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NPEAUCIIOBUE

IeneTHueckas MFKEHEPHA TPEACTABIAET CO-
0ol yMBHTE/ILHOE SBIICHHE B HAYKE, KOIZA paspa-
60TKa ROBOH METOJIONOTHH IaeT MOIIHBIH HM-
NyIbC PasBHTHIO HAMIEr0 MOHHMAHUA OKpYXKalo-
el pHpOJILY, €& COKPOBEHHBIX MTyOHH. BypHomy
TIporpeccy reHeTHHeCKol HIKeHepHH crocobet-
BOBAJIO TO, YTO yxke¢ B Hayane 1970-x rr, cpasy
noclie MepBbiX, eme pobKHX IKCTIEPHMEHTOB 1O
pexoMOHHALHH in Vitro HErOMOJNIOrHYHEIX MOTICKYIT
JHK, saywHo# 061iecTBeHHOCTBIO Obla 0CO3HaHA
OrpOMHAas BaXHOCTH M NEPCTIEKTHBHOCTE HAHHOM
METOJIONIOTHH. 3TO INPMBIEKIO K HEH ILIMPOKHE
Kpyrd Guoxmumukos, GHONIOrOB, XHMHKOB M HcCIIe-
poeateliedl psla apyrux crneluanbHocTed. enno-
HHKEHEPHBIE SKCTIEPUMEHTHI, BRIMOJIHCHHBIE B J1a-
6opaTopHaX pasMBIX CTPaH, NPHBEJIH K TakoMmy
defiepepky OTKpHITHH, Kakoro OHonormveckas
HayKa 0 TeX 1op He 3xana. B orpomMrOoM motoke
nyOmukauuit Ho reHeTHYECKOH MHKCHEPHH pery-
NAPHO NOSBAAIOTCS paboThl, BOCXHIIAKIIME ep-
30CTHIO 3aMEICTIA H AIETAHTHOCTHIO METOIMKH.

I'eHHO-MIKEHEPHBIE  HCCNIEIOBAHHA  BHOCST
YVHHKATBHBI BKIAJ B H3yYCHHE CTPYKTYpHO-DyHK-
HHOHANLHOM OPraHu3aLMK reHOMOB PATHIHBIX Op-
TaHH3MOB. METO/IONOTHA IreHEeTHYECKOH HHKEHE-
PHH MOCTOAHHO COBEPIIEHCTBYETCs, H Bee Gonbiue
HeeieloBaTeNieH HCIONb3YIOT €€ NMPH PEIICHUH ca-
MBIX pa3HBIX 3aj1a4 OHonorHYeckon HaykH.

MeronaMu reHeTHYECKON MIMKEHEpHH Co3na-
HBEl IITaMME! GaKTepHil, IpoXoKei, THHHK KIIeTOK,
C BEICOKOH 3((EKTHBHOCTBIO HNPOIYLMPYIOLIMX
GHONOrHHECKH aKTHBHBbIC OENIKM YenoBeKa U Xu-
BOTHBIX. 3TO TNO3IBONACT TONYH4aTh YyKapHOTHYC-
CKHE TOJHIENTHAL B OIPOMHBIX [0 CPABHEHHIO
C HEJJABHMM TPOILTEIM KOJIMYECTBAX, YTO yIIpoma-
€T NPOLEAYPY X OYHCTKH BIUIOTE A0 MHIHBHIY-
alnbHOro coctosnua. Pabors no coznanuio mram-
MOB-TIPOAYLICHTOB HMEIOT OYCHD BAKHOE 3HAYCHHE
LIS MEAHIHHEL H BETCPHHAPHH H PEBOJIOLMOHHK-
3upyioT GypHO pa3sBHBAIOUIYIOCE OTPacib rpo-

MBIINIEHHOCTH — OHoTexHONOr|o. Upessuaino
HHTEPeCHbl HCCIIENOBAHUA 110 CO3J|aHHIO TpaHC-
FeHHBIX XWBOTHHIX M PACTEHWH, CONEPMAIMX W
3KCIPECCHPYIOUIHX HYXKEPOIMHYH) IE€HETHHECKYIO
HH(OpPMAIIHIO.

CpeaH OTeweCTBEHHOH NATEPATYphl HMEETCH
psia 00630pHEIX Marepuanos ¥ MoHorpaduii no pas-
NHYHEIM pa3denaM TeHETHHYECKOH WHXEHEPHH.
B 10 e BpeM# ol{yIliaeTCs HeAOCTaToK B yicOHOH
NMUTEPATYpPe, MOCTATOYHO noapobHO U HA coBpe-
MCHHOM YPOBHE paccMarpHBAalOILCH JOCTHXEHHS,
npobnaeMel M TIEPCIEKTHBE! PAa3BHTHA AaHHOH 06-
NacTH MOTICKYApHO# Gronorni. B 1994 v 1997
ObinH H3aanbl 1-3 ¥ 2-1 yacTH ygebHOro nocobus
C. H. llenxynosa «l'eneTHyeckas HHACHEPHAR,
KOTOpO€ MOIYYHIO MHOIO NMONMKHTENBHLIX OT3hI-
BOB OT HAy4YHBIX COTPYIHMKOB W lpernojasareie
BY30B. 3a npormesiiite rogsl ¢hOpMHPOBAIHCH HO-
BbI€ IKCIEPHMCHTAIIBHBIC TOJXO/Ib, TIONYYeH pij
NPHHUMMHANBLHEIX ~ PE3YNETAaToB,  PaCHIMpHICH
CMIEKTp 34184, pemaeMbiX MeTOfaMH reHeTHde-
ckoli uHXeHepuH. B CBA3M C 3THM BO3HHMKIA MO-
TpebHOCTE B nopaboTke H MEPEH3IaHNH JAHHOTO
nocobus.

B ocroBy npemraraemoro y4ebHo-cipaBoYHO-
TO 10COOMS MONOXKEHE! JIEKUMH [0 FreHeTH4eCKOH
HHKECHEPHH, KOTOphIe aBTop YuTaeT B Hosocubup-
CKOM TOCYNapCTBEHHOM YHMBEPCHTETE HauHHAaR
¢ 1980 r. Ceauky Ha GONBLIMHCTBO IKCMEPUMEH-
TaneHbIX pabor, BEIMONHEHHBIX 10 1986 1., uynTa-
Tens cMoxeT HaliTu B mosorpadmsax C. H. Hlenxy-
Hosa «Knonuposauue renos» u «KoHcTpysposa-
e rubpumaeix monexyn JJHK» (HoBocubmpek:
Hayxa, 1986, 1987). Pasaen 1.12 nanucan uispect-
HEIM CTIELHATHCTOM B 061acTH XHMIKO-(epMeHTa-
THBHOTO cHHTe3a reHoB A. H. CunsaxoBuiM.

ABTOp KHHIH ABIAETCH BhimyckHukom Hoso-
CHOMPCKOTO roCYAapCTBEHHOrO YHHBEPCHTETA H
paboraer B OGNACTH ICHETHYECKOH HHKCHEpHH
¢ 1975 r. lleppsie reHHO-HHKEHEPHBIE KCIEPH-



8 NPEOUCNOBVE

MEHTBl BBIMONHCHbI UM TIOA PYKOBOLNCTBOM
H. K. Marsuesixo u JI. Il. Tuxomuporoit B oraene
akamemuxka A. A. Baesa (HucTuTyT OHOXMMMH
# ¢usnonorun mukpoopranmsmos AH CCCP, Ily-
umuo). C 1976 1. oH u ero koanern B [locynaper-
BEHHOM HAYYHOM LEHTpPe BUPYCONOrHy U OHOTeX-
HOJIOFHH «BeKTop», BOSINAB/ISEMOM aKAJEMHKOM
JI. C. Canjiax4meBsiM, BRITIOHANH MHOTOYHCIICH-
HEIC HCCIICOBAHHA C NPUBICYCHHEM METOMOB re-
HeTHYECKOH WIDKEHEPHM Ha TAKUX CHCTeMaX, Kak
baxrepun Escherichia coli, Bacillus subtilis, Agro-
bacterium tumifaciens, npoxoxu Saccharomyces

cereviside, KylTETHBHPYEMBIE KIIETKH MIIEKOITHTa0-
WMX W HACEKOMbIX. B KauecTBe MONEKYIAPHBIX
BEKTOPOB HCIOAB30BATHCH PAIHYHbIE TIA3MHIBL,
KoemrAael, Konudary nsMbaa 1 M13, BHpycH oC-
TOBAKIMHEI M IKTPOMEIHH, a Takke GakynoBupy-
chl. Bee 370 103800 ABTOPY HETKO OXApAKTEPH-
30BATh PAINTHIHALIC PEHHO-HHXKECHEPHBIC CHCTEMBEI,
BEIIEJTHTE MX ocobeHHOCTH, a Takike ofpHCOBaTH
MEPCIIEKTHBEl pPa3BUTHA MHOTHX HAMpAaBNCHHH
HCQNIEIOBaHMH B COBpPeMeHHOH Ouonormueckoi

HayKe,



Faea 1

OBLWMKE NPUHUMNBI U METOAbI

FEHETUMECKOW UHXEHEPUU

I'eneTndeckas HIKEHepHA — 3TO HOBBIH pa3-

Aen JKCHEePUMEHTAIBHOH MonekynspHoi Oumono- .

- ruy. [osBienne e METONONOIHM CTaNO BOIMONK-~
HEIM Gnaroiaps npeamecTsyionmM paboram MHO-

. THX HccriemoBare/iedt B padinuHelx obmactax Oxo-

XHMHH H MOJEKY/ApHOH reHeTHKH. K ocHOBHBIM

JOCTHXEHHAM, KOTOphie OOYC/IOBMIM pOXIeHUE

H YCTICIIHOE Pa3BHTHE I'EHETHYECKOH HHAKCHEPHH,

MOXHO OTHECTH CIIE/IYIOIIHE:

* poxasarenscrso B 1944 r. O. Diisepw ¢ COaRTO-
pamu poan JIHK kak HocHTeNs reHeTHYECKOH
uHpopmanuu u orkpeitve B 1953 r. k. Yorco-
HoM ¥ @. Kpukowm crpykrypel JIHK;

*  DKCNEPHMEHTANBHOE MOATBEPXkJ/IeHHE YHHBEP-
CabHOCTH FEHETHYECKOr0 KOJ1a;

* MHTEHCHBHOE Pa3BUTHE MOJIEKYJISPHOW reHe-
THKH, 00BEKTAMH KOTOPO#H MpEeX/ie BCETO CTa-
v Gaxrepus Escherichia coli, a Takxe ee Bu-
PYChI H IUIA3MHJIEL,

¢ orpaboTKa NMPOCTHIX METOAOB BhLIECJICHHA BHI-
COKOOMMILECHHBIX MPENapaToB HEMOBPEHKACH-
HBIX Monekyn JAHK 1uia3sMen v BHpycoOB;

* pa3paboTka METOJIOB BBEJICHHA B WyBCTBHTE/Ih-
Hbie KaeTkH monexys JHK supycos u rusasmmn
B Gronoruyecku axTuBHOM Qopme, obecneun-
paromieH perumkauuio Monekyn JTHK wwmmm
3KCITPECCHIO KOAHPYEMBIX HMH I'€HOB;

* OTKpHITHE psija (PEPMEHTOB, HCIIONB3YIOUIHX
JHK B xagectBe cyGcerpara KaTalH3HpyeMbIX
HMH peakii, ocobenno pectprkras u JIHK-
JIHTas.

Ob6weanrenne B Hauane 1970-x rr. 1o TOro He-
3aBUCUMO pa3palarbiBaeMbIX METONOB MO3BOMKIO
CO3JIATh COBPEMEHHYIO CTPaTErHi0 reHeTHHECKOMH
HHIKEHEPHH, CYTh KOTOPOH 3aKiIiouaeTcs B clie-
RYIOIIEM:

1) B HeGomburyio monexyny JIHK, cnocoGuyio
PEILIHIMPOBATECA B KJIETKE ABTOHOMHO OT XPOMO-
comel (rurasmuny wnu supycnyto JTHK), ¢pepmen-
TaTUBHO BeTpauBaioT (parmentsl monexyn JITHK
moboro H3y4aeMoro opraHM3Ma WIH MCKYCCTBEH-
HO cuHTe3npoBannsie cermenTsl JIHK,

2) obpasyionmecs nNpH 3TOM MOJEKYIhl (THO-
puaasie JIHK), BBOAST B 9yBCTBHTENBLHBIC ITPOKA-

1 Mo Jml B OROHDPA

PHOTHYECKHE HIH JFYKapHOTHYECKHe KIETKH, Tie
OHH PEILUTHUHPYIOTCH, Pa3MHOKAA B CBOEM COCTARE
pcrpoernsie dparmenTsl JTHK;

3) onpeeneHHLIME MeTOAAMH OTOHpaKT KO-
HBI KI€TOK HITH BHPYCOB, CONEpalHX HHAHNBUAY-
anbHbIe THITEI Monexyn rubpuanex JTHK;

4) suisBienHHkle ruOpuansie JIHK nonsepraor
Pa3sHOCTOPOHHEMY CTPYKTYPHO-QYHKUHOHANIBHO-
MY H3y9€HHIO, 0cO0YIO POITh PH 3TOM MIPAIOT Bhi-
cokodddexruBHble METO/R! paciHppPOBKH Moce-
NOBATE/IBHOCTH HYKICOTHIOB (CEKBEHHPOBAHHA)
¢pparmenror JTHK.

Monexyinsl THK, cosnaBaeMble METOIaMH re-
HETHYECKOH HIDKEHEPHH, YaCcTO Ha3HBalOT PeKoM-
6unanmusimu [THK (pexTHK). B nanno# kuure
KOHCTpYHpYyeMmeie in vitro monekynsl JIHK me1 Oy-
Jem HazuBate 2ubpudnsimu [JHK, qtobel nou-
YEepKHYTh HX OTIHYHE OT MOJeKY], obpasyembix
in vivo B pe3yJILTATE €CTECTBEHHOH peKOMOHHALHH
npuponusx JIHK no obnactam romonorus. Jlerep-
MHHUpYeMbIe THOPHIHBIMA I'eHAMH «COCTABHBIC
Genku, COCTOSIME W3 KOBAJIEHTHO CBS3AHHBIX
AMHHOKHCJIOTHBIX TOCTIEIOBATENBHOCTEH pa3HBIX
Genkos, OyzieM Ha3LIBATE XUMEPHOLMU.

TeneTHyecKkas MHXEHEDHA 3HAYHTENBHO pac-
LIMpHA JKCTIepHMEHTAILHBIC TPAaHHIBI MOJIEKY-
JApHOH OHONOTHH, MOCKONBKY MO3BOIAIA BBOJHTD
B pauiMyHBIE THNLI KJIETOK 4yxepomuyio JHK
U HeCNeaoBars ee (PyHKLHOHHPOBAHHE B MeTepoo-
FHYHOM OKPYKEGHHH. JTO 11410 BO3MOKHOCTH BbI-
ABNATH 0OEOHOIOrHYECKHE 3aKOHOMEPHOCTH Op-
raHu3alHe W BLIPAXKEHHA reHeTH4YecKol uugop-
MAITHH B PasIM4HbLIX opraHuamMax, Jlanusiif noaxon
OTKPBUI MEPCIIEKTHBR CO3MAHUS MPHHIHITHAIBHO
HOBEIX MHMKPOOHBIX MpoXyneHTOB OHONOrHYecKH
AKTHBHBIX BEILECTB, @ TAKKE WHBOTHBIX H pacre-
Hui, Hecyux (YHKUHOHANIBHO AKTHBHBIC HYyXKe-
ponHbie ressl. Bonee Toro, NoOABHIACH BO3IMOXK-
HOCTh MCKYCCTBEHHO CO3JABaTh I'eHbl, KOIHPYIO-
e XHMEpHLIE TONHIIENTHAB, obnagaromme
CBOWCTBaMH JIBYX HJIH Gonee npHpoaHbIX GENKoB.
Bcee 210 ynuBHTENbHLIM 006pa3oM PEBOIOIHOHH-
3MpOBaNo GHONOTHYECKYI0 HAYKY H 1aN0 MOIHBIH
HMITYJILC PA3BHTHIO OHOTEXHONOTHH.
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1.1. CTPOEHHE U CBOMCTBA MONEKYIbI AHK

I'naeHLIM OGBEKTOM FEHHO-HHKEHEPHODO BO3- JHK sgensercs nomiMepom BykieorHnos. Hy-
[EWCTBHA HABISETCH Je30KcHpHOOHykieuHoBas  KieoTHn (pHe. 1.1) COCTOHMT M3 TPEX KOMIIOHEHTOB:
KHcnoTa. HanoMAWM 3aKOHOMEPHOCTH CTPOEHHA — NYPHHOBOIO HIH NHPHMHAHHOBOTO OCHOBaHHA,

€e MOJIEKYITHL. NATHYITIEPOAHOIO LMKIMYECKOr0 caxapa, ¢ KOoTo-
a
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1 N N
OH
H H

Puc. 1.1. Ctpyxtypa oTnensRoro HykreoTna (a) u HykneoTuaos, oGsennrennbix B nenouxy JTHK (6)
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Puc. 1.2. Pasnuunsie ciocobsl cxeMaTH4eckoro usobpaxenns monexynsl JJHK

PED4 OCHOBAHMA CRNAMRO. ONEIEM H3. CBOHX &T0MOB
asora N-sumossgsolt - coxiso. (obpasyercs Hyk-
APQINL), B POCaTa, CBAIAHHOTO MPMPHOH CBA3EI0
pfomneponom caxapa. B IHK nmerorcs Hyxieo-
WU GOTHPEX THIIOB, PATHYAIOMHECH JTHIID 30~
THOTRIMH OCHOBaHHAMH. K 3THM OCHOBaHHAM OT-
HOcATCA Apa nypura (Pu) — aneHuH (A) H ryaHHH
(G) — u nsa nupumuausa (Py) — tamus (T) u
guTo3uH (C).

Xapaxreproli ocobenrnocteio JHK apnserca
TO, 4TO €€ MOJeKy/a OOBIMHO COCTOMT M3 ABYX O~
JHMEpHBIX lenedi, 3aKpyueHHbIX B ABOMHYIO CIH-
pans (pHe. 1.2, @). Kaxnas uens — 370 perynsp-
Hbili MOMMMEp, B KOTOPOM OCTATKHM Caxapa IBYX
COCEHHX HYKIEOTHAOB CBA3aHB NPH IOMOILH
¢docdarneix rpynn. B obpasosanuu 3rol CBA3M
Bcerna npuEMMaloT ykactue S'-pocdar ounmoro
HYK/I€oTHza ¥ 3'-ruipoKCHI OCTarka caxapa apy-
roro. [Toaromy yrnesoano-pocdarHsili ocToB Mo-
NeKyJIsl HMEET PeryapHyi0 CTPYKTYpy (puc. 1.3).
B NpOTHBROMONOKHOCTE 3TOMY NOC/IENOBATE/b~
HOCTBh NMyPHHOBHX H IMHPHMHIHHOBBIX OCHOBAHHIA
BJOJIB LIEITH B BhICIUEl CTENCHH HEPEry/IApHA, Kax-
nas monekyna JIHK onpeneneHHOro THna xapakte-
pusyercs ocoboif moceaoBaTEIbHOCTHIO.

[lypuHOBEIE M NHPHMUAWHOBBIE OCHOBAHHA
ofpaiess! BHYTPh ABOHHOMN CNMpaNH H pacnono-
KEHEI TIRPANIENBHO APYT APYTY H NepueHIHKYRsp-
HO OCH criHpany. J{Be Leny yAepxuBaioTcs BMECTe
NPH TIOMOIY BOAOPONHEIX CBA3EH MEXIy napaMu
OCHOBaHMH. AJICHHH BCET/ia CTIApHBAETCH C THMH-
HOM, & TyaHHH — C uuTo3uHOM. CTporas cneuu-

duusoCcTs cnapuBaEua OOyClIOBAMBAET KOMILIE-
MEHTSPHOCTD, T. €. B3AKMHOE COOTBETCTBHE NoCe-
JAOBSTENBLHOCTEH OcHOBaHMA B ABYX uenax. Ilpu
TOM NOIHEYKASOTHARNE NenH B AsofinolH criupa-
i JTHK ommvdaioTes onne ot Apyroli xaxk nocne-
JOBATEBHOCTHI0 OCHOBaHMH, TAK H HYKIEOTHA-
HEIM cocTaBoM. [lo cBoeMy XHMH4ECKOMY CTpoe-
HHI0 ape uermw monexyns! JHK opuerTHpoBaHE!
MPOTHBONONOXKHO (RHTHNAPALICABHE). 3TO JIETKO
YBHAETh, ECIIH NOMETHTH B LICTLAX HANPABICHHE OT
5'-xonua k 3'-xoHiyy (5'-3") (cm. pre. 1.2, 1.3).

Baxueim ceoticteom JHK spnsercs To, yTO
3',5'-pochonnadupuas cea3e yrnesogHo-pocdar-
HOTO OCTOBA MOJIEKYNH HanOonee YyBCTBUTENBHA
KaK K XHMHYECKOMY, Tak H K (HEpPMEHTATHBHOMY
PacHIETUICHHIO.

Ins Qynxumonupopauss [JHK B npoueccax
PeNIHKALHK W TPAHCKPHITUKK GoNblloe 3HAYEHHE
HMECT BO3MOXHOCTB JIErKOIO PACXOWIEHHA Lieniei
NPH OMpencieHHOM BO3eHCTBHH M MX NOCASIYI0-
wmero BoccoeanHeHus. Korma BonopoaHsie cBA3H
MEXIy OCHOBAHHAMM pa3phIBaIOTCH, LenH, obpa-
syiomuMe asyxuenodeunyio Monexyay JIHK, pacxo-
mares. Jenamypayuro JHK (niapnexne BTopHd-
HOM CTPYKTYPEI) MOXKHO OCYILECTBHTE B PACTBOpE,
YBENHYHBAA ero Temneparypy aubo u3menas pH.
CrabHnsHOCTS ABYXUENOMEYHOr0 KOMILIEKCA npsi-
MO 38BHCHT OT TOIO, CKONBKO OH CONEPKHT
GC-nap, CBA3AHHBIX TPEMS BOJOPONHBIMA CBS3A-
M¥ (AT-napa coeqHHeHa NBYMA BOJMOPOIHEIMH CBS~
3amH). Yem Beie Monspaoe conepxanne GC-nap,
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Puc. 1.3. Ocuoeusie 610KH,
COCTaB/IAIOLINE AByXilenoyennyto Monekyny JTHK.

Hanpasnenue 1ieneil onpenenserca TeMm, KAK CaxapHbii ocra-

Tok cea3aH ¢ Gocdarame: ¢ noMowsio 5'- wau 3'-cesan. Tpy

uapaumeanus uenn JIHK nywieosuarpudocdar npucoean-

naeTes K 3'-ruapokcnay Ae30kcHpHGoIbl NPENLECTRY IOWEro

HYKNCOTH/I, FPH FT0M ITPOMCXOAMT OTIEIUIeHue JByX doc-
¢arHex rpynn

TeM BBIIC TeMrepatypa WM pH, mpH KOTOpBIX
MPOMCXOIMT ILIABICHHE.

Jlenarypanusa obpatima gake Mocse NOTHOTO
pasaencHus nByx uenei. Eciu uEkyGupoBars KoM=
TJIEMEHTAPHBIE LIENH NPH TeMNEpaType IMPHMEPHO
fa 25 °C HyKe TEMIEPATYPhi M1aBICHHUA HCXOIHO-
ro JIyIieKea, T0 OHH HaYMHAKOT PeacCOlUHPOBaThL
H IPH ONPEJENEHHLIX ycioBHAX 0bpa3yloT HeXo-
HYIO CIIHPaib. 3TOT MPOLECC HA3LIBACTCH peHany-
Payueii WM OTIKHTOM.

Penarypauus THK ocyiecrpisercs B jsa 31a-
na. CHadana B pe3ysibrare Ciy4aiHBIX CTONKHOBE-
HHH O[HOLENOYEYHbIX MOJIEKYN NPOMCXOAHT [1pa-
BWIBHOE COEIWHEHWEe KOPOTKHX KOMIUIEMeHTap-
HBIX 0Tpe3koB. [Tocne oOpasoBanus TAKKX JIBYXlle~
MOYEYHBIX CTPYKTYP HMOET OBICTPOE «CXIIOMBIBA-

HHE» 110 BCel JUTHHE H BOCCTAHOBIEHHE HCXONHOH
nBycrpanbroi monekynsl JTHK.

TpaHcKpuMIHS, T. €. CYHTEIBAHHE C MOJIEKYIThI
JHK wmatpuunoli pubOHYKICHHOBOH KHCIOTH
(MPHK), cooTBeTcTBYIOIIEH ONPEACIEHHOMY TERY,
ocymecreaserca depmentoM PHK-nomumepaszoii.
Ipu 310M nepponavansio PHK-nommepasa p3an-
MoJielicTBYeT ¢ oupeleneHHbM padonom JTHK,
OpeAECTRYIONMEM KOMHpYyome#d nocaeaoBarelb-
HOCTH resa, — npomoropoM. CBs38BIIHCE C NMPo-
motopoM, PHK-nonumepasa wuauMHaeT mnepeme-
IaTBCA BAOMb reda, cuHTesupys MPHK, kommie-
MmerTapryio omgHol u3 nenei JIHK. Cuntes MPHK
NMPOMCXONHT B HanpasieHuw 5'-3'. Hayano rexa
MO3TOMY Ha3BIBAIOT 5'-KOHIOM, a KOHEl] reHa, rje
IIPOMCXONMT OKOHYAHHE TPAHCKPHITLIHH, — 3'-KOH-
uom. PHK-nonmumepasa iBHKeTCS 110 KOOUPYOLIeH
uerm JIHK B Hanpasieruu 0T 3'-KOHIA K 5'-KOHLLY.
ITo nocneposaremsrocT® MPHK coorseTctByeT
neru JIHK, kommnemeHTapHoi konHpyoiied tem
(OTIMYME COCTOMT JIMUIb B TOM, YTO B MOJCKYJE
PHK BmecTo THMHAA HaxomuTes ypauin). [losto-
MY Ha MPaKTHKe 04€Hb YacTO 3alMChIBAIOT MOCIIe-
JIOBATENBHOCTE TONBKO ONHOH 3toii mermu JIHK
(eMm. puc. 1.2, 2), wro 3HaYMTENBHO 0bNerdaeT BoC-
MPHATHE CTPYKTYPH! TEHETHYECKHX 3JICMEHTOB,
TaK Kak 5'- u 3'-koHun Hekoaupyroweit uenu JTHK
cootsercTBytoT 5'- v 3'-konnam MPHK, a nocne-
JioBarenbHOCTh HykneotnioB nenn [JHK cootset-
creyet nocnenosarensuocts MPHK.

Ilo mepe ceoero nepemerienns PHK-nonuve-
pa3a paciJieTaeT H 3aTeM BHOBB 3aIUIETacT Nocie-
nosareasHbie kKoporkue yyacTku JIHK. [IByxueno-
gyeansle rubpuasl JJHK-PHK, obpasyioumecs
B lIpoliecce TPaHCKPHILIMK, CYLIECTBYIOT JIHIIb
0YCHB HENMPOAOIDKUTENEHOE BpeMs. HoBocuHTe3uH-
posanubie uenu PHK OGoictpo otpensiores o1
TPAHCKPHIIIHOHHOTO KOMILIEKCa, [MOcie H9ero
TpanckpubHposarubie ydactku JIHK Bosspama-
I0TCS B HATHBHOE COCTOSHHEE.

Tparcnams ¢ MPHK GenkoBoit MOnEKyssl npo-
WCXOIHUT [OCNEN0BATENBHO, HAYHHAA € 5'-KOHIA
matpuilsl [epsyro aMuHORHCIOTY O€KOBO# Lenn
Ha3eBaloT N-KOHIIOM (MIH AMHHO-KOHIOM), 8 [o-
cnenHow — C-KOHLOM (WM KapGOKCH-KOHIIOM).

bonee nonpo6Ho BONMpoOCH TOHKOH OpraHW3a-
v obnacrel Havana (MHUIMAIHE) W OKOHYAHHA
(repmunanmy) Tparckpunuuy JIHK ¢ Tpancnauuu
MPHK paccmotpensl B paigenax 3.2 u 3.3.

1.2. ®EPMEHTbI FTEHETUMECKOWN UHXEHEPUMU

OcymecTBUTE peKOMOWHAIHIO HETOMOJIOIHY-
ueix monexyn JIHK in vitro crasio Bo3sMOXHO JTHOIb
[ocle OTKphITHN B KOHUe 1960-x — Hauane

1970-x rT. psijaa HOBLIX (PEPMEHTOB C YHHKaJILHbI-
MH CBOHCTBAMH, HMEIOLINX B KadecTne cybcTparos
KaTaiusHpPyeMBIX MMM peaKkiuii HYKICHHOBbLIE
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KHCIOTH, ¥ B nepeyto ogepens JAHK. Pacemorpum
OCHOBHbIE CBOHCTBa (pepmeHTOB, HanbONEe 9acTO
HCIIO/B3YEMBIX B NeHHO-HHKeHEPHBIX paboTax.

1.2.1. Pecmpukma3si

DepMeHTHI 3TON0 THNA GLUIH OTKPEITH B pe-
3yNBTaTe NOAPOGHOIO H3YyHCHHA MEXaHH3Ma SBJIC-
HUS, NOTY4YHBLIEr0 Ha3BaHUE «PECTPUKIIHA (orpa-
HYYCHHE), KOHTpOmHpyemas xo3auHOM» (host-
controlled restriction). B 1950-x IT. B HECKONMBKHX
nabopaTOpHAX, H3y4aBIIMX paspHTHe (aros B Oak-
TEPUATBHRIX KIETKaX, OBUI0 YCTAHOBJICHO, 4TO
crniocobHOCTE GakTepHaNbHOrO BHpYCa PAcTH Ha
onpeAeneHHbIX GaKTepHaIbHBIX KYJIETYPax MOKeT
3aBMCETH OT LITAMMA, B KOTOPOM 3TOT (har pasMHo-
WaJCA B OCHEAHMH pas.

Haubonee nonpobHo nannoe ABICHUE H3YYEHO
nns Gaxrepuodara nambaa (). IpuponHEM X0-
3uHOM (ara A sBiseTcs KuiuedHas nanouka Es-
cherichia coli K12. @ar, BelpociuMii Ha 3TOM
wramme, o6osuauaiot 4 - K. Jlpyrum xossuHOM da-
ra A moxer Ouite wramm E. coli C. @arosoe 1o-
TOMCTBO, TOJNY4eHHOE Ha 3ToH OakTepHaIbHOH
KynsType, o6osuayaerca A *C. B 1953 . I. Bepranu
u JIx. Vs obxapyxuu, uro dar A-C pasmuo-
waetcs B knerkax E. coli K12 ¢ oueHns HH3KOH -
(eKTHBHOCTBIO, B TO Bpemsa Kak Ha E. coli C —
XOpoiuo,

D¢ dexTusrocTs pasmumieHns Qara onpene-
SIS THTPOBAHHEM €ro nmpenapara Ha ra3oHe Gax-
TepHanbHbIX KiIeToK. JlaHHas npouemypa 3awmo-
HAETCH B TOM, H4TO K CYCHCH3HH KJIETOK N06aB/IoT
OIpefieNeHHOE KoMyecTBO (haroBoro mnpenapara
¥ 38TeM 3TY CMCCh PABHOMCDHO HAHOCHT Ha ITpO-
3pauHYl0 ArapH30BaHHYI) MHTATENBHYIO Cpely
B yamkax [lerpu (puc. 1.4). Yepes onpenenenHoe
BpeMA KJIETKH 00pa3syioT Ha NOBEPXHOCTH TBEPAOH

a 6
Q .
1 2 3

Puc. 1.4. Yawka [Merpu
C arapH30BaHHON NHTaTENBHOMH cpenoi:

a— no euicesa cvect Gaxrepuii ¢ darom;

6 — nocne sricesa cmeck Gaxrepuit ¢ darom w wHKyGaguH
NPH ONPENENEHHLIX YCNOBUAX. | — NUTATETLHAA Cpens,
2 — Gaxreprans s rason; 3 — Qarosas Gasmka.

B Bepxtem paxy — BHI CBEPXY, B HHAKHEM — B cOoxy

Puc. 1.5. Cxema 3KkcriepHMeHTa,
JEMOHCTPHPYIOLIETO orpaHMyeHue paseurus dara i,
KOHTpOIHpYeMoe BaxkrepHeii-xo3auHOM.
Ludpamy obosuayena orHocHTenbHAS 2PPEKTHRHOCTS

THTPOBaHHS Npenaparos (para Ha ONPEACACHHOM LITAMME
E coli

cpenbl MYTHYIO IUICHKY ra3oHa (CIUIOIIHOrO pocTa)
GaxrepuanbHoit KyneTYphl. B Tex Mectax, rue Ha-
XOIWIHCH KJIETKH, HH(HUHpOoBaHHbe (aroM, BO3-
HHKAIOT MPO3pavHkle 30HBI TU3KCA, HAILIBACMEIE
OOBIYHO OARKIKAMY WITH HE2AMUEHBIMU KOROHUR~
mu. [oncynrTras 9Hcno ONAmeK H 3HAA KOTHYECTBO
¢arosoro mpenapara, xoropoe obycnosuso oGpa-
30BaHHE 3THX OnAleK, MOXKHO BBITHCIHTE THTP
(xoHLEHTpaUHIO) KHIHECTOCOOHEIX (aroBeX yac-
THIL B aHATM3HPyeMoM nipenapare. Tutp ¢ara Bhi-
PaXKArOT YHCHOM OIALIKOOOPASYIONHX eXHHUIL
8 1 ma (BOE/mn).

O6uapyx#uiock, 910 3)PeKTHBHOCTS THTPOBE-
Hus A+ C Ha E. coli K12 cocrasnsana nus 2 + 104
OTHOCHTEJIBHO TOr0 e nokasarens wa E. coli C
(puc. 1.5). OnHako HeMHOIOUHCIEHHOE MOTOMCTBO
tara A - C, seipociuee Ha E. coli K12, yxe ¢ onuna-
KOBO# 3(pEeKTHBHOCTBIO THTPOBAIOCH HA 00OHX
wrammax E. coli. beuio nokasano, 4ro dar A-K
HE ABAAETCH FEHETHYECKHM MyTtantoMm dara A -C.
To3tomy rpeanonoxuH, 4to A+ K npeacrarnser
coboit Monuduuuposarurii Bapuant (ara 1-C u
3Ty MOZH(UKALHIO OCYINECTBIAET KIETKa-XO34HH.

OKCIEPHMEHTE! € PaJIHOAKTHBHO ME4E€HHbIM
Gakreprodarom Nokasany, 910 orpaHH4YeHHe poc-
Ta (pecTpuxuus) dara cBA3aHO ¢ (PepMEHTATHBHOH
nerpanaumedt ero JIHK B GakrepHanbsHO# KieTke.
Knerousias [IHK 3anpimena oT nerpaganiy mTam-
MocnermpuuHoR MogudHKaleli, KoTOpad, KaK Bbl-
ACHHJIOCH, COCTOMT B METHIHPOBAHHWH HYKJICOTH-
IO0B. DTH pE3yNbTaThl NO3BONWIH BEABUHYThE 1O~
BOJIBHO HCYEPIBIBAIOILYIO THIIOTE3Y O OGHOXHMM-
YECKMX MEXaHH3IMAX PECTPHKUMH H MOMH(UKALHA.
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['mnoTe3a oka3anack IUIONOTBOPHOM, W OTKPLITHE
(epMEHTOB pPECTPHKIMH — 3HAOAE30KCHpUGO-
HYKJIeas, WIH pecmpukmas, — W PepMEeHTOB MO-
anduxauun — JHK-merunrpachepas, yacro Ha-
spiBaeMblx JHK-memunazamu, — NOTHOCTRIO €€
TIOATBEPANIIO.

Taxum obpazoM, npu HHOHUMPOBAHHH HEMO-
auduumpopasaeM parom 4+ C kierok E. coli K12
MPOMCXOIKT OTHOBPEMEHHOE paciuennexse daro-
BeX Monekyn JHK pectpuxrasodl u MeTHIHpOBa-
uue ux JIHK-meTunasol. B pesynsrare KOHKypeH-
LIHH 3THX JBYX (epMEHTaTHBHBIX NPOLIECCOB YaCTh
monexyn JIHK dara A (2 - 10-4) yenesator moau-
(DHIHpOBATHCA MpEXae, YEM OHH MOABEPIrHYTCH
HykineasHoi arake, Takas merunuposanHas JITHK
ZaeT Hadano MoaMpMLUMpOBaHHOMY (aroBoMy mno-
TomcTBy A°K. JlawHas Monudukaius He HAacne-
ayetcs ¢arom, u npu pasmuokeHnn A -K Ha E. coli
C obpaayerca darosoe noromctso, JJHK kotoporo
CHOBa HEMETH/IHPOBaHA,

PecTpHKTa3kl y3HAIOT OnpeeNeHHble Nocaeno-
BATEIBHOCTH HYKICOTUIOB M Pa3spesaloT IBYHUTE-
syto JHK wua ¢parmestsi. Monuuxaums 3axmo-
YaeTCA B METIWIMPOBAHHH ONpEJC/IEHHBIX OCHOBA-
HHH B MOC/TENOBATENHHOCTH, Y3HABaeMOH conps-
MEHHOM pecTpHKTa30H; TeM caMbiM obecnieunBaeT-
cx 3aluTa nasHoro yyactka JIHK ot BosnelicTaus
pecTpHkTassl. OnHOBpeMEHHOe HANHYHE B KJIETKE
ITHX IBYX (epMeHTATHBHAIX akTHBHOCTeH (Tak Ha-
snBaeMan R-M cucmema) NpensTcTsyeT raapoNH-
3y cobcTeeHHOM HyKIEHHOBOH KucnoTsl. Hyxepon-
Has e JIHK npu nponmkroBennn B Gakrepnans-
HY10 KIETKY cnyxuT cyGerparom ans oborx dep-
MEHTOB.

INepBoHaYaTEHO MHOTHE CYHTANH, 9TO EAHHCT-
BexHO# (ynxuneit R-M cHcTeM sBiseTcs 3ammTa
K1eTok oT HHMImposanua daramu. OnHako nanb-
HellIHe HCCeNI0BAHMA NO3BOMHIHN CAENaTh Npell-
NnoJigkeHHe 0 ToM, Y10 R-M cHeTeMBl ocymecTs-
NKIOT QYHKIMIO OTPAHHYEHHS CKPEUIHBAHHUS MEX-
oy pasH9YHbBIMH ﬁampuammu BHIAMH H
LITaMMEMH, KOTOpas, O/IHAK0, He abComoTHA M No~
sponser uactd wykeponholt JHK npormukars
B KJIETKY, peKoMOUHALHOHHO BCTPAHBATLCS H MO~
HEepKHBATRCH B KayecTne reHetHdeckoro Qomaa
DIs TOMYHEHHA 3BOMIOLMOHHOIO MPECHMYILECTBA.
YmMecTHO 3aMeTHTS, 4TO0 y 6akTepuil Becbma nmpob-
neMaTH4HO onpenenchue puma. CymecTsyior aa-
*e mpeanonoxenus o6 obmem renodoHme Beex
MMKPOOPraHHIMOB, 4TO NOMKHO 6810 681 NpHBEC-
TH K GecKOHEeTHOMY MOABIEHHIO HOBBIX BHIOB Gak-
Tepuii BO BpeMeHn. PeanbHO Xe MBI BHIMM, 9TO
GakTepuy NpOARNAIOT ONpEAENEHHOE IOCTORHCTBO
Mopdonoruueckux, reHeTHIeCKHX H GHoxuMIe-
CKMX Xa8DaKTepHCTHK. JIOCTONHBIMH KSH/IHIATAMH

A ofecnederHs B 3BOMIONHM OTHOCHTEILHOH
cTa0HILHOCTH NEHETHYECKOTO MAaTEpHANA, T. €. 1A
OCYIIECTRICHHA NCHETHYECKOH H30/IALUH, HE OT-
punatowelt obMmena onpenenenusivu 61okamu, AB-
NAKOTCA CHCTEMB! PECTPHKLIHH-MOIAPHKALHM,

B 1968 . M. Mesenbcol u P. FOaus coobunumi
O BhUICNEHHH NepBOH pPECTPHKTasbl M3 LUTAMMA
E. coli K12. INono6usti depmenT Obln nomydeH
H H3 wramsa E. coli B. [lanusie 3HNoHYKI€a3kb!
EcoK v EcoB omnuuamuck Beicoxodi cneumgmy-
HOCTBIO IO OTHOLIEHHIO K Y3HABACMOH nocsieosa-
TEIBHOCTH HYKJICOTHIOB, HO PACLIETUIATH MOJEKY-
ne JIHK wecneunduyeckn B npyroM Mecre, OT-
crosieM OT yyacTka (caiita) ysHasauus. B 1970 .
X. Cmut v K. Buiiskoke Beiiesway W3 Haemophius
influenzae pecrpuxrasy Hindll, He Tonbko crieim-
(uueckn ysHawy0, Ho H cnenMdHYecku pac-
wemstontyio Monexyns JHK. Tlpu runposmise
BupycHOH Hnu mnasmunHol JIHK pectpukrazamu
TaKoro THNAa obpasyerca cTporo onpeneneH s Ha-
Gop ¢parmenToB. 3TO HAMMAMHO BHIAWISETCH NMpPH
MNeKTPoPOpPeTHYECKOM PA3NCICHHH CMEeCH Iony-
gajommxcs pparmentos (puc. 1.6).

[pHHUMNHaNbHOE 3HaveHue s paspaborku
METONONOHH NEeHeTHYECKOH HHKEHEPHH HMEJIO OT-
xpurtue B 1971 1. P. Enmmopu pectpuxras EcoR1 u
EcoRIl. C nomomibio MepBO¥ W3 HHX YIAIOCH

BBIITOTHHTB MTHOHEPCKY10 paboTy no HanpapIeHHOM
PEXOHCTPYKIHH NEHETHYECKONO MATEPHANA in Vilro,
B HacTosuiee BpemMs peCTPHKTA3Bl HCMONB3YIOT
NPaKTHYECKH BO BCEX NEHHO-HHKEHEPHBIX KCIle-
puMenTax. Takoe WHPOKOEe NPHMEHEHHE (epMeH-
TOB JIAHHOIO THNA OBYCJIOBNEHO HX BRICOKON cre-
LUHMPHUHOCTSIO, 8 TAKKe OCODEHHOCTAMM CTPYKTY-
pei koH1oB (parmenTo JIHK, ofpasyemsix pecr-
pukTasamu. OGmenpuHATO TePMMHBI peCTpPHKTA3a,
SHZOHYKJIeasa PecTPHKUMM, calTchnermduyeckas
IMA0AE3OKCHPHOOHYKIEa3a CYMTaTh CHHOHMMAMH,

X. Cvut u [I. Harauc B 1973 r. npeanoxuim
HOMEHK/ISTYPY PECTpHKTa3, KOoTOpas BKIKHAeT
CAeIyOLHe MyHKTHI:

1. Haspanwe Kkaxaoro gpepMeHTa SBaseTCs npo-
H3BOaHKM OT GHHApHOIO pono-BuaoBoro obo3na-
YEHHA MHKPOOPraHH3Ma-X03AHMHE, COIepIKAIlero
naunyi0 R-M cueremy, u cocrasnserca no cne-
IylouleMy NMpaswly: K nepsoli npornucHol Oykse
Ha3BaHHA pola FOGABNKIOT BE TIEPBEIE CTPOYHEIS
6yxesl Bupa. Hanpumep: Streptomyces albus —
Sal, Escherichia coli — Eco.

2. 3a po/i0-BH/IOBLIM HA3BAHHEM CJIELIYET, B CITy-
qae HeoOxonuMocTH, 0003HAYEHHE CEPOTHNIA WITH
wramma: Haemophilus influenzae d — Hind, Es-
cherichia coli B— EcoB,

3. PasnuqHBIe CHCTEME! PECTPHKUMH-Monn(H-
KaLwH, KoaupyeMele ofHOH ¥ ol ke GaxrepHas-
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HO# K1eTKOM, 0003Ha4ar0TCs pUMCKUMH IHppamH,
Harpumep: Hindl, Hindll, Hindll1.

4. DepMeHTH peCTpPUKUHH-MoaudHKANUY
B obnieM BHzie 0603HA4AIOTCA KAk HOHYKIea3a R
WM MeTHIa3a M ¢ nocnenyionmm onpeseneHueM
HA3BaHMA CHCTEMBbI, HAOPHMEP: 3IHIOHYyKIEa3a
R Hindll uiu merunasa M- HindIl.

5. Eciiu cucrema reHeTHYECKH JIOKQIW30BaHA
B reHome (hara Wi Ha ruiaIMuie, TO Nocie pojio-
BHIIOBOTO Ha3BAHMS YKA3bIBAETCHA CHMBOI BHEXpO-
mocoMHOro anemenTta: EcoPl, EcoRIlL. 1lTtammo-
Bas MPHHAJNIEKHOCTL B ITHX CITydasX YKa3biBaeT-
ca B ckoOkax: Eco(K)PL.

OcHOBHEIE TIPHBIIMIE], 3aJ0XKEHHLIE B ITOH

HOMEHKIIATYpE, HCIOJIB3YIOTCA H B HACTOsALICE BpE-
ma. OIHAKO HEOMHO3HAYHOCTH B HAa3BAHMAX, BO3-
HHKILAA H3-38 JIABHHOOOPa3HOTO OTKPHITHA HOBRIX
pecTpukTa3, 3actasuna P. PoGeprca B 1978 1. BHec-
TH HeKOTOPHIE NONOJHEHWA B BhILCOTHCAHHYIO
CHCTEMY panuoHAnEHLIX 0603HaYcHMI (pepMEHTOB.
CMEICT DOTIONHEHAH 3aKTI09A4eTcs B TOM, 9TO BO
w3beKaHue MyTAHUIB! B CiIydae, KOIZIa HA3BAHHE
COBNA/AET LIS HECKOILKUX (PEPMEHTOR, OCTABIISIOT
HEHM3MCHHBIMH NICPBbiC B OykBkl, a TpeTsio GepyT
3 nocneayromux Gyks BHI0OBOIO HAIBAHUS, HAIPH-
mep: Haemophilus parainfluenzae — Hpal, Hae-
mophilus parahaemolyticus — Hphl. Jina bonsiueit
youocts JI. [1lubara ¢ coaBTOpaMH NMPEIIOKIIH
MOCIe NATHHCKOH POJO-BHIOBOH CHMBOJIHKH BBO-
JHTH My3eliHbi Homep OaKTepHalibHON KyIBTYpHI,
Hanpumep: Pvug4ll, Hinb1076111,

OrkphiTiHe HONIBLIIOT0 YUCHA PECTPHKTAS U M3Y-
YeHHe HX CBOHCTR MO3ROMKIIO BhISBHTD HEKOTOPLIE
3aKOHOMEPHOCTH (yHKIHOHUpOBaHNS (HepMeHTOB
M pasjenuTs HX Ha Tpu knacca. OCHOBOH KiaccH-
(ukauny cyxar B nepeyio ouepens noTpebHOCTS
(epmenTa B KO(AKTOPAX U XapaKTep PacilerieHus
JHK (Tabn. 1.1).

PectpukTassl kiaacca 1. Haubonee usyten-
HLIMH PECTPHKTa3aMH Kiacca | senstorcs depmen-
16l EcoK n EcoB, BrifeneHHEle COOTBETCTBEHHO
n3 kierok E. coli K12 u E. coli B. 310 depmenThl
¢ oueHb cxoxkeil cTpykTypoii. O6a copeprxar Tpu
THIIA HEHACHTHYHLIX CyOBeNHHUL ¢ MONEKYIAp-
Hoii Maccoit 135, 60 1 50 ka (a, B 1 y), xo14 cooT-
HOLlIeHHE CYObeIMHHL PA3THYACTCA JUIS ITHX ABYX
(pepmentoB. Hanpumep, EcoK umeer cTpykTypy
a2 B7y. B ciyqae EcoB curyanns Gonee ciosxHas,
TAK KAK BBIABICHLI 110 KpaiHeH Mepe TpH aKTHB-
HBIE OJIHIOMEPHBIE CTPYKTYPEI, OCHOBHa4 H3 KO-
TOPBIX UMEET COCTaB 2 f4)2.

PectpuxTasel kiacca 1 cnenHgHyHb K HEMO-
madunyposanHoi geyxuenodeinoi JIHK u obna-
AT CAEeNYIOWHMH CBOHCTBAMH: TpeOylOoT B Ka-
gectBe KoakTopoB aneHosuHTpHpochar (ATP),

Kpnl

HindIIl
1 2

Sall Xhol Sacl
] 2 I 2 1 2

I 2 ‘

-
-l e
W ow
-
e

Puc. 1.6. Pesynerars wiekTpodopeTHIeCKoro pas/ielie-

uus ¢parmentoB JIHK Grmskoponctsenssix BHpYCOB

ocnopakunusl, ramM JIMBII (1) v warypateuol oc-

nel, mramm Mamus-1967 (2), nonywesHLIX nocne rijl-

ponsusa supycrbix [THK pecrpuxrasamu (0,6 % arapos-
HBIH I'eds).

S-anenosnEMonodocdar (SAM), wors Mg?t. Pac-
wernenue JJHK cosmetneso ¢ ruapommsom ATP.
B enusom cyOpenuunyHOM GelIKe HMEIOTCA Takue
(pepMeHTaTHBHBIC AKTHBHOCTH, KaK pacllerjieHue
OHK (a-cybvenunmua), merwmposanre JIHK
(B-cybvemmunna) W y3waBaHWe CrienmpHUCCKOH
nocsienosarensnoctu JHK (y-cybbrenmmuna).
QepmenTsl EcoB u EcoK y3RaloT CTPOTo Crie-
uubHYHbIE NOCIIEA0BATETBHOCTH, COOTBETCTBEHHO

5" TGANNNNNNNNTGCT 3'

3" ACTNNNNNNNNACGA 57
5" AACNNNNNNGTGC 3’
3' TTGNNNNNNCACG 5°
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Tabnuya 1.1. Ceoiictea pectpukTas R—M crcTeM pasabix Kiaccos

Onnaxo paspers JIHK nporcxoanT ciiygaiueiM 06~
pa3oM Ha 3HAYMTE/IBHOM PACCTOSHHH OT y4acTKa
y3nasaaui — o1 400 no 7000 nap myxaeoTHAOB
(o). Ipoaykte pacuiernenus JJHK rereporeHHbL.

@D, Ctymuap u I1. Banpenenxsii 8 1988 . Ha oc-
HOBe nonpoGHoro u3ydenus ruapomia JIHK ¢ara
T7 pectpukrasoii EcoK npemnoxunn oburyio mMo-
nens nefictena pectpukras kinacca I Ha JTHK. Cyrs
3TOH MOJEIH COCTOHMT B TOM, HTO PECTPHKTA3a
wiacca [ nocne p3aumoneiictaus ¢ JIHK B ywactie
y3HABAHMS HauMHAeT ocywecTrnats ATP-3aBucu-
MY TpaHCHoKaiuw (nepemeutenue) vened JHK
qepes ceba B 06oux nanpasnennax (puc. 1.7). Ilpn
BCTpEde JIByX COCCOHHX Monekyn (epMmenta,
TpascnonHpylomux JIHK, oHH paspesaior nByxue-
noueunyo [JHK B palione xomraxra. [ereporen-
Hocth npotykros ruapomusa JIHK pecrpukrasamu
wiacca I MokeT 0OBACHATECA HEOHOBPEMEHHBIM
cayualineiM B3aumozielicTBHEM Moekyn (epmen-
Ta C pasHbIMH Y9YaCTKaMH Y3HABaHWA Ha KaXKJOH
monexyne JIHK, a cnepopare/ibHO, HEOTHOBPEMCH-
HBIM HaganoM TpaHcaokauy ueneil [THK. Kpome
TOrO, HE HCKJIIOYEHa BO3MOXHOCTH HEpPaBHOMED-
HOH TpaHCIOKalMy Ueneif Ha pasHhIX MOJIEKylax

npenapata JJTHK. -

Crpykrypa Monexynsapuas VY3uasaemas nocnenio-
¥ Gysaxunn Genka macca, k/la Kodaxropu BaTelbHOCTE (NpUMeEp) Mecto pecmenncuna
1 knace
Croxnas Monekynia 400-600 SAM, Henanmnunpomsas cTpysrypa | Obriuno 6onee yem
C TpeMs padIHYHEIMH ATP, SptSQI: yepes 400 nu or caifta
THIEMHA CyObeTHRAN Mgt 5' AAC(N)sPuTAPYG 3’ y3HaBaHWA, THAPOIH3
(sHnonyxeasa, 3' TTG(N)sPyATPuC 5 HecTIeHQHIeH
MeTiIa3a, GepMent
Y3HABAHNA)
H krace
BuioHyKaea’a 50-100 Mg?* OB6KIYHO MATHHIAPOMHAS BuyTps caiita
H METHIa3a — MOCNEAOBATEIBHOCTh y3HABAHHA
PA3HBIE MONIEKYIIbI, u3 4-8 RyKIeOoTHIOB
JHMEDBI OTTHHAKOBBIX BamHI:
cy6nenuHnL 5' GGATCC 3'
3} CCTAGG §' B cropoue ot y3uasae-
[Momxaace 1IS — MOii NOCIIENOBATENb-
HETIATHH,IPOMHASA HOCTH Ha CTPOTO Ompe-
HOCHEAOBATENLHOCTE JENSHHOM PacCTOSHHH
Hgal: (ue Gonee 20 mH)
5' GACGC 3'
3' CTGCG 57
I knace
CnoxHas Monexyna 200-300 ATP, Henanuanpomueas ctpyrrypa | B cropose or caiita
C ABYMS Cyﬁ'l:cml"- N[gi.’+ Hinel: Y3HABAHWA HA PaccTOs~
uaMH (3H10HyKIeasa, (SAM— | 5" CGAAT 3’ Hun 24-27 nw
METHIIA3a) cruMmymupyer | 3' GCTTA 5°
AKTHBHOCTS)

Pecrpuxrasel kiaacca IL Cucremsl pectpuk-
nu—Moudukanun knacca I cocToaT U3 otnens-
HbIX OCNKOB PECTPHKIMOHHON 3HAOHYK/ICAa3hl H
mopupukanuornoi MeTuaassl. [losroMy pecrpuk-
Ta3bl IAHHOTO KJ1aCCa MOXHO BRIJIE/IHTD B HHAMBH-
JyaIIbHOM COCTOAHHH, CBOOOIHOM OT METHJIa3HOH
AaKTHBHOCTH, 4TO B 3HAYHTENLHOH MEPE YIpOIaeT
HX H3YY€HHE H NOCHEAYIOmEee HCNONb30BaHHE Ul
paciermenus monexyn JIHK.

PecrpuxTaisl kinacca [l — oTHOcHTEBHO pOC-
10 oprauu3opaHHble OenxH, cocTosmHe W3 aBYX
CyOBENMHMII ONHOTO THNA CO CPABHHTENBLHO
HebonBIIOH MONEKYNApHOH Maccoi. OTmuanTens-
HOH yeproi pecrpukra3s kinacca Il apngerca 1o, 4ro
OHH Y3HAIOT ¥ Pa3pe3’aroT HeMOAM(PHIHPOBAHHYIO
Ieyxuenodeunyio Monexyny JHK no cneumduy-
HBIM HYKJICOTH/IHBIM [IOC/IEN0BATENBHOCTAM, ¥ 3TO
NpHBOAMT K OOpajoBaHHIO AMCKpeTHOro Habopa
¢parmentor aHanuupyemol IHK (cm. puc. 1.6).
s cnewrdugeckoro aekcTBHA 3THX HEPMEHTOB
Tpebytorcs Tonsko wOHE Mg?t B Qu3nONOrHYe-
CKMX KOHUeuTpaumsx. Pecrpukrasm knacca Il
OOLIYHO Y3HAIOT MOCTENOBATEILHOCTH ABYXIENO-
yeunoit JJHK miusoii or 4 no 8 nH, uMeromHe ock
CHMMETDHH BTOPOIO MNOPSIK3, — RAILHOPOMBI.
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e JQL JQL

Paspesanue

NN

Puc. 1.7. Monens peifcTans pecTpHKTas knacca [
Ha monexyny JTHK

Ilpu 31OM pan pectpukras pacmemnser JTHK
CTPOIO N0 OCH CHMMETPHH y3HABaeMo# rnocneno-
BATENLHOCTH, YTO NPHBOAMT K 0Opasopannio dpar-
merToB [IHK ¢ mynsimu konyamu, He UMSIONHMHE
BBICTYTIRIOIIMX OJHOLICTIOYEYHBIX y4acTKoB. Ha-
npuMep, pectpukTasa Alul, cxeMa yuacTka y3Hapa-
HHA KOTOpO# mpenctasiexa Ha puc. 1.8, ocy-
mecTeseT ruaponns JIHK crenyiompm obpazom:

5*...N-N-A—Gic-T-N-N...s‘
3'..N-N-T-C-G-A-N-N...5’
[l
5'.N-N-A-G3'  + 5..C-T-N-N..3’
3"..N-N-T-C 5’ 3'..G-A-N-N..5'

Ipyroii depment — EcoRl — y3naeT rekca-
HYKACOTHAHYIO NOCNCAOBATENBHOCTh M PaciLeILIs-
€T e ¢ 00pa3oBaHHEM B3aHMOKOMIUIEMEHTAPHBIX
OIHOLIETIOYEYHEIX JTUNKHX KOHY06:

5'...N-N-G-1-A-A—T—T—C—N—N...S'
3'..N-N-C-T-T-A-A-G-N-N...5'
l t
5'"..N-N-G 3 + 5" A-A-T-T-C-N-N..3'

3.N-N-C-T-T-A-A S’ 3’ G-N-N...5'

Ecna ruapomasosars Monekynst JIHK pasmaa-
HOIo MpPOMCXOKIACHHS pecTpukTasoit EcoRl, To

B KoM cioyuae Oyner oOpa3oBbIBaThCA CTPOTO
onpenenextbiv cneunduiecknit Habop dparmen-
ToB JIHK. Baxwuo noguepkHyTh, 9T0 BCe (pparmes-
Thl OpH 3TOM OYAYT MMETh MICHTHYHLIC JHIIKHE
koHIsl. [1py cMemmBanuy pasHLIX NMPENaparop Ta-
kux pparmentos JIHK B onpenencHubiX ycloBnax
JIMNKHE KOHIIBl MOT'YT PEACCOLMHPOBATE (CIIHNATE-
Cf) 33 CYeT KOMIUIEMEHTAPHBIX B3aHMOICHCTBHH,
¥ TaKkHM 00pa3’oM MOTYT CTHIKOBATHCH (parMEeHTE!
monexyn JIHK, soiieneHHbIX W3 MOOHX OpraHus-
MoB. JlanHBIE CBOWCTBA B NEPBYHO OYEPENDb H Clie-
nanu pecTpukTassl knacca Il pepmenTamu, Hanbo-
Jiee YACTO HCMONB3YEMbIMH [P KOHCTPYHPOBAHHM
rubpuaHBIX Monekyn JIHK.

Kpome BhicTynaommx 5'-KOHIIOB pecTPHKTa-
3kl MOTYT 06pa30BLIBaTh TAKKE JIMTIKHE 3 -KOHIIBL.
K nonobubiM (pepMeHTaM OTHOCHTCA PECTPHKTa3a
Pstl:

|
5'..N-N-C-T-G-C-A-G-N-N...3’
3" N—N-—G-{chlG—T—C—N-NmS’
5'..N-N-C-T-G-C-A3' + 5" G-N-N..3'

3"..N-N-G 5’ 3'A-C-G-T-C-N-N...5

HexkoTophie u3 pecTpHkTas Kiacca II nepeusnc-
Jiersl B Tabn. 1.2. Jina xparkocTr u300paxeHa on-
Ha [ENB y3HABAEMOH MOCNEHOBATENLHOCTH HYK-
NneoTHA0B B Hanpanienun S'-3'. Bropas uens pac-
LICIUIAETCA CHMMETPHYHO, KaK B IPUBEACHHBIX Bbl-
e npumMepax ans pectpukras Alul, EcoR1 u Pstl.

Psan pecTpukTas y3HaIOT YaCTHYHO BBIPOXKICH-
Hble MOCHENOBATENBHOCTH, NO3TOMY Takne ¢ep-
MEHTHI He 00ManaoT cTone BBHICOKOH crielmdny-
HOCTBIO, KaK pacCMOTpEHHBIE Beimie. Hanpumep,
Hindll y3HaeT u paciueniser nocieloBaTeasHOC-
TH ¢ oBweit q)opuwoﬁ'GTPy AC; EcoRIl —
J,CC(A)GG Hael — (A) ) Tax, mno-

Puye. 1.8. CrpoeHHe yyacTKa pacineruiesHs
monexynst AHK pectpukrasoit Alul.

LFrprxopas NHHKA — OCk CHMMETPHH; CTPeIKAME
obosnauens mecta riapomia neneti JIHK
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Tafruya 1.2. HexoTophbie pecTpuKTA3LI Kaacca [

DepMenT iﬁmomm MHEKpoOpraEusM — HCTOYHHK QepMenTa
Alul AGJCT Arthrobacter luteus
BamH] G| GATCC Bacillus amyloliquefaciens H
Bgll GCCNNNN | NGGC Bacillus globigii
Bglll A } GATCT Bacillus globigii
Bmel2l J GATC Bacillus megaterium 12
BspRI GGJlCC Bacillus sphaericus R
Bsil G | CATGC Bacillus stearothermophilus
Cvill G|l TAC Chlorella, watpnuuposannas sapycom NY-2A
Cvill PuG | CPy Chiorella, vadmunposannan supycom IL-3A
EcoRI G AATTC Escherichia coli RY13
EcoRIl cce'rk)GG Escherichia coli R245
Fsel GGCCGG | CC Frankia sp. Eull b
Hael (_?)GG i CC(I) Haemophilus aegyptius
Haell PuGCGC | Py Haemophilus aegyptius
Haelll GG|CC Haemophilus aegyptius
Hapll ClCGG Haemophilus aphrophilus
Hindll GTPy | PuAC Haemophilus influenzae Rd
HindIIl ALAGCTT Haemophilus influenzae Rd
Hpall ClCGG Haemophilus parainfluenzae
Kpnl GGTAC | C Klebsiella preumoniae
Maelll 1 GTNAC Methanococcus aeolicus
Mnol C |} CGG Moraxella nonliquefaciens
Msel TJTAA Micrococcus sp.
Neil ccy (8 )GG Neisseria cinerea
Norl GC | GGCCGC Nocardia otitidis-caviarum
Pacl TTAAT | TAA Pseudomonas alcaligenes
Pmel GTTT | AAAC Pseudomonas mendocina
Psil CTGCA |G Providencia stuartii
Rsal GT | AC Rhodopseudomonas sphaeroides
Rsrl CG].GU:})CCG Rhodopseudomonas sphaeroides
Sall G | TCGAC Streptomyces albus
Sau3Al { GATC Staphylococcus aureus 3A
Sfii GGCCNNNN | NGGCC Streptomyces fimbriatus
Smal CCCl GGG Serratin marcescens
Swal ATTT L AAAT Staphylococeus warneri
Teh1111 GACN | NNGTC Thermus thermophilus 111
Vspl AT | TAAT Vibrio sp.
Xmal C | CCGGG Xanthomonas malvacearum
Xmnl GAANN | NNTTC Xantomonas manihotis

I' N — moboii #3 yeTsipex Hyxneotuaos, Pu — nypus, Py — nupuMuane, (,?) — mabo A, ;mbo T (aranorugro

mbo C, mabo G); sepTHKansnas cTpenka ofosnavdaeT MecTo ruapomisa B ojHol uer JIHK.
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cnenoparenbHocTH, crnenubuunnie s Hindll,
umetorT cnenywommi Bun: GTTAAC, GTCAAC,
GTCGAC, GTTGAC.
EcoRII npy runponuse JIHK obpasyer nsa -
& JTHITKAX KOHLIOB:
5' CCAGGNN... 3' 5’ CCTGGNN... 3’
3'NN...5' 3" NN...5’

3710 o3Ha4aeT, 4To He Bee Pparmental JIHK, rene-
pHpyemble EcoRIl, MoryT oObenHHATLCE MexIy
coboti.

Pasmep ysuasaemol pecTpHkTasod mocneno-
BATE/IBHOCTH, Kak npasuio, obycnosnnsaer gac-
TOTY BCTPEYAEMOCTH 3THX YYACTKOB B [IPHPOLHBIX
JHK. [lna cnyqaiiHoil nocaenosarensioctd JHK
GeckoHeuHOH JUTHHBI C PpaBHBIM COAEPIKAHHEM
K&XKION0 M3 YeThIpeX HYKIEOTUIOB BEPORATHOCTDL
HAWYHS  ONPENeNEHHON IMOCAeNOBATEbHOCTH
nusoR N (Py) va monexyne JJHK Oynmer pasma
4N, npHyeM BLIPOKAEHHOCTD NOCISAOBATELHOC-
TH YYACTKOB y3HABaHHA, oOHApYyKeHHas [UIA HeKO-
TOpBIX PECTPHKTA3, YBEIHYMBAET NAHHYIO BEPOAT-
HocTh. CpeliHAs 4acToTa BCTPEYaeMOCTH TeTpa-
HyKneoTHaa — Pg=4-4=3,9 - 10-3, oktanykneo-
a8 — Pg = 1,2 + 10-5, [ToaToMy pecTpHKTask,
Y3HAIOLIHE MOCIeOBATENBHOCTE M3 YeTHpex nap
HYKJIEOTH/IOB, YACTO HASKIBAKT ME/KOMENAUHMH,
a PeCTPMKTA3Bl C Y4aCTKOM y3HaBAHHMA B LIECTh H
Gonee nap HyKI€OTHAOB — KPYTNHOLUESTIAIHMH.

bonslol wHTEpEC ANA 3KCOEPHMEHTOB IO
wioukposanuio ¢pparmenros JIHK npeacrasnsior
pecrpuKTassl, koropsie, ofnanas pasHo# cneuu-
¢uaHOCTRIO, NatoT npH rHaponkse JJHK omiraxo-
Bbi€ JIMNKHE KOHUB. K HHM OTHOCATCH, HanpuMmep,
BamH], Sau3Al, Bglll (cm. Ta6n. 1.2). Ilocae coe-
IMHEHWA OIMHAKOBBIX JIMITKHX KOHIIOB, BOSHHKAIO0-
wux npu neticreun Ba JJHK paxiHansix pecTpuk-
Ta3, oberaHO obpasyrores rubpuansie nocienosa-
TeNBLHOCTH, YKe HE Y3HABACMBIE HEKOTOPHIMH H3
arux epmenToB. Tak, eciu coeauuute BamHI-
¥ Bglll-nurnxue koHLB, TO NMOIYYAETCA NOCieno-
BaTEJIBHOCTh, KOTOpas He Gymer y3HABATHCA HM
BamHI, uu Bglll, so mMoxer OGubiTh paciueruieHa
Sau3Al:

H

5'...NNG 3’ 5' GATCTNN...3’
3'..NNCCTAG 5§’ 3" ANN...5'
JHK-nurasa

5'...NNGGATCTNN...3’
3'..NNCCTAGANN...5'

LenenanpanneHHbH NOHCK SHIOHYKIIEA3 pecT-
puxunn knacca [I, ofycropreHHsll 3HAYCHHEM

9THX (EepMEHTOB, NpHBE]I K OTKPHITHIO 6OMLIIOND

Ta6nuya I1.3. Ceonusie panunie of oTepuiTan

PeCTpHKTA3
lon PectpukTass IpororHme
1976 84 22
1980 227 54
1984 503 103
1986 710 126
1988 839 152
2002 3516 211

4HCIIA HOBBIX pecTpukTas (Tabu. 1.3). Hosoii cun-
Taetca mobas pecTpukTasa, HaliieHHas B He u3y-
4yeHHOM paHee mramme. [JamsHelHe necnenosa-
HHSA MMO3BONAIOT PELUHTD, NEHCTBHTENLHO M AaH-
HEIH (PEPMEHT Y3HAET HOBYIO [IOC/ICI0BATENLHOCTD
HYKJICOTH/IOB HIIH XK€ ABJIRETCA AHAJIONOM YXKe H3-
BECTHOH pecTpHKTashl. B ToM ciyuae, ecm obHa-
py*EHHas PeCTPHKTa3a Y3HAET paHee HEW3BECT-
HYIO 1OC/Ie0BATENEHOCTS, OHA HA3LIBAETCH Mpo-
momunom. ONHAKO yacTo (pepMEeHTHI, BbiLEICH-
HbIE W3 PAUIMMHLIX MHKDOOPraHH3MOB, Y3HAKT
O/IHY M TY %€ TOCNEJIOBATENBHOCTS U NIPH FHAPO-
nuse onpenenennod [THK obpasyor oanHAKOBLIA
crexTp ¢parmeHToB. TakHe pecTPHKTa3kl HA3kLIBA-
KT W3ouiu3omepamu. B 10 e Bpems, y3Hasas ofi-
HY M TY X MOCIeN0BATENLHOCTb, PECTPHKTA3A!
MOTYT MO-Pa3HOMY PacIeiUIATh ABYXUETIONEHHYIO
JHK. TloatoMy ¢epMeHTEl, HMEIOIHE OIHHAKO-
BEIE Y3HABAEMBIE MOC/ICAOBATETLHOCTH H ONWHA-
KOBO MX PaciIeIUINIOIHe, NMPHHATO Ha3hiBaTh HC-
THHHBIMH M30IDH30oMepamH. Hanpumep, pecTpux-
rasnt Hapll, Hpall, Mnol spisioTcs HCTHHHBRIMH
n3owmsoMepamu. Pectpuxrassl xe Smal u Xmal,
a Take Rsal u Cvill umeloT nonapHo oMHAKOBIE
Y3HABACMBIC TOC/ENOBATENLHOCTH, HO pacinenis-
ot JIHK pazmwassim obpasom (oM. Tabn. 1.2). Ta-
KHe GepMEeHTE IPHEATO HAIKBATH NOKHBIMH H30-
WH3OMEPaMH.

Kak yxe ormMesanocs, nosasnsiomee 60bumHE-
cTBO pectpukTas Knacca Il mcnons3syior B kayecTse
cybetpara Hemomuduumposannyio JIHK. Onrako
BRISBJIIEHB! PECTPHKTA3H IAHHOIO KJIACCA, KOTOphIe
pacliCIULIOT in Vilro TONBKO METHIMPOBAHHEIS
nocaeposarenssoct JIHK. Hanpuwmep, ¢pepment
Dpnl w3 Diplococcus pneumonia paclieniseT JIHllb
METHIHPOBAHHYIO AByxuenoseanyio JIHK no mo-
cnenosarenssocty 5'GmA | TC3'. Jipyras pecr-
puKTasa u3 aanHo# Gaxrepun — Dpnll — ruapo-
JH3yer Hemomupuumposaanyio JTHK H y3uaer Te
we yyactku 5'GA | TC 3', HO yxe He MeTWIHpO-
BaHHLE.

Tpuneraouye K yuacTKy y3HaBaHWs paHoOHH
Ha monexyne JJTHK oxa3blBaIOT 3aMETHOE BIHAHHE

Ha 3ddexTuBHOCTE e THAponksa. B naboparopuy
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Puc. 1.9. PecTpuxuMa in vivo 10 yuacTKaM JeHCTBHS
pectpukrassl EcoRI na JIHK dara A:
-5 — HHOMBHOYaNbHEBIE YHACTKH THAPOMH3A
EcoR] (srl A1-5 cooTeeTcTRERHO).
T — To1p ara Ha cooTveTCTRY M MNEM WTaMme E. coli

C. H. Ulenkyrosa 611 Henons3osan wabop ¢aros
A, MYTZHTHBIX MO Pa3HBIM YYacTKaM THAPOH3A
taropoit JIHK pecrpuxrazoit EcoRI (cm. 2.2.2).
3T0 MO3BOJMIO B CHCTEME in Vivo OLEHWTH 4ac-
ToTy pacuienienus aropoii JIHK no kaxaomy u3
OATH MeCT AeHCTBHA manHoro gepmenta (pHc. 1.9).
3HayMTeNbHEIC PA3IHYHA B CKOPOCTH I'MADOJIH3E
JIHK ¢ara A no MHIHBUAYATHHEIM MECTAM Y3HABA-
HHA pecTpHKTasoil EcoRI nponeMOHCTpHpPOBaHEI
TaKke B cucteme in vitro. C naumbiM 3 dexrom
HccrnenopareTH oOBIMHO CTANKHBaTed NpH obpa-
Gorke BupycHO# i nnazvuatoi [JHK B ycnosu-
X HEIOIHON0 THOPOIM3a PECTPHKTa30H, HMEio-
el HeCKOILKO MecT JneHicTBus Ha cyGcTparHOH
JHK. ITo ogHHM M3 y4acTKOB FHIPONH3E B ITHX
ciyuasx pacmennenue JIHK npoucxomur ¢ 3amer-
HO Gombineii >PPeKTHBHOCTEIO, HeM TO IPYTHM.
ITosToMy nnst MCYEPIIBIBAIOMIETO HAPOIH3A MOJIe-
kyn JJHK B anaimsnpyeMOM npernapare, Kak npa-
BHJIO, GepyT HEKOTOPEIT H3GKITOK PECTPHKTAIEL.
Brecenne Gonbuioro H3OBITKA peCcTPHKTa3k!
kiacca I1 B peakiiMOHHY0 CMECh MOXET BhI3BIBATH
HApAITY C HOPMAILHBIM MY APOJIN3OM pacileiuIeHHe
JHK 1o nomonuurenbibiM ygactkam. Hapymenue
crenndUIHOCTH JeliCTBHA PECTPUKTA3 MOKET
Takke NPOHCXOINTE MPH CHIKEHHH HOHHO# CHUILI,

nosuimennH pH pacTsopa, NIpH BBENEHHH B PacT-
BOpP OpraHM4ECKHX pacTBOpHTeNell HIH HOHOB
Mn2*, Tak, Opy W3MEHEHHH ONpencneHHsM o00pa-
30M pH ¥ HOHHO CHITEI peaKIIHOHHOM CMECH pecT-
pukrasa EcoRI cnenuduyecky y3Haer He rexca-
HyKJIEOTHIHY0 iocnenoBatensHocTs G | AATTC,
a YKOpo4eHHY0 TeTpanykieorvanyio |AATT.
@epMeHT ¢ TakoH H3MEHEHHOH aKTHBHOCTBIO 060-
suavaerca EcoRI*. Pectpukrasa HindIll B ona-
MANBHBEIX YCIOBMAX MMEeT Y9YACTOK Y3IHABaHUA
A | AGCTT. [lpr BHeceHHH B pPeakmHOHHLIH Oy-
bep 15 % numermncynbgoxeuna HindIII* pac-
memiser JIHK no mnocnenosarenmsHOCTAM:
A

Pu{ AGCTT, A} $ : AlA(%}CTT,
A | AGCNT, A | AGCTPy.

BaXHO OTMETHTE, YTO CIIEPpMHIHH ([TO/IHAMHH,
ABAAIOUIHACA CYIIECTBEHHAIM KOMIIOHEHTOM I1pO-
KapHOTHYECKHX KJIETOK) 3HAYHTENLHO yBEIHYHBa-
eT To4HoCTh ruaponkia JJHK pectpuxrasamu Kiac-
ca Il in vitro. 3170 CBHIETENLCTBYET, 9TO B KIETKE
ommbounsrii ruaponus JJHK pectpuxrasoii ecnu
H MIPOMCXO/IMT, TO KpaiHe pelKo.

T'ensr R-M cuicreM MOryT nOKamH30BaTheA HA
GakTepHanbHBIX XpOMOCOMaX, ILIA3MHIAX, BHPYC-
mex JIHK. Psix renoB R-M cucrem wiacca I1 yna-
JIoCh NPOKJIOHHPOBATE H paciIH(pORaTs NOCIeno-
BaTENbHOCTH HX HyKIeoTHnoB. Habmonaercs Gons-
wioe pasHooOpasHe TreHeTHYeCKOW OpraHH3aUHH
CHCTEM PeCTPHKLMH-MOAH(HKAIMH Y Pa3HbIX MHK-
pooprannaMoB (pHc. 1.10), mo ofmmM ssiasercs
CLIEIJIEHHOCTD I'€HOB 7 (PECTPUKTa3kn) H m (MeTH-
na3el) M CTporas KOOPAHHAIMA HMX SKCHIPECCHH.
B 4acTHOCTH, 3TO I[10KA38HO JUIS CUCTEMBI PEcT-
pukimME-MonMpuKauun EcoRl, umerome# TepMo-
YYBCTBHTENBHYI0 MYTALMIO 110 TeHY METHIA3kL.
INpu HenepmuccUBHO# TeMTiepaType (NpH KOTOpO#H
METH/Ia3a HHAKTHBHPOBAaHa, @ PECTPHKTA3a HATHB-
Ha) HDPOHCXOaMT rubeib KIETOK U3-3a pacliueruie-
Hug cobersennoir [THK.

BHYTpH paccMaTpHBAEMOIO KJIACCA PeCcTpPHK-
Ta3 OTKPBITB (PEPMEHTHI, Y3HAOILIHE HEMAJHHI-
poMHBIE CTPYKTYphl H pacmennsiomme JJTHK wa
CTpOro (PMKCHPOBAHHOM PacCTOAHHM OT y4YacTka
y3HaBaHus ¢ 00pa’oBaHueM KaK TYIThIX, TAK ¥ JIHTI-
kHx KoHUoB (Tabn. 1.4). ITo npeanoxensio B. [1Iu-
6anpCcKOro nanHbie JepMEHTHI OTHECHH K MOAKIAC-
cy IIS (or aurn. shift — casur). Ocobenno unre-
PecHEI peCTPHKTA3b], 00pasyoLiye NPy MHIponse
JIOCTATOMHO [UIMHHEIE JIMIIKHE KOHIEL. B kaxiom
mecte riaponHsa monexynsl JIHK takne munkue
KOHITh! MMEIOT YHWKAIBHYIO 110CIE/I0BATENbHOCTD.
310 no3sonder NpH HeoOXOAUMOCTH HANPABIEHHO
cobHpaTs reHepHpOBAHHBIE JIAHHLIMH PECTPHKTa-
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3aMH (parMEeHTHl ¢ BOCCTRHOBICHHEM MCXOIHOMH
CTPYKTYPHI BHPYCHO#M Win masmuasoi JJHK.

Tax, IT. Mosec u K. Xopuyqu (1979 r.) npoge-
MOHCTPHPOBAITH, 9T0 peruMkaTuBryo hopmy JTHK
tara fl, pacmennennyio pectpuxrazoi Hgal ma
wecTsb pparmenTos, MOXHO ¢ nomoeio JTHK-nn-
rassl ¢ BeICOKOM pdheXTHBHOCTHIO cOOHpars B GHO-
noruvecku akTHeHYH Konsuesyro [IHK, naroouryio
nocje TpaHceKIHM KIEeTOK Hayano (aroBoMy no-
TomcTy. I1pu ruaponuse Toii xe darosoit JTHK
pecTpHKTa30# knacca I, hopmupyoei o/HHakKo-
BhIE JIMITKHE KOHIB!, y)Ke NPaKTHYecKH HeBO3MOX-
HO M3 LIECTH (parMeHToB B MPOLECCE JIHrasHo#
peaxiuu BoccTanoBUTh Mostekyny JITHK waruBHOM
CTPYKTYpHI, Tak Kak Bce ¢parmenTs OyayT obse-
JHHATECH CTATHCTHYECKH B CaMbIX PA3/IHHHBIX KOM-
Oumagmnx. -~

VHuKaibLHEIE CBOWCTBA PECTPUKTa3 MOAKIAcca
IIS, saxmogatoLHecs B NpOCTPaHCTBEHHOH pa3ol-
IEHHOCTH Y9acTKOB y3Hasauus H rupomsa JJHK,
nossomue A. Tloxaxadickoi u B. llnbansckomy
B 1985 r mpenokuTe OPHrHHANBHBIH [OAXON
K PACILETUICHHIO OHOLeNOoYe4Ho# Monekynsl JHK
B mobom 3aparrHOM Mecte. CyTh mpoueaypsl co-
CTOMT B TOM, YTO CHHTE3HPYETCH OIHNOHYKICOTHI,
HA OJHOM KOHLE KOTOPOr0 HaXOAHTCH B3aHMO-
KOMIUIEMEHTapHas MOC/Iei0BaTeIbHOCTh, Criocob-
Had OOpa3oBBIBATL JIBYXLEIOYEYHYIO IIITHIILKY
(puc. 1.11). B 970i wnuisKke HMEETCH Y9aCTOK Y3~
HaBaHMA pecTpHKTa3kl noxkiacca IS, Apyro#, on-
HOLIENOYEeYHEIH KOHeL| HCKYCCTBEHHOIO OJTHTOHYK-
JIeOTHI8 KOMILIeMeHTapeH BuibpaHHOMY paiioHy
KonbLEBO#M oaHOLenoueqHo# JIHK 1 moxer obpa-
30BRIBATH ¢ HeH Komiuiekc. OOpaboTka momyden-
HOIO KOMILIEKCa PecTPHKTa30H M03BONAET BBECTH
paspes B BuGpanHOi TouKe opHonenoueyrHol JTHK.
Ilpn ucnons3oBanuy (pparmenta Knenosa JJHK-
nonumepasel I E. coli MOXHO OCYLIECTBHTH Peak-
o nojmmepusanuy sropoit neny JTHK, nocrpo-
WTh OJHONENOYEYHBIE JIMITKHE KOHLBI A0 TYIhIX,
BCTPOMTH M0 MECTY pacllersieHHs Lelesoi ¢ppar-
smeHT JIHK B T. . ABTOpB! B Ka4€CTBE MOJIEIbHAIX
MCTONB30BAIH pecTprkTasy Fokl u omHoLenoyey-
uyto JIHK ¢ara M13mp7.

Ocobennoctv pectpukras nomiacca IIS we-
MOAb3YIOT TAKKE MPH CO3IaHHUH CHELMATH3HPOBAH-
HBIX KJIOHMPYOIMX BEKTOPOB, MMeomux Oormb-
IoE 3HaYeHHe 1A cOOPKM NEHOB M3 XMMHHYECKH
CHHTE3HpOBaHHBIX 0/IOKOB.

Pectpuxrasel kiaacca Il umelor HekoTOpoe
CXO/ICTBO ¢ pecTpHKTaszamu Kiacca I. HarmBHeii
(epmeHT COCTOMT H3 JBYX pasIHyHbIX CyGnenu-
HH1 ¥ OHdyHKIWOHANeH, T. . 06nanaeT kak pect-
PHKTa3HOMH, TAK ¥ METHIA3HOM aKTHBHOCTHIO. Pect-
pukTassl knacca Il y3HaioT HeCHMMETPHYHEIE [0-

Hhall -
pl m ‘ roL
— —')_| —
!
EcoR1
© P2 r \p.| m :
- = >
Pstl
“ m fp| r g
—t i { P
PJL—.
Sinl
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r

P| " n Y A
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Puc. 1.10. [IlprMepr! OPTaHKH3aLKHH NEHOB
R-M cuerem knacca IT:
py — npomotop, K kotopomy PHK-monumepasa E. coli umeer
Gonsiuee cpogcTeO, 4eM K NPOMOTOPY Pz; ), M — COOTBETCT-
BEHHO T€H PECTPHKTAIL K METHIAR]; CTPEITKAMH Hajl TeHAMH
0003Ha9EHb! eIMHHIBI TPAHCKPUIILHH

CNIE/IOBATEJIBHOCTH JUTHHOM 5-6 IH B pacIleruisioT
JIHK B cTOpOHE OT Y4ACTKOB Y3HABAHKMA HA PACCTO-
sivum 2427 nu, 00pasys oHOLenoYeYHbie 5'-KOH-
bl JUTHAOM 2—3 HykieoTraa. [nd nposBaeHUS SH-
JIOHYKJIea3HOH aKTHBHOCTH Tpebylorcs TOIBKO
ATP 1 wons Mg2*, a SAM nuus cTUMyHpyeT pe-
akpio, nprueM pacmerenre JIHK ne conponoxk-
naetcs ruaponmsom ATP. Tlpu neidictenm depmen-
TOB [AHHOIO Kjacca in vitro He ynaeTcd Wcdep-
meiBatonle rujpomsosate JIHK. [NpuuuHED 9T0IO
MOKA HE SICHEL

PacnpocTpaneHHoCTs pecTpukTal. Pectpuk-
Ta3bl HeOOBRIYAHHO HIHPOKO pacTipocTpaHeHkl B ME-
pe Mukpoopranusmon. [Tokasano, YTo pecTpUKLHA
M MonH(UKAUMs HE KOPPEeIMpYKT C IAaToreH-
HocThio. He OoOHapy®eHO M 3aBUCHMOCTH OT MO-
TpeOneHus kucaopoa, T. e. R—M cucremns nmeroT-
ca ¥ B adpobax, u B anaspobax. Crpoenue kieroy-
HOH CTEHKH TaKke HE HaK/Ia/JkiBacT OrpaHHYeHU
Ha TIPHCYTCTBHE CHCTEM PeCTPHKLHH-MOHpHKA-
1HH. HeoGXoImMmo NofMepKHy Th, UTO peCTPHKTA3k!
H METHIJIa3hi He ABIANOTCA 00s3arenbHBIMH KOMTIO-
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Ta6auya 1.4. Pecrpukrass: noxxaacca [0S
Vanasaeman Muxpoopra-
DepmeHT | H MAPONH3YeMas | HH3M — HCTOYHHK
TIOCTIE OB TE/LHOCTD epmenTa
Bbvl GCAGC(N)* Bacillus brevis
CGTCG(N)s2
Bbvil GAAGAC(N), Bacillus brevis
CTTCTG(N)s
Binl GGATC(N), Bifidobacterium
CCTAG(N)s infanis
BspMl | ACCTGC(N)4 Bacillus sp. M
TGGACG(N)s
Eca3ll |GGTCTC(N), Escherichia coli
CCAGAG(N)s RFL31
EcoSTI |CTGAAA(N)6 Escherichia coli
GACTTT(N)4 RFL57 _
Fokl GGATG{N)e Flavobacterium
CCTAC(N)s okeanokoites
Hgal GACGC(N)s Haemophilus
CTGCG(N), gallinarum
Hphl GGTGA(N) Haemophilus
CCACT(N); parahaemolyticus
Mboll |GAAGA(N); Moraxella bovis
CTTCT(N);
Mmel TCC(%)AC(N)N Methylophilus
AGGQTGMN)e o
Mnll CCTC(N), Moraxella
GGAG(N), nonliquefaciens
SfaNl | GCATC(N)s Streptococcus
CGTAG(N)s faecalis
Tagll (g)ACC(g JA(N)ii | Thermus aquaticus
(g)mﬁ(g JT(N)s
Tth1 1111 [CAAPuCA(N), Thermus
GTTPYyGT(N) thermophilus 111

* Pacmennenwe wmonexynsi JHK npomcxomur
B Bepxuel uenH Ha paccToRHHH 8 HykieoTHAOB OT cali-
Ta y3HasaHua, B HiDkHell — 12 myxneoTHnos; nanee
8HANOIHYHO.

HeuTamH KieTkH. LliTammel, e conepxaunse R-M
CHCTEM, HHOIZAA HA3BIBAIOT KHYICBHIMID).

PacnpocTpaseHsOCTs PeCTPHKTa3 B LIapCTBe

knerxax. [lomurmen obuapyxurs y syxapuor dep-
MEHTHI, AHANOIHYHBIE pecTpHKTasam kiuacca I,
JIONINOE BPEMA HE JABANH MONOKHTENRHEX pe3yib-
Taros. B cepemune 1980-x rT. nosssumcs coobme-
HHA O BBUIC/ICHAH CMCHHQHICCKHX SHAOHYKICa3
u3 Saccharomyces cerevisiae, Pichia membrana-
Jaciens, Chlamydomonas reinhardtii. Onnaxo nan-
Hble (PepMEHTHI He JABAITH HCIEPNBAIONIETO M-

( CACGGATGTGGAACGAGGGTAGCA-3'.. .
GTGCCTAGACCTTGCTCCCATCGTTGCCG ™

c | LA :
1335 \'
\Ml.?.mp’l'—/
PollK
4dN'I‘P[‘FOH

5'... AACGAGGGTA GGTAGCAACGGC... 3"
3... TTGCTCCCAT CCATCGTTGCCG...5'

Puc. I.11. Cxema MeTON@ HANPABIEHHOTO BBEICHHA
Pa3peiBa B KOMLLEBYIO oaHouenoueyryio JTHK dara
M3 ¢ noMomsio pecTpurTaisl nonknacca IS (Fokl).

TpaMoyromsHHKOM OOBENEHA MOCNEAOBATENEHOCTS HA CHH-

TETHYECKOM ONHIOHYKNeoTHAC (MOAYEPKHYT), YIHABAEMAR

Fokl; sepraxansHBMHE CTpenkaMy 0603HaMEHE MECTA THAPO-

smsa JTHK pectpuxrasolt Fokl; myHKTHPHAA CTPENKa YKaski-

BACT Hanpaanewwe nocrpolxM mBropolf uemm dparenToM
Knenosa THK-nommmepasu I E. coli

ponuza JHK, uyeM HANOMHMHAMM PpECTPHKTA3B!
knacca I1L

HecomuenHu#l MHTEpeC NpeacTaRsioT paboTs
5. Kcua ¢ coaBTopaMs, KOTOphie Ha4MHas ¢ 1986
OIHCANTH PANl HEAYLMPYEMBIX BUDYCAMH PECTPHK-
T3, BhIACNCHHALIX H3 3eJCHON XopeLtonogobHoi
posopociH (cM. Tabn. 1.2). AKTHBHOCT pecTpHK-
Tasononobuoro ¢pepmenta Crel us Chlamydomo-
nas reinhardtii TIDOABNAETCA TONBKO B 3HMIOTAX
¥ HANPAANeHA HCKIIOYHTENBHO HA FHAPOIH3 XIO-
porutactiolt JIHK onHoro w3 maprrepos. Hcexons
M3 TeopuH HR0cHMOKHo3a, MOXHO ¢ Bonkioit Be-
PORTHOCTBIO MPEANONaraTte, YT0 XJIOpPOILUIACTHI
[POH30LLTH M3 HHaHobakTepu#l, No3TOMY HETpya-
HO NPOCNEANTS CBA3L pecTpHKTasonosobxoro dep-
merTa Crel ¢ mpokapuoTH9ecKol OpraHM3alHeit.
3HnocHMOHO3 BOIHHK HA PAHHUX CTAIMAX paIBH-
THA XH3HH Ha 3emJie, N03TOMY CHCTEMBI PECTPHK-
LHH—-MOIH(HKAIHH, CKOpEe BCEro, HMEKT OY€Hb
[peBHEC MPOHMCXOXACHHE W CBA3AHBI ¢ ONHOKIE-
TOYHOH opranu3aimeil MHBOro.,

Bcio mupopManuio 0 pecTpHKTA3aX H METHII-
Tpancepazax MoXHO HaiTH nHa BeG-cajite
www.rebase.neb.com, xOTOpEI# perynspHo o6HOB-
JIEETCA.

1.2.2. fHK-nusasa
B 1961 r. M. Mesemscon u k. Belirn Ha npu-
mepe dara A mokasam, 910 pexoMOHHALMA (KpOC~

CHHIOBEP) BKITIOYAET PA3pLIB | MOCHEAYIOMee BOC-
coeamnenne Monexyn JTHK. Ota pabora pnana wm-

OyNBC TIOHCKY (pEPMEHTOB, YYACTBYIOIMX B Mpo-
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necce pexkomOunaumy. Bekope npH usyueHuu ¢a-
roB A u T4 Osune BeIFBIEHBI (arocrnenHpHyHe
HyKJiea3sl, HeoOxouMele Juis ocymecTeiIeHus da-
roBoi pexoMOHHALMH. 310 YKA3KIBANO HA NPABHIIL-
HOCTH MPEIOKEHHOH THIOTE3kl O MeXaHHIMe
KpoccuHropepa. Hauanuck MHTEHCHBHBIE MOMCKH
¢epmenTa, y9acTBYIOIEro B BOCCOE/IHHEHHH pac-
LeTIeHHbIX Hykneasamu monexyn JTHK. B 1967 r.
HE3aBHCHMO B HECKOTBKHX naboparopHax OBLT OT-
KpeIT (epMent, HadpaHusli JIHK-nurasoii, koro-
PEIH KaTanusupyeT cHETe3 (pocoausPupHOii cBa-
3H B aAByxuenoveynoi [THK.

VYnanoce obHapyxuth nBa THna JIHK-maras:
tepmenT, cHHTE3UpyeMsIii B KieTkax E. coli, n dep-
MEHT, NoABIAoMiics B KieTkax E. coli, unduiu-
poBaunsix ¢arom T4. OHM pasTHYanNHCh MO MO~
TpebHocTAaM B Kodaxtopax. JIHK-nurasa E. coli
B KayecTBe Kodaktopa Tpebyer mudocdonupu-
[MHHYKJIEOTH/, B TO BpeMs Kak nurasa ¢ara T4 —
anesosuaTpHdocar. Kpome toro, JIHK-murasza
tdara T4 B omuue ot [IHK-nurasm E. coli cmo-
cobHa KaTanW3HpOBaTh PEAKLHIO BOCCOEIMHEHHA
meyxuenoyeunsx ¢parmenror [THK ¢ tymuimm
KOHLAMH, T. €. (parMeHToB 0e3 nepexphsIBaromLuX-
sl OJIHOLIENOYEYHBIX KOMILIEMEHTAPHBIX YJaCTKOB.
IMosromy B HAcTOslLIEE BpeMs B EHHO-MEDKEHED-
HBIX IKCTIEPHMEHTAX MPEANOYRTAIOT HCNIOIb30BATE
JIHK-murasy gara T4, kak Gonee yuusepcatbHRI
(epMenT.

JIHK-nurasa dara T4 smnsercs MOHOMEDPHEIM
NOJMIENTHIOM ¢ MOJeKyImsapHOM Maccoi 68 x/la
W KatajusupyeT oOpasosanue (ochomnadHpHO
cBazM  Mexay npaieraloumy  5'-docdartemm
(5'-p) v 3’'-ruppokcinsieiM (3'-OH) koHIamMu ne-
neit JIHK. Ipu 31oM BO3MOXHE JIBA THIIA PERKLIH.

1. JIMr#pOBaHHE JTHIIKHX KOHIIOB:

OH
5’---98-9'.*-9& PA-pA-pT-pT-pC-pN-pN... 3’
N + Pl
3'... Np=Np=-Cp-Tp=-Tp-Ap-Ap (|3p—Np—Np...5'
l OH
OH

|
5'...pN-pN-pG pA-pA-pT-pT-pC-pN-pN... 3’

. i I‘dp—ﬂp-—{fp—'l-'p—'ll'p—ﬂp—ﬁp (I';p—Np—Np... 5’
OH

JHK-murasa | ATP, Mg?*

5'... pN-pN-pG-pA-pA-pT~pT-pC~-pN-pN... 3'
3'.. Np-Np-Cp-Tp-Tp-Ap-Ap-Gp-Np-Np... 5'

Cy6erparsl 310H peakiiy — IBYXIETIOYETHbIE
monexynst JIHK ¢ ofiHOLeNnO4eYHBIMHE, MOTHOCTBIO

KOMILUTEMEHTAPHRIMM JIHIIKHMU KoHLamu. Yact-
HBIM ClIy9aeM TaKOH PeaKiiH SBISeTcs JIMIHpo-
BAHWE TAK HA3KIBaEMOTrO muKa (nick) — paspaBa
B OAHOM 13 HUTel AByxuenodesHo JIHK.

2. JIurapoBaHHe TYTIBIX KOHIIOB:

OH

5'...pN~pN-pA-
3 ..Np-Np-Tp-Cp

PC-pT-pN-pN... §'
'.?p-Ap-Np«Np... 3

OH
JHK-nurasa | ATP, Mg?"

5'...pN-pN=-pA-pG-pC-pT-pN-pN... 3’
3'..Np-Np-Tp-Cp-Gp-Ap-Np-Np... 5

Taxum obpazom, JIHK-nuraza ¢ara T4 obec-
[E4YHBAET KOBAJEHTHOE COEAMHEHHE MOOBIX /IBYX-
uenoveansix ¢parmenTor JIHK, g KoTopsix Hve-
eTcst BO3MOMHOCTh COCThIKOBaTh 5'-p H 3'-OH Kon-
usl. TloaToMy OHa SBISETCH OHEM H3 BAKHEHIIMX
(hepMEHTOB, Ha HCTIONB30BAHHY KOTOPBIX OCHOBAHbI
COBPEMEHHEIE METO[bl pekoMOMHALMH MONEKyI
JHK in vitro.

1.2.3. iHK-nonumepa3sa | E. coli

JHK-nomumepasa | E. coli Geina obxapyxeHa
A. Koprbeprom ¢ cotpynuukamu B 1958 . 3ror
(hepMeHT ABKICA NEPBO# HalICHHOH NOIMMepa3Oii.
On npepctaBmaeT coboii MOHOMEpPHYIO MMOJHIEN-
TUAHYIO Lenb ¢ Monexynspuol maccolt 103 xfla
M HMMEET TPeXZAOMEHHYI CTpykTypy (puc. 1.12).
Kaxaeni nomen Genka oGnanaer otjensHoi dep-
MEHTATHBHOH aKTHBHOCTHIO: N-KOHLIEBOI IOMEH —
5'-3"-sk3onykiaeazuoi; C-koHuesoit — 5'-3'-no-
JIAMEPA3HOMN; cpelHuii nomen — 3'-5'-3K30HyKIe-
A3HOH.

JHK-nonumepasa I E. coli (Poll) ue ces3sBa-
€TcAd C MONIEKYIaMH JIByXUENOYEeTHOH KONbIEeBOH
JIHK. Onrako ecity Takie MOJIEKYIIbl IEHATYPHPO-
BaTH ¥ NOXYYHTH OHOLIENOUedHEbIe (POPMBL, TO € HU-
MM MOTHMEPa3a CBA3KIBASTCHA B KOMHYECTBAX, PO~
MOPLMOHANGHEIX JUTHHE ITHX YYaCTKOB, — IpH-
MepHO oziHa Monexynia Ha 300 HyKJIeoTHIHBIX 0C-
TarkoB. Poll cBa3eiBaeTcs ¢ O/IHOLEITOYEYHBIMM
yuacTkamH asoiHoit cnupamy IHK, B mectax on-
HOLIEMOYEYHBIX Pa3phiBOB, & TAKKE C KOHLAMM
JeyxpenodedHsrx monexyn JTHK.

PaccMoTpum  (pepMEHTATHBHBIE aAKTHBHOCTH
JHK-nomumepassi 1 E. coli.

5'-3'-nosuMepa3Has AKTHBHOCTL. [lna pe-
aKIli¥M HeOOXOAWMO HATHYME O/IHOLENOYEYHOH
JHK-marpunibi M KOMIUIEMEHTAPHOIO YYaCTKY
9ToH uenu ¢parmenrta — mpaimepa (3aTPABKH)
¢ 3'-OH koHuoM:
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?H y dATP
5. pCpC—opG dCTP
3'...Gp-Gp-Cp-Tp-Ap-Tp-Cp-Gp... §' dGTP
dTTP

Poll l Mgt

5'..pC—pC—pG—pA—pT-pA-pG-pC... 3’
3'...Gp-Gp-Cp-Tp-Ap-Tp-Cp-Gp... 5’

3'-5'-3K30HyKIea3HAN AKTHBHOCTHL. OHO-

nenoyeynas win apyxuenoyeunas JTHK ruaponu-
syetcs ¢ 3'-OH xoHua:

OH
|
5'...pC-pG-pC—pA-pT-pG-pT
3'...GpCp-Gp
Poll | Mg?*
OH
; | PA
5"..pC-pG-pC + pG
3"...Gp-Cp-Gp pT

Heobxonumo nopuepkuyTs, yto 3'-5'-nyknea-
3a pacieriseT A GHPHYIO CBI3b TOIBKO B HECITa-
peHnbix yyactkax JTHK.

IlpH nonumMepa3IHoit peakuny ¢ ONpeaeneHHOH
4acTOTO BO3SMOKHO BKIIOYEHWE B PacTyIyiO

a Mecto pacmennenns
npOTea3aMH
®parment Knexosa
e
r 5 '-nonmmMepasa —5"-ax30- D 5-3'-ak30-
HyK7easa HyKneasa

Puc. 1.12. Crpyxrypa JIHK-nonumepassi | E. coli (a)
H MOJIelns ee B3aumoneiicTers ¢ Monexkynol JJTHK (6).

Crpenks yKashlBaOT HANPABIcHHE (EPMEHTRTHBHEIX
peaxuuil, KaTAINIHPYEMBIX NOMEHAMH MOJHMEPashl

Lels HeKOMILIEMEHTapHOro Hywkieordaa. Onnako
NO/IMMEPa3a He MOXKET NMPHCOCAHHATE HYKICOTHI
K HEMpaBHILHO CIapeHHOMY KOHILY, 00pa3oBasiue-
mycs npn ee ywactun. Ha nomomp npuxommt
3'-5'-ak3omykneaza, yOupaomas onmbGounsit
HYKJICOTHJ], Ha MECTO KOTOPOIO 3areM NpHCOenH-
HAETCS DpaBWIRHBIH. 3'-5'-3K30HyKIeOonuTHYE-
CKas aKTHBHOCTE [JPOARIAETCA B HANPABICHHH, 00-
patHom cunTesy JIHK (em. puc. 1.12).

Taxum obpasom, 3'-5'-3Kk30HyKIea3HaA AKTHB-
HocTe JIHK-momamepasni HrpaeT BaXHYIO pPOIb
B ofecneueHuN TOHHOCTH NOTMMEPH3aIlHH, HANPAB-~
nAeMol marpuieil. S{eKTHBHOCT, WIH HMCIO
06opoTOR, 1AHHOW IK30HYK/IEas3bl B OITHMANBHAIX
yenoBHax cocrasisger 2 % or gucna oboporos
CyOBEAHHHLIEI ¢ MOJUMEPaIHOH AKTHBHOCTHIO.

'“3'-3K30HyKAeA3HAS AKTHBHOCTD JIeIPaiH-
pyeT oany nens asyxuenoueunol JIHK, naannas co
cBoOonHOro 5'-konna. B ornuume or 3'-5'-9k30-
HyKNeasnl 5'-3'-3K30HyKIeasa pacmennier am-
3QMpPHYIO CB3b TOIBKO B CIIAPEHHBIX YYacTKax
nByxuenoyeuHoit monexynsl JHK. bonee Toro,
3'-5'-HyKieasa OTIIEIUIAET ORHOMOMEHTHO TONb-
KO O/IHH HYKJICOTH]I, B TO BpeMa Kak 5'-3'-Hykiea-
33 MOXKET BBIPE3aTh C 5'-KOHLA ONMIOHYKJI€OTH/Ib]
IUHHOM 110 necstv octatkoB (okono 20 % mpo-
AYKTOB THAPO/IH3A):

5' pC—pG-pC—pA-pT-pC—pT... 3’
3'..Gp-Cp-GpCp-Gp-Tp-Ap-Gp-Ap... 5’

Poll | Mg?*
. 5 pT-pC—pT... 3’ N
3'..Gp-Cp-Gp-Cp-Gp-Tp-Ap-Gp-Ap... 5’
+ pC, pGpCoA

CKOpOCTB HYK/I€23HOIO OTIIEIJIeHHS YBeIHYH-
BAETCH HA NOPSAOK NPH OAHOBPEMEHHO NPOTEKAI0-
wme# peakuuy nonuMepusanuu. Ilpn 3roM Bospac-
TaeT OTHOCHTEBHOE KOJIHYECTBO OHTOHYKIE0TH-
nioB B npogykrax ruaponusa JIHK. bnaronaps Ta-
KOMY COYETAaHHI) (EPMEHTATHBHEIX AKTHBHOCTEH
JHK-nonumepasa 1 E. coli urpaer BaxHylO poiib
B penapaimd noepexaensii [HK in vivo.

JIHK-nomimepasa 1 E. coli mocne cBS3bIBAHNA
¢ asyxuenoueynoil JIHK B mecre onHoueno4ey-
HOIO paspeiBa B NMPUCYTCTBHH HeobXoaMMex e-
30KCHHYKITe03unTpH(pochaToB KatamusupyeT on-
HOBpeMEeHHO JiBe peakumy — 5'-3'-3x30nyKneas-
HbIH rEApoIM3 pasopsanHoif nenn Monexyne JIHK
¥ 5'-3'-nomamepasnyio peakuuio. Ilpau.aTom nmpo-
WUCXOfUT TIEPEHOC ONHOUENOUEYHOIO pasphisa
saons monexynsi JIHK, xotopsiii ueaye Ha3siBaeT-
CSl HUK-Mpancanyues. 3aMeHss B PeakuHyd HHK-
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CanrerHueckuii OIHI0-
HYKICOTHA-TIpaiiMep

5 J.\'!'(.E-MSC -TAC-AAC 3'

3 TAC-TCG-ATG-TTG

PollIK
AC=AAC ¥
iy il

5

Puc. 1.13. Cxema mMeToa penapaliiy, HAnpanisesMol npaiMepoM

TPAHCIAIHH HYKJICOTHBL, (GOPMHpYIOLHE Lenb

JHK, Ha panHOaKTHBHO MeYeHHBIE, MOIKHO MOy~

waTs MetueHyo JHK c Beicokoif yaensto# akTHB-
HOCTBIO. Takol meTomuveckuii NMpueM HCNONB3Y-
K0T NOBOJIBHO YacTo. Huk B nByxuenoueanyo JJHK
OBBI9HO BBOZAT, 100aBIAs CleIOBRIE KONWYECTBa
nesokcHpuOorykineass | w3 nmomkenynodHoi xe-
ne3wl Oeika. JlaHHb!d QepMEHT NpencTaRIseT co-
Goii sHaOHYKIeasy. B npucyrereny uoxos Mgt
JIHKa3a I Bo3nelcTByeT He3aBHCHMO Ha KaXJIYio
uens JIHK, npu 310M MecTa pa3psiBOB pacronara-
KOTCA cAy4aiHsIM 06pasom.

N-xoruepo# nomeH monexynsl JIHK-nomume-
passi I E. coli coefieH co crnefyomum AOMEHOM
nemied M3 AMUHOKMCIOTHBIX OCTATKOB (CM.
puc. 1.12), kotopas HanGonee HOCTYMHa AEHCTBHIO

npoteas. IloaTromy npu orpaHHYeHHOM NPOTEOTH-
3e pepMmeHTa CYOTHIIHIHHOM, TPHIICHHOM HITH ApY-
THMH TIpOTeasaMH OH pacnajiaeTcs Ha apa (par-
MeHTa, HMetorux pa3Mep 68 klla u 35 k/la. Mens-
mmii ¢QparmenT obnamaer 5'-3'-3x30HyKIICa3HON
aKTHBHOCTHIO, a 6ol — 5'—3'-nomamepassoi
u 3'-5'-3Kk30HyKneasnon akrneHOCTAMH. [locnen-
Hift GuQYHKIMOHANBHE (parMeHT NPHHATO Ha-
3uBaTe Ppazmenmom Knenoea JTHK-nonumepa-
ssi 1 E. coli (no damMumuy OHOTO M3 ONHCABINHMX
ero asropos). @parment Knenosa [HK-nomume-
passl | (PollK) MOKHO BEIAENHTL TAKKE B3 IKCT-
paxTtoB E. coli. I[lpoucxomuT mu o6pa3oBanue 3T0r0
(parmenTa B KJIETKE HIH OH (POPMHpYETCH B TPO-
Liecce IKCTPAKI[HH, NIOKa He ACHO.

PollK ofwaHO Wcnons3yoT ans HOCTPOHKH
O/IHOLIENOYEYHBIX 5'-KOHLIOB HA JIBYXLETOYEUHON
JHK, €acTo reHepupyeMsiX pEeCcTPMKTA3aMH, M0
TYTBIX; JUIS CHHTE3a BTOpO# Iermd Ha OJHOneno-
yegnod JIHK; nns ruaponusa oasonenouevHsIx
3'-KOHIOB Ha AByXuernoyeuHsix Monexynax JHK.

PaccmoTpenHbie cBoHCTBA (parmenTa KireHo-
Ba JIHK-nonumepassi [ E. coli no3somamn [1. loep-
Jleny ¢ coasTopamu npennoxurs B 1980 r. MeTon
pernapalv, HanparngeModt mpaiMepom (primer re-

pair technique). CyTs JaHHOTO HOAXOAA 3AKITIO4A~
erca B cnegywouem. Ecmn HeoOxomuM ruaponus
cermenta JIHK ¢ m3BecTHOH mnocnenoBares-
HOCTBIO JI0 CTPOro ONpEAe/ICHHOHN TOYKH, HAIPH-
mep no Haunuaroproro ATG-TpuiLieTa cTpykTyp-
HOIO T€Hd, TO CHHTE3HPYETCH OJNMIOHYKJICOTHI-
npaiMep, COOTBETCTBYIOINHI Havyaly 3TOI0 IeHa.
3areM OCYILEeCTBASIOT NEHATYPaLHIO CerMeHTa MO~
nexynst JIHK, copepxaiiero usy4aemsiii rex, u oT-
KHT B TPMCYTCTBHH M30OBITKA CHHTE3HPOBAHHOID
onuronykieorusa. [pu stom obpasyiores ayruiek-
Chl Mex 1y npaiMepoM H KOMILIEMEHTaPHOH LIEIbI0
ucnonsayemoro cermenTa (puc. 1.13). B npouecce
obpaborku pparmenrom Knenosa JIHK-nomume-
passl 1 E. coli onHOnenoueqHsi 3'-konel momy-
YE€HHOTO JyIUIeKca YAAIAETCA NOA NeHCTBHEM
3'-5'-3K30HyKII€a3HOI AKTHBHOCTH, & BTOpas Lielb
Ha 5'-KOHIe JOCTPaHBALTCA ¢ NOMONILIO 5'-3 -10-
JIAMepa3HOH AKTHBHOCTH (epMmenTa, JlanHbIil Mme-
TOJI BaXEH JUIS BHITIONHEHHS TOHKHX TeHHO-HHXe-

HEPHBIX MAHUITYNALMNA.

1.2.4. O6pamwan mpaMcKkpunmasa

TIpu H3y9eHHH PETPOBHPYCOB, FEHOM KOTOPHIX
npezcTaBieH MoleKynaMu ofHonenogednoi PHK,
6bL10 0OHapy*XeHO, YTO B Npolecce BHYTPHKIE-
TOYHOIO PasBHTHA OHH NPOXONAT CTAJHIO MHTEr-
palHH CBOEr0 TeHOMa B BHIE JBYXUENOYCYHON
JIHK B XpomMocoMBl KJIeTKH-X03fHHA. B 1964 1.
X. TeMHH BRUIBHHYN FHIOTE3Y O CYHECTBOBAHUM
BHpyccrienupranoro pepmenTa, criocobHoro cHE-
Te3uposath Ha PHK-MaTpuiie xoMmuieMeHTapHY10
JHK. B 1970 r. X. Temun 1 C. Musytany, a Taske
HEe3aBHCHMO OT HHMX JI. banTHMOp OTKDBUIH TaKo#H
tepMeHT B Mpemapare BHEKJIETOYHBIX BHPHOHOB
Bupyca capkomsl Payca. Jlanuas PHK-3apucumMas
JHK-nosmsepa3ia nosrydnna HalBaHue pesepmasa
(obparnas TpascKpHTITa3a).

HauGonee neransHo H3ydeHa peBeprasa per-
poespycos nTHL. Kax sl BEPHOH CONEPHHT OKO-
no 50 monexyn atoro ¢pepmenTa. ObparHas TpaHc-
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KpHITasa COCTOMT M3 JIByX cyOmemmHuy — «
(65 xJIa) u B (95 x/la), IPHCYTCTBYIOIIKX B KB~
MO/IApHOM konudecTse. «-Cy0ObenummMmua npep-
craBigeT coboii N-KoHIEBYIO 4acTh (IBE TPETH)
p-cybremmunimL,

O6parnas TpasckpunTasa ofnajgaeT Mo kpai-
Heil Mepe TpeMms (PEPMEHTATHBHBIMM AKTHBHOC-
TAMU:

« JTHK-nonumepasHOH, HCNOIb3ylome# B Ka-
uecrse matpuusl kKak PHK, tax u JTHK;

« akmuBHocTeio PHKasei H, rmaponmsyronied
PHK B cocraBe ruGpuaa PHK-JIHK, o He
OAHO- HIIH AByxuenoyednyio PHK;

*  JTHK-3H10HYyKI€a3HO#H.

TepBrie nBe AKTHBHOCTH HEOOXOTMMBI T CHH-
Tesa BupycHo#t JIHK, a sxaonykieasa, no-BHIHMO-

(A

Sanaat

MPHK

MY, BaKHa 111 HHTerpauuy sHpycHoi [IHK B re-
HOM KJeTKH-X03AHHa. $-CyObeMHuLa peseprain
obnanaer BceMH TpeMs aKTUBHOCTAMHU, B TO BpeMs
KaK @-Cy0Obe[lMHHIIA — TONBLKO MOMHMEPasHOH M
PHKasu H.

Oummennas 06paTHas TpaHCKPHUNTA3a CHHTE-
supyer JIHK xak #a PHK-, tak u na JITHK-mar-
punax. YroGel HayaTk CHHTE3, peBepTase, Kak
H OpYrdM [OIHMepa3aM, HeoOXOmMM KOpOTKHi
nByXuernouedHslit y9acTox — npaiimep. Ilpakime-
POM MOXKET CIIYXHTh OJNHONETIOYEYHBIA CerMeHT
kak PHK, Tak u JIHK, KoTophmie B pomecce peak-
L{HH OKA3hIBAXOTCH KOBANCHTHO CBA3AHHBLIMH C HO-
BOCHHTe3HpoBaHHO# nensio JTHK.

O6paTHYI0 TPRHCKPHIITAZY MPEHMYIIECTBEHHO
KCHONB3YIOT JUIA TpaHCKpHIHy MarpruyuHoif PHK

sl P}{K 3.

IMoms(A)-nonumMepasa
E. coli

(A)n

prrA 3

5

Onuro(dT)-npativep |

PeBepraza

(A,

NI

3‘

s'
dTio12

‘VWVV\S'

AN §

Ilenouroi ruapomss

PHK

nu-gJTHK

PAAPAP, sr

Pepeprasa
(PollK)

31

Hyxkneasza S1

3 KJIHK

5‘

Araan D'
A 3

Puc, 1.14. Cxema cunresa apyxuienodenssbix JJHK-konuit monexyn PHK
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B komruremenTapryio JIHK (xkTHK). Peaxipio o6-
PaTHON TPaHCKPHMITIMH NPOBOIAT B MPHMCYTCTBHH
cuapHBX uHTHOHTOpoB PHKaswHoi#l axTHBHOCTH.
IIpu 3TOM yaaercs NOMy4ars [OMHOPA3MEpHEIE
ITHK-kormuu uenessix monexyn PHK. B kauectse
npaifiMepa npH OOparTHON TpaHCKpHUITIMH MO-
m(A)-conepraumx MPHK wucronesytor omm-
ro(dT) (puc. 1.14), a nas monexyn PHK, ne nmero-
mx 3'-nonu(A)-KOHIOB, — XMMHYECKH CHHTE3M-
POBaHHEIE ONIMTOHYKJIEOTHIb!, KOMILUIEMEHTAPHBIE
3'-xonuy usywaemo#t PHK. Kpome toro, nocnen-
Hul AN Monekyn PHK MoxkHO nepesectu B mo-
mH(A)-colepaiye ¢ MOMOWLI NomH(A)-noau-
mepassl E. coli.

Ilocne cuntesa va MPHK xommuiemenTtapsoi
ueny JTHK w paspyuienmns PHK (06wuso npume-
HAIOT 00paboTkKy Mmenoubld) OCymecTBAAIOT CHH-
Te3 mropoii uenmu JHK. Ilpu 3ToM MCHONL3YIOT
crnoco6HOCTE peBepTassl 00pa3oBkBars Ha 3'-KOH-
nax ogHoueno4eurbix K/ [HK camoxomiemerntap-
Hbie LWIMHIbKH, KOTOPLIE MOTYT BHIMOIHATL (hyHK-
MU TipaiiMepa. Martpruell cinyXut neppaa Liemb
KJIHK. JlaHHas peakuus MOXET KaTaTu3upoBaTbCs
Kak pereprazoi, tak U JIHK-nommepasoii | E. co-
li. Coderanmne 31X JBYX (EPMEHTOB MMO3BONACT
IOBBICHTH BBIXO/ IMOMTHOLEHHBIX JIBYXUENOYEYHEIX
moexyn kJIHK.

