOB (xematoB) ¢ HoHaMu Mg?~.
Wonsl Zn®-, BXOAALIHe B AKTHBHBI [IEHTP MOYTH BCEX MATPHYHBIX ep-
mentoB, kak JHK-, tak u PHK-no1nvepas, 06ecreYHBaOT NpaBUb-
Hylo B3auMmylo opuentaumio 3'-OH-rpynnbl 3aTpaskH, a-tpoctara
cy6cTpaTa M OUEpEIHOro HyKJIeoTHIa MaTpHIbl. BO3MOKHO, 3TO 06-
CTOSITEALCTEO OTPAXKAET HCTOPHIO BO3HHKHOBEHHS MEPBBIX CHCTEM MaT-
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MUHOCO CHHTE33 MOMHHYKIEOTHIOB; MOKA3aHO, YTO HOHBL I[HHKa CTo-
coGHbl H 6€3 (JepPMEHTOB B OrpaHHYeHHOH CTEMEHH KaTalH3HpOBAaTb 06-
430BaHNE KOMIIEMEHTAPHBIX MAaTPHUE OJNHTOHYK/IEOTHIOB H3 aKTHBH-
poBaHHbe cy6CTpaToB.
JIHK-nonuvepassl 6e3pasiyHbl K T10C/AEL0BATENBHOCTH HYKJIeOTH-
OB MaTpHLBI, 3ajaua 3THX ¢epMEHTOB — CHATb TOYHYIO KOMHIO C MaT-
pHLEL, C KAaKOH — HeBaxHO.

Tounocme curmesa JHK u xoppexyus

HopMa/ibHOe Pa3MHOXEeHHE KJETOK TpeGyeT BEHICOKOH TOYHOCTH KOMNH-
posanisi JIHK-marpuubl. TeHeTHUECKHI MaTepHal KMBBIX OPraHH3MOB
UMeeT orpoMHble pasmepsi. [laxe y 6aktepuit JHK-noanMepasa fomxHa
NpaKTHYeCKH Gesomubouno cKonuposath Moaeky1y JIHK anuHo# okono
3.10¢ m. 1. OkasblBaeTcd, y BCeX OPraHH3MOB: TOUHOCTH paboTthl pen-
JIMKATHBHOI MaluHbl (BKovatomtedt He Tonbko JIHK-nonnvepassl, HO 1
Ipyrue GeqKkH; cM. HIDKe) KaK pa3s TakoBa, 4ToGbl ofecneduTh GesoillH-
604HOE BOCIIPOM3BEJEHHE BCEro leHOMa H/H JONYCTHTbL JHUIL Manoe
uncno owHGok. Tak, y Gaxrtepuit ownoku cuntesa NHK mpoucxoasr
He Yallle YeM OJHH Pa3 Ha MHOTO MH/ITHOHOB HYKJeoTH10B. Monekyasp-
Hble B3aMMOJEHCTBHS, HA KOTOPHIX OCHOBaHbl (epMEHTATHBHBIE DPeaK-
14, B uactHocTH cHuTes JLHK, He MOryT GHITE aGCONMOTHO HAAEKHLIMY,
KPOMe TOr0, TOYHOCTb TPOLECCA CBA3aHA C ro CKOPOCTRIO. Has toro
QTo6bl OGECTICUHTb BHICOKYIO TOYHOCTH HApALY € BBICOKOH CKOPOCTBIO
PeIIHKALHMH, IPHPOJE MPHILNOCH IPHOETHYTh K CTieLHabHbIM MEXaHHS-
MaM, OJHH H3 KOTOPBIX — MEXQHU3M KOpPeKyuL.

JIHK-menuMepassl POBEPSAOT KOMIJIEMEHTAPHOCTE KamJ0ro Hyk-
JNeoTHa MaTpHIe ABaXKIbl: OZHH Pa3 Mepej BK/IOUEHHEM ero B COCTaB
pacTyilell memu W BTOPOH pa3 mepej TeM, KaK BKJIOUHTD c/e Ry oMU
aykaeotui. OuepegHas QochonuapupHas CBA3DL ofpasyercs JHlb B
TOM clyuae, ecH nocaefHHi (3'-KOHUEBOH) HYK/EOTH] 3aTPABKH KOM-
nNeMenTapeH Marpuue. ECH e Ha npefblaylledt cTajHu MONHMEPH3a-
UMM mpoHsowsa ouwrnGKa (HanpuMep, H3-3a TOro, YTO HYKJEOTHL B
MOMEHT MOMTHMEPH3AIHH HAXOIHACA B HEOOBIYHOH TayTOMepHOH dopme),
“TO penJiMKalMsl OCTAHABNHBAETCS J0 TeX Nop, MoKa HEMpPaBHAbHBIA HYK-
Jeotu He 6yaeT yaanen. Hekoropsle JIHK-noanMepassl 06/iajaioT He
TONBKO MOJMHMEpH3VIOWeH, HO U 3'-3K30HYKILA3HOL QKMUBHOCTLIO,
KOTOpasi OTIIeNUIseT He CapeHHBI C MarpHiedl HYK/EOTH] 3aTPaBKH,
Toce Hero MOJHMEPH3alMs BOCCTAHABAHBAETCS . ITOT MEXaHH3M, KOp-
PEKIMS, 3aMETHO YBeTHuMBaeT TouHOCTh paborel JH K-noanvepas. My-
Tauuy, Hapymawliie 3'-9K30HyKJIea3HYi0 aKTHBHOCTD JHK-noauvepa-
8bl, CYNIeCTBEHHO TOBHILIAIOT YACTOTY BO3HHKHOBEHHA MPOUHX MVTalHH.
Hanporus, MyTanus, NPHBOIALLHE K YCHICHHIO 3K30HYK.J1€a3HOH aKTHB-
HOCTH OTHOCHTEJbHO NOJIHMEPH3YIOULeH, CHHXKAEOT TeMNT MYTHPOBAHHSA
TeHeTHYeCKOro Marepuana.

Pasunte JITHK-nonuvepasti oanoro opranusma u JHK-nonnMepasst
PaanuuHbIX OpraHH3MOB HMEIOT pasHoe crpoenue. MHorza oaHH NoTH-
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nentHa o6JajaeT H NoAMMepasHoi, H 3'-3K30HYKJIeasHOH aKTHBHOCTS-
MH, B IPYFHX Cyuasix 3a 3TH aKTHBHOCTH OTBETCTBEHHBI Pa3Hble CyGne.
JMHHLB! MYJbTHCYGbeanHHuHOrO depMenTa. Y HekoTopeix LHK-noau-
Mepa3 KOPPeKTHPYIOlllasi 3K30HYK/Iea3Hash aKTHBHOCTb He ofHapyXeHa,

He HcKk/I04eHO, UTO 3a KOPPeKLHIO B 3THX CNYYasX OTBETCTBEH OTJedb-
HblH 6esoK.

JHK-noaumepasor 6akmeputl

Penankauus Jayvuile Bcero udyueHa y E. coli. Y 3T0T0o opraHiaMa ecTh
tpu JAHK-noaumepasu (I, I 111). Bee Tpu depmeHTa M HX aHalory
H3 pyTMX OakTepHil 006/1a1al0T KOPPEKTHDYIOUEN SK30HYK/I€asHoM
AKTHBHOCTDBIO.

JIHK-noaumepasa ! cocTOMT M3 OJHOTO NoJunentuaa ATHHOH 911
aMMHOKHCAGTHBIX OCTaTKOB (a.a.) (M,=102000 D). 2ror ¢epmenr
oranuaercst ot npounx AHK-nonuvepas E. coli nanuunem 5'-3K30HYK-
neasHoll aktusHocTH. Paktnueckn JHK-nonnmepasa I — 310 asa qfep-
MeHTa Ha OJHOH MOJHIENTHIHOH LeNH: OTPaHHUEeHHBIH MPOTEOAH3 pac-
nienaset 31y AHK-nonuMepasy Ha Goabuiofi M Maniblii (parMeHTs ¢
pa3HBIMM aKTHBHOCTSIMH. Bosbioft cy6dparvent [HK-nosnuvepassl I
(HasbiBaemblit Takxe HK-monnvepasoit Kaenosa uau ¢parveHtoM
K.eHoBa) o6:1alaeT nonHMepusyiomel H 3'-3K30HyKneasHoH (Koppek-
THpVIOMLe}1) aKTHBHOCTSIMH. Mabifi cyOhparMenT HeceT 5'-3K30HyKeas-
HYI0O aKTHBHOCTb. 5'-3K30HYKaeasa JHK-nosnvepaser I geficTeyer Ha
5’-KOHell NOJHHYK.JIeOTHIHON LiellH TOIbKO B COCTaBe AyIMJeKca ! oTiien-
JseT OT Hero Kak MOHO-, TAaK M OJNMFOHYKJeoTHibl. HanpapienHe 1efi-
CTBHR 5'-3K30HVK.€a3bl COBMNAJlaeT C HanpapJeHHeM [OJHMEDH3aLHH
Hosoit uend JHK, T. e. B X01e MoJiHMEPH3aLHH 3K30HYKJeasa «pacuH-
1aeT Iopory» 1% noduvepasbi (puc. 29). TloxoGubie coiictea JHK-
noanMepassl | COOTBETCTBYIOT ee (DY HKUHAM B KJAeTKe: 3Ta NoJHMepasa
yaaasieT pasinuHoro poia dedextet #3 JIHK B xo1e penapaunu H cay-

,  MHT BCIIOMOraTe/IbHO# MOTH-
3 $ MepasoHl mnpHu pensiHKauli
5,|lll|lll|llllllll L 3 K, yaanss PHK-3atpas-
KH (CM. cIe1yIOMWHA pasiet).
B kueTke E. coli wumeetcs
HECKONLKO COTEH MOJeKY.l
JHK-nonumepasst 1.

JIHK-noaumepasa 11 —
s 5 noaunentHi ¢ M, okol10
3 TTTIT SOOI L, 120 000, ofaaaonuni noshe
5 3" MepasHo#t u 3'-3K30HYKI€A3-
Puc. 29. Peakunsi nepexoca oIHolenoueds HOH — AKTHBHOCTAMH. Ero
HOTO pa3pbiBa 1<<HIH\‘-Tpa'!~IC.1ﬂlUiﬂ»l.l ocymeg- coJepKaHue B GaKkTepH-
B.IsfeMdsf COBMECTHbIM J1eHCTBHEM O -3K30HVK- a.'leOfT KIeTKe B HECKOIb-

JeasHoll W NOJHMepH3ViolleR  aKTHBHOCTEIl
JHK-noaunsepass 1 £, coli. Ko pas Huxe, yem JHK-
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o,
ye4HOH

auvepasn 1. D1a nonuMepasa ayuine BCErO paGoTaer Ha uyuf:é);
ot THK ¢ ofHOLEnOoYeHbIMH GpewiaMi B HECKONBKO aecst °
kneoTHI0B AnuHoH. Ha 1OM OCHOBAHHH MOXKHO TPEANONOKHTb, HTO
iHK-nonn:.iepaaa II yuwacTByeT Eﬂp}e{znapgaum; PIIII_I;;; ——
' ) E. coli J
[1aBHVIO PO/ib B PEMAIHKALHA y | My
’ i — - epasa 111. B xneTK
1t (pepMeHT JIHK-noaum
B o i 0 CTOJBKO e, CKONbKO:
MepoB, npHGAH3HTENbH R
CKOJIBKO TaKHX MYJIbTHM : : o
pszIHKaTHBHbIX BHJIOK (CM. pa3jiest 5 3TOH rnasl). JIHK-nonuvmepasa

Ta6nuua 2. KoMnoHeHTH! xonogepmenTa AHK-nonumepasbl 11 E. coli

Cy6ben- [eH Macca, Arperatbi cyGbeamHau’
Huua xh
a dna E 140
(po! C) Kop-thepMeHT
e dna Q 26 AHK-nonumepa3za 11’
0 ? 10 AHK-nonnumepasa nm*
. ? 83
v dna Z 52
H) dna X 32
B dna N 37 kononnmepasa IN*

aM cy6befHHHL DaHee TIPHNHKCHIB2IH GYHKUHIO NHK-

* PasanuHbiM HenOaHLIM arperat T0B eCTh ci1ecTEHE HecTaGHIbHOCTH

.y 3 era

T e SP
cocor s 7 mton cyneanmt, (201, )1 L L i
KyJspHYIO Maccy OKOJI0 k1. Tlosnn ° e ), Ho
obnanaloT pasNHuHbE HEMOJHbIC arperathl CyOBeAHHHI . 2), HO
pennﬁxauufo NPOBOJHT MOJIHAs %o;;:ii[ eqr))egxea};raa;”x;;&q:pf;}géy;?a
JepxallHi BCe cy6bennnuubl. 11014 T aeamLa
a- nHuie, 3'-3K30HYyK/easHai — e-CyOBeHHHIE, y :
nvfeye?'btK(TPaanyxo AKTHBHOCTb, PO/Tb KOTOPOH ellle 6y,~1€11'ncaﬁiyz<c:i(e;g:
OrHupTesbHAs YepTa XoJa0(epMeHTa NHK-nonxmepassl L
UHTeNbHO BBICOKAs MpOYECCUBHOCITL cUHTE3a JIH}"( (Kom\ide(;( T
NeOTHIO0B, NPHCORIHHAEMBIX pepMEHTOM K pacTylleH uem:)‘ X z i
nocse10BaTe1bHBIMUE  AKTaMH JHCCOLHAUKA C MATpHLbL). B o
CpaBHHBaeTCsl MPOLECCHBHOCTb PasHbIX H.HK-nonumev%as}mﬂm liHK—
no xpaitHeil Mepe 0l1Ha H3 poneit MHOTOYHC/IEHHBIX CY 1;e
nonuvepasbt 111 cOCTOUT B yBeHUeHHH npoueccmﬂomﬂﬁeﬁ-3anaBKoﬁ'

I1s 06pa3oBaHHsi KOMIIEKCE xonohepmenTa ¢ Marp o entoM
HeoGxo1iv ATP. Cnavana ATP o6pasyer KOMIIEKC C xol CPE?;FISblBa'
(¢ B-cyGreinuuueit), 3aTeM aKTHBHPOBAHHbIH xonocbepme:;rmw e
€rea ¢ .\ianHuef{-SanaBKOﬁ, yTo COMpOBOXKAaeTcs THAP
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Tabauya 3. Tpoueccushocrs AHK-noaumepas

HK-
AHK-noaumepaza Matpuua Mpouec-

CHBHOCTh

AHK-noauvepasa | 0]

ﬁgﬁ-nonumcpasa I ngz;odd((‘l)f)rm:m 43 e
" -no.1umepasa  IlI, Oxnount:eas JOHK ¢ l178—-290

EIHK 3aTpaBKoi —h

-no.uMepasa 111’ To xe

AHK-nosnvepasa 111 * » %

ﬂHK-nonuMepasa 111, » oy
X0.10(epMeHT > 3000

20 ADP u docdara. O6pasoBanubiii Taku
'gepnayecmTnpaKTuqecxu HEOrpaHHYeHHO
HIHMO
o ;é,mo xox—xulz 26ECI1€‘{HBHET HeOGPATHMOCTb [PHCOEIHHEHHS K MATpH-
xe U Heosxoﬂwogx%pl)fsaﬂnﬂ). Has snoxraumy (yatunenus 3anaB£H)
g A ATP, HO JHLUb B KaYecTse aJlIocTepHUeCKOTo adpeKTo-
D e oo < J’IH 11:11 Ie(ro MOMHO 3aMEHHTb HETHAPOJH3YeMbIM aHAMOTOM)
Sopoaiomero ] me;gﬁﬂﬂmepa% «UYBCTBOBATbY» COCTOS HHe aneprefﬂ-
H TIPOBOJIHTD peminKa
eck ¢ JIMKAUHIO JIHLIb TIPH YCJ
gomirgzﬁggasﬁ:&romﬁecneqe}mﬂ. [Tpu onTuvanbubix ycngsnyﬂcxchxﬂoH
K xosogpepmentom AHK-nonnmepasw 111 in vitro

cocTaBaseT oxosdo 1000
HYKJIEOTHJOB THIY
CRODOCTH pemm h000 Ty AOB B CEKYHIY, YTO COOTBETCTBYeT

IM 06pasoM Komriexc Xapak-
H IPOUECCHBHOCTBIO CHHTE3Z.

’

AHK-noausepase: syKapuom

B knerk
nonuMepZibiy;angﬁqgcwfl OPraHHsMoB OGHapyXeHbl Yetrpe JJHK-
oM ;me;.mo,ﬁ , zm - A HK-noaumepasa o cuuraerest OCHOBHBIM ¢hep-
Moo epit Bpgm gxaum{. Cozepkanme storo depMenta samerHo
AKTHBHBIH CHHTe3 ,;IIHqu]"?‘zl;:b:ge;?:}{ﬁr}(i)l(uﬁgm, DA Do HT
Junie e3 -TIoIMMepasa Mnopxa
cg)crlclmioﬁ:H;;Koniiifmm?pw cuntesa JHK ayEapuor.ﬂfgg;;-erf{i
oy Hecxon: X CYGbeIMHHL Pa3HOTo pasMepa. Hanpuwmep, y
Bk noﬂ”y\:mpﬂble MacCel CyGbeIMHHUL cocTaBsioT 148 1*38
YR Noniy o e b S0 G
< A H 3y KapHOTUYeCKOH -
ﬂg;:;l;ag:;:: IGH(:%S:T:OE}J—IHET okoJsio 500 k1. Tak e zgax B cn;l;(;z ,%EHIE
Romi I]OJIHMepEBbI‘CL ;éatb@eKTHBHOCTb H BLICOKast NPOLECCHBHOCTL pa-
e ooepass nomsnc;{r A0 JONCTHHTEIbHEIX CYGBEIUHHL, KOTO-
T ey enn e I -THMEDH3YIOIIEH aKTHBHOCTBIO He of.1ataoT. Ona
\ I K-moanMepasst @ okasanach JAHK-npaitvasoi —

depme
DEPMEHTOM, HEOOXOIHMBIM 1 MHMLHALHH HOBbIX ueneit THK (cm

)7 + z g
HHXKe accouHauus c ”paﬂ\fa30ﬂ He Xapa Iepﬂa 151 I{K‘Il()d] M p
K = ﬂ HMepas
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JIHK-noaumepasa p COCTOMT 13 OAHOTO MOJHNENTHIA pa3MEpPOM OKO-
n0 40 x][1. [deiicTHe 3T0r0 (hepMeHTa, BHAHMO, He NPOLECCHBHO. Han-
Gombiias aKTHBHOCTb Habmiojaercst Ha asyuenouseyroit JIHK c¢ xopor-
KHMH OpeiamMu. MoXHO 1yMaTh, 4TO OCHOBHAS POb 3TOH NOMHMEPasH
cocTouT B penapaunu JHK.

JIHK-noaumepasa ¥, 10-BHIHMOMY, COCTOHT H3 HECKONbKHX HICH-
THYHBIX CYGBEIHHHIL C MOJIEKY /IS pHOM maccoit okosto 50 kL. 310 MHTO-
XOHJPHAJbHEIA (DEePMEHT, KOTOPbIfl OCYLIECTB/IAET CHHTE3 JHK wmuTto-
xonapHii. CXonHblil epMeHT 0OHApYXKeH B XJoponJacTax pacTeHHH.

JIHK-noaumepasa & wMeeT MoJeKyJspHyio Maccy okoao 150 918
H COCTOMT M3 JBYX HEHIEHTHYHBIX CYGBeIHHHL. JTOT (QepMeHT obsaaa-
eT conpsiAKeHHOH 3'-5K30HYKJ/ea3HOH aKTHBHOCTDIO. Ero ponb B cHHTe-
3e JHK He sicna.

YV HH3WHX 5YKApHOT IPOXCGKeH OCHapyXKeHBI 1Be JHK-noaumepa-
s [ # I1. Tlo cBoeit ponu B penaukaus JIHK oHH aHanOrHUHEL JHK-
nonumepasam 111 1 I E. coli COOTBETCTBEHHO (cM. HuKe). Y noJHMepasH
I1 apoxKel ecTb acCOUHHPOBAHHAS 3'-3K30HYyK/iea3Has aKTHBHOCTD.

2, OCHOBH bIE IPHHUX M bl PEMJHKALHH
Huuyuayus yened OHK

JIHK-noaumepasbl He ciocoGHB! HHHIHHPOBATL HOBblE LEMH JIHK. Oun
MOTYT JIHLIb JOCTPaHBaTh y7Ke HMEIOULYioCs 3ampasky. 1o cBOHCTBO,
[0-BHAHMOMY, CBSI3aHO C NpelbABAsfeMbIM K CHHTE3Y JHK tpe6oBannem
BbICOKOiI TOUHOCTH. Kak yke roBopHioch, 6e30HO0UHAS pa6otra JHK-
NOJIHMepa3 B CYLIECTBEHHOH CTENeHH Onpefensercs Hx HECIIOCOBHOCTHIO
YAJHHATD 3aTPaBKY, NOCTEIHHA HYKJIEOTH] KOTOPOil He crapeH C MaT-
puueii. Tak Kak cBoGO/Hble HYKIEOTHIbI C MaTpuuell He cnapHBaloTCH,
TO cOeTHHeHHe camoro nepsoro HykJeotina uenu JHK co caenymowium
AHAJOTHYHO NPHCOEJHHEHHIO HYKJIEOTHIA K He CTapeHHOMy C MaTpHuUeH
KOHILY 3aTPaBKH H OKAa3blBAETCST HEBO3MOMHBIM. Kak ke, B TaKOM CJIy-
yae, HauuHaercsl cuute3 ueneli JHK?

OkasmiBaeTcs, HoBocHuTesnposannele ueny JHK Bcerna cogepxar
Ha 5'-KOHLe HecKOJIbKO PHOBOHVKIeoTHI0B. MHBIMH ciroBaMH, CHHTES
JIHK wmaunnaercs c cuntesa PHK. PHK-3arpasky 115 CHHTe3a JHK
obpasyeT crelMatbHblii (epMeHT, nassipaemblit JHK-npaiimasoit (or
aHLI. Tipaitvep -— 3aTpaska). [lpaiiMasa MoxeT 6bITb  OTAEIbHBIM
depMenTOoM, KaK Y GakTepHil, HIH BXOIMTbL B KauecTse cy6be IMHHILBY
B JJHK-nonumepasy (kak v JHK-noanmepasst @ KHBOTHBIX). B Jo6om
cavyae npaiiMaza — 3T0  (hepMeHT, oT.1Hunbi or PHK-mosnnmepas,
CHHTE3HPYIOLUIHX Pa3HOOOpa3Hble KIETOUHBIE PHK u TOXe criocoGHLIX
HHHIMHPOBATh CHHTE3 HOBBIX MOTHHYKICOTHIHBIX menet (cM. ra. VII).
Tlouewy e B TAKOM C1vyae 114 HHHUHALHI Uened JHK HCcoab3yoTCs
PHOOHY KIe0THIbI? B0o3MOKHOE 00bACHEHHE COCTOHT B TOM, YTQ B X0I€&
3BO.IOLHH TpaiiMassl nponsomtti 13 PHK-noanvepas. Ho ectb 1 apy-
roe, QyHKUHOHANbHOE, OObACHEHHE. Tlockonbky Tpe6OBaHHA HHHIHa-
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MU ¥ Ge30IHGOYHOCTH CHHTe3a IPOTHBOpPENAT APYr APYry, 3aTPaBKy,
CHHTE3HPOBAHHYIO HHHIHMDYIOLIMM (3 3HAYMT, HETOUHBIM) (hepMeHToM,
HeoGXC/IMMO KaK-TO OTVIHUHTD OT 0CTAMbHOM HOBOCHHTE3HDOBAHHOH Heny
MoxHo 1ymath, uto HMeHHO IOSTOMY OHA H COCTOHT H3 PHGOHYKJIEOTH-
Jos. Tlocne toro kax wenb JAHK Hauana CHHTE3HpOBaThcsi, PHK-33.
TPABKH yRals0TCA H 06pasoBaBluHecs Gpeiun sacrpauBaiorca JJTHK-
TNOHMEPa3oi, T.e. ¢ BHICOKOH TOYHOCTBIO. )

Pacnaremanue dsodinoi cnupasu JHK

8 x00e penaukayuu
Harupurie IHK nBycnupanbus; CJIEJ0BATENIbHO, TlepeN PelIHKalHes
LEMH POAHTENbCKO!H MOJIEKYJIH, MaTpuunble nend JIH K, nonxus 6bith
Pa3JeJIeHH. JTy PeaklHIo OCYUIECTBASIOT BA THIIA GEIKOB: XeAurasel v
SSB-Geaku (or awra. single strand
binding — 6enxku, CBSI3bIBAIOLIHECS
LI I E R il ¢ oJHOHHTEROM JHK). Xenukazamu

Xequxaza HasuiBaloT JIHK-3aBucumbie ATPa-

ATP 3bl, HCMOJMB3YIOLIHE SHEPTHIO THIPO-

nu3a ATP s pacniieramust nnoii-

ADP Ho# criupanu (helix) JHK. Cuuraer-

Cs1, UTO XeJlHKa3a, ABHXHMas THIPO-
anzom ATP, onHonanpasenno «ener»
no ommo#t u3 uemeir JIHK, pac-
eTas nepef coGoH ABOHHYIO CHH-
panb. EcTh xenukassl, KoTophe exyT
ot 5'-KoHua k 3'-kouny nenn JIHK,
H eCThb JpYTHe, MNepeMelllaloLHecs
B OOpaTHoM HanpasneHHu. B pe3yJib-
Tare paGoThl XeJNHKa3 BO3HUKAET
«BHJIKA» H3 JABYCIHPA/JbHOTO Yy4YacT-
ka JIHK u 1By X oHouenoueunmix set-
Beil. PenaTypauun oasouenoueunsix
yuactkoB JTHK npenstcrayer ux
cBssbiBaHHe SSB-GeskoM, HMeIoLHM
H30HpaTeqbHOE CPOACTBO K OAHO-
uuteBoit IHK (puc. 30). SSB-6enku
Y XeJHKa3bl OOHapyXeHsl y MHO-
THX TIPO- H 3yKAPHOTHYECKHX opra-
HU3MOB. Posb SSB-6esika B penauka-
LyH, MO-BHAHMOMY, COCTOHT B TOM,
Pue. 30. Pacnreranne asofinoft cni-  YTOGHI pacmpasute JIHK, BHTAHYTH
paxn IHK xeankasoli u SSB-Gen- €€ M YIANHTh BO3MOMHDLIE IeMeH-
KoM Thl BTODHYHOH CTPYKTYpBI, KOTOpbBIE
o i aaw, TlepeMewaiowive: /LT G 06pa3oBaThcsi B CaMo-

# XeJHKa3H, AepeMelLialoulHecs B oBpaTHOM ~
HampaBJeHHH. SSB-Gesok cBs3biBaeT o6pa- KOMHﬂeMeHAaprIX yuacTkax HHK

aylowyiocs B pesyabrate gedctshz xemi-  (CBSI3bIBAHHE OJHOLENOYEYHOLN JOHK

H -
croyer e penatyponyio) AHK u mpenat- . QOB 66 n1koM ctumysupyer JHK-
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oJAMEPA3y H MOBHILIAET TOUHOCTD ee pz§6oru. 3ror addekT Bbl3blBae1‘i:;
f ge TOMbKO pa3pyUICHHEM BTOPHYHON CTPYKTYpBl OJHOLENOYe4HO

CﬁHK HO H HemocpelcTBeHHbM B3auMogeiictsueM JIHK-nonumepasnt
c SSé-GenKOM, NOCKOJIBKY OOBIYHO MOJKMEpa3y CTHMYJHPYET JIHilb
«cBoii» SSB-6€/10K, HO He aHAJCTHYHbIH GEJIOK W3 Jpyroro ucroz}mxa:
§SB-6enok E. coli — Terpavmep, COCTOAIIHH H3 HIAGHTHUHBIX CYyObeiH
aun pasmepom 19 k1. SSB-Genok CBA3BIBACTCH ¢ JJHK koonepatusHo,
.r.e. 3a cueT GeJIOK-GeJKOBBIX B3aMUMONEHCTBHIA TETpaMephl MOKpbIBa-

ot JJHK BIoTHYIO ApYT K ApYTY.
Hpepusucmoui cunmes JHK

Tak kak uenx JIHK B nyniekce aHTHNApasJe/bHbl, TO OHEBHIHO, UTO
HanpapJieHHe PaclvIeTanusi JBOAHOM CHPalH NpPH PeNVIMKAUHMK CoBNa-
Jzaet ¢ HanpasJeHueM cuntesa JJHK suwb 115 ofHo#A MaTpHUHOM lend,
HO TIPOTHBONOJIOXKHO HanpabJeHuio cuHTesa JHK Ha KOMIJIeMeHTap-
Hofi MaTpHue (puc. 31). D10 3HAYHMT, YTO JIHIUL HA OJHOH M3 MATPUUHBIX
" neneit cunres JJHK Moxer npoHcxonutb HenpephiBHO. Kak cuuresu-
pyercs JIHK Ha sropofi Mmarpune? Ilokasano, uro JIHK cuuresnpyercs
CPaBHHMTEJIBHO KODOTKHMH ()parMeHTaMH, HasbIBaeMBIMH (hpazmermami

3|

Puc. 31. PenankaTHBHaf BHJKa

Hanpasaenue cuutesa JHK cornafaer ¢ HampasieHHeM pac-
NAeTaHHA HCXOAHON ABOAHON CNHpPaJH JHWbL A5 OAHOA H3
HOBOCHHTEe3HPOBaHHKWX Leneil (Belyllas uens). Bropas wuenb
CHHTE3HPYeTCH NPEePHBHCTO, CPABHHTENILHO KOPOTKHMH dpar-
MeHTaMH. HMHHuHaugHsa Kaxaoro Takoro ¢parMenra Oka3saku
TIPOHCXOAHT JHIWb MOCAe TOFO, KaK o6pa3ylTcs AOCTaTOYHO
NPOTsKEHHBIH OJlHOHHTEBOH Y4aCTOK MaTpHUB



Oxasaxu. TakuM o6pasoM, cunres JIHK na ABYX MaTPHUHBIX LENSX pe.
XOZHOH MOJIEKY/Ibl 3aMeTHO pa3/inuaercsi. HoBocHHTe3snpoBanHas uens,
KOTOpas CHHTeSHpYyeTCsl HenpephIBHO, HasblBaeTCs sedywel (aHra. lea.
ding), apyras uenb HasblBaercs sanasdwsarower (anra. lagging). Kax-
Aslit pparment Oka3aku HMeeT Ha 5'-KOHUE HECKOJIbKO PHOOHYKJIEeOTH-
AOB — pE3y/bTaT JeHCTBUS nNpaiiMasbi. XapaxkTepHbii pa3mep opar-
meHToB OKa3akH pas/iuuaercs s GakTepuit H 3yKapHuor: y GakTepuj
OHH HMEIOT JHHY OKoso 1000 HyK/NeoTHIOB, Y 9yKapHOT oHH Kopoye,
nopsaka 100 nykneoruzoB. Uepes HekoTopoe Bpems mnocie CHHTe3a
PHK-3atpaBkH yzansiorcs, 6pewn sacTpausaiotcs AHK-nonnMepasoi,
a (parMeHTH CLUIMBAIOTCH B OJHY KOBaJIEHTHO-HenpephiBHyI0 lenb JTHK
TpeAHasHAYeHHbIM CrelHanbHo A5 3Toro (epMentoM, JIHK-iuzasorn.

JHK-n1rasst o6HapyKeHbl y caMbiX pa3HEIX OpraHHaMoB. OHK HYX-~
A3I0TCA. B BHICOKOSHEPTETHYECKHX KO(AKTOpPaX: HarnpuMep, JIHTrasa
E. coli nyxpaerca 8 NAD*, a LIHPOKO HCMoMb3yeMasi JJsi TeHHO-HH-
KEHEPHLIX MeTOAHK Jnrasa gara T4 — B ATP. Ipexne uem o6pasosats
Qocoausdupuyto cesse, coepnHsOmyIo ABA ¢parventa AHK, nura-
33 aKTHBHPYeT 5'-KOHEU OJHOTO H3 (PATMEHTOB C [OMOIIBIO BBICOKO-
SHepreTHYECKOro Kogakropa (puc. 32).

3. PEMJIHKAUHA AHK E. coli

Heranbnyto kapruny pemiukauuu JHK JIyulle BCEro PaccMOTPETh Ha
npumMepe £. coli. OnncaHHble B HACTOAIEM pa3jeNe MeXaHH3Mbl penyuka-
ItHH CNpaBEJIHBLL IO KPadHell Mepe A1 NPYTHX GakTepuil.

15 BHISACHEHUS MEXaHH3MA Pell/IHKalHH GaKTepHaIbHOI XPOMOCOMBI
HESAMEHHMYIO DOJIb ChIIPasl aHaJH3 pa3HOOGPa3HBIX MYTAaHTOB, Hapy-
walownx penaukaunio JIHK. Cunres THK — dyHKuus XKU3HEHHO BakK-
Hafg, H MYTallHH, HHAKTHBHDYIoUHe (epMeHTHl cunTesa JHK, meranp-
HuL. T103TOMY, KaK H B APYTHX NOAOGHBIX CNIYUYasix, GBLTH HCIIONb3OBAHE)
YCJIOBHO JleTa/IbHBIE MYTaUHH, B YaCTHOCTH TEMIEPATYPOYYBCTBHTEIb-
Hule (ts).

B ra6a. 4 npuBefieHbl JaHHble 0 GeKax, YYacTBYIOIWIHX B DeIIHKa-
unn [IHK E. coli, ¥ 0 KOXUPYIOLHX UX reHaXx. Kpowme 6enkos, peiicTeie
KOTOPHIX YKe 06CYXKJAeHO, ecThb psij GeNKOoB, o KOTODBIX pedb ellle He
ma.

OcHOBHOlI XenHKa30il NPH penuKauHHu JAHK E. coli cnyxur kom-
TUIEKC H3 LUECTH MOJIEKYJI GeIKa-NPOAYKTa reHa dnaC  WecTH MoJIeKy.s
Oenika-npoaykra reHa dnaB (COGCTBEHHO XeNHKA30H sBIfETCS DnaB-
Genok). C 370l XelHKa30l CBsizaHa npaiMasa, xoaupyemas y E. coli
reHoM dnaG. Takoil KOMIJIeKC M3 XelTHKasbl U npaiMasbl Ha3bLIBAlOT
npaiimocomoti. Tuponusyss ATP, npaiimocoMa ezer mno MatpHlie a5
CHHTe3a 3anasibiBatomeit uens JAHK B nanpaenennu or 5'- K 3'-KoHuy
H pacnjeraer nepel co60oi IBOHHYIO CriMpanb, a 3a coBoii oCTaBJIseT
PHK-3atpasku ans cuntesa dparventos Okasaku. Pensiukawiio JHK
£ coli MOXXHO BOCTIPOH3BECTH in vitro ¢ NpaiMocoMoil, cocTosMieli ToMb-
Ko 43 6enkoB DnaB, DnaC u DnaG, Ho B kaerke npaiimMocoMa Moxet
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Prc. 32. MexannaM geficteng JHK-aurass E. coli

HK #
Ulnrasa sxesuawnpyer 3"xonen, onouenouennors, Bpies il
aK’ eT €ro. pesy’ T H o
?S?MKgf(M:.n%nd}g:{?r;iynnm na Gamkaiini docdar obpasyeres dbocton
sdmpm‘axn cBf3b M ocBoGoxaaercs AMP.)

jined JIbHBIX
OHTh ycTpoeHa c/OXHee; IO KpaHHeH Mepe B HEeKOTOPBbIX MOJe

: ‘. n" ui. DyHKLUHH

CHCTEMaX B ee COCTaB BXOAAT elle gempe [?’eﬁizé Cr;,ﬂ g , ‘?T OHOIH : gmemﬂ
enKa s

9THX 6eJIKOB HesCHbI, JHLb /15 ¢ ' e
IHK-3asucumoit AT,Pa30}"4 H MOXET NpOJBHIATh ungg%Mgggz}gwncoc_
npaesaenun 5 —3' no ogHonntesoll JHK, moxpuitou -Ger wéx'anns—
TaB BXOJfLIUX B NpaiiMocoMy O€1KOB, BUAUMO, or?pene.neﬂn 1nxéunu .
MOM cGOpKH MpaitMocoMbl B X0Ie HHHIHALIH payHid pern.

Pazzen 5 stoh raiaBbl). . THK E. coli enywo
TesibHOH X€JIHKa30Hd NMpH CHHTE3€ . ) r
o oTaTe O JHKa3a eleT 1Mo MaTpHue 418 CHH

OK — npolyKT rena rep. Rep-xe 1 : i
Tesa Benvm%ﬁ zxem{ B HanpasJeHuu oT 2'- K 5 -KOHI;_}IKTaIBHI\BJ ggﬁy o
Xeaukasw DnaB u Rep eyt no pasubiv uensM JAHK, m
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Tabauya 4. Beaku penauxaunu E, coll w MX renm

Ten . Besok Arperar DyHkuES

dnaE a-Cy6beHHHLA |
dnaN p-Cy6veannuna

dnaZ X-Cyﬁ'henm-mua JHK-nonumepa- daonrauns ueneit JHK,
dnaX -Cy6be aHHHUA sa IIlI, xonodep-| ocHoBHOI epMenT peman-
dnaQ e-Cy6beHHH HT Kar, P P
-Cy6b ua Me HH
? 6-Cy6bepnuua
? 1-Cy6beHHHRLa
dnaB Xennkaza
gﬁg Bn:gmua Beaku, yuacrsyto- Pacnneraune  aBofinoj
dnaT i p iHe B c60pKe H GYHK- | CHpadH H cHHTes PHK-
? n UHOHHPOBAaHHH TNpafi-| 3aTPaBOK Ha 3ana3jHBalo-
? 0’ | MOCOMBI e uenu
? n” .
polA JHK-nonumepasa [ Ynanenne PHK-3aTpa-
BOK, 3acTpofika Gpewef
lig JHK-nurasza CwHBaHKe (parMenTos
Oxaszakn
ssh SSB CBA3bIBAHHE OfHOHHTE-
Bofit THK
Zupé }HU T'HeToHONOA06HHI Gesok
up
rep Rep Pacnsetanne  gBofinoit

CIHpaJH

CHATHe TOMOJIOTHYECKHX
3aTpYAHeHH NpDH pernu-
KaudH kKoublesbix JHK,
HHHUHAUHSA PayHAa perm.iu-
KalUHH

OGecneuenne H36Hpa-
TeJbHOCTH HHHILHALHH pen-
JNHKAUHH

YuacTHe B HHHUHALHH
PeNJIHKauHH H obeclieyeHHe
ee H36HpaTeJbHOCTH

Hununauus payuna pen-
JNHKAUHH

gyraA A-Cy6veannHua AHK-rupasa
gyrB B-Cy6beanuuna

topA @, TomoH3oMepasa |
rnh PHKasa H

dnaA DnaA

THHApa/Ie]bHOCTH Uenefl B ABOHHOM CTMpatH B OAHY CTOPOHY, B CTO-
POHY PacKpbIBaHHR DENIMKATHBHON BHJKH.

Tenepb MOXHO HapHCOBATh PENVIMKATHBHYIO BHAKY CO BCEMH jeii-
CTBYIOWMMH TaM 6esKamu (puc. 33). Jlynsexe poIMTeNbCKOl MOMEKY.Ibl
pacnetaior 1Be xeldkass! — Rep u DnaB — B cocrase npaiiMocoMsi.
OGpasyiownecs o1HOUeNOUYGUHBE YYaCTKH KOOMEPATHBHO NOKpHIBaeT
SSB-6enok. Xonodepment AHK-noaumepasws 111 ezet mo oimoii u3
MaTPHUHbIX LeMeH B HANDABJIEHHH PACKPHIBAHHA BHIKH H CHHTE3HDYeT
Begymyio nenb JNHK. Ilo apyroft MaTpuuHO uenu B ToM ke Hanpab.e-
HHH ejJeT npaitmocoma. Bpews ot Bpemenu BXojsiuas B cocTas npaiiMo-
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npatmMocoMa
reauxasa xequKasa
DnaB (DnaG?)
npaimasa

Dna 6

AHK- auzaaq —_\\

-
-

Gl
Janasdsibarowas )
yens s

3!

5'
Puc. 33. Cxema cuntesa JHK B penninkaTHBHOH BHJKE

combl npaiiMasa, Gesaok DnaG, cunresnpyer PH K-3an€IBKu MﬁMseaI;z:i;
AbBaolell LenH. Bropast Mo/leKys1a xosodepMeHTa JHK-non n[; o
111 yanunser 3TH 3aTpaBKH 1O TeX INop, noxa He ynpeTcgaieMpuzéﬁ_
AYILyo 3aTpaBKy, T. €. CHHTe3HpYeT (parMexThl Ol{aaaKH.Tb e
creyer IHK-nonumepasa 1, kotopas npoao/kaer yuuIHH: b b? ﬁlero
Thl OKa3ak, OlHOBPEMEHHO THAPOTH3YA PHK-3arpaBky npcixb H%I_IOCJIE
dparMenTa, HCNOJb3YfH CBOWO 5 -K30HYK/Ea3HYIO aKTHBHO - Tocre
neiicris JJHK-nonuvepasnt 1 Mexay ABYMA COCCAHHMH ¢dparm i
0CTaeTcs TOMBKO OAHOLENOHeYHbl Pa3phlB, KOTOpbIH 3aLIMBAET a 1
Nurasa. TakuM o6pa3oM, E PENIHKAaTHBHON BHJKE OJHOBPEMEHHO p;cg-
TaloT okoso 20 pa3HEIX NOJNHNENTHIOB, OCYLIeCTBJIsAS cnomabufr,ovl[a co-
KOYrlopsi 10ueHHbil 1 2HeproeMkHit npouecc. He rosops yxe Oef" M. o
Kaxpiii Hykaeorua nepexoaut B JIHK u3 GoraToro SHepruel xeme-
IlecTBennuKa, MHOXecTBO monekys1 ATP tparturcs Ha IEHCTBHE -
Kas, na cuntes PHK-3arpaBok, KOTOpble 3aTeM yJafsiores, Ha aKTH-
Baumio JTHK-nomumepass! 11 npy nepexojle Ha KaX1blH HOBbIM ¢par
MenT Oxasaky 3ana3jblBaiouleil uemy u Ha paGoty Tonousomepgﬁ no
PaCKpYuHBAHHIO B3aHMO3AKDPYYEHHbIX Lenef JHK (cm. Huxe). Tako-
B2 IleHa BLICOKOH TOUHOCTH M CKOPOCTH PEeIVIHKALHH.
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Xeaukasa

DHK-nonumepaza I,
Xonopepmenm

Puc. 34, Cxema BoamoxHOl opranusauuu PenJIHKATHBHON BHAKH

Hse Monexyap JHK-monnmepass OAHOBPEMEHHO H CHHXPOHHO CHHTE3HPYIOT
M BeAyllylo, H 3allasaniBatouryio uenn JHK, Korna T0IHMePa3a, CHHTe3HPYIO-
flan 3aMasAbBAIONLYIO LUeMlb, AOXOAHT A0 Ha4ala MNpesbiiyliero dbparMenTta
OKa3akH, OHa «[lepecKAKHBaeT» Ha 3’-KOHell 3aTPaBKH, KOTOPYiO CHHTe3HDyeT
B 3TOT MOMEHT NPaliMOCOMa; 110 Beeil BEPOATHOCTH 3TO cOBHITHE TpeGyeT TuAapo-
nu3a ATP. OrpoMublil GenxoBsiii KoMAaekc, OCYULECTBJASKUHA OQHOBPEMeH=
HBli cuutes JIHK Ha 06eMX MaTPHUHBIX wersix PETIHKATHBHON BHJKH, Npefi-
JIOXEHO HAa3bIBATh «PeTIHCOMOI», OPHEHTHPOBOYHAN Macca KoMmnJekca 1400,)

Xonodepment JHK-nomumepassr 111 moxer IuMepH3oBaTbesi. Ha
STOM OCHOBAHHH BBIABHHYTO NMPEANOJOXKEHHe, YTO 1BE MOJEKYJIBl XOJI0-
depMeHTa, npaiiMocoMma, H, BO3MO2KHO, JONOJHHUTENbHAA XE€JIHKAa3a 06-
PasYIOT B KJETKe e[MHbINi KOMIIEKC — peniucomy, KOTOpast ABHKETCs
no THK, oaHoBpeMeHHO CHHTe3pysi ofe HOBble LelH (puc. 34). He
HCKJIIOUEHO, UTO B COCTAB MIOTETHYECKOH DENJHCOMbl BXOAAT H HEKO-
TOpEIe hepMeHTh GHOCHHTe32 HYKJEOTHI0B — npenwectBeHHHKoB [JHK.
10 6BlM0 GBI pasymHo, YUHTBIBASI, UTO J€30KCHPHOOHYKJIEOTHABl HY¥X-~
Hbl B KJIeTKe TONbKO A5 cuHTe3a JJHK.

Hapucopannyio kaprtury 0aKTepHaIbHOH pPenIHKauuu HNOATBEPK-
AaeT (MEHOTHII MYTaHTOB C HapYLIEHHeM CHHTe3a AHK. ts-Myrauuu B
reHax dnakE, dnaB, dnaG, dnaZ, dnaX w dnaN Cpasy OCTaHaBIHBAKOT
PENHKALMIO NPH NepeHoce KJIETOK HA HeMepMUCCHBHYIO TeMIeparypy.
Mytauuu B renax polA u lig NPHBOJSAT K TOMY, UYTO B KJIeTKEe HAaKamJH-
BaeTcst COMbIIOE KOJIHYECTBO HECIIHTBIX ¢parmenToB Okasaku. Myra-
UHH B reHaX dnal, fopA v rnh BAHSIOT Ha HHUUMALMIO LHKIA penynKa-
UuH, KoTopas GYyAeT paccMOTPeHa HHiKe.

Pennukaumo IHK E. coli yaanoch Boccosath in vitro s CHCTeMe U3
OYHILIEHHBIX GesNKOB. [INsi peaklUHH HeOGXOIMMbI Bee BblILIENEePeuHCaeH:
Hble GenKkH, a i ONTHMAJbHOrO CHHTE3a — GEoK HU — rucrono-
nofo6Held Genok E. coli. Hyxubl Takxke GeNKH, y4acTBYIOLIHe B HHH-
LHALUHH PeIUIHKAIHH, H TONOH30Mepasbl.
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4. TOTIOJIOTHYECKHE TMPOBJEMBbI
PENJIMKAUHH

CHX TIOP HMKAaK He YUHTHIBAJCA TOT aKT, uTO Ko»;\gng(nﬁsﬂgsggﬁg
/ / /T Apyra B CIHpalb.
JJHK sakpyueHsl APYT BOKPYT APy ) M 910
‘1 JHK Gaktepnit H HEKOTOp
eHHO. DOJBIIHHCTBO MOJEKY 3 puie
SEK o Hz-3a cnupaibHO# 3aKpyue
/ CA KOJIbLEBbIMH .
JIHK 3ykapHOT sABJIHIOT bHOM 3akpy e
1 /J1 OKa3bIBAIOTCA 3ayENACHHbI
¥ LenH 3THX MOJEKYJ O o
;g:uo pasjelnTb, He MOPBaB XOTA 63 Igzil(l{y H36 HH:.6ga>:(<§ﬂeb§J;:0ﬁ)
e. He Obl1 ,
He GbliM 3alleNJieHHBIMH (T. F
ueryllucmpocm ABHmKeHHs penvinkatiBHoi BHAKY 1000 H. 1. B ceKyHAY

Jo

1ent

I.;Eg HeNpOpPEIIHIHPOBABLIAACS YaCTh JIHK nonxxHa BpaulaTbcs €O CKO-
p’.}cc\' -‘:\\"ﬁ
LA oo
penAUKayuUR
Kkonbyebod
rolfanenmug-
IAMKHYMOU
MONEKNbI
2
\\ 2 AKNNOYUMENS -
\\f’ was cmadus
4 penauxayuy
2
7
2
pENAUKAYUA
3aK0HYEHA

Puc. 35, O6pazoBaHHe KaTeHaHOB NpH peNHKalUHH

koasuesnix JJHK ) )
[BaanMo3aKpydeHHOCTD ABYX MaTPHUHBIX Lened B KOJ‘I;L[:::‘E.
Mostekyaax A HK wacto npuBOAHT K 06pa30BaHHiO B pe y;(ME.
Te peNJMKauMH 3alleNIeHHWX APYT 3a Apyra AOUepHHX JMone-
KyJ (KaTeHaHOB). PacuenuTh KaTeHaub crnocob6Ha ToMnol

pasa BTOpPOro THNa (cM. 1. 1}



pocthio 6000 o6opotos B MEHYTY! Bee 5TH npoGiembl paspewanoTes npy.
CYTCTBHEM B KJIeTKe monou3omepas (cm. ra. 1). Tonousomepasnl Ha Bpe-
M5 BHOCAT B 3alleNVIEHHble JPYT 33 JAPYra LeNH KOJbLEBLIX MOJeKyy
Pa3pbiBbl, KOTOpble HEOGXOAMMBI [JIsi UX Pa3jelieHHs, T. e. BHICTYNator
B DOJIH «wWapHKHPOB», nosposiomux uenaM JHK packpyrutecs. Crg.
COGHOCTb GaKTepHaIbHOH Tononsomepasel 11 — JHK-rupass — oTpy-
laTenbHO - cBepxcnkpannsosath JJHK B ATP-3aBucHMON peaknny pe
TOJILKO CHHMEET BONPOC O BPAlleHHH BCelt HenpOpeNJIHLHPOBABILEiicy
yactH JIHK, Ho 1 o6sieruaer peiictsue XeJ1HKa3, NOCKOJIbKY OTPHLATeNb-
Has CBEpXCNHpANM3aUK5, KOTOPYIO IHPa3a CO3AaeT Neped BUJIKOM,
cnocofeTByer paciierannio JTHK.

Ha sak/mouuTensHoit crags penyinKawuy KonbleBhix MOJIEKYJ YacTo
OCTA€TC51 OHO WJIH HECKOJIBKO 3allenyleHKH Lenefl HCXOHOH Monexy-
JIbl IDYT 33 Jpyra. JT0 NPUBOAMT K TOMY, YTO ABYleENOUYeYHbE KOJblla
ACYEPHHX MOJIEKYJl TaKKe OKa3blBAIOTCA 3allelNIeHFBIMH, 06pasyior
kameran (puc. 35). IHK-rupasa moxeT pacuenuthb 3anensieHHble KoMb-
Lia, HCTIOJIb3Ys CBOK CHOCOGHOCTD BHOCHTH BPEMEHHbIH [BYIlENOYeuHbl
paspeiB. Takas akTHBHOCTb IHpasbl JeHCTBHTEJBHO CYLIECTBEHHA 1/
pennukauun JIHK, nockonbKy B MyTaHTax 1o THPase Ha HENEPMHCCHB-
HOH TeMnepaType HaGMOJAETCs HEPACXOXKIEHHE JOYEPHHX MOJIEKYJT
konbuesbix JIHK nocsie pensukaimu. BaHO OTMETHTB, UTO TONOM30-
Mepasbl HeOGXOJUMEI /1 3aBepLIEHHs PENJIHKALUMH He TOJBKO KOJbIle-
BBIX MOJIEKYJl, HO H OYeHb AIHHHBIX JUHeHHBEIX 5YKaDHOTHUYECKHX XpO-
MOCOM! /IBe QueHb JUIHHHblEe JOYEPHHE MOJIEKYJIBl HE MOTYT PasOHTHCh
JOCTaTOYHO OLICTPO, MOCKONBKY MNOCAe PeIVIKKALMH OKA3BIBAIOTCS 3a-
NYTaHHBIMH NOJAOGHO KaTeHaHaM, o6DasyIOMMCA Ha 3aKIOUHTENbHON
CTajuu peniukauuu xoseiesblx JIHK. HefictBurenbHo, MyTanTh syka-
PHOT (Ipoxeit) ¢ HapyuleHHOH Tonou3oMepasoil 11 JeeKTHH TO pac-
XOXJEHHIO JIOUePHHX XPOMOCOM B MHTO3€.

Ilo kpaitneit Mepe y GakTepuii Tonorsomepasbl HTPalOT BaXXHYIQ
poJb He TOMBKO B XOJIe PENJIHKALMH H Ha 3aBepUIAIOMMX CTAfHSIX 3TO-
TO npouecca, HO H NIPH KHHUMANHK PayHAa PeNJIHKALHK. :

5. HHUUHALMHSA PAYHAA PENJIUKALMUH

Hauapuwmiics npouecc pensinkanuu XpoMocombl GaKTepHH TNpojoJ-
KaeTcsl 10 Tex nop, noka He yasoutcs Bcsa JJHK. B 31oM cMmbiciie 6ak-
TepHa/TbHAsA XPOMOCOMA MPEACTABAseT COGON €1HHULY PelNTHKALUK —
penauron. Ilpyrue monekyan JHK, xoropwie moryr NPHCYTCTBOBATh
B GaKTepHa/lbHBIX KAeTKaX (CM. M. V), Takae IPeACTaBASIOT CoBOH
OTJEJIbHbIE PEeNJIHKOHHI.

Penuinkanuus Kaxaoro GaKTEpHaNbHOrO PENTHKOHA, B UYACTHOCTH
XpoMocombl E. coli, KaK NPaBHIO, HAUKHACTCS B OAHON H3GpaHHOH of-
nacrn JIHK, nasbiBaeMoit opudauros pensiukauuu (oT aHra. origin —
Hayano, ofo3xayaercs ori). OPHIKHH PEVIHKALKH KaXI0ro PeruKoHa
HMEET BIIOJTHE Onpejie/ieHnyio nocnenosatenbHocth JTHK. B pesyabrare
HHHUHAUHKY payHJa PENJIHKaUHH Ha OPHAXKUHE 06pa3yloTcsi OJHAa HJH
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¢ peMIHKATHBHbie BUJIKH. Ec/iH BO3HHKAET O/HA PeNJIHKAaTHBHAs BHJ}IO-
xaK, Hanpumep, y niasmuis ColEl, To, o6nexas BCio KOJABLEBY
K J;y OHa 3aKaHYMBaeT CHHTe3 Ha OpHIkHHe. Takas pelvIMKauus
MOAEKZeTc,a odHonanpasaennod. Ha MBOrux OpHIKHHAX, B 4aCTHOCTH
Ha3usoMOCOMHOM opupKHHe E. coli, KEHLMEPYETCst 08yHANpasAeHHAR
n XEKaILHﬂ, T. €. BO3HHKAIOT [IB€ PETVIHKATHBHbIE BHJKH, MlepeMellalo-
uf::CH B [IPOTHBOIIOJIOXHBIX HaNpaBJIeHHAX 0 TeX Nop, noxaxze :}i:gfe):
raTcsi. PEIVIHIMPYIOUMECs KOJbUEBble Pern/HKOHbI ngwTasblgaemyxo
Hylo CTPYKTYPY, Hanomma}om%/(})o ré)pe;)ecxylo 6yksy O H H
- kmypoti (cM. puc. 10, B .

WﬂgoﬁfgiﬁaggﬂbﬂéCTb %pnumnﬂa cnoco6eTBy et Heoéx?{n};émog ')J:(J;llv
wauana cuuresa JIHK pacnsieranuo ABEOHHOH cnupant [ "mﬁ;«m
yacTkoM cGopku, «locaaku» Ha LHK akTusHoro KOMHJIE}(C;Ia GITKOB,
OCYILECTBIISIOWHX PENVIHKAUHIO. Uem e OPHKHHbI PeniH eJLILneT -
JIHYalOTCA OT TPOYHX MOC/IeN0BATeNLHOCTEH AHK, urto Orﬁlglilxl, er Hx
cretndHuHOCTb? JUISi Pa3HbIX PErIHKOHOB OTBET MOXET n,;DKEHa H-
HbIM, OJIHAKO YACTO OKa3biBaeTcsi, UTO CNeuHpHIHOCTH c;lp K o
peje/IsieTcs CrelHaTbHEM GenKOM, YUaCTBYIIUMM B HH Lclne utrt CH-
tesa JJHK u cnocoGHbIM H36HpaTebHO CBA3BIBATLCA C IO Hoi\ld el
HOCTBIO HYKJIEOTHJOB JIaHHOTO OPHJUKHHA. Hanuuue na 011{1 HEMp -
KOHEe OpMDKHHA H TeHa, KOAHDYIOWEro crnenudHIHbIA enn}xlmoaa
JOK-KHUIMATOp, OOECTeyHBaeT —CaMONOJAepKaHHe 3TOTO P

B KJETKe.

Hruyuayus penauxayuu
xpomocomet E. coli

BesloK-HHUIKATOp, CreuH(PHYECKH Y3HAIOWHI XpOMOCOMHbI Op.}éﬂ;*(””}‘_
E. coli oriC, konupyeTcs resom dnalA. B nocnenonaTeanouTnN;)g;IeK pJlbl
CYTCTBYeT HECKOJIbKO YYACTKOB CBf3bIBAHHA DnaA-ﬁe.m(a.IiHK wal_
GeJIKa-MHUIHATOPa CBA3bIBAIOTCS C ITHMH YUacTKaMH, €C/H pac—
KHHa 6aarojapa neiicteuio JHK-rupashl caepxcnupanysoﬁsaﬂa, HOPPIJ.I'
nieraior LHK B naxoasuweiicst nogausoctu AT-Goraroit o6nacTh op
)KH?V?&KHO Aymarb, uro yuactwe JHK-rupasbi B umgunauuny Hzggig:
JUMO He TOJMBKO Vsl TOrO, YTO6bl 06MErYHTb 6esxy Dna 3anat{y pHK te-
TaHHsl OPHIKHHA, HO M JUIA NPOBEPKH LEJIOCTHOCTA LENeH JflsoBaTb
OyAylux MaTpHIl A CHHTe3a: JeACTBHTEJbHO, CBEPXCNHpA HTO atb
KaKyio-ni6o Konbueryio JHK {unu yvactok HHK%EIOHHH KoF p;(m‘
§HKCHpOBaHbl) MOXKHO JIMIIb B TOM CJIyuae, eC/lH 3Ta s K He cozepx
pasgbl?(%znﬂexcom DnaA-6enka ¢ pacnjereHHbiM oriC CBA3bIBAETCS
DnaC-6es0k, nociie yero ¢ 06pa30BaBUIMMCH KOMILIEKCOM MOXKET CB3i-
3aThes xenukasa DnaB, Kotopast ofecneunBaeT fajbHeHlee pacniera-
HHe opumKHHA, HeoOXO1HMOe st CGOPKH penaucomol (pu6c. 36).a ok
Iisi MHKUMAUHH PeTUIMKALHH XPOMOCoMbl E. coll Heof XIquLHM T
—Xe Tpapckpuniua obnacth opuipkuia PHK-nomivepasor. 11ocKonbKy
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DnaA- desox nepsoie PHK-3atpaBku cuuresu-
pyer, no-BHaMMoMy, npaiiMaza,
poab  PHK-noauvepasmi CKopee
BCET0 3aKJIOYAeTCs! B «TPAHCKPHUII-
) ‘gﬁﬁ’%‘%jﬁ’;g” UHOHHOH aKTHBALMH» opu,m(pnna.
MoxHo aymath, 4ro sokanbHoe
pacnierenve JJHK, cosgaBaemoe
/ PHK-nonumepasoii B xoze TPaHCK-
‘ pacnsemawnye DHK - DHIUMH (cM. 1. VII), obaeryaer
Hapsly ¢ OTPHLATEAbHOH cBepx-
) Clipanu3alnedl cTabuabHOe «pac-
(7 KDbIBaHHE» ODHIKHHA GelKaMu

DnaA, DnaB u DnaC.
HdBa ¢epmenra ofecrieynsaior
BBICOKYIO H3GHDATENbHOCTL HHH-
Unaumn  cuHresa JHK, orpa-
> HHYHBAs HHMUHALHIO PerIHKAalLHH

¢dy,

B0 s 1 IO PRI ST nonon
bnac, aza H, usbupa-
TeJAbHO ruapoausyiowass PHK s
cocraBe THODHIHBIX IYMJEKCOB ¢
IAHK. [eiictere 3tux (bepmeHTOB
HaNpaBle€HO TIPOTHB TUOGPHIHBIX
AHK—PHK-yuacrkos, KOTOpble

PHK - 3ampa bry

Puc. 36, Hunumaums penaukauunu
Xpomocombt E. coli

(XpoMocoMHBIH OPHIXKHH, 0riC crneundHuecku
Y3HaeT Ge10K-HHKUKATOP Dna A. C KoMnJeK-
coM DnaA u oriC cBasbiBaercst 6enok DnaC.
C 7pofiubiM Komnnekcom, JHK KoToporo
CBepPXCNHPAIHIOBAHAE, CBA3BIBAIOTCA Dna
B-xenukasa u npaiimasa. Bemok DnaB Ha-
YHHaeT pacnnerats Aynieke OHK, a npaii-
Ma3a CHHTe3HpYeT nepBbie 3aTPaBKH)

MOTYT cayya#iHo o6pa3oBaThest Ha
OHK npu rtpasckpunumu u no-
CYKHTb 3aTPABKaMH /15 Hayasa
cunresa [AHK. Bosmoxuas poab
B 3ToM npouecce PHKasu H oye-
BHIHA: OHA CNOCOGHA HenocpescT-
BEHHO rHiponu3oBaTh PHK Bo Beex

TaKHX Y4YacTKax.
POJIH ToMOH30Mepaskl I, To HeO6X0AMMO OTMETHTH, 4TO rngggab:( ?foé-aﬁxj
PHK ofpaayiorcs iuwb B Tom cayyae, ecan JHK CBEpXCIMHPaNH30Ba-
Ha (o0pasoBaHMe T'HOPHAHOTO AyM/eKCAa CHHMAeT 4acTh H30LITOUHOH
SHEPTHH CBePXCIHMpATH3aUHH), TpPHYEM CBEPXCMHPAJIH30BaHA JOCTa-
TOYHO CHJIBHO, 4TOGBI JIOKaNbHble HapyUIeHHS HODMaJ/IbHOH BTOPHUYHOM
cTpyktyphl IHK moran cmoco6ereoBath ruGpuanzanuy c PHK. To-
NOH30Mepa3a | MOXeT peslaKCHpPOBaTh CBepXCIHPAdbHYIO OHK :'mlub
B TOM C/1yyae, €C/IH OHa CBEPXCIHPATH30BaHa OTPHUATENbHO U 4OCTATON-
HO CHJIBHO, T. €. B YCJIOBHAX, CNOCOGCTBYIOMHX BO3HHKHOBEHHIO HA JdHK
YIOMAHYTBIX JIOKA/MbHBIX HAPYLIEHHH BTOPHYHON CTPYKTYpHl. Takum
00pa3oM, MOKHO AyMaTb, YTO OfHA H3 GyHKuni sToro depmenra co-
CTOHT B NOJNEPXKAHHH HOPMANBHOH BTOPHYHON crpyktypsl IHK, npe-
NATCTBY10WeH ee rubpHan3aunn ¢ PHK u oﬁpasoBaH’mo 3aTpaBKH 'B My-
Tantax E. coli no PHKase H (ren rnh) wiu no Tonou30Mepa3e'I (i‘eﬂ
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{opA) HHHIMALNS PENJIMKalHH MOXKET MPOHCXOAHTD HE TONBKO Ha OpHA-
JKHHe, HO H BO MHOTHX [JDYTHX MecTax.

CMBIC/ OrpaHHYeHHs HHHIHALHH PelJIMKaluHH 00JacThio OpPHIXKHHA
CTAHOBHTCH TOHSTHBIM, €CJH BCIOMHHTb, YTO penJIMKalHs CTPOro pe-
rvaupyercs (cM. HHXKe). MHILICHBIO Pa3/MUUHBIX Pery/ISTOPHBIX BO3IEH-
CTBHII ABJIAETCA CPHIKHH, 103TOMY 151 KOHTPOJS PelIKallHH HeobX0-
JIMMO MOAaBHTb HHHLHALHIO B IPOUYHX MECTax.

IpyrHe cnoco0bl HHHIHALIMH PEIVIMKAlHA 1e1eCoo6pa3Ho paccMoT-
peTh B CBA3H C BOIPOCOM O Pery/AlHH penaukauxd. MoneKyaspHble
OCHOBHI 10J06HOH peryJ/sluH Jiyylle BCero H3yuyeHbl B clyvae HEKO-
TOpbIX GakTepHalbHbIX IJIA3MHI.

Pecyasyus penauxayuu

[lps KaXIOM KJETOUHOM feneHHH Kaxfaa monexyna JHK nomxna
yIBaHBATBCS, T. €. HA KaXKI0M OPHIUKHHE A0/KeH NPOHCXOJHTh B TOU-
HOCTH OXHH aKT HHHLHAUHM PenyiMkaluu. B npoTHBHOM ciydae mocre-
NeHHO NPOHCXOIMMA Obl YTEps DEITHKOHA HIAH €ero GecKOHTPOJIbHOE
HakomleHne. Bosee Toro, naxe ecay PEIVIHKOH YIBaHBAETCSA B CPeLHEM
TOUHO OJMH Pa3 Ha KaIoe KJIETOUHOe JeJIeHHEe, BO3MOMHBI CYILeCcTBeH-
Hble BapHalMH KOJHYECTBA KON 3TOrO PerIHKOHA BOKPYT CpejHero
3HAYeHHs B PA3HBIX KJeTKaX GakTepHa/ibHOH nmomyasiud. Takne Ba-
DHALMK HEIONYCTHMBI, TAK KaK TOXe B KOHLE KOHLOB BeIyT K MoTepe
peninkoHa. TaknM 06pasoM, K PeryaslHH PelVIHKaLHH TNpPelbaB/s-
JOTCA JOCTATOUHO ecTKHe TpeGOBAHHA: pery/AToPHas CHCTeMa AOJIK-
HA YYBCTBOBaTh OTKJIOHEHHs B 06€ CTODOHBI OT CPEHero YHC/Aa KOMHi
JIAHHOTO PEMJIHKOHA H COOTBETCTBYIOIIHM 06pPa30M MEHATh YacTOTy HHH-
LMaLHH Ha opHIkKKHe. OueBHIHO, YTO YacTOTa HHHIHALUH JOMKHA CbITh
corJacoBaHa TAKXKE CO CKOPOCTbIO POCTa KJETOK.

Hexomopeie sexanHu3mbt
peeyaayuu  penauxkayuu

K Haubosiee M3yueHHBIM DeNVIHKOHaM npuHallexar naasvuia ColEl
H poicTBeHHble el Maa3viiibl. OPHIKHHBI MTa3MHA 3Ol IPYIIIBL GblMH
HCIOJb30BaHbl IDH KOHCTPVHDOBAHHH MHOTHX BEKTODOB sl MOJeKY-
aspHoro Kaouupopauusi. Pennkauus ColEl HauMHaeTcst Ha eIMHCT-
BEHHOM OPHINKHHe H IPOHCXOIHT OJHOHANpaBleHHO. MexaHH3M HHH-
UHALHH PerJIHKalHH 3TON NAa3MHIbl CYIIECTBEHHO OT/IHUAeTCA OT Me-
XaHH3Ma HHHIMALNH perJHKaluH XpoMocoMbl E. coli. [Ins HHH-
" uganuH Heobxoammo, uto6el PHK-moinvepasa cuHTe3HpoBana Ha
opukiae PHK-npeluecTBeHHHK 3aTPaBKH, TaK Ha3blBaeMYIO PHKII.
Tpanckpunuus PHKII naunnaercs Ha paccTosHHH 0KoJao 550 1. H. oT
TOukH Hauaia cuuTesa JAHK. Iloka He BbIsiCHeHHBIE CCOGEHHOCTH II0-
C1e0BATeJILHOCTH OPHIKHHA U OlpeleeHHble 3JeMeHTh BTOPHYHOM
crpykTypsl PHKII crioco6erBytoT o6pasoBaHuio rHOPHIHOTO IymJjek-
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PHK~nosumepasa

11 (NN

J, PHKaza H

wm—.—“

l DHK-nonumepasza I

npavMocona

Puc. 37. Mununauns pentikaunn naaswst ColE]

ca PHKII ¢ IHK B o6nactd opuikuHa (puc. 37). Ina obpa3oBaHus
THOPHIHOTO AyMJeKca HeoBXOIMMO, UTOGHI OPHIKHH MAa3MUAbl GblLI
CBEPXCIHPAIH30BaH, T.e&. H B 3TOM CIyyae Mo/leKy.ia AHK roTOBa K
PEVIHKAUNH JHib NPH YCJIOBHH KOBAJIEHTHOH HeNpephIBHOCTH 06eHX
MaTpHUHBIX uenell (B YACTHOCTH, PeNJHKALMs MIIa3MiIbl He HAUHeTCs
TNOKa He 3aKOHYHTCH MpelblIylUHil PayHI penIHKauuH). 06pa3oaaB:
mHica rnépnu;L PHK — JIHK noisepraercst uacTHusOMy pacliemn.te-
Huio PHKasolt H, B pesy.brare dero ofpasyercs PHK-3arpaBka 114
cuntesa JHK. Jas storo penvinkona PHKasza H c1yKUT He TOJII::KO
aKTopOM CMEUHDUYHOCTH, OTPAHHYHBAOUIMM HHULHALMIO PafiOHOM
ODH’KMHA, HO H HeMocpeICTBeHHO YuacTByeT B Muxuuampu. [loka He
ACHO, KaKHe 0COBEHHOCTH CTPYKTYPhl OPHIKHHA npenmcmybr NogHOH
Jerpazauun PHK B rubphinoM 1yniekce u orpanHiusBaror ,Ief:lc:TB}{e
PHKaset H o6pasosanney satpask. Curres [IHK na PH K-3arpaBkax
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HauHHaeT y N1a3sMHJ THIA
ColE1 JHK-nonuvepasa
I; B 3TOM COCTOMT CYLILECT-
BeHHOe OTJHYMe HHHUHA-
LMH 3THX PEMIHKOHOB OT
npyrux. Heo6xoiuMocTb
uvenHo B 310t JHK-mo-
JuMepase, M0-BHIHMOMY,
cBH3aHa ¢ TeM, 4To Moc/je
neficteust PHKassl H He
TOIbKO 3aTpaBKa, HO H
1py rue pparventel PHKII
OCTalOTCsl CHapeHHbIMH ¢
JHK. [lasa ux yaaldeHHs
Heo6x0UMa 5’ -3K30HYK-
Jlea3Has AKTHBHOCTb
JHK-nonnmepasst I.
JHK-noanvepasal obpa-
3yeT CPaBHHTEbHO KOPOT-
kuit gparment AHK xau-
HOH B HECKOJbKO COTEH
HYK/EOTHIOB, TPH 3TOM
ofpasvercs Tak HasbiBae-
Masi D-metssi, B KOTOpOH
oiHa Uenb  HCXOJHOK
naasvHisl  CllapeHa ¢
HOBOCHHTE3HD OBaHHOH
Llenbio, a BTopast BeITeCHe-
Ha H HAaXOJHTCH B OJHO-
LenoyeyHoM  COCTOSIHHU
{puc. 37). ITo Bce#r BHOHU-
MOCTH, HMEHHO Ha 3TOH
oxgnonuresoit JHK cobu-
paercsi KOMIJeKc Mpai-
MOCOMHBIX Ge/KoB (cocTo-
AnHE N0 KpaiiHeH Mepe
U3 IPOI1YKTOB reHoBdnaB,
dnaC, dnaG u dnaT) u
ranbrefiudi cuates JHK

PHK I

PHK I

He cnocodsa audpudy -
o6amesca ¢ ori

A crocodha
aubpuduo-
bamsca ¢ ori

we cnocodHa eudpe-
Jusobamscq ¢ 3r¢

PHK T E
IR

PHK 1
Puc. 38. Bzanvozeitcrene PHKII 1 PHKI:

a2 — PHKII # PHKI cunTHBAIOTCR ¢ Pa3HbiX Uellell OTHOTO
vuactka JHK 1 1105TOMY KOMIJIeMeHTapHb. 6 — PHKII
MOAKET OGpaBOBbIBHTb B2 aJbTePHATHBHDBIX BHD)(HHTG BTO=
PHYHKOIT CTPYKTYPBL. H3 KOTOPBHIX JHIb OQHH crnoco6eTBYeT
cpasbianiio PHKIL ¢ AHK opulAkHHa: ¢ — B3aHMoaeit-
creie PHKII ¢ PHKI cTabuin3upyer KOHDOpMAUMIO
PHKII, ne criocoGHyo cBAsbBaThesd ¢ AH

ocymecteasor vxe IHK-nonuvepasa 111 1 npafMocoMa, T. €. BO3HH-
K4eT H NPOIBHIaeTcs B OZHOM HAMpaBJeHWH OCbUHAA PeriHKaTHBHAA

Buaka (puc. 37).

KpuTiyeckuy coObITHEM HHHUMALHM DeNIHKALH{ M1a3MHL 3TOTO
THna sinseTca Kovnaementaphoe cnapusanie PHKII ¢ JAHK opuaxH-
Ha. EcTecTBeHHO, HMEHHO 3Ta CT4IMA WHHUHALHHK PerIiKauuH H pery-

aupverca. Oka3al1ochk,

uyto ¢ obaactH JHK, koiupyoollleid Haualo

(5"-koHuesyio uactb) PHKII, cuntbiBaeTcs eile ol1Ha PHK — PHKI,

3—1929
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npuyeM PHKI tpanckpuGupyercs B npoTiBONONOMXHOM Hanpas/eHuH,
1. e. PHKII 1 PHKI komnaemenTapHbl apyr apyry (puc. 38, a). Kou-
Tiiementapioe cnapusaive PHKI ¢ PHKII Tak Menser BTopuunyio
CTPYKTYDY noCJelHel, YTO OHa He MOXKET rHOPHAH30BATLCA C 06JACTbIO
HHHUMaunK cunrte3a JJTHK. Hnurtepecho, uto yuacrok peryasTopHoro
BoszeficTHsA, cniapuanns PHKII ¢ PHKI oTcTOMT Ha HeCKOMBbKO coteH
HYKJCOTHAOB OT TOIO MeCTa, I MPOHCXOIUT PEryJIHpYeMoe COGbITHE —
rubpuzusauns PHK ¢ JIHK. Kak u B Ipyrux ananoruymbix cayyasx
(HanpuMep, NPH Pery/isiuMH aKTHBHOCTH PEHOB GHOCHHTE3a AMHHOKHC-
a0T, cM. ra. VII), geno 3zeck B ToM, yto PHKII Moxer B HNpHHUHIE 06-
PasoBath B4 DPa3JHUHbIX, NPHYEM B3aHMOMCKJ/IOYAIOUIMX BapHAHTA
BTOPHYHOH CTPYKTYpHi. JIHIUL OfHH M3 BapHAHTOB CIOCOGEH THGPHIH-
S0BATbCS ¢ OPHIXKHHOM, a cnapusanue ¢ PHKI cra6uausupyer JApy-
TOil BADHAHT H TeM CaMbiM HCKJIIOYAET PEllIHKALHIO. Bropuunas ctpyk-
typa PHK ofpasyercs mo Mepe ee chutesa PHK-nonnmepasoit, 7. e.
HauMHas ¢ 5'-KoHua, 03ToMy coGbiTHe, NpoMCXOofsilllee B 5'-KOHIEBOI
obnactu PHKII,— cnapupanue ¢ PHKI — CYIIECTBEHHO BJHAET Ha
BTOPHUHYIO CTDYKTYPY yjaieHHbIX obnacteit PHKII (puc. 38, 6).

Bsaumopeitctene PHKI u PHKII — npouecc CJAOXHBIA. UXx Heno-
CPEACTBEHHOMY CTADHBAHHIO MELAET Da3BHTAs BTOPHYHAs CTPYKTYpa
obenx PHK. Cuauana B3aHMOJEHCTBYIOT OJHOLENOYEYHble MeTIH Ha
KOHUAX WIHJEK, MPHYEM 110C/Ie0BATEIbHOCTb STHX MeTeNlb OlpefiesisieT
CKOpOCTb B3aHMOJEHCTBHA M, CJe10BaTe/lbHO, CTeleHb MOJABAEHHS
PeNHKaUMH. 3aTeM, BHAMMO, NPOHCXOIHT H30MEPH3AUHA KOMILIEKCa
H No/Hoe koMm/iemenTapHoe cnapusaune PHKII ¢ PHKI (puc. 38, 6).

Peeyaayua penauxayuu ocHOBaHA HA ToM, uTo PHKI, nuruéurop
PenJnKaunH, HecrabH/IbHa. TO 3HAYHT, uTo Kosuuecto PHKI B KieTke
IPONOPUHOHANBLHO CKOPOCTH €€ CHHTe3a, T. €. KOJAHYeCTBY TeHOB 3TOM
PHK wuau, apyrumu cioBavn, KOJIHYECTBY KOMHH N/1a3MHIbI, a KoH-
yermpayus PHKI, kotopas  onpezensier ckopocTb B3aHMOIEHCTBHS ¢
PHKII u yacrory HHHumnawin, 101KHa GbiTh MPONOPUHOHANbHA KOJIH-
HeCTBY KOMHI N1a3MH/1bl H OGPATHO MPONOPUHOHATBHA 06BEMY KJETKH.
Korna knetk# pacTyT M yBeluuuBaeTcs ux 06beM, KOHLEHTpalHs
PHKI najaer u cTaHOBATCSH BO3MOXHBLIMH HOBbie pPayHabl WHULHALHH.
Iocate Toro Kak npousomINa perIHKaUUs, KOJTHYECTBO KOMHil 11/1a3MH b
BO3pacTaeT H o1HOBPeMeHHO BO3pacrtaeT KoHuewtpauus PHKI, uto no-
AaBJIA€T HOBbIE HHHUHALHH 10 TeX 0P, MOKa POCT KJETOK CHOBA He MpH-
BeleT K JocTaTtouHOMY pasbapinenuto PHK-unruturopa.

Onncannas cucrema O6paTHO CBSA3H NOAIEPKHMBAET ONpeje/eH-
HYIO KONMUHHOCTb PENVIHKOHA B KJeTKe. B MpHHLUIE PelLIHKALHA MOKET
KOHTPO/IHPOBATbCS AOMONHHTE/bHBIMH (DAKTOPAMH, H3VEHSIOWHMH YHC-
JI0l KOMMH B 3aBHCHMOCTH OT YCJIOBHii. Tak, ren rop ColEl koaupyer
Gen0K-penpeccop, noxaeasiowui cuutes PHKII H, NO-BHIMMOMY, VCH-
AuBaowui B3anMozeiicteie PHKII ¢ PHKI. Ouesnano, uto neficTaie
penpeccopa HanpaBJeHO HA yMEHbLUEHHE YHCJA KOMHil MasMuab. Du-

SHOJIOTHYECKHH CMBICT  3TOH  Dery/ATOPHON CHCTeMBI [OKa  He
sICeH.
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KoHTpoJib KOMHHHOCTH € NOMOLLLBIO PHK-HHm6m;opa, BnnmouxeﬂH}:{a
BTOpHUHYIO CTPYKTYpY apyroii PHK, nHeoGxoaumoi nas HHHuHauHTh;
XapakTepeH He To/ibKO st miasmup THna ColElL. Ilpyrmle' Ealpuacm.
TOW XKe CTpaTerHH ucnonbayi'?}-,s lnanpnmep, nnasmuna E. coli H

OKKOBas NJasMHja p .
(pml\%l}({ome PEI/IMKOHBI HCMOJB3YIOT, MO-BHIMMOMY, COBEpILIEHHO uﬂz:lo_
CTpaTernio peryJsunH cOGCTBEHHOTO CHHTe3a. [lnsi MHHUMHAUMH P
JIMKALHH STHX PEIVIHKOHOB HeoOXOIMM GesOK-HHHLHATOp (HanpuMep,
6enok E B ciyuae naasmuanl F). Dror Geslok cnetuduyeckH caﬂausae:;cs:
¢ onpefiesieHHON nociefoBaTenbHocThi0 [IHK, MHOrOKpaTHO MoBTOp JIHH
HOl Ha JaHHOM penJinkoHe. CBs3blBaHHE Ge/Ka-HHHIHATOPA C OHOH H
HECKOJIbKUMH TAKHMH [ICC/IeJOBAaTe/IbHOCTSIMH, HAXOASIHMHCA B OPHA-
JKuHe, HeoGXoauMo sl HEHLMauny. OnHa K3 NoC/eN0BaTebHOCTEH :ai-[
XOJIMTCS B Hayajle reHa GedKka-HHMIHATOPA, TaK YTO CBf3blBaHHE C HE
6eJiKa MojiaBJisieT ero cOOCTBEHHbIH CHHTE3. Cqm”aerca, 4TO pel‘ynﬁuéleff
PeIIHKaLHH OCYyILecTBIseTcs Gaarogaps CJ0HHOH KOnypeﬂolguu 3aH -
JloK-HHHIHaTop Mexay yuactkom JJHK, HeoGXOAHMBIM 115 C CTBE;H n(; i
PENpPeccHH, YYacTKOM (HJIH YdacTKaMH), HeoGXOAHMBIM ,1)?91 HH u06_
uuu cuutesa JJHK, H apyruMH yyaCTKaMmH CBA3BIBAHHA. AOTH no;;Ha
Hbie PEJIMKOHBI N0KA ellle HeJOCTaTOYHO H3YYeHbl H JeTajlbHast K:(];TBQH-
Pery/islMM PerinKaLMH He SCHa, OYeBHIHO, YTO HAJHUHE MHOXK

. HBIX MeCT CBsI3bIBaAHHS KJoueBoro 6esika HHHUHAUHH penJiHKalHH [o-

3BOJIsIeT PEryJsiTOPHOH CHCTeMe o4eHb UyTKO OT3bIBAThCs Ha H3MleOHt;IHl;e-
KOMHUHHOCTH peniKoHa. Hanmpumep, ec/ly 1JasMH/Ia COJIEPXHT . o3a
TOpEHHBIX MeCT CBs3blBaHHs GeJKa-HHHUHATOPA, TO noasnel-gl[mm
CYeT peMJIMKAIMH O~ OH JOMOJHHTENbHOH KOMHH [J1a3MHIbL YBMHOFO-
YHcs10 yuacTKoB cBsisbiBanHsl Ha 10. B onpeneseHHOM CMbiC/e
KpaTHO MOBTOPEHHble YYacTKH CBS3blBa- .
HHs GeJIKa-MHHUHATOpa, CyMMapHoe Ko- ori
JIMYEeCTBO KOTOPHIX MPOMOPIHOHAABHO KO- @
NHHHOCTH peNJIHKOHA, aHAaJIOTHYHBI paHee
paceMotpenHoit uHru6utopaoii PHK, xoH-
LieHTpaus KOTOPOHl TakxkKe IMPOMOPIHO- e~
Ha/ibHa KOMHHAHOCTH.

He uck/oueHo, Y4TO ONMHCaHHYIO CTpa-
TErHio peryJ/siuHy peliHKalHH HCIOoMb3y-
er u xpoMocoma E. coli. B xpoMocoMHOM
opHKHEE, 0riC, HMEeTCsl HeCKOJIbKO YyacT-

KOB CBAI3bIBAaHHA GesiKa-HHHIMaTOpa dnaA.
Kpome Toro, uspecTHo, uto dnaA-6emox
AIBIAETCA pernpeccopoM COGCTBEHHOTO CHH-
Tesa.

BakTepuanbHasi XpoMOCOMa OTJIHYaeT-
€S OT MJIa3MHIHBIX PEIIHKOHOB TeM, YTO
BBH1y ee GOJIbLIHX pa3MepoB PayHX pen-
JHKalUH 3aHHUMaeT NTPOMEXYTOK BPEMEHH,
NO  MPONOIKUTENBHOCTH CPaBHHMBIH €

Puc. 39. CrpykTtypa pemnJu-
nupymouteiics 6akTepHansHOR
X POMOCOMBI

([Tpu BHICOKOIl CKOPOCTH pocTa 6aK-
TepHii HHHUHAUHS HOBOTO payHAa
PelIHKaUHH TPOHCXOXHT elie A0
OKOH4YaHHs mNpexsigyuero. Takas
<XHXOTOMHHeCKas» penHKauu s
no3BOsieT GAKTepHAM TpH Gnaro-
NPHATHBIX YCAOBHSIX HMETb BpeMs
TeHeDauHH Melubliee, UeM BpeMs.
HeoGXORHMOe Ha 3aBepuieHHe MoJ-
Horo paykaa penaukaunn JAHK)
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BpeMeHeM reHepaliuk. Boslee Toro, NpH MaKCHMaMbHOH CKODOCTH pocTa
BpeMsl Y]BOEHHs GaKTepHil MeHbllle BDEMEHH MOJHOH PENVIMKALHH XPo-
MOCOMEI! ITO OKa3biBaeTCsi BO3MOXKHBLIM 6/1arojapsi TOMy, uTO Ha Xpo-
MOCOMHOM OPHUKHHE HHHIHALHS MOXKET POH30HTH ellle 10 3aBEPLIEHHA
NpeAblIylnero payHia penyiikauuu. IIpy Mamoli cKopocTH pocTa, Koria
HHHIHAUHs npoucxoaut peaxo, JHK 6akTepuii nonHocTbio pemtuuy-
PYeTCs MeXAy IBYMS NOC/ENO0BATeTbHBIMH aKTaMH HHUIHAUMH, a NPH
BBICOKOH CKOPOCTH POCTa HHHIHAUHH NPOHCXOAAT YacTo, elle 10 TOro,
KaK 3aKOHYHTCS NPeAblAyIlMH payH] pemfivkauud. B pesy.ibrate Bo3-
HUKaeT pa3BeTB/IeHHas CTPYKTYpPa, NoKasaHHas Ha puc. 39. TIpu Takoi
OUXOMOMUECKOL PETITIHKALIHH BO3PACTaeT KOJHUECTBO OHOBPEMEHHO pa-

GOTalOUHX DENJIHKATHBHBIX BHJIOK M IMPONOPUHOHANBHO BO3pacTaeT
ckopoctb cHHTe3a JJHK.

6. CEFTPErTALIUA
BAKTEPHAJIbHbIX PENJHKOHOB
Mo JOYEPHUM KIJIETKAM

NMPH JENEHHH

CrabunbHoe noisep:xaHie M060ro PelIMKOHa TpeSyeT He TOJBKO cor-
J1IaCOBAHHS €ro DEeMIHKALKH C KJIETOUHBIM Je/€HHeM, HO H YIOpsJoueH-
HOTO pacnpexetenus Monekyal JJIHK no nouepuum knerkam. Cuuraercs,
UTO NPaBHJ/IbHas Cerperauusi JOCTHraercst y 6akrepHit 3a cueT NpuKper-
nenust IHK k MemGpaHe, NpHueM NpOCTPAHCTBEHHAas OPraHH3alMA

=)

J;Ha—m/)na YYacmoK RpUKPENEHUR
I XDOMOCOMBI K M
KAEMOYHOU P b1 K HonGpane

CmeHRU u Memipans!

%5

-
Hobas Joma
oema
KAEMOYHOU CIMEHKY
Puc. 40. MexaHn3av ynopsioueHHOR cerperaumu
(YropsizoueHHas cerperauus jouepHux Moaeky.1 JJTHK no krerkas

NpH ReleHHH NPeRTNTONIOAKHTETbHO AOCTHIAaeTCA 332 CHeT IpHKpeae~
uua JJHK x memGpanue) puEperie

pennuxamufusie Sunnu

YYaCTKOB TMPHKPEIJIeHHs H 30Hbl POCTA MeMOPaHEl H KJIETOUHOH CTEHKH
ofeclieudBaeT aBTOMAaTHUYECKOE «pPacTacKHBaHHe» ABYX KOMHH mpopen-
gauunposasiueiica Momekyasl JHK 1mo pasHeiM JouepHHM K/eTKaMm
(puc. 40). TTonoGHasi cTpaTerks, BHAMMO, XapakTepHa He TOMBKO Xpo-
MocoMaM, HO M HH3KOKONHMHHBIM NJ1a3MH/JaM, HanpHMep F-gaxro-
py E. coli.

MHorne MeJKHe PelVIMKOHBl HCMOMb3YIOT aJbTeDHATUBHYIO CTpaTe-
Mo crabunbHoro HacJenosanusi. OHH, NO-BHAHMOMY, HE HMEIOT MeXa-
HH3Ma YMOPSIIOYEHHOH CerperaluH, HO MOLNEPKHBAIOTCA B BHICOKOM
yycJde Komnuii. Bbicokass KOMHHHOCTh OfecneudBaeT OTHOCHTEJNBHO CTa-
GuJbHOE HacJieloBaHHe PEILTHKOHA MpHU CIyyaHHOM DAclpeleNTeHHH MO-
JEKyJ TO [oYEPHHM KJeTKaM NpH JeleHHH. BeposiTHocTh TOTO, 4TO
PENUIMKOH TPH TakoM crocobe pacrpefeneHnsi OyneT YTepsH (T.e.
B OJHY H3 JOUePHHX KJETOK He NolajeT HH OJHOH KOMHH JHK nanuoro
penJiukona), pasHa (1/2)", rae n — YHCIO KOMHH, T. €. MeHblue 0,1 %
yxe aas 10 Konu# NJasMu/bl B KJETKE. EcrecTBeHHO, /151 3TOrO CIO-
co6a TIPHHUHKIHAJABHO BaXXHBIM SIBJIAETCS CTPOrOe BOCCTAHOBJIEHHE KO-
MHiiHOCTH, uTOGHl eauHcTBeHHas Monekyna JIHK ycnena 6wictpo pas-
MHOXKHTBCH [0 XapaKTEPHOTO AJIs1 Hee UHC/Ia KOMHA J0 Havaja clelyo-
LIero JEeJeHHsT KJIETKH.

7. OCOBEHHOCTH PEMJIMKALMH
JHK 3YKAPHOT

Huuyuayus penauxayuu y yxapuom

DyKapHOTHUECKHe TEHOMbI, KAK MDABHJO, 3HAYHTEIbHO Gonblue GaKre-
pHa/IbHEIX, a ckopocth cuaTesa JIHK y 3yKkapHOT, HallPOTHB, CYIIECTBEH-
HO HIKe (HeCKOJBKO JIECSITKOB HYKJIEOTHIOB B CeKyHAY). Buammo, mo
3T0fi npuuHHe HHHuHauus cHuTesa JIHK 3yKapHOT NPOHCXONHT BO
MHOTHX Da3HBIX TOUKaX XPOMOCOMBI, T. €. 3yKapHOTHYECKHe XPOMOCo-
MBI HMEIOT NOAUPENAUKOHNYIO OpeaHu3ayuo. X apaKTepHblit pa3mep pen-
JIMKOHa BHICIIKX 3yKapHoT — okoJo 100 000 0. o. [To kpaitHeit Mepe ¥
HHU3LIHX 3YKapHOT, HaNpuMep Y APOXKKeH, HHHIHALHS NPOUCXOIHT HE
Ha CJAyualiHbIX [OC/JeJOBAaTeNbHOCTAX, a Ha BMOJNHE ONpele/eHHbIX
OpH/UKHHAX PeIIMKaliH. OTH yyacTKu GbUIM B Psifie c/TyyaeB oXapakre-
PH30BaHB (y JpOXKeii oHH Ha3wiBaloTcsi ARS — ot auri. autonomous
replicating sequences — aBTOHOMHO pelIHLHPYIOULKeCs NOCIEN0BATENb-
HOCTH), OHH Pa3/JMYHbl MEXK 1Yy 060 10 110C/€10BaTeNbHOCTH, HO HMEIOT
HECKOJIBKO YYacTKOB TFOMOJOTHM, BHIHMO, CITYXKallHX MecTaMH y3Ha-
BaHHsl OTBETCTBEHHbIX 32 MHHUMALMIO DENNIHKAUHH SJePHBIX GelTKOB.
TTpoHCXOUT JIH MHHLMALHSA Y BBICIUHX 3YKADHOT Ha BIIOJHE Orpeje/eH-
HBIX ODHIKHUHAX, HE SICHO, HO Y MHOTHX 3y KADHOTHYECKHX BHPYCOB JI€J10
ob6ctouT uMeHHO Tak (cM. 1. XIII).

MHKuuanus penyinKallii CTPOro pery/npyercsi. ITonupeniukoHHas
opranu3sauys Tpedyer, UToGhl B KaX,10M LHKJIE KIETOUHOTO Je/eHHs KaX-
Iblil OPHIDKHH «CPaGoTal» TOAbKO OJHH pa3, B MPOTHBHOM CJayYae Ha
XpomocoMe 0GpasyioTCsl Pa3BeTBJEHHblE CTPYKTYPbl. [lasi ApOoX:KeBbIX
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ARS nochen BATEALROCTER NOMIFAND, WTO HHHUHAUNA DARCTEHTENEHO
MPOHCXOINT QaHY pa3 B Kowaol S-gaie wiercuporo uixaa. ¥ percwimx
SYKAPHOT A0CTATONHO MPOTAMEHHHE YUacTKK XPOMOCOM, COIEDMALLHE
HECHGABKD COCRIHHX PenaukoHos, RaumnaoT cHutea JHK w S-hae
NpulNKIATEALLD OOADBPEMEHHD, HO KaMWR TAROR YYiCTOK Mueer
XAPAKTEPHOT 3AH HOMG BPEMA HHHUKBLUAK PERMTHMALHH. OIHH AKTHAH-

OTCA B HOTHOT S-bayn, Apyrie — nodme, A Tperbd — B KoHyEe

ITOM CAYYAR OLOSEHHD ACHY BHAND, BT CYUWECTRYET JANPET Ha MoB-
TOPFYI0 HHHIHALLHIG PEMANKALAK B TOM e LHINE IKASTOTHOTG RErmeRHA,
XOTA GANOEPEMEHHO WOMET NPOHCACAHTE HHHOHEUHA HA OQYIHE, He
CpaboTamumy panes opHIKHAY. HEKoTOpHS JABERE YKAIWPAIT HA TO,
RT0 NpgoGHER 3aNpeT CHANMSSTEA B Xoae MuToaa He HoKMoueHo, 4T0
BerxH, ARMHTHREYIOWAE MHHITHALINIC, He HMEIOT 10CTYMA B Hapo K Clio-
CoOHN caraarecA ¢ JIHK npeanocaaraesmwx OpHIAHNOR AHHA B X0
MHTOJA, KOT3a ANepHaY OOOICHKa Pacnalsercas Hapywexne sanpera ma
TIOBRTORHYID HHHUMILHK, KOTO-
POE OYEHE PRIKD. HO BCE HE
MPOHCXGANT, MPUBOONT K AM-
AARPHKANLHYE (NOABTEHHIO MO
MWECTBEHHEX KoNHA} Tore wiaM
HHOTG ¥NACTKA XPOMOCOME, I8
NPCHIOWAS AAHLINATS HHHILH A

LHA DEMAMKBIMH.

Fen pragun xoxgoa
HAOIRAMINACKIE  KPOMOCOM

Hecnocofwoers  ILHE-moanme-
P43 HHHHUHHPORATE HOBLE 1le-
N K To, ST00HH YME0T YanK-
HATL TOARKe 3 -HOHEW, DENZ0T
HIHOTWOAHe il NO/HYI0 PENAHKS

wnKo nemefnol JTHE, (pae. 413

B HaH.00M paynIe penaHKAUHH
NUHEANHE MOMeKYAH S0THHHE
YKoDavnBaThCA X povoconsl
SYK3PHOT JAIAHENHH, NOTOMY
ODAWEH CY¥LPCTRORATR CNELH-

P -yarmpalag
X { ANLHEA NEXAEHIN PENAHERLHK

NTITHTITITINIT

HX KHOHUOB— MEADMED  YHe

HABHG MeHeTHKH OOpaTHAR BHH-
Pur 41 Crexa, BtucHt TpepyEemIK CADK- MaH#e HE To, WTO TeJOMEPH

HOCTH. BOARMBERWMHE OEH PenAmmEuNB
NeneRnHI moaecya JIH RPOMOC0N CTafHALHE B OTAM-
IPrsey s safiesgememau® WwWing e momer HHE OT MOHLLHH m!ll?l'lﬂ‘-le“!ux

Thu a4 mbker o s T ma sain s PE3pHiBOR JIHK, Kotopue or-
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Tenosweprne obnecty Sun shpeneAn md IHK praa pyswnx aywa-
WHoT — Hwpy2opeR B ApodckeR OK&3aM0CH, TTH KA KOKLAX KPOMOCOM
MTHX DPFAHHIMOE HNEGTCR NPOCTRE NOBTCDAIOWHETR nm‘mu:mmnf:-
“TH, HANfINED ¥ TETPAXMMEND TenCMepiid NOCREIOBATENLHOCTS Td-
fopa: (T‘I‘GGEG]. [coorRercrBeHie IOUCCAAY, B HounaeneHTapHoN
rend JHK] 3ra nostopesmes nocieiosatenbiocTs a3AFHyTa: CaMa
ya b a2 cuer HexapoHnuecHHx G G-nap ocxosayuh i ofpasyer we-
JOBEPILEHIVICLITHIBKY, TIE TT0 CROSOIHLE 5'- W 3'-KOHUOB ¥ KpoMO-
oMb Het Hiserqubficn B £ hepMerT G2aMaTPHIHEG NPHCOBIHIACT K
¥-xonny xpovocouroh JIHK noctenonateseHocTh KOKIEROTo NOBTORA.
1pHuew hepuekt paliorseT MHIL B TOM cAyYae, ccaH ua koxle IHK
reSIOMEPHIIE NCHTOPH Yoke OpkcyTCTEYIOT (pre. 42). Moatomy, BwecTo
roro NTo0N YEOPENHEATECA B KamOoM Paynge PNAHKALHN, ZPoHOCous
ME cawoM pese yonsumaAeTcA Kaxnw ofpaioM KOHTROARPYSTCH HOTH-
HeCTEG DPOCTHY TMOBTOROE ME HOHUE EPOMOCOME, He ACHO Hewo, oa-
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HaKO, YTO JOMXKEH CYlIecTBOBATH MEXaHH3M, He JaloIHil XpoMocoMe
PacTH jo GecKonewHocTH. [lokasano, uto Y TPHIIAHOCOM KOHIbI XpOMO-
COM YIUIHHSIOTCS NIPH KaXAOM payHje PEILTHKAUNH, HO BPpeMsa OT Bpe-
MEHH TNPOHCXOJHT HX CYLIECTBEHHOe ykopouenue. Ilpu pasmHoxenuu
ApOXKKeH XPOMOCOMBI He pacTyT, HO B OIHOM M3 IDOXMKEBBIX MyTaH-
TOB C HAPYyIIEHHEM HOPMANBLHOTO KJAETOUHOIO UHK/12 HA HellepMHCCHBHOH
TEMIIEpAType HAYHHACTCH VATHHEHHe Tejqomep. MoxHO Aymarb, uro
T€H, MapKHPOBAHHBIH 3TOH MyTayuei, YHacTBYeT B OrpaHHYEHHH IJIH-
Hbl XpOMOCOM.

Hauuble nocneauero BPEMEHH YKa3biBAlOT HA aHA/NOTHYHYIO OpralH-
3aLHIO TEeJIOMEP y BBICLIMX KHBOTHBIX K PacTeHHi.

Cezpecayus syxapuomuueckux
XPOMOCOM npu Oerenuu Kiemox

HaBecrHo, uto B Meiiose u B MHTO3¢ XPOMOCOME! YNIOpALOYEHHO PacXo-
AATCA 110 N0YEPHHM KJETKaM C NOMOLIbIO annapara BepeTeHa, MHKpO-
TPYBOUKH KOTOPOTO 0GeCeynBaoT “PacTarHBalye» I0YePHHX XPOMOCOM
HJTH TOMOJIOTOB K Pa3HbIM MOJIOCAM. MukporpyGouku Bepetena NPHKpen-
AAOTCA K CMENHANbHOMY YYacTKy XPOMOCOMbI — Kuremoxopy. 31o
GETKOBBIH KOMILTEKC, KOTOPBHIA co6Hpaercsi Ha CHeLHaNH3HPOBAHHON
TI0C/1e10BATENTbHOCTH X POMOCOMHOIH JHK — yenmpomepe. Moneky-
JIADHBIE OCHOBBI YHKI[HOHHPOBAHHKS KHHETOXOpA MOKa He sicHBI. Me-
TOAb MOJIEKYISIPHOTO KJAOHHPOBAHHS TO3BONHAH BBLIGJIHT [IEHTPOMEpHI
XpomMocoM fpoxokeii. BceTapgeHne atux floc/IeoBaTeIbHOCTER B Crio-
COGHBIE PEMHIHPOBaThCA Mostekyasl JIHK o6ecneunsaer NPaBHABHYIO
CEerperautio nociefHHX B MHTO3e Y Inpoxkelt. B cnyuae ppomxeii-
CAXapOMHIETOB LEHTPOMEPH OKa3adHCh CPaBHHTEJNbHO KOPOTKHMH
(100—200 1. u.) cermenramu JHK. Lentpomepst gensmuxes JAPOXIKEH
SHAYHTENLHO GOMbILE (HECKOIBKO THICAY 11, H.) M, BHAHMO, HANOMHHAIOT
CBOMM CTPORHHEM LIEHTPOMEDPH! BHICIIHX SyKapHoT. Mexanusm ynopsao-
YEHHOH cerperauuu XpoMocou SYKAapHOT CTaHET MOHSTEH, KOrga BbI-
FACHHTCS, KAK CBS3aHHBIE C EHTPOMepOil KHHETOXOpHbIe GeIKH B3aHMO-
JAeHCTBYIOT ¢ annmapartou BEDPETeHa.

IMockonbky ¢ momorisio METONOB KJIOHHPOBAHHSA Y APOMIKEH GbLTH
BBII@/IEHBI BCE 3JIEMEHTH!, HEOGXOAHMblE AJ1s PENMUKALHH W HacslenoBa-
HH5T XPOMOCOM — OPHAMHHBI PenAnKau, TeJIOMEPH! H LEHTPOMEpbI, —
TO 0Ka3anoCh BO3MOKHBIM CO31aTh UCKYCCMBEHRYIO XPOMOCOMY, COCTOS-
L1Yyi0 U3 COeNMHEHHBIX BMecTe JBYX TEJIOMEp, LEHTPOMEPHI, Moc/Ieq0Ba-
TenbHOcTH ARS n JIHK CHAMOTHUTE/I», POMTb KOTOPOH MOXKET HrpaTh
JHK ¢ mo6oit Toc/Ie10BaTeIbHOCTbIO, Hanpumep JHK tara asMGia.
Oxasanoce, uro mekycersennas XPOMOCOMa MOI11ePKHBAETCH B IPOK-
JHax, MpuueM CTaGH/IbHOCTb €€ HAC/AeI0BAHHS He HAaMHOTO HHXKeE, ueM
CTabHUABHOCTD COGCTBEHHBIX JPOXIKEBBIX XPOMOCOM.
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Inasa 111
PENAPALMA AHK

HK B ka-
BuAHMO, YK€ Ha PAHHHX CTaIHAX SBOMOUHH Il};i{ ;aMi}y:l:Ig?eIT)uqi(cxomy
YecTBe HOCHTENS TeHETHUeCKOH HHOPMALHH. a(; zmequCKaﬂ o
COOBITHIO JOMKHBI OBITH cnocoGCTBqBaTb 6oJIbL T ay 1 ABY-
uyBocrb JAHK, cBA3aHHas ¢ 3aMeHOH pHGOBLIUHa;{ U0y .
LeMNoYeyHoe CTPOBHHE, «CKPbIBAIOULEE» LETbiH PAR pECTBa» oo
0BoK. Ho HecMOTpsi Ha CBOH «IIPEHMYIL , AHK noc-
oy no16 raeTcs XMMHYECKHM H3MEHEHHSIM, KaK CIOHTAHHbIM, aKH
TOH‘{H?{HO'SE?M MyTareHaMH H Jaxe KJIeTOUHBIMH MeTa6Oﬂ:Tf{M;hm$ :
ggﬁzuogg;qﬂaﬂ MPHYHHA NOBPEXIEHHH LLHK'—Hpa;L;aCuuﬂHK yabTpa-
¢uoseToBoe OGMYUEHHE. Bo.nbmnﬂcrioﬂx;p(:(n%);(;i;;h« At a160
s HeﬂOHYCTP;ITIT;(a[)LLHHHwHﬁ?lo}(ngughlgbxsa}m rHéesb KJIETOK. l'IoaTonu{y
o peexor crelMa/bHble CHCTeMbl HCIPaB/eHHs NOBPeX/IeH ,
per ng;;(: EIN;IK Hapyluenne 3THX CHCTEM ryGHTeﬂbHOéﬁpecI]Ti)%ZI;xo-
I)Jf?]:?rgaQJnoneTOBux nospexaennit JHK Hapymel-{ii r};nﬁﬁgm},xof{ oo
eNibiM HacJaeJCTBEHHbIM 3aboseBaHHeM O obor
repyoft. T GoJbHEIe He MOTYT GbIBATh HA COMTHILE H OOBIYHO Y >
D ano, gre OT Kakoro-JIH6o 3/710KauecTBEHHOrO 3a6o.rxeaaﬂnb[.
B plé_iIHHeHM HBnOlip;enapauun JHK y pasauuHbIX opmH'mMOBoHC:OcL;L)};B:
nosToll)\g! gaccmorpﬂm 3TH NpHHIHMIbL Ha npumepe E. coll, rae
HHTEJNBHO XOPOILO H3YU€HHI.

1. HAPYWEHUA, BO3HHKAIOWHE lz AHK

ayus
B JHK cpaBHHTENBHO 4aCTO H CMOHTaHHO npoﬂcxonﬂrﬂggﬂgzuiaoxtim
MpoBaHHe OCHOBaHMii. MaciuTabbl anypuH HONKHO
o ﬂeaaM}rIx}(i) IT)omy yro JHK Kaxzpo#t KJAETKH 4eJOBEYeCKOro (')pmmsa-
OueHsz HEBHO ’I‘e},)ﬂe’l“ okono 5000 qyp;{Hos._P¢3y.n}aTaE)M eaar(l)ignpmo-
?I?IHE):B;LHGTCH AP-cafit (aura. apurinic-apyrimidinic) — 1
HHasi OCHOBaHHA. A
e
KCaHTHH, a TYaHHH — B K . ) Jesavuna:
?)o;“anﬂoﬂe [UTO3HHA H ajeHHHa: 06e peakuUHH r'IOTCcJ;e Ei?ganun; ! III?IK
BOZAT K MyTauusM. Yaule BCero Ie3aMHHHPY€ RN
Ka)KI0H 4eoBeYeckol K/MEeTKH 3a JeHb MPOHCXON OO g
cobuiThii. Ilpu Ae3aMHHHPOBAHHH BCEX OCHOBAaHHH
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FHC. 43, HeKOlOpble HIOB MOBPeXKIeHHH ,:IHK
(l[oxaaauucpasnﬂrenbuo 4yacto BO3HHKaOWHe NoBpeXTeHHs MYPHHHIAUKA H Ae3aMHHHPOBaNHe
e A H a A
HHP HH

KH.IHPOBaH
HPHMUDMHOBHE QM p He OCHOBaHHI — 5
Mepn 06pasyTcs i pe3y.1bTar gefict
OA neAcTBHeM yabT BHA MHOTHX MyTar
PaduoieTosoro oba €HOB.
YUeHHS)

-
.

THMIHOBAIA Aumep

uus, He xapakrepibie s JIHK. 3ro o6cToaTenibcTBO M03BONALT pe-
NapaTHBHOM CHCTEME KJETKH Yy3HaBaTh NPOAYKT Je3aMHHHPOBaHHA M
yAanaTh ero. MoXHo yTBepKJath, UTO HMEHHO IOITOMY B AHK B or-
nuude or PHK BMecTo ypauu/ia IPHCYTCTBYET THMHH: YpauHJ HEOT-
JIMYHM OT NIPOAYKTA CIIOHTAHHOTO Je3aMHHHPOBAHHS LIHTO3HHA.

MHOTHe KaHIepOreHbl AKUAUPYOIM, HANPHMEP METHIHPYIOT, OCHO-
pauns JHK. Hau6osee uacThie MPORYKThl ITHX peakuuii — 310 O°-Me-
THJATYaHHH, 7-METH/ITYaHHE H 3-MeTHIaleHHH. [lepBoe H3 3THX H3MeHe-
HHiI MyTareHHo, a [Ba APYTHX IeJaloT elle Gosee abuabHOM N-TJIHKO-
3HJHYIO CBfA3b MEX]y OCHOBAaHHEM H CaXapoM, T. €. cnocoGCTBYIOT any-
PHHH3ALIHH.

MHorna MOXKeT NPOHCXOMHTh PA3MBIKAHUE NYPUHOBOS0 KOLbUA. [1po-
AYKT (OPMaMHIOMHPHMHIMH NpEACTaB/feT 3aTPyAHeHHe AJ1A PeriH-
KalHH.

[aBHbLIM HapylIeHHeM, BO3HHKAIOUIHM O AeHCTBHEM yabTpadHose-
Ta, SBJAAETCS HacbllieHHe ABOMHBIX CBfi3eH ocHOBaHHi H oOpa3oBaHHe
nupumudunosuix GuMepos U3 ABYX COCENHHX NHPHMHIHHOB LCIH JHK.

PasuuHble THIbl BPelHHIX XHMHUECKHX MOBPEXJCHHH OCHOBAHH#
JOHK mnoxaszanbl Ha pHc. 43.

2. NTPIMAS PEAKTUBAUMHUS
MOBPEXAEHHA AHK

Psj nospexAeHH# KJeTKa yAaNsier H3 JIHK nyrtem npamod peaxmusa-
yuu. Tak, no KpaiiHeil mepe y 6aKkTepHii CYLIeCTBYeT crnenHanbHu# (ep-
MEHT, MemuAmpancgepas’a, KOTOPbit EPEHOCHT METHILHYIO HIH STHb-
HYIO FpYNIY C aJ1KHIHPOBAHHOTO OCHOBAHHS HA OMH H3 cOGCTBEHHBIX
LLHCTEHHOBLIX OCTATKOB. AJIKHJHDOBaHHBIA B pe3yJbTare coGCTBEHHOH
AKTHBHOCTH GEIOK HHAKTHBHPYETCS, HO MOXET CIYXKHTb PEryJsiTopoM
AKTHBHOCTH CBOEFO TeHa H HECKOJbKHX IPYrHX (CM. pasiel 4 3TOM
IJ1aBbl). .

V MHOMHX OpraHH3MOB o6HapYXeH (OTOpEaKTHBHPYIOWHI (epMeHT
(PRE, anra. photoreactivating enzyme), WIH pomoauasa, pernapHpyo-
K THPHMHAHHOBEE AuMepbl. PoToNHa3a E. coli — 3TO MOJIHNENTH ¢
MoJsteKyJ1apHOil Maccoit 35 KJL, mpouHo CBSI3aHHBIA C MaJeHbKOH MoJe-
ky/ioit PHK (10— 15 HyK1€oTH/0B), HeoBXOXUMOfl N7 aKTHBHOCTH dep-
menrta. ®epment Haxoaut Ha JJHK o6pa3oBaBlWHicA Moa JeHcTBHeM
yAbTpagHo1eToBOr0 06MYUEHHS (220—320 HM) MHPHMHIHHOBBIA AHMeP
W NPOUHO CBA3bIBaeTCA ¢ HHM. [IpH 06TyUeHHH TaKoro KOMIIJIeKCa BHH-
MbiM cBetoM (300—600 HM) MPOHCXOAHT (OTOXHMHUECKAS PeaKuHs
«pacLiMBaHusi» AuMepa, o0paTHas pedKuH:a ero obpasosanus. [loce
Toro kak HopMa/bhas ctpykTypa JIHK Boccranos/iena, (epMeHT TepsieT
K Hell CpoiCTBO.

Jpyrhe BHAb penapalni yJAbTPapHOIETOBbIX nospexennit AHK
HasLIBAIOT MeMHO80U penapayued, 4yTOBbl OTJHYHTb OT NpaAMOil (oTo-

PeakTHBalHH.
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3. 3KCUH3HOHHA{ PENAPALIUA

Ecnu
auouﬂgg?:’xl(;ﬁnzunp?maﬂ peakTHBalMs, paBoTalOT MeXaHH3MBbl IKCY -
oo e HZ K,ﬂ} nansoue u3 IHK Hapywennbe yuactkn. Tak
B ILHK)Knoe aHOMaJIbHOe OCHOBAaHHE, KOTOpoe Moxer’
poowurayms 8 AHK, cywecrsyer ceosi JIHK-N-2auxosusasa — dep-
aHOM,aanoe OCHOBaEiIéH?;Z‘{HOCTMO vsHaowuit B JHK onpegenennoe
i o e 1\f npuMep ¢)9pmaMuuonnpummmu, H BLIpe3alo-
okoo 20 passMYHBIX ﬂﬂ;ﬁ%ﬁﬁﬁ%ﬁ.}n’;ﬁ E])MC' o ekt <o
penapauuu MoATBEPXKAEHA HCCAeLOBaHHEM y A o -
benapa M MYTAaHTOB: MyTaHTH E. coli
3ylorc;{yngg§£u::§;5ymuéwy ypaunn-IHK-riHkosunasy, xapaKTele~
o Konupylouieryp3 BHEM CIIOHTAHHOT'O MyTareHesa; MOBPEXICHHE
WBCTBH%&IBHOCTB KJI0 -MeTHAaleHuH-JJH K- riuko3unasy, nopbluaor
e TeHocTS | IfIT{OK I\IJ( MYTareHy MeTHJIMeTaHCyJIbhOHaTY.
Pertapais o | K-N-raukosunasset 8 JHK ocraercsi AP-caiir.
Y synammer o OGggpemerHﬂ MOXKeT WATH OJHHM M3 ABYX NyTeH.
HEnocpeACTBEHHO npumgg:;iﬂKq)zgrtf:guﬁqlgolgéu%epmam’ pevedied
nerloc : OCHOBAaHHE B COOTBET-
nypﬂﬂozbéo?{zgsml?mapuon nenbio JJHK. IToka oGHapyxkensl JIHH}‘I:
o 3Ha‘{pﬂf3b§ BHIHMO BCJIEICTBHE TOrO, UTO aNypPHHH3ANHA
o e OTiano yaile, 4YeM MOTeps MHPHMHAMHOB. Bropoit
o Tapit < PBIBAIOT (pepPMEHTHI, OGHAPYKEHHbIE Y BCeX Opra-
, sndonyKreas. AP-3HIOHYK/Ieassl pa3pelBaloT caXa-
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Puc. 45, DKcuH3HOHHAS penapauns

([MoBpewkeHHblil yuacTok JHK sbipe3aer-
€A H 3aCTPaHBAETCH 32HOBO C HCMOIB3OBA-
HHeM KoMMieMeHTapHoil LelH B Kauectee
matpuub. ¥ E. coli JAHK-noanMepa3oil,
yuacTByoOUleil B penapaunt. cayxut AHK-
Hoaumepasza l. B paze caydaes >ToT &e
epMeHT MOKeT BLITOTHATD GYHKIHH 3K30°
HyKJea3bl 3a cHeT csoeit 3 - 3'-3K30HY=
KAea3HON aKTHBHOCTH)

{ mumurolsii
dumep

T I i

l UvrABC

K’/Zmapblhl
———— v ——
TV Tl .

[
lUvrn.
’ polA
~

TTR LRty bbb iihiitil

Puc. 46. Penapauusi nospexieHnd,
3aMeTHO Hapymalol.uux BTOpH‘{HyD
crpyktypy AHK

(ATP-3aBHCcHMas 3HIOHYKJeEA3ad UvrABC
BHOCHT Pa3pbIBBl 110 06 CTOPOHbBl OT TOB-
pexdennsa. Xeaukasa UvrD cnoco6CTBYET
0CBOGOKAEHHIO BbIPe3aHHOr 0 O-THTOHYK.1€0-
THaa: OAHOBPEMEHHO T HK-noanmepasa I
3acTpanBaeT 06pa3oBaBUIYIOCA Gpewb)

podocdaTHbIH OCTOB JIHK B AP-caiit. CyulecTBYeT 1B THIA atux dep-

MeHTOB — OJHH PBYT docdoansdu
apyrue — ¢ 5'-KOHIA. B HeXOTOPBIX CTY

pHyio cBsizb ¢ 3'-KOHLA OT AP-caiira,
yasix AP-snjoHykaeasza u JHK-

N-IJHKO3H1a3a COBMeLleHbl Ha OJHOM nonunentuie. Hanpuwep, 3H-
JIOHYKJea3a 111 E. coli — 310 AP-3H10HYK/€332 H riHKo3W1a3a, cle-
uuduuHan K JHrHIpo- 1 AMTHAPOKCHTHMHHY — MPOAYKTaM yJabrpadHo-
fetoBoro obavuenns. PasopanHas focie qeiicreus AP-3HIOHYK/Iea3bl
nens JHK noasepraercs NEeHCTBUIO 3K30HYKJeasbl, ylansitole# nos-
peXKIeHHbIH ydacToK. [lo KpaiiHeii Mepe B HEKOTOPBIX cayyasgx 3Ty
peakilMio, BHIMMO, ~OCYUIECTBAAET 5'-3K30HyKJea3Haa aKTHBHOCTb
JIHK-noanvepassi I, a moauMepisyiotlas AKTHBHOCTb 3amoJHAeT 00-
pasyolyrocs Gpelub. B toM cayuae, ec:TH paGoTaloT IpYTHe SK3OHYK-
Jleasbl, Bpeuib 3aNoMHAET TOXE JTHK-nonvepasa 1. Ocraiouniicsa pas-
puis cunsaet JAHK-1urasa (puc. 45). MyTantbl E. coli ¢ HapyLUeHHbIMH
JIHK-noanvepasoit 1 win JIHK-aurasoft JepekTHbl 00 SKCLH3HOHHOM

penapalii.
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Heckonbko otanunbii nyrs HCTIONB3YETC VISl Perapanty NMospex-
zennii JIHK, samerHo mapymasoumx CTPYKTYPY MOJEKYJIbl, HanpHMep
TTHPHMHIHHOBEIX JHMepOB, 06PasyIOWHXCs NOJ JeficTBHeM yabrpadmo-
Jeta. Takue TNOBpexIeHHS yjadfeT chelHalbHbI (epMeHT — 3H70-
Hykmeaza UvrABC (B TemHoTe, Korna e paGotaet dorosnHasa KK Korga
nospexennit B IHK ouens muoro). dra HyK/1easa paspriBaer (ocdo-
AnsdupHble cBsi3K ¢ 5'- 1 ¢ 3'-KoHUa OT TIOBPEXAEHHOI0 YYacTKa, a 3a-
TeM ¢ nomowbto 6enka UvrD, xennkaswl 11, nospexneHnsii yuacrok
yAanserca conpsikeHHO ¢ ruapoansoM ATP. O6pasyiowmyiocs Gpeiun
sactpauBaer JIHK-nonumepasa 1 (puc. 46).

Buano, uro sxcuusHonnas penapauus Bcerga HCMonb3yeT oiHH
NPHHUKN: HapymeHHbiH yuactok JHK yaaasercs, a aarem BOCCTaHaB-
JIMBA€TCS HA MaTPHUE HEHAPYILEHHOH KommieMeHTapHod uenu JTHK.
Hpyrumu ciiopamH, skcuuaHoHHas pernapauMs OCHOBAHA HA HAMHUMH B
JHK nsyx B3aHMOKOMIIEMEHTapPHBIX lLeneii; GoJee TOro, Heo6XOaH-
MOCTb penapaunn — oAHa M3 NPHYMH, OGYCAOBHMBIUHX Ha/HUHe B JIHK
JABOHHOIO H36hITKA HHPOpMaLHH.

4. MHAYUHPYEMAS PEMAPALHS

B ycnoBusx, yseanunsaouiix KoaHyecTso nospexaennit THK, npo-
HCXOMHT HHAYKUHS NONOJNHHTENBHBIX PelapaTHBHBIX PECYPCOB KJIETKH .
Knaccuuecknit npumep HHIYKUHA penapauyy — Tak HasblaeMas peax-
musayus ¥siiesa. 310 ABNEHHE COCTONT B TOM, 4YTO OG/IYUeHHBI YJibTpa-
¢roneTom GaktepHodar Moxer Pa3MHOXKAaTbCs TOJNBKO Ha TeX 6aKre-
PHAX, KOTOpble Toxe OGMyYeHbl yabrpaduonetom. 3to 3HauHT, uro
ATl YCHEWHOro PasBHTHS (ara HeoGXonuMa penapauxsa ero JIHK, ko-
TOPYI0O MOTYT OCYIIECTBHTb JHLIb KJETKH C HHIYUHPOBAaHHOH CHCTe-
MOil penapaunn. AHalorHuHOe siBNeHHe HAGTI0aeTCs H ANl 3yKapHo-
THYECKHX K/ETOK H HX BHPYCOB. Y GaKTepuii HHAYUHDPYeMas penapa-
LA HCMOJb3YeTCS! JHWB B TeX CAyYasx, Korga noepexaenuii B THK
CTAHOBHTCA HACTOJIBKO MHOTO, YTO 3TO HaYMHaeT YTpOXaTb KJeTke
ruteanio. Ilostomy HHIHUHDYEMasi CHCTeMa penapalMH Ha3blBaercs
SOS-cucremoit Hau cucTemoil SOS-penapauun (ra6a. 5).

Crenenb unaykuun SOS-creTembl onpeie/sieTcss KOJMHYECTBOM MOB-
pexenuit B THK: npu HeGouabuiom KOJIHYECTBe MOBPEXKAEHHI BO3pac-
Ta€T YDOBeHb HEKOTOPHIX DeNnapaTUBHbIX GesnKoB, paboTaBWHX H 10
HHAYKIHH, Hanpumep UvrA, B, C u D. Tpu Gonbuwem konuuectse mo-
BPEXIeHHA GNOKHPYETCH JefeHHe K/IeTOK (B HOpMe OHO BoccTaHaBmK-
BAETCs1, eC/IH KJeTKe YJaJoCh «MOYHHHTLY AHK) u nHayuupyercs cuy-
Te3 GeNKa-NPOIYKTa I'eHa recA, Heo6X0IHMOTO M7 PeKOMOHHALHOHHOH,
PenapauHu W a1s nanbHeHwed WHIyKuun SOS-cuetembt (cu. HHXKe),
TipH etute Gobiem konnuectse nospexienuit IHK nu1yuupyiores renst
umuC v umuD, KoTophle OTBETCTBeHHb! 3a 0co6blit NYTb penapauuy,
CONMPSXKEHHBI ¢ BO3HHKHOBEHHeM MyTauuil. Mexauusm geiicteus npo-
AYKTOB redos umuCD He scen, Ho fpeafo/araercs, 4To OHH NMO3BOJISAIOT
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“7' sauya 5. Hexoropue rens SOS-cucTeMn W pesyabTaT HX HHAYKULHH
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] ®du3noI0rHYecKoe AelicTBHe
HuAyuupyeMbd res

oBpexIeHHA, HApYWAOWKUX BTOPHY-
uyvio crpyktypy JAHK, peaktuBannd Y3urira IV, pas-
A 'Hocrpénnuxamaﬂaﬂ penapauns (cMm. :I.B'on ,My'ra-
e aea1 1), perapalus ABylenodyeuHbX pa3p ,
l‘e;leli,,HH,l\’KLIMﬁ SOS-cueTemsl .
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umt;x [MojaBleHHe K.IETOUHOTO XeleRHs Ja)
Slu A Buikaouenne SOS-oTseTa viy
eg. Ocaab1exne pecTpHKIHH (CM. T,
> Tpexpamenue Abxanud
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Hul B [IHK ouenb MHoro, B To xe
BpeMsi OQUEBHAHO, YTO AKTHBHOCTD.
resoB umuCD npuBoIHT Kk nosieie-
HHIO MYTaUMH, NOCKOJBKY npw pén—
JIHKalUHH HAaNpPOTHB NOBDPEXIEHHOTO
YUACTKa ~ MaTPHUBI, TO-BHIAMOMY
BCTABJIAETCA NPOH3BOJbHBI Hy:m'eo-‘
THA. B 106om cayuae rewsr wmuD
H C 0BecneqnBaoT BeCh MVTareHHbI
3(peKT  yabTpadHOIeTOBOrO 061y~
YeHHSI M MHOTHX XHMHUYECKHX mjra-
reioB. TakuM o6pasoMm, wyTaremes
He ABIAETCHA ACCHBHBIM IpOLeccoM
aCTBTap(reléyeT aKTHBHOTO  BMellIaTe.be
Puc. 48. Cxewmatiueckui rpajux ToqHblf?‘iigTBOBS?FPEJEHEHHbIX k-
HILTIOCTPHPYIOWHA  TOHKY ! : > nepominoe napy.
agocTppyion yio  Hact-  Thl «00paBaThlBaloTy NepBHUHOE Hapy-
ﬂin:ré%gmyxuwn o o reson. mxosn. wenne B ITHK u qnwe nocae storg
e o Gl e PO e T,
MexaHusv  HHAYKuHMH SOS-che-
crBH Mo ' . Tembl E. coli ocHOBaH Ha B3a H-
npeccopg.\{ﬂ}};}(;?)ai ;;J}V :e reHoB: recA H lexA. Benok LexA ﬂmﬂe”;é(;;lgg-
(heccopout ¥ HP'HBG,IEH]E.I aKTHBHOCTb He MeHee 17 pasnHYHBIX TreHOB
B oo MPHBEL! B Taba. 5). gpe:m npounx LexA-6eqok nojas-
b o TBRHHEIR i Te3 H cHiTes Geka RecA. Benok RecA cnoco-
Iy BATBC lwoapezxxennbl.xm vuactkavn [AHK (nanpuwvep, c
nipiny noape}xﬁemxoﬁ eft)laglu&s cocrabe JIHK) uau ¢ npoaykramu ;zerf)a-i
Secton. npmmencenclt it (0OTHTOHYKNEOTH1aMH), NpPH 3ToM RecA-
CononaoBpeTaET Cr Ko HOCTb CBf3bIBaThCA ¢ Genkom LexA. Takoe
KPSt vombop.waumo Genka LexA u aktueHpyer ero
Lo bonpenontt nono?ulao\ axgnanomb, uTO TIPHBOIMT K pacIlenieHHio-
i aoopenpece mmvxu};nAL pesy.ibTaTe penpeccop HHAaKTHBHpYeTCs
o roferoit HHLVKIU Zcex No1aB1sieMblX MM TEHOB, B TOM UHC/e
(oBperernore) Tet ;x AKorqa HCYe33eT HHIVUMPVIOMMHI CHTHaa
benpenoees npo}{cx, ecA-BesloK mepecTaeT CBA3BIBATHCH ¢ LexA-
Benheccopost it mpo reo:llm A61>lcrpoe BO3pacTaHHe KOHIEHTPALHH Toc-
BCE TeHHl SOS-CHC'I:E\AHH aaBAmoTon, Rt SO et e
poermonnz 0o no:lém nojabastores. Muaykuns SOS-cueTeMbl TOHKO
Hacrpoc KoHueHTpauH}; €HHS pasHblX reHoB SOS-CHCTeMBl HVIKHBI pa3-
Baanon, KoRIEHT AL} penpeccopa. Tak kak Ko.iuecTBo penpeccopa
oepeny 0" Komitiecrs aKTHBHDPOBaHHOIo RecA-Gelka, KoTopoe, B cBOWO
ouepels. SOS-CHCTE\};OJ&H?eCTBa noepexiennit B JHK, 1o crenenn
o o HesHé‘fI[ YJeT CBSI3aHa C KONHYECTBOM NOBPEXKIEHHIT
fic. 48): : SOS_CHCTes\{TeanbIX nospexienHax AHK uuiyvuspvercs
THK marosrcie MBI H JTHUIb PH OYeHb CHIBHOM NOBPEX1eHHH
A UHpYK BCe TeHbl. [IOCKOJbKY pernapania — mpolecc
' proeMkuit, HHAYKUHA SOS-cHCTeMBl NPOHCXOINT TOAb-

&0

Kosuwecmdo axmubnozo perpeccapa

Axmubrocms 2enod

Koauvecmbo nofoemdenve AHK

KO TMpH YC/IOBHH GMarofipusATHOTC 3HepreTHUECKOTo (anaHca KJETKH.
to obeclieuHBaeTCs TeM, UuTo RecA-Geaxy Ajisi aKTHBALHH H CBs3blBa-
nus ¢ LexA-penpeccopoM HeoOXOmUM HE TOJIBKO HHAYUHPYIOUWHA CHT-
wan (nospexpennas [LHK wuau npoayKrhi ee nerpajauuu), Ho u ATP.

Crenenb HHAYKIHH SOS-CHCTEMBI B ONIPEIENEHHOM cMbIC/IE OTPaKaloT

«6aarofnoNyune» KJIeTKH H ee [aHChl Ha soikuBaHHe. [lo3TOMY HEKO-
Topble OTHOCHTEJNBHO ABTOHOMHBIE BHYTPHKJIETOUHbBlE TEHETHUECKHE
371eMeHThbl, HampuMep ymepeHHble GaktepHodari, HCMOAb3YIOT HHIAYK-
unio SOS-cHCTeMBbl B KauecTpe CHrHala /s Pa3MHOXKEHHS U Y HHUTOXKE-
HUS KJIETKH-XO3SHHa: GesBpeiHblff 10 TOro yHacTok XPOMOCOMBI (TIPO-
¢ar, em. rar. X11I), «nodyBCTBOBARY cnaBocTh X03siMHa, HaYHHAeT pas-
MHOXKaThCSl H YHHUTOXaeT €ro, yto6bl CHACTHCh CaMOMY. Jns dara
NsM6Ja MMOKa3aHo, YTO UyBCTBHTEJNBHOCTH K COCTOSIHHIO HHAYKIIHH
SOS-cHcTeMbl OOBSCHSETCS TeM, HTO penpeccop (para ycTpOeH aHajo-
rHuHo Gesky LexA H «caMopacKyCbIBagTCs, CBSI3aBILHCh C aKTHBHPO-
paHHbIM RecA-GesKoM.

SOS-cucTeMa — 3T0  He  eJHHCTBEHHAH HEIyuHpyemas CHCTEMa
penapauun y E. coli. CoBeplIEHHO APYTO#t Habop TeHOB HHAYLHPYETCH
B OTBET Ha anKuaHpVioliHe coennHenns. Kak 6bLIO CKA3aHO, 4acTh MOB-
peXJeHHi, Bh3bIBAaEMbIX B JIHK 5THMH COHEHHsMH, pemapHpyercs
3a cueT npsIMOfl PEaKTHBALMH meTuATpaHc(hepasoit, KoTopas caMa npH
s7om HHaKTHBHpYeTCcs . OKa3anoch, 4T0 AKHIHpoBaHHas MeTHJITpaHCche-
pasa CIYKHT aKTHBATOPOM TPAHCKPHIIHH H TOBBIIAET AKTHBHOCTD
pfja reHoB, B TOM 4HCnE COGCTBEHHOTO TeHa ada ¥ reHa alkA, xoIupylo-
mero JHK-N-rJaHKo3H1a3y, crieuHUUBYI0 K aNKHIHPOBAHHBIM OCHO-
panusaM. O6paboTKa KIETKH HeGOMBIIMMH KOJIHUYECTBAMH aKHIHPYIO-
mHX COeJHHEHHH BbI3blBaeT 30-kpaTHOe YyBeNHYEHHE YDOBH3 MeTHN -~
TpaHc(epasbl H MpejoTBpaliaet rH6enb KJAETOK TOJ JeHcTBHeM CyLLeCT-
BeHHO GOJbIIMX 103 ATKHIHPYIOMHX MYyTareHoB.

5. PEMAPALUSA
HECMAPEHHBIX HYKJIEOTHIO0B

# JHK xoTb H OueHb Pelko, HO BCE
JHK MoxeT BKIOYHTbCA «Hefpa-
#i MaTpHie, HYKNeoTHA. Hpyro#

CucTeMbl pelMKalMY ¥ penapatH
e ouHbaloTcsi. B pesynbraTe B
BUJbHEIY, T. €. He KOMIJIEMEHTApHbI
HCTOUHMK HecnapeHHbIX HYKJEOTH10B — FOMOJIOTHUHAs peKOMOHHa-
Wi, B X01€ KOTOPOil 06pasyloTcs rerepolymjeKcel, cocTodlllMe U3 ABYX
KOMILIEMEHTAPHBIX llefiefl, HCXOIHO NPHHAVIEKABILIHX Pa3sHbIM MoJe-
kvaam JHK (em. ra. 1V). Takne HapYIUEHHs CTPYKTYPbI JHK penapu-
pyioTcs, N0 KpailHeil Mepe ¥ GaKTepHil H HH3LIHX 3YKapHOT. Cucrema
penapaiii J10/KHE KaKHM-TO of6pasoM OTIHYaTh ApYr OT Apyra 1B€
weny o1Hoil Mosexy.sl JTHK, yTOGBI PELIHTD, KAKOH U3 1BYX HecriapeH-
HbIX HVKJEOTHIOB «TPaBHIbHBIY, 1 3aMeHHTb «HEMPABHJAbHBINY HYK-
Je0TH Ha HVKJIEOTHI, KOMII-IeMeHTapHBI «IPaBHIBHOMY».

B cavuae HapylIeHHH crnapHBaHHd, BO3HHKAIOMIUX B pPe3yabTaTe
pelsIMKalHH HAH pernapauyi, HOBOCHHTE3HPOBaHHAS LieHb JHK rexo-
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TOPOE BpEeMsS MOMET OTIHYaThCs
745%;% > OT MATPHYHOH UeNH HaJH4YHem
® I OIHOLETNOYEYHbIX Pa3pLIBOB  HJIH
6pewteii. He ucxkmoueno, uro 3to
PasnuuHe HCMONMb3yer CHCTeMa pe-
NapaunH, KOHTPOTHpYIOllas mnpa-
‘/pmw”%~ BH/IBHOCTb CNAPHBAHHA OCHOBA-
HHit. Y E. coli 3a Takoit KoHTposb
= OTBETCTBEHHBl TNPOAYKTHl TeHOB
_@H recF w mutS. lns ux jeficTeus
Heo6xoaum ATP, uro HaBoguT Ha
MBIC/Ib O HanpPaBIeHHOM ABHKeHHH
— KOMIJIeKCa PeMapaTHBHLIX GeJKoB
no oaHo# u3 ueneit JIHK waunnasn

l C OJIHOLIEMOYEYHOI0 pa3phipa.
Llpyroe oTauyne mexay Hoeo-
|— CHHTE3HDOBAHHOH H  MaTpPHYHOH

L

MemuAaza

UeNsIMH, MO KpaiHefi Mepe vy
o E. coli, ofycloB/eHO MeTH/IHDO-
BavneM JIHK. Merunasza, koju-
pyeMas reHoM dam, MeTHAHpYyeT
aJeHHHbl B MOCJEeJ0BATEIbHOCTH
GATC. BosbluKHCTBO TakHX noc-
Puc. 49. Metnauposanme JTHK JIe/I0BaTeIbHOCTe#  MEeTHAHPOBaHEI
(MeTH/IHPOBaHHe NO3BOIsteT OT.THYHTb «CTapylo» B oﬁenx Lensx HHK l'Ioc:le pemm-
uens AHK ot «HoBoils. B TedeHHe HeCKONLKHX KaluHH BO3HHKaer nonyme‘rmnpo-
sana Weranasa, Wosoonmresmperames Sink  Bannas JJHK: nocenosaTenhHoCTH
o Genwy 1 momuoxrine mcrnrnpecni  GATC MeTWIHPOBaHH TOMbKO B
AHK; /! — nonymetsnuporanuas IHK; MAaTpPHYHOH, HO He B HOBOMH uenu
111 — nonHocTbIO MeTHAHpPOBauHAS IHK
(puc. 49). Co Bpevenev nosywvers-
JIHPOBAHHBIC YYACTKH METHAHPYIOTCA MOMHOCTHIO, HO MOKA OT/IHUME cy-
IIeCTBYeT, OHO CAYXHT yKasaHHeM O HanpaB/eHHH penapauHH Hecna-
PEHHBIX HYKJICOTHIOB A5 ClelHATH3HPOBAHHON PENapamHOHHONH CHCTe-
Mbl. B sT0# cHCTeMe yuacTylor NpORYKThl reHoB mutH, mutl u mutS,
SSB-6estok u xennkasa I1 (UvrD-6en10k). s pa6oThl CHCTEME! HEOG-
xogumM ATP u Ae30KCUPHOOHY K/eoTHAb. CKopee BCero, dam -3aBHCH-
Mas CHCTeMa penapaudH, oGHADYXHB Ha O1HOi vonekyne JHK ne-
ClapeHHbe OCHOBAHHS M MOMYMETH/IHDOBAHHBIE VYACTKH, BHOCHT B
HoBoCHHTe3HpoBaHHYI0 JIHK pa3speie u Hauwuas oT sToro paspbiBa Je-
TPalHpyeT NPOTSKEHHBI YYaCTOK HOBOIt LeMH, 01HOBPEMEeHHO 3acTpau-
Bas ero 3aHOBO (pHc. 50). Ml eiile pa3 y6ex:1aemcs B TOM, YTO no11ep-
2KaHHEe BBICOKOH TOYHOCTH Pa3sMHOXKeHHST H XpaHeHHsn HHQOPMALHH 06-
XOIHTCA KJeTKe [oporo. OMHCAHHBIA MEXaHH3M BHOCHT BKJal B 3TY
TOYHOCTb. MyTaunu 1o renam mutH, L u S nossiwaior YacToTy MYTHpO-
Banus. K ToMy e sdpekTy npusoiat MYTaUHH 110 reHY MeTH.Ja3bl dam,
HJIH HCKYCCTBEHHO CO3JaHHbIA B KJeTKe H36bLITOK MeTH.1a3bl.

®
®
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Puc. 50. 3aBucuMast OT MeTHIHPOBAHHS CHCTEMa penapaldH He-

crapeHHHX HYKJEOTHAOB
(DepMeHTH 3TOr0 MYTH penapauly AefCTBYIOT .'H;L:‘b :a r-lrg‘"»;}(:l;);y;::l:.o:a“c“ﬁe
H E
KOTODHMX €CTb H_ HeclapeHHble HYKJEOTHAH, ¢ e
:ll?)zienosag-enbuocm. TMpeANnONOXHKTeABHO d)epMenn; pen".anp:;::ai);gigr&z;g'
# nonymet y
Yeukbiil pa3pHB B HEMETHJHPOBaHHYIO Lellb H C
lytgn?wecne qel?onperpannpy}o'r NpPOTAKEHHBIT CerMeHT PAa30pBAaHHOH WenH H
OAHOBPEMEHHO 3aCTPaMBAIOT erc 3aHOBO)

6. METUJIHPOBAHHE HK
H «MOPAYHUE TOYKH MYTATEHE3A>»

MernanpoBasHe He ToJbKO crioco6erByer penapauxd JHK, Ho Mome:c';
HaNpoTHB, o6/er4aTb MyTareHes. B NpHpOJe WHPOKO pacnpocTpaxe >
MeTHIHPOBaHHe UHTO3HHA. Kamablii MeTHIHPOBAHHBIH LHTO3HH no'r:;g-
HMAABHO MyTareHeH, MOCKOJbKY MPOAYKTOM ero CIMOHTAaHHOTO le3a "
HHPOBaHHs ABJSETCA THMHH, HopManbHoe wisa JHK OCHOBaHHE, a e
ypauua (NPOAYKT JAe3aMHHHPOBaHHS umos}ma).u KOTOPBIf {]nagne'cro[i
ypauua-IHK-rnukosnnasoit (cM. pasgen 3 3Toit IMaBl). - colf
3a cyeT aKTHBHOCTH reHa dcm LMTO3HHB METH/IHPOBAHbI B T0CTeN0Ba
reabHoctH CC2GG. TlokasaHo, uTo MeTH/1HPOBAHHBI (BHYTpEHHHIi)
IHTOSHH B 3TOH NOCJI€J0BAaTENBHOCTH AeHCTBHTENbHO SIBJSETCS «rops-

Yeli TOUKOH MYyTareHesa».

* * *

Jy6aHposanie HHOPMALHH B IBYX KOMIIEMEHTADHBIX LemsX JHK
He 1103B0.15ieT Ge30LUHGOYHO HCTIPABAATh BCe THIIB NoBpexaeHHH. Onu-
CaHHble MEeXaHH3Mbl perlapallii He MOTYT CIPaBHThCS ¢ TAKHMH HapyuIe-
HusiMu crpykTyphl JIHK, Kak KoBaneHTHble MEXKHHTEBbIE CILHBKH, KOTO-
pble MOTYT BO3HHKATb MOJ JAeHCTBHeM psija MyTareHOB, WJIH [BYHeNe-
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ugeynsie paspuisbl JIHK, BisbiBaeMble, HanpuMmep, y-o6nydennem. Ta-

KHE I0BPEXK IEHH S MOTY T PENapHPOBAThCS TOJIBKO MPH HAMHYHH TFOMOJIO-
THYHOH HenoBpexieHHOH Monekyas JHK, T. e. PEKOMOHHAIIHOHHBIM

nyreM. PekoMmGuHauHOHHas penapauus GyAeT paccMOTpeHa B cnenyo-
1lei rJage.
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Fnasa 1V
PEKOMBHHALUSA

PexoMGuHaumeit B ofmem cubicte cosa MOXHO Ha3BaTb BO3HMKHOBe-
HHE HOBBIX rocsenoBatensHoctedt JIHK 3a cueT paspbiros nepesoc-
COEJHHEHHH MPeCYILECTBYIOUHX MONEKYJS. DT0 MOHATHe obbeanHseT
OGLIMPHBIA KPYT Pa3sHOOGPAasHbIX GHOMOTHYECKUX SIBJIEHHH, POJIb KOTO-
PBIX GYJeT paccMOTPeHa Mo Mepe HX ONMHCAHHS.

1. TOMOJIOTHYHA S PEKOMBUHALUS

O6was, wnu zomosozunnas, pexombunayus xapakTepHa AN BCEX KH-
BbIX OPraHH3MOB OT BHDYCOB H GaKTePHH [0 MHOTOKJIETOYHBIX 3yKa-
PHoT. [IpH roMonoruuHolt pekoMGHHaIHH MPOHCXOJUT O6MeH Y4acTKavu
MEX]Y TOMOJNIOTHYHBIMH, T. €. OYeHb MOXOXKHMH 10 1oC/eJOBaTeIbHOCTH,
Monekynamun THK. Tak, K cOuieli pekoM6HHALMH oTHOCHTCS o6MeHb
MEXJy TOMOJIOTHUHBIMH XPOMOCOMAMH B Melo03e Y 3YKapHOT H peKoM-
OHHALHOHHAS  HHHLHAUHS penmukaunn  JHK Gakrepuodara T4
(M. o1, XTI1). B nepBoM npu6aHmKeHHH MOKHO CKas3aTb, YTO rOMOJIOrHY-
Hasg PeKOMOHHAUHMS HE CO3JaeT MPHHUMIHAILHO HOBbIX 0C/1e10BAaTe/b-
HOCTe}, a [1ePeTaCOBBIBAET yKe HMEBIUHECH CXOIHbe BapDHaHTHl OIHOH H
TOJ XKe MOC/eI0BaTeNbHOCTH (puc. 51). Yrobbl Noa4epKHYTh BaXKHOCTH
3TOro cBOHCTBA, JOCTATOUHO CKa3aTh, YTO IPH TOMOJIOTHYHOH PEeKOMGH-
HALMH MEX1y IBYMs CXOIHBIMH TeHaMH, KOIHDYIOWHMH 6en10K, o6a
PEKOMGHHAHTHBIX MPOAYKTa OKAa3blBAIOTCS He HapYLeHHBIMH, He mpo-
HCXOLHT, HAPHUMEP, CIBHTa PaMKH CYHTHIBaHHS . [pyrumi C7I0BaMH, NMpH
TOMOMIOTMYHOH PEKOMOGHHALMH KaKHM-TO o6pasom ofiecrieynBaeTcs B3a-
HMHO® y3HaBaHHe OIMHAKOBHIX (WIH OueHb CXOIHBIX M0 MOCIEIOBA-
‘TeJIbHOCTH) YYaCTKOB PeKOMEHHHP VIOLLH X MoaeKy.1. Eciu e romonoruu
HeT, TO H PEKOMGHHAUHS TaKOTO POJa MPOHCXOIHTH He 6v.aer.

Kak xe ofecrieunBaeTcs B3auMHbI [OHCK FOMOTOMHH MEXIY pe-
KOMOHHHDYIOWHMH Moaekyaamu JIHK? HauGonee €CTeCTBeHHOe mpej-
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Piuc. 51. TomonornuHas pexoMGHHALHS Puc. 52. Crpykrtypa Xoauies

X — MeXY-
HCXOIMT ObMeH HJIH noJayxHassa npome
npf‘ peKm‘s::(HauupHa;::g&o g:g:anggau (o%oaﬂaqeuhr TOYHOC COeNHHEeHHe  peaKUHH
Goneimen ¥ s rOMOJIOT HUHOM peKOoMOHNHAaUNH
(Komnaementaphoe clMapiBakHe Lene#,
NPHHAAIeAalulHX Pa3HbiM JyNjaeKcaM,
ofecrieynBaeT  B3aUMHOE Y3HaBaHue
TOMOJOrHYHBIX MOJIEKYJ)

HOCTH. B pe3y/ibTaTe BO3HHKAIOT J(BA HOBBIX PeKOMOH-
HAaHTHHX BapHaHTa Tolt XKe MOC/AEA0BATeNbHOCTH

MOJIOMEHHEe COCTOHT B TOM, YTO B 3TOM MPOIIECCe YYacTBYeT KOMHJIeM(:[\:l
TapHoe cnapuBaHHe Mexcay uemamH [IHK, npuHamyiexamiumu pa31—;};0
PEKOMOHHHPYIOIUM IyIJIeKcaM. 310 MPeArnoioKeHHe Oblio IlOCTaT(;K Ho
YeTKO 3KCMEPHMEHTANbHO OBOCHOBAHO, H B HacTosiiliee BpeMs MOCXO-
cyuTaTh OOIENPHHSATEIM, YTO TOMOJIOTHUHAsS peKonGmaunﬂ' npou .
JMT yepe3 OGPa3OBaHHe MPOMEXYTOUHOIO COeIHHEHHS, Ha&bIBasl\g(():l"J-
cmpykmypoii Xoaudes HIH noayxuasmoil (puc. 02)',B nonyxuas.e\«quMH
LIECTBAEHO KOMIJIEMEHTADHOE CHapHBaHHE MEXKIY OJHOLENo it
yYacTKaMH, [PHHAIJIEKAIIMH DPa3HBIM  POJHTEJbCKHM Mo.nekuy,%l
JIHK. B pesy/abTaTe B MONyXHa3Me HMEIOTCS eemepodyr.‘zfzexcubteﬁpauom.
3ror $akT, KaK H MHOTHe ADYTHe OCOGEHHOCTH OfLLeH PEKOM HHa .
6bLlT YCTAHOBJEH B TEHETHYECKHX ONBITaX Ha APOXKKaxX M IAPYTHX ac
KOMHIETaX, MOCKOIBKY NPH paboTe ¢ STHMH OpraHH3MaMH MOMXHO np;)(;
C/eIUTH 33 BCEMM MPOIYKTaMH HHIHBHAYaAbHOTO pexomﬁngauuomq
co6biTHsA. JeicTBUTENbHO, B pe3yJbTaTe MeHo3a Y IHIIOHIHBIX ;1poM:K:
Kefl, TETEPOIUTOTHBIX MO KaKoMY-THGO reny, ofpasyiorcd ramnmo ;‘;13
Hble CMOPLI, KOTOpble HHOTAa JaloT Haualo KOJOHHH, cuocmﬂmeumo_
ZBYX CEKTOPOB, OJHOTO — C OJHHM a/liesleM POIHTeIbCKOH rerepos o
Thl H JPYTOrO — € IPYTHM ajlfieeM. 310 3HaUlT, 4TO cnopa, ,IaBI[-JilK
HauaTo TakKoH KOJOHHH, Hecla ofa allens B OIHOft MOTeKYyTe JHK,
T. €. COOTBETCTBYIOLIHH YYaCTOK XPOMOCOCHL 3TOH CHOPHI Ghl1 rgrepo:
aynaekcHbiM (pHc. 53). OmHcaHHOe ABJAEHHE Ha3blBACTCS NOCMMELIOMU-
ueckod ceepeeayueli.
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Crpykrypy Xoauges
B KauecTBe NPOMEXYTOY-
HOM CTagHH TOMOJIOTHY-
HOHl pexoMGHHaUMH yja-
l JIOCh HEMOCPEeACTBEHHO Ha-

6monaTh B 3/1€KTPOHHBILY
MHKpockon. JeficrButens-
HO, eCcJlH Pa3BepHYTb Ha
180° nosyxuasmy, u3o-
GpaxkeHHYI0 Ha pHc. 52, To
NONYYHTCH  CTPYKTYypa,
NOKasaHHasi Ha puc. 54,
HmenHo TakHe MoseKy.bD
pennunauus H YJaercs BBIABHTb NPK

PEKOMOHHALH, MNpHYeM

06beIHHeHbl OHH 110 06/1ac-

TH TOMOJIOTHH.

AN AT NN NN o
™~ TMocTpoenne oG beMHoH

MOJIEKYJIADHOH  Mogenk

i (RN AN R RN R NoKasaJjo, 4ro NojayxHas-

MYy MOXHO 06pa3oBaTb C
COXpaHeHHeM BCeX BOJ0-
POIHBIX CBA3eH H CT3-
KHHT-B3aHMO le i CTBH It
m/v MeXay OCHOBaHHSIMH
AHK. 3ra crpykrypa cro-

~———~— o6na cBOGOLHO nepeme-

CEXMopksre
KoAoKyY matbesi B ofe CTOPOHbE

BJIOJIb PEKOMOHHH PYIOLIHX
montexyn JHK. I1pu atom

2emepodynnencsr

10l [] (N

- Puc. 53. Cxemarnueckoe H306paskenne noctyefio-
THYECKOR cerperauuy

(TTpHCyTCTBYIOUIHE B NOMYXHa3Me reTepoAynacKeHbe pait-
OHHl OCTalTcs B Modekynax JHK — npoaykrax pexom-
Gunanun. MMoayauewrecs B pe3ysbTarte Meilo3a rangosg-
Hble CMOphL NOCNIe NePBOro e IeCHHS 2al0T ABe HeOAHHa-
KOBble J04YepHHe KJeTKH: B OJHOM MOC/1eA0BATENLHOCTD
AHK  cooTsetcTsyer ogwoli uens reTepollyrjieKcHOro
y4acTka, BO BTOPOH — COOTBETCTBYeT BTOPON LeNH. Ipu-
BeleHHas CXeMa ynpouleHa. JKcTepHMeHTalbHble AaHHBe
Ayduwie oGBACHAKT MOAIH, NPHBEdeHHbE Ha puc. 64 u 67)

ofe roMOJIOTHUHble MoJe-
KyJIbl BPALIAIOTC BOKPYI
CBOE# OCH, a reTepoayn-
JIEKCHBI  yYacTOK YIJIH-
HsleTCsl HJIH YKOpauHBaeT-
Cs B 3aBHCHMOCTH OT Ha-

npaBJaeHHS CMELIEHHS
nonyxuasmul. Takoit npouecc MOXeT GLITL aKTHBHEIM (CM. HHXe) WIH
MOXET NPOHCXOIAHTL CMOHTAHHO, 3a CYET BpallaTelbHOH AH(DY3HH; Ha-
3bIBAETCA OH muepayued gemsu (0T aura. branch migration; puc. 55).
Ilonyxuasmy MoxHO paspesaTb asyMms crocoGamH (pHc. 56). B oa-
HOM Caydae OKaxKercsi, YTO PEKOMOHHHPYIOUIHE MOJMEKY/b 06MeHAIHCh.
CPaBHHTEJIbHO KODOTKHMH OIHOLEMOYEUHBIMH YYacTKaMH, o6pa3oBaB-
UIHMH TeTepoayN/eKCHble pafionsl. [IpH apyroM cnocobe peKoMGHHH-
pyiolilie MOJIeKY. 1bi OGMEHHBAIOTCA CBOHMH YacTAMH, HaXOISAULUMHCS MO
00e CTOPOHBI OT MecTa 06Pa30BaHHA NOAYXHA3Mbl, 4aCTO MMEHHO 3TOT
C1y4aH Ha3blBAOT COOCMBEHHO pekomburayuer.
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Puc. 54. H3omepH3auns noayxnasmsl .
(Ecau pa3BepHYTb NOJIyXHa3My B HaNpaBJeHHH, YKa3aHHOM CTpeKaMH 1, 'rﬁ nﬁ;y:::s;ac:gypg;y;-
Pa, KOTOPYIO YAAeTcA HeNoCPeACTBeHHO Ha6aoaTh B 3JEKTPOHHBIT MHKPOCKO

KYTOYHOTO PEKOMOHHauHOKHOro coenutenus I17)

Ca g graeing

Puc. 55. Murpauus BeTBH
3a cyeT 3TOro npouecca MoxeT npOI{CXQJ”Tb.)';-TF{HQHH?“‘(‘:-;:
yKopodeHie) reTepOIYTIIEKCHOro pailoHa. Tak Kak pea:o" le
MOJIERYIH — 3TOCMHUPaIH. TO MHrpaunus BeTBH L1p
BOAAeTCH BpallenieM 06eHX PeKOMOHHHPYIOIHKX MOIEKY -
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Puc. 56. [Ba cnoco6a paspe3aHHs NOJYXHa3Mbi

B sapucuMocTH 0T crnoco6Ga pa3pe3aHHs NMOJYXHA3Mbl PeKOMOHHHK~
pleULHC MOSCKYJIhL au60 OﬁMCHHBaK)TCﬂ CPABHHUTE/NbHO KOPOTKH-
MH OflHOUEeNoYeYHBIMH YyUaCTKaMHK (CHDHBH), N160 MEHSIOTCHA YacTH-
MH, Pacro/lOKEeHHbIMH 110 6e CTOPOHB OT MecTa oGMeHa OAKHOY-
HBIMH UENAMH (caeBd)

Kak yxe rosopunoch, uenu JJHK B rereponynsekce Moryr GuiTh He
MOJIHOCTBIO KOMILIEMEHTAPHBl ApyT Apyry. Cyab6a rerepopymnJieKCHbIX
paiioHoB, 06pa3oBaBILKXCs B Pe3yJbTare PeKOMGHHAIHH, MOXET OblTh
JBOSIKOM: €CJIH HeCrapeHHble OCHOBAHHA TFerepojlyMJ/eKca He penapH-
pyioTcsi, TO nocje peluKauud Kaxilas uenb JAHK aacr aynnekc
C TaKOM# 3Ke Moc/ae0BaTeIbHOCThIO, Kak y ModekyJdel JJTHK, 13 Kotopoit
OHa NMPoH30LIa (B C1y4ae peKOMOHHAILMH B MEHO3€ 3TO NMPHBEJeT K MOoCT-
MeHOTHUECKO! cerperaluti); eciiy »e 11POH30HIeT penapalius HecrmapeH-
HBIX OCHOBAHHH, TO HHpOpMalHMs, 3aKJIo4aBlIasics B OJHOH H3 Llenel
reTepoAyIaeKca, HCUe3HeT U 3aMEHHTCS Ka HHDOPMALHIO APYToH LenH.
B oriMude oT Apyrux cayuaeB peKOMGHHAaUHMH B 3TOM MHOCJIeIHEM
Clayuae OfHH H3 JABYX BO3MOMHBIX PEKOMOHHAHTHBEIX NMPOIYKTOB HCYe-
3aeT H npespallaercs (aHri.convert) B 1pyroi, Mo3TOMYy STOT BapHaHT
peKoMOHHALHH HAa3biBAIOT 2eHHOU Kongepcueld (puc. 57).

