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INPEJVCJIOBUE

Il est trés-facile & la jeunesse de se faire illusion
sur son talent, de présumer en mérite, et de prétendre.
Ainsi la tache la plus difficile pour les directeurs et
précepteurs de nos écoles, est peut-gtre de classer au
juste les talens, et de leur faire senir quel est le degré
de capacité a laquelle ils sont bornés, sans les aigrir, et
sans que des sympathies ou des anthipaties s’y melent
mal-a-propos.

(Monogexs c Gonplio#t JlerkocThio co3gaer cebe
HENpaBWJIbHOE NPEICTaBJieHHe O COGCTBEHHON onapeH-
HOCTH, TIpEYBEIMYHBAET CBOM BO3MOXKHOCTH H Ha MHO-
roe nperenayet. [losTomy camas, 6bITb MOXeT, TPyA-
Hast OBSI3aHHOCTb PYKOBOJMTENER U MeJaroroB HalluX
UIKOJ COCTOMT B NPABHJILHOM OLEHKE TAJAHTOB H B
TOM, YTOGbI JaTh TIOHATDH YUallMMCs, KaKoBa CTeNeHb
HX COCOBHOCTEH, KOTOPBIMHM OHH OFPAHUY€EHBI, HO CKa-
3aTh UM 3TO, He 0XKecTo4asi X U 6e3 HEYMeCTHBIX MpHU-
cTpacTHi M aHTMNaTHi).

Pierre Gothard Gonzague. Information a Mon
Chef, ou Eclaircissement Convenable du Décorateur-
Theatral sur U’Ezercise de sa Profession (a Saint-
Pétersbourg, 1807).

[Tpu BCTpede C 3aKIIOUHUTEILHBIM TOMOM y4eOHHMKA YUTATE/h Cpa3y OOpaTHT BHUMA-
HHe Ha TO, YTO OCHOBHOU pa3jen mnocesuleH reHeruke. Ka3zajioch 6o, 3TO JaeT IOBOJK
BCIIOMHHATL H3BecTHBbIH adopusm Kosbmer [IpyTkoBa 06 OXHOCTOPOHHEM CIIELIMAJIACTE,
OJIHAKO ABTOD He NMPHUHAJIEXKHUT K IEXy FeHETHUKOB.

UcTtunnas npuyYnHa AUCOPONOPLUMHU IJIaB B TOM, YTO B OTEYECTBEHHON ydyeOHOU M-
TepaType A0 CHX IOp HEeT KHHI, OTPAXKAIOUIMX M KJACCHYECKHe, 1 HOBBbIE CBEIEHHS IO
reHeTHKe IIPOKapHOTOB. [1apaJOKCAIbHO, YTO 6 YUEeOHUKGT N0 2eHEMUKE CAUULKOM MAAO
MUKPOOUOAO2UY, G 8 YHeOHUKAT N0 MUKPOOUOAOUY NPAKMUNECKU OMCYMCMBYEm 2eHe-
muxa!

Bbina ele ogHa npuyMHa MOBHIIIEHHOTO BHUMAHHSA aBTOPa K MEHETUYECKHM BOIPO-
caMm. HoBasi MUKPOOMOJIOTHS IIMPOKO HUCIOJAL3YET BO3MOXKHOCTH BBHICOKOIPOU3BOLHTE b~
HBIX MeTOJIOB Jaein(POBKH HYKJIEOTHIHBIX [0CaefoBaTeabHocTel. Biarogapsa stoMy Ha
HaIUX I71a3aX U3MEHSIOTCH MPEACTABJIEHHS O CTPYKTYDPE M SKCIPECCHH MPOKAPHOTHBIX
FeHOMOB, UX B3aMMOAENCTBUU APYL C IPYrOM, & TaKXKe C SAEPHBIMH M BUPYCHBIMM I'eHO-
Mamu. JJonosiHEHHEM, a HOPOM U CyPPOraTOM aKTYaIMCTHIECKOH MUKPOOHOIOMHH CTaHO-
BUTCA METAreHOMHKA, U3y4alonias pasHoobpasue, 3BOJIOLHIO U 9KOJIOro-reorpadpmyeckoe
pacnpocTpaHeHne PeHOMOB, MeHHBbIX KJIACTEPOB M OTHEJLHBIX [eHOB. AHA/IM3 NPOLYKTOB
9KCIIPECCHH I'eHOB, OTBEYAIOIIKX 33 APXUTEKTYDY, MeTab0JM3M U KJIETOYHYIO PETYIALMIO,
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BBISIBWJI KaK €JIMHCTBO OpraHM3alyy 6akTepuii M apxel, TAK M 4YePThI, [IOPO3Hb MPHCY-
IIyie TUM JBYM IPOKaPHOTHBIM JoMeHaM. OTKpLITHE MOOH/IbHBEIX FeHETHYECKUX dJIEMEH-
TOB M T'€HHBIX OCTPOBKOB, JOKa3aTeJbCTBO 'OPHU30HTAJLHOIO MEPEHOCa FeHOB, 0COGEHHO
y cuM6uoTHYeCKHX GaKTEPHH, O3BOJISIIOT NIEPEOCMBICHTD PEACTABICHHS 06 SBOJIOLIH,
PacnpoCTpaHEHH! U aJaNTalMOHHON ILUIACTHYHOCTH [IPOKAPHOTOB.

Hpyrum Temam III Toma Takke He BeserT B Haluell y4eGHo# nuTeparype, GeaHol cBee-
HUAMH 00 OHTOreHe3e MPOKAPHOTOB, PErY/ISITOPHBIX Npolieccax M CHH3Kojorun. B 6osee
BBITOZITHOM TIOJIOXKEHHH OKAa3aJlaCh aBTOYKOJIOTHS, XOTs MaTepHaJl, KOTOphI 0ObIYHO 1a-
eTcsl B y4eOHNKaX, M 3I4eChb HyXKJAJICd B PacIIMpeHUH U OOHOBJIEHUH.

WHoro uuraTens oTTONKHET KaNUTaJbHBI 00beM KHHIM, HETHIMYHBLIN IJIA OTeue-
CTBEHHEIX MOCOOMH MO0 MUKPOOHOJIOTMM B OTJIMYME OT 3apybexxkHbIXx uzfanuii. OaHAKO
Hama «MuKpo6UOJIOrHs» 3aMBIULIAIACH, He KaK NopTaTuBHOE y4ebHoe pykoeoacTso (Ma-
nual of Microbiology), a Kak HcTOYHHK pa3HOCTOPOHHEH UHGOPMAIMH, PABHO NOJIE3HbIN
u cTygenty, u cnerpaiucty (Textbook on Microbiology). ABTop JMuieH W03l B OT-
HOLIEHNH COPa3MEPHOCTH COGCTBEHHBIX MO3HAHMM, XOTS B CBOE ONPABIAHHE JOJDKEH OT-
METHTb, TO U3JIOKEHHE OCHOB COBPEMEHHOI MUKpoGHoioruu Tpebyer KOIEKTUBHOTO, &
He HHAMBUAYAJILHOTO TPYAA.

Kak u B npeabiaymux ToMax, MepeKpecTHLIE CChUIKM OT pa3jesia K pa3Jesy IOMO-
ralT cobpaTh BoeANHO HHGMOPMAIIMIO [0 KOHKPETHBIM BompocaM. ITocKoJIbKY TeMbl, Kak
[PaBIJIO, B3aMMHO NEPECEKAIOTCS, N MHbIE H3 HUX IPHUILIOCh PACCMATPUBATH B Pa3HBIX
KOHTEKCTaX, B XOIe M3JIOXKEHHA MOXKHO BCTPETHTb MHUMbIE ITOBTODHI.

ABTOp NpHBETCTBYET TeX, KTO O3HAKOMIIICH C IIPEABIAYIIMMA TOMaMH y4eDHHKa, a
TaK)Ke YuTaTelslell mpeJsiaraeMoro ToMa. B cBoeM 3aBepLIEHHOM TpPYyJe OH BHIUT BKJIa[
yuuTeseli ¥ cCOTpYAHNKOB o Kaceape mukpobronorun CII6I'Y, a TakKe 0Te4eCTBEHHBIX
¥ 32pyOeKHBIX KOJIJIET, KOTOPLIE NOJEJNIIACH ¢ HUM 3HAHMUSMH U NOJAPHJIN €MY COTDYA-
HHYECTBO.

ABTOD riy6oKO 065i3aH CBOMM HEM3MEHHO 6JIArOCKJIOHHBIM pelleH3eHTaM — Ipodec-
copam A. JI. Xapazsoso#t u IO. B. l'amaneio. Jann npusnarenssoctn T. H. ITeckosoit 3a
yYMHOe 1 3a60T/IMBOe peJaKTHPOBaHKUE yueOHMKA.

Bonee Bcex aBTOp 6/1arogapen csoeit xxene T. B. Ceprosckoit u csoeit nouepn A. A. [Tu-
HeBu4. Be3 ux camMOOTBepIKeHHOM MOMOIIY ¥ MOPAJIbHON MONAEPXKKA OH HUKOrAa 6bl He
OCYIIECTBIJT 33 {yMaHHOE.



I''TABA 16

HUTOIEHETUKA

Modern biology, then, rests its case on the assump-
tion, sometimes amounting to a conviction as the re-
sult of wide experience, that the properties of living
things are the outcome of their chemical and physical
configuration.

(CoBpemennast 610onOrusi OCHOBaHA HA NPEIIONIO-
JKEHHWH, TOPON JOXOoAsAIEeM 0 y6erKIeHUs B CHILY LIM-
POKOTO ONbITa, YTO CBOMCTBA XXMBLIX CYIUECTB BhITE-
KAlOT U3 UX XMMHYECKON M (PU3MUECKON CTPYKTYpHI).

T. H. Morgan. The Scientific Basis of Evolution
(London, 1952).

[{uToreHeTHKy 4acTO ONPEJENSIOT KaK pa3aes obiell FeHeTUKH, B KOTOPOM SIBJICHHS
HACJIEACTBEHHOCTH M M3MEHYMBOCTHM PACCMATPHMBAIOTCA HA KJETOYHOM M CyOKIeTOYHOM
ypoBHsx. Berpedalorcest 1 pa3sepHyThIe ONpeaesieHus JaHHOro npeamera. Hanpumep, Bo
BBEJIEHUH K OJHOMMEHHOMY BY30BCKOMY y4eOHHKY cKazaHoO: «I[umozenemuxoti MOHWCHO
HA38aMDd HAYKY, UIYHAIOWYIO OCOOEHHOCTNU B0CTPOU3BEJEHUR, PEKOMOUHAYUUY, UIMEHE-
HUA U GUHKUUOHUPOBANUS 2EHEMUMECKY 3HANUMBLT CTMPYKMYD KACMKU, UL pacnpedese-
HUe 8 Mumoae, metiode u NPU ONA0GOMBOPEHUL 6 3ABUCUMOCTIY O, UL HUCAQ U 2EHEMU-
weckozo cmpoenus» (B. . CMupHoB, 1991).

TakuM 06pa3oM, 06'BEKTOM IIATONEHETHKY B €€ TPAJUIMOHHOM TTOHUMAHUU BBHICTYIA-
0T [UTOJIOrMYECKHE U FeHEeTHYECKHE CBOMCTBA AAEPHBIX XPOMOCOM, a TaK>Ke, B MEHbILIeH
CTeMeHN, XPOMOCOM CHMOMOTHYECKHX OpraHesul (METOXOHAPHIT # miacTuy). B 1o ke Bpe-
M# MOJIEKYJISIPHO-MH(OPMAIIHOHHBIE aCNIEKTHl HACJIEICTBEHHOCTH ¥ M3MEHYMBOCTH, T. €.
nosuMoppu3M reHoMa, ero pasmep u uHPPaCTPyKTypa, KOHCEPBATU3IM K HELIOCTOSHCTBO,
a TaKJKe BOJIIONUS OTJaHbl HA PACCMOTPEHHE APYTro¥ AUCHMILIMHE — FeHOMUKE.

NHade 06cTONT €710 ¢ NPOKAPHOTAMH, Y KOTOPBIX IUTOMEHETUKY HE YIaeTCsl OTOPBATD
OT F'€HOMMKH I10 TPEM IPHYUHAM.

Bo-nepsrix, mpoKaproOTHl — 3TO KJIETKH-OPraHU3MBbl, U IO3TOMY UX M€HETHYECKHH [o-
TEHIMaJl PACKPHIBAETCA HA KJIETOYHOM, T. €. [IUTOreHeTUYECKOM YPOBHE.

Bo-BTOpBIX, XPOMOCOMBI IIPOKAPHOTOB, B OTJIHYME OT 3YKAPHOTHBIX XPOMOCOM, KO-
TOpbIe Ha OIpPEAEJIEHHON CTa UM KJIETOYHOrO LMKJIA MPEICTABJAIOT COO0M MHCKpETHbIE
MUKPOCKOIIUYECKHE 00DA30BaHMSA, BBISIBJISIOTCS TOJBKO C MIOMOIIBIO CIIEIHAJILHOTO OKpa-
IIMBaHUA WK 30HApoBanus B Buje JJHK-conepskaieit 30HbI, T. €. KAK FeHOMHAs MoJie-
KyJia.



B TpeTbHUX, Y MNPOKapUOTOB TECHeE CBA3b MEXXAY reHOM U [IPU3HAKOM, YTO [IO3BOJIAET
pPaccMaTPHBATH B €AUHOM KOHTEKCTE MOJIEKYJISPHO-MH(POPMAIMOHHBIE ACIIEKTHI F€HOMMU-
KH U OUTOJIOrNYeCKoe [NIOBEJEHUE N'eHEeTHICCKOro alliapara.

Caeaenus 0 MOpQOJIOrHH H MOJIEKYJISPHOM CTPOEHHM XPOMOCOM U IIJIa3MHJ, T. €. ap-
XUTEKTYPHbI€ OCHOBBI IUTOMEHETHKH POKAPUOTOB, yXKe IpuBouauch B [ ToMe yuebHH-
ka. [Ipuctynas K yriyG/ieHHOMY W3JIOKEHHWIO JaHHOM TeMbl, OCTAHOBHMMCS BHad4aJje Ha
PEINIMKOHAX.

16.1. PEITJINKOHBI

B 1963 r. ®pancya »Kakob (F. Jacob, Hobenerckas npemusi no ¢husnonoruy u Me-
auuuHe, 1965 r.) u Cuaneit Bpernep (S. Brenner) npemioXuiau peniuxorHyo moded
6aKTepUAJILHOM XPOMOCOMBI. B ee OCHOBY Jieryin pe3yabTaThl ATOJOIMYECKHX U IeHEeTH-
YeCKHX MCCJIeJOBaHUM, BhINOJHEHHbIX Ha E. coli u B. subtilis.

TepmunoMm «penuukos» (ari. replicon; ot gat. replicatio — Bo3o6HOBIIEHHE K rped.
ontos — cyluee; <«HEeYTO peIuIMiUpyoleecs») 0603HAYaeTCsl IPyMna CUEIVIeHAs, KN
CTPYKTYPHast COBOKYIHOCTh BCEX MOCJI€JOBATEILHO KOMUPYEMbIX XPOMOCOMHBIX I'€HOB.

Du3nyecKoit OCHOBOI DEIVIMKOHA CIIYKHUT AByXcnupaibHas kojabuesass JJHK, B koro-
POl €CTb CTPOro ONPEIEJICHHBIN JIOKYC HAYAJIa PEILIMKALKYA — OPUOHCUH, WA DENAUKG-
mop. OT HEro XxpoMOCOMa KOMUPYeTCs B ABYX HANPaBJIEHUAX J0 AHAMETDPAIbHO IPOTHUBO-
[OJIOXKHOIO JIOKYCa KOHLIA PervInKaluu — mepmunyca. [lepexon opuIyKuHa U3 JIATEHTHO-
IO COCTOSIHUSA B PEIIMKATHBHYIO (POPMY MPOHUCXOIUT MO BO3A€HCTBHEM MHAYIMOETLHBIX
UNUYUATNOPHBL HeaAros.

Pennukaliysa Bo3MOXKHa TOJNBKO npu ycsosun, eciin JHK B obiacTn opuikuna Ie-
CTAbWIM3UPYETCS, & 3aTeM JeHaTypPUpYyeTcs, T. €. PACIIeTaeTCa Ha ofuHoYHbie nenu. [lo
Mepe IPOJABUYKEHUS 30HbI JEHATYPAIMH 3a [Ipeaesibl OPHIKUHA B XPOMOCOME 00pa3yoTcs
JIBE PEIUIMKAIOHHbIE BUJIKH, B KOTOPBIX IPOHUCXOANT MATPUYIHOE KOMTUPOBAHUE KOMILIE-
merTapHbix ueneit JTHK.

3a BpeMs, HpoIIeAIIee C MOMEHTA CO3JAHUA UCXOJHOIO BaPUAHTA PEIJIMKOHHON Mo-
JIeNM, OHA MOJBEPIVIACH CYIIECTBEHHOMY YTOYHEHHIO U Obljia JOMOJHEHa:

— Tenephb MOHSTHE «PEIVIMKOH» OTHOCUTCS HE TOJbKO K XPOMOCOMaM, HO M K HEXpo-
MOCOMHBIM Fe€HEeTHYECKHM 3JleMeHTaM (IUIa3MuaaM);

— OKAa33HO, YTO, HAPSIy C FeHaMHd, B COCTAB PEIVINKOHA BXOAAT HEKOJAUPYIOLIHUE 10~
CJIeJOBATENBHOCTH, B TOM YHCJIE C PEryJIATOPHOU (pyHKImeH;

— YCTaHOBJIEHO, YTO peruikauus kKousbueBolt JJHK Moxker ObITH He TONBLKO JABYHa-
[IPABJICHHOM, HO 1 OJHOHAIPABJIEHHOMN;

— BBISICHEHO, YTO MOMHMO KOJIBUEBBIX XPOMOCOM M MJIA3MHUJ BCTPEYAIOTCS PEMJIMKOHBL
JIMHEHHON HOpPMBL.

KapauHaibHO M3MCHWIHCH ¥ NPEACTABIEHUA O MEXaHH3Me, C MOMOIIBIO KOTOPOrO CECTPHHCKUE XPO-
MOCOMBI «PACXOAATCA» MO JOYEPHHM KIIETKAM.

Kak u3BeCTHO, MpH 3YKapHMOTHOM MHTO3€ CECTPHHCKHME XPOMOCOMBl B3aHMOAEHCTBYIOT CBOMMM KH-
HETOXOPaMH (CreLHaln3upOBaHHbIMA MYJIBTHIIOIMNENTHIHLIMU KOMILIEKCAMH) C TYGYIHHOBBIMH MHKPO-
Tpy604KAMU MHTOTHYECKOrO BEPETEHA M MPH MOMOUIM KUHE3WHOBOrO MOTOPA NEPEHOCATCS] K MPOTHBONO-
JIOXKHBIM [TOJII0CaM KJIETKH, Ha YTO PAaCXOAYETCS IHEPrUsi, OCBOGOK AaeMas [IPH MHAPOJIN3E TEPMUHAJIBHOMN
dochoausdupHoit ceasu ATOD.

Y GakTepmil He CyIIeCTBYET HCTHHHOIO MUTOTHYECKOIO allapaTra, KOTOPbI Yy 3YKapHOTOB COCTOHT
M3 KOHAEHCHPOBAHHBIX XPOMOCOM, KHHETOXOPOB, HANPABJIAIOLLEr0 BEPET€Ha M KHHE3HHOBOLO MOTOPA.
TosTomy 3ajJa4a pacxoxKIEHHA CECTPMHCKMX XPOMOCOM Y HUX PEIUaeTCss HHBIM CIIOCOBOM.
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CornacHo OJHOMY M3 IOCTYJIATOB PEIVIMKOHHONK MOJEsH, albTepHAaTHBOM MUTOTHYECKOIO anmnapara y
[IPOKAapPHOTOB CJIY>KHMT KOMILJIEKC XPOMOCOMHOIO OPHIKHMHA PeruinKauuu ¢ ydactkom CM, pacmoJioxen-
HBbIM Ha 3KBaTOpe KJieTKH. [lo Mepe TOro, Kak B 3Ty 30Hy BCTPauBaeTCs HOBbIN MeMOpPaHHBIN MaTepHaJ,
CM pa3pacTraercsi, CeCTPUHCKHE XPOMOCOMbBI OTOJABMIalOTCH APYT OT APYra M, TAKMM 06pa30M, ITacCHBHO
JOCTaBJSAIOTCA K MPOTHBOMOJIOKHBIM KJIETOYHBIM MOJIIOCAM.

Onnako HeaBHO GbIJIO NOKa3aHO, UTO pacxoXKAeHue 6AKTEPHABHBIX XPOMOCOM B JeHCTBUTEILHOCTH
npeacTasssieT coboil akTUBHEINA npouecc (CM. paszen 16.4.2). MubiMu c10BaMH, Y IPOKAPHOTOB BCE-TaKM
CYIIECTBYET aHaJIOr MHTOTHYECKOrO annapara.

16.1.1. XpomMocomMbI

['MaBHBIMK HOCHUTEJAMH T'€HOMa MPOKAPHUOTHOHN KJIETKH CJIy»aT xpomocombl. CpenHe-
ro pasMepa NpOKapuoTHas XpOMOCOMa (~4,5 MJIH.II.H.) UMeeT KOHTYPHYIO AJuHYy ~1,5 MM
u 3arnMaeT o6beM <0,5 MxM?. OIHAKO JaXKe B TAKOM THICAIEKPATHO KOMIAKTH3MPOBAH-
HOM, WM «cnoxkeHHOM» Buje (aura. folded chromosome) npokapuoTHas xpomMocoma Ha-
XOAWUTCA B AMHAMUYECKOM COCTOAHUN. OHa IOCTYIIHA PEIIMKa3aM, KOTOPhIE OCYILEeCTBJIIsA-
10T ee Bocripon3Beaenue, u JHK-zapucumeim PHK-nomuMepasaMm, KoTopble CYHTHIBAIOT
C Hee IeHeTHYeCKy10 HHGPOPMALMIO.

[MoMuMO XpOMOCOM B GAKTEPHUAX M apXesfX HEPEJKO COJEPXKATCHA CaTeJUIHTHLIE reHe-
THYECKHE DJIEMEHTHI, MJIU [JIA3MUJBL.

JIBa reHoMa — XpOMOCOMHBIH U MJIa3MUIHBIN — (POPMaJIbHO OO'bEIUHAIOTCS IIOHATHEM
«KJeTO4HbIN reHoM». TeM He MeHee B MH(MOPMALHOHHOM OTHOIIEHUM MEXIY MJIa3MUIIon
¢ XPOMOCOMO# CYIIECTBYET PHHIMIIHAIBHOE Pa3ndne.

KopHu paznunyuii Mexx1y XpoMocomoiil u miaa3mMuaoii. XpoMOcOMHBIH U mia3-
MHUIHBIA FeHOMBI CcOepXKaT pa3Hble Habopbl reHoB. Kpome Toro, XpoMOCOMBI OTIHYAIOTCH
OT IUIa3MUJ TE€M, KaK OHM DPEerTULUPYIOTCS.

XpomocoMa 065132 TeSIbHO COIEPKUT Hedamenumaie TeHbl (aHrul. essential gene). K um
OTHOCSITCA BCE UHPOPMAUUOHHBLE TEHDI, T. €. TeHbl PEILTUKALINHN, TPAHCKPHUIIIMA 1 TPAHC-
JISIUH, & TaKXKe OOJIbIIMHCTBO TEHOB JOMaUiHE20 TO3AUCMEa, B YJACTHOCTH, FeHbl TPaHC-
NOPTHBLIX OEJIKOB ¥ reHbl GHOCHHTE3a KJIETOYHOH CTeHKH. st 06JIMraTHO NaTOTreHHBIX
OakTepuit He3aMEHUMbIMHU SIBJISIIOTCS TeHbI, KOAMPYIOLUIHe aIre3uHn! 1 TOKCHHBL. He3aMe-
HUMbIE TeHBI HYXKHBI KJIeTKe B JII000# busnosorndeckoll curyaimu; 6€3 HUX OHA TepsieT
€rocobHOCTh K ABTOHOMHOMY CyLIECTBOBAHHIO, BBKHBAHHIO W penpoaykimu. [lnasmuna,
B OTJIMYHE OT XPOMOCOMBI, HE COAEPIKUT HE3AMEHIMbIX I'€HOB, i IOITOMY €€ IPUCYTCTBUE
JUIs1 KJIETKU-XO3A1HA He 0053aTeJILHO.

Pennukanus xpomocomuoit JJTHK unMimMmupyercs: TOJIbKO €qUHOMXKIBI HA MIPOTAKEHUH
KJIETOYHOTO 1IMKJIa, IPUYEM B €r0 OTHOCHTEJILHO KOPOTKO#, CTPOro onpexaejieHHON dase
C (cM. pasnenl6.4.1.1). B To xe Bpemsa pernukaims miasmuasod JJHK we 3aBucur or
pentukanuu xpomocomuoit JIHK; oHa MHHIMHDYETCH B [IPOM3BOJIBHBEIA MOMEHT KJIETOY-
HOI'O IIMKJIa ¥ MOXET IIPONCXOJAUTH MHOTOKPATHO Ha €ro NpoTsxkeHud. ViHorna nnasmuaa,
HAIIPOTHUB, BOOOLIE He PEIUTHINPYETCH.

KosabneBrlie u siuHeliHble XpOMOCOMEI. ¥ OOJILIIMHCTBA GaKTepHit XpoMocoMa
KOBaJIEHTHO 3aMKHYTa B KOJIbIO. JInHeiHble GakTepuasbHbIe XPOMOCOMBI BCTPEYAIOTCH
JOBONbHO peliko. B yacTHocTH, oHE OBHapy»keHbl y Agrobacterium tumefaciens (kmacc
«Alphaproteobacteria»), Rhodococcus fascians (puna BXIIT Firmicutes), Streptomyces
coelicolor n S. lividans (dusa BXIV Actinobacteria), a Takxe Borrelia burgdorferi B31
(duna BXVII Spirochaetes).
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Puc. 164. ITynbc-snektpodoperpammbl Kosbnesoi (A)
n muHeitHoit (B) xpomocom.
C — konblieBas XpomocoMa; L — iuHeltHas XpoMocoMa.
YepHBIMH TPEYIOJIbHHKAMHM O0O3HAUYeHb! CAMThI PECTPHKLIUM
pectpukTazaMu R1-Rg.

AR —

IlepBasa nuHeitHast XpoMocoMa pasMmepoM 1 MuH.ILH. Gblia obuapyxeHa B 1989 r. y B. burgdorferi
B31 — Bo30yauTeNs KIIELEBOTO CIHPOXeTo3a, Mid Gosesnu Jlaiima (asmt. Lime disease).

OTKpbITHE JIMHEMHBIX XPOMOCOM COCTOSUIOCH 6rarofapsi MCHOJIb30BAHMIO reJib-3JIEKTpohopesa B
MyJbCUPYIOLIEM 3JeKTpuieckoM mosie (anri. pulse field gel electrophoresis, PFGE). DTor MeTon mos-
BOJISIET Pa3Ae/IUTh B KPYIHONOPHCTOM arapo3HoM rejse juHeiinbie JJTHK-comepxkamme cTpykTypnr (Kak
HATHBHbIE, TaK M JIHIIEHHbIE KOJIbIEBOH hopMbl MM (PparMEHTHPOBAHHbIE KPYITHOLIENAUIMMH PECTPHK-
Ta3amu). [Ipy 3TOM HCTIOJIB3YETCA JICKTPUYECKOE T0J1e NOCTOSIHHON MOJAPHOCTH, KOTOPOe NEePHONUYECKH
peopHeHTHpyeTca noa yriom 120°. Bnaroaaps «packauke» B COYETaHHU C HEMPEPbIBHOM MUrpanpelt K
a”oay obpa3yercs HabOp mosioc B pa3MepHoM auanasoHe 0,3-3 MJIH.O.H., HAHMEHee TIOABUXKHASA U3 KOTO-
PBIX COOTBETCTBYET IOJHOKOHTYPHOI1 xpomocoMHuoit JIHK.

Iockoaeky konbueseie mosiekyasl JJHK He npoHukaloT B arapo3Hblii resib, nepes 3/1eKTpodope3oM
UX HeoBXOOUMO nepeBecTH B JHHelHYyIo ¢dopMy. [Jas onpenesenus pa3mepa reHoMa U hH3HYECKOTO Kap-
THPOBAHHSA MOJIHOKOHTYPHbBIE MOJICKYJIBI KOJIbleBo# nian sunelinot JJHK pexxyT pectpuxTasamiu.

DJleMeHTapHOE NOKA3ATENbCTBO JIMHERHON CTPYKTYPbl XPOMOCOMbI OCHOBAHO Ha cneuuduke narrep-
Ha pectpukunu — npn PFGE-anektpocdopese KosbLeBoit XpOMOCOMBI KOJIHYECTBO MOJIOC B Tejie PaBHO
YHCJly HCIOJIb30BAaHHBIX SHIOHYKJIEA3 C OOHUM caitToM pecTpukuuu (puc. 164, A), B To BpeMmsi Kak s
JNIMHEAHOI XPOMOCOMBI OHO Ha ofHy Gosblre (puc. 164, B).

Y apxeit oIUCaHbl TOJBKO KOJIbLIEBbIE XPOMOCOMBI.

ITapTuTHOCTb reHoMa. [1apTUTHOCTHIO HA3BIBAETCH (PU3NIECKOE CYLIECTBOBAHHUE I'e-
HOMa B BHJIe TOrO HJIM MHOIO YHCJIa HEUAECHTHYHBIX PPYIIN CUEIJIEHUS.

ITapTuTHOCTH HE CNeAyeT CMEeLMBATh C IJIOMJHOCTBIO, HJIM KOMUMHOCTBIO, T. €. KOJIH-
YeCTBOM HAEHTUYHBIX KONMIH XPOMOCOM(bI) MM IJIa3sMui(bl).

IToMAHOCTD MPOKAPHOTHOM KMETKH 3aBHCHT OT NpHpoAbl o6bekTa W ¢a3bl pocta. Hampumep,
Deinococcus radiodurans (buna BIV «Deinococcus-Thermus») nmeer 4-10, Borrelia hermsi (du-
na BXVII Spirochaetes) 8-16, Desulfovibrio gigas (xmacc «Deltaproteobacteria») 9-17, Azotobacter
vinelandii (knacc «Gammaproteobacteria») no 80, a Buchnera aphidicola (xnacc « Gammaproteobacte-
ria») —B cpeaHeM 120 kommit xpomocombl. Ha cerofns abCOMIOTHBIM YEMIIMOHOM SIBJISIETCA TUTAHTCKAs
HeKyAbTUBUpyeMasi Gaktepus Epulopiscium sp. Tun B (cM. | ToM yuebnuxa u pasgen 17.5.2.2 Hactos-
LIEro TOMa), KOTOPasi COAEPMKHT AECATKH THICAY KOMUH reHoMa pa3MepoM ~3,8 MJIH.ILHL.

Ilpu akTHBHOM pocTe GakTepun UMeIOT Gosible KONMA XpoMocoMm(bl), YeM B COCTOSSHUM TOKOS, B
vactHocTH, E. coli comepxur 1-2 XpoMOCOMBI B CTAalMOHAPHON U 2—-8 XPOMOCOM B SKCIIOHEHLIMAJIBHOMN
dage.
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Y apxefi, kak U y 6akTepuil, MJIOUAHOCTb KJIETOK 3aBUCHT OT 00beKTa U (pa3nl pocta. CTapbie KJIETKH
Sulfolobus acidocaldarius conepxat 1-2, a Methanococcus voltae 3-10 XxpoMOcoM. AHAJIOrHYHO, B MOJIO-
JBIX KneTkax apxeft o6biyHO Gosblile XpOMOCOM, 4eM B CTapbiX. B wacTHocTH, M. jannashii coaepXuT
1-5 xpoMOCOM B cTauyoHapHo#M 1 3—-15 XpOMOCOM B 3KCNIOHEeHUHaabHOM ¢a3e.

Yrnunapmumnowm (aHr. unipartite; oT JIaT. unus — OJMH H pars — YacTb) Ha3bIBa-
eTcA IeHOM, COCPEOTOYEHHBINI B ONHON XpPOMOCOMe, KOTOpasi MOXeT ObITb ONHO- WM
MHorokonuiiol. B cBoio ouepenp, mysvmunapmumnem (anri. multipartite; or nat.
multus — MHOTMOYMCJIEHHREIA M PArs — 4acTh) HA3bIBAETCHA [EHOM, KOTOPHIN pacnpezneseH
MeXJy HECKOJbKHMH Pa3HBIMM XPOMOCOMaMH, NMpHYEM KaXKJasd H3 HHUX MoOXKeT GbIThb
OIHO- MK MHorokonuiisoit. Horma noHsiTe MyJabTHIIADTHTHOCTH PaclpOCTPAHSIOT Ha
reHOMBI, pacnpeZie/IeHHble MeXK, 1y OIHON XpOMOCOMOfi U OJHO! MJIH HECKOJbLKHMH Mera-
IasMugaMn (CM. HIDKe).

o HeZlaBHEr0 BpEMEHN CYHTAJIH, YTO MYJILTHIIAPTUTHOCTh T€HOMA CBOHCTBEHHA TOJIb-
Ko sykapuotaMm. OaHako ceifyac H3BecTHO cBblule 2() NPAMEPOB MYJIBTHIAPTHTHBIX NPO-
KApHOTHBIX I'€HOMOB, B OCHOBHOM y 6akTepuii (cM. Huke). Ilourn Bce OHH HOJHOCTBHIO
CEKBEHHPOBaHBI.

MyneTUmapTUTHBIE T€HOMBI Yallle BCErO PACIPEAESeHbl MEXJY AByMsS XPOMOCOMA-
Mu — GosibInero pasmepa, wim domunupyrowed (anru. dominant) m MeHblIero pasmepa,
uu emopuwnoti (aHra. secondary). [IpumMepsl MyJIBTHOADTUTHBIX T€HOMOB Y IPOKapHO-
TOB IpHBENEHH! B Tabu. 17.

MynsTHNApTUTHOCTD YaCTO, HO He 0DsS3aTeIbHO CBI3aHa C KPYIIHLIM Pa3MepPOM I'€HO-
Ma. [lns npuMepa, cONOCTaBUM CyMMAapHBIH pa3Mep JAByx xpomocoM Brucella melitensis
(~3 muH.11.H.) mam aByx xpoMmocom Burkholderia pseudomallei (~7 Man.n.H.) ¢ pa3mepom
€IMHCTBEHHON XpoMocoMbl Myrococcus Tanthus (~9 MIH.ILH.).

B nHdpacTpyKTYpHOM OTHONIEHMM KOMNOHEHTH! MYJbTHIAPTHTHLIX M€HOMOB 0OHa-
PY>KHMBAIOT KaK CXOACTBO, TaK B pasiudns. CXOICTBO BeIparkaeTcs B GJM3KON BelndmHe
moasipHoro %GC-nap, 4T0 MOXKET CBHIETEILCTBOBATb O COBMECTHOM 3BOJIIOLMU KOMIIO-
HEHTOB MYJIBTMIAPTUTHOIO reHoMa. Pa3imune, npexae BCero, CBA3aHO CO CHelH(pUKON
CTPOEHNs1 OPUIXKIHA perumkanuu (cM. pazgen 16.4.1.1). Kpome Toro, HezaMeHUMbIe re-
HbI, KaK NPaBUJIO, HEPABHOIIEHHO paclpeleNeHbl MEXIY JOMUHUPYIOUIEH X BTOPHUYHON
XPOMOCOMaMH.

B momuHupylomeit xpoMocoMe HaxoauTcs GOJIBUINHCTBO HE3aMEHUMbIX T'€HOB, TOTJa
KaK BTOPHYHBIC XPOMOCOMBI ODBIYHO COAEP>KAT TOJIBKO HECKOJIBKO He3aMEeHUMBIX re-
HoB, HanpuMmep rennl onepona pPHK (rm). Kak uckioyeHue, MOXKHO Ha3BaTb FeHOM
Rhodobacter sphaeroides, rie He3aMeHUMBIE MeHbl IPUMEPHO MOPOBHY MOAEJIEHBI MEXKIY
JABYyMsl XpOMOCOMaM# pa3mepoM ~3 u 1 Man.mLH. (cM. Taba. 17). B cBowo ouepenp, BTO-
PUYHBIE XPOMOCOMBI, KaK NPaBHJIO, COAEPXKAT OTHOCUTENbHO 6OIblIe OTKPLITBIX PaMOK
cunTeiBaHus (cM. pa3uen 16.3.1), pyHKOHAIbHAs PO KOTOPHIX HEU3BeCTHa. B nesom
MOXXHO CKa3aTh, YTO BTOPHYHbLIE XPOMOCOMBI IIPEUMYIIECTBEHHO COJEPXKAT TaKue [eHbl,
KOTOPbIe NMEIOT TPHUCIOCOOUTENIbHOE 3HAYEH e /i JKU3HH B ONpeEJesIEHHON 3KOJIornye-
CKOH HHIIIe.

OpuuM n3 HanboJslee U3YYEHHBIX MYJIbTHIIADTUTHBIX [€HOMOB ABJAETCA reHoM Vibrio
cholerae. OH pacnpenenien Mexuy ABYMsl KOJbLEBLIMM XpomocoMamu. JJoMuHMpyomasn
XPOMOCOMa (X1-XpPOMOCOMa; 2,96 MITH.II.H.) COAEPXKHUT GOIBIIMHCTBO HE3aMEHUMbIX FEHOB.
Bo BropnuHo#t xpomocome (xg-xpomocome; 1,07 MIIH.ILH.) HE3AMEHHUMBIX T€HOB TOJIBKO
HecKosIbKO. B wacTHOCTH, 910 7P (reH pnbocomuoro Genka 122), rplT (ren pubocom-
Horo 6enka L35), infC (res dakropa uHHnpanuu TpaHcasumMu) U thrS (reH CHHTa3bI
rpuntodanna-TPHK).
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Tabauya 17. TIpuMepbl MYJbLTUNAPTUTHLIX FEHOMOB Y NMPOKAPUOTOB

Puna wnn Kaacc Bug Tun | Opumwxkun (umu | Pasmep | Yucno
U reo- | cCoceHUe C HUM | DEMJINKOHA | OTKPbI-
MeTpHs TeHbl) (MAH.ILH.) | THIX
penau- paMok
KOHa cun-
THIB.
Al Euryarchaeota Halobacterium salinarium |x, k - 2,00 -
M, K - 0,10 -
BIV «Deinococcus— Deinococcus radiodurans |xi, K dnaA, dnaN 2,65 2633
Thermus»
X2, K parA 0,41 369
«Alphaproteobacteria» | Agrobacterium X1, K Cori-Tuna 2,84 2789
tumefaciens
X2, JI repABC 2,08 1882
Brucella melitensis X1, K Cori-tuna 2,12 2059
X2, K repABC 1,18 1138
B. suis X1, K Cori-Tuna 2,11 2185
X2, X |repABC 1,21 1203
Stnorhizobium melilot: X, K Cori-Tuna 3,65 3341
M, K repABC 1,68 1570
Rhodobacter sphaeroides |x1,kx |- 3,05 3106
X2, K|~ 0,01 874
«Betaproteobacteria» | Ralstonia eutropha X1, K |- - -
eulrophus
M1, K |- 0,45 -
Burkholderia cepacia X1, K |- 3,65 -
X2, K - 3,17 -
X3, K - 1,07 -
B. mallei X1, K dnaA. dnaN 3,51 3344
X2, K |parAB 2,33 2091
B. pseudomallei X1, K dnaAd, dnaN 4,07 3460
X2, K |parAB 3,17 2395
R. solanacearum X, K dnaA, dnaN 3,72 3448
M, K repA 2,09 1681
«Gammaproteobacte- | Erwinia herbicola X1, K |- - -
Tas
X2, K - 0,52 -
Vibrio cholerae X1, K oriClyc 2,96 2770
X2, K 0iCIlLc 1,07 1115
V. parahaemolyticus X1, K oriClyc-THna 3,29 3080
X2, K ortCIl,c-Tuna |1,88 1752
V. vulnificus X1, K oriClyc-THna 3,35 3262
X2, K oriCIl,.-tuna |1,86 1697
BXIII Firmicutes Bacillus cereus X, K - - -
M, K - - -
BXVII Spirochaetes Leptospira interrogans X, K parAB, dnaA 4,33 4360
M, K parAB 0,36 367

IIpumeuaHnue: X —XpOMOCOMa; M — MEraljJIa3MHAa; K — KOJIbLCBas; J1 — JIHHeRHas; «—» — JaHHble
OTCYTCTBYIOT.

Jna o6bACHEHHS MTPOUCXOXKJAEHHS MYJLTUNAPTUTHHIX F€HOMOB IIPEAJIOXKEHBl AJbTEPHATHBHLIE TH-
nore3nl. COrJIaCHO «CXH3MaTHuecKol» runorese (aHri1. schism — pacKOJBHUYECTBO), B XOZAE IBOJIOLMH
XPOMOCOMa-TPEIIECTBEHHHK PacCILENNHIach Ha JB€ OTAe/IbHRIE XPOMOCOMbI, KaKJas U3 KOTOPBIX MNMpH-
obpeJsia CIoCOBHOCTb K CaMOCTOATEJNIbHOM peruinkaunu. CornacHo «mia3sMHaHo#» runorele, Gakrepus c
YHHNAPTHTHBIM I'€HOMOM FOPH3OHTAJIbHBIM MYTEM TMOJYyUYHIa MEramjasMHAy, B KOTOPYIO MHIPHpOBaJa
YacTb HE3aAMEHHUMBIX XPOMOCOMHBIX F€HOB.
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To, uTo BTOpPMUHAS XPOMOCOMAa HMMEET OTHOCHTEJbHO MEHbUIMI pa3Mep M, KakK IpaBHJio, GeaHa
HE3aMEHMMBLIMU TEHAMH, a TAKXXe HCMOJb3yeT OPM/DKHH DelJIMKalMHM I1a3MuaHoro Ttuma (cm. pas-
nenl6.4.1.2), naeT ocHOBaHHe CYUTaTh Goslee MpaBAONOLO6HON MIA3MHIHYIO THIIOTESY.

16.1.2. ITnazmMuabl

Tepmun «mnasmuaa» (aHmi. plasmid; ot rped. plasma — neuto odopmieHHoe u ei-
dos — cnocob aeitcTBus; 6 danHOM CAyMae -— HUTOMIa3MaTHIeCKHi (pakTop) ObLI 1pea-
JoxeH B 1952 r. Ixomya JlexepGeprom (J. Lederberg; HobeneBckas npeMusi o XUMHH,
1958 r.) mast 0603HAYEHHST BCIOMOIaTEIbHBIX MEéHETUYECKUX JIEMEHTOB, KOTOPHIE CyIIle-
CTBYIOT B IIUTOIIa3Me JINOO aBTOHOMHO, 1160 B MHTErpalldl ¢ XPOMOCOMOM.

YV npokapHoTOB MIa3MUIbl PACIPOCTPAHEHbI UCKJIIOYNTENRHO upoko. Hampumep, 1o
50% wusonsaToB Bacteroides spp., caMoli MHOTOUHCIEHHON HakTePHH MHUILEBAPUTENHLHOTO
TPAKTa YeJIOBEKa, COJEPIKAT IJIa3MUIbL.

ITnasMuabl Tak:ke HabiueHsl y psaja apxefl. OgHAKO UCTUHHBIA MaciITad MX pacupo-
CTPaHEHHs B 3TOM JOMEHE MOKA HEU3BECTEH.

ITnasmuma — sto Hexpomocomuast JJTHK. JIpyrumu cioBaMu, reHOM-CaTeJIJIAT, UTPAIO-
Ui posib HUTOIUIA3MATHYECKOr0 MOJIEKYJIIPHOrO CUMOMOHTA.

[TnasMuapl O BeJMYHMHE B UEJIOM YCTynawT xpomocomaM (1,5 T.m.H—1,5 MurH.ILH.
npotus 500 T m.H. — 10 MaH.mLH.). OfHaKO B JaHHOM Cjy4ae Pa3MepHbIi KpPUTEpHii He
MMEET PEeIIAlOIIEro 3HaYEeHNsI — PeIIMKOH CUYHATAeTCs XPOMOCOMOM, JaXke eCJId OH MaJl
[0 pa3Mepy, OJHAKO HeceT XOTs Obl OAMH He3aMeHWUMbl reH. [IpuMepoM CiIy>KHT pe-
niukoH pLeu cumbuonTa Tieii, 6aktepnu Buchnera sp. APS. On Hebosnbmoro pa3mepa
(7,8 T.1.H.), OHAKO B HEM €CTb He3aMeHMMbIE T'eHbl, KOTOPble OTBEYAIOT 33 GHOCHHTE3
JNefiuHa U OTCYTCTBYIOT B JIOMMHHUpYyOUIel XpomocoMme. B cBoio odepenb, B Merarias-
muge dburonatorenHoi Gakrepun Erwinia herbicola (520 T.n.H.) uMeeTcsi He3aMeHUMBIHA
reH NpoToTpoGHOCTH M0 THAMHHY, U [HO3TOMY €€ TAKXKe CJIEJYeT CUATATbH XPOMOCOMOIL.