Ilo okoHYaHUM CHHTE3a [epBas ¥ BTOpas Lermu
kJIHK ocraoTcs KOBAJIEHTHO CRAZAHHBIMH MCTIEH
IMMIBKH, CIYXKHMBIIEH npaiiMepomM NnpH CHHTE3E
BTOPO# LEMH. 3Ty N0 PACUIEIVISIOT IHOOHYK-
neasoir S1, cnenudHuecky paspyiuaromeii onHO-
LIENOYEUHble YYACTKH HYKJIEHHOBbIX kucrnotr. OG-
paszyioMecs Mpy 3TOM KOHI(bI HE BCErna OKaskl-
BAlOTCA TYMbIMM, M JUIA MOOBBIUEHHA 3 PeKTHB-
HOCTH TOCE/IYIOLIEro KIOHUPOBAaHHA WX penapH-
PYIOT 10 TYNBIX ¢ NOMOIIEIO ¢parmenTa Kienosa
JHK-nonumepassi | E. coli. TlonyyeHHy o nByxne-
noseuryio kIHK moxkHO 3areM BCTpauBaTh B KJIO-
HUPYIOLIHE BEKTOpPhI, Pa3MHOXATh B COCTaBe rub-
puansix Monexkyn JIHK u ucnone3oBats 11 faib-
Helumx yccneaoBaHuii.

1.2.5. Hykneasa Bal31

B 1975 r. X. I'paii ¢ coaBropamy, H3ydJas BHe-
KIeTouHEle HyKneaswl Alteromonas espejiana
Bal3 1, oGHapyxunu epmeHT, KOTophiii (yHKIHO-
HupyeT: 1) Kak 3K30HYKea3a, Karaiusdpyrowas
YAaJieHWE MaIhiX OJMIOHYKICOTHIOB H/IH MOHO-
HYK/I€OTHIOB OHOBPEMEHHO ¢ S'- ¥ 3'-KOHLIOB
nsyxuenoueyroit [IHK, npuuem obe nenu JJHK
JIErpajiipyioT MpUMEPHO C OJMHAKOBOH CKO-
POCTHIO; 2) KaK 3HAOHYK/Iea3a, cinetpuiHas K ol-
HouenodeyHor JIHK. Jlanueii depment nonyymn
Ha3BaHHe Hykneasa Bal3l.

CnocobHocth Hykieass: Bal3l pereiBate ne-
Ipajalyio ¢ KOHLIOB OIHOBpPEMEHHO 00eHX Lenei
monexyssl [ITHK npumiexnta k atoMy ¢epMedTy
BHMMaHuUe Heenenoparesieii. Oxasanock, 4ro obpa-
3oBaBmuecs nocyie o6padbotkn Bal3l (pparvents
JHK mox#HO ciumts ¢ nomomnsio JIHK-mmrase: ¢a-
ra T4 ¢ apyrwmu monexynamu JIHK, mmerommmu
Tymhie KOHUEL D((ekTHBHOCTE NTHIHPOBAHNUA CY-
LIECTBEHHO TMOBBLIUAECTCH, ECIHH YKOPOYEHHBIE
¢ momombio Bal3l monexymm JIHK obpaborars
dparmenTom Knenosa [IHK-nonumepassi | E. coli.
70 yKa3mBaeT Ha TO, 9TO B pe3YbTaTe rMipoiu3a
Hyksieasoii Bal3l obpasyrorcs ¢parmentst [THK
KaK C TY[BIMM, TAK W C OJHOLIENIOYEYHBIMH KOH-
LAMH.

B onpeneneHHbIX yCNOBHAX JIHHEHHYIO ABYX-
uenoueynyro JIHK MoxkHO koHTpOmHpyemo THO-
posn30BaTs ¢ 060MX KOHLOB HyKIeaso# Bal3l, uyro
HCIIONB3YETCH TPH KOHCTPYHPOBAHUM THOPMIHBIX
monexyn JIHK, xorna weoGxommmo B MX coctase
cOnu3HTh Kakne-THO0 (QYHKUMOHATBLHO 3Ha4MMBIE
TCHETHYECKHE 3NIEMEHTLI.

1.2.6. Konyeean de3sokcuHykneomuoun-
mparxcghepasa

B 1962 r. @, bonayM oOnapyxun B THMYyce
TeneHKa HeOOLIHEIH (hepMeHT, Ha3BaHHBIH KOHLe-
BOH NIE30KCHHY KIIEOTHAWITpaHcepasoH, v mep-
MuHabHOU mpancgepazoi. [lannsit hepmenT Ka-
TAIM3APYET MNOCNENOBATENRHOE TPHCOEAHHEHHE
JIE30KCHHYKNEOTHAOB K 3'-OH-KOHLly MO.IeKynb!
JHK. CyGctpatom TepMHHANBHOW TpaHC(epashl
MPY HCTIONB30BAHMH B KaYecTBe KoaKTopa HOHOB
Mg2*+ seaserca oanonenoueunas JJHK ¢ 3'-OH-
koHLOM WM asyxuenouednas [IHK ¢ BeicTynawo-
muM  ofHouernodyedHsM 3'-OH-kornom. Ilpu wmc-
MOJIB30BAHHK B KadecTBe KogakTtopa woHoB Co?*
3T0T (PEPMEHT MOKET KaTaTH3HPOBATH IIPHCOEIH-
HEHUe NIe30KCHHYKTeoTHA0B K 3'-OH koHLy nByx-
yenoveunoit [IHK ¢ TynsiMH KOHUaMH KM Aaxke
Kk 3'-OH-xoHuy ppyxuenoueunoii JJHK c BeicTy-
NAKIMM  OHOLENoYeuHbiM 5'-p-koHuoMm. Ilpn
BBENIEHNH B PEaKIHI0, HANPABAAEMYI0 TEPMHHATb-
HOli TpaHc(epasoH, JIHIIE OJHOIO THIA HE30KCH-
HyK1eoTH 10B 06pazyioTes Monexynsl JIHK, umero-
[IMe TOMONONMMEpPHEIE OHOLeNouYedHbe 3'~KOH-
bl Taxum ke 06pazoM MOXHO JOCTPOHTD APYTHM
Monekynam JIHK romononumvepusie 3'-KoHIbi,
KOMIUTEMEHTapHhe NepBbiM. CMeleHye nonydeH-
HeiX npenaparoB JIHK npu onpeneneHHbiX ycro-
BHAX MOXET NPHBOAHTE K (DOPMHpPOBaHMIO THO-
puasbix mosexyn JJHK. HMeHHO ¢ noMOIbIO KOH-
HEBOH iR30KCHHYKIEOTHAWNTPaHChepasu 8 1972 .
ObL1 BEINOJIHEH MEPBLIH IKCIIEPHMEHT [0 PEKOM-
Gunanmm monexyn JIHK in vitro.
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1.2.7. Monu(A)-nonumepasa E. coli

Janusii depment, otkphiTait A. Cunmenom
B 1973 r, xkaranu3upyeT NPUCOEIMHEHWE K CBO-
6onsomy 3'-OH-KOHILY OIHOLIEIOYEYHAIX MOJIEKYI!
PHK nonu(A)-nocnenosareibHOCTEH:

5 PHK
= |
OH3'
ATP; Mg?*; Mn?*
5 r

L Ap(Ap),A-OH 3’

[Nonu(A)-mormamepasa HaxonHT nNpHMEHEHHE
npu noaroroeke Monexkyn PHK k xonmpoBanwio
¢ Hux komiementapubix JIHK (cm. puc. 1.14).
3TOT (hepMEHT MOXKHO MCTIONB30BaThE U JUIS BBele-
HUA pasnoakTHBHOH MeTky B 3'-konen PHK.

Kpome paccMoTpeHHBIX BbiLIe, B IKCIEPHMEH-
Tax no knouupoBanio (parmenToB JIHK w aua-
nmu3y ctpykTypsl rubpunseix JHK ucnonssyror
Gonuimol Habop apyrux GepMeHTOB HYKJIEHHOBO-
ro obmera. K HUM OTHOCATCSH NONMHYKJIEOTH/IKH-
Hasa, wenounas pocarasa, 5'-3x30HyKneasa pa-
ra A, axsonyiueasa Il E, coli, pubonyxneassi, me-
THIa3bl ¥ p.

Bce wucnonb3yembie NpW KOHCTPYHDPOBAHHH
rubpunneix monekyn JIHK ¢epmenTtsr nomkHb
OBITL BRICOKOOYMIIEHHBIMH, TaK KaK Naxe He3Ha-
YUTENBLHbLIC MOCTOPOHHHE HYKIEa3Hble 3arpsA3He-
HHS MOTYT HNPHBOJMTE K MODOYHBIM peaKiuaM
H pe3Kko CHWKaTh 3(peKTHBHOCTH MONTyYeHHs 1ie-
JIEBEIX TEHETHYECKHX KOHCTpYKImii. [ToaTomy u3y-
gyeHue (pepMeHTOB, paspaboTka METOIOB HX ITybo-
KOH OYHCTKH, a TAKXE MOHCK HOBHIX ()EpMEHTOB,
cnenudHIeckn NENCTBYIONHX HA HYKJIEHHOBLIE
KHCIOTHl, aKTHBHO MponomkaioTes. BaxHoi 06-
JIACTBLIO UCCNEOBAHMH, KOTOPOH He Beersia ynens-
€TCA JIOMKHOE BHUMAHME, ARIAETCA ONTHMU3ALMA
yCIOBHH KyNETMBHPOBAHHS MMKDOOPraHHM3MOB —
OpONyLEHTOB (PEPMEHTOB HYKIEHHOBOrO obMeHa.
B psane naboparopwii MoKa’aHo, 410, ONTHMH3HPYS
napaMeTpsl npouecca KyILTHBHPOBAHHA IMyTEM
NPUMEHEHUS MeTOI0B MATEMATHYECKOI'0 IIIaHUPO-
BaHKA IKCIIEPHMEHTA, MOXCHO MOBBICHTE yeTbHbIH
BBIXOI 3THX (EePMEHTOB B IECHTKM pa3.

B COBOKYNMHOCTM MHOIOMHCIEHHbIE (epMeEH-
Thl, HMEIOLIKE B Ka4ecTBE CyOCTpaTa KaTaH3Hpye-
MBIX MMH peaxuuii HyK/IeMHOBbI€ KHCIIOTRI, CO-
crapnaoT Guoxummubeckyio 6aly IKCNepUMEHTOB
10 KOHCTPYHPOBAHHIO in Vitro ¥ anamH3y rabpu-
Hhix Monexyn JIHK.

1.3. METOObl KOHCTPYUPOBAHUA MEPUOHBIX MONEKYN OHK IN VITRO

1.3.1. KoHHeKmopHLIl Memod

B 1972 r. I1. Bepr c corpyiHHKaMH BIEPBEE
cooliuuny o nonydeHuy in vitro rubpuaHol Mo-
nexynsi, coctosmed w3 JIHK pupyca SV40 u JIHK
(ara Advgal. Ilpu 3T0M HCIIONL30BAJICA METOL, 1O~
JlyyMBIIMH Ha3BaHWe KOHHEKTOpHOro. Ilpuuimn
OJIHOr0 W3 BAPHAHTOB 3TOI0 METO/A 3aKTHYaeTCH
B cnemnytouieM. K 3'-konuaM ogHoro u3 pexombu-
HHpYeMbIX in vitro ¢parmenToB [JHK ¢ nomolneso
KOHLIEBOH J€30KCHHYKIEOTHIMITPaHCdepassl 10~
CTpauBalOT OfHOLENnoYeyHsle onHro(dA)-cermen-
Thl onpeneneHHol Amnasl (puc. 1.15), a K koHUaM
apyroro ¢parmenta — omaro(dT)-cermenTs! nMpu-
MEPHO TaKo# e ammHst, [Ipu cMeluenun nonyyes-
HBIX TakuM 0Opazom ¢parmenToB (GopMHpYIOTCA
KONBb1[EBRIE CTPYKTYPhI 38 CYeT BOJAOPOAHLIX CBS-
seit Mexcay onuro(dA)- u ommro(dT)-nocnenosa-
TenbHOCTAMH. OpHonenouednsle Opemm ruGpua-
Heix monexyn JIHK 3acTpanBaroT ¢ MOMOLIBIO
JHK-nonumepassi | £, coli v uenmm KoB&IEHTHO
CIIMBAIOT B JIMTA3HOH peakiHH.

KoHHEKTOpHLIM METO/IOM Y/laeTcs pexoMOunu-
posats in vitro ¢pparmentrl JIHK, nomysensnie nio-
66 M3 criocoboB pacmervienss wexomguon JIHK
(Mexannueckum, dpepmentaruBibiM), ITpu 5T0M Hc-
NONb3YIOT CHHTETHYECKHE KOMTLIEMEHTAPHBIE OITH-

ro(dA) - omuro(dT)- wn omuro(dG) - omuaro{dC)-kou-
bl TTockonbKy MOXHO (POPMHPOBATE JIOCTATOYHO
JUTHHHBIE B3aHMOKOMIUIEMEHTAPHKIE OJIHOLENo-
HEYHBIE KOHLBI, THOpUIHBIE MONEKy/kl 0Opa3y1oT-
3 C BrICOKOI 3(pexTiBHOCTHIO. B wacTHOCTH, MO-
aToMy npu kinonuposanuy JIHK-konmit marpuu-
HeiX PHK, KoTOpBIE NIOCTYNHE! B OrpaHHYEHHBIX
KOJIHYEeCTBaX, OOBMHO MCHOIb3YHOT KOHHEKTOPHEIH
METOJL.

Oasaxo 10T METON HMEET HENOCTaTkH. HacTo
BBIJIE/IEHVE BCTPOEHHOIO GparmenTa u3 rubpuaHoH
monexynnl JIHK sarpyaneno. B psne cimyvaes yna-
eTcs nonobpats ycnosua i H3bHparesHoi 1exHa-
typami oimro(dA - dT)-nocnenosaresHoCTeH, M0
KoTOphiM cocTeikoBansl ¢parmenTtel JIHK, u pac-
LIEMATh 0Opa3oBaBIIHECs OHOLENOYEYHRIE Y9acT-
KM 3HoHyKeasol S1. Ipu pexombGunaiuy in vitro
¢dparmentos JTHK, renepupoBaHHLIX peCcTPUKTa30H
Pstl, ¢ HCnonb30BaHWEM CHHTETHYECKHX ONHMTO -
(dG)* ormuro(dC)-KOHLOB y4aCTOK Y3HABAHMS 3TOM
pecTpHKTassl BOCcTaHapmHBaeTcs (puc. 1.16) wu
BCTPOEHHBIH (hparMeHT MOXNHO YXKe JIOCTATOMHO
MpOCTO BBILENUTH U3 THOPHIHON MONEKyNBI C MO-
MOIIEK0 pectprkTasel Pstl. OmHako kpome nenepoi
NOCAENOBATENLHOCTH IAaHHbH (parMesT umeer 10-
NONHUTENBHBIE KOHIEBRie cerMeHTEl omHro(dG - dC).
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JHK1

1. 5'-ax3onyKaeasa dara A
\.‘Tepuunmuax Tpancdepasa + dTTP
(dT).
[oe sl

IMibpunras monexyna JJHK
Puc. 1,15, Cxema KOHHEKTOPHOIO METOMIA
Psil
v
CTGCAG
GACGTC
C_ % )
Tepmunanenas
Tpaicepala
CTGCAG(G), G
C G (G ),,GACGTC))
+
(C).C [ R A C(On
JIHK-nonumepasa
Pstl JIHK-nurasa Piﬂ
v
CTGCAG(G), - (C),CTGCAG

GACGTC (C), . (G),GACGTC
4 - t )

Puc. 1.16, Cxema KIOHHPOBAHMS KOHHEKTOPHLIM MeTooM dparmentoB [ITHK
no Pstl-y9acTky BEKTOPHOIH MOJIEKYIbI

1.3.2. Pecmpukma3Ho-nu2a3Heill memod Janabii  MeTom COCTOMT B CJIe/YIOLIEeM

Bonee npoctoit v camuiit monynspasii meron  (puc. 1.17):
ronyyenns in vitro rubpuaasx monexyn JIHK — 1) pectpukTasoii kiacca II cuemyduyecky pas-
pecTpHKTa3HO-mMrasnEii. [lepeeie rubpuansie mo-  pesator Monexynsl JIHK Ha pparmentsi, umeonme
nexynsi JIHK nomysmiu 3tum MeronoM C. Koan WACHTHYHBIC B3aHMOKOMIUIEMEHTAPHBIC JIMIIKHE

¢ coTpynHuKamy B 1973 1. KOHLIBI;
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JIHK1
N
| — R = |

JHK2

Puc. 1.17. Cxema peCTPHKTAIHO-IMIA3HOID METOAA

2) npenapatsl pavaHex mosexyn JIHK, ru-
PONH30BAHHBIX OJHOM M TOH K& PEeCTPHKTA30#,
CMEILIHBAIOT, ¥ NPH ONpeeNeHHbLIX YCIOBHIX JIHTI-
KHE KOHUR pasHuix ¢pparmentos JHK peaccouun-
PYIOT 3a CYET KOMTLIEMEHTAPHOIO B3aHMOIEHCTBIA,

JInnkepHas
MOJIEKyna JIHK1 JHK2
| — i 3
JHK-nurasa
¢ara T4
| |
2

[ ]

Puc. 1.18. Cxema HCNONBIOBAHUS TMHKEPHEIX MOJIEKYI
s KoHeTpyHpoRanus rubpuansix JTHK

3) ¢ nomomsio JJHK-Hrassel NpoMCXOauT Ko-
BAJICHTHOE CBA3BIBAHWE aCCOLHHPOBAHHBIX (par-
menTos JTHK.

[lo Taxo# cxeme MOryT ObITh KOBAJIEHTHO COE-
QMHeHsl in vifro Ba W Gonee mobuix (parmenTa,
nony4eHHbIX npy ruapommse Monexyn JHK oxsoi
M TOH e pecTpukras’od. OaHako ¢ MOMOLIBIO
pectpukTas (ocobeHHO oIHOro EpMEHTa) B Kax-
JIOM KOHKPETHOM Cny4ae MOXHO MONY4YMThH JIHIIb
cneunduyueckHii, CTporo onpeneieHHuid Habop
¢parmenToB usyvaemol JIHK. TlepBonagainsHo
3TO B HEKOTOPOH CTEMEHH OTPaHWIHBAIIO MPHME-
HCHHE PECTPHKTa3HO-nMraisoro metosa. Ho 3arem
NOJNY4H/IA PACMPOCTPAHEHHE HOBaS €ro MomMpu-
KalHA, OCHOBAHHA’A HA WCIONb3OBAHHH JIMHKED-
HbILX MOREKY1 — CUHTeTHYeCKuX cermMenToB JITHK,
COAEPKALLMX B CBOEM COCTABE ITOCIEIOBATE/IBHOC-
TH, y3HaBaeMhle pecTpukTasamMu. Meton npemno-
wuna P, Llennep ¢ cotpyannkamu B 1977 . On
NO3BOJISET JIOCTATOYHO NMPOCTO PpeKOMOUHMPOBATE
in vitro npakTHueckH mobsie GpparmenTsl JHK.

Pa3paboTaHHblii NOAX0A BKIIOYAET CIEAyIIHe
onepauuu (puc. 1.18):

1) no TyneIM MM JIMIIKHM KOHLAM (parmMeHTa
JHK, xotopeiii mnpeanonaraercs peKoMOHHHPO-
BaTh, ¢ MOMOLUBIO nurassl ¢ara T4 mpuumesaioT
KOPOTKHE CHHTETHYeCKHME NBYXILEINOYeYHBIE Cer-
MEHTBI, HMEIOIIME YIaCTKH Y3HABAHHUS OIPE/IEIeH-
HOM pECTPHKTa3bl;

2) nonyuenskiii ¢parment o6pabaThIBAIOT Bhi-
OpanHO# pecTpuKTaloii, B pesynsrate dero obpa-
3YIOTCS JIMITKHE KOHIIBL;

3) nonyseHusit ¢parMenT peKOMOMHHPYIOT
in vitro ¢ npyrumu Monexynamu JIHK no o6erasoi
CXEME PECTPHKTA3HO-IHI a3HOIO METO/IA.
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Hcnons3opanue MHHKEPHBIX MONEKyn jenaer
PECTPUKTa3HO-JIHIa3HLIH MeTon pexoMOuHanHu
¢parmenros JIHK in vitro yausepcaspHbIM, r10-
CKOJIbKY MCXO/IHBIE ()pParMEeHThl MOXKHO ITONY4aTh
CaMbIMH Pa3THYHEIME criocobamu,

Pectpukrasso-nurasHeii MeTon, Mo CcpasHe-
HHIO C KOHHEKTODHBIM METOAOM, Haxoaut Gonee
IHPOKOE MPHMEHEHHE B MEHHO-WHACHEPHBIX Ma-
HUTTYJAUMAX, MOCKOMBLKY OH Oosiee mpocT GHOXH-
MHYECKH H, KPOME TOI0, 18T BOIMOMKHOCTD JIETKO
BBIIICITHTE BCTPOCHHEIH (DparMeHT W3 rubpHaHOA
monexynbl JJHK, uTo qacTo GbiBaeT BaXHO MPH me-
pexoce ¢parMeHTa B IPYroe reHeTHYECKOe OKpY-
KEHHE.

JlaHHEI# METONI HE OTrpPAHHYHBACTCA HCIIOb-
J0BAHHEM B KA&XIOM KOHKDETHOM I3KCNEPUMEHTE
JHIUEL ONHOHM pecTpukTasbl. KoMOHHKpyeMEIE MO-
nexymbl JJTHK MoryT MmMeTs pasHbie JTMITKHE KOHILBI,
reHepHpyeMbI€ OByMs pecTpHKTasaMd. B 3ToMm
ciny4ae pparMeHThl 0GBbEAMHAIOTCS B CTPOTO OlIpe-
NeyieHHOH OPHEHTALIWH OTHOCHTENBHO ApYT ApYyTra
(HanpuMep, cM. puc. 2.5, 2,10). [Ipu cmelueHuy xe
(pparMeHTOB, NOJIYHEHHBIX I10CJIE TWAPONM3a Of-
HOM PECTPHKTA30M, BO3MOXHBI Pa3THYHEIE HX OPH-
eHTalMH B OPMUPYIOLIHXCH THOPHAHBIX MOJIEKY-~
nax JIHK. Bosnee Toro, B mpouecce JurasHoi peax-
UMM MOXET NMPOMCXOIWTE KOBAJIEHTHOE 00bemHe-
HHE HE TONILKO JIBYX, HO H TPEX, a Takxe OoJbllero
yycna (pparmenTos (cm. puc. 1.18).

TMpouenypsl KIOHUPOBAHHA LIENEBLIX (parMes-
toB JIHK 3BauMTE/IbHO YNPOCTHIHCE C Pa3BHTHEM
meTosa amuinpukamy cermenTos JIHK B monume-
pa3sHO# LENHON peakiuu.

CrieKkTp MpOAYKTOB JIMTA3HON PEAKLHH 3aBH-
CHT OT KOHIUEHTpalLMH Y4acTByIoLMX B Hel par-
mentoB JTHK (puc. 1.19). [1pu BRICOKOH KOHLEHT-
paumu rnpeuMyuecTreHHo GynyT GopMupoBaTECH
nuHelHple anuHHBle Monekynsl JHK. Tlo mepe
CHWKCHMS KOHLEHTpalMy (parMeHTOB NOBBILIA-

1.4. BEKTOPHbIE MONEKYIbl OHK

PaccMOTpEHHBIC B Npe/ibUlylleM pasjiene me-
TO[B! MO3BONAKOT JIOCTATOYHO JIETKO OCYIECTB-
A4 pexoMbuHaLmMIO in vitro mobeix dparMeHTos
JAHK. Eciu oMH H3 3TUX (JParMEHTOB B COCTaBe
rubpunnsix Moaexyn JAHK xoropas copepxut HH-
(bopmanuio, HEOOXOMUMYIO JUIA aBTOHOMHOH pert-
JIMKALMH B ONpeielleHHOM THIIE KJIETOK, TO IpYyIrue
¢parmentsl  JIHK, KoBaneHTHO COEAMHEHHEE
C MEpBLIM, MOXHO amrMQUUMpOBaTh (pasMHO-
HMTB) B 3THX KneTkax. IIpu BbLIENEHHM YHCTOH
KYJITYPBl M3 KONOHHH (WIH BHPYCHOH Oasiiku),
BEIpOCIIEH K3 eIMHHYHON KIETKH, KoTopas cojep-
KHT HHIWBHIAYANbHYI0 Monekyly THOpuaHo#

(I'T_“'::-’, ? )

— a
:D,(— ! ~
AN = l\'l ]
= - -

= A ™ . 2 (S
N |~ %20

T Y
L Q 4

Puc. 1.19. Brmanue xonuesTpaunu ¢pparmenton JJHK
Ha CTIEKTP NPOAYKTOB JTKIA3HOM peaKiMu:

a — BBICOKANR, 6 — CpeaHss,
6 — HH3KaR KoHueHTpaums pparventos JIHK

7

eTcs BepPOSTHOCTE O0Pa30BaHUA KOJIBLEBLIX MOJIE-
kyn JHK. I'ubpuausie Monexynsl ¢ naubonsiucH
yacTtoToH OyayT cocTosTe M3 JByX (PParMeHTOB,
pexe u3 Tpex u 6osee. Eci npenapar passecTd 10
onpeneneHHoN KoHuUeHTpauuy (Tak, 4T0 BEPOAT-
HOCTB BCTPEYH ()parMeHTOB JpYT C JIPYTOM B pacT-
pope Oyner mama), TO MpeHMMyLIECTBEHHO OymyT
00pa3oBBIBATECA TOMOKOJIBIIA.

[Nocne kaxaoi MrasHol peakiuy obpasyercs
cmeck pasHoobpasueix rubpuaasix monexyn JJHK,
H3 KOTOPOH LieNeBble MOJICKYJIbI C 38IaHHOH CTPYK-
TypoH OTOMpalT Ha CTAJIHH BBEACHHA B KICTKH
M pasMHOXEHHA ruOpH/IOB, @ TAKKE Ha CTalWH ce-
NEeKUHM H/HIM aHamu3a rUOpUIHBIX KJIOHOB Ha
npeaMeT HCKOMO# NEHETHYECKOH KOHCTPYKLIMH.

[lpH ucnonb30BaHHM KOMOMHALMH ITHX METO-
JIOB MOXHO YCTENIHo oTOMpars rHOpHIHbIe Mose-
kymsl JJHK, cocraBnsiomme il MadyH 4HacTh
NOJTYHEHHOTO NOCIE JIMTAa3HO# PeaKiiiy npenapara.

JHK, ocyniecTpiseTcs KIOHHPOBaHHE OIpe/Ie/IeH~

Horo ¢parmenta JIHK. Ipu 31oM dparment, obec-

NEYMBAIOIIMH PEIUIHKALMIO THOPHIHON MONEKYJIbI

JIHK B KJI€TKE, Ha3bIBACTCA KAOHUPYIOUUM 8EKMO-

pom. Takoii BEKTOp JIo/keH o0najars CAeayronH-

MH OCHOBHBIMH CBOHCTBAMM:

* MMeTh OrpaHuyenHHoe (MpeanoYTHTENBHO Ofi-
HO) YMCJIO MECT PACILEIUICHHA OIPE/IEICHHOM
PECTPHKTA30M;

*  CONEPXATH NEHETHYECKHH Mapkep, KOTOpbIH
MOKET OBITE HCIONB30BaH LTS 0TOOPA KIIOHOB,
Hecymux rubpuassie JJHK, nocne ssesnenus
B YYBCTBHTE/bHBIE KIETKH CMECH MOJIEKYII
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«  JHK, nonyuesHbix B mpomecce pexomOuHa-
LIMH in vitro;
*  HE M0JDKEH TEPATH PEIUIHKATHBHBIE (JyHKUHM
npy BeTpoike s3x3oreqxoro ¢pparmenra JJHK.
B kayecTBe BEKTOPHBIX MOJEKYNl B reHeTHue-
CKOH HEDKEHEPHH HCIOIL3YIOT IIMPOKHI CHEKTP
raasMHaEsix ¥ BupycHsix JIHK. HawGonee noiry-
JIAPHB! KJIOHHUPYIOLHE BEKTOPbL, HECYIIIHE HECKOJIb-
KO TEHETHYECKHX MapKEpOR, 10 KOTOPBIM MOXHO
NIETKO OTIHYHTL HCXOAHYI0 BekTopHyto JIHK or no-
JysaeMbiX rHOpHIOB, ¥ HMEIOLIHE 110 OJJHOMY MeC-
Ty JEHCTBHSA JUIS HECKONMBKHX pecTpukTas. Kpome
TOro, 0OBIYHO enaTesbHo, 4T00bI BekTop obecne-
yuBan S(QPEKTHBHYIO PEIUTHMKALMIO TIHOPHIHBIX
JHK, Tak KaK 9acro BaXHO MMETh B KIETKE 1O-
BBILICHHOE YMUCJIO KOIMHA KJIOHHPOBAHHBIX MEHOB.
YacTHeiM cmywaeMm KIOHMPYIOIMX BEKTOPOB
ABIAIOTCA IKCHPECCUPYIOUIUE BEKMOPBI. ITO MO-
TIEKYNAPHBIE BEKTOPEI, KOTOPBIE HAPAMY C aMIUIH-
¢urammeii obecneunsaloT NMpaBHIBHYI0 U hdek-
THBHYIO 3KCOPECCHIO YYXKEPOIHLIX F€HOB B KI€T-
Kax-peLMIHEHTAaXx.

B psajne cnyuaes MONEKYNAPHBIE BEKTOPBI MO-
1yT ofecneyrBaTh MHTErpayHio Yyxepoasoi JIHK
B IEHOM KJIETKH HIH BHMpyca. Takue MOJEKYIbl
JIHK HazEBIBAIOT HHMeEZpamueHbIMU 6EKMOPAMU.

BekTopHBIE MOIEKY/Ihl HMIPalOT BAKHEHIIYIO
pOlIb Ha 3Tane KIOHUPOBAHHS in Vivo H3y4YaeMbix
nocnenosarensHocTed JIHK, KonkpeTHeie BexTops!
GyayT paccMOTpeHBl B JajbHEHIIEM U KAKIOH
TeHHO-HHKEHEPHOH CHCTEMBI 0TaeNbHO. Hcnonb3o-
BaHWE KIOHMPYIOIHX BEKTOPOB MO3BONACT MOJY-
yare Heobxomumelii gparment JIHK B unauBuay-
aJBHOM COCTOSHHHM M B NPENAPATHBHLIX KOJWYECT-
Bax. JTO NOHAMO HA KAYECTBEHHO HOBBI YPOBEHB
HCCIIEZIOBAHHA CTPYKTYPHO-(DYHKIMOHATBHON Op-
raHu3aiMy reHOMOB Kak HPOKapHOTHYECKHX, Tak
H 3yKapHOTHYeCKHX oprarusMmos (cm. 1.7). Pa3pa-
6oTKa ¥ COBEPLUCHCTBOBAHME IKCIPECCHPYIOMHX
BEKTOPOB T03BOISET Bce ¢ Oouibliel onpeeneH-
HOCTBIO CO3/1aBaTh IITAMMbI — CYNEPHPOAYLEHTbI
qyeponHsIX Oe/1koB.

1.5. BBEAAEHUE MOJEKYI OHK B KITETKWU

Heobxonumelii 37an reHHO-HHXEHEPHOTO 3KC-
NEPHMEHTA — BBEJICHHE NOMYUYEHHBIX in Vifro rub-
puassx monekyn JTHK B nepuuccuensie knemru
(obecrieguBatonMe PEIUTHKAIMIO 3TUX MOJIEKYI)
C LEIBI0 Pa3sMHONEHHA, CENCKIHH H BBIICJIICHHA
KJIOHOB ru6puaos.

Beenenue B KIETKY HYK/IEHHOBOH KHCJIOTHI BH-
pyca ¢ mocieayiolEM oOpa3oBaHHeM BHPYCHOIO
MOTOMCTBA HasbiBaeTcs mpanc@exyueis. Ihbex-
THBHOCTb TPaHC(EKLMH BLIpAKEETCH O0OBIYHO KO-
NMHYECTBOM WHQEKUMOHHBIX LIEHTPOB (bnAaLiek, He-
F&TMBHLIX KOJIOHHMH), NPHXOAAIIMXCS Ha MOJIEKYITy
MM HA eAMHMIlY MacChl HYKIEHHOBOH KHCJIOThI
BMpyca. BHpYCHBIE KIOHBI, MOJIy4EHHBIE 10CIHE
TpaHcheKH W3 OTAENbHBIX OnALICK, HA3EBAIOT
mparcexmarnmamu. Cleyer OTMETHTh, 4TO HYK-
JIEHHOBBIE KUCIIOThH! HEKOTOPAIX THIIOB BUPYCOB He-
HH(EKITHOHHBL, T. €. HEAKTHBHEI B TECTe TpaHc(hek-
MK, 3710 06YCIOB/IEHO TEM, YTO A MHULHALHHA
IKCNPECCHH TEHOMa JaHHBIX BHPYCOB HeoOXomm-
MBI OMpesieNeHHbIe BUpycenenupuaeckne GenkH,
COZIEpAIHECH B BUPYCHBIX H4CTHLIAX, HO OTCYT-
CTBYIOLLME B MpEnapare O4MILIEHHONH HYKIEHHOBOH
KHCJIOTBI.

[Tponecc, B pe3ynsTaTe KOTOPOrO IK30TEHHAs
JHK npoHukaeT B pELMMTHEHTHYIO KNETKY U Bhl-
3bIBAET y Hee Hac/eyeMble H3MeHeHHS, Ha3bIBaloT
mparichopmayueii. TpancopMamio KIETOK MO-
IyT OCYLIECTBIATE Kak MoJiekynsl JIHK, perumnu-
PYIOLLHECA B KJETKAX BHEXPOMOCOMHO (Iuia3mwu-

ael), Tak ¥ Monexkynel JIHK, uHTEerpMpyronmecs
B TEHOM KJIeTKH (IMHEeHHbIE U KONbLEBLIE MOJie-

kymsl JIHK). I'enerudecku TpancdopMupoBaHHEIE
KJIETKA NPHHATO Ha3blBaTh MpaHcopManmami.
OipexTurHOCTs TpaHchoOpMaLuH OOBIMHO BEIpa-
HKAKT KONHYECTBOM KIOHOB (KOJIOHHH, 06pa3oBaH-
HBIX B pE3yILTaTe ACNCHHH WCXOAHO eIHHHYHOMH
KIETKH) TpaHC(OPMaHTOB, NMPUXOAALIHXCH HA MO-
JIEKYY WK €AMHULY Macchl joHopHo#H JIHK. Jlan-
HYH0 MeHEeTHYECKYI0 (OHOXHMHYECKYI0) Tpancdop-
MaLMI0 HeOOXOAMMO OTIM4YaTh OT OHKOreHHOM
TpaHcHOPMALINH FYKAPHOTHYECKUX KIETOK.

DU3IHONOTHIECKOE COCTOAHHE KNETKH, B KOTO-
poMm oHa criocofHa NorIoIEaTh HyKICHHOBYIO KHC-
JIOTY M3 OKpY*awoweh cpeibl, Ha3bIBAETCH KOMMe-
menmuocmuro. Onnako Muorke 6akTepun, a Tak-
M€ JIPOHIKH W KYJIETHBHUPYEMbIC KJI€TKH ¥HBOTHBIX
¥ pacTeHHH TakoH (QH3HONOrHYECKOM KOMMETeHT-
HOCTBIO He 00na1arT. [ToaToMy BOCNPHHMYMHBOCTE
K aKk30oreHHoH JJTHK y Hux HHAYLUHPYIOT pasnHyHbl-
MH crocobamu. Takyio KOMIDETEHTHOCTH FPUHATO
HasbiBaTh WHAyUMposanHo#. HanbGonee npocrto
OHa JIOCTHraeTcs MyTEM ONPENENEHHOIO XHMHYE-
CKOTO MJIH (DHIHYECKOrO BO3NECHCTBHA Ha KIETKH.
PazHble THIBI KJIETOK MMEKT CBOM 0ocobeHHOCTH
CTPOEHHA KJIETOYHBIX CTEHOK M TNAa3MaTHHECKHX
meMOpaH, mo3TOMY OHH MOTYT padnH4areCa Mo
crnocobaM MHIYKIMM Yy HHX KOMIETEHTHOIO CO-
CTOAHHA.
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HcropuueckH NepBbIM NOAXOA0M K NOIYYCHHIO
KOMITIETEHTHBIX JUIA TpaHc(ekumu (TpaHcopma-
umH) kietok Gaxrepuit sBiseTcs QepMeHTATHB-
HBI MHAPONH3 KIETOYHBIX CTEHOK, MPHBOAALIHH
K ynaneuuio Qpusuueckoro Gapeepa Ha nmyTH npo-
aukHOoBeHHs monekyn JIHK B knerxy. [na aToi
HeMH MOMHO HCMONL30BaTh PA3fiMyHbIC WHIHBH-
Ayanessie GEPMEHTH (HANPUMED JIH30LMM) WM
cMmecH (pepMEHTOB (HaNpUMep NHINEBAaPHTEIbHBIH
COK BHHOTpanHoii yimutkn). [lpu Gepmenrarusroil
obpaboTke KIETKH HEODXOMMMO MOMENIATE B H30-
TonHueckuii pacreop (0,2 M caxaposa; 1 M cop-
out; 0,6 M KCl u ap.), iMerouInii NpHMEPHO Takoe
e OCMOTHYECKOe [ABJICHHE, KaKoe XapakTepHO
U1 LIMTOIIa3MBbl KIeTKH. B 3THX ycnoeuax kier-
KH, JIMIIEHHBIE CBOETO JKECTKOrO «naHumps» (Kie-
ToyHOH cTenkH), mpHobperaior wapoobpasHylo
¢dopMy M HE JONMAIOTCH OT OCMOTHYECKOrO WIOKa,
HaOI1onaeMoro B ruNOTOHHYECKOH cpelie.

B Tom cnyuae, Korjia mocie THApOAM3a ToN-
HOCTBIO YAAIACTCH KJIETOYHAA CTEHKA M OCTaeTcs
TOMLKO MIA3MATUYECKas MeMOpaHa, OrpaHHIHBAal0-
mas COAEPHHMOE KICTKH, BO3HHKAET OCMOTHYE-
CKH 4YyBCTBHTENbHEI npomonaacm. Ecnyu nocne
($hepMEeHTaTHBHOIO rHAPOIH3A HA MUIA3MATHYECKOM
MeMOpaHe 0CTarOTCH (PparMesThl KIETOYHOH CTeH-
KH WIH COXpaHgeTcs BHewHss Membpana (4to xa-
PaKTEpHO JUIA rpaMoTpHUATENLHBIX DakTepuii), To
TaKHE KIETKH HasmBaloT oeponnacmamu. Kak
M NPOTOILIACTHI, OHU ABNAIOTCH OCMOTHYECKH YYB-
CTBHTEIbHBIMH H B H30TOHHYECKOM PacTBOPE HME-
10T hopmy wiapa.

Tpu nony4eHuy MpoTonIacToB M ceporutac-
ToB Gosbilloe 3HayweHHE uMeeT noabop ycroBki,
obecneunBaommx B nocnenyoueM ahpdexTuBay0
pereHepauHIo KJIETOUHLIX CTeHOK. [Tpouenypk! no-
JIy4eHus MpOTOIUIACTOB W C(epoIIacToB, TpaHC-
¢dopmaumn ux monexynamu JIHK, peresepaumu
KJIETO4YHOH CTeHKH M 0TOOpa KonoHH# TpaHcdop-
MaHTOB MHOTOJTaNHbl, a PE3ynbTar 3aBHCHT OT
MHOIMX NapaMeTpoB: COCTaBa PACTBOPORB, CIOCO-
6oe obpaboTku ¥ ap. Bee 310 MPHBOAMT K TOMY,
4TO JaHHbIE METOAMKH OTIMYAIOTCH HM3KOH BOC-
NMPOH3BOAHMOCTBIO, TPEOYIOT BBICOKOH KBaTH(M-
Kallu¥ KCTIONHHUTEN M BEChbMa Tpynoemxu. [Toato-
My 110 Mepe paspabotiu Gonee npocTeix crnoco6os
JIaHHBIH NOJX01 MOCTENEHHO YTPATHII CBOE 3Ha4Ye-
nue. Ha cMeny mpuuimn metonsl o6paborku Kie-
TOK pacTeopaMH cosredi (cMm. 2.1).

B 1982 r. T. Bour u E. HeilimaH ¢ cOTpyaHHKa-
mu juis Beenenua Monekyn JIHK 8 kynstuenpye-
MbI€ KJIETKH MBIIIM NPHMEHHIH METOJ, MOJNyYHB-
WHIA HasBaHWE adexmponopayus. B nocnenyio-
IIME MOkl METOJ ObLI YCOBEPILEHCTBOBAH, YTO M0~
3BOJIIO HCIIOMB30BATEh €0 3(PeKTHBHO Kak 1S

2 Tona Twre SO ]

3YKAPHOTHYECKHX, TAK M JUIA MPOKAPHOTHYCCKHX
Kierok. CyTe JaHHOIO nomaxoaa COCTOMT B TOM,
4TO KpParkoBpeMEHHOE BosacHcTeHe (0OBriHO
5-20 MC) 3NEKTPHYECKOrO MoJa BEICOKOH Hanps-
weHHocTH (1-15 xB/cMm) Ha kieTouHy10 MeMOpany
NPHBOIMT K 06pa30BaHHIO B HEl MOp (3NEKTpoIpo-
60if). Bpem# cymecTBOBaHHA M pasMep 1op J0cTa-
TO4YHBI, 4T00R! Takne MakpoMonekynel, kak JTHK,
MOIJIM W3 BHEIUHE# cpensl BOWMTH B KIETKY B pe-
JynsTare ACHCTBMA OCMOTHYECKHX cua OObem
KJIETKH MpH 3ToM yBeswtuBaetcs. Hanpsokennocts
ANEKTPHHECKOTO MONA M MPONOIKHTEIBHOCTh €10
JeiicTBHA, KOHUEHTpamMH TparchopMupymomei
JHK u k1eTok-penMnuesToB U8 KaxioH cucTe-
Mbl KJIETOK NOAGHPAIOT 3KCIEPHMEHTANBHO, C TEM
4T00BI IOOHMTHCA BBICOKOH 4acTOTHI MOMIOIEHHS
JHK sepxusimsMy knerkaMs. [TokasaHo, 9to B on-
THMAJILHBIX YCIIOBHAX 3IEKTPONOPALHN KOJIHIeCT-
po TpanchopmanTor Moxet pocturate 80 % BeI-
JKHBUIHX KJIETOK.

JnexTponopanns — (GU3HYECKHH, 8 HE XHMH-
YECKHil METOJl, ¥ ITO, MO-BHIAHMOMY, 00YCIIOB/H-
BAET €10 LIHPOKOE MPHMEHEHKE. DNIEKTPOonoparis
MOXET YCHELIHO HCNOJIb30BATBCA IUIA BBENCHHA
monexyn JIHK B pasHeie THIEI KIETOK, TAKHE KAk
KYTETHBHPYEMbIE KIETKH JKHBOTHBIX, MpOCTEH-
mue, ApoXOxH, GaKTepHHM M TIPOTOTUIACTHI pacTe-
HHIA.

OnexTponopupyionmii 3QHEKT BbICOKOBOJIBT-
HOro paspsaza Ha OucnofHyo JMImuaHyIo meMOpa-
HY, NO-BHANMOMY, 3aBHCHT OT panyca ee KpuBH3-
Hbl. [Tostomy a8 3(QeKTHBHOIO NOIMOLIEHHSA
JHK MenkumM OakTepHanbHeIM KiIeTkam Tpebyercs
3HAYHTENBHO OOJbILas HANPMKCHHOCTE MICKTPH-
yeckoro nons (10 xB/cm v Gonee), yeM KpynHBIM
JKHBOTHBIM H PAcTHTEILHEIM KnetkaMm (1-2 kB/cm).

Juextponopanus — Haubonee npocTo, 3¢-
(eKTHBHEIA M BOCTIPOM3BOAWMEIA METOH BBEE-
uus Monexyn JTIHK B knerxu. OaHako 1o HelapHe-
ro BPEMEHH OH HMCMONB30BAJICA B OTPAHHYECHHOM
yucne j1abopatopHii B CBA3H C OTCYTCTBHEM Ce-
PHiiHEIX MpHGOpOB — anekTponoparopos. [Noss-
JICHHE W COBCPLICHCTBOBAHHE TakuX npubopos
NPHBEJIO K LIMPOKOMY MPHUMEHEHHIO JAHHOTO Me-
TOAA B TEHETHYCCKON MHKEHEPHH CAMBIX PA3HBIX
THUIIOB KJIETOK.

Paspaborka npoctsix, 3¢ pexTHBHEIX # BOCTPO-
M3BOJMMBIX METOJIOB BBEJICHHA IK3ONCHHBIX MoJe-
kyn JIHK B HarusHOH (opMe B NMEPMUCCHBHBIE
KIETKH ABISETCA HEOOXOMMBIM YCIIOBHEM YCIIe1i-
HOTO pa3BuTHA paboT Mo KJIOHHPOBAHKIO TyKEPO/-
HO# reneTHaeckoii un(opManuy B KieTkax jobo-
ro Tema. [loaToMy naHHOMY HanmpaBieHHIO HCCIe-
[OBaHKH yAeIAETCA MPHCTANBHOE BHUMaHUE H OHO
TOCTOSHHO Pa3BHBAETCS.
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1.6. METO[bl OTBEOPA NMMBPUHbLIX KITOHOB

Cmechb MOIEKy, IOYHEHHBIX T0CIe BCTPOUKH
B BLIOpaHHBIA MOJIEKYJIAPHBIH BEKTOp (parMeHTOB
axzorenHo# [JHK, BBOAAT B KOMTICTEHTHBIC KICTKH.
Ecim npu 370M B BEKTOD CTATHCTHYECKHM BCTpau-
BaOT 6ONBIIOH HAGOP pasHbIX (PparMEHTOB JOHOP-
Hoi JIHK, 10 BeposTHOCTH BCTPOHKH KaXkXJ0r1o
KOHKPETHOIO (pparmenTa HeBesmKa. B 3ToM ciyuae
HeoOX0MMO HMETh METOMEL, TIO3BOIAIIHE B DOIb-
IOM MHOro00pa3HH nomy4aeMbix THOPHIHBIX KJIO-
HOB BhIABJIATE HEOOXOHMEIE, B CBA3H C ITHM B reH-
HO-HHKEHEPHOM 3KcriepumerTe Bosblioe 3HAYeHHE
UMEIOT MeTonb! cKkpuHuHTa (oThopa) KIoHOB, CO-
gepamnx nenessie rnbpuansie JIHK.

1.6.1. ®PeHomunuvyeckas cenexyus

IMeppuusnbiil 0160p rubpHaHBIX KIOHOB 3HAYH-
TEJILHO YIPOLIAETCH, €CJIM B BEKTOPHOH MOJIEKYIIe
NpeaycMOTPEHA Crienpanbaas  (PeHOTHIHYECKAsA
cucrema cenekigad. [Ipu TpancdopMaliuy Knetok
Yaie BCEr0 MCNOML3YIOT BEKTOPHBIE MOJIEKYIIbI
JHK, secyuve renbl yCTOHYMBOCTH K anTHOHO-
THKaM M anTuMerabosmrtaM. [losromy Ha cpene
C onpeieseHHbM aHTHOMOTHKOM MM aHTUMeTa-
GomrToM OYIyT pacTH TONBKO KIETKH Tpancgop-
manToB. OcobeHHO xopolo zaHHas cucTeMa ce-
Jekumy oTpaborana nius Gakrepuid, Tak KaK nomy-
9€HB! BEKTOPHBIC IUIa3MHbl, JETEPMHHHPYIOUIHE
YCTOHHMBOCTE TPAHC(HOPMHUPOBAHHBIX KJIETOK Cpa-
3y K HeCKOJIbKHM anTHbnotnkam. Ecim BekropHas
TUIA3MH/IE ONPEAENseT YCTONYMBOCTL K ABYM aH-
THOMOTHKAM M NPH BCTPOIfKE B HEe IK30TeHHOIo
¢parmenTa JIHK napyuwiaetcst onHa U3 reHeTHye-
CKHX NETEPMHHAHT YCTOWYMBOCTH K aHTHOMOTH-
KaM, TO KJIOHBI KJIETOK, COJepXaiux Takne rud-
puansie JIHK, nerko ommmuuTs ot TpancgopMan-
TOB, BK/IIOYAOIMX MCXO/IHBINA BEKTOpP, Ha cpepax
¢ Kax/IbIM aHTHOHOTHKOM B OT/IEITBHOCTH.

Harnpumep, ecsit BexTopHas rutaaMmjia aetep-
MMHUPYET YCTOHHHBOCTH OTHOBPEMEHHO K TETpa-
UMKIHHY H amMmnannamuAy (TerAp') B nipy BCTpO#H-
Ke B Hee 4yKepojHoro ¢parmeura Hapyluaercs
reH yCTOHYMBOCTH K aMIMIWUIHAY, T0 ruOpuaHas
mrasmnaa Oyaer ofycnosmeare deHoTHn KieT-
KH-X03AMHa TcTApS, T. e. yCTOHYMBOCTL K TETpa-
LUHMKIHHY W YYBCTBUTEJIbHOCTb K aMIIHMLWLIHHY.
IMrasMuael nocne BCTPOMKH B HHX (pparMeHTOB
JHK BBOAAT B KJIETKHM, KYILTYPY BBICEBAIOT Ha
YAKY € arapu30BaHHON NUTATENBHON Cpenoil,
B KOTOpPY10 n106apien TerpaumkimH. [pn 5T7oM BhI-
PacTalT KOJIOHHM KJIETOK, CONCPHKAIHX MITH HC-
XO[HYI0 BEKTOPHYI0 INA3MMAY, WIH IMOpuanbe
niasMuaeL. 3aTeM KONOHWH IeperneqarhiBaioT Ha
YalKH C aMIMIHUTHHOM H YallkM ¢ TeTpalMK-

JmHOM. Te KONIOHHM, KOTOPBIE 110CTIE MEPENEYETKH
OymyT pacTu Ha cpezie C TETPALMKIMHOM U HE na-
IYyT pOCTa Ha cpe/ie ¢ aMITHIMIITHHOM, COaepXar
rubpuisbie miasmuasl. [IpocTora MarUIMyNsIHii
oOycJIOBHIIA UIMPOKOE HCIONB30OBAHWE AHHOIO
THNA BEKTOPOB JUIA KIOHUPOBAHHA CaMbIX pasjin4-
HeiX ¢parmenros [IHK. Onnako Takue ruiasmMuisl
HE NMO3BOJIAIOT OCYLIECTRIATH NPAMOH 0TO0p rHb-
PHAHBIX KJIOHOB — Cpa3y Inocjie BhiCeBa TpaHC-
(GOpMaHTOB Ha CENEKTHBHYIO CPEAY M NOABIEHUA
KOJIOHHH.

B mocusiestiue rosel momydeH PAA BEKTOPHBIX
T123MHL, TIPEIHASHAYEH HEIX JUId IIPAMOiT CENeKIIHH
TpaHCHOPMAHTOB, coaepaluHX rubpHaHbIe Mnas-
Muasl (cM. 2.2.8). Takue BEKTOPEI 0OBIMHO HMEIOT
reHsl, TOTEHUHAJILHO JICTAJBHBIE 1IN YYBCTBH-
TEJIBHBIX KIETOK-PEMITHEHTOB, ¥ MOTYT TpaHchop-
MMPOBATE 3TH KJIETKH TOJIBKO MMOCII€ HHAKTHBAIHH
JIAHHBIX TEHOB BCTPaUBaHHEM B HHX (parMeHTOB
JHK.

BHenpenue 3K30reHHBIX ()parMEHTOB B COCTaB
JIHK BupycoB 0ObI9HO NPHBOINT K MOBPEKACHHIO
OTpEAENCHHBIX BUPYCHBIX I€HOB, @ YacTo (B CHIY
OrpaHHuYEHUWH, HANAraeMBIX Ha pa3Mep BHPYCHOIO
reHOMA) BO3IMOMKHO JIMLIb TPH BBIIEILIEHHH Cer-
menTa BupycHoit JIHK. ITosroMmy ruGpuisHsie BUPY-
Chl, KaK MPaBHJIO, ABIAIOTCA MyTaHTHBIMH. OOBINHO
MCTIONL3YKOT TAKHE BAPHAHTE KJIOHWPOBAHHA, ITPH
KOTOPhIX (OpMHpYyeMblH MyTaHTHBIN BHPYC HKu3-
Hecnnocoben (B NMpPOTHBHOM CllydYa€ NPUXOIMTCH
MCNONBE30BATL BUPYC-TIOMOLIHHK, YTO YCIIOXKHAET
paGoty). MyTanTHble BUPYChI YaCTO YIAeTCH OT/IM-
YUTH OT HCXONHOIO BEKTOPHOTO, M 9T0 MO3BOASET
JIOCTATOYHO MPOCTO BHIABIATE THOPHAHBIE BUPYCHI
(eMm. 2.2.2).

1.6.2. Nubpudusayua HYKITeUHOBbIX KUCIom
in situ

OcHOBHOI HEIOCTATOK METO/I0B (PeHOTHNHYE-
CKOTO BHIABJICHHA TUOPHIHBIX KIOHOB IUIa3MHI
¥ BHPYCOB 3AKTI04EETCA B TOM, 970 C HX TIOMOLIBIO
He ynaercs oToGpars rubpuisl, conepikaime cne-
nnbraeckne nocnenoparensioctd [IHK. Tocnen-
HHE MOXHO JIETKO BBIABHTL METOAaMH rubpuaun-
3aUHM HYKIEHMHOBEIX KMCJOT in Sifu B KONOHHAX
TpaHCHOPMHPOBAHHLIX KIIETOK WM B Onsllikax Bu-
pycos. 2TH npoueaypst HaunHas ¢ 1975 r. uHTEeH-
CHBHO COBEPLICHCTBOBANIUCH, U B HACTOsALIEE Bpe-
M#A OHH JOCTATOYHO MPOCTHI H aKTUBHO UCIIONB3Y-
10TCA B paboTax 1o KJIOHMPOBaHHIO TEHOB.

Jns npumepa paccMOTpUM cxemy rubpunsa-
MM HYKJEWHOBBIX KHCIIOT B KoJNoHHAX Escheri-
chia coli (puc. 1.20). Konouuu GaxTepuii, BuIpoc-
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XpaHeHue
npu 4 °C

1. Jluauc xonowmi

2. lenarypauns JJHK
3. N'nbpuanzaums ¢ ¥P-MPHK
4. Paymoastorpagms

BoiaeneHHe B aHAIKS TUIa3MM]L

Puc. 1.20. Cxema metopa rubpuansaumu
HYK/IEHHOBBIX KHCIIOT in Sifu:
| — marpausan vamka; 2 — HHTPOLIGIUTIONO3HLIH GuasTp;
J — walika ¢ arapu30BAHHON NHTATC/ILHON CPEIOH;
4 — peHTreHOBCKas nUieHKa;, 5 — oTobpastble KIIOHK

e nocne Tpanchopmanmn ux nasmuanoi JHK,
HEpeneyarkiBaleT Ha HHTPOUE/LIIONO3HBIH (uibTp,
KOTOpBIif MOMENIAIOT B YallKy Ha arapM30BaHHYIO
MHTATENbHYIO CPEly ¥ MHKYOHPYIOT /10 NOABICHHSA
Ha HEM KOJIOHMH Ki1eToK. PacnonokeHue KonoHuH
Ha (PMIIETPE COOTBETCTBYET UX PACHOJIMKEHHIO HA
MarpMuHbIX Yaiikax, Knerku B kononuax va Quist-
PE€ JIM3HPYIOT B YCTIOBHAX, BhI3BIBAIOUIMX JICHATY-
paumo JIHK. 3arem Ha obpaboranHnix ¢uisTpax
NMPOBOAAT TIHOPHIH3ALMIO ancopOupoRaBLIEHCH
JIHK uccrnesyeMbiX KJIOHOB C PaHOAKTHBHO Bbi-
COKOMEuEHHBIM rnperiapatoM Leneso JHK (mm
PHK) B ycrnosnax, GraronpHaTHeIX 1s obpasosa-
HHA KOMILIEMEHTAPHBIX KOMILIEKCOB. KilOHBL, B KO-
TOPBIX TPOH30IIA THOpHAM3AIHS HYKIEHHOBBIX
KHCIIOT, 0OHapyXHBaIOTCH paHOaBTorpaduueck.
CoorsercBylonme 6aKTEpHaIbHBIE KIOHBI C MAT-
PHHHBIX YalieK NMEPEHOCAT B MHTATENBHYIO CPEmy
¥ HapammealoT. HYacts ebipociueii KyIbTyphl Kax-

J0TO KI0HA MOMEIIa0T Ha XPAHCHHE B TITHLIEPHHE
npu Temmeparype —70 °C, a u3 OCTAILHON 4aCTH
seuie/moT asMiaHyo JIHK u noaseprator ee
HeobxomuMOMYy aHanH3y.

1.6.3. PyHKyUOHaNbHan KOMNNeMeHmayus

boneLuol HHTEpEC 118 FeHETHHECKOH WHKEHe-
PHM NpeACTABNIAET JOCTHXEHHE NMpaBHITbHON 3KCTI-
peccui KIOHMPOBAHHOI reHerHyeckol uupopma-
HH B KJIETKaX-pelunuyeHTax. JKCINpeccuio JIErko
BLIABHTH, €C/TH KJIOHHPYEMBbIN T€H TpH IPaBHIIb-
HOH TPaHCKDHMILIMK U TPAHCIALIMH 00ecneYyuBacT
(YyHKUHOHANBLHYIO KOMIUIEMEHTAIHIO My Taluii re-
HOMa KJIeTKH. B 3TOM ciyvae HyxHbid rubpun Mo-
xeT ObiTh 0OHapyxeH nmpocThiM 0TOOPOM TpaHC-
(hopMHpOBaHHEIX KIOHOB Ha CENEKTHBHOH cpeze.
Hanpumep, B 0/1HO# 13 nepeeix paboT TaKOro THIIA,
BEINOTHEHHOH B 1976 1. B naboparopuu P. [I3suca,
BBUICHHIOCH, 9T0 rubpunsas JIHK, nonyuennas
TIPH BCTPOJIKE ONPEAENeHHAIX (PparMeHTOB XpoMO-
comuoit JIHK apoxoxeii-caxapomuuieros 8 JTHK
BEKTOpPHOTO Qara A, KOMILIEMEHTHPYET MYTalHIO
E. coli hisB. Knossl, cosiepXaiue Takue rubpubl,
orbupaiu 1o crnocobHOCTH KAETOK pacTH Ha MHTa-
TeNnbHOH cpene 6e3 rucTiansa. B nansHeinieM aan-
HBIH MMO/IX01 HEOJJHOKPATHO HCIIONB30BAJICH IPH
NONBITKE KIOHUPOBATH YYKEPOIHBIE I'EHBI.

1.6.4. PaduoummyHoarnanus 6enkoe in situ

OnHuM M3 NMPHOPHUTETHBIX HANPABJICHUH IEH-
HO-MHXXEHEPHBIX MCCIENOBAHMA ABJIACTCA JOCTH-
JKEHHE MNpaBHIBHON SKCIPECCHH TEHOB BBICLIHX
3YKapHOT M MX BMPYCOB B OakTepUanbHbIX KI€T-
kax. OIHAKO B JaHHBIX CITy4asx 3KCIPECCHIO MHO-
FHX KIOHHPOBAHHBIX TCHOB YHKE HENB3A BBIABHTH
no YyHKUHOHAILHOH KOMITIEMEHTALMH B CHITY HE-
KOTOPHIX MPHHIAITHATEHEIX Pa3/THYHi B OpraHu3a-
LI MPOKAPHOTHYCCKUX M FYKAPHOTHHECKHX Kile-
ToK. HecomHenno, Takoff nomxon HENMpHMEHMM
¥ NPH KJIOHMPOBaHHH GONBLIMHCTBA BHPYCHBIX re-
HOB. [To3TOMY B JaHHO# CHTYALHH /119 NTOUCKA Tpe-
Gyemuix KIOHOB THODHIOB MOXHO WCTIONB30BATh
METO/I PaIHOHMMYHOaHaTH3a GeNlkoB in sifu, nep-
BHIE Ba&PHaHTHl KoToporo ObimM onucansl B 1978 .
B ocHosy merona (puc. 1.21) nonoxkena cnoco6-
HOCTh MOJIEKYJ] HMMYHOITIOOYIIMHOB CBA3BIBATHCHA
C NOJMCTHPOJIOM WIH notuBHHHIOM. KpoMe Toro,
MPCANONAraeTCH, 9T0 Mecneayembiil Oeok umeer
HE MEHEE JIBYX aHTHINCHHBIX ACTCPMHHAHT H MOXKET
CBA3LIBaTHL 10 KpaiiHeH Mepe /1Be pa3Hele MOJEKY-
JIbl HMMYHOTII00Y/IHHOB, NPUCYTCTBYIOLIMX B Ipe-
napaTe NONMKIOHANBHBIX AHTHTEN, MONYYEHHKIX
Ha uenesoii 6enok.

Kononuu TpanchOpMaHTOB NeEpENeYaThiBaloT
MICHTHYHWM 00pa3oM Ha [BE YalIKH C arapuso-
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Xpawenyie
mipu 4 °C

Brinenenue ¥ aHaius ruasMejl

Puc. 1.21. Cxema MeTofia pATHOUMMYHOAHAIH3A
GenxoB in situ.
1 — maTpuuRas 9auka; 7 — KONOHHA KIETOK; J — arapHio-
BaHHAR NWTaTE/IbHAL CPena; 4 — MIACTHKOBLI ANCK C &acop-
GHpOBAHHEIMH cieUMHIHEIMK AHTHTENAMH; § — auTHTens;
6 — apmuren; 7 — '“l-meqennble anTena; 8 — o1obpaH-
HEIE ENTOHEI; 9— PEHTIEHOBCKAN TIEHKA

BAHHOI THTATENLHOM Cpeioif W Yamku HWHKYOH-
PYIOT 0O MOJIYHEHHS KONOHMHE Heobxoaumoro pas-
Mepa. 3aTeM Ha OIHON M3 YallleK JIH3UPYIoT Gakre-
PHANTEHEIE KJIETKH H NPHXAMAIOT K NOBEPXHOCTH
cpefibl MOIHBUHHIIOBBIH JIMCK C aICOPOHPOBAHHEI-
MH Ha HeM cnenuduueckumu anTHtenamu. [lpu
3TOM Ha JIMCKE MPOMCXOAMT UMMyHOCOpOUMS aH-
Turena. [locie NpoMeIBaHHS IMCKA HAa HErO HaHO-
car 125]-MeqernBIe aHTHTENA (MPENapaT NoIMKIO-
HAJIBHEIX MMMYHOITIOGYIIHHOB) K 6€JIKY HCKOMOTO
resa. Konosu, B KOTOpeIX 0Gpa3oBasCs KOMITIEKC
AHTHTCH—AHTHTEIO, BRIABIAIOT panHOaBTOrpad-
yecku. M3 cooTBETCTBYIOIIMX KONOHKMA € Marpuy-
HBIX Yailek GaKTepuu nepeceBaloT Ha NMHTATEI b~
HEIE CpPE/bl M IPOBOIAT aHAIM3 CONEPKAIMXCA
B HHX THOpHIHBIX MITa3MHI.

1.7. PACLLU®POBKA HYKNEOTUOHOM NOCIEQOBATENBHOCTHU

PPAIMEHTOB OHK

ByprOMY pasBUTHIO MeHETHYECKOH HHXEHEPHH
B HeMaJIO¥ cTeneHH cnocobcTeoBana pa3paboTka
BRICOKO3((PEKTUBHEIX METOAOB  paclIMdpPOBKH
HYKJIEOTHIHOH ITOCIICIOBATEIBHOCTH (hparMeHToB
JHK. B cBoo odepesb 01HOH H3 NPHYHMH NOABIIC-
HHA 3THX METOJIOB CTajla BO3MOKHOCTE KIOHHPO-
BaTb B COCTABC BEKTOPOB LENeBble (PparMeHThl
JHK u napabaTeipaTs WX B WHIABHIYaIbHOM CO-
crosHuy U B Tpebyemuix koymuectsax. Pacumd-
POBKY HYKJEOTHIHOH MOCHENIOBATeIbHOCTH HYK-
JIEMHOBBIX KHCJIOT B OTEYECTBEHHOH nuTeparype
NPHHATO HA3LIBATEL CeKeéenuposanuem (OT aHIi.
sequencing -— ONPE/CJIEHHE NOC/ICA0BATEIb-
HOCTH).

Beicokoa(pexTuBHbIe METOAR! CEKBEHUpPOBa-
sua JIHK Bo3BMKIM B pesynbTare obbemHBEeHMN
pAja@ METONWYMECKHX AoCTiweHuid. Pemaionryio
ponk npud 3ITOM Cchirpana pa3paboTka MeTonoB
anekrpodopesa, No3BONMONMX C BHICOKOM TOY-
HOCTBIO Pa3fieNiNTL OJMIOMEpHl, OTIMYAKIHECH
ApyT OT ApyTa 10 JUTHHE TOJIBKO Ha 1 HykieoTus.
Baxnoe 3HayeHMe TakAe WMEIM METOMIbI CHELy-
buaeckoi xuMIIecKoH MOAW(HKAIMH A30THCTBIX
ocHoBaHUH B coctase mosiexyn JJHK u mocnenyio-
IEro MX BeINIEIUIEHHS, CrIOCO6B! paZMoakTHBHOIO

MEYCHMsA KOHLEBEIX HyKIeoTunoe ueneit JHK
n3otonmamu 32P win 3P, KonupoBaHHs NOCIENOBA-
tensHocrelt JHK ¢ nomomsio JJHK-nonnmepas
H HEKOTOPBIE IPYTHE.

1.7.1. «llmoc-munycy-memod

Ilepsoiii Meron cexpenupopanus JTHK, npen-
nokeHHsIi . Canrepom u A. Koyircosom B 1975 T,
OCHOBAH HA ()EPMEHTATHBHLIX PEEKI[HAX H HOCHT
Ha3BaHUE (qUIOC-MUHYC»-MeTo. Jlansbili nomxon
NpeNonaraeT BbLAEACHHE OIHOLenoYeHOro Qpar-
menTa [HK, coorseTcTByromiero mcciegyeMomy
Y4aCcTKy reHoma. 3ToT (parMeHT UCrnonb3yoT 3a-
TEM B PEAKIHH NOTHMEPA3HOrO KOMHPOBaHHKA B Ka-
YeCTBE MATPUIIB], & B KAYECTBE npaiiMepa — CHH-
TETHHECKHE ONMTOHYKICOTHIBI WIM NPHPOJHBIE
cyGdparmenTl, nojsydaeMble MOCHE THAPOIM3A
OIpe/ie/IEHHBIMY PECTPUKTAIAMH.

Ha neppom 3Tane ocyiecTIsioT peaxiHio no-
mumMepusaiud ¢ nomowko JIHK-nomumepassn 1
E. coli (Poll) u Bcex 4eTrIpex THIIOB AC30KCHHYK-
neosunTpudocharos (ANTP), onur W3 KoTOpBIX
PaIHOAKTHBHO MEYCH no a-nonmkeHuio gocdara.
CuHTE3 BEIYT B OrpaHM4YEHHBIX YCIOBHAX, C TEM

4T06B! MONYYHTE HA6OP NPOYKTOB HENOIHOIO KO-
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HykneotHiHas nocnei0BaTensHoCTh HCXoanol uenu

Puc. 1.22. Cxema «ioc-MHHYCH-METOa CEKBEHMpoBanus (pparmenton JIHK

TTHPOBAHNA KH3Y4aeMOro OJHOLIENo4eqdHoro (par-
menTta (puc. 1.22, a). 3areM nomuMepHeId Mare-
PHaJ OTZENAIOT OT HYKJIEOTHIOB, CMECh AEIAT Ha
BOCEMB HacTeH ¥ MPOBOAAT JOTNOJHHTENBHEIC 1O~
JMMepa3Hble peakimH b0 B OTCYTCTBHE OIHOTO
W3 HYKICOTHJOB IPH HAJIMYMH OCTAIBHBIX Tpex
(«aovuByCH-cHcTEMA), THOO B NPUCYTCTBHM TONBKO
oanoro (wmoc»-cuctema). B npucyTcTBHH Tpex
tanos ANTP («Mmunycn-cucrema) JJTHK-nonrumepa-
3a OyaeT nocTpauBaTh BCE HOBOCHHTE3IHMPOBAHHEIE
KOMIUIEMEHTAPHBIC MATPHLIC LIENH /10 NOJOXKEHHA

Gmikailiero HykIeoTHIa, KOTOPbIH OTCYTCTBYET
B PEaKLMOHHON CMECH, H B TOM MECTE CHHTE3
Oyaer npekpawarscs. Takum obpa3oMm, B IaHHOM
C/ly4a€ TEPMHHALMA PpeakUHH MOJWMEPH3aIHH
IPOMCXO/IAT BO BCEX TOYKAX KOIMPYEMBIX LiETeH
Nepea OTCYTCTBYIOIIMM B CMECH HYKTEOTHIOM
(cm. puc. 1.22, 6).
B «wnocn-cucreme JTHK-nonumepasa nposs-
NISI€T 1B& THIA AKTHBHOCTEH:
* 5'-3'-nonumepazuyio, eciad jobapieHHbI
B PEAKUMOHHYIO CMeCh enMHCTBeHHbIH ANTP
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PACIIONIOXKEH B NOCJICAOBATCILHOCTH Cpasy 3a

3'-koH1IOM HOBOCHHTE3HpOoBaHHOH Herw JIHK;
*  3'-5'-aK30HyKn€eaInyio, npH 9ToM (epmeHT

JIETpapyeT HOBOCHHTE3HPOBAHHLIE LIEIH

¢ 3'-KOHIa 710 TOrO MECTA, F7i¢ HAXOHTCA NPH-

cyrcteyroumii B cucreme dNTP. B s1oii Touke

JAeTpajauua uenu ocranasnupaercsa, W JHK-

nojiMMepasa HauHHaeT oOMeHHBaTh 3'-KOHIle-

BO¥ HYKJIEOTH/I HA IPHCYTCTBYIOLIHH B CMECH.

Kakx BHIHM, B «IUTIOCH-CHCTEME TepPMHHALAA
peaKiMy IPOHCXOIHT Ha HOCHEIOBATEILHOCTH
I 0 C N € HYKICOTHAAZ JaHHOro THna (cM.
puc. 1.22, 6).

[Monyuennsle omucansbM cniocobom 8 obpas-
LIOB OJIHOBPEMEHHO TOABEPraloT IeKTpodopeTH-
HECKOMY PA3/IeIEHHIO BEICOKOrO paspeLieHHs, relb
paanoasTOrpadupyIoT ¥ ¢ paauoasTorpaga YHTa-
10T  TMOC/Ie/IOBATENBHOCTE  HYKITEOTHIOB  (CM.
puc. 1.22, 8). UcxonHas nociesoBaTelsHOCTh KOM-
NJEMEHTapHa YMTaeMoil ¢ pauoasTorpada.

1.7.2. Memod C3Hzepa

CyuieCTBEHHBIM  HEIOCTATKOM  (ILTIOC-MH-
HYC»-MeTojia SBJISETCS TO, Y10 MONYy4YHTh CTPOro
CTATHCTHYECKHI HabOp MPOAYKTOR OrpaHHYeHHO-
ro KOMHPOBaHHA Ha NEPBOH CTalHH O4EHB TPYIHO.
TMoaromy manueli noaxon B 1977 r. cMeHHICA Ipy-
rvM, paspaboTalHEIM B Toit ke naboparopuu, BO3-
rnasnsemoii @. Caurepom. [leprolavyansHO OH 1O-
JyuM1 Ha3BaHHE METOAd TEPMHUHHPYIOLHX AHAIO0-
rog Tpudocdaros (METOA ANAEIOKCHHYKIEO3H/I-
Tpuocdaros), a B HACTOALICE BPEMA Ha3bIBAETCH
nuiesoxcu-mMeronom Conrepa. Kak u B cnyuae
«ILTIOC-MHHYC»-METO/Ia, B €I'0 OCHOBY HONOXEHO
(depMeHTaTHBHOE KOMMpoBaHue npu nomouy Poll
HMCXOAHOIO onHouenodeynoro cermenra JIHK
C TO4YKH, 3aJaBacMoii MmonoeHreM 3'-KoHIa npaii-
mepa. Crieynduyeckas TEPMHUHALHA CHHTE3a HO-
seix neneii JIHK o6ecnieamBaercs noGasneHueM
B PEAKUHOHHYIO CMECh KPOME HeThipex THIIOB
AdNTP (oaus u3 koTopeix Meden 2P no a-nonoxe-
HHIO) CHHTETHHYECKOTO aHAJIOTa HYKJIeOTHAa —
2',3'-nmunesoxcurykneosuarpupocdara (ddNTP).
Poll criocofHa BKITI0YATE 3TOT aHANOT B PACTYILYIO
uens JIHK, onnako, kak TomsKo sxmouenue ddNTP
MPOM30LIUIO, JaTbHEIIce HapalHBaHAE LIEH npe-
Kpaimgaercs Beuay orcyrctera B ddNTP 3'-OH-
rpyrmst (puc. 1.23, a).

Ornowenue koruerTpauuii ANTP/dANTP noa-
GupaeTcs SKCIEPHMEHTAIBHO TAKUM 06pa3om, YTo-
6bl TEpMMHALKMA pEAKIMH NOTHMEPH3ALMHK ITPOMC-
xofnaa saob konupyeMo# nemu JIHK B cpensem
Ha KakIOM MECTE pPacnoiOXEHHs HYKIEOTHAA,
KOMTUIEMEHTEPHOTO Mcnoas3opanHoMy ddNTP
OG6pa3ie! YeTsIpeX peakiHOHHBIX CMecel, conep-

*aumx 1o onHoMy k3 Tunos ddNTP, nanocst B co-
cenHHE AUEHKH JeHATYpPHPYIOLIEro MOMTHAKPHI-
amuanoro rens (ITAAT) nns ppakuHOHHPOBAHMA
U 1oce paiMoaBTorpauu reis YuTaloT Nnoceso-
BATEIBHOCTH C paanoasTorpaga (cm. puc. 1.23, 6).

Meton Canrepa 3HaYMTENBHO YHPOCTHICA H
MOMY9HIT LIMPOKOE PACTIPOCTPAHEHHE MOCIIE ITOAB-
JIEHUS] BEKTOPHOH CHCTEMB! HA OCHOBE HHTEBMJI-
Horo ¢ara M13. ®ar M13 conepxur B cocrase
BHPHOHOB OJTHOLETIOYEHHYIO KOJBLEBYIO MOJIEKY-
ay JHK. Tlpu penuukaumy B uH(GHIMPOBAHHEIX
knetkax E. coli monexyna JIHK ¢ara M13 npoxo-
JIMT depe3 cTanuio o6pajoBaHus IBYXLENOYeUHOH
PETUIMKaTHBHOMW (JOPMbI, KOTOPYI0 MOXHO JIETKO
BBIJIC/IHTE ¥ BCTPOMTH B Hee 4yxepopHbie ¢par-
menthi JJHK. I'nbpuisbie daru B cocTaBe CBOMX
BHpHOHOB OynyT comepXark OJHOLUENOYeqHYIO
konbleByro monexyny JIHK, B koropol B cTporo
ONpeneneHHOM MECTe HaXOOMTCH OAHA U3 uenei
BCTPOEHHOTO (parmeHTa.

JIia  CEeKBEeHMpOBAaHHA  AMIE30KCH-METONOM
Canrepa moboii nocnenosarensiocti JAHK, kro-
HHMpOBAaHHOIi B cOCTaBe reHoMa BekTopHOro (ara
M13, MOXHO HCNO/B30BATHL OJIHH M TOT e (yHUBEp-
CAIbHbIH) CHHTETHHYECKHH OJMIOHYKICOTH/IHEIH
npaiMep, KOMILIEMEHTAPHBII NOCNEN0BATEILHOCTH
IHK ¢ara, npuseraionmeii K y4acTKy BCTPOHKH dy-
XepoaHsIX (parmenTos. [Tpu 3T0M HeT HeoOxomu-
MOCTH TOIy4aTh CrieludUyYecKHe npaiMepsl s

CEKBECHHPOBAHMA KAX/IOr0 HHIHBHYaIbHOIO (par-
MEHTA. JTOT OCTPOYMHBIH [IPHEM O3B0 MHOIO-

KParHo MOBBICHTE CKOPOCTL ceKBeHHpoBanHA. Kak
MpaBH/IO, ITHM METO/IOM C MCIIOJIE30BAHUEM YHH-
BEPCAJNBHOIO MpanMEpa YNaeTCs CEKBEHMpPOBAaTh
HOCNeIoBaTe/bHOCTE pasmepoM 250-400 myxneo-
THJIOB.

1.7.3. Memod Maxcama-lunGepma

Hapsany ¢ ¢epMeHTATUBHEIM J1H/1€30KCH-METO-
[OM LIHPOKOE PACIPOCTPAHEHHE NQIYYHI METOox
cexsenuposanus JHK, paspaboranneiii A. Maxk-
camom M B. I'mnbeprom B 1976 . Meton npume-
HUM K OHO- MJIM JBYXLENOueHHbIM (parMeHTam
JHK. H3yuaeMmplii nOMMHYKICOTHI TOABEPramoT
cneuuduueckoil xumuueckol ¢pparmentaiuu. s
TOro 4T06bl HMETE TOYKY OTcyeTa, dparment JIHK
METAT paJHOAKTHBHBIM H3oTonoM 32P no 5'- i
3'-koHuy. Yame scero METKy BKIIOYAIOT B 5'-KOH-
1Bl C TIOMOIIBIO TIONHHYKIEOTHAKHHA3E! (ara T4,
KOTOpas B peakuun oOMEHA IEPEHOCHT pajnoaK-
THBHBIA (pocdar ¢ [y-32P] ATP va JIHK. ¥V nsyx-
nenoueqnoro ¢parmenta JIHK B Takoit peaxumn
MeraTcea obe anTunapannensusie nenn. Cyberpa-
Thi, MEYEHHBIE TOJILKO TI0 OJJHOMY KOHILY, TIPH 3TOM
MOTYT ObiTh NOJY4EHBI WIM NOCHE [JEHATYpalMu
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HyiieornaHas nocnenosarensHocTb
aHammsKpyemoii uenH JIHK

Pue. 1.23. Cxema meropa cexnernposanust JIHK no Caurepy

W pasjiesieBHs uened (gparMeHTa, WM NOCHE IHA-
pomu3a dparmenta kakoi-nub6o npyroif pecrpuk-
Ta30H M NOCJEAYOIETo pasieneHus cybdpparmen-
T0B exkTpodopesom (puc. 1.24).

ITponenypa noAroToBKH MeYeHkIX (parMeHToB
JUISl CEKBEHHpOBaHHA 10 Merony Maxcama-I'nn-
Gepra OblTa 3HEYHTENRHO yrpouleHa I Bonkaep-
T0M ¢ coapropavy B 1984 r, a B nocnenyiouem
W IpyruMH vccnenosarensmu. JUis amoro Menons-
30BaHbl KJIOHHPYIOLME BEKTOPbI, B KOTOpHIC BBE-
JIeHEl CHHTETHYECKHKE IOJIMITHHKEPHI, CONepXalliue
HA OJIHOM KpPal0 YHacTKH y3HABAHWA PECTPHKTA3,
koTopeie npu ruapomse JITHK dopmupyroT onto-
LCHOYCYHBIE JIMITKKE KOHLB! W3 HEYETHOro YHcna
AykneotnnoB (puc. 1.25). Obpasyemeie 1anHBIMH

PECTPHKTA3AMM JIHNKHE KOHLBI Pa3THYAI0TCA MEXK-
ay coboii o onpeneneHHoMy HykneotHay. Me-
nonb3ys pparment Kaenosa JIHK-nonumepase |
E. coli u onpenenentblii Habop pajHOaKTHBHO Me-
YEHHBIX H HEMEYEHBIX JIE30KCHHYKITeO3HaATpH(OC-
taros, ynaerca M3GHMpaTENbHO METHTH KIOHHMPO-
BAHHEIH (parMeHT JHIIL MO OJHOMY KOHLY (CM.
puc. 1.25). IMocne 31oro He TpeGyIoTca NpoLe/ 1y phl
pasnenenns 1 Beienenus cybdparmenTos uiH 1e-
nei JIHK, 410 3Ha4HTENBHO YIIPOIIAeT M YCKOpSET
CEKBEHHPOBAHHE METOIOM XHMHMHECKOH jerpa-
AaLuH,

lNonmygernsiif TeM HIH HHEIM cHOCOGOM mpe-
napar ¢pparmenta J[HK, paMoakTHBHO MEYCHHOIO
MO OJIHOMY KOHIY, JEIAT Ha TIOPUHA H KakIylo
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Puc. 1.24. Cxema nonyvenus 13 JByXUenouesHOro
¢parmenta [IHK upenaparos, '
PAJAHOAKTHBHO MEYEHHBIX 1O OTHOMY KOHILY.
Yepnbiv kpyskon o6osuauen 32P-docdar

NOABEPraOT ONpeIeNIeHHON XHMHYECKOH Momud#-
kaumy, Moaudukainio MpoBOJIST ¢ TaKHM pacde-
TOM, uT0OB! B cpeiem Ha monexyny JIHK npuxo-
JMIOCH ONHO MOAM(HIIHPOBAHHOE OCHOBAHHME
nannoro Thna. Iockonbky moboe ocroBaHwue Of1-
HOTO THIIA He3aBHCHMO OT MOJNOMKEHHS HA MOJIEKY-
sie JIHK paBHOBEpOATHO MOJBEPraeTcsid XHMHYE-
ckoit momuukaruu, To B npenapare JJHK umeror-
sl MOJIEKYITbI ¢ MOIH(HKAIHEH MO KDKAOMY TIOJIO-
HEHHKO 3TOr0 OCHOBAHHA.

A. Marcam # B. [unGepr npeanoxuny Moan-
¢uuHpoBaTe TMYPHHOBLIE OCHOBAHHA IHMETHI-

EcoR1

HindITl BstEIT:
' BstEIl
Ap N Psil 5'-G 3
pSVB20 g) Sall 3-CCAGTG
) BamHI
Smal
EcoRl
Bse2ll Bse2ll;
Hindlll
Sphl §'-CC
Psil 3-GGACT

cymsdaroM. Tlpi 3TOM NMPOMCXOIHT METHIMPOBA-
HME aJeHMHOBBIX OCTATKOB TO MONOKEHHID N3,
ryanuboBbix — o N7. O6paboTka npenapara mo-
muduuHpoBanHoi Takum obpazom JIHK 0,1 M
HCI npu Temneparype 0 °C npuBoauT K Beilen-
nenui0 Metunanennna. Jlansneiimas uHKyOaimns
npu Temueparype 90 °C B menounoii cpene (0,1 M
NaOH) ssi3siBaer paspeis caxapo-pocdarnoii ue-
mi JIHK B Mecrax BeIEmIEHHs OCHOBAHMIL
(puc. 1.26). MNMocne o6paboTki NUNEPHIHHOM TIPO-
uexomnt ruaponus uenu JJHK no ocrarkam me-
THATYaHHHA. [TMpUMHINHOBBIE OCHOBAHHA MOJIH-
Gmmpyrores rijpazuEoM. ECaM peakumio BecTH
B BGecconesoii cpesie, T0 MOTUHIMPYIOTCS KaK 1H-
TO3HH, TaK W THMHH; €CiiH e obpaboTky nposo-
JuTe B npucyrersun 2 M NaCl, To moaudunmpy-
ercs nuinb uuTosuH. [locne nobasnenns nunepH-
muna uen# JIHK pacuiennsiores mo To9xkaM MOJIH-
Quxanmn. Kak Buum, napajuiensHoe nposeieHue
YeTHIPpEX padIHuHbIX 00paboTOK pajHOAKTHBHO
MedeHHOro 1o Komiy ¢parmenta [JTHK nossonser
B HTore HMeTh Habopel cybdparmenTos, nocne on-
HOBPEMEHHOTO Pa3/IeNIeHnsa KOTOPBIX ITyTeM M1eKT-
podopesa B COCEIHNX AOPOKKAX MOTHAKPHIAMHI-
HOTO FeNis ¥ paanoasTorpaduu refs Ha PeHTTeHOB-
CKOH IUIeHKE MOXKHO TPOYUTATH HYKJICOTHIHYIO
nocnenoparensiocts JIHK (puc. 1.27). B omuune
ot Metozia Canrepa 3aeck 9TeHye pagHoasTorpaga
ABJISETCS NPSMBIM.

Jins MommpHKa OCHOBAHWH W PaCIETUIEHHS
o HuM monexyn JIHK moryTt GbiTh HCTIONb30BaHb!
TAKKE APYTHE XHMHuecKne peaxuud. [Tockonsky
nielicTeHe XMMHYECKHX PEareHTOB He 3ABHCHT OT

GTCACC-¥ PollK -GGTC* GTCACC-
G-5' “oorp ~ -CCAGTG*  GTGG-
aTTp
acTpe
TGAGG-3' PollK -CCT & TGAGG-
CC-5' ~gqrrp . -GGACT ¥ +CTCC-
dCTP*

Puc. ].25. Bextoprbie nmnazMu bl H CX€Ma PATHOAKTHBHOTO MEYEHHA OHOTO KOHIla
nByxuenoyeynsix (parmentos JTHK
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Hyx/1e0THAHAS TOCTIENOBATENBHOCTE
anamsupyemoi nenu JIHK

Pue. 1.27. Cxema mMeToia cexBennpopanns JIHK
no Maxcamy-Tunbepry

Amvnbl JIHK, orpanuuenne na pasmep ¢parmenTa,
KOTOPBIH MOXeT OBIThH CEKBEHHPOBAH 3a OJIHH IKC-
HEPHMENT, HANAIAETCS BOSMOKHOCTAMM AICKTPO-
(operuyeckoro pasaencuus ¢parmenTos. [lpu
YBEIMYCHHH [UIHHB! MIACTHHBI T€/IA M CHITBI TOKa
MOKHO IOCTUTHYTE Gonplleii paspealowmei cno-
cobrocTH anekrpodopesa fparmentos JIHK. 3a
oMH UMK MeTonom Makcama-1unbepra obbiuno
npounTeBaloT He Gostee 250300 HykT1e0THIOB, HO
1NPH OTIAXKEHHBIX MPOLEYPaX MOKHO OJHOMO-
MeHTHO onpezenuTs 10 500 u Gonee HYKJIEOTHIOB.
Ilpn cexBeHMpOBaHNH NPOTSIKEHHKIX (hparMeHToB
JHK ux rugpoimsyior pasiH4HBIMH PECTPHKTa-
3aMH M Paci(pPOBLIBAIOT TOCIEA0BATELHOCTh
HYKJICOTHJIOB NepeKphIBaloIuXcs cyGdparmenTon
(puc. 1.28). Jlnsi cHuMeHHsS BEPOSTHOCTH OILMOKH
00bMHO NPOBOIAT CEKBEHHpOBaHWe OOEHX B3au-
MoOKOMILIEMeHTapHbIX Lieneii pparmenta JTHK.

1.7.4. AemomamuyecKkoe cekeeHupoeaHue
AHK

Heobxomumocts  nonyuenuss  wropMaimu
0 nocienosarensHocTH nykineotHaos 8 JIHK so
BCeBO3pacTaolux MacmTabax nocrasuiia BONpPoC
o0 apTOMaTu3allAk NpPOoNecca CEeKBeHHPOBAHUA
JHK, nockoneky npHMEHABLIHECS 0 3TOrO pyd-
HBIE METO/IbI Y)K€ HE MO3BOJISIH CIPABIATBCH C Ta-
KAMH OonbiimmMe obbemMaMe paboTEL.

Ton asTomarueckuM cexperuposanuem JTHK
[IOHUMAETCH B TIEPBYKO O4epeab 3nekTpodoperu-
GeCKOE pasficlieHHe MEYEHLIX MPOAYKTOB TEPMH-
HUPYIOIIMX PEaKIHii € NMOMOIIBIO ClielHATbHbIX
npubopos — asromaruseckux cexksenaropos JIHK.
ApToMaTu3alEM ¢ TOMOILBK aboparopakix Ono-
poBoToR nozBEpraTes TakKe npoiece Hapabor-
KH MaTpHIl Ul MX NOC/HEIYIOIWEro (epmeHTaruB-
HOTO CEKBEHHPOBAHHS H TMPOBEJIEHHE CEKBCHH-
pyowmx peaxnpii. Ileppsiii  aBroMaTH9eCKHil
JIHK-cexsenarop Gbu1 paspaboran s 1987 r. dup-
moii Applied Biosystems (CILIA).

Jlns MeueHus BHOBB CHHTE3HPYEMBIX Liere
JHK B ycnoBHsX TepMHHALMH NPH aBTOMAaTHYe-
CKOM CeKBEeHHPOBAHHH WCTIONB3YIOT MONEKYITy
Kakoro-nubo  (uiyopeciMpyromero CoeaMHeH .
K nonobueiM coequHeHHAM NpeabsBIsercs psn
TpeboBannii. Bo-nepsriX, OHU IOKHB! HMETH BhI-
COKMI KBAHTOBBIH BHIXOA Ipu uiyopecueHIum,
obecneguBaromii B npubopax pasnoro THna je-
TEKIHI0 oYenb Maneix xonugecte JIHK. Bo-Bro-
peiX, y Quyopodopos, HCIONBIYEMBIX TS MEYe-
HHS Pa3sHbIX a30THCTHIX OCHOBAaHMII C HX mocne-
Aylouiel nereximeil B 01O JOPOXKKE CEKBEHH-
PYIOLLETO rest Wik B OHOM Kalliulspe, JOJDKHB
OBITH HENepeKpHBAIOIINECT WM He3HAYHTENBHO
NEPEKPHIBAIOLIMECA CMNEKTPhl IMHccHu, B-tpers-
HX, XWenarelsro, 4rofsl QuyopecueHTHEIe KpacH-
TeJH, UCTIONB3YEMBIe /IS Pa3HbIX HYK/IEOTHIIOB,
HE pasnHYanvch CyIIeCTBEHHO 110 CBOeMY BIHS-
HMIO Ha AMEKTPOPOPETHYECKYI0 NOIBHKHOCTE Me-
yeHHbIx uMu pparmentos JIHK.

IlppHumMO aBTOMATHYECKOrO CeKBEeHHPOBAHHA
JIHK 3akinouaercs B snexrpodopernueckoM pas-
NesieHHH (UIYOPEeCIEeHTHO MeueHHRIX NpPOLYKTOB
cremiuueckt TePMHHHPOBAHHLIX CEKBEHHPYIO-
LMX PEAKIHiA M HX IETEKIMH B PEXHME PEA/IbHOIO
BpeMenH. [leTexums OCYIIeCTRIISETCA B HHKHE
YACTH TeJid, TAe B MOMCHT npoxoxiesus qparMeH-
ToB JIHK npoucxoauT Bo3Oyikienne MoneKyIl Kpa-
CHTENA Ja3ePHBIM TY9IOM.

CyuiecTByOT pasnH4HBIE CXeMbl [POBEACHHS
TEPMUHHMPYIOLIHX peaKiHi U NOCHeAYIOIEro pas-
AENEeHHs TPOAYKTOB B CEKBEHWPYIOMEM Tellb-
anextpodopese. Tak, f0BONBHO OOBIMHEIM, B TOM
YHCSIE M JUIS HeaBIOMATHHCCKOTO CEKBEHMPOBA-
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Puc. 1.28. Crparerus pacuin)pOBKH NIONHOH NOCHEA0BATENBHOCTH HykneoTiioB nuasMuis ColEL

merogom Makcama—T unbepra.

Uudpamu obosHauernl koopauHatel Ha monexyie JIHK 8 Toic. nap uykneotwnos. Brine xoopassaTtHoil nyuHuH 0603HadeHb

IEHETHYECKHE JIEMEHThI ILIAIMI/ILL, HaxonamHecs Ha nanHoM cermente JIHK. Hanecessl mecta yanapanus psia pectpykras,

HCTIONEIYEMBIX IpH [TOATOTOBKE (PparMeHTOB JIt CexBeHHpOBannsg. PasnonanpasneHHbiMH DOJYCTpenKami 0Do3HaueHb
HE3aBHCHMO PAciHPOBAHHKIE YIACTKH pasubix Henell monekynn JIHK
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HH#, SBJSETCS BAPHAHT, KOTAa mpoBoasT 4 Tuna
TEPMHHHPYIOIIHX PEAKIHi W pajiessioT NpPoayK-
Tl B 4eTBIpEX fopoxkax rend. Ilpm gpyrom Ba-
puanTe (4 peakumu/l nOpOKKa) TaKkKe POBOMAT
4 Tuna peaxkiumi, HCTonb3ys (UIyOpecleHTHbIE
METKH C pa3THIHBIMK CrieKkTpamMu amuccun. Pasne-
JIEHHE B 3TOM CJIy4ae BOSMOXHO B OJTHOMH JIOPOKKE
rens. B pesynbrate 3KOHOMHMTCA TelieBO€ INPOCT-
PaHCTBO M B 4 pa3a NOBBIILACTCA POH3IBOANTENTb~
HOCTH METOJIA.

Apromarnueckue cexsenaropsl JJHK ynpasis-
KOTCS CIIeNMATBHO CO3TAHHBIME KOMITBIOTEPHEIMH
nporpamMmamu. Tak, nanpumep, npuGopet GupMel
Applied Biosystems KOMIUIEKTYIOTCS NporpaMma-
MH cOopa v apanmsa ganHeiX. [locne sapeplierys
MeKTPOPOPETHHECKOTO pajienenns NpeaBapH-
TeNbHBIE aHuble, cobpanuebie nporpammoit Data
Collection, momeepraioTcs aHAIN3ZY C NOMOIIBIO
cnenmansHol mporpaMmet. Ilpu 3ToM onpenenser-
C#i OTHOCHTE/TBHAA BBICOTA ITHKOB, COOTBETCTBYIO-
umx ¢pparmentam [IHK, TepMHHMPOBAHHBIM TEM
HIM WHBIM THIOM HYKICOTHAHOTO OCHOBaHHS,
H JIMKBHIMPYKOTCH HEKOTOPHIE NONPEILHOCTH.

Cepeesnoe 3nageHne B aBTOMATHYECKOM CeK-
sermpoBannn JIHK npuobperaer TounocTs onpe-
AeNeHHs HYKIeOTH IHOI ITOCTIe/IOBATEIbHOCTH, 110-
CKOIbKY B OO/BLIMHCTBE CITYyHd€B IKCIIEPUMEHTa-
TOpP HE YYaCTBYET B IPOIecce ee 4TeHUs | 3aHece-
HHA B KOMITBIOTEP.

B asromamiueckom cexpenupoanun JTHK nns
pasnenenns uiyopecUeHTHO MEYeHHBIX TPOIyK-
TOB TEPMWHMPYIOLIMX peakKiluii, KpoMe 3MeKTpo-
dopesa B CraHIAPTHBIX TUIACTHHAX NOJHAKPUI-
aMMJIHOTO FeJisl, IIHPOKO MCTOMb3YEeTCH KaWIsp-
Hblii renb-snexrtpodopes. [lns Hero xapakTepHbl
BBICOKAA YYBCTBHTEIBHOCTE M BBICOKAA CKOPOCTH
paszieneHus, ABISOIMECs CHeICTBHEM KpaiiHe Ma-
JIOr0 BHYTPEHHEr0 JIHaMeTpa caMoro Kanvuiapa.

B pannnx paGorax no CekBeHHMpYIOLEMY Ka-
MHLAPHOMY WMieKTpodopesy resieBbiM MaTPHKCOM
Ciyxu1 oOBIHBI NOTHAKPHIAMIHEIH rems. On-
HAKO ero HecTabHIEHOCTD, (hopMHpOBaHHE ITY3BIPE-
KOB BO3IyXa, BHIMMBIX IIPH MHKPOCKOITHYECKOM
HCC/IE[IOBAHMH KAITHIUIAPDOB, 3aMETHO CHIKAIH
NPOM3BOAMTENBHOCTL MeTozia. [lpumenenwe -
HelHoro NOJTHAKPHIAMHIA MO3BONUIO CHATE 3TH
npoGiemsl 1 ¢r1ocobCTBOBAJIO PA3BUTHIO J@AHHOTO
METOIA.

CoBpemennBIE aBTOMATHIECKHE CEKBEHATOPbI
HECPABHUMO IPEBOCXO/IAT HEJIOBEKA 110 NPOH3BO-
AATENBHOCTH, Gonee TOro, KaXIbli Tofl TAKHE aB-
TOMarkl ynaercs ymy4iuars. Bee 310 Benier k Tomy,
4to cexsenuporanue ¢pparmentor [JHK cranosur-
¢ IPOCTOI NMPOLE/TYPOH, TOCTYMHOMH B 060l Mo-
nexynapHo-OHonorugeckoi nadoparopum.

1.7.5. Ba3bi OaHHbIX HYKNeoOmMuoOHLIX
U aMUHOKUCIIOMHEIX
nocnedosamensHoCMeil

Hapacraroiee 4Mci0 CEKBEHHPOBAHHBIX HYK-
JNICOTHIHBIX TOCIENOBATE/IbHOCTEH, NMPUHALIEKA-
[IHX pasHbIM OpraHu3MaM, 3acTaBWjIO 3ayMarThCs
06 ynopAI0ou9eHHH HX XpaHeHns, YTO NPHBENO K CO-
3NAHMIO «KOJUTEKLMID TakuX NOC/IeA0BATEIbHOC-
Tedi. [lepBas anexTpoHHas 0asza maHHBIX Los Ala-
mos DNA Database, conepxamas uupOpMaLHIO
O CeKBEeHMpOBaHHBIX nocienoparenbnocTsx JIHK,
Obia opranmsopana Y. Joasom | ero kosuieramu
B Jloc-Anamocckoi HauMOHANBHOH naboparopun
(LANL) B CILIIA. K 1981 . B Heil yxe conepxa-
nace uHpopmaius o 280 onybIMKoBaHHBIX HYK-
NeOTHAHBLIX TOCTeA0BaTeIbHOCTAX obmei npoTs-
XKeHHOCTEBO 0k00 370 Thic. nH (TnH). B 1982 1. Ha
ee OCHOBe non narpoHaxeM HaumoHabHOTO HHC-
THTyTa 3n0poBes (NIH) Gbut oprannsoBan HOBBIH
6aHK NAHHBIX TEHETHYECKUX OCHENOBATENBHOC-
teii GenBank. Ero agpec B Hurtepuere:
www.ncbi.nlm.nih.gov/Genbank.

GenBank ssisercs amepukaHckoii 6a3oii as-
HeIX M ¢uHaHCHpyercs npasuTenscTBoM CLIIA,
XOTA W coepwuT wH(OpMaumio, cobpaHHyr co
Bcero mupa. Cospansas B 1980 . 8 Espone aHano-
ruynag 0asza nauneix EMBL Data Library seunace
NEPBLIM MEXKIYHAPOIHEIM XPaHHIHILEM HHOp-
Main o nocnenosarensHocTaX JTHK. Ocnopnse
LIEJTH, NPECIeIOBABLIMECS NPH €€ OpraHu3alilm, —
310 obecnieueHHe GeCrIaTHOrO JOCTYNA K KONNeK-
1A OMyOMMKOBAHHEIX HYKJIEOTHIHBIX TOCTEI0BaA-
TEIBHOCTEH, BRIPa0OTKA OINpe/leieHHBIX CTaHaap-
TOB ¥ pa3BuTHe HHPOPMALIMOHHOIO H KOMIBIOTEP-
Horo ofecriedeHus MPOBOAMMEIX MOJIEKYIIAPHO-
Ouonoruseckux uccaenosanmii, Ceoil nepsriif pe-
nu3, oxsarsBaloumii uHpopmaimo o 568 nocie-
nopaTeneHOCTAX  Of0mell  NpOTDKEHHOCTHIO
585 433 nykneornna, EMBL Data Library Beimyc-
THIa B anpene 1982 r. [lepsoe BpeMs ouepesnbe
pe/m3el, PaclpoOCTPAHAEMBIE HA MAIHUTHEIX JIEeH-
Tax, MPeIoCTaRIAMICE MO 3anpocy Jrobomy xe-
narowemy. OnHako pocr kak camoi 6asel, Tak ¥
9HCA NONB30BATENEH NPUBEI K TOMY, 4TO Jlasb-
HefflliMe BBITYCKH CTaiH PacrpoCTpaHATBCA M0
nommucke. B 1994 r. Gasza nammeix EMBL Data
Library tpancdopmuposanace 8 EMBL Nucleo-
tide Sequence Database u crana Kypuposarscs Es-
poneiickum HucTHTYTOM OHOMHGOopMmaTHky (Euro-
pean Bioinformatics Institute, iu EBI). Ero anpec
B HUnTepuere: www.ebi.ac.uk.

C 1986 r. B Slnonnn Hauan QyHKIMOHHPOBATH
6ank nankpix DDBJ (DNA Data Bank of Japan).
B 1995 r. 8 Ainorum 6bin cosnan Lientp wrgopma-
uwnonHoii 6nonorum (CIB), w DDBJ, opraunszosas-
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HBlii panee mo waHoMariee HalmoHaneHONO HHC-
THTYTa FTEHCTHKH, EPeLIe K HeMY B MOIYMHEHHE.
Ero anpec 8 Huteprere: www.ddbj.nig.ac.jp.

B Hactosmee spems meficteyer International
Nucleotide Sequence Database (INSD), BO3HHMK-
mas B pe3yisTare coTpyaHudectBa mexay Gen-
Bank, EMBL u DDBJ, InasusiMi COCTaBISHOIIH-
MH 3TOr0 COTPYAHHYECTBA ABJIAKOTCA EaHHbIE TPE-
Gopanus, npebABIAEMbIE K ABTOPAM TIpH 3aHece-
HHM MMH HYKICOTHIHLIX [OCJIENOBATENLHOCTEH,
IPHCBOEHHE €IMHBIX JULA 3THX 0aHKOB WHBEHTAp-
HEIX HOMEPOB, Pery/ImpHBIH eXenHeBHBIH oOmen
HH(pOpMALHEli O HOBBIX HYKICOTHJHBIX I0C/e/0-
BATETHHOCTAX.

C pa3ssHTHEM 3E€KTPOHHBIX CPEICTB CBA3H 3a-
HOCHTh HYKJICOTHIHYH TOCIEA0BATENbHOCTD H
cBesieMHa O Hel B GaHKH JaHHBIX CTANO BOIMONK-
HEIM [OCPEJICTBOM IEKTPOHHOH MOYTH U Yepe3
Urreprer.

GenBank o6kMHO npiicBanBaeT HHBEHTAPHBIH
HOMEp Kakoif-mnbo HykieoTHaHOH mnocieaosa-
TEIBHOCTH B TEYEHHE HECKOJIBKHX pabounx aHeH
¢ MOMeHTa MonyuenHa. VuBeHTapHbie HOMEpa pa-
Hee COCTORIM M3 onHOH GykBel 1 NATH mudp (Ha-
npumep L22579), oosako GypHELi pocT YHCIIa CceK-
peHuposBaHnbiX Gparmentos [{HK npusen k neob-
XOIMMOCTH [EepeHTH K HOBOH CHCTEME, W Tereps
HOMepa BiuTioualor 2 Gyxsel ¥ 6 wudp (Hanpumep
AF380138). Ciienyer oTMETHTS, 4TO NPHCBOEHHBIE
paHee HOMEpa OCTaKTCA IMECTHCHMBONBHBEIMU
H ux TpaHChOpMalHig B BOCBMH3HAYHKIC NPOBO-
JuThes He Oyner.

Bax#o# ocobennocTsio c6opa u xpaHeHHs HH-
(bopMaiiyu 0 CEKBEHHPOBAHHBIX HYKIEOTHIHBIX
NOCIIeIOBATENIBHOCTAX B Ga3ax JaHHLIX ABJIACTCHA
€e NOCTYMHoCTh Jutd uccnenosareedl. Benen 3a
OTKa30M MHOTHX Hay4HBIX XKYPHAJI0B MyOIHKOBAaTh
B OPUTMHANBHBIX CTETHAX [IOCHEN0BATENLHOCTH
HYKJIEOTHIOB, OIDRHH4YMBAACE TONMBKO HX HHBEH-
TApHBIMH HOMEPAMH B COOTBETCTBYTOIIIEM MEXIY-
HapofHoM OaHke NaHHLIX, ponb ITHX OaHKOB Kak
WCTOYHHKOB HH(OPMALTHH CYIECTBEHHO BO3POCTA.

B HacTosuiee BpeMs BO3HHKIA NAPAIOKCATLHAT
CUTyalLMs, Korjpa Ul OONBIIOro yHcia TEeHOB M3-
BECTHA [OCJIEOBATENBHOCTE HYKIEOTHAOB, HO
O (yyHKUHH 3THX I'€HOB WIH HMYEro He H3BECTHO,
HIH HM3BECTHO OueHb mano. Kpynwueiiweii 6Gasoit
JAHHBIX AMHHOKHMCIIOTHBIX TOCHE0BaTeIbHOCTEH
smiserca SWISS-PROT, cywecrsyoman ¢ 1986 r.
bankwn HykneoTnaasIX nocnenoarenbHoctei JJHK
M BMHHOKHCIIOTHBIX MOC/IEAOBATENBHOCTEH OenKkoB,
cHaGeHHbIe COOTBETCTBYIOLIMMH KOMITBOTEpPHI-
MH nporpamMMmams, 00ecriedMBaloT BO3MOKHOCTB
CpaBHMBATH pacm(poBaHHbIE NOCIEIOBATEIBHOCH
TH TEHOB W MX OE/TKOBLIX MPONYKTOB C YKe W3BECT-

HBIMH, 9TO 110 MEpPE HAKOILIeHNs MHPOPMAaIIHE BCe
¢ Oombinedl AOCTOBEPHOCTBEO IMO3BOMIAET IMPENCKA-
3bIBaTh ()YHKIUHH aHATM3HPYEMBIX OesKoB.

1.7.6. N'eHoMHbie Npoexmsl

Pa3paGoTka OBICTPEIX METO/IOB CEKBEHMpPOBA-
HHA CAEnana BOIMOXKHEIM ONpENENeHHe HYyKIeo-
THJTHBIX MOCJIe0BATENbHOCTEH KPYITHBIX MOJIEKYIT
JHK, a He tomeko wx ¢parmesto. B 1978
@. Canrep ¢ coaTopaMy OIMyGITHKOBATH NEPBYIO
TIONTHYIO 1TOCTIE/IOBATENIBHOCTE TEHOMHOH OJTHOLe-
noseunoit [IHK Gaxrepuodara ¢pX174, nmeroweii
pasmep 5386 Hywxneoruaos. Cnenyrommit pybex
6BL NPEeoONEH NpPH ONpPeaeAeHNH HYKIeOTHIHOH
NoC/Ie0BaTe/ILHOCTH  MHTOXOHApUanbHOH JITHK
wenoseka (16 569 nu) B 1981 . CeppessbM ycne-
XOM ABHJIOCH OIpefeNIeHHe MOMHOH HYKICOTHIHOH
nocnenoparensHoctd JIHK Gakrepuodara A, co-
ctosmiedi w3 48 502 mu. B 1992 1. C. H. Illenkynos
¢ coaBTOpaMu BpyuHy0 metonom Maxcama-Tui-
Oepra ceKBeHHPOBAJIM FEHOM BHPYCa HaTyPaTbHON
ocrsl (186 man). Jlo 1995 r. naubonee kpyrmisiMu
rEHOMaMM C HM3BECTHOH [10CHEN0BATENBHOCTHIO
Hykreorwaos Oemm  JIHK muTomeranosupyca
(229 Tnu) u IHK supyca ocniosakiuust (192 1),

INosiBeHre BBICOKONPOH3BOIMTENBHBIX METO-
nos cexsenmposanns JIHK nossomuio onpene-
JIATH NOCIEAOBATEIBHOCTH G0/ee KPYMHBIX IeHO-
MOB. 3HAUYHTEILHAS POJTH B 3TOM MPHHAJUIEXHT aB-
TOMATH3ALMH BCEro MPOLECcCa CEKBEHHPOBAHMSA,
HEBYMHAA OT NPUIOTOBJICHNWA MATPHIL M 3aKaHIUBAN
3aHECEHHEM ONpE/e/IeHHBIX MOCIeI0BaTeNBHOC-
teld JIHK B xommsloTep 6e3 HerocpeacTseHHoro
Y4aCTHA OTeparopa.

Pacirugpopka KpyNHBIX F€HOMOB HPOKapHo-
THYECKHX H 3yKapHOTHYECKHX KIeToK norpebosa-
na obbeuHenHa yeuamit pasibix naGoparopui u
(popMupOBAHHA FreHOMHBIX ITPOEKTOB.

B wuione 1995 r. Geuia onyGnmkoBasa nepsas
HYKJICOTHIHAA MOCHE/IOBAaTeTbHOCTE MOMHOTO re-
Homa (1 830 137 mi) caMOCTOATENBHO Cylect-
BYHILETO OPraHn3Ma — rpaMoTpHLaTe/bHON Gak-
tepunt Haemophilus influenzae. T'enom 310ii Gaxre-
PHMH XAPAKTEPH3YETCH OTHOCUTE/IBHO HU3KHM CO-
sepkannem GC-map (38 %), npudem madizeno
7 OpOTAKEHHBIX y9acTKOB ¢ Gojiee BRICOKHM (0KO-
10 50 %) conepwanmnem GC-nap. Axamms HykIeo-
THIHOI TIOCTIEIOBATeTEHOCTH MO3BONHI 0OHapy-
HHUTh NPETIONOKHTENBHEIN OPHIDKUE perLIHKa-
uwH (06nacTs Hawana perumKalym ), COCTOALIHI W3
280 nH, 6 oneporos pPHK, 54 rena TPHK nns Beex
20 amuHOKHCIIOT. Ha OCHOBaHUH MOJTy4eHHBIX JaH-
HeIX OBLTa cOCTaBleHa KOJTbLEBAs Kapra XpOMo-
comel H. influenzae. 3 1743 BeIMHCIIEHHBIX OT-
KpBITBIX pamok TpaHciauu (OPT) mns 736 He yna-
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NOCH BEISBHTS (yHKIMH KOIHPYEMbIX HMH OeikoB.
Oxono 78 % OPT H. influenzae obnapyxuin ro-
MOJIOTHIO ¢ TIpeACTaBlieHHbIMH B 0a3ax naHHBIX
MOC/IEA0BATENLHOCTAMH APYTHX OPraHH3MOB.

B 1997 r. oObeiHHEHHBIMH YCHITHAMH HECKOJIb-
Kkux HayaHeiX tenTpoB CLIA 1 Mekcuk# ynanocs
CEKBEHHPOBATH NOJTHBIH resoM (4 639 221 mm) apy-
roii rpamoTpruarensHoii Daktepun — Escherichia
coli K-12 (wramm MG1655). Conepxanune GC-nap
reHome E. coli cocrasuno 50,8 %. Komubiorep-
vEni asans seasu 4288 norenmmansabix OPT,
NPHHA/LIEHKAIMX KaK JIeHCTBUTEIBHO CYILECTBYIO-
MM TeHaMm, Tak | ranotetHaeckuM. Jlna 38 %
OPT ynanoce onpenenuts QyHKIHH KOLHPYEMbIX
wMn Genkop. J[na peanbHBIX W NOTEHUHATLHBIX
GenkoB craproBuiMH TpHIieTamu spasiores ATG
(3542 cnysas), GTG (612), TTG (130). Yacrora
BCTPEMAEMOCTH TCPMHHHPYHOLAX TPHILIETOB TaK-
we 3ameTHo pazimryaercs: TAA (2705 pas), TGA
(1257), TAG (326). YV 405 resos noxa3aHo nepe-
KPLIBAHHE CTAPTOBOrO M TCPMHUHHMPYIOILEIO TpH-
mneroB: ATGA (224 cayuas), TAATG (98),
TGATG (48), GTGAA (28), TAGTG (4),
TTGA (3). Cpaeuenne 6enkos (OPT) E. coli m
H. influenzae (B pacder NpHHHUMAIACH TIO KpaHHEH
mepe 30%-Han MACHTHYHOCTH AMHHOKHCIIOT HA
60 % Bced nocnegoparenbHOCTH Henka) mokazana,
uto 1130 u3 1743 norenumansueix 6enkos H. in-
[fluenzae cosnanatwor ¢ Takobivu E. coli.

CexBeHHPOBAHHE TIONMHONO IEHOMa TPAMITONO-
wurenbHoi Gaxrepun Bacillus subtilis (1rramm
168) OBII0 OCYIMIECTBNEHO YCHIMAMH MEXIyHa-
POAHOr0 KOHCOPLMYMA, B KOTOPLIH BXOAHIH 25 eB-
porieiicKknx, 7 STMOHCKUX M | KpKHOKOpelickas Jia-
Goparopus. Pasmep renoma B. subtilis cocraBun
4 214 810 mm, copepxanne GC-nap — 43,5 %.

TlepbiM  SYKAPHOTHYECKHM  OPraHH3IMOM,
NOJHAs NOC/eoBaTeNnbHOCTE Kotoporo (12 muH
68 Thic. i) Obia onpepeiena B 1996 r, cramm
npoxoku Saccharomyces cerevisiae. IT0 SBWIOCH
Pe3YNSETATOM YCHIHiT OONBILOTO YHCHa HCCIeN0Ba-
TeneH, paboraroutax B aboparopHmx H KpyHBIX
HCCIIEIOBATEILCKUX HIEHTPaX cTpaH 3anannoii Ee-
ponbt, CLUA u finoHMH. AHaIu3 HYKJICOTHIHOMH

NOCHENOBATENLHOCTH MO3BOJIHN BeiABHTE 6034 mo-
renimanbisix OPT. OrsOocHTEnsHO HEOONBLLOH
pasMep reHoMa npoxoken S. cerevisiae B HEKOTO-
POii CTENeHH MOKHO O0LACHHTE MAJIBIM PasMEpoM
MHTPOHOB B FEHAX ¥ MX HE3HAYUTENLHBIM YHCIOM.
Kpome Toro, ToisKo 0k0510 4 % reHoB JAPOXKeH
CONEPIKAT HHTPOHbI.

Orpomubie ycriexn B paciii(ipoBke ToCneno-
parensHocTH Monekyn JJHK npusesnn Kk 1oMy, 4TO
B 1990 . 8 CLIA Orina npunsTa odpunManbHas
nporpaMma 10 pacim@poBKe reHoOMa YesloBeKa
(Human Genome Project, HGP), B pamkax xoro-
pOH TUIAHHPOBAIOCH TIPH BIMKEHHH 3 MIIPI [ON-
napos CLUA 3aBepLUHTh CEKBEHHPOBAHHE MOIHOTO
reHomMa 4enoseka B TeyeHwe 15 ner. OCHOBHBIM
ucnonuuTesem HGP crana xomnanus Celera Ge-
NOMics. AHANIOTWYHbIE MPOEKTHI NO TEHOMY Yeno-
BCKA TAKIKE HAMAIH PEATH30BRIBATLCA B 3anagHoi
Espone, Snonun 1 Poccun.

B 2001 r. y9acTHHKH aMEePHKaHCKO# TTporpam-
Mul HGP u MexayHapofiHOTO KOHCOpLHYMA 110
CEKBEHHPORAHHMIO I€HOMA YEJIOBeKa, OObeaMHSIO-
IETO MHOTOYMCJIEHHBIE HAYYHBIC OpPranH3aLe
CIUA, BesmkoOpuranuuu, Iepmanum, Mpanimm,
Snonvw u Kuras, nesasiciMo o6sABHIH 0 3aBep-
IIeHUN CcekBeHUpoBaHua Ooubuecii wactu (Oonee
95 %) renoma gwenosexa. Ha ocroBanuu ronyuen-
HBIX JIAHHBIX CTAO BO3MOXKHEIM CEJIaThL PAMN Bhi-
BOZI0B 00 OPraHM3a1IMH FEHOMA HeJIOBEKA.