SHaumoro2un pexombunayuil y Gaxmepul

KakuM e 06pa3oM NPOUCXOIMT OGMEH KOMIJIEMEHTADHbIMH LensaMH
MEX1Y PeKOMGHHUPYIOWHMH MOJEKYJaaMH H 00pa30BaHHe XOJHIEeBCKOH
CTPYKTYPHI? 3TOT Bonpoc Gbil BHIACHEH 3a 110C71€1HHE HECKOJbKO JeT,

88

Kax # MHOTHe Jpyrue, Ha mnpumepe
F .coli. ¥ sToro opraHu3Ma NpakTHYeCKH
BCe BHJBl FOMOJIOTHUHO! peKoMOHHAUHH
3aBMCAT 0T (YHKIHOHHPOBAHHA T€Ha
recA (3TOT reH HrpaeT BaXHYIO posib HB
penapauun nospexciennit JHK; cM. ri.
111). Okasanoch, uto RecA-Genok (Mo-
JekyasapHas Macca okoqto 40 k1) sisaster-
cs [IHK-3apucumoin ATPasoi, cnoco6-
HOlt 3aMeHSTb OAHY M3 LlemeH AymnJjek-
ca IHK na romonoruudylo. OnHa H3
peakuuii, KOTOPYIO MOXET [POBOJUTH
ouHlleHHbl RecA-Genok in  vitro,—
o6pasoBaHHe TaK HasbiBaeMol D-nieTsin
(puc. 58). Haa ocyulecTBIeHHA 3TOMH
peakiu# RecA-GeloK MOKPHIBAET OLHO-
nenoyeynyto JHK # Takoii KOMIJIEKC
CESi3bIBaeTCSl C ABYLENOYEHHOH JHK.
3aTeM NpPOMCXOAMT MepeMelleHHe OIHO- )
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nuteBoli NHK BloMb Aynjexca 10 TeX — ————mmmsfesmmar—————
nop, noka He OyleT HaWJeH Y4aCTOK """””ﬁ"""""
FOMOJIOTHH (e 3TO Bo3MOXKHO). [Ipo-

lecc MOHCKA SBJAsieTcd AaKTHBHbIM H

TpeGyer rugponnza ATP. TlokasaHo, penapatus

yro aymneke JJHK B xomnnekce ¢ RecA-
6esikoM H ofHouenodeuroit JIHK samer-
HO pacKpyueH (BHe 3aBHCHMOCTH OT TO-
TO, TOMOJIOTHYHA OJHOHHTEBAsS ﬂHK Puc. 57. I'ennasi kouBepcua (a)
Jyn/eKCy WIH HeT); HO Becell BepQHT- ;“O‘iaﬂ'r‘;‘“zzﬁm::g;oa’ggéﬂnﬁi"‘(66")3“"3'
HOCTH, 3TO OGJIErdaeT MOKCK FOMOMOTHH. 1l oo ciouounan b cerven-
Ilocnie Toro Kak TOMOJIOTHSI HAHIEHa, te JHK. Hcuesaer ¥ 3aMeHsetcsi wa
RecA-GesoK MpPOBOAMT 3aMeHy OJHOM ;;;;‘?:g::’;‘:,{;‘;’w:?;"ﬁg{z“zg;" Obpaser
menn [IHK Ha Xpyryio B aKTHBHOM  Rmaich i Iasesouu [Uore,
nporecce, Tpebyiomem ruaponusa ATP o o6pasuy oxwoft u3 ueneis rerepony-
W MMeiomeM BUOJHe onpelenenHyio " @
HANpPaBIeHHOCTb: MepeHoc HauHHaetcd ¢ 3'-KoHua ¥ npojobKaercs
8 HanpabieHuH 3'—5 . [Ipyruvu cioBavu, RecA-GenoK aKkTHBHO npo-
BOJMT OAHOHHTEBYIO MHIpAIHiO BeTBH. DBosjee Toro, MpH HaJHYHH BTO-
poro cBo6oaHOro KoHila RecA-Genok crnocofer 00MEHHBATH LENH JHK
MeX1y ABYMA AyIUIeKcavH, npoisHras Baoib JHK (Murpauus sersu)
00p230BaBLUYIOCH TaKHM 05pasoM CTPYKTYpy Xonuaes (puc. 59)!
Mbl BHANM, uUTO 10 KpaiiHeil Mepe y Gakrepuii B OGWHX YepTax mo-
HSTEH MeXaHH3M LEHTPATLHOTO COGBLITHA TOMOJIOTHUHOH PEeKOMOHHA-
[HH [OHCKA FOMOJOTHH H O6PA30BAHHs NOIYXHa3Mbl. HToGbl OKOHYA-
TeNbHO Pasofparbes B MOJEKYJSIDHBIX OCHOBAX PEKOMOHHAUINH, Heob-
XOHMO PaccMOTPETh, KaK MPOHCXOIHT pa3pe3aHHe MOJYXHa3Mbl H KaK
HHAyuHpyeTcs: PeKOMOHHalHs — OTKyja Gepercd cBOGOAHBIH KOHeLL

jssasmeteus _ SSSSsessem—
peaa ittt rgratet
————— SES—
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Puc. 58. O6pasopanne D-neran

(Rec A-6enok oSpa3yer Komnieke ¢ oiHomenoueroni JAHK, koropwit, B
CBOIO ouepellb, B3anMofelicTByer ¢ apyuenovedroit JJHK. TMouck romono-
THH OCYIIECTB.seTCR IHGO B Pe3y.1bTaTe ABH:KEHHA ONHO- H ABYyuenoued-
HBIX MOJIEKY.1 ApYr OTHOCHTeAbHO Apyra. Ju6o B pe3y.bTaTe HOBTOPHHIX
aKTOB HCCONHANKK K 06pa3oBaHns KoMMiekca. Korga ToMoIors HaflleHa,
RecA-GeaoK 3aMeHsieT 0AHY H3 Lefeil AYN.1eKCa Ha HOBYIO)

oaHouenoueyHolt [JHK, Heo6xomumblii ana jefictBus RecA-Geska.
Y E. coli otBeTbl Ha 3TH BOMPOCH 3ABHCAT OT TOTO, KaKoi paGoTaer
«TyTb» PeKOMOHHALUH, T.e. KaKHe HYKJea3bl «aCCHCTHPYIOT» RecA-
GelKy B xolde peKoMGHHauuu. HauGosee sheKTHBHBIM SABASETCS TaK
HasblBaembli RecBC-nyTb, 3aBMCAIMH, KaK C/lelyeT H3 Ha3BaHHs, OT
MPOAYKTOB TeHOB recB M recC, KOJUPYIOLUIHX 1Be M3 TPeX Cy6beIHHHIL
OHOTO (pepMeHTa — 3K30HYKJeassl V Wiau HyKaeassl RecBCD. RecBC-
NyTh PEKOMOHHALMH aKTHBHPYeTCSt B GAKTEDHSIX NDH HAJIHYMH IBYylle-
noveuHsix koHuos JIHK, koropble MOryT BOHHKHYTb NMPH PaaHOaKTHB-

90

|

5"
|JJII|I|IIIII|I|IZ, LU T ripretand

’

”j

N

ppip g g lputoiees ] pippeeeogisnt 111118

Puc. 59, HanpaBleHne MHTDallHH BeTBH Nox AeficTBHem RecA-Genka
(Uenn AHK nepexocaTcA HauHHas ¢ 3'-KOHLa)

HOM Of/y4YeHHH, NPH Cy4yaiiHOM pa3phiBe MAaTPHYHOH LieNH B pemJ/HKa-
THBHO# BH/Ke WIH npH nepeHoce JJHK H3 KneTKH B K/I€TKY NPH KOHBIO-
rauuu (cM. 1. V). Hykneasza RecBCD y3anaer cBofoaubiit KoHen JTHK,
IIpHCOeHHsIeTCA K HEMY M OCYLIECTB/IAET CJeLyIOIylo JIOGOMbTHYIO
peakuuio. Mcnonbays sHeprito rHaponusa ATP, cdepMeHT mepemelna-
ercs Bronb JHK H, nogo6Ho xennkasaM, pacmieraer aymiaexke JHK.
B omauune ot apyrux xenukas RecBCD-6enok mnozposnsier IHK pena-
TYPHPOBaTh, HO paclvieTaHHe NMPOUCXONHT ¢ GoJbIIed CKOPOCTHIO, YeM
BOCCTAHOBJIEHHE RYIJIeKca, [MO3TOMY M0 Mepe NMPOABIXKEHHs HyKJeashl
RecBCD Baonb IHK nocrenenHo o6pa3yiotcst Bce Goslee MPOTSKEHHbIE
oaHoHHuTepble netu (puc. 60). Eciu depMeHT BcTpeuaer onpeaesieHHYIO
nocnenosarenbiocts JIHK, HasbiBaemylo xu-cadmom, TO OH BHOCHT B
Hee OJHOLENOYeYHHIH pa3pbiB. B pesy/brate oJHa H3 neTejb NpeBpa-
1aeTcst B JVIHHHBIH OJHOHUTEBOH «XBoCT». HeTpylHo BHZAeTb, uTo Takas
CTPYKTYpa siBIsieTcs HIeaJbHOH I JajbHeillero B3aHMOJeHCTBHA C
RecA-6enkom (puc. 60). JT06CNEITHO, YTO MOC/IEA0BATENbHOCTD XH-Cafi
Ta aCHMMeTPHYHA M paspe3aercst HykJeasoil RecBCD auwb B TOM cay-
4ae, ecJIH OHA «MIOABE3K2ET» K XH-CAHTY C HYXKHOH CTOPOHHI.

Jasi ycnewHoro npotekaHus pekoMGHHaLMH HeoGXoauMm SSB-Ge-
JIOK, KOTOpHIi TOKpbiBaeT 00pa3oBaHHYl0 B pe3yJ/bTaTe JAeHCTBHSA
RecBCD-6eaka oaxouenoueunyio JIHK u nperoxpaHsier ee ot JeHCTBHA
HyKJea3bl: 6e3 SSB-6esika Hykaeasza RecBCD in vitro, BMecto TOro uro-
6Bl OCYLIECTBISATL OMHUCAHHYIO PeaklHio, gerpaaupyer obe uend [THK
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P iy Puc. 60. Cxema npeanonarae-

7338 MOTO YYacTHsl HyK.easn Rec

L ATP BCD ' (sksonykneasm V) m

cBCD py

Rec B HHHIHAUMH ~ TOMOJOTHYHOI
y=ADP PeKoMOHHAUHH

(3701 depMeHT ABHMKeTCSH Mo AHK,
paciilerass nBolthylo chupanb B
ATP-3aBHCHMOlt peaKuuw. Onno-
BPEMEHHO OH BHOBb ChapuBaeT
KOMII.1eMeHTapHEIE LeMHt, HO C MeHb-
Leff CKOPOCTBIO, MO3TOMY Mo Mepe

NpoaBH#enus depmenta no JHK
Bo3HUKalOT Bce Goslee AMMHHble
\e X-caim OAHOUeNOueUHbie NeTH. BeTperus
5LGCTG6TE-3 #Ha JHK omnpegenennyio nocJaeno-

BaTeJIbHOCTb — XH-caliT, HyKieasa

BHOCHT B Hee OHOLEMOUEUHDI! pas-
l PbIB, CO31aBasi TeM CaMuM peKoM-

GHHOTEHHBIH CBOGOAHBIL 3’-KoHel}
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HauHHas ¢ KoHua. Kpome toro, SSB-Gesok CMOCOOCTBYET HEHCTBHIO
RecA-Genka. Myrtanuu no TeHY $sh 3aMeTHO BJIHSIIOT Ha PEKOMOHHALMIO.
Pexom6unauus ne sakanynsaercs obpasoBaHHeM MOJIYXHA3MHl. Ta
CTPYKTYpa IO/MKHA GHITH €lUe COOTBETCTBYIOLLHM ofpa3oM paspesana.
Kax 310 ocymecrasercs y GakrepHii, 10 CHX MOp He BIOJHE SICHO.
BosMOXHO, 32 3TO OTBETCTREHHDI Te e HYKJIea3bl DeKOMOGHHALHiI, KO-
TOPbIC NPHHUMAIOT YyacTHe B HHHUHALWMH OGMeHa, HanpuMep HyKJseasa
RecBCD. Bosmosxno, CYWIECTBYIOT CNELHATH3HPOBAHHbIE (hepPMEHTH,
crenutHYeckH paspesaioliye crpykrypy Xonuges. Takne depmentst
YAaJ0Ch BHIJENHUTD H3 KJETOK, 3apaXkeHHbIX tarom T4 wau T7.

B romonornunoit pexombunanny MOTYT NpPHHHMATh y4yacTHe TONo-
H30Mepasbl. Hanpuwmep, cosgasaemas JHK-rupasoit orpuuarensnas
CBEPXCNHPA/NH3aUHs 3aMETHO obJeryaer o6pasoBanse D-nerens, mo-
CKOJILKY TOC/TeJHHH NPOLECC CHHMAET MeXaHHYeCKHe HanpsiKeHus,
CYWICCTBYIOLHE B CBEPXCMHPAbHBIX MoJeKYJaaX. JIeHCTBHE TONOU30.
Mepasbl | B mpuHuune noseodser uemsm ABYX PEKOMOGHHHDYIOILUX
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KOMNIEMERMTFHOE
cnapuanue yeney
pasasix dynaexcol

l monrgusomepara [
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Puc. 61. Bo3moxHas poab Tomoi3ovepasst 1 B pekombu-
HallHH

(TonousoMepa3a nNo3BoOJIAET PaHee He 3aLEN.TEHHBIM uernsM, npuuaa.::-)
JKAUIHM ABYM [OMO.IOTHUHbIM AVILIEKCaM, 0OGBHTLCA APYT BOKPYT ApY!

AYNJEKCOB KOMIJIEMEHTAPHO CNapHTbCS AaMe MPH OTCYTCTBHH c}r_ll(;{
COOHBIX OGBHUTbCH JpYr BOKPYT JApyra CcBOGOAHBIX KOHLOB [

(puc. 61).

Pexombunayua w nocmpenauxamugnas
penapayus

OjHa M3 poseil TOMOJMIOTHYHOH PEKOMGHHALHM COCTOMT B pernapauii
NMOBPEeX{1eHHH, C KOTOPHIMH.HE MOTYT CIIPABHThCS ONTHCAHHBIE B MPeIbily -
Lieil raBe pernaparHBHblE CHCTeMbl. TakHe NOBpeXxI1eHHs BO3HHKAIOT,
HanpuMep, Torja, Koria pelLTHKaTHBHAsh BHJIKa Npoe3aeT uepes n(é:
BpexjeHnblit yuacTok JAHK 10 toro, Kak pemapaTHBHBIE CHCTEMEHI Y

nejqd YCTpaHHTb NMoBpexjaeHHe. B 3ToM cl1ydyae moayuaercs, 4TO OJH&

93



nobpendenve AHK u3 ueneit JJHK pedex-
¥ THa (HanpHMep, COAEPHKHT

7’ o
3 ll!Pllllllll‘], T —— THMHHOBHH JHMEP HJIH
—— E—

o AP-caiit), a Komniemen-
Spews TapHasi Henb He Moria

2me 6bITE CHHTE3HPOBAaHa M3-
dynaenc 3a JepexTa B Marpuie
H MO3TOMYy HanpoTHB No-

BPEeX IEHHOTO yu4acTtKa

RecA- fesox OCTaeTcsl He3acTpoeHHas
‘ 6pems (cM. puc.  47).
Enuncreennusiit  cnoco6
Ge30mHG0UHOM penapainu
TAKOro MOBPEXJEHHS —
3TO HCNOJMB30BaTb B Ka-
HecTBE 3TaJloHAa BIOPOM
NOMYYEHHBI TIPH PenJu-
KanuuH gymaeke JHK,
T. €. HCMOJB30BATh PEKOM-

[ O IO A O R

3acmpouKa dpewd,

penapeuvs nobpexde- GHHanMIo A5 penapanux
HUR, paszpesoHue [
onyaane nospexnenust. ¥ E.coli

3TY 3ajady crnocobeH Bbi-
TIOJTHHTB RecA-6es1ox
BMeCTe ¢ (epMeHTaMH pe-
napauuH. Inst RecA-6en-
Ka OflHOLeMNOoYeYHbIl yyac-
TOK JABYCNHPAJbHON MOJIe-
Kyl JJHK, conepxamuit
NOBpeXKJeHHe, sBJsIeTCH

«H3JI06/1e HHbIM» Yy4acTKkoM
Puc. 62. TocTpensnkaTHBHAS penapauus

(B p 1HK fyk  CBA3bIBAHHS. CBsi3aBlUHCD
CJIH penauKauns [IPOH30LIIa 1O TOrO, KaK H3
GuIH yllaslent fAeheKThl, MOXeT BO3HHKHYTb TIOKa3aHHas C TAKHUM MeCTOM, RECA-GQ-

Ha PHCYHKe CHTYauMsl, Korfia onna u3 ueneft JJHK nospex- -
AeHa, a BO BTOPOA HMeeTcs Gpellib, TaK KaK MOBpeXIeHHasi JIOK BOBJIEKAeT ero B pe

UeNb He MOXEeT CIYXKHTh NOJHOLeHHOA MaTpHueil. Iloxo6- KOMGHHaHHOHHOﬁ B34aUMO-
i’qfqﬂﬁ.‘iﬁﬁ"r“éi'éﬁ2r“;‘-’f..fr2:§7u."ei_'l§§"’"e““ THARCTPE geficTBHe ¢ ToMoJorHu-
HHIM  HENoBpex 1eHHBIM
LYIJIEKCOM, TIpHYEM KakK
PasopBaHHasi, TaK W nospexienHas uend JIHK okaseiBaiotes cnapen-
HBIMH C HenoBpeXJEHHBIMH KOMNJIEMEHTAPHBIMH LEeNAMH, YTO NMO3BOJISeT
HX penapaumio OMHCAHHBIMM B NpPEibAYINeH TJaBe penapalHOHHBIMH
cHcreMamu (pHc. 62). TakuM NyTeM ocyUIeCTBAsETCS TIOCTPeNIHKATHB-
Hasl, WIH DeKOMOHHAUHOHHAs, penapauus. AHaJOrHYHBIM 0GpasoM
32 Cuer DEKOMGHHAIMH NPOHCXOMMT Penapauysi JByLeNoueyHbX pas-
puisos JIHK.
M3 uanoxensoro caenyer, uto, mo Kpaiixed Mepe y 6akrepuii, cuc-
TEMBl penapanid H peKOMGHHALUH CJIOKHBEIM OGPAa30M MepenJieTeHbl |
CBsi3aHbl MexJy coboit. Hannune noppexaennit JJHK axtHBHpYer obe
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cucteMul. C Ipyroil CTOPOHbI, penapanusi HeKOTOPHIX THIOB NOBpeXJe-
HHil BooGule HeBO3MoxHa, Ge3 romosornytoro gymiekca JHK, T.e.
MOXeT MPOHCXOAHTh JHIUL PeKOMOHHANHOHHBIM IyTEM.

Mumomuneckas pexomburHayus
y ayxapuom

PeKOMGHHAIHST MOXET NPOHCXOAHTb MEXAY TOMOJIOTHYHBIMH TeHaMH
COMATHYECKHX KJIeTOK MHOTOKJIETOUHBIX WJH NpPH BEreTaTHBHOM pocTe
OJIHOKJIETOUHEIX 3yKapHor. Yactora 3Toif PeKOMOMHAIMH O4YeHb HeBe-
JIMKa, TIOCKOJBKY TaKasi, Mumomuueckas, peKoOMOHHAIHsSL MOXeT colpo-
BOKJATbCS HeXKelaTebHbIMH TIOCIeCTBHAMH (HanpuMep, BO3HHKHOBeE-
HHEM MO3aHUM3Ma). BOJBUIHHCTBO Cy4aeB MHTOTHUECKOH pexkoMbGuHa-
LHH, TIO-BHOMMOMY, CBsi3aHei ¢ penapauuedt. JleficTBUTENBHO, MHTOTH-
4eCKYyl0 PEKOMOHHALHIO MOXHO CYLIECTBEHHO CTHMYJIHPOBATh, NOBpeIUB
JAHK, HanpuMep o6JydeHHeM.

MexXaHH3M MHTOTHYECKOH PEKOMOHHAILMH CPaBHHTeJbHO XOPOLIO
u3yueH y apoxxeit. Ha 3ToM ofbexTe NoKa3aHo, YTO B COOTBETCTBHH C
BHILIEH3OKEHHbIM AByLenouednkie paspbisbl B JIHK Ha Heckosbko no-
PAAKOB CTHMYJIHPYIOT peKoMOHHaumio. CTHMyJHpYiollee JCHCTBHE
OKa3blBaeT He TOJBKO PasphiB, HO M /BylenoueuHdas Opellb, MpHYEM

nmanuda
20M0102UYHbIE
/ 2emsr
ross. 4
XPOMOCOMA
/
2
A ——— e KL L I Ly

Puc. 63, O11H H3 MEXAHH3MOB FCHHOH KOHBEPCHH

wAY {OTOPHIX
PekoMOHHauus MeA1Y roMoOJJONHYHBIMH  TFeHaMH, OAHH M]u)’\
pasopBaH ABYLeNoYeYHOil 6pellblo, COnpoBoKlaeTcs 3acTpoiikoil 6pe-
WH no o6pa3ly HeHapYIeHHol KonuH reka. Konsepcus Momer conpo-
BOAJAATHCH (2) KM He CONPOBOAAATBCS (/) KPOCCHHIOBEPOM MexAY
peKkoMOHHIpYIOWNMH MoteRkvaasn AHK
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Puc. 64. Mozeas PeKOMGHHAUHH, HHHUHHPYeMON IBYUENOYEUHBIM pa3pbIBOM
OJHOro H3 Baan.\lo;(eﬁcmy}ou.mx AVILIEKCOB

(CUHTaeTCH, YT Pa3phiB Moer PaCIlIHpHTHLCA 10 GPeWn 2a cyeT JclicTRUS IK30HYK.Iea3. Coraacuo
37Ol MOJeqH, B Xoae DPKOMGH HAUHH BO3HHKaeT npo.\led\yrolmoe COeaHHEeHHe C ABYMS X0 THAEeBCKH-

B Xoje peKOMGHHAUMH Opelib 3acTpaHBaeTCA Mo ofpasuy BTOpoil pe-
KOMGHHHDYIOLIEH MOIeKY.Tbl. Hanpuwep, ecan na6monarb pekoMOHHa-
LHIO MeX 1Yy BBEIEHHOH B JPOMKIMKEBbIE K.IETKH N1a3MH10H, Hecyuled Ka-
KOH-HHOY 1b IpoxKeBoil eH, HApYUICHHbI 1BYUeNoYeyHol 6Gpelbio,
H TaKHM e reHoM B XpoMocoMe (pHc. 63), To HapyUeHHbIH N1a3MHIHbIH
T€H BOCCTaHOBHUTCA MO 06PAa3LY XPOMOCOMHOF KOMUK. STHU JaHHble 03B0O-
JIHIH ChOPMYITHPOBATh MOIe1b PexoMOHHaUHH-Pertapaity 1By Uelodey-
Horo paspniBa. Jdo1s 3toit Mozedu XapakTepHo ofpasoBaHHe IBYX, a
HE O1HOH, XoaHJeeBCKHX CTPyKTyp. Ha puc. 64 mnpeicrasneH oIHH
H3 B2pHaHTOB 3TOH MOIe.IH. [Tockoabky aBynenoueunas 6pewb 0.1-
HOH H3 PeKOMOHHHDYIOLUX wonexyt [IHK sactpausaerca no o6pasuy
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Puc, 65. I'enHass KOHBepCHS TpPOTSXKEHHBIX BCTaBOK
(HaH Jesewnit)

Ec.1H pa3pbiB NDOHCXOAHT B MoJleKy.1e 6e3 BCTaBKH (c1eBa), To BO3=
HHK3eT CHTYaUHs, HEOTJNHYHMas OT pelapalUHH ABYUENOYeYHOM
Gpelun, B pe3y.abTaTe BCTaBKa MepeMeuacTcs B Moaekyay JHK,
paHee ee He HMEBWYI0. ECTH »Ke Da3puiB NPOHCXOINT BO BCTaBKe
(cripaBa), To penapauua OKaKeTcsl HEBO3MOKHoll A0 Tex Nop. NMoka
3K30HYKJ/Iea3bl He THIPOIHIVIOT BCIO BCTABKY H KOHUB pPa3pbiBa He
OKAKYTCH TOMOJOTHYHBIMI HEePasopBaHHOMY Aynaekcy. TakuM
06pa3oM, HanpaB.IeHHe KOHBEDCHH B CTOPOHY NPHCYTCTBHS BCTaB-
Kil H.IM ee OTCYTCTBHS 3272€TCH TeM. B KAaKYlO H3 J1BYX DEKOMOH-
HHPYoOWHEX Moneky.1 JHK BHOCHTCS HHHUNHPYIOWHKIT pa3pwB

HeMOBPEX/EHHOH MOJeKyJ1bl, HHQOpMaUUs, CONepKaBlIasiCA Ha ydacr-
Ke OpellH, NMOJHOCTbIO TepsieTcs H 3aMeHAeTCA Ha nmpopmuaumo Hero-
BpeXJCHHOH MOJIEKYJ/bl, T.e. penapauus ABYLENodYeuHoH 6pewH —
STO ellle OAHH MeXaHH3M TeHHOH KoHBepcHH. [Ipo1yKT reHHo#f KOHBep-
CHH pOpMaNbHO aHAJIOTHYEH pe3yJbTaTy ABOHHOrO KPOCCHHTOBepa, HO
OTJIHYAETCH OTCYTCTBHEM BTOPOI~, PELMIPOKHOTO, NMPOAYKTa PEKOMOH-
HauuH. Mojenb penapauui JBYUENOYEYHOTO pPa3pbla OGBACHAET He
TOMbKO CJy4aH KOHBEPCHH TOYEUHbIX MYTalH#, HO H KOHBEPCHIO MpO-
TSKEHHBIX BCTABOK M Je/elui, KOTopasi TaKKe 4acro HabJojaercs y
Apoxckefi (puc. 65).

Paa pesyabratoB, no/iyueHHbIX Ha ApoMkKax, NOATBEPKAEH HA ApY-
Tux 3yKapuorax. [lokasaHo, HampuMep, YTO JBYLeENOYeYHbie Pa3phIBH
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CYIIECTBEHHO CTHMYJIHDYIOT TOMOJIOTHYUHYI0 pekoMGuHawmo JIHK B
KYJbTHBHPYEMBIX KJ€TKaX MJIeKonHTamomux. [Tokasano Takxke, yTo
penapanysi TaKHX Pa3pLIBOB CONPOBOXJAeTcsi FeHHOH KOHBepcHeil.

DepmeHTaTHBHBIH annapaT, OCYLIECTB/ISIONMLH pekoMOHHauuio y
SYKapHOT, KaK NpaBHJIO, He H3BECTEH, XOTS SICHO, UTO BhISIBJIEHHE (ep-
MEHTOB SYKAapHOTHYECKOH peKOMOGHHALHH — [eJI0 GMHKANHLIHX He-
CKOJILKHX JIeT. [ToX0kKe, uTo HeHTPaNbHYK PO/Tb B PEKOMOHHAIHH A0J-
KeH HrpaTh GelOK, HanoMuHamWui Rec-A-6enok £. coli. eficrsu-
TEJBHO, 'y HH3WEro SyKapHoTHueckoro opranuama Ustilago maydis
BblesieH Takol RecA-nonoGuelii Gelok — nposykT rema recl. Ero
CBOHCTBA B LIEJIOM HAMOMHHAIOT CBOHCTBA RecA-Genka, Ho nepenoc weny
¢ oaroro aynaekca JIHK ua apyroii 6estok Recl naunnaer ¢ 5'-koHna.
JhoGonbiTHOE CBOICTBO Genka Recl cocTouT B TOM, uTo B Xoae ATP-3a-
BHCHMOTO MOHCKA TOMOJIOTHH M TOMOJIOTHYHOTO CNAPHBAaHHS OH, BHAH-
Mo, o6pasyer ctpykrypy JIHK, B KoTopoii uenu e 3aKpyueHbl ApYyr
BOKPYT 1pyra (B OrpaHHYeHHO! CTENEHH 3TO OTHOCHTCS H K RecA-6ei-
Ky E. coli). JlocTiraercs 310 3a CueT Toro, YTo B B KOMIJIEKCE ¢ 6enkom
Recl JHK Haxomures 4acTHYHO B OBBIYHON B-¢dopwme, a yactuuno B Je-
BO3aKpYueHHOH Z-(popMe, T.e. jelaeT BHTOK BAEBO, BHTOK BIPABO-
Iostomy He HCK/MOYEHO, 4TO nocaeaposarenbHoctH JIHK, cnocoBubie
NIETKO NIEPEXONHTL B Z-(JOPMY (a/IbTepPHHPYIOLULHE MY PHH-IHPHMUIHHO-
BHIE NOC/IENOBATENbHOCTH), C/YXKAT YYACTKAMH MPEANOUTHTENbHON HHH-
HHALHH peKOMOHHAIHH.

Bblzenen takxke Genok apoxokeit, crnoco6HbI paspesarb NoayXHa3-
MBI H 10 CBOHCTBAM HaNOMHHAIOWIKIT aHAJIOTHYHbIE OENKK daros T4 u T7.

Medomuueckan pexombunayus

B Meiio3e y 3ykapuoT romosnoruumbie XPOMOCOMBI, MOJYYEHHbIEe opra-
HHSMOM OT OTIA M OT MaTepH, PACXOAATCSA MO Pa3HbiM KaeTkam. [Ipa-
BH/IbHOE DACXOXKAEHHE, MPH KOTOPOM TOMOMOTH KaXnoff Maphl pacxo-
AATCS B NIEPBOM JIe/IeHHH Meil03a 10 pa3HBIM JOYEPHUM KJAeTKaM, ofec-
TNEUHBAETCHA TEM, HTO TOMOJIOTHUHEIE XPOMOCOMbI y3HAIOT APYT APYTa H
CNapHBAIOTCS] HA BCEM CBOGM NPOTSKEHHH (CuHainc). JIBe BHTSHYTbie
ApYyT BJOJb 1pyra TOMOJOTHYHBIE XDOMOCOMBI OGPasylT B npodase
TNepBOro eJIeHHs Meilo3a ocobyI0 CTPYKTYPY, TaK Ha3blBaeMblil CLHanmo-
Hemuoul Komnaexc (puc. 66). Monekyasiproe CTPOEHHE CHHANTOHEMHOTO
KOMII/IeKCa He ICHO, HO CYHTAETCs, UTO 3Ta CTPYKTYpa, o6ecley HBarolas
TOMOJIOrHYHOE CNiapHBAaHHE XPOMOCOM, CIOCOGCTBYET PeKOMGHHAIHH
Mex1y HuMH. COOCTBEHHO DEKOMOHHAUHS NPOXOIUT, [10-BHIHMOMY,
B CMELHANH3HPOBAHHBIX CTPYKTYpPaX, HabMoOJaloUHXCs HA CHHANTO-
HEMHOM KOMIJIEKCE H HAa3biBAEMBIX PEKOMOUNQUUONHOIMU Y3eAKAMLL.
Pekom6uHanHonHbIt 06MeH, Kpoccureosep, MeXy TOMOMOTHUHBIMH Xpo-
MOCOMaMH B Mefio3e HIpaeT BaxKHYI0 posb. Korja mepeg NepBbIM Je-
MICHHEM Meil03a XPOMOCOMEI KOHIEHCHDPYIOTCS, TO CECTPHHCKHe XpoMa-
THIB yIEPHKHBAIOTCH BMECTE, HO H3-32 KPOCCHHIOBEPA MY HECEeCT-
PHHCKHMH XpOMaTHAaMH TOMOJIOTHYHBIE XPOMOCOMBI TOXe OKa3hBaOTCS

Humu
XpoMamuHQ

Kewumop

y S FOLERT ]
fonepecrsie SN\

HUmMU INEMEHM ,

Uexmporssid
nemerm a

Puc. 66. MeitoTuueckas pekOMGHHAaUHA: T

TITOHEMHOr0 KOMILIeKca, 6 — XHa3Mbi, BO3HHKIWHEe BCIeA oo, aew
a _ iy ou CH?““‘HHHMH XpOMaTHIaMH, yAaepAHBaOT BMeCTe T[OMOJOTHYHBEe po»
zg:cﬁiqrﬁﬁfﬁ YMOpSAOCIEHHYIO Cerperauyio B MeppoM fleleHtH Meiio3a

CBSI3aHHBIMH B YUYacTKaX KpPOCCHHrosepa, Ha3bIBaeMBIX ﬁ:fﬂ;‘.ﬁ
(puc. 66). Takoe cBsA3bIBaHHE TOMOJIOTOB obecneyHBaer ’HX np iy
OPHEHTALHIO HA IKBATOPE [E/ISIIEHCS KIETKH H HOCHE}I%EOHIE;} Bogﬂnx-
YeHHOEe PaCXOXKIEHHE MO JOUEPHHM g“%ilkuaa»fx'n:al;srsn(zblpii?nénHmor -
ulHe 6G/1arogapsi TOMOJIOTHUHOH DEKOM ram o
nepBoM fleleHHH Mefio3a Y HKUHIO, aHaJIOTHUHYI y6 L
3e (BTOpoe jejeHHe Mefio3a HaMOMHHaeT OObYH .
;ﬁgpzuﬁggguyié ce?pera LLHIO XPOMOCOM BO BTOPOM JEJleHHH oGecreuH-
Mephl).
Bam}‘&eﬁg—;g;{ ng:i)3OBaHHﬂ CHHANTOHEMHOTO KOMILIEKCa H Q)GEM::T‘?:::-
HHil annapar, ofecreyHBaoHi peKoMGHHALHIO B MEHO3E, HHHH)}(I ¢ oc:
OJIHAKO 6O0JbILIOE KOJHYECTBO TEHETHUECKHX NaHHBIX, nonyqu o
HOBHOM Ha acKOMHLETaX, YKa3blBaeT Ha TO, YTO MPOHCXOAHMT )p; e
kombunanun ¢ JIHK. Meiiotnyeckyio PeKOMGHHAlIHIO COHPOB?)MAMeC-
Kak reHHast KOHBEpPCHsI, TAK H MocTMeHoTHYeCKas cerperauts B gunamm
Te, rze NPOM30LIEN KPOCCHHTOBEp; 3HAUHT, 3TOT BHA gle(fc(g:lx Haim
NPOXOAMT Yepe3 o6pasoBaHKe MOJyXHa3M H TETEPOAYNI HHK YA
ko JJHK. Muorue naHHble MO PeKOMOGHHALHH B MEHO3€ MO  J0wae
HHTb C NOMOIIBIO MOJENH PEKOMOHHALHH-penapalii ABYLENo Horo
paspbiBa, NpPeLTOKEHHOH TSI MHTOTHUECKOH pekomﬁuﬂauni,ﬂl-([)%bm“e_
Ipyras MojeNb, NPelIOKEHHas B CBOE BpeMsl cneuH?ano Iémcumomaﬂ
HHS1 JAHHBIX 10 MEHOTHYeCKOH peKOMOHWHALHU H Jyulle O ACHAOMA
HekoTopsle petan npotecca (puc. 67). Iennas KoHsepcHs S apory
IeJu sBAsSETCs CJAeICTBHeM penapallH reTepouyrmexcaH _cropowy
OJHOH M3 DOAMTENBCKHX MOJIEKYJ, OTCYTCTBHe pefapauH z?Ho il
K noctMeiioTHUecKOH cerperauny. B Hacrosilee Bpemsi MoKa3 ~’1eﬁo-
ABY 1leoYeuHblil Pa3pblB MOXET HHHIHUPOBATD pEKOMGHHaHP:r(I)Oll{}e;{Horo
3¢, HO, KaK NPaBH.10, PeKOMOHHALHS Hal-IHHaeTCﬂlg OJHOi'la RN
Pa3puiBa B COCTBETCTBHH ¢ MOJAenbio MesencoHa — Paaut .
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Puc. 67. Mozeab pexom6unauun Meseicona n P3iiusra

g(e:gg::{%;}:{zg;%:u:&n%w npo1"sm\enuoﬁ FeTepo1yTIeKCHBI VYaCTOK BO3HHKaeT Tiilllb Ha OXHON H3
A MOJIEKY.T (aCHMMETDHYHbII TeTepo1yI.1ekc), YTO No3BoIS G
HHCJIeHHble TeHeTHYeCKHe JaHHble 10 PeKoMGrHA eiioze v o, TTpit peranGenanion
{ : UiH B Meiio3e V' acKoMHueToB. [Ipn pekom6
BO3HHKAaeT OAHA CTPVKTYpa Noauled. Ecan ee T :  anran po.
VKT) Xo. . Ec: Pa3pe3aTk N0 cTpeakaM /. To obMeHa ¢ -
KOMGHHHDYIOUHMX MONEKY.T He NMPOHCXo, ' e retepo
MOMEKY? ANT H HAG11I012€TCA ML FEHHAR KOHBEPCHA (ec
3 B JTH reTepo-
ﬂynnexc PerlapHpyeTcs) H.H MOCTMeNOTHYECKas Cerperauns (c.1esa BHH3Y). I1pk pa3pesanun no:?y-
Ha3Mbl IO CTpesIKaM 2 MPOHCXOAHT KPOCCHHIOBep (CMpaBa 3HHAY)]

quome 9nncaﬂﬂoﬁ HETOCPeICTBEHHOH «MEXaHHCTHYHOH» QYHKIHH B
MEHO3e MEHOTHUECKAA PEeKOMOMHAIHS HIPaeT OYeHb BAKHYK 3BOJIO-
LUHOHHYIO pOJIb, KOTOpasi GYJeT paccMOTPeHa Mo3xe.
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2. CNEYHAJIU3UPOBAHHDBIE
CHCTEMbI TOMOJIOTHYHORA
PEKOMBUHAUUH

Kpome cHcTeM PeKOMOHMHAIMH, BLIMOJNHSAIOWHX o6liHe GYHKUHH, Ha-
npuMep peKOMOHHALHIO B MeH03€ Y 3YKapHOT HJIH PeKOMOHHALHOHHYIO
penapanHio y BCeX OPraHH3MOB, CYILIECTBYIOT ClelHa/lH3HPOBaHHbIE
CHCTEMBl TOMOJIOTHUHOH pPeKOMOHHALMH, BBUIONHSIONIHE TY HJH HHYIO
YacTHYIO 3ajauy.

[puMepBl cnelHaNTH3HPOBAHHBIX cHCTeM ObmIell pPeKOMGHHALHH MOX-
HO HAaHTH y [1apa3uToOB, KOTOpbIe C UX NOMOLIbIO GOPATCA ¢ HMMYHHOH
CHCTEMOH OpPraHH3MOB-X03feB. TaK, y I'OHOKOKKOB, BHI3BIBAIOLHX TO-
HOpelo, HMeeTcs MHOrO KOIMH FeHOB, KOAHDYIOUIHX HMMYHOJIOTHUECKH
pa3/aquHble BapHAHTHI MH/JIHHA — GefKa, o6pa3ylotero nHJaH (BOPCHH-
KH) Ha I10BepXHOCTH 3THX GaKTepHH U ABJISIOWEroCcs OJIHHM H3 OCHOBHBIX
$haKTOpOB BHDY.JEHTHOCTH (MUJAH ofecrneuHBalOT NpPHKpPeIJeHHe ToHOo-
KOKKOB K 3MHUTEJHIO MOUYEINOJOBOH CHCTeMbl). JKCIPeCCHPYIOTCS JIHIIb
Te TeHbl, KOTOpble HAXOIATCH B JOKycaX, HasbiBaeMblx pilE, onH H
onpejessiioT, KaKOH MHJIHH NPeJCTaBJeH Ha IOBEPXHOCTH KaeTok. C j0-
BOJIbHO BBICOKOH uacToToi reH pilE yTpaunBaeTcsi H 6aKTepHus JIHIIAET-
Csl TUJIel, HO 3a CUeT PeKOMGHHALHOHHOrO B3aHMOIeCTBUS (CKopee Bee-
IO FeHHON KOHBEPCHH) «OCTaTKOB» reHa pilE ¢ kakuM-HHOY Ib H3 MOJIUa-
IWHX TEHOB, PAacHOJOXEHHbIX B ADYTHX MecTrax, B JOKycax pifS, Boc-
CTaHaB/JHBaeTcs HOBBIH reH pil/E ¢ nocnejgoBaTenbHOCTBIO, XapaKTep-
HO#l 1451 reHa pilS, noHopa uHGOpManHH NDH pekoMGHHaUKK (puc. 68).
Takum crioco6oM roHOKOKKH CPaBHHTEIbHO YacTO MEHSAIOT HMMYHOJIOTH-
YecKHe CBOMCTBA MUJeH M He 103BOJAIOT Pa3BHThbes 3(QPeKTHBHOMY HM-
MYHHOMY OTBETY .

CoBeplIeHHO aHAJOTHUHYIO CTpaTerHio HCIo/Ab3yeT BO36YIHTeNb
Bo3BpaTHoro THda Borellia, KOTOPBIA 32 cueT peKOMOHMHALUNH BpeMs OT
BpeMeHH MeHseT CTPYKTYpPY IOBEPXHOCTHOrO 0esKa, SBJAIOLIErocs
IJIaBHBIM AHTHIE€HOM, Daclo3HaBaeMbIM HMMYHHOH CHCTEMOH ueJoBes
4ecKOro opraHMama.

PekcMOGHHAIIHOHHBIE I€PEKJTIOYEHHS! TOBeP XHOCTHBIX aHTHI€HOB 11aTO-
TeHHLIX MHKPOOPTaHU3MOB XapaKTepHbl He TOJNBKO A7 GaKTepHi. ITOT
€noco6 YCKOJIb3aHHS 1aTOTeHa OT AefCTBHS 3alllUTHBIX CPeACTB Opra-
HHM3Ma Obl, COGCTBEHHO, H OTKPBIT Ha 3YKapHOTHYecKOM (0Je3HeTBOP-
HOM areHTe — BO3GyauTese coHHoll Gonesnn Tripanosoma brucet.
Kak u BbllleonucaHuble GaKTepHH, TPHHNAHOCOMBI HMEIOT MHOMKECTBO
KONHH TeHOB TaK Ha3biBaeMOI'o BapHaGe bHOrO I0BEPXHOCTHOIO [JH-
KONpPOTEeHHAa, HO 3KCIPEeCcCHPYeTcsi TOAbKO oiHa Konus. OGBIMHO 3KC-
npeccHpYIOMascss KOMHs HAXOAHTCS HA KOHIE TOH WJIH HHOH XPOMOCO-
Mbl (B TenoMepHOH oGaacTH). 3aMeHa 3KcrpeccHpyiolleHcs KOMHH Ha
HOBYIO IIPOHCXOIMT B pe3yJ/bTaTe rOMOJOTHYHON peKoMOHHALHH, NPH-
BOAALICH K OOMEHY TeJOMepaMH MeXK1y XpOMOCOMaMH HJH B Pe3yJbTarte
FeHHOI KOHBEPCHH C yuacTHeM IKCIIpeccHpylolleficst KOMHA H MOTYallleH
KONHH, PACTOJOXKEHHOH B KaKOM-HHOYAb APYTOM MecTe reHOMa TpHIIa-
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c. 68. Mexauusy anturennmx BapHAUHA Y FOHOKOKKOB

{ron
i (Po_{(f;(:}é:‘axcnpeccupynmue nuauu (P+), c 3aMeTHoIll 9
€T yTPATH aKTHBHOIO I'eHa B 10Kyce pil E, Y1

acToToft NpekpawaloT CHHTe3 3Toro Ges-
PATa rena (MJH €ro 9acT), BHAUMO, NPos

HAUHOHHOTO B3aH MO, T *“OCTAaTKOB*» HCXOAHOTO reHa
AelicTBH A
K I H e

1 KX KOTIHI, K.
ve oAl OAHPYIOIH X ApYTrHe BAPHAHTHI THAHHA H PACTIONIOKEHHBIX B JNIOKY

HocoMbl. Ha i
o e :)r};)eu CP[IJaBHHTeJleO XOPOLLIO H3YYeHHOM CHCTeMe MOKa3aHo
o poeciro: g JIN KOHBEPCHA MOTYT He TOJIbKO 3aMeHHTb OfHH re};
Ha Jpyro ysmﬁqﬁHaSHaquHOM ANA SKCIIPECCHH yYacTKe TeHOMa, HO
HocoGHr yBenn BaThb pasHooGpasHe MNOBEPXHOCTHBIX rnuxonpo,mu-
pon %a cer TC qa'c:uT(:x n%u PEKOMOHHAUMH BO3MOXKEH MepPeHOC HEe Lelo
, o6pas3os :
ro reia, p aHHe THOPHIHOTO, T. €, HOBOTO, BapHaH-

Bo Bcex

TPeX OMHCAHHBIX CyyassX MapasMTHYECKHe MHKPOOpPTaHH3-

Mbl H yEOI 00bIY 1eT y
Croab3 6}) HBIH KJeTOYHbIH peKOMGHHauHOHHblH arlrlapaT a
€IHHCTBeHHas «TaKTHYeCKas XHIpOCIb» COCTOHT B 0pIaHH33uH" co
OlBEICIBleLIJ.HX TeHOB:

HMEeTCs IKCIPeccH
oTBeTCT! ! PYiOIIas KONHS M MHOMe-
pasiHyaIKXC MeX1y cobol Momyamux. Bosbuioe Konuqecraeo

nocJe

SaMEHl}f[H}LX 3(;6;;1:;:(«)51(3; CPaBHHTENbLHO C/yyYaiiHblil BHIGOP KONUH A

e o JAMETHYIO qCaTCOTy npouecca, XoTA peKOMOGHHALUMA HIET C

Tl 5 oy o TOTOH, KOTOpas OKa3blBaeTCA J0CTAaTOYHOM

ot SHAy Orpow qM]})(asmepos NOMyJIAUMHA NATOreHHBIX MHKPOOP-

oo B TeX 6y » KOTZa HeoGXOAWMa BhICOKasl 4acTota pe-
» PEKOMOHHAUHOHHBIA aNnapar KJeTKH AOJ/KEH GbiTh cHaf-
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seH JONOJHHTebHBIMH 6esikaMu. TIpuMep Takoro poja Xopotlo H3y4eH
Ha CHCTeMe CMeHbl THIA CNapHBaHHA Y APOMKeH.

TanouHble IPOYIKH — CAXapOMHLEThl — OBIBAIOT ABYX THNOB
cniapuBaHHA: @ W . KJeTku pasHBIX THINOB CMapHBAHHA yMEIOT Haxo-
IUTb APYT APYTa K 06pa3oBbBaTh a’t-AUILIONIbI, crnoco0Hble mpeTepre-
BaTh Meiio3 ¢ o6pa3oBaHHeM UYeTbipeX ranjioHIHBIX Crop. Y HeKoTOpbIX
(roMoTaN/IHUeCKHX) LTaMMOB ApoxKell TPOHCXOAMT 3(heKTHBHOE Nepe-
KJIOUEHHE THIA CTIapHBAHUA: APOXMKH Q-THIA CMIOCOGHI MpeBpallaThes
B APOMCOKM a-THMA, H Hac6opot. Takoe mepexiioueHHe CBA3AHO €O crne-
LIHaH3HPOBAHHON CHCTEMOH FOMOJIOTHUHON peKoMGHHAUMH. Y -1POXK-
el MMeeTcst TPH KOMHH TeHOB, OTBETCTBEHHDIX 32 THI CNIApUBAHHS. Bee
TPH KOMHM PACMONOMKEHBl Ha OJIHOH XpoMocoMe, HO 3KCMPECcCHPYIOTCS
FeHbl JIHWb OJHOH H3 HHX, PACTIONOXEHHOH B JIOKYCe MAT. Cnepa 4
cnpaea or MAT-JI0Kyca Ha 3HaUHTeIbHOM PacCTOAHHH HaXOAATCA MOJ-
uamme xonun: HMLa, colepxamas HHGOPMALHIO, He06X0AUMYIO /1A
TOTO, YTOObl APOMIKH ObUIH Gt-THNA CNAPHBAHHA, H HMRa c ungopua-
nMeft, onpeneisiollell q-THN CrapHBaHHA. TMocnenosatenbrocts JHK
B MAT-/oKYCe HIeHTHUHA JHO0 JeBoi (MATa-poxu), mu6o npaBoi
(MATa-2poxokd) Mosuallell KONUH. B 1poxxkax, CnocoGHbIX K fepe-
KJTIOUE HHIO, C OUeHb BHICOKOH YacTOTOH TPOHCXOIHUT 3aMeHa HHQOpMALHH,
cogpepxaueiics B MAT-okyce, Ha HHGOPMALHIO OJHOH H3 MOJYAIIHX
KOMHuii reHoB THna crapusanus (puc. 69). [lokasaHo, 4TO 3aMeHa 1po-
HCXOJMT NyTeM TeHHOH KOHBEDCHH N0 MeXaHW3MYy pefapailii IBYUero-
yeunoro paspbiea [THK. Tlpotiecc MHHIHMDYeT clieUHanbHas cafiT-cre-
uuduyeckas 3HAOHYKNeasa, MPOIYKT rexa HO, xoropast BHOCHT pa3pbiB
B ONpeleleHHYIo [0C1e/0BaTeNbHOCTb JIHK MAT-nokyca. Penapauus

Tomonozuznsie  nocaedobamensrocmu
HML ,HMR u MAT

Tun cnapubanus @

— el - T
HML MAT MR
yenmpomeoa
ﬂfﬂfl(/’m‘/ﬂ””e
muna
cnapubanua

Tun cnapubonus o

- Cm

Puc. 69. Pacnoaoxenne J10kycos HMLa, MAT u HMRa Ha Tperbeil

Xpomocose IpoxKei

(Fenbi THTIA CNapHBaHIiA He BHPakaloTCa BIOKYC
BaWHA ApOAAEBOIl KJIETKI ONPOAeAReTca rexnaMi, PacnoIoAeHHbIMK

ax HML 1 HMR. no3ToMy THN cnlapi-
B MAT-10KYce)
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PasphiBa B TaNIOHIHBIX K/JIETKAaX MOXKeT NPOHCXOAMTL JTHIWL peKoM-
GHHALHOHHBIM TyTeM, ¢ HCNONTb30BAHHEM B KauecTBe 5Taiona HML.-
Hit HMR-Konwii ren o Thna CNapHBaHHsi. B o1HOM cayyae nepekJioye-
HH: He MPOH30HIET, MOCKOMBbKY locheroBaresnbHoety JHK B MAT-
JIOKYCE H B ONHOM H3 MOJYAILN X KOMHE HICHTHUHEL, a B IPYToM clydae
NPOH3OHIET Cllenyiollee: 3K30HY Kaeaspl PACIHPAT pasphi 10 Tex nop,
TIOKa KOHLB! oGpasoBaBieficA Gpewry He OKaXXYTCSI TOMOJOTHYHBIMH
COOTBETCTBYIOUIHM YUaCTKaM MOJIYalel KOMHH TEHOB, ompeilensiomux
TTPOTHBONONOXKHBI THN ciapHBauus. 3atem OHK 5THX reHoB ucmosp-
SYETCSl B KAaUeCcTBe MaTpHIb Aasi 34CTPOHKH GpeluH (cM. pHc. 64 u 65),
T. €. conepxabiasics B MAT-nokyce HHPOPMANHS yTpauHBaeTcs H 3a.
MEHSETCH Ha MHPOPMAUHIO TeHOB APyroro THma cnapHsaHus. B aunuo-
HIHBIX a/o apoxxKax SKCIPECCHPYIOTCS jBa MAT-nokyca: a w a. B
TaKOH CHTYauuu rew HO ne paboraer M Hukakux NMepeKkIIoYeHHH He
TtpoHcxonut. TakuM 06pasomM, npHcnocobiiene JPOXIKEBOH KJETKH 15
TIEPEKMOYEHHA THNA CIAPHBAHHA (DaKTHYUECKH COCTOHT H3 OIHOTO (lep-
MeHTa — caiT-cnenudHyeckoii 3HJ0HYKJIeasHh,

3. CAHT-CHEL[Hd)H‘IECKAﬂ
PEKOMBHHALH S

Caiit-cneunduueckas PeKoMOHHAUMA — 370 PeKoMOHHauHs, KoTopas
B OTIHYHE OT rOMOJOTHYHOI He TpeGyer TIPOTSIAKEHHBIX YUaCTKOB roMo-
MIOTHH, HO A1 MPOTeKaHHs KOTopoit HeOOXOAMMBL CTporo onpenesaeH-

LHST BBINOJHSIET CBOMO YacTHYIO (yHKIUHIO, foctenoBareqabroctd JIHK
AT KaXIOOTo clyyas Takke PA3HYHb, OTMIHYAOTCA H depMenTHl, Mo-
STOMY HMeeT CMBIC/I paccMaTpHBaTh Ho OTAEIbHOCTH Pa3THYHbBIE CHCTeMbI
caiT-cneunduyeckoi pekoMGuHauuu. Oguako us JdaTbHedulero 6yger
fAICHO, UTO B OOUIMX uepTax MeXaHH3u caﬁT-cneumpnqecxoﬁ PeKoMGHHa-
IUHH BCETJa OJHHAKOB.

Tleppas uayvennas chcrema CalT-cieunpHyecKol PeKoMOHHauHH —
5TO uHTerpauusi cdrara Jasv6ia B XpOMOCOMy GaKTepHH-X03stHHa. [To-
CKOJIbKY OHa ONHCaHa B IJase o BHpycax (cM. ra. XIII), vul ge 6yaem
81€Cb Ha Heil OCTaHABAMBATBCH, OTMETHM TOJIbKO, YTO B OTVIHYHE OT
PacCMOTpeHHBEX C/1yuaeB X poMocombl 6aKTepuH H dara ue TOMOTOT HYHBI,
4 AN pPeKOMOHHALHH HeoGXOqHMbI CMeUHaTLHBIE MOC/Te10BATEbHOCTH
H CHeUHATH3HPOBaHHBI (epMeHT.

Ilpusep apyroit cucremsr cailT-cneluduyeckoi PexoMGHHaunu npe-
AOCTEB.IAET elle O1HH YMepeHHbIH dar £.coli P1. B or1nune or (ara 2,
Pl B ausorennom coctosnuu He HHTerpupyver B xpovocomy Kietky, a
CYUIECTBYeT B BH1e aBTOHOMHO HH3KOKONUAHOH M1a3mu1bl. Cradu.1h-
HOCTb HAC1e10BAHHA TAKMX MI1a3MH1 33BHCHT OT HX VNOpPSIOYeHHOI
CeTPEeralnH 1o 10YepHUM K.IeTKau TPH 1e.1eHHH. MexaHusu cerperauny
MOKET HAPYIIATbCH W3-3a TOMOTOTHUHON PeroMOuHalIH Mex1y 10uep-
HUMH Mo.eky.1aun darosot THK noc.te PENIHKAUHH: peKoMOHHaN:
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Puc. 70. Tomoaorsunas pexkoM-

4 2 0.1b-
HA MeXxly JABYMfA K - S
lﬁlle{:;l\lm penJHKOHaMH (fr‘li'?n}'(r lbgrapegyl':nz':"):'r?d;g:&o.ﬁ)mquon
(3701 .npouecc MOAeT HapyuiaTb HOp- pcouﬁuvuauuu e kaeT RHMEp C ABY-

l Cre -denoK

Puc. 71. MexaHH3M MOHOMEpH-
sauun JHK ¢ara Pl

MaJbHYIO cerperaunio pen:mKOHOBIIOHC?
AOHEDHIM K1eTKaM NpH AeTeHHH. oc-
KObKY 06pasyercs AHMepHas MOIeKy

ums lox P-call TaMH. Caﬁr-cneund)u;cec:
Kas pPeKOMOHHAUHA MeALY Hum;.m“:o
wecTB semMas Cre-GeskoM. sdde

e ; Pl. B pe-
a. He crocobHasi TOMacThb B ofe KieT sotovepsyioutns ,LHK dara P

2 i - s BO3HHKAaTh
Kd. [ NpeaoTBpalleHHs 3TOM cng,;“ SyAurate peaKuun ;‘c";g;“en e
HOCTH J10.1AeH CYLleCTBOBaTb MeXaHH3\ KaTeHaHb, HO HX <p
MOHOMepH3alUKH PerIHKOHOB) rapasa)

e;1eHUH

NPUBOIMT K 00pa30BaHHIO JIHMEPHOTO KO.1bla, KO’/'T()o)pOE&):FP}glxa(pq)ex-
P THWb B OIHY H3 J10YepHHX K.eTok (puc. 70). Pl e
no::ge;ﬁ.xmm 3Ty CJIOKHOCTb 32 CYET KOIHPYEMOH HMa 061:5 Qunl calt
Zﬁeunqmqecxoﬁ pekovGuHauuu. I1poayKT Q)arf)ssrc(;]ergiaﬂb%m“ 1eoKoH
yacToTOH TPOBOIHT PeKOMOHHALHIO MEXK1Y 1BYM CreuHabbe octe:
bpHocTAMH [oxP, HaxoislUMHCS Ha 04 MOJEKY:X ooy
IloaaTe.rI ra Pl cozepXuT OIHY Noci1el10BaTeNbHOCTh [0XE, ek,
e il B peay.1bTaTe rOMOJIOTHUHON DPeKOMOUH allMH Memo;xgm P
MoK y1a arosoil JIHK, colepxut iBe noc.1eioBaTedbH w lox®
Mone};zig?:{gp?:emauw ApyT OTHOCHTETbHO 1pyra. TyT PIOBBi;}Hl;:la i
" ng Cre-6e.10K, BHOBb paspesaiouiuil 1HMep 10 MOHOMe}g) s lpue 7).
?rrlp{'itro oynuenssiit Cre-6e.T0K MOXKET OC)’ULECTBJIﬂOTbOSCSHe%r“H‘ o e
X-.1160 10NO.THHTETbHbIX Q)aKToPOB u 6e3 JC?H p o aamer
oyre cafit-cnennpudeckoll pexoMOHEAUHM, O paeT
D oo B TOM OTHOLUEHHH, UTO B Xole peKoMOHHALHH B T
TOHOHaOMepaE};I{K H koeanel—lmo CBA3bIBAETCH C OJHHM H3 oﬁupasgzau
s Kot 3amacas TEM CaMbiM 3HePrHi0 pa3opBaHHOH C .
HIHXCA KOHLOB, "



Mpodar Pl we enuncrsennmii o6,
YeCKOH peKOMOHHaumy, Heo6X01MMoit
Takue xe cuereMbl ectb Y MHOTHX IDVIHX NJasmui. B cBasu ¢ 3tum
HEOOXOIHMO OTMETHTB, YTO K KO.IbLeBLIV PEN.THKOHAM OTHOCHTCH TaKike
GakTepHasbHas Xpomocoua, TIPH YNOPSAI0YeHROH cerperauny KOTOpOoit
TaKMKe MOI'YT BO3HHKATbL C.JIOMHOCTH, aHA1I0THYHbBIE ONHCAHHBIM BbIlLe
ans para Pl (cm. pue. 70). Ha STOM OCHOBAHHH MOXHO NpPeIN0I0KHTE
BOSMOXHOCTb HaMHuHA cafiT-crieunpudeckoil CHCTeMbl peKomGHHaluH,
MoHoMepu3yIoLleli GakTepua.TbHyio XpoMocomy mepex JeeHHem K.aeTok.,

Hpodar Pl seasercs of1al1aTelem ewe O1HOH cHCTemb! calT-cre-
UHHYECKOH pPeKoMOHHAUHY: B cocrase darosoit THK nveercs yyacrox
(C-cervent), KOTOphIft B 01HHX MoaeKviax JHK HMeeT O1HY Opien-
TalHio, a B ApyruxX — apyryio. 3a HHBEDCHIO OTBEYaeT NPOIYKT aro-
BOTO TeHa cin, pabotaowuil ana oruyno NIPOIAYKTY reHa cre, ¢ To# JHmp
PasHHIeH, 4To y3HaeT npegHasHaveHHbe A1st Hero caitTel, daaHkupyio-
wue C-cerMen, 8 HHBEDTHPOBAHHOMA B3auvHOl opueHTauH. Buonory-
YeCKHH CMBIC/I HHBEDCHH cervenTa AHK pacemorpum na npumepe Ipy-
Tforo ymepensoro ¢ara Mu, y KOTOpOro ToXe ecTe HHBEPTHpYembllt
CerMeHT.

Huseptupyemuiit cervent thara Mu HaswiBaetcs G-cer

OTBETCTBEHHBIH 323 HHBEPCHIO,— gin. G
3000 n. 0. u ¢

1aJaTteIb CHCTeMbl caiiT-cneunpy-
474 CTabHIbHOTO HaC.1e10BaHHS.

MEHTOM, a reH,
“CETMEHT HMeeT pasMep 0Ko.To
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Puc. 72. HUusepcus G-cermenta ¢ara Mio

(Husepcus nposcxoaut 6.1arogaps cafiT-cneunduueckoit peKoMGHHa-
UHH MeKAY ABVMS HHUBEPTHDOBaHHBIMY MOBTOPAMM. OKPY A AIOUIHMI

cerent. TTpy o1noil opnenTauny cermenta DVHKLUHGHNDYIOT Tewbr
U H S, a npu npoTuBonotosnof — reust U u 87, Tak Kak - TH renm
OTBETCTBEHKH 3a a1COPOUNIO Ka GakTepui-xo3snue, To OPHeHTaUHSA
G-cersenta onpeleaser KPY¥T x03s5ieB GakTepiodara)
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73. CyveHa ¢a3 y caib o amarenmna

ﬁ:ﬁ; H1 1 H2 KOAWDYIOT pa3nble q).uaurenmln:di‘gggggw::::pecﬁ:m;emed;“a T
i aeTcsl 3a cyeT cafT-cnew D o b eropoly Teih

Ha JApYyroil JOCTHTae B o i HTalHH [POMOTOp Hanp a

. y e Onio H2 cuureanpyerc
o npsoi:dconlrpoe%cnpyercﬂ. OaKOBpEMEeRKO C q::xarenn};;‘l;o: B Y or,
e Kompb;[éng Hl. B 1poTKBONOI0AHOH OPHEHTALUHH FeHbl T2
enpeccop .
gosmmy akTHBek ren HI)

H HT- HyecKast
noc/ie10BaTeJbHOCTAMH JIHHOH OKOJO 620 n.Mo.Mg:(;; cr;g;xz(ﬁ ieckan
D mpon ocym.eCTBJﬂexgisgerig:{}:?;ac 72). U B 3tom cayyae

K nHBepcHu (-cer . ¢
%iﬁ?éegg:aggggmyﬂ ngnoéﬂo TOMmon3oMepase, CaMeOCI\:g?I;S(J;’?IH(h I(?{C}{-
ecTBIAA U Pa3pbiB, H TepeKpecTHoe ﬂnsmpoaauulom”e o opo.
B cocraBe G-cerventa umetores reisl U U S, KOM—an e Geaki oTpo-

(para, npuyeM B OLHOH OPHEHTALNH G-cerven _p e et 15,
gZ)KaaTuX 1“EHOB a B MPOTHBOMO.102KHOH OPHEHTALHH llp}im wanpasae.
P oKy G-CerMent TPaHCKPHOHPYeTCA TOJBKO B OLHOM npanae;
aon. Ter U u S onperetsiior Kpyr xosses GakTepHopara: np QAo
i ron G]:[cervxema ¢ar Mu cnocoben agcopbupoBatbhest Ha E. ¢
op“eHTau”?l t ﬁz’murium H Pa3svHOXaTbCA Ha 3THX 6aKTepp6mx, ng::
oo amggﬁ OpHEeHTAlHH par MOXKeT 3apaKaTb APYTHE alfrTeE y
npm}j{?{%rllﬁmr%vnnu: Citrobacter, Shigella, Erwinia, Serr?tt%arva ‘\P;u
I;g;)uaesom Ha.JHYHE MHBEPTHPYEMOro CErMeHTa ?Ojfgﬁge@me;;nanb-
/L1ECTBEHHO paciuupuTth Kpyr xossieB. MHIuBH1Yya/bH) .
}Ciy%efﬂeﬂ(v 3apaxaer (haropas 4acTHIA C BIO.IHE onpenen“e s o
egrauneﬁ G-cermenTta, W TNpPH THTHYECKOM pa;lbgﬂol?{()ennummmbm“
OpHeHTAallsl TNPeHMYIIeCTBeHHO COXpaHsercs. e aeso.
CylIecTBOBaHNH (ara B IH3OTEHHBIX KIETKAX B A opara np o
. JKeCTBEHHbIE aKTbl HHBEPCHH, B Pe3y.IbTaTe PasHb Jusorenue
,um;;&:{o coiepXat npodari ¢ pas’IHYHOH OpHEHTalHeH Gcermenta:
KnePeKo.\tfmHauuoHan"x MeXaHH3M nepexmoqeﬂém angdH?SHOCtyphimurium
NOJb3YIOT He TOJIbKO (hard. AHa’lorudHbiM 00pasoM .
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Mtiger
BQXHOCI:{m :;p;':)a;[eaflﬂnna, H3 KOTOPOTO NMOCTPOeHB! XTYTHKH Ha ee Mo
. €HHE Ha3bIBaeTCst cmerHol )
o Snoct E g i a3 (puc. 73). Heobxo
CT.Jmoulheq;(});g)epMemH CauT-cretupuyecKoil pekomMGuHaLHy océm?
Heone €PCHIO cermMeHToB taros Pl u Mu u cMeHy a3 v’ca TbMO
Hﬂ’Mbl,) q}gr};gnzcémonormﬂbl MEX1y CoO0H (M oTYacTH B3avnwob3a.we-
EMbI), TeILCTBYeT 06 05u(H , A
Cattr-oneunt ILHOCTH HX NDOHCXOXKIEHHN
HYECKHe DeKOMOHHaL 1O :
or e ) HHble CHCTEMbI €CTb H Y 3yKapu-
Hmomqggﬁ):;e H3 HHX OYEHb HaNOMHHAIOT 6amepnaﬂbumg o,nne?}?o
Henen 16K CMBIC.T DEKOMOMHALHH B 3TUX Caydasix, Kak hpaamo
Kotc’)unéuuuagr?g?eHHOM C1ydae, KOrla po.1b calit-cneunduyeckoi be'
JIHE [OHATHA, He H3Bec é o .
AU B : , T€H MeXaHM3M PeKOMOHHA
Hunﬂahg:;i COOpKa H3 BaApUAGEAbHBIX M KOHCTAHTHBIX yacrtei QJLL:;:-.
TEHOB MMMYHOT/I06y.THHOB H peuentopos T-KieTok Y

4. 3BOJIIOUHOHHAS POJb
PEKOMBHHALIMH

Bbl K 1 THUC L e )’ 1eTKe. ( T
e y e y A
OMHHAJIHCh (:p\ HKUHWH p KO\(GHHa 11 B K K anT-

Cliery {¢
KO};pq;?;{)e/g\c:lﬂCp:KOMGl{HaHlI‘Lﬂ BCErla HIpaeT Ty HJIM HHYIO BNOJHe
acTHY10 poab. [omomoruy 1 :
Bah MO, Hasl DeKOMOHHALUSA TOXe UM
‘IEMeeng.(:)?Ke%eqTHb"e HErOCpeACTBeHHbIe (BYHKUUH, HanpuMep oéy:ecfxi
e [‘OMO’IOFI)'OBL H::gg)?”o“ PENapalny uaIH OCywiecTBeHUe cnapupa
. , OIHMOrO 1151 NPaBH.Ib i
Mo MO0 ’ PaBHJIBHOTO pacXoXKI1eHHs Xpo-
Ha “rs:::eéqlél:bhgoxqe STHX HENOCPeICTBEHHBIX QYHKuui peKOMgz
aXXKHYIO POJb B 3BO. i .
AL JIOUHH KHBOH MPHPOBI
OYepelb C/egyeT oCTaHO e
ey BUTbCH Ha i i
PP pou meHornyeck
06&{}8;;8?51 [IPH N0.10BOM Pa3MHOKEHHH OPTaHU3MOB. SToT npoueocﬁ
D reHOBomaune Pa3HOOOpasHbIX KOMOHHal il POICTBEHHHBIX Ba-
N, v T. e. obecrniedusaer KOMOHHATHBHYIO H3MEHYMBOCTD
s oar BTo3Hm<aeT BO3MOXKHOCTb OTGOpa GJIaronpusiTHEIX KO'\{GLI:
it oméfn; €. reHomos. C apyroii cropomel, Grarogapsi pekow-
cxor 8 'me; HEI® TEHBI MOTYT OKa3aTbCHl B Da3iHUYHOM «TFeHeTiye-
o1 Bpgemi(m;», APYTHMH C/OBaMH, TeH MOIBEPTAeTCs AaBJEHHIO
M YCPEIHEHHOM reHeTHye
o] 1o I CKOM OKpYxeHuu. He 6 -
COB(;;:#OH(:]{;"[: eﬁg:graermbmu OTOOp MOr 6bl 1efiCTBOBATL JHIUB i‘;bsg?o
B OZHOH XPOMOCOMBI
e mC ) Mbl, HO He Ha OTHeJbHBIH reH.
6op, BblcopKaoaaOM, pekomOuHauus obecrieunpaer CaMy BO3MOXKHOCTb o?-
o pacnoﬂfanrr‘:{ri}é:lx TEHOB. 31ecb e CTOMT OTMETHTb, YTO reHul
Jare Ha XpoMocoMax He C.1yyaii
Koprert | ; ) C.TyYaHHBIM 06pa3oM: 6.1H3-
HOJIepraro:cf:HHbIe Te€Hbl Pe1KO pa3jelsitoTes peKomﬁuﬂaungﬁ u LIO.T)KII-;::I
TS Torioa,langaunn, NOSTOMY 3BOTIOUHA 10.1KHa Oblla «103a-
2 ren O M, YTOObI PSIOM pacriofaralinch He CIyyaliHEle redbi
o W 101HE OfIpe1eleHHOe OTHOLUEHHe 1pyT K apyry ’
AOXKHO 1yM4 i :
e CBHE;:la}HédTHbNyiel::{% ucmpoxoe panpOCTpaHeHHe NO.10BOTO pasMHo-
) ero Croco6HOCTLIO 06 :
i ’ o0ecrneyuBaTbh pPeKOMOH-
i— ?ef{g:qt]lr }\OMénHamsH_\u’}o H3MEeHYHBOCTE 1 OTGOp Bb!C}())KOa.las-
- Hhame y GaKTepuii HMEIOTCH aHa.10TH MO.I0BOro npouecca
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T03BOJAIOLIME POACTBEHHBIM GaKTepHAM OGMEHHBATbCS TEHETHYECKOH
ungopmauneit (em. ra. V). .

PekoMOUHALMOHHBIE MPOLECCH! UIPAlOT TaKXe BelyLLYI0 pOIb B 3B0-
JUOLMH CTPOEHHS FeHOMOB B 11e1oM. [leo B ToM, 4TO nepecTPoiKH reHe-
THYECKOro MaTepHala YacTO MOXHO OGbACHUTb PeKOMOWHallMel Mex1y
TOMO.IOCHUYHBIMH NOCA€10BATE 1bHOCTAMH, OKa3aBIIMMUCS B HErOMOIOTHY-
HOM NOI0MKeHHH (Poab TaKUX [OC.Te0BaTe1bHOCTEH MOTYT BbINOJHATD,
Hanpumep, MOOHIbHbIE FeHETHYECKHE STEMEHTBI; CM. T V). Ha puc. 81
(cM. c. 126) noKa3aH 01HH BaXHbIA 4aCTHBI C.1y4all «OLIMGOUHO» peKoM-
6HHalMH — HepaBHBIL KpoccHHrosep. B pesy.bTaTe 3TOro npotecca
FeHeTH4eCKHil MaTepuasl OIHOH H3 TOMO.JOTHYHBIX XPOMOCOM [€1€TH-
pyeT, HO B IPYToil XpOMOCOMe BO3HHKAET 1yILTHKALkS. Cuuraercs, 4T0
Taxue YILTHKAWHH HIPAlOT BaXKHYI0 PO.Tb B BO3HHKHOBEHWH POICTBEH-
HbIX, HO Pa3.THYHBIX [€HOB, OCKOJIbKY MPHCYTCTBHE B [EHOME C.THILHHXY
Komuii KaKoro-1ubo reHa Mo3BO.IAET HM CPaBHHTEIbHO CBOGOIHO H3Me-
HATHCS, YTO, B TPHHIHIE, MOXeT MPUBECTH K BOSHHKHOBEHHIO HOBBIX
dyHKUHA esKa — MPOIYKTa reHa. [lo Bcefi BepoATHOCTH, 3TO O1HH U3
nyTeit BOSHHKHOBEHHA MY.JIbTHIEHHbLIX ceMefcTB, XapaKTepHbIX 111
FGHOMOB BBLICIIMX 3YKApHOT M KOAHpywoWHX OelKH €O CXOIHBIMH, HO
pa3.TMUHbIMH QYHKHUAMH.

Mex1y TOMOJOTHYHBIMH Te€HaMH OIHOrO My.IbTHTEHHOro cevelicTBa
{cM. 1. 1X) Takke BO3MOMKHBI pekoMOHHalHOHHbIe OGMeHBI, Hanpuvep
reHHas KOHBEpCHA WIW HepaBHBbIit Kpoccuirosep. Takue oGMeHbl MOTyT
uMeTb pAl JoBOMBITHEIX caelctsuil. Hekotopble My.IbTHreHHble Cce-
MeficTBa, HATpHMep THCTOHOBbIE reHbl, COCTOAT U3 BHICOKOTOMO.TOTHYHBIX
TetoB. PekoMOHHALHOHHBIE 0OMEHbl MEX1y HUMH J0.TKHbI CnocoGCTBO-
BaTh «yHU(UKALHHY [10C.1€10BATETBHOCTH BCEX [EHOB ceMeiicTBa, TaK uTo
TaKHe ceMeilcTBa JOTKHBI 3BO.TIOUHOHHPOBATh Kak eluHCe uedoe, Ges
SHAUMTETbHOM AMBEDreHIlMU OTIeTbHbIX Y1eHoB cevefictsa. Hanporus,
y Tex ceMelCTB, Y.1eHbl KOTOPbIX CHIBHO 1MBEPTHPOBATH, peKkoMOHHaUHA
MOXKeT MHOXKUTb pa3H0o0Gpa3ue CYLIECTBYIOUHX BapHAHTOB, MOCKO.IbKY
TIpy oBMeHe MeX<1y ABYMs FeHaMH MOXET MO.Ty4HThCA TpeTHil, paHee He
cyllecTBOBaBIIHi BapHaHT. Takue coGBITHSI O0Hapy>KeHbl HE TOIbKO B
cydae CrelHa.TH3HPOBAHHBIX PEKOMOHHALHOHHBIX CHCTeM, Halpuvep B
TeHaX NOBEPXHOCTHOTO ITHKONPOTeHHa TPHIAHOCOM, HO H B BapHabe.1b-
HBIX MY.bTHTeHHBIX ceMeficTBaX M.IEKOMUTAIOWMX, HalpuvMep Cpeld
V-reHoB WMMMYHOIIOGY.JHHOB H CPeld TeHOB T14BHOTO KOMILIeKca
THCTOCOBMECTHMOCTH.

Taknv 06pa3soM BUIHO, UTO pexoMOuHallus HTPaeT pasHoobpas3Hbie,
o4ac MPOTHBOPEYHBbIE POIH B 3BOTOLHH [EHETHIECKOro Marepia.a.

JIUTEPATYPA

P. 5. Xecun. Henoctosnctso reroma.— M.: Hayka, 1984.
®. Adaaa, Jdx. Kazeep. CoBpeveHHan renetika — M.: Mup, 1987. T. 1, 2.
Tx. Yomcon, dn. Tys, JI. Kypy. PexomGunantuie THK.— M: Mup,
1986.
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I'naBa V

IVIASMH]IbI H MOBMJIbHBIE
FTEHETHYECKHUE 3JIEMEHTbI
BAKTEPHUHA

B nociennue roael ctano oveBHaHbIM, YTO H3MEHUHBOCTE
NPOKAPHOTHUECKHX OPraHK3MOB CBA3AHA He TONbKO ¢ TOY
LHSIMH, XPOMOCOMHBIMH MepecTpoiiKaMu
LUMOHHBIMH COCBITHAMH, HO H C NOJBHIKHBIMH, WK MOOH.TbHBIMH, TeHeTH-
JECKUMH  3.1€MEHTaMM — CPaBHHTEJIBHO  ABTOHOMHBIMH  CerMeHTaMy
“JHK, crocobubiMu BetpauBathes B remow KJeTKH-X035MHA U Bbipe-
3atbest M3 Hero. K MOGHIbHBIM 3.7eMeHTaM MOXKHO OTHECTH H HeKOTopble
BHPYChl — B 3TOM C/1y4ae BO3MOXKHO MepeMellieHHe He TOIbKO B npeze-
JlaX TeHETHYECKOro MaTepHa/ia OIHOH KJeTKH, HO M MeX1y KiIeTKavu
(cm. ra. XIID). Y Gaktepnit NIepeHoC reHeTHYeCKOoH HHpOPMaLHE Mex 1y
KJICTKAMH MOTYT OCYIIECTBIATb He TOJbKO BHPYCHI, HO M M1a3MHIbI,
MHOTHE M3 KOTODBIX MOTYT BCTPAHBATHCH B PA3THUHbIE YYACTKH reHOMA
KJCTKH-XO35HHA U MOITOMY TOXKE MOTYT GBITb OTHECeHBl K MOGH.IbHbIM
aneventam. TlaasMuabl 1 MOGU/IbHBIE TeHeTHYecKHe S.eMeHTb HrpawT
CYWLeCTBEHHYIO DOJIb B 3BOMIOUHH GaKTepHil.

KaK 3y-, TaK H
€YHbIMH MyTa-
JIH ONMHCAHHBIMH PeKoM6HHa-

1. BAKTEPHAJIbHBIE NJIA3MH/ bl

Kpome xpomocomsi y 60JIblUNHCTBA BHIOB GakTepuii CYILECTBYIOT apy-
THe crocoGHble K aBTOHOMHON perHKaluu CTPYKTYPBl — MN/1a3MH1bI.
7o 1ByuenoueuHsle Kosbuesbie JIHK pasvepoym ot 5 100, 1 % pasmepa
XPOMOCOMBI, HeCylHe TeHbl, He ofs3aTeNbHble 151 KJIeTKH-X03s1HHa,
HIH TeHbl, HeOOXONMMble JHIIL B Onpelie.leHHO cpege. Hanpuwmep,
11a3MHabl (R-baKTOpbI) MHOMMX KJIHHHYECKHX LITAMMOR HeCyT ycToHyy-
BOCTb K aHTHOHOTHKaM, KaK MpaBHAO, CPa3y K HeCKOJbKIM. HOpyrue
N71a3MHbl ONpeneisiioT 60.1e3HeTBOPHOCTb MATOreHHbIX GakTepuil, Ha-
TIDHMED MaTOreHHbIX wWTaMMoB E. coli, Bo3BypuTeteit YyMbl H CTO.16-
HAKa. TpeTbu — onpeneasior cnocobHOCTb MOUBEHHDIX Gaktepuit me~
T0.1b30BaTh HeOOBIYHbIE HCTOYHMKH YIIepojia, cKamew HapTa uH.
Las ceoeit penauxauuu nnasmuibi HCTOJIB3YIOT PeMIHKATHBHYIO
MallHHY KJIeTKH-XO03f1MHa, OAHAKO DPeM.IHKalHA M1a3Muj NPOHCXOAUT
HE32BHCHMO OT XpoMocombl. Kaxkias nnasmuia sisisiercs camoctos-
TEIbHEIM DEMAHKOHOM, caMa KOHTPOJIHPYET COBCTBEHHYIO PemiuKALHIo
Y NOI1EPAKUBALTCSt B KJIeTKe B ONpeleleHHOM, XapakTepHOM A1s Hee
uHce Komui. Ins XapaKTepHCTHKH M1a3MUIHbIX PErNIMKOHOB HX NpH-
HATO pasbuBaTh Ha IPYNNbI HecoBMecTHMOCTH. Jledo & TOM, UTO eC.1H
CXOICTBO PEILTHKOHOB CTOMb BETHKO, YTO CHCTEMA Dery.Isiiu pen.uka-
LHH (H.1H CHCTEMA cerperaluu moneky.1 ITHK npu 1eaenun ki1etkn) ue
MOKET Pas.IUuHTb HX MexX1y cob0il, TO 1Be M.Ia3MHIbl OK23bIBAIOTCS He-
COBMECTHMBIMH B O1HOM K.I€TKe: MOC/e POCTa KJIETOK B Hece eKTHBHBIX
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YCJI0BUAX B HHX OcTaHetcs Ju60 ofiHa MiaasMuia, Jn6o apyras. ,EIB:
n/1a3viabl PasHbIX TPy HecoamecmMoﬂcmﬁHiﬂhg:(ueaxoT ApYyr ApYyTY

TabUJIbHO COCYLIECTBOBaTh B OJHO . )
MOFIYITeK‘;Topre GakTepuaibHbie N/1a3MHIbI (o6p1uHO nocraroq:ro a‘%ﬂe
Hble) CrOCOGHBI MepeaaBaThesl U3 ONHOH KITKH B APYTYIO, P\;H alwlexoro)
B KJIETKY APYroro Buaa 6akTepuil (Kak npagH.10, He CHLIKOM 1 ésoﬂcrn;;
Takue NIA3MHAbI HA3bIBAIOTCS MPAHCMUCCUBHOIMI, H nx(reHH o
onpejesiioTcsl TPYINO# TeHOB, OTBETCTBEHHBIX 3a MepeHoC e Lra).
TpaHCMHCCHBHBIE Na3MUIbl KOJIHPYIOT CllellHaIbHble Bopcm{e ;Kaulnx
Bble MUK, KOTOpble MOSBAAIOTCS HA NMOBEPXHOCTH KJIETOK, COl ?mocrmo
TI1a3MHIbl, M CNIOCOOHBI cnellbhHYIeCcKH CBA3BIBATbCA C nosepmrnsaer
GecrniaaMHIHbIX KJaeToK. [locenyiolilee cokpallieHHe MHIs HEH Arnsaet
KAETKH APYT K APYTY H MeXAYy HHMH 00pa3yercst MOCTHK, eptra-l'euu
puiit niasmuanas JIHK moxer nepeaarbgﬂﬁgﬁuosym KJIEeTKY.

J1a3MH], 4aCTO CXOIHbI MeXily co6oil.
pa3g§gc;61nfc\:bxnepenasaTbcg B HOBble KJEeTKH — M0J1e3Hoe :’lﬂﬂ nna:;:
MH KauecTBO (cM. Hipke), HO HLb GOMbIIHE MIA3MHIbI MOTYT K()éle}é%e-
BaTb CJOXHYIO CHCTEMY MOBEPXHOCTHBIX H3MeHeHHH Knem}:.ﬂgwor i
YyBaoulyto Konbioraiuto. [103ToMy MHOTHE MeJKHe M1a3MuL ; TACTBEIIH
nepeaaBaThesl caMH MO ceGe, HO CMOCOGHBI K Mepenade B np;gui;u S
TPaHCMHCCHBHBIX MJ1a3MHA, ugnonbsy::bl;); annapart KOHBIO .

bl HAa3bIBAIOT MOOUAU3YeS .

K”en{]&?mi nepetaun JAHK u3 KJneTKH B KJIETKY COCTOHT B ZOE'\«:}?
crelHasbHbI! OeJIOK y3HaeT olipeleneHHYo nocma,mBaTenbnoce’rbl;méVl >
mylocs Y TPAHCMHCCHBHBIX H MOCH/IH3YeMbIX MIasMul M HZ:{O enquq-
OpUONC LHOM NEperoca, BHOCHT B 3TY NoC/1e10BATE/IbHOCTD Oa3aTLév| et
HbIfi Pa3pblB M KOBAJIEHTHO CBA3bIBAETCS Cero 5'-KOHLOM. Sarex uen
JHK, c¢ xotopoil cBa3an 610K, MepeHOCHTCS B Knemq):ﬂpxe.noﬂo e,
'a Hepa3opBaHHAf KOMIIIEMEHTapHas UeNb OCTaercs B K/ tra;renaaiy;
Becb 3TOT MNpoLECC OCYUIECTBIAIOT OelKH, KOpHpyevble a-rexavi
TPAHCMHCCHBHOM MIa3MHU/Ibl, B HACTHOCTH OXHH H3 3THX FeHOB « 1 ap?;e.
creuHanbHylo Xeankasy, koropas B ATP-3aBucumoil Peaklllle”nn I,)U,HK
JisieT TIePEHOCHMYIO B DELHITHEHT H OCTalolLlyiocs B JOHOpe i -
Kaetounsiil annapar cuntesa JHK noctpausaer oxuHounsre e 8
JOHOpe U B DelHMHeHTe 10 Aynaekcos. bedox, cupswui Prilia:-mmm e
TlepeHeceHHO lenH, BuaHMO, criocobeTByer 3a.v1bma}{mﬁo AaIMIIN B
PellinUeHTHOH KJaeTKe B KOAbLO (TakuM 0GpasoM, 310T Geno Janon
HaeT MO cBoOHACTBaM TOMOH30Mepashl 1-ro THNA H pojcTBEeHHbIE dep) ,
nanpumep A-6es10K para @X174; cv. ra. XIIIy. R

VY uexoTophiX GaKTepHil, B OCOGEHHOCTH IPaMIOIOK SbHLX, ¢
LecTBYeT MpPOLECC ecTeCTBEHHOR TpaHcopMauun (cM. p:Ti Baxrepuu
raaebl). Haxoasicb B 0co60M, KOMMETEHTHOM, COCTOSIHHHE, Saxrepuy
crioco6ubl moavyate JHK, okasaewyocs B cpeie (Hangm{ p.e e
13 NOTHOIHX KJETOK), B YAaCTHOCTH M.1a3MHIHVIO B.Hrll( To(eHuCcho i
TyTh MepeMellleHHs M1a3MUL 3 KIetku B Kilerky. llpu qudumb g,ﬁua
UHH TPaMIOJIOKHTEIbHBIX GaKTepHil B K.J1eTKy npomn(aeTé it 01a
auneiinas uens JAHK. IMostoMy 1,18 BOCCTaHOB.I€HHS KOIbLUEBOTO M.



MHIHOTO Pell.THKOHA YacTo Heo6X01HMO, YTOGh! B TPaHCHOPMHPOBAHHYIO
KJeTKy TonaJa oJHroMepHas opMa M.1a3MH1bl; 3aMbIKaHHE B KOJbLO B
3TOM C.1ydyae NPOHCXOINT 3@ CUET FOMOTOTHYHOH peKOMOUHALHM MekKAY
NOBTOPEHHbIMH T10C1€10BaTe/IbHOCTAMH OJHIOMEpa.

2. I1S-3JIEMEHTbBI
H TPAHCNO30Hbl BAKTEPHH

IS-s1ementnl (0T aHr1. insertion sequences — noc.1e10BaTeIbHOCTH-
BcTaBKH) — 310 cermentnl JJHK, criocofubie Kak Lieloe nepeveriatscs
H3 OJHOTO y4acTKa .10KaTn3auuu B apyroit (puc. 74). 1S-aaements co-
IepKaT .1Mlib Te TeHbl, KOTOpPble HeoOXO1MMbI 118 HX COOCTBEHHOTrO
nepemeweHus — mpaucnoduyuu. Kpome toro, I1S-aseMenTthl HveroT
0cobyio 10C.1e10BaTeIbHOCTs Ha KOHLAX, Kak NPAaBHIO, UHEEPMUPO-

- [S-anemenm

_— T

R

—_—
~——— T ———

a

28H [UNU 2eHbl), ROOUpyrowUld
mpacne3asy, 0enox, Heolroou:
Mbid ONF  NEPEMEUIEHUA

— ol T 2 Mpc>——

Kopomuue Kowyelsie /

unbepmupobannsie nobmops!

dynaukayus AHK - muwenu,
Oosnunarawas npu bcmpau -
daxuu 1S- 3nemenma

al

Puc. 74. IS-3.aemeutn

[Baktepuaashbie 1S-3eMentt — 310 cerventsi THK, crocobHue Kak uetoe NepeMellaTsCa ¢ 034
HOT'0 MeCTa .TOKa.JH3aUHH Ha Apyroe (a). 1S-30eMeHThl (6), KaK NPaBH.T0, KOAHPYIOT Geaok (6eIkH),
Heo6X0auMbIt 115 HX nepeMellieru s (Tpakcnosuuni). [To KoHUaM .7eMeRTa PacHoT0AKeH b KEBepTH-
POBaHHBIE NIOBTOPbLI, Heo6XoIuMbie 115 ero TPAHCMO3HUHKH. ¥ pa3HmX [S-3.eMeHTOB 11HHKa KoKue-
BhiX NI0BTOPOB BapbHpyeT oT § 40 40 n. H. [T0BTOPH MOTYT GbiTh COBEPUIEHKHMH H.TH HeCcoBeplIeK-
HuiMH, [IpH BCTPAHBAHHH B HOBbI YYACTOK J0Ka u3aunit [S-51eMeHTH BHIMBAKT He60TbLIVIO Y-
nankaunio AHK-Muwern. vacto 3 uan 9 n. o. AyNaHUKpPOBaHKbE NOC.Te10BATEIBHOCTH OKPY A AT
‘S]"é.ate).\lEHT ]Ha HOBOM MeCTe ¢ ABYX CTOPOH. Pa3Hble [S-3.€evenTh nuewT IIHHY of ~730 zo
-~ n. o.
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garHbte nogmoptt. T1pu BCTpauBaHuH B HOBYHO nocaenoBateasHocts JTHK
IS-3;1eMeHTHl BHI3BLIBAIOT HeGO.IbLIVI0 AYMLIHKALHIO! AVILTHLHPOBAHHbIHA
V4acTOK C JBYX CTOPOH @.1aHKHpyeT BCcTpoMBLIMACH [S-sqement
(puc. 74).

Tpancnosonamu (Tn-3neventavu) HasbiBaior cermertsl JHK, o6aa-
Jlalollie TeMK Ke CBOHCTBaMvH, uTo M 1S-37eMeHTH, HO colepiKallue,.
KpOMe TOTO, TeHbl, He HMeIOLLHe HEeroCPeICTBeHHOrO OTHOLIeHHS K TpaH-
cno3ului. TPaHCMO30HB MOTYT HECTH TeHbl YCTOHUMBOCTH K aHTHOHO-
THKaM, TFeHbl TOKCHHOB W.IH TeHbl JOMO.THHTEIbHLIX (EPMEHTOB KJeTou-
HoTo weraConusma. B ofileM, 1151 TpaHCNO30HOB XapaKTepHbl Te Xe
reHbl, KOTOpbe BCTPeYaloT B Mi1a3vuiax. boaee Toro, Hepeako npucyTeT-
BHE B COCTaBe MJ1a3Mii/lbl TOTO WM HHOTO reHa ofyC.10B.1eHO HalH4HeM B
noc.1eloBarte bHocTH M1asvuaHoll JJHK cooTBercTBylowero TpaHcno-
30Ha (cM. pasier 3 srofl riasel). Tpauncroson Moxer GbiTh YCTPOEH
Tax Xe, Kax IS-31eMeHT, HO ¢ j0MOTHHTEIbHBIM reHoM. OJHaKO BaXKHO
OTMETHTb, YTO YacTo ABa [S-371evenTa, OKasaBluHecs NOGAH3OCTH APYT
OT 1pyra, crnocoGHbl MepeMewlaThcs BMecTe, OJHOBPEMEHHO MepeHocs
3ak.TiodeHHblH Mex1y Humu cerment JJHK. Takum o6pasoM, aBa pacmo-
TOMEeHHbIX paloM 1S-s’ementa MoryT ofpasoBath TPaHCNO30OH. TpaHc-
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Puc. 75. Hexotopbie 6akTepHa.lbHble TPaHCNO3OHH

[CocTaBHbIe TPaHCNIO30KHBl COCTONAT 3 TeHa. oNpeaelsoLero Kakoil-
An60 NpH3HaK (HanpHMep, VCTOHYHBOCTD K aHTHOGHOTHKY). OKpYKEH-
Horo [S-3evedTamn B npsavoii (Tn9) uau mHBepTHpoBaHHOM (Tnd)
B3aHMHOI1T OpieHTawh. PA1 TPAaHCIO30HOB HMEIOT JAPYroe CTpoeHHe H
HKaloMHHAOT [S-3.1eMeHT ¢ T0NOIHHTEIbHLM FeHoM. [TpuMepoM MoXker
cnyxuth Tndj

n3



TNO30Hbl Pa3MyYHOA CTPYKTYPHl NMOKa3aHEI Ha KOHKPETHHIX npuMepax
Ha puc. 75. Tak Kak Ha KoHuax IS-anemeHTOB HaxoxsATCs MHBEPTHPO-
BaHHBIE NMOBTOPHI, TO BHE 3aBUCHMOCTH OT B33aWUMHOM OpHeHTauuu IS-
3/1eMeHTOB, 0Opa3yIoWMX TOT WJIH HHOH TPaHCMO30H, noBTOpPLI, Gnan-
KHDYIOUIHE TPAHCMO30H B LEJIOM, Bceraa OYAYT HHBEPTHPOBAHHBIMH.
ITH NOBTOPbI HEOBXOAUMBL /TS TIepeMelleHHil TPAHCNO30HA KaK LeJIoro.

Tpancnozonst 1 IS-sneMenTH OTBeTCTBeHHB 3a HebIL psil TeHeTH-
Yeckux fiBNenud y Gakrtepuil. BeTpauBanue MOGHJILHOTO 3JeMenTa B
KaKOH-/THGO reH MOXKeET NPHBECTH K ero uHakTHBauui. Kpoe Toro, Heko-
Topble 1S-3/1eMEHTBl M TPAHCNO30Hbl BbI3HIBAIOT reHeTHYeCKYI0 HecTa-
GuIbHOCTbL NOBAM3OCTH OT MecTa CBOefl JOKaM3alluy: B OKDeCTHOCTAX
S/IEMEHTA 3dMETHO MOBHILIETCH YacToTa Ae/ielnil M WHBepCHi, npuuew
OllHa M3 TPaHHU NepecTPOHKH BCerza COBMAnaeT C OJHHUM M3 KOHLOB
IS-31eMenTa, aBTOHOMHOrO WJM B cOCTaBe TpaHCNO3oHa. MoGH/bHbIE
3JIEMEHTB! CNIOCOOHBI BHI3BIBATL TaKxKe TpaHCIOKauuu. JeficTBuTeabHO,
JBa pacro/ioXKeHHbIX Ha HEKOTOPOM PacCTOSIHMM APYT OT Apyra IS-ase-
MEHTA MOKHO paccMaTpPUBATb KaK TPAHCMO30H M TaKHe «TPAHCTIO30HbIY
LeACTBUTENbHO CMOCOOHBI K NepeMellieHui0 KaK OIHO nes1oe, XOTA [0
KpaiiHell Mepe 17151 HeKOTOPBIX 1S-3eMeHTOB MoKa3aHo, YTO YacTOTa
TepeMeLeHH s Tako! COCTABHOM CTPYKTYPH GBICTPO NMajaeT ¢ yBedude-
HHEM DaCCTOSAHUA Mex1y dnaHkupyouvy IS-anementamu.

OueHb BaxHOe CBOHCTBO MOGHABHBIX 3/71eMeHTOB GaKTepHi COCTOUT B
TOM, 4TO OHH CIOCOGHBI BbI3HBATH CUSAHHE PEIIMKOHOB, I 06pa3oBa-
Rue xounmeepamos. Hanpumep, nnasmuna, B cocTaB KOTOPOHl BXOZUT

IS-s1emenm
uny mparenoson

Mpoxenozuyug od’,fnaaodauue KouHmezpa-
4

Puc. 76. [1se ocHOBHBIE peaKuHH, OCYyILeCTBJISeMble
IS- n Tn-3nemeHTaMH

(MoGHAbHBIE 31eMeHTH MOTYT He TONbKO NepeMemaTbCca ¢ pefls
SJIHKOHA HAd DPeN/IHKOH, HO M BH3BBATb CJAHsHHe PeN.INKOHOB,
06pa3oBuiBaTh KomHTerpaT. IIpu 3ToM noc.lenoBaTe.1bHOCTH
ABYX HCXOIHMX PpeTHKOHOB OKA3bIBAIOTCA pa3jeleH HBIMK
I0C1e10BaTE1bHOCTBIO MOOHABHOrO 31eMeHTa)

TPAHCNO30H, MOXeT o0pasoBaTh KOMHTerpatr ¢ Jpyrofi niasvuioi,
NpH 3TOM jBe M11a3MH/bl CJHBAIOTCS B OIHY, @ Ha TPaHHUAX MeXIy Mo-
CJIeIOBAaTEIbHOCTAMH ABYX MCXOAHBIX MJa3MUI OKa3blBaeTCs M0 KOMHH
TpaHcno3oHa (puc. 76).

Mexanuam nepemerjenus
MOOUNbHBIX  3AeMenmo  GaKkmeput

Kak BuAHO H3 H3J0MXEHHOTO, NpM 0O6pa3oBaHHY KOMHTErpaTa BO3HH-
KaeT JONOJIHUTeAbHAs KOMUS MOOHJIbHOTO 3.1€eMeHTd. AHAaJOTHYHBIM
00pa3oM Npu nepeMelleHHH ¢ MecTa Ha MecTo IS-3.1eMeHThl U TpaHcno-
30Hbl TAKKE «Pa3MHOXKAIOTCA»: KOMHUS 3.1eMEHTa, KaK MPaBu.10, He TOMb-
KO MOSAB.IAETCS HA HOBOM MeCTe, HO M OCTAeTcsi Ha mpexkHeM (prc. 76).
Jpyrumu c10BaMH, B X0Je TPAHCTIO3ULHKM MOGKIbHBIE 3/1eMEHThl KaKHM~-
To obpasom penauuupyiotcs. Kak GyieT mokasaHo HXke, 1151 OJHMX
TPAHCIMIO30HOB 3TOT PpeKT — Kaxyliulica, a B c.1ydyae JApPYruX TpaHc-
MO30HOB [JeHCTBUTE/NbHO TPOUCXOZHT PpeNJIHKAUHs MOOHJIBHOFO 3le-
MeHTa.

MoutekyIApHEIR MeXaHH3M TPAHCMO3ULMH MOXKET GbITb Pa3.THYHBIM Y
pa3HblX MOOH.IbHBIX 3.J1eMEHTOB, MO3TOMY Jyulle BCelro pPaccMOTpeTh
€ro Ha KOHKDEeTHHIX npumepax. JJoCTATOYHO H3VYEH B 3TOM OTHOLUEHHH
6akTepuodar Mu, ABasAOWKIACA, MO CYTH AeJa, HEOObIYHBIM TPaHCno3o-
HOM. JTOT yvMepeHHbl#l 6akTepuodar BCTpanBaercsi B IPOH3BOJIBHEIN.
YUYacTOK XPpoMOCOMbl BaKTepHH-X03siMHA. ECIH MPOHCXOAHT MHIYKUMST
npodara ¥ HaYMHAETCs €T BETeTaTUBHOE Pa3BHTHE, TO OH Pa3MHOXKAETCH,
He BBIPE3asich H3 XPOMOCOMBI, 3a CYET MOBTODHEIX aKTOB Pen.1MKaTHB-
HOM TpaHcno3uuuu. Beipesanue ¢aropoit JJHK u3 6aktepuaibHoit
MPOHCXOIHUT IHIIb NMPH YNAaKOBKe B (paroBble 4acTHUbI, KOFAa perviiKa-
s yxe npowna. Tlpu penaukaunu dara Mu TpaHcnosuuns npoucxo-
JIUT C OYeHb BBICOKOH YacTOTOH, MO3TOMY HMEHHO 3Ta CHCTeMa H3yueHa
Jyyiie JApVIrHX.

lenetnyecknil aHalIM3 nokasad, YTO AJIS PENVIMKALUHMH-TPAHCTIO3H-
uun para Mu HeoGXOIHMEI AKTHBHBIE MPOLYKTHI €ro reHoB A ¥ B u un-
TakTHble KoHubl (arosoft JHK. Bce octaibuble ¢pyHKuuH B pa3mHo-
3KeHHH (para BLINO.THAIOT Oe KU KJIeTKH-X03uHa. [1poaykThl reHoB A u
B 06pa3yioT QepMeHT, UTpaloilufi LEHTPAIbHYIO DOJb B TPAHCIO3H-
LUHH,— MPAHCno3asy.

I1po1vKT reHa A crieuupuuecKH B3aMMOJEHCTBYET C KOHIAMH daro-
Boil JIHK 1 BHOCHT OHOUENOUeYHble Pa3PBIBLI TOUHO NO KOHLAM daro-
BOil MocC.1e10BaTe.1bHOCTH: oAuMH — B oany uens JHK, a apyroit — B
apyryo. Tak kak paspoiebl pasubix lenefi JHK pacrnotoxens no
pasHble CTOPOHbI MOOHJIBHOTO 371eMeHTd, TO OIMHAKOBble MOC.1el0Ba-
TeJTbHOCTH Y3HaBaHHsA TPAHCMO3a3bl HA BVX KOHIaX TPAHCTIO30HA 10.TK-
Hbl HAX0IUTbCA Ha pasubix ltenax JHK. 3to o6bsicHser, moueMy KOHIbE
MOGH.1bHOTO 3.1eMeH1a TpPel1CTaB.1f0T co60il HHBEPTHPOBaHHbIE MOBTOPHI.
Moaexyabt A-6e1Ka CBsi3biBalOTCA ¢ 0OOHMH KOHIAMH TpaHCAO30Ha
O;HOBPEMEHHO H Y1epKIBAIOT HX B €AHHOM KOMIL1eKce. TaKoH KOMIIeKe
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Puc. 77. MexaHu3m peniuKaTHBHOH TPaHCTOIHIIHK

T
éo‘;;::::;:s;zz:::c:rﬂoa»;gt;e};:ﬁqe:mée Pa3puiBy TOYHO 110 KOHUY TPAHCMO30HA H «KOCOI» IBYNe-
=N €Hb. aTeM TpaHCAoO3a3a OOBEJHHHGT KOHILbL
KOHIaMH TPAHCMO30HA. Bo3HHKaeT npowmex Arollee Tpe HANDABIEH-
MeAKyTOYHOR COeTHHeHHe, HATIOMHHAIOLee 1Be Halpab.IeH-
Hble HABCTPedy APYT APYTY PILTHKATHBHNE BHAKH. PeniMKauns NpHBOIHT Ku\x':xséeumo 1gau.c;g-

30Ha H, ecqH Tpancno3on H JHK-uHwenb Hax
L ORH-
KOBHTerpaTta (cnesa)l AHIHCH HA Pa3HBIX perlHKoHaX. k o6pa3oBauiio

s3auvozeiicteyer ¢ JIHK-muwennio (ceasannoil ¢ B-Geikowm). Beaku
BHocAT B JIHK-Mumtens crynenyatsiit paspois: Kommleventapuble Lemy
Pa3pbiBAOTCA HAa PACCTOSHMM 5 M. H. APYT oT apyra. O:1HOBpeMeHHO
TPAHCIO3a3a OCYUIECTB.ISIET IHTHPOBAHHE KOHIOB OIHOUENOYEUHbIX
PaspbiBOB C [IBYX CTOPOH OT TPAHCMO30HA M KOHLOB IBYIENOYEYHOrG
paspblBa HOHK-muleny, Kak noxkasaHo Ha puc. 77. dakTHUECKH 3TOT
BTOPOH 3Tan peaKLUWH COCTOMT B TOM, YTO KOHUbl Pa3pblBOB [0 KPasy
TPaHCNo30Ha aTakyioT docdorusbupble cesizu IHK-Muenu. ITu cBs-
31 Da3pbIBAOTCA W OIHOBPEMEHHO ofpasviotcs Hosble cesizn JHK-
MUILCHH C KOHUaMu TpaHcno3ona. [Totobnas peakuns He TpedyeT 10HO-

POB 3HEPTHH, MNOCKOJIbKY ofluee KO.THYecTBO POChOIHIPHPHBIX CBA3EN
He H3MeHseTcs.
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Mo kpaiineit Mepe B cayyae dara Mu akTHBHOCTb TPAHCMO3a3bl OF-
paHnuuBaercs 03pa30BaHHeM CTPYKTYpH, nokasaHHoH Ha puc. 77,
Za/bHeliline COOBITHA MOTVT NPOHCXOAUTH Ge3 ee ydacTus. HefictBu-
TebHO, 3TA CTPYKTYpa He UTO HHOe, KaK jABe Harpas/eHHble HABCTpedy
ZpYT APYFY DeMTHKATHBHbIE BHIKH. PerLiuKalud 3a cueT K/ETOUHOro
PETLTHKATHBHOTO annapara fpuBejeT K YABOCHHIO MOGHJ/IBHOTO 3JeMeH-
Ta u, ecu TpaHcrnosod u JHK-vuuenb HaXOAHTHCh HAa PA3HBIX KOb-
nesnx moaexkyaax JIHK, k ofpasosanuto kounterpara (puc. 77). Cnen-
CTBHeM CABHIA B 5 1. H. Mexay aBymsi paspeiBamu JIHK-muienu ss-
JsieTcs AYIVMKALKS 3TOMO ydacTKa noc/e pensukaunu. B cayyae obpa-
30BaHKS KOUHTErpara OfHA KONMHUsS AYMIALUKPOBAHHOrO ydyactka rpa-
HUUYAT C OJHOH Komuell TpaHcno3oHa, a BTOpas — co BTOpoi. B ToM
cydae, ecld TPOH3OULIO NepeMellleHHe TPAHCNO30Ha C PerHKOHA Ha
PenVIMKOH, AYNAHKAUHsA (JaHKAPYeT C ABYX CTOPOH HOBYIO KOMHIO
TpaHcro3oHa (cM. HUXKe).

TpaHcrio3a3sl HEKOTOPbIX APYFHX TPAHCTIO30HOB, HAMpuMep Tn3,
Tn2l u Tnl000, aeficTBYIOT, MO BCelt BePOATHOCTH, TaK Xe, KaK TpaHC-
nosasa dara Mu (OTMETUM, YTO BCe 3TH TPAHCIIO30HbI BHI3HIBAIOT RyIl-
aukawmo 5 0. H. JHK-muwenu). Tak, y tpaHcriosona Tn3 umeercs
JlBa reHa, HeOOXOAMMBIX 1Jsi €ro nepeMelleHHs, tnpA u tnpR oguH u3
KOTOpHIX, {npA, KOAMPYeT TPAHCIO3a3y CO CBOHCTBAMH, MOXOXHMH Ha
cBoiictBa epMenta (ara Mu. B pesysbrate JeACTBHS TPaHCMO3a3bl
Tn3 nouTH Bceraa 06py3yiotcst KonHterpartsl. YTo6b MPOH30LLIO pasje-
JieHHe KOKHTErPaTa HA HCXORHbIE PEMTUKOHbI (OHH U3 KOTOPbIX MPHOG-
pe.1 HOBYIO KOIHIO TpaHCrio3oHa), Heo6XOAHMO AefCTBHE NPOJYKTA reHa
tnpR, Ha3sblBaeMOro pesoagaloil (resolvase ot auri. resolution —
paspeiuerue). OKaza10Ch, 4TO 3TOT PePMEHT NPOBOJKT THIHIHYIO PedK-
1Mo caliT-crieuduyeckoil pexoMOHHALMK 110 CTelHalbHbIM 0CTe]0Ba-
reabnoctsiv JHK, umeromumMcst B coctaBe TPaHCMNO30HA H HA3biBAEMbIM
res. Peakuusi pa3jeTeHus KOHHTerpata roxasana Ha puc. 78. PesonBasa
OCYUIECTBIseT CalT-CrielHPUUEcKy0 PeKOMOHHAlMIO JIKIIb B TOM Cly-
yae, ec/d [Ba res-caiiTa HaXOASATCS Ha OHOM MoOJeKyJe JHK B npsmoit
OpHEHTALHH JAPYT OTHOCHTE/NBHO APYyTa, T. €. Pes0.Basa yCTPOeHa Kak
pa3s TaK, 4TOObl pa3pe3aTh KOMHTErpaThi HAa HCXOXHbie DETTHKOHMI.
MexanuaM feificTBHA pe3oBasbl B OOUIMX uepTax TaKOH e, Kak H Y
apyrux epveHToB calT-crielnduueckoi pekoMOUHAlMH, Hanpumep
Gin-6enka (ara Mio wuau Cre-6enka ¢ara Pl (em. rr. 1V, pas-
aea 3).

ScHO, UTO OMHMCAHHBLIN MeXaHH3M TPaHCNO3MUMHM TOAHTCA He I
BceX TpaHcrosoHoB. Hanpuuep, «cocTaBHbie» TPAHCTIO30HbI, COCTOSILINE
13 KAKOT0-1160 rena, oKpy»eHHoro 1S-31eMeHTavH B psAvMoi B3ainMHO#
OPHEHTALHH, TI0 CTPYKTYDE HeOTJIHYMMbl OT KOHHTErpara (cp. puc. 75w
76) u NO3TOMY He MOITH OBl CYUIECTBOBATb B BHe CTaOW.IblOH CTPYK-
TYpBI, ec1i Gbl MeXaHH3M HX TPaHCTO3ULLiH GBI TAKHM JKe, KaK y TPaHC-
nosoHa Tn3. [latee, MHOTHe TPaHCIO30HB 06Pa3yiOT KOHHTETpaThl,
OT.IHUAIOLLHECS HCKIIOYHTETbHON CTabuI1bHOCThIO. [1 CKOIbKY TpsiMble
TPaHCNIO3ULIMK 3THX TPAHCMO30HOB MPOMCXOAAT C 60.1bllel 4acToTOH,
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3TH KOMHTErpathl HeJdb3s pacCcMaTpPHBAThL Kak
NPOMEKYTOUHYIO CTAIMIO TPAHCIOZHLHH.

Ilepemellenne no KpailHel Mepe HEKOTO-

PbIX TPAHCNO30HOB K [S-3.1eMEHTOB NMpoucxo-

JMT MyTEM HX BbIpe3aHUsl C Mecra CTapoi

— — JIOKATH3aUHH C TOCTeIYIOUHM BCTPAHBAHHEM

B Kakoe-HHOYIb IpYroe MecTo TOIO e HJH

HOBOTO PEelIMKOHA. TaKo# MeXaHu3M Ha3bi-

BaeTCsl KOHCepsamusHels B OT.IHYHE OT MOdy-

KOHCEPBATHBHOH DeI.IHKATHBHOH TPaHCIO3H-

pesonbaza UHH. B NpuHUMNE KOHCepBATHBHAS TpPaHCMo-

3HLHSA MOXKET NPOHCXOIHTh NPH HE3HAUHTETb-

Bolt MOIM(DHKALHH YXKe OIHCAHHOH CXeMbl,

nokasanHo Ha puc. 77. [elictBuTesbHo,

ecd nocade o0pa30BaHHA  NPOMEKYTOYHOM

CTPYKTYPBI, B KOTOPOH KOHLBI TPaHCNO30HA

obbeautensl ¢ KoHuavu JHK-vuwenu (puc.

<R

\/ 77), BMECTO PemIHKAlHH NMPOU3OHIYT pasphl-
,'v\ ol eme a8yx weneit JHK, cBsasmBaroux
TP2HCMNO30H CO CTapbiM MECTOM €ro .10KaT1H-

3alUH, TO OKaMXercsl, 4TO TPAHCIO30H CO
CT4aporo MecTa BBIpe3aIcss H BCTPOMICS B
HOBOE, a A5l 3aBepLUeHHs] Npouecca MoTpe-
Gyercst JULIbL OTPAaHHYEHHBI DenapaTHEHBIA
Puc. 78. Poap caht-cne- cpntes JHK (puc. 79). B srom ciayuae na
unpuueckofl pexoMOHHa-  pecre cTapoil  JIOKAJIH3aLUMH  TPAHCIO30HA

IHHE B TpaHCNMO3HLHH -
Iy ,pmfm“oa nepeemao.  OCTAETCH JBYUENOUUHbIH Pa3phis JHK.B 10

WHXCH ¢ TOMOIbIO  pemTHKa-
THBHO! TPaHCMO3HUHH, 06pa3o-
BaHHe KOHHTerpata sBASeTCH
NPOMEKYTOUHOI cTafnell peak-
unu  (eM. puc. 77). Kowuurer-
paThl paspe3aroTes ¢ NOMOUILIO
cajiT-ceuHpnyeckoit peKoMGH-
HalHU MeKAY ABYMS res-cafiTa-
MH, OCYlleCTB.17eMOH pe3oviBa-
3o#t]

e BpeMsl H3BECTHO, UTO MepeMellleHHe GakTe-
pHadbHBIX TPAHCMO30HOB, KaK NPaBHIO, He
COMPOBOXKIAETCS HX HCYE3HOBEHHEM H3 CTa-
poro yuactka .Jokaiuzauuu. ITostomy npen-
[10.1aratoT, YTO BbIPe3aHHe TPAHCMO30HA BoI3bI-
BaeT «caMOYOHHCTBO JoHOpa» — Jerpalauuio

Toit KoHKpeTHOIl Moaeky.1bl JAIHK, B KoTopoit B
pesyabTaTte BbIPe3aHHMsl TPAHCIIO30HA OCTAJICS Pa3pbiB, OAHAKO CYIIECT-
BYIOT U ApyTHe Bo3MoxHoCTH. [1o-BianMOMY, N0 OMHCAHHOMY H.IH CXO1-
HOMY MeXaHH3My nepemeliaetcst TpaHcnoson Tnd u pazx IS-sieventos,
nanpumep IS1 u 1S903. Bee sti (1 HeKoTopble JApyre) wo6;mbﬂue
3JeMeHTl Bhi3biBalT aynaukauumio 9 n. H. JHK-vuuwens.

[To ana’orHyHOMYy MeXaHH3My MepeMelllaeTcs # TpaHcnosoH Tnl0,
HO B 3TOM C.IyYae MOKAa3aHO, YTO Bbipe3aBLIHICA 1PAHCNO30H obpasyer
KOJIbUEBYIO MOJIEKY.1y, BHIHMO, CNOCOGHYIO 3aTeM BCTPaUBAaTbCsl Ha
nosoe Mecto. O6pasosanue Koablesoil JTHK ellle pa3 ykaswiBaer Ha To,
YTO TpaHCNO3a3bl OIHOBPEMEHHO B3aHMOIEHCTBYIOT C IBYMS KOHUAMH
TPaHCNo30Ha WIH [S-3.1eveHTa.

Henb3st He OTMeTHTb, 4TO MEXaHH3M KOHCEPBATHBHOH TPaHCMO3H-
UMM HAa MepBblil B3I/ YCTYNAeT MOJYKOHCEPBATHBHOMY MeXaHH3MY
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Puc. 79. KoncepBaTHBHBIIT MeXaHH3M MepeMelle s TPaHCMO30HOB

[Ecau tpauncniosasa BHOCHT B NpoMeA YTouHOe CoelHenite TPARCIO3NUNK (CM. PHC. T77) ABa 10Moa-
HHTEIbHbIX pa3pbiBa, OTIeIAKOLWNX TPAHUCNO30H OT €ro CTAPOro OKPVAHERHA. TO 15 3aBeplIEH A
TPaHCIO3HUHH Tpe6GyeTCH 1ML b 3aCTPOiTka KOPOTKHX Gpeleit no o6e cTopoubt TpaHcnosona. C Mec-

“Ta CTapofi JJOKAIH3aUHH TPAHCNO30H BLIPE3aeTCs, OCTABIAA MoC.Te Ce6s IBYUeNOoYeUnbill pa3phis.
ﬂpeix}({)l:r{airanot 4TO pa3phbiB BHIBIBAET «CaMOYOHIICTBO J0HOpa» — 1erpalaulio A0HOPHON MoTeKy-

B

PerInKAaTHBHON TpaHcmosuunH. JleflcTBHTebHO, B MOC/JEAHeM caydae
NPOUCXOIHT He TOJMBKO IepeMellleHHe MOGHJBHOTO 3/eMeHTa ¢ MecTa
Ha MecTo, HO M €ro pa3vMHOMXeHHe, OH Kak Obl 3apaxaeT Bce HOBble
Monexyasl JJHK. O1nako H TPaHCMO3HLMA N0 KOHCEPBaTHBHOMY MeXa-
HH3MY NPHBOJHT K ToMy ke s(dekry. HMenonbsymouie 3T1or-Mexanuam
MOGH/IbHblE 3JIEMEHTHI YAHBUTEIbHBIM 00Pa30M yCOBEpPLUEHCTBOBAH €T0.
‘OKasanoch, YTO CHHTE3 TPAHCNO3a3bl H AKTHBHOCTb KOHLIOB MOGU.1bHOIO
3JIeMEHTA B DeaKUHH TPAHCMO3HUHH 3aBHCAT OT COCTOSIHMS METH.IHpO-
Banus IHK. Hanpumep, v 1S10, dankupyroiero red yCToi4HBOCTH K
TeTPAUHKAHHY B TpaHcnoszone Tnl0, B mpoMoTOpe rena TpaHcnosassl H
B OIHOM H3 HHBeDTHPOBAHHLIX KOHIEBbIX MOBTOPOB HMEIOTCS NuC.1e10-
BateqbHocTH GATC, KoTopble MerHaupyeT Mertnaasa £. coli dam. Kax
yxe oT™eyatoch (cM. r1. I11), cafiThl METHIHPOBAHHS MOTHOCTBIO METH-
1HpoBanbl o penyukauuy JJHK, Ho nocie pensauxauni oHit B TedeHie
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HEKOTOPOro BPEMEeHH IOJYMETHAHPOBaHb. MMeHHO 3TO moaymeru.au-
POBaHHOE COCTOAHHE CYILeCTBEHHO aKTHBHPYeT H KoHUbI [S-3;1emenra, u
CHHTe3 TPaHcno3asbl. B pesyabrare yacToTa BhIpe3aHHs TPaHCNO30HA
u3 nonyMetunupoBalHoll JJTHK Ha HeckoJbKO MOpsiKOB Bhille, ueM H3
IHK, nonHocTbio MeTHJAHMpPOBAaHHOH. [pYyTHMH ClOBaMH, TPaHCMO30H
«UYBCTBYET», NPOPENJIHLHPOBAJCA OH HJH HeT. CNoCcOGHOCTL Bhipe3aTh-
cfl cpa3y rnoc/e peIVIHKalUHH CHUMaeT BCE «HeIOCTAaTKH» MeXaHH3ua
KOHCEeDBAaTHBHOIO BbIpe3aHHA-BCTPaHBaHHsA. Bo-nepseix, o6ecneun-
BaeTCcs COXPaHeHHe MOGHJIbHOTO 3/1eMEHTa Ha MpEeKHeM MecTe, TaK Kak
3JIEMEHT BbIPE3aeTCsi JIMUIb H3 0JHOH M3 ABYX Moaexkya IIHK, o6paso-
BaBIUHXCA [ocJe penaHKauMH. Hamuuue BTOpOi KONMH JoNycKaer, B
MpHHIHNE, PeKOMOHHAUHOHHYIO pelapalHi0 OCTABLIErOCH IMOoCJe Bb-
pe3aHHs TPAHCNO30HAa ABYLENOYEYHOro pa3phiBa, XOTS He fACHO, Jefi-
CTBHTEJIbHO JIH OHA NPOHCXOAHT HJIH HMEeT MeCTo «CaMmoy6GHHCTBO A0HO-
pa». Bo-BTOpLIX, 4yBCTBHTENBHOCTb K MeTHJIHpOBaHHIO ofecreuHBaer
JONOMHUTEbHYIO PeryJsilHio TPAHCMO3HUHH: NPH Mepejaue TPaHCno-
30Ha B HOBYIO 6aKTepHa/JbHYIO KJIETKY B COCTaBe TPAHCMHUCCHBHOH HJIH
MOGHJIH3YyeMOl Ma3MHbl OH CPa3y OKa3blBAeTCH B IOJYMETHIHDOBaH-
HOM COCTOSIHHH (NPH KOHBIOTALMH nepepaetcs oaua uenb JAHK, xoro-
pasi JoCTpaHBaeTcs 10 AYMNJeKCca B PEUHNHEeHTHOH KJIeTKe), UTO MOBbI-
aeT BEePOATHOCTb ero mnepevellleHHss B ApPYyrHe PenyIHKOHbl KJeTKH-
peLHNHeHTa.,

Mexanuamet

2eHemuseckoli HecmabuasHocmu,
8bL3618QEMOUL MOOUIOHBIMU
Jaemenmamuy bGakmepud

Boiwe ynoMuHamoch, 4To MOGHJIbHbBIE 3J/IEMEHTHI BBI3bIBAIOT TeHETHYe-
CKyl0 HecTaGH/abHOCTb MOGAH30CTH OT YYacTKa CBOell JIOKATH3auMH.
3ra 0CO6EHHOCTL JIETKO OOBACHAETCS Y2Ke H3BECTHBIMHM HaM CBOHCTBaMH
1S-371eMenTOB M TpaHcnosoHos Gaktepuit. Ha puc. 80 nokasawo, 4to
NOAYUHTCA NPH NepeMellleHHH B npejesax OQHOTO PelIMKOHA TpaHcro-
30Ha THna Tn3, T.e. ¢ penHKaTHBHLIM MEXaHH3MOM TpPAHCIO3HIHH.
B 3aBHCHMOCTH OT TOTO, KaK BHeceHbl pa3pbisbl B [ITHK-vuueHs, noay-
4HTCA NH6O JeJellHs, MO0 HHBEPCHS FeHeTHUYECKOTo MarepHala Mexiay
MECTOM PAacloJIOKeHHs TPAHCIIO30Ha H MHLIEHbIO ero fepeMellleHHs . [1o
CYTH Jen1a, 06pa3oBaHHe JeJlellHH HATOMHHaeT MPOLeCC Pacnala KOHHTer-
para, HO MOCKOJBKY OjHa U3 oOpa3oBaBwuxcs Moaekya THK He uveer
OPHIKHHA DeN/IHKalKH, OHa VTpauuBaeTcs. Ec/JH MPOHCXOIHT HHBEp-
CHAl, TO Ha O6eHX ee I'DaHHLAX OKa3bIBA€TCS MO KOMHH TPAHCIO30HA B
HHBEDTHPOBAHHOI IPVT OTHOCHTETbHO 1pyra opheHTauuH. Taknm obpa-
30M, 06pa3oBaHHe 1e7euHii H HHBEPCHH XapaKTepHO L1 PelsHKaTHB;
HOro MeXaHH3Ma TPaHCMO3HLHH.

Tpancnosons!, mepeMellaioiHecs NyTeM Bblpe3aHHsa-BCTPAHBAHHSA,
Kak MpaBH/O, NO106HOH HeCcTaGHIbHOCTH He BbI3HIBAIOT. CoCOGHOCTD
MOGHJIBHOTO 3JIEMEHTa CTHMYJHPOBaTh 0o6pa3oBaHHe IeleuHil KoppetH-
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Puc. 80. MexanusM reHeTHueckOH HecTabH.1b-
HOCTH, BhI3biBaeMOH MOGH.IbHBIMH 3.1€MEeHTaMH
[IMpu «nonniTke» MOGH.ILHOrO 3.1€MEHTA OCYLIECTBHTL per-
JIHKAaTHBHYIO TPAHCIIO3HLHIO B Npelelax TOro AKe pell.lHKO-
Ha, rle OH HAXOIHTCH, BO3HHKAWT JesleUHH (C.1eBa) H.IH
HHBepcHH (cnpaBa)l

PYET ¢ ero cnocoGHoCTbIO 06pa3oBbIBaTh KOHHTErparthl. Te TPaHCno3o-
Hbl, KoTopble, nogo6Ho Tn5 u TnlQ, Booble He 06pa3yiOT HCTHHHBIX
KOHHTETrpPaToB, BHI3LIBAIOT Je/N€HHH OYeHb DeJKO, MO-BHIMMOMY, 3a
cueT abOPTHBHOTO Mpolecca Bbipe3aHHs, NPH KOTOPOM TPaHCMo3a3a
OiMH Da3phiB JelaeT M0 KOHIY TPAHCMO30HA, a BTOPOH, Mo OWHOKe,—
B MNPOH3BOJABHOM MecTe MNoGJH30CTH.

HHuiyuupoBahHoe [S-3.1eMeHTaMH HJM TPaHCIO30HaMH o06pa3oBa-
HHe JefeUHH WIH HHBePCHH He yilaqaseT MOOHJBbHBIA 3J€MeHT, MoCay-
JKHBUIHK HX MPHUYHHOH, MOITOMY HecTaGHJbHOCTb yyacTKa JOKa/lH3a-
UHH MOGHJIBHOTO 3/JeMeHTa COXpaHseTcs.

BakrepHanbHbie MOGHIbHbIE 3;eMEHThl ¢ HeGOMbILOK YACTOTOH MO-
TYT Hcye3aTb M3 MecTa CBoell CTapoil JoKaqau3allMH (3TOT Mmpolece,
Cyls 10 BceMy, He HMeeT HelOCPEeICTBEHHOTrO OTHOWEHHS K TPaHCIOo-
3uuuH). Hanpumep, eclH BcTpaHBaHHe TpaHCMO30HA HHAKTHBHPOBAJO
KaKoH-1H60 reH, To ero BhIpe3aHHe NPHBOIHT K pepepcuH. Takue pe-
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BEPCHH CTaGHJIBbHBI, MOCKOJBKY MOOHJBHBIH 3JeMeHT MOJHOCTBIO yTpa-
yypaercsi. Ha OCHOBaHHH NOJHOIO BOCCTAHOBJEHHS AKTHBHOCTH MYy-
TAHTHHX F€HOB NPH Bbpe3aHHH [S-31eMeHTOB H TPaHCMNO30HOB MpeIno-
JaraioT, YTO BbIpe3aHHe MPOHCXOIHT aBCOMOTHO TOYHO H YTO AYIJIHIH-
poBaHHbIf ydactok JUHK-vuiieHH cHoBa oKa3sbiBaeTcst npecTaBleHHbIM
OXHOH KonHeH. B npHHuMNe, TaKOH pe3y.1bTaT MOXeT ObITb IOCTHTHYT
3a CUeT rOMOJNIOTHYHOH PEKOMOHHAIHH MEX1Y OKPYXKAIOUHMH TPaHCno-
30H AYMJIHLHPOBAHHBIMH 10C/I€10BaTe/bHOCTAMH HJIH 3@ CHET OWHOKH
penJIHKalHy, BEI3BAHHON HaJHYHeM Ha KOHLAX TPAHCIIO30HOB HHBEPTH-
pOBaHHBIX NMOBTOPOB. B03MOXKHO, YTO Moc/eIHHH MeXaHH3M OObACHSET
H CJy4YaH «IOYTH TOYHOIO» BEIpE3aHHS, KOrda MOGHJIbHBLIA 3/eMeHT HC-
ye3zaeT He Gecc/elHO, a OCTaBJseT nocsae cefs H3MEHEHHYIO MocJe1oBa-
tenbHocTs JIHK.

3. NJA3MHIbI
H MOBHJbHDBIE 3JIEMEHTbI BAKTEPHA
H KOHUEMNUHA «3TOMCTHYHOMA» AHK

KakoBa ¢yHKHHOHaNbHAass pOJAb NNa3MHA H MOOHJBHBIX 3JIEMEHTOB
GakTtepuii? Huxe Syier paccMoTpeHa CyLIeCTBEHHAs POJb ITHX CTPYK-
TYD B 3BOMIOLUHH GaKTepHil, HO 3BOMIOUHOHHBIE, T.€. OTIalTeHHble,
NPeHMYLecTBa BPA1 JH MOTyT OOBACHUTh NOlepxaHHe B 6aKTepHaIb-
HBIX KJEeTKaxX MOOH/bHBIX 3JeMEeHTOB H MJa3MHJ B TeX cJaydyadX, Koria
OHH He NIPHHOCAT HENMOCPEICTBEHHbIX CeJeKTHBHBIX BbIrol. Tak, HanpH-
Mep, ec/1H CYHTATh, YTO B KJeTKe [10.11ePXKHBAETCs TOAbKO By HKLIHOHANb-
HO HeoOXOJUMbl TeHeTHUECKHIl MaTepHas, HENOHATHO, HoueMy nJjas-
MHIBI, HecyllHe TeHbl YCTOHYHBOCTH K aHTHGHOTHKAM, BCTPEYaAlOTCA He
TOJIbKO B K/JIHHHKE, I1€ 3TH aHTHOMOTHKH MDHMEHSIOT, HO H B JPYTHX
MeCcTax OOHTaHHR, JHUIEHHBIX M0J00HOTO CeJNeKTHBHOTO JaB/eHHS.
CoBceM HEMOHATHO, MOYeMy CYLIECTBYIOT MJ1a3MH,1bl, BOOOLIE He MPHHO-
cAllHe HHMKAKHX HEeMNOCPeJCTBEHHBIX NPEHMYIUECTB COJeprKaillHM HX
KaeTkaM, H [1S-aneMeHTHI.

Ioxo6Hble MapajioKChl MOXKHO pa3pellHTh, BCIOMHHB, YTO H mJjas-
MHJIbl H MOGHIbHEe TeHeTHYeCKHe 3.1eMeHTH 06/1aJal0T CpaBHHTeAbHON
4BTOHOMHEH OT OCHOBHOH MacChl TeHEeTHYECKOrO MaTepHala, U I03TOMY
HX MOKHO pPaccMaTpPHBaTb KaK CBOEro pojJa OpraHH3Mbl, ofHTawllHe B
ocoBo#, reHeTHUeCKOH, cpele. TakHv 06pasoM, MOXKHO paccMaTpHBATb
GyHKIMH nna3Muji, [S-31eMeHTOB H TPaHCMO30HOB HE C TOYKH 3PeHHSA
NPeHMYIIecTB, KOTODhle OHH HecyT GaKTepHsM-X035€BaM, a C TOYKH
3peHHs HX CaMoMoJdepKaHHs B GakTepHANbHBEIX NONYJAAUHAX, APYTHMH
CJI0BaMH, MOMXHO CUHTATb aBTOHOMHbIE 3/IeMeHTbl NPOKaPHOT «3rOHCTH-
yeckoit» [IHK, ofecneuuBaiouleil B nepeyi0 oyepelb COOCTBeHHOe pas-
MHOXKeHHe . B 3ToM cMbicsie MOGH/IbHbIE 3JeMeHTHI H H1a3MH bl Herlocpen-
CTBEHHO MPHMBIKAIOT K BHPYCaM, «3rOMCTHYECKHE» TEHIEHUHMH KOTOPHX
OUEBHIHBI.

MoGu/bHBE 37eMeHTHl H IJIasMHAB HCMOJB3YIOT PAJ CTpaTerHi,
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4To6bl H36eXkaTh JMMHHAIMH H3 TOMYJSAUHH GakTepHil, KOTOPHIM OHH
He HeCyT HemocpeACTBeHHBIX TNpeHMyilecTB. [lepBblit OueBHJHBIH Cno-
€06 — NPHHOCHTb MHHHMA/BHBIH Bpel Xo3sieBaM. ITOT cnocol HCnoab-
3YI0T MHOTHe TPAHCIMO30HH, OTPaHHUUBas HYaCTOTY CBOHX NepeMelleHHUi
©OueHb HEe3HAUMTe/NbHOH BeJMYHHOH (BbICOKas YacTOTa TPAHCMO3HUUHH
npuBesia Gbl K [0sBACHHIO GOJBIIOTO KOMHYECTBA HHCEPUHOHHBIX MYTa-
IHH M K HakomJenHio He HYyxHoH kaerke JIHK rpancnosona). Orpa-
HHUeHHe YacTOThl TPAHCTO3HIMH MOXET MPOHCXOIHTH 3a CUeT KpailHe
HH3KOH KOHCTHTYTHBHOH aKTHBHOCTH TeHa TpaHCMmo3asbl (Kak, HanpH-
Mep, B caydae Tnl0), uan 3a cuer feficTBHA pernpeccopa, NOAABSIOMIEro
CHHTe3 TpaHcno3assl (B clydae Tn3), nau 6J0KHPYIOLEro HeOOX01HMble
JNS TPAHCHO3HUHH HHBEPTHPOBAHHbIE NOBTOPEI HAa KOHUAX MOOHJIBHOTO
3JeMeHTa (KaK, O-BHIMMOMY, IIPOMCXOIHT B cayuae Tnd). Jlo6onbiTHO,
yro y Tn3 M poACTBeHHBIX TPAHCIO30HOB PENpPecCOPOM TPaHCMO3HIHH
C/YAKUT pe3onBasa: CB3bIBaHHe 3TOro OesKa C res-CaiToM HOXaBaAseT
TPAHCKDHIILHIO MeHa TPaHCMO3a3bl H HaNpaB/JeHHOro B MPOTHBOMOMOXK-
HYIO CTOPOHY COGCTBEHHOTO TeHa pe3oJBasbl (cM. puc. 75). Ecrect-
BEHHO, YaCTOTA TPAHCHO3HIHH NOBbIIAETCS B «BHITOAHBIX» AN MOGH/b-
HOTO 3/eMeHTa cayyasix. Hanpdmep, ecad TPaHCNO30H, aKTHBHOCTDb
KOTOPOTO NOJAABJAAETCS PelpeccopoM, B COCTaBe KOHBIOTAaTHBHOM M/as3-
MHbl epeflaeTCsl B KJIETKY-PeLHIHEHT, B KOTOPOH TaKOro TPaHCHO30Ha
HET, TO BEPOSITHOCTb €ro nepeMellleHHs Ha HOBBIA PerIHKOH (HanpuMep,
B XPOMOCOMY PELHITHEHTa) BpeMeHHO MOBLICHTCS 6J1aroiapst OTCYTCTBHIO
penpeccopa TPAHCMO3HLUKH B KieTKe-pelnnHenTe. Tor xe s¢dexT, Kak
yKe OTMeuyanoch, Gyner HaGMOaTbCd Y MOOHJBHBIX 3JEMEHTOB, UYB-
CTBHTeNbHBIX K MeTHAHpoBaHHIO JIHK: Tak kak B peuunHeHT MepeHo-
cutca oxHa uenb JHK, To ee gocTpauBaHHe 10 ABYLENOYEUHOH MoJje-
Kyasl cosgact noaymerdauposannyio JHK, nosbunawwyio uyactoTy
TPaHCNO3HIHH.

KJoueBbIM CBOHCTBOM 6aKTepHabHEIX MOGHIBHBIX 3/1eMeHTOB, 06ec-
fieYHBAIOIUHM HX COXPaHeHHe, sIB/ISeTCsl HX CNOCOGHOCTD NepeMeillaThbes
C pelsiMKoHa Ha penuKoH. Hanuuve y GakTepdd TPaHCMHCCHBHBIX
M MOGHJIH3yeMBIX NJa3MH MO3BOJASET TPaHCo3oHaM H 1S-ameMeHTaM
He TOJNbKO MepexoAuTh ¢ MIa3MHAbl Ha MJIa3MHAY HJIH H3 XPOMOCOMBEl Ha
NJa3sMHAY, HO H MYTEleCTBOBaTh H3 KJETKH B KJETKY B cOCTaBe MJjas-
mua. Takum nyTeM MOGHIbHLIE 3/MeMEHTH MOTYT PaclpOCTPaHATbCA B
GaKTepHaNbHBIX MONYJIALHAX, AaXe ec/ld He TPHHOCSAT CBOMM XO35eBaM
HHKaKHX [PEeHMYLIeCTB. B 3Toll cBA3H CelyeT YNOMAHYTh O SIBIEHHH
«HMMYHHOCTH K TPAHCTIO3HIMH»; MHOTHE TPAHCNO30HH H 1S-3meMeHTHl
3HAYHTe/IbHO Yalle NepeMeliaoTcsl Ha HOBble PErJIHKOHbI, YeM Ha HOBOE
MecTo B cocTaBe TOTO PeNJIMKOHA, B KOTOPOM OHH HaxonaTcs. Moneky-
JIApHBIH MeXaHH3M 3TOrO CBOMCTBA ellle He BbIsICHEH, HO OYEBHAHO, YTO
OHO CNOCOBCTBYET PACIPOCTPaHEHHIO MOGHJILHOTO 3JeMEeHTa 10 MaKCH-
MaNbHOMY KOJHYECTBY DerJIHKOHOB.

[lancel Ha BbKHBAHHE W LIHPOKOE pacrnpocTpaHeHHe MOGHIBHOTO
3/eMeHTa ellle Gosee YCHIATCA, €CJIH OH OKaXKeTcsl CHOCOGHBIM NPHHO-
CHTb KJIETKaM-X03fieBaM HelOCpeiACTBeHHble BHIroiekl. A 3TOro OH
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JO/KEH HECTH B CBOEM COCTaBe KaKoH-1ubo nosesHslit ren. MMenHo no-
3TOMYy H3 [S-371eMeHTOB MOIIH 06pa30BaThCsi TPAHCNO30HLI. JIIOGOMBIT-
HO TPOCJIEIHTb 3BOJIOLHIO «COCTaBHBIX» TPAHCMO30HOB, B KOTOPHIX fBa
IS-smemenTa OKpYXKAIOT «n10J€3Hbli TeH». JLOBOJBHO MOHSTHO, YTO 3TH
CTPYKTY Dbt BO3HHKJIH B pesysbTaTe BHeapenHus [S-anementa no6ausocty
OT 3TOTO reHa H MOC/eAYIOLIErO ePeMeLLieHHA TOTO JKe 31EMCHTa B JpY~
ro#i yuactok mosiexyasl JJHK no apyrywo cropony ot rena. O6pa3oBas-
IasAcs CTPYKTYPa MOXKET NepeMellatbcst KaK 1esoe, HO MOTYT 10 OT-
AeNBbHOCTH NepeMellathed H o6pa3oBaBuue ee [S-anementsl. Ho ecan
nonapwHi Mexay [S-sneMenTaMu ren okasancs «yIauHBIM» (CM. HHKe),
TO TNOJYYHBLIKHACA TPAHCNO30H HAYHHAET PACNPOCTPAHATLCA KaK 1LeJoe,
ueMy cnocoGeTBYET MOCTENeHHOe HaKOrJIeHHe MyTauHil Bo GuiaHKUpYIo-
wux ero IS-smemenrax. HakonseHne MyTauuii MPHBOIHT K IHBEPTeH-
uuk 1S-anementoB, npHueM no KpailHell Mepe OFMH M3 HHX TepseT
CNOCOGHOCTb K €aMOCTOSTeIbHON Tpahcno3uuuu. Tak npousownio, Ha-
npumep, B ciayyae TpaHcnozoHoB Tnd u TnlO, auwb oxun I1S-saemenT
KOTOPBIX C€r0cOGeH K CHHTEe3Y aKTHBHOH TPAHCNO3a3bl H K CaMOCTOS-
TeJIbHOMY mnepeMelllennio. TpaHcno3onsl THIa Tn3 g0/kHB GBLUIH BO3-
HHKHYTb B pe3ynabTare Gosiee pagMkaabHOro mpoliecca. CKopee Bcero
CHauaja MPOMCXOJHJIO NepeMellleHHe COOTBeTCTBYOLEro 1S-s3nementa B
MpefieslaXx TOTO XKe PerIHKOHA, MO3TOMY TOT WM HHOM reH OKa3blBajics
OKPYKEHHBIM HHBEPTHPOBAHHBIMH KONMHAMH MOGHJBLHOrO 3JeMeHTa, a
3aTeM MPOMCXOJM/IO JeJNeTHPOBaHHE 3HAUMTEAbHOH YacTH OLHOTO H3
IS-35emenTOB, TaK UTO OT HEro OCTaBa/ICH JIHIIb OAHH HHBEPTHPOBAHHBI
KOHIIEBOH MNOBTOP.

Kakue e reHbl OKasblBAIOTCsl «IIOJIE3HBIMHY H BXOJAT B COCTAaB MO-
GHILHBIX 371IEMEHTOB? 3TO He NPa3IHblil BOIPOC, MOCKOIbKY Kaxaas Gak-
TepHaJbHAs KJIETKA XOPOWO npHcnocobaeHa K CBOeH cpeje O6HTalHs U
He HYXKJaeTcsi B reHax, aHaJOTHYHBIX TeM, KOTODHIE Y Hee ymKe ecTb H
ofecrieyuBaIoT ee ajantauuio K cpeie. C APyroil cTOPOHHI, npucnocobie-
HHE K COBEpIIEHHO HOBOH cpefe OOHTaHHA, MO-BHAUMOMY, Tpe6yer
OTHOCHTE/IbHO 3HAUMTENbHOH MNePecTPOHKH TeHeTHYECKOro MmarepHala
KJIeTKH, BKJIIOYaOlled, B YaCTHOCTH, KOAJanTaluio MHOTHX PasHbIX Te-
HOB. [lo3ToMy KJeTKa MOXEeT MOJYYHTb CEeNeKTHBHOE MPEeHMYIIEeCTBO
32 cHeT NpPHOGPETEHHA KAaKOTo-THO0 TeHa (B COCTaBe TPAHCNO30HA) JHIIb
B TOM CJIyyae, eCJIH 3TOT TeH ¢aM 1o ce6e CrnocoGeH 0Ka3aThC BhIFOAHBIM
JIst GAaKTEePHH B ONpejeNeHHbIX YCIOBHAX, T.€. HMEHHO TakHe TeHbl
BHIFOJHO HMETh TPAHCIO30HaM B CBOEM cocTaBe. [lelicTBUTENbHO, Ha
TPAHCTIO30HAX «NYTEIIECTBYIOT» Telbl YCTOHNYHBOCTH K Pa3JHUHBIM GaK-
TEPHA/bHBIM silaM, B TOM YHC/IE K THAKEJIbHM MeTanJaM M aHTHOHOTH-
KaM, TreHbl JOMOJHHTENbHEIX MeTaGOoNHMUYeCKUX MyTel, M03BOJAILIHE
HCT0/b30BaTh, HampuMep, KakoH-HHOYIb HEOOBIUHBIE HCTOUHHK YTIJe-
POja, HaKOHelN TeHbl HEKOTOPBIX TOKCHHOB, Jefaioliliie GaKTepUH nato-
TEHHBIMH H MO3BOJAIOLIHE HM TEM CaMBIM CYLIECTBEHHO M3MEHMTb 06pa3
JKH3HH.

CkazaHHoe B PaBHOI CTENeHU OTHOCHTCH M K MJa3MHAaM, YTO ecre-
CTBEHHO, TOCKOJBKY OGOJNbIIHHCTBO MOJE3HBIX IS KJETKH-XO3AMHA
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Ma3MHIHBIX T€HOB HAXOJWTCA B COCTaBe TPAHCMO30HOB. Onuako ctpa-
Terusi BHIKHBAHHA Ma3MH], KaK H B cjyyae TPaHCIO30HOB, OCHOBBI-
BAeTCs He TOJIbKO HA TOM, UTOOB! IPHHOCHTD MOIB3Y KJIETKaM-)SosﬂEBalg-
[Tpexae BCETO COXPAHEHHIO MJIA3MHI B MOMYJIALHAX 6axkTepuit crnocob-
CTBYeT BHICOKast CTaGHABHOCTb WX HaC/JeJOBaHHA. Ona JocTHraeTcs
TOUHEIM KOHTPOJEM DPElVIHKAIMH H CEKDEralliH nJasMHi no I0uepHHM
kaeTkaM (cM. ra. 11), Ho MHOTHe MJIa3VMH/bl HMEIOT elle z(ononumemzl{me
npucnocob/1enua A5 TOBbIIEHH CTa6HJIbHOCTH HAC/IeN0BaHUA. 12K,
Gonbluas KOWBOraTHBHas miasuuia E. coli, HasbiBaeMast E’-(bamopom,
JMeeT renbl, GIOKHpyOUHe IeJeHHe KJIETKH, eCld B HeH HaXOIHMTCA
TOJBKO OIHA KOMHA MJIA3MHIBL, T. €. B CHTYallHH, CoCOGHOH MPUBECTH
K yTepe naasMHIsl (3TOT MeXaHH3M MOXHO HasBaTh «TOJIbKO CO MHOH.;?V.[
JOpyras nnasmuia, R1 (koaupylowas YCTOHUHBOCTb K HECKOJIbKH)
aHTHGHOTHKAM), JOCTHTaeT TOH XKe LeJH APYTHM MyTeM. OnuH 13 rgﬂo?
3TOf Ma3MHIbl KOAHPYET TOKCH4HOE I KJETKH BellecTso, a %Ipy ro#
reH — KOPOTKOXHBYU[HIT HHTHOHTOP 5TOrO BEUIECTBA, Tak YTO HAMHUHE
Nna3MuABl Aas KaIeTkH he BpeaHo. Ho ecau B pesynbrare omg@ouuou
cerperamuu oJHa H3 KJETOK Ioc/e JeNeHHA YTepser MIasMHAY, T0 Ha-
KOTHUBILHICA B Hefl TOKCHH TPHUBeJeT K THOeMH 3TOH K/ETKH, nocy}éonb'f(y
[IPEKPATHACS CHHTES HHTHOHTOpa (MEXaHH3M «6es MeHA — Y blo";)c?f
Y coBepIIEHCTBOBAHHBIl BapHAHT MOC/TEAHEro MeXaHu3Ma HCTI0Ab3Y
konnunuorennpe maasmuasl (ColE1, ColA u ap.), KoaHpyollyue GakTe-
pHIMIHbE GeJKH-KOJHIMHBL H OAHOBDEMEHHO MPHAAKIIHE KJIETVKa’M
CBOMCTBA MMMYHHOCTH K HX JeficTBUi0. B pe3ynbTate KOJHUHHEL 6),'1'31'
y6uBaTh JHILB GecniasvHiEble KAETKH! KaK KIeTKH, yrgp;zgmne naas-
MUy, TaK H Te, KOTOPbIE ee He HMEJIH BOBCE. Srot cayvai uHTepeciiT{
TeM, UTO iBJISIETCA NOTPAHHYHLIM: KOMTHIHHOTEHHBIE MTa3MHIbl anHOCux
colepKallluM MX KJeTKaM SIBHYI BBINOAY, YEHHYTOXKAA GecnnasMuéLCHTBo
KOHKYDEHTOB, HO, C JPYTOH CTOPOHbI, CEJEKTHBHOE NpEHMYIL
KJETOK C TJIa3MHION CO31aeTcst ABHO MCKYCCTBEHHO; 3TOT KJace M./1as-
MHI HE CHOCOGCTBYET JyuileMy IPHCTOCOGIEHHIO GakTepHii K cpele
OGHTAHHA, O JHIIb YBeJIHUHBAET LIAHCH COJAEPXKAUMX HX KJACTOK B
HUHH ¢ ce6e MOROOHBIMH.
KOH(lI{r)xl(?ceoéuHocrb MHOTHX TLTa3MH TNepeflaBaThcsl H3 KIeTKH B KNeTKY
TpH KOHBIOrALHH TAKKe CTAHOBHTCA MOHATHOM HCXOAA U3 npenonoxe-
HHA 06 HX «3TOMCTHUHOCTH». [lefiCTBHTENbHO, TaKOE «3apaxeHue» Bce
HOBBIX KJETOK — OUYEBHIHBIH (M, NO-BHAHMOMY, A0CTATOUHO PACMpOCT-
pateHHBIi) crnocof H30exaTh THMHUHALHHM H3 GaKTepHa.ru',Hon nony-
ASUHH B YCJIOBHAX, KOTAa MJa3MIla He NPHHOCHT XO3fHHY ABHBIX ce-
NeKTHBHBIX Bhirog. Lleab 6yneT IOCTHIHYTa, ec/d HacToTa nepeHoca B
Cpe;HeM He MeHEILE, YeM 4acToTa CIIOHTAHHOH yTepu NJasMHi, HIH eClTH
OHA KOMMEHCHPYeT HECKOMbKO MEHBIIYI0 CKOPOCTb POCT2 COZepralliX
na3Mu1y Gakiepuil, KOTopas, B IPHHINME, MOXET na6o1aTbes H3-33
HEeOGXOAHMOCTH PeTIHIMPOBaTh JONOJIHHTENbEBI TEHETHYECKHH Ma-
Tepual. B 3TOH CBA3M HEOOXOAHMO OTMETHTb, YTO NPHCYTCTBHE Ha
NN1a3MUJe TPAHCIIO30HOB  [S-3/1EMEHTOB MOXKET PACIUHPHTD €€ BO3MOX-
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HOCTH TNIepellaBaThCsl HOBBIM KJ/IETKAM 3a CYeT CIOCOGHOCTH 06pasoBHIBATh
KOHHTErPAThl C IPYTHMH MJ1a3MHAAMH.

Xotsl, KaK Mbl Y6eIHAHCh, MHOTHE CBOHCTBA MOGHU/BHBIX 3/EMEHTOB
M MIa3MKI Pa3yMHO PaccMaTpHBaTh C TOYKH 3peHHsl KOHLEMLHH 3ro-
ucruunoit JIHK, oHH Hrpaor CYU(ECTBEHHYIO MNO3HTHBHYIO poJb B
AKH3HH GakTepHil-X03sieB, Ja)e ecH He MPHHOCAT HENoCpeNCTBEHHOH
noab3abl. [1eno B ToM, yTo [S-3neMeHThl, TPAHCMO30HB H MJIa3MHUIbI CIY-
JKaT BaKHeHLIMMH (aKTOPaMH T'eHEeTHYECKOH H3MEHYHBOCTH H 3BOJIO-
uMH OaKTepHH.

4. NAA3MHABI, MOBHJIbHDBIE 3JIEMEHTbI
U TEHETHYECKAS H3MEHYHUBOCTH
BAKTEPHH i

BakTepuanbHble MOOH/bHbIE SNEMEHTbl U IIIa3MHIBl MOTYT HE TONbKO
MepeHOCHTb MEX Y KJeTKaMH ajanTHBHbIE reHbl, BXOAAUIHE B HX COCTaB,
HO U SIBJSIOTCA BaXKHbIMH
(hakTOpaMH reHeTHYECKOH H3-
MeHYHMBOCTH. Bbille yxke ro-
BOPHJIOCH O  CMOCOGHOCTH
1S-aneMeHTOB H TPaHCI030-
HOB BbI3bIBATb HHCEPLHOHHbIE
MyTalliH, [eJelHH, HHBep-
CHH H TPAHCMIOKALUHH TeHeTH-
yecKoro Marepuana. B ces-
34 C 3TUM HHTEPECHO OTMe-
THTb, UTO XPOMOCOMBI DOI-
CTBEHHBIX BHIOB GaKTepHi
OT/IHYAIOTCH APYT OT JApYyra
MHOT O4YHC/IEHHBIMH nepe-
CTPOHKAaMH HMEHHO  3TOrO
penomburayus tuna. [lo-BHIMMOMY, Mo-
O6uNbHBIE 3JeMEeHTbl Chirpa-
U CYWECTBEHHYIO pOdb B
JMBepreHUuH H BHI000paso-
pauuu Gaktepuil. [lepeunc-
JIEHHBIMH Bbllle MYTaLHAMU
HE MCUEpIbIBAIOTCA BO3MOXK-
HOCTH MOOHJbHBIX 3JIeMEH-
T0B. BcTpanBaHHe HEKOTO-
pbix 1S-aneMeHTOB M06AH30-
CTH OT MOMYaullero rexa
MOXKET NPHBOHTbL K €ro aK-
THBALHH 3@ CYeT TPAHCKpHI-

MODUNBHBIL  INEMERM

< e e

lpenﬂuxau un

Puc. 81, MexaHn3m 06pa30BaHHA 1yNAHKaUHA
3a CYeT roMO.JIOFHYHOH peKOMEGHHALHH MO MO-
GHIbHBIM 3]€MEHTaM — «MOJIBHKHBIM YyuacT-
KaM TOMOJOTHH» (HepaBHBIL KPOCCHHIOBEp)
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MM ¢ mpoMoTopa [S-a1emeH-
Ta, T. €. TaKoe cOObITHE CMNO-
cO6HO H3MEHHTb PeryJisilHIo

6akTepHanbHOro reHa. OueHb BajKHO, YTO MOGHJIbHbIE 3/IEMEHTHI CJYXKAT
NOABHXXHBLIMH yYacTKaMH TOMOJIOTHH, TOMOJNOFHYHas peKOMOHHalHs
MeX<1y KOTOPHIMH MOX<eT NPHBOAHTb K AYNJHKAaUHsAM reHoB (pHc. 81).
Cuutaercs, YTo AYNJAHKALUMH — ONHH H3 OCHOBHBIX MYTeH 3BOMIOUHOH-
HOTO BO3HHKHOBEHHSl HOBBIX (YHKIHH. JleACTBHTENBHO, «IHILIHAAY
KONHA TeHa BBIXOAUT H3-NOJ AABJIEHHS eCTeCTBEHHOro oTéopa W mony-
4aeT BO3MOXHOCTb HaKaNJHBaTh H3MeHeHHs . Ualle BCero 3To NpHBEIET
K YTpaTe KakoH Obl TO HH Gbl10 ¢y HKUHH, HO HHOT A MOXKET NONYUHThCA
reH ¢ HOBbIMH (YHKIHSIMH.