ITockonbKy B m1a3MHAAX, B OTJIMYHME OT XPOMOCOM, OTCYTCTBYIOT HE3aMEHHUMbIE T'€HbI
(ocobenHo nHGMOPMALMOHHBIE), OHM PACIPOCTPAHEHL! He YHUBEpcaabHO. [Ipy sauMuna-
MU [1a3MUJIbl KJIeTKa-X035IMH He TepsieT KU3HeCITOCOGHOCTH.

IlnasmMuna comepXKHT reHbl, HEOOXOAUMBIE IJIS ee COBCTBEHHOTO COXPAHEHHS B KJIETKEe-XO3SUHE.
IIpexnae Bcero, 3TO reHbl, OTBETCTBEHHbIE 334 MHUIMAIMIO M KOHTDOJb peruidkauud miasmuanoit JTHK
(B TOM uHCIIe, KOHTPOJMPYIOLINE KOMMUHOCTb Ma3Mu/p1). KpoMe Toro, B miasMulie MOTyT HaXOXUThCS
reHbl, KOHTPOJIUPYIOLI}ie eée rapaHTHPOBAaHHOE HACJIeJOBAHHUE -~ B YaCTHOCTH, BJaroapsi paBHOMEPHOMY
pacnpeesIeHHIO IUIa3MHAHBIX KOMHM NPH KJIETOYHOM JeJIeHHM HJIH 33 CYeT [ePEHOCA MJIa3MHIbI MEXKIY
KJIETKAMH-TIAPTHEPAMH NPHU KOH'bIOTALIMM.

Tak Ha3bIBaeMbIi «6a30BbI PENUVIMKOH» IIJIA3MUABI MMEET pa3mep 2-3 T.I.H. H COCTOMT H3 JIOKYCa
ori, KOTOPHIIt obecriednBaeT MHHUMAUMIO PElIMKALMH, & Tak)Ke U3 FEHOB Tep, inC M COp, OTBEYAIOLINX
3a ee KOHTpoulb. MIHbIMU cli0BaMu, 6a30BBIA PENNIMKOH — 9TO MUHHMAJIbHAA YaCTh MJIa3MUIBI, CrIOCObHas
PeIUIMIMPOBATLCA B ONPEAEJEHHOM KOJIMYECTBE KOIMIL.

MoxKeT CJIOKHTbCS BREeYaT/IeHHe, YTO BCe MIa3MUAbl 3roucTuuHbl. OJHAKO 3TO HE TaK — MHOTHe
MJIa3MUBI, IOMUMO TF€HOB, OMPEAENAIOLINX UX COGCTBEHHYH IKCMAHCHUIO, HECYT FeHbl, KOTOPhIE KOAUPY-
0T CEJIEKTHBHO-TIOJIE3Hble MPH3HAKN M MPHHOCAT MOJIb3Y XO3ANUCKON KJleTKe, B YaCTHOCTH reHbl GHoze-
rpajalii, BUPYJIEHTHOCTH, JIEKAPCTBEHHON YCTOMYHUBOCTH U T. . [I0CKONBKY 3TH reHbl HEPEOKO BXOLAT
B COCTaB TPAHCHO30HOB (CM. pa3aen 16.3.1.3), reHeTHyeckasi H3MEHYHBOCTD ILJ1a3MUJ, ¥ CIEKTP GUOJIOTH-
YEeCKMX CBONCTB MX XO3si€B paclIHpsieTcsi. JLomosHHTENbHBIM (HAKTOPOM U3MEHYHBOCTH CJIYXKHT 00Las,
niau RecA-3aBucuMan u cafitcneumduynan, unn RecA-HesaBucHMas peKOMOGHHAUMA MeXKAY Pa3HbIMH
na3Mugamu (cM. pasgen 16.6.1.2).

Oaun nna3MEABl CTPYKTYPHO M30JHUPOBAHBI OT XO3SHCKON XPOMOCOMbBI U PerUIHLIA-
PYIOTCS CaMOCTOATENbHO. JIpyrue crocoOGHbI BPEMEHHO MHTErDHPOBATHCH B XPOMOCOMY
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¢ obpasoBaHueM OOIIErO pPenMKOHa (B 9TOM CJIydae WX Ha3bIBAIOT nucomamy (aHIUL
episome; OT rped. epi— JOIMOJHATb 4YTO-JIHOO; 6 0aHHOM CAYYGE — FEHETHYECKHH 3Je-
MEHT, JONOJHAKIHN XpomocoMy). BerpanBaHue miia3muapl B XpOMOCOMY Ha3bIBAETCS
unmezpayueti, a OOPATHBIA MPOUECC — UCKAIOUEHUEM, UK IKCyu3uel (aHri. excision —
BLIDE3aHHueE).

Komun IIa3MyAL epejarTca JOYEPHUM KileTKaM, T. €. BEPTUKaJIbHO paclpoCTpaHs-
I0TCA B HOMYJISIIAM CBOMX X03s1€B. [IOMHMO 9TOr0 HEKOTOpBIE IJIA3MHALI MOTYT MEPEHO-
CHTBCHA OT KJIETKH-JIOHOPA IeTEPOJIOTHYHON KJIeTKe- DELMITUEHTY, T. €. PACIPOCTPAHAIOTCA
HE TOJIbKO BEPTHKAIbHO, HO U FOPU30HTAJIBHO.

IIpyu ropHu30HTAJILHOM HEPEHOCE M0 TUIY KOHBIOTAlMY WM reHeTHdecKoi TpaHcdop-
Malldd DOJIb BEKTOPa BHINOJHSET caMa IUIa3MuJa. B ocTanbHbIX ciaydasix el Hy>KHa
MOMOIIib CAaMOCTOATENILHO IIEPEHOCSIIEr0Cs BEKTOPA, KOTOPBIM CIYXXHT KOHDBIOraTHBHAA
na3MuAa UiM Tpascayuupyonmult 6akreprodar (cM. pasmen 16.6.1.3).

16.1.2.1. Knaccudpukanusa miasmMum

[InasMuab! 0 MOJIEKY/ISIPHOMY pa3Mepy MOXHO YCJIOBHO HOJAPA3AeJHTh Ha TPH IPyII-
nbl: Menkue (2-50 . m.H.), cpeguune (50-100 1. o.8.) u xpynsbe (>100 1. 1.8.). Kpynabe
IUIa3MUAB! Ha3bIBAIOTCH ME20NAG3MUIAMY.

OpHako rjaBHOe 3HaYeHHe IIPH KJIacCH(UKAUMH [UIa3MUJ IPUIAETCS He PA3MEPHOMY,
a OYHKIHOHAILHOMY KPHUTEPUIO. DTO, IPEXE BCEro:

— CBOMCTBa, KOTOPBIE IJIa3MHIa COOOIIAeT CBOEMY XO3SAUHY;

— c1oco6 rOPU30HTAJILHOTO NIEPEeHOCa MIa3MUIbI;

— B3aMMHAas COBMECTUMOCTD ILJIa3MUL.

Knaccudukamusa ninasmug mno ceoiicrsaM, KOTOpbI€ OHM COOGIIAIOT CBOEMY
xo3siuHy. [laHHas kiaccudmkanms HOCHT UcTopudecKuit xapakrep. [locie oTKpbiTHSA
IIEPBBIX MJIA3MUJ HX MO (PeHOTHINIECKOMY TIPOSIBJIEHHIO CTAJH TOAPA3eNATh Ha:

— F-naaamuds. (cokp. aura. fertility factor), niu nonoesie dpakTopsl, KOTOpBIE OMpe-
JENSIOT CHOCOBHOCTh GaKTepHil K BEKTOPHOMY [I€PEHOCY T'eHOB IPH KOH'LIOTAUWH;

— R-naa3mudu (cokp. aHr. resistance factor), niu ¢pakTophl pe3UCTEHTHOCTH, KOTO-
Pble ONPENeJISIIOT YCTORYABOCTL GaKTePUA K XUMHOTEPANIeBTUYECKUM [IpenapaTaM;

— Col-naaamuds. (coxp. anri. colicinogenic factor), nim GaxTOpbl KOJMIMHOrEHHO-
CTH, KOTOpble KOAMPYIOT KOJIHUHMH, GEJKOBBIA areHT aHTaroHM3Ma MeXIy OJM3KOopo-
CTBEHHBIMH KMIIEYHbIMH GaKTepusaMu;

— naaamudv-azu (A, P2 u P22), KoTopble, B 9ACTIE IPOYEro, KOAUPYIOT KalCOMEDHI,
Ui cybbeauHunbL 6eIKOBOM 060JI04KHY 3pesioll BUDYCHOH YaCTHIIbL.

B xozne u3yuenus nna3muj BhIACHWIOCH, YTO MHOI'HE U3 HUX [IPH,IAI0T CBOMM XO35€BaM
u apyrae QyHKIMOHAJbHbBIE CBOUCTBA, BaXKHbIe B CEJIEKTUBHOM MulaHe (cM. Tabi. 18).

Ipexxne Bcero, na3sMuAp! MOIYT MMETb 3HAYEHUE AJIs ABTOIKOJIOTHU GakTepuil, a Tak»Ke NpeCTaB-
JIAIOT UHTepeC B MJaHe Guopemexnauun. Hanpumep, umeromuecs y Pseudomonas spp. TOL-mna3mnapbt
pa3mepoM 50-120 T. n.H. (COKp. aHru. toluene) coflepXXaT reHbl, OTBETCTBEHHEIE 3a (hepMEHTATHBHOE Pa3-
pyllleHHe ajlKaHOB, ApeHOB H APYruX KceHo6uoTukos. ITomumo TOL-11a3Mua, MOXKHO Ha3BaThb PAL APY-
rux «mna3mug 6uonerpananun» (NAH, SAH, XYL u ap.), KoTophle B3aUMHO 'OMOJIOTHYHB! H CIIOCOGHbI
K obLuei pekoMbuHaIMH.

IInaaMuapl MOTYT MMETh CYINECTBEHHOE 3HAUEHHWe JJId CHHIKoJornu Gakrepuit. Ha-
IIpHMeD, Yy NaTOreHa 4eJIOBEKA U XKUBOTHBIX Salmonella enterica ceposap Typhimurium
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Tabauya 18. IlpuMepsbl DYHKIMOHAIBHBIX CBOMUCTB,
KOAMPYEMBIX IJIa3sMHAIaMH

Pasmep
CeotlicTso Baktepus 1JIa3MM I
(T.n.n.)
ObpasoBatne GHEepMEHTOB KOHCTPYKTHBHOrO MeTabonusMa
3-T'anakro3ugasa Klebsiella pneumoniae 65
CunxTasa HesI0J103bl Gluconacetobacter zylinus 130
Ypeaza Providencia stuartit 95
Jerpajaumns KCEHOBUOTHKOB
AnkaHbl Pseudomonas oleovorans 130
IlecTunmap! Alcaligenes eutrophus 40
X topbenzo Pseudomonas sp. 40
CumbuoTrnyeckasi JHa3zoTpodus
DaKTOPBl HOAYJIALMHA Rhizobium leguminosarum 130
PaKTOpbl CHMOMO3a Sinorhizobium meliloti 130
®akTopbl gua30Tpod U Rh. trifolis 160
O6pa3oBaHHe MMMYHOTE€HHBIX M AHTHOMOTHYECKMX COEIMHEHUM
AHTHreH Shigella sonnei 80
Koanuux Salmonella enterica cepopap Typhimurium 46
9-DHIOTOKCHH Bacillus thuringiensis 50
NHdpeKUHOHHOCTb AJIA YeJ0BEKa U YXHBOTHBLIX
WHupasuBHOCTD Shigella flexneri 90
BupysnentHocTb Corynebacterium fascians 50
[TaTorennocts E. coli 40
YcroitunsocThk K BHelllHUM (a)6HOTHYeCcKHM (akTOopam
AHTHOUOTHKH Serratia marcescens 65
Tsaxkenble MeTaJIIBbI Pseudomonas sp. 130
Y®-uznydenue S. enterica cepoBap Typhimurium 45
YyBCTBUTENIBHOCTL K BHEWHNM (a)6uoruueckum ¢axropam
Bakrepuogar S. meliloti 40
Boicokasa TemnepaTtypa Yersinia rucker: 30

reHBl BUPYJIEHTHOCTH cojepxkarcs B Vir-ruiasmuze (cokp. aHri. virulence), pasmep ko-
Topoit cocraBiser 90 T.nm.H. B cBowo owuepenb, y KiaybeubkoBoii GakTepun Sinorhizo-
bium meliloti mo 50 reHoB, oTBe4arOWMX 33 CUMOHO3 C JOHHMKOM, PACIOJOMXEHBI Ha
pSym-Mmerania3muie pasmepoM 1,5 MAH.LH. ¥ accoumaTuBHOro auasorpoda Azospir-
illum brasiliense (cm. pasmen 20.3.3) reHbl, KOHTPOJMPYIOIME AUCTAHLHMOHHBIE B3aUMO-
OTHOIIEHMS C KOPHSAMH 3J1aKOB, JIOKAJIU30BAaHbI B TJIa3Muae pa3Mepos 60 T. .1, Hakosern,
B ciyqae Agrobacterium tumefaciens Ti-nnazmuapl n Ri-miazmuant pasmepon ot 200 mo
>800 T.1m.H. (cokp. aur1. tumor inducing; root inducing) HHTErpUpylOTCA B PaCTHTEND-
HYIO XPOMOCOMY, YTO BbI3bIBaeT 0Opa30BaHHE KOPOHAPHBIX raJLIOB H HHAyLHpYyeT Guo-
CHHTe3 crienudUIeCKHX a30TCOAEPKAIMX CyOCTPATOB-ONKUHOB, KOTOPbIE MOAAEPKUBAIOT
SHAOMUTHBIA pocT dToit GakTepnu (cM. I Tom ydeGHuKa m pasmen 20.6.3 HacTosAIIErO
TOMA).

BosbHCTBO reHOB, cofep Kamuxcest B MJa3MHIaX, HECYLIECTBEHHO /1Sl BHDKUBAHUS
[IPOKAPHOTHBIX x035ieB. O/IHAKO MPH SHEPreTHYECKOM CTPECCe OHM MHOTAA IPUOOpeTaloT
[PVHLANHAIbHOE 3HaYEHHE.

B kauyecTBe mprMepa MOXKHO Ha3BaTh MEralja3MUAY 3KCTpeMallbHO ranoduabHoro apxeora Halobac-
terium salinarium, koTopas CoaepKUT HH(OPMALMIO O ra30BbIX BE3UKYJIaX — UTOMI23MATHUECKUX MUK~
POKOMIIapTMeHTaX, 06ecleqHBaloMX 1aByueCTh KJIETKH If ONTHMAJILHBIA CBETOBOA pekuM ansa ¢a-
KynbTaTnBHON KBasu-dotorpodun (cMm. I u II ToMa yuebunka).
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B cBoro oyepens, y Ralstonia eutropha Mmerannazmuna HUP HeceT cTpykTypHble reHbl THAPOreHa3bl
¥ KOMIIOHEHTOB JbIXaTeJIbHOW LM, a TaKXKe Pery/siTOPHble reHbl, OTBevalolne 33 GaKyJILTaATHBHYIO
BOZOPOAHYIO XeMoJuTOoTpoduio (cM. II Tom yuebumka).

Xots o pacyeraM Ha Meraiasmuse pasmepoM >100 1. m.H. cMorii 661 TOMECTHTHCS
CBBIILIE CTa F€HOB, PEAJIbHO UX He 6oJiee OMHOrO—ABYX AecATKOB. PYHKIMOHANBHOE 3HAYE-
aue 90% HYKIEOTHAHBIX MOCJAEIOBATEIbHOCTEH TAKMX IUIA3MHJ HEN3BeCcTHO. BO3MOXKHO,
3TO TaK Ha3blBaeMas szoucmuvnnas JHK (anra. selfish DNA), He numeromas dheHoTunu-
YeCKOI'0 [IPOSIBJIEHUS.

Knaccudukanus miasmMuj o cnocoby ropu3oHTajIbHOro nepenoca. Cornac-
HO 9TOMY KDUTEPHIO, [JIa3MHJbI HOAPA3AESIOTCS Ha TPAHCMHUCCHBHBIE H HETPAHCMHUC-
CHUBHBIE.

TparcmuccueHsie naadmucs (anri. self-transmissible — cantonepenarougpecs) nepena-
IOTCA OT JOHODPa K DELUNUEHTY NpH KoHbloranuyn. K HIM OTHOCATCA NOJ0BbLIE (PAKTOPHI
M KOMHTErPaTHBHBIE IJIA3MUIBI (CM. HUXKE).

Hempancmuccuenvie naasmuds: (anria. not self-transmissible) nu6o He yuacrByior B
KOHBbIOIaL|Y, JIM60 NepelaloTcst OT JOHOPa K PELUMIIMEHTY B COCTaBe BPEMEHHO 0Opa3yo-
LIErocs KOMILIEKCA, KOTOPHIY COIEPXKMT TPAHCMHUCCUBHYIO IIasMuLy. B aTon ciaydae ux
Ha3bIBAIOT M00UAU3YeMbMU Naa3mudamy (anri. mobilizable plasmid).

ITonoevie Ppaxmopuvi. Ionoswe daxmopn. (aurm. fertility factor), nnn gaxmopu ne-
peroca (anra. transfer factor) —aro Takwe mIa3MUIBI, KOTOPBIE COAEPKAT TOILKO TEHbI
pertukanmn nnasmuasoit JJHK n renst tra (cokp. anril. transfer — nmepenoc; omseuarom
3a neperoc naadmudnoti JHK om donopa x peuyunuenmy npu xonsweayuu). Biaarogaps
9KCIIPECCHH YKA3aHHBIX [€HOB MOJIOBble (DAKTOPHI HENPEPHIBHO MOICPKHUBAIOTCSA B 11€TTH
MOKOJIEHMIT CBOUX XO351€B, & TaKXKe [OPU30HTAIbHO MEPEHOCITCS MEXJLY reTepOJIOrNYHbI-
MH KJieTKamu (cM. pa3neil6.6.1.3). HbIME ciI0BaMu, 9TO «3TOMCTHYHBIE» IeHETHYECKUe
CHCTEMBI.

KuaccuueckuM npaimMepoM nosioeoro ¢pakropa cayxur F-mnasmuna E. coli.

B cocras nosoBoro ¢akTopa BXOLAT I'eHbl, KOAMPYIOWIHE noaosdvie gumbpuu (auri. sex pilus). Us-
BECTHBI [1Ba BapHaHTa TaKuX GuMbpui — gymnubie rubkne F-dumbpuu (cokp. anru. fertility) u kopoTkue
xecTKre P-dumbpuu (cokp. anrs. pilus). Hame Bcrpevaoiasca F-pumbpus umeer gmuny 2-20 MKM,
HapY>KHbI AMaMeTp 8 HM H BHYTPEHHMIA KaHas HpuHO# 2 HM. OHa 06pa30BaHa CIIMPAJIbHO YIIOXKEHHBIM
6enkoM F-nusmnom (7 k/la). F-dumGpusa BuINOHAET ellle POJIb PELIENTOPa «MYMCKUX»> HMTYATBIX (a-
roB, KOTopble aJacopoupyrorcs iubo Baons nee (2, MS2, R17 u Qf3), 6o Ha ee gucranbrom kouue (f1,
fd u M13). O6pasosanue F-nuanna KoHTpopyioT Tpu reHa. CTPYKTYpPHbIH reH traA KomupyeT 6ejlok-
NpeIIeCTBEHHUK [IPEMINH MoJeKynIsapHoit Maccoit 13 x[a. CurnanbHan nentuaasa LepB (rer traQ)
OCYIIECTBJISET NPOLECCHHT MpelHIHHa Ha BHyTpeHHel noBepxHocT CM, oTpe3as oT HEro MakpomenTux
AnuHOM B 51 aMUHOKHCIOTY. AnleTunasa (IpoayKT rena traX ) obpasyeT u3s ocTaBIIerocs pparMeHTa 3pe-
abtit nusne (7 kHa). B cekpeuun nununa u c6opke F-pumbpus y4acTByloT m0 17 renoB, KOAUDYIOLIMX
CTPYKTYPHBIE H PEryaaTopHbie Oesku (cM. I Tom yueGHuKa).

C nomoupio F-pumbpun «myxckaa» kiaerka-nonop (FT) pacnosnaer penernTopbl Ha NOBEpXHOCTH
«KeHCKOI» kiaerku-akuenTopa (F~). Ponb penenropa, B 4aCTHOCTH, HrpaioT nopuHkI B coctaBe OM. Tlo-
cJie IPHKPEeNJIEeHUA K XXeHCKON KieTke F-pumbpus cokpainaercs, 1 060JI0YKH MOJIOBBIX TAPTHEPOB BCTY-
naloT BO B3aMMHBIH KOHTaKT. Cokpauienmne F-GbumMOpun nocse ee aqre3um K XeHCKOH KJeTKe WIH 1ocjie
agcopbiuy Ha Hell My>KCkoro ¢ara He TpebyeT 3aTpPaThl SHEPIHUH M OCYIIECTBJSIETCS MyTeM CIOHTAaHHON
pa360pKMN IPOKCHMMABHBIX CyObeNUHUL, MUIHHA. B pe3ynbraTe )keHCKasi KeTKa WM aJCcopOUpOBaHHbIN
6akTepuodar NOATACHBAIOTCA K MY>KCKOM KJIETKE, M MEeXAY HMUMH Bek ropHO nepenocurcs JHK.

[TosioBo#t dakTop MOXKeT Ha BpeMs BCTpamBaThesa B xpoMocoMy. [To3anee, B caydae

HETOYHOT'O UCKJIIOYEHHS, OH 3aXBaThiBaeT ¢ coboit coceanune y4acTKu XO3IHCKON XpoMo-
comuoit IHK, uro coszaer npeanocbuiky s cexcoykyuu, WIN FOPHU3OHTAIBHOrO mepe-
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x atB y

x y
Puc. 165. Mexanu3Mm MHTErpanym mnjia3Mujibl B

6axTepuanbHyio XxpoMocomy (cxema Kamnbena).

attB — xpomocoMmubIft 1 attP — n1a3mMuabiil caliThl
MHTerpauuu; a, b U ¢ -— nia3MuaHbIe CeHBl; T U Y — XPo-
MOCOMHDbI€ [CHEI.

Hoca XxpoMocoMmHbIx reHoB. HlItammer E. coli, coneprkaiye uaterpuposainsiit F-gakrop,
0603HAYAIOTCA KAK «4acTo peKoMOuHupyomue», uan Hfr-mrrammer (cokp. anra. high fre-
quency of recombination). B cBoo ovepenp, F-nia3Muapl ¢ nprucoexmHEHHBIME K HHUM
XPOMOCOMHBIMM F'eHaMu HasbiBalorcs F/-paxropamu.

CxeMa HHTErpaLMy NoJIOBOrO (haKTopa WM MHOU IJIa3MHUALI B GaKTEPHABLHYIO XPOMOCOMY ObLia
npeasioxeHa B Hadane 1960-x rr. Kamn6Gesnom (J. Campbell). B Hacrosiee BpeMst oHa OGLIENpPH3HAHA
(puc. 165).

Ha xpoMocoMe MMeEIOTCsi ONUH WM HECKOJIbKO CaliToB attB nnsa unrerpauun F-¢dakropa. Ha nuas-
MuIe, B CBOIO ouepenb, MMeeTcs caliT attP. Tlo aTum caiitaM Mexxay XpoMocoMmo#t H MIa3MHION BO3HH-
K8eT CHHAIC, MJIH JIOK&JbHbIN rerepoaymiiekc. C noMoupo niasMuiHON HHTErpassl B HeM 00pa3yIoTcst
TOYeuHble pa3pe3bl, a 3aTeM OCYIUECTBJAETCS cafiTcnenuduyHasi peKoMOHHAIMSA (PELHIIPOKHBIN KPOC-
CHMHIOBEp).

Ecnu B cBOG0AHOM COCTOSHMM NIa3Mua Onia JIMHEHHOM, TO AJA HHTErpalHi B XPOMOCOMY OHa
NIpeABAPHTENILHO JOJIXKHA TIPHOOpecTH KosbueBylo ¢opmy. B cBolo ouepeab, uToOhl MHTErpHpPOBATHCH
B XpOMOCOMY, T. €. IPEBPAaTHTbCA B npocar, JHHeliHaA MHbeKuuoHHas ¢dopma pupycHolt JHK monkua
nepeATH B KosbueByio (cM. pasgensl 16.6.1.2 u16.6.1.3).

Kounmezpamuensie naa3mudvi. CoracHO Ha3BaHUIO, TAKHE [IJIa3MUIbI IIPEICTAB-
10T coboit Kounmezpamu. (aHrI. cointegrate) — ruGpHIHbIE F€HETHYECKHE KOHCTPYK-
uy, obpasyomye equHyI0 TPYNNy CHEMVIEHHsA. B COCTaB KOMHTErpPATHBHBIX TIJIA3MHJL
BXOJISAT:

— 110J10Bo#t baKTOP, KOTOPHIil 0becniednBaeT KOHbOraTUBHLIM nepenoc JHK;

— reHBl, KOQUPYIOLHE Te WA UHBIE CEIEKTHBHO MOJIE3HbIE PU3HAKH.

ITprMepoM KOMHTErpaTUBHBIX MIA3MUA CJIYXKAT R-NIa3Muibl, COCTOSIINE U3 TI0JI0BO-
ro ¢aktopa F, u reHos, koToprie 06ecreunBaloT YCTORYMBOCTD K CylIb(haMHAHbIM Ipe-
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nmaparaM M anTubuoTHKaM. Taxum obpasoM, R-miasmuzapl npHHajsexaT K uyuciay F/-
dakropos. Pacnpocrpanenne R-nasmug s nonyasuuax E. coli, Shigella flexneri n npy-
IAX 3HTepobaKTepuit BLI3BIBaET (PeHOMCH MHOXKECTBEHHOMN JIeKapCTBEHHOM YCTONIMBOCTH.

JIpyrum npuMepoM KOMHTErpaTHBHBIX mia3mug apasiorca Col-miasmunst S. enterica
cepoBap Typhimurium. Oxn Taxkke npuHaayexaT K ducay F’'-dpakTopos u cocrosT u3
moJioBoro dakTopa F, KoTopbili ClieieH ¢ reHaMH, OTBETCTBEHHBIMY 32 OHHOCHHTE3 KOJIH-
I[MHOB.

Merannasmuapt pazmepom 6onee 100 T. 11.H., KAk NpaBMJIO, OTHOCATCA K I'DYyIIe KO-
HWHTErDaTUBHBIX.

HempancmuccusHsie naadmudo.. Kak yxe oTMe4asoch, Takue IJIa3MHAbI HITH
BOOGLIE HE MEPENAIOTCS, MIIH «MOOHIIM3YIOTCS» U NEPEIAIOTCA ONHUM U3 IBYX CII0CO00B —
Janbo nyteM o6pa30BaHUsI KOMHTErpaTa ¢ TPAHCMHMCCHBHOM IUIa3Mumoif, JHOO 3a cder
UCHOJB30BaHus Mob-caliTa TPAHCMHCCHBHOM miasMuapl (cM. pasnenl6.6.1.3).

B kauecTBe npumMepa MoxkHO npuBecTH kKounterpat Pseudomonas oleovorans, cocto-
AIMHA U3:

— HETPAHCMUCCUBHOU Mia3Muasl 6uomerpaganuu OCT;

— TPaHCMHUCCHBHON MJ1a3MUIbl, HECylleil IreH YCTONYUBOCTH IPOTHB PTYTH.

Knaccudukauusa miazMu 1o B3auMHO# coBMecTuMocTH. Eie onna knaccu-
(bukanusa miasMua OcHOBalia Ha (beHOMelle No8epTHOCTNIHO20 uckaowerus (aHri. plasmid
surface exclusion) u ¢eHoMeHe BHYTPUKJIETOUHON Hecosmecmumocmu (anri. plasmid in-
compatibility).

Pe3nnenTHbie m1a3Miub He TEPHIAT KOHKYPEHTOB; IIPH [I0BEPXHOCTHOM NCKJIIOYEHHH
OHU MENIAIOT BHEJIPEHMUIO APYToif MAa3MHUAbl B KJIETKY XO35MHA, 8 IPX HECOBMECTHMOCTHU
NpenATCTBYIOT PEIUIMKALUK IPYroi mia3Muasl. B mepBoM ciydae 6J0KUpYeTCa MEXaHN3M
MEepPeHoca MIa3MUbI, BO BTOPOM CJIy4yae — HETATHBHO DPEryJIHPYETCsl €€ KOMUUHOCTD.

B coorBercTBUY ¢ DEHOMEHOM BHYTPHKJIETOYHON HECOBMECTHMOCTH PAa3/IAYalOT 2pyn-
b HECOBMECTNUMOCTY TINAa3MUAL. 1JIeHbl OJHON M TON K€ TPYINbI HECIIOCOOHBI YCTOM-
YHBO HACJIEJOBATLCA B OJHON M TOM e KJETOYHOHM JMHUM (3TO HE OTHOCHTCH K dile-
HaM pasHbIx rpymn). [T1asmMuapl HeCOBMECTHMBI H3-33 CBOEH FOMOJIOTHH, TOCKOJIBKY OHH
COIEPKAT OJUHAKOBBIE CHCTEMbI KOHTPOJIS PEIIMKAIUN U MapUTETHOrO DAcIpeleseHus
mnasmuasolt JJHK mexay moyepHuMM KiieTKaMu.

Kaaccudukauus niaasmuig 1o rpyniaM HECOBMECTUMOCTH ObLIa NpPENJIOKEeHA B Ha-
yasie 1970-x rr. B HacTosiniee BpeMsI OHA CHJIBHO JETAIM3UPOBANIACh, B HYaCTHOCTH, Y
sHTEepobakTepuit pasimyaior okoao 30 rpynr, y cTapUIOKOKKOB — 7 IPYIIl HECOBMECTH-
MOCTH.

Cpenu rpynn HecoBMecTumocTH niasmug E. coli ocobo Buiaensierca rpynna IncP. Ouna uuTepecHa
TeM, uTo BMecte ¢ rpymnamu IncC, IncN, IncQ u IncW coaepkuT niiasMubl, KOTOpbIE XapaKTePU3YIOT-
¢ npomucrkyumemos (aHIJI. promiscuity; oT JaT. promiscuus — GeCTIOPAIOYHRIL), T. €. CIOCOBHOCTBIO K
KOH'BIOTATHBHOMY NEPEHOCY MPaKTUYMECKH MeXIy JIIoObIMM rpaMOTPHUATENbHbIMH HakTepusamu. Baaro-
Aapsa 3TOMY yCTOﬂ‘-lPIBOCTb K aHTHUOHOTHKAM pPacnpoCTpaHAETCA MeXJy OYe€Hb pDa3HbIMH B d)eHOTHﬂH"le-

cxoM riaHe 6axrepusmu, HarpuMep Anabaena spp., Gluconacetobacter zylinus, Legionella pneumophila,
Myzococcus zanthus u Xanthomonas spp.

16.1.2.2. CtpoeHue IjraamMuz

HanomHuMm, 4To pasmep mia3Muz Jexur B auanasode 1,5-1500 T. 0.H., npudeM daiie
BCEro BCTPeYaloTcs npeAcTaBuTenn AByX rpynn (5-10 u 75-100 1. n.H.).

ABTOHOMHBIE IJIa3MUABL DakTepHH 1 apXxeil OOBIYHO MPEACTABIAIOT CO00H KONbLEBBIE
cynepcnmnpaym3oBaHHble MoseKyasl JJHK.
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JIunetiHbie 6akTepualbHbIE MIa3MIILI BCTPEYAlOTCA peako. Brepsrie onn Gblin Hail-
ZIensl B 1977 r. y Streptomyces rochei. TlonHee nx o6HADYXHUAM y OPYrUX aKTHHOGAK-
Tepuit (B 9actHoctH, Nocardia opaca), y dbupmukyra Rhodococcus fascians, cnupoxers
Borrelia sp., a Takxe y TuoHoBo# 6akrepun Thiobacillus versutus.

VY apxeii 10 cux nop oGHAPY’KEHBI TOJBKO JIMHEHHbIe I1a3MHUIbI; HAPUMED, SKCTpe-
ManbHbiY rajodun Halofetrar mediterranea conepXXHUT OTPULIATENBHO CYNEPCIAPAJIN30-
BaHHbIE KOJIbLIEBbIE Meraruta3Muabsl pasmepom >500 . 1m.H.

16.1.2.3. IIpnpoauoe 1 nmpakTudyeckoe 3HaYeHUe ILJIa3MHJ,

IMna3Mmuapl B XKUBOM NPUPOJE — ITO, NPEKAE BCEFO, BEKTODHI JJIf IEPEHOCA CEJIEKTHBO
0JIE3HBIX TeHOB. HanpuMep, B MONyAsuMy ajUIOXTOHHBIX OakTepmit (cM. I ToM yueGHH-
Ka) IPY COOTBETCTBYIOIIEM JABIEHUH €CTECTBEHHOrO 0T60pa MIMPOKO PACHPOCTPAHAIOTCS
KOHHTerpaTUBHbIE Ia3MHUIbI OHOJerpaqalui, KOTOpble HCXOAHO UMEJINCh TOJIbKO Y OT-
HOCHTEJIbHO HeOO0bIION JacTH ocobelt.

Bennko u MeToaudeckoe 3HaYEHHE MJA3MUJ, JJIsl CO3JaHNsl PEKOMOMHAHTHBIX I'€HOB
H/WIH KJIOHUPOBAHUSA TIPAKTHYECKH JIIOOBIX TE€HOB.

HexkoTophie nna3Muapl COAEPKAT OAMHOYHBIA nasundpom (aHria. palindrome; ot rpeu. palin — Ha3an
n dromos —6er), T.e. KOPOTKYIO HYKJICOTHIHYIO TOC/IENOBATEIbHOCTb, KOTOpas OJHHAKOBO NMPOYHTHI-
BaeTCsAi BO BCTPEYHBIX HANpaBJEHHsAX Ha komraeMeHTapHbix uenax JIHK, nanpumep GAATTC. Takue
NIOCJIeIOBATENIBHOCTH CJIyXKAT calTaMH y3HABaHUS JUIsl PECTPHKTA3 TOTO MJH MHOrO Tima (B JaHHOM
cayvae -— ans pecrpukTassl Eco RI). Heob6xoaumo, 4TO6GH! calT y3HaBaHHsl HaxoOMJcA B obnacTy, He
OTBeYalowed 33 PerVIMKALHIO MJIa3MHUIbI.

ITyrem noaBopa pecTpMKTa3bl M [IPOBENEHNs PECTPUKLMH IJa3MHIe Npugaercs ¢(popMa JHHEHHOro
AYTJeKCa C «JMNKHMH» KOHLAMH. Eciu ¢ noMmompo Toi ke caMOil pecTpHKTa3hl BhIpe3aTh (pparMeHT
(B wactHoCTH, red) us JHK Apyroro npoMcxoXIeHHsi, TO y Hero NOABSITCA JIMIIKUE KOHIbI, KOMIJIEMEeH-
TapHhIe JIMIKHAM KOHIIAM NPEeJBAapUTEbHO PeCTPHUIMPOBaHHON Muia3MuAn (pHc. 166). Mcnoassys JTHK-
JIMra3y, MOXXHO BCTPOHTb Takoii ¢parment JHK B nna3smuaublit BEKTOp, B pe3yJIbTaTE YEro IOJIy4HTCH
KO/blieBasA MoJjieKyjia pekombunanthoit JIHK.

Ecnyu rubpuaHbIM BeKTOPOM, 6€3 MoTepH MM COCOGHOCTH K peruIMKaiyui, TpaHchOPMHPOBaTh OakTe-
PHIO, TO MOXKHO OCYIIECTBHTB IKCIPECCHIO YY>KEPOIHOrO IreHa in situ MK aMIIudHLHMPOBaThL H3y4JaeMbil
reH B KOJIMYECTBe, JOCTATOYHOM Il CEKBEHHPOBAHHS.

Ortnenbho ot pekombuHanTHbix JJHK caenyer paccMaTpuBaTh HCKyCCTBEHHBIE I1Jia3-
MHZIBI, KOTOPblE N3HAYAJIbHO KOHCTPYMPYIOTCH C IOMOIIBI0 NeHHOMH>KEHEPHBIX METOIOB
(npumepoM cayuT riasmuaa pBR322).

16.2. PASMEP TEHOMA

Ha nepsbiit B3r1s111, CMBICJ TEPMHHA «Pa3Mep FeHOMa» (aHIJI. genome size) O4eBUJIEH.
OpHako B AeUCTBUTEIBHOCTH TPebyeTCcs MOsCHEHNe.

Hanomuum, 9to 2enHomom (aHri1. genome; OT rped. genos — poj M JIaT. omnis — co-
BOKYIIHBIN; 8 daHHOM CAY“ae — HABOP HACJIEICTBEHHBIX (DaKTOPOB) Ha3BIBAETCS MOJTHBIN
KOMIUIEKT PE€HOB JAHHOT'O XKUBOI'O CYLIECTBA.

B cBoro ouepenp, 2en (aHINI. gene; OT rped. genos — POll; 6 JaHHOM CAY“ae — HacsIed-
cTBeHHBIN (hakTOp) — 3T0 DYHKUMOHAIbHO onpeaesennsbit yyactok JJHK, B KoTopoM 3a-
KOJIMpOBaHa IepBHYHas CTPYKTypa Oenka, nepsudnas crpykrypa pPHK niu nepsuynas
crpykrypa TPHK (cm. pazzen 16.3.1).
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Puc. 166. KoscrpynpoBanue peKOMOMHAHTHON IJ1a3Mu bl CO BCTPOEHHbIM (pparmeH-
ToM uyxepoanoi JJHK.

A — pa3pe3aHne KOJIbIEBOM IIa3MMAR [PU IIOMOLUM pecTpHKTa3nl EcoRI, obpasosanue
JUIKHX KOHIOB; B — BeIpe3anne ¢pparmenTa uykepoanoit JTHK npu nomoury Toit e pecTpHK-
Ta3bl, 0Opa30BaHNe KOMIUIEMEHTAPHBIX JIMIIKUX KOHLOB; B — BOCCOEAMHEHHE JIMIIKHX KOHIIOB
npu nomoury JHK-nra3si, BoccTaHoBNIEHHE KOJIBLEBOH HOPMBI IJIa3MUARL. 0T — MJIA3MHAHBIN
OPHIKHH PEeIMKAIMH.

YepHBIMH TpeyrojibHMKaMi 0603Ha4YeHbl CaliThl PECTPUKLIHH.

[enp1 6e1KOB, B CBOIO 04Yepeib, NOAPA3IeSIOTCA HA CMPYKMYPHHIE N PE2YAAMOPHBLE.
IToMuMO reHOB B T€HOME MMEIOTCSI KOHMPOAUPYIOULUE 2EHETNUNECKUE IAEMEHMDL, C KOTO-
PBIMH CBSI3BIBAIOTCS PETYJIATODHbIE DETKH.

I'en 6eska nMeeT KOZUpyOUIYIO 00J1aCTh, B KOTOPYIO BXOAAT WHULMMPYIOUMH KOJIOH,
OTKDBITas PaMKa CYATBHIBAHWAA ¥ TEPMHUHUPYIOIIN! KOIOH.

Kak M3BeCTHO, reHeTHYECKUHA KO/ CUMTHIBAETCA (TPAHCIMPYETCsl) MO HEMEePEKPLIBAIOIIUMCH TPHILIE-
TaM. B cuity 3TOro BO3MOXXHBI TPH pa3Hble PaMKH CYMTBIBAHHS KOHKPETHOI HYKJIEOTHIHON mocjemo-
BaTeJbHOCTH (TPM BAapHMAHTa TPAHCAALMHM), B KOTODHIX CTapTOBHIMH TOYKaMM COOTBETCTBEHHO CJIyXKaT
1-#, 2-# u 3-# Hykmeorna. Omxpuman pamxa cvumwmeanusn (anri. open reading frame, ORF) —aro
NOC/IeA0BATEILHOCTh TPHILJIETOB, COOTBETCTBYIOLIAA aMHHOKHCJIOTHOI NOC/I€f0BATE/IbHOCTH MOJIUIIENTH-
Jia; TIOHATHO, YTO BHYTPH Hee He NOJKHO ObITh TEPMHUHUDYIOIIKUX KogoHoB. Cpentuit pa3smMep OTKpBITOH
PaMKH CYHMTHLIBaHHA y NPOKApHOTOB cocTaBaser 900 HYKNeOTHAOB, UTO cooTBeTCTByeT Genky u3 300
aAMHHOKHUCJIOTHBIX OCTaTKOB o6iie#t MosiekyasipHo#t Maccot ~30 k/a.

Jlna BbIficHeHMA WHAMOPMALMOHHOTO CONEPXKAHHS CEKBEHHMPOBAHHOM HYKJIEOTHIOHON NOC/eA0BaTeNb-
HOCTH €€ C NOMOUIbIO KOMIIBIOTEPHBIX NPOrPaMM TPAaHCJHPYIOT BO BCEX LIECTH BO3MOXHBIX PaMKax
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cunThbIBaHUA (MO TPH AJIA JBYX KOMIUIEMEHTapHbIX Lienei). 3aTeM A HaMJEHHBIX OTKPBITBIX DPaMOK
CYMTBIBAHHA OTBICKUBAIOTCA FOMOJIOIH B KOMIbIOTEPHON 6a3e JaHHBIX. DTO MO3BOJSAET OTBETHTb Ha BO-
MpPOC: ABJIAIOTCH JIM 3TH OTKDbIThle PAMKH CUMTBIBAHHS AKTYyaIUCTHYECKUMH TeHaMH, T.e. FOMOJIOIHYHbI
JIM TIPOAYKTHl MX TPAHCJIALMM paHee M3BeCTHbIM benkaM. B nepByr ouepenb y4uThIBAIOTCA Hambosee
KOHCEPBATHBHbIE aMHHOKHCJIOTHBIE TIOCIIEA0BATEIBHOCTH.

B pesysibTaTe TAKOro aHa/iM3a BbISCHUJIOCH, YTO GaKTepHANbHBIE FEHOMBI COEPXKAT OTHOCHTEJILHO
MHOTO «BHUPTYabHBIX» [EHOB, T.€. F€HOB C HEHM3BECTHHIMH (yHKUMAMH (Hanpumep, u3 ~4,3 ThHIC. OT-
KDBITBIX paMOK cunTbiBanusa E. coli nmenTudHnuuposata ToabKo NosioBMHa). BHpTyasbHble reHbl apxeif
NoJpa3esIAlTCA Ha TpH rpyrmbl: 25% roMostiornyHbl 6aKkTepuabHBIM TeHaM, 25% 9yKapHOTHBIM reHaMm,
a 50% yHHKaJIbHBI.

He Bce reHbl coiepKaT KOAUPYIOIINE [10CIeJ0BATeILHOCTH, KOTOPbIE TPAHCJIUPYIOTCA
B Gesiok. B wacTHocTH, He pa3buts! Ha Tpumierst redsl pPHK u resst TPHK.

KoanyecrBenHoe BbipakeHne paszmepa reHoma. CTporo rosopsi, pasmep reHo-
Ma —- 3TO TOJILKO €0 UHGOPMAUUOHHAA EMEOCTID, T. €. COBOKYITHOCTH KOAHPYIOIIHX YIaCT-
KOB, KOTOpas Bcerja OyaeT HeCKOJbKO MeHbIIe pa3Mepa XPOMOCOMBI.

TaxkuMm 06pa3oM, BhIpaXkas pa3Mep I'eHOMa B eIHHHULAX MoJieKyaspHo# maccst JHK
([da) nan B crenenn ee noJMMepHOCTH (IL.H.), Mbl HEBOJIBHO HJIH CO3HATEJBHO JOIYCKAEM
HETOYHOCTb.

Tpenen BapbUpoBaHUs pa3mepa reHOMa B ioMeHe Bacteria oueHb WIMPOK: OT MUHMMAJILHOTO 3Have-
Hust 580 T. n.H. (Mycoplasma genitalium; 470 OTKPBITLIX PaMOK CYMTHIBAHMSA) SO MAKCHMAJbHO U3BECT-
Horo 3Havenust 9,5 man.i.H. (Myzococcus Tanthus).