Kommawmeii Celera Genomics B paMkax npo-
€KTa M0 CEKBEHHPOBAHHIO CHOMA YE/IOBEKA HC-
NONE30BANIOCH NATE 00pasnos yenoseueckoit JTHK
OT [IBYX EHIMH M Tpex MyxunH. Cpenu 5Tux
moeli e ouE adpoaMeprkanell, OJIMH KHTa-
€11, O/IMH HCIAHO-MEKCHKAHEIL H IBOE EBPONIETLIEB.
Ha ocHOBaHMM JaHHBIX CEKBEHUPOBAHHA [ATH
obpasuos JIHK Obuta paccumTana KOHCEHCYCHAR
MOCHE0BATEIHOCTL TEHOMA YeJIOBEKa JUIHHO#N
2,91 mapn mH. KoMnbioTepHbiii aHalM3 MO3BOJINI
obnapyxuts 26 S88 TpanckpnOupyemBIX H TpaHc-
nUpyeMBIX B OenkH reHOB, a TAKOKe €le OKOJo
12 THIC. NIpeACcKa3aHHbIX FeHOB, DK30HEI 3aHHMAIOT
muits 1,1 % resoma, B TO BpeMs KaK MHTPOHEI —
24 %. Ocranbhas yactb renoma (75 %) npencras-

Tabmuya 1.5. NpuMepsl CEKBeHHPOBANAS MOJHBIX IEHOMOB PA3IHLIX THIOB OPraHK3MOB

Oprasi Pasmep reroma, Ipeanonaraecmoe Ton 3arepinenns
MJIH 1H YUCAO TEHOB CCKBEHUPOBAHHS
bakrepus (Haemophilus influenzae) 1,8 1743 1995
Jpoxoxu (Saccharomyces cerevisiae) 12,1 6102 1996
Kpyrnwit uepss (Caenorhabditis elegans) 97 19 099 1998
Pacrenue (Arabidopsis thaliana) 100 25 000 2000
Hacexomoe (Drosophila melanogaster) 180 13 061 2000
Yenonex (Homo sapiens) 3000 35 000 - 45 000 Tlocae 2003
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Tatimya 1.6. lippMeps ceKBeHUPOBARKA 1eHOMOB HATOTeHHBIX MHKPOOPI AHH3MOB

Pasmep T'on
Burisipaemoe
OprannaM reHoMa, CexseHnpyloiiee YIPEXKISHHE nyOm-
sabonesanue e it
CexeeHuposantvie 2eHombl
Haemaophilus influenzae MeHHHIUT, MTHEBMOHKA 1,8 TIGR' 1995
Mycobacterium tuberculosis | Tybepxynes 4,4 | Courep-uentp, Hucturyr [Nacrepa 1998
Campylobacter jejuni Jlnapes 1,6 | Canrep-uieHTp 2000
Escherichia coli 0157 INumesoe oTpaBIeHHe 5,5 Vuusepcuter BHCKOHCHHE, 2000
(aBa mrramma) SAnOHCKHI KOHCOPUHYM
Vibrio cholerae Xaonepa 4,0 | TIGR 2000
Mycobacterium leprae ITpokasa 3,3 | Canrep-uentp 2000
Neisseria meningitides MeHHHTHT 23 TIGR, Canrep-ueHTp 2000
Streptococcus pneumoniae | ITHeBMOHHMA 22 TIGR 2001
Yersinia pestis Yyma 4,7 | Caurep-ueHtp 2001
Salmonella typhi (CT18) bpromsoit Tud 4,5 Canrep-ueHTp 2001
Shigella flexneri Juientepus 4,6 | Yuusepcuter Buckoucuua 2003
Feromel 8 npoyecce cexeenuposaniis
Plasmodium falciparum Mansapus 30 KoncopuwyM 1o reHoMy Manspwy
Leishmania major JleitMansia 33,6 | Canrep-uieHTp,
EBponeickui KOHCOPIHYM
Trypanosoma brucei Adpukanckas consas 25 TIGR, Canrep-uentp
Bonesns
Aspergillus fumigatus Tpubkopas uHperua 30-35 | Caurep-uentp, TIGR, UncturyTt
IMacrepa, Yunsepeurer CanamMaHk,
Yuusepcurer Haracaxmn
Bacillus anthracis Cubupcokas sisa 4,5 |ITIGR

{Tpustevanue. Mcrounmky ungopmanyn: www.ligr.org; www.sanger.ac.uk.
! UheruTyT no uecneaoBasduio redoma (The Institute for Genome Research).
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NieHa MEeXTeHHBIMH focaegopaTebHocTaMHA. [lpn
CpaBHEHHH NaHHBIX CEKBEHHPOBAHHA C KOHCEHCYC-
HOH T10CNIeI0BATENBHOCTRIO TEHOMA YeJTOBEKa Onl-
JI0 BBISABIACHO 2,1 MJIH NO3HMUMI OHOHYKIEOTHI~
Horo nomumopguima (single-nucleotide polymor-
phism, SNP), 1. e. mosuumii, 110 KOTOPhIM HMEKTCA
pasnuuus OT uyenoBeka K uenoseky. Menee 1 %
stX SNP mpuBOIST K W3MEHEHMIO NOCHenoBa-
rensocTH Genkos. MurepecHo, 4to uHcno obuHa-
PYKEHHBIX TCHOB B r¢HOME Y 9eI0BEKa JINIUG B /1B
pa3sa Gonbiue, yem y nemarons Caenorhabditis ele-
gans (tabn. 1.5).

lMonyuexHsie NaHHBIE O CTPYKTYpe reHOMa
[I03BOJAT 3HAYMTENBHO MPOABHHYTE HAIE TTOHH-
MaHHE FeHETHKH YeJI0BeKa, MPHPO/ILI Pa3IIHdHEIX
HacnencTeeHnbix 3abonesanuii. C KaxapiM rogom
oOHapyxuBaeTca Bce OONbINE FeHOB, MYTallHM
110 KOTOPLIM NPHBOJIAT K ONpeneneHusim 3abone-
panusAM Jenoseka (puc. 1.29). B nacrosuee spe-

M uX BeIARIeno 6onee 1,2 tric. Takue uecnenora-
HHA MOTYT PEBOOLHOHH3UPOBATE METHLIMHCKYHO
HAyKY.

[llupokoe pa3sBHTHE NOIYYHITH TAKIKE [POEKTHI
[0 CEKBEHHPOBAHUIO H AHAJM3Y TIOJTHEIX TCHOMOB
NaroreHHbIX MUKpoopraru3mos (tabn. 1.6). B 6im-
xKafilime robl NaHupyercs paciindposars CTpyK-
Typy resomoB Gonee wem 100 BujioB GosesneTBop-
HBIX MHKPOOpPraHu3MoB. CeKkBeHHPOBAHHBLIX BH-
PYCHEIX TCHOMOB Yy3k€ HacuHTeiBaeTcs Gomee 600.
Haxannusaemas uupopmaliis 1no3soseT BbIACHATD
MOIEKYISApHBIE MEXaHH3MBI IATONEHHOrO JIEHCTBHA
MUKPOOPraHH3MOB Ha MHHIMPYeMBbIii OPraHuiM,
my0OKO M3y4aTh 3alMTHBIC MEXAHH3MBI, peaiu-
3yeMbleé 4YelOBEKOM, XHWBOTHBIMH, PacTeHHAMH
B OTBET Ha KOHKPETHYK HH(pexuu. IT0 co3naer
6asy 3nannii, Heobxomumeix 114 3¢ dexTiBHOM pas-
paboTkn COBpPEMEHHBIX CPEACTB M METOIOB JieHe-
HHS HHeKUHWOHELIX 3abonesanuii.

1.8. AMNITUOUKALUA NOCNEAOBATENBHOCTEN OHK IN VITRO

1.8.1. lNonumepa3xan yenHasa peaKyus

B 1985 . K. Mannuc ¢ coTpyaHMKamy paspa-
Goraan meton ammummkaiyn dparmentos JJHK,
Ha3BaHHBIH NONMMMeEpa3sHOH wLenHoil peakmwei,
ITLP (polymerase chain reaction, PCR). Ipouesny-
pa coctouT B cneayromem. K anammsupyemomy 00-
pazuy JIHK nobGasnsior B HabbiTKe ABa CHHTETH-
YECKHX OIMTOHYKIeOTHAa-TipaifMepa pasmMepoM
okonio 20 HYKICOTHIOB, KAXIbIH H3 KOTOPBIX KOM-
TUIEMEHTapeH OfHOMY u3 3'-KOHLOB aHTHMapal-
nensHbIX neneii nenesoro cermenta JIHK. Ipena-
par THK noasepraioT TepMH4eCcKoll JeHarypaius,
U 3aTeM B MNPOLECCe OTKHATA NPOHCXoanT 3ddex-
THBHAA THOpHIM3ALHS ONMHIOHYKIEOTHIOB-Tpai-
MEpOB € KOMILIEMEHTapHBIMH MMOCIIE/I0BATENBHOC-
TamMu Ha pasHeix uensx JIHK (puc. 1.30, a). Ilocne
ITON0 BHOCHT -NOIHMepasy, J1e30KCHHYKIeo-
suaTpudocdarkl, U OCYLIECTBISETCH PeakLus no-
MMMEPH3AUNH BTOPLIX Lenel, HHHUUHpYeMas Ha
npaiiMepax (nepseiii wmki). [Mocne 0CTaHOBKH pe-
axumu JIHK cioBa neHatypupyioT HarpeBaHHEM.
B mpouecce oxnaxaeHns NpaiMepel, Haxonsmie-
cs B u30bITKE,. BHOBL 3(eKTHBHO rHOpHIM3YIOT-
c4, NPpHYEM YK€ HEe TOIBKO C LEeTaMH MCXOIHOH
JHK, HO ¥ ¢ BHOBb CHHTE3HPOBAaHHEIMH.

Buecenue B cucremy JTHK-nonumMepasst mau-
IMHPYET BTOPOH LMK TONMMEpPA3HOH peakinH
(cm. pre. 1.30, 6). MHOrokparHoe NOBTOpPEHHE
OMMCAHHOH TIponeypsl To3BoNAeT nposecTH 30
u Oonee uMKiIoB (PEPMEHTATHBHOIO Y/UTHHEHHS
npatimepos. [1pn 3Tom ancno cermentoB JIHK, or-
pPaHHYEHHBIX ¢ ODOMX KOHIOB HCIIONB3YEMbIMH
npaiiMepamu, ¢ Kaxabsm wikaom TP ysemansa-

€TCA IKCIOHEHUHABHO (MPHONWKASTCA K 3aBHCH-
moctH 27, rpe n — 9Mcno uuKios). Beixon Beex
JPYTHX NPOAYKTOB PEaKiWH YBEIHIMBACTCA IO
nuHeiiHo# 3asucumocTH (cm. puc. 1.30, 6, 2). Ta-
kHM 00pa3oM, B npotiecce paccMarpHBaeMoi peak-
1HH 3P PeKTHBHO aMITMHUMPYETCA TONBKO Ta 1o-
crnenosatensiocts JJHK, kotopas 3anana (orpasu-
ueHa) OTHrOHYKIIeOTHIaMi-TIpaiiMepanmu.

[MeppoHayaneHo Jjus TP wucnone3oeanu
dparmenT Kienosa JIHK-nommmepasm I E. coli
(PolIK). Opmako nociie Kax/aoro IMKIa peaxiu
HeoOxomMMo OBLI0 BHOCHTH B PEAKITHOHHYIO CMECh
noByw nopipio ¢epmerta. Kpome 1oro, B onTH-
MAJIBHBIX TEMIIEPATYPHBLIX YCIOBHAX TAKOH 1101~
Mepasnoii peakumn (37 °C) noSBAAINCE BTOPHY-
HBIE YHACTKH CBA3KIBAHKA npaifmepos 1 HaGmona-
nack aMrInMKanMa He3aniaHWpOBAHHBIX Cer-
MEHTOB IeHOMa, T. €. cnetmduurocTs aMnmpuka-
e He GuuUTa noHO#. YeTpauuTs 3TH HeloCTaTKH
yaanock nocne 3amenn PollK wa JHK-nomive-
pasy tepmodunsroii Gakrepun Thermus aquaticus
(monumepasa 7aqg). TemneparypHbiii ONTHMYM pe-
akuuy, Hanpasisemoil Tag, Haxomutcs B palioHe
70 °C. ipyrum BaKHbIM CBOHCTBOM JJAHHOIO (hep-
MEHTA ABJAETCHA TO, YTO OH HE HHAKTHBHDYETCA
rocne AnurTenbHoil nakyGammu npn 95 °C. Tlonu-
mepasa Tag npencrasnser cobok MmoHoMepHEITi Oe-
NOK ¢ MonexynspHoit maccoii 94 k/la, obnanaer
5'-3"-nonmmmepasnoii u 5’3’ -3Kk30HyKI€asnHoll ak-
THBHOCTAMH.

Hcnonssya Tag-nonumepasy, yiaaochk pellinTh
cpa3y jBe npobiaemsr. Bo-niepebix, TepMocTabims-
Hblil PEPMEHT He MHAKTHBHPYETCSH Ha JTare JIeHa-
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typaupn JIHK, u mosromy Her neobxommmocTH
NOCIe KKAOro HHKIA peakumn no0asisaTs ero Ho-
ByH0 mopuuio. Takoe ynpoinerie npouexypsl mno-
3BOJTHIIO aBTOMaTH3HpoBath nposeaenne [1LLP, Tax
KaK Tenepb TpeboBaioch JMIIb Yepes onpejeseH-
HbIe MHTEPBAJIbl BpEMEHH M3MEHATH TeMIeparyp-
Hbie yenoua: 90-95 °C (remnepatypa nesatypa-
tuu) 1 60-70 °C (Temneparypa penarypaign JIHK
1 bepmenTarusuoii peaxumm). Bo-Bropeix, BICO-
KHil TEMIepaTypHbIi ONTHMYM peakiuM, Katajimn-
3upyemoii Tag-nonuMepasoid, No3BOfeT B 38BHCH-
Mocti or coneprkanus GC-nap B npaiimepax nos-
OupaTh KeCTKHE TEMINEPATYPHLIE YCIOBHS OTKNIIA,
ofecrieumBaioine rUOpHAM3aLUHI0  MpaHMEpOB
TOABKO B 3aaHHOM paioHe M3Y4YaeMOro reHoma,
YTO CYMIECTBEHHO MOBBINACT CHELU(HYHOCTD M
9yBCTBHTENBHOCT MeTona. Jlanusiii BapuanT [TLIP
cpa3y Hatllel UIHPOKOe NPUMEHEHHE,

Hcnone3ys meron TP, MoxHO in vitro cenex-
TiBHO oboramars npenapar JIHK d¢parmenTtom
C OTIPEe/ICNIEHHON MOCTIEAOBATENILHOCTHIO B MAJIIH-
oH ¥ Oonee pas. 310 NO3BOIAET HAIEHKHO BbIAB-
JATh OTHOKONMHHHKBIE FEHBI M UX BAPHAHTHI B TAKMX
OONBIIMX W CINOWHBIX TEHOMAaX, KaKuM SBIISEeTCH
reHOM uesioBeka. YyBCTBHTENIBHOCTS METOIA TAKO-
Ba, 4ro amrumuuuposars B [ILIP w o6HapyxuTs
LETIEBYTO NOC/IEA0BATENBHOCTD MOKHO JI&KE B TOM
clydae, ecyld OHa BCTPEYaeTcs OOHaXIkl B 00Opas-
ue u3 105 kierox. lNonysaemeni cerment JIHK na-
JEKHO BBIABISAETCS B BHJE INHCKPETHOH NOJIOCH!
nocsie 3nexTpoopeTHYECcKoro pasieNents Moe-
kyn JTHK u oxpacku amvamym Gpommaom. bonee
TOro, pasMHOMKEHHBIH in Vitro PparMeHT Mnoiy4aiT
B KONHYECTBaxX, AOCTATOMHBIX U1 €ro TPAMOro
cexBeHUpoBanus. [oCkoBKy rpu 310M He Tpedy-
€T1CA NPOMEKYTOYHBIN 3Tan KJIOHHpoBaHuA (par-
menta JIHK B monexynspusix sekTtopax, TILIP
MHOI7Ia HA3LIBaKOT GEeCKIeTOuHBIM MONTEKYIAPHBIM
knoHuposanuem (cell-free molecular cloning). As-
TOMaTH3HpOBaHHAA mnpouenypa Tag-nonumepas-
HOH UermHoil peakipH, cocrosiuan ma 30 w Gonee
LMKJIOB, 3aHuMaeT 3—4 u. Ona cyuecTsenHo Obict-
pee H poLe NpOLETY PRl KIOHHpOBaHHA (pparMeH-
ta JIHK B coctaBe BexkTOpHBIX MOnekyn. OaHako
cnefyer oTMeTHTh, 9To Metoz IILIP ue samenser
METO/IOB MOMIEKYNAPHOTO KJIOHHpOBaHus ¢par-
menToB JIHK, Tak Kak mpexie uyeM OCyIeCTBHT
aMiUHHKALHMIO in Vitro onpeneeHHoro JIOKyca,
HeoOXonuMo 3HATh €ro NePBHYHYI CIPYKTYDPY,
a 3710 BO3MOMKHO TOJBKO [1OCIIE NPEBAPUTENBHOTO
KITOHHPOBAHHS H3Y4aeMOro y4acTKa FreHoMa ¥ ero
CeKBEHHPOBAHKA.

Hapsiny ¢ sBHBIMH TpeMMYyIIECTBAMM METOL
TTLIP nmeer n onpezienentsie nepocTaTky, fag-mno-
nMepasa B npoliecce Karalininpyemoli e peak-
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Puc. 1.30. Cxema nonumepa3sHoil Lenyoii peakuiu
(TTLLP)

LMH in vitro ommbOMHO BKIONAET HEKOMITIEMEH-
Tapuki HykmeoTHa ¢ wacroroit 1,1 + 10-5 B ogHom
uuke. CHHTE3NPOBaHHBIE MOC/IEI0BATENBHOCTH,
conepxale oumbkH, 3arem aMruTHQuMpyloTes
110 IKCTIOHEHI[HAJIBHOH 38BHCHMOCTH, JTO MPHBO-
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T K ToMY, 410 mocne 30 uuknos I[P uacrora
ommbok B ammumpuuuposassoi JIHK moxker no-
crurats 0,25 %. ®@parment Knenosa JIHK-nonu-
mepasel 1 E. coli penaer OmMOKH ¢ 4acTOTOH
104-106 Ha mapy HyKJI€OTHIOB, WTO TmOCHE
27 uuxaoB amMruHQHKALHKE MOXKET BBI3BIBATH Ha-
korvienue omubok no 0,17 %.

B 70 %e Bpems HeDonwsmas (pakums MyTaHT-
HBIX TIOC/IEAOBATENBHOCTEH HE BAMSCT Ha pesy/ib-
TaT TAKMX AHATHTHYECKHX TIPOLEeAYp, KaK npaMoe
CEKBEHMpPOBaHHUE ¥ rHOpHAK3anKs Ha QHIBTPax co
crenn)HYHBIMK OITHIOHYKJICOTHIHRIMH NpoGamMu.
Ommbky, BOIHMKILIME HA IJTane KIOHHPOBaHUA
M CEKBEHWPOBaHMS MHIMBUIYaJIbHBIX aMIuTMpu-
IMPOBAHHEIX in vitro HParMeHTOoB, JIETKO BHIABIA-
I0TCH AHAIIM3OM HECKOIBKHX HE3aBHCHMBIX KJIO-
HOB rubpuaneix JIHK ¥ ycTaHoBneHHEM HCXOA-
HOM, Hanbonee wacTo BCTpeyaroleiics nocnenosa-
TeIbHOCTH Hyk1eoTunoB. Ecnu ommbxa Geiia Bpe-
JleHa Ha Ha4aJbHON CTa/MM aMIUIHUKALMH cer-
menTa JIHK, To MmyTranTHas opma MOKET cocTas-
naTh OONBIIYIO OO TOMYHEHHOIO Npenapara,
B 3TOM ci1yyae JU1S IOCTIKEHHS JOCTOBEPHOTO pe-
3ynsTara W Belasnerus rubpuanon JIHK, conep-
MALIEH NPUPOIHYI NOCHEA0BATE/ILHOCTh, HEOOX0-
IUMO ocymiecTsaaTh NMUGO nmpaMoOe CeKBEHMpOBa-
HHe He3aBHcHMOo amrumduimpoBannbix npod JTHK,
nubo aHanM3 psafa KJOHOB rUGPHAHEIX MONEKyln
JHK, nonyuenHsix nocne HesasucuMelx TP,

Pasusie JIHK-monumepa3sel OCYINECTBIAIOT
TP ¢ pasnugnoit addexTnBrOCcTEI0. Tak, s
PolIK u JTHK-nonumepassl dara T4 crenexs amn-
nuduraLuy GRICTPO CHIKAETCS, ECIIH PaIMEp aMIT-
mauumpyemoro cermernTa npessimaet 250 1w, B TO
Bpems kak JIHK-nomivepasel Tag v dara T7 cro-
co0Hbl € BBICOKMM BBIXOJIOM aMILTH(HIMPOBATH
thparmenTsl, umeronMe pasmMep 10 2000 ma. C no-
MOLUBIO Tonumepasbl Tag yaaetcs amrmmuuppo-
pareb (parmentsr JIHK pasmepom ne Gonee 5 mn.
IT0 OrpaHH4eHHE, NO-BHIHMMOMY, 00yCI0BIEHO OT-
cyrctBHeM Yy (epMeHTa  KOPpPEKTHPYIOIEH
3'-5"-ax30nyKneainoi akrnsuoctu. B I[P na cTa-
MK nosuMepusatmy Tag cesA3kBacTCA C NpaiiMe-
POM M ioCTpanBaeT nens Ha Matpue. M3perka Tag
OImHBOIHO BKIIOYACT HEKOMIUIEMEH TAPHLIH MATPH-
1ie HYKJeOTH], NOCIe Yero CKOpOCTH YIUIHHEHHS
CHHTE3HpYeMOi 1iermm crmxkaetca B 10°-106 pas.
Ipeononers 31y npolneMy ynanocs, 0OLEIHHHB
Tag ¢ npyrum 1epMmocTabunsHeIM (pepMeHTOM —
nommepasoil Pirococcus sp. GB-D, ofnagarowei
KOppeKTHpYIOmeH 3'—5'-3K30HyKNeasHoOH akTue-
HOCTBIO. DTOT (PEPMEHT MOXKET CBAZLIBATECH C OLLIH-
60YHO BKIIOMEHHEIM HECTIAPEHHBIM HYKIeOTHAOM
10CJIE IMCCOMMAIIMH KOMTUIEKCA ITOT0 HYK/I€0THIA
€ nonuMepasoi 7aq W ynannTs ero. 310 no3ponset

Tag nponomxuts JIHK-nonumepasHyw peaximio
¢ HOpMaJBHOH CKOPOCTBIO H, KaK pe3ylbTar, aaeT
BO3MOKHOCTH aMrutnuuupoBars ¢parmentsl JJHK
mmHo# 1o 30 ToH. Takas NONYYuIa Ha3Ba-
uue npomaxcennas I[P (Jong PCR, LPCR). [lpy-
ruM cneacTeiem fobasneHus nomuMepasst Piro-
coccus sp. GB-D sBuioch yBenH4yeHHe TOYHOCTH
cuHTe3a amrumduuupyemoro ¢parmenra JIHK.
YacroTa ommbok cHr3Miaack no 2,3 - 10-5,

B nponecce pa3zsuTis paboT ¢ HCNONbL30BaHK-
em TTLP Bo3HuKIa vaes amnardHIMpOBaTL B O~
HO# MpoOHpKe cpajy HECKONBKO pa3THYHEIX reHe-
THYECKHX JIOKycoB. B 5ToM ciiyuae OAHOBPEMEHHO
UCTIONL3YI0T Gonee onHON nmaps! OJMIOHYKIEOTH 1=
HEIX TIpaiiMepoB. Takas peaxims moTyynna Haspa-
HHe mypismunaexcran I[P (MITLIP).

JlanHbI n0/1X0N NO3BOAET CYIIECTBEHHO KO-
HOMHTE BPEMSA H YCHITHA TIPH BBINOITHEHHH aHaIH-
30B. OCOGEHHO IIHMPOKO €ro CTAIH NPHUMEHATS IS
IKcnpecc-HaeHTHGHKaUH UHOEKIHOHHBIX arex-
ToB. Hanpumep, C. H. IllenkyHoBs ¢ cOTpyAHAKaMH
paspaboranu meron MIILP, nossonsionmwii npH
HCHO/IL30BAHMM IATH Nap NpaiiMepoB NpOBOAMTH
OIHOBPEMEHHO pOoa0- ¥ BHAOCHEIHDHIHYIO HIeH-
THOHKAIHMIO OPTONOKCBHPYCOB, TTATOTEHHBIX JUIA
yenoseka (puc, 1.31). C nomMomsio MynsTHIUIEKC-
Ho#t TTLIP MOxHO Take OoCylecTBIfTs OAHOBpE-
MEHHYIO JIETEKIIHI0O MHOXECTBEHHBIX HHEeKIHon-
HBIX areHT0B, 00YC/IOBIHBAIOMMX CXMKHE KIHHH-
4eCKHe MPOSBIICHHS.

IlonvmMepasnas wenHas peakiud MO3BOJACT
amrumguimposarsk Takke Monekynsl PHK. Ha nep-
BOM 23Tale ¢ NoMOoniL0 00parHOH TPAHCKPUIITA3E]
(OT) nonyuaror JIHK-kxomio nenesoii PHK, a 3a-
TeM ocyecrraaioT ITL[P. Takas cucrema HaskmBa-
ercs OT-IIIP (reverse transcription PCR, RT-
PCR). ObpatHbie TpaHCKPHITTa3kl UMEIOT JIBE OC-
HoBHble (hepmenTaTuBHble akTHBHOCTH: JITHK-mo-
numepasiyio 1 PHKaser H. TTocnennsas Hanpas-
neda Ha ruaponan3 komiuiekcop PHK-/IHK u mo-
ITOMY 3HAYHTENBHO CHiDkaeT 3(PeKTHBHOCTE
cuntesa K/IHK in vitro. MerogaMy reHeTnyeckoi
HHXXCHEPHH YIATOCh MOMYYMTh BapHaHThl 06par-
HOW TPaHCKPHITTa3bl ¢ CYIIECTBEHHO CHHXEHHOMN
axtveHocTei0 PHKaim H v ontumanshoit akrus-
HOCTHIO Juis cuHTesa kJTHK.

Ha ocxoBe nonumepasHoil LENHOH peaKiMy
B 1988 . A. B. Benspckuii u K. PaeBckuii npesuto-
wuiH cnocold ammmbukanud monekyn kJIHK
in vitro. J1ag Toro uTo0Bl BCE MONEKYITEI CyMMap-
no# KJIHK Morm yyacTBoBaTh B aMiUiMHKaLHHK,
HeoGxoamuMo HanuuHe Ha 06omnx koHuax K/IHK no-
CleIoBaTeNbHOCTEM, OOIMX JUId BCEX MOJIEKYI.
10 peanusyercs cieayiommm obpazom. CHHTes
nepBo# term kJIHK wHHITuMpyeTes nocne Cs3biBa-
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Puc. 1.31. Peaynerar anextpodoperiieckoro paaenenus B 2%-1om araposnom rene gparmentos JIHK,
nonyuennbix nocne [MLP ¢ senons3oBanyuem YeTbipex nap oNHIOHYKIEOTHIRBIX NPaiMepos
ans BuaocnenuduyHoli i oHOI napsl — g ponocnennduuHol naeHTH(HKAIHK OPTONOKCBHPYCOB:
BHPYC OCHOBAKLMHBL, titamMbl Copenhagen (1), JIMBI1 (2), BP-1 (3), Chambon (//), EM-63 (/2), Western Reserve (/3);
BHPYC OCIIB! KOPOB, wrramMmil Puma-73 (4), GRI-90 (5), Turk (6), Hamburg (7), EP-1 (&); supyc ocnb 00esban, 1wmaMmsl
Zaire-96-1-16 (9). Congo-8 (/10); supyc ocnb kponukos, wrramm Utrecht (/4); supyc narypansioit ocnbt, wiramMmst Ind-3a (/5),
Butler (/6); supyc sxrpomenns (17); orpunarensasii kourpons (/8); IHK-mapkep (M). Cnpasa ykasana juinna gparmenta s nn

s (T)-mpaiimepa ¢ mnomu(A)-nocnesosarenb-
noctsio MatpHynEix PHK (puc. 1.32, ). Ha 3"-kon-
e 3TOro mpaiiMepa HAXOAWTCH TOCIEAOBATEB-
Hocts omro(dT), criapuBasorascs ¢ nosu(A)-KoH-
nom MPHK, Ha 5'-konne (T)-npaiiMepa umeeTcs
NOCNIENIOBATENLHOCTD, CHIBHO oforamienHas oOc-
rarkam G 1 C M cnyxaujas fuis NOBLILEHUS [0-
NycTHMOM TeMIeparypel OTXKHWIa [paiiMepa BO
ppems TTL[P. TTocne cunTesa meppoif nemu k/IHK
K ee 3'-KOHIY ¢ NOMOLIBLIO TEPMHHAIBHOH TPaHC-
¢depazsl  poctpausalror onHro(dG)-komern (cm.
puc. 1,32, 6). Llems PHK w3 nomysentoro aymnex-
ca YIANAIOT MENOYHBIM THAPOIH30M, TIOCIEe Yero
OfHOLIETOYeyHas MaTpuua rotoba K amiuiMuka-
MK

[Mpy aMmiHpuKanEy HCTIONB3YIOT JIBa CHHTE-
THaeckMX npaiimepa: (T)-npafiMep, CJyKHBLIHI
I8 MHMUMAuUKW CHHTe3a nepeoid nen, U (C)-
npaivep, KomrutemeHTapabii 0sHro(dG)-konmam
(cm. puc. 1.32, 6). B nepsom mmkie amrinduka-
i yuacTsyer Tanbko (C)-npaiiMep, KOTOpbI HHH-
inmpyeT cuuTe3 Bropoit nenw kJIHK. Ilpy atom
CHHTE3HpyeTcs Komruiementapuas (T)-mpaiimepy
[OCHeA0BATENBHOCTE HA 3'-KOHIE BTOPOH LEIH.
Bo sropom nuxe TP yuacTsyior 06a npaiimepa.
[Nocnenyiomue UMKIBI aMrutHHUKALHH TPHBONIAT
K IKCMOHEHI[HA/IbHOMY HapacTaHKIO YMCIia KoM
meyxuenoueyHod k/IHK. Jlanusiéi noaxon noseo-
JIAET MHOroKpaTHo pasMHOKaTh JIHK-konmu mat-
prusbix PHK, HauuHas ¢ He3HaYMTeNBbHBIX MCXOA-

HBIX KONMYECTB. B 4acTHOCTH, y1aeTcs KOHCTPYH-
poBark mpeacTaBuTensbusie Oubnmorexn k/IHK,
nonys4ennbie Ha ocHose MPHK, BrienenHok scero
U3 HECKOJIBKHX KJIETOK.

OT-TTLP npuMensior Juia MACHTHHKAIMH
PHK-conepxainmx BupycoB. B sTom cimywae wc-
[ONb3YIOT TAK Ha3blBaeMbie reHcrnenudutnbie
npafMepsl, KOTOphbie 06eCeYHBaOT BLICOKYIO Ha-
JERHOCTE MPOBOAHMBIX AHAITH3OB.

1.8.2. Mpumepsb! ucnons3oeasus (P

ITonAMepastas LETHAs peaxiua — OJIMH H3
MOLUHEHIIHX HHCTPYMEHTOB HCCIENOBAHHA HYK-
JIEHHOBBIX KMCIIOT, He focTynHblH patee. [TLIP uc-
NONE3YIOT JUIS aHa/iu3a WHIHBHIYaJbHBIX BapHa-
IHi HYKJICOTH/IHEIX NOC/IEOBATENLHOCTEH B OTI-
peAeneHHbIX JIOKYCaXx, Juid nopuienus s¢gpexrun-
HOCTH K/IOHHPOBAHHA LENEBLIX MOCHEAOBATENb-
HOCTEH H3yJaeMBIX FreHOMOB H HX MPAMOIO CEKBe-
HHUPOBaHUA, JUIA NCTEKIIMY TTATONCHHBIX MHKPOOP-
raHU3MOB M T. 1. PacCMOTPHM NPUMEPLL, IEMOHCT-
pupyiomue BosMoxHocTH merosa ITHP v mmpo-
KHH CIEKTP peliaeMblX € €ro NOMOUIBI0 HAyYHBIX
H [PaKTHYECKHX 3aaa4.

Meron [1LP no3sommn npoaHaiu3MpoBaTs Ha-
JIMYHe NOCNEIOBATENbHOCTEH BHPYCOB Nanwuio-
MBI 4eoBeKa B cpesax OuonraroB HoBoobGpasopa-
HUH IEeHKH MaTKH YeI0BEKa, 3AIHTHIX napa(uHaoM
v XpaHHuBIIMXCs B Teuenue 40 net. Bonee Toro, uc-

nonesys [P, ysanocs ammH(HIMPOBaTL H KIIO-
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Puc, 1.32. Cxema ammnudsxainy ToransbHol kKIHK ¢ nomousso TP

HHpOBaTh (parmMentsl MHTOXOHApHambHOH JIHK
H3 HCKOMAEMBIX OCTAHKOB MO3Fa 4enoBeKa Bospac-
1a 7 Teics netr! Umenno ¢ nomousio ITLIP 6t
HAEHTH(PHIIMPOBAHEI KOCTHEIE OCTAHKH POCCHICKO-
ro umneparopa Huxonas II v uneHoB ero cemb,
rponexasiise B 3emie 73 ropa.

Meropn TP ofecnieunBaeT yHHKANBHYIO BO3-
MOKHOCTH TOHKOIO FeHETHHECKOTO aHATH3a H M3y~
YEeHHA XpOMOCOMHO#N pexomOuHaiay, [[HK-nonu-
Mopdn3ma 1 ap. B yacTHOCTH, NMoKazaHo, 4TO mocrne
50-60 yuswios T1LP, semonHennbix Ha JHK enu-
HUYHBIX IMIUIOMIHBIX WK FAIVIONIHBIX KJIETOK Ye-
JIOBEKA, YASETCA HAJIOKHO ONpeaeIaTh avIlebHbIi
THIT GHATHIHPYEMOro IeHa B TOpHIM3aIHOHHOM
Tecte amumduurposarnoii JIHK ¢ annenscneny-
uaHBIME 3ZP-MeYeHHBIMH  OTUTOHYKJIEOTHIAMH.
Ha mi3arax HHAMBHIYaTBHBIX CHEPMATO30H/I0B Ye-
JIOBEKA NPOJIEMOHCTPHPOBAHA BO3MOMHOCTD OTHO-
BPEMEHHO AHATHIMPOBAThL /IBA JIOKYCA, PACIOIO-
YKEHHBIX Ha HENOMOIOTHYHBIX XPOMOCOMAX.

Meron ananu3a ciepMaTo30110B Cpasy Hallen
NPaKTHYECKOEe NMpUMEHEHHe B cyneOHOH Menmu-
He, Tak kKak HLA-tunupoBanue ranJouaHEIX Kie-
TOK MO3BONSET ONpeNeNaTs OTLUOBCTBO MITH BBIfAB-
Atk npectynuuka, (Kommneke HLA npencraras-
eT cobo¥ Habop reHoB MIABHOIO KOMILIEKCA PHCTO-
COBMECTHMOCTH WYeJIOBEKa; JIOKYChl KOMTUIEKCa
HLA — nanbonee nonumopdrsie H3 BceX HIBECT-
HBIX Y BBICIIMX INO3BOHOYHBIX: B MpEenax Bula
B KaXKJI0M JIOKYCE cyniecTsyeT HeoObHaiHo O0ITk-
1I0€ YUCHIO Pa3HbIX ajlilenei.)

HeTepecHbIM TNPHIOKEHHEM TONMMEpPa3HOH
LISITHOH peakilii ABNACTCA BLIABIICHHE HYWKEpOIl-
HBIX FEHETHYECKHX CTPYKTYD, BCTPOEHHBIX B 3apa-
Hee OnpefieNeHHb pailoH TeHOMa H3YyYaeMbIxX
KJIETOK MiIH BHpYcOB. IIpH MHTErpaimy qyxepos-
voi JIHK B XpOMOCOMHBIH IeH 3yKapHOTHUYECKOH
KJIETKH (HITH BHPYCHBIH I'eH), JUIS KOTOpPOro OTCyT-
CTBYIOT METOJIbl CEJEKLIMH MYTaHTHBIX (hopm, no-
CTATO4HO CICKHO [0KA3aTh NPaBHIBHOCTD BCTPOI-
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Puc. 1.33. Anamms cnenmdmuHocTH peKoMOHHALMONHON BeTpoiiky (parmenta JTHK
B IreHOM KJeTkH ¢ nomousio TMIP:

a — NpaBiIkHAS (338HHER) WHTETPalks; 6 — OTCYTCTBHE NPaBIIbHOI HHTETPAIHH

K. JlaHHOE 3aTpy/HEHHE YAANOCh [PEOAONETH
¢ nomomeio ITLP: cymmapian kierounas (Wid Bu-
pycras) JIHK omxuraerca ¢ AByMs OJNIATOHYKJIEO-
TH/THBIMH 3aTpaBKaMH, OAHA H3 KOTOPBIX KOMILUIe-
MeHTapHa y4acTky xoasiickoi JIHK s6nusy Touku
BCTpanBaHMs, a [pyras — MOC/HeI0BATENLHOCTH

HHTErPHPOBaHHOTO (hparMenTa B aHTHNAPAIIIEIib-
Hoi uend JIHK (puc. 1,33). ITonumepasHas uen-
Has PeaklHs B Cyyae HEH3MEHEHHOH CTPYKTYphI
xpomocomHoit JIHK B mpeanonaraemoM wmecte
BCTPOHKH MPUBOAMT K 00pa3oBanuio (parMeHTOB
onHouenoueyHo# JIHK HeonpeneneHHoro paime-
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Puc. 1.34. [Tpumep BbibOpa ONMHIOHYKICOTHIHBIX TIpaiiMepoB g amnaudukaisn rena ENV
BHPYCA HMMYHOAE(PHLHTA YENOBEKa.
CrpounsiMy Oyxeamy 0603Ha4€HA NOCACOBATENEHOCTE KILIKOCH-LETIH MATPHLLL, MPONHCHBIMK — [OCIEA0BATELHOCTH
npaiimepos: Ne | — s nanpaniiesun 5'-3', Ne 2 — g panpasnersn 3'—5". [paiiMeps KOMILIEMEHTAPHB! KMHHYCYH-
HITH €IUIIOCH-LIENTH MATPHILL COOTBETCTBEHHO. HBHUBAaTOPHLH H TEPMHHATOPHEA TPHILIETH! BBIAEIEHE! MHPHBIM LIpH{TOM,
HEKOMILIEMEHTAPHBIE HYKJICOTHIBI MATPHIIB H IPaHMEPOB 0003HAYEHE! KyPCHBOM

pa, a B ciyuae 3anJaAHHPOBAHHOH BCTPOHKH —
nasyxuenoyseqnsix (pparmentos JIHK u3secTHOro
pasMepa, ONpEENseMOT0 PACCTOSHHUEM MEX1y
MECTAMK OTHKHIa JIBYX NpaiiMepos (cM. pHc. 1.33).
Crenens aMuinHKANHA aHATH3HPYEMOTO paiioHa
reHoMa B nepBom ciyuae Gyner HaxomuThes B JiK-
HEHHOH 3aBUCHMOCTY OT KOJIMYECTBA LIMKIIOB, a BO
BTOPOM — B IKCTNIOHEHIHANIEHOH. DKCTIOHEHIHATL-
HOE HAKOIUIEHHE aMiuHHIMpyemoro (parMenTa
3apaHee W3BECTHOTO pa3Mepa Mo3BONseT BHIyalu-
3MpOBaTh €ro nocne amekrpodopeTnyeckoro ppak-
unoHMpoBanus npenapara JIHK u nenars ommo-
3HAYHOE 3aKII0YEHHE O BCTPOMKE YY»KEPOAHOH TI0-
CNE0OBATELHOCTH B 3a/laHHBIH paliOH XpoMOCOM-
HOH (mmm BupycHoH) JTHK.

Taxum obpaszom, ammumdukaums nocneaosa-
TensrocTedt [IHK in vitro HaXOAHT HPOKOE MpH-
MeHEHHE KK B IKCIIEPHMEHTAX 110 KIOHHPOBAHHIO
B COCTaBE€ MOJICKYIAPHBIX BEKTOPOB, TaK M Juls
OpAMOro aHANW3a BAPHAHTHBIX COCTOAHHHN FeHOB.
Ocoboe 3HaueHHe pacCMOTPEHHBIH METOAHYECKHIM
NOAXON MMEET NPH pa3paboTke NPOCTHIX TECT-CHC-
TEM JUIA BLIARJICHHA B OPraHM3Me HYKJIEHHOBBIX
KHCIOT HHEKIIHOHHLIX areHToB. B HacTosmee Bpe-
M3 TaKHE aHAH3bl CTAIH PYTHHHBIMH. MHOrOuHC-
neriHbie (DHPMBI NPOM3BOAAT TECT-CHCTEMBbI JUIA
uieHTHguKkauuu metonom [P (wm OT-ILP)
MPaKTHYECKH BCEX H3BECTHBIX MHKPOOPraHH3MOB,
BEI3LIBAIOIMX 3800NEBAHHUA HEJOBEKAa M KHBOT-
HbIX. B 9acTHOCTH, 3TOT HOAXON MCNONBIYIOT A
PaHHEH JIMArHOCTHKH HAJHYHMA B OPraHW3Me BUDY-
ca umMynoneduuura yenoseka (HIV), yro He yna-
€TCH OCYMECTBHTH APYTHMHA MeTodaMH. Il1pu stom
ne Tpebyerca paborars ¢ paHOAKTHBHBIMH H30TO-
NaMH, TaK KaK aMIUTHHIAPOBAHHEIA CETMEHT BH-
pycuoi JIHK BRIARISETCA HAPAMYTO TIOCITE HNIEKT-

podoperHyeckoro pasnenenns (pparmentos JJHK
H OKpackH HX OPOMHCTBIM 3THAHEM.

Henoaszosanue IMHP aas K10HHPOBAHHA

sanaunblx pparmenroB [JHK. ITossnenune Meto-
na IMTLP 3HauHTeILHO YIIPOCTHIIO NMPOLEAYPY TOY-
HOro ussnedenus U3 cocrasa monekyn JTHK us-
BECTHRIX HYKICOTHIHBIX IOCTIeOBaTeIbHOCTE
4 BCTPOMKU MX B MOIEKYNSpHLIE BEKTOpLI. MoryT
ObITh PacCYHMTAHbI MNOCNENOBATENTBHOCTH ONHIO-
HYKJIEOTH/IHBIX TTpaiiMepoB, KOTOphle obecrieuuBa-
10T HE TOJIBKO TOYHYI0 aMrumbukauuio TpeGyemo-
ro ¢gparmMenTa, HO H OJIHOBPEMEHHO TO3BOJIAKOT
BBOIMTH YHACTKH IMIPOJIH3A ONPEeEneHHbIX pecT-
pukras (puc. 1.34), HeobxonuMsie 118 3aNIAHHPO-
BAHHOH BCTPOHKH B KJIOHWpYyiommii Bextop. Ilpu
3TOM KosimuecTBo UcxoaHoi JTHK, conepxaineii ne-
JIEBYIO TOCHIEIOBATeNIEHOCTh, MOXET OLITh OueHb
MabIM.
OauroHyieoTHAHbIe MHKpouniibl. B 1988 .
rpymmoii ywennix Mucturyra MonekynsipHoi Guo-
norum uM. B. A. Durensrapara PAH, pykosoaumoii
A. JI. Mup3zabexoBbiM, Obiia MHHIMMPOBaHA pa3-
paboTKa OTHIrOHYK/ICOTHIHbLIX MHKPOHHIIOB (Mmicro-
chip), HHAYEe HA3LIBAEMBIX ONMIOHYKJICOTHIHBIMEH
MHKpOMaTpHiiaMe (microarray). [lensio 310T0 HMC-
cienosauus Geuia pazpaGortka MeTona, MO3BONAIO-
HIETO CeKBeHUpOoBarb KopoTkHe pparmentrr [JHK
nyTeM rubpHaM3anMK © ONMIOHYKICOTHIAMH W3-
BECTHOI 1OCNIEA0BATENBHOCTH, KOTOPhie HMMOOH-
JIH30BaHB] Ha TBEP/IOM HOCHTEJIE B CTPOro onpejie-
JIEHHOM TIOpAJIKE (3TO U HA3LIBACTCH MUKPOMATPH-
HEH MM MHKPOYMTIOM).

B paneHeiimem Onaropaps co3paHHio crieiu-
ansHOro obopynosanus ynanocs poborusuposars
NpoTece NOMYYEHHA MHKPOYHMIIOB C HAHECEHHEM
B CTPOI'O ONPECAEHHOM HNOPAAKES MHKPOKOIHYECTB
onvronykneoruaos Wi ¢parmentos  JIHK
(x/IHK) na teepasiit HocHTENb (0OBIMHO HCIONb-
3YI0T CTEKII0, HEMIOHOBBIE MEMOpalbl, CHIIMKOHO-
BBIE [MOBEPXHOCTH W JIp.). 3TO NO3BONKIIO CO3/1a-
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BATH MHKPOMATPHIIBL, COICPIKAIIHE HA TIOBEpXHOC-
TH B HECKOJIBKO KBAJPATHBIX CAHTHMETPOB COTHH
W THICAYH HHIHBMAYATBHBIX MPO0 JU18 MOCHeayro-
wied rubpummzauuu. IMpenaparsr [JHK, npenuas-
Ha4yeHHble Juid rUbpHAM3anMH Ha MHKpOMHIE,
¢uryopecuenTrO MeTst, 06buHO B niponecce TTLP.
[Mocne rubpransanuy ¥ OTMEBKH MUKPOYMIT aHa-
JIM3NPYIOT € MOMOIIBIO JIa3epHOro CKaHepa H [aH-
Hble (ITYOpECHCHIMH Kaxa0H AUCHKHM MUKPOMAT-
pHULBI TIOABEPTalOT KOMILIOTEPHOH obpaborke, Hc-
NOJIB3YS CrielHaibHOE NporpaMmHoe obecneyeHue.

CekseHupoBanHe MHorouncneHuslx kJIHK
H TOJIHBIX TEHOMOB BCE PACHIHPSIONIErocs CekTpa
OpraHM3MOB co3gano Gasy ana NOMy4YeHHs MHK-
POHHIIOB, NO3BOJIAIONMX ONHOBPEMEHHO HM3y4arh
IKcnpeccHio 6oTbmoro YKca reHoB Ha YPOBHE [ie-
noro redoma. [lepsyro pabory nansoro wampas-
neHus Bemosuvmn M. lllen ¢ corpyaHHKaMK
(1995 ), co3paB MUKpPOYMII HA OCHOBE amiUiHgu-
uuposannsix B [TLIP ¢pparmentoB k/IHK s1s 48 re-
HOB pactenusi Arabidopsis thaliana. V3 nuctues
W KOpHeH pacTesui Beiaensim cymmapryto MPHK,
triyopecueHTHO METWIH B peakuMu obparHoi
TPaHCKPHITUMK M ruGpHIM3OBaIH € CO3NAHHBIM
MHKpOYMIIOM. PesyiieTarel aHanM3a MpOAEMOHCT-
PUpPOBaJIH, HTO OKCIIPECCHA H3YHEHHBIX TeHOB
B JMCTBAX M KOPHAX OJHOTO M TOTO K€ pacTeHHs
painHuaerca (puc. 1 Ha uB. BKICHKe).

B paneweiiiem pasnugaeTcs ObUIM CO3/IAHEI
MUKPOMATPHIIE C HAHECEHHBIMH B CTPOIOM HOpSiI-
ke obpasuamu ITLP-pparmenTos xJIHK nns coren
1 TBICAY M3BECTHLIX FEHOB YEJIOBEKA W IPYTHX Op-
raiM3mMoB. YacTo co3naloT crielMaiu3npoBaHHbIE
MHKPOMATPHLB! JUTA aHaIH3a HKCIIPECCHH onpee-
JIEHHBIX THMIIOB TE@HOB; KOHTPOIMPYIOIUX KI€TOu-
HBIH 1MKJl, ANONTo3, CIUIAHCHUHI, TPaHC/IALMIO,
CHHTE3 IIHTOKHHOB, KOMIUIEMCHTa, (JaKTOPOB CBep-
TBIBAHUA KPOBH, (DAKTOPOB TPAHCKPHINIHH W p.
Hanpuwmep, T. Illenk ¢ corpyanmkamu (1998 1), nc-
NOJIb3YS YETBIPE MUKPOUUIIA, COMACPKAIHMX B CYyM-
me $parventa kJIHK mns 6600 resos genosexa,
M3YYHIIM Ha nepsH4HON Kynbrype ¢ubpobnacTos
KOXKH 4€/10BEKa, KaK HHOMIMpPOBAHME LUTOMEra-
TIOBMPYCOM YeJIOBEKa BJIMAET Ha IKCIPECCHIO ITHX
renos. Oka3anocs, 4TO JianHas BHpycHas uH(ek-
M7 JOCTOBEPHO M3MeHsieT (yBeNMuyMBaeT HIM
yMeHBLIAeT) IKcnpeccHio 258 reHos.

Jlpyras rpynna y4€HbIX Ha OCHOBE JIAHHBIX
cekenuposanus JIHK nuromeranoeupyca geno-
Beka cospana B 1999 . MMKpouur, HMCHONB3ys
¢parMeHTsl JUTMHOH 75 HYKJICOTHIOB, COOTBETCT-
BYIOII{HE BCEM TEOPETHHECKH NPEJICKa3aHHbIM OT-
KpBITBIM pamMkaMm Tpancnsaimu. g 151 upycHoi
OPT Obina nokazasa NpomyKiHs crelmMprIecKnx

MPHK u BhisBIeHO Bpems HX OHOCHHTE3a B Npo-
uecce HHGEKIHH.

C. I'yepa ¢ coasropamu (2003 1) ¢ moMomso
MHKpOMaTpuL, conepxamux 15 teic. k/IHK yeno-
BEKa, M3YYH/IH KapTHHY M3MEHEHHA SKCIPECCHM
T€HOB MNEPEeBHBAEGMOH IHHMH IJIETOK 4eJIOBEKa
Hela B npouecce uH(exumy HX BHPYCOM OCIIO-
BaKIMHbL. Be10 0OHapyxeHo, 4TO BHpYCHas WH-
(eKums NPHBOHMT K AKTHBALMY IKCnpeccHH 66 re-
HOB KJIETKH U K penpeccus 1267 resos.

Hcnonesys CHHXpOHHM3OBaHHYIO JIMHHIO (QHO-
poGnacToB u3 3mMOpuona M, C. Mumipga ¢ coas-
Topamu (2001 r.) nperTndmumposamm 188 rewos,
YHAcTBYIOLLMX B PErylsUMH paiHbiX 9Tanos Kie-
TOUHOro HkKia. [loka3ano, 4To 65 H3 HHX perynH-
pytorcs TpaHckpunuuoHHEIM  (daktopom E2F
(pHc. 2 Ha uB. BKJICiTKE).

A. BanTt BoyT ¢ coasropam (2003 1) nccneno-
BaJIK 3KCIpeccHio 271 reHa KIeTOK YeNOBeEKa B yc-
NOBHAX UH(UIMPOBAHKS WX BUPYCOM FPHINA TH-
rna A, BUpyCOM HMMYyHOAE(PHLIMTA HEIIOBEKA, 4 TaK-
we noj aeHcTBHeM MHTEpdEpOHa WM TEILIOBOro
moka. Oxasanocek, 970 Kaxioe BO3ieHCTBHE TO-
pa3HOMY OTpPaKA€TCA HAa IHKCIPECCHH JAHHBIX Te-
HOB (pHcC. 3 Ha IB. BKIeHKe). B TO ke BpeMs 00Ha-
PYKEHO CXOHACTBO B PEryisiliHH KCNPECCHH psja
reHOB NpH MHQEKIMH KIETOK BUPYCOM IpHMIlNa U
noj BIHAHKEM HHTepdepOHa, YTO yKa3biBaeT Ha
BAKHOCTH HHTEPPEPOHOBOIO OTBETA NPH 3apake-
HHH [JaHHEIM BUPYCOM.

Texuonorus JTHK-MMKPOUMIIOB naeT B pyKM
IKCHEPUMEHTATOPOB MOLUHBI MHCTPYMEHT JUIs
ananuia QyHKOHOHMPOBAHHA T'€HOB HE TONBKO
B CHCTEME In vitro, HO U B JKMBOM OpraHHiIMe B 3a-
BHCHMOCTH OT pa3NH4HBIX (PUIHONOTHYECKHX M
narosiorvdeckux cocrosuuii. Tak, K. Burep c co-
asropamu (2001 1) B Teuene 14 Henenb NPHIKK3-
HEHHO HM3Y'a/H JKCIPECCHIO MHOMOYHCTIEHHBIX Te-
HOB B NEYEHH [IMMNaH3e, HHOUIIMPOBAHHON BHPY-
coM renamita C n Goneronieii renaruToM B OCTPOi
dopme. Martepurana vronsHoi Guoncuu 6110 f0-
CTaTOMHO JUs Bblienetus cymmapuoil MPHK, me-
uenns (ryopecueHTHRM KpacuTenem JIHK-konmii
W rubpuaM3aME Ha MMKpOuMIle, coaepxatiem
k/IHK nabopa resos uenoBeka.

Texmonorna  JIHK-mukpouunos  sBnsiercs
ypesshivailHo MHOroobeluaromed Uis HCNOoIbL30-
BaHWA B JHATHOCTHYECKOH TpaKTHKE B Ieliax
uaenTHOUKALMH HHPEKIHOHHLIX areHToB W pai-
nuuEBIX HevH(pexnHonHsIX 3abonepanuii. B nepc-
nektuse OyayT CO3aHbl MHKPOMATPHIBL JUIS Of-
HOBPEMEHHOTO BbIABNCHMA OONBIIMHCTBA M3BECT-
HBIX HHPEKIIMOHHBIX 4reHTOB (BHPYCOB, HAKTEpHH,
fipocredMx M T. 1L.). JIpyruMH MeTonaMM npose-
JIEHHE TAKOTO IKCIPECC-aHATH3a HEBOIMOXHO.
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1.9. BIIOTTUHI NO CAY3EPHY

Ipy apanuie pasneneHHBIX UIEKTpOPOpe3OoM
manexyn JIHK mmpokoe pacnmpocrpaseHue nomy-
4HJI METOJ1 ITEPeHOCA HYKI€HHOBbIX KHCJIOT H3 ara-
PO3HEIX TeNeH Ha HHTPOLELTIONO3HYH Oymary,
paspaboranserii E. Cayseprom B 1975 ; B oTe-
YECTBEHHOH IMTepaType ero MPHHATO HAILIBaTh
6nortuarom no CaysepHy (or asmi. blotting —
npomokanme). CHavana monexynsl JTHK (win ux
(hparmeHTHl), pasjeneHHbIe M0 pasMepaM NEeKTpo-
(opesoM B IUIACTHHAX arapO3HOro Tens, JeHaTy-
PHUPYIOT IIENOYBIO, TIOCE HEHTPaIH3aliH THenouu

TINACTHHY TeJs NOKPHIBIOT TMCTOM HUTPOLEIUII0-
no3el. Ha BMTpOnENMONOZy NOMENMAIT CTONKY
mictoB (uIbTpoBanbHONH Oymarwu, koTopas obec-
neuusaeT MeleHHBH Tok OGydepHoro pacreopa
Yepe3 renb B HanpapieHHH, NEpreHIHKYIIPHOM
Hanpasnesmio snekrpodopesa (puc. 1.35). THK
AubpyEINpYeT M3 FeNs W CBA3LIBAETCS C HHTPO-
uenmonosubiM  Gunsrpom. Ilocsie nporpesanus
¢uaerpa npu remneparype 80 °C s Bakyyme THK
HeobpaTHMO HMMOOHITH3YETCS HAa HHUTPOILIEILIOIIO-
3¢. ITpu 3TOM pacnonomkerHe Moa0C UMMOGHIH3O~

JIHK HsyuaeMstit ren

Mizpomus lunponws
pecTpukTalof R, / pecrpHkTazoll R,
e ""_"'—_- — —_—
a— e |
1. DnexTpodopes s rene
araposel
2. Oxpamusanue [JHK B rene
OpOMHCTBIM 3THIHEM
3. ®oTorpadmposarue res
npu YO-ocretneHnH
— | Tembmocne
— anektpoopesa
Ilepenoc pparmernTos JIHK

|

H3 red Ha HHTPOLe/umIonosHelit Gunbtp

/
2
4

|

1. Twbpummzamua JTHK Ba dhumstpe
¢ *P-MeqerHBIM 30HI0M

2. Papuoasrorpadus dunstpa

Pagmoasrorpad

Puc. 1.35. Cxema metona neperoca (pparmertos JTHK Ha HuTponeonosnyio Gymary no Caysepy:

1 — rpy3: 2 — (uasrposaneyag Gymara; 3 — HHTpouenmonodvikil GUILTp;

4 — renk; 5 — Gythepumnii pacteop
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BaHHO#H JIHK TOYHO COOTBETCTBYET MX PACIIONONKE-
HMIO B rere.

JHK, ceszauHyo ¢ QuisrpoM, MOxHO rubpu-
[M30BAaTE C PAJAHOAKTHBHO MEYEHHBIM 30H/IOM,
coen(PHYHLIM K ONpeAeneHHON Mocieaosare/is-
HOCTH. B KayecTBe TaKoro 30HJa MOKHO HCHOb-
30BaTh KIOHHpoBauHbi# (parvent [IHK, cuarern-
yeckuil omronywieorws, PHK unu ee JIHK-xo-
mHi0. Meuenniii 3001 rubpugnsyercs ¢ JIHK, co-
Jepxaileli KOMIUIEMEHTapHBle eMmy NOCne/ioBa-
TensHocTH (cM. puc. 1.35). Monocsl ruGpumso-
BaBuieiica JIHK suiaBiAiorcs mocne pajHoaBTo-
rpaduy HHTPOLEUIIONO3HOro (umsTpa.

Biiorruer no CaysepHy fBISeTCH MCKIIOUHM-
TEJBLHO MONE3HLIM METOIOM /TS YCTAHOBJIEHHA J10-
Kalu3alMd TeHOB B (pparmMeHTax, MOMYyYEHHBIX
TOCJIE THAPONM3A pasIMuHBIMH PECTPHKTA3aMH
rubpuanbix Monekyn JHK, xpomocomubix JITHK
M T. . B 9acTHOCTH, faHHEI nonxon obecrieurpa-

1.10. UMMYHOBNOTTUHI

B ofwemM cmeicie nop MMMYyHOOGNOTTHHIOM
NOHHMAKT aHaIN3 cMECH BenKkoB, NepEHECeHHBIX
Ha TBEpAYIO TIOLTOXKY-MeMOpany, ¢ KOTOpOH OHH
CBA3LIBAIOTCA KOBANEHTHBIMM CBA3SIMH, C HoOCie-
ayroniel  MMMYHOIeTeKieil. AHaIM3HpoBaTh
MOXKHO cMeCh GelKOoB, HENOCPEACTBEHHO HAHECeH-
HYI0 Ha NOJUIOKKY, — dom-6/10m ananu3s (OT aHriL.
dot — pATHBIIKO) — nubO mocne ee npeaBapH-
TEJTLHOrO (PPaKkiMOHHPOBAHHSA METOAAMM IEKTPO-
dokycupoBanus, aMck-aneKTpoopesa wiH aBy-
MepHoro snekrpothopesa — Becmepu-Gniom ana-
auz (Western blotting). Taxas mMeTomonoris npu-
MeHAeTCs TaKke s o16opa KIOHOB Oaxrtepwii,
daroB uaH BUPYCOB, HKCIPECCHPYIOLIMX MPOLYK-
Thl HENEBHIX KIOHWPOBAaHHEIX TeHoB. [lepeHoc
Genkos Ha MeMOpaHy ocyulectTBaAercs iubo nac-
CHBHO, THOO ¢ HCTIONL30BAHHEM aNnaparypsl a1s
anexrponepenoca. Ha sddexTuBHOCTL NepeHoca
GenkoB Ha mMemOpaHy BiHMseT MHOKeCTBO (akTo-
POB, TaKHX Kak MOjeKynspHas mMacca Genkos, mo-
PHCTOCTD FeJIs, BPpeMsl IEPEHOCa M COCTAB HCNQTb-
syemoro OydepHoro pacteopa (tpanc-Gydepa).
B 3aBMcHMOCTH OT 3aj1a9 ¥ yClIOBUH NpoBeaeHHs
3KcnepumenTa noabupaiorcs ycnopus mepeHoca,
obecrieHBalONHe HANIYTIIHE PE3YILTAThL.

B kauectBe nopioKeK OOBMHO HCUIONL3YHOT
HHUTPOUC/UTIONO3HbIE, TIOMHBHHHAKIEHIRGIYOpH-
Hele (IIBJI®) WIH NONOKHTENBHO 38psUKEHHbIE
HEILIOHOBBIE MEMOpaHBI.

HuTtponesmonosa moxer cBasbiBath no 80-
100 mrr Genka Ha 1 cM2. HuskomonekynspHsle
Genkn (¢ monekynspHo# Maccoil mMeHee 20 x/la)
MOryT OBbiTh YTEpPAHK! B Pe3ybTare INPOMBIBOK

€T BO3MOKHOCTh [IPEABAPUTENLHO HCCIEN0BATh
NONHMOPhH3M OnpeneneHHBX NeHETHYECKHX J10-
KYCOB MO JUIHHAM COOTBETCTBYIOLMX PECTPHKLH-
ounbix (pparmentop JIHK. Kpome Toro, ¢ mno-
mMoieio rubpuamsanun no CaysepHy MOXHO JIETKO
BBIACHHTH, HMEET JIH LIEJIEBOH reH y9YacToK I'Hi-
po/iH3a ONpEJICNIEHHON pPECTPUKTAa30H B CBOEH
BHYTpeHHE# 4acTH, 4TO no3sojser BuOuparsh Of-
TUMATLHYIO CTPATErHio KJIOHHPOBAHHA H3yYaeMo-
rO paiioHa reHoma,

Tlo ananornysoi cXeMe M3 arapo3HOIO relis Ha
HHTPOLE/LTIONO3HBI (PUIBTP MOXHO TEpPEHECTH
u monekynsl PHK. 3tor meron 6611 nasgan Cesep-
HeiM GnorTurroM (Northern blotting) B npotHBo-
nonoxHOcTs Giortunry no Caysepry (Southern
blotting), Tak kax damuims Cay3epH B aHITHHCKOM
A3bIKE O3HA4aeT «IokHBI. Ilepenoc Ha QHIBTPEI
u3 rens GenKkoB COOTBEICTBEHHO Ha3Bany 3anai-
HeIM 6oTTHHTOM (Western blotting).

nocJie IMEKTPONEPEHOCA, YTO CHIXKAET YYBCTBH-
TENBHOCTh, ONHAKO HCNONL30BaHHE MITYTapoOBOro
anpaeruja wis pukcanuy OeKoB HITH HHTPOLE-
JIHONO036I ¢ MenkuMH opamu (0,2 MKM) 3HaYHTeNb-
HO CcHIXaeT 3T niotepu. Kpynusie 6enku (Gonee
100 x]la), neHaTypHpOBAaHHLIE B PACTBOpE o€~
wwicynbdara Harpus (SDS), moryr ciabo nepero-
CHTBCA Ha memOpany, ecnu B Tpanc-6ydepe npu-
cyrerByer 31aHon. Crupr 3HaYHTEIBHO YIyYIuaeT
nepenoc 6eskoB ¢ SDS-nonHakpHiIaMHaHOrO rens,
HO CYHAET 0PI B reNle, 4TO ¥ MPHBOAKT K 3a/1€PK-
Ke KpynHeIX OenkoB. MembGpana JIBJ/I® omrimsu-
3MpPOBAHA /Ul TPOBEACHMS HMMYHOACTCKLHH H
criocofHa y/iepxHBarh crielu)HYecKy CBS3aBLIne-
cs1 6enu 10 160 Mir/cvm? Ipy OuEHb HU3KOM ypOBHE
Hecneumduueckoro cpasbiBaHus. HemanosaxHoe
CBOHCTBO 3T0H MeEMOpaHbl — BO3MOXHOCTE €€ MHO-
rOKpaTHOro ucnons3osanns. Hefinonopsie MemOpa-
Hel Zeta-Probe a¢dextusro ceazbiBaior SDS-6en-
KH B OTCYTCTBHE CIIHMPTA, MPHYEM 3TO CBA3BIBAHHE
ycroiunBo K nocnenyommy obpaborkam. Husko-
MoneKyNspabie OeNKkn Taloke Ylep)kHBaloTCs -
(hexTuBHO. Brarogaps BEICOKOH CBA3bIBAOLIEH €M-
KOCTH — 0k0n10 480 mir Gemka Ha | cM2 — memOpa-
HBl Zeta-Probe nossonsior obHapyxwusarh cireno-
Bbl¢ KOJIMYECTBA Oelika B aHAIM3HPYEMBIX CMECAX.
[Tocne Toro Kak aHTHIeH OKa3kIBAETCA HMMO-
Grim3oBaHHBIM Ha MeMOpaHe, OCTaBIIHECH IIEHT-
pel CBA3LIBAHMS OIOKUPYIOT pacTBOpaMH XeslarTu-
Ha, b0 OBIYBErD CHIBOPOTOMHONO ANLOyMHEA,
6o oBEPKMPEHHOro MONOKa. 3aTeM MemOpaHy

HHKYOHpPYIOT B PacTBOpEe NOJHKIOHAJIBHBIX HIM
MOHOK/IOHAILHBIX AHTHTEIN K HCCIEyeMOMY aHTH~
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reny. Ilocrme OTMBIBKH HECBA3ABIDHXCA AHTHTEN
MeMOpany MHKYOMpYIOT B pacTsope BTOpHYHEIX
aHTHTEN, KOTOPBIE NPEACTABIAIT COO0H KonbIOTaT
(hepmenTor wenodnod $ocarassl (alkaline phos-
phatase, AP) nnu nepoxcs passl Xpena (horseradish
peroxidase, HRP) ¢ aHTMBHAOBEIMH AHTHTEIAMH
(KO3BM anTHTENa K HMMYHOIIOOYIHHAM KpOJIHKa,
MBILH WK uesioBeka) nubo Genkamu A (6enok Sta-
phyloccocus aureus) wnu G (Genok Streptococcus
Sp.), HMEIOIMMH BICOKYI0 apdunnocts k Fc-06-
JNacTH HMMYHOoGynuHOB. JleTexkumio obpa3zopaH-
HEIX WMMYHHBIX KOMIUIEKCOB TMPOBOIAT XMMHYE-
CKHM HJIH XeMHIIFOMHHECLIEHTHBIM CIIOCODOM.
CyOciparamy 1A XMMHYECKOH peakiuuu 1pu
HCIIONB30BaHUH KOHBIOTATOB 1UENo4HOH docda-
Taskl cioyxar S5-6pom-4-xiaop-3-usponungocdar
(BCIP) unu tetpasonuii ronyboii (NBT), a npu uc-

NOJL30BAaHHH KOHBIOrATOB TIEPOKCHa3k] XpeHa —
4-xnop-1-HadTon U nepexucs Boaopojia. B pesysib-
rare QepMenTaTUBHBIX peakiuii Ha memOpane 006-
pasyeTcs OKpalliCHHasA nosioca WM NITHO B MEcTe
NOKAIM3aINH KOMIIEKCA aHTHIeH—-anTHTe0. Yys-
CTBHTENBLHOCTE JAHHOMO MEeTOJa COCTaBider
100 nr Ges1ka NpH HCMONBL30BAHKWHM KOHBIOTATOB AP
1 100-500 nr npy HCNONB30BAHHHM KOHBIOTATOB
HRP.

XeMuwIiOMHHECHIEHTHAA NETEKINA UMMYHHBIX
KOMIUIEKCOB [03BOJIAET ONPEAEATs MEHee 5 nr
auTHrena. [IpHHIMO TOr0 METoia 3aKmoYaercs
B ToM, 9TO npu peakuan HRP ¢ mepekwceio Bo-
noposa ¥ HMKIHYECKUM AHALMITMAPa3HHIIOMU-
HONOM NPOMCXOHMT IMHCCHA CBETA JUTHHOH BOJIHEI
428 uM, kotopas Moxer ObITh 3a(MKCHpOBaHa Ha
CBETOYYBCTBHTE/ILHOH ILUIEHKE.

1.11. PASOENEHUE 3NEKTPO®OPE3OM MNrAHTCKUX MONEKYN OHK

OOpmEpi BapHaHT Tenb-anekTpodiOopesa He
nosponser pasnennts ¢parmentsl JIHK, pasmep
KoTOpeiX mpesbimaeT 50 tnH. [lanvoe 3arpyame-
HHE YIaJIOCh NIPEOJIONETH MOCje Toro, Kak B 1984 1.
Obu1  paspabGoran MeTton  rens-anekrpodopesa
¢ mynbeupyromm noneM (pulsed field gel electro-
phoresis, PFGE), wHa3elBaeMblii TaKOKE mpibc-
anexmpogpopesom. ToKazano, 4T0 €U C HEKOTO-
po# YacToTO# MEHATH ONpenenenHbM 06pa3om Ha-
MPaBICHHE EKTPHHYECKOIO HONA, TO MOJEKYIbi
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Puc. 1.36. Cactema nynsc-anekrpodopesa,
pazpaborannasn ¢upmoii Bio-Rad Lab.

C nomMolLEs0 3MeKTPOHKKH Ha 24 aiekTpoga NOA&IOTCA 1o-
TEHIHMATE! TAKHM 00Pa3iomM, STO BEKTOP JCKTPHYECKOIO Noas
HMeeT Hanpasaerne mubo a, mubo 6; & — cpennmi BexTOp
INEKTPHYECKOTO NONE, NOIYYseMblil B Npollecce 3MeKTpo-

dopesa

JIHK pasmepom no 10 mn (!) nu npuobperator
cnocobHOCTL NEpPEOPHEHTHPOBATECA H MPOXO-
JIHTHL Yepe3 Mopesl B OOBIMHOM arapOo3HOM Tene.
I'e;s noMemniaercs B A4EHKy, uMmewonyio Gopmy
[ECTHYTIONBHHKA, HA KAXKAOW CIOPOHE KOTOPOro
pacnonoxkeno 4 anexrpona (puc. 1.36). INepronu-
YECKOE M3MEHEHHE HANpaB/eHHs BEKTOpa MeKT-
puueckoro nond non yrinom 120° ofecneuuBaer
BO3MOMKHOCTE PasflelIeHHs THTaHTCKHX MONEKYI
JIHK. Hanpumep, y nposckeit Saccharomyces ce-
revisiae NaHHEIM METOAOM MOKHO pasfciHTh BCe
16 xpoMOcoM, KOTOpEIE HMEIOT pasmepsl ot 0,2 o
2,2 MITH IH.

[Mynsc-3nexrpodopes ABUICH HOBLIM MOLIHBIM
METONOM H3yYeHHA MOIEKYISApHOH OpraHM3alHH
ruraaTekux JIHK. Peaxowensiye pecTpHKTalkL,
Y3HAIOIHE TOCNeoBareNsHoCcTs H3 & mH (Notl,
Sfil, em. tabn. 1.2), ruapomusyror JIHK, kax mpa-
BHIIO, ¢ 0OpazoBaHueM O¥eHb KpyHHEIX parves-
TOB, KOTOPLIE YIAercs pasfeliuTh TONBKO C 1O
MOUBI MyNbC-aNeKTpodopesa. ItH dparMenTr
MOYKHO NEPEeHOCHTH M3 INesil HA HUTPONE/LTNO3-
Hele punsTpsl no Caysepny. Jlns aroro JIHK ¢par-
MEHTHPYIOT B Tesie, obnyuas ymsTpaduoneTom
10CHE OKPACKH OpOMMCTHIM HTHIMEM HITH pacilen-
JAS XHMHYECKH.

O6neaunenre nynsc-anexrpodopesa ¢ Grnor-
THHroM 110 CaysepHy no3BoJisieT KapTHpoBaTh Ie-
HBI, aHAJTH3HPOBaTh TIEPECTPOHKH B XPOMOCOMAX,
BBISIBIIATD HHTEIPALMIO HYKEPOAHBIX MOCIEN0Ba-
TENBHOCTEH B ONpEACIEHHBIE XPOMOCOMBI, H3Y-
Yars OGIMOoTEeKH KJIOHHPOBAHHBIX KPYTIHEIX (ppar-
mentoB JIHK u T. n. Bee 310 ofecrieuuBaeT HOBRIEH,
Gonee BLICOKMI YPOBEHB MONEKYIAPHO-TEHETHYE-
CKOro MCCHENOBaHKHA Pa3IHYHBIX OPraHH3MOB.
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1.12. METOAblI XMMUKO-OEPMEHTATUBHOIO CUHTE3A
ABYXLEMNOYE4YHbLIX ®PArMEHTOB OHK

B nacrosiee BpeMs, nocne 3aBeplieHus npor-
paMMbl «I'€HOM YEJTOBEKA», THICAYH HEM3BECTHRIX
panee OEKOB CTAIH NOCTYIHBIMH JUIS H3yHeHHS.
Y100661 BRIACHHTE HX GHONOrMYECKYIO pOih, HEO6-
XOAHMO JKCTIpECCHPOBATE COOTBETCTBYIONIHE Te-
Hbi M BbUIEIHTL pekomOuuanTHbiE Oenku. [Tpoute
BCETO MCTIONB3IOBATh JUIA 3TOH LEJH NOCHENosa-
TEJIBHOCTH TPHPOAHBIX TEHOB, NOJAYYEHHBIX, Ha-
npumep, ¢ nomoutsio TP miw u3 resoMHBIX GHG-
JvoTeK. OJiHako TakoH MOAXO0 YaCTO HE IPHBOAMT
K JKEJIaeMOMY PE3YNBTaTy TPH SKCIPECCHH YyXKe-
POIHBIX T€HOB B FETEPONOTUYHOM CHCTEME, HATIPU-
mep B E. coli win ppoxoxax. Takue ocnoxHeHus
CBA3aHEI C BHICOKHM coaepxanmem GC-nap B npu-
POIHBIX FeHaX, HCIONB30BAHHEM PA3HbLIX KOJOHOB
B pasnHYHBIX CHCTEMAX IKCOPECCHH, CIIOMKHOM
HHTPOH-IK30HHON CTPYKTYPO#i FeHOB. JTH npob-
neMbl MOrYT OBITH pEeHIEHB! ¢ HOMOLBI) XHMHKO-
(hepMEHTATHBHOIO CHHTE3a FEHOB.

Tlps nraHupOBaHKH CTPYKTYPHI T€Ha MOMHO
3apaHee IpeyCMOTpeTs HeoOXOAMMBIE YHaCTKM
y3HABaHHs PECTPHKTA3, 94T OONErYHT MaHMITYIH-
POBaHHE C LENEBHIM TEHOM, YHECTh OCODEHHOCTH
MHMKpPOOpTaHH3Ma, B KOTOPOM IpearonaraeTcs
OCYILIECTBHTE €r0 3KCIPECCHIO, BRIOpaB Hanbonee
MOAXOAAIIME [UIA FTOr0 KOMOHBL, HM30aBHTLCA Kak
OT HEXeNarTe/bHbIX HHBEPTHPOBAHHLIX [IOBTOPOB,
BEIYUWX K (POPMHPOBAHHIO BTOPHYHBIX CTPYKTYP
MPHEK, Tak ¥ OT NpsiMbIX TIOBTOPOB, criocobcTy10-
IHX BHYTPUMONEKYISIPHOH peKoMOMHALHH.

Hcxyccreerrrie [JHK B HacTosmee Bpems mpe-
Bparnikch B 3(eKTUBHBIH MHCTPYMEHT MOJIEKY~
nsapHO# OHonoruy. OHKM HAXONAT NHPOKOE PHME-
HEHHeE:

*  1pH co3naHuK OEJIKOB C YIyUIIEHHBIMH CBOH-
CTBaMM;

*  BBefICHHMH HEOOXOMMBIX MYTAlIHI B MEHEL;

*  KOHCTPYHpOBaHMH XHMepHbiX OenkoB (Hanpu-
Mep, nyreM KoMOuHMpOBaHHS (QyHKUHOHANL-
HbIX JIOMEHOB pa3WYHbIX OENKOB JUIS cO3ja-
HHS (PEPMEHTOB C HOBBIMHM KATATHTHYECKMMH
CBOHCTBAMH WIIH CIENH(HEHOCTEIO);

* KOHCIPYMPOBaHHH TI€HETHYMECKMX CTPYKTYP,
[103BOJIAIONIKX TIPOBO/IMTE IPOCTHIE FEHHO-HH-
JKEHEepHBIE MAHHITY AWK Grarofaps HaiH4Hio
B JIHK 3apanee 3annaHupOBAHHBIX PECTPHK-
IMOHHBIX CaiHTOB.

CyuiecTByi0T pasiM4HblE METOAMYECKHE IO/~
XOIlbl K CHHTE3Y HCKYCCTBEHHbBIX T'€HOB.

1.12.1. Memod Kopamue!

MeTonoNOrHA  NOMYYEHHA MCKYCCTBEHHBIX
npoTskeHHsIX (pparmentos [JHK HeperynspHoro

crpoenus Obuia Brepsbie npeiokena I. Kopanoi
B Havane 1970-x rm. C nepBEIX MaroB ero Hecneao-
BAHMA CTAJO #CHO, 9TO pailpaborars npoueaypy
NOJHOCTBEIO XHMHYECKON0 CHHTE3a NOCTaTOYHO
npormkenssix nened JIHK spsan nm ynacres. Ilo-
sromy OByl npe/LIOKEH MeTO/, COMETAIOMMHE XH-
MHYECKHH CHHTE3 HYKJIEHHOBBIX KHCIIOT C MpHH-
LIMIIOM KOMILIEMEHTapHOCTH ocHoBanmid JTHK.
PeanuzoBare naHHeild Toixon ysanock Gnaro-
naps ucronssosanuio JIHK-murasel, nossomsioniei
KOBAJICHTHO NPUCOEAMHATL JPYT K APYTY CHHTE3H-
POBAHHBIE XHMHYCCKHM MYTEM OJTHNOHYKICOTH/IBI
B KOMIUIEMEHTAPHBIX KoMIUlexcax (puc. 1.37).
KoBajieHTHOE TIPHCOEHHEHHE TIPOMCXOAHT
B TOM CJTyvae, KOT/ia /iBa CMEXHBIX y4acTKa OIHOro
OQNMroHyKJeoTHaa (3) KOMILIEMEHTApHB KpaiiHUM
(pparmMeHTaM IPYrHX ONHroHykieotHzos (1 u 2),
KoTopble OGnarofaps KOMILIEMEHTAPHLIM B3aHMO-
NeHCTBHAM YK/1a/IbIBAKOTCA Ha TIEPBOM KaK Ha MaT-
puue. [Ipu 3moM KoHIIE! MX QHUKCHPYIOTCA Tak, ¥TO
UX MONOXEHHE MaKCHMaipHO GuaronpuaTHO 414
obpazopanms kopasienTHOH (hocdommaduproi cps-
3. [Mociie Toro Kak nurasa COEAMHHT 3TH J{Ba KOH-
na, obpasyercs neynuresas JIHK-nogobras crpyx-
Typa, COCTOAIIAs 13 onHrorykeoTHioB 3 1 4. Coe-
NMHEHHA 3 H 4 BLUIENAIOT K HCTIONB3YIOT JUIA J1a.Thb-

%
1 l 2
5' T-G-G-T-G-G-A-C-G-A-G-T C-C-G-G-A-A-T-C 3
3 T-G-C-T-C-A-G-G-C-C &
3
1. JHK-mwraza

2. Buigenenue dpparmenrta 4
r

5' T-G-G-T-G-G-A-C-G-A-G-T*C-C-G-G-A-A-T-C 3'
4

Omaronyxaeornas 3 u 5

- -

== -

Puc. 1.37. Cxema KOBANCHTHOM CLIHBKH
OIMIOHYKICOTHAOB B KOMILIEMEHTAPHOM JyIL1EeKCEe



60 Inaee 1. OBLUWE NPUHLIMNEI 1 METOOL! FEHETUYECKOM MHXEHEPUIA

a — e —— ——— -—— -—
) — — — i — —_—
lm-ﬂ(-ﬂnma l,llHK-nmm l)IHK-nmma
5 [ W W W— -——— ———
—_——y P S — —_—A
lﬂHl(-mim:m
-4 _— A A A A A A

l Knouupopanue

Puc. 1.38. Cxema xumuko-pepmerrarneroro cuntesa JIHK no Kopane:

@ — CHHETETHYECKHE QIHIOMEDSI; § — JYIIeKChl-HHTEPME/IHATLI; 6 — UeeBoil (parvenTt msyxuenovesnoi JHK.
Yepuniv kpyakom ofosnaven 5'-xonuesod Gocdar

HeHIero HapauHBaHKA NONHHYKIeOTHIHOM LIeTTH.
AHANOIHYHO K ONHIOHYKJICOTHAY 3 MOXKHO NpH-
COSNHHUTL ONMUIOHYKIEOTHH 5, HCIIONB3ys B Ka-
YEeCTBE MATPHIILI CHHTE3MPOBAHHBIH OTHI OHYKIIE0-
T™HI 4.

MecTa KOBaTEHTHBIX CIIHBOK, & C/EI0BATENE-
HO, H CTPOEHHE NOJYYEHHBIX OJIMIOHYKICOTHIOB
onpesiensioT MeroaoM Gmuxalmmx cocenei. na
31010 5'-KOHLIEBEIE (hocaTHbIe TPyTITIBI OMHTOHYK-
NEOTHAHBIX (PparMeHToB MeTST uzorornom 2P (ua-
npuMep OMHroHyKIeoTHas! 2 M 5, cm. puc. 1.37).
IMomyyennbie B pesynbTate AMTA3HOW peaKLHH
OJIMTOHYKI€OTH LI (Harnpumep, 4 ¥ 6) rnocne seige-
JIEHUA H OYHCTKH TIONBEPraioT MONHOMY I'H/IPOJIH-
3y nox neiicTereM hocdonurcTepaisl H onpesnens-
10T, KaKoH M3 HyKneoTHnoB conepxut 32P. Meue-
Has QocdaTHas rpymnna okaxercs y 3'-KOHLEBOro
MOHOMEpa ONHMIOHYK/IEOTHIE, K KOTOPOMY o
nercteuem JIHK-ymraser Obinl  mpucoenmuen
5'-xoruesoii docdar BTOPOro ONMroHYKI€OTHIA,
H TakumM o6pasom GymeT onpeseneso MECTo ClIHB-
kH. Ecmu, manpumep, npu nogobro# obpaborke
ONTMIOHYKIEOTHIOR 4 H 6 MeTKa 3ZP OKaMKeTcA CBA-
3aHHOM € THMHIHHOM, TO 3TO OLHO3HAYHO NOM-
TBEPOMT NPABHIRHOCTh TPHCOEIMHEHMS MHCXOJ-
HbIX (parMeHToB.

Crparerus cHHTe3a NBYHHTEBBIX ()parMeHTOB
JHK no Kopase cOCTOHT M3 CIEeQyIOIIHX 3Tanos:

1. XuMuyeckuii CHHTE3 ONMIOHYKJICOTHIOB,
cooTBETCTBYIOIMX 06emM nenessM HuTAM. Onk-
FOHYKJIEOTHIB JIOJKHBI COiep#ath CBoOOmHEIE
koHLEBble 3'- K 5'-rHapoKCHIbHbIE Tpynnkl. Opar-
MEHTH], TPHHA/UVIEKAIIHE K TPOTHBOTIONOXHLIM
LIETIAM, JOJDKHEI TIEPEKPBIBATHCA.

2. ®Qochopunuposarme 5'-THIPOKCHIBHBIX
rpymn ¢ nomoisio [y-32P]JATP B npHCYTCTBHM H0-
JTHHYKICOTHARHAA3E!. HaiMune MeTkH 3HaUHTE b-

HO ofneTyaeT aHANH3 H BhIieNleHHe MPOMEKYTOU-
HBIX NIPOIYKTOB.

3. Konnencanus B npucyteTBru JITHK-nHrase:
TpeX WiH GONpIIero HHciaa ONHIOHYKIEOTHIOB.
Jlna 3TOro ONMIOHYK/IEOTHIb! C NepeKphlBaOIIH-
MHCS KOMILIEMEHTAPHBIMH T10CNIEA0BATEIbHOCTS-
MH CMEUIHBAIOT B YCIIOBHAX, ONTHMANBHEIX IUIA
o6pa3zoBaHua IBYHHTEBOIO IYILUIEKCA.

4. Konjiescalys JyIUIeKCOB C BEICTYNalOIHMH
O[IHOLIETIOYEYHBIMH MOCJIEI0BATEILHOCTAMHE Ha
KOHLIAX B [1e/1eBOH IeH.

5. KnnonupoBaHHe LENEBOro reHa B BEKTOPHOH
MOJIEKyTIe.

Yenex paccMaTpHBaEMOI0 MeTOHa B 3HaYH-
TENLHOH Mepe omnpenensercs NPaBHIBHBIM pas-
OHeHHEM LENeBOH CTPYKTYPHI Ha AYTUICKCHI-HH-
TEPMEJHATE H COCTABIAIOUIHE HX OJHIOHYKIEO-
Tiasl (prc. 1.38). I'naBnoe TpeboBanue K Takomy
pa3brenHio copmynuposaro I'. Kopano# B ocHo-
ponoslaraioniel pabore no CHHTE3y rena mnpen-
LIECTBEHHHKA CynpeccopHoi TUpo3HHOBOH TPHK
E. coli: B npepenax OOHOTO ONHMTIOHYKJI€OTHAA H
B BRICTYNAIOIMX KOHLAX JYTUIEKCOB-HHTEPMEHa~
TOB HE JODKHO OBITh CaMOKOMILIEMEHTEPHBIX
Y4YaCTKOB. YCTAHOBIIEHO, YTO HATTHYHE OJTHTOMEPOB
¢ TakumH yuactkamH (puc. 1.39) sarpynraer obpa-
30BaHME NYTUIEKCOB, a B pajie ciyuaep Boobiie
NIPENATCTBYET HX MOMYYEHHIO.

Onmako 3T0 OrpaHHYeHHe He SB/IAETCSH eHHCT-
BeHHBIM. BRIXOA peeBoi AByXLErNoYe HoH CTpyK-
TYPBl ABIACTCH NPOHM3BENEHHEM BBEIXOIOB TIPOME-
AKYTOUHBIX JyruiekcoB. EciH BBIXOL IyniekcoB-
HMHTEPMEIHMATOB HM3KHM, NPH KOHCTPYMPOBaHHH
nporskenHol JJHK we nmomyuwaercs pocrtatodso
MaTepHaia Aj1d KIOHHpoBaHud. [ToaToMy KOHeH-
canMa ONMIOHYKJICOTHIOB HBIMETCH KIIOYEBOH
craaued cHuTesa JIHK no merony Kopasrml. IMpo-
BE[IEHHE €€ YacTO 3aTpymHsercs H3-3a obpasopa-
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a 5'TTCGAAGGT TCGAAGTCGA TCGAAGTCGA TCGAAGTCGA 3'

3" TGGAAGCTT

6 3
G

A3

G—-C
-6
A-T
G—C
A-T

AGCTGAAGCT AGCTGAAGCT AGCTGAAGCT 5'

Puc. 1.39. IlpumMeps1 CRMOKOMIIIEMEHTAPHOTO B3aHMOICHCTBHA:
4 — OIHTOHYKNEOTHIOB; § — 0fHO# 13 Lenlel AYIIeKCa NOCHE CHIHBKH ONHTOMEPOB

a 1

3] s

TCGTGGTGGGGGAAGGATTCGAACCT
AGCACCACCCCCTTCCTAAGCTT

Onwronyireornasl  Jlnraza 2 4
1+2+3+4+5
6 1 s L s 1 2
TCGTGGTGGGGGAAGGATTCGAATCCTTCCCCCACCACGA
AGCACCACCCCCTTCCTAAGCTTAGGAAGGGGGTGGTGCT
2 s + 31 1
6 6 | 7
TTTAGAGTCTGCTCCCTTTG
TCAGACGAGGGAAACCGGC
s 1 9
Onuronykneoruasr  Jlkrasa
6+7+8+9

6 | 7 | 7

TTTAGAGTCTGCTCCCTTTGGCTCCCTTTG

TCAG&CGAGGTGAAACCGEC
8 9

Puc. 1.40. TIpumeps! 06pa3osasus LeseBbiX (4, 6) H HeNPOAYKTHBHBIX (6, 2) KOMILIEKCOB.
Crpeaxamy oTMeyeHo paibuenie Ha OIHTOHYKICOTH B!

HHA MHOTOMHMCJIEHHBIX NODOYHBIX MPOAYKTOB, BO3-
HHKAIOLIMX B PE3yNbTaTe KOHKYPEHTHOIO KOMIUle-
MEHTEPHOTO B3aWMOJIEHCTBHA MEXJLy OJIMromepa-
MH H H3-38 (JOPMHUPOBAHMA HETPOAYKTHBHBIX KOM-
TIJIEKCOB, COEpMaIuX HekaHOHHYeckHe napsl GT,
AC, TC.

OcobenHo HaMmMAMHO NPOSBIAIHCEH 3TH OCJIOK-
HeHHs B paHHMX paboTax NpH HCTOIB30BAHHH KO-
POTKHX OJIHTOHYKJICOTH/IOB, CHHTEC3HPOBAHHBIX [H~
aupEBIM MeTomoM. s KOHCTPYHpOBaHMA reHa
NpeiieCTBEHHHKA CYTNPECCOPHOH THPO3HHOBOMH

TPHK npuMeHAIHCh OMHMIOHYKJICOTHIBl [UIMHON
ne bonee 15 3penses. [losTomy, HanpHumep, NpH
TIony4eHHH Tiepporo O71oka 3TOro TeHa Hapaay ¢
LieJIeBBIM KOMILIEKCOM @ 00pa3oBLIBA/ICS «Hernpa-
BHJBHBEIH» KOMIUIEKC 6, ABIABLIMICA TPHYHHOH
NOSBNIEHMA 3HAYUTEIIHHOIO KOJTHYeCcTBa NobouHsIX
nponyktoB (puc. 1.40). IpH romyueHHH nyruiex-
ca ¢ u3 apyroro Guoka 3Toro rexa Owinm oGHapy-
3#eHb! N0O0YHEBIE MPOAYKTEI — MPOH3BOAHBIE KOH-
KYPeHTHO 00pa3yiolerocs KOMILIEKCA 2, ColepKa-
1iero B cBoeM cocrase TG-napy.
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EcoR1 Met Ala Gly Cys Lys Asn Phe Phe Trp Lys Thr Phe Thr Ser Cys Stop BamHI

v v

v

S'AATTCATGGCTGGTTGTAAGAACTTCTTTTGGAAGACTTTCACTTCGTGTTGATAGS
GTACCGACCAACATTCTTGAAGAAAACCTTCTGAAAGTGAAGCACAACTATCCTAG

f

t t

Puc. 1.41. Crpykrypa CHHTE3HPOBEHHOTO FEHA COMATOCTATHHE.

Crpenkamy ykaszaHo pasbHeHHE HA ONHIOHYKIEOTHIbI

B psise ciyuaes u3-3a nonobHbIX 3aTpynHeHHi
TPHXOIMUIOCE WIMEHATH CXEMY KOHCTPYHPOBaHHA
uenesoro rena. [loaroMy NpH MIaHHPOBAHHH JKC-
NepUMeHTa, 0COOEHHO ¢ MCTIONB30OBAHHEM KOPOT-~
KHX OJTHNOHYKJIEOTHIOB, HEOOXOHMBI TILATE/IbHbIH
pacydeT CTPYKTYPH! OJIMIOHYKIEOTHIOB, COCTaBa
LYIIEKCOB-HHTEPMEIHATOB M IKCIIEPHMEHTATLHAS
NPOBEPKA BOIMOKHOCTH PEANTH3AlIMM CXEMBI KOHCT-
PYMPOBaHHS.

B 1976 r. I KopaHoii ¢ corpynsukamu Gbur
OCYIIECTRJIEH TEPBbIH XHMHKO-(EepPMEHTATHRHEII
CHHTE3 TIOJIHOIO FeHa —— TeHa CYyNpPeCcCOpHOMH
TPHKYY". Cunresupopaunniii 207-unennsiil gyn-
JIEKC BKIMOYAN, KPOME CTPYKTYPHOrO Ie€Ha Mpen-
mecTBerEnka TPHKDT, mpomoTtopusiit yuacTok
H NOC/ENOBaTeNBHOCTh HYKICOTHAOB, COAEpIKa-
LLYHO CHI'HAJ JUIS MPOLECCHHTA NEPBHYHOIO TPaHC~
kpunTa 10 ¢yskuuoransHol TPHK. ®parment Obi
cHabkeH JIMITKAMH KOHL@MH JUIA BCTPAHBAHHA I10
yuacTKaM r/poJik3a sHj10HyKi1ea3oi EcoR1.

IMony4ersblit XUMHKO-PEPMEHTATHBHLIM [Ty-
Tem reH cynpeccoproii TPHKTY' ©win BeTpoen
8 mwasmMuay ColEl ¥ cnenmamsHO CKOHCTpYHpO-
BaHHKIH Ha ocHOBe Daktepuodara A Bextop Xapou
3A. Tlocne Tpanchopmaunu E. coli pekombunar-
Hoit JIHK, vecymeii cunTeTHYeckHi rex, nabnio-
nany cynpeccHio ambep-myraumi B oboux ciyua-
SIX, UTO YKA3bIBAET Ha NMPaBHIbLHBIA ITPOIECCHHT
npemwectsennrka TPHK in vivo B spenyio Gopmy
cynpeccoproit TPHKTYr,

KiiorupoBaHHBIH ren Obln Takke TpaHCKpHOH-
pOBaH in Vitro, NpH 3TOM TMOTYYEHHBIH MPOAYKT
nocne obpaborku rpybeiM akcrpakrom E. coli
TIPEBPATHIICH B NMPEAMIECTBEHHHKA CYTIPECCOPHOR
TPHKTY. ' t1 (pakThi CBHACTENBCTBYIOT O TOM, H4TO
HCKYCCTBEHHBIH reH HMEeT 3aJaHHYIO CTPYKTYpY
npHpoaHoro rexa cynpeccoptoi TPHKYT, ero ske-
MPECCHA KOHTPOTHPYETCA CHHTETHYECKHM TIPOMO-
TOPOM H, CII[OBATENILHO, LeN1eBOH el sBisercs
dyHKUHOHANBHO AKTHBHBIM.

TNMonyqenseii rpynmoi I. Kopansl pezynerart
TPYAHO nepeoueHHTs. PaktHuecky K3 1ok pabo-
ThI BRIPOC/IA B [ATbHEHIIEM NPAKTHYECKAS TEHHAS
HHIKEHEPHS.

Cunres QyHKUHOHANTBHO AKTHBHOINO T'€HA CYyIi-
peccopHo# THpo3uHOBOH TPHK, a Takxke cTpykTyp-

Horo rena amanuHoBod TPHK sBiserca Beiiaio-
IHMMCA TOCTHXEHHEM Toro Bpemeru. JIoboe Bme-
IIATENILCTBO XMMHYECKOTO CHHTE3a B MOJIEKYNAp-
HY10 6uonoruo 6610 cObLITHEM HCKITIOUHTENBHBIM
HE TOMBKO 10 3PQeKTy, HO M MO TPYIOEMKOCTH:
CpenHss CKOPOCTE HapallliBaHus OTHTOHYKIEOTHII-
HOH ueny ¢poconuapupHsIM METOIOM COCTABIANE
BCETO HECKOJBKO 3BEHLEB B Mecall. OiMroHykieo-
THHBIH CHHTE3 OblI HCKYCCTBOM, TpeDoBaBIIMM
BBICOKOM XMMHYECKOH KBaTHQHKALIMH 1 IOYTH NPo-
THBOECTECTBEHHOIO TPynomobHs.

I'. KopaHa CMHTE3HpOBAII reHEl, OpHEHTHPYACEH
Ha H3BECTHYIO NEPBHYHYIO [OCIENOBATENBHOCTE
TPHK. llapannessno OpYrHMH HCCIIEIOBATEIAMM
ObuUTh HabaTsl paboTHI TI0 CHHTE3Y FEHOB MENTH,I0B
u Genkos. Taxk, B 1975 . X. KécTep v COTpyAHHKH
CKOHCTPYMPOBAIH I'CH, KOIHPYIOMIMHA NernTHIHbIH
ropmon anrHoTensuH 1. Hykneorunnas nocneno-
BATE/ILHOCTH ObL1a ONPENIENIeHa UCXOA U3 H3BECT-
HOH AMHHOKHCJIOTHOH TMOCHENOBATENbHOCTH aH-
ruoTeH3uHa 1.

CHHTe3HPOBAHHKIH reH BKITFOYA Y9acTOK HHM-
uuaan tpaHensimK (ATG) w nBa cTon-KOjIOHA.
OumMe W3 CTON-KOAOHOB pacronarancs nepea
CTPYKTYPHBIM F€HOM, 4TO, MO 33aMBbICITY aBTOPOB,
JomkHo Obuto obecneyHTh HAYano TPAHCAAIMM.
Ora paboTa He noyyHsIa pasBUTHA H3-34 Heylay-
HBIX MOMBITOK BCTPOMTH MONYYEHHBIH ren B Ias-
MHIY.

Yepes apa roga rpyrna aMepHKaHCKHUX YHEHBIX
OCYLIECTBH/IA CHHTE3 BTOPOr0 HCKYCCTBEHHOIO re-
Ha TIENTHAHOr0 TOPMOHAa — COMETOCTATHHA
(puc. 1.41). KogoHel, COOTBETCTBYIOIIHE KaX10H
aMHHOKHKCII0TE, ObinK BRIOpansl ucXoas M3 mep-
BHYHON CTPYKTYphlI NENTHOA HE [POH3BOIBHEIM
0o0pasoM, a ¢ y4eToM 4acTOThl UX BCTPEYAEMOCTH
B redoMe (para MS2. CHHTE3HPOBaHHBIH TyTUIEKC
cozlepkai Ha 5'-KoHue KOAHMpYyromeH nermd TpH-
NIeT METHOHHHA (JI/1 HANPABIEHHOI0 pacuiernie-
HHA MOJWIENTHAA B 3TOH TOYKE MOCTE TPAHCIA-
IMH) H HMel [OCJIeNOBATeIEHOCTH, COOTBETCT-
BYHOIIIHE JIMIIKUM KOHLIaM, 0Opa3yeMbIM pecTpuk-
TazaMH EcoR| u BamHI. Ten comarocTatHra 6w
BBEJIEH B CTICIHANLHO CKOHCTPYHPOBAHHYIO IJ1a3-
MHJly B y4acTOK resa f-ranakrosnnasst. Takum o6-
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Puc. 1.42. Oparment cxemel cGopkH TeHa MKaepMaTsHoTo (hakTopa pocTa

pa3om, [UIf perynaiHH CHHTETHYECKOro rena Guun
MCTIONB30BaH [J-ralakToO3HbIH ONIEPOH.
Cnepyiowum 11aroM B pa3sBuTHH METONOB XH-
MHYECKOTO CHHTE3a I€HOB CTajl0 CO3NaHHe crie-
[HATH3HPOBAHHLIX KOMITBIOTEPHAIX [TPOTPAMM, KO-
TOpEIE NO3BOJIAT ONTHMH3MPOBATH CTPYKTYPY OJIH-
FOHYKIEOTHIOR, 4ToOkI CBECTH K MHHUMYMY 00pa-
30BAHHME KOMILIEKCOB, NPHBOMAALIMX K NOABIEHHIO
no0604HkIX nponykTos. OOHHM H3 NEPBBIX NpUMe-
POB MCTIONB30BaHKA TAKOH MPOTPAMMBI /N4 BhISAB-
JIEHHS CAMOKOMIUIEMEHTAPHBIX M TOBTOPAIOLIKXCH
NOCNe0BATENEHOCTEH OCHOBAHHUIE CITY#HT paboTa
110 CHHTE3y IeHa anuiepmaisioro (akTopa pocta,
NPEIHA3HaYeHHOT0 Il JKCTIPECCHH B KJIETKaX
E. coli. Ilenesoii red, Kogupyrowmi 53 aMHHOKHC-
notel, Gbu1 pasbur Ha 23 onuronykneoruna. Ha
pHc. 1.42 mpusesier $parMeHT COCTABIEHHON C MO-
vomelo IBM cxembr mocnemosarensHoN cGopkn
uenesoi JIHK u3 17 npoMexyTouyHEIX 610KOB-UH-
TEPMEIHATOB, KaX/IbiH H3 KOTOPBIX ObLT BhLIETEH
B HHIMBH/IyankHOM cocTosHWH. HecMoTps Ha oue-

BHHYIO TPOMO3/IKOCTh, CXEMA TOC/EJIOBATEIHHOIO
JUTHPOBAHMSA OJIMIOHYKICOTHIHLIX 610KoB 0becre-
yHBana MNpeuMyliecTBeHHoe obpajoBaHue «ipa-
BHITBHBIX» KOMIIIEKCOB.

B sr1oi pabote MCnOMbL30BaiCA OCTPOYMHBIH
npueM, noisonsroumii u3bexars obpasoBanms no-
Gounbix mpoaykToR. OH 3aKiOYAICA B CHHTE3E
CHMMETPHYHBIX [IHMEPOB neneBbix Onoxos-ayrm-
nexcoB. L{eHTpOM CHMMETDHM B KaxjIOM clydae
BRICTYITA/Id  Y4aCTKH Y3HABEHWS PpECTPHUKTA3,
HMEIOIIMECH B MOCJIEN0BATEIIBHOCTH CHUHTETHYE-
ckoro ¢parMeHTa. ITO MO3BOIMIIO YCTPAHHTE BO3-
MOXXHOCTh 00pa30BaHMA «HENPABHILHBIX» KOMII-
nexkcoB Gnaronaps 3an1aHHpPOBAHHEIM CaMOKOMTI-
JIEMEHTAPHBIM [OCJIEJIOBATEIBHOCTAM MONOBHH~
HBIX CallTOB HIOHYK/NEa3 pecTpuKuMH. [lenennie
6noXu-UHTEPMENHATEI TIONYYanH MMyTeM IMApOIH-
3@ COOTBETCTBYIOIMMH PECTPHKTA3aMH.

CnoxHoCTs CXeM KOHCTPYHMPOBAHMSA MCKYCCT-
BeHHbIX (parmenTos JIHK ¢ MEOrOKpaTHBIM Bbie-
NeHHeM TPOMEXYTOYHBIX JTYTLIEKCOB — Henibexk-
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Puc. 1.43. Ansrepharupnbie cnocobut cbopxu rena VIP:
a — W3 TPEX NPOMEKYTO4dHBIX Gnokos; 6 — 13 IBYX NpoMexyTounsix Giiokos

HOE CNEJCTBHE MCIONB30OBAHHA KOPOTKHX OJIMIO-
HyKkneoTHaos. ITomyunTe MPOTSKEHHBIH IYTUIEKC
H3 KOPOTKHX OJIHFOMEPOB JI&xe TPH YCJIOBHY Tina-
TELHOrO pacyera ero CTPyKTyphl TpyaHo. Ha nipu-
Mepe CHHTe3a reHa Ba30aKTHMBHONO KHMILIEYHOro
nentiaa (VIP), komupyromero 28 aMWHOKHCHOT,
M3Y4aIMCh PA3JIHYHBIE CXEMEI KOHCTPYWPOBaHWA
uenesoro ¢parmenTa JA1HK u3 16 onuronykieorn-
noB jymHOH 814 3BenneB (puc. 1.43). [lenesyio
CTPYKTYPY HONYYalH M3 JBYX TPOMEXKYTOHHBIX
GIIOKOB-IYTIIEKCOB, M3 TPEX MPOMEKYTOYHBIX G0~
KOB, & TaKkk€ OAHOBPEMEHHLIM JIHI'HpPOBAHHEM
Bcex 16 onuronykneoTHaoB. HanMmeHsIIHIA BHIXOA
LEeBOro AymieKca ¢ OAHOBpeMeHHEIM 06paiosa-
HHeM GONBIIOTO KOMAYECTBA NOOOYHBIX MPORYK-
TOB OTMEHEH B MOCJIEIHEM CTydae.

INonesHbiM METOAMYECKHM TIPHEMOM, [MO3BO-
JIAOMINM NOAYYaTh W3 KOPOTKUX ONHIOHYKJIeO0TH-
JIOB IOCTATOYHO ToMorenHbil npenapar JIHK, as-
NAETCH paseNbHas «CHIMBKA» BEPXHEH W HIDKHEH
ueneii (puc. 1.44). Takum oGpasom MOoxHO H30e-
*®arh owHboyrOro JMrUpoBanus (K3-3a obpaiona-

— —— —— P——

1. Buinenenue pepxHeit
eI KoMmiexca
2. lloBGasnenne ¢ocdopuanpo-

BAHHBIX OJIHTOMEPOB
wimkaen ueny u JIHK-nuraser

M N o~ A

Fat I S P

Cunrernueckuil cybgparment JTHK

Puc. 1.44. PasnensHas «CIIMBKa» LEneH
cybpparmenTa JTHK.
Yepumm kpysxkom obozuaues 5’ -koruesoii docdar

HHs HETIPABMJIbHBIX KOMILIEKCOR), OCOOEHHO B TeX
crmyuasx, korna JIHK obnanaer anemMenTamMH crm-
MerpHH. JlBycTanmiiHoe [IOIy4YEHHE MYIUIEKCOB
6BITIO YCTENHO HCMONB30BAHO TMPH CHHTE3€ Mpo-
MoTopa p2s (ara TS, resos, kogupyromHx Genok
VP1 Bupyca sulypa, YenoBedeckHii WuTephepoH
(t2, AaHTUTCHHYIO JETEPMMHEHTY TOBEPXHOCTHOIO
aHTHIeHAa BHMpyca renmatHta B, aHrHoreHWH M
Val®-Kanb U TOHMH,

C paspaforkoit TpH3pHMPHOIO METOma TpPymo-
€MKOCTh TOJIydeHHS HCKYCCTBEHHBIX OITHTOHYK-
JIEOTHIOB 3HAYMTEBHO CHH3HIACh, H CHHTE3 OJIH-
rOMepa MNOCTENEHHO NPEBPATHIICA W3 3KCTPAOP/IM-
HApHOTO B TPUBHAJIbHOE coObITHE. [IpHHLEHNHANS-
HOE 3Ha4Y€HHe HMEsM TAKKe NOABICHHE TEXHONO-
TMH CHHTEe3a Ha NOJHMEPHOM HOCHTENE, 3aHMCT-
BOBAHHOM M3 XMMHH NENTHAOB M 6enkoB, H aBro-
MarHu3auus npouecca. braromaps 3ToMy cTano Bos-
MOXHBIM TOYMTH LEJIHKOM JAOBEPHTH MONTyYEeHHE
ONUTOHYKICOTH/IOB @BTOMAETHYECKOMY CHHTE3a10-
py JIHK. Tpuaduphsiit MeTON NO3BOJTHI NONYYATh
Gonee anuHHBIE onuromeps (15-20 wmykneorHi-
HEIX 3BEHBEB), YTO NPHRENO K MOBBINICHHIO CTa-
OHIIBHOCTH KOMILIEKCOB #3-33 HOJIBLIEro nepexphi-
BaHHA ONIMIOHYKIECOTHIOB H Hal0 BO3MOXKHOCTH
NONY4aTh JAYT/IEeKChi-HHTEPMEIHATRI H3 Oosbliero
gHca oyHromepos. Bee 910 cnocobeTroBaANO CO-
3NAHHIO 3HAYHTENLHO Oonec NPOTAKEHHBIX NeHOB
TIPH MCTIONE30BAHUH NPERHEH METONOIOIHH.

OnsuM M3 MEpBBIX TEHOB, CKOHCTPYHPOBaH-
HEIX TIO TaKOH TEXHOJIOTHH, SBIAETCA TeH Yeso-
seueckoro IFN-a2 (puc. 1.45). Cuutes BhINONHEH
B TpH atana: 1) ofpajoBaHHe MajibiX LYyTLIEKCOB
anunoit 30-45 nu M3 68 CHHTETHYECKUX ONHro-
HYK/IEOTHIOB; 2) nonydyenHe Gonee npoTHKEeHHBIX
cybpparmeritoB I, 11 1 [II u3 cooTBeTCTBYIOUIHX
Maneix; 3) obpazoBaHHe MOMHOH KOMHH IeHa M3
cybdparmenTos.

ITpy yBeNMMYEHHH 4YHCJa OJMTOHYKICOTHAOB,
BBOJHMBIX B PEaKi|uio IMrHPOBAHUS Ha CTaAHH 06~
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1

Llenerasn AATTCN;N,. .

NnoCneoBare/ibHOCTb GNI N; s
EcoR1

Cunrernueckue AATTCN,N,. .

cyGdparmenTsl GNIN;. .
EcoRI1

Inbpuinas

nnasMHIa

¢ cybpparmenTom

.N;AAGCTTN,. . . NsN:G
N3TTCGAAN;. . . N;N,CAGCT
Hindill Sall
-N;A AGCTTN,. . . NsNgG
NSTTCGA ANZ. . .NIN:CAGCT
HindIll Sall
KrormpoBaHKe Knonwnpopanne
Sall

I

Tpaucopmauus E. coli, aunnudrxaims, BujieneHHe rm6puHbX miasMui
u ux pacwernienne EcoR1 u HindIll pas 1 w HindIl1 u Sall jia 11

AATTCN,N,
CyGdparmeHTE! GN;N;.
EcoR1
Cunrernyeckan AATTCN;N,;. .
nocAeA0BaTe/IbHOCTE GNIN;. )
EcoRI

N;AAGCTTN,. .
.NITTCGAAN;. . . NiN;CAGCT

I
.N:A AGCTTN,. . . NsNeG
-NJTTCGA AN;. . . NIN;CAGCT

HindIIl Sall

N/

JHK-nurasa, K10HHpOBaHKE,
PeCTPHKITHA

. NsNG

Hindlll Sall

Puc. 1.46. Konctpynpopaume uekyccreenHol JIHK ¢ npomexyTouHBIM KIOHHPOBaHHEM:

N;, NJ — komnnemMeHTapHEle OCHOBAHNS

pa3oBaHMA KOPOTKHX OYTUIEKCOB, CXeMa KOHCTPYH-
poraHusa mnporskeHHOro (parmenra JIHK wHe-
CKOMTBKO ympom@aercs. Tak, npu CHHTE3€ rena co-
maroTponuna (192 amMMHOKHCIOTHBIX ocTaTka, AK)
Ha IepBoM Jtane Obulo nosyueHo Toneko 8 Gmo-
KOB-ZIYTIIEKCOB, KaAU(BIi M3 KOTOPBIX COCTOAN M3
614 omronykneorHaos. OpHako B 3TOM cliydae
M3-32 CIIOKHOCTH PEaKLHOHHOH cMecH obpasylotcs
no0oYHEIe NPOYKTH PEAKIMM JIMIHPOBAHYUSA W BhI-
XOZ KaK OTHeNLHBIX 610KOB-HHTEPME/IHaTOB, TaK U
LIENeBOH CTPYKTYPhI OKa3bIBACTCA OY€HL HH3KHM.

Ilo awanoruyHoM cxeme ObL1 MONYHeH pAa
GosbIMX TeHOB, Takux Kak reHel S-Genka puGo-
nykneassl A (104 AK), genoBedeckoro aH3onHmMa
(130 AK), PHKa3el T1 (101 AK), kanemoaynHua
(149 AK), anadunaroxcuna CSa (80 AK), uurep-
neiiknna 2 (133 AK), paznuunsix pakTopos pocTa.
BMmecTe ¢ TeM HH3KHH BBIX0Z 6I0KOB-HHTEPMEIHa-
T0B ¥ ueneporo aymiexca JHK, Sonpuas tpymo-
€MKOCTh METO/Ia BhIHYK/IATH MCKaTh NanbHeillHe
NYTH €ro coBepuieHCTBOBaHHA. OIHHM M3 Croco-
0B, yBENHUYHBAIOIIMX HAJEKHOCTE CXEMBI MONY-
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MocnenoparensHocTs CHHTE3MPYEMOT o reHa

Beopnumble
AGCT TETPaHyKICOTHILE! AATT
TCGA l TTAA
[NocnenosatensHOCTH FeHa ¢ BpeMeHHbIMK CaHTaMH
“CAMAGUTTGG s »» wivis mowis wiad siaiw mimisiens wie TTGAATTCAG:- - - - - -
o i s QT TTICGAARCE:= + »5% sl il Badai vins ol AACTTAAGTC: - - - - -

Puc. 1.47. KoHcTpypOBaHHe BpeMeHHBIX CAIHTOB

4yeHHA MCKyccTBeHHBIX (pparmenToB JITHK B pam-
Kkax Meroga Kopaubl, siBnsercs BBefeHHE CTAAHH
KIOHHPOBAHHA  NPOMEXYTOYHBIX  IYIUIEKCOB
(pHc. 1.46). 1o nossonser H3bexars MOTEPH HYK-
JIEOTHAHOIO MaTepHaa, OYMCTHTH ero o1 nobou-
HBIX MPOJYKTOB peaKLUy TMIHpOBaHHA H Hapabo-
TaTh B JIOCTATOYHOM Konu4ecTBe. BBeneHue cra-
IMH KIOHMPOBAHNA TPOMEXKYTOYHEIX 610KOB He-
CKOJIBKO YCHIOMKHAET CXEMY TOIYHEHMS IIENEBBIX
TEHHBIX CTPYKTYP, HO 3TOT HEZOCTATOK B 3Ha4H-
TeNBHON Mepe KOMMEHCHpYeTcs 3KOHOMMeH Bpe-
MEHH H MaTepHasioB NpH HapaboTke MyTJIEKCOB
JIHK. ITpuMepoM MOTYT CIIy)XHTE paboTel 110 CHE-
Te3y reHOB NpoHHCynHHa, A- v B-ueneH 3peno
(hopMEI HHCYITHHE 4eJIOBeKa.

Jna yenemHoro xjaonuposanua cybdparmen-
TOB CHHTETHHECKOI0 I'eHa OHU NO/DKHB] ObITh Quiak-
KHPOBaHB! YYaCTKAMH Y3HABAHHA TIOAXOAAMMX 3H-
JIOHYKJICa3 PECTPHKLHH. ITH YYACTKH JIO/DKHBI
OBITh YHHKATHEHBIMM KAK JUI CAMOFO IeHa, Tak H
I8 KIOHHPYIOLLEro BeKTopa. Ynobhee Bcero mc-
MOMB30BATH CAMTHI, Y/KE HMEIOIHECH B MOCIEno-
BaTENIbHOCTH HYKJI€OTHAOB cHuTesupyemoii J1HK,
OJIHAKO YaIle BCETO OHH HIIH OTCYTCTBYIOT, HIIH HX
HeIocTarouHo. B 3TOM cnyyae NMpHUMEHSIOT pas-
JIHYHBIE JIHHKEPHI (azanTepsl), HO TOTAa NpH pac-
LIerIeHHH peKoMOHHAHTHOR MOJIEKYNBI IPOHCXO-
JMT He perexepauma knouuposansoit THK, a 06-
pa30BaHHE HOBOIO (JparMenTa, OTIIHYAIOLIETOCH OT
MCXOHOI0 HANHYHEM MONOJIHHTENIBLHBIX HYKIEo-
THAOB, IPHBHECEHHbIX JIMHKEPOM.