OznxHakoBble ]S-3/1eMeHTbl H TPAHCIIO30HbI, PAcTONOKEHHbIE HA pa3-
HbIX DeMVIHKOHAX, CrocoOHbl ofecrneyHBaTh TOMOJIOTHUHYIO peKOMOHHa-
LIHIO, NPHBOASAILYIO K 00pa3oBaHHIO KolHTerpara. FiMeHRo TakuM nytem
HEKOTOphIE NJIa3MHbl 06PaTHMO BCTPAHBAIOTCA B XpOMOCOMY GakTepHi,
yro cpasy ofecneudBaeT foGaBJeHHE 3HAYUTENBHOTO (parMeHTa reHe-
THYeCKoro MatepHana (puc. 82). ITnaaMugpl, cnocofHble BCTpPaHBAThCA B
XpoMocoMy OakTepHii H Bblpe3aTbCcst OTTYOa, HA3bIBAIOT INUCOMAMU.
HHoraa BbipesaHue 3NMHCOMBI MOXET MPOHCXOAUTH He No Toé nape IS-
3JIEMEHTOB, IO KOTOPOH Npoluna uHTerpauus. B atoM cryyae niasmuaa
MOKeT 3aXBaTHTb YaCTb XPOMOCOMHOro MaTepHana, a uactb coeit JJTHK

1S- aremenmst

Puc. 82. MexaHH3M HHTErpalHH HeKOTOPHX MAA3MHA

(CoMos10rHYHAA peKoMOHHALMR MeA Iy OHHAKOBHMH [S-3n1emenTa-
MH NJa3MHAbLL B XPOMOCOMEL NPHBOAHT K BCTPAHBAHHIO NJAa3MHAB
B XxpoMocoMy. Takoe BcTpauBaHHe OOPaTiHMO. NOCKAJIBKY PeKOM-
GuHauus MexAY TOi e NMapofi [S-aleMenToB cnocoGua BHpe3aTh
HHTErPHPOBAHHYIO NNAa3MHAY)
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MOMET OCTaBHTb B Xpomocome. Bee 5Tu npoteccr! cywecrsenHo pacuu-
PAIOT 1HAMa30H BO3MOXHLIX H3MEHEHHH TeHEeTHYeCKOro MarepHana.

UpesBhluaiiHO BaxKHBIM IBJASIETCH TO 06CTOATENBCTBO, YTO UHTETpH-
POBaHHAaA B XPOMOCOMY KOHBIOTAaTHBHAs N1a3Mu1a (Harphep, F-tdak-
Top E. coli) He TepseT croco6HocTH HHHLHHPOBATE KOHBIOTALHIO KJETOK
H nepeHoc IHK u3 noHopa B peunnment. ITpn stoM THK nnasmugsi,
<€ocTaBisiolas 01HO Ledoe ¢ XpovocomHoit JIHK, «3aTackusaeT» B
PEUHIHEHT XpoMocoMy GakTepHH-foHopa. Mexay JIHK JOHOpa H pe-
[HIHEHTA MOXET NMPOHCXOIUTb OOILAs DPEKOMOWHALMS, YTO MPHBOIHT
K OOMEHY TOMOJIOTHUHBLIMH TeHaMH MEeX1y KJeTKaMH 6aKTepHa/lbHOM
ToNyAsUHH. ITOT Npouece — GaKTePHAIbHbII aHAJOL [OJOBOrG pas-
MHOXeHHs . Hanuune vexannsva obMena renamu oueHp BaHO IJIl 3BO-
JUOUMH GaKTEPHH, MOCKOIBbKY, KaK H B GIyUae NoJaoBoro Pa3MHOXKEHHs
SYKApHOT, HapyilaeT abCOMOTHYIO CLEMVIEHHOCTb [€HOB OHON XpoMo-
COMbl H TO3BOJIAET €CTeCTBEHHOMY OTGOPY HAXOAHTH 6aronpusTHble
KOMGHHALMH yiKe NIPUCYTCTBYIOWHX B ONYIALHH GakTepHi anienbHbIX
BapHaHTOB TEeHOB.

Hlrammbl, B KOTOPBIX 3MHCOMa HAXOIHTCA B HHTETDHPOBAHHOM CO-
‘CTOSHHH, MEPEHOCAT CBOM TeHbl GECNIA3MHIHBIM K/IETKAM C BbICOKOR
YacToTo! M TO3TOMY HasbiBatoTcs Hir (ot amrn. high frequency of re-
combination — Beicokas uactora pekoMGuHauuH). [lepeHoc xpoMocoM-
HBIX TE€HOB NPH KOHBIOTAUHMH BCEr1a HAYHHAETCH C OTHON H TOH e
TOUKH — MECTa HHTETDALHH SMHCOMbl — H UMEET OJMHAKOBYIO Hanpas-
JIEHHOCTD, OMpEJIeNAeMYI0 OPHEHTALHEH  BCTPOMBLUEHCH MI23MHIbI.
ITostomy, npepobiBas neperoc uepe3 pasHble NPOMEXKYTKU BpeMeHH
TIOC/Ie €ro Hauasla, MOXKKHO ONPeJeNUTb MOPSI0K DPACNONOKEHHS TeHOB
Ha GaKTePHANBHOH XPOMOCOMe NOBIH3OCTH OT MeCTa HHTerpauHu n/ias-
mMHIbl. M3-3a npumenenust storo cnocoba KapTHPOBAHUSI PacCTOSHHA
MEXIy reHaMH Ha reHetvueckoll kapte E. coli 0603HauyeHbl B MHHYTaX.

Baxnocrs ofMena remernueckuu MaTepHaNOM Js 3BOJIOUUH NpPO-
KaPHOT MOATBEDKIAETCH T€M, UTO MHOTHE GAKTEPHH HMeEIOT apyroi
MEXaHH3M OGMeHa TeHaMH — eCTeCTBEHHYI TpaHchopMmanuio. B xoje
STOr0 mpouecca 6akTepHH akTHBHO noraomanr JHK, 0Ka3aBlUVIOCH
B cpefle. Ecu norsowennas JJHK rovosornusa BHYTDHK/ETOYHOH, TO
BO3MOXKHA PeKOMOHHAUUA MeX1y HHMH. [11st TOro YTOGH NOBBICHTD Be-
POATHOCTL MONajaHHst B KJETKY HMEHHO roMoaoruunoit JTHK, HekoTo-
Pble GaKTEDPHH HMEIOT CHCTEMY IMCKPHMHHALHH, Y3HaIOULYIO onpeleeH-
Hyio nocaezosarenbrocts JIHK, wacto serpeuaroutyiocs y stux Gakre-
PHH, HO PeIKO Y APYTHX, H NO3BOMAIOLLYIO TPAHCMOPT B KJAETKY JHIIb
Tex Monekya JHK, KoTopbie oTMeuenb Takoii TI0C1€10BATETbHOCTbIO .
[TpoHnKHOBeHHe B KaeTKY npoussoabHol JHK u3 Cpelsl NoTeHUHAb-
HO OMACHO: TAKUM MyTeM MOTJIH Gbl NPOHHKAThL NATOreHHbIE ATEHTDI, Ha-
puMep Bupychl. Buanmo, nostoMy npu ectecTsenoii TpaHchopMalHu
B KJCTKY NPOHHKAeT JHWb OfHA JHHeiiHas uenb JHK, a BTOpas B
Xole TpaHcnopta gerpaaupyer. B rtakom Buze JIHK oTHOCHTEIbHO
GesBpesHa: OHa PEKOMBHHHUPYET C KAETOUHOI JHK npu Haanuuu rovo-
JIOTHYHBIX yYacTKOB, @ [IPH OTCYTCTBHH TOMOJIOTHH, KaK npaBsuJo, Je-

128

nag JJHK cayXuT oueHb xopommﬂg'ré»cgga};
TOM 11 bepMEHTOB PeKOMOHHAIHH, KOTOPbIE OF}IKOT:c?\q(\(/BC;;;: o e
FOMOJIOTHUHBI AVIIEKC (cM. puc. 58 H 59). o? My A (v
HaIlMOHHBIX COOLITHI, MPHXOAALIMXCS HA e:un_ug\i § it JIELK, sawer.
HO Bblille MPH €CTECTBEHHOH TpaHCQ)opMauun,Tq ﬁemgy e, Tymes:
nepeHoce, Korja peKOMOHHAUHA NPOHCXOLH

rpaaupyer. Onuxouenodey

camn JHK.
JIUTEPATYPA
.— M.: Mup, 1982. '
. E}go@g: r)g?j:.ml';‘enocmﬁucmo rexova,— M: Hayka, 1984.

. Cmenm, P. Ksaundap. MojexkydapHasi FeHeThka.— M: Mup, 1981.

B. Jewoun. Tennl.— M.: Mup, 1987.

Faasa VI

PECTPUKIHA
U MOJMPUKALUSE AHK

6mena JJHK Mexay GaKTepHsIMH craa::
) eKo
nepe]l HAMH 3aJady COXpaHeHHs cobeterHoro renoma. Jlad

asarbcsi
pcerja NMpPOHHKWAA B KJETKY UyXepoiHas JIHK crniocobHa Ok

T0JIe3HOH ];().[ee TO nocTo HH reHeTHY TepHaJI MOXKeET
HH HeTHYeCKHH Ma
0, OCT! PO €

&biTh TYGHTENbHBIM /ISl KJAETKH, 0cob6eHHO eqwromx o ¢ 4y epot-
aTbHOMY BHpYCY, GakTepHodary. [lis ToroﬂHK D or B akrepid
noit [JTHK, HyXHO yMeTb OT/IHUaTh CBOKO R O o ChataTs-
JOCTHTAIOT 3TOTO TeM, 4TO «MeTA™» cBoio Ik cH OO e
oter MonHQJuuupyxomer(g q)f{%};fc::;e I;I;ea;:::ilc: IIHTO3HH B ONpefeseH-
HMEIOT MemuAa3et, MOIHMHL el
HOil, XapaKTepHOH JUisi JaHHOTO BHIA nocnezxoaam;:cmoucr(p eLcLTpIIfKTaspa};,
roil CleuHasibHblil GepMeHT, HOOHYKAea3a pecmp AN
y3HaeT Ty ke Noc/Iel0BaTeIbHOCTb H paapesaerl_ee!,{mj R s a e
1MpoBana, T. €. Tonana B KIeTKy H3BHe. 12 o v,
OTPAHHUMBAIOT BO3MOMHOCTH TONATaHHA B HUX IO p

YyecKoro MarepHasa.

[Ilupokoe pacnpoCTpaHeHHE O

1. PECTPHKUHSI BAKTEPUO®ATOB

3MHOXEH-
§lBneHUe DEeCTPHUKUHH COCTOHT B TOM, HTO 6akrepuodar, pa

aeTcs
HbIii Ha OJHOM ITaMMe GaKTephil, yacto OueHb Crlg:;{gﬂpgj;{:ﬂo};«pasw
Ha npyrov wravve. Te pelxue Garu, KoTOpbIe :lBaXOTCﬂ O et
HOMHTBCS HA «UYKOM» IS HHX IITAMME, CKa3 Ol payin pas-
HBIMH K HeMY, HJIH MOJH(HUHPOBAHHBIMH, T. €. CJlI %I)LIHOBPEMEHHO a3
MHOXKEeHHS flpoxo,lm ¢ NOJIHOH SWKTHBHOCTbDéWKT”BHO i
MoJHbUUHUPOBaHHbE dard TepsioT CTMocOoBHOCTD e (1267 6).
JKATbCS HA TOM IUTaMMe, Ha KOTOPOM GbLIK BbIPALL
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Tab.auya 6. IpdexTusnocTs nocesa dara A
Ha Pa3HWX WTaMMax

S¢bbeKTHBHOCTD NMoceBa

UlraMM. Ha KoTO-
POM Obi.1 pa3MHO-
AeH ¢ar K B
K 1 10-3
B 10-4 1

Cefiyac H3BECTHO, UTO PeCTPHKLMS CBA3aHA C pacuien.ieHHeM (aropoi
JHK 3H10HYK1ea30il, cneunguuecky v3Hamoled onpeJeIeHHYI0 nocJe-
AOBATENLHOCTH HYKJIEOTHIOB, @ MOIH(HKALHSA COCTOMT B METH.IHPOBa-
HHH TOH XXe n0c.1e10BATEIbHOCTH. PasiHYaioT cucTeMbl pecTpHKIHH
H Mogudukauuu I, 11 u III Ttuna.

2. CHCTEMbI PECTPHKIHH

Cucmemot pecmpuryuu Il muna

Cucremst pectpukuus 11 THNa 0GHApYKeHB! ¥ OYEHb MHOFHX GakrepHii.
OTH CHCTEMBI COCTOSIT H3 BYX OTIETbHBIX (DPMEHTOB, PECTPHKTA3bl H
METH.1a3bl, Y3HAOWHX OIHY H TY Ke MocleloBaredbHocth THK —
CafT PeCTPHKUWH. EC.TH CaliT PeCTPHKLHH He MeTH.IHPOBAH, TO PeCTPHK-
Tasa BHOCHT B Hero IBylemoueunblii paspuiB. JHK He noisepraerca
PECTPHKIIHH, eC.lH XOTs Obl O1Ha Lelb MeTH.1HpoBaHa. Takue cBoficTBa
npeloxpansior cobersensyio IHK Gaktepuii or pecTpukumu: cober-
BenHas JHK mu6o nonHocThio MeTH.IMpOBaHa no Beeu caiiTau PECTPHK-
UHH, J1HGO, Moc/le pemuKalHH, MO.JIYMETH.IHPoBaHa. Ha noavMerhIn-
poBaHHble CaiiTHl DECTPHKUHH 1eHCTBYET MeTW.1a3a M MeTHIHDYeT HX
MOTHOCTBIO. Kak H npoune K.1eTouHble MeTH.1a3bl, METH.1a3bl CHCTEMbI
PECTDHKUHH-MOIHDHKALHH B KauecTBe I0HOPA METH.JIbHBIX TPYNN Hc-
NOJb3YIOT S-a1eHO3HIMETHOHHH. B Ta61. 7 118 npuvepa npHseleHH
AaHHble O HEeKOTODHIX pecTPHKTa3aX W MerH.Jaszax Il Tuma.

Cafit pecrpukuun pectpuktas 11 Tina, Kak npasi.io, CHMMeTpHYeH:
o6e uenn JTHK uMeloT 01MHAKOBYIO M0C.1€10BaTe1bHOCTD, €C.1H YHTATh
€€ B OHOM H TOM )Ke Hanpas.1eHHH (HanpkMmep, oT 3'- K 3'-koHuy JHK)
A KaX0M ey (Taba. 7). ITO ecTeCTBEHHO, IOCKOIbKY PeCTPHKTAa3hl
BHOCAT pa3peiBbl B ofe uenu JAHK u Mern1a3sel Toe MeTH.IupyIOT 06e
HernH.

Pectpuxrass I THNA ovenb WHPOKO HCMOIBL3YIOTCH B MeTO1aX reH-
HOMl HHAKEeHepHH 11 du3nuecKoro kKaptupobanus JHK M 117 Bhizele-
HHsA vuactkoB JJHK B cocrase Toro WM HHOro pecTpHKLHOHHOTO ¢ppar-
MenTa. [TosToMy B TeueHHe psiia JeT Belcsi WWHPOKMI NOHCK PeCTPHKTA3
I tna c pasHoit creuHdHUHOCTBIO (PAa3HBIMH CaiiTavH PeCTPHKLUHH).
B pesyabtare cefluac M3BecTHo Gotee 350 pecTpHKTa3 pasHbiX Gakre-
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Tas.auya 7. HekoTophie pecTpHKTa3mW BTOPOro THNa

pe‘.”ri,‘;‘;i‘{,’,, 1 CafT y3HapaHHa ? Hctounuk
p * . .
Bst 1 5 —GGATCC -3 Bacillus stearothermophilus
CCTAGG )
.- * B . o
Hind III AAGC TT Haemophilus influenzae Rd
TTCG AA
%
Alu 1 AGCT Arthrobacter luteus
TCGA
* 4
Pst | CTGCAG Providencia stuart i
GACGTC
R
3 1&3 asmpaloTcr M-Bstl. M.Alul w1, 2
; E?ggirac.\:b?}:rﬁ::e::ngc;b*;,l‘:q'yémp:me CBA3H. pa3phiBaeMble PecTPHKTa3amH. 3pe3-
JOYKaMKit — OCHOBc HHA, MOJH@HUHP}'E“NE COOTBETCTBYMOUWEH METH.1&30H.

puil, v3Hawowix Goiee 80 pasHBIX CalfTOB (PECTPMKTA3bl H3 Pa3HBIX
HCTOYHHKOB, y3HAIOLIHE OIHH CaiT, HA3bIBAIOT u30wuu3oMeparu). THUIb
A7 CYHTAHHBIX (PePMEHTOB IEHCTBHTEJIBHO MOKAa3aHO, YTO OHH YuacT-
BYIOT B OMUCAHHOM BblIE SIBJIEHHH PECTPHKLHH.

Cucmemst pecmpuxyuu I u 11l muna

CucTeMbl pecTPUKUHH [ THMa GBLTH OTKPHITH paHblUe, HO OKa3alHCh
3HAUMTEIbHO C.10&KHee cHcreMm 11 THna. Pectpukrassl | THMa H3BeCTHBI
v wraMmoB E. coli B u K (4 Ha3blBaOTCA COOTBETCTBEHHO PECTPHKTA-
3avu EcoB u EcoK) u v pasubix wrtamvoB S. typhimurium. B 3Tux
CHCTEMAX H PECTPHKLUHIO, H MOIHDHKALHIO OCYLIECTRIACT OIHH tdepMeHT,
CoCTOAUIMI H3 TpeX cVObeIHHHI, KoaupyeMbx v E. coli reHaMH hsdM,
hsdS w hsdR. Cy6peiuuuia, KolupyeMas resovm hsdS, oTBeYaeT 3a
crieunbHYHOCTh (pepMeHTa, OHA OTBETCTBEHHA 3a V3HaBaHHe caHTa pe-
crpukini. Cy6belnHHLa, Kolipyemas reHoM AsdR, oTeercrBeHHa 3a
pecTpHKIIHIO, a cy6beIHHHLA, KOIHpYeMas reHom hsdM — 3a .\‘lO,’lHCPH-
Kaumo. depMeHT y3HaeT N0C.1e10BaTeIbHOCTb HECKOIbKO 6o:1ee C.104-

pe
HY10, 4eM B cIvuae pecTpHkras II Tina, Hanpumep 113 EcoB: 5'=

=TGAN . TGCT=3". Ecu 062 OTMeueHHbIX 3Be3104YKOl aleHHHa 3TOH
I0c.1e10BaTe.1bHOCTH METHIHPOBAHbI, TO PecTPHKTa3a HHYEro ¢ mnocie-
J0BaTe.1bHOCTbIO He 1edaeT. Ec1H METHIHPOBaH TOJIbKO OIHH al1eHHH
(Hanpuwvep, Mocle peilTHKAalHH HIH PernapauHi), TO MeTH.1a3a MeTH.IH-
pveT BTOpOIl, HCNOIb3VA S-a1€HO3H.IMETHOHHH B KayeCTBe 10HOpa Me-
THAbHOH rpynnul. Ecau xe caiiT He MeruauposaH, To JHK, B cocrase
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KOTOPO#l OH HaXOAMTCS, PACIO3HAETCH KAK YYXEPOAHAA H NPOHCXOIHT
PeCTpUKUHSA. [INsi PeCTPHKUHM TakKe HeoBXomum S-ane HosuMeTHO-
HHH, HO JIHWIb B KauyecTBe alJOCTePHYECKOro apdekropa. INogoGuas
PEryJAlHs CTpaxyeT KJeTKY OT pecTpHKUMU coGerBennoii NHK s ye-
JIOBHAX HEJOCTATKA JOHOPA METHJbHBIX TPYNN, KOTJA HE MOMKer -
(GeKTHBHO MPOHCXOAMTD Moaudrkauusa IHK. U mas PECTPHKUHH, U a5
MonubHKaukH neoOXomum ATP, npuuem npu monudpukauun ATP ur-
Pa€T JHIIb aNN0CTEPHUECKYIO POJIb, & IS PECTPHKLHH HEOOXOIHUM THJ-
ponus ATP. [lesio B TOM, 4To 10 Ma/ONOHSTHBIM NPHYHHAM PECTPHKTA3bE
I Tuna Brocar paspuis 8 JIHK Ha OrPOMHOM PAaCCTOSIHHH OT CaifTa y3Ha-
BanHs — He menee 1000 n. 0. Sneprua rugponusa ATP 3aTpayHBaercs
Ha NepeMellleHHe pepMeHTa OT caliTa Y3HaBaHWA 10 yyacTKa paspesa-
Husa [IHK, tounee pepmenr, ocrapasicn CBfI3aHHBIM C CAHTOM Y3HaBaHHS,
«mporarHsaet» uepes cebs JAHK no Tex nop, noka we Brecer paspbiB.

ITono6Hast coxHOCTL cHeTeM pecTpukuuH | ThHna npusesa K mpeg-
TIOJIONEHHIO O TOM, YTO 3TH (hePMEHTHl HIPAIOT B KJETKaxX KaKylo-To
POJb NOMHMO pecTpHKuHH. OxHaKo apyrue $yHKUUH pecTpHKTa3s moka
He OGHapyXeHH. :

Bakrepuu, MyranTthbie no reny hsdR, ne crnocoGubl K PECTPHKIIHH,
He Moryt MoaudHuposate JHK (r~m~). MyTauns B rene hsdS NPHBO-
AHT K TOMY, 4TO ()ePMEHT He MOXET Y3HaThb CBOfi CailT, MO3TOMY B TaKHX
MYTaHTaX OTCYTCTBYEeT H PECTPHKLHS, U MOAHbHKauHA (r~m™). My-
TaHTHI 110 TeHy hsdM  HeXKU3HECIOCOGHbI, TaK Kak ZedeKT MeTHNA3H npH
HaJIHU{H¥ aKTHBHOH DECTPHKTA3bl NPHBOAHT K Aerpajauuy cob6CTBEHHOH
IHK. hsdR u S-myranTtei E. coli IHPOKO HCNOJb3YIOT B FeHeTHYECKO
HHXXEHEDHH, IOCKO/IbKY B TaKHe KJETKH MOXHO BBOIMTD NPOTsKEHHVIO
UyXeponuylo, T.e. HemogudHuHpoBaHHylo, [THK, KOTOpasi npu 3ToM
He TNOIBEPraercsi PeCTPHKIMH.

Pecrpukrasst 111 Tuna ssassores TIPOMEXKYTOUHBIMH MeX1y ep-
mentamu I u 11 Tunos. Mono6Ho depmentav 1 THIA, B COCTAB €AHHOTO
depmenta 111 Tuna sxogsar u PECTPHKTAa3a, H METH/Ma3a. PecTpHKTasbl
11 Tuna BHOCAT paspbib He B caiir Y3HaBaHHA, HO B OTJIHMHE OT PECTPHK-
Ta3 I THna Ha neBoabruom (HUKCHPOBAaHHOM DPACCTOSHHH OT Hera.

3. BOPbBA BAKTEPHO®ATOB
C CHCTEMAMH PECTPHKIHH XO3SHMHA

3auuTa COGCTBEHHOTO reHeTHUECKOro MarepHa/ia € NMOMOILbIO CHCTeMbE
PECTPHKLIHH HE BCeria (peKTHBHA, O YeM CBHAETEJbCTBYET CaMo cy-
liecTBOBaHHe OGaKTepHadbHbLIX BHPYCOB — Gaktepuodaros. Oka3sbipa-
ercsi, Gaktepuodarn BhIpaboTAaNH Pa3HOO6Pa3Hble TaKTHKH GopbOHL
¢ pectpukuued. Hanpumep, ana cpaBHHTenbHO HeGOMBLIMX tdaros u3-
BECTHBl CJIy4aH, KOTJa KECTKHH OTGOp Ha npeooteHHe PeCTpUKUHH
MPHBEJ K MOJNHOMY OTCYTCTBHIO CaliTOB y3HABaHUSA PECTPHKTA3hl X035H-
Ha Ha ¢arosoit IHK. Jipyroii cnocob Gopu6bi ¢ PECTPHKIHe HCNoib-
3YIOT HeKOTOpble KpynHble GakTepHopard. B coctas ux JHK BxotuT
HeoOBIYHOe oCHOBaHHe, HanpuMep B JIHK T-ueTHhx ¢aroB E. colf
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(T 2, T4 1 T6) BMeCTO UHTO3UHA BXOIHT OKCHMETHJIIHTO3HH, GOJbILIHH-
|CT BO OCTATKOB KOTOPOTO K TOMY 3K ellle r.aioko3u.Hpoeansl. JHK, vo-
AH GHUHPOBaHHYIO NMOJOGHBIM 06Pa30M, He pa3pe3aioT MOYTH BCE H3BeCT-
Hbl € pecTpHKTa3H. Tako# crnoco6 Gopb6bl ¢ PECTPHKLMEH MOTYT MO3BO-
JHTb cebe THLIb KPVIHbE arH, MocKoJIbKy A1 3T0r0 dar JoMKeH
KO1HpPOBaThb PaKTHUECKH HOBHIH MeTaGO.THYECKHH MYyThb CHHTE3a HEOOhIY-
HbIX HYKJIEOTHIOB, a Takxke HoBble depmeHTH cunresa JJHK, aizantu-
poBa HHBIE K HeOObIYHbIM CBOACTBAM (aropoi MaTpHIbl H K HCNOJb30Ba-
HHIO HeoOBIUHOTO cV6ecTpaTa. 3aTo CTOIb palHKaldbHasi MOIH(HKaLHS
JH K nossoasier daraM, HCHOIb3YVIOWMM 3TY TaKTHKY, He TO.bKO
33 W HWATLCA OT XO3AHCKHX PeCTPHKTAa3, HO H MOHTH Jalblie: OHH KOIH-
p YIOT HVK.Ieasbl, Jerpaiupviouite Hemoidduuuposanunyio JHK xo-
35HHa, HO He Aedictyiomne Ha darosyvio JHK. Ipyrue daru ucnonn-
3VIOT ewie pfAl CnocoboB 6OPbOLI C CHCTEMOH DECTPHKUHMHM XO3fHHA.
"V 3VKapHOTHYECKHX K.1ETOK, NO-BH,INMOMY, OTCYTCTBYET aHaJjor
6akTepHAJIbHOH CHCTEMbI PeCcTpHKIHH-MO MbHKALKMK . XOTH Y 3yKapHOT
umeeTcst MeTH.IHpoBanHas JHK u no kpaitheit Mepe v HekoTOpBIX —
cafiT-cnenHpHueckHe 3HIOHYVK.1ea3n (cM. r1. IV), oHu He o6pasyior
€IHHVIO 3alUTHYI0 cHeTeMYy . TakHM 06pa3oM, 3alMHTa 3V KAPHOTHUECKHX
KJeTOK OT BHPYCOB OCHOBaHa HAa COBEpILEHHO JIPYTHX MeXaHH3MaX.
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doc, Yomeon, dx. Ty, d. Kypy. Pekom6unantebie IHK.— M.: Mup,
1986.
FaaBa VII
TPAHCKPHUTLHKA

Tpanckpunyus sBAsi€TCS NEpBOH CTalHell peaTH3allMH (CYMTHIBAHHS)
TeHeTHUeCKOH HH(pOPMALHH, Ha KOTOPOH HYK.1eOTH1Hasl 0C.1e10BaTe 1h-
Hocte JJHK konmpyercst B BHIe HVKIEOTHIHOH MOC.I€10BATE.TILHOCTH
PHK. B ocHOBe MeXaHH3Ma KOMHPOBAHHS NPH TPAHCKPHMUHH .IeAHT
TOT e CTPYKTYPHbIA TPHHLHI KOMILIEMEHTAPHOTO CNAapHBAHUSA OCHO-
BaHHi, YTO H NpH periikauuH. TpaHCKPHUNUHs ocViiecTB.IsieTcs dep-
MentamMH PHK-noausepasasu, cuntesnpviomumu PHK na JHK-wmar-
pHue H3 DHOOHYK.1€03HITpHPOCHATOB.
Cunte3 moaeky.1 PHK naunnaetcs B onpeietennbix vecrax JIHK,
- HasblBaeMbIX npomMomopasu, H 3apepliaeTcst B mepsmunamopax (pHc. 83).
Yuacrox JHK, orpaniyenHblii 1pOMOTOPOM H TepPMHHATOPOM, 1PeICTAB-
Jsger coCofi eIMHHUV TPaHCKPHNUMH — mpaHckpunmon. B npelelax
KaXK10r0 TPaHCKPHNTOHZ KOMHPYETCH TOIBKO OIHA K3 I1BYX HuTed
JHK, KoTopas naseiBaeTcst sHawawer W sampuynot: Bo BCEN TpaHC-
KDHIITOHAX, CYHTbIBAEMbIX B OJ1HOM HMalpaB.JIeHHH, 3Haualleil gB.Isercs
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01Ha uute AHK; B Tpanck
PHIITOHAX, CUMTHIBAEMBIX
HOM HaNpaB.eHHH, 3Hauallel siBister . CIRK. Common:

CA Apyrasi HHTb
TPAHCKPHNTOHB MOIVT 6BITh OTIeleH 5 Fra ok coce ke

’ bl IPYT OT 1Ipyra He

: v ’ 3 3 TPaHCKPHOHU-
PyeMbiMu yyactkavu [JHK, a morytu nepexpLiBaThCs, B HaC]F')HOCT}?TSI}:
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9TO B Mpeie/laX YYacTKa NepeKphiBaHHA MaTPHUHBLIMH -0Ka3HBatoTcs 06e
HutH. Pas6uenne JIHK Ha MHOXeCTBO TPaHCKPHNTOHOB o0ecreuHBaer
BO3MOXHOCTb HE3aBHCHMOTO CYMTHIBAHHS Pa3HbiX T€HOB, HX HHIHBHIY-
aNbHOTO BKJIOYEHHSI H BBIK/IOUEHHA.

Y 3yKapHOT B COCTAaB TPaHCKPHNTOHA, KaK NPABHJIO, BXOJHUT TOJIBKO
onun reH. TpaHCKPHNTOHB TPOKAapHOT dHaille Ha3blBalOT ONEPOHAMU;
MHOTHE H3 HHX COJEepXKaT [10 HECKONBKY TeHOB, 06bIUHO (Y HKIHOHAILHO
CBA3aHHBIX, HAPHMEDP, KOAHPYIOUHX GepPMEHTH CHHTe3a TOH HJIH HHOH
AMHHOKHCJOTH . CYLILeCTBYIOT ONEPOHbI, cojepalllHe reHbl, He KOAHPYIO-
mue Gesaxos (rewbi puBocomunix PHK, TPHK u zap.). Onucansl cve-
WaHKble onepoHsl, BKmoudamollye resbl TPHK u Genkos.

1. PHK-TIOJIHMEPA3bI

Y 6Gaktepufi Monexyna PHK-nonumepasst COCTOHT H3 ABYX KOMIIOHEH-
ToB: MHHHMaabHOH PHK-nonuvepassl, HIH «kop»-pepMeHTa (OT aHII.
core — cep/LEBHHA), COAEPalllero BCe KaTalHTHYECKHE LEHTpHI, yua-
cryioude B cuirese PHK, n o-cy6neaunuibl, Heo6X0auMoi A1s mpa-
BHJILHOTO NMpPHCOeAHHEHHs] PepMeHTa K NMPOMOTOPY H OTAEJSIOLIEACs OT
PHK-nonuvepass nocie Hauana cuute3a PHK. Munumanbiaa PHK-
NONMMepa3a COCTOHT H3 HeThipeX CYGbeIHHHIL ABY X HAEHTHUHBIX G-Cy C'b-
eIMHHI H HeHJeHTHUHbIX B- W B’-cy6veaunuu. B B- u p’-cyGneaunn-
nax uwmeercs no ogHoMy atomy Zn. ¥ E. coli a-cy6beHHHIA COCTOUT
n3 329 aMMHOKHCJOTHBIX ocTatkoB (M,—36,51 k[), P — u3 1342
(150,62 x[1a), a p’ — u3 1407 (155,16 x[1a). Pasvepnl 3THX cyOBeaHHNL
y APYTHX GaKTepHii npuMepHO TakHe e. CHIbHO BHTAHYTHE B- u f'-
cy6GBeAHHHLE! HMEIOT ANHHY oKoso 24,0 uM (uto coorBetcTByet 70 m. H.
B JIHK) # wnpuny npuMepso 40 #M. 3TH cyObeAHHHIB KOHTAKTHDPYIOT
¢ JIHK B komnaexkce PHK-nosnmepasn ¢ npoMoTopoM H HecyT B cebe
KaTaJHTHYeCKHEe LEHTPHI.

B-CyGbenunuua GopMHPYeT LEHTDP CBA3bIBAHHA AHTHOHOTHKOB PH-
($aMNHIKHHA M CTPENTOJHAMIHHA, SABJAIOUIHXCA CNEeUHPHYECKHMH HH-
rubutopaMu GaktepHaibibix PHK-noanmepas. ®yHkuus @-cyGbeiH-
HHLbl He H3BECTHa.

Tpauckpunuuio reios puocomunx PHK, TPHK u Gombumnncrsa
TeHOB, KOJMPYIOIHX GeaKH, 00ecrneuHBalOT MOJEKYJIbl PHK-nonunwme-
passl, cojepalllye «IJIaBHYI0» 0-CyObeHHHIly (MOJeKyasipHas Macca y
E. coii 70 x]1, y Bac. subtilis — 43 k]1). Ha HecKolbKo ThiCAY MoJIE-
Kya PHK-nonumepasbl, uMelolinxcsi B GaKTepHaJdbHOH KJIETKE, MPH-
XOJHTCA NPHMEPHO THICAYA MOJIEKYJ [JIAaBHOH 0-CYOBeAHHHLH. B MeHb-
LIHX KOJIHUECTBAX HMEIOTCS «MHHOPHBIE» 0-CYObeHHHIIB, HCIIONb3YeMble
IS TPAHCKPHIILMM OTPaHHUEHHOTO YHCJIAa TeHOB (CM. pasien 3 3Tof
raapbl). HaGop MHHODHBIX 0-CyOBeAHHHI Y pasHblX GaKTepHil HeOo1H-
HakoB. [To pasvepy OHH MeHblue IJIaBHOH ¢-cyGbenuHHub. CpaBHeHHe
HYKJEOTHAHBIX TOCJIeJOBaTeNbHOCTEHl T[eHOB Pa3HbiX o-CYObeJHHHLL
CBHETENIbCTBYET O TOM, YTO BCEe OHH IPOH3OLLIH OT OJHOTO NPEeJKOBOTO
reHa.
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m -
o Sepzz{?;zmcnmnou 110C/IeI0BATeNIbHOCTH  Cy6beannuubn PHK-
npocrpchmeH:ggx :;{};1}(})8 6aKTepHit CYlIeCTBEHHO PA3THYAIOTCS, HO Mo

KTYpe, MO-BHIMMOMY, B

npoctpa MOMY, BecbMa CXOHBI, TaK
Yax | cyggg;f::uylfl:_re'rm COOHPaThb aKTHBHble FHGPHIHHE Mo.neky.uu
OPbIX B3ATHI OT i, :

o YGve OIHOTrO BHJ1a GaKTepHil, a yacTb—

B sapax
PHK-ng};nmeg};g:{pHIgh %ﬁipymeﬂu T}}}{ CHeLHATH3HPOBaHHble (HOPMM
. -nonnMepasa I (uau A no 7 :
F J APYToH, HoMe -
M}égzl:c%l;uf(:crmsgr B AApbliIKe cHHTe3 18 S 1 23 S pPpHyK. PH K-:gﬁ:
L (Mp:lng) ) — cHHTe3 HHPOPMALHOHHBIX PHK. PHK-noxuve-
A v pH—K(‘ZHHTES TPHK 4 HekoTopbix IPYTHX Hn3xomo.qeky-
pilind Gamép"aﬂb:{lg.;n;%)}a(su 3YKapHOT HeYyBCTBHTE/IbHbl K WHIH-
A -f01HMepas — pup

gut PHQaMNHLUHHY W CcTpen-
ﬁﬂe:éx:r::géﬂgngunqmqecxw HHTHGHTOPOM PHK-nonuvxeszu Ilpgg
JIE1HOH TIOTaHKH a-aManu » -

) tad. Kaxi1aa dopva -

gog?.w;p;;t}x ;o\;:rom H3 ABYX GOJIBIIUX Cy6beHHHIL ¢ M, zq; 2%—:— 212)5_I K}EL
" nB.nmorc;{ gguilx:“cu M,=10-+100 k/1. HeckoabKo MasbiX cy6beu-
oy oemone oG Ana pasubix dopu PHK-noanvepas. Boabume

ﬂ’<cy6bez1uuuixu 6amumony, BRINOMHAT Te Ke GyHKuuH, uto B- u

aKTepHalbHbiXx PHK-noau ’ ; )
auvepas. O
JlbIXchﬁbe;lHHHu MOK3 HHYEro He H3BECTHO P Bymunax a-
o .

Mepas gé\;l{l;xxvf(onbmux CYOBeIHHHUAX 3YKAPHOTHUECKHX PHK-nosu-
nocne;xoaaTg.r} €HO HECKOJIBKO YYacTKOB, KOTOPHIE 10 aMHHOKHCIOTHOI
oenedona: ubﬂgilrlﬂ Y BCeX Tpex GopM CXOIHH MeX1y co6oi H ¢ P'-
e uei . K-nonanuwepasn E. coli. B CTeYIOLHX 3a HHMH

pyx(eﬂc; c}g CYOBeIHHHIAX 3YKAPHOTHYECKHX PHK-nonuvepas oﬁﬁa-

A l_,il;:(’l‘BO B aMHHOKHCJIOTHOH 110C/1e10BaTeLHOCTH C B-cyGne-

o et P -nonuMepassl £. coli. 3TH 1anubie CBHAETETLCTBYIOT O

non,ﬂwepaau P€ SBOIOUHH SyKapHOT y HUX Hvesach o1Ha dopva PHK-

poepa: (66?115133Hue $OPMBI BO3HHK/IH 33 CUET YMHOMEHUS npeiko-

i TIEOTH)'( A5 TIPO- H SYKApHOT) K MOCJIEIYIONIEr0 PacXox.le-

y _HYKJ AHBIX N0C/IeI0BaTENbHOCTER B Pe3VJbT
i VJbTaTe MHOXeCTBa

Ocobwi -

s opraie.z?an NOTHMEDPa3bl OGECNEUHBAIOT TPAHCKPHILHIO K.IeTou-

Xnoporanent Hﬁpuo-r — XJIOpON/IAaCTOB M MHTOXOHIPHIl. B cocrape
, it K oBHapyxeHbl reHb, roMosornunse

Py©oumuM a-, B- u B’-cy6 Coli. D10 8

pyiou cx‘oqéTBo H)’Kne)érwml“muu PHK-noauvepasst £. coli. 3ro, a

< HIHOH NOC.Te10BaTelbH . :

TRk : OCTH MPOMOTOPOB -

xq% pOﬂ?‘I axwoponnacros CBHIETEIbCTBYET O TOM, YTO P!I-)IK-noqueﬁga

PHK'HOJI}C:{OB JAOMKHA ObITh CXOJHA C PHK-nonuvepasoii 6a}{reguﬁ

i cyﬁbe,iueflx)aabl MHTOXOH.IPHH COCTOSIT, MO-BHIHMOMY, BCETO W3 0;1—.

Do Yomen :Hbl. 1010640 PHK-nonuvepaszaw, KOIHPYeMbIM HeKOoTo-

Mmoxompuﬁpf{parwﬂ' TakuMH, Kak T3 u T7. PHK-no.1uvepasa

poxked cxoiwa ¢ PHK ba
D -NOJTHMEpPa3ay ¢
it pasaMH 3TiX dar
p":;f:ucnogﬂon fiocaetoBare.1bHocTH. [eH, koiupyomwmit w?ixro?:) o
ﬂecs};ﬁ 1HK~nonuMepa3y. pacnosaraercs B H;ipe. A i
7IeT Ha3a1 GBL10 BblIEIeHO COBEPLUEHHO HOBOE LAPCTBO KJje-
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TOUHBIX OPTaHH3MOB — apxeGakTepHH. ApxeGaKkTepHH — 3TO IMpOKa-
PHOTHYECK He MHKPOOPTaHH3Mbl, MHOTHE H3 KOTODbIX OGHTAIOT B 3KCTpe-
MaJbHBIX YCIOBHAX: MPH BHICOKHX KOHIEHTPAUHAX COJel HJIH TNPH Bbi-
COKHX TeMmepaTypax, npu6amkauuxcs K 100 “C. Ananus HykjeoTHi-
HbIX nocsiefoBaTtesbHocTeil X pubocomubix PHK mnokasan, uto apxe-
6aKTepHH NMPHMEPHO OJHHAKOBO /aJIeKO OTCTOAT MO CBOEil 3BOJIIOUHOH-
HOH MCTOPHH H OT 3YKapHOT, H OT OOBIYHbIX GakTepuii. Y apxeGaKkrepHi
He o6Hapy#eHo MHoxKecTBa hopM PHK-nonnvepas, HO 10 CBOEMY cybne-
auuHuHoMy coctaBy HX PHK-nosauMepasbi MoXoXH Ha PHK-nonunve-
pasbl 3yKapHOT: B HX COCTaB BXOIHT 8—10 cy6beaunnn. BecbMa yeTko
NPOCNEAKHBAETCSl TOMOJIOTHS GOJBIIHX CYOBeHHHAL PHK-nosnnmepas
pa3NMuHbIX apXeGaKTepHi C COOTBETCTBYIOIHMH cy6peaunnuamu PHK-

nonnuMepas 3yKapHOT.

2. IHKJ TPAHCKPHNUHH

Huka mpanckpunyuu MOXHO Pa3jesiuTh Ha YeThipe OCHOBHbIE CTalHH,
Kax1asi H3 KOTOPBIX B CBOIO O4Yepeilb COCTOMT H3 MHOTHX 3JIeMEeHTapHbIX
sranos: 1) ceaspiBanue ¢ THK; 2) munumauns uwenn PHK; 3) poct
(anourauus) uend PHK; 4) tepMuHauus uenu PHK.

SroT uMKA y GakTepHil ylaeTcs UeNHKOM OCYIIECTBHUTH B npocTol
GeckeTouHol CHcTeMe, coctosieit H3 JIHK-MaTpuubl H OUHILEHHOH
PHK-no/nmepasbl, 6e3 KakiX Gbl TO HH GbLIO JOMOJHHTENbLHbBIX dak-
TopoB. 70 He 3HauHT, uto PHK-nosuvepasa ABaAeTCH €IHHCTBEHHBIM
6eNKOM, YUY2CTBYIOLMM B TPAHCKpUNuuH. B Helt Moryr y4acrsoBath H
pasHooGpasHble peryasTopHbie GeqkH. O1HaKo Posib HX BCHoMoraTe/b-
Has: oHHM wewaoT uiaH novoraioT PHK-nosuvepase Ha Tex HJIH HHBIX
CTAaAUsX LHK/IA TPAHCKPHIILHH, KOTOPblEe OHAa OCYLIECTBJISIET H B HX OT-
cyrcTeue. [losTOMY M3yueHHe UHKJA TPAHCKPHIUHH H30JIHPOBaHHOH
GaktepuanbHoil PHK-nonuvepasoit mospo/iser NoHATh He TOTLKO tep-
MeHTaTHBHbIE MEXaHH3Mbl CHHTe3a MoJsiekyabnl PHK, Ho, uto eile Bax-
Hee, JdeT KJIOY K MOHUMAHHIO MeXaHH3MOB DeryJIAllHH TPAHCKPHIUHH.

Y 3yKapuOT TPaHCKPHIUHSA H3YyYeHa XyXe, UeM y 6akTepHii. 3r0
CBSI3aHO, B YAaCTHOCTH, C TeM, uTo ouHmeHHsie PHK-nomuvepassisy-
KapHOT He COCOOHBI OCYIIECTBHTb MOJNHbIH LKA TPAHCKPHUIIHH. Hna
3TOrO BCErJa HYKHbI AOTOJHHTEbHbE GeKoBble PAKTOPBI, JIHLb UacTh
M3 KOTOPBIX NOJyYeHa B ouHillenHom Buje. [loka 3YKapHOTHYECKHH UHKJI
TPAHCKPHTIMU Y]13€TCS OCYUIeCTBHTb JIHLIb B YaCTHYHO OUHLIEHHBLIX
KJIETOUHBIX KCTPAKTaX, COAEPKAllHX HeJO0CTaTOUHO 0XapaKTepH30BaH-
Hbie KOMITOHEHTH. TeM He MeHee MOXHO CUHTAaTh, UTO B OCHOBHbBIX 4€pTaX
LHKJ TPAHCKPHIUKH 3YKapHOT M GaKTepuit CxoleH.

B 3ToM pasiene 3TOT UHKJ GyIeT OMKCAH HA MpHMEpPE XOpoulo H3y-
yenHoro uukaa s PHK-nomumepassl E. coli (cM. pHc. 83).

LLMK/ TPAHCKPHIIHH HAUMHAETCH C NPUCOCOUHENUA PHK-noaume-
passi K npomomopy — CTPOr0 ONpeleJIeHHOMY YUacTKy IOHK, c xoro-
poro HaunHaetcst cuute3 PHK. MexaHn3M NOHCKa NPOMOTOPOB H3YHEH

| HeIOCTATOUHO; Mpednoaaraercs, 4To Moieky/as PHK-noanvepassl npH-
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1lleHHs1 3aKPBITOTO KoMIlJ1eKca B OTKpblTbll:l. Jl1st cavblX CHJBHBIX MPO-

! MOTOPOB OOGBIUHO XapaKTepHB! BHICOKHE 3HAueHHs OOEHX KOHCTaHT

(Bbicokoe cpoiacTBo PHK-noauMepasbl K npoMoTOpy H 6BICTPBI Nepe-
X0:1 IPOMOTOPHOTO KOMILIEKCa B aKTHBHO® OTKPBITOE COCTOsIHHE). Jas
ca1a6hIX TPOMOTOPOB XapaKTePHbl HH3KHE 3HaUeHHs 3THX BEJHYHH.
Cs1abocTh MPOMOTOPOB ¢ HH3KHM cpoictBoM K PHK-mosnMepase oco-
GeHHO 3aMeTHa IPH HH3KHX KoHueHTpaunsx PHK-nonuMepass 1 Moxer
GBITb CKOMIIEHCHPOBAHa NPH ee BHICOKHX KOHleHTpauusax. ITpoMotop ¢
HH3KHM cpoicTBoM K PHK-moaumepase Moxer GbITh JOCTATOUHO CH.1b-
HBHM, €CIH eMy [MPHCYLLa BLICOKas CKOPOCTb Mepexola B OTKphiToe
coctosiHue. Cu.1a 6O.IbLIHHCTBA MPOMOTOPOB Y BEJIHUHBAETCH C yBeJHue-
HHEeM CTerleHH OTpHuaTeTbHOl ceepXxcnupaiusauu [AHK. 3to obbac-
HAeTCsl TeM, uYTo OTpHLATe.bHas CBepXChHpasiu3alus obJjeryaer pac-
nnetanue JTHK 1 TeM cavbM nepexol B OTKPLITHIA MPOMOTOPHbBIA KOM-
niekc. CyLIeCTBYIOT, OJIHAaKO, NPOMOTOPBI, CH.1a KOTOPHIX HE 3aBHCHT
WIH Ja)Ke YMEHbIUAeTcsl ¢ VBE.IHYeHHeM CTENeHH CBepXCMHPATH3aLHH.
JroMy 3dxbeKTY OGBSCHEHHS MOKa He HailIeHo.

Ha craauu soneayuu 8 JHK pacnieteno npumepro 18 w. n. [lpu-
MepHo 12 HyKTeoTH10B MartpHuHod HuTH JIHK ofpasyer ru6puinyio
cHpanb ¢ pacTyuinM KoHuoM uenk PHK (puc. 84). Tlo Mepe JBHXKEHHA
PHK-no.iuMepasbl 10 MaTpHLE Brepe1H Hee NPOHCXOIUT PAcn/eTanue, a
03a1H — BOCCTaHOBJIeHHe 1BoftHo# cnupaid JHK. OanopeveHHO
ocBoGoXK1aeTca odepe1Hoe 3BeHo pactyiued uenw PHK u3 komnaexca ¢
matpuuell # PHK-nonuvepa3soii. 2TH nepemellleHHs 10/KHbI COTPOBOX-
naThest OTHOCHTEIbHBIM Bpauwenuem PHK-noanvepasst ¥ JIHK. Tpyaxo
cebe MpPeICTaBHTb, KAK 3TO MOKET NPOHCXOIHTh B KJeTKe, 0COGeHHO
NpH TPAHCKPHILHH XpoMaTHHA. [lo3ToMY He HCKJIOYeHO, 4TO L1d
npejoTBpallleHHss Takoro Bpallenns 1suraouyiocs mo JAHK PHK-
nojiHMepasy CONpOBOXK AT TONOH30Mepa3hl.

PHK~ noaumepasa

\ uazpahewe
\ d0umenuR
PHK - noaumepasze

5

AHK-PHK
P

Piuc. 84. PHK-noauwepasa. TtpaHckpuGupyiouas
AHK ’



B npouecce vitunenns PHK PH K-nonuvepasa 1sixeres nmo JJHK
C HENOCTOAHHON CKOPOCTbIo. OCODEHHO YETKO 3TO BHIHO NPH HH3KHX
KOHUEHTpAUHAX cy6CTPATOB. B HEKOTOPHIX yuacTKax MaTpHUbI 1THTE b-
Hble 3a1epKKM B npoisixenHd PHK-nomuvepask, Tak nasbipaevbie
naysel, Hab.TI0JAOTCS 1ake NPH ONTHMATbHBLIX KOHUEHTpauHAX cv6eT-
patos. 3asepiwaercsi cuures PHK B crporo ONpeJeTeHHbIX VYacTKax
MaTpHLUbl — TEpMHHATOpaXx, Ile MPOHCXOIHT oT1e1enue ot JIHK u roto-
Boit PHK, M MuHHMa1bHO! PHK-noanvepasbi, koTopast, o6be1HHHB-

LIHCh €O CBOGOIHON O-CY6belHHHUEH, MOmKeT BCTYNHTbh B CJe1ylOWHi
LHKT TPAaHCKPHNUHH.

Hyx.ieomudnsie noc.iedosamesrocmu
npoMomopog npoxkapuom

OcHoBHOIt 3neMeHT fpoMoropa — Mecto cBsi3biBaHHA PHK-notuvepa-
Sbl, KOTOpOE OHa 3aHMMaeT nepej Haya.1oM cuHTesa PHK. B cocras
NPOMOTOPOB MOI'YT BXOIHTb TaK¥Ke VUaCTKH CBSI3bIBAHHS 6eakoB-pery-
sTOpoB. Pa3sMep yuacTka cBfi3biBaHMs PHK-no:1nvepassl coorserct-
BYET ee 1THHE H cocraBasieT npumepHo 70 n. H. Pacnonaraercs stoT
YHACTOK OTHOCHTEJIbHO CTaPTOBOH TOUKH HECHMMETPHUHO: 110 X0V TpaHc-
KPHIIUHH €ro rpaHHLa OTCTOMT OT CTapTOBOH TOMKH Ha 20 n. H., a NpPOTHB
X01a — npHvepHo Ha 50 n. H. (puc. 85).

Ipu cpaBHeHHH HYK.IEOTHIHOM MOC.1€10BATETLHOCTH 601BIIOND YHC-
72 npoMoropoB E. coli, y3HaBaembix PHK-no.1uvepasoit, cozepxa-
IeH I1aBHVIO 0-CYOBeIHHHIY, 0Ka3a.10Ch, YTO OIHHAKOBBIX CpeIH HHX
HeT. CXOICTBO MEKIy HHMH OGHADYKH.IOCh B OCHOBHOM B ABYX yuvacr-
Kax LIMHOH N0 6 M. H., UGHTPHI KOTOPHIX pacloiaralTcess B paitoHax
«—10» u «—“35» M. H. (HYMepaUHsi HyK.J1eoTHIOB npoMoTopa BeJeTcs
OT CTapTOBOH TOYKH, KOTOPOH MpPHMHCHIBAETCS HoMep +1; puc. 85).
Hekotopoe cxoictBo Ha6ao1aercs TaKKe B paHOHe CTApTOBOH TOYKH.

=60 -35 -10 + +25
'
5! He3lHavawasn I I
, TTGACa TAtaaT cat
W EETTET] AACTGt " ATattA gra
73— _q =57= o, I
—_—
=55 +15 [
L7 - =26 -8 43 +22

—_— —_— Iy
Puc, 85, Crpyk1ypa npomotopa:
I — yyacTOK. pacn.ieTeHHbI B OTKDHTOM KoMM.lekce: // — y4acTok. 3awmilennsiil or AHKaaw I;

II'I - YYACTRI PAaCNIOJOMEHHA OCHOBHBIX 4KOHTAKTOB» — MEIT HIMeHEHI 1 MOIHGDHKALIH Tt MeTH -
C¥AbpaToM; /b — YHAaCTKH 10Ka.1M3aUHH MPOMOTODHE X MYTaumil
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Ha ocHoBaHHH CcpaBHeHHsI MNOCJEJ0BaTelbHOCTEH PasHLIX MPOMOTOPOB
BBIBEJIEHa «KaHOHHUYeCKasi» MOCJIeJ0BaTeJbHOCTh NPOMCTOPA, B KOTOPOIt
npejcTaBieHbl HaHOoJlee 4acTo BCTPEYAIOULHECS] B KaXK/IOM MOJIOKEHHH
HYKJeoTHasl. KaHoHHuYecKasi nocsiefoBaTeslbHOCTb yuyacTka «—I10» —
TATAAT (3Ta nocsei0BaTeNbHOCTL HA3bIBAETCS TaKXKe 6.10Kkom [1pub-
Hosa), ydacTkH «—35» — TTGACA (npH paccMOTpeHHH NPOMOTOPOB
O6LIYHO NMPHBOAAT NoC/ef0BaTesbHOCTb Tobko Toit HHTH JIHK, Koto-
pasi B TPaHCKPHOHPYEMOH 4YaCTH COBMajaer ¢ M[OCJ]e0BaTelibHOCThIO
PHK, 1. e. aBnsercs nesnauawei). KaHouuyeckas moesie10BaTeJbHOCTb
MPOMOTOPa HECHMMETPHYHA, UTO OTpaxaeT ero (GyHKUHOHANbHYIO He-
CHMMETPHYHOCTb. JleficTBHTENIbHO, MPOMOTOP oONpejensieT He TOJbKO
MeCTO Hayalla TPAHCKPHIUHH, HO H ee HanpabJ/eHue. CpejH MPHPOLHBLIX
TIPOMOTOPOB MOKa He 0GHApY>KeHO HH OHOTO C KAHOHHYECKOM NOCJIe/0-
BaTeJIbHOCTbIO, HO HCKYCCTBEHHO CKOHCTPYHPOBAHHBIl [pOMOTOp C
KaHOHHYECKOHA MOoC/e0BaTeIbHOCTbIO OTJIHYAeTCS OUeHb BLICOKOH 3¢-
(EKTHBHOCTBIO (ITOT pe3yJbrarT He Gbl1 3apaHee OUEBHIEH: YCpeaHEH-
Has M0C/e0BaTeIbHOCTD BIIOJAHE MOTr/a Gbl 06/1afaTh «CPeIHHMH» CBOK-
creamMi). O TOM, UTO KaHOHHYECKasi NOC/EJ0OBATENbHOCTb $IBJSIETCH
Han6oJee 3¢eKTHBHOIM, CBHAETENLCTBYIOT H Pe3y/IbTaThl MHOTOYHCIIEH-
HBbIX JAHHBIX MO0 MYTAlHOHHbIM H3MEHEHHSM [10C/I€eJ0BATeNIbHOCTH MPO-
MOTOPOB: H3MEHEHHS, MPHOJIKAIOLlHE NO0CAeJ0BaTeNbHOCTh [POMOTO-
Pa K KaHOHHYeCKOH, KaK MPaBHJO, YBEJNHYHBAIOT €ro CHAY, TOrja Kak
H3MEHEHHsI, YMEHbUIAIOUHE ero CXOJCTBO ¢ KaHOHHYECKOH,— yMeHb-
WAOT ero cHiy. M3veHeHHsi HYK/I€OTHAHOM MOCJA€I0BATENbHOCTH BHE
yuacTKOB «—10» 1 «—35» OGBIYHO /1260 CKa3bIBAIOTCA HA CHJE MPOMO-
Topa. 3HaHHe 3THX 3aKOHOMEPHOCTEN, OIHAKO, €le He MO3BOJAAET
HaJEXHO Mpe/CKa3blBaTh CHJY IPOMOTOPOB H HAXOAHTb MPOMOTOPHI,
paccmarpuBas nochefoBarenbHocTh JIHK, xors PHK-nonumepasa
NleflaeT 3TO OuYeHb OGbICTPO.

Y pasHbIX NPOMOTOPOB DACCTOSIHHSI MeXAy yuacTKamu «—I10» o
«—35» MOTYT GHITb HE OJHHAKOBHIMH, Y GOJbLUHHCTBA MPOMOTOPOB OHO
cocraisieT 16—18 n. H.; y HeGO/MbUIOrO YHC/IA MPOMOTOPOB BapHALHH
coctapiAoT 15—20 n. 1. OnTHMaAbHOe paccrosinke 17 0. H.: MyTauuH,
Y3MEHAIOLIHE 3TO PacCTOsIHHe KaK B CTOPOHY YBEJHUEHHsl, TaK H YMeHb-
1eHHsi, 0c.1ab/If0T NPOMOTOP.

CraproBast TOYKa TPaHCKPHIIUHH OTCTOMT Y pasHbIX MPOMOTOPOB
Ha 6—9 n. H. ot nocaenoBateabHocTH [Ipu6HoBa (puc. 85). HauanbHbiM
nykieorsiom PHK ualle Bcero siBnsiercs: AukTyeMblii MaTpuuei A win
G. [lpeanoureHne MypHHOB, OIHAKO, HealGCOMOTHO, H €CTb HECKOJbKO
NPOMOTOPOB, Ha KOTOPBIX TPaHCKpUNTH HauuHaworca ¢ C wau U,
HeCMOTPSl Ha Ha/JIHUHe Ha PacCTOSTHHH OJHOTO-1BYX HYKJ/IEOTHIOB [10-
TeHUHANbHOTO MYPHHOBOrO Hayana. ¥ HEKOTOPHIX MPOMOTOPOB CTapTO-
Basi TOYUKAa He CTPOro HKCHPOBaHA: HHHUMALHMA TNPOHCXOAHT C ;IBYX-
TPeX COCEIHHX HYKJIEOTHIOB MATPHUBL.

OnucaHHad Bblllle OPTAHH3ALHSA POMOTOPOB CBOACTBEHHA HE TOJIbKO
E. coli. Tak, HanpuMep, NPOMOTOPH, y3HaBaevbleC MOMOUIbO TI.1aB-
HOH o-cy6beiHHHUb Bac. sublilis, mo cBoeil HYK.JEOTHIHON mMocJe108a-
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- TETHHOCTH NPOABIAOT 60/blIOE CXOICTBO C KAHOHHUECKHM NpOMOTOpOM
E. coli. TlostoMy He yIMBHTEIbHO, Y4TO OHH XOpOWO HCTIOIB3VIOTCS
PHK-noanvepasoit E. coli. [ToGonbitho, uto Cpelx npomoTopoB Bac.
subtilis pexe, uem B cayuae npoMoTopos E. coli, BCTpeyaloTes 3Hauy-
TEILHBIE OTKJIOHEHHS OT KaHOHHYeCKOil Mnoc.1e1oBare’bHOCTH. Co3la-
ercA Bnevar.1enne, 4to PHK-nouvepasa Bac. subtilis 6onee orpanuuena
B OTHOLIEHHH BBIGOPa M0C.1€10BaTeNbHOCTEH HYK.1E0THI0B NpOMOTOpOB,
ueM PHK-noanmepasa E. coli. B cooTBETCTBHE ¢ 3THYM MHOTHe npoMo-
TOpbl E. coli 1N.10X0 HCMOIb3YIOTCH PHK-noauwmepasoit Bac. subtilis.

ITpoMoTopsl, HenoTb3yeMble PHK-noauvepasavu, cozepxawumu
MHHODHBIE 0-CYGBeIHHHLBI, 3aMETHO OT.IHYAIOTCA MO HVK.IEOTHIHOH
N10C.1€10BaTE.TBHOCTH  OT NPOMOTOPOB, Hcnodb3yemblx PHK-nomie-
Pa3oH, colepkaiedl T1aBHYIO 0-CYGBeIMHHLUY. [118 KaXKIOro THNa o-
CYOBeIHHHUBl XapaKTePHA CBOA KAHOHMYECKAs [OC]eI0BATEIbHOCTE
VUacTKOB, aHAJIOTHYHBIX YYacTKaM «—35» H «—10».

3. PETYJSIUUA AKTHBHOCTH
NMPOMOTOPOB NMPOKAPHUOT

AKTHBHOCTD MHOTHX MpOMOTOPOB PETVIHDYETCH ¢ TOMOMIbIO 0COGBIX
e 1KOB-DETY.IATOPOB, KOTOPHle MPHCOEIHHSIOTCA K OTpe IesIeHHBIM
yuactkaM JHK u aubo mewarwor, an6o nomoraior PHK-noauvepase
HHUUMHPOBaTh cHHTe3 PHK. B nepeom ciyvuae rosopst o HeeamueHoll
BO BTOPOM — O NO3uMugHod DETy.IAUMH aKTHBHOCTH MpPOMOTOpa.

Beiku, ocyiuecTBasionHe HeraTHBHYIO pervIAUHIO, Ha3blBAIOTCS
penpeccopamu. Mecta HX cBasbiBanua Ha JJHK Hasbieatores onepamo-
pavu. CNocoGHOCTD MHOTHX DeNpeccopoB CBA3BIBATHCA CO  CBOHMH
OneparopaMH 3aBHCHT OT HH3KOMO.IEK\VISDHBIX .THTaH10B — gipex-
mopos. SPHeKTOPbI, CHHAKAIOUHE CPOICTBO Penpeccopa K ornepaTopy,.
Ha3bIBAITCA UHOYKMOpaMu. B OTCYTCTBHe HHMIVKTOpa pernpeccop cBs-
3biBaeTcs c ornepatopoM H MeiaeT PHK-nouvepase HauuuaTh cHHTe3
PHK ¢ nposmoropa (npomotop penpeccHpoBaH). B komnsekce ¢ HHIVK-
TOPOM pEMpeCcop TePAET CNOCOGHOCTD CBA3BIBATLCS C ONEPATOPOM, B pe-
3).1bTATE YETO NPOMOTOP aKTHBHPYeTCA (WHIVUHPYeTcs). JlpyrHe pen--
PECCOPbI, HAaOBOPOT, MOTYT CBA3LIBATLCA C OMEPaTOPOM TOJIBKO B KOM-
n1ekce ¢ s(dekTopoM (KOTODBIE B 3TOM cavyae Ha3blBaeTcs Kopenpec-
copom). B npucyTcTBHM Koperpeccopa MpoMOTOp HeaKTHBEH (penpec~
CHDOBaH), B OTCYTCTBHE KOpenpeccopa aKTHBHpPVeTCS (1epenpecci-
pyercs).

BeIkH, oCYWeCTBISIOWNE NOSHTHBHYVIO PErv.IALHMIO, Ha3bIBAIOTCS
akmusamopasu. Psi1 6e1KOB-PETV.IATOPOB MOTYT BBICTY ATk KAk B PO.TH
penpeccopa, Tak H B POIH aKTHBaTopa.

3% nounvaHns MexaHH3vOB B3anMOIeRCTBHA PHK-noamvepass ¢ nposo.
TOpawi it ¢ Gelkauli Pery.1ATOpasi BaXKHO 3HATb MPOCTPAHCTBEHHYIO CTPYKTYpY
HX KoMnlekcoB ¢ JIHK. K cokalenio. B HacTosulee Bpems NOUTH Hiryero He
HI3BECTHO O 1€TA.1AX NMPOCTpaHCTBEHHON cTPYKTyYpbl PHK-noduvepass . B wact-
HOCTH, O CTPYKTYpe e¢ Y4acTKOB, B3anvoledcTByomix ¢ THK. [pi6insurebHoe
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npeicTaB.IeHlie 0 CTPYKTVPe Komn.1ekcos 6eakos ¢ IHK aaer aHan':u pacno.loxKe-
Hif Ha JJHK NHMUYECKHX rpynn, KOHTAKTHPVIOWHN ¢ 6edkaMy. .‘1eT01 OCHOBaH
Ha ToM, 4TO nprcoelnHenne 6e1ka k IHK 3aummaer ee B mectax KOHT4KTOB OT
NHMHYECKEX MO1NH(dUKauni. B 1pyrom BapHaHTe cIe1fT 3a TeM. Kakie NHMHueC-
Kite MolnbHKalii wellaloT 6eky npucoelnHsateca k JIHK. Hcnoabsyior pas-
JHyHBle XHMIYecKie peareHThl. Bbi3biBalolllie B KOHEYHOM HTOTe pa3phiB ueni
JHK B mecTe MoIHPHKAUMH (IPHHLHN perHcTpauii mecT pa3phiBOB o6bACHAETCH
Ha pic. 86). B 3aBHCHMOCTH OT HCMOIB3VEMOro pearexrta .\;omuo.u;{emnqn.luupo-
BaTb KOHTaKTH ¢ pocharhbivy rpvimavi JTHK. wetuabHeMi rpynnaMi ryalita
H aleHHHa, BHCTVIAOWHMNI B 60.bIIVIO H Ma1yI0 60PO3IKH. -10Ka.111308aTh p[:cK-
naaBiexubie vuactkit 1HK. Ecan HaHecTH Ha npocTpaHCTBEHHYIO Moleap ]
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Puc. 86. JTokaau3sauusa xoutaktos 6eaxa ¢ JHK
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Banuu PHK-noiumepasu ¢ npomotopom. Pacemotpenne ornewatka PHK-nodne
Mepasbl  Ha NpPOMOTOpe NOKa3hiBaeT, YTO OHa MOKPHIBAET BCIO MOBEPXHOCTH
JAHK Ha mecTe cBOero npHCOeIHHEHHS, OCTaBaAS Ha apyroi cropoue AHK

CBOGOIHOE MECTO 1151 MPHCOENH HEHHS IPYTHX GelKOB KaK B paioHe «—35», Tak
H B paliOHe CTapTOBOH TOUKH.

[pocTeiiuiuii MeXaHH3M PeTPECCHH 3aKMOYAETCA B CTEPHUECKOM 6.10-
KHPOBaHHH penpeccopoM npHcoeaunenns PHK-nonumepasbl K mpowo-
TOpy. Takoi MeXaHH3M HMEeT MecTo B TeX NPOMOTOPAX, B KOTOPHIX yua-
CTOK CBA3BIBAHHA penpeccopa MepeKpPbIBAETCH C YYaCTKOM CBA3LIBAHHH
PHK-nonuuvepassl. [IpocTefiinit MexaHH3M aKTHBAIHH 3aKJI0uaeTCs B
TOM, UTO GEJIOK-aKTHBATOP NPHCOEAHHSIETCS K TpoMoTopy pajom ¢ PHK-
TI0JIHMEPa30 H 3a cueT HeNmoCPeACTEEHHOrO KOHTAKTa C Hell ofseruaer
06pasoBaHHe OTKPHLITOTO MPOMOTOPHOrO KOMILIEKca. JIHCKYCCHOHHBIMH
ABMAIOTCA MEXaHH3Mbl NeHCTBHSI TeX GeJKOB-pery/sTopoB, KOTOpbie
npucoeanHsioTes K JAHK Ha snauntenbHoM paccrosuud o PHK:nomu-
Mepasbl. Huxe paccMoTpeHo HecKONbKO HaGo/ee XOPOINO H3yYeHHBIX

TIPHMEPOB, HJMOCTPHPYIOUWHX Pa3iHYHble NPHHIHUIEI PEryAsSLHE Mpo-
MOTOPOB.

Penpeccop paza A

Penpeccop dara A npeacrasasieT cofoil AUMEp H3 ABYX HIGHTHUHBIX
cy6venunuil. Mosekya auvepa cpasbipaeTcs ¢ ywactkom JHK -
Holt 17 n. H. CyGbelMHHUBl COCTOAT M3 ABYX KOMMNAKTHBIX JOMEHOB
TPUMEPHO OIHHAKOBBIX Pa3MepoR, COeIHHEHHBIX KOPOTKOM NMepeMbliKOoiH
(Bcero B MoHoMepe penipeccopa 236 a. 0.). [TepevMbluka Jerko pacuter.is-
ercsl nporeasaMu. N-KOHUEROI J0MeH, IOYUYeHHBIH 0C/Ie pacllenIeHH s
nporeasaMu (ocratkH 1—92), crocoben ceasuiBaThess ¢ JHK, oirako
MeHee NPOYHO, YeM HWHTAKTHbIH penpeccop. KpoMe toro, u3oiupoBaH-
Hble N-KOHUEBble JOMEHbl JIETKO JHCCOUHHPYIOT 10 MOHOMEpOB.
[Tosromy cuutaetcsi, uto B HemocpeacTBeHHoM Kourakte ¢ JIHK Haxo-
AHTCA TONBKO N-KOHUEBOH f0MeH, a C-KOHUEBOH 10MeH CTaGHAH3HpYeT
ceaseiBanue ¢ JJHK 3a cuer crabuimsaumu auvepa.

B N-KoHueBoM J0Mehe HMeeTCsi NATh Y4acTKOB &-CHpasH. [lepBble
YeTblpe CMHPATH BMECTE C COEJMHHTENbHBIMHM YHacTKavMu 06pasylorT
KOMNAKTHYIO T106yay. [latas cnupanb (Hyvepauus uieT oT N-KOHIa)
BBICTYNeT W3 [VIO6YJIbl H NPHMBIKAET K MATOH CIMPATH APYLOro MOHO-
Mepa. 3a cueT 3TOTO KOHTaKTa N-KOHUEBble IOMEHbI YIEPXKHBAIOTCS B
Anvepe. M3 r106yabl BBICTYRAIOT TakxKe NepBble 8 a. 0., 06Pa3yOMHX
BHITAHYTYIO «PYKY». .

PaccMoTperne MpocTpaHCTBEHHOM CTPYKTYPHI Cpa3y JaeT MpeIcTaB-
JleHHe 06 oflueM XapaKTepe B3aHMOIEHCTBHSI perpeccopa C ONepaTopoM.
B 1uvepe 1sa 01MHAKOBBIX @-CHPaJbHBIX yuaeTka & o6pa3vioT Bbl-
CTynallHe KPOMKH, DacCTOSiHHE MeX1y UEHTPaMH KOTOPbIX COCTAB--
Jser 3,4 HM, T. €. PaBHO PacCTOSIHHIO MEXIY IBYMA COCeIHHMH GOJlb-
WwuMH Gopc3ikavu ABofiHol cnupanu JHK. «-Cnupanan penpeccopa
HaKJIOHEHbI TaK, YTO MOTYT CBOOOIHO BOHTH B ABe cocelHHe 6oabiliue 6a-
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po31KkH oneparopa, B KOTO-
phix OOKOBHE paJHKaIbl
aMHHOKHCJOTHBIX  OCTaTKOB +
MOTYT HeNocpeICTBEHHO KOH-
TaKTHPOBAaTh C XHMHUECKH-
MH TPVANAMH  a30THCTHIX
OCHOBAaHHH, BHCTYNAIOMHMH
B 3Ty 6opo3iky. Cuupanb 2
pacnioaraerca Hajl 60po3l-
KOH, M ee KOHUeBas 4acTb
MOMXKeT KOHTaKTHpOBaTb C
(dochaTHBIM OCTOBOM MOJIEKY -
Jabl. [HOKkas «pyKa» penpec-
copa (mepshle 8 aMHHOKHC-
JOT) OOHHMaeT  MOJIEKY.1y
JHK (puc. 87). OcHoBHYIO
posib B V3HaBaHHH HYKJEO-
THIHOR Moc.1e10BaTeibHOCTH
onepaTopa HrpaeT ChnHpanb,
norpyxeHHas B 0OJIblLIYIO
Goposaky JAHK, a ocraib-
Hble KOHTAKTH HecrnelH®H-
yecKH CTaGH.TH3HPVIOT CBSA3b
penpeccopa ¢ ONepaToOpPoM.
Haubolee y6eiute.1bHO 00
3TOM CBHIETETbCTBYIOT H3fl-
{I{Hble ONBHTH MO Hanpaa.(;eﬂ-
' H3MeHeHHIo cneuHdHI- )

}:l?)sgu}{?)enpeccopa ¢ara 434, pOICTBEHHOTO dary /,.Feﬂxgenggﬁi&?
hara 434 6bL1 nepecTpoeH TaK, YTO aMHHOKHC.IOTHHIE ocTatK ,6pmbm >
JKeHHble Ha HapYIKHOMA NOBEPXHOCTH &-CTHpPa.TH 3, BXo1seR Bm 'rou{ue
6opo3aky onepatopa dara 434, ObLIH 3aMeHeHBl Ha COOI’I'XBe’r )cho'r-
aMHHOKHCJIOTHBE OCTATKH pernpeccopa ApYToro ¢ara P22. MHHOK et
Hble OCTaTKH, pacloI0XKeHHble Ha BHYTPEHHEH CTOPOHE STOH ZEI;\I?I&HHH'
KOHTAKTHPYIOLLHe C TeJIOM perpeccopa, 6bLTH OCTABJIEHB HEH3) CHiL-
Mu. [ToavueHHBA THOPHIKbI pernpeccop noreps. cnocobHOCTD ¢
BaTbcst ¢ omepaTopoM (ara 434 H npHo6pe.T CMOCOBHOCTb CBA3HBATHLCA €

nepatopom ¢ara P22.

° elgenpzccopqopery.mpyer aKTHBHOCTb TpeX mpomotopos dara, u::
KoTopwix 1Ba, Prm M Pgr, pacnoiaraiorcs psioM. Tpaﬂcxp'un\x;u;
npoMoTopoB P gy # Pr H1eT B IPOTHBONOTOKHBIX Hanpas:xeuum\,\. em:(§
CTAPTOBLIMH TOUKAMH 3THX MPOMOTOPOB pacnoaraiorcs ;pn _v'ao
cpsizbiBanns penpeccopa: Ogg, ORz’ H Ogs ’(puc. 88). uacror\[ ;;i
NepexkphiBaeTCs ¢ YUACTKOM CBA3LIBAHHA PHK-no1uMepasbl ¢ mpos Urmo
poM Pgy. OSTOMY CBfi3bIBAHHE perpeccopa ¢ Og, MeiaeT CBA3bIBaH
PHK-noaumepasbl ¢ Pgry H TeM cambiM MOIaBIACT TPaHCKPHNLEIO.

145

Puc. 87. Penpeccop dara 4:
1 —3 — HoMepa X-CnHpasled



Benox-Beanolsrd xowmawm,
obAezvarowud 83aurodedcmiue
PHK-noAumeDassi c npoMomapon Poy,

PHK - noaumepasa penpeccap

Pan Pe

Puc. 88. AxtiBauns npomortopa P penpeccopon gara 2

Touno Tax xe cBasniBanne penpeccopa ¢ Og, MOIABIAET TPAaHCKPHI-
HHIO pR'

Iocaescteus cpasuiBanns ¢ Og, 6olee C10XKHBE. ITOT VUACTOK Ya-
CTHYHO MEePeKpPBIBAeTCA € VyacTKOM cBsisbiBaHHs PHK-noauvepassi
< npoMoTtopom Pr, noatomy ceasbiBaHHe penpeccopa ¢ Og, noiapiser
TpaHcKpunuuio ¢ Pr. Crenenb nepekpuiBanus Og, € YYaCTKOM CBSI3bi-
BanAs PHK-noausepass ¢ npomotopom Py otenb Ma1a: B HeM HeerT-
€5 T0.1bKO 01Ha docdarnan rpynna IHK, ¢ KoTOpoii KOHTaKTHpPYIOT H
PHK-no.nvepasa, u penpeccop. ITo3ToMy MOXHO IvMaThb, 4TO CBAA3H-
BanHe penpeccopa ¢ Oz, He Mewaer cBs3nBaHHio PHK-noansepassl ¢
Pru - Boaee toro, nokasawxo, uto penpeccop, cBa3siBasich ¢ Og,, 3HaUH-
TEIbHO CTHMY.IHPYeT (10 JecATH pa3) TpaHCKpHnuHio ¢ Pgy. [Tpeino-
Jlaraercs, 4to akTHBHpYioulee JeficTBHe pelpeccopa 0O6YC.IOBIEHO TeM,
4TO B paitoHe «obulero» ¢ocara Mmexk1v PHK-no.1uvepasoit 1 penpecco-
POM BO3HHKaeT Ge/IoK-GesIKOBHA KOHTaKT, noMorawouiuit PHK-noTimMe-
Pase HauyaTb TPAHCKPHNUMIO ¢ mpoMoTopa Pgry (pHc. 88).

HauGosee y6eiurebHBM 10B0I0M B MOIb3Y MpeInoJoKeHHS o
creunduuecKoM Kontakre penpeccopa H PHK-nosusepassl c.1vur ada-
JIH3 MYTaHTHHX GopM J-penpeccopa, KOTOPbIE COXPAaHHIH CIOCOGHOCTD
CBA3BIBATbCS C ONEPATOPOM, HO MOTEPSA.IH CNOCOGHOCTh CTHMY.THPOBATh
TPaHCKPHNUHKIO ¢ Pry. OKasalock, YTO 3TH MVTAUHH 3aTpariBaioT
Gucnupaibnbit  [THK-ysHalouuii 31event penpeccopa. M3veneHHble
AMHHOKHC/TOTHBIE OCTAaTKH He V4acTBVIOT B KoHTaktaxX ¢ JJHK H, pac-
110/1araACk Ha MOBEPXHOCTH pelpeccopa, MOrYT KOHTaKTHpOBaTh ¢ Ha-
Xo1AWHMesl noGaunsocth vuactkom PHK-noauvepasm (puc. 88).

Tpu oneparopubix yuacrka Og,, Og., Oy HECKOTBKO OTIHYAIOTCH
fl0 HYK.IEOTHIHOM Moc.1eloBate.1bHoCcTH. OT.1HYaeTcs M CPoOICTBO pe-
fipeccopa K 3TuM YuacTKaM. OIHaKo KapTHHA pacnpeleieHHs MO.JeKY.l
penpeccopa Ha Tpex onepaTOPHBLIX Y4YacTKaX 3aBHCHT He TO.1bKO OT OT-
HOCHTE.IbHOTO CPOICTBA penpeccopa K -KamIOMY H3 3THX VYacTKOB,
B3ATHIX MO OTIETBHOCTH, HO H OT B3aHMOIEHCTBHSA MeK1V IHMEPAMH
penpeccopa, NPHCOeIHHHBIUMMHCS K COCEIHHM Y4acTKaMm. HauGoabuiny
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cpoicTeoM pernpeccop obaaiaer K yuactky Og,. CpoicTso penpeccopak
cocegemy Op, NMPHMEPHO B J1ecATb pa3 HHXKe, OIHAKO J1axe NpH He
OYeHb BEICOKO{1 KOHIeHTpauuH penpeccopa yuacTkH Op, # Og, OKa3bl-
BAlOTCA 3aHATHIMH 01HOBPEMEHHO 3a CYeT TOro, 4TO CBA3bIBaHHE pernpec-
copa ¢ Opg; of.leryaer cBs3hIBaHHe IPYyTo#l MO.IEKY.bl penpeccopa €
Op,. BsanmogeiictBHe MOJIeKy/ penpeccopa siBiseTcs MapHbIM: KOH-
TaKT C OJIHHM COCEIOM HCK.TIOYAaeT B3aHMOIEHCTBHE C JIPYTHM COCeIOoM,
MOSTOMY CBf3biBaHHe IBVX Mo.1ekY.1 penpeccopa ¢ Og, H Og. He moMo-
raeT CBAI3bIBAHMIO ¢ YYacTKOM Ops, KOTOpbIfi OKa3blBAeTCA 3aHATHIM
JHLIb TPH BHICOKHX KOHLEHTpALHAX perpeccopa. ECIH NMOBPeIHTh ¢
nomoltbio Mytaltid Og, TaK, YTO OH roTepsAer CIOCOGHOCTb CBS3bIBATH
peripeccop, TO B3aHMOIE/CTBHE DelpeccopoB CTaHeT BO3MOKHHIM B
yuacTkax Op, H Ops M OHH 6Y1YT 3al0.THATECA OIHOBPeMEHHO. Baanvo-
JeficTBHe MOJIeKVJI perpeccopa IpYT € IPYFOM OCVILECTBIAETCA uepes
C-KOHuepbie JOMEHbl, TaK KaK MOJeKY.1bl, JIHIIEHHblE HX, CBA3LIBAIOTCA
C OMEpaTOPHBIMHM YYACTKAMH HE3aBHCHMO IpYT OT Apyra.

Coe1ver OTMETHTb, UYTO KOOMEpPaTHBHOCTb B3aHMOIEHCTBHA pen-
PECCOPOB ¢ OIePaTOPHbIMH YHACTKAMH MOKET NPOSBIATECA H B TOM ¢y~
yae, eC;TH CKOHCTPYHpoBaTh Mo1ekv.1sl IHK, B KOTOpBIX onepaTopHbie
VUacTKH ViaqdeHsl 1pvr oT apyra. [Ipeinosaraercs, uTo H B 3TOM CIyuae
1Be MOJEKY.Tbl Derpeccopa HemocpeiCTBEHHO KOHTaKTHPYIOT MeRIY
co6oii cBonMH C-KOHLeBBIMH JloMeHaMH, B pe3y.ibrare uero JJHK ofpa-
3yer ner.nio. Takue nerTd J1erko obpasyiorcs, Korla onepartopbl pasie-
JleHbl Le.ThiM YHCJ10M BHTKOB CIIHpPATH. B 3TOM C.Tvuae MOJEKY . Thl pernpec-
copa pacrnionaraloTcs no olroit cropore JIHK, Tak uto 11s 06pasoBa-
uua nern JAHK nyxHo TobKo n3orHyTh (pHe. 89). Ecau paccrosnue
MexK1y OofepaTopaMH coctaslser 2,5 W 3,5 BHTKa cnHpatd, o6paso-
BaHHe MeT.IH 3aTPYyIHEHO, TaK KaK MOIeKY.Ibl DEnpeccopa OKa3klBalTCs
Ha pa3sHbX cropokaXx JAHK. ITosToMy 115 o0pasoBaHHA METTH :1H£<
HVKHO He TO.IbKO W3OTHYTb, HO H 3aKPYTHTb HTH PacKpYTHTb Ha 180°.
DHeprus, 3aTpaudBaeMas Ha 3TO, BecbMa OUIVTHMA.

KoonepatiBHocTh B32HMOIEACTBHA perpeccopa ¢ oOleparopavi
MPHBOIHT K TOMY, YTO 3aBHCHMOCTD CTENEHH penpecchit MpoMoTopa Pr
OT KOHIEHTpAUHH penpeccopa HMeeT XapaKTepHbLIH «CHIMOHIHBIH» BHI
(prc. 90). TIpH BHLICOKHX KOHLEHTPalUHAX pernpeccopa 3aHATHL ofa yuacT-
Ka, Og, 1 Og,, UTO obecreunBaeT cHIbHYIO (1000-KpaTHYIO) perpeccHio.
[TpH He3HauHTeIbHOM VMeHbIUEHHH KOHIEHTpauHH pernpeccopa 3aHs-
TocTh YuacTkoB Og; H Oy, NpaKkTHYeCKH He VMeHbilaeTcsa H CTeneHb
penpecchH He MeHseTcsi. 1pH 1aJbHeliweM YMeHblI€HHH KOHLUEHTPALHH
penpeccopa CTefeHb perpeccHl pe3ko naiaer. Takum o0pasoM, NpoMo-
TOp THGO OUEHb CH.IBHO PerpeccHpoBaH, .THOO MOYTH MOTHOCTBIO Jepe-
npeccHpoBaH: 117 nepexoia oT 1000-kpatHoit 10 30 ®o-Hoil pernpeccHH
Tpe6yeTcsl VMEeHbUIHTh KOHLUEHTPAUHio perpeccopa BCero B MATb pas.

B oTCVTCTBHE KOOMEpaTHBHOCTH 3aBHCHMOCTb CTeNEHH DenpeccHH
OT KOHUeHTpalHH penpeccopa Gonee niapHas. COOTBETCTBEHHO —1TA
TeX NPOMOTOPOB, KOTOPBIE Pery.THPVIOTCs MO NMPHHUHIY PE3KOro nepe-
KJIIOYEHHS, HCMO0J1b3VeTCs KOOMEepPaTHBHBI Ccrnocof6 B3aHMOIECHCTBHS
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ﬂﬂhquﬂ?pﬂut.'ﬂ pefPE’CCOFG

Prc.
npﬁ "SDQJMOZ.E:auBanne netau JTHK  Puc. 90. 3asucumocts AKTHBHOCTH
pcnpeccupapc on?];tam B3aHMOIEACTBHH pOMOTOpa OT KOHUeHTpaumu penpec
. TOPHHMH y4acTKa-  copa npH wexoo :
nepatugHom (/ -
: cl:n' gs:xz.:‘:uﬁlgn UETHM YHCAOM BHT-  OnepaTHBHOM {2) pa:ca mlo.leﬁ(c'gan“n Kg-
P K npeccopa ¢ onepatopoy P

E::s?;;?{zi cBonepaTopou, COCTOALUHM MHHHMYM H3 [BYX yYacTKOB

oon KJIETK}; mc:ﬂ);;:::ﬂ{ gg:cz: iua;a;xoﬁ €noco6 nepekmouenns npejoxpa-
CKa pa3BuTH

<1€T BKJIOYHTb TaKoe pa3BHTHe, KOl"ﬂ;f aTo Tp:tiy?;wrc{:;. ng ;Ieexrﬁ;?:: 2-

:3:;3 0;&05:(011}1»1 T71aBHBIH Nepexoj Yepes NPOMEXYTOYHbIE CTeNeHH ak-

M, HCMOJIb3YeTcs HeKOONEepaTHBHOE CBA3LIBAHME ¢ O/HHM oOne-

PaTopHbIM yyacTkoM (pHc. 90) o

Benox-akmusamop
Kamaboaumnsix oneporos

Be.rrox-ax'rnaa'rop KaTaGOTHTHBIX ONepoHOB (BAK) B kommaekce c
UHKIHuecKuM cAMP aktusupyer TPAHCKPHNIIHIO GOJBLLIOrO -tmcna one-
POHOB, OTBEYAIOUIHX 32 PaCILeNeHHe PasTHYHbIX CoeHHeHHH, NpeHMy-
(WECTBEHHO CaXapoB, HCMOMb3yeMbix GaKTepPHANLHON KJIeTKoli B Kéq)é-
;‘:ie ;imigg:g: iﬂepmn H yrnepoaa. Konuenrtpauus ¢ AMP B kier-
o PH PoCTe Ha NJIOXO yCBaHBaeMBIX HCTOYHHKaX, Ha-
P alleTate HAM IIIHLEPHHE, H CHIXACTCS N PH pocTe Ha .1erKo ycBa-
giaﬁmux. Hanpumep raokose. INostomy crerema PETYJALHH C NoMOLIbIO
b M;cngf 1'103.|=.m‘.11r;.=_v|;5 KJIETKe BKJIOYATh ONEPOHHl KaTaGo.1u3vMa JHwb
ik mmc‘rommer:;ﬁ 0/1€€ NIETKO YCBaHBaeMbIX MHUIEBHIX BelleCTR.

it o ABYX HIEHTHYHBIX cy6beinuuu. Kamnas cy6nenu-
o :IISHB Pasyer /Ba qomeHa, HO B OT/MHYHe OT penpeccopa ¢ara . 3a
T Cg:;i;ﬁ(; e{icl;tllé OTABﬁ‘JpaET C-KoHueBO# oMeH. N-KoHleBoii 1omen
TOKTH & TR CAMP OGeCcreuHBaeT MexcyGbe HHHYHbIE KOH-
Mepe. KaK H y penpeccopa dara A u MHOCHX APYTHX pery.s-

TOPOB TPAHCKPHILIMH, CBA3bLIBaHHE BAK ¢ JHK ocywecraisercn 3a
CUET NapH GHCTHPANbHBIX 3NEeMEeHTOB, MOrPYKeHHBIX B 60TbLUE 60po31-
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Puc. 91. Pacnoioxenne y4actkop cBAsuBaiif BAK B mpoMoTOpax HekoTOpHX
KaTabo.1HTHLX ONepoHoB

xH B-gpopmut JHK. Ocobennoctbio B3auModesicteia BAK ¢ JIHK sas-
Jifetcst To, yto oH H3rubaer JJHK B Mecte cBoero npucoeiuHeHHA K Hefl.

Yuactku cBasbiBaHHs BAK B pasHbix npoMoTopax He HIEHTHUHB IO
HVKJIEOTHIHOH T0C1e10BaTebHOCTH, HO TMPOABJIAIOT 3HAUHTEJbHOe
CXOICTBO JPYr € JAPYroM. ITH YYacTKH B Pa3HbLIX MPOMOTOpaXx pacrosa-
raloTcs Mo-pasHOMY OTHOCHTEIBHO CTAPTOBBIX TOYEK TPAaHCKPHNTOB,
Kotopele ctumy.aHpytotcas BAK. B mpomotope raiakTosHoro onepoHa
vuacTok cBasbiBaHuA BAK HemocpelcTBeHHO NpHJeraetT K yuyactky
ceasbiBaHun PHK-noanvepasu. Psiom pacnonaraetcs BTopoil yyacTok
ceazuBaiia BAK; ¢ uuM BAK cBa3biBaeTcs TONBKO B TOM Ci1ydae, eCTH
Ha npomotope Ve Haxoiutess PHK-moanvepasa n BAK Ha mepsom
yyacTke. B npoMoTOpe JaKTO3HOrO ONepoHa HMeeTCs TOJIbKO OIHMH
vyacTok cBa3biBaHHA BAK, OpHeHTHPOBaHHHIH OTHOCHTETbLHO YuacTKa
ceaizbiBainA PHK-nonuvepasbl TOYHO Tak e, KaK BTOPOH VYacToOK CBA-
suiBania BAK B ranaktossom mpomorope. B npoMotope rewa malT,
KOJHpYiolllero GeJIoK-aKTHBAaTOP MaJbTO3HHX ONEPOHOB, H B INPOMOTO-
pax Ma’ibTO3HBIX H apaGHHO3HOrO OMEPOHOB YYAacTOK CBSA3bIBAHHA OT-
CTOHT OT CTAPTOBOH TOYKH TPAHCKPHMUHH ewle Jaibiue (puc. 91). B npo-
MOTOpPax Ma’bTO3HBIX H apaGHHO3HOrO ONEPOHOB, MEXIY YUYaCTKaMH
<Ba3biBaius BAK u vuactkavu ceasbiBanns PHEK-nosauvepass, pac-
TOaralTCs YYaCcTKH CBA3HBAHHS GEMKOB-aKTHBATOPOB 3THX ONEPOHOB,
KolupyeMmbiX reHaMH mall u araC COOTBETCTBEHHO.

Mexanusw Jeficteus BAK He Bnoawe nonates. [lo aHatorkH ¢ pen-
peccopoM (ha3a /. MOXKHO TPeINOICKHTb, HTO CVIUECTBEHHVIO PO.Tb HI-
PaloT KOHTaKTH Oel1KOB-perv.IaTopoB Mex1y coboii H ¢ PHK-noauMe-
pasoit. Ckopee Bcero ¢ PHK-no1mmepasoit HenocpecTseHHo B3aHMoleil-
CTBVET .THIUbL O.HXKaHILHE K Hell 6e10k. B noawsay 3toro roBopHr, Ha-
NpHMep, TO, YTO MOBHILIEHHe KOHUeHTpaunu GeikoB MalT u AraC
CHH)KaeT 3aBHCHMOCTb TPAHCKPHIIHH COOTBETCTBYIOUIHX ONEpPOHOB OT
BAK.
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Puc. 92. Iposotop raaakTosuoro onepoHa

BAK wMoxer BbicTynarh Takme H B POTH penpeccopa TpaHCKpPHN-
uny. Harpuvep, B ranakrostou onepose KpoMe cTHMyHpyeMoro BAK
npoMoropa P, umeercs penpeccupyemulii BAK npoMorop P,. Itu 1pa
TIpOMOTOPA IIEPEKPHBAIOTCS APYT C JPYroM, TaK HTO MpPHCOEIHHEHHe
oaHOfl Moaekynnl PHK-noauvepaser npoMoropy P, npenstcrayer
TNIPHCOeAHHEHHIO Apyrof MoJexyssl PHK-nonuvepast x P, (puc. 92).
INpucoennuenne BAK k JIHK Mewaer cBa3nizanio PHK-no1uvepaset
¢ P, u ne Metuaer casbiBanmio ¢ P, . TMostomy BAK oka3sblBaer He Toabko
NpsAMOe, HO H OMOCPeIOBaHHOE AKTHBHPYIOIlee 1eHCTBHe Ha npoMOTOp

1. Baoxuposauue npovoropa P, npusoiut k YCHEHHIO TPAHCKPHUIILMH

¢ Py, tak kak obecreunsaer GecnpensiTcTBeHHoe cBsi3biBaHHe PHK-
nonuMepasul ¢ P;.

Penpeccope kamaboaummsix oneporH0s

Homumo ofweit peryasunu ¢ novomsio BAK-cAMP CYILECTBYET HHIH-
BHIyaJIbHasi Perynsilksi KaTaGOAHTHBIX ONepoHOB. KJaccHUecKHm npH-
MEPOM ABJIAETCS HeraTHBHAs PETryJsuHs JaKTO3HOTO oMepoHa. B or-
AHUHE OT DaHee PACCMOTPEHHBIX IMMEPHBIX GeJIKOB-DEry/sATopoB per-
PECCOP 12KTOSHOTO oOflepoHa MpeicTaBiIsieT coboii TeTpavep coiep-
KUT JBA MIAEHTHYHBIX LeHTpa cBsiabiBanus IHK. [lpoctpancTeennas
CTPYKTYDa STHX UEHTPOB (POPMHPYeTCst N-KOHUEBBIMH y4aCTKaMH MOTH-
MeNnTHAHBIX UeMef, KOTOPbIe, CY1fl M0 HX aMHHOKHCJOTHOMN MOC.IeI0Ba-
TeMBHOCTH, CrOCOGHB O0pa30BbIBATL GUCMHpATbHBE 3JIEMEHTHI, aHA-
JorHYHEle  GHcnupatbubiM  JHK-y3uaowuy  sneventam penpeccopa
dara 2 u BAK. C-koHueBble 10MeHbl Cy 6be THHHI 1aKTO3HOTO penpeccopa
(opMUpYeT 1Ba ueHTpa CBA3BIBAHHA HHIYKTOpa .1aKTO3HOFO ONEpOHa.

Oneparop n1akTosHoro onepoua pacnosiaraercs Cpasy 3a CTapTOBOH
TOUKOH TpaHCKpHNuuH. [lo.Iroe BpeMsi CYMTATOCh, 4TO NpHCoe1HHEHHE
“14KTO3HOTO PENpeccopa K NPOMOTOPY CTEPHUECKH MEuIaeT [PHCOoeIH-
Hennio PHK-nosumepassl. Oinako HeiasHo MOJIVUEHBl JaHHBIE, CBH-
AETEIbCTBYIOMHE O ToM, 4To penpeccop # PHK-notusepassi moryT
PACMOIOAKHTLCA Ha MPOMOTOpe PSiI0M APYT ¢ IpyroM. [1osToMy mpi-
XOIHTCA IyMaThb 0 Go.Tee H3OILPEHHBIX MeXaHH3MaX PempeccHH, BK.(o-
HawllluX CreuHHYeCKHe KOHTAKThl penpeccopa ¢ PHK-no.1umepasoii.
B akTosHom omepone mmeercs 1Ba TICEeBI00N@PATOPa, CXOIHBLIX MO
HYKJEOTHIHOH [0C.1€I0BATETLHOCTH C ONepaTopoM, HO 06.131AIOLIHX

150

MEHBLIHM CPOIACTBOM K penpeccopy. OauH H3 3THX TICEB/00NEPATOPOB
pacrionaraercst BHYTPH FeHa, KOIMDYIOUIET0 JAKTO3HBIA pempeccop,
Ha paccTosiHHH 92 M. H. OT IV1aBHOTO OMepaTopa, APYroil — Ha paccTosi-
#nH 401 n. 1. BHYTpH rena f-ranakrosuiassl. Hannure neesnooneparo-
POB HECKOJIbKO yBEJHYHBAET CPOICTBO penpeccopa K omepatopy. Cra-
GHJIH3AIHS KOMILJIEKca Penpeccopa ¢ OMepaTopoM MOXeT NPOHCXOAHTb
3a cyeT TOro, YTO OJHA MOJIEKYJa pempeccopa, HMeloulasi [Ba LEHTpa
cBsisbiBains JIHK, MoxeT 0 HOBpeMeHHO NPHCOEIHHHTL K cebe H ofle-
patop, H ncejooneparop. Pasjensiomas ux JHK npu stom obpasyer
TETJIIO.

JBa oneparopa HMeeTcsl B TaJaKTO3HOM OIEPOHe. f)nmi H3 HHX
pacnonaraercss B paiione —60 n. H. mpoMoropa, Apyroii — B paifioHe
+565 (puc. 92). INoka3aHo, 4TO CBsA3bIBAHHE PENPECccOpa ¢ OHepaTopaMH
He Memaet cBsi3biBaiHio BAK u PHK-noanMepassl ¢ npoMotopou. [lo-
CKOJIbKY /1 3eKTHBHOH DenpeccHH Hy»Hb ofa onepatopa, npel-
110JiaraeTcst, YTO MOJIEKYJIb penpeccopa, paclnosoKeHHble Ha oMneparo-
Pax, B3aHMONEHCTBYIOT ApYr ¢ apyroM, obpasys nermio JJHK. Takas
KOH(OPMAIHST KAKHM-TO 00pa3oM MelllaeT MHHIHAUMHM TPAHCKDPHMNIHH.

O6pasoBaHHe nere/ib MOCTYJHPOBAHO H NPH PENpPecCHH apabHHO3HOTO
onepoHa araBAD. PenpeccopoM 3T0ro onepoHa simisercs 6eJoK,
KoIupyembli reHom araC. B orcyrcrBue apabuHo3bl  AraC-6esok,
ABJISIOLIHACS AHMEPOM, PenpeccHpyer araBAD-onep(_)u, a B APHCYTCT-
BHH apabGHHO3bI MpeBpalllaeTcsi B AKTHBAaTOP, KOTOPbIfi aKTHBHPYET 3TOT
onepoH. Kpome Toro, AraC-6esioK KakK B NMPHCYTCTBHH, TAK H B OTCYT-
CTBHE apaGHHO3H YMepPEHHO PpenpeccHpyeT TPAHCKPHILHIO CBOEro
COOCTBEHHOIO TeHa, B pe3yJbTrate uero KodueHrpauus AraC-Genka
fIOJIEPIKHBAETCA Ha TOCTOSIHHOM YpOBHe.

Ten araC pacnonaraercsi nepel HauaitoM araBAD-onepoHa, HO
TPaHCKPHOHPYETCS1 B NPOTHBONOJIONKHOM HanpaeieHHH (puc. 93).

ara [ +

Puc. 93. [IpomMoTopHan 30Ha apaGHHO3HOTO OnepoHa



CrapToBbie TOUKH TPaHCKPHILHH NPoMoTopoB P # Py, p Haxoxares Ha
paccrosinuu 147 n. H. Pempeccupys Pc, 6Genmok AraC cesabiBaercs

onepatopoM ara(0,, NEPEKPHIBAIOLUMCS C YYaCcTKOM CBAA3biBaHHA PHK-

nonumepasu. Haxomsick B coctosinuu aktupatopa, AraC-Gelok cas-
3bIBAETCA C yYaCTKOM aral, HENocpenCTBEHHO NPHMBIKAIOUMM K YUaCTKY
cBssbiBanuss PHK-nonuMepassl ¢ npomotopoM. MoxHo ayMaTb, uto
AKTHBAlMA NPOHCXOAHT 3a cueT Kontakta ¢ PHK-monumepasoit.
Penpeccus araBAD-onepoHa ocymecTsiasercs B pesy/ibTaTe CBA-
3biBaHus AraC-Gesika ¢ yuyacTkoM araQ,, PactioNiOKeHHBIM Ha PaccTosi-
HHH mouTH 300 m. H. OT CTApTOBOH TOYKH TPAHCKPUIUHH (pHC. 93).
Ipemnonaraerca, uro Geaok AraC, pacnosarasch Ha araQ,, B3aHMO~-
JIEACTBYET C IPOMOTOPHOM 30HO# 3a cuer uarubanus JHK u obpa3oBa-
HHS TIeTJIH, NOJOGHOH TO#, KoTopas o6pa3syeTcs MpH KoonepaTHBHOM
B3aHMOJIEACTBHH [BYX MONEKYJ petipeccopa ¢ara A, MPHCOEIUHSIOULHX-
€Al K JIByM ONEPATOPHBIM yUacTKaM, PasJeIeHHbIX 11eJIbIM YHCIOM BHTKOB
Apoisoh cnupanu JIHK. Ora rumoresa ocHoBaHa Ha pesyJibTaTax 3K-
CIIEPHMEHTOB, B KOTOPHIX M3MeHsJIH paccTosHHe Mexay ara0, u Pgip
3a cyeT HeGOJIBUIMX JeslellHil H BCTaBOK. Korja HavieHeHHe GBLIO KPaTHO
onHoMy BHTKY cnupann JIHK, crenenb penpeccuu He HaveHsach.-
Ecii uaMeneHHe cocTaBANIO MOMBHTKA, TIOATOPA H T. j., TO PENPECCHS
ocnabasnack. Takum ofpasom, pas penpeccopHoro jeiictBust AraC-
Ge/lKa CYLIECTBEHHO He PacCTOSHHE OT NPOMOTOPA, @ OCeBOH yroa
Mexay ara0, u npomoropom. C Kakum 6enAKOM, HaXOIAUHMCA Ha
npomotope, KoHTakTHpyer AraC-Genok, Haxoasch Ha ara(,, IoKa He
YCTaHOBJIEHO. JTO MOXeT GhiTh Apyras mosnekyna AraC-Genka, pacro-
JoXeHHas Ha aral, unu wHenocpejctseHHo PHK-nonuvepasa.

0-Cybvedunuyer PHK-noaumepasst

0-Cy6benunuubt PHK-nosuMepassl MoxHo paceMaTpHBaTh Kak GenkH-
PEryaATOpH, BKJIOYAIOLIHE ONpejefeHHble rpynnbl renos. OT Apyrux
Ge/TKOB-aKTHBATOPOB 0-CYGBEAUHHIIM OTHYAIOTCS JHILb B AeTAAAX Me-
XaHH3Ma JeACTBHSA: €ClH «OGbluHble» GeJKH-aKTHBATOPH! CHAYaja MpH-
COeJMHAIOTCS K MPOMOTOPY, a 3aTeM B3aumoeiictByioT ¢ PHK-noauve-
pasoi, To 0-cyGBeIHHHUA CHauaia NPHCOEIMHSIETCS K PHK-noauvepa-
3€, a 3aTeM MPHCOEIUHAETCA K NPOMOTOpY Kak uactb JIHK-cBsiabiBato-
LIero ueHrpa gepmeHra.

Brepsble BK/IIOYEHHE TEHOB 3a CUeT MOSIBNEHHS B KJIETKe HOBbIX
6-CyGheMHHI ObUIO NPOJEMOHCTPHPOBAHO NPH TAKOM 3anporpPavMH-
POBAZHHOM BO BpeMEHH HeoBPAaTHMOM TNpoliecce, KaK Pa3BHTHe GakTte-
pHodaros (cv. . X111). [lpyrum sanporpavuMHpoBaHHbIM BO BpeMeHH
HeoOPATHMBIM NPOLECCOM, MPH KOTOPOM MPOHCXOIHT NOCTEI0BATETbHOE
BRJIOUEHHE H BBIKMIOUEHHE GOJIBUIHX TPYTIN reHOB C Y4YaCTHEM pa3fiHy-
HbIX 0-CyGBeJHHHIL, ABJIAETCA CNOPYJsiUHs TaKWX 6aKTepHil, Kak Bac.
subtilis.

0-CyObeHHHIBl YYaCTBYIOT TaKxke B Pery.IsUHH Psla IPOMOTOPOB,
dKTHBHOCTb KOTOPBIX OGPAaTHMO pearHpyer Ha H3MEeHEHHS BHEWHHX
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YCJIOBHi, HanpHUMep Ha TemsoBof wokK. Peakuus Tensioporo moka xa-
PaKTepHa JUIA BCEX H3yUYeHHBIX OPTAHH3MOB, KaK 3Y-, TaK W IIPOKapHOT.
[Ipu peakoM MOBHIUEHHH TEMIEPATYPH MPOHCXONHT 3HAYUTENbHOE (HO
KPATKOBPEMEHHOE) YCKOPEHHe CHHTe3a ONpefe/ieHHbIX GeJKOB 33 Cuer
VCHIEeHHS TPAHCKPHIIHH HX TEeHOB. HpOMoTO'pbl COOTBETCTBYIOLLHX
reHo y £. coli OTaHualOTCA MO HYK/IGOTHAHOH MOC/IE10BATE/NbHOCTH
OT POMOTOPOB, Hemoab3yeMbix PHK-nonaumepasoi, conepxalles rnas-
HY10 07°-cyGbeqUHHLY. TPAaHCKPHINLHIO C NPOMOTOPOB, aKTHBHPYEMBIX
npu TensosoM uioke, ocymectsaser PHK-monuvepasa, cozepxamias
ocobyo ¢*-cybbeannuuny ¢ M,=32 k. Monekyan 0% oTaHYAOTCA
KOPOTKHM BPEMEHeM XKH3HH B KJeTke, T. €. Pacllensiorcs nporeaaz;;
MH Yepe3 HeCKOMbKO MHHYT nocje cBoero o6pasosanus. Konuuectso o
B KJeTKe IPH TENJOBOM LIOKEe BO3PACTAET 32 CYET HEH3BECTHOro elle
MeXaHH3Ma, UTO SIBISeTCs MPHYHHOH YCKOPEHHsI TPDAaHCKPHNUHH TeHOB
6eIKOB TENJIOBOTO LIOKA.

OcoGast o-cyGbeqHHHIA Y4acTByeT B TPAHCKPHIUHH Psia TEHOB,
OTBETCTBEHHBIX 3a MeTaGosIH3M a3ora. K HHM OTHOCATCA eH, KOAHPYIO-
1M TIYTAMHHCHHTETA3y, H FeHbl, KOHTPOJIHPYIOUHe QUKCALHIO aTMOC-
¢epHoro azora. [IpoMoTOpBI 3THX TeHOB HE COAePKAT OGBIUHBIX A5 APY-
THX MPOMOTOPOB nocjaefoBatenbHocrell «—10» B «—35». Bvecto HHX
HMEIOTCS YYaCTKH TOMOJIOTHH, UEHTPbl KOTOPbIX Pacno/iokeHH B M0J0-
KeHHAX «—11» 1 «<—21». [To3ToMy HeyIHBHTEJNbHO, YTO 3TH TPOMOTOPH
He Hcrnosbaylorcs PHEK-nosmuvepasoii, cojepalliefi IVIaBHYIO CHrMa-
cy6beununy, o7°. TpPaHCKPHIUHIO 3THX NPOMOTOPOB OOeCHeYHBaET
OHA H3 MHHODHbIX O-CyOBEIHHHL, 0%, KoiHpyeMas TreHoM rpoN.
Oanako ans QyHKUHOHHPOBAHHS IPOMOTOPA TeHa [y TAMHHCHHTETasbl
6es1ka 0% Hepocratouno. Heo6xoauum eme [IH K-cBsizbiBalomuiica 6eok,
HasbiBaemeiii NR. [lepe1 mpoMoTopoM HmeeTcsi NATb Y4acTKOB €ro
CBA3bIBaHHS; HauGosbllee cpoictBo NR| nposBaser K 1ByM OTAajeH-
HBIM YYacTKaM. ITH NOCJeIOBaTeNbHOCTH HEOGXOJHMBI JI/ISi AKTHBALMH
TIpOMOTOpa IpPH HH3KHX KoHuUeHTpauusix NR; H He off3aTesbHbl NpPH
BHICOKHX. Ec/IM 3TH moc/e10BaTe/bHOCTH OTOJBHHYTb Ha Thicsi4y map
HYKJEOTHI0B OT NPOMOTOpa, OHH [POJOJNNKAIOT oéeécnequsarb.axms-
Hocth npomotopa. [Ipeanonaraercsi, uto Gesok NR BaaumozeficTayer
¢ PHK-nonuvepasoii, pacrnosioxennoéi Ha npomorope. [locagka NR,
Ha JIHK o6neryaer 3to B3aHMOJEHCTBHe, CONPOBOXKJAaeMoOe, MO-BHIH-
Momy, ofbpasomaHueM mnetiH JIHK.

[IpovoTop reHa IyTaMHHCHHTETashl 3aMEYaTeJIeH He TOJbKO TeM,
YTO OH pETryJAHpYercs C y4yacTHeM MHHODHOH curva-cyObejMHHUB H
HYKJICOTH/IHBIX MOCJ/Ie10BaTeNbHOCTEH, yaaNeHHbIX Ha 60/bliHe paccTosi-
HHS OT CTapTa TPAaHCKPHMNUHH, HO H TeM, YTO JeHCTBHe DeryJasiTOPHOTO
Genka MOIyJHPYeTCs He TNyTeM CBsi3blBAHHA JIMTaHI0B-3(XpeKTOpoB,
KOTOPbIMH MOTJIH 6Gbl ObIThb TJAYTavMHH HJAH [JyTaMMHOBas KHCJOTA,
a nyTeM XUMHYeCKOH MoaudHKauHu — dochopHIHpoBaHus H fedocdo-
puauposauus NR;,— ocyillecTBiifieMOl HeCKOJIbKHMH (epMEHTaMH,
PearupyioluMH Ha 06ecleueHHOCTb KJETKH HCTOYHHKaMH a3o0Ta.
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T'yanosunmempachpocpam

Bo Bcex 110 CHX 1OP PacCMOTPEHHBIX TIPUMEPAX PerysUHH TPaHCKPHI-
uud  Ha B3aumogeiicteue PHK-nonuMepasel ¢ npomoTopoM Baxsau
Genku. Perynsiuus cunresa puGocomubix PHK naer mpumep toro, uto
¢ PHK-nonumepa3oii MOryT HelocpeaCTBEHHO pearHpoBaTh H HH3KD-
MOJIEKYJIsIpHble 3(PeKTOPHI.

B xpomocome E. coli umeercst 7 Konuii reHos puGocomubix PHK.
OTH TreHbl OPraHH30BaHH B 7 ONEPOHOB H PAcCONAraloTes B KawIowm
M3 HHX [0 HanpaBAeHHIO TPAHCKPHIUHH B NMOCIEAOBATENLHOCTH 16S—
23S — 55. Tlepen KaxaeM OMEPOHOM pacnofaraercs 1o ABa NPOMO-
Topa, P1 u P2, otcrosimux apyr ot apyra Ha paccTosHuu 6onee 100 1. H.
P1 spasercs cHibHBIM 1POMOTOPOM, P2 — OTHOCHTEIBHO CA1aGHIM.

Cunres pu6ocomusix PHK ¢Tporo ckoopaHHHPOBaH ¢ CHHTe30M pHGO-
COMHBIX GEJIKOB TaK, YTO B K/IETKAaX B 3aMeTHHIX KOJNHUECTBAaX He 06-
HapyXHBaeTcst HH CBoGoaHBIX pHGocoMubix PHK, HH cBoGomHbiX pHEO-
COMHBIX OeJkoB. CKOpOCTb 06pa30BaHHsi PHGOCOM pEryaHpyercd: B
GHICTPO PacTymHX Ha GOraThiX MHTAaTEMbHHX CPeAaX KyJAbTypax 5Ta
CKOPOCTb BbICOKAsi, B MEVIEHHO PacTyulHX Ha GeIHBIX cpefax — HH3-
Kasi. MeXaHH3Mbl KOODHHHPOBaHHOH PeryNsuHH CHHTE3a KOMIIOHEHTOB
PHOOCOM OTIHYAIOTCS GOJIBLIOH CHOMHOCTBIO H H3YYeHbl elile HeAocTa-
TOUHO. 31ech GyneT PacCMOTPEH TONbKO OUH 3/IEMEHT ITON pPeryJIsiiuy,
OCHOBaHHOM Ha B3auMozeiicTBHH ¢ PHK-moanmepasoit muakoMonexy-
asipHoro s¢xpekTopa ryanosuuterpadocara. ITOT HyKJIEOTH] CHHTE3H-
pyercst Ha puGocoMax B YCJIOBHSIX aMHHOKHCJIOTHOTO FOJIOJAHHA KJIETOK .
Haxonnenue ryanosunterpadocdata B ronoaouux no aM HHOKHC/I0TaM
KJIETKaM NPHBOJMT K 3HAUHTEAbHOMY 3aMe/IeHHI0 CHHTEe3a PHOOCOMHBIX
PHK u MPHK pHG0COMHBIX GeJIKOB H MOXET CTHMYJ/THDOBATh TPAHC KPHII-
LHIO ONEPOHOB OHOCHHTE3a AMHHOKHCJOT.

HoGasneuue ryanosunterpadocdata k ounwennoir PHK-noaumepa-
3e mojaBsAeT TPAaHCKPHILHIO onepoHa pu6ocomHoil PHK ¢ npomotopa
Pl, Ho He Bnnsier Ha TpanckpHnumio ¢ P2. Tlosromy nogabienHe TpaHc-
KpHnuuH pubocomuoii PHK ryanosuuterpadochatoM HHKOTga He GHI-
BaeT TIOJIHBIM.

.B NoAb3Y TOTO, YTO H B XKHBBIX KJeTKaX ryaHo3HHTerpadocdarT
ARencTsyer HenocpeactBeHHo Ha PHK-moanvepasy, ceuzerenscrayer
noJyyeHHe MYTAauui, HIMEHSIOMHX ee P-CyOGbeIHHHIY H NPHBOAAUIHX
K HeyyBCTBHTeJbHOCTH cuHTesa PHK k ryanosunrterpadocdary .

4. PETYJASAUHA TPAHCKPHINUHH
B TEPMHHATOPAX MPOKAPHOT

Ouepunnas posib TEPMHHATOPOB TPAHCKPHIIIHH COCTOHT B NPEKpPaIleHHH
cunresa PHK B KoHLax omepoHOB, 4To ofecneyHBaeT He3aBHCHMYIO
peryasilliio 3KcrnpeccHd pasnHyHbix yuactkoB JJHK. Ho tepmunaropbt
BCTPEYAIOTCS H BHYTPH ONEePoHOB. IPPeKTHBHOCTD 3THX «BHYTPEHHHX»
TEPMHHATOPOB MOXKET PeryJTHPOBATLCS, YTO MO3BOJIAET KJIETKE H3MEHATb
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ckopocTb cuure3sa PHK Ha yuactkax JIHK, pacnonoxeHHHX 3a TepMH-
HaTopaMH, He MeHss ckopoctH cuutesa PHK na yuacrkax, pacnoso-
KeHHBIX repe; TepMHHaTopaMu. [Ipexie uem nepexoautb K o6cyxde-
HHIO (YHKUHOHANBHOTO CMbICIA H MEXaHH3MOB TaKOH perysisuHH, B
KOTOPOH YYacTBYIOT CIleLHa/bHble GenKoBble (AaKTOPH H PHOOCOMBL,
PaccMOTPHM INpOLECC TEePMHHALMH B OTCYTCTBHE (DaKTOPOB.

B ux orcyrcreue PHK-monnvepasa cnocobHa TepMHHHPOBaTh CHH-
Te3 PHK /HUIb Ha HEKOTOPBIX TePMHHATOPaX, HYKJEOTHIHas N0C1e10~
BaTeIbHOCTb B PafiOHE KOTOPHIX OTJIHYAeTCs IBYMA XapaKTePHBIMH 0CO-
GeHHOCTAMH. B HHX 10 X01y TPaHCKpHILHH cHauana HieT GC-6orareli
Y4acToK, 006/ajalolHi LUeHTPaJbLHOH CHMMeTPHeH, a 3aTeM YyacToK H3
4—8 pacnofioxeHHbIX 10psil A B 3Hauaulel HHTH. TpaHCKpHOUHMs
33aKaHYHMBAeTCsl Ha KOHUE OJNHTOA [MOc/Ie]0oBaTebHOCTH HJH cpa3y 3a
ueil. [peinonaraercs, uTo nocie npoxoxienns PHK-nonuvepasos
GC-6oratoro yuyactka ¢ UeHTpanbHOH cHwmverpueit B PHK-npoiykre
BO3HHKAeT ILMHJIbKa, NpHBoisAmas K octaHoBke PHK-nonuwmepass
paspyiuenuio yactd PHK-JIHK rudpHia TpanckpuOHpYIOLLero KoM IeK-
ca. OcraBwmascs uyacte PHK-IHK ru6pnia, colepxailas KoHUeBYIO
oanroU nocaegoBatesasHocts PHK, Jlerko niaBHTes BBH1Y OTHOCHTe/b-
Holt HecrabHabHoctdH rU-dA-nap, 4To nNpHBOAMT K OCBOGOXKIEHHIO
PHK-npoaykra (puc. 94). [TepBriv 43 KoMmieKca ocsoGox 1aetca PHK-
npoiykr, a 3areM PHK-noauvepasa. B xakoHh MOMEHT NPOHCXOIHT
cxqonbiBanie Huteil JJHK, noka He H3BecTHo.

A peKTHBHOCTb TEPMHHALUHH 3aBHCHT OT NPOYHOCTH TePMHHATOP-
Ho#l wnuabku B PHK. 310 BHAHO W3 TOrO, 4TO MYTallHH, NPHBOISALLHE K
HapYWeEHHIO KOMILIEMeHTAPHOTO CNapHBaHHs KaKoro-1HG0 OCHOBaHHS B
LUNHIbKe, OC/MabAsioT TePMHHALHIO, a MYTalHH, BOCCTaHaBJHBaloUlHe
KOMILIEMEHTAPHOCTb, YCHIHBAIOT TEPMHHALUMIO. YCHJIEHHe NPOYHOCTH
PHK-IHK ru6pHia B paitone onuroU ocaabasier TepMHHauno. Takoe
YCHJIeHHe NPOHCXOIHT [PH YMeHbUIEHHH LIMHB OJHTOA B MaTpHue
(MMHHMATbHBI pa3vep 3TOH MOCAEIOBATEIBHOCTH, MPH KOTOPOM Tep-
MHHAUHs ellle BO3MOXHA, ueTbipe HYKJIEOTHIa).

TakuM o6pasoM, 3DPEKTHRHOCTb TEPMHHALHH 3aBHCHT, [M0-BHIH-
MoMy, oT 6a;aHca crabuabHocTH pasnuuneix PHK: PHK v PHK : IHK
JZBOHHBIX cnupateil. B sHepreTHKy 3Toro 6as1anca BHOCHT BKJal H
PHK-nos1uMepasa, Tak Kak onpelesleHHble MyTalMH, 3aTparHBaloiiHe
PHK-noanvepasy, BIHAIOT Ha 3¢xpeKTHBHOCTb TePMHHaAlHH. DTH Xe
MYTAUHMH BIHAIOT H Ha NPOIO/DKHTETBHOCTb May3 TPAHCKPHILHH, YTO
NOITBEPK1deT NpPeICTaBIeHHe O TOM, UTO NOIrOTOBHTEbHOH CTaliHed
TepMHHAUHH sBISAETCA Naysa.

TepMHHalHus B OTCYTCTBHE (PAKTOPOB, NMO-BHIHMOMY, HE MOJIHOCTHIO
MOJeJHpYeT 3TOT NPOLECC B TOM BHIe, KaK OH NPOTEKaeT B KHBOA
kaerke. [leficTBHTE.TbHO, Ha paie TepmHHatopoB oudiiensas PHK-
noauvepasa 3apepiuaer cHHTe3 Moseky1 PHK, orcryns Ha Heckoabko
HYK.I€OTHIOB OT TOrO MeCTa, I]1e OHA 3aBepILUAeT €ro B XKHBOH K.1eTKe, H
¢ veHbiueii 3ddexTHBHOCTbIO. HelaBHo oGHapyxeH GeaxoBulfi pakTop,
HasBaHHLI may(t), KoTopbifl y.ayudiiaeT 3(EKTHBHOCTb H TOYHOCTb
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Puc. 94. Tepumumauns rtpanckpunuin s pe3yap-
Tate obpasoBaHns Wniuibku B PHK

TEPMHHALMH HA TaKHX TepMMHaTOpaX. MeXaHM3M ero JeiicTBHA eume He
H3YUeH.

Muorue TepMuHaTopnl y3HawTCs PHK-noauvepasoit To/bko ¢ no-
MOLbIO (GaKTOPa TePMHHALKH, HA3BAHHOTO p. ITOT 6EI0K ¢ MOJTeKYJIsp-
HoH Maccoit 46 /1 o61a1aer PHK-3asucuMoi HYK.1€03H 1TpHocdaTa3-
HOH aKTHBHOCTbIO, 0053aTe.1bHOA 118 TEPMHHHDYIOWErO IEHCTBHSA.
HT®asnas akTuBHOCTH hakTOpa p NPoABIAETCH TOABKO B KOMILIEKCE o
olxonuteBoit PHK. Hauboabweit HT®asnolt akTHBHOCTBIO p-pakTop
06/1a1aeT B NPHCYTCTBHH NMOJHUHTHINIOBOH KHCIOTHL DakTtop p arpe-
rupyer ¢ obpasoBaHHeM rekcamepa, CIOCOGHOTO CBs3BBaThed ¢ PHK.

koMmniekce ¢ PHK rekcamep sammmaer B Helt oT JeificTBHS
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PHKa3sn 80—90 HykJeoTHIOB, TaK YTO KaXIHA MOHOMED CBA3BLIBAeT
no 12—14 nykmreornzos PHK.

daxrtop p npHcoeaunsiercs K PHK-nponykry no toro, kak PHK-
nojiHMepa3a JOCTHraeT TepMHHaTopa. [IpHcoesHHenHe NPOHCXOAHT
K onpefeneHHbiM yuactkam PHK, B HykaeorHaHofi nociegosareb-
HOCTH KOTODHIX NOKa He OOHApyXXeHO KaKHX-JiH60 XapaKTepPHBIX 0CoO-
GeHHOCTeR. SICHO JIMWB, YTO 3TH YHacTKH He CKJIOHHB K 00pa3oBaHHIO
NPOTSXKEHHBIX ABYCMHPAJAbHBIX CTPYKTYD.

B Mecrax p-saBucumoll TepmuHaunu PHK-nonnmepasa penaer
nayssl B OTCYTCTBHe p-baKTopa, MO3TOMY CUHTAeTcsi, UTO poub p-Gak-
Topa 3akjwovaercsi B BurecHeHHH PHK H3 TpaHcKpunuHoHHOrO KoMII-
Jekca B Mecrax nay3a. PacecmaTpuBaioTcst ase MojieslH. COTJIACHO OAHO#M
H3 HHX, (akrop apuxkercs no cuuresupyemoii PHK, a B mecrax nays
aoronsier PHK-nomnvepasy u Boitechser PHK-npoaykr. Hpyras
MoJieJIb OCHOBaHAa Ha TOM, uTo nupodoctar nopasiser HT Pasnyo ak-
THBHOCTb p-thaktopa. CornacHo 3Toffl MonenH, p-(akTop ABHXKeTCH 3a
PHK-nonumepasoii Ge3 orcTaBaHHd, HO NPH HOPManbHOH CKOPOCTH
3JIOHTalliH HHTHOHpYyeTcss nHpogocdaToM, BLICBOOOKAAIOLWIHMCA NPH
cunrese PHK. AktuBauus p-aKkropa NPOHCXGIHT JHUIb B MECTaX nays3,
rie cuures uend PHK BpeMeHHO ocTaHaBIHBaeTcsl, 4TO NPHBOAMT K npe-
KpallleHHIo ocBoGoXKaeHHs nupogpocdara.

Koukperusiii Mexanu3m BhitecHeHHss PHK H3 TpaHCKpHNuUHOHHOrO
KOMIJIeKCa Noj AeiHcTBHeM P-(paKTopa ellle He BLIACHEH. 2TO BbiTECHe-
Hue conpspkeHo ¢ ruapoansom HT®, npu KoropoM, No-BHAHMOMY,
NPOHCXOUT KOHGMOPMALMOHHOe H3MeHeHHe p-takTopa. B pesysbrate
aroro usmerenuss PHK BbiTecHsiercss 3 KoMmiiekca JH60 Henocpeact-
BeHHO p-hakTopoM, JH6O 3a cyer Bo3nelictBHs Ha PHK-noanmepasy.

OnHako p-pakTop BHI3BIBAeT TePMHHAIHIO He BO BCEX MECTaX Mays.
HanpuMep, B ciiyuae TPaHCKPHNTOB, HHHUHHPOBaHHLIX Ha YXKe H3BecT-
HOM HaM npomotope Py dara A, p-3aBHCHMas TEPMHHALHS TPOHCXORKT
JIHLIL B MECTaX Nay3, pacloJoXKeHHBIX OT MPOMOTOpa Ha PACCTOSHHAX,
Gonbmnx 290 H. n., XOTA AJIMTe]bHble Nay3bl BO3HHKAOT H B OoJjee
6JIM3KHX K TIPOMOTOPY MecTaX. AHa/lH3 HYKJEOTHAHOH nocrenosatelb-
HOCTH NoKasbiBaeT, 4To HauaiabHas yactk PHK cnoco6na o6pasoBuiBaTh
60abLIOe YHCIO JABYHHTUATBIX CTPYKTYp. [lo-BHIMMOMY, B JaHHOM
c/lyyae CHJILHO pa3BHTas BTOPHYHAS CTPYKTYPa TPaHCKDHNTA MellaeT
CBA3LIBAHHIO C HHM p-hakTOpa, 6e3 KOTOPOro TepMHHALMH B MecTax
nay3 He NpPOHCXOAHT.

CasasnipanHio p-paktopa ¢ PHK wemaior Takke pubocoMsl, TPaHC-
aupyouwne PHK, nosroMy Ha p-3aBHCHMBIX TepMHHATOpaXx, BCTpevaio-
IHXCA BHYTPH CTPYKTYPHBIX I'eHOB, p-paktop He ofecneunBaer TepMH-
Hanuu, ecti MPHK asdbdextHBHo TpaHcaupyerca. Hanuuue Takux
TEePMHHATOPOB BHYTPHM [EHOB, TO-BHAMMOMY, He ciyuaiino. Koraa
CHHTe3 6eJiKa No KaKHM-JHO0 MPHYHHAM [10,1aB71eH, OHH CHTHAJTH3HDYIOT
PHK-nonnvepase o toM, uto MPHK He TpaHCnHpyeTcss H CHHTe3 ee
fecembicien.
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Perv.aupyewvule TePMHHATOPbl GaKTepHH Ha3bIBAIOT ammenoamopamu
(ocnabuteasimu). Brepaele OGHapYKeH H JIyuile IDYTHX H3yueH aTTe-
Hioatop rpunrtodanoBoro onepona E. coli. 3Srtor OMEPOH COCTOHT H3
NATH TE€HOB, KOIHPYVIOWHX (epMeHTbl GHOCHHTE3a TpunTOdana. Pery-
JIALHIO OCVIUECTBIAOT 1Be CHCTEMbI, YVBCTBYIOLIHE noTpeSHOCTb K.IeT-
KH B Tpuntodane. [lepsas cucTema pIHfeT Ha 3bpeKTHBHOCTE HHHIIKA-
LHH Ha mpoMoTope omepoHa. Penpeccop TPHNTOpaHOBOTO OMepoHa B
KOMIIeKCe ¢ TPHATOPAHOM NpHCOeIHHSETCA K OrlepaTopy, pacro.1o-
KEHHOMY nepel CTapTOBOH TOYKOH TPAHCKDHNLUHH B paiioHe «—10»,
¥ cTepuuecky mpenarcreyer PHK-noausepaze NPHCOEIHHATLCA K IIPO-
Moropy. Takum 06pasoM, NpH H36biTKe TPHATO(AHA OIepoH perpeccH-
Posan. B orcyrereie Tpuntodana pempeccop Tepser cnocoBHOCTb
CBARLIBATBCA C ONEPATOPOM, B Pe3V.IbTaTe Yero ONEepOH HHIYLUHpYeTcs.
I1y cHeTeMy 10mOdHseT PEIY.IUHA B aTTeHI0aTOpe, PacHoI0MXeHHOM
Ha paccrosuui 180 n. H. or crapToBOk TOYKH TPAHCKPHNLUHH BHYTPH
«THIEPHOH» NOC.1e10BaTe.1bHOCTH, NMPEIUISCTBYIOUIeH HHHLHHPYIOUIEMY
KOJIOHY NepBOro CTPVKTVPHOIO reHa. B Ve 10BHAX H3GbITKA TpHNTOdaHa
JHLb 0THA H3 IECATH MO.JIeK\V.1 PHK-no.anvepassl, auasuux cunres
PHK Ha tpunrodpanosom [TPOMOTOPE, NPe0I0.TeBACT 3TOT TEPMHHATOP H
NePEXOIHT B 06.1aCTh CTPYKTYPHLIX reHoB. [Ipu VMEHBIIEHHH KO.THYECT-
Ba TpHnTodaHa 1011 MO.JeKy.l PHK-no.1umepass, IPeo.10.1eBAIOULH X
aTTEHI0ATOP, BO3pacTaer.

Iepea arrenioatopom pacnoaaraercs HECKO1bKO ofJ1acreil ¢ lieH-
TPabHO#H cHyMerpHeil. O6pasyviolliasca Ha HUX Jnzepras PHK cozep-
ZKHT YeThipe y'YacTKa, CMOCOGHLIX 06PA30BBIBATL WIMH.IbKH B Pa3JHYHBIX
CoueTaHHAX (puc. 93). MoryT o6pasoBaThes WMHAbKH | - 2u3:4
WNHIbKA 20 3 NpH 3TOM 06pa3oBaTHCA He MoxerT. Ecau obpasvercs
WnHIbKa 2 : 3, To He MOTYT 06pPa30BLIBATLCA WTHILKH | 121 3:4.
nuieka 3 : 4 TIpe1cTaBaser coboi TepMHHATOPHYIO IIMHIBKY, Xapak-
TEPHYIO 117 OOBLIYHBIX -HE3aBHCHMbIX TEPMHHATOPOB, TaK Kak nocJe
Hee B PHK caeayer Heckoasko U noapsia. Ilostomy npu opasoBanuu
3TOH WINH.IbKH B aTTEHI0ATOpe NPOHCXOIHT TePMHHALHA. IPdeKTHB-
HOCTb ee coctaBaseT oko10 80—90 % . Ecau e wmHabky 3 - 4 He 06-
pasvercss (3a cuer o6pa3oBaHHA WIMHIbKY 2 : 3), TO TepMHHalHH He
MPOHCXOIHT.

O6pasoBaHie aibTepHAaTHBHBIX WmiLIek B JIHIepHOR 06.1acTH, OT
KOTOPHIX 3aBHCHT TepMHHALHA B aTTeHI0aTOpE, ofnpeieTsercs TeM, Kak
TpaHcaupyerca Juzepras PHK (puc. 96). 3r1a PHK koaupver rtak
Ha3biBaeMbIH JTHIEpHBIA MenTiz, Colepxallnfi 1Ba TPHNITODAHOBLIX OC-
TaTka noipsai. Eciu 3toT mentui e TPAHC.IHPVETCA, TO BTOPHYHAA
¢TpyKTypa PHK dopyupyeres no Mepe ee pocTa H BHIXOXKICHHSA H3
TPAHCKPHIIUHOHHOTO KOMILTEKCA: CHaya.1a (opMuipyercs wnnIbka 1 @ 2,
HTO Je1aeT HEBO3IMOAHBIM 00PA30BAHHE WIMHIbKH 2 - 3, a 3aTeM IWNH1b-
Ka 3 : 4, yto npHBOINT K TepMHHauHH cHHTe3a PHK. Ecau B k.ieTke
HMEETCH He10CTaTOK TPHNTOdaHa, TO pHEOCOMa, TPaHCIHPYIOULas TH1ep-
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Puc. 95. AtTenioatop TpuntopaHoBOoro onepoHa

OHax. JTH

Hbli NenTH1, 3aI1ePXKHBaeTcs Ha ero TpunToq)aHosblHéoggja pre

KO;I0HBl PAcloNOKeHBl TaK, YTO, HAX0l1ACh Ha HHX, P ocoNa MpHkpr

aeT nocaeloBaTedbHOCTh | H MewaeT 06pa3oBaHHIio {T'e e aron.

1133 e3v/IbTaTe CTAHOBHTCH BO3MOXKHBIM 00pasoBaHie gﬁT;{ —ngili\lepasa
Hog» wnuabky 2 : 3. TepMHHALHH He TPOHCXOHT, H )

: 'KTYPHbIX T€HOB.

B 06.1aCTh CTPYKTYPH . s ome-

nepéigi:;a cHCTeMa pery.IllHH B aTTeHoaTope ucn'ogb::zz_rcg ® e

OHaX, OTBEUAIOILHX 332 CHHTe3 IPYTHX aMHHOKHCJOT ¥ ol neﬁm_m,

gblx lsHK 3THX OlIEPOHOB 33KOIHPOBAHBI cneugﬁ)ii{{clfmu et

" OCTAaTKOB TOH aMHH ,
YalolHe MO HECKOJbKY ©
BKJIIO -
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Puc. 9_6.. Bansinue pH6OCOMH, TpaHCcIupyiomeR THIepHHA nenTiil, Ha
npoxo&iense PHK-noanvepasok atteHioaropa: '

;B—eqaac;‘oanuuﬂot(ucnm xBaraer: § — HE_ XBaTaeT aMHHOKHC.IOTH. 32 CHHTe3 KOTOpOR
epOH; 8 — He XBaTaeT AP¥rod aMHHORKCTOTH HJIH HAPYLWeHa TPAaHCTALKA

KOTOPO# onpelesieTcs onepoHoM. EcaH B 1H1epHoM nenTHie Tpunroda-
HOBOTO OMEPOHA COJEPXKHTCHA 1BAa TAHIEMHO DAaClOJOXKEHHBIX OCTaTKa
TpuntodaHa, To B JIHIEPHOM MNenTHIe (PEHU.TATAHHHOBOTO OMepoHa —
10C.1e10BAaTETbHO CeMb OCTATKOB (peHH.1a1aHHHA, B KOTOpble BKJIHHH-
BaeTCs OIHH OCTaTOK aJaHHHA M OIHH OCTaTOK TPEOHHHA, B .THIEPHOM
NenTHJ1e THCTHAHHOBOrO ONEepPOHA — MOJPSA] CeMb OCTAaTKOB THCTHIHHA
B JIHAEPHOM MeNTH e JIeALIHHOBOTO ONEPOHA — YeThpe OCTaTKa .'IeﬁLmHz;
noipsal K T. 1. [IDA OTCYTCTBHU COOTBETCTBYIOLIEA aMHHOKHCIIOTH
pubocoma 3aI1ePHKHBaeTCs Ha ee KOAOHAX H obecneuxBaeT o6pasoBanHe
€AHTHTEPMHHATOPHORY WINH.IbKH.

ATTeHI02TOPH MOTYT Pery.IHpoBaThC H B 3aBUCHMOCTH OT yDOBHA
wHymeo:m;wpHq)octpame. Hanpuwvep, B pyr-onepone B .1H;1epHoﬁ PHK
'BO3MOAKHO OOpa30oBaHHe IBYX LUMH.IEK, OJHA H3 KOTOPHX ABIfeTCH
TePMHHATOPHOA. [lepeast or mpoMoTOpa LIMHJIbKA BHI3bIBAET MPH HH3-
ko#t Konuentpaudd UTP naysy TpaHCKpHNLMH; B pe3y.1bTaTe puGocoMa
CHHTe3HpVIOUlasi JIHIepPHHWA nenTHa, Jorodser PHK-noiuvepasy i
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Mmeiaer o6pa3’oBaHHIO TepPMHHATODHOH IMIHJBKH. [p# BHICOKOH KOH-
uenTpauny UTP naysa He BOSHHKAeT U nepBoi ycnepaeT o6pasoBaThCi
AHTHTEPMHHATODHAasi WINHABKA.

ATTeH0aTOp MOXeT ObTb HAaCTPOEH Ha KOJIM4eCTBO PHOOCOM B KJeT-
ke. Hanpumep, B ciiy4yae onepona p-nakramaswl E. coli p-He3aBHCHMEIA
TEPMHHATOp, PACHONOKEHHBIA B KOHLE augepuoit PHK, nepekpbiBaercs
C yuacTKOM CBSI3bIBAHHS puGocoM. B pesyJsbrate npH BLICOKOH KOHIIEHT-
pauHH PHOOCOM BEpOSTHOCTb HapyUICHHH CTPYKTYPbl TePMHHATOPHOH
WNHAbKH GOJbIle, YeM NPH HH3KOM. TTOCKOABKY KOHLEHTpalHs pHOO-
COM B BbICTPO IEAIIMXCA KJETKaX BHILE, YEM B MEIEHHO Jensulnxcs,
CHHTE3 P-NaKTaMa3bl OKa3bIBA€TCsi CKOOPAHHHPOBAHHLIM €O CKOpPOCTBIO
JeJIeHus KJETOK.

ATTeHI0aTOp MOXET peryJiHpoBaTbCs H Ges yuacTusi puGocom (uiH,
FOBOPS OCTOPOXHee, Ge3 TPaHC/ISLHH augeproit PHK). Tak, anaepHas
PHK TtpuntodanoBoro onepona Bac. subtilis ue KopHpyeT JHIEPHOIO
nentHaa. Tem ne menee 3(QEKTHBHOCTb TEDMHHALHH B aTTeHI0aTope
3aBHCHT OT KOHIIEHTpauHH TpunTodana. [Npeanonaraercs, uto 6anaHc B
06pa3oBaHHH TepMHHATOPHOA H AHTHTEDMHHATODHO! INHJAbKH B JH-
JlepHOH PHK onpeaensercs crenHaJbHbIM GeJIKOM, NPHCOEAHHSAIOLIHMCS
k augeproi PHK # Gr1okupyioluiuM o6pa3oBaHue AHTHTEPMHHATODPHOM
WINHIBKH.

Cpoeo6pasHasi (opMa aTTEHIOATOPHOH PETYASIHH OCHApyXEHA B
crp-onepore, kopupyomem BAK. 3TOT ONepOH aBTOperyJaHpyercs, T. €.
€ro TPaHCKPHIIHS NOJaB/IsAETCA BAK B kommaexce c cCAMP. B paitone
1IPOMOTOPA 3TOTO ONEPOHA HMEETCH yHacTOK cesizpiBanns DAK. Oxasa-
JI0Ch, UTO, CBSI3bIBAsCh C 3THM YYacTKOM, BAK akTHBHpYeT TPaHCKDHII-
{0 ¢ APYroro, HANPABJIEHHOrO B NPOTHBOMOJOXHYIO CTOPOHY TIPOMO-
Topa, € KOTOporo o6pasyercs PHK, xomnjieMeHTapHasl NepBbiM 11 nyk-
neoruaam crp-PHK. B pesysbrate «aHTHIHIEpHAL PHK o6pasyer
JIBYHHTEBYIO CTPYKTYDY C crp-PHK, cxonnyto € TEpMHHATOPHON HITTH/Ib-
KOJi, UTO NPHBOIHT K TEPMHHANHH €1Ba nauaroit ¢ pPHK.

Anmumepmurayus Y ¢aza
u @ eenax pubocomnolx PHK

BKJI0YeHHE ONpeJeieHHbX reHoB dara A TIPOHCXOJHT 32 CUeT BHIKJI0%E-
HHS P-3aBHCHMBIX H p-HE3aBHCHMBIX TepMHHATOPOB, PacrnosioKeHHbIX
niepes, HUMH, 10 AeHCTBHEM 6esika, KogHpyemoro reHoM N. Kpome da-
rosoro N-Geska B aHTHTEPMHHAUHH y4acTBYIOT 110 kpaiiHefi mepe TPH
Genka, KOAMPYEMBIX KIETKOH-X035HHOM, H3 KoTOpHIX GoJlee TMOLPOGHO
usyuyeH 6eJIOK, KONHpPYEMBIH TreHOM nusA, KoTopblil cnocofeH B3aHMO-
neficTBOBaTh C MHHHMAJbHOH PHK-nonxMepasol, 3aHHMas Ha Hell
MecTo o-CyGbenHHulbl. XoTs GeloK NusA sBAsieTcs KOMIOHEHTOM CH-
CTeMbl AHTHTEDMHHAIHH, CaM IO cebe OH cnocofeH yLIHHATL nay3bl B
nexotoprix yuactkax JIHK # jaxe BH3HBATH TepMHHALHIO .

BeJIKH, yuacTBYIOLIHE B AHTUTEPMHHAIIHH, TIPHCOEIHHAIOTCA K TPAHC-
KpHOHpYIOLIEMY KOMIJIEKCY JIo TOro, KaK OH JIOCTHTaeT TePMHHATOPOB.
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ITpucoeinHeHHe 6eKOB-aHTHTEPMHHATOPOB NPOHCXOIMT B TO BpeMsd,
Kor1a PHK-noanvepasa npoXoIHT cneuHa bHBIH CHIHAT AHTHTEPMHHA-
IHH, TAaK Ha3blBaeMblH YUAaCTOK nut. ITOT YYaCTOK Pacro.1araercs Mex 1y
NPOMOTOPOM H TEPMHHATOPOM B HETPAHCIHPYeMOM 4acTH TPaHCKPHIITO-
Ha. [lpeanoaaraercst, uTo B TOT MoMeHT, Koria PHK-noansepasa 1o-
CTHraeT vyacTka nut, K Hefl mpHcoelnHsiercs 6e.10k Nus A. [Tocae storo
C KOMILIEKCOM CBsi3biBaeTcsl p-akTop. [IpH JaabHefineM NpoIBHAEHHH
PHK-no.1nvepassl B npeleiax nuf-yyacTka B KOMIIEKC BK.IHOUAKOTCS
6e.10k N H 1pyrie 6e.1kH, HeoGX0IHMble 115 aHTHTepMHHaUHH. B Takoi
«pery.aocome» PHK-no.anvepasa npuobperaer ocobvio KoHpopMaliHio,
KoTOpast Mo3B0o.15eT efl NPOX0IHTb Yepe3 .TGble CHrHATH TepPMHHALHH,
pacno.1oKeHHble Ha 3HAUHTETbHOM PacCTOSHHH OT VyacTKa nut.

Y'4acTKH, CXOIHBE 1O [10C.1e10BAaTEIbHOCTH C nui-vyacTKaMH ¢ara
7., ODHapykeHbl H B HEKOTOPHIX oflepoHax xpoMocoMbl E. coli, B 4acT-
HOCTH B onepoHax pHGocomubix PHK. BHyTpH 3THX onepoHOB HMeoTCst
p-3aBHCHMblE TEDMHHATOPHI, HAa KOTOPBIX, 01HAKO, B HOpPMe TepMHHalHH
He npoxcxoaMT. C HH3Kofl 3PPEeKTHBHOCTbIO HIET B 3THX ONepoHax
TePMHHALHA H Ha HCKVCCTBEHHO BBeIEHHBIX P-33BHCHMBIX TepMHHATO-
pax. TepmuHaTtopsl BHYTPH reHoB pubocomHoit PHK, no-suansmomy, He
HVZKHB 175 ero ¢yHKUHOHRHPOBaHHA . OHH NPOCTO TaM ecTb, MOTOMV UYTO
HEKOTOpble [10C.1€J0BaTE&IbHOCTH, HEoO0X01HMble 1151 VHKLUHOHHPO-
Bauus pPHK, npossasior tepmunupvioude cpoiicTBa. Koria Takue
NoC.1e10BaTe.IbHOCTH BCTpeyaloTesi B coctase MPHK, ¢ tepmunausei
Gopercsi pHbocoMa, OCVLIECTBIsAOWIAA TPAHCIALHIO. [103TOMY B OTCYT-
CTBHE TPAHC.ISALUHH BHVTPH MHOTHX TEHOB IPOHCXOIHT TepMHHallHA
TPaHCKPHNUHH. B civuae pudocomubix PHK, koTophle Hitkoria He
TPaHCIHPYIOTCA, 118 GOpbObl C TepMuHalHed B HEHVKHBIX MecTax
NpelycMOTPeHa CHCTeMa aHTHTepMHHAuHH, QopMUpYIOLLAsACcs B Hayale
onepona. Kakue 6eikH NpPHHHMAIOT VyacTHe B 3TOH CHCTeMe, ellle He
ACHO.
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I'n1asa VIII

NMPOLLECCHHI NMEPBUYHbBIX
TPAHCKPHUIITOB

Mo.1eKy.16l NpelilecTBEHHHKOB 3pe.ibix K.letounsx PHK noxsepraior-
sl pacllell.IeHHI0 W XHMHYecKoi MoiupuKaunu. COBOKYMHOCTb GHOXH-
MHYECKHX peaklldil, B pe3y.IbTaTe KOTOPbIX VMEHbLIAeTCs MOJeKY.1sp-
nast Macca PHK-npeaiecTBeHHHKa i OCYIIECTR.IAIOTCA pasHble CNOcoSHl
XHMHUeCKOl MoIndHKauuu ¢ obpasoBaHHewm 3pelbix Moleky.l PHK,
Ha3biBalOT npoyeccureos. TlpoueccHnr Hab.1i01aeTcsd H B IPOKapHOTH-
YeCKHX K.J€TKaX, HO OCOGEHHO C.JI0XKHbI NpeBpailleHHsl NpelllecTBeHHH-
xoB kaetounbix PHK B s1pax avkapuoT. XpoMOCOMbI 9YKapHOTHYECKOR
K.JETKH, B KOTODHIX OCYIIECTB.IfeTCs TPAHCKPHIILKSA, JOKA1H30BaHbl B
fipe M OTle’eHbl 1BOHHOH silepHOM MeMOpaHOH OT LMTONLIAasMbl, rie
npoTekaeT TPaHCIALUWA. B sA1pe CHHTE3HPYIOTCA NpellleCTBEHHHKH
Beex THNoB LHToM.1a3maTHueckux PHK. 3pesbie Moaekv.isl PHK tpanc-
nopTHpyloTCA B uuToN1asMy. Mexanusum Tpancrnopta PHK u3 sipa B
IIHTOM.1a3MYy HCCIeJoBaH HelocTaToyHo. [lodaraior, 4yTo MpOLECCHHT
PHK c ofpasoBaHueM 3pelnlX MOJeKV.1 MPO10.XKaeTcst H B XOJe HX
TpaHCropTa B COCTaBe DUOOHYK.1eONPOTEHIHBIX YacTHI 4Yepe3 NOpH
s1epHBIX MeMOpaH. B K1eTkax 3vKapHOT TO.IbKO He3HauHTeIbHaf yacTb,
oxo.10 10%, TpaHCKpHOMpyeMblx B siipe mocieloBaTeabHoctedl JHK
BLisiB.1seTCS B cocTaBe HHTomliasmaTHueckux MPHK. Ochobras wactb
HorooGpasopaHHoil PHK pacnazaerca B f1pe u He OOHapyxuBaeTcs
B LHTOMIa3Me.

Hccle1oBaHHe 3aKoHOMepHOCTel NpPOLECCHHTa Heo0XO0IHMO 114
BbISICHEHHST MeXaHH3MOB Dery.IsilliH 3KCIPecCHH reHoB. PaccMoTperue
3TanoB IIPOUECCHHIa H ero BapHaHTOB \ Pa3sHbiX OPraHH3MOB 3aTpark-
BaeT TaKie D1 IPYTHX NPHHLKNHAIbHBIX mpobiem. Okasaloch, 410
mo.1ekv1a PHK 1 B otcyTeTBHe 6€1Ka MOXKET BbICTVNIATh KaK ayTOKaTa-
Ju3aTop, ocyllecTBIsisi 6:1aro1aps KOHPOPMAUHOHHOR THOKOCTH Mo.le-
KV.Ibl CIOXKHYVIO H TOUHVIO COGCTBEHHYVIO IIepecTpOHKY ¢ 00pasoBaHHeM
HOBBIX KOBa.TeHTHbX cBs3eil. TakuM oOpa3oM, MO.THpHOOHVK.1€OTHAH
MOTYT QVHKUHOHHPOBATh N0106HO depyenTam. OTKPHITHE BO3MOXKHOCTH
avTOKaTa.THTHYECKHX TpeBpallleHiH MO.IHPHOOHVK.1E0THI0B I10Ka3a.1o,
yTo Hcc.1eloBaHue npollecciira PHK nseer npsMoe oTHOleHHe K BO-
Rpocy O NpeGHOTHUECKHX CTA1HAX 3BO.TIOUHH MAaKPOMO.IeKY.l.

1. MPOUECCHHT ¥ NPOKAPHOT

B GaktepHa.bHBIX K.ieTKax 00.bliedi 4acTblo 00pasyvioTCs H TPaHCTH-
pviotcs no.auwicTpornsie MPHK, oinako nekoropme tinel MPHK
MoHoupcTpokkbie. [Ipoueccunr npediectseiikos MPHK ne xapakre-
PeH 118 6aKTepajibHbiX K.JIETOK, XOTS C.I1VUaH NPOLEeCCHHra ofHapyxe-
Hbl, HanpuMep, NpH TPAaHCKPUNLHM OMepoHa, KO1KpViowero puboco-
Maabhbie Geaki (L1, L7.12) u cv6beannuusl PHK-noauvepass (B u
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Puc. 97. INpoueccunr pPHK u TPHK B kserkax Gakrepuii

B’). Tennl pacnosoxend B crenyoulem mnopsiake: L1—-L7/12—p—p’.
TpaHu“(pymuHﬂ uier B Hanpas/aeHuH oT L1 k B’. CospeBanue noiuuuct-
pounoit PHK ocyuiecTsasiercs 3a c4eT 9HAOHYKJ€a3HOTO paciierieH st
PHK, B pesyabrare kotoporo pasbenunsiorcss MPHK njs pubocomans-
HoIX GeakoB H cybwveanHny PHK-nonumepasel. Oanako ator npouecc,
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NO-BHAMMOMY, He ABISETCS 00s3aTe/IbHBIM JUIst OGeCrieYeHus TPaHC/ s
wuK npoKcHMatbHbix L1, L7/12 nan pucranbrsix (B, B’) renos.

Ellle HEABHO CYMTAJH, 4TO moaHajeHuanpoanue 3'-konua MPHK
NPOUCXOAHT TOJTLKO B KJETKaxX 3yKapHoT (cM. pasgen 4 3ToH JaBhl).
Tenepb moKasaHo, 4To cymiectBennas dactb MPHK GakTepui TaKxke
N0ABEpPraeTcsl MOCTTPAHCKPHILMOHHOMY MOJIHAJACHHJIHPOBAHHIO.

TIpoueccHHI HeoGXonHM B GakTepHAMBbHBIX KJETKaX MpH ob6pa3oBa-
uun speibix modekys PPHK u tPHK. TpaHCKpHNT-TpeAILeCTBEHHAK
obpasyeTcsi Ha OMEpPOHAX, BKJIOYAIOUHX TeHbI 16S, 23S, 5S u TPHK
(puc. 97). B xpomocome E. coli naxopsitest 7 TaKMX ONEPOHOB, pas/iu-
YaoUMxcs APYT OT APYra THIAMH H YHCJIOM T'eHOB JJIsi TPHK. Tpanc-
KPHIT, BX/OUAIONIi 0Kos0 5600 HyK/IeOTHI0B, NO-BHANMOMY, IO Mepe
CBOEro 06pa3oBaHusl MOJBEPraeTcsi NEHCTBHIO IHJOHYK/IEas M IK30HYK-
nea3. CrieUnpHYHOCTb HX JeACTBHS B 3HAUHTEJIbHOH CTerneHH OGYCJIOB-
JleHa OCOGEHHOCTSIMH BTOPHUHOM CTPYKTYPH 06pasylolerocs TPaHCK-

WNTa, CXEMATHUECKH Mpe/iCTaB/eHHOH Ha puc. 97.

PHKaza 111 (3H10HYyK/Iea3a) aTakyeT ABYHHTeBhe yuacTku (depelll-
Ku) MeTe/b, BKIIOYAMOLIHE MOCTe0BATe/IbHOCTH OYAYUIMX 3DeJIblX 16S
(1542 mykseoruua) u 23S (1904 nykaeoruga) pPHK. B pesyabraTte
OCyIIeCTB/AseTCS OJIHOBPEMEHHOE CO3peBaHHe 5'- u 3'-kounos pPHK.
Benex 3a PHKasoit 111, BeposiTHO nociie B3aMMOREHCTBHA TPAHCKPHIITA
¢ pn6OCOMHbIMM GelKaMH, B MPOLECCHHIe NMPHMYT y4acTHe M ApYyrHe
3HJOHYKIeassl (M-3Hj0HYyK/I€a3a, OT aHI. maturation — coapeBaHue).
IeficTBHe BceX SHIOHYK/ea3 COMPOBOXJaercs oGpasoBaHueM 5-P- u
3’ -OH-Konmos. B crpyxrypax, pactuenisembix PHKasoit 111, He o6-
HapyeHO CXO/ICTBA Ha yPOBHE HYK/EOTHAHOH MOC/eN0BATE/IbHOCTH, 33
HCKJTIOueHHeM ofluero Tpe6oBaHHs — LBYHHTEBOH CTPYKTYPBI, KoTOpas
OKpyXaeT MW/I¥ BK/IIOUAeT CaHT paclleTIeHHs. ITopoGubiM  06pasoM
zesictyer n PHKasa, yuactByolliast B IPOLECCHHTE 5S PHK (puc. 97).