B cBoro ouepenp, B gomene Archaea yCTaHOBJIEHHBIH K HACTOSLUEMY MOMEHTY pa3bpoc pa3mepa re-
HOMa JIeKHT B npegenax or 490 T.m.u. («Nanoarchaeum equitans») no 2,2 maH.n.H. (Archaeoglobus
fulgidus; 2,43 TbIC. OTKPBITBIX PAMOK CYMTHIBAHHUS ).

BakreprnaJbHble FeHOMBI MEHUMAIbHOTO pa3Mepa (600 T. m.H. — 1,2 MJH.ILH.) THOXY-
HBI JIJIsl MHKOILIa3M.

CpaBHuTEeNbHO HeOOIbLIME TeHOMbI (HOPsiAKa 2 MJIH.ILH.) MMEKIOTCH Yy NapasuTude-
ckuX OakTepuil, NpUHAAJIEKAINX K PA3HbIM TAKCOHOMMYECKHM TCpYyNnaM, HarnpuMmep
Haemophilus spp., Helicobacter spp., Neisseria spp. u Streptococcus spp.

Boisee kpynubiMu reHosamu (4-5 MuH. [.H.) 061aJa10T CBOGOAHOMKHBYIIHE, 8 TAKXKe
HEKOTOPbIe cuMbuoTHeckue bakrepun, Haripumep Bacillus spp., Escherichia spp., Pseu-
domonas spp., Rhodobacter spp. u Salmonella spp. B uacTHOCTH, pa3mep reHoMa Tpa-
JUIIMOHHOT'O MOJEJIBHOTO 00bekTa — E. coli cocrasasier 4,6 MIH.ILH. (YTO COOTBETCTBYeET
mosekynspHoit macce 3-10° [a) npu xorrypHoit pymue Mosexyibt JJHK ~1,5 M.

Hakownen, cambie 60oJiblLiMe reHOMbI UMeIOTCH Y 6aKTepuil, ClIOCOOHBIX K CJI0KHOR 1ud-
depenunanuu, Hampumep y Anabaena sp. PCC 7120 (6,5 mnu. n.1.), Streptomyces spp.
(8 man.m.H.), Bradyrhizobium spp. (8,7 Man.m.u.) u Myzococcus zanthus (9,5 MJIH.ILH.).

Ecnn pacnosnoxuTh npuBeneHHble 3Ha4YeHUs B IODPSAKE BO3DPACTaHMs, TO IOJYYHT-
Csl reoMeTpHYecKas rporpeccusa 1-2-4-8, 4TO KOCBEHHO YKa3bIBAET HAa MPOrPECCUBHYIO
3BOJTIONUIO F€HOMOB IIyTeM JYIIJIMKALW ¥ B3AMMHOIO CJIMSTHHUA.

B npejenax KpymHOM TAKCOHOMMYECKO TPYNIBI pa3Mep eHOMa CyUIECTBEHHO Ba-
peupyet. Hanpumep, y npeacraBurteneit ¢dunant BX Cyanobacteria oH cocrasisieT ot
2,7 min.n.H. (Synechococcus sp. PCC 6301) mo 6,5 man.mu. (Anabaena sp. PCC 7120).
B cBolo o4epenp, y pasubix BuoB duiast BXVII Spirochaetes on konebaerca B npegenax
1-5 MaH.I.H.

BimskopoacTBeHHble peacTaBUTENN OXHON H TOM K€ TAKCOHOMUYECKOH IPYNIIbI, 0CO-
6eHHO MITaMMbI OTHOI'O ¥ TOT'O K€ PoJa, OOBIYHO MMEIOT 'eHOM OAMHAKOBOro pa3Mepa — B
KaJecTBe MpUMepa MOKHO Ha3BaTh nuaHobakrepuit Synechococcus sp. PCC 6301 u Syne-
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chococcus sp. PCC 7002. C apyro#t cTOPOHBI, JaXKe Y Pa3HBIX LITaMMOB OJHOTO M TOrO
JKe BUAA, HanpuMmep y Streptomyces ambofaciens, oH MOXXeT BapbUpPOBAThL B NpeJesax
6,58 MJIH.II.H., YTO CBSI3aHO C JeJIeNUAMH YHYaCTKOB Da3MepPOM JO 2 MJIH.ILH.

Pa3mep remoma, eciii udeTh B BUAY HHGOOPMAIIMOHHYIO eMKOCTb, OTPaXkaeT a1aNTanHu-
OHHBIN OTEHIMAJ TPOKAPHOTHOIO OPraHU3Ma M ITMPOTY ero HopMbl peaknuu. CyuiecTBy-
eT obw@as, XOTs U He CTPorasi 3aKOHOMEPHOCTh: YeM BhIllle AJANTAIMOHHBINA NOTEHINAI
OakTepud, TeM 6osblue pa3mep ee reHoma (Synechocystis sp. PCC 6803 — 3,56 MuH.m.1.,
B. subtilis — 4,2 mnu.nH, E. coli — 4,6 mnn.n.gH.). B cBolo ouepens, cumbnornyeckue 6ak-
TEPUM ¥ OCOOEHHO OBGJIUTaTHBbIE HAOUMTOOHOHTHI 32KOHOMEPDHO MMEIOT T€HOMbI MaJio-
ro pasmepa ( Mycoplasma pneumoniae — 800 T. n.1., Treponema pallidum — 1,1 MiH.0LH.,
Chlamydia trachomatis — 1,2 MaH.ILH.).

Apxeu o pasmepy resoma (nopsixa 1,52 MJH.ILH.) B IEJIOM YCTYIIAlOT GaKTEPUIM,
YTO, BHAMMO, CBA3aHO C X y3KOW ajantanued K SKCTPEMAbHBIM YCJIOBHAM CYIIECTBO-
BaHMs.

MuunmanbHbIH pazMep NpoKapMOTHOro reHoMa. Panee mul yxe ormedanu (cM.
I ToMm yuyebnuka), YTO pa3Mep MPOKAPUOTHOrO MEHOMa MMeeT BeDXHMI OrPaHHYUTEND —
MHKPOCKONHYeCKUH pa3Mep KJIeTKH, nopsiaka 1 MKM, 4To nosso.sier emectutb JJHK npe-
JEIbHON KOHTYDPHOH JJIMHBL ~1 MM (~3 MJH.ILH., WK ~3 ThIC. reHOB). B cBO10O OUYepens,
yIbTPaMUKPOOaKTEPUH, pa3Mep KOTOpbIX nopgaka 100 MKM, BBIHYXKJIEHHO 00J1a1a10T re-
HOMaMH MaJIoro pasMepa.

BrisiBnenue u cpaBHUTENbHBIN aHAMN3 UHQPPACTPYKTYPhl MaJIbIX MPOKAPHOTHBIX Te-
HOMOB JIal0T BO3MOXKHOCTH OMNPEJesIUTh MUHUMAJIbHBIA HAGOD reHOB, JHOCTATOYHBIN a71s
CYLECTBOBAHHS >XMBOH KJIETKM KaK HMHTErpajibHO PEIUIMDUPYIONEeHcs GHOJOrM4ecKoi
cTpYKTYypbl. Kak BBIACHHJIOCH, pedb uaeT o Habope u3 250-300 reHos.

B xonue 1990-x rr. pyccko-amepukanckue uccienonatenu E. B. Kynun (E. V. Koonin) u A. P. Mywe-
rsiH (A. R. Mushegian) Beickasanu npeanosnoxenue, 4To B MUHHMAJbHBIR HAGOP BXOIAT reHbl, OBLIHe 1151
CHJIbHO JWBEPrupoBaBIUIMX GaKTepHl, y KOTOPBIX CTPaTerHe# SBOJIOLHMH reHoMa Oblila MHOXKeCTBEHHAst
NOTEPSA CTPYKTYPHO-DYHKIHOHATILHBLIX JEeTEPMHHAHT B XOA€ 3JANTALMH K MAapasUTHYECKOMY CYLIECTBO-
Banmio. B xauecTse 06'beKTOB cpaBHenus Gb1K B3:ATHl Mycoplasma genitalium n Haemophilus influenzae,
NOJHOCTBIO CEKBEHUPOBAHHBIE MEHOMBI KOTOPBIX KOAMPYIOT cooTBeTCTBEeHHO 468 1 1073 Gesnka. Kak Bbisic-
HHJIOCh, 06a reHoMa cofiepkaT 240 oprosnoros (cM. pasgen 16.3.1.1). B ¢Boiwo ouepenp, cpens HeOPTOJIOroOB
6buTH BHISBJIEHB! 22 He3aMeHHMMuIX reHa (cM. pasgen 16.1.1). IllecTh U3 HHUX, crieundUYHBIX A HApa-
3uTHYeCKUX GakTepuii, B yueT He NpHHMUMAaAKCh. TakuM 06pa3’oM, MHHUMAaJbLHBIN HaGOp reHOB COCTABHJI
256 (240 + 16). BakHO NOAYEPKHYTD, YTO B YHUCJIO STUX EHOB BXOAAT «AKTYyalMCTHYECKHME» HHbOpMa-
IIMOHHEIE TEHBl K TeHbl AOMAIUHero xo3sfcTBa (cM. I ToM yue6HHMKA), B TOM YHCJie FeHbl, OTBEYaloLHe
33 PEMUIMKAIMIO, Penapaulio, TPAHCKPHIIIHIO, TPAHCIALMIO, TPAHCIIOPT U eHepaJsibHbIA MeTaboIn3M, a
TaK>Ke TeHbl LIANepPOHOB.

16.3. THOPACTPYKTYPA 'EHOMA

HeobxomuMo cpa3y e OTMETHTh TEPMHHOJIOTHYECKY 0 HETOUHOCTD, KOTOPasi IIPOYHO
3aKpENuIach B 6GHOJIOTHYECKON JUTEepaType — OHATHE «IE€HOM» (COBOKYNHOCTb ['€HOB)
CMEIINBAeTCs C MOHATHEM <«PEIUIMKOH» ((bHu3myecKasi eIMHHIA PEIUIMKALMH, T. €. XPOMO-
coMma, IIa3MUJa UK HYKJIeMHOBasi KHCJIOTa BUpYyca).

Hanpumep, N0BceMECTHO TOBOPAT O «CEKBEHHPOBAHMM MeHOMa», 3a0bIBad O TOM, YTO
B JeCTBUTENbHOCTH pPeub uieT o cekBeHnposanuu JJHK pennukona, cocrosimiero us xo-
JUDYIONIUX U HEKOAUPYIOIMX YYACTKOB.
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TeMm He MeHee, MBI OyZeM BepHBI TPaJUIIMK U B JajbHeUIIeM CTaHEM KCIIOJIb30BAThb
TepMHH «HMH(PPACTPYKTYPa reHOMa» B €ro OOILIENPUHATOM, XOTS ¥ He TOYHOM 3Ha4YeHHH.

HudpacTpyKkTypa reHoMa M3y4aeTcs C IOMOLIBIO PAa3HBIX MOAX0A0B. [ 1aBHOM eb0
CJIYXKHT BbIsIBJIEHHE Cren(PUUECKUX yYaCTKOB, OTBEYAIONINX 3a T€ UJIH UHble (peHOTH-
HUYEeCKHe NPU3HAKHA. TPaJIUIIOHHBIM METOAOM CJIYXKHUT KGPMUPo6aHue, KOTOPOE MOXKET
ObITh PU3UIECKHAM HJIN [€HETUYECKUM.

Du3nyeckoe KapTHPOBaHHE MO3BOJIAET BbIPA3UTh B3aUMHOE PACMOJIOXKEHHE M NPOTAXKEHHOCTb MH-
PacTPYKTYPHEIX 31EMEHTOB [€HOMa B MOJEKYISAPHBIX eAMHULAx (r.H.). OHO NPOH3BOAHTCA C IIOMOLIBIO
pecrpuuupoBanust B codetanun ¢ PFGE-anekrpogopesoMm, nmyTem co3jaHHUA TE€HHBIX SHLUMKJIONEAWH, a
TaloKe CeKBeHHpoBaHMsA TortaybHOH JTHK.

leHeTHueCcKOe KaPTMPOBaHKE MO3BOJIAET ONPENETHUTb MOPAAOK PACIOJIOXKEHHA PeHOB Ha XPOMOcoMe
WJIM [J1a3MHIE M HX OTHOCUTEJIbHYIO B3aMMHYIO0 yAasieHHOCTb. OHO OCYLIECTBIISIETCH 3a CUeT aHAIN3a
YaCTOTHI PEKOMOMHaUMA, B YACTHOCTH NpPH KOHbIOTaluuu (cM. pasgen 16.6.1.2).

Tlenernueckoe kapTupoBaHue uMmeeT psig HenocTaTkoB. Ilpex e Bcero, co3maHHe reHETUYECKHX KapT
ABJIAETCA TPYAOEMKHM HdesioM. KpoMe TOro, MexKreHHoe pacCTOSHHE Ha I€HeTHYECKOH KapTe COOTBETCTBY-
€T 4acToTe peKOMGHHAUMH, a OHa, B CBOIO OYepeb, HEOAHO3HAYHO 3aBUCHT OT XapaKTepa pacnpele/ieHHA
«ropsiYMx» PEeKOMOGHHALHOHHBIX TOYEK.

Hyxieoruausiii cocra JJHK. Dror kpurepuit undpactpykryper JJHK, Bripa-
JKEHHBIA B OTHOcUTesNbHOM cogepkanuu GC-nap, T.e. apobu (G+C)/(A+T) x 100%,
KOCBEHHO XapaKTepU3yeT GeJIKOBbI NaTTePH, WIH Npomeom JaHHoro obbvekta. O oTpa-
’KaeT 4acTOTY MCIOJIb30BAHUS KOJOHOB; KDOME TOrO, BBICOKOE HJIM HH3KOE COjepKaHue
GC-nrap BO BCeM reHOMe HJTH €r0 OTJE/IbHOM YaCTH OnpeJesieTcst BapuabesIbHOCTBIO Tpe-
Theil TO3UIUM B KOJOHE, YTO Ha3bIBAeTCH BHIPOXKAEHHOCTbIO Koza. Hanpumep, aymaHuH
koaupyior cuHonnmudeckue tpumersl GCA, GCC, GCG n GCU.

B ucropuu 6uosnoruu Moa. %GC chirpas poab NepBoro HHINMKATOPA YJIbTPACTPYKTYPhl reHoma. Ero
OLIEHMBAJIN MPSMBIM CNOCOGOM (MO COOTHOLLEHMIO COAEPXKAHMA HYKJIEOTHIOB B MATHAX HAa TOHKOC/ION-
HoOMt xpoMaTrorpamme noJHoro rugposan3ara JHK) unm kocBeHHbiM myTem (no Temneparype TeILIOBOM
nenarypauun JIHK, kotopast HaxoanTcs B mpsiMOfi 3aBHCHMMOCTM OT OTHOCUTesnbHOro kosindecrsa GC-

nap).

OrtHocuresnbHoe comepxkanne GC-nap B npokapuorroit JJHK Bapbupyer B npegenax
20-80%. XoTs 3TOT BaJIOBOH GHOXMMHUYECKUH MOKa3aTelb He OTPAaXKaeT MOCJeI0BaTe hb-
HOCTb HYKJIEOTHIOB (T. €. He ABJsieTcs (PUTOTeHETHYECKUM MAPKEPOM M MOXKET COBIIaIaTh
y OO'beKTOB, MPHHAIIEKAMNX K Pa3HBIM BETBSIM [MIOOAJLHOTO APEBa), Cro IIMPOKO HMC-
NONB3YIOT B CHCTEMATHKE Ha YPOBHE MAJIbIX TAaKCOHOB. B 9acTHOCTH, BHYTDPUBHIOBON
pa3bpoc mois. %GC ue npesbiutaer 5% (cm. I ToM yueGHuKA).

CyliecTByeT 3aBHCHMOCTb MeXJy HYyKJIeoTHAHBIM cocTaBoM JIHK u cnocobHoCTLIO
MIEPEHOCUTD SKOJIOTHYECKHIt cTpecc. B yacTHOCTH, TepModuibl XapaKTepu3yoTcs [OBbI-
meHHbIM Mo, %GC mno cpaBHeHMIO ¢ Me30dHIaMH, 9TO OOBACHAETCS GoJlee BBICOKON
Temneparypo#t miasiaenus GC-6oraroit THK (B mape GC Tpu BOZOpOAHbBIE CBSI3H, & B
nape AT — age).

HykneotnaHast acuMMeTpusi XpoMocoM. PacripeesieHre HyKIeoTHIOB N0 AIUHE
JHK-nynnekca unn Mexxay kommieMeHTapHbiMe Hensamu JJHK HeonunakoBo M Ha3biBa-
erca Hyxaeomudnol acummempuets (anri. nucleotide skew).

Huc-acummempus BBIPAXKAETCSA B TOM, YTO OTHOCHTesbHOEe comepxkanne GC-nap B
aynnexce JHK BospacraeT no Mepe ygajieHusi OT OPUIXKHHA PEIIHKALUH.

Tparc-acummempusn, B CBOIO 0Yepelb, BbIpaykeHa B ToM, uto ase nenu JHK — seny-
mast 1 BegoMast (cM. paszen 16.4.1.1) — pasimugaiorcs Mexay cobol IIo CoOAEPIKAHUIO HyK-
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JIEOTHAOB. JTO CBA3aHO C Pa3sHBIMHU CIIOCOGAMHM DEIVIMKATHBHOIO CHHTE3a, Pa3HbIM pac-
[peJie/IEHHEeM T'€HOB M Pa3sHOM 4acTOTON MCIOJIb30BaHHs KOJOHOB B AByX uensax. Hempe-
PBIBHO CHHTE3UpyeMasi, WIH BeAyllas Lelb OTHOCHTENbHO oboramena G M OTHOCHTEIBHO
obenpena C. us orcraroumedl nenw, cuntesupyemodl us ¢pparmerrop OKa3aku, MMeeT
MecTo obpatnoe cooTHomenue Mexay G 1 C. EAMHCTBEHHBIM U3BECTHBIM HCKJIIOUEHHEM
ciyxut asoMmanbao GC — 6oraras (78 mon. %) akruHobakrepus Streptomyces coelicolor,
Y KOTODO#f BeAyIuas Uerb OTHOCUTeJNbHO oboramena C u orHOCHTENbHO 0beaneHa G.

B HekoTopbix ciydaax (Hanpumep, y npeacrasurtenel ¢punst BXII Proteobacteria, a
taxxe y npeacrasuteneil unst BXIII Firmicutes ¢ sbicokum comepxkanueM GC-map) se-
JAyllas menb oTHocuTebHO oboramena T u obensena A. Hanporus, Bexyuiaa uens dup-
MHKYTOB ¢ HU3KMM conepxkaHueM GC-nap oboramena A u obeguena T. Y apxeit Hykeo-
TUAHAA ACUMMETDUs He BbIABJIEHA, YTO MOMKET ObITh CBA3AHO C IPUCYTCTBHEM HECKOJb-
KHX OPHMPKHHOB DEIJIMKALNM B OJHOU apXxeoTHol xpomocome (cM. pasaen 16.4.1.1).

IMonspuzanus XpoMOcOM. BoJbIIMHCTBO OTKPHITHIX PAMOK CUHTHIBAHUS (CM. BbI-
we) y GakTepuil, Kak PABUJIO, PACIIOJIOKEHO Ha BEAYILUEH LEH, 1 OHM TPaHCKPUOUDY-
I0TCSI B TOM JK€ HAIIPABJIEHMU, B KOTOPOM DEIUIMIUPYETCH XPOMOCOMa. DTO Ha3bIBAETCS
npasurom xoopuermauvuy (aHri. coorientation rule). Cnenuduka Gakrepuft, obragaro-
X JIMHENHBIMM XpoMocoManH, Hampumep Borrelia burgdorferi B31, cocrout B TOM,
9TO y HUX MPUMEPHO MOJIOBUHA EHOB TPAHCKPHOUDYETCS OT LEHTPAJIBHO PACIOJIOXKeH-
HOT'O OPHIKHMHA I10 HAIPaBJIEHHIO K OTHOMY KOHILY XPOMOCOMEI, & OCTaJIbHbIe FeHbl — I10
HANPABJIEHMIO K APYrOMY KOHILY.

Mexay Bexmywieit u orcTalolel HensiMH HEPABHOMEDHO DAanpelessiioTCs HEKOTOpbIe
OJIMrOMepHbIE HEKOAMpYIowue noBTopbl. HanpuMmep, B Benyiueit nenu E. coli conepkuT-
ca ~75% obmero uyucaa Chi-snementos, a takxe ~82% Rag-snemeHTOB (cM. pa3iesisl
16.3.2.1 n 16.5.1.4).

16.3.1. Koaupyroiine y4acTKu

Hykaeornausiit renerngeckuit xod (anri. code — mudp) Hecer sammudpoBaHHYIO UH-
dbopmanuio 0 TUNAX U NOCJIEA0BATEILHOCTH PACIIONOXKEHUS AMUHOKHUCIOT — MOHOMEDPOB,
M3 KOTOPBIX Ha pubOCOMax CHHTE3UPYIOTCA MGJIUIENTH/IHbIE [EIH.

Crnenys JaHHOMY OIIPENENIEHHIO KOJIa, Mbl JOJDKHBI CUNTATh KOOUPYIOUUMY YHACTIKG-
mu JHK (aunrn. coding region) TosibKO reHbl 6eJika, T. €. OrpAaHHYEHHbIE HHUIIAADY FOMIUM
1 TEpMUHUDPYIOIMAM KOJOHAMU OTKDBIThie DAMKH CUUTLIBAHHUSA, KOTOpPbIe TPAHCKPUOUDY-
torcs B Mosiekysasl MPHK. Heobxoaumo takke yuuteiBats, yto MPHK, a Takke npoayk-
ThI € TPAHCIALNY — 6€JIKH MOT'YT [OABEPraThCH MOCTTPAHCKPUNLIHOHHOMY IIPOLIECCHHTY
(cM. pa3znen 16.7.4). Taxnm 06pa3oM, red Geska He 06A3aTEIBHO MOTHOCTHIO KOJIMHEADEH
TPAHCKPHUNOTY WM [OJHIENTHIY.

Bbiie MBI y>Ke OTMETHIIH, YTO TEGHBI TIOAPA3EIAIOTCA Ha CTPYKTYDHbBIE U PEryJIsaTOp-
Hble. [IToMUMO HHX B COCTaB reHOMa BXOAAT KOHTPOJIADPYIONIME FeHETHYECKHME 3JIEMEHTHI,
KOTOpBIE BJIHAIOT Ha SKCIPECCHIO TeHoB. XOTst OHH U 06pa3oBaHbl crienuduyecKol To-
CJIeJIOBATEILHOCTBIO HYKJIEOTHAOB (4aCTO 3TO NOBTOPSIIOUIMECA IPYNIibl HyKJICOTHIOB), B
Hell OTCYTCTBYIOT 3JIEMEHTHI [€HEeTUYECKOI'0 KOJa — KOJOHBI.
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16.3.1.1. T'ennr

B npexpiaymmnx pa3jesiax Mbl y)Ke TOBOPUJIH O TOM, YTO CPEJHHI pa3Mep IPOKapH-
oTHOro rea paseH ~900 HyKJeOTHIAM, a MUHMMAJIbHBI HabOp reHoB, HeOOXOAMMBIH
JUIsl CYIIIECTBOBaHUS POKAPHOTHON KJIETKH KaK aBTOPRIINIMpYIoLetcs 61osmornyeckoi
CTDYKTYDBbI, paBeH 256 reHam.

HanomunM Tak>ke, 9TO reHbl NOAPA3AENAIOTCA Ha He3aMeHUMble U He-He3aMeHNMbIe,
a TakXe Ha CTPYKTypHble M peryaartopabie. OgHako kiaccudHKalns FeHOB 3THM He
HMCYEPNHIBAETCH.

Anpo reHoma u mrammocnenududHbie reHbl. S apo reHoma (aHri. core) —
3TO KOHCEPBATUBHBIA HAbOp reHOB, KOTOPHIM MMeercss ¥ GONbIIMHCTBA GakTepHAJIbHBIX
mTaMMoB. [TOMHMO Hero cyumecTByeT BapUabebHBIN Ny WMGMMOCTEUUPUIHDT 2eH08,
KOTOPBili IO3BOJISIET pa3HbIM DaKTEpHUAM aJanTHPOBATHCA K crielnpUIecKUM SKOJIOTHYe-
CKHM YCJIOBUSAM, B KOTODHIX OHM OKa3aJIHCh.

Brnepsbie Takoe pa3rpaHuy€HNe reHoB ObUIo npoBeaeHo B Hayase 2000-X IT. Ha NpyMepe SHTEPONaTo-
reHa yenoBeka Campylobacter jejuni. C noMOIIbIO METOAHKA MuXpoxunoé (aHrJI. microarray), KOTopas
OCHOBaHa Ha rubpuan3anuu HaxoasAuelcsa B pacrsope JJHK ¢ *MMOGHIM30BaHHBIME NMOJMHYKJIEOTHAHDBI-
MH 30HAaMH, y 11 mTaMMoB 3TOH GakTepnn GblIM BhIABJIEHB! 1,1 THIC. F€HOB fA/p4a, KOTOPble OTBEYAIOT
3a MeTaboJIMYeCKHe H PEryJsTOPHbIe mpouecchl. [IOMMMO HUX GbIIM BHISABJIEHBI LITAMMOCnelnuduIHbie
JeTePMUHAHTH BUPYJIEHTHOCTH (~20% OO6lLero Yucaa reHoB), OTBETCTBEHHBbIE 3a GHOreHe3 TaKUX Io-
BEPXHOCTHRIX MOJIEKYJ1 M CTPYKTYD, KaK JIHITONIOJIMCaXapHabl, KAMNCYsibl U XKIYTHKH.

Ilpyn aHajlOrMYHOM CpaBHEHHHM ILITAMMOB JApyroro sHreponartoreHa, Helicobacter pylori 6muio ycra-
HOBJIEHO, YTO M3 1643 npoaHaJM3NpoBaHHbIX reHoB 1281 KoHCcepBaTHBHBI, a 22% — wraMmocneuud UIHbL.

VMenHo 3a cyer mrraMMocTielpuIHLIX TeHOB B OCHOBHOM 06€CIeYHBAETCS HOTMMOD-
Gu3M HGaKTepHUaIbHBIX FeHOMOB.

@ yHKIMOHAJIbHBIE I'PYNIIbLI T€HOB B COOTBETCTBMH C NPOAYKTaMHM HUX 3KC-
npeccun. OaHON M3 Ba)KHENIINX TeHOMHBIX XaPaKTEPUCTUK CJIYXKHT paclpeelieHue
FeHOB 110 (PYHKIMOHAJIbHBKIM rpynnaM. Takas Jjorndeckas onepauysi CTaja BO3MOXKHOMN
TOJILKO B Pe3y/IbTaTe CEKBEHNPOBAHUS MPOKAPUOTHLIX T€HOMOB.

CTpyKTypa NepBOro NoJIHOCTBK CEKBEHHPOBAHHOTO GaKTEPHAIbHOrO reHOMa — MeHOMa NMaToreHa ye-
noseka Haemophilus influenzae 6biia ony6nukosana B 1995 r.

K nauyany 2000 r. 6uis1 paciindpoBas eile 21 MpoKapHOTHbIA FeHOM, B TOM “HKCJIe y 4eTbIpex ap-
xelt (Aeropyrum perniz, Archaeoglobus fulgidus, Methanococcus jennashii u Pyrococcus horikoshit). Tlo
ITOHATHRIM TIPUYMHAM, TOJI0BHHY NPOaHAJIU3HPOBAHHBIX OOHEKTOB COCTABMJIM BayKHEMIIME M3 nartore-
HOB uenoBeka (Borrelia burgdorferi, Chlamydia pneumoniae, C.trachomatis, E. coli, Helicobacter py-
lori, Mycobacterium tuberculosis, Mycoplasma genitalium, M. pneumoniae, Rickettsia prowazekii u
Treponema pallidum).

Temn nccnenosanuit CTpeMUTENbHO HapacTali, U K KoHUY XX B. GbUIM CEKBEHHpPOBaHBI ellle [Ba
apxeotHbix reHoMma ( Halobacterium sp. n Pyrobaculum aerophilum), a Tak)ke 12 reHOMOB HENATOr€HHBIX
6axTepnit. [ToMHMO aHaNH3a MATOTEHOB YENIOBEKa, OCOOEHHO TEX, KOTOpbIe NCPEJAIOTCS Yepe3 NMHUILEBLIe
MIPOAYKTBI, LIEJIbI0 MHOTHX T€HOMHBIX MPOEKTOB CTa! 6e3BpeHhIe NapTHEPbI-KOMMEHCAJbl, B 4aCTHOCTH
6ucdunobakTepus, a TaKIKe UCMOJb3YeMble B IPOMBILLIEHHOCTH MOJIOYHOKHC/IbIE GaKTEpHH.

K MomeHnTy Hanucanus 111 Toma yyeGHHMKA NOJHOCTBIO CEKBEHUPOBaHO CBhILIe 300 MPOKApHOTHBIX re-
HoMoB. CooTBeTCTBYIOIAsA HHPOPMALMS, HApAAY C JaHHBIMK 00 OTJEbHBIX [OCJEJ0BAaTEILHOCTAX €IIe
He paci@pPOBaHHbIX '€HOMOB XPAaHUTCA B 6a3ax MOJIEKYJAPHO-OHONOrHIECKUX JAHHBIX, HJIH [eHeTHue-
CKHX «OaHKax».

B oTkpbiToM Joctyne umeerca okosio 20 kosnekumit nocnegosatenbHocTed renomuo#t JJHK
NnpoKapHoTOB. B rmepBylo ouepeab 3TO B3aUMHO JOMNOJHAIOIIME YHHBEPCAjbHble ©a3bl Jal-
HuIx — GenBank (http://www.ncbi.nlm.nih.gov/Genbank/), EMBL (http://www.ebi.ac.uk/embl/) u
DDBJ (http://www.ddbj.nig.ac.jp/). OHM aHHOTHpOBaHBI, T.e. COHEPXAT YKA3aHHS HA CTPYKTY-
py M GYHKUMIO OTAENBbHHIX TeHoB. EcTb M Gosiee crieupanu3upoBaHHble 6a3bl JaHHEIX, HAIPH-
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mep ansi apxeit —UCSC Archaeal Genome Browzer (http://archaea/ucsc/edu/) wanm Tonbko ans
E. coli K-12—EcoCyc (http://ecocyc.org/). Ocobo ueHHb! Te Ga3bl JAHHBIX, KOTOpbI€ AHHOTH-
pOBaHbl HAa OCHOBE CPAaBHHTEJLHOIO aHAJN3a HECKOJIbKHX TE€HOMOB —B dvacTHocTH EntrezGenome
(http://eutils.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Genome). HekoTopble U3 HUX aBTOMATHYECKH Bbi-
Jal0T HEOOXOANMBIA pPe3yNbTaT, Apyrue TpeGyoT NMHIMBUAYAIBHOIO AHAJIHTHYECKOrO MOAXO0Aa.

ITomuMo BeG-caitToB, cymectsyer fA0 20 BapUaHTOB MNPOrpaMMHOro ofecnedyeHns, KOTO-
pble mnpeJHa3Ha4YeHBl AJsi pabouero aHanu3a WHOPACTPYKTYpbl reHoma, Hanpumep BLAST
(http://www.ncbi.nlm.nih.gov.blast/).

B kadecTBe mpuMepa pacnpeesieHNs TEHOB MO IPYIIaM B COOTBETCTBHHU C NPOIYKTa-
MM HX SKCIPECCHH IIPUBEJICM Pe3yJIbTaThl CEKBEHMPOBAHUS FeHOMa [uaHobakTepun Syne-
chocystis sp. PCC 6803, nosnyuyennnie B 1997 r. snoHcKMMHU HcchienoBaTensamu Kaneko
(T. Kaneko) n Tab6atoii (S. Tabata) (tabi. 19).

Tabauya 19. PyHKUHUOHAJILHBIE PPYNNBI T€HOB
Synechocystis sp. PCC 6803

Kareropust npogykra skcnpeccun (Gesnka) Yucno reHoB
Pernsinkanns, pekoMGMHaLUs U pernapaius 49
Tpanckpunms 24
Tpatcnauusa 144
Tpancnopt 158
DHepreTHYecKuii MeTaboJIH3M 217
IleHTpasibHbIe MyTH KOHCTPYKTHBHOrO MetabosM3ma | 31
MeTabo/IH3M HYKJIEMHOBbLIX KHUCJOT 38
MeTaboan3M aMHHOKHUCJIOT 84
MeTab0/IM3M MPOCTETHYECKUX IPynn U Kodaktopos | 108
MeTabogu3M JTHUNHAOB 35
Buorenes kyieTouHoi 060510uKU 64
PerynaTtopuble cucteMsl 209
Ilpoune kaTeropuu 255
HewnsBecthble pyHKUUH 1752
Bcero 3168

T'enbi-opTosioru u reHbl-napayioru. [lyrem 9acTUYHOTO MM MOJHOTO CEKBEHHPO-
sannA JJHK B mpokapHOTHBIX F€éHOMAaX BBISIBJICHBI AUBEPreHTHBIE TeHbl ¢ KOHCEPBATHBHBI-
MM yYaCTKaMH, yHACJIeIOBAaHHBIMU OT MPeJKOBOIO reHa. Takie B3aUMHO TOMOJIOTHYHbBIE
TeHbl MOTYT BXOAHMTb JIMOO B OJMH M TOT K€ FE€HOM, JMGO B pa3Hble MeHOMbI. B3auMHO
FOMOJIOTHYHBIE I'€HBbl, BXOAAIIHE B COCTAB Pa3HbIX N€HOMOB, HA3BIBAIOTCH OPMOAO2AMU
(anra. ortholog; ot rpeu. orthos — mpsaiMoii u s1at. homologia — romosorus; «opsMoit ro-
moJstor»). B ¢Boto 04epesn, reHbI-TOMOJIOTH BHYTPH OJHOTO M TOTG XKe FeHOMa Ha3bIBa-
I0TCs napaaozamu (aHria. paralog; ot rped. para — BoaJe u Jat. homologia — romosiorns;
«TIPAIAHHBIA FOMOJIOT ).

OpTosiorn BO3HMKAIOT B PE3YJIbTaTe€ MYTHUPOBAHUS M HOCJEAYOIEro BePTHKAILHOIO
WM TOPU3OHTAJBHOIO IepeHoca reHoB. B oTynune oT HUX MapaJjord sBIASIOTCH Pe3yJib-
TATOM BHYTPHI'€HOMHBIX [€HHBIX JYILIMKAIUN, COIIPOBOXK IAIOIINXC MYy THPOBaHHEM.

OproJiory, uan reHsl, yHac/eJOBAHHBIE Pa3HBLIMH OOBEKTaMU OT OBINEro MpejKa,
OBBIYHO COXPaHAIOT UCXOJHYI0 (DYHKIMIO. B cBOIO 04Yepeab, Napasoru B XoAe SBOJIONHN
MOT'yT npuobpecTn GYHKUMIO, KOTOPAst OTAMYAETCS OT UCXOIHOM.

Hakonnenue napaJsioroB npuBeso K TOMY, YTO COAEPXKAHHE OTKPBITbIX PAMOK CUYHMTBHIBAHHA B GakTe-
PHaJIbHBIX TeHOMax BapbupyeT oT 12% (B cuyuae Treponema pallidum) no 50% (B ciyuae B. subtilis).

B HeKOTOpBIX reHHBIX CeMeMCTBaX NpPeACTABUTENLCTBO NAapaliOroB BHIPAXKEHO 0COBEHHO sipKo. Ilpu-
mepoMm ciy>XHT reH AT ®-cpasuiBatoueii cyobeaunuupt ABC-nepmeasn: (cM. 11 Tom yuebHuka); uncio ero
napajyioros B reHome E. coli npepbtiaer 70. C hyHKUMOHAIBHON TOUKY 3DEHHA TaKasi FeHEeTHUYECKAA «H3-
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6BITOYHOCTH> BMNOJIHE ONpPaBJaHHa, TaK KaK OHa M03BOJIAET HAKTEPHH HMIOPTHPOBATDL H 3KCIOPTHPOBATD
caMble pa3HooGpa3Hble CyGCTPaThl M METABOINTHI.

Tenni-cupoTsl. B ToM ciiy4ae, eciii BhISIBIEHHBIH MeH He 0GHADY>KHBaeT rOMOJIOTHH
€ TeHaMH Jpyrux GaxTepHil, ero Ha3bIBAIOT 2enoM-cupomoti (anrn. orphan gene). Yucao
TaKHX FEeHOB B KOHKpeTHOM renome aocturaer 20-30%, XOTs MHOrAA MX 3HAYUTEJHHO
6osbie (Hanpumep, 56% y Helicobacter pylori u naxe 80% y Rickettsia conorii).

O65b19HO 3TO GBICTPO FBOJIOLMOHMPYIOLKE MeHH cuMOuoTHYecKnX GakTepuit, obecne-
ypBajolmye uX QyHKIHOHAJIbHOE Pa3HOo00pa3re MK Y3KYIO aalTalliio K OnpeNe/leHHOMY
xo3siuHy. OJHaKO He cjieAyeT ynycKaTb U3 BHIY TO, YTO CPEeIHMH pa3Mep IeHa-CHPOTHI
cocraBisier ~670 N.H., a 3TO 3HAYMTEJIHPHO MEHbIIE CPEIHEro pa3Mepa OOBIYHOrO reHa
{~1 r.m.H.). [ToaTOMY HEKOTOpBIE M3 HUX MOI'YT OKa3aThCs OMMO0YHO aHHOTHPOBAHHBI-
MM IeHaMM WJIHM JaXe [ICEBIOTeHaMH (CM. HIDKe).

Kpunrtuueckue reuni. B 1983 r. amepukanckuii reneruk Xoan (B.G.Hall) npeamo-
JKWJ Ha3bIBaThb Kpunmuseckumy (aHri. cryptic), mm moavawumu (aHri. silent) Takue
nocnenoBatenbHoctd JJHK, KoTophle 06bIMHO He NPOSBISAIOTCH (PEHOTHIINYECKH B XKU3-
HEHHOM IuKJe GakTepun. TeMm He MeHee, OHM MOCYT IKCIIPECCHPOBATBCS ¥ OTHOCUTEIBHO
HEMHOTHX MpeIcTaBHUTeNell Monyasluy B pe3yJbTaTe CHOHTAHHOW MYTaLUH Ha OCHOBE
HHCEpLM, PeKOMOMHAIMH WM MHBIX BapMAaHTOB BHYTPHI€HOMHBIX mepecTpoek. nave
rOBOPSI, MOJTHAIIHE AJIJIeJTi KPANTHYECKHX TEHOB He SKCNPECCHPYIOTCS B KJIeTKAaX JAUKOTO
THIA [PHU J1I0OBIX YCIOBUAX, OTHAKO MYTAIMOHHBIM IIyTEM OHH NPEBPAIAIOTCHA B aKTHUB-
HBbl€ aJIJIeJId, KOTOPble HAYMHAIOT IKCIPECCHPOBAThCA B J1abopaTOpHUM Ha CEJIEKTHBHOM
cpeze.

JlaBiieHue 0TGOpA HANPABJIEHO IPOTHB SKCIPECCHH MOJIYAIIEro reHa B OGbIYHBIX YCJIO-
BHSAX M GnaronpuaTcTByer eél B cnienuduyecknx ycjaosusx. Takmm o6pa3oM, aKTHBHAS
aJllIeNib OYeHb PEelKO MPOSABAAETCS B OObIYHBIX YCIOBHAX, U MO9TOMY KPHUIITHUYECKHUH reH
mpebbIBaeT B MoJ4aleM cocrosiiud. Kopode roBopsi, akTHBanMs MOJIYAILUX [EHOB — 3TO
dopMa reHEeTHYECKON PeryisAii SKCIPECCHH TeHOB Ha MOMYJISIMOHHOM YPOBHE (B OT/IH-
YyHe OT (PU3NOJIOTHIECKO Peryali Ha HHANBUAYAJILHOM YPOBHE, HAIIPUMED B OIIEPOHE;
cMm. pasgen 16.3.1.2).

IlpuBenem aBa npHMepa KpUnTu4eckux reHos E. coli.

IlepBe1ft U3 HHX —3TO reH CHHTa3bl ALETOTHAPOKCHKHCIOTH (aHrs. acetohydroxy acid synthase,
AHAS). DToT depMeHT KaTalM3MpyeT HadallbHYI0 DEaKUMIO NMyTH GHOCHHTE3a H3oJeiLuHa, obpasys
2-aleTo-2-ruapokcubyTHpaT U3 2-ruapokcnbyTupara U nupysarta. Y mramma E. coli K-12 cywecrsy-
1o TpH u3odepmenta AHAS (I, II u III). B nopme skcnpeccupylorca toabko AHAS I u AHAS 111,
NpUYEM B NPHCYTCTBHH BaJINHA POCT KJIETOK AMKOIO THIMA MOAABJSETCH, MOCKOJbKY 3Ta AMHHOKHCJIOTA
uHrubupyer nse n3odopmer pepMenTa. 'en Tpetseit usodbopmbl, AHAS 11 (ilvG), e uyBcTBHTENBHOM K
BaJIHHY, HHAKTHBKPOBAH IO NMPUYHHE CABUra paMKu CUMThbiBaHMA. OJHAKO, €C/IM MMPOMCXOIAMT MYTALHsA
C BO3BpalleHHeM DAMKM CYHThIBaHHs «B ¢a3y», NOABAAIOTCA KJIETKH, CIOCOGHBIE PAaCTH B NPUCYTCTBHU
BasMHa. Taxnm obpasom, reH ilvG HaxoauTcs B nonyasauuu E. coli K-12 B KpUNTHYECKOM COCTOSSHHM H
aKTHBHDPYETCA B 3aBHCHMOCTH OT YCJIOBHH CpeZibl — B NIPHCYTCTBHM BAJIMHA OH IKCIPECCHPYETCs, a KOr'aa
HeT BaJIHHa, GoJiee BBIFOAEH €ro CaNJIEHCUHT.

Bropoit npumep — 310 ren cel, kogupyoumt B-rioKkosnaasy, 6aaronapsa Koropo# Lesu1o6no3a Mo-
JKEeT MCMONb30BATbCA B KayecTBe crelHUYecKOro MCTOYHMKA 3HEprud M yriepoaa. B Hopme E. coli
He yTuausupyer uesiobuosy. Onsako no 90% npupogHBIX M30JTOB 3TOH GAaKTEpPHH AAIOT CIIOHTAH-
HBIX MYTAHTOB, KOTOpbIE B CEJIEKTHBHBLIX YCJIOBHSAX POCTa NMPHOGPETaloT CHoCOGHOCTD yTHIN3KPOBATL f-
IJIIOKO3KILI. B npucyTCTBUM BTOPOro MCTOYHHKA yrjepofa, HallpuMep INIMUepoJa, UeyiiobHo3a yrHeTaeT
pocT celt-mTamMMoB, meftcTBys Kak MHTH6HTOD B-TmoOKO3uAasel. TakuM 0Gpa3’oM, MAET HErATHBHBIA OT-
60p He Mo OTHOLIEHHIO K KPHUIITHYECKOMY T'eHy, a TOJIbKO K ero celt -ainenn. B cBo1o ouepeas, SKCIIpeccHs
celt -anneny BHITOAHA B PEIKHX YCJIOBMSX, KOTZA LE/IOOHO3a CTAHOBMTCA €QMHCTBEHHBIM MCTOYHHKOM
SHEPrHH M yrjiepoaa.
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IlceBnoreHnnbl. 9T y4acTKM XPOMOCOMBI T'OMOJIOTHYHEI (DYHKIMOHATILHO aKTHBHBIM
renaM. OIHAKO OHH He TPAHCKPHUOUPYIOTCSA M He SKCIPECCUPYIOTCS ¢ 00pa3oBaHHeM DYHK-
IIMOHAJILHO aKTHBHOrO 6enka. [fceBaoreHr BOZHMKAIOT B pe3yibTaTe MyTaluil, Hapya-
OLMX OOHY M3 CTAAUM IKCIIPECCHM «MCTHHHOTO» IeHa, NPeXKJe BCEro, MHUMUALMIO HUJIH
TEPMHUHALMIO TPAHCKPUNIMA. B 4acTHOCTH, Jieselisi napbl OCHOBaHUN IPHBOJUT K CABMTY
PaMKH CYHTBHIBAHHSA H JOCDOYHO BBI3BIBAET TEPMHUHAIMIO TpaHCKpunuwu. HaKTHBUPO-
BaHHBIA reH B JalbHeNIIEM CTAHOBUTCH MECTOM HaKOILJIEHHMs] HOBBIX MyTaiui. B orimyne
OT KPUNTHYECKHUX I'€HOB, IICEBAONEHEl «HEH3/IeYMMbly M MPEACTABJAIOT COO0H TynHK MO-
JIEKYNAPHOI SBOJIIOLVH.