Jna ynageHHs 5THX JHLOIHKMX HYKIEOTHIOB
(at0 meobxonmmo mnpH cbopre cybdparmenToB
B enepyto JIHK) npuxomMTcs HCNONB3OBATE CIIE-
UHATEHbIE NpHeMbl. OIHHM M3 HHX SBIAETCH MO-
LynsHBIH MeToA, npeaioxerHbd FO. A. OpunHHM-
KOBBLIM C COTPYIHHKAaMH. MeTon OCHOBaH Ha NpH-
MEHEHHH BPEMEHHBIX CAHTOB YHHMKAJIBHBIX IHI0-
HyKJ1€a3 peCTPHKLIMH, KOTOpbie BBOAATCS B roCie-
JIOBATEJIBHOCTH T€Ha B MPOH3BOIBHO BhiOpanHble
Mecra, copepxaume moboH camoxomIiiemeHTap-

uelif aprykiaeotua: AT, TA, CG wm GC. Ilpx atom
MOCIIEAOBATENBHOCTE I'eHA PAa3IBHIACTCA H BHYTPE
OMHYKJICOTHI2 BBOOSTCA HYKJIE€OTHIBL, (OpMH-
pyIoLIHE B 3TOM MeCTe YHUKAJIBHBIH YUacTOK pecT-
pukumn (puc. 1.47). [lns ynanenus NONOJHATEb-
HOTO PECTPHKLIHOHHOTO CAliTa CHHTE3HPOBAHHYIO
JHK pacuiennfioT cOOTBETCTBYIOIIEH pECTPHKTa-
30H, 3aT€M BBICTYNAIOIIHE OMHONENOYEeYHEIe T10-
CIIEIOBATE/IEHOCTH YIAIsOT Hykaeazoi S| M no-
JIy4YEHHBIE TYIbIE KOHIBI MOJIEKYNbI COEIHHSIOT
¢ nomomrsio JAHK-nmurasel dara T4 (puc. 1.48).

B uenoM MOLYNBHBIH TPHHLIHMIT KOHCTPYHPO-
Banus nporsxenHblX JIHK Biuiouaer B cebs TpH
CTaJ{HH:

1) nonyuenne Moxynei XumMuko-pepMeHTaTHB-
HBIM criocobom;

2) HHAMBHIYAILHOE KIOHMPOBAHHE KAAIOI0
MOZYZS B MOOXOAAIIEM BEKTODE;

3) c6opka ueneroit nocnenosarensHocTH JAHK
B CHELMATH3IHPOBAHHLIX BEKTOpaX, COAepMkamiuX
Gonpuioi Habop yHHKaNLHBIX CAHTOB PECTPHKLIMK
(pwc. 1.49).

Cunrernyeckan JIHK

- NgN,GGATCCNgN, ...
...NINSCCTAGGNING ...

Pacennenne Sall

-o-NGN?G GﬁTCCNsNg--.
..NEN3CCTAG GNgNs...

l Hyxusieasa S1

+NgN,G

. CNgNg ...
..NEN5C

GNgNs ...
l JHK-nurasza

+..NgN,GCNgNs. ..
. NINSCGNING. ..

Puc. 1.48. YnaneHuwe BpeMeHHOIo caifta
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Ry
Beenenne nornonHuTenbHbIX
PECTPHKIHOHHbIX CAHTOB R, H Ry
RI Rz  J R 3

CHHTETHYECKHE MOJLY/TH
R,
R,
R Knonuposanue 11

Pectpukims R, R,

4 *

R.u R,

R
R,
R,

R,

Knouuposanue 1l
Pecrpuxums Ry, R,

R,
R,
R,
R,

R, R, R,
R,
Ry Ry
Ry —0— 9 —— Ry ———» R,
Pecrpuxumn R, Pectpikums R,
Hyxneasa S1 Hyxneasa S1
JHK-nurasa JHK-nmuraza

Puc. 1.49. MonyneHbii cioco6 cGopks HCKYCCTBEHHOIO reHa
€ MCNONBE30BAHHEM BPEMEHHBIX PECTPHKIIHOHHBIX CaiTOB:

Ry — HyxncoTH/IHaA NOCNENOBATENRHOCTE PECTPHKLIHOKHOIO caiira

Hcenons3zosanve NPOMEXKyTOYHOIO KIOHHPOBa-
HUA MOBBIIIAET HAJEKHOCTh CXEMBI CHHTE3a NeHOB
u TIO3BOJIAET JIErKO MOJYY&Th HX AHAIOTH IyTEM
3aMEHBI OIIHHX (PPArMEHTOB JPYTHMH.

Janereiinee copepuIeHCTBOBAHHE crocoboB
XUMHKO-(DEDMEHTATHBHOIO  KOHCTPYHpPOBaHMA
(h)parMeHTOBR HYKJIEHHOBBIX KHCIIOT OOYCIIOBJICHO
NPUMEHEHHEM U1 CHMHTE3d OJIMIOHYKJICOTHIOB
pocamuaroro H PocHHTHOrO METONOB, HCIIOIb-

3YIOIMX BEICOKOPEAKLIHOHHBIE COEIHHEHHS TPEX-
paneHTHoro ocopa. braronaps 3ToMy CKOpoCTh
CHHTe32 M ero 3QPEKTHBHOCTE PE3KO BO3POCIIH:
LMK/ HApaILMBaHHA OOHOTO HYKICOTHAHOTO 3BEHA
38HHMEET BCer0 HECKOBKO MHHYT, & CYMMapHbIN
BBIXOJ1 OJMTOoMepa npub/HKaeTcs K KOJHYeCTBCH-
HOMY.

o cymecTsy TEXHONOTHA CHHTe3a Gonbllie He
HYXK/1a€TCH B YCOBEPLIEHCTBOBAHHH, HCITPABHO I10-
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CTaBJISIA MOJIEKYISPHBIM OHONIOraM HEOrpaHHYeH-
HOE YHCJIO OJIHIOHYKJICOTH/0B 3aJaHHOM CTPYK-
Typhl. HUYTO He XapakTepH3yeT COBPEMEHHYIO CH-
TyallHIO B OJIMNOHYK/ICOTHIHOM CHHTE3€ TaK SpKO,
KaK TO, 4TO A% €0 MpOBEJEHUA TENEPL He Tpe-
Gyercs Gonbioro omeira B 06718CTH XHMHYECKOTO
aKcnepumenTa. HOBhle MeTomb! NO3BONWIM CTa-
OHIBHO MOMY9aTh MOJIEKYIBI JUTHHOH B HECKOJBKO
JIECATKOB OCHOBaHHii, IlpuMenenue CTONL JUIHH-
HEIX NOJIMHYKIIEOTHI0B B MeToae KopaHs! npueeno
K 3HaYHTEITBHOMY YIPOLIEHHIO CXEM KOHCTPYHPO-
BaHHA MpoTMkeHHBIX (hparmenTos JHK. Harmaxn-
HO 3TO BHJIHO Ha MPHMEpE CHHTE3a reHa SITuep-
MAaIBHOTO (haKTopa pOCTa IS 3KCIPECCHH €ro
B nposokax. I'en 6bul nomyuen u3 12 onuromepos
JutHHOHM oT 12 no 59 HykneoTHaHbIX 3BeHbEB, B 0T-
nWYHe OT PpacCMOTPEHHOH paHee CXeMul (CM.
puc. 1.42), norpeGopasieii srytenenus 17 npome-
HYTOYHBIX OIOKOB-IYIUIEKCOB, B JaHHOM Clyudae
OKa3aj10Ch JOCTATOYHBIM MPOBECTH JIMTHPOBAHHE
B TPEX MPOMEKY TOUHBIX KOMILIEKCAX.

Benenctaue Gonee 3HAaYHTEMBHOIO MEPEKPhIBA-
HHA TIONHHYKICOTHIOB, Y€M OMIOHYKICOTH/IOB,
JIMTA3HBIE KOMIUIEKCH oOnapgaioT OolbllieH c¢Ta-
GHIIBHOCTBIO, 4TO B PAE CIIYYaeB MO3BONACT NOYy-
YaTh LefIeBble FeHbl ONHOCTAMMITHON pepMeHTaTHB-
HO#i peakumeit. Tak, rersl nentuaa I1I, akTusupyto-
LIEro pocT coenHuMTENbHOH TKanu (85 AK), u you-
kBHTHHA (76 AK) 66111 1Oy YEHE! OTHOCTAMIHBIM
nmuruposarnem 20 nomHHy KI€OTHAOB JUTHHOH OT 28
J10 32 HyKNEOTH/IHLIX 3BEHBEB H 8 NOIMHYKIEOTH-
JIoB JUTHHOH OT 50 10 64 HYKNEOTH/IHLIX 3BEHLEB
COOTBETCTBEHHO. B nepsoM ciryyae ycniex Obi1 oby-
CIIOBJIEH, KPOME BCEr0 POYET0, NPHMEHEHHEM Crie-
uHaTbHOH mporpammbl Repeat nns noxcka Henpo-
JNYKTHBHBIX Komruiekco. IlyTeM BapHauum Komo-
HOB B IocJiefjoBare/ibHOCTH rena nerrruza 11 Geito
IPEIOTBPALLEHO OOPa30BAHHE «HENMPABHILHBIX)
KOMIUIEKCOB, B KOTOPEIX BO3MOKHO B3aHMOJEHCT-
sHe 8 ¥ Donee map ocHoBaHWE.

[TprMeHenRHe NONMHAYKICOTHAOB B COYETAHHH
C MPOMEXYTOYHBIM KJIOHHpOBaHHeM cybdparmen-
Toe no3sonuio I. Kopane ¢ cotpyaHukamu cHHTE-
3HPOBaTh OZIHH W3 CAMBIX MPOTAKEHHBIX HCKYCCT-
BeHHBIX (pparmerTos JIHK — ren Gurusero pozmon-
cuna obwei puroi 1057 mu. B aroit pabore He-
NOJNB30BANH 72 OITUTO- K MONWHYKIEOTHIA JUTHHOH
ot 15 no 40 vykneoTHaHbIX 38eHbeB. Beck rex Obin
pa3bur Ha TpH cybdparmenta: PB (345 nu), XP
(364 nx) 1 FX (335 nw), npu c6opke KOTOPLIX NpH-
MeHAnack obeiyHas cTpaternd. CTpyKTypa OHro-
MepoB BoeiOMpanachk Takum oOpa3joM, 4ToOB! JIHMII-
KHEe KOHIIb! IPOMEKYTOYHBIX JIYTUIEKCOB He Obuin
caMoKoruiemMeHTapasIMi. OBiHi BBixon cyGgpar-
menTos ObuT Man u coctasun uis PB 4 %, s XP

# FX — no 1 %. YenewHoe nonyyesse 1eneBoro
reHa MpH CTONTb HH3KOM BbIXone cybdparMenTos-
HHTEPMEIHATOB CBHIETEILCTBYET Ckopee 00 sKc-
NepHMEHTATEHOM MacTepCTBE ABTOPOB, YEM O BO3-
MOXHOCTH LIHPOKOrO NPHMEHEHHMs 3TON0 MeTojia
JU1A CHHTE3a NPOTHKEHHBIX FeHOB. AHATOTHYHO U3
NOJMHHYKICOTHIOB ¢ MPOMEKYTOYHBIM KIOHHPO-
BaHHeM cyOgpparMeHTOB OB NOMYYEH T'eH [TPOXH-
MO3WHa Obika.

JU1s NpecnoneHHs «HENPABKIBHOTO0» KOMILIEK-
coobpazosanua H W3barieAns oT HeoOXomMMOCTH
O4YHMCTKM TIPOMEXYTOYHBIX CyGparMeHTOB IpH
CHHTE3€ MCKYCCTBEHHBIX reHOB MeTonoMm Kopasbl
npemnoxena rnocnenosarensHas cbopka JIHK ma
TBepraoi marpuue (puc. 1.50). HepactBopumeii
HOCHTE!b C NPHCOEAHHEHHBIM K HEMY CTAPTOBLIM
OJIHTOHYKJICOTHAOM NOC/efoBaTeIEHO 00pabarkl-
BalOT HEGONBILIMM MOJApHBEIM H3GBITKOM ¢ocdo-
PHJIMPOBAHHBIX [0 5'-KOHLY ONMIOHYKJIEOTHIOB.
IMepen nobarnenneM OYepemHOr0 ONHIOMEpa H3-
6bITOK Npeasiaynero oTMeBaeTca. [10 OKOHYaHHH
mpouecca  KOMILIEKCOOOpazoBaHMA  MPOBOJAT
CIIMBKY IyIJIEKCA H OTIIETIEHHE €10 OT HOCHTEIIA.
3areM Iymnnekc KIOHMPYIOT B HeoOXOaMMOM Bek-
TOpE.

JUs oTmenyienya 1yTieKca oT TBEPOro HOCH-
Tens JHOO paspylaoT KOBaleHTHYK CBA3b CTap-
TOBOIO ONMromepa ¢ HocuteneM, nubo pacierns-
KOT €10 110 3apaHee BBEJIEHHBIM CaiTaM pecTpHk-
unH. EciiH cTaproBhii ofMIoMep He CBA3AH KOBa-
JIEHTHO € OCTaLHOH NOCNe0BATENBHOCTLIO (B TOM
ciy4ae, Korfa OmxkaimiHi K HeMy OJIMTOHYKJIeO-
T He Gein GochOpHIMPOBEH HITH MEXJLy HHMM
Obia crieymansHo ocTarnena Hebonbinas Opews),
npenapar JIHK nomeepraiorT kparkoBpeMEHHOMY
HAarpeBaHHIO, NOCTATOYHOMY JUTA OTILIEIUIEHHA, HO
He nonHo#t newnarypaumu JIHK. IMpumepoM Hc-
NONL30BAHMA 3TOM CTPATEIMH MOXET CITYXKHTH
CHHTE3 IeHOB HHIMOWTOpa TPHIICHHA W3 MOJIO3HBA
KOpOBHI U B-3110pdHHE.

J1s MpHBA3KM CTapPTOBOrO OJMIOHYKIEOTHIA
K HOCHTEO pa3paboTanbl pa3liHyHbie Crieicepsl
(puc. 1.51).

[llvpokoro pacnpocTpaHeHHs 3TOT METOA
xoHcTpyuposauua JIHK we nomy«n.

Hecmorps Ha 10, uT0o MeTon KopaHs! B npHH-
LMNE NPOCT, HA MPAKTHUKE BO3HHKAET PSJl OCJIOXK-
HEHWH, NPHBOJALINX K OIMOKaM NpH CHHTE3e we-
neporo rena. Hanpumep, s 1oro 4robel CHU3UTH
omMOKH P CHHTE3E OJHTOHYKICOTHOB, NOCHEN-
HHE JIOMKHEI OBITH JIOCTATOYHO KOPOTKH, B TO XKe
Bpems JIHK-aynnekcel B MECTax INepeKphIBAHHUS
OJIMTOHYKJIEOTHIOB JIOJDKHBI ObITh MPOYHBI, 4TODbI
obecrnieunTh npaBrTbHYI0 cO0pKy nenys. HeoGxonm-
Mo H3berars oOpa3opaHHA JMOOKIX HEMpaBHIIBHLIX
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Puc. 1.50. Cxema 1BepnodasHOro KOHCTpyHpoBanus Hekyccrsennoil JIHK.

§— CTapTOBKIH OMHMOHYKAEOTH, NPHCOEIHHEHHEIN K TBEPAOMY HOCHTEI0.
YeparM kpywKom obosnagser 5'-konuesoii docdar

my—0

[B]-5'-A(A), ACGACGCTCGCACGLTGLG
GCTGCGAGCGTGCGACGCCTTAAGTACTCGTTT...

EcoR1

%/, CONHNCO(CH,),,-5<(A, G, C, T),

%— Si(OMe), CH,CH, OCH,OC(OAc)HCH,OCONH(CH, ), NHCONH(C, H,)NHCOO-

-34A,GCT),

%—Si(ohde), CH,CH,OCH,O0C(OAc)HCH,OCONH(CH,) NHCOCH ,CH.COO-

-3'4G, T),

(C, A),GAATTCATGAGCAAA. ..

EcoRl

Puc. 1.51. Cnelicephl, npuMeHseEMbie 1% (PHKCALHHE CTAPTOBOIO OJIHIOMEpA:
@ — C HeKOBAJIGHTHBIM B3aHMOIETICTBHCM QNHIOHYKICOTHAA, Hecyero Ha 5'-kouue 6uotun (B),

H cozlepwatiero asuanH (A) socHrtens; 6 — no3BonsloLHe

OCYILUECTBIATE TECPAO(A3HAIN CHHTE3 CTAPTOBOTO OMIHIOMEpA.

3amTPUXOBAHHLI NPAMOYTONBHHUK — TBEPALIH HOCHTENL (NaTeKc, CTEeK0, nonUMep);
(A, G, C, T), — craproBkiii ONHIOHYKIE0TH T

BTOPMYHBIX CTPYKTYP. [losToMy s Goneumx 6en-
KOB ¢ KOMMPYIOLlei yacTeio reHa 6omee 300 i npo-
Lece IUTAHHPOBAHMS CHHTE3A reHa ABJIAETCS JOBONb-
HO TpyZoeMKHM. A ero aBTOMaTH3aIHH CO3JaHa
3neKTpoHHas nporpamma DNA Works (puc. 1.52).
HcxonmsiMy naHHeME A paboTer nporpam-
MBI ABJIAIOTCA:
aMHHOKHMCNIOTHAS TOCNEeI0BATENBHOCTE 1eNe-
Boro Benka;
dnaskupyIonHe NOCNeIOBATENBHOCTH, Heol-
XOIHMMBbIE A HENOCPeACTBEHHOTO KIOHHMPO-
BAHHA HCKYCCTBEHHOTO MeHa;

TEMNepaTypa MIABIEHHA MEPEKPhIBAIOIIHXCA
(hparMeHTOB OJNHTOHYKIeOTHIOB (06BMHO cO-
crasnsiet 58-70 °C);

npeanoiaracMas CHCTEMa 3KCIPecCHH (MMK-
POOPraHH3M).

[IporpamMma pacCUHTEIBAET CTPYKTYPY ONHIQO-
HYKJIEOTHAOB, CONEPXNAIIMX ONTHMH3HPOBaHHbIE
KOJIOHBI /1115l JaHHOH CHCTeMbl 3KCIIPeCcCHH, BhIOH-
paeT CTPYKTYpy COCEIHHX OIHIOHYKICOTHJIOB
TakuM o0pa3om, YTOOK! TeMIepaTypa UIABIeHHS
IYTUIeKCoB, 06pa30oBaHHBIX CBHCANOUMMH KOHLA-
MH, 6BUTa OIMHAKOBOW.
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.. . BBABTGEGTTACATCGAACTGGATETCAACAGCGETAAGATCCTTGAGAGTTTTCGEECC . .
.. BETCACOCATTGTAGCTTGACC TAGABTIGTCGCCATTCTAGGAACTCTCARAAGCGGEE . .

- .EBMMATCGMCTCGACWCMGATCCCTME&E TTTC

.mAGCTTGAGCTGmmmGTTCTAsGGMTm: i

.CGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCC. ..
.GCTCACCCACTGTAGCTTGACCTAGAGTTGTCGCCATTCTAGGAACTCTCAAAAGCGGGG. .

Jvl‘enepaum ONMHTOHYKJIEOTHIIOB

CGAGTGGGTTACATCGAACTCGAC. .. 3'
CTCAACAGCGGCAAGATCCCTTA... 3
GGGGCGAAAACTCTAAGGGATCTTG. .. 3
CCGCTGTTGAGGTCGAGTTCGAT...

3!

Puc. 1.52. Anroputm paborkl mporpammel DNA Works

Tabmuya 1.7. CanreTHYeCKMe NeHbl, NOJydeHHble € NOMOINLI nporpamMmel DNA Works

3I

)

)
.

a3

5!

— —
Uncno kao- Yueno MyTaunHi Yucno oubor
Cpenuss Miciis Cpennss —— Beero
iy, | - TERC o | AmHHA | won | SCKEE
rcﬂ ITH pa'lypa Hymeo_ OMRro- c-rpyu_ H“m. )II':IIL‘- BCTaB' 3&“‘":' Ha Ha
1000
ERTE | wnon | YO qypoi BAHO, | puw KH HBl | KIOH
HHA, °C THIa ypo H I
4 reHa/Bcero

hBDI 139 60 6 40 3/5 695 2 0 1 0,60 | 4,3
hBD2 154 62 10 37 313 462 0 0 0 0 0
hBD3 166 52 10 32 8/8 1328 0 0 0 0 0
hMCP-4 | 300 56 12 38 3/5 1500 2 0 2 0,80 | 2,7
hMCP-5 | 330 65 14 44 13 990 1 0 4 1,67 | 5,1
hCCL27 | 351 64 16 42 /2 702 0 0 1 0,50 1.4
HLT 360 64 16 42 0/3 1080 1 1 1 1,00 | 2.8
vIL-8 365 58 I8 36 3/5 1825 2 0 2 0,80 | 2,2
LPP 756 56 46 32 0/2 1512 2 0 0 1,00 1.3
PPP 771 58 40 38 /1 771 0 0 0 0 0
hCXCR4 | 1042 67 L 47 11 1140 0 0 0 0 0
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Jlannaa nporpamma onpo0oBaHa Ha NpHMepe
cHHTe3a 11 menTvaOB M GeIKOB, KOAMPYEMBIX Te-
Hamu JUinHOH ot 139 no 1042 nx (Tabn. 1.7).

Uncno HykIeoTHIHBIX OHO0K B CHHTE3HpPO-
BAHHGIX NEHAX B OCHOBHOM 3aBHCHT OT KadecTsa
ONTHTOHYKe0THI0B (KOnmHuecTsa oluHbOK), 3 He OT
ToYHOCTH KomupoBanus JIHK-nonumepasoil. Ha-
npumep, Pfu-nommmepasa B INLIP genaer mpumep-
HO 6,5 owmbku npH kormuposanuH 100 TeiC. mH.
Cpennsas ommbka CHHTE3a HCKYCCTBEHHBIX T€HOB
C WCMONb30BAHHEM 3TOro (JepMeHTa COCTABASET
1,8 ma 1000 nH. He obGHapyxeHO 3aBHCHMOCTH
MEXIY KONHYECTBOM OLIHOOK B CTPYKTYpE HCKYC-
CTBEHHBIX TEHOB H JUTHHOH HCTIONB3YEMBIX OJIMIO-
HYKNEOTHAOB HMIH LeneBoro resa. Tak, Oonee
JumHHHbIE TeHbl (PPP v hCXCR4) 6bUIH MOJTyY€eHbI
6e3 emHO# olHOKu, B TO Bpems Kak Gonee kopoT-
kue (hBD1, hMCP-5 n HLT) conepar MHONOYHC-
NeHHBIe OIIHOKH.

B nacrosmee spems DNA Works, no-suau-
MOMY, ABJIAETCA Ayqlllell MpOrpaMMOi /1A TUIanH-
pOBAHHA CHHTE3a HCKYCCTBEHHBIX MEHOB MO METO-
ny Kopasst,

CuHTe3 ucKyccTBeHHEBIX pparmenTos JIHK me-
TonoM Kopans! B HacTosee BpeMs ABIACTCH IIH-
POKO WICTMOIB3YEMBIM HHCTPYMEHTOM MOTEKYIAp-
HO#l OHONOrHH.

BeicLHM IOCTIDKEHHEM XHMITYECKOTO CHHTE34
ABJIAETCA NpOBefeHHbli rpynmmod 3. Bummepa
cuaTe3 nonHosupycHol xJIHK, u3 xotopoi 6nm
nojgyqeH HHpexkuHoHHbL BHpyc. [lonHas nocne-
nosarensHocTh KIHK nonuosrpyca nepeoro Tina
(Mahoney) BMecTe ¢ IPOMOTOPHOH 06IACTRIO TIO-
nmumepassl ara T7 Obina pasbuta Ha TpH (par-
meHTa (3026, 1895 1 2682 nH). Oparments! ObumH
cofpanbl H3 MONHMHYK/ICOTHIOB CpEHEH JUIMHOH
69 myxneomaHbX 3seHbeB. [Tocne c6opru uene-
BOil MOCNEN0BATENEHOCTH H €€ TPAHCKPHITLHH Obl-
M TTONTyYeHE! TIOTHOLEHHEIE BUPYCHBIE YACTHILRL.

1.12.2. Koncmpyupoeanue HK-dynnexcoe
U3 YacmuwHO KOMIeMeNmapHeIx
nonuHykneomudoe

AnerepraTuBHBIH Metomy Kopaw criocob

KOHCTPYHPOBaHHA HCKYCCTBEHHBIX MPOTAMCHHBIX

¢parmerrop JIHK chopmymmpopan B pabore

K. Urakyps! ¢ cotpynsnkami. B ero ocHose nexur

CrocOBHOCTE HEKOTOPBIX (PEPMEHTOB, B YACTHOCTH

¢parmerTa Knenosa [IHK-nonumepassr I, mo-

CTpauBarb KOMILIEMEHTAPHYIO Lemb B MPHCYTCT-

BHMH mpaiiMepa. 3To cBOfICTBO (epMeHTa 3ITH30IH-

YECKH HCHOB30BANOCH B paMkax merosa Kopaus

UL YUTHHEHHA OJTHIOHYKJIeoTH 0B, B 6onee no3a-

HHUX paborax — ana nonyyseHus JTHK-gynnexcos.

lNonywerye JIHK 13 4acTHYHO KOMIUIEMEHTAp-
HbIX TONHHYK7ICOTHIOB no MTakype BrmouaeT
B cebs crnenyiowme 3rans (puc. 1.53):

1) xuMHYeCKHii CHHTE3 HECKONBKHX TMONAapHO
YACTHYHO KOMILIEMEHTAPHEIX TONHHYKJICOTHIOB;

2) nONapHKI OTKHT TONMHYKICOTHIOB H 06~
pa3soBaHHE KOMTUIEKCA BCNEICTBHE KOMILIEMEHTap-
Horo B3auMonericteus 10-13 map oOcHoBaHHii,
cOPMHUPOBAHHEIX Ha 3'-KOHLAX MOJIMMEPOB;

3) ¢epmenTaTHBHAA JOCTPOIKa NOMYYEHHOIO
KOMIUIEKCA ZI0 TIOTHONO OYTJIEKCa C TMOMOIILIO
¢parmenrta Knenosa [THK-nomimepaset [;

4) dopmupoBaHHE BBICTYNAIIIETO JIHTIKOTO
KOHUA ¢ OfHO CTOPOHEI ARYXLENOYEYHOTO JYI-
JIEKCa IMyTeM CHIPONH3a COOTBETCTRYIOLIEH pecT-
PHKTa30if 1O 3apaHee BBEICHHOMY B COCTaB (ppar-
MEHTa caiiTy;

5) KIOHHpOBaHHE MOMYyYEHHBIX JYIUIEKCOB
¢ nocnemytomedt aMmidukanuei B cocrape nuas-
MHIB! W BelIeneHue uenesoro ¢parmenra JHK
C MOMOILBIO TeX e peCTPHKTA3,

Briepseie 10T nopxon 6uu1 HCTONB30BaH JUIA
cunTesa JIHK, konupyiomeit C-koHueByo 061acTh
yenopeveckoro uxrepdepona 2. Ilo ananoruy-
HOIT cxeme 6bin nosTyder rel srmuHa C (puc. 1.54).

PaccmarpuBaemsrii Mmeton TpeGyeT MeHsLIero
4HCNa NONMHMHYKJICOTHAOB, Yem Meron Kopansl,
penencTere Yero Ha 3040 % cripkaloTcs 3aTparsl
HA XHMHYCCKMH CHHTE3 H aHa/iM3 OJHTOMEpOR.
B 3ToM MeTonie 3HAUYNTENIBHO MEHBILIe CTalIMii, 1o-
3TOMY OH He CTO/Ib TPYAOEMOK H, MO-BHIMMOMY,
Oonee HaZieXKeH no cpaBHeHHIO ¢ meTonom Kopa-
Hel. Kpome TOTO, MpH HCNONB30BAHHH TOJHHYK-
ne0THHOB INHHOM no 40 HYKIEOTHOHLIX 3BEHLER
HeT HeoOXOOMMOCTH B KOMMBIOTEPHOM aHalm3e.
BeposTHO, 3710 CBA3aHO ¢ HOCTATO4HOM cTabuib-
HOCTBIO 00pasylonmMxcs KOMIIIEKCOB H3-3a 00nb-
e UIHHB 06nacTH KOMITIEMEHTapHOTO B3aHMO-
naedcTBHA nonuMepoB H cnocobHoctn JHK-mo-
NUMepaskl «TPOXOAHTE» HH3KOIHEPTreTHYECKHE
IITHIBKH.

[Mpy mony4eHHW NPOTSHKEHHBIX (PParMeHTOB
JHK meromamu Hrakypsl u Kopauwl Bo3HHKaeT
3ajla4ya YTIPOIEHHS CTHIKOBKH OTACNBHBIX KJIOHH-
poBanHbIX cybdparmenToB. C 3T0H nenwio paspabo-
TaHbl crielManbHele BekTopsl pMB123, pMB124,
pFH123, pFH124, ckoncTpyHpoBaiHEIE HA OCHOBE
rnasmua pUR222 u pUC18. Oru copepxar nomm-
JIHHKEPHI, BKIIOYAIoIMe Habop y4acTKOB y3HaBa-
Hua pectpukras Sall, Accl, Hindll, HindIll u
BamHI mexy nonapHeMH caliTaMH 9HIOHYK/I€as
pectpuxumu Fokl w Hgal npoTHBONONOXHOM 1o~
nsprocty (puc. 1.55). MNomwmukepHsii pparmesT
pacnonoxeH B KOJMPYIOLIEH NocieI0BaTeTbHOCTH
a-nerruaa  f-ranaxrospgasel. DHAOHYKIeasa
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PollK PollK

Pectpukius PecTprkiia

1. Knosuposanhe
2. Buigenenne pparmenTa JIHK
pecTpuKIHed

Hcekycersennas JHK

Puc. 1.53. Cxema koHCTpyHpoBaHHA HekyceTBeHHbX JIHK no Mrakype

1 2 3 4 9 2 3 4
s 6 78 s 6 1 10
Anvmmduxanms
EcoRI BamHI BamHI HindlIll
l X
—_—

pPR-TGATG-1

3818 nu

Pry

Puc, 1.54. Cxema xoHcTpyHpoBanng resa armana C.

X — nocnenosarebHOCTL BEICBOTO reHa

3* Mesemimmcins momsegvs
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Pstt  Fokl  Hgal Sall

Hindlll

BamHl Hgal Fokl  EcoRl]

GG ATG ACG CGT CGA CAA GCT TGG ATC CGC GTC ATC CAG
ACG TCC TAC TGC GCA GCT GTT CGA ACC TAG GCG CAG TAG GTC TTAA

—_—
——

Accl

-—
-

Puc. 1.55. Hyxieoruauas NOCAENOBETENLHOCTL NONMAMHKEPHOI obnactu rinasmuas pFH123

—_— -— _ -— L
l PollK l PollK l PollK 1 PollK
- 2] —_—
lPsr BamH1 l 11, Sall lBgﬂl, Sall lBng. Sall
Knonuposaune Knonupopanue Kinonnposanne Knounposanue
Pectpuxrms PectpHrumsa Pectpuxius Pe
Pstl, Fokl Fokl Fokl Fokl, Sall
Psil F F Fy ———mm88 ™
Fl‘ + 1 F; + 02 F; Sk Sall
JHK-nurasa
Psl
Sall

Puc. 1.56. Cxema KoHCTpyHpoBaHus rexa [L-2.

-
Fi, Fi — B38sMOKOMITIEMEHTEPHBIE OAHOLEIOYEYHBbIE MOC/ISA0BATENBHOCTH HYKACOTHIOB,
obpazyronuecs noj AeicTBHEeM pecTPHKTa3El Fokl

pecTpukiiiu Fokl NpUHANTEKUT K PeCTPUKTA3aM
niopksacca IS u paciuennseT nONHEYKISOTHIHYIO
LETTh HA PACCTOAHMH 9 HYKJICOTHIOB OT 3'-KOHLA
caiita y3uaBauus (GGATG) n 13 HyxkiaeoTHios ot
§'-KOH1ja KOMILIEMEHTAPHOH MOCNEAOBATENBHOCTH
CCTAC. INono6ubiM xe 0bpasoM (Ha pacCTOSHHH
5 1 10 HyX1eoTHAOB OT caiiTa y3HABaHMA COOTBET-
cTBenHo) pacueruiser JIHK sunonykieasa pecr-
pukuuy Heal.

Hemonesosanme sextopos pMB u pFH 3waun-
TENbHO ynpomaer cOopKy npoTsmxeHHbIX (pparmeH-
toB JAHK mo meromy HTakyphi, nOCKONBKY KJIO-
HHpPOBaHHBIE B OJTHX BekTopax cybgparmenTs!
MOXHO BEIIGNIHTE € JIOOBIMU 3apaHee 3aruiaHupo-
BAHHBIMH JIMITKHMH KOHIIaMH IE€HCTBHEM PECTPHK-
ta3 Fokl wim Hgal. Tlpu pa3buenns uenesoii no-
CrenoBaTeNbHOCTH Ha cyGdparMenTs CTpyKTypa
NMIIKMX KOHIOB BuIOHpaeTcs Takmum obpasoM, yto-
Obf OoHM He OwbiIH CAMOKOMINIEMEHTADHBIMH M
obecnieuHBaiH O/IHO3HAYHY 10 COOPKY LeNeBOro re-
na. TMonyuennwie cyOpparmMenTsl OIHOCTAIMIHO
cobupatoTcs B LIENEBYIO CTPYKTYPY M KIOHHPYTCH
B MOJIXOJIALEM BEKTOPE.

CxeMa KOHCTPYHMPOBaHNA I'¢Ha HENOBEYECKOTO
HHTEPNCHKNHA 2 ¢ NPHMEHEHHEM BEKTOPOB CEPHH
pFH npuBenena Ha puc. 1.56.

1.12.3. KoHcmpyupoeaHue UCKYyCCMmeeHHbIX
2eH08 U3 CceepXOnUHHbLIX
nonunykneomudos

Jlornueckum npoponkenyem Metosia Mrakypst
MOXHO CIMTATH METOZ, Npeanoxennsii B. Manne-
KH C COABTOpaM¥, B KOTOPOM IOCTPO#Ka MOJHOTO
JIYIJIEKCA OCYLIECTBISETCH in Vivo, a He in vilro,

TTocnenoBareibHOCTH HCKYCCTBEHHOIO TEHa
pa3buBaercd HA nONHHYKneoTHs! numHoi 80-90
HYK/ICOTHIHAIX 38eHkeB. OHM ONONHAITCS ¢ §'-
M 3'-koHLOB |8-unenHsIMH NOCHE0BATENLHOCT-
MH, KOMIUIEMEHTAPHBIMH YYaCTKaM BEKTOPHOMH
TUIA3MHIBI, OKPYXaIOlHM YHHKAIbHEIH caifT pecT-
puxumn (Hanpumep Bsml). Bextopras rnnasmuia
NHHEApH3YeTCs 10 ITOMY caiiTy H OTXHraercs
¢ nonunyxineornaom. IomyuenHol cmeckio Tpanc-
$OpPMUPYIOT KOMITETEHTHBIC KIEeTKH E. coli. Komil-
JIEMEHTAPHAA CHHTETHYECKOMY [OMHHYKIEOTHIY
LenbL CHHTe3upyeTcs in vivo «xossiickoii» JIHK-
nonMmMepasoil £. colli.

[Tockombky caift Bsml pacnonoxen B obnactu
rena lacZ, CHHTETHYECKHE TIOJIHHYK/ICOTH/IBI BbI-
Oupator Takum 06paioM, 9Tobs1 0bnerynTs eHo-
TUTYeCcKHil oTOop pexoMOnHanTOB. KpoMme Toro,
B 3'-KOH1IEeBOI NOCNEA0BATELHOCTH KaXK1010 M0~
JMHYKIEOTHAA COIePXMTCH NONHBI Bsml-caiiT,



1.12. METO[bl XMMUKO-PEPMEHTATUBHOIO CUMHTESA ABYXLIENOYEYHbIX ®PAIMEHTOB [HK 75

5 ——— N G CATTC
e 'C G TAAG
lBsml
5 ————— N G CATTC
_————-—— NCGTAAG
l CurreTuyueckHil NOTHHYKICOTHL
g —
_— NCGTAAG
: DparmenTt :
| NMOIYHEAEMOTO |
I reusa I
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KJIOHHpOBaHHE

5 — ' G C AT TC
——  C G T AAG

Puc. 1.57. KoHCTpyHpOBaHEE HCKYCCTBEHHBIX NEHOB 110 Manjexu.

Hupuas 4epra — NOCNENOBATCNLHOCTE CHHTEIHNPYEMOI'0 I'eHa, TOHKAY — BCKTOPa

JU1s TOro 4T0OB!I OH percHepupoBancs B BEKTOpE Ha
ka0l cramumn. Ilocne KJIOHWpPOBaHHMS TEPBOro
nosmiykneorsaa (puc. 1.57) TouHo TakumM xe 06-
pasoM KIOHHPYIOT BTOPOH W T. A. JIO INOJNYYEHHA
IeJieBOif CTPYKTYPhl. ITHM METOHOM Ohill CKOHCT-
pyupoBas res anadpunaroxcuna C3a yenopexa.
Ipennoxennsit B. Mannexw cnoco® npusie-
KA&TCIICH TEM, YTO MPH CHHTE3E LEJICBOro NYIUIeKCa
MOKHO OTPaHHYHTLCA TIOMY4EHHEM TONLKO OfIHOI
uenu. Kpome T1oro, er HeoGXOmHMMOCTH TPOBO-
JinTs Juruposanne ¢pparmentoB JIHK. Jlocrarou-
HO JIETKO OCYIIECTRIATH OTOOP peKOMOMHAHTHEIX
K10HOB. Bsml Boibpana B KauecTBe 3H/10HYKIICa3b!
PECTPHKIEN JUTA NHHeapH3anuy bnaromaps ee yHH-
KabHBIM cBOjicTBaM. OHa y3HaeT 6-4ieHHYIO He-
NATHHIPOMHYIO TOCeI0BaTeNBHOCTE B 0Tpe3aeT
CBO¥i CallT Y3HARAHHA OT MPOH3BONLHOI MOCNEN0-
BATENBLHOCTH. B 2TOM e Ka4ecTBE MOryT HCHOMNL-
30BarbCA I0ObIE 3HJIOHYKIeassl nopknacca IS
(Alw, BspMI, Fokl, Hgal, Hphl), ecim B Bekrope
HMEETCH TONBKO OJIHH MX YYaCTOK Y3HaBaHMUA.

1.12.4. Mcnonb3oeaHue Ann cuHWmesa
2eH0€ nonuMepasnod yenwou
peakyuu

I1. Ounnon u K. Po3eH, OCHOBBIBAsACKH HA TOM,

Y70 TIEPEKPLIBAKOIIHECS ONHIOHYKJICOTHIBI MOTYT

6prms Menombsopadb! ana cunresa JJHK ¢ mo-

motkio ¢parmenta Knenosa JJHK-nonumepass: I,

NPe/UIOKHIH TPHMEHUTh ABycTamuitHyio [TLIP

M CHHTETHYECKHE NOIHHYKICOTH/IB B KauecTse

MATpHLIEI U1 CHHTE3a HCKYCCTBEHHLIX I'eHOB. [en

Rev HIV-2, copeprauiuii TpUiLieTsl, npearnoyTH-

TeNbHO Mcnonb3yiomuecs B E. coli, nonyvyanu u3

YETHIPEX YACTHYHO NMEPEKPhIBAIONIMXCH MOMHHYK-

neorunos amuHoi 105 3peneeB (puc. 1.58). Cun-
TEe3UPOBAHHBIC TTONMHYKICOTH Il OOpa3OBLIBAIH
20-25-38eHHBIE ABYXUENOYEYHBIE YYACTKH, KOTO-
phi€ CIYXHIH B KayecTse lpaiimMepos g Tag-no-
mimepassl B [TL[P. B nenom nomHyKIeoTH bl KO-
muposany rex auHo 300 nu u 1Ba calita, pacno-
TOXEHHBIX B nonuuykneotwaax A u D B neob-
XOOMMBIX [UTA MOCIEAYIOIEro KJIOHHPOBAHHA.

Ha nepsoit ¢raanu nposopwim [P nmonuayk-
neotuioB A, B, C, D B nprucyTcTBHM Tag-nonuMe-
passl. [lonyueHHEIH NPONYKT peaKiuy, HE SBIISIO-
MMACA TIO JIAHHBIM Tenb-2JiekTpodopesa romo-
rentniM, BeomHiaH B [1LP ¢ xoporkuMH (anwnoi
30 HYKICOTHOHBIX 3BEHLEB) OJIMTOHYKJIEOTHAAMH
E u F. B pesynsrare BTopoii peakiu obpaszopancs
HH/IMBHIYyal BHBIH JYTINIEKC, KOTOPBIH 3aTeM ObUl
KJIOHHPOBaH, HO JaHHbIE O MPaBHIBHOCTH €0 HyK-
JICOTHAHOH CTPYKTYPBI OTCYTCTBYIOT.

AHanoruyHeli noaxos Obll MCIOIL30BAH s
MOJIy4eHHs: FeHa, KonMpylomero GakrepHopoon-
cuni (bR). Llenesoit rex, crpoekTHpoBaHHLI J115
KacceTHOro Myrarexe3a, Owin pasnenen Ha 3 dpar-
MEHTa H COZIepaJl B CBOEM coCTaBe 33 yHHKalb-
HBIX caiiTa. Kaxielii U3 (pparMeHToB pasOHBaIM Ha
nonuHyKIeoTHaLl mHoi ot 70 mo 100 3Bennen

E
— A
—C -
B

——
D«
F

Puc. 1.58. Cxema cunTesa reda Rev HIV-2

¢ noMoueio 1P
HA CHHTECTHYECKHX OMHHYKIS0THAAxX
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Ap'(900 114)
pUC322-5fi
Tc'

Puc. 1.59. Cxema wcnonszosanus [P
JUT OHOCTA i HO#H COOPKH reHoB.

Tpeyronetukamy obossaueHnl npaiimeps:
JITA aMITHOHEATHA

pUC182-Sfi
2,7 i

BamHI

Puc. 1.60. Cxema curTesa mnasmuaer pUCI 82-Sfi

TaK, 4T00BI OHH MOITIH TOTMapHO OOpa3oBIBATE
JYTUIEKChl YHMKANbHOIO coctasa miHHOH 20 nap
HYK/ICOTH/IOB, @ BO3MOXKHOCTh BHYTPHMOJIEKY AP~
HOTO CTIAPHBAHMSA B KA3KJIOM NOJMHYKICOTH e Oht-
71a MHHHUMAIBHOI.

ABTOpBI HCCIIEOBAITH BIHAHNE KOHLUEHTPALIH
NOMMHYKICOTHAOB H TpHdochaToB, NPHPOaL! TEp-
MocTabunbHOH monuMepassl B yCIoBHI poBese-
HHsA PEaKUAH HA CHATe3 KakK LeNIeBOT0 Iera, TaK
M oTenbHEX ero ¢gparmenTos. B TMLP ucnonsso-
Banu JIHK-nonumepassr 7ag, Ventg(exo) u Ventg.
Knons:, copepiaiue NoiHOpasMEpHBIA LeneBoi
I'CH U [OJyYEHHBIE ¢ NOMOILLK) PasIHYHbIX MO/IH-
mepa3s, OsuiH ceksermupoBansl. [Uia JHK-nosmme-
passl Ventg(exo-) Habmonanocs 0,24 % owmmbok
(0,15 % 3amen, 0,07 % neneuwmii 1 0,02 % BcTaBOK)
Ha OJIMH HYKJICOTH/I LENEBOH 10CIeI0BaTEIbHOC-
™, 1A Tag-nonumepasst — 0,19 %. lns [THK-no-
numMepasst Ventg, kotopas cnocobHa HCNpaBliATh
OLIHOKH NpH CHHTE3e OJMIOHYKJICOTHIHON WenH,
HabmonanK aHanoruyHsi pesynerar — 0,22 %
ommHboK.

M3 3mix pammbIx cneayet, wro 3'-5'-xoppek-
mupyiomse cpokictea JIHK-nonumepasnt Ventg
NPaKTHYECKH HE BIHAIOT HA COOTHONIEHHE KJIOHOB
C NpaBHIBHON H HempaBWIbHOI cTpykTypoil. ITo-
BHIHMOMY, OWIMOKH B CHHTE3MPOBAHHBIX ICHAX
He cBA3aHBl ¢ TOYHOCTEIO KomHpoBaHus JIHK-mo-
mumepasavi. Cyas mo BceMy, 3TH OHIHOKH yke
CYIIECTBOBAITH B CHHTETHYECKHX ONTHIOHYKICOTH-
nax. TlonydeHHsle pe3ynsTaThl XOpowo cornacy-
I0TCA C JaHHLIMH O TOM, YTO BENHYMHA OLIHOKH
NPpH CHHTE3e TONHHYKJICOTHAOB COCTaBIfeT
B cpeatem 0,15 % Ha HyKneoTH/I.

C nomoupio ITLP uenesoit ren mMmoxer GviTh
cobpad M3 OONBLIONO YHCHA ONMIOHYK/IEOTHJIOB,
C HCMONbL30BAHHEM METOA PEeKOMOHHALHN 11 Vilro.
Ha puc. 1.59 npusenena cxema cHHTe3a Qparmen-
Ta pasmepom 1,1 TnH, comepkainero npoMoTop-
Hyi0 obmacTs M ren f-nakramassi (bla).

Beero 61u10 CHHTE3HPOBaHO 56 OIMIOHYKJICO-
THIOB JUTHHOH 40 3BeHLEB, KOMHPYIOIHX 00e Leru
ueneBoro nymiexca. Pai0ueHne Ha OMHIroHyKIeo-
THJIBI OCYIIECTBIEHO TaKuM 06pa3zom, YTobb! Kax-
IbIA W3 HHX TIEpeKpPbIBANICA C COCEAHNMH (parmMen-
Tom JutHnol B 20 nykneornaoB. ['en bla Geut pnan-
KHpOBaH I8 ynobcTBa KIIOHHPOBaHHMA CcailTamu
pectpukTasul Sfil. B menoM reH cuHTE3WpoBaH
B 4 CTaMH: CHHTE3 OJIHIOHYK/1e0THIO0B, cOopKa re-
Ha, aMriH(HKalHA reHa, KJIOHUPOBaHNE HCKYCCT-
BeHHoro rena B pUC322. 76 % nony<eHHBIX MpH
KJIOHHPOBAHHH KOJIOHMI HMenyu omuaaeMeii de-
soTun Te'. OaHaKo eIHHCTBEHHBIH CEKBEHUPOBaH-
HBIH KJIOH MMEJ B COCTEBE [EJIeBOT0 TeHa TPH
MYTALHH.
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DT0T Ke MNOnXonm MPUMEHSIH JUIA CHHTE3a
nnasmuas pUCI82-Sfi, kotopas ommtaercs oT
pUCI82 tonbko HanmuuueM (aHKHDYIOLIMX I'eH
bla neyx Sfil-caiitos. [lyTuiexc, COOTBETCTBYIOLLHI
mwiasMusie, nogysan M3 134 nonMHYKIEOTHIOB
umaHo# 40 3BeHBEB, a TaKoKe 13 AByX 47- H 56-Hyk-
neoTHAHBIX (parmMeHTOB. Bee mMONMHYKICOTHIE!
OHOBPEMEHHO HCTIONB30BAIH B TPEXCTAIHHHOMH
[TIIP, B pesynvrare Obu1 NONYHEH BHICOKOMOJIEKY-
nspHei MynsTHMEp (pHc. 1.60).

Mmgpomus mosydeHHOro MynsTHMEpa ¢ no-
mouisio EcoRI, BamHI, Psil, Bgll, Sfil unu Neol
nasan okuaaemyio 1 pUC182-5fi pectpukimon-
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Maea 2
BEKTOPHAA CUCTEMA

FPAMOTPULIATENBHOW BAKTEPUWA ESCHERICHIA COLI

Baxrepus Escherichia coli (kMineusas nanoy-
Ka) — camas u3yueHHas KJIeTKa W3 BCeX CYIecT-
sytomux. Umenro B knerkax E. coli Buepssie 6bu1
o0HapyxeH nonopoH (GakTop U I0Ka3aHO, 4TO OH
ABJIAETCA BHEXPOMOCOMHOH KOJIbIEBOI IBYXLIENo-
ueuHoit Monekynoi JTHK. Murencussomy ucclne-
JIOBAHWKO TMOJABEPITIMCE W APYTHE TUIASMHJIBI 3TOM
baxrepun. BoneimHicTBO HanboNEe MOHO H3YYeH-
HBIX DaKTepuanbHbIX BHpYCcoB (daros) Takxke ume-
0T B Ka4eCTBE KJICTKH-Xo3auKa E. coli.

K MOMEHTY NOSB/IEHHMS METOAOJIOIUM KOHCT-
pysposanus ruOpuassix monekyn JIHK in vitro

ObuUIH paspaboransl METO/IbI BhLIENEeHNS (aroBbix
v mmasMaansx JJHK B HaTWBHOM BH/JIE H HX OYHCT-
KM, cnocoObl BBEIEHHN 3THX MOJNEKY1 B KIETKU
E. coli w orfopa kinowoB TpanchoOpMaHTOB |
rpancdexranTos. Hanuuue apanuoli Merommye-
ckoii 6a3sl 1 oBycnoBnno To, 910 uMenwo E. coli,
ee mnasMuabl ¥ arn aBiiKMche nepBriMyu 00bek-
TaMH TIEHETHYECKOH WHXEHEPHH, HAa KOTOPBIX
YAANOCh JOCTHYB CEHCALIHOHHBIX PE3YJILTATOB 110
KJIOHHPOBAHHIO W IKCNPECCHH  HYXKepOIHBIX
TEHOB.

2.1. BBEAEHME TJIASMWOHBIX U ®AIOBbIX MOJIEKYJ1 OHK B KIETKM E. COL/

2.1.1. CmpoeHue knemoyHoll cmeHKu
2pamMompuyamencHbix Gakmepuil

B 1884 1. K. I'pam paspaboran meton andie-
PEHIHATEHON OKPAckH KaeTOK OaKTepHil, KoTopbii
JI0 HACTOAILIEr0 BPEMEHH HCHONB3YETCA NPH TaKCO-
HOMUWYECKOM omnpenenelnn Oakrtepnii. Cyre nau-
HOH mponenypsl cocTout B cnenyioweM. Knerku
B Ma3ke Ha MPeAMETHOM CTeKie, (PMKCHPOBaHHOM
HArpeBaHMeM, CHa4a/la OKpalIMBalOT OCHOBHBIM
KpacHTeleM — KPHCTAJUTHYECKHM (HONETOBRIM,
a sarem obpabarsiBaloT pacTBopoM ona. Hon 06-
pasyer ¢ KpHCTANTHYECKMM (PHONETOBBIM KOMII-
NIEKC, HEPaCTBOPUMEIIT B BOJIE M IUIOXO PacTBOPH-
MBIl B cnpte win auetore. Ilocne 3toro masku
obpabarsiBaroT crHpToM (Him aueronom). I'pamor-
pHLUATeNbHBIE KISTKA 00SCIBEYHBAKITCA, & TpaM-
NONOXKHTEbLHBLIE COXPAHAIOT HHTEHCHBHYIO CHHE-
YEePHYIO OKpacky. XoTs 3TOT METOJi OKPAacKH Hc-
NOML3yeTCA OMEeHb faBHO, nHuk B 1960-¢ . yna-
NOCk NOKA3aTh, 4TO ABNeHHE NUpPepeHIHATBHON
oKpacku o0ycaoBneHo (yHAaMEHTAILHBIMH pas-
JINYHSIMM B CTPYKTYPE KJIETOYHBIX CTEHOK BYX TH-
noB OakTepwi,

Crpoense KiIeTOMHOH CIEHKHM TPaMIloNoxH-
TenkHBIX OakTepuii paccmoTpero B pasaesne 10.1.1.
B nauHO#i 1aBe 03HaKOMUMCS CO CTPOCHHMEM Kile-

TOYHOHM CTEHKHM IpaMOTpHUATENLHOH OGaKrepun
E. coli.

ConepaumMoe KieTin orpaHHieHo OucnoiiHoH
dochomammanod mIasMarHIeCKol MeMOpaHo¥
(puc. 2.1), B cocTaB KOTOPOil BXOMAT W TaK Ha3bl-
BaeMble WHTErpanbHble 6enkn MemOpan. Ouu pac-
noNaraloTes B JIANMAHOM Oucnoe, Gymyun norpy-
JKEHbI B HEIO YaCTHYHO MJIM W€ MPOHWM3BIBAs €ro
HAacKBO3k. Jlpyrue GemkH npuKkpensieHsl K NoBepx-
HOCTH MeMOpaHsl, H HX HaswBawoT nepudepHye-
ckumu Genkamu. L{uToimasMa KIETKH, OKpYXeH-
Had IasMarudeckoil MemOpanoil, npeacrasiasier
cobo# npoToniact.

INporonnact E. coli «onem™ B nenTHAOIIAKA-
HOBbIH MEMIOK, NpHUIErali K BHemHel MeMG-
pase (cm. puc. 2.1). TlenmmupommKkasbl — reTepo-
NONMHMEPB! XapaKTEpPHOrO COCTaBa H CTPYKTYPHI,
CHHTE3HPYEMBIE HCKIIOYHTENHHO IMPOKAPHOTAMH.
Hx MOHOMEpPHBIMH KOMIOHEHTAMH SABISIOTCH IBa
auEeTHIMPOBAHHBIX aMuHocaxapa — N-auetun-
ITIOKO3aMAH W N-aueTmiMypaMoBas KHCIIOTa,
a TaKKe HeGONMBILOe YHCI0 aMHHOKHCIIOT, OpHYeM
HEKOTOPBIE M3 HUX SBIAKTCH CHEMPHPOAHBIMI»
B TOM CMBICJIE, 4TCO OHH HHKOI[IA HE BCTPEYAIOTCH
B Oenkax. Yepenyrwomuecs ocrark N-ale THIITO-
Ko3aMrHa ¥ N-aleTHIMypaMoBO# KHCJIOTHI, Coe-
AnHeHHble f-1,4-TNTHKOZHAHEIMY CBS3AMH, 00pasy-
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Puc. 2.1. Cxema ctpoennn knetouHoii crerku E. colit

a — B nonepedHoM, 6 — B TpeXMepHoOM cpese; | — numua A; 2 — nosapuas rofosa;
3 — ruppodobuan uens WUPHOH KNCIOTE, 4 — NHITHIHAS YACTH MONEKYINb!, 5 — ee Oe/KoBas YacTe
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Puc. 2.2. Crpyxrypa nentuiornikana E. coli.

IeTepono/mMepHLIE HENONKN, COCTORNINE W3 YepeIylonmxcs octarkos N-anetuarmokosamiua (GleNAc) s N-auetnimypamo-
Boii xucnore! (MurNAC), cessane Mexay coBoil nenTHARKMK MOCTHKaMH, CNpasa eHuly — CXEMATHUECKOE NEPCIICKTHBHOE
H3OBpaMCHHE CTPYKTYPRI ONHOCNOHHOIO [ONEPEMHOCHIMTOID TMETTHIOIIMKBHOBOro Meuika, coctosuero ui GleNAc (G)
i MurNAc (M). Tpeyronsamkams 0TMCHCHE! CBAIM, PACILCTUIACMEIE TH30HHMMOoNM; M-Dpm — mMe30/1HaMUHONBMETHHOBAS KHCIIOTE

10T uenH rmukaios (puc. 2.2). Kaxnas uens copep-
#ur ot 10 o 65 aucaxapunubix eauuuni. Ocrarkn
MYPaMOBOH KMCIOTHI HEpe3 JaKTHIIbHBIE TPYITEI
COE/IHHEHB! HENTTHAROMH CBA3LIO ¢ LEN0YKOH U3 Ye-
ThIpex amMuROKHCToT. IlenTvinbie 1leNnoYKH cocell-
HHX HUTEl [NHKAHOB COEUMHAIOTCH Mex 1y cobo
NONEPEYHBIMH CILIMBKAMH, BO3HHKATOUTHMH BCITE]1-
cTBHE 00pa3oBaHMs NENTHAHOH CBA3M MENILY
D-anasHHOM B MOJNOKEHHH 4 OJHOM TENTHIHOH
LEernoYkH M cBoBOIHON aMHHOrPYIIOH ME30/IMaMH-
HOIMHMENHHOBOH KHCJIOTHI B MOJOKEHHH 3 IpyroH
uenovkH (cum. puc. 2.2).

B pesynsrare obpazoBaHms TAKHX MENTHIHBIX
MOCTHKOB NENMTHAOTITHKAH npejacTas/iser cobok
MONEKYJAAPHYIO C€Th — MEIIKOBHAHYIO MaKpOMO-
JIEKYJTy OTPOMHOIO pa3Mepa, KOTopas MOMHOCTLIO
OKPYXa€T W H30JIHPYET NPOTOIUIACT, YPABHOBELLIH-
Baj €70 BHYTPEHHEE JaBlieHue, 00yCloBIeHHDE OC-
moTHyeckumy Qakropamu. B knerkax £. coli nen-

THJIOITMKAHOBBIH MeIoK ofnocnoiinelii. [ToBepx
HETO pacliofaraeTcs HapymHas (BHemHss) mem6-
paHa. O7T0T CAOH KIETOYHOH CTEHKH COCTOHT W3
Genxo, dochomINKIOB K JIHIONONHCAXAPHIIOB
(cm. puc. 2.1). Hapyxnas memOpana 1noTHO npH-
JieraeT K NENTHAOITHKAHOBOMY CIOK) M CBS3aHa
€ HMM JHITOTpoTeMHaMH ocoboro Tuna. Monexysst
ITHX JIATIONPOTEHHOB KOBAJIEHTHO COEAHHEHD] ITe1l-
THJIHOH CBsI3bI0 ¢ HEKOTOPBIMHA OCTATKAMYA ME30/1H-
AMHHOINHMMEMHHOBOH KHCIOThL, BXOJALICH B nen-
THZIOTIIHKAHOBYIO ceTh. OHNM BBICTYTIAIOT M3 3TOTO
CIIosl HAPYKY, IpHYem Haubonee yiaaenHoit ot ero
NOBEPXHOCTH OKA3bIBACTCA IMIINJTHAS YaCTh MOJIE-
KYJibl JIMIIONPOTCHHA, KoTopas Grarogaps ruapo-
(obroMy B3auMONEHCTBHIO 3aKPENNAETCHA B JIHIO-
¢duaLHOM ABOIHHOM C10€ HapyXHOH MeMOpaHEl.
Hapsy ¢ dochonmmmnamn v Genxamm Gone-
0y ponk B (QOpMHPOBAHMM HAPYXKHOIH Membpa-
bl E. coli, KaK v JIPyTAX rpaMoTpuLaTensHbix 6ak-
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TEPHIi, HIPAKOT JMNOTNONHCAXAPHIBI, KOTOPBIE pac-
foNnaraloTes Ha BHEIINEH CTOPOHE HapyXHOH
memOpanbl. [upodobHele KOHIB! THNONOIKCAXA-
PUIOB HAXOUATCH B JIBOHHOM JIMMOQHILHOM CllOE
memOpansl, @ THIPODHIBHBIE TOMHCAXAPHAHEIE
KoHUE! obpainensl napyxy. Jlna coxpanenusa cra-
OHWILHOCTH JIHIIONONUCAXAPH/IHOTO €O HeoOXo-
JIMMBI [IBYXBAIEHTHBIE KATHOHBL.

Mexay NenTHAOIMHKaHOBBIM CIOEM M Iuiad-
marHueckoi memOpasoil y rpaMoTpHIATE IbHbIX
KIJICTOK CYIUECTBYET MPOMENKYTOK, HA3HBACMBbIH Te-
PHILIA3MATHYECKHM NIPOCTPAHCTBOM. B Hem Haxo-
aaTCs GerTikH, OCYIIEeCTRIAIIINE pasHbie QyHKIMH.
[NepuiasmMarnvieckoe POCTPAHCTBO, MO-BHAHMO-
MY, Ba#HO JUIR OCMOPEry/IsiHH KIETKH.

2.1.2. Cepeponnacmei

Escherichia coli oTHOCHTCR K TeM MHKpOOpTa-
HHIMaM, KOTOphIe He 001a1a10T PH3HONOIrHYeCKOH
KOMITETEHTHOCTHIO K NOMIOLIEHUIO IK30NCHHBIX MO-
nexyn JIHK. IToaromy nns seegenus JHK BryTpn
nauuolt rpamoTpHuarensHoi Gakrepun neobxozm-
MO CO3/IaTh YCNOBHS, TO3ROJSIOUIHE I[1PEOoNeTh
Oapwep knerouwoii crenku. IlepBhie ycnexm Ha
yroM nytH Oeum pocTuraytel B 1960-e 1. npn
anaunse nHpekumonHoctr darossix [IHK B crec-
reme ceponnacrop E. coli. Cheponnactnt obrr-
HO nofyyaror nyrem obpaborkn 6akrepHanbHBIX
KJIETOK B M30TOHMYECKOM PaCTBOPE JIH3OLHMOM,
ABNAIOIMME OakTepuiIHbM epMenToM, KOTO-
phil CONEPIKHTICH B CNE3HOMH XHIAKOCTH, HOCOBOM
ciu3m, suusoM Oenke, knetkax Gaktepwit W T. ;.
Jluzounm, addextnsro ruponn3yommil nenTu-
JOINHMKAH I'PaAMIOIOKHTEIIBHBIX KICTOK, B TEX WE
YCIOBHSAX HE JIErpajinpyeT NenTHIOTIMKaHOBBIH
Cnod rpamMoTpHuarebHeX GakTepuii, OCKOILKY
HE MOXET NPOHAKHYTL YEpe3 BHENIHIK Membpa-
HY KJIETKH.

JlumonoenucaxapuHblii cioit Buensed memO-
paHbl TpaMOTpHIATenbHbIX OakTepuit crabumian-
pOBaH JIBYXBAJAEHTHBIMH KATHOHAMMH, H MO3TOMY
JUIA «Pas’phIXJICHUA» BHEIIHEH MeMOpaHn HCIoNE-
3y1or komrnekcoobpasyommii arent 3JTA (atH-
JleH/IHaMHHTETPaaleTar), CBA3LIBAIOIHH [BYyXBa-
NEHTHBIE KaTHOHBIL, B peaynsrare obpaborku 3/ITA
HYACTH IHIIONONHCAXAPHAOB BHCBOﬁOKJ],ﬂETCH H3
BHEIIHeH meMOpaHbl KIeTKH, U JIH3OUMM noche
ITOr0 cnocobeH JOCTHIaTh NENTHAOIIHKAHOBOTO
CNOS M FHAPONH30BATh €ro. JIusonmm pacuenser
B TMENTHAOTNHKAHE ITIMKO3HAHYIO CBA3H MEXTY yT-
nepogom C! N-anerunrmokozamuna n C4 N-aue-
THIIMYpamoBoi kuenoTsl. [lps sToM nonucaxapua-
HbIE LIENH PacHa/IaloTCes Ha AMcaxapuanbie ¢par-
MEHTEL (CM. pHC. 2.2).

MHOMOYHCIEHHBIE YCOBEPIICHCTBOBAHUA Me-
TOROB monyuenns cepornacTos £. coli molsonn-
JIM IOCTHYB AOCTATOMHO BLICOKOH MpdexTHBHOCTH
Tpascdexnun monekynamn JIHK pasnwusnix da-
ros. Ob6napyxeno, 9To Ha WHQEKIHOHHOCTH CY-
IMECTBEHHOE BIMAHHE OKasbiBacT (opMa MONEKyl
arossix JIHK, koTOpYI0 OHH NPHHHMAIOT in Vivo.
®amm ¢ wonsuesoi JIHK win nuueiinoi JIHK,
OBICTPO 3aMBIKAKOIUEHC in vivo B KONbLO (nambro-
Hamble parn), xapakrepusyiorca sanbonbineit ag-
dexruprocTsi0 TpaHedekuun. JlokazaHo, 410 Mo-
sekynsl JIHK nponskalor B cpepoiiacTsi B HATHB-
HOI AByX1nenodedHol Gopwme.

2.1.3. «Kansyuessies xoMnemeHmHtbie
Knemxu

Xora SITA-msouumusie ceponnactel E. co-
/i B HEKOTOPBIX 3KCNIEPHMEHTAX MOIYT obecriedn-
BaTh BRICOKYIO 3pexTHBHOCTL Tpanchexumn da-
roseiMi JIHK (zo 103 BOE ma monexyny JIHK
¢ara 1), npouecc MX TONYYSHH MHOIOCTAJMEH
W JIaeT MIoX0 BOCIPON3IBO/IMMEIe pesynbrarsl. ITo-
ITOMY JaHHBEIH METOMHYECKMH MOAXOA He Hauen
HIHPOKOro mpHMeHenua. Haumnaa ¢ 1970 r ero
nouTH nonHocteio BuitecHun meron CaCly-3aen-
cumMoM TpaHcdexiuu KieTok E. coli, KoTopsli pas-
paborana M. Maunens 1 A. Xura. Ouu obrapy-
HKIIIH, 9T0 00paborka Kynsrypsl E. coli pacTBopoM
CaCl; na xonone (0 °C) ¢ nocneayromum Terno-
BeiM moKom (37 °C) mpHBOJMT K WOIMOMIEHHIO
Kknerkamu JoGapnenHnix B cpeny monexyn JIHK
¢ara A v 3aBepmactcs obpasoBanHeM HHPEKIMOH-
soro ¢aroporo noromcTea. Meron okasanca Kpaii-
HE MPOCThiM H BocnipoussoaHMbimM. Haubonee ad-
(eKTHBHO KOMIIETEHTHOCTb HHJIYLHPYETCA B aK-
THBHO nensumxcs knetkax E. coli. Paspaboran
paa moaMQMKAUMiE JAHHOIO METOAE, IOBBINAI-
mux rdhdexmBrocTs Tpancdekimn knetok haro-
peimu JIHK,

Meropn Tpascdekium, 3aBUCUMOH OT KATHOHOB
KaJIbIHA, HMEET HECKOJILKO MEHBIIYIO (heKxTHR-
uocts (1o 104 BOE na monexkyny JIHK dara 1),
4YEM METOJ C MCIIONb30BaHKeM ceponnacTos, of-
HAKO OH ropas/io Npoine u JaeT XOpouio BOCHpo-
H3BO/lMMble pesynbrathl. Heobxonumo oTmeruTs,
yto CaCly-3aBHCHMas TPaHC(EKIMHA YCNENTHO OCy-
LECTRIACTCS JIHILIb HA OTPAHHYEHHOM YHCNE H3Y-
geHHbIX mTaMmos E. coli, a na ec apdexTHBHOCTD
CYIIECTBEHHO BITHSET FeHOTHN KJeTkH. Hanpumep,
y E. coli K12 penienys raiakrosHOro onepoxa npy-
BOJMT K YNANCHUIO FAJIAKTO3b! M3 NIHIIONONHCAXa-
pHAHOH 060JI0YKH N 3HAYHTENLHO YCHIIHBAET CIO-
coGHocTs urrammos K Tpanchexuun JIHK dara A4;
MyTalHa endA BLIILIBACT HCYE3HOBEHHE MEPH-
nnasMarnueckod suaonykneassl I, wro cyecr-
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BEHHO NOBBLIAET COXPANHOCTL HATHBHON CTPYK-
TPl NPOHUKAOMMX B KieTky monexyn JTHK.

Hebonbinme  mozmdukaimn,  BBe/lICHHBIE
B 1972 . C. KoaHOM ¢ COTPYAHHKAMH B ONHCaH-
HYI0O METOJIHKY, NMO3BOMHIHA OCYLIECTBHTL TPaHC-
dopmanmio  Knerok, 0OpaboTaHHBIX XJIOPHIOM
kansiua, nnasmuaesivpe JTHK, Tlpu aTom komme-
TEHTHOCTH HHAYLMpoBanack mHe y 0,1-1 % wie-
TOK Kynstypsl E. coli. JlanbHeAune neenenoBasus
TOKa3a,TH, STO YacTOTy nnasMHIHO# Tpanchopma-
[HH MOXHO NOBBICHTE pasHLIME cnocobami: noj-
Bepras cmech 06pabotanneix CaCly knetok n JIHK
TennoBoMy mioky (42 °C); BBOIR B 3Ty CMECh MO-
HOBAJICHTHBIC KaTHOHBI; 00pabareiBas KIETKH 10-
MOJHMTENHHO OPTaHHYECKHMH pacTBOPHTE/IIMH,
Cynb(rUAPHIBHLIME  peareHTaMy;  BLIPAllUBasd
KIETKH B Cpelie C TIOBBILEHHBIM COJIEpXKaHHeM
MgZ* u np. Kponommsas ciucremarnieckas paGo-
Ta no nogbopy wWraMMoB ¥ MOINGHKALNH «Kalb-
UMEBOI» METONMKH TO3BOJAET B psjie CiAydaeB
NOBLILATL YACTOTY IUIa3MH/HOI TpaHcdopmamH
¢ 10-5 go 103 TparcopMaHTOB HAa MONEKYITY 171as3-
MLIIBL.

MexanH3mM HHIYKIMHA KOMIIETEHTHOTO COCTOS-
HHA KIeToK E. coli, 06ycrnoBnennoi HoHAMH Kajib-
upd, Hapbonee noapoObHO ObLN HCCNeIoBaH HA IPH-
Mepe nnasMuaHoH Tpancdopmanum. Brisichunocs,
4TO B J10M MPOLECCE KPHTHYECKYIO POlb MIpaeT
COCTOAHHE NTUNKIOB BHEIHEH MemMOpanbl KJIETOK.
Honei Ca?* (B Menbieit crenens BaZt u Mg2+) mo-
ryr MHAyuHpoBarh (a3oBbii NEPEXon JIMIMIOB
membpanri, Onaromaps uwemy oma mnpuHoOperaer
BMecTO OObIYHOM JIBYXCIOHHONH HeOOLMHYIO rek-
caroHa/bHyl Kon(purypaimto. [Ipuiem naHHBIH
(ha3oBeIi Nepexo/l MPOMCXOAKT BO BpeMs TeMIepa-
TYPHOIO I10Ka 00paboTaHHBIX XJIOPHIOM KallblIUs
KJIETOK H COHPOBUH(,’I&E'DCH HOTNoIeHHEM 3K30CH-
HBIX JByxuenoyeynbix monexyn JHK. Temnepa-
Typa (a3oBoro mepexofa CTPOro 3aBHCHT OT JIH-
nuaHOro cocrasa MemOpanbl, Ha ojiHoM 13 iiTaMm-
MoB E. coli 68110 NOKa3aHO, 9TO NMPH TETUIOBOM
HIOKE, BLIEBBAHHOM nepeHocom o00paboTaHHBIX
CaCl; knerok ¢ Temneparypei 0 °C na 42 °C, no-
momenne Momekyn JIHK nponomkacrcs B teve-
aue aHme 20 ¢. Ecam nocnie 31oro cMech KIeTok
u JIHK cHOBa pe3ko OXIafuTh JI0 TeMIeparyphi
0 °C, 10 B npouecce mHaylmpyemMoro ¢aiosoro
nepexona numuaoB monexynsi JIHK cuopa moryr
HpOHHKaTh B KneTkH. TIpu 3TOM meproa npoHnk-
noserna JIHK Gosee nponomxurenen. @Pa3opbie
NEPEXOfkl NHIHAOB NPHBOAAT K HAPYIUEHHIO
CTPYKTYpbl BHEILUHEH MeMOpaHbl, HO NPaKTHYECKH
HE 3aTParuBaloT MIA3MaTHYECKyI0 MeMOpany Kie-
10k E. coli. Heobxopumo ormernTs, 4TO uepes
IUIasMaTiyeckyo Memopany monekyns! JIHK cno-

cobrbl nponmkars Ge3 rernnosoro moka W Gupa-
NEHTHRIX KATHOHOB, KaK 310 MPOHCXoauT y chepo-
TJIACTOR, Y KOTOPBIX OTCYTCTBYeT Oaphep BHEIIHEH
meMOpatibl 18 MaKpOMOJIEKYII.

2.1.4. 3nekmponopayus

bnaronaps npocToTe H HAAEKHOCTH METON
Ca?*-MHyunpyemMoii  KOMTIETEHTHOCTH  KJIETOK
E. coli sacnyxmn Bceobiiee BHUMaHKE U 10 HeJlaB-
HEr0 BPEMEHHM MCIONB30BAJICH NPaKTHYECKH BO
BCEX M'EHHO-HIDKCHEPHBIX IKCIEPHMEHTAX HA KIET-
kax E. coli. B nacrosimee BpeMms JaHHLIH (H3IAKO-
XHUMHYECKHI TMO/IX0/l BbiTECHAETCH (H3HUECKHM
METONOM BBENEHHA 3K3orenHeix monekyn JIHK
B kneTkn E. coli — anextponopaimeit (cm. 1.5).
IMocnenuuit Gonee NpocT B HCHONHEHHMM H AaeT
o4eHb BHICOKMII pesynerar: 10 80 % BRUIKMBILMX
kierok E. coli moryTt nommomte monexynsl JTHK,
npu 31oM | TpaHchopMaHT MOXKET OBITH NONTyUEH
na 50 monexyn nnasmuzael. JpyriMu MeToAaMH Ta-
KO PHEKTHBHOCTH JIOCTHYb HE YIAETCA.

2.1.5. ¥naxkoexka AHK ¢paza namb6da
e Kancuded in vitro

s dara 4, 9acTo BCHOILIYEMOTIO B KAYECTRE
MOJIEKYISPHOro BekTopa Kierok E. coli, paspabo-
Tan Meroz ynakoku [IHK in vitro B xancuapr. s
10ro TpelyloTcs KOHUESHTPHPOBAHHKIE IKCTPAKTH
K/IETOK, HHYIIHPOBAHHBIX W3 JIH30TE€HHOTO COCTOA-
nug, Menonsaylores MyTadThl gara, uMeroniue ae-
(exTs! Mo pasHeIM resam GE/IKOB NOJIOBKH KarlcHIa.
Kazapiii i3 TAKHX MYTaHTOB HE criocoben o6paso-
BBIBATH OIHOLEHHBIE (PAroBbie HaCTHIBI M YIIAKO-
peiBate coro [THK. Mpn cmemenun xe darosoii
JIHK # GenkoBbix 3KCTPaKTOB KIETOK, B KOTOPBIX
Pa3BHBAJIMCh MYTaHThI, TPOMCXOINT KOMILIEMEH-
Taums HejjocTalommx GyHKImi 1 cobuparorcs Ue-
(dexnmoHAbIe YacTHLEL. BHOMOrMYECKYyl0 aKTHB-
HocTh »spaorenHoi ¢darosoif JIHK B axctpakrax
00BIYHO 10AaBASIOT YMP-00nyyenneM.

CiopmupoBarHEIMHE in Vitro YaCTHLAMH MOX-
HO 3apaxars Kkietkn E. coli w nomyyars ¢arosoe
noromctBo. I¢dexTusHocts ynakosku JIHK da-
ra A in vitro obervro coctasasier 10-2-10-3.,

BaxuoH 0cobEHHOCTBIO JAHHOIO TIOJIX0/a SB-
NSETCs TO, YTO B KANCHJI MPENMYILECTBEHHO yra-
KOBBIBaIOTCSH monexyins! ¢paroseix [JTHK, umerowpe
pa3mep, Gim3KHii k pasmepy ¢arooro resoma. 1o
MO3BONTHET ITOCIE PEAKIHH JIHTHPOBaHKs (parmeH-
TOB OCYILECTB/ATH CENEeKIHIO rMOpHIHBIX More-
kyn JIHK in vitro no pa3mepy. Kpome Toro, B kan-
CHJIBl HE YTAKOBBIBAIOTCS MHOIOMMCIEHHBIE TO-
Goynble MpOMyKTH JmrazHol peakunH. [Toaromy
obpa3osaBiHecs nociie ynakopku darossle 4acTH-
LUkl HHBEUHPYIOT B GakTepHaibHBIE KNETKH JHIIb
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¢aroseie JIHK 3anannoro paamepa. Ipr knonnpo-
BaHMK parmenToB B BeKTOpHbIX Monekynax JIHK
(hara A OOBIMHO HCHOMB3YIOT HMEHHO 3TOT METO
peenennd rudpuansix JIHK B knetky. Jdanusiii npn-
eM Tarke HeoOXxoauM IpH KIOHWpoBaHWM (par-
mertos JIHK B coctase xocmun w hazmun.

Co3anne nMpocTLiX W BOCTTPOH3BOIMMBIX METO-
JIOB BBeJleHHs B KieTkH E. coli nnammunmbix n da-
roeeix [IHK B marnsho# (opme sBHIOCh HeoOXo-
JMMBIM YCIIOBHEM YCHELIHOTO pasBHTHa pabor no
KJIOHHPOBAHHIO HYXEPOAHOH TIeHeTHYECKOH HH-

opmaim B ITHX KIETKax.

2.2. MONEKYNAPHLIE BEKTOPbI E. COLI

2.2.1. KnoHupytouwjue nnamMudHsie

eexmopb!

InasmMuel — 3TO BHEXPOMOCOMHEIE TeHEeTH-
HECKHE WIEMEHTI, BbiAB/IseMbIe B GakTepusix pas-
mauHbIX  cemelictB. Onm npeacTaBagior coboit
JABYXuenoveqnsie Konbilepble Monexynsl JJHK pas-
mepom or 2 i 10 6onee yem 300 tna. Tlnasmmus
MOI'YT HECTH TeHBI, KoTophle 00ycnoBmmBaioT de-
HOTHITHHMECKOC OT/IHYMHE COAEPHKAlINX HX KICTOK
or Gecrasmuinbix kierok. Kynerypa, necymas
riasMHay, o0o3Ha%aeTes crenyommM odpazom: 3a
HAHMEHOBAHUEM GaKTEPHANLHOTO LITAMMA YKa3bl-
BaeTCH B KBAJPATHBIX CKOOKAX Ha3BaHWE MUIA3MH-
11, Hanpymep, E. coli HB101[ColE1].

Perumikalins ruiasMull B 3HaYMTENbHOH crene-
HH 3aBHCHT OT KJIETKH-X035HHa. Hekoropeie rias-
MH/Ib] PETUTHIIMPYI0TCA TakuM 00pasom, YTo B KIeT-
KE OHM HAaXOJATCA B OJIHOH HIIH HECKOIBKHX KOMU-
AX. DTO TaK HA3bIBAEMEIC IUIAMHABI CO CIHPOZUM
Konmponem penauxayuu. Jipyrie e rnaMuib!
mMoryt umete B kierkax 10-200 wkormii. Taxue
TIA3MAJIBL HAXOAATCS MON oc1abnennvim KoHmpo-
nem penauxayuu. KomuuecTso kommit mnnasmui
¢ ocnabneHHbIM KOHTPOJIEM PETUIMKALMH MOXHO
YBEITHYHTS JIO HECKOJIbKMX THICAY HA KJIETKY, €C/TH
Gnokupoeats cuures Oenka B Kierke o6paboTkoii
xnopambennkonom. B orcyrcrene Genkosoro cum-
T€3a pern/MKalus miasMua ¢ ocnabieHHBIM KOHT-
poleM MPOJIOJIKAETCS, B TO BPEMS KaK PerUIHKaLis
JHK GaxtepnanmsHON XpOMOCOMEL M IIA3MHBJL €O
CTPOruM KOHTpONEM TpeKpalliacTcs.

Y106kt ObiTh YHOOHEIM KJIOHHPYIOUHM BEKTO-
pOM Tula3MKaa NoJpKHa 001a1aTh psiioM CBOHCTB:

HECTH CENeKTHPYEMBIil MapKep (WIH HeCKO/Ib-

KO MapKepOB), YTO [aeT BOIMOKHOCTE NETKO

uaeHTHOHIHPOBATL KIOHBI TpaHCHOPMaHTOB

W CEJIeKTHBHO TOIEPHKHBATL TUIA3MHAY B 10~

nynaumy GaKTepuaibHbIX KIETOK;

*  CONEPXaTh NMPENOYTHTENBHO CIMHNYHBIE MEC-
Ta paculieryienHs OAHOH MM HECKOILKHMH
PECTPHKTA3aMH B PaifoHax IIa3MUibl, Hecy-
LIECTBEHHbIX U €€ PETUTAKALINH; '

*  OBITh OTHOCHTENILHO HEOONBINOH 1 Yallle Beero
umeTh OcnabneHHsll KOHTPONb peILMKallHH,
TAK KaK 9T0 YNPOIIAET NpOUEIypy BbLICTEHHA
mnasvuason JIHK u nosBosisier UMeTs B KIeT-
K€ BBICOKYIO JI03Y KIOHHPOBAHHOTO TeHa;

*  cTabWIbHO MOJIIEPKHBATECA B KIETKAX-PEIH-

[HEHTAX.

PaccmoTpHM HEKOTOpBIE BEKTOPHEIE TUIAIMH-
asl Knerok E. coli.

ILaasmuaa pSC101 — nepBas BEKTOPHaA MJlas-
mMu1a; ona Opima seiienena B 1973 o B maGoparo-
pun C. Koana. Inasmuaa nmeer pasmep 9,1 1mH,
HAXOJMTCS! 101 CTPOrUM KOHTPOJIEM PeruMKaLnH,
JIeTEpMHHMPYET YCTOHYMBOCTE K TETPALHKIMHY
(Tcr) n oGnajaeT eAMHCTBEHHBIM MECTOM JISHCTBHS
pecrpukTasel EcoRl, koTopoe pacnofiomeno B He-
CYLEeCTBCHHOH U1 perutukaymn ofactv u He 3a-
TParMBaeT IeH YCTOWYMBOCTH K TeTPauMKIHHY
(rer). Kpome roro, sa JTIHK pSCI10I B rene ref nme-
€TCA 10 OJIHOMY YHACTKY Y3HABaHWs PECTPHKTA3
Hindlll, BamHI i Sall (puc. 2.3).

IMnasmuna pSCI101 kak kIOHUPYIOMMH BEKTOD
HMEET Psill HeI0CTATKOB. Bo-nepBbIX, MPH BCTPOii-
ke pparmenros JIHK no EcoRI-mecty obbiuHO He
ynaercs GEeHOTHITHYECKH OTIMYHTh KIIOHbB! TPAHC-
thopmanToB GaKTEpHATBHEIX KICTOK, COIECPAUTHX
HCXONHYI0 WK rEOpHIELIE nasMuas (oThop rut-
PHZIOB NPHXOAMICS OCYWIECTBIATL rHOPHIN3AIM-
el HyKJIeHHOBBIX KHCIOT in Sifu);, BO-BIOPBIX, NPH
BCTPOHKE [0 MeCTaM JICHCTBHA pPECTPHKTa3
Hindlll, BamHI, Sall napymaercs reu tef, H Kio-
Hbl, colepxatpe rmOpuansie waimuael, Oynyt
mMeTe Qenorun TcS, Kak W HCXO[HBIE KIETKH,
H NO9TOMY OOBIMHBLIMH METOJaMH HX BbISBHTH
Helb3d;, B-Tperbux, pSC10] umeer crporuii KOHT-
PONb PETUTMKAIMH B HAXOJMTCA B KIETKE B KOJTH-
4EeCTBE MPHUMEPHO IecTh KOnui Ha OakrepHalib-
HYI0 Xpomocomy. H3-3a nepewncneHHbix HEAOCTAT-
KoB Bekropuad raimuaa pSCI01 akruBHO MHC-
NONBL30BANACE YIS  KIOHHpOBaHUS (parMenToB
JHK nwmb B naganbueli NEpHOA Pa3BHTHA Tere-
THYECKOH HHXEHEPHH, JIO MOABJIEHUA BEKTOPOBR HA
OCHOBE JIPYTHX 1UlIa3MHAL.

[eHHO-HIKEHEPHBIE HCCITCIOBAHMA, MPOBOJIH-
mMble HA E. coli B nocienyromme rojisl, Nokasasu,
YTO HE BCE IEHbI YIaeTCs KIOHAPOBATH B MHOTOKO-
NHIHBIX BEKTOpax. 710 00yCcnoBIeHO TeM, 10 Ho-
BBILIEHHAA /1032 KIOHMPOBAHHOIO I'€HA MPHBOIHT
K CYHEPCHHTE3Y KOAMpYeMoro um Oerka, a BBICO-
Kasl KOHUEHTpaLM psijia CIPYKTYPHBIX DesTKoB Kiie-
TOYHOM CTEHKH WITH OEITKOB, YYacTBYIOIIHX B pery-
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EcoRl

Hindlll

EcoRl1
HindITl
BamHI1

Sall (Hincll)

BamH1
Sall

EcoR1

Xhol
Smal

Hindlll

Hincll

Psil
Hincll

Hincll

Puc. 2.3. PecTprKyHORHBIE KapTol rumasmuibl pSC 101 1 HH3KOKOMHITHBIX KIOHHPYIOUHX BEKTOPOB,
COIaHHBIX HA €€ OCHOBE

JIALHH CHHTE3a MaKpOMOJIEKYJl, NTPHBOANT K rube-
1m OaxTeprambHOl KieTkH. [ToyroMy Takue reHsl
HeoOXOAMMO KJIOHHPOBATL B HU3KOKOMHHHBIX BEK-
Topax. JUist 3T0H yem co3ian psii NMPOH3BOIHAIX
nnasmuasl pSC101, pectpukiMoOHHEIE KapThl ABYX
M3 HUX NPECTABICHB Ha PHC. 2.3.

Maazmmaa ColEl (prc. 2.4) okazanace Gonee
yrobuoit s knouuposanus. C 1974 r. ee nayaim
Henons3osars B naboparopuu X. bokepa B kayecT-
Be BekTopa. OHa Mmeer ocnabnenHbiH KOHTPOSIB
peTUIHKalMH, H OpH OOBIMHBIX YCHOBHAX pocTa
B kieTke Haxoautea 20-30 korui naasmuae. Ioc-
ne obpaborku xnopaM(eHMKONOM KONHHHOCTD
ColEl pocruraer 1-3 - 103. [pu 3TroM mnasmu-
nas JIHK cocrarnser 6onec monosumsl Beei JIHK
KICTKH, YTO 3HAYHTCABHO YIPOLE@ET NPOUenypy
BBUIENICHHA M OMHCTKH TIasmMuibl. OTHOCHTENHHO
Heboubime pasmepsl (6,6 THH) B HANHYHE SMHCT-
BEHHOIO MecTa JelcTeua pectpukrassl EcoRl
oOYCNOBHIIA HIHPOKOE HCMOMB3OBAHHE TIIA3MHIbI
ColEl B kauecTBe KIOHHPYIOIETO BEKTOpa 10 10-
spsieHHa Gosee ynoOHbIX BEKTOPOB.

ITnazmuaa ColEl nerepMusMpyeT OflHOBpEMEH-
HO CHOCOGHOCTL KJIETOK CHHTE3HPOBATH KOMHLMH
H HMMYHHOCTb 3THX e KJIETOK K JIETANBHAIM JI0-
3am KoiHIHHA. B paiione Mexay roaxkamu 5000 mH

H 620 nu 5a nnasmuae ColE|l pacnonokenn: reHsl,
KopHpyonme Komnune El, Genok uMMyHHOCTH H
Genok Kil (cM. puc. 2.4). CrpyKTypHBIi reH Komm-
uuea El — cea — koaupyeT nonmMneniy pasme-
pom 522 AK. l'en kil nerepMuHHpYET HOMNETTH]
anuHoil 45 AK. T'enwl cea wn kil 06pazyloT eMHbIH
OMEPOH, TPAHCKPHIIIMA KOTOPOTO HHHIAWpYETCH
¢ rpomoTopa pe. benok Kil, no-unymMomy, 3a cuer
axTuBaiuy (poconunazel A BHOCHT HAPYILEHHS
B CTPYKTYpY BHelHe#H MemOpaHbl, 4o obycioBim-
Baer ocpoboxuenne konmupuHa El u3 Gaxrepuit
B OKpyXatouyro cpeny. Knetkn npu s1oM He pas-
pywatores. Cunres 6enka Kil B E. coli npoxcxo-
JUMT HA OTHOCHTENIBHO HH3KOM YPOBHE 33 CHET 4ac-
THYHOH TePMHHALIAN TPAHCKPHITLMHA Ha 0-3aBHCH-
moM TepmuHarope ty (em. 3.2). bonee sddexrns-
Haa npojykumMs Genxa Kil, BepostHO, MOXET TIpH-
BECTH K JIH3HCY K1eTOK. [eH imm HaxoauTes Mex-
Iy resamu ceda M kil, w €ro TPaHCKPHILKS OCYILE-
CTBASICTCA B MPOTHBOTIONOKHOM Onepony cea—kil
sanpasneany. Cpazesanne MPHK Imm ¢ komrine-
meHTapsabiM yuacTkom MPHK Cea—Kil Taxxe npu-
BOJIHT K CHHIKEHHIO SKCTIIPECCHH TeHa kil.

K paccMmoTpenHOMYy padHOHY MpHMBIKaeT 00-
NacTh HHHIHALIHA W PETYNIALMA PETUTHKAIAH Tlas-
vl ColE L. TTpotiece pennnkaium peryaspyeTcs
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6646{1 TH

5000
|

MPHK Cea—Kil

Xmal (Smal)

Psil

Pstl EcoRl

Pug. 2.4. TeneTnyeckan H pecTPHKIHOHHAA Kapra ruasMuie ColE|

CHHTE30M JIBYX THIOB Monexkyn PHK — npaiimep-
Hoil (0GosnauaeTca PHKII, Heobxomuma s HHH-
OHALMKH PETUTHKALAA) ¥ KOMIUTEMEHTApHOH eH
(PHKI). Ob6pasys nymnnexc ¢ PHKII, monekyns
PHKI xoxTpormpyior kormitsocts naasmisl. Ha-
XOASAIMACH B HENOCPEACTBEHHOM OM30cTH ren rop
JeTepMHHHPYET chHTe3 Berka, KOTOphIi NOBLIIIAeT
s¢pdexTrHocTh caspiBatns PHKI u PHKIL u cra-
OGummsnpyeT ayruiekce. AMminGukawds miasMus
ColEl B Gakrepisx, obpaboranubix xnopamberu-
KojtoM, oObaCcHAEeTcs MHrHOHpOBaHMEM CHHTE3a
benka Rop, merabonmueckoit mectabmimeHOCTEIO
PHKI u BOBJIEYEHHEM MNpeACYILECTBYIONMX Kie-
TONHBIX OEITKOB PETUTHKALMK B CHHTE3 TINa3MHIHOI
JHK, TaK Kak B 3THX YCJIOBHAX CHHTE3 aKTepHaib-
HOI XpPOMOCOMEI NMPeKPaIlleH.

Ipn Berpoiike ak3oreaHsx Gparmentos JTHK
no EcoRI-mecty Ha ColEl mapyiaercs ren npo-
JIYKIIHM KOJIMIIHHA, HO COXPaHAETCH TeH HMMYH-
HOCTH K Hemy. [To TakoMy mameneHHio deHoTHRA
ynaercs otOMparh KIOHH KIETOK, COmepialimx
THOPHIHBIE TUIA3MHIBL.

O160op rubpHAHLIX KJIOHOB OCYIECTBIIAIOT Clle-
nywoumm obpasom. Tlpenaparom JIHK, nonyyen-

HBIM 110CIe CMelueHHA (PArMeHTOB H HX JIMTHPO-
BaHuA, TPAHCHOPMHPYIOT KOMNETEHTHBIE KIETKH
E. coli ¥ BLICEBAIOT HX HA arapH30BaHHYIO MUTa-
TEJIbHYIO Cpejty, conepxantyio konuiuu E1. Kner-
KM, JIABIIHE HA TAKOH Cpeie Ha4ano GakrepHans-
HbIM KOJIOHHAM, COAEepPXKaT MO0 MCXOIHYIO Mads-
muty ColE1l, mifo ee ruGpumbie Mpou3BoOaHbIE.
YHrobbl pa3iHuuTE 3TH /IBA THNA KJIETOK, MPOBOMAT
psi mochenosatensHbX tpoueayp. Ha arapmso-
BaHHYH THTaTellbHYH cpeny B wamkax [lerpu
PaBHOMEPHO HAHOCHT ONPENEIEHHOE KOJIHYECTBO
Kynbtyphi E. coli, vyBcTBHTETbHOI K KonmnimAy El
(3acesHHble YalUKH). 3aTeM KOJIOHMH, YCTOHYHBBIE
Kk komuunAy El, nepenevarsiBaior eauHo0bpatHo
HA He3acesHHbIE M 3acesHHsle yawku. [1o uerede-
HHH BpeMEeHH HHKYOaluH NeperneyaTanHble KIOHE!
0bpa3yloT Ha Yamkax obOero THIIA KONOHWH, a Ha
3aCeAHHBbIX yaukax GpopMHpPYeTCs TaKKe CIUIONI-
HOM ra3on KynsTypsi £. coli Cols. Ilpn y1om BokpyT
KOnoHuH GaxTepuil, HPOAYLMPYIOIHMX KOMHULHH,
HabmopaeTcs KoNblleBas MNpo3paYHas 30Ha, Tie
pocT razona orcyrcreyer. Takue kiuonbl E. coli
conepxar HarusHyto rraiMuay ColEl, BoccTano-
BUBLITYIO CBOKO CTPYKTYPY TI0C/IE PECTPHKIIHH M ITH-
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ruposaHus. Jlpyrue KIOMbl HOIDKHBI COHEPIKATH
rubpaassie sapuantsl ColE]l, y KOTOPBIX B pe3ynb-
TaTe BCTPOHKH reH NpPOAYKIHH KOMTHLMHA MOBPEN-
JIeH.

Henoctarkom mapkepa HMMYHHOCTH K KONH-
LMHY ABJIAETCH TO, 4TO KieTku E. coli ¢ otHOCH-
TENLHO BBICOKOM HacroToi mpuobpeTanT yCcroM-
YMBOCTL K NEHCTBHIO KOJHIHMHA B pe3ynbTare
CIIOHTaHHBIX MYyTalMH M, KpoMme TOro, neHcTBhe
KOJTHIHHA CYIUECTBEHHO 3aBHCHT OT (H3MONOru-
YECKOro coctosaius Knerok. Ioaromy orbnpaemsie
no (PeHOTHITY KIOHE! HeOOXOIHMO NMoJiBepraTh 10-
NONHHUTELHOI TIPOBEPKE HA HAIMYHE B KIETKAX
THOPHAHBIX TIA3MMIL

Kax BHmiMm, nepBbleé BEKTOPHBIE TIA3MHJIbI
pSC101 1 ColEl mmenu paa Henocratkos. B atHx
iasMuaax KnorupoBamy (parmentsl JHK Tons-
Ko 1o EcoRI-mecty, nputem B o00MX cinyuasx oT-
6op rubpuansix JIHK se osens npoct. TNoromy
B paze naboparopuii ObUIH pasBepHYTh! McCaesio-
BAHMs, HanpaB/eHHbIE Ha co3ianne Gonee yno6-
HBIX KIIOHHPYTOIHMX BEKTOPOB HA OCHOBE IJ1a3MH/1,

ILnasmuna pRSF2124 6euna nonyyesa B 1a6o-
paropsn C. PanbKoBa B pe3ybTaTe TPaHCIOKALHK
in vivo Tpancnosona Tni, wecymero res ycroiiis-
BOCTH K aMTHIH/UIHHY, B3 mnasMuasl Rl B ColEl.
Ora nnasMuIAa COXPAaHAET THI PeIUTHKAIMHA PO~
Tenbekoit mnasmisl ColEl. Ot6op wietok, conep-

EcoRl_ Hindlll
i BamH1
: Sall
(feotim
orilf MBS
2,6 TnH Hpal
|EooRl | EoaRrs
JAHK-aurasa

BamH]1

ori Sall

Hpal

Puc. 2.5. Cxema co3nanus rasmuas pMB9.

Pectpuxraia EcoRI ysuaer nocnenosarenstiocts GAATTC,
a B ycnosuax EcoRI® — AATT. B obomx cayuasx
00pasy OTCs HICHTHYHEIE JIMIIKHE KOHIIE!

wammx nasmuny pRSF2124, we npeacrasaser
TPYAHOCTEH, TaK KaKk oHa OOyc/OB/IMBaeT Nerko
LIETEKTHPYEMYI0 YCTOMUHBOCTE K AMOHIHILIHHY,
EnmHCTBEHHOE MECTO Y3HABaHMS PECTPHKTa3bl
EcoRI Haxoa#TCs BHYTPH I'eHA CHHTE3a KOJIHMIIHHA,
1 npH Betpoiike Gparmentos JIHK no sromy mec-
Ty TUIa3MAAa IETEPMHHHPYET YCTOHYMBOCTD KIET-
KH-X038MHA K aMIMIWLIIHHY, HMMYHHTET K KOIH-
IHHY W OTCYTCTBHE CMOCOOHOCTH K CHHTE3Y KO-
umHa. Hamuane onoNHHTENBHON CENEKTHPYEMO-
ro mapkepa (Ap©) B iasmuae pRSF2124 nenaer ee
Oonee ynoonemM BexTopom 1o cpasuenmio ¢ ColEl,
TAK KAK yrpoiaer o10op KJIOHOB KIIETOK, Colep-
waumx ruOpuasete mrasmuael. K Hepocratkam
ITOH MNA3MHILI CAENYET OTHECTH J0BOJILHO Gonb-
moit pasmep (11,1 TNH) B BO3MOXKHOCTH KIOHHPO-
Banus (parmentoB JIHK toabko no mecty pac-
wenneHus pecrpukTasoii EcoRl.

Koncrpyuposanme naasmuasi pMBY. Pas-
mep mnasMuisi ColEl Moxer ObITh 3HAYMTEILHO
YMEHBUICH, TAK KaK JUIA €€ peruiMKalun Heobxo-
Jnm toneko ¢parment JJHK Benumumsoil okono
| Tiin. B naGoparopun X. boliepa GbuH mony4eHs!
nenennonnsie BapuanaTel ColEl, omir n3 koto-
puix — pMB8 (2,6 Tnn), onucaunsii B 1976 r,
CTajl OCHOBOH AN LENOH CEprH KIOHHPYIOLHX
BEKTOPOB. 3Ta MIa3Muia COXPAHHIIA THI PETIHKA-
1w porurensekoi nnasmuasl ColEl, obnanaer um-
MYHHOCTBIO K KONMHUIMHY M HMeeT eJIHHCTBEHHOE
MECTO I'HPoNH3a pecTprkTasoil EcoRL

Ha ocrose pMB8 ckomcTpympoBanu in vitro
HOBYI0 masmuay pMB9, B kotopyio Obu1 nepese-
CeH I'eH YCTOMYHBOCTH K TETPALHKIHHY M3 TUia3-
musl pSC101. IMnasmuna pMB9 nony4ena B pe-
3YALTATE NHra3HoH oDpaboTKH cmecH NHHEHHOM
JHK nnasmuas pMB8, pacmennennoii pectpuk-
T1asoii  EcoRl, w EcoR1*-pparmentor JIHK
pSCI101 ¢ nocremyroum orbopoM Tpaschopmas-
108 ¢ (perorunom Ter Colimm (piic. 2.5). [Liasmuaa
pMB9 nmeer pasmep 5,3 TIIH M CONEPXKHT B 3Ha-
YHMO# 0ONACTH 1O OJIHOMY MECTY JICHCTBHA JUIS
uetslpex pectpukras: EcoRl, Hindlll, BamHI,
Sall. Ita nnasmuaa obecreunBaeT yCTOHYHBOCTD
KJIETOK K TeTPAUHK/IHHY H MMMYHHTET K KOJHIH-
"y. I1pn Berpoiike gparmentos JIHK o yuactkam
nesicreus pecrpukras Hindlll, BamHl, Sall napy-
LAETCA F'eH YCTOHYHBOCTH K TETPALMKIIHHY, H I'Hb-
PHJIHEIE TIa3MMIbl 00ycnoBIHBaOT heHoTHIT Kie-
1ok Tes Colmm, Tlpu Berpolike no EcoRl-caiity
(PEHOTHNHYECKYIO CEJIeKUHIO OCYILECTBIAT: HE
ynaetcs. B a1oM cnyyae HeoOXOQHMO MCHIONB30-
BaTh TAKHE MOJXOMEL, KaK rubpuausanus HyKIeH-
HOBBIX KHCJIOT in sifu.

Takum obpaszom, miazmua pMB9 moxer OviTh
HCNONBE30BaHa JUis KIOHHpPOBaHHA (PparMeHToB,
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resepupyeMsix npu raapormze JJTHK yxe uetbips-
M paziMuHbIMM pecTpHkrazamu. Hepocrarkom
pMB9 sBigercs To, 4TO NMPH BCTPOIKE MO y4acT-
kam Hindlll, BamHIl u Sall or6op rubpraos non-
HKEH OCYILECTBAATLCH [10 HMMYHHTETY K KONHLMHY
El, a 9107 Tect, KAK yXe O0TMEYasioch, HE OYE€Hb
nanexen. Iloaromy corpynuukamu naGoparopnu
X. boitepa ¢ 1977 no 1980 r. 6611 npoBezieH LKA
IKCTIIEPHMEHTOB, B PE3Y/IBTATE KOTOPHIX HA OCHOBE
pMB9 nonyyers: 6osiee cOBEpIIEHHbBIE BEKTOPHBIE
masMuiel cepun pBR. 31H k1oHMpyoLMe BEKTO-
PhI B MOCIEYIONEM HALIUTH LUHPOKOE NPHMEHEHHE
BO MHOTHX labopaTopusax MHpa.

Koncrpyuposanuse naasmuasi pBR313.
Tpancnokanueit in vivo Tpancnoszona Tn3 (Apr) u3
pRSF2124 8 pMB9 Geuti nonydensl KIOHB Kiie-
1ok E. coli, nmeroumx $penornn Ap* Ter. Dnexrpo-
dopernyeckuM  2HANH3OM  THAPOIH30BAHHBIX
EecoRI inasmu, BhiIeNeHHBIX H3 ITHX KJIETOK, OBI-
s BeisiBReHs! Monekynsi JJHK pasmepom 10,1 Trim,
COOTBETCTRYIOIIMM cyMme pasmepos Tn3 (4,8 tim)
n pMB9. Tpauchopmaumeit knerok E. coli 68110
JI0Ka3aHO, YTO 3TH TUIAIMHUJIBI HECYT OJ[HOBPEMEH-
HO YCTOIMHBOCTL K AMITHLUMWLUIHHY M TETPalHKIH-
Hy. Onna n3 nonyveasbix Ap' Te! nMpoOH3BOMHBIX
pMB9 6rina obosnavena pBR312 (puc. 2.6). 31a
TUIA3MK/1a HECET JIBa YYacTKa y3HABAHUS PECTPHK~
Tasel BamHI, ofuH M3 KOTOpBIX pacHONOKEH
B TpancrnonmposanHom cermente [IHK 3a npene-
namu rewa f-naxramasel (bla), onpesensiouero
yCTOHYMBOCTD K aMmMUpUIMHy. JUis Toro 4robsl
ynammte 3101 BamHI-y4acTok M yMeHBIIHTb pa3-
mep mnasmmazel, JHK pBR312 nogsepr yacTHy-
HOMY IMIPOJIN3Y B YCJIOBHAX, H3MEHSIOUIMX Clle-
unprusocTs EcoRI na EcoRI* (em. 1.2.1). 3arem
aty JIHK BBesm B Knetku £. coli  ocymecTBHIH
CKPHHHHI" KJIOHOB ¢ (enoTHnoM Ap* Tc' Ha Hanm-
YHe IIa3MH/IbL C OIHNM YTPauyeHHBIM MECTOM pac-
mernnenus pectpukraszoii BamHIl. Hanmensiuan 13
BEIJIENIEHHBIX TAKHM o0pa3zom ruasmsa Obina oGo-
3nayena pBR313 n nopsepruyra panpueimedf xa-
paxtepusaian. Pasmep ee JIHK cocrasun 8,7 Trh.

IInaamuna pBR313 comepwaiT yHMKambHbIE
YyUacTKH paciuervienns pecrpuktazamu  EcoRl,
Hindlll, BamHl, Sall, Xmal, Smal w Hpal (cm.
puc. 2.6). MeHOTHIHYECKYIO celiekumio rubpui-
aeix JIHK wmoxkao ocymectsnars IHINL WpH
serpoiike dparmentos JIHK no yyacrkam Hindlll,
BamHl, Sall, Pstl wii npu coenumennn ¢parmen-
TOB C BEKTOPHOH YacCThIO MIA3MHIbI, COAEpIaNIeH
obnacre Havana permkaupy [JHK u nonydennoi
TPH FUAPONM3E ONHOBPEMEHHO [IByMS PECTPHKTA-
3amp, manpumep, BamHl — Smal, EcoRl —
Hindlll, EcoRl — Pstl u 1. 1. Tlpn arom rubpun-
Hele KIoHbl E. eoli Gynyr nmers denotun Ap Tcs
wim TerAps.

BamHl Tn3
Apf

FeoRl _ HindIll

Col
pRSF2124

Tpancnokauus Tni
EcoRl. Hindlll
Hincll BamHI
Psil ﬁr ch Sall

BamHI

Psi N g M ori

Puc. 2.6. Cxema KoHCTpyHpoBaHus rasmuas pBR313

Koncrpynposanne naasmujinsl pBR322,
Ilnasmuna pBR313 nmMeer Tpu mecTa JieHCTBHA
pectprkTassl Pstl, OIHO H3 KOTOPBLIX JIOKANH30-
BAHO B T€HE YCTOWYHBOCTH K aMIHIIWIUIHHY (CM.
puc. 2.6). B cucreme in vitro GbUIa CKOHCTPYHPO-
BaHa BexTopHas ruasMuna pBR321, conepxaman
€/IMHCTBEHHBIH Y9aCTOK MHAPONM3a peCTPHKTA30M
Psil, noxkanuiosaHHsli B rexe bla. Jlns Toro yto0Ol
CO3/IaTh TaKO# BEKTOP, HeoOxonumo ObUIO npe/iBa-
PHTEIRHO NONY4HTh npou3dsoaneie pBR313. Iras-
miza pBR318 (Aps Ter Colimm), conepixamias OAHH
Pstl-yuacTok, ObLUTa nonydesa nocne Tpancdopma-
uun kinetok E. coli nurvposaunoit cMeckio JIHK
mwiasmuisl pBR313, nonseprayToit  rupponusy
Pstl, n orbopa Ap*® Te™ rpancdopmanTos (puc. 2.7).
Hpyras nponsBomHas tnasMumasl pBR313 —
pBR320 (Apr Tcs Cols) — 6bina nomydesa nocne
TpadchopManun knevok E. coli HenmMrupoBaHHbI-
mu EcoRll-pparmentamu pBR313 n cenexumm
Tpebyembix papnantoB. U3 Psil-Hpal-dparmenta
pBR318 u Pstl-Hincll-pparmenta pBR320 Gsuma
CKOHCTPYHPOBaHa in vitro miasmma pBR321 pas-
mepom 4,7 TnH (cM. puc. 2.7). Tak kak ren UMMYH-
HoctH K konwuuay El He Bxomun HH B ooMM
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EcoRI

Hincll

Psil Sall (Hincll)
Puil Hpal (Hincll)
Psil
1. Pstl EcoRII
2. IHK-nuraza

Hincll

Sall (HincIT) Sall (Hincll)

Pst

Hpal (Hincll)

ori

Pstl + Hpal
JHK-murasza l

EcoRI

Pstl + Hincll

Hinell
Sall (Hincll)

Puc. 2.7. Cxema nonyyenns naasmuast pBR321.

Toncroit nuaneit obo3nayernl cermenTsl naaMnl, obseauHennemM KoTopsiX noryseHa pBR321.
Yuactes yauasauus pectpukrad: Sall — G | TOGAC, Hpal — GTT | AAC, Hincll — GTPy | PuAC

13 7THX (pparmenTos, orbop pBR321 ocyiuecTs-
nsnu no genoruny Ap* Ter Cols. Baxio ormeTuts,
g10 B pPBR321 uacts Tpancnoszona Tn3 aenetupo-
BaHa, Y10 MPelATCTBYET ero TPaHCIoKaLHH.
Coyuaiino B 3TOM 3KCIepHMEeRTe BhISIBHIIN J1e-
NenHOHHLI BapuaHT nnasMuisl pBR321, B koro-
poM He OB HapyIIEHBl HH I'€HBl YCTOHIMBOCTH
K aHTHOHOTHKAM, HH (PYHKUHA PETUTHKAIHH. JTY
nnasmuay obosHaumnn pBR322 (4,36 tom). Jlna
Hee onpe/ie/iena NoiHas HyKICOTHAHAA TToCTelo-
BATENBLHOCTH, HCXOA H3 KOTOPOH JIErko JIOKalin30-
BaTh MECTa pacuienienus oo pecTpukTasoii
(puc. 2.8). Inasmuna pBR322 — ypobHwii knonu-
pytoumit sextop. OHa MMeeT B4 CENEKTHBHBIX
mMapkepa Apr 1 Tc™. Hu otuE H3 9THX T€HOB He fAB-
nseTcs TPAHCIO30HOM M He MOeT ObITh nepeHe-
cen in vive B jipyryio mnasmujy. pBR322 umeer
YHHKA/ILHEIC YHACTKH pacllerieHHs pecTpuKTasa-
mu Vspl, Pstl, Pvul u Scal, pacnonoxenHuie B rese
P-naxramase, u Hindlll, EcoRV, BamHl, Sall,
Sphl, Xmalll u Nrul, noxanusopasHele B jerep-

MHHaHTe YCTOHYHBOCTH K TeTpaunkinny. [Tpuiem
y4acTok rupponusa HindlIll se 3arparuBaer cTpyk-
TYPHYIO TACTH I'eHa fef, @ NOKAIHM30BaH B ero mpo-
mMoropHoii obracti. [Mocne Berpoiike GparMenToB
JIHK B pBR322 no yka3anHEIM MecCTaMm pacrien-
NeHUsA pecTpHKTazaMu 0160p ruGpHAHBIX KIOHOB
OCYIIECTBNIAETCA B pe3ynbTale HAACHHOH Cenek-
uuu Ha cpepax ¢ antubnoTrkamu. Kpome toro, Ha
JHK mnasmuael pBR322 umelorcs yHHKaibHBIE
MecTa rujpoiusa pectpukTasamMi EcoRI, Pvull,
Ball, Aval, Tthlll, Snal u Ndel, no onu Haxoaatcs
3a npesenaMM reHOB YCTOMYMBOCTH K aHTHOMO-
THEKaM.

[Mnasmuaa pBR322 okasanachk HACTONLKO XO-
POLHM KJIOHHPYIOUHM BEKTOPOM, WTO B TEUeHHe
pala JeT OHA HCNOAL3OBANACH B NOMABAIONEM
GONLITHHCTBE TEHHO-HIKeHEPHEIX paboT, B KOTO-
PhIX MMPHMEHANIHCE IU1a3MHIHbIe BeKTOphl. Kpome
TOTO, Ha OCHOBE miasMuabl pBR322 momyuenst
JIpyI'He BEeKTOPHbIE IPOM3BO/HLIE,
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Pyul (3735)
Pstl (3609)
Vspl (3539)

Ndel (2297)
Snal (2246)

Xmalll (939)
Nrul (972)

Aval (1425)
Ball (1444)

Pyull (2066)

THRITI (2219)

Puc. 2.8. PecTpuxitioHHas kapra nnasmiasl pBR322.

3a Hayano oTCYETA HYRNCOTHIOR NPHHAT LEHTP YYACTKA Y3IHABAHKA pecTpukTaskl EcoRl.
Orcyer ocyuIecTBISETCS 10 ACOBOH cTpenke, Jina pecTpHKTa3 yKa3aH HOMEp NepBOH Naphl HYKJIEOTHIOB YIACTKA YSHABaHHA
tpepmenTa (cm. prc. 2.14). Rop — Genok, ABIAIONIHACA HETATHBHEIM PErYIATOPOM KONHHHOCTH NAA3IMH/IBI

Koncrpynposanue nnazmuias pBR325, Xo-
™ pBR322 orBedaer mHOrMM TpeGoBanuAM,
NPEIbABIACMBIM K KIOHHPYIOLIMM BEeKTOpaM, oHa
uMeeT H HeKOTOpBle HelocTarki., Kak yxe orMmeya-
JI0Ck, 1TpH BeTpoiike (parmenTor JIHK no EcoRlI-
mecty mmasmuasl pBR322 rubpunmmie xnonsi
He/b3A BhIABMTH (PEHOTHIIHYECKH Ha Cpe/iax ¢ aH-
bHoTnkamn. YTobB! npeononeTs 3T0T HEOCTa-
TOK, Gbita ckoHCTpyMpopaHa Inazmuaa pBR325
(puc. 2.9). IlpH ee coznanus menons3osanu JIHK
¢ara PICm", conepxkalero reH yCTOHYHBOCTH
K xaopampenHkony (res xaopam(peHHKONaLeTHI-
Tpatchepalsl — cat). Pectpukrasoit Haell us da-
ropo JIHK smimennsuin ¢parMent, copepxaniuil
ren cat. 3areM HykJeasoi S| rHaponH3oBamH of-
HOLIETIOYedHBIE JIHIKKHE KOHIb, oOpa3oBaHRbie
Haell, u nonyuany pparMeHT ¢ TYNBIMH KOHLIAMH.
10T (parMeHT JHTHPOBAIH ¢ PaCiIeIVICHHBIMH
EcoRl1 u obpaborauneivu S1-Hykneasoii nuHeli-
HBIMM MOJIEKyNaMH miasmunel pBR322. TMocne
Tpatcopmaiuu knetok E. coli otbupanu k1oHsI
¢ penorunom Ap* Ter Cor. [Monysennas Takum o6-
paiom mmasMHua pBR325 wWMeeT enmmcTBeHHOE
MeCTO THApOIH3a pecTprkTasoil EcoRl B rene cat.
Berpoiixa no 3toMy MecTy HapymiaeT reH yCTok-
YHBOCTH K XJ0paM(eHHKomy,  THOGpHARbIe KIOHBI
nerko peuBamores 1o Qenoreny Ap” Ter Cms.
Inasmuaa pBR325 B omuuke or pBR322 umeer
yiKe 1o Ba Mecta fdeicTeHs pectpHkras Pwull
u Ball, npydeM 1o 0IHOMY M3 HHX MPUXOJMTCA HA
rer cat (cM. puc. 2.9). OcranbHbie YHHKAIBHEIE
MECTA Y3HABAHMA pecTPHKTa3 mnasMuasl pBR322
coxpaHeHsl 1 B pBR325,

Koncrpynposanue mnaasmua pBR327 u
pBR328. [Ins yjaneHus BTOPLIX y4SaCTKOB y3HaBa-
urs pectpuktas Pyvull w Ball na JIHK murasvue:
pBR325, pacronoxeHHbIX Mex 1y 001acThiO HAYa-
Na penyMKaunn (ori) ¥ reHoM fet, TIOTyYHIH 1po-
MEXYTOUHEIE [IETIeIfHOHHEIE NPOM3IBO/IHEIE ITAIMKIL
pBR322 u pBR325. Ha nepsom stane JIHK nias-
muael pBR322 wactHvmO rHaponm3oBaiM pecT-
pukrazoii EcoRIl. TIpofykThl TAkoro rHIPOIH3A
obpabarsiBaii Hykneasoi S1, yroOsl HCKIIOYHTH
HEroMOoNOrHIo NonydaemMsix nunkux EcoRIl-kou-
noB B nosoxkeruy 1440 (CCTGG) u 2500 (CCAGG)
na pBR322. 3arem anexTpodoperHuecks BhieNs-
1 ¢parmenTs! aaMuaroi JJTHK HyxHoro pasme-
pa, coeaunsH ux ¢ nomoursio JIHK-nuraser ga-
ra T4, ssomwin B Knetku E. coli w orOupanm
tpancopmantel ¢ ¢Genorunom Ap'Ter. Tocne
npoBepka oTobpanHLIX TpancopManTos Oblia Bbi-
sABJIEHA MUIa3MHA4, KoTopyio obo3naunnn pBR327
(puc. 2.10). Paamep 510l niasMu/e! coctasui 3,27
TIIH, a KonuiHOCTh B E. coli B TpH pa3a npepbiiiana
konuiiHocTs pBR322. TloBbimicHHe KOMMIHOCTH
TiasMuael obyciiopneno aeneuweii rewa rop. Ta-
KM 06paszom, pPBR327 — fieneltMoHHEI BapHanT
miasMuiel pBR322 — uMeer HekoTophie npeuMy-
ILECTBA [epe]l HCXOAHOH TUIa3MHAOH, XOTA B Hel
H yTpaucHb! MecTa AEHCTBMA TAKMX peCTpHKTa3,
kak Pvull u Ball.