O yHKUHOHAIbHBI CMBICT TaKOro criocofa OpraHU3alHH OMepOHOB
pPHK 1§ nmpoueccHHra TPaHCKDHITA He coBeeM siceH. MoxHo npeanoa-
ratb, YTO MHOTOCTYIIEHYAaTOCTb TMPOLECCHHTa TMO3BOJSAET Ha KaXJ10H
€ro CTafMH pery/jupoBaTh CKOPOCTb 00PA30BAHHA 3PEJbIX PHK. Kpo-
Me TOro, JOKAaJu3alusi B OJHOM NePBHYHOM TPAKCKpHNTe GYypyIIHX
16S u 23S pPHK, BXomswux B coCTaB Manolt 1 GoabILOH CYGheAHRHLL
puocoM, aBTOMATHYECKH OOecreynBaeT HX ofpasoBaHHe B PaBHBIX
MOJISIPHBIX COOTHOLLEHHSAX.

2. TIPOLIECCHHT pPHK ¥ 3YKAPHOT

Teunt pPHK y 3yKkapuoT TpejcTaB/leHbl TaHAEMHO MOBTOPSIOUIMMHCH
Konusmu (100—400), c1yKalluMH MaTpHLAMH A/15 06pa3oBaHHs TPAHC-
KPHMTOB, NOABePrAIOMIEXCA NPoLeccHHTy (puc. 98). TpaHckpuOHpyeMbie
NOC/TeI0BATENbHOCTH Pa3fieenbl crelicepamii, TaKxKe HIPaoliuMu Gonb-

‘wyio ponb B Tpauckpunuuu pPHK u ee perynsuuy (cm. . X,
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Puc. 98. Tlpoueccunr pu6ocomaabhux pPH
cxeMa peaknHfi NpH cn.iIaficHHre pPHKp (6)K y oyxapuor (@) ¥

pasgea 3). B pesy.1brare npoueccunra, B X0ie KOTOPOrO METHAHPYETCH
PAA PHOO3HBIX OCTATKOB, H3 MO.I€KY.Tbl NPeILIECTBEHHHKA Bbilllen 'Uzoma
Tpu tuna pPHK: 18S, Bxoaswas B cocras Ma1o# cyﬁbeﬂnmmt; 16o-
coM, a Takxe 28S u 5,85, ;10Kaau3yiowrecs B 60.1bLIOM CVG’LE}IHEHHE
Y HeKOTOpbIX OpraHH3MOB B COCTaBe NpeIlleCTBeHHHKA 285 PHK
HaXOJIHTCS BCTAaBKa — UMMPOH, KOTOPHIH y1ansieTcsl IPH MPOleCcCHHTe
CunBanue dparventos mo1eky 6l PHK npu yaatenun untpona noa .
YH.10 Ha3BaHHe craaticunea (puc. 98). Cnaaficusr gpparvento PHK 60J1{-
LIOH ’puﬁoco.\aaabuoﬁ CyObeIHHHIIL OOHApYKEH H H3yUeH y pecrmlu;oﬁ
:g?ga:pm: _T_etrahymena npH (QYHKUMOHHPOBAHHH TEHOB «BereTaTHB-
apa MaKpOHYK.Ieyca, a TakXe NPH NPOLECCHHTE MHTOXOH-
puaabHOA pubGocomaibiodt PHK y apoxoxen. Mcciezoanne cnaaficun-
:i'élpeJLEleCTBeHHOHKa pPHK undy3sopuii in vitro BSBHIO yIHBHTEIb-
pesy.1bTat. OKa3a10Ch, 4TO y1a’1eH1e HHTPOHA H CILTAACHHT MOXKHO
Ha6.:110,1aTb He TOJbKO B H30.TUPOBAHHBIX SAPaX, HO W IpH HHK yGALHH
ouHileHHOro npeiuectensuka pPHK B otcyTteTBie Geska. B nocaen-
HeM C1yuae NMPOLIECC HIET MelleHHee, HO JOCTATOUHO B(IIpeK:rHBHO e(;;lu
NPHCYTCTBYIOT HOHBl MarHHA u ryadosud (uamw GMP, GDP GTP)
Takuu obpasom, Ha6li0laeTcA ayTOKAaTAAHTHUECKHH 'npouec,c camo-
f)n}fllia(ncuura (anra. selfsplicing), B pesy.abrtate KoToporo B Modexy.1e
Pa3pbIBAIOTCH OIHH MEXHYK.IEOTH1Hble KOBAaJIeHTHHE CBS3H H

}CIBHEB-”‘[B 10TCA HOBbIE. l €aKIUHsA €T Mex y T p q) N
HI no
a aHH3M paHC3]e HQpH
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3'-OH-rpynna ryaHosuHa atakyer ¢pocholxspHpHYIO CBA3L MEHIY 3'-
KOHIIOM TepBOTO 3K30HA H TEPBBIM HYK.1EOTHIOM HHTDOHA, MPHUEM
ryaHO3HH NMPHCOEIHHARTCA K 5’ -xkoHuy nuTpoHa (puc. 98). Ha caeayro-
mew stane 3 -OH-rpynna Ha KoHlle MepBOro 3K30HA aTaKyer ApyTOH
KOHell HHTPOHa. Peaklusi TPaHCSTPHOHKALHK CONPOBOKIACTCH Bbl-
wenienneM WATpoHa, Molexy.la PHK moisepraace camocnrqtcuney.
Oe cTaini CIL1afiCHHTA OCYILECTBISIOTCA MYTeM TPAHCITePHPHKALHH,
[puueM B HTOTE YHCIO PHPHBIN CBA3eH He MeHAeTCH. [TosToMy crn.iaifi-
CHHT MOMeT OCVIIeCTBIsiTbcsi 0e3 BHELIHETo HCTOYHHKA SHEPTHH,
g orcvrereue ATP uan GTP.

Bhipe3aHHe HHTPOHA MPOHCXOINT OueHb TOUHO; 3T0 obecrnevnBaeTCs
HATHUHEM CI0XKHOI BTOPHUHON H TPETHUHOMR CTPYKTVPLI PHK. Hyk.1eo-
THIHAA M0C.1e10BATETbHOCTL HHTPOHA € YHETOM KOMIIIeMEHTAPHBIN B3al-
MOTECTBHI OTIeIbHbIX YYacTKOB MOKeT ObiTb fpeicTaB.leHa B BH1e
10CTATOUHO C.IOAHOIl CTPVKTYPBI (pHC. 99). Cx0IHVIO CTPVKTVPY HMeeT
MHTPOH [pelliecTBEHHHKA pPHK wutoxon1pHil. 3aveHbl OTI&IbHBIX
HVKJIEOTH10B B COCTaBE HHTPOHA OOHAPYZKHBAIOT HE0OXOIHMOCTb OT-
16 TbHBIX 3.1€MEHTOB ero CTPVKTVPhI 115 caMOCMIaiCHHIa. Hanpuwep,
HapVileHHe KOMILIeMEHTapHOCTH B pafiode A mpensTCTBYET craaicHu-
rv. OkasbiBaeTcs, YTO 1%t MPABL.IBHOTO cr1aficHra HeoOXO1HMMBl Tak-
®e KOMILIeMeHTAapHble B3aHMOIeflcTBHA HYK.1E0THI10B (BHe M.IOCKOCTH
pucyrka ) B aleventax b u B. 3avena nykieotila B paiiode b, Hapy-
LIBLIas KOMILIEMEHTAPHOCTb i CNLIaHCHHT, MOXKeT ObiTb KOMICHCHPO-
BaHa 1P\TOfl HYK.1€OTHIHON 3aMeHOil B pailone B, ec1u oHa BOCCTAHO-
BHT KOMMLIeMeHTapHbie B3ammolefictBug. KaratuTmiueckue cBoiicTBa
onpeelsores 0ccOoit crpyvkrypoit PHK, co3laBaemoil B pe3y.bTare
KOMIIIeMEHTAPHBIX B3aHMOIefCTBI .

HyKJeoTuaHbie MOCIEI0BATETBHOCTH STHN S.1EMEHTOB CTPVKTYPbl
coxpausitoTca B 3BoToUHH.  HHTpOHBI ¢ 10106HOIT CTPYKTYpOIl 1 co
CHOCOGHOCTBIO K «CaMOBEIpE3aHHIO» 13 MpelilecTBesHHKa 0OHapyAeHb
B reHaX Tpex pa3HbiX KJIeTOUHBIX Opramelt B Alpax HHPV30p Hil, MHTO-
XOHIpHAX 1poAKeil H X.J0pon.1acrax pactenuil. OOnapykeHue camo-
cnaaficunra npelmwectsensnka pPHK mokasbiaer, uTO ModeKy.1a
PHK \io:eT BbICTYTATh KaK KaTaJH3aTop H.Tif, BepHee, KAk KBasiikara-
JU3aTOp, MOCKOJIBKY B MpOLEcce PearluH MeHAeTCH crpykTypa PHK.
Toz06Hel cavyail cniaficHHra (camocnaalicunra) oOHapy/keH H B 11pO-
KapHOTHUECKHX CHCTEMAX NPit HCC1e10BaHHH SKCMPECcHit reHa THMH-
anaTcHHTa3sbl gara T4, 3apaxaiollero K.IeTkH E. coli. Ten, Koaupyio-
Muil THMHIHIATCHHTA3Y, COIEPAHT HHTPOH, BbILLETLIsieMblfl TIPH NPO-
neccunre MPHK.

Croco6Hocts PHK ocvilecTBIsTh OHOKATalH3 APKO NMPOABIALTCH
TaKe MPH HCC.1E10BAHMH TPOLECCHHTA TNPelLeCcTBeHHHKOB TPHK.
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A, Bu B — yqactka PHK, ofecneun-

3aMeHB KOTOpHX HapyulaloT criaftCHHT;

TPEYrOJIbHHKH — HYKJEOTHAM,

CTpenkn — cafiThl crutaficuura;
BawuHe Kol
W MIlJIEMEHTapHBE B3aHMONEACTBHSI H CO3AaHHe CTPYKTYDH, NPeRPAcHoNoXeHHOR K cnaafcHHry

Puc. 99. CrpykTypa HuTpoHa B cocTase npepwectsennnka pPHK y mudysopmit

3. NPOUECCUHT
NPEAMECTBEHHHKOB TPHK V¥ npro-
U IYKAPHOT

BoimensieHue NpeilleCTBEHHHKA MOJIEKY/Ibl TPHK u3 cocraBa nepBHy-
Horo TPaHCKpHOTa Y GaxTepuil OCylleCTBJIsETCS C MMOMOLUBIO PHKasnt
11 (cm. puc. 97). TlpeauiecTBeHHHK TPHK cozepxut oxoio 100 Hyk-
neotunoB, a 3peqasie TPHK — 70—90 mykaeotuuos. [lpoieccunr 5'-
KoHlla MpeAleCTBEHHHKOB (aura. precursors) TPHK ocymiectBasierca
¢ nomowpio PHKaset P. [To-suiuMomy, PHKasa P ocyuiecTsaser npo-
neccunr 5 -konua Becex TPHK 6akTepuaJbHOH KJETKH.

TIpoueccuHr 3'-KOHUA OCYLIECTBJIAETCA C nomowpto PHKasw D
(D — digestion), npejcTassioued cofod 3K30-3'-HyKJeasy (cM. PHC.
97). D10 HeNpOLECCHBHbIH ¢epmenT, npu paboTe KOTOPOTO KOMILIEKC
¢ Cy6CTPATOM AMCCOLHMUPYET MOC/e Kaxoro akTa OTLIeNJIeHHs HYKJIeo-
tuia. CKOpPOCTb OTLIEIVIEHHs PE3KO Majaer, Korja Hykieasa JOCTHTaer
'rpuﬂymeom)moﬁ nocaenoateabocts  CCAgw, HeoGXOAUMOH /151
B3auMojeficTBus ¢ amunoanna-TPHK-cunTeTasol mpu _oGpasoBaHuH
amunoanua-TPHK. Tpyu cospepakni HeKOTOPHIX BHIOB TPHK 3’-komel{
CCA oy ofpasyercsl 3aHOBO B pe3y.braTé NocJef0BaTeNbHbIX HYKJIe0-
THILRJITPaHCpEPasHbIX peaklHni.

Vanasanue TPHK-npenuecteennuka PHKaso# P ocyuiecTBsercs
npu ee B3aWMoAeHCTBHH CO 3pesoil «KJeBepHOH» (Man L-06pasnoil)
CTPYKTYPO# MOJIEKYJIbI TPHK, npuueM oTienieHne ¢ 5’-KOHIia HeCKOJIb-
KiX HYKJEOTHAOB, BapbHPYIOUKX B pasHbX tPHK, ocysiecTBisieTcs
C YAHBUTeJbHON TOUHOCTbIO. DEPMEHT COCTOHT W3 IBYX KOMIIOHEHTOB:
PHK u ocrosHoro Geaxa ¢ M, =17 000. [Tojo6HbI# pepMeHT GYHKIHO-
HHPYET M NIPH MPOLeCCHHTe 1PHK y sykapuor. PHK-koMroHeHT HyK-
neasbl P E. coli (M1 PHK, ot aura. maturation — cospeBaHue) coaep-
wuT 400 HYK/JIEOTHIOB, B KJETKaX apoxckeli — 250 HYKJIEOTHAOB H B-
KJeTKax dejoBeka — 0K0J10 100 HYK/IeOTH/O0B. OkasaJsiocb, 4TO B TpH-
CYTCTBHH BBICOKHX KOHLieHTpaluil MarHus MOJeKyJa PHK Ge3 Genka
cnoco6HA KaTaqu3HpoBaTb CO3peBaHHe MPE/IIeCTBEHHIKA TPHK. ®ep-
MeHTATUMBHOl aKTHBHOCTbIO oOjajaer PHK, a 6e0k caM 10 cefbe Heak-

THBeH, HO YCH/IMBAeT KaTaJUTHYECKYIO AKTHBHOCTb PHK. B ero npu-
CYTCTBHH TaKXXe PaCIUHPAETCsi aCCOPTHUMEHT pacwenasemlx in vitro
npexuectsennukos TPHK. B PHK-xomnosente PHKasel P umetorcs
NoC/Ie0BaTeNLHOCTH, KOMILIEMEHTapHble HHBAPHAHTHLIM pafioHaM MoO-
aexya TPHK. B npouecce peakilui HECOMHEHHO IIPOHCXOAAT B3aHMHbBIE
KOH(OPMaLHOHHbIE CTPYKTYPHBIE nepectpoitky M1 PHK u TPHK, xo-
TOpble 3HAYHTEJBHO Jerde MPOTEKaloT B MPHCYTCTBHMU 6eqKa, OJHAKO
JeTajy STOTO Ipolecca He BbisicHeHbl. MyTaHTibie TPHK ¢ Hapylues-
HO#l BTOPHYHON MJIH TPETHUHOM CTPYKTypOH He MojBepraioTcs npouec-
CHHTy. YaeTcsl OCYILECTBHTb PEKOHCTPYKUHIO aktuBHoli PHKasw P,
ecay o6bennHATh GeakoBbii 1 PHK-KoMMOHeHTbl, B3AThE M3 PasHbiX

HCTOUHHKOB, HANPHMEpP M3 KJeTOK GaxTepu#l W 4eloBEKa. PHK-xom-

nonentsl PHKassl P pa3HOro npokcxoxienus He 06JajaI0T TOMOIOMH-
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el M0 HYK.JIEOTHIHOH NOC.1e10BATETLHOCTH, XOTH OTIETbHbIE KOPOTKHe
VYaCTKH MO.TEKY.16l MOTV'T COXpaHATh 60.1blIoe cx01cTBo. Cle10BaTe Ib-
Ho, 3a y3uaBaune PHK ipyroit PHK wmoryt otBeuath kak o6ias Kou-
dopmaunonnas cTpyktypa PHK, tak 1 koHKpeTHble HYK.1eoTHIHble Mo-
C.1e10BaTe.1bHOCTH. BeposiTHo, B mpouecce 3B0.TtOLHH orGop OblL1 Ha-
NpaB.1eH Ha mollepranue TeX (VHKUHOHATbHBIX CBOHCTB CVEbeiuHHL
PHKasbr P, kotopuie ofecnednBalor coXpaHHOCTD CTPYKTYP BHICIIEr0
nopsika.

PHKasa P npeicrasiser coBoll yIMBHTEIbHVIO MOIeTh, NpHroJ-
HYIO 1151 BHIFICHENHA 3aKoHoMepHOCTell 0e1KOBO-HYK.IEHHOBOTO y3HaBa-
HHsl W NO3BO.TAIOLUIVIO HCCIeloBaTh, KakuM o0pa3oM 6eoK, Heo6Xo1u-
Mblfi 115t paGoThi bepMeHTa B K.leTKe, MOXKeT 06.1er4ath Kara.us, ocy-
wectB.asembii PHK. :

PHK B cocraBe PHKasb P BoicTynaeT kak HacTosluuii Karaipsa-
TOp, CBOACTBA KOTOPOIO OMNpelelsitoTCH HATHBHOM cTpykTypoii PHK.
OrMe4aioT OGILHOCTb XaPAKTEPHCTHK KATa.IHTHYECKHX NpOLECCOB, ocy-
uectB.1sempiX OeaxkaMu 1 PHK. B ofoux cayuasx kataius ocHoBan
Ha CrocoGHOCTH 00pa3oBbIBaTh CrelH(HUECKHe KOMMLIEKCH cybcTpa-
TOM, XapaKTePH3VeTCsl BbiCOKOH Cc\'GCTPaTHOM CNeUHPHYHOCTbIO, 4 KHHe-
THKa npouecca OMHCbiBaercsi VpasHeHHeM Muxasauca — Menten. Mo-
aeky1sl PHK, cnocobubie ocylects.1aTbh 6HoKaTa 13, Ha3bIBAIOT pubo-
Busasu. PuOO3HMbl OTIHYAIOTCA OT 6€.1KOB-KaTa.TH3aTOPOB 3HAYHTE.Ib-
HO MEHbILIHM pa3HooOpasueM GOKOBLIX PalHKal10B. BeposTHO, Kak 3To
npeiBulel Kpuk, woiekyv.ast PHK na 3ape xu3un npeictasasau co6oii
NpOCTeHIliHe KaTa.1M3aTOPbi (aBTOKATA.1H3aTOPbI), KOTOPHIE COCOBCTBO-
Ba.TH BO3HHKHOBEHHIO DPa3HOOOPa3HA HVK.IEOTHIHBIX [10C.1e1CBaTeTb-
Hoctefi. CKopee BCEro, HMEHHO OHH ObLTH CIIOCOGHBI K npeGHOTHYECKOH
3BO.TIOLHH, @ 3aTeM CHITPa.1H GO.IbIUVIO PO.Ib B 3BOTIOLHH KHBbIX CHCTEM.
Oanako pHGO3HMBL — 3TO He «MO.IeKV.1ApHble HCKOMAaeMble» B pa1y 6uo-
JIOTHYECKHX KaTAIH3aTOPOB, OHH COXPAHK.IHCh H AKTHBHO (BDYHKLHOHU-
PVIOT B K.1eTKaX IPO- W 3VKAPHOT 10 HAlUHX IHeH.

OcoGentoctn npoueccunra TPHK v 3ykapioT o6vciIoBieHbt Tew,
YTO AlepHbie npelwectBentku MHOrux TPHK cozepxkar untpon. Cpa-
3y 3a antHkolonoM (ot 5'-korua TPHK) cieiver uvkieorui, sciel
33 KOTOpBIM HaYHHAETCH MOC.1e10BATEIbHOCT OIHOMO HHTPOHA, OGbIYHO
BK.Tovawolas 14—16 nykieotnioB (puc. 100, a). Cospesanne TPHK
TpebyeT ylaleHHst HHTPOHA W cn.lakicHura. Crialicuur npelllecTBeHHH-
ka TPHK B oT1nune o1 cnaficuira s1epHbix npelliecTBeHHHKOB pPHK
V' HHOY30DHH UEIHKOM 3aBHCHT OT MPHCYTCTBHA 0e.1KoB-hepMeHTOB.
Mexanuss peakuuit cnajicunra npezwectsensukom TPHK ¢ vyacTHeM
(hbepMEHTOB, OYHUIEHHBIX W3 1poAUKel, H300pakeH Ha puc. 100, 6.
SHioHyK1easa paculeniser PHK B 1Bvx caiitax cmaiaficunura, ofpasysa
Ha KOHLAX CLIHBaeMblX 3K30HOB 2'—3'-unk.1odocdar 1 5 -OH-rpyony.
DHIOHYK.1ea3Hass aKTHBHOCTb CBf3aHA C silepHoil memOpaHoii. 310
O6CTOATE1bCTBO VKa3biBaeT Ha CONPSIKEHHOCTb NMPOLECCHHTA C TPaHC-
noprom TPHK 43 siipa B untoniassy. Caelviouise XuMiyecKie peak-
uuu (KHHAa3HAA peaklHsi, B pe3y.1bTaTe KOTODOI tocdopu.1Hpyeres 3 -
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Puc. 100. Cnaaficuur npexwecteennnka TPHK y

3yKapHOT:
a — obman cxeNa; 6 — MEXaHH3IM peaKuui

.
" KOHell, ero aJeHHIMPOBaHHe H, HAKOHell, aKTHBHOCTh 3'-ocdoanacre-

pasw, B pesy.braTe KoTopoit 2'—3'-uxk.1odocdar npespainaercs B 2'-
docbat), a TakKe caMa .IMrasHas peakilHs, NO-BHAHMOMY, obGecreyu-
BajoTcs oaHHM noaunentuiom. [1oc.1e10BaTeIbHOCTh H MEXAHH3M peak-
Wufi cnaaficuira npu cospesanun TPHK wiekonutarowmx  voxer
B JeTansfiX OTAHYaTbCA OT MpeICTaBJeHHOR CXeMbl.
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B crenyiomem pasfgene GyseT paccMOTDeH MeXaHH3M CRafiCHHT a
npelrecTBeHHHKoB nHdpopmannonnoit PHK (MPHK), kotopsrii ocymecr-
BJISIETCH APYTHUMH TYTSMH.

4. NPOLECCHHT PHK,
CHHTE3HPYEMBbBIA C NMOMOUIBIO
PHK-MTOJIUMEPA3bDI I, ¥ 3YKAPHOT

Moougpurayus 5'-konya PHK
u cnaqicune

- PHK nonumepasa I1 TpanckpuGupyer Bee TeHEl 3yKapHOT, KOAHpYOIIHeE
Gesku, a Takke Maavle adepubie PHK u, no-unumomy, PHK-komno-
HedT PHKaspr P. PacemoTpuM Jinib HauGo/lee H3yueHHHIH MeXaHH3M
NPOLECCHHTa TPaHCKPHNTOB, MNPHBOAAIMA K 06pasoBaHWIO 3penbix
monekyn MPHK, o6bluno copepxamux 1500—2000 HyKaeoTHzos.

IIpoTskeHHOCTb MepBHYHBIX SJEPHBIX TPAHCKPHNTOB, 06Pa3yeMBIX
PHK-noanmepasoit 11, cHibHO BapbupyeT, HO MOMeT JOCTHIaTb AECHT-
KOB THICSIY HYKJ/IEOTHAHBIX NMap, T.e. COOTBETCTBYEeT pasMepaM psjia
syKapuotHiecKux redos (cM. ri. IX). Ilpu ucenenoBaHuu KieTouHoro
filpa CneuHanbHBIME METOJaMH 3JeKTPOHHOH MHKPOCKONHH yaaercs
OGHApyXUTh TPAHCKPHIIHOHHbIe KoMilekchl (puc. 101). [Ipogsuxkenue
PHK-nonnmepaast no JIHK conposoxnaercs: 06pasoBaiueM TpaHCKpuI-
TOB, KOTOPHIe, B3aUMOREACTBYS C GeJIKaMH, YNAKOBLIBAIOTCS B PHOOHYK-
JIeOTIPOTEH/IHbIE KOMIJIEKCHI.

[Iporsixenuble TPaHCKPHNTH JYKApPHOTHYECKHX TI'EHOB COJEpIKAT
TNOC/Iel0BATe/IbHOCTH HHTPOHOB (em. r. IX, paspen 2), KoTophe npu
obpasoBanns MPHK Bblpesaiotcsi, Torfia Kak HYKJeOTHAHBIE NOC/IEL0-
BaTe/IbHOCTH 9K30HOB CLIMBAIOTCA, T. €. NMPOMCXOAMT Mpolecc Criail-
cundra (puc. 102).

PasopBaHHble (MO3aHYHBIE) TeHBI, COCTABJEHHbIE H3 K30HOB M HHT-
POHOB, XapaKTepHbl I/ CaMBIX Pa3HBIX MpeACTaBUTeNeH 3yKapHOT —
pacrenuii, ApoXOKeH, Pas/HYHBIX GeCIIO3BOHOYHBIX (Y€PBH, HACEKOMEIE),
NTHL H MJEKONHTAIOWHX, BKAOYaA yejobeka. Hanuuwe u pacnonoxe-

eduwuya mpeHCKpUNgUY
~20 m.n.u

v R

Puc. 101, Cxema 31eKTPOHHO-MHKPOCKONHYECKOA KapTHHB TPAHCKPHIILHA 3yKa-
PHOTHYECKHX TEHOB

Crpenika yka3nBaeT HallpaBJeHHe TPaHCKDHILHKH; BETBH <ejodek» — HOBooGpasoBaunsie PHK B
cocTaBe pHOOHYK/IEONPOTEHARKX KOMIJIEKCOB
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Puc. 102, CxeMa cniaficHHra 3K30HoB IpH o6pasoBanuu 3peqaoi mPHK (a), rpa-
HHUB 9K30HOB H HHTPOHOB (NpPaBHJO cnuaiickrra) (6)

HHMe MHTPOHOB YjaeTcs HarJIiiHO TIoKasaTb NIPH HCC/e10BaHHH THOPH.
JIOB KJOHHpOBaHHbIX (parmentoB redomuodt JHK u spempix MPHK,
VYuactku resomnoit JHK, Brmouaiomue uHTPOHBI, 00pasyior mNeTJH,
nocKosibKy oHu He rubpupusylorcsi ¢ MPHK. Ha puc. 103 nemonctpu-
pyercs crpykrypa tTakux ruopusos MPHK 1 IHK B ciyuae rena a-koi-
JareHa LblNJeHKa.

UKCA0 HHTPOHOB MOXET CHJABHO BapbHPOBATb: OT OJAHOTO B IéHe
aKTHHA APOXGKeil O HECKOJbKHX [ecsiTKoB (17 B reHe 8-kpucraiinna
nTHll, 31 B rede BHTe/JIOTeHHHA NTHL ¥ 50 B reHe MpoKoJsJiareHa MJeKo-
nyTaruxX). UHTPOHBI MOTYT COCTaBAsATH GOMBIIYIO YacThb MO3aHYHOTO
rena. CyMMapHasi HYK/JIeOTHIHAs LJHHA HHTPOHOB MOXeT MpeBblllaTh
BO MHOTO pas AJHHY 3K30oHOB. Hanpumep, B reHe nmpokoJsJareHa nrHI
3K30HBI COCTABJISIIOT JIHIIb BOCBMYIO YacTb oflled I/HHEI FeHa, a B TeHe
THpeor/nobyMuHa MJIEKONHTAIOIHUX — JHIIb ABaALaTyio. DK30HaMH Ha-
3LIBAIOT He TOJBKO Te pafloHBl reHa, KOTOpBle COiepXar MmocJefoBaTeb-
HOCTH, KOZMPYIOLIHE Y4YacTKH NONMIENTHAHOH ILleMd, HO W DPaHoHbI,
TPAHCKPHOTHI KOTOPHIX BXoAAT B coctaB 3penbix MPHK, Ho He TpaHc-
JIHpyOTCS. 3TH paHOHBl COOTBETCTBYIOT «IHAEPHOI» o0JacTH INepexn
HHUUMHPYIOWHM KOJOHOM (cM. puc. 102) uiix B HEeTpaHCAHPYEMOH YacTH
#a 3'-xonue MPHK sciex 3a Tepmunupyiowum tpunieroM. Huorza,
KaK 370 nokasaHo Ha puc. 102, a, 1ufepHas 30Ha COOTBETCTBYeET OT/eb-
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Puc. 103. Tu6piuansie CTpykTyYpel MPHK n ¢par-
MEHTa reHa ®2-KO1.TareHa UbIMIeHKa (3.Jek

TPOHHas
MHKpodoTorpadis) X

CTPeIkK YKa3hBaloT pailoHm PHK-AHK ru6puia (3K30HM);
TeT1H COAePAKAT HHTPOHM

HBIM SK30HaM (TeH 0BA.TbOYMHHA MTHL H.TH HHCV.THHA W
3'-HeTpaHC.IHpYevbift KOHell Takke MOKeT 6bib
HBIM 3K30HOM (MPHK dubpunorena kpoicer).

HUnnunauns  tpanckpunumu CONMpOBOXK1aeTcst MoiuduKauHelr 3'-

konua PHK ¢ ofpasopanuem creundnueckoit HVK.TEOTHIHOH CTPVKTY-
Pbl, B KOTOPOH N7-MeTH.IHPOBAHHBIH 0CTAaTOK TVaHo3uH-5 -Tpudocharta
coelnHer 5 —3'-hpochoIHMDHPHON CBAIBIO ¢ KOHLEBbIN HYK.IEOTH.I0M

PHK. 310 tak naswiBaemsiii k3n (anr.1. €ap), KOTOp.I NpucoelHHseTCH
€pasy roc.le HHHUHAUHH TPAHCKPHIUHH K al1eHH.TOBOMY H.1H TVaHH.10-
BOM\ ocTaTKaM. lostomy caitT uusumammy TPAHCKPHILUHH YaCTO Ha3bl-
BalOT K3n-camon.

MoaubuunpoBanumii 5'-konen obecneunsaer bpekTHBHYIO TpaHc-
asumo MPHK i1 vitunser spemsi ee wusun B kieTke. O6pa3osauie
K3Ma TakzKe CnocoGCeTBYeT 1adbHeRLeMY X01V MPOLeCCHHTa. Y 3HaBan e
K3Ma, no-BHIHMOMY, SBISIETCA BaXKHOH cTaimell B npouecce paboTbl
CTOKHOM  PepMeHTATHBHON chCTeMl, OCVILECTB.IAIOWE Cn.IaicHHT -
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ha“a 3K30Hb CLIHBAIOTCS B Pe3v.IbTaTe Ch.1aHciura. llopsil oK BHpe:
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HOCTH HX PAcroJOXKeHHs B reHe. Odbpasvetcs M Tpr[.mﬂ O panc.

t H ‘eT TaK Ha3blBaeMmasl «O \

T11epHOit 30HOH c.1edver T . Tpanc
312111;?;11» F()aum. open reading irame) — noc.1eJOBaTe1bnoc:(1;mTepr1:)n AL’Gt
.Kollllp\“lOLU.HX [OJHIenTH1, HayHawuwasncs ¢ uHuLumpC}“qae oiuuéxa

i : Hb TOUHBIM, B TPOTHBHOM C.1)
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q)ep\{ema- KaTa.M3HPVIOWEro THIPOKCHIHPOBaHHe ré))zun.m.mmM ¢
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6 MPHBOIHT K HAaKOIM.IeH '
BaHHeM THPO3HHA, ' - o
oopii?emuo 06pa30BaHHs MHOTHX MeTabOo.THTOB, oépa3)rou1::;’:;{ o
Hagitamuecxﬂ aMuHoKHC.10T. [IpoTaKeHHbil red (peﬂli.‘la.'[aH:T R zm-
o a3b YedoBeKa, BK.Toualoulki okolo 90 1. m. H., COIepX 12
cmaB co.cmam}omux OCHOBHYIO YacTb reHa. E1MHCTBeHHa javena
goz'})('op,ai’loue 12-ro HHTPOHA, NpeBpalliaollas KaHommecm:‘};OJéqec_m.Hra
) ; M.1aHCHHTA H .
O0IMT K HAPYIIEHHIO C ira.
T O e e hen Aalllaf KOHUEBOro 3K30
; nas PHK, ne coiepx
a3vioulasicd abeppaHT ‘ ro e
(;?:pc_{\",xm MaTpHUel 11 TPAHCSLHH MPeX1eBPEMEHHO r?eépHap\'Lue-
rocs MOTHMENTHIA, KOTOPHIH ObICTPO pacralaercs B meTKojn apyiue:
HHS chaaficHHra ofucaHbl Takke 114 renoaT t;eégig:%\‘ ° qg.ioaexa,
y ' TOMO3HTOT NPHBO1S X M
JOOHHB. ITH MYTalHH V T 108eKa,
gé?immeﬂuun HeJOCTATOYHOCTbIO TOTO MM HHOrO THOA T
(reMor. ToGHHONATHI, HIH TalacceMin).

K, korto-
* Beceria NpHBOINTCHA 10C.1€10BaTEILHOCTH TOR HaH HHoKﬁ ;21;:"\'{;1\5);’( oo
as MIEHTHUHA HVK.JEOTHIHOM N0C1e10BaTe.1bHOCTH TPAHCKPHOHPY
ga HeK.ogeHitem 3amens T na U.
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Pre. 104. Peakuun cnnaficunra npu cospesannu MPHK (a); yuacthe masoft anepHot PHK B cnaaficuure (6)

(depMenTaTHBHAS Mallina CnAaficuHra, JoKanu3oBaHHas B fLpe,
H3yueHa HEROCTATOYHO, ORHAKO Psi BaXKHHIX De3yJbTaToB [0Jy4eH
NPH HCC/MeNOBAHKH NpeBpamleHuii NPeAlecTBeHHHKOB HHAHBHAYalbHbIX
MPHK (nanpuMep, P-rioGuna) B ePHBIX IKCTPAKTaX in vitro. Beuta °
BLISIBJIEHB CJelylouine CTalHH CriiaficHira (pHc. 104). TIpexxne Bcero
NPOHCXONHT Pa3pLiB HYKJEOTHAHOH NOC/IE0BATEJbHOCTH HA FPaKHue
3K30Ha | W MHTPOHA ¢ 0GpasopaHueM 5'-KOHUA, NPeICTaBJIeHHOro poc-
(POPHIHPOBAHHBIM 'yaHO3HHOM — KAHOHHYECKHM HYKJEOTHIOM JeBOro
(5'-korua) uuTpoHa. Crenyomas (MM CONpsDKeHHas C npexsinye)
peaKllus 3aKJOuaeTcs BO B3aHMOJIeHCTBHH 5'-KOHUA YAianfeMof nocae-
10BATEIBHOCTH ¢ 2 -THAPOKCH/IOM aleHO3HHA HHTPOHA ¢ 00pa3oBaHHEeM
9'—5'-dpochoauapupHoit cesazu. O6pasyercst pasBeTB/leHHas CTPYKTypa
PHK, nanomunarowas Jaccd (KoJbLo ¢ xpoctoM). OGpa3oBanie TakoH
CTPYKTYpH MOXHO TaKiKe PacCMaTpHBaTe KaK De3yJbTaT peakuuH
TpaHCITepH(PHKALHH, B pe3yJbTaTe KOTOPOH 2'-OH-rpynna agenosuHa
aTakyer (ochopHsPHPHYIO CBAi3b, 3aMelas 3’-OH-rpynny sx3ona 1
Teneps 3K30H | NpeACTaBAeH OTIEIbHON MOJIEKYI0M PHK, ynepxuBae-
MOii BMecTe ¢ APYroH MOJexyJIoH, colepiateil 4acco-UHmpon H SK30H
92, B efHHOM KOMIJeKce ¢ Ge/lKaMH, y4acTBYIOLIHMH B PeaKkUHH. Ilo-Bu-
LuMOMy, O6pa3’OBanme J1acco SIBJSIeTCs YCJIOBHEM I 3aBS3bIBAHHsA
KOBaNeHTHON cBsian 3'-OH-rpynnbl JMHeiiHON MoJexyJbl 3k30Ha 1 ¢
3K30HOM 2 B pailoHe caliTa CNIafiCHHTa; 3Ta PedaKlHs TAKXKe NpefcTas-
JsieT coboil TpaHcaTepudukaumio, koraa 3'-OH-rpynna sk3ona 1 ata-
KyeT ¢ochoanxpupHyio CBSI3b H 3aMeltaeT 3'-OH-rpynny HHTpOHa;
NOC/e0BaTe/IbHOCTE HHTPOHA BHILIENJSAeTCA H3 PHK B ¢opme sacco.
B peayabtarte 4nHca0 PochOANNPHPHBIX csizefl B cocTaBe cybcTpaTta H
NpoAYKTa He u3MeHsercsi. BeposiTHO, NpOLECC MOMET HATH 6e3 ruapo-
/{32 BHICOKO3PIHUeCKHX KODAKTOPOB, KaK M ayTOCIIAHCHHI Mpeiiect-
sennuka pPHK.

IMo-BHAMMOMY, B OOpa30BaHHH Jacco YYacTBYyeT MOC/Ien0BaTeb-
HocTb caiita «setBaenusi» PHK, okpyxarolias yyacTByolUii B peaklHH
ajeHo3HH M crocobHasi o6pa3oBHIBATH KOMIJIEMEHTAPHYIO CTPYKTYpY
¢ 5'-xonuoM uuTpoHa (pHc. 104). BuyTpenHss yacTb HHTpOHa, B psje
C/lyuaeB JOCTATOUHO NPOTSIKEHHasl, MOXeT ObiTh GesGoJie3HeHHo yaase-
Ha Ge3 HapylieHus cnJaficuura. Bonpoc o ToM, xakosa cynsba H BO3-
MOXHAsI POADb BHILIENJISeMbIX HHTPOHOB, OCTA€TCA He ACHBIM.

Heo6x01MMbIM KOMIIOHEHTOM CHCTeMBbI CTIJIafiCHHIa THIAaHTCKHX siiep-
HbiX npenectsenHukoB MPHK sBasitotcss Tak HasbiBaeMble MaJbie
sinepusie PHK. 9t PHK oforatieHsl ypuIHHOM, NOSTOMY OHH NIOJIYHH-
au nassanne U PHK: Ul, U2, U3, U4 u 1. 1. Ony Jerko pasiensiorcs
¢ nomotiLbio 3nekTpodopesa. Pasubie Majbie AjepHbie PHK omyatorcn
UHCJIOM HYKJEOTHAOB, BXOAALUIMX B HX COCTaB (or 90 mo 400). O6napy-
eHa HCKIIOUMTEIbHAs KOHCePBAaTHBHOCTh HYKJ/EOTHIHBIX MoOC/Ie10Ba-
TesbHocTell Manbix aaepubix PHK nTuu, Miekonxraiomux ¥ 1poso-
(ORISR

Mannbie sgepibie PHK uMetor Ha 5 -xonle cneuudHyecKni Kan,
npefcTaBJeHHbIH TPHMETHJITYaHO3HHOM: 5'm*GpppAUACUUA... . Jta
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ctpykTypa B coctaBe UPHK Heo6xo1uMa 1.1 ocvinecTB.IeHus cn.iafi-
CHHra. y,'laJeHHfi K3Na 1 NpHIEraloHX K HeMY HVK.IeOTHIOB H3 L'P.HK
PaBHO KaK H 100aB.1eHHe aHTHTe.1 MPOTHB TPHMETH.IHPOBAHHOIO ryato-
3HHOBOTO OCTaTKa, OCTAHAB.IHBAeT CI.I1afCHHT. i

Buaua:ie npeanoiara.ay, uto vuactue Maanix aiepusix PHK B cnafi-
CHHTe OrnpelelsieTcsl TeM, YTO HX HVK.JIEOTHIHasi Moc.1eJoBaTe.1bHOCTb
KOMILTeMEHTAPHA TPAHHYHBIM 3K30H-HHTPOHHBIM HVK.JIEOTHIHBIM MOC.1e-
JoBaTe1bHOCTAM. [T010GHBE KOMILIeMeHTapHble B3aHMOIEHCTBHS MOLIH
Obl obecrneyntb «CTATHBAHHE» 3K30HOB M CIOCOOCTBOBATH CMLIAfiCHHTY.
3ta MoleIb CIaRCHHTA HE MOJVYK.1A 3KCIePHMEHTAIbHOro no1TBepX-
JeHHs, 01HAKO KOMILTeMeHTapHble B3aHMOleAcTBHs oTieabHEx UPHK
€ O'-VHaCTKaMH HHTPOHA (puc. 104, 6), ¢ 3'-caittom cn.1aficHHra wIu ¢
paiiosom BetB.lenua PHK npu obpasoBanuu .1acco Obliu 10Ka3aHbl.
Hegouuel—u_{o, OHH HIDAIOT CYLIECTBEHH\IO PO.Ib NPH NPOTEKAHHH Peak-
nuf cnaaficuHra.

CprKT)’pl.{aﬂ po1b Maanx slepubix PHK B cnaaficunre octaercs
HeBHISICHEHHOH, HO SICHO OIHO, 4YTO OHM SIB.IAIOTCS BaXKHBIM H HEOGXO-
JHMbIM KOMIMOHEHTOM peaklui cn.laficiira. MokHo npeanoaaratb, 4to
OTCVTCTBHE TOro H.1M uHoro THna UPHK 6yier npueoiuts K Hap'\'me-
HHIO NMPOLECCHHIa M, C.1e10BaTe.1bHO, COMpPOBOKIATHCS NpeKpaleHuem
akcnpeccud reHa. UPHK koxupytotcs 1ecatkaMu reHos, 06biuno paccemi-
HblX 1o reHoMy. Obpasobanue 3peasix UPHK, cuntesupveusix ¢ vuac-
THeM PHK-noanmepasst 11, Takke conpsamkeno ¢ mpoleccuurom npea-
urectBeHHHKa. [lokasano, uto cuntes orielsubix UPHK npuypouen
K ONpeleJeHHBM CTAIUAM Pa3BHTHA aMmpuGui (Xenopus;. Tuddepen-
UHA1bHA5 SKCNPeCCHA reHOB pasubix THnoB LPHK moxer onpeieists
Pery.1lHI0 CM1aHCHHrAa TPAHCKPHIOTOB TeHOB B IpoLieCcCe PasBHTHA
opraHu3ma.

lpoueccunr npeimectennukos MPHK B nipe Hecomuenno miet
npu yuactud Ge1koB. ['HraHTCKue silepHble TPAHCKPHITH CBSI3bIBAIOTCA
€ fA1epHBIMH Ge.KaMH. BO3HHMKAIOT CTPVKTYDH THNA «OVCHH HA HHTH»
coeluHeHHHX ydactkamu PHK (cpaBHu ¢ HyK.ieocoMawmm, ra. XII)'
TNoce o6paGotku PHKasoft sti cTpyKTYpH pacnaiatorcs c 06pa3osa:
HHEM OTIE1bHbIX DPHOOHYK.JEONMpoTeHIHbIX YacTHll. Kaxkias 4acTHua
BK.1I042eT 0K0.10 500 HYK.1e0THIOB U 10 Kpafuedt mepe 8—I10 pasubix
Ge.1KoB. YuacTHe prla Ge.1KOB B CILIafiCHHIe MPSMO 10Ka3aHO: MOHO-
K.IOHA.1bHble 2HTHTE1a, CTeUHPHYECKH pearHpviolmHe C OTIE.IbHbIMH
Ge.1kaMy, NOI1aBIAIOT craiicHur in vitro. Sliepusie UPHK takxe cBa-
3aHbl co cnellndpuyeckuMy Oe.1KaMu, 00pas\vs Malble silepHble PHOOHVK-
S1EOTHIHbE YACTHIIH. Cnocob &y HKUHOHHPOBAHHA 3THX YAcCTHL npu
CI.TaHCHHTE He siCeH, a Ge.1KH, o6pa3VIolUIHe 3TH YaCTHUB, OXapaKTepH-
30BaHB Hel0CTaTOYHO. '

. YNaKoBKa 1 THHHBIX S1ePHBIX TPAHCKPHIITOB B COCTaBe pPHOOHVK.1€0-
TIPOTEHIHBIX KOMILIEKCOB, MO-BHIAMOMY, HEOOXOIHMA 1.1 OCVILECTB.Ie-
HUS NPaBH.ILHOTO MPOUECCHHTA H Y3HABAHHSA CHIHAIOB cnalicHHTa.
D.1eMEHTOM TAKOH VNAKOBKM CIVKHT Cr.iatcocoma (aura. spliceosome)
Bk.ouaowas UPHK, Geku u cy6eTpathl cniaiiciira: 5'-3K30m, CTp\'l{‘-
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Typy .1acco-uHTPOH 1 3'-3K30m. Mo.1eky.IapHas Macca cn.1aficocoMBl
okoo 3-105. OB6pa3oBaHHe CIOKHOIO KOMILIEKCa CM.1aHCOCOMb in
vitro tpebyer ATP. Heruipoausyesbie aHalord He 3aMeHsloT ATP;
.1e10BaTe.TbHO, IPH 0OPA30BAHHH KOMIIEKCA B OT.IHYHE OT XHMHUECKHX
peakun#l criaficHHIa 3aTpayuBaeTcsi IHeprHs. CTpyKTypa ch.aaicoco-
MBI H €€ KOMIOHEHTH elle M.J0XO H3V4YeHHl.

VYialenHe HHTPOHOB, MO-BHIHMOMY, He HI€T CTPOTO H MOC.T€10Ba-
TeIbHO B HanpableHun 5 ——> 3'. BeposATHO, B pe3y.bTaTe Bbipe3sa-
HHS HHTPOHA M3 PEILIECTBEHHHKA MeHAETCS KOHPOPMALIUsl THTaHTCKOH
PHK, nanpaBisioTcsi H oG.1eryaioTcst oTleIbHble 3Tanbl CIaHCHHra.
TlepcrieKTHBHBIM B NO3HaHHH 3aKOHOMepHOCTeli CM.IaficHHra sBasercs
co31aHHE HCKVCCTBEHHBX TeHOB C 3a]aHHBIMHM [10C.1e10BaTE.1bHOCTSIMH
MHTPOHOB H HCC.leJOBaHHe in Vilro CrilaicuHra C10XHbX TPAHCKPHITOB

TAKHX T€HOB.

I poyeccune 3'-KoHya mpanckpunma

Ha 38'-kouue 60ablunHcTBa 3yKapuoTudecknx MPHK  (ucktouenns
coctas1stor MPHK ructoHoB) HaxoluTcsl Moc.Je10BaTe.IbHOCTb H3 OC-
TaTKOB aJeHH.I0BOH KHC.IOTHI, OOHUHO BK.IoUamomas oko.10 100 Hyk.1eo-
TH10B. CYHTAETCS, YTO MPHCOEIHHEHHE a1eHK.I0BLIX OCTATKOB (NOTHale-
HH.THPOBaHHKE) NMPHBOIMT B TEPBYI ouepelb K VBETHYEHHIO BpEMEHH
xusun MPHK, ee crabuausauuu, a Takke ofecreidHBaeT TpPaHCHOPT
wPHK B untomn1asmy. PaccMoTpuM mnpoieccHHT 3'-KOHIA TPAHCKPHI-
TOB, KOTOPBIfi CONpsiXKeH CO CITaCHHIOM ILTH JaXe MpelliecTBYeT OT-
JeabHBIM CTalmsim ciiiaficuura (puc. 103, a).

TpaHcKpHMuua reHa ¢ novoutbio PHK-no.1nvepassl 11, KaK 310 6HL.TIO
NOKa3aHo, HanpHvep, 115 reHa B-r.106HHA MIEKOMHTAIOUHX H 0BATbOY -
MHHA NITHIL, MOXKET MPOJO.KATHCA elle Ha COTHH HYK.1€OTH1O0B OT cafTa,
cootBetcTByomero 3'-konuy 3peioit MPHK. CurHaibubie HYK.1€0THI-
Hble 110C.1e10BaTe.ILHOCTH Ha 3'-KOHIle reHa H (aKTOphbl, OfpelelsioluHe
TepMHMHALHIO TPAHCKPHILHH C MOMOLIbIO PHK-noaumepasst 1, Hedo-
CTATOYHO HCCleloBaHb. 3 -KoHell 3peoit Moteky.as PHK onpezeis-
eTcs cnellHpHYECKOR 3HIOHYK.1ea3of, pa3spesaioulel 1 THHHBIA TpaHC-
KpHNT. Ta peakKuus npoTeKaer ObICTPO, oTpe3aeMblii 3HIOHYK.1€a30H
IHCTAIbHBI  KOHEl MrHOBeHHo lerpaiupyeT. [loJoxeHne 3'-KoHua
speaoit MPHK, K KOTOpOMY NPHKDEILTAIOTCS aleHH.10BHE OCTATKH, ornpe-
“easietcs noc1eaoaTe1bHOcThio AATAAA Ha 3'-KoHlle reHa. 31a noc.le-
1oBaTebHocTh B coctaBe 3petoil MPHK (AAUAAA) obuapyxuBaercs
oteryns 1 1—30 HyK.1e0TH10B (B cpeaneM 15) ot 3'-KoHua. HI0HYK.1ea3a,
v3HaBasn moc.eloBatelbHocTh AAUAAA (curHara nmoawaleHn1#poBa-
HHs1), pacllen.isieT TPAHCKPHNT, a ofpa3yiowuiics 3’-KoHell noasepra-
eTcs NM0.THaleHnIHpoBaHio. CHIHAT NO.THAIEHNTHPOBAHHS HeOOX01uM,
HO He 10CTAaTOYeH 11 SHIOHVKIEO.THTHYECKOH peakiui Ha 3'-KoHle
TpanckpunTa. B npoueccuure 3'-KoHua MPHK yuactBywoT nocielosa-
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Puc. 105. 3'-npoueccunr npeawecrsenunkos MPHK:

aﬁ_loKﬁu.(aﬂ cXema; 6 — BHOOp CcafiTa TOMHANEHHJHDOB4HHA TNPH 06pasoBaHHH
M ;aﬂbuHT.OHHHa B L{HTOBHAHON >KeJe3e H GHOJIOTHUeCKH AKTHBHOrO nentHAa
HePBHO; TKaHH, JIOMaHbhie JIHHHH — CIJIAHCHHT 3K30HOB, 6 — yqacTHe Manohl

fAnepHoR PHK (U7) B n : —
e S (U7) B npoueccunre MPHK rucroHa; cTpenka — MecTo AeRcTBHS

TeIbHOCTH, KOTOpHIe He BXoasT B coctas 3pesoit MPHK u nokanusosa-
HbI 3a CalTOM SHJOHYKJea3HOH aTaku, G/Ke K 3'-KOHLY TPaHCKPHNTa.
B cocraBe TPaHCKPHIIMOHHOH eMHHLBI B Psille clyyaeB (Hanmpumep,
feH oBaJbOyMHHA NTHL) OGHApyKHBaeTca GoJiee OJHOrO CUTHA/A MOJH-
anednaupoBadisi. CHrHaJbl MOMHANeHHJIHPOBAHEST MOLYT HaXOLUTbCA
B pasHBIX ydYacTKaX reHa. Bbl6oOp OfHOrO M3 BO3MOXHBIX CHTHAJIOB
MONHAafeHUINPOBaHUsl, BCAel 33 KOTOPHIM C/elyeT 3HAOHYKJea3Hoe
paciuenyiende TPAHCKPHITA, MOXeET TaKKe PacCMaTpUBaThCsH Kak Crio-
<00 peryasilii SKCIPeccHH reHa, obecleunBalOLHi HYKHOE HaMpasJe-
nue 3’ -npoueccunra ¢ oGpasoanuem MPHK nannoro tena. BeiGop pas-
MBIX CaliToB MONHALEHHIHPOBAHHS, UMEIOLINA DeryasTopHOe 3HauyeHue,
-OCYILIECTBISIETCS, HAMpUMep, NMPH TPAHCKPHMLUHUH reHa, KOJHPYIOLIEro
©06pa3oBaHHe ABYX GEJKOB: KalbUUTOHHHA — ropmona C-KJeToK wuto-
BUHON »eJe3bl, PeryJHPYIOIEro KOHLEHTPAUHIO Kalbliks, K KaJlblH-
~TOHMHIIONOGHOr0 GHOJOTHYECKU AKTHBHOIO MeNTuia B HEPBHOH TKaHH
(puc. 105, 6). Nupopmannonnas PHK, xonupylomasi KaabLUTOHUH,
ofpasyeTcsi yTeM CMIaRCHHTa MePBbIX YeTbIPeX SK30HOB reHa, NMpuueM
TIOC/JenHMH 3K30H COAepKHUT CHMHAJ NOJHAJEHH/IHPOBaHHS, Yy3HaBae-
Mbiii B KJeTKaX LIHTOBHAHON Kesesbl. B kJeTkax mosra oGpasyercs
apyroit Tun MPHK, Bkilouatolell nocenoBaTe/IbHOCTH He TOJILKO Iep-
BBIX TPeX 3K30HOB, HO W NSTOrO, U LIECTOTO, MPHYEM MOCHeRHHE HeceT
BTOpOH cafiT NMOJHALEHHTHPOBAHHS, Y3HaBaeMbli B KJETKaX HepBHOH
TRaun. Oynxnuu Geska, kogupyeMoro stum tunom MPHK, ne usBectsi.
HecomHenHO, BHIGOP OJHOrO M3 BO3MOXHBIX CalTOB MOJKaAEHHJIHPOBA-
HHSA HrpaeT poJb B TKaHecTelHdUUecKo! SKCIPECCUH reHOB.
3HauUHUMOCTh CaliTOB MO/NHAJEHHIHPOBAHHS TPH 3KCIPECCHH T[EHOB
BHIAIBJISIETCS TIPH MOJIEKYJAIPHOM aHalu3e NpHpoxs MyTaumit. Oxasa-
JIoChb, YTO OJMH M3 C/JyyaeB HapylIeHHs CHHTe3a f-ryofuHa uesoBeKa
o6 yCJIOB/IeH MyTaluel, KOToOpast IPHBena K o6pa3oBaHHUI0 JHIIHErO cai-
“Ta NONHAJEHUIHPOBAHKS H HAPYIIWIa co3peBanHe Hopmanbhoi MPHK.
MonudHKauus 3'-KoHlla TPAHCKPHITA TaKXKe MOXKET NPOHCXOLHMTH
¢ yuacruem Manuix sipepuoix PHK onpegenennoro tna. Tako# crioco
fipouieccHHra 3'-KOHUA OCYILUECTB/SIETCs, HarpHMep, NpH 00pasoBaHHH
MPHK TrHCTOHOBLIX TreHOB, JHIIEHHBIX MO/AHAJCHHJIOBOIO XBOCTa HA
3'-goHie. B xone npoueccudra npepecrseHHnka MPHK rucrona H3
Mopckoro exa npurumaer yuactue U7PHK. Pasnsie rucrorossie MPHK
MODCKOTO €Xa COfepKaT KOHCEePBATHBHYIO IOC/ENOBaTelbHOCTD M3 12
HYKJIeOTHJIOB Ha 3'-KOHIE, NPeiCcTaBIsIomyio coboit nanuHapoM (n3o-
Gpaxena B cocrase 3pesoii MPHK, puc. 105, 6). MoxHO npeacTaButh,
yro U7PHK 3a cueT KOMIJIEMEHTADHBIX B3aHMOJEHCTBHH pacKpbiBaer
TIa/IMHAPOMHYIO WIMHJIbKY ¢ 0Gpa30BaHueM OAHOHHTEBOH memtH u3 15
HYKJIeOTH/OB, ofservaroliefl JeficTBHe 3HIOHYK/easbl. Iloxasaso, 4TO
nocenosartenbiocts CAAGAAAGA, s3aumogeiicrsyiomas ¢ U7PHK,
HO He BXofslas B cocras 3penoil MPHK, HeoGxoanma st NpoueccHH-

- ra. Tlpoueccunr 3'-KoHua, uaywuil ¢ yuacreM Manelx PHK, uuru6u-

PyeTcs aHTHTeaMH, ClielliPHUECKH PearHpyioluMy ¢ PHOOHYKIEONPo-

" TeHAHLIMM YACTHIAMH, B COCTaB Koropbix BXozat ath PHK.
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5. PEFYJAAUHSA 3KCNIPECCHH TEHOB
NMYTEM AJIbTEPHATHBHOrO CNJARCHHTA

TlpHHUMNHANLHON SBASETCS BO3MOMHOCTH 00pa3oBaHHs HECKONBKHX
pasubix THnoB MPHK B pesyaibrare usMenenns xona cnnaiicHura OJIHOT'O
H TOTG e NepBHYHOr0 TPAHCKPHNTA. /15 Pa3HBIX FeHOB NMOKA3aHbI TAK
HasbiBaeMble a/1bTePHATHBHbIE NyTH CIIAHCHHIA, OCHOBAHHBIE HA HCMONb-
SOBAHHH Da3HEIX 3K30HOB OJHOTO reHa NpH o6pasoBannn MPHK.

B pesynnrate anbrepmatHBHOrO crutaiicHHra 3peJsible  MOMEKYanl
MPHK, o6pasyiowmecs npu TPAHCKPHIUHKH OJHOIO reHa, BKIIOYAKLIEro
HECKONIbKO SK30HOB, GYIYT Pa3/HuaThesi HAaGOPOM SK30HOB, KOZHDYI0-
LUHX OTRe/ILHBIE YYAaCTKH MOJIEKYJIH GeJiKa. KpoMe Toro, nocienosaress.-
HOCTb SK30HA B XOZIe OHOTO MyTH CHNAHCHHIA MOXKET CJIYKHTH HHTpO-
HOM B XOlI¢ albTEPHATHBHOTO MyTH CILIARCHHTa. TakuM o6pa3om, pas-
HBI€ CI0COGBI SKCMPECCHH OIHOTO FeHa MOTYT PHBOJHTb K 06pa3oBaHHIO
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Puc. 106. Ciyuan aibTepuatisHOro cniaficuura npu cospesaHnn MPHK:

G — BADHAHTH CN.IANCHHIA 3KI0HOB TeHa TPOMOHHHA. BRIIOYAS C1VUali B3auMoucK. o4 akoLell 3Kc-

Npeccunt 5K30H0B 16 41 17 ¢ o6pa3osannem MPHK 115 a- 1 B-TPONOHHHOB, NPAMOVIOIbHMKH — K-

SOHbI: -1OMaHble AHHIH — CMAAlCHHT HHTPOHOB: 6 — a.IbTepHATHBHBI CRIaiicHHr npu obpa3osa-

HHP GHOpPOHeKTHHOB ¥ 4qeloBexa (3K30H. BK.IOYaWOWHG 270 n. u., BEPONTHO. KOIHPYeT y4YacToK
it NOBEPXHOCTLIO KJIeTKH); § —

«Tera» MPHK pacnotosenbl Ha pasubix XpoMocoMax)
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obpazosaune MPHK Ty6yannon TPHMAaHO30M MYTeM TpaHc-cr.aalic

Pa3HbIX NOJHNENTHI0B (TaK HasblBaeMBIX U30MUNO8 UNH usogopm). Ha-
TPHMED, STO HMEET MECTO MDH 3KCIIPECCHH reHa TPOTIOHHHA M.IEKOMHTA0-
WHX, BK.II0YakoLero 18 HeGO.IbILHX 3K30HOB M KOIHPYIOLIErO MHOTO-
YHCIEHHBIE H30QOPMBI ITOTO MBILEYHOTO Ge.1Ka. PasHbie THILI TPONOHH-
HOB 00pasyloTci B pa3HbIX TKAHIX HA ONpeIeTeHHBIX CTAIHSX pas-
BHTHSA.

Haauyue nyteit albTepHatHBHOrO cnlaficHura CVIIECTBEHHO VBETH-
YHBaeT YHC.10 pasHbX MPHK, tpaHcKpu6HpyeMbIX ¢ 01HOTO rena (puc.
106, a, 6). I1pu ofpazosans MPHK TponoHHHA ¢ NOMOIIbIO MeXaHH3Ma
A.I1bTEPHATHBHOTO CM.TAHCHHTA HCMOIb3YETCS TaKKe B3aHMOHCK.TIOYAIO-
WasA H B3aHMO3aMeHsieMasa SKCNIPeccHs 3K30HOB 16 H 17, xoaupyviouwux
OnpeleIeHHbIA YYACTOK MO.THMENTHIHON LemH TponoH:Ha. Ha pasHbIX
CTaIHAX DA3BHTHA 0CPasyioTCst @- H P-TPONCHHHbBI, pa3THYAOLIHeCs
110C.1€10BaTE.TRHOCTBIO H3 14 aMHHOKHCIOT, HauHHas ¢ 229-ro H KoHYas
242-\1 aMHHOKHCIOTHBIM 0CTaTKOM. OCTa IbHble VYACTKH NOTHNENTHIHOH
LEnH STHX H30THNOB TPOMOHHHA HIEHTHUYHBl. OCTaeTcs He SICHBIM, KaKHe
H3MEHeHHA (YHKUHOHATBHBIX CBOHCTB TPONOHHHA OGYC.IOBJIEHH 3Ke-
fipeccHedl TOTO WJIH HHOTO 3K30HA B coctase MPHK.

®VHKUHOHATbHAA PO.Tb OTIETbHBIX S5K30HOB NPH paccMOTPeHHH 1y~
4aeB a1bTEPHATHBHOTO CITAfCHHTA, BO3MOAKHO, MPOSICHHTCA HA MpHMe-
Pe TeéHa MNO3BOHOUYHBIX, KOIHPVIOLIEro MNO.IHMENTHIHBIE KOMIOHEeHTHE
LIe.T0A CEPHH ILTHKOTIPOTEHI0B — (PHOPOHEKTHHOB, CEKPETHPYeMBIX K.1eT-
Koii. HekoTopble THIB (QHOGPOHEKTHHOB, sBIARCH KOMIOHEHTaMH
BHEK.IETOYHOTO  MATPHKCA, CBA3BIBAIOTCA C KJIETKOH H onpelels-
I0T CBOICTBA €€ [MOBEPXHOCTH, IP\THe HaXOIATCH B MI1a3Me KPOBH.
Pa3subie thner GHOpOHEKTHHOB 00pasyioTcs nyTeM albTepHATHBHOrO
cn1aficuira. PHOPOHEKTHH ML1a3Mbl, KOTOPHIH He CBA3aH ¢ K.IETOYHOH
NOBEPXHOCTBIO, CHHTe3npyercs Ha MPHK, we cozepxauesi oimoro us
SK30HOB, BO3MOAKHO KaK Pa3 TOro, KOTOPHIf KOAHPYET yYacToK Mo.1eKy-
-1l Ge1Ka, OTBeYaWHH 33 CBA3BIBAHHE C K.JIETKOH.

JKCnpeccist CaMblX Pa3HBIX TEHOB MOKeT pery.IHpoOBaTbCs My TeM
BbI0Opa a.TbTepHATHBHBIX MYTel CM.1aficHHra. Hanpusep, sip1enue alb-
TEPHATHBHOTO CI1aHCHHTA OOHApYIKEHO MPH 3KCHPecCHH reHa, KOIH-
PYIOLEro OCHOBHOM 6e.TOK MHEIHHOBBIX MeMOPaH, OKPVKAIOLIHY aKCOH
H obecreyHBaoWX 3(PeKTHBHOE POBEIeHHe CHIHATA HA GOTbLLIHE pac-
CTOsHNA. B pesy.ibrate cniiaficHHra CHHTE3HPYIOTCH YeTbipe GOPMBI OC-
HOBHOTO Ge1Ka MieTHHa, CreuHaIbHbie GyHKUHH KOTOPBIX MOKA He He-
C1e10BaHbl. AJIbTEPHATHBHBI CILTANCHHT O6ECHEYHBAST TaKKe pasHble
TIYTH SKCIPECCHH TeHOB, KOIHPYIOWHX NMOJTHIENTHIHbIE FOPMOHBI, GETKH
HOHHBIX KaHATI0B K.1€TKH, a TaK:Ke f.1epHble GeTKH, VYacTBYIOUIHE B pe-
TYTAUHH JeHCTBHA TeHOB, ONPEIETAIOUIHX KTIOUeBbIe CTATHH Pa3BHTHA.

ATbTepHATHBHBIA CNL1afiCHHT HeceT onpeleleHHble BLITOIbl, Mphia-
Bas cBOOOPA3HYI0 IHOKOCTb SKCTPecCHH 3VKaPHOTHYECKHX reHoB. OH
€031aeT pa3HooOpasie NMPOIYKTOB, KOIHPYeMbIX 01HHM oTpeskoy , IHK.
TIlo Mepe pasBuTHS OIHH H TOT e orpesok JAHK iucnoassvercs 115
PasHBIX, XOTA H CXOIHBIX, ueleii. PaHee npeinolarati, 4To Takofi
NPHHLHI SKCIPECCHH TEHOB HCMOIb3VETCS KOMIAKTHBIMH TeHOMAaMH
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BHPYCOB, TJe HeOoOXOAHMa 5KOHOMHSI HH(ODMAaUHOHHOFO COAEPXKAHHSA
reHoB. Tenepp CTalo OUYEBHAHBIM LIHPOKOE PacHpPOCTPAHEHHE TAKOro
crnocoba peryJisilHH 3KcnpeccHH reHoB. HeussectHo, KakuM o6pasom
PEryJHpYIOTCSl IYTH aJbTepHATHBHOTO criviaiicHura. nd¢opmanus, onpe-
JeJqAlliasi MNOTeHLHaJbHble NYTH CHJaficHHTa, BEPOSTHO, B oOlpe-
JeJIeHHOH CTeneHH 3ajloXkeHa B CTPYKType NpemulecrBeHHHKa MPHK,
cosjarolliefics B pe3ysbTaTe KOMIIEMEHTapHLIX B3aUMojelicTBHil. Bepo-
ATHBIMH KaHIHJATaMH Ha DETyJSITOPHYIO POJb $BASIIOTCS MaJjble sifep-
nele PHK, MeHsouHe XapaKkTep STHX KOMIVIEMEHTAPHBIX B3aHMOJAEHCT~
BHii, a TaKkXe Ge/KOBble (DaKTOPE!, NPHPOJa KOTOPHIX OCTAETCS HEBBIsC-
HeHHOH. Te H Ipyrue MOT'yT paccMaTpPHBAaThCSi KaK TpPaHC-IeHCTBYIOUHE
(pakTOpBI, KOJHPYeMble TeHaMH, PeryJHPYIOULHMH 3KCHDECCHIO IPYTHX
T€HOB.

6. TPAHC-CNJIAACHHT

CniialicHHT paccMaTpHBAJICA Ha NpuHMepax NpeBpallieHHsi OJHOR MoJe-
kynel PHK. OnHako npuHUHNIHAALHBIN HHTEPEC NPEACTaBIseT o6Hapy-
>KEHHE CJYyYaeB MpPaHC-CnAQUiCUH2a, KOTa IPOUCXOAUT 06pa30oBaHHe KO~
BaJIeHTHBIX cBa3ell Mexiy ¢parmenramu PHK, cunte3supoBaHHbIMH Ha
pasHBIX TeHaX. ITH TeHbl MOTYT GbITh JIOKAJH30BAHBI JaXe B Pa3HbIX
XxpomocoMmax. BeposiTHO, 3TOT npouecc o6jeryaeTcs B pe3yJbTaTe ycra-
HOBJIEHHS BPEMEHHBIX KOMIJIEMEHTAPHBIX B3aUMOJEHCTBUI MeXJy pas-
HbiIMH MoJiekysnaMH PHK. TpaHc-cnsaficHHr xopomo nokasaH y napa-
3HTHUECKHX OJHOKJETOUHBIX 3yKapHOT — TpunaHosoM. Psg MPHK
TPHIIAHO30M, HanpHMmep AJisi GeKOB LHTOCKeJieTa — TyGyJIHHOB, o6pa-
ayercss nyteM cniaaficHHra ¢parmestos PHK, TpaHckpu6HPOBaHHBIX C
«MHHH-3K30HOB», BKJIOYalOLIMX no 35 0. H., ¢ 3K30HOM «Tesa» MPHK
(puc. 106, 8). MuHH-3K30HB KOgHPYIOT b'-aujepHyio uactb MPHK.
Muny-3K30HBl U 3K30HB Tesa MPHK MoryT pacnosaraTbesi B pasHbIX
Xpomocomax. TpaHCKPHNTE! MHHH-3K30HOB COJEPKAT ABa KAHOHHUYECKHX
nykneoruga GU, a tpaHckpunT sk3oda tena — AG-napy. Creposa-
TeJbHO, B OCHOBE TPaHC-CIIIZHCHHTA JIEXKAT TE KE MOJNEKYJspHEIE MEXa-
HH3MBbI, KOTOpble (YHKIHOHHPYIOT B C/lyuyae BHYTPHMOJEKYJsPHOrO
cniaficuura. CylIecTBOBaHHE TPAHC-CIIAHCHHIA M albTePHATHBHOTO
CIJIaHCHHTA CHJbHO PacClUHPSIET BO3MOXKHOCTH 06pa3oBaHusl PeryJaHpye-
Mo#l H JOCTaTOYHO pasuooOpasHoi nomyJsinuH kKaerounblx PHK, koau-
PYEMBIX OrpaHHYEHHbIM UYHCJOM TEHOB.
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I'naBa IX
TFEHOM 3YKAPUOT

TeHoM SyKapHOT OfecrieuHBaeT CJOKHENLIHE NIPOTPaMMEl Pa3BUTHA
H KJIETOYHOH AH(pepeHUHPOBKH, KOTOPhIE OCYIIECTBSIOTCH B pe3yJib-
TaTe MOC/Ie0BaTe/IbHOH AKTHBAUMH H HHAKTHBALHH MHOMECTBA I'E€HOB,
B3aHMOJIEHCTBYIOLUMX JPYT ¢ ApYroM. DyKapHOTHYECKas! KJeTKa cojep-
2KHT BO MHOTO pa3 GoJlbllle TeHOB, YeM NpoKapHOTHYecKasi. Hixe npupe-

Zeno cofepkanie IIHK B pasnbix opranusmax (1. H. B pacuete Ha ram-
JIOHJHBIH TEHOM):

Eocoli . .. ... 5.108
Hpoxxku Saccharomyces cerevisige . . . . . . . . . .. 5.107
Drosophila melanogaster . . . . . . . . . ... .. . . 108
Hematona Caenorhabdites elegans . . . . . . . .. .. 108
Ampubuu L T g S T4
Bricune pactenns (cuibHO BapbHpyer) Lilium longiflo-

ram ... ..o Lo ,8e 101
Maexonurtatowme . . ... ... .. L 3.10°

B siipax kaeTok poxKel, HaCEKOMBIX, yepBeii coiepxuTcs B 5—10
Pas3, a 'y MIEKONUTAIOLHX B HECKOJABKO COTeH pas Goabie JHK, uem
B kaetke E. coli. Conepxanue IHK B pacueTe Ha ranjioHaHbiii TeHOM
B 1leJIOM YBEJIHYHBAETCS € BO3PACTAHHEM CJIOXKHOCTH OPraHH3Ma. ¥ aM-
QHOMA M pacTeHHH OHO CHJIBHO BapbHDYET OT BMAA K BHAY H MOXET
3HauHTe/IbHO (B 10 pas u Gosee) npesbiunats Koanuectso JLHK B Kaer-
Kax maexonutaomux. OQuako GbUI0 Gbl HEBEPHBIM CUHTATh, YTO Mpo-
TPECCHBHAs 3BO/IOLMUS, KaK IIPABHJIO, CONPOBOXKIAETCS YBeJaHYeHHEM
cofiepxkannst [IHK B pacuere Ha raniouauslii reHoM. M3BecTHbl Takxe
CJIyual, KOria J0CTaToYHo 6/M3KHe BUABI coflepxaT Koanuectso JIHK,
pasnHualoLIeeca B HECKONBLKO Pa3. 3T0 ABJEHHE ONHCAHO KaK NapajoKe
conepxannst IHK (aura. C value paradox), Kotophiii 10 cux nop He
TIOJyYHJTT JOCTAaTOYHO ONpEJeNeHHOTO OGbsAcHeHHsi. Takum o6pasoM,
PasMepL! TEHOMOB He KOPpeJHpYIOT ¢ TeM KomnyectBoM JTHK, koropoe
NpE/iHa3HAYeHO /ISl BhINONHEHHA QYHKLHH KOJAMPOBAHHS GEIKOB.

Cozepxanne IHK B pacueTe Ha KieTKy 0GbIYHO coxpaHsiercsi Mno-
CTOSIHHbIM B Pa3HBIX TKAaHSIX OJHOrO OpraHusMa. OTKJIOHEHHS OT 3TOro
npasuaa pejikie. K HHM OTHOCSITCA clydyaH 06pa3soBaHHA B HEKOTODPHIX
THIaX KJICTOK NOJIHTEHHHIX (MHOTOHHTYATBIX) XPOMOCOM, 06Pa3yIOLLHXCH
B pe3y/bTaTeé MHOTOKpaTHOH pefynaukaunH [IHK 6es pacxoxienus
JABYCIHDATbHBIX MOJIEKYJ, @ TaKXe KJacCHUeCKHe MpUMepbl yTepH
JAHK (<IuMHHYUHS XDOMATHHA») B COMATHUECKMX KJETKaX. [Totepu
Y4YaCTKOB XPOMOCOM, MHOTAA JOCTATOYHO KPYMHBIX, COCTABSIOWHX
CYIIECTBEHHYIO YaCTb MaTepHaja XPOMOCOMbBI, KaK NPABHJ/IO, KacaloTcs
TETEPOXPOMATHYECKHX DaHOHOB. (DYHKIHOHaJIbHA 3HAYHMOCTb O6pa-
30BaHMsl MOJUTEHHBIX XPOMOCOM H C/ly4aeB AHMHMHYUKH He siCHAa. DTH
GaKThl JHWE NOAYEPKHBAIOT NPABHAO NOCTOSHCTBA cofepxanus JTHK
Ha KJIeTKY, KOTOpOe OTpaxKaeT NPHHUHMN AHMPEpeHIHPOBKH, OCHOBaH-
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HBI Ha H30HpaTe.lbHOH aKTHBAlUHMH H.IM HHAKTHBALHH TeHOB, a He Ha
HX (PH3HYECKOM V1aJeHHH H3 XPOMOCOM CMEelHATH3HDOBAHHbIX K.1€TOK.

[Moaasasiowee koauuectso JHK cocpeiotoueno B siipe, oGbluHO
JuWb He6oIblan yactb JJHK Haxo1MTCs B coCTaBe reHOMaA LUTOM1a3Ma-
THYECKHX opraHe.1sn. MHTOXOHIPHH TPHOOB H MIEKOMHTAIOUHX COlep-
xKaT Metee 1 % Bceit JHK, a niractuan pactenuit — 1—10 %. B k1er-
Kax 1poxckeR Saccharomyces cerevisiae KO.THYECTBO MHTOXOHIPHATbHOM
JHK Moxer 1octirath 20 % oT Bceit KIeTouHo#.

I'eHeTHKH cie1a1d NepBble rpyOble OIlEHKH YHC.1a T€HOB B 3VKapHO-
THYeCKOH K.eTKe MyTeM CPaBHEHHS YacTOThl BO3HHKHOBEHHS MV TauUHL
B JaHHOM reHe W B LEIOH XpoMocosme (HIH BO BceM reHose). Bepost-
HOCTb BO3HMKHOBEHHS MVTaUHH 1O J1aHHOMY TeHY 110 CPaBHEHHIO C Be-
POATHOCTBbIO MYTHPOBAHHA BCEHl COBOKVITHOCTH T€HOB JaHHOH XpOMOCO-
Mbl TeM MeHblle, yeM Go.Ibllle pa3HbIX FeHOB B Hel colep:kHTca. Tak,
B X-xpoMocome Drosophila melanogaster MyTauHsi 110 IaHHOMY TeHY
Bo3HHKa1a B 1000 pa3 pexe, uem MyTauuu o Beeit X-xpomocome. Cie-
JoBaTebHO, X-XpoMocoMa Ipo30dH.Ibl MOKeT colepxatb okolo 1000
revos. B xpomocome 3 1posodu.Ibl, KOTOpas Mo macce B1Boe 6o.1blLue
X-XpoMOCOMBI, MVTALHOHHbA TecT BHIABIAET oKo1o 2000 reHos. Pac-
YeThl MOKAa3bBalOT, YTO BeCb TeHOM I1PO30QH.Tbl COIEPAKHT OKo.10 5000
reHoB. albHefilune HCCTe10BaHHS TeHETHKOB B LETIOM INOITBEDIHTH
5TH pe3y.bTatel, noavueHHsle emle B 30-x roiax. Colepxanne J1HK B
rarioniHoM reHome D. melanogaster coctan1ser oko1o 10° n. H. [Tpoc-
TOH pacyeT NOKa3blBaeT, YTO HA OIMH reH npHxoixres 2-104 m. H., T. e.
npusepHo B 20 pa3 6o.1bwe THK, uey Heo6x01:MO 118 KOIHPOBaHHSA
NOJHMENTHIa cpelHeli MOJEKV.ISPHON Macchl. 3TOT pe3v.1bTaT J1er B
OCHOBY npeIcTaBIeHHHA 06 «H3GLITOUHOM colepxanuu» JHK v svka-
pHoT, KoTopble nopoindn B 60—70-X roiax ueIblff psl runortes, oTBO-
AuBIIKX H3bbITouHOH JTHK poab B 3BoTIOUHH TeHOMa H.IH perv.IslHH
aKTHBHOCTH TE€HOB.

B pesy.ibTate Hcc1e10BaHHA KJOHHPOBAHHBIX TeHOB 3VKapHOT YVia-
JI0Ch [0Ka3aTb, 4TO «H3OBITOYHOCTb» colepxauua JTHK, no kpaitneit
Mepe YaCTHYHO, OGbsICHAETCs Ha.IHYHeM BHVTPEHHHX HeKOIHPVIOUIHX
paioHOB reHa (MHTPOHOB), CYMMapHas 11HHA KOTOPBIX MOKeT 3Ha4H-
TeJbHO (B HECKO.1bKO pa3) MpeBHIIAaTh LTHHV YacTel reHa, KOIHPVIOMIHX
noaunentul. Pafions!, npeicrasisioute coboil perv.siTopHbte Y4acTKH
reHa, BK.TioYawT Hebobluvio yacTb IHK, 06bYHO He npeBbIAOILY C
HECKO.1bKHX COTeH HVK.IEOTHIHbIX nap.

1. KHHETHKA PEACCOUHALHH
AEHATYPHPOBAHHOMA JHK

Hexkotopble dopMabHble XapaKTePHCTHKH 3VKApHOTHUECKOTO reHOMa
MOTYT GbiTb [10.1VYEHBl C MOMOLLBIO METO10B FHOPHIH3AUHH HYK.JIEHHO-
BBIX KHCJIO0T, pa3paboTaHHbix B 60-X rolax. 3TH MeTO1bl Mpexle BCero
MO3BOIAIOT NOJIVUHTE CYMMApPHVIO BATOBYIO XapaKTePHCTHKY CTeNeHH
pasHoo6pasus nocielosatebHocTell JHK, obpasyviouwx renom. Moxk-
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Puc. 107. Knnernka peaccounanun A€HaTy pHpOBaHHbIX npenapatos JTHK. (3na-
yenHs Cyf (CKOPOCTH peaccomMalnn) OT/IOKEHH B JloTapHpMHYecKOM MacliTa6e.):

ga;ai?%:i};};;uucogl’ yl:aneubluamcn oGpaTHo n;ﬁmopuuonanbuo cogepxauuio JHK B renomax
v O — KHHeTuKa peaccousauns JJHK TuMyca TesleHKa, CTpelkH yK -
e Coft/, nAs Qpakuuit renoma. Y e yHaspinaor sna

HO HCCJIEIOBATh KHHETHKY DeacCOLHALHH OJHOHHTEBBIX JeHATYPHPOBAH-
HbiX pparmentos [IHK, onpenensis B Kamablil AaHHBI MOMEHT peaxkuHu
KO/MUECTBO peHaTypupoBaBllel Asycnupanbuoit JHK. KunerTnueckue
TiapaMeTphl PEAKLHH KOJIHYECTBEHHO XAPAKTEPH3YIOT CTerleHb Pa3HO06-
pasus nocnenosaresbHocredl JIHK, uau cioxzoers JJHK (puc. 107, a).
Ckopocts peacconuanun JJHK nponopunoHanbia Cof (v=KC,f), rae
€y — MONAPHAR KOHUEHTPALHA HYKAEOTHI0B JHK; { — spewms, c. 3ua-
uerne Cof!/,, korna peaccounnpyer 50 % JTHK, XapaKTepu3syeT CTereHb
CoKHoCTH reHoma. Okasbipaercs, uto 3Hauenne Cof'/, ans JIHK E. coli
(~?) npumepro B 30 pas Goabuwe, uem aas JIHK ¢ara T4 (3-10-1).
JHeticreutennto, comepaune JHK B kaerkax E. coli (5-10% 1. H.
Taike B 30 pa3 Gosbille, YeM B COCTABE YAaCTHIlbI dara (1,7-10° 0. n.).
Cromuocts THK onpegensiercs obueit IJHHONH (B HYKJIEOTH], HbIX
napax) pasHbiX nociepoBatenbrocteli  JIHK, cojepxkKalluxcs B
HcesenyeMom o6pasue JTHK. C YBeJTHUEHHEM CTeneHH MNOJMHNJIOHAH3A-
UHH CIOKHOCTL reHoMHolt JIHK, Kak u kuHeTHKa peaccouuanus, me-
HATbCA He 6yJer. ‘

Tlpu ucenenoBanuy peaccounaunn JHK 3YKAPHOTHYECKOH KJETKH
BLIABAAIOTCS «aHOMANHU» KHHETHKH peakuuu (puc. 107, 6). Hanpuwmep,
Ha KpHpon peaccouraunn JHK u3 TuMyca TeseHKa MOXHO pasnHumTh

CTYNEHbKH, KOTOpble OTPAXaloT OTie/bHble 3TAMEl PeaKLHH. [Neppas
CTyMeHbKa yKashiBaeT Ha HAJHUMEe GHICTPO peHATypHpYIOmiei ¢dpakuuu
1 (?5 % IHK). Crenyiouwas COOTBETCTBYeT (pakuHH 2, peHATypHPYIO-

Len co cpenneit ckopocteio (30 % HK) u, HaKOHel, OCTanbHAS YacTh

JHK (45 %), npencrasiennas dpakuuest 3, peHaTypHpyeT MeaseHHo.
Konuuecrso IHK go (pakuun Moxer GHTL OnpefeseHo HCXOAA H3 3Ha-
uerHst Cof'/,. Tak, Hanpumep, sHauenue Cot'/, nis ppaxunu 2 (1,9)

TlouTH B 5 pa3 HHxe ee 3Havenus i JHK E. coli. B takoM cny't;ae

CIOXKHOCTD PpakumH 2 cocraBnasiet Beero 10% . 1. B 10 e BPEMS KOJIH-
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yectBo JIHK Bo dpakuuu 2, onpeeneHHoe XHMHUECKHMH METOLAMH,
cocrapnsier 10° n. u. [Ipuunna pacxoxgenust B 100 pas aByx nonyueH-
HBIX BEJIHYHH COCTOHT B TOM, UTO (paKUMIO 2 B NePBOM TPHOMHMKEHHH
MOXCHO paccMaTpUBaTbh KakK COCTOAILYIO H3 OJHHAKOBBIX [IOBTOPSIONHX-
Csi [IOCJIe1I0BaTEIbHOCTeH , IPeICTaBNEeHHEIX B FeHOMe CTa KONMHsAMU. Eme
Gonee CHIbHbIE PaCXOMIEHHS MeXIY 3HaueHHsMH KosmuuectBa JIHK,
onpefiensiemoro no Cof!/; W XHMHUECKHMH METOAaMH, MOMYYAOTCS B OT-
HolleHHH ¢paxuun 1. JIpyrumu cnoBamu, 3ra ¢pakuus COCTOMT H3
HYKJIEOTHAHBIX MOC/IEN0BATe/IbHOCTeH, CTelleHb [I0BTOPSIEMOCTH KOTOPHIX
B reHoMe 0COGEHHO Bbicoka. Hanporus, ciioxHoCTh Qpakuuu 3, Bbipa-
XeHHasi YHCJIOM HYKJ/IEOTHIHBIX TlaD H COOTBETCTBYIOIAsl OllpefeleHHO~
My 3HaueHmio C,#'/;, XOpOIIO COBNAJaeT ¢ Pe3y/IbTATOM XHMHUYECKOIo
onpenenenust JJTHK B s310fl dpakuun, cocTaBasiiomeil 0KOMO MOMOBHHEL
reHoma. Sra QpakiHs COCTOMT W3 nociencBaTenbHocreii JHK, npex-
CTaB/eHHBIX B F€HOME OQHOKPATHO (YHHKAaJbHbBE NMOC/IELOBATENbHOCTH).

Ha puc. 107, 6 npexcrasies /MuUb OQHH H3 BapHAHTOB BhISIBJSE-
MbIX KpuBHIX peaccourauud JJHK sykapuor, koTopbie MoryT cyimecr-
BEHHO Pa3nHuarTbecst AaXe Y GJAH3KODOJCTBEHHBIX BHAOB. [lonoGHbie pe-
3y/bTaThl, NOJNYYEHHblE /sl T€HOMOB CAMBIX DA3HBIX MpejcTaBHTeNeft
3YKapHOT, NPHUBEJH K 3aKJ/IOUEHHIO, YTO CYIIECTBeHHasi 4acTb reHOMa
(1540 % wnnn Gosee, HMEIOTCS 3HAUHTENbHBIE BADHALMH A/ Pa3HBIX
OPraHH3MOB) COCTOHT H3 NOBTOPSIOUIMXCS B PAasHOH CTENeHH Moc/Ie10-
BatesibHocTell JIHK. Pasnuualor yHHKalbHBle, YMepeHHO NOBTOpSIO-
ImHecs: H BHICOKOMOBTOPsitolHecs nocnenoBatensHoctd JJHK sykapuor,
COOTBETCTBYIOIHE TPeM BbIABAAEMbIM NPH DPeHaTypauud (GpakuHsSM.
Jlenenue ¢pakuuil Ha YMEPEHHO M BbICOKO NOBTOPSIOLLHECS JOCTATOUHO
YCI0BHO. I'HOPHAH3aLHOHHBIE METOAB! JAIOT JOCTATOYHO rpy6yio Baso-
BYIO XapaKTePHCTHKY reHoma B HesoM. OUEHKH YHCTAa KONMHH TeHOB,
TnpoBejieHHble HOPHIH3AHOHHEIMH METOJaMH, He Bcerja AaBajH npa-

BHJIbHBIE De3yJbTaThl BCJEACTBHE psAja apTedakKToB, CONPOBOXKAAI0-
IHX 3TH IKCIIEPHMEHTHI.

2. CATEJUIMUTHBIE JHK

®paknus JJHK, copepxkamasi BLICOKONOBTOPSIONHECS TEHOMHbIE MO~
CJIEIOBATENIbHOCTH, BKJIOYAeT, NO-BHIMMOMY, QYHKUHOHANBHO H B 3Ha-
YHTEJbHOH CTElleHH CTPYKTYDHO 0G0COGNEHHYI0 YacTh reHoMa, Npef-
crapiennyo camearumnoimy JTHK. Carennutnve JJHK o6aagaior
Xa PaKTePHBIM HYKJIEOTHAHBIM COCTABOM H, CJIEA0BATENbHO, IIJIOTHOCTBIO,
OTJIHYAIOIIEACA OT BaJloBOTO HYKJIEOTHAHOrO coctasa TorambHoit JHK.
[TosToMy HMX YyAueTcsi B psine c/yuaeB OTAENHTb OT OCHOBHOH Macchl
IHK uentpudyruposanueM B rpafuente naothocrd CsCl (puc. 108, a).
Ornenvuble dpakuuu catesnutabix JHK moryr cocrasaste ao 10 %
ot obwero cogepxanus JIHK, xax, Hanpumep, ogMH H3 caTe/UIHTOB
reHOMa MblliH. B cocTaBe 0fHOro reHOMa MOXHO OGHAPYXKHTb HECKOJb-
Ko pasHbiXx caTessnuTHhIX JIHK.

OnpefnenieHne HYKNEOTHAHBIX NOC/AEAOBATENbHOCTEH CATENIHTHHIX
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JHK nokasano Hajauude B HX COCTaBe
TaHJEMHBIX MOBTOPOB H3 HECKOJbKHX
HYKJeoTH0B. [/1aBHas MOBTOpsioLIasi-
csi epunnua catennutheix JJHK (6aso-
pasi MoclefoBaTeIbHOCTb), Kak, Ha-
npumep, y D. melanogaster, Moxer
6biTh JOCTATOYHO IPOCTOH, cocTosALIeH
W3 MATH HJAH CEeMH  HYKJIEOTHJOB:
(AATAT),, (AATAQG),, (AATAQ),,
(AATAAAC), u (AATAGAC),. Berpe-
yaTcss U GoJiee CJOXHBIE I[TOBTOPSIO-
muecd etHAnb M3 359 n. H. BasoBas
nocJeoBarebHocTh catennutHod JJHK

MOBTOPSIETCST MHOTOKPAaTHO, Ha MpOTS- 1,680

seHud 10 Thic. m. H. H Gosnee. Takum a

o6pa3soM, catestuTHbie JIHK o6pasyior DD-O—:_)
NpoTsi:KeHHble reHOMHble 6/10KH . BJiokH, i

cocTosilllue, HanpHMep, M3 NSATH U CeMH 5

HYKJIEOTHAHBIX TaHAEMHBIX TNOBTOPOB,

MOryT B OIIHO]';l MOJIEKYJIE HENOoCpen- Puc. 108. Cateanntunie JTHK:
CTBEHHO MPHJErath JPYT K MDYTY. g ignedrinentis s thunmenre
MexaHH3M BO3HHKHOBEHHSI TAKHX CTPYK-  CsCl, ocuoswan macea JIHK umeer
Typ se sicer. HyKieomuumsie mocaeno-  haamyiye mromocts L% %, Lok
BaTeJbHOCTH (234 1. H.) 110 JVTHHE caTes- uas weroaon L?.‘Ziﬁi‘.ﬁiii"m“"i’ié,lé‘;a)‘i
autholt JJHK Mblid MOTYT BapbHDO-  [j — penrpomepa

BaThb 3a CueT OTAEAbHBIX 3aMeH, BCTa-

BOK HJIH JelenHH.

Meuensle catesautible [JHK MoxHO rH6pHaH3HPOBaTh ¢ XPOMOCOM-
HBIMH TIpenapartaMi in situ, a nocje THOPHAM3AlHH BHIABIATbL HX JIOKa-
JHu3alHio. B XpoMocoMax caMblX pasHBIX 3yKapHOT (aposoduia, MIeKo-
nutaoiiue) careanutibe J(HK npenMyliecTBeHHO 06HapyXHBalOTCT
B LEHTPOMEDHbBIX H TEJOMEDHBIX pajionax xpomocom (puc. 108, 6).
D70 TaK Ha3biBaeMble 2emepoXpomamudecKue patioxbt, B KOTOPbIX Mare-
pHal XPOMOCOM COXPaHsieTcs B HPOLECce KJIETOUHOrO UMKJA B 3HAUH-
TeJbHO 60Jiee KOMIAKTHOM COCTOSIHHH B OTJIHYHE OT OCHOBHOH (3yXpo-
MaTHUYeCKOH) 4acTH XPOMOCOM.

Ha6opwt carennuthbix JHK MOIYT cHABHO pasiauuaTbest Y GAHSKHX.
BuaoB. Takas BujoBas cnenu(UYHOCTb PacCMarTpuBajach Kak pesylib-
TaT 5BOJIOLHOHHOH HecTabuAbHOCTH 3Toro Kiaacca JHK. IleficTBuTesib-
tHO, B Mpolecce 5BOJIOLUHH NPOMCXOJHT aMNiH(GHKauHs OAHHX BHIOB
carenautHbix JJHK v auMubyuss apyrux. B To ke BpeMsi OTIe/bHbIE-
carennutHole JIHK coxpaHsiloTcsi MAEHTHUYHBIMH, KOHCEPBHPYIOTCS ¥
BHJIOB, IMBEPTHPOBABIUIHX B 3BOMIOLHH Gosee 50 MJH. JieT Hasal.

Hu o1Ha M3 rHmoTes, NPeANoNAaraliuXx KaKylo-I1460 GyHKIHOHAT b
Hyto posb carenantabix JHK, noka e nonyuusia 3KCnepHMEHTa]bHOTO:
UoarBepxkaeHus. [losaraiu, 4TO care/UIHTHaA JHK, nokanusysicb B
ONpeje/IeHHbIX pafloHaX XPOMOCOM, MOXKET HIparb po/ib B Y3HABaHHH
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XpOMOCOM JIpYT APYroM H.IH HX PACXOXKIEHHH B NPOlECCE KJETOYHHX
JeNleHHN.

Ilo cux mop, 3a HEKOTOPBIMH HCKAIOUEHHSMH, He y.1aBa;och OGHa-
PYXHTb TPaHCKPHIUHH cateliuTHbX JHK.

/
3. YMEPEHHO NMOBTOPAKIHECSH
NOCJAELOBATEJILHOCTH

O6bYHO K 3TOMY K/acCy OTHOCST MOC1e10BaTeIbHOCTH, MpeICTaBleH-
Hble B reHOME 1eCATKAMH H.IH COTHAMH KomHit. Cpe1d yMepeHHO NOBTO-
PAIOILHXCS [0C.TE10BATE.IbHOCTeR MOMKHO BBIIE.THTb 186 CTPYKTYPHO H
quHK_uHona.'IbHo pasvIHyarplLHecs reHoMHbie dpaxuuy. [lepBasi BKTiouaer
CeMeACTBa IeHOB, OCTPOEHHbIE U3 CTPYNMHPOBAHHBIX TaHIEMHO NOBTOPS -
IolWHxcst KonHit. OHH YYaCTBYIOT B OCVILECTBICHHH KH3HEHHO BaXKHBIX
OOUIeK.1eTOYHBIX QYHKUHA. ITO reHbl rHCTOHOB, TpaHcnopTHbix PHK K
pn6oc9.\mux PHK. B ue1oM OHH COCTaBIIOT HECKOIBKO NPOLEHTOB
ot Beedt reHomHol JTHK. YHc1o Konuii B cocTaBe 01HOTO ceMeficTBa (Ha-
TIpHMEp, TeHOB THCTOHOB) MOXET BapbHPOBATb OT JIECSTH 10 HECKO.Ib-
KHX COTeH ¥V pa3HbX IpeicTaBHTeleil 3VKapHor.

Bropyio GoIbIIVIO Pa3sHOPOIHYIO TPYNNY COCTABASIOT MOIBHAKHbIE
(MOOHTbHble) TeHeTHUECKHe 3.JeMeHTHl pa3Hoil ApHpoisl. Ha ux 100
NPHXOJHTCA 3HAaYHTE1bHas uacTb reHoMa — 10—20 % . B oriuune ot
TEHOB MepPBOH TPyMMbl, OCVILECTRISIOWHX OOUEKIeTOUHNE ¢V HKIHH,
OTie/bHble CeMeACTBa KOTOPBIX CTPYNMHPOBAHB B OIHOM HIH HECKO.b-
KHX paHOHaX 3yKapHOTHYECKOTO reHoMa, MO1BHXHble 31eMeHTH pacces-
Hbl 110 TeHOMY, MepeMexkasch ¢ YHHKAIbHBIMH M0C.1eJ0BaTe.1bHOCTAMH
JHK (cm. ra. XI).

B renove 06HAapyKHBAIOTCH TaKiKe paccessHHble WM HaXoIAUIHECH
B KJacrepaX TeHbl, KOIHPYVIOUHE [OMOJOTHUHBIE GEIKH CO CXOIHBIMH
Gy HKUHAMH. Hanpuwmep, 3To reHbl 115 PasHbIX THIOB aKTHHA, TVYOV.TH-
Ha, 6e1K0B 060.104KH fIfilla HACeKOMbIX, [OHAI0TPOMHHOB NO3BOHOYHBIX .
Tlepeuncienne 3THX reHOB MOKa3HIBAET, UTO CEMEACTBA TAKHX TeHOB
MOTYT BBIO.IHATL KaK OOlUeK.J1eToUHble, TaK H ClIeLHA.TH3HPOBAHHblE
cpynxyuu. Taxue myarvmueennoe cemeiicmsa, BKTOuaOUHe no 5—20
KOITHH H KOIHPYIOlHe OeIKH CO CXOIHBIMH (VHKUHSMH, TaKKe MOKHO
OTHECTH K (PAaKUHH YMePeHHO MOBTOPSAIOUWHXCS M0C1e10BATe.TbHOCTEN

JHK.

4. YHHKAJIbH BIE
NOCJNENOBATEJILHOCTH FEHOMA

YHHKaTbHble MOCAe10BaTEIbHOCTH TeHOMA CO1ePKaT He TOTbKO reHbi
KOIHpYIOlHe GelIKH, HO H noctelosateasroct IHK, pacnoomeHHbie
MeK1y TeHaMH, a TaKkKe B COCTaBe MHTPOHOB, PA3IETAIMHX VYaCTKH
JHK, xoiupyiolitde noannentHisl. PoIb HEKOIMPYIOUIHX VHHKATIbHBIX
MOCTe10BaTe1bHOCTEH, COCTABIAIOIMX OCHOBHYIO YaCTb 3V KapHOTHYE-
CKOTO FEHOMa, OCTAeTCA 10 CHX MOP He BbiSICHEHHO. ’
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TakoBa topmaibHas BaioBas Xxapakrepuctika JIHK svkapror.
J.15 NOHHMaHHA NPHHLHIOB CTPVKTY PHO-(YHKUHOHAAbHOA OpPTaHH3a-
LHH TeHOB HeoOX01MMO 6bL10 HCC.1e10BaTh HHIWBHIVAJIbHbie eHbl H
pa3paboTaTh MeTOIbl H3YUeHHs HX (VHKUHOHHPOBAHHA. PasButHe pabotT
B 3TOM HaNpap.IeHHH CBSI3aHO C METOIO.IOTHeH, OCHOBAHHOM HA TEXHHKe
MO.IEKV.IPHOrO K.IOHHPOBAaHHA. ¥ 1a710Ch He TOIBKO MOIYUHTL OTJeTb-
Hble TeHbl B KO.THUECTBE, 10CTATOYHOM L1A CTPVKTYPHOrO aHa1H3a, HO H
HafiTH 3hPeKTHBHBIE COCOOB! OLEHKH 3KCMPECCHH H30.THPOBAHHBIX re-
HOB. Oco6biii HHTepec MPeICTABIAIOT BO3MOMKHOCTH MOIHPHKALHH K.10-
HHPOBAHHBIX TEHOB C MOCIEIVIOUIHM OMpelesleHHeM HX CROCOOHOCTH K
YHKUHOHHPOBaHHIO B CaMblX PasHBIX CHCTeMaX (n vLo (B TKaHAX
TPaHCreHHBIX OPraHH3MOB) H in Citro (B KYJIbTYPAX KJIETOK, MOIVUHB-
IIHX reH, WIH B GecKIeTOYHBIX cHCTeMaX TpaHcKpHnuuH). Tako#d noi-
X01 HCNO.JIB3VeTCA TAaK Ha3biBaeMoi cypporaTHofl («oGpaTHOH») reHeTH-
KOM; OH OT.THYAeTCs OT MeT0.10B K.1aCCHYECKOH FeHeTHKH, B KOTOPHIX 114
Hccde10BaHHA CTPVKTVPBl reHa H ero pery.IsTOPHBIX 3.1eMeHTOB OT-
NPaBHOM TOYKOM C.IVZKH.IH NpexKie Bcero o0Hapy KeHHble 3KCIIepPHMEHTa-
TOpOM (heHOTHIHUECKHE H3MeHeHH s, 06y C.I0B.TeHHble My Taunsyi. HoBas
METO10.10THA c¢.JlelveT IPVIOfl cTpaTersi: pasHblie Y4acTKH K.JIOHHPO-
BAHHOTO TeHa C H3BECTHON MO.JIEKV.IPHOH CTPVKTYPOH TMo1Bepraior
onpeIeIeHHbBIM MOIHOHKALHAM (MOIVYAIOT Je1ellHl, HHBePCHH, HYK.1€0-
TH1Hble 3aMeHbl), Moc.Te Hero C.1eIAT 3a H3MEHHBIIHMCA XapaKTepoM
SKCIIpeccHH reHa B BLOGPAHHOR 3KCMepHMEHTaTopoM TecT-cHcTewe. Ta-
KHM 00pasoM MOKHO BbIABHTb VYaCTKH, OTBedallliie 3a pery.1iUuHio
3KCApPecCHH TeHa.

MeTo1H MOIEeKV.ISPHOTO KJIOHHPOBAHHA OTKPBLTH HOBYVIO 3DV B HC-
C.1e10BaHHH 3VYKaPHOTHYECKHX TeHOB H BBIABH.IH 0COGEHHOCTH HX CTpOe-
HHS, KOTOpble paHee HMKTO He Mor npelckasartb. Ofluasi cxema cTpoe-
HHS 5YKAaPHOTHYECKOTO FeHa, COIepKallero K30HH H HHTPOHBI, ObL1a
fipelcTaBleHa Ha pHc. 102.

5. NPEPBAHHDbBIE TEHbl 3YKAPHOT
(3K30HblI H HHTPOHbI)

CyiecTBoBaHHe HHTPOHOB B 3VKapHOTHUYeCKHX TeHax ofecneunBaer
perv.IsLHI0O SKCIPeCCHH FeHOB B pa3BHTHH 6:1arolaps a.1bTepHAaTHBHBIM
OVTAM CMIadCHHTA, B OCHOBE KOTOPBHIX .1eAKHT BO3MOAKHOCTh HCNO.1b30-
BaTb pa3Hble 3K30HbBI OIHOTO reHa 115 0Opa3soBaHHA Pa3HBIX wPHK.
Kpone Toro, B HHTPOHAX {T. €. BHVTDH eHa) MOTVT HaXOIHTbCS BAAKHbIE
3TeMeHTH perv.IsUHH TPAaHCKPHMUHH — YCHJIHTETH, HJIH 3HXaHCephl
(anr.1. enhancers) M. 1. X).

O6HapyKeHHe HHTPOHOB B 6O.IBLIHHCTBE 3YKapPHOTHYECKHX T[EHOB
:3aCTABH.10 331VMAThCS O TOM, KaK H KOI1a BO3HHK.TH HHTPOHBI H RAKOBa
IHX pO.Jb B 3BO.JIOLHH FEHOMA.

" Teunl, pasopBaHHble HHTPOHaMH, BO3HHK.IH JOCTAaTOUHO JABHO.
Tak, sanpivep, o6UHi [1aH CTPOEHHS reHOB B-r100HHA H3 1BYX HHT-
POHOB H TpeX 3K30HOB OUeHb CXOJeH ) BceX KHBOTHBIX, JIHBEpPrHpo-



BABIUMX JIECATKH MHJUTHQHOB JeT Ha3al. Bonee Toro, cTpykTypa rena
JIEFTEMOTJIOGHHA PACTEHHH, TPHHHMAIOLIETO YYAaCTHE B PETYJISIUHH COAEP-
JKaHHs KHCIOpOLa B KJIyOeHbKOBbIX O3aKTepHfX, TaKke YKJaJbiBaeTcs
B TY Xe OOLLYIO CXeMy CTPOEHHS IJoGHHOBOro rena. IlTonoxenus or-
JeJIbHBIX HHTPOHOB B reHax TpHosodochaTH3oMepassl CXOXHbB Y pacre-
HHIl M MO3BOHOYHBIX. JTO M03BOJISAET NPEANOaararb, Yr0 HHTPOHbL MPH-
CYTCTBOBaJH B reHe TpHo3odochaTHsoMepasnl yxe 10° ser Hasan, a He
0o6pa3oBanuch B pesynabrare Gosee MMO3JHHX HE3aBHCUMBIX aKTOB BHeEN-
PEHHE B OJHH H Te Xe Y4acTKH TeHOB B Mpolecce spomounu. Ha apes-
Hee NPOHCXOXJEHHe HHTPOHOB TaKXKe yKas3blBaeT CXOJCTBO MEXaHHM3Ma
CIUTAHCHHTA, OCHOBAHHOTO HAa Y3HABAHHH CXOAHBLIX MOCJEL0BaTeNbHOC-
Teil Ha rpaHHIaX HHTPOHOB Y PacTeHHH rPUGOB, HACEKOMBIX H IO3BOHOY-
HbIX.

Bauio BbICKa3aHO TpennoJioKeHHe, YTO IK30HBI KOMMPYIOT ofpeje-
JIeHHble ABTOHOMHbIE 3JIEMEHTHl YKJAAJKH MOJHIENTHAHOH, enH, npel-
CTaBJsAoUHe CO60i (YHKUHOHANBHbIE CETMEHTBI GeIKOBOH MOJEKYJIBI,
KOTOpble COPTHDPYIOTCSl B Ipolecce 3BoMIOUHH. Eciim mpouecchl Takoit
TIepeTacoBKH MeHeTHYeCKOTro MarepHasa, MeXaHH3Mbl KOTOpbIX He pac-
CMAaTpHBAIOTCS, HAYT A0 paHOHaM HHTPOHOB, TO CTPYKTYPa 3K30HOB He
H3MeHsieTcd M, CJIef0BaTe]bHO, He HapyualoTcsi (yHKUHOHAJbHbIE
CBOMCTBA OTAEJIbHBLIX GENKOBBIX JIOMEHOB. DK30HBI MOIYT COOTBETCTBO-
BAaThb YYaCTKaM [OMEHOB HJH OTAeJbHbIM GeJKOBbHIM JOMEHaM, T. €.
TeM YyYacTKaM GeJKOBOH MOJIEKYJbl, KOTOPbie MOXHO BbIIEJHTb Kak
TIPOCTPAHCTBEHHO [EJHMble CTPYKTYDHI, oGJajaiolie onpejeaeHHOMH
Guosoruyeckoit GyHKUHei. Y CcTaHOBJEHHEe Pa3MepoB IK30HOB BO MHO-
THX TeHax [OKa3alo, YTO IVIaBHbIH KJ1acC 3K30HOB HMEeT pa3Mepbl OKOJIO
140 0. u., uto coorBerctByer 40—50 a. 0. B MosekyJie Genka. Bonbiast
uyacTb GeNKOBBLIX AOMEHOB, cojepkauux B cpepdeM 100—130 a.o.,
CKJIAJIbIBAETC M3 HECKONbKHX 3JIEMEHTOB BTODHYHOH CTPYKTYpbI («cy-
TIEDPBTOPHYHBIX» CTPYKTYDHBIX €[HHHI), KOIHPYEMHIX OTAENbHbIMH 3K-
30HaMH. N-TepMHHAJbHLIH YUACTOK M3 HECKOIbKHX THAPO(POGHLIX aMH-
HOKMCJIOT (CHTHaJbHbIH MeNTHI) CeKPeTopHLX GeJKOB, KaK MPaBHJIO,
TaK)Ke KORHDYEeTCSl OTAEeNbHBIM 3K30HOM.

Ecau GesioK COAEpIKHT PSJi CTPYKTYPHO CXOILHBIX NMOBTOPSIOLIMXCS
JIOMEHOB, TO HaGMojaercss CTPOroe COOTBETCTBHE OTAENbHbIX IK30HOB
JoMeHaM HaH cy6romeHaM GelKoBOH MoJeKyJbl. ['enbl, oTHOCsILHECH
K TaK Ha3blBAeMOMY «CBEPXCEMEHCTBY TeHOB HMMYHOIVIOOYAHHOBY,
COJIep3KAT pPa3HOe YHCJIO 3IK30HOB, KOAHMPYIOUIMX JOMEHB! TOJHMENTHA-
HOM ILenM, KaxMblii U3 KOTOpHIX BKMouder okoao 110 a. o.Tomonorus
MeXIY OTHeJbHBIMH JOMEHAaMH 3THX Oe/IKOB, BHUIOJHSIIOUIMX PpasHble
GYHKUHH B OpraHu3me, HaG/molaeTcsi Ha YPOBHE MePBHYHOMN, BTOPHUHOH
H TPETHUHOH CTPYKTYpH. ['eHbl 3TOro ceMeHCTBAa MOTYT COJEpPHKaTh
OIHH 3K30H (TeH PB,-MUKPOI/IO6YJ/IHHA), Ba HJIH YeTHIpe (TeHbl CeKPEeTH-
pyeMbiXx aHTHTen B-KJeTOK) H, HaKOHel, NfAThb 3K30HOB (FeH IVIHKO-
NpPOTEHHA MJ1a3Mbl YesoBeka). f- KpHcTanIHHbL MBILUIH CONEPXKAT YeThipe
GeNKOBLIX [OMEHa, Ka /bt M3 KOTOPBIX  BKJIOYaeT OlpefeseHHbl
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3K30Ha B Pa3HBIX TeHAX  pyc. 109. JK30HH (uepHule NPAMOYTOMbHHKH)
MOATBEPKAAOT [HINOTE3Y  reHos B- M y-KpHCTAJIIHHOB MBbILIH H JIOMEHB
0 TieperacoBKe SK30HOB B («rpeyecKHit K.110u») B COCTaBe MOJAHNENTHIHOH
npottecce 3pomolny. Oka- 16 .
3BIBAETCS, YTO OHH M TOT K€ CTPYKTYDHbIl 3/eMEeHT MOXET HCMOAb-
30BaTbCs MPH 06Gpa3oBaHHH pasHbIX Geakos. [Ipouecc neperacoBKy 3K-
30HOB CHIOCOGeH OG/eryHTh BOSHHKHOBEHHE GOJIBUIMX M CJIOKHBIX Gel-
KOB 3 HeGOJBbIIHX (yHKUHOHAJAbHBIX €JUHHL — 3JIeMEHTOB CyNepBTO-
PHYHOH CTPYKTYPHI (CY6AOMEHOB HJIH nomenoB). Ten ounoi« H3 CEepHHO-
BbIX NPOTEHHA3 (aKTHBATOPA MJIa3MHHOTeHa), YYacTBYiOlleH B npouecce
CBepTHIBAHHS KPOBH, COEPKHT 13 3K30HOB (puc. 110, a). OnuH U3 HHX
KONKPYeT CTPYKTYPY XapaKTepHOro GefKOBOTO JOMeHa — «Najlblar.
IT0T 5K30H OGHAPYKHBaeTCsl TaKXKe B rene PHOPOHEKTHHa, rie OH npel-
CTABJEH HECKOJbKMMH KONHSIMH, Pasie/leHHbIMH HHTPOHaMH. [lpyroi
5K30H FeHa MJIa3MHHOTeHa BHISIBJEH B TeHe 3MHAEpPMAJbHOro (akropa
pocTa, NSATh OCTAMbHBIX 9K30HOB (OPMHPYIOT MpPOTea3HbIH JOMEH.

TeH pellenTopa JHMONPOTEHa HH3KOH NJIOTHOCTH, oGecreduBaiolle-
IO TPAHCMOPT XOJECTepolla, WMeer pasMepbl Golee 45 T. M. H. ¥ collep-
HUT 18 5K30HOB, H3 KOTODPBIX YacTb TaKXkKe oOHApyXKeHa B reHax, KOIH-
pYIOULMX CcOBceM IpyrHe QyHKUMH (pHC. 110, 6). Peuenrtop sasiaserca
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Puc. 110. CloXHbe CTPYKTypH [E€HOB, BepOSiTHO, 00pa3oBaHHHE B pe3VJbTaTe
COPTHPOBKH OGUIHX «MPEIKOBHX» 3K30HOB

MpAMOYroIbHHKK — IK3OHBI; TPEYFObHKKH — MOJ0MeHKe HHTPOHOB; @ — reH aKTKBaTopa naas-
MHHOreHa (cepHHOBOI NpoTekHasn) [ — emalei» duGpoHeKTHHa; /[ — roMoJorHs C 5K30HOM
3MKIepmabKoro GakTopa pocta; /// — 3K30Hsl NpoTeas3Horo A0Mena, O — red pellenTopa AMMNO:
NpoTeua HH3KOI MIOTHOCTK: [ — CHrHa1bHan MOC1e]0BaTE1bHOCTD] 11 — JoMeH. CBH3bIBAIOILHA
JunonporenA (TOMOJOrHA C 3K30HOM B rene baKkTopa KoMMIemenTa C9 yKa3aHa wrpuxami): //] —
FOMOJIOrHS C 3K30HOM Trela >MuiepMa.lbkoro ¢Qakropa pocTa; IV - 1oMmeH, mnoasepratoulnics
0-rauKO3MIKPOBaHI, V — KOIMPYIOT TpakcMeM6panuyo H UHTOMIa3MaTHUECKYI0 HacTb pelen-



MYJIBTHOYHKIHOHANBHBIM  MeMODAHHBIM  GEKOM €O CBSI3BIBAIOLLIHMHU
JHIonpotens cafitamu, ofpawlenHbiMH Hapyxy. CHapyxM Haxo-
AATCA  TAKXKE YYACTKH  MOJEKYJ,  0BeCneuYHBalollHe  SHIONHTOS
(norytolenye KIeTKol) KoMmekca peuenropa M Jaunonporenga. Cur-
HalbHad MeNTHIHAA TOCAeAOBATe/bHOCTh GelKa, XapaKTepHas s
CEKPETHPYEMbIX H MeMOpaHHBIX GEeJKOB, BKJIOYEHA B COCTaB nepBoro
5K30Ha. DBeakosblii 10MeH, cBA3BIBawOUIHI JIUNIONPOTEHL, COJEPIKHT
CeMb  TIOBTODSIIOIMXCS  3/IEMEHTOB, KOMMPYEMBIX [NATHIO 3K30HAMH.

Tlo-BupuMoMy, fBa MHTpOHA yTepsinsl. [loMunenTHIHAS oc/e/IoBa-
TENLHOCTE, KOAMPYeMast BTOPbIM, TPEThHM, IATHIM H IECTEIM 3K30HAMH,
COePKHTCSA TaKXe B cocTaBe paKkTopa KoMisleMeHTa C9, rjie 0HA TaKKe
KOMMpYeTCA OTAEJNbHEIMH 3K30HaMu. [lajtee pacnonomes paiiod us
BOCbMH 3K30HOB, OH TOMOJIOTHYEH PaiioHy reHa, KOMMpYIOleMy mpe-
IIECTBEHHHK SUHJIEPMaNbHOrO GakTopa pocTa. K3oHH 7, 8 u 14 npes-
CTaBJIAIT Co6O# NOBTOPH, KOAUpYoMHe no 40 aMHHOKHCAOT H cosep-
JKalllecs B leHAX, KOHTPOJHPYIOUWMK MPOLECC CBEPTHIBAHHS KDOBH.
3areM pacnioJIcKeH 3K30H, KOIHPYIOUHH JIOMeH, 0GOralleHHh cepH-
HOM H TDEOHHHOM, KOTOPBI SIBJAETCH MHUIEHBIO O-MIHKO3HAHPOBAHMKS
peuentopa. B uTore cTpykTypa rena peuentopa JIUTIONpPOTeH1a HH3KOH
TLIOTHOCTH B LENOM HArMISAHO JIEMOHCTPHPYET BOSMOMHOCTD NePeTacoB-
KH 5K30HOB M COOTBETCTBYIOUIHX aBTOHOMHBIX (byHKLHOHAIbHEIX CTPYK-
TYP CHIOXKHOH Ge/KOBOH MOJEKyJHl.

Ilpennonaraercs, uyto Mosamunas 3K30H-HHTPOHHAA CTPYKTypa le-
HOB, CBOMCTEEHHAsl 9YKapHOTaM, BEPOSTHO, 6bl1a Gojee NpeBHeH, uem
Ge3bIHTPOHHas, NPOKAPHOTHYeCKass. B Takom cyyae TpaIULHMOHHbIEe
dHIOreHeTHYECKHE NIPeACTABIEHUS, COMIACHO KOTOPbIM NPOKAPHOT NO-
MeULaloT B OCHOBAHHE 3BOJIOLHOHHOTO APeBa, a SYKAapHOT — Ha Bep-
LWIKHDBI, ROMKHB! GbITh NepecMoTpens!. [eHoM npokapHoT, Kak IpaBu.o,
HE COJePXKalllMA reHOB C MHTPOHAMH, PACCMATPHBAETCA KAK KOMIAKT-
HBIH (pallHOHANTH3HPOBAHHEIIT), 00pasoBaBUIHACH B pesyJbTaTe MOTepH
HHTPOHOB, HaNpUMep, B Pe3yJbTaTe 0TGOPa Ha CKOPOCTb PENIHKAILHH.
Hanporue, npennonaraercs, uto Mosaununas CTPYKTYpa reHoB onpeje-
JIACT SBOJIIOUHONHbIC BOSMOMHOCTH T€HOMA, TOTAA KAK 11POKapHOTHI, yTe-
PABILIME MHTPOHBI, NPEACTABASIOT COOOH 3BOMIOIMOHHBIL TynHK. 3ame-
THM, OJIHAKO, UTO HHTPOHEI, yJa/iseMble B Pe3y/bTaTe CIIANCHHIA, H3-
Pefika OGHApY>KHBAIOTCS NPH 3KCHPECCHH FEHOB B KAETKAX 6aKrepHii,
HallpUMep B reHe THMHAMJATCHHTeTassl (ara T4.

OnpefienierHe HYK/IEOTHAHBIX MOC/IEOBATEIBHOCTER B COCTABE FOMO-
JIOFHUHBIX TFEHOB (HalpHMep, TeHOB TVIOGHHOB), KOAHPYIOWIHX MNOJH-
NeNTHIbl CO CXOXHBIM CTPOEHHEM H (YHKUMEHl Y ONHOrO HAH PasHbIX
OPraHH3MOB, NOKa3a/l0, YTO HAHGOJBUIMM H3MEHEHHSM B SBOJIOLHH
TIO/BEPra/liCh HHTPOHRI, @ He SK30HH. B HHTpOHAaX o6HapyxeHH BCTaB-
KH, IeNENMH M ApYrHe MepecTPOHKH, B TO BPeMs KaK NOC/e0BaTeslb-
HOCTH 3K30HOB OKa3BIBAIOTCS 3HAYHTENBHO GO/ee KOHCEPBATHBHBIMH.
MaMeHeHUS B HYKJIEOTHIHBIX NI0CIE10BATENBHOCTSX SK30HOB 4acTo o6y-
C-I0BJEHB! JIHIID OT1€bHLIMH HYKJEOTHAKBIMH 3aMeHaMH. JTH Hab.Ji0-
ACHHA TaKKe MOXKHO HCTOJIKOBATb B MOJIb3y NMPEJCTAB/IECHKH 0 TOM, UTO
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TIepEKOMGHHAINST IK30HOB OCYLLECTBISIACh MO PaliOHAM HHTPOHOB, YTO
CONpPOBOXKAANOCh H3MEHEHHEeM CTPYKTYpPhbl NOCJAeHHX.

Hccnenosanns psifia 3BOMIOLHOHHO CBA3AHHBIX TEHOB, COMEPMKALUHX
FOMOJIOTHUHBIE NOCJIel0BATe/IbHOCTH, MO3BOMMIH CAENaTh 3aKJAi04eHHe,
YTO B 3BOJIOLUHH TPOHCXOAMAH He TOJNbKCG YTeDPH WHTPOHOB, HO H HX
npuobperenns. MexaHn3M 3Toro npouecca He sceH. Bo3MOXHO, BCTaBKH
HHTPOHOB MpPOHMCXOAMIH Ha ypoeHe PHK. Ecau npouecc Buipesanus
HHTPOHA C NOMOILbIO PeaKLHH TPAHCITepHDHKAUHH TEPMOJHHAMHUECKH
o6patuM (cM. 1. 8), TO BO3MOXKHO U BHeJpeHHe MHHEHHOM MOJTEKy bl B
PHK c nomomeio peakunu, obpatuoit crnaiicunry. Ha of6pasoBasLiefi-
¢ PHK kax Ha MatpHue B pesy.ibTate 06paTHOM TPAaHCKPHILHH MOXKET
cuHTesnpoBathes JIHK-xonusi, KoTopasi 3aTeM HHTerpHpyeTcs B I'eHOM
(cM. . XI).
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InaBa X

PEr'YJIATOPHBIE 3JIEMEHTblI TEHOB
H PErYJAUUSA TPAHCKPHNMUHWH
Y 3YKAPHOT

- Wnunmauus u peryasuus tpauckpunuun IHK y sykapuor ¢ yuactu-

em PHK-nonumepassi B Gosbuielt crenenu, yem y NPOKapHOT, 3aBHCHT
OT MHOXKECTBA APYTHX Oe/KOB — (haKTOPOB TPAHCKPHIILHH, B3aHMO-
AefCTBYIOIHX C JXMCKPeTHHMH ydacTKamu JIHK, 06pasyomux cI0K-
HBbIif 3yKapHOTHYecKnH TpomoTop. B paiione npoMoTopa, NpHJeraio-
Wero K caliTy HHHIHALUHM TPaHCKPHIIHH (k3n-caiity), obnapyxeHbl
YH4aCTKH C XapakTepHBIMH HYKJEOTHAHBIMH NOCIeN0BATENbHOCTAMH
(MoTuBamu), KOTOpbl€ OKa3blBAlOT LHC-AEACTBHE Ha SKCIPeccHio 6/H3-
JIeXalllero reHa. Jti 31eMeHTH MOryT BaauMoseficreoBats ¢ PHK-nomu-
Mepasol u Apyrumu GesikaMu-(paKTOpaMH TPaHCKpHILMU. Pazube sjaep-
Hble GesKOEBIe (AaKTOPH TPAHCKPHIIHH, NPeACTABASIOLIHE COBO pery-
AATOpHbie GeKH, CNOCOGHBI CBA3BIBATLCA C TEMH MJIH MHBIMH HYKJEO-
THIHBIMU NocJiefoBaTenbrocTaME JIHK, okasbiBasi Tem caMmbiM BJAnSHHE
Ha 3Kcnpeccuio pasHHIX reHoB. Takue GesKH, COOCOGHBIE K AnpPy3HH
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B fApe, ABJIRIOTCA TPaHC-AeACTBYIOMMME BaKTOpaMH, Onpele/IAIOLHMA
30 ¢HEeKTUBHOCTL 3KCIPECCHH TeHOB, PACTIONOXKEHHHX B CaMblX pa3HbIX
yyacTKax TreHOMa.

1. PErYISTOPHBIE 3JJEMEHTB TEHOB,
TPAHCKPHBHPYEMDIX
PHK-TIOJTHMEPA30H I

TIpoMOTOpHEIE 3/EMEHTHI T'eHOB ONHOKJETOMHHIX 3YKAPHOT — JPOXK-
well — conepxar caliTel nuuumauun (M), HykJeoTHanylo nociefoba-
teabHocth TATA (o6biyno TATAAA), a TakXe ApYrHe 3/MeMeHTHI —
aKTHBHpYlolHe nocaedosateavroctH (All, UAS, aura. upstream acti-
vating sequences), Haxoasluecst nepes caiToOM HHHIHALHH TPAHCKPHI-
umn (puc. 111, a). KpoMe Toro, npoMoTop MOXeT coziepXaTh 3/1eMeHThI
onepatopa O, yyaCTBYIOLLETO B PenpeccHu TPaHCKPHNUHU. PaccrosHue
mexay TATA-sevenToM # caiTOM HHHLHALMKM MOXeT BapbHPOBAaTh OT
40 no 120 n. 1., ¥ B OWIHYHe, HANIDHMEP, OT NPOMOTOPOB MO3BOHOYHBIX
B NIPOMOTOPAX APOXOKeH NpaBUIbHAsi TOYHASI MHHUMALHMS TPAHCKPHN-
IHH COXPaHSETCA NPH H3MEHEHHH PACCTOSIHHS MeXy cailTOM HMHHIHUA-
unn 1 TATA-snementom. Muuumaropubiii a1eMeHT npeacraBasieT co6oi
OCOOHIH yYaCTOK, BKJIOYAIOMHA HYKJEOTHAHYIO [10C/I€10BaTe/bHOCTh

TCéA. Yuacrok ysuaercs PHK-nosnumepasoit u/in cBA3asHLIMH ¢ Helt

6eKOBBIMH (DaKTOpaMu.

Anementsl All ABIAIOTCA caliTaMu CBSI3bIBAHUS GEIKOB, PeryJaupyio- -

IMX TPAaHCKPHMLHIO. Psil #X CBOACTB HamoMuHaeT CBOHCTBA YCHJHTe-
Jlefl TPaHCKPHIIHH (3HX2HCEPOB) B reHaX NO3BOHOYHBIX, AeHCTBYIOUIMX
BHe 3aBHCHMOCTH OT OpPHEHTALMH M HAa 3HAYHTENbHBIX PACCTOSHHAX
(oxoso 1000 n. H.) or caiiTa umMUManuK (cM. pasfen 2 3ToH IVaBbl).

Baaroaaps ucnosmb3oBanuio Goblioro HaBoOpa MyTanuii Mo npoMo-
TOpaM H reHaM aKTHBUPYIOIIHX GeJKOB JpOXKell yaajochb BHISICHHUTD
HEKOTOpble OCOGEHHOCTH B3auMojelcTBHsT GenkoB-akTHBaTOpoB ¢ All,
a TaKXe XapaKTepHble CBoHcTBa 3THX GekoB. Benok GAL4 akTtuBupy-
€T reHbl, Heo6XoaHMbIe 151 KaTaboJ/1u3Ma rajakTosbl. GAL4 cBssbiBaeTcs
¢ AIl, npencrap/eHHOH NOBTOPSIOMUMHCS 3JeMeHTaMH Mo 17 n. H.
Crenenr aKTHBHDPYIOWETO A€HCTBHS TPONOPUHOHATLHA UHCAY 3THX
ajseMeHToB B npomortope. Pyukuusa cesswviBanus JHK u aktusauunu
TPAHCKPHILUMH TPHHALJNEXKHT pa3HbiM ydacTkaM Geika GAL4, korto-
puifi conepxuT 881 amunoKucaoTy. 73 ocTatka ¢ N-KOHUA MOJEKY.Ibl
Oeska J0CTaToO4Hbl AJISl o6ecnedeHusi CreludHYecKOro CBA3LIBAHHMA C
JHK. 3tor yuactok cBfi3biBaeT HOHBI MHKA H CONEPIKHT XapaKTePHYIO
CTPYKTYPY — «UHHKOBLIE Ta/biibly, OGHAPYXEHHble B LEJOM psile
0e/IKOB, aKTHBHDYIOWIHX TPAHCKPHUNUMIO (cM. pasges 4 3Toil raaswbl).
JlBa Apyrux AMCKPETHBIX yyacTKa 6esika, BKJIOYAMOWMX aMHHOKHCIOTHI
149—196 u 768—881, nocraTouHl AJsi OGeCreueHUs! aKTHBALMH TPaH-
CKPHIUHA. DTH YYACTKH COJIEPXKAT KHCJLIE aMHHOKHCJIOTHbIE OCTATKH.
Tlo-BHAHMOMY, B PasHBIX aKTHBAaTOPHHIX GelKaX 3TH PailoHbl 06/1ajaloT
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Puc, 111, Pafionn NpPOMOTOPOB I'€HOB 3YKapHOT, TPaHCKpHOHpYyemnXx PHK-noau-
Mepazon II:

@ — ofwas cXeMa CTPOEHHS NPOMOTOPa reHoB Apokxkel; ATl — aKTHBHpYOUHe nocneAoBaTenbs
HOCTH; A — y9acTKH MOJeKY/Nh GenKa-aKTHBaTOpa; ® — (aKTOP TPAHCKDHILUKH, CBAIMBAIONIH e
€ ¢ TATA-3nementom; H — cafiT uuuuuauuu; 6 — cxema CTPO€HH A NPOMOTOPA FeHa y NO3BOHOY~
HHX; 8 — NpOMOTOD FeHa MeTanNOTHOHenHa (MT) qenoBeKa: HepHHE CTPeNKH — MOI0MeHHe KONT-
POIHpYIOWHKX 5/1eMeHTOB (Me), OTBeTCTBEHHHIX 32 PelyARUNIO IKCTIPECCHH TeHOB THKENBMH MeTa-
1AMy KPYKKH H SJTHNCH — GelkoBhe GaKTOPH H KX IPeANoAOKHTeAbHNE B3aHMOfeiCTBHA NpPH
MHAYKUHH TPaHCKPHNUHH MeTaiNaMH; ¢ — NPOMOTOPH TeHa aNKOroNbAETHAPOreHasn rewa D.
Mmelanogaster; H, J — caliT HHHLHAUHH TPAHCKDHILHH Y HMaro H NHYHHKH, HM NPeAlllecTRYIOT
<TATA-mothBuy; ATG B TAA-cafiTh HHHUHAUHH H TeDMHHALHH TPAHCNSAUNK; NIPSAMOYTOIbHHKH —
SK30HH, 0MaHble THHHH — CNNAACHHT 3K30HOB; PA — cailT NoiHafleHuAHPOBaHA A

XOAHbLIMH CTPYKTYPHEIMH OCOBEHHOCTSIMH, HO HE COIEpPXKAT TOMOJIOrHY-
HEIX nocsiefioBateabHocTeit. [Ipennonaraercs, 4To 3TH GeJKH CTHMYJH-
PYloT TpaHCKpunuuio 61aronaps B3anMOAEHCTBHIO ¢ APYrHMH (haKTOpa-
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MU TPaHCKPHNUUH, Hanpumep ¢ TATA-cBsisbIBalOWUMCs GEJNKOM, KOTO-
PHIit B CBOIO ouepesb B3auMogeictyer ¢ PH K-noaumepasoit (puc. 111, a).
Besky — akTHBaTOpBl TPaHCKPHNLHH, 06.1afaioT, MO KpaiiHeil mepe,
ABYMS! IHCKPETHLIMH JIOMEHAMH, OJHMH M3 KOTOPHIX TpefHa3HaueH s
ysnaanus JIHK, a npyroit ans ocymectBieHusi 6eloK-6eKOBbIX
B32MMOJEACTBUMA, HIDAIOIMX OYeHb GOJBLIYIO posiib B 00pa3oBaHHH
AKTHBHOTO TPAHCKPHILIMOHHOTO KOMILIEKCa.

Y BBICLUIHX MHOTOK/IETOYHBIX 3YKApPHOT (HACEKOMBIX, MO3BOHOYHMIX)
B npefenax 100—200 n. H. mepes crapToM TpaHCkpaAnuuU (puc. 111, 6)
6blia BhisiBJIeHa Goslee CJAOKHAS MO3auKa TIPOMOTOPHBIX 3/1eMEHTOB,
npeacrap/ieHHbiX KOPOTKHMH HYKJIEOTHAHHIMH MOC/EA0BATENbHOCTSIMH
(«votuBaMm»). Ha paccrostuun 27—30 0. H. oT xsn-caiita pacnosioxex
TATA-motB, ycpeaHeHHblfi BapHaHT KOTOPOTo (TaK HasblBaeMbiii cor -

Sensus) MOXHO MpeACTaBUTb Kak TATA% A%. MMonoxkenne TATA-ste-

MeHTa CTPOTO Ofpejle/IfeT CaiT HHHLUHALHYE TPAHCKPHILMH, T. €. 5'-Ko-
Hell TpaHCKpHNTa. [lpu nospexaenun uiu ynanenuu TATA snementa
ofpasyercst Ha6op Monekys PHK c pasubiMu 5 -kKoHuamu. OTiebHble
HyK/eoTHAHbIe 3aMenbi B TATA-snemente MoryT npusosuts k peskomy
CHIXKEHHMIO 3(XpeKTHBHOCTH TPaHCKPHILHH. IlpoMoropuasn 30oHa Heko-
TOPHIX T'eHOB (HANpPUMEp, TEHOB IMYHOTO JIM30UHMA NMTHI| HJH THPOKCH-
MeTH/IT1yTapui KoA-penyKTassl — K/mioueBoro depMeHta GHOCHHTe3a
XoJlecTepo/ia y MJeKOMHTAlOWHX) He copepkuT TATA-snementa, u
TPAHCKPHIILUS HAYMHACTCS C HECKOJbKHX PasHbiX caiToB. O6pasyio-
muecst PHK pasauvaores no 5'-xonuam B paiione HeTpaHcaupyeMoit
JunepHoil (cm. puc. 102) nociaenosatensnoctd. Bozmoxwo, pasuuHble
JIHJEPHBIE 30HEL ONPEJIEISIOT XapaKTep PerysiliuM IKCNPeccH FeHOB Ha
ypoBHe Tpaicasuun. To XKe caMoe HaGTIONAeTCS U AJ1S TEHOB APONIKEN,
Juitennbix TATA-3nementa B paifone npomoropa.

B mpegesiax 100—200 n. u. nepen craprom TPAHCKPHNLUHH MHOTHX
TeHOB HAXONATCH MO KpaiHei Mepe ellle [Ba KOPOTKHX HYKJ/EOTHAHHIX
“MOTHBA», YCPEJIHEHHbIE BADHAHTH KOTOPHIX MOXHO TpPEICTABUTb KaK
GGGCGG («GC-motur») u CCAAT. ITpenmonaraercsi, uro «GC-MoOTHBY,
KOTOPEIA MOXeT BCTPeYaThCsl HEeCKOMbKO pPa3 Mo AJUHE NIpOMOTOPHOMH
3oubl, BK/ouatomwed 200—300 n. H., XapakrtepeH a/s MPOMOTOP HBIX
paHOHOB IeHOB, PaGOTAIOUWHMX KOHCTHTYTHBHO H 0GecledHBaIoKX obLye-
Kierounble GpyHKUHH. HeficTBUTebHO, TakHe NOBTOPH 0GHAPY K HBAIOTCH
Nepel reHaMH, KOAUPYIOLHMH Ge/IKH, HeOGXOMHMBIE JJIs KH3HEedeATe b-
HOCTH CaMbIX pa3HbIX KJETOK opranuaMa. [lepen renom guruapodponar-
PEAYKTa3Bl MbIIM BKPAN/eHbl YeThipe TAKHX MOTHBA, NMepel reHamH
IV1I0K030-6-pochaTiernporesasst  GochorTuepaTKUHAasE YesoBeKa
COOTBETCTBEHHO feBATb H JBa. Hesb3s HckmouuTsb, uto «GC-MOTHBHIY
NPUHUMAIOT HEMOCPeJACTBEHHOE YUYaCTHE W B MHAYKLHH TeHHOH aKTHB-
HOCTH, NOCKO/MbKY OHM OOHApyXeHol H B NPOMOTOpax psja HHAYIIH-
PyeMbIX TeHOB.

Hocnenosarensuocts CCAAT (CAAT) Berpeuaercs B MPOMOTOpPHOI
30HE PAa3HbIX TKaHEeCMelHPUIECKHX TeHOB: B MOJOKeHHH — 80—50 pas-
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HBIX TeHOB IVIOOHHOB, B reHe THpeora100yJ/HHA MJIEKOMHTAIOUlHX, B reHe .
@-aKTHHA CKEJETHBIX MBI LbINJeHKa M APyTHX reHax. Posb «MoTHBa
CCAAT» MoXeT GbITb JOCTATOYHO BAXKHOH B pery/silHd aKTHBHOCTH
[JIOGMHOBBIX TeHOB, aKTHBMpYEMBIX HJIH pErpeccHpyeMblX Ha onpeje-
JIHHBIX CTaJHfiX pas3BUTHA. Pempeccus cHHTe3a v-IJoOMHA IVIOAa Y
B3POC/IOTO OpraHH3Ma CHHMAeTcsl B cjlydyae MYyTAllHOHHOTO 3aMELleHHsd
OIHOTO HYKJEOTHa B MOC/e]0BATe/IbHOCTH CCAAT. Myranus npuso-
JMT K TaK HAa3blBaeMOR HAC/eCTBEHHOH IEePCHCTEeHIHH (COXPaHEeHHIo
CcHHTe3a y-IJoGMHA MJoja y B3poc/biX). B mpomoropax r/0GHHOBbIX
reHoB orcytcTByeT «GC-MOTHB».

MoJteKy/isipHble MEXaHH3MBI, C TOMOLLbIO KOTOPHIX OMHCAHHbIE 3Jie-
MeHTHl [POMOTOpa Pery/UPYIOT TPAHCKPHIUMIO, ellle He BhAICHEeHbl, HO
HECOMHEHHO, UTO AKTHBHOCTb MPOMOTOPHBIX 3JieMeHTOB oOycJ/oBJjeHa
CBSI3bIBAHHEM C OMpe/eeHHbIMH GeJKOBbIMH (hakTopamu, obecrneynBaio-
LHAMH TOYHYIO H 3hDEKTHBHYIO TPAHCKPHIUMIO reHOB PHK-nonumepa-
soif 11. Bhijesiennl pasHble GesKH, B3auMOAEHCTBYIOLLME C Pa3HbIMH
yuacTkamu npomotopa, cofepxauumu TATA, CCAAT wuau «GC-MOTHBY.
To-BuauMoMy, CyLLECTBYeT HeCKOJbKO 0e1KOB, CMOCOGHBIX CBA3BIBATDL-
cs ¢ «morusom CCAAT», cpean HMX — reTepOIMMEP, COCTOALMH K3
pasubix cy6veaunnu. Benok, ysnawomuit «GC-moTuB», cBA3bBaeTCs C
yuactkoM JHK, BKmodaromum 18—20 1. H., B IlEHTPE KOTOPOrO Haxo-
nutes GC-3/ement. ek THBHOCTL IPOMOTOpA, MO KpaHHe# Mepe vac-
THYHO, onpeesisercs 3¢GhEKTUBHOCTbIO OTAENBHOTO 3JeMeHTa («MOTH-
Ba») B COCTaBe MPOMOTOPA, YHC/IOM STHX SJEMEHTOB H HX B3aHMHBIM
pacrosiokeHueM. STH dJeMeHTbl, BEpOATHO, QYHKUHOHHPYIOT B 3aBH-
CHMOCTH OT GJIMKafilllero HYKJEOTHAHOTO OKpyXeHHs. 3amenbl G/u3-
JIeXAlNX HYKJEOTHIOB MOTYT CHJIBHO CKa3biBaTbCsi HA 3¢ (peKTHBHOCTH
neficTBHA 3/eMeHTa. Tak, HalnpHMep, 3aMeHbl Buneneuﬂbxxcéxgglgg[
wpHbTOM HyKIeoTHA0B B okpyxkennn «GC-morusa» (GGGG i )
MOTYT CHHXKaTh AKTHBHOCTb IPOMOTOPA, TOTAA KaK 3aMeHa nepscgo Ha
T srosse gonyctuMa. Eciu ob1actb npomoTopa cofiep®ut Kak GC, Tak i
CAAT-s/1eMeHTHl, TO pasHbie OeJKoBble (PakTopbl TPAHCKPHIIHH, B3aH-
MOJIeHiCTBYIOIHE C HMMH, MOTYT COIJIACOBAHHO AaKTHBHPOBATb TpaH-
CKPHILHIO.

Kpl}!e:m, KOJHp yIOllye aianTuBHble Geky, 006pa30BaHHe KOTOPHIX Pe3KO
yCHJIHBaeTCsl MOl BAMSIHHEM PasHBIX GakTopoB cpenbl (MOBHILLEHHe TeM-
NepaTyphi, OTpaBJeHHe MeTallJlaMH), COJepKaT B COCTaBe NMPOMOTOPOB
JIOTIO/ HUTEIbHbIE XapaKTepHble KOPOTKHe HYKJIEOTHJHbe TNOC/1e10Ba-
TeJbHOCTH. B OTBET Ha MOBbILIEHHE TEMIEpaTypbl HJIH APyTHE CTpeccHl
(Hanpumep, oTpaB/ieHHe silaMu) BbipaGaTbiBaloTcs 0cobble GeNKH, Noay-
YEBIIHe Ha3BaHHe OeaKog menosozo wioka. Cunraetcs, yTo GHICTPOE Ha-
KOIUIeHHe TAaKHX GeJKoB B KJeTKe ofecleyHBaeT (PU3HONOTHYECKYIO
a/lanTallkl0 K W3MEHHBIUHMCH YCJAOBHAM cpelbl. JTH OeJKH upe3Bbl-
YafiHO KOHCEPBATHBHBI, OHH MaJ0 MeHs.1HChb B 3BoonuH. Hanpumep,
6eaku, uMetomue M, =70 000 1 o6pa3yoliHecs MOCJe TENJOBOTO IOKa
BKJeTKax £. coli, pacTeHni, HaCEKOMbIX M MJIECKOMHTAIOMHKX, NPOABA-
10T GOJIbILYIO CTENEHb TOMOJIOTHH MO AMHHOKHCJIOTHOH INOC/Ief0BaTe/lb~
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HOCTH. BeposTHO, OHH NpeNATCTBYIOT O06PA3CBAHMIO  OCAIKOB
JIeHaTyPUPOBAHHBIX GENKOB KJETKH.

IIpoMoTopHBI paitoB reHa TeMJOBOro LioKa APOo30UIBI, KOLHDYIO-
wmero Gesok ¢ M,=70 000, coneput crenyomyo HYKJEOTHAHYIO ocJe-
JOBaTEJbHOCTb:

_80 ! [ ' ! A ' _30

CTGCTlc_T(_:_G_‘ITGwCAGAIGAGCGCGCIQEAATG_TI'CGCGA‘AAAGAGCGCCCGAG

B neit Boinestores paitonnt A u B. Bosnucroit yepToil oTMedena nocite
L0BaTe/IbHOCTb, HEOOXOAMMasi JJISi 3KCNPECCHH DAa3HbiX eHOB, KOMH-
pylomux GelkH, HHAYLHPYeMble B YCJOBUAX TElN/NOBOTO Iioka. Iewbl,
K KOTOpbIM NPHCOEAMHSIOT 3TOT Y4aCTOK MPOMOTOPA, HAYHHAIOT TAaKKe
AKTHBHO 3KCIPECCHPOBATLCS MpH TeNVIOBOM IIOKe. B npoMOTOpHbIX
paitonax A u b rena tensioBoro uoka 1posothubl NORYEPKHYTH MOBTO-
pawomuecs uernipexuykaeoruanole MotHBbl CTCG u GTTC. Hanuuue
paitona b Heofxoaumo 151 no/iHOM 3Kcnmpeccuy rena. daeMenTHl A b,
B3aUMOJIeAiCTBYIOmMHUE ¢ GeNKOBHMHM (aKTOpaMH TPAHCKDPUIILIHM, HMEIOT
CXOHblEe GYHKUHOHAMbHbIE CBOMCTBA M 06J2Jal0T CHHEPFHYECKHM [efiCT-
BHEM, aKTHBHPYS TPaHCKpunuuio. ['enbl Tennosoro wmoka aposodussi,
BBEJleHHble B KJETKH MJIEKONUTAIOWHKX, HAUHKAIOT aKTHBHO 3KCIIPECCH-
poBaTbCA TPH MOBBILEHHH TeMIEPaTypbl. 3TO TOBOPHT O TOM, YTO He
TOJbKO CaMH TeHbl TEMJIOBOTO IIOKA, HO H PEryJsSITOPHbIE KOMIOHEHTHI
3TOfi CHCTeMbl TeHOB HOCTATOYHO KOHCEPBATHBHH B 3BOJIOLHH.
Croxnasi Mo3anKa UHC-A€fCTBYIOMHX PEryASITOPHBIX CHTHANOB B
BHJle MEPEMEKAIOIHXCA KOPOTKHX HYKJEOTHIHBIX MOTHBOB» BbISIBJieHa
B IIPOMOTOPHOH 30HE T€HOB, KOZHPYIOLIHX METaJJOTHOHEHHbI MAEKOMH-
Talomux (puc. 111, 6). MeTaniotTnosens — HeGoabLION, OBOTAlIEHHbIH
LUHCTEHHOM G€JIOK, CMOCOGHBbI! CBS3bIBATH JBYXBAaJeHTHblE MeTaslIbl.
Posb MeTannoTioHenHa COCTONT B Pery sl KOHIEHTPALHH B KJeTKe
TaKHX MHKDO3/IEMEHTOB, KaK LHHK W Me[lb, a TAKXKE B CBSI3bIBAHHH 10-
BUTBIX TSKE/IbIX MeTaAJI0B, HanpuMmep KaiMmus u pryTH. OTpabieHue
KJEeTOK OPraHH3Ma TsKeJbIMH MeTalllaMH CONPOBOXKIAETCS HAKOIMJe-
HHEM METaN/IOTHOHeHHA 6Jarofaps YCHJEHHIO TPAHCKPUNIMM TeHa (B
KyJIbTypaX KJeTOK ONHMCAHBI CAy4aH aMIIubHUKALKH 3TOrO reHa, orpe-
Jensiomed HX ycToif4uBOCTb K siiaM). [eHOM MIEKOMUTARLIHX cozep-
XKHT HECKOJIBKO TEeHOB METaJJIOTHOHEHHA, Pa3J/IHYaKOUIHXCH OCOBEHHO-
CTAMH peryasiuuy. B npoMoTopHOil 30He reHOB METa/IJIOTHOHEHHOB BHISIB-
JleHbl TOBTODSIIOLIKECS NeBATHHYKAEOTHAHbIE MOC/IEN0BATENLHOCTH (¢MO-
B TGCGCTCGG» 1k ero BapuaHTH), HaJlHuHe KOTOPHIX HeOGXOLHMO
ISt HHAYKIHH 00pa30BaHHA MeTaJJOTHOHEHHA B TPHCYTCTBHH MeTaJ-
7o (puc. 111, 6). Ecli cHHTeTHYeCKHe KOMHH TIOBTOPSIOMMXCS AEBS-
THHYKJIEOTHIHBIX 3JIEMEHTOB BCTaBHTb B NPOMOTOPHI APYTHX TEHOB, TO
HX 3KCTpeccHsi HAUHET 3aBHCETb OT NMPHCYTCTBHS MeTalioB. Ilpupona
HeNoCPeCTBEHHOTO CHTHAJA {BepPOSITHO, GEJIKOBOrO KOMILIEKCa ¢ MeTal-
JIOM), OTBETCTBEHHOTO 32 aKTHBALMIO TeHa, OCTAETCS HeBbISICHEHHOH.
IlpoMoTopHast 30Ha collepKHT Takke «GC-MOTHBbI», no-BuAMMOMY, obec-
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NeYHBaloLIHe KOHCTHTYTHBHBIH YPOBeHb 3KCNPECCHH TeHa. Hakoner,
B COCTaBe TPOMOTOPa COAEPIKHTCA DPEryJsTOPHbIH 3/eMEHT, OTBeyalo-
muil 32 aKTHBALKIO HEKOTOPHIX META/LIOTHOHEHHOBBIX TEHOB CTEpOMI-
HbIMH TOPMOHAMH — T/IOKOKOPTHKOHJaMH. B npHHATOM cXeMe JeHcT-
BHSl CTEPOMJHBIX TODMOHOB NpEAMNOJaraeTcsi, YTo B KJETKAaX HMEITCs
cnieuuduuecke GeJKH-Pelentopsl, KOTOphle MoCIe MPHCOEIMHEHHS K
HHM ropMoHa-3(xpeKTopa cnoco6Hbl B3aHMOAEHCTBOBATb C FEHOM, HHAY-
LHPYS WIH YCHAUBAsl TPAHCKPHNLUHIO. DbllM BHISABJEHB YYaCTKH, OT-
BETCTBEHHblE 32 TOPMOHO3aBUCHMYIO peryasnuto. [TocaeioBaresibHOCTb,
BKJIOUYalomas 15 0. H. ¥ pacrnofoXeHHas B nonoxenuus —250 ot xsn-
caiita (puc. 111, ), oTBeuaeT 3a MHAYKUHUIO MVIIOKOKOPTHKOHJAMH TeHa
METaJAN0THOHEHHA YeloBeKa. TakuM o6pa3oM, npomoTopHas obnactb
reHa MeTaJNIOTHOHEHHA TpeNCTaBiaseT coboil MO3aHKY PeryJsTopHbIX
curHanos B coctae JIHK, ¢ KoTopriMH B3aUMOAeHCTBYIOT CliellHpHYECKHE
Genku. [unoTeTHueckass cxeMa, WJJIOCTPHpyollasi U3MEHEHHe Xapak-
| Tepa B3auMoneiCTBHS GEJKOBBIX (DaKTOPOB B MPHCYTCTBHE METAJ/IOB,
npeactasieHa Ha puc. 111, 6.

HraK, 061acTb 3yKapMOTHYECKOrO NPOMOTOPA PaCcCMaTPHBAETCH Kak
cnenudpuyeckuit [THK-octoB, Ha KoTopoM cobuparotcs Ge:m(u TPaH-
CKDHIIWK, Y3HAIOUME CBOM CafiThl CBA3BIBAHUS M B3aHMOLEHCTBYIOLIHE
kak IpyT ¢ apyroM, Tak u ¢ PHK-nonumepasoit. Henpsst HckiiounTD,
4ro (DaKTOPbl TPAHCKPHNLHH ABJASIOTCH (epMeHTaMH H B Tpolecce
3THX B3aUMOLEHCTBHIl OCYUIECTBISIOTCS (hepMEHTATHBHbIE MOLH(HKALHH
kak Geakosbix (akTopoB, Tak ¥ JIHK. Ilossnenne roBoro ¢axrtopa
TPaHCKPHIUKH B AHDEPEHIMPOBAHHBIX K/ETKAX MOXHO PaCCMaTpHBATh
KaK Croco6 BKJIOUeHHsT FeHa Ha HYXHOHM CTafAHM Pa3BUTHA.

MexaHu3M, 00ecleyHBaIOUINil pa3Hble YDOBHH 3KCIDECCHH TreHa B
Pa3BHTHH, a TaKXKe TKaHeCTeUHDHUECKYIO SKCIPECCHIO, MOXeT ObiTh
OCHOBaH Ha HCIONb3OBAHHH Da3HBIX MPOMOTOPHHIX YYaCTKOB BOJH3H
reHa. [IpHMepoM MOXKET CIyKHTb TeH alKOToAbJerHAporenass D. me-
lanogaster, obJafarolui AByMsi pasHbIMH npOMOTOpTHuMH caTaMu H
aByms nocaegosateabhoctsmi TATA (puc. 111, &). JInunHouusiit npo-
MoTOp paGoTaeT Y TMO3NHUX SMOPHOHOB W JIHYHHOK, NMPOMOTOP HMAro
L1360 HCMOJB3YETCH Y JHUHHOK, HO C BBICOKOH 3XpeKTHBHOCTBIO pabo-
raeT y Myx. OGpasylolsecsi TPDRHCKPUNITH NOABEPTalOTCS CNNAHCUHTY
Iouc. 111, 2). B pesysbrate ofpasytotes asa Tvna MPHK, conepxaiune

eHTHYHYIO HYK/EOTHAHYIO NOCIIEJOBATeIbHOCTb, KOLHPYIOULYIO NOMH-

eNITH], HO Pa3JHyaloHecs] 1o 5’ -THAepHBIM HEeTPAHCTIHPYEMbIM yuacT-

kaM. TakuM 06pa3oM, peryJsillis KCIPecCHH FeHa aJKOroJbAerHipo-
reHasbl OCYLIECTBJsIeTCSl CKOpee BCErO He TO/bKO 33 CUET H3MEHeHH$
apdekTHBHOCTH 06pasosanus MPHK ¢ pasubix npoMoTopoB, HO H Ha
¥pOBHe TPaHCISALHH, BepOATHO, 6Jaronaps pasHoH ee 3¢xpeKTHBHOCTH,
pnpenenisnemoil auaeproit ouoit MPHK. )

B npoMOTOPHEIX paifoHaX reHOB ApOKefl ObLTH BbIfiBJIEHbl aKTHBH-
pyloue nocienosarenbsoct (All), cnocobHsie YCHAMBATL TPAHCKPHT-
LHI0 BHE 3aBHCHMOCTH OT OPHEHTALlH# MO OTHOLUEHHIO K CAHTy HHHIHA-
UMK TPAHCKPHIILHH H COXPaHATb 3TO BJIHsHHE NPH yJaJeHHH OT Hero.
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TNogo6uble peryasiTopHbie 3J]eMeHThl, MoJyYHBUIME Ha3BaHHe SHXaHCe-
poB (ycuiuTesefl), LIHPOKO PAacMpPOCTPaHEHbi B TeHaX MHOTOKJETOYHBIX
3YKapHOT, IPHYEM B OT/IHYHE OT FEHOB APOXOKel HX JeHCTBHe ocylllecT-
BJsieTCs He TOJIbKO B NOJIOXKEHHSX Mepej CTapTOM TPaHCKPHMLUHH, HO H
coxpaHsieTcsi Npu nepeMellieny B 3'-paflon resa. Okasajoch, 4TO psif
U3 BHIIEYMOMSAHYTHIX HYKJIEOTHIHBIX MOTHBOB, OOHYHO OGHapyXKuBae-
MHX B NPOMOTOPHOM pafioHe, 06/1a71al0T CBOACTBAMH 3HXaHCePOB.

2. 3HXAHCEPbl TPAHCKPHIILHH TEHOB,
TPAHCKPHBHPYEMbIX
PHK-TIOJIHMEPA30R 11

OnbiTH C MCKYCCTBEHHBIMH TeHHBIMH KOHCTPYKIHSIMH, COCTaBJieHHBIMH
n3 otpeskoB JIHK pasHoro npoucxoxjelinsi, BbISIBUIH CYLIeCTBOBaHHE
0cO00TO LIUC-IEHCTEYIOIETO dJIeMeHTa PeryJIsilliY T€HOB 3YKapHOT, NoJy-
yuBIero Ha3BaHHe YCHJAHTeNsl (3HXaHcepa) WK aKTHBAaTOPa TPAaHCKPHI-
nuH. DHXaHcepbl NPeICTaB/eHH KOPOTKHMH MOCJIEJI0BATENbHOCTAMH
JIHK, cocTOAIMMH H3 OTAE/IbHbIX 3/eMeHTOB (MopyJieH), BKJIOYAIOHX
IeCATKH HYKJeoTHAHBX nap. Mogy/iu MoryT npefctas/iaTh coboit nosTo-
psiollecs eIMHHUB. JHXaHCep YBeJHUHBaeT (PEKTHBHOCTL TPaHC-
KPHIUMH TeHa-B AECATKH H COTHH pa3. BriepBble sHXaHCephl Oblin 06-
HapyXeHbl B cocTaBe reHomoB KupoTHbX JIHK-coxepkamux BHpycoB
(SV40 n nonuoMmbl), rie OHM OGeCNeYHBAlOT AKTHBHYIO TPAHCKPHUMIHIO
BHDPYCHBIX TeHOB. l3B/leueHHble U3 BHPYCHBIX T@HOMOB H BKJIOUEHHHIE
B COCTaB MCKYCCTBEHHBIX TeHETHYECKHX KOHCTDYKIIWH, OHHM Pe3KO YCH-
JIHBaJI¥ 3KCIIPECCHIO Psifia KeToYHBIX reHoB. Ilosnsee Gulin o6Hapyke-
HB cOGCTBEHHBle 3HXaHcephl TeHOB 3yKapuHoTuyeckoll KneTkKu. OcobeH-
HOCTb 3HXAHCEPOB COCTOMT B TOM, YTO OHH CNOCOGHBI JefiCTBOBATH Ha
6obIuMX paccTosiHusaX (Gosee yem 1000 m. H.) ¥ BHE 3aBHCHMOCTH OT
OpHEHTAIlUH M0 OTHOLIEHHIO K HANPABJIEHHIO TPaHCKpuniuu rena. Oka-
3a/0ch, YTO SHXaHCephl MOTYT pacnioiaraTbcsi Kak Ha 5'-, Tak H Ha
3'-konue ¢parmenta JAHK, BK/Iovamomero red, a Takke B COCTaBe
untponos (puc. 112, a). Hanpumep, 3nxancepi Gblin BHSIBJIEHD! B Pail-
oHe 400 n. H. Nepex CTAPTOM TPAHCKPUNLMH F€HOB HHCY/JHHA H XHMO-
TPHICHHA KPbickl. B ciydae resa alKorosibJerHJporeHassi 1PO30QHIIEL
SHXaHcep 6bla 0KaAH30BaH 3a 2000 1. H. Nepej; NPOMOTOPOM. DHXAHCEPHI
o6HapyKeHbl Ha 3'-(JIaHTe reHa, KOAUPYIOLIEro MOJHIeNn THAHBIH MOPMOH-
NJIalleHTapHBIA JIAKTOTeH YeJIOBeKa, a TaKXe B COCTaBe HHTPOHOB Te-
HOB HMMYHOIJIOGY/HHOB W KOJJareHa.