TceBnOreHOB MHOTO B reHOMAaX 3yKapHOTOB (TaK, B FeHOME 4ejioBeKa cofepXKuTca go 100 ncepaoreHon
KepatuHa). B ciyuae npokapnoros onu Gosee penku.

BakTepuanbHbie [CeBAOreHbl BCTPEMAIOTCS MPEMMYLIECTBEHHO Y BHYTPHKJIETOYHBIX Iapa3uTOB, B
YaCTHOCTH PHKKETCHH, KOTOphle coaepxaT okoso 25% uekoaupytowelt JHK — nosTopos, ncesgoreHos
U «yce4eHHbIX» reHoB. QAMH M3 TAKMX MCEBAOTEHOB — 9TO IeH metK; oH KoaupyeT S-aJeHO3MJIMEeTHO-
HuH-cuHTeTa3y (SAM-cunrerasy). ITockosbky SAM uMnoprupyercss B rOTOBOM BHAE M3 LUTOIJIA3MEI
X035MHa, ren metK 3Tofl 6akTepuH He Hy>KeH M NOITOMY OH HaxXOZHMTCA B IpOLECcCe Aerpajalyu.

Y apxelt npuMepaMH [CEBIOrEHOB ABJIAIOTCA HYKJIEOTHAHBIE NOCIEN0BATENLHOCTH B NIOJHOCTBIO Ce-
KBEHHPOBAaHHLIX '€HOMaX TepMOoaly 0¢dHIOB 1 METAHOTEHOB, KOTOPhIE CXOIHKI CO CTPYKTYPHBIMH TeHaMH
6aktepnanbroit HAJTH-geruaporenassi-1 (cm. II ToMm yuebHuka).

PesynbraToM pasbHeltero npeobpa3’oBaHuUs MCEBAOrEHOB, IO-BUAKMOMY, ABIAIOTCA cneticepv: (aHTII.
spacer — NPOKJ1aJKa). 9To HepyHKLHMOHHPYIOIIKE MOCAEA0BATENLHOCTH, Pa36pOCaHHBIe MEXIY reHaMM.
B uyactHocTH, B reHome E. coli yucno crneficepoB cocraBnsier 4403, a ux cpegHmit pasmep — 120 n.h.
(pa3bpoc oT HeckosbkHUX IL.H. A0 1,73 T.m.u.). XoTsa cneficepbl MOTYT COZEpXaTb NMPOMOTOPHI, OHH B
OCHOBHOM COCTOAT M3 HedpyHkuuonupyiowme#t JITHK, oboramennoit AT-napamn.

T'enbl BHyTpH reHoB (aHri. overlapping genes — B3aMMHO IepEeKPHIBAIOIIH-
ecs rensi). Ecin nocsienosarensaocts JJHK koxupyer 6onee oqHOro resa, 9To Ha3bl-
BaeTCA 63QUMHbLLM NEpexpuieanuem 2eHos. lHade cKa3aTh, OQMH I'eH HaXOAUTCA BHYTDH
gpyroro. Takasi opranu3sanus o6bIYHa JJIs BUPYCHBIX PEILIMKOHOB M 00eCHeYnBaeT KOM-
NaKTHU3aIMIO UX TeHOB; V1A IPOKAapHOTOB, B YaCTHOCTH HaKTepuit, 3TO peaKoe HCKJIIoYe-
Hue.

B kauecTBe npHMepa MOXXHO Ha3BaTb Apa reHa Thermus thermophilus — rmpA u rpmH. O6eiuno
y GaxTepuit ren ™pA, kogupytomut cy6seaununy PHKasnl P, pacnosnoxen npasee (downstream) rena
rpmH, komupyrouiero pubocomHuiit 6esok L34. B gaHHOM ke ciyyae reH rpmH pacnosioxeH BHYTpH reHa
rpA. CTapT-KOAOHEI 3TUX T€HOB Pa3fieAOTCA YeThIPbMA NapaMH HYKJIEOTHIOB; C JeBoro (upstream)
KOMIOH& HAuWHAEeTCs TPAHCKDHMUMsS reHa r™mpA, a ¢ NpaBoro — TpaHckpunuusa reHa rpmH. O6a rena
TPaHCKPUOHPYIOTCS He B (pa3e (T.e. CO CABMIOM TPHIUIETOB), HO B ORHOMN U TO XKe opueHTauun. MubMu
CNOBaMH, OTKPhITasd PaMKa CYMThLIBaHHUA Gesika RnpA npoxoauT yepe3 OTKPHITYIO PaMKy CYHThIBAHMSA
ana 6eaka RpmH.

Eie oguH nprMep CBfi3aH C ABYMsl B3aHMHO MEPEKPLIBAIOIMMHUCA onepoHaMmn E. coli — reTpaim-
CTPOHHBIM onepoHoM frdABCD n MoHOUMCTPOHHBIM onepoHoM ampC. IlepBriit U3 HUX COAEPIKHUT I'éHhI
dyMmapaTpeAyKTa3hl, a BTOpO# reH f-naktamasnl. YerBepToi#l ren pymaparpenyKrasnl, frdD nepexpsi-
BaeTcs He B pa3e C HeTPaHCJIMPYEMOH NOC/IeJ0BATENbHOCTBIO AHHON 30 N.H., KOTOpas BXOAHT B YYacCTOK
onepona ampC, KOOUPYIOLWMII CUTHAJIBHYIO N0C/Ie0BaTeIbHOCTL 6enka AmpC.

B 4eMm cMbica cylecTBOBaHMS NEpeKPHIBAIOIMXCH FeHOB y mpokapuotoB? OTBer Ha
3TOT BOIPOC €llle He NOoJIyyYeH. DBOJIIOLNA T€HOMOB, BUAUMO, He JIOMYCKAeT ePEeKPbIBa-
HUs TeX I'eHOB, IPOJIYKTHI IKCIIPECCHH KOTOPBIX (DYHKIHOHAILHO HECOBMECTUMBI. MIHBIMHK
C/IOBaMH, B3aMMHOe NepeKphIBaHHe — 3TO OJUH M3 CIOCOOOB YBEJIMUYEHHS COMNPSKEHHOMH
PeryJIsiLiN T€HOB, XOTS OHA JOCTUraeTCs MHBIM [IyTeM, YeM B ONEPOHaX (CM. HHKE).
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16.3.1.2. OnepoHbI

Konnennuio 6akTepuaibHOro onepoHa, WM KOOPAMHHPOBAHHO 3KCIIpeccupyoiefics
rpynnbt reHos (aHri. «the genetic unit of coordinated expression») npemnoxunn B 1961 .
Ppancya 2Kaxkob u 2Kaxk Mouo (J.Monod; Hobenesckas npemus no ¢pusnonorun u me-
jqunuee, 1965 r.).

Ha ocuose 3710t KOHIENIUK BOEPBLIE OBLIO JaHO 06bCHEHNE aJanTalHOHHOIO MeXa-
HH3Ma, «BKJIIOYAIOEro» MM «BbIKJIOYAKNIEro» CPYIB GYHKIHOHAJIBHO O0beIUHEeH-
HBIX T€HOB B M€PY JOCTYITHOCTH CyOCTPATOB, 32 MeTaboJIn3M KOTOPBIX JIJAHHbIE T'eHbl OT-
BEYaIoT.

[IpoKapHOThI — OUEHb PALMOHAIMCTHYHbBIE XHBble cyecTna. OHM HUUErO He HEalOT HANPACHO M
CTPOr'O COPa3MEPSIIOT CBOK XXHU3HEAEATEIbHOCTh C (paKTOpaMU OKPYIKaIoIel Cpe/ibl, B HaCTHOCTH C ee
TPOHYECKUMH PeCcypCaMH.

Hamnpumep, 4To6b! GLICTPO pearnpoBaTh Ha H3IMEHSAIOLIMECS BHELIHNE YCJIOBUS, reTepoTpodHele 6ak-
TEPHH IOJKHBI IEPEKJIIOYATHCA OT HCTOJIB30BAHMsS OJHOIO MUTaTeNbHOro cyberpara Ha apyroi. Ilo-
CKOJIBKY HEBBIFOJHO NOCTOSIHHO COAEPXKATb METaGOJMUECKYI0 CHCTEMY, PACCYHUTAHHYIO Ha Joboit muTa-
TeNbHBIH paluoH, GaKTepus He CHHTE3UPYeT COOTBETCTBYIOLIMA hPEPMEHT JI0 TeX Mop, NMoKa ero cybcrpar
He MOABMJICSI B OKpY»Kamolleil cpese. BoaMoxxHa U HHasi cuTyanus: GaKTepusi NMEpecTaeT BhIpabaTbIBATh
6HOCHHTEeTHYECKHIT (DepMEeHT, eCiiH ero NMPOAYKT NPeloCTaBJIsAETCsl et B rOTOBOM BHIE.

JInsi MaKCHMAJNbHON 3KOHOMHYHOCTH TaKoro crnocoba meTabosuyecKol amantaiu GakTepHalbHbIe
reHbl OObEIUHAIOTCA B KJacTepbl. VHaye rosops, Bce (pepMeHTHI M IePeHOCYHKH, HeOOXOAMMBbIE st
JAHHOIO MeTabOoJIM4eCcKOro MyTH, KOAUPYIOTCH TECHO CuUeyleHHbIMH reHaMu. OHM KOTPaHCKPHOMPYIOT-
cs B mosekysy mosmuucrponHoit MPHK, kotopasi TpaHciaupyeTcsi ¢ 06pa3oBaHUeM COOTBETCTBYIOHUIMX
dYHKIMOHAJIBHBIX MPOAYKTOB.

Y 1npokapHoTOB peaxo HabJIIOAAETCsl HHAMBHIyalbHas TPAHCKPHIILUSA [EHOB; GOJBIUMHCTBO M3 HHUX
obpa3yer HH3HYECKH HHTErpUpOBaHHble rpynnbl. KoOpAWHMPOBAHHLIN KOHTPOJIL TPAHCKPHIILMHM 3THX
[EHOB OCHOBaH Ha B3aHMOJAEHCTBHM PEryIHTOPHOIO GeKa C PeryJATOPHBIM CaiiTOM, PAclOJIOKEHHBIM [0
COCEeICTBY € OOLUM MPOMOTOPOM.

A anTHBHLIA KOHTPOJIbL TPAHCKPUIUMH OCYLIECTBAAETCA [MyTeM UHIYKUMK uiau penpeccud. CyTb AB-
seHust undyxyuu (anri. induction; ot sar. inductio — sblBeIeHHE Ha CLEHY) 3aKJIIOYAETCSA B TOM, YTO IIPH
MOABJIEHMM HOBOTO CyOCTpaTa CMHTE3MPYETCH BO3AEHCTBYIOLMH Ha Hero ¢hepMeHT; HA00OPOT, NIPH HCUe3-
HOBEHMH cybcTpaTa OGHOCHNITE3 COOTBETCTBYIOLIErOo (bepMeHTa Mpekpallaercd. B cBoio odepeab, CMBICH
penpeccuu (aHCJ. repression; or JaT. reprehenso — yaep»UBaTh) COCTOMT B TOM, YTO €CJIH B OKPY>Kalo-
el cpede npucyTcTByeT cybeTpat, To 61ociHTe3 00pa3yolero ero ¢pepMenTa npexpaiiaercsa. B obonx
caydasix GaKTepHsi C BbIromoi A cebsi UCMoJIb3yeT BHENIHHE PECYPCbl M HE PacXOAyeT HamnpacHO CBOU
coGCTBEHHbIE.

Nunykuus u penpeccusi pepMEHTOB OCYIIECTBJSIOTCH C IOMOLIBIO CrenidHIeCKHX HH3KOMOJEKY-
JIIpHBIX pezyaamopos. PerynsaTopsbl, KOTOpble BBI3BIBAIOT oOpa3oBaHue (epMEHTOB, OCYLICCTBIIAIOMIMX
HX COGCTBEHHBII MeTaboJIN3M, Ha3bIBAIOTCS undyxmopamu. B CBOIO o4epesib, PeryasaTopbl, KOTOpbIE CIie-
dHUECKH NMOAABIAT 06pa3oBaHie (hPepMEHTOB, CHHTE3UPYIOIHX HX CaMHX, HAa3bIBAIOTCA KOPENpecco-
pamu.

OYHKUHMIO HHIAYKTOPa WJM KODENpeccopa MOTYT BBINOJHATbL He TOJIbKO CyO6CTpaTbl MM MPO-
AYKTBI (DEPMEHTOB, HO M MX HeMeTaboJIH3MpyeMble MOJEKYJasiphble aHasorn. Hanpumep, MHIYK-
TOPOM PB-rasJakTO3MAA3sbl M B-rajakTo3uAnepMeasbl ABJACTCA H30nponHaTHO-B-D-ranakrosus (aHriL.
isopropylthio-p-D-galactoside, IPTG). On He rugposausyercs 3-ranakrosuaasot (puc. 167), oanako ciy-
JKHUT CyGCTPaTOM THOTAJIAKTO3MA-TPAHCALETHIIA3MI.

MHaykuus u penpeccHs oObIYHO 3aTPArMBalOT He OJMH (PEPMEHT; COBMECTHO peryaupyiorcs dep-
MEHTBI LIeJIOT0 MeTabOJMYECKOro MyTH, a TaKXKe TPaHCNOopTHeIe Gesku. KiaccHueckuM npuMepoM TaKoi
CHCTEeMbl, Pery/IHpYyIoleif SKCIPECCHIO TEHOB, CJIYXKUT JIAKTO3HBIH ONEPOH.

Cornacuo 2Kakoby u Mowo, onepor (aHrn. operon; oT JaT. operatio — uelicTBue u
rped. ontos — Cyllee; «HEYTO JCHCTBYIOLIEE» ) —3TO TAKOH YYaCTOK [eHOMa, KOTODPBIH
COJEPXKHT T'PYINY MNOCJIEXOBATENHHO PACIOJIOXKEHHBIX H (DYHKIIMOHAIBHO POICTBEHHBIX
CMPYKMYPHHE 2eH06 (LUCTPOHOB) M TPAHCKPUOHDYETCSt B BUJIE MOJMIUCTPOHHON MOJle-
kyast MPHK, Tpanciaupyemoii Ge3 nporeccunra, Kak eIuHoe [esoe.
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Puc. 167. HI{A}’KTOpr n cy6CTpaT JIAKTO3HOI'O OMNEepOHa.
IPTG — usonponun-f-D-THoranakrosus; f-ran — fB-ranakro3ugasa.

TepMmuHOM <«uMCTpPOH» (@HIVI. cistron; OT Jiar. Cis— Ha 9TON CTOPOHE M trans — Ha NMPOTHBOMNOJIOXK-
HOJ CTOPOHE; ¢MEYMOo, A0KAAUI06AHHOE G CiS-ITans noaodceHuw») MO TPAAULAME 0603HAYAETCH SKBUBA-
JIEHTHAA reHy GYHKUMOHAJIbHAA FeHETHYeCKas €JIWHMLA, KOTOpas MOKET ObITh BBIABJIEHA C IOMOMIbIO
uuc/TpaHc Tecta. Ilpu nuc-koHdUrypalMn MyTaHTHbIE allIed ABYX DA3HBLIX F€HOB HAXOLATCH B OAHON
XpOMOCOME, a NPH TPaHC-KOHMUIypalii BO B3aHMHO FOMOJIOTHYHBIX XpoMocoMax. B rereposurore rpo-
HCXOOUT KOMIUIEMEHTaUMA O0eUX MYTaLHii, YTO NPUBOOUT K AuKoMy (deHoTuny. MubiMu cnoBamu, daxt
KOMILTEMEHTAlLIHN ABYX MYTaLW/A YKa3bIBa€T Ha NPHHA/IEIKHOCTb Pa3HbIM LIUCTPOHAM.

IToMHMO CTPYKTYPHBIX ['€HOB B ONEPOH BXOAMT OTAEJbHO DPACIONONKEHHBIN pe2yAs-
mopHouli 2eM, a TaKXKe PUINYECKU CUEIUIEHHbIE CO CTPYKTYPHBIMY 'éHaMK He TPaHCKpPH-
6upyeMble KOHTPOJHPYIONIHNE FEéHETHYECKIE SJIEMEHTBI — NPOMOMOP, ONEPAmop U MePMU-
Hamop.

Takum 06pazoM, KilaccuuecKas KOHLENHs 6aKTepHabHOTO ONepoHa (KOTOpasi TaKKe
PacIpoCTPaHseTCs Ha TeHBl apXell) Ipe1ycMaTpUBaeT:

— ¢usnyeckoe crennenne HpyHKUUOHAIBHO POACTBEHHBIX T€HOB, TPAHCKPUOHMPYEMbIX
B B e nosmuucrponuo PHK;

-— aJA0THBHYIO 3KCIPECCHIO 3THX [EHOB, 61arofaps Pery/siyuy TPaHCKpUuIyy (1o3u-
THBHOW M HETATHUBHOM).

Io3uTnBHaA peryssuus TPAHCKPUIIMHM OCYIIECTBJSETCA 4Yeped IpPoMOTOp (curma-
dakTopamu PHK-noaumepaswr; cm. paszen 16.7.1). HeraTusHas perynsinus ocyuecTs-
ageTcd depe3 onepatop (6eJKaMu-penpeccopaMu; CM. HUXKE).

Y 3yKapHOTOB TaK)>X€ BCTPEYalOTCsl ONepOHbl, HO OYeHb peako. IIpuMepaMH Cly>KaT TPHIAHOCOMBI
n Hematona Caenorhabditis elegans, MHOrMe reHbl KOTOPbIX KOTPaHCKPHOUPYIOTCH B MOJIHIMCTPOHHLIE
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MPHK. Ho, B oTiinure ot npokapuoTHbix nojuuucTpoHssix MPHK, onu nepen Tpancasumeit mpoueccu-
pylorcsa B moHouuctponnsie MPHK.

JlakTo3ublit onepoH (lac-onepoH). DTOT OnepoH, OTBETCTBEHHLIN 32 UMIOPT M
UAPOJN3 AUCaXapuia JAKTo3bl (puc. 167), COMEPKUT TPH CTPYKTYPHBIX eHa:

—lacZ (xonupyer B-ranakTo3unasy, rLAPOIM3YIOLLYIO JAKTO3Y );

—lacY (xoaupyer B-rajakTosminepMeas’y, HMIOPTHPYIOLYIO JAKTO3Y );

—lacA (KoaupyeT [-rajiakTo3u]-TPAHCALETAIA3Y, IEPEHOCSLLYIO AUETHIILHYIO TPy
ny ot auetua-CoA Ha B-raslakTo3uasl; pusrosoruyecKasi pojb 3Toro ¢pepMeHTa HesCHa;
BO3MOXXHO, OH TO3BOJIET JETOKCHUIMPOBATb M BHIBOAMTDH U3 KJIETKH HeMeTaboJIM3upye-
MBI (-rajlaKTO3HUIBI).

Bce Tpu rena lacZ YA xorpaHckpubupyiorcs B Buge oguoi mosiekyinst MPHK ¢ obuero
upomotopa lacP pasmepom ~85 n.H. (puc. 168).

lac-onepon
o N
. CTPYKTYPHBIE NeHh
PETYIATOPHELH I
rex npomotop oneparop "\ TepMuRaTop
I lacl l I lacP | lacO [ lacZ | lacY I lacA | T |

l
pempeccop O =

HMHIYKTOp

Cr

HEAKTHBHBIH penpeccop

Puc. 168. JIakTO3HBIi ONEPOH ¥ MEXAHK3M €ro PENpPecCHu/MHLYKLHUH.

[Ipn nosiByieHMH B OKpY>Kamolled cpelie BENeCTBa-MHAYKTOPa UHHUIIUMPYETCS TPaH-
ckpunmusa /JJHK wa yuacTtke oT npomomopa A0 mepmumamopa. Taxkum obpa3om, Bce
CTPYKTYPHBIE T'€HbI JIAKTO3HOTO OIEPOHA 3KCIPECCHPYIOTCS OJHOBPEMEHHO, B KOJIHYe-
crBeHHOM coorHourennn 1:1:1. ITockonbky GakrepuanbHas MPHK kpaitne mecTabuibna
(Bpems moustypacnaja ~3 MuH), GHOCUHTE3 IPOAYKTOB JIAKTO3HOIO ONIEePOHa NPU yAaJIeHAH
HHAYKTOPa GbICTPO NPEeKpPAaIlaeTes.

Biriarogaps He3aBHCUMO# TpPaHCKPUILEHK 2ena-peayasmopa lacl, pacnosioXeHHOTro Jie-
Bee (upstream) oT mpoMoTopa, cuHTe3upyercsi MoHouuctponnas MPHK. Tlpu ee Tpanc-
nsauun obpasyercs penpeccop (TeTpamep cybbemunun ~38 k/a). ITockonbky reu lacl ne-
TepMUHUPYeT ANdDYHIUPYOMMA IPOAYKT, eMy He 003aTEIbHO HAXOAUTHCA B TECHOM
CLEIJIGHHH CO CTPYKTYPHBIMHU [eHAMH.

Penpeccop cBsi3biBaeTcs ¢ onepamopom lacO, KOTOPBIH PaCcIIONIOKEH PSIIOM CO CTPYK-
TypHbIMH redamu lacZ YA, 94To 6J10KHpyeT MHUIKAIMIO TPAHCKPUIIIKMH B nmpoMmoTope lacP
(puc. 168).

IIpn MHAYKUMK JTaKTO3HOrO ONMEPOHA MHAYKTOD MPHCOEIUHSETCA K pernpeccopy u ob-
pa3yeT C HUM KOMILIEKC, He obJagaomuii cpoacTsoM K oneparopy lacO (B pempeccope
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HMEIOTCA JBa caliTa CBA3BIBAHMA: OJWH MpPeIHA3HAYEH IUIA OIepaTopa, JPYro#i — aylio-
CTEpPUYECKU — ISl HHAYKTOPA).

Takum 06pa30M, perysauusi JIJAKTO3HOIO OIIEPOHA HOCHT HEraTUBHBII XapaKTep U Mpo-
HCXOAMT Ha (poHe MpoJosnKalolerocst 6MocuHTe3a pernpeccopa. Muiensio Jjis1 penpecco-
pa SBJISIETCS ONEPATOP, PACIOJIOXKEHHBIN PAJOM C IPOMOTOPOM.

KakoBa npnpozma nHIyKTOpa JakTo3HOoro onepona? [lapamokcaibHo, 4To JaKTO3a He
ABJISIETCS MHIYKTOPOM, T. €. OHa He BbI3bIBAET aJIOCTEPUYECKOro U3MeHEeHUs KOH(pOpMa-
MK penpeccopa. B JaHHOM ciyyae IPMPOSHBIM MHIYKTOPOM CIIYXKHT TUCAXAPHI, GAA0-
aaxmosae (puc. 167), kotopslii o6pa3yeTcs Opu UAPOIM3e HEGONBIIOrO KOJINYECTBa O-
CTYNHBIUEN B KJETKY JAKTO3bI C IIEPEHOCOM 'aJIAKTO3HOI'O OCTATKa Ha OCTATOK IJIIOKO3BI
(u3 nostoxKeHus-4 B noJsioxKeHue-6).

Obmue cpeacTBa peryaAlMd TPaHCKpUNUMH OyayT Gojiee MOAPOOGHO PACCMOTPEHHI B
paszenax 16.7.1 n 18.1.

Euie pa3 oTMeTuM, 4TO KJIaCCHYECKOE MOHSTHE ONEPOHA PACIPOCTPAHSETCH Ha KOM-
IUIEKC, COCTOSILMIA U3 CTPYKTYPHBLIX I'eHOB (KOAMPYIOMMX (PYHKIHOHAILHO O6beINHEH-
HyI0 Ipynny (pepMeHTOB), PeryJsaTOPHOrO I'eHa U KOHTPOJUPYIOUMX TeHETHYECKNX e~
MEHTOB.

B Hacrosiliee BpeMsi TEDMUH <«OIEPOH» HCIOJNb3YeTcs B 6oJiee MIHPOKOM CMBICJIE —
As1 0603HaYeHus J1060M TPYNIIbl MPUMBIKAIOIUX APYT K APYry eHOB, KOTOpLIE TPaHC-
Kpubupyiorcs ¢ obiero npoMoropa B nosuipcrponnyio PHK.

IIpuMepoOM «HEKJIACCHYECKOrO» ONEPOHA CJIYXKHUT MO3UTHBHO DEryjaNpyeMblii OnepoH
pubocomunix PHK. Ero ocobeHHOCTb COCTONT B TOM, YTO OH HE COAEPIKUT PETYJISATOPHOTO
reHa ¥ OIepaTopa, ¥ ¢ Hero TpaHCKpubupyercsa we monuipcrponHas MPHK, a pasnble
tunsl pPHK.

Onepon pudocomubix PHK (rrn-onepon). ¥V 6akrepuit renst pPHK, xak npa-
BUJIO, O0bEANHSIOTCA B OIIEPOH M PACIIOJIOKEHB! APYT 3a JPYIOM B CJIEAYIOMIEM NOPAIKE:
5'-ren 16S pPHK (rrs; ~1,5 7. m.1.) —ren 23S pPHK (rrl; ~3 T.m.u.) —ren 55 pPHK
(rrf; ~120 m.u.) — 3.

Mexny resamu 16S pPHK n 23S pPHK o6b14H0 HaxomuTcs enympernnuti mparckpu-
bupyemviti cneticep pasmepom 50-1100 n.H., KOTOPHI# BBHIPE3AETCS B XOJ€ MPONECCUHIa
NEPBUYHOIO TPAHCKpUNTa (cM. pasuen 16.3.2.4).

Y apxett renst putocomubix PHK 06b14HO Takyke 06pa3yloT ONepoH U PACTOJIOKEHBI
B TOM XK€ NOpsilke, Kak y Oakrepuit. Kak npasumio, mexay renamu 16S pPHK u 23S
pPHK y Hux Takyke HaxoQuTcs BHYTDEHHHH TPaHCKpHUOHpyeMbllt crieficep (CM. pa3jen
16.3.2.4).

Y sykapuoros rensl Tpex pubocomubix pPHK pacnosioxkeHnl B HHOM Mopsifike, YeM y NPOKAPHOTOB:
5'-ren 188 pPHK —ren 5,85 pPHK —ren 28S pPHK-3'. BuyTpennue TpaHCKpUGHpYeMble crieficephl
NIOBCEMECTHO OTCYTCTBYIOT. ['en yernepro#t pnbocomuoit PHK (5S pPHK) pacrnionoxen otaenbHo; Mc-
KJIIOYEHHEM CJIY>KaT HEKOTOpbIE NMPOTUCTbI M rpUbBI, y KOTOPHIX OH (PH3UYECKH CUEIJIeH ¢ reHom 28S
pPHK.

B bakrepuanbHBIX '€eHOMaxX NMPHUCYTCTBYET AMGO €MHCTBEHHBIH TTT-ONEPOH (Hamnpu-
Mep, B ciy4dae Mycobacterium spp. u Mycoplasma spp.), b0 nx HECKOJIBKO (IO mecATH
B ciaydae B. subtilis). MHoXecTBeHHbIE TTR-OMEPOHBI MOTYT OBITH JIHOO HIEHTHIHBIMH,
60 He UAEHTHYHbIMH. Bo BTOpPOM cilyyae pasiuvyus He 3aTParWBAIOT HYKJEOTHIHYIO
rnocJie10BaTeJbHOCTh KoHcepBaTHBHBIX reroB 16S pPHK, 23S pPHK u 5S pPHK, a cBs-
3aHBbI ¢ KosimuecTBoM Komuit reHa 5S pPHK wmm ¢ Bxoxaenuwem remos TPHK B cocras
BHYTPEHHEro TpaHCKpubupyeMoro cueficepa (cM. pasaen 16.3.2.2). Hanpumep, B resome
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E. coli conepxarcs ceMb rrn-oniepoHoB ( TTnABCDEGH). B kaXioM U3 HHX LPHCYT-
cTByer TOJIbKO onHa Komms reda 16S pPHK u 23S pPHK. B 10 ke Bpemst onepon rrnB
cozepxkut oxHy Konuio rera 5S pPHK, a onepon rrnD — nBe konum, pa3fiesieHHbIE FeHOM
TPHK. KpowMme Toro, eciin B oneponax rrnBCEG BHYTpeHHU TpaHCKpUOMpYyeMblit crieii-
cep comepxut red TPHKSG™ | 1o onepount rrnADH onuoBpemenHo uecyT rensl TPHK AN
n TPHK!!e, HecMoTps Ha yKa3aHuble pa3jiM4yus B CTPYKTYPe MHOMECTBEHHBIX TTT-Ome-
poHoB, 3pensie pPHK oaHoro m Toro e MHKpOOPraHM3Ma MAEHTHUYHBI, T.€. pPa3/Ivudusd
MEeXy HEMH YCTPaHSI0TCA B xone npoueccunra npe-pPHK.

MeaneHHo pacTyiue 6aKTepu 00BIYHO UMEIOT MEHbIIee YHUCIO MHOXKECTBEHHBIX TTT-
ONEPOHOB, XOTA 3TO He TOBOPHT O MPSAMOM CBA3M C PEryssiiye’l CKOPOCTH POCTa.

BrimenanoxeHHas MOZe/b 7T-ONIEPOHA NPAKTUYECKH YHHBepcaabHa. Oquako He 06-
xonurca 6e3 uckmodenmit. Peub uaeT o Tak Ha3LIBAEMBIX PA306UWEHHBT TTT-ONEPOHAT
(amrn. split rRNA operon). B nanHom ciyuae rennt 23S pPHK u 5S pPHK obpasyroT
JMIICTPOHHBIA omepoH, a red 16S pPHK pacnosoxkeH oTaenbHO OT HHUX, HHOTAA B TeC-
HOM (DU3NIECKOM CLEIJIEHAN C JOMOJHUTENbHBIM reHoM-cupoToii 5S pPHK (cM. pasaen
16.3.1.1).

Pazobiennble Trn-0nepoHbl 06GHAPYKEHBI Y HEKOTOPLIX GakTepuit (NpUMepaMu Cay-
xat Borrelia burgdorferi, Helicobacter pylori u Wolbachia pipientis) n apxeit (B yacT-
HoctH, Archaeoglobus fulgidus). Pa3o0bmeHHoCTh TTn-omepoHa TaKKe XapaKTepHa JIJIf
GOJILIINHCTBA MHTOXOHIPHANIBLHBIX T€HOMOB H, XOTH 04YeHb DEJKO, HabuonaeTcs B reHoMe
TJIACTH.

Haxkonern, n3BecTHb IpuMepsl A5t 6aktepuit (Leptospira interrogans) u apxeit ( Ther-
moplasma acidophilum), koraa dpusndeckoe cremienve Mexxay resamu 16S pPHK, 23S
pPHK u 5S pPHK Boo611€ OTCYyTCTBYET, 1 OH HAXOASATCS B PA3HBIX YYACTKAX XPOMOCO-
MBI.

HanomuuM, 4TO coBpeMeHHas (UJIOreHeTHYeCcKast CUCTEMA JKUBBIX CYLIECTB, B TOM UKCJIE NPOKapH-
OTOB. CTPOMTCA Ha KOJIMYECTBEHHOU oueHke B3aumuoi romosorun pPHK onpeznenennoro kiacca (cm. I
TOM y4eGHHKa). B OCHOBe TaKOro NMOAXOAA JEKHUT OGBEKTHBHO CYLIECTBYIOIAs yHUBEPCAJILHOCTL M Ge3-
aJbTEpPHATHBHOCTb MEXAHH3Ma TPAaHC/IALHH, NOAKPEIJIEHHASl BLICOKOH KOHCEPBATHBHOCTBIO PUGOCOMHBIX
PHK.

Bri6op nepBuuHolt crpykTypsl pPHK B kauecrBe yHuBepcasbHOro uioreHeTHUecKoro Mapkepa
MO3BOJIMJI DEKOHCTPYHPOBATh INI0GaJIbHOE JPEBO M JETANU3UPOBATh CTPYKTYPY €ro BeTBell.

OpHako nmoaxol, OCHOBaHHbLIN Ha cpaBHMTenbHOM aHanm3e 16S pPHK, umeer ciabbie croponbi U
orpaHuyeHnsa. YTobbl UX MPEOAONETb, HCHONB3YIOTCA [OTIOJHHTENbHbIE JeTalu UH(PACTPYKTYpPBI TTT-
onepoHa (cM. pasgen 16.3.2.2).

16.3.1.3. MoGubHBbIE 3JIEMEHTDI

B renomax 6akTepuil, apxei 1 3yKapHOTOB IUPOKO PACIPOCTPAHEHBI MOOUABHYLE IAE-
menma (aHDu1. transposable element). Onu npeacrasnsior cobo#t yuactkun JHK, croco6-
HbIE K MPAHCNo3uyuy (aHIuI. transpose — NepecTaBATh), T. €. K IePEeMEIIEHHIO U3 OHOI0
cafiTa XpOMOCOMBI WJIH IUIa3MUJBI B APYrOM, HE FOMOJIOTMYHBIA eMy caliT. TH y4acTKH
KoxupyioT dpepmeHT(bl), 0beCHeYHBaIOIINe TPAHCIO3UILIMIO, U CAMHU XKe el [I0JXBEePraioTCH.

TpaHco3NIMA MOXKET INPOXOANUTDH B MpeAesiaX OJHOTO MEHOMA MJIM MeXIy [eHOMOM-
JOHOPOM M T'€HOMOM-MMIIEHbIO. B OHMX ciy4asiX OHa MPHUBOJUT K IOTEPEe MOOHJILHO-
rO 3JIEMEHTa JNOHOPHBIM DEIUIMKOHOM. B Ipyrux ciy4dasx eif collyTCTBYeT KOIMPOBaHME
MOOUJIBHOIO JIEMEHTA, IPUYEM OJTHA KOIMHS OCTAETCS B JOHOPHOM caiiTe, a Apyras IMOsIB-
JfeTcs B aKUENTOPHOM calite. MobOubHbIE 3/1eMEHTH], 3a MCKJIIoYeHneM HakTtepuodara
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MIO, HE UMEIOT COGCTBEHHOTO OPUJ/DKHUHA PEIVIMKAIMHA M 9THM OTJIMYAIOTCA OT ILIa3MHI,.

Mob6uiibHbIE 31eMEHTBI COAEPXKAT 1-2 OTKPBIThIE PAMKM CUMTBbIBaHus (FeHbl GEIKOB,
Heo6XoauMBIX AJisi TpaHcno3unyy). CaMble HPOCTble MOOH/ILHBIE 3JIEMEHTHI, HHCePIHOH-
HbIe [IOCJIeIOBATEILHOCTH, 9TUM OrPaHHYUBAIOTCS. Bosee ciioxHble MOGHIIbHbIE 3JIEMEH-
THI, TPAHCIIO30HBI, HECYT JOIOJHHTE/IbHbIE JeTePMHHAHTBI, KOTOPble HE HMEIOT OTHOLIE-
HHUS K TPAHCNO3MUMH U (DEHOTHIIMYECKH NIPOSBIISIOTCS B KadeCcTBe CeJIeKTHBHBIX PU3HA-
KOB y 0DJrafaressi reHOMa-MHIIEHH.

YHCJIO OMUCAHHBIX MOOMJIBHBIX 3JIEMEHTOB Yy NpOKapuoToB mpesbimaer 500, H oHm
COCTABJIAIOT 3HAYNTENbHYIO YaCTh XO3:MCKUX [€HOMOB.

HNHcepuuoHHbIE TOCJe0BaTENbHOCTH. [IpocTeiiiie 13 MOOUIBHBIX 3JIEMEHTOB —
3TO UHCEPYUOHHBLE Nocaedosamenvrocmy (aHrII. insertion sequence, IS; o anra. insert —
BeraBaaTh). Mx qymua 200 m.u. — 2,5 T. ILH., ¥ OHK HecyT Ha 0OOMX KOHIAX UNGEPMUPO-
sannvie nosmopw, (aHri. inverted repeat; IR) mmnoit 10-40 n.u. (puc. 169). ITockonbky
TPAHCIO3UUMS CONMPOBOXKIAETCH KOIMPOBAHMEM caliTa-MHUIUIEHH (CM. HIKE), HHCEPIIMOH-
Hasl [OC/IeXOBATEIBHOCTh (DIAHKHPOBaHA KOPOTKHMH, JUIHHOM 2-14 mLH. npamvimu no-
emopamu (anri. direct repeat; DR).

1 2 5 ] 2 1
/\
N | [
3 4 4 3

Puc. 169. CTpyKTypa MHCEPIMOHHOI MMOC/IeA0BATEIBHOCTH

u bnankupyomux ee yyactkoB JJHK-mumenn.

1 — npsaMoit MOBTOP; 2 — MHBEPTHUPOBAHHBI NOBTOP; 3 — caifT
JUIA pa3pesa C HIOMOLIbIO TPAHCNO3a3bl; 4 —- cailT M) y3HaBaHU#A U
CBAI3bIBAHMS TPAHCIO3a3bl; 5 — réH TPaHCI03a3bl.

Crpenkoit 0603HayeH MpoMoOTOp.

Koaupyronias obaacTs, Haxondwascs BHYTPH HHCEPLMOHHON II0C/IeI0BATEILHOCTH,
COZEPXKUT I'eH mpancnodadv. (tmpA), oTBedalouuil 3a (pepMEeHTATHBHBIA IPOLIECC TPAHC-
nozunpy. IIpoMOTOp 3TOro reHa pacrosyioXeH BHYTDPH J€BOTO MHBEPTHPOBAHHOTO [IOBTO-
pa. B ciy4ae uCnosnb30BaHHS PEINTHKATABHOTO cnocofa TPAHCIO3HIHAN (CM. HHXKE) TeHy
TPaHCNO3a3bl CONYTCTBYET I'eH Pe30ibBa3bl inpR. BHyTpu MHBEPTHPOBAaHHBIX HOBTOPOB
HaXOAUTCsL KOHLEBOH caift u3 2-3 m.H. Jist ogHouenodye4noro paspesa JHK ¢ nomouniso
TPAHCMO3a3bl U COCEAHU ¢ HAM CANT [ Y3HABAHHS U CBS3bIBAHUA 3TOro (bepMeHTa
(puc. 169).

B Hacrosuee BpeMsi MHCEPIMOHHBIE TOC/IEI0BATEIbHOCTH (Beero okoo 500 Tuos) 06-
Hapy»XeHbl y npejactasuTeiei 70 pooB, coorBeTcTBeHHO, 155 BioB 6akTepunit. Y apxeit
OHH OTHCAHBI TOJILKO I YeThipex polaoB — Halobacterium, Haloferazr, Methanobrevibac-
ter u Sulfolobus.

HekoTopble reHOMBI XapaKTepU3YIOTCSl HEOOBIMHO BBICOKMM cojaepkaHueM IS-no-
ClIeIOBATEJILHOCTEN, B YaCTHOCTM TreHOMbl apxeii poxa Sulfolobus (170 B caydae
S. acidocaldarius). pyrue, Hamporus, mo4tu He cozepxaT IS-niocnexoBatenbHOCTel
(nmpumepoM ciyxkat GakTepuu Buchnera spp. u Rickettsia spp., a Takxe apxeotsl Pyro-
coccus spp.).

HomeHk1aTypa MHCEPIMOHHLIX [IOC)IEI0BATEILHOCTEN OTPAXKAET, B IEPBYIO OYePE/ib,
ncropuio ux onucanus (cemeicrsa IS7, IS3, IS4 u T.&.), XOTS y4uTHIBAIOTCA ¥ OCOGEH-
HOCTH MX MH(}PACTPYKTYPHI, & TAKIKE UX XO3AHUCKas MPUHAIJIEXKHOCTD.
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Tpancno3oHbl. MHcepUHOHHbIE [10CTIE0BATEIbHOCTH STOUCTHYHHI, T. €. OHH He HMe-
10T (DEHOTHUITMYECKOrO MPOSABJIEHUs M KOIUPYIOT TOJBKO (hepMeHTHI, obecredupalouiye
TpaHcno3umuo. B oTanuue or HUX mpancnosons: (aHri. trasposon, Th; or anrus. trans-
position u rped. on — cyuee; «HEYTO, IEPEHOCHMOE C OJHOrO MECTa Ha APYroe») JAONOJI-
HUTEJIbHO COJAEPXAT Te MJIM WHbIE CeJIEKTHBHbIE MapKEepHI.

Tax Ha3biBaeMble COCTAGHBIE MPaHcno3ons. (anra. compound transposon) MMeEOT
pa3mep 750 m.H. — 50 T. [I.H. ¥ COIEPXKAT LEHTPaJbHYI0 06/1aCTh U JBa OOKOBBIX IJeYa,
Ka)KJioe U3 KOTOPBIX MpPEJCTaBJseT cob0l MHCEPLWOHHYIO MOCJeqoBaTebHOCTD. [lneun
TPaHCNO30Ha HAXOAATCS B IPAMON MJIM HHBEPTHPOBAHHON B3aHMHOMN OpHeHTaruu 1 obec-
MEeYHUBAIOT TPAHCIO3MIIAI0 3TOTO CJIOKHOIO MOGHILHOIO 371€MEHTA.

IIpakTryeckn sroboit yuactok JJHK, diaHKMpOBaHHBI MAEHTHYHBIMU HIA MOYTH
HIEHTUYHBIMH WHCEPIMOHHBIMHU MMOCJIEJ0BATEILHOCTAMM, MOXKET CTATh YacCThIO COCTaB-
HOrO TpaHCHo30Ha. MlHaye roBops, NOCKOIbKY WHCEPUMOHHBIE OCTIEAOBATELHOCTH YHH-
BEPCAJIbHO MPEICTaBJIEHbl B MPOKAPHOTHBIX FreHOMaX (MCKJIIOUEHHEM, BUAUMO, ABJIAETCA
B. subtilis), m060# XpOMOCOMHBII HITH JIA3MHIHBIA [€H MOXKET CYIIECTBOBATDb B KayeCTBe
TPaHCIO30Ha.

KiaccuyeckuM MpUMMEpPOM COCTABHOTO TPAHCIIO30HA CJIYXKUT TPaHCIO30H, KOTOPBIi
KOAMpYeT TepMocTabuabHbIH ToKcH E. coli U comepxuT npony6aMpoBaHHyIO HHCEPIM-
OHHYIO I10CJIeI0BATEIbHOCTD 1S 1.

OT coCTABHBIX TPAHCIO30HOB OTJIMYAIOTCA TPAHCIO30HE!, HeCyIue o 060MM KOHIIAM
He MHCepUMOHHLIE, a [S-momobHble MOCIe10BATENHLHOCTH, KOTOPBIE CYIIECTBYIOT TOJIBKO
B COCTaBe TPaHCNO30HA. [IpuMepaMu HECOCTABHLIX TPAHCIIO30HOB SABJISIOTCA TPAHCMO30H
Tn3 (obecrieynBaiouil JeKAPCTBEHHYO YCTORYHBOCTD ), MHOTO(YHKIMOHAJIBHBIE TPAHC-
no3onb Tn7 u Tn554, xonstozamuenbie mpancno3ons. (COCOOCTBYIOMME COOCTBEHHOMY
1IepeHoCy U3 OfHOMN 6aKTepuy B APYTyI0 COBMECTHO C HYaCTbIO XO3AKCKON XPOMOCOMBI; CM.
paszen 16.6.1.3), a Takxe TpaHcayuupylomui 6akreprodar Mu.

Crnocobnl Tpancnio3unmu. [Iponece TpaHcno3unpy BKIOYAET B cebs pa3psiB poc-
(oomadupHBIX cBA3el Ha KOHIAX MOOUJILHOI'O 9JIEMEHTA U IIEPEHOC MOCJIEIHIX Ha MOJle-
kyay JHK-mumenn. Takasi pekoMOMHAIMOHHAS pDeaKLUs OCYLIECTBJSIETCS C ITOMOIIBIO
TPOKCTBEHHOTO HYKJIEONIPOTEMHOBOIO KOMILIEKCA, WIIH MPAHCNo30coMb, {aHTJL. transposo-
some). TpaHco30coMa COCTOUT U3 TPAHCIO3a3bl, KOHHOB MOOK/IbHOrO 3ieMenTa 0 JJHK-
mumenu. TpaHcrnosa3a ycTpoeHa TaKWM o0pa3oM, 4To N-KOHel| MOJHUNENTHIHON memn
obsamaer JJHK-cBsasbiBalomiet akTHBHOCTbIO, 8 C-KOHel, CTY>KHT KaTaJIATHYECKHM J10-
MEHOM.