C umcnonszopanmem pBR327 6w ckoHCTpYH-
pOBaH Jie/ICLIMOHHLIH BapMAHT nuasmMuan pBR325
(cm. puc. 2.10). Jna sroro muasmunsr pBR325
u pBR327 muaponusosanH pecrpuxtazamu Psil
¥ BamHI, nony4eHHYy10 CMECH pa3/IeNiaH 3NeKTPo-
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EcoRI HindIIl
BamH1
Sall
Pstl /
BR322 -
f’_,,ﬁm JIHK ¢ara P1Cm
Ball
Pvull
1. EcoRI 1. Haell
2. Sl-nykieasa 2. Sl-nykneasa
JIHK-nurasa cara T4
N Pl port
/
Psil

ori

Puc. 2.9. Cxema xoHCTpyHpOBaHuA nnaiMuzibl pBR325.
HysKTipHeiMyg crpenkami obosnauensl TpadHuel seTpoentoro 8 pBR325 ¢parmenta darosoii JIHK

toperntieck M (pparMeHTBl HYXKHOIO pasMepa
MOHPOBAITH W3 Tend. 3aTeM BhJleneHHbIE (par-
merThl pBR325 u pBR327 cMemmpanmu, nurupo-
BaJIH, BBOAWIM B KJIETKH W 0TOMpanu Tpatcdop-
manThl ¢ penoruniom Ap' Ter Coo'. Coznannas ta-
kuM obpasom muasmupa pBR328 umeer pasmep
4.9 TIH H 110 CIIEKTPY eIHHUYHLIX MeCT pacliere-
HHA pecTpHKTa3aMu He ommdaercs ot pPBR322, no
NO3BONAET OCYLUECTBIATL Penorunmnueckuii orbop
ruGpuaoe npH BeTpoiike o EcoRl-mecty. Bonee
Toro, mnaimpna pBR328 umeer xonuiiHocTe
B KJIETKE, CXOKY10 ¢ pBR327.

PaccmoTpernbie niasmuasl cepnn pBR paior
BO3MOKHOCTE KIOHHPOBATH M JIOCTATOYHO ITPOCTO
orbupars THOpHIBI Npu BCTpOiike ¢parMeHTOB
JIHK o ysacTkaM paciiervienis BeKTOpHOH Iuas-

MHB! pecTpukTasamu EcoRl, Pstl, Hindlll, BamHI,
Sall, Pvull, Vspl, Sphl, Scal, EcoRV, Xmalll u Nrul.
BHe CeneKTHBHLIX MAPKEPOB B 3THX TIaiMMIax
TAKKE HAXOAATCA eAMHHYHbIE MECTA PacuIeTICHHA
pectpEkTazamu Pwull, Ball, Aval, Hpal, Smal,
Xmal, Clal, TthlIl, Snal, Ndel.

Kpowme Toro, ¢pparmentst JIHK, renepuposas-
Hble pectpukTaiamMu BspRI wmm Alul, moryT 6BTE
KJIOHHPOBAHEI B BeKTOpax cepuu pBR u 3ateM BEI-
wertens! kak EcoRI-, BamHI- umm Sall-pparmen-
Thl. 2TOr0 MOXHO AOCTHYL MIyTemM paciyerjieHus
BEKTOpa OHHM M3 Tpex (JepMEHTOB C NocHenyio-
meit AOCTPOHKOH JHMKHX KOHIIOB (PparMenToM
Knenosa JIHK-nionumepaist | 10 TyNbIX H BCTPO#H-
kn BspRI- win Alul-parMeHToB 110 TYNbIM KOH-
aM ¢ nomomeio JIHK-murassl gara T4. [pw Ta-
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EcoRI

EeoRIl

1. EcoRIl, Henonunii
IHAPOH3

2. S1-uykneaza

3. IHK-nurasa dara T4

EcoRIT Pwull

Puull EcoRI

Ball

Pstl + BamHI
Pstl + BamHI
JHK-nuraza
BamHI Pwll EcoRI

FPsil

HindlIl

BamHI1

Sall

Puce. 2.10. Cxema coznanns muasmua pBR327 u pBR328,
Toncroii nuuuei 0603HEYEHB CCIMENTHI NNa3Mul, oOLEAMHERNEM KoTopix Homyysena pBR328

Koit Berpoiike BspRI- wm  Alul-(parmenron
yyacTkH Yy3naBanmua pectpukraz EcoRl, BamHI
wiu Sall BoccTaHaBIMBAIOTCSH, W KIOHHPOBAHHbIE
(parMeHTE MOXHO JIETKO BBILIEMHTH W3 COCTABA
rbpyasx JIHK:

5'..NNNGGATCCNNN... 3" 5'..NNNAGCTNNN... 3’
3'..NNNCCTAGGNNN... 5" 3'..NNNTCGANNN... 5§

1. BamH]I
2. PollK Anl
5'..NNNGGATC 3’ 5' CTNNN... 3’
3 ..NNNCCTAG 5’ 3' GANNN... §'
JHK-nurasa dara T4 '

5"..NNNGGATCCTNNN... 3"
3 _.NNNCCTAGGANNN... §’
BamHI
Takum obpasoM, cozgannas cepHs BEKTOPOB
pBR nossonser kIoHHpOBaTL LWIMPOKHH CHEKTD
cermento JIHK.

Kpome paccMOTPeHHbIX NMOnydeH uelbiid psill
JPYTHX TUIa3MAAHBX KIOHHPYIOWHX BEKTOPOB,
H B 3aBHCHMOCTH OT KOHKPETHBIX 3a/d4 JKCNepH-
MEHTA [IOCTOAHHO KOHCTPYHPYIOTCS HOBLIE BapHaH-
Tel. Pasee orMedanock, wTo i amrumdgukanun
masyu ¢ perykodoM ColEl-tima reobxommmo
MHI'HOMPOBATH B KJIETKE TPAHCIIAIMIO Iy TeM Jlobas-
nieHHs B cpelly xiopaMdernkona. JUis JocTHRKEHHA
B E. coli nopeimensoi KOMUAHOCTH KJIOHHPOBaH-
HBIX redoB Oe3s nopasnenus GenkoOBOro CHHTE3d
NEPCreKTHBHO HCTIONML30BATE TTA3MH/IbL, HMEIOIHE
TEPMO4YBCTBHTEIbHBIC MY TAlHH 110 PYHKUMH per-
nuKanuu, Tak, Ha OCHOBe (haKTOpa YCTOHUHBOCTH
K autOnorukam R1-drd19 b. Oxaun ¢ coarropa-
ME ToaygwTH MuHE-nnasMiIs pKN402 u pKN410
(puc. 2.11), obnanawomme crnocobHocTsio K Gesy-
JIEPKHOH PENMKaLMH MPH TIOBBIIEHHOH TeMIlepa-
Type. Ilpu Temneparype 28-30 °C onu maxonsrcs
B E. coli B komuectse 2050 konwii Ha kneTky. [Tpn
Temneparype Buitte 35 °C onu penmimpyrorcs 6e3
KOHTPOIIA KONMAHOCTH B TeueHHe 2—3 U, nocie yero
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HindlIIl

EcoRI

psst EcoRI Hindin ~ EcoRI
Smal
EcoRI Smal
@r
pMOBO02 pKN402
6.9 TH
Pstl ori
EcoRI1

BamHI

Q.5 THl

ori

Pue. 2.11. CTpyKkrypa # CXeMa KOHCTPYHPOBAHHA BEKTOPHBIX Masmufl, crnocobubIX Kk Besy/iepHoi peniuxalmuH

wietkd tHOHYT. K 3TOMYy BpeMEHH KOIHYECTBO
rmasmuanoi JIHK cocrasnser oxono 75 % (!) ot
cymmapnoi JIHK knerxks. Ha ocHose pKIN402 co-
31aH UMPOKHH CIEKTP BEKTOPOB, B HACTHOCTH
nnasmuas pMOB45 u pMOBA48, xorophie Takke
MOryT OnITe aMIUIHpHIHPOBAHLI /10 BLICOKOIO

YPOBHA TEMNEPAaTypHON WHAYKIWeH peruiMKaiHH
(cM. puc. 2.11).

PacluupHTs CriexTp eHHCTBEHHBIX MecT Jel-
CTBUA pECTPMKTa3 Ha onpejefienHoH mnmasMuiIe
MOXHO, BCTpauBas B HEE CHHTCTHUECKHIl nonu-
TTHHKEp, COJAEPXAalHH Y4aCTKH y3HaBaHHA cpasy
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BhvII
...GAAGACNNNNNNN...
...CTTCTGNNNNNNN...
_—
|
'y
i i 6/2 Bby =S
| | I |
I |} I
Bam  Bbv26 « Eco
5 =
"

JIHK-nonumMepasa

Pue. 2.12. Obmas crpysTypa Bektopos pBBV u npuHIHINHaNEHAs CXEMd HX MIPHMEHEHHH
JUIs KJIOHMpoBaHWS U perexepauun ¢parmentos JIHK.
Bby — yuacrtok yinagauus pecrpuiraiel BhIl, Bam — BamHl, Eco — EcoRl, R — moGoii Apyroi pectpukrassl

HeCKONBKHX pecTpHkTa3. KpaiilnuMm mpumepoM He-
1NONB30BAHKA TAKOTO MOIXOoNa MoeT OBITh nias-
muma pJRDISS, conepxamas 28 yHHKalbHBIX
MECT IGHCTBHA pasHbIX PECTPHKTAS.

B pszne ciyuaes nng kaonMpoBanua (parmen-
7oB JIHK HeobxouMBl TAasMHBI, coJiepKanie
cneuranbHeiM 06pa3oM BBe/ICHHBIE YHACTKH Y3Ha-
BaHHA peCTpHKTa3 noakaacca IIS, KoTopkie ruspo-
masyior Monekyiel JIHK na nexotopoM paccToaHuM
OT 3THX y4acTkoB (cM. Tabi. 1.4). [leprrie nnasmu-
Jibl TAKOTO THIIA co3aanbl B 1984 1. B, H. JloGpeitu-
HEIM C COABTOpaMH JUld dHioHyKIeask BbvIl. Dror
¢pepment pacuiennser JIHK B monoxenmn 2/6
(MecTa paciieneHHs COOTBETCTBEHHO BepXHEH
W HIDKHeH terneii) crpasa oT Noce0BaTenbROCTH

GAAGAC c ofpa3zopaHHeM TeTpaHyK/IeOTHIHBIX
omHouenovedHbIXx Konuoe (puc. 2.12). [lannoe
cBoiicTBo pectpukTaskl Bbvll ucnons3osano s
peUIeHHA 3a/1a9H TOMHOI'O BBILIETIJICHHA KIOHHPO-
BAHHBIX 10 TybIM koHuam (parmentos JIHK w3
cocTasa THOpMIHEX Tasmui. Jlia atoro B nmas-
muny pUR222, He HMeIOIYIO MECT ruaponusa
Bbvll, Berporan cuHTeTHHeCKHe cerMenTsl JIHK,
KOTOphIE COACPIKANM 1O B4 YHaCTKA Y3HABAHMA
BbvIl npoTHBONONOXKHOH MOJAPHOCTH, a MeX1y
HUMH — Y9aCTOK y3HaBaH#us KaxoH-1ub60 apyro#
pectpukTasut (cM. puc. 2.12). OnuH U3 BEKTOPOB
naunoro tana — pBBV21 — nonyuen Bcrpamsa-
auem B pUR222 cnenyioiero CHHTETHYECKOIO
cermMenTa (rmpuBe/ieHa O/IHA LETh):
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BamHI ﬂ)E—-- - Smal __EcoRI
GGATCCGAAGAC CCGGGTCTT CGAATTC

Bbvll

ITo Smal-ywactky pBBV2] MoXHO KIOHHPO-
Bars mobeie Ppparments JIHK ¢ TynsiMa koHLamy,
a 3aTeM TOUHO BHILIETUIATH MX 13 ruGpHIHOH MoJe-
Kynsl. [IpH KIOHHPOBAHHH CHHTETHYECKHX JyTi-
nexcop B pBBV21 MOXHO NnuiaHHpOBaTh HX CTPYK-
TYpy TakuMm o6pa3loM, 4TO rocne BEIpE3aHMs M3
ruOpHIHON Nia3MHIb C MOMOLIBIO PECTPHKTA3H
Bbvil oun OynyT WMeTh YHHKANBHBIE, 3apaHee 3a-
JIaHHBIE BBICTYTIAIONIHE ONHOLENOYEYHbIE 5 -KOH-
bl B TakoM BeKTOpe MOXKHO KJIOHHPOBATh Pl
CHHTETHYECKHX CYO(pparMeHTOB OmNpejesieHHOro
resa M nocne rugponusa BbvIl momyuuts Habop
atux cybdparmenTos, KaxIeiH B3 KoTOpeIX OyneT
MMETh YHHKAIBHBIE W pasHble NpaBpli M JIEBLIH
KkoHupl. Eciu CHHTE3 cIUIaHMpOBaTh TaK, YTOOH!
BCE COCEHHHE CErMEHTHI B MECTE CTHIKOBKH HMENTH
KOMILIEMEHTAPHBIE OJHOLCNOYEYHBIC KOHIIBI, TO
cybdparMeHThl B IMrasHo# peakuun GynyTt coenu-
HATHECA TONBKO B 3apaHee 3a1aHHOM Mopsanke. 1o
3HAYNTENBLHO YTPOLAET npoueaypy cOopkH npo-
TAXKEHHBIX CHHTETHYECKHX NOCEA0BaTeNLHOCTEH
JHK.

ViyqimeHHBIMH CBOHCTBAMH MO CpPaBHEHHIO
¢ BekTopaMH cepuy pBBV obnanaror niasmMuus!
pMB123 u pMBI24 (puc. 2.13), co3nanHbie
A. H. CHMHSKOBBIM C COTPYIHHMKAMH Ha OCHOBE
pUR222 u npeHa3sHaYeHHbIC UL BHIPE3AHHA KO-
HAPOBAaHHBIX (DParMEHTOB pPECTPHKTA3aMH TojI-
knacca IIS Fokl u Hgal. ABropsl npofieMOHCTpPH-

Accl
Hindll
Pstl  Fokl Hgal Sall

pMB123

Hindlll BamHI  Hgal
GG ATG ACG CGT CGA CAA GCT TGG ATC CGC GTC ATC CAG

POBaIH 3(PPEKTHBHOCTD PacCMOTPEHHOIO MOIX0/Ia
npu cOOpKe CHHTETHYECKOH TOC/IEA0BATENBHOCTH
reHa UHTepnelkaHa 2 4enoBeKa.

Hecomuennplif HHTEpEC NPEACTABAAIOT BEK-
TOPHBIE MOIEKY/IbI, MO3BONAIOMWME OCYILECTBIATE
npAMOi 0TOOp reHeTHYeCKHX MEMEHTOB, perysiH-
PYIOLIHX 5KCIPECCHIO N'CHOB B BHIOpaHHOM THIIE
kietok. HanbGonpiune ycnexy B JaHHOM HanpasJie-
HHM Hccoeaosanuii Ha E. coli MOCTHIHYTEI NpH
CO3/IaHHK BEKTOPHBIX TIa3MHUA JU18 0TOOpa npoMo-
topcogepkamux (parmenros [IHK (o mpomoro-
pax monpobuee cM. 3.2). Mocne Toro kak Gbuio
MOKA34aHO, YT0 Y4YaCTOK TMAPONM3a pecTpHKTas’oii
Hindlll B mnasMuaax cepun pBR nokamnszoBaH
mexy obnactamu —35 1 —10 npomoTopa rena fet
(puc. 2.14), cTano ACHO, YTO AAHHLIH MPOMOTOP
MOXHO MHaKTHBHpOBaTh TH00 neneuueii mocneno-
patenbHoCcTe#, npuneraronmx K HindlI-ygacTky,
MO0 BHEIPEHHEM TI0 3TOMY YYacTKy CErMeHTOR
JIHK. BertpauBaHHeM CHHTETHYECKMX NHHKEpOR
MOXKHO OIHOBPEMEHHO OCYIIEeCTBINThE WHAKTHBA-
IHIO NMpPOMOTOpA IeHA fel ¥ BBEJIEHHE YNOGHBIX
PEeCTPHKIMOHHEIX y4acTkoB. Ecimn mo atiM yuacr-
KaM BcTpouTh ¢parmentnl JIHK, Hanpaeassoime
TPAHCKPHITIHIO B CTOPOHY CTPYKTYPHOIO I'€Ha fef,
T0 Gyner cmmresmpoBatscs MPHK, comepxamas
NPHPOAHBIH y4acTOK cBaskiBanna pubocom (RBS),
1 rubpuanas mwiasmuna Gyner obycnosmmBars yc-
TOHYHBOCTE KJIETOK K TETPALHKIHHY.

3TuM MeToIoM B pajie nabopaTopuit GeUIH co-
3JaHBI TIA3MUIB], NPUTOAHBIE 11 0TOOpa nMpoMo-
Topcopepxamux ¢parmentoB JIHK no obycnos-
JIMBAEMOMY MMM H3MEHEHHIO (PEHOTHNA KIETOK

Fold EcoRI

ACGTCC TACTGC GCA GCT GTT CGA ACC TAG GCG CAG TAG GTC TTAA

Accl
HindIl
Psil Fokl Hgal Sall

pMB124

Iapm%

ort

BamHl  Hgal Fokl EcoRI

GG ATG ACG CGT CGA CAA GCT AGC TTG GAT CCG CGT CAT CCAG
—_— > = ———
ACGTCC TAC TGC GCA GCT GTT CGA TCG AAC CTA GGC GCA GTA GGT CTTAA

g

Puc. 2.13. HyxneoTHasas nocneqoBarebHOCTh TOMUTHEKepHOH o0nacTh miasmua pMB
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EcoRI (4361)
=35

HindIII (29)
~10

g
5...CAAGAATTCTCATGTITGACAGCTTATCATCGATAAGCTTTAATGC
3...GTTCTTAAGAGTACAAACTGTCGAATAGTAGCTATTCGAAATTACG

4363 14

+1

29
sD

GGTAGTTTATCACAGTTAAATTGCTAACGCAGTCAGGCACCGTGTATGAAAT... 3
CE&T{CAAAT&GTGTCAATTTA)\CG ATTGCGTCAGTCCGTGGCACATACTTTA...§

MPHK rer

L RBS | ]

Pue. 2.14. IlocnenosarelbHOCTb HYKIEOTHA0B B 5'-KOHLEBOH 4acTH reHa fet nnasmuy cepun pBR

E. coli ¢ Tcs na Te'. Bo MEOroM aHanorn4Ho cKoH-
CTPYHPOBAHEI IasMunbl E. coli, copepxaliiye rex
xnopampesnkonaneTirpaschepassr (cat), y Ko-
TOPOro JieneTHpOBaH TPOMOTOP, HO COXpaHeHa
CTPYKTYPHAS 4acTh. DTH MJIA3MH/IRI TaKkxke obecre-
YUBAKT BOIMOXKHOCTE KJIOHHPOBAHUSA MOCHE/loRa-
TemeiocTein JIHK, kotopeie B Knetkax E. coli
(yHKIHOEHPYIOT Kak npomoTopkl. TTo cTenenn ye-
TOHYHBOCTH K aHTHOMOTHKY, J€TepMHHHUPYeMOii
ruSpUAHLIMH MPOMOTOPCOAEPMALLMMH TLIA3MHIa-
MH, MOXHO OCYIIECTBJIATE KOCBEHHYIO OLEHKY (-
texrrHOCTH QYHKIMOHUPOBAHHA OTOOPAHHBIX
POMOTOPOB.

Hapszy ¢ paccMOTpEeRREIMH CO3/1aH LIHPOKHN
CHEKTD OPYTHX THIOB IIa3sMHIHEIX BEKTOPOB (CM.
22.7-2.209).

2.2.2. MonekynsipHsie eeKmopbk! Ha OcHoge
AHK ¢paza nam60a

K MOMERTY NOSBICHHA METOIONIONHH I'EHETHYE-
CKO#f HEDKeHepu# kosdar A 1o cpaBHEHMIO ¢ py-
rMMH BUpycamu Gaxrepui Gein nanbonee nonHO
W3YYeH TCHETHYeCKH W MosleKynapHo-OHonorHye-
ckH. D710 1 00YCNOBHIIO TO, TO HAPALY C TTa3MH/I-
HhIMH BekTOpamy yxke B 1974 r. noasHiace cepHs
KJIOHHPYIOILMX BEKTOPOB Ha ocHOBE hara A.

B apemsix supuonax (ara A JIHK naxoaurcs
B BHJIE JIBYXLENOMe THOH JHHEHHOH MONeKyIIb! pas-
mepom 48 502 nu. Ha xonuax monekyns JIHK
UMeroTes  B3anMokommiiemenTaptble GC-obora-
LIEHHEIE OJHOLIEIIOYe Hble KOHUL! JUIHHOIM 12 Hyk-
neoruoe (06o3HauarwTes Kak cosR u cosL). Cpasy
niociie nonaganiia B KneTy ¢arosas JIHK nukau-
3yeTcsA 1Mo ITHM KorlaM B QyHAKIHOHHPYET B KeT-
Ke B KonbleBoil (hopme. PalioH KoBaneHTHO 3alliu-
ThIX coSR u cosL RaspiBaeTcs cos-calimom. dar A
ABIIACTCA YMEpeHHbIM ()arom, T. €. B 3aBHCHMOCTH
OT YCIIOBHif MOXET pa3BHBaThCA B KieTke K60 1o
JMTHYECKOMY, JTHGO0 10 JIH30reHHOMY TIYTH.

INp# AMTHYECKOM pa3BUTHH TIPOMCXOIHT JIH3HC
knetok W obpasyrorcs undexumonHsie darosnie
qacTHisl, TpH 3orernom Monexyna JIHK ¢ara 4
MHTETpHpyeTcs B OakTepualbHyH XpOMOCOMY

4 TEHETHHECKER KIKEHBPNR:

NPEeUMYIIECTBEHHO B OIHO MECTO MEXAY reHamMH
gal v bio 1 RAXOIUTCA B TAK HA3LIBAEMOM COCTOA-
HHH npogaza. Llltamm, TH30reHHBIH 110 KAKOMY-
nubo ymepeHHoMy (ary, ofo3nauaercs crienyio-
M obpasom: 3a 0OKSHBIM HaHMeHOBaHHeM Gak-
TEPHAILHOIO INTAMMA B KPYITIBIX CKOOKax yKasel-
BaeTCH MH30reHH3MpYromii dar, Hanpamep, E. co-
i C600(Aclgs?).

I'enom (hara A MOXXHO pasjiesnTe HA TPH OCHOB-
Hble HacTH (puc. 2.15). Jleas yacTsh BKIKOYAET BCE
rens! (0T Nul no J), Genkopsie IpOAYKTE KOTOPBIX
HeobxoAHMB U1 POPMHPOBAHHMA KallCHIOB U yna-
KOBKH B HHX Monekyn daroroii JIHK. LenTpans-
Had 9acTk, pacrnonoxeHHas Mexay reaaMu J u N,
HECYILeCTBeHHA VIS JITHYeCcKoro passuTus dara
B KJIeTKe-X03HHe JIMKOIo THINA. 31a 06nacTs reHo-
Ma COICPXKHT TeHbl, yHacTBylonme B obmeii pe-
koMbGunauun Qara (reda u redf), caiitcnenmduye-
cxoit marerpaumu JIHK dara B Gaxrepuansuyio
xpoMocoMmy (int) v HCKIrO4YeHHH npodara U3 Xpo-
mocomel (xis). Caircnenmduaeckue pexombuna-
UHOHHBIE COBBITHA MPOKCXOAAT 110 0COObIM y4acT-
kam na JIHK ¢ara (afr) v GakrepnaibHOH XpoMo-
combil. [pasas wacTs reroma gara A cofepxur Bee
OCTaNBHbBIE KOHTPOIMPYIOIIHE EMEHTH, K KOTO-
phIM, B HaCTHOCTH, OTHOCATCH FeHbl, HEOOXOIHMblE
ana perumkaumm (arosoit [IHK (O u P) u nas
nnsHca Knetok (S u R).

CyuieciBeHHBIE S JIMTHYECKOTO Pa3BUTHA
¢ara rensl TpaHCKPHOHPYIOTCA C TPEX OCHOBHBLIX
MPOMOTOPOB: pr, pr ¥ pr' (cm. puc. 2.15). Tlpu
PA3BMTHH I10 TM30IeHHOMY ITyTH pernpeccop darad
(nponyxr rena cl) cea3bIBaeTCs ¢ ONEPaTOpPaMH O
W OR, NMpeaoTBpam@s TPAHCKPHIHIO C pL M PR.
Ilpu JmTHuUeckoM pa3BUTHH (ara TPAHCKPHIILMA
MJIET C pL BJIeBO Hepes red N M ¢ pr BIpaBo Hepe3
reH cro. B orcytctsHe mpoaykta reHa N TpaHc-
KPHITIHA B 3HAMWTENBHOH CTEleHHn TePMHHHDYET-
€A cpasy Trochne ITHX IEHOB Ha y4acTKax tp M tgy.
Bropoit TepMHEHpPYOLIHIT y4acTOK tR2 TOMHOCTBIO
npefloTBpamiaeT JiaJbHeHNIyl0 TPAHCKPHIHIO
¢ npomoropa pgr. Iponykr resa N ocyuecrsiser
CBOK (QYHKLHIO MOJOKHTENBHONO PETYNATOpa He-
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3penniii dar

Jlepas qacts
cosL

Ilpaas qacte cosR

m  Nul E J

attP Nel

OPFP R m

gal  atlL Nel OP R cos

Nul E J

b-ofnacme atiR bio

DEC e m E EE T
ba' Mpodar ab'
Pue. 2.15. Kapra resoma ¢ara A.

TpormcHbiMi Gykeami 0603HAYEHB HHIHEHHO BAXKHBIE I'eHBl (Jara, CTPOMHBIME — HECYIIECTBEHHEIC JUIH Ero JHTHYECKOro
PAIBHTHA; FALTPHXOBAHHBIE CTPENKH — CIHHMLL! TPAHCKPHITIHE (ArOBOrO reHOMa (CKPHITTOHDI), 1LIMPHHA CTPEJIOK O pakaet
HHTEHCHBHOCTD TPAHCKPHIILHH COOTBETCTBYIOLMX palloHOB INEHOMA; ToNCTas Wrpuxosad nuuus (rewst gal u bio) —
xpomocomtas JIHK E. coli; p — ripoMoTop; 0 — ONEpatop; | — TEPMHHATOD TPAHCKPHITILHK

pes B3auMoneiicteue ¢ PHK-nonumepasoii knerkn,
B pesynkTare Wero Takoii MomupHIMpOBaHHBIA
tepment criocoben rpeosoneBart CHTHANBI Tep-
MMHAUMK Tpasckpuruu Ha ¢aropoit JIHK. ben-
KOBBIH NpoayKT reHa cro uMeer GyHKimH anTH-
penpeccopa, # Korja B KJIeTKe J0CTaTOMHO BBICOKA
€ro KOHUEHTpAUMA, INPOMCXONHT JeperpeccHs
TPAHCKPHTILWH C pr. H pRr. B nipucyTcTBiK Genka N
TPAHCKPHITIHA € P MaeT 10 b-o6iact, a ¢ npomo-
TOpa pr — 4epes rensl O, P u Q. Iponykr no-
crieHero TeRa HeoOXOomuM Iisd TPaHCKPHITIHH
No3AHKX reHoB (ara 4 ¢ O-3aBHCHMOrO MPoMoTOpa
pr.. Tak kak npn uagexuun JIHK dara uuxan-

3yeTCs, TPAHCKPHITIHA ¢ PR’ HAET Yepes reusl S, R,
A BnnoTh 1o reHa J.

Cunresupyroiuecs CrpykTypHele 6enkn obpa-
3YHOT /IBE OCHOBHRIE €JIMHHIIB 3pesioii (aroBoi yac-
THIE] — T'OJIOBKY ¥ XBOCTOBOM OTPOCTOK, cGopka
KOTOpBIX MPOMCXOAHT HesaBucHmo. [Ipn dopmu-
pOBaHUM roNI0BKH (ara neppoHavalbHO 06pasyeT-
c# TaK Ha3kIBAeMas MPerojiopka, B KOTOPYIO 3aTeM
nakyercs ¢aropas JIHK. B xnerxe darosas JIHK
B pe3ynbTare pelMKauMu HAXOAMTCH B KOHKaTe-
mepHO# (opMe, T. €. Ha OHOH THTAHTCKOH Morne-
kyne JIHK nocrenosarellbHO pacrnonoxeHo He-
CKOIBKO TNONHBIX (haroseix renoMoB. C cos-caiita-
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Puc. 2.16. CTpyKTypa BEKTOPOB BHeApeHHA Ha ocHose JIHK (ara A:

| — yuactok ruaponnsa pecrpurasoll EcoRl; 2 — myrupopanssi#i yyacrok rraponssa EcoRl; 3 — yyacTok rugponmsa
HindIll; 4 — nenenms; 5 — dparvent xpomocomuoii [JJHK E. coli; 6 — paiios resoma dara 4, pexomGuHaunonso
3AMELCHHBL COOTBETCTBYIOULM paiionom dara ¢80; imm** — oBnacts uMMyHHOCTH JMOIoHHOrO dara 434,
pexoMOHEANHOHHO BEEACHEAR B renom dara 4

M Ha aroii JIHK ceasviBawrcs Qarossie Genku
Nul u A. Ou Genxn obecnieunBalorT HapesaHue
(paronoii JIHK B cos-catitax ¢ obpa3zoBaniem O~
HOLIETIOUEYHBIX JIMIKMX KOHLOB (cosR u cosl)
H yTIakoBKY (aroBsix reHOMOB B MperoJioeky. B pe-
synsrare popmupyeTcs ronopka gara, koropas, co-
eIMHAACH C XBOCTOBRIM OTPOCTKOM, 06pasyer 3pe-
nyfo aroeyro yactuily. benkosele NpojtyKThi re-
HOB R u S obecnieHBalOT JIM3HC KICTOMHOl CTeH-
KH, B Pe3yNLTATE Yero NPOHCXOAHT BRIXO/ B Cpely
(harororo noToMcTEA.

TlpuBepenHoe 3neck onucanme QGyHKIHOHHPO-
BanMs resoma (ara A ABISETCH KPATKUM M CXe-
MaTH4HBIM. B T0 e BpeMs OHO nokasbiBaeT, ITo
(ar A umeeT NOCTATOMHO CHMKHYIO, HO XOPOLIO
H3Y4EHHYI0 IEHETHHECKYI0 opranusaumio. s
MHOTHX MyTanToB (hara A paspaborawsi rnpocreie
METOJIbl TECTHPOBAHAA, MPOIEMOHECTPHPOBAHA BO3-
MOKHOCTE TIONYHYEHHS HU3HECTOCOOHBIX Je/elH-
OHHBIX BapuanToB. M3yuer psa GnuskopoacTeen-
HEIX TAMOOHIEBIX GAaros, a Takxke HX pexoMOu-
HauToB ¢ (arom A u Mexay coboil, BO3HUKAIOLIMX
in vivo 1pm COBMECTHOM MH(HIMPOBAHWH KIECTOK
E. coli. Bce 310 cTHMY/IHPOBAo HCCIETOBAHHA T10
MCTIONB30BaHMIO (hara A H HEKOTOPLIX €ro peKoM-

Ounautor ¢ aaMOronEbMH daraMy B KavecTse
KJIOHHPYIOIIHX BEKTOPOB.

Ha JIHK ¢ara A uMeeTcs nsTk MecCT paciier-
nenus pectpukrasoii EcoRI (puc. 2.16, a), npuiem
TpH 3 BuX (srld1 — srlA3) naxonsarca B obnacTu
TeHOB, HECYILECTBEHHRIX JUTs IMTHHECKOTO Pa3Bu-
THs (ara. s pecrpukrasel HindIll na JIHK Gak-
Tepuodara A MMeeTcs IIECTh MECT JIEHCTBHS,
W nsth w3 Hux (shrdl — shnd5) — B obnacri wecy-
[IECTBEHHbIX I'CHOB.

[NonydeHHe BEKTOPHLIX MONEKYJl Ha OCHOBE
JIHK ¢para A cBOAMTCH K BBEAEHHIO MyTallHi 110
ydacTkam JeficTBUS peCTPUKTa3 B CYLIECTBEHHOM
Ut pasMHOKeHHs ¢ara obnacTi reHoMma ¢ coxpa-
HeHHeM HX B HecylecTBerHoi obnactu. [lockons-
Ky knerku E. coli, obnanaiomue cHCTeMO# pect-
pHKIMu—MoHpukanuH EcoRl, nepMUCCHBHEI JUTs
(dara A, umenno gns pectpuxraiel EcoRI Gbum
1noJysenb! nepBbie Bektopusie daru 4. 310 0byc-
NOBIEHO TeM, 4T0 MyTanTsl ara A 1o mecram
neiicTeuA pecTpukTasbl EcoRl MOXKHO JI0CTATOUHO
NpoCTO nojiy4ars 1 oTbupars B cUcTeMe in vivo.
Cxema JIBHHOTO TIOXO/la COCTONT B CHEAYIOIEM.
arom A nonepeMeHHO HHPHUMPYIOT KIETKH
E. coli, umetoniye cicTeMy pecTpuKIMu—MOaM(pH-



100 nasa 2. BEKTOPHAR CUCTEMA MrPAMOTPULIATENBHOW BAKTEPUW ESCHERICHIA COLI

kauun EcoR1 1 ne uMeromme takopoi. Bosnukaio-
[IVE CIIOHTAHHO WK B PE3YNIBTATE MyTarcHe3a My-
TAHTHI, MOTEPABLINE HEKOTOPLIE M3 YHACTKOB JICHCT-
BHS PECTPHKTA3bI, UMEIOT CEJIEKTHBHOE MPEeHMYIIe-
CTBO MEpe/l HCXOMHBIM (haroM NPy pasMHOKEHHH Ha
WITAMME C CHCTEMO pecTpUKLIMH-MOMUQUKaIum,
TaK Kak MyTaHTHbIH (ar ¢ Gonbiuel BEpOATHOCTHIO
BLUKHBAET HA PECTPHKTHPYIOIIEM LUITAMME 32 CHYeT
KOHKYPEHTHOH MONuHKAUMH HMEHOMMXCS HA
JHK mect pecTpukumn.

I A. llenxysopoii u C. H. HlenkyHoBrIM 1o~
Ka3aHo, 4T0 cpenree orpanwdcnue dara A in vivo
crcTeMoil pectpuxkimE-Moaudukauun EcoRl no
KAXNKJIOMY W3 NIATH Y4acTKOB BoieiicTeus ua Qaro-
Byio JIHK cocrasnger 5,6. ¥ MyTaHTHOrO BapHaH-
Ta, MMeromero b TpH FcoRI-ywacTka, npn wa-
(uumpoBarnK pecTpUMKTHpYIOmEro wravma £. co-
li Gyner BobkHBaTh M maBaTh Hayano (aroBomy
notoMcTBy onua mosexyna JHK u3 180. [Ins dara
aMkoro THNa (nate EcoRI-y4acTkoB) 970 COOTHO-
wenne Oyner 1 u3 5,5 Teic. Monekyn. ParoBoe no-
TOMCTBO, MOJy4eHHOe Ha mTamme ¢ R-M-cucre-
MoOH, mmeer merwsmpopannyr JHK. Jina Toro
4TOOBl CHATH 3Ty MOAMGHKALMIO, NOMynALuo da-
T'OB C PECTPUKTHPYIOIIEro IITaAMMAa MacCHpYIOT Ha
nrramme 6€3 CHCTEMBI PECTPHKLHA—MOM(PHKA TN
H 3aTeM CHOBa HPOBOMAT YEPE3 PECTPHKTHPYIO-
mmid wramM. [lociie HECKONBKMX TAKMX LMKIOB
MyTanThl (hpara mo MecTam AEHCTBHA PECTPHKTAZbI
B CHIIy CBOEIO CENEKTHBHOIO NPEUMYIECTBA Bhi-
TECHAIOT W3 MOMY/SILMK HCXOTHEH (ar.

Io Takoit cxeme GbUIH NOMYYEHBI NEPBLIC BEK-
TopHbie (aru A ana wioHuposarua EcoRI-¢par-
MeHTOB (cM. puc. 2.16, 6, 6; 2.17, a, 6). JInsa KOuCT-
PYHPOBAHUA BEKTOPOB, COAEPMKAIUX YUYACTKH I'HJI-
pOmM3a ApyruMu peCTPHKTA3aMH, TAKOH MOMIXON He-
npuemsieM, Tak kak ¢ar A He crnocobeH pazMHO-
#arecs Ha Oaxrtepuax, o0najatoliMx COOTBETCT-
BYFOIITMMH CHCTEMAMH PECTPUKLIMH-MOTH(PHKAITAH,
B sTom cnyuae BOBMOXKHEI IpyTHE METO/IbI CO3/ia-
ausg BekTopHeix JIHK. Tak, jgns pectpukraibi
HindIIl Bextop Grul nony4en myTem pekoMOnHaim-
OHHOM 3amenbl cermenta JIHK dara A, conepane-
10 shnA6, Ha romonoruyHyio obnacts JIHK Giisko-
poacreerHoro naMbaouanoro dara ¢80, ne umero-
wyio Hindlll-mecta runpomisa (cM. puc. 2.16, 0).

HeobxoauMo OTMETHTB, 9TO KHIHECIOCOO-
HOCTH BapuaHToB (hara A pe3sko CHWKAETICs, KoIja
pasMep ux resoma cocrasnser Gonee 105 M me-
nee 78 % remoma ¢ara mukoro THna. IToatomy
KaXKIblil KOHKpeTHLI BekTopHeiii dar umeer orpa-
HHYCHHA 10 pasmepy pparmenToB JIHK, kotopkie
MOXHO B HEM KioHHpOBaTh. CymMMapHbIH pasmep
JHK re6Gpuasnix Garos 10/DKeH HAXOMHTHCA B HH-
Teppane 38-5] TnH.

CymiecTByioniHe B HACTOAMIEE BPEMs BEKTOp-
Hble (harv A JUiA Ka#/10# KOHKPETHOM PECTPUKTas3bI
JIENIAT HA BEKTOPbI BAE/IPCHHA W BEKTOPBI 3aMemie-
nus. Bexmopet enedpenus wmeror va JIHK onno
MECTO JICHCTBHS Ui JlaHHOH pecTpukraibl, Ecim
opu  Beipoiike 9ksorenHoro ¢parmenta JIHK
B TOT CAlT NMPOMCXOIHT HAPYIICHHE KAKOTO-THOO0
reHa WeXomHoro ara, cenexurs rmOpHHbIX K10~
HOB OCYILECTB/ISETCH KaK BRIABJIEHUE COOTBETCT-
BYIOIMX (ParoBbix MyTaHTOB. PaccMOTpuM THITHY-
HBIX MPEJCTARUTENCH ITOM IPYIINklI BEKTOPOB.

[lepeeni A-BekTop BHEApeHHA Obul Nomy4eH
B nabopatopun H. Myppes Ha OCHOBE NENELIAOH-
Horo ¢araAb538 (cm. puc. 2.16, 6). Beraska ¢par-
menta JIHK B s7IA3 noepexnaer ren reda 37oro
(para, nasas noromctso ¢ (enorunom Red . Takue
(daru MOKHO NIETEKTHPOBATH M0 HX PE3KO CHHIKEH-
HOM CMOCODHOCTH pactv Ha wtaMMax E. coli, my-
TAHTHBIX MO reHaM polA wm lig. Jlns 31010 Bee
HEraTUBHBIE KONOHMHM (para, obpasopaBlunecs Ha
GakTepuanbHOM Ta3oHE nocne Tpancheximy Kie-
1ok E. coli darosoii JIHK, nepenocst nocnegopa-
TENBHO 10 TpadapeTy Ha YallkH CO CBEXE3acesH-
HEIMH rasonamu E. coli mrrammos lig* (i polAt)
u lig = (nnu coorBercTBeHHO polA ). Te daroBuie
KJIOHBI, KOTOpBIE IAI0T aKTHBHEIA pocT (obpasyror
30HY NM3HcCa B MECTE yKOJa) JHIlb HA TEPBOM
LITAMME, IOJIKHBI ObITE THOPUAHBEIMI BAPHAHTAMM
tara A (umetor denotun Red ). Opnaxo mubpua-
Has MpUpoaa Kaxaoro (aroBoro KJIoHa MOXKET
ORITH JTOKa3aHa TONMLKO JIOMONHUTENEHBIMHA aHaTH-
samu monekyn JTHK (ruGpuamsaius, pecTpHKim-
OHHbIN aHanmm3). Kak BHHUM, 9T0T TeCT HENOCTa-
TOYHO OTHO3HAYEH ¥ KPOME TOro Tpynoemok. On
HE MO3BOIAET OCYMECTBAATE NpAMOI 0T60p rHb-
PMAHBIX (AaroBhIX KIOHOB.

3nauntensio ynobuce B pabore EcoRI- u
Hindlll-BexTopel BHeNpeHns Ha ocHoBe (ara A,
Y KOTOphIX BeTpoiika (parmenta JIHK moBpexa-
€T ren penpeccopa (cM. puc. 2.16, 2, d). B srom
ciyyae BEKTOpsl ObLIM NOTy4eHsl Ha OcHOBE (ara
Aimm#34 (pexombunanTtasii dar A, copepxammii
obnacts uMmynHocrs nsamOaouaHoro ¢ara 434).
Berpoiika ¢parmentos JIHK B rem ¢l dara
Aimm?#34 prisBaseTcs no XapakTepHoi Moponoruu
Gaaiuex (npospauHeie y rubpuia ¥ ¢ MyTHSIM [IEHT-
poM y ucxonroro ¢ara). Kpome Toro, ynoGHeiii pex-
TOp BHEPEHH: ¢ CHCTEMOH PAMOTo (heHoTHIYe-
cxoro othopa rubpHIoB NoMyyeH Ha OCHOBE TpaHC-
ayuupyomiero ¢ara Aplacs (cm. pric. 2.16, e). Ipu
BCTpoiike axsorenHoi JIHK B renom BexkTopHOro
¢ara Aplac5-1 mo enmmcteennomy EcoRI-mecry
Hapywaercs rex f-ranakrosugassi (lacZ), 4ro ner-
KO JIETEKTHPYETCH B TMPAMOM TECTE THTPOBaHHMA
(aros na razone E. coli lacZ wa yamkax ¢ uuaM-
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KaTOpHBIM KpacuTesiem. S-I'anakro3niasa karanm-
MPYeT PacHICILIEHUE NAKTO3bl HA ITIOKO3Y U ra-
NIAKTO3Y, YTO NMPUBOAMT K 3aKHCIICHHIO OKPYKao-
uteit cpesel. Mamenenne pH MOXHO JIErKO BLISBHTH
Ha MUTATEIEHOM CPEJIE C JIAKTO30H U C MHIMKATOP~
HbIM KpacHTesleM OpOMKpPE30JIOBBIM IypIypPHBIM
(cpena Mak-Koukn). Ha Taxo#t cpese TemMHo-Kpac-
HOTO 1[BeTa BeKTOpHEI (par AplacS-1 cOpaxusaeT
naKTo3y, ¥ GiAmKH, 06pa3yeMblie UM [IPH THTPOBA-
HuM Ha rasone E. coli lacZ-, iMelor xenToe okpa-
UIHBAHWE ¥ OKPYKEHB! WenThiM opeonoM. Inbpua-
ukie (aru Ha ocHope Aplac5-1 akTuBHYIO f-ranak-
TO3H/A%y HEe CHHTEINUPYIOT M B OMHCAHHBIX YCJO-
BuAX (popmupyroT Gnsuke 6e3 M3IMEHEHHS OKpac-
KI arapH30BaHHOH NMUTATENILHOW Cpe/kl.

Ipu npyrom cnocobe GEeHOTUITHYECKOTO BhIsSB-
nenns THOPH,I0B Ba ocrose (ara AplacS-1 B nura-
TEIBHYIO CPEy, Ha KOTOPOH THTPYHOT Npenapar
¢ara, nobasnsior S5-Gpom-4-xi0p-3-MHA0THI-S-
D-ranaxrosun (o603naqaemeiit Xgal). [lannoe coe-
avHenwe camo mio cebe GecumeTno. Oppako Mpu
ero ruaponuse S-ranakroaunaloi obpasyercs sp-
KO-CHHUH 5-Opom-4-xopusimro. [Toatomy G-
k1 BekTopHoro (ara Aplac5-1 ua rasone E. coli
lacZ- B npucytcteun Xgal OyayT okpammBarscs
B CHHMIT uBeT, a rubpumsie BapuanTsl 6ynyT Gop-
MHpoBarTh OeciiBeTHbIE GIAILKH.

[lInpokoe pacnpocipaHeHre B MOCIeHNe To-
Jibl TIONY4HJT BeKTOp BHeapenus Agtll, ouenb cxo-
wmit ¢ Aplac5-1. @ar Agtll (lacSclgsyninSSam)
HMEET TepMOYYBCTBHTENIbHLINH penpeccop (clyst)
n ambep-myTanmio (cM. 6.4) no rexy S, 1eNAILYI0
€r0 HE CIOCOOHBIM K JIM3UCY XO3AHCKON KICTKH, HE
nvesomeit cynpeccopa supF. @ar Agtll o6wr4mo
MCTIONb3YIOT B KAYECTBE HKCIPECCHPYIONIETO BEK-
TOpa IpH BCTpoiike B Hero no EcoRI-ydacrky
JHK-konumii marpuusex PHK. [Mpu coBnanenym
TPAHCNAUHOHHOK pamiyu  Berpoennoit  kHK
¢ pamMKOH TeHa [-ranaxTo3naakl CHHTE3NpyeTcs
xumepusiil 6enok, Ha C-KoHIe KOTOpOro pacmona-
raercs MocJie/IOBATENLHOCTE Yy KepojiHoro Genxa.
MHOMO4HCIICHHBIC 3KCICPUMEHTH! [OKA3aIM, 4T0
qyXepolHbie OEKN B cOCTaBe Xumeps! ¢ f-ranak-
TO3MIA30H B OCHOBHOM COXPAHSIOT CBOH HMMYHO-
XuMHueckue cpoiicTpa. [TosToMy nocne ynakoBkH
in vifro v BeiceBa Ha GaKTepranbHbIH ra3oH MMOmy-
YeHHBIE KJIOHBI (paroB (OnsIuKu) MOXHO MOABEPT-
HYTb PaIAOBMMYHOAHANN3Y in Sifu ¢ b0 MOHC-
ka rubpuoB, conepxamux k/IHK ctporo onpene-
nennoit MPHK (11 6enxoBoro npoaykra Koropoi
HMEIOTCH AHTHTEIA).

Bexmopst 3amengenun iMeroT aBa Wi 60sb-
L€ MeCT JEHCTBHA PECTPHKTA3L! HA MosleKkyne da-
roeoit JIHK. 3akmoueHHble MEXIY THMH y4acT-
kamu (pparmenTei BekTopHol JIHK 3amematorcs

nouoprabivMy (pparmentavu JTHK. ITpu 3ToMm npo-
HCXOJIMT fesiela psja reqos ¢ara, 4T0 JETEKTH-
pyeTcs COOTBETCTBYIOMMMH TEHETHYECKHMH Me-
TopaMH. HeobXouMO NOA4EepKHYTH, 9TO JAENeTH-
POBATHCHA MOTYT TOJNBKO Te€Hbl, HECYLIECTBEHHBIE
JUTA TUTHYECKOro passuTHa ¢ara (obnacTs 0T resa
J no rena N). Ha JIHK daros, y xoTopbiX 01TCyTCT-
BYEeT TEPMHHATOD TPAHCKpWMIHK trz (nenemus
nin5), paiMep neneuMH Mo¥er ObiTh YBEIMYEH
BIUIOTH JIO MPOMOTOpA pr. B 2TOM cnyuae dar Gy-
JET KH3HECMOCOOHBIM, HECMOTPA HA YJajieHue
WHIHEAHO BAXKHOTO B 0OBIYHEIX YCIOBHAX rera N,
nerepmunmpyroiero 6enok-anturepmunarop. Pac-
CMOTPHM HEKOTOPHIE W3 BEKTOPOB 3aMEMIEHUsA Ha
ocrose ara A.

Jlo paspaGorku Gonee coBepleHHBIX BEKTOP-
HBIX (paroB caMbIME NOMYNAPHBIMI BEKTOpPaMH 3a-
Menenns Ha ocHoBe (hara A, npeaHasHAYeHHBIMH
jutA knorkposanus EcoRI-pparMenToB, SBAAIHCH
wrammbl Agt-AC, Agt-AB (cm. puc. 2.17, a, 6), B ko~
TOpble MOXHO BCTpanBars EcoRI-¢pparmerter JIHK
pasMepom 10 15,1 T, TonynspHOCTL 3THX BEK-
TOPOB OGYCITOB/IEHA TEM, YTO MX BEKTOPHAS YAacTh
Agt-0 (npaBeiit u nepsiit xouust JIHK ¢ara Ges
BHyTpennero EcoRI-¢parmenta) se obpasyer xu3-
Hecnocobuoro Garoporo MOTOMCTBa, Tak KakK MO-
nekyna JIHK Agt-0 cnmmkom koporkas. [ubpuj-
ueie e JIHK pawot xmsnrecnocobroe darosoe mno-
TOMCTBO.

[Tonyyen Bapuant dara A, B JIHK xoToporo
MOKHO BeTpauBare EcoRI-QparMenTsl pasMepoM
20 24 trm (cM. puc. 2.17, 8), YTO cocTaBIsSeT Mpu-
MepHo nonosuny rubpuaunoit ¢aropoii JIHK u
OMH3KO K Npe/iebHOMY pasMepy BO3MOMKHOM BCTaB-
ki B renom ¢ara A. I'ubpuarsie darn na ocHope
JTOI0 BEKTOpa JIerko 0TOnpalorcs no Gnsmkoobpa-
30BAHMIO HA ra3one K1eTok E. coli, TH30reHnkiX no
(ary P2, tak kak myrantel (ara red-gam- pasmHo-
watorcs Aa E. coli(P2), B 1o Bpemsa kak dar A,
He UMeIoNUii TaKoil ABOHHOM MyTAlMK (Jeneiun),
Ha yKa3aHHOM Ji3orene Gnsiiex He obpasyer.

Vi100HB! BEKTOPEI 38 MEILICHHA HA OCHOBE TPAHC-
oymmpyioumx ¢aroB A (cm. puc. 2.17, 2—e). [Ipu
BCTPaWBaHHKM B 3TH BEKTOpel 3K3orennoi JIHK
06e19n0 13 Garosoii [IHK ynansmores ¢parmentsi,
B COCTaB KOTOPBIX BXOJIAT TPAHCAYLIHPYEMAIE YTHM
tharom Gaxtepuansubie renbl. [MOpUIbl BhisBIA-
I0TCH HA COOTBETCTBYIONMIMX MYTAHTHBIX GakTepm-
albHEIX KI€TKax Kak (ary, yrparusime Gakrepu-
aJILHbINA NeH W NOITOMY YK€ HE KOMIUIEMEHTHPYIO-
[IHE MYTALMIO B KIETKE-XO3SMHE.

Yrounenwe kaprel pacmerienna JIHK ¢ara A
PAAOM KPYHMHOIIENAMMX PECTPUKTA3 Noclie pac-
umpposku B 1983 1. nonuoi nocsieioBaresHoCTH
HYKJICOTHAOB (HaroBoro reHoMa nNO3BOJMIIO pac-
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Puc. 2.17. Ctpykrypa BekTopoB 3amemieams Ha ocrone JIHK dara A.
Cm. obosnauenns k puc. 2.16

LIMPHTEL NPUMEHEHHE NOJYYEHHBIX paHee BEeKTo-
poB. Tak, BexTop Agt-AB nepBOHAaYaLHO KOHCT-
pyvpoBaics jns kiorupoBanns EcoRI-gparmen-
toB JIHK. CoBpemenHbie npescrasieHus 0 BO3-
MOXHOCTAX HCHOIL30BAHUSA 3TOro dara B Ka4ecTBe
BEKTOpa NMpHUBE/ICHBI Ha puc. 2.18.

Ko BTOpOMY MOKOJI€HHIO BEKTOPOB 3aMEILEHHA
orHocATCs (harn A, y KOTOpBIX 3aMeiaemMbie (par-
menTsl JIHK ¢ Byx cTOpOH OrpanHyYeHbl HCKYCCT-
BCHHBIMH TMOJIH/IHHKEPAMH, COAEPHKALMMH YHacT-
KW Y3HABaHHMA PasiMyHLIX pecTpHkTas (puc. 2.19).
[llupokoe npuMmenenne nonysmnn aru cepun
AEMBL. B psne ciyuaes 6onee ynoben ¢ar ACh40,
KOTOpbIH MMeeT B MONMIHHKEpaX Y4acTKH y3Hasa-
AAsA 16 pasnuyHBIX pecTpHKTa3. 3aMeraeMblii
B resoMe 3roro dara dparment cocrout 13 80 Ko-
Ml yuacTka JUIMHOH 235 nH, SBASEOIIErOCs
5'-KOHLIEBOH HacThio TeHa lacZ. ¥ MMEIOILIETO cafi-
Thl y3HaBaHMA pectpukras Nael u Xmalll. ®ar
ACh40 ma coorBercrayronmmx wramMax E. coli
00y CJIOBIABACT Z-KOMITITEMEHTALMIO -TaTaKT03m-
nassl (cm. 2.2.6) u nosromy Ha cpene ¢ Xgal naer
cuHee okpammpanne Onsmex. TuGpuaubie ¢ary,
NOTY4EHHBIE HA OCHOBE JIAHHONO BeKTOpa, (opmu-
pyoT GecriBeTHble GIsALIKM.

B cocrase BekTopoB, NpEACTaBNEHHbIX Ha
puc. 2.19, moxkHO KiaoHHpoBate (parmentsl JIHK
pasmepom 10 23 1w, 4T0 00YCIOBHIIO X HCHONb-
30BAHHE TIPH CO3/AHUH TaK HA3LIBAEMBIX Oubiuo-
MeK 2eH06, NN KTOHOTEK (TeHOMHBIX O1bmioTeK).
Jns popmupopanus GuBIHOTEKM IeHOB KaKOro-
nubo opranusMa B BekTopHsle JIHK sctpausaror
Nony4YeHHkIe CIy4aiisM 06pa3om KpynHbie (par-

MEHTEI H3y4aeMoro resomMa. Pacmensienue npena-
para Beicokomonexysapuoi JIHK sa 6onsiune B3a-
HMHO TEpeKphIBaloILHecs (ParMenThi OCYIIEeCTB-
NS0T Hallie BCEro MyTeM HAcTHYHOIO ruapoyinza
Menkowensmed pecrpukrasoi (obeiyno Sau3Al
i Mbol). ®parvenTanms Takxke BO3MOXKHA C M0~
Moubio uznyecknux Metonos. Jlia uabasnenus or
necnenuguieckoro (ona (BCrpolika B BEKTOP ABYX
wm Gosee HECOCEMHMX HA TeHOME (PparMeHTOB)
riaponusar JIHK nopsepraior dpakimonupoBa-
HHIO 110 pa3Mepy M B PeaklMIO JIMTHPOBaHHUs BBO-
nar ($parmentel nporTmkeHHocTso 15-20 ToH,
¢ TeM 4T06bI B BekTOpHY10 JIHK (para A mor Berpo-
HTBCS TOJIbKO O7HH (pparMenT. [Tpu BeTpoiike BYX
1 bonee (pparmentos pasmep rubpumoii JIHK 6y-
JIET TPEBLILIATE NPEAEIBHO A0NYCTHMbIIL BamHbim
CBOHMCTBOM 3TOH 3KCIEPUMEHTANBHOH CHUCTEMBI
SBJISETCA TO, YTO NMPH YTIAKOBKE B Kancwj in vitro
HPOMCXOAUT OTOOP rHOpMIHEIX MOneKys (aroBoi
JIHK onpenenestoro pasmepa (or 38 1o 51 Tnm).
Jlpyroii noaxon npeanonaraer nedocdopunupo-
Banue (pparmeHTHpoBannoi renomuoid JIHK ¢ xon-
10B ¢ nomonksto ocdarassl. Takue GparmMenTs He
crnocoOHbl IMrHpPOBaTLCA MEX 1y cobO¥, HO BCTpan-
Balores B BekTopryo JIHK, umeromyo nopMais-
Hbie (pocopunmposannsie 5'-kouuE. B aToM ciy-
yae HeT HeOOXOAMMOCTH BO (HPaKLMOHMPOBAHMH
npenapara xixoaupyemoii JIHK no paimepam.

[1pu coznanun GUOITHOTEKH TEHOB ONpEIeNeH-
HOI'O OpraHHiMa BaxHO, 4T00bl KaxkIblii CErMEHT
H3y4yaeMoro resoma 6uin NpeacTaBieH cpean rub-
punssix Monexyn JIHK. Heobxomimoe konmgect-
BO KIOHOB B OWOIMOTEKE Onpejensercs COOTHO-
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Puc. 2.18. BapuanTbl MCTIOIB30BaHKA BEKTOPHOIO dara Agt-AB jns kiouuposanuna Gparmenros JIHK

LICHHEM pa3Mepa IeHOMa M CPEIHEro pasMepa
BCTaBOK 1O opmyre

N=In(l — p)In(1 —x/y),

rne N — 4YHCcno KIOHOB, X — CPEAHUA pasMep
BCTABKH; y — pa3sMep ranjIOUIHOro reHoma; g —
BEPOATHOCTL TOro, wro mobag nocnenosareib-
HOCTB MpEsIcTaBIeHa B GuONHOTEKE TEHOB XOTH Obl

OJIMH pas.

BriGpas p = 0,99 u 31as cpe/iHuii pasMep BCia-
BOK, MOXHO paccynTate HeoOxommmeiii obbem
6ubnuorex s pasusix renomoB (tabn. 2.1). bub-
JIMOTEKH TAaKoro obbemMa Ha3LIBAOT TPEICTABH-
TeNbHLIMA. MIX MOXHO MCNONB30BaTHL JUIR TIPOLe-
AYpbl, [ONYYHBIICH HASBAHWE KMPOZYIKG NG XPo-
mocome». CyTb 3TOI0 OAXONA COCTOMT B TOM, 910
Npy MOMOIM THOpHAM3aIME HYKIEHHOBLIX KHC-
NOT BRIABAAKOT KIOHL THOPHIOB, BCTABKH Y KOTO-
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Puc. 2.19. @u3nteckyie KapThl TeHOMa BCKTOpHEX (aros A,
NpejHAZHAYEHHbLIX /1S KIOHHPOBaHHs KpyrHeix ¢parmenTos JAIHK.

Toncreie nunuy — Bextopras vacts daropoit JIHK; uudpami ykazau paep dparmentoB (arosoro reHoMa B TiiH,
Pecrpurrasa Smal (nomevena 3peanouxoil) MMeET yHaCTEM y3IHABAHKA B B BEKTOpHOI wacTi (arosol JIHK

PBIX HaCTHYHO MEPEKPBLIBANT APYT Jpyra no mfo-
CNeNOBAaTENbHOCTH, T. €. SBIAKTCA «COCCIAMMK» HA
u3yHaeMoi xpomocome. [TocnenopareNsHO BrisB-
NSA «COCE/IEH», KNOHBI MTMOPHIOB MOXHO MIEHTH-
(HUMpOBaTE ¥ PACHIONOXKMTE B TAKOM NOPSIIKE, 4TO-
OBl ¥X BCTABKH B LIEJIOM TOCIE/I0BATEILHO NOKPHI-
BaM BECh reHoM. Takoil Habop KIIOHOB Ha3LIBAKOT
IHYuUKAONEOU el zenog. YIOOHBIMH JUIS «IIPOryii-
KH M0 XPOMOCOME» SBJSIOTCS BEKIOpbl THIA
ADASH (cm. puc. 2.19). Orl copepxar npoMoTo-
pet aros T7 u T3, npuieraiomume K qykepopHoi
JJHK B cocrase rubpuia. C noMonsi cooTBeTcT-
Byrotx (aropeix PHK-nonxMepas MoxHO cumn-
THIBATL i Vilro pajMOaKTUBHO MEYEHHBIE TpaHc-
KPHIITbI, KOMIUIEMEHTAPHBIE KOHIIAM BCTPOHKH,
Tubpuansys nomygennsiii npenapar PHK ¢ JIHK

Apyrux rubpuaHbBIX KIOHOB, NOCTATOMHO NMPOCTO
YCTAHABIMBAIOT «COCENEN.

Iepeson npencrasutrenbaold GubanoTexn B 3H-
LMKIOTIENMIO FEHOB XOTHA M TPYNOEMOK, HO JaeT
B TNOCHEAyloleM penbii psaa npeuMyuiects. Bo-
nepeeiX, paboras ¢ IHUMKIONEUEH, MOXKHO ONpe-
NenuTh (PU3NYECKOe MONKEHHE ONpeNeIEHHOro
resa B renome. Bo-Bropeix, 4iciio x1oHoB rubpui-
Hb1X JIHK B 9HLMKIONEAHM 1OPasio MEHBIIIE, YEM
B Oubmorexe, 1 910 ynpomaet paboty no BEIABIE-
HHIO ¥ M3Y4EHHIO OTACJBHEIX JIoKycoB. Hanpumep,
JUTA CO3JIaHUS MOMHOM 3HIUKIIONENH renHoB £. co-
li mccnenoBarensM NPUILTIOCH NPOAHATHIHPOBATH
3400 knonoB rHOpHICB, a CHOPMHPOBAHHAS 3H-
LHKJIONEAHA conepkuT Jmmb 381 knon.

Xota exTophl 3amenierusa na ocHope JIHK da-
ra A ycrneurHo MCrofe3yloTes npH cosjgannn 6ub-
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Tabauya 2.1, O6nem npeacTaBHTeAbLHBIX GHbGIROTER
IeHOB HEROTOPBLIX OprasMsmMos ll])ll KJIOHHPOBAHKK
tpparmenros [IHK B coctase [IHK dara 1

um koemun (p < 0,99)
Pazmep Yucao KIOHOB
s FArUIOHA- | JUlA BCTABKH JUTHHOI
Opraanam HOTO (TrH)
, TeHOMa,
— 20 45
Baxtepus 46103 11,1 -10° | 4,7 - 102
(Escherichia coli)
Jpoxcxu 1,2-104 | 2,8-10% | 1,2 - 103
(Saccharomyces
cerevisiae)
Hacekomoe 1,8-105 | 4,1+ 10% | 1,8 - 10
(Drosophila
melanogaster)
Yenonex 3,0-100| 69105 | 3,110
(FHomo sapiens)

JMOTEK T€HOB, OHH HMEIOT ONpEeNeNCHHBIE HENo-
CTaTKH, ITABHBIM U3 KOTOPBIX SABIACTCH OrpaHuye-
HHE pa3Mepa KJOHHPYEMEBIX (PparMeHTOB BEJH4H-
HoH 24 i, M3BecTHo, 4TO paja 3yKapHOTHYECKUX
IEHOB B CHULY MX 3K30H-HHTPOHHOH (pasapobrnen-
HOM) CTPYKTYPbl HMEIOT O4YEHB GOBIITHE pasMepHl.
Hanpumep, res auruapodonarpeayKrashl MbIILH
COCTOMT 13 32 TIMH, a el KoJLlarena a2 1biieHKa
uMeeT pasMep 38 . JUiA KIoHHpOBaHHA TakHX
kpyn#bix ¢parmentos JIHK Jhx. Komwmes u
b. Xon B 1978 r. co3nany cnerManbHbie BEKTOPHBIE
MOJIEKYJTbl — KOCMMJIbL.

2.2.3. Kocmuosi
Kocmuiet — 370 miaiMUHbIC BEKTOPAL, B KO-

TOpPbi€ BCTPOEH Y4acTOK reHoMa (para A, obecneun-

BAIOUIHI BOIMOKHOCTE YITAKOBKH 3TOH MOJEKYhI

JHK B ¢arosyio uactiiry. HeoGxommeivMu komno-

HEHTAMH KOCMH/IHOIO KJOHMPYIONIEN0 BEKTOpa AB-

NAIOTCA:

*  [UAMHIHLIH Y4acTOK HAYana perUIMKaluu
JIHK u netepMunanta yCTOHYHBOCTH K aHTH-
OHOTHKY;

*  EIMHHYHOE YHCJIO MECT THAPOJTH3a OIHOH WK
HECKOJIbKHMH  PECTPHKTa3aMy, TNpPHIOIHBIX
[uis kiosuposauus gparmento JIHK;

« ¢parment JIHK, conepxaimii KOBaIEHTHO 3a-
LIUTHIE THIKHE KOHILBI (ara A (cos-caiiT).
Kpome 1010, KOCMHAA A0KHA HMETh HEOOIb-

moi paMep, YT0ObI MOKHO OBUIO KJOHHPOBATH

dparmenTit JIHK mumnroii Gonee 30 mnn.
[MpuHOMN KIOHUPOBAHHA B KOCMUZIAX, HIPEIIO-

wennsii [k, Kommuazom 1 B. Xonom (1978 1),

npuBesen Ha puc. 2.20. Jluruposanuio nojsepra-

€TCs CMeCh MOJIEKYN] KOCMHHON M KIOHHpYeMOH

4 ot Tarescicns: MHKANSDHR

JHK, ruaponu3oBaHHBIX ONPEASICHHON PeCTPHK-
Ta30i. [IpH 3TOM KOCMHA HAXOJMTCHA B BRICOKOH
woHuerTpamuu. Cpenu Oonbiioro Maoroodpasmus
NPOAYKTOB JIMra3HOM peakiun oGpasyroTcs Takixe
MOJIEKYTIbI, COCTOAINME W3 KIOHHpYeMbiX (ppar-
merToB JTHK, k 060mM KoHI[aM KOTOPBIX MPHITHTEL
KOCMH/1bI TAK, YTO 00a cos-caiTa HAXOAATCS B O/IH-
HAKOBOH OPUEHTALMH U MEXAY 3TUMH cos-calita-
MM COCPENOTOYEHA BCS TeHeTHuYecKas wmrdopma-
LM KOCMM/IbI.

Korpa takue mMonekynsl HAKYOHDYIOT B peak-
nuu ynakoeku JIHK dara A in vitro, cos-caiiTsi,
¢nanxupyronme wyxepoanyio JIHK, pacuenna-
1orcs (haroBeivu (pepmeHTaMY ¢ 06pasoBaHKEM OJ1-
HOLIEMOYEYHBIX JIMIKHX KOHLOB, ¥ MOy HUBIIHECH
Monekysl JHK yrakoBbiBaioTes B QaroBeie Karn-
e, [Tocne undexumm k1eTok E. coli obpaszosag-
HIAMUCH in vitro (GaroBeIMH YacTHuaMu rubpui-
ubie JIHK BreipsioTCH B KJIETKH, UHKIM3YIOTCH 110
MHNKAM (ParoBBIM KOHIAM, PEMUTHLHMPYIOTCA Kak
I123MH bl ¥ JETEPMUHNPYIOT YCTOHYHBOCTS K Ofl-
peneneHHoMy aHTHOMOTHKY. B mpouecce ynakos-
kit rubpuaaeix JIHK in vifro npoucxomut orbop
rubpunos, cymmapubii paimep JIHK xoropsix co-
crasnser 38-51 . Hanbonee nonynsiprasie koc-
MH/IHBIE BEKTOpPEI MMEIOT pasMep 4-6 TmH, nosto-
My B HHX MOXHO KIoHHpoBatk (parmentsl JTHK
JuHOH ot 35 510 45 ThH.

Kocmuyaeie OMOMMOTEKH TE€HOB COCTOAT M3
MEHBITIEND YHC/A KIOHOB, yeMm Oubimorexu na oc-
HoBe BekTOpHBIX (daros A (cm. Tabn. 2.1). Onuako
NOCHEHUE BCE e NMPEANOYTUTETLHEE B TeX Ciryya-
X, Korna He Tpefylorcs (parMeHTsl pasmepom Go-
siee 20 1TrH. 3TO CBA3AHO C HEKOTOPHIMH TEXHHYE-
CKHM¥ CJOKHOCTAMM, BOSHHKAIONHMH MPH KOHCT-
pyHpoBaHuH 6GHGIMOTEK reHOB HA OCHOBE KOCMML.
Tax, oka3anock, 9TO NPH ITOM MPOHCXOINUT JTHIH-
POBaHHE BEKTOPOB APYT C Apyrom (cm. puc. 2.20),
YTO JIa€T BBHICOKHH (JOH KIIOHOB, HE COAECpIKAIIMX
scraBok uysepopnod JJHK. Kpome toro, ckpu-
HHHT GONLIIOro 4YMcIIa KonoHuil GakTepuil npoBo-
JUTh ClokHee, yeM (aroBeix Gnsmek. Knonupo-
BanHble KpynHsie (parmentsl B cocrase JIHK pa-
ra 6onee cTabuIbHBI, Y€M B KOCMHIAX, MOCKONEKY
perMKon (hara aTanTHPOBaH K MOJASPKAHHIO MO~
Jlexyn Gonbiuoro pasmepa. Baxso otMeTHTh, YTO
JUTs TpEAOTBPAIICHUA BCTPOWKM B KOCMMJIHBIH
BEKTOP HECKOJIIBKHX HECOCE/IHMX Ha reHoMe (par-
MEHTOB HEOOXOIMMO NPOBONUTH (PpakiHOHHpPOBA-
ane knonupyemoi JIHK wm nedocdoprmmposa-
HHE, KaK U B ciyyae nonyyenus 6ubnuorex reHoB
Ha ocHoBe dara A.

J1. Uu-T'opoewnu 1 JDx. Bropk B 1981 1. npenuno-
JKHIH APYTYIO CXEMY KJIOHHPOBAHHA B KOCMMIAX
(puc. 2.21), KoTOpas MO3BONAET NPEOJONETL HEKO-
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Hudexumn E. coli

i

AMIHIHUTHH-YCTOHYHBbLIE
TpaHCcOpMaKThI

Puc. 2.20. Cxema xnonnposanus parmentos JIHK B kocmunax no Konnunsy u Xony

TOPhIE H3 OTMEYEHHBIX Bhilli€ TpyaHocteii. [Ipena-
par KOCMHIHOTO BEKTOpa Pas3fe/AlOT Ha JIBE NOp-
IHH, KaXKIYI0 M3 KOTOPHIX PacHieIuifioT Onpeine-
neunoit pectpukrasoi. Ilepswiii pepmenT aenaer
Pa3psIB € O/IHOH CTOPOHBI OT NOCIIENOBATENLHOCTH
oS, 8 BTOpOi — ¢ Apyroit cropousl. [Tonyyenssie
nuHeHHbe Gopmbl KocMHIbl aedocopriHpyioT,
4TO B MajbHEHIIEM NPEAOTBPamaeT OHTOMepH3a-
uuio sexropa. INocne sroro 06a npenapara KOCMH-
JIbl THAPOIM3YIOT pecTpukTasoi BamHI, cmenm-

BaloT ¢ jaedocGopHIHpOBAHHBIME TIPOAYKTAMH
Henonnoro ruapoausa kionupyemoi JIHK pecrt-
puktazamu Sau3Al v Mbol. Ipwn Takoit npoue-
Jype nonyqaercd nuie oaud Tun Monekyn JHK,
CTIOCOOHEIX YNIAKOBLIBATLCA B Kancu bl hara A.

B 1983 r. IT. beiitc u P. Ceudt ckoHcTpyHpoBa-
1M HOBbIM THIT KOCMHJI, KOTOPbIE MO3BOIAOT €lle
bonbmie ynpocTHTE NpOLENYPY TIONYHEHHS KOC-
MHAHBIX Oubnuorek. Takue KOCMMIBI COmEpMKAT
NO [Ba COS-y4acTKa, pasfiefIeHHbIX MOCNe/I0Ba-
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Puc. 2.21. Cxema knonrpopatns (parmentos JJHK B kocmunax no Wm-ToposHity u Biopky

TEJIbHOCTBIO, B KOTOPOH HAXOMTCHA caiiT y3Hasa-
HHA pECTpHUKTasbl, oOpasyromeil npu ruapoiuse
JHK tyneie xoribl. CxemMa 37010 noAxona npuse-
nena Ha puc. 2.22. Kocmiay ¢2XB obpabarmiBaior
pectpukrazamu BamHI u Smal (naer tynoit ko-
Hen), 3arteM n06aB/IAKOT TIPENapaT KIOHHPYEMOH
JHK, nonseprHyTeiii 9acTHYHOMY THIPOIN3Y
Sau3 Al v Mbol u pedochoprwinposarnstii. JIn-
rasHyl peaklMiO NPOBOAAT IPH NOBBILIEHHOH
koHieATpauun ATP (yciioBus, TIpH KOTOpHIX HE
MPOMCXOJINT JIMTMpoBakue (PParMeHToB MO TYIMBIM
KOHLaM).

B HacTosinee BpeMs NOJY4eH HIHPOKHH CIIEKTP
pa3Hoobpa3HbiX KOCMHJ, KOTOPHIE HCIOJIbL3YIOT
1pH cospasuy GUONMOTEK TeHOB NPOKApHOTHYC-
CKHX ¥ 3yKapMOTHYECKHX oOpraHH3MoB. Bpoms
B COCTAB KOCMHJL TMOJHIIMHKEPbI, MOXKHO CYLIeCT-
BEHHO PaCIMPATL BOZMOKHOCTH 3THX BEKTOpPOB

10 KJIOHHPOBAHHIO WykepoaHbiX (pparmenTop. Tax,
xocMpga pJRD215 conepuT y4acTku pacLuerne-
HUA Juid 16 pectpukTas. B HenoM MOXHO 3aKimo-
YHTh, 9TO BEKTOPHLIE (haru A U KOCMMIBI COCTaR-
NAIOT B3AMMOJOMOJHSIONLYIO TPYIIYy BEKTOPOB,
npuronHbix Jutd GpopMupoBanus 6ubmorek M 8-
IHKJIOTIEHHA TEHOB.

2.2.4. Mcxkyccmeennblie 6akmepuanshbie
XpOMOCOMB!

B 1992 . X. lllu3ys ¢ coaBTOpaMu OMHCAIH
HOBY1 GakTepranbHyl0 BEKTOPDHYIO CHCTEMY, Mo-
3BOJIAIONLYIO KJIOHHPOBATh (JParMEHTHI HyKepOs-
woit JIHK pasmepom o 300 tn. 3ra cuctema
nassaia BAC (or anr. bacterial artificial chromo-
some — fakrepHalibHas MCKYCCTBEHHAd XpPOMO-
coma). OHa OCHOBaHA HA WCMOIB30BAHHH XOPOIIO
n3yueHHoro nonosoro ¢akropa F E. coli. Pennuka-
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Viakoska in vitro

Puc. 2.22. Cxema xnonnpopanus ¢parmenros JIHK s kocmupax no Beitrey u Candry

uns (axropa F » GakrepranbHeIX KIE€TKaX CTPOro
KOHTPOJIMPYETCH, W €ro KOMMWHOCTH COCTaBlseT
1-2 MONEKYNEI HA KIETKY.

Muorue GakTepuanbHbie MOICKY/ISPHBIC BEK~
TOPbl OCHOBAHBI HA BHICOKO- HJIM CPEIHEKONUITHBIX
PEIIMKOHAX, KOTOPLIM YaCTO CBOHCTBEHHA CTPYK-
TypHas HecTabMIbHOCTL BCTPOEHHBIX (JparMEHTOB
(cm. . 8), cONMpOBOXIaEMas NENETHPOBAHHEM HITH
11ePECTPOHKOI CErMEHTOB KIOHHPOBaHHBIX (hpar-
merros JIHK, Ocobenno rtakas secrabHibHOCTH
xapakTepHa jis nporsbkednsX ¢parmenros JIHK
SYKApPHOTHYECKHX OpraHvsMOB, NOCKOJIBKY OHH
MOTYT COAEPWATh PazMyHbIE CEMEICTBA NMOBTO-
PAIOIIMXCS TTOCTEAOBATENLHOCTEN.

Qakrop F komupyeT reHbl, HE TONBKO perynu-
PYIOILME €10 PEILIMKAIMIO, HO ¥ KOHTPOIHPYIOIHE
KormifHoCTh. PeryiaTopHbie reHeTHYeCKHE JIOKY-
cbl BKaro4aloT oriS, repE, parA w parB (o par-re-
HaX CM. IONIOMHATENEHO 1. 8). [TpoaykT rena repE
00yCNIOBIMBAET OJIHOHANPABIIEHHYH) PEIUIMKALHIO
thaxtopa F ¢ paiiona oriS, a npojlyKTsl r€HOB parA
H parB obecneyuBalOT NpaBHIBHOE pacrpeene-
une (axropa F Mexay NeNfIMMHCH KICTKAMH

W TOMAEPKUBATOT €ro KONMHHHOCTL Ha YPOBHE
1-2 Monekys.

Bexrop BAC (pBAC) 6sL1 co3nan Ha OCHOBE
Mund-F masmuns pMBOI131, B kotopywo 110
yuactky Sall Bcrponnm ¢parment JIHK, conepixa-
uwmii yuacteM cos ¢ara A u loxP ¢ara P1. Kpome
TOr0, BCTPOCHHBIH (ParMeHT CoepKan yHHKab-
HBIC YYACTKM THIpONH3a pectpukTasamu BamHI
u Hindlll, npegnasnagennble U1 KIOHHPOBAHHA
¢parmenTos JIHK, npomoropsr ¢aros T7 u Spb
JUIS CUHTE3a in vitro paIvoakTHBHO WM ¢uryopec-
ueHTHo MevennblX PHK-TpanckpuntoB B kayectse
THOPHIM3ALMOHAKIX NPOD U1 «TPOTYIIKH 110 Xpo-
MOCOME» H YYaCTKHM PEAKOMENAMMX PECTPUKTA3,
YIHAKOMMX BOCBMHHYKJICOTHIHBIE [OCNE/I0BATE b~
HocTH (pHc. 2.23).

ITo yuactky loxP tnasmuzras JIHK moxer
Grime pacmennena Genkom Cre dara Pl, no cos-
YHACTKY — COOTBETCTBYIOIMM (depmenToM a-
ra A, Takue ygacTku ynoOGHBI ISl CTPOIO CrICIM-
¢uviHOro pacienneHns THOPAIALIX MIa3MAI, Me-
YEHHS TONYYEHHBIX KOHIIOB U [1OCNEQYIOMEro
PECTPUKLIMOHHOIO KAPTHPOBAHUA KJIOHUPOBAHHBIX
($parMeHTOB M3YHAEMOTO I'CHOMA.
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Hindlll  BamHI
Smal Noil
Fagl 11 Sfil
Noil % Pell 3R
loxP
p‘“ psr‘l il
Sacl
R cos
— 1
Sall Sall
Sacl
parB
Cm*
parA pBACIO08L
oriS
repE

Puc. 2.23. Kapra sextoproii niasmuas pBAC108L

Xpomocomnyio JIHK yenoseka X. [1Tu3ys ¢ co-
aBTOpaMH HYACTHYHO THAPOIHM3OBAIM PECTPHKTA30M
Hindlll u (ppakumoHHpoBany B rejie JErKOIUIaBKoH
arapossl nyisc-anexrpodopesom. Beuaensiu (ppar-
MeHTsl pasmepoM 1 00-300 TrH, KoTOpbIE JIMTHPOBa-
ma ¢ pacierviennoi HindIlll w pedocdopummpo-
pannoit JJHK mwiasmuast pBAC108L. ITonyyennsii
Marepuajl BBOAWIU B kneTkH E. coli 3neKkTponopa-
nueit 1 orOupany KJIOHK TPaHC(POPMAHTOB 10 yC-
TOHYMBOCTH K xiopamdenukony. [Tocne ruaponm-
3a KJ0HOB pectpukTasoii Notl u mymsc-anexrpo-
¢ropesa O onpesesieH pasMep BCTpoeHHbIX (par-
MerToB Henopeyeckod JIHK, koropsiit cocrasui
125-300 1n1. IMaccupoBanne 0TOGpaHHBIX KIIOHOB
GakTepuii nNPOLEMOHCTPHPOBANIO BHICOKYIO CTa-
O6unbHOCTL BeTpoek B BAC-BekTope.

JancHeiiume HCCNeNOBAHHA MOKA3alM, 4YTO
CTPYKTYpHaA CTaOUIBHOCTE MPOTSKEHHbIX BCTPOEK
B BAC-cucreme cyiecTBeHHO Bbilne, 4eM B YAC-
CHCTEME, TAKOKE MCTIONBIYEMO# JUI KIOHHPOBAHKA
ouenb Gombmx (pparventos JIHK (cm. 12.4.4).
BAC-cucremMa mcnonb3yercs JUis cosaanus 6ub-
JHOTEK (PparMeHTOB CJIOKHBIX I'€HOMOB, B 4acT-
HOCTH, OHa ChIrpaja BAXHYIO poilb B KapTHpOBa-
HIM ¥ CEKBEHMPOBAHMM FEHOMa HEJIOBEKA.

2.2.5. ®aamMudei

[Ipu BHINOIHEHWH ONPENENEHHOTO TUTIA FKCTIe-
PHMEHTOB MO CO3J8HHI0 M H3YYEHHK) TEeHOMHBIX
KIIOHOTEK Y100HO MCIONB30BaTh (pasMuisl — MO-

JIEKYJSPHEIE BEKTOPbI, SBISIONIHECH MCKYCCTBEH-
Heivu ruOpugamu Mexcty (aroM M ILIa3IMHIO#H.
Da3smMuasl nocnie BeTpoitkd gykeponnoi JIHK mo-
I'yT B OAHMX YCNOBHAX pasBHBaTLes Kak (arm,
a B IPYTHX KakK M1a3MH/Ibl.

PaccMoTpEM OCHOBHBIE CBOMCTBA (pasMHIl Ha
npumepe Bextopa ApMYF131 (puc. 2.24), onmcas-
woro B 1987 r. H. K. SlHkoBCKHM C coaBTOpaMH.
Haunas ¢asMHOa COACPKNT YYACTKM Y3HABAHHA
Pa3sHbIX PECTPUKIA3, MPUroAHLIe JUIS KJIOHHPOBa-
uus  ¢parmentoB JIHK. Oma wumeer pasmep
33 277 nn, uyro cocrasiser 68 % O BeJIMYHHE]
JJHK ¢ara A jguroro mmna. Xors ¢asmuia
ApMYF131 conmepWT BCE TeHb M YHACTKH, Heol-
XONMMBIE JUIS THTHYECKOTO pa3BuTHa ¢ara A, ona
He cnocoOHa 00pa30BeIBaTL HETATHBHKIE KOJIOHIH,
tak Kak ctoms manas JHK me ynakoBmiBaeTcst
B Kancuabl. PasmMijia NOMIEPKHUBAETCH B KIETKaX
E. coli B popme mnazmMuasl. YeenuueHue pasmepa
npu BCTpamBanuy (pparmenta dyxkeponuod JIHK
in vitro npuzaeT ei cBoiicta nenedexrnoro dara.

Maxkcumanersiii paimep ¢parmenToB JIHK,
KOTOPBIE MOXKHO KIOHHpOoBaTs B (pasmuaax, obbiy-
HO HECKONbLKO MEHBINE JOMYCTHMOH BEeJHYHHBI
BCTpOIKH JUid BekTOpoB Ha ocuoBe JIHK ¢ara A
(3TOT pasMep NErko BbICHMTATh, 3HAA BEJIMYMHY
BeKTopa; oM. 2.2.2). Pa3sMuay BBUICHAIOT M3 Kie-
TOK B BHAC INIA3MH/IBL, THAPOIU3YIOT ONpeIeNeH-
HOH pECTPUKTa30if M JIMIMHpPYIOT € TPOXYKTaMM
HETIONHOro ruaporm3a uiysaemoii JIHK, nocre ue-
ro nposoasT ynaxkosky JIHK B kancusel dara A.

Pa3MHIBl HTMEIOT BAXKHBIE TMPEHMYTIIECTBA Tle-
pen BEKTOpaMM JIPYIHX THIOB, HMCHONB3YEMLIMH
Juta cospadus Gubnuorex renoB. B ormmdue or
BeKTOpOB 3amemenus (Para A vet HeobxomuMocTH
oTaeNaTh BeKTopHy0 Monexyry JIHK or BEyTpen-
nero Gannacraoro (parMenta, 4TO CYUIECTBEHHO
ynponiaetr mnpouenypy TNOArOTOBKM — BeKropa

K Berpolike uyxeponnoit JIHK. bonee toro, 310
pUC19

Puc. 2.24. Kapra gassmunst ApMYF131
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ofecneynBaeT NPAKTHYECKH TONHOE OTCYTCTBHE
y hasmuant «doHOBBIX» rubprios, KoTOpEIE 0OBIY-
HO 0Opasyiorcs y (paroBeix BEKTOPOB, Tak Kak
OYEHb CJIOKHO MONHOCTHIO W30aBHTHCA OT 3aMe-
[IaeMoro BHYTpeHHero (hparmenta. B otwune or
kocmua dasmuna Tina ApMYF131 nocne nwras-
Ho# 06paboTin He criocobra ynakosbiaTh B haro-
BBI€ YACTHIIBI CBOM JIUMEpHBIE H TeM Bosiee Myib-
THMepHbIe HOpMEI, TIOCKOITBKY JAaXe OUMep Tipe-
BhiIaeT no pasmepy darosyio JTHK, cnocobuyio
Kk ynakoske. [TosToMy mpu wWcrionsizoBannw as-
MMJIHOTO BEKTOpa He TpebyloTes IoNONHHTenbHbIe
¢epmenTHBIe 06paborku, KoTOphie 00BIYHO HEOO-
XOAMMEI JUTH KOCMHJL.

Takum oOpazom, npumesenue QasMuIHBIX
BEKTOPOB YTIPOLIAET MPONeAypy NONy9eHHs W OT-
6opa rubpwmasix mMonexyn JIHK, rak xak Tonbko
rubpunnsie dasMuasl moryr obpasoswiBaTe Ha
GaxTepuanbHoM rajone (aroselie 6nsmkyn. B omnm-
YHe OT KOCMH/IHOH WK (ParoBoii BEKTOPHLIX CHC-
TeM (asMHIHBIT BEKTOp CYIIECTBYET B KIIETKE
B BH/IE [1a3MH/IbI, @ KIOHOTEKA NOTy4aeTCs | Xpa-
HUTCA B BHJE CycnieHsnH rubpuansix Qaros.

Ecmw rubprmaevi Gasmumamu  HHOHIMPO-
Barh knetku E. coli, musorentsie no dary A (1. e.
conepxaiine B OonepioM KonMyecTre Gellok-pen-
peccop cl dara), 170 daroBeie reHbl IKCIPECCHPO-
BarecA He Oymyt, a rubpuanbie KonbLEBBIE MOJe-
kynel JIHK GynyT pasMHOKATECS 38 CYET PErUIMKo-
Ha mnasmuel. [Ipu aTom Gyner cHHTEINpOBATECS
MPOAYKT TeHa YCTOHYMBOCTH K aHTHOHOTHKY, KO-
mupyemsiit asmunoi. Knerku E. coli(h), wadu-
IMpOBaHHBIE THOPHAHBIME (hasMHIaMH, Ha cpelle
C COOTBETCTBYIOHHM AHTHOMOTHKOM (aMITHITHII-
ymsom s ApMYF131) 6ynyr dopmuposars 6ak-
TepralbHbie KonoHHH. Conepxaiinecs B (pasMue
JyKEPOMHBIC I'CHbI B ITHX YCJIOBMNX HE perpec-
CHPYIOTCA, YTO MO3BOJAET YCHEUIHO HCTIOIB30BATh
TakHe rHOpHIL B KOMIUIEMEHTAHOHHOM aHANIH3E.
Ecnu neobxonmmo nonyuuts (hasmuiy cuosa B da-
roeo# opme, TO OCYIIECTBIAIOT HHAYKIIHIO €€ JTH~
THYecKkoro passurua (Hanbosnee npoctoit cnocob
s ApMYF 131 — tepmonnaykums). Taxum obpa-
j0M, (hasMK/Ibl ABISIOTCA BEKTOpamH, obecnedm-
BAIOIHMH BOIMOXHOCTE CMEHEI (Da3, T. €. SKCrepH-
MEHTATBHO PEryTHPYEMOTO NePeKIIONeHHs Pa3BH-

A rubpuaaeix JTHK na daroswit wim mnasmmn-

HbIH YTh.

2.2.6. Knonupyoujue eexmopbi
Ha ocHoee HumeeudHbix hazoe
Ipx knoHMpOBaHHH M aMIUTH(HKALMH B BEK-
TOPHBIX IUIA3MH/IaX WIH NPOH3BO/HEIX (dara A uy-
wepoaubie pparmenTsl [JHK naxoastcs B aByxne-
noueuro# opme. ONHAKO B pasie CIyYacR, HANPH-

a 6

+-.1
AZ

Oy pVIL, pIX

.
L

£
pVIl
&
oo
pVl
Y piu

Puc. 2.25. Cxema yactuilbl HuvessaHoro dara:

a — COOTHOINEHUE PA3IMEPOB YACTHIH,
6 — cxema ynakopkn GenkoB obOROUKH
(BHyTpH H3oGpaxena uens JIHK)

MEp, NpH rETEPOAYNICKCHOM aHaJIu3€, onpejene-
HHW TIOCHIGAOBATEILHOCTH HYKIIEOTH/IOB, BLLIENE-
HuM xoMiuiemenTaproii PHK, nanpasnensoM my-
TareHese ¥ HEKOTOPKIX JIPYTHX, Heobxommmo Manu-
nynuposars ¢ opHoi nensio JJHK. Tpu srom npu-
xonures pasaenats nern JTHK, uro re rcerma Mox-
HO ciienars AocTatodHo npocro. [Tosromy Knonu-
posanue JIHK B 0/lHONENOYE HBIX BEKTOpaX ABJIA-
€TCH NPUBJIEKATENbHBIM 00LEIMHEHHEM NPOLIEYD
H30IMpOBaHMA  LeNeBOil  NOCNENOBATENLHOCTH
JHK, ee avmmndukauny i pasieneHus meneii uc-
XO/1HO iByxuenoveysoro (pparmenra JIHK.

Huresnunsie daru E. coli (M13, fd, f1) sanbo-
nee noaxoasT ans roi uenn. Juunnsie (900 nm),
ToHkHe (7 HM) H rHOkHe BUpHOHBLL 3THX (haror
npencTapngioT coboil KONBIEBYIO OJHOLENOYey-
Hyio JJHK (ouJTHK) muoii 6407 vykneorunos
ang dara M13 u 6408 uykineorraos ans daros fd
u f1. JIHK ynakosana 8 TpyGo4Ky, cocrosiyio u3
2700 xormmi ocHoBHOTO 0obOnoyeunoro Oenka
pVIIl #H 3akpeiTYi0 Ha KOHIAX SETHIPEMS HIIH
MATHI0 MONIEKYIAMH KAKIO0T0 M3 YETHIpEX MHHOP-
HEIX obonodeunwx Gemkor plll, pVI, pVII n pIX
(puc. 2.25).

Huresnnnsie ¢arn ancopbupyiores va F-ma-
nax E. coli v nosyroMy criocobusr uHGUIMpOBaTL
b myackue (F*) 6akrepuanbapie kietkn. HUa-
dexums knetok E. coli naumnaercs nocne aacopb-
muu Genka plll, Bxonguero B cocrae GaroBbix yac-
THL, Ha KoHne F-rmny xossiickoii kaerkn. Ilocrne
aroro ou/{HK dara, nazsisaemas (+)-nensio, nepe-
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HOCHMTCR B LMTOIUIA3sMy kneTkd. baxTepuanbHbie
NONHMEPasbl  OCYIIECTBAAIOT CHHTE3 BTOPOR,
(—)-uerm, obpasys HABYXUENOYEUHYIO peniura-
musryo gpopwuy (PD) daroporo renoma. Crunres
BTOpOIi LEnW MHHMIMHpYETCH Ha ori(—), pacrono-
weHHoM B mexrennoi obnactu [R (puc. 2.26). Ha
Monekynax PO oCyliecTBIACTCs TPAHCKPHIILMA H
niocneynas TpaHeHsius (arossix reHos. benok
pll Brocur paspeie B (+)-uens PO B yuactke
ori(+), TaKKe pacmoNgKeHHOM B MEXTEHHOH 06-
nactv IR. D10 npueoaMT K perumkaunn (aropoit
JIHK nmo mogeny katdinerocs Konsla ¢ BeicBobox-
nenuem (+)-uenu. Mo 3apepmenun umkna Genok
pll smrupyer xoHibl oOpasoBaBiueiics OAHONEIO-
ueyno#l (+) JIHK. Ha pamnux aranax undexuyuu
HOBBie (+)-IelH CIyKaT B KauyecTBe Marpull JUIs
oOpasoBaHus JAONONHHTENbHBIX Molekyn PD, on-
HAKO Mo Mepe Hakornenwus ¢aroporo Genka pV,
caaspiBatonero ow/[HK, npouecce dpopvupoBanns
P® Ttopmosurca. Konwmitwocrs PO cocrasnser
200-300 monexyn Ha K1eTKY.

Hns cOopk BUPHOHOB M MX 3KCHOPTa HEOO-
xonumel Kaetoursie Membpansl. HosociHTesnpo-
paHHble obonoueunnie Oenkn ¢ara BeTpanBaloTCs
B miasmariyeckyio memOpairy. besiku plll u pVIII
CHHTE3NPYIOTCH € N-KOHIEBBIMH CHIHAJIBHBIMH
nerruaaMi (cm. 2.2.10), xorophie OTIUEMISIOTCA
NOC/IE CEKPELMH Yepe3 fLla3MaTHHeCKy o MeMbpa-
y. C-xonuensle ruzipodobubie nomeHsl GenKkor oc-
TalTcs B MemOpaHe, a N-KOHIleBble YacTH BBIXO-
JST B NepHILIa3MaTiyeckoe npocTpaicTeo. benku
pl u pIV obpazyor MyIETHMEPHBIH IKCIOPTHEIA
KaHall MeX 1y BHyTpeHHeH H BHeuHel memOpana-
mu. Manumamma cbopku ¥ IKcriopTa BUPHOHA TTpo-
WCXOAMT rocne B3anmozeiicTBua crietmdpuaeckoi
HYKNEOTHAHOH MOCTefA0BATeNbHOCTH (Tak Haski-
BaeMelii curuan ynakosks) B IR-o6nacta (+)AHK
¢ xomruexcoM pl—plV, bakTepHansHLIM THOPEOOK-
CHHOM M MHHOpPHBLIMH 000N0OYeYHLIMH GeaKamMu
pVII u pIX. OGpasyemuie BAPHOHEI IKCKpeTHPY-
KOTCH Yepes IKCHOPTHBINA KaHan, 1pH TOM Molie-
Kynsi 6enka pV Ha JIHK nocrenenno samemaiorcs
monexynamu Genka pVIIl. [pucoenmuenue Genkos
pVI u plll k xoHIy opMIpyeMEIX BHPHOHOB 3a-
BepiuaeT rpouecc ux cbopu.

JLaMHa BHPHOHOB 3aBHCHT OT BEITHYUHED (aro-
BOTO I'€HOMa W MOXET BapLHPOBATh B HMIMPOKHX
npefenax. [imua wactn rubpuasoro gara yse-
JIMYHBACTCS TPONOPIMOHAILHO pasMepy NaKyro-
weics JIHK. O6pasyronmecs rnpu unexkumn a-
TOBBIE YaCTHLBI MOCTOAHHO IKCKPETHPYIOTCH KIeT-
Kamu Oe3 nmM3Hca MoCNe/HNX, ¥ ATOT Npollecc AB-
JIETCS 3HEPro3aBHCHMBIM. 3a OJIHY TEHEpaIuio
obpasyercs Heckonbko coteH Garos Ha KIETKY.

Puc. 2.26. Tenetnueckas opragu3algus HHTEBHAHOIO
(dara M13.

Fetini 06oanatennl cepbint GoKamMu 1 pUMcKIMy Limdipan,
mesrensbie 06nacty — yepubivi Gnoxamu. Crpenkamn
HOKa3aHh! HPOMOTOPB H HANPABIEHHE TPAHCKPHIILHMH,
YEPHBIMY KPYKKAMH — TEPMHHATOPL TPAHCKPHIIMH

CxopocTh pocTa 3apakKeHHBIX KIETOK Ha
25-50 % mmxe, yem HewHpHHpoBanyex. [loaro-
MYy UpH THTpOBaHuu Hutesuansie Garu obpasyior
Ha GaKkTepHasbHOM TasoHe MyTHbie Onamku. [lpu
PasMHOKEHHH HUTEBHIHLIX (aroB B GakTepHasib-
HOii KJETKE X I'€HOM OJIHOBPEMEHHO IPHCYTCT-
ByeT B pu/ie QONLIMIOro 4YMciia Konid JBYXUero-
HEYHOH KOMBLIEBOH MIA3MWIRI H OAHOUENOYeYHONU
JIHK & coctase pupuonos. M3 opsoro nurpa muu-
¢uimpoBaHHOH KyNBTYPhI IOJIYYAKT HECKONLKO
MHJUTMEPAMMOB OJIHOIETIONEYHOH W PErUIHKATHB-
HO#H apyxuerntodedroi Qopm darosoii JIHK. Ha on-
HouenoveuHoii supywonnoi JIHK MHOrHe Manuny-
JAIHH 110 CO3aHHI0 THOPUAHLIX MOMeKyl, paspa-
GoTaHHBIe 118 BUPYCHBIX M IUIa3MHIHBIX AByXLe-
noyecunsix JIHK, peammsopars Henb3s. OfHaKo OHMU
¢ YCHEXOM NPHMEHHMBI K PeITMKaTHBHOH (dopme
reHOMa HUTEBH/IHBIX (aroB, KOTopas HH(EKIMOH-
Ha B TecTe TpaHchekLuH KieTok £. coli. Bee 3o
0o6ycrnoBiI0 HCMONB3OBAHHWE HWUTEBHMIHBIX daros
JUIS CO3JIAHUSA KJIOHHPYOLHX BEKTOPOB.

Hamune wecynecrsentoi obnactu B (arosom
reHOMe SRIAETCH BRAKHLIM VCIIOBHEM IS KOHCT-
pyupogaiis rubpuioB. OyHako y HHTEBHAHLIX (a-
ros GonbumMHCTBO aMBep-MyTauMi NPUBOMT K I'H-
Genu dara npu HEMEPMHCCHBHBIX yeraoeusax. B re-
HOMe THX (harop CyuLiecTByer NHIL MeXreHnas
obnacts IR pasmepom 500 HykI€oTHIOB, BO MHO-
I'He MecTa KOTOpoH MoryT ObIThE BHECEHbL! H3Me-
Henus Oe3 HapylueHHs kusHecrnocobHocTH dara.
Pemnmkarusnas ¢opma darosoit JHK we umeer
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Hindll Hindll
—_—
lacl  po lacZ
a-noHop

Puc. 2.27. Cxema cospanmns rabpuassix daros M13,
IR ~— mexrennan obnacts; pumckiavu undpamu obosznasens resw dgara

YYACTKOB Y3HABAHHS MHOI'MX KpPYHNHOLUETIAINX
pecTpHKTa3, 00pa3yrouMX NpH IHIPOIH3E JIMIKHE
koHLbL Kpome Toro, ¢arosblii reHOM He COIEPKHT
IEHETHYECKHX MapPKEpOB, KOTOpbIE MO3BOIHIH OB
BRIABIATE ruOpuanbie dard. IToaToMy KORCTPYH-
pPOBaHME BEKTOPHBIX HHUTCBHIHBIX ()aroB BRIIIOYa-
er B ceba MpeXk/ie BCEro BREICHHE B FEHOM Cenex-
THBHBIX MapPKEPOB U YHHKAJIBHBIX MECT ACHCTBHS
ONPE/IENICHHBIX PECTPUKTAS.

[Mepebiii rubpuaubii dar M13 6s1 ommcan
Jx. Meccunrom ¢ coastopamu B 1977 1. Pennuka-
TuBHas Gopma JTHK dara MI13 rmaponmsyercs
pecrpukrasoi BsuRI na 10 ¢parmenTos, umeso-
HIMX TYTBIe KOHIEL YT06R MOmyYuTh MOJHEIH (a-
roBbiii renom B MHEHHO# dopme, PP rugpomso-
B/l OIPaHHYEHHBIM KOIWYECTBOM PECTPUKTA3hI
BsuRI Tak, wro kaxnas monekyna JIHK pacenns-
Nach JIHIE B OHOM MecTe. Jlunelnble MONEKYIThI
pasmMepoM B MONHLIH (aroBuiii reHOM BbIACTHIN
anexrpodopernuecks ¥ K HuM aobaswm Hindll-

¢parMenT nakTo3Horo onepona E. coli, umeonuii
pasmep 789 mH w comepxammit Yacte reHa lacl,
POMOTOPHO-OLEPATOPHYIO 00IACTE W HAYAIIBHYIO
yacTh reHa lacZ, xomupyromyoo 145 N-KOHIeBbiX
amMHHOKHCNOT f-ranaktosumaser (puc. 2.27). Io-
siydeHHble (PParMeHThl CIIHIH [0 TYMLIM KOHIIAM
¢ nomomso JIHK-nurasel gara T4 w npopemw
Tpadceximio knerok E. coli. Jns noHumaHus
npusiana orbopa rubpuaEbx $harog paccMoTpuUM
CTPOEHUE NTAKTO3HOro oneporna E. coli.
Jlakrosubiil onepou (lac-onepon) E. coli co-
CTOMT H3 TpeX IeHOB, C KOTOPBLIX TPaHCKpHOUpY-
erca eaunas nomiuuctpornas MPHK (puc. 2.28).
Ten lacZ smisercs CTPyKTypHBIM TeHOM f-ranak-
TO3U/1a3bl, KATAIMIHPYIOILEH paciuenieHue TaKTo-
361 Ha IIOKO3y W rasakTosy. I'en lacY — crpyx-
TYPHBIH TeH mepMeassl, HeobXoHMOMH 1A TpaHc-
TopTa J1akTo3bl B KNETKy. ['eH /acA KomupyeT THo-
ranakTosurrpancanerinasy. Cunres MPHK /lac-
OlIEpPOHa perynupyercs OeNkoM, Ha3sIBaeMbIM perl-
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Pernpeccus _. p__O lacZ lacY lacA
cuHTesa | HHHI I | 1
.3
Penpeccop
Hagyxums I
CHHTE3a AT | HHH 1 I 1
mMPHK
Penpeccop &

)

Hugykrop @

Puc. 2.28. Cxema lac-onepora E. coli.
P — OpPOMOTOP, 0 — Oncparop

peccopoM. 3tor Oenox komupyercs remom lacl.
B axtuBHOl Qopme penpeccop cBa3biBaeTCHS Ha
JIHK ¢ onepartopubiv yuacTkoM (0) lac-onepona
u Gnokupyer Tpauckpuimno MPHK ¢ npomoTopa
Plac. BilokupoBanuslii Takum obpasom onepol Ha-
3pIBAIOT penpeccupoBaHHbiM. [Ipy HHaKTHBALMK
peripeccopa (B pe3ynbsTarte MyTAIIHY MITH CBA3bIBa-
HHS C ONpefeTeHHbIMH HEOOMBIIMMHE MOJIeKyIia-
MH) OH TepseT crocobHOCTE 00Pa3OBLIBATE KOMIT-
neKc ¢ oneparopoM. Te NpoH3BO/IHbIE TAKTO36], KO-
TOpPbI€ CBA3LIBAIOTCS C PENPECCOPOM M HIMEHSIOT
ero criocobuocts k Biaumoueiicreuw ¢ JJHK, na-
3pIBaKOTCH MHAYKTOpamu. K Takum coeauHenmsM
OTHOCWTCH, HANpPHMEp, CHHTETHYECKHH aHamor
nakTo3e! M3onpormTHoranakrosua (MITTT), xo-
TOpbIi He MeTaboNMH3UPYETCsl KIETKAMH M [I0ITOMY
HIHPOKO HCTIONB3YETCA B KA4€CTBE HHIYKTOPA.

Kietkn ¢ Myraumeit mo reny lacl, semyuieii
K obpazopanuio Jle)eKTHBIX MOJICKY!l perpeccopa,
OCYLIECTBAAT KOHCTUTYTHEHYIO (Heperymupye-
MYI0) Tparckprnumio lac-onepona. MyTtanTii laclQ
XapaKTepu3yioTCs cBepXcHHTE30M Benka-penpecco-
pa. [pucyrereue GonpIIMX KonHYECTB /lac-penipec-
copa NPensATCTBYET MONHOH 3KCIIPECCHH MeHOB lac-
orepoHa faxe npu Hamuuul urykropa MITTT. He-
NOMB30BAHHE KIETKH-XO3sHHA ¢ Myraumeii laclQ
N03B0NSET APPEKTHBHO PErYITHPOBATE TPAHCKPHII-
HIO C TPOMOTOPA Plge. B OOBIMHBIX YCNOBHAX
B E. coli lacIQ tpanckpwinms € JAHHOTO TPOMO-
TOpA NPAKTHYECKH HE NPOMCXOANT, HO B HYXHBLIH
MOMEHT OHa MOXeT ObITh MHAYLMpOBaHa jjobase-
Huem B cpexy MITTT.

Haubonsumit uHTEpeC 08 MONEKYISPHBIX
GuonoroB B lac-onepore upencrasiser red lacZ.
[Mpoayxt aToro rena — f-ramakrosnzasa (f-Gal) —
NErKo omnpesensercs no cneumpuyeckoii Gpepmes-
TaruBHOH akTHBHOCTH (cM. 2.2.2). Bonee Toro,

nauubi QepMenT obnanaeT paAOM YHHKAIbHbIX
ceoiicte. B 1968 r. 6b11a onicana Tak HaslblBaemMas
Q-KOMIUIEMERTALMS  [-raNakTo3uiassl, KoTopas
OTHOCHTCS K BHYTPHIIHCTPOHHOIH (BHYTPHIEHHOI)
KOMIUIEMEHTAIHH W COCTOMT B TOM, YTO B pPe3ylb-
Tare HemﬂﬂﬂeHTHOﬁ accouuanuu pﬂBﬂH‘{HLIX MYy-
TAHTHBIX HOPM KK (PArMEHTOB OHOTO H TOTO Ke
Oenka obpazyercs QyMKIMOHANILHO AKTHBHEIH Oe-
noxk. Monwnentua f-Gal cocrout w3 1021 amumo-
KMCJIOTHOrO ocTarka. PepMeHTarHBHOH aKTHB-
HOCTHI0 oGnagaer GeloK, COCTOSALIMI W3 YeThIpex
HACHTHIHLIX cyObeawHwLl (TeTpaMep ¢ cymmap-
HOH MonekynspHo#d maccoi 460 xJla). Tlpw mH3y-
YeHHW PaBIHYHBIX MYTAHTOB MO redy lacZ GbITH
BEISB/IEHL HEAKTHBHBIC (HOpMBI f-ranaKroanassl,
oboznavennsie M 15 1 M112 4 umeronme coorseT-
CTBEHHO JeNerMu amMiHoKucnot ¢ 11-it no 41-w0
(A11-41 AK) 1 ¢ 23-#i mo 31-10 (A23-31 AK). Oxa-
34710Ck, 9TO 3TH MyTaHTHbie OeikH He obpazyroT
TETPAMEPHON CTPYKTYPhI, a SBISIOTCH JHMEPaMH.
bomee Toro, Oeimo obrapykeno, 9To ecimm k npena-
pary f-Gal M15 wm M112 pobasure nemrHa
3-92 AK, nonyuyaemslii nocne ruaponysa g-ranak-
TO3H1a3b! OPOMUCTHIM IIHAHOM (rHApOM3yeT Oeskn
N0 METHOHHHOBBIM OCTATKAM), TO MPOMCXOAMT KOM-
IneMeHTalma i (pepMeHTaTHBHAN AKTHBHOCTH BOC-
cTaHaBamMBaeTca. Taxoit (epmenHt, NonodHO HATHB-
HOMY, WMEET TeTpaMepHyio CTpykTypy. HeakrHs-
Hbie OenkH ¢ genenweli B N-KOHIIEBOI Nocneaosa-
tensHocTH P-Gal nonmyunim HasBanwe C-aKUEHTO-
Pbl, & KOMILIEMEHTHPYIOLHE MX HENTHIb HIH My-
TaHTHbIe (opmbl Genka — «-poHopel. B Gonee
NO3AHAX MCCIEAOBaHHAX OBIIO MOKAa3aHo, 970 rer-
™ 3-41 AK Takke sBNseTCSH MOJHOCTHIO aKTHB-
HbIM (Z-IOHOPOM 110 oTHOWweHHIO k F-Gal M15.

HNonysuennsii B 2kcnepumMentax k. Meccun-
ra rubpuansiii par M 13, conepramii Bcrpaupae-
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Hexoansii a-nenia

MI13mpl (+)-uens
NoCTe METHAHPOBAHKHA

KomrmemenTtapras (—)-nens
nocJie OMmMOOTHOH PeTTHKALIHM

M13mp2 (+)-uens
(OTOMCTBO MyTaHTHOTO (para)

DKCIPECCHPYEMbIi
MYTAHTHBIH a'-nenTu

H,N - Thr—Met - Ile — Thr - Asp—Ser — ...

5'...ATG-ACC-ATG-ATT-ACG-GAT-TCA-CT...

i | 20

CH,

!

3. .. TAC-TGG-TAC-TAA-TGC-TTA-AGT-GA...

L

5'...ATG-ACC-ATG-ATT-ACG-AAT-TCA-CT...

EcoRl

v

H,N - Thr— Met — lle — Thr—Asn—Ser—. ..

Pue. 2.29. Beenenne EcoRl-yuactka 8 JTHK dara M13mpl

mblii Hindll-dparmMent nakro3soro onepoxa, Jion-
*eH JleTepMMHHpOBaTh B Kietkax E. coli cuntes
nosHONEHHOTO @-nonopa (1-145 AK) f-ranaxro-
3unasel. Haubonee npocTo BLIABHTL TAKOH CHHTES
MOXHO, HCTIONb3YA B KA4ECTBE XO03AHHA MYTaHT-
HbIH ramm E. coli, CHHTE3HPYOIHH (-aKLIeTop
f-Gal. B »1om enyuae in vivo Gyner IpoUCXoMTh
a-komiemenTalma M ¢enorun Lac HexomHsIx
KJIETOK W3MEHHTCH B HH(WIMPOBAHHBIX KJeTKax
Ha Lac*. Takoe uamenenvie GeHOTHIA NIETKO TECTH-
poOBaTH C NOMOIUBK) LUMTOXMMHYECKOH PEakKilvu,
MpOHCXOJIAlIeii B arapH30BaHHOI Cpejie, co/iepika-
el xpomMorenHoe coenuuenue Xgal (cm. 2.2.2),
lason knerok-perpimenToB E. coli, cHHTE3UpYO-
nmx a-axnentop B-Gal (06k4HO HCTTONB3YIOT My-
taut lacZ AM15), na cpene ¢ Xgal 6yner Genoro
L{BETA, a OKPaLIMBAHKE B CHHHIA LBET JOIDKHO Bbi-
ABMATHCA TONBKO B PAHOHAX CKOIUIEHHMA KIETOK,
HHQHUHpoBaHHKIX  THOpuaHBEM  Qarom  MI3
(6nsukax). Ipyu 310M Hexoaubiii dar dpopmupyer
becupeTHbie GnAIIKH,

Oro6paunmii Ha cpene ¢ Xgal rubpuausii gar,
CHHTC3UPYIOIUMIt @-N0HOp f-ranakTo3uaasel, 060-
snaursm M13mpl. Oauako oot dar enie Henbsa
OLLIO HCITONB30BATE B KAYCCTBE BEKTOPHOrO, Tak
KaK B HEM OTCYTCTBOBA/IH €IHHHYHLIC MECTA TH]I-
pOIH3a PeCTPHKTA3aMH B MEKINeHHOH OOmacTH.
[Moaromy Obina npeanpunaTa nonbiTka copmu-
POBaTH PECTPUKLIMOHHBIH YHacTOK, HCTIONb3YS MY~
TAreHkl, CEH(HTHO JCHCTBYIOMMHE Ha OHOLENno-
yeynyto JIHK. [NocnenoparensHocTs, y3HaBaemyio
pecrpukrasoi EcoRl, ynanocs co3nars, 3aMeHUB
ryauwn B nonoxkenuH |3 cTpykrypHoro rena lacZ
Ha a/leHMH. Takyio 3aMeHy OCYIIeCTBHIM C 1O-
MOUIbIO AJIKHIHPYOLEro areuta N-meTun-N-uut-

PO30MOUEBHHEBL. METHIHpOBAHHE ITHM MYTalreHOM
ryaHHHa no noaokeruio 06 ofycnosiuBaeT npu
permukaimu JIHK owmbouroe criapupanwe, npu-
pouiLee K 3amene B (paropom noromcTee Moaugu-
LMpOBAaHHOIO I'yaHHWHa Ha a/ichuH (pHc. 2.29).

IMocne wmyraresesa JIHK tpancduumposann
B KIETKH £. coli v vHAMBUlyanbHble (aroBeic KO-
HbI HOJIBEPraiu NpoBepke Ha Hanuyue EcoRI-mec-
Ta Ha P® daroeoit JIHK. B pesynsrare 661t BhIIC-
ner MyTanTHbIH (ar M13mp2, umerowmi ysacTok
y3HaBanua pectpukrassl EcoRl (em. puc. 2.27).
Y sroro dara B aMHHOKHCIOTHO#H TIOCNE10BaTENb-
HOCTH CHHTE3Hpyemoro (parmenTa [-rajsakrosu-
Jla3kl B 11STOM HONOKEHHH NPOH30IILIA 3aMEHa ac-
NaparMHOBOH KHCNOTE! Ha acnaparu. Ilpn 3tom
a-xommnementawmsn f-GalM15 He sapyumurace,
TaK KaKk AaHHas obnacts @-noHOpa JUTA KOMILIE-
MEHTAIMH HECYIIECTREHHA.