Puc. 112. JHxaHcepn IYKapHOTHUECKHX TeHOB:

@ — BO3MOXHbie PaloHb JIOKaJAH3aUMH 3HXaHCepa (3aWTPHXOBAHHKHMA NPAMOYTObHHK), C pa3Holl
OpHeHTalHell (CTPEJKH) OTHOCHTENLHO HanpaBieHHs TPAHCKPHIUHH; 6 — BianMofeficTBHe GeJlKa
€ SHXaHCEPOM; CTpeJKa — TPAaHCKPHIMS FeHa; 8 — crHGanke Monekyan AHK, obecneunBaoune
KOHTaKT YCHJHTEJS € NPOMOTOPOM NMPH YYACTHH GenlKoBhX PaKTOPOR TPAHCKDHIIUHH, ¢ — YCHJH-
Tenb B GYHKUHOHHDYIOUIEM TeHe TSXKeOH UenH HMMYHOTrJ00y/IHHa THMBOHAHBIX K/ETOK; MpSMO-
YrOVIbHHKH — 3K30HbB; 3 — IHXAHCEP, JOKAJH3OBaHHMWA B GObIIOM HHTPOHE
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3 HXaHCepH MOTYT COfiepIKaTh Pa3Hble HYKJEOTHHbIE OCAEN0BATE b
HOCTH, COCTaBJIeHHblE M3 HECKOJbKHX HYKJEOTHAHBIX MOTHBOB», KaX-
AbiH M3 KOTODHIX 06/1aNaeT yKa3aHHLIMH OCOSHIMH cBOicTBamH. TakHe
«MOTHBBI» (MOJY/11) MOTYT GbiTh MOBTOPEHH B OJHOM CaiiTe HIH qepeso-
BaTbCA APYr ¢ ApyroM. B cocraBe onmpejeneHHOro cemeiicTBa 3HXaHCe-
POB (Hanpumep, B HauGOIee H3YUEHHBIX SHXAHCEPAX reHOMOB BHPYCOB)
MOXHO BBIIE/NHTb OTAe/NbHbIE OBlHE «MOTHBBI», HYKJEOTHAHBLIE 3aMEH bl
B KOTOpHIX MPUBOIAT K PE3KOMY CHHXEHHIO HX GHOJIOrHYECKOH aKTHB-
HoctH. Hanpuvep, pesko najaer akTHBHOCTB 3HXaHcepa ¢ nmocienopa-

=
TenbHocTbio TGGAAAC B pesyiibTate 3aveHBl ryaHHIOBOO HYKJIeOTH-
Jla, OTMEYeHHOro 3Be3/0YKOM.

[Ipunuune fefficTBUs SHXAHCEPOB, CIOCOGHBIX OKA3BIBATH CBOE BJIM-
AHHE Ha 3HAYUTENLHOM PACCTOAHUH (6OJee yeM THICAYH HYKIEOTHIHBIX
Nap) ¥ BHE 3aBUCHMOCTH OT ODHEHTALMH 1O OTHOIIEHHIO K cTapTy Tpas-
CKDHILHH, He BbificHeHbl. KopoTkue HykaeoTHaHble 610K MOTYT cay-
MUTh LUEHTPAaMH CBS3LIBAHHA CNELMPUYECKHX SIIEPHBIX GEJIKOB, BHICTY-
NaoWH X KaK TpaHc-geficTBYtowue daktopel. Cuila 3uxancepa, BeposiT-
HO, MOXeT 3aBHCETb OT YHCJa TaKUX GJIOKOB (Moay.eit). O6ecyxaaiores
CJelyiomue 1Ba OCHOBHBIX MeXaHH3va JeHicTBus 3HXaHcepor. Cynraer-
s, UTO QYHKUHOHA/IbHBIE YHACTKH TeHOMa, COfepIKalllhe OfHH HIH He-
CKO.JIbKO TeHOB, 00pasyloT AJIMHHBIE NETJH, BKMOHAIOUIHE NECHTKH Thi-
ca4 HykaeoTuanbix nap JIHK. Boickasano npexacrassiedue, 4To meTaiu
3aKperedsl B MaTpHKCe KJETOYHOrO spa M MOrYT OHITb CBepXChupa-
Ju30BaHbl. B cocTae MaTpukca BXoxuT Tomonsomepasa 11, no-Bumumo-
My, onpejeasiiomasi tonoqorkio nernu AHK (em. ra. XII). B Ttakom
Cllyyae B3aUMOJEHCTBHE 5HXAHCEPA C GeNKAMH MOKET MEHSIThb KOHQOp-
Maluio Beel NeT/H, BKIIOYAs U yialeHHbId OT SHxancepa yuactok JTHK,
B pe3y./bTaTe Yero B COcTaBe MET/IH W3MeHAETCH JIOKalbHasi CTPYKTypa
XpoMatHHa M obnerdaetcsi TpaHcKpunuua reda (puc. 112, 6). Bonee
BEPOSATHO, 4TO BJHAHHE IHXaHCepa, CBA3AHHOTO ¢ GelKOM, onpegesi-
€TCs eT0 HENocpeACTBeHHbIM B3anvopeiicteueM ¢ PHK-nonumepasoit u
ApyruMH (akTOpavH TPaHCKDPHUIILKH B [pollecce HHMLMAUMH. Takoe
B3aHMOJICHICTBHE MOXKET OCYILECTBAATbCA O1Arofapsi CrubaHui Mode-
kyasl THK, 4To cospaer BOSMOXKHOCTb HENMOCPeLCTBEHHOrO KOHTAKTA

PaifOHOB MPOMOTOPA H YAANEHHOTO OT HErO 3HXAHCEPa, CBA3AHHBIX CO
cneundudeckuMu Geskamu (puc. 112, 8).

Crnoco6HOCTb pAfla 3HXaHCepPOB B3auMOJEHCTBOBATb CO crneunpuye-
CKHMH GeJikaMu Ju(pdepeHlIHPOBAHHON KJETKH, BepOSITHO, OBecredy-
BAET UX BaXHOE CBOHCTBO — TKaHeBYIO creltupuyHocTb. Tranecneuupu-
YeCKHil 3HXaHCep BNepBhie Gbl1 BHISBJEH B reHaX, KOIUPYIOLIHX TsKe-
JIYI0 MOTUNENTHAHYIO UeNb uMMyHora06yauHoB. Ilpu o6pasosanuu
YHKIHOHUDYIOLIETO FeHAa WMMYHOIIOGYIHHA POHCXOIHT [IPOrpaMMH-
poBaHHas B DAa3BHUTHH MEePeKOMOHHALMA TeHeTHUECKOro MaTepHaja.
OnuH H3 HECKO.IbKHX COTEH IeHOMHBIX CErMEHTOB, KOJIHDYIOWHX BapbH-
PYIOLLYIO 4acTb MOJIEKYbl anTHTena (V-reHs), B pe3ysibTare Moc/ae10sa-
TeIbHBIX PeKOMOHHALHOHHBIX NIPoLeccoB coedunsercs ¢ D- u -J-ameves-
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TaMH M, HakKoHell, ¢ PafOHOM, KOIHPYIOLUIHM KOHCTaHTHHeB C-pafionnt
HMMYHOIJIOOY/IHHA U COAEPIKALHM SHXaHCep (pu”c. 112, 2). n(%on:{e::g
TPaHCJIOKALMH  Kamptil V-reuocoxpaﬂﬂer CBO1 MPOMOTOP. Icloc-ra-
TOMBKO NPOMOTOP, NepPeHeceHHbIN K SHXAHCEPY H Haxonﬂmnucs;gl_a ol
Be (YHKIHOHANBHO NEePecTPOeHHOTO reHa, aKTHBHPYETCst B D-J ;
LMTaX, Cie red AOMKeH paboraTb. JHXaHcep, CBOHCTBa H OYH uu;{
KOTOPOro GbliH J0KA3aHBl C NOMOIILIC HCKYCCTBEHHBIX reHe'mqecnKu_
KOHCTPYKUHMH, pacrnonaraetcsi B padoHe HHTPOHA. 3aMeTuM, 4TO ggﬁ
GKeHHe YCHAUTe s K V-reHaM — 3TO JUlllb OfHH H3 MHOTHX 5Ta »
B CJI0¥KHOM H MHOTOCTYNEHUYATOM MPOLECCEe aKTHBALHH 3KCIPECCHH re-
HOB HMMYHOIJIOOY/IHHOB. JHXaHcep OGHAPYXHBAeT BHpaXEHHYIo I{i:x
HeBYIo CleludHYHOCTb: ero aKTHBHOCTb NpOABJAETCS BunnM(poyma ¢
KJeTkax, HO He B QuOpoGiracTax HIM KJETKaxX JIerouHOH TKaHH.Y H
XaHcepbl ¢ TKauecmelHGHYeCKHM JeHCTBHEM OMHCaHbl M A4 ApYrHX
TEHOB, HalpuUMep JJIsi TEHOB MHCYJHHA M XMMOTDHICHHA, KOTOp[;l:Kl:Ie
TI0/iBepraioTcsl NepecTpoiike B Npouecce KJAeTOYHOH audxpepeniinp 6ec:

Msmenenne XapakTepa SKCIIPECCHH TEHOB MOXKHO HabmopaTh B
KJIeTOUHBIX CHCTEMaX, KOMIOHEHTAMH KOTOPBIX SIBJISIOTCS COGCTBEHHO
TeH, SHXaHCep M CrelupHYecKHe PeryJsTopHble GelKH. O}(asmaae'rgﬁe,1
YTO IHXaHCED B 3aBHCHMOCTH OT 100aBJ]sieMOro Be/KoBOro dakr p»
MOMKeT HayaTb BECTH cefsl H KaK HEraTHBHO JeHCTBYIOLIMH «IJIYUIHTE/b
{aurs1. silencer) skcrpeccuu resa. HeratuBHoe JeHCTBHE TaKoro sJe-
MeHTa, NPOSBJIAETCS NPH CBA3LIBAHHH C TKaHECTEUHPHYHbIM Tp&HCél::l(;;r“
BylowuM GesIKoBbIM (DaKTOPOM. IlopoGuble 31eMEHTHL C Hel‘a’[’l:l :
appexTaMH ObliM OGHapyXKeHbl, HaNpUMep, B6JIH3H TeHOB HHCYJIHMHA
i a-peTonpoTenHa KPpbICHl, IKCMPECCHS KOTOPBIX HabmojaeTcs coor:
BETCTBEHHO B P-K/1eTKaxX MOMXKENYJ0YHOH eaesbl u B TeyerH, ',{0 oT
CYTCTBYET BO MHOTHX APYTHX TKaHsX. HeraTHBHOe 1eHCTBHE «riay um-re:
Jiefi», KaK # B c/lydae SHXaHCepOB, HE 3aBUCHT OT TNOJIOXKEHHS H OPHEH
TalH¥ OTHOCHTE/]bHO CaliTa HHHUHAUHH TPAHCKPUILHH.

[To Mepe HCCJIEIOBAHHS PEryIATOPHBIX 3JEMEHTOB reHOMa 3YKapHOT
0Ka3a10Ch, YTO He YAAeTcsi [POBECTH CTPOrHX (YHKLHOHAJbHBIX pas-
JIWYHil MeXy SHXaHCePAMH M BbILIEONHCAHHBIMH 3/1@MEHTaMH MPOMOTO-
pa. [Ipexze Bcero OpHEHTALHS TAKHX AKTHBHbIX 3/IEMEHTOB POMOTODA,
kak «GC-MOTHBLI», MOXeT ObiTb Jil0GOH OTHOCHTEJbHO Hanpaaneﬂmf
Fpanckpunuun resa. Bonee ToOro, npomoTopHbie 3nemem1|3|A’;sAHOB Me_
TaJJOTHOHEHHA H TeHOB TEMJIOBOrO ILOKA, OTAe/eHHbe OT -nocJie
JIOBaTe/IbHOCTH, onpefensiomedl caiT HHUUMALMH TPAHCKPUMILIH, TaK-
e COXPaHSMIOT CrielMPHIecKue Pery.IATopHble CBOACTBA BHE 3aBUCHMO-
‘CTH OT OpMeHTallHH. [IpOMOTOpHBIA yYacTOK reHa MeTaJmomoaeuua:
BKJIIQUAIOLYHE psifi PEry/ASTOPHBIX MOTHBOB, CNOCOGEH CH/ILHO CTHMYJIH
‘POBaTb IKCMpPECCHIO reHa P-riobuHa W B TOM Caydae, €CaH MPOMOTOp
PacrnoJIoKUTh Ha 3’ -(1aHre OTHOCUTE.IbHO HaNpaBJ/eHHs TPAHCKPHIILHH,
TIpyYEV HA 3HAYMTENBHOM PACCTOAHHH OT B-rao6HHa. [TpuMeuarensHo,
yTo 3Kcnpeccusl P-r.106HHa Tenepb GyIeT 3aBHCeTh OT HOHOB METa.’l.’IO:O.
B pesy.braTte pery/AaTOpHBI y4acTOK reHa Meramomoneanua Moz(wz
paccMaTpHBATh HE TOJbKO KaK NMDOMOTOP, HO H Kak uHdyyupye
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3HXaHCep aKTHBHOCTH rena. [Mono6ubiM o6pasoM creunduyeckuii npomo-
TOp I'eHOB TeILIOBOro 1I0Ka, oTdenedHblii oT MoTHROB TATA u CCAAT
H HaXOASLMACS Ha 3HAYHTEJLHOM PAcCTOSHMK OT CTap1a TPAHCKPHI-
LHH, BHE 3aBMCHMOCTH OT OPHUEHTALMH NO OTHOLIEHHIO K HEMY aKTHBH-
pyeT ren B-rio6uHa NpH MOBBILEHHH TEMIIEPATYPHI.

Takum o6pa3oM, perynsTopHble 3/eMeHTb 'eHOB, KOTOPbie MepBo-
Hava/JbHO OTHOCHJIM JHGO K MPOMOTOPHbIM, JHGO K SHXaHcepam, of.a-
JaloT psijoM o6muX QYHKIHOHANLHBIX XapaktepucTHK. Ha ¢usnueckoit
KapTe peryJsaTopHO# 06/acTH reHa OHH MOTYT Pacnofarathcs B OJHOM
paiioHe, co3jaBas CJIOKHYIO MO3aMKY PeryJsiTOPHBIX CHFHanoB. [lpu-
Mepbl C reHaMH METa/JIOTHOHEHHA WJM OeJKOB TeMJOBOIO 1IOKA NMOKa-
3aJTH, YTO UHC-AEHCTBYIOIHE PEryasTOPHLIE 3JeMEHTh ClIOCOOHB aKTHB-
HO BBIMOTHATE CBOIO POJib IPH PEKOMOHHALUK C reTePOIOTHYHBIMH HJTH
C FOMOJIOTHYHBIMH TFeHaMH OPraHM3MOB, OTCTOAIMX B 3BOJIONHOHHOM
NaHe AOCTaTOYHO Aajeko Apyr ot Apyra. CiefoBartelbHo, B3aHMogeiicT-
BHE 3THX 3JIEMEHTOB U COOTBETCTBYIOIHX Oe/IKOBBIX TPAHC-1eHCTBYIOUUX
peryJiiTOpOB reHHOH AKTHBHOCTH OCHOBAHO Ha JOCTATOYHO OBLIHX KOH-
CepBATHBHBIX [IPHHLKIAX, COXPAHSIOWMUXCA B [POLECCe 3IBOJIOLHH.
BO3MOKHOCTb JANTEJbHONH 3BOMOLMOHHON COXPAHHOCTH LHC- W TPaHC-
AeACTBYIOLMX KOMIIOHEHTOB, OTBEYAIOU[HX 32 CTPOTYIO TKAHEBYIO H Bpe-
MEHHYI0 3KCMPECCHIO TeHOB, a CeA0BATEIbHO, 33 PeryJisiliHIo Pa3BHTHS
OpraHu3Ma, HeOJHOKpaTHO Oblja MOKa3aHa 3KCIepHMeHTadbHO. Tak,
Hanpumep, AeMOHCTPATHBHbL OMbITbI C TPAHCTEeHHBIMU OcobsiMu D. me-
lanogaster, TeHOM KOTOPHIX cOZepMa/ TeHbl IIEJKONPAAA, KOTOPbe
KOIMPYIOT KOMIJIeKC GelKOB 060/I0uKH Afila M paboTaloT B (HOJIHKY-
JASPHBIX KJeTKaX, OKpyXawouux aino. B doniukyaspHbix KjaeTkax
TPaHCreHHBIX MYX TeHbl LIEJKOMPSAAA 3KCIPECCHPOBAAUCh B TO e ca-
MOe BpeMsl Pa3BUTHA, UTO U coOcTBeHHbie renbl. CunTaercs, 4to obuiuii
NpeoK APO30dH.IBI U WeNKONpsaa cylecTsoBan 240 M. Jer Hazag —
B TO BpeMsl, KOTJa TOJNbKO Hayanach AMBEPTeHLHs NTHIL U MJIeKOMHTAIO-
wHX. BO3SMOXHO, 3BOMOUMA B 3HAYHTENbHOH CTeneHu WuLIa He MyTeM
CO3[aHHSA PHHUMITHAIBHO HOBBIX THIIOB B3aUMOAEHCTBHSA PEryAsITOPHBIX
3/1EMEHTOB, a MyTeM HX NepeKOMOMHAUNU H BO3HUKHOBEHHS HOBbIX CBSi-
3eil Mexxay resamu. OTcyTcTBHE TPeGOBaHHil K CTPOroi JOKaJH3alUHH H
OPHEHTAIIMH PEryaATOPHbIX MOC.1e10BaTENbHOCTEH OTHOCHTENbHO [EHOB
CHJIBHO PACIUMP5ieT BO3MOKHOCTH CO3]aHHSI HOBBIX Dery/SATOPHbIX CBSi-
3efl MyTeM MepPeTacoBKH Dery./sITOPHBIX 3JEMEHTOB B Npolecce 3BOJIO-
uun. B rakoM cnyuae 3BosOUHS PEryssiTOPHBIX 3/1eMEHTOB 3YKapPHOT
MOXKeT GbiTb OCHOBaHa HAa U3MEHYMBOCTH MO3aHKH OrPaHHUYEHHOTO YHCAA
pery/isTOPHBIX HYKJEOTHIHbIX MOTHBOB.

UpesBblualtHO BbICOKasi CTereHb KOHCEPBATHBHOCTH BO B3auMOZeii-
CTBHAX O0€/IKOB TPAHCKPHIIUHH C TeTepO.IOrHYHBIMH NPOMOTOPaMH H
IHXaHCepaMH, a TakKe 6e.TKOB TPAHCKPHNLMHK PA3HOTO MPOKCXOKIEHHS
ApYT C apyroM Obl1a NoKa3aHa cIeRyowuMy skenepuMentamu. Jlobusa-
JIUCb 3KCNPECCHH KJIOHHPOBAHHOrO reHa JPOXCKeH B KJeTKaX MJeKOMu-
TAOLUIMX M CIeIuad 3a PyHKuuel MpoayKra 31oro reda — Ge1ka GAL4
(puc. 111, a). Oxasanocs, yto 6e1ok GAL4, oBpasyiouiuiics B KJAeTKax
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M.IEKOTHTAIOIMX, CBA3bIBAETCA C POLCTBEHHOH IHXaHCEPHOH nocieno-
BaTeJIbHOCTBIO B AApe W AKTHBHPYET TPAHCKPHMLHIO T'€HOB M.IEKOMH-
ratowux. JpyruMu caosamu, apoxokesoil Geok GAL4 criocoGen He
TOMBKO y3HABAaThb SHXaHCEPHbIE MOCAENOBaTeNbHOCTH, CXOfHbE C All-
110C/Ie10BATENbHOCTAMU TeHOB JPOXIKel, HO M J0CTATOMHO 3(xpeKTHBHO
B3aHMO/EHCTBOBaTb ¢ (haKTOPaMH TPAHCKPHIILMH H PHE(-nonuMepasou
MJICKOTIHTAIOMMX. BO3MOXKHOCTb STHX B3aHMOAEHCTBHH ofbACHAETCA
CTPYKTYPHbIM CXOACTBOM MO KpaiiHeil Mepe OTIe/bHbIX y44CTKOB aKTH-
BaTOPHbIX 0eJIKOB ApOXKel M GeJIKOB MJIEKOMHTAIOMHUX, CBSA3bIBAIOLIHX-
Csl C SHXaHCEepaMM u ApYruMu GelKaMH TPAHCKPHIIIMH, a TaKKe BbCO-
KOWl KOHCEPBAaTHBHOCTbIO aMHHOKHC/IOTHOM IOC/E/0BaTeNbHOCTH GOJb-
woit cybneannnusl PHK nomumepasst 11y Beex syKapuor. CiiegoBaTeb-
HO, CMOCOGHOCTb K (YHKIHOHAJIbHBIM KOHTAKTaM TreTepo.JorHYecKHX
GEIKOB, YYACTBYIOULHX B TDAHCKPHIIUIHH, COXPAHAETCA B 3BOJIOLHH
3VKapHOTHYECKHX OPraHH3MOB.

3. TPAHCKPHNIUUS PHBOCOMHbIX TEHOB
C NMOMOLLbIO PHK-TIOJIHMEPA3DI |

"Bosee noJoBuubl BaoBoro cuutesa PHK ayKaphoTuueckoil K/eTKH
NpHXOANTCA Ha oopasosanue 18S, 285 u 5,85 PHK pubocou. Putoco-
Ma/bHble TeHbl NPEACTABAEHBl COTHAMH NOBTOPSIIOILUXCA KOMHH, CTPyIN-
TIHPOBaHHbIX B OJHOM HJHM HECKOJIbKHX y4acTKax reHoMa. Muorokpar-
Has nostopsiemocth redoB pPPHK, a Takxe uX aMniuuKauus Ha ornpe-
JieTeHHBIX CTafHAX PA3BHTHS OTPANKAIOT NOTPEGHOCTD KAETKH B GOAbIINX
KO/MHYECTBAX TPAHCKPHITOB 3THX TeHOB. DB.IOK akTMBHO paboTarollnX
PHOOCOMHBIX TeHOB (OpMHPYeT ocobyio CTPYKTYPY — AIpBILIKO, Ile
ocymectsasercs cuntes PHK. reHPl, Kopupytomue pubocomunie PHK,
pasjielieHbl POMEKYTKaMH — CreHcepaMH (anra. spacer), AJdMHAa H
CTPYKTYpa KOTOPbIX MOMET JAOCTATOYHO CWIbHO Pa3.1uuarthCs Jaxe y
6au3Kux Buiob (puc. 113). Panee cuutanu, 4T0 paHOHBI CrieHCepa He
TpaHcKpuGupyloTcsi. JleicTBUTENbHO, 3A€KTPOHHO-MHKPOCKOMHYECKHE
KapTHHBI TPAHCKPHIILHKH PHOOCOMHbIX TEHOB, Ka3as1och Gbl, NOATBEpHK1a-
Ju 5ToT BbiBoA. OZHAKO 0Ka3a’loch, UTO TPAHCKPHIITH! CrieHCcepoB MO1-
BepraioTcsi 0co0eHHO GbICTPOMY MPOLECCHHTY H 1erpalaluu. B kouue
creficepa HaxoauTes calfT TepMuHauun T, BK.HOdYaollni KOHCepBaTHB-
“HYIO N0C.1e10BaTebHOCTh U3 HECKOJIbKHX HYK.1€0TH10B. PYHKIHOHA1b-
Has 0coGEHHOCTb 3TOro caiiTa 3aK.JI4aeTcss B TOM, 4TO OH XKe OTBedaer
M 33 PeHHHIMALMIO HOBOrO TpaHcKpinTa. O1HO M TO Xe MYTalHOHHOE
u3veHeHHe B 3TOM paiioHe creficepa CHHXKaeT KakK SQJ(peKTHBH’OCTb Tep-
MUHALHH, TaK H peHHHlUkalui TpaHckpunuuu. IIpi ocBoSoX1eHiHH
TpaHckpunta B caiite T moiumepa3a cOXpaHsieTcs CBA3AHHOH C JHK.
B3auvoeficTBYa ¢ 1OMOTHHTEIbHbIM Ge1KOBbIM (akTOPOM, NoIHMepasa
TVT XKe HaCTPaHBaercs Ha CIe1VIOWHi akT PeHHHIHALHH TPAHCKP HALIIH.
B.1aro1aps conpsixeHIiio aKTOB TePMHHALKH H HHHIHALHH B OTHOM CaiTe
obecneunBaercs BblcoKas 3xheK THBHOCTh MPOLECCa TPAHCKPIMIHH, N0-
CKOABKY KaX1biil HOBBI/ aKT HHIILALIMI He TPeGVeT MoKCcRa NPoMOTopa.
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B creficepe o6napysxens TOBTOpSIOULHECs NOC/IeA0BATENBHOCTH, KO-
TOPbie PesKo, B J1eCATKH pas, AKTHBHDYIOT TpaucKpunumio. [lono6uo
SHXHCEpaM TeHOB, TPaHCKPUGHPYewbix PHK-nonnvepasoit 11, takye
NIOBTOpbI, BK.IOYawWue no 40—60 . H., aKTUBHDYIOT TPaHCKpPHMLMIO
BHE 3aBHCHMOCTH OT WX opHeHTaluu no OTHOLIGEHUIO K HaNpaBJ/leHHIOo
TPaHCKPHNUMH. 3PDEeKTbl TaKux TNIOBTOPOB  TaKKe Masio 3aBMCAT oF
PACCTOSHUST MeX1y HMMH M CcTapTom TPaHCKpHNUMH. HHTeucHsHoCTD
TPaHCKPUNLHY NPONOPUHOHAIbHA HHCIY TAKHX ycHauTelelt B cocTape
cneficepa. Onrako Mexanrawbl, c TIOMOLLBIO KOTOPBIX HXaHCEpH, JI0Ka-

TI0 CPAaBHEHHIO C MeXaHU3MOM AelcTBus SHXAHCEPOB TeHOB, TPaHCKpH-
Gupyembix PHK-no.1uvepasoii 11. TosTopsuomuecs no m1ume cnetice-
Pa_31€MeHTHl CNOCOGCTBYIOT CBA3BIBANUIO Moneky.1 PHK-noauwvepassr [
¢ AHK-vatpuneir s paifone creiicepa. Tpeanonaraercs, uro crneficep
Haps1y c Mo.JeKy.aavu PHK-noanvepaser, OCYLIECTB.IAIOLUMMH TPaHC-
KDHIUHIO, MOXET CO7epIKaTh CBA3AHHLIA maker MO.1eKY.1 mo1umMepasbi,
TECHO DACNO.TOMKEHHLIX MO 1iuHe Creiicepa u nmpoaBuralomuxes k npo-
Motopy. B pafione npomoropa OCYLIeCTB/SIeTCA HHHLHAILHS TPAHCKpHI-
LUHH 3THMH MO.1€KY.1aMH PHK-noauvepase. B pesy.btate tauteMHas
OPT2HH3ALHS PHOOCOMHLIX T'eHOB, pa3jeeHHbIX ATHHHBIMH crieficepa-
MH, oﬁecneqnpa}oumwn CBASLIBAHHE NMO.TMMEPa3bl H COTePKAILHMH pery-
-IATOPHBIE CAHTh TPAHCKPHNLMH, NpeaHasuayena 1151 ofecrnevenHs Bbi-
COKOH ek THBHOCTH dyHKRUHOHUpPOBaHg PHBOCOMHBIX reHoB. Sdpek-
THBHOCTb Npoliecca, No-BHAHMOMY, TaKiKe 3HAYHTE.IbHO VBe.IHUYMBaeTCs

§ s
4m.nn. ~8m.n.n
28H cnedcep 2eH cnedcep 2eH
5 l PHK3'
npoueccune
5 585 2s a
RN SN SN

H00008pa300onpas PHK, 5
cOr30HKaA ¢ Seanamy
Pue. 113. Tpanckpunuus pubocomusix reos 3vkapuotr PHK-noanmepasoit 1

(@) M KapTHHbI TPAHCKPHNUIH, BHISABISMON MeTo1aMy 3 T€KTPOHHOR MILKPOCKO-
nun (6)

YepHbie NpAMOYIoIbHHKH — T010KeHHE 5.1eMEHTOB, aKTHBH DY IowLiX TPaucKpumumio; T — cailtw
TePMHHaWHK (PeHHHUKALMH)
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Giarolaps KOMNApTMeHTalu3alHH e(Kon:;;)l;;I)JereOBaHmo) BceX Komno-
CTeMbl B OAHOH CTPYKType — .
WeHITD(;z;:uHﬂ B CTPYKTYpe cpne;“icepos y ONH3KHX BHIAOB oueﬂbe};&;ﬂzl;g:
BO3TOMY CreHcepbl paccMaTpHBaTHCh Kak (pyuxuuonaﬂbﬂgc:{a% I():nveﬁ-
yble. OGHapyXeHHe BaXKHbIX PEry.IATOPHBIX 3.1EMEHTOB B qum{e cnen
tepa No3BOJIM/IO NMOCTaBHTb NOJ COMHeHHe obliee HPEHCTEI?}:IK € 0 Tox,
41O B mpollecce 3BOTIOLUU GLICTPO MEHSIIOTCS Te PaioHEl R Ko pz”o
(YHKLIHOHA1bHO HeHiTpaabHbl. Hanporus, MoXHo npe,mz(;;l 3301}‘011“;1
31ech OCYLIECTBISIACH CPABHHTEIbHO GHICTPAS COBMCCHIHK cn;_ﬁcepa
(«<k03BOMNOLHA») PYHKUHOHATBHO Ba)ii{HHblx y4acTKOB
1 X B3aHMOeHCTBYIOIHX C HHMH.
! 6%:)};?13:ﬂeﬂCTB)’EOHLHe ?bamopbl TPaHCKPUILHH, CBHSbIé}a}OLﬁ];[:;S;HS
sJeventaMu npovotopa PHK-noanvepassr I, ne H3YYeHB. HaﬁeﬂKOBbe
6oblie H3BECTHO O CTPYKType H MexaHu3Max Aencgi;{n}z_noﬂyMepa-
($aKTOpOB TPaHCKPHNUHH, B3aHMOJEHCTBYIOIHX C 1

3o# II1.

4. PErYJIsiUHUS TPAHCKPHUNLHH,
OCYWECTBJISEMOA PHK-TIOJIHMEPA30OA 1II

L
PHK-no.nvepasa 111 tpanckpuGupyer reuwst 5SPHK, TPPPIl_IKK H()Jb?lh
PHK. T'ennr 5S PHK, kax # renst Apyrux puﬁocoma.’m:l{):m HOB;OPHD_
a)ke ThiCYaMH TaHI
HO MNPEICTAB.IEHBI COTHAMH WIH [ ’
muxcpn KONHii, pa3ie’leHHbIX cneficepavy (pHC. 1114!)31. iﬁﬂrliiur%of{};?“(s
HoHax renoma. l'eH
B OJHOM H.IH HECKO.JIbKHX pa
3YKAPHOTHYECKOH K.1eTKe HacuutbiBaeTcsi 40—60 OCHOBHt;IK)ZH;:Iréoi
TPHK) rtakxke uacto CrpYONHPOBAHBI B K.1acTephl, palc)r}_cI)JII(oB ke o
pa3HBIX XpoMocoMaX. Xapakrep OpraHu3aluH FeHOB T

fenst 55 PHK naayuku

0-600 7T TN )
20 30 // - \\ cneueep
e —C
— 7 1
\\ ————»/l
/
25 \a\\‘—‘ ’/’
- .
lenbt mPHK s~ \\\
D o owiy [ s
— W

\ —_—/

\
’ \\_’,

JeMbie

Puc. 114. Tennt 58 PHK (@) # TPHK (6), TpanckpuGHpYyeMbi
PHK-noauvepasoit I11: e s

4 - TH N a3a; CTpeIRH — Hanpas.1¢HHe D o
‘!"I) ':{ZLT,F sl|\'rp2}}:Hﬁ21?L\;igK)i FeHOB, KOHTPOIWPYIOUIHX TPaHCKPHIILKIO (Pa3mep:
e M M
pra33Kbl B nyKneo‘rn;ax)

——
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TaKHX G/IOKOB CHJILHO BAPbHPYET Y Pa3HbIX OPTaHH3MOB. B uesiom opra-
Husauus reHoB TPHK B knactepax we crosb peryssipua, Kak B ciyyae
pubocomanbubix PHK: Hanpabienue TpascKpunumu 6Gausiexaliux
TeHOB ObIBAET NPOTHBOMONOXKHLIM, a TeHBbl MOTYT GBITh pa3nesneHbl HEp4-
FYJSIDHBIMH TIPOMEXYTKaMH, BKJoyawouumy 100—150, a wuHorna
HECKOJIbKO ThICSiY HYKJIeOTHAHbIX map. Ilpupona u ¢yuxuuu yyacrxol
JHK, paspensnouinx reusl TPHK, He BbIsicHeHb.

OcoGennoctb yuactkos renos 5S PHK u TPHK, ysuaBaemuix dak
Topamu TpaHckpunuun 1 PHK-nosmuMepasoit u obecnednBatourux mmi
IHAIHI0 TPAHCKPHIILHH, COCTOHT B TOM, YTO OHH JIOKAJH30BaHBI HElo-|
CPEICTBEHHO B TPaHCKpHOHpyeMoM paione (Mau pafionax) resa. Tax,
paiton BHyTpH reHoB 5S PHK nsirywku, Kopupyiournii uyxneoruast
¢ 55-r0 no 80-f1, HeOGXOAHM A1 HHULUHALKMH TPAHCKPUNUHKKE (puc. 114).
Pasmepbl TpaHCKPHIIIHOHHOTO KOMIJIEKCa, BKJIOYAIOMEro CyGhenuHH-
bl 110/HMepasbl, JAOCTaTOYHO BeJHKH, 4TOObl B3aMMOAeHCTBOBATb C
BHYTPEHHHMH pafioHaMH HeGOJbLIOTO MO PasMepaM IeHa W OJHOBpe-
MeHHO MHMUMHPOBATb TPAHCKPHUNUMIO. CHIHANOM TeDMHHALMH TpaHC-
KPHIIUHH CAYKHT MOCNENOBATENbHOCTh H3 HECKOJIBbKHX CJe1yIOUIHX
ApPYT 32 IpyTOM THMHAMJOBBIX HYKJeoTHAoB. Posb cneiicepa B TpaHc-
KPHIILHH, 110 KpaiiHe#l Mepe B ONbITaX (n vifro, NoKa He Gblia 0OHApyXe-
Ha. HoBoo6pasosannas 5S PHK, no-sugumomy, He mopsepraercs mo-
JMQHKALHH M [POUECCHHTY.

Buytpu renos TPHK ofnapyxenbl ABa paiioHa, HeoGXoauMble Aas
TOrO, YTOGBI OCYUIECTBH/IACh NPaBHJbHAA M 3pHeKTUBHAS TPaHCKpUM-
uus. Hanpumep, anst opsoro u3 ucesenoBanssix renos TPHK 3to 06-
J1aCTH, KOAHpYylouiHe HyKaeoTuabl 8—25 u 50—58 monexyan TPHK.
IBa yuacTka TaKOTO «paciUeNIEHHOrO IPOMOTOPa» COBMANAIOT ¢ pafio-
HaMH TeHa, KOTOphle COOTBETCTBYIOT Haubo/ee KOHCEPBATHBHBLIM paiio-
Ham mosiekya TPHK B aurnapoypuzunosoit (D) u ncesaoypuauaoBoii
(T) nernsx, coomepxauiux HaOOJblIEe KONHYECTBO HHBAPHAHTHBIX
HYKJI€OTHIOB. JInl aKTHBHOH TPAHCKPHIUHH TPeOyeTcsi COXPaHHOCTD
paccrosinust Mexny paionaMn D u T npomortopa, Kotopoe cocTaB./sieT
0K0J10 50 . H. (puc. 114). B 10 e Bpems 3Ty 061aCTh reHa MOKHO 3aMe-
HHTb Ge3 yulep6a Ha dyXepoauyw. Paiion renos TPHK, xoxupytourmii
HWHTPOH, BhllleN/IsfieMbIH B pe3ynabrate mpoueccHura (cm. ra. VIII),
HE MIPaeT POJNH B HHHLUHALMH TPAaHCKPHNLMH. BHyTpu paiionoB reHos
5S PHK u 1PHK, ompeaensiomux To4HYIO ¥ aKTUBHYIO TPAHCKPHITLHIO,
MOXHO HalTH TOMOJIOTHH 1O HYKJEOTHIHOH MOC/e10BaTe.IbHOCTH.

Tpanckpunuus resoB 5S PHK u TPHK ocywecrtBaserca ¢ yuactu-
€M BBIIENEHHbIX U OYHLIEHHbIX OeTKOB — (DAKTOPOB TPAHCKPHITLHH.
OcoGenno xopowo u3ydyeH creliudruieckuii daktop TpaHckpuouun TF
INT A (anra. transcription factor) 5S-renoB. daxTop npeicrasaser
coboi noaunentia ¢ M, =40 000, on cBA3LIBAETCSA C BHYTPEHHHM KOHT-
PONHUPYIOIMM 3JeMeHTOM OS-reHa. Bceiel 3a HuMM CBSI3bIBalOTCH 1B
apyrux 6enka u npucoegunsiercsi PHK-noauvepasa. Ogua u3s ocobet-
Hocreit 6enka TF 111 A cocToHT B TOM, YTO OH CrielH(HYECKH CBS3bIBA-
erca He toabko ¢ JJHK, no u ¢ 5S PHK. ITostomy npu Goabluoit KoH-
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UeHTpauuH npoaykTa TtpaHckKpunuud — 5S PHK — dakrtop cBsa3b-
gae’rcn, a aKkcnpeccusi 5S-reHoB nopaBasieTcs MO NPHHUHITY O6GpaTHOH
BSA3H.

Berox TF II1 A 6bin mepBbIM 3yKapHOTHYECKHM DeryJSTOPHBIM
OJIUMENTHAOM TPAHCKPHIIIUK C U3BECTHOH AMHHOKHC/IOTHOH NOCJENO-
aTeJIHOCTBIO, A/l KOTOPOTO YJaJ0Ch MOCTPOHT AOMEHHYIO CTPYKTYP-
yi0 Moziesb. B 3ToM Gelike BhisiBeHb! 9 TOBTOP AIOUIHXCS, HO OTJIMYAI0~
MXCA APYr OT Apyra JAOMEHOB — «IalbLEeB», KaXAHil H3 KOTOPbIX

BKJio4aeT 0Koa10 30 amunokucaor. JlomeHs! copepXaT HHBapHaHTHbie
YYacTKH, BKJIOYAlOUIHe 1Ba LHCTEHHOBBIX M JBa THCTHIHHOBBLIX OCTAT-

'Ka, CBSI3aHHBIX C HOHOM HHHKA (puc. 115). «KoHusl» pasHbIX «najbues»

(metnu) HecyT BapbHPYIOLIHE AMHHOKHCIOTHBIE OCTATKH, CPeLH KOTOPBIX
BCTPEUAIOTCA MONIOKHTENLHO 3apsiKeHHbIe, KOTOPHe, I0-BHLHMOMY,
crnocoGubl Jierko B3auMozelictBoBath ¢ JJHK. Kak okasasloch, mopo6-
Has CTPYKTYPa DeryJisiTOpHOro GelKa 3aKOAHPOBaHAa B psine JAPYTHX
TeHOB, KONHPYIOUIHX pery/ifTopHble 6eKK 3yKapuoT. Tak, red Kriippel
(kaneKa), KOHTPOJIHPYIOUMHl DPa3BUTHE JPO3OPHIIbI, Koaupyet GeJoK,
COJePKAIUMA UYeThipe MOROOHBIX 1oMeHa. TaKHe AOMeHbl OGHApPYXeHb B
B GesKax — peuentopax ropMouos. [lpeanosaraercs, uto BeICTYNatO-
mue cssbiBatowmecsd ¢ JIHK pasuble nasbubl, coefuneHubie Apyr ¢
APYroM 'MOKHMH MOCTHKAMH, OCYLIECTBJSIOT CPa3y HEeCKOJbKO KOHTAK-
10B ¢ JJHK. Takasi monesnn crpoenns TF 111 A noseonsier npeanoao-

TFOTA )
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NHY, /————CO0H

1 529

NH f———

Xenopus npoloduna

Puc, 115. Cxema aunefinoro PacnoJIOKEHHA JOMEHOB-«MaJjblieB» B cocTaBe HIr-
Topa tpanckpununn TFIIIA 1 Genka, koxupyemoro rewom Kriippel, ynpasusio-
WHM pasBuTHeM ApO30QH.IB

I;Hd)pﬂ e~ HOMepa aMHHOKHCJOTHRWX OCTAaTKOB; 3a4ePHEHHHE H ofo3HadeHHbe KPeCTUKAME KPYX~
"~ COOTBETCTBEHHO PAclONOKeHHEe OCTAaTKOB LIHCTEHHA H FHCTHAHHA
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KHTh, No4eMy dakrtop coxpansercs csasauubM ¢ JJHK npu nostopubix
aKTax TPAHCKPHUMUHMH Te€Ha: NPH TNPOIBHKEHMH NOMHMEPasbl OfHH
Malblibl COXPAHSIOT KOHTAKTH, TOTa KaK APYrie, NepecTaBas B3auMO-
aeiictBoBath ¢ IHK, ofecneuusaior nponsixenue PHK-nonumepas
«[Tanbubr, pasanyaomuecss 1o cuie cessvieanns ¢ JHK ung PHK
TI0-BHAMMOMY, OOECNEYHBAIOT BLICOKOCTIEUHPHIECKYIO CHCTEMY Y3HaBa
HHSl HYKJIEHHOBBIX KHCJIOT GEJKOM.

Buiu paccMoTpeHbl TpH TDYNMB 3yKAPHOTHYECKHX TEHOB, TPaHC-

XpHNUHA KOTOPLIX ocyiuects1siercsi paaubiMu PHK-nosumepasamu npu

yuacTHH OeJKOBbIX (DAKTOPOB, B3aHMOLEHCTBYIOWMX C XaPaKTepPHbIMH

JISE KaXKKOH TPYNMBL PeryIATOPHBIMH 3JeMenTamu. OIHAKO KPoMe HHX -

CYWECTBYIOT ellle «rHOPHAHbIE» CHCTEMbl TPAHCKPUILHMM, B KOTOPBIX,
TI0-BHAHMOMY, OJAHOBPEMEHHO MOTYT HCIIOJIb30BATHCS CIOCOOBI pery.s-
LMH, NPEeNCTaBAeHHbIE B KaXIOM H3 DACCMOTPEHHDBIX THIIOB TPAHCKPHII-
uuu. Tax, PHK-noaumepasa 11 tpanckpubupyer remsl Masbix siaep-
Hux PHK (cm. rot. VIII) tuna U6, a takxe reust 7SK PHK HeussecTHOI
OYHKUHH, XOTSl Te H ADYTHE HE COAEPKAT «BHYTPEHHHX» MPOMOTOPOB
H, HarpoTWB, Ha 5'-KOHIle HeCyT PHL 3JEeMEHTOB, XapaKTepHbIX s
CHCTeM TPAHCKPHNUHUH ¢ NoMolibio PHK-nonumepasst 1.

5. TEHHI,
HATIPABJISIOIRHE PA3BUTHE OPTAHH3MOB

Perynanus skcnpeccHu TeHOB 3yKapHOT JIEXHT B OCHOBe nporpamMmut
Pa3BHTHSI MHOTOKJIETOYHHIX OpraHusMoB. B nauane XX B. Gnarogaps
paGoram T. Moprana u 3. Bu/bcoHa CTal0 OYEBHAHBIM, 4TO Pa3BUTHE
nporpamMmupyercsa redamu. [1o3ToMy oauH M3 NOLXOZOB K NMOHUMAHHIO
3aKOHOMEPHOCTEA BbICOKOYNOPSAAOYEHHOrO Mpolecca Pa3BUTHS COCTOMT
B BHISIBJICHHH TeHOB, KOHTPOJIHMDYIOWUX KJIOYeBHEe CTA1MH Pa3BUTHS.

3aKOHOMEPHOCTH, YNPaBJAIOUIHE PA3BHTHEM OPTaHH3MOE, KOTopoe
COMPOBOX/AETCS CIOXKHON MOC/TeA0BaTe/bHON AudxpepeHUHPOBKOH TKa-
Hell U (opmMooGpa3zoBanueM, ocTaloTcs 3arafkoil. OauH U3 nyred ux
HCC/1e10BAHHS OCHOBBIBAETCSt HA MOJIEKYJIADHOM aHAJH3e CTPYKTYpPHI H
SKCIIPECCHH TEHOB, OTBEYAIOUHX 32 KPHTHYECKHE ITarbl Pa3BUTHA Iud-
depeHIHPOBKH # Mopdoreresa. JIuub HeMHOrHe OpPraHu3Mbl, Kak, Ha-
npumep, D. melanogaster, NPUTOAHE AJIS1 MCCAEIOBAHUS PA3BUTHS Me-
TOAaMH MOJIEKY/ADHOR TEHETHKH, MOCKOJbKY TeHbl, KOHTPOIHPYIOULHE
Pa3BHTHE, MOXHO BBIIBHTH JIMWb TOTAa, KOrja XOpowlo pa3paboTaHa
TEHETHKa 00bEKTa HCCJIEN0BAHUS.

3ranni pa3BuTUst 1PO30dUIBE MoapobHO onucanbl. [locie omnogoTso-
PeHHs H CTHAHHSA MaTEPHHCKOrO U OTLOBCKOTO fjep y 1po3odH.1bl npo-
HCXOIAT ToCJeloBaTe/IbHbe CHHXPOHHbIE JeseHHsl siApa 3uroThl (piic.
116, 1—6). OGpasyercst MHOrosepHblil, He HMEOWHH KJIETOYHOTO
CTPOHHSA CHHUMTHH, COAePKaUHi HeCKO.TbKO coTeH silep. $ipa chu-
UHTHS SKBUBAJIEHTHbI 10 CBOUM MOTEHUHSAM B Pa3BUTHH (TOTHIOTEHTHBI),
T. €. Kax10e f1po elle COXPaHseT CMOCOGHOCTb GbiTh NpelllecTBeHHH-
KOM /1060 TKaHH opranusMa. ITH Apa ewe He JeTePMHHHPOBAHHI.
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3arem spa MHIPHPYIOT K MOBEPXHOCTH 3MOpHOHA B 30HY KOPTHKaJlb-
HOH MIa3Mbl, Tae JeNsTCs H o6pasyloT MOHOC/ION, B COCTaB KOTOPOTro
BX0HT OKOJIo 6000 sinep. dto cragus 6aacrogepMel, Ha KOTOpOH HauH-
HaeTcsi 00pa3oBaHHe KJIETOUHBIX MeMOPaH H OCYIECTBJSAETCS JleTepMH-

h 3120 w0

Puc, 116, Jranu pannero Pa3BHTHA APO30DHIN H ero HapyUIeHHs, BH3WBaeMHe
MYTaUHAMH:

4 — 3urora; 2 — nenenne Aep H 06Pa3OBaHHe CHHUHTHA: 3 — MHrpauns sep; 4, 5 — o6pasoa-
HHE KJIeTOYHmX CTPYKTYp (ueano1spusauns), 6 — 6.1acTogepMa (CTpeskH YKa3HBaIOT Mo0xes

He 060c0o0NAIOUWHXCA KIOTOK 3aPOANILEBOro NyTH); 7 — cerMeHTauKs 3IMOGPHOHA H JIHYHHKH (B
€rMenTe 6 HAKANIHBAIOTCA TPAHCKPHATH rena bx); & — CerMeHTH Tesa HOPManbHOR MYXH: § —
Dpespauwenne (TpancaACTEPMHHALKA) CCPMEHTA 6 B CErMEHT 5 B Pe3y.bTaTe roMeOTHYeCKHX MyTauuft
B okyce BX: /0, /1 — HapyUeHHSA CerMeHTaliH, Ha6.1l00aeMble y JTHYHHOK (OTCYTCTBYIOLIHE Cer-
MeHTH Tesa o6BeaeHw): /0 — OAHOBpemeHHAR NoTeps rpynnu NPHJeraloWHX Apyr K Apyry cer-
MBHTOB; // — NOTEpA <UeTHHX» CerMeHTOB
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Hauus saep ¥ Kiaerok. Cyabba KJAeTOK ye CTPOro onpefiesiesa B 3aBH-
CHMOCTH OT HX NOJIOXKEeHHs B KOPTHKaJbHOH LKTOMJIa3Me — 3TH KJer-
KH npefHa3HayeHbl AJs o6pa30oBaHHA TeX MM HHHX CErMEeHTOB TeJa
JTMYHHKH HJIH- B3POCJIOr0 HaceKOMOro.

Camble paHHHE CTaJIHH DA3BMTHA APO30hH/IBI, KOTAA yCTaHABJIMBA-~
JOTCSl TAK Ha3biBaeMbie MPOCTPAHCTBEHHBlE KOOPAHHATH 3MODHOHOB, On-
pefie/isliollHe NepefHHi M 3aJHUA HIH OpIOLIHOA M CITUHHON OTAe/H,
KOHTPOMHPYIOTCSI FPYNNOf FeHOB MaTepH. JTH reHbl GpyHKIHOHHPYIOT
Ha cTafuyu 00pa3oBaHus siila, H HX NPOAYKTbI HEPaBHOMEPHO pacnpeje-
asorest mo aineksaerke. [peanosaraercs, 4To MaTepHHCKHE FEHBI H HX
MpONYKTH OGECTIEYHBAIOT MO3ULUOHHYIO UHPOpMayuwo, KoTopas BoC-
NPUHUMAeTCsi reHaMH, paGoTaloLiMMH TOCJIe OMJIOAOTBOPEHHS, B 3HIO-
te. TlpejcTaBJieHne O HANHYUK B TIUTOTUIAa3Me Aflla NMO3HUHOHHOH HH~
hopMalHH, ONpPeleNsIOLel HanpaBJenHe pPasBHTHA rpynm sMOpHo-
HaJIbHBIX KJETOK, MORYEPKHBAeT POJib B3aHMHOTO BJIHSHHA yYacTell Oy-
nyuiero 3M6pHOHA B PA3BHTHH, HO HHKAK He BCKPBIBAET NPHPOABI STHX
B3auMofleiicTBuii. MyTauuu B reHax, onpelefIAlOLHX CTPYKTYpy Heon-
JIOLOTROPEHHOTO AfiNa, OKa3biBAIOT TAK HA3blBaeMBIH MarTepHHCKHA -
dexT, Hapywasi pa3puTHe 3MOpuona. Hanpumep, ctpykTypH, cBoficT-
BeHHble AaHHOMY pafiOHy, 3aMeHSIOTCH MHBIMHM, XapaKTepHbIMH IJIf
ApyTHX pafioHOB pa3BuBaiollerocs opranusMa. BepositHo, Takue Ma-
TepHICKHE TeHbl OKa3biBalOT CBOE JEACTBHE HA CTAAUH SAEPHOTO CHHIH-
THA, 10 00pa3oBaHus KJETOK 6/1acTojepMbi, Koria anddbysust MpoAyK-
TOB reHOB 3aTpPyAEseTCs B Pe3y/bTaTe 06pPa3oBaHus KJeTOYHOH MeMGpa-
Hpl. TpaHCKpUNTHl TAKHX TEHOE JIOKAJIH3YIOTCS B COOTBETCTBYIOUIHX
oraenax (Hanpumep, mepejHeM WM 3ajHeM) HeOMJOJOTBOPEHHOro sii-
Ia WJIH DPa3BUBaNOLIErocs 3MOPHOHA.

Bropas rpynna resoB OTBeyaeT 3a MOCJeNyOlIHe MOPHOTOrHIecKHe
M3MEHEeHHs1 CTPYKTYpbl 3MOpHOHA — (OPMHPOBaHHE CErMeHTOB Tesa
JHYMHKH, KOTOpHe MpociexuBaiorcsi M y umaro (puc. 116, 7—9).
MyrTaliui B OJHHX YeHaX NPHBOISIT K BbINAIEHHIO HECKONBKHX COCEJHHX
cermentos (puc. 116, 10), B ApyrHX — K BBHIMajeHHUIO0 YYACTKOB KaXJo-
ro cermenta (puc. 116, /). Hanpumep, myramus fushi tarazu (ftz),
YTO MO-SIMOHCKH O3HAYaeT HEeN0CTAaTOYHOE YHCJO CerMeHTOB, CONPOBOXK-
jlaetcsi yTpaToil TepejiHedl MOJOBHHbI KaXKIOr0 HEYETHOro CerMeHTa ¥
3agHell MOJMOBHHBI Kaxaoro yetHoro. OcraBliHecsi MOJOBHHBI CerMeH-
TOB CJIHBAIOTCH, H B pe3yJibTate MyTaHTHBIA 9MOPHOH HeCeT JIHLIb MoJ0-~
BHHY HOPMa/JbHOrO YHCJ1a cerMeHTOB. Bce TaKHe MyTallHH B rOMO3HIOT-
HOM COCTOSIHHH MPHBOASIT K rubesau 3MOpHOHA.

Crenyiomyil BaXKHbil 3Tan Pa3sBHTHA 3aK/I0YAETCS] B YCTAHOBJNEHHH
MOP(ONOrHYECKUX PA3/IHYHI MEX]y CerMeHTaMmH, KOTOpble CTaHOBATCA
3a4aTKaMu TOJIOBBI, OpIOUIKa M TPYAHBIX CETMEHTOB. JTH NPOIECCHE
KOHTPOJIMPYIOTCS TpeTbeil rpyMnoil reHos Aposopuibl. MyTauun B atux
reHax NPUBOAAT K owu6KaMm NMpPH (popmMooOpa30BaHHH CErMEHTOB Tesa:
HATIDHMEp, TrOJIOBHOM CEerMeHT MOXeT o0pasoBaTh HOTY, & OIMH H3
rPyAHBIX, ¢ KOTOPHIM B HOpPME CBSI3aHO JKY¥iKafblle, BTOPYW napy
KpblibeB. B pesysbrate HOPMAJbHO (MM MOYTH HopmaJibHo) chopMHpO-
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BaHHAA CTPYKTYpa BO3dHKAeT B HENOJOXKeHHOM Mecre (puc. 116, 8, 9).
Takue Myrauuu, Hapywalouse HopMajabHbe MYTH Pa3BHTHS CEFMEHTOB
H BbI3biBalOIIHE (PaKTHYECKH NpeBpallleHHe OJHOTO CerMeHTa B APYroi
TIONYYH/IH HA3BAHHE 2OMEUOMUUECKUX WM 20Mell0BUCHDIX (homoeotic’
nan homeotic) ot Tepmuna «homoeosis», MPeATOMKEHHOTO AHIIMICKHM
TenernkoM Berconom p1s 06o3Hayenus ciydaeB MogoGHbIX Mopq)onom:x-
YecKHX Tpaiicqyopmauuﬁ B pa3suthd. B pesysbrare komGunaumit pas-
HbIX a/liesied romeHoTHYecKux Myrauuil B JoKyce BX ynaercs ckoHer-
PyHpOBaTh TeHOTHNbI, ONpelessiiOlHe, HANPHMED, DAa3BHTHE YeThipex-
KpBUILIX MYX C YeThipbMsi apamu Hor (puc. 116, 9).

Pan romMeHOTHUeCKHX TeHOB M TeHOB CErMEHTAUHH Gbil ycnelso
KJOHHPOBaH 611aroaps TeM yXHLIPEHHSM, KOTOPbie, C ONHOMH CTOPOHAI
TIpefioCTaBH/IA TEXHOMOrHsS MOdyYeHHs PekoMOuHanTHbix ITHK, a c
APYrOH — KnaccuiecKas TeHeTHKa, HAKOMHBINAS GeCUeHHBIA Garax
3HAHHA O TOYHOH JIOKA/JH3alLHH STHX [EHOB B XpOMOcoMax. Bo-nepsrix
HCCJIel0BaHHE CTPYKTYPbl K/JIOHHPOBAHHBIX €HOB Pa3BUTHs noKasaso,
UTO OHHM KOAUPYIOT GeJikH, cBsisnBaomuecs ¢ JHK. Bo-Bropeix, HaJIH:
YHe KJIOHHPOBAHHbIX FEHOB MO3BOJH/IO H3YYHTb XapaKTep MPOCTPAHCT-
BEHHOH 3KCNPeCCHH 3THX reHoB. Ecau rewbl, urpamoiue Baxuyio posb
B npouecce pasBHTHA, KJIOHHPOBAaHBL, TO MOXHO BBISIBUTH Te KJETKH H
PaiioHbl Tes1a 3MGPUOHA, B KOTOPHIX OHH 3Kcnpeccupytotes. s uccue-
JA0BaHHsl TPAHCKPHMUHK TeHa cPe3bl TKaHel 3MOPHOHA THOPHAH3YIOT C
mevenbiMu pparmentamu JIHK kaonuposannoro rena. B tex kaerkax
KOTOpbIe coziepXKar 06pasylomuecs B suipe H HAKAMIHBAIOUHECS B Ui
TONJIa3Me TPAaHCKDHNTH reHa, GyiyT 06pasoBbIBaThCsi rHGPHIBI ¢ yda-
cruem Mmedenolt [IHK, komniementapuoit stuM tpanckpuntam. C nomo-
Libl0 aBTOpapuorpacbuu noc/ie NPoBefeHHs TAKOH HOpUAH3aALNY in sify
MOXHO BBIIBHTb KJIETKH, B KOTOPHIX HCCJ€AYeMblit FeH HHTEHCHBHO
TpaHckpuGupyercst (puc. 116, 7 u 117, a). Knerku, me copepxaine
3THX TPAHCKPHNTOB, OCTAIOTCA NPAKTHYECKH He MeYeHHbIMU. OKa3a-
JI0Ch, YTO TPAHCKPHUMIHA FEHOB CerMEHTALMH BHISIBASIETCS B KJeTKax
€lle He CerMeHTHPOBAHHOrO 3MOPHOHa B BuJe NMepeMeXaroWHuxcs NoJIoc
WHPHHOH -B HECKOJbKO kiaetok. [locie paamoaBrorpabuu am6proH
PackpaumBaercst «nof 3e6py». Hanpumep, B HOpMaibHEIX 3M6pHOHaX
OGHapyXuBaeTCsl CeMb OTHAE/bHBIX MOJOC IHOPUIM3AUMM C TeHOM [fz.
T'uGpuausauns Hab.101aeTcst KaK Pa3 ¢ TeMH y4acTKaMH CeTMEHTOB, KO-
TOphie OTCYTCTBYIOT y MYTAaHTHBIX JHYHHOK. Bepoartho, Hapyexne
TPaHCKPHMLUHH TeHa [{Z NPHBOIHT K THOeIH KJeTOK — MpellecTBeH HU-
KOB or1esibHBIX 4acTedt cerventoB. IlpoctpaHcTBenHoe pacnpezeenue
TPaHCKPHNTOB OrPaHHYEHO TE€MH PafiOHaMM, B KOTOPbIX (DYyHKLHOHHPO-
Banue COOTBETCTBYIOLLMX FEHOB, BePOSATHO, TpeGyeTcs 118 HOPMA.1bHOIo
PasBuTHA.

Takuv obpasoM, Ha ctaiuu 6:1acTOzepMbl, Korda eme He HaG.10da-
€TC5 HUKAaKHX MOP(O.IOrHYECKHX HAMEKOB Ha CerMeHTalHio 3v6pHOHA,
Yaaercst BbiISIBHTb PadOTy TeHOB, NMPHYPOYEHHVIO K OMpeleleHHbM ue-
Pe1ylowuven 30HaM 6.1aCTO1epMbl, J1eTEPMIHIPOBAHHLIM Ha 06pa3oBa-
Hue onpeje/eHHBIX CErMEHTOB Tela. JTOT Pe3y/abTaT IKCTEPHMEHTAIb-
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Puc. 117. DkcnpeccHs rena ftz, onpenessiolulero C'El"MeHTaLlH.IO y D. melanogaster,
Ha paHHHX CTagHfX p4a3BHTHA B SNHTEJTHH 6;1dCTOLIeprl‘.6 .
g — pacrpefie/ienHe TPaHCKPHITOR (ru6puauszauns c Mevenofi JHK); 6 — pacnpepeneun

KA, BLRBJASEMOrO METONOM HMMYHOQUIYOPeCUEHUHH

HO MOATBEpIJaeT NPEJCTaBIeHHEe O TOM, UTO COCTOSHHE AeTpr”Ha;{“OI’i
OTpaaeT YCTaHOBJEHHE ONpee/eHHOro «1ipoduist» TeHHOH z)a(mgsm_
CTH, YTO NPEALIECTBYET NOSIBJICHHIO TKAHEBbIX MOP(OIOTHYECKHX P -
yuit. [Togo6HbiM 06pa3oM 3KCMPECCHIO TOMEHOTHUECKOTO reHa onypen i
Jstotero MopdoreHes PYAHOTO u GPIONIHOTO CErMEHTOB HMaro, Mae,:.
¢l OGHAPYXHTb TOJBKO B TeX MOPHONOTHYECKH HPllH(be&pEHIalOEaMH
HbIX CermMeHTax 3MOpHOHA, KOTOpble SABJIAIOTCA MNpellecTBeHHHKa
COOTBETCTBYIOLIHX UYacTei Tea HMaro (cM. pHc. 116, 7). .
TpocTpancTBenHasi SKCPECCHs TeHOB CerMeHTalny CTPOI‘OM 86 v
JHpyeTcs B paHHeM sMGpuorenese. OTBET Ha BONPOC O TOM, KAKH TecpHO
30M JIOCTHTaeTcsi TPOCTPAHCTBEHHas SKCMPECCHs STHX TEHOB,
CBAI3aH C pelleHHeM NPob/ieMbl 3aKOHOMEPHOCTEH DA3BHTHA. .
BeskoBbie MPOLYKTHl Psila FEHOB Pa3BHTHA Gbl1d JOKANH30BAH °
sIpax IMOPHOHAJIBHBIX KIeTOK. MeTol JoKan3aln# cocmgr B CJIey!

216

uwem. Ecin H3BeCTHA HYKJIEOTHAHAS NOC/IENOBATEILHOCTh KJIOHHPOBAH-
HOTO TeHa, TO B €e COCTaBe JIETKO HalTH PalfiOHBI «OTKPBITHIX PAMOK TPaH-
CJISILMK», NpeHa3HaYeHHBIX AJIS KOAHPOBaHHUs mosunentuaa. [loxcras-
Jistst KOLMPYIOlHe 00J1acTH reHa (3K30HBI) MOA CHJIbHBIN NMPOKApHOTH-
YecKHH NPOMOTOP, B KJeTKax OaKTepHil ylaeTcsti HapaboTaTbh COOTBET-
CTBYIOUIHH GeNOK B 3aMeTHBIX KOJMHYeCTBaX. ¥ J06HO BOCMO/b30BAThCS
HCKYCCTBEHHBIM THODH/HBIM T€HOM, KOTODbIl aKTHBHO 3KCpeccHpyeTcst
B GaKTepHa/bHBIX KJETKAaX H COJEPXKHT He TOJbKO 3K30HBI HCCAedye-
MOro reHa, HO M, HanpuMep, y4acTOK reHa GaKTepHaJbHOH B-rajgakto-
3HJa3bl, NPHAAOULEH XHMePHOMY GesKy (hepMEHTaTHBHYI aKTHBHOCTD.
B Takom cayuae 3a OYHMCTKOH THOPUAHOTrO GellKa MOXHO CJENHTH MO
(epMeHTaTHBHOH aKTUBHOCTH. OUMILEHHBIH AHTHIEH HCMOJB3YIOT AJIsi
TIOJIyYEHHS AHTHTEJ MPOTHB TOH YacTH MOJEKY.Ibl, KOTOpasi KOLHPYeTcst
3YKapHOTHYECKHMH 3K30Hamu. B pesysbrate ¢ nomowpio ¢uyopecun-
PYIOULLMX aHTHTEJ YAAeTCA BLIABHTb B SUIPE WJIH LKTOMNJaMe KJIETOK
OeIKH € HEHM3BECTHOH (yHKUHeH, HO cnenupHYeCKHMH aHTHTEHHBIMH
JETEPMHHAHTaMH, KOJMPYEMBIMH «reHaMu pa3BuThs» (puc. 117, 6).

F'enbl pasBuTusi Apo30QUABI, TPRYHCAEHHBIE K TPEM OTAGTbHEIM I YII-
NaM, CJOXKHBIM 06pa3oM B3aHMOAEHCTBYIOT MeXay cofoi. Tak, reusl
MarepH, Onpeje/sioulHe NPOCTPAHCTBEHHBIE KOOPAHHATH fililla, BJKSIOT
HAa XapPaKTepP SKCIPECCHH TeHOB CerMeHTallH, Hapyluas o6pa3oBaHHe
XapaKTePHOTO pPHCYHKAa «noA  3e0py», KOHTPOJNIMPYEMOTO  TeHOM
itz.

Tenbl, KOHTPOMHpYIOUIHE Pa3BUTHE APO3OMHJIBI, MOTYT GbiTh AOCTA-
TOYHO MPOTSKEHHBIMHM M BKJIOUAaTb MHOTHE AECSTKH THICSIY HYKJAEOTHA-
Heix nap JHK. Hanpumep, anuna nepsuunoro Ttpanckpumnra Jokyca
BX ouenb BesinKa, oHa gocturaer 70 T. n. H. B cocras psla TaKHX TeHOB
BXOASIT HEOGBIYHO J1/IHHHbIE HHTPOHDBI. BO3MOKHO, a/ibTepHaTHBHBIE TYTH
cnlafcunra (NpoueccHra) ATHHHBIX NePBHYHBIX TPAHCKPHITOB JOKYCa
BX npuBonsT k obpasopanuio neroro na6opa MPHK, koropele tpac-
JIHPYIOTCSt B PA3HBIX CPYNNaxX KJETOK ¢ 06pa3oBaHueM GeNKOB, Hecyllux
pasuble QyHKuun. OQHAKO JeTali CTPOEHHS ITHX eHOB H OCOGEHHOCTH
Peryssiliid HX aKTHBHOCTH ellle Majlo HCCJIeJOBaHbI.

[lpu u3yvernu MONEKY/ISAPHOR CTPYKTYPBI KaK roMeilOTHUECKHX Te-
HOB, TaK W F€HOB CErMEHTAlHH B COCTaBe HEKOTOPEIX 3K30HOB Obl BHISE-
JleH ofu(Hi roMosorHuHblil (parMedt, BKJOuaoHi oxoao 180 m. m.
Aot Gparment, NOJYUHBUIMI Ha3BaHHe 20Me0640Ka (AHTIL. homeob ox),
cocraBaser 10—20 % or Beell noc/ne10BaTebHOCTH reHa, KOAHPYIOULEH
Gesiok. BeposiTHo, AeficTBHe 0T6Opa 6bLIO HANPABJEHO NPEKIE BCErO
Ha nopiepraHue KOHCePBAaTHBHOH CTPYKTYPHL «roMeogoMeHa» GeJka,
Konupyemoro romeo6.iokoM. JloMeH oborauied aprHHHHOM H JIH3HHOM.

TO MOJTMIENTHAHAS CTPYKTYPA, CYAS MO PACrOIOKEHHIO AMHHOKHCJIOT,
€XozHa ¢ Toli, KoTopas obHapyXuBaercst B peryJsTopusix JIHK-cBsizbi-
Bawumxcs GenkaX MPOKapHOT H ApoxKedl (Hanpumep, 6eaka Cro dara

» Tlle OHa NpeJcTaB/IeHa ABYMA COTHYTBIMH MO YIVIOM C-CIHDASMH.

Kopee Bcero, romeoG/i0K onpee/sier cnellnpuyeckie B3aHMOLEHCTBHSA

Ka ¢ peryasitopubiMu calitamu JIHK. Bo3moxno, «romeiiorHueckue
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Genkup» peryaupyior creinbuueckuil Knacc reHOB, COAEpHKKALHX O1H-
HaKoOBble HJH CXOJiHble M0C/ef0BaTEIbHOCTH JHK.

BhicOKasi KOHCepPBATHBHOCTb romeo6/10Ka NpOABJIAETCS HE TOMLKO
NPH HCCJIEIOBAHHH PA3HBIX FEHOB Pa3sBHTHA Y aposopuiel. [lepexkpect-
Hasi TMOPHIM3AUMsl C TEHOMAWH uepBeH, HIVIOKOKHX M T03BOHOUHBIX,
BKJIOYAS UeJOBeKa, BhISIBM/IA Ha/iWuHe HECKONbKHX (parMeHTOB reHOM-
Hoit IHK, ru6puausyoutuxcs ¢ roMeo610KoM APO3ODHHIIbI. Ecau reupt
3THX OPraHW3MOB, COjlepXKallue NOAOGHbIe MOCARIOBATENLHOCTH, TAKKE
BOBJIEYEHBI B PETYJISILUIO KJIOUeBbIX 3TANOB Pa3BUTHHA, TO romMeo6.10K
JpO30dQHJIbI MOXET PaccMaTPHBATLCS Kak cnoco6 HX BbIsIBJEHHS H KJO~
HHpOBaHHs. PeryisiTopHbie MeXaHH3Mbl, KOHTPOJHPYIOUIUE DAIBUTHE,
MOTYT OKa3aTbCsi GO/ee YHHBEPCA/bHbIMH, YeM OMXHJA/NO0Ch.

MoteKyasipHasi TeHeTHKA DPa3BMTHs Je/laeT CBOM MepBble Iard.
BoisiB/ieHbl H KJOHHPOBAHbl TeHbl, ONpPEAe/fiOLiHe KJIOYeBble CTAHH
passutusi. HauaThl HcclleoBaHHs 0cOGeHHOCTEH MNPOCTPAHCTBEHHOTO
pacnpenesieHnst TPaHCKPHITOB [EHOB H HX NMPOAYKTOB B PASBHTHH IM6-
puoHa. Mayyaiotcsi pery/sTOpHble 3/1eMEHTbl STHX [EHOB, B TOM HHCIE
Te, OT KOTOPbIX 3aBHCHAT 3aKOHOMEPHOCTH NPOCTPAaHCTBEHHOH 3KcIpec-
cuu. BhisBaenue romeo610Ka, BXOISALETo B COCTaB Pa3HbIX IeHOB pas-
BUTHS, TIO3BOJIHJO HaMeTHTb NOAXOAbI K HCCJIeJOBAaHHIO [EHOB, KOHTPO-
JIMPYIOLHX Pa3BHTHE y Pa3HBIX OPraHU3MOB. O6uapyeHbl 6e/KH, KO-
JHpYeMble STHMH TeHaMH H B3aHMOAEHCTBYIOLIHE C IOHK. Onnako petie-
HHe CJAOXHOH 3ajaud paciuppOBKH 3aKOHOB, 1O KOTOPbIM CTPOHTCA
TpexmepHasi CTPYKTypa OpraHH3Ma, elue BIEPEIH.

Pa3BUTHE MHOTOKJETOUYHHX 3yYKapHOTHYECKHX OPTaHH3MOB OCHOBA-
HO Ha CIOCOGHOCTH KJAeTOK NepeaaBaTh B ALY NOKOJEHHH aKTHBHOE
WiH, HaoBOpoT, penpeccHpOBAHHOE COCTOSHHE TreHa. HacaenoBanue
COCTOSIHMS TeHa NPHBOAHT B KOHEYHOM HTOre K OOpasOBaHuio nudpe-
PEHIUPOBAHHON TKaHH, COCTOsilel H3 KJETOK, B KOTOPBIX JIHWb He-
GonbILIast YaCTh T€HOB AKTHBHPGBAHA Ha (DOHE PePecCHH OCHOBHOH YacTH
renoma. McceoBanie MO/EKYISPHbIX MeXaHH3MOB, 00eCTIeUHBAIOLLHX
Hac/ielOBaHHE AKTHBHOTO HJH HEaKTHBHOTO COCTOfHHSA reHa B paly
KJeTOUHBIX [OKOJEHHH, TNpeicTaB/sercs ype3BbIYAHHO BAXKHBIM. Ilo-
BUIMMOMY, B OCHOBE 3THX MEXaHHU3MOB JIeXaT He TONbKO NMpPOrpaMMu-
poBaHHble B3aHMOJEHCTBHS OeKOB H JHK, ofecneunBarolilie Hacje-
AYeMYI0 JOKaNbHYI0 OPTaHH3aIlHI0 XPOMATHHA, HO H MPOLECCH METHIH™
poanust JIHK. MerniupoBaHde MOXHO paccMaTpuBaTb Kak 0ocoGBIH
MeXaHH3M KOHTPO/s TPAHCKPHIIHH, CYLIECTBYIOLHH Hapsny ¢ Mexa-

HH3MaMH, OCHOBAHHBIMH Ha B3aHMOJEHCTBHSX MEXAY LHC-AeACTBYIO-
LMK PEry/sITOPHbIMH 3JeMeHTaMH W (PaKTOpaMH TPAHCKPHIUHH.

6. METUJIUPOBAHHE
KAK CNocob KOHTPOJIS AKTHBHOCTH TEHOB
3YKAPHOT

B JIHK sykapuor okono 5 % oT ofluero coiepXaHus LHTO3HHA CO-

crapnsier S-verunnutosun. Crenens metuauposanus JIHK mensercs B
npoliecce Pa3BHTH, a TAKKE 3aBHCHT OT BO3PACTa OPraHH3MA M ropMo-
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HAJIbHBIX BO3jeHcTBHA. LIHTO3HH MeTHJUPYETCH, ecliM OH HaXOLHTCA
B COCTaBe KOMILVIEMEHTapHOH NOCJeAOBATEIbHOCTH mgp% . Ocofenno
m
cuibHo Metuauposana JIHK nossonounsix, rae MO}IH(;HLLHPOBaHbI oT
60 no 90 % TaKuX AMHYKJIEOTHIHBIX NOc/AefoBaTeqbHOCTel. [locaeno-
BateJbHOCTH CpG CKOHIEHTPHPOBAHB B OTAE/NbHBIX PaHOHAX TeHOMA
BK/IIOUAIOIIHX HECKONBKO COTEH HYK/AeOTHAHHIX map. Yucio TaKHX
PANOHOB y MJEKOMHTAIOUMX cocrasseT okoso 30 000. Takue «octpos-
Ku» noclenoBatenbHocredl CpG ABJISIOTCS MHIUCHSIMH METHIHPOBAHHSA
‘JIHK. «Pucynok» meranuposanus yuactkoB JTHK pasauuaercs B pas-
'HBIX TKaHSiX H Ha Pa3HbIX CT4UsIX PA3BHUTHA.
Metuauposanue MOXeT CONPOBOXKAATH Npoiece penankauuu JHK

npyyeM LHTO3UH MeTHJupyercs B aovepHedl uutu JJHK Toabko B ToM
ciydae, €C/li OH METHJIHPOBAH H B POAUTEJbCKOM:

poxutenabckas mCpG Mernrasa mCpG
—
nouepusis  GpC GpCm

4TO W ObecreYynBaeT HacJieOBaHHe JHGO METHJIHPOBAHHOTO, JHGO fe-
METHJIHPOBaHAOrO cocrosinusi ydacrtka JAHK npu noc.nezlyl(')umx KJe-
TOUHBIX JeeHHSX.

Posb sokanbuoro mernauposanusi JHK kak takropa, KOHTponu-
PYIOWIETO aKTHBHOCTb TeHOB, MOATBEPKIACTCA Mpexae BCero peakTuBa-
TiHeH HeKOTOPbIX HEAKTHBHLIX TEHOB MOCJe YaCTHYHOrO AEMETH/IHPOBA-
Husl. MeTH/HDOBaHHE MOXHO MHTHOHpOBaTh, 106aB/AsAA K KyJbTypam
KJIETOK 5-a3allUTHHH, NMOAABJSIOUIHH AKTHBHOCTb MeTusias. B npucyr-
CTBHH 5-a3aUMTHIHKA yaaetcs HaGMIOAATh Pe3Koe BO3PACTAHHE YPOBHSA
3Kcnpeccuu reioB — B 105—10¢ pas, ecau, HanpuMep, CyauTb 06 3TOM
70 YBEJIMYEHHIO aKTHBHOCTH (pepMeHTa. B TakoM ciydae sdpekr 5-asa-
UHTHAHHA NO CHJIE CBOETO AeHCTBUS COMOCTABUM C 3(PeKTOM MYTAILHOH-
HOro cofbiTus. JobaBieHue 5-a3alluTHAMHA HHOTAA BHI3LIBAET NPOLECCH
JnddepeHHPOBKH, HalpxMep 06pa3oBaHHE MBILIEYHOH TKAHH B KyJib-
Type Muo6/acToOB.
aa B renax, KOTOPbIE PeaKTHBMPYIOTCH, YaCTHYHOE AeMETHIHPOBaHHE

TParHBaeT Kak 5 -p/aHT, NIPUMBIKAIOWUI K IPOMOTOPY, TaK H PaloHHI
SK30HOB H HHTPOHOB, HJ/IH, HaKoHell, 3'-(pJauru rena. AKTHBHOE COCTOS-
:{dl;’ere TeHa XapaKTepH3YeTCsl ONpeAe/eHHbIM «PHCYHKOM» PaclpelleeHHs
Merﬁﬁg%giz?x}::é. CaHTOB B paHOHe reHa, HO He CBsI3aHO C MNOJIHBIM Jg-
ro Penpeccusi reHHoli aKTHBHOCTH Ha6/Il0faeTCH B pe3yJsibTaTe MpSIMO-
Bseg)ee}?}ﬁ:mmmoro METHJIHPOBAHUS TeHOB. MeTH/IMPOBaHHble TeHbl,
o cocmsmB KYJIbTYPH KJCTOK, COXPAHSIOT HEAKTHBHOE METU/HPOBAH-

y ot ma”e B psily MOKOJIEHHH TNOC/e MHOTHX 4KTOB PEMUIHKAIHH.
Toy o oHo, JISIETCA JIM METHJIMPOBAHHE N UiV0 MPUYHHON HWHAKTHBALHH

B HJH JIHIIb «3aKPEMNJIsieTy HeaKTHBHOE COCTOsIHHE, YXKe JNOCTHIHY-

Toe
;(aHMa:pnMep, B pesyJ/jbrate NpeAlleCcTBYIOULETO BBaHMO}lei;{CTBHﬂ C
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IMocne YacTHYHOrO [EMETHIMPOBAHUSI B pe3y/bTaTe BO3NEHCTBHS
5-azauuTHINHA AKTHBHPYIOTCS He Bce reHbl. Hampumep, HeaKTHBHbie
TKaHecnelHduuecKue reHsl rJJOOHHOB He HAYMHAIOT TPAHCKPHOHPOBATb-
csl, HECMOTPS' Ha CUJIbHOE jJeMeTHJIHpoBaHue. BeposiTHo, neMeTH/HpO-
BaHHe OTIeJbHBIX y4aCTKOB IeHa MOXeT ObiTb HeoOXOIHMbIM, HO He J0-
CTAaTOYHLIM AJI5i oOecreueHnsl aKTHBHOH IKCIPECCHH TeHa.

Mexauusm peficTBusi MeTHIMpOBaHMsi He pPackpuT. Mopubuunupo-
BanHasi JHK Moxer okasbiBaTh BJHsiHME HA JIOKaJbHYIO CTPYKTYPY B
cOCTaBe XpOMOCOMBI. BeposiTHo, MeTH/MpoBaHHWe OTAE/NbHBIX CafTOB B
COCTaBe TeHa MEHSIET XapaKTep B3auMOfieliCTBHs C OeJIKaMH H CTPYKTYpPY
xpoMatuHa. HeficrButenbHo, cafiThl METHJIHPOBAHUS B OTAEJbHBIX HC-
CJIe[IOBAHHBIX TeHaX COBINANAlOT C TaK Ha3blBAEMBLIMH THIEPUYBCTBHTE/b-
HBIMH K HyKJlea3am caiTaMu B COCTaBe XPOMAaTHHA, HaJHYHe KOTODHIX
OTpPa)KaeT aKTHBHOE COCTOSIHHE TeHa HJIM ero roTOBHOCTb K aKTHBALHH
(cm. rai. X1I). Meruiupoaiue Moxer BJAHATH M Ha cTpykTypy JHK.
Hanpumep, MeTu/upoBaHHe IIMTO3HHA B COCTaBE CHHTETHYECKHX MOJH-
AE30KCHHYKJEOTHIOB C MOBTOPSIOWElics KOMIJIEMEHTapHOil nocJjiepoBa-
tessHocthio THna d (CpG),-d(GpC), cnocoGeTByeT HX nepexony B Z-
koxgpopmanuio JTHK.

Posib MeTHIMDOBAaHHS HECOMHEHHO O4YeHb BeJHKa TPH ONpeJleleHHH
TaK Ha3blBAEMOTO «POJMTEIbCKOTO HMIPHHTHHTA» T€HOB Y MJIEKONHTalo-
wux. HM3BecTHO, YTO PO/Tb OTIOBCKHX H MaTEPHHCKHX FeHOB B Pa3BHTHH
He OJMHAKOBa, CTEMeHb M XaPAKTED 3KCIPECCHH FeHOB MOXKET 3aBHCETb
OT TOro, NMOJyueHbl OHM OT OTHA WJIM OT Martepu. Bbllo nmokasaxo, uto
METHJIHPOBaHHbIe FeHbl TPAHCTEHHBIX MBbIlleH, MOJyYeHHbIe OT MaTepH,
MOTYT He SKCIIPECCHPOBATHCH, TOTAA KAK 3TH K€ IeHbl, NMoJyuyeHHble OT
OTUA W JEMETH/IHPOBaHHbIE B IIPOLECCE IaMeTOreHe3a, CIoCoOHH K TKa-
HecreUHbHUeCKOH 3KCIPECCHH.

IMpouecchl METHIHPOBaHHST HECOMHEHHO YYacCTBYIOT B MHAKTHBALHH
onHOM u3 ABYX X-XPOMOCOM B KJETKax MJekonuraiowmux. HeakTusHoe
COCTOsIHME OfHOH M3 ABYX X-XpOMOCOM, BO3HMKalollee B PaHHeM pa3-
BHTHH 3MOPHOHA, HHTONIOTHUECKH OGHADYKHBAeTCs MO HAJIHUHIO KOM-
NAKTHOTO TeTepoxpoMaTHuecKoro Tessbua bBappa. Dto neakTuBHOE co-
CTOSIHME HaCJIe[yeTCs B KJIETOUHbIX NOKOJIEHHAX, a PeakTHBauus X-xpo-
MOCOMB! TIPOHCXOIHT NpPH OGPa30BAHHHM TePMHHANBHBHIX KJeToK. ITyTem
JEMETHIHPOBAHMS C MOMOLIBIO 5-a3alUTHAMHA TaKXKe yNaBajJoCh aKTH-
BHPOBaTb reHbl HeakTUBHOH X-XxpoMocombl. [lo-BHAMMOMY, HHHLMAUHS
HHaKTHBaluu X-XpOMOCOMEI ofeclleuuBaeTcl B3aHMOAEHCTBHEM CO
crneuupuuecKuMu 6esKaMH, a METHJIHPOBAHHE — 3TO BTOPHUHBLIA NpoO-
LiecC, 3aKPEISiOIHii HEAKTHBHOE COCTOSIHHE X-XPOMOCOMBI B MOCJE-
AYIOLIHX KAETOYHHIX JeJeHHsIX.

KOHTPOJIb TeHHOH aKTHBHOCTH C MOMOIIBIO METHJIHDOBaHHS, pac-
NpocTpaHeHHbli Y NO3BOHOYHLIX, BEPOSTHO, OCYLIECTBJIAETCH He y BCeX
sykapuor. Hanpumep, D. melanogaster w Hematona Caenorhabdites
elegans — HOBBI H3JI06JEHHBIH OObEKT MOJEKYJsPHOH TI'eHeTHKH,—
BEpPOATHO, He HcnoJb3yloT MetunupoBanne JAHK nia neneit anddepen-
LMAJILHOTO KOHTPOJf reHHOH akTHBHOCTH, mockoaeky B JIHK, seime-
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JIEHHOH H3 3THX OPraHu3MoB, KOJTHYECTBO 5-M8THJIU.HTOGHH3, He MpeBbl-

uiaer no Kpafiﬂeﬁ Mepe OJHOro OCTaTKa Ha HECKOJIbKO NECATKOB ThicAY
HYKJEOTHIHBLIX nap.
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Iaasa XI

NMOABUXXHBIE TEHETUYECKHE
3JIEMEHTbl TEHOMA 3YKAPHOT

Cywecrsennylo uacTb reHoma syxapuor (10—20 %) cocTasisiOT Mo-
Bropsiomuecs mnocienosarensioctd JIHK (cMm. ri1. X), xorophie B
OCHOBHOM MPEJACTABJIEHbl Pa3HBIMH THIAMH MOABHXHBIX (MOGHJIbHBIX)
S/eMeHTOB. KpuTepHeM 1/l OTHeceHHS ()PArMEHTOB FeHOMAa K UHCAY
NOABHKHBIX YACTO CAYKHT JIHIWIb JIOKAMH3AaUHA M0 MX (WIAHTAM Ko-
POTKHX NPAMbLIX MOBTOPOB, OGLIYHO BKJIOUAIOMIMX HECKOJIBKO HYKJeo-
THHbIX nap JIHK, uto orpaxaer MosekyaspHble MeXaHH3MBl aKTa WX
Breapenusi B JIHK-muwens (eMm. ri1. 1V). ®ysknwsowanbnas ponb
TIOJBHXXHBIX 3JIEMEHTOB He ICHA, HO, BO BCAKOM CJy4ae, OHH B 3Hauk-
TeJILHOH CTeNEHH ONPeleNsloT, KdK M y MPOKAPHOT, H3MeHYHBOCThb
TeHoMa H, CJIef0BaTeNbHO, MOTYT HrpaTh GOJIBILYIO POAb B 3BOJIOLHH
TenoMa. Ponb MOGH/IBHBIX 3/IEMEHTOB B MyTAlHOHHOM MPOLECCE, BKIO-
as ofpasoBaHue AesellHA M HHBEpPCHil, yxe ObLia paccMoTpeHa Ha
NpHMepe npokapHoT (cM. ri. VI).

MHorue crOHTaHHbIe MyTALUUH SYKaPHOT, HAMPHMED Y APO3O(HIH,.
Takxe oOyC/IOBJIeHH BHEIDEHHEM MOOHJIBHBIX 3JeMeHTOB. CJyuyaH
BHEpeHHst M MepeMelllerHst (TPAaHCIO3HLHH) TAKHX MOGHIbHBIX 3Je-
MEHTOB NpeAcTaBasAOT co6oi AOCTaTOUHO PefKue cobbitha (10~*—10-%
B pacuete Ha reH B OAHOM NOKOJeHUH). [looKeHHe MOGH/b-
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HOTo 3JIeMEHTa MOXKET COXPAHATbCS HEH3MEHHHIM B JAHHOM cafiTe re-
HOMa, B TAaKOM CJyyae HX MOXHO pacCMaTpPHBaTh KaK MOGHJIbHHE
TOJILKO B SBOJIOLHOHHOM Maciurabe BpeMenH. OIHAKO B KJETKE MOTYT
BO3HHKATb YCJIOBHS, ONpEAe/sieMble, ¢ ONHOH CTOPOHHI, BHYTPEHHHMH
TEHETHUECKHMH  (aKTOpaMM, a C JPYroil — BHeWwHel cpefoil (Ha-
npHuMep, H3MeHEeHHeM TEMIIePaTyPhl), KOT4a MOKET Pe3KO yYBeJHUHBATHCS
YaCTOTAa TPAHCNO3HUMHA HEKOTOPBIX THIIOB MOGHJbHLIX 3JEMEHTOB.
Ha6monaemble B oTIeABHBIX CIYYasiX MHOKECTBEHHBIE TPaHCNO3HUHH
MOGHJILHBIX 3JIEMEHTOB GYAYT IPHBOJUTH K CYLIECTBEHHHIM TeHOMHBIM
TIepecTPoiKaM, KOTOPHe MOTYT CKa3hIBATLCS HA IBOMIOLHOHHOM Cyb6e
OpraHH3MOB.

BbiensioT psii K/1accoB MOABHMKHBLIX 3/1EMEHTOB 3YKapHOT Ha oc-
HOBaHHH DasJIMYMil HX MOMEKYJAPHOH CTPYKTYPBl H CIHOCOGHOCTH K
nepeMelleHHsIM .

1. 3JIEMEHTbI TEHOMA,
MPEACTABJISIIOUWIHE COBOH NPOAYKThbI
OBPATHOA TPAHCKPHNLUH KJIETOYH bIX
PHK (PETPOMO30H bl)

JletanbHoe Hce/eoBaHHE MOJEKYJISDHOA OPraHM3ALHH TEHOMA BhIC-
LIHX 3YKapHOT, OCOOEHHO MJIEKONHTAIOUIHX, MOKA3ado, YTO CYIIecT-
BEHHas yacTb reHoma, okoio 10 % o6weit Maccsl [JJHK, o6pasoBanach
B pesysbTare HHTerpauku B reHom ¢parmenros JJHK, cuuresuposan-
Hbix Ha PHK-matpHuax B pesysbrate o6parHOl TPaHCKPHIIHH (puc.
118, a). Bnepebie nopofubii npomece GBI ONMHUCaH NPU HCCJIEJOBAHHH
PETPOBHPYCOB, B I'€HOME KOTOPHIX HMeeTcsl TeH, KONUPYIoLlHi obpar-
Hyl0 TpaHCKpHNTasy (peseprasy) (cm. rai. XIII). B reHome miekonH-
TAIOWAX, NTHL, aMPHOHH H HACEKOMBIX OGHApYKHBAITCH pempono-
80Hb, TpefcTaBAAOUIHE COGOH BHeapuBiuHecs B reHoM JIHK-komuw,
CHHTE3HPOBAHHbIE HA pa3HbIX THNax kKjaerounolx PHK kak Ha Mat-
puuax. MoJseKy/apHEE MeXaHH3Mbl «DETPOTIO3HIMH» HE H3YYeHH,
OCTaeTcsi He YCTAHOBJIEHHbIM HCTOYHHMK KJIETOYHOH OGpaTHOH TpaH-
CKpHNTa3sl. He fCHO, 4TO CYKHT 3aTpaBKOil I/l peBepTazbl; BO3-
MOXHO, 370 wmnuiabka Ha 3'-konue PHK, ofpasyiouascs B pesyis-
TaTe KOMIJIEeMeHTapHBIX B3auMofeficTuii. Kak Oyner BmiHo, cTpyK-
TYPa DeTpOMNo30HOB T03BOJAET C YBEPEHHOCTBIO TOBOPHTb 06 YYacTHH
OGpaTHO#H TPAaHCKPHIIUUH B NPoliecce HX 06pa3oBanHs. TakHM 0GpasoM,
Hapsapy ¢ nepeHocom uugopmanuu or JIHK kx PHK ocyuecrsasercs
H o6paTHBIi npoliecc — BO3BPAIlleHHe ee B 'eHOM B BHE PETPONO30HOB.
Y MJIeKONHTAIOUWHKX pPeTPONo30HBEl COCTABIMOT Gotee 10 % OHK;
CJIe0BaTeIbHO, MOLIHOCTh BCTPEUHOTo NMOToKa HHpopMauuu or PHK
K JIHK moxer 6biTb cymiecrBeHHOH, Mo KpaiiHeli Mepe NPH OUEHKE
€ro BO BDEMEHHOM 3BOJIONHOHHOM Macwrabe. Pasnuuaior pasable
THIBl PETPONO30LOB.

B renoMax MJIEKONHTAIOWMX, HHOTAA BOJH3H TEHOB C HHTPOHAMH ,
4KTHBHO TpaHCKpuOGHpyembix PHK-noaumepasoit II, o6uapyxusa-
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Puc. 118, dopMHpoBaHHe 3.1€MEHTOB TEHOMa NMPH YYACTHH I1POLECCOB
96patHoit TpaHckpHmwHE
TDeKM — npsMble NOBTOPK 110 KPasiM NEPEMEIAIOLIEr0cs 31eMeNTa («PeTpono3cHar); a — obian
CXema (ﬂynK‘n(pnaﬂ CTPeNKa yKa3blBaeT Ha CYUECTBOBaHNE «NOTOKA HudOopMauHns, HimpaBlleHHoro-
O PHK 'k renomuoit AHK); 6 — o6pa3oBanne NCeBROIeHOB Ha snpoueccHposanuoii» MPHK kak
Ha MAaTpHue; ¢ — MHOIOKONHIIHbE KOpPOTKie H AAHHHEE NT0BTOPH (PeTPONlO30HM) B reHOMe MJeKo~
Taloux, B cko6KaX yKasann pasmepnl PHK B Hykneotnaax



I0TCSl TaK Ha3biBaeMble rcesdozersl, TpeiCTaB/IslioIHe OG0l HCIopYeH-
Hble KOMHH 3THX T'€HOB, JIHLIEHHBIE HHTPOHOB H 06GJafatollHe Mocje0-
BaTesbHocThio MonH dA-monn dT Ha 3'-¢nanre. CiemosarenbHo, MaT-
pMleH MDH HX KONHPOBAHHH MOCAYKHAA «IPOLECCHPOBaHHas» MOJH-
afenuaupoBaiHas MPHK (puc. 118, 6). IlceBgorensl NoayuyuiIn Takoe
Ha3BaHHe, I110CKOJIbKY DaMKH TPaHCISLHH TaKHX «TeHOB» YacTo Hc-
TIOpUYeHbl CTOM-KOJIOHAMH H je/ellHsIMH. Y uYelloBeKa, Hamnpuvep, 06-
HapyeHbl MCEeBJOFeHbl, COOTBETCTBYIOLUIHE TeHaM [JIOGHHOB, TPHO30-
tocdhaTusomepasel, pHGocoManbHoro Geaka L32; y Mbllld — reHam
LHTOXpOMa ¢, pubocoManbHuIX GenkoB L7 u L18, rauuepansaeruarpu-
¢ocaraernaporeHassl; y Ipo3oQHALl — TeHYy adKoroJbIerHaporeHashl.
IceBnorensl mnpejicTaBleHbl B FeHOME pPAasHbIM UYHCJAOM KOMHH —
OT OJHOH J0 HeCKOJbKHX JecATKoB. OHH, KaK H NMPOPETPOBHPYCH (CM.
ra. XIII), orpannyeHnl KODOTKHMH MPSAIMBIMH MOBTOPAaMH, MPEACTdB-
JITIOIHMH  COOOH AYIIHKALHIO TeHOMHOH MMOCAeJ0BATeNbHOCTH B 06-
JacTy catita BHeaperHs JJHK-konwu, o6pasoBansoit Ha MPHK. HMuoraa
TNICeBJIOTeH He CONEPHHT 5'-KOHIA I'eHa, B TAKOM CJYYae MOXKHO Ipel-
nojiarath, 4YTO oOpaTHas TPaHCKPHIUHS He Oblia JoBejeHa 10 5'-
kKonua Mosekyan MPHEK. T[lockoabky Heo6XoauMble HPOMOTOpPHBIE
snementsl PHK-nonumepassr 11 Mtokann3oBaHw nepei cTapToM TpaH-
ckpunuuH, BHeapeHHe [JHK-konuu npaBuibHo HEMuMHpoBaHHO# PHK
MpuBeJeT K 0O6Pa30BAHHIO PETPONO30HA, JIHLIEHHOTO COBCTBEHHOTO
NPOMOTOpa, H, CJIeJ0BaTeNbHO, BO3MOXKHOCTH TpaHCKpHMiHH. OaHaKO
NPY BHEJIPEHHH PeTPONO30Ha B PAaNOH UYKOLO IIPOMOTOPA TPAHCKPHI-
L(HST MOXKET OCYIUECTBJATLCA, HO OHAa 6y.JeT YIPaBJIsATLCA ykKe IPYTHMH
PEryATODHEIMH 3JeMeHTavH. Ecii peTporno3oH mpasHAbHO TMpolec-
cupoan H JIHK-KonmHs cOIep:KHT OTKPLITYIO PAMKY TPaHCASUHH, TO
BO3MOXKHa 3KCNPeCCHs. PeTporio3oHa. TakHe peTpono3oHbl GhUIH 06-
HapyxeHbl, MX HHOTIA Ha3blBAlOT peTpPOreHavH, [101pa3yMeBas BO3-
MOKHOCTb HX (QYHKIHOHHDOBaHH B KJeTKe. B cocraB peTporena
nonajger M CoOGCTBEHHBIA MPOMOTOP IeHA, ecaH Marpuueit 6yier ca1y-
KHUTb TPAHCKPHNT, HHHLHHPOBAHHbIL 338 HECKOJIbKO COTEH HYKJIEOTH.I-
HBEIX Tap mepej Kin-caiToM. BeposTHO, 3TO NMpoHM301LIO NPH ofpaso-
BAaHHH «IOJYIIPOLECCHPOBAHHOTO» reHa NperNpoHHCY/AHHA (TpeiecT-
BeHHHKa HHCYJHHA) Y TPH3YHOB. MblILUH M KpbiCH 06/1aJai0T ABYMSA
reHaMH npenpouHcyniHa. [en 1l coiepkuT Goabiioft H Maldblii HH-
TPOH, a reH |, orpaHHYeHHBIH MPAMBIMH MMOBTOPAMH,— TOJBKO MaJbli;
G0/bIIOR HHTPOH JENETHPOBAH C COXPAHEHHEM OTKDHITOH pavKH TpaH-
cAuHH. [lo-BHAHMOMY, TDPAHCKDHNT, MOCTYKHBIIHH MaTpuueld 1If
OOpaTHOH TPaHCKPHNTa3bkl, ObI HHHUMHPOBAH Mepel HOPMaJbHbIM
CalTOM HHHIMAUHH M BKJIIOYHI paloH npomoropa. Hanuuue rena
NPeNpoHHCYJIMHA, BO3HMKIIETO Ha OMpeleNeHHOM CTaiiH 3BOMOUHH
H aKTHBHO TPaHCKPHOHPYEMOro, BO3MOXKHO, OOeCMeYH/I0 MKHBOTHHIM
ocobble CeJIeKTHBHble NpeHMYyllecTBa. TakHM 06pa3oM, BHEXPOMOCOM-
Hble LHTON’a3MarHyeckHe Molekynnl PHK craHoBsiTcs cHOBa pogoHa-
HaMbHHUAMH TE€HOMHOH I10C/1eJ0BaTe&NbHOCTH, NpPHYEM Xapakrep HX
TIPOLECCHHra MOXKeT ONpejeNsATb OCOGEHHOCTH CTPYKTYpbi HOBOOGDA-
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3oBaHHOro reHa. Ciyyan o6pa3oBaHHSi NPOLECCHDOBAHHBIX TEHOB —
3T0 JOCTATOYHO pejJKHe COOLITHS, NPHBOISLIHE K H3MEHEHHIO CTPYK-
Typbl T€HOMa JIHIIL B 3BOJIOLLHOHHOM Maclitale BPeMEHH.
IlceBaorennl, ofpasoBaHHbie Ha MPHK, mnpennasHaueHHbX aust
KOJMPOBAHHs H3BECTHHIX GEJKOB, COCTABJSIOT HeBGOMbIIYIO YacTh re-
HOMHBIX perpono3oHoB. OcHOBHasi Macca IOBTOPAIOIIMXCS 3/EMEHTOB
NO3BOHOYHLIX, MpPEACTABNEHHBIX OTrPOMHBIM WYHCJIOM KOIHH — JecAT-
KaMH MJH COTHSMH ThICAY, TaKXe 00pa3oBajach B pesyJ/ibTare DETpo-
nosunun JHK-konuii kaerounsix PHK, oiHako MaTpHuamH 1/ HHX
CIyXUIH noanafeHHnuporanusie PHK, koaupywolline Genku Heus-
BECTHOH MPHPOJbl, 8 TAKXKe aHOMAJbHO MPOLECCHPOBAHHbIE KJ/IETOUHbIE
rpanckpuntel TPHK, 7SPHK 1 UPHK (cM. puc. 118, 6). OcobeHto
6GoraThl TaKHMH [OBTOPAaMH TEHOMBl BLICHIHX 3YKapHOT — MJIEKOINH-
TAIOWHMX. Y HHX OOHApy:KeHbl pacCesiHHbE 10 reHOMY KopoTkue (70—
300 n. H.) ¥ guHHBE (6—7 THIC. 1. H.) MOBTOPHL. Te H ADYrHe HeCyT
Ha YCJIOBHOM 3'-KOHIE NOCJAEA0BATeNbHOCTh MoNHdA H OrpaHHYeHH
npsambivd noBropamu (7—20 n. H.) (puc. 118, ¢), mpeiacTaBasAOWHUMH
coBoit NYNJAHKALHIO CaiTa BHEIPEHHS DeTPONO30Ha. BHYTPH CeMeHCTB
KaK JJIHHHBHIX, TAK H KOPOTKHX MOBTOPOB OOHApyXXHBaeTCA CTPYKTYp-
Hasg HeoZHopoaHocTh. OTAeNbHBE KONHH YacTo YKOPOUeHH ¢ 5'-KOHIa,
HMEIOT JeJlel]HH, BCTABKH H HYKJeOoTHAHHE 3aMeHH. CeMeficTBa TaKHX
MOBTOPOB Y4CTO MOJYYalH CBOM Ha3BaHHs 10 PECTPHKTa3aM, pacuuer-
JSIOLIMM STH NOCJAeJ0BATEIbHOCTH (HanmpuMmep, KopoTkhe Alu-noBropsl
HJIH QJHHHBE KpN-NOBTOPH B FeHOMe YeJ0BeKa).
UHCI0 KOMHHA JJIHHHBIX TOBTOPOB COCTABJISET Y MJIEKOMHTAIOIHX
3-10%, 1. e. okono 10 % Maccu [JHK. B aaunHBIX 1OBTOpax o6GHa-
PyKHuBaeTCcsl OJHA HJIH HECKOJBKO [OCTAaTOYHO MPOTSXKEHHBIX OTKPHI-
THIX PaMOK TPaHCASUHH, TJe BHIABJAETCS 3aMeTHas' TOMOJOTHA C
HYKJICOTHAHBIMH I[10C/I€IOBAaTeJbHOCTAMH, KOJHPYIOLIHMH peBepTasy
Yy peTpoBupycoB. I'OMOJIOTHSI HYKJIEOTHIHBIX TOCJAeI0BaTeIbHOCTER
OTKPHITBIX PAMOK TPAHC/SALHH IIPOCAEKHBAETCS Y PasHblX  BHOB,
OJHAKO 34 NpeleJaMH OTKPHITOR DaMKH TPaHCJAIHH TFOMOJIOTHS Te-
psiercs. TlonaraioT, uTo pofoHa4aJbHHUEH JJIHHHBIX [OBTOPOB MJIEKO-
NUTAOLHX [OCAYXKHIa (QpaKkuus moanazeHutnpoBanHeix PHK, ko-
IMpPYIOUKX GelKH, ofnajaioliie peBepTasHoli aktHBHOCThIO. CoOT-
BETCTBYIOIHE TMOJHANEHHINPOBAHHEIE TPAaHCKPHNTH pa3smepoM 6000
HYKJIEOTHAOB OOHapyxHBaloTCs B HeaH(depeHUHPOBaHHBIX 3MOPHO-
HaJIbHBIX KJeTKaxX MJeKoNHTalnX. He HCK/MoYeHo,uTo B pesyJbrare
TPaHC/ASILMH TAKHX TPaHCKPHITOB oOpasyercd KJeTouHas peBepTasa.
Kaxablil BHA MJIEKOMN HTAOWMX 06/afaeT COOCTBEHHBIM TJIaBHBIM
CeMeficTBOM JJIHHHBIX [OBTOPOB, OTJHYalOUIMM €ro, ocofeHHO BHe
06/1acTH OTKPHITONl DaMKH TPAHCJALMH, OT APYTHX BHIOB. [Toaromy
OpennonaraeTcsi, YTO pas3Hble ceMeiCTBA JJIHHHBIX NOBTOPOB BO3HHKJIH
CPaBHHTEJNbLHO HeNaBHO, YZKe [10C/TIe 3BOJIOLHOHHON AHBEPreHIHH BHIOB
MlekonuTaloluHX. Y ocobeil — pofoHadaNbHHKOB KaXjJoro BHAA, Be-
PosiTHO, CyulecTBOBasla CBOS MpelKoBas NOC/IeN0BATENbHOCTb, Pa3MHO-
XeHHe KOTOpoH NpHBEJNO K 00pa3soBaHHIO CeMeHCcTBA JIMHHBIX I10-
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BTOPOB, YacTo OOHAPYXHBAeMBHIX B IPOMEXYTKaX MeX1y reHa-
MH.

KopotkHe noBTOpH, NMo-BHAHMOMY, BO3HHK/AH B De3yJbTaTe peT-
ponosnuu JHK-konuii, 06pasoBaHHBIX Ha YaCTHYHO NPOUECCHPOBAH-
neix TPHK u 7SPHK. [locnenssis BHNOMHSET BaKHYIO KJIETOUHYIO
(GyHKUHIO, OHA BXOIHT B COCTAaB PHOOHYKJEONPOTEHAHBIX YACTHIL, V3-
HalWHX CHIHaJAbHBIA nentHi Ha N-KOHle HOBOOGpPa30BaHHOIO CeK-
perupyemoro Genka. UYacTHubl yuacTBYIOT B OHOCHHTE3€ CEKPETHPY-
€MbIX OenkoB, ofecreuHBasi TNpHKpeNJieHHe PHGOCOMBI K MeM6pa-
HaM 3HJION/Ia3MaTHYeCKOH ceTH. AHa/MH3 HYKJAEOTHAHOM nNocsej0-
BATEJIbHOCTH KOPOTKHX IOBTOPOB NOKAa3LIBaeT, UTO MarpHuUel AId HX
obpasoBanusa nocayxuiau 7S PHK, TPHK u, uakoneu, UPHK, noi-
Bepriuyecsi TMNPOUECCHHTY H «OWHOGOYHOMY» TMOJIHAIeHHIHPOBAHHIO.
Bo3MoXHO, 00pa3oBaHHe LUMHALKH Ha 3'-KOHLE MO/IeKyJa obecredyHsIo
3aTPaBKy (npaiimMep) A5l OOPATHOM TPAHCKPHNTA3bl.

I'eHoM MJIEKOMHTAIOUIHX CONEPKHT HECKOJBKO DAa3HBIX CEMeNHCTB
KOPOTKHX NOBTOPOB. KOpPOTKHEe MOBTOPH! Y NTHI H aMPHOKH H3yueHBi
3HaUHTeNbHO Xyxe. YHCIO KONMHMA KOPOTKHX [OBTOPOB, HalpHMep
HauGoJiee H3YUEHHBIX TOBTOPOB Alu-cemeiicTBa y uesoBEKa, COCTAB-
aser 3-10%, uro coorBerctByer 5—6 % wmaccer JJHK knetxu. Takue
TNOBTOPLI PACCEAHbl MO TeHOMY H TNOJIYYHJAH HA3BAHHE BE3IECYH{HX.
IMosTopnl Alu MOryT HaxoauThCs B HHTPOHAX, Ha 5 -W1aHrax reHoB
H, HaKoHeu, B coctaBe 3'-HeTpaHcaupyemoro yuactka MPHK. Hyk-
JIeOTHIHAs MNOC/e0BaTe/bHOCTb Alu-rloBropa roMosornuHa mocsieno-
BAaTeJILHOCTH OTJe/MbHBIX ywacTkoB 7S PHK. Crpykrtypa 7S PHK
JIOCTaTOYHO KOHCEPBATHBHA Y MO3BOHOYHBIX, & TFOMOJIOTHH B HYKJEO-
THIHOH TNOCJEOBaTeNbHOCTH NpocaexuBawTes v ¢ 7S PHK naceko-
mbiX. [losTomy cemeficrBa KOPOTKHX [OBTOPOB, NPHCYTCTBYKOIIHE
Y PasHBIX BHJOB, NpENIIeCTBEHHHKOM KOTOPbIX cayxura 75 PHK,
TaKxe MOTYT o6/najgaTh JOCTaTOYHOH romosorueii. B To ke BpeMs
CeMeHACTBa KOPOTKHX IMOBTOPOB, KakK H IJMHHBIX, XapaKTepH3YIOTCs
BHJOCTIEUHPHIHOCTBIO, O6YCIOBAEHHOH aMILTHGHKAUHEH TOM HJIH HHOM
KonuH kietounbix PHK, KoTopble K TOMY e MOTIH GbITb MO-pa3sHOMY
MOAH(HIMPOBaHE B pe3yJibTaTe NpouecCHHra. JIoKaausallus peTpo-
NO30HOB, BHEJPHBLINXCS B OTAeJbHLIE CalTbl reHOMa y TNpPeIKOB MJe-
KOMHTAIOUIHX, MOXET, 10 KpaiiHeH Mepe, YaCTHYHO COXPAHATBCH B
npoiecce janbHefiied 3pomoudu. Hanpuvep, Mecta J1okaausalHmr
Alu-nogo6Horo cemeficTBa B MeKTeHHBIX TNPOMEXYTKaxX KJaacrepa
TJIOGHHOBBIX TeHOB OKa3aJHChb JOCTATOYHO CXOJHBIMH Y Mbleii H
TIPHMATOB.

DYyHKUHS KOPOTKHX H JJIHHHBIX MOBTOPOB He sicHa. OHH TpaHCK-
pubUpyIoTC H OOHApYy»HBAIOTCH B COCTaBe TNPOTHKEHHBIX siAEPHBIX
TPAHCKPHNTOB, KOTOPbIE ellle He NoJBepriHch npoueccHHry. Koporkie
MOBTOPB! COAEPKAT NOTEHLHAIbHEE NPOMOTOPH Aas noauMepasbl- 111,
NIOCKO/IbKY OHH o6pasoBanuck Ha PHK-marpuuax, cuHTe3HpoBaHHLIX
¢ nomouibio PHK-nonumepaser 111, nenosbayiomei ans vHHIHAUHH
TPAHCKPHILHH YYaCTKH BHYTPH TPaHCKpHOHpYVeMoro reHa (cM. ra. X).
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O1HaKO HENMOHSTHO, HCNOb3YIOTCS JIH B KJETKe 3TH NPOMOTOPH KOPOT-
KHX MoBTOpPoB. Mexiy ocofaMH o01HOTO BHIa HHorla HabMojalrcs
pas1nuus (MOJAHMOP(PH3M) B CTPYKTYpe TeHOB H MX O.iHkKafuero ok-
PyXeHusi, OOYCJOBJIEHHblE BHEIDEHHEM KOPOTKHX HAH IJIHHHBIX [0-
pTopoB. (JHAKO BOMPOC O BO3MOMHOH Ce1eKTHBHOH LEHHOCTH (HaNpH-
Mep, O NpeHMYLLeCTBaX NMPH 3KCIPeCCHH TeHa) 3THX pa3jJH4YHi ocTa-
€TCS OTKPHITHIM.

2. MOABHU)XHDBIE 3NNEMEHT bl
C JJIHHHBIMH KOHLEBbIMH NMOBTOPAMH
(PETPOTPAHCIMO30H bl)

Jpyro#t Gosbimo Kjace NMOIBHXKHBIX 3/JeMEHTOB COCTABJSIIOT pempo-
MpPAHCNO30HbL, CXOAHBIE 10 CBoefl CTPYKTYPe ¢ MPOPeTPOBHPYCAMH
{cm. . XI1I), koTophie BHEIPRIOTCS B TEHOM, HCIOJAb3YS MeXaHH3MbI
o6paTHO# TPAHCKPHNUUH. DTH 3.1€MEHTHI COJepPKaT «TeI0» PasMepoM
5—8 T.1n. H., OrpaHHYEHHOE MPAMBIMH JJIHHHbLIMH KOHUEBBIMH IOBTO-
pav (JIKI1, wau LTR, aura. long terminal repeats), o6uluHo cozep-
wawuvu o 300—400 n. B. (puc. 119, @). Uncio Konuii Takux 3.e-
MEHTOB, NNPUHALIEKAUIHX K OJHOMY CeMeHCTBY, JOCTaTOYHO MOCTOSHHO
A9 BHIa, HO BapbHPYET OT HECKOJBLKHX KOMHH 10 COTEH THICSY KOMH#
B 3aBHCHMOCTH OT THNa pPeTPOTPAHCMO30Ha. PeTPOTPaHCMO30HHI, OT-
HOCHLHeCS K Pa3HbIM CeMEHCTBAM, He UMEIOT NMPOTSKEHHBIX FOMO.10THHA
HYK.JIEOTHAHBIX nocsetoBateabroctedl Hi B JIKIT, Hu B Tesnte. B cocTabe
«Te1a» 3/1eMeHTa OOHApYKHUBAIOTCA OTKPHITHIE pPavKH TPaHCJISUHH.
BHYyTpH HHX NOKa3aHa JOKa/lbHasg TOMOJOTHS TeM paiOHaM TeHOMOB
NpPOPETPOBHPYCOB, KOTOPble KOIHPYIOT OGPaTHYIO TPaHCKPHNTa3yY H
HyK1easy (MHTerpasy). MHoria ofHapy:kHBaeTCs M OTKpbITag paMkKa
ATd GeKa, TOMOTIOTHUHOTO MO aMHHOKHC/JIOTHOH N0C.1e10BaTe1bHOCTH
Geaky o00OJOYKH pPETPOBHPYCOB. Pa3Hble KONMHH OJHOrO CeMeHCTBa
MOTVT pa3/iuyaThCsl HATHuMeM BCTaBOK M JereuHi kak B JKII, Tax
H B camoM Tese 3neventa. [To gwianrav [LKIT Haxoaatcs oTpaxKarouine
aymaukaunio JTHK MulleHW KOpPOTKHe NpsMble MOBTOPH, IJMHHA KO-
TOPLIX (HECKOJIBKO HYKJIEOTHIHBIX Nap) XapakTepHa s Kax.1oro
37eMeHTa. D1eMEHTH M0IpGHOH CTPYKTYPbl OGHApVKEHBl V APOXIKeH,
Apo30ogui !, MO3BOHOYHBLIX H pacTeHHH. PerporpaHcrnosoHbl 06BUHO
BeIVT ceffl Kak CTabWJIbHO HacselyeMble FeHbl, OIHAKO ONpelesieHHble
BO31ef{CTBHSI OKpPYXKalollleli cpelbl MOTYT HHIYUHPOBaTb HX TNepeMe-
HWeHns, Kak 310 Habmogaercs, HanpHMep, B KIeTKaX Ipoxked.
OauH u3 criocoGoB nepeveluennsi TpebyeT npexie Bcero o6paso-
Banus PHK-vatpuubl, Kotopasi KomHpyeTcss MpH VUacTHH OBpaTHOMA
TpaHckpunTasbt (puc. 118). 3to Obl10 3KCnepHMeHTa1bHO 10Ka3aHo
AN pETPOTPAHCIIO30HOB IPOXKKEH H 1p0o30GH/bl. PeTpoTpaHCrnosoHbl
Tpaxckpubipyiotes ¢ nomotbto PHK-nmoanmepassr 1. B cocrase
IKIT uveiotcs caifThl HHHUHALHK TPAHCKPHMILUHHM M CHTHATHl MOTHA-
degunanposadug. JKIT MoryT ¢€IyKHTb aKTHBHBIMH TPOMOTOPaMH.
BPaHCKpUNLUHA HauuHaetcs B oaHoM JKIT (ycaosuo qesom, 5'-JLKIT)
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H 3aKanuuBaercs B apyroM (npasoM, 3'-JIKIT). ITo-suanMomy, acum-
METPHS CaMoro Te/la 3JeMEHTA H DA3IHYHS B TeHOMHOM OKDYKEHHH
aByx JKIT onpenensiioT BHGOP WHHUHALWHM TPAHCKDHNLHH 3JeMeHTa
TOILKO C OZHOTO H3 1BYX 0AHHaKOBBIX JIKII. [To-BHAUMOMY, S/eMeHTbI,
KOTODbIe KOIMPYIOT GelKH, yYacTBYIOIlHE B «PeTPONO3HUMH», T. e.
peBepTasy u 1p., oGeCcneuHBalOT HaJIHYHe TPaHC-IeHCTBYIOIHX dak-
TOPOB, HEOGXOAHMBIX JUISi TIEPEMELIeHHs CXOAHKIX, HO Ie(PeKTHBIX 37e-
MEHTOB JJAHHOTO CeMeHCTBa, He CIIOCOGHBIX KOAHPOBATb 3TH GENKH.
Tpatckpunuus perporpancnosoHos nameko He BCErja CONmpOBOXK-
Raetcsi o6pasoBanneM JHK-konuu u petponosnuuei. B paje cayuaes,
HanpuMep Ha DAHHHX IMOPHOHANLHLIX CTAafHAX PA3BHTHS HOpMasb-
HBIX MBILIEH, NPOAYKTH TPAHCKPHIIHH OTAEABLHBIX CeMelicTs petpo-
TPAHCIO30HOB HAXOAATCA B COCTABE BHPYCOMOZOGHBLIX IHTONIA3MATH-
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Puc, 119, Cxoannsie no cTpykrype ¢ MPOPETPOBHPYCAMH PETPOTPAHCNO30HH Iy Ka-

a — obuiasi CTPYKTYpa; 6 — HapYWeHHS TPAHCKPHIUHH, BhI3BaHHbie BHEJIPEHHEM PeTpPOTpaHCio”
HaNpaBJeHHe TPAHCKPHTUKMK); ¢ — BHPE3aHHe H BCTPaHBAaHHE B Pe3yAbTaTe FOMOMONHYHON pexoM-
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YeCKHX YacTHI[. DTH YacTHIBl He BHXOAAT M3 KJETKH H He CHOCOOHH
sapaxaTb JApyrue knaetkH. OcTaercsi 3arajgkoit, Kakyio poJib OHH
MOTYT HrpaTh B XKH3HeIEATeJbHOCTH KJIETKH H B pPAasBHTHH oOpra-
HH3Ma. :

Snementhl, orpanndennble JIKII, cnocoGHB Takke nepeMemiatbes,
HCIONb3ys DeKOMOHHAUHOHHBIE MeXaHH3MH. B pesyabrare romoso-
rHuHOll pekoMGuHanuH Mexay [KII smeMeHT Bhipesaercsi M3 XpoMmo-
COMBI, HO B cocTaBe reHoma coxpansiercsi oguH [ KII, npucytcrBue
KOTOPOrO CMOXeT O0ecneyuTb IOBTOPHYIO HHTErpalHio, HanpHMep,
KaKoH-Tu6o Ipyrol KOMHH M3 YHC/Ia NpejCTaBHTeNEH JaHHOLO rere-
poreHHoro cemeiicta (puc. 119, 2).

C onHo# CTODOHEI, HMEIOTCH CBHIETENBCTBA O JAOCTATOYHO APEBHHX
cyuasiX BHEJAPEHHH PeTPOTPAHCIO30HOB, 3aTeM COXPAHMBIUHX HEH3-
MEHHEIM CBOIO JIOKa/lH3alHi. Tak, B IPOMEXYTKE MeXAY TreHaMH
SMOPHOHAJIBHHIX T/I06HHOB YA M yC OGHapyeH OJMH H TOT e 3Jle-
MEHT y JIOJEH, OTHOCAIGHXCA K pasHbiM pacaM. C Apyro#f CTOpOHHI,
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PHOT, orpaliyesHHe AJMHHBIMH KOHLeBbIMH nmoBTopamu (I KIN):
Ha B HHTPOH; 8 — YCHJIeRHE 3KCTIPeCCHH TeHa NPH BHEAPEHHH B 5-pailOH CTPEeNIKH YKa3uBalor
Hausu B paktonax AKII
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HMEIOTCS JaHHBIe O BHE3alHBIX MepeMelleHHAX CPa3y MHOTHX KONHH
3leMeHTOB, HabjoJaeMbiX B Ipouecce 3KcnepHveHta. Bresannele
nepemellleHHsi 3jeMeHToB, orpanueHHblx JLKIT, onmucanel y Ipoxkkeit
H Ap030¢HJbl, HO MPHYHHB HX MJIOXO MOHATH. Bo3vokHO, mepBonpH-
YHHOH pa3MHOMKEHHS KOMHH SIBJIAETCH HX YCHJEHHas TPaHCKPHIILHA.
Okasaloch, 4TO pe3Kas aKTHBALMA TPAHCKPHMUHIH JHUIb OIHOH NO.I-
HOH KONMH peTPOTPAHCNIO30HA POXKKel COIMPOBOXKIaeTcs Pa3MHoO-
JKEHHEM He TOJIBKO 3TOH KOMHH, HO H MHOTHX JPYFHX, B TOM uHc.1e,
neeKTHBIX, KOMmHuii. JTO yJaloch MOKas3aTh, CO031aB HCKYCCTBEHHYIO
TeHeTHYECKYI0 KOHCTPYKIHIO, B COCTaBe KOTOPOH 3.eMeHT Obl1 CJIHT
¢ npovMotopoM rena GAL!L, kotopslii HHIyuupyercs raiakrozoit. [o-
GapJleHHe K JpOXMKeBbiM KJIeTKaVv TaJlakTo3bl Pe3Ko aKTHBHPOBAJIO
TPAHCKPHIIUMIO 3TOH KONHH MOOHJIBHOrO 3J7€eMeHTa, B pe3yJbTare
yero B KJeTkax o0pa3oBbiBaJHCh OelKOBble NMPOIYKTHl, HeoGX0IHMble
IJIsSi PeTPOMO3HUHH pAjaa IPYTHX KOMHH. DToT nmpHMep MNOKa3blBaeT,
KaK YCJIOBHS BHeUIHel cpegbl MOTYT OKa3biBaTb B.IHSIHHe Ha TIPOLecChHl
PETPONO3HIUHH.

BHegpenne MOGHJIBHOTO 3JeMeHTa BHYTPb reHa HJIH OKOJI0 PeHa
BbI3blBaeT pasuble 3bPekTel. Bo MHOTHX clayyasix NPOHCXOIHT HHAK-
THBaUMs TreHa, HanpHMep HapylaeTca ofpa3soBaHHe HOpMa.IbHBIX
TPaHCKDHITOB B pe3y/bTare TePMHHAUHH BOIM3H CaiiTOB NO.1HAJEHM-
auposands B oauux JLKIT unu, HaoGopor, HHHuHauuu B 1pyrux JKII
(puc. 119, 6). [pu uHTerpauuu B pafioH npoMotopa Ha 5'-diaHre
TeHa MOGHJbHBIA 3/IeMeHT MOXeT Pe3KO aKTHBHPOBaTh 3KCIIPECCHIO
reHa, ofecreuuBasi TPaHCKPHNUHIO ¢ cofcrBeHHoro npomoropa. O
HaKO aKTHBHPYIOLlee BJHsiHHE 3JeMeHTa MOXeT Ha6.mo1aThCH, ec.aH
HanpaBnenus tpanckpunuii B JLKIT H B rene npotHBononoxHel. Bos-
MOXKHO, aKTHBauMs TPAHCKPHMUHH H 3KCMPECCHH reHa OCYUIECT-
BJISIETCA B TAKOM CJydae §saroapsi BO3IeHCTBHIO 3HXaHCepOB, MPHBHO-
cuMblx 3nementoM (puc. 119, ¢). JeiicrBuresro, B cocrase AKIT uau
«Tes1ay psiia MOOHJbHBIX 3J1€MEHTOB HAXOJIATCHA HYKJIEOTHIHBIE Moc.1e-
JIOBAaTEIbHOCTH, Belyl(He cebsi KaK 3HXaHcephl, T.e. JIeHCTBYOULHE
He3aBHCHMO OT OpHEHTalHH 10 HaNpaBIeHHIO K TPaHCKPHMIHH reHa
(cm. . X).

OnucaHnbie c1yyad BHeIpeHHs 3.eMeHTa CONMPOBOXKIAOTCA MyTa-
UHSIMH C CavbiMH Pa3HbIMH (PEeHOTHITHYECKHMH [IPOSIBJIEHHAMH, 06YC.I0B-
JeHHBIMH TI0JaBJeHHeM O06pa30BaHHsi HJH, HAao60pOT, THNEpHpoIyK-
uHeil Ge1ka. MoxHo Hab/Mo1aTh MOJHYIO HJIH 4acTHUHYIO PeBepCHIO
MYTaUHA K HOpMe, BLI3BAHHYIO BEIpe3aHHeM MOOGH.IBHOrO 3.1eMeHTa MpH
COXPAHEHUH B COCTaBe XPOMOCOMbI ToabKO oiHoro JKIT. IMepeseweniie
MOGH/IbHBIX 3JEeMEeHTOB MO TeHOMY MOryT croco6cTBoBaTh PacrpocT-
PaHEHHIO PeryJIsATOPHbIX CHTHAMOB (CafiTOB HHHUHALHH TPAHCKPHIUHH,
CHI'HANOB TNOMHAIEHHIHPOBAHHA HJIH 3HXaHcepoB). Pob MOGHIBHBIX
3JEMEHTOB B 3BOJIOUHH CHCTEM Pery.IsilHH MoKeT GbiTb 3HAUHTeIbHOH,
ec/H NPHHATH BO BHHMAaHHE, YTO [eHOM 3YKapHOT KOIMPYeT TpaHC-
JeiictByiouie Ge1KoBble GakToOpbl, crocobHbie crelHPHIECKH Pery.TH-
poBaTh HHHLMAUHIO TPaHCKpHNuUuH B pafioHe JKIT.
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3. MOBHJIBHBIE 3JIEMEHTHI,
OrPAHUYEHHBIE HHBEPTHPOBAHHBIMH
NOBTOPAMH

DTH 3/MEMEeHTH OrpaHHYeHH WHBEDPTHPOBZHHHIMH MOBTOPAMH, KaK H
HeKOTOpble TpaHCMo3oHH npokapuor (pHc. 120, a). Tlpumepamu HX
MOTYT CIYXHTb P-aemeHT aposoduinl H Ac-3/eMeHT KYKYpY3H. Hx
paccMOTpeHHe MOKa3biBa-

eT, Kakylo BaXHyio G6HO- P — anemerm dposoguast

JIOTHYECKYI0 pOJib OHH 3 2900 nH. I,
MOTYT Mrpath B onpeje- f’:: L — — 15
JIeHHH TEeHOMHOH H3MeH-

9HBOCTH KaK B COMATH- « ! Z A b

9gecKHX KJeTKax, TaK H ’\\Sé E[ f: /l

B KJETKaX 3apojblilieBo- . 3

ro nyri. B renomax 5 e conaicuned
ApOSOQHAN H KYKYpY3hl Mzﬁfﬂznp:gﬁn%%bﬁeﬂaza nymuy
HacuuThiBaercsi no 30—50 :

KOMHUIl TaKHX JIEMEHTOB.

[Monxble KONHH coaepxat Ac— snemenm xgrypyisl
OTKpbiTble PaMKH TpaHC-

JASIHHA, KOJHpYIOlHe

Tpancniosasy. UYactb Ko- PR 4560 n-H. éi
BHi AedeKTHA, COAEPKHT S—

MHYTPEHHHE JeJIELHH, M <—5, 3.“"

HX TpaHCMO3HUMH, TO-

BHAUMOMY, OCYLIECTBJIA- ydanerue vembipex unmponod,
I0TCs1 C NOMOIUbIO TPaH- MPHH mpacnosads!
crno3assl 6aarogaps ¢y HK- a
IHOHHPOBAHHIO  TIOJHBIX
Konuii. B «rene» P-ane-
MeHTa OOGHapyKeHbl YeTH-
pe OTKpLIThie paMKH TpaH-
CASIUHH, KOTOpHE B pe-
3yJbTare cnjaicyira o6b-
€HHSIOTCT B COCTaBe
MPHK, KOAHpYyiouled
Tpancnosady.  TpaHCK-
punt Ac-3zieMeHTa TakK-
Xe 3axBaTblBaeT Bce Te-
10, nocsie ynaneHus ue- Puc. 120. Mo6RAbHBIE 3/IeMeHTH 3KaYPHOT € KOH-
Thipex HHTPOHOB 06Gpasy- UeBHMH HHBEPTHPOLAHHBIMH NOBTOpaMH!

ercq MPHK A TpaH- a — CnAoUIHbE CTPEIKH — TIOVIOKEeHHE TIPAMBX  (pe3y.ib-
C Tar AyNAHKaLHH B pafioHe CafTa BHEJIPEHHR) H HHBep-
N03a3mi. THPORAHHHX TIOBTOPOR (UKDpaMH yzg(a’anu pa3Mmepu B
. . HYK.JeOTHAAX; MYHKTHPHbHE CTPEIKH 34aqalnT OTKPH=

P SJIEMEHT  COIEPXKUT TZe pPaMKh TpaH)::nﬂuun): 6 — K.J1oHaJbHOE Hac.1el0BaHNe

€1 TONBLKO B HEKOTOPBIX HWHAKTHBHPOBAKHOIO COCTOAHHR TeHa W ero peakTHBaUWA

TNpH BHpe3aHHH 3JIEMEHTa B COMATHUECKHX KJeTKaX pacte-
"”'{HH;IX D - ,ne[anogaSter' Hﬁn Hap()ﬂpe,fleﬂeHHHX CTaAHAX PAa3BHTHA

Knemuqg — Agedusecmbennuk ¢
unaKmuBLpODORHBM  ZEHOM

Ooipesanue 3nemenma na onpede -
Aennod cmaduy posbumus v
peaxmubayus zena

Oe3 nuzmewma  HIPMQ
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CkpemnBanue camok Ges P-smeMenta c¢ camuamu, Hecymmmy
P-anieMenTbl, NPHBOAMT y THODHIOB K TPAHCIO3HUHAM P-smemenra,
KOTOpble HAGJIONAIOTCS TOJBKO B KJETKaX 3apOJBILIEBOrO NYTH. B no-
TOMCTBE TaKHX MHOPHIOB OGHAPYKHBAETCA JOCTATOYHO MHOTO MYTauHii,
BbI3BAHHBIX BHEJPEHHEM 3JIeMeHTa. JTH MYTalliH YacTO [PHBOAAT K
CTEPHJIBHOCTH NOTOMCTBA. [losToMy nuuuu ¢ P-snementoM u 6e3 Hero
BBIMISAAAT KaK PENpPOJAYKTHBHO H3O/MMPOBAaHHBIE, MO KpailHell Mepe
YacTHYHO. BHosmoruveckas M3oMANHA HIPaeT OTPOMHYIO POJMb B MpPO-
Lecce 3BOMOUMH. B 3ToM ciiyuae oHa o6bACHAETCA HAa MOJIEKYJAPHOM
YPOBHE: H30MALMA JIHHHH BbI3BaHA AaKTHBALHeH TpaHcnosuuuii P-
3/IeMeHTa, MPHCYTCTBYIOLIETO B OAHOH H3 HHX. MeXaHHM3M aKTHBaLHH
TPAHCHO3HLMA He paciuM(POBaH, OJHAKO BbIACHEHA [IPHYHHA, MOYeMy
TPaHcno3HUuH P-3/1eMeHTa OrpaHHYeHBl 3apOjIbIEBLIMH  KJETKAMH.
Oxasanoch, YTO TOJBKO B K/IETKaX—IPEAUIECTBEHHHKAX TaMeT — OCy-
HIecTBIIsieTCs TAKOH X0/ CaiiCHHTa TpaHCcKpunTa P-ssneMenta, xoropbiii
NpHBelleT K 0Cpa30BaHHIO HENpepLIBHOH OTKPHITOH DaMKH TpaHc-
JAUHH, KoAHpYiowled TpaHcnosasy (puc. 120, a). OrpaHnuenue TpdHc-
MO3UIHH 3apOAbIIIEBbIMH KJIETKAMH, TO-BHAHMOMY, HMEET Ornpeje/eH-
HBbI CMBICJ, [OCKOJBKY OOecreuHBaeT BbDKHBaHHe ocobeil, Hecyniux
TaMeThi, B KOTOPHIX NPOH3OULIH TeHOMHBIE NEPECTPOHKH BCJIeACTBHE
Tpauncnosuuud P-snemventa. [Togo6HEN «reHOMHBIE WIOK», COMPOBOXK-
JIAIOIHICA BBICOKOH 4YacTOTOH MyTareHe3a, MOXeT OGeCNeuYHTb GO0Jb-
IIYIO CTENeHb FeHOMHOH H3MEHYHBOCTH, KOTOPAs MOCHYKHT MaTepHaJIoM
A1 or6opa B npoliecce IBOJIOLHH.

Ecmu tpancnosuumu P-sneventa AposodH/Ibl OTPaHHYeHLI 3apo-
JblUIEBLIMH KJIETKAMH, TO NepemelleHuss Ac-3JeMeHTa MPOUCXOAST H B
COMAaTHYECKHX KJeTKaxX y KYKypy3bl. 3a rnepeMelleHHeM TakHX 3Je-
MEHTOB MOXHO CJIEAHTH IO pacnpejeNeHHI0 (PeHOTHIHYECKH HOPMallb-
HbIX M MYTAHTHbLIX YY4aCTKOB TKaHH — HalnpHMep, JHIUEHHbIX MHT-
MeHTa BCJIJCTBHE HHAKTHBAIIMH TeHa, ONpeJessionero MHrMeHTAalHIo.
TloroMcTBO KJIETKH, CcoflepiKaulell TOJAbKO MHAKTHBHPOBAHHELH TeH(bl),
Takxke OyjeT JIHIIEHO NMHIMeHTa. Bripe3aHHe MOGHJILHOTO 37eMeHTA
NPHBOJMT K peakTHpanHH reHa. UeM pambiue OHO NpOH30iileT B pas-
BHTHH MYTZHTHOH HeMHMIMEHTHPOBAHHOIN TKAaHH, TeM OfWHpHee OyaeT
OKpauleHHbll Y4acTOK, IOCKONbKY KJETKH HAcJeAyloT aKTHBHOE CO-
crosiHHe rexa (puc. 120, 6). HaGmopnas nojoGHble sBaenusi, Mak-
KnHHTOK cpielana BBIBOA O PeryJsaTOpHON (DYyHKUHH MepeMellaroliXcst
SMeMeHTOB, Ha3BaB WX KOHTposHpywomHMH. Okasanocb, 4TO Bblpe-
3aHHe 3THX 3JIEMEHTOB MPOHCXOHHT TOJNBKO B OIpEIeNeHHBIX TKaHAX
H B TeueHHe OTPaHHUEHHOTO NEPHONA PA3BHTHA PACTEHHs.

BripesaHHe Ac-mofoGHBIX 3J1EMEHTOB Y PacTeHHI MOKeT GbiThb He-
TOUHBIM — 3JIeMEHT OCTaBJ/IfAeT «OTeYaTOK» CBOErO MPUCYTCTBHSI BHYTPH
resa, ofpasys, HanpuMep, AYIJIHKALHIO HAH BCTABKY HECKOABKHX
HYKJIEOTH/IOB B pafone BHelIpeHHsi. B pesyJsbrare MOryT H3MeHATbCH
CBOJiCTBA GesIKa HJIH XapaKTep IKCIPecCHH TeHa, ecH 3JeMeHT COOT-
BETCTBEHHO MOGHIBAJA B 3K30HE MM B PEry/JsiTOPHOM paHOHe TreHa.

B uenoM nopBHXKHBE 37eMeHTbl 3YKapuoT NpPEACTABASIOT co6ol
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3HOPOJHYIO TONYJALHIO H HM MOXHO HpHﬂH‘CblBaTb
GyHKUHH B Ipouecce Gy HKIHOHHPOBAHHS  reHoMa.
T MpeACTaBJIeHHe O TOM, UTO OMHCAHHBIE NOABHIKHBIE
kakolt GyHKUHH, T. €., K&K NPaBHJIO, HE BJIHAKT
ya (PEHOTHI OPTaHH3Ma M pasMHOXAIOTCA B reHoMe JHUIb Gﬂi;gﬁ%
0cOOEHHOCTSIM CBOEH CTPYKTYpHI, B pesyJbTaTe UYero OHH 1OC e
sacensioT rexom. [lpeanonaraerca, HTO OHH coclT_‘aBnmor ?{%meuue
raK Ha3blBa@MOH STOHCTHUHOH (aurn. selfish) JL gﬂ,épaaMCT Keiite
KOTOpPOH OrpaHHuHBaeTCH eCTeCTBeHHbIM oruéopolxx_/ll.K T gpogom%aemﬂ
re CIyuaW, KOrja BHEJpPeHHE SrOHCTHUHOH D: coﬁp;l)JIbeIx eres
BpeAHbIMH NOC/E/ICTBHAMH. HepocraTok 3HaHHHE O MO IBHX Sne-
MeHTaX 3YKapHOTHUYECKOTO TeHOMa He NO3BOJAET HH OTBOSII)THZ[M o
NPHHATH [EJHKOM STy KOHUENIHIO. [Npexcrasnsercs Bep " noua’!{any
Ha ONpeje/eHHbIX CTajHAX 3BOIOUHH OT/le/IbHblEe eMeHT | noKasaTy
srouctuiHoit JIHK MOTYT HCnonb3oBaThCsd A nenief, Kot gnsmy
JanbHefileM —obecreuar  CeNEKTHBHLIE [peHMylliecTBa  Op .

qpessmuai’mo pa
camble PpasHbie
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Iaasa XII
CTPYKTYPA XPOMATH HA

HacnepcTBeHHBI  annapar 3YyKapHOTHYECKHX KﬂETgK gyuc.)!.sgl}a{z}:{féz
oTAnuaeTcs OT MNPOKAapPHOTHYECKHX XPOMOCOM. Han OJée}sz ieBkANOe
oTnune — orpomuoe konuuectso JHK B ayxapmm:e& RN
Hanpumep, ranioniHblii reHoM HuenoBeKa COCTOHT "

6
1 m. o.
HOBaHHH (1. 0.), TOrla Kak TE€HOM E. coli skmouaer scero 10

a HECKOJbKO XPOMOCOM,
HO 3yKapHOT pasjeled H ) ’
KpOMe M oerepren: Y {KJbl KOHJeHcallHd H JeKOH

ble IIH
KOTophle MpeTepreBaloT XapakTepH i
ﬂeﬂcguuf{ PB Xoje JeJNeHHA KJEeTOK. HaxkoHell, B KJIeTKean uae)r:AKy
PHOT Gosiblle FEHOB H HX PperyJslius 3HAYHTEJNbHO CJOXKHEe,
TpOKapHOT.
CrpykTypHas OpTaHH3
PHOTHuecKHX KJeTKax o0

CKHMH (yHKUHsAMH. Bo-nep
MepHo B 10* pa3 K MOMEHTY MHTO3a, & 3aTeM 6LICTPO JeKOHJe

AU TeHeTHYEeCKOro MarepHana B 3YKa-
YCJIOBJIEHA caedyIHMH ero OHOJOTHUE-

HK B sipaX KOHAeHCHpyeTCsl IpH-
A 5 HCHpYyercsl,
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UTOGHl CTAaTh JOCTVMHOM 11 TPAHCKPHILHH, npuueM npouecc KoHIeH-
CaUHH 10/0KeH GbIThb yrmopsioueHHIM, utoGsl JIHK ge >alyThiBa1ach.
Kouzencauus JIHK nponcexoiut B HeckolIsko 3ramop. [TepBelit ypo-
BEHb KOHIEHCAUHH — 0GPA30BAHHE MOBTOPSIOUIHXCH eIHHHIL, HYyKAe0-
€OM, COCTOALUHX H3 GE1KOBOH IT06Y.Ibl M 06BHBAWLUE ee CHPATbHOK
IHK. U3 uykaeocom o0pasyercs nepBHYHAA XpO.M2MuH03as @pubpuarra
TOMUHHOA OK0J0 10 Hyv. OHa yuacTByer B HOBOM npouecce CHpaiIu-
3auUnH ¢ oOpasoBaHHeM (HOPHIIBI TO.IWHHON 30 HM, KoTopas npe-
TEpPNEeBAeT JalbHeHWYI0 KOMMAKTH3aUHIO BILIOTH 10 o6pasoBaHus
XpoMocom. Baxneiiwyio poab B obpasosan-ti 30-Hy GHOPH.TIBL Hr-
paet rucron HI. '

Bo-BTophix, co cr0kHBIME CTPYKTYPHBIMH T1€PecTpOHKAMH XpoMa-
THHA cBasana pennukauus JHK. Kak 6vier obecyxiatbes mmke, n
MOMEHT MpOXOXIEHHS! DPeMIHKALHOHHOH BHiKH JHK c6pacbiBaer
THCTOHBI U TOYTH CPa3y MOCTe 3TOF0 HYKJIEOCOMBI PEKOHCTPYHPYIOTCS
Ha JIHK. CueioBatenbHo, 10.1KHbI CVINeCTBOBAaTb MEXAHH3MbI, KO-
TOpble 0GeceuHBaloT TPAHCHOPT HOBOCHHTY 3HPOBAHHLIX THCTOHOB H3
LUHTONNa3vbl B A1p0 H c60pKY Hyk.aeocom wa JHK.

B-tpetsux, IHK tpanckpuGupyercs, u TPAHCKPHIUHA Pa3.IdYHBIX
TeHOB TOHKO DEry.THPYeTCsl, B YaCTHOCTH, HA PA3IMYHBIX CTATHNIX
KJIETOUHOTO LHK1A H B mpouecce 1H(PepeHUHPOBKH MHOTOKIETOUHBIX
OpraHu3MoB. ['uctonsl, csasannwe ¢ JHK, Bausior Ha stor npouecc,
OHH 10/DKHbl HAM yiaiathaa ¢ JHK B Momenr TPAHCKPHILHH, W.TH
KaKHM-TO HHBIM clloco6oM rinonyekate PH K-noauvepasy. Mexanuassl
Y3HaBaHus GelIKaMH onpeleteHHBIX noceloBaTebHocteli JHK v
OYKapHOT H3YYeHbl B TOpPa3i0 MeHblUel cTeneHu, dey y POKApHOT.
BosvoxHo, y sykapuor BawHvIo pob B 3ToM mpouecce HrpaloT Ge10K-
GesiKoBbIe  B3aUMOIeHCTB!M. MHorHe S3YKapHOTHYeCKHe TeHBl IM0IuH-
HAIOTCA HECKO.TbKHM PA3.THUHBIM PeryJIsATOPHBIM CHTHATaM, no3ToMy
HX CHCTEMa Dery.IilHH BecbMa CT0KHA M HABEPHAKA BKTIOUAET He-
CKOJIbKO 6e.1KOB.

CIpyKTYpY 3YVKapHOTHYeCKHX XpoMocoM  (xpomamuua) H3yHaloT
C NOMOLILIO PA3NHYHBL. 101X010B, B NEPBYIO OYEPEIb GHOXHMHUECKHX
H SJIEKTPOHHO-MHKPOCkONUYeCKHX . B HOXuMHUeCKHe Hec.Te 10BAHMS 06bU-
HO OCHOBAHBHI Ha Bblle.JeHHK Npenapara siep. $1po — cawas KpVIHasd
H TsXedas (10 MJIOTHOCTH) OpraHe1T1a K.IeTOK. Ipenapar siep 1o0-
BOJIbHO JIeTKO MOTYy4YHTb. JI1s1 3TOro TKaHb HIH KJIETKH paspywawoT
H UEHTPHQYTHPYIOT, a 3aTeM OUHMINGIOT sipa, nponyckas HX uepes3
NIOTHBIA PacTBOp €aXaposbl C MOMOLLBIO NOBTOPHOTO 1EHTPHGNI Hpo-
Banua. [loayuenHble sipa crabuausupyior B fipouecce BbLIETEHHA
ABYXBAIeHTHBIMH KaTHOHavH (Ca*~ utu Mg?-), MO THAMHHAMH, a
Takxe 0,15 M NaCl, 1. e. 6:1H3K0} K (H3HO.TOrHYEeCKO HOHHON CH.I0i1.
Tako#i npenapar siep coxpauser MHorue NPHXKH3HEKHHblE CBOHCTBA,
B TOM 4HC.Te cnocoGHOcTb cHHTe3HpoBats PHK u [IHK.

Ecan nowusurs nownyio cuy pacrsopa H cBsi3aTh W.IH OTMBIThb
ABYXBAICHTHbIE KAaTHOHBI, TO A1pa «BCKPHIBAIOTCSH», T. €. HX COJepAKH-
Moe npespauiaercss B 10-uv puOpHLIB. [Tpn 3TOM TEPSIOTC MHOTHe
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c
KomnoHenThl sgep, a JHK ocraercs B BHAE MPOYHOFO fo:inge;(éz“
ruéTOHaMM. Cootrowenue rucronn/JIHK no Macce B fapa b
¢ubpuaiax Bceria GMH3KO K eIMHHUE.

1. THCTOHBI

X —
{AmeeTcst AT OCHOBHBIX THIIOB MOJIEKYJ THCTOHOB. ‘JeTu:s Tep.;!ab ::;1 .
HykaeocoMHble rucronsl H2A, H2B, H3 u H4—cpéasa TebHO He-
Gonbie Geaxku ¢ M,=10 000+ 15000. Onu odenb Gorar onox-
TeJIbHO 3apsKEHHBIMH aMHHOKHC/IOTaMH — JH3HHOM H a;;rxeﬂﬂu.x
1 cxouH no cTpykType. OcHoBHas Macca nonc(;gmrenbﬂousasp DKeHILX
c X L
yeHa B N-KOHLEBBIX 0OJacT
aMHHOKHCJIOT COCPeJoTo T B e
- obaacTax, TOrja Kak LeHTpal A
crenend B C-KOHLEBHIX acth
Gorata THIpOQOGHBIMH OCTaTKaMH. 3apsiKeHHble I]‘(OaHuKb;KM(;J;)ee,ﬂ};;Ha
1 yeHHOH KOH(OPMALHH, TOTI
HaxoIATcsi B He YTOPSAAO | :
OpraHH30BaHa B OCHOBHOM B Q-CITHDAJIH M HMERT /106y IAPHYIO KOH
vauvo (puc. 121). .
qmpl"ucroa IF-)H CYLLECTBEHHO OTJHuaercs OT np}('crux p;gi:xméls'ax%ﬁ
HHMaJIbHBIX HYKJeocoM (CM.
He BXOIHT B COCTaB MH 2Tl
IJIaBbl) H y4YacTBYeT B OPTaHH3aUHH 23(%)0%\(1) qn;lﬁpm;:;e).{np:;:)m:aﬂ;ﬂmeﬂ-
; eBbllLaeT . Tlono
MoJIeKy.IsipHas Macca np AOMUTEIBHO Sapmmen
arku H1, rnaBubiM 06pa3o s
Hble aMMHOKHCJIOTHHIE OCT ' i o
gTcs B ocHOBHOM B C-KoHle MOJIQK)JILINH B MEHb!;[.Ie:O ;ggr}l{ix;u “Bme_
H as obsactb N-KOH1IEeBO MO!
Konuepoil uacTH. LlenTpanbH o ey HI
H ocraTKavH H ofpasyer T .
Kyabl 6orata ruapodoGHBIM c H Y e
ogﬂa:xaer BBIDAXKEHHOH JOMEHHOH cgpyxrypou, ;ﬂmrgl)guﬁicomwauﬂos
r106y1y M «XBocT». [ToMHMO !
TPHIICHHOM JIeTKO J€JMT ero Ha tHop
«gsoc-r» GoraT OCTaTKaMH [POJHHA H [VJIHLUHHA H HMEET Heynopauio
/10 KOH(POPMAILHIO. "
W B3am?;(,)1%ﬁcrsue JHK ¢ ructoHaMH TPOHCXOIHT bmaar;t;;{ﬂt}){(ﬁé):;ﬂx
: H 0
HHBIX CBsizell OTpHLATeNbH
nyteM o6pa3oBaHHA HO SO Sy
d apsiKeHHbIMH aMHHOK )
octhaToB ¢ NOJTONKHTENBHO 3 ar-
?(Ja\n?ix rucToHos. [lostomy kommuekcel JJHK ¢ rHcrt;E;ﬁ:egergol;x
- ’ H KOHLEHTpAalUHH COMH, H A ,
COLMHPYIOT TNpPH BHICOKOH K v S—H-
2 M Igz)aCl. Bp'ro e BpeMs LeHTpalbHble I'v1popoCHble YUacTKH T
H ; ; co60H.
CTOHOB B3aHMOJEHCTBYIOT MeXIY ' "
THeToHBL NPHCYTCTBYIOT BO BCeX sAapax ayxapum?{qe}gg:é(ep}z:er; x
i BICOKOH 3BOTIOLHOHHO
H OT/IMYaloTCSi 4pe3BbiYadHO B
HocOTb}o Tak, HanpHMep, NpH CpaBHenuH HauGonee KOHCEP;:;‘;{::;)QZ
' , a6a1101al0TCs JHUIb 1Be KOHCce
ructona H4 Gbika H ropoxa H paTHDANe
HAX01ATCA BAIHH H JH3HH,
3aMeHbl: TaM, rie B Oeaxe ObiKa ictoie
ropoxa pacrofoKeHsl H3CJEHUHH H aprnmm.”I'el};bl,BK(;;\l’;;};ypig(u)lm_
‘ ; PHK-noauvepasoit 1I. 3
THCTOHbBI, TPAHCKPHOHPYOTCA e
YeCcKoM ;'eug\ae OObIYHO COJepXKaTcsl OT HECKOTbKHX ;lecc?;‘((oiclol o5,
CKOJIBKHX COTEH TaHIEMHO PACroJOXeHHLIX FeHOB FHCTOH S{x - 122)
Onu pacnonaralorcsl OIHHAKOBBIMH FpYNNaMH MO NATH pasx:{ 'lfluor;né
NpHueM KaxAblii TeH TPaHCKPHOUpyeTcss NO OTIEIBHOCTH.
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N-xonen
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Gly
\
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L;u
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Lys === auerua

Gl

G
\
Ala

Lys === auerun
4

Al
{s
His
A\r;
I.\ys

Val eu—Arg—Asp—Asnwp;,

Arg—Arg—lle—Ala—Pro—Lys—Thi—I le—Gly—~Gln.
Leu
\,Ala—Arg—-Ar g—G l_v—Gly—Val—Lyl—Arg—Ile—Ser—Gly\
]

Len
_Val—Lys—Leu—Val—Gly—Arg—Thr—Glu—Gli—Tyr—lle’
Phe
“Leu—Glu—Asn—Val—Ile—Arg—Asp—A la—Val—Thr\
Tye
Val—Thr—Lys—Ar g—Lys—Ala—His—G Iu—Thr/
Thr
NAla—Met—Asp—Val—Val—Tyr—Ala—Leu—Lys N
Arg
_Gly—Tyr—Leu—Thr—Arg—Gly—Gin”
Phe
NGly—Gly—102
C-xoHeu

Pue. 121. AMHHOKHCJIOTHAs NOCAE10BAaTENbHOCTD
rucroHa H4

Hoxasa_m:l pasynopsfioveinan N-KoHueBafi 4acTh H raoly-
JIIDHHHE [AOMeH; YKa3aHh MecTa AUueTHJIHPOBAHHA H YYAaCTOK
dochopunuporaunn (P); KHDHBE WPHGT — NONOKHTENbHO
3apaXeHHble aMHHOKHCAOTH

FEHOM OJHOIrO OpraHH3Ma COMEPXKHT HECKOJIbKO BapHAHTOB T'EHOB Of-
HOTO THCTOHA, HE3HAYMTEJIbHO DPA3/HYAIOLIHXCH [0 AMHHOKHCJOTHOI
ocjefoBatenbHOCTH. HauGonbuine Bapuauuu Ha601al0Tcs B CTPYK-
Type ructoHa HI, mpuueM pasHble cy6dpakuHH CHHTE3HpYIOTCA Ha
ONpeje/eHHBIX CTAAUsAX KJIETOYHOrO UHKJA H B ONpefiejieHHHX TKaHAX
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Nofmoparwosca empyxmypuas edunmya
W WA B K3 WA
— — el ——
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K28 HZA H4 H3 H1
Drosoohilil e -~

jm s 5 | e = ]
melanogaster

Hi H3 H18 HZA il
- —p—

—— - -

HNotophthalmus
viridescens

—i
1m.n.0.

vuc. 192, Cxemaruueckoe H3o6paxenne nopropaiomefics CTPYKTYpHOR efHHHIN
THCTOHOBBIX F€HOB Pa3/JHYHBIX OPraHH3MOB (O6paTHTC BHHMalHe, YTO TPAHCKPHD-
uHS pa3HBIX FEHOB MOXeT GbiTh HAMpaB/leHa B Pa3Hbie CTOPOHB H YTO MOPALOK
PACHOJIOKEHHST TEHOB Pa3JIHYeH):

C€Bepxy BHHI: MOPCKOH X, N1040Bas MyWKa, TPHTOH; WepHble — TPAaHCKPHOXpYioulHecs obaac-
TH, CBeTJble — chefcepbl; CTPedKH — HalpasjeHHe TPaHCKPHIUHH

" MOTYT BHIIONHATb HECKOJBKO Pa3fMuHylo posab. B yacrHocTH, ompe-
Jenenuas cyGppakuusi rucrona HI cuuTesHpyercss B HHTEHCHBHO
JeNALNXCS  KJAeTKAX MJEKOMHTAIOIWHX H CJAYXKHT MapKepoM 3JI0Ka-
YeCTBEHHO! TpaHChOpMalHH.