Cy1uecTBYyIOT ABa OCHOBHBIX CIIOCOGa TPAHCIIO3NIHMHA — KOHCEPBATHBHBINA M PEIlJIMKa-
TUBHBIA. B mepBoM ciyyae MOGHIBHBIIN 3JIEMEHT B XOJ€ TPAHCIO3MIUH He KOUPYeTCd, a
BO BTOpPOM Konupyercs. Kpome Toro, B nepBoM ciydyae MOOGUIAbHBIA 3/1eMeHT (PU3MIECKH
060c06/151eTCAA OT PEIlJIMKOHA-JI0HOPA, & BO BTOPOM CJIy4ae OCTaeTcsl IMPUKPEIVIEHHBIM K
HEMY.

Koncepsamuenas mpancnoduyus. ObpasHoe Ha3BaHHe 3TOro Crocoba — «pa3peXxb M BKJeH»
(anrn. cut-and-paste). VIHeIMH ci0BamMM, MOGHJIBHBIY 3J1EMEHT BLIpE3aeTCs W3 JOHOPHOro caiTa W 6Ge3s
PETUIMKAIIMY BCTABJSAETCA B aKuenTopHuill cafiT. Jns aToro TpaHcnosasa nenaer ABYXUENOYEYHbIE Pa3-
pe3bl B PETUIMKOHE-ZIOHOPE MO KOHUaM MobGuibHOro siementa (puc.170, I). OanoBpeMeHHO OHa adesaer
OJHOLIENOY€eYHbIE pa3pe3bl B caliTe-MHIIEHH PENJIMKOHA-PELMIHEeHTa ¢ obpasoBaHueM 5’-KOHLIEBBIX Bbl-
ctynoB (puc. 170, II). 3aTem Tpancnosasa KaTaqu3HpyeT DeakLHIO TPaHCITePUMbHKALUH, U 5 -KOHIUBI
peLunuenTa CoeauHATCA ¢ 3'-KoHuamn aonHopa (puc. 170, I1I).

ITocne sToro 3anonuaATCA ofHoueno4eynsle ydacTku JJHK B peuunuente (puc. 170, IV). Coboasbie
3/-KOHLBI CITy>KaT npafiMepaMy /15t BEAYLINX HUTeH IBYX PETUTMKALMOHHEIX BHJIOK (CM. pasmen 16.4.1.1).
Tak BO3HMKAIOT XapaKTepPHbIE MpPsIMbIe NOBTOPHI, (JIAHKHPYIOIIHE MOGHBHBINA 3J1€MEHT.
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Puc. 170. KoncepBaTuBHAsI TPaHCIOKALUS MOOMIb-
HOTO 3J1eMEHTa.

TOHKHe JIMHHHU — PEIUIMKOH-IOHOD; TYHKTHPHBIE JIH-
HHH — PEeTJINKOH-PELUIINEHT; TOJICThIE JIMHUY — MOOHJIbHBIA
JIEMEHT; 4Y€pHble TPEYTOJbHHKH — TOYKH pPa3pe30B TPaHC-
l'103330ﬂ; TOHKHE€ CTPEeJIKH — 3aIl0JTHEHHNE OANHOUENOYeYHbIX
y'1acTKOB.

IIpuMepaMyu HCTIONMB3OBaHHS LAHHOIO €nocofba TPAaHCHO3MLMM CIY>KAT WHCEPUHOHHbIE INOCJIeNOBa-
TenbHocTH cemeictB IS10 u IS50, a Takxke Tpancrnoson Tn7.

O6pa3oBaHne NOTEHIMALHO JIETANBHOIO Pa3phiBa B JOHODHOM PeIlJIHKOHE NPeJOTBPALIAETCs CUCTe-
MaMH penapain AsyxuenodeuHoit JJTHK, xoTophie ocymiecTBiasioT €ro peKOMOGHHALMIO C CECTPHHCKUM
JIOHOPHBIM DPENJIMKOHOM.

Penauxamuseraa mparcnosuyus. O6pasHoe Ha3BaHHe 3TOr0 cnocoba — «pas3peXkb U He 3eBaif»
(anrn. cut-and-haste). MHbiMu csioBaMi, MOGMJILHLIA 3J7IeMEHT He BLIPE3aeTCR M3 JOHOPHOro caiiTa, a
MEPEHOCHTCA B aKUENTOPHBIA calT ¢ ofpa3oBaHMeM TaM pPENJIMKALMOHHBIX BHIOK. B manHOM ciydae
TPAHCN03a33 HAHOCHT He JBYXIeNOveYHble, a OJHOIENOYeYHble pa3pe3bl B PEIUIMKOHe-JoHOpe mo 3'-
KOHLIaM MOGHJ/IbHOrO 31eMeHTa (puc. 171, I). OaHOBpeMEHHO C STHM OHA MPOU3BOAKT OAHOLENOYEYHbIE
pa3pesbl B caiiTe-MHIIEHH PEILUINKOHA-PelHTHeHTa ¢ 06pa3oBaHneM 5'-KoHuesnlx BricTynos (puc. 171, II).
3areM TPaHCNO3a3a KATANM3MPYET PEaKLMIO TpaHCITepudHKaluH, 5'-KOHLb PeLUIIHEHTa COeIHHAIOTCH
¢ 3'-koHuamu goHopa (puc. 171, III). u obpasyerca X-obpasunit «unTepmennar lllamupo» (nasean 6
wecmd amepuxanckozo muxpobuonoza J. Shapiro, xomopwiti 6 1979 2. npedroacun modeadv peniuKamue-
Hotl mpancaoxayuu). Ilocne 3TOro ¢ MOMOIIBIO ABYX PENIMKALMOHHBIX BHUJIOK 3AIOJIHAIOTCA OLHOLETIOo-
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yeuHble yuacTku JHK B peunnueHTe, a Tak)ke pelHUHUpyeTcs caM MOGHIbHBINA 3JjeMeHT. Kax u npu
KOHCEpPBATHBHOMA TPAHCIO3MLMYU, CBOOOAHBIE 3'-KOHUBI PELIUIINEHTa CJIY>KAT NpaiiMepaMH.

Puc. 171. PenmnkaTuBRAs TPAHC/IOKALUS MOOHIIBHOTO 3JIEMEHTA.
ToHKHe JMHHH — PEIIMKOH-IOHOD; IMYHKTHUPHbIE JIMHHHW — PEenJINKOH-
peuHHHeHT; TOJICThIE JIMTHHN — MO6HJ'[be]I‘;l IJIEMEHT, TpeyFOJ’IbHHKH — TO4-~
KH pa3pe30B Tpa,choaaaoifl; TOHKME CTPEJIKM — 3allOJIHCHHE O4HOoLernove-

HbIX Y4aCTKOB.

Ecnn TpaHCNO3MIMs MPOUCXOONT MEXK/Y ABYMs Pa3HbIMH PEIJIMKOHAMH, TO TMOCJe PerIMKailuyd U3
HUX 06pa3yeTcsl KOJbLUEBOH KOMHTErPaT, B KOTOPOM MEXJY DEIIMKOHOM-A0HOPOM M PEeNIHKOHOM-MHIIIe-
HbIO HAXOAATCH lBE OAMHAKOBO OPMEHTHPOBaHHBIE KOMIHH MOGHJBHOrO sineMeHra (puc. 171, IV). 3arem
KOMHTErpaT Pa3fIeNsieTCsi Ha PEeIUTMKOH-J0HOP U PEeruIHKOH-peuunuedT (puc. 171, V). Ilist storo ucnonn-
3yercsi pe3osibBa3a (cM. paszen 16.4.2), 6TKpbITasi PaMKa CYUTHIBAHUST KOTOPOH NMPHCYTCTBYET B CAMOM
MOGUIIBHOM SJieMeHTe. Pe3osibBa3za ocyluecTsisier caftrcneuuduinyo pekombunaumio B IRS-cafite (coxp.
anru. internal resolution site), pacnosokeHHOM B MOGHJIBHOM 3JIEeMEHTE MeX/y reHamu tnpA u tnpR.
IIpu orcyTcTBHM pe3onbBa3bl B X0 MycKaeTcs kJjeroyHass RecA-3aBucumast CHCTeMa COMOJIOTHMMECKOM
pexkoMGuHaiun (cM. pa3gen 16.6.1.2).

IlprMepaMy MCNOJIL30BAHUA TAKOrO CHOCOGA TPAHCIIO3ULMH CYXKAT MHCEPIHMOHHBIE MOCIEI0BATE b~
HOCTH ceMeiicTBa 1S6, a Tak»ke TpaHcmoson Tn3.

3naueHne MOOGUJILHBIX 3JIeMEeHTOB. Mo6GuibHBIE 3/1€MEHTbl KOAUPYIOT, IOMUMO
areHTOB CO6CTBCHHOﬁ TpaHCHO3H!lHH, Cl)aKTOpr SKO.TIOI‘I/I‘IGCKOIX aJalrrTanuy, o6ecnetua-
IolIMe «BCIIOMOraTebHble» (DYHKIMU — YCTOUYMBOCTL K AHTUOMOTHKAM M APYTUM aHTH-
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Puc. 172. TenoMmuble 1€PECTPOIIKH, BEI3bIBAEMble MOOUIBHBIMHA 3J1€MEHTAMH.
A — BcTaBKa MOGHJILHOTO 3jieMeHTa; B — BbIpe3aHme MOOMIILHOTO djeMeHTa; B —

Aeneuusi ydactka reHomHo#t JJHK; I' — unBepcusi yuactka redomuoit JHK; 1 — ay-
mrkanus yvyactka reHomuol JITHK; E — o6pasoBanue cocTaBHOro TpaHCHO30HA.

faKTepUAJILHBIM areHTaM, KaTaboJM3M HeTPHBHAIbHBIX Cy6CTpaToB (B 4aCTHOCTH, KCe-
HOOMOTUKOB), BUDYJIEHTHOCTh M TOKCHYHOCTb, & TAK>KE KOHTPOJIb SKCIPECCHH COCEIHUX
C HUMH T€HOB XO3SIHCKOTO reHOMa.

CBs3b MeXy MOOHIBHBIMHM 3JIEMEHTAMH M BHPYJICHTHOCTHIO Hamboliee ApKO BBIpa-
XKeHa y maToreHoB »uBOoTHLIX (Bordetella spp., Campylobacter spp., Clostridium spp.,
Haemophilus spp., Vibrio spp., Yersinia spp. u Ap.), a Tak)Xe Y CAMOHOHTOB pacTeHuii
(Agrobacterium tumefaciens, Erwinia spp., Pseudomonas spp., Rhizobium spp. n ap.).

MobunbHsbie 371EMEHTHBI MOTYT BCTPaUBAThLCS B Pa3HbIE U MHOTOYUCIEHHBIE CAlTHI XPO-
MOCOM HJIM NJIa3MHJ, BBI3bIBas MHCEPIMOHHBbIE MyTauuu. Mes mpoMOTOpHLIE Y4acTKy,
OHM MOCYT BJHMSITb HA TPAHCKPHUNLMIO HaXoAsiuuxcs rpabee (downstream) reHOMHBIX
reHoB. [luc- U TpaHC-pacnooKeHHbIE KOIIUA MOOMIILHBIX 9JIEMEHTOB yYacTBYIOT B CaliTC-
nenududHOM pekoMOUHaLKK, obeciednBasi Pa3sHOOGPA3HBIC FEHOMHbBIE [IEPECTPOMKY.

Buenpenne mobusbHOTO 31eMenTa B renomuyio JIHK usmeHsaer crpykTypHyio opra-
HU3AIUIO U 9KCIIPECCHIO TPOKAPHOTHBIX TeHOB ¢ 4aCcTOTOM, GJIM3KON K 4acTOTe CIIOHTaH-
Hbix MyTtamuit (10751077 ua reHepalyio), a MHOTAA 3HAYATe bHO Gonbuielt (x0 1073).
B ornuune ot ToueuHbIX MyTanuil, n3MeHeHus 3aTparuBalor 6oabmue yyactku JHK n
NO3TOMY PE3KO YCKOPSIIOT MYTALMIOHHBIA ITPOLECE, CIIOCOOCTBYS 3BOOLIME MEHOMOB.

K 4mcny reHOMHBIX MepecTPOEK, BHISBAHHBIX MOGUILHBIMH 3JIEMEHTAMH, B IEPBYIO O4epeAb OTHOCAT-
ca scmaexu (puc. 172, A). Nx 3d>pekT KOMIIEHCHPYETCA PeAKO IPOUCXOAALUIMM 6bipedaHuem MOOHIBHOrO
anemenTa (puc. 172, B). BeraBka 06b1YHO NPUBOAUT K MHAKTHBALMH [EHA, XOTH B OTAEJIbHBIX CIIy4asix
6naronaps et HOABNAETCS HOBBI MPOMOTOP, BBI3BIBAIOLIMA IKCIPECCHIO KPUIITHYECKOLO I'eHa.
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BaxkHoe 3BOJIIOLHOHHOE 3HaYeHHe UMEIOT deseyuu ydactka remomuoit JJHK, npuMmeikarowero K on-
HOMY M3 KOHLIOB MOSHJIbHOrO anemenTa (puc. 172, B).

Ecnu B reHoMe MOABJIAIOTCA [Ba NPOTHUBONOJIOXKHO OPUEHTHPOBAHHLIX MOOGHJILHBIX 3JIEMEHTa, OHU
MOTYT PEKOMOMHHPOBATb MEXAY COOOM, YTO NMPUBOAUT K UHEEPCUU JIEXKAIEro MeXJAYy HHMM y4HacTKa
resomuoit JTHK (puc. 172, T').

B cayuae, Korja [Ba OMHAKOBO OPMEHTHPOBAHHBIX MOOHJIBHBIX dJieMeHTa (bJAHKMPYIOT Y4acTOK
redomuo#t JJHK, Bo3amoxHa ero dynauxayus (puc. 172, 1I).

Haxonen, mparcaoxayus ydactka resomuolt JJHK Bmecte ¢ dnaHKUpYOWMMH MOOH/IbHEIMM 3JT€-
MEHTaMH NPHBOJMT K 06pa30BaHHIO COCTABHOro TpaHcnodoHa (puc. 172, E).

ITockonbky MOGHABHDBIE 37IEMEHTHI IEPEJAIOTCS TOPU3OHTAIBHBIM IIYTEM M 4acTO BXO-
JAST B COCTAB MJIa3MUAHBIX BEKTOPOB, OHH ObICTDPO PAaCIPOCTPAHSIOTCA B MPHPOIHBIX MO-
nyasuusax bakTepuit. Hale Bcero oHM nepelaloTcs NIPU KOHDBIOTaUWH, pexke NMPH TPaHC-
dopMmanuu u eine pexke — NpH TPAHCAYKIMK (cM. pasfen 16.6.1.3).

Kak MbI y:Ke oTMedasd, TPAHCIIO30HBI KOAUPYIOT MHOrME (baKTOPHI IKOJIOTHIECKOH
aganTtanuu. B wacTHOCTH, TpaHCmO30HHBI cy6rpynnbsl Th21 obecnednBaioT pacrmpocTpaHe-
HHEe MHOXECTBEHHOH JIEKADCTBEHHOU YCTOMYMBOCTH, KOTOPas MMeeT OrPOMHO€E 3HaYeHHe
[P TOCIUATANBHBIX HHMEKIMAX.

16.3.1.4. IHTpOH®LI

CorsacHo xyacCHYecKOMY INPUHIMITY KOJIMHEAPHOCTH, NOPSIOK PACIOJIOXKEHUA HYK-
JIeOTHAHBIX TpuILIeToB B MaTpuyHoi JJTHK, a Takxe B ee Tpanckpunre — MPHK, cooTBeT-
CTBYeT TMOPAJAKY PaCHOJIOXKEHUs AMHHOKHCJIOTHBIX OCTATKOB B MPOAYKTE TPAHCJISLHA —
nosunentuaao# uenu. Oanako B 1977 r. 6bLIO YCTAHOBJIEHO, YTO MHOTHE (XOTS JaJ1eKO
He BCe) siiepHble TeHbl [IPEUMYLIECTBEHHO COCTOSIT U3 HOCJELOBATEIbHOCTEN, KOTOPBIX
Her B MPHK ¥ KoTOpBIe yAassioTCA TIpU CO3PEBAHNM NEPBHYHOrO TPaHCKpHUNTa. MHaue
CKa3aTb, FeHbl 9YKAPHOTOB MO3aN4Hbl M COCTOSIT U3 ABYX THUIIOB HYKJIEOTHUAHBIX IOCJIE-
JoBaTesIbHOCTeN. Bo-epBhIX, 3T0 KOOUPYIOIINE 9K30Hb (AHIJI. €XON; OT rped. eX0 — BHE
U rped. ontos — CyIUee; «HEYTO, HAXOASUIEeCs] CHAPYKHU» ), KOTOPbIE TPAHCKPUOUPYIOTCS
B MPHK, pPHK umu TPHK. Bo-BTophix, 370 HeKoaupymomue unmponst (aHTJ. intron;
OT JIaT. intra — BHYTPH H I'ped. ontos — CyIIee; «HEYTO, HAXOAALIEeCs BHYTPH» ), KOTOPbIE
pa36poCcaHbl B IPOMEXYTKAX MEXAY IK3OHAMHU.

IIpn Tpanckpuniuu ¢ monekyabl JJHK cunrsiBaercs npe-MPHK, npe-pPHK uin npe-
TPHK, T. e. KoJInHeapHas KOLMs M03aU%H020 2ena (aHII. split gene — pa3pe3aHHbIil reH).
13 nee nocne cnaaticuneza (auri. splice — CpalliBaTh KOHIIBI), KOTODBIH 3aKJIIOYAETCS B
yJAaJIleHHd MHTPOHOB U KOBAJIEGHTHOM COEJIMHEHHH JADYr € APYTOM 3K30HOB, obpalyercs
3pesasa PHK.

Takum 06pa3oM, KOJIUHEAPHOCTb cobmoaaerca He Mexay resoM, MPHK u noaunen-
THIHOH LIenbIo, a MEXJY SK30HaMH U OEJIKOM, a TAKXKEe MEXAY 9K30HAMU M MIPOLECCUPO-~
Bannoii pPHK unu TPHK.

Mogzanynasi cTpyKTypa reHa 6blia BIOCIEACTBHU NPOJEMOHCTPHPOBAHA Y MHUTOXOH-
napuit u wiactug. Ogaako A0 1983 r. cuuTasM, YTO S3K30HHO-MHTPOHHYIO CTPYKTYPY UMEIOT
TOJIBKO '€HOMBI SiIEPHBIX KJIETOK, TOr/ia KaK y MPOKapUOTOB 3TOro He ObIBaeT.

I'eHEl SHEPHBIX KJETOK BapbHPYIOT 110 YMC/IY U Pa3Mepy HHTPOHHBLIX BCTaBOK. ['panu-
bl MHTPOHA OoTMedeHbl guaykaeorunamu GT... AG (npaBuno «GT-AG»). Uckmovenn-
SIMH ABJISIOTCA UHTPOHBI MUTOXOHIDHN M XJIOPOILJIACTOB, & TAK)Ke MHTPOHBI JPOXKIKEBOH
TPHK, yTo cBsfizaHO ¢ MHOroo6pa3neM MeXaHM3MOB CILIAKCHHIA.
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M3BecTHBI TPH OCHOBHBIX THIIA CIIAACHHIA; BCE OHU CBA3AHBI C pasphiBoM (HocdoauaHpHBIX CBA3el
Ha rPaHMIE 3K30HA C HHTPOHOM M OOpa3’oBaHMEM HOBBIX PochoIU3HPHBIX CBs3elt MeXAY KOHIAMH
HHTPOHOB.

Crnnaiicunr nepBoro Tuna, uwin 6enokHe3aBUCHUMEIN aamocnaaticune (anra. self-splicing) ocyects-
nsercs ¢ momouipio camolt PHK. TIpu npoueccurre ona urpaer poss PHK-depmenta, nan pubosuma.

CrnutalicCHHr BTOPOrO THIIA TaKXKe [peJCcTaBisieT cobol aBTOCIJIANCHHT, OAHAKO OH HYXK/JI3eTCA B Ma-
mypaede (OT aHIJI. mature — 3peJbli) — BCIOMOraTeJbHOM 6esIKe, KOTODBIA CBA3BIBAETCH C HHTPOHOM H
CTHMYJAHPYET PHOO3HMHYIO PEaKLMIO.

CnnalicCHHT TPETBEro THIa OCYUIECTBIAETCA C NOMOUIBIO 6esKOBEIX (hepMEHTOB — caiiTcnenuduyHoi
PHK-suponykneasst 1 PHK-aura3sr.

B Hacrosee BpeMst yCTaHOBJIEHO, YTO MO3aUYHasl CTPYKTYPa reHa He SBJISeTCSI IIPH-
BHJIErHel SAEPHBIX KJETOK, U YTO MHTPOHbI HEPEIKO BCTPeYaloTcs y DakTepuit 1 apxeil.

ITpokaprOTHBIE HHTPOHH CHJILHO BapbUPYIOT N0 pa3Mepy (ot 15 no >3000 m.u.). Onn
JIOKANHU3YIOTCS B XPOMOCOMaX, Ita3Muaax wid (arax. B coorBercreuu co crerudukoit
HEePBUYHON M BTOPMYHON CTPYKTYPBI, & TaKXXe [0 crnocody CIUIafiCMHra OHM IOApa3je-
JIFIOTCH Ha TPH Ipynnbl: 6akTepuabHble HHTPOHBI rpynmnbl-1, 6akTepnanbHble HHTPOHBI
rpymnsi-II 1 MHTPOHBI apxei.

HekoTopsie mpoKapHOTHBIE HHTPOHBI COAEPXKAT OTKPHITHIE PAMKH CYHTHIBAHMA, KOTO-
pble HAXOMATCS B TPAHCISAIMOHHON (asze ¢ upstream-sx3onoM. OJHH U3 HUX KOXUDYIOT
JHK-cnennduntunbie sSHA0HYKI€a3bl, WIH TPAHCNO3a3bl. /Ipyrue oTKpHITHE PAMKHU CUH-
THIBAHUS KOAMPYIOT 0OpaTHbIE TPAHCKPUIITA3bl, WA PEeBEePTa3bl, CYNTHIBAIOLIHE TOCTe-
nosarensrHoct JJHK ¢ marpunst PHK (cMm. paszen 16.7.2). C nomomupio TpaHcnosas
peBepTa3 ocymecTsiasieTcss roymunz (anri. homing — BosBpaumeHue JOMOit), MK cairc-
nenuduIHOe BHEIPEHNEe UHTPOHA B JIMLICHHbIE HHTPOHA aJUleM reHa. 910 obecrednBaeT
MOOUJIBHOCTb MHTPOHOB MEXKIY TOMOJIOTMYHBIMU yYACTKAMHM OJHOTO M€HOMa WJIHM JBYX
Pa3HBIX reHOMOB. TpeTby OTKPHIThIE PAMKM CYATHIBAHUSA KOJUPYIOT MaTypa3bl, KOTOPbIE
CTHMYJIMPYIOT aBTOCIUIAHCHHT (CM. BBILIE).

[IpucyTcTBHE OTKPHITHIX PAMOK CYMTHIBAHHA [IPOTUBOPEYUT PAHHHM TPEACTABJIEHU-
M o HenHpOpPMaTHBHON npupose UHTPoHOB. ONHAKO JIETKO 3aMETHUTb, YTO HHTDAUH-
TPOHHBIE T€HBI, TAK K€, KAK M [eHbl HHCEPLHMOHHBIX NOCIEA0BATENIbHOCTEH (CM. BbIIIE)
OTJIMYAIOTCA OT OOBIYHBIX HEJIOK-KOJUPYIOUIMX T'eHOB TEM, YTO He BbIPaXKaloTcs (BDeHOTH-
[IMYECKH M OTBEYAIOT TOJILKO 32 STOMCTHYECKYIO CYAb0Y CaMMX UHTDOHOB.

BakrepuasibEble HHTPOHBI rpynnbl-I. HTPOHBI 3TOM rpynibl MMEOTCA y [IPE-
craputeneit dussl BX Cyanobacteria u st BXIT Proteobacteria (taba. 21). Benok-
KOJIUPYIOLIMX M'€HOB OHH He NIPEPLIBAIOT, 4 HAXOAATCA TOJIbKO BHYTpH reHoB TPHK.

Hutponsr rpynnsl-1 ynansrorcs u3 npe-tTPHK nyTem aBrocnnialficuHra B pesysbTaTe ABYX MOCJEA0-
BaTeJIbHBIX peakuu#l TpaHcoTepudHuKauny. VIHUIMATOPOM CIIY»KHT I'yaHO3MHOBBINH KO(aKTOD, KOTOPbIit B
MTOre OKasblBaeTcs Ha 5'-KoHUe BbllerseHHoro uHTpona (puc. 173, A). B xone nepsoii peakuuu 3'-OH
TpyIIa I'yaHOSMHOBOIO KO(AaKTOPa OCYLIECTBSAET HyKJIeOHIbHYIO aTaKy Ha 5'-KoHel MHTpoHa. B xoae
BTOpoii peakuun 3’-OH rpynna 5'-sk3oma aTakyeT 3/-KOHel, MHTDOHA, B pe3yJILTaTe Yero MpPOMCXOIUT
JIUTHPOBAHME IK30HOB 1 OCBOGOXKIA€TCA WHTPOH.

Bakrepuanbusie MHTpoHBI rpynnbl-II. VIHTpOHBI 9TOH rpynmsl JOBOJBLHO pel-
KH 1 0BHApY2KeHBI ToJIbko y imanobaxrepuu Calothriz sp., a Tak»Ke y mpoTeobakTepuu
Xylella fastidiosa u bupmukyra Lactobacillus lactis (Taba. 21). Onu npepbiBatoT 6eJoK-
KOZNDYIOIIMe TeHBI.

B GeckyeTouHBIX NpenapaTax UHTPOHbI rpynmnbi-11 cnocoBHEI K GeIOKHE3aBUCUMOMY ABTOCIIAHCHHTY.

Oznako B ycnoBHsix in situ puGo3umHas peakuusi TpeSyeT y4acTusi MaTypa3bl, KOTOpas 3aKOAHDOBAHa
B CAaMOM MHTPOHE.
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Puc. 173. MexaHu3Mbl CIIJIARCHHIa Yy NTPOKaPUOTOB.
A — pHOO3UMHDII aBTOCNIANCHHI WUHTPOHA rpynnbi-I; B -- puGo3umHbiil aBTOCIIIAl-
CHHI MHTpoHa rpynnui-11; B — cnnaficuur y apxeif, kaTanu3npyembiil 6eJIKOBLIME pepMEH-

TaMH.
YepHbiMM TpeyroibHUKaMKn obo3HauyeHb! caliTel paspesa PHK-suaoHykneasoit.

Peakuuu TpaHCITEpUUKAIMN 3/€Ch HHbIE, YeM MPH CITalicuHre HHTPoHOB rpymnsi-I (puc. 173, B). B
xoze nepsoit peaxkuu 2'-OH rpynna ajeno3uHa, pacrniosioXeHHOTo 6aH3Ko K 3’-KOHIy MHTDOHA, aTaKyeT
5'-KOHel, MHTPOHA, B pe3yJbTaTe 4Yero obpasyercst casb 2'-5'. B xome Bropo#t peakumu 3’-OH rpyn-
na 5’-3K30Ha aTakyeT 3'-KOHELl HHTPOHA; NPOUCXOAMT JIATHPOBAHKE IK3OHOB M OCBOBOXJaeTCs MHTPOH,

umerowmit popmy neram sacco (aura. lariat).
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Tabaruya 21. TIpuMepbl MHTPOHOB Y IPOKAPHOTOB

Duna, | O6bexT | Jlokanusauus u YKCJIO MHTPOHOB
WuTpoHs! rpynnb-1

Anabaena spp., Fisherella spp., Phormid-|Ten TPHKT®% (1)
BX Cyanobacteria |ium spp., Pleurocapsa spp., Nostoc spp.,
Scytonema spp., Synechococcus spp.
Dermocarpa spp., Scytonema spp., Syne-|Ten TPHK/Met (1)
chocystis spp.
. | Agrobacterium tumefaciens Ten TPHKAT9(1)
BXIL Proteobacteria Azoarcus spp. Ten TPHK!%(1)
MNurpous! rpynnei-I1
BX Cyanobacteria | Calothriz spp. Ten SSB-6enxa (1)
BXII Proteobacteria | Xylella fastidiosa Ten JHK-meruntpancdepasbt (1)
BXIII Firmicutes Lactobacillus lactis ITna3mugssii ren mobA (1)
VIHTpOHBI apxeit
Desulfurococcus mobilis Ten 23S pPHK (1)
Pyrobaculum aerophilum Ten 16S pPHK (1)
Al Crenarchaeota Staphylothermus marinus T'en 23S pPHK (2)
Thermoproteus neutrophilus len 16S pPHK (2-5)
All Euryarchaeota |Halobacterium volcanii Ten TPHKT'P (1)

HuTepecHo, 4TO Takme XKe JABe peakli TPaHCITEPUHKALMM MCNIOABL3YIOTCA MPH AAEPHOM CIIaiCHH-
re. Takoit pu6GO3MMHBIA NPOTECC OCYIIECTBJAETCA C HOMOLIBIO PHOOHYKJIIEONPOTEHHOBOTO KOMIIJIEKCA —
cnaaticocomnt (anri. spliceosome), cocrosituero u3 neGoabuinx siaepHbix snPHK (cokp. avra. small nu-
clear) msatu Tunos — U1, U2, U4, U5 u U6, a Tak>ke u3 ~50 6enKOBbIX KOMIOHEHTOB. [Ipeamosaraercs,
YTO B JRHHOM CJIyuae KaTaJuThuecKuil uenTp cniaiicunra ¢popmupyer PHK, Bxonsimas B cocras cnaii-
COCOMBI.

NuTponsbl apxeii. MuaTpoHst sTot rpynnbl 00HAPYKeHbl Y HECKOILKUX [IPEICTaBU~
tenet dunst Al Crenarchaeota u bunst All Euryarchaeota. Benokkomupyiomux reHos
OHM He IpepbIBAOT, a Haxoxsarcs BHyTpu redos pPHK u TPHK.

B pannoM cayuyae BMeCTO pHGO3MMHOIO aBTOCIIANCHHIA OCYLIECTBIISIETCS CIUIAHCHHT, KOTPbI KaTa-
nH3UpYIOT 6esikoBble depmeHTh. PocdoanadupHbie CBA3M Ha rPAHULE IK30HA C KHTPOHOM Pa3pPbIBAIOTCSH
¢ nomoubio cadtrcnenudnynoit PHK-suaonykeasel, 1 HoBble CBA3M Me>KAy KOHLIAMHM MHTPOHOB ob6pa3y-
forcsa ¢ nomoiubio PHK-nurassr.

Ha nepBoM stame sHIOHyKJiea3a pa3pe3aeT NEpPBUYHBIA TPAHCKPHNT B ABYX METJIEBbIX YYacTKax C
obpasosanmnem 2',3'-nuxnnyeckux gocdaros n 5'-OH (puc. 173, B). Ha BTopoM 3Tane npHCXouT JiurH-
poBaHHe 3K30HOB.

PHK-snrasa o61ajaeT OQHOBPEMEHHO YETHIPbMSI AKTMBHOCTAMM: KHHa3HOH (ans docdopunmpo-
BaHMA 5'-KOHLa NpaBoro sk3oHa 3a cuer I'T®), unxso-dbocdoauscrepasuott (an1a packpsisanua 2/,3'-
uuKAnyeckoro docdaTa Ha 3’'-KoH1le 1€BOro 3K30Ha ¢ 06pa3oBanneM 2’-docdaTa), aJeHHIATCHHTETA3HOM
(ana apenrspoBanus 3’-KOHIA JIEBOTO 3K30HA M aKTHBALMH JIMTA3HON aKTHBHOCTH 33 CYET AT®) u cob-
creenno PHK-nurassoit (as1s1 KOBAEHTHOroO CoeNMHEHHs! JIEBOLO M IIPABOroO 3k30HOB). O6pa3osaBuics
B MeCTe COeJMHEHHs 3K30HOB 2'-docdaT yaansierca ¢ nomolsio 2'-dochorpancdepassl, KoTopas Hepe-
aaeT docopuibHyo rpynny HAJIL.

[IpuynHbl CyimecTBOBAHUA WHTPOHOB ¥ GaKTepuil M apxeil HesCHbI, OCODEHHO €C/iH
Y4ecTb, YTO TEHETHYECKO! cTpaTerueil NpOKapHOTOB ABJIAETCS YMEHbIEHHe pa3Mepa re-
HOMA C IeJIbI0 GBICTPOTHI PEIUIUKALMM.

C oznHOM CTOPOHBI, HHTPOHBL MOIYT OTPAXKaTh KPAaiHMi Cjlydall NapasuTU3Ma, KOraa
BePTHKaJIbHAA M TOPU3OHTAJIbHAA dKCaHcHsa «drouctudeckoir» JITHK He Tpebyer camo-
CTOATENILHOTO (DEHOTUIHIECKOTO BBHIPAXKEHMS.
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C zpyro#t CTOPOHBI, HHTPOHBI, 0COGEHHO CIIOCOOHBIE K aBTOCIUIANCHHTY, MOTYT Lpel-
CTaBJIATb COB6ON MOJIEKYIsipHbIE HCKONAeMble, COXPAHUBLINECS OT NIEPBOGLITHOTO «MHPa
PHK>» (cm. I Tom yuebHuka).

16.3.2. Hexoaupyoime y4acTKu

Hapsiay ¢ resamy B poKapHOTHBIA reHOM BXoAAT ~10% HEKOAMPYIOLMX y4acTKOB.
Takne HyKJIeoTHIHBIE [TOCIEAOBATEIBLHOCTH HAXOAATCSA 60 BHYTPH FeHOB, JH6O B IIpO-
MEXKYyTKaX MeXAy HAMH.

XoTs HEKOAMpYIOIIKE YYACTKH reHOMa He TpaHckpubupyiorcs B pPHK u He Tpancim-
pyloTcst B 60K, T. €. (DeHOTUIMYECKH HE YKCIPECCUPYIOTCSH, OHN BBHINOJHSIOT PAX, XKH3-
HEHHO Ba’KHBIX MYHKUMHA. DTO yYyacTHe B PEIIMKALMH, HHAYKIUS U OPOBeJeHNe BHYT-
purenoMmubix nepectpoek JJHK, a Takke perynsiuust SKCIIpeccu TEHOB.

B npenpiaymeM paszeiie Mbl yXKe YIOMHHAJIH HETPaHCKPUOUpyeMble KOHTPOJIUPYIO-
1[Me reHeTHUYECKHe 3JIEMEHTHl — IPOMOTOP, ONEPATOP ¥ TEPMUHATOP.

Ha HerpaHCKpubupyeMbIx y9acTKax reHoMa, KOTOPHIE IPEHIMAIOT HelocpeACTBEHHOe
yJacTue B MeXaHHU3MaX PellJIMKAIMK XPOMOCOM M IIJIa3MHJ, MBI €llie [I0APOo6HO ocTaHo-
BUMCH B pasuxenax 16.4.1.1 n 16.4.1.2.

B nacrosiiieMm pazzienie Mbl paCCMOTDHM JBa THUIA HEKOJUPYIOUMX YYIACTKOB FeHOMA:

— MOBTOPAIOLIMECS TI0CJIEA0BATEILHOCTH;

— BHYTPEHHHNE TPaHCKpUOUpyeMble crieiicephl.

16.3.2.1. ITopTOpsAIOIIUECH TTOC/IEIOBATEILHOCTH

HOBTOpﬂIOHI,I/IECﬂ noCJIe10BaTCJIbHOCTH ABJIANOTCA Hanbosee pa.3H006pa,3prIM THUIIOM
HEKOAMPYIOUIHX [NOBTOPAIOIINXCA 3JIEMEHTOB.

B npokapHOTHBIX PErnJiHKOHaX LIMPOKO MpeACTaBJieHbl NOBTOPAIOLIHECA 3/IeMeHTH. B cooTBeTcTBHM
CO CMOCOGHOCTBIO MM HECTIOCOGHOCTBIO ONpeJeNsTh NepBuyHylo cTpyKTypy Genka/PHK oun noapasge-
JIAI0TCA Ha ABe 6oJbllive IPYNIbI — TPAHCKPUOGHpYyeMble H HeTpaHCKpUbHUpyeMble.

Tpancxpubupyemuvie saemenmu (anria. transcribed element), B 3aBHCHMOCTH OT KX HECIOCOGHOCTH
MJTH CNIOCOGHOCTH U3MEHSATD CBOIO JIOKATU3ALMIO B TIPEAEaX PEIUIMKOHA, MOXKHO MOAPA3AEINTb Ha HMMO-
6unbHBle U MOGHIIBHBIE. IMMOGHILHBIE TPAaHCKPUOUPYEMBbIE 3JIEMEHTbI MTPEACTABIeHb HU3KOKOMMITHEIMU
reHaMM, B 4aCTHOCTH T€HAMHM MHOXECTBEHHBIX 7Tn-OnepoHoB (cM. pasfen 16.3.1.2), MHOXECTBEHHbI-
mu renamu TPHK, a Takxe rhs-reHamMu, OTBETCTBEHHBIMHM 3a AYIUIHKAUMH B Xpomocome E. coli K-12.
MoGuJbHbIE 3/IEMEHTHI NPEACTaBJeHL! MHCEPUHOHHBIMH MTOC/IEA0BATEIbHOCTAMM H TPAHCIIO30HAMH (CM.
pasgen 16.3.2.1).

Hempancxpubupyemovie snemermas: (anria. noncoding element) npeacras/ieHbl JOKAJIBHO CKOHUEHTPH-
POBaHHBIMH noemopamu (aHrJ. repeat) n noemoparowumMuca nocaedosamenvrocmamu (aHra. repeated
sequence). IToBTOpbI 10 CBOEl OpHEHTAUMH OAPA3AEJAIOTCA Ha MPAMbIE M MHBEPTHPOBaHHble. [1puMepa-
MH NoBTOpoB cay>kat AT-Gorarbie nocienoBareabHOCTH H DnaA-GoKCH, COCPEIOTOYEHHBIE B XPOMOCOM-
HOM JioKyce oriC (cM. pa3nen 16.4.1.1), MHBEPTUPOBAHHBIE NIOBTOPHI B XPOMOCOMHOM JIoKyce terC (cMm.
TaM 3Ke), a Tak’Ke HTEPOHBI B IJIa3MUAHOM JIoKyce oriV (cM. pazaen 16.4.1.2). Iloropsirompumecs nocie-
J[OBATEILHOCTH MMEIOT OTHOCHTENBHO HeGONbLIYIO AnHY (nperMymecTBeHHO <200 I1.H.) ¥ pABHOMEPHO
paccpeaoToyeHsl Mexay Gosiee JIMHHBIMM OAHOKOMHMIHBIMYU T€HHBIMH IIOC/IE0BATELHOCTSMH.

[ToBTOpsITONMECH MOCIEAOBATENLHOCTH UMEIOTCA B M€HOMAaX BCEX XKHMBBIX CYIIECTB H
COCTaBJIAIOT MX 3aAMETHYIO YacThb. Hanpumep, B ramnonapoM resose yesobeka (3-10° m.u.)
oko10 3-6% npuxonaTcs Ha 3-10° Komuit nosTOpsIOIERcs HocaenoBaTenbocT! Aly, 1N-
Ha Koropo# 300 mn.H.
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BrayaJjie cunTaii, YTO MOBTOPAIOMINECA NOCJIEROBATENBHOCTH CYHIECTBYIOT TOJBKO B
XpoMocoMax 3ykapuoToB. [To3auee oHn OnUIM HaliieHK ¥ b6akTepuil 1 apxelt.

OyHKINN TIOBTOPAIOIIUXCH OCSIEI0BATEIBHOCTEN Y TPOKaPHOTOB TOYHO HE U3BECTHEI.
HescHo, kakuM 06pa30M OHM NPOU3O0ILIIN, KAKHM IIyTE€M Paclpele/UIUCh BHYTPH pelJiu-
KOHOB, a TaKXKe KaK IOoAJepKUBaeTcsd uX B3anMHas roMosorus. Tem He MeHee, GoJbloe
pasHooOpa3me U MNUPOKOe PacpocTPaHeHHe OBTOPSIOUIMXCS ITOC/IeA0BaTEIbHOCTEN KOC-
BEHHO YKa3bIBalOT HA TO, YTO OHHM BaXKHBI [JIsl CTPYKTYPhl U 9BOJIIOLUN [€HOMOB.

Taxnm 06pazoM, NOBTOPAIOIIHNECS [IOCEI0BATEIbHOCTH PHHAIJIEXKAT K KJ1acCy HEKO-
JUPYIOIIMX F€HEeTHYECKHX 3JIEMEHTOB, HMEIOT OTHOCHTEJIBHO HeOOMBbLIO) pa3Mep U pac-
TIOJIOXKEHLI B IPOMEXYTKAaX MeXIY CTPYKTYPHBIMU FeHaMH. Y Pa3HBbIX IPOKaPHOTOB OHU
pasnuyalores 1o pasmepy (KOPOTKHUE MW JUIHHHBIE), 10 CTPYKTYpe (B YaCTHOCTH, OnIBa-
0T IAJIMHIPOMHBIMH ), & TAKIKE [0 B3aUMHOI IPyNOUpoBKe (OAMHOYHEIE, TAHIEMHbIE HIIH
06'beJMHEHHBIE B KJIACTEPHl) ¥ B3AUMHON OPHEHTALMN ([IPAMbIE HJIM HHBEPTHPOBAHHBIE).
B HexoTOpRBIX ciiyyasix MOBTOPSIOIUKECH [OCJIEI0BATEIbHOCTH OAMHAKOBOIO WM HeoIu-
HAaKOBOIO THIIA 3aHMMAIOT aHAJIOIWYHOE MOJIOXKEHHE Ha XPOMOCOMaX Pa3HBIX 0ObEKTOB.

KopoTkue moBTOpAOUIMECHA NOCJEA0BATEIbHOCTA. «KOpOTKMMU» YCIOBHO HA3bLIBAIOTCA NO-
cnegoBaTenbHOCcTH AavHON <100 m.H., XOTSA B 3TOT pa3MepHbIf HHTEpBaJ MONaJal0T FeHeTHYECKHe 3Jie-
MEHTHl, 3HAUYNTEJILHO Pa3/IMYalolMecs: CBOMMHM cBoiicTBamu (Taba. 20).

REP (coxp. anza. repetitive extragenic palindrome; cunonum — palindromic unit, PU).
910 Hauboslee PACIPOCTPAHEHHBIE M JIyYll€ BCEro U3y4YEHHbIE KOPOTKHE MOBTOPAIOLIMECS MOCTeI0BATEIb-
HoctH. REP-aniemenTbl, Briepsnle obHapy>keHHbie B 1982 1. y E. coli u S. enterica ceposap Typhimurium,
NPEACTABJSIOT COOOM NATMHAPOMBI AJUHON 38 N.H., KOTOphle PAclOJIOXKEeHbl MEXAY LHUCTPOHAaMH HJIM Ha
koHuax 25% oneponoB. OHU NpPUCYTCTBYIOT B KoaudecTBe 500-1000 Komuii Ha XpOMOCOMY, UTO 3KBHBa-
JIeHTHO ~1% reHoMa, HMEIOT pa3Hy10 B3aMMHYIO OPHEHTALUIO, 06pa3yIOT TaHAeMbl ¥ COGPaHbl B KJ1aCTepPhl
pa3MepoM J10 10 konmit kaxxabiit. B Hacrosiiee Bpema REP- u REP-nono6Hbie 3/1€MeHTh! BbIABJIEHB] Y
npeacraButesielt 60JbIMHCTBA GakTepHabHEIX (bHIL, 8 TaKXKe Y psaaa apxelt (Tabu. 20). Ipeanonaraercs,
yro REP-anementn nonngynkuuosansbiel. OHH MOTYT BHICTYNATbh B POJIH TEPMHHATOPa TPAHCKPHUITLIHH
¥ MOAMULMPOBATD ee NMATTEPH, YYaCTBOBATDb B PeIIHKauuu nyrem ces3uiBannsa ¢ JJHK-rupazoit n JHK-
nonuMepasoit Pol I, cnoco6¢TBOBATL KOMMAKTH3ALMH XPOMOCOMBI 3a CYET 0Opa3’sOBaHMUA CBEPXCKPYYeH-
HBIX METJIEBbIX «IOMEHOB» (cM. I ToM yuebHMKa), a Takke obecreunBaTh XpPOMOCOMHbIE MEPECTPOHKH, B
YAaCTHOCTH MyTEM IOMOJIOTMUYECKON PeKOMOMHALMH.