[Tpu Berpoiike yyseponusix pparmentos JIHK
no £LcoRl-mecty M13mp2 B GonsLuMHCTBE CiryHa-
€B NpeKpalaeTcs cHnTes (HyHKLHMOHATBHOTO @-J10-
HOpa. 3T0 NPOMCXOMT B CBA3H C TEM, Y4TO 3a cYer
BCTaBKH (B npsMoi uim obparsoi opHenTalmH)
HapyIIaeTcs paMKa TPaHCIALMH (-JIOHOpa, WHH-
LHUPYEMOl ¢ CHIHANOB reHa lacZ, mibo B KIOHHU-
pyeMoM (parMeHTe HAXOSTCs CHIHANB TepMHHA-
LA TPAHCKPHILWMA MW TpaHchsimK. B pesyms-
Tare Takue rubpuinsie garn obpasyror npu uH-
dexunn MyTanTHRX Knetox E. coli ma cpene
¢ Xgal 6ecusersnie GramikH, B TO BpEMa KaK HC-
xoaublit par M13mp2 dopmupyer Gnguku CHHETO
usera. Kak M, nonygennsii gpar M13mp2 yixe
ABISeTC] KIOHHMPYIOUIWM BEKTOPOM, FO3BOJISIO-
LIWM OCYIIeCTBASTH npsamoii otbop rubpunos. On-
HAKO B TOM C/Iy4ae, KOI7la BCTPOCHHbiH B M 13mp2
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Hindll1

Sall
Accl
Pstl Hincll

Sphl Xbal

5'AGC TCC CGG AGG GAA TTC CAT CGA AGC TTG CAT GCC TGC AGG TCG ACT CTA
3'GG GCC TCC CTT AAG GTA GCT TCG AAC GTA CGG ACG TCC AGC TGA GAT

EcoRI EcoRI*

GAG GAT CCC CGG GTA CCG AGC TCT CGA TGG AAT TCC CTC CGG AGA 3
CTC CTA GGG GCC CAT GGC TCG AGA GCT ACC TTA AGG GAG GCC TCT TTA AS

a
HindlIl* EcoRl
A
Xmal
BamHI1 Smal Kpnl Sstl

6

1

C

C
GTACGTTCG

CAGGTCGACTCT}\GF\GGJ\TCCC

G
G
G
TCGAGCCAT

EcoRI

nnooar»oonlor>r>A4-4nn>r4na>>
aoAAHNAN—A-A>» a0 <> N~

Puc. 2.31. TMomumukep sextopeoro dara SSEV19:

a — NOCHeAOBATENLHOCTE ABYXUEIOYEYHOTO AMHKEpa (YepTa CBEPXY — YHACTKH y3HABIHHS PeCTPHKTAZ;
38310MK0i 000IHAYCHE! HIMCHCHHBIE PECTPHKLMOHHLIE yHacTH; A, B — CaMOROMILICMEHTAPHLIC [10CNICAOBATEIILHOCTH);
6 — oanouenoieynan JJHK dara B palione nonsisskepa

¢parvent JIHK He BHOCHT CHrHANIOB TEPMHHALIUM
TPAHCJIATIAH (TPAHCKPUITIAH) ¥ HE H3MEHAET pam-
KY CHHMTBIBAHHSA (-0HOpa, rubpua no ¢exoruiy
HE OTIHYAETCs 0T poanTenbekoro ara. Takoii xe
addexr Gyner nabmonarees, eciiM B 4yKEPOIHOM
(dparmenTe MMEIOTCA CBOI IPOMOTOP H/WITH y4ac-
TOK CBA3BIBAHMA PHOOCOM H KOAMPYIOLIAA rocie-
NOBATENBHOCTD, PaMKa TPAHCHIAIIAM KOTOPOH Co-
BOANAET C PAMKON TpaHCnsuMM a-goHopa. B mo-
cieIHUX cnydaax no ¢enoruny rubpuassie darn
MOXHO 0100parTt TOMBKO NPH TIPOTHBOTIONOKHOH
OPHEHTALMM BCTABKH OTHOCHTENBHO BEKTOpA.
BaxHo noauepKHyTh, 9T0 B KANCHIhl HUTEBHAHBIX

dbaros naxyercst Toneko oaxa (+)-uens JJHK. Io-
ITOMY B 3aBHCHMOCTH OT OPHEHTAllHM BCTPOMKH
B coctase opuonenoderod JIHK dara Gyner na-
xonuThesi b0 KomMpyiomas, mbo KoMmIuiemMeH-
TapHas e Henk KIOHHPYEMOro rexa. JIuckpumu-
HUPOBaTh TaKHe BapHaHThl THOPHIOB MOXHO
HPOCTBIM METOAOM THOPHAM3AUHH HYKJICHHOBBIX
KHCNOT in situ.

Jlns pacimpeHus BOSMOWKHOCTCH KIOHMPOBa-
uua ¢parmentos B JIHK Bexroproro dara M13mp2
1o EcoRI-mMecty BCTponny cHHTeTHIECKUH 10H-
JIHHKEP, KOTOPbIH COIEPIKHUT M0 IBa caiTa Jeicr-
Bus pecrpukras EcoRl, BamHl, Sall, Accl wu
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B
A et
Xhol
mal
Pvul
HindIIl
fd106 Haell
BamH1
EcoRI
Haell
BamHlI
Haell
BamHI
faige
Hael
ot
Pwul
Psil
Haell

Pue. 2,32, Pecrpuxunonsbie kaprel pemmkarusibix Gopm JHK sexropueix daroe fd:
I — tparment THK nunasmias pACYC177, 2— pACYCI184

Hincll, pacrionoXeHHBIX CHMMETPHYHO OTHOCH-
TENBHO LEHTPANBHOIO YYacTKa JIEHCTRHS PECTPHK-
1asel Pstl. Ilonyuennsiii BapuanT ara obosmasen
M13mp7 (puc. 2.30). Berpoiika gaHHOrO nonH-
nuHKepa B Gar MI3mp2 ne HapymmHIa paMmky
TPAaHCIALMH Q-[0HOpa, a clefioBarensHo, u o0byc-
NOBIHBaEMYI0 (AroM Q-KOMILIEMEHTALMIO, YTO
MO3BONAET TINPOKO HCHOIB30BATH CKOHCTPYHPO-
BaHHbIH (ar B 3xCrepHMEeHTax [0 KIOHHPOBAHHIO
¢parmenToB JIHK. Ilyrem 3amensl mocneoBa-
TENBHOCTH CHHTETHYECKHX JTHHKEPOR JIOCTATOYHO
NpoCTO CO3/iaHkbl pasHeoOpasHbIe BEKTOPHBIE MPO-
u3BozHbie hara M13mp2: M13mp8, M13mp9 (cm.
puc. 2.30), MI13mpl0, M13mpl1 u ap. Mcrionsays
JiaHHbi HAbOp BEKTOPHLIX (PAroB, MOXKHO pellars
6onbImo# Kpyr reHHO-WHKEHEPHBIX 3a1a4.

k. Bupnar ¢ coasropamu (1989 r.) npemio-
MM HOBBIW BapHaHT KJIOHHPYIOLIETO BEKTOpa Ha
ocHope JIHK ¢hara M13. B kauecTBe HCXOIHOIO
ouu Bzanu Gar M13mpl9 (cm. puc. 6.12) u ero
MOJTWIHHKED, OrPaHWYMEHHEBIH YyJacTKaMH y3HaBa-
Hus pecrpuktas EcoRl w Hindlll, 3amenunu apy-
THM CHHTETHYECKHM IONHIHHKEPOM pa3MepoM
96 nu (puc. 2.31, a). B crpykType HOBOrO f0JIM-
JIHHKEpa 3a50)KeHa crefyiomas 0cobeHHOCTh: 110
KpasM OH HMEET B3aHMOKOMILIEMEHTapHbIE nocIie-
AOBATEIbHOCTH M3 19 HYKII€OTHIOB, KOTOpPbIE B O/1-
Houenodeurod JHK spenoro ¢ara cnocobusl
thopmupoBaTh ABYXIETIOUEMHYI0 «HOXKKY» (CM.
puc. 2.31, 6), copepxaillyio HopMmanbHbiii EcoRl-
yuacTok. [Tosromy omsonenovednas JIHK takoro
¢ara, obosznagennoro SSEV19, moxker 6biTh ruz-

poiiM3oBaHa pectpukTaszoil EcoRl, w upu 3ToM
KJOHUPOBAHHAS B MOJMMIMHKEPE YYXKepojHas ro-
CIEIOBAaTeNBHOCTL fierko Bhiueruimercs. Mssme-
HEHHBIH OHOLETIONEYHLIH (parMeHT MOXHO Mo~
METHTE C NOMOILLIO PATHOAKTHBHEIX H30TONOB H
HCIIONB30BATh B KAYECTBE BhICOKOCTELM(UIHOIO
ruGpHIH3aALMOHHOTIO 30H18 M T. 1. HureBnaubiii
thar M13 pasmuOokaercs Ha kaetkax E. coli go
seicokoro Turpa (101! BOE/mi), Tem cambiM J10-
cruraercs adexTurHas HapaboTka GONBIIMX KO-
JTMYECTB OJIHOLENOMEeYHbIX (PParMeHTOR KIOHHPO-
panno# JJHK.

Kpome Bextopos — npownssoansix ¢ara M13
HoJTysen psajg BekTopos Ha ocHose Garos fd u f1.
Ha puc. 2.32 npuBesieHa CTPYKTYpa HECKONBKHX
BEKTOpHBIX BapuanToB (ara fd, xoropsie Gbuid
CKOHCTPYMPOBaHb! 110 crpareruu, paspaboraHHoi
mpu niony4ennd (ara M13mpl. B narsom ciygae
BEKTOpHBIE (hard 0OycloOBIHBAIOT YCTOHYHBOCTE
K aHTHOMOTHKaM, M TIOITOMY HH(HIIMPOBAHHEIE
WMH KJIETKH CTIOCOOHBI PACTH Ha TTHTATEIILHOH Ccpe-
Jie ¢ cooTBEeTCTBYOIMM anTuOuoTHroM. [pu s1om
KNOHK! K1eToK £, coli, vhhHumpoBaHHbIX (TpaHc-
¢dunmpopannbix) rubpugHbIMK daraMu, JI1Erko Bbl-
ABJIAIOTCH Ha CEJIEKTUBHLIX Cpejlax.

Kak BHmuM, BEKTOpHas CHCTEMa HHTCBHIHBIX
(aros paspaborasa jocrarouHo Xxopoo. 1o obyc-
noB/HBaeT Bee GoNee aKTHBHOE NPUMEHEHUE JTaH-
HBIX BEKTOPOB /U1 aHA/IHN3a HYKJCOTHJTHOI TIoCie-
JIOBATENIBHOCTH  KIOHHPOBAHHEIX  (parMeHToB
JHK, nna myrareHe3a KIOHHPOBaHHBIX TEHOB
H T. 1. Bee 4ane BeKTOpHEIE MPOH3BO/IHLIE HUTE-
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BMIHBIX (paroB HCroab3ylOT IS IKCIIPECCHH Uy-
kepoaHbix resos B Kietkax E. coli. Ocoboe na-
NpaBTesHe HCCIe0BAHAH, HMCHONB3YIOIIee BeK-
TOPHYIO CHCTEMY HHTEBHJHBLIX (Eros, nosy4uio
HaiaHHe (ParoBbIH AMCILICH.

2.2.7. Pazmudsi

PacimmpiTs BOIMONKHOCTH HCHOIBIOBAHHA 01~
HOLIETIOYEYHBIX BEKTOPOR YIAANOCh MYTEM COBME-
MICHHUA ICHETHYECKHX IEMEHTOB IU1a3MH]1 H HHTE-
BH/IHBIX (haroB B coctase onHoM monexynsl JIHK.
MonekynspHbie BEKTOPBI AAHHOIO THIIA HA3BAHKI
tdarmupamu. I Jlorro ¢ coaBropamu B 1981 &
BcTpowiid 1o EcoRI-yuactky nnasmuasr pBR322
(parment perumkarusHoii dopmer JTHK dara f1
pasMepoM 1,3 TIH, KOTOpLI BK/IIOYAET BCE IfU/C-
NEHCTBYIOIME FEMEHTHI I'eHoMa, Heobxonmmbie
i perumkanEi B mopdorenesa ¢ara u pacnona-
raronmecs B mexredHoi obmactu IR. i e we-
CJIE/IOBATEIH MOKA3AIM, YTO NPH CyneprHH(eKurH
barom f1 knerok E. coli, conepxammx co3nansyio
wiasmuzy pD4, npuMepHO NONOBHHA CEKpeTHpYe-
MBIX B Ky/IBTYPAIbHYIO Cpejly BHPMOHOB HeCeT 0~
nHouenodeunyr JIHK dara f1, a apyras nonosu-
Ha — opxonenoyeunyw JIHK rubpunnoii mnas-
MH/IBL.

JI. Jlenre ¢ coasropamu B 1983 r. nepeneciu
tparmenT reroma ¢ara f1 w3 mnasmuas pD4 B co-
cras masmug cepuy pUC (cm. 2.2.8), He napyiian
I'eHEeTHYECKHX JeTepMuHanT mnocneanmx. [lomy-
YyeHHylo cepwio mnasmin obosmanwn pEMBL
(pwc. 2.33). 3ty BexTOphl 00Nagal0T BCEMH CBO-
cTBamMu poauTesbekux rasmun pUC u, kpome To-
10, ipH WHQHIMpoBannn kinetok E. coli (arom f1

OHH CTIOCOOHbB! YNIAKOBLIBATE OJIHY W3 LIETIEH CBOEii
JHK B xancua ¢ara. Kakas nens pEMBL Gyzer
ynaxkopaHa B (aroshiii Kancuz, 3aBHCHT OT OpHeH-
TaluK K1oHupoeansoro ¢parmenta JAHK dara f1
B rasmuze. [lo3ToMy BEKTOpH ¢ pa3HOi OpHEHTa-
meit (parmenta darosoii [JHK obosnavaior mibo
pEMBL(+), :1mbo pEMBL(-). Ilpn mcrnons3oea-
aun pEMBL(+) B Kancusl makyercs HeKOIHpYIo-
mas uens reHa [-ranakiosWjaskl, a B Ciyuae
pPEMBL(-) — xoaupytowas.

Darmuer pBluescipt I KS(+/-), umeronme
TaKyl) Ke€ TEHETHHECKyl0 CTpPYKTYpY Kak
pEMBLI9(+/-), no Mensumii paimep (2961 ),
MCTIONB3YHOT BO MHOTHX 1aboparopusix Mupa.

PaspabGorannble BEKTOPHBIC CHCTEMb! Ha OCHO-
Be HUTeBWIHLIX (daroB E. coli HaxoasT TIHPOKOe
NPHMEHEHHE B MEHHO-WHIKEHEPHBLIX IKCIIEPHMEH-
Tax (cMm. 7.5).

2.2.8. BekmopHbie nna3mudsi,
obecnevyuesaroujue npaMol ombop
2ubpudHsix HK

Ilpy KOHCTPYHpPOBAHMH THOPHIIOB HAa OCHOBE

BexTopHbIX Monexyn JIHK dara A win daroe cepun

MI13mp ynaercs ocyniecTsiIsTh NpAMoit 0Tbop Kio-

HoB THOpHHEIX haros. B ciryyae e HCnons3osa-

HHS IJIa3MHIHLIX BEKTOPOB Tpamoi o1op Ki1eTok,

copepaKalmMx rebpHanLie Ia3sMHIEL, YacTo HeBO3-

moxeH. IloatoMy BosHIK/Ia HEOBXOIMMOCTE B pas-
paboTKe BEKTOPHAIX IIA3MHJ] C CUCTEMOM IPAMOiA
cenextmy rubpuanbix papuanTos. [Ipepnpunstsie

HCCITE/IOBAHHA NPHBEIIH K COTAHWIO [IHPOKOTO

CIIEKTPA TAKMX KJIOHMPYIOIMX BEKTOPOB; HEKOTO-

pEl€ U3 HUX Mbl PACCMOTPHM.

pEMBLS
EcoRl  Xmal, BamWl Sall, Psil Hindlll
Smal, Aval  Accl, Hincll
pEMB] 9 L [ L L 1 !
Hindlll Psf1  Sall, BamHI Smal, EcoRI
Acel, Hincll Xmal, Aval
pEMBL18 [l 1 1 1 | i | I Y JH |
EcoRl Sstl  Kpnl Xmal, BamHl Xbal Sall, Psfl  Sphl Hindlll
Smal, Aval Acel, Hincll
pEMBL]9 L : 1 H 1 1 | ! 1 i
HindIll Sphl Pstl  Sall, Xbal BamHl Xmal, Kpnl Ssil EcoR1

Accl, Hincll

Smal, Aval

Puc. 2.33. Kaprel nnasmug cepun pEMBL
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Hindlll

Xbal
1858 nn

Safl  Hincll

Hinfl  Acel BamHl

l 1
CCAAGCTTTCTAGAGTCGACGGATCCGGGGAATTCA

EcoRI
1823 nn

CHHETETHYECKH I CErMeHT
Puc. 2.34. Kapra nnasmuas pUR250

Bemneruisis w3 JIHK daros cepun M13mp
Haell-hparment pazmepom 433 nH, coepxaiiii
5'-xoHueBy10 YacTs rena lacZ E. coli, u nepecrpau-
Bas €r0 B BEKTOPHYIO IUIA3MH1Y, MOXHO HIONTYYHTh
KIOHMPYIOILME NIAIMIJIbI C CHCTEMOI TPAMOTO
orbopa rHbpHIOB MO C-KOMILTEMEHTAIIMH MYTaH-
TOB [-TanaxkTo3wuaasbl, AHATOrWIHOH HCTIONB3Ye-
Moii s daro M13mp. Ommyne COCTOMT IHILL
B TOM, YTO Tipu oTO0pe rHOpHIHBIX KAOHOB HoCie
Tpanchopmaimu E. coli nmnasMugaMu aHanusupy-
KT KOJIOHHU KJIETOK, a He Gnsinrkn. [Tpu arom kosto-
HHM TPaHC(OPMAHTOB, BHIPOCIIHE HA CPEJie ¢ aH-
THOMOTHKOM W WHIMKATOPHLIM KpacuTenem Xgal,
NPH HATHYWH B HHX HENOBPEXIEHHOH BEKTOPHOM:
nnasMHabB GyIyT CHHEMM, a cojepkaline rubpu-
Hele mnasmuibl — Oenwimu. K Takum BekTopam
oTHOCATCS TnaMmawl cepun pUR, co3manubie
Y. Pyrepom Hauunas ¢ 1980 r. Ocuosy 710l cepun
cocraBuia nnasmupa pUR L, mpencrasasiomias co-
6ot sammTeii B konbio EcoRI-Pvull-gparment
pBR322, conepxammii ren bla (Ap") m obnacts
Hauana persmkauny ori (cM. puc. 2.8). Mo oaHomy
u3 Haell-yuactxos g pURI Berpowsm Haell-¢par-
MEHT 13 coctaBa M13mp2, Hecyuwmii «rew» a-y10-
Hopa fi-ranaktosmmasel. [osyuernyio miasmmmy
0603naunM pUR2. Beoas paisiudHbie NOMHIHHKE-
pHi, co3nany Habop mnasMui, WMEIONHX pajHbIii
CHIEKTP PECTPHKITMOHHBIX YYACTKOB JUTS KIOHHPO-
panua (pparmento /IHK. Cxema onmoil M3 mas-
MUJI 3TOH CepHM TIpeicTaBlicHa Ha puc. 2.34.

[Mnasmupa pURI sBuiace Takke npapouTesb-
Humeili Bextopos cepan pUC, cosanmbix J[x. Bu-
evipoii u JUx. MeccusroM. Y 3Tux nnaimui B pe-

FyIbTaTe TOYEYHBIX 3aMeH HYK/JICOTHAHBIX Hap Hi-
MEHEHB! B BEKTOPHOH YaCTH €IHHCTBEHHBIE YIaCT-
KH rHaponusa pectpuktasamu  Psil (pUC3)
u Hincll (pUCS), pactionoxenibie B rene ff-nakra-
massl (ApF), a TaKKe C MOMOUIBIO Hykaeassl Bal3l
[IENETHPOBAH YYacTOK THPOIM3Aa PECTPHKTA30M
Accl (pUC6). 310 no3pomuio mnocine BCTPOHKH
B pUC6 Haell-¢pparmenTa u3 cocrasa M13mp7 co-
3nare pexkrop pUCT, a 3arem u ipyrue riasMujisi
a10# cepunt (puc. 2.35), KOTOpEIE MHPOKO HCHTOMB-
3YHOTCS B MOCJE/HWE TO/IBI, TaK KaK B OTIIHYHE OT
mnasmug pBR moryTt obecnieunisate npamMoit otbop
rubpuIHBLIX BAPHAHTOB.

Haubonee npoctyio cucremy npsmoro otopa
rubpimeix Monexyn JIHK obecneumpator mnas-
MHIbI, HECYIIHE JICTAIbHBIE JUISA KJICTKH-XO3AHHA
reusl, Ecii npu BCTpoKe 9yxkepoaHbIX ¢parMes-
ToB JIHK B Takoii red nHapymuaercs ero QyHkigus,
TO ruGpuaHbIe MNaMUILL yike He OynyT oka3biBaTh
JIETAJILHOTO JieHCTBUA Ha DakTepuio, u Tpancdop-
MaHThl, conepxanpe rubpuanse JTHK, Oyayr 06-
pa3oBLIBaTE KOJIOHHH. TakoH MPUHIMI BHEpBbIE
6bin peanusosan B. llymanom (1979 1) npu co-
3/1aHAK BeKTOpHOH 1iasmuabl pKNS0. B nnasvm-
1y pRSF2124 (cm. puc. 2.6) serpounu ¢gparmedT
JIHK ¢ara Mu, cojiepxauinit Harupubli ren kil, ko-
TOphii obnmazaer ybuearouel (kuianepHoi) Qynk-
LMCH 110 OTHOLICHHIO K KJIETKAM, YYBCTBHTEIBHBIM
Kk ¢ary Mu (menmm3oreHHsIM mo aaHHOMY dary).
IMonyuennasn nnasmuza pKN8SO cnocobua addex-
THBHO TpaHCHOPMHPOBATE JIUILL KIETKH, JIH30TreH-
neie o (ary Mu. Ilpu Berpoiike B pKINBO ¢par-
menToR JIHK 1o eiamMHCTBEHHOMY MeCTy IUIpo-
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EcoR1

Psil

Pstl

Smal (Xmal) «—

BamHlI

Hmcﬁn ¥

Puc. 2.36. BekTopHbie 1u1a3mMm/ibl, obecneuBaioliHe MpaMyio cenekimio rabpumex Mmomexyn JTHK.
KOpoTkuMK CTPENKAMH YKA3AHBI YHHKATBHBIC YH2CTRY BCTpOlikH (parmentos JIHK

Jm3a pectpuktasoil Hpal ren kil wapyuaercs,
1 THOpHIIHBIEe Ta3MH/BI TPaHC(HOPMHPYIOT HEJTH-
3oreHnsie KieTkn E. coli na 1-2 nopaaka s¢dex-
THBHEE, YEM HCXOHAas IU1a3sMuia. 370 MO3BONAET
OCYWIECTBIIATH Ha CPE/iC ¢ aMNMHUHITHAOM 0T100p
KJIETOK, CONEp)KalmX rubpuIHbIC [U1a3MH BT

B 1980 r ommcana mnigasmupa pTR262
(Apr Tesel*), B KOTOpOH J3KCTpeccHs TIenHa fef
pBR322 maxommics nog KOHTPOJIEM penpeccopa
dara 1. Dra nnasmupa perepmunmpyer derorun
Tcs, wo cranoputes Te™ nocne WEakTHBalMK (haro-
BOro resa cl BeTpoiikoii B HETO ayxepoansix ¢par-
menToB JIHK. Tlogromy Takue ruGpuaHbIe KIOHB!
(Ap* TerelH) nerxo orbnpars Ha cpene ¢ TeTparHK-
JTHHOM.

Ipu nepenoce Tparcnosona Tn3 B nnasmuay
ColE! anoucxkiMi HecnegoBaTensmu Obina cosza-
Ha rasmuzna pKY2289, koropas aetepMuHKMpOBa-
na cunTes konuumua El, Ho He obycnosmisaia
YCTOHYHBOCTH KJCTOK K JTOMY OakTepHOIMHY.
Ha ocrope pKY2289 Gwina nosydyena rulasMuaa
pKY2800 (puc. 2.36), kotopas ne TpatchopMupy-
et kietkn E. coli, 4yBCTBUTENLHBIE K KONHUHHY
El. Ilpw BeTpoiike dparmenTos JIHK no yvactkam
pecrpukras EcoRl, Xmal u Sstll ren cea wapya-
ercs. DTO MO3BOJISET HA cpelie ¢ AMIHIIIIHHOM
oTOHpaTh KINOHE! KJETOK, TPaHC(HOPMHPOBAHHBIX
TONBKO THOPHAHBIMH TU1A3MHIAMH,

O heKTHBHEIM BEKTOPOM MPAMOIl CENeKIHH
maOpaassix JJHK seasercs mmasmmma pSCC3]
(cM. puc. 2.36), nonyqennas C. Yenrom v I1. Moza-
puxom B 1983 1. 3 pAN4 B pesynstare Aeneiyn
CTPYKTYPHOI 4acTH r¢Ha METHIA3b! NPH COXpaHe-
HHH rena pectpukTassl EcoRl I'en su08yK1€a36!
EcoRI B manHoii ninasmMmae HAXOIHTCA MO KOHT-
poneM npomoropa pr ara 1. BaxusiM colicTBoM
pSCC31(r*m~) aBngercs 1o, YI0 OHA J&KE NH30-
renssic no ¢ary A knetku E. coli tpancopmupyet
¢ 3 PeKTHBHOCTBIO HA NATH MOPAJKOB MEHBINEH,
yeMm uexonHas pAN4 (7'm™) win ruGpuaHble ras-

MHaB! (r~m7), MOJTySEHHRIC BCTPOHKOH (parmen-
top JIHK no yvactkam Bg/ll wim HindIIl. Takum
obpa3om, NpH HCMONL3OBAHUK JAHHOIO BEKTOpa
MPaKTHYCCKH Bee KNETkH E. coli, BbIpacTaronue
nocie TpancopMalliH Ha Cpene ¢ aMITHITHILIH=
HOM, COACPIKAT THOPH/IHEBIC TUTA3IMHIBI.

YnobHeie BEKTOPBI paccMarpyuBacMoro THra —
mwiasmuael  pAA31(Ap'galT, K) u pAA3IP
(CmrgalT, K), obycnoenusaioumpe 4yBCTBHTENb-
HOCTb K I'A1akTose kaeTok £, coli ¢ neneTHposaH-
HBIM TAJaKTO3HBIM ONEPOHOM co3pal A. Axmen
(1984 1.). Ucxonwo E. coliAgalE, T, K ycroiidusa
K TaraKTo3€e, TaK KaK HE YTHIH3HPYET JaHHOE co-
eannenne. Beelenue ke B 9TH KJISTKH IIAIMMIL,
KOTOpBIE NICTEPMHHHMPYIOT CHHTE3 KHHA3el (red
galK) u tpancdepassl (galT), HO HE HanpaBIAKOT
NpoayKuuio mmMepassl (galE), npHBOAWT K Ha-
KomenMio B knetkax Y]Id-ranakrosel, KoTopas
oka3eiBaeT TokcHueckuil s>ddexr. B pesynsrare
Berpoiiku ¢parmentoB [JHK no Hindlll-yyactry
BEKTOPHBIX IUIA3MM/I MPEJOTBPALIACTCS IKCIPEC-
CHA Haxoasumxcs B HUX reHos E. coli galK v galT,
YTO NPHBOAHT K BOCCTAHOB/ICHHIO Y KICTOK-PELH-
mresToB (penotuna Gal'. TTostoMy Ha cpere ¢ co-
OTBETCTBYIOUIAM AHTHOMOTHKOM W TIasaKTo30i
BBIPACTAKOT TONMBKO TpaHcHOPMaHTEl, CoIepIKaLne
rubpuznble rasmuasl pAA3] unu pAA3IP.

Kax suzmpmM, ofupe mogxons! K cO31aHHI0 BEK-
TOPHBIX ILUIA3MHAA JUTA NPAMOM CENCKIMH HX THO-
PHIHBIX MPOH3BOOHLIX ¢chOPMYNHPOBAHE! H TOIY-
qeHbl pa3HoOOpa3Hbie BAPDHAHTHI TAKHX ILIA3MHJI-
HEIX BEKTOPOB, MO3BOAIOIMX CYIIECTBEHHO 00-
JICMYUTh BBITIONHEHHE JKCIICPAMEHTOB 1O KIOHH-
posannw pparmenTos JTHK.

2.2.9. Bexmopel, obecnevwuearwujue
IKCNPECCU YYyMepoOHbLIX 2eHO8
e wnemwax E. coli
Bompmiol WHTEPEC JUTS TEHETHYECKOH HHXKe-
HEPHH NPEACTABAAIOT BEKTOPEI, 00ecreuHBaromme

NpaBHIBHYHO H 3)QEKTHBHYIO SKCIPECCHIO HYKE-
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Tabmumya 2.2. TeneTHYeckHil Ko/l (CIOBAPL KOLOHOB)

1-it 2-it nyKneoTH | 3-ii
HYKJIEO- HYKJIE€O-
™I ™A
(5'-xo- U c A G (3'-k0-

Her) Hen)

U Phe Ser Tyr Cys U

Phe Ser Tyr Cys C

Leu Ser Stop Stop A

Leu Ser | Stop Trp G

¢ Leu Pro His Arg u

Leu Pro His Arg C

Leu Pro Gin Arg A

Leu Pro Gln Arg G

A Ile Thr Asn Ser U

Ile Thr Asn Ser C

lle Thr Lys Arg A

Met Thr Lys Arg G

G Val Ala Asp Gly U

Val Ala Asp Gly C

Val Ala Glu Gly A

Val Ala Glu Gly G

Tabruya 2.3. AMHHOKHCIOTEI,
BXOASILIME B cocTaB Geaxos

TpexGykeensoe OnroGyk-
S| BEHHO
AmMuHOKHCTOTA SOBmIcHRE oﬁmn:-
PYCCKOE | JIATHHCKOE | yepue

Ananue Ana Ala A
ApruHHEH Apr Arg R
Acnaparvs AcH Asn N
AcnaparyHoBas Acn Asp D
KHCIIOTa

Bamun Baxn Val Y
Ineruaus I'uc His H
[manue I Gly G
ImyTamus e Gin Q

I nyraMUHOBas Iy Glu E
KHCIOTa

Wsoneiiun Hane Tle I
Jleiuun Jle# Leu L
Jin3um Jius Lys K
MeTHonun Mert Met M
[Tposn MNpo Pro P
Cepun Cep Ser S
THpozun Tup Tyr Y
Tpeonun Tpe Thr T
Tpurrotan Tpu Trp W
Gennnananun den Phe F
[ucreun Lne Cys C

POAHBIX TEHOB B KIETKax-penumuenTtax. Ycneur-
Has skcrpeccua B E. coli KNOHUPOBAHHBIX TCHOB
BO3MOMKHA, €CHH BHITONHSIOTCA CIEYIONIHE OCHOB-
HEBIE YCIIOBHS:

*  KOIMPYHOUAA MNOCHCAOBATEILHOCTE TYKEPOI-

HOI'O FeHa HETIPePhIBHA;

*  TEH HAXOHWTCA MO KOHTPONEM MpOMOTOpa, KO-

Topsti y3naercs PHK-nomumepasoit £, coli;

»  MPHK, cusiTeiBaeMas ¢ rena, NpaBHILHO TPAHC-
nupyetcs GesnoK-CHHTE3HPYIOMWMM anmnapaToM

E. coli.

IMpomotop npeactaenser coboii nocnelosa-
tensHOCTE JIHK, ®otopas ofycnosnHBaer cBA3kI-
panme PHK-pnomumepasel ¢ JIHK u MHMOMauuio
cuntesa PHK. Tlostomy nmpomorop saBnsercs neob-
XONHMOIM COCTABHOMN 4acThiO BEKTOpA, NpeIHa3Ha-
HEHHOrO JUIA JOCTHKCHHA DKCIPECCHH KJIOHHPO-
eaHHbIX nocnenosarensuocteii JJHK. Kpome Toro,
BOIMOKHOCTE H  PPEKTHBHOCTE  TPaHCIHLHH
Tpaickpubupyemoii MPHK 3aBucut o1 nanuums na
ce 5'-koHne yvacTka ceaseiBanus pubocom (RBS,
cM. 3.3).

Tak xak reHeTHYECKHH KOl TPUILIETEH H YHH-
Bepcasied (Tabn. 2.2), 1o yiobas HenpepriBHad Ko-
JMPYIomias nocle0BaTeNnbHOCTh MOXET OBITH JKC-
npeccypopasa g knerkax E. coli B Buae nonunert-
THAA, ABJAIOLIETOCA 1EMOYKOH aMHHOKHCIOTHBIX
octratkos (TaGn. 2.3). Onnako opraHH3alMs CHI-
HAJIOB MHHIMALMH TPAHCKPHIIIHH H TPAHCIALHH
B IYKAPHOTHYECKHX H INMPOKAPHOTHYECKHX TeHax
B nofamigomeM OONBIIMHCTBE CNIyYaeB cyulect-
BeHHO pasymuaetca (cm. 4.1). TTosromy s noctu-
MKEHUA MPaBHIBHON IKCIPECCHH IYKapHOTHYECKO-
ro rexa B knerkax E. coli Heo6xoauMo NnoMecTHTsb
KOIOHPYIOILYI0 TIOC/IeIOBATEIHHOCTD ITOT0 I'eHa 1oj]
OaxTepHanbHble CHIHAIE! JKCITPECCHHA MeHOB.

IKcnpeccHn nesiesoro Gejika B COCTABE XH-
mepHoro Oeaka. Jlanueii nogxon Moxer ObITh
peanm3osaf Gnarofiaps HCMONB30BAHKIO BEKTOPHEIX
niasMu wis paros, copepxamx GakTepHaIbHbIe
FeHbl WIH UX MPOKcHMaibHele yacty. KioHHpye-
MEIi FeH BBOIMTCSA B 3TH BEKTOPEI TAK, YTOOK! pe-
rynstopras obnacte GakTepmanbHOro reHa octa-
BajlaCh HEM3MEHHOH, a BCTpPOHKAa NPOHCXOAMNIA
B €10 CTPYKTYpHYHO 4acTs. [IpH coBnaieHun pam-
KH TpaHcIsLHH OaKTepHANIBHOIO IeHa C PaMKOi
TPAHCIALIMM BCTPOEHHOTO TIeHa CHHTE3MPYETCs
XUMepHEIi Oenok, KoTopeni obnazaer 1o KpaiiHed
MEPE HACTHIO MMMYHOXHMHHYCCKHX XapaKTEePHCTHK
[ENEBOT0 YK30MeHHOTO BerKa.

Onnako He Bcera pamku TpaHciaumu Gakre-
PHAIBHOIO H BCTPAHBAEMOIO T'EHOB COBNAAIOT.
B Takmx cimy4asx KIOHHpyeMas TOCHEIOBATCIb-
HOCTE OyneT TpanCIMpOBaThCH HENpasHIbLHO. YT0-
OBl npeosioneTs 370 3ATPYIHEeHHE, co3AalT Habo-
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EcoRlgl _

lacZ! ——————»

EcoR1

1. ATGACC ATG ATT ACG GAT TCA CTG GY

P! TAC TGG TAC TAA TGC CTA AGT GAC CTT AA §'
Met Thr Met lTle Thr Asp Ser Leu Glu Phe

Puw

pPC-pl
Ap

EcoRlg2

-
ol + GG —= 2:

Plac
pPC-p2
Ap

EcoRIgp3

>}

P

pPC-¢3
Ap'

ol + GGGG — o3:

EcoRI

...GAT TCA CTG GGG¥
..CTAAGT GACCCC TTA A5

...Asp Ser Leu Gly Asn Ser

EcoR1

... GAT TCA CTG GGG GGV
__CTA AGT GAC CCC CCT TAA S’

..Asp Ser Leu Gly Gly fle

Puc. 2.37. BexropHsie niasmMubl, 00eCNeIHBAIOMME CIABHT PAMKH TPAHCIAIMH
KJIOHHpOBaHHKIX nocienosarensHoctei JIHK.

lacZ coOOTRETCTRYET HYKNCOTHANON NOCHE0BATEnLHOCTH rena [acZ, oF HHATTHATOPHOID TPHIeTa
A0 YHacTKa ruaponsmsa pectpukrasoil EcoRl

PBI BEKTOPOB, B COCTAB KOTOPBLIX BXOAMT Of{HA H Ta
e perynsiTopHas 0GnacTs, HO B YHaCTKE BCTPOHKH
4YEPOIHBIX MOCJIEHOBATEABHOCTEH B KAXK/IOM BEK-
TOPE HMEETCH CABHI PAMKH TPAHCHISIHM OTHOCH-
TensHO JIpyroro Bektopa. OGBIYHO TakKol CBMK
JNOCTATACTCH BCTPOHKOH KOPOTKHAX CHHTETHHECKHX
¢parmentop. Mcrons3ys Habop H3 Tpex BEKTOpOB,
MOXKHO KJIOHHMPYEMYIO MOCHEAOBATENHHOCTL M10-
MECTHTD BO BCE TPH BO3MOXHBIC (Da3bl TPAHCISLHH
OTHOCHTENBHO GAKTEPHATIHHOIO TIOMNCNTHAA, C re-
HOM KOTOporo oObemuusercs usyuaemas JIHK.
Onna U3 TAKHX KOHCTPYKUMH obs3arensHo Oyner
obecricuBars MpasWIbHLIH CHHTES nejeporo ben-
K4, KOBAJEHTHO COEIWHEHHOTO Ha cBoeM N-xoHie
C NMOIHTNENTHIOM-HOCHTENIEM.

[lepras cepus GaroBeIX ¥ IUIAIMH/IHBIX BEKTO-
POB TaKoro Thmna Obina ckoHcTpyHposana B 1978 &
corpynumkanu naboparopuun I1. Twoms. Crpykry-
pa JaHHBIX [UIA3MHAHEIX BEKTOPOB NPUBEJEHA HA
puc. 2.37. Cagur paMKy TPARCIAINHA OTHOCHTENb-
1o ¢aspt 1 (1) nonywamm scrpoiixoii cuaTeTH-
4ECKHX JIHHKEPOB, obecneunsatommx nobasnenue
K nocnesioatensaocTH lacZ' AByx map Hykieo-

: GG GGGG
THOB (T (dasa ¢2) wnu yersipex Ceee (dasza

¢3). Ilpu xIORMPOBAaHAH KOAHPYHINMX TIOCHEI0-

BaTENILHOCTCH B MUiasmuiax cepuu pPC-p upouc-
XO[IMT MX TPAHCKPHIIMHA W TPAHCAALMA C PEryis-
Topubix 3neMenTos rena lacZ L8UVS E. coli,
U CHHTe3HpyeMbIi GeNOK ABNACTCA XUMEPHBIM, CO-
JiepxampM Ha N-KoHIle HECKOIIbKO aMHHOKHCIOT-
HBIX OCTATKOB -rafaKTo3nass.

P-l'anakroszuaasy MOXHO BBUICIHTDL M3 KICTOK
E. coli B roMOTEHHOM BHJIC B OJiHH 3Tan C NO-
Moipio adunnol xpomarorpaduu Ha n-aMHHO-
er-f-D-ruoranaxrosua-arapose. [loaromy npu
CO3/1aHHH BEKTOPHBIX CHCTEM, NPC/IHAZHAYCHHBIX
IS CHHTE3a YyXepoansix Oc/ikoB B cOCTaBe XH-
Mep ¢ f-ranakrosunasoi, Baxio 6uUl0 coxpauuTs
OONBIIYIO 9ACTE f-ranakro3uiashl B HENOBPEKIACH-
HOM BHJIE, ¥T0 obecneunno Owl cneEpHIHOCTL
xpomarorpaduueckoit O4HCTKH XHMepHBIX Beikos.
Beinenennnie Takum obpazom xumepHbie Oenxm
MPH HMMYHH3AIHH KPOJIMKOB BRIZLIBAIOT Hapabor-
Ky B OpraHd3Me JXMBOTHBIX aHTHTeNn Kak Ha f-ra-
NAKTO3H/1a3y, TaK H Ha neseBoi benok.

Y. Pyrep u B. Miomiep-Xuun (1983 ) coznanm
cepuio BekTopos pUR290, pUR291, pUR292
(pwc. 2.38), pazmigaroniaxca Mexay coboi imme
C/IBMIOM PAMKH TPAHCHSIHH H [PHTO/HKIX JUIN
Kiorupoeanus (Ppparmentos JIHK B 3'-womnesoii

obnacTu rena lacZ ¢ obpazopannem dhepMenTaTHB-



124 Inaea 2. BEKTOPHAS CUCTEMA MPAMOTPULIATENBHOM BAKTEPWIM ESCHERICHIA COLI

6 1010 1021
p-Gal ...Glu B0 i % g O g Ay U8 R VO O 1P
EcoRl Stop
lacZ . .GAATTCCAGCTGAGCGCCGGTCGCTAC CATTACCAGTrGGTjTG GTGTCAAAAATAA ...
6 BamHl _Sall _Pstl_ Hindlll _ Clal
pUR290 ... TGGTGTCAAAAAGGGGATCCGTCGACCTGCAGCCAAGCTTATCGATGA. . .
BamHl _Sall _Psl  Hindlll _Clal
pUR291 ... TGGTGTC GGGGATCCGTCGACCTGCAGCCAAGCTTATCGATGA. ..
BamHl  Sall Psil Hindlll  Clal
pUR292 ...TGGTGTCA  GGGGATCCGTCGACCTGCAGCCAAGCTTATCGATGA. ..

Puc. 2.38. Thnasmumet pUR290-292:

@ — FEHETHYECKas H PECTPHKIMOHHAR KapTa; § — aMHHOKNC/IOTHAR M HYK/IEOTH/IHAY NOCIEA0BATENBHOCTH f-TranaKroiHaaisl
(B-Gal) u ce rena lacZ B paitone BCTPOIKH NOMUTHAKEPA (AIITPHXOBAH HA KAPTE NIAIMMIL);
6 — HYKJICOTH/IHBIC NOCHE/I0BATCNEHOCTH NOTHIHHKEPOB

pUK270 pUR290
po Beraska 7+ po Z* Bcraska
TpanckpumMs
Tpancnsums

NCDINGD
A 3

H

l Ti epU3aLMs
pa30BAHUEM

€

()

R

axTHBHOro (hepmenTa
Puc. 2.39. Cxema cunTeda u cOGopxku hepMEHTATHBHO AKTUBHBIX XUMEpPHBIX (OpM S-ranaKTo3uaass,
AeTepMHHHPYeMBIX rubpuaneiMu monekynamy JTHK, nonyyesssivMu Ha ocHoBe Bextopos pUK u pUR

HO aKTHBHBIX -ranakto3nas. [omameKep, KoTo-
priii obecriedHBaeT CABHI PAMKH W BCTPOMKY wy-
weponuoro ¢pparmenta JJHK, nomemen B ren lacZ
HEMOCPEICTBEHHO Niepe/l cTon-TpHaierom. IToarto-
MY BEKTOPHAA [U1a3MH1a, KaK H €€ rubpuaHbIe 1npo-
W3BO/IHEIE, ofeceYynBaeT CHHTE3 akTHBHOM [3-ra-
nakTosu/assl, T. €. penorummueckuii otbop rub-
PHIHBIX KJIOHOB B JaHHOM CIIyHa¢ HEBO3MOMKEH.
B cBA3H ¢ 9THM rHOpHIRBIE IU1A3MALbI BbISBIAIOT
rubpHM3alHMeii HYKICHHOBBIX KMCNOT in Sifi KK
paIHOMMMYHOAHAIH30M in Situ ueneporo Genka.

INokazano, 4TO NMOMyHaeMbIe B 3TOH KCITPECCHPYIO-
uieii cucreme xumepnsie Genku f-Gal oGpasyior
TETpaMepsl, Kak B HeMyTaHTHas (opma pepmeHTa
(puc. 2.39). CocrsikoBka ¢ SB-razakTosmasom
OOBYHO MPHBOOXT K HOBRILICHHIO CTA0HJIBHOCTH
qykeponHoro 6enka B GakTepuaibHbix KIETKaX.
Jpyroii BapHaHT KCIPECCHPYIOILET0 BEKTOpa
Ha ocHoBe TreHa [acZ paspaboraH cOTpYIHMKEMH
T0# e nabopartopru B 1982 . Bektopras nnas-
mima pUK270 (puc. 2.40) conepxur reust lacZ,
lacY w yacTh reHa /acA NakTO3HOTO ONEpPOHA.
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FcoRl

I
4 HindIIl
ACG

] I 1 I 1
Xbal Bglll Pstl  BamHl  EcoRl

ACG CCA AGC TTT CTA GAG ATC TTC CAT ACC TAC CAG TTC TGC

HindIIl

Xbal Bell

6
TCA

GCC _TGC AGC AAT GGC AAG AAC GTT GCC CGG ATC CGG GGA ATT CA

Pstl

BamHI1 EcoR]

Puc. 2.40. Kapra nnasmuast pUK270 w nocneosareisHOCTE HYKJICOTHAOB NOJHIHHKEPA.
Lindpamu ofosHaYEHB COOTBETCTRYIOLINE TPHITETH! FeHa lacZ aukoro THNa (10 BCTPOKY nonuinkHkepa)

B pesynsrare Berpoiiku B Havano rexa lacZ nonm-
JIHHKEPA, CABHTAIOLIErO PaMKy TPaHCIAIMH, [Ua3-
Muaa aerepmuanpyet denomun LacZ-Y-, Bribop
mnasmuel pUK270 B kayecTBe BEKTOPA IKCIHPEC-
CHH OCHOBaH Ha TOM, uTt0 25 N-koHueeeix AK
[B-ranaxtosnaasel Moxkno Ge3 Hapyuienus ee dep-
MEHTaTHBHOIl AKTHBHOCTH 3aMEHHTH MOJMIIeNTH-
aoM nxoboro pasmepa u npoucxoxaenus. [lias-
MHIY MOXHO HCIONB30BATE U8 KIOHHPOBaHMA
JHK ¢ w3eecTHOl nocneoBaTensHOCTRIO B JIO-
OoM H3 pacroNOKEHHBIX B MONHIHHKEPE Y4ACTKOB
nedicteus pecrpukTas. Oanako B OCHOBHOM JIaH-
HEII BEKTOpP TPHMEHAIOT NMPH KJIOHHPOBAHHH 110
Pstl-yuacrky cny4aiineix ¢parmentos JIHK ¢ ue-
nonek3osaHueM gocTpoeHHbIx onuro(dG - dC)-kon-
OB (KOHHEKTOPHBIH METON).

THOPHIHEIC KIOHE! MOXKHO BhISBIATE 1o cOpa-
KHBAHHIO JNakTo3bl Ha cpene ¢ Xgal w HIITI
(cMm. 2.2.6). TNosenuennas sxcnpeccus B-ranakTo-
3H1Aa3bl, BO3HHKAIOLIAA 1MOCNC BOCCTAHOBJICHWSA
paMKu TpaHcusuuy, HeGnaronpusaTHa JUIs pocTta
KJIETOK M NPHBOOHT K HAKOIUICHHIO MYTaHTHBIX
Ia3MIJl, HMEFOIIHX Je()eKThl 10 BCTABKE H TEHY
lacZ. Tlooromy rubpHambie 1asmMuasl OTOHPAKT
Ha nrramme E. coli, XapakTepH3yrOEMCs cymep-
skcripeccueif lac-penpeccopa (myramms laclQ).
B TaxoMm mrraMme naxe npH HHAYKIHA TPaHCKpPHTI-
MM JIAKTO3HOIO omnepoHa ¢ momourso WITTC
HE MPOHCXOINT TOJTHOH IKCMpeccHH Tena lacZ, Ha-
Xonslerocs Ha MasMHiax. 370 obycroBIHBacT
crabuIbHOCTE cOxpaHeHus lac-onepoHa ¥ BCTPO-
enHBIX B Hero ¢parmenTos JIHK B nnazmmnax.

lpr KnoOHMpoOBaHWH CIydaiHbIX (parMenToB
¢ npucoeannenteM onuro(dG - dC)-konuos wHCno

Lac*-xononuii cocrasiaset oxono 5 % obiuero uuc-
na tpancHopMaHTOB. 310 00YCNOBIEHO TEM, YTO
¢parmenTor 9x3orennoll [THK cnocobubr omxu-
ratees ¢ BektopHoi JIHK B nByx opuenrtanmsx.
lNonoeura o6pa3oBaBIIMXCH KIOHOB COACPKUT
BCTABKY B HEMpPaBHIbHON opuenTaimn. M3 knonos
CO BCTABKOH B HYXHON OpHEHTaLMH TONLKO ¥ 1/3
Oyner cobmonatees a3a TpaHcusiuuu rexa lacZ
no 5'-KOHIly BCTPOIKH, H Numb 1/3 TakMx KOHCT-
PYKUMil BOCCTAHOBHT (paly TpaHC/HIMH H MO
3'-koHLly BCTPOMKH, T. €. BrIXOn ruOpHioB ¢ npa-
BHJIBHOH OpHeHTaleH YyKepoaHOH KOIHpYomeH
MOCNIE/IOBATENIBHOCTH H HM3MEHEHWeM (enoTHIa
konouuit Tpancopmantos ¢ Lac wa Lac* Oyner
fpoHcxonuTs ¢ yactoroi 1/18. Y 1aknx rubpmnios
nabnroiaeTcs CHHTE3 aKTHBHOH XHMepHOH fi-ra-
NAKTO3Ma3kl, coaepxaiucH Ha N-KoHUe gymKepo-
HYI0 aMHHOKMCIIOTHYIO NOCHENOBATENBHOCTD (CM.
puc. 2.39). PagHOoRMMYHOAHAIM30M OTOGPaHHBIX
HA CEJICKTHMBHOW cpene knoHOB Lact MOXHO BbI-
ABUTE nenessie rubpuuel. Ipu 91oM He Tpebyercs
JHAHMA MOCIENoBaTENLHOCTH KaouupyeMon JIHK
# wickomoro Oenxa. JlocTarouHo nHile HMETH aH-
THTENa K aToMy Oenky u onpenpeneusoro obnema
IKcnpeccHpyeMyo OHOIHOTEKY I€HOB HA OCHOBE
pUK270.

B psane naGopatopuii ¢ MCIONB30BAHHEM pac-
CMOTPEHHOH BBIIIE CTPATErHH CO31aHbl Habopb!
IKCTIPECCHPYIOUIHX BEKTOPHbIX MUIA3MHJI, B KOTO-
PBIX YHHKAIBHEIE YYACTKH PECTPHKIHH BBCICHEI
B TPEX Pa3sHbIX paMKaX TPaHCJIALHH B CTPYKTYp-
Hbie yacTH redoB bla (f-naxramassi), trpE (anTpa-
nunarcunaTeTasel) E. coli, 6enka A Staphylococcus
aureus v ap. Takue KCNPECCHPYIOLIME 1IA3MHIb!
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Puc. 2.41. Cxema sraumopeiicteus Ni-NTA ¢ nocienosarensHocThio fxHis

NPOHIBOJATCH JUIS NPOAMKA PA3HBIMH PUpMaMH,
CHEHAIH3HPYIONHMHACH B 00NacTH reHeTHIecKo
HIDKCHEPHN.

Wurepecuniii noixon k aoctiwkenuio 3ddex-
THBHOH MPOJIYKIIHH H NPOCTOH OTHCTKH 1IENEBbIX
GenkoB npesuioker B 1991 . @upmoii QIAGEN
paspaloTran xenarupylommii aacopbenT Ha ocHose
HMTPHJIOTPHYKCYCHOH  KHCioTh  (nitrilotriacetic
acid, NTA). NTA pocrarouno npouHo ceasbiBaeT
KaTHOH HHKEJS, KOTOPLIH B CBOIO OYEPE/Ib COCO-
6en addexTHBHO B3aHMOZICHCTBOBaTH C TIEITTHII-
HOH NOCACAOBATENLHOCTBIO M3 HECKO/ILKHX OCTaT-
koe rucTuua (puc. 2.41). Ni-NTA-arapo3a Bbl-
COKOMPPEKTHBHO CBAIBIBAET NOCIENOBATENBHOCTE
w3 mecTH recTiynos (6xHis) u obecneansaer onn-
HoCTANHHHYI0 ouMcTKy Oenka, copepxaero
6xHis, no 95%-Ho# rOMOreHHOCTH Jiake B TOM
cyuae, KOI7ia ero cojiepxanue B cymmapuom 6en-
K€ KJIETKH cocrapiser Menee | %.

buuio cozpaso cemeiicteo mmasmua pQE
(pwc. 2.42), B cOCTaB KOTOPBIX BKIIIONEHBI CIIE/TY10-
uue anemenTni: 1) perumukon ColEl; 2) onmemMusu-
POHAHNLIH  MPOMOTOPHO-ONEPATOPHLIH  JJIEMEHT,
COCTOAIMH w3 npomoTopa gara T5, yznasaemoro
PHK-nonmumepasoii E. coli, u nsyx lac-oneparopos
Juis dexTHBHON pertpeccun CHbHONo (arosoro
npoMOTOpa; 3) /IBa CTPOrMX TEPMHRATOpA TPaHC-
kpunuuu — fo dara A u T1 oneposa pubocomnoii
PHK E. coli pyia npeporspanieHus TPaHCKPHTILMH
APYTHX HOCIE0OBATENLHOCTEH IUIAZMMIBI U TCM
cambiM Juis cTabMinmzanmn ee HACHENAOBAHUA NPH
JeJIeHHH KNeTOK; 4) CHHTeTHYeCKHH y49acToK CBS-

3niBaunus pubocom RBSII, obecrneunsaromuii Bol-
COKHif YPOBEHbL TPaHCIAHN, 5) MOCTeNOBaTETh-
HOoCTh 6XHis, pacrioioxeHnyo Ha 5'- unu 3'-koH-
L€ KIOHHpYyeMOii wuenesoii nocnefoBarenbHOCTH;
6) nonuIHHKEp, coepKalivi YHAKATbHBIC Y9acT-
KH JICHCTBHA Pa3HbIX PECTPHKTAZ.

B kawecrse xo3auHa miasmuy pQE wcrons-
sylor wirammel E. coli ¢ myrammei laclQ, komc-
THTYTHBHO  npoayumpyioume  lac-penpeccop
(cm. 2.2.6), uto obecneunBaet >¢pexTuBHOE GnO-
KHpOBaHHE TPARHCKPHITIAH € CAJIBHOTO MPOMOTOpA
bara T5. Unnykuus TPaHCKPHITIHE NOCTHIAETCS
nobasnenuem B cpeny UITTI

Oxazanoce, uro B3auMoaeicTere 6xHis ¢ Ni-
NTA-marpureii He 3aBHcHT OT KOH(OpPMALHH CHH-
Teaupyemoro xumepnoro Genka. Ilpu srom 6xHis
HMEET 3HAYMTENBHO MEHBIIHE PAIMEPE], YEM npy-
rie nonMrenTHasi-HocuTend. Tpu ¢usnonornye-
ckux sHauenuax pH GxHis ve sapsxen u cnaGo-
MMMYHOTEHEH, MO3TOMY XWMEPHBIH GEI0K MOXET
OBITb C YCIEXOM HCTIONB30BAH JUIA TIONYSCHHS aH-
THTENI NPOTHB Henesoro Oenka, KOAMPYIOmas mno-
CREAOBATENHEHOCTE KOTOPOTO BCTPOEGHA B BEKTOP
pQE.

IKenpeccuss HHAHBHAYAILHOIO LEJIEBOI0
Geunxa. Ipu coznauuM MpoOAYLEHTOB ONpencieH-
HBIX OenKoB (B TOM 9HCIIE YEIOBEKa M KHBOTHBIX)
Hanbonbuuilt HETEPEC NPCACTARAAIOT I'EHETHHE-
CKHE KOHCTPyKiiH, obecneunsatouue sdhexTun-
HEIH CHHTe3 B KJETKe-PelMITHeHTe YYXepOoHOTO
Genka Ge3 pobGarnenns K Hemy Kakux-nmubo nocro-
POHHHX @MHHOKHCIIOTHBIX MOCNEAOBATENBHOCTEH.
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4 Xhol (0/3416)

Bgll (2544)

NOJIHJIHHKep

Xbal (1118) TI

6
pQE-30/pQE-80 L
Smal
EcoRI/RBS 6xHis BamHI Sphl Sacl Kpnl Xmal Sall Pstl  HindIll ty

| ATGAGAGGA TC G- -|GGATCCGCATGCGAGC TCGGTACCCCGGGTCGACCTGCAGCCAAG CTTAATTAGCTGAG ]

pQE-31/pQE-81 L
Smal
EcoRI/RBS 6xHis BamHl Sphl Sacl Kpnl Xmal _Sall  Psfl  Hindlll t
[ ATGAGAGGAT C THEAC[GGATCCGCATGCGAGCTCGGTACCCCGGGTCGACCTGCAGCCAAGCT TIANATTAGCTGAG ]

pQE-32/pQE-82 L
Smal
EcoRI/RBS 6xHis BamHl Sphl  Sacl Kpnl Xmal Sall  Pstl  Hindlll ty
[ ATGAGAGGATC TR - G[GGATCCGCATGCGAGCTCGGTACCCCGGGTCGACCTGCAGCCAAGCTTAATTAGCTGAG [

Puc. 2.42. Cxema pextophbiX inasmun cepuu pQE (a)
H [OC/EI0BATENLHOCTD HYKJICOTHIOB B palioHe 1osHiHKepa (6).

I'lnnlrcpxﬂyru TEPMHHATOPHBIC TPHILIETEL, obBeaeHb! NOCHENOBATE/IBHOCTH NOTHIHHKEPA

OnneM H3 BapHAHTOB pelueHus 310l npobnemel
crano cosnanue A. llaumadom u M. PosenGeprom
¢ coasropamu (1983 1) BexTOpHO# cHCTeMBl PAS
(puc. 2.43), koropas obecrnieuneaet 3hPeKTHBHYIO
CTPOIO PEryaHpyeMy10 TPAHCKPHIILHIO BCTPOEH-
HOI TOCNENOBATEILHOCTH W MOXET HanpaBisTh
cuHTE3 dyxeponuHoro Oenka B cBobonHOM BHIE.
Tnasmuaneni Bexrop pAS ssigercs o6pasioM Bei-
COKOMHTEIIEKTYAIBHOIND KOHCTPYHPOBAHKS MOIe-
kyn JJHK. O coctonT U3 ynopsno4eHHO pactiono-
WEHHBIX PeHeTHYecKux Onokos. TpanCkpHIinma
yywepoHsix (pparmentos JHK B pAS wrnnmmpy-
€TCA C CHILHOIO (HaroBoro NpoMoTopa py.

B knerxax E. coli, nusorennbix no dary A,
MPOMOTOP Pp. HAXOAWTCA B pENpeccHPOBaHHOM CO-
CTOAHHM 33 CHET B3aMMOACHCTBHA OMNECPaTOPHOIO
paiiona o ¢ darossim penpeccopoM cl. B Tom cny-
yae, Korja 1npod)ar COAEePXHuT reH TePMOYYBCTBH-

TENBHOIO Penpeccopa, HHAYKUMA TPaHCKPHITLIUK
¢ NIPOMOTOPA pp. HOCTUraeTcs MEPEHOCoM KIIETOK
¢ remmeparypsi 30 °C ua 42 °C (npu 31oM Genok cl
HHaKTHBHpyeTes). TIpH MCMONB30BAHKM JIH30TEHA
OUKONO THITa Mo rexy ¢l HEOyKuuio MOXHO Ocy-
LECTBIATh XHMHYCCKHM TTyTeM, nobasnss B cpeay
noepexcpatomue JIHK arents!, Takue, Hanpumep,
K4K HaJMIHKCcOBas Kucnora. B atom ciydae mpo-
HCXOAHUT MHIYKIHS CHHIE3a MpOTeaskl TecA, KO-
Topas pacueruisier Genok cl ¢ara 1. B kavectse
KNETKH-PEIHIHEHTa HCIONb3YKT TAKHE WTAMMEI
E. coli, y xotopeix nipodar nedexteH no (PpyHKIn-
aM peruiakaumn. TToaromy mocne uHayKIH# daro-
BOE MOTOMCTBO HE (GOPMHPYETCH M KICTKH HE JIH-
3UPYIOTCA.

Jlns obecneyenus CTPOroi perynsiiuy TpaHc-
KPHIIMK 10C/e MPOMOTOpa py. BBelieH GJIoK 13 1py-
rOro paioHa reHoma (ara A, copepkaumii TepMa-
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Puc. 2.43. Kapra sexroproii niasMuiasi pAS

HATOP TPaHCKPHNLEK tR) (cM. puc. 2.15). Tpasuc-
KPHIIINUA, HHHIMHPYEMas ¢ TIpOMOTOPa pr, MOXKET
NPEONOICBaTh JaHHBIH TEPMHHATOP TONBKO INpH
HanHYKH B KNeTkax E. coli Genka anTHTEpMHHEATO-
pa N (ara A. 310 gocTHraeTcs TaKKe MyTeM HH-
aykimu npothara. Takum obpasom, Mocnie HHAyK-
npE npodara MPOMCXOMAT ziBa COOBITHA: pa3spy-
wenue Besika cl ¥ cuaTHe penpeccuu ¢ NpoMoTopa
pi; cuHTes Genka N u ero ceaseiBadue ¢ PHK-no-
NHMepa3oii KIIeTKH, 4To obecneuHBaeT Mpoxox/ie-
HHE epMeHTOM TEPMUHATOPA tR].

Crnenyrowmii paiion B crpyktype pAS mpen-
crapiser cobol NPHPONHBIH YYaACTOK CBA3BIBAHUA
pubocom rena cll ¢ara A (SD-ATG). VuacTok y3-
Hapanus pecrpukTaisl BamH1 pacrionoxen rak,
4TO JaHHBIH (EPMEHT pacilernseT niasmMHay cpa-
3y 3a uHunuaropueiM ATG-tpauierom. 910 mno-
3BOJIAET TOYHO TOACTPAHBATL YYXKEPONHBIE KOIH-
pylonme rnocneaoparenbHocTH (0bbyHO ¢ TIO-
MOMIBIO cuHTeTHYeCKHX cermenToB JIHK) u no-
cturath pPexTHBHOrO cHHTE3a nencsbix Genkos
B cBobonHOM BHAeE. TTocie dykepoaHOl BCTpoiiky
B BEKTOpE PAS pacnonomkeH p-He3aBHCHMBIH Tep-
MHHATOp TpaHcKpurmuH. [aHuenii TepMuHaTOP
obecrieunBaeT CTabMILHOCTEL COXpaHeHus rubpu-
HOM mia3Muael B KneTkax £. coli, Tak kak B €ro
OTCYTCTBHE HHTCHCHBHAS TPAHCKPHITIHA C MPOMO-
TOpa P MOXET NONABIATD HHUIHAIMIO PETUIMKa-
LMH TIA3MMJIB € YUACTKA ori.

AJIETEPHATHBHBLIM PACCMOTPEHHOMY SBASETCS
MOAXOL, 1TPH KOTOPOM KJIOHHPYEMYH) KOIUPYOLLYIO
MOCAENOBATEILHOCTE COCTRIKOBBIBAKOT C CHHTETH-
HECKUM YHACTKOM CBA3hIBaHMsA pHOOcom. Takoii ren
MOKHO BCTPAaHMBaTh B MOOYI0 TOYKY CTPYKTYPHOH
4aciu BeIGpanHOro GakTepuanbHOro resa. B mpo-
Hecce TPaHCKpHITLHMH THOpHHOTO TeHa OyzeT cuH-
TesHposarhea xumepnas MPHK, conepxaiias nsa
yHacTka cea3biBaHua pubocom: npupommbii ygac-
TOK Ha HETPAHCIHPYEMOM 5'-KOHLIE W HCKYCCTBEH-
HbIif BO BHYTpEHHEH NoCeoBaTeILHOCTH 3T0 e
MPHK. Wsnnmaims Tpancasimy ¢ HCKYCCTBEHHOIO

RBS npusezieT k cuATE3y B GaKTepyi aBTOHOMHOTO
uyxkeporuoro Genka. B 1981 . no rakoit cxeme
B E. coli Obin cHETE3MpOBaH B cBOBOHOM BHIE Ma-
neii t-aHTHTeH BUpyca SV40. bonee Toro, HeToms-
3y 9Ty MONENBHYIO CHCTEMY, YAAlNOChk CPaBHHTH
apdexmBrOCTs QYHKIHOHHPOBaHUA in Vivo pas-
HbIX CHHTETHYeCcKHX RBS.

JlorHueckum pa3BUTHEM [AHHONO HANPABIEHHS
aeunack pabora C. H. Illenkynosa ¢ coTpyaHuKa-
MH, KoTOpBIe B asmMuay pBR327 no mecram rua-
ponusa pectpuktazamu EcoRl1 u Hindlll sctponnu
cunrernyeckuii Gparment JTHK, cocrosumii 3
y4YacTka cBs3biBaHus pubocom rena gocdopubo-
sun-anrpannnarTpascgepasu trpD E. coli (RBS1)
H KOAMpYIOIIeH MOCHcHOBaTENbHOCTH —3PENoid
dopmer  wuTEpdhepora @2 4enoseka (HulF-a2)
(puc. 2.44). Tlocne BCTpaHBaHUA HAPYIIHICA 11PO-
MOTOp r'eHa fef, HO Y9acTOK CBA3bIBaHMs pHbocoM
(RBS2) coxpanmnnca. CKOHCTPYHPOBaHHYIO [l1a3-
muny obosnauumn pEMBI0O!. Ecom B pEMBI10]
gcTpoute Mo  EcoRl-mecty mobGoii  ¢parmenT
JHK, conepwautuii npoMoTOp, HAanpasIsrolHii
TPAHCKPHTIIHIO B CTOPOHY T1Ia3MMIHOTO TeHa fef,
10 Oyner cuuresnposatses OuumcTponnas MPHK
M Ha cpele ¢ TeTPALHKIHHOM MOXHO 0TOOpaTsh
Kicnsl Knetok E. coli, comepxammx TakHe rub-
PHAHEIC NNaIMUILL B TaHHOM cITyuae TpaHCnSALHs
tet-Oestka uHMOumpyeTcs ¢ RBS2 Ha xuMepHoi
MPHK. ITokalaHo, 49To ceNleKTHpYeMBbIe TaKHM 00-
pasom rubpuaEbie MIa3MUAbl 00eCIeYHBAOT CHH-
1e3 B E. coli narmBHOrO HHTEpdepoHa gesnoBeKa
(vnvumaums ¢ RBS1), npoaykiss KoToporo npo-
MOPIHOHANIBHA e TEPMUHHPYEMOMY HMH YPOBHIO
YCTOHUHBOCTH KJICTOK K TeTpauuiianny. K knoHs-
pyemoii B mogoOHBIX BEKTOpax IOCTENOBaTeNb-
HOCTH MOXHO TOACTPaHBATH MHOMECTBO Pasiiy-
HbIX [POMOTOPHBEIX O0NacTel M M3y4aTh UX BIMS-
HHE HA YPOBEHDL MPOAYKIHH Oenka, KoIMpyemoro
3T0i NOCAENOBATENBHOCTLIO.

HHTepeckoit 061acTsI0 HCCNIENOBAHMNI SRIISET-
cf TAK/KE CO3[iAHHE BEKTOPOB, NPH BCTPOHKE B KO-
TOphle KOAHPYIOWHEX rocnenosarensioctei ¢op-
MHpYyeTcA THOPHIHBLA Y9aCTOK CBA3BIBAHHA pHOO-
com. B nanHoM ciryuae B BEKTOPHOH YaCTH IUTa3MH-
JIBI CONEPIKHTCH IMOCTENOBATENBHOCTD, BKIOYAI0-
mas npomorop ¥ SD-yuactok (em. 3.3), a Berpau-
BaCMbIi CTPYKTYPHBIH T€H JOMKEH COAEPXKaTh
waHuparopusii Tpamier ATG. B Takoi rubpun-
HOH IUIa3MKIIE TPAHCKPHUITIIUS YyKepoaHoro 6eka
WHHIIHHPYETCA ¢ TPOMOTOpa BEKTOpa, a TPaHC/s-
HA — ¢ THOpHIHOrO yHacTKa cBsAsbIBanns pubo-
coM. [Tpu 310M CHHTE3HPYIOTCA HATHBHBIC HYHKE-
POAHEIE MOIHMETTTHIEL.

Crporas penpeccHsi TPAHCKPHIUMH Iejle-
BOTO rena. B Tom ciydae, xorga sKxs3oreHnslil Oe-



2.2. MONEKYNAPHLIE BEKTOPH E. COL/ 129

| EcoRr1 + Hindlll

Eco
P “‘%\ ren HulFN-a2
&
HindIIl

RI

EcoRI + HindIIl

l JHK-nurasa

EcoRI

Puc. 2.44. Cxema co3ganns nnasmuasl pEMB101 u ee npomoTopcoaepKanivx NpoH3BofHEIX

TIOK TOKCHY€EH Jins knetok E. coli, neobxoaumo ue-
TIONTB30BATEL CIICLIHAIBHEIE BEKTOPHI JKCIPECCHH,
KOTOPBIE MMEIOT CHCTEMY CTPOrOif perpeccHH
TPAHCKPHIUWH KIOHHPOBAHHBIX MOCIEIOBATE b~
nocreil. Kynerypy, conepxautyro Ttakyo rubpu-
HYHO [JIA3MH]TY, BLIPALIMBAKOT /10 BBICOKOH ILTOT-
HOCTH B YCJIOBHSAX PENPECCHH TPAHCKPHIIHY Yy~
WEPOAHOIO FEHa, a 3aTeM HHIYLHMPYIOT 3KCIpec-
CHKO 3TOrO reHa. Jlo MOMeHTa, Korja nposiBHTCS
TokcHueckHii 3¢dexT cuntTesnpyemoro Oenka Ha
KJIETKH, OH yCIIeBaeT HapaboTaTeCs B JOCTATOYHO
OONBIIMX KOMHYECTBAX, Tak KaK KOHUECHTPALHs
KICTOK B KyneType Beicoka. K BekTopam Takoro
THNA MOXHO OTHECTH paHEe pacCMOTPEHHBIE
vl pSCC31 (em. pre. 2.36) B pAS (cm.
puc. 2.43).

Jlpyro#i BapsaHT CTPOro#i perpecciy peanuso-
BaH B rnasmuae pDOCS5 (pue. 2.45), onrcanHOi
K. O’Konnopom u K. Tummucom B 1987 1. B nan-
HOM clly4ae TPAHCKPHIILUMA C PerpeccHpyeMoro
Genkom cl npomotopa pr. dara 4 HononHHTENILHO
NnofiaBseTca BCTPedHON TPaHCKPUTILMEH ¢ IIPOMo-
TOpPa Piac. IlonaraoT, 4T0 NOMOIMHHTENBHAA perl-

5 MEHETHUSCKER MHNBHIDWR

peccus 06yClOB/eHa CHHTE30M C Plac AHTHCMBIC-
noeoii PHK, kotopas moxer ofpa3oBeiBarh yTI-
nexcs! ¢ marpuysoit PHK BerpoerHoro rena, cui-
TE3UpyeMoii ¢ pr, # CIOKHpOBaTH €€ TPAHCIAHIO.
Kpome 71010, BOSMOXKHA HHTepdepeHnns 3a cuer
cronkHoBeHHs Monekyn PHK-nonmamepas, nerxy-
IHXCA HABCTPETY APYT APYTY.

Cosnanusiil Bextop onpoboBas npH KJIOHUPO-
BaHWH reHa fral KOHBIOraTHBHLIX TUIA3MHI IpyTl-
el F, KOTOpSIii KOAHPYET OCHOBHOH JNMIIONPOTENH
BHELIHeH MeMOpaHbl TUIA3MHIOCONEPHKALMX Kie-
Tok E. coli, a Takxe npH BCTPOiiKe TeHa PECTPHK-
Tazsl EcoRl. @parment JIHK, copepxamuii rexb
pecTpukTasel M Metunassl EcoRl, Berpamsanu
B pDOCS5 no Smal-ywactky. Or6upann nnazmn-
Jy, B KOTOpo# reusl EcoRI-cucTeMbl MMESIH Ty e
OPHEHTAIHIO, 4TO H MpPOMOTOpP pr. B rexe mern-
nasbi EcoR1 epMeHTaTHBHO BHIEIUIANH CETMEHT,
4TO NPHBONMIIO K MHAKTHBALMH reHa, H NomyueH-
vy JJHK mmxmizoBaad ¢ nomMouso JHK-nura-
3p1. [Tomyuernsiv npenapatom JIHK Tpancdopmu-
posanu knetku E. coli, nusorenssie no dary A,
B YCJIOBHAX HHIYKIHH TPRHCKPHITIIHH C POMOTO-
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Pyc. 2.45. Kapra nnasMmu/isl CTporoli penpeccun
IKCHPECCHH KIIORHPYEMAIX TEHOB

Pa Prac (nobasnermem B cpeny UITTT), a Takxe 6e3
MHIYKUHH. B nepsom ciiyyae #a cpele ¢ aMiMi-
JNHHOM BRIABISIOCHE okosio |04 TpancdopmaHTOB
sa | mxr JIHK, a 8 nocnennem tpancdopmants
obnapy#enbl He ObUM, TaK KaK CHHTE3HpyeMblE
Jlaxe B YCIIOBHAX PENPECcCHH MPOMOTOPa Py, ClEa0-
BBIC Ko/MuecTBa pecTpHKTaskl EcoRl okaspsaor-
csi ryGUTeIBHBIME JUIs 6aKTepHH. DTH Pe3yNBTaThl
€O BCCH O4EBHIHOCTBIO IEMOHCTPUPYIOT BRICOKHIH
YPOBEHb perpeccHHd JUil CHCTEMBI BEKTOPHOMH
nmaasmMuasl pDOCSS, nocturaembii Nps MAIY1H-
PORaHHOI (KOHCTUTYTHBHOIM ) TPaHCKPHIII{HK C TIPO-
MOTOPA Pigc (CM. prc. 2.45). 370 no3ponser Kjio-
HHPOBATEH B €€ coCcTaBe reHel, unLi Genkosbie npo-
JYKTEl BBICOKOTOKCH4HBI JUIS KJIETOK-pPELMIIHEH-
TOB, H B HYKHBIH MOMEHT HHIYIIMPOBaTh HX JKC-
NPECCHIO.

Takum obpasoM, npobneMa CO3MaHHA BEKTO-
poB., obecneunBaOIMX NPaBITEHYI0 H 3(dexTiB-
HYIO 3KCHPECCHIO YYKEPOIHHIX I'eHOB B KJIETKAaX
E. coli, B uenoM pemena. OaHako 3T0 HE 03HA4AET,
uro He OynyT cosnasarnes HoBemie, Gonee addex-
THBHBIC BEKTOPBI IKCIPECCHM, B TOM yHChe obec-
TIeUHBAIOLIHE CEKPEIHIO 1ieNeBbiX OeKoB U3 LNTO-
1a3Mbl KIETKH.

2.2.10. Bekmope: E. coli,
demepMUHUpPYIOLUe CeKpeyuio
YymepooHsix Genkoe

Oxono 25 % cymmapHoro OeJika, CHATE3HpYe-

Moro E. coli, HaxonwTes B TUIa3MaTHYCCKOH MeMO-

paHe, NEPUNIAIMATHYECKOM MPOCTPAHCTBE M Ha-

pyxHO#I MemOpane kieTkn. O6HapyKeHO, 4TO MHO-
rue Genky, NOKaAH3OBAHHBIC B 3THX CTPYKTYpax,

AB/IAIOTCH CEKPETHPYEMBIMH H TMEPBOHAYATBEHO

CHHTE3HPYIOTCS B BHJC TMPEIIeCTBCHHUKOB, CO-

nepampx Ha N-KOHLE MHAEPHYIO (CHIHAIBHYIO)

nocnenosarenbHocTh. COrnacHo CHTHANLHOM M-

notese I. bnobens (puc. 2.46) 3mi N-koHuesble

NOCNEAOBATENBHOCTH NPE-0ENKOB CITY AT B KauecT-

BE CMIHAJIOB, HHHIMUDYIONIMX CeKpelHio Oenkon

M3 [HTOINA3ME! KJICTKH, U HX MPHHATO HA3BIBATE
CUZHATBHBIMU nenmudamu. B npouecce cHnTesa
npe-6enka CHrHamBHENT nentuj obycnosnupaer
B3ammMoselicrBie pHOOCOMBI C TaK HA3BIBAEMOI
YacTHIIEH, y3Hatowen curuansubii nenmia (SPR),
KOTOpas B CBOK) o4epens obecneyBaeT cBs3bia-
HHE MAHHOIO KOMIUIEKCA €O cneuH(UYHbIM yuacT-
koM Ha Membpane. ITocne ces3bIBAaHHUA KOMIUIEKCE
¢ MemOpanoii cunrTes Genka NpojoJpKaeTcs ¢ OJiHO-
BPEMEHHO#H CEKpeImeH CHHTE3MPYEMOH aMHHO-
KHCNOTHOM nocneposarensioctH. Cpasy nocre 3a-
BEPLICHHA CEKPELMH HIIM B XOHAE €€ CHI'HAMBHBIH
TIETTTH,T OTILETUINETCA SHI0NeNTH/Ia30ii, HAIBAHHOH
cuznanbuoll nenmudazol. B werke E. coli cur-
Ha/IbHas TICNTHIA3a HAXOUTCA HA NEPHILIAIMaTH-
4eCKOH NOBEPXHOCTH NIAIMATHYECKOH MeMOpaHEl.
OTnieiuieHHbI CHTHAIIBHBINA NENTHIL 3aTeM rHIpo-
JIH3YETCA HERMUOG30N CUZHANBHOZO nenmudda.

B nacrosiiee BpeMs HaKOIMHIOCh MHOXKECTBO
JI2aHHBEIX O TOM, YTO MEXaHH3M cekpeumn Genkos
uepe3 MiasMarH4eckne MeMOpaHbl BO BCEX THNAX
NPOKAPHOTHUECKHX H 3YKaPHOTHYCCKHX KJICTOK
B OCHOBHOM OIMHAKOB. AHanu3 GONbLLIOro yucna
110CTIE/IOBATENFHOCTEH IYKapPHOTHYECKHX H ITPOKa-
PHOTHYECKMX CHI'HAIBHBIX NENTHIOB BBISBHI CY-
LIECTBEHHOE CXOACTBO HMX opranusaimu. Jlnusa
CHIHANBHEIX MenTHAOB OOBYHO coctaBnser 15—
25 AK. 3apsoxennbie aMMHOKHCNIOTE B OCHOBHOM
PACIIONIAraloTCs CPEeAM NEPBBIX MATH—CEMH, H HMX
CYMMapHBIli 3apsi/l HAXOMTCS B ITpejienax or +1 1o
+3. Cpe/Han 4acTh CHIHAJIBHOIO NENTHIA COCTOMT
W3 kiactepa ruapoobrsix aMMHOKHCAOT. ['Hapo-
(poBHOCTE FTHX NENTHAOB CYUIECTBEHHA JUIA BhI-
nonxeHus UMy QyHKIMH sKenopra Genka U3 um-
TOTUTA3Mbl, @ CYMMapPHEIH 3apsa BAHAET Ha 3 dex-
THBHOCTh K4K TPAHCIALMH, TAK M IKCHoOpTa npe-
Genka. CureajisHbie NENTHIIBL cofiepaT uHdopma-
110, HEOOXOMMMYIO U1 HX OTILEIUICHHA OT npe-
Oenka. Kpome cUrsalibHOro NnenTH/A Ha MpoLece
CeKpelMy BIHSeT W IOCIEIOBATENEHOCTE OCHOB-
HOIf yacTH npe-6enka.

Mexaunsm cexpermu Genkos B Kiuetkax E. coli
MHTEHCHBHO H3yqaeTcsi. B maHHON rpamorpuiia-
TensHoi GakTepun cexkpenns GeNKOB U3 LHTONIA3-
Mbl MOXET NPOMCXOIHTE BO BHEIIHION H IL1a3Ma-
THYECKY10 MeMOpaHbl, a TakAe B TEPHIIa3MaTH-
HecKoe IPOCTPAHCTBO, pasjesnstoniee 3T MemG-
pansl (puc. 2.47). Cexkpeuns Genkos w3 E. coli BO
BHELIHION0 CPE/Iy NPOHCXOAHT KPAaiHe PEJIKO.

[TepBBIM BHEKIETOYHBIM GeNKOM rpaMoTpHLa-
rensHeix Gakrepwii, juis kotoporo k. INonuepy
¢ coasropamu B 1987 1. ynanock ycTaHOBHTL MeXa-
HH3M CCKPELMM U3 KIICTOK (IKCKpeLHH), ABMIACH
nporeasa munnokokka Neisseria gonorrhoeae, cne-
nuaan K ummyroriobynuny IgA yenoseka. l'en
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Pug. 2.46. Tpancnokalms cekpeTHpyeMuix GEIKOB Yepes niasmMarnyeckyro memOpany:

I — pnBocoma; 2 — cHTHATEHEIH nenTHa; 3 — prGOCOMHENIT peuenTop; 4 — CHIBaNkHas menTHIasa;
5 — curHanbHeI peLenTop; 6 — KOMOHE CHTHANBHOTO menTiaa va MPHK
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Puc, 2.47. Bapuantsl cekpeunn U konednoit nokannsanun 6enkos 8 kierkax E. coli.
YepubiM TPEYTONBHHKOM 0TMEYEHO MECTO OTIIENNEHHA CHIHAIBHOMN NETTTHAR

IT0H MpoTeass! KNoHuposanu 8 E. coli, n 661 mpo-
JICMOHCTPHPOBaH CHHTE3 M 0Dpa3’oBaHHe BHEKIIC-
TOMHOIO AKTHBHOrO (pepMEeHTa B JIaHHOH reTepo-
NIOTHYHOH CHCTeMe. 3peliblii (pepMEHT HMEET MO-
nexynspryio Maccy 106 k/la, Ho mepBoHa4aILHO
OH CHHTE3HPYETCA B BH/IC IPE/ILICCTBEHHUKA Mac-
coit 169 k/la. IlpefecTBEHHHK CONEPIKHMT TpH
(PyHKUIMOHAMBHLIX oMeHa: N-KOHLIEBO# mijep, Ko-
Topblil obecneumpaer TpaHcropr Oenka Hepes
M1a3MarHiecKy o MemOpany, cobcTBeHHO MpoTea-
3y # C-KOHLIEBOH JIOMEH-TTOMOUIHHK, HEOOXOHMBIHH
JUIS TIPOXOX/ACHWA MAKPOMOJIEKYNbI Hepe3 BHEll-
HIOK0 MeMOpany. N-KoH1IeBOI Jinep (CHIHAIBHbIHA
NIENTHI) OTHICNJISETCS B Mpotlecce cekpemn ben-
Ka-TIPE/IIIECTBEHHHKA  Yepe3  IUIa3MaTHyecKyro
meMOpaHy B NEPHIVIA3SMATHYECKOE NPOCTPAHCTBO
(puc. 2.48). INocne 3toro C-KoHNEBOMH IOMEH-110-
MOUIHHK BBINONHACT posik nopst (6enka nopuna)

IUTS KCKPEIHH NPOTea3HOro JIOMEHA YePe3 BHEIII-
Hio memOpany. [Tocne BeIXo/a MpoTeasbl U3 KJIeT-
KH OT HEE B PE3YNETaTe a8TONPOTEOIM3a OTILEIUIA-
ercst C-kxonueroit someH. O6palosasuiascs Tpo-
dopma 3areM pacnasaercs Ha 3penyio dopmy
IgA-nporeasel i neGonbuioi crabuwibHBIH Q-1IpO-
TeuH (cM. puc. 2.48).

Jlannmbiii MexaHu3M CaMOCTOATENBHOH IKCKpe-
umn G6enKoB M3 rpaMoTpHLATENBHEIX OaKkTepHi, no-
BHIMMOMY, ABIseTCS 0OUIMM, TIOCKOJIBKY JUIA CE-
PHHOBO#H TIpoTeaskl Serratia marcescens, CEKpETH-
pylouiedics 1 w3 xuerok E. coli, nepposasaisio
CHHTE3UPYETCA  MPEMUECTBEHHHK,  HMEIONHH
N-koHLIEBOH CcHrHajbHbI nerntua U C-KOHUEBYIO
NOC/EN0BATeIbHOCTb, OTCYTCTBYIOLIHE B 3peioi
dopMe BrEKIIETONHOTO lepMEHTA.

Hamume NOBOMBHO CAMKHOIO MEXAHM3MA IKC-
KpelnH KpymHeIX OekoB H3 IpaMOTPHIIATENLHBIX
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Puc. 2.48. Monens cexpetin IgA-nporeass! 32 Npe/ielibl IPAMOTPHIIETENLHOH KASTKH:
1, 2, 3 — Touxn apTronpoTteonusa Genka

OaxTeprasbHbIX KJIETOK HE IO3BOJISET IOKa COo-
37aTh FNEHETUHECKHE KOHCTPYKIMH, obecnedHBalo-
NHe CHHTE3 XHMEPHBIX GeNKOB-Tpe/ilieCTBEHHH-
KOB, CIIOCOOHBIX CEKPETHPOBATH BO BHEILIHIO Cpe-
Ly 4y’KepO/IHble 11 6akTepHii BEICOKOMOJIEKYIISpP-
HBIE TIOJTMICITTH IBL.

bonee mpocro opraHU30BaHHAA CHCTEMAa CCK-
permn OenkoB Hepes mIasMaTHyecKyio MemOpany
BIIOJTHE MOXKET OBITH CMOJIC/HPOBaHA B IKCHICPH-
MenTe. JlaHnblii noaxon npeacTaBaser SHaMHTCI b
HEI HHTEPEC /U1 OHOTEXHOJIOI'MY, TaK KakK 3aMaH-
YHBO METOAaMH TEHETHYCCKOH HIDKEHEPHH CO3/ia-
Bark rMOpHIHBIe reHkl, KOTOphie O6yCIIORIHBAIH
Okl CEKPENMIO HYKEPOMHBIX GENKOB W3 HMTOMIA3-
MBI KneTks. bonbmmucTBO Sykapuornueckux Gen-
KOB, CHHTE3HPYEMBIX B ICHHO-HMHIKEHEPHO CKOHCT-
pyHpoBaHHbIX WwTamMax E. coli, coxparsaior N-KoH-
11€BOH MCTHOHHH M TEM CAMBIM OWIHYAOTCA OT
npupoaubix GopmM 3mux Genkos. Ipeononers jau-
HOE 3aTPY/IHEHHE MOMHO, COCTHIKOBAB KOJIMPYIO-
{HE MOCIIEIOBATENLHOCTH 3penoi (pOpMEl H3yyae-
Moro Gesika M Kakoro-muGo CHIrHAJIBHOTO MENTHIA
E. coli. Tlpy npaBHIBHOM NPOLECCHHTE CHHTE3M-
pyemoro xumeptoro Genka B E. coli Gynet oGpaso-
BBLIBATECA MOJHOICHHBIH 3yKapHOTHHCCKHI 110JH-
nentHa. bonee Toro, ceKpeLHs MOMeT 3aAlHTHTE
4YyKePO/IHbIH OeJIOK OT MHOTOYMCIICHHBIX NMPOTEa3
LHTOIUIE3MBl KJIETKH W 38 CHET 3TOro IOBBICHTE
YPOBEHE €ro CHHTE3a [ITaMMOM-TIPOAYHEHTOM.

TNepunnasmaritieckne Geku rpaMoTpHLETENb-
HbiX GakTepuil BBIICIAIOTCH B MPOLIECCE JIEFKOIO
OCMOTHYECKOrO [HOKa, KOTOPOMY KJIETKH TOBEp-
rafor nocine GepMeHTaTHBHOIO MMAPONK3A MEITH-
JOITMKAHOBOIO CIOA KJIETOYHOH CcTeHKH. benku
TIepHTIIA3MBI COCTABIAIOT NHIE 15 % seero Genka
kierku. [Mostomy 2QpexTMBHO CHHTEIMPYEMBII M

CEeKpEeTHPYEMEIH B IIEPHILIA3IMY YyKepoaHeiil 6ok
MOYHO BBIICIHTh €3 npuMecH oCHOBHBIX OeTKOB
GakTepuu. Taxke HOCTATOMHO TIPOCTO MOKHO OT-
IEeNATh UelieBoit GeIOK OT COAEPIKHMOro KIETKH,
ecii 370T OeNIOK CEKpeTHpYeTcs B IU1a3MaTHye-
CKYH0 HITH BHELIHIO MeMOpany.

[eHHO-MHIKCHEPHBIE OIBITE! IIPOJIEMOHCTPHPO-
BaJIM, 4TO cUHTE3HpyeMble B E. coli qyxeponHbie
MPOKapHOTHYECKHE M dyKapHoTHYecKue npe-6esi-
KM, COAEpIKAIIME CUrHAILHBIC NMErTH/bI, Crocob-
HBIl TPaBHJIBHO TPOLIECCHPOBATBECA H CEKPETHPO-
BATHCS B NEPHILIAZMATHYECKOE MPOCTPAHCTBO KIle-
10K. Bosnee Toro, B paae pabor nokasaxo, 4To rub-
PHMIHLIE TEHBI, COCTOSIINE M3 (TEHOB» CHIHAIB~
HBIX nenTuaoB E. coli ¥ n3yHaeMBIX CTPYKTYPHBIX
TeHOB, 00y CoBNHUBAIOT B £. coli CHHTE3 XMMEPHBIX
Oe/IKOB M MX CEKpelMIO. ITH JIAHHBIC YKa3hIBAKOT
HA 3HAYHTEIBHYIO YHHBEPCAILHOCTD OPranH3aiHH
CUIHANBHBIX MNCIMTHAOB H B CBA3M C 5TMM — HA
TIePCTIEKTHBHOCTE  CO3MAHHS  CTELHAIH3HPOBaH-
HBIX BEKTOPOB 3KCNPECCHH—CEKPEIHH Ul KIIETOK
E. coli.

[TepBbic nia3MuIHBIE BEKTOPH TAKOIO THIIA
co3nanbl B 1984 . Ha ocHose nmuasmuiel pBR322
H nociienoparenmsnocty JIHK, xoropas conepxut
TaHJAEMHO PACTIONOKEHHBIE IIPOMOTOPEI TEHOB JIH-
nonporeuHa W B-ranakrosusassl E. coli, cocthl-
KOBZHHEIE C «ICHOMY» CHTIHAJILHOTIO nemmua belka
OmpA E. coli (ocHosHO#H Genok HapyxHOil MeMO-
paubl Kiero4HoH crenku). Ipuuem nomydenusie
sexTops! pIN-IlI-ompA-1, pIN-11l-ompA-2 u pIN-
[l-ompA-3 obecnesnpatoT pasHbie paMKH TpaHC-
JIALHH BCTPOCHHBIX B HUX KOAHPYIOUIHX NOC/IEI0-
parensHocTel. Berpoiika B pIN-II-ompA cTpyx-
TYPHOIO TeHa 3penoil (hopMel f-makTamassl npuse-
71a K CeKpeLu f-akramashbl B NEPHILIAIMY KIIETOK
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E. coli. Tlpn 310M ypOBEHL NPOAYKIMH LEIEBOTO
Genka OpLt HACTONBKO BBICOK, 4TO aocturan 20 %
CyMMapHOro Oernka KJIeTKH.

C ucrnonb30BaHMEM TaHHO# BEKTOPHOH CHCTE-
Mbl CO3[aHBl Takke WTaMMbl E. coli, B KOTOpbIX
MPOHCXOHUT CYMEPNPOAYKIIHA H CEKPEIHA B NEpH-
nasMy Takux Genkos, Kak ropMOH pOCTa U HHTep-
(depon a2 uenoseka, Hykneasa A cradMIOKOKKa,
prbonykneasa T1 us Aspergillus oryzae v pan npy-
rux. MHTepecHbli pesyibTar Nomy4 M ATIOHCKHE
HCCIICZIOBATEH TPH KJIOHMPOBAHHHM B COCTaBE
pIN-ITT-ompA xJTHK CaZf-cesappatoniero ¢oro-
Genka askeopuua. 3tor Genok pamvepom 189 AK
HE TOJILKO CEKPETHPOBAJICSH HEpes ITAIMATHYECKYI0
membpany E. coli, vo 1 ¢ dpexTusHo npeogonesan
HApYXXHYI0O MeMOpaHy KJIETOK, BBIXO/A BO BHEIL-
HIOIO cpexy. MexaHH3M 3TOro Ipoiecca IoKa
He SICEH.

M. KOxnen ¢ coarropamH cO3faiy CEpHIO BEK-
TOPOB 3KCTPECCHU—CEKPEIMH HA OCHOBE reHa Ges-
ka A Staphylococcus aureus w HeHOUHON nnas-
Myl pRIT4, criocobnoli permIMpoBaTEC Kak
B KIeTKax E. coli, Tak ¥ B KIerkax S. aureus ¥ Ba-
cillus subtilis. Cradmunoxokkoeeiii Gemox (SpA,
WM ProtA) muTEpeces TeM, YTO OH B pAJC LITAM-
MOB S. aureus CHHTEIMpyeTCs B GONBILIOM KOMMM-
4eCTBE W ceKpeTupyercs u3 kiletok. Mexoaro SpA
CHHTE3MpYETCA B BHAE npe-SpA M HMeeT Ha
N-koHue cursanssbii nenma (puc. 2.49, a). Ha
C-xoHuie SpA naxoaurcs padion X, KOTophii oT-
BETCTBCH 34 CBA3bIBaHue Gelika A ¢ nenTHaoIHKa-
HOM S. aureus. Bo BHYTpeHHEN 9actd SpA couaep-
HHTCS 5 paiioHOB C BEICOKOH CTEMEHBIO B3AHMHOI
rOMOJIONHMH, KaXIslii #3 korTopsix B Oenke dopmu-
pyet Aomen. o kpaiitein mepe 4 u3 mux (D, A, B,
C) censnmBalorcs ¢ Fe-paHosaMm MHOIMX HMMYHO-
mmobymuos. [Toatomy SpA npocTo u HaIEKHO H3-
BIeKaeTca W3 moboi cMecH GekoB B mporecce
appuntoii xpomarorpaduu Ha HOCHTENE C MpH-
WHTEIMH UMMy HOrToOymHamu 1gG.

Ilepseie BexTopbl pASI-3 (cMm. puc. 2.49, 6)
cozepkany S'-KOHUEBYIO 4acTh reHa SpA, BKINO-
YAKOLIYH) CHUTHAJB! WHHLMALME TPAHCKPUIILMH M
TPAHC/IAIMH, & TAKKE MOC/IE/IOBaTETBHOCTD, KOJH-
pYOLIYI0 cHrHaibHblH nermrua. TonmwiHHkep H
CIIBMT paMKH TpaHC/ALmH obecrieunBaoT BOIMOK-
HOCTh WCIONB30BaTh J@HHBIC BEKTOPBI AKCHpec-
CHU—CEKpelMH JUIS KIOHMPOBAHMS pPasHYHLIX
¢parmenroB JIHK. B nepBeIX e aKCNEpHMEHTaX
GBI MOKAa3aHO, Y70 TIPH BCTPOIKE B TAKOH BEKTOP
reH-3KBHBaNieHTa 3pesiodi Gopmel wenounoH doc-
(arasel E. coli (nepuiuiazMaruvecknii 6e1oK) Xu-
MepHBIi DEeNoK CEeKpeTHPYETCA B NEpHILIa3MaTHye-
ckoe npocTpancTBo (ang Kietok E. coli) nm Bo
BHELLHIOIO cpejty ([1s rpaMIIoNOXHTETEHEIX Kiie-
T0K S. aureus), oOpa3zys axtuBHyio Gopmy doc-

(arazpl. [lpy BCTpoOiiKe B 3TOT 3KE BEKTOP KOIM-
pYIoWeii NOWIEAOBATENBHOCTH TeHa S-ranakTosu-
pasel E. coli (nuronnasmarudeckwuii Gesiok) cexpe-
1M XHMepHoro Oenka He Habnioganoce.

AHANOrHYHBIC PE3YNBLTATE NOMYYHIH SANOH-
CKHE HCCIICNIOBATE/IM HA CHUCTEME IUIA3MHJI IKCII-
pecCHH—CEKPELIHH, CO3IaHHBIX HA OCHOBE TEMEH-
TOB rena wenoynoit Qocdaraser E. coli. Dh Bek-
TOph! 00ECTIEYHBAJIH HANPABISEMYI0 CHTHAIBHBIM
nenmHaoM (pocdaTasel CEKPEIMIo B NEPHILIAIMY
E. coli a-avmnass! B. subtilis, f-naxramassl E. coli,
a-uHTepepoHa W INHAEPMATLHOTO (pakTopa poc-
Ta "esoBeKa. B 1o e BpeMsA uMTONIaIMaTH4eCKAe
Genku E. coli, rakue kak f-ranaxkrosupasa, Gaxrop
anonraupy Tu v xaopamdenrkonaneTuiTpascde-
pa3a, COSHHEHHBIC ¢ CUTHAIBHEIM NEITHIOM [IIe-
nounoit gocedarassl E. coli, He CEKPETHPOBAIHCE
W3 IMTOIUIA3ME] ¥ HE TIPOTIeCCHPOBANHKCEH ¢ N-KOH-
ua. B ycrosmsix cyrnepakcnpeccuu 3TH XHMEpHbIE
Genmu 00pa3oBLIBANIM B LIHTONNA3ME TEIbLEA BKIK-
yerus (cM. 3.4). [NonyueHHble pe3yibrars co Beek
O4EBHIIHOCTBIO JICMOHCTPHPYIOT, 4T0 CEeKpeuMs
yyxkeporHoro Gesika B OaKTepHAIBHBIX KIETKax
obecrieuuBaeTcss HE TOMLKO CHTHAILHBIM TEITH-
JIOM, HO H CYIIECTBEHHO 3aBHCHT OT CTPYKTYDhI
uccnenyemoro Gesnka.

Heroneays  Bextopel  cepun pRIT (oM.
puc. 2.49, 6) M. KOxsien ¢ coasropaMy MoKasa,
4TO XUMepHbic DEJIKH B pA/le ClTy4aes CrnocobOHbI
CEKPETHPOBATLCA HE TONBKO B MNEPHIUIA3MATHYE-
CKO€ TIPOCTPaHCTBO KIETOK E. coli, HO M BO BHELI-
HIOKO cpemy. B uwactHoctu, npu Betpoiike B pRIT
reH-9KBHBAJICHTOB HHCYTHHONOAOOHBIX dakTopos
pocta yenosexa IGF-1 u IGF-I1 B E. coli cunTesu-
POBAIHCE XUMEPHEIE GeJTki, KOTOpPhiE 3KCKPETHPO-
BaJMCh U3 Ki1eToK. Xpomarorpadueii na IgG-ceda-
po3e xumepHbie GeJTKi U3BJIEKAIH W3 MHTATETBHO
cpens! | 3aTeM crielH(HHEeCKHM XHMHUHECKHM THII-
PONMM30M OTLLCIIAIH NOC/ICAOBATEIBHOCTH HH3KO-
monekynapubix 1GF-I u IGF-I1.

Hcnonssys B KauecTse «HoCHTEN» N-KoHIe-
By10 4acTh Denka OmpF, npencrasnsroniero coboki
6emok nop (mopuH) BHeumeln MeMbpansr E. coli,
K. Haraxapu ¢ coasTopamMu 100HIMCE CEKPELIMH BO
BHEIHION Cpefly M3 KiaeToK E. coli f-aunopduna
yenoBeKka (ONMOMIHEN NENTHI, ABASKOLIMACH
yacthio 61-91 AK S-nunorponuna u obpasyemMsrit
W3 HETO B PE3yNbTaTe CnetuuIecKoro mocTTpaHc-
JIAIMOHHONO NPOLECCHHTA in vivo). XuMepHbii Oe-
JIOK, CHHTE3HpyeMblii B E. coli, coctosn uz 22 AK
curnamsHoro nentia 6enxka OmpF, nepenix 8 AK
b6enxa OmpF, cTeIKYIOWIEH MOCIEAOBATENBHOCTH
(4 AK) u f-aunoppuna (31 AK). B npouecce cek-
peLH uepes MIaMaTHYecKyto MemOpany CHIrHalb-
HBIH MenTHI oTmienasics, H oGpa3oBbIBaCA KO-
potkuit nonunentu jumHoi 43 AK. Bror nonu-
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Prot A

BsiNI

|

6 -1 +]
Ala Ala Glu Phe Pro Gly lle Arg Arg Pro Ala Ala Lys Leu
pAS1 GCT GCG GAA TTC CCG GGG ATC CGT CGA CCT GCA GCC AAG CTT

EcoRl

Ala Ala Arg lle

Smal BamHI Sall Pstl

Pro Gly Asp Pro Ser

HindIT

Thr Cys Ser Gin Ala

pAS2 GCT GCC CGA ATT CCC GGG GAT CCG TCG ACC TGC AGC CAA GCT T

EcoR1 Smal BamHI1 Sall Pstl HindlIll
-1 +1
Ala Ala Pro Asn Ser Arg Gly Ser Val Asp Leu Gln Pro Ser
pAS3 GCT GCC CCG AAT TCC CGG GGA TCC GTC GAC CTG CAG CCA AGC TT
EcoRlI Smal  BamHl Sall Psil HindIll

TIETITH/T BBIXOMTMIT Yepe3 HapykHyi MeMOpaHy BO
BHELIHIONW cpeny. Mexauusm nabmogaeMoii skck-
PELMH HE ACEH, OJIHAKO MOJIAraloT, 970 MaJlbli pas-
Mep AaHHOTO THAPOPHILHONO MonHNenTHaa obec-
MEYHBAET EMY BBIXOJl Yepe3 NOpbl NACCHBHOM Aud)-
¢by3un, obpazyemeie B HapyxHOI MeMbGpane Oen-
kamu-nopuHavMd OmpF 1 OmpC. N-xonuesas no-
cnenorarensHocTs (8 AK) Genka OmpF B skekpe-
IHH TIONTMIIENTHIA POJIH HE WIPaeT, Tak Kak yja-
JIEHHE €€ HE CKA3BIBAETCA HA BOSMOXHOCTH BbIX0AA

p-ounophunra B okpykaromyilo cpeay. Korna

B E. coli cunTesuposancs Gonee KpymnHbIii Xumep-
HblH TOJIMIENTH] C [OCIECAOBATENLHOCTER) f-3H-
nophuHa, UMEIONIM B ePHILIA3MATHHECKOM MPo-
ctpancTee pasmep 71 AK, on yxe He cexpeTHpo-
BaJICs 4epe3 HapyxHywo MemOpany. Mcnomssys
wramM F. coli ¢ ToHWKeHHOH NPOTEa3HOH aKTHE-
HOCTBIO, ABTOPAM Y/IAJI0Ch IOy 4MTE BEICOKHIT BBI-
xon (2,8 Mr/n kyneTyphl) S-3unophuna uenosexa,
KOTOPhIH BLIJE/AIH TIPAMO W3 NHTATENLHOMN Cpesbl.
B nepunnasme ki1eToK npu arom S-sunopdun npak-
THYECKH OTCYTCTBOBAI (< 0, 01 Mr/nm KynsTyph!).
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pRIT11-13

oriS

7.1 T

pRITI1 Lys Pro Asp Asp Asp Lys Glu Phe Pro Gly Ile Arg Arg Pro Ala
AAG CCT GAT GAC GAT AAA GAA TTC CCG GGG ATC CGT CGA CCT GCA

pRITI2Z Lys Pro Gly Gly Pro Gly lle Pro Gly Asp Pro Ser Thr Cys Ser
AAG CCT GGT GGA CCA GGA ATT CCC GGG GAT CCG TCG ACC TGC AGC

pRITI3 Llys Pro lle Glu Gly Arg Asn Ser Arg Gly Ser Val Asp Leu Gin
AAG CCT ATC GAA GGT AGG AAT TCC (GG GGA TCC GTC GAC (TG CAG

EcoR1  Smal — BayHI Safl Psil

Pue. 2.49. CrpysTypa NiasMil 3KCIPECCHH—CeKpeliny Ha OCHOBE eMeHTOoB rena Geaxa A (ProtA)
Staphylococcus aureus:

a — red ProtA; 6 — sexTophbt O BCTPOIKOH KOAHPYIOUHX NOCHCNOBATEIBHOCTEH CPaiy NOCIe «IeHay) CHIHAILHOIO NerHia
ProtA; ¢ — runasmmisl, copepranme red ProtA or nasana 1o yuacria BsiNI (em. a), nocne Komoporo HaetT nojiuIHHKep.
oriE W oriS — obnacti HHHLMaLMK perumKauHy masmma £, coli v 8. aureus COOTRETCTBEHHO

Kak srmm, B psasie cnyqaes qyxepontsie Gen-
KH OPH CEKPeLHH W3 LIMTOIUIA3MBI CTIoCOOHB! npe-
oziosieBath M Oapbep HapyxHOM memGpanbl. [lpu-
4HHBI 3TOro Noka He scHbl. Ho, no-sraumonmy, Ha-
Grronaembiii 3¢ dext obycloBneH KakKMMH-TO 0CO-
OEHHOCTAMM CTPYKTYPBI 3THX OENTKOB,

l'eHeTHueckue ueeneaoanns E. coli no3sonm-
1M BRISBHTE 110 MEHBLIEH Mepe /1Ba reHa, KoIMpyro-
uux Gemku PrlA u SecA, neobxonumeie s cek-
petss GesTKOB Yepes mIasMaTHYecKyo Membpany
y omix Gaxrepmit. JUx. Jlazsaponsu u P. lNoprensep

obHapyAMIM MyTaHTH Ki1eToK E. coli, y KoTopbix
nepuruasMaTHdeckue 6emky, Takue Kak menovnas
docdarasa, pubonykieasa I, f-nakramasa mwiazmu-
et pBR322, MOTYT BRIXOAWTE BO BHELIHIOK CPE/LY.
Takune MyranTsl obosnauarot [ky (ot adrn. leaky —
uMerowHi Te4s). MyTtanthl o reHy /kyB umeror
CHI)KEHHOE COJiepKanne BO BHeluHed memOpare,
no kpaiueii mepe, Genwor OmpF u LamB, wuro,
No-BHIHMOMY, OOYC/TOBIMBAET €€ MOBBILICHHYIO
OPOHHLAEMOCTL. TakHe MyTaHThl MOIyT ObITh HC-
MOTH30BAHB! 4715 CO3Ianna mTaMMoB E. coli, 2¢-
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Puc. 2.50. Bexropsi sxcnpeccun—a3kckpennn E. coli:

a — rubpumas niasmuta pMBY ® paiione BeTpolikn ¢par-
sventa [JHK B. sp. (3amTpuxosai), cofepwaiiero TeH neHn-
wH/umEAsE (pen); 6 — BexTopras ntamuaa pEAPE (p —
NpOMOTOP; § — reH-IKBHBANCHT CHIHATLHOID NENTHAS TeHa

pen)

(heKTHBHO TPOAYUHPYIOMHX H IKCKPETHDYIOLIHX
B OKPYXAIOIIYIO CPeay Yy XKepoiHble GemkH.
Hutepecnylo w nepcrnekTHBHYHO Ui 6HoTex-
HOJIOTHY BEKTOPHYIO CHCTEMY 3KCIPECCHHM-3KC-
KpeLHH gyxepojHbuiX Genkop paspaboranm snol-
ckue yuensie noa pykosoacteoM K. Xopukorns.
B 1986 . npu KJIOHHPOBAHHU B COCTABE TLIAIMMJII
pMB9 dparmenra xpomocomuoi JIHK Gaktepuu
Bacillus sp., copepXamero TeH TeHHIHIUTHHA3E,
OHH OOHApYKMIH, 4T0 cuHTesupyemas B E. coli
TIEHHIMIUTHHA3A C  BBICOKOH 3()EKTHBHOCTEIO
IKCKPETHPYETCA M3 KICTOK B OKPYKAIONLY1O CPEITy.
Janspeiiime HCCNeIOBAHHA TO3BOIMIN YCTAHO-
BHTb NPHYMHY JaHHOTO ABnenus. [nasmuna pMB9
COZIEPKHT reH Ail, KOTOPEIH OTBETCTBEH 38 BHIXOJI
u3 Kierok Konuimba El. Opmaxo B cocrase pMB9
re kil ne IKCnpeccupyeTces, nocKonbKy B OTIHYHE
ot poaurenbekoit mnasmmabl ColE1 B pMB9 ytpa-
YeHBI KaK red npoAykuuu konuiuHa El, Tak u ero
NPOMOTOP, KOTOPBIH HeOoOXOMHM NS 3KCIPECCHH
reua kil (cm. puc. 2.4, 2.5). Ilpn anamse rubpua-
HOHM IUIa3MM/ibl OKa3ajlock, 4TO Ha Omnkaifmem
K redy kil xonue scrpoennoro ¢parmenra JTHK
uMeercas MpoMoToporofoOHas TOC/IENoBATE b~
HocTh EX, xoropas yauaercs PHK-nomimepasoii
E. coli u wanpasusier ¢ ymepenHoil sddexrus-
HOCTBIO TPaHCKpHIIHI0 cermenTa JIHK, conepka-
uiero reu kil (puc. 2.50, @). Mponykuus Genka Kil
OPHBOIMT K TOMY, Y10 BHEIHAA MeMOpana E. coli
CTAHOBHMTCH TIPOHHMLIGEMOH JuiA OenKkoB nepHruias-
MATHYECKOI0 MPOCTPAHCTBA M OHM BLIXOJST B OK-

PyHatouyio Cpeay.

B pesynerare cepuM reHHO-WHIKEHEPHBIX pe-
KOHCTpYKIMi ORI CO31aH  BEKTOp 3KCKPEIHH
pEAPS (cm. puc. 2.50, 6), KOTOphI CONEPKHT ce-
nexTHBHBIM Mapkep Cm', MPOMOTOp, yHacTOK CBA-
3LIBAHHA PHOOCOM H reH-3KBHBAJIEHT CHTHAJIBHOIO
nerrruia neHHuumEask! Bacillus sp., a Takke vc-
KYCCTBEHHRBIH renetudeckuil anement Ex-k. Ha
npHMepe rena ropMona pocra uenosexa (hGH)
MPOJICMOHCTPHPOBAHO, ¥TO TAKOH BekTOp Obecre-
uuBacT B . coli 3)peKTUBHLI CHHTE3, CEKPELIMIO
4epes MIasMarnyecKyio MeMOpany ¢ oTiIen/IenH-
€M CHTH&/IBHOTO MENTH/A H 3KCKPELHIO H3 KIETOK
spesnoit popmer hGH.

X. Xciour ¢ coagropams (1989 1) ucnons3osa-
I TAKOH € TIOIIXO/I, HO B HECKOMIBKO HHOH dopMme.
B knerxu E. coli onn OTHOBPEMEHHO BBOJIHIH JIBE
rubpuIHEIe MTA3MHIIBL, TOJYYEHHLIC HA OCHOBE
Pa3HBIX COBMECTHMBIX BeKTopoB. Oana nia3Muaa
(pJL3) Hecna nox KOHTPONIEM PETyIHpPYEMOro 1po-
MOTOPA Plae NOCICAOBATEIBHOCTD, KOAMPYIOLLYIO
6emox BRP (bacteriocin release protein), (ymkmu-
el KOTOpOIo ABNACTCH BHICBODOWICHHE H3 KIETOK
E. coli Gakrepuonuna CloDF13. [ipyras masmuia
(pOmpA-hGH2) comepxaia 1noj TeMn e CHIHa-
JTaMM MHWLMALMH TPAHCKPHUTILHH IeH-3KBUBATICHT
IOPMOHA POCTA YENIOBEKa, COCTBIKOBAHHBIH C re-
HOM CHIHAJILHOTO nenThaa Oenka OmpA E. coli.

beniok BRP (amanor Genka Kil mmasmums
ColEl) smnsercs HeOONBIIMM NONHICITTHIOM
(28 AK), KOTOpBIH KOAMpYETCs TUIA3MMJION
pCloDF133 s cHHTE3HpYyEeTCS B BHIE MPEAIIECT-
BCHHMKA C CHIHANILHEBIM NENTHAOM JmuHoil 21 AK,
CEKPETHPYETCSA Hepes MIasMarH4eckyo MemGpany
B MEPHIIA3MATHYECKOE MPOCTPAHCTBO, I7IE OH
N-anernimpyercs H BCTPAMBAETCA BO BHELUHION
memOpany. Tam BRP moxer aktiBuposats docdio-
mumasy A, 49TO TPHBOMT K (OPMHUPOBAHHIO 30H
NPOHUIIAEMOCTH B KJIerouHo# 00onouke, uepes ko-
TOphie Oenku MOryT BRICBOOOKIATHCH B KYJBTY-
pameHyio cpeny. Ilpu penpecchy TpaHCKPHIIIH
C Piac B K€TKAX E. coli, conepiaumx oHoBpeMeH-
HO rurasmMuzsl pJL3 v pOmpA-hGH2, ropMon poc-
T4 MPAKTHYECKH HE CHHTE3HpoBaics. [Tpu ymepes-
HOM HHAYKumM ¢ nomontsio UITTT (20 mxM) nab-
mofamch APPEKTUBHLIH cHHTE3 M Kckpetus hGH
B KyNIETypasibHylo cpemy 6e3 musnca knerok. Ilpu
Goree  BBICOKMX KOHUEHTPAlMAX WHIYKTOpa
(40 mMxM) ormeuanacs csepxnpopykuns BRP u
KIETKH JIM3MPOBAIIHCE, YT0 SHAYHTEIBHO CHHKAIIO
BBIXOA ropMouda pocrta. [lpu cmaboi MHmyKuMM
(5 MmxM HITTT) sxcxpenus hGH se nabmonainacs.
Takum o0pazoM, NaHHasd CHCTEMA SKCIPECCHM—
IKCKPELHH TpedyeT ONTHMH3aLHH,

Jlaneueiiniee pa3BUTHE JIAHHONO HATIPAB/ICHUS
MCCIICA0BAHMH NO3BONACT HAJICATHCA HA CO3AaHHE
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TEXHOJOMHYECKH TIEPCNEKTHBHOMH BEKTOPHO# CHC-
Temsl E. coli, aHanoruuHoii cucTeMe 3Kcrpec-
CHH-CEKPEIHH IpaMIIOIOKUTENbLHBIX GakTepuii.
B uacrHocmH, cosman GuopeakTop, B KOTOPOM
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Maea 3

AOCTWXEHUE NOBbILLEHHOW NPOAYKLUU BEJKOB,

KOOUPYEMbIX FEHAMU,

KNOHUPOBAHHBIMU B KIIETKAX ESCHERICHIA COLI

Onpa M3 BaskHeHIMX 3a71a49 FeHeTHYECKON -
HEHEPHH -— Co3/1aHHe ycsoBui 1aa 3(dexTHBHOIM
IKCTIPECCHH KJOHHPYEMEIX B 6aKTepHax reHoB, Pa3-
paboTKa myTel ONTHMH3AINHK TaKOi IKCTIPECCHH —
LLAr K IO/1YEHHIO BRICOKONPOLYKTHBHEIX OakTepu-
ANBHBIX IITAMMOB, HANPAB/IAIOIIHX CHHTES HEOOX0-
JUMBIX GenkoB ¥ Apyrux GHONOrMuecKH aKTHBHEIX
coeitenuil. [MoBbliieHHas npoAykuus Genxos,
JIETEPMHHMPYEMBIX KJIOHHPOBAHHBIMH T€HaMH, JI0-
CTHTaeTcs MPH BLITIOTHEHHH PAJ1A YCIOBHIA:

*  ns KIOHMPOBAHMS JIOJKHBI HCIIONB30BATHCS

MHOTOKOTIHIHBIE BEKTOPBL, TAK KaK MPH 3TOM

B KJIETKE H3yHaeMblii reH HaXOUWTCA B BBICO-

KO J03€, 4TO OOBIMHO 00YCNOBNMBAET [1OBBI-

HIEHHBIH YPOBEHE €ro OeTKOBOro NpoayKTa;

* KJIOHHMPYEMas KOJHMpYylolas MOCne/I0BaTesh-
HOCTH JI0JDKHA OBITH OMELICHA N0 KOHTPO/B
[IpOMOTOpa, KOTOPHIH (eKTHBHO Y3HaeTcH
PHK-nonumepasoii kneTku;

* cuuTesupyeMas MPHK nomisa 6T oTHOCH-
TenbHo crabunbhoi ¥ 3QdexruBHO TpaHCIH-
POBATRCSA,

*  uyyKepoAHblii Genok, CHHTesHpyeMblii B KieT-
Kax, HE JIOJDKEH Mo/iBepratses ObICTpoil nerpa-
JAanyu OaxTepHalbHLIMH ITPOTEA3aMH.
PaccmoTpum noipobree 3KcrnepHMeH TA/IbHBIC

NOJIXOABl K YBE/IHYCHHIO CHHTe3a OenkoB, KO-

PYIOLIME MOCNEI0BATENLHOCTH KOTOPBIX KJIOHHPO-

BaHbl B KieTkax E. coli.

3.1. A®PEKT A03bl FrEHA MNPU MONEKYNAPHOM KINOHUPOBAHUA

B knaccuyeckol I'€HETHKE XOpOLUO W3BECTEH
TaK HajbiBaeMelH 3PQeKT 03Bl reda, 3aKIKO4a0-
IMICS B TOM, YT0 YBEIMHEHME B I€HOME KAKOIO-
mbo opranM3Ma KOIWHECTBA KONWH ONpefeseH-
HOTO FEHa BhLI3BLIBAET MPONOPLHOHANBHOE [0BbI-
mieHKe ypoHs ero Genkosoro npoayxra. C nmoss-
JICHHEM METOIONIONTHH TeHEeTHHECKOH HHKCHCPHH
nenons3opanve shdexra no3bi reHa cTano nepebiM
LIArOM K MOBBILICHHIO BhIXOAA Ge/IKOBRIX MPOIYK-
TOB KJIOHHMPYEMEIX TeHoB. Bricokas n03a rena Jo-
cruraercsa Onaroflaps HCIONB30BAHHIO MHOTOKO-
MUIHHBEIX BEKTOPOB, CO3J4BaeMbIX JUIS  KJIETOK
E. coli ua ocrose JTHK daros u rumasmua.