CuHTe3 THCTOHOB B KJETKE CTPOTO CKOODAHMHHDOBaH C CHHTE30M
JHK: ecan cunres JHK nonasasercs, cHHTe3 THCTOHOB najaer npH-
mepuo Ha 90 %. Ocraercs Tak HasbiBaeMmblil 0asa/bHBIH "ypOBEHD
CHHTe3a. B0O3MOXKHO, OH HEOOXOAUM JJIsi BOCCTAHOBJIEHHSI CTPYKTYPH
XpoMarHua Ha penapuposanHoii [JHK, 17151 3aMeHbl 1erpaiHpoBaHHbIX
THCTOHOB WJIM JUTsl CHHTe3a onpefeseHHbIX cy6dpakuuii. Cpean Mose-
xyn MPHK, KOZHPYIOIMX THCTOHBI, JIHIIb YacTb HeceT Ha 3’-KoHLe
fionu (A). Bo3MOXKHO, NMONHAJEHHJIUPOBAHHE BJIHSET HA BPeMs JKH3HH
THCTOHOBBIX MaTpHIl H COOTBETCTBEHHO Ha ypPOBeHb H H306HPaTeIbHOCTh
6a3a/ibHOTO CHHTE3a.

THCTOHBI, KaK H ApyrHe GelxH, CHHTe3HPYIOTCSl B UHMTON/Ia3Me Ha
pubocoMax M B Mpollecce MHrpaUuu B sapo, nocaaxu na JJTHK u naxe
¥Xe B COCTaBe XPOMATHHA MOABEPralOTCA MHOr0OGpPa3HbIM XHMHYECKHM
MOJAHGHKALUHAM. B IHCTOHAX NMPOHCXOIUT ALETHJAWPOBAHHE JH3HHOBHIX
OCTaTKOB, CHHMAIOlee MX I[I0JOXKHTEJbHBIH 3apsil, METHJIHPOBaHHe
JM3HHCBEIX, APTHHHHOBBIX M THCTHIMHOBBIX OCTaTKOB, (oCOpHIH-
POBaHHe TPEOHHHOB M CePHHOB. K CYIeCTBEHHOMY H3MEHEHHIO CBOHCTB
THCTOHOB NpHBOAMT Hx nonu-ADP-puGosunuposanue. Mruorma x Mo-
JIeKyJaM THCTOHOB B pe3yJbTaTe MOAHW(MHKAUWH TNPHCOEAUHSIOTCA H
Gonee ob6bemucThie rpynnsl. Hanpumep, K GOKOBBIM LENAM HEKOTOPHIX
aMHHOKHCJIOTHBIX ocTaTKoB rucronoB H2A u H2B npucoeauusercs
“1e6obLIol GeoK YOUXMTHH JiauHOH B 55 a. 0. Moaudukauus ru-
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CTOHOB, POJb KOTOPOH MOKa He VCTAHOBJIEHA, MOMeT BJAHATh Ha MX
B3anmozeficteue ¢ AHK, apyr ¢ apyrom, ¢ apyrumu 6eqkavu u mo-
AYyNMpoBaTh CTPYKTYPY XpomaruHa. Pocdopuanuposanne rucrona Hl
CTPOTO KOPPENHPYeT cO CTaiHel KJETOYHOTO IMK/Ia: OHO IPOHCXOJHT
33 HEKOTOpOe BpeMs N0 KOHJEHCAUHH MeTaha3HBIX XPOMOCOM H, BH-
AHMO, Heo0XOIMMO /s 3TOTO Mpolecca.

B HekoTopbix H({epeHUHPOBAHHBLIX KJAETKAX, e NOMHOCTBIO
NoJaBJleHa TPAHCKPHIILHS, BCTPEYalOTCA ClelHHpHUYeCKHe OCHOBHbIE
GelKH, YaCTHYHO WJIH NOJHOCTBIO 3aMeHsIOlIHe THCTOHH. Tak, B 5pH-
TPOLUHTAX NTHU THCTOH HI yacTHYHO 3aveHeH Ha CXOIHBIH C HHM I'H-
ctod H5. B crnepve pi6 IHCTOHBI 3aveHeHbHl Ha NPOTAMHHBL. [Tpora-
MHHBI — 3TO GeJKH 1IHHOH 0Ko0 35 a. 0., !/, KOTOpBIX npeICTaBJIeHa
OCHOBHbIMH  OCTaTKaMH, TIJ1aBHBIM 00pa3oM aprusuna. [IpoTaMHHBI
NPHHUHIHAIBHO OTJHYHB OT THCTOHOB, TaK KaK He 06pa3yioT HyK-
JleocOM W MA0THO ynakosbiBaioT JIHK HHBIM crocoGou.

IOHK B xietkax GaKTepuii Tak:Ke CBSi3aHA C OCHOBHBIMH GeKaMH.
Hanpumep, B kierkax E. coli 310 6eakn HU1 u HU2. Huuero noxo-
Hero Ha HYK.Je0COMbl OHM He 06pasyioT, H cojJep:KaHHe HX B pacuere
Ha elnuuuy Maccei JHK ropasio menbiue, ueMm IHCTOHOB.

2. HETHCTOHOBBIE BEJIKH

[ToMHMO THCTOHOB si1pa colepaT GOMbLIOE KOJIHYECTBO pasHooGpas-
HBIX HETHCTOHOBbIX Genkos. Jlaleko He BCe OHHM CBsi3aHbl B sipe ¢
OHK na# ¢ HykaeorucroHoBoit pu6pH1I0E. MHOTHe M3 HUX BXOIAT
B coctaB puGonykJaeonporerios (PHII), koTopbiMH Gorathl TpaH-
CKDHILHOHHO aKTHBHBlE fi1pa. Kpome Toro, B fipe Haxoiatca dep-
MEHTHI, HEMOCPeICTBEHHO CBf3aHHbIE C (YHKUMOHHDOBAHHEM TeHOMa:
PHK-noanmepasw I, II u III; IOHK-nonuMepassl; TononsoMepaskl
Iu Il '

Kpome ¢epMeHTOB B spax CcOIePXKATCs HETHCTOHOBBIE 6es1kH,
HMEollHe, MO-BHANMOMY, OTHOLIEHHE K CTPYKTYpe XpoMaTHHa. K Huw
OTHOCATCA Tak HasbiBaemple HMG-6eqkH, npuHallexamue K IBYM
knaccav: HMG 14 u 17 1y HMG 1 u 2. (HasBaane HMG-6eakoB npo-
HCXOIHT 0T aHr1. high mobility group — rpynna [Genkos] ¢ Bricokol
MOABHKHOCTBIO, TAaK KaK B OObIYHBIX CHCTeMaX re.b-3/eKTpodopesa
3TH GeJIKH IBHXKYTCA ObICTpeE IPYyTHX HErMCTOHOBBIX GelKOB XxpoMa-
THHA.) 3TH O€IKH COJEPKAT MHOIO TOJOKHTETBHO H OTPHLATENbHO
3apFMKEHHBIX aMHHOKHCIOTHBIX OCTATKOB, NPHYEM OHH pacmo.aralorcs
aCHMMETPHYHO: N-KOHUeBasi yacTh 60raTa KHCILIMH OCTaTKavH, a
C-KoHueBas — OCHOBHbIMM. Boamoxno, HMG-6eaxu YHacTBVIOT B
npoueccaX TPAHCKPHIIUHH H DEILTHKAlIHH.

3. HYKJIEOCOMA

HykneocoMbl SABIAIOTCS OCHOBHBIM Pery/AITOPHBIM CTPYKTYPHBIM 3.1e-
MEHTOM XpOMAaTHHa. ITH YaCTHIULI NPOSAB.IAIOT BHICOKYIO 3BOTIOLHOHHYIO
KOHCePBAaTHBHOCTb H OOHApYXKHBAIOTCA B COCTABE XPOMATHHA H3 JIO-
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Puc. 123. TNMpocTpancTBeHHas MOlelb HY-
K1€0cOMbl, MOCTP)EHHast Ha OCHOBaHHH
PEHTT€HOCTPYKTYPHBIX H HEKOTOPBIX 1pY-
FHX J1aHHBIX

Moxeb noBepuyTa Ha 15° OTHOCHTE.1bHO OCH  CHM-
MeTpIH, Ipoxolsueil Yepe3 cepelnsy ¢parMenta

Prc. 124. Xox asoftHoli cnupain
AHK B  Hyk.Ieocome. (.Tio6e3 HO
npeioctaBiedo T. PuumoHntoM.)
ToacTasi AHHHA. HAYWAS BOKPYr ABoitnoil
CNHpa.1H, CcXeMaTHYeCKH MNoKa3biBaeT ee
¢opMy; Xopollo BHAHH «H310MbI» B y4acT-
Kax I w4

AHK (Ha pHCYHKe — CBepXy BHM3), 0003HadeHbl

MECTa KOHTAKTOB MO.1eKY.T FHCTOHOB C ﬂHK:tmc-
a oT —7 a0 -7 Mo THble BUTKH IROIHOIT CNH-
au THK. wexsay Huwu mo 10 . o; 3a 0 npu-
ATa cepeinna dparwenta JIHK B HyKkJeocoMe
HH3Y)

BbIX 3YKapDHOTHUYECKHX HCTOUHHKOB. MX MoXHO nonyunrtb pacuenJe-
BHEM XPOMATHHA HYKJea3aMH, B YaCTHOCTH MHKDOKOKKOBOH HYyKJea-
poii. MuuuManbHast HykjaeocoMa coctoHT 3 JHK anuwoit 145 m. o.
M OGenkopoit rnoSyabl. DBeaxoBas rnobyna ofpa3oBaHa  BOCEMBIO
MOJIeKYJ1aMH THCTOHOB: MO ABe MOJIEKYJbl KaX10ro H3 ructoHo H2A,
H2B, H3 u H4. IIpojenanHblii K HacTOAIlEMY BpeMeHH B psje nabopa-
FOPHil DEHTTeHOCTPYKTYDHbIfl aHalH3 KDHCTalJOB HYKJEOCOM H HX
WIEKTPOHHAsh MHKDOCKOIMHSA T0Ka MO3BOJNHIH ONpeIeTHTh JHIIb c36u1y10
DopMy HYyK.JeocoMbl (pHe. 123). Hyme()COMa_HpEJCTaBJmeT cobofi IHCK
BHaMeTpoM okoso 11 HM H BbicoTOi OKOJ0 5,7 HM. ['HcTOHEI pacnona-
FaloTCs BHYTPH 3Toro aMcka, a JJHK HaButa Ha noBepxHOCTb THCTO-
HOBOro OxkTamepa B BHIe 1,75 BHTKa neBo# cynepcnupaau. Besi cTpyk-
Typa o6/1a1aeT OCbO CHMMETPHH BTOpOro nopsiika. Pacmoaarasch Ha
RoeepxHoctH, JHK H3rubaercs HepaBHOMEDHO, H B UeThIpeX CHM-
KETpHYHO pacnoJoKeHHbIX yuYacTKax Ha61i0JaeTcsi JOBO.BHO pe3koe
marubanne [JHK ¢ ofpasoBaHueM 4YacTHYHBIX M3J0MOB (pHC. 124).

HCTOHBl He [OJHOCTBIO 3alOJHSIOT BHYTPEHHee MpPOCTPAHCTBO HYK-
EEOCOMH. BenkoBas r;106y.1a HMeeT PHIXJYIO THAPAaTHPOBAHHYIO CTPYK-
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Puc. 125, Kaprta JHHE{HOTO pacnosokeHHS THCTOHOB
Ha JTHK

[/luneitnan kapra pacnosnomenns cuupok CBEPHYTa, KaK B
HyKJeocoMe. O6paTHTe BHHMalHe, 9TO MeCTa N0CaAKH OTACALHBX
MOJIEKYJ THCTOHOB. YRaJN€HHble APYr OT JAPYra Ha JHHeHHOA
Kapre, cGankaloTest NpH cBopaunBauun JHK ¢ warom 80 n. o
(HanpHMep, yUaCTKH KOHTaKTa rictoHa H3 ¢ AHK B cepe,zmrfe "
Ha KOHUaX HykJeocomuoli JHK))

Typy. Iloka He yAanoch NMONYYHTb €e NPOCTPAHCTBEHHYIO MOJeJb
BBICOKOTO Da3pelieHHsi ¢ MOMOLIBIO PEeHTTeHOCTPYKTYPHOTO AHAJIHM3a;
MHOTHe BaXKHble JaHHbE MO TOHKOH CTPYKType HYKJIeoCOM GbLIH no-
JIYYEHBl C MOMOWIbIO HHBIX MOAXOJOB.

OnmuH M3 3THX NOAXOZOB COCTOMT B JIOKAMH3AUHH KOBANEHTHHIX
CIIHBOK MEXAY HYK/IeocOMHBMH rHcroHamu W JTHK. Ilpuuuun noxa-
JIH33IHH 3aKJIOYAeTCs B TOM, YTO CHIHTBIE KOMIJIEKCH 6enkos ¢ [THK
PasnensoT B ABYMEPHHIX refib-alekTpodopesax, NpHUEM [OCIe 3JEKT-
pogopesa NEPBOTO HanpaR/JeHHs B reje PacWlensioT GeNKOBBIE HIM
HYKJIEHHOBbIH KOMMOHEHT KOMIUIEKCOB H Pasie/ifioT BO BTOPOM Ha-
npapnennu tonbko JHK uiu tonbko 6enku cooreercTBeHHo. Takum
o6pasoM Oblna mONydeHAa KAapTa JMHEHHOTO PacIiONOMKEHHS THCTOHOB.
Ha IHK (puc. 125). Tucrount H3, H4 pacnosarawotcs B HeHTpe HYK-
seocomuolt JIHK, B T0 BpeMsi kak rucronsl H2A, H2B MeKkann3oBaHbL
Ha nepugepnn. Tucton H3 B3anmMogeficTByer ¢ HeHTpanbHLIM H KOH-
LeBbIM yuwacTKamu Hykjaeocomuoit JIHK. Xors stn yuacrku Ha pas-
Bepuytoit [IHK pacnosioxensl jajeko Apyr ot ipyra, OHH cOJHNKa-
loTcs Ha cBepHyTOH B Hyk/eocomy JIHK H, BHIMMO, ¢ HHMH B3aHMO-
ACHCTBYET OJHA W Ta JKe MoneKyJsa rucrona H3. Ha aroit ke kapre
BHIHO, 4TO He Bea JTHK cnowsb moxpeita rucronamu, a ecth cBOGOA-
HHe OT B3aHMOJCHCTBHS CETMEHTbI, HanpuMep nepsbie 20 HyKJeo-
THIOB OT 5'-KOHUOB oGeuX muerneit nykaeocomnoit JAHK u yuactkm
PacnoJIOXXeHHble Ha PACCTOSIHHH 0KoJo 120 HYKJI€0THAOB OT 5'-K0Huosj
BHYTpH HyK/IeOCOMBI THCTOHBI HAXOAATCH B TECHOM KOHTAKTe ApYT ©
APYTOM, O 4eM CBHIETEJIbCTBYET 06pa3oBaHHE MOYTH BeeX BOIMMKHBIX
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[IMMEpPOB THCTOHOB IPH GeJOK-GeNKOBbIX CUIHBKax C HCNOJb30BaHHEM
pas/IHuHbIX PEareHTos.

[HCTOHBI NMpPOSBSIOT BHICOKYIO CIEUM(PHYHOCTb NPH B3AHMONEH-
cTBHH Jpyr ¢ ApyroM. [IpH cMelMBaHKH B pacTBope HanGolee crielH-
(uuHBle KOMIIEKCH BO3HMKAlOT NMpH B3auMopelicTsuu rucroHos H3
# H4 ¢ o6pasoBaHHeM TeTpaMepoB, COCTOSIIHX H3 JBYX MOJEKYJ Kax-
JIOTO M3 3THX rucroHos. I'mctonnl H2A u H2B npu ssauMozneficTBHH
06pasyloT BbicoKocnelHHYHble JuMephl. [IpH NMOBHIUEHHH KOHIEHT-
pallMH COJH HYKJEOCOMbl JHCCOUMHPYIOT: CHauana NPOHCXONHT OT-
IenJieHHe oxgHoro aumepa H2A-H2B, satreM BTOPOro Takoro AuMepa
H B nocTeaHI0w0 ouepenp aucconuauus ot JHK rucroHoBoro Terpamepa
(H3—H4),. TlpH nNOHWXEHHH HOHHOH CHJbl MOPAJOK peaccolHauHH
ofpaTHblil ¥ B KOHLE o6pasyeTcsi PeKOHCTPYHDOBaHHAas HyKJeocoMa.
PeKoHCTPYKUHS HYKJeocoM. objierdaercss B NPHCYTCTBHH MNOJHAHHO-
HOB, B YAacTHOCTH GeJKOB, COIEepXallHX MHOTO CTPYNNHPOBAHHBIX B
ONHOM MeCcTe KHCJbIX aMHHOKHCJIOT. PeKOHCTPYKUMIO HYKJIEOCOMBI
MOXHO TposoauTh He Toabko u3 JIHK # oTAenbHO B3ATHIX JTHMEPOB
H TeTpamepos, Ho Takxke n3 JIHK u cBoGomHbIX rHCTOHOB. OueBHAHO,
CTPYKTYpPa HYKJI€OCOMbI B 3HAUHTEJILHOH CTeNeHH ONpeessieTCsl THCTOH-
THCTOHOBHIMH B3aHMOJCHCTBHSIMH H CTPYKTYPOH THCTOHOBOTO OKTa-
mepa. Tak, THCTOHOBBII OKTaMep, PeKOHCTPYHPOBAHHEIA NPH BHICOKOH
KOHLEHTPalHH coau U3 rucroHoB B orcytereid JIHK, no MHorum
CBOIHCTBAM CXOJiEH ¢ OKTaMepoM B cocTaBe HyKJeocombl. COopka rH-
CTOHOBOTO OKTaMepa MPOHCXONUT 33 CYET B3aHMOJEGHCTBHH UEHTPasb-
HbIX PHAPO(OGHBIX CErMEHTOB MOJIEKYJl THCTOHOB MEXIY COGOH. ¥Yna-
Jenre N-KOHUEBHIX YYacTKOB THCTOHOB C MOMOLIBIO MsTKOH 06paGoTKH
TPHNICHHOM He NpensiTcTBYeT cOOpKe OKTaMepa M Jaxe OGPa30BAaHHIO
HYKJIEOCOM.

Paspa6otana OCTpOYMHast TeHeTHUecKas CHCTeMa, N03BoJAIlasn
3aMeHsITb B K/ETKaX APOXIKeH HOpMasbHble PeHbl Ha HX MOJH(pHUH-
POBaHHBIE AHANOTH C TNOMOIIbIO T[EHHO-HHMKEHEPHBIX MAaHHMYJISLHHA -
B pesy/ibTate B KJeTKe CHHTESHDYIOTCSl H3MeHeHHble Geakd. Takum
o6pasom 6bl1o [OKas3aHO, uro ructoHsl H2A u H2B npoxkelt MOXHO
aumnts 10—30 KOHIEBBIX aMHHOKHCJIOT H 4TO 3TO He BJHseT Ha cO6OpKYy
HYKJIEOCOM H CTPYKTYDY XPOMAaTHHA H BOOOIe Ha XKH3HECMOCOBHOCTH
KJIETOK. D10 0COOGEHHO CTPAaHHO, €C/IH YYecTb BBICOKYI0 KOHCEepPBATHB-
HOCTb AMHHOKHCJIOTHBIX MOCJEXOBATENbHOCTEH THCTOHOB. BosmoxHO,
N-KoHIEBEIE YUAaCTKH HYKJIEOCOMHBIX THCTOHOB HEOGXOAMMBI He JULS
€60pDKH HYKJIeOCOM, a AAs APYTroii LeNH, HalpuMep [jisi TPaHCIIOPTa
THCTOHOB M3 I[HTOMJIa3Mbl B AApO.

IIpH peKOHCTPYKLUMH HYKJIEOCOM THCTOHOBLIA OKTaMep MOXeT
NposiBAsiTb H36HpaTenbHOCTH K nocienoBarenbHoctd JEHK. Mexa-
HH3M 5TOfi M3GHPATEALHOCTH MOKa He BHIACHEH B jeransx. [Ipexmo-
Jlaraercsi, YTo (pM3HYECKHe CBOHCTBA JABOHHOH CIHPANH, B YACTHOCTH
€e CrocofHOCTb K H3THOY (M3JIOMY), B HEKOTOPOH CTeReHW onperens-
I0Tcsl ee JIOKalbHOH mnociejoBatenbHoctblo. [lockonbky JHK maBu-
BaeTcs HAa HYKJIEOCOMY HEPaBHOMEPHO, BHITOJHOE PacnoloKeHUe JETKO
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THYIIHXCS YY4aCTKOB B MeCTax HM3rMGOB MOMET YBENHUHTb CPOACTBO
[HCTOHOBOrO OKTaMepa K JaHHoMy yuactky. C Apyro#t CTOPOHHI, He
HCKJIIOYEHO, YTO OKTaMep MPOCTO HMeeT MOBbILIeHHOe CPOICTBO K on-
pefeseHHbIM nocaegoBareasHoetav JIHK. Hanpuvep, nporskeHHble
[IOJIHITY PHH-TIOJHNHPHMHAHHOBbIE  YUacTKH [THHOH cBbliime 80 m. o.
He 06pa3syloT HyK/1eocoM. Mecta ¢ MpaBH/BHbIM YepeloBaHHeM MypHHOB
H NHPHMUIMHOB, HA0GOPOT, 10-BHIWMOMY, GaronpHATHBL A5 obpa-
30BaHHs HYKJeocoM. Bce 3TH (aKTopbi MPHUBOAT K TOMY, uTO flocaika
HYKJeocoM Ha HeKkoTopble mnocieioBatenbHocts IHK 1amHoit B He-
CKOJIBKO ThICAY [ap OCHOBAaHHI TIPOMCXOJMT CTPOro OMpeIeeHHbIM
o6pa3omM, NMpHYeM Pery/sipHOCTb MOCAIKH (MOCTOAHHO® DPAaccTOsiHHE
MeXIY COCEJHHMH HYKJIEO0COMAMH) [pH 3TOM He cobJio1aercs. 3ro
SIBVIEHHEe HA3bIBAeTCH (heli3uneOM HYKAeocOM, OHA HabMo1aeTcs fpH
c6opke XpoMaTHHa in vivo H in vitro. O1HaKo CYIIECTBYIOT MOCIEI10-
Bateabhoctd JIHK, Ha KOTOpbIX nNocajka HYKJIeoCOM MPOHCXOIHT
cayuaiinbiM o6pa3oM, T.e. ¢efi3dHr He HalJmoxaercs. -

Hykneocoma o6nafaeT JOCTATOYHO BLICOKOH CTaGHIBHOCTBIO TPH
PA3HUHBIX YCJOBHAX, OAHAKO B psije cayuaeB ObllH OGHAPYIKeHEI
CPaBHHTEIBHO HeGOJIblHe KOH(POPMAlHOHHbIE H3MEHEHHA B HHX. Tak,
pasIMuHs B YCJAOBHAX KPHCTA//M3AlHH CKa3bIBAIOTC Ha B3aHMOIei-
CTBHH OJHOTO H3 THCTOHOB (mpeamosnoxurenbHo HZ2A) ¢ KoHIeBbHIM
yuacTkoM HykaeocoMuoii JHK. Kapra suHeiiHoii mnocseioBate/ib-
HOCTH FHCTOHOB Ha HykaeocoMHoll JIHK rakxe navensiercd B JeTansix
B 3aBHCHMOCTH OT TOTO, MPOBOSIT JIH NPHUIHBKY B si/|pax, XpoMarHHe
(10-uM GUOPH/INAX) HJIH BbLIGJEHHBIX HYKJ/EOCOMaX.

KpoMe THCTOHOB B XpOMATHHE MPHCYTCTBYeT GoJblloe KOJNHYe-
CTBO pAa3JH4HBIX HErHCTOHOBBIX O€JKOB, XapakTep B3auMoaefcTBHA
KoTopbix ¢ HykjaeocomHoit JIHK mnoka He sceH. Haubosnee 6Goraro
npeictasiensl HeructoHosbie Genxkn HMG 14 u 17, QyHKIHS KOTOpHIX
ocTaetcsi Bee elle He usyuensoit. HMG 14 u 17 — 310 Gau3kHe MO
CTpYKTYpe 6esKH, HecyllHe GOAblIOe KOJIHYECTBO 3aPSKEHHBIX Tpymm.
OHH COCTOAT COOTBETCTBEHHO H3 68 M 74 aMHHOKHC/JOTHBIX OCTATKOB.
JlBe Monekyanl 3THX O6eJIKOB CMOCOOHBI K KOOMEPaTHBHOMY CBA3bI-
BaHHIO C HVKJEOCOMOH, MpHueM KadCIbii Geslok B3anMoIeHcTByeT ¢
xouueBbiM yuactkoM JIHK H BTOpHIM CerveHTOM, PpacrnosIOKeHHbIM
Ha paccTosiHHH npuMepHo 20 0. 0. OT ee KOHILA. St aBe 00/1aCTH HYK-
Jaeocomuoii JIHK B ocHOBHOM CBOOOJHBI OT THCTOHOB (CM. DHC. 125).
HMG 14 u 17 cBsizbiBaloTcs ¢ OGpalleHHOH BHYTPb HYK.J1€0COMBI CTO-
poHoit aBoiiHoit cnupand JIHK H He MeHSIOT CyUIeCTBEHHbIM obpa3oM
obiylo (opmy Hyksaeocombi. Co3iaercs BrieYaTEHHe, 4TO STH 1B3
GesKa 3aHMMAIOT CBOGOHYIO BHYTpeHHIoio o6aacts JIHK HyK1eocoMbr.

4. OPTAHHU3AUHA
HY KJEOCOMHBIX ®HBPHJII

Hykneocomsr pacnonaraworca #a JHK peryaspHbiv obpasom. Pas-
BOpauMBaHHe XPOMATHHA MPH HH3KOM HOHHOH CHJe MO3BO.AET YBHIETD
Ha 3nekTpoHHOi MuKpodororpadun uutd JHK, Ha KOTOpHIX CHAAT
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BycHHKH HyKJeocoM. PeryisipHOCTb pac-
nofoxenus: Hykaeocom Ha JHK ofHa-
PYXHBaeTCs TaKKe NIPH pacilenjeHut Xpo-
MaTHHa B MSITKHX YCJAOBHAX MHKDOKOK-
KOBOil HyK/easoil. Ec/H BblIeIHTb H3 TAKO-
ro rugponusata JHK u pasienuthb ee no
pa3amepaMm (parMeHToB C IOMOLBIO 3JEKTPO-
dopesa B araposHomM reje, TO ToCIe
OKPAIUHBAHHA TeJsl BHHbI N10C/Ie0BATENE-
HO pAcTio/ioXKeHHble NOJOCk  (pparveHton
JIHK, cooTBeTCTBYIOUIHX MOHO-, IH-, TPH-,
TeTpaHyk/neocoMaM H T. 1. (pHC. 126).
Ecnu nepeHecTH Takue ¢parMeHThl Ha
IOJVIOKKY H TIPOBeCTH THOpHIM3aLHIO ¢
KJOHHPOBaHHbIM (PParMeHTOM oOnpefeseH- 2
HOTO YYacTKa TeHOMa, MOMHO MOJNYy4HTb

@aHHble O CTPYKType XpOMaTHHa B 3TOM

yuacTke. B HeKoTopbix HauGonee ynops-

ZIOUEHHbIX YYaCTKaX XpOMaTHHA JecCeHKa

NpOOMKAeTCs BIIOTh A0 OJIHroMepa, co-

S e
zepxkamtero 15 Hykaeocom u sbie. OfiHa- \

KO B GOJBILIHHCTBe cJydaeB 3Ta JE€CEHKa Puc. 126, DaekTpodope3

Sy oen N

«CMa3blBaeTcsl» 3HAYHUTENbHO PaHblile, MpH-
yeM 18 TPaHCKPHOHpYeMblX Yy4acTKOB
XpOMaTHHA DeryJsipHOCTb PacnooXeHHs

. HYKJeocoM 3H3UHTeJNbHO HUXeE, ueM I1d

HEeaKTHBHOTO XpoMarHHa. JUIMHBI ONHHO-
rykJjeocomubix dparventos JAHK kpaTHbl
BeJIHUYHHe, Ha3blBaeMoil Hy KJIEOCOMHbIM N0B-
TopoM. Pasvep HYKJEOCOMHOTO TNOBTOPa
uavensiercss oT 165 n.o. y Apoxked 10
200 n.o. y BbICIUHX 3YKapHOT H JHOCTH-

dparventos JHK, o6paso-
BaBWHNCH NPH pacllenJeHlH
MHKDOKOKKOBOH  HYK:1ea30#
NpOMaTHHa [e4eHH KpHICH
(1eBasi 10poXKa) H Trpuba
Hefipocnopbl (NpaBas 10poXK-
Ka)

[B cepexute HaneceHh pparMeHTH
JHK — Mapkephl MOJeKY:JIsipHOro
Beca. JTOT 3KCMepHMEHT MNO3BOA-
eT onpejle.lHTb LIHHY HVYK.JedCOM-
Horo noBTopa. Jdas 3Toro onpele-
JAKT AJHHY Kakgoro HYK.JI1€e0COM~-
Horo ¢oparMeura, JeIsT Ra ero
HOMep (HOMepa YyKa3aHW DAAOM C

raer 240 n. o. B XpOMarHHe H3 Clep-

J0pOAKKaMH) H  IKCTPANoOJHDYIOT
Mbl MODPCKOTO €xa. De3vabraThi K ATHHHMM dparMex-

[pu pacilienieHHd XpOMarHHa MHKpO- Tav HK] -

KOKKOBOH HYK/ea30i MOHOHYKJIeOCOMHble :
yacTulel BHauanme colepxaT ¢parment JHK, npumepso PaBHHIA
Mo IHHE  HYKJIEOCOMHOMY  TIOBTOPY, OKTaMep  HYKJ/IGOCOMHbIX
FHCTOHOB H OIHY MoJeKyay rucrona HIL. [lpu Gonee ray6okoM ruA-
poauze yactb JHK ¢ KOHLUOB MOHOHYK/EOCOMBI pAaCILErifieTcs, Te-
psiercst rucTod H1 H ocTaeTcst Tak Ha3biBaeMas MUHUMAAbHAA HYRAELO-
coma, YCTOWUHBAA K Ja/bHefileMy IHAPOJIH3Y. MHEHMa/ bHAA HYKJ€Oo-
cOMa Ecerja COJePXHT MOJHbIA OKTaMep FHCTOHOB H Ppparment JHK
ATuHOf 146 1. 0. He3aBHCHMO OT HCTOYHHKA XpoMaTHHa. TakmM 06-
pa3oM, HYKJIEOCOMHBIl TOBTOp CKJ/alblBaeTcsi H3 ¢parverra JHK
MHHHMAIbHOH HYKJeoCOMbl CTPOTO MOCTOAHHOH JMHHBL B 146 n.o.
H MexHykiaeocomHol JHK — Tak Ha3nBaeMOTO JHHKEpa, pasMep
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KOTOPOro 3aBHCHT OT o0bekta. OH MHHHManeH B APOXKax (OKoJIO
20 n.o0.), B KNeTKaX MJIEKOMHTZIOWHX 0oObUHO paBeH 50 m. 0. # go-
CTHTaeT HaHOOMbLIErO pasMepa B XPOMATHHE CIIEPMBI MOPCKOTO €Xa
(90 n.0.). B geiicTBHTeNbHOCTH AnMHa MexHYKJAeocomHoi JHK zns
K&AKIOro 06BEKTa SBJASETCA YCDEIHEHHOH, a DPACCTOSTHHE MEXIY cO-
CEJIHHMH HYKJIEOCOMAMH MOXeT K0J1e6aTbCs! BOKPYT CPEIHEr0 3HAYEHHS,
OOBIUHO Ha BeNH4YHHY, KpaTHyl mpuMepHo 10 n. o.

O6pa6oTka MHKPOKOKKOBOH HYyK/iea3off He eIMHCTBEHHBIH Croco6
BBISIBHTE B XPOMATHHe DeryjspHoe YepeJoBaHHE 3aUIHLUIEHHLIX ydacT-
KOB (HYKJIEOCOM) H OTKDHITHIX YYacTKOB (MuHKepos). Takas cTpyKTypa
NOATBEPAKAAETCA H C MIOMOLIBIO HEKOTOPEIX XHMHYECKHX MP0oG, KOTOPHIE
MoaHGHUHPYIOT MK pacuensior JJHK. 3tu coenuuerus pacuienasior
JHK Tam, rie ona He cBsizaHa ¢ Geqkamu. THCTOHB B cOCTaBe HYKJeO-
combl saummumaor AHK, nostomMy npu orpaHuueHHOM pacllielieHHH
MoJlyyaeTcs: XapakTepHast HYKJIEOCOMHas JIeCeHKa. .

MoHO- H OJIHHOTYK/EOCOMBI MOMKHO BHIJIGHTb, HANpHMeEp, UEHT-
pupyrupoanneM B TpajHEHTE Caxapo3bl MPOAYKTOB paclllenieHus
XpoMaTHHa HykJseasodl. Eule Gonee ToHKoe paKUHOHHDOBaHHE XPO-
MATHHOBBIX YacCTHIl TOJYYaloT C MOMOLLbIO resb-3JeKTpodopesa, HpH
KOTOpOM Dpasje/IfiloTCst HYK/IEOCOMbl C PasHOH AJHHOH JIHHKepa HJIH
pasnuvapoliHecst Mo GeNKOBOMY COCTaBY.

5. KOHAEHCALHSE XPOMATHHA

Tpu nusxolt HonHoit cune (menee 10 MM NaCl) xpomaTunOBast pu6-
PHAA BHINISAAHT B 3JIEKTDOHHOM MHKDOCKONE KaK GYchl HYKJEOCOM,
HaHH3aHHBIX HAa HHTKY (PHc. 127). TIpH nOBBILEHUH HOHHOR CHABI HYK-
JIeOCOMEI COMMKAIOTC H 06pasyioT GHOpuan Toamuuol 10 uM. JHK
B Takofi (HOpH/Ie HaBHTa HAa HYKJEOCOMBI B BHAe 6oJee HIH MeHee
HenpepHBHOHA cnupand c nepuogoM 80 m. o.

B npucyrcrsun rucrona H1 u uonos Ca?* 10-uM dubpuina oGpa-
3yeT CJIefyIOUH# ypoBeHb OpraHH3alMH XpoMaTHHAa — GHGPUIY TOJ-

a 2 12 2

Puc. 127. TlpocTefimias Mojeslb XPOMaTHHOBOM (GHODHJAL — TaK HasbiBaeMmasl

MHHH-XpoMocomMa BHpyca SV40 (mo6e3no npetocrasien C. A. HezocnacosbiM)

{AHK 3Toro BHpyca AAHHOIt OKOAO 5 T. 11, 0. PeNNHUHPYETCst B fAPE KACTKH-X03HHA H NPencTas-
JA1seT coB0oit KOPOTKYIO KOAbLeBYIO XPOMAaTHHOBY0 Gu6phaay): @ — JAHK Bupyca SV40, ¢ koropoit
yAaheubl THCTOHB; 6 — MHHH-XPOMOCOMbBI IDH HH3KOM HOHHOIT cHJle oc/e YAadeHHa rHCTona HI:
@8 — MHHH-XPOMOCOMBI, cofepxawue HI, npyu du3noNorHYecKoit HONHOM CHNE ¢ — XPOMaTHHOBbIE
TNo6YNH NPH TOl Ke HOHHON CH.le; BHAHB CTPYKTYpPH THMA «6ychi Ha HuTKe» (6), dubpuana to.1-
wnHoit 10 um (8)
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Yenuvenve vownod cutsl
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Poxnsid suesae Kosnarmuos
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Puc. 128. Moaens du6puas tonuunoft 30 nm: .

@ — CONeHOHAHAs Mopesib; 6 — 3uraarooGpasHasi MoOAe/ib; Ha PHC. 6 HacTb HYKJEOCOM C
3ajHell CTOPOHbBI CIHPaNH He H306paXkeHa AJst HArJALHOCTH.

wuHoit 30 HM, HMelollylo, BeposiTHO, GopMy coneHonia. Hekoropue
HccnefoBareny TPeAnoaaraioT, Yro B 3TOM COJICHOHAE TDYNNbl H3
HECKOJIBKHX HYKJEOCOM TNpPeHMYLIeCTBEHHO B3aHMOJEHCTBYIOT APYr €
JIpyrom, o6pa3ysi TaK Ha3bIBaeMBle HYKAEOMEp6. WIH CYnepeaobyast.
Ilns obpasosanusi 30-BM (DHOPHJAILI aBCOMOTHO HEOOXOAMM THCTOH
Hl1. Tnobyasipras obaacte rucroHa HI Bsanmoneiictsyer oxHOBpe-
MeHHO ¢ oGouMH KoHuamH HykjaeocoMHo#t JHK u Takum o6pasoM ¢HK-
CHpYeT ee CBePHYTYIO KOH(opMalLuio B HyKjeocome. OIHAKO AN KOM-
NaKTH3alHH HyKJeocoM B cocraBe 30-HM (PUOPHIIBI HEOOXOAUMBI Kak
IoGynspHas, Tak M KoHLeBbe oGaacTH ricrona HI.

Cyuectsyer psif Mojeneil cTpykryphl 30-HM (GHOPHJIIBI XpOMATHHA.
Cornacuo HauGosee OGOCHOBAHHOH MOIENH, MexHykneocomHass JHK
BMecte ¢ HykJaeocoMuoit JIHK o06pasyioT HenpepulBHYIO JIeByio cymnep-
CnHpanb, B KOTOPOH COCEAHHE HYK/IEOCOMbI pacriofaraires OiHa 33
JApyroit (puc. 128). CornacHo Apyroii, «3HraarootpasHoit», MOJeJH,
Mexuykaeocomias JJHK o6pasyer pacnpsiMieHHbie Y4acTKH, KOTOpHe
CBSI3LIBAIOT COCENHHE HYKJEOCOMBbI, pacroJiararmoliiecss HHbM 06pasoM,
YeM B NepBOil MoJeJH. B o6eHX MolensiX COJIeHOHJAHOH CTPYKTYPH! Ha

MIMH BHTOK COJICHOHAA TPHXOAHTCH 6—7 HYKJ/IEOCOM. :

" TloMumo rucroHa H1 B OpraHH3auMH COJIEHOHJHOH CTPYKTYpPHl
XpOMaTHHa Y4acTBYIOT, OUEBHAHO, H HYKJ/IEOCOMHEIE THCTOHBI. [Tos10XKH-
Te/bHO 3apsiKeHHble N-KOHUEBble OCNACTH 3THX THCTOHOB, Kak YIo-
MHHanoCh paHee, HeCYMleCTBEHHbl A/l OOPa3OBaHHA HYK/EOCOMHOH
CTPYKTYpPHl, HO BOBJeUeHbl B OPraHH3alHI COJEHOHUIHOH CTPYKTYpHI
XpoMaTHHa. YJAaJeHHe 3THX YYacTKOB C TMOMOUIbIO MATKOrO paclien-
JIeHHs] THCTOHOB TPHIICHHOM B COCTaBe XPOMAaTHHA NPHBOAHT K HEob-
PaTHMOMy pPa3BOpPauHBaHHIO COJIEHOHAA.
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6. AOMEHHASl OPTAHH3ALHUSA XPOMATHHA

[IpeicTaBneHHe O JOMEHHOH OPraHH3alHH XPOMOCOM 3YKapHOT Gbl1G
NepBOHAYaNbHO THIIOTe30H, BLIABHHYTOH 1O aHaJOTHH € XOPOWO YC-
TAHOBJIEHHOH JOMEHHOH CTPYKTYpOoH G6GaKTepHalbHOTO HYKJEOTHIA.
Xpomocoma B E. coli cyulecTByeT B KJ/eTKe B BHjIe 6o/ee HJIH MeHee
KOMNAKTHOA CTPYKTYypbl. OHa COCTOMT H3 HeCKOJbKHX JecsiTKOB He-
3aBHCHMBIX CYTEPCMHPAJH30BaHHbIX MeTesab, KOTOPble MOTYT peJsak-
cHpoBaTb o oTaejbHoctd. CynepcnupainsoBanHoe cocrosude JHK,
o6.1aa101lee  MOBBILIEHHOA 3Hepruei, NOANePKHBAETCA B K.JeTKax
6aktepuit depmentou OHK-rupasoi, ncnoapaywomuy suwepruio ATO.
B 3yKapHOTHUeCKHX KJAETKaX 3TOT hepMEeHT J0 CHX NOP He O0HapYKeH,.
HEeCMOTPSl Ha MHOTOYHCJIEHHble NOMBITKH ero HaHTH.

JloMeHBl 3yKapHOTHYECKOH XPOMOCOMbl OTVIHHAIOTCA OT NPOKapHO-
THYECKHX JoMeHOB. [lpeacTaBieHHe O joMeHaX [POKapHOTHYECKOH
XpOMOCOMBI  CPOPMYJIHPOBAHO HAa OCHOBAHHH ONbITOB N0 pe.laKCalHH
JHK. IlpeacraBnenne 06 3yKapHOTHUECKHX JOMEHaX ONHpaeTcs Ha
ONLITHL MO 3JEKTPOHHOH MHKPOCKONIHH MHTOTHYECKHX XDOMOCOM, C
KOTOpbiX yiaseHbl ructoHb. JIHK sykapHor, TouHee HyK.IeocoMHast
¢u6puNNa, HAXOAMTCA B peJakCHpoBaHHOM coctosHHH. O6pa6GoTkKa
PEJAKCHPYIOLINM (hepMeHTOM He H3MeHsieT ee KoHpopvannu. Ciexyer
yunteiBaTh, uto JJHK HaBHBaeTcsi Ha HyKJeocoMbl cnHpaabio. Ecan
TEM MJAH HHBIM crocoboM yianutb rucronbl ¢ JIHK, 1o B Heli Bo3HH-
KaioT cynepBuTKH. OcoGeHHO HarisgeH STOT 3QdeKT NMPH HCNoJb30-
BAHHH B KauyecTBe MOJeJMH XPOMAaTHHA KOJbLEBOH MHHH-XPOMOCOMBL
supyca OB-40 anunoit okodo 5 T.1m.o0. Kak BHiHO H3 puc. 127,
MHHH-XPOMOCOMa Ha 3JeKTPOHHBIX MHKpodoTorpadHsx npeicTaBiaser
co6oil peslakCHpPOBaHHYIO CTPYKTYpy. [locsie yianenHss THCTOHOB ee
JHK cynepcnupannsoBana. CylecTByeT NpellooXeHHe, UTO TPaH-
CKDHILHOHHO aKTHBHble METJH 3yKapHOTHYeCKOH XpOMOCOMbl BCe-
TdKH HAXOAATCS B TOP3HOHHO-HANPSKEHHOM COCTOSHHH M DeJaKCH-
PYIOT NoJ1 AelCTBHeM ToNoH30Mepas.

JomeHHas opraHu3allisi XPOMaTHHa, KaK y»Ke TOBOPH.I0Ch, Npo-
ABJsIeTCs Ha ypoBHe MeragdasHblX xpoMocoM. Ecam ofpa6orath Mera-
asuylo xpoMocoMy npH Bbicokoil KoHuextpaund NaCl, yiansoulei
THCTOHBI, TO TpoucxoiuT ee jekoHiercauus W JIHK oraeaserca or
octoBa MeradazHoOH XpOMOCOMbI B BHIe GOJBIUOTO KOJHYECTBA MeETelb
(puc. 129). Ins coxpaHeHHs] CTPYKTYpPbl 3YKAPHOTHYECKHX XPOMOCOM
COBEpIIEHHO Heo6XoaMMbl HoHbl Ca®~ (H, Bo3vmoxHO, Cu?~). OctoB
coxpaHsier o6iwyio GopMy MeTapasHOH XPOMOCOMBI H COCTOHT I1aBHbIM
06pa3oM H3 noaunentuioB 1ByX THNoB. OJHH H3 HHX, MO-BHIHMOMY,
tonousomepasza II. Ecan okpacHTb MmeradasHbie XpPOMOCOMBL aHTHTe-
JaMH K TornoH3oMmepase I, BbisgB.IsieTcss CTPYKTVpa, oueHb cXolHas C
OCTOBOM, BHIHMbIM NPH YIaTeHHH THCTOHOB. Haualo n Komell Kax10#
newin JHK B TakuX «pacnylUeHHbIX» MeTada3HbIX XpoMOccMax Jo-
KaTH3YIOTCA B OIHOM H TOM 7K€ “MecTE ocToBa. Paisvep OIHOH neTH
/NI MJIEKOIMHTAIOWUX COCTaBIsieT B cpelHeM o6buHo 40—50 T. 0. H-
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Puc. 129, «Pacnvennas» vetadasHas XpoMocoMa, NOIYYEHHAs NyTes YialeHns
THCTOHOB NpH BRICOKON KOHLEHTpauith co. (a): TaKo# e npenapat, o6pa6oTaH-
KN gyKIea30il: 6ETKOBbIl OCTOB OCTaeTcs, NeT.IH FHAPOIu3vioTcs (6)

BosmoxHo, uTO TaKoil CTPYKTYpHbil JoMeH sBIseTcsi (yHKUHOHAIb-
Holi egunnueit. Jovennas oprauusauus JHK coxpansercs, no sceit
®EDOSTHOCTH, TaKkKe B HHTepdasHOM XpOMaTHHe.

HekoTtopble GHOXHMHYECKHE [01X0Ibl MO3BOIAIOT HIEHTHOHUH-
POBaTh mpeinosaraeMble MecTa NpPHKPeNIeHHsl neTedb (IOMEHOB) K
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Ha Hla

Puc. 130. TlpexnonaraeMbie MecTa NPHKpENJeHHs THCTO-
HOBbIX TEHOB K OCTOBY XPOMOCOMBI

[O6paTuTte BHHMAHKe, UTO OHH o6paMAsioT BCIO TPynny (Knactep) re-
HOB, a He OT/le/IbHblE TPAHCKPHIIUHOHHBE €eIWHHUbL ] RI — yuyactok
pacuensenns AHK pectpuxrasofi EcoRI, pacmonaraercs BCeria B
ONHOM H TOM Xe MeCTe KJacTepa

OCTOBY B H3BECTHBIX Ie€HaX. [Nono6HbIe KCMEPHMEHTH M0Ka3ald, 4To
MecTa MPHKpeNJieHHsi oOpaMiIsioT TPAHCKPHMIHOHHbIE EAMHHIB HIH
Fpynnbl (K1acTepbl) TeHOB (puc. 130).

7. META®A3HBIE XPOMOCOMbI

B KOHIEHCHPOBAHHOM COCTOSIHHH KaM(Iblil JOMEH XpOMATHHA MpEiCTas-
Asier coboil, BEpOSITHO, KOMMAKTHYHo TioGyJay, KOTOpas 3aHHMaeT B
MetadasHOll XPOMOCOME HeTKO OMpEJIe/IeHHOe MOJNONEHHE AT Kax-
zoro yuactka JIHK. TIpu JoKaJH3alHH OMpPEICIeHHbIX reHOB B MeTa-
¢a3Hoil XpOMOCOME OHM BCeraa 0GHAPYKHBAIOTCA B OAHOM H TOM Xe
ee yuactke. PerynspHas OpraHH3alHs MeTagazHbBIX XPOMOCOM TMOJ-
TBEPKAZETCS TAKMKE TeM, YTO OKPAIWBAHHE HX DasJHUHLIMH KpacH-
TensMH 1aeT CTAHAApTHYI0 KapTHHY B BHAE uYepeayiouuxces [roJoc
GoJiee H MeHee HHTEHCHBHO oKpacku. IlonyuenHas npH OKpalIHBaHHH
XapaKTepHasi HCUEPUEHHOCTb SIBJSETCS HAle:KHbLIM TECTOM AJIsi HieH-
THOUKALHH OTIENbHBIX XPOMOCOM.

Baarogapst Nocae0BaTebHOH KOHJGHCALHH XpoMaTiHa meTadas-
Has XPOMOCOMa, HMelolllas JIHHY OKOJIO 5 mkM, cogepxut JHK amu-
HOH 10 5 cM, T. €. JHHeHHbe pasMephl JHK yMeHbiualoTCsl IPHMEPHO
B 10 Tec. pas. Ha puc. 131 mamocTpHpytoTed nioc/Ie0BaTe/IbHbIE
CTaJHH KOHAEHCAIHH.

MexaHH3M KOHIEHCAIIHH, HeMOCPEACTBEHHO npuBoAsimed K o6paso-
BaHHI0 MeTaha3HBIX XPOMOCOM, IOKa He BBIACHEH. OueBHHO, UTO CY-
IIeCTBEHHYIO POJIb B 3TOM Ipollecce Hrpaer ¢ocopHRHpOBaHHE THC-
Tona H1 Mo CepHHOBHIM M TPEOHHHOBBIM OCTATKaM, KOTOpOE npoTeKaeT
Ha CTPOro ONpeIeJeHHOH CTaiHH KJTOUHOrO LHKJA H Tpe;uecTByer
N0 BpeMeHH 00pa3oBaHMIO MeTada3HBIX XPOMOCOM. ‘

Kak H3BecTHO, B APOXKAX He HabmolaeTcs THMHUHasi KapTuHa
MHTO3a M HeT MeTahasHBIX XPOMOCOM (BOBMOXKHO, MOTOMY HTO Y HHX
OUEeHb MaJeHbKHE XPOMOCOMBI). [To-BHAHMOMY, C STHM CBA3AHO OTCYT-
creie rucrona HI B Ipoxikax, HECMOTPS HA THITHYHYIO HYKJIEOCOMHYIO
CTPYKTYPY XpoMaTHHa.
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Puc. 131, ¥YpoBHH KOMMaKTH3alHH XpOMaTHHA
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TaeTcs Ha KaxJoM 3Tale A A AHK, Kotopan aoctx

8. PETYJISTOPHbIE BEJIKH XPOMATHHA

O6iune NPHHIMNE Pery/slMH TPAaHCKPHNUHMH Y TNPOKAPHOT XOPOLLIO
H3pecTHBl (cM. ra1. 10). OxHAKO MHOrOJIETHHE MOMCKH PEryJsTOPHBIX
GenKoB 3yKapPHOTHUECKONH TPAHCKPHMUHH NOKAa MPHBEJIH K CKPOMHBIM
Yernexam. Y 3yKapHOT (32 HCKJIOUEHHEM JPOXKeii) He OBGHapyKeHO
NPOCTLIX PeryAATOPHEIX TEHETHYECKHX CHCTEM, AOCTYNHBIX st GHoO-
XHMHUYeCKOro HcclleloBaHust. [losToMy TMIpH TOHCKE peryJsiTOpHBIX

HK-cpasniBaioliuX 6eMKOB 3yKapHOT OOBbIMHO HCMOJb3YHOT PasiHy-
Hble BapHAHTBI METO0B CYyPPOraTHOH T€HETHKH.

Hexkoroprie peryastopHble «MoTHBb» {cM. rl. X, pasgen 1) Bcrpe-
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YajoTcs B KOJHYECTBE JeCSITKOB THICSY H GoJiee HA TanJIOHAHBIA T'€HOM,
H YHCJIO MOJIEKYJ GETKOB, Y3HAIOIHX 3TH €MOTHBHI», COOTBETCTBEHHO
BenHKo. Jlaa BhiieieHHss 3THX GeIKOB HCNOJB3YIOT Pasfiyumbie Me-
ToAH OOHapyXeHHs HX cHenHPHIeCKHX KOMIJIEKCOB € HeGOJIbIIHMH
meueHbiMH ¢parmentamu JIHK, comepxkamumu «morusu». Bropo#
noaxoA — ajpuuHasi xpomarorpadHsi SKCTPAKTOB siiep, COAEPIKAIHX
HETHCTOHOBHE GeJIKH, Ha KOJOHKAax C NPHIIHTHIMH KODOTKHMH CHH-
TeTHUeCKHMH HJIH npHpopHuiMH ¢parmentamu JHK. O1u ¢pparmentnt
COZIEPKAT MNOCJIEAOBATE/BHOCTE Y3HaBaHus. Tperdét mopxon — pas-
JHYHHE MeToAb KoBajdeHTHOM ciiHBkM GenkoB ¢ JNHK in vivo u in
vilro B MecTe HX CBSI3HIBAHHS C NocJeaylolledi HHAeHTHOHKanHeH Gen-
KOBOro KoMnoHeHTa. OJIHOBpeMEHHO, KaK NPaBHJO, HCCJAEAYIOT BJIHS-
HHe H3yyaeMbX GEJTKOB Ha TPAHCKPHIIHIO B cHcreMe in vitro. Takum
0o0pa3oM YyJaJoch OYHCTHTh TaK Ha3biBaeMbiii Genok Spl, Korophiit
CTHMYJIHDYeT TPaHCKDHIUHIO C OJHOrO H3 CHJbHBIX NMPOMOTOPOB XKH-
BOTHHX KJeTOK — paHHero npomoropa Bupyca OB-40, a Takxke, no-
BHIAUMOMY, C psiia APYrHX KJETOUHHX NpoMoTopoB. OH y3HaeT B HHX
Mot GGGCGG.

B To xe Bpemss MHOrHe peryjsiTopHble GeJIKH 3YKapHOT, KaK H
Y NPOKApHOT, COCTABISAIOT HHUTOXKHYIO 40O BceX GeskoB. Perynsrtop-
Hble TOCJIENOBAaTEe/bHOCTH 3YKaPHOTHYECKHX TreHOB HHOTAA YJaJieHbl
OT NpPOMOTOpPa HAa 3HAYHTEJbHOE PAcCTOsiHHE (3HXaHCepH, cM. ri. X,
pasges 2) ¥ pacnoJioKeHH BriepelH HJH MO3ajH Hero. JTO 3aTpyaHseT
NOHCK GEJTKOB, Y3HAIOWHX ONpejeeHHHe nociejnosareiabHocTH JTHK.
JHK B xpomaruHe cBepHyTa B cnHpanb c iaroM okoso 80 m.o., u
CalT y3HaBaHHS MOXKeT GbiTb COCTaBJIeH H3 GhparMeHTOB PasHBIX yuacT-
KOB, pa3HeCeHHBLIX B TNEPBHYHOM CTPYKType Ha 3Ty BesMuHHy. [lo-
3TOMY H3yuYeHHe M MoOjJesMpoBaHue MeXxaHu3Ma y3HaBauus JHK B
XPOMAarHHe TPeOGyIOT Pa3pabOTKH COBEPIIEHHO HOBBHIX NOXOMOB.

[Toxkanyii, HanGosee U3yUeHHbIH PeryaATOPHBIT GEJTOK 3yKapHOT —
¢dakrop TpaHckpunuuu rexoB 58 PHK mmopuesot asrywku. Ero
CTPYKTYpa H MeXaHu3M JAeHCTBHsi paccMOTpeHol B ra. X.

Eme oana perynsitopHasi CHCTeMa, MeXaHH3M KOTOPOH IpOSICHSI-
eTcsl,— 3TO IeHBl, CTHMYJHpyeMble CTePOMIHBIMH ropMoHaMH. Beaok-
pery/asaTop, CBfI3bIBasich € TOPMOHOM, NpHoGpeTaeT cnocoGHOCTb Ca-
JHTBCSl Ha PeryJisiTOPHbIE YYaCTKH H aKTHBHPOBaTb COOTBETCTBYIOLIHE
reisl. Onucan Takke GEAOK, KOTOPHIH CBSI3BIBAETCS C PEryJsTOPHOMH
06/IaCThIO TeHOB TEJIOBOTO LIOKa APO30(H/bl H BKIOYAeT 3TH reHbl
(cM. c. 199). Tennosoil WIOK BHI3LIBAET NEPEX0;] 3TOr0 GesKa H3 UHTO-
naasMH B SiJPO M ero cBsA3biBaHHe ¢ nocieloBatenbHocTbio JIHK,
obecrieurBaloliefi BKJIOYEHHE MeHOB TeNJIOBOro Ioka. [Ipeanonaraercs,
yro, cBfA3biBasice ¢ JIHK B6auau mpomortopa, on aktusHpyer PHK-
nosumepasy I1.

B apoxckax o6HapyXKeHbl TeHeTHYeCKHE DeryJsiTOpHble 3JIeMEeHTH
THIIA NPOKapPHOTHYeCKHX penpeccopoB. HekoTophle H3 HHX HHTEH-
CHBHO HM3Y4aloTCsl, B 4YacTHocTH penpeccop rena GAL. Jror Genok
COCTOHT Mo KpaiiHeil Mepe H3 ABYX (QyHKUHOHAMbHBIX JoMmeHoB. OauH
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M3 HHX OTBEudeT 3a TPAHCTIOPT GeJIKa M3 LUMTOMIa3Mbl B A1p0, APYrod —
3a cpsasbiBanue ¢ JHK.

Tenbl, Koaupyiouise puGocomibie PHK, B Toft WM uHOil cTeneHH
pceria akTHBHB. Kak MpaBHJO, HX Dery/islHsa OCYUIecTBAseTcs MyTeM
H3MeHeHHs YHcaa paboTalolHX TeHOB, a He HHTEHCHBHOCTH HX TpaH-
ckpunuuy. OpraHH3anus PHOOCOMHBIX T€HOB H DACIONOKEHHE pery-
JIATOPHBIX MOCJIE10BATeIbHOCTel OBUIH PACCMOTPEHBI panee (CM. TJL. X,
pasze1 3). CrpykTypa XpomarTHHa pPHOOCOMHBIX TEHOB obnajaer
HECKOJNIbKHMH BaXKHBIMH oco6eHHoCTAMH. Bo-nepBbiX, aKTHBHbIE pH-
GOCOMHbIC TeHbl MPAKTHYECKH JIHIIEHbl THCTOHOB H MOKPHITH paéorarg‘
muMH Mosekynavn PHK-nonuvepasel I, HiyuiuMH o7Ha 3a ApPYTOH.
Bo-BTOPbIX, NPOMOTOP PHOOCOMHBIX TE€HOB, @ TaKxe ero roMoJorH
B crieiicepe Bcerga CBOOOJHBI OT THCTOHOB H HAXOJATCH B AKTHBHOH
xoHdopmaunH. B-TpeTbuX, cyllecTBoBaHHe OMOJHHTEILHBIX MECT
MHHIMALHH H 0COBEHHO TePMHHAIHH TPAHCKPHIIMH B Cliencepe He-
06X0MMO 15 HOPMaNbHOH PaGoThI MPOMOTOpa. JTOT (GAKT He COBCEM
NOHsITeH. BO3VOMHO, OYHKIHMOHANbHbIE YYaCTKH Clleficepa CaIyXKart
MecTaMH cOOpKH KowmrJlexca npenHHuHaudn PHK-nonnvepassl I
M Heo6XOIMMBIX eil (HAKTOPOB HJIH MPOCTO MNOBLILIAIT JOKATbHYIO
KOHILEHTPAUHIO (EpPMEHTA; BO3MOXKHO TAaKXKe, YTO OHH MOLIEpPKHBAOT
JHK B akTHBHOM, €BOGOIHOM OT FHCTOHOB COCTOSIHHH H TeM CavbiM
CnocoBCTBYIOT GBLICTPOMY Haualy TPAHCKPHILHMH B HYXHbIH MOMEHT.
CyLiecTBYeT runortesa, yto Gau3exaliHe JON0IHHTEbHbIe TPOMOTOPH
MOTryT akTHBHpOBaTh H 1pyrie PHK-nomuvepassl. BoicTpsifl nporpecc
B u3yuenun GAL-pempeccopa nosBo.141 1OKa3aTb, YTO 3TOT penpec-
cop paBoTaeT B 4y)K2pOIHHIK KHUBOTHHIX H PAaCTHTE1bHBIX KI€TKaX,
€cId B HHX BBEIEHHl COOTBRTCTBVIOUIHE pery.’IATOpHbBI2 MOC1210Ba-
TE.IbHOCTH.

9. CTPYKTYPA AKTHBHOIO XPOMATHHA

Heckoabko nocieioBaTelbHBIX YPOBHeH  KOHJIEHCAuHH XpoMaTHHa
NepeBOIAT €ro B BbICOKOKOMNAKTHOe cocTosinue. KoHleHcauus, ode-
BHIHO, MPErsITCTBYET JOCTYNY K AKTHBHbIM Y4acTKaM XpOMATHHA MO-
aekyn PHK-nonuvepas u ux npojsuxeniio Bioab JIHK, conposox-
JaolieMy TPAHCKPHIMIIHIO, TIOITOMY TPAHCKPHIUHS MOXET MpPOXOIHTh
JUub HA JeKOHIEHCHPOBAHHBIX YuacTKax xpoMartnHa. Takiy oGpa3soM,
ZIeKOHIEHCAUHST MOMXEeT ObiTb BAXHBIM YDOBHEM CJI0KHOH HEpapXHH
NpPoLeccoB Pery.1AUHH AKTHBHOCTH SYKapHOTHUECKHX TEHOB. Hawu6o.1ee
HAr151HO J1E€KOHIEHCAMSl XPOMAaTHHA NIPH HHTEHCHBHOH TPAHCKPHIIHH
Hab.11012eTCs  3TeKTPOHHO-MHKPOCKOMHUECKH Ha PHOOCOMHBIX TeHaX,
aKTHBHO TPAHCKPHOHPYIOUIHXCS B OCHHTAX LUMOPIEBO JATYIIKH Xeno-
pus (puc. 132). 3ty reHbl ILI0THO 3aMOJHEHbI MO.IEKY.1aMH PHK-no-
JIHMepasbl, C KOTODPHIX CBHCAIOT BHOBb CHHTE3HDOBAHHbLIE MOJIEKY.IH
PHK B kouniekce ¢ Geqkavu, Tak 4TO OOllas KAapTHHA 3THX TPaH-
CKPHGHPOBAHHBIX TEHOB HAMOMIIHAET HOBOTO1HIOW elouky. [L1HHa Tpan-
CKpHOMPYeMOro Y4YacTKa INOYTH JOCTHTaeT JTHHbI COOTBETCTBYIOULEH
JHEK, 1. e. JHK npakTHuecKH He KOHIEHCHPOBaHa, H MEXI1y MO.IEKY-
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naMH  PHK-nonumepassl He BHAHO
HYKJEOCOM, a TakKke OTCYTCTBYIOT
HYKJIEOCOMBI B KaKOH-HOO HHOH KOH-
thopMaiyHi. AHANOTHYHYIO KAPTHHY MO~
HO HalMIOAaTb HA 3JIeKTPOHHBIX MHKPO-
¢ororpadHax reHoB, TPAHCKPHOUPYEMBIX
PHK-nonumepasoii 11, nanpumep B ner-
JIAX XPOMOCOM THMA JIAMMOBHIX LIETOK
(puc. 133). B stux xpomocomax akTHB-
Hble JOMEHH 06pa3yloT MeTIH AJIHHOM B
JecATKH ThICSY Map HYKJAEOTHAOB, Ha
KOTODHIX MOXHO HabaiojaTh Npolecc
TPaHCKPHIILHH.

JekoHneHcauHio  XpoMaTHHa  [pH
TPAHCKPHIIHH MOXHO TaKxe Ha6/o-
JiaTh ¢ NOMOLIBIO CBETOBOTO MHKPOCKONA
Ha MOJMTEHHBIX XPOMOCOMAax APO30(QH-
abl. Takne XpoMocoMbl colepiKaTcsi BO
MHOTHX TKaHfIX JIHYHHOK HACEKOMBIX.
TTonuTeHHBle XPOMOCOMBI  APO30(PHJIBE
coctosT npumepHo H3 1000 mureit JHK,
JieXallHX PAJOM APYT € APYTOM TakHM
06pa3oM, UYTO TOMOJIOTHYHBIE YYacTKH
COCeACTBYIOT H 00pa3yloT IOMepeyHble
MoN0CKH. Tlo/HTEHHBlE XPOMOCOMBL CO-
OTBETCTBYIOT HHTepP(Ha3HOMY XpPOMATH-
Hy. Kaxpbli QYyHKUHOHANbLHBIA JOMEH
B MOJHTEHHOH XPOMOCOME INpeCTABIEH
B BHIE AMCKa, COJepXallero MJOTHO-
ynakoBannyio JHK. Iucku pazgene-
Hbl MeHee TJIOTHbIMH MeXJIHCKOBLIMH
yuacTkaMH. UepejoBaHHe JHCKOB H
MeXJHCKOB 06pa3yeT XapaKTepHyio CTPo-
ro MOCTOSIHHYIO KapTHHY, APHYeM Kpyfl-
Hble TeHeTHUECKHe [epecTPoiiKH Mpo-
ABJSIOTCS B BUIHMBIX H3MEHEHHSIX XPO-
MocoM. B Xone HHaMBHIyaabHOro pas-
BHTHSI JIHYHHOK KapTHHAa JHCKOB H
MEXIHCKOB HECKOJbKO MeHserca. Ho
0coGeHHO SIpKO H3MEHEeHHS] TPaHCKPHII-
LHOHHONH aKTHBHOCTH XpOMaTHHa [o-
JIUTEHHBIX ~ XPOMOCOM  TIPOSIBJSIOTCA
NpH MHAYKUHH reHoB. Takasi HHAYKLMS NOCTHraeTcs, Hanpumep, npu
HarpeBaHHH JHUYMHOK (TaK Ha3blBaeMblH TeNAOBOH [IOK) MM NPH BBE-
J€HHH FOPMOHA HACEKOMBbIX 3KJH30HAa. [IpH aKTHBAaUMU TPAHCKPHILHH
NPOHCXOJHT pe3Kasi IEKOHJEHCAlHA XPOMATHHA B ONpeneeHHBIX MH-
ckax H ofpa3yloTcs TaK Ha3niBaeMmhle nydnl. B nygax moxHO o6Ha-
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Puc. 132. UnreHcHBHAR TPaHCKPHNIHA PHGOCOMHEIX [€HOB
Buptnl rpaguent qanns PHIT BAosb reHa M HeTpaHCKpuGHpPYemuill crieficep (oTmeleH CTpeaKoh)

Pic. 133. Xpomocoma Tina aMIOBOM WeTKH (a); TPAHCKPHIIHSA THCTOHOBHIX Te-

: HOB Ha OJHOH M3 neTejb TaKoil Xpomocoybl (6)

OT oceRoil CTPYKTYpHI (PHC. a) OTXOANT MHOTOYHCIEHHbIE METH aKTHBHO TPaHCKPHOGHDYEMOro Xpo-
MaTHHA; 3ePHAMH DafHOAKTHBHOI MeTKH NOMedeHa HOBOOGpasoBanHas rucToHosas MPHK (puc. 6)

PYXKHTb C TMOMOILBIO Pa3NTHYHBIX MOJEKYAAPHO-BHONOTHUECCKUX Me-
TOJIOB MOJIEKYJIbl BHOBb cHHTesupoeanHol PHK, ceazanuoi co cnenudu-
YecKHMH Gesikamu, a Takxe PHK-nosumepassl 11 ¥ tonousomepasnt 1.
CpsizaHHas ¢ TPaHCKpUNUMEH JEKOHIEHCALMA XPOMATHHA SIBISETCH
0BpaTHMBLIM M1poLeccoM. JTO Jerko MPOCIeXHBAETCA HA TeHaxX APO3o0-
(uIbl, KOTOPBle aKTHBHPYIOTCS MPH TENJOBOM IIOKe: MPH MOHHMKEHHH
Temriepatypel ¢ 37 °C 1o HOpMaJbHON /A APO30(GHARI TeMIepaTyphl
24 °C nabmonaercsi perpeccds nyos B KOHJEHCHPOBAHHOE COCTOSIHHE,
NPOHCXOAdANLas B TeUeHHe HEeCKOJIbKHX YacoB.

AXTHBHBIE B TPAHCKPHOIMH YY4CTKH XPOMATHHA OTJHYAIOTCH OT
mEAaKTHBHBIX YYaCTKOB MO MHOTHM CBOHCTBaM. JTO MOMXKET SIBJIATbCS
Cle/ICTBHEM [JEKOHJEHCALHH, NPHCYTCTBHUSI PSJa HOBbIX GENKOB HIH
H3MeHeHuss coctogHud JIHK. AKTHBHBIE XPOMATHH CyUIECTBEHHO
ObicTpee TruApoJau3yeTcs HyKJeasamH, Takumu, kak JHKaza 1 u
MHKDOKOKKOBAsl HYyKJIea3a. B HeaKTHBHOM XpoMaTHHE He OGHApyXH-
BaoTcss MoJiekyabl PHEK-nomumepassl. OgHako 1pH aKTHBAaUMH Ha-
6aros1aeTest NosABNente na rede Mosekya PHK-moaumepasst 11, npuuem
HX KOJIHYECTBO NPONOPLUHOHATIBHO HHTEHCHBHOCTH TPAHCKPHIILHH .
B c1a6oTpaHCKpHEHMPYIOUHXCS TeHAaX MOXeT NpHCYTCTBOBATH OJHA
HII1 HECKOJIbKO MOJIEKYJ, B TO BPeMsi KaK B aKTHBHO TPAHCKPUOHPY:O-
Wuxes redax pPHK WM B reHax, akTHBHPOBaHHBIX MPU TEILIOBOM
moke, IHK 6yksanbHo Hacbiena PHK-nonumepasamMH: Ha yyacTok
feHa anunoit B 60—100 m. 0. B CpeaHeM NPHXOZHTICH MO OJHOH MOJeE-
Kyne PHK-nonuMepassl. Kak yxe roBOpH/IOCh, ¢ ZKTHBHBIM XpOMa-
THHOM aCCOLMHPOBAHEl TAK:K€ MOJEKY.bl Tomousomepassl I. Tlpu ak-
THBAaUHMM T€HOB B pEryJATOPHHIX Y4YacTKax XpoMaruHa (B obaacru
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TIPOMOTOPOB M 3HX2HCEPOB) MOABASAIOTCA NOMHMO Modekyn PHK-
TIOIHMEPa3 TAKXKE HEKOTOpble cCrelHpHUeCKHe DeryJasTopHbe GeJIKH.
Hx rnospnenue KOODIHHHDPYET ¢ BO3HKKHOBEHHEM TaK Ha3bIBAEMON
THNEPYYBCTBHTEBHOCTH — DEe3KHM BO3PACTAHHEM YYBCTBHTEJbHOCTH
HEKOTOPbIX yUaCTKOB B PErynATOpHbIX obmactax K geficteuio JHKas.

AKTHBAaUMSA XDOMAaTHHA COMPOBOXKIAETCH TAKXKe NOKAIbHbIM alle-
THAHpOBaHHeM N-KOHiueBhIX ofnactelt rucrosoB H2A, H2B, H3 u H4.
BeposiTHO, aKTHBHBIN H HeaKTHBHbIH XPOMAaTHH Da3iHYATCA H 10
COLEPKAHHIO THCTOHOBBLIX BapHauToB. Hanpumep, B nosHocTBIO pe-
TIpECCHPOBZHHOM  XPOMAaTHHE 3DHUTPOLHMTOB UbIINeHKa TrHcTod HI
HaCTHYHO 3aMeHeH OMH3KHUM eMy N0 CTpyKtype rucroHceM HS5.

Hmetotest paznuyus u 8 cocrosnnn JJTHK TPaHCKPHGHPYEMBIX H He-
TPaHCKDHOHDPYEMBIX YuacTKOB reHoma. Tak, HeaKTHBHAS B TPAHCKPHI-
unH JIHK B Gonbluedl Mepe MeTHaHpoBaHa, B TO BpeMs KakK cojepxaHHe
5-METHJIUHTO3HHE CYLIECTBEHHO MeHbile B TPaHCKPHGHPYEMBIX TeHax
H OCOGEHHO B HX DETYJATOPHBIX 110C/IE10BaTeTbHOCTAX. [IpH JeficTBHH
TONoOM3oMepasbl | Ha HeaKTHBHBIA XPOMAaTHH KOJHYECTBO CYNepBHTKOB
He MEHSeTCHA, YTO CBHETeJbCTBYET 0 ToM, uto 3ta JJHK Haxoautes
B P&IaKCHPOBAHHOM COCTOfIHHHM, B Hell HeT TOP3HOHHBIX HalpsKeHHH,
KOTopble GBIl CHHMATHCh M0 IeHCTBHEM TonoH3oMepaskl |. BoavoxkHo,
YTO B aKTHBHOM XDOMAaTHHE BO3HHKAIOT TaKHe TOP3HOHHbE HanpsiKe-
HH3, KOTOpbIe OG/IervaioT CBA3bIBAHHE PeryJsTOpPHHIX OENKOB H pa-
6oty PHK-nonumepassr.

10. CYIbBA HYKJEOCOM
NPH TPAHCKPUNUHHU

BaxHblll BOMpOC OPraHH3alMM XpoMaTHHAa Kacaercs CyIb6bl HVKJE0-
COM TPH TPAHCKDHNLUHMH. INEKTPOHHAs MHKDPOCKOTHS HHTEHCHBHO
TPAHCKPHOHPYIOUHXCA YYaCTKOB XPOMATHHA, HAanpHMep PHOOCOMHBIX
T€HOB, AICHO NOKAa3biBAeT, YTO HYKJEOCOM Ha HHX HET 1ake B Tex CJay-
uafx, Koria Mexiy Moneky.gavn PHEK-noauvepassl, IsHxyuipMucs
OjHZ 3a ]pyroil no redy, BHIEH NPOMEXYTOK. Heo6X01HMo OTMETHTD,
HTO PETyJISLUHA aKTHBHOCTH DHOGOCOMHBIX T€HOB OCYIIECTBASETCH B
KJIETKEe NyTeM H3MEHEHHS UHC/IA PaGOoTAOLHX T'eHCB, HO HE HHTEHCHB-
HOCTH TPaHCKPHNUHH. OIHAKO NPOMOTOPHI PHEOCOMHBIX TeHOB BCeria
HaXOlATCH B aKTHBHOM KOH(pOPMAUlHH (CBOGOIHb OT THCTOHOB).

HykneocoMel otcyTeTByIOT M B 06.7aCTH NOTEHUHANBHO AKTHBHOIO
npomoropa PHK-nonnvepaser 11, 1ame koraa TPaHCKPHNIUHSA elle He
Havanack. Tak opraHusoBana of.1actb BG.IM3H Hauala TPAHCKPHNUHH
PaHHHX reHoB SV 40 (0Ha e sBI5eTCH 06.14CTbIO HAYa1a PerTHKALHH).
He o6uapyxuBaiorcs Hyk.ieocombl i B pery.IATOPHBIX YYacTKaX reHOB
0Ba/b0YMHHZ Kyp, aKTHBHSIX B KJACTKAX SHLEB0JA, 4 TAKKe TJIOGH-
HOEBIX TEeHOE.

[IpAMbBIM M eTo10M M3VYEHHS HATHUHS THCTOHOB B TeX HJH HHbIX
yuacrkax JHK saBastercss xosaiteuwtHas cwmuBka ructonos ¢ JHK.

254

IMpu NoAPOGHOM H3YYEeHHH 3THM METOJOM TeHOB TeMJIOBOTO moxoa6 OKa-
3aJ10ch, UTO TPOMOTOPHasi 06JacTb BCerla NpenMyllecTBeHHO CBOOOHA
OT THCTOHOB, a YUYacTOK TPaHCKPHIUMH HEHHAYUHPOBAaHHOTO TreHa
HAXOJHTC B OGBLIMHON HyKJeocoMHOH kKoH(opMauuu. [pu HHJ)EDKI:?(H
ructonbl cOpacbiBatores ¢ JIHK, a ren ngprmaeTcn MOJIeKYJ1aMH -
[O/HMEpa3bl, HAYUMMH OjHa 32 ApYTrofi. ['ucToHHI yna.nmo;lclﬂ c ’recr;;i
B OllpefieleHHOM MOpPsJKe: TNpex;1e BCero Tepsercs THCTOH Iil, uyB
BHTeAbHBIN K paspywenuto 30-HM (HOpHMJIB, 3aTeM, n(I)-IBMHMOMy’
yaansiotess H2A n H2B u nocnefHHMH CHHMAIOTCA H3 n H4. .
OnHako ToAHOE yjaleHHe FHCTOHOB HMeeT MecTo JHlb B He.\moIEHK
CNy4asiX NpH MAaKCHMAIbHOH WHTEHCHBHOCTH TPAHCKPHILHH. 62“
MoKa3aJH MHOTOUHMC/EHHEIe 3KCIepHMeHTbl, TIPH yMepeHHOH H cnaaTn
TPAaHCKPHMLHKH HYKJIEOCOMbl (THCTOHBI) COXDAHSIOTCH Ha ,HHK.OCKO?
NOATBEPXKIAIOT ¥ GHOXHMHUECKHe JaHHble, H 3JEKTPOHHAs MHKD cKo-
NHA, NpPHUYEM CTPYKTYPa 3THX HYKJ/EOCOM, BepOfiTHO, HE OTJIHYa
OT OOBIUHEIX HYKJIEOCOM HEaKTHBHOrO XpPOMaTHHA. ne.
[peacraBneHHble BhiE /aHHbE NMO3BOJAIOT c@opmynupOBaTbaHCK-
LYIOULYI0 MOJeNb CTPYKTYDHBIX NEPEX0i0B B XPOMATHHE NpH LpT K-
punuuu. JIBa KpaltHHX COCTOSHHS NpeicTaBAeHbl HeaKTIsBHblM A Enn
CKPHITLLMH XPOMAaTHHOM, KOT;1a OH opraHu3cea B sune 30-uM GHOP a1,
YIaKOBAHHBIX KaKHM-TO 06pa3oM Ha CJeiylolieM YpoBHE opranmau'eT
xpoMaTuHa. [lpyroe KpafiHee COCTOfiHHE XpOMaTHHA coo.TBeTCTByO ¢
noiHocThio JuHeapuzoBan#ol JIHK MakcHvalbHO aKTHBHBIX TeH 5
TAKHX, KaK PHOOCOMHBIE TeHEl OOUMTOB Xeropus HIM HOJIHOCTb:;n?) -
THBHDOBaHHbIE TeHH TelJOBOTO WIOKa APo3ohuab. I3TH FEH]_I;IK- T
HeHbl MJOTHO CHIAWIAMH IPYT 3a APYTOM MoJekyaaun P no.nHx
Mepa3, H cBOGOHbBIE OT MOJHMEPAa3 y4yacTKH HacToNbKO Madwl, !nomm
HeOCTAaTOMHO /151 06Pa30BAHHS HYKJ/IEOCOM H/H XOTsi Obl CBA3LIBA 1
THCTOHOB. B c/yuae yvepeHHOH TPAaHCKPHMIHH, KOria Koﬂllﬁl{eCT o
moneky1 PHK-nonuvepas Ha reH HEBeJHKO, pasmephl cgo O;;lll-}l:zb
or nonuvepas JHK jocrarouHo BeqHKH, uTOOBI Ha HHX CO éapabmne
HykseocoMbl. O1HAKO TaKHe OIHHOUHbIE HYKJIEOCOMbl H/H HE OﬂBaHbl
TPYNMbl HYKJEOCOM He CO1epykaT THCTOHA Hlvn }fomnallzmsoqm&
Tonbko B 10-uM ¢u6puatbl. [ncton H1 s3aumogedcrsyeT ¢ 10-HM no-
PHMIOH, NMO-BHIHMOMY, KOONEDATHBHO: WA €ro_ CBA3bIBAHHA Tpeﬂy
€TCs yuacTOK, colepxallluii no Kpaiihell Mepe 6—7 HyKaeocoM nogxglﬂ;i;
YTO 0CTATOUHO A5 06pa30BaHHA OJHOrO BHTKA COJEHOHIA B 301
bubpu1te xpovatnHa. Takne KovnakThbie 30-HM @}{Gp}mghl ;euxglx
06pasoBbIBaThCA TOMBKO HA YYaCTKAX XPOMATHHA, TPAHCKPHOMDY LK
€ oueHb HH3KOH 3(heKTHBHOCTbIO, COOTBETCTBYIOLICH, Bepomno,6 Plee
CYTCTBHIO O1HO# Mosekyasl PHK-nonumepasst Ha 2 Thic. 1. 0. 1 P(IJ-iK-
Tpanckpubupyesmoit JIHK. Coriacxo stomy npeJCTa.B.’[EHH}O. .
NonKMMepa3a BPEMEHHO CMEIHaeT THCTOHBI C 33HHMAEMbIX HMH yuact-
KOB Ha KaKHe-TO NPOMEXYTOUHEIE OTPHIATETbHO 3aPAKEHHbIE a Hwa-
Tophl. M MoryT 6biTh Ji006snle 0f.1er4yaolHe pEK’OHCTp)f.KLIHlO .\goA -
THHa TOMHAHHOHHDBIE MOJeKY.1bl, TakHe, Kak PHK nan xucible Oeak
Tana HMG WM HYKJeonaswHHa (cM. pasied 12 370l raasel).
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Sra MojeNb CTPYKTYPHOR NHHAMHKH TPaHCKPHNIIHOHHO aKTHBHOIO
XpOMaTHHA He SIBJsETCH eIHHCTBeHHOH. Tak, B aKTHBHO TPaHCKPHOH-
PyeMoM XpoMaTHHe PHOOCOMHEIX reHoB rpuGa Physarum oGHapyXeHbl
Ppa3BepHyTbie HYKJEOCOMbl, B KOTOPbIX THCTOHbl OCTAIOTCH CBSA3aHHBIMH
B YacTHYHO WJH MOJHOCTblO JHHeapH3oBaHHOH [HK Hykaeocomsr.
Dra mozesb NpeanonaraeT, YTO B MPoOLECce TPAHCKPHIILHH MPOHCXOJHT
Janneapusauuss [JHK, so PHK-nonnmepasa He cMeliaeT MoJeKyJibl
THCTOHOB ¢ TPaHCKpHOHpYeMbIX yuacTKoB. HanoMHHM, 4To peryasTop-
noiii 6emok TFIIIA rewos 55 PHK mmopiueBoit Asiryimikd Npo4YHo
-CBA3bIBAGTCS C PEryJsiTOpHbIM YUacTKOM, JeXKallHM B TPaHCKPHOHPY-
€Moil 0641acTH, H He aHccouMHpyer NpH mpoxoxuenun PHK-noa-
Mepassl 1.

BnusinHe cTeneHH KOHAEHCAHH XPOMAaTHHA HA TPAHCKPHIHHIO
APKO MpOsiBsieTcss B TaK HasbiBaeMoM 3(xpekTe nosoxkeHusi. dpexrt
NOJIOKEHHsT OTKPBIT H JIydlile BCero H3yueH y apo3oduibl. B XpoMaTHHe
ApO30(HJIBL HMEIOTCSl YYacTKH CHJIbHO KOHJEHCHPOBAHHOIO XPOMaTHHa,
KOTOPBIH He TPaHCKPHOHpyeTcd,— TaK Ha3blBaeMOro 2emepoxpoma-
muna. C NOMOLIbIO Pa3JHYHBIX XPOMOCOMHBIX MePecTpoeKk MOXKHO nepe-
MECTHTb TOT HJH HHOH YYacTOK aKTHBHOIO B TPaHCKPHILHH XpOMa-
THHA H TNOMECTHTb €r0 PSJOM C TIeTepPOXPOMATHHOM. IDTO MPHBOJHT
K TOJAaBJEeHHIO TPAaHCKPHNUHH AKTHBHOTO YyuacTKa B Oo/iblued HJH
MeHblIeH CTeeHH B 3aBHCHMOCTH OT DacCTOSIHHA 0 reTepoXpoMaTH-
HOBOTO YuyacTKa: YeM OH GiHxe, TeM 3(deKTHBHee NoiaBJsieT TpaH-
CKPHILHIO.

AbdeKT MOJNOXKEHHS MPOsIBIAETCS H Ha YPOBHE OTHeJbHbIX T€HOB.
Tak, yacTb pUGOCOMHBIX TeHOB AP030(QHJbI COZEPXKHT HeGoablHe re-
“TePOXPOMAaTHHOBble BCTABKH. KOHJEHCHPOBaHHOe, HeaKTHBHOE COCTOSI-
HHe 3THX BCTaBOK pPaclpoCTPaHsieTCs Ha 3HauHTeJbHOe pacCTOosiHHE
BIOJMb XPOMaTHHOBOH (PHOPHJJBI H MoJaBAseT TPAHCKPHIUHIO Ha pac-
CTOSIHHH HECKOJIbKHX THICSY Map HYKJEOTHIOB.

11. THNEPYYBCTBHTEJIbHBIE
MECTA XPOMATHHA

CyliecTBOBaHHE THIIEPUYBCTBHTENbHBIX K HyKJea3aM CBOGOIHBIX OT
HYKJIEOCOMHBIX THCTOHOB YYaCTKOB B IPOMOTOPHOH H peryJsrtopHoi
obnacTax — o6s3aTe/ibHBIH NMPH3HAK aKTHBHOIO MJH [OTEHLHAIbHO
aKTHBHOTO B [aHHBIX KJaeTKax reHa. OTCYTCTBHe THCTOHOB B 3THX
Y4acTKax MOXeT ObiTb OGYC/IOBAEHO Pa3/HYHBIMH MeXaHH3MaMH. Bo-
NepBLIX, HEKOTOpbie creuHpHyeckHe mnocnegoBarenpHocth [JHK, Ta-
KHe, kak noaudA: monu dT, He crmocoGHBI B CHJIY HEKOTOPBIX MpPHUHH
(HanpuMep, H3JMILHEH >KECTKOCTH) CBOPAUHBAThC B HYKJEOCOMHYIO
CTPYKTYpy. Takne cBoGoaHble OT THCTOHOB 06J1aCTH TOMOIMOJHMEPOB
HalileHbl, B 4aCTHOCTH, B NPOMOTOPHKEIX 061aCTAX HEKOTOPHIX JPOMKIKE-
BbiX F€HOB, H HX NPHUCYTCTBHE CYIIECTBEHHO /s aKTHBHOTO COCTOAHHS
3THX TeHoB. JIpYrHM MeXaHH3MOM MOXKeT ObiTb CBfI3bIBaHHE CIelH~
duueckux Geaxos ¢ peryastopubiMu yyactkamu JIHK, urto npensrcr-
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BYET mocajgke HykiaeocoM. HakoHell, TpeTbsi BO3MOXHOCTb fpenycMart-
pHBaeT (uKCHPOBaHHOe pacrookenHe HYK/JeocoM Ha IOHK Ttakum
006pa3oM, UTO MeXAY HEKOTOPBHIMH HYKJEOCOMAMH HMEIOTCS YUaCTKH
MexHykaeocomHoll JJHK, HepocraTouHble 1715 CBA3BIBAHHSA ellle OJHOH
HYKJeocoMbl. Hampumep, HYKJEOCOMBl CaiATCA Ha DAaCloJioXKeHHbIe
TaHIeMHO MHoxecTBeHHble rewsi 5S PHK B crporo onpejeneHHbIX
MecTax, jaxe NpHU PeKOHCTPYKUWHH Ha «rogoii» JHK. Tlpu stoM npo-
MOTOpHasi 06JacTb reHa BCEI1a OKa3biBaeTCs B MEXKHYKJEOCOMHOM
nNpoMexyTKe H JIOCTYNHA /1A CBA3SLIBAHHA C PErYJATOPHbIM GeJKoM
TFIIIA, HeoGXoauMbiM anst akTuBauuu rera 5S PHK.
BO3HHKHOBEHHE THMEPUYBCTBHTEJIbHBIX MECT B XPOMAaTHHE MoOXeT
6biTb 06YCJIOBJAEHO HE TOJIBKO OTCYTCTBHEM HYKJEOCOM, HO H APYTHMH
dakTopamu: 0coBoii JoKaibHOH KoHpopmauwei JHK w/uin cpasbi-
BaHHeM HerHCTOHOBbIX 6esikoB. Xotrsi Gombluas yacte JHK B Xpowma-
THHe HaXOJHTCs B OObIYHOH B-KoHpOpMaLHH, HEKOTOPhIE €€ YUACTKH
MOTYT NIPHHHMaTb APYTYK KOH(OPMAaLHIO, HalpHMep H3-32 OCOOeHHO-
cTell nocnenoBaTeNbHOCTH. Tak, npoTsukeduble (Gojee 8—I10 m. H.)
VYaCTKH CTPOTOrO YepejoBaHHSl MYDPHHOB H IIHPHMHIHHOB B SKCMepH-
MeHTaxX in vitro MpH MNOBLILIEHHH HOHHOH CHJIBI CKJIOHHBI [1€PeX0IHTb
B JleBocOupanbHylo Z-koHpurypauHio. Eule o1Ha Heo6bluHast KoHOp-
manus JHK — tak nasmiBaemaa H-gopma (cm. ri. 1). B—H-nepexoxn
HabaioaeTca B MMOJMHMYPHH-TOMTHIHPHVMHIHHOBLIX 110C/TI€10BaTeNbHOg;
ctax npu nouuxenun pH. Oanako A0 CHX mop He SICHO, BO3MOXKHBI
JIH TaKHe Mepexoisl B KieTke. MapecTHo, UTO MHOrHe HYKJeasbl ¢
BbICOKOH H36HpaTesbHocTbio pactlenasior JHK nHa rpanuue mexay
y4acTKaMH C pas/HYHOi Koudopmauueil, Hanpumep B—Z uan B—H.
Peryasatopusie JHK-cBsisbiBatomHe GeqKH MPOKAPHOT BbI3bIBAIOT
3averHble H3MeHeHHs KoHgopvauun I[THK. IlpH peHTreHOCTPYKTYp-
HOM HCC/IeJOBaHHH KoMIleKca peryJsitopHoro 6enka TFIIIA co conm
yuactkom JHK okasanoch, uTo [1BOfiHasi crnupanb Haxoauted B A-
dopme. Jlpyrue H3MeHeHHsi (M3THOBl H H3JIOMBl IBOHHOH CIHpaH)
MOXKHO OBHAPYXKHTb C NOMOLIbIO 3JEKTPOHHOH MHKPOCKOMHH, 3JIEKT-
podopesa JTHK-6eKoBbHX KOMILIEKCOB, a TaKie NpH JeHCTBHH HYK-
Neasz. CpsasaHHBI 6efok 3aliuliaeT oT pacuengenHs 15—30 . o.
B MecTe CBS3bIBAHHSA M TMOPOXKJ14€T 1Ba Y4acTKa MOBLILIEHHOH YyB-
CTBHTEJILHOCTH K HYK/ea3aM ¢ 0GeHX CTOPOH OT MeCTa CBSI3bIBAHH#.
ToHKHiT aHaIH3 MecT THIepUYBCTBHTENLHOCTH B XPOMAaTHHE 3YKapHOT
MOKa3aj, YTO OHH HMEIOT TOYHO TaKyK Xe CTPYKTYpPY — JBe rumep-
YYBCTBHTEJIbHBIE TOUKH, pa3feieHHble 3alHLIEHHBIM YYacTKOM.

12. PEMJIHKAUHA XPOMATHHA

Henocpenctsenno Ha yuacTKe peNJIHKaLHOHHOH BWJKH HYKJEOCOM
He BMIHO, 4TO CBf3aHO, CKOpee BCero, C BhITECHEHHeM THCTOHOB C
Yuactka penankauuu. HykieocoMbl MOSIBASIOTCA Ha HOBOOOPa3oBaH-
Hbix gutax JHK B MunnxpoMocove SV 40 Ha pacCTOsiHHH NpHMeEPHO
200—400 n. 0. ot penaukauHonHol BUAKH. CyabGa CTapbX HYKJIEOCOM
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B XPOMAaTHHE TOXKE [IOCTAaTOMHO XOPOWO H3BecTHA. B mporecce penu-
Kal¥H He MPOHCXOJHT CMeIUHBAaHMf CTAPHIX H HOBBIX THCTOHOB B CO-
CcTaBe OKTamepoB. Takasi KOHCePBAaTHBHOCTb CTAPHIX HYKJEOCOM Mo-
XeT ObiTh MPOC/AEXKEHA B TeueHHe HECKOJNbKHX KJETOYHBIX TeHEepauHit
6e3 ux pasbaBleHHs BHOBb CHHTe3HPOBAaHHbIMH rucroHamu. Onnako
pacrpeje/ieHHe HMEIOIHXCs THCTOHOBBIX OKTaMepoB M0 ABYM 10YEepHHM
autam JTHK npoxcxomut, ckopee Bcero, ciyyaiHbiM o6pasoM.

Ilns npasusbHoil nocaaku rucronoB Ha JIHK in vitro Heo6xoaumet
NIPOMEXXYTOYHBIE MOJHAHHOHHBIE aKuenTopul. B HX MpHCYTCTBHH rH-
CTOHHI MOTYT cBsi3biBaThesl ¢ JIHK, AaBas HyKneoCOMHbIH MOBTOP, CBOH-
CTBEHHBbIH JAHHOMY XPOMaTHHY in vivo. B Kaerke jis 3TOrO, MO-BH-
JHMOMY, CJIYXKaT CrielHalbHble KHcaple 6ekd. Takoll Gesok, Hykaeo-
naasmur, 6bLT OOHAPYXKeH B OOLHTAX LUMNOpLEeBO# AArYWKH (Xenopus).
OH, BEpOATHO, YYacTBYeT TaKKe B TPAHCIOPTE THCTOHOB H3 LHTO-
IJ1a3MBl B SIIPO.

C MexaHu3MoM KJieTouHoH AH(depeHUHPOBKH CBA3aH HHTePEeCHBIH
BOINPOC: COXpaHsieTcsl JIH Ha YPOBHE CTPYKTYPHl XpOMAaTHHA NaMsTh
06 aKTHBHOM HMJIH HEaKTHBHOM COCTOSIHHHM TeHa NpPH KJETOYHOM [ee-
HHM M TpaHCKpHNUHMH? TIpH KJIETOYHOM JeJeHHH XPOMAaTHH, BHJHMO,
coxXpaHsieT OCOGEHHOCTH CBOeH CTPYKTYpbl, HalpHMep THNep4yBCTBH-
TeJIbHbIE YYacTKH B XPOMAaTHHE HEKOTOPbIX IeHOB COXPaHSIOTCA B Me-
TahasHbIX XPOMOCOMAaX B TeX XKe MecTax, uTo H B HHTep(pasHOM Xpo-
maruHe. OueBHIHO, 3TO ONMpejesisieTcsl TeM, UTO PEry/ATOpHble GeJIKH,
CBSI3aHHbIE C IPOMOTOPHBIMH Y4YacTKaMH reHoB, accouHupoBanbl ¢ JITHK
H B cocraBe MeraasHOH XxpoMocoMbl. OpHako cyan6a peryJsaTopHbIX
6enkoB B npouecce penyHkauun JTHK nenssecrsa.

Mogens npaMoro 3amoMHHAaHHA B Npolecce PeIVIMKAuUHH JODKHA
[peNyCMaTPHBaTh COXPAHEHHe DeryisiTOPHbIX OeJKOB M THCTOHOB B
HX MOAM(HIHPOBAHHOM COCTOSTHHH HA aKTHBHBIX Y4acCTKaX XpOMaTHHA.
OnHako MNoKa OTCYTCTBYIOT TMNpsiMble 3KClepHMEHTalbHble JAaHHbIE,
MOATBEPKAAIOLIHE 3TO NPEANONOKEHHE.

Eule oaMH BO3MOXKHBII MEXaHH3M COXPaHEHHs HHpopMauuH ob
aKTHBHOCTH T€HOB B XOJ€ KJETOYHOTO HAeJIeHHs — 3TO METHJIHpOBa-
uve JITHK. Y npokapHOT MeTHna3a y3HaeT <«HNoJyMeTHIHPOBaHHbIH»
no oaHoH uenu JIHK caiit mocne pensiMKauMH H BOCCTaHaBJIMBaeT
o0lLLy10 KapTHHY MeTHJIHPOBaHHs. Bo3MOXHO, CXOAHBIE MeXaHH3MBbl
JEACTBYIOT Y 3YKapHoT. Psj| JaHHBIX YKa3blBalOT Ha TO, YTO MHTHOH-
Topbl MeruaHpoBanuss JJHK akTHBHDYIOT MHOTHE TeHBI MOCJE ORHOTO
HJIH HECKOJIBKHX paYHIOB peNJHKaiHH. B pacTHTeJbHBIX KJETKaX
METHJIHPOBAHHE DEryJATOPHbIX YYaCTKOB HEKOTOPHIX TE€HOB MPHBOIHT
K HMX MOJHOMY BBIK/JIOUEHHIO Ha TMPOTAXKEHHH MHOTHX [OKOJIEHHH.
D10 siBieHHE TPYAHO OTJIHYHTb OT HCTHHHOH MYTaUMH.
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buocunres
BUPYCHBIX HYKJIEUHOBBI?
KUCJIOT

Taasa XIII

PEIIJIMKAUUA U TPAHCKPHNILUSA
BUPYCHbLIX TEHOMOB

YacTb

Hns noHHMaHHs NPHHUHIOB GHOCHHTE32 HYKJEHHOBBIX KHCJOT BAXHO
NpeICcTaBaATb, UTO B NpPHPOIe CYIUeCTBYeT GoJblloe pa3HooGpasHe
croco6oe obpasosanus modekyn NHK u PHK. 210 pasnooGpasue
HaH6oslee MOJAPOGHO H3yUYeHO B C/lydyae DelVIHKalUH M TPAHCKPHIILHH
BHDYCHHIX T€HOMOB.

1. PENJIHKALHSI TEHOMA
AHK-COAEP)ALIUX BHPYCOB
(AHK—AHK)

B sToM paszene paccMoTpeHbl cnocofbl peninkauud Bupycubix JHK-
reHoMOB, NpH Kotopblx cuHTe3 JJHK NmpoHCXOIHT HCK/IIOUHTEIbHO Ha
JHK-varpuue. Pennukauwus supycubix JHK, nporexkawoumas ¢ yua-
CTHEM MEXaHH3MOB OOpaTHON TPaHCKPHMUHH, OGYIeT ONHCaHA HIXKe
(cM. c. 308).

Budet supycroix JTHK-2enomos

Y pasubix [JHK-cozepkalux BHPYCOB T€HOM MOXeET ObiTh NpeicTaBs-
JIeH MoJleKyJaMH pasHblX THnos. Tak, supxonHasa [IHK nanosasupy-
cor [Hanpumep, ofesbsinnero Bupyca 40 (SV40)] npesicrapiser coboii
KOAbYEBYID OBYXHUMEBYI0 MOJEKV.IY, COIepPXKallyld HECKO.IbKo Goiee
5 r.n. 1. Ofe uenu, BXogswHe B KOJbLEBOH AYNJEKC, KOBaJICHTHO-
HenpepbIBHbI.

Hautonee u3pecTHble npeicTaBHTENTH BHPYCOB C KO.bUegbiM OOHO-
numesoist JJH K-renoMom — meqkue darun ¢ X174, M13 u 1p. B cocras
mogtekyabl JJHK stux daros sxoaur ~5,4 1. H. [Togobuyio dopmy
HMEIOT H TFeHOMbl HeKOTOPBIX BHPYCOB 5YKapHOT, HalpHMep FeMHHH-
BHPYCOB (BHPYC 30.10THCTOH Mo3aHKH dacoad H 1p.).

BecbMa WIMPOKO CpeIH BHPYCOB paclnpoCTPaHeHB! AuHetHble 08yx-
rumesote [ITHK-reroMbl. X pa3mepbl Ko.1e6/I0TCS B LIHPOKHX npele-
sax, yawe Bcero or 30 go 150 T. m. H. M3 reHomoB ¢ moaHocThiO H3-
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Phc. 134, KoHuesble yuacTKH BHPYCHBX JHHeAHbIX ABYXHuTeBbXx JLHK-renomos:

1 — npsamoit Konuesoii mosTop (sanpuMep, y AHK dara T7); 2 — nonyasiuusi MoNeKyJ ¢ Kobues
BLIMH MepecTAHOBKAMH M NpPAMbIMH KoniesbiMu nosTopamu (AHK dara T4): 3 — «1unKue» KoHUH
(LHK ¢ara 7.); 4 — uHBepPTHPOBaHHBL| KOHLEBOI NOBTOP K KOBATeHTHOCBA3AHHBIH TePMHHANBHBIA
6enok (JHK azenoBupyca); 5§ — KoBaJeHTHasl CB53b MeAKAY KOHLAMHM KOMNJeMeHTapHbLIX uenedl
(IIHK Bupyca oCMoOBaKuUHHDI)

BECTHOH NEePBHYHOA CTPYKTYPOH camblff KPYMHLI NPHHALNEKHT BH-
pycy OnuwreiiHa — bapp — Gonee 172 T. n. H.

Kax 6yzer BHAHO M3 JafdbHeimero, ocofoe 3HauyeHHe s MeXa-
HH3MOR pemVIHKauHK JuHelHbIX Monaekyn JJHK umeer ctpykrypa HX
KoHLeBbIX y4acTKOB. ¥ nuHeiiHbix [THK-reHoMoB He GblBaeT «HeBblpa-
3uTeNbHbIX» KOHLEB. CooTBeTCTBYIOUIHE Y4acTKH (puc. 134) moryr
HMeTb npamble KOHUesble NOBMOpbL JNTHHOHA OT COTHH n Gosee (HampHMep,
HHK dara T7) o toiciu (T-ueTuble dard u Ap.) map HyKJ/EOTHOB.
[Ipu atom ecnn y tara T7 sce renomuble Moexybl JJHK HIeHTHYRH,
To Mosekyasl JJHK T-uersbix ¢aroB cymecTBeHHO pas/HUHBl, AaxKe
Korja oHu o0pa3oBaHbl B OJHOH KJeTKe, 3apaXKeHHOH eJIHHCTBeHHOMH
baroso#t wacrHueli; reHombl T-ueTHbIX aros (W psja APYTHX BHPYCOB)
XapaKTepH3YIOTCA TaK Ha3blBaeMbIMH KOAbUESHIMU NEpecrmaH0eKamu.

€ OIHMH BapHaHT KOHUeBOH CTPyKTypbl BHpHOHHBIX [IHK-aynuek-
COB — «IHIKHe» (T. €. B3aHMHO KOMILJIEeMeHTapHbIE) 00HOHUMEBbIE KOHUbL,
AIHHa KOTOPBIX 06bIYHO HaXouTcsl Mex1y 10 u 20 uykineorniamu (daru
A, P2, P4), HO MOXeT YKOPauHBATBCA [0 OIHOTO HyKJaeoTu1a (repnec-
BHDYyCHI), ec/IH B 3TOM CJlydae BOOOLIE MO3BOJIMTENBLHO HA3LIBaTb TAKHE
KOHIbI «THITKHMHY.

B JHK HekoTOpbIX BHPYCOB HMEIOTCH UHBEDMUDOBAHHbIE KOHUEEHIE
Nogmopbe, ITHHON OT HECKOJIBKHX HYKJIEOTHI0B (par ¢29) 1o 100—150
HYK/eoTH 10B (a€HOBHPYCHI) U 6oMblue; B 060HX YKa3aHHEIX caydanax
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TeHOMbl HMEIT BaXHYIO ocobenHocTb: K 5'-konuam nerneit JHK ko-
BaJIeHTHO TPHCOeJMHEHH BHDYC-clienuduueckne Genku. Bechma cBo-
eoGpa3Hbl KOHIBI FEHOMA BHPYCa OCMOBAKLUHHH H IPYTHX NMOKCBHPYCOB,
a Takxe HEKOTODHIX HPHIOBHDYCOB — KoMnaemenmapHole yenu THK
KOBQAEHIMHO COeOUHEHbl Mexnody coBod, TpHYeM KaK Ha CaMOM KOHLE
MOJIEKYJIBl, TAK H HAa HENOCPEJCTBEHHO MPHJETAOIHX K HeMy yyacTKax
MMeeTC HECKOJbKO HeCITapeHHbIX (HEKOMIJIEMEHTApPHBIX) HYKJEOTH-
JOB; KpOMe TOTO, HMEETCsi HHBePTHDOBAHHMWIH KOHIUEBOH MOBTOp 3HA-
uMTeJbHON IHHEL. [IpOMCXOXKIEHHe H 3HaueHHe BCEX 3THX OCOGeH-
HOCTell KOHUEBHIX CTPYKTYP CTaHYT MOHATHHIMH TOC/IE PaccMOTpeHHS
CII0COG0B per/IMKallHH TeHOMOB COOTBETCTBYIOLIHX BHPYCOB.

UsBecTHa rpynma BHPYcOB C Aunednoim 00Hoyenoweunsim THK-
reHOMOM — 3TO napBoBHpychl. Mosekyan JIHK napBoBHpycos co-
gepxar 4,5—5,4 T. H. H XapaKTePHU3YIOTCS CAMOKOMNALMEHMAPHOCITILIO
KOHyesbix nocaedosamesbrocmed. JIpyruMu cJ0BaMH, KOHUB TAKOMH
MOJIEKYJ/Ibl CTTOCOGHEI OGPa30BHIBATL 3/1EMEHTH BTOPHUHOM CTPYKTYDBI
(CUMHIBKH®) ¢ TPHIETAIONHMHE YYaCTKAMH TOH JKe MOJeKyJbi (cMm.
c. 268).

Pas/iHuHs MeXXy BHPYCHBIMH FeHOMAMH KacaloTcs He TOJbKO GopMbl
monekys JTHK. ¥ HeKOTOPHIX BHPYCOB — IIOKa 3TO H3BECTHO TOJIBKO
A5l BHPYCOB NPOKApHOT, T.e. AIsi ¢aros,— B cocraB JTHK Bxoasr
HeobbluHble W MOOUDUYUPOBAHHbE OCHOBaHUA. KJacCHUeCKHH NpHMep:
JIHK T-ueTHbIX (aros BMECTO [IHTO3HHA COJIEPIKHT 5-OKCHMETHJILHTO3HH
(OMI1), npuueM K OKCHTpYIIe 3TOTO OCHOBaHHSI MOTYT GBITh NpHCOe-
JHHEHbl OfHH HJH JBa OCTaTKa NMIOKO3bl (¢ 06pa3oBaHHEM COOTBETCT-
peHHo rauKo3w1-OMIL ¥ renTH6uo3ua-OMI). TeHoMBl HEKOTOPBIX
JAPYTHX (haroB Takxe cojepXaT HeoGblYHLIE OCHOBAHHSA. B 60ablIHH-
CTBE CJayuaeB MOJHGHMIMPOBAHHBIM OKA3HIBAETCA MHPHMHIHH (THMHH
K uuto3un). HH ofHa M3 yKasaHHbHIX MOAM(HKALHHA He Hapyaer
CHOCOGHOCTH OCHOBAHMI BCTYNATh B CTAHAAPTHBIE YOTCOH-KPHKOBCKHE
B3aHMO/ICHCTBHS . ‘

Huuyuayus yenu JHK

Kak yxe ormeuanoch (cM. rii. 11) notpeGHocTh B 3aTpaBKe — YHHBED-
canbHoe cBoficteo JIHK-nmonumepas. Xapaxrtep 3aTpaBKH H cnocod
ee 06pa3oBaHMs B 3HAUMTEJbHOH CTeleHH ONPeaeJsiioT cBoeo6pa3sHe
HHJHBHIYaJbHBIX BHPYCHBIX CHCTEM.

a. Uunuuanus Ha OJHOHHUTEBHX
MaTpHuax

Ciiefyer pasjiMuaTb HHHUHIUHIO HA GHYMPeHHUX Y4aACMKAX OJHOHHTE-
BOH MaTpHUB! H HaA €e KOHuax.

[pH nonajaHHH B KJIeTKY KoblieBoro ofHonntesoro JIHK-renoMa
HHHLHALKMSA CHHTE3a KOMIJIEMEHTADHOH IEMH HeH36eXHO J0/KHA nmpo-
XO[MTb HA BHYTPEHHHX YUYacTKaX MaTpHLB — KOHLOB Y MOJeKyJH!
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npocto Her. [ToyuHTeNbHO MOCMOTPETh, KaK 3TO NPOHCXONHT NpH CHH-
1e3 (—) uenu Ha (+) marpuue JIHK caros M13, G4 u X 174. Bo Bcex
Tpex cayuasix ofpasyercsi 3aTpaBKa, KOMILIeMEHTapHas €HHCTBEHHOMY
yYacTKY POAMTEJbCKOrO TreHOMa, HO 3Ta LeJb AOCTHTEeTcs TpeMs
pas/HUHBIMH DNYTSMH.

" Y ¢ara MI3 o1HropHGOHYK/NeOTHA-3aTpaBKa 0Gpa3yercsi IpH IO-
momn JIHK-3asuckmoit PHK-nosinmepasbl kierku-xo3sauna (E. coli).
Y ¢ara G4 cuHTe3 3aTpPaBKH KaTaJH3HpYeT depmeHT npaimMasa —
NPOAYKT KaeTouHoro reia dna G. Hakomel, B ciaydae Qara X174
s 06pa3oBaHHsA 3aTPaBKH NPH CHHTE3E (—) uenn JIHK ucrnoabsy-
eTCSi MHOTOKOMIIOHEHTHAS CHCTeMa, B KOTOPYIO Hapsily ¢ npaiiMasoit —
npoaykToM reHa dna G — BXOAHT IO KpaiiHell Mepe ellle IIeCTb Kie-
TOUHBIX GeJNKOB: MOJUNENTHIbI i1, n°, n” U MPOAYKTH reHoB dna B, dna C
u dnaT (nonunentua i). STH GenkH GOPMHUPYIOT ClelHAIbHYIO CTPYK-
Typy — NpaiiMocoMy, KOTOPasi M OCYLIeCTBJsIeT CHHTE3 3aTPaBKH (c™.
ra. 11, paspen 5). CoGCTBEHHO MOJHMEPA3HON aKTHBHOCTBIO B npaii-
MocoMe obnazaer npaiimasa.

Bo Bcex Tpex ciydasx nepBas 3aTpaBKa s CHHTe3a (—) uenH
obpa3yeTca Ha COBePILEHHO OTpe/ie/leHHOM yuacTke (aroBoro rexoMa,
passoM y pasHbix ¢aros. CoOTBETCTBYIOUHI YYacTOK, OYEBHIHO, CO-
JepPKHT CHTHa/lBl B BHJE MOC/ENOBaTeJbHOCTH HYKJIEOTHIOB H JJEMeH-
TOB BTOPHYHOH CTPYKTYDBI, KOTOpble CeuH(HUYeCKH y3HAITCS COOT-
percreenno PHK-noanmepasoit (8 JJHK dara M13), npaiimasoit y
G4) u noaunentraom n’ (y ¢X174). IoauepkHeM, 4To B pa3o6paHHBIX
clyuasX MaTpHiedl ansi o6pa3oBaHHsl 3aTPABKH SBJIAETCA He «roJas»
IOHK, a gne3soxcuprGOHYKJeonpoTej, o6pasoBaHHbli B pesyJ/bTaTe
paaumogeiicteuss JIHK ¢ JIHK-cesasbiBaomum Geakom E. coli.

[Ipu cuntese nonHoi (—)uenu JIHK daros M13 1 G4 ucnonbayeres
e/MHCTBeHHasi 3aTpaBKa, 00pa3oBaHHAs Tak, KaK TOJNbKO YTO GBUIO
onucato. Onmako npu o6pasopauun (—)uenn JIHK dara ¢X174
BO3HHKAIOT MHOMKECTBEHHble 3aTpaBKu. [lesio B TOM, uYTO npaiMocoMa
061a1aeT CrOCOGHOCTBbIO TEpefBHraTbCsi MO MaTpHlE B IHEPro3aBH-
cumoit peakunmd. CHHTe3HDOBAaB 3aTPaBKy B IMepBOM (YHHKATBHOM)
MecTe, npaiiMOCOMa TNepeiBHraeTcs Mo MaTpHue B 5 — 3'-HanpaBienyH,
T.e. B CTOPOHY, MPOTUBONOJOKHYIO Y/VIHHEHHIO 3aTpaBKH. Berperus
AMOJXOAANLYI0» HYKJEOTHIHYIO IOCJeN0BaTe/IbHOCTb, NpaiMocoMa Ka-
TanusupyeT o6pa3uBaHHe HOBOH 3aTPABKH.

TakHe e HIH CXOJHbIE MEXaHH3Mbl HCHO/B3YIOTCH H AJIsi o6paso-
BaHHA 3aTPAaBOK Ha O/HOLENOYEYHbIX YYacTKaX, BPEMEHHO BO3HHKalo-
WHX B pailoHe pENJHKALHOHHOH BHJKH IpH NOJYKOHCepBaTHBHOM
penauxauun asyuenoveyHoix JHK.

OTMETHM, YTO HEKOTOpble BHPYCHblE T€HOMB KOAMPYIOT COGCTBCH-
Hble BHpYC-ClielH(HUecKKe npaiiMasel (Hanpumep, y daros T4 T7).

UY1o kacaercs MHHMUMALHH Ha KoHuAxX ofHouenouewnod JIHK-mart-
PHUBI, TO TYT M3BecTHbl JBa MeXaHu3Ma. [lepsblit — camo3ampasos-
Hbul — peasiu3yeTcsi, HalpHMep, y MapBOBHPYCOB, 3'-KOHell TeHOMa
¥OTopHX, KAK yKe W3BeCTHO, CIIOCOOeH B3aHMOJeiCTBOBATb C COCeHeH
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Puc. 135. CavM03aTpaBOUHbIf MeXaHH3M CHHTe3a uenw

IU-!K Ha OJHOUEeNOYeYHOH (CBepNy) H IByXuenoyey-
HOH (CHH3Y) MaTpHuax
[B nocaeaunen coiyuae Heo6xoauMa NpeasapuTelbKas NepecTpofika

KOHDOPMALHH MaTPHUHON MO,
A MOJeKy. bl — 06pa3oBaHHe K
BHYTPHLENOYEYHBIX «ILMTH.IEK» («3asiubH X ylieii»)] OueBRX

}l(gtgmﬂ%Me}{TapHO}"{ n0C/Ie10BaTeIbHOCThIO, 00pa3ysl «WMHABKY» (pPHC
uuo)r;n 2};2151 CTPYKTYPa HMeeT Bce KauecTBa, HEOGXOIHMble 115 by HK-
o Kpa aHHSL B KAueCTBe 3aTPaBKH, H [03TOMY NoTpeGHOCTb B CHH-
rese Cﬂxc;n-nnﬁo HHOH 3aTpaBKH He BO3HHKaer. CllejoBaTeJbHO, B
" yuae B KauecTBe 3aTpaBKH Hcnoabsyercss He PHK, a JHK.
Bbmog:ﬂ;pyﬁrom crnocofe TepMHHA/NbHON HHHIHAIMH POJdb 3aTPaBKH
BLinon Tenox, TOUHee — KOBAAEHMHOe COeOuHeHUe Oeaka ¢ HYK-
¢oc¢)oqu§ci>u 2ggeccoe:mﬂeﬂne BO3HHKaeT B pesy.ibTaTe o6pa3oBaHHs
boed (HanppRie dg{ég MexX1y & -THIPOKCHJIOM 1e30KCHPHOOHYKJEO-
- cepuﬂaj c?x’e HaA } H THIDOKCHJOM OKCHaMHHOKHCJOTHI (HanpH-
B H;}'QEHHI:IX BHpuvCéqbtl,:ocrﬂoc,Tx:xﬂfsgmaenoro TepMHHAJBHOTO (e1Ka.
e ycH ) MHHaJbHbIA 0e10K — 3TO Bcerja
Egﬁynﬁecr?:fuqmqecxuu (T. e. 3aKOIMPOBaHHBII B BHDYCHOM TFeHOMe)
A, H (pepMeHT, OCYILIeCTBSIOLIMI [PUCOETHHEHHE HYKJEO-

THIAa, TaKXe Bcerja HMeeT BHpYC-
cnenuduyeckyio  npupoiy. Hykaeo-
., THI-0e/IKOBbIi  KOMILIEKC — B3aHMoeii-
3' cTBYeT ¢ 3'-KOHIOM OJIHOilenoYeyHO#

5e <—og, BupycHolt JIHK-vatpuus; npH 3TOM
: HYKJIEOTH1, BXOJALWIHH B KOMILIEKC C

TepMHHAJIbHBIM  0€J1KOM, KOMILTeMeH-
TapeH 3'-KOHIEBOMY HYK/JEOTHIY MaT-

5e 3

5' o—

-
-

3 o

5e -g, PHUBI H CAYXKHT 3aTPaBKOH, K KOTO-
¥ _»5' POl TIPHCOEIMHAIOTCA  MOC/E1YIOUIHE
56 ® . HYKJICOTHIb (pHC. 136). fcho, uto K
o g: 5'-KOHIlY CHHTE3HPOBAHHOM TaKHM 00-
5,_——-—-—"’(———03, pasom uend HK 6yier KoBaleHTHO

npucoeaHHed Gelok. PaccMorpeHHBI
Puc. 136. Huuunauus cuutesa crnoco® HHHuHauHd uend JHK peanu-

pgen JHK npu nosous TepMH-
HaibHOro 6e1Ka-3aTpaBKH Ha 3yercs, Hanpuvep, y a1eHOBHpYcoB H

OIHOLLENOYEYHOH (CBEPXY) H IBY-
Leno4YeyHoH (CHH3Y) NaTpHuax

Kpy#oK — TepMHHa IbHbi{l (KOHUEROIT)
6eJOK HJIH HYKJIeoTHI-6e.1KOBbill KoM-
naekc
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y dara ¢29, y KOTOpPbIX OIHOHHTEBbIE
JHK-varpunel  ofpasytotcs B npo-
uecce penIHKalMH IBYHHTEBOrO reHO-
Ma (cM. c. 267).

6. Unuupauus Ha [IBYXHHTEBBIX MaTpHuax

B OCHOBE HEKOTOPbIX CTOCOGOB HHHLHALHH LEH IOHK Ha ayniexkcHoH
MATpHILE JIeXAT Te JKe MEXaHH3MBL, O KOTOPHIX 1A pedb B NpeibiaylieM
pasziene. [Tpexie BCero 3To OTHOCHTCA K MepMUHAALHOL UHUKUALUL,
AJIsi OCYLIEeCTBJIEHHs KOTOPOH MOTYT HCMoJIb30BaThesl KaK camosampa-
GOUHbIT MEXAHU3M, TaK H HyKAeomud-6eaKosas 3ampaska. B nepsoM
cyuae TpelBapHTeNbHO HEoOXOMHMO TePecTPOHTb JBY XCTIHPa/IbHBIHA
«Tymoii» KOHell B CTPYKTYpY THNa «3asiubH YlH» (CM. PHC. 135), KakK
3TO, MO-BHAHMOMY, TPOHCXOIMT Yy perIMKaTHBHOH (popMbl NMAPBOBH-
pycroit THK. ocKoMbKY CrOHTaHHasi nepecTpoiika Takoro poia B
H30JHPOBAHHBIX MOJeKYy/ax JIHK KpaiiHe MaJoBepOsiTHa 1O 3Hepre-
THUECKHM COOOPaKeHHsIM, MOCTYJHpYercd, §T0 B ee OCYLLeCTBJEHHH
[IpHHHMAIOT y4acTHe KakHe-TO (noka He HeHTH(UIIHPOBAHHbIE) GeKH.
Puc. 136 naeT mpeicTaBjieHHe o TOM, KaK HHHIHALHIO yenu JHK na
JBY XHHTEBOH MaTpHIE MOXHO ofecreuuTb MpPH TOMOLIK HYKJEOTHI-
6esKOBOI 3aTPaBKH. Bro/iHe BO3MOXHO, 4TO H B 5TOM CJyuyae HeKHe
GesiKH crocoOCTBYIOT paci/leTaHHIo (wnu Mo KpaitHeil Mepe nectabHIIH-
3amuy) KOHLEBBIX YYacTKOB AYIJIEKCHOIO reHoMa.

Uro Kacaercsl HHHUIHALHH Ha BHYMPEHHUX YHaCMKaX 1BY XHHTeBOH
MATpHILEL, TO 37€Ch TaKke HYXKHO pa3jiHyaTbh B3 OCHOBHBIX cnocoba.
Bo-nepBblX, NepsudHas P H K-sampasgka mogicem Goime o6pasoeana npatl-
ma3ol  (HIH — pexe — TIHK-3apucumoit  PH K-nonumepasoit). Oz
HAKO CHHTE3 3aTPaBKH BO3MOMEH TOJbKO B TOM cayuae, ecli MaTpHIA
COOTBETCTBYIOIHM 00pa3oM MOJAroTOBJEHE. [ToarotoBKa BKJKOHaeT
B3AUMOICHCTBHE MEXK1y BHPYC-CrielHpHIeCKHMH GeJKaMH, peryJaupyto-
MK HHHIHAOHIO PayH[a penJiHKaluHH, H crienMpHUeCKHMH y4acTKaMH
MHHLHALHKH PeTUIHKalMu ori (OT aHra. origin — HayaJo) B MOJEKyJe
JIHK. Hanpuvep, ¢ yuacTKoM ori B IHK cara A nepBHYHO B3aHMO-
JecTByer tarocnenuuyeckuii 6esoK — O, c Geakom O B3auMojel-
mTBYeT 1pYyro# parocnennHyeCKHii TOMHNENTHI — GenoK P, KOTOpBIA
B CBOIO ouepeIb 06pa3yer KOMILIEKC C 0JHOH M3 KJIETOUHbIX XelMHKas —
mpoayKTOM TeHa dna B.

Tlns obpasoBaHHA nepBod 3aTPaBKH Ha monexyae JHK SV40
HEOBXOIHMO TIPHCORTHHEHHe K O7i BHPYC-CliellM(pHYeCKOro fesKka —
TaKk HasblRaeMoro fosbiioro T-aHTHIEHE, KOTOpBIl BHINIONHsET (Y HK-
UHH XeqHKasbl. B3auMojeHCTBHE MEXKIY ori ¥ crenHdHuecKHMH Oell-
KauH co3laeT Heo6XoaHMble YCJTOBHs 11l CHHTE3a 3aTpaBkH (epMeH-
Tavi, KOTOpble YMEKOT 3TO [eNaThb, o6uiuHo npafivasoit. OlHako B
HEKOTOPLIX cHCTeMaXx (B YACTHOCTH, Y Toro ke cara A) TpeGyercs
IOTOTHHTEIbHOE aKTHBHDOBaHHe ori. 3Ta Ledb MOKET 10CTHIaThesl,
HampuMep, TOrl1a, KOria B yuacTKe ori TIPOMCXOIMT TPAHCKPHIILHAA.
Il TaKol MPAHCKPUNYUOHHOU AKMUSAYUL BAXKEH HMEHHO caM akT
TPAaHCKPHMUNH, a He ee TMPOIVKTE — PHK uau Geiku. Cuuxraercs,
YTo B npollecce TPAHCKPHIUHH 0c1a6.15eTCsl CBA3b MEXKIY KOMIIIEMEH-
TApHBIMH LETAMH; KOrla TaKoe oc1abIeHHe 3aXBaThiBaeT yUacToK 07i,
OH CcTAaHOBHTCS 60Jee JIOCTYTHBIM 1151 MpaiMasbl.
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Bropast rpynna cnoco6oB BHYTPeHHeH WHMIHAIHH CBA3aHa C HC-
NOMb30BAHHEM pa3puisos, uasu Gpeweli, B OLHOH U3 ueMell 1BYXHHUTeBOH
JIHK. 3t «nepepbiBbl HeNpPepLIBHOCTH» MOTYT BO3HHKATh B Pe3yJib-
Tate NeACTBUA TeX WJIH HHbIX Hykneas Ha JHK-marpuuy; nossnaenue
PaspbiBOB OGBIYHO CONMPOBOXJAeT Mpouecc peKOMOGHHAUMH. Tak Hau
uHaue cBoGoAHbIH 3'-OH-koHeu uenu JHK Moxer GbiTb HCMOMb30BAH
B KaueCcTBe 3aTPaBKH MIa JajbHeilllero yMIHHEHHS 3TOH UemH.

Saoneayus yenu JHK

dnorrauus (yanuuenue) uend JHK ocyuecrsasiercs I HK-3asucu-
MemH  JHK-nonumepasavu. B 3Toft peakuuu yuactBYIOT Takke H
BCIIOMOTaTe/IbHble GeKH, HaGopbl KOTOPBIX MOTYT pa3iHuartbcsi B
Pa3HBIX CHCTEMax H Ha pas3HbIX 3Tanax DelJIMKALHH OJHOTO H TOrQ XKe
redoma. B uyactHocTH, pasnuyHbl 3TH Habops npu cuxrteze JHK Ha
OJHOHHTEBOH MaTpule (MK, KaK TOBOPAT, MpPH «pernapalHOHHOM»
CHHTe3e) H Ha [BYXHHTEBOM MaTpuue (pH CHHTe3e C BHITECHEHHEM
nenu). B nepBoM ciayuae BaKHBIM BCMOMOrAaTeNbHBIM YYACTHHKOM pe-
akuuu sasasiorcs JHK-cs3biBawlise GeJKH, KOTOpHIE MpEBPAllaOT
MaTpHLy B [€30KCHpHOOHYKJeonporeHna. [IpH 3TOM HCYe3alOT MHOTHe
H3 3JIEMEHTOB BTOPHYHOH CTPYKTYPHI MATpHIbl, OHA KaK Obl «BBIIPSIM-
Jsercs», 4ro 06Jerdaer MOCTYMaTeJbHOe M IPOLECCHBHOE IBHMKEHHE
JHK-noaumepasei. Cxonnyio poab — nomouis JHK-nonumepase B
NPeoJOJeHHH «IIPEMSATCTBHHY, B YAaCTHOCTH «UIMHJEYHBIX» CTPYKTYpP Ha
MaTpHUE,— MOTYT HIpaTh H JPYrHe IOTIONHHTENbHBIE (B TOM YMCJIEe H
BHpYyc-crielH(HYeCKHe) DeMIHKALHOHHBIE GeJKH.

Eute pasnoo6pasHee HaGopbl GeNKOB, YYacTBYIOlUIHe B CHHTe3e
JHK Ha aByXHuTeBbIX MaTpuliax. B 3TOM cilyyae MOMHMo yxke mepe-
YHCJIeHHBIX, TpeOyloTcs, B HacCTHOCTH, XeJHKasbl, CIOCOGCTBYIOLIHE
PacnyieTaHHIo POJAHTENBCKOrO AYIJEKca B OOJAacTH PerIHKamHOHHOH
BuakH (cM. ra. II), HaGop depmeHTOB, HEOGXOZHMBIX 151 CHHTe3a
«oTcTaoleily uend (mpafiMassi; GepMeHThl, yaaasiouine PHK-3a-
Tpaeky; JHK-nurassi, cuiisaiotie ¢pparmentsl OKajazaky), a Takke —
4acTO — TOMOH30MEpPa3bl, CHUMAIOUIHE H3GBITOYHOE BHYTPHMOMEKYsp-
HOe HanpsiXeHHe, BO3HHKaiolllee B pe3yJbTaTe pacnJ/eTaHus MaTpHu-
HOro nymiekca. B ofilem, npouecc 3JOHrauuu MpH PeraHKalUH BH-
pycHbix JITHK-reHOMOB He OT/iHYaeTCs MPHHUUIHAJIBHO OT 3TOrO MpO-
necca npH cHHTede kaerodnbix JIHK. EauncrBenHo, uTto caexyer
OTMETHTb,— 3TO MHCIOJb30BaHHe (B HEKOTOPHIX CHCTeMax) BHpYC-
crnemUbHUecKUX DPeMMHKAUHOHHBIX O€JIKOB, KOTOpbie Mo cBoel ¢yHK-
LHH aHaJOTHYHBbl GeJKaM, HMEIOLUMCH B He3apaXKeHHOH KJeTke.

OchosHble cxembl penauxayuu

Jns noHuMaHHs NpHPoAbl pasHoob6pa3us B crnocobax pernIHKaunHH
pupycHbix JTHK-reHoMoB BaKHO SICHO MpeIcTaBIsATh cebe TPYIHOCTb
NoJHOrO BOCAPOM3BeAeHHS JHHefiHON Mmosekyan JHK. 3ra rtpyl-
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HOCTb — MPAMOE CJEICTBHE IBYX ¢ 3
yHHBEpCaJlbHBIX (He 3HAIOLHX HC-
giouennit) ceoiicre  JHK-mosn-
Mepa3: 1) NOMSPHOCTH CHHTE3A l

(scersa oT 5'- K 3'-KOHUY BHOBb ¥
crposillieficss LeNH HJIH, YTO TOXKe 3

camoe, oT 3'- K 5'-KOHILly MarpHy- "Vg
HoiM uenmH) W 2) nmoTpe6HOCTH B l

satpaBke. Hamnpumep, B ciyvae

ucnonb3opanua  PHK-3atpaBok g 3
HEBO3MOXHO (ecH He MpHOeratb —
K CHemHAIbHBIM  YXHUIPEHUAM)

nonyuuts JHK-komuio 3'-koHua l
MarpHuuHoil uenu (puc. 137). [pen-

fONOXKHM, UYTO Ha 3ToM Mecre § , 3
cuntesupoana  PHK-3arpaska. 3 : 5
TpyRHOCTb B TOM, 4TOOBI 3anod-
HHTb Opelllb, KoTOpasf BO3HHKaeT Puc. 137. Mpo6aema, caﬁaaﬂﬂaﬂﬂ c
nocJe yna,}'[e].[ﬂ;] BanaBKH — Be/lb nonHHMA:O%]&O&BMMHHEM JHHEHHOH
'uH K-nonHMepasa 33JIHEro - X0- :‘;‘Sﬁszznnﬂuu — JAHK; BoAHHCTHE — PHK.
Ja» HE HMeeT. OkKasbiBaeTcsi, YTO T[ocne ypanewss PHK-3aTpaBkk —oCTaercst
CyILLECTByeT HECKOJ'UJKO — BCero GPELUh, KOTOpYIO TPYAHO 3anoJIHHTDh
HeCKO0JIbKO — OCHOBHBIX CHOCOGOB,

o6ecreunHBaloUX I0JHOe BOCIIPOH3BEJCHHE JIHK-renomos. Tlpoua-
JIOCTPHPYEM 3TH CMOCOOBl KPATKHM OITHCAHHEM KOHKDETHBIX BHPYCHBIX
CHCTEM.

a. Pensukauus reHoMa ajJeHOBHPYCOB
(TepMHHAJNbHAA HHHIHAUHA .
C MCMONb30BaHHEM HYKJIEOTH[-Ge/KOBOH
3aTPaBKH)

OG6was cxeMa penVIHKaUHH JBYXHHTeBOH 2IeHOBHPYCHOH IH-!K npen-
craBneHa Ha puc. 138. K CHHTe3UPOBAHHOMY B 33D@XKEHHOH KJETKE
BHPYC-CrelHdHIecCKOMy TEPMHHANBHOMY GeJKYy (Tounee — K ero GoJee
KPYIHOMY MpeMECTBEHHHKY) KOBA/NEHTHO MPHCOENHHACTCA HYKJIEO-
THI, H 3TOT HYKJEOTHI-GeNKOBbill KOMILIEKC BBITOIHAET PO/ib 3ATPABKH.
CHHTe3 HOBOH LeNnd MOXeT HauaTbCs Ha JioGOM KOHLe reHoMma, Tak
KaK B CHJY HaJHMYHMsl HHBEDTHPOBAHHBIX KOHLEBbIX NOBTOPOB ofa KoHLa
MosieKyJibl ageHoBHpycHoit JHK HAeHTHYHBI. Cunres fouepHeH LenH
COMPOBOXK136TCH BHITECHEHHEM OLHOM H3 POAHTEIBCKHX UEMEH. [Tocae
NOJIHOTO BbITECHEHHs 3TOH Lenu BbicBOG0XK 1aeTcs ee 3'-KOHel, K KO-
TOpOMY [pHCOeIWHAETCS HoBas HYKJEOoTH1-GesKoBas 3aTpaBKa. CHH:
Te3 KOMIJIEMEHTAapHOH LUenH TNPOHCXONHT Tenepb Ha OJHOHHTEBOH
MaTpuue, T.€. MO «pernapalHOHHOMY» THIY. Pesysabrar 3THX [IBYX
aKTOB — CHMHTe3a C BBEITECHEHHEM Ha POJMTENBCKOM IYIJIEeKce H «pe-
NapalHoHHOFO» CHHTE3a Ha BHITECHEHHOM LENH — MOJHOCTbIO SKBHBA-
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Puc. 138. Cxeva penaukanuu reHova aJTeHOBHpyca.

JKHpHbIe THHUK — pOfHTeNbCKHE e JdHK,

TOHKHE — JloUepHHEe; KPYAKKH —
MO1eKyJIN TepMHHAABHOTO Ge/Ka (YepHbie 26

— POAHTEJbCKHE; CBET/INE — JO4epHHe)

JICHTEH NONYKOHCEPBATHBHOH PeVIMKAlMH JIBYXHHTEBOH MOJIEKYJIbi
AHK: BO3HHKaiOT 1Be JouepHWe IBYXHHTEBHe MOJIEKY /B, KaXkaas
H3 KOTOPBIX (QH3HUECKH HACJeAyeT MO OAHOH W3 Wemell PoIUTENbCKOro
reHoMa.

Ilo Takoii xe ofumeli cxeme pennHuupyerca resoM cdara 29,

6. Pennukauus reHoMa napBOBHPYCOB
(TepMHHATbHAA HHHUHALHSA

NPH MOMOULH

€aMo3aTPaBOYHOTO MeXaHH3Ma)

TapeoBupych — menkue IOHK-cozepkauine BUPYCH KHBOTHBIX —
HMEIOT B KauecTBe reHoMa ogHOHHTeBYW Monekyay JAHK, o6a konua
KOTOPO# crMocoGHEl GOPMHPOBATH «LLMHIEYHbIE CTPYKTYPH 6arojaps
HaHYHIO CaMOKOMIJIEMEHTApHBEIX MMOCJe10BaTelbHOCTE. B KauecTBe
TipiMepa paccMotpuy cxemy pemankauun IHK azeHoaccounnposa-
HOTO BHpYyca (penpoayKUMsi STOro BHpYyca Tpebyer, uTOGH B TOH Ke
KJIeTKE Da3sMHOMKAICA BHUPYC-OMOIIHUK, KAKOBBIM MOXeT ObITh, B
YaCTHOCTH, aJeHoBHpYc) (puc. 139).

[locrie monatamus BHPYCHOTO reHoMa B KJIeTKY ero 3'-KoHueBOIl
CerMeHT oGpa3syer Kak Gbl T-06pasHyio 1BV XHHTEBYIO CTPYKTYPY (U3-32
COOTBETCTBYIOLIErO PACMOA0KEHHS CAMOKOMILIEMEHTAPHLIX [OCAe10-
BaTeIbHOCTEN); 3Ta CTPYKTypa H BHIMOJAHAET POAb 3atpaBkd. B pe-
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BYJIbTATe «peNapalHOHHOIO» CHHTE3a KOMILIeMEeHTapHOH LEeNH BO3HH-
Kaer jayriekc, ofe UeNH KOTOPOro Ha OIHOM H3 KOHIIOB KOBAJEHTHO
COoeIHHeHbl Mex1y coboil. HerpyaHo BHIeTh, 4To 3'-KOHLEBOH cerMeHT
POIHTENbCKOrO TeHoMa (11HHA ero 125 HYKNeOoTHIOB) NMpH 3ToM B
KauecTBe MaTpHLBI He HCNOJb30BAIACH H, C/1€I10BaTelbHO, [OJHOIO
BOCMPOH3BEIEHHS TEHOMA ellle He MPOH30LIo. 3aTeM BHPYC-CHeHHdH-
YecKHi# (DepMEHT BHOCHT Da3pblB B POIHTENBCKYIO LeNb KakK pa3 Ha
TpaHHUe MeX]y PpElVIHIHPOBAHHBLIM H HEpemJUIHPOBAHHBIM YydacT-
KaMH (T. e. Mexay 125-M u 126-M Hyk/IeotuilavH, ecau cuurath ot 3'-
KOHIla HCXOAHOro reHoma). KoHueBble 125 HYKAEOTHIOB POIHTENLCKOTO
TeHOMa CTAHOBATCS MPH 3TOM KaK Obl 4acTbi0 KOMMJEMEHTAPHO LEMH.
Bosuukwsii TakuM 06pasoM 3'-KOHEW KOMIJIEMEHTAPHOH leMH HCMoMb-
3Yercs B KaueCTBE MATPHIbI A1 «pereHepalHH» HeJI0CTaollel KoHle-
BOH M0C/1€10BaTeJIbHOCTH POIHTENBCKON LenH. Kak MOHATHO H3 CXeMbl,
«pereHepauusA» COMPOBOXK1a€TCA HHBEPCHE: eCJH MCXOIHYIO KOHIEBYIO
CTPYKTYPY POIMTEJNbCKOH Liend oGo3nauuth 1—125, To moc/e 3asep-
lIeHHs npouecca oHa npHoOperaer BHI 125°—1", rie wTpux v uMdpel
00603Ha4aeT KOMIJIEMEHTapHOCTb HYyKJeoTHIa (T.e. HykJIeotHl 1
KOMIIIEMEHTApeH HYKJIeoTHAy 1). B pe3y.abrare 3THX peakuuii BO3HH-
KaeT IBYXHHTeBad — penaukamusHai — ¢opMa BupycHod JAHK.

Hanee cieiyer nepecTpofika OIHOTO H3 KOHLOB 3TOH MOJEKYJb
¢ obpa3oBaHHeM «3asfiybux Yyulefi». [IpH 3TOM BO3HHKaeT 3aTpaBKa, C
KOTOpOll HaUHHAETCs CHHTe3 LEMH, HMelolledl MoJdAPHOCTb, HampHMep,
POIHTETLCKOTO reHoMa (MoAspHocTb 6y I1eT, ecTecTBEHHO, 3aBHUCETb OT
TOrO, Ha KaKOM H3 KOHLOB pelJHKATHBHOH ¢opvbl 06pasyioTcs «3a-
A4YbH YyIIH»). B TakoM cayuae citHTe3 HOBOH lenH 6YI1eT COMPOBOXK-
JaTbCsl  BBEITECHEHHeM HCXOIHOH PpOIMTes bCKOR LiemH M3 JIyn.ekca;
ApYTHM [MPOAYKTOM peakuud OyIeT 1ABYXHHTeBasi pelIHKaTHBHAs
¢$opmMa, y KOTOpoH KOMIJIeMEHTapHbE LENH OMNATh KOBAMEHTHO CBs-
3aHbl MeX1y co60H, HO Ha 3TOT pa3 yxe Ha APYroM KOHILE MOJEKYJIbl.
3areM MPOHCXOIHT «pereHepanusi» H UHBEPCHst 3'-KOHIla KOMILIEMEH-
TapHofi uenu. OGpa3sylowasica MNPH 3TOM MOJNEKYJa PenIHKaTHBHOH
¢opMbl 6VIeT HCMO1b30BaHa B KAayecTBE MATpPHUBL 118 JajlbHeHlIEro
cunTe3a BupycHolt JJHK, a BbiTecHenHas M3 1ymnjekca OJHOHHTEBAf
MOJIEKY.1a HMeeT BBIGOP: OHa MOXKeT .1HOO TaK:Ke BCTYMHTb B PeliiKa-
THBHBIA Ny.1, 1460 BOUTH B COCTAB JouepHeH BHPYCHOH 4acTHLEI (BTO-
PO HCX01 BO3MOXKEH TOJBKO NOC.1€ HAKOMIEHHUS B 3apaKEHHOH KJIeTKe
IOCTaTOYHOTO KOJTHYECTBA CTPVKTYPHBIX BHPYCHBIX 6eTKOB).

Baarozaps muHBepcHsiM KOHLEBblE N0OC.1€10BaTe.IbHOCTH IOYEPHH
TEHOMOB MOTYT pa3.iuyatbhcst MexK 1y co60i. [ToCKOIbKY KaxK1blii KOHen
MOJIeKY/IBl MOXKeT HaXOIHMThCH B OIHOH H3 JBVX OpPHeHTauHi, DpHueM
ODHEHTalHs OIHOTO KOHLUZ He 3aBHCHT OT OpHeHTaUHH IpVroro, H
YUHTBIBAA, UTO B COCTaB NMOMV.ISUHH aJeHOACCOLHHPOBAHHBIX BHDPYCOB
BX0OJAT MPHMEPHO MOPOBHY YaCTHUEl C T€HOMaMH MOJ0KUTETbHOH H
OTpHILATe.1bHON MOIAPHOCTH, 3apa)keHHash KJIeTka TeHepHpPVET BOCEMb
THMOB 10YePHHX TeHOMOB; BCE 3TH TIeHOMbI B GHOJOFHYECKOM OTHO-
1LIeHHH 3KBHBAJ/IEHTHHL.
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Prc. 139. CXema penaHKalUHK FeHOMa 21eHOaCCOLHHPOBAHHOTO BHpYCa:

a — o6u1asi IOCAENOBATeIbHOCTb CTaJH{i: CaM03aTPaBOUHBIL CHHTES KOMMJIeMEHTapHOR LieNH, 31A0~
HYKJIEO/IBTHYeCKH{l pa3phiB, «pereHepauni» 3’-KQHLA POAHTEABCKON LeNH, 06pa3oBaHHe «3aAubHX
yileit», CHHTe3 BTOPOH RouepHed LeMNH, COTIPOBOMAAIOIHACA BHTECHEHHEM poAuTeNbcKoit nenu H3
Aynaekca; 6 — AeTaslbHO€ OMNHCaHHE COBLITH, [IPOHCXOAAWHKX HA 3'-KOHUE pPORHTENLCKOH UenH H
NPHBOASIHX K MOABJIEHHIO HHBEPCHH: H(Hﬂl-;;le JIHHHH — POJAHTEIbCKHE MOC1eJ0BaTedbHOCTH,
ToHKHE — Rouepuue; Oyksn — cerments JHK; ungpn s cKOOKax — HOMepa HYKJIEOTHAOB

B. Pensnkaius reHoMa NanosaBHPYCOB
(pemyiMKauusl no cxeMme KapHca)

Hau6onee M3yYeHHHIM MpEACTABHTEJIEM [aNOBABHPYCOB ABJACTCA
PHKOTEHHBI 06e3bsHHE BHPYC 40 (SV40). Tlocie B3aWMOJeHCTBHA
pHpYC-CrieUnQHUECKOl XeNHKashl — 6oabuioro T-aHTHrena — ¢ yuact-
KOM Ori B KOJbLEBOH BY XHHTEBO#H KOBaJIeHTHO-HellpephiBHOH MOJIeKYyJe
JIHK SV40 npaiimasa o6pa3yet 3aTpaBKy CHala/a Ha OJHOH H3 POJIH-
TebCKHX uenefi, a TOTOM H Ha pyrofi. COOTBETCTBEHHO BO3HHKAET JaBe
AMIMPYIOIHKX (U ABe OTCTAIOWKX) LenH H JBe PelVIHKaTHBHBIX BHIKH,
yiansiouuecss Apyr OT Apyra B pe3y/brare JByHanpaBJeHHOH penJH-
Kauun (puc. 140). DepMeHTaTHBHBIH annapar, HeoOXOJHMBIE 1S 3J10H-
Emm, OCTABAAETCS KASTKOH, ec/li He CYHTATh XeJIMKa3HOH aKTHBHO-

u T.auTrrena. ECAH BBUIENHTh PelIHUKDYIOLIHECS MOJeKyJbl — HX
HHOr/la Ha3bIBAIOT MOJIEKY1aMH 0-THOa WK 0-MoNeKyJ/JaMH,— TO MOXHO
y6enuTbes, 4TO OOe POAMTeNIbCKHE LENH B HHUX COXpaHAT KOBaJeHT-
Hylo renpepbiBHOCTb. OnHako 310 06CTOATENbCTBO AO/KHO CO31aBaTh
pepbesnylo npofjeMy Mo Mepe pacXOXIeHHs PernJIHKaTHBHBIX BHJIOK
apyr ot apyra. JleHCTBUTeNBHO, CHHTE3 JIOuEpHHX nenefl COMPOBOXK-
LaeTcsi pacnJjieTaHHeM POJMTENbCKOro ayfnJjekca. Pacnieranie KoJblie-
BOTO JyMJIeKca B OJHOM MecTe GYjeT BecTH K DE3KOMy MOBHILIEHHIO
BHYTPHMOJIEKY IS PHbIX HANPSKEeHHH B HepEeMIHUHPOBAHHBIX Y4acTKaX
MoNleKy/IH, HanpsixeHue MOr/Io Gbl BECTH K ceepxcnupanusaunn JHK
(cm. to. 1, paspen 2). Pacnjerande Bcero 10 m. H. aymnJjekca, Kak
H3BECTHO, NMPHBOJHT K TMOABJIEHHIO OJHOrO CBEPXCMHPaAbHOTO BHTKA.
COOTBETCTBEHHO PEMJIHKalHUs MOJOBHHB MOJNEKYJ/Ibl A0JKHA 6bi1a 6B
CONPOBOKAATBCA MOSABNEHHEM OKO/O0 250 cBepXCNHPaJbHbIX BHTKOB
(HanoMHUM 4TO BCEro B FEHOME SV40 okoso 5 T. . H.). TOr0 He Npo-
HCXOJUT, 3 H HE MOXeT NPOH30ATH — MPOCTO HET MecTa. C6pacblBaHHe
BHYTPHMOJIEKYJISPHBIX HanpsiKeHHi obecrnevyHBaercs jgelicTBHeM KJe-
-TOYHBIX TOMOH3OMepa3, B MepByl0 ouepelb JTIHK-tonousomepa3nt I,

KoTopasi BHOCHT BpeMeHHbIe ojiHoLlenoYeyHble pa3pbiBbl B pO}IHTeJleKPle

-O)- 7=

Puc. 140, Cxema penasKauHi reHoma SV40 (cxema Koaptca)
Xupusie IHHHH — POANTEAbCKHE wenu AHK: ToHkHe — AodepHue
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uutH. Cxema penukannu JIHK, kotopas ajgech nanaraetcs, Gbl1a Briep-
Bble MpeanoxeHa KspHcoM /sl OOBsCHeHMs crocofa peniHKauug
KO/bIEBOH XPOMOCOMbI KHILEUHOH I1a/0uKH.

Ha 3aBepluialomiux CTaiusix payHia penyiHKalHH ofpa3yioTcs ase
NOUTH MOJHbBE KOJblleBble MOJIEKYJbl, COJepiKalllie Mo ORHOH Helo-
CTpPOeHHO! JouepHell Lenu K 1Mo OHOM MOJHOH (KONbLEBOH) PORHTEMb-
ckoft nen#. [IpH 3TOM pPOIHTENbCKHE LEMH OCTAIOTCA 3alenyeHHbIMH
Apyr 3a apyra (puc. 140). 3aTeM NpOHCXOAMT AOCTAPHBAHHE 10YEPHHX
neneii W JHrupopanue Hx koHuor. O6pasoBaBluHecss ABa KOBANeHTHO-
HENPepPLIBHBIX KO/BLEBBIX JyTJIeKCa PacUemyIsioTCs MpPH  NOMOILH
kaetoutoli NHK-Tononsomepassl [1. Pacuennenne Konel MOXer mpo-
HCXOZHTb H J0 3aBeplUeHHs CHHTE3a AQYEPHHX MOJEKYJI.

r. Pennukauns resomMa

¢ opHonHTeBoli KoJbuesoi JHK
(penyHKauUHA IO CXeMe
pasMaTblBalollerocsi pyJoHa)

Kak yxe 610 ckasaHo, psix aroB (¢X174, G4, M13 u 1p.) nveor
OJIHOHHTEBOH Ko/IbLEBOH TreHoM. DBckope mocse nonajaHKa TaKoro
reHoMa B KJeTKy OH IIpeBpallaeTcsi B KOJbLEBOH KOBa/JeHTHO-Herpe-
PBIBHBI AyMUIEKC (MK, KaK TOBOPAT, B peniuKkamusHyio popmy).-
310 mpespallieHHe BKJIIOYAeT psAL cTaauit: 1) obpasoBaHHe 3aTPaBKH;
9) SJ0HTaUMIO KOMIIEMEHTAPHOH LeMH, OCYLIECTBASeMYO KAeTOYHOH
JIHK-nonumepasoii 111; 3) yaanenue PHK-sarpaBku, KoTopoe npo-
M3BOJAMTCA, MO-BHAMMOMY, 3a cueT 5'-3K30HyKJIea3sHOH aKTHBHOCTH
knerounoit [IHK-nosumepasbt 1; 4) focTpaHBaHHE KOMINIEMEHTapHOH
Leny; 5) JHCHPOBAaHHE KOHIIOB KOMIVIEMEHTapHOH LemnH JHK-nurasoh
4 6) BHeCeHHe CBEDXCMHPaibHBIX BUTKOB B KOBa/JeHTHO-HEMpePhIBHbIA
JAyIJIeKC TIpH TIoMOllH r#pasbl. OBpaTHM BHHMaHUe, YTo BCE hepMeHTH,
oflecrieunBalollHe NEPeBOL POAHTENbCKOrO reHoMa B PEILIHKaTHBHYIO
(opMy, HMEIOT KJETOYHOE NIPOHMCXOXKIEHHe.

000Q=4

Puc. 141. Cxema pen.ikaliy rexova gara G X174 (cxewa pa3umaThiBalollerocs
py.10Ha)

KupHbie JHHHK — POIHTEIbCKARA Uenb AHK: ToHxHe — JouYepHHe UEMH: cTpeKa — PacTYLUHIT
37.KoHell (-— JueNH, KPYHKOK — 60K A, KOBaJeHTHO NPHCOeAHHEHHbIH K 3'-KCHUEBOMY HYK.JIEOTH-
RY
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Jlanbueiimne coO6biTHA pa3bepeM Ha mpumepe dara ¢X174 (puc.
1#1); y HeKoTOpbIX APYTHX (aroB STOH rpymmbl perIHKaund reHoMa
yMeeT 0COGEHHOCTH, KOTOpble, BIpOYEM, HE HU3MEHAIOT o6UIYI0 CXEMY.

arocnenudguueckuii 6e/10K — MPOAYKT TEHa A — BHOCHT OJHOUENO-
yeuHbll pas3pbiB B YHHKasibHOE MeCTO POAMTENILCKOH LEMH B MOJIEKYJ/E
PeNVIHKATHBHON (OPMBI; ONHOBPEMEHHO OH CoefHHsAeTC KOBaJeHTHO
(npu nomotux GoconusupHol CBf3H) C TeHepHPYEMBbIM MpPH pa3pbiB&
5’'-KOHLIEBbIM HYKJIEOTHIOM 9TOH IENH. Bo3HHKaIOWHA B MeCTe pa3pblBa
He(ochOPHIHPOBAHHBINA 3'-KOHLEBOH HYKJIEOTHI npejxcraBiser coboH
sampasky. BripoueM, 3Ta 3aTpaBKa MOXeT GBITb HCMO/NL30BAHA KJeTod-
noti JTHK-nonumepaszofi 111 ans snoHrauuu 3'-KoHUA POJHTEJBCKOH
(r.e. ()) uen# TolbKO MPH YCJOBHH, HTO peACYLECTBYIOWHH 5'-
KOHeI 3Toit LenH GYAET BHITECHEH W3 AyNJeKca H TeM CaMblM oGHaKHTCT
olHOHHTeBasi (—) vaTpuia. Takoe BhITECHeHHE OCYIIECTBJSAETCA OAHOH
H3 KJETOYHBIX XeJHKa3 — MPOLYKTOM reHa rep.

Y iiHenne 3'-KoHLA (~)IENH, COMPOBOKJaiolleecs BHITECHEHHEM
ee 5'-KoHlla, IPHBOAHT K 06pa3oBaHHIO MPOMEXYTOUHBIX PEIIHIHPYIO-
HXCS MOJIEKYJ, HaloMHHAIOUHX Mo (QopMe rpedecKyio 6yXBY O,—
MOJeKyJ o-THMa, HJAH NPOCTO O-MOJEKYJI. CooTeeTcTByIOLIHH cnocol
cunte3a JJHK Ha Ko/iblieBol MarpHue Ha3biBaloT crocofoM pasmarmbi-
sarouyeeocs pyaona. CJIE1yeT 3aMeTHTb, uTO B PeMIHIHPYIOWHXCS MoJIe-
kyaax JHK dara ¢X174 Genok A, HaxojsuHiicd Ha 5'-KOHLE BbITEC-
HsieMoft (- )UemH, MO-BHIMMOMY, YIAeDKHBAETCd B obnacTy pernyiHka-
HHOHHOH BHIKH, BO3MOXKHO, 3a CUeT B3aHMOJCHCTBHS C XenuKasoh
Rep. TMosTomy ¢opma penyHuHpYolelicss MOMEeKYJbl B 3TOM cayyae
CKopee HarloMHHaeT UHGPPY 8

[Mocne Toro KaK PerIHKAlHOHHAsA BW/IKA COBEDLIHT HyTb 6oJ1bLIe
ToaHOro 060pOTa MO (—)MaTpHLe H GYIeT CHHTE3HPOBAHO uyTh Gosblle
TNOJHOTO SKBHBaJeHTa BUPYCHOro reHoMa, BblTeCHEHHAA (<-)yuens JHK
3aMBIKAETCH B KOMbLO. CXEMATHUECKH STOT HHTEPECHBIH MPOLECE MOXHO
TIpeICTaBHTDb CJ1e1yIoLHM 06pasoM (puc. 142). Benok A, HaXORAULMIACA
B 00.1aCTH DeMVIMKaIHOHHO# BHJKH Ha 5'-KOHIEe BBbITECHEHHOH LENH,
y3HaeT «cBOe» MeCTO Ha TpaHHLe MeX1y 3'-KOHLIOM TOJHOCTbIO BbITEC-
HemHoro rexoMa [(=-)uenH] u 5'-KOHLOM C/IEIYIOWEro rEHOMA, eute
Haxoasllerocsi B AyTJieKce. «Y3HaB» 3TO MeCTO, Genok A BHOCHT B
HeTo pa3pbiB; NPH 3TOM OH OTCOEIHHAETCS OT yiKe BLITECHEHHOH 1ENH
 IpHCOeIHHSETCA K 5'-KOHIUEBOMY HYKICOTH1Y (+)uenu, HaXonsUIeHEA
B aynnekce. O;HoBpeMeHHO 5'- H 3’.KoHIbl BbiTecHeHHOH (+)uenn
AUCHDYIOTCS, H TEM CaMblM OHa MpEeBpaillaeTcst B KOJIBIO. Bee 3TH
peakHH OCYLUECTBISIIOTCH OIHOMOMEHTHO (TouHee — COMPSKEHHO) B
Ge3 3aTpaThl BHeLIHed 3SHEPTHH.