Ng-rep (coxp. anza. Neisseria gonorrhoeae repeat). DTH, a TakxKe NOJOGHBIE UM 3JIEMEHTHI
AnuHo# 26 n.H., xapakTepHu aast N. gonorrhoeae, N. meningitidis u paga apyrux 6akrepuii.

DUS (coxp. anza. DNA uptake sequence). ItH 3/1eMeHTbI 06ECIIEYHBAIOT BBICOKYIO 3beKTHB-
HOCTb BHYTPMBH10BO# Tpancdopmauun Haemophilus influenzae u N. gonorrhoeae (cm. pasnenl6.6.1.3).

Chi (coxp. amea. crossover hot spot initiation). JlaHHblif HEKOAUPYIOILNH OKTaMEPHBIN dJie-
MeHT, uMetoinit cTpykTypy 5 -GCTGGTGG-3, unpoKo, ec/iu He YHHBEPCaJIbHO, PACIIPOCTPAHEH y Mpo-
kapuoToB. OH CO34aeT B PEIJIMKOHE <«IropAYMe TOYKM» M npoBouupyer recBCD-onocpexoBaHHyIo pe-
kombuHanmio (cM. pasfen 16.6.1.2). Kpome Toro, npeanonaraercs, 4To coaepxaiuuiics B 3TOM calite
tpumsier CTG cBa3sbiBaer mpadima3dy DnaG, xoropasi cunresupyer PHK-npaiiMepnr aasa ¢parmeHTos
Oxka3zakn (cMm. pasnen 16.4.1.1).

Rag (coxp. anza. resolution at G — yemparnenue dumepos 6 G-6ozamom y~wacmxe). Jtor
HEKOZMPYIOWIHA OKTamep MMeeT BapuabesnbHyo crpykTypy 5-RGNAAGGGS-3' (R ofossauaer A wian
T, N — oano u3 kaHoHH4eckux ocHoBaHui, S — C uau G). Rag-3/1eMeHThI pacrosyoXKeHb! PAOOM C JIOKY-
coM ter u ¢IAHKUPYIOT CAlT dif, MO KOTOPOMY MPOXOAMT caiicTcnenyudHUyHan PeKOMOHHALMS C UEJIbIO
YCTpaHEHHs XPOMOCOMHBIX AMMepoB (cM. pasgen 16.4.2).

STRR (coxp. anza. short tandemly repeated repetitive) u Hip1 (coxp. anaa. highly iter-
ated palindromic; om aam. iteratio — noemoperue). O6pasyoiie rerepoLMCcTh aHobaKkTepuH
conepxxat Tpu Bapuanta STRR-nocnenoBarensHocTelt pasmepom 7 m.H. B yactHocTH, B renome Calothriz
spp. yucao nx xonmit nocruraer 100. B croro ouepean, Hipl-mocsienoBaTeIbHOCTH IIMPOKO, XOTH M HE
YHHBEpPCAJILHO, NPEACTaBJeHkl Y uuaHobakTepult.

LTRR (coxp. anza. <long» tandemly repeated repetitive). Bonpeku cBoeMy Ha3BaHHIO, 3TO
OTHOCHTEJIbHO HH3KOKOMHNHASA TI0C/Ie0BaTeNbHOCTb, AnnHo# 37 n.u. [Tomumo Anabaena sp. PCC 7120,
oHa oOHApY2KeHa ellle Y HECKOJbKUX HHTYATHIX LUAaHOGaKTepHi, C reTepoLUcTaMU MK Ge3 Hux.

DR (coxp. anaa. direct repeat). B xpomocome Mycobacterium bovis mrtamm BCG comepxutcs
BbICOKOKOHCEPBATHUBHHIN JIOKYC, cOCTOAlMY u3 49 npsiIMBEIX NMOBTOpOB pasMepoM 36 I.H., pa3JefeHHbIX
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YHHKANbHBLIMH TOCJIEOBATE/ILHOCTAMY, KaXJasi JIMHOH 35-41 mH. DTOT KIACTEp CIy>XKUT <«ropsideit
TOYKON» [JIfi MHTErpalMM HHCEPUHMOHHOM mocsenoBaTensHocTu IS6110 (cM. pasgen 16.3.2.1).

MPTR (coxp. anea. major polymorphic tandem repeats). Stor KnacTep 0GHAPYKEH Y MUKO-
6axTepuit M. kansasii u M. gordonae. ITo crpykType on HanomuHaet DR-knacrep M. bovis utamm BCG
M COCTOUT M3 JileKaMepHbIX npsaMbIx noeTopos 5 -GCCGGTGTTG-3', koTopble pasaeneHbl yHHKAJIbHBIMH
crieficepamu JuiHoOM 5 11.H. Uncno kormit MPTR-nocseqoBaTensHOCTH Ha oOUH reHoM gocturaer 80.

JNMHHbIE MOBTOPAKILMECS ITOC/I€40BATEJIbHOCTU. <« IJIMHHBIMMY YC/IOBHO CYMTAIOTCA IOCJIE-
[oBaTeJbHOCTH pa3mepoM >100 n.H. [Togo6HO KOPOTKHM M0C/I€A0BATENBHOCTAM, OHH CHJIBHO paljuda-
10TcA cBonMHM cpoiictBamu (Tabi. 20).

Tabauua 20. IIpuMepbl NOBTOPSHIOLMXCS [10CAEJ0BATEIbHOCTENR
Yy HpOKapHOTOB

ITocnenosatenviocts | Pasmep, mu. | Yncao | O6bexT
Koportkue

REP 30-38 150-1000 | Muorne ©Oakrtepun; apxeum Archaeoglobus
fulgidus, Haloferaz mediterranei, H. volcanii,
Methanococcus jannashii, Pyrococcus spp.,
P. furiosus

LTRR 37 8-10 Psag HUTUYATBIX LHAHOGAKTEPHIT

DR 36 49 Muycobacterium bovis BCG

Ng-rep 26 - Neisseria gonorrhoeae

MPTR 10 80 M. kansasii, M. gordonae

DUS 9--10 2000 Haemophilus influenzae, N. gonorrhoeae

Chi 3 — BoJbIIMHCTBO NMPOKapHOTOB

Rag 8 — BoabuimHcTBo GakTepwii

Hipl 8 > 20 MHorue upaHobaxTepUn

STRR 7 100 Psan unanobakTtepnit, 06pa3yIoLInX reTepouu-
CThI

Jdnuunble

BIME > 100 500 E. coli

Mx-rep > 100 — Myzococcus zanthus

ERIC 126 — Muorne 6akrepun

DR-rep 150-192 — Deinococcus radiodurans SARK

Rep MP1 300 8-10 Mycoplasma pneumoniae

SDC1 400 8-10 M. pneumoniae

RLEP 545 28 M. leprae

PGRS 700-1300 26-30 MukobakTepun TyGEpKY/IE3HOTO KOMILIEKCA

— — OAaHHbI€ OTCYTCTBYIOT.

BIME (coxp. anza. bacterial interspersed mosaic elements). BIME-anemenTh npeacras-
na10T coboft REP-3/1eMeHTbl, MO3aWYHO CrPYNIIMPOBAHHLIE BMECTE C JPYTHMHM THIAMH MOBTOPAMOIIMXCA
nocnenosaTeapHocTell. B xpomocoMe E. coli ux nacuntbiBaercs 1o 500, IpHMEDHO 10 OAHOMY Ha KasKble
L1eCTb TEHOB.

ERIC (coxp. amnza. enterobacterial repetitive intergenic consensus; cumonusm — inter-
genic repeat unit, IRU). IlepBonayanbHo oHu Geuin onucansl B 1990 . Ha npumepe E. coli, S. enterica
cepoeap Typhimurium u gpyrux Enterobacteriaceae. 3aTeM 0Ka3aioCh, YTO OHYU LIMPOKO PACIIPOCTpaHe-
HBI Y MpeAcTaBUTeNel oMeHa Bacleria. 9To MHBEPTHPOBAHHBIE MNOBTOPH! AJHHON 126 mm.H.

Dr-rep (coxp. anza. Deinococcus radiodurans repeat). lanHasi BHICOKOKOHCEPBATHBHAA TO-
BTOPAIOUIAACH NOCIE€N0BATENBHOCT AauHOoi 150-192 m.H. xapakTepHa Jjis paJdOyCTOMYMBOrO MHUKPO-
Kokka D. radiodurans wramm SARK (cm. I Tom yuebuuka). Ha ofoux cBOMX KOHLaxX OHa COJEPXKHUT JBa
HMHBEPTUPOBAHHO NOBTOPEHHBIX y4YaCTKa.

Mz-rep (coxp. anea. Myzococcus zanthus repeat). ITOT 3NEMEHT, AAPO KOTOPOTO HMEET JJIHHY
87 m.H., xapakTepeH ajs Mukcobakrepuu M. zanthus. IHTepecto, YTO OAMH U3 €ro NOBTOPOB 3aHUMAET
Takoe xe rnoJyioxkenue, kak u REP-ssement E. coli —npaBee (downstream) rena rpoD, komupytomero
079-cy6beauHuILy PHK-nosnMepasbi.

RepMP1 (coxp. anza. repeat of Mycoplasma pneumoniae) u SDC1 (coxp. anaa. small
direct consensus). DTH HOBTODAIOLIMECH [10C/IENOBATEJLHOCTH OIMCAHBLI Ha npuMepe Mycoplasma
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pneumoniae. OHM UMEOT AJHHY, cooTBeTcTBeHHO, 300 u 400 11.H. ¥ NPHCYTCTBYIOT B KOJIHYeCTBE 8-
10 xomu#t Ha XpoMocoMy, 4To coctasinsieT 10 6% resoma. CxozHble C HIIMH, HO GoJjiee KpPYHbIE 3JIEMEHTbI
UMeloT pa3mep 1,1-2,2 T.n.H.

PGRS (coxp. anaa. polymorphic GC-rich repetitive sequence). Ilosropsitoumecs nocaeao-
BATEJILHOCTHM 3TOTO THMA, NMOCTPOEHHbLIE HAa OCHOBE MpsiMoro Tanzemuoro nobropa 5'-CGGCGGCAA-3’
1 nostomy coaepxkaiune a0 80% GC-nap, WIHMPOKO PacHpOCTPaHEHK Y MHKOGAKTEpHUl «TyGepKyJIe3HO-
ro» komnuekca (M. africanum, M. bovis, M. microti u M. tuberculosis), XoTst cTpe4aloTCa M y APYTHX
mukobaktepuii. PGRS umeror pasmep 700-1300 1n.H. u npeacraBiaens! 26—-30 Konusimu. Boicokuii mosm-
Mopdusm PGRS nossosnsier mIMpPOKO MCNOJB30BaTh PE3YJILTaThl HX CPAaBHUTEJBHOTO aHaJjM3a B MoJie-
KyasipHO#! smuaeMuoniorun. Ilo xapakTepy KOHCEHCYCHOM TNOCJIEAOBATENLHOCTH, KOIMIHOCTH M CIEKTPY
xo3siee PGRS obuapy»xusator cxoacrso ¢ MPTR.

RLEP (coxp. anea. repeat of Mycobacterium leprae). [lo 28 konmit 3TOro MmoBTOpa, COCTO-
SILIEro M3 LUEHTPAJbHOI'O KOHCEPBATMBHOIO JOMEHA Pa3MepoOM OKOJIO 545 IL.H. ¥ BapHabGenbHBLIX KOHIOB,
HaXOMATCA B Pa3HbIX yUacTKax reHoma Bo30yauressi npokadnt M. leprae. Ha BbiaBnennn RLEP B 6uon-
TAaTaX OCHOBaH OBLICTDHIA M YYBCTBUTEJILHBIA METOJ MASHTHMDHKAMH GanyI NPOKa3kl.

B nactosiee BpeMs cnenuduyeckue MOBTOPAIOIIMECS 10CJ€A0BATENILHOCTH HEBOJIb-
HIOM JJIMHBI MCTIO/IL3YIOTCSA B KAUeCTBE PaifMepOB IIPH NPOBEAECHHH OJUMEDA3HOHN Lien-
Ho# peakuun (rep-PCR). CrieKTpsi N0y 4eHHbIX aMIIM(PUKOHOB CJYXKAT OAHHM U3 KpH-
TEpHEB TAKCOHOMHH, a TaKXKe I03BOJISIIOT OLIEHWTHL pasHoobpasme <«upupoasbix» JHK
(cMm. I ToM yyebHEKa).

16.3.2.2. BuyTpennue TpaHCcKpubupyembie crneiicepbl

Kaxk y»xe orMeqasoch, B IpOKapHOTHOM 7Tn-onepone Mexxay renamu 16S pPHK u 23S
pPHK Bo MHOrux ciiydasax HaXoAuTCs enympennuli mpanckpubupyemoiti cneticep (aurm.
internal transcribed spacer, ITS).

IIpoxykToM TpancKpUuIum rru-onepoHa (cm. pasaen 16.3.1.2) ssasiercs upe-pPHK,
KoTOpas coaepXxuT nociaenobareasiocty pPHK Bcex Tpex THIOB, a TakxKe NOCJEI0Ba-
TenbHOCTH 165-23S ITS.

ITpn nepsuynom npoueccunre PHKaza 111 paspesaer npe-pPHK Ha Tpun wacTi -— npe-
16S pPHK, npe-23S pPHK u npe-5S pPHK B 6s0ke ¢ TpaHCKpHOUpyeMO# 1ocJiesoBa-
renbHOCThIO 165-23S 1TS. TIpn BTOpUYHOM MpONECCHHIe U3 HUX 0Gpa3yloTcs 3pe.ible
monekynnt 16S pPHK, 23S pPHK, 5S pPHK u tPHK (puc. 174). Baxknyio pouss B nnpo-
neccunre npe-pPHK urpaior cneficepHbie y4acTKH, PacoN0OXKeHHbIe MEX/1y NOCIeIOBa-
TenabHocTAMu pPHK.

ITyrem ananuza BropuuHo# cTpyktypsl npe-pPHK 6bl10 ycranomaeno, uro B mep-
BUYHOM TPAHCKDHUITE KOMIUIEMEHTADHbIE CAUTHI CIapHBAIOTCS APYT ¢ APYroMm, obpa3ya
JBa JBYXIENOYeYHBIX cTebiis, KOTOPhle HECYT Ha KOHIax Henpoueccupyembie 16S pPHK
u 23S pPHK (puc. 174).

ITpexxneBpemeHHass TepMuHaLUs TpaHCKpunumu B obaactu 165-23S ITS npenorspa-
maercs calTaMI-aHTUTePMHUHATOPAMH, KOTOpbIe Ha3hiBaloTcs «bokcamu» A u B. Boke A
nMmeeT 60Jlee KOHCEPBATHBHYIO HYKJIEOTHAHYIO MOCJIEI0BATEILHOCTD, YeM Goke B.

YacTo, x0T u He 00s13aTenbHO BHYTpH 165-23S ITS conepxarcs renst TPHK. 310 -
60 ren TPHKA!® (nnu TPHK '), 1m60 ren TPHKA" copmectno ¢ renom TPHK . TIpu-
cyTtcTBre BcrpoeHHbIX reoB TPHK yBesnmuusaer monekynsapusil mosumopdgusm 165-23S
ITS.

B nocneanee pecaTuiieTue nanHblie 06 HHPACTPYKTYpe TTN-ONEPOHA BCE Yallle MUCIIONb3YIOTCA NpH
KhacchgpmnKaluy npokapuoToB (K cepeguue 2003 r. B 6aHKax JaHHLIX AECNOHUPOBAHO CBBILLE 2,5-10% no-
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16S pPHK
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16S - 23S
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Puc. 17/. llepBuuHblil TpPaHCKPMNT OmepoHa pPHOOCOMHBIX
PHK.

YepHbIMH TpeyroibHUKaMH 0003HaueHn! caiiThl pa3pesa PHKa-
3o#t III.

cnenoBatesibHocTelt 165-23S ITS). Jleno B TOM, 4TO «pa3peuraouas CHIIa» TAKOro YHHBEPCAIBHOTO KPH-
Tepusd, Kak cteneHb romosiorun 16S pPHK, ocnabeBaeT npuMeHHTENBHO K (PUIOrEHETHYECKMM TAKCOHAM
HU3KOrO paHra. JBOJIIOLMA BBICOKO KOHCepBaTHBHbIX reHoB pPHK He 06A3aTesibHO OTpaXkaeT HCTUHHYIO
MEXXBHIOBYIO ANBEPreHIMIO; HATIOMHHM, YTO I'PaHHLel BHAA YCJIOBHO cuMTaeTcsa He MeHee 97% cxoicTsa
nocnenoearenbHoctet 16S p/IHK (cm. I Tom y4ebuuka).

16S-23S ITS 6onee Bapuabenbubl, uem reabl pPHK. Ho B To >xe BpeMs OHH JOCTATOYHO KOHCEpBa-
THBHBI, YTOObI CTATh HANEXKHLIM KpUTepHeM dujoreHdd. [1osToMy pa3mep M HyKJIEOTHAHAS NOCIENOBa-
TesabHOCTh 16S-23S ITS Bce mwHMpe yUUTHIBAIOTCA B CMCTeMaTHKe GakTepHit U apxeff Mpu pa3rpaHUYeHHH
BHJOB K §0jiee MeJIKUX BHYTPUBM/IOBBIX €IMHHI], B YACTHOCTH, MPHU THNHPOBAHHUU LITAMMOB.

16.4. CAMOBOCITIPON3BEAEHNE '’EHOMA

Y1o6bl yCTONYHMBO HACJENOBATHCH, T.€. COXPAHITHCA OT IMOKOJEHHA K MOKOJEHHIO,
HacJeCTBeHHAs HHGMOPMAUMs JOKHA CAMOBOCIIPOM3BOIUTLCS, MIIH KONUpOBaThes. Ua-
CTUYHOE KOIMPOBAHME IeHOMa CJIYXKUT IPEeANOChLIKON reHeTHYECKOH PeKOMOUHAIIMHN 11y-
TE€M FOPU3OHTAJILHOIO NEPEHOCa MeHOB (HE OT POAUTENHCKOM KJIETKH K MOMOJIOTHYHBIM
JIOYEPHUM KJIETKAM, a OT KJIETKH-JOHODPA K TeTePOJIOTHYHOMN KJIeTKE-DELMIHEHTY ).

CaMOBOCIIDOM3BEIeHHE T€HOMa BKJIOYAET B cebs JiBa B3aMMOCBSI3AHHBIX aClIeKTa —
MaTpHYHbIA ( «MHGOPMAIMOHHBI!» ) U KOHCTPYKTHBHBIH («ONEpaliOHHBIMA» ).

MarpuyHbIi acneKT CaMOBOCIIPON3BEIEHHs FeHOMa ODIIEN3BECTEH, U Mbl HE CTaHEeM Ha
HEM 3aJepXUBaTbCsd. KOHCTPYKTHBHBIN aCeKT 3aKJ/II0YaeTCa B TOM, YTO JJIS KOIHPOBa-
wusa JJHK ncrnonssyiorcs MonoMmepbi-HyKeo3uarpudocdaTol — aesokcu-AT®, nesokcu-
I'TO, nesokeu-IIT® u gezokcu-TTP. OHu JOIKHBI IOCTYNATh B PEIINMKAIMOHHYIO BUJI-
Ky (CM. HHXe) B cGANAHCHPOBAHHOM M KOHLEHTPHPOBAHHOM KOJHYECTBE, & HE HPOCTO
HaXOAUThCH B I HY3NOHHOM PABHOBECHM CO CBOMMM LIUTOIMJIA3MATHYECKUMH IyJIaMH.
Kaxk 3T0 nponcxoanT, HeU3BECTHO. B 9aCTHOCTH, MOXKHO MIPEIIIOI0XKHUTD, YTO B JOCTABKE
MOHOMEPOB-IIPEIIECTBEHHUKOB B PEILUINKAIMOHHYIO BUJIKY yYaCTBYET MYJIbTHIH3NMHBIHN
KOMILIEKC 3H30cKeseTa (cM. I ToM y4uebHuKa).
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Puc. 175. Brocuntes monomepos JJHK n3 «Bropcbipssi> (A) u de novo (B).

YepHble NpAMOYToJbHIKH — pub03a; Gesible NPAMOYTOJIbHMKH — Je30KCHpH603a.

1 -— THOpeOKCHHpeayKTa3a; 2 — pubonykieoruapesykrasa NrdAB; 3 — Tumugunarcunre-
Taza; P — dochopunenas rpynna; PRPP — 5-dbocdopubosun-1-nupocdocdar; TR, — Boccra-
HOBJIEHHBIN THOpetoKcHH; TR, — okucneHubl#t THopeaokent; [CHa—| —MetnibHas rpynna (B
cdopme merun-Hy-donara).

Buocuures monomepos JTHK ocymectasercs asyms criocobaMu — U3 «BTOPChipbsA» (aHruI. salvage
synthesis) u de novo.

Buocunures monomepos JHK u3 «Bropceipbsi» (puc. 175, A). B manHoM cayuwae ncroms-
3YIOTCA NPOAYKTBHI AErPAJAUUN 3HAOreHHbIX wiaM 3k3oreHHbix JJHK n PHK — azotucroie ocHoBaHus,
(me3okcH)puboHYKI€O3MABI K (1e30KCH ) prboHyKIeo3uaMonodocdaThL.

W3 «nopepr>kaHHBIX» a30THCTBIX OCHOBAHMIA W AC30KCHPHO03bI NpeIBapHTENbHO CUHTE3UDYIOTCA 1€3-
OKCHPHOGOHYKJIEO3HABI. 3aTE€M H3 HHX, & TaKiKe U3 <«II0JepXKaHHbIX» (Ie30KCH)pHBOHYK/Ie031AMOHOMOC-
daros ¢ nomoinpio ATP-33BUCHMBIX KHHA3 00Pa3yIOTCs COOTBETCTBYIOLIME J€30KCHPHOOHYKIIEO3UATDH-
docdarthl.

«[lozepxkaunble» pHUOOHYKJICO3UAbI M pHOOHYK/Ie03HAMOHODOCDATH C MOMOWIBIO CYOCTpaTChelH-
¢uunbix ATD-3aBHCHMBIX KHHA3 TpeABApMTENBHO NpeBpaulaloTcs B puboHykieo3nanudocdaTbl —
A1®, TOD, LD n YID. [Tocne 3T0ro OHH BOCCTAHABIMBAIOTCA B COOTBETCTBYIOLIHE COEAUHEHUA NE3-
okcupubo3Horo psina. JJoHopoM anekTpoHoB ansi AID-, I'/IP- u [IP-peaykTa3sl NrdAB caykuTt Boc-
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CTaHOBJIEHHKIA THOPEOKCHH (6es10K MoJieKynsipHOH Maccolt ~ 10 k/a; ero okuciaeHHas HopMa COAEPHKHT
AucynbhUAHBIE MOCTHK). B cBolo ouepenb, JOHOPOM 3JIEKTPOHOB 1Sl THOPEAOKCHMHPEAYKTa3bl CJIY>HT
HAO®H. Jesoken-AdP, nesokcu-I'AD n aesokcu-1IAP npespamatorcs B ae3okc-AT®, nezoken-I'T'P
u ge3okcu-1IT® npu nomowm Hecnerupuyeckon ATd-3aBucuMon HyKineo3naangochaTKHHASHI.

YersepThiit ae3okcupuboHykieoTHs, ae3okcu-TTd cuHTEe3WpyeTCA OTAE/NBHO, B CJeAyloell uenu
TIpeBpallleHni:

aesokeu-Y/J1@ — [aesoken-YM®P® — geszokcu-TM®] —
— ne3okcn-T® — ne3oxkcu-TTO.

He3zokcn-YM® merunupyercsa B ae3okcn-TM® ¢ nomMouibio THMAAKIATCHHTETA3b], IPHYEM JOHOPOM
MeTHJIbHON rpynnsl ciyxut N-metnia-Hgdonar (cm. 11 Tom yyeGuuka).

B KOHE4HOM cyeTe, U3 YeThIpeX THIIOB MOHOMEPOB-AE30KCHHYK1€03uATPHGOChHaTOB CHHTE3UPYETCA
monekyna JJHK.

Buocunres monomepos JHK de novo (puc.175, B). 9ToT MeTabosnuecKuil myTh HauHHa-
erca ¢ 06pa3’oBaHUsl MAPUMHAMHOBLIX M MyPUHOBBIX OCHOBAHHUIl M3 aMHHOKHCJIOT (acmapTrara, TJIMIMHA
u riytamara), ¢popmuara, CO2 u NHi. 3atem U3 a3oTuCThIX ocHoBaHu# ¥ AT®-aKTUBUPOBAHHON pH-
60361 (5-dpocdopubosni-1-nupodocdara, PRPP) obpa3syiorca yerbipe pubonykieosnamonogocdaTa —
AMO, 'MOD, IIM® u YMO®. Ilox Boageiicreuem cyberparcneundpuunbix AT ®-3aBHCHMBIX KMHA3 H3 3TUX
pubonykneosnamonodocdarTos obpasyiorca pubonykaeosuaaudocdaTn. 3areM pubOHYKI€OTHAPEAYK-
Tasa NrdAB BsoccranasauBaer pubonyxieosnaaudochaTl B coeanHeHns ae3okcnpubosHoro paga (cm.
suime). EquncreenHoe nckiiouenne cocrasiser Ae3okcu-T®, npealecTBEHHUKOM KOTOPOTO CJIY>KHT
Ae30kcu-YID (cM. Bblue).

- HakoHen, kak ¥ npu 6MOCHHTE3€E U3 «BTOPCHIPbS», HECNElM(HUECKas KHHA32 MMPEBPALLAET BCEe Y€Thl-
pe Ae3okcunykieosnaaudocgaTa B COOTBETCTBYIOLIME JE30KCHHYKIe03uaATpHdOoCchaThl, 1 H3 HUX CHH-
Te3upyercss Monekyna JIHK.

16.4.1. Pensmkanus

B ocHOBe caMOBOCNpPOM3BEJEHHS FeHOMa JIEXKHT MATPHUYHBIN [POLECC — PEIIHKAIAS
aByxcnupanbaoit JHK.

Penauxayueti B uMpoKoM cMbicie cioBa (aHrn. replication; ot sar. replicatio — Bo3-
OGHOBJIEHNE) HA3bIBAETCS BOCIPOM3BEAEHHUE JIOOBIX CYGKIETOYHBIX CTPYKTYp, 6e3 uero
HEBO3MOXXHBI KJIETOYHBIN POCT M JAEJICHME.

B nepByio ouepenp Hac MHTEpeCyeT peIIMKAUMA XPOMOCOMBI. SICHO, 4TO pensuka-
wusa JITHK xax noauryrieomuonoti Moiexyss: 1 PEIUVIMKAIIAA XPOMOCOMbI KGK 0P2GHEMbL
(cM. I ToM y4eGHHKA), B CTPYKTYpPHO-DYHKIHOHATIBHON OPraHM3allil KOTOPO# yJacTBY-
ot JJHK-cBsa3biBatonive 6esiku, 1 KOTOpasd B3aUMOAEHCTBYET C KJIETOYHOM 060JI0UKOM, He
OJIHO M TO K€, XOTs B JIMTEPaType 3TH NOHATHS OObIYHO CTPOrO HE Pa3rpaHUYHBAIOTCH.

16.4.1.1. Pennukauusi XpoMOCOM

Pennmnkanus xpomocomuoit JTHK nponcxognt ¢ noMompio MyabTH(EPMEHTHOTO KOM-
IIJIeKCa, OPraHu30BaHHOIO B (popMe BpEMEHHO CYILIECTBYIOLIEH OpraHe bl — PeTIHCOMbI
(cM. HuXKeE).

Penummkanust BkiouaeT B cebst TPH OCHOBHBIE 3Talla: uKUyUayulo (Ha4alo), 340H2a-
yuro (IPOJOJIKEHNE) U mepmunayuio (3aBepiuenne).

PepMeHTATUBHBIN NPOIECC PEITMKALIAK OCYIIECTBJIAETCS 10JYKOHCEPBATHBHBIM CIIO-
coboMm — gBottHasa cumpans JJHK pacnneraercs Ha ofHHOYHBIC LENH, 8 3aTeM Ha KadKIoH
U3 HHX U3 YeTHIPEX THIOB Ne30KCHPUOOHYKIICOTHIAOB ¢ nomompio JHK-mosmMepassi,
HIH PEnAuKa3b. COOMPAeTCst HOBas Liellb. 3aJIOrOM NPaBUJBHOTO KOMHUPOBAHUA XPOMO-
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COMBI CJIy>KHT KOMIJIEMEHTAPHOCTb A30THCTHIX OCHOBaHMH, T.e€. ONpeJeseHHbllt THIl UX
p3aumuoro cnapuBanuns: G=C; A=T.

Ipu ob6pasosannn PHK-nmpafimepos (uauupupyiommx cunre3 ¢pparmentos Okasa-
KA [ 00pa30BaHUs OTCTAIOUWIEH [ENH; CM. HUXKE) BPEMEHHO HCIOJb3YIOTCA HeThIpe
tuna puboHyKJIeoTHI0B. X mosumepnsauus ocyiecreisiercs ¢ nmomomsio JJHK-3aBu-
camoit PHK-nonnMepase!l, win npa#iMassl. B nanHoM ciydae cobaiomaercss paciiupeH-
Hoe npaBusio KomiteMeHtapaoctu: G=C; T(crapas nenb)=A(HoBas uenn) u A(crapas
uenb)=U(HoBas uenb).

Takum o6pa3oM, cybeTpaTaMu P PEILTUKALMU CJIYXKaAT BOCEMb THIIOB JE30KCH(pH-
6o)nykneosuarpudocdaTos — nesoken(pu6o)-AT®, nezokcu(puoo)-I'TO, nesoxcu(pu-
60)-TT®, puGo-YT® u aesoxcn(pu6o)-LITD. Kpome Toro, pacxoayercst SHeprusi, OCBO-
6oxxJaroascs Mpyu T’UAPOJIN3e uX cybrepmuHaabHol dhocdosnadupHoii ces3u (puc. 176).

v OTAEJIbHBIX npe,u(:’ra,nn're.neﬁ MHMpa TNPOKAPHOTOB CKOPOCTh IOJIMMEPH3alHH HYKJIeCOTHAOB Cylie-

CTBeHHO pa3nuuaeTca. B uacTHocTH, 4aa 6aktepun Mycoplasma capricolum owna coctapasier 100 n.-c™1,

nns apxeota Pyrobaculum abyssii — 300 u..c™1, a gna 6akrepuu E. coli —1 Thic n..c™ L.

Pacninerenssi#t yyacToK, B KOTOPOM Ha KOHKPETHBI MOMEHT IPOHCXOIHMT DeIlIMKa-
tuBHbl# cunres JJTHK, Ha3biBaercsa penaukxayuonnol euaxoti (anru. replication fork).

[To Mepe ToOro, Kak BWJIKA NPOABHIAETCs BIEDEN, MAET COMPSKEHHOE KOIIHPOBAHHC
komrutemenTapueix nernet JJTHK. A Tak kak OoHM aHTHmapaJsuiesbHbI, MOXXHO ObLIO Obl
OXXHJAATh, ITO OJHA LENb HENPEPHIBHO HAPALMBAETCA B Hanpasjenuu 5’ —3', a apyras —
B HanpaBieaud 3’ —5'. OHAKO Ha CAMOM Jiefle MEXaHH3M DeIl/IHKALH CIIOXHEe.

Mpupoxusie JAHK-nonumepassr Moryt cuntesupoBarh uenb JHK Tosbko B Hampas-
nernn 5 —3’, npudem nubo yxke HMEIOLIYIOCA LieMb, J1U60 OT 3aTpaBKU-IIpaiiMepa, PoJib
KOTOpOU BbIOJHsAET KopoTkas nemouka PHK. B oboumx cayuasx k cBoboauoit 3'-OH
rpynne (4e30KcH )puboHYKIe0TH A IpUcoeantsieres 5'-docdaTHas rpymma cieLyoumero
HykJeoTula. B KadecTBe MOGOYHOIO MPOAYKTA 3TOM peakiyu obpa3yeTcs Heopramude-
ckuit nupodocdar (puc. 176).

B nmpupozne ver takux JIHK-nmosumepa3s, KoTopbie JelcTBOBaIA Obl B HAIDABJIEHUH
3’ =5, oCKOJIbKY Ha 5'-KOHIle HeCBA3aHHOrO HYyKJIEOTHIa HaxoauTcs He ceobonuas OH-
rpynmna, a Tpudochar PPP.

He 6biBaeT u Takux JHK-noaumepas (B otmnune or PHK-nonnmepa3), kotopste cuu-
Te3UPOBaJIM Obl MONMHYKJIEOTHIHYIO Liellb de novo, HaYMHAA C OQHOTO HYKJIE€OTHIA.

B peanbrocTu ogua uens JIHK, kotopas HazbiBaeTca eedyweti (aurit. leading strand),
KONUDYeTCs HEeNPEPhIBHO B HanmpasJjennu 5 —3'. [Ipyras nenb, KOTOpas Ha3bIBA€TCA OM-
cmarowet (anri. lagging strand), Konupyercs AUCKPETHO — MyTeM COOPKH B3 OTAEIbHbIX
NONMMHYKIeOTHAHBIX 6s10k0B. OHH HasbiBawoTes dpaemenmamy Oxaszaxy (anrn. Okazaki
fragment) B yecTb saimoHcKoro reHernka Peiinzn Oxasaku (R. Okazaki), KOTOpBIH OTKPBILI
ux B HayaJje 1980-x romos.

Bnarogapst ncnosb30BaHMIO TAKOI'O BO3BPATHO-NIOCTYIATENBHOIO MEXAHU3MA BEI0OMAsT
uens JJHK cuntesupyercs B 3anpeinensom Hanpasaenun (3 —5') — B KoHEeYHOM HTOTE,
B TY ke CTODOHY, YTO M BeAYILAs LEMb.

Wrak, penyMKalUoHHas BWIKA aCUMMETPHYHA. 1A HHALMAUMH PElIMKAlUK BeLy-
mefl uenu mpaiiMasa ogHokpartHOo cuHTesupyer PHK-mpaiimep, a 3aTem HapaluuBaHue
nuer yxe 6e3 mpaliMepos, HenpepbiBHO. OQTcTaromias Uens coOOMPAeTCs U3 OTAEJIbHBIX
¢dparmentoB Oxazaku. Jns mHUIMANMN UX CHHTE3a KaxkAbll pa3 TpebGyercs mnpaiiMep,
npeacrasasomuit cobot Koporkyio mosekyny PHK, nim «Munu-rpasckpunt» (cM. HE-
xe).
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HarpaBJIcHHe
HaparuBaHHs
TIOTMHYKJICOTHAHOK
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Puc. 176. Yanunenue nommuyKaeoTuaHoi nenu ¢ nomowplo JHK-no-

JINMepa3bl.
A — agennn; T — tumun; G — ryaHuH.

OcCHOBHBIE 3Tanbl peIIMKAIMN XPOMOCOMBI. Pernykanus KoJableBo# 6akTepn-
aJIbHOM XPOMOCOMBI COCTOUT M3 IISITH MOC/I€I0BATEbHBIX 3TAIOB:

— WHUNMALNHA PEIVIMKAIMK B yHUKAJILHOM XPOMOCOMHOM JIOKYCE — OPUONCUHE DEnAl-
xayuu oriC (cokp. aHri. origin — Hauyaso u C — chromosome), uiu penauxamope (aHri.
replicator);

— 00pa30BaHMs JBYyX IPOTHBOIIOIOXKHO HATIPAB/AEHHBIX PEIIJIMKAIIMOHHBIX BUJIOK;

— CHHTE3a CECTPHUHCKHMX KOMHH XPOMOCOMBI IyTeM HapauBaHus HoBbIx ueneit JJHK
OT OPHKNHA peruiHKanuy oriC 10 IpYroro YHUKaJbLHOIO XPOMOCOMHOTO JIOKYCa — mep-
Munyca perymkannn terC (cokp. auri. termination —3aBepumenue u C — chromosome);

— pa3MbIKaHMsl CIVIETEHHBIX KOJIel| CECTPUHCKHX XPOMOCOM, WK dexamenayuy (aHrl.
decatenation; oT JiaT. catena — uemns);

— cerperalym CeCTPMHCKUX XPOMOCOM IO 00e CTOPOHBLI OT KJIETOYHOIO KBATOpPa ¢
OMOIIbIO GaKTEPHAIBLHOIO «MATOTHYECKOTO» aIlllapaTa.

OpuxuH pemukanuu xpomocomsl oriC. Pennukalina 6aKTepuasibHON XpOMO-
COMBI CTApTyeT OT OpUKUHA perukauuy oriC. PernnkanuoHHbie BUJIKH [I€PEMElaioT-
cs1 B ABYX B3aNMHO NPOTHBOMOJIOXKHbBIX HanpasneHusx (puc. 177). [Ipu stom obpasylorcst
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JiBe CUMMCTPHYHbBIE penauzopy. (aHri. replichore; ot aat. replicatio — Bo3o6HOBNEHHE H
rpey. choris — oTenbHO), KOTOPBIE COOTBETCTBYIOT ABYM BOCCO3AaBAEMBIM CECTPHUHCKHUM
Monekyiaam JHK. B ycrmoBHo-rpacdmyeckoM 0TOOparkeHHH PENUIMIPYIOILAsACH XPOMO-
coMa moXoxKa Ha rpedeckyio Oyksy Tera (0). ITosromy maHHBINN MeXaHH3M DeIUTHKALUN
Ha3bIBAeTCs «TeTa-MexaHn3MoM». Ero apyroe HassaHme — «MexaHu3Mm KopHca», B 4ecThb
anrmitckoro mMuxpobuosora Jxona Ksprca (J. Cairns), KoTopbiii ¢ noMoIIpio MeTona
paanoasTorpacduu ¢ BKmodenneM H3-tumuauna nosyuna B 1963 r. nepsoe nzobpaxenue
XpoMocoMb! E. coli B COCTOSIHUM PeNIMKAIMH.

OTCTalomas ek oriC Be/TyIlIas LeMb

neBas BIJIKA npasas BHIIKa

Beaymasa uenb OTCTAarmntas uenb

neBas peIuiMxopa terC TpaBas peIuInxopa
Puc. 177. Tera-Mexanu3M pennvkauuu 6aKTepHaJbHONl XPOMOCOMBI.
Cmutowsbie nuHun — crapble HUTH JHK; nynkTups — Hosble vutu JIHK; rpebenxkn —
PHK-npafimeps!; Gejible CTPENIKH — HanpaBjieHHe HapalMBaHUA TOJMHYKJICOTHIHON Iie-
nu Ha peaymet Hutn J{HK: uepHble cTpesiku — Hanpanjienye HAPAIMBAHUA TOJTHHYKJIE0-
TUAHOH nenu Ha Begomoit Hutu JJHK.
oriC — IOKYC MHMLUMAUMH PeruiMKauun (opumxuH); terC -— TOKYC TEPMHHALMH pe-
TUTMKAUMM (TEPMHHYC).

B npyrom yHuKanbHOM JIoKyce terC, Pacloo;KEHHOM CTPOro HANpPOTHB OPHIUKHIHA
oriC, peruikaiust 3akanuuBaerca (puc. 177).

OpHIKHH ABJISI€TCH HE3AMEHUMbBIM KOMIIOHEHTOM XPOMOCOMBI, M B CJIy4ae ero Jelie-
M 6aKTepus TepsieT CIOCOGHOCTH K PA3MHOMXKEHHIO.

Knetka MOXeT conepaTh OfMH MJIM HECKOJIBKO OPHIPKHHOB PEIIHKAUNM, YTO OMpe-
ZJensieTcsi 0COGEHHOCTBIO KJIETOYHOIO IIMKJIa Y NPOKapuoToB (cM. pasaen 17.1).

Jlnst MeANEeHHO Pa3MHOXKAIOLUXCA GaKTepHii HHTEPBAJI MeXKAYy ABYM:A 110CACA0BATENEHBIMY JleJIeHH-
AMM, UM GpemA 2enepayuu (aHri1. generation time) cocraBnser >120 munH. B gaHHOM caywae mpepe-
naMKaTHBHAsA ¢a3a, dpasa penymkaunu xpoMocom(bl) U dasa pacxoXKAEHUs JOYEPHHX XPOMOCOM BMeCTe
¢ $a30if KJIETOYHOr0 JeJieHUsl pa3felieHbl BO BPEMEHHU.

¥ Tex 6akTepuil, KOTOpPbIE PA3MHOYKAIOTCH CO CPEAHEN MIIH Jarke BLICOKOR CKOPOCTBIO, BpeMs reHepa-
LHHA COKpawaerca 40 15-40 MUH. DTO POBHO CTOJIBKO HJIM B HECKOJILKO pa3 MeHblle, yeM TpebyeTcs s
pennKaluy xpomocomnl. Hanpumep, MUHMManbHOe BpeMst reHepauuu E. coli pasHo 15 MuH, B TO Bpems
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KaK MpH CKOPOCTH MosMMepH3anyuu 1 Teic H.-¢c~! Ha komupopanue reHoma sto#t Gakrepuu (4,7 MIH.MLH.:
103 n..c™! = 78 MHMH) C MOMOUIBIO ABYX PEMIMKALMOHHBIX BUJIOK YXOAHUT ~39 Mun (78 mum:2).

ITockosibKY B XOA€ Pa3MHOXEHHA OAaKTepus JO/IKHa NepejaTh OYEPHHUM KJETKaM He MeHee OIHO-
r0 F€HOMHOIO KBMBAJIEHTA, MPOLIECC KONMPOBaHUs 3aberaer Brepel: MEPeKpBIBAIOTCHA ABa MM Gosblue
PayHJOB DEIUJIMKAIIMH OAHOIO M TOTO >K€ F€HOMa, T.€. 3TH PayH/bl HHULMHPYIOTCA PaHblIe, YeM CeCT-
PHHCKHME XPOMMOCOMBI DACNpEAeNATCs MeXAY JOYEPHHMH KJeTKaMH. B JaHHOM cilydae Ha XpoMocoMme
06pa3yl0TCA MHOXECTBEHHbIE PeILIMKAUMOHHRE BHIKK (pHC. 178). Takas penyiMKallisA Ha3hIBAETCA MHO-
zo06unxoeoti (aurn. multifork replication). Hexkoropble 6aktepuu, HanpuMep Caulobacter crescentus, k
TaKOMY THIY PeIUIHKALNU He CIIOCOGHBI.

/8 38 58 78
ot

|
I
________ I
_____________ Jd |
{
|
|
|
I
|
|
___________________ ]
________________________ d
Puc. 178. MBoropunkopas peniuxkauusi y ObICTPO Aensuinxcst 6aKTepHalIbHBIX KJle-

TOK.

Besble KPY>KH — OPHAKHMHEI; YEPHBIH KPY’KOK — TEPMHHYC; CIUIOLIHbIE CTPEJIKH — Halpas-
JIEHHE TIePEMEILEHNA PEMJIMKALIMOHHBIX BHJIOK; MyHKTHPbI — Pa3sMeLieHHe OPHIXKUHOB COOTBET-
crBeHHO Ha 1/8, 3/8, 5/8 u 7/8 npoaonbHON ocH, a TEPMHHYCa Ha YKBATOPE KJIETKH.

PacxoxxaeHne XpoMOCOM M KJIETOYHOE JAeJieHHE MPOUCXOAAT Ha ¢bOHe penuKauud, 6jaarosapsa yemy
XPOMOCOMEI IOBEHHJIBHEIX [OYEPHUX KJIETOK yX€ PelJIMUMpoBanbl NpumepHo Ha 50%. [lepen mesnenuem
MAaTEPUMHCKas KJIETKA COAEPXKHUT OAWH 3KBAaTOPHAJIbBHBIA TEPMHUHYC M M6O0 ABa OPUIKHMHA, PACHOJIOXKEH-
Hble Ha 1/4 ¥ 3/4 [IMHBI NPOJONBHON OCH KJIETKH, nubo ueTbipe opuipkuna —Ha 1/8, 3/8, 5/8 u 7/8
IJTMHBL IPOXOJbHONA ocu (puc. 178).

CyuiecTBOBaHHE MHOTOBUJIKOBOH DEIUIMKALHMH He NIPOTHBODPEYHT IMOJIOMXKEHHIO O TOM, YTO peILTMKa-
LA XPOMOCOMb] MHHIIMHPYETCS TOJBLKO pa3 Ha NPOTSKEHHH KJIETOYHOro mukJa (cM. paszen 16.4.1.1).
ITonsTHa pa3sHUUA MeXAy CHTyauMel, KOrja peruiMKauus HHHLMUPYETCSL «OT HyJsl», U CHTyauuell, Koraa
rocJie O4epeqHOro AEJIEHUsI AOYEpHss KJIeTKa IOJIyYaeT FOTOBbIE BHUJTKH.