Jis KOHCTPYHPOBAHHS MHOTNOKOMWIHBIX T1/143-
MHJIHBIX BEKTOPOB MCTIONMB3yIOT IUIAIMM/IBI JTHOO
¢ ocnabneHHbIM KOHTpONEM perumMkaiuu, Mbo
¢ TEPMOMYBCTBHTEILHBIMH MYTalMsaMH 1o ¢yHk-
uMH perumkauud. H3 BEKTOpOB HEPBOrO THNA
IIHPOKOE PACTIPOCTPAHCHHE TOMYYHIN MIa3MHJIA
ColEl u eec MHOIOYMCNEHHBIE TPOHIBOAHBIC
(em. 2.2.1), Haxopsmuecs B OOBIMHBLIX YCIIOBHAX
B KJeTke B kormuecTse 2060 xonuid.

YK€ B NEpBBIX FEHHO-HHXKEHEPHBIX paborax
6uU10 110Ka3ano, 9To BeTpoiika B mnasMuay ColEl
¢parmenra IHK, copepxaiiero reast TpHnTodan-
CHHTeTalsl A M anTpanwiarcunrerassi E. coli,
NPUBOAHT K NOBLILLICHHIO YPOBHA aKTHBHOCTH JIaH-
Heix depMeHToB B KIeTke coorsercreenHo B 40
¥ |8 pa3 o CpaBHEHHIO CO IITAMMOM JIHKOIO THIIA:
KOMUIHOCTE IMOPHAHOMN NIa3MHIb! [IPH ITOM CO-
CTaBHIla MPHMEPHO 25 MoneKys Ha kneTky. Kiionu-
posansiem B nnmasmuae pMB9 dparmenra JIHK,
cozeprkaiero red sheB*, nocrurnyro 25-kpartoe
yeenuuenne B E. coli ypoBHA aKTMBHOCTH 3K30-
sykeass: L. [lpn Berpoiike B Tot e BekTop dpar-
MEHTOB Xpomocombl E. coli, comepxamMx reHbl
enaB, dnaC, dnaE v dnaZ., 33 cueT NOBBILICHHOH
KOMUIHOCTH yBeAHYeHa TPOAYKUMA COOTBEICT-
BysouHx Genkos B 3—10 pas.

[lpu wionupoBanuu OaxkTepHalbHBIX TFEHOB
B TakWX BEKTOPHBIX NiasMmaax, kak pBR322,
pBR325 u pBR327, yposeHs cunTesa GelkoB BO3-
pacraer B 25-100 pas. INo-Buaumomy, 310 ofyc-
NIOBJICHO TEM, 4TO JAHHBIC TUIA3MHIBI HMEIOT 601~
uyio konuiiHocTs B E. coli, uem ColEl. Hurepec-
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HBIM CBOMCTBOM 3TOr0 KJACCA TUIAIMEJL ABAAETCH
TO, 4TO B MPHCYTCTBHH MHrHOHTOpa GenkoBoro
CHHTE3a — XJIOpaM(PEHHKONA KONMHHOCTE HX MO-
XKET yBenHuMBaThca 10 3 + 103 Monexysn Ha KieTKy
(oxono monoeMHE! cymmapHoH KierouroH JTHK).
Onnako JOCTHYL NPONOPUHOHAILHOIO YBEIHYE-
HHUA NPOLYKLMH KOJHPYEMOIo KJIOHHPOBAHHBIM
renom Genka He ynaercs, Tak kak obpaborka xio-
pamermxonom uHrHOGHpyer OenkoBbii CHHTE3
B knerkax. [locne ynanenna xmopaMpeHHkona U3
cpemsl GeNKoBBIH CHHTE3 M IeIEHHe KIETOK BO3006-
HOBRJIAIOTCS M KOMHUIHOCTE rHOPHIHON MJIa3MuIb!
NOCTENEHHO CHUXACTCH.

A. DyxkymakH C COTPYNHHMKAMM, BCTPOHB
B mnasmuay ColEl ren guaA E. coli v BBeg rub-
PHIAHYIO TuasMHuay B Knetku E. coli, nobuimcek
BO3pacTaHus (EepMEHTATHBHOM aKTHBHOCTH KCaH-
TO3HH-5"-MOHOOC(araMuHaskl (NpoxyKTa reHa
guaA) B 4,4 paza. Konuitnocrs rubpuaHoif riaz-
MHIBI B 3TOM CiTy4ae cocrasuia 4,6 Monekysn Ha
kaeTky. Ilocne wectuaacosoit 06paborku xnopam-
(PEHHKONIOM KIACTOK, comepxaimx rubpuaiyto
MIa3MKay, H yJaleHus M3 cpelsl aHTHOMOTHKA
YAAJIOCh 3APErHCTPHUPOBATH YBENHYEHHE AKTHB-
HocTH ¢QepmenTa ee B 8,4 pasa. KonmiiHoCTs
TUIAIMHABL B 3TOT MOMEHT cocTaB/iia 15 Monexyn
Ha KJIETKy. bonee mmrensras obpaborka mrraMma
XJ0paM(EHHKONOM TNPHBOJMIA K HeoOpaTHMbIM
HEraTHBHBIM M3MEHEHHSIM KJIETOK.

B apyrom MccrienoBaHMH, BEINOJHEHHOM B Jjia-
boparopuu C. H. Illenxynosa (1982 r.), B BekTOp-
Hyto naasmuny pBR322 scrpownn BamHI-¢ppar-
menT JIHK (ara Aplac5 LBUVS, conepxanmmi red
P-ranakrosugasm E. coli. lonyuennas rubpuanas
nrasvuia pKB56B1 ofecneunsana B KiIeTKax
E. coli npomyxumio f-ranaktosniasel, ypoBEHb
KOTOPOH B 8 pa3s npesbnuan TAKOBOH JUIs mITaMMa
E. coli, KOHCTHTYTHBHOIO N0 CHHTE3y MNAHHOIO
¢epmenta. [locne mByxyacosoii 0GpaboTkH Xmo-
pam¢ermkonom kaeTok E. coli, HeCyImX Iua3sMH-
ny pKB56B1, u ynanenns anTHOMOTHKE M3 CPE/ib
JNOCTHraloCh TPEXKPATHOE YBENMYCHHE AKTHB-
HOCTH [3-raNakTo3naassl 10 CPaBHEHHIO € 3THM e
1rraMMoM, He o6paboraniiiM x10paMpEeHHKONOM,
[Ipu Gonee MpONOMKUTENLHOM BO3AEHCTBHH XJIO-
pampenukona Ha E. colilpKB56B1] cunte3 f-ra-
SAKTO3UA3BI YMEHBLIAJICS.

B ananoruusoi pabore M. PobuncoHa ¢ co-
asropami (1983 r.) mpu HCTIOTE30BAHMH TUIATMIIBI
ColE1, necymeii ren urparcuaTerasst E. coli, 06-
paboTKa IUIa3MUIOCONEPKAINX KIIETOK XJIOpaM-
(heHHKONOM TIpHBEJIA K YBEJIMMEHHIO CHHTe3a (ep-
MEHTA Jvib B 2,7 pasa, XoTs miasMuia Obira aMii-
muduurposana B 20-40 pa3s. Takoe HecooTBeTCT-
BHe 00LACHACTCH TEM, YTO MOCTe CHATHS HHIUbH-

pyroniero addexra xnopamperHuxona KONMUHHOCTL
TIasMHIs! OBICTPO CHHKAETCS.

Jns poctwkenns B E. coli mOBBIIEHHOH KO-
NMUAHOCTH KIOHMPYEMBIX TEHOB M CBEPXCHHTE3a
KOIMpyeMbIX HME OenkoB Gonee nepenekTHBHO He-
TMOJb30BaTh TUIAZMHIbL, HMEIONIHE TEPMOYYBCTRH-
TeNbHbIE MyTalyH no QyHKLUMH perumkanuy. Iep-
BEI€ YCIEIIHBIE MCC/IE[IOBAHKA B 3TOM Hanpasie-
Hun eeinonEiH b, FOxomH ¢ coasTopamu B 1979 1
Ha ocHOBE TepMOYYBCTBHTEIBHOTO MyTaHTa (ak-
TOpa ycroiunBocTH k anTHOHOTHKAM R1 oHE no-
nyunns MuHE-masMuasl pKN402 1 pKIN410 (cm.
puc. 2.11), oGnaparowme cnocobroctsio Kk Ges-
YAEPKHOH PETUIMKALMH NPH TEMIIEPATYpe BHILLE
35 °C. B pesynprare aMIUIM(HKAlLMM B TEYCHHUE
2-3 g xonmuecTeo rmuasMuanoi JTHK moxer mo-
cturayts 75 % cymmaproit JIHK xnerxn. Ilpn
3TOM cHHTe3 besika He METHOMpYeTCs, 9TO IPHBO-
JMT K CBepXOponyKuMH Genkos, meTepMUHHpye-
MbIX FeHaMH ruasMuasl. Hanpumep, K1oHHpoBaH-
HBIE TeHBI XPOMOCOMEOH M Mia3sMuaIHOMH [-nakTa-
Ma3bl B yCHOBHAX TAKOH TEPMOHHIYKUMH JaBaH
yeesmuerusii B 300400 pa3 Beixon (epmenTa.
Co3naH MIMPOKHI CNEKTP BEKTOPHBIX MPOM3BOJI-
HeIX pKN402, koTophie NOC/IE TEPMOMHAYKIHY 38
CHET 3HAYMTEILHOIO YBEJIHYEHHA N03bI KIOHHPO-
BAHHOTO I'eHa 00ecnedHMBalOT CBEPXCHHTE3 KOIH-
pyeMoro 3THM reHoM Gesika,

MsyueHue MexaHUIMa PEryisaiiy PerUTHKaLMK
¢akropa R1 npuseno k. Jlapcera ¢ coaBropamu
(1984 r) x cosnaHMIO HOBOIO THNA BEKTOPHBIX
mnasmug cepud pOU. Tlocko/ibKy HHTEHCHBHOCTH
perumkaumMH ruiasmMuabl R1 HaxomuTes B npaMoi
38BHCHMOCTH OT ypOBHS CHHTe3a GenkoBoro mpo-
JyKTa TUIASMHHOIO I€Ha repA, aBTOph! CKOHCT-
pyHpoBanyu rHOpHHbIE TNA3MHIBL, Y KOTOPBIX
B HENOCPEACTBEHHOH OIH30CTH OT reHa repA
serpoeH ¢parment JIHK dara A, conepxatuuit reu
clgs7 ¥ NPOMOTOP PR, HANPABIECHHBI B CTOPOHY
rena repA. Ilpu temneparype muxke 35 °C B knetke
HAXONWUTCS MPUMEPHO 1 MONEKyNa Tia3Mujiel ce-
pun pOU. Ilpu temneparype 42 °C B pesynsrare
HHAKTHBaLIMH TEPMOYYBCTBHTENLHOID Penpeccopa
clgs7 IPOMCXOMMT JEPENpeccHa MPOMOTOPA PR,
NPHBOJSILIAA K KOHCTHTYTHBHON HEKOHTpOJIMpYe-
MOH peruIMKaiue TUasMmbl. Yoke uepes 1-2 u
nocre TepmonHayKiHy mnasvuanan JIHK cocras-
nser nonosury Beer JTHK knerku (6onee 1000 xo-
nAl Fa KieTKy). [lapanmemsno ¢ aMmmmk@ukanmpe
TUIAIMUIE! [IPOMCXOJIUT M CBEPXCHHTE3 KOIHpYye-
MBIX €50 OenkoB.

CxO’HMH € pPacCMOTPEHHBIMH Ia3MHIAMH
cBoicTBaMH obnajaeT TEpMOMHAyLMpyeMas Bek-
topras muasmuaa pKCl16, cxkoHCTpyHpoBaHHas
nyTeM BCTpOiKH B tasmiuay pBR322 ¢parmenTta
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JHK ¢ara Aclgsy, conepxaiero reast ot N go P
(prc. 3.1). Haymune B KTOHHPOBAHHOM (pparMeHTe
obsactu Hauana peruiMkauud Qarosoi J1HK, re-
HoB O u P, a TaKxke reHa clgsy, KogHpylomero Tep-
MOYYBCTBHTE/ILHBIH penpeccop, NO3BONAET MpH
NOBbIIEHHH Temneparypsl 10 42 °C MHHIHHPO-
BaTh perumKanHio ruasmuasl pKC16 ra gparmen-
1e JIHK ¢ara A, 910 NPHBOAMT K YBEIHYEHHIO KO-
nuAHOCTH 3ToH TmasMukl 1o 130 1 Gonee mone-
kyn JIHK ma GakrepmansHyio xpomocomy. Bos-
MOKHOCTS MCTIONB30BAHKUA 3TOM I1a3MU 1B JUTS CY-
NEPITPOAYKIMH GeJIKOB, KOTHPYEMbIX KJIOHHPOBaH-
HBIMH I'€HAMH, NTPOAEMOHCTPHPOBaHa IPH BCTPOIi-
ke B pKC16 rena xth E. coli, KomupyioILETo 3K30-
nykneady III. Tepmomuaykiums pernukaunu rub-
PHIHOH IUIA3MMABI TPHBOOMT K 125-KpaTHOMY
YBETTHYEHHIO B KJIETKAX GKTUBHOCTH 3K30HYKITea-
3ut I11 mo cpasHerwio co wrammom E. coli guxoro
THIIA 110 3TOMY IeHy.

OcobeHHOCTEIO PAcCMOTPEHHBIX TEPMOMHIY-
LHpyeMBIX ILIa3MHUJ1 SBIIACTCS TO, HTO B pe3ynbrare
BX MHTEHCHBHOM perumMkaumu Kinetku E. coli no-
rubaior. OpHako 310 06BIYHO He MMeeT 0coboro
3HAYEHHA, TAK KaK NOC/IE MHAYKIMH Hac Mpex;e
BCEro MHTEpECYyeT NMPOAYKT KJIOHHPOBAHHOTO reHa,
a HE XXM3HECTOCOOHOCTD KIeTKH.

Kax BHAMM, TIa3MKJIBl 06ecneunBaioT 1mMpo-
KM€ BO3MOXHOCTH JUIA MOBBIIEHHA O3Bl KJIOHH-
PYEMBIX B HX COCTaBe YYKEPOJHBIX I'€HOB, @ CIle-
NOBATENBHO, ¥ JUIA YBEIHHCHAA NMPOXYKIHKH COOT-
BeTCTByIOLIero Geska.

[oBBINEHHYO KOMHHHOCTH KJIOHHPYEMBIX Te-
HOB 00ECneYnBaloT TAKKe BEKTOPBl Ha OCHOBE
JIHK ¢raros. Haubonee nogpobHo B 31oM OTHOLIE-
Hu i3yver ¢ar A. IIpx AHTHYECKOM pa3BHTHH OH
obpaszyer 100-200 ¢aroBeiX yacTHli HA KIETKY.
O/maxo u3-3a TU3HCA KICTOK KJIOHHPOBAHHBIH IeH
MOXET KCIPeCCHPOBATRCA JIMIIL B TEHEHHE Orpa-
HHYCHHOIO BpeMeHH. Y100l CHATH AaHHOE Orpa-
HUYEHHE, B reHnoM (ara A BBOJIAT MyTaLHH N0 TeHy
S, KOTOPBIH KOHTPOIMPYET JIMIUC KIETOYHOH CTeH-
kH. MyTtanTHsil (ar AS- He cnocofeH JTM3MpoBaTh
KIETOYHYIO CTEHKY, H NP €r0 pa3sBHTHH B Henep-
MHCCHBHBIX KieTkax nabnropaercs obpazopanue
n0 103 daroseix wacTHil Ha KIeTKy. OnHaKo mpo-
TNOPLIHOHAIBPHOIO YBEIHYeHHA MpOOyKnuH Gemxa
KJIOHMPOBAHHOTO MEHa B 3TOM ciTyuae He Oyzer, Tak
KaK CMHTe3HpyeMbie (JaroBbie NreHOMBI YTIaKOBbIBa-
joTes B kancuabl. Mabexars ynakoeku JJTHK dara A
B OenkoBBIH 9eX0s MOXKHO BBEIEHHEM MyTalMH 10
reny (J, KOTOpPBI# KOHTPOIIHPYET BhIpaXkeHHe mo3/i-
HHX reHOB (hara, OTBETCTBECHHBIX 32 CHHTE3 €ro
CTPYKTYpPHBEIX OesikoB, a Takke (QyHKIMH nHM3UCa
K1eTox # ynakoskH ¢aroeoi JJTHK (cm. 2.2.2), Ilo-
roMy myTtaHThl AQ -S-, a Takke AQ - B Henep-

EcoRl

HindIll

Puc. 3.1. HeryccTeenHas niasmMuaga
€ TEPMOtYBCTBHTENEHON MHAYKUMEH aMIUTAQHKALIN:

| — pBR322; 2 — JIHK dara 1

MHCCHBHBIX K/I€TKaX (aKTHHeCKH SBIAIOTCH BBICO-
KOKOITMHHEIMH Turasmuaavi, Kinerku E. coli, wu-
(HIUPOBAHHEIE TAKHMH MYTaHTHBIMHM (aramu 4,
couepxar 1o Kpadned mepe B 25 pa3s Gombme
TpaHCKPHOHpPyeMBIX FeHOMOB, YeM KJIETKH, HH(H-
LMPOBAHHBIE MYyTAHTaMH AS-.

Pary, MyTaHTHBIE TT0 reHy N, H3-3a HEeMOJIHOIH
TEPMHHAIHH TPAHCKPHIIIMHK Ha tr) CrocobHbl, X0~
T ¥ HA HMIKOM YPOBHE, 3KCIIPECCHPOBATH I'€HbI
O wu P, 970 TIpMBOOWMT K perumMKaum# (HaroBoi
JHK. Takue daru nomHocTeio AedeKTHbI 110 60115~
LIMHCTBY PAHHUX M 10 NO3aHAM (yHKUMAM (B pe-
JYNETATE TEPMHHAIMH TPAHCKPUNIMM Ha tRa),
M NO3TOMY IpY MHGEKIMH HENEPMHCCHBHBIX Kile-
TOK (har pasBHBAETCH KaK NuasmMuaa, koropad obec-
MEeYHBAET BHICOKYIO JI03y TeHa H He NH3HupyeT Dak-
TepHanbHble Knetkd. Kak summm, Wi dara A cy-
HIECTBYIOT JIBA &/IFTCPHATHBHBIX BAPHAHTA, 1T03BO-
JIAIOMMX NPEXOTBPATHTL JIM3KC KJIEToK M obecne-
YHTH BHICOKYIO KONMHMIHOCTE KIOHHPOBAHHEIX B CO-
ctase (paroBoro reHoOMa Yy/KepoIHbIX TeHOB.

B pane sxcnepuMeHTaIBHBIX pabor ObuH Mc-
NOJNB30BaHbl PACCMOTPEHHBIE TIOAXOMB! K JOCTH-
MEHHIO TIOBBIICHHOM 03B I'€HOB, TPAHCAYIMPYe-
Meix arom A. B 1975 r. corpyanuxamu nabopa-
Topun P. Jlsuca B coctas JJHK Bexroproro dara
Agt-AB Gbl1 BCTpOCH (PPAIMEHT XPOMOCOMHOM
JHK E. coli, conepxarmit rerr [JHK-mmrase: ¢ my-
taumeit lop-11, koropas obecneunsaer cynepnpo-
JAYKUHKO 23Toro ¢epmerra. HMH}exuus KIETOK
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E. coli nonygenspiM rubpuinbiv ¢darom npHsesna
k 10-kparHOMy yBemuwenMmio akrusHocTH JIHK-
NMTa3bl M0 CPABHEHHIO € KJIETKAMHM OMKOIO THNA
(lig"). Oxasanock, 9TO IMTa3AbIA TeH (QyHKIHO-
Hupyer B rubpune B moboii U3 ABYX BOIMOMKHBIX
OpHEHTALMH, YTO YKalbiBaeT HA aABTOHOMHYIO
TPAHCKPHIIMIO KIOHHPOBAHHOIO ICHA [10J] KOHT-
ponem cobcTBeRHOrO NpoMoTopa. 3atem ¢parMesT
¢ redom JIHK-nurase! Gein nepecTpoeH B ausore-
HI3HpytouHi BexTop Agtd. Tlpy MHAYKUHH U3 JIH-
sorena rubpuaueii dar Agtd-lop-11lig* pasan
100-kparHoe TOBBINEHHE YPOBHS AKTHBHOCTH
(epmMeHTa MO cpaBHEHWMIO ¢ KneTkamu lig'. B pe-
3ynsTare BBeeHHa B renoM rubpuroro dara my-
TauuH| no rery S npoaykuns JHK-mwrasst B kner-
Kax rocie uHAyKUMH rpogara Bo3pociia eiue
B 5 pa3. Takum obpa3om, 3a cHeT NOBHINICHHON
KonuitHocTH rewa lop-1llig*, KIOHHPOBAHHOTO
B cocTase BextopHOro ¢ara A, yaanocs HOCTHYDL
B kietkax E. coli 500-kpartHoro ypegWyeHus ak-
tBHOCTH JIHK-n#rai3el no cpaBHEHHIO C KIEeTKa-
mu E. coli muxoro tana wim 100-kparinoro no
cpaBuenMIO ¢ KknerkamH E. coli lop-111ig*.

Beicokuii ypoBeHb TeHHLIX MPOAYKTOB TPHII-
todanoporo onepona E. coli 6bu1 BLISBIEH NpH
uHbekumn knerok paramu AtrpQ-S-, AtrpQ -~ win
AtrpN-. llpu 310M 11TE (EPMEHTOB Irp-ONEPOHA
cocrasniH 0rono 50 % seex pacTopuMbIx HenkoB
HHPUIHPOBAHHBIX KJIETOK.

Oddexr no3e1 reHa ObuT NPOAEMOHCTPHPOBAH
Taike B maboparopun H. Myppes npn nrdeximn
KJIETOK CKOHCTPYHPOBAHHBIMH in vitro MOpuaHbI-
mu (aramu ApolA, RecyumMK B cocTane rubpua-
Hoit monekyns JHK ren JIHK-monmumepasei 1
E. coli. Ilpy uMayKumy B3 JIN30T€HHOTO COCTOAHHA

npodara ApolA ypoeeHb akKTMBHOCTH 3T0ro Qep-
menTa Bospactan B 30-50 pas, a npH HHAYKIHH
nipogara ApolA QumS.m — B 75-100 pa3s no cpas-
HEHHIO C Henk3oreHHbIM Pol*-irraMmmom.

PacemoTrpenHbie NPHMEPhI NOKa3HIBAIOT, 4TO,
Henonb3ys MyTanThi (ara A, obecnequsaronme no-
BBIIEHHYIO KOMUAHOCTD ()aroBoro reHoMa U 11pei-
OTBpAIAIONIHE YAKOBKY 3TOro reHoma B Gesko-
BbIii KariCHJl, MOXHO JIOCTHIaTh BRICOKOMH J103b! KJI0-
HUAPYEMOI0 TeHa, & CIIeI0BATENbHO, 3HAYNTENHLHOTO
yBeln4eHHA cHHTesa Oenka, JeTEPMMHMPYEMOro
ITHM TEHOM.

HecoMHEHHBIH HHTEPEC HPEICTABMAIT TAKKE
BekTopHl Ha ocHoBe JIHK HuTeBHanbIX (aros. i
(aru npu urdeKuuH He AUIMPYIOT KneTkH E. coli,
obecrieqrBas BHICOKYIO KOMHHHOCTH KIOHHPOBAH-
HOIO FEHA M BBICOKHI BBIXOJ KOJMPYEMOIO HM
Bexa.

Taxum 0bpa3zom, MPHMEHEHHE MHOIOKOTIHIHBIX
BEKTOPOB TO3BONAET BO MHOIMX CITydasX HMETh
B KJIETKE O4CHDb BBICOKHI ypOBEHb OeNKOBBIX I1pO-
JYKTOB KIOHHPOBaHHEIX reHos. HMeHHO mosTomy
HexkoTopsie cermenTsl JIHK ne MoryT ObITh KIOHH-
pOBalbl B TAKWX BEKTOPaxX, NOCKOJTLKY JeTepMH~
HHpyeMbie HMH GenKH NMpH NOBLIIIEHHOM MPOLyK-
MM BHOCAT 3HAYMTE/bHEIE HAPYIIEHHA B (DH3HO-
noruio GaxTeprabHON KneTKH. OBbIMHO 3TH reHb!
ylaeTcA KJIOHWPOBaTh B HH3KOKONHHHBIX BEKTOP-
sex JIHK, nanpumep B mnasmuae pSC10]1 u ee
TPOM3BOIHBIX, WM B MHOTOKONHHHBIX BEKTOpax
3KCIIPECCHH CO CTPOrMM peryiupoBaHWeM TpaHC-
kpHnuMH. B nocnejrem ciryuae HeobXommo Kiio-
HHPOBATHL HE BECH I'€H, & TOJIBKO €0 KOJAMPY YO
HacTh.

3.2. BNMUAHUE 3DPOEKTUBHOCTHU TPAHCKPUNLIAU
KNOHWUPOBAHHbLIX NEHOB HA YPOBEHb UX 3KCMNPECCUK

Ha yposenb nponykuus Oenka, JeTepMHHH-
PYEMOrO KJIOHHPOBAHHBIM FeHOM, OONbINOE BITHA-
HHE OKa3biBaeT 3(PPEKTHBHOCTE TPAHCKPHIIIHH
KOIMpPYIONIeH TOCNeN0BaTeIbHOCTH 3TOTO TeHa.
Tpanckpunuus JIHK ocymectsisercs pepmerTOM
PHK-nonumepasoi. B knetke E. coli waxomnres
okono 3 Teic. monexkyn 3roro epmenra. PHK-
nonumepasa E. coli sBnsieTcs CioxHsIM Gemxom,
COCTOSILIMM M3 HECKOIuKHMX PA3HLIX CyDBEAMHMIL
B' (156 x[la), B (151 kJla), & (37 x/Ia) ¥ 0 (Monexy-
JIApHAX MACCA padIMYHA JUIA PA3HLIX THIIOB
o-cybvemmam). Cybvemmannp B monexyne dep-
MEHTa arperuposadsl 6e3 obpasoBanus KOBaIEHT-
HBIX cBA3eH. HanmeHnee mpoyHO B 3T0OM KOMILIEKCE
ceazaHa oO-cyObeauuuua. Cneunduueckoit Qep-

MEHTATHBHOH aKTHBHOCTBIO OOnajgaer Tak Hasbl-
BacMbili Kop-ghepmenm (0T aHII. COreé — CEpA-
esuna), umeronwmi Gopmyny f'fas. Iy dopmy
PHK-nonumepass oboznauator 6yksoii E (ot anr.
enzyme — ¢epment). B cBoGonHOM COCTOSHEH
Kop-(epMmenT He srnsercs noHoueHHoH PHK-no-
JAHMEpasoH, TaK KaKk He CnocobeH NpaBiiibHO y3Ha-
Barte Ha JIHK curaans MHMIMALMK TPAHCKPHITLHK
reHoB. [Tpu ofbemmnesun o-cyGbeanmmibl ¢ Kop-
depmenTom opmupyercs xonogepmenm (E o),
nverowmii popmyny f'fa0. 0-Cybvemnunna, win
o-ghaxmaop, obecneunsaeT cneUUIHOCTE CBA3LI-
BaHHA XONO(EPMEHTA C OlPENEICHHBIMM YHacTKa-
vu JIHK. ITocnenoparensroct [JJHK, Ha koropsix
NPOMCXOMIMT NEepBHYHOe cBsspBanne Eo v uHM-



3.2. BNIUAHUE 39PEKTUBHOCTW TPAHCKPUMLWK KNOHWPOBAHHbLIX TEHOB HA YPOBEHb UX 3KCIMPECCUK 143

uMaLMs JaHHBIM (epMenToM cunTesa HuTH PHEK,
KoMTIeMeHTapHO#H oHo# 13 uenei [IHK, rassiBa-
I0TCH NpoMomopamu.

[Nopassromee GonbIIHACTBO TeHOB DaKTEpHH
E. coli Tpasckpnbupyercs xonodepmentom PHK-
nommMepaskl, cogepxaumm daxrop o7 (mdpa
obo3HauaeT MONEKYNApHYI0 Maccy oO-hakropa
B k/la). Ilpu cpaBrnenuy GoubIIOro wKcna MpoMo-
TOPOB pasHeix renoB E. coli oka3zaioce, 4TO WX
TOCTIEAOBATEIBHOCTH CYLIECTBEHHO OTIHYA0TCH
apyr ot apyra. B 10 e Bpems BHISBISIOTCS [BE
KOPOTKHE BbICOKOKOHCEpBAaTHBHBIC 06nacTy, oIHa
W3 KOTOPBIX JIOKAJM30BaHa Ha PacCTOMHWH OKOJIO
10 ma (-10 obnacte), a gpyras — okono 35 nn
(—35 obnacTe) OT TOUKM MHMIIHALMH TPAHCKPUII-
uum (+1):

-35 -10
TTGACA...TATAAT...

(3neckr ¥ sianee npu paccMOTPEHMM MPOMOTOPOB
I HAmAAROCTH onepupytor yeneio JHK, koro-
pas COOTBETCTBYET 1O MOCIIEN0BATENBHOCTH Mar-
pyusodi PHK, Ho B nefcTBHTENEHOCTH ABIAETCH
KomriemMenTaproi Toi nenu J{HK, kotopas Tpanc-
KkpuOnpyercs.) BhisBieHAbIE KOHCEPBaTHBHBIE
NOCNENOBATEIILHOCTH IPOMOTOPOB NPE/ICTAB/IAIOT
coboi yuacTku KoHTakTa xonogepmenta ¢ JIHK.
HecHMMEeTpHYIHOCTRIO TOCIENOBATEeNIBHOCTH HPO-
Moropa obecrieunBaeTcs oJIHO3HaYHbIH BRGOp dep-
MEHTOM HAMPAB/ICHHS TPAHCKPHIILIHK.

Hemuoro4mciieHHbIE I'eHbl TEMJIOBOIO INOKa
E. coli Tpanckpubupyiorcs xonodepmeHTom, co-
nepxanmM daxrop 032, Takoil depmenT ysuaer
MPOMOTOPKI, OTAMYAIONIHECH N0 MOCHEJ0BATENb-
HOCTH OT OOBIMHBIX:

-35 -10
..CTTGAA...CCCCATTA...

Hpymie o-pakTopei (HanpHMep CHHTE3Hpye-
MbI€ HEKOTOPhIMM (ParamMu) TAKKE CYLIECTBEHHO
mwiMeHsioT  cneunguurocTs PHK-nomamepassi
E. coli kK npOMOTOPHBIM NOCHEAOBATEBHOCTAM.

Haubosiee xOpolo m3y4eHO B3aUMOJEHCTBHE
C MPOMOTOpaMK XosTo(epMeHTa, COIEpPKaIEero oo,
PHK-nomimepasa 3akpeisaeT coboi yqactok JIHK
nnmHOM okanto 60 nE ¥ HA TMPOMOTOpE OAHOBpE-
MEHHO B3auMojieHCTByeT ¢ palionamu —35 1 —10.
Ilocne cea3piBanus pepmerta ¢ JJHK npoucxomut
JIOKAIBHOE PACIUIETCHHE LETNEH, YTO JaeT BOIMOXK-
HOCTH (hepmenTy nadath cuHTe3 HHTH PHK na co-
OTBETCTBYIOLEM ofHopenoueunoM yuactke JTHK.
[Tocne Toro Kak HAUMHACTCH MoN2ayuA (Hapaiu-
panue) uenu PHK, o-dakrop suiceoboxaaercs w3
KOMILIEKCa, B cocTas koToporo Bxoaatr PHK-nomu-
mepaza, JIHK u cumreanpyemas menms PHK, Ocpo-

6oauBLINCE, O-(QAKTOP MOKET CHOBA NpHCOEH-
HHTBCH K JIPYTO#H MOJIeKylle Kop-pepmenTa.

Mokasauo, 4ro Eg’? ue Tpebyer erpororo co-
XpaHeHHs TNOC/IeA0BaTeIbHOCTEH pailonoB —35
u —10, 1 No3TOMy HaHHLIH OCHOBHOH BapHaHT
PHK-nonumepainl E. coli B3anmopeiictryer ¢ 6oms-
LIMM KOITHYECTBOM Pa3H4HBIX MPOMOTOPOB M MPO-
motoponofobubix ydacTkos Ha Monexynax JIHK.
Pa3snble mpoMOTOpLl QYHKIHOHHPYIOT € pasindy-
HOH 3¢ pexTnBrHOCTLIO. Tak HasKBaeMBIe CHIBHBIE
(3¢pexTHBHBIE) NTPOMOTOPHI WHULIMMPYIOT TpaHC-
KPHIILHIO C BEICOKOH 4acTtoToi. MMenHo Takumm
npoMoTopaMH OBBIMHO NMPENNOYUTAIOT MaHHITYITH-
poBaTh MPH NPOBEJICHUH TeHHO-HHKXCHEPHBIX JKC-
nepuMeHTOB. Ha Ccriuly npoMoTopa CyL(EeCTBEHHO
BIHAKOT TOCIHeA0BaTeNbHOCTH obnmacreit —35
~10, a Takxke paccrosnue mexay Humu. Hanpu-
Mep, BbifiB/IEHa MyTaura UVS5, koTopas yCHINBaeT
TPaHCKPHITIMIO C NPOMOTOpa JAaKTO3HOIO Onepo-
Ha. CeKBeHUPOBaHME MOKA3aJI0, YT0 MyTauus 3a-
TparmBaeT obnacts —10 npomoTopa u 3ta 061acTh,
MMEIOLIas B IMPOMOTOPE JNKOI0 THIA Plge CTPYK-
1ypY TATGTT, B Plac/ys HIMEREHA TAK, 9TO COOT-
BercTByer Haubosiee wacTo BCTpewaloLyelics no-
cireposatenibiocTH TATAAT (prc. 3.2).

[MocnenoBarenbHOCTH, OKPYKAIOLIHE OTHOCH-
TEJILHO BHICOKOKOHCEPBATHBHBIE pPaHOHBEI —35 H
~10, Takxke BIMSIOT HA CHiIy TpomoTopa. Opnaxo
3aKOHOMEPHOCTH 3TOI0 BIMAHUA NOKA HE orpeje-
JIEHEI, ¥ TI03TOMY TIO MOCIIE/IOBATEILHOCTH HyK-
neotwioB PGEeKTHBHOCTE NPOMOTOPA OLECHHTE
HEeBO3MOKHO, Kak bl MpoMOTOp WHIMBH/IYaJIEH,
H €ro NNpuMeHMMOCTb J1ITA pe].[iE.HHﬂ TEX HJIH UHBIX
3ama4y MOXeT ObITh Ol€HEeHa JIMIIbL IKCTIEPHMEH-
TAJIBHO.

Kpome curnanos, obecrniedmBarommx Haqalo
cunTesa auTed PHEK, cyluecTsylor Takxke W cHrHa-
JIbl OKOHYaHHS (TEPMMHALHH) TPAHCKPHIIIIHH B OI1-
penenennbix Toukax JHK-marpuuei. O6azarens-
HbIM 3/IEMEHTOM MEPMUHAMOPA TPAHCKPHIILAH
ABNAETCH NATHHIPOMHAA [OC/E/I0BATEIBHOCTD
(MHBEPTHPOBAHHBIH NMOBTOP), KOTOPas Ha MOJEKY-
ne PHK ¢opmupyeT AByXUENMOYedHYH) IIITHIBKY

(puc. 3.3). YV E. coli cymecTByeT JiBa THIIA TEPMH-
HAaToOpoB — pP-HE3aBHCHMBIE H O-32aBHCHMBIE.

Y p-He3aBMCHMEIX TEPMHHATOPOB IINHIBKA HA
3'-konne monexynsl PHK, kak npasuio, spisercs
GC-6oraroii, a 33 Hell HIeT NOCIEI0BATENBHOCTE
onuro(rl). Jlxo6bie LmiibKy, BOZHHKAIONIME B CHH-
Tesupyromeiicas PHK, no-suaHMomy, 3acraBisior
TIOITHMEpaly NIBHTATECS MEUTCHHEE HIH OCTAHaB-
nmmuBarees. Ha p-HE3aBHCHMBIX TEPMMHATOpax no-
mamepasa otaensetcs ot JJHK-marpmims: 1 BRICBO-
6oxpnaer PHK. [NocnenosarensHOCTh M3 OCTATKOB
U, pacnoniokeHHas cpa3y e 3a IONMHIBKOH, 1pi-
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Pap

Pleetns

P25TS

Prac

p; rrnB

—35 -10
TTGACA TATAAT

AAATGAGCTGTTGACAATTAATCATCGAACTAG TTAACTAGTACGC
AAATGAGCTGTTGACAATTAATCAT CGGCTCG TATAATGTGTGGAATTGTGAGCGGATAACAATTTC

— e A S i A o — S —

AAARATTTATTTGCTTTCAGGAAAATTTTTCTG TATAATAGATTCA
CACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTC

AAATAAATGCTTGACTCTGTAGCGGGAAGGCG TATTATGCACACC

Pue. 3.2. TlocnenoBaTeNbHOCTD HYKJIEOTHIOR MPUPOIHBIX H THOpHHEIX (06BEAEHE) MPOMOTOPOB.
Crinonisas miH#s — obnacTi npoMoTopoB —35 u —10; mrprxoBas mTHHNA — ONEPATOP NaKTO3HOTO OMepoHa

a 6
Ah . uu
uu
u G CG
CA CG
CG UA
GC CG
CG GC
CcG GC
CcG AU
GC AU
AU ' _OH AU 3 _OH
(] " /
5...CCC UUUUUU \OH 5...AUU UUUuu \OH
Ten trpA E. coli Dar fd
6 <
CA UA
T A u u
A A u u
C C AU
CG CG
CG GC
UA UA
cG AU
CG UA
GC 3 GC
s..AuAU  upuu M UA
OH GU
®ar G4 GU 3 __oH

5...CUAU CAAUCAA \OH

tp; aral

Puc. 3.3. Ctpykrypa 3'-KOHIUEBHX TEPMHHATOPHEIX y4acTkoB pasnuduex MPHK B knetkax E, coli:

a—8 — [-HE3IABHCHMBIE, 2 — O-IABHCHMBIH TEPMHHATOP
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EcoRI Hindlll Hindlll EcoRl EcoRl
Lo | |
=
Pay = P>
EcoRl  HindIll EcoR1
AHK 1,
Pey = Prym ol
1. EcoR1 HindIlI
pMB9 2. HindIll pKBI158
T HindIII
Tc

EcoR1

Puc. 3.4. Cxema KOHCTPYMPOBaHHS MHOPHIHLIX miasMua cepun pKB

HHMaeT y4acTHe B 31oM npouecce. Komruexe
PHK-JIHK (rU—dA) xapakrepusyerca neobbiuaii-
HO crabbiMH KOMIUIEMEHTAPHBIMM B3aHMOAEHCT-
Busvy. TloaToMy AOCTATONHO MHHMMATBHOIO KO-
JINYECTBA IHEPTHH, YTOOBI PaspyLIHTh CBA3H, yIep-
JuBalompe Bmecte fse uenu. Takum obpasom,
octranoska PHK-nonumepasst B 061aCTH LUNMHABKY
B p-HE38BHCHMMOM TEpPMHHATOpe co3jiaeT Oraro-
NPUATHBIE yCroBHA JiA BeicBobowaerns PHK u3
xomrexca rU—dA.

TepmuHanua TpaHCKpHNuMH OOBIMHO IMPOHMC-
XOJIWT HE HA CTPOIO ONpE/IESIEHHOM HYKJIEOTHJIE,
a Ha jJI000M M3 HECKONBKHX OCTATKOB, Pacriojo-
weHHbX Gmke k 3'-komuy U-ygactka. Oum-
ro{rU)-mocnenosarensHOCTy W3 Hykneotnaos U
Ha 3'-koHue PHK coorsercteyer AT-6oraroil o6-
nacth B monexyne JTHK-martpunel. Kak Buanm,
AT-Gorarsie yuactikw JIHK MrpaioT Baxayo pomsb
HE TONBKO B HHMLMALMH, HO M B TePMHHAIHH
TpaHckpunimH. Kaxwil TepMusHarop XapakTepu-
3yeTcs OnpeacneHHoH 3P PEKTHBHOCTRIO, KOTOpas
oueHusaetca kak gosns weneii PHK, Tepmunalius
KOTOPBIX Ha HeM mnpownsouuia. D(PeKkTHBHOCTE
- TEDMHHATOPOB TPAHCKPHIIIMM MOXET BapbHPO-
BaTh B INMPOKHX Ipefiesiax, HO BAXKHO MOIYEpPK-
HYTbh, 4T0 TEPMHHATOpPOB, O0becneunBaOmUX
100%-noe nipexpamenwne cuaresa PHK y E. coli,
HE BBISIBJICHO.

Y p-3aBHCHMELIX TEPMHMHATOPOB B IUITHIBLKE
oberMEO HIDKe OTHOCHTENbHOE comepxanne GC-
nap |, KpoMe Toro, oTcyreTeyer ommro(rU)-yuac-
TOK (cM. puc. 3.3). @akTop p npencraenser coboi
6esiok ¢ MoTeKyIIApHO#t Maccoii 55 k/la. AKTHBHOH
dopmoii, no-suaEMOMY, sBIseTcH TeTpamep. Ilo-
1arawTt, 910 (PAKTOp O CBA3BIBAETCH C 5'-KOHIIOM

cunTesupytomeiics Monexynmst PHK u jBmxercs
eaonk Hee. Korna PHK-nosnimMepasa octanasnysa-
€TCA Ha HEKOTOpOEe BPEMS B paiOHE IIMITLKH,
(axTop p MOXKET €€ JOrHATL H B PE3yNBTaTe B3an-
MOIEHCTBHA C HEH BBI3BATH pacnaj KOMILIEKCa.
SpPexTRBHOCTE H-3aBHCHMOr0 TEPMHHATOpA Ofl-
penensiercs CTabMIBHOCTBIO IUNIUTBKH, (POPMH-
pyemoii monexynoii PHK, u BpemeHeM 3al€pxku
Ha Heit PHK-nommmepasnl. ConpsokeHHas ¢ TpaHe-
KpHTILHEH TpaHCHAIHA BHOBb CHHTE3HPOBAHHOM
MPHK, xoropas uacro nabmonaerca y GakrepHii
(cm. puc. 3.6), MOXET NPENIATCTBOBATL P-3aBHCH-
MO# TEpMHHALMH, TAK KAK B 3TOM CIIy4ae Ha MoJe-
kyne PHK HaxonaTcs pubocoMBl, Memaiomume npo-
JBMKEHHIO 1O Helf (akxTopa p.

Muorue reist E. coli KOHTPOITHPYIOTCS OTHO-
CUTENBHO CralbiMK NPOMOTOPAMH. DKCIIPECCHIO
TaKHX FEHOB MOXHO YBETHUHTE, IOMECTHB HX 10J
KOHTPOJIb CHIIBHEIX NpomotopoB E. coli (Piacuvs,
Ptrps Pipp» Phla) 1H $aros (Apy, Apr, T5p2s ¥ ap.).

Tak, [1. Credpden n P. Lllnedid B oawol u3
pannux pabor (1977 r) nokazanm, ¥ro TpaHcdop-
maims E. coli mnasmunoit pMB9, Hecymei ren
araC E. coli, npuBomuT K 4-KkpaTHOMY yBenHHe-
nH10 cuHTesa benka AraC B knetkax. Ecnu ke aToT
I'€H JONOJHHTENBHO MOMECTUTH M0A KOHTPOIb
MPOMOTOP2 Plactiv's, TO MpoaykuHa Oenka so3pac-
Taet yxe B 50 pas.

ITpu BeTpoiike B miasmuny pMB9 ¢parvenTa
JHK ¢ara A, comepxamero rex cl (rubpumnas
mnasmuza pKB158, puc. 3.4), M. Iltamre c co-
TPYIHHKAMHM TONYHYMIM YBEIWYEHHE IIPONYKIMH
¢aroBoro penpeccopa cl B 5 pa3 no cpaBHEHHIO
C ypOBHEM JIaHHOr0 6eNIKa B LITaMMe, ABIAIOIIEM-
csi mu3oreHoM no gary A. [pu 3170M TpaHCKPHITLHA
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KJOHMPOBaHHOIO reHa ¢l ocywecrsisnacs ¢ ¢a-
roBoro rnpomorTopa prm. Korja k reny ¢l 8 pKB158
nogcTpowsm ¢parment JHK, copepxawmii npo-
MOTOP Placuys (Mnasmmuna pKB255, cm. puc. 3.4),
nponykims Oenka-penpeccopa Bo3poc/ia 1o cpas-
HEHHIO ¢ m30renomM B 15 pa3s, a npm BCTpoiike Tan-
nema 3tMx npomotopos (mwasmuua pKB252) —
B 35 pa3.

Huorpa ans axcnpeccHy 9yKEPOAHEBIX TEHOB
B E. coli neo6X0aMMo HCTONIB30BaTh CHIIBHBIE ITPO-
MOTOPSI, (hyHKIHOHHMPOBAHHE KOTOPEIX NOJBEpra-
etcs peryasumu. Ilpexne Bcero ato Tpebyercs
B TCX CiIy4afX, KOTZA TPOAYKT KJIOHMPOBAHHOIO
reHa TokcH4eH Jutst Kinetok E. coli. T1pu 3ToM kiet-
KH MOMHO KYJIBTHBHPOBETS /10 OIIPE/IC/ICHHOIO MO-
MEHTA B YCJIOBHAX, KOT/1a TPAHCKPUITLIHA KJIOHHPO-
BaHHOIO T€Ha PerpeccHpoBaHa, a 3aTeM HHIYIH-
poBars 3G eKTHBHYIO TpaHCKpunMio, Taxoi noj-
XOJl MO3BOJIAET BHIPACTUTH KJIETKH, COHEPXKAIIHE
rubpumasie JIHK, 110 1ocTaT04H0 BRICOKOIO THTpa
M JIMIIB 110CJ€ 3TOr0 HHHIMHPOBATH MPO/LYKIIHIO
Geska, CBEPXCHHTE3 KOTOPOTO NMPHBOAKT K rubesiu
BakTepuanbubiX KneTok. Kpome TOro, H3BecTHO,
YTO MHTCHCHBHAA TPAaHCKPHIIHA, HanpasiseMasn
CHJIBHBEIM POMOTOPOM, MOXET OTPHIIATETEHO CKa-
3bIBATLCH Ha 3PPEKTHBHOCTH PENNHMKALMM 1Ia3-
muzroH JTHK, a 370 npuBosMT K HecTabnnbHOCTH
MOIIEpXaHMA NJIAa3MHIbLl ¥ NOCTENEHHOH €€ MH-
MHHAIMH 13 DakTepranbHbIX KieTok. Takue nmas-
MHZBI MOTYT OBITH cTabHIH3MPOBAHEL, €CiH JIMC-
TAJILHO OT CH/IBHOIO IPOMOTOPa BCTPOMTH 3ex-
THBHBIE CHTHAIL TEPMHHALMH TPAHCKPHITIHA.

B onmoii ¥3 nepBeix pafoT Nno HCNoONb30BaHMI0
HHIyLIMPyeMBIX MPOMOTOPOB B BEKTOPHYIO ILIA3-
MHAY — npoussoasyry pBR322, comepxarnyro
B CBOEM COCTABE CHJBHBIH mpomorTop pp. dara 4,
BCTPOMIIM el trpA. Iubpumiyio miasmMuily BeeiH
B JIM30T¢HHBIC KIeTKH E. coli, B KOTOPBIX CHHTE3H-
PYETCS TEPMOYYBCTBHTENEHEIH penpeccop ara 4.
ITpu remneparype 30 °C npoaykius Tpuntodan-
CHHTETa3k A IPAKTHYECKH He yBesiHumnace. Of-
HAKO Mociie TEPMHYECKOH HMHAKTHBALMH pernpec-
copa HauuHaeT (QyHKIIHOHMPOBATL NMPOMOTOP PL,
Kotopeii mpu Temneparype 37 °C wmanpasiser
CBEPXCHHTe3 TPHITTO(AHCHHTeTa3bl, ¥ BHISBISE-
MBIl YPOBEHb AKTHBHOCTH 3TOTO (PepMEHTa BO3-
pactaer B 30-50 paa.

TepmOMHAYLHpYEMBIE CHITBHBIE IPOMOTOPLI
THIIA AP, TO-BHHMOMY, TIEPCHIEKTHBHEI JUIA KOHCT-
PYMPOBAHHA TEXHOIOIHYHBIX LLITAMMOB-TIPO/IYLIEH-
TOB payMYHBIX NOMMNENTHAOB. B HacTosLlee Bpe-
M3 TTOJTY€H PsiJi BEKTOPHBIX TUIA3MHL, COZIepKatx
TEPMOHHYIKPYEMBIi rpomMoTop pr. (ara A, ¥ noka-
3aHO, 4T0 C HX NIOMOLUBI0 MOXHO 100HBATECS NPO-
mykunu B E. coli paznmiaubix 6e/ikoB, NMpeBbIuaio-
et HopMaJTbHbIH YPOBEHB B JIECATKH pas.

MoxHOo Takke NPHMEHATE NPOMOTOPBL, MHJTY-
UHMPYEMBIE HH3KOMOJIEKY/IAPHBIMH COCIHHEHHAMH.
Tak, B Tuiazmuay pBR322 Guut BerpoeH parmedt
JHK, conepkaumii npomotop TpHnTodhaHoBOIo
onepora, red trpE u gacte rena trpD. Ilocne wa-
JYKLUHH TPAHCKPHITLMHE € KJIOHHPOBAHHOTO MPOMO-
Topa 3-f-unpomnakpuioBoii kucnoron (HAK)
YPOBEHB MPOAIYKLMH aHTPAHNIIATCHHTETa3bl, KOJIH-
pyemoii resoM frpE, Bospactan B 50 pa3s, cocTas-
s npy 31oM 55 % BHOBB CHHTE3MPOBaHHOIO Hei-
Ka KieTkd. ECIM JUIA KOHTpONs TpPaHCKPHTIMH
KIOHUWpOBaHHOH nocneposarensroctn JIHK wc-
NOJB3YETCS TPOMOTOP reHa fB-ranakrosngassl, 10
apdexTHBHYIO TPAHCKPHTILKIO C HErD MOXHO MHH-
IIMMPOBATH, CHHUMASA PEIPECCHI) BBEJIEHMEM B Cpe-
ay wsonponun-f-D-tuoranaxrosuaa (UIITI) —
cneM(UUHOTO WHIYKTOpa JIaKTO3HOIO ONcpoHa
E. coli.

Hcxons 13 TOro, 4TO MPOMOTOP Plact’s UMEET
«uneanbHyion obnacts 10, a py, — obnacts 35,
X. Jle Boitep ¢ coasropams B 1982 1. ckoHCTPYHpO-
BaH TMOPHIIHLIN [TPOMOTOP, HA3BAHHBIN MMM Prae
(cm. puc. 3.2). JlaHEBIH HCKYCCTBEHHBIH NPOMOTOP
penpeccupyercs /ac-penpeccopoM, U TPAHCKPHII-
s ¢ Hero moxer Owite mHayumposana MITTI.
B cocrase BEKTOpPHOM TITa3MHIB P B 5-10 pa3
apdexTHBHEE, YEM DPjuerys-

H3BeCTHO, 4TO NIPOMOTOPbI PAHHHX I'eHOB P25
u P26 ¢dara T5 wMerOT BHICOKYIO a(ppHHHOCT
k PHK-namimMepase E. coli v aBns101Cs O4EHb CHITL-
HBIMH KOHCTHTYTHBHBIMH npoMoTopaMy. Yto6bl
c/lienars TPOMOTOP reHa P25 perynMpyeMbiM,
T. llu6yw ¢ corpynrukamu (1988 1) ¢ nomorsio
XUMHYECKOr0 CHHTE3a OIJMIOHYKIEOTHIOB H KJIO-
HHPOBAHMA CO3JIATH IPOMOTOP Ppac (cM. puc. 3.2).
JlanHniif TpOMOTOP MOBEPraeTCs peryiaiHy, Kak
npomotop lac-onepona, u npH 31oM 3¢ dexTHBHO
¢ynkumonnpyer: npu wrAykuue WIITT om ma-
HPaBIAET IKCNPECCHIO BCTPOEHHOIO rena B 3 pasa
sdpexTHBHEE, YEM Poe. B BEKTOPHBIE MIA3MHILI
C TAKAMH CHJIbHBIMM TIPOMOTOpaMyn HeoGXOommMo
BBOIUTE 3 dexTHBHO QYHKUMOHHPYIOINE TEPMU-
HATOPbI TPAHCKPHILMK, 4TOOb! 1TPOLIECC CHUTHIBA-
oHA MPHK co BcTpoeHHOIO B BEKTOp reHa He HH-
Tepdepuposai ¢ Apyrumy QYHKIHAMH ILIA3MMIbL.

ITo ananornunoi cxeme M. bopoc ¢ coasropa-
vi (1986 1) co3manm perymHpyeMbliii TpOMOTOP
Prac, BEITIOUAIOILMH 0611aCTh —35 CHIILHOIO IPOMO-
Topa p; rena pubocomuoii PHK r»nB u obnacts
—10 npomoropa lac-onepona aukoro Tuma (cM.
puc. 3.2). Cuares yyxepontoro benka, obecneuu-
BaeMblif Mocsn€ HMHAYKUMH JIAHHOIO NPOMOTOPA,
B HEKOTOPHIX Cilyyasx nocraraer yposus 60 %
CyMMapHoro knerounoro 6enka E. coli.
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Puc. 3.5. apuas cucrema sxcnpeccun PHK-nonumepasa dara T7 — nosaamii npomorop ¢ 10 dara T7.
leserueckue amementnt gara T7 HAXOAATCA B ABYX PerUiHKoHaX HA ocHOBE coBMecTHMLIX ruasmil P15A n ColEl

Heobxomumo oTMETHTB, ¥TO paccMOTPEHHBIE
BAPHAHTEI MH/IYIHPYEMOH TPAHCKPMIILIHH HMEIOT
onpezeneHHbie HejocTarky. Tak, IpH NOBbIICHHH
TEMIIEPaTyphl Cpeibl HHIAYLMpPYETCH KCIPEeCCHs
HE TOJBKO 1EJEBOI0 reHa, HO ¥ pAia IeHOB KIeT-
KH-XO35HHE, B TOM YHCjIe W TreHoB nporeas. MHce-
MONE30BaHHe XMMUYECKHX MHJIYKTOPOB, KaK Ipa-
BWIO, OTPaHHYMBAETCS JIHIIE 1a60opaTOPHBIM Mac-
urrabom, Tak Kak ynopoxaer GuoTexHomOruue-
CcK#Hii npolecc.

CywecTByeT MojXon, JTHINEHHEHA 3THX HENO-
cratkos. U3sectHo, uro muorve daru E. coli kosu-
pyror PHK-nonumepasel, cnocobnsie B3anmMonei-
CTBOBaTH NHIL CO CNCH(HYECKHMH TIPOMOTOPa-
MM nosuuux aroseix resos. Haubonee xopomo
myyena PHK-nomimvepaza ¢ara T7. B npotusono-
NOXHOCTe MHOrocyoneamuuuneiM PHK-nonmume-
pazaM OakTepuif ¥ 3yKapHOT, OHa ABIAETCH MOHO-
mepHEM Bernmkom (KaKk ¥ aHanoruunnie GepMenTsl
Jpyrux haros) ¢ MosekynspHoi maccoil 99 k/la.
B ommume or (epmenta wietkm-xo3smea PHK-
nonmMepasa T7 y3HaeT cTporo cneru@puueckyio
HENPEPLIBHYIO TOCJIG/IOBATENBHOCTD Pa3MEPOM
23 nH, NPAIEraouy0 K TOYKe HHUIHALHN TPaHC-
kpuniuun. Cropocts anonrammy PHK-nonumepa-
30i T7 B 5 pa3s Beime, yem ¢epmenTtom E. coli.

B 1985 1. C. T360p 1 K. Puuapcon npeanoxm-
sm ucnonb3oeath PHK-nomimepasy dara T7 wis
CYNEPIKCIIPECCHH [EJIEBLIX [EHOB. JKCIEPHMEH-
TanbHO Obulo Jlokazano, uyro wHa JJHK E. coli npo-
morops juia PHK-nomumepaser T7 OTCYTCTBYIOT.
Ipn undmimposanuu E. coli ¢arom T7 darocne-
wuanas PHK-nonmmepasa cocrasinser 0,1 %
kneTosroro benka. I'ew sToro pepmenTa (0bo3Ha-
yaemblii 1 poit /) sBngeTcs paHHUM H TPAHCKPH-
6upyetcs PHK-nomumMepasoli  kJIETKH-XO34HHA.
INocne werpoiikn rena I dara T7 B BekTOpHYIO
IasMpy yposeHs npoaykinu parosoii PHK-no-
smmMepasel B E. coli BospacTaeTr B JeCATKHM pa3s,
OJIHAKO 5TO HE CKa3bIBACTCS HA CKOPOCTH pocTta

OaxTrepHanbHbIX KI1eTOK. BBEIEHHE K€ B 9TH KIET-
KH OpYyToH COBMECTHMOM TUTAIMM/IBL, COMIEPMKALIEH
npomoTop dara T7, BbIBLIBACT JETATLHBIL JUIs
Gaxrepun addexr, TaK Kak MOIHAR TPAHCKPHITLIUS
nonuMepasoif gara ¢ 3Toro NPOMOTOPa MPHBOIHT
K (akTHyecKOMy HIbATHIO Nyna puboHYKIICO3HA-
Tprudocharo k1eTkA. TPRHCKPHIIIHS AT CTONb
3 exTHBHO, YTO NPOUCXOAHUT MHOTOKPATHOE CYH-
ThIBAaHUE (PEPMEHTOM NOJNIHOIO TUIA3MH/IHOTO TEHO~
ma. Tepmuraropel Tpanckpunumm E. coli npakTa-
yeck He ysHaworcs PHK-nonmmepazon T7. Io-
3TOMY B IUI3MHJ1Y SKCIPECCHH HeoOXOIMMO BBO-
JINTE cnenugpuyueckHii juis T7 TepMuuaTop TpaHc-
KPHITIHH.

IlepBolif BapraHT CHCTEMBI SKCITPECCHH, 3aBH-
cumoi o1 PHK-nonumepassi dara T7, npeacras-
niex Ha puc. 3.5, I'en [ ¢para T7 B nnasmupe pGP1-2
NOMEIeH Mojl KOHTpoNk mpoMotopa pr ¢ara A4
1 npu Temneparype 30 °C Haxonmres B petipeccu-
POBaHHOM COCTOMHHMM 3a CHCT BosaelicTBus Oes-
ka-penpeccopa cl ¢ara A. Ipn Harpesaunn dakTe-
pransHoM KyneTypel Beiue 37 °C npoHCXoaHT MH-
aKTHBAIlMA TEPMOTYBCTBHTENLHOIO (haroBoro per-
peccopa ¥ MHAYUMpPYETCH SKcrpeccus reHa ara
T7. Cunrresnpyemas PHK-nonmmepasa gara T7 un-
TEHCHBHO TPaHCKpUOHpYET MOCNEn0OBATENLHOCTH
JIHK, naxozsniytocst Bo sropoif niasmuze (pT7-1)
1O KOHTPOJIEM ITPOMOTOPA Pr7g10, ¥ YpOBEHH Gel-
Ka JIaHHOTO [IEJIEBOI0 IeHa MOXKET COCTaBHTh
30-50 % cymmaproro kinerounoro 6enka. Hepo-
CTATKOM PacCMOTPEHHOH CHCTEMbI SKCIIPECCHH SB-
JIAETCH TO, YTO NPOMOTOP pi. peénpeccHpyeTcs ben-
xom clgs7 He nonnocTeio ¥ Npu TeMneparype 30 °C
MMeeTCA onpelieneHHbid (oHoBhl cHETes PHK-
nomumepalsl T7, KoToporo J0CTATOYHO /ITA aKTHB-
HOIi 3KCnpeccHu reHa, BerpoeHnoro B pT7-1. Ecnn
PO KT M3y4aeMoro reHa TokCHYeH juis E. coli, To
u Oe3 nHayxuun OyaeT nporcxoanTs rubens Dax-
TEPHANBHBIX KJIETOK. 3T0 JULIHUEA pa3 NOATBEpX-
ZIaeT, HACKOMBKO JIaHHas CHCTEMA 3KCIPECCHH Te-
HOB 3{pexTHBHA.
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Yrobb! npeoaoners yKkajaHHhIE 3ATPYIHEHHA,
NPEIIOKER pAj MOIH(PHKAUMH CHCTEMBI 3KCIPEC-
cim, 3aBrcHMoii ot (para T7. Llenepoit ren BBOANT-
ca B KIeTKH E. coli B cocTaBe IL1asMiiibl 10| KOHT-
ponem mpomoTopa ¢ara T7. [lanweiéi npomorop
PHK-nonymepasoli iieTkn-x03snHa HE y3HaeTCH,
M H3Y4aeMell TeH HAXOAHTCH B CTPOTO PENpeccH-
poBannom coctosauH. Tlociie Toro Kak KymeTypa
¢ rubpuaHoil 1aIMUAOH JOCTUIHET OINpPEeeH-
HO# IUIOTHOCTH, €€ MOXHO 3apa3uts ¢arom T7 wim
rubpumbivu Qaramu A 6o M13, Hecywpmu ren
PHK-nonumepaset T7. B nepeeix JByX ciyuasx
KJIETKH CITyCTH HEKOTOpoe Bpems OymyT nusmpo-
Batscs. B nocneneM — nu3uca KIeTok He Habmo-
naetcs. [lpu undexipm (arom A Jim3sKca KIETOK
TAKKE MOXHO M30exkaTh, €CIIM BBECTH B BEKTOD
MyTaumy no resam O u S (em. 2.2.2). Kpome Toro,
B Kau€CTBE KJIETKH-XO39MHA MOXHO HCTONB30BATE
E. coli, muzorernyio no rubpuisaomy dary A, necy-
niemy res PHK-nonmumepasst T7, u B HyxHbIH MO-
MEHT HHAYIMPOBATE €0 M3 COCTOAHMA npodara.

B psne naboparopuii Gbute co3sanbl BEKTOP-
HBIE IUIA3MM/IBI SKCTIPECCHM, ¥ KOTOPBIX CHIIBHBEIE
NPOMOTOPBl TAHIEMHO NOBTOPEHb! (JUIA IpUMEpa
cM. Ha pHc. 3.4 mmasmumay pKB252). Ilokasano,
9T0 JYTIMKALHS TPOMOTOPOR IMPHBOJKT K yCuiie-
HHUIO TPAHCKPHIIMM KJIOHHPOBAHHBIX IeHoB. Ta-
kot xe pdexT Habmonaetca u nmpu KoMOuHaMK
IByX padiMumbiX 1pomotopoB. IToatomy nammbii
MOAX0/ K YBEIHYEHHIO IPOAYKIUNK Henesoro bes-
Ka MCob3yIOT JOBONBHO YaCTo.

B nacroginee BpemMs CylLECTBYeT IMPOKUHH Ha-
Oop remeTHueckMx KOHCTpyKIMH, obecneunBaio-
HX BHICOKOI(D(PEKTHBHY IO TPAHCKPHILLMIO KIOHH-
PYEMbIX [€HOB.

IMoka Ma10 H3y4eH BOMPOC O TOM, Kak Mpdex-
THBHOE BHIPaXCHHE TEHOB BEKTOPa, HE YYaCTBYIO-
LIHX B €10 PeIUTHKAIHH, BAHAET Ha YPOBEHb 3KCII-
pECCHM KJIOHHMPOBAHHOIO 4y)epoaxoro rexa. [To
KpaiiHeii Mepe, B O/HOiT #3 mepBbiX paboT B 3TOM
nanpasnesuy H. Ianaérarocom (1988 r) Gwuio
NOKa3aHo, YTO CHHAKEHUE YPOBHSA IKCIIPECCHH IeHa
YCTOWYHMBOCTH K aHTHOMOTHKY (kanR) MHOTOKO-
NUIHOIH BEKTOPHOM nuasMM/bl (3a CUET BBEIEHUS
MyTalHif MO MPOMOTOPY 3TOr0 T€HA) MPHBOIHT
K [IByKDATHOMY yBEIMUCHHIO npoaykuuu B E. coli
(haxTOpa HEKPO3a ONMyXOIH HeJI0BEKa, I'eH KOTOpO-
I'0 KJIOHHPOBAH B 3TOH IL1a3MHJIE.

Hpyrum QaKropoM, KOTOPLIH PEJIKO YUHThIBA-
0T NPH ONTHMI3ALMH TPAHCKPHNUMH KIOHHpYe-
MbIX I'€HOB, SBJIAETCH CTENECHb CYIEPCKPYHEHHOC-
™ JIHK. B knetxax E. coli KOHTpOIb TOMONOIHYE-
ckoro cocrosuua Mosexyn JIHK ocywecrsnsercs
JIByMA TONOH30MEpalaMH, MMEIIHMH MPOTHBO-
nonokHo Hanpasnenwoe aekicrsue: JIHK-tono-
m3omepaia | pacnaeraer (penakcupyer) JIHK, B 10
Bpemsi kak JIHK-rupasza cynepckpyusaer JTHK.
Hcnone3ys te wis uHbie MyTanTh E. coli no cuc-
teme TonouwsoMeprsatmy JIHK, MOXRO BIHATE HA
YPOBEHb IKCTIPECCHH KIIOHHPYEMBIX TEHOB.

[logBoaA WTOr JIAHHOIO pa3sjiena, MOXHO ce-
JI&TH BBIBOJL, YTO BCTPOHKA MHTEHCHBHO TPAHCKPHU-
OMpyeMBIX TEHOB B MHOTOKOTIHHHBIC BEKTOPHBIE
JHK BhI3EIBAaCT, KaK NPaBHIIO, CBEPXIPOLYKIHIO
6eskoB, KOIMpyeMBIX 3THMH reHamn. Baxkno, 9ro-
OBl 5'-koHIIEBas NOCIE/I0BATENLHOCTD CHHTE3H-
pyemoii MPHK umena taxky o oprasu3anmio, KOTo-
pas obecnieuupana Gul H3QPeKTHBHYIO HEHLHALIMIO
€€ TPaHCIIALMK.

3.3. NOBLILWEHWE 3®PEKTUBHOCTH TPAHCIIALIMA MATPUYHBIX PHK

MonekynspHeie nporeccel cuuTesa Geska ss-
JS0TCA JOCTATOYHO CIIOKHBIMH. B HUMX y4acTByOT
TpH kaacca monexyn PHK: marpwumas (MPHK),
rpasenoprias (tPHK) u pubocomuas (pPHK).
Cumres Genka OCymecTB/ISETCRA KPYTTHBIM My/TbTH-
(bepMEeHTHBIM KOMIUIEKCOM — puOoCOMOl, mo-
cTpoerHOM 13 Monekyn 6enkos u PHK. Kpome To-
10, cymecTByroT (QepmenThl ammHoamnn-TPHK-
cunTeTassl, (axrops! uEuumaumy (IF) curTesa no-
JMTENTHAHBIX Leneii u (aKTophi 0CBODOKIEHHA
(RF), yqacTBYIOILHE B TEPMMHALHH TPAHCNALIAM.

CospemMeHHbIH yPOBEHb 3HAHHMH B MOJICKYJAP-
HOH OMONOrMH ¥ METOIONIONHA TeHEeTHYECKOH HH-
KEHEPHH MO3BOJIAIOT BOZAEHCTBOBATL HA MPOLIECT
cunTesa Oenka, Junm MOHGHIMPYR CTPYKTYpPY
marpuunoil PHK u He 3arparueas Bech OCHOBHOH
KOMILIEKC MAKPOMOeKyll KIeTKH, YHacTBYIOIIMX

B TpaHcnanue. [losromy Gonee monpobro pac-
CMOTPHM CTPYKTYpHY:0 opradusaumioo MPHK
E. coli.

BosnbmuHeTeo Gakrepuanerbix MPHK nenosn-
ropeqnbl. QyHKUHMOHANBHOE BPEMA MONYKHIHH
MPHK 00wrunio cocrarnser okono 2 MuH. Y Dakre-
PHil TPAHCKDHIIIMA W TPAHCIAIMA CONPSKEHBL
Ipu Temmeparype 37 “C tpanckpumma MPHK
MPOMCXOIMT CO CKOPOCTHIO npuMepHo 2500 Hyk-
neoTHIOB B | MuH, 4TO coOTBETCTBYET 0OpasoBa-
Hui0 14 konowor B 1 c. TIpy 310M M3BECTHO, HTO
B PacTyI{yr NOJMNENTHIHYIO Uenb 3a | ¢ BKmo-
yaercs o1 12 10 17 aMHHOKHCIOTHBIX OCTATKOB.

Pubocomb! B GaKTEpHAILHOH K/IETKE CBA3BLIBA-
1oTes ¢ 5'-koHnessiM pajitonom MPHK w1 HaunHalor
e¢ TPAHCISIHI) YIKE TOI/1A, KOIJA SLUe He 3aKOHYe-
Ha TPaHCKpHIITHA MaTpHis! (puc. 3.6). Heobxomn-
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Puc. 3.6. Cxema TPaHCKpHIILIMK ¥ TPAHCTALHH B Knetkax E. coli

MO OTMETHTB, 9TO KOJHpYIOoLas benok nocnenosa-
tenmeHocTe MPHK orpanmtena va 5'- u 3'-koHuax
HEKOIUPYIOLLMMHE YYACTKAMM.

Hurencusrocts Tpanciaauuu MPHK B Bakxre-
pHAX 3aBHCHT OT paaa napamerpoB. OTHOCHTENE-
HO XOPOLIO H3y4EHO BJIMAHHE [OCIEI0BATE/ILHOC-
TH HYK/JIEOTHJIOB ¥ BTOPHYHOHR CTPYKTYpPHI 5'-KOH-
uesoi obaactn MPHK na s pektuBrOCTS HIHIHMa-
UMM TpaHcasupy B Kietkax E. coli. Ilepponayans-
HO ¢ monekynoii MPHK BsammozeiicTeyer manas
30S-cybbemmumma  pubocomel, obbeamHCHHaA
¢ Tpems pakTopaMy MHMUMALHK. B 9TOT KOHTaKT
BoBnekaercs ydactok MPHK jummxoii okxomo 35
aykneorunoB. [locneposarensuocts MPHK, ¢ ko-
TOPO# NMPOMCXOINUT TAKOE NEPBHYHOE CBA3bIBAHKE,
NONYYnIa HA3BAHME YYACMOK CEAILIGAHUS Pubo-
com (ribosome binding site, RBS). YuacTok cBa3bi-
BaHuA pubocom 00s3aT€/IBHO COMECPKHT HHMLMA-
TopHei koaoH (AUG, pexe GUG) u nocnemosa-
TEJBLHOCTb, KOMIUIEMEHTApHYH 3'-KOHUEBOMY
paiiony 16S pubocomuoii PHK

3' AUUCCUCCACUAGGUUGGC...5"

3Ty NoCIeI0BATeTBHOCTh HYKJICOTH10B O0LIMHO Ha-
3bIBAIOT nocaedosamenbhocmere Lllauna—/ans-

zapno v SD-nocnedoeamensrocmero (no Qa-
MITHAM aBTOPOB, BhiABuBLIMX ¢¢ B 1975 r.). Ces-
sbipanue 30S-cyGneaumnnb pubocoM ¢ MPHK
TIPOMCXOJIHT, NO-BUIMMOMY, B PE3yNbTaTe B3aHMO-
JENCTBHA KOMILIEMEHTAPHBIX [0CIIE0BATENLHOC
Teil HyKJIeoTHIOB Ha 5'-koHueBom ywactke MPHK
u 3'-xorne 16S pPHK. IMocnenosarensuocts SD
HMMEET pasMep 01 3 10 9 HYKACOTHIOB, IPH ITOM
oHa He 00m3aTenBEHO A0DKHA OBITH HENpephIBHO
KOMIUIEMEHTAPHOH COOTBETCTBYIOIEMY YYacTKy
16S pPHK. Hanbonee uacto B kavectse SD-yqact-
ka Ha MPHK Bhiasnsior nocleiosarenbHOCTb
AGGAG.

Paccrosnmne oT SD-nocneaoBarenbHOCTH 10
HHUIMATOPHOTO KofioHa y E. coli BapsupyeT o1 3
mo 13 myxreorunos (B GonslummcTBE CllydaeB
5-9). IlpuyeM OT 3TOI0 PacCTOAHMA MOXET Cy-
LIECTBEHHO 38BHCETh I(PPEKTHBHOCTH HHHITHALMH
tpagonsuuu MPHK v B xoHewHOM cuere — ypo-
BEHb SKCIPECCHH KOAMPYIOILEH mocie/loBaTellb-
HoCcTH M3yqaemoro rena. Ha s¢dextuBnocts cps-
3biBaHHA pHDOCOMBI TAKKE BIMAET B LEJIOM BCA
nocienosarenbHOCTh paiona MPHK ot 20 no +14
(3a +1 NpUHAT NepBBIi HYKICOTH I HHHIHATOPHOIO
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Puc. 3.7. Opranusanus 5'-xkonnesoii qactu rena ¢l B rubpuaneix niasmuaax.
CrobxaMs yKa3amsl rPannIiLl ACTCIHH

KOJIOHA), OJIHAKO YeTKHX 3aKOHOMEPHOCTCH ITOro
BIMSHUA NOKa He o0Hapyxeno. Jlokazano, 4o na-
JHYME UITMIEYHBIX  (B3aWMOKOMILIEMEHTAPHBIX)
CTpYKTYp B 5'-konuienoii obnactw MPHK, ocoben-
HO B paitone yuyactka RBS, cuwxaer addextus-
HOCTHL HHHLMALHA TPAHCIAIHHA.

B npouecce ceasbiBanus 30S-cyOnequuuib
pubocom ¢ yuactkom RBS na MPHK npoucxoaur
CTEPHYECKOE W3MCHEHHE 3TOH CyOBheHHMLBL, 00y-
cnopmmsatoniee dpdexuproe B3aumMoueiicTrue ec
¢ vuuimaroproi gopmusmernonwi-rPHK (f-Met-
TPHK). Bene 3a 51HM K JJaHHOMY KOMILUIEKCY NpH-
coeamusercs 50S-cybbenunnna pubocom, u cdop-
MHpOBaBILasics NonHoeHHan pubocoma (70S) ocy-
WECTRIAECT HAPAUMBAHUE MONMTICIITHIHOM LeTTH.
Ha unrencupHOCT: TpaHensimy MPHK B HekoTto-
PBIX CIydasx MOXKET BIMATE H € [EPBHMHAS
CTPYKTYpa, TaK KaK HEC BCE KOJOHBI C OJIMHAKOBOH
2 peKTHBHOCTHIO BOBNIEKAIOTCS B IPOLIECC.

Tpr xonona (UAA, UAG u UGA) na MPHK
ABAAKOTCH TEPMHHATOPHBIMU: OHH OCTAHAB/IUBAKOT
Tpancngiuio. C JaHALIMHE KOJIOHAMH B COCTaBe pH-
6ocome! BiaumoeicTByer ocoObtiii Genok (dakrop
ocrobGoXJIcHHs ), KOTOpPKI obecnieunBaeT oT/ee-
HHEC KapOOKCHIIBHOIO KOHIIA pacTyIlcH nonunen-
THAHOH et ot monexkynsl TPHK, nocne yero no-
nunenTHa ocrobongiaeTes, a pubocomMa pacnana-
€TCH Ha ABC CYyOBeMHMIIbI.

B ommune OT sykapHoTHUeCKHX BaxrepHaib-
upie MPHK MOryT sHaguTentno palnuuarhesi nmo
quciy KonupyeMbix uMu Genkop. Hexoropeie mo-
NEKYTIhi COOTBETCTRYIOT TONBKO OJHOMY FeHy —
10 Morouuctpornbie MPHK. Jlpyrue copepxar
NOCACAOBATENBHOCTH, KOAHUPYIOWHE HECKONBKO
6enkoB, — 310 nonmpuHcTporasie MPHK, Maniua-
LMl TPAHC/SIHMH B KAXJIOM IMCTPOHE B COCTABE
nomumuctportod MPHK, kak npasuno, npoucxo-
JIAT HE3aBHCHMO, T. €. KaN/IBH LUCTPOH HMeeT
cobereennnit yaactok RBS. B HexoTophix reHHo-

HH)KeHEPHBIX paboTax peanu3yercs MONHIHCTPOH-
HBIH npuHLMn nocrpocuus 6akrepuansibix MPHK
NpH KIOHHPOBAHWH HYKEPOAHBIX TEHOB (Hanpw-
Mep, cM. pHc. 2.44).

HecmoTps Ha Gonbuioii nporpecc B noHMMa-
HHH TIPOLECCOB TPAHCTAMH, T10Ka ACHBI THLIB OC-
HOBHBIC CTPYKTYPHO-(YHKLHOHAILHEIC 3AKOHOMED-
HoctH opranm3aimu MPHK. B yacraocty, no no-
CHIC/IOBATCIIBHOCTH HYKICOTHIOB Y9acTKa CBA3bI-
BaHuA pubOCOM NPaKTHHCCKH HEBOIMOKHO @ prio-
ri onpenenys HpPeKTHBHOCTL MHWLHALIWK TPaHC-
nanuH pacemarpusacMoii MPHK. TTosromy kanitas
H3yqaeMmas KOHCTPYKUMS JIOJDKHA NOABEPrarscs
IKCIICPHMEHTATLHOH TPOBEPKE,

chleﬂﬂleaBIll‘:!{thc HCCACHOBAHHA BJIHMAHHUA
cTpykrypsl RBS Ha sddextirHOCT: 3KCTIpECCHn
KIOHHPOBAHHKLIX I'CHOB BbIMONHCHBI B naboparo-
pun M. [Trawme (1978-1980 rr). [Nepponauaisno
H3Y4al0Ch BIMAHAC CTPYKTYPBI THOPHIHONO y4acT-
ka cpA3biBanna pubocom nnasmuas pKB252 (oM.
pHc. 3.4) M ee NPOM3BOIHKIX HA YPOBEHb TPOLYK-
MM B Knerkax E. coli benka cl — penpeccopa
¢ara A. B ucxommoii nnasmmie pKB252 rew ¢l da-
ra A COCTHIKOBaH € TaHJEMHO PaCcrONOKEHHBIMY
dparmenTamy, Kaxabii M3 KOTOPBIX COZICPKAT
npomotop, SD-nocieosareIbBHOCT, HHHLIUHPYIO-
NHH TPaHCHALHIO KOAOH H MOCHEHOBATE/ILHOCTS,
KOAMPYIOIIYIO TEPBBIC CCMb AMHHOKHCIOT I'eHa
lacZ (pwuc. 3.7). Berpoennniii B pKB252 ren cl
TAKKE UMCET CBOH HEMOBPEKICHHBIH YUACTOK CRS-
spiBaHMs pubocom. TMockonbKy pamka Tpascis-
MK, HauMHaloneHcs ¢ kopora AUG rexa ff-ranax-
TO3MAA3bI, HE COBMAMAeT C PAMKOH KOAHPYIOIICH
NOCNCAORATENLHOCTH TeHa ¢, Tpancnsuma cl
B maamvuae pKB252 3apscHT or coberpenmoi
SD-nocyieioBaTeNnbHOCTH. ITO NOATBEPHJIAETCS U
TeM, 9T0 fienenns B masmune pKB252 cermerita
nminoi 114 na B obnacti Mexay SD-yuacrkamu
renos lacZ w ¢l (mnasmupa pKB265, cm. puc. 3.7)
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Puc. 3.8. MeTon onTHM#3aNINH TPAHCIAIIHK THOPHIHBIX TEHOB

HE BJIMACT HA YPOBCHL NMPOAYKIMHM (arororo pern-
peccopa B xierkax E. coli. Ucnons3opanue jelie-
LHOHHOTO BapHaHTa rnasmuel pKB252, B xoro-
pom obpaszoBas ruOpuiHb yHaCTOK CBA3LIBAHHA
pubocom, cocrosumit w3 SD-nocsieioBaTeIbHOCTH
redHa lacZ w MHMUMATOPHOIO KozmoHa TeHa cl
(mnasmupa pKB280, cm. puc. 3.7), npusopur
K yBenHYeHHIO cuHTe3a Oenka-penpeccopa dara A
B 3-5 pas.

OTH pe3yNLTaThl NNOKA3BIBAIOT, YTO NOCIELOBa-
TEJLHOCTE HYKICOTHI0OB YHACTKa CBAZbIBAHNSA PH-
focomM MOXET CYIIECTBEHHO BAHATS Ha MpdexTur-
HOCTB TPAHCIALMH CTPYKTYPHOH HacTH H3yHaeMo-
TO FeHa, OJiHaK0 KOHKPETHOH 38KOHOMEPHOCTH yC-
TAHOBHTH HE yAA10Ch, TeM He MCHEE NOITYYCHHBIC
JIAHHBIE HATONKHY!IH HCCIEMOBATENieH Ha MJICIO

paspabotars oOIHI MOIXO/1 K CTATHCTHYECKOH Of1-

vMusauuy Tpanciumu MPHK, nerepmunmpye-
MOH KJIOHHPOBAHHBIM FEHOM.

Ilpexxje Bcero Obuta co3gaHa TIIa3sMKJA,
HMCIONIAs B CBOEM COCTABC CIIMTHIC YACTH I'eHOB
lacl v lacZ: npy TPAHCKPHNTIMKE ¥ TPAHCHALMN Ta-
KOro xumepHoro rema obpasyercs Genok ¢ ¢ep-
MEHTATHBHOH AKTHBHOCTBIO f-ranakTo3niaisl.
Cmrsiii ren lac'l’- Z 8 nnasmuze pLG (puc. 3.8)
HE MMEET MPOMOTOPA ¥ MO3TOMY HE 3KCITPECCHpY-
ercs. Berpoikoi TMHKEpOB B Ha4ano CTPYKTYPHOR
YAaCTH 3TOIO Nrela MoXXHO BROIHThH pa:unmmc McCC-
Ta y3Hapanua pectpukTas, JUis KakIoro KoHKpeT-
HOTO CITyqas BEIOHpaeTcs onpeaeneHHas nocieio-
BATEJILHOCTH HYKJICOTH/IOB BROJMMOI0 JIHHKCpA.
Ecnu o seiOpanHOMY MECTY paclueIUIeHus pecT-
PHKTa30H BCTPOHTH MOCHCAOBATEIBHOCTE JIFOOOIO
rena X, koqupyonlyo N-KOHUEBYIO 4acTh 1nonm-
nenTuaa, To obpazopanHbiil TMOpHIHBIH ren OyueT
NETCPMUHMPOBATH CHHTE3 XHMepHoro Oesika, no-
npexxHemy ofnanawouiero (epMeHTATMBHOM aK-
THRHOCTBIO fB-ranaxroswiasel. JIHK nomyueswo#
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maasmuas pLG' (em. puc. 3.8) moxHo nepesecTH
B JHHeliny0 (opMy, paciiciiHB cC PeCTPUKTA30H
BOsm3n Havana reuwa X, 3arem sty JIHK B koHTpO-
THPYEMBIX YCTIOBHSX 0OpabaTeiBaroT HyKieason
Bal3l ¢ uensio nonyuuTs JMHeHHBIE MOJIEKYILL
mnasmpanoi JIHK pasmgwoii anvse. TMocne sro-
ro gacts nnasmMuanoil JHK sameniator ¢pparmen-
TOM, coziepatimM npomotop, SD-nocnenosarens-
HOCTB I'eHa lacZ ¥ NATH Nap HYKIEOTHAOB HOCIE
SD-nocnesioBaTeNbHOCTH.

B nonyuexnoi cepum nnasmun pLG” Tpancns-
1M XUMCPHOro Oelika HauHMHACTCA € HHHLHUPYIO-
piero kojiona resa X. TlpaueM B pasHelX mia3-
MHax paccTosiie Mexmay SD-ydacTkoM M TpH-
mwierom ATG e ojmmnakopo, 4T0 0bycioRiImBaer
pa3inuHA B YPOBHE NPOAYKIMH XHMepHoro benka,
KOTOpBIE JIETK0 BRISBHTE 110 (JePMEHTATHBHOH aK-
THBHOCTH [-TaNaKro3ufiaskl B MHIWBHIYaJTbHBEIX
KJIOHAX IUIa3MuI0coep amnX kierok. B papuan-
Tax THOpuAHEIX mrasmig pLG”, obecriesupaonmx
B kilerkax FE. coli Haubonbuiyio aKTHBHOCTH
p-ranakrosuiasel, OCYLICCTBISIOT MOMHYIO pe-
koHCTpyKipio rena X. [lonyuaembie miasMuibl
pLG" yxe ONTHMU3HPOBAHBI 10 TPAHCIALHH
MPHEK, koaupyemoii nociieaoBarensHoCTsio resa XL

C wcnons3opanuem paspaboTaHHOi METOAHKE
Owiia onTEME3HpOBaHa skcnipeccHs B E. coli komm-
PYIOIIHMX ToceioBaTenbHocTel f-rmobuna Kpo-
ymuka, ¢pubpobnacToro nuTepdepora YesloBeKa
HCKOTOPBIX APYTHX.

Paccmorpennas cxema SIBISETCA JIOCTATOYHO
obutedf n moxer ObiTh nNpuMeHeHa VIS APYTHX

KoMOMHAIHI NPOMOTOPOB M KIIOHHPYEMBIX I'€HOB,
HecoMHEHHOEe NPEMMYILECTBO JAHHOID MOIX0HA
COCTOMT B TOM, WTO OH [O3BONAET METOANYECKH
OpPOCTO ONTTHMH3HPOBATE JKCIPCCCHIO HA YPOBHE
TPaHCIIALHH 0000 KIOHHPOBAHHOIO reHa npo-
KapMOTHYECKONO HIIH 3yKaPHOTHYECKOTO MPOMC-
xoxaerns. [Ipu 3ToM BerpauBacMbli reH JOIDKEH
UMETh HENpPepLIBHYIO KOMMPYIOUIYK HOcneloBa-
TCJIBHOCTD.

HecmoTps ma TO, 9TO MEX@HHM3IMEI PETYIIALHE
TPAHCIIALMH H3y4EHbl N0Ka HEJOCTATOYHO TIOJHO,
NpH KOHCTPYNPOBAaHHW THOPHJINBIX TEHOB, Npen-
HA3HAYCHHLIX UM ABIOHOMHON Tpascasimy Lee-
Boro Ocnxa B E. coli, aKTHBHO HMCTIONBIYIOT NpPH-
pOIHBIE MITH CHHTETHUECKAE MOCICA0BATENTBHOCTH
JIHK, xomupyromue SD-y4acTKn ¥ nprieraroume
K M obacTi. D10 no3BonseT coznasars hdex-
THRHO (PYHKUMOHHPYIOUHE paiiOHBl CBA3LIBAHHA
pubocom na rubpubeix MPHK. Yaue scero ue-
nons3ywT SD-yuactku renos Oenka obonotku
dara MS2, lacZ E. coli v cll dara A.

Taxkum 0Opaszom, KNOHAPOBaAHHE KOAHPYIOIIHX
NoCAeAoBaTelIbHOCTEH B MHOTOKOITHHHBIX BEKTO-
pax 1oJi CHIrHANOM TPAHCKPHIILMH CHIIBHBIX PO-
MOTOpOB, pa3pafoTka IKCHCPHMEHTANBHBIX CXCM
onmumKsaimn TpaHesami MPHK yepes onravu-
3AMUHI0 CTPYKTYPBI Y9acTKa Cpa3biBaHMA pubocom
NO3BOJISIOT IOCTHTATH B DaKTepHanbHbIX KIETKAX
HeoOBMaliHO BEICOKOTO YPOBHA NPOAYKLHH Denkos
PaxHYIHOro NpOHCXOM ICHNA,
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Jlns nonydenus B kieTkax £. coli BeICOKOTO
ypoBiaA GeIKOBOr0 NPOIYKTa KIOHHPYEMOTO HyHe-
POIHOTO rena NopPoi HEAOCTATONHO YBETHYHTE JI0-
3y FeHa 3a cHeT KOMAIHOCTH BEKTOPHON MOJIEKYJTh!
WM oBLICHTE 3 ek TMBHOCTS CUNTLIBaHEA reHe-
THYCCKOH HHQOpMALIHH, TIOMECTHB KOJIMPYIOULYIO
MOCICAOBATENLHOCTE 1o/ YD PEKTHBHBIC CHIHATKI
TPAHCKPHITIMH M Tpaucsiun. Takne cmyyan Bo3-
HHKAIOT, eCliM CHHTE3HpYeMbie B DakTepuanbHON
Kietke gyxeponusie MPHK win Genku noasepra-
1TCA OBICTpO nerpajaiumn KIeToNHbBIMH (epMeH-
TaMH.

H3secTHo, yTo B KiIeTKax E. coli nepwon nomy-
A3 pasHeix MPHK Moxer pasnigarses 8 50 pas.
Ha crabmmsnocts MPHK B kietke Bnnsior ee nep-
BHMHAA WM BTOpHuYHAd cTpykrypa. CoxpaHeHue
IINWICYHBIX CTPYKTYpP Ha 3'-KOHIE NoCie TepMH-
HALMM TPAHCKPHUIILHMH, [10-BHIHMOMY, 3HAYHTC/Ib-
HO yBenuuHpBaeT nepuos nomysxusan MPHK. Takue
CTPYKTypH o0HapyXeHBl y psiza Haubonee cra-

owmeHbIx MPHK kaetok E. coli. Jlna HekoTOpBIX
apyrux Marpuusbix PHK skcnepumMeHTansHo no-
Ka34HO, 94T0 MX CTabHIBLHOCTE BO MHOTOM orpefie-
nAeTCs CTPYKTYpOW Hekoimpyloriei 5'-obnactm.
Taxk, nanipumep, Npy 3aMeHe 3TOI0 Y4acTka TpaHc-
KpHITa 3-naKramasbl (HEpHo HOnyXHn3HH 2,5 MHH)
Ha cooreTcTRyonmi paiion MPHK rewa ompA
E. coli (mepvon nonmyxwmsau 15 mMuH) momyyam
mubpunnyro MPHK, mno-npexsemy nerepmusn-
pyroutyto -nakramasy, Ho noutu B 4 pasa Gonee
crabuisHy10, yem npupognas marpuna. C apyroi
CTOPOHbI, H3MCHEHHE HETPAHCIHPYEMOTO 5'-KOH-
ua MPHK ompA npHBOIHIO K CHEMXEHHIO €€ CTa-
OuistocTy. [To3TOMY NpH KOHCTPYUpOBAHHH THO-
PHAHBIX TEHOB HCOOXOMMO YACIIATL BHHMaHHE HX
5'- u 3'-KOHUEBBIM paioHaM, TaK Kak OHH MOTYT
OKa3elpaTh CYIIECTBEHHOE BIMAHHEC Ha CTAOHIb-
HoCTh cuuThiBaeMoi MPHK.

Onnako WIS pelieHna JaHnoH 3anaum Mcce-
JoBaTesii Hamie NojNs3yTcs NPHPOIHLIME 3aro-



3.4. CTABMNHUIALIMA YYKEPOAHLIX mPHK W BENKOB B KNETKAX E. COLI 153

TOBKAMHM, T. €. M3YYAlOT CIPYKTYpPY CTaOMIbHBIX
MPHK ¥ OBITAIOTCA MCHONB3OBATD HX HEKOOHPYIO-
mue paifoHbl U1 CO3/1aHMA HCKYCCTBCHHBIX reHe-
THYCCKMX KOHCTpyKumii. Jansnetmme yrmyOnes-
HbIE HCCITENOBAHMA [IOIDKHEI IPHBECTH K MOHHMa-
HUMIO TOrNO, KaKHe O3IIEMEHTBl «APXHTEKTYPhD»
MPHK B mepByio otdepene onpeaesior ¢yHKUHO-
HATBHYIO COXPAHHOCTH MaTpuilel in vivo. Jlnuib
nocie 3roro MoxHo Oyner paspaborars obocho-
BAHHYIO CTPaTErHio MEPeCTPOHKH reHOB V1A YBe-
TMYEeHMS nepHoia monyxu3nu monexyn MPHK
B OAKTEPHANBHBIX KJIETKaX.

Bonblloe 3HaueHHE HMEET TAKKE NOIyHCHHE
mytanToR E. coli ¢ Hapymenusvu B HepMEeHTHOH
cucteme Jerpagaumn MPHK. Hanpumep, spems
noayxu3aH gyxeponHoi MPHK B knerkax E. coli,
cofiepRanMx THOPHIHYIO MIA3MHIY © reHoM 2-Ile-
THAPOXHHATACTHAPATA3bl HEHPOCTIOPKI, COCTABISET
1 mun. Ipy uenons3osanuu wiramma E. coli pnp~
¢ siedekTom 1o noymEyKIeoTHAGochopHiaze OHO
YBEIHIHIOCH 10 25 MHH, a KommyecTso (epmeHTa
B DakTepHa/IbHBIX KIETKAX BO3POCHO FPHMEPHO
8 50 pas. [1pu s1oM BpeMa nomyxH3pM MPHK, ko-
OMPYEMOi BEKTOPHOI 9aCThiO MUIa3MHIIBI, HE H3Me-
wunock. Crabunmsaums gyweponHoii MPHK Ha6-
JKOZIAaETCA TaKKe B KiIeTkax E. coli, MyTaHTHBIX [0
reny PHKazbi 1 (rna-), xoTs ¥ B ropasio McHbLIEH
creficHH, YeM B cinysace E. coli pnp —. Beenenue my-
TalMK 1Mo nokycy ams (or aurm. alteration of mMRNA
stability — u3menenne crabmibnoctd MPHK) npu-
BOJMT K 3HAYATENbHOH crabunmsaluu BceX Mar-
puussix PHK B E. coli. Bpems noimyxH3Hu MoJIeKyn
MPHK Taike ysesmumBactcs B wieTkax E. coli
¢ HH3KOH akTHBHOCTRIO PHKa3w! I11L

Konuuectno uyxepounoro 6enka, BoisBAseMO-
ro B MHKPODHOH KIIETKE, ONPEACIAETCA HE TOJIBKO
umcniomM Mostexyn cootsetcrryromed MPHK u pe-
MCHEM HX TOIYXKH3HH, HO H CTa0HIBHOCTBIO J1aH-
HOro Oesika B reTepoNorH4HOM OKpyxeuuu. Tak,
npu KiouupoBauwn resa HIS3 nponokeit-caxapo-
MHIETOR B wramme E. coli pnp - BpeMs nonyxHs3-
Hu coorsercTByromed MPHK Bospacraer ma no-
panok (¢ 1,5 mMun B HenedekTHOM HITaMME JIO
18 mun), a ypoBeHb BhisiBASeMOH akTHBHOCTH (ep-
MCHTA YBCIHYMBACTCHA TONbKO B 2-4 pasa. 310
HECOOTBETCTBHE, NMO-BHAUMOMY, CBA33aHO C HECTa-
OHIBHOCTHIO IAHHOINO JPOXIKEeROro Beka B KneT-
kax E. coli.

B E. coli obuapyxex pali HPOTCOIHTHICCKHX
(epMenTOB, KOTOpEIE Y4ACTBYIOT B JerpajaliHH
Genkor u nenrraos. Tpu 3TOM 1poTeashl HMCIOT
PasHYIO JIOKAIH3AIMIO B KICTKE, 3 MMEHHO: B LiH-
TOILIa3Me, nepurutasmMe W B MemOpanax. OcoGbiii
MHTEpEC JUIS NEHETHYCCKOH WHIKEHEPHH NpeACTaB-
nsier nporeasa La E. coli. Ona koupyercs reHoM

lon, peTepMUHHPYIOUIMM CHHTE3 MNONHIICITTHIA
¢ MONeKyIApHOH Maccoit 94 x]la, Tetpamep KoTo-
poro u cocrasaser ¢epment. JlanHas nporeasa Jio-
KaJH3yeTcd B HUTOIUIa3Me, H ee JICHCTRHE HalpaR-
JIeHO Ha THAPOIH3 neeKTHBIX H YywepoaHbiX ben-
KoB B OakrepuaasHoll ki1eTke. IPheKkTHBHAS He-
rpajnauma Oenkos npoTeasoi La no HH3koMONeKy-
NAPHBIX NEMTHIOB CONPOBOXKIAETCA THAPOIHIOM
atuM ke (epmentom ATP. Mutepecho, 4ro Ui
paspbiBa NENTHIHOH cBAsH IHiaponu3 ATP ne Tpe-
byercs. CynTalor, 4TO 3HEPrus, NoIyvaemas npw
riuaponuse ATP, neoOxopuMa Ais TpaHciIoKalHH
(depmerTa Baouns Oesika-cyOcrpara W OBICTPOH M
NONHOH €ro Jierpajjaunn Oe3 BBIAENEHHA B OKpY-
WAIOIEE POCTPAHCTEO NPOAYKTOB HacTHYHOTO
ryposinsa Oelika, KOTopbie MOIYT OBITH TOKCHYHbI
JUTA KIETKH.

MyTautst E. coli lon - iMEIOT CHHKCHHYIO ClI0-
cOOHOCTE K Jlerpajjaliiy HyKepoaHbIX M Jedexr-
HeIX OenkoB. IT0 OGYCHOBIHBAET 3HAYHUTEILHOC
YBC/IHUCHHE B TAKMX MYTaHTaX BPEMCHH TTOIYAKH3-
HH 4YXKCPOAHBIX GCJIKOB ¥ B HTOI'C HPHBOJIHMT K MX
cynepnponykimu. Takum 06pasoM, BBeliCHHE My-
TallHK 10 reny lon penHueHTHBIX KaeTok £. coli
SB/SETCH NCPCICKTHBHLIM MOJIXOAOM K CYyIUecT-
BEHHOMY TOBBlCHHIO 3¢dexkTHBHOCTH WTaM-
MOB — INPOJYIICHTOR dykepoHbix femkon. Brene-
HHEC JONONIHHTEIbHBIX M}"TBLIHFI 110 HCKOTOPBIM I'E-
HaM, KOAMPYIOLUMM JIDYTHE [IPOTCA3bl HIH PCryjik-
PYIOUHM BRIpaK€HHE reHOB NMPOTeas’, MOXET NpH-
BeCTH K etle Gonbuici crabunmM3aipm 1yRepoaHO-
ro Genka B kierkax E. coli. Hecomuennslii uere-
pec [UIA reHETHYECKOH MHKEHEPHH NPEACTaBIAIOT
Takue mramMMel E. coli, B KoTopeiX ofbeMHeHb
PasiMYHBIC MYTAaHTHBIC JIOKYCBI, MOBBIUAKOLIMC
crabunbaocTs Monekyn kak MPHK, tax u Oeskos.

3nauvTeIbHOE BIHAHHE Ha aKTHBHOCTD [IpOTEas
KJIETKH OKA3bIBAIOT YCJIOBHA KYJIETHBHPOBaHHA Gax-
TepHii, ¥ NpeXxe BCEro COCTaB MHTATENILHBIX Cpel.
B 1acTHOCTH, U1 MHOTHX GaKTEPHAIBHRIX CHCTEM
H3BECTHO, YTO NPOTCONIH3 YBEJIHUHBALTCH MPH Jie-
¢uunte amunokucnor, gocdaros, cynsaros. He-
JIOCTATOK AMMOHNS, @ TAKKE KyIbTHBHPOBAHKHE MPH
MOBBIICHAOH TEMIICPATYPE NMPHBOMHT K CBEPXIIPO-
OYKUUM npoTeas. Hanpumep, opH 1pouux paBHbIX
ycloBHsAx HHTepdepoH a2 Ye/oBeKa B KIETKAX
E. coli npu temnepatrype 25 °C cHHTesnpyeTcs
¢ BeIXOsioM, Donbim B 40 pas, yem npH TeMnepa-
Type 37 °C.

H3BecTHO, 4TO KaTHOHKI IMHKA MHTHOMpYOT
aeicreue nporeas E. coli. Tlosromy, BBOAA B fu-
TATEJILHYIO CPelly ONpPEUCICHHOEC KOJIHYECTBO
Zn?*, MOXKHO J0OHTHCH 3HAYUTENHHOTO YBelHYe-
HHSA YPORHA HyxepoHoro Geska, CHHTE3HPYEMOro
B Knerkax E. coli.
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I'eHOTHIN KICTKH — peuHIMeHTa rubpuinoi
JIHK -raioke MOXeT CyLIECTBEHHO BIHATH Ha -
(PEKTHBHOCTL M3BJICYCHHA W3 HEC CHHTEC3MPOBaH-
HOI'0 YY)epogHoro Oelika 8 HENOBPEKICHHOM BH-
ne. B wactnoem, Henone3osaHre mwraMma E. coli,
nedexTroro no reny ompT, nerepMUHHPYIOHICMY
meMOGpannylo anonporeasy, sHasHTEIBHO obner-
YaeT NPONEAYPY BhIIC/ICHHA HATHBHOIO YYy)XXepos-
HOI'0 Denka u3 GaKkTepHaibHbLIX KIETOK.

JI. Cumon ¢ corpynHukamu oOHapy®niH
(1978 r), uro npu uadexumu E. coli daramu T4,
T5 w T7 NPOHCXOAWT TONABICHHE JETPANALWK
B kieTkax GparmenTos Genkos 1 anoManbHeix Ges-
ko8. HopMasibHbie Genkm KIETKH NpH 9TOM pac-
LISTASIOTCA € MPexHEH ckopocTsio. Jansueinune
MCCIIE/I0BAHHUA 1NO3BONHIN JIOKATH30BATL TeH 49,/
tara T4, orpercreHHbIH 3a 51071 ekt (0603Ha-
ycH pin -— or proteolysis inhibition), u npoxio-
HUPOBaTH €10 B COCT4BE BEKTOPHBIX TUIA3MMJI
E. coli (1983 r.). Tloka3ano, 4T0 NPOAYKT reHa pin
uHTHOMpYeT nporeasy La kierok E. coli. [lostomy
sBezienue B E. coli rubpuaasix mnasmMu, Hecymmx
taropeiii ren pin, npuBoaut K crabwimsaiuu,
a C/ICIOBATETBHO, M K NOBKIIICHHUIO BBIXOJA YyKe-
poinbIX OCNKOB.

K. Tamvmiok v B. Tunbept B 1982 . npeno-
JKWITH HOBBIH NOZIX0JI K CTa0MIM3aLHH Ty Kepo-
Heix OenkoB B kieTkax E. coli myTeM co3gaHus
rubpunnoro rewa, GENKOBHI TMPOAYKT KOTOPOro
cnocoben cekperupoBarses B nepuriasmy E. coli
(eMm. 2.2.10), rie oH 3aUMILIEH OT IEHCTBHA MHOIO-
YHCJ/ICHHBIX NTPOTEAs LM TOMNAA3MEI KICTKH. Ha npH-
Mepe psja 3YKapHoTHYeCKHx OeskoB nokasaHo,
4TO TakuMm 00pa3oM ynaeTcsi CyCCTRCHHO MOBhI-
CHTh BRIXOJI LIEJIeBOTO Oelika.

Crabummsanmm gykepoaHoro benka win onm-
ronentuaa B kierkax E. coli Takke MOxHO 10-
OMTBCs, €CITH CO3aTh FeH, [ACTEPMHHUPYHOUHl
CHHTC3 BHICOKOMONEKYNspHOro Beika, cocTosuiero
M3 HECKONIBKHX TaHJIEMHO NIOBTOPEHHBIX KOMHUIi 1e-
nesoro Oenka unn nerrmwia. Hanpumep, nytemM nyn-
NHKALMY € COXPAHCHHEM PaMKM TPAHCILSILMK KO-
JIHPYRIIEH NOCIeNOBATENSHOCTH CHHTETHYECKOIO
rena comaromeauna C yesopeka, HOMCLIEHHOIO
o)1 KOHTpoIib npoMoropa p dara A, 1. e. npu
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THI KIETKU-PELIMTIMEHTE, 2 TAKXKE YC/IOBHS Kylb-
THBHPOBaHWA CO3JlaBaeMbiX lITaMMoB. B cogera-
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Mnasa 4

3KCNPECCUA KITOHUPOBAHHbBLIX 3YKAPUOTUYHECKUX
N’EHOB B KIIETKAX ESCHERICHIA COLI

4.1. CPABHUTENbHbIA AHANU3 OPTAHU3ALIUM U PEAJTU3ALIMU
MEEHETUMECKOW UH®OPMALIUM Y NPOKAPUOT U 3YKAPUOT

Paspaborka MeTONOB reHEeTHYECKOH WHIKEHEe-
PHH, NO3BONAIOLMX KJIOHHPOBATE B COCTABC MOJIC-
KY/PHEIX BEKTOPOB OTHICJIbHBIE TE€HBI IOOLIX 0op-
raHKW3IMOB H BBOJIHTE HX B FETEPONOrHYHOE OKpY-
KEHHC KJIETKH-PEIHIHCHTA, OTKPhUIA NPCKpacHbie
MEPCEKTHBEL V18 pPelIeHus Takoro (QyHpameH-
TANBHOTO BONpoca Ouonorum, Kak 3KcrpeccHs
IYKapHOTHIECKHX NEHOB B DaKTepHanLHOH KiIeTke.

Tlockonbky reHeTHMMECKHH KO/ YHHBEPCAICH,
BO3MOXHOCTb TAKOH IKCHIPECCHH OINPEHENscTCs
JWLIB HANWYIHEM B H3Y9aeMOM MeHE CHTHATIOB HHH-
LMAIHH H TCPMHHALIMH TPAHCKPHITIHK M TPaHCliA-
LM, OPABHIBHO Y3HABACMBIX ITPOKAPHOTHHECKOH
KJIETKOM.

¥ npokapuor cymectsyer onna PHK-nosmme-
pasa, cuntesnpytroias see nel PHK. Opranusa-
s GaxrepHanbHBIX [POMOTOPOB PAcCMOTpeHa
B paz. 3.2. TpasckpurUMOHHEI annapar oykapH-
or cnowHee. Y Hux cyiectsyer Tpi Tuna PHK-no-
mumepas: PHK-nonumepasa I (cunresupyer pubo-
comusie PHK), PHK-nonumepasa Il (cunresnpyer
marpuunsic PHK) u PHK-nonumepasa 111 (cunte-
supyet Tpancnoptibie 1 5S PHK).

Ilpu ananu3e M3BECTHHIX TOCIENOBATENBHO-
creii JIHK, nprneraoumx K cTpyKTypHOH HacTH
IYKAPHOTHYECKHX I'CHOB, BBIABICHA KOHCCPBATHR-
nas obnacts (Gnok Xorsecca), pacnonomkeHHas Ha
paccrosaun 25-30 HyxieoTunoB (k 5'-konny re-
Ha) OT CTapTOBO# TOYkW TpaHckpumumH MPHK.
INMocnenoparensrocTs Oao0ka Xornecca

5. TATA(?)A(;} .3

HMEET CXO[CTBO ¢ mnocnenosarenbHOCTRO —10
B DaxTepuanbHbiX mpoMoropax. Ioaromy, no kpaii-
HEll Mepe B HEKOTOPBIX ClIyuasX, ecliy K 5'-KoHily
ot Onoka XorxHecca HMEETCA N0CIEA0BATEIBHOCTD,
B JIOCTATOYHOH CTeneHu cxokas c obmacrteio 35
bakrepuaneibix npomoropos, 10 PHK-nonumepa-

3a E. coli MOXeT MHHIMHPOBATE TPAHCKPHIILIHIO
B NPABHILHOM HANPABICHWH C IYKapHOTHICCKHX
JHK-marpuiL

lNocneposarensHocTn MPHK, neobxomumeie
JUIS WHMITHALIAA TPAHC/ALMK, Y JYKapHOT W Npo-
KapMoT painuualorcd. B yuacTok cBA3BIBAHMA pPH-
Bocom Baktepuansibix MPHK sxoauT nocneposa-
TENBHOCTH, KOMIUIeMeHTapHas 3'-konuy 16S PHK
70S-pubocoM, KOTOpas pacnonoXkeHa B 5'-KoHlle-
BO# Herpancnupyemoi obnacrn MPHK (em. 3.2).
B 5'-koHueBoi HerpaHcimpyemoii obnacTs Hexo-
Topbix MaTpuuHeix PHK BeiCIIMX 3ykapuor obHa-
PY/KCHBI NOCNICIOBATEIBHOCTH, KOMIUICMEHTAPHBIE
3’ -kounry 188 PHK 80S-pubocom. Oznako oHn OT-
nuyarores o1 SD-yuacTkoB, y3HaBaeMeix pHOOco-
mamu 708 (puc. 4.1).

CyuiecTByIoT TAlOKe pa3iiHIus MEXIy Mpoka-
PHOTAMH H JYKAPHOTAMH [0 HCMOIB30BAHMIO KO-
AOHOB, TCPMUHHPYIOUMX Tpancusumio. B ayka-
puornaecknx MPHK wcnonesyrorcs Bece Tpu Tep-
munaropusix koona (UAA, UGA u UAG), no ya-
e kopon UAA. B npokapuornaeckuXx MPHK rep-
MHHAIMWA B OCHOBHOM [MPOMCXOONHUT HA KOAOHC
UAA. ObuapyxeHo, 910 Ha »pdekTuBHOCTS TEP-
MHHAIMH TPAHCIAIMM TAKOKe BIHAIOT NOCIENoBa-
tensnoctH MPHK, npunerarowme x tepmuHarop-
HOMY KOoHY. IlpuueM JUia npo- H 9yKapuoT OHH
pasnuHaroTCs.

Ecni Ha HeTpaHcImpyeMoM 5'-KoHlle TpaHc-
kpunTa sykapuoruueckoii [ITHK B nenocpencrsen-
HOIi 01K30CTH OT HHUIMATOPHOTO KOLOHA Ciyuaii-
HO HMEETCS NOCJIEJIOBATENILHOCT € ONPE/IENEHHOH
CTENEHBI0 KOMIUICMEHTApPHOCTH 3'-KOHIY TNpoka-
puotugeckoii 16S pPHK, 1o aro moxker obycno-
BHTH CBA3BIBAHHE PHOOCOM ¢ JlaHHOk 0bNacTero U
MHWLHAIAIO TPaHCAINA FykapHoTHgeckoit MPHK
B OaxrepHanbHOll KieTke. A YHHBEpPCaJbHOCTH
HMHHIHATOPHBIX H TCPMHHATOPHBIX KOLOHOB MOKET
obecreynTs npaBiibHY0 Tpascnsimio  MPHK
B IETCPONIOTHIHOH CHCTEME,
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165 pPHK  5'...CCUGCGGUUGGAUCACCUCCUUA 3'
185 pPHK  5'...CCUGCGGAAGGAUCAUUA 3'

Puc. 4.1. 3"-Konuessle nocnenoBaTebHOCTH
168 pPHK E. cofi v 18S pPHK xuBoTHBIX.
Neptepxiry sl NOCNEAOBATEAbHOCTH, KOMILICMEHTAPHRIC
yuacTeam RBS 5'-komilesnix HexoaHpyomux paficios
cooteercTByiomux MPHK

Taxum 06paszoM, cyLIeCTBYIOLIME B HACTOsALICE
BpeMa 000bLIeHHA TO3BOJNSIOT 3aKOYUTH, YTO
IYKAPHOTHYCCKHE MEHBI, HMEIOLLHE HETIPEPhIBHYIO
KOAHPYIOLLYO NOCNE0BATeIbHOCTL, HHOLIA CII0-
COOHBL MPABIIBHO IKCIPECCHPOBATHCA B KIETKAX
Oaxrepuit. OnHako Takoe cobBITHE, 10-BHIAWMOMY,
OyzeT NpoHCXOMTE PEJIKO M ¢ HU3KOH pPpexTHn-
HOCTIO. Pazzpobiennnbic (MO3aM4HbIE) dyKapHO-
THYCCKHE relbl B OakTepHalibHbIX KIETKAX, [lie OT-
CYTCTBYEeT CHCTEMa CrUlaiicuHra, He MoryT ObiTh
IKCIIPECCHPOBAHEL.

4.2. AKCNPECCUA XPOMOCOMHBIX JYKAPUOTUYHECKUX NEHOB

B KNETKAX E. COL!

Bornpoc 0 BO3MOXKHOCTH IKCIPECCHH JYKapHO-
THUYECKHX I'eHOR B DaKTepHaNLHOH KIETKe Npeji-
craBsgeT OOnbLUIOH HAYYHBIH HHTCPEC, YeM 0Dbsic-
HAETCH 3HAYMTENBHOE YHCIIO MOCBAIICHHBIX eMy
HCCIIEIOBAHHIA.

IMpu Berpoiixe uyxepoaroro pparmenta JIHK
B BEKTOPHYIO MOJIEKYJlY BO3MOXHbI paziHdHbie
BapHaHThl TPAHCKPHIIHK KJIOHMPOBAHHON nociie-
JIOBATENBHOCTH B 3dBHCHMOCTH OT PACHONIOKEHHS
NpOMOTOPa W TEPMHHATOpA  TPAaHCKPHILLMH
(puc. 4.2). TpascKpuITLIMS MOXET Ha49arbes © Npo-
moTopa sexTopro# JIHK, a repmunnposatbes Bo
BCTpocHHOM (hparmente, W HaobOPOT, HHHIMHPO-
Barecs Ha (QparMenTe, a TEPMMHHPOBATHCHA Ha
nnasmuanod JIHK. Kpome Toro, wmMumanms
TPAHCKPHIILIHY K €€ TEPMUHALIUS MOIYT TIPOMCXO-
JUTE OIHOCTHI HA KIOHHpOBaHHOM (parmenre.
B 3710oM cityuae BO3MOKHA aBTOHOMHASA IKCTIPECCHS
KJIOHHPOBAHHOTO FeHa, B BONbLIMHCTBE CyHacs
HE3aBMCHMAN OT THOA BEKTOPA W OPHCHTALMH
B Hem BeTpoennoro (parmenta JIHK. HeoOxonu-
MO OTMETHTBH, 9TO NPH HHHUMAIIMH TPAHCKPHITIIHH
Ha TPOMOTOPE BEKTOPA BOBMOIKEH CHHTE3 ITOJIHO-

— m=i2 3 |4

Puc. 4.2. BosMoKHbie BAPHAHTb! TPAHCKPHITLHH
YYKEPOIAHLIX KJIOHHPOBAHHLIX NOCIIEN0BaTENLHOCTEH
JHK:

I — sexropras [IHK; 2 — uyxeponuas Bcrapka;

3 — upoMoTOp; 4 — TEPMHHATOP TPAHCKPHITLMH

nenHoro Oenka, NETEPMHHMPYEMOrO KJIOHHPO-
BAHHOH MOCJNCAOBATCIIEHOCTBIO, TIPH  HATTHYHK
B TPAHCKPMITTE y4acTKa cBA3bipaHuA Oaxrcpuais-
HbIX pubocom.

Bce paccMOTpEHHBIC BapHaHTHI JKCHPECCHH
KJIOHHPOBAHHBIX MEHOB PCAIH30BaHbl B MHOTOYHC-
JICHHBIX 3KCNEepHMeHTaNbHBIX pabotax. Tectupo-
BAHMC MPOAYKTOB JKCIPECCHH JYKAPHOTHYECKHX
reHoR B OaKTEpPHANBHBIX KJETKAX NPH 3TOM OCy-
LICCTBSIOT HECKOJIIBKHMH B3aWMOJOTIOTHAIOLIHK-
MH METOIaMM, B YaCTHOCTH, MYTEM OLCHKH WX
(hepMEHTATHBHOH aKTHBHOCTH, HMMYHOXHMH4C-
CKHX H (PH3HKO-XHMMHHYECKHX CBOCTB.