TakuM o6pa3oM, BHOBb CHHTe3HpOBaHHasA (--)uenb CTAHOBHTCS
KOMITOHEHTOM pel/HKaTHBHOH (opMbl, a fpecyLlecTBOBaBIIas (POTH-
TelbcKasi) KodblleBas (—)uenb OKasbiBaeTCst B cBo6oxHoM BHIE. [0
yiKe pa3ofpaHHOMY MEXaHH3MY OHa MpeBpalllaeTcd B Mo:Teky1y pen-
JIMKATHBHOH (DOPMbI, KOTOpasi BOBJIeKaeTcsl B CHHTES HOBbIX (—)Komen;
STH Ko.blia OMATb NpeBpallialTcs B AYIVIEKCH H T. A. Bce 310 1npE-
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Puc. 142. Cxeva TepMHHAUMH CHHTe3a (+) uenu dara
X174

Caesa — dparMent penanunpyioueics Konbuesoft MOJIeKyJH, B KO*
TOPOAl Npollle/l NONHBA PayHA CHHTe3a (-+)uemu; cTpenka — pacty-
uA 3°-Konen (+4-)uenH: KpyK<okK — Gexok A, KOBaJeHTHO TpHCoe-
AHHEHHHA K 5’-KoHUeBOMY HYKJICOTHRY: KBapaT — IocJefoBaTesb-
HOCTb, y3uasaeMas GenkoM A [ori (+)uenu); cnpara — npogykr
TePMHHAUHH: KoJbueBas (+)uenb H MoieKkyaa penaukaTtHBHoft ¢op-
Mbl, HAYHHAKOAA HOBHH payHi PelJHKAUUK

BOZTHT K HAKOIVIEHHIO B 3apaXKeHHON K/eTKe HecKOJbKHUX JecATKOB
MOJeKys1 penyiHKatHsHoH Qopmel JTHK.

Ha monekynax pemnukarusmoit ¢dopmbl IHK npoucxoiuT cuuTtes
He To1bKO (+)ueneit JIHK, Ho u BHpyc-cneunduyeckux MPHK. Cie-
AyeT ckasarb, uro cHHTe3 MPHK pomken NMpeuIecTBOBaTh MOABJEHHIO
HOBHIX Mosiekyn (+)ueneit JTHK, Tak kak 6es BHpYC-CrelHOHIECKHX
MPHK B 3apaxeHHOll KJ/eTKe He MOXeT MOSBHTBbCS 6ok A. Tpanc-
nauns parosbix MPHK npueomut kK Haxkomitenuio BHpYyC-ceuHdHye-
CKHX Ge/IKOB, B TOM YHC/IE H CTPYKTYDHBIX, KOTopble — NpH J0CTaTod-
HOH KOHUEHTPAllMH — HAYMHAIOT MPeBPAIATBCA B CJAOMKHBIE CTPYK-
TYPBl — NpejllleCTBEHHHKH BUPYCHOTO Kancuna. [eHepupyemble Ha
STOl cragud (+)KoJbua B pesyJbTate crnenHPHYECKUX B3aHMOAeli-
CTBHI ¢ Ge/IKaMH (ara BOBJIEKAIOTCH B Npouece c60pKH BUpHOHA. TeM
CaMbiM MpefoTBPALLALTCS CTABLIMH YKe HeHYXKHbIM Nepexof (- )uemeit
B DPelVIHKaTHBHYIO (opMy.

A. Pennukauusi resoma dara ssm6ia
(penHKalMs MO CXeMe BTOPHYHOIO
pas3MarhbiBaloillerocs pyJioHa)

Tlocne nonaganus B KIeTKY JHHeitHO ayxuurtesoii JHK ¢ara A
OHA LIHPKYJIAPDH3YETCA 3a CYeT B3aHMOIEHCTBHS MEXIY JHIKHMH KOH-
LaMH H [peBpailaeTCss B KOBANEHTHO-HENPEPEIBHYIO CBEpXCIHPATH30-
BaHHYD ¢opMy. Payen peminkaunu uaunmmaetcs ¢ o6pa3osaHus 3a-
TPABKH B CleUHbHUYECKOM Ori-yuacTKe; Pacro3HaBaHHE 3TOrO Y4acTKa
ocyluecTsisiercsi (arocrneudpHYeCKUMH GelKaMH, a CoGCTBEHHO CHH-
T€3 3aTPaBKH IPOM3BOAHT KJETOYHas Mpaiivasa, MNpuyeM Tpebyercs
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FpaHCKDHNUHOHHAA aKTHBauus (cM. c. 265), Buauane penjukauus
mleT 1o cxeMe KapHca: o6HapyxuBaloTCA 0-MOJNEKYJbl, B KOTOPHIX [BE
PENVHKAUHOHHbIE BUIKH JBHXYTCA B NPOTHBONOJOMXHBIX HAMpaBJie-
wusix. Kak Bcerna, ABHXKeHHe peIVIHKALHOHHOM BHJIKH, HMeIOILEN
JUIUPYIOILYI0 H OTCTAlOIYIO LenH, TpeOyer CJOXKHOro (epMeHTATHB-
HOTrO annapara. Bo/bliMHCTBo KoMnoHeHTOB 3Toro ammapara (IHK-
nosuMepasa, npafimMasa, JMrasa, XeJMKasbl H JIp.) NPH pelJIHKalHH
reHoMa ¢ara A mocTaesisieTcsi KJIETKOH, XOTsA ONpELEIEHHYIO Poib, IO-
BHAMMOMY, HrpawoT H ¢arocnennduyeckue 6eaku O u P.

Cxema KapHca, opHako, He AB/seTCH OCHOBHBIM CMOCOGOM perLiH-
Kauun JJHK dara A. Ouenb 6bictpo (MOXKeT GHITb YKe Hocje IepBOro
paynna) 6-momeKyJbl NpeBpalldloTCss B G-MOJEKYJH, T.€. NpHoGpe-
TalT (QOPMY, XapaKTEPHYIO A/ YUYaCTHHKOB PeIUIHKALMH [0 CXeMe
pasMaTbhiBalOLIErocs pyJoHa. TeM He MeHee Mexay O-MOJIEKY JIaMH
PEMIHKALHOHHLIX CHCTEM, HCHOJB3YIOIIHX KJIaCCHUECKHH MeXaHH3M
pasmatbiBaiolierocsi pysnoHa (Hampumep, y dara ¢X174), u o-Mode-
KyJaMH, 0OpasyIOLIMMHCS Ha mo3fgHell cTajuH perIHKaIHH JHK
(dara A, ecTb cyluecTBeHHble pa3/iuuHs. B nepsoM cayyae 5'-Komen
¢XBOCTOBOH» HaCTH MOJIEKYJbl HMeeT COBEPLIEHHO OlpejeNeHHYIO
CTPYKTYPY, TaK KaK OH BO3HHKAeT B De3y/bTaTe BHECEHHS pa3pbiBa B
YHHKaJIbHO® MECTO KoJIbleBOro Aymiekca. B cayuae xe JIHK ¢ara
A O-MOJIEKYJIbI MOTYT MMETb CaMble pa3Hoo6pasHbie KOHIbl. [IpH Kiac-
CHYECKOM Pa3MaTblBAIOLeMCs PYJIOHE M3 AYIJIEKCa BBITECHSIETCH BCEraa
onpefiesienHas uenb [(4)uenb y ¢X174], uto onatb-TakH cBA3aHO ¢
YHHKa/NbHOCTBIO DPa3pblBa, BHOCHMOTO B JYIVIEKC. B cyyae o-MOJIeKyJ
JHK odara A u3 aynmekca MoXeT BHITECHATbCA J06asi H3 ABYX KOM-
IJleMeHTapHbIX Lened. Hakonen, depMenTaTHBHOe ofecreueHHe pe-
JIUKAlHH [0 CXeMe pa3MaThiBAIOLIErocss PYJA0HA HMeeT CBOH OCOOeH-
HOCTH (HanmpuMep, B ciydae tara ¢X174 — norpeGHOCTb B XeJHKa3e
Rep), koTopble He OGHAPYXKHBAIOTCA NPH MO3AHel DeIUIMKANHH re-
Homa dara A (rme HCmo/ab3yercs TOT e Habop (epMEHTOB, UTO M Ha
paHHeHR cranHu).

Bce 3TH pasnHuMs CTaHOBSATCH Jerko OGBSICHHMBIMH, €CIH TNpH-
HATb, YTO mepexol OT PaHHell K mospHefi craguu pemnsinkamuu JHK
dara A cBsisaH ¢ BHeceHHeM GoJiee WJIH MeHee CJAydaliHLIX Pa3pbiBOB
B pasHble 1enH 0-MoJekyJbl. [losgB/leHHe MPH 3TOM MOJEKYJbl G-THIA
CTAaHOBHTCS MOHSITHBIM H3 pHC. 143; NOHATHO TaKXe, MoYeMy IIPH 3TOM
He NoABAAIOTCA HOBble NMOTPeGHOCTH B (PEPMEHTATHBHOM oGecreveHHH:
Ha paHHel H mo3jHed cTaiufAX (YHKUHOHHPYIOT, MO CYILECTBY, OQHH
4 Te Xe penJIMKalHOHHBIE BHJIKH. Bce 3TO naeT ocHOBaHHe OT/IHYATh
Mexauuam pennukauvu JHK ¢ara A ot cxembl K/accHueckoro pasma-
ThiBalouierocs pynoxa. [as yno6erBa 6yaeM Ha3biBaTh Coco6 mo3gHel
Pennykauku reHoMa dara A cnocoGoM 8MOPUYHO20 PAIMAMBEAIOUELOCR
Pyaona.

Mosguas penaukauns IHK dara A Berer K 06pa3soBaHuio 0-MO-
'KyJI, «XBOCTOBaf» 4aCTb KOTOPBbIX COAEPKHT MHOMKECTBERHbIE TaH-
JemHble KOMHH (KOMKameMepo,) BUPYCHOTO TeHoma. Ha 3akmoumTenb-
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Puc. 143. Cxema nosB/IeHHA MOJeKYyd O-THDAa NPH PemnaH-
KallHH reHoMa ¢dara A (cxeva BTOPHYHOTO pPa3MaTHIBAIOLLETO

pyaoHa)
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Prc. 144, Cxema 06pa3oBaHHS «IHNKHX» KOHUOB B Mo.aexy.1e JHK dara A
CBepXy — y9acTOK KOHKaTeMepHOi ¢arosoii JHK: B cepelnne (B GoablieM MacwTabe) — RBa

COCEeAHH X y9acTKa CO0S; BHH3Y — 3peas MOJIEKY.1a; AKHPHble CTPETRH — MeCTa OIHOUeNoYe4YHbIX
pa3pblBOB, BHOCHMbBIX MﬁT)’paSOn; a H a’ — noc.1e0BaTeTbHOCTH. COOTBETCTBYIOU{HE KTHIKHM»
KOHLAM

HOH CTalHM 5TH KOHKaTeMepbl MPEBPALIAOTCA B 3peble IHHeHHbIE
MOHOMepHI ¢ JIHNKuMH KoHlamu. [Tpouece cospesanua JHK conpaxked
¢ ee YMaKOBKOH B NpeiuwecTBeHHHKH (aroBblx rolosok. [lpu 3toM
aKTHBHpYeTca (arocnelnpuyeckas IHIOHVKIeasa (B 1aHHOM ciydyae
ee HA3HBAIOT MEPMUNA30U WIH MamMypa3ow), KOTOpas BHOCHT CTyneH-
yaThle pPa3pbiBbl B VHHKAIbHbIE MECTa — Tak Ha3blBaeMble C0S-y4acT-
K — obeux uemeil carosoit JHK (puc. 144).
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e. Pennukauusi renoma daros T-cepuu
(pen.iuKauusi C HCNOJAb30BAHHEM
NPOMEXKYTOUHBIX KOHKaTeMepHbIX (opM)

Peniukauns HK psga BupycoB ocyluecTBisieTcsi MPH y4aCTHH NPO-
MEXYTOUHBIX - KOHKaTeMepHbIX (opM. KoHkatemeps! MOTYT BO3HHKaTbh
npu cuHrese JHK Ha Ko/bueBofi MaTpHue, HampHMep NpH pemnJH-
Kallid [0 CXeMe BTOPHYHOrO pa3MarhbiBaiowerocs py.ioHa. OaHAKO
OHH MOryT 00pa3oBbiBaTbCsl M Ge3 y4yacTHS KOJbUEBbIX MOJEKYJ.
HveHHO Tak o6cTOMT geq1o y daroB T-cepuH; MPH 3TOM MeX1y CHCTe-
MaMH pemIukauuu T-ueyeTHolX ¢aros (HanpuMmep, T7) u T-ueTHbIX
(T4) umelorca 3averHble pasnuyus. CHavasa paccMotpuM Golee mpo-
CTYIO CHCTeMY, KoTopasi peanuayercss y cdara 17 (puc. 145).

IHK ¢ara T7 — auneiinas jByxauteBast Moaekyaa (~ 40 1. n. H.)
C NpsMbIM KOHILEBbIM MOBTOpPOM AJdHHOH 160 HykaeoruioB. Muuuuauus
PayHla PeniHKalHu MPOHCXOIHT BHYTPH MOJEKY.1bl — Ha PacCTORHHH,
TIpUMepHO cooTtBercTBYlOWeM 15 % naMHBI reHOMa OT OIHOTO H3 KOH-
LOB, YCJIOBHO H43blBaeMOTrO JeBbiM. 371eCb HMelTCS MpPOMOTOpbl, KO-
Topble y3HawTcs ¢arocnenuduueckoit JHK-3asucumoii PHK-noanve-
pasoit. Be3 TpaHCKpunuuu 3TOro ori-pafioHa payHI pemJMKallH{ He
HauuHaercsd. Ckopee Bcero PHK, ofpasylowasics npu TpaHCKpUNUHH
C 3THX NPOMOTOPOB, HENOCPEICTBEHHO HCMO.Ib3yeTcs B KayecTBe 3a-
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Puc. 145. Cxema pem1HKauuu resoma gara T7
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tpaBku st cuntesa upychoii JIHK. Tak win nHade BHYTpeHH:R
HHHUHALKA TIPOHCXOAHT 6e3 paspbiea poauteabckux ueneit JHK.
Bo3HuKLIHE ABE PEMJHKAUHOHHBIE BH/KH, NepelBHrasicb B MPOTHBO-
NOJIOXKHBIX HaNpaBIeHHAX, OCYLLeCTBASIOT NOJYKOHCEPBAaTHBHYIO pen-
AuKauuio Qaroporo reHoma (Ha (pepMeHTAaTHBHOM annapare 3/OHTalHH
3flech OCTaHaBJ/IHBaTbCs He OyeM; OTMETHM JHllb, YTO B 1aHHOM CJyyae
OH COAEPMKHT MPEHMYILIECTBEHHO BHPYC-CneLHpuiecKue 6esku). IlepBas
cTajMsl TOro TpolLlecca 3aKaHuWBaerca OOpa3oBaHHEM ABYX JOHEPHHX
AynJekcoB. DTH AYMJEKCH HMEIOT OYeHb BaXHYIO OCOGEHHOCTb — 5-
KOHLBI HX BHOBb CHHTE3HPOBAaHHBIX leneil HeJIOCTPOEHBI; APYTHMH
C/IOBAMH, He TPOH30LLIO KONHPOBaHHS 3'-KOHIUOB POIHTENbCKHX
ueneii. Takas CHTyauusi Hen3GeXKHO BO3HHKaeT MPH BHYTpeHHedt
unuunauuH Ha auneiinoit JTHK-matpuue. Ilpuynna nexBaTKH NOHATHA
U SBASIeTCS CJEACTBHEM ABYX yHuBepcanbHbiX cBoiicts JIHK-nommve-
pa3: MOTPeGHOCTH B 3aTpaBKe M CMOCOGHOCTH CHHTE3HPOBATE LEMOYKY
JJHK TolbKO B OHOM HampabjeHHH — OT 5'-konla K 3'-KOHLY.

TakuM 06pa3oM, OAHH M3 3'-KOHLOB BHOBb BOIHHKIUMX AYIJIEKCOB
JIOJKEH HAXOLMTLCS B OIHONHTeBOI (hopMe. TTockONbKY MOdeKy.12 JHK
dara T7 WMeer NpsMOHi KOHUEBOH TNOBTOP, OIHOHHTeBbie 3'-KOHLbL
IBYX «CECTPHHCKHX» MOJIEKYJI AOJIKHbI GbITh B3aHMHO KOMIIEMEHTAPHbI.
[TostoMy 3TH MOJIEKYJ]bl MOCYT OOBEAHHHTBCA B JHMED, MOHOMEpHbIE
cOCTaBJIslOIHE YAaCTH KOTOPOro Ha NepBbIX Nopax yAepXHBawTCA 3a
CYeT B3aUMOJIEICTBHSI MEXAY KOMIJeMeHTapHBIMH ToC]e10BaTe/1bHo-
CTAIMH, @ 3aTeM CKpenasioTcsi KoBajieHTHO. Cxoamblm o6pasow pen.au-
KalHs JAHMepHOH MOJIeKyJibl MOXKeT NMPHBECTH K BO3HHKHOBEHHIO TeT-
pamepa H T. A.

Ha 3ak/ounTeqbHOll CTagHH W3 KOHKateMepoB 00pa3yloTCsi MOJHO-
lleHHble MOHOMepHble reHoMbl. CxeMaTHYeCKH 3TO «CO3peBaHHe» MOXHO
NpeCTaBHTh CJEAYIOIHM 06pa3oM. Bo BHYyTpeHHHiIl YyYacTOK KOHKa-
TemepHOil MOJIEKY/Ibl — B paHOHe, COOTBETCTBYIOLIEM KOHILY reHoMa,—
BHOCHTCSl cTynenuarthiii paspes. [IpH 3TOM BO3HHKaIOT MOHOMEpHblE
LYNJIeKchl, Y KOTOPHIX LeMH HWMEIT HeXBaTKy, HO Ha STOT pa3s Ha 3'-
KoHLax. OcobbiX rnpo6ieM ¢ 10CTPaHBaHHeM TaKHX KOHUOB He BO3HH-
KaeT. MOMHO OTMETHTB, YTO co3peBaHHe renomoB (ara T7 npoHcxoauT
CONpSXKEHHO C HX YMAKOBKOH B IO/JOBKY.

Cnoco6 penaukaunn JIHK-renova para T4 (170 7. m. H.) OTaH-
yaeTcsi OT BHILIEOMHCAHHOrO B HECKOJIbKHX OTHOMmeHusX. Bo-nepsmix,
y T4 B 3TOM Tpollecce MpHHMMaET yuacTHe Goabluee 4HC1O BHPYC-
cneuHduyeCKHX GeJIKOB, KOTOpble 00eCneiHBalOT He TOJbKO CHHTE3
AHOMAJbHBIX (COLEPIKALIMX 5-OKCHMETHIILHTO3HH) HYKIEOTHIOB H MNOCT-
PEITHKALUHOHHOE [MTHKO3HIHPOBaHHEe OHK, 10 H BHINOJHAIOT MHOXe-
CTBO TNapuUHaibHBIX peaKuuil, HeOOXOMMHIX HENOCPEICTBeHHO A4
cuntesa Moaekys JIHK. Bo-BTopbiX, HHHLHAUWA Cl{HTe332 HOBBIX
neneit JIHK wa pauseit u nosaueil craimsx penpoaykuuu dara T4
NPOHCXOAHT Mo-pasHomy. Ha panHell cTainn MMeEET MeCTo HHHLHALHKA
Ha BHYTPEHHHX Y4acTKax JynJekca (ori-caiitax). OnpejeleHHYIO
posb B 3ToM npouecce Bhinoansier kierodnas [JHK-sasucumas PHK-
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Tio1MMepasa, KoTopast obecneunBaer JHGo 0Gpa3oBaHHe 3aTPAaBKH
Jubo TpaHCKPHHUHOHHyIO aktupauuwo. Ecnu He BJaBaThbCA B ,D.E.TEJIH'
pannsist HHuUBaunA cuntesa JIHK y T4 cxoxa ¢ TakoBoit y dara 7.
ﬁ,ﬁ]ﬁx_?‘lrl:“or:coannux CTaAHAX OCHOBHOH BKJa]l B HHHUHALHIO uener';
HT IpYyroi n i
S0 U, py poliecc, KOTOpHiH Ha3bIBAIOT peKoMOUHAYUON-
CyTb ero MOMHO NpEICTaBHTBL CIEIYIOUIMM obGpasom (puc. 146)
B pesy.ibrate nepeoro paynia penukailui BO3HHKAIOT JBa nouepﬂm;
JYTIeKca C OAHOUENoYeyHHMH 3'-KOHUaMH (KaK M NPH pemIHKauuu
redoMa ara T7). Ho rewom T4 xapaktepusyercs Ko.ibueBHIMH nepe-
cTanoBKaMu (cM. puc. 134). TlostoMy ecau Kierka 3apaeHa HECKOMb-
KHMH (aroBbIMH YacTHLIAMH, TO KOHILeBaf TNOCI€10BATEIbHOCTD OfIHO#t
MoaekyJibl parosoit JIHK Gyzer cootsetcTBoBath BHYTpelneMy YYacTKy
Apyroit Motekyanl. Ilpu nomown cnemmadbHbIX (harocneunpHYecKux
Ge1KOB  O1HOUENOYeYHbiH 3'-KOHell NMepBOil MOJEKY/bl MOXeET BHe-
PHTBCA BO BHYTPEHHHH pafioH IPYroi MOJeKy.n; B pe3y.1bTarte no-
FIBIAETCH 3aTPaBKa, CTOCOGHAs oObecrneduTb AaibHeifilee yIJTHHEHHe
uenu. B KoHeuHOM cyeTe BO3HHKaeT MOdeKy.da, KOTOPYIO MOMXHO pac-
CMAaTPHBaTh KaK pa3BeTB.jlenHblil KOHKaTeMep. OTveTHM, 4T0 peKoMOGu-
HallHOHHAA HWHHUHALHA HMeeT MecTo W TOrja, Koria K.eTka 3apéma-
€TCs1 eMHCTBEHHOH (aroBoit yactuileii (pekoMGHHALMA B 3TOM Ciyuae
TIPOHCXOIHT MEX1y OIHHAKOBBIMH 10YEPHHMH MO.JIEKYJIaMH.)
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Puc. 147, Cxema ofpasoBanius «3peanx» Moieky1 1HK dara T4 (c koHueBBIMH
nepecTAHOBKAMH H MPAMBIMH KOHLEBbIMH MOBTOPAMH) H3 KOHKaTemepa-npeilect-
BEHHHKA

Undpb — cermentnl darosoit JHK; xsaipaTubie CKOGKH — KO.1HYeCTBO AHK, BMmemaomeecss B
rotoexky dara

TpeTbe pasiuuue Mexay cuctemamu pemtnkannn JHK daros T4
u T7 Kacaertca cnocofa MpeBpalleHHs KOHKaTeMepa B 3peblii MOHO-
MepHblit reHoM. B mepsoy ciyuae 11uHa cerventa JAHK, otpesaemoro
OT KOHKaTeMepa, 3alaeTcsi He clelHduyeckoll HYK.TEOTHIHOH mnocie-
JoBaTe.lbHOCTBiO (Kak y T7), a BMeCTHMOCTbIO paroBo# rOJOBKH: KOH-
KaTemepHas Moleky.1la JJHK naunnaer ynaxoBbiBaTbesl B TOTOBKY, a
KoTJa roJ0BKa 3anoIHHTCS, aKTHBHpVeTCA 3HIOHYK.1ea3a, Kotopas
OTIIeN.19eT OCTABLUMHCH CHAPYKH V4acTOK Mo.1eK\).1el. [locko.ibKy B
ro10BKy nometaetcs cersedT JHK, npesbiaiouiuii mo cBouM pasve-
paM VHHKaJIbHYIO T[10C.1€10BaTe.TbHOCTb BHPVCHOTO TeHOMa, [MOBTO-
peHue aKTOB yMaKOBKH H Hape3aHHA TeHepUpyeT MOJEKY.Ibl ¢ Kolb=
LIEBEIMH NePeCTaHOBKAMH H NPAMBIMH KOHUEBBIMH NMOBTOpaMy {puc. 147).
OtvetnM, uTo B (DaroBOM TeHOME 3aKOIMpOBaH (EpMEHT, Ccrnocober-
ByloLluil NpeBpalleHuo pa3sBeTB.IenHblX Moleky.l JHK B aunefinbie.

B aouneli npunyun opeanusayuu
PENAUKQYUOHHBIX CUCTIEM

OnucaHuble Bbille cxevbl peraukainy JHK-redoMos BKIOYAOT NOYTH
Becb HaBOp OCHOBHBIX 3.1€MeHTOB (6.10KOB), M3 KOTOPBHIX NOCTPOEHbL
penukannonnbie cuctemsl u 1pyrux JIHK-cozepxawmx Bupycos
(ecH He cYHMTaTh CTOAIIMe OcoBHAKOM crocobu pemaukauun JAHK ¢
y4aCTHEM MeXaHH3MOB OOPaTHOil TPaHCKPHMIMH; CM. pa3lel 3 3Tol
raasbl). O1HaKO KOMOGHHHPOBATbCA 3TH OJOKM MOTYT B pasHbIX cove-
TaHHAX.

Y106Ho pacutenutb payuil peniukauwuu JHK wa Tpu crazuu:
1) mepexo1 POAMTEILCKOTO TEHOMA B PelTHKATHBHYIO hopyy; 2) cober-
BEHHO DeIIHKalUHs peNTHKATHBHON hopMbl H 3) nepexol pelllyKaTis-
HOH (opMbl B 3peblli jJouepHHil reHoM. PaccMOTpHM HECKO.IBKO BH-
pycHbix cucTeM, vy Kotopbix cunrtes JHK ocviecrsasiercs mpu yua-
CTHH JBVXHHTEBBIX KOJIbLeBbIX Mo’1eky.1 (puc. 148). Takie koiblla —
pem.IHKaTHBHble (OPMbl — MOTVT BO3HHKATb HECKOIbKHAMH CHOCODAMH!
MyTeM CHHTE3a KOMILIEMeHTApHOil lemy Ha OIHOHHTEBOH KO:1blieBofl

vatpuite (par ¢X174), B pesv.ibTaTe crmapHBaHHs JIHOKHX KOHLOB.

(barn 4, P2, P4, B pesv.ibTaTe caiit-cnetnduyeckoil (par P1) uin
ofwmefl (par P22) BHYTPHMO.JIEK).IAPHOH pEeKOMGHHAILM MeM1y KOH-
ueBbIMM MOBTOpaMH H T. X. Hakowelu, B Qopve 1BYXHHTEBOTO Ko.Ibla
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POIHTEbCKHH TeHOM MOXET HaXoIuTbesi HcxoiHo (SV40); B 3Tom
Clyyae nepBas CTaius PeILINKAUHOHHOIO UHK.1a — MEPEX01 POIHTEIb-
CKOTO TeHOMA B DEILTHKATHBHYIO PopMy — KaK Gbl oTCyTCTBYeT (Brnpo-
yeM, penIMKaTHBHOH (OpMON B 3TOM C.yvuae 4acTo Ha3biBAKOT TO.IbKO
Moaeky.1el 0-Tuna). )

Crocob penIHKaLny perLTMKaTHBHON GOpMb He 3aBHCHT OT cnocoba

ee 00pa30BaHUA! TaK, KO.IblieBble DerL1HKaTHBHbIE Gopvbl v daros P2,

P4 11 /. BO3HHKAIOT, KaK YXKe YTIOMHHA.I0Ch, OIHUM H TeM e fyTeM —
B pe3y.bTaTe B3aWMOJEHCTBHA MeXKIV HMKIMH KOHLAMH, OIHAKO B
TepBOM C1y4de PeMLTHKAUHS OCYLIeCTB.IAETCS MO cXeMe (NepBHYHOTO)
Pa3MaTsIBAIOILETOCH PY.IOHa, BO BTOPOM — MO cxeve Kaspuca, a B
TPeTheM — [0 CXeMe BTOPHYHOTO pa3MaThBAOLIerocs pYV.JIOHA. TOYHO
TaK e Crnocof co3peBaHHf IOYEPHHX TEHOMOB He CBf3aH KeCTKO CO
€rocofoM peninkauuu. Hanpuyep, IviLieKchl ¢ JTHOKHMH KOHIAMH
MOI'VT BO3HWKAThb KaK M3 KoHKartemepor (M), Tax u u3 koien (P2 u
P4); renomel, o6pasyiouLHecss B peav.IbTate Hape3aHHs KOHKaTeMepoB,
MOTYT HMeTb He TOJbKO «I1UNKHe» (%), HO H «Tynbie» (P22) KoOHIHI;
OHM MOTYT HMeTb H.JIM He HMeTb KO.TblieBble NepecTaHOBKH H T. 1.
Hcnoab3oBanie OrpaHMuYeHHOrO ulcla CTaHIapTHBIX G.IOKOB 1151
OCYILECTB.IEHHS KaXJ0H M3 TpeX MOCIeI0BATETbHbIX CTAIHi pen.HKa-

SY40

¥X
O @ A,02,P4
\ - /
9Xp2 $V40,).p4
\
A
/ ¥ P2 /
= 8404
¥ | /

e /

P2,P4

A, PZ,PA
X sY40

M. 148, Cxema, HAMOCTpHpYlowas 6.104HbLl
. Ma, IS 5 i NPHHUNO OPraHM3aLHH CHCTeM
enankaunn JIHK-renomos P P
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nuu JHK-renoMa # BO3MOXKHOCTb KOMGHHHPOBaHHSI 3THX G.I0KOB B
Da3HBIX COYETAHHSIX MOXKHO HA3BaTh OAOUHbIM NPURKUNOM 0peaHU3Q-
YULL PENAUKAYUOHHBLY CUCMEM.

Depmenmamueroe obecnederue
penauxayuu

Pensukauust JHK-renomos Tpebyer yyacTna psiia dhepMeHToB M J0-
NOJHUTEIbHBIX 6ekoB (cM. c. 54). BaHoe 3HaueHHE CpPelX HHX HMEIOT
Te, KOTOpble OGeCNeuHBalOT HHHULHALMKIO perJHKalnH JBYXHHTEEOH
MOJIEKYJbl (reHOMa HJIH PerHKaTHBHOHA ¢opmel), T. e. mpollecc, Ko-
TOpIi onpenedsieT BHIGOP TOH WM HHOH CXeMbl perIHKALHH. Tak,
QIS CHCTEM C yYacTHeM TepMHHaIbHOTO (KOHUeBOro) GOedka TaKyio
pOJb HrpaloT caM 3T0T 6e10K H (hepMeHT, OCYHIECTB/IAIOIIHA ero HyK-
AeotuaniupoBanne. CHCTeMEl C BHYTpeHHe# HHHLHalUHeH Ha ABYXHH~-
TeBoil MaTpHUE NpEINoNaralT ydyacTHe GelKoB, Y3HAIOWMX ori-cafT.
Bo Bcex HM3yueHHBIX CIydasiXx 3TH OeJKH 3aKOJHPOBaHbl B BHPYCHOM
resome. OJHAKO 3THMH K./IOUeBHIMH OejJKaMy OTHIOAb He HCYepnbiBa-
eTcst CTIHCOK HeoBXOIMMBIX YYAaCTHWKOB npouecca pennkaiuu. Pasy-
Meercs1, ofsizate1bHo Haauuue JHK-noaumepasel, a rtakke — B 3a-
BHCHMOCTH OT CXeMbl PElIHKalliM H KOHKPETHO BHPYCHOH CHCTEMbl —
Habopa JIONOJHMTEIbHHX (hepMEHTOB H 6eMKOB: MpaiMas, XelHkas,
anras, JHK-cBa3sBaomux 6e1K0B H psila APyTHX. B pasubix BHpYC-
HBIX CHCTeMaX 3TH O€JKH MOTYT HMeTb JHG0 K.JeTOYHYlo TpHPO1y,
Au60 MOTYT GbITh 3aKOAMPOBaHBl B BHpycHOM rexoMe. Kak Kpalinne
npHMepbl MOXHO npuBectH darn X174 u T4 B nepBoM cayuyae Bce
MHOTOYHC/eHHble KOMMNOHEHTHl pelIMKallHOHHOTO annapara, 3a HC-
KaroueHnem Geqka A,— 3TO K.IeTouHbie 6eJKH, 8 BO BTOPOM — INOJ1aB-
Jsomiee X GOJbLIMHCTBO HMeeT BHPYCHOe NpOHCXoiienue. Berpe-
qaloTCs C1yyaH, KOrda (epMeHT, NPHHMMAIOMWHA y4acTHe B pemIH-
Kalli# BHPYCHOFO reHoMa,— 3TO Kak Obl ruGpHiHasi MO.IeKyaa, no-
CTPOeHHAs H3 KJETOYHOH H BHPyC-Cleluu(HYeCKOH NOJTHNeNTHIHbIX
weneit. Tak, JHK-noauvepasa dara T7 cocTonT u3 nByX cyGveln-
HHIL — OHA M3 HHX 3aKOJHpOBaHa B BHPYCHOM reHOMe, a apyras
npejcTaBiseT co0oi KJETOUHHIH 0elO0K THOPEIOKCHH.

ToBops 0 BUpyc-clieundHYECKHX PENIHKAUHONHbIX GeKax, cle1ver
NoAYepKHYTh, UTO BO MHOTHX CIyvasX B He3apaKeHHOH Kierke uMe-
joTcs GelKM ¢ aHajoruuHoil ¢yHkuuedi. [IpuyeM B HMCKYCCTBEHHBIX
GecKIeTOUHbIX CHCTeMaX MOMHO Hab.1l0faTh, Kak KieTouHble (hepMeHTHI
«paGoraior» na BupycHoit JHK, a BupycHbie gepMenThl — Ha K.I€TOY-
noit JTHK. Opnako in vivo B 3apaKeHHOH BMPYCOM KJ/eTKe CHTyauud
unas. Tak, ecam Bupyc Koaupyer cobersennyto JIHK-moanvepasy
(nanpumep, dar T4 nax BupyC reprnieca), TO pPenpolyKUHIO Takoro
BHpYCa MOXKeT O0eCredYHTb TO.TbKO BHPYCHBI (epMeHT M 3TOT BHpYC-
Hbifi (DEPMEHT He KaTATH3HPYeT CHHTe3 K.1eTOYHOH JHK B 3apaxken-
HOl KJeTKe. JTO KaMyuleecsi NPOTHBOpedHe —— BhbICOKas creluphy-
HOCTb MO OTHOLIEHHIO K MATpHLE i(n UiU0 W HH3Kaf invilro — nMeeT
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cleayiollee oObsicHeHde. DefKoBble KOMMOHEHTH DEMIHKAIlHOHHOTO
annapaTta o0blYHO DYHKIIHOHHPYIOT He H30JHPOBAaHHO, a B BHIe cre-
UHDHYECKHX MEXMOJEKY/IAPHBIX KOMILIEKCOB, KoTtopble (opMupy-
1o1cs 6aarojaps Genok-6esKoBbIM B3aWMogeHcTBUsiM. [lostoMy 3amena
HeKoero BHPYCHOTO 6e/lKa Ha KJ/eTOUHBIH C aHa/lOTHUHOH (YHKIHeH
MOXET 0Ka3aTbCsl CTO/b Ke Gecrnosie3HoH, Kak 3aveHa B yacax LiecTe-
PEHKH aHaJOrHYHOH JeTa.lblo, B3SITOH M3 MeXaHH3Ma APYyroro pasMepa.
Bnpouem, uacTHuras rnoaMeHa QyHKIUHHA HEKOTOPbIX BHpyc-cHelHpHYe-
CKHX perVIMKallHOHHbIX GelKoB (Hanpumep, TakKHX, KaK JUrasbi HIH
XeJIHKa3bl) COOTBETCTBYIOUMMH KJETOUHBIMH GelKaMH MOMKeT HHOIZa
0Ka3aThCsl BO3MOXKHOH.

Takum o6pa3oM, HaGop ¢depMeHTATHBHBIX aKTHBHOCTeH, HeoGXo-
JUMBIX AJI51 DelVIHKallMH TeHoMa JaHHOro BHpYcCa, 33ajJaeTcs cXeMoH
PeMIHKallMH, a IMPOHCXOXKAEHHEe COOTBETCTBYIOUIHX (PepMEHTOB — BH-
PYCHOe HJIH KJIeTOYHOe — MOXKeT ObiTbh pa3HbiM. BHpychl ¢ KpynHbIM
TeHOMOM OObIYHO HMeIOT COOCTBEHHbIi HaGop peniHKallHOHHbIX dep-
MEHTOB H JOMOJHHUTEbHBIX GEJKOB, YTO, OYEBHAHO, [l€13eT BUPYCHYIO
PEILTHKALHOHHYIO CHCTeMY O6osiee aBTOHOMHOH OT KJIETKH-XO3siHHA.

Humezpayus 6upycHeix
U KAEMOYHBIX 2eHOMOB

Tlovumo pa3obpaHHO# aBTOHOMHOM perinkauuu BupycHbix JHK-
TeHOMOB B pfAJle CAyuaeB — MpeXje Bcero y yMepeHHhX BHPYCOB —
peau3yercsl CyHleCTBEHHO HHOM CNMOCO6 BOCMPOM3BeIeHHs] BUPYCHOM
JHK. Peub uger o6 unmeepayuu 8upycHbix u KACMOYHbIX 2eHOMOB.
Takast uHTErpauusi MOKET OCYUIECTBJATHCS HECKOJbKMMH CrocoGaMu.

a. Wurerpauus renoma dara snambaa
(cafiT-cnenuduyeckas peKOMOHHAIUSA)

C HeKOTOpOM BePOSITHOCTbIO, 3aBHCAINEH KaK OT BHEIIHWX YCJOBHH,
TaK M OT reHeTHYecKHX ocobeHHocTeil Bupyca u K.Jetku, JHK dara A
KOBa.1eHTHO BCTpaHuBaeTcsi B XpoMocoMmy E. coli. FlockonbKy B pekoM-
GvHaLMIO B JaHHOM CJy4ae BOB.edeHbl, KaK MpPaBHJI0, COBEPLUEHHO
onpeje/enHbie yyacTKH (aroBoro U GakrepuaibHoro rexovos (aft P
H aif B cooTBeTCTBEHHO), NMPHHSITO FOBOPHTb, YTO HMEET MECTO calm-
Cneyuguseckas pexomburiayus. Obuias cxema 3TOro npoiiecca npet-
CTaB.1ena Ha puc. 145. Yuactku atf P u aft B umeror o1iHakoBYIO «cepa-
UeBHIHY!0» HYKJIEOTHAHYIO MOC/IEIOBATETbLHOCTb (ee 0Go3nadaor O)
H Da3.THHAIOMmHECs CTIeUN> (P uP’, B u B'). CoorBerctBeHHo alt P=
=POP’, a att B=BOB’. [l13 ocymecTBIeHHs MHTeIPallUn HeobXo-
AuMbl 1Ba 6e.Ka: uHmeepasa, 3aKOIHPOBaHHAsi B (paroBoM rene int
" k.1etounniil Gelok THF (anri. integration host factor — K IETOUHbIi

daxtop unterpaunn). Poab 3Tux Geakos ABOsiKas. Bo-nepBbiX, oHu
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Puc. 149, O6mas cxema HHTerpalmHH resoMa dara A ¥ xaerounoft THK
Toukue auuum — darosas JHK; KHDHble — OrpaHHYeHHble YHaCTKH KJaeTowHoii JHK

cneunpuYecKy NPHCOETHHSIOTCS! K yyacTKau att P u a#f B, nepeBoAAT
att P B 6olee KOMNAakTHYIO CTPYKTYPY (TaK Ha3biBaeMyio UHMacoMy)
H CnocoGCTBYIOT B3auMHOMY cOauxenunio aff P ¢ att B. Bo-BTOpHIX,
daropast uHTerpasa KarTalH3MPYeT COGCTBEHHO peKOMOHHALHMOKHBIN
npouecc. [lpeinookuTegbHBI MeXauH3M peKOMOHHALH (puc. 150
OCHOBaH Ha TOM, UTC HHTErPa3a NPosAB.IsAeT CBONCTBA TOMOM30MepasHl 1.
Co0TBETCTBEHHO OHa MOMET BHOCHTH BpeMeHHbIe OJHOHHTeBbie paspbiBB
B JHK-aynaekc. Iloaaraor, uto B mecte B3auMopeHcTBHA aft P u
att B BO3HMKaeT Kak Obl YeTblpeXHHTEBas crpyktypa JHK. Buecenne
MHTETPa3oil TONOU30MePa30oit PaspeBOB B  COOTBETCTBYIOLIME MeCTa
$aroBoro H K.IETOUHOrO TEHOMOB M MOCJTelylOllee BOCCOEIHHEHIHe
KOHIOB B Onpele’eHHOH KOMOMHAlMM NPUBOAAT K HHTEIPalliH 3THX
reHoMoB. MuTerpupoBaHHBIA BMPYCHBII T'EHOM Ha3bIBAIOT nposupycom
WIH — B Clydae (aroB — npogazom. OTMeTHM, UTO MOPAAOK pacno-
JIOMEHH ST TeHOB B MIPOdare A OT.IHYAETCA OT TAKOBOTO B 3Pe.IOil MO.TeKy.1e
darosoit THK (cMm. puc. 149 u 154); 370 06bscHSETCS TeM, UTO YYaCTKH
cos u att P He cosnajawot. Ilpodar umeer coBepiueHHO onpe/le/IeHHYIO
(EHHCTBEHHYIO) OPHEHTAUHIO OTHOCHTELHO KJIETOYHBIX I'eHOB, MeX1y
KOTODbIMH OH HaXOIHTCH.

Bhimenienue npogara M3 KJIeTOUHOH XPOMOCOMBI — 3T0 TaKKe
pesy.sibTat calt-cnieltndpyeckoll pekoMOHHaLIY, HO HA 3TOT Pa3 MEXKALY
yyactkamn BOP" 11 POB’, kotopsle HaxoifTcs Ha KoHuax HHTErpH-
posannofi supycnoit AHK (puc. 149). Ocobennocts peakums Bbllen-
JeHus1 — NOTPEGHOCTD B J10MO.THHTEIbHOM Ge1Ke, NMPOIVKTe tarosoro
TeHa xis. Takast NOTPeGHOCTL BO3RHKaeT BC.IEICTBHE TOTQ, YTO ¢aropas
HHTETpa3a cama mo cebe c¢i1afo BsaumoielicrByer ¢ yuactkoMm POB’.
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Puc. 150. MexaHuam caiiT-cneuHpHYeckoil pexonu6uHaumuK, Beayuwied K HHTerpa-
usy AHK ¢ara A u xaerounoft JHK

ToHKne Tunny — uenu daroeoit JHK: mupusie —ueny Kietounoii 1HK; nzobpaienbl AUl He-
bUIHE YYaCTKH KOJAbleBbiX reHOMOB dara ¥ 6akTepuu

6. Murerpaunsi u peniuxauus
redoma thara Mu
{pemsIMKaTHBHAS TPAHCIO3HLMS)

Fenoy ¢dara Mu — muueiinas 1syxunteBas Modekyia AHK, coxep-
Kaan cebiwe 30 T. M. H.— HMeeT BaXKHYI0 OCOBEHHOCTb: KaK .1eBbli
(L), tak u npaswit (R) KOHUBl MOIeKY.1bl COJEpPKAT K.IeTOUHbBIE, a HE
BHpycC-cellHHYeCKHe HYK/JIeOTHIHble TOC.1e10BaTe1bHOCTH. B om-
PeleTeHHOM CMBIC.TE MOXKHO CKa3aTbh, uto reHoM c¢ara Mu Bceria Ha-
Xoautcst B gopme npogara, MOCKOTbKY OH 3aK.IOYEH MEXKIV NMOCJeNo-
BareabHocTavH KietounnlX JHK. ¥V uHinsuavaibueix Mooexy.1 Bupyc-
Hoit [IHK L-xonubi pasuble 1 R-KoHUbI pasHble, Jaxe ecai NOMYJISAuHA
TeHoMoB o6pasoBagach B 01HON KieTke. Ha rpanmume L- u R-kouuos
¢ Bupyc-ceunduyeckoit JJTHK obHapykuBaercs npsoil nosTop K.ae-
Tounoit JIHK aamuoil B 5 1. H.; B pasubX MO1eKyvlax BupycHoit JJHK
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3TOT NMOBTOP WMeeT Pa3HYHYIO MePBHUHYIO CTPYKTYPY- Sty «cTpaHHo-
CTH» TIPSIMO CBsi3aHbl CO COCOGOM pernvKaliH (hara Mu.

IMocsie monagaus garopoit JTHK B K/eTky MPOHCXOAHT LHPKy.s-
PH3aLMs ITOH MOJIEKYJIbl, OAHAKO obpasylouyecst Koablua (B oTanvue
or JTHK ¢ara A) He HMeIOT KOBaJeHTHO-HEMPEPLIBHYIO CTPYKTYPY:
IPOCTO KOHUBI MOJEKYJbl COTHKEeHDBl, W 3TO chbaMKeHHe OCYyLIecTB-
JisieTcsi TPH yYacTHH arocrelHpuyecKux 0€e/1KOB.
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Puc. 151, Cxeva nnTerpaiiy resova para Mu # KIETOUHOH AHK: .

; 6 — cOan-
a — ponanTeabckas darceas JAHK ¢ KiIeToMHBMH Noc1eA0BaTeTbHOCTIMH Ha KORUAX; O G-
x(euupe %)arosoﬁ # KaeTounoil AAHK; 8 — BHeCeHHE ONHOLENOUEUHBIX Pa3phiBos B K2ETOUHYIO ljl
darosyo JHK H KoBa/ CHTHOE COEAHHEHHE 5’-koHuOB Leneit keTowHoit AHK ¢ 3’-KoHUaMH yeneil

. 7 y s Le — E st Gpeuleii H KOBd"
taszopoit JHK (60 — Ta &e CTPYKTYpa. HO B Pa3BCDHYTOM BHAe), ¢ — penapauns 3 -
JIeHTHOe CoelMHeHHe 3’-KOHWOB ueMef KJieTouHoil IHK ¢ 3’-KoHuaMu ueneii garosoil AHK;
ToHKHe Aunnn — uenin dparosoit AHK; Kupube — uenu kaerounon AHK
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Mocaenytotye  coGHITH B CXEMAaTHUYECKOM BHAE NpeNCTaBJIAIOTCA
cregyromuy obpasoM (puc. 151). Yuattok darosoit JHK co cGanxen-
HBIMM KOHLAMH KOHTAKTHPYeT C KaKMM-THOO y4acTKOM KJIETOYHOH Xpo-
MOCOMBI, NpHYeM 3TO MOXKeT ObiTh /0G0l (Mau mouTH JM060H) yuacToK .
kaetounoii JJHK. Jlanee nog neficTBHEM BUpYC-CelHpHIECKHX GeJKOB
nponcxoaut pekoMGunanusi. B obe uenu kaerousod JHK na pac-
CTOSTHUM MSTH HYKJIEOTHAOB BHOCATCS OJAHOHWTEBbIE Pa3phbiBbl;, KpoMe
TOTO, ORHOHHMTEBble pa3puiBbl BHocaTcsi B BupycHylo JJHK — mo rpa-
Huue Mexay L- u R-KoHmaMH M BupyC-ClleUHpHYeCKUMH TNOC/el0Ba-
teabHocTsivH. Tlpu 3ToM BhicTynalowue 5 -Kouubi kJetodnod JHK
KOBA/JeHTHO COEIMHAITCH ¢ 3'-KouliaMmu Bupyc-cneundwueckoit THK.
«Crapule» L- u R-xoHup! darosoit JIHK ynaasiorcss, u nocsie penapa-
HHH Opemweil (aroBulii reHOM OKa3blBAETCS BCTPOGHHBIM B KJETOUHYIO
XpPOMOCOMY U OKDYKEHHBIM BHOBDb MOSBHBLINMCS MOBTOPOM K/leTOHHOH
INHK pauvoit 5 n. u. Bo3voxubi gBe pasHble opueHTauuy npodara
OTHOCHTEJIbHO KJIETOUHbIX TEHOB; paclosioXeHHe TeHoB B npodare u B
JHK BupycHoii yacTHIBl OAMHAKOBO.

Heo6uidnoit ocobentoctsio penaukaunu JHK dara Mu ssasercs
T0, 4YTO, BO-TepBbIX, BCe BHOBb CHHTe3WPOBaHHble KONHH ¢paroBoro
reHoMa OKa3blBalTCs B cocTosinuy mpodara (1. e. BKJIOYeHbl B KJ1eTod-
HYIO XpOMOCOMY) M, BO-BTOpbIX, (harocneinduyeckas nocJelioBate/b-
HOCTb HYKJAEOTHIOB, KOTOpad MOCHAyXKHJIa MaTpulel Aasi oGpa3oBa-
HHS JOUEPHHX FeHOMOB, OCTAeTCsi B KJETOUHOM XPOMOCOME Ha TOM Xe
MecTe, Tae OHA HAXOJWaach 10 pemviukauuu. JIpyruMu caoBam, pen-
JMKALMA HI1eT 6e3 BblleN1eHHsl «Pe3uAeHTHOro» mnpodara H, rno cylle-
CTBY, TpeicTaBisier COGOM penALKAMUBHYIO Mpancnosuyuro. Bepodar-
Has cXeMa 3TOTO Mpoilecca MpejcTaBleHa Ha puc. 152. darocneungu-
yeckue Geaku obecrieduBaloT cOJdKeHHe KOHUOB Npodara, WHTErpH-
POBAHHOTO B K.JETOUHYI0 XpoMmocoMy (aHA/JIOTHUYHO TOMY, Kak OHH
3T0 Je’aloT ¢ MPOHMKILeil B Kiaerky moaexyJoii THK ¢ara). Ydactok
XpOMOCOMbI, B KOTOpOM COIMIKEHBl KOHIBI Npodara, KOHTaKTHpYyeT
C JPYTWM YYACTKOM 3TOH JKE XPOMOCOMbl H.IM C KaKo#-1#60 JApyrof
Haxoasuueiics B kJetke Morexysoidl JIHK. B atom «cBexew» ywacTke
NosiBAseTCs CTylNeHUaThlii paspbiB (iBa OJHOHMTEBBIX pa3phiBa Ha pac-
CTOSIHHH 5 1. H.); BO3HMKAIOT OlHOHWTEBbIE Pa3pbiBbl H MO o6GeuM rpa-
HHuaM pe3HIeHTHOro npodara. BeicTynaoilie 5'-KOHIBI K.1eTOYHOM
JHK coeannstorcss ¢ 3'-KoHlUaMu BHPYC-CreHH(pHYECKHX MOC.1e10Ba~
TenbrocTell, a 3'-KoHubl k.etounoit JIHK BhIMoaHAIOT poJab 3aTpaBKH.
Taxuy 06pa3soM, HHHUMALKS payHia pelixKallii MpeicTaBasier coOoi
B 3TOM C/yyae BAPHAHT PeKOMOMHALMOHHON Hituuauuu. B pesy.ibrare
NOJIYKOHCEPBATHBHON pellJIHKAllHY H TOCJAE1YIOUWKX MpolleccoB pena-
Paluu B KJETOUHOH XPOMOCOME OKa3biBaeTcs 1Be KONMHM Mpopara;
B KaXX10# u3 HUX OJHA H3 lleNeil IPOHCXOIUT H3 Pe3HAeHTHOro npodara,
a BTopas CHHTE3XpOBaHa 3aHOBO. [Ipu TOBTOpeHHu 3TOrO mnpoiecca
KOJHyecTBo TnpodaroB B KJETOYHOH XpOMOCOME MOXKeT JOCTHlaTh
coruy.

OGpa3soBaune 3peibix reHoMoB ara Mu compsikeHo ¢ (opMHpO-
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BaHHEM BHPYCHBIX 4acTHll. [Ipy HaKon/ieHHH B KJeTKe MpeiliecTBeH-
HHKOB (aroBeix roJook B kKJaerounytwo JHK na onpenenenHoM pac-
CTOSIHHH OT JIeBOTO KoHLA npodara BHOCHTCA IBYXHHTeBOH pa3pbiB.
C storo Mecra — ¢ obpa3oBaelierocs L-koHlla — HauMHAeTCA yNakoBKa
¢darosoit JJHK B ronoBky. ¥YnakosbBaercs croibko IHK, ckoibko
MOKET TOMECTHTLCA B TOJ0BKY, a jlalee BHOCHTCS BTOPOH IBYXHHTe-
Boit pa3pbiB.. [TocKOIbKY BMECTHMOCTb T[OJIOBKHM MNpeBbilllaeT o6beM
JHK, cootBercTBylolmii BHpyc-creuyduyeckoil nocjeioBaTe.1bHOCTH,
3TOT BTOPOH pa3pbiB NPUXOANTCS TakxKe Ha KJeTounyilo JHK: Bo3uu-
KaeT R-komeu 3pesoit mosexy.sl daroeoii JHK.

B. [pyrue Buabl HHTerpaluu

Jsi yMEpEeHHbIX BHPYCOB COCTOsIHMe NpoBHpYyca Ju6o obsAs3aTenbHas
OpMa CYLUECTBOBaHMSI BHPYCHOTO reHoma (Hanpumep, y ¢ara Mu),
6o oaHa u3 ¢GopM XpaHEHHs M BOCIMPOM3BEJEHHsS [E€HETHYECKOH HH-
opMauun. B 3Tux ciydasx BolpaboTaHbl cnenHadbHbIe CHCTeMbI, obec-
eunBaioliue pPeKTHBHYIO U TMPaBHJIbHYK HHTErpalliio BHPYCHOTO

KaeTouHoro remomoB. OjJHaKO BKJIOYEHiHe BHPYCHOrO TeHOMa WJIH
ro parMeHTOB B KJIETOYHYIO XPOMOCOMY He TaK YK PEeIKO NPOHCXO-
HT H B KJeTkaX, 3apaxenunx apyrumu JHK-copepxawmnmu Bupy-
amu. Takoe BKJIOYeHHe J0CTHraercss OObIYHO 3a CYeT aKTHBHOCTH
JIETOUHBIX DEKOMOMHAUHOHHBIX CHCTEM H, KakK MNpaBHJO, sB/IfAeTCS
EynHKOBblM NyTeM: MOJHOLEHHLIH BUPYCHBIH TeHOM M3 TaKHX MHTErpu-
OBAHHBLIX TOCJEA0BATENLHOCTEH Hallle BCEro BbILLEMUTBCS HE MOXKeT.
Mlpyroe peno, 4T0 LISl KJIeTKH NpHoOpeTeHHe BHPYyC-CrelHpHYECKHX
Foc/ie10BaTe IbHOCTEl MOXKeT oKaszaTbCs He Oe3pasauuHbiM. Ecau Ta-
lkas k/eTka BbiKuBeT, TO ee OHOJOTHYecKue CBOHCTBE MOTYT M3Me-
HUTLCA; B YaCTHOCTH, OHA MOXeT npuoOpecTH (eHOTHN onyxoseBoH
KJETKH.

2. TPAHCKPUNLUHUSA TEHOMA
AHK-COAEP)XAIUKX BHPYCOB
(AHK—PHK)

MonekyasipHblit MeXaHH3M TPAHCKPHILMH — CHHTe3 Modekya PHK
ma geyxuureoft JJHK-marpuue npu nomoms JTHK-3aBucumbix PHK-
plOJHMepa3 — NPHHLUHIHATLHO CXO1eH B BHPYCHBIX U  KJETOYHBIX

!
’
Puc, 152, Cxema penHKaTHBHON TpaHCNO3uUHH npodara Mu:

— KJeTOYHasi XpoMOCOMa, coaepralwas npodar; 6 — c6InxeHHe KOHUOB pe3uieHTHOro npodara

HOBBIM YuacTKoM KaeTounoil JAH K; ¢ — BHecekile OHOUeNOYEYHBIX pA3PbiBOB B 3TOT YYaCTOK KJe-
o4Hoil AHK H mo rpannue Mexay Kietounoit JHK u peauaeHTHbIM npodaroM; KoBasleHTHOE CO-

€nnuenne 3’-Kouuos uenei Kretounoii JAHK ¢ 3'-xonuamu ueneit darosoit IHK (8° — Ta e cTpyK-
TY¥YDa. HO B pa3BepHYTOM BiAe): ¢ — CHHTE3 KOMIM.IeMeHTapHhIX ueneil Mpodara; ¢ — NMpoAYKT pen-
J’lHKaTHBHOﬁ TPAaHCMO3HIIHKN — KJIeTOYHAd XpOoMOoCoMa, codepAallas AONOIHHTEIbHYIO KONHIO NTPO-

ra; Touxne Jurue — uenu JHK npodara (cniowsble — poAHTe bCKHE, NPEPEIBUCTHIE — BHOBb
EHHTe3npOBaHHEe), KUPHHE JHHHH — LENH KJeTOHHOi AHK
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cucreMax. OcoGbii HHTepec K TPAHCKDHUMUHMH BHUPYCHBIX TE€HOMOB
o0yc.10B1eH pa3HooOpasueM cnocoboB pery/sfldd 3TOro npouecca H
OTHOCHTEJIBHOH JIeTKOCTBIO HX H3YHeHHS. ‘

Heo6xo1uMocTb peryIsliy TPAHCKPUNLHM B BHPYCHBIX CHCTEMax
CBsi3aHa C TeM, YTO NOTPeGHOCTb B PAasHbIX BHPYC-CleUHPHUECKHX
Oelkax pasHaa: CTPYKTypHble Oelkd TpebyroTes, Kak [paBu1o, B
60IbLUIMX KOTHYECTBAX, YeM Oelkn-hepMeHThl. Kpome TOro, Ha paHHHX
cTagusaX HHQEKLUHH HYXHbl NPEeHMYLlecTBeHHo 6eKH, ofecrneyHBaro-
wye perTMKalMio reHoMa, a Ha MNO31HHX — 6eqKy, NpHHHMAalOLlHe
vyacTHe B (DOPMHMPOBaHHHM BHPHOHOB. [lo3ToMy O6HO.IOTHYECKH Lele-
coo0pasHo, 4YToObl pa3Hble BUPYCHble TeHbl CUHTBIBAINCH C Pa3HON
3bPeKTHBHOCTBIO W YTOOBI 3Ta 3(PHEKTHBHOCTb H3MEHS.1aChb MO XOAY
penpolyKUHH Bupyca.

CuuTblBanMe WAM HecYUTHIBaHWe 1aHHoro yyactka JIHK-uatpuiusl
3aBHMCHT OT PACMOJOKEHHs W CBOHCTB Dery.1ATOPHbIX CHIHAI0B IBYX
THIIOB: TeX, KOTOPbie 0GECIIEUUBAIOT HAYa10 TPAHCKPHNLUH (IPOMOTOPLI
H ap.), M TeX, KOTOpbIE NpPEKPAWAOT TPAHCKPUNILHIO (TepMUHATOPEI)
(cM. ra. VII). AKTHBHOCTb CHTHATIOB 000OMX THIIOB MOMKET H3MeHAThCH
BO BpeMeHH — BILIOTb 10 HX NOSABJIEHHS Ha ONpelesleHHON! CTalWH Kak
6bl 3aHOBO W.1H, HA0OOPOT, 10 MOJIHOTO HCYE3HOBEHHS.

O6pasoBaHie (YHKLUHOHAIbHO aKTHBHBIX Mo1eky.l PHK momumo
COOCTBEHHO TPAHCKDHIILHH HePelKo . BK.IoYaeT Te W.IH HHble [OCT-
TPAHCKDHMLHOHHbIE M3MeHeHHA H/JIH, KaK roBopaAT, MPOLECCHUHT mep-
BHYHBIX TPAHCKPHIITOB.

Xapakrtep 06pa3ylolKXcsd TPAHCKPHITOB H Crnocold peryJasiiuy
TPAHCKPHMLAH CHJIbHO 3aBHCAT OT TOTO, HMeeM .IH Mbl €10 C BHPYCOM
[IPOKAPHOT H.IM BHPYCOM 3YKapHOT. [le10 B ToM, UTO B K.JIeTKaxX Mpo-
KapHOT BO3MOXHA MHOXECTBEHHas BHYTPEHHAR HHHLKAUHA TPaHC-
JASUMA HA MOJHLUHCTPOHHBIX MaTpHIAX, TOrJa KakK B 3VKapHOTHBIX
moeky1ax PHK o6bluHo peansyercs elMHCTBeHHas TOYKa HHHIMa-
UMH TPaHCASUMHA M 3TH MOJIEKY.Ibl, KaK Npasulo, (PYHKUHOHAAbHO
MOHOLHCTPOHHBI.

Pecyaayua mpanckpunyuu
HdHK-cenoma eupycos npoxapuorn

a. TpaHckpunuus rexoMa
HUTYaTBIX (paros

TFpauckpunuus redoMa Hutdathix daros (M13, fd u 1p.), B XOTOpOM
saxkoiuposano 10 Gei1xos, ocyuwectB.Isietca kiIerounoll JHK-3asrcii-
voit PHK-noinvepasofi. Jkcrnpeccis pasHbIX TeHOB TPOHCXOIHT ¢
pasHofl HHTEHCHBHOCTbIO, KOTOpas 3aMeTHO He Meisercd Mo XOo1V
uHdeKIuu (T. e. BpeMeHHAsi pery.asuus orteytcreyer). Parosble rexbl
MoryT 6biTb pa3GuThl Ha gse rpynnsl. [lepBas 3axBaThiBaeT aKTHBHO
TpaHCKPHGHPYeMble FeHbl, B KOTOPBIX 3aKOIHPOBaHH GelkH, Tpebyio-
LIHeC B 3HAYMTEIbHBIX KOJHYECTBAX, B YACTHOCTH OCHOBHOH CTPYK-
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Typustit Gemox (mpoxykrt rewa VIII) u JHK-ceaseBalomuit Genok
(oponyKT resa V). O61acTb CONEPNKHT HECKOJIBbKO «CH/IbHBIX» IPOMO-
TOPOB H OIPAHHYEHA «CHJBbHBIMY O-HE3aBHCHMBIM TEPMHHATOPOM Ioc.e
rena VIII. CooTBeTcTBeHHO NpH TPaHCKPUMUHM 3TOro padona obpa-
ayercsi Ha6op Moaekyn MPHK pasno#t amuubl, HO ¢ oAHMHaKOBLIMH 3'-
koHuamu. Yem prunuee monekysaa MPHK, tem Gosbiuee uucsto Genkos
oHa koaupyer. Uem Gmwke x 3'-koHuy wmonexkyanl MPHK sakoaupo-
paH 6esok, TeM B Goabliem uucie monekya MPHK npexcrasnen coor-
BeTCTBYIOLULHA LIHCTPOH.

Bropas ofiacTb KOZMPYeT MHHOPHHE CTPYKTYpHble 6e/1KH BHpH-
OHa M HeKoTopble GeqKH, NMPUHHUMAaIOLIHe yuacTHe B MOp(OreHese BH-
pycHOH uwacTulbl. JTH GeNKH HYXKHbl B OTHOCHTENbHO HeGOJBIIHX
KoauyectBax. COOTBETCTBEHHO jaKe JABAa [VIABHBIX M3 HMEIOIHXCH
3jlech MPOMOTOPA MOXKHO OTHECTH K pas3psfly «ciabbix». Paspenstouwu
aBe obsactd (DaroBOro reHoMa MeXTeHHbIH pafoH comepXuT psi pe-
ryJSITOPHBIX CUTHAJAOB (B TOM YuC/Ie Ori /A CHHTe3a Kak (—), Tak u
(+)ueneit THK) u He TpaHCKpHGUpYeTCsi, TaK KaK BK/IOYAeT He-
CKOJTBKO -3aBMCHMBIX H -HE3aBHCHMBIX TEDMHHATODOB.

Ha sToM mpumepe BHIHO, KakuM o0pasoM B pesyJbTaTe COOTBeT-
CTBYIOLLETO PACIIONIONKEHHS NPOMOTOPOB U TEPMHHATOPOB Pa3sHOH CHJIBL
MOXKHO OO€CMeYHTb PaA3HYI0 CTeneHb 3SKCMPECCHH PasHBIX BHPYCHBIX
TEHOB.

6. TpaHckpunuus resoma dara aambaa

Peryasuusi TpauCKpHIILHH FeHoMa ¢ara A cyllecrBeHHo Gorade. JToT
BHPYC NPHHALIEKHT K YHCTY YMEPEHHbIX: OH JH6O BhI3bIBACT THIHYHYIO
APONYKTUBHYIO HHDEKUHIO, JHOO BCTPaHBaeT CBOH IeHOM B KJETOUHYIO
xpoMocomy ([IepexoiuT B COCTOsHHE npodara), coXpaHas NpH 3TOM CIIo-
COBHOCTb TP HEKOTOPBIX YCJIOBHAX BbICBOOOAUTHCA U3 «leHar. Cuere-
Ma pery.slluH TpaHcKpuanuUHH (ara A ofecrneynsaer, BO-NEpPBbIX, pas-
HYIO CTeneHb 3KCMPECCHH Pas3HbIX TeHOB, BO-BTOPHIX, H3OHpaTe/bHOe
ycusenue uau ocnabsedue «paboTel» TeHOB N0 XOAy (haroBoit penpopyk-
Ly M, B-TPETbHX, NMePecTPOHKY TPAaHCKPHIIUHOHHOTO amnnapara, Heol-
XOIHUMYIO A5l Mepexoa B COCTOsHHe npodara uiH, HaobopoT, s Bbl-
X0la H3 3TOr0 COCTOAHUA.

Tpaunckpunuust JHK ¢ara A, kak u B npeasliyiliem ciydae, ocy-
wectaserca OGakrepuaabuoii JHK-3aBucumoit PHK-nonumepasoit.
Onnako 3zech BUpYCHBIfl reHOM Koaupyer psj 6eqKos, MOAH(PHUUHPYIO-
wux B3aumogeiictsie 31oro (gepmenta ¢ JHK-marpuueit. Cxemaruye-
CKH{ TJ1aBHble 3Talbl PETYJALMH TPAHCKPUNLHH dara A MOXKHO npen-
CTaBHUTb C.JIelyloluM o6pa3om.

Ha daroso#t JHK umeercs Hecko/bKO MPOMOTOPOB, KOTOPble HCXOA-
HO yaHatoTcs Kaetouynot PHK-nosuwepasoit (puc. 1563, @). C atux
NPOMOTOPOB — HX MOXKHO HAa3blBATb ¢HCTHHHO-DAHHHMH» — M HaYH-
HaeTcsl TPAHCKPHIIHS NPOHHKLLIETO B KJIETKY BHPYCHOro redoMa. B vacr-
HOCTH, ¢ mpoMoTopa Py TpaHCKpHNUHs HIeT BJeBO (MO OTHOLIEHHKI) K
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Puc. 153. O6uas cxema TpaHCKPHTIUHH TeHOMa ara A

Cpepxy NMoKa3aHo pacnosloXeHHe HeKOTOPhIX FeHOB Ha MoJseKyJle darosoli JHK, @ — MpOMOTOPHI,
HEMOCPeACTBeHHO y3HaBaeMble KaeTounoil PHK-noauMepasoii; yepHsle CTPeSKH — TPaHCKDPHIILH A
B OTCYTCTBHe harocreundHyecKHX aHTHTEPMHHHPYIOLIHX BaKTOPOB; TMVHKTHPHbIE —TPaHCKPHIILH

B NpHCYTcTBHH Oesika N (c npoMoTopos PL H RR) # Q (cmpoMoTopa PR,)v TpaHCKpUTILHS FeHOB

A — J ocyliecTBARETCA ¢ MpoMOTOPa PR Tak Kak 3TH reHbl B cocTabe npohara HelnocpefiCTReHH o

TNPHMRIKAIOT K TeHy R (cM. puc. 149); 6—npoMoTopsl, akTHBHpYyeMble GesikoM CI1; a—
aKTHBHpyeMble GetkoM Cl P by fpaMOTOPH.

CTaHA4PTHOH TeHeTHYeCKOH KapTe) H 3aKaHUMBAeTCs! Ha P-3aBHCHMOM
TEPMUHATOPE, PACrONOMXeHHOM JeBee Tena N; ¢ mpomoropa Pp PHK-
no/inMepasa ABuUXKeTcA BnpaBo (T. e. cuuTbiBaer apyryio uens JJHK) u
TPAaHCKPHOHPYET TeH Cro, BC/Ie] 3a KOTOPBIM TAKMKe HAaXOAWTCH p-3aBH-
cHMbIH TepvmuHatop. Ha 370# e crazun mponcxoant abopTHBHAS TPaH-
CKpHNuHs ¢ npoMotopa Pg., Ho 06 3TOM npolecce peub noijeT HuxKe
(em. ¢. 296).

Benkobbie nponyKTer reHoB N W ¢ro — 370 peryJaTOpbl TPaHCKpHII-
uuu. Ha cnenyroweli cragnyn penpoiykuuy dara ocoGoe 3HaueHne UMeer
Gesok N—cneunduyecknli antutepmunatop. IIpu Haimunu Genka N
TPaHCKpPHMILKS, HauaTast ¢ npoMotopoB Py u Pp, npojomkaercs coot-
BETCTBEHHO BJIeBO OT Fena N H BNpaBo oT reHa cro — PHK-nosaumepasa
UTCHOPHPYET BCTpeYatoUlHecsl Ha ee NYTH TepMUHHPYIOUIHE CHTHAJbI.
Mexaru3m autuTepMUHMpYIOUEro AeficTBus Geaka N 710 KOHUA He pac-
WHPPOBaH, HO ACHO, YTO OH BK.IIOYAeT PAJ KOMIOHEHTOB: B YACTHOCTH,
HECKOJIbKO KJIETOUHBIX GeKoB (mpexie Bcero PHK-nomuvepasy, a tak-
ke nosunentuibl NusA u NusB) u onpenedennble HyK.1eoTi1Hble TOC.Te-
AoBateabHOCTH aut (ot anuri. N utilization—ncnoab3oBanie Geaka N)
B ?prCHOﬁ IHK nau PHK; Geok N oKa3blBaeT anTUTepPMHHHpYIOLIEE
AEHCTBHE TO.IBKO B TOM C/ydae, ec/H MEX1y COOTBETCTBVIOULUM TepPMH-
HaTOPOM W MPOMOTOPOM HMEETCSl MOC.1eloBaTeAbHOCTb nut, COJepiKa-
Waf XapaKTepHbIH HeCcOBeplUeHHbIH HMHBePTHPOBaHHBIA noBrop. [Ipel-
noJjarawT, uto B MoMmeHT, Koria PHK-nonuvepasa cunrtbiBaer ofiaactb
nut, ona B3aumojedcTByer ¢ GekaMu N u Nus H B pe3y.bTaTe TaKoro
B3aUMO1efICTBHA TepAeT CHOCOGHOCTb «MOHHMAThb» PACTIO.IOMEHHble Ha
ee jlaJbHeilllieM NMyTH onpeje/eHHble (Npexie Bcero p-3aBHCHMblE) Tep-
MHHHDYIOLLHE CHIHAJbL.

B pesy.ibtate anTHTepMuHHpYyiollero felicTBua Geaka N cyulect-
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BeHHO BO3pacTaeT YHCJO TPaHCKPHOHPYeMBbIX (haroBBIX TeHOB — BHOBb
«BKJIIOUEHHbIE» TeHbl MOXKHO Ha3BaTb «OTCPOYeHHO-paHHHMH». HHTepec-
HO, UTO NPH 3TOM He HaKal/uBaercsi BHpyc-cneludHyecKas WHTerpasa,
HEeCMOTpPA Ha TO uYTo MoJeKyael PHK-nonumepasbl, nauasluue TpaHc-
Kpunuuio ¢ npoMotopa Pr u npeonosesiune (61arofapa 6eaky N) pag
FEPMHHATOPOB, CUMTHIBAIOT TeH inf, B KOTODOM HHTErpasa 3aKOAHPOBa-
ma. O6bAcHenHe mapajoKca TaKoBO. TpaHCKpUNIMS, HayaTtas C npo-
motopa Py, He 3aKaHYMBaeTcs Ha TreHe inf, a NMpPOJOJKaeTcs nanblie
BJ1eBo. Onpenesennblii y4acToK ofpasyiolierocs TPaHCKPHMTa, pacro-
JIOKeHHbI 3a TeHom int (T. e. 6MuKe K 3'-KOHIY), KOMIJIeMeHTapeH
NpeALIeCTBYIOILEMY Y4acTKY 3TOrO 2Ke TPaHCKPHNTa; B pe3yJbTaTe BO3-
HHKaeT BHYTPHMOJEKY/IsipHasl ABYXHHTEBas CTPYKTypa, KoTopasi pas-
pyliaeTcst KaeTounbiM depmentoM PHKaszoit I1I. S10 npupoaut k ne-
rpagauny MPHK s Geaka Int. Taxoli crnoco6 peryasiuu 9KCIPeccHH
reHOB, KOTOPBIH OCYLIECTB/SETCS NMPH YYaCTHH HYKJGOTHAHBIX MocJe-
70BaTebHOCTEH, PacroJIOKeHHbIX 32 T'eHOM, Ha3blBalOT pempopecyisi-
yued.

Oco60 cylllecTBEHHYIO POJb B Ja/bHefillleM Pa3BUTHH COObITHH urpa-
10T Geskn — npoayKThl ¢aroBbix rexoB clIl u cIII. Ilepsblii u3 nux
criocoben NPHCOEAHHATHCA K onpefeneHHbiM ydactkam JIHK ¢ara A.
B pesysbTaTe 37eChb aKTHBHPYIOTCS HOBble NMPOMOTOPbI AN KJETOUHOH
PHK-nonumepassl, B yactHocTH npoMotopsl Ppe u Py (puc. 153, 6),
JIeBOHATpaBJeHHasT TPAHCKPHILHS € KOTOPHIX ofecrnedydBaeT CUMTHIBa-
HHe cooTBeTcTBeHHO TeHoB ¢l u inf. TIpofyKThl 35THX T'eHOB — pernpec-
cop ¢l u unTerpasa,— ecnM OHM HAaKanJHBAlOTCA B JOCTAaTOYHBIX KOJH-
YeCTBaX, HAMpaBJsAOT CyAbOy 3apaXKeHHOH KJeTKH B CTOPOHY JH30le-
HHH. B NPHHATHH TAKOrO BaXKHOTO PelLIeHHS YYacTBYeT HeCKOJbKO «HH-
CTaHUHH» — BHPYCHBIX H KJETOYHBIX PeryJATOPHBIX CHCTEM.

Tpexae Bcero cleiyeT oTMeTHTb, 4ro Gestok CII BHyTpH KJeTKH
HecTaBuJeH — OH JOBOJbHO GbICTPO paspyluaercss KJeTOYHOH MpoTeo-
AUTHYECKOH cHCTeMOH, KOHTpoJupyeMol redaMu hfl (aura. high ire-
quency of lysogenization — BblcOKas 4actota Ju3oreHusaiiun). Paro-
creunduyeckuit 6esok CIII nosbitaer ycrofunsocts Genka CII k npo-
Teosn3y. C apyroil CTOPOHBI, KJeTOYHas CHCTeMa KaTabOJMTHOH pe-
npeccuH, BK.odaouas cAMP u CAP-Geqok (cm. ra. VII), yraeraer
aKTHBHOCTb Afl-cHcTeMbl, TNOpaBasAsl, NO-BUAMMOMY, TDPAaHCKPHILHIO
COOTBeTCTBYIOLLMX FeHoB (puc. 154). Baarogaps 310l JOBOIBHO C/I0XKHOH
pery.atopHoit cetn KoHueHTpauusi Genka CII 3aBucHT oT pasnooGpas-
HBbIX BHYTPEHHHX W BHeWHHX yc/1oBHil. Tak, HanpuMep, NpH HeLOCTaTKe
B cpefe [IVIIOKO3bl YBeNHUYMBAETCS BHYTPUKJETOUHAA KOHLEHTPALHs
cAMP; 370 BeJeT K yTHETEHHIO 3KCTpecCHH reHoB Af! u, cleqoBaTesbHO,
K noebliiennio KoHleHtpauuu 6e.1ka CII u B KoHeuHom cueTe K J1u30re-
Hu3aluy.

Yixe ynomuHajoch, 4to B3anmogeiictare Geaka ClI ¢ parosoii AHK
AKTHBHPYeT HOBLIE [IPOMOTOpPBI, C KOTOPEIX CUHTBIBAIOTCH, B YaCTHOCTH,
reupl CI u int. Tpanckpunuusa resa int ¢ npomoropa P Benet K obpa-
30Banuio ¢yHkuuonatbHoakTHBHOH MPHK pnas unrerpaser. Jedo B
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Puc. 154. Cxema peryasuun TpanckpHunuun JIHK dara A npu yuacTuu 6eaka ClI
[Mpoaykr rena cIl [IPHCOENHHSETCS K ONpefle/leHHWM yaactkam JHK u AKTHBHPYeT NMPOMOTOP.I
PpgH Py (akTHBHpYOIWee TelicTBHe 0603HaYeHO CNAOIL HMH cTpenkaMu). Benok Hfl — npopykr
COOTBETCTBYIOUIEr0 KJIETOYHOrO reHa — pa3pywaer Geaok ClI, a NPOAYKT darosoro rena,clll
HpenarcTeyer sToMy paspyurennio. Kierownas CHCTeMa KaTaGoNMTHON penpecchu (cAMP-CAP)

TOM, TO NPH TPAHCKPHIIUHKU C 3TOTO NPOMOTOPa cpabaThiBaeT TepMHHa-
TOp MoCie TeHa int, KOTOPHIN He OKa3biBaJ AeHCTBHS Ha TP aHCKPHIILHIO
¢ npomotopa Py (8 mepBoM cayuae B oTanume ot Broporo PHK-noau-
Mepasa He BCTpeaeT Ha CBOeM MyTH NOC/IEIOBATENbHOCTD Mutf, 1 NO3TO-
MY aHTHTepMHHHpYIOLlee AeficTBHe Geaka N NPOSIBHTbCA HE MOXKeT).
Tpanckpunt, cuuranubili ¢ ucnoabsobanmen npomotopa P;, ns dhopmu-
Pyer uyBerButenbHyio Kk PHKasze [1] BTOPHYHYIO CTPYKTYpY. 3J1OT
TPaHCKDHITHT CTaGW/IeH, W €ro TPaHCAAUMSA NPUBOIHT K HAKOMICHHIO
HHTerpassl.

Hakonnenue nuterpasm crnocoeryer nepexony darosoit JHK B
cocrosiiue npodara, a nossaexye penpeccopa Cl NogaBAseT aKTHBHOCTS
Ho4TH Beex GaroBuiX rexos. Ilocaennui 3eKT — pesysbTar npHcoe-
Autenust penpeccopa CI x n1eBoit u npagoit onepaTopHbIM 30HaM (O u
Og). Kaxnas us 3tux 30m BKmouzer no TPH GJIH3KHX MO CTPYKTYype
HECOBEPUIEHHEIX HHBEDTHPOBAHHBIX MOBTOPA, paseJeHHbIX KOPOTKHMH
crneficepamu (puc. 155). Jlyuwe seero n Npexie BCEro penpeccop B3au-
MOJEHCTBYET C CaMBIM MPaBBIM yYacTKOM (Og1) mpaBoii 30HbI U cambM
MeBbIM yuacTkoM (Oy,) nesoit soust. [ockoabky st Y4acTKH MepeKphi-
BaiotcA ¢ npomoropamu Py u Py, npucoennnenne penpeccopa MHaKTH-
BHPYET NPOMOTOpHI.

B pesynbrate npekpawmennus TPAHCKPHUNIHK C mpoMoTopa Pp ne
CHUTHLIBAETCS, B YACTHOCTH, TeH cll. OtcyTeTBue e 6enka ClI JOJKHO
HHAKTHBHPOBATb NPOMOTOP Ppp W mpekpatuth Tem cambim JdanbHef-
WY TPaHCKPUNUHIO reHa cl. pomorop Pre IefictBuTebHO yrHeTa-
€TC4, a TPAHCKPUNUHUS Tena cl B JIH3oreHHON KJeTKe TeM He MeHee npo-
MO/KAETCA, HO YXe C APYroro, HoBOro npoMotopa Pgpy (puc. 153 u
155), akTuBanus KOTOPOTr0 — OZHO W3 cJaefCTBHil NPHCOEIHHEHHA pe-
npeccopa CI x npasoit onepaTopHo#t 3oxe. HoBpiii MPOMOTOP (hYHKIUHO-
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Prc. 155, Cxema npaBoit onepatopHofi 30HH (ara A, Pacno/IoKeHHOMH
MeXAy reHaMH ¢l H cro

CHH3Y NPHBEIEHO OTHOCHTENBHOE CPOACTBO pernipeccopos CI u Cro K TpeM onepa-
TOpHEM yuacTkaM (Op,, ORa # OR3); cBepXy — pacfionokenHe NpoMOTOPOB

Priu PRM' 4 TaKXKe HanpaBJieHHe TPaHCKPHNUHH

HHDYET, Koraa penpeccop sanumaer yd4actkd Op; # Og,, 2 yuacTok
Ogi ocraerca ceoSonubiM. AKTHBHPOBaHHe NpoMOTOpa B 3TOM CJyuae
aHAJOTHYHO aKTHBHPOBAHUIO NpPOMOTOpa Ppr B pesysbrare npucoenu-
nenus Geaxa ClI k darosoit THK. Pasymeercst, B 06oux 3THX cayyasnx
npucoeintenne Geaka k JHK — 310 ycnosue, neoGxonumoe als co-
31aHHs MPOMOTOpa, HO He JoctaTodHoe. HeoGxogmma Takxke onpeje-
Jennan nepsudnas crpykrypa JIHK no cocenctsy ¢ mectom, k kotopomy
npucoerHHeH GesoK.

Ilocte akTuBauum npomotopa Ppm TpaHCKpunuus rena cl aBToMa-
THYECKH TIOLIEPXKHBACTCS Ha MOCTOSTHHOM YPOBHE: TNPH H3GHITOYHOM
Haxonnenny Geaka Cl on npucoenuHsieTcs K yyacTKy Oga, 4TO nenaer
HEBO3MOXHOH JanbHeHluyl TPaHCKPHIIMIO C npomoropa Ppy; akTuB-
HOCTb STOTO NPOMOTOPA BOCCTAHABJIMBAETCH, KaK TOIbKO KOHUEHTPAIHSA
penpeccopa CHHXaercst 10 yPOBHS, IPH KOTOPOM €ro XBaTaeT TONbKO
Al npucoeaHHeHus K yuactkaM Og,; u Og,. Takoli cnoco6 peryasiun
AKTHBHOCTH 'eHa NIPH MOMOMIK NPOAYKTA ITOTO XKe TeHa Ha3biBaloT aymo-
2eHHOLU pezynsyued.

PenpeccupoBannoe cocTosinne npodara MoKer NOA/lePXKUBATLCS
HEONpee/eHHO JOATO NPH Pa3MHOMEHHH JH30TeHHBIX KJeTok. OfHako
TIpH HEKOTOPBIX YCJIOBHAX (Hanpumep, NMPH akTHBAIMH KJeTounoit SOS-
CHcTeMbl; cM. ¢. 79) penpeccop paspyluaerca (WM HHAKTHBHpYeTCH)
H TOr1a NPOHCXOIAT undykyus npodara. B pesynbraTe WHaKTHBALMH
penpeccopa CI B0306HOB/IAETCA TPAHCKPHILHS C npoMotopos Pp u P
H cuntesupyiores MPHK aas 6Geaxos Cro u N. Beiok N okasbiBaer
YXe H3BECTHOe HAM aHTHTEDMHHHpYOLee JelcTBHe, a Ge.loK Cro obec-
TIEYHBAET MepeK/IoYeHHe TPAHCKPUIUMH HA HOBBIE Pe/bCbi — Ha MyTh
NpogyktuBHOH undekunu. Beaok Cro, nogobuo Geaxy CI,— penpec-
Cop, B3auMogpeiicTByrowmil ¢ npasoii (Og) u nesoit (Op) OTepaTopHLIMH
3onamn IHK dara A. Ho cpoactso Gexa Cro k pasHbim OTepaTOPHEIM
ydacTtkaMm uHoe, yem y Geaxa Cl. B wactaoctn, B npapoii onepaTopHOH
3oHe Geaok Cro umeeT HanGoiblliee CPOACTBO K YUaCTKY Og: (puc. 155).
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IMpucoennnenne 6Genka Cro k Og, NpeioTBpallaeT BO3MOKHOCTD JeBO-

HanpaB/IeHHOA TPAaHCKPHUILMH reHa cl; Npu 3ToM NpaBoHanpabIeHHas
TPaHCKpHNLUKUA ¢ npovoTopa Py paspelnena (Xots u ona 6yaer ocsabe-
BaTb 110 Mepe yBeJHYeHnsl KoHueHTpauuuu 6e1ka Cro u npucoeinHenus
a1oro Geaka k yuactkam Og, u Og,); NPOLOMKaeTCA U JIeBOHANPABJIeH-
Hasl TPaHCKPHNUHA ¢ npoMoTopa Py. .

Cpenn Geskos, o6pasylomuxcs Ha 3TOi CTalvH, BaXHYIO pery.is-
TOPHYIO PO/b HFPaeT NPOAYKT rena Q. berox Q — 310 anTUTepMHUHaTOp,
ofecrednBatoud 3PEKTHBHYIO TPAHCKPHILUIO MO3IHHX (ATOBBIX re-
HOB ¢ nipoMotopa Pg. (cM. puc. 153). Kaxk yxe ynoMunasoch, KJ1eTodHas
PHK-nonnMepasa ysHaeT 310oT mpoMoTop, HO B OTCYyTCTBHE 6edKa Q
NPOKCXOAUT JHIIb aBOpTHBHAS TPAHCKPUMUMA — JBa O-HE3ABUCHMBIX
MOWHBIX TepMuHaTOpa (aTTEHIATOPA), pacrlojoXKeHHble BGIH3H OT
npoMortopa Pg., He OCTaB/SIOT BOBMOKHOCTH 118 06Pa30BaHHs NMOTHO-
uexsoro tpanckpunra. Benok Q momoraer PHK-noanvepase npeoio-
JeTb 3TH (M TOJAbKO 3TH) TepMUHATOPH. ClenudHYIHOCTb AHTHTEPMHHH-
pylouwero aeficteus Geika Q 3ajaetcs MOC1e10BaTe bHOCTbIO gut, .I0-
Kamu30BaHHON Mex1y Pg. u Tepmunatopamu (mogo6Ho ToMmy, Kak mo-
CJIe0BATeNBHOCTD nuf 3a1aeT CHeUH(pUYHOCTb AHTHUTEPMHHHPVIOUEro
neiicteus 6eaxa N). C npovortopa Py, TpanckpuGupyiores nosduue
TeHbl, B KOTOPBIX 3aKOAUpOBaHbl 6es1KH, HEOGXOo1KMble 1155 GOPMHPOBa -
Husi paropoit yactyubl. Ha puc. 153 60.1bMIHHCTBO MO3AHUX reHOB (A—J)
pacrosiararorea Ha apyroM KoHue Moueky.bl. Cilexyer, 01HAKO, mMoM-
HHTb, YTO HA MO3JHHX CTAIHAX HHOEKUHH TPAHCKPUMUHS TPOHCXOIHT
Ha KOHKaTeMepPHBIX W KO.1blE€BbIX MATPHUAX — HMEHHO MO3TOMY MO031-
HHe reHbl CYUTBIBAIOTCA C npoMoTopa Pg..

B. TpascKpHnuus resoMa ¢ara T4

ITo xo1y nubekunn darom T4 MPOUCXOIUT BK.IIOUEHHE H BbIK.TIOYEHHE
BHUDYCHBIX TeHOB, KaK 3TO GbL10 BbISICHEHO B MUOHEPCKHX paboTax
P. B. Xecuna u ero corpyasukos. COOTBETCTBEHHO Pa3.THUAIOT LCMUA-
HO-DaRrHUe, 0MCpotenno-parrue (CPeHHE) U NO30HUe TeHbl H TaKde e
npoMotopbl. CTPYKTypa HCTHHHO-PaHHMX MPOMOTOPOB thara 6.uska K
TaKOBOH KaHOHHYECKHX NPOMOTOPOB K.IETKH-X03AHHA. IJTO HeyAHBH-
TeJIbHO, TaK KaK HMEHHO MCTHHHO-PaHHHe MPOMOTOPHI V3HAKOTCHA K.e-
TouHoit PHK-noivepasoit cpasy e nocie nonaiauus darosoii JHK
B kJeTKy. OTcpoyeHHo-paHHKEe NMpoMoTopbl dara T4 uMeloT 3aMeTHBIE
OT.THYHS B 06.1aCTH «—35». AKTHBALMS STOH [PVIIIE! TPOMOTOPOB Uepes
HEKOTOPOe BpeMsl MOC1e Hayala HHEeKLUHH 10CTUraeTcs, MO-BHIHMOMY,
NpH MOMOUIK MeXdaHu3Ma, CXOIHOrO C TeM, KOTOPHIil HCIOIb3yeTcs 115
aKTHBalUHU 1poMoTopoB Pre u Py Geakom ClI ¢ara *: k cootBeteTByI0-
Lu\xin yuactkav ¢arosoit IHK npucoeinnsiercs cuavana darocnemndn-
YECKHui 6e.10K W11 G6eKH (IPOIYKTH MeHa HJIH TeHOB /mot), a 3aTeM yxe
PHK-noanvepasa. Hekoropsie ortcpouenno-pastie rensr qara T4
CHYHTBLIBAIOTCA HE TOJIbKO CO «CBOMX» NPOMOTOPOB, HO TAKXKE H C [POMO-
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Puc. 156. Cxema TpaHCKpHNLHH paHHHX TIeHOB
dara T4

[Mctunno-panune rensl (@) CYUMTBIBAIOTCS TOJBKO CO €CBOHX»
npomotopok (Pje), @ oTcpodeHHo-paHHHe (6) — MHuGo co «cBokX#

npoMoropos (Pye), KGO NMpH HANMYMH AHTUTEDMHHHPYIOWHX

$akToOpoB — ¢ NpPOMOTOpPOB HCTHHHO-DAHHHX TrenoBl: t, n
1y — TEePMHHATOpH

TOPOB HCTHHHO-PAHHHX FEHOB, PAcNOJIOKeHHBIX N0 coceacTy (puc. 156).
DTO  CTAHOBHTCH BO3MOXHBIM, [OCKOJABKY  BHpYC-CIeLu(pHYeCKui
aHTHTepMUHHMpyIoWHi dakTop mosso.1aer PHK-nonuMepase npeopoae-
BaTb TEPMMHATOPBI, pa3ie.lsroulde COCEJHHe T'eHBl; MPH 3TOM ecTecT-
BeHHO ofpasytorca noauudcTponusle MPHK, koanpyiomue kak ucrus-
HO-PaHHHe, TaK H OTCPOYEHHO-DAHHHE GEJKH.

Cuerema pery.asiunu Tpanckpunuuu dara T4 BKJouaeT Takke 3.e-
MEHTbI, KOTOpbie euie He ObliM onucaHel. B nepByio ouepenb caenyer
Ha3BaTh KOBa.leHTHbIE H HeKOBa/leHTHble Moaudukaunn PHK-nonrumepa-
3bl, a Takxe Heo0X01uMOCTb cHHTe3a BupycHoil JHK ans BraoueHus
MO3JHHX TeHOB.

[poayktsl HekotopelX ¢aroBeix reHoB (alt u mod) cnoco6eTBYIOT
BBejgenuo ADP-pu6o3nabHbIX ocTaTKoB B ot-cy6neaunuubl PHK-momu-
Mepasbl. Pu3noioruyeckoe 3HayeHHe TAKOH MOAMDHKAUMM B TOYHOCTH
He BblsicHeHO. Ha mosiHux crazuax uHbekunu HabawogaeTcs U3MEHeHHe
TOIUMENTHIHOTO COCTaBa OuMlUeHHbIX npernapatoB PHK-mosnnmepassr:
HcyesaeT o-cyObeanHHLA (MM ee coJepKaHHe Pe3KO Najaer) H MOSB-
JAI0TCA BUPYC-ClIeHHHYECKHe MOJUMeNTHIb, B YaCTHOCTH MPOLYKThI
reHoB 55 (QyHKUHOHATbHBIA aHAIOr O-CyObefuHHIb), 33, a TaKkKe
HekoTopble apyTHe. [loaaraloT, 4To UMeHHO Takas M3MeHeHHas, cojep-
Kalas Bupyc-crieunduyeckue cybbeannuusl PHK-moauvepasa cnoco6-
Ha y3HaBaTh MO31HHE MPOMOTOPLI, CTPYKTYPa KOTOPHIX OT.IHYAETCH OT
CTPYKTYDB! paHHHX MPOMOTOPOB Kak B paiioHe «—35», Tak u B paiioHe
«—10». Ho uTo6Bl y3HaBaHHe NO3IHHX MPOMOTOPOB GbL10 3DPEKTHB-
Hbiv, [ THK-Matpuua 10.1:KHa HaX01HThCS B <KOMMETEHTHOM» COCTOSTHHH.
Mouaexy.1sspHas Npupoia TaKoro COCTOSHHA He pacluuppoBaHa, HO
AICHO, YTO OHO BO3HHKaeT NpH pemnanKauuu (arosoi JHK.

Moaubnunposantnas, «no3inss», PHK-noauvepasa nepecraer y3Ha-
BaTe NpPOMOTOPBI PaHHHX TEHOB, UTO, OYEBHMIHO, CBA3aHO C \VTepeil
QYHKLHOHATbHO-aKTHBHO G-CYGbeIMHHIIE («y3HAIOULEr0» KOMIOHEHTA
X03stICKOro (epMenTa). ‘
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Henb3ss He ynoMsiHyTb, YTO TPAHCKPUNTHL HEKOTOPHLIX (haroBbix
reHoB (HanpuMep, THMHIHJIAT-CHHTA3bl) IOABEPTAIOTCSI CaMOCILIaACHHTY
(eM. ra. VIII, pasgen 2).

r. Tpanckpunuus resoma cdara T7

Y ¢ara T7 Bcrpedaercsi elue OAHH cnoco BpeMeHHOH peryasiluu Tpan-
CKPHILKH — oOpasoBanue ¢arocrneundpudeckoit PHK-mouvepass.
CxeMaTHUeCKH TeHOM 3TOro Bupyca MOXKHO pa3buTb Ha ABe 06JacTy:
merbliast (~20 % reHoMa) COOTBETCTBYET JIEBOMY KOHUY TeHETHUECKOH
KapThl H TpaHCKpuOupyeTcsi Ha paHHe#l craguu uHbeKuHu, a O64abllas
COJIEPKHT NO3Hue TeHbl. B Hayane paHHell 06.1acTH pacno’araiores no
COCEACTBY HECKOJNIbKO MOLIHBIX [POMOTOPOB, Y3HaBaeMHIX KJ/ETOUHOH
PHK-noaumMepasoli, a sakaHyuBaeTc 3TOT PaiffoH He MeHee MOLLHBIM
p-He3aBHCHMbIM TepMHHaTOpoM. BHyTpu paHHell 06:1acTH uMEIOTCS, 10-
TIOTHHTENbHbIE CJ1abble NPOMOTOPHI H c/1alble P-3aBHCHMEIE TEDMHHATOPSI,
KOTOpble 00eCHeYHBalOT TOHKYIO HAcTPOHKY paboTbl paHHHX T'E€HOB.
[Tocne nonananus darosoit JHK B kierky 6akrtepuaibhas PHK-
no/auMepa3a CYUThIBaeT paHHIo 06aacTb. Cpean ofpa3yloUHXes TpaH-
CKPHNTOB — THFaHTCKHE MoJekyJabl noauuuctpoHHelx MPHK, koiu-
pyioue Bce pannue Genku. 3tu MPHK MoryT GbyHKUHOHUPOBATE B Bujie
€AHHbIX MOJIeKY., HO OOBbIYHO NMOABEPraloTCcsi NOCTTPAHCKPHIILHOHHOMY
npoueccudry — pacuendasiores kiaerodHodl PHKa3zoit 111 1o monoumcr-
POHHBIX MaTpul (pacileneHue oGecrednBaeTCsl TeM, YTO MEXUHCTPOH-
Hbte yyactku 3THX MPHK cnoco6ubl dpopMupoBath 31eMeHTh ¢ BHYTPH-
MOJIEKyISpHOH BTOPUYHOH CTPYKTypo#, y3HaBaemble PHKasoit 111).
B uyucie npoayktoB paHHHX reHoB — carocneuuduyeckas PHK-
no/auMepasa, 3aKoQupoBaHHas B reHe |. DTo OTHOCHTEJIbHO MpOCTOl
thepMeHT, KoTopulfi B oTindde oT GaktepuanbHoit PHK-nonumepa3ssr
COIEPXKUT BCETO OJIHY NoJunenTuanyio uens (M,=107 000). BupycHbiii
tepMeHT y3HaeT HHOH HaGop NMPOMOTOPOB — MO3JHHE NPOMOTOPHI, KO-
TOpble HMEIOT cXojHble Mexjay cofoH, HO He MJeHTHYHble NMepBUYHBIE
cTpyKTYpbl. [lo3gHHe NMpPOMOTOPBI PachoIOMKeHbl MPEHMYLIECTBEHHO B
nosaHed ofjacTH (GaroBoro reHoma, HO BCTpedaloTcsl M B paHHeH, B
YacTHOCTH OHH NPeAlIecTBYIOT y4acTKy 0ri, ¢ KOTOPOTO HaYHHAETCSH pe-
niukanua BupycHoil JIHK. [Tosanue renbl Tpanckpubupylorcsi ¢ pas-
Holt 3pEeKTHBHOCTBIO W B onpeleseHHOH noc.leloBaTe.lbHocTH. He Bce
MeXaHH3Mbl STOH peryJflHH paclIMppPOBaHbl, HO HEKOTOpblE H3 HHX
JOCTAaTOYHO MOHATHbI. B wacTHocTH, B no3iHeit of.1acTu ectb paioHbl,
KOTOpble OpPTraHH30BaHbl CXOJHO C AKTHBHO TPAHCKPHOUPYeEMbIM palioHOM
resova HuTYaTbIX haroB (cM. c. 290): TaKue YYaCTKH MMEIOT HECKOJILKO
NPOMOTOPOB W OrPaHHYeHbl OOIIMM CU.IbHBIM TepMHHaTopoM. OTcio1a
cuuThiBaercs HaGop mo.1eky.1 MPHK pasubix pasvepoB, HO ¢ o1uHaKo-
BbiMu 3'-koHUaMH. YeMm G.1HKe reH NpuUMbIKaeT K TePMHHATOPY, TeM
yaule OH npeicras.1ed B TakoM Habope MPHK. C npyroit cropousi, ectb
yuactku JAHK, kortopble cogepkar ob1uil IPOMOTOP H HECKO.IbKO Noc.1e-
JOBATe1bHO PACloI0KEHHBIX OTHOCHTEbHO ¢1abblX TEPMHHATOPOB, KO-
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TOpbIe C HEKOTOPO#A BePOATHOCTBIO MOTYT GbITh npeopostensl PHK-nmosu-
Mepasoil. B nabope TpaHCKDHNTOB TaKHX yYacTKOB, HaoGOpOT, B 6OJb-
Lelt cTeNeHH NPeACTaB/IeHbl FeHbl, NpUMBIKalOLIHe K 061eMy TpOMOTOpPY.

Cpenu panHHX (aroBbix GeNKOB eCTb H JPYyTHe PeryJaTopbl TpaHc-
kpunuud, nomumo Hosol PHK-noaumepassi. Oco6o Baxuywo poib
Cpeiu HUX urpaeT NpojyKT $aroBoro reHa 2. 3ToT GeJIOK NPOYHO COELH-
uaercs ¢ kietounot PHK-nonumepasoii. B pesynbrate GepMeHT HHaK-
THBHpYeTCsl, H TeM CaMblM NpeKpallaeTcsi TPAHCKPHNLHA paHHed oG-
Jactd $aroBoro reHoma.

I. Tpanckpunuus resoma dara N4

OcobenHoctb (ara N4 — Hauuve Bupyc-cnenupuveckoit PHK-noan-
Mepa3bl B COCTaBe 3pe/blX BUPHOHOB. JTOT ()epMEHT — KPYIHBIH GesloK
(M, ~320 000) — npoaykT nosaxero taroporo resa. OH nonajgaer B
3apaxaeMylo kJeTky Mmecre ¢ BupycHoit JIHK u ofecneuusaer tpanc-
KPUNIHIO paHHUX reHoB. Cpeln NPOLYKTOB PAHHHX T'eHOB HMEETCs BTO-
pasi Bupyc-cneunpudeckans PHK-nonnumepasa, nocrpoeHnas u3 Tpex
OTHOCHTEJIBHO HEKDYNHBIX HEHJEHTHYHBIX MOJHMIENTHAHBIX uemell. Jta
BTopasi PHK-nosmuMepasa yanaer npomoTops cpeaHux reHos. Iloagnue
rennl ¢ara N4 TpaHckpubupyiotcs, no-suauMomy, PHK-nomumepasoit
E. coli.

Peeyrayus mpanckpunyuu
HHK-2enomo8 supycos syxapuom

OcHosa peryasiuuu TpaHckpunuuu B ciaydae JHK-copepxkamux supy-
coB 3ykapuoT Ta Xe, uto #H y JHK-conepxaumnx c¢aros,— B3auMHce
pacroJIoXKeHHe H «CHJa» IPOMOTOPOB H TepMuHaTopos. Ho B sykapuot-
HBIX CHCTEMaX BCTPEYAlOTCH HOBbIE PEryJ/ISTOPHBbIE 3JIEMEHTbI, Tpexie
Bcero 3nxancepsl (cM. ra. 1X). Kpome toro, ofpasoBanue «3pebix»
moaekya MPHK y JTHK-conepxkamux BUpPYycOB 3YKapHOT OGbIYHO CBfl-
3aHO ¢ Pa3HOOOGPA3HBIMH NMOCTTPAHCKPHILMOHHBIMH H3MeHeHUsIMH (npo-
LLeCCHHTOM) TNepBHYHBIX TPAHCKPUNTOB. IJTO OGCTOSITENBCTBO BHOCHT
BaXKHBIA BKJ4J B PEry/sALHMIO IKCIPECCHH TeHOB.

a. TpaHckpunuus resoma
obe3bsndero supyca 40 (SV40)

B renome SV40 3akonupoBaHo lectb 6enkoB. Ha panxeii crapun obpa-
3yloTca ABa OeKa, Tak Ha3biBaeMble 60abwot (T) u maawidi () anmuee-
Mo, 3aTem — nocjde Hauasna pemsukauumu BupycHoii JHK — uper
CHHTE3 IVIaBHbIM 00pasoM Tpex CTPYKTYPHbIX Geakos BapuoHa (VPI,
VP2 u VP3). OyuKuus u AHHAMHKA CHHTe3a L1ecToro 6eka — azHonpo-
meuna — u3ydeHbl HeJOCTArO4YHO. Pery suus 3Kcnpeccuu BHPYCHOTO
reHoMa OCYLIeCTB.IsieTcsl Npexie Bcero Ha ypOBHe TPaHCKPHIUHKH. Tak,
BCKOpe nocje HHQeKUHH B 3apaKeHHbIX K.1eTKaxX HauyHHaioT HaKallJjH-
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Puc. 157. Cxema o6pasosanus PaHHHX
H no3aunx MPHK SV40

[Panuue u nosguue TePBHYHBE TPAHCKPHIITH
CYHTHIBAIOTCS ¢ pas3HbIX uenedi JHK [§:]
TIDOTHBOMONOKHBIX HATIDABACHKHAX). «3penbies
UMTONNa3MaTHYecKHe MPHK 00pa3ywTes K3
TIEPBHYHLIX TPAHCKPHIITOR B pe3yJibTaTe claii-
cuural: BHYTpenHnil Kpyr — sHpycHuil JIHK-
TeHOM, BONHHCTAS AHHHS — fonu(A). 3awTpu-
XOBaHbl OTKDWITble PAMKH CUHTBIBAHHH, 3IKI-
8aroo6pa3Hble JHHHH — CerMeHThl MePBHYHBIX
TPAKCKPHIITOB, yAANseMbIX NPH CIIaHCHHIe

MH TpéHCKpHHHHH, a TaKKe BKJIIOYae

BaTbCa 1Ba Knacca paHuux MPHK,
Konupywownx T- u f-autnrens, 3a-
TeM HaGJI01aeTcs NpenvyluecTBeH-
HbIfl CHHTe3 IByX K/acCOB moaj-
Hux MPHK, komupyiowux CTPYK-
TypHble Geaku; 3t MPHK  cuy-
THIBAIOTCS ¢ ADPYTOf UemH Bupyc-
Ho#t [JHK u, CJ1e]10BaTe/1bHO, CHH-
TE3HPYIOTCS B NMPOTHBOMOJOMKHOM
HaNpaBJEHHH [0 CPaBHEHHID ¢
paunuMu MPHK (puc. 157). 3pe-
JIble LU TOM1a3MaTHYecK e MPHK —
3TO MPOAYKTBl MPOLECCHHra Nep-
BHYHBIX TPaHCKPUITOB, KOTOpble
B CBOW o4Yepeib MNpeiCTAB.IEHbI
ABYMSl KJ/IaCCaMH: PaHHHM M [103/-
HHM. PaccMOTpuM cHavagda, Kak
peryaupyercs ofpasosanue nep-
BHUHBIX TPaHCKPHUMNTOB.

CuHTe3 nepBHUHbBIX TPAHCKPHII-
ToB. HMuuuuauus cuntesa oboux
KJ/1aCCOB MEPBHYHBIX TPAHCKPUNITOR
TIPOHCXOUHT B COCEAHHX y4acTKax
reHoMa — B obJiacTy, KoTopas Ha-

CbILEHA PeTyY.1ITOPHBIMH 3J€MEHTA-
T Y4aCTOK ori pemiukauum JHK

(puc. 158). O6a kaacca TPAHCKPHIITOB He UMEIOT eIHHCTBEHHOH, CTPOro
(bHKCHpOBaHHOI cTapTOBO TOUKH; No3TOMY 5'-KOHUb Mosekys mPHEK
BHYTPH KaXI0TO K/1acca HeCKO/bKO PA3qHYATCA MO JIHHe (ocoBenno
CHIbHO TaKasi MHKPOTETEPOTEHHOCTb BbIpaXKeHa Y MO3IHHX TPaHCKDHII-
108). Tem He MeHee MoKHO CKa3aTb, 4To npoMoTop paHHuX MPHK umeer

Puc. 158. Peryastopuan o6.1acth rexova SV40

3awTpuxosaHsi TIOBTOPbI A 1IKKOM 21 1 72 1, .
BaHiist T-aHTHreHa. YKa3aHO NMOOKEHHe yHacTK

PHMCKHMIt UKDPaMH 0603HAYEHB YYaCTKH CBS3bI-

4 HadaJja penauKauKu (ori) u OIHOro M3 pery.s-
TOPHBIX CHIHA10B TPaHCKPHNukK (TATA); nokasanm TaKKe

PAHHUX reHOB Ha paHHelt (a)  mo3xHeii (6) CTafHAX HHDEKUHH 1 Ha

Hauya.lbHble yYacTKH TPaHCKPHIITOB
“a.TbHble YYaCcTKH TPAHCKpHI-

TOB MMO3AHKX reHOB (8); CTPEJIKH YKAa3WBaloT HafmpaBJieHHe TPAHCKPHIIUHH
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Tunuuabll  TATA-sgaement (oM. ra. X), PacnoJIokKeHHbIH MPUMEPHO
32 25 HYKJIEOTH0B 10 OCHOBHO# CTapTOBOH TOUKH TpaHcKpunuux. Kpo-
Me TOro, 3(xPeKTHBHOCTb paHHeHl TPaHCKPHALHH SV40 peryaupyercs
€Lle OJHUM He10CTaTOYHO OXaPAKTEPH3OBRAHHBIM NPOMOTOPHBIM SJeMeH-
TOM, KOTODbIH HAXOLMTCS BHYTPH NMOBTOPOB AduHOM 21 n. H. Kambii
H3 STHX TIOBTOPOB COAEPAKHUT MO 1Ba 6o.1ee KopoTkux (6 1. H.) noBTOpa,
nocrpoenHbiX 13 G-C-nap. 3ru GC-6oraTsie MOCJe0BaTeNbHOCTH, I10-
BHIHMOMY, B32HMOLEHCTBYIOT € KJETOYHbIM GelKoM — peryasitopoM
TpaHcKpunUuun. Hapylenne BsaumoneiicTBus npuBOguT K 3HAUHTeNB-
HoMy ocaafienuio cunTesa panHux MPHK. Hakoueu, oueHb BaKHbIM
Pery1ATOpOM paHHeil TPAHCKPUMLHK sIBASETCS 3HXaHcep, J0KATH3YI0-
IHACT BHYTPU NMOBTOPA, HMEIOWEro IAHHY 72 M. H. Suxancep SV 40
TpOABIAET BCe OCHOBHbIE CBOHCTBA, XapaKTepHsle [JIsl TAKOTO poja pe-
TY.IATOPHEIX 3/1EMEHTOB, M €r0 aKTHBHOCTb TaKikKe 3aBHCHT OT B33aHMO-
JeHCTBHS ¢ KIETOYHLIMU PeryATOPHBIMH GeaKaMH.

Bce 3TH pery/siToprble 3/eMeHTH NO3BOJISIOT X03SHCKOL PHK-no-
Jumepase I ocymecTBUTb pdeKTUBHYIO TpaHCKpPUILMIO PaHHHX reHOB
Bcxkope nociie nonaganusa JJHK storo supyca B kaetounoe sapo. B pe-
3y.1bTaTe NpOLECCHHTa PaHHUX TPaHCKPUATOB (M. c. 302) ofpasyroTes
MPHK 121 paHHHX 6esKOB, a 3aTeM H caMi 3T GelKy. OauH U3 HUX —
T-auTHTeH — UIpaeT UeHTPabHYI0 POJb B MoCedyHOLeH nepecTpoiike
TPAHCKPHIILHY BHPYCHOrO reHoma. OH Bbi3biBaeT psin 3¢xpeKTOB. Bo-
TIepBbIX, B3aHMOJEACTBYeT ¢ yyacTKaMmu Bupycholt JHK, cBsassiBaromu-
MH T-aHTuren (CHAbHee Bcero ¢ yyacTkoM I u ciaBee Beero ¢ Y4acTKoM
ITI; cm. puc. 158). B pesyasrate yrueraercs TPAHCKPHIIIHUS paHHHX
TEHOB, B TOM YHC/€ H TeHa, Kopupyioero T-auTured. Takum o6pasoM,
T-aHTHTeH OposiBJsieT 37ech CBOHCTBa penpeccopa, CHHTe3 KOTOpOro
TMOX4UHACTCS TPAHCKPHUITLHOHHON ayTOTeHHOW peryasiuu. Bupouew,
TPAHCKPHNLMA DAHHHX TEHOB Ha MNO3JHeH CTajMW NpeKpaliaeTcs He
notHocThio. OHA NMPONOMKARTCH, XOTH M CO 3HAUMTEJbHO MeH bluekl xb-
(eKTHBHOCTBIO, HO TPH 3TOM CTApTOBasl TOYKA TPAHCKPHIILHH 3aMETHO
cMeluaercs, Tak uto TATA-a/emenT okasbiBaetcst Tenepsb BHYTpPH TpaHc-
Kpubnpyemo# nocrenoBarensHoctu (puc. 158). Mexanusm, obecreuysaio-
UK «[O3HIOK» TPAHCKPHMLKIO paHHell 06.14aCTH C HOBOH CTapTOBOH
TOYKH, He pacliudpoBaH.

Bropoii sdpext T-auTurena sak.liouaercsi B ToM, YTO OH 3anyckKaet
PEILTIKALHIO BHPYCHOTO TeHOMA H TeM CaMbIM Pe3KO yBeJHUHBAET YHCA0
MaTpHiL («103y TeHa»), ¢ KOTOPbIX MNPOHCXOINT cuuThiBanie MPHK.
BoawoxHo, uTo yBeIndenue umcaa vodeky. BupycHoit ITHK B kaer-
K€ — 01Ha H3 BaXHBIX NPHYHH CTHMY.IAUMH TPAHCKPHIUHH NO3IHHX
TenoB. [le10 B ToM, YTO Ha panHell CTAIHM CYMTBIBAHHE STHX TeHOB vTHe-
TEHO B pe3y.1bTaTe NPHCOEINHEHHST 0COOOr0 K.JIeTOUHOro 6eka K MoBTO-
py a1mHoit 21 n. u. KoanuecTBo 3tOro GeqKa-nHrubHTOPa B K.I€TKe
Bechya orpaHudero. [losromy nocie navata penmamkaiun BHPVCHOTO
TeHoMa 3TOT 6e.10K OKa3biBaeTcsi B JeHIHTE i 3HAUMTEIbHAS 0.5 MO-
Jeky.1 BipycHoli THK octaetcst cBoGoaHoit ot itHribuTopa.

Haxoneu, T-auturen, Bepositno, uniyunpyer oGpasoBaHiie K.IeToy-
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Horo Gefka, o6Jajaiollero crnocoGHOCTbIO, HaoGopoT, cneuuduuecKy
CTHMYJ/IHDOBATb MO3JHIO TPAHCKPHIILHIO.

Tlepeunciennble addeKTbl CKOpee BCEro He HCUEPNLIBAIOT MHOTO0G-
pasust peryJsiTopHbiX BosaeficTeuil T-aHTHIeHa HA TPAHCKPHIIMIO TEHO-
mMa SV40.

He Hck/oueHo, 4TO B PeryJsindH 3KCIPECCHH MO3IHMX TFeHoB SV40
NPHHAMAET YYacTHE H aTTeHyauus TpaHckpunuuyd. PHK-nonumepasa 11
H Ha paHHell CTaJ{HMH C HeKOTOPOH 3(beKTHBHOCTBIO Y3HaeT MO3AHHIL
MIPOMOTOP, OIHAKO 3HAYHTEIbHAS YaCTb 0OPA3YIOWUXCA NPK 3TOM TPaH-
CKpUINTOB 00pbIBaeTCA (TePMHHHUpYeTCs) Mmocie CYUTBIBaHUA ~90 HyK-
JeotuaoB. [losaraior, yto B 3TOM OG/NAaCTH HUMEETCH TEPMHHUPYIOULUI
CUrHaJj, PHEeKTHBHOCTb KOTOPOrO Pery/aupyercst GajJaHCOM TepMHUHU-
PYIOILMX H AHTHTEPMHHHPYIOUHX (AKTOPOB, B YHCIO KOTOPHIX MOTYT
BXOIHTb H BHpYC-crienHdHUecKHe OenKH.

MpoueccHHr nepeMuHbLIX TPaHCKPUNTOB. IIpOLECCHHT TEPBHYHBIX
TpaHCKpuNToB SV40 BKIIOUAeT Te JKe peaKiluH, 4TO U MPOLECCHHT 60/b-
muHcTea agepubix npe-MPHK sykapuot: k3nuposanue 5 -KoHua, nosu-
alleHHaHpoBanne 3'-KoHua M cmiaficudr. Bce stn peakumu B cayuae
SV40 ocyuiecTBASIOTCA KJETOYHBIMH (pepMEHTAMHM M MPH TOMOILIH Tex
XKe MeXaHH3MOB, KOTOpble peasiH3ylOTCsi B He3apaXKeHHOH KJeTKe.
OcraHoBHMCH 31eCh JIHIIb Ha CMTafiCHHTe, TOUHee, HA €ro 3HAUEHHH AU
obpasoBanus HHAMBHAYaabHbiX MPHK B cBfA3U ¢ 0cOGeHHOCTSIMH opra-
HH3aUHH KOLMPYIOUIMX MOC/ef0BaTeJbHOCTEH B BHPYCHOM [EHOME.

MPHK mis T-aHTHreHa u f-aHTuTeHa — 3TO pasHbie MOIEKYJbI, HO
06pa3yloTCsl OHH M3 OJHOTO M TOTO XKe KJacca PaHHUX TPAHCKDPHUIITOB.
O6e MPHK umeloT nieHTHuHble 5'-KOHUBI JJHHOH YyTb MeHblle 250
HYKJIEOTHIOB U HIEHTHYHBbIE 3'-KOHIIb AJMHON HECKOJbKO MeHbine 1700
HYKJeoTHIoB (puc. 157). Pasiuude uveercs JHMWb HA CTHIKE 3THX
ABYX paloHOB: npu obpasosaduu MPHK nnsa f-auturena B pesyabrare
CMJIaHCHHIA M3 NMEepPBUYHOrO TPAHCKPHNTa yhansercsi 66 HYKJIEOTHAOB,
a npu obpasoBanun MPHK ans T-anturena yuansercs 346 mykaeotu-
nos. B ofeux MPHK uHuumatopsbii KOZOH MpefiuecTByeT yuyacTKy
cniakcuHra, nostoMy N-KOHIeBble NOCIENOBATENbHOCTH 1- H I-aHTHTe-
HoB mieHtHudbl. B MPHK nas f-anturesa tepmunupyromuii Kojon
TaKXe MNpelIecTBYeT YYaCTKy CIJIafiCHHIa; HMerollafcs OTKpbITast
paMKa CYMTHIBAHUS PaspellaeT TPAHCIALHIO OTHOCHTENbHO KOPOTKOTO
nosaunentuia. [1pu obpaszosanun MPHK mis T-anturena stor Tepmunu-
pylomuil KOIOH yjaJsieTcsi B pe3yJbTaTe CIIAfiCMHIa; BO3HUKaeT Gosee
NpoTAKEHHasl OTKPLITa#s paMKa CUMTHIBAHHA, U B cOCTaB T-aHTureHa
BXOAHUT YK€ [PHMEPHO B UeThipe pa3a OoJiblle aMHHOKHEJIOTHBIX
OCTaTKOB.

CnnalicHHT MO3IHUX TPAHCKPHIITOB TaKXKe [deT HayaJo ABYM Ipyn
nam no3auux MPHK, oana us kotopeix (19S) npu tpancasniu obpasyer
noaunentuiel VP2 u VP3, a apyras (16S) — VPl u arsonpoteuH
(puc. 157). Itu ase rpynnst MPHK pasauuatotes pasmepamu cermenta,
yAaJaseMoro H3 MNePBHYHOrO TPAHCKPHUMNTA MpH craaficHure. M xots
BHYTpH Kaxao#t rpynnsl MPHK nabaionatorcs Hekaropele BapHauuu B
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AJAMHE y1a149eMoro cerveHta, B obuiev npu obpasoBanuu 16S MPHK
OH CYIUECTBEHHO L1HHHee, yeM npy obpasoBanuu 19S vPHK. [Ipu 3tom
B 195 vPHK otcyrcrByer pafion, Koaupylolluil arHONPOTeHH, a npoTH-
JKeHHas OTKDBITas paMKa CduThiBaHHs ofecneunsaeT cuHTe3 VP2. B atolt
JKe paMke 3akolupoBaH ¥ VP3, Ho ero cunTe3 HauuHaercsi Ha Go.lee
ya1aJeHHOM OT 5'-KOHLA HHHLUHPYIOLLeM KojloHe (nostomy VP3 nienTu-
uen C-konueBoMy ¢parmenty VP2). C 1pyro#t cropousl, B 16S MPHK
cOXPaHeH reH arHONPOTEHHA, HO OTCYTCTBYIOT 00a HHHLHMATOPHBIX KO10-
da, ¢ kotopbix B 195 MPHK nauunaercs cuutoianue VP2 u VP3. Cun-
re3 VPI npu tpancasauun 16S MPHK naynnaercst na oiHoM u3 nocae-
aytomx AUG-TpUNIeToB; npu 3T0M HCMO.Ib3yeTcs Apyras, ellle Goaee
MpOTs:KeHHast OTKpbITas paMka cyuThiBaHus. Kak BuIHO u3 puc. 157,

. Haya10 rena VPI nepekpbiBaercsi ¢ Kowuom resos VP2 u VP3.

6. Tpanckpunuus resoma
a7eHOBHPYCOB

TeHoM a1eHOBUPYCOB COIEPKHUT HAMHOTO 6O.Ibllie TEHOB, YeM T[EeHOM
SVH0; perv.1suus KCnpeccHH 31ech CI0XKHee H pacliudpoBaHa He 10
KoHLa. PaccMOTpHM TO.IbKO HEKOTOpblE M3 3.1€MEHTOB 3TOH Pery.IsluM.

Tpanckpunuus BUPYCHOrO reHOoMa OCYLUECTBIsIETCH B Sl1pe K.JIeTou-
ueiMi PHK-noauvepaszavin; npu stom nojasasiomee G0.1bLIMHCTBO
reqoB TtpaHckpubupyercss PHK-monuvepasoit 1I. JTuwb 1Ba K.acca
HH3KOMO.1eK\V.1pHbIX BHpye-cneundudeckiix PHK — VAL u VAZ —
cuHTesupyiores npu novoid PHK-noauvepaswt 111 (31w PHK, no-su-
JUMOMY, MPHHHMAIOT YyacTHe B pPery.1sUHM TPAHCISAUHH BHPYCHBIX
Matpui).

[TpunATO pasze’siTb reHbl aleHOBHPYCOB Ha PAHHHE H MNO31HHE,
XOTsl TaKoe pa3ieleHHe, Kak ¥ BO MHOTHX IPVIHX BHPYCHBIX cuCTeMax,
HeCKO.1bKO VC10BHO. K paHHHM OTHOCAT reHbl, KoTopble naubo.iee -
(hEeKTHBHO TPAHCKPUOHPYVIOTCA 10 Hayala penaukauds Bupvenoil JHK.

Myieetcs Hecko.1bKO pafioOHOB, ¢ KOTOPbIX CYHTHIBAIOTCH PaHHHE
MPHK, 1 011 Bechbva npotsKeHHbIH pafioH, B KOTOPOM COCPEIOTOYEHbI
nosiuHue reusl (puc. 159). Kaxibli pafion KolupveT Hecko.1bko (0Ob-
HO — mHoro) pasunix MPHK. [puuuH 3TOMy HECKO.IbKO: BO-NEPBHIX,
pailoH MOKeT colep:KaTb HE OIHH NPOMOTOP, H TOr1a CHHTE3HPVeTcH
HECKO.1bKO Pa3HbIX MEePBHYHBbIX TPAHCKDPHIITOB; BO-BTOPBIX, U 3TO Go.1ee
BaKHO, a1bTEPHATHBHbI{l NOCTTPAHCKPHILHOHHBII MPOLECCHHI TPHBO-
JUT K 06pa3oBaHHio pa3HooOPa3HbIX MOJIEKY.1 H3 HIEHTHUHLIX NEPBHY-
HBIX TPaHCKDPHIITOB.

CHHTe3 nepBHYHBIX TpaHCKpHUNTOB. Bekope mocte monaitaHus BH-
pychoii IHK B KierTodHoe 511po HauHHAeTcsl TPAHCKPHNLMs palfioHa
EIA (puc. 159). ror paiioH COIEPKHT pPeEryV.IATOPHBIE 31eMEHTHI, B
vyactHoctH TATA-nocieloBateibHOCTL M 3HXAHCep, obecredlBaolLHe
adgderTHBHOE cyHThiBaHHe NpH novowH PHK-noaimepasbr 11. [Tocae
TPOLECCHHTA NePBHYHBIX TPAHCKPHNTOBR (cM. ¢. 303), BBIX01a o6pa3oBas-
wnxcss MPHK B 1uTon’asmMy u MX TPaHCISIHH TNOSIBIAETCH HECKOJIbKO
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paHHHX GesKOB. DTH GeIKH TPAHCIOPTHDYIOTCA B SIAPO H OKA3HIBAIOT
TaM CYLIECTBEHHOE BJIHAHHE Ha MOCJAEIYIOUIYIO BHPYC-CHenHpHYecKyo
TpaHCKpHnuuio. Tak, OHH pery/aupywoT 3pQeKTHBHOCTb CUHTHIBAHHA
camoro pafioHa ElA: ocHOBHOH s(eKT 3aK/MOYaeTcs B CTHMYJASAUHH
IKCIIPECCHH STOTO PaHOHa; APYTHMH CJOBAMH, 3TH PaHHHE TeHbl Kak 6bt
«roAcTerHBaloT camH cebd. OnHAKO NpH ONpeleJieHHBIX YCIOBHAX
npoaykTel pafiona E1A moryr Topmosutb co6eTBensywo pa6oty. Ilpu-
pojia 3THX CJOXKHBIX PEryJITOPHBIX B3aHMOJEHCTBHH €llle He BhIsICHEHA.
Hpyroii sddekr skcnpecchu pafioHa ElA — cTHMyJsiuHs ocTalbHBIX
paHHuX obnacteli. CKopee BCero CTHMYJIALMA OOBACHSIETCA TeM, YTO
3TH apyrue obsacti (Hanpumep, EZ2) umelor cXogHuble ¢ 3HXaHCepamu
perynaTopHble 3JIeMeHTHhl, KOTOPble /I POSIBNEHHS CBOEH aKTHBHOCTH
JO/2KHbl ObITb NpeIBapHTENBHO HHIYLHPOBaHbl. PoJib COOTBETCTBYIO-
KX HHAYKTOPOB BBINOJHAIT, MO-BHAHMMOMY, GENKH, 3aKOAHPOBAHHbIE
B paiore E1A; onHo u3 npemnonoxeHnHi 3ak/o4aeTcst B TOM, 4TO Mpo-
AyKThl reHa E1A neHcTBYIOT He HeMOCPECTBEHHO HA 3HXAHCEpP, a H3Me-
HAIOT KOHLEHTPALHIO KJCTOYHBIX PeryJasTopoB TPaHCKpHNuuH. HMetor
MECTO B3aHMOJEHCTBHS H MEXIy APYTHMH DaHHHMH OGJaCTAMH.
[Mocne nawana penyivkauud BupycHolt JHK HaGmopaercsi psix u3-
MeHEHHH B KapTHHe TpaHCKpHNUMH. Pa6ora paHHHX reHos ociabnser-
csl; OJHAKO MOJHOTO HX BbIKJIIOUEHHS He mpoHcxoaut. Hekoropeie
paHHHe TeHbl HA MO3JHHX CTAAHAX CUHTHIBAIOTCS C HHBIX NPOMOTODOB,
Hexke/lH B HauaJle HH(eKUHOHHOro UHKAa. Hanpumep, takas cMeHa npo-
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Puc. 159. Cxema TpaHCKpPHNIHH TeHoMa aleHOBIpYyca

Jupuast criToWHas AHHUA — BHPYCHBIT reHoM; nabopbi pauuux MPHK (Er'—E4) npuBeneust nol
reqoMoM, nabopbl no3gHux MPHK (L1 —L3) — Hal reHoMoM: NMoOKa3aHs TOJIbKO 3K3OHB: Tak.
Kaxnaan nosausas MPHK cozepAuT TpH (B OLHOM c/lydae — YeTbIpe) KOPOTKHX «THAEPHBIX» SKIOH S

u ons]{(u HJIH MECKOJbKO 3K30HOB B «TeJie» MOJIEKYJb; CTPedKH 0603Ma%anI. 3'-KOHLW MOJAEKYH
MPH
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MOTOPOB MPOKCXOAHT B obiactd E2, B KoTopo#i 3aakoauposan JIHK-cra-
sbiBaolHil GesoK. Peako cTHMyJsHpyercd B 3TOT MEPHOJ CUHTbIBAHHE
no3guHx reHoB. Clleqlyer OTMETHTb, YTO OCHOBHOH NMpPOMOTOP MO3XHHX
reHoB (DPAclOJOKEHHBIH HA PACCTOSHUM NPHMepHO 16 % AJIHMHBI reHo-
Ma OT «JIeBOr0» ero KOHUA) OTHOCHTeNbHO 3(peKTHBHO (PyHKLHOHHpYeT
M Ha paHHeH cranuH. [IpaBaa, B 370 BpeMs TPaHCKPHOHpYeTCsi Ha BeChb
NO3;HHMH paloH, TaK KaK B €ro cepeiHHe HaXOIMTCA TEPMHHHPYIOUIHHA
curua/j. Ha nosgsefi cragHHu, BO-TepPBBbIX, YCHJIHBAETCA TPAHCKDPHIILHSA
¢ TOTO € CaMOro MPOMOTOpa, a BO-BTOPBIX, cpabaThiBaeT aHTHTEPMHHH -
DYIOUIHE MeXaHH3M H TPaHCKPHMUHA Tenepb NPOJAOJKAETCH IOYTH
JI0 «IPaBOTo» KOHIA MoleKyasl agenosupycHoil JIHK (puc. 159). Mexa-
HH3MbI 3THX JBYX PeryJIATOPHBIX NPOLECCOB IO KOHua He pacmHdpo-
BaHBbl.

TIpoLieccHHr NepBHUHBIX TPaHCKpPHNTOB. SlnepHble MepBHYHBE TPaH-
CKPHIITH aJlCHOBHPYCHOTO T'€HOMa Ha CBOEM MYTH JO LHTOIMJIa3MarHye-
ckux 3pesbix MPHK nperepnesator psix npeppailenuit, H 60JbIIHHCTBO
3THX peaKuHH NPOUECCHHTa OABEPKEHO PEryJIALHH 110 XONY HHDEKLHH -
JIHWb «K3NMHpOBaHHe» 5'-KOHIA TPAHCKPHNTOB, KOTOPOE IMPOHCXOIHT
elle 10 3aBEPILEHHs HX CHHTE3a, OCYUIECTBJAETCA OXHHAKOBO 3(hder-
THBHO Ha PasHBIX CTaAHMAX LHMKJAa penpoayKuuH. Urto Kacaercs MoJH-
aJleHHNHPOBaHHA, TO 3Ta peaKuHs BHOCHT OUYeHb BaXKHBIA BKIaj B
SKCIPECCHIO afleHOBHPYCHOro reHoma. OcoGeHHO HArJISJHO 3TOT BKJAK
BHJEH npH obpasoBanuH no3guuXx MPHK. B nepeHuHOM TpaHCKpHIITE
no3jHeli 06,1aCTH BHPYCHOTO reHOMAa eCTb MATb YUYaCTKOB, HECYHIHX
CHTHANbl MOJHAJAEHMIHpOBaHHs (rekcanykaeotHn AAUAAA u japyrue
snemeHThl). [ToNHaleHHIHPOBAHHE MOXKET MPOH30HTH B JIOOOM H3 3THX
yuacTKoB. COOTBETCTBEHHO CYLIECTBYET NsTh K/IAccOB BHpYC-crienupH-
yeckux PHK: L1—L5 (puc. 159); u3 ganHoro nepBH4HOro TPAHCKPHIITA
MoxKeT 06pazoBaTbecs TOJbKO ofHa Moneky.n1a MPHK, npunaniexamas
K OQHOMY H3 3THX NATH KaaccoB. Or Bbi6opa TOro HIH HHOTO y4acTKa
NOMHAJeHUIMPOBAHHS 3aBHCHT OTHOCHTeNbHass KoHuenrtpauus MPHK
onpejeneHHoro kaacca. O6pasyollHicA Ha paHHeH CTajHHM YKOpOUYeH-
HBII TTePBHYHBIA TPAHCKPHMNT No3aHeH 06/1aCTH COAEPAKHT TPH YyyacTKa
MoJiHaJleHHIHPOBAHHUS, IPHYEM Ha 3Tof cTafHH HHPEKLHH NPeHMyniecT-
BEHHO HCIOJNb3Yercsi caMblii NMepBBIA H3 HUX (T. €. pacnonoXKeHHbIA
GauKe K 5'-KOHIY); B pe3yJsibTaTe reHepHpPYeTCA OTHOCHTEJNbHO MHOTO
Mosekysn MPHK kiacca L. Ognako Ha nosaueii craiu MoJieKyJ Kjac-
ca L1 ofpasyercs MeHbiue, ueM, HanpHMep, MOJIEKyJa Kiaacca L2.

[ToaaBasitomiee GONBIIHHCTBO K3MHPOBAHHBIX H I0JHAJCHHJIHPOBAH-
HBHIX TPAHCKPHITOB 4JEHOBHPYCHOTO TEHOMAa rojBepraercs cCrJjaiCcHH-
Ty; 3TOT Ipollecc MPOUCXOAUT B siipe H OCYLIECTBJIAETCA B OCHOBHOM
(eciH He MCKMIOYHTENbHO) MPH MOMOILH KJETOUHBIX MeXaHu3MoB. Kak
NpaBHO, CHNJAHCHHT TPAHCKPHNTOB JAHHOTO KJAacca MOXET HIATH He-
CKOJIBKHMH NMYTAMH, T. €. B 3pesioil Monekyae MPHK MoryT orcyTcTBO~
BaTh pa3Hble YYaCTKH MePBHYHOrO TpaHckpHunrta. Harmsueni mpuMep
TAKOTO aJibTePHATHBHOTO CIJIAfICHHTA JaeT ONnATh NPOLECCHHE MO3IHHX
TPaHCKPHNTOB (pHC. 159).
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Bce MHOTOYHCTEHHBIE BHIHI 3PesIbiX MOJMEKYJ MO3JAHHX aJeHOBHPYC-
upix MPHK cojepxaT Tak Ha3biBaeMyio JIHIEPHYIO ofracTb, KoTopas
COCTOHT M3 TpeX, a HHOTJa M3 YeTHpeX BeCbMa KOPOTKHX HYKJEOTHA-
HBIX MOCJIE10BaTEeIbHOCTEH, NMPOUCXOIAMIHX H3 OTIANEHHBIX IpPYT OT
JPYTa Y4acTKOB 5'-KOHLEBOTO CErMEHTa M103.1HHX NMePBHUHBIX TPAHCKPHUII-
ToB. O6GLIUHO 3Ta 06.1acTb B GEJI0K HE TPAHCIHPYETCS; HCK/IIOYEHHE CO-
CTaB/sieT JHLIb OTHOCHTEIbHO PEIKO BCTPEYAIOLIHHCS YETHIpEXKOMMO-
HEHTHBI JIHIep, BKIOYAOLLHIl mocleloBaTeabHocTs i Koxupylolne
PaiioHBl pacTogoxKeHs! 1a1ee K 3'-kKoHuy — B «Teqe» MPHK. B pasbix
monekynax MPHK, o6pasoBaBiunXcs u3 TPaHCKPHNTOB JaHHOTO K.1acca
(sanpumep, L1), 310 «1e.10» HMeeT pa3Hyio ATHHY, NPHUEM, KaK NpaBH-
70, «aMIYTHPYIOTCS» 5 -KOHIEBble M0C1e10BATEILHOCTH «Te1d». TaKoil
croco6 Tenepaunyu Mosexy:l MPHK npeicrasasercss GHOTOrHYeCKH
BecbMa Llelecoofpa3HbM, €CTH YYecTb, YTO B K.I€TKaxX 3YKapHOT TpPaH-
cnsiua MPHK HauuHaeTcs NMpeHMYILECTBEHHO C TepBoro oT 5'-KOHUa
AUG-tpunnera. [TosToMy B pasHEIX MOJEKYJ1aX BHDYC-CIELH(PHYECKHX
MPHK nanHOrO KJacca poib HHHUHHPYOLLIEro KOI0HA BBITOTHAOT pas-
sple AUG-TpHI/eTH, YacTO HaXOIALIHECH B PasHbIX paMKaX CUHTbIBA-
uns. TeM cavblM OGECeUHBAETC BHIPAKEHHE KOMNAKTHO 3alHCAHHON
reHeTHUECKOM HHpopMalii. OTMeTHM, UTO MPH albTepPHATHBHOM CILTaii-
CHHTe FOBOPHThL 06 MHTPOHAX H 3K30HaX MOXKHO TO.IBKO NMPHMEHHTEIbHO
K nauHoii apesoil ¢opve MPHK.

BaHo, uTo no Xoi1y HHpeKuuH 3bDeKTHBHOCTb TOTO H.JIH HHOTO
BapHAHTA CJAfCHHIA MO/KET H3MEHSTBCH.

KoHUEHTpalHsl pa3HbIX MOJEKY. BHPYC-CrelHpHYecKHX vPHK B
1HTOM/A3Me pery.IHpyercs ellle Ha JBYX yPOBHAX. Bo-mepsbiX, mpH
TpaHCnopTe W3 s1pa B LHTONMJIA3MYy. ¥Yike [OBOPHIOCH, YTO HA PAHHHX
cTaausAX o0pa3yercss OTHOCHTETbHO Malo TPAHCKPHITOB K.JaccoB L2
u L3 (o cpaBHeHHIO ¢ TpaHCKpUNTaMH Kiaacca L1), HO Bee Ke OHH obpa-
ayiorest. OaHako B umTonaasvy coorsercrsyiowie MPHK nours e
TPaHCTIOPTHPYIOTCA, XOTS Ha MO3IHHX CTAHAX creun(HyeckiX npodiev
¢ BrixozoM u3 aipa MPHK kaaccos L2 1 L3 #e na6modaercsi. Bo-BTo-
PHIX, CTAGHALHOCTh PA3HBEIX BHPYC-CrIeLHPHYECKHX MPHK B uxton:asze
Pa3HUHA U MOXKeT H3MeHATbCA BO BpeMeHH. O MexaHH3MaX peryJisaluu
Ha 3THX JBYX YPOBHSX NPaKTHYECKH HHYErO He H3BECTHO.

B. TpaHCKpHNUHA TeHOMa
BHpYCa OCHOBaKLHHBI

JIHK BHpyca OCMOBaKUHHb — OIHH H3 CaMbIX KDYIHBIX BHPYCHBIX
TEHOMOB — COIePKHT moytk 200 T. 1. H. H KoIupyeT 6o.1ee cOTHH 6el-
KOB, CHHTE3 KOTOPBIX pery.1Hpyercsi Bo BpevMeHH. BaxHeliwasn ocoGeH-
HOCT» TDPAHCKPHILLHOHHOM CHCTeMbl 3TOTO BHPYCa — €e JI0KaTH3aund
B HUTOMIa3Me 3apaKeHHOi KIeTkH. [103TOMYy TPaHCKPHILHOHHBIN ar-
mapar KJeTKH, cojep:alliiics B sIpe, MaloloCTyNeH 114 BHpYcCa,
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KOTOPHIf JOMKEH caM ce6s ofecredHBaTh HEOGXOIHMBIMH tepMeHTaMH
¥ dakTopamn. Bee onH (wam mo Kpaiineit Mepe GoJbliast X 4acTh) 3a-
KOJIMpOBaHEl B BHPYCHOM TeHoMe; GoJiee TOro, OHH HAaXOAATCs B Cepl-
eBHHe BHPYCHO YAacTHIIEI H BMecTe C HeH [OMNAjAl0T B 3apaxaeMyio

"KJIeTKy . DTO H [OHSITHO: HHaye Heb3s Gbl0 GBI HayaTh TPAHCKPHIILHIO

BHPYCHOTO T'€HOMa.

Cep/lueBHHA COJEPXKHT, B YACTHOCTH, MHOTHE JECATKH MOJIEKYJ BH-
pyc-cnenuduyeckoit JHK-3aBucumoit PHK-nommmepassi. Arot Kpyn-
HHH MHOTOKOMIIOHEHTHHIH (epMeHT paclo3HaeT MPOMOTOPH paHHHX
reHoB. TIpoMoTopbl cHIbHO oforaulersl A-T-napami H yjanenst ot cTap-
TOBOI TOUKH TPAHCKPHOIHMH mpuMepHo Ha 30 m. H.; kaetoudbie PHK-
NOJIMMepaskl 3TH NIPOMOTOPH He «y3HaOT». PeryJsTopHble 3JeMeHTH
THIIA 3HXAHCEPOB B T€HOME BHPYCa OCIOBAaKLHHB He OMHCAHEL.

PanHMe TeHbl BHpPYCa OCNOBaKUHHB OGHIYHO DACIOJIOKEHB rpynmna-
MH; CUHTHIBAEMble C HHX TPAHCKPHITH HHOTAA [epeKkphiBaloTcs. X apak-
TepHA CHTYalHsi, KOTAa TPAHCKPHOTH HMEIOT HACHTHUHEIE 3'-KOHIIb H
pasauyalTcs Mo AMHHe 5'-KOHLEeBOH [0C/e]0BaTeIbHOCTH. OueBHIHO,
B TAKHX C/IYyd4asX HCIOAB3YIOTCSi pasHble MpoMoTopH. [Tockoabky B
KJeTKaX 3YKapHOT TPaHCIsLHMs dYalle BCcero HaYHHaeTcss ¢ MNepBOro
(or 5'-konua) AUG-tpungera, MPHK c pasHoit aaHHOK 5’'-KoHIa
MOTYT HAaNpaB/siTh CHHTE3 Pa3HEIX GeJIKOB; NPH 3TOM MOTYT HCIOJbB30-
BaThCsl KaK OAMHAKOBHE, TaK W HEeOJHHAKOBhIE OTKDHITbie PaMKH CuH-
THIBaHUs. BnpoueM, He Tak yx peaxo panHHe MPHK umeior HienTHY-
Hble 5'-KOHIB, HO Pa3NHYaloTCs 10 AHHe 3'-KOHLEBOTO CerMeHTa; B
TAaKHX CAyYasX peub, NO-BHAMMOMY, HJET O HEIOCTaTOYHO HPHEKTHB-
Hoii TepMuHaiHu TpanckpHiunH . Takne MPHK naiot HieHTHUHDIE 6enko-
Bble NPOAYKTH (H/IH N0 Kpajiinell Mepe GelKH ¢ HIEHTHUHEIMH N-koHme-
BBLIMH TOC/IEOBaTeNbHOCTAMH aMHHOKHCJIOT).

[Moc/le Hayaaa penvyIMKanHH BHPYCHOTO I€HOMa TPAHCKPHILHS MHO-
THX (XOTA M He BCeX) PAaHHHX I€HOB YTHETAeTCs] H aKTHBHPYETCS CHHTHI-
BaHHe NO3IHUX reHoB. [IpOMOTOpb! MO3IHHX H PAHHHX T€HOB PA3JHYHbI;
B YAaCTHOCTH, MepBHe Kak 6yaro Heckosbko Gennee A-T-mapamH, yeM
Bropbie. CYHTAIOT, YTO MO3JHHE [POMOTOPHl Y3HAIOTCS MOIHGMHIKPO-
BaHHO# BHpyc-crenuduueckoit PHK-monumepasoii: moaudHKauns 3a-
KJlouaeTcs B TOM, YTO B COCTaB 3Toro (epMeHTa BKJIOuYaeTcs CyGbenu-
HHna kJaerounoit PHK-nonumepaser I1.

[ToMHMO cMeHbI IPOMOTOPOB Ha MO31HeH CTalHH MeHAETCH H 3bdek-
THBHOCTb TepMuHaunu. [Tosgune MPHK B cpeaxem 3aMeTHO RIHHHES
PAHHHX H BecbMa reTepOreHHbl N0 AHHe. HacTHYHO 3T reTeporeHHOCTh
cBf3aHa € HedxPeKTHBHOH TepMHHaliHell, 4 YacTHYHO OOyCJOBJEHA
NOCTTPAHCKPHIIHOHHLIMH H3MeHeHHsAMH. Tak, K 5'-KOHIy TPaHCKpHI-
Ta JAHHOTO IMO3JHEr0 FeHa MOTYT GHITb MPHCOEJHHEHbl HYKJICOTHAHbBIE
nocaeoBaTedbHocTH [B ToM uHciae W noau(A)l, mpoucxopsume H3
TPAHCKPHITOB APYTHX (B TOM YHC/E H BECbMa Ja/eKo pacnosoKeHHbIX)
reHoB. MeXaHH3M 3TOH peaKIHH, HANOMHHAILEH TPaHC-CITAHCHHT
(cm. . VIII), neussecreH.

KpoMe Toro, MOCTTPAHCKPHIUHOHHAS MOAH(HKALHA BHPYC-CHe-
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¢uuecknx PHK BrOuaeT W y:Ke M3BeCTHbIE PEAKUHH — K3MHPOBAHHE
5'-KOHUOB M Mo/MHaZeHHIHPoBaHHE 3'-KOHLOB.

[TocTTpaHCKPHNIUHOHHBII MPOLECCHHT OCYIIeCTBJseTCs (PepMEeHTaMH,
33aKOAHPOBAHHBIMH B BHDYCHOM T'EHOME.

L N 3

Tlpu cpaBHeHuH crocoGos peryasuuu Tpanckpunuud y JIHK-cozepxa-
mHx GaktepHodaros d BUPYCOB 5YKapHOT BHAHO MHOTO OOLIEro: H TaM,
¥ TYT peryJsiiis OCHOBaHa Ha H3MEHEHHH CHJIBl CHTHAJIOB, O0eCIeuu-
BalOWMX Hayalo H OKOHYaHHE CYHTBIBAHHS [aHHOTO TPAHCKPHITA.
U rtam, u TYT TPaHCKDHIUHOHHBIE eIHHHIbI HepeiKO OXBaTHIBAIOT He-
CKOJIbKO reHoB. OIHAKO eC/IH y BHPYCOB ITPOKAapHOT 0GP a3ylolHecs IpH
3ToM nouuHcTpoHHble MPHK MoryT naBath mpu TpaHC/AALHH HECKOABKO
GeNIKOBBHIX MPOJAYKTOB, TO Y BHPYCOB 3VKapHOT /15 06pa3oBaHHS PasHbIX
6e/KOB TepBHYHblE TPAHCKPHITHL JO/LKHBL MOJBEPrHYThCA pa3HbM Ba-
pHaHTaM cnaaiicHura, TakuM ofpasoM, nomumuctpoHHocts MPHK B
NPOKAapPHOTHBIX CHCTEMaX H aJbTepPHATHBHBL ClAfiCHHI — B 3yKapH-
CTHBIX MOTYT BBINOJHATb CXOJHBle GHONOrHYeCKHE (yHKUHH: OHH I10-
3BOJISIIOT OOBEAHHSATD FeHbl B TPYMIIBI, TPAHCKPHGHPYeMbIe ¢ 06MIero npo-
MOTOpa H, CJ/1eJ0BaTeJbHO, HMEIOIHe OOULHI PeryIAaTOPHLIA 3JeMeHT.
B o6oux cnyuasx BO3MOKHO 0GbeIHHEHHE HE TONbKO COCEACTBYIOWHX
TEHOB, HO TaKXKe€ H MEePeKpPbIBAIILHXCA TeHOB.

[ToMHMO a/bTepHAaTHBHOTO CILIAiCHHTa BKJaJ B o6pa3oBaHHe HHJH-
BHAyanbHbiX MPHK H3 1aHHOro nepBHYHOrO TPAHCKDHNTA MOXKET BHO-
CHTb TaK:Ke M aJbTePHATHBHOe MOJMaJeHHJIHPOBaHHE, KaK 3TO 6bLIO
noka3aHo Ha npuMepe no3gHux MPHK agerosupycos. CrenoBarensHo,
€CTb OCHOBaHHS Il BaXXHOTO OGOGILEHHA: MPOUECCHHT MePBHUHBIX
TPAHCKPHIITOB Y BHPYCOB 3YKapHOT (yHKIHOHAIbHO CBSi3aH C MOHO-
LHCTPOHHOCTBIO 3yKapuoTHeix MPHK.

3. PEMIHKALUSI' TPAHCKPHITLIH A
BUPYCHbBIX TEHOMOB, BKJIIOYAIOLIASA
CHHTE3 JHK HA MATPHLUE PHK

TlepexonuM K PaccCMOTPEHHIO BUPYCHBIX CHCTEM, B KOTOPHIX LIMKJ pe-
TIIHKalUHH reHOMa CXeMaTHYeCKH MOXHO Pa3GHTh Ha /1Be IIaBHbIE peax-
wun: cunre3s PHK Ha marpuue JHK u cuntes JIHK na matprue PHK.
ITpu 3ToM B cocTaB BHPYCHOH YaCTHIbI B KaUeCTBE I€HOMa MOXKeT BXO-
autb aubo PHK (kak y perposupycos), au6o JHK (kak y BupycoB
rernarita B H MO3aHKH LBETHOI KaNyCThI).

Penauxkayua mpaHcKpunyus  2eHoMa
pemposupycos (PHK—IHK—PHK)
a. Crpykrypa reHoma

PerpoBupychl — 3T0 o6LIHPHaA TPYONA BHPYCOB, NMPeICTaBHTETH KOTO-
POt pa3iHyYalTCsl KaK No GHOJIOTHYEeCKHM CBoMCTBaM (Hanmpumep, 0o
CoCOGHOCTH BhI3bIBaTh 3.J10KadecTBeHHble oMy XOaH), TaK H Mo Mopde:1o-
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THH; HMEIOTCS W 3aMeTHBe BaAPHALHH B CTPYKTYPe MX reHoMoB. TeM He
MeHee 3TH TeHOMBl UMEIOT caenymolxe ofuide ueptel. 1. BupycHas
PHK — oaHonenoueunast MosleKyJa AIHHOH A0 JAECATH THICAY HYKJeOo-
TH0B — HMeeT NOJAsSPHOCTb TaKylo ke, Kak y MPHK, 1. e. npeacrapis-
et co60oit (+) HuTh; Mosiekyabl PHK KanupoBansl Ha 5'-KOHIE H noNuage-
HHIHpOBaHbI Ha 3'-KoHle. 2. B moaekyaax PHK ectb mpsamoit koHue-
BOil IOBTOP (r) AJIHHOH HECKOMBKO JECATKOB HYKJMEOTHIOB (Ha 3'-KOHue
TIOBTOPSIIOILASACS [OC/A€J0BaTEIbHOCTb NIPEWecTByeT NoaH(A)-TpaKry).
3. B Bupycuoit PHK 3anucada uudopManus Als CHHTe3a o KpaiiHeH
Mepe Tpex IpPYMNI BHpyc-clelHdHYeCKHX GeJIKOB: CTPYKTYPHHIX 6e/1KoB
cepaueBuHbl BHpuoHa (Gag-6enkoB), fepMeHTaTHBHBIX 6€/lKOB, MPHHH-
MaloIHX yYacTHe B OOpaTHOH TPaHCKPHIIHMH BHPYCHOrO TeHOMa H B
MHTerpauHu BHpyc-cnenuduueckoit JHK n KierouHoft xpoMocomsl
(MPOAYKTOR reHa pol), H GeJqKOB, BXOAAIWMKX B COCTAB HapYXKHOM JIHIO-
TIPOTEHAHOH 060J0UYKH BUpHOHA (Env-GesqkoB). ¥ HEKOTOPHIX DETPOBH-
PYCOB €CTb JONOJHHTeNbHbIE IeHbl; HEPEAKO HalMI0JaloTCs TaKMKe BCA-
KOTO PO/ia IepecTPOiKH reHOMa, YTo OOLIUHO BEJeT K AepeKTHOCTH BUPY-
€a, T. €. K €r0 HecrocoGHOCTH pa3MHOXKaTbCsi 6e3 BHPYCa-IIOMOIHHKA .
4. BupycHasi yacTHIia COAEPIKHUT JIBe MoJeKyJ bl reHomMHol PHK; Takum
ofpa3oM, pefKoli (ecIH He YHHKAJbHOH) OCOGEHHOCTHIO PETPOBHPYCOB
SIBJSIETCH JHMJIOHAHOCTD MX TeHOMa.

6. OGpatHast TPaHCKPUMUHSA

Tlocsie B3auMOJIEHCTBHST BUPYCHOH YacTHIB! C UYBCTBHTEIbHOH KJeTKOH
<cep/UeBHHA BHPHOHA OCBOGOXIAETCS H3 JIMMOMPOTEHJHOH OGOMOUYKH H
OKa3blBaeTcs B uuTOIIa3Me. CepAuUeBHHA COIEPXKHT NMOMHMO CTPYKTYp-
Hblx GeakoB BHpycHyio PHK u depment — o6paTHylo TpaHCKpHNTa3y
(peBeprazy). PepMeHT MNOJHPYHKUHOHANEH: OH CIOCOOEH CHHTE3HPO-
Batb JIHK, ucnoabays B kauectse matpuust au6o PHK, nu6o JHK;
KpoMe Toro, oH o6nagaer aktHeHocThto PHKasuwl H (r. e. paspymaer
uens PHK, Bxoasmyio B cocras PHK/OHK-zynaekca). O HeKoTopslx
JAPYTHX aKTHBHOCTSIX Ge/KOB NMOJHMepa3HOro KoMmmJaekca 6y IeT cKa3aHo
nmxe. [Nogo6uo Beem apyrum JHK-monnMepasaM, peBeprasa crnoco6Ha
«paGoTaTb» TOJAbKO NMPH HaMMYHH 3aTPaBKH. [IpH cuHTe3e (—)uenH no
Marpuie BupycHoi (+)PHK 3atpaBka HeoObIUHA; ee DO/Ib BbIMOJHAET
oxiHa u3 kaerounblx TPHK; 115 naHHOro BHpyca — 3TO BNOJHE oInpe-
nenendas TPHK (Hanpumep, TpumtodaHoBas, NpoJHHOBasg H T. A.).
Heno B toM, urto Ha paccrosiHuu mpuvepHo 100—200 HyKJeoTHIOB OT
5'-KoHUa (1718 KaX/J0ro BHpYca — 3TO BeIHYHHA NOCTOAHHAsA) HMeeTcs
YYacTOK, KOTOpbI KOMILJieMeHTapeH 3'-KOHUEBOH M0cJe10BaTelbHOCTH
MoaeRyabl TPHK, Henoab3yeMoil B 1aHHOM cliydae B KauecTBe 3aTPaBKH;
3TOT YYacTOK yYacTo o6o3HavaioT Kak pbs (oT aHrni. primer binding
site — ywacTok cBsi3bIBaHMS 3aTpaBKH). 3aTpaBoyHas Moaekyisa TPHK
HaXOIHTCS B BUDHOHE K TOMajaer B KJAETKY B BHIE KOMIJIEKCa C BHPH-

onnoit PHK.
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Puc, 160. Cxema o6pazoBanus JABYX HHTEBOH peTposspycuoﬁoﬁ%ai;!ﬂljﬁ crpyrrys —
; ' — noaun(A), KpecTo
_ senu PHK [ ToM unce Bonuuctas — rnoau(
;rgﬁKll(i-Z:::aHsnna]’ )L:(T;Hue anunn — uenu AHK; ocranbubie 0603HaueHn 1 CM. TEKCT

TlepBast cTagua oGpaTHOM TPAHCKPHIIHH 33Kﬂ£’ZieT§eﬂr\fe:th:;§’
- /, peBeprasa CHHTE3H 3 . ,
ucrnonb3ys TPHK 3aTpaBKYy, p cerent IR
i 5 eBOil TOCJAe0BaTeIbHOCTH BHPY
KOMTIJIEMEHTApHBIH 5’-KOHIL 1 BHpYCROT HK,
Hato HaswiBaTh (—)estrong
uc. 160). Dror cerMeHT NpH , AHK
Elpocxo.nbkgf cuntes JLHK nocie 3aBepu1er;u§|t xonngogfmgilé é(c?nelg-
- -stop»
apapnuBaercs. (—)otrong-s
MaTpHLBl BPEMEHHO OCT P
MIJleMeHTapHBIe KOHLUEBOMY
JKHT MOCJeJ0BaTeJNbHOCTH, KO : I N
TIpHMBIKAIOLEMY paioHy, KOTOPBIA Ha3blBAIOT paifioHoM ub, T. €. Y
i HOHOM.
JIbHBIM 5’ -KOHLEBBIM PaHOHO)
“ Ha mepBbiil B3IJisiA MOXKeT NOKa3aThes CTpaHHbIM, UYTO cn;ﬁgis 516135
HauMHaeTcs HejaneKko OT 5'-KORIa MaTPHUbl — peab NpH
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3YeTcs TOMbKO BecbMa KOPOTKHA npoaykr. Ha cavom nene takas Ttak-
THKa BIOJIHe noHsaTHa. Beab (—)«strong-stop» JHK cogepxur (8 cBs-
3H C HaJlHYyHeM NPAMOro KOHLEBOIO IMOBTOPA) M0CJeI0BaTe bHOCTD,
KOMIIJIeMEHTaPHYIO He TOJIbKO 5'-KOHIY, HO TaKKe H 3'-KOHUY BHPYCHOH
PHK, a kak yxe nsBectHo (cM. pasiea 1 stoii riasbl), cHatie JJHK-
KoMHuH ¢ 3'-KOHIA MaTPHLbI — BcerjJa npo6iemMa. ¥ PeTpoBHpYCOB 3Ta
npo61eMa peiaercss BecbMa OCTPOYMHO: KOMILTIeMeHT 3'-KoHLa Mar-
PHLUBI TPOU3BOJHTCA B «YN0OHOM» MeCTe, a 3aTeM [1ePEHOCHTCS Ha «CBOe»
Mecto. [TpoHeXoauT 3To cltenyiolHM 00pa3oM. 5 -KoHen BupycHoil PHK,
obpasywouwuit xyniaeke ¢ (—)strong-stop» JHK, paspyuiaercs nog
BAMsAHHeM npHcyllefi peseprase akTHaHocTH PHKassl H; B pesysbrare
(—) «strong-stop» JTHK oxa3elBaetcst B 01HOHHTEBOH dopMe H Mo3TOMY
MOXKeT B3aUMOIeHicTBOBaTh ¢ 3'-KOHLOM (C Y4YacTKOM r) ToH e cavofl
#1H Ipyroit MoJekyJssl BHpycHoit PHK (puc. 160).