Jlokyc oriC mMeer MUHMMaJbHBIN pa3mep 245 m.H. u conepxut 56 mon. % GC, npu-
yeM GC- n AT-nmapnl HYKJIECOTHIOB paclpeiesieHbl HEPABHOMEDHO MO €ro JjuHe (CM.
HIUKe).

CornacHo pesyabratam cexBennposanusi JJHK, nmosiydyeHHbIM JJIST HECKOJIBKHMX JECAT-
KOB BUJOB GakTepuii, JIokyc oriC uMeeT KOHCEPBATHBHYIO CTPYKTYpY (pHc. 179).

B sTolt Hekogupyomiet 061aCTH XPOMOCOMBI HAXOATCS:

— OT AEBSATH J0 4YeThbpHaAuaTH npamMeix noBropoB GATC (B ciydae B. subtilis onn
OTCYTCTBYIOT);
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—tpu 13-mepHbix (E. coli) nnn tpu 16-mepHbix (B. subtilis) npsmbix noeTopa, 060-
rameHHbix AT-napamu;

— 4YeThipe WK O9Th 9-MepPHBIX NHBEPTHPOBAHHBIX IOBTOPOB, WK «DnaA-6okcoB» co
crpykrypo#t 5'-TTATCCACA-3’ u, coorsercrenno, 5-TGTGGATAA-3’.

Ha6op renos, ¢daankupyowunx opuixkul oriC (B 4acTHOCTH, 3TO reHbl ™pA, rpmH,
dnad, dnaN, recF n gyrB), n ux B3aMMHOE PACIOJIOKEHNE TaK)Ke KOHCEPBATHBHBI.

Mnorga BcTpeyalores OpHIKMHBEI C YHHKaJIbHON cTpykTypo#t. Hanpumep, y noukyroweitcsa crebenb-
koot Gakrepuu Caulobacter crescentus B cocraB jsokyca oriC BXoaAT caliThl A5 CBA3LIBaHHA Gesika
CtrA, HEraTMBHO KOHTPOJIMDYIOLIETO PEIUIHKAUMIO B XOJ€ AMMOPHOro KJIETOUHOro LMKJA (CM. pa3aesn
17.1). Kpome Toro, HyKJIeOTHAHAs MOCIEA0BATEIBHOCTD JoKyca oriC 3Toil GaKTepHUH NepeKpLIBAETCA C
TNI0CTIEA0OBATENBHOCTBIO TeHa hemE, KOTOPRI KoaupyeT yponopdupHHOreH-aeKapbokcuIasy u aaHku-
POBaH JBYMsl HEKOHCEDBATHBHBIMH I€HHLIMH KJIaCTEpaMH.

Jlokyc oriC siBisiercst He TOJBKO CTAPTOBOI TOYKON periMKamun GaKkTepHaJIbHOM
xpomocombl. OH TaKKe CIIY>KHUT. MULIEHBIO peryisiuun permikanun. Ocobble MeXaHU3MBI
CTEAAT 32 TeM, 4TOObl PENVINKAlMA He HHULMUPOBAJIACh Ha NPOTSXKEHNH 3HAYHTEIBHON
YaCTH KJIETOYHOrO LMKJIA, KOTOpas Ha3bIBaeTcs axaunc-nepuodom (0T rped. eclipsis —
HCYe3HOBEHUE; 8 JAHHOM CAYNAE — OTCYTCTBHE PEILINKALMN).

B ciyuae E. coli perynsiuus penyiMkaunu CBA3aHa C JeHCTBHEM METHJIa3bl (TOYHEE — METHJITPaHC-
¢epasbt) Dam (cokp. anrn. DNA adenine methylase; 32 xa; ren dam). 3toT ¢epMmenT crneuudpudecku
METHAMPYET OCTaTKH aJeHuHa B calitax 5 -GATC-3’ (cMm. Takxe pasgen 16.5.2). Takux caitros B JHK E.
coli nmeetcs ~19 thic. Cogeprkanue Dam 3aBHCUT OT CKOPOCTH pOCTa M onpegessercs: 3pEPeKTHBHOCTBIO
TpPaHCKpHUNuuK ¢ npomoropa P2 rena dam.

Iockonbky JHK pennuuupyercss nojsyKOHCEPBATHBHBIM CIIOCOOOM, 3a PEMUIMKAMOHHON BHJIKOK
00pa3yloTcs Ba «NOJyMeTHJIHpoBaHHbix» aynnekca [JHK. BoJbIUMHCTBO HEMETHIMPOBAHHBIX CaltTOB
GATC 6bICTPO peMETHIIMPYETCsi € MOMOLIbIO MeTHa3bl Dam. UckiioyeHneM sIBISeTCA OPUIDKHH DENJIH-
Kanuyu oriC, ¢ KOTOPbIM CBA3bIBaeTca Geslok SeqA (21 x/Ia; COKp. aHrJI. sequester — U30JHUPOBaTh).

Benok SeqA xonkypupyer ¢ metuna3ofi Dam. OH B3auMonefCcTByeT ¢ KaacTepaMu M3 ABYX U GoJee
caittoB GATC, uTo npensaTcTByeT MX MeTHAMpoBaHnio. KpoMe Toro, o 6s1okupyer cuHTte3 Geska DnaA,
CBA3BIBAACH C NMOJyMETHIIHPOBaHHBEIMHU CalfTaMH B npoMoTope rena dnaA.

IMockonbky nokyc oriC comepxuT Kaacrep u3 13 cafitoB GATC, on cuibHee APYTrUX y4acCTKOB Xpo-
MOCOMBI H30JTMPYeTCcH ¥ OT MeTHiasnl Dam u oT mnuumaTopHoro 6esika DnaA.

Besiok SeqA He TOJIBKO CBASHIBAETCHA C INOJYMETWJIHPOBAHHLIM JioKycoM oriC, HO M Mrpaer poJb
AKOpsl, MPHKPETUIAIOLIErO 3TOT JIOKYC K Y4aCTKy KJIETOYHOI 0GosioukH. B pe3ynbTaTe KOHTAKT MeXIy
oriC ¥ pemncoMoll 6IOKHPYETCsl, YTO NPENATCTBYET NPEXKAEBPEMEHHON DEHHHLMALMH PEILTUKALUH.

HTak, B nosyMeTHIMPOBAHHOM MeMOPAHOCBA3aHEOM BHIE JIOKYC oriC He CrocobeH y4acTBOBaTb
B persiMkauun. B cBoio ouepenp, Ul DEMHHIMALMH DPEIUIMKAUUHM OH JOJDKEH MepedAiTH B NOJHOCThIO
METHIHPOBAaHHYI0 (bOPMY U NOTEPATH CBA3b C KJIETOYHOM 06os10ukoit. TakuM o6pa3oM, obosouka E. coli
OCYINECTBJIAET HEraTHBHbIA, a He NMO3HTHUBHHIA KOHTPOJIb HaJ perInKauHel.

Nnaa xapruna nabaionaerca B cay4ae B. subtilis. Bo-nepsbix, y aro# Gakrepuu jokyc oriC He
conep>xHT GATC-caltToB A1 MeTHaMpoBaHus. Bo-BTODHIX, y Hee HeT «sAKOpHoro» Genka SeqA. BmecTo
Hero JUist IPUKperieHns Jokyca oriC K KJeTouHol 06onouke ucnonbsyercst 6e10k DnaB (e myTtaTs
oasorMenHo# remmkasolt DnaB, umetowefics y E. coli; cM. Huxe).

WNuannuaropusiit 6enok DnaA. 3rtor JHK-cesa3biBalomui 6esok (52 k/fa) Beimos-
HfeT KJIIOYEBYIO POJIb B MHUIMAUMM peryiukauun. Ero comepxaHue B KJEeTKe JOBOJBHO
sesko (103 xomuit y 6bicTpo pactymett E. coli). Tomonorn rena dnaA kuuevHol najo4-
KH MMEIOTCH BO BCEX CEKBEHMPOBAHHBIX GAKTEPHAJbLHBIX M€HOMAaX, YTO CBUIETEIHCTBYET
00 3BOJIIOLIMOHHON KOHCEPBATUBHOCTH H YHHBEPCAJBHOCTH MEXAHM3Ma PelINKAIUH.

MHumpaTophl peruMKaumMM, WM opuddicun-ceadmearowsue beaxu (arn. origin binding protein,
OBP) — 310 MOHOMeEph! MM MYJLTUCY6beagUHHYHBbIE KOMILIeKChl. OHU NPHHAILIEXKAT K CynepceMelcTBy
AAA-AT®a3 (cokp. anr1. ATPases associated with various cell activities; cm. pasgen 16.6.1.3).
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OBP 065131a10T CPOACTBOM K CIielUPHYECKHM HYKJIEOTHAHBIM OCJIEI0BATEILHOCTAM, PACIIOJIOKEH-
HLIM B JIOKYCE 0Ti, H KOOMEPATUBHO COEHHSIIOTCA C HUMH, 06pa3ysl OJIuroMephl.

HNnnumnatopubie Gesiku BbITOMHAIOT aABe PYHKUMH. BHauyasne oHu pacnueraior HeGONBIHON y4acTOK
apyxcnupanbHoii JHK Ha onpmHouHble Lienmu ¢ o6pa3oBaHueM «ryia3ka» (aHri. eyelet), WaM «ny3bipsi»
(anra. bubble). 3atem oHn HanpassOT TyAa Apyrue HGEPMEHTHI PENIMKAILMH, & UMEHHO!

— zeauxadv, 00ECIeYUBAIONIME TPOJIBUMKEHHE PENJIMKAIMOHHON BUJIKH;

— npatima3wv, KoTopble cHHTe3upyoT PHK-npaiiMepsl, urpamwine poab 3aTpaBKH IIPH CHHTE3E JO-
yepHux uenei JJHK;

— JAHK-noaumepaswt.

Yrob6er OBP eeinosnsm Bce 3TH MYHKUMH, X HEODXOAMMO aKTHBHPOBATH 3a cueT 3Hepruu AT®.

ITomumo caitToB ans cBs3biBanust OBP, JIoKyc ori COLEpXHUT JIErKO pacilIETAIOLHECH MPsAMbIE T10-
BTOpBI, Goratbie AT-napamu.

Benok DnaA aktusupyercs B pesysbrare cBssbiBaHua ¢ AT®, a Takxke npu B3am-
MOIeHCTBUM ¢ KMCIbIMA (pocdonunuaamu, Bxogamumu B coctaB CM. [Ipu ruaponnse
cBa3aHHoOro AT® (uro crumysmmpyercs perynsitopabiM 6esnkom Hda) Gesiok DnaA u3me-
HAET CBOIO KOH(MOPMAIMIO U TEPSIET CIOCOOHOCTD BHI3BIBATH HOBBIM DayHA DeIlJTHKALNH.

Besnok DnaA npukpensisiercs K Jiokycy oriC caircrenududno, B HeCKOJIbKUX DnaA-
6okcax (puc.179). ITO CayKUT TPUITEPOM [JIA KACKAJA CTPYKTYPHBIX NpeBpalueHutt
modiekyJibl JITHK, KoTophle 1103BOMISI0T NPUCTYONTD K PEIIUKALUH.

B 6ouabimHCcTBE ciydaes red dneA HenocpenctBeHHo ¢uaHkupyer jokyc oriC (3a
HCKJIIOYEHNEM 3HTepobakTepuii, B dyacTHOCTU FE. coli, rie oHM pa3neseHbl MoCjenoBa-
TENBHOCTbIO JUTHHOHK 42 T. 0.H.).

Kak y»ke yKa3bIBaJIOCh, JIOKYC 07iC MMeeT KOHCEPBATHBHYIO CTPYKTYPY H BKJIIOYAET B
cebs yernipe (B cayyae E. coli -— nsith) gessirunepHbix DnaA-6okcos. OHu 0603Ha9a0TCS
kKak R1-R4. K uum B ouepennocru Ry —R; —Rg —R3 upucoenunsores Mosekysisl Hesika
DnaA.

Besnok DnaA B mpouecce pergkanyi BhINOJIHAECT TPH (PyHKIMH:

— pacno3HaeT DnaA-60kcht B Iokyce oriC' 1 KOOIEPATHUBHO BCTYIIAET ¢ HUMH B IIPOY-
HYIO CBf3b;

— pacmteraer apoitnyio cnupatibs JJHK na omunounble Hutn B AT-GoraTom KoHue
Jokyca oriC, mpumbiKawouieM K DnaA-6okcam;

— HanpasJisieT B pactuierensbiit yyactok JJHK (rmasok) renukasy DnaB.

ITpu penmkauuu B Jokyce oriC noovepeqHo o6pasyloTcs Tpu Komruiekca (puc. 179).

Bo-nepBbix, 3T0 unuyuamopnoili xomnaexc (aHra. initial complex) (puc. 179, I). Tak Ha3bIBaeTcs
4gacTb Jiokyca oriC, comepxawas DnaA-6okcel. B sToM MecTe HeraTHBHO cynepcnupasoBannas JHK
JesiaeT JIOKaJbHbIA M3rub c obpa3oBaHMeM ry10DysbI, AP0 KoTopol cocront u3 20-40 mosnekyn Genxa
DnaA B AT®-cBsasanHoll ¢dopme. B o6pa3oBaHUM HMHMLHATOPHOrO KOMILIEKCa, MOMUMO Gesika DnaA,
y4acTByIOT ructoHononobusit Gesoxk HU (cM. [ Tom yueGHuka), a takyke katHoHHble Geaxku IHF (cokp.
aHru. integration host factor) u Fis (cokp. anrn. factor for inversion stimulation), usrubatouine monexyny
JIHK.

Bo-BTOpBIX, 3TO omxpumut xomnaexc (adri. open complex) (puc. 179, IT). On ofpasyercs B yyact-
ke oriC pa3mepoM 45 M.H., KOTOPbIH «IJIABUTCH», HJIM PACNJIETAETCsl Ha OJMHOYHBIE LN IyTeM paspbl-
Ba BOZOPOAHBIX cBa3ei. lannoe cTtpykryproe usmenenue JJHK npoucxoaur nmoromy, uro 6enok DnaA
MOOYEPEAHO BCTYNAET BO B3aMMOIEHCTBHE C TpeMsi «jerkoraskumu» AT-GoratbiMu 13-MepHbIMH nO-
Bropamu (Kak m3BectHo, GC-napa cTabHIN3NPOBaHa TpeMs BOJOPOIHBIMH CBs3simH, a AT-rapa ToJIbKO
ABYM#), PacroJIOXKeHHbIMH Ha JIeBOM KoHuUe Jokyca oriC. [lepexos; 0T MHMIMATOPHOIO KOMILJIEKCA K OT-
KPBbITOMY KOMIJIEKCY OCYIUECTBJISAETCS 3a CYET MCNOJb30BaHus 3Hepruu ATO.

B-TpeTbux, 310 npenpatimepnuili Komnaexc (anria. prepriming complex) (puc. 179, III). On obpa-
3yercs MOCJie TOro, KaK B OTKPBIThIH KOMILIEKC BHeapsercs zeauxa3a DnaB (anrs. helicase; ot rpeu.
elix — BuTo#t), pacnierarouiasn Asoiinyio cnupans JJHK. Céopky rexcamepos 6enka DnaB soxpyr oa-
Houenoveunbix yuyactkoB JIHK ocyuectBasier Bcriomoratensunit 6enok — AT®asa DnaC. Beimonnus
CBOIO 3aJ1a4y, OH MOKHJaeT KoMIieKc. B nanbneiiem ase monekysibl renukassl DnaB pacnieraror ,f[HK
BO B3aMMHO MPOTHBOIMOJOMHBIX HAIPABIEHHUSX CO CKOpocTbio 700-1000 n.u.-c~1. C omHouenoYe HbIMK
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Puyc. 179. Xpomocomuntit Jokyc oriC' ¥ KOMILIEKCHI, 0Gpa3yoiuecs B
HeM Ha CTaJU¥ WHHIMAILMHN pPernuKaumuu.

I — ynuunanehelit koMmmaekc; I1 — oTkpurTeiit koMmaeke; 111 — npenpaitmep-
Hblit KOMIJIEKC.

oriC — noKyc MHMIMalMU penyinkauuu (opuaxun); 13 — AT-Gorarsle mps-
Mmble noBTophl; R1-R4 — DnaA-6okebt; IHF, Fis — caliTel 15 CBSI3bIBaHMsS U3CH-
Gatoux 6enkos; HU — JTHK-ceasmBalomuit 6enok; DnaA — uHunmaTopHslit Ge-
nok; DnaB -- resiukasza; DnaC — Bcniomoraresnshaa AT®a3a; SSB — 6esok, cra-
6un3npytomuit oaHouenoveunyso JTHK.

yuacrkamu JTHK koonepatusno cessbibaioTcsi Monekyis: SSB-6eaxa (cokp. aura. single strand binding
protein). OHM CTaBHIM3HPYIOT KECTKY1O POPMY 3TH YHACTKOB, 3aIUMIAIOT MX OT HyKJIEa3 M NPaBUJIbHO
opueHTHPYIOT 1o oTHoweHuio K HuM JJHK-nonumepasy. CireoM 3a resimka3solf B coctas npenpaiiMepHoOro
KOMILJIEKCa BKJIIOYAETCs MpaiiMa3a (CM. HHIKe).
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Benok DnaA muorodyrkuuonanes. Hapsaay ¢ nHMImManpel penyimkanmn ol NpOSBIls-
eT cebsi KaK Perpeccop TPAHCKPUIIIAH. DTO MPOUCXOIUT BJIarofaps ero B3auMoAeiCTBUIO
¢ DnaA-6okcamu, NMEIOIIUMECS B IPOMOTOPHBIX y4aCTKaX HEKOTOPHIX HE3aMEHHUMBIX Te-
HOB (resa mioC, IPOAYKT KOTOPOrO YYaCTBYeT B PEILTUKAIMHU; reHa TpoH, Koaupyolero
cy6benunauny PHK-nonumepassr; rena uvrB skcIM3HOHHOIM HyKJ1€a3bl, OCY IECTBIAIONIEH
penaparuio JJHK, u ap.). Kpome Toro, on peryampyer cBoIO COGCTBEHHYIO KCIPECCHIO,
60Kupys reH dnaeA.

YpoBenb TpaHCKpuImi reHa dneA tem 6oablie, YeM BbIIIE CKOPOCTb pocTa. B cBowo
ouepellb, HErATUBHBIM DETYJIATOPOM T'eHa dnaA sBNsieTca <«aJapMOH» TYaHO3UHTETPAa-
docdar ppGpp (cMm. paszuen 18.1.4). Konuenrpanus ppGpp yBennunBaercsi, KOraa pocT
1o TO# MM WHOW pHYKHe 3aTopMaXkuBaeTcs. [Ipu 3ToM ncnosnb3yeTcs anbTepHATHBHBIM
OPUIKHH 0TiM, pacnosyoxeHHbIH MO coceacTBy ¢ Jokycom oriC. Jleranu penyivMkKaliy B
9TUX YCJIOBUSAX HEU3BECTHBI, XOTSI YCTAHOBJIEHO, YTO OHA POTEKAeT B OTCYTCTBHU Geska
DnaA.

IIpaiimocoma. ITpaiiMocoma siBIsieTCs 4aCThIO OPraHe/UIbl PeIINKAINY — PEITHCO-
MBI (CM. HYXKe).

Kak y»e ykaswiBajiocsk, orcraromas nens JJHK o6pa3yercs npepbIBHCTHIM COCOGOM
u3 dparmentor Okazaku. Jaa unnuuanuy 6iocunTe3a ¢dpparmenToB OKa3aky HCIONb-
3ytloTcst MUHM-TpackpunTh, uns PHK-npaiimepsl, qnmuna Koropeix cocrasasier 10-15 H.
Cunres PHK-nipafimepoB nponcxoaut ¢ momMoiupio ocoboit PHK-nonumepassr, nnn npati-
Ma3ve (aHruL. primase).

V pasubix npokaproToB dparmedTsl OKa3aky pasidyaloTcs 0o JyiuHe (B 4aCTHOCTH,
aas E. coli 310 1-2 1. 11.1., a njs apxeora Pyrococcus abyssii — 100 m.u.).

C6opka pparmenta Okasaku HaunHaerces ¢ 3'-konua PHK-npafimepa u npogomkaet-
cs B Hanpasnedun 5’ —3' (puc. 180).

B cocras npasimocomsl Bxoaar JIHK-rennkasa DnaB co BcomoraresbHbIM 6e1KOM
DnaC (cmM. Boie) n npaiimada DnaG, a Takske BciomoraTtensnble 6esnku DnaT n PriABC.
Kaxk yxe oTmeuasnock, GyHKIus npaiiMasbl 3akiiodaercss B buocunTese PHK-npaiine-
POB — OHOKDATHO /s BeAyIIeH Lenu U MHOTOKDATHO JJIs OTCTAIOINEH nemnu.

C npaiima3oit TecHo B3aumogeilcTByer TomouszoMepasa II (eMm. paszen 16.4.2), nium
A HK-2upasa. Ee posib cocToNT B TOM, 4TOOBI 0 X0y UPOJABHXKEHUS PEIUIMKAIIMOHHOMN
BUJIKH PacnpsAMJIATh JBoiHyo cuupais JHK, menaroiyio ofMH BUTOK Ha JeCATb Iap
HYKJeoTHIOB. B NpOTHBHOM cilydae pemcoMe NpHUIIIOCh OB BPALIAThCS BOKPYT MO-
nekynael JJHK, a 370 mpnBeno 6bl K B3aMMHOMY CIOYTBLIBAHHIO CECTPUHCKUX XPOMOCOM.
Kpowme toro, JJHK-rupasa ycrpaHsier mosoXXuTesibHble CYMEPBUTKH, HAKANIMBAIOIIAECS
nepe] perivKauuoHHOM BUAKOMK. [l 9TOro oHa cHavala Jejaer AByXIelodYedHble pa3-
pe3sl JITHK, a 3aTeM BoccTaHaBIMBaeT HENPEPHLIBHOCTH OBeMX Ienell mepej rejmka3ol
DnaB.

Pensnucoma. KommiekcHast 3aja4a mo obecneyeHno PeIIMKalMK peliaeTcs: IOMo-
B0 MyJIbTH(MEPMEHTHON OpraHesuibl — penaucoms. (anra. replisome). Ha npumepe B.
subtilis nokazaHo, 4o pemuincoma hopMUpyeTes Ha SKBaTope KJeTKu. CKopee Bcero, 3To
XapaKTePHO U JJist OONBUIMHCTBA APYrUX OAKTEpHii, Aedamuxcs OMHaPHO-9KBUBAJEHTHO
(B wacTHoCcTH, E. coli).

B ornuuune oT cTabUIbHO CYHIECTBYIOUWIMX OPraHesll, HapuMep pu6oCoOM, OTAENbHbIE
KOMITOHEHTHI PEILIMCOMBI YIEDKUBAIOTCS BMECTE CJAOBIMU 3JIEKTPOCTATMYECKUMH CHJIa-
MmH. [TosTOMy HATHBHYI0 PEIIMCOMY HEBO3MOXKHO MOJYYUTh IIPENapaTHBHO, HO €€ MOXXHO
BU3yaJbHO HabiionaTh MeTOIOM MOJIEKYJISIPHOTO 30HAMPOBaHMA in situ.

IIpu pennmukanun JIHK nBoiiHas cnupanb miaBuTcs, T. €. PACXOAUTCA Ha JABE CTapble
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Puc. 180. Konuposanue xpomocomuoit JIHK B peniukannoHHo#i BHIKeE.

Crutournbie sinauu — crapbie HutH JJHK; nyuxktup —Hoseie Hutn JJHK; rpebenku — PHK-
npaiiMepsl; YepHble KPY¥KKH — 6enku, crabunusupytomme ogrouenodeynyio JHK (SSB-6enku).

A — NHK-nosmmepassbiii kommsekce (ronodepment Pol I1T*) wa seaywet uenu; B — JHK-
nonMMepasHelil komruieke (rosiodepmedt Pol 111*) Ha Benomoit uemn; C — JHK-reaukasa DnaB;
D — npaiimaza DnaG; E — JIHK-nuraza; F; u Fy — dparmentsr Oxkazaku.

uend. Ha oxHonenoueyHnIx yuyactkax, crabuiausupopatbix SSB-6esikamu, CHHTE3HDYIOT-
sl HOBBIE LIEIIH.

Kak mb1 y2ke ormeuanu, JJHK-nosmMepasa He MOXKeT cTapTOBATh OT OIHOIO HYKJleo-
THIA, ¥ IO9TOMY Ha 06eux ctapsix nenax JHK -— seaymuteit u Be1oMoi — npenBapuUTeb-
Ho cunTesupyiorcs PHK-npaiimepnsr (puc. 180). IMockoabKy npu peruiakanuy GakTepu-
aJIbHOM XPOMOCOMBI 00pa3yIoTCsl ABe MPOTHUBONOJIOKHO HAIPABJIEHHBIE M PACXOSIINECS
B pPa3Hble CTOPOHBI pelIMKAIMOHHBbIE BUJIKM, B KaXKJON M3 HHUX JeHCTBYyeT OTAejbHas
JHK-nonumepasa Pol IIT (cm. puc. 180).

TakuMm ob6pa3oM, peramcoMa mpejacTabiaser coboit Tanmem JIHK-mommmepas Pol I
B COBOKYIHOCTH C JBYMs NPafiMOCOMAMH, & TAKXKE€ BCIIOMOraTesJbHBIME (PepMEHTaMU H
HebepMEHTATHBHBIMU GeTKaMH.

Eme pa3 manomuuM, 9ro Beaymas nens JHK napammbaercs HenpepbiBHO, a OTCTa-
omad nenb o6pa3yeTcs MPephiBUCTHIM criocoboM u3 ¢pparmentos Okasaku. [Tocrne Toro,
KaK 3aKaHYMBAaEeTCsl CHHTE3 ovepennoro ¢dpparmenra Okasaku, JHK-nomumepasa Pol I
(cM. HIDKE), OOIaAaIOMAA YHUKANBHON 5 —3' 9K30HyKJI€a3HOM aKTHBHOCTHIO, PA3pyIIa-
er PHK-npaiimep, KoTOpbI#t 6611 KOBAJIEGHTHO CBA3AH € MPEAbLIYIUM (HparMeHTOM, U 3a-
noJHseT obpasosasuiyiocs Gpeurs (puc. 180). OamnonuteBol paspeis ycrpansercs JHK-
JMra3o0#, WM [IpoCTo Auzadol (aHri. ligase; or Jgart. ligatio — nepessisbiBanue). JHK-1u-
rasa E. coli obpasyer dochoauadupuyto ceasb B HA/I-3aBucnMO#i peakiuu; oHa COCTO-
HT U3 OXHON CyObeAMHULIBI MOJIEKYJIsipHOU Maccol 75 k/la u mpucyTCTByeT B KOJIHIECTBE
200-400 xonuit Ha KJIETKY.

JHK-nonumepasnl E. coli (o6mue cBegenus). E. coli obnagaer natsio JHK-
noaumepasamu — Pol I, Pol 11, Pol III, Pol IV u Pol V (cokp. anrs. polymerase; pumcxue
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YUPPLL OMPAKCAIOM TPOHOAORUMECKYIO TOCAEJ06AMEABHOCTIL ONUCAHUA IMUL Pepmen-
moe) (Tabin. 22).

B cooTBercTBHM C YCJIOBUSIMM 3KCOPECCHH M (DYHKIMOHHPOBAHHA, Pa3/IMYalOT JBa
ocHoBHbIx THna JIHK-nonnmepa3:

— «HOpPMaJIbHbIe», WM peruiukaTuBHble noaumepass! (Pol I n Pol III), koroprie cus-
TE3UPYIOTCA KOHCTUTYTHMBHO; OHM YYaCTBYIOT B PEIIHKAIMHA M KOPPEKLMH OLIHOOK cCIia-
PHUBAHNSA, a TaK)Ke B 9KCIU3NOHHON penapanum;

— «SOS»-nonumepasst (Pol 11, Pol IV u Pol V), yposens skcnpeccun KOTOPSIX HOBBI-
maetcs 1pu nospexaenun JHK; onu 06xoaT y4acTKH, HENpeoAo uMble IS PerLInKa-
TUBHBIX MOJMMEpPa3.

Pennukarusunie JJTHK-nonumepasnt E. coli Pol I u Pol II1. 3Tn nosmmepas3st
OCYLIECTBJIAIOT HOPMaJibHBIYM nosykoHcepsatusHbid cunre3 JJHK. Kpome Toro, JJHK-
nonnmepasa 111 n, B menbmett crenenn, JJTHK-nonumepasa I ¢cnocobHbl caMOCTOATENBHO
HCTIPABJATH OUIMOKH CIIapUBAHHUS.

PenuiHkalns ABJIAETCA BBHICOKOTOYHBIM MPOLIECCOM, YTO HE Y[MBHUTEJbHO, NMOCKOIBKY B IMPOTHBHOM
CJIy4yae 4acTOTa CIIOHTaHHLIX MYTAalLMi, MHOIME H3 KOTOPbIX JIeTallbHbl, OKa3alach 6hl HenmomepHo 60b-
moft. DHIOreHHbIe OWMOKN PENLIMKALMH NIPOMCXOAAT C HU3KOH uacToTol (10~9), uTo BOIMOXKHO TOJBKO
6naronapsi paboTe KOPPEKTHDYIOIIEro annapaTa, B OTCYTCTBHM KOTOPOrO HX KOJIMYECTBO OKA3aJIoCh Gbl
HaMHOrO BbLILUE.

Kanonnueckoe npasuio konmuposanuss JHK (G=C, A=T) cobaronaerca He abCOMOTHO CTPOroO, Mo-
CKOJIbKY BCe 4eThIpe THIa JIe30KCHPHGOHYKJIEOTHIOB C Y4acTOTO! ~10-~5 CroHTaNHO NepexoAaT B KOPOT-
KOXXHMBYLIME TayToMepHble hopMbl (¥), KOTOpbIE y4aCTBYIOT B HOKAHOHHUCCKOM crniapuBaiuu. Hanpumep,
B ciiyuyae uTo3uHa BMecto napsl G=C obpasyercs napa A=C*.

TTommmepasa Pol 111 BkioyaeT Takof KOPOTKOXKHBYILUMA HyKJ1eoTHA B coctaB Hosol nenu JHK.
OpHako NpH BO3IBPALIEHHM LHTO3HHA B OGLIYHYIO TayTOMepHYI0 (>OpMy HEKAHOHWYECKOEe ClIapHBAHHE
HapYIIAeTCsA, ¥ y HOBON LleNnM MOAB/AETCA HecrnapeHHbI#t 3’-KoHell.

XapaktepHnim cBofictBoM JIHK-nosmmepassl Pol 111 ciy»xuT To, 4TO OHA He yMeeT HapaluBaTb
3aTpaBOYHYIO Uenb Ha HecrapeHHoM 3’ OH-xonue. Ho 3ato ee 8-cy6henununiia o6naaaerT BCIOMOraTesb-
Ho#t 3' —5’ 3K30HYKJIEa3HON AKTHBHOCTBIO, YTO MO3BOJISAET 3TOMY (DEPMEHTY MCNPaBIATb COGCTBEHHYIO
ournbKy — OH OTCTYNaeT Ha IUAr Ha3al M yAalsieT HeCHapeHHbI HyKJEOTHA Ha 3aTPaBOYHOM 3’-KOHLe.
B pesysnbTaTe 3TOr0 Ha MaTpHMUE [OSBJIAETCA CNAPEHHBIN KOHEel, H OHAa BHOBb aKTHMBHMPYETCA.

Hapsany c cucremot ncnpabienns omnGoOK CapuBaHus, 110 XO4Y PEIUIHKAIMHU AeHCTBYET NMOCTPENJIH-
KAIlHOHHAS CucmeMa penapayuu owubox cnapuearnus (noapobHee cM. pasaen 16.5.1.8). C ee nomolsio
YAQJIAETCA YYacCTOK HOBOU LIENH BMECTE C HECIIAPEHHKIM HYKJIEOTUAOM, YTO JaeT BO3MOXKHOCTb M36exkaTth
TOYE4HON MyTauuH, T. €. COXpPaHHTb 6e3 H3MEHEHUs JIOKAIbHYI0 CTPYKTYpY renoMa. Ilepes TeM, Kak pena-
PHPOBaTh OMIMOKY CNIAPHUBAHHA, CIICLHANIBHAA CUCTEMA KOPPEKLUH Paclo3HAET elle He METWIMPOBaHHYIO
HOBYIO Lenb (HAallOMHHM, YTO CTapas LEMNb y>e MeTHIHPOBaHa MO OCTaTKaM alleHHHa B MOBTOpsoLIeiics
nocnenosarensHocty GATC; cm. Beie). MynstudepmenTHbiit komnaexkc ckauupyer JJHK na npeamer
MPHUCYTCTBHA B Helt HEMETHJIMPOBAHHBIX ITOCJIENOBATEILHOCTEN, NOC/E Yero BhIPE3aeTCsl y4aCTOK HOBOM
LIeNH, COAEPKAIIMii HecnapeHHbLI# nykaeorna. O6pasosabiuasica Gpews 3anonHsaercs ¢ nomowpto JHK-
noJiuMepasbl, & ONHOLENOYEYHbIN pa3pe3 ycTpansercs ¢ nomoupto JJHK-nurasn.

PensmkaTtusnasa JTHK-nonumepasa Pol I, cocrosimas us oxmoit cy6beuHUIbl, Obl-
Ja orkpeita B 1958 . Aprypom Kopu6eprom (A.Kornberg; HobGesneBckas npemus no
dusnonornu 1 meauuuHe, 1959 r.). Ee yyactie B HOpMaibHOH pENIHKAIMHA CBSI3aHO C
3anosiHeHneM onnoHuTeBbix Opentelt B JJHK, Bo3Hukatomux nocne yaanenus PHK-npait-
MEpOB, KOBAaJIEHTHO CBA3aHHKIX ¢ pparmentamu Okazaku. Hapsaay ¢ atuMm oHa obsamaer
YHHKaJBbHbIM CBOHCcTBOM — perinimpoBars JJHK B yyacTkax ofHolEno4eyHbIX pa3pbl-
BOB, 00pa3yIOIINXCA NPH SKCUM3MOHHON penaparuu (cM. pasmen 16.5.1.2), npudeM 310
coBepiaercsa 6e3 nomoum apyrux 6Gesnkos. O Bexymeit poaun JJHK-nonamaepasst Pol I B
penapaionHoM crHTe3e JJHK cBuaeTenbcTByer ee GoJiee BLICOKAs KONMMAHOCTD IO CPaB-
HeHMIO ¢ bonbumHcTBOM Apyrux JHK-nommmepas.
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Perutnkarusunas JJHK-nomumepasa Pol 111, ogun u3 Hanbosee C/I0KHO yCTPOEHHBIX
depmenToB, 6nna oTkpeita Kopubeprom B 1969 r. B ee cocrap BxoasaT cyGbeauHHUIbI
nmecatu TunoB (oBydd'e0txyY) monexynspro# maccoit 8-130 klla. Cybbemunumpt oed
obpasytor xop-xkomnaexc (Pol I1II'). JHK-noaumepa3Hyo akTHBHOCTb OGECHEYHBAET Ot-
cy0beaMHNNA, TOrAa Kak &é- U 0-cyObeAUHUIB KOHTPOJIHMPYIOT TOYHOCTh PEIUIMKAIMH.
[Tapa «auMepusyOmUX» T-CYObeINHUI, UCPAET POJIb MOCTHUKA MEXIY ABYMsS KOD-KOM-
mekcami. [Tapa B-cyobenunun, wim 3eorcum (aHri. clamp) ucnosnb3yeTcest Jist IPAKpeI-
JleHus quMepa Kop-komiiekcoB K MaTtpuue JHK. ITarh BcrioMoraTenbHbIX CyObeaHHAL
v88'xP (y-KoMIeKe) 3arpy:KaioT AUMEp KOpP-KOMILJIEKCOB BMECTe C 3a)KHMOM Ha MaT-
puny JAHK. B urore ronopepment JHK-noaumepasbt umeer cyObeaMHUYHBIN COCTAB
g 2788’ e202Tox ), U ero MostekyasipHas Macca cocrapageT okoso 900 k/1a. JHK-nomnu-
mepasa Pol 111, paborarpomas B penyimKaupoHHON BUJIKE, IPEACTABJIEHA JBYMSl HIEHTHY-
HbiMH rosiobepmentamu. OauH U3 HUX HapaumBaeT Beaywywo uens JHK, a gpyroi —
ocraromyo uens. ['onodepment IHK-nonumepasnbl, KOTOPBIH DEILTANMPYET BEAYLLYIO
Lelb, HOCTOAHHO 3arpyxed Ha JJHK u HenpepriBHO yasiMHsET ee B HanpaBiennu 5 —3'.
Hanpotus, ronodepment JTHK-nonumMepassl, KOTOPbIH PEIIMIMPYET OTCTAIOULIYIO LIEMb,
IIpH CHHTe3e KaXkJoro Hosoro ¢parmenra Oka3aku nepesarpyxaerca Ha JHK.

SOS-nosumepasnl E. coli Pol 11, Pol IV u Pol V. 31u nosmnMepassl 06,1a1a10T
JABYMsI OCHOBHBIMU OCOGEHHOCTSIMH.

Bo-nepBbIx, ypoBEeHb HX 3KCOPECCHUM BO3DACTAET IpH afdanTaimoHHoM SOS-oTBeTe Ha
nospexjaenne JJHK (cm. pasaen 16.5.1.4).

Ioepexnenne JJHK y E. coli BoaniBaer nepenpeccuio SOS-perysioHa, reHbl KOTOPOI'O y4acTBYIOT
B PeIUIMKalM¥, pernapaudd U myrareHese (cMm. paszen 18.1.2). Bce OHHM HEraTMBHO KOHTPOJIMPYIOTCA
6enkoBbIM pernpeccopom LexA. B cBoro ouepeap, penpeccop LexA mHakTHBUpYeTCH Noz BO3JeACTBHEM
npoTea3sl RecA, koTopast npeasaputensHo camoakTuBupyercst (RecA—RecA¥*).

Bo-Bropseix, SOS-nonumepasst Pol IV u Pol V (#o He mosmmepasa Pol 1, koropas
obnafaeT KOpPEKTHUPYIOLWEH CHOCOOHOCTHIO) IPOXOJSIT MAMO HEPENapUpOBaHHbIX TIOBpPE-
KIEHHH — CAliTOB ¢ yJAJEHHBIMH OCHOBAaHUAMM, MAPHMHIMHOBBIX IUMEDPOB, (POTOIpPO-
JYKTOB THMNa ITMPUMUINH: 6-14 NUPUMHAOH YU KPYHHBIX MOJIEKYJSPHBIX aJIyKTOB, &
TaK)Ke MUMO OIIMOOK CHapUBaHNUs.

ITosTomy Bce Tpu SOS-moIIMepa3bl HA3BIBAIOT «CNENMAIH3MPOBAHHBIMUY (@HIJI. Spe-
cialized) perimkaszamu, a SOS-noaumepasst Pol IV u Pol V — «CKIOHHBIME K OIIMOKaM»
(aHIJI. error-prone) wiM <«CHHTe3MPYIOIMMH [OBEPX NOBPEXJeHus» (aHri. translesion-
synthesizing) pennnkasamu. IlocsieCTBHEM WCMOIb30BAHMA STHX II0JMMepa3 ABJAETCS
HaKOIJIEHHe MyTalif, HEeKOTOPbI€ U3 KOTOPBIX MOTYT CIOCOOCTBOBATH BBKHBAEMOCTH,
T. €. UMEIOT AJANTHUBHBIA XapakTep.

[Tockonbky noBpexaenus JJHK, nocTosHHO BO3HHKAOLIHE [0 BO3AeCTBHEM SHIO-
TeHHbIX U 9K30T€HHBIX XMMHUYECKHUX AreHTOB, NPENSTCTBYIOT paboTe «PemIMKATUBHBIX>
nomuMepa3d Pol I u Pol III, ucnonn3oBanne «CKIOHHBIX K OIIMOKaM» HHAYIHOEIbHBIX
SOS-nmonumepas, B wacraoctu Pol V, nosBonser penuimposats nospexaennyio JHK.
O1HaKo ueHo 3TOro CTaHOBUTCH MoBbieHHas SOS-MyTaToOpHas AKTUBHOCTD.

Bri6op Toit mwim uHoM SOS-nonuMepassl 3asucuT ot Tuna nospexaenus JHK u xa-
pakTepa KOHKDETHO HYKJIEOTHIHOM MOCIEI0BATEJBHOCTH, B KOTOPOM OHO IPOM3OILIO,
T. €. OT JIOKQJIM3AU{YU [IOBPEXKIEHHUS.

JHK-nonumepaza Pol II, coctosmas u3 ognoit cybbeaunuip!, 6puta oTkpbita Kaph-
coM B 1969 r. Ee afanTuBHast sKcnpeccHus BO3pacTaeT NOYTH Ha NOPAAOK DY aKTHBALUN
cucreMel SOS-orBeTa Ha 06ay4eHne yabTpadHOIETOBLIM cBeToM (CM. pa3fenbi6.5.1.1,
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16.5.1.4 wn 18.1.2). Tockonbky nonumepa3a Pol II o6nanaer 3' —5' sxk30HyK1€a3HON akK-
THBHOCTBIO, OHa perummmupyer JJHK ¢ BbICOKOHK HaAeKHOCTBIO (< 10~8 omun6ok). B oThI-
Tax in vitro 66110 NTOKa3aHO, YTO MocJie ycrpanenus nospexaenns JJHK-nonnvepasa Pol
II BO306HOBISIET PEIIMKALMIO, IPUYEM ee AaKTMBHOCTb CTUMYJINPYeTCcs GEJKOBBIMU CyOb-
equannamu JJHK-nosmmepasst Pol 111 n SSB-6enkamu. Onxako pons JJHK-noanvepa3sst
Pol II in vivo 10 KOHIA He BHISICHEHA, IIOCKOJbKY MyTaHThl polB~ He obGHapyxuBatoT de-
HOTHMUYECKUX He(PEeKTOB Ha yPOBHE PEIUIMKAlLMK ¥ penapauun. EcTh AaHHBIE, YTO OHA
BMEIIMBAETCA B NPOLIECC UCIIPaBJeHHs OMOOK criapuBanus (cM. paszaen 16.5.1.8), 4ro
TIOBBILIAET YaCTOTY aJAITHBHBIX MYTalldii.

JHK-nonumepaza Pol IV, cnocobHocTs KOTOpPOIl BHICTYIIATh B KadyecTBE HCTHHHON
perunkassl 6bli1a gokasana Barswepowm (J. Wagner) B 1999 r., cocrout u3 ogHo#t cybbenn-
unusl — DinB. na ee Tapretunra B nospexaennyio obnacts JHK Tpebyercs yuactue
By-cy6bennnnn JHK-nonaumepass: Pol 111 (3axkuma 1 ero 3arpysunka; cM. Boie). JHK-
nonnmepasa Pol IV e o6nagaer 3’ —5' 9Kk30HYyKJI€a3HOIM aKTUBHOCTBIO, ¥ [IOSTOMY COBED-
maeT omu6KH ¢ Bbicokoi yactorolt (1074-10~%). Poas JHK-nomumepassr Pol IV in vivo
He SICHA, IOCKOJIbKY MyTaHThI dinB~ He 06HapyKHUBaIOT peHOTHNINYECKHX necbekToB. Tem
He MeHee, BBIICHHJIOCh, UTO IIPU €€ IPOXOXKAEHHH MHMO [IOBPEXK JEHHOI'O y4acTKa IPOHC-
XOAWUT CABUI PAMKH CUNTHLIBAHHS BJIEBO Ha ONMH HYKJeOTHI (—1), 9TO sSBAsieTCs OJHON
U3 NPUYMH aJAITUBHOTO MyTareHesa.

JHK-nonumepasa Pol V, poiib KOTOpoOit B KayecTBe UICTHHHON PErUIMKa3bl ObLIA 10Ka-
3ana ['yqmenom (M. F. Goodman) B 1999 r., urpaet Beayuyyio poJib B HHLYIHPOBAHHOM
myrarene3e npu SOS-penapaumn E. coli (aurn. SOS-induced error-prone repair; cM. Hu-
xe). dror depmenT npencrasaser coboit kommaeke (UmuD),UmuC, cocrosiuuii u3 mpo-
nykra reHa umuD (cokp. anru. ultraviolet mutagenesis), 4acTH4YHO pacuIenIEHHOro B pe-
3yJIbTATE ABTOIIPOTEOJIM3a, KOTOPBIN HHAyIMpyercs 6exkoM RecA* (cMm. paspensr 16.5.1.4
u 16.6.1.2), n nponykra rena umuC. das Taprerunra kommiekca (UmuD)5UmuC, kak
u B ciyqae JJHK-nomumepassr Pol IV, a Takxke a1 NPOXOXKJAEHU UM HepenapupoBaH-
uoix nmoBpexkaennit JIHK tpebyerca yuacrue By-cyobvemunun JHK-noaumepasst Pol I11.
[Ipotinst noBpe)kaeHHE M OCYUIECTBUB PEIIMKALMIO GJIMKAAIIEro K HeMy y4YacTKa, I10-
aumepasa Pol V yctynaer mecto mosmmepa3se Pol I11. TTockonsky pensuka3a Pol V ne
obnanaer 3’ —5' 3K30HYKII€a3HON AKTUBHOCTBIO, HACTOTA €e OIIUOOK in vitro cocrabBaser
1073-10—4.