Ha cnexyroueii ctaqun B KauecTBe 3aTPaBKH BBICTYNaeT yke (—)
«strong-stop» JTHK; anonranus sToit 3aTpaBKH NPHBOIUT K CHHTe3y
(—) uenn JHK, B KoTopoii, BnpoueM, MOXeT OTCYTCTBOBaTb KOMILIe-
MeHT pafioHa ru5, MOCKOMbKY COOTBETCTBYIOULHA YYacToK (4-) MaTpHusl
6b11 paspywen PHKazoin H (puc. 160).

Eule no 3aBeputeHHs 06pasoBaHHsl (—)UeNH HAYHHAETCH CHHTE3
(—)uenu JHK. B stom ciyuae 3arpaskoit cayxur dparvent (+)PHK,
obpa3oBaBiuniics B pesyabrate feficrBuss PHKaset H Ha Bupyc-cneuu-
¢uuecknit PHK/IHK-gynnekc. 3arpaBka ofpasyercs NpeHMyLIecT-
BEHHO B OMlpee/IeHHOM MeCTe, Ha PAacCTOAHHH HECKOJIbKHX COTeH HYKJI€0-
TH10B of 3'-koHua supycHoit (+)PHK. IIpu ucnons3oBaHuu B Kadect-
Be 3atpaBku 3toro ¢parmenta (+—)PHK u B xauecrBe MaTpuusl yxe
CHHTe3HpoBaHHoro cerMenta (—)uenu JJHK BosHuKaer yuacTok BHpyc-
cneunduyeckoit (+)JIHK, xoropslii HasbiBator (+-kstrong-stop» JHK.
DTOT yuacTOK COOTBETCTBYET — ONpeieleHHOMY  DaiioHy  BHPYCHOM
(++)PHK — TaK HasblzaeMoMy paioHy u3, a Takxe BKJOUYaeT Moc1e10-
BaTeJbHOCTb rud. Kpoume toro, (- )«strong-stop» JHK skmiouaer, mo-
BHIMMOMY, TaKxke MOC/el0BaTe/bHOCTb pbs, AN CHHTe3a KOTOPOH HC-
Tionb3yercs B KadecTBe MaTpuubl 3'-KoHeu Mosdekyan TPHK, nocay-
JKMBIIHHA 3aTPaBKOM mnpH cuHTe3e (—)«strong-stop» JHK (puc. 160).
<Cutyauus BecbMa HeoGblYHa — BHpyc-criendHueckas JHK o6pa-
3yercsi nyTteM KonHpoBaHHs KaerouHoll TPHK! 3arem Moseky.1a TPHK
OTIllenIgeTcsl, Tak Kak ee 3'-KoHel oKasbiaercs B cocTaBe PHK/THK-
AVIJEKCa H MO3TOMY CTaHOBHTcA MHweHbio 11 PHKasun H. TTox eii-
CTBHEM 3TOro e PepMeHTa y1a/lfI0TCs H OCTABILUHECS YYaCTKH BHPYCHOH
(+)PHK.

Ha crenylomem stane NpOHCXOIMT UHPKYJAAPH3aLHA 3a CueT B3aH-
MONEHACTBHA Mex1y pafloHoM pbs B (- )strong-stop» THK u xommie-
MEeHTapHOR ewy nocleilosatelbHocTblo B (—)uenn JHK (puc. 160).
Bosuukalowas npovexyTouras Gopma y106Ha 1719 3aBepLIEHHs CHHTe-
3a J1BY XHHTeBOH MoaekVJbl BHpYc-cneunduueckoii JHK. JefictuTen-
Ho, 3'-koHeu (- )«:trong-stop» JHK Tenepb Momer 6bITb HCMOIB30-
BaH B KauecTBe 3aTPaBKH 115 3aBepuieHHs cHHTe3a (1 )uenu JHK,
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a HenocTalomuit yuactok (—)uenmd JHK (yuacTok rub) Moxer GhITb
ckonupoBaH ¢ (+)strong-stop» JIHK, kotopas B JIAHHOH peaKkLHRB
BHICTYMAeT yXKe B POJIH MaTpHLUBl (pHC. 160).

He Bce fetanH npuBefieHHOH cXeMmbl 00pa30BaHHsA BHpYC-crieupH-
yeckoit JTHK crporo 7okasaHbl, H B JaibHefillieM B Hee, BO3MOXHO,
GyAyT BHeCeHsl Te HJH HHble nonpaskk. Teu He MeHee 5Ta CXeMa 10CTa-
TOUHO XOPOUIO WMMIOCTPHPYeT ofmuii mpuHuHMN. Becbma BaXHO, UTO
cXeMa oObscHseT OJHY 4Ype3BblYaiiHO CYIIECTBEHHYIO OCOGEHHOCTH
cTpyKTypel Bupyc-crienuduueckux JHK perpoBHpyCOB — MOJEKYJIbE
supycHbix JIHK anuHHEee MoJIeKY1 BHPYCHBIX PHK, KoTopble NOCTYHKH-
JIK MaTpHIei st o6paTHOM TPaHCKPHNUKK. [leficTBHTNbHO, K 5’-KoHIY
(+)uenu supycroit JHK noGaBuiack mHoc/el0BaTeNbHOCTD u3, a K
3'-KoH1y 3TO# LeNnu — MNOC/AeA0BaTebHOCTD u5. B pesysabrate Ha KOH-
1aXx Mosekyabl supyc-cennguueckoit JHK mossuncs JJIMHHBIA  (He-
CKOJIbKO COTEH HYKJIEOTHIOB) KoHueBo#t mosrop (IKII, HaH LTR),
UMeIOI i CTPYKTYpY w3rub (puc. 160).

O6pazoBaHHe JHHEHHBIX MOJIEKYI supyc-cneuudrueckux JJHK ocy-
eCTBAAETCS B IHTOMMasMe 3apaXKeHHOM KJeTKH. 3areM BHPYCHAA
IOHK ofuapyxHBaercsi B sipe. 3/eCb JHHEHHbIE MOJEKY/bl MpeBpa-
[IAIOTCST B KOMbLIEBbE, MPHYEM LHPKY/sAPH3ALHA NPOHUCXOIHT 33 CHET
B3aMOJICHCTBHST MEXKIY «TYMbIMU» KOHIIAMH MOJeKyJbl. Pakropsl, obec-
[leYHBAIOIHe MepPeXoL JHHeHHBIX MOMEKYJ/ B KOJbLEBbIE, TOKa HE H3Y-
YeHHI.

B. Nurerpauns

B Hacrosilllee BpeMsi HauGosee BepOATHOH MNpeiCTaBJsieTcs Takas mo-
c/IeloBaTeIbHOCTb COOBITHH, BEAYUIMX K BKJIOYEHHIO BHpYC-CIelH(H-
yeckoit JIHK peTpoBHPYCOB B KJIETOUHYIO XPOMOCOMY (puc. 161). INocne
06pa30BaHHs KOJbLEBOH MOJIEKY/IBl B MECTe CThIKa ABYX LTR Bo3HHKa-
eT KOPOTKHil HeCOBepLIEHHbIH WHBEPTHPOBAHHBI MOBTOP. STOT MOBTOP
BHINOMHSET GYHKUHMIO aff, T.e. CreuH(pUIecKoro yuacTka HHTErpalHH.
YuacToK att «y3Haercs» BUPYC-CelHdHUecKHM (epmMeHToM, obnanaro-
MM SHAOHYKJEa3HOH aKTHBHOCTbIO — OJIHHM H3 NMPOIYKTOB reHa pol,
KOTOpblLf nonazaer B KJIeTKY H3 3apaxaolleii BHPYCHOH UYaCTHLbI-
depmeHT BHOCHT B 00€ LENOUKH MOJIEKYJIbl supyc-crenxguueckoit AHK
pa3peIBbL HA PAcCTOSHHU 4 HYKNEOTHIOB APYTF OT Apyra. Arotr xe dep-
MEHT BHOCHT CTYIeHYaThlil pasphis (Ha paccTosHuH 4—6 HY KJIE€OTH,10B)
u B kaerounyio JJHK. [TosoxeHie pa3pbiBa B KITOUHOM JHK ne uK-
cupoBaHo. Jlanee NPOHCXOIHT HHTErpanHs supycHoit JAHK B xo3sii-
CKYI0 XpoMocomy . [IpeanonararoT, 4To MeXaHH3M HHTErpauHH HaroMil:
HaeT TOT, KOTOpbIl peanusyerca B (aroBblx CHCTeMax, Mpexie BCero Y
dara Mu (cM. paszen 1 970l r1asbl), T. €. pasphissl neneit JHK n Boc-
COeTHHEHHE reTepoTOrHUHBIX HYK.TEOTIIHBIX 10CTe10BaTe1bHOCTel 0CY
[IleCTB/SET OIHH H TOT ke PepMeHT — ocobas TonoH3oMepasa (HHTerpa-
3a). [Ipouecchl THNA penapalUMOHHBIX (3aCTpAHBAHHE Gpeweii H yiale-
HUe ONHONENOYeUHbIX «XBOCTOB») MPHBOIMT K 1BYM MOCAEACTBHAM: BO-
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Prc. 161. Cxexa nuterpanni peTpoBHpYCHOH 1 K1eTouHod JAHK

Toukue auuuu
7 — LenH BHpyc-chennduyveckoit JAHK (

# CBEPXY B CK - -
ueBble MOC1e10BATETBHOCTH HYK.JEOTHAOB); AKHpHble :m{x)uf« — ue:}?K?();em:::ﬁ

AHK; Kopotkue CTPEIKH — 'Ta Pa3pHIBOB,
3 KK MecTa P
HyKaeasofi P + BHOCHMBIX BHPYyC-cneLudHyecKoil

E(:{Ie)'}?blx,.B kaetouroii [IHK, dnankupyiomeit supycuyo JHK, nose-
s b({ﬂ KODOTKHi (4u—6 11.H.) IPSIMO#i TOBTOP H, BO-BTOPHIX, B MeCTax
Thika» ¢ k1erouHoll IHK o6a supycusie LTR Tepsiior no ase ko
Bble Napbl HYKJIEOTHAOB. e
BeTpaiiBaHHe BHPYCHOTO reHoMa B KJIETOUHYI0 XPOMOCOMY — 06s13a-
;ZJIbHaH CTaJHsl PernpoayKLUHH PETPOBHPYCOB HE3aBUCHMO ot Toro, obna-
pyxﬂogbn:“oefgeozxgreﬂﬂbm U(TpaHCCpOpMpr}OH.lHM) JeficteueM. Pennnuu-
IIHKQ KTeTOUHOH AHK npu mutose, Bupyc-cneumduueckas
NPOBHPYC — NepPejaeTcss B JOYEpPHHe KJETKH.
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r. Tpanckpunuus

Cuntes PHK peTpoBHpYCOB MPOHCXOAHT TOTA@, KOTAa TeHOM BHpyCa
B uze nposupychoii JIHK saBnserca MHTErpa/JbHOlH 4acThbiO K/IETOUHOM
XpoMocoMbl. COOTBETCTBEHHO 0Opa3oBaHWe BHPYCHEIX TDaHCKPUITOR
WIeT B spe H OCYLLeCTB/SETC s KJTOYHHIM TPAHCKPHMLHMOHHBIM arra-
paToM; B KauecTBe OCHOBHOIO ()epMeHTa HCroAb3yeTcs PHK-nonumepa-
3a 11. TlosToMy GoJbIUHHCTBO NPOG/EM, KOTOpLIE MpH 3TOM HYXHO pe-
LLIHTb,— 3T0 0GbIYHbIE MPOGAEMB! KJETOUHOH TPaHCKPHILIUY (1 mocrTpaH-
CKPHILHOHHOrO MPOLECCHHTa), KOTOpble 31eCh OMHCAHBI HE 6yayt. Ho
BO3HHKAIOT W crendduueckue npobieMbl.

CpaBHUM CTPYKTYPY NpoBHpYca H supycHoit PHK (puc. 162). I1po-
pupyc miunnee PHK, # TpaHCKpHMIHS J0/KHA HATHHATLCA H OKaHYH-
parbest BHyTpH LTR: B oxsom LTR («1eBom») cunTes PHK naunHaercs,
a B ApYroM, CTPYKTYPHO HAGHTHUHOM LTR («ipaBoMm»), OH TEPMUHHDY-
eTcs. 10 OBCTOATENBCTBO MOPOMKAAET HECKOMbKO Bompocos. [ockonb-
Ky B «1pasoM» LTR cyliectByer curuar, obecreUHBaloOIUH TepMHHA-
LHIO MEXIY NMOC/EIOBATEBHOCTSMH 7 W ub, MOueMy TaKOH XK€ CHIHal
He «cpabarbiBaer» B «ieBoM» LTR? IlockonbKy B «IeBOM» LTR ectb
CHTHANbI, 0fecreuxBalolliie BO3MOMKHOCTE HHHUHALHH MEXLY ud ur,
NPOAB/SIOTCS JIH 3TH CHTHAMbL B (PABOMY LTR?

[TpoMOTOpHEIE 3/EMEHTHl NMPOBHPYCa DACTIONOKEHBl B paiioHe u3;
TAaKHM OBPa30M, BO3MOXKHOCTb TPAHCKPHIIUHH MPOBHPYCa BO3HHKAET
Moc/ie mosiBAenHs paiiona u3 «snepean» Bupycroro JIHK-rexoma, 1. €.
nocse BosuukHoBeHust LTR . TTpuMepHo 3a 25 1. H. o CTAPTOBOH TOUKH
TPAHCKPHILHH (10 r) HMeeTCs xapakrepubiit TATA-snement, 32 751. H.—
CAAT-sievenT 33 100—300 11. H.— 3HXaHcep. Y pa3HbX PeTPOBHPY-
COB SHXAHCED HMeeT Da3HYIO «CHJIY», @ Y OHKOTEHHhIX PETPOBHPYCOB
«CHIA» SHXAHCEPA MOXKET KOPPETHPOBaTb CO CMOCOGHOCTBIO BHPYCA
BLI3bIBATH 3JIOKAUECTBEHHYIO TpaHCopMalHio KJeToK-MulueHei. s
aKTHBHPOBAHHSI HXaHCepa HeOGXOAHMO ero B3aHMOJEeHCTBHE C KJETOY-
HBIMH GeAKAMH-DEryJNATOpaMH; B HEKOTOPBIX C/lydasX, HanpuMmep y
MBILIHHOTO BHPYCA PaKa MOJMOUHBIX keJe3, 3((peKTHBHOCTE IHXaHCepa
perysupyercs ropMOHaMH (Uepe3 MOCPeICTBO GeJKOB — pelLenTopos
rOPMOHOB).
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Puc. 162. Cxema cuntesa perposipycHnix PHK

BHH3Y — NPOBHPYC (}KHPHas IHHUA) B COCTaBe kaeTouHoil J1HK (3alWITPHX0BaHO): Ha NPOBHPYCE
KaK Ha MaTpHIle CHHTe3HPYeTCcs NMOIHOPa3MepHas Mo1exky.1a Bupyc-creundnyeckoit PHK (tonkad
NHHHA), KOTOpas 3aTeM MoKeT MOABEPraTLCs CILI2fICHHTY H NpeBpallaThes B cyGrenomuylo MPHR
(MoKa3aHo 06pa3oBaHHe TOJIbKO OJHOrO THIA MO.JeKY.1 MPHK), yepHHil KPyAOK — 3"-KoHUeBa?
Kan-CTPYKTYDa; BOVIHKCTas JHHHA — noan(d)
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Tak uin HHave TPAHCKDHIIIHS MPOBHPYCA HAYHHAETCA C KOMHPOBa-
HHSl «IeBOTO» pafoHA r; 3aKAaHUHBAeTCH »Ke OHA MOC/Ie CUUTHIBAHMSA
«npasoro» r. [lo o1HOM M3 runores, Aisi TEPMHHALHH TPAHCKPHMUHH
TIPOBHpYCa BaXKHO, UTOObI B cHHTe3upyeMoii Mosekysie PHK Bo3uukaa
«UIMUJbKa» HAa TPaHHLE PaHOHOB W3 H r; HMEIOULASICH 31eCh HYKJIEOTHA-
Hasi MoC/e0BaTe/IbHOCTb 00PA30BaHHE TaKO# (IUMHJIBKH» MO3BOJISIET.
$lcHO, uTO MpH TPAHCKPHIIHH «IPABOrO» 7 «UMHAbKA» 06pa3oBaTbCs
MOJXeT, a IPH TPAHCKPHIIUHH IEBOTO» 7 — He MOXKET, [I0CKOIbKY B 06-
pasyrouieiicsi 31ech PHK pafion 43 npocro He npesicrasieH.

Her nonno#t sichocTd W B Bompoce 06 HHHLHALMH TPAHCKPUIILHH B
«npasomM» LTR, B KoTopoM, pasymeercsi, HMEIOTCSH Te JKe PEry/isTopHele
<HrHanwl, uto ¥ B wieBoM» LTR. Tpauckpunuus B «wiesoM» LTR Hauu-
HaeTcsl 3HaUHTENBHO Yallle, YeM B «paBoM». EcTb npeanosoxkeHue, 4to
TIePBBIH KaKHM-TO 06pa3oM TOPMO3HT pafoTy BTOPOTO: M0 HEKOTOPLIM
Ha6JI0eHHAM, HHAKTHBALHS «leBoro» LTR cTuMynupyer HHHuHalHiO
TPaHCKpHNLHUHU B «npaBoM» LTR; B pe3ysibraTe NpOHCXOOHT CYNTHIBaHHE
TIPHJIETAIOLLHX KJETOYHBIX €HOB C MPOBUPYCHOTO MPOMOTOpA.

Y HeKOTOPBIX PETPOBHPYCOB 3Ta JOCTATOYHO CJIONKHASI KapTHHA el
60J1ee yC/I0XKHEHA: B BHPYCHOM FeHOME MOTYT GbITh AOMONHUTENBHO 3aKO0-
JHPOBaHbl GeJIKH, PeryJupyiomne 3QpPeKTHBHOCT, TPAHCKPUMLHH NPO-
BHpYyCa.

[lepBHYHBIE TPAHCKPHNTHI MPOBHPYCA MOABEPTAOTCH OGLIYHBLIM ITOCT-
TPAaHCKPHITIIHOHHBIM MOAHDHKALMAM: KIMHPOBaHHIO 5'-KOHLA, nofHaje-
HHJHDOBAHHIO 3'-KoHIA (B pailoHe r eCTb CHIHAJ MOJMHAJEHHIHPOBAHHUS)
M cnnalcHHry (puc. 162). Iocrenusas Moaudukaius sarparuBaer He
BCE TPAHCKPHIIHH NPOBHPYCA — YacTb H3 HHX BLIXOJHT B LUTOMNA3MY,
COXpaHsii BCIO MOCJAeJ0BaTeNbHOCTh HYKJEOTHIOB. Takue MOJIEKYJbl
PHK (nomuMo Toro, uto onH dyHKIHoHKpyIoT kKak MPHK a5 Hekoto-
PbIX GeKOB) BKJIOYAIOTCA B BHPHOH; TeM CaMblM 3aBepLIaeTcsi UK

. PeNVIHKAlUHH/TPaHCKPHIIIHH IeHOMa PETPOBHPYCOB.

Penaukatjus’ mpaHckpunyus 2eHomos
supycos eenamuma B

U MO3AUKU YBemHOU Kanycmel
(AHK—~PHK—IHK)

JHK, Bxoasias B cocTaB YacCTUIl BUPyCa reHatuta B,— 370 Monekya,
[IOCTPOEHHASA H3 ABYX JTHHEHHBIX KOMIIOHEHTOB: MOJHOPa3MepHOH (—)HH-
TH (~3,2 T. 0. H.) ¢ 6eJIKOM, KOBAJIEHTHO NPHCOEAUHEHHBIM K 5'-KOHILY
a Takxe cermeHrta (+)HuTtH (1,7—2,8 T. 1. H.). ITOT CerMeHT conep)xm,
YUYacTKH, KOMIIJIeMeHTapHble 0OOHM KOHIAM (—)HHUTH, H [O3TOMY yiep-
*kuBaet BupHoHHYi0 IHK B kosnbueroit dopme (puc. 163, a). B BupuoHe
HMeetcqa BHpyc-cnenududeckas JAHK-nonuMepasa, cioco6Has aocTpau-
BaTb (—)HHTb 10 pasMepa MOJHOrO reoMa. eHoM BHpyCa MO3aHKH
IBETHO KalyCThl KPyHEe U COAEPHT OKOMO 8 T. M. H.; 3TO ABYXHHTe-

1(3;151 !(I%J:I?,bLlée)Baﬂ MoJiekysa, ofe LeNH KOTOpOH He HelpephiBHbI
HC. , 6).
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B 3apaxentno#t knerke JHK
3THX ABYX BHPYCOB I€PEXOIHT B
KOBAJIeHTHO-HENPEPBIBHYIO hopMy,
KOTOpasi, KaK H3BeCTHO, Yya06Ha
ans pennukauui. OgHako y 060~
HX BHpYycoB penankauus JHK-
reHOMa OCYINeCTBJIAETCS NMPH noc-
pelcTBe NPOMEXKYTOUHBIX JHHef -
HbIX Monekyn PHK. 3tu PHK
06pa3yloTcss B pesynbTaTe TpaHCc-
Kpunuud BHpycHuX JHK B kae-

Puc. 163. Crpoenne Bupuonnoit JHK
BHpycoB renatita B (2) n Mosamku
1BETHOH KanycThl (6)

TlynktupHasn A paflon. B Koropow  TOUHOM sizpe XO3AHCKHM (epMeH-
end BupHoHHo# JHK Moryr umerb pas- R o _
.Sl;lf-'-l)l-':llyio JJIHHY; 4epHBIl KPYXKOK — BeJsloK, TOM PHK MoJTHMEpa3ox IT1. TpaH

TIPHCOCAHHEeHHBI K 3'-KoHLy (—) uenu cKpnﬁpreTCﬂ TOJBKO OJHa H3

Hutel BHpycHol JIHK, npuuem
NPOMOTOPbI H TEPMHHATOPBI PACNONOKEHB! HA KOJNBLUEBOM IeHOME TAKHM
obpa3oM, uTo Hapsany ¢ cy6reHomusiMH MPHK ofpasyiorcs MomekyJibr
(+)PHK 6onee nnunuubie, 4eM reHoM. SICHO, 4TO B AJIHHHEIX TPAHCKPHII-
Tax A0JKeH ObITb NPSIMOH KOHIEBOH MOBTOP. JTOT NOBTOP CIOCOGCTBYET
TIPeOJONIeHHIO TPYAHOCTeH, BO3HHKamWKX npH cHatun JHK-komuu c
3’-KoHlUa NHHEeHHON MATPHLEL.

Hanbnefiune sTanbl PeNIHKALKH B caMoM OOMIEM BHAE MpeicTaBasi-
totes caepyrouium o6pasoM. Cunres JJHK na PH K-Marpnuue NPOHCXOAHT
B pesyJ/ibTate 00PATHOH TPAHCKPHILHH, KAaTalH3HPYeMOH BHPYC-ClelH-
¢uueckoit JIHK-nonuMepaso#i, kotopasi cnoco6Ha MCNIO/Nb30BATh B Ka-
yectBe Matpuusl kak JJHK, tak u PHK, T. e. o6nagaer cBoiicTBamu 06-
paTHOH TPaHCKPHNTa3bl (peBepTasbi). CHayaNMa CHHTE3HPYeTCS (—)HHTH
IOHK; npu sToM B KauecTBe 3aTPaBKH B Cllyyae BHpyCa renaTHTa B
HCTOJIb3yeTCss 6eNOK (BO3MOXKHO, B BHAE HYKJ/eOTHI-0eJKOBOTO KOMIT-
JIeKCa), a B CJIyyae BHPYCA MO33aHKH IBETHOH KaNmycThl — OJHA H3 KJe-
Tounslx TPHK. 3arem Ha BHOBb cuHHTesHpoBaHHo# (—)uutH JJHK ToT
’)Ke (epPMEHT CTPOHUT (--)HHTB.

Takum ofpasoM, ofiias cXeMa penyiHKaLHH / TPAHCKPHNUHH TeHoMa
STHX BHDYCOB NOPA3HTENbHO [OXO0XKA Ha CXeMy perHKaluH / TpaHe-
KDHIIIHH reHoMa PeTPOBHPYCoB. [To-BHIHMOMY, 3TO CXOZCTBO HMeeT Mo,
coBofl 3BOJIIOLHOHHYIO OCHOBY: BO BCAKOM CJyuYae, aMHHOKHCJOTHBHIE
noc/e0BaTe/IbHOCTH 06paTHLIX TPAHCKPHNTA3 BCeX TPeX TPYMN BHPY-
COB (remaTnta B, MO3aHKH IBETHOH KamycTbl H PETPOBHPYCOB) BhIAB-
JISIIOT ONpejaeieHHOe CXOACTBO MeXAy cOGOM.
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4. PENMUIHKALMSA/TPAHCKPHIILU S
TEHOMOB PHK-COAEP)KAIHX BHPYCOB
(PHK—PHK)

Budo eupycroix PHK-eeromos

lenombl nourn Bcex wussectumix PH K-conepxatuux Bupycos — 1o
MHHEHHbIE MOMEKYbi, KOTOpble B cpeHeM Kopoue BupycHbx JIHK-re-
HOMOB. K caMbIM KpYnHEIM HenpepbisbiM PHK-renomam MOXKHO OTHeC-
1 PHK KopoHaBHpycoB — ~28 T. H. Becbma KPYNHBIMH BJSIOTCSH H
TEHOMBI peoBHPYcoB — Gostee 20 T. 1. H.— OJHAKO 3Jechb, Kak H BO
MHOTHX JpYTHX CIy4asX, reHeTHuecKas HHQoOpMamus pacnpejeneHa
N0 HECKOJILKHM (Y PEOBHPYCOB — 1O A€CsTH) Mosekynam PHK.

Bupycubie PHK-resomMbt yno6mo paszenuTh Ha TPH rpynnsl. Bo-
NEPBBIX, 3TO OOHOHUMEGHI 2EHOMBL NOAONCUMEAOHOL noasprocmu,
T. €. C HYK/IeOTHIHOH TIOC/Ie/10BaTe b HOCTbIO, COOTBETCTBYIOLIEH TaKOBOI
y MPHK (PHK d¢ara Qg, BHPYCOB TaGayHok MO3aHKH, NONMHOMHeNTHTA
H Ip.). Bo-BTOPHIX, 3T0 00n0HuMmesbie (—)PHK-eenomer; agecs nykieo-
THAHbIe Moc1efoBaTeabHocTH renoMa H MPHK B3aumio KOMILIeMeHTap-
HEl (Hanpumep, y BHPYCOB rpummna, GelllencTRa, Be3UKY.IPHOTO cTOMa~
THTa 1 ap.). Tperbio rpynny coctapasior Jeyxnumessle 2erombi (peoBH~
PYCBl, BUPYCEl LIMTOILIA3MATHYECKOTO MOAM3APO3a HACEKOMBIX I ap.).
CrocoBbl penuKaLum/ TPAaHCKP UMUK TeHOMOB 3THX Tpex rpymn BHpy-
COB CYILECTBEHHO PAa3JHYHbI.

HMasectuble nByxuutesie PHK-renomoi BCEr1a CerMeHTHPOBAaHbLI
(T €. COCTOAT H3 HECKOJIBKHX PasHbIX MOJIEKY.T); B ABYX ADYTHX Tpyn-
flax BHUPYCOB WMEIOTCA NPEICTABHTENH KaK C CErMEHTHPOBAHHDIM, TaK
H HECErMEHTHDOBAHHLIM T€HOMOM.

O6cyxnas pasnooBpasue dopu BHpycHHX PHK-renovoB, uetecoo6-
Pa3HO YMOMAHYTb O BHPOMIAX, KOTOPbE BHPyCaMu B CTPOTOM CMbIC.1e
¢7oBa He ABAfIOTCA. Bupouabl — 310 Huskowmotekysphbe (250—370
HVKIEOTH10B) ONHOHHTEBbIe Ko.bleBble PHK, NposiB.ISiIOILHE CBOMCTBA
HHEKLUHOHHDIX MTATOTEHOB PacTeHHil.

OcHosHbe cxemol
penaukayuu’'mpanckpunyuu

a. Penankauus / tpanckpunmus
onHoHHuTeBbIX (+) PHK-renomos

Bupycusle (-)PHK-renovs o6biuno KOIUDPVIOT HeCKO.1bKO 6e/1KOB H
1aCTO BCH reHerHyecKas HHPOPMALHA COIEPIKHTCH B e1HHON MOIeKV.T€.
Ecan peus uier o renove dara, To ocoObIX NPoB.IeM ¢ CHHTE30M STHX
6e.1K0B He BOZHHKAET, TAK KaK B KIeTKaX NPOKAPHOT Kax bt Yuchpor
NOTHUHCTPOHHON MAaTPHUBL MOX emn mpanc.auposamocs Hesasucuso. Una-
e OOCTOHT J€10 ¥ BHPYCOB 3VKapioT. B MPHK 3VKapHOT, KaK npaBH-
10, QYHKUHOHHPYET TOJbKO OZHH HHHUMHPYJOUWHA TpunyeT. UTobb
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Puc. 164. TpaHCAfLHOHHbIE ' «CTpaTerHH»
BHpycHbIX (+) PHK-rexnomos:

Q@ — He3aBUCHMas TPAHC/SLHSA OTAEIbHBIX LHCT-
poHoB noanunctpornoi (+)PHK; 6 — obpasosa-
HHe eAMHOro NOJHNPOTEHHA H €ero fnocjelymllee
pacuiensienne Ha QYHKLHOHaAbHO-aKTHBHblE Gea-
KH; 8 — HCModb3oRaHHe B KavectBe MPHK na-
psay ¢ resomuoil (+)PHK Takxe u cy6reHOMHBIX
(+)PHK; ¢ — npu TpaHCASUHH OTAeJbHBIX Cer-
MEHTOB CerMeHTHPoOBaHHHX (+)PHK-resomos Mo-
XeT HCMOJNb30BaTbCR kaK MeXaHH3M 6. TaK H Me-
XaHH3M ¢, npambee JaHHHH — (+)PHK; BoaHHc-
Thie — MOJHMENTHAHbBE LEMH: TPeyrolbHHKH —
HHHLHATOPHble TPHIIJIETH; KBaAPaThl — TePMH-
HHDYIOWHE TPHI/EeTH _ (YepHble — peasH3yeMble
B maHHoli MoneKyse PHK, cBeT/able — mnoren-
UHaJbHbE); TOHKHe CTpeJKH — cuuTed PHK,
npoMex yToutsle dopmn (—)PHK gas npocrors
OfyuleHbl; KHPHble — 06pa3oBaHHe MOAHTENTHA-
HHX Ueneit
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06pa30BaTh HECKOMbKO GEJKOB,
BHPYCaM 3YKapHOT NPHUXOAHTCA
N0JIaraTbCs Ha OJHY H3 CIEAYIO-
wux «ctpareruit» (puc. 164).
Bo-nepsbix, B efuHOl MoJeKy-
nge MPHK wmoxer GbiTh 3aKo-
AUPOBAH KpynHeld noaunenmuo-
npeOecmeeH UK — <MOMUIPO-
TeHH», H3 KOTOPOI'o MyTeM Orpa-
HHYEHHOTO mnpoTeonuza obpa-
3yIOTCA «3pefble» Oenku. Bo-
BTOPbIX, UWKI  pemIdKalnu/
TPAHCKPUNLHA BHPYCHOTO reHo-
Ma MOXKeT BKJ4YaTb MOMHMO
noaxopasMepHbix () u (—)ue-
nelt Takxe u 60Jee KOPOTKHE —
cybeeromnbte — (—)PHK, noxa-
JIU3alUsi UHHIHATOPHOTO TpPH-
njgera B KOTOPBIX OT/HYaeTcs
OT JOKa/lu3allud TAKOTO TPUli-
Jeta B renomuoi (+)PHK.: Ha-
KOHell, TeHOM MOXKET BKJIIOYATh
pasuble Mosekyas (+IPHK,
T. €. GbiTh CeMEHIMUPOBAHHOIAM;
0/lHaKO 3Ta MNOC/IEHAS «CTpa-
Terusi» OBBLIMHO He JOCTHCAET
CBOEro JIOTHYECKOTO 3aBeplle-
HHUSI M KOJaHuYecTBO (4 )-cermen-
TOB OCTaeTcsl MeHblle KOJIHYeCT-
Ba HeOOXOAHMbIX BHpYC-CMelH-
dudeckux 6en1xoB. [lostomy no-
CNeAHNAS «CcTpaTerus» oObIYHO
KoMOUHHpYeTCH ¢ oOpa3oBaHH-
eM JH60 NoOAMNPOTEHHA-TIPEL-
IecTBeHHHKa, J1Hb60 cybreHoM-
nbix MPHK. Pasauuus B tpanc-
JASIUMOHHBIX CTPaTerHiX HeH3-
6eXHO 3aTparuBalOT H CTpa-
TeTHH  PenIHKauHuH / TPAHCK-
punuuu Bupycublx (4-) PHK-
reHOMOB.

CHayana pacCMOTDHM CHC-
TeMbl, KoTophle ofxoisTcs 6e3
o6pa3oBaHus cy6reHOMHbIX
MPHK. Cpean Bupycos npoka-
puotr — 310 Menkue PHK-co-
lep:Kauue ¢aryi, Hanpumep ar

-+
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Puc, 165. Hyk.1eoTuinas 10C.1€10BaTe.1LHOCTL KOHI eBHX
Y4acTKoB () u (—) uenefi PHK ¢ara Qﬁ

Qg a cpexu Bupycos SYKapHOT — MUKOPHABHUPYCHI, HaNpHMep BUPYC
NOIHOMHE.THTA.

PHK dara Qg cozepxur oko1o 4 1. n. 1. Ionas 8 KJIeTKY, MOIu-
uHcTponHan garosas PHK rtpanciupyercs; s YaCTHOCTH, 0bpa3yetcs
6eaok ¢ M, 265 000. U3 k1eTku 370T 6e10K MOWKer ObITb H30.1HPOBaH
B BHle (EPMEHTAaTHBHOTO KOMILIEKCa — pell.1HKA3bl. DepumeHT cogep-
KUT TOMHMO BHPYC-CHEUHPHYECKOTO TPH K.IETOUHBIX GelKa. Y 1HBH-
TEIbHbIM 00Pa30M 3TH TPH GelKa — KOMIIOHEHTH] TPaHCIALHOHHOTO
annapara: GeqoK S1 3 Ma10ii cy6uacTuLsl pubocow, a Takxke 1Ba dak-
Topa 3JOHralud MoTunentHinoil tenu — EF-Tu y EF-Ts. Kovmieke
STHX HeThipex GEIKOB (OIHOTO BHDYC-CTIewHbHYecKOro 1 TPex K.IeTou-
HbIX) siBisiercss PHK-3aBucumoii PHK-no.auvepasoit, wo 115 3pDeKTHB-
HOTO HCMOIb30BaHKA B KayecTBe MaTpuusl (—)umth PHK tara Qg
HEOOXO1HM ellle OIHH K.IeTOUHbI MOIHMenTH — TaK Ha3blBaeMbiii «xo-
35ACKHHA daKkTOp»; 3TOT HH3KOMO.TeKy.1APHBIA Ge10K acCoOUHHpOBaH C
pubocoMaMu, Ho ero (OYVHKUH: B He33apaXKeHHOH K.1eTKe Heu3BecTHa
(cTporo rosops, HensBecTHO, HYXKEH 1 «xo3sfickuil daktop» 114 pe-
naukanuy darosoit PHK in vivo; 1axe in vitro NOTPEGHOCTD B HeM Heye-
3aer noc.e yBeInuenus konuentpaunn GTP B unkyGauonnoii cpexe).

Penaurasa dara Qg — BbIcOKOCeUHbHYHBI (epyeHT: U3 npupoi-
Hbix PHK oH ucnoassyer B kauectpe MAaTPpHUB TO.1bKO COGCTBEeHHbII
reroy, 1. e. PHK dara Qg u nekotopeie poictsenubie Modekyabt. O1-
HaKo NpH HAaIHYAH 3aTPABKH (ePMEHT wMomeT KOMHPOBATh 110610
PHK: takuv ofpasom, CrelUpHYHOCTb NPOSBIACTCH HAa CTATHH HHH-
uxamny. JoGonbiTHo, YTo H30HPATEIbHOCTb (DEPMEHTA N0 OTHOLIEHHEO
K Marpuiue B 3HaYNTe.TbHOH CTefeHH OMpeleIsieTcs BXOIAULIME B ero
COCTaB K.IeTOUHbIMH Gelkamu: Ge1ok S| u «xo3sficKuli taxTop» Tpedy -
IOTCA NIPH MCMOJIb30BAHHH B KayecTBe Matpuubl (--)untn PHK ara
Qp, 1O 3TH BeIKH He HYKHbI, KOr1a B PO-TH MaTPHLbI BLICTYTIA€T, HaMpH-
Mep, (—)uuTh 3108t PHK.

Mocko.1bKy  3'-KoHueBbIM HyK.1eo3n1om (—)uuth PHK dara Qs
ABTACTCS a1€HO3UH, MOMHO Obl10 Obl OMI1aTh, 4TO nepsbiM (T. e.
5'-KOHLEBbIM) HYKIEOTHIOM B (—)nntn 6vzer UTP. Ha cavou gete
—)HuTb Haunsaercs ¢ GTP, KOTOpbIf KoMIIeMeHTapeH mpelnoc.iel-
Hemy octatky B (- )PHK ¢ara Qg (puc. 165). Touwo takas me KapTHHa
HaG.1l01aeTCA M NPH CHHTe3e (—)HUTH. CootBercTBeHHO 3'-KoHleBble
21eHO3HHOBbIE OCTATKH KaK (—)HHTH, TaK u (—)HHTH TNOSBIAOTCH B
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3THX MOJIEKYJ/IaX HeMaTPHUHBIM NyTeM. 21y pa6oTy BHIMOJIHSET caMa
penanxasa Q.

BaxHas ocofeHHOCTb perniHKalHOHHOMN cucTeMbl dara Qg 3akiiio:
YaeTcsi B TOM, 4TO BHOBb CHHTe3Mpyemasi HUTb He GOPMHPYET NpoTs-
JKEHHOTO JyI/1eKca C MaTPHYHOH HMTHIO; APYTHMH C10BaMH, Ha O1HOHH-
TeBOH Matpulle oOpa3yeTcst OJIHOHWTEBOH mnpoayKT. Ilpeamoaarator,
YTO BO3HHKHOBEHHIO MEXKLENOYeyHOro AyMJeKca NPensiTCTBYET BechMa
BhIpaXKeHHas BHYTDHLeENOYeuHas BTOpPUYHAS CTPYKTypa MaTpUYHOH H
BHOBb CHHTe3MpyeMoil uenefl.

Buraronaps stoit ocobensocTH, a TaKxe 6aaroiaps ToMy, UTO pellau-
Kaza Qg B TpUCYTCTBHM «XO3ffickoro (aKTopa» pacnosHaeT Kak
(-+)Huth, TaK 1 (—)HuTb Garosoit PHK, no6assenne s1oit PHK K tep-
MEHTY 3alyCcKaeT MHOXEeCTBeHHble MOBTOPHbBIE MOJHbIE UHK.Ib PernauKa-
LIMH BHPYCHOTO TeHOMa: Ha (—)MaTpHLaX CHHTE3UPYIOTCS (—)HMTH,
KOTOpble B CBOIO oYepelb ucnodbayrrces ana cuuresa (—)PHK. Coor-
HOLUIeHHe MeX1Y cHHTe3oM () u (—)ueneil in vitro 6yaeT onpeaeaTbes
KOHLeHTpauuel «xo3aickoro dakropa», KOTODbIH, KaK H3BECTHO, HY-
JKeH 17151 06pa3oBaHus (—)Leneli: npu ero HeJOCTAaTKe NPEINOYTHTENbHO
uret cuutes (—)Hutelt. QuullleHHAST CHCTEMA, COCTOSILIAs H3 PellixKasbl
Qp, HEKOTOPOTO KO.IHYECTBA «XO3SIHICKOro hakTopa», HYK.1e03uaTpHpoc-
¢aToB u coaeil, crnoco6Ha CHHTE3UPOBATb HHMEKUHOHHYIO (baroByio
PHK B KoauuecTBax, MHOTOKpaTHO NpeBBILAIOWKX KO.IHYECTBO daro-
Boii PHK, nepsonaya.1bHO BHeceHHOe B CHCTEMY B KayeCTBE MATPHILIBI.

PenankauuoHHast cucteMa BHpYca [O.IMOMHETHTA M3VUEHA MeEHee
JeTa1bHO; TeM He Meliee 31eCb UMEIOTCS SIBHBIE OT.IMYMS OT TOJABKO 4TO
paccMoTpeHHOl $aroBoit cucrembl. Tak, Ha 5'-KOHUAX BHOBb CHHTe3H-
pyeMbix () u (—)ueneit noauoupycuoix PHK Bceraa npucytcrsyer
HH3KOMOJIeKYASIpHbIH BUpyc-cneunbuveckuil Gesox (VPg). Tuposuuo-
Bblil ocTaToK VPg coetnten dochonusbupHoil cBs3bi0 ¢ 5'-KOHLEBbIM
YPHIMJIOBEIM ocTaTKoM Bupyc-crneundudeckux PHK (o6e kommn.ieven-
TapHble LenH HaYMHATCH C VPHIWIOBOTO OCTaTKa). DOJbLUIMHCTBO
ucc/eoBaTes el MPUMHCHIBAIOT 3TOMY GeJaKy (MM ero Komillekcy ¢
YPHIUIOBOH KHC10TOH) pO/Ib 3aTpaBKH NpH cuitese obeux nuteii PHK;
70 3Toif Touke 3peHust, VPE hyHKUHOHAIBHO aHAJIOTHYEH TEPMHUHAIb-
HOMY 6eqKy aZeHOBHpYCOB (cM. pasien 1 3Tefl ruasbl).

Cav cuHTe3 ocyuiecTB.Isietcsi Bupyc-crneunduyeckoii PHK-nomume-
pasoii. Jl1g paboTel OUMLIEHHbIX MpenapaTor 3Toro hepmeHTa Tpebyercs
He TOJIbKO MaTpHLa, HO H 3aTPaBKa — KOMILIEMEHTaPHbIH MaTpule 01H-
TOHYKJICOTIL1; JAPYTHMH CJI0Bavli, (ePMEHT KaTa.lH3HPYeT 3.10HTalHio
uent PHK, Ho He Moxer ocyliecTBUTh HHHUHAUHIO 3TOi Lenu. BHOBL
CHHTe3HpyeMas Lenb GOPMHPYET MeXLeNoueyHbIfl 1y ILIeKC ¢ MaTpHLel.
Hz-3a 31010, 2 TaKKe H3-33 OTCYTCTBHMSI COOTBETCTBYIOUINX 3aTPABCK
ouutleniass PHK-no1ivepasa Bupyca nomuoMuednta He cocobua ocy-
ILeCTBIATb MMO.IHBIH LUK peNIHKalH4d BHPYCHOTO reHoma in vilro.
EcTb ocHoBanus noaarath, 4to it in vive 11g penaukaunit PHK Bupyca
TIO.THOMHETHTA HCMOIb3YeTCs MHOTOKOMIIOHEHTHBI ammapat, KOTOpbIi
BK.Ttovaer nomuMo PHK-moiumepassl u VPg no kpaitheli Mepe eiue
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Puc. 166. Bo3MoXKHast CXeMa pEMUIHKAlLlHH FeHOMa BHPYCAa MOJHOMHeJHTa

KpYyXOK — TepMuHa/AbHui Geqok. Ha 3’-konue (+)HHTel M Ha 5’-xkoHue {—)HHTei HaXORATCA
TOMOMNOIHMeDHbIe TIoc/IeioBaTebHOCTH [monu(A) v noau(U), coorBeTcTBenHol

OJMH BHPYC-CHeUH(PHYeCKHH NOMHIIENTH, a TaKKe H KJIETOYHble GETKH.
BosvoxHas cxeMa pensikaudu reHOMa BUpYCa NOJHOMHENHTA TpHBe-
Jena Ha puc. 166. CyulectBeHHOH 4epTOll penyIMKalLHOHHOTO anmnapaTa
BHpYCa NOJMOMHEIHTa SBJASETCS ero CBA3b ¢ MeMOpaHaMH 3apaXeHHOH
KJIEeTKH; OJIHAaKO KaKyl0 KOHKPETHO OHOJIOTHYECKYIO pOJib 3Ta CBA3b
BBLINOTHAET, [I0KA HE H3BECTHO.

Hakouen, xeo6xogumo ykasath, 4To PHK-reHoMbl BHpyca mosuo-
MHEIHTa U APYTHX IHKOPHABUPYCOB CIOCOBHE! YYacTBOBATh B MeXMoJle-
KyJspHoil pekomGuHauuu. Ckopee Bcero Takas PeKOMOHHAl(Hst MpPOHC-
XOAMT 10 MOJeJNH CMeHbl MAaTPHI: HanmpuMep, 3'-KOHel, HeAOCTPOeHHOM
(—)HuTH OTie/nsieTCs OT MATPHYHOH LeMH M NepeMelllaeTcs Ha FoMOJIO-
THYHOE MeC10 Jpyroii oKa3aBILUeHCS MO COCEACTBY MOJEKYJB BHPYCHOM
PHK. Tlocne sapeplienus cuntesa (—)HHTM Ha HOBOH MaTpHHE OHa
MOXeT [aBaTb HayajJo PeKOMOGMHAHTHBIM (- )reHoMaM.

Teneps o cicreMax, B KOTOPbIX LMK/ peliidKauuy / TPAHCKPHIIHA
BKJ/IOYaeT 06pasoBaHue He TO/NbKO MOAHOpPasMepHHIX (4-) u (—)Huredt,
HO Takxe U cyBrenomubix MPHK. 31u cy6retomisie Mosekyast MPHK
CYUTBIBAIOTCS C NOJTHOPA3MePHOH (—)HUTH; CUHTHIBAHHE MOMKET MpPOHC-
XOAHTb NBYMS PasHbIMH crmocofaMu. B ofHHX cucTeMaX, HampuMmep v
ajbda-BupycoB HAH Yy Bupyca TabauHoit mosauku (BTM), B (—)HuTH
PHK nMeloTess yyacTKu, KOTOpble MOMHO YNOJOGHTbL NPOMOTOPAM:
PHK-nonumepasa «y3naeT» 3T yyacTKH H crnoco6Ha 3ecb (a He TOJIBKO
Ha 3'-KOHUe MATPULE!) HAaYHHATh CBOIO «paboTy». Y aibba-BHpYCOB
toGpasyercs T0.1bKO OfHH Bug cyGredoMupix MPHK (puc. 167), y apyrux
xe (8 Tom uncie y BTM) — neckombko. B nociennem ciyuae cyGrenoM-
Hele MPHK pasHoit 1aHHBI HMEIOT pa3Hble 5'-KOHUB, MOCKOJABKY HX
CHHTE3 HAUHHAeTCH B pasHbIX MecTaX (—)MaTpulibl. B 10 e Bpems
3'-KoHLb! Beex cy6redomybix MPHK, o6pasoasHbIX Ha nanHON MaTpH-
dle, MIEHTHYHBl H COOTBETCTBYIOT 3'-KOHLY MOJHOPAa3MepHOH (- )HHTH.
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5 fan) 3 Ilpyrofi Bapuant o6pasosa-
e A Hua cy6renomubix MPHK pea-
JH3YeTCA Yy KOPOHABHUPYCOB.
B 3apaxeHHOl KaeTKe momuMo
redomuoit PHK cunrtesnpyercs
- 1IeCTh KJIacCOB CYBreHOMHBIX

5" MPHK. Hyk:aeotnausie noce-
e -V JOBAaTeJIbHOCTH  BCEX  3THX
(+)PHK wuaeHTuuHsl He TONBKO
Ha 3'-KoHLe, HO H Ha 5'-KoHIle.
O6bsacHsIeTCs 3T0  CIeayIOmnM
S &) 3 o6pasom (puc. 168). Kak u &
Puc. 167. Cxema pennukaunn/Tpanckpun. APYFHX CHCTeMax, CHadasla c
LLHH FeHoMa aabdaBHpyCoB resoMuoit PHK  cuuthiBaerca
HE 5 ‘-KOHue reHOMHOA H cy6re3munnn (+)PHK (—)HHTb. CHHTES Rcex (+)ue-
(FIPHK 1 a5 oy maacrya oWl MOTEKYD  Nefi HauMHaeTc Ha 3'-KOHLE
XORHTCSI FOMONOJHMepHbIe noCNeA0BATENLHOCTH (—)ManHHH. O}maxo CBAI3b
[nonB(A) B noau(U) COOTBETCTBEHHO]; KHpHas o A
CTPeiKa — TPAHCKPHNUKA, ToHKHe — penaukauns  MEXKIY CHHTE3UDYyEMOH (T)
HHTBIO M MaTpuyHod (—)Hu-
Thio BecbMa csaba. Ilociie o6pasoBaHHsl 5 -KOHLEBOIO «.THAEPHOTO»
cerMeHTa (= )HHTH AJHHOA OK0/0 70 HYKJIEOTHAOB 3TOT «lHiep» HMeeT
BBICOKHIl IIaHC OTHENHTLCS OT MaTPHilbl. B fnanbHefineM oH onsith B3au-
MOJIefiCTBYeT ¢ TOH XKe WJIH APYToil Mosiekyaoit (—)PHK. Ozanako, no-
CKOJIbKY B MaTpuLle HMeIOTCSl XxapaKTepHble NpsiMble MOBTOPbI, 3’-KoHell
JIHIEPHOTO CETMEHTa MOXKET NPHCOEJHHHTBLCS JHO0 K TOMY MeCTy, OT-
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Puc. 168. Cxema penaHKauHH/TpaHCKPHNIHH FeHOMa KOPOHABHPYCOB: s

JKHEpAENA NpAMOYronbHEK — 5’-Koluesas anaepHas (L) nyxkaeoTHAHas H?CJIEAOBaT?JleOCTb
{+)uuTeR; KPYXKH B (—)HHTH (aHTHFeHOMe) — YYacCTKH, KOMILAeMeHTapHue 3’-KoHIY :mnepnoru:
CerMeHTa; XHPHHe CTPeJKH — TPAHCKPHMUHWA; TOHKHe — penaHkauus. OTcOeAHHHBIIHICS cx
{—)MATpHIH AHAEPHBIA CerMeHT MOXET CHOBAa NPHCOEAHHHTHLCH K OAHOMY H3 KOMIIEMEHTapHb
YYACTKOB 3TOfi MaTPHUK (NOKa3aHO NPEPHBHCTHMH CTPe/IKaMH) H NOCAYXKHTb B Ka4eCTBe 3aTpaRkH
ANSl CHHTe3a Pa3HuX cybresomumx MmPHK
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Kyaa OH «yllea», 1160 K APYroMy romoJiorudtomy Mectry. Haslee cuures
(-+)BUTH BO306GHOBASAETCA, H B 332 BACHMOCTH OT BEIGOpPA «MecTa MocaaKu»
JHAEpa BO3HHKaeT 1H60 TeHOMHas, 160 0aHa H3 cybrenoMHblx (+-)PHK.
Takas erkocTh OTCORNHHEHHS] BHOBb CHHTE3HPYeMOH LeNu OT MaTpUlbl
TaKxKe 00YC/I0B/IHBAeT BBICOKUH YPOBeHb pPeKOMGHHALHH mexay PHK-
reHOMamH KODOHaBHDYCOB; 3Ta DeKOMGUHALlMs OCYLLeCTBJSIETCS, OYe-
BHIHO, MO MOIEJNHM CMEHbI MaTPHILI.

EcrectBenso, 4to momumo cy6renomunix (+)PHK oguuM u3 npo-
JYKTOB PeNIMKalHH / TPAaHCKPHIUUY N0TKHB! GBITh U TI0JIHOpa3MepHLIe
(renomubie) ()PHK, xotopble, Bo-nepBhix, HanpaBasioT cHHTE3 Geji-
KOB, 3aKOAHPOBAHHEIX B 5'-KOHLEBOM pafioHe reHOMa, a BO-BTODHIX,
BK/IIOYAIOTCA B J04YepHHe BUPYCHble 4dacTuusl. [losHopasMepHbie
(+)PHK cuuThIBalOTCH ¢ TakoH ke (—)MaTpulibl, Kak u cy6reHoMHbIe
MPHK. Jlunamuka 06pa3sopanusi pas/uuHbX BHIOB BHpYyc-crelng -
seckux PHK pasnnuna: cunres (—)PHK 6otee xapakTepen as panunx
cTanui HHOEKLUHOHHOro LuKJaa, a cudtes (+)PHK — naa NO3JHHX;
OOHApYXHBAIOTCH M DA3JIHYHA B AHHAMHKE CHHTE3a CYGreHOMHBbIX M
nosnopasvepueix (+)PHK. MapectHo, uto B T0ft peryisiun npunu-
MaloT yuacTHe BHpyC-Criellupuieckue 6e/KH, HO KOHKPETHbIEe HX PYHKIUH
TIOK3 He BBISICHEHEI, eCId He CYUTaTh, YTO HEKOTOPBIE H3 HHX BXOJAT B
coctas PHK-3aBucuvoii PHK-nomumepassi.

5'-KOHIbI TeHOMHBIX H cy6reHomunix (+)PHK Bupycos 3yYKapHOT
4acTo K3nupoBaHbl. COOTBETCTBYIOM(As MOCTTPAHCKPHMIHOHHAS MOMU-
¢dukauna BupycHeix PHK ocyuiectsasiercs xietounbiMu depMeHTaMH.

6. Penauxaltust / TpaHCKpHUIILKA
oaxoHHuTeBbix (—)PHK-reHomos

MHorze BHPYCH UMEIOT reHoM B Buge (—)iuti PHK. ¥V HEKOTOPHIX
TaKHX BHPYCOB TeHOM IPEICTaBJeH eIMHOM HeNpephHIBHON MOJEKYJIOH,
@ y APYTHX OH CerMEHTHPOBAH, T. €. COCTOMT M3 HECKOAbKUX MOJEKYJI.
O6utum cBofictBom BupycoB ¢ (—)PHK-renomom sBasercs 1o, uto B
€OCTaB MX BHDYCHHIX Yactdll BxoauT PHK-noaumepasa, cnoco6uas Ko-
nuporats PHK-Matpuuty. Buonoruueckuit cubica rtako#i opranuszauuu
nousiten. [ockoaeKy, no onpenenennio, (—)PHK He MoKeT BHIMOIHATE
dyukunn MPHK, 115 o6pasosanus «ceonx» MPHK Bupyc aomken phe-
CTH B KIeTKY He TO.IbKO FeHOM, HO H epMeHT, YMeloLIHH CHUMATh ¢ 3To-
To reHoMa KoMmlemeHTapHble Konuu. Jpyroe obuiee cBOHCTBO 3THX BH-
PYCOB 34K.1104aeTCH B TOM, YTO MaTPHUeH 1151 PenuKaluy / TPaHCKPHI-
Ouy aBaserca ue cBoGoiHas PHK, a BupycHuii pubonykieonporeus
(PHIT) — mosexyna PHK, pasromepo mokpeiras BHpYC-clielHpUYe-
CKHM 0e.1KOM.

Chavaia -— o Bupycax ¢ HenpepuiBabiM (—)PHK-renomom. Hauto-
Jlee U3yueHHBIH TpeicTaBUTeb 3TOM IPYNIBl — BUPYC BE3HKY.IAPHOTO
cromatita (BBC). T'enom BBC — ognonureras PHK, cojeprKauias
oko10 11 1. n. B BupycHo#i uacruie sta PHK dopmupyer PHII, koum-
Niekcupysice ¢ Geakom N. C Bupycibiv PHIT npouno accouunpoBanst
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Puc. 169. Cxema penaHKauHW/TPaHCKPHNUHH TeHOMa BHpY-
' ca BEe3HKY/JSAPHOTO CTOMATHTa:

L — n1unepunft cermeHT (+)PHK: KpyXKH — 5/-KOHLEBHe KIN-CTPYKTY-
PH; BOJAHHCTHE JIHHHH — 3’-KOHUeBHe MOJAH(A)-NOC/AeR0BATEALHOCTH;
XKHPHbE CTPE/NKH — TPAHCKPHIILHS; TOHKHE — pelUIHKaUuHA

Takxke MoJekyasl PHK-nonumepass u ele ogHoro Gedka, npHHHMalO-
mero yuactve B cuntese PHK. Ilocie B3aumogeficTBus ¢ 4yBCTBHTENb-
HO# KJeTKOH cyGBHpYCHas 4acTHIa, COfepKaliasi Bce 3TH OeIKH M re-
nomuyio PHK, ocso6oxpaercst or HapyKHO# JUNONpoTeniHO# 060M109KH
H_OKasbiBaercsi B IuToniasMe. Cpa3y e HaUHHAETCS] CHHTE3 MOJEKY.I
MPHK. 3tu MPHK MoHoumncTpoHssl — uM Beab npeictouT dyHKIo-
HHPOBAaTh B KJleTKaX 3yKapHOT. XOTsi MHOTUE BaXHbIE [eTa/ i MeXaHHU3-
Ma o6pasoBaiusi MOHouucTpoHHBIX (+)PHK Ha uenpepwiBioit (—)PHK
BBC eue He ycraHoBJenbl, HauGosee BepOSTHAs MOLEJb 3TOTO MPO-
1ecca takoBa (puc. 169).

PHK-nonuMepasa, accounuposasnasi ¢ BupycasiM PHII, naunnaer
TPaHCKPHNUHIO, NO-BHAHMOMY, HEMOCPEACTBEHHO Ha 3'-KOHIE FeHOMHOLX
(—)PHK u nepegpuraercss x ee 5-xonny. OmHako no xopy 3Toro
JBUXKEHHST (epMEHT BCTpeyaeT ClelualbHble CHTHaJbl, 06yC/A0BIHBAIO-
liye TepMHHauuio v penHunuannio uenu (+)PHK. Ilepsuiit Takoit tep-
MHHHPYIOLIMA CHIHAJ PACNooKeH Hexadeko oT 3'-kouua (—)PHK-mat-
puubsl. B pesyiabrate o6pasyeTcs Koporkasi (okoao 50 HyK./1eoTHAOB)
TaK HasblBaeMasi «aujepHas» (4-)PHK, xoropasi He Tpancampyercs.
Bonee mutepecHble M CJOXKHbIE COGHITHSI TPOMCXOAAT Ha TpaHHIAX
mexay ydactkamu (—)PHK, xoaupyommnmu vepuBHpyadbHble GeKH
(puc. 170). Kaxknmii Takoll yyacToK 3aKkaHuumBaeTcsi (eclu WATH OT
3'- K 5'-KOHILy MaTpHIlbl) NOCAEOBATENBHOCTBIO H3 CEMH OCTATKOB YpH-
AHJIOBO# KHC/OTh. COOTBETCTBEHHO B CHHTe3upyemoil (+)uenu B 3T0M
MeCTe NOSIBJIAIOTCS OCTATKH AAEHWJOBOM KHCJOTHI, HO HE CeMb TaKHX
OCTaTKOB, KaK MOXHO GHIJIO 6bl OMKHAATb, a HECKOJbKO AeCSTKOB HJIH
aaxe cotan. PHK-nonumepasa sneck Kak 6bl «GyKcyer», 06pa3ys 3'-KoH-
uesoit nonu(A) cerment monouncrponnoit MPHK. Ilocie saBepuienns
00pa3oBaHns nonu(A) pepMeHT BO306HOBIsIeT KonupoBaHnue (—)PHK,,
HO peMHHLHaUHA caenyoileit Mosekyasl MPHK npoucxoaut Ha Tperbem
OT OJIMTOYPHAHJIOBOTO TPaKTa HYKJEOTHAE MaTpHubl. B pesyabrate aBa
«MEXTEeHHBIX» HYKJeoTnaa renomHoit PHK okaswiBalotest HeTpanckpuGH-
poBaHHbIMH. 5'-KoHLbl Mosiekyn MPHK kanupyiotes; sto npoucxonur,
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Puc. 170. Cxema cOBHTHA, NpPOHCXOAAIHX HA TPAaHHLE MEXAY RBYMS TeHaMH
NpH TPAHCKPHNIIHH TeHOMAa BHPYCa Be3HKYJISPHOro CTOMATHTa

Ceepxy — noc/iefoBaTebHOCTL BHPYcHOft (—)PHK B obaacTi, rae cOCeACTBYIOT ABa reHa (B CO=
CTaB MEXTEHHOFO TPOMeXYTKa HapAAY C aleHHJIOBBIM OCTATKOM MOTYT BXOAMTb JIHGO r'yaHHAOBHI,
AHGO UMTHAHIOBHA OCTaTKH); CHH3Y — CTPYKTypa KoHuos gsyx MPHK; C¢Tpenkof yKa3aHo Ha-
npaBJieHHe TPAaHCKDHIHH

NO-BHAHMOMY, NPH YyYacTHH BHpYcC-clelludpuieckux Oenkos. Bce 3TH
COOGLITHSI MOBTOPSIOTCS HA rpaHulle MEeXNY KaXIoi 1apoi TeHOB.

[Tocnie Tpancasluu BHOBb cHHTe3npoBaHHbiX MPHK M nakonnenust
COOTBETCTBYIOIHX GeJIKOB HaUHHaeTCs] COOCTBEHHO PelIMKAIMsi TeHoMa
BBC. CHayalla CHHTEe3HDYIOTCsSI TOYHble, MOJHOpasMepHHe (-)KOnHH
BHPYCHOTO reHoma. [l1si 3Toro HeoOXONMMO MOAABHTb «GyKCOBaHHE»
PHK-nonuvepassl Ha mofHypHAHAOBHX NOCJAEROBATEAbHOCTAX MATpH-
LH, a TaK¥Xe BHyTpeHHiol0 TepMuHanwio. [Ipeanonaratot, yto Takoe pe-
TyJASTOPHOE TIepeKJIoMeHHe NPOHCXOAHT B Pe3yJbTaTe B3aMMOAECHCTBHS
BHpYc-cnennduyecKHx GeJkoB (BeponTHo, Gesaka N) ¢ pactywedt (4 )ue-
nblo. Bo BesikoM caydae, Bee uMeloiyecsi B 3apaKeHHOH KJeTke MoaHo-
paamepubie Mosiekyanl (+)PHK naxopstest tam B Buge PHIT, cxoanoro
no crpykrype ¢ PHII, cogepxawmmnm resomuyio (—)PHK. B 3akmoue-
Hue Ha noanopaamepHo#t (--)PHK cunresupyiorcss (—)uuTtH, KoTopbie
BKJIIOYAIOTCS B COCTAB JOYEPHHX BHPHOHOB.

Penankaumio / Tpanckpunuuio cermentHpoBarubix (—)PHK-reno-
MOB yJIOGHO paccMOTpeTb Ha npumepe Bupyca rpunna (puc. 171). 3tor
BHPYC COEPKHT BoceMb pa3Hbix Moaekysa (—)PHK aaunoit or 900 mo
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Puc. 171. Cxema penankaunu/TpaHCKPHILHH F€HOMa BHpPYCa rpunna:

TopusonTanbabie AHHHH — BHPYC-CHeundHIeCKHEe HYKJIEOTHLHKE MOCI1EL0BATENLHOCTH; KPYXKH
M NPHMBIKAOWHE C HHM KOCHE OTPE3KH -~ 5°-KOHUEeBbie K371-CTPYKTYPH U OIHHOHYKJAEOTHA, MPO-~
HCXOfiHEe H3 KJIETOYHHX TPAHCKPHNTOB; BOJNHKCTHIE JIHHKH —3’-KOHueBhie NMosiH(A)-Nocaefoba-
TEILHOCTH; XKHDHHE CTPEIKY — TPAHCKPHNIHA; TOHKHE CTPEIKH — PeNNHKauMn} CBeT/ne CTpe-
KA — cnaafcHHr
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2350 nykaeotuno (Bcero 13,5 1. H.). 5'- 1 3'-KOHILB! KaXIOTO CerMeHTa
YaCTHYHO B3aHMHO KOMMJIEMEHTAPHBI; NIPH 3TOM OJHOHMEHHbBIE KOHIIbL
BCEX CEerMEHTOB MMEIOT OJHHAKOBbIe HYK/IEOTHHbIE NOCIel0BATELHOCTH.
Kaxnpiit n3 cermentos PHK nokpriT rnasxbiM CTPYKTYPHBIM Ge/IKOM;
c atum PHII accouunpoBanel TPH OTHOCHTE/IBHO KPYNHBIX MOJHIENTH-
Ja — TaK Ha3biBaeMele P GeJikH, KOTOpbIE OCYLUECTBISIIOT CHHTE3 BHPYC-
crneuuduyeckux PHK.

Bekope nociie uHpeKIMH BUPYCHBIH HYKJIEONPOTEHI OKA3LIBAETCH
B slipe 3apAKEHHOH KI/ETKH, Tle HaYHHAeTCsh 00pa3oBaHHe BHPYCHBIX
MPHK. Otvmerum, 4to sinepras nokanusauus cuutesa Bupycusix PHK
HeoObiyHa a8 PHK-cogepxauux Bupyco. Heofbluen u mexanusm
uHuiuanyn Mosekys MPHK. B kadvectse 3arpaBku sfech ucnosnay-
I0TCS pparMeHTHl TPAHCKPHUIITOB K/IETOUHBIX reHoB. OJMH H3 BUPYCHBIX
P-Genkos «y3naer» ksnupopanHsle 5 -KOHLB 9THX TPAHCKPHIITOB H HK-
cupyeT uX B paiioHe 3'-koHUOB reHomueix PHK. 3artem 3toT ke uiu
Apyroit P-GeJIOK BHOCHT SHIOHYKJ/IEOJHTHYECKHH Pa3phiB B KJIeTOUHBI}
TPaHCKpUNT Ha paccrosiiun 10—13 HykJeoTHROB oT ero 5 -KoHila.
BosuuKkalowui pH 3TOM KOPOTKHi K3MHPOBAHHBIH KJIETOUHBIH OMHIO-
HYKJ/IEOTH]l H MCMIOJIb3YeTCsl KaK 3aTpaBKa Npu cuHTe3e (+)uuta. Takum
obpasoM, Ha 5'-konuiax MPHK Bupyca rpunna nosisasiercs rereporen-
HbIfl HabOp OJIHFOHYKJIEOTHAOB KJIETOYHOrO Nponcxoxkaenus. [1pu obpa-
3oBann# BHPYcHeix MPHK (—)PHK-Marpuua konupyercs me moswo-
ctbio. Ha paccrostinn okoso 20 HyKJ€OTHIOB OT 5'-KoHUA B Heil Ha-
XONMTCSl ONMIOYPHIMJIOBAS MOC/E0BATe/IbHOCTh LIHHOH 5—7 HyKJeo-
THROB. Kak u B ciiyyae BBC, na stom mecre PHK-nonumepasa BHpYyca
rpunna «Gykcyer» u obpasyeT 3'-KOHIEBOH NOJNHaleHHJIOBBIH TpakT
Monekys MPHK. Ilocie 3asepurenusi cunrtesa noau(A) mpoMcxopuT
TEPMHHALHS H OKOJIO BYX JECSTKOB 5'-KOHLEBBIX HYKJIEOTHIOB I'EHOM-
ubix PHK ne npencraBenst B Bupyc-cnenuguuecknx MPHK. U3 o6pa-
30BaBILUXCSl TaKUM 00pasoM BocbMH BuAoB BHpPycHbiX MPHK wects
KOLHPYIOT MO OfHOMY Oesky. OAHAKO 4acTb MOJIEKYJ ABYX APYLHX
MPHK noasepraercs cnnaiicunry, OCYLUECTBJISIEMOMY KJIETOYHBIMH (ep-
MEHTAMHM MO OOBIYHBIM MeXaHH3MaM. B BosHukaioWwHX B pesyabraTe
crulaficunra ponoJHuTe bHBIX Brugax MPHK ucnoabsyrores aJbTepHa-
THBHbI€ OTKDBLITBIE PAMKU CUHTHIBAHHS, NMOJOOHO TOMY, KaK 3TO Xapak-
Tepao aast JIHK-cozepxaumx supycos.

TakuM o6pa3oM, NMpH HCIO/Ib3OBAHUH BOCEMH CETMEHTOB T'eHOMHOI
(—)PHK B sapasxenHoii Bupycom rpunna kaetxe obpasyercs 10 kJaac-
coB moxouucrpornsix MPHK. 9tu MPHK, nepexons B uurtonnasmy,
HanpasJ/filOT CHHTE3 BUPYC-CHELH(pHYECKHX GEJIKOB, HO MO OYeBHIHLIM
MPHYHHAM OHH HE MOTYT ObiTb HCNIOJIL30BAHBl B KAYecTBe MaTPHI AJA
obparnoro cunreda resoMuslx (—)PHK: monexyant MPHK ua 5'-koHue
COJlepKar reTeporeHHbie ()parMeHThl TPAHCKPHUIITOB KJ/ETOUHBIX FEHOB,
a ux 3'-KOHUBI MOHAZEHUIHPOBAHDI H JIHIIEHb KOMILIEMEHTa b'-KoHMa
renomusix (—)PHK. [li1a pemsiukaiun reHoMa HeoBGXOXUMbI TOYHBIE H
nosnsie (+)PHK-komun Bcex cermMeHToB BHpycHOTro reHoma. Takue
HEKSNHPOBAHHbIE H HENOIHAJAEHHIHPOBAHHLIE KOMHH JeHCTBUTEIBHO
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NOABAAIOTCA B 3apa)KEHHOﬁ KJIeTKE Moc/Jie HAKONJEeHHA NOCTaTO4YHOro

KOJHYeCTBAa BUpYC-crellipuyeckuX GeakoB. MexaHusm, obecrieduBaro-
i nepekMmovenue ¢ cuntesa MPHK na o6pasosanue nonnopasmepHsix
(+)PHK, noka e paciuudposan, Ho, kak ¥ B ciydae BBC, on nomxen
BKJIOUaTh yrHereHue «OykcoBanusi» PHK-nomumepassl na OJIUTOyPH=
IM/IOBBIX Y4acTKaX MaTpHibl U NMONAaBJIeHHe NpEXIeBPeMeHHOH TepMH-
HalHH; KPOMe TOro, JOJIKeH H3MEHHTbCS Crnoco® HHHIHALMM CHHTe3a
(+)uutn  (knerounbie PHK 3meck we Hyxubl). IlosnHopasmepHsbie:
(+) PHK Bxonsit B cocras supyc-cnewndudeckux PHIT n ucrnoseay-
10TCSt B KaUeCTBe MATPHL VIl 3aBePLICHHs LMK/ PenJIHKaluu — A5
obpasoBanust reHomMubix (—)PHK.

H3BecTHH M ApyTHe BHPYCHL KaK C HEMPEPHIBHLIM, TAK H CErMEHTH-
poBauHbiM (—)PHK-renomom. M XxoTst Kakue-TO jeTalu MeXaHH3MOB
MX PelvVIHKalUHH / TPAaHCKPUIIKH MOTYT OT/IHHMATLCH OT TOJBKO 4TO
OMHCAHHBIX, OOLIHOCTb OCHOBHBIX NMPUHLMIOB MPOCAEKHBAETCS YAHBH-
TeJIbHO Xopollo. Ho Ha onHO#M rpynme BHPYCOB C/eflyeT OCTAHOBHTHCSA
oco6o. Peub uner o preGopupycax, KOTOPbE OTHOCAT K OOLIMPHOMY Ce-
MeficTBY OyHbsIBHPYCOB. Bce GYHBSBHPYCHI HMEIOT TEHOM, COCTOSILUHH
H3 TpexX cerMeHToB. Y «OGbIYHBIX» GYHBSBHPYCOB, MONOGHO BUpPYCY
rpHANa, BCE 3TH CETMEHTBl NMpeAcTaBIsioT coboil Mosekyasl (—)PHK,
Ha KaXJOA H3 KOTOPBIX KaK Ha MaTpHIUe CHHTE3UPYIOTCs KaK CyGreHom-
nole MPHK ¢ rereporenHsIMH K3MHPOBaHHBIMH 5'-KOHUAMH, MPOHCXO-
aswuMu M3 Kaerounslx PHK, tak u nosnnopasmepusie mosekyant (+)
PHK. 3aecb paccMoTpiM B nepByio odepeab Madbiit (S) cerMenT OyHbs-
BHPYCOB; Y OOBLIYHBIX NpENCTAaBHTENeH 3TOro ceMefCTBa OH COAEPIKHT
HHDOPMAIIHIO O ABYX GelKax, KOTOphie CYHTHIBAIOTCA C OAHONH MOJIEKYJIBI
cy6renomuoit MPHK 6sarogaps ucnmosib3osanuio pasHbiX HHHIMATOP-
HbIX TPHIVIETOB H Pa3HBIX OTKPHITHIX PAMOK CYMTHIBAHHS. 3amedaTelb-
Hast ocoOeHHOCTb (/1e6OBHPYCOB, KOTOPbIE BO BCEX OCTaJNbHBIX OTHOIIle-
HHAX SIBJIAIOTCA THNHYHBIMH GYHbSBHDYCaMH, 3aKJIOYAaeTCsl B TOM, YTO
S-cerMeHTY HX reHOMa HeJIb3st TIPUMHCATDH OMPeNeNeHHBIH 3HAK: OTKPHI-
Tas PaMKa CYHTBIBAHHSA IJ/I51 OJHOTO H3 GEJKOB HAXOZHTCH B TEHOMHOR
PHK, a nas apyroro — B komnJementapuoii eit PHK.

Takum obpasoM, 5'-mosoBrHa S-cermenta renoMa ¢ueSoBipYyCOB
cooteetcrByer (4-)noasprocty, a 3'-nonosuna — (—)nonspuocru. Ta-
ke PHK Moxno HasBarb o6owdosnawawumu. CxeMa pemiukauus /
TPAHCKPHIIUHH S-cermeHTa (W1eGOBUPYCOB BHITISAHT CAeNyIOUNM 06pa-
3oMm (puc. 172). C resomuoit PHK cuuteiBaloTest 4Ba Kaacca KOMIIeMeH-
Tapueix PHK: Bo-nepsrix, cy6revomnas MPHK [(+)PHK], konupyio-
Wast OfMH U3 GeJKOB, H, BO-BTOPHIX, MOJIHOpa3MepHasi KOMIJIeMeHTap-
Hasl obotonosnavyamass PHK — anrturenom. B cBolo ouepens, 3ta KoM-
nneMentapuas PHK (anturenom) cayxut matpuuei 1is o6pazoBaHHs
Takxe AByX BugoB PHK: Bropoit cy6renommoit MPHK [(+)PHK],
Kofupylolel npyroii 6eloKk, u noJHOpasMepHO# 06o0NO3Hayaulell Te-
Homuoit PHK, Kotopas uier Ha nocrpoeHue HOBOTO MOKOJIEHHS BHPYC-
HBIX Yactnl. UTto Kacaercss APYTHX CErMEHTOB reHoMa (ieGOBHpPYCOB,
T0 310 06bluH Ble (—)PHK.
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Puc. 172. Cxema penauKanuu/TpaHCKPHNIHH S-cer-
MeNTa reHoMa $pe60BHpYCOB:
KHPHBE CTPEJKH — TPAHCKPUNUHA, TOHKHe — penuKangua

Kak nu HeoGbiuna TakTHKa penstukanmu / TPaHCKPHUNHUH S-ceriren-
Ta reHoMa $1e6OBHPYCOB, OHa He YHHKa/ibHa. CXofHas KapTHHa Habuo-
A2€TCA HB CIy4ae ONHOTO W3 JABYX CETMEHTOB reHOMa ADYTOi TpPyMmibl
BHPYCOB— apeHaBHPYCOB.

B. Pennukauus / tpanckpunuus
AByxuuteBbiXx PHK-resomos

HByxuutessie PHK-renoMbl Betpeuaiorest kKak Y BHPYCOB 3YKapHOT,
TaK Wy BUPYCOB npoKapnoT. CuCTeMbl perinkauuu / TPaHCKPHILHK ¥
PASHEIX MpELCTaBHTENeH STOR IPYNMbI BUPYCOB MOTYT 3aMETHO Pas/ii-
uatbest. PaccMoTpuM, Kak 3TH mpouecchl ocywecTBAs ioTCS y peoBHpYy-
coB (puc. 173).

Iocne sapaxenns ki1eTkn HapyKuas Genkoas 0GOIOYKA BHpYCa
TIOBPEKIACTCS M B IMTOMIA3ME OKa3bIBAETCS MOXMDUIHPOBAHHAS BH-
pycHas dacruna. HMwmetoumnecs B kiertke pubonyKeo3uaTpudochatol
MOIyHaloT J0CTYN K BUPYCHOM CepilleBHHe, KOTOpast cofeput 10 cer-
MEHTOB 1By X1HTeBOR TeHoMHolt PHK u uecko/bko GeskoB, B ToM uucie
PHK-nonumepasy, cnocoSuyio ucnoabsosats PHK-ayuneke B kagect-
Be MatpHUH. Haunnaercs acHMMeTpuyeckuit u KoHcepBaTHBHbII CHHTe3
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Puc. 173. Cxema pennukaunu/TpaHCKpHOIHH reHO-
Ma peoBsHpyca:

KPYXKKH — 5°-KOHUEBHe K3n-cTPyKTypH. Ha PHCYHKe H306pa-
eHH 3 H3 10 cerMenTOB reHoMa peoBHpYyca
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PHK. 310 osnauaer, uto 0GpasyioTcsi TobKo (+)HHTH, H NpPH 3ToM
NpeAIIecTBYIOLHE POAHTEbCKHE (+)HHTH He BLITECHSIIOTCS M3 LYTLIeK-
ca. 5'-KOHUbI BHOBb cHHTesnpyembix Mosekyn PHK ksmupyiores,
NO-BHIHMOMY, NIPH YYaCTHH BHUPYCHBIX (epMeHToB. Ilonnanennanpona-
Hus 3'-KOHIOB (- )HuTell He NPOHCXOAMT.

Ha nepsbix nopax (+)uurn Bemosusior poas MPHK: oun nanpasas-
10T ofpasoBaHHe BHpyC-Cleun(pHYecKuX OenkoB. Ilocse HakomIeHus
JOCTaTOYHOTO KOJIHYeCTBA 3THX OeJKOB HauuMHaercs (DOPMHPOBaHHE
cyGBupycHbix yacTull. [1pu 3TOM B ofHy CyGBHPYCHYIO YacTHIy, coxep-
XKalllyl0 HEKOTOpble H3 BHUpYC-cneLHpHYeCKHX OENKOB, BKJAIOYaeTCA
nosubiil nabop, T. e. 10 pasubix BuaoB, monekya (+)PHK. Mexanuam
TaKOr0 M30HPaTeJqbHOTO H OPTAHH3OBAHHOTO GENOK-HYKJEHHOBOTO B3a-
MMOZIEHCTBHA NOKa He NoHsiten. Bupyc-cnenududeckas PHK-nonumepa-
32 ABJAIETCS HMHTErPafbHBIM KOMIOHEHTOM CYOBHPYCHBIX 4HacTHL H
ocyulecTBIsseT CHHTe3 ABYXHuTeBbiX PHK-renomoB, ucnonssys B ka-
YeCTBe MaTPHLBI HaxoAsiiHecs B 3THX ke uyacruuax (-+)uutn PHK.
Iocae toro kak PHK cy6BupycHoit uacTHub nepexoiuT B JBYXHUTEBYIO
dopmy, Moxer ondrh HauaTbes cHHTe3 opHommTeBmx (--)PHK. Ho
€C/IH K STOMY BPeMeHH B KJ/leTKe HaKOMHJIOCh JOCTATOYHO MHOTO GesIKOB,
HEOOXOJMMbIX /15 IOCTPOEHHST HAPYIKHOH 0BONOUKH BHpYCa, TO dopmu-
PY1OTCA 3pefible BUPHOHBI, B KOTOpbIX pajbHeluil cuntes PHK 6aoku-
pyercs.

Takum ofpasom, B OTNHuME OT HEKOTOPHIX paHee PacCMOTPEHHBIX
BHPYCHbBIX CHCTEM y DEOBHPYCOB B KaueCTBe MaTPUIL KaK JJs CHHTe3a
Genka, Tak u jasa cunresa (—)PHK wucnonbayiotes oguHaxoBbie mose-
Kyapl (+)PHK. Kpome Toro, y peoBupycos He nabuaroaaeTcs KakKux-to
ocolbix npobsiem ¢ ununuauuedt ueneii PHK. OtMerum, BIIpOYEM, YTO
Y HEKOTODBIX APYTHX BHpPYCOB c aByxHureBbM PHK renomom (manpu-
Mep, y GHPHABHPYCOB, NMOPaXaIOUWHX HACEKOMBIX) B HHHUHALHH Lerel
PHK, BoamoxHo, ydacTByeT 6eJIOK, KOTOPLIR OKa3blBaeTcss KOBaJeHTHO-
CBsI3aHHBIM ¢ 5'-KoHIoM renomuoil PHK. OtMeruM Takxe, 410 y HEKO-
TOPbIX JPYTHX BHPYCOB 3TOH IPYNMHI (B YacTHOCTH, Y dara ¢6) cuuTe3
(+)uuteit Ha poputensckom PHK-pyniekce NIPOHCXOAHT MO MOJYKOH-
CepBATHBHOH MOZe/IHM; CHHTe3 HOBOW (--)HMTH BCerza compsieH C BEI-
TeCHEHHEM H3 AyIIeKca NpeacyuiectByiowed (+)uuTH.

r. Pensnkauust PHK Bupounos
M BHPYCOMJOB

Bupouabt — 310 uupekunonnbie Hu3KOMoMeKy.isipHbie (ot 250 1o 370
HYK/IEOTHI0B) OJHOHHKTeBble Ko/lbueBrie PHK, cnoco6ble K aBToHOMHO-
MY Pa3MHOXEHHIO B PacTeHHAX H OOBIYHO BBI3bIBAIOLLHE DA3BHTHE 1aTO-
JIOTHYECKHX CHMIITOMOB, HanpuMep BePeTeHOBHAHOCTb KAYOHell y Kap-
Toest, TXKeoe 3ab0/eBaHHe KaJaHT-KaAaHT KOKOCOBbIX MaJbM H AP.
HauGosee BaxcHOe 0T/IMuHE BUPOHIOB OT BUPYCHBIX [eHOMOB — 3TO TO,
YTO NepBble HE KOAMPYIOT HHKAaKHX crennbHYecKHx 6esKoB. TeM ne
MeHee /1A yaoGcTBa M3J0KeHHs Gylem 0603nayath Bupouanylo PHK
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3HaKOM «+» (3lech 3TOT 3HaK yKa3biBaeT JHIIb HA TO, YTO MBI MMEeM
2e10 ¢ OcHOBHOM HH(peKIHOHHOH dopmoit Bupouptoii PHK),
Pensukauus eupougnoit PHK NPOHUCXOANT B s1pe 3apaKeHHOM KJeT-
KH; BeposiTHasl cXeMa 3TOro mpouecca Takosa (puc. 174). Chavana Ha
KOJIbLeBOH (+-)MaTpHue cuHTe3Hpyercs KOMILIeMeHTapHast (—)uenb.
DTOT CUHTE3 OCYUIECTBAACTCA KJAETOUHBIM (DEDMEHTOM; B KauecTBe ol1-
HOro M3 Kanauuaros paccmarpusaiol JJHK-3asucumyio PHK-nosumepa-
3y II. BosmoxHo, paciwmpennio crneunpuunocts 3toro depMenTa,
OOBIYHO HCTIONb3YIOUWETO JBYXHHTEBYIO AHK-marpuuy, cnocoGersyer
T0 06CTOsITENBCTBO, Uro Bupouinas PHK cogepxut Heobm4HO BbICOKYIO
(01 OTHOHUTEBBIX HYKAEHHOBBIX KUCJIOT) [0/ 37EMEHTOB C BTOPHYHOH
cTpyKTypolt. CuHTE3 HJeT, BeposTHO, MO MOJENH Pa3MaTHIBAIOLIEroCs
pysioHa (cM. pasnen 1 3TOH IJIaBM), M B pe3yabTaTe NOSIBASIOTCH JIH-
HeliHble O/IMroMepHble (—)HUTH. 3aTeM NpOMCXOZMT ofpasoBaHue Ju-
HEHHBIX OJMIOMepHBIX (+-)HHTell; He ACHO, HCIONL3YIOTCS JTH npH sToM
B KaUecTse MaTPHILLl OJTHIOMepbl (—)HuTeil nin 06pasoBasIinecs U3 HUX
KosibLeBble MoeKyJibl. [lasee uHeitnbie (4-)oanromeps npespawaotcs
B KOJbLEBbIE MOHOMEPHble MOJIEKYJIb — KOHEUHbIH NPOAYKT pemHKa-
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Puc. 174. Cxema pensinkauuu BHpoHI0B

KupHbe NHHHH — (+)HHTH: TOHKHe — {—)HHTH; KBaApPaTH — YYaCTKH, B KOTOPHX MPOHCXOAHT
Pa3pWB KOHKaTeMepa, CONMpsXKeHHu!t ¢ WHPKy/AspH3auHell MoHoMepHuix PH
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und. B psge cucteM npespawenue «THHeHbIH OHTOMED —> KOJb-
LO» OCYIIECTBASIETCS M0 MeXaHU3My «camocnialcuuras (em. ra. VIII),
T. €. aBTOKATa/IHTHYECKOrO BHILUET/IEHHA H OJ\HOBDEMEHHON LUPKYASAPH-
sauun yyactkos PHK, pacnonoxenHsix Mexay onpenenennbimy ctpyk-
TYPHPOBAHHbIMH 3/IEMEHTAMH MOJIEKYIbl. TeopeTHUYecKH osuroMep Moxer
TaK¥Ke CHaya/ia PaCLIeIIATLCS HA JIMHeiiHble MOHOMEpHI 110]], AeHCTBHeM
KJIETOYHbIX 3HJOHYK/€a3 (MM aBTOKATAJIMTHUECKH), a 3aTeM 3TH MOHO-
Mepbi GyalyT NepexoiuTh B KOJbLUEBYIO GOPMY NIPH MOMOLIH HMEIOIIHXCS
B kaerke PHK-1uras.

«Ypoxait» suponsnoii PHK B KieTke Moxer focturarts 10% Mosexy.r.

3nech Ke clegyeT YNOMSIHYTb H O BHPYCOHJAX — OJHOHHTEBbIX
koabueBbix PHK cxoanbix ¢ Bupouaamn pasmepos, oGHapymxHBaeMbx
B NpefapaTax HEKOTOPLIX BHPYCOB pacTeHHii. B oT/iMuue OoT BHPOHIOB
supyconsHas PHK ne cnocobha K aBTOHOMHOI pemsinkaluu B Kier-
Ke — ee CHHTe3 IIPOUCXOAHT TOJbKO B MPHCYTCTBHH «OOBIYHOTO» BUPY-
€a, KOTOPBbIH, NO-BHIHMOMY, IpefocTaBiseT BUpycouay csoio PHK-no-
JiuMepasy. B ocTalbHOM cXeMbl PeIVIHKALlME BUDOMAHBIX H BHPYCOHAHBIX
PHK ouenb noxoxu, eciin He HAeHTHUHE. BHPYCOHI HEe MOXKeT pasMHo-
KaTbcsl 6e3 BHPYCa-TIOMOUIHHKA, HO BHPYC (e3 BHpycouaa o6XOAHTCH
BIIOJIHE 6/1arono/y4Ho; MpaBja, NMPH 3TOM MOTYT H3MEHHThCAl Bbi3bl-
BaeMble BHPYCOM MaTOJIOTHYECKHE CHMIITOMBI. »

* % %

Bruin paceMorpeHsl pasHyHble CIIOCOGE! PeliHKauny / TpaHCKPHI-
unn BupycHbix PHK-renoMoB. Kaxercsi uesiecoofpasHbiM cKa3aTh XOTs
Obl HECKOJbKO /0B O OHOJOrHYeCKOM CMbICJe 3TOr0 pa3Hoobpasus.

HanGosiee npoctoéfl LMK penvinKauuy / TPAHCKPHILMM BHPYCHOM
PHK — 310 Korza c resomHoit PHK chuMaercs komniementapHas Ko-
MHA W 3Ta KOIHA, B CBOIO oUepellb, CYKHT MaTpulell 1JS CHHTe3a re-
nomuoit PHK; poab MPHK B ofpasoBanun Bcex Heo6XoiuMbix st
pa3MHOXKeHHdA BHpyca Oe/koB BbimogusieT poaurensckas PHK. Ecau
OTBJIEYbCSl OT YACTHOCTeH, TO 3TOT NPHHUHMI peanusyercsi y dara Qg
H y Bupyca nonuomuennrta. OJHaKo CTpaTeruy 3THX BUPYCOB pasiuua-
I0TCSl B OJHOM CYLIeCTBEHHOM oOTHOWeHHH. Par Qp pasmuoxkaercs B
KJeTKax npokapuot, nostomy ero (4)PHK moxer ¢yHkunonupoparh
KaK HcTHHHas noauuuctponHas MPHK. Xossun Bupyca noanommue-
JUTa — 3yKapuotHasi Kaetka. CootserctBenHo Ha (-+)PHK srtoro Bu-
pyca uMeeTcsl €NMHCTBEHHAs TOUKA MHHUUMALMH TPAHCAALMH, H BCe
«3peJible» BHpYC-CHellndHdecKre GelKH BO3HMKAIOT B pe3yJ/bTaTe orpa-
HHYEHHOTO NPOTEeOIH3a eAHHOrO NOJHIPOTeHHA-NIpefIlecTBeHHnKa. Kak
u y JHK-conepxaunx supycos, y BupycoB ¢ PHK-renomom pasubie
BHpYyc-ceunduyeckHe 6eskH TpeOyloTcsl B pa3HbIX KOJHYECTBAX H B
pasuoe BpeMsl, a o6pa3oBaHue BCeX ITHX GENKOB W3 €IHHOrO NpeiecT-
BeHHMKA 3aTPYAHSET KOMMYECTBEHHYIO H BPEMEHHYIO pPeryJsluio HX
npoussojcrsa. [lostomy y PHK-cozepkawnx BupycoB s3yKapuoT BO3-
HHKJIH MeXaHu3Mbl, obecneunBaioliie Mosizgeine pasusix MPHK pas
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pasHbX GesKOB — ofpasoBanme cy6renomunix MPHK u CerMeHTalus
reHoMa y BupycoB ¢ (-+)PHK-renomom.

Bupycnt ¢ (+)PHK-resomamu oTHOoCHTeIBHO NPOCTO YCTPOEHH, H
5T0 X Gosiblioe JAOCTOHHCTBO. OJHAKO NPH eCTeCTBEHHBIX YCJIOBHAX
SdpAKEHHs B KJIETKY YaCTO MONajaeT JHUWb OXHA MOJIEKYJa BHPYCHOI
(+)PHK. 3ta enuncreennas MOJIEKYJ1a JIO/DKHA BbiIepKaThb KOHKYpEH-
LIHIO 32 KOMIOHEHTH! GesIOK-CHHTE3HPYIOUIEro annapara ¢ <npeobJaaaaio-
lWumy clami» kietouHbix MPHK na eme u coxpanutbesi, urobm nocJy-
KHUTb MaTPHLUEH /s PENJIMKALHH BUPYCHOTO reHoMa. [Mostomy Kaxkercs
ECTECTBEHHEIM BOSHHKHOBEHHE BHDYCOB, Y KOTOPBIX [€HOM NPENCTABJseT
coboit ne (+)PHK, a matpuuy aas ee o6pasoBanus, T. e. (—)PHK uin
AsyxuuteBylo PHK. Takue Bupycn aomkHbl GbITb GoJee CIOXKHO ycT-
POCHBL; B HACTHOCTH, OHH LO/UKHbl yMeTh BBOAHTb B KJETKY He TOJbKO
BHDYCHHA TeHOM, HO H 3apaHee 3arOTOBJIEHHbIN (hepMEHT, HYXHBI
Aas cunresa moJekya MPHK. Ho sato Takue cucTembl npuo6peraior
o4eHb GOJIblIOE TPEHMYIIECTBO — MONaBIlas B KJETKY eNHHCTBEeHHas
BHDYCHasl 4aCTHIA cnocoGHa HapaGoTaTb OrPOMHOE KOJIMYECTBO MOJie-
xyn MPHK. Ecau peusb uger o BHPYyCaxX 3YKapHOT, TO ONsATb KaXeTcs
PasyMHBIM 00ecnieduTb 06pa30BaHHE HECKOJNbKUX BHIAOB MPHK, naxe
€C/TH POAHTE/NbCKHI TeHOM — 3TO eluHas MoJeKyJa.

Takum o6pasom, kaxaas cTpaTernsi umeeT CBOM AOCTOHHCTBA He-
HOCTaTKH H caM (AaKT CyuleCTBOBaHHsI Pa3HOOGPa3HbIX PHK-conepxa-
IMHX BHPYCOB CBHAETEJILCTBYET O TOM, 4YTO 3TH JOCTOHHCTBA M HEJOCTAT-
KH Xopolo c6alaHCUpPOBaHH.
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— OeNOK-HYKJeHHOBbe 329

— BHYTPHMOJIeKYJIsipHbe 29

— — KoonepaTuBHble 29, 152

— — THNH 41—42

— THCTOHa ¢ GUGPHANON XpOMaTHHA
255—256

— THCTOHOB crnennduieckHe 241 —242

— IOHK c rucronamn 235

— AynjekcoB 96

— KomnaeMentapubie 37,167, 178,222

— KOOPJHHAUHOHHBe 46

— JIHNKHX KoHUoB 281

— MeXHYKJeoTHIHbe 22—26

— MeXMJIocKocTHbie 26, 29, 37

— MOJIeKYya penpeccopa 147

— pexoMOHHauHoHHbe 96, 101, 102

— penpeccopa ¢ onepatopom 144—148

— PHK I u PHK 11 65—66

— PHK-nonumepasn ¢ npomoropoM
154

Buaku pennukarusume 49, 52, 53,
56—61, 65, 68, 91, 93, 116, 117,
234, 257, 263,266, 271, 273,275,278

— CXeMa OpTraHH3auuu 58

Bupuonsr 261, 291, 299, 315, 316

Bupouim 35 .

- penaukauus PHK 329—331

Bupyc

—— aleHoaccouHupoBanHbi 268, 270

— OCnoBaKUHHW 306—308

— noJHomHe.HTa 320, 331

Bupychsie
— redomn 20, 299, 308—316. Cx.
maxxe  IHK-remnomn  Bupycos,

PHK-renoMbn Bupycos
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— — HHTeTpallUd € KJETOYHHMH
283—289

— — penanxkauns 260—332

— — TpaHckpunuua 260—316

— JHK 15, 298—304, 312, 313

— PHK 19, 309, 314, 323-—331

Bupyconan, penaukauns PHK 329—
331

Bupyc-cneunduyecxas

— JAHK 285, 287, 311—313

— JHK-noanumepasa 315, 316

— PHK 274, 303, 306, 320

— PHK-nonumepasa 299, 307, 329

Bupyc-cneunduyeckHi

— PHK/IHK nynaekc 311

— daxkrtop 297

Bupycn 35, 42, 84, 110, 128—132,
204. Cm. makme AJeHOBHPYCH,
Anbpa-BHpycH, Bupyc azenoacco-
UMHpOBaHHHE, BHpyc moaHOMHe-
auta, [emunu-Bupycw, IlanoBaBu-
pycu, ITapBoBupychl, ITokeBHpycCH,
Snuwreiina-bapp Bupyc

— OHKOTeHHbie 9

— mpokapuor 290—299

— PpenJIHKauuss H TPAHCKPHNIHA re-
HomoB 260—332

— 3ykapuor 299—308

Burexpomocomunie JHK 10

Tanakto3za 230

B-Tanakrosnaasza 217

Tamma-o6nyuenne 84

Tenb-anextpodopes 7, 10, 16, 17, 19,
30, 40, 238, 240, 244

FeMHHH-BHpYCH 260

leneTuyeckast H3MeHYHBOCTb GaKTe-
puit 126 —129

Ienomnas PHK cx. PHK-renomu
BHpYCOB

TFenomn 101, 102, 108, 109, 129. Cx.
marxwe JHK-renoms Bupycos, PHK-
reHoMbl BHPYCOB

— ajedoBupycos 303—306

— BocnpouaseleHne 47

— JHK-cogepxauwux BupycoB 289—
308
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— MJaexkonHuTalomux 200, 233

— o6e3bsHHero Bupyca 40, 299—303

— HHUTYaThX darop 290—291

— ocnoBaKuuHe 306—308

— petpoBHpycoB 308—315

— — cTpyKtypa 308—309

— PHK-conepxawmux sBupycos 317—
331

— d¢ara nsmbia 274—276, 291—296

— — — muHTerpauus 283—285

— — M-13 19

— — Mo 285289

— — — cxeMma HHTerpauuu 286

— ¢opMHpoBaHHe 3JemeHTOB 223

— YHCJIO ocHOBawuii 233

— 39yKapHoT 185—195

— — TOABMXKHBle 3jemeHTH 221—233

Tesbr

— akTtHBHOCTh 66, 107

~— BHICOKOTroMoJioruyubie 109

— romeiioTHyecKHe 215—218

— uMmyHorao6yauda 108, 109

— uHBepcud 106—108

— HCTHHHO-paHuue 297, 298

— Koaupywouwue 54, 76, 81, 82, 84,
90, 101, 107, 11t, 112, 131, 135

— — OGenoK-akTHBaTop 149, 151

— Mo3auunwe 9, 172, 173, 194

— naasmua 113, 124

— HanpaBJsiOliHe pa3BHTHe opra-
HK3MOB 212—218

— mno3auue 303

— panune 299, 303, 304

— penaHkauHoHHble 56—61, 64, 65,273

— pHGocoMunie 207—209, 251—254,
256

— cekBenupoBaHue 20

— CTpOeHHe 3K30H-HHTpOHHoe 9

— CTPYKTYpa nepBuuuas 7

— TensoBoro 1woka cx. Lok Tenm-
10BO#

— Tpanckpubupyempe PHK-mo.1ume-
pasoint 11 196—203

— YCTORYHBOCTH K aHTHOHOTHKam 113
— ¢arosuie 105—108, 293, 297

— 3KcrpeccHst M. IKCIpecCHA TeHOB
— aykapuor 185—221

— — perynfaTopHHe 3/ieMeHTH 196—
203

Tereponynnekc 81, 88

— acHMMeTpHuUHH# 100

lFeteponynsiekcHue ydactku 85—87,
99, 100

TerepoxpomaTtnn 256

FetepoxpoMaTHYeCKHe yyacTKH Xpo®
MocoM 189

Iubpupusauus

— HYKJEHHOBHX KHcaoT 186—187

— PHK 65, 66

— C KJOHHDOBaHHHM (parMentoM 243

Fu6puan AHK u PHK 15, 62, 64,
139, 155, 173 -

T'uaponnus

— aJeHo3HHTPHpocdaTa 49—54, 78,
89, 91, 132

— HAHK 15, 243

— TmeTteJb B XpomocoMmax 247

— PHK-3atpaBgu 57, 62

— cBazein 13, 39, 45

— xpomaTtuHa 253

I'unokcauTHH 73

Tupasa cx. JHK-rupasa

Tueruaun 211, 237

Tucronm 109, 234—238

— aMHHOKHCJIOTHAsl TOCJAEN0BaTeNb-
HocTh 236

— B3auMojgedcTBHe ¢ GHOPHAION Xpo-
MaTHHa 255—256

— — cneuuduyeckoe 241—242

— reHoB TpaHCKpHnuua 253

— KapTa JIHHeAHOrO pacnojgoXeHHs
240, 242

— CTpYyKTypHas eaunHuua 237

— THnw 235 .

— docdopuanpobanue 237, 238

N-Taukoauas 11

Tnuko3uanpoBanue JHK 278

O-TaukosuaupoBanne 193—194

Tankonporenam 101, 102, 109, 183

Fauuepaabiernarpudocdarierugpore-
Ha3za 224

Tao6unbt 205, 206, 220, 224, 229

FayramMuHcHHTeTasa 153

T'aoko3o-6-pocpataernaporesasa 198

T'omeo6nok 217, 218

Fomonupumuanr 33

lFoMononuuyKkneoTHAH KOMIN/eMeHTap-
Hble 29

T'onokokku 101, 102

Fpynnbi  HecoBMecTuMocTH 110, 11F

I'yauunospie PHKasu 14, 31

I'yanun 5, 6, 11, 12, 21, 38, 73, 74, 143

I'yano3nn 12, 14, 166, 167, 177

Iyanosuutetpadocpar 154

Iyanosnn-3'-poctar 14, 174

RBofiHasi cnupanib .

— — JHK 21—29, 31, 33, 34

— — — aHTHNapaJJenbHas 46

— — — B HyKJeocome 239

— — — JeBas 27, 32

— — — nnaBleHHe 29

— — — nonumopdusm 26—29

— — — npaBas 27, 28, 32

— — — pacmierauve 52—56, 61,
62, 138, 139, 265

— — PHK 35-—-37, 41

NByraxesne JHK u PHK 14, 35—37

Jerpagauns

— JHK 80—81, 128, 133

— PHK B ayniaekce 64

— TpaHckpHntoB 207

Jle3amHHHpOBaHHe OCHOBaHWA 73-—75,
83

He3okcnagenoaun 12

Jesokeuryanosun 12

Hesoxcuryanosun-3'-docdar 12

Je3okcHHyKIeo3uaTpudochatu 18, 45,
46

JlesokcHneHTo3a 5

2-D-Jesokcupubosa 11, 12, 22, 73, 76

Je3okcupHGOHYK/I€03HA MOHOGOCHAT
46

Jle3oKcHpHOGOHYK/Ie03HAN 12

Hesokcupubouykaeonporeny 263, 266

HesokcHpuGonykiaeoTuan 12, 58, 82,
264

Hesoxcuuuruauu 12

JesoKkcHuHTHANK-3 -pocdaT [2

JdexonaeHcauns xpomatHAa 251—253

Henarypauus OHK 29—36, 143
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JlenarypupoBannas JHK, kenernra
peaccounanux 186—188

Jlenporenuusanus 10

Jedexts THK, ypanenne 48

Jedochopunnporanne 153

Duseprenuns 1S-anementos 124

Jlaruapokcutamun 77

JHurugporumun 77

Juruapoponatpeaykrasa 198

,L[rmesoxcnuylmeosn,u‘rpmpocspmu
18—19

JNumernacyanpar 16, 38

ala-Ounaounn 103

Jauna dparmenta, H3MepeHHe 17

JAHKasza 14, 140, 143, 253, 254

JHK-renoMn Bupycos 260—332

— ABYHHTeBHe 264, 265

— KoableBHe opHOHHTeBHe 260, 262,
272

—— TPaHCKpunuus 260—332

— 3yKapuotr 299—308

JAHK-rupasa 34, 56, 60, 61, 92,
246, 272

JAHK-N-rankosugaza 76, 77, 81

JAHK-uuceprasa 76

JHK-nurasa 77, 206, 272

— B penaukauny JIHK 54—58

HAHK-matpuua 289

JHK-nonumepasa 6, 9, 20, 44—49,
63—79, 266, 272, 282. Cm. maxxe
Bupyc-cneunduveckas JTHK-nonn-
‘Mepa3sa

— aKTHBHOCTL 77

— OGakTepuansuas 48—50

— Kienosa 48

-— npoueccuBHOCTy 49—50

JHK-npaitmasa 50—57, 62, 71, 263—
266, 271

JDonennncyawpar natpus 10

JomeHn~nanbup> 211—212

Jpoxxesne

— TreHomn 69, 96, 207

— XJeTkKE 96

— PHK 41

— Xpomucomu 15, 72, 96

Jdpoxxu 167, 169

— Tranjosaune 103
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— PEeKOMGHHaLUHS MHTOTHYecKas 95

— WITAMMH TOMOTaJJH49ecKHe (03

Hposopuna, sranm passuTua 212—
214

Hynnekcu 29, 44, 48, 62, 89, 94, 98,
111, 120, 269, 273, 284, 311. Cn.
maxxe B3aauMoReRCTBHA AynJeKcos

— rubpHaHHe 62—64

— roMoJorHuHbe 94, 95

— pacnieranue 91, 266, 271

HOynaukauus 225, 227

— revoB 126, 127, 224

— MeXxaHW3M obpasoBauus 126 4

3amenn

— KOMIleHCaTopHHe 35

— HYKJeOTHAHbe 35—37, 191

3arpaBkn 40, 44—47, 52, 63, 226,
263—266, 268, 271, 272, 279, 320,
326. Cu. maxwe Tlpativep, PHK-
3aTpaBka

— RoOCTpaMBaHHe 51

— MHOXecTBeHKbe 263

— HYKJIeoTHA-GelKoBhe 265—268

— CHHTe3 gepMeHTaMH 265

— YyajarHenue 50, 51, 79, 311

3uavaman uuto JHK 133, 134, 155

H3omepusauus noayxuasm 87

H3zomu3omepn 131

HmmynornoGysunw 108, 109, 176,
192, 202—205

Husepcua 191

— KoHHOB uenu 269, 270

— cafiT-cneunduyeckas 107

— cermentos JHK 106—108, 114,
120, 121, 126

Hurubutopm

— OGaxrepHaasunix  PHK-moanmepas
cx. Pudamnuuni, CTpenToaHIMTHH

— PpelHKaUHH 66

— cHHTe3a JAHK 46

Huaykrop 142

Huaykuus

— npodara 295

— SOS-cucremn 78

Huzyunpyemmit  suxancep 205—206

Hnnunauns

— pekoM6uHauuu 98, 279

— penjHkaukn 56—70, 265, 282

— — H36HpaTeJbHOCTb 62

— — xpoMocoMb E. coli 61—63

— — 3yKapHoT 69—72

~— TpaHcKpumuux 174, 195, 208, 315

— — a6opTHBHas 138

— ueneii JHK 50—52, 55, 262--266

— — — Ha JBYXHHTeBHX MaTpHUaxX
265-—266

~— — — — ORHOHHTEBHX MaTpHmaX
262—264

~— — PHK 137—138

Huceprass nypuuosne 76

HHrtacoma 282

Hnterpasa 283, 284, 293, 294

— BHpyc-crienHpHueckas 293

Hurerpauuss 283—289, 312—313

— BHAH 289
— TeHOMa ¢ara asm6aa 283—285
— — — Mo 285-—289

— NJa3MHA, MeXaHuam 127

HMuteprannsuust ocuomammuii 41, 42

Hutpon 166—168, 191—195

Hudopmauus renernueckas 6—9, 110,
133

— CYHTbIBaHHe CM. TpaHCKpHNuus

Houw mertannos

=— — B PEryJslHH IKCNIPeCCHH I'eHOB
197, 211

— — — cuutesze JJHK 46

Kaabuutouun 180, 181

KaHueporenn, ankuauposanme 75

Kap6oauumun 38

Karerauw 59, 60

Kerokcaan 38

Kunasza 170—171

«KseBepHoro sucta» mogean 38, 41,
169

Knenosa IHK-noaumepasa 48

Kaerku

— 6aKTepHaibHbie 60—61

— Tan1oHiHble 104

— PpasMnoxende 47, 63, 66—72, 78,
99, 106

Knounposauue

— reHor 206, 215—218

— Moaekya 63, 72

Koa reneruueckust 6, 7

Kounterparm 114—121, 126, 127

— peaxkuHs pa3geiaenus 117—118

Koauunum 125

Koanaren 203

Koavuesas AHK 117, 118, 274

KoMn.iekc

— 3aKkpuiTHifi 138

— HYKJeOoTHI-GesKOBHE 267

— TnpomoTopHuit 139

— penpeccopa c onepaTtopom 151

— CHHanToOHeMHH# 98, 99

KoMmniekcu

— NpafiMOCOMHEIX GenKos 65

— pHOOHYKJeonpoTengnue 172

— PHK ¢ cy6erpatom 170

— C HOHAaMH MeTaJJoB 46

Komnuementaprocts

— HYKJeoTH10B 269

— 3JIeKTpoHHas 26

Koneepcust rewnas 88—89, 95—103,
109

Konaercauuss JHK 234

Konkaremepn 275—280, 296

— pasBeTBJeHHBe 279

Koucrpyuposakie Bektopos 63

KoHTposb  aKTHBHOCTH TeHOB 3yka-
puot 218—221

Kondopmauus

— JHK cx#. ®opma JHK

— MaxkpoMOJIeKyJ, ofpejeneHHe 38

-— HYKJEeOTHIHHX OCTaTKoB 22—27

— — — H3MeHeHHe 26

— — — CHH- H aHTH- 23, 28

— — — yYepeloBaHHe 28

— — — 3Hjg0- 28

— — — S- u N-23

Kouust. Cax. maxwe Baaumoneficteme

' MeX1y JHOKHMH Kouuam, IToBtopms
KOH1leBble

— HHHIHalUHs Ha 262—264

— JHOKHe 261

— ONHOHHTeBHe 261

— 3- u 5'-11, 46, 51, 54, 58, 59, 66,
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77, 78, 89, 98, 111, 130, 202, 203,
310—322, 326

— — — — JIHK 262, 267—270

— — — — 3peaoit MPHK 179—181

— — — — kandposanue 309, 315,
326—329

— — — nonuapeHAAHpoBanHe 302,
308, 309, 315

— — — npoueccunr 169—175

Koubloranua 91, 111, 120, 125, 128

— yuactka JAHK 17, 69, 79

Kopenpeccop 142

Koponasupycu 317, 323

Koppekuus cuuresa [JHK 47, 48

Kop-pepment 135

Kopakropu 54, 177

Kpoccuurosep 95—102, 109

— pBo@noi 97

— HepaBHbifi 126

Kcantun 73

Kan 177, 178

Kanuposanue 309, 315, 326—329

Kan-cait 174, 175, 195—203, 224, 227

Ksprca cxema penaukaunn 271—272,
275

Jlurasu 170—172, 275

— ¢ara T4, 54

— E. coli 54

Jlurauan-apdektopn 153

Jinruposanne Kouios pa3pusos 116,
272

Jlusorennsanua 293

Jlunkep cu. Mexuykaeocomuas JHK

Maxcama — Tusbepma wmeron 15—20

Manwe PHK 10

— — sanepnwe 172—184, 212, 231

— — — cospeBanke 175

— — — Tunu 182

Matpauu

— nByXHuTeBHE 265—266, 289

- oablieBbie 296

— KonKaTemepHue 296

— hHHefHHe 278

— MonouucTpOHHHE 298

— onHoHHTeBHe 44—46, 262—264,
266, 267, 273
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— nonuuncrponnne 290

Marpuunas uuts JHK 133

Matpuunas PHK (MPHK) 179—184,
201, 223, 224, 302, 317, 318, 323—
329

— pupyc-cnennpuueckasn 306

— nperpagauus 293

— spenan 173, 299, 305, 306

— wmonouuctponnas 163, 324, 326

— nosgusis 302—308

— nonuuuctponnas 163, 164, 297,
298, 308, 331

— pannssa 300—303, 307

— cy6renomnas 318—322, 327, 332

— Tanu 182

Marypasa 276

Mexunyxneocomnas JIHK 243—245, 257

Me3seacona — Psddunza mopmenp 99—
100

Mem6pann KJaetounue 68—69

MeranaotHoHenn 200, 201, 205, 206

3-MeruaageHud 75

Merunasa 82, 119, 129—132, 219

O%-Metuaryanun 74, 75

7-Meruaryaunun 12, 75

Meruanposanne JHK 82, 83, 119,
120, 123, 130—133, 254, 258

— — Kak cnoco6 xourpoas 218—221

MeThamerancyabponar 76

Metuarpaucoepasa 75, 8l

5-Meruauntosun 12, 218, 254

Metkn

— paaguoakTHBHbe 17—20

— dayopecueHTHHe 19

Mexanu3m

— auTHTeHHBIX BapHauui 102

— BTOPHUYHOrO Pa3MaThBaIOWerocs py-
aona 274—277, 281

— reHeTHYeCKOH
120—122

— reunoii KouBepcuu 95

— wunayxkuun  SOS-cucremu 80, 81

-~ HHHIHALHH, CaM03aTpaBOYHKIM
263—265, 268—270

— uuTerpaund naasmun 127

— Koppekuun 47—48

— moHomepu3aaunn JTHK 105

HeCcTaGHABHOCTH

— ofpa3oBaHHs AynauKauui 126

— nepeMelleHHst MOGHJbHBIX 3JeMeH-
ToB 115—120, 230

~— pasmaTthBainerocst pyJosa 272—
274, 281

— peryasiuHH penaukauuun 63—68

— PpenNHKaTHBHOA TpaHcno3uuuu 116

— TPaHCKPHNUMHH, MONEKYJIAPHHH
289—308

—— TpaHcmosHuuu 115—120

— ynopsaodeHtof cerperauuu 68—69

Murpauus Bersu 86, 87, 91

Muxporereporesnocts KonpopMaluoH-
Has 29

Mukpooprauusmu naroremsme 101,
102, 107, 124, 128. Cu. maxxe
Bupycu

Murtoxouapuu 10, 15, 51, 136, 167,
186

Muxasauca — Menmen ypaBuenne 170

MHoOXecTBeHHHE TAHAEMHBle KOTTHH CM.
Koukaremepn

Mo6GuIbHBE TeHeTHYeCKHEe 3JeMEeHTH
109—-129

-— MeXaHH3M fepemewenHs 115—120,
230

— TpPaHCNO3HIHs 222

Mopudukauua xuMmudeckas. Cx. mak-
ae Merunuposanue, lMoanagenunu-
poBaHHe

— JHK 16, 17, 129—133, 143, 153

— KoHlla TpaHcKpHnTa 181

— PHK 38—40, 163

— THOb cHcTem 129—133

Monekyau JHK

— ABYXHHTeBHe 260, 261, 268, 269

-— Kojablesne 129, 260, 262, 271—274

— oAHOHHTeBHe 56, 65, 268

Monekyasnpuasa ru6puausauns 30

MonekyasapHoe kJoHupoBande 191

MonoMepH3auus

— IHK d¢ara P1 105

— penaukoHos 105

Myabrarenusie cemedicrsa 109, 190

Myrarenes 80, 232

— ropsiuHe TOuYKH 83

— cnoHTauuu# 76

MyTtarenn ajakuaupymoounae 8l

Myraut E. coli 77, 79

Myrauun 54, 58, 62, 72, 73, 78, 80,
82, 92, 124, 132, 146, 154, 155, 199,
214, 215, 230, 232

— roMmefOTHYECKHE
215

— HHCepUHOHHHe 123, 126

— npoMoroprbie 140

(romefioancuHe)

Hanpasnewnocts pennukauun 61, 63

Hapywenus OHK 73—75, 94

— — npsMas peaKTHBHOCTb 75

HecrabunbhocTs remernyeckas, Mexa-
HH3M 120—122

Huk-Tpancasuus 48

Hyxneasu 11—15, 33, 34, 39, 40, 91,
133, 169, 227, 239, 249, 253, 256,
257, 266

— HU3 fa 3Meil cM. SIp 3MeHHHI

— MHKDOKOKKOBhe 243--244, 253

HykaeunoBue kucaotw 8, 10, 22—26

— — ofmen 9

— — OuWHCTKa OT Genxos 10

— — cTpyKTypa 6, 10—42

— — THOHR 5§

Hykneosuprpuocparu 19, 138, 160,
320

— aKkTHBHOCTb 156

Hyxkneo3un-5'-docharu 14

Hykaeosunw 6, 11, 12, 25, 319—-320

— aHaJH3 KOH(pOpMauUHOHHHA 23—26

— MIHHOpHHe 12

— NHPHMHAHHOBHE 23

— nypuHOBHe 23

Hykneomepu 245

Hykaeonnasmun 255, 258

Hyxaeonporeunw 10, 326

HyxkJaeocomnas JHK 245

Hyxkaeocomm 9, 234—242, 256, 257

— MHHHMaJabHbe 244

— opraHu3auHs GuGpuan 242—244

— TNpOCTpaHCTBeHHa® Mogeab 239

— PpeKOHCTpYKIHA 241

— TpaHCKpHNUHA 254—256

— odefsuur 242

Hyxneotuan, HoMenkaarypa 11, 12
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O6ayuenne yabTpapuoneroBoe 73—80

O6paTtias TpaHckpununs cx. Tpau-
cKpunuusa obpaTHas

OnnoTaxeBHe

— JHK 33, 52, 55

— PHK 35, 37

— — crtpyKrypa 37—42

Oka3zaxu ¢parmentn 53—58

— — cunBanue 56

5-Okcumernauutosun 133, 262, 278

OxraMep rucTOHOBHME 241—242, 258

OauronykaeoTnast 14, 20, 27, 48, 80,
138, 320

— cuutes 40

— ¢ochopunuposanne 14

OunropH6oHyKaeoTHA-3aTpaBKa 263

Oukobeakn 9

Ouxoredb 9

OnepaTopHue 30HH 295

Onepatops TpasckpHmuuu 142, 144

Oneponnt 135, 160—165

— kataGoautHbe 148—151

— — penpeccopnl  150—152

— tpuntodanoBbiii 158—161

Opraxeans Kjaertounsle cx. MHTOXOHA-
puu, XJoponaacT

OpHAXKHE

— mepenoca 111

‘— pacnaeranue 61, 62

— penankaunn 60—70, "2, 120

— cneunduuroctd 61

OcHOBaHHs

— aaxuaupoBanue 74, 81

— anypuuusauus 73, 74, 76
— rerepouHkanueckne 1, 24, 26
— pesamunupoBasue 73—75
— uHTepKajaasuns 41, 42

— MHHOpHble 12

— MoaHduuKpoBanuue 262
— NMpUMHAHHOBHE 22

— — pacueniexne 16

— nypuHoBHe 22, 41

— — metuauposanue 16, 131
OcCTaTKH HYKJIEOTHIHBIE

— — unentuodHKanus 40

— — KoHbopmauus 22—26
— — wmuHopuute 11
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— — wmonudurauus 38—39
— — TepMHHaTOpHbe 18
— — ¢ocoatuse 24
Ouncrka JIHK » PHK 10

NManuunpoMuast wnuapka 181

Naauuapomn 33

Ianosasupycsl 260, 271—-272

Tlapsosupycn 262—265, 269, 270

Mapu

— KxommnJjeMeHTaphne 24—26, 37

— TpeTHuHble 41

— yoTcoH—KpHKoBckHe 24—26, 37, 41

Mayse Tpanckpunuun 140, 155, 157,
160

Tlento3a 5, 11

TMepekpnBaiine ocHoBaHuR 26

TepectanoBkH KoJabueswe 261, 280

Ieran

— IHK 37, 66, 147—153, 173, 181

— aupepusie 158—161

— cynmepchiupaansnpoBanubie 246

— 3uxalcepoB 204

D-Tletas 65, 89, 90, 92

Tukopuasupycsl 319

TIuaun 101, 102

IMupumuguas 5, 11, 12, 16, 76, 242,
957, 262. Cm. maxxe Tamuu, Hu-
TO3HH

— puMepht 75, 80

Tupodocdartaza 46

Maasnenne jgsoinofi cnepaan JHK
29—31, 143

— — — xoomepatusioe 29, 138

Maasmuax 61, 63—69, 96, 104, 106,
109—115, 120

— GakrepuaJjbhue 15, 110—112, 122—
129

— wunrerpauna 127

— KoauuuHorexuse 125

— KoHbloraTusubie 125, 128

— Mobunusyemoie 111

— pemankauus 110

— TpancMuccHBube 111

TlosTopn 301

— aaunHBle 225—230

— uuBeprupoBanbe 112—115, 122—
124, 231—233, 292, 294, 312

— — Kohliesne 261, 262, 267

— KOpOTKHe 225—227

— HyKJeocoMHbe 243

— npamuie 285, 313

— — KoHueswe 261, 277, 278, 280,
309—311

— TaHjeMmHble 189, 209, 235

HNosuunonnas - uudopmauna 214

ToxcBupycnt 262

HNoavagenuanposanne 165, 179—181,
197, 223230, 237, 302, 305, 308,
309, 315

Tonumepusauna 46—48

[Moaumopdusm asoiinoi cnupaan JH
26—29 :

Moaunyxieotnakuuasa 17

Tloannykaeornan 7, 14, 19, 25, 27,
34, 47, 48

Toaunentugs

— aKTHBHOCTb 48

— BHpyc-creunduyeckue 321

— B JIHK-nonumepase 48, 57

— mnpoteonu3 48

—— mnpoieccHHr 8

IMoavpennnKkonHas opranudauna 69

IlonupuGonykaeornam 163

~— THApOaH3 15

— MpHpoAHHe 40

HNoayMerunuposannaa JHK 82—83,
120, 123, 258

Tlonyxuasma 85—89. Cx. makxe HUso-
MEepH3alKsa TMOoNyXHa3M

— ofpasoBaHue 89—92, 99

— paspe3anune 86—89, 92, 94, 96—100

Topsinok sauennenns ueneit JHK 31

INocaenoBaTeabHOCTH

— romornojuMepHbie 322

— AymJIuUHpoBaHHbie 112, 122

— — BHpyc-cneuuduueckue 325

— — romoJoruynse 103, 109

— — TOMONHMpPHMHZHHOBble 33

— —— HHBepTHpOBaHHme 33

— — TIpOMOTOPOB mpoKaphoT 140—
142

— — — — KaHoHHuecKHe 141

— — PEryJATOPHHX 3J]eMeHTOB IeHOB
196—200

— — PHK, onpepenenne 19—20

— — CaMOKOMMJeMeHTapHwe 268

— — YyCHJHTeJeH TpaHcKpunuuu 204

Ipafimasza 274, 275, 282. Cx. maxxe
JHK-npaiimasa

Tlpaiimep 19, 20. Cu. makxwe 3arpasKa

ITpafimocoma 54—58, 62—65, 263

Npenwectseniukn TPHK, npoueccunr
168—172

Ipubuosa Gaok 141

Tposupyc 284, 289, 313—315

Tpokapuorer 10, 35, 110, 135--163,
231, 257

— BHpycw 290, 317

— JOMeHHasi OPraHH3alHs XPOMaTHHA
246

-— npomotopn 142154

— npoueccHHr 163—165

— — npegwectsedinkos TPHK 168—
172

— Pperyisiniua TpancKpunuuu 249

Ipomotopat 7, 133—154, 250, 254,
290, 293. Cm. maxwe TpaHcKpun-
MR C NPOMOTOPOB

— aKTuBauusa 296

-— rajaakTosHoro onepona 150

— HCTHHHO-paHHHe 296

— KaTaboAuTHHX omepoHos 148—150

— OTCpOYeHHO-paHHKe 296

— no3anHe 296, 297

— npokapuor 142--154

— — aKTHBalUs penpeccopoM ¢ara
146

— — aKTHBHOCTb HeraTWBHasd 142

— — — no3uTHBHaz 142

— — — peryasuus 142—154

— paHHue 297

— cTpyKrtypa 1[40

— 3ayKapHot 196—197

INpopetpoBupycu 224, 227

ITporamunb 238

Ipoteaza 144, 153

IMporeous 48, 318, 331

TNpodar 81, 106, 107, 115, 284, 285,
291, 294, 295

— HHAYKUHA 295

Iponeccusuocts cuntesa JHK 49—50
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IpoueccHHr 207, 210, 224, 226, 305

— xouua Tpauckpunta 178—181

— onpenenenne 163

— mnepBHYHHIX TPAHCKPHNTOB 163

— npejLIeCTBEHHHKOB tPHK 168—
172

— y mpokapHor 163—165, 167

— y sykapuor 165—168

[ceBnorenb, o6pasoBanne 223--225

Mcepaoysaer 37

— cxema ofpa3oBanus 42

McepaoypHann 12

Mypuuet 5, 11, 12, 16, 41, 141, 242,
957. Cx. makwe Apeans, ['yanuu

Pasgenenue uemedi 17

PasMbiKanKe TYPHHOBOro Koabla 74—
75

Paspus .

— JBYXUENOueuHblH 79, 94, 95, 97,
103, 116—120, 130, 289

— @uHHuHHpylowHi 97, 266

— opuouenoueynmit 99, 111, 116

Pacxoxaenne xpomocom 108

— MeXHYKJIEOTHAHBIX csiseir 13, 39,
40

— MOJHHYXJEOTHIHBIX peneft 15, 20

PayHA penyiHKaunu 60, 61, 64, 66—72

_ pnuumauuu 56, 66, 67, 68, 274

PeakTupauus npsmas 75, 76

— Yaiiria 78, 79 .

Peaccounauns ueneii JTHK 31

— y 3yKapHOT 186—188

Pepepcusa 121

Peseprasa cA.
paruas

Peryasauns

— cunTe3a 6enkoB 7

— TpaHCKPHIUHH 209—212, 290

— — JIHK-reHoMoB BHpYyCOB MpoKa-
puor 290—299

— — dara asmbra 294, 301

_ — — — aytorenxas 295

— 3kcnpeccun rexos 181, 198, 212,
293, 302, 303

— — — wmeraanamu 197

Tpanckpunmasa 06-
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— — — nyTeMm aJbTepHAaTHBHOTO
cnaajicuira 182—184
— — reHoma 299
Pesosnpaza 117, 118, 123
Pexom6unantuse JHK 9, 34—35, 215
PeKoM6HHAUHOHHAs HHHUMAUHS, CXe-
ma 279
PekomGunauns 79, 94, 266
— TreHOMOB KopokaBHpycoB 323
— roMonoruynas 81, 84—89, 93,
98—101, 103—105, 108, 112, 122,
126, 127, 229
— — CHelHAaJ#3HPOBAHHbIE CHCTEMb
102--104
— HMHHUMHpYyeMas
paspeiBoM 96
— wMmefiornyeckas 98—100, 108
— MuTOTHUecKas 95—99
— cafit-cennduueckas 104—108, 117,
118, 283—285
— — mexanuam 285
— uyacrota 128
— 3BosiouMoHHas poan 108—109
PenakcupoBaHHOE COCTOSIHHE JHK
31—34
Perarypaunst JOHK 29--36, 52, 91
— — ckopocts 30—3!
PenTreHocTpyKTypHblil anaaus 7, 21,
23, 26, 29, 38, 40, 239, 240
Penapauns JHK 48—51, 7384, 95,
202, 204
— JByXIenoueuHbiX pa3pLBOB 79, 94,
95, 97, 103, 116—120, 130
— uuayuupyemas 78--81
— HeCMapeHHbIX HYKJIEOTHLOB 81
— nocrpenaHKaTuBHas 79, 93, 94, 108
— peKomGHHauHou#as 78, 94, 95,
101, 120

— TemHoBas 75

— sKcuusuonnas 76—78

— SOS 78—79

Pennnkasa 319, 320

PenJanKaTHBHAS

— BHJKa cM. Buaka peNHKaTHBHaA
— TpaHCHO3HUHSA 285—289

— ¢opma JHK 273, 282
Penankauus 8, 18, 34—35, 44—72,

JAByXUeno4YeyHbiM

81, 82, 89, 119, 120, 219, 234; 266.

Cx. maxwe Bunxa pengukaTuBHas

Payna pennnkaunu ’
-— TeHOMOB BHpycoB 260—332

— — — rpunna 325—327
— — PHK-comepxamux s
317—331 Apycon

— — ¢ara aambaa 274276 —
o , 277

— — — Mo 285289

— — — T-cepun 277—280

— HHK-renomos 260—289

— -~ C OAHOHHTEBOH KOJb| i
272—274 Herolt AHK

~— AByHanpaBJenHas 6]
AUXOTOMHYecKass 67—68
u3bHpaTenbHoCTE 56
= Kouableshx JHK 58-—59
MOGHJIBHOrO 3JeMenTa 114,116, 117
OAHOHaNpaB/eHHas 61, 63 '
OCHOBHEIE NpuHUMNBL 5]—54
— CXeMHl 266--280
— nmnra3mug 110
— TNOJYKOHCepPBaTHR
By ;2)87 uas 44, 45, 263,
— pacnjertaHus
IOHK 52—53
— peryasuus 63—68
3;’;-[_}(331supounos H BHPYCOHJ0B

— PHK-renomos asyx
290 YXHHTEBHX 328 —

—2;7jc2r;%nb301aaﬂﬂem KOHKaTeMepoB

— CKopocTh 47, 57

— CXeMa BTODHYHOTO pasMaThiBalouie-
rocs pynona 274—276, 281

— — Kopuea 271—272, 275, 28]

— — pasMaTbiBa /
272_;)2747 i lolerocss  py.oua

—sgononormecxne npobiaemsr 56, 59—

— XpomaTHHa 257—258

— XpoMocomul E. coli 61 —63

— 3ykKapuor 69—72

Pennukonnt 60, 63, 64, 67, 70, 110
112, 116—124, 127

ABOfiHOI COHpasu

— KoJablessie 61, 105, 106
— MoHOMepH3auHa 105
— cerperauus 68—69, 105
— cJaHsHHe 114
Pensiucoma 58, 61
Penpeccus 67, 144, 150, 293
Penpeccopu 142, 144, 293, 295
— KaTaGo/INTHBIX OMepoHOB 150—152
~— KOHUeHTpauusa 147—148
~ TpaHCMO3HUHH 123
— ¢aros 81 144—148
— — Jaambaa 148—152
PecTpukrasa 13—16, 129—133, 225,
248
JPecranuHx 79
— GakTepHotaros 129—130
— JHK 129—133
— cHCTeMsl, THns 130—132
PetpoBupycer 308—315
Perporenn 224
Perponmoanunn JHK-konuii 225
Perponosonn 222227
PetpoTpancnosonbr 227—230
D-Pu6osa 11, 12, 22, 42, 73
Pu6osumer 170
Pu6onykneosnarpudochars 133
Pubonyxieosuan 12, 15, 20, 36—38
PuGonyksreonporennst 178, 181, 238,
323
PuGonykaeoruau 51, 163
Pu6ocomntre PHK 7, 19, 190, 209,
210, 251
— — aHTHTepMHHaUHs B renax 161—
162
Pu6ocomn 7, 8, 38—42, 154—159,
207, 237
Puoamnuuun 135, 136
PHK
— HudopmauHoHusle 7, 19
— pacuenjexHe nenu 15
— CTPYKTypa MaKpOMOJeKyaAsipHas
35—42, 63, 66
PHKasa 14, 15, 38, 39, 56, 62—65,
157, 164, 165, 169, 172, 293, 298,
308, 311
PHK-renomu Bupycos 317—331
— — BHAW 317



~— — naByXHuTeBble 328—329

— — onHouuTesne 317—323

— — penaunkauus 317—331

— — TpaHckpunuus 317—331

PHK-3atpaska 51—57, 62—65, 70,
267, 272, 310

— ruapoaus 57

— nepsHuHas 265

PHK-aurasa 20, 331

PHK-noaumepasa 7, 46, 62, 64,
133—160, 195, 197, 202, 234, 251—
256, 292, 293, 296—299, 307, 323,
324, 327

— Bupyc-cneunduueckas 299, 329

— JIHK-3asucumas 263—266, 277—
279, 290, 291, 307, 330

— Moanopukauuu 297

— nosauss 297

— cy6beauHuun 297

— PHK-3aBucumas 319—323

— ¢arocneuunduueckas 277, 298
— 1 238, 251, 252

— 11 238, 250, 253, 254, 301, 303,
307, 314 '

— 111 226, 238, 303

CaamoHenna, cmeHa ¢a3 107—108

CaMoKoMNaeMenTapHocTh 27, 29, 262

Camocnaaiicuur 166, 167, 177, 331

Careanurunie JHK 188—190

Caxapa 12, 29, 75, 148

Ceepxcnupanusauns 31—35, 61, 62,
204, 271, 272

— oTpuuateabHas 32—34, 62, 92, 139

CeopaunBaHHe NoAHNenTHAa 8

Cssizn

— Bojoponube 25, 41, 42, 86

— — rauxosuaube 11, 75, 76

— MexHyKJeoTHAHBe 11—15, 40, 166

— — rufpoau3 13

— dochoausdupune 11, 39, 46, 167,
174, 320

~ — obpa3sosanne 55, 177, 264

— — pacwennenne 40, 77, 116, 131

CermenTtanusi reioma 332

CerMeHTH HHBEPTHpYeMbie

Cerperauus
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106—108

— nnasMua 124

— noctMefioTHuecKas 85, 86, 88, 99,
100

— penaxkoHos 105

— ynopsgouenHas 68, 69, 72, 99,
104, 106

CekBennposanue 7, 15, 16, 18, 20, 40

— no Maxcamy — Tua6epry 15—19 -

— no Csurepy 17—20
CurMa-cy6beguHuun 135—142, 161
— muHopubie 135, 153
— PHK-nonkmepass 152—154
Cunanc 98
CunantoneMHblfi KoMmiekc 98, 99
CuHTe3
— JHK MaTpuuHbiit 45—48
— NepBHYHHX TpaHCKpHNTOB 303—
305
— — mnpepLBHCTEH 53—54
— — MNpOLECCHBHOCTbL 49
— — penapalHOHHBHH 269
— — TOYHOCTb H KOppeklHs 47—52
Copepxanue JHK B pasHbXx opraHus-
max 185
CoprupoBka 3K3oHoB 193—195
CnapuBaHHe
— roMoJoros 98
— JMNKHX KoHLoB 280
— HYKJeOTHAHMX OCTAaTKOB, KOMIIe-
MenTapnoe 38, 65, 66, 85, 93, 133,
155
— — — HapyuwenHs 8!
— y npoxke#, tunw 103, 104
— XpOMOCOM TromoJioTHYeckoe 98
Cneiicepn  207—209, 251, 252
a-Cnupanp 144, 145, 217, 235
Cnaaficuur 9, 166—181, 302, 308, 315,
326
— anbTepHATHBHHA
308, 217
— uapywenns 175
— craguu 177
— 3K3oHOB 172174, 197
Cnnajicocoma 178, 179
Crenenb penpeccun 147, 152
Crpentoanguras 135, 136

182—184, 191,

CT3KHHT-B3aHMONeHCTBHS 24, 26, 29,
37, 41, 42, 86

Cy6erpycHble yacTHum 329

Cynepraobyam 245

CWHBKY KOBa/leHTHBe

— — Geakos ¢ JJHK 250, 264

— — rHcToHoB ¢ JHK 254

— — MeXHHTeBbe 83, 240

Csurepa Meron 17—20

SOS-cucremer 78—80

Tenomepn xpomocom 71, 72, 101
Tepmunasa 276 .
Tepmunaroprass wnuaexka 155—161
Tepmunatopsr 7, 133

— npoxapuoT 154—]82

- Peryaupyembie cm. Atrenioatopu
Tepmunanus

—1 ;5 OTCYTCTBHe GeAXOBHX (axTopos
~— TpaHcKpunuuu 210, 251

= TpaHcaauuu 197

— uenu PHK 134, 137, 158, 179—18
— p-3aBHcuMas 157, 161 )
TuMupunaTcHuTasa 167, 194
Tumunun 12

Tumugun-5-bochar 12

Tumun 5, 6, 11, 12, 21, 74, 75, 262
— numep 77, 79, 94
T-xaerxun 108
Tpauckpunt 201, 225
— npoueccuir 3’-koHua
Tpauckpunton 133—135

178—181

Tpanckpuntasa o6patnas 20, 40,
222227

Tpanckpunt nepsuunie

— — npoueccunr 302—303, 305—
306

— — cHHTe3 300—305

Tpanckpunuus 7, 8, 61, 62, 66, 123
133—162

— axtHBauua 81, 230, 275

— TeHOMOB BHpycoB 260—332. Cu.
maxsxe TeoMn Bupycos

—306pa1‘naﬂ 40, 195, 222227, 308—
12

~— peryasiuus 154—162

PHOOCOMHEIX TeHoB 207—209, 252

— TepMHHH 133

— uuka 134, 137—142

— — cTaguu 175

— 3yKapHoT 195—221

Tpaucnokauun 114, 126

Tpaucasuus 7, 8

Tpancnosasa 112—120, 123, 124, 231,
232

Tpancnosuuus 112—115, 118
— MOJMeKy/spHBIH MeXaHuaM 116—
119

— penaxkaTteBHas 118, 120—1922
~— KOHcepBaTHBHast 119

— P-3nementa 231—232
Tpancnosonn

— Gakrepuit 112—127

— onpenenenue 113

~— nepeMeuleHxe, MexaHusm 118—119
Tpancnopr

— Moaexyxr JIHK B kaerky 128

— PHK 8, 170

Tpaucnoprure PHK (tfPHK) 190,
209, 210, 310

— — MPOUECCHHI MNpeflIeCTBEHHHKOB
169—172

Tpauc-cnnaiicunr 184, 307

Tpancoepasa TesoMepHasn 71

Tpancsrepuduranus 166, 167, 176,
177, 195

TpuMeruaryauugun 177

Tpuosodocharusomepasa 176, 192

Tpunanocomun 101, 109

Tpunaern 41

Tpuncun 241, 245

Tsta-cTpyxrypn 61

Y3eaKH pekoMGuHauUHOHHbe 98

Yorcona — Kpuka Mozenn 21—24, 44,
Cx. maxwe Tapu YOTCOH-KPHKOB-
CKHe

Ypauua 5, 12, 38, 73—75

Ypauua-AHK-rauxkosunasa 76, 83

Ypurun 12, 23, 177

Ypunuu-5'-pocpar 10

YcHnurenn
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— tTpauckpunuuu 196, 203—207

— — MexaHu3m JefictBus  204—205

YcrtofludBocT K aHTHOHOTHKam 113,
119, 122, 124, 125

¥Ysiirna peakruBauns 78, 79

®aru 133, 261—263, 268, 272. Cx.
maxoxce Baktepuodaru, Ilpodar

— asim6pa 81, 104, 130, 157, 217,
261, 265, 274—276

— — aHTHTepMHHalUHa [61—162

-~ — HHTerpauus reHoma 283—285

— — penpeccus 144—149

— — penaukauns 277—280

— — TpaHcKpunuHs resoma 291—296

— MI13 19

— Mio 106—108, 115, 117, 285—289

— — wuHTerpauus reHoma 286

— — HHUTYaTble, TPAHCKPHIIHA TeHO-
Ma 290—291

— T-cepun 92, 98

— — pensukauus renomos 277—280,
282

— — TpaHCKpHMIHA
299

— comepxamue PHK 318—320

— N4, rtpaHckpunuusi renoma 299

— @X174 273275, 282

®akrop TepMuHauuu 156, 157, 162

F-®akrop 125, 128

Defi3uur HyKJeocoM 242

QennanaHHHTKAPOKCHIa3a - 176

Qepmentn 6, 7, 13, 20, 117

— aKTHBHOCTb 3K30HYKJea3Has 48

— paclenyieiHe MeXHYKJIEOTHAHBIX
ceasedt 13, 40

296—

resoma

— — NOJHHYK/JEOTHAHHX uenedr 15 *

— penapanun 83, 94

— ¢oToakTHBHpYIOUHe 75

Ou6pHIAIH

— HYKJIeOCOM,
244

— xpomaTHna 234, 235, 238, 242, 244

— — B3auMojeficTBHe C THCTOHOM
255—256

— — MOAeAH CTPYXTypH 245, 255—
256
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opraHu3anns 242—

— — paspywenne 255

dubpoHekTHHH 183

dunoreseTHueckui noaxon 37—40

Gaareaanus 107, 108

dopma JHK 22, 26—29, 32—34, 98,
220, 257

DopMaMHLONHPHMHAKH 74—76

dochaTnsomepada 224

docoorauueparkHiasa 198

dochonnscrepasa 14, 171

dochopuanposanue 153, 177

— B rHcronax 237, 238, 248

doronuasa 75

doropeakTHBalHa 75

®pakuuonnposanne JHK u PHK 10

Xenatu 46

Xeaukasa 52, 54—61, 77, 78, 82, 91,
111, 265, 266, 275, 282

— Bupyc-cnenupuueckas 271

Xwuaamn 99

Xu-cair 91

Xsoponnacts pacrenuir 10, 15, 51,
136, 167

Xoaupes crpykrypa 85—88, 92, 96,
100 Cm. maxxe Tlonyxuasmui

XpomaTHasl romosoruynsie 99

Xpomatiu. Cm. makwe OPuGpuina
XpOMaTHHA

— aKTHBHbf, cTpyKTypa 251—254

— rHNepYyBCTBHTe/AbHbE MecTa 256—
258

— nekonjeHcauus 251—253

— JoMeHHasi opTaHH3auMs 246—247

— HHTephasnmil 252, 258

— KOHjeHcauHs 244—245, 256

— pacwenJenHe 243—244

— penankauns 257—258

— crpykTypa 233—259

— YpOBHH KOMMaKTH3aUHK 249

Xpomocomn 72, 98, 99, 220. Cx.
makxe TeiloMephl XpOMOCOM

— GaKTepHaabHoOR KieTkn 10, 15, 67,
104—109, 115

. — — MexaHH3M peniHKalluh 54—58

— wmeradasume 247—249, 258

— mnoauteHnsie 185, 251

— pasMepu I5

— pacxoxjeHne 108

— CnapHBaHHe TOMOJOrHYHoe 98
— 3ykKapHor 69—72

— E. coli 61—63

Uenrpomepa 72, 99, 103

Lenn 20, 37. Cu. maxxe Ywactku

leneft

— ABOAHOH cnHpaan JHK 55—56, 78

~—~ MaTpuuyHbie 54—58, 64, 82

— ToaHHYKAeoTHAHHe 13, 15, 16, 23,
37, 45, 59, 71, 78, 93, 262, 265, 267

269
= — noaspHocTs 11
— — pa3mepn 19
2’-3'-U,Hxno¢oc¢ar 170—171
Luruaun 12
Wurunun-3'-5 -tudocdar 20
Hurosuu 5, 6, 11, 12, 21, 38, 73—175,
129, 133, 218—220, 262
— HRe3aMHHHpoBaHHe 75
— METHJIHpOBaHHuE 83
Untonnasma 10, 163, 170, 179, 186,

193, 214, 219, 237, 241, 250, 251,
258

Yaprappa npasmao 21

Wok Tennosoii 153, 199, 200, 205
206, 250, 252, 255 ’

Inuasku
— JHK 264, 266, 268
— PHK 222, 226

«3ronctuynas» JHK 122—1926
Ak3onykaeasa 14, 77, 90, 96, 104,

130, 164, 165
o , 169, 170, 180

— pa3sMepu 176
— copTHpoBKa 193—195

— 3KchpeccHss 182, 183
3KcenpeccHs reHos 9, 101—103, 107,
154, 163, 167, 178, 191, 194, 195,
200, 203, 210
— MMMYHoOrJ106uHOB 205
1S-dnementsi GakTepuit 112—127
Anextpodopes 16, 143, 177, 243.
Cu. makxe Fenb-anektpodopes
dnourauns mened JHK 135, 319,
140, 266, 272
Sunoxondopmanun 22—23, 26, 35
OuAoHYyKeasw 76, 78, 97, 165, 170
— ATP-3aBucumble 77
— HecneundHyeckue 14
~— PecTpHKuMH cu. Pecrpukrasa
— cailT-cneunpuueckne 103, 104, 133
SH3UMOJIOTHA peKoMGHHamui y Gak-
Tepuii 88—93
SuxaHcepH cH. YcHIHTeaH 3KCnpec~
CHH TeHOB
Snucomun 127, 128
Anwmeina — Bapp BHpyC 261
AykapHorw 10, 35, 50, 51, 54, 59,
60, 78, 81, 84, 95, 97, 101, 108, 110,
128, 133, 135—137, 163, 165, 184
— TleHombl 185—195, 221-—233
— OCOGEHHOCTH pen/iHKauuu 69—72
~ TNpepBaHHble Trewm 191—195
— npoueccHHr 165—168, 172—179
180, 181 .
~— — npeamectseHHukoB TPHK 169—
172
— peaccounauus JHK 186—]188
~—— PETYJAAUHA TPAHCKPHNLUHH 195—
221
— CTPYKTypa XpoMocoM 233—259
ApdexT nosoxenus 256
Stpextop 50, 132, 142, 154

An 3mennmit 14, 39, 200
SlnepHbifi  MarHHTHBIR pesonanc 38
Slapa knerok, uccaenoBanns 234—935



OlJIABJIEHHE

YlpenucaoBue
Bpejenue

Yacms A. BBOIOHASA

Taasa I. CTPYKTYpa HYKAEHHOBHX KHCAOT

1. TlepBHYHast CTPYKTYPa HYKJEHHOBHX KHCJIOT ;
2. MakpoMosleKyAsipHas CTPYKTYPa HYKJEHHOBHX KHCJIO

JIutepatypa
Yacrb b. BuocHHTe3 HYK/JIEHHOBHX KHCJIOT

Taasa I1. Penaukauns JHK

1. MaTpHYHBIA CHHTe3
2. OcHOBHble NPHHUHNN peMIHKalHH
3. Penauxauuss JHK E. coli
4. TonoJoruyeckHe npo6ieMbl penIHKalUHH
5. MHHunauus payHia pemjauKauHu
‘ 4epHHM KJeTKaM NpH
6. Cerperauus GaKTepHaMbHHIX DeI/IHKOHOB MO JKodYep
AeeHHH
7. Oco6ennocth penaukauni JTHK sykapuor
Jlutepatypa

Taasa I1]. Penapauus JHK

1. HapyumeHusi, BO3HHKaOUHE B D,HK»

2. Ipsamas peakTtuBauus nospexgenuis JHK

3. dKkcuH3HOHHAs penapanHs

4. Uuayuupyemas penapauus

5. PenapallHsi HecnapeHHHIX HYKJEOTHAOB

6. MerunupoBanne JHK u «ropaune TOUKH MyTarexesas
Jluteparypa

350

10

10
20
43
44

44

44
51

59
60

69
73

73

73
75
76
78
81

T'zasa 1V. Pexom6aranns

1. ToMonornunas pekomGuuayus
2. CneuHa u3HpPOBaHHHE CHCTeMM FOMOJIOTHYHOR peKOMOGHHa L HH

.3. Cafit-cneunduyeckas pekoMOHHauus

4. JBoMONHOHHAR POMb peKoOMOHHAUHH
Jlurepartypa

Taasa V. Tnasmuas o Mo6uNbHME TeHeTHYECKHE 3JIeMeHTH 6aKTepuft

1. BaxrepHa/ibuble niasmumm

2. IS-anements u Tpancnozonu GaxTepuit

3. MnasMunsl H MOGHIbHKHE 3 1eMenTH GaKTepHA H KOHUENUHS «3roHCTHY-
Hofi» JJHK

4. TlnasmMuab, MOGHAbHLIE 3/MEMEHTH H reHeTHYeCKast H3MeHIHBOCTD 6GaKre-
pHit

Jlureparypa

T'arasa VI. PekcTpHKuna u MonupHKauus JHK
1. Pectpukuus 6aktepHodaros
2. CHCTeMM pecTpHKUHH

3. Bopb6a GakTepHoaros ¢ cucremamnu PECTPHKIUHH XO35HHa
Jluteparypa

Tzasa VII. Tpauckpunuus

1. PHK-nosnnsepasu
2. Huka TpaHCKpHNuUHA
3. Perynsiuus akTHBHOCTH MPOMOTOPOB NMPOKapHOT

4. Perynsiuus tpanckpunuuu s TEePMHHATOpaX NMpPOKapHOT
Jlutepatypa

Tagsa VIII. Tlpoueccunr NepBHIHKX TPaHCKPHNTOB

1. Tlpoueccuur y npokapuor ’

2. Mpoueccunr pPHK vy 3yKapHOT

3. Mpoueccuur npenuwectsentukos TPHK y npo- u 3YKapHoOT

4. Tlpoueccunr PHK, CHHTE3HPYeMOf C noMowpio PHK-nonumepasu
11, y sykapuor

5. Peryasiuus skcnpeccuu reuos NyTeM aJbTePHAaTHEHOrO CnAaficHHTa

6. TpaHc-cnaaficHur

Jlutepartypa

Taasa IX. Tenom 3yKapHOT

1. KHHeTHKa peaccounanunu AesatypupoBahuoi JTHK
2. Cateanuruste JHK

3. Ywmepenno NOBTOPAIOUIHECH MOCAEL0BaTEAbHOCTH
4. YuHKanbHbie nOCNeNOBATENBHOCTH reHoMa

5. lNpepBanune renn SYKapHOT (3K30HH H HHTPOHH)
Jluteparypa

o1

104
108

110

110
112

122

191
195

351



d'rasa X, Peryasatopune saeventn T€HOB H peryasuus TPAaHCKPHMUHH y
SYKapHoT

1. Perynstoprne snementh FE€HOB, TPAaHCKpHOGHpyeMHx PHK-noanmepa.
30h 11

2. SHxaHcepw TPAaHCKPHNIHH TeHOB, TPaHCKPHOHpYeMbX PHK-nonume.
pasor 1

3. Tpasckpunuus PHGOCOMHBIX TeHOB ¢ mOMOMmbIo PHK-nonumepasu 1

4. Perynsuus TPAHCKPHIILHH, OCYLLECTB/A MOl PHK-noaumepasoi I11]

5. lenm, HanpasasilouiHe pa3ButHe OpPraHH3MOB

6. Metunuposanne xax croco KOHTDPOJIAT aKTHBHOCTH Ir'eHOB 3YKapHOT
Jlutepartypa

Taasa X1, Mogsuxubie TEHETHYEeCKHEe IJEeMEeHTH reHoMma 3YKapuor

1. Saeventn renoma, NIpEACTaBAsOmMEe CO60A MPOAYKTH o6paTHOR TpaHC-
KPHIIUHH Kaetoynnix PHK (peTponosoHm)

2. TlopBuxHBbIe 3JTE€MEHTH ¢ NJHHHBIMH KOHIEBHIMH nOBTOpaMu (perpo- )

TPAHCIO30HH)

3. Mo6uabnbie 3J/IEMEHTH, OrpaHHYEeHHbie HHBEPTHDPOBAHHLIMH I0BTOpaMH
Jlutreparypa

Taasa X7, CTpyktypa xpomatuna

. 'HcToHN
Herucronosne Genxu

Hykaeocoma

Opranusayus HYKJIEOCOMHHIX (UG pHAA
KoHaencanus XpOMaTHHa

HomeHHast opraunzanus XpOMaTHHa

. Mertadaznbie xpomocons

. Peryasaropuue 6enky XpOMaTHHa
CTpykTypa aktuBHOrO XpOMaTHHa

10. Cyan6a Hykaeocom NpH TPAHCKPHIILHH
11, THnepuyBsctBUTenLHEE MeCTa XpoMaTHHa
12, Pennukauus XpOMaTHHa

Jlurepatypa

el I TR

HYacme B. BUOCHMHTE3 BHPYCHHI X HYKJ/IEHHOBBIX KHCJOT
LTaasa X1, Pennukanus u TPAHCKPHOLUMA BHPYCHHMX TeHOMGB

1. Pennukanus renowma AHK-cogepxkamux Bupycos (IHK—JHK)

2. TpaucKpuIUHA reHoMa OHK-conepxaumux BHpycoB (IHK—PHK)

3. PEIIJIHKauHH/TpaHCKpHHU.HS{ BHPYCHbIX T€HOMOB, BKJIOYAIOWAS CHHTE3
HOHK Ha MaTpuue PHK :

4, Pennuxauun/rpaucxpnnuuﬂ reuoMos  PHK-cogepxamux BHPYCOB
{PHK—PHK)

Jluteparypa

Ilpeavetuniii ykasareas

195
196

203
207
209
212
218
221

221

222

227
231
233

233

235
238
238
242
244
246
248
249
251
254
256
257
2568

260

260
289

308

317
332