Pennmuxanus «moBepx NOBpeXIeHUsI» 10 TOYHOCTH HAMHOI'O YCTyIIaeT HOPMaJIbHOMH
pemkanun. Ho Takas crparerus Bce ke Jiyuilie, 4eM OCTaBJATH OJHOLEIIOYEYHBIH y4a-
crok JJHK Boo6me He pensmuppoBanHbsiM. B aToM ecThb Aaxke onpeiesieHHbIH CeJIeKTHB-
HBIH CMBICJI, IOCKOJIBKY IPH YTPO3€ MOTEPH XKU3HECNIOCOOHOCTH 6aKTepHH HAYHHAIOT aK-
THBHEE MYTHPOBAaTh, YTO MOBHIIIAET UX '€HETHYECKOE Pa3HOOOpa3ne u, KaK CJieJCTBHE —
X aJaNTalMOHHbIA NOTEeHIINAJI.

PenaukaTrusueie JJHK-nosmmMmepassl apyrux 6akTepuii. Y HEKOTODBIX I'paM-
NONOXKUTENbHBIX OakTepuit, Hanpumep B. subtilis, pemmkarnsras IHK-nonumepasa
(pyrkuronasbhbil sxkBuBanent JHK-nomumepass Pol I11), o6osnagaercs kak PolC. B
orinmyue ot JJHK-nonmumepaspi Pol I E. coli, npeacrasnesHolt aAByMsl MOEHTHYHBIMU
ronoepMEHTaMH, OHa COCTOMT M3 ABYX PasHBbIX rojodepmentoB. Ux o-cy6beauHAIBI
COOTBETCTBEHHO KOAMPYIOTCs reHamu dnaF w polC.

BayTpukneTrouyHas JIOKaJHM3aldsg M PacloJOXKEeHHWe PeIJIMCOMBI OTHOCH-
TeJIbHO CECTPHHCKHX XPOMOCOM. Biarosaps B3auMoaefiCTBIIO MeX, Ly NpaiiMoCcoMO
n JHK-nonumMepasoit, 06pasyromeii Hosble nenu JJHK, pensukanuoHHbIe BUJIKY TIepeMe-
IAIOTCS B pa3Hble CTOPOHBI OT JioKyca oriC. HbIME CJI0BaMu, PEITHCOMA ¥ JABE KOMUH
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Puc. 181. BuyTrpukierodyHas opueHTaumsi xpoMocoM B. subtilis B
Xo4e pEeNnJIMKAIMHM ¥ B3aHMHOI'O PacXOXKJIEHHSI.

I — npeperinkatuBHoe cocrosiuue; II -—cGopka pensncomsr; 111 — BerTec-
HEHME OPU/PKMHOB K MPOTUBOMOJIOXKHBIM mosocaMm; IV — 3asepuienue pac-
XOXKJIEHUSI CECTPHHCKHX XPOMOCOM NOCJ€ KOMUPOBAHWA TEPMHHYCA M LHTO-
KHHe3.

Cepble Kpy>XKH — DEMJINCOMBI; O€Jible  KPY»KKH — OPH/RKHMHBI, UepHble
KPYXKHU — TEPMHHYCBI.

XPOMOCOMBI U3MEHSIIOT CBOE B3aMMHOe pacrojiokenye. Kak ke npu 3TOM OHH OPHEHTH-
PYIOTCH II0 OTHOIIEHHIO K APYTHM KJIETOYHBIM CTPYKTYpaM?

[Ipensioxkennl asbrepHaTHBHBIE runoTe3bl. CoryiacHo oxHOM U3 HHUX, JOKyc oriC 3a-
dukcuposan Ha CM, a pemimcoMa mepeMelnaercs 1o XpoMocoMe, KaK Moe3[, 10 PejibcaM
(Mozens «iokomotus» ). CornacHo apyro# runorese, HGUKCUPOBAHHOE TOJOXKEHUE 3aHHU-
MaeT PEeIlJINCOMA, U CECTPUHCKHE XPOMOCOMbI BBIXOIST U3 Hee, NOA0OHO TKaHH B LIBeHHOMN
MalmnHKe (Mozesb «babpukar ).

Kak oka3zaJjioch, BepHa BTopas runote3a. B kouie 1990-x rogos Ha B. subtilis GbLn
HPOBEJEHBI ONBITHI C HCIIOJIL30BAHHEM MOJIEKYJIIPHOTO rHOpHAa MEXIY CyObeTnHuLaMu
JHK-nonumepassl u 3esensiM ¢uiyopectupyomuM 6eakom (GFP). Oru HarnsaHo moka-
3ayu, yro JHK-nonmmMepasa 3aHuMaeT cTaliMOHAPHOE II0JIOXKEHHE HA KJIETOYHOM IKBATO-
pe. CecTpHHCKHE XPOMOCOMBI BBITECHAIOTCA M3 PEIJIHCOMbB! M PACXOAATCH K OPOTHBOIIO-
JIOXXHBIM KJIETOYHBIM HOJI0CaM, JoKycayu oriC Brepen (puc. 181). [Ipu 3ToM TONBKO YTO
JYILIAIMPOBAHHbBIE OPHIDKUHBI [IEPEMEIIAIOTCH K IMPOTHBOMOJIOXKHALIM CTOPOHAM KJIETKH,
a TEPMHHYC BILIOTb J0 OKOHYATEJILHOTO 3aBEPIIEHHs Pell/TMKAllMA OCTAeTCsA Ha IKBATODE.

B cnyuae E. coli mokazaHo, 4TO KOMMUA OPUIKHHOB MEPEHOCATCH K MPOTHBOIOJIOK-
HBIM [I0JIIOCAM MATEPHHCKOU KJIeTKH. [locsie 06pa30BaHuA JOYEPHUX KJIETOK OHH PEOpH-
EHTHUPYIOTCSA ¥ 3aHUMAIOT 3KBaTOPUAJIbHOE TI0JIOXKeHHe. B oT/InYMe OT 3TOro cecTpHHCKHE
opumxuHbl B. subtilis 3aunmalor nosoxenue Ha 1/4 u 3/4 nUHBL IPOONBLHON OCH Ma-
TepHHCKOI KiaeTKH. TakuMm oOpa3om, mociie jlefleHUs] OHH OKa3biBalOTCA HA IKBaTOpPaXx
JOYEPHUX KJIETOK, H PEOPHEHTHPOBATHLCA UM yXKe HET HeOOXOAMMOCTH.

CecTpUHCKHE TEDMUHYCHI Tlepeji JelleHNeM BCerja HaXoAaTcd no GoKaM CenTsl, T.e.
OHM Cpa3y I0CJie JeJIeHUsI OKA3bIBAIOTCA HAa HOBBIX IMOJIIOCAX AOYepHUX Kjerok. [loszxke
OHHM PEOPUEHTUPYIOTCA U 3aHUMAIOT IKBATOPHAJILHOE MOJIOXKEHHE.
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TepMuHauusi perutukanuu. XpoMocomubll jiokyc terC (B caydae E. coli) nmnun
IR (cokp. aura. inhibition of replication; B ciyuae B. subtilis) nmeer pa3mep okousio 1,3
T.I.H. ¥ PACIOJIOXKEH HANPOTHB OPHKUHA. [[pH AByHAnpaBieHHON DEIrUIMKAlMU BILIKA,
JBIXKYIIASCS 10 YaCOBOM CTPeJIKe, IepPBOit JocTHraeT JoKyca Tepmusanuy. Crycrst 5 MUH
C MPOTUBOITOJIOKHO CTOPOHBI TYJa MPUXOAUT BTOPas PEIIMKAIMOHHAS BUJIKA.

BanokupoBaHie PeIMKaIMOHHBIX BHJIOK B JIOKYCEe TEPMUHALMHU OCYIIECTBJSETCS C [IOMOUIBIO He6oIb-
IIOro KATHOHHOrO Gesika, KOTOphI HAa3bIBAETCA «T€PMHMHATOPHbIM». B cnyuyae E. coli manhyio posb BbI-
nonusier 6etok Tus (cokp. aurs. terminus utilization substance). Ero anasorom y B. subtilis cayxur
6enok RTP (cokp. aHrm. replication terminator protein). OHu cnemiduyecki CBA3BIBAIOTCSA C COOTBET-
CTBYIOIIUMH TEPMHHATOPHBIMU caiitamu terA-F (B cayvae E. coli) u IR I-II (coxp. aura. inhibition of
replication; B cnyvae B. subtilis), KOTOpble HAXOAATCA BHYTDH JIOKyca TEPMHHALMH ¥ NPEIACTABIAIOT
coboli MHBepTHpOBaHHBLIE NOBTOPBI AauHo#i 20~-30 n.H. HenocpeacTBeHHON MHILEHbIO AJis 6JIOKa peru-
KalMOHHON BHJIKH CJIy>KMT IejIMKa3a.

Ecnu npucyTcTsie opipkiaHa B XpOMOCOME CTPOro 06s3aTeNIbHO, TO TePMUHATOPHBIN
JIOKYC MOXKET JIEIETHPOBAThCA 6€3 yrpo3sl moTepH Ku3HecrniocobHoctu. Tem He MeBee, B
HOpPME OH COXPAHSETCs, YTO NPeJIOTBPAIIAeT UHNIIMNPOBAHME HOBBIX DayHJOB pellInKa-
MK, MHa4Ye 06Pa30BBIBAIUCH O6bI MYJIBTHMEDPHBIE XPOMOCOMBI.

Pensimkanus guHeilHBIX XpoMocoM. Jlo cux mop Mbl TOBOPHJIH TOJBKO O PeIlId-
KallK KOJILIEBBIX XPOMOCOM, KOTOPBIE TUIIHYHAL 1jisi GaKTepUil, a TakXKe I apxel u3
dunw All Euryarchaeota.

Pennmukanus peko BCTpevatomuxcst y 6akrepuii JIHHERHBIX XPOMOCOM HMeET PSJI 0CO-
GerHoCTEH.

JIuHelHble XPOMOCOMBI COAEPAKAT TMeaoMeEPDL, HIIN KOHUEBbIE YYACTKH, OTBEYAIOLIHE 32 CTPYKTYPHYIO
CTabHMJIBHOCTD PEIIMKOHA, & TaKXKe 33 TO, YTOGb! OH KOITMPOBAJICA 110 BCEM CBOEH IJIMHE.

MexaHu3M penauKalny JUHEeRHbIX XPOMOCOM ycioxkHserca TeM, uyto JJHK-nonumepasa ne moxker
kxonmupoBatb /THK co cpe3sannoro apyxuenousoro konua. HanoMHuM, 4To AJ1f HapaluMBaHHSA MOJIMHYK-
JeoTHAHON uenu B HanpasieHun 5 —3' tpebyerca PHK-npaiimep (cM. Bbiue). ITocse ynanenus storo
npaitmepa Ha 3'-KOHIE OCTasICA Obl HEePeIIUIUPOBAHHKI! yuacTok!

TeoperuueckH, npobaemMa periHKauyy 3'-KOHLOB JIMHEHAHON XPOMOCOMBI MOXKET GBITh pelleHa cile-
JAYIOUHMH CrIocobamMu:

— KOHIIbl O0Pa3yIOT OAHOLENOYENHbIE LINMMIBKH;

— KOHI[bl KOBAJIEHTHO CBA3BIBAIOTCA C TEJIOMEPHBIMH OeIKaMu;

— KOHLbl Ha BpPeMsl HCHME3AIOT 3a CYET Nepexona JIMHEMHOR XPOMOCOMBI B KOMbLEBYIO (popMy.

B nepsom ciryuae siokyc oriC 3aHUMAET UEHTPAJILHOE MIOJIOXKEHHE, pa3ielisida XpOMOCOMY Ha JBe per-
JIMXOPhI MPUMEPHO paBHOM JIMHBI. Pernnnkaliius ocyuecTsisiercsa B 000HX HaNpaB€HHAX B COOTBETCTBHH
€ TeTa-MexaHM3MOM (CM. Bbiure). Posib JIOKYCOB ter BHIMOMHSIOT WNHALKH-TeNIOMepH. [Tocae konupopa-
HHA XPOMOCOMBI CLEIJIEHHBIE KOJIbLIA TEJOMEPOB JEKATEHUPYIOTCSA € TIOMOIIBIO PE30JIbBa3bl (CM. HMXKE),
M KOHILbI CECTPMHCKHX XPOMOCOM 3aJ€/IbIBAIOTCA OAHOLEIIOYEYHBIMH LIMHIbKAMH.

Ecau peanusyerca BTopo#t MexaHH3M, TO B HeM yuacTByIoT y>ke He PHK-oBble, a Genkosbie npalime-
pbl ([0 aHAJIOTHH C peruTHKanueii aneHoBupyca uin dara $29). Teneps posib OPHIXKHHOB BbITOJIHAIOT
npaBblit M JIeBbifl TEJIOMEPEI, a JIOKYC ler 3aHHMAaeT LEeHTpaJbHoe nosoxkeHue. VHuumaTopHbIH 6esok
Tap (cokp. anr. telomere-associated protein) pacno3HaeT JIOKYChl 074, CBA3BIBAETCA C HUMHM M HAYMHAET
pacruietats Asotinyto cnupaib JHK. Tlocse sToro x cBo6ogHbIM 3/-KOHIIAM KOBAJIEHTHO MPUCOEAUHSETCS
«TepMHUHaJBHBIN> Genok Tpg (coxp. aurs. terminal protein). OH BhINONHAET poJb NpafiMepa W BCTyNnaeT
B Kommutekc ¢ JIHK-nomimepa3zoit, o6pa3ylowmeit KOBaJIEHTHYIO CBA3b MEX/Y HHUM K MEPBbIM J€30KCHPH-
GouykneosuaTpudpocdaToM, KOTOPhIH CTaHOBUTCA 5’'-KOHIEBbIM HykaeoTHIOM. OT HEro JouepHMUe LenH
JHK wapauwmBatorcsi B Hanpasiaenun 5’ —3'. I1o 3aBepiuenun penamkauuu 6enox Tpg ynanaercs.

Pennukanust xpoMocoM CHMMOHOTHYECKHMX OpraHeJlsl. XOTs XPOMOCOMBI CHM-
OHOTHYECKUX OpraHesul Si/IEPHON KJIETKH 3BOJIOLHOHHO IMPOUCXOJAT OT GAKTEPHAIILHBIX
XPOMOCOM, LI X PeIIMKALN YacCTO HCIOJb3YIOTCH He DaKTepHrasibHble MEXAHU3MBI.
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Hanpumep, mutoxonapuansias JHK (mtDNA) apoxikelt pennuuupyercss Kak Xpo-
MOCcOMa, OaKTepHaJbHBIM TeTa-crocoboM, a muroxonapuaiabHasa JHK pacrenmit — kak
I1a3MHJa, CocoboM KaTsuerocs: kosbua (cM. pasuen 16.4.1.2).

IMnacruanas JHK (pDNA) perumnnupyercs ¢ IOMOLIbIO JBYX MexaHN3MOB. [lepBbrit
PayH] PEIUIMKAIIMA OCYINECTBJISIETCS TETa-CocoboM, a MOCaeAyIoIUe PayHIbl — CIIOCO-
60M KaTsiLlerocs KoJbla.

Peniukanusi apXeoTHBIX XPOMOCOM. ApDXeOTHble XPOMOCOMBI COYEeTaloT B cebe
NpU3HAKH GaKTepuaJbHBIX H 3YKapHOTHHIX XpoMocoM (cMm. I Tom yuebumka). C onno#t
CTOPOHBI, OHH KOJIbIIEBBIE; C JPYTO#f CTOPOHBI, OHH HMEIOT HYKJIEOCOMHYIO CTPYKTYPY
M COJIepXKaT MCTHHHBbIE MMCTOHB. UTO KacaeTcs anmapaTa PelIMKald#, TO y apxel ol
PAIMKAJIBHO OTJIMYaeTCH OT GaKTepHaIbHOIO U MPOSIBIAET Pa3HTENIbHOE CXOACTBO C Y-
KapHOTHBIM.

OpHIUKMHBL peILIHKALHMM 3YKAPHOTHBIX PEIUIHKOHOB HAZhLIBAIOTCS QETMOHOMHBMU PENAUKGUUOHHDL-
Mu nocredosameavnocmamu (anra. autonoinous replication sequence, ARS), nim penmkaropams. JIyu-
1I1e BCero OHW M3y4deHbl Ha npumepe Saccharomyces cerevisiae. B ramjioMaHeIX KJeTKax 3THX IpoXkeit
300-400 snokycoB ARS pacnpeaensiiorca MeXxay 16 XxpoMocoMaMH.

B cocraB kaxxzoro Jjiokyca ARS BXoAT KOHCEpPBATHBHBIE MOCJIEIOBATENBHOCTH JABYX THIIOB — 3Jie-
MeHTBl A, nan ACS (cokp. anrn. ARS consensus sequence) u ssementnl B1-B3.

Ponb MHULMATOpa BBIMOJIHSAET OPUOHCUH-PACNOIHAOWUL Komnaexe (AHDJI. origin recognition com-
plex, ORC). On cocronT u3 wectn 6eaxosbix cybbeaunuy Orcl-6 (120-50 x1a), KOTOpbIE CBA3BIBAIOTCS
¢ pensiMKaTopoMm B JioKycax A n B1l, pacxoays Ha 310 3Hepruio ruaponusa AT®. B cocras npepenimka-
THUBHOTO KOMILJIEKCA JOMOJHUTENbHO BxoasaT Genku Cdcé m Mcm2-7.

JyxkapuoTHbi# 6enkoBbiit komiekc ORC, Tak ke, Kak ¥ 6aKkTepranbHbIl HHRIMATOPHBIN Genok DnaA,
akTHUBMpYeTca KHCAbiMu docdonunuaamu.

Penauxamop(wv) u unuyuamops. Hanomuum, 4ro y 6akrepuii «TpaHc-AefiCTBY-
fouii» GesoK (MHUIMATOP) CBS3BIBAETCA C <«LHC-AEACTBYIOLIEH» NOCIEIOBATEIbHOCTHIO
JAHK, nnu opumxunom perummkanuu oriC (peniukaropoM). EnuHcTBeHHbIN Ha BCIO Xpo-
MocoMy AT-6Gorarbiit jokyc oriC COAEPXKHT MYJNbTUKONMMAHBIE CANTHLI 1 CBSI3bIBAHUSA
uauimaropa DnaA (DnaA-6okcer). Kak npasuio, ren dnad coceacTByeT ¢ OPHUIXKHHOM,
4TO 00ECNEeYNBAET UX COBMECTHOE PeryJnpOoBaHUe.

Y apxeit KOJIMYECTBO OPUIKHUHOB Ha OJHY XPOMOCOMY MOXK€ET BapbUpOBaTh. B yacTHO-
CTH, eMHCTBEHHAs KOJbleBasi XxpoMocoma Pyrococcus abyssii cogep»kut oriC-noaobHbIA
OPUIDKHUH PEIUIMKAUMH, HHUIMATOPOM KoToporo ciyut 6esok Orel /Cdc6.

Hekoropsie apxeoTsl, HanpiuMep MeraHoreH Methanococcus jannashii, a TakXxe cepa-
3aBHCHMbIe Tepmoanunodunst Sulfolobus acidocaldarius u S. solfataricus ncnonb3yior He
OJIMH, & Cpa3y TPH OpUIKKHA perutukanuu oriC1-3. Vmeompuecs B HUX CalThI AJ1H CBA3LI-
Banua uarumMaTopos Orcl/Cde6-1, Orcl/Cde6-2 u Orcl/Cdc6-3, unu oxco yarasanus
opudxcunra (anru. origin recognition box, ORB) npencrasasior cobo#t KOHCEpBATHBHLIE
unBepTUpoBaHHble AT-6oraTele 10CIe0BaTEILHOCTH. XOTA PelUIMKauyMsa B HUX WHHULY-
HpYeTCsl CMHXPOHHO, OHM HEDaBHOMEDHO PacClpeaesIsIOTCd 10 AJIMHE XPOMOCOMBI, YTO
IPHBOJUT K ACHMHXPOHHOW TEPMHHAIIUH PEIUIMKAIMH.

Bce cexBeHnpoBaHHble TeHOMBI apXeif, 3a NCKII0YCHHEM MeHOMOB METaHOT€HOB, COJIEP-
»kat 1-17 reHoB, KOTOpble TOMOJOTHYHBI OXHOBPEMEHHO reHy orcl u reny cdch. Ilpoayk-
TBI MX 3Kcnpeccun, 6esku Orcl/Cdc6, nogobHO OPUIKUH-PACTIOZHAIOWIEMY KOMILIEKCY
sykapuoroB ORC, npunannexar k cynepcemeiictey AAA-AT®a3 (cM. pazznen 16.6.1.3).

AHK-z2eauxa3a. HanomuumM, uto y 6akTepul pennuxatusnaa JJHK-reaukasa or-
HocuTcst K cynepceMelictBy AAA-AT®a3 u dyHKUHOHNpYeT B roMorekcamepHo#t ¢op-
Me. CoOoTBETCTBYIOIIYIO POJIb ¥ 3YKAPUOTOB BBINOJHSET reTeporeKcaMepHasi rejlIiKa3a
MCM2-7 (cokp. anra. minichromosome maintenance complex; mymayuu no mcm-zeHam
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Puc. 182. Penutukanust y apxeii.
OObsAcHeHne B TEKCTe.

AWM Oposcoceti CnocoOHOCTNU COTPANATID NAASMUOLL C OPUOHCUHOM DENAUKAYUU U
yenmpomepom). UTo Kacaercsa apxel, TO y HUX BO BCEX CEKBEHHPOBAHHBLIX T€HOMAaX MMe-
eTcs MUHEMYM OJHH TOMOJIOT reHa mcm. [IpodyKT ero 3kcnpeccud B roMorekcaMepHoi
dopme urpaer poas JHK-rupaszsl (puc. 182). Kakum 06pa3omM DpOHCXOIAT ee 3arpy3ka
na JIHK, touyno wenssecto (y Gakrepmii stomy crnocobcryior AAA-AT®Pa3n DnaA u
DnaC). IIpeanonaraercs, 4T0, N0 aHAJIOIUH C IYKAPUOTAMH, 3TY POJib BBIIOJHAET TeTe-
porerpamep GINS (cokp. ANOHCK. o — NATH, ichi — oauH, nii — aABa U san — Tpu; enepsuie
eveaeH Y dpooicorcel kax xomnaexc beaxoe SLDS5, PSF1, PSF2 u PSF3). [Tomumo Toro,
yro GINS szanmozeticrsyer ¢ JJHK-rupazott MCM, Haxonsmetics Ha BeayLielt Lienu, OH
obpa3yer MOCT MeXXAy Helt u npaiiMazsoii, Haxoasedcss Ha OTCTAIoNIeH nenu (pHc. 182).

SSB-6eaxu. Benku, ceasbiBaronmecs ¢ oguHo4RoN nenbio JHK, y apxeit obnanaor
Gostee BBICOKOM CTEIEHBIO T'OMOJIOTHH C yKapuoTHbiMH RPA-Genkamu, yem ¢ bakrepn-
anbHbIMH. OHM CyIIECTBYIOT B Buae MHOXKecTBeHHBIX dhopm (RPA14, RPA32 u RPA41 B
cay4ae Pyrococcus furiosus; RPA12, RPA2 u RPA B ciyuae Methanosacrina acetivorans
U T.1.) U 006pa3yioT romMo- WiIH rerepoouromepbl. OHU HMEIOT MOJEKYISPHYIO Maccy
~16 k/la u cocrasasior 2-5% cyMMapHOro pacTBOpUMOro 6eJika.

IIpaiimasa. B ornuune or MOHOMepHO# GakTepuanbHOi npaimassl DnaG, y sykapu-
0TOB IIpaiiMa3a COCTOHT U3 MaJiolt KaTajurudeckod (PriS) u Gosbinoit HekaTaTNTHIECKON
(Pril) cy6bemuuun. Onn o6pa3yior KoMiuleke ¢ cybbeqununama Pola n B, Bxoasuiamu
B coctaB JJHK-nonumepassl. ApxeoTHas mpaiiMasa, Kak U y 9YKapHOTOB, COCTOUT U3
Gombiio 1 Manoit cybbeaunnn (puc. 182).

AHK-noaumepa3awt. ITonobHo 6akTepusiM 1 3yKapuoTaM, apxed 06J1a1al0T HECKOJIb-
kumn JJHK-mosmMmepasamu, npuyeM ux Ha6op BapbHUpYeT B 3aBUCHMOCTH OT (ML Y
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npeacrasureei unst All Furyarcheeota, napsay ¢ yHuBepcalbHO pacrpoCTpaHEHHON
B-nonnmepa3zoit, KoTopasi CHHTE3NPYeT BeAYLIYIO LIeNb, UMeeTCs YHHKabHadA D-nosmMe-
pa3a, KOTopas CUHTEe3UpyeT OTCTAIOILYIO Ielb U coCcTOMT u3 cybbennuun DP1 u DP2. B
OoTMYME OT 3TOro, npeicrasutenu duiabl Al Crenarchaeota nmuumens D-nonumepassr, HO
06J1a1a10T pa3HbIMA B-mosmmMepasaMu, KOTOpble CHHTE3UPYIOT oTAeiabHble uenn JHK.

Kak y»e yKashiBajoch, y Pa3HbIX NIpeJcTaBuTesell apxel CKOpoCTh IPOABHXKEHHUS pe-
IJIMKAIMOHHON BHJIKM 3HaunTeNbHO BapbupyeT. Hanpumep, B ciaydae Sulfolobus spp. oHa
TaKas Xe, KaK y 9ykapuoros (~100 n.-c~!) — na nopsanox mMeanennee, yem y E. coli (cm.
soime). B To xe Bpema y Pyrobaculum abyssii ona cocrasasier (~300 n.-c™!), g0 coot-
BETCTBYET MPOMEXKYTOYHOMY 3HaueHHIo Mexxay TemrioM permukauuu JHK sykapuoros
U O6akTepuil.

3aotcum. B cnyyae 6axrepuanbhoit JTHK-noauMepassl ckoab3dmuit 3aKUM U3 ABYX
B-cy6bennnuiy ciocoberByer npoueccusioctd JJHK-nosmMepassl, He no3Bonss elf guc-
COILIMMPOBATH OT MATPHILL. ¥ 3YKapHOTOB M apxeil 3Ty POJb BLINOJHAET I'OMOTPHMEP
PCNA (coxp. aurn. proliferating cell nuclear antigen) (puc.182). [Iast ero 3arpy3ku Ha
JHK ucnonssyercs nentamepHsil 6enkobiit paktop RFC (cokp. anr. replication factor
C). Hocne coeit 3arpysku PCNA ceazbiBaercs ¢ JHK-nonnmepaso 1 BoBJeKaeT B Co-
CTaB PEIUIMCOMBI Apyrue 6efKH, B YaCTHOCTH 3Haonykiaeady FEN1, kotopas pa3pyaer
PHK-npaiimepnr ¢parmentos Okasaxn (cokp. asru. flap endonuclease; «u3busaromas»
9HJIOHYKJIea3a), a Takxe JJHK-nurazy 1.

K ckasannroMy cienyer mo6aBUTh, UTO MMCTOHBI apxel, KaK M I'MCTOHBI 9YKapHOTOB,
[10/IBEPralOTCA NOCTTPAHCISLMOHHON MOAUGDUKAINY TyTEM alleTUIMPOBAHUS, YTO BINAET
Ha TecHOCcTb ux accoumanuu ¢ JJHK n, B cBOlO 04Yepenb, Ha XapaKTep IKCIPECCHH FEHOB.

Takum 06pa3oM, annapaT pelIMKAUMH y apxelf TOMOJIOTMYEH 3YKapPHOTHOMY, XOTSI
OH YCTPO€H 1polle NocaeaHero. B 3BoouuoHHOM 1aHe OH MOXKET NMPeICTaBJIATh COOOM
6osiee apxanyHBIH, HPEAKOBLIA M0 OTHONIEHUIO K 3YKAPHOTHOMY, BADUAHT.

16.4.1.2. Penaukauuda nja3Mum

Y106bI COXPAaHUTHCH B HOMYJISLUN XO35IMHA, IJTa3MUIbl JOIKHBI COTJIaCOBBIBATh CKO-
POCTh CBOEH DEIUIMKAIUHN CO CKOPOCTLIO €r0 Pa3MHOXKEHUsI. XOTS HEKOTOPbLIE ILIa3MUIbI
MOT'YT CIIOHTAHHO IIPOINAJATD U3 JOUEPHHX KJIETOK, HOJBIIMHCTBO U3 HUX CTAOUJIBHO Ha-
CIIeIyeTCH.

Ecnu ckopocTh peruKauyy Naa3MKu OKAXKeTCH CAMIIKOM MeJJIEHHOH, TIOABATCA A0~
YepHHUE KJIETKH, B KOTOPLIX HX yXKe He OyAeT. A MOCKOJbKY BOCHPOHM3BOACTBO IIA3MUL
0o6peMeHUTENIbHO 151 XO3HCKOro MeTabon3Ma, B NOMyJIAIMHE HaYyHyT npeobsaiaTs bec-
na3Muaable ocobu. ITo aToil ke npuunHe MeTabONNYECKON SKOHOMHMH AJISL KJIETKH o0pe-
MEHHUTEJIbHO M3OBITOYHOE HAKOILIEHHE IJIA3MUJI C ONEPEXKAIOIUM TEMIIOM PEILTHKALHH.
B uTore mcrnonb3yeTrcst ClieLMAJbHBIA MEXaHNU3M, KOTODHIA NOAJEPXKMBAET COAep)KaHue
IJIa3MHKJ, Ha HU3KOM K [OCTOSTHHOM YpoBHe. Biiaronaps KOHTPOJIIO COOCTBEHHON periu-
KallMd (B JAaHHOM XO35IMHE M IPH JaHHbIX YCJIOBHSX POCTA) IUIa3MUIbI CHHTE3UPYIOTCA B
ONpeJieJIEHHOM KOJIHYeCTBe KOIMMIA.

[Tna3Muas! 6BIBAIOT OAHO- U MYJIBTHKONMAHBIMY ([0 YMC/Y KONWH, IPUXOASILUXCH Ha
KJIETKY UM XpoMocoMy). PakTopsl mepeHoca M KpYIHble KOHHTETDATHBHBIE TJIA3MUIBI
npefcTaBiieHbl 1-4 KoMUaMH; MeJIKie HeKOHbIoraTHBHbIE M1a3Muabl 10-30 konusimu. ITpu
0cJ1abJIeHHOM KOHTDOJIE PEeIUIMKAUMH ILIa3MuUJ HOCJe MPEeKPAIeHHsl POCTa KJIETKM OHHU
MOTYT HaKalJIMBaThcA B uucie Jo 103 xomuit.
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B naasmuaHOM pensikoHe nMeeTcs Jokyc inc pasmepoMm 100-300 T.m.u. OH pery-
JUpYeT KOMUHHOCTb TaKuM OOPa30M, YTO CKOPOCTb MHUIMALMH DEIIMKAIMA TLMa3Mu,
(B pacyeTe Ha OJJHY KOMMIO) OOPATHO MPONOPIMOHATIbHA HX KOJIMYECTBY. DTO THIMHYHBIN
NpUMEp aBTOPEryJsIMH, WIH HEraTHBHOrO MHIMOMDOBAaHMS 110 THNY OOpaTHON CBA3M.
OcranbHast 9acTh PEIUIMKOHA (baKTHYECKH 0GECleYHBAET TOJIBKO BOCITPOM3BOJACTBO JIO-
Kyca inc.

Takum 06pa3oM, 3a cYeT KOHTPOJIsI COOCTBEHHOM PEIINKALMH [IJIa3MHIBI COXPaHAIOT-
sl B MOMYJISIIMM KX XO3AHWHA.

IIpn pabore ¢ GaKTepUsIMH MHOI/a HY>KHbI KJIOHBI, cBOGoAHble oT maa3mun. IlosTomy nms mckyc-
CTBEHHOrO «M3JIEYMBaHMsI» OT nuasmuy (aHri. plasmid curing) NpUMeHsIOT pasHble MPUEMBI, XOTH BCTPe-
YalOTCA «HEeU3JIeYnMbie» TulasMuabl (aHri. refractory plasmid). K unciy «ieyaiinxs areHTOB OTHOCATCSH
KpacHTeaH, KOTopble BCTpanpatloTcsa B 6opo3asl JJHK (akpuantoselil opaHxkeBuI, akpudiasuH, Gpomu-
CTHIA 3THAuM, xuHAKpuH), narubuTopsl JJHK-rupassr (kymepmuuus, HoBo6rouuH), unrnéuroper PHK-
nosmMepasbl (pudaMnuumn), Myrareis (mutomuuun C) u gerepreHTnl (HanpuMep, AOENMICYIbgaT).
Kpome Toro, n3neunBaH1IO CIIOCOGCTBYIOT TOBLILIEHHAA TEMIIEpaTypa MJIH roJIoJaHHe 10 THMHHY.

[Tnasmuupl 45151 COBCTBEHHOH PEIUIMKAIMH HCNOIL3YIOT NOJIAMepPa3bl XO3AHHA U Y-
re KOMIIOHEHTHI €r0 PEILTHKALMOHHOTO KOMILIEKCa. MHBIMU cIoBaMu, Nia3MHIHASA Den-
JINCOMa MMEET XO3SCKOe MPONUCXOXKIEHHE.

Wnvimaims permkanyyu 1 co6CTBEHHO PeIlINKAIMS KOJbUEBbIX [IJIa3MHUA MOTYT OCY-
IIECTBJIATHCSA € MOMOIIBIO OJHOTO U3 ABYX MEXaHM3MOB. B COOTBETCTBHM C yCJIOBHO-rpa-
buueckoit ¢opmoit 06pa3yIOIIUXCA HHTEPMEANATOB X OObIYHO 0603HAYAIOT KAK Mmema-
mezanuam (0) u cuzma-mezarnusm (o).

Tera-mexauuam. On Gosee pacnpocrpateH y IIa3Mul PaMOTPHULIATENbHBIX HaKTe-
pHii ¥ CXOJEH C OIHOMMEHHBIM MEXaHHU3MOM PEeILIMKALIMN KOJIbLIEBBIX XPOMOCOM, TIOCKOJIb-
Ky aBoitHas cnupasb JIHK pacneraercs B sokyce ori, B pe3yabpTaTe uero odpasyercs
PenIMKaIMOBHBIN «IJ1a30K».

OzHaKo, B OTJIMYHE OT JIBYHANPABJIEHHON PEILIMKALNH KOJbLEBOH XPOMOCOMBI, PEerliu-
Kallis KOJIbIEBOM IJIa3MUIbI MAET TOJBKO B OJHOM HAIlDABJICHHH, T. €. 06pa3yeTcst TOJIbKO
OJHA PEIUIMKALMOHHAsA BuJKa. KpoMe Toro, B Tera-MexaHu3Me yHacTBYeT OCOOBLIH HHH-
IHaTOPHBI GeIoK, reH KOTOPOro PACIOJIOKEH B IJIA3MHJIE IO COCEACTBY C OPHIXKMHOM
perukanuy. Hakosen, nna3muibie peryinkaTopbl CTPYKTYPHO OTIHUYAIOTCH OT JIOKyca
oriC (cMm. HEXKe).

Ho, xak y>xe oTmMe4yanoch, Npu peruIMKalUH MJIa3MHU MCHONb3YIOTCH Xo3sicKkue dak-
topel periukaruu (JIHK-ceassiBatomue 6eikn DnaA, HU u IHF, a raxkxe JJHK-remn-
ka3a DnaB, JHK-npatimaza DnaG, JHK-rupasa u JJTHK-noaumepasa Pol I11). B penan-
KallMOHHOHM BUJIKE OHM 06Dpa3yiorT MIa3MHIHYI0 PEJIHCOMY — MyJbTH(EPMEHTHYIO Opra-
HeJUTy, PacI0JIOXKEHHYIO Ha 9KBATOPe KJIeTKHU.

Haasamudnudi opudoicun penauxauyuu ortV. Ilnasmuap, KOTOpble PENMIMPYIOTCS C IOMOLIBIO
TeTa-MeXaHH3Ma, COAEPIKAT UTEPOHBI (CM. HMXKe), Wim creunduIecKhe HEKOSGHPYIOUME 1TOCIEN0BATEIIb-
HOCTH, KOTOPbIe B3aMMOAENCTBYIOT C MHULMATOPHbIM Rep-6Genkom. Biaroaaps aToMy penyiukauus njias-
MHABl KOHTPOJIMPYETCH HE3aBHCHUMO OT PEIlJIHKALMM XO3STHCKOH XPOMOCOMLI.

IIpn BereTaTMBHOM PENUIMKALMH, KOT/A Ma3MAIb! MNEePEeLAlOTCA AOYEPHAM KJIETKAM, HCIOJIb3YETCst
opumKuH oriV (cokp. aHrh. vegetative). B KOHBIOraTHBHON perUIMKALMH y4acTBYeT ajlbTepHaTHBHBIMR
opumknd oriT (cokp. aHra. transfer).

Ponb nunupaTopa penyimkaiu, u3mensoluero kougopmawmo JHK, 4To conpoBoxKAaeTcs pacnias-
JieHHeM JBOIHON cnupaJii, BHINOIHAIOT Rep-6enku. 'en mep pacrnionokeH psazioM ¢ jokycom oriV. Muwe-
HblO a5t Genka Rep cay»kaT HeCKOJIbKO umeponoe (aHri. iteron; or nart. iteratio — roBTOpeHHe W rpe.
ontos — Cylliee; «HEYTO NOBTOPAIOLIEECH» ), WM NPSMBIX 1TOBTOPOB pa3MepoM okoio 20 m.H. MTepoHbt
110 CyMMapPHOH NpPOTS>KEHHOCTH 3aHHMAIOT NMPHMEPHO NOJIOBHHY Jokyca oriV. HyksieoTHaibie nocjaeao-
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BaTEJILHOCTH MTEPOHOB B KOHKDETHOH ILIa3MH/e BbICOKOKOHCEPBATHBHBI, HO He HieHTW4HbI. [lomobHo
XPOMOCOMHOMY OpHIKHMHY oriC, B MIa3MUAHBIN OPHIRKHH oriV BXOAAT oboraueHHble AT-napamu nps-
Mble MOBTOPSI, & TaKXe OAWH HJIM HeCKONbKO DnaA-Gokcos pa3mepoM 9 T.M.H. (puc. 183).

< orif ——»
L[] [ AT | ———— e+ o
DnaA- HTEpOHEI IR
60KCH
y Puc. 183. Ilnasamuneiit 1okyc oriV u npuieramomuil K HEMY Y4YacTOK
PenyiMKoHa.

AT — AT-6oraTtbie npsMble MOBTOPHI; IR — MHBepTHpOBaHHble MOBTOPHI;, T€¢pA —
red nHMLuaTopHoro Geska RepA.

B psige ciny4daes siokyc ortV ¢daaHKMpOBaH KOPOTKMMHM HHBEPTHPOBaHHLIMHM 110BTOpaMH IR, koTopnie
CJIy>KaT OnepaTopaMH JUIsi TEHOB MIIMLHATOPHBIX GEJIKOB, NpeXKJe BCero [iA reHa repA.

Hruuyuamoprsie Rep-6eaxu. VI3 Bcex npencrasuteneit naHHoro ceme#ctna Haubosiee oxapakre-
pr3osan Genok RepA (26,5 x/la), cayxauuit MHHIMaTOpoM peruMkanuu maasmuast pPS10 ¢urtonaro-
rexHol 6axkTepun Pseudomonas savastanoi, a Takxke 6enok RepE, undunarop pennukanun F-nnasmuabt
E. coli.

Benok RepA cymecrsyer B aByx dhopMax: MOHOMEDHOH M auMepHOR. B3auMHBIA nmepexon MexXay
HHMH OCYIUECTBJIAETCS NIPH MOMOLIM MOJIEKYIAPHbIX wanepoHos DnaJ/DnaK/GrpE, ClpA u ClpX. Mo-
HoMepsI Gesika RepA ciieuudpmyecku CBA3LIBAIOTCA C MTEPOHAMH H YYaCTBYIOT B MHULMALUH PEIIMKALIHN
COBMECTHO ¢ xo3slfickumu ¢akropamu DnaA, HU u IHF (cm. Bbuue). JIuMepsl, B CBOIO 04Yepedb, CBA3bI-
BalOTCAA C MHBEPTHPOBAaHHBIMU noBTopamu [R.

Benok RepA cBa3biBaeTcs ¢ uTepoHaMu, a Takxke ¢ [R-nociiegoearenbHOCTAMM B npefenax oOgHON
n1asMuasl {cis-s3anmoneitictare). TIoMHMO 3TOro OH y4aCTByeT B 06pa30BaHHMM MEPEKPECTHBIX KOMILIEK-
coB MeXAy uTepoHamu M IR-mocsienoBaTenLHOCTAMM, BXOAAIUMMM B COCTaB pa3HbIX MiasMuy (trans-
B3aumozeiicreue). Takyro nepekpecTHyio CBfA3b OOpA3HO HA3bIBAIOT «HAJEBaHHEM HAPY4HHKOB» (QHIV.
handcuffing). 3a cuer Hee npeaoTBpaulaeTCA N3OLITOYHAS PEMIMKALHMA MJIA3MHA.

HanoMHHM, 4TO XpOMOCOMHBIN HHHLMATOD pensMkauuy, 6esok DnaA, crneuucpudecku CBA3BIBAETCSH
¢ DnaA-6okcamu ¥ 3a cuer snepruu AT® usmenser kondopmauuio JHK, uTo npuBoauT K ee pacnias-
JeHnio B jokyce oriC.

B cayuae nnasMug, coaepKaiux uteponsl, 6enok DnaA urpaer posb kounnuuaropa. OaHako, BMe-
cto Hero naansenre JIHK B obnactu opumxuna soisbisaer He-AT®asunit 6enok RepA, koropniit cBs-
3BIBAaETCA C HTepoHaMH. TeM He MeHee, KaK WM NPH PEIUIMKALMM XPOMOCOMBI, 6esok DnaA npusnekaer
K y4aCTMIO B PelMKauuu reiaukasy DnaB (ans manvueiimero pacinerenus JJHK), a takxke npaitma3sy
DnaG (ans cunresa Hosoit uenv JHK Ha ognouenoueunoit matpune). Hapaay ¢ HUM B 9TOM mpouecce
y4acTByeT 6Gesiok RepA.

CurmMma-mMexaHu3M. ITOT MEXAHU3M DEIUTMKALNY IJ1a3MUJ, M3BECTHBIH elne 110/ Ha-
3BaHMEM «KaTsueecs Koabuo» (anr. rolling-circle, RC), 6611 BiepBbie ouMCaH B cepeIMHe
1980-x rr. Ha npumepe nmna3muasl pT181 Staphylococcus aureus. IlepBoHayanbHO muas-
MHJBI ¢ JAHHBIM MEXaHU3MOM PEIUIMKAIMKA CYUTAIUCh KpaliHe peJIKUMU, XOTH yXKe TOraa
6bL7I0 M3BECTHO, YTO MOLOOHLIM XKe 00Pa3’oM peIuTMIMPYIOTCH (Garn ¢ OXHOIENOYeYHOM
ss-JJHK (cokp. aura. single strand), marpumep kosnudar ¢174. B nacrosimee spems no-
Ka3aHO, YTO CUI'Ma-MeXaHM3M IIUPOKO PACIPOCTPAaHEH y MJIA3MUMA IPaMIOIOAKNTEIbHBIX
6akTepnii (mpumepoMm cayxat B. subtilis u S. aureus).

HanoMHuM, 4TO riiaBHasi OCOGEHHOCTb TeTa-MeXaHM3Ma COCTOMT B TOM, 9TO XPOMO-
COMHBI! MJIM IUTa3MHIHBIA JIOKYC OTi Daclo3HAEeTCA M PACIUIETAETCH CleNuHIECKUMHU
6enxamu. Ha obenx uurax cunresupylorcs PHK-npatimepsr, u JJHK npomoskaer pac-
IIETATHCA NEePeJ] PENJIMKAIIMOHHON BUJIKOM.

70












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