Ecliv KIOHHpOBaHHBIH I'€H MpH [PaBHIbHOM
TPAaHCKPHINIMK M TpaHciauuu B OaxrepuanbHoii
Ki1etke obecnednpaeT QyHKUMOHANBHYO KOMILIE-
MCHTaIWI0 MYTAlluH B reHoMe OakTepuu, TO 3T0T
red MOXHO BhIIBHTH IIPOCTHIM OTOOpOM TpaHc-
dopmupopannnix rubpuanoi JIHK Gaxrepuans-
HLIX KJIOHOB Ha CENCKTHBHOMH MHUTaTeNnbHOIl cpene.
Hmenno Takum obpaszom B naboparopuu P. Jlosrca
B 1976 r. suepssic 6uu1 o106pan rubGpunukii dar
Agt, copeprranmii PyHKIHOHANBHO AKTHBHBIH TeH
umsnasonmuuepohocharnerngporesassl  JApoK-
wer Saccharomyces cerevisiae. YUTobn 0bnapy-
HKHMTh IKCIPECCUPYEMBLI FeH JPOXOKCH, HCIOIb30-
saim urramM E. coli, aykcotpodustii no rucruamey
(hisB463). Tlocne nH30renH3allMH MYTAHTHBIX
knerok E. coli rubpupusivu daramu Agt, necyiu-
mu EcoRI-pparments npoioxesoil IHK, 6bin no-
NyqeH KJOH, pacTymiuii Ha cpejie 6e3 rucTHivHa,
Komniemenraussa nabmonanace npu obenx opH-
CHTALMAX BCTABKH OTHOCHMTENBLHO BEKTOpa, HIO
YKa3biBa€T HAa aBTOHOMHOCTH 3KCNPECCHH KIIOHH-
POBAHHOID FeHa.

HesaBucHMO aHANOrH4HLIC PE3yNLTaThl 10J1Y-
gunu b. Parskun u JIx. Kapbon (1977 r) mpwu
KIOHHPOBaHWH KOHHCKTOPHEIM criocobom dpar-
menToB JIHK nposoxeit B miasmuae ColEl. Ha-
pajy ¢ renom HIS3 nmu pononuurensHo 6bu K1o-
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HdpopaH reH LEU2, koMIleMEHTHPYIOIHE MyTa-
umio E. coli no reny leuB, xonmpyiomemy f-w3o-
MPONHIMANATACTHIPOIeHA3Y.

Janexehuse HCCeloBaHiA NO3BOJIHIM Bhi-
ABMTH JKCOpeccHio B KneTkax E. coli uenoro psaa
APYIHX FEHOB ApoxoKeH-caxapomuueToB. Bo Beex
cnyHasx nokasaHo, wro Kinetkn E. coli, uanedeH-
Hele ot rubpuansix monexyn JIHK, cHoBa craso-
BaTcA  aykcorpodueivi.  Mcmonesys  MeToJMKy
KOMILIEMEHTALMN MyTaumii E. coli, ynanoce Bbi-
ABHTH ABTOHOMHY 0 JKCIIPECCHIO B GaKTepHanbHOM
KICTKE KJIOHHPOBAHHBIX FEHOB JIPYTHX HH3LIHX
sykapuoT (Tabi. 4.1).

IKCIPECCHs MEeHOB HMBNIAX JYKAapHOT MOKET
HPOMCXOIMTE B KieTkax E. coli imbo aBTOHOMHO,
nubo NOA CHTrHATAMH [IPOMOTOPOR BEKTOPHKIX MO-
nekyrn. Tlpu aBTOHOMHO# KCIPECCHH APOMHKIKEBBIX
TCHOB CHHTE3 COOTBETCTRYHOLIMX DENKOB TpOHCXO-
AHT ¢ HE3KOi ppexTHBHOCTEI0. BeTpoiika koiH-
PYIOLLMX 3YKAPHOTHYCCKHMX NOCACOBATENIBHOCTEHH
1021 cHybHble DakTepuanbHble MPOMOTOPBI MO3BO-
JAET 3HAYMTENBHO YBEJIHYHMTH YPOBCHB JKCIpec-
cud. Tak, mpu ciyuaiinoilt BCTpoiike in vivo
[S2-nocneyiopaTentHOCTH  (HecyllieH TIPOMOTOP)
nepes CrpyKrypHsiM reHoM apoxokeit TRPS, wa-
XOMAIMMCH B COCTaBe TuOpHAHONH Ta3Mus!
pYe(trpS), skcripeccus APOKKEBOIO IeHa 3HAYH-
TEILHO YBEMUYHBACTCH M KoJlouMH Kietok E. coli
trpAB17, conepkammx Takoii BapHadT rubpranon
Ma3sMM/bl, PACTYT HA CCICKTHBHOI cpejie 3HAYH-
TenbHo beicTpee.

Ommaxo, no-BHAMMOMY, [AJCKO HE BCE TCHBI
Apoxoxeii cnocobHbl (PyHKIHOHHPOBATE B KJI€TKaX
GaxTepmii. Tak, HCCIIECNOBATEIAM HE YJIATOCh, HC-
NONBb3yA OMKWCAHHYIO BHILE CXCMY, KOMILIEMCHTH-
poBath psn Mytaumit E. coli: galT, T; hisC, D, F;
ilvA, C, E; metE; purB; thyA; trpE v ap. Tem ne
MeHee cam (pakt, yTO OOHapykeHa tpasiibHAsA
IKCTIPECCHA HEKOTOPKIX XPOMOCOMHBIX T€HOR HH3-
WMX JYKapHOT B OakTepuaibHOH KIETKE, MMCCT
OTPOMHOE 3HAYEHKE B LIEAOM 11 BHonormyeckoi
HAyKH, MNOCKOIBKY YKa3hiBa€T Ha CYLIECTBEHHOE
CXONCTBO OPraHv3auy H QyHKIMOHUPOBAHUS re-
HeTnuaeckoli HEGopMae B IYKapHOTHYECKHX H
NPOKapHOTHHECKHX KJIeTKaX.

Tlepsyio paboTy, nOKa3aBIIYI0 BOIMOKHOCTH
NpaBUABLHOH SKCNPECCHH NEHOB BUPYCOB BBICIINX
9ykapHoT B GaKTepHATBLHOH KIETKe, BBINONHWIH
anmuiickue yuensie B 1979 r. Ouu npoxsonuposa-
ma (pparmenthl JIHK Bupyca renarura B u tepio-
(asHEIM PaHOMMMYHOAHAIIN3OM BBISBHIH KJIOHBI
E. coli, B xoropbix cuHTesnposancs Genok kopa Bu-
pyca. [lps HHBEKIIMH KPONHKAM IKCTPAKTA (ITAM-
ma £. coli, copepxaniero TaKyto asmuLy, Habnio-

Tabnuya 4.1. Hekoropuie XpoMOCOMHbBIE FeHbI
HH3IMMX YKAPHOT, BhIFB/AAEeMbIe (PYHKIHOHAILHOH
KoMmieMenTanueii coorBercreyiomux renos E. coli

7 (— Kommiemenru-
JIHK I'en nonopa pyemulii ren
E. coli
Saccharomyces | HIS3 hisB
cerevisiae LEU2 leuB
ARG3 argF
ARG4 argH
TRP1 opC
TRPS trpAB
URAI purD
URA3 purF
GALL galk
ARO1 aroA
PHRI1 phr-1
aroB
aroD
arok,
argk
Neurospora QA2 aroD
crassa TRP1 trpC
PYR4 pyrE
Kiuyveromyces | LAC4 lacZ
lactis
Shizosaccharo- purB
myces pombe
Candida leu
maliosa
Mucor leuB6
racemosus
Aspergillus pyrF
nidulans arglF
proAB

llpumevanue. B 'roMm criyyae, Korja red JoHOpa
ykasa, kaonuposas ¢pparment JIHK, koropeiii 8 E. co-
li ve 3xcnpeccHpyeT (QepMEHT, KOMILIEMEHTHPYIOLIHI
ykasanuyio mytammie E. coli, onHako TeH aoHopa
HE MACHTH(MLHPOBAH WIH He HMEeT mMpHHsTOro obo-
JHAYCHHSA.

JIanicsi MMMYHHBIH OTBET, T. . oDpasoBanne anTH-
TeN, KOTOPHIE PEarHpOBaiIH ¢ KOPOBBIM aHTHICHOM
B CHIBOPOTKE KPOBH OombHbIX mojieii. Paciumdpos-
Ka MOCJICAOBATCIBHOCTH HYKICOTHIOB BHPYCHOM
JIHK nokaszana, 4ro ren Oenka xopa we pasupob-
JIeH.

Bo3MOKBOCTE NPaBHITBHON SKCNPECCHH IEHOB
BBICIIMX dyKapuoT B KieTkax E. coli noprsepanna
pabora, BeintOnHeHHan B naboparopuu Y. Belicma-
Ha (1980 r). C noMOIUBIO ra3MubL, HeCytiei
kJIHK marpuunoii PHK neiixonmrapHoro mHtep-
thepora uenoseka, B Gubnuorexe KIOHMPOBAHHBIX
IeHOB 4Yenoseka ObUm BhisiBiIeHb THOpHIHbIe haru
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EcoRI
AATTCGAACACGCAGATGCAGTCGGGGCGGCGCGGTCCCAGGTCCACTTC

3, 2 i

[ X33 [ SR ] 00
GCATATTMGG_'{(_S_AC GCGTGTGGCCTCGAACACCGAGCGACCCTGCAGCG

2
.2. | T ;_-_'_l .1.
ACCCGCTTAACAGCGTCAAC&GCQ{QCCGCAG&TCTJGE%QGCQ%&AAAC
I 8 e— 200
TCCCGCACCTCTTCGGCAAGCGCCTTGTAGAAGCGCGTATGGCTTCGTAC
CCCTGCCATCAACACGCGTCTGCGTTCGACCAGGCTGCGCGTTCTCGCGG

2
soe 300
CCATAGCAACCGACGTACGGCGCTTGCGCCCTCGCCGGCAGCAAGAAGCC

Puc. 4.3. Hyxneornanas nocnenosarensnocts ¢parsenta JIHK, copepxamero 5'-konen rewna tk HSV-1.

TlonwepkHyTH HHHLMATOPHLIE TPHMIETH, TOYKAMH OTME4EHE! CTON-TPHILIETHL, CKODKaMi — MOCAENOBATENBHOCTH,
HacTHYIHO KoMIueMenTapHsie 3'-konuy 16S pPHK (nosmuim 127-135, 138-145, 169178, 182—188);
undpsl — a3k, B KOTOPBIX COOTBETCTBYIOMIKE TPRIUIETH! YnTaloTeA T EcoRI-Mecta 8 rabpianoi naasmuae

A, KOTOphIE CONEPKATH XPOMOCOMHEIE NOCIIe10Ba-
TeAbHOCTH reHoB HHTepdepora. B pesynerare ana-
ma 240 Teic. KIoHOB Beytem 10 xiowos, 8 u3
KOTOphIX CHHTe3HpoBau B £, coli (X0Ta M C HH3-
koit 3QheKTHBHOCTBIO) NEHKOUHTAPHEIT HHTEpdE-
poE — ot 3 TeIC. 10 50 TEIC. EOWHHL AKTHBHOCTH
Ha 1 51 GaxkTepranbHO KymsTYphL [ 04HOro KiIo-
Ha ObUTa pacnmpoBana HyKJICOTHIHAA MOCTeno-
BaTEILHOCTD BCTABKH M MOKA3aHO OTCYTCTBHE B e~
He HETepdepoHa HHTPOHOB.

A. I'apanuH ¢ coaBTopamu B 1981 1. BeTponnm
B TpH masmuns! cepun pPC-p (puc, 2,37) EcoRlI-
¢parment JIHK BHpyca npocToro reprieca tuma |,
conepxaluii reH THMHIHHKHHASE k. lrTepecHo,
YTO CHHTE3 THMHIHHKHHA3E! B KieTkax E. coli Bul-
ABJIAJICA JUIA BCEX TPEX BO3MOXKHBIX PAMOK TpaHC-
ngUHA, obecniedHBaeMEIX HAYaIoM reHa lacZ, k Ko-
TopoMy noscTpansann EcoRI-dparment ¢ resnom
th. OnHako ecmd [AHHBNL (parMEHT BHPYCHOM
JHK we 6511 noMernen non GakrepuaisHEiil npo-
MOTOp, B KIeTKax E. coli He ynanoce oOHapyXHTh
CHHTE3 THMHIMHKMHA3EL. IT0 HATOJKHYNO HA
MEIC/IL O TOM, 9T0 HE32BHCHMO OT Ha4yalbHON pam-
K¥ TPaHCIALMY, 3a3asaemoil B rubpuaHoil ruas-
MIIE, TPOHCXOONT TEPMUHALHA TPAHCHALHE Ie-
Pea CTPYKTYPHOM 4acTeio TeHa fk ¥ peHHMIMAIMS
TPAHCISLHY KIOHHPOBAHHON MOC/Ien0BATEIEHOC-
7. [Tocne pacum$ppoBKy HyKIEOTHIHO MOCTeno-
BATEJIBHOCTH Ha4asla rena tk (puc. 4.3) 310 npeano-
no¥eHwe noareepaunock, Okasanocs, 910 TpaHC-
TAUHA NOCNENOBATeNBHOCTH thk B kietkax E. coli
MoxeT pernarnmmpoBathes Ha MPHK ¢ GUG (Tpu-
mwier B nosuuuu 144 EcoRI-pparmenta) wim
¢ AUG (B nosuumm 189) B pamke cunTeiBanma 3.

W3BecTHO, YTO B CHCTEME 3YKAPHOTHYCCKHX Kie-
TOK TpaHCNAUHA HHHUHMpYeTcA ¢ komona AUG
(8 mozumim 189). Heo6xomumMo oTMETHTE, 9TO pe-
HHHUIMAOMA TPAHCIAIHH B 3yKapHOTHYECKOH no-
CIeI0BATENBPHOCTH BO3MMKHA EIIE M MOTOMY, 4TO
B palioHax, NpPeNIECcTBYIOMNHX HWHALHATOPHEIM
TpHILIeTaM B nosuiuax 144 u 189, umeroncs yaacr-
KH C ONpelIeNNeHHO#H CTENEHBI0 KOMIUIEMEHTAPHOC-
T 3'-koHLy 168 pPHK, 1. e. popmupyertcs Gakre-
pHANBHEIE y4acTok cBaswBaHas pubocom (em.
pHc. 4.3).

OpurnHansHELt cnocob 6611 HCNONE30BaH IS
KIOHUPOBaHUA TeHa a-ammunassl Drosophila pseu-
doobscura. sBecTHO, 4TO WieTkH E. coli e pac-
TYT Ha HTaTebHOM cpejie, coeprkaleil Kpaxmai
B KayecTBe eHHCTBEHHOro MCTOYHHKA YITIepoaa,
TaK KaK He 06majaioT cOOTBeTCTBYONMM (epMeH-
ToM. JI. Sipaieli ¢ COTpyAHMKAMH B IUIA3MUIY
pBR322 crarucrruyeckn Betpormm Hindlll-gpar-
MeHTE! Xpomocomuoii JTHK nposoduinsl u ocyuie-
cTBWIM TpaHcopmammio knerok E. coli rubpmi-
seiMH JITHK. Cpeau TpascgopMaHToB yIal0Ch BB

ABNTEL KIOHBl E. coli, pacTymme Ha kpaxmane.
CunresupyemMas B E. coli a-aMuiasa COOTBETCTBY-

€T 10 CBOMM CBOWCTBAM JIAHHOMY (epMeHTy npo-
30(MIEL

Kak BHIMM, HEKOTOpHIE JYKAPHOTHYECKHE Te-
HbI C HEMPEPEIBHOH KOAHPYOMEH NOCNEn0BaTE b=
HOCTBIO MOTYT OBITh 3KCIIpECCHpPOBaHE! B GakTepu-
anBHEIX KieTkaX., JIoCTaTo4HO BBICOKOTO YPOBHS
IKCIPECCHH TAKHX TEHOB MOXHO NOCTHIHYTS,
BCTpaMBas WX MOJ CWIbHEIE OaKTepHA/IBHBIE MPO-
MOTOpHI ¥ popMupys 3hpeKTHBHO PyHKIHOHHPY-
1ome B E. coli y9acTKy CBA3EIBAHMA pHOOCOM.
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4.3. KNOHUPOBAHUE OHK-KONMUNA 3YKAPUOTUHMECKUX MATPUYHBIX PHK
U UX 3KCNMPECCHUA B KNETKAX E. COLI

BOJIBIIMHCTBO T'eHOB BBICHINX 3YKapHOT pas-
ApOGNEHHBI, T. €. HMEKOT IK3OH-HHTPOHHYIO CTPYK-
Typy. B pesynsrare TpaHCKDHIIIMH TaKuX IeHOB
obpasyrorcs Gonmemme npe-mMPHK. Ilpw nocne-
nywomeM cralicisre u3 monexyn npe-MPHK BEI-
MENIAIoTC HHTPOHE! # 00pasyercs spenas MPHK,
HMEIOIaA HENPEPHIBHYIO KOAUPYIOILYIO MOCIen0-
BaTeNILHOCTL. Y paAza rewoB npe-MPHK moxer
T0JIBEPrarTbCad ANBTCPHATHBHOMY CIUIAlCHHTY, na-
Bag Hayallo uenomy Habopy monexyn MPHK u co-
oreeTcTBYIONMX MM Oenkos. PasnpoGnennsie 3y-
KapHOTHYECKHE TeHBI HE MOTYT ObITH 3KCIPECCH-
POBAHE! B NPOKAPHOTHYECKUX KIETKAX, Il1e OTCYT-
CTBYET cHcTeMa crulaficuara. Ilpeononers nansoe
MPENATCTBHE YNAETCS MPH HWCMOJIB3OBAHHM MAaT-
puunbix PHK, xonupyemsix TaKHMH reHaMH.

C nomoneo 06parHO TpaHCKPHTITA3k! HA MO-
nexynmax MPHK moXk#O cHHTE3HpOBaTh cHayala
woMiiemenrapusie nenu JIHK (x1HK), a 3arem Ha
HMX IOCTPaHBaTh BTOPHIE LEMH, MOIy4as B pe3yib-
Tare ayxuenodeynsle JIHK-xonmuH MarpHuUHBIX
PHK. 3 d¢parmenTer [THK, coorseTcTByiouine
KOOUPYIOIEll MOCneoBaTebHOCTH TEHOB, YK
HE pa3/ieleHHON METPOHAMH, MOXHO BCTPaWBaTh
B NOAXOAAIIMH KIOHHPYHOLIHMH BEKTOP KOHHEKTOP-
HBIM METOIOM WIH C MOMOIIBX) CHHTETHYECKHX
JuukepoB. Oco60 MHTEPECHB! IKCTIEPHMEHTH! O
KOHCTPYMPOBAHHIO I'MOPHIHBIX FEHOB, Y KOTOPBIX
KOIHpYIOmAs MOCIEA0BATENBHOCTh MPEACTABIEHA
aykapuoTrdeckoil k/IHK, a curnansr uaxumaimm
TPAHCKDHIIIMU M TPAHCIALNH MMe0T GaKTepnais-
HOE npoucxoxieHue. Takue ruOpHIHEIE reHbl YKe
cnocoOHBI 1OCTaTo4HO 3PPeKTHBHO IKCIPECCHPO-
BATLCA, IPHBOMSA K CHHTE3y B GakTepHH 3yKapHOTH-
YEeCKHX MONHNENTHIOB. Benencreue myumeii wsy-
HYEHHOCTH BeKTOPHOI cucreMel E. coli na Hell BhI-
nosHeHo GONBIIHHCTBO NONOOHAIX SKCIIEPHMEHTOB,

B psane pabort x/IHK coenwmsinu B cocTase ake-
NPECCHPYIOUIMX BEKTOPOB ¢ ¢dparMeHTOM reHa
lacZ, conepXammM OpoMOTOp, Y4aCTOK CBA3KIBA-
HHA pHOOCOM W TPHIUIETHI HECKONBKHX [EPBBIX
aMMHOKKCIOT f-rajiakto3unassl E. coli, kotopsie
3a/1aBA/H PAMKY TPAHCIALMY KIOHHPOBAHHOH KO-
mupyromedi nocnenosarensHocTH. [lpu cosmane-
HHHF PaMOK TpaHCIAnuu B-rarakrossaa’sl H KI10-
uuposanHoii k/IHK B GakrtepmamsHbiX KIETKaX
CHHTE3HPOBAJICH UENEeBOl syKapuoTHYeckuii Oe-
TIOK, HO coziepkaninii Ha N-KoHIEe NOMOIHHTETBHO
HECKOIBKO aMMHOKHMCNOT f-ramakrosupassl. IIpw
3TOM MMMYHOXHMHYECKHE CBONMCTBA 3YKapHOTH-
4ecKOoro Oeska MO COXPaHATHCA.

6 MeeTVUEcKan WoKasBDVE

IlepBEie SKCMEPUMEHTHI TAKOTO THITA GLUTH Bbl-
nosHeHsl B 1978 . He3aBHCHMO OByMs IpyINnamMH
HeclleioBarTenedi, KOTOpBIM YIANOCh B KIETKax
E. coli BeisBHTE CHHTE3 XHMepHOro Oenka, coxpa-
HHMBIIETO HMMMYHOXWMKYECKHe CBOicTBa Oenka
opamsGymuna kyp. Ilpoaykuns opanebymuHONo-
nobuoro Genka nocrurana 1-1,5 % cymmapsoro
6enka knerkn. JlanHeiii 6enok cogepxan nocneno-
BATENBHOCTH CHIHAJIBHOTO NENTHIA npe-opabiy-
MUHA, W 3TOT IeTepOJIOrHYHLIH CHIHAIBHLIH Mer-
THZ, EMEIONIHI Ha N-KOHIIE HECKOJIBKO aMUHOKHC-
NOT B-raNaKTo3naa3sl, OKasancs CrOCOOHBIM BhI-
DONHATE (yHKUUM, HEOOXOHUMEIE IS CEeKpeLHu
Oenka oambOyMHHA B NEPHILIA3MATHYECKOE NpO-
cTpaHcTBO Knetok E. coli. B xone cekpennu Mone-
KYJTbl XHMEPHOT0 6€TKa MpoIecCHPOBATHCE, 1aBas
Hayaso 3penoi popme oBansOyMuHa.

Takas e cxema CO31aHHA TMOPHIHEIX TEHOB
6rula peanmsoBaHa NPH BCTPOIKE PasuIHYHBIX
kJIHK B cocras rema [-nakramasel Ia3MHIBI
pBR322. Berpous x/IHK npowHCyn¥Ha KpEICH! 110
Pstl-yaactry pBR322, ynanocs nomyamTs ruOph/i-
HYK TUla3MuIy, B KOTOpOM paMka TpaHCIAIMH
sykapuoTHueckoro Oemka coBmajnana ¢ paMkod
TpaHcnAmuH S-nakramasel. [Jarsas nuasvnaa oby-
cnopiueaia B kietkax E. coli cuHTe3 XHMEPHOTOo
Gesnka, conepKallero aHTHIeHHBIE NeTePMHHAHTEL
KaKk MHCYIHHA, Tak M f-naktamassl. MHTEpecHo,
4TO 3TOT Oenok Takxke Obul crnocobeH cekpeTHpo-
BarbeA U3 uuTortasmel E. coli.

Ilo paccmoTpeHHOi cxeme MO KOKTPOJIEM pas-
JMYHBLIX MPOKAPHOTHYECKNAX IIPOMOTOPOB MOTyHe-
Ha 3KCHPeccHA B BHJje XHMepHsix Genkos Gonsuio-
ro yucna knoruposanneix k/IHK. Ilpemioxens!
MPOCTBIE CHOCO0B OMHOCTAIMITHON OYHCTKH HEKO-
TOPEIX XHMEpPHEIX GENKOB M3 3KCTpakToOB Gakrepn-
aJIbHBIX KJIETOK ITyTeM HMMyHocneunduuHoi ad-
(unnoi xpomarorpadmu. [x. I'epmusdo u [, bac-
THa (1984 1) paspaborany H3sMHEN MeTO BEIIIE-
MJICHUA LENEeBOr0 MONHIENTHIA M3 XHMEPHOro
Oenka. Jlng 371oro cosnaercs rubpuaHEIl reH, Ko-
JMpPYIOLIHHA NOCNEN0BATE/IBHO B OMHHAKOBOH paM-
Ke TpaHcisumy N-KOHUEBYIO YAacTs f-rajiakrosu-
Aasel (HIH apyroro Oenka, Ui KOTOPOIo HMEHOTCH
B IOCTATOYHOM KOJIHYECTBE CHEIH(HIHBIE HMMY-
HOITIOOYIIHHBI), BHY TPEHHHMIT (PparMEHT KOJLIareHa
a2 UBITUIEHKA ¥ w3ydaemelii 6enok. Takoii rubpua-
HBlil TeH B COCTABE SKCMPECCHPYIONIEro BEKTOpPa
Hanpasiser B E. coli CHHTE3 «TPOHHONO» XHUMep-
soro Gernka, KOTOPKIH JIErko BhLIENASETCS H3 3KC-
TpaKTa KIeTOK UMMyHOocnemmduyHoil addurHoM
xpomarorpadueii. 3atem 3toT nonunenTun obpa-
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GaTsiBalOT KONMIareHasoif u xpoMarorpadueil Bel-
COKOrO NABJIEHHS BHIIENSIOT WHMBHIYATbHBIH 11€-
nesoii Genok. JlarHbni NOAXON IPHMEHNAM JUIA Bbi-
LIETUIEHHA W3 XHMEpbl Mobbix OeNnKoB, HE MMEO-
HIHX KOMIareHonoAoOHbIX nocnenoBaTeNbHOCTE!.

Tlonobuyio cuctemy npeanokii K. Harau u
X. Tomxepcen (1984 1.), HO BMECTO KONJIAreHa30-
cnetmpHHHON NoCNeaoBaTelbHOCTH OHH HCMONb-
sopad Terpanentda lle-Ghu—Gly-Arg, crnemm-
¢uuno y3Hapaemeili pakTopom KOAryNsIHH KPOBH
Xa. @akrop Xa y3HaeT 3Ty NocneoBareNbHOCTb
B COCTaBe «TPOHHOro» XumepHoro Oenka u pac-
MEIAET ero TOMBKO MO OCTaTKy apruHuHa. B pe-
3YJBTATE MOMKHO JOCTATOYHO MPOCTO M € BBICOKOH
3 PEKTHBHOCTEIO TIONY4aTh WHANBHMAYATLHBIA
JYKapHOTHYECKHH GenoK, cOOTBeTCTBYIOLHI MO
BCEM CBOCTBAM NMPHPOAHOMY NPOTOTHNY (B YacT-
HOCTH, OH He umMeeT N-KOHIEBOI0 METHOHHHA).
JlanHbIH TeTpanenTHI PEiKo BCTPEHaeTca B roclne-
noparensHocTaX OesikoB, ¥ nodromy paspaboran-
Had CHCIEMa OKCIPECCHU-BBIEILIEHHUA MOKET
Ouime Menons3oBana s 3QGEKTHBHOM TIPOIYK-
min B kneTkax E. coli MHOrMX 3yKapHOTHYECKHX
benkos.

Ornucanneiii cnocol H3RTEYEHUS LENEBOro
Gesika U3 cocTaBa XHMEPHOIO NOIMMENTIIA MOXKET
HMETh MHOro MoaHQHKaLHi B 3aBHCHMOCTH OT HC-
noses3yemoii nnporeasel (Tabn. 4.2). Orpannyennoe
NpUMEHEHHe HaXONAT 3SHAONPOTEassl, pacuien-
nsowme Genky no onpeseieHHBIM aMHHOKHCOT-
HEIM OCTaTKaM, HO HE HMMEIONIHE NPOTHHREHHOro
y4acTKa yanapauus. Takylo niporeasy MOXHO TpH-
MEHATh TOJIBKO B TOM CIIy4ae, €C/i B BBIHIETLIAE-
MOH 1e/1eBOI NOCNENOBATENLHOCTH OTCYTCTBYIOT
crepH(HUIHLIE U BCNONB3yeMoro (epMenTa aMu-
HOKHCTOTHEE octatki. Mckyccreennslii ren npw

Tafnuya 4.2. Cneudu4nocTh pacuienienus
DeJIKOB HEKOTOPHLIMH SII0NPOTeaIaAMH

DepMmeHT IMocnenosaresHOCTS!
Tpuncuu —Lysi v _Argi
INporeasza V8 —Giu~l—
Kinoctpunaun - |
IDHTEPOKHHAA —{ASp)g—Lys-]l
Konnarenasa —Pro-X-G l:,w—-Pm—Yi
Makrop kpoeH Xa —[Ie—Glu-{]lym-A:g-!
a-TpomGun —Jf’da—i’ro—-Argl

I Crpenkamu o603HANEHEI THAPONH3YEMEIE CBA3H;
X # Y — niobble aMHHOKHCTIOTHBIE OCTATKH,

3TOM ILIAHHPYETCs W KOHCTpyHupyeTcsa TaknM o6-
Pa3oM, YTO LENeBas MOCNEIOBATE]LHOCTE B XH-
mepHom Genke HaxoauTes Ha C-koHIle M el mpes-
1ecTByeT aMHHOKHCIOTHBIN OCTATOK, 10 KOTOpO-
MY 3HzIOnpoTeasa cnetGuuHO paciierniserT nomx-
nentiasl. B N-kosneBoii 4acti xuMmepHOro benxa
YYACTKH THAPONMH3a WCTOJB3yeMOH 3HOonpoTea-
30/ MOI'yT BCTPEUYATHCSA CKOMBKO YIoAHO pa3. AHa-
JIOrMYHBIE OrpaHWYeHHA HANAralTcs ¥ Ha XHMH-
geckoe pacmervienne 6enkoB (M. 4.4).

J1. Toexgen c coaeropamu B 1979 r. Bnepssie
nobumuce npsamoro AhdhexTHBHOrO cHHTE3a MHIN-
BHIOyanbHOrO Oenka »uBOTHBIX B KineTkax E. coli.
Jns aToro k (parMesTy (pepMEeHTATHBHO CHHTE3H-
posansol x/IHK ropmona pocra denosexa nos-
CTPOHIM XHMHYECKH CHHTE3MPOBaHHYIO MOC/e-
JIOBATETBHOCTE, KOOHPYIONLYIO MepBbie 24 aMuHO-
KHCJIOTHI 3pesioro Oeska ropMOHa pocTa YenoBeKa,
orcyTcrBoBasiime B BoiOpanHoM ¢parvenTe
kJIHK. Co3nanseiii cTpyKTypHSbIiT TeH ObUl TOYHO
BcTpoeH B wiasmuay pBR322 noa koHTpONs TaH-
aema lac-nipoMoTOpoB, copepxatnx SD-nocneno-
BaTeIbHOCTL. [lonmunenTrA, CHHTE3HPOBABLIMIICA
B knetkax E. coli, necyupx rubpuinyio 1iasmMmmy,
obnanan GUIHKO-XHMHYECKHMH H UMMYHOIIOTHYE-
CKHMH XapakTepHCTHKAMH 3PeJioro ropMOoHa pocTa
YenoBexa.

B 1980 1. 3Ta *e rpynmna ucciaeaosareneii no-
JIydnsia NPOAYKLHIO HenOBEYecKoro HHTepdepona
B KieTkax E. coli. C noMOmBi0 XMMHYECKH CHHTE-
3HPOBAHHOIO JIMHKEPA B BEKTOPHYIO ILIa3MUIy Mo
KOHTpO/b CHIBHOIO frp-npomMoropa Osuna TOHHO
scTpoena k/IHK neitkormraproro muuTepdepona
a2 genoseka. Ilpn 3tom B KietTkax E. coli, conep-
HALIMX CKOHCTPYHPOBAHHY IO ILTA3MHTY, BRIABILAN-
csi a(ppexTHRHBIN CHETES MHIHBU TyaTbROIO Genka
uHTepdepona uenosexa (ot 3,6 -+ 107 go 2,5 - 108
€/IMHNI] aKTHBHOCTH MHTepdepoHa Ha 1 11 KynbTy-
pei). Tomyuennsbiii Oenok, kak ¥ NpHponHbI MH-
Tepdepon yenoreka, obnanan aHTHBHPYCHBIM ni€ii-
CTBHEM, ¥ BBELCHHE €0 B OPraHn3M MapTHIIEK
npesoTspamano rubesnb THX JKHMBOTHBIX I0CHe
MHQHLHMPOBAHNA BUPYCOM 3HIIEaTOMUOKAPIHTA.

Bricokass mpomykTHBHOCTE NO HHTepdepony
paja coznanHbIx wramMos E. coli nozsonuna noc-
TATOYHO MPOCTO PELIHTH BONPOC 00 OYMCTKE 3TOrO
6enka. HcnonssoBaBmmiics B KIMHWYeECKoi mpak-
THKE NPHUPOAHLIHA MPENapat, nomyJacMblii M3 J10-
HOPCKO#H KpOBH, comepxan nuiub oxono | % uH-
Tepbepona. W3 mramMos-npoayuentor E. coli
YAA10Ck NOJNyYHTh JNeHKouMTapHelil HHTEphepoH
@2 NpaKTU4EcKH B YHCTOM BHJIE, 4TO ofecneunno
BO3MOXHOCTH ero Kpuctaumsaiud (1981 ). Pac-
nonaras TakKMMH HHIMBHIYAJIbHBIMH BbICOKOOYH-
LIEHHBIMH TPENaparaMi, MOXHO nogpobHO H3y-
4aTh WHPOKHH CEKTp CBOHCTB HHTepdEPOHOB Ye-
NOBEKA, YTO U JIENAETCH BO MEOIMX KIIMHHKAX MHpa.
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HNocpencreom knoruposanus xk/JHK nonyue-
HEl mMTaMMBul £, coli, nponyuMpyoIuHe pasing-
Heie uHTepdepors! yenosexa, HMes KI0HHpOBaH-
HEIH TeH, MOXXHO H3MEHHTE ero CTPYKTYpY M HC-
CIIenoBaTh, KAK 3TO CKAXKETCH Ha CBOHCTBAX KOIH-
pyemoro um benka (cMm. 1. 6). Hakonnenue Takux
IKCTIEPHMEHTANBHEIX JAHHBIX MO3BOMHT riybke
NOHATE MEXaHH3M nedcTBUA HHTEP(REpOHOB Ha
KJETKH H OPraHM3Mbl B LI€JIOM B OTNIPEeNIHTh, Ka-
kue MomuHuKaHH HeoOX0NHMO BBECTH B CTPYK-
Typy I'€HOB HHTEP(EpPOHOB C 1E/BI0 HANPABICH-
HOro H3MEHEHHMA HX CBOHCTB. [lepBhie MOMBITKH
NOTYYHTh METONAMH TEHETHYECKOH HHKEHEPHH
HeoOEIYHEIe QOPMEI HHTEP(QEPOHOB YKE allH HH-
TepEeCHBIE PE3YNIBTaThl, XOTA MOKa Takue paboTsl
nposopaTca 6e3 kaxof-nubo TeopeTHyeckoi ro-
ponnexu. Ilo-eugumomy, B 6moxaiimige rofel Mel
CTaHeM CBHJETENISAMH HHTePeCcHEeHINHX OTKPBITHIT
B JJAHHOM HAMNPABINCHUM CO3[AHHA MEIMUMHCKHMX
Npenapatos.

B nacrosmiee Bpems CKOHCTPYHpOBaHO Oonb-
IU0€ YHCNO FHOPHAHBIX MONEKYJ, HAMPABNAFOUMX

B E. coli 3xcnpeccuio KIOHHPOBAHHEIX NOC/ICI0Ba~
teapHOCTEH KAHK. Ynpouesne MeTonos To4HOO
mzpnedenus cermenroB JIHK (em. 1.8.2) v xuvm-
YeCKOI0 CHHTE3a ONUIOHYKJICOTHIOB [03BONSET
BCE Yalle co3/aBars M’HOpH/IHbEIe IeHEl ¢ 381aHHOH
NOCHEAOBATEIBHOCTRIO HYKICOTHAOB M f00MBATE-
cH cHHTE3a B KneTkax E. coli vHAWBHIyaTbHBIX 3y~
KaproTHueckux 6enkos. 3a cHeT BLICOKOH KOIMHif-
HOCTH KJIOHHPYEMBIX INeHOB H HX 3(QexTHBHOH
TpaHCKpHITuK B GakTepHaTsHBIX KIeTKaX YAaeTCs
NOMy4arb MHTEHCHBHBIA CHHTE3 IOJIHOLCHHBIX
OHONMOTMYECKH AKTHBHBIX OE/IKOB HENOBEKA M HH-
BOTHBIX. 3T0 NMO3BOMIAET JOCTATOYHO MPOCTO BEIJIE-
NISTh TAHHEIE GENTKH NPaKTHYECKH B WHIHBHLYaTb-
HOM COCTOMHWH, YTO B GONBIIMHCTBE CITy4acB He-
BO3MOMCHO OPH HMCOOJB30BAHHH NPHPOIHBIX HC-
TOYHHKOB.

Co3naure MHEKpOOHONOrMYECKHX IITAMMOB-
NPOAYLEHTOB, MO3BOMMIOMMX MONYYars MHOIHE
BaKHBIe Oe/kH 4e/loBeKa M KHBOTHBIX, B NIEPBYIO
oyepenb HMEET OrPOMHOE 3HAYEHHE U MEOHLH-

Hbl ¥ BETEPHHAPHH.

44. AKCNPECCUA B E. COLI XMMUKO-®EPMEHTATUBHO
CUHTE3UPOBAHHLIX NEH-9KBUBAJIEHTOB
AYKAPUOTUYECKUX NONUNENTUAOB

Paa du3HOTOrHYECKH aKTHBHBIX TIOJHIIENTH-
[OB 4e/IOBEKA, TAKMX KaK HelponenTHbl, ropMo-
HH M JIp., 00BIYHO CHHTE3HPYIOTCS B BHIE Ipej-
MIECTBEHHHKOB, MMEIOLHX OONBLIYIO MOJICKYNAp-
HYI0 Maccy, B pesynsTare cnemmpUaHOro i Kax-
Ioro cirysas npoueccHura obpasyercs 3penstii mo-
JMNENTHL WM HH3KOMONeKynspHeil nmentHy (mo-
JUNENTH/IAMH Ha3bIBAIOT TENTHIIBI, COCTONIIHE H3
20 AK u 6onee). OgeBHIHO, 4TO B MPOKAPHOTHYE-
CKHX KMIETKax juis GONBUIMHCTBA NONMNENTHIOB
NpaBK/IbHBIH NPOLECCHHT W3 npe-0eika mpowcxo-
IuTe HE MOXKeT. B takmx cnywasx B OakrepHaib-
HBIX KJIETKaX HeoOXOInMo KIOHMPOBATh 10C/eN0-
paremprOCTe JIHK, wopupyioiyto yie 3penyro
dopMy monumenTHaa, 06BMHO HA3BIBAEMYIO 2eH-
IKeueanenmoM NAHHOTO romunenTHia. Jins storo
TNpOLIE BCEro UCMONB30BaTh CHHTETHYECKHE KOIH-~
PYIOIIME NOCAENOBATENBHOCTH, MOMEIEHHBIE HOL
KOHTpOTb 3 EKTHBHBIX CHIHANOB TPAHCKPHILIMH
H TpaHc/aurH. [1oCenoBaTeIbHOCTL HYKISOTHIOB

CHHTeTHYECKOI0 TeH-IKBHBaJIEeHTa O0LIYHO CO- .

CTABISIOT, HCXONA M3 3KCIEPHMEHTANBHO onpeje-
JIeHHOIl aMMHOKHCJIOTHOH MOCNEeA0BaTeIbHOCTH
cootBeTCTBYIOIEr0 (nmomu)nenTuaa. Ilpum 3TOM
B CTPYKTYpE HCKYCCTBEHHOTO TeH-3KBHBANECHTA
MPeMOYMTAIOT HCIONB30BaTh TPHILIETE], Haubo-
Jiee 4acTo BCTpedaionmecs B reHax E. coli ansa
K10 aMHHOKVCIIOTHI.

IepBy1o sxcnepumeHTaNBHYIO pafoTy B nas-
HOM Hanpasnesuy Bemonauns K. Mraxkypa ¢ coas-
Topami (1977 r.). [eH-3KBHBa/IEHT COMATOCTATHHA,
nentHaHOro ropmona uenosexka (14 AK), cu-
TE3MPOBATH XHMHYECKHM METONOM W BCTPaHBAIM
B BEKTOPHEIE IIa3MHIE], COAEPIKamHe (pparMeHTEl
lac-onepona E. coli (puc. 4.4). Ecnu kopupyouyio
NOC/IeJOBATeIBHOCTH COMATOCTATHHA MOACTPAHBA-
/¥ K Ha4any reHa -ranakTo3niassl ocie nepesix
cemu amMurOKHCHOT (muasmuaa pSoml), BEIABATH
CHHTE3 IaHHOTO ropMOHa B KiIeTKax E. coli ve yna-
Basiock. Koraa ke o1oT cunTeTHYeCKHit (parMenT
BcTpauBanu no EcoRI-mecty B koHue resa f-ra-
nakto3vaassl (miasmuaa pSomll-3), cuHTE3HpO-
BaJICA XHMepHBIH 0N0K, coneprkalnii nocnenosa-
TeNBHOCTH Kak Gonbmeil wacTH B-ranakTo3uuassl,
Tak M coMaroctartuna. I1o-ByaIHMOMY, CHHTE3HPO-
BaBIIHHCA B IEPBOM CITyYae XHMEPHBII KOPOTKHii
MONUIENTH/ NIETKO PAcLUEIUIANCS BHYTPHKIETOY-
HEIMH NENTHAA3AMH, KPYNHEI ke Genok, obpa3o-
BaBIIMiiCA BO BTOpOM ciaydae, 6wu1 Gomee crabu-
neH. CoMarocTaTul BEICBOOOKIAIM M3 XHMEPHOTO
6enka, obpabareiBas ero GPOMHCTBIM LIMAHOM, TIPH
srom Oenok pacmerisncs no MEeTHOHHHOBBIM
ocrarkaM (puc. 4.5). C nOMOLIBIO TAKOTO OCTPOYM-
HOTO TIOAXOAa YHAlock BhNEpBEie Hapaborats
B GakTepuanbHBIX KIETKAX B COCTABE XUMEPHOIO
Genka menTH YENOBEKa, @ 3aTeM XHMHMYECKH BBI-
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BamHI
EcoRI Sall

& aml'ga 1 3amena in vitro
Plec eHTA HA

EcoRI

Puc. 4.4. Cxema KOHCTPYHPOBaHHA IHOPHIHBIX MUTA3MHI,
COlePIRALIMX CHHTETHYCCKHH reH-3KBHBANICHT COMATOCTATHHA.

Jlomaroif nunnelt oGo3xaven cunTeTideckuit EcoRI-BamHI-dparment JTHK,
CONlEPAINNE CTPYKTYPHRI I'eH COMBTOCTETHHA

Ten lacZ CuuTeTHyeckui reH COMaTOCTaTHHA
= ANTTC | 816 [ GER 66X IeT 548 M€ THE
pBR322 };\n:

mPHK =
J1vo 138 WYTY3Y 33 3 3 135 B¢

J Tpancnaums

xumepuoi vPHK B E. coli
B-Tanaxrosmaasa Comarocratin
HN " N\NA\NAN\NAN\NANNANNNN-Met-Ala-Gly-Cys—Lys—A sn—Phe—Phe\
1 Trp
I..)Ifs
HO-Cys-Ser-Thr-Phe-Thr

OPOMHCTHIM LIHAHOM
xumeproro Genka in vitro

H,N-Ala-Gly—Cys-Lys-A s:anhe—Phe\

(DparMeHTL i ' Trp
B-ranakrosnnasel s L;rs

:
HO-Cys-Ser-Thr—Phe—Thr
AKTHBHBIH COMATOCTATHH

1 Pacuenneune

Pue. 4.5. Cxema MEKpOOHOIOTHYECKOTO criocoa nonyyenHa COMaTOCTATHHA

A A
3 B Hooc 9
N NH,
o o > NH
00 C ’
C
HOOC

INpouscynHE Hrcynur
Puc. 4.6. ©epMeHTATHBHEIH NPOLECCCHHT in1 Vive NPOHHCYTHHA B HHCY/THH
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WIETIHTL H OYHCTHTH €70 10 HHIMBHIYAIBHOIO CO~
CTOSHHA.

Taxum obpasom, cyts paipaborannoii cTpare-
THH 38K/I0Ya€TCH B TOM, YTO HCKYCCTBEHHBIH TeH
BCTPAUBAETCA BHYTPb CTPYKTYPHOTO reHa, KOAH-
pyiomiero onpeneneHusli GakrepHanbHeLi GeoK.
Mmmmanms cuntesa PHK u Genka npoucxonuT Ha
PerynsSTOpHEIX y4acTkax GakrepHanbHOIO onepo-
HA, @ TEPMHHALIHA TPAHCIALMH — Ha HOHCEHC-KO-
NOHAX' CHHTETHYECKOrO reHa. JKCIPEeCcCHsi TAKOTO
THOPHIHOTO NeHa MPHBOAHT K NOABIEHNIO XMMEpP-
Horo Oenka, cOAEpKaIEro aMHHOKHCIIOTHYIO O~
cienoparensHocTh Oakrepuansoro Genka u nen-
THJIa, KOIHMPYEMOTO CHHTETHYECKHM (parMeHTOM
JHK. Heobxonumo, 94To6p1 BeTpanBaeMas Hykieo-
TH/IHAS NOCNENOBATENBHOCTh KOIHPOBANIA MENTHA
fes copura pamMKH TPAHCIAIMN 1O OTHOLIEHHIO
K GaxrepuansHomy redy. Llenepoii nemmun npu
ITOM MOMHO BBILEIIATE M3 COCTABA XHMEPHOTO
benka cneuOHYHBIM XUMHYECKHM HIH (epMmeH-
TATHBHBIM I'AIPOIH30M.

3101 nonxos Ol 0YEHB YIAYHO HCIIONB3OBAH
B T} K€ nabopaTopHH L8 MEKPOOHOJIOIHYECKOro
CHHTE3a HHCYNTHHA YesioBeka, 3BecTHo, 4To HHCY-
JIMH CHHTE3MPYETCH B MODKeTyA04HOM XKenese Kak
NpPENporopMOH € CHIHAMBHBIM [ENTHIOM, KOTO-
peiit o0ycnopnuBaeT cexkpeinio Genka M3 KJIETOK.
[penponncynus cHHTE3HpyeTcst Ha MeMOpaxmO-
CBA3AHHBIX pHOOCOMaX, H B MPOLIECCE CEKPELHH
CHIHAJIBHEIA IENTH 0T MONEKYJIbl OTIEIUIAeTCA.
OGpasyiommiics 1pH 3TOM [POHHCYNHH WMEET
CIIOKHYIO TPEXMEPHYIO CTPYKTYPY € TPEMS IHCY b~
duaHnMH caaaaMy (puc. 4.6). Ha caenyroniem 31a-
Tie H3 CEPEeNMHEBl MPOHHCYNNHA MPOTCOMHTHYECKH
BhIIENsoTes 35 aMHHOKHCIIOT. 3Ta NOHNeNnTHA-
Has TMOCICNOBATETEHOCTE HasbBaeTcs C-pensio,
N-KkoHUEBOH NOAMNENTHA B HHCYNHHE — B-1ensio
(30 AK), a C-xonuesoit — A-uensio (21 AK).
A- ¥ B-11en¥ B HHCY/THHE OCTAKTCH CBA3AHBI JIH-

* Tepmuuaroprsie kofiousl UAG, UGA 1 UAA se
KOIMPYIOT AMHHOKHCAOT H NONYYHIH HA3BAHHE HOH-
cerc-konoHOB. IHOTa MPOHCXOAST My TALHH, BEOyIIHe
K TOAB/IEHHK) HOHCEHC-KOJIOHOB BHYTDH rena. Takme
MyTAlHH NPHBOAST K NPEXAEBPEMEHHON TEPMHHALHH
nomunenTraHoN uenk. ShdextT HOHCeHC-MyTaUHH MO-
weT OBITh CynpecCHpOBAH BTOPOM MyTaumeH, xoTopas
NPHBOOHT K CHHTE3Y HiMeHeHHo#H Monexynsl TPHK. Ta-
kan cynpeccopHas TPHK y3Haer uoHCeHC-KOZOH M
BCTPaMBACT ONpeEeNeHHYI0 aMHHOKHCAOTY B COOTBET-
CTBYIOLIEE MECTO TIONHIENTHAHOH LienH, BOCCTAHARIH-
BaA CHHTe3 noJHopaiMeproro Genka. TepMuuaropHble
KOJOHBI  [ONYYHAH  HMHJMBHIYANbHBIC  HA3IBAHHA!
UAG — amber, UAA — ochre, UGA — opal. B resome
E. coli rapTupoBaHo He MeHee 17 renoB CymnpeccopoB
BCEX TPEX THIIOB HOHCEHC-KOLOHOB.

CYNbOHOHEIME MOCTMKaMH, 00pa3OBaHHBIMH erie
B [IPOMHCYIHEE, 9T0 obecrneynBaeT crabliIbHOCTL
4ETBEPTHYHOH CTPYKTYphI 3penoro Genka. Kak u-
MM, MHCYITHH oOpasyeTcs B pesynbTare psaga Ita-
NOB MPOLIECCHHTA EPBOHAYANLHO CHHTE3HPOBaH-
Horo Genka-npenecTBEHANKA, B OakTepHaTbHbIX
KJIETKAX TAKOH MPOLECCHHT NPOM30iTH HE MOXKET.
K BaxHEIM CBOHCTBAM MHCYJIMHA CIEAYeT OTHECTN
TO, YTO OH HE COAEPXKHT YINEBOOHBIX GOKOBEIX
rpyI (He IMMKO3HIHpOoBaH), a B A- u B-nensax ner
METHOHHHOBBIX OCTATKOB.

Komsipyionpe mnocnenoBaTebHOCTH A- H
B-ueneli MHCyNHHA CHHTE3MPOBAIH XHMHHYECKHM
MyTE€M H BCTPAHBAH B CTPYKTYPHYIO HacTh reHa
trpE (anTpaHMnarcHMHTETas’sl) B COCTasBe BEKTOP-
HOH ria3sMHIL! B NPAaBUILHON paMKe TPaHCIIALHH.
W3 obpazoBaBmmxcd XHMEPHBIX NOJIHIENTHIOB
GPOMHCTBIM 1{HAHOM BAIEIUIAIH MOCIE0BATENb-
HOCTH A- H B-ueneii, KoTopeie 3aTeM CMEITHBATH
H XMMHYECKH FeHEPHPOBAIH ANCYNb({HUIHEIE CBA~
34. CKOHCTPYHPOBAHHBIH TaKuM 06pa3oM HHCY/IHH
obnajgan Temu ke OHONOIrMYeCKHME CBOICTBaMH,
4TO M NpHpOaHLI Geslok.

Kpynseie syxkapHoTHHECKHE MOMHIENTHIE!
MEHee MOABepXKeHEl MeNnTHAa3HOH aerpajauuu
B Kietkax E. coli. ITIpuMepoM MOXET CITyKHTh NPo-
nyxinAa B E. coli HexoTOPBIX HHIHBHIYAIBHBIX
GenkoB XXHMBOTHRIX (CM. 4.3). DTH JaHHEIE [103BO-
numu paspaborare CTpaTer#io CHHTE3a M KIOHH-
pPOBaHKA T€Ha Takoro Kpymnmnoro Genka wenosexa,
KaK Jefikonurapubii unrepgepon al. I'pynnoii
anmuickux uccrenosarencii 8 1981 r. 6ew1 curTe-
3upoBaH (hparmMenT neyxuenoqeunoi JIHK powHO#H
okono 500 nH, KOTOPLIH 3a1€M BCTPOHIIH B IUIA3MH-
JIy 1011 KOHTPOJIb [POMOTOPOB Pjac WIH Pyrp. locnie
seenenna rubpuanbix [IHK B knetkm E. coli B Hux
rabmonam 3G @eKTHBHEIH CHHTE3 MHAMBHIYATL-
HOro 6enka HHTEPHEPOHA YE/IOBEKA.

Corpyauukamn HHcTHTYTa OHOOpraHHY€CKOi
xumue PAH (Mocksa) u BHUM monexymsproii
6uonornu HIMO «Bekrop» (HoBocrOupck) cos-
MECTHO CHHTE3HpOBaH M cobpaH HCKyCCTBEHHBIH
reH nefixouurapHoro unrepdepoHa a2 uenosexka
(1982 r.). CuHTeTHYECKHIi FeH BCTPaHBAIH B pa3-
JIMYHEBIE BEKTOPHBIE MOJIEKYIThI B M3Y9a/IH €10 3KC-
NpeCcHIo B KieTkax E. coli B 3aBHCHMOCTH OT TOI0,
B coctase Kakoi rubpuaHoit JIHK on HaxomuTes.

SAnosckue (1983 r.) u kananckue (1984 1) we-
CJIEIOBATENN XMMHYECKH CHHTE3HPOBATH TeH HM-
MYHHOTO HHTep(epOHa YeNoBeKa H MPOXEMOHCT-
PHUPOBAITH €ro 3KcrnpeccHo B wietkax E. coli B co-
CTaBe BEKTOPHBIX ILTa3MH]1 IO KOHTPONEM IPOMO-
Topa reHa lacZ UVS vy CHHTETHYECKOTO PaHHET0
npomoropa (para TS. IlprdeM B nocneHeM Ciryqae
YPOBEHbh TNpPOOYKUMH HHTepdepoHa JOCTHTA
4 - 109 enununI aKTHBHOCTH Ha 1 11 KyNBTypHL
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MeTofoNOrHs XHMHYECKOI0 CHHTe3a OJIMIo-
HYKJICOTHIOB B HACTOAIIECE BPEMA BBILIJIA HA TAKOH
YPOBeHb, 4TO NO3BONACT CHHTE3UPOBATH LIEJTBIE I'e-
HBI, OCYWIECTBNATE in Vifro TOHKHE MepecTpoiikH
FEHETHYECKOTO MAaTepHaia. IT0 OTKPLIBAET MHPO-
KHE BOSMOKHOCTH /18 KOHCTPYMpOBaHUA 3ddek-
THBHBIX MHKPOOHONOrHYECKHX MPOTyLEHTOR GHo-
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KOHCTPYWPOBAHUE LUTAMMOB — NPOAYLIEHTOB

NEPBUYHbLIX METABOJIUTOB

HA OCHOBE ESCHERICHIA COLI

Vike TiepBBIE JKCIIEPUMEHTHI TI0KA3a/y, 9T0,
yBenMuuBas 03y OaxrepHasbHBIX T'€HOB 3a cYeT
KJIOHHPOBAHHA HX B MHOMOKOIHHHBIX MOJIEKYIIAP-
HEIX BEKTOPAX, YNaeTcd 3HAYHTENLHO TMOBHICHTH
B knetkax E. coli nponykumnio Genkos, xouupye-
MBIX 3THMH reHamu (cm. 3.1). B cea3n ¢ 3THM
BCTAJ1 BOMPOC O BO3MOXKHOCTH MCIONB30BaTh Me-
TOB! FEHETHYECKOM MHKEHEPHH JUIS KOHCTPYHPO-
BaHuA 3QHEKTHBHLIX MTAMMOB — MNPOAYIIEHTOB
NEPBHYHBIX METabONHTOB, TAKHX KaK AMHHOKHC-
NOThI, BUTAMHHEI ¥ 21p. Flexoauau M3 Toro, 41o no-
BhllIeHUE B GaKTepHaIbHOMN KIETKE YPOBHS 8KTHB-
HOCTHM omnpezenenHsIX (epMeHTOB (MM OMHOTO
(pepMmenTa), KOHTPONMPYIOUMX JHMHTHDPYIOLHE
craguy OMOCMHTETHHECKOr0 MNyTH BEIOpaHHOIO
NMEepBHYHOIO MeTabonuTa, MOKeT NPHBECTH K Cy-
NEPCHHTE3Y MOCIEIHETO.

Yenex co3panus BBHICOKOAKTHBHBIX LITAMMOB
C 3a/laHHBIMH CBOHCTBAMH BO MHOTOM 3aBHCHT OT
ypoBHa 3HauHii 00 OpraHM3auUM reHoMa U peryJis-
1y merabonuzma MEKpoOROl knetkn. HanGonee
u3yueHHOM sBasercs O6axtepus E. coli, v nosromy
nepeeie pafoThl MO CO3/IAHHI0 METOJAMH I'eHEeTH-
4ecKOH HHKEHEPHH NPOMEBILLIEHHBIX LITAMMOB —
MPOAYIEHTOR MEPBHYHBIX MeTab0NIMTOB BHITIONHE-
HbI Ha JaHHOM MHKPOOpraHM3Me.

Bnecmimuii UMKn MccnenosaHdi nposenn
B. I. JlebaboB c corpyanugamm (1979-1982 rT.),
BMNEPBLIC MPOAEMOHCTPHPOBAB DONbLINE BO3IMOMK-
HOCTH reHETHYECKOH MHKEHEPHH JUid NOJy4eHHs
TAMMOB — OPOAYLEHTOB aMuHoKHcnot, Hanbo-
nee NOKAa3aresieH NPUMEP CO3A@HHA ITamMma —
npoayueHTa L-TpeoHrHa Ha ocHose naboparopHo-
ro mramma E. coli.

Ha puc. 5.1 nokazaH myts 6MocHHTE3a L-Tpeo-
HHHA H3 acnaparMHOBOM KHCIOTE], U3 KOTOpOH no-
MHMO TpeoHHMHa o6pa3syroTcsi WM3ONEHINH, JTH3HH
M METHOHHH, COCTABJAMIIHE ACNAaparHHOBOE ce-
MeHCTBO aMHHOKHCOT. B OnocHH1e3e TpeoHHHA
YUYacTBYIOT HETRIpE (JepMeHTA, TPH M3 KOTOPLIX J1e-
TEPMHHHPYIOTCA T€HAMH TPEOHHWHOBOIO ONEpOHA
(thr-oniepoH). Peakiua npeBpanieHus acnaprHii-

tocdara B nomyasaern/ aCnaparnHOBOH KHUCTIO-
Thl KATAIM3UPYETCA MPOIYKTOM reHa asd, He BXo-
JsiLero B 3ToT onepox. JlasHas cranms He NMMU-
THPYET MPOIECe B NMO3TOMY B aJIbHENILEM HE pac-
cmarpuBaetca, Ten thrAjA) KogupyeT OIMH NnoH-
NenTH, KOTOPbIi HMMEET IOMEHHYIO CTPYKTYpY
¥ obmanaer nByMs (pepMEHTATHBHBIMEM AKTHBHO-
CTAMH: acnapToKKHasel | 1 roMocepyuuaernipore-
Hassl [. Ten thrB xogupyer roMocepHHKHHA3Y,
a ren thrC — tpeonmucuATeTasy. Ilpu nopkimien-
HOM YpPOBHE COBMECTHO TPEOHMHA H H30neHnuHa
IKCHpeccHsi thr-onepoHa nopasnsieTcs (penpec-
cus). Kpome Toro, akTHBHOCT (pepMeHTa acnapro-
KHHa3s! [ — romocepuupernaporenass | nurubu-
pPyeTcs KOHEHHBIM NPOAYKTOM PacCMaTpHBAaEMOro
nyTH OMOcHHTE3a — TPEOHMHOM (PETPOMHTHOM-
poBaHue).

Ha neppom 3Tane cossaumus 1TaMma-mpoay-
LenTa B coctase eauHoro pparmernta JAHK B rmnas-
miuge pBR322 6ni1 KIOHHPOBaH Bech thr-onepos.
IMonyuennas 3a C4eT 3TOr0 aMIUTH(HKALHs TEHOB
TPEOHHHOBOIO OTIEPOHA TIPHBENA K BO3PACTAHHIO
B KJIETKE YPOBHsS 2KTHBHOCTH COOTBETCTBYIOIHX
(bepMeHTOB K, KaK CIIEACTBHE, K yBennyeHuio Ono-
cuHTe3a TpeoHuHa. bonee Toro, Gakrepuu, conep-
kasmme ruOpHOHYyl IUasMuay, nproGperamm
CHIOCOBHOCTh BBIZENATE TPEOHHH B KYIbTYpPalib-
uyio cpeny. lNony4ennsiii wwramm E. coli Hakarmm-
BaJ1 TPEOHHH B OTHOCHTENBHO GOTBINOM KOHYECT-
Be — 1-2 r/n nurarensHOil cpejbl, OJHAKO 3TO
He ABJIAETCA CBEPXIPOAYKIIHEH.

Buocuntes TpeonuHa y £. coli konTpOnupyer-
€Al € HOMOILBIO HECKOIBKHX PEryIsTOPHEIX CHCTEM
(cm. puc. 5.1). Ytobel obecrednTs CBEPXCHHTE3
310H aMHHOKHCIOTEL, HEOOXOIMMO HAPYLIHTD, 1O
KpaiHeii mepe, Haubonee MOIIHbBIE CHCTEMBI Pery-
nsumm. PaGora mo nonyuenmio 3ddexTHBHOrO
LITAMMA — NPOAYLIEHTA TPEOHHHA BeNach apTopa-
MH MO JBYM HAIPABICHHAM: YIYYIIEHHE KOHCT-
PYKIUHH THOPHIAHON TUIA3MHILI ¥ CO3JIAHHE LITAM-
ma-penunuenta E. coli, obecneunpaomero nossl-
IIEHHOE HAKOTUIEHHE aMUHOKKCNOTEL. [loaToMy Ha
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cheyiomem stane paboTel B cocTaBe BeKTopa
pBR322 Gsl1 KIOHWPOBAH TPEOHHHOBBIH ONEPOH,
Hecymmii MyTanuio thrA442, koropas nenaet Qep-
MEHTHBIH KOMIUIEKC acnapTOKHHA3a-TOMOCEPHH-
IErHIPOreHasa HEYYBCTBUTENBHBIM K PETPOHHIH-
6HpOBAHIIO TPEOHMHOM.

B kadecTse peumnueHTa s ruOpraHoil as-
MuIB cospam wramM E. coli VL334, umeronmii
smytaumn thr C1010 u ilvA442. Or sBiseTcs gBoi-
HEIM aykcoTpodoM ¥ HYRJIaeTCs JUIs POCTa Ha MH-
HHMATLHOI Cpejie B TPeOHHHE H u3oneinuue, My-
Taumus i/vA442 H3IMEHAET TPEOHHMH/IE3AMHHA3ZY
(nepeelii pepMEHT HA MYTH MPEBPAIIEHNS TPEOHH-
HA B M30neHiMH) Takum o0pa3oM, 4TO NaHHBIH
(epMeHT HE MHAKTHBMPYETCS NONHOCTHIO, A JTHLIbL
HMEET PE3KO CHIKEHHOE CPOJICTBO K CBOEMY Cy0-
CTpary — TPEOHMHY. TAKHE HEMOJIHbBIE MYTAlHH
HaselBaloT leaky-myTaumamMy  (NOATEKAIOIMMH).
Mytauus thr C1010 nonHOCTEI0 MHAKTHBHpYET
reH TPEOHHHCHHTETA3E! KIeTokK E. coli.

[locne tpancdopmaunu 1wasmmaoit pYN7,
KOTOpas HeCeT TPEOHMHOBLIN ONEpPoH ¢ MyTauuel
thrA442, mramm E. coli V1.334 crasoBmiics npo-
TOTPOdHEM 10 TpeoHHHy. IlpH 3TOM npomcxonHnI
CBEPXCHHTE3 TPEOHHHA, 9TO B CBOIO ouepent oly-
CHIOBJIHBAJIO HACTUYHYK) CYNpPECCHIO aykcoTpod-
HOCTH 1o m3onefiHy (6naronaps leaky-MmyTaumn
1o reny ilvA), T. €. KieTku npuobperamu criocob-
HOCTH PaCTH Ha MHHHMaNbHOII cpene Ge3 nobasok
aMHHOKHCIIOT. 3HaYMTENBHOE YMEHBUIICHHE Ipe-
BpauleHHsi TPEOHMHA B wH3oneHuuH (MyTaius
ilvA442) npeporspaniaeT pPEnpeccHI0 TPEOHHHO-
BOTO OTEpOHa, Gonee Toro, MponyKT rexa thrAdd2,
PacnioNMKEHHOTO Ha TUTa3MM/IE, HE MOABEPraeTcH
perponHrHbupoBanMio TpeonHHoM. Bee 3t0 cro-
co0CTBYeT HAKOIUIEHHIO TPEOHHUHA B KeTKax B 6o-
TTHIIOM KOTHYECTBE € MOCAENYIONHM BhIIENCHHEM
ero B cpeny. llonyuennsii wramm E. coli
VL334[pYN7] naxarumsail B KynbTypaasHOH K-
KOCTH TPEOHHH B KOHLEHTpalLuy yuxe 1o 20 r/n.

Ouenp Baknas OCOOEHHOCTH MNOJNYYEHHOTO
ITAMMa — CTabHIBHOCTD NOAKEPKAHNS M THE-
PHAHO# MNasMH/IE 33 CYET aBTOCENEKIMH IUIa3MH-
IOCONEPIKALIMX KJIETOK Ha MHHHMaJIbHOH NMHTaTE-
JbHOit cpene. Ha Takoif cpesie MOryT pacTH TONBKO
knetkn VL334, conepxaime masmuny pYN7, ko-
TOpas ¥3-3a CBEPXCHHTE3a TPEOHKHHA obecredHBa-
eT M npororpodusi derorvm Thrillet. Knerku,
YTParHBUIHE IUIa3MHIY WIH COAEpXKAlLME H3Me-
HEHHYIO TNa3MMJY, U3 KyILTYPhl YAQISIOTCH, TaK
Kak He MOI'YT pacTH Ha MHHMManbHOMH cpene. Ta-
KHe K1eTkH npuobperaor enocobHOCTL K PocTy
TOJIBKO Ha NOCHEAHHX 3Talax PEPMEHTAIMH KYIlb-
TYphl, KOTZIa KOHLIEHTPaLMs TPEOHHHA B CpEle N0~
cturaer 10-15 r/n. Tloseraenne GecrutaiMmaHbIX

B ManeETMUBCKSR WHNEHBPHS

KJIETOK Ha 9TO0H CTa UM MAN0 CKa3bIBAETCA HA KO-
HEYHON KOHLICHTPALHH TPEOHHHA B KyJBTYpasb-
HOMH XKHJIKOCTH.

Llitammer E. coli K12, K KOTOPEIM OTHOCHTCS
u VL334, pactyT Ha MHHNMaTLHOH Cpelie ¢ ITHoKo-
30 WK (PPyKTO30ii, HO HE YCBaHBAWOT Caxaposy
M Takoi mocTymHbIi M pewessi#i cyberpar, kak
menacca. [T03TOMy € TOMOLIBK KOHBIOTALMH
8 wramMy VL334[pYN7] eenu ressl, neTepMHHH-
pyloume cnocoOHOCTE K YCBOSHHIO caxapossl. I1o-
ClIe ONTHMM3ALMH YCIORMI KYJIBTHBUPOBAHHA CO-
34aHHOIO BapuanTa E. coli ynanock noGHThes mpo-
JAyKuHH L-tpeonnna 1o 70 r/n 3a 3040 4 pepmen-
TanuH ¢ KoHsepeueii okono 40 % caxapa B uenesoit
nponykt. Ilps Mcnons3oBaHWH TONBKO METONOB
TEHETHYECKOH HHNECHEPHH WIH CENEKLMH Taxoi
ITaMM TONYYHTh HEBO3MOXHO. TBOpHECKoe CO-
BMEIEHHE 3THX [BYX MOAXOMOB MO3BOIWIO HO-
OGuTbCs HEOBIBA/IBIX PAHEE PE3YIIBTATOB.

I'erst depmertoB OHOCHHTETHHECKOrO ITYTH
nu3uHa pazbpocansl Mo GakTepranbHON XpoMoOco-
Me, @ He CIrpyNINHPORaHL! B MONTHIHMCTPOHHLIH ore-
POH, Kak B ciy4ae TpeoHHHa. [loatomy nns cosna-
HHA METOJaMH TeHETHYECKOH HHXEHEPHH LITaM-
MOB — CYNEpHnponyLeHTOB nusuHa Tpebyercs
HECKOTBKO MHOM noxxos. B naboparopuu K. Ilarta
(1981 r) 6buTH paznenbHO KJIOHHWPOBAHEI TEHEI
OMOCHHTETHHECKOTO IYTH JIH3HHA B COCTaBE MHO-
rokonuitHol mwasmunsl pBR322. Beons Kaxayio
rHOpHAHYIO IUIA3MHIY B ONpPEASNEeHHEIH PEeLHITH-
eHTHBIH 1WTamMM £. coli, MOXHO TIPOKOHTPONHPO-
BaTh, MOBELINICHHE O3Bl KAKOIO IeHA NpHBENET
K YBETHYEHHEO CHHTE3a TM3NHA. TeM caMBiM MOX-
HO BHISBHTH MUMHTHPYIOLIYIO CTaaHi0 GHOCHHTE3a
9TOH aMMHOKHMCIIOTH [UISl KaXIOro KOHKPETHOIO
WITaMMa-PEIHITHERTa,  ABTOPBl  HCMONB30BAIH
wramm E. coli TOC R 21, koTopsrif HMeN IBE My-
Tamuu no rexy lysC u obecnedHBan CBEPXCHHTES
JorsuHa. OnHa MyTauus obOycnoeimMBana HEHyBCT-
BHTENBHOCTH acnaprokunassl Il k perpouHrnGn-
POBaHHIO MH3HHOM, a BTOpas obecrneumpana KOH-
CTMTYTHBHYI0 sKcnpeccuio rewa lysC. Bsenenue
B TaKOii 1ITaMM rHOpHIHBIX MIAsMHI ¢ pasHBIMH
TeHaMH HCCIEAyeMOro OMOCHHTETHHECKOro MyTH
10KA3aJ10, 4TO TONBKO aMIUTH(HKaus resa dapA
B COCTaBe IUIa3MHK/Ibl MPHBOAMT K TOBLILEHHIO
CHHTE3a NH3UHA.

Tloaxons! K CO3NAHMIO IITAMMOB — CYTIEpPrpo-
JIYLEHTOB NEPBHYHBIX MeTabONUTOB HMENH Jaib-
Heifinee passuTHe B Mcenenosannax C. CyruMoro
¢ coasropamn (1987 1), momy9MBIIMX MITaAMM
E. coli ¢ BHICOKMM YPOBHEM CHHTe3a (eHHnanaHu-
Ha. B cocras rubpuasoit irasmus! Obimn BCTpoe-
HBl TEPMOYYBCTBHTENbHLIH reH clgsy Gemka-pe-
npeccopa ara A ¥ mox KOHTponeM mpoMoTOpa
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Apr — ren aroF, a mop KoHTpOneM Apy — TreH
pheA. O6a rena E. coli Hecnn myTanmy, ienan-
LIHE COOTBETCTBYHOIHE (DEPMEHTHI HEYMYBCTBUTE b~
HEIMH K PETPOMHIHOMPOBAHHIO 3HJIONPOTYKTAMH
(rupo3unoM ¥ enunananunom). Ilpu remnepary-
pe 30 °C xknoHHpOBAHHBIE TEHBI HE IKCIIPECCHPO-
Bamvch. [loBepnmenwe TemmepaTypbl TPHBOIHIIO
K MHAKTHBAIMH (JAroBOro PENpeccopa W MHIYKIUK
HHTCHCUBHOH TPAHCKPHIIIHY C (AaroBbIX POMOTO-
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Jlna reHeTHYECKOro 8HAIH38 Kakoro-aubo BH-
28 Opras3MoB HeoOXONHMMO BEIABIECHHE MYTAHTOB
C onpejeeHHBIMH (DH3HONOTHYECKHMH JedexTa-
MH (OTHuMAMM OT ocobeil, MPMHATEIX 38 [HKHIT
tun). Jlo HenasHero BpeMEHH TaKHE MYTAHTBI
NOTYY&TH TONBKO B PEIYNETATE CTATHCTHYECKOro
(ciyuafivoro, HeHanpasleHHOIO, 06wL1ero) MyTare-
Hesa MoMy/sUMH OpPraHKM3IMOoB ¢ nocneayiouies ce-
nekuMed waH orbopom MyTanTOB, 06GnanaioWmMX
xapaxTepHbiM QeHOTHIIOM, V3MeHeHH LI TeH B Bhi-
DEeNEeHHLIX MyTaHTax Moxer ObiTh 3aTEM JIOKATH-
30BaH HA TEHOME MYTEM KOMIUIEMEHTAUHOHHOIO
HIH pexOMOMHALIMOHHOrO AHANH3A ¢ NPYTHMH MY-
TAHTAMH MM METOZAMH (DHIHYECKOro KapTHpOBa-
Hua, [loABneHHe METONOB MEHETHYECKOH HHXKEHE-
PHHM TO3BONIIIO C MOMOLILE) KIIOHUPOBAHHS B MO~
NEKyNAPHBIX BEKTOPaX H3BJICKATh OTAC/bHEIE MEHbI
naxe U3 odeHb GONBUIMX K CIOKHO OpPraHH30BaH-
HBIX FeHOMOB. JIj5i KIOHMPOBAHHEIX I'€HOB MOXET
OerTe pacimpposaHa MOCNENOBATENLHOCT HYK-
NEOTHAOB, & HA €€ OCHOBE — &MHMHOKHCIOTHASA
nocNeNoBaTENLHOCTE Koaupyemoro Genka. Bonee
TOr0, MOMHO KJIOHHPOBA&TEH, & 38TEM CPaBHHBAThH
nocneoBaTeNsHOCTH reHa (Oenka) QMKOro THma
1 MyTaHTHeIX GopmM. Mcxons M3 nomy4eHHoH uH-
(opMaLMH MOXHO OIIPENIENHMTh, KAKHE HAMEHEHHS
CTPYKTYphl reHa (6enxa) MPUBOAAT K TOMY WIH
HMHOMY H3MEHEHHIO (DEHOTHIA OPraHH3Ma.

HenocraTkom naHHONO MOAXOHa ABJISETCH TO,
410 (eHOTHITHYECKH TIPOAB/IAKOTCA, KAK MPaBHIIO,
JIAIEKO He BCE MYTALMH [0 ONpPEACNEHHOMY I'eHY,
a TONLKO Te, KOTOphie 3HAYHTENBHO HApYWIAKT
¢yuxuuio atoro rena. Kpome Toro, myrauuu mno
pa3HbiM YHaCTKaM H3Y4AEMOr0o N'éHa MOTYT HMETh
OIHO ¥ To xe (eHoTHNHYecKoe nposeieHue. [lo-
ITOMY TOHKHH 8HAIH3 CTPYKTYPHO-QYHKIMOHANE-
HOH OpraHM3alHM reHa (W/HWIH KONHpYEMOTo HM
Genka) ¢ NOMOLIBIO JAHHOTO KJIACCHYECKOro Moje-
KYNZPHO-I'EHETHHECKOrO MOAXONA 38TPYIHEH.

Kpaiine npHBaexarebHOM OKa3anack Haes ue-
NOML30BATE [UIA BRHINOJHEHHMS TAKHX HCClIENOBa-
HHH METOOMYECKHEe NOCTHKEHMA reHeTHYecKoM
HHXEHEPHU. 3HAR CTPYKTYPY KJIOHHPOBAHHOIO re-

H&, MOXHO CILIBHMPOB&TH M OCYLUECTBHTH €ro pe-

KOHCTPYKLHIO, KOTOpas 10 HMEHOLIHMCS NPECcTaB-

NEHWAM RO/DKHA NPHBECTH K M3MEHEHHMIO YPOBHA

ero 3KChpeccHi B BeIOpaHHOM CHCTEME KIIETOK,

K H3MEHEHHIO OIpe/ieIeHHbIX cBOHCTB Genka, Ko-

AMPYEMOT0 IaHHBIM T€HOM M T. ., 1u60 MOKHO

[POBECTH CiTyyafHbI! MyTAreHes BbIICIEHHOIO re-

Ha HITH €0 YyacTKa, 0To0paTh pa3inyHbie MyTaHT-

Hble (OpMEI H OLEHHTL HX cBolcTBa. Co31aHHEBE

BAPHAHTE! N€HOB 38TEM MOXHO PEKOMOHHAIHOHHO

BBECTH B MCXOMIHAIH I'eHOM M M3YYHTh WX BIHAHHE

HE (QyHKUMOHHPOBAHHME JAHHOTO MEHOMA B LIEJIOM.

Baxxno momdepkHYTh, 94TO MyTareHe3sy nomeepra-

eTCs TONLKO CTPOro OnpefeNeH sl JOKyC, & BeCh

OCTaNBHOM reHOM He u3meHseTcs (mpu obwed my-

TaresHoi 00pafoTike oprarMamMa HccienoBaTelb

00b4HO HE MOXKET ObITh YBEpEH, 4TO MyTaLMA Npo-

U11a TOJIBKO 10 H3YHaeMOMY JIOKYCY H HE BO3HHMKJIIO

MyTauuit no apyruMm rewam). PaccmarpuBaemblif

TIOAXOL, MO CYLIECTBY, MPOTHBONOIOKEH KIACCHYE-

CKOMY TEHETHHYECKOMY, TaK Kak 3[eCh MCCNeaoBa-

HHA Hanpas/ieHs! OT reHa K npusHaxy. [loaromy ero

YacTO Ha3bIBAIOT OOPAMNON 2eHEMUKON.
Bo3MOXKHOCT BBOIMTE B H30IMPOBAHHLIH I'eH

3apaHee 3a1aHMPOBAHHEIE MYTalMH — IEJICLHH,

BCTaBKH HJIH crieuuduyuecKHe 3aMeHb! HyKISOTH-

108 — Gbl/18 HACTONBKO 3aMaH4YHBOH, 4TO Nobyau-

nia Oonbulyro rpynmy yueHsIX pasHeix naboparo-

puii k paspaboTke METONOB HANPABIEHHONO MyTa-
rexesa in vitro.
3TH HCCNeNOBaHMA TNPOBONATCS B [BYX Ha-

NpaBIeHHAX:

*  CerMEHT-HAMpPABJIEHHBI MYyTareHes, SBIAIO-
IHiCA CTRTHCTHYECKHM MYTAreHe3oM, aeiicr-
BHE KOTOpOro onpejeneHnHsiM obpasom orpa-
HMYEHO JIHIUb BeIOpaHHBIM paliOHOM MONeKy-
aui [THK (nnasmunsoii win BUpYCHOH);

¢ calircneunduyeckuit MyTareHes, NOx KOTO-
PBIM NOAPa3yMEBAlOT BBEJEHHE Npenonpene-
JIeHHBIX MYTALIHI B 3a8paHee 3aMIaHUpOBaHHOe
MecTo (TO4YKy, caiT) H3yuaemoro ¢parMesTa
JHK.
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6.1. FTEHHO-MHXEHEPHbIE OENELUMM U BCTABKWU

NOCNEAOBATENILHOCTEN OHK

Ilpexx e uem paccMaTpHBaTh, KaK pa3BHBAIHCEH
MEeTOJIbl HANPABJIEHHOTO MyTareHesa, 0CTAHOBHM-
CHl HA AHANM3E M3MEHEHUH, KOTOPhlE MOXHO BBO-
mute B Monexynel JIHK Brpycos u murasmug ¢ no-
MOILBK)  IJIACCHYECKMX»  TEHHO-WHKEHEPHbIX
npouenyp 6e3 npuBiIeYeHHa APYTHX MIOAXOA0B (Ha-

npumep obpaborkn MyTaresamu). OueBHIHO, YTO
B IAHHOM CITY4ae BO3MOMHbIE UIMEHEHHA MOJIEKYTI
JHK orpasuuuBarTcs NeNenMaMH H BCTABKAMH.
CaMmsiit IpOCTO# BapHAHT NOJIYHEHHs JeNenHi —
paciuenienue mMonexyist JIHK pecrpukrasol, ko-
TOpas HMeeT Ha Hel Gosiee OMHOIO ydacTka y3Ha-

4 4
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i »
B B
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A Bal31 Jluraza
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B Bal31l Jlnraza
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Puc. 6.1. CxeMmbl KOHCTPYHPOBaHUS NENEIHOHKBIX H HHCEPUNOHHEIX (BCTABOYHEIX) MYTAHTOB!

a — PECTPHKTAIHO-IIMIAIHOE JACNCTHPOBaNE; § — HKIOHYKICONHTHYECKOS NE1CTHPOBAHNE;
6 — cnyyaiisag BCTpolika nuEKepa ((parmeHTa); 2 — NENETHPOBAHHE MERH Y NTHHKEPAMH.
A, B, C— pecTpuxTaisl M MecTa uX ysHapaHus Ha Monexynax JTHK
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BaHHA, C MOCHEAYIOUIHM JTHIHPOBAHUEM ITOIYYEH-
woro npenapara JIHK. Ilpu stom yacts obGpasye-
MEIX Mosiekysl OyneT yKopoueHa BCIEACTBHE Bbi-
HIETUIEHMS OIHOIO WITH HECKOJIBKHX PECTPHKLMOH-
Heix tparmenToB (pHc. 6.1, a). Takoil momxon
04€Hb YaCTO UCTIOB3YHOT IIPH NeHHO-HHKEHEPHLIX
pexoHeTpykimax monexyn JIHK (nanpumep, cm.
puc. 2.7, 2.10).

Btopoii pacnpocTpaHeHHbIN BapuaHT BBEJiC-
HEA Jlenieumit B Konbressie apyxuenouednsie JJHK
in vitro 3axkmouaercs B 1ToM, 910 JJHK paciuerurs-
10T B ONPe/IENICHHOM MeCTe pecTpukTasoii u obpa-
J0BABUIYIOCH JIMHEHHY 0 MONEKyTy oOpabarsiBaior
HyKieasoii Bal3 1, koropas ruapoimsyer MoneKyity
JIHK ¢ 06oux KOHIOB, AerpajMpys OTHOBPEMEHHO
obe nemn. B pesynerate MOKHO nony4HTE 60JIB~
110K HabOP YKOPOUEHHBIX JIMHEHHBIX MOJIEKYJI, KO-
TOpLIE MOC/E UMKIW3ALMK B JIHrasHoOH peakiun
(opMHpYIOT COOTBETCTBYHOLIMI HADOP KONBIEBBIX
JHK ¢ penenmsamu (cMm. puc. 6.1, 6). Jannsiii noj-
XOJI MCHONB3YETCS, B YACTHOCTH, MPH ONTUMHU3A-
LHH CTPYKTYPE! THOPHIHEIX TeHOB (HapHMep, CM.
puc. 3.8).

Hurepecen sapuaHT MyTarcHesa monexyrn JIHK
33 CYeT BCTPOHMKH B ClIyyaiHble MeCTa 3K30TeHHBIX
cermentos JIHK — npuponssix (parMeHTos wiu
CHHTETHHECKHX JHHKepoB (cM. puc. 6.1, ). Ciy-
qaliHele IBYXUENOYEYHbIE Pa3phiBbl MOXHO BBO-
auTs B Monekynel JIHK rmyTeM kpaTKoBpeMEHHOI0
BO3JCHICTBHA Ha HHX HEOOIBIIONO KOJHYECTBA
nankpearnyeckoii /IHKassl 1 B npucyTcrBun Ka-
mHonoB Mn?t. IMonyuuts monexynsi JAHK ¢ onu-
HOYHBIMHM Pa3’pbiBaMH B Pa3sHBEIX MECTax MOXHO,
o0pabareiBag UX pecTpHKTa30H, UMerIell MHOro
Yy9acTKOB y3HaBaHMS Ha JlaHHoMm cyOcrpare, Tak
41obhl kaxaas monexyna JIHK ruapommsosanace
B CpE/THEM JIHILIb 110 OIHOMY y4acTKy. Takum obpa-
30M, B YACTHOCTH, ObULI MOJTyHeH nepebii rubpu-
Hblii par M13mpl (cm. 2.2.6).

bonee cnOXHBIH METOI BBEIEHWA JeIenui
in vitro npusesien Ha puc. 6.1, 2. Bee nokasanteie
Ha puc. 6.1 BapHaHTBI KOHCTPYMPOBAHUA MyTaH-
TOB (32 HCKIIOYEHUEM §) MPHIIOKUMBI B K THHEH-
HeiM Monexynam JIHK, nanpnmep JIHK dara A,
H YUTATETh CAM MOXET MPE/ICTABHTEL CXEMBI 3THX

npouesnyp.

6.2. CTATUCTUHECKMA MYTAIEHE3 NMBPUOHBLIX OHK

Bsosa nesteumn HITH HHCEPLMH i1 Vitro, MOXKHO
LOCTATOYHO JIErKO JIOKATN30BaTH (PYHKLMOHAE~
HBIE TEMEHTR MM KOMPYIOIIME NMOCIeA0BATE b~
HOCTH KJIOHHPOBaHHEIX TeHOB. [Ins Gonee ToHKOIO
aHanM3a opranuszaumu rera (benka) Heobxoznumo
HCTIONIL30BaTH METO/BI MyTareHesa. [Ipome Becero
Oomenioe pasHooOpazue MyTaluil MOXHO nomy-
YMTH TIPH CTATHCTHYECKOM MyTareHes3e KIOHMpO-
BaHHOrO reHa. Camslii nocTynHbid BapuanT — 06~
it mytarenes rubpuison JIHK, copepikamed
uenesoii reH. OCHOBHEIM HEJOCTATKOM JIAHHOTO
HO/IX0/1a SBIAETCS TO, Y10 MYTATEHE3 3aTparuBaeT
BCE FEHETHHECKHE JOKychl obpabarsiacmol Mo-
nexynst JIHK. TToatomy npH yseimsenuu riyOHHEl
MyTareHesa, 1. €. BBEACHHH HECKOJNBKHX MYyTauHi
HA MOJICKYITY, HAPSAY C HCKOMBIMH MOTYT BO3HH-
KaTh MYTAIMH U 110 UIHEHHO BAXHBIM (QYHKIMAM
sHpycHOM wmu rasmuzsoi JIHK. Takwme mone-
kynsl JIHK yke 6ynyT HexusHecnocoOHbl 1 nocne
Tpancderumn (TpancdopManmK) peIvIMIMPOBaTh-
cA B kneTkax He Gynyr

Penmixanus mnasmunnsix monexyn JIHK, obec-
NeYMBaloNas MX JKH3HECTI0COOHOCTH, OCYIECTB-
ndercs pepMeHTAMH KICTKH, i HCOOXONUMEIE [
JTOI0 MpONECcca MeHeTHYEeCKHe JIOKYChl ILIa3Mul,
KaK TIPABIIIO, YCTPOEHB! TIPOCTO ¥ HMEIOT HeboIb-
woH pasmep. Ilosromy npu myraredese nnasmui-
ueix JIHK ux sasHenHo BaxHbie PyHKIMN (BCnes-
CTBUE MAJIOr0 pa3sMepa MHILEHH) IOBPEHIAIOTCH

¢ OTHOCHTETFHO HEBLICOKOM yacToToli. Bupycrsie
TEHOMBI B OTMHYME OT MAAIMMAHLIX COAEPXKAT
ConbILOe YUCHO KXKM3HEHHO HeoOXOIMMEBIX TeHOB
M NIpH MyTareHei¢ TEPAIOT IKHU3HECH0CoOHOCTh
¢ Oonmeiieit orHOcHTENIBHOH Yacroroil. [loatomy
miaMuaneie Monexymsl JIHK no cpaerenmio ¢ Bu-
PYCHBIMM MOXKHO TIOABEprars Gonee 111y0oKoi My-
TareHHOH 06paboTke TPH COXpaHEeHUH MX KHU3HE-
criocobHOCTH.

IMouck oONTHMaNBHBIX YCIOBHH MyTarcHesa
mnasvuaaex JTHK in vitro pan nonoxutelbHeie
pesynerarsl. Beicokas 3@pekTuBHOCTE MyTareHe-
3a JIOCTHIanach IPH HCOJIB30BAHHH IMIPOKCHIT-
amusa (T'A) u B ewte GonbLiel creneHy ero npous-
BOAHbLIX ThANa O-merwiruapokeunamMuna (OMIA)
(puc. 6.2). BonbmuM JIOCTOMHCTBOM JaHHEIX MY-
TArCHOB MBIACTCH JACTAMBHAA M3YYEHHOCTH Mexa-
HH3Ma WX ACHCTBUA HA HYKIEWHOBBIE KNCIIOTEHI
O o6nanaroT BBICOKOH CHCUMPHUHOCTRIO M
B3aUMOJIEHCTBYIOT B OCHOBHOM C IIHTO3WHOM M Ha
JBa nopsiaxa MeHee MpHeKTHBHO — C aJCHHHOM.
[Ipu 31oM Gonee CHIBHBIM MYyTArCHOM SBJISETCH
OMTIA, nocKonbKy NMPONYKT €ro peakiii € [uTo-
3UHOM MMEET B OCHOBHOM KkeTodopMmy, cnapusaio-
HIYIOCH € 8JIeHHHOM, B TO BPEMS KaK aHaJIOrHYHLIH
npopykT TA N-4-ruIpoKCHIMTO3MH HAXOAWTCS
B KETO- H CHOITBHO# (pOpMax B COOTHOIIEHHH TIPH-
meprO 1 : 1. Bakno ormernth, 9ro OMI'A, Kak
u ['A, arakyer Te a30THCTEIE OCHOBAHMA, TIOCKOC-
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Puc. 6.3. KnreTnueckne kprsbie vHaKTHBauH (/—4) 1 MyTareHesa 1o Mapkepy yCToH4YHBOCTH
K TeTpauuknuyy (5-8) nnaamuasl pBR32S nmpu obpaborke 1 M OMTA, pH 5,2 1 remneparype:
37°C(4,8);50°C(3,7);60°C(2,6);70°C({, 5)
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TH KOTOpBIX HE 3KpaHHpoBaHbl cocenHumu. Jins
KO/TbIIEBOH IUTa3MHAHOH MONIEKYJIBl 3TO BOIMOMKHO
JHIIb B YHACTKAX JIOKANBHOW JIEHATYPAllUM JIBY-
ciupanbHoi crpykTypsl JJTHK. TTostomy npu my-
Tarerese miasmul noa jeicreuem OMIA in vitro
Oonblioe 3HAYEHHE MMEET TeMmneparypa WHKyOa-
unu JTHK ¢ pearesToM, Tak Kak nOBBILIEHHE TEM-
neparypbl NPUBOJHT K OOMBINEH «pPa3phIXJIeHHOC-
TH» CTPYKTYpPHI JiBycnupanbHoit konsuepoii JJTHK
mwrasmAasl. Kpome 1oro, Ha cKOpocTh MOIH{HKA-
MK urTo3mHa non aericrsuem OMIA cymecrsen-
Hoe BIMSHME OKa3bipaeT pH pactsopa.

B na6oparopuu C. H. Illenkyrosa nokasamu,
yro npu BozgeHcrsun OMIA wa mnasmumy
pBR325 (cm. puc. 2.9) Haubonemmii yposeHs My-

TareHe3a Npy HaMMEHBLIEH WHAKTHBALIMK TUIa3MH-~
aBsl nocturaerca npu pH pacrsopa, paBHOM 5,2.
Jannas 3aKOHOMEPHOCTHL cOBMIOANECHs /Ul BCEX
TPexX aHATM3IUpyeMBIX Mapkepos pBR325: Apr, Ter,
Cmr. Kpome T0ro, aexrmpHoCTs MyTarcHesa
3aBMCHT OT TEMNEPATYPHBIX YCIOBHH pPEaKiiH.
Tak, npu Temneparype 70 °C uMesn MECTO BICOKHI
ypoBeHh wmyTareHe3za pBR325 no reny fet
(puc. 6.3) npu OTHOCHTENBLHO HEBONBINOH HHAKTH-
BALMM TIA3MHJIBI, B TO BPEMS KaKk NpH TeMnepa-
type 37 °C 3a 910 *e Bpems 0bpaboTkm myTareses
ne Habmopance. IlonyyenHsie pe3ynsTaThl IEMOH-
CTPMPYIOT, HTO in Vifro ¢ BeICOKOH 3(dexTun-
HOCTBIO MOXHO [MOABEPraTs MOMU(MUKAIMH TUia3~
MHJIBI H BCTpOEHHBIe B HUX (pparmenTrl JTHK.

6.3. CETMEHT-HAMNPABINEHHbIW MYTAIEHE3 IN VITRO

HecoMHEHHO, CTarucTHHecKuii  MyTareHes
miasMmHex JIHK MeTonHuecks ropaszio npoiie,
4eM HANpaB/ieHHbii, M ero nenecoobpasHo wc-
NonB30BaTE NpY pemieHun psga sonpocos. [lpn
enannuu MytareHHo# oOpaborke MOKHO TIO/BEp-
rate M3omApoBanHbie (pparmenth JIHK u 3arem
BBOAMTE HX B Mayuyaemblii reHoM. B 31OM ciiyyae
Gynem MMeTh /10 € OJIHMM M3 BapHUaHTOB Cer-
MEHT-HAIPaBIEHHOI0 MyTareHesa.

Taxk, K. Uy ¢ coastopamu (1979 r.) o6paGars:-
BaJM THAPOKCHJIAMMHOM onpeneneHHbie EcoRI-
¢parmenTel JIHK Bupyca npocToro repneca n 3a-
TEM BBOIMITH HX B YYBCTBHTEJIBHBIC KIETKH XH-
BOTHBIX OJIHOBpEMEHHO ¢ Henospexnennoii JHK
BHpyca IMKOro Tvna, Mytarenusuposannsie gpar-
MEHTR! 33 CYCT IeHETHYCeCKOoH pexoMOHHAIMY
BCTPAMBAJINCh B BHPYCHBIH IEHOM, B pPE3y/ibTare
4ero 6bui 0Tobpans! TeMUEparypHO-4yBCTBHTE b-
Hhie (1s) MyTaHTh! Bupyca. [IpHueM pacnonoxenne
MyTaimii ObUIO OrpaHWHYEHO YYACTKAMH TeHOMA,
NOKPLIBAEMBIMM  COOTBETCTBYIOIIMMH  EcoRI-
pparmenTamu.

IMoxoxwue sxcnepumenTol suinoiuian T. Bon-
kep u M. Uloy (1980 r), no B nanHOM ciryuae
myTareHom o6pabaTeipanuch LEHKOM rHbpuIHbIe
nnasmuel, conepxamme Bgl/ll-pparmenTsl reHo-
ma (para T4. 3atem 3a cuer pexomOuHaMy in vivo
tparmenTsl (parosoit JIHK BeTpanBanucek B coot-
BETCTBYIOLIME HM paiioHs! (arosoro resoma. B pe-
JYNBTATE NOJYy4YeHs MYTauTsl (ara no Joxamso-
BanHEIM obmacram JIHK.

Jpyroit MeToi cerMenT-HapasneHHOro MyTa-
redesa in vifro mpeanoxkuny B. boppuac ¢ coapto-
pamu (1976 r.) va npumepe dara ¢X174. Jlanusiii
tar umeer HeGoNBLIYIO OHONENOYETHYFO KOJTBIIC-
By10 JIHK, koropas npu pemiMkauuy 1poxoaut
AByXnenodedHyr craamio. Perumkatusnyio dop-

my JIHK dara ¢pX174 minpomm3osain pecTpHk-
ta3oi Hindll n nocae anekTpodoperndeckoro pas-
ACNeHHs BBUICIHIM M3 rens (parMeHT, copepxa-
i yacte reda A, Jlagnsni ¢pparmenT obpabartei-
sam | M OMIA npu remneparype 100 °C B Te-
yenne 10 mun (nenarypauus ¢parmenra JIHK
u myTtaredes). Moaudunuposanusiii Gpparment or-
KHTATH ¢ oHouenoseHoii (arosoit JIHK u nony-
YEHHBIM YaCTHYHBIM IeTEPOAYIIEKCOM TpaHchu-
NMPOBAJIH HYBCTBHTENBHBIE KeTkH E. coli. Tlpu
sToM ucnons3opamy JIHK dara, necymero ambep-
MyTammio no renwy A. Jlokye, me pacnonoxesa
JIaHHAs MYTai|s, [OKPBIBACTCA MYTAreHH3HpPO-
panubiM Hindll-pparmentom. [onyuennoe nocne
TpaHcdeKiun $HaroBoe MOTOMCTBO THTPOBATH Ha
rasone GeccynpeccopHoro wramma E, coli, na xo-
TopoM He pactyr ambep-mytantel. Cynpeccop-
HelaBucHmble BapnanTsl ¢ara ¢pX 174 anamaupo-
BAJIM Ha HalWume ts-MyTanwit. B 0TobpasHbIX Tep-
MOYYBCTBHTEJILHEIX MYTAHTAX BRIABISUIUCE H3Me-
HEHMs B pailoHe ruOpuaM3aMKM CerMeHTa-MyTa-
rena u ¢arosoii JIHK.

Jlannoe HanpapicHME MYTAICHE3a TOMYYHIIO
paszsuTHe B paborax P. M. Canrasuka ¢ coTpyHu-
kamu (19781983 rr.). Ha nepsom 3rane B Kauect-
Be 00BEKTa MYTATCHHOI0 BO3ACHCTBMA ObLT B3AT
dar T7, umerompil TMHEHHYIO [BYXUETIOHEHHYIO
JHK. IMocne Beipenenns onpenesnenHoi (arosoi
MPHK K Hell KOBAaJCHTHO NPUCOCIHHAIHN CHEIH-
ansHOEe  NONMGYHKUHOHANBEHOE  ANKWIMpYIOHiee
coenuHenue (puc. 6.4, 6.5), umerolee coxkpaiien-
Hoe Ha3pauue TOIL. Anndaruteckue AIKUIHPYIO-
mue rpynmuposke TOIT (R4, Ry) cioyxar ans ko-
BAJIEHTHOIO MPUCOEMHEHUA PEAreHTa K OIUHYK-
JEOTH/IY-HOCHTEITIO; apOMATHYECKas aKHIHPYIO-
nias rpynmsposka (R3) HeakTHBHa, Tak Kax 3aTop-
MO}€HA coce/IHel (OpMUITLHOH IPyTNoii, OHAKO
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Pue. 6.4. CrpykTypa nomudyHKIHOHAILHOIO MyTareHa
N,N,N"-rpu-B-xnoparun-N'-(n-popmundenun)-
npormmneranamuta-1,3 (TOIT)

OHa MOXET OBITh B HYXHEIH MOMEHT aKTHBHPOBaHa
BOCCTAHOBJICHHEM 3TOH rpynnel  Gopruapuaom
HaTpWs.

AxTHBaNHIO aliKWwMpyiomeH rpynnuposky R
nposoH nocne GopmupoBanns crielMpHIHOIO
JAHK-PHK rubpuaa. B pesynerare pauHo# 1po-
nenypel yaanock sdexrneHo (3-12 %) nHakTH-
BMPOBaTh BRIOPAHHLIN I'€H, HE 3aTparuBas Apyrue
obmacTy darosoro reHoma.

Onnako ucnonszosanve monekyn PHK B ka-
4eCTBE HOCHTENEH alKWIHPYIONMX rpynn HMeeT
psi/l orpasnuenuii. B yactHOCTH, HPH 9TOM MCKINO-
YAEeTCH BOIMOKHOCTH NOJYYECHHA MYTanuii B He-
TpaHckpubupyemeix  palionax renoma. Kpome
Toro, BeifenHTe MPHK, tpasckpubupopannnie
C OTJENBHBIX I'€HOB, B OONBUIMHCTBE CilyYaes Jio-
BonkHO cnokHo. C apyroii cropowsi, HaGop w3-
BECTHBIX PECTPHKTA3 MO3BOMAET Monyuars (Qpar-
ventel JIHK npakrudeckn w3 moboro yuacTka
M3y4aeMoro resoma. Perrenne naHHo# 3aa4m 3Ha-
SUTENBHO YTIpolaeTcs npu nenonbsosanuy [P
Beibpanusie pparMeHTsl MOryT OBITh KIOHHPOBa-
HBl M aMIUIMQHIMPOBAHLI B COCTaBe TMOPHMIHBLIX
JHK. Tlosromy 6wino pemieso 3amenuts MPHK
oxHouenoyedHbiMy pparmentamu JIHK. Ha npu-
Mepe MyTareHesa reHa fef nnasmuasl pBR322, ocy-
HIECTRIAEHHOro Mo CXeEME, BO MHOIOM AHAJIOMMYHOH
TIpHBEEHHON Ha puc. 6.5, Oblla NOKa3aHa BO3MOX-
HOCTE MHJIYKIHH HAMNPABICHHBIX MyTauui ¢ no-
MOIIBI OfIHOUeNnoYedHbiX (pparmentos JIHK, we-
CYIIHX aTKWIHPYIOHINe FPYIIIL,

JIpyro# NMoAxon K MONYYEHHIO HATIPABICHHBIX
myranuit paspaboran B naboparopun K. Beftcema-
Ha (1978 r.). Myrarentoro a¢dexta nocruramm
MyTeM BKIIOYEHMS B CHHTesupyemyto tems JJHK
anazioros Hykieoruios. Ilocne perumkawmy in vi-
VO 38 CY€T U3MEHEHHOIO CNapUBaHUA C aHAJIOTaMH
NoJdyYaiv MyTaHTHBIE nocnenoBarenbHocTn. Han-
Jyuinui pesynbrar nabirofancs npH BKIKYCHUH
N-4-runpokcuumrosnia  (N-4-ruapoken  dCTP)
smecto dTTP. N-4-ruapokcn dCTP, kax yxe yka-
36IBATOCH, UMEET TAYTOMEPHYIO KOHCTAHTY (OTHO-
LIeHUE CHONBHOM ¥ KeTo-(hopM), paBHYIO npUMEp-
HO 1, B pe3yibTate OH O/IHHAKOBO XOPOLIO CTIAPH-

Baercs kak ¢ A, tak u ¢ G. Brnouenue ananora
B JByxuenouseunyio JIHK nposogwim B peakunu
HUK-Tparcisumy ¢ nomorisio JIHK-nomumepasw |
E. coli (puc. 6.6). B kauecTse obnekra Hecieopa-
Husi asropsl B3wim KJAHK B-rnobuma kposuxa,
KIOHHPOBAaHHYIO B cOCTase IulasMuasl pMB9. On-
HolenoyeuHblit paspeis 10 EcoRI-yuactky B co-
crase reHa B-106HHa BBOIWIH € OMOLIBIO PECT-
puktasst EcoRl B nmpHCyTCTBHH MHTEpKalupyio-
Iero coesMHeHMa — Opomuctoro Itnans. [Ipu
arom Kaxnas w3 ueneit JIHK paspeisanace npu-
MEPHO C OJIMHAKOBOW 4YacTOTOM, W B Pe3yNbTare
(hopMUPOBAIOCH J1BA THIIA MOJIEKYJI € HUKOM B TOH
MITH HHOM 1ienn.

B xone orpasHueHHOl nonumepasHol peak-
MM (B peakuMoHHOH cmecn orcyrcrsoean dGTP,
cM. pHc. 6.6), HHMIMNHPOBAHHOIN Ha OHOENOYeY-
Hom paspeise Mosexynel JIHK, N-4-ruppokcu
dCTP smouancs smecto dTTPR. INocne Tpancdop-
Maimu KieTok E. coli MomudmIMpoOBaHHOM Ma3-
muaHol JIHK 6wuto o6HapykeHo, 4To okono 2 %
NIa3MHl yTPaTHIO Y9aCTOK Y3HABAHMS PECTPHK-
1a30ii EcoRl. Cemb Takux miasMua BeLACITHIH W
CeKBEHHpOBAM X B paiione EcoRI-yuactka. Oxa-
3aJ10Ch, UTO TPU W3 HHX HMENN OJMHOYHYIO 3ame-
HY, TPH — JIBE 38MEHBI M OIHa — TpH 3ameHkl. Bo
BCEX C/Iy4asX, KAK M OXKMIAI0Ch, [POH3OLLIA
tpansuus TA - CG

“ A B c

(LTI

JHK

[}

PHK

+ TOI

g A B o

II (LTI

Puc. 6.5. CxeMa reH-HanpapieHHOrO MYTareHe3a:

a — Tpanckpurigis Monekyn PHK c renos 4, B, C; 6 — npn-
coeHaenHe BRICOKOMpPerTHBHBIX XuMpdecknx rpyrm TOI]
K TpRHCKpUOTY resa B; ¢ — xumuyeckas Mopspukalus reqa B
nocne rubpramsawmm [AHK-PHK # ynanenns dopmmnsroil
rpyrmns TOI1 npr 06paborre Sopriapnaom BaTpys
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1. EtBr + EcoRlI (BeeneHMe HUKA)
2. Poll + dATP + dCTP + N-4-rmapoxcn dCTP
(HMER-TpaHCAALHA)
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Puc. 6.6. Cxema myTareunesa rena S-mobusa kponuka B paione yuactsa EcoRL

Huk BopvTes B (+)- nan (—)-uens JIHK 8 enuncteennom yuactre EcoRl (obsenen npamoyroasankom), Huk-Tpancisuns ocy-

wecranserca JIHK-nonumepazoit T E. coli 8 npacytersny dATP, dCTP w N-4-maapoxcn dCTP smecto dTTP. OrcyTeTne

B omec dGTP orpannunsaet paitos Huk-Tpascmiumy 13 ayxneorunamu va (+)-uenn s 8 va (—)-uenm (BonaMcTrIe cTpenkm).

Pernnkaums JHK in vive npusonur x tpansmumsy AT - GC B HEKOTOPHIX MIH BO BCEX TOMKAX, YKA3AHHBIX B HIDKHEN
NOCAENOBATENLHOCTH

Taxknum o6pa3om, jannas paboTa TPOJAEMOHCT-
PHpOBaJia BO3MOXHOCTH BBE/ICHHA MyTalWil B 3a-
paHee BeIOpAaHHBIH YTacTOK M3yuaemoH NOCHesIo-
parensHocTH JIHK. OnHako, kak BHIMM, BBIXOJI
MYTaHTOR OTHOCHTENIEHO HEBEJHK, UTO MOXET 3a-
TPYAHATE HX OT00p TpH OICYTCTBHH METONOB
denHoTHnHYEeCKOrO BhisBAcHUA. Jlonw MyTaHTOB,
NOJIYYAEMBIX JIAHHBIM METONIOM, MOXHO YBEIH-
YHTh, €CIIH B KAYECTBE KICTKU-XO3AMHA JIJ1 TPaHC-

dopManu ucnoybp30BaTs witaMm E. coli, nedexr-
HbIH 110 CHCTEME pellapaLii.

Jns >depexTHBHOTO CErMEHT-HAPaBIEHHOTO
myrarenesa [I. Haranc ¢ corpyanukamu (1978 r)
TIPE/IOKHIH MCTIONB30BaTh OHCY LT HATPHA —
MyTares, cneuud(puuHbi K OJHOLENOYEYHbIM [10-
cnenosarensnoctsM JIHK. 371ot pearenr ocy-
UIECTBJIACT [IPH MATKHX YCIIOBHAX IE3aMHHHPOBA-
HME LMTO3KHA, 0Dpasys ypauma (puc. 6.7). Tipn
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Puc. 6.7. JlezaMuunpoBasie a30THCTRIX OCHOBaHHH
npu aeicTeiy Ha wuX Gucynspura (HSOY) nm asorneroi kuenotes (HNO,).

C — ywrosun; U — ypagn;, A — anenun; HX — runokcaurnn; G — ryannn; X — KC2HTHH

srom Ha apyxuenogeqHo JIHK npaunas peaxums
He uaer. B xauectBe cybcTpara sosuecreus G-
cynbpuTa MOXHO MCNONB30BaTE NHOO MOMEKymy
JHK ¢ omHouenoueyHoi 6pemsio, ymbo rerepo-
JYTUIEKCHYIO MOJIEKYITY € OJIHOLICTIOHEYHOM netei
(puc. 6.8). Ipu nonumepasHoii 3acTpoiike MyTare-
HU3HPOBaHHOK OpeiuM Wi PeruiMKanuu rerepo-
ayiuiekcHoi Monexynst ¢ U ciapusaercs A, u npu
nanbHeimel perumkauuy B kierkax E. coli dop-
MHPYETCH MOTOMCTBO MYTAHTHBIX Monexyn J[THK
¢ Tpamuiuamu CG - TA. Brixo/l MyTaHTOB TIpH
aroM moxeT nocturats 20 % u bonee.

[MpH BCToITb30BaHHH METO/IOB BRITIOYEHUS aHa-
JIOrOB HYKJICOTHIOB HJIM MyTaresesa Oucyib(u-
TOM OfHONENnouYeHHbIX bpereii (cMm. puc, 6.6, 6.8)
Ha Monekyne asyxuenoueyHoi JTHK neobxoamumo
cneuupuEHO OCYILIECTBAATHL Pa3phiB OJIHOH TENH.

B 1iepBbiX 3KCHIEPHMEHTAX TAKOro ru/posinsa nobu-
BAJIUCh C MOMOLBIO HMITYIbCHOH 0Opabotky orn-
penenerHo# pectpukTas’oil monexyn JIHK s mpu-
CYTCTBHH OPOMHCTOr0O ITHWA, KOTOPBIH W3-3a MH-
Tepransuum mexay versm JJHK sarpynuser pac-
werierue depmerTom 00enx neneit. OHaKo Takoi
crnocob BBeJIeHHS HHKa CYIIECTBEHHO OrpaHuup-
BaeT NPUMCHEHHE 3THX MCTOAOB HAIPABIEHHOrO
MYTareHe3a, TaK KaK JIOKaIn3aiis pa3peisa cTporo
3aBMCHT OT MCIONB3YyeMOH pectpukTasbl. [lanwoe
satpyntenue npeoponeny 1. LUlopmn ¢ coasropamu
(1980 r.), KOTOPEIM YIANIOCE BBOIWTE HHUK B JIIO00H
yuactok Konbuesod monexynst JIHK (puc. 6.9).
K cynepckpyuennoii xonsiiesoii JIHK noGasnser-
ca oaHonenoueqnsii cerment JIHK, romonorma-
HBIH [0CIIEIOBATENEHOCTH, 110 KOTOPOiH HeobXxo1u-
MO BBECTHM HMK. 3aTeM K 3Toi cMecH aobasisioT
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Puc. 6.8. Crparerns HanpasJeHHOTO MyTareHe3a
npyu 06paborke opnouenoueunkx yuactkos JJHK 6ucynsduroM HaTpus:

a — MYTareses no omEouenodeyHod Gpemmn ua monexyne JJHK (Pol — JHK-nomumepasa | B3 Micrococcus luteus);
6 — MyTareles no oAHOUENOYeuHON netie Ka rereponymiekcEod Monekyne [IHK (R,, R; — pecTpukTass)

! 2 1 2
2 Benok RecA+ ATP
+ -
Tomonornuxas
uens JIHK
KosanentHO JHK ¢ D-nemneit
3aKphiTas (uacTHyHO packpyyesa)
xonsuesas JJHK
(cymepckpyyerHas)
- Hux 81
CrnonranHoe
1 2 BBITECHCHHE 1 2
CeTrMeHTa
-—
Orkpeitas koneuesas JJHK HecrabunsHas
€ CErMEHT-HAMPABNEHHLIM MPOMEXYTOUHAS
HHKOM Hopma

Puc. 6.9. Cxema npoueayphl CErMEHT-HANPABRNEHHOTO BBEIEHUA HUKA
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Oenok E. coli RecA n ATP. bBenok RecA B npn-
cyteTuM ATP gataimsnpyeT cBA3niBaHUe BBEJICH-
HOro omHouenoyeuroro cermenta JJHK ¢ kommne-
MEHTApHOH MOCAe/IOBATENIBHOCTBIO Ha KOJNbIEBOI
cynepekpysienHoit JJTHK. O6pasyemas crabuabHas
CTpyKTypa Hasesaercs D-nemneii (ot anrn, displa-
cement — BeITeCHeHue). Ecii k Takomy mpenapa-
1y JIHK po6aeure 3unoHykneasy S1, cnermdu-
Hy10 Kk oaxonenodeddod JIHK, To ona 8 D-netne
CASIAET OMHOUENOYEYHRINH PA3PEIB C MOCHEIYrO-
M OBICTPBIM paspyniesHem D-neTiu 1 BuITeCHe-
HHEM OmHOMNEnoYeqHoro cermenta. OKoHYarelsb-
HBIH NPOAYKT peakiuu npexcrasiser coboit or-
KpBITYH0 Konbuesyrw wmonekynmy JHK ¢ muxom
B 3apanee BeIGpaHHOM pafoHe.

bonee WHpoKuii CHEKTP TPaH3MLMIL, 1o cpas-
HEHHIO C pacCMOTPEHHBIMH BhIIE MYyTareRaMH,
naer asorucras kucnora. OHa nesamMuHMpyeT M-
TO3HH JI0 Ypauuia, ajJeHHH [0 rHNOKCAaHTHHA
M ryaHuH 710 kcanTiHa (em. puc, 6.7). B JIHK cna-
PHBaHHE ypaljuiia C aJeHHHOM NPHBOIMT K TpPaH-
sumn CG - TA. OcoGeHHOCTH ciapHBaHHsA MHNo-
KCAHTHHA TAKOBBI, YTO OH MOXXET BEIFHIBATL TPaH-
sunmio AT = GC, KeanmiH He 06ycnosnnBaer My-
rauuii. On sBiasiercs «GeCCMBICIEHHBIMY OCHOBA-
HMEM, KOTOPOE He KOMIIEMEHTapHO 060HM nHpu-
MHAWHAM, H, CIEI0BATENbLHO, €r0 MOSBICHHE B MO~
nexyne JJHK nomkHO okassiBars feTaibHOE, a He
MYyTareHHOE JIeHCTBHE,

C. Xupose ¢ coasropamu (1982 r.) npeanoxu-
JIH MCTIONB30BATh A30THCTYIO KHCNoTy wis sddex-
TUBHOTO CErMEHT-HAlpaBJeHHOI0 MyTareHesa.
INockonexy HNOz Moxer BO3IEHCTBOBATH H Ha
aeyxuenovednyio JIHK, cxema mpouesypsi BeITIA-
Jut cnegyiommm obpazom. € aByxienouedHoH
konbuesoi Monexyno# JIHK, umeromeit omHoue-
nodedHyo Opemib, THOPHAM3YIOT OIHOLEMOMEN-

BBl (pparment, KoMIUlemMeHTapHbIH nocaenoBa-
TeNLHOCTH OpenH, KOTOpBIH Tpe/IBapHTEILHO 00-
paboran azorncToil kKucnoroi. B nonywenHoi re-
TEPOJLYTINEKCHON MoNekyne ocrasiipecs Opeiin
pocTpaneaoT © nomompio (parmenta Knenosa
JHK-nonumepassl | E. coli u xoBanentHo obbe-
muasmoT uens JIHK B smrassoi peaxumy. Tlocne
Tpauchopmaruu kaetok E. coli, nedextHbix no
perapatis, aHaIM3UPYIOT NOJy4€eHHbIE MYTaHTBbI.
VYposerb MyTareHesa npesbimaer 20 %, npH oM
BeLaBsoTCA Tparsuuun CG = TA u AT - GC.

WeTepecHsiii cnocod cermeHT-Hanpas/eHHOTO
MyTaredesa npemioxeH B. A. T'ycesriM ¢ coasro-
pamu (1981 r). On ocroBax Ha ToM, 9to PHK-no-
nMMepasa B MecTax croero ceasssanns ¢ JIHK no-
KaJIbHO PACcIUIeTaeT Lernu, H Ha 3TH yJaCTKH MOX-
HO Hanmpas/eHHO BO3/eHCTBOBATE MYyTareHaMH,
cnetnHYHBIMH K OJHOLEIIOYEHHBIM  yHaCcTKaM
JIHK (ruapokcHiamMuH M ero O-aiKun-npon3soa-
Hble, GucynsuT Hatpus). Ha npumepe JIHK da-
ra /. OBUIO MOKA3aHO, 410 TaKkuM o0pazoM MOXHO
Hanpap/IeHHO BBOJMTH MYTalHH No MPOMOTOPHO-
oreparopHoi 061acTH prOR € YPOBHEM MyTareHe-
3a okono 10 %.

Kak BuauM, cermMeHT-HAIpaBieHHLII CTaTHC-
THYECKUH (ciy4aiiHeil) MyTareHes MOXHO OCy-
[ECTBINTE AlbTepHAaTHBHEIMH MeTonamu. [lomy-
YalOLMHCA TPH 3TOM MHPOKHI CHEKTP MYTaHTOB
TIO3BOJINET TIPOBOAMTEL MCCNENOBAaHWE CTPYKTYPHO-
GyHKIHOHATBHOH OpraHu3ali H3y4aeMoro JIOKY-
ca, HepiocTaTki IaHKOTO MOOXOJA COCTOAT B TOM,
YTO € €0 HOMOLIBIO CIOXKHO NOJYYHTh MYTAHT CO
CTPOTO ONpENEIEHHBIMH 3aMEHAMH HYK/ICOTHIOB
n Henp3a BRecTH B JIHK 3apanee sanmanwpoBan-
HEIE JIeNelMH ¥ BCTAaBKH. 3TH BO3MOXHOCTH 06ec-
NIEYMBAET ONMHTOHYKJICOTHI-HalpaBieHHsi (Calir-
crienuyeckuii) Myrareses.

6.4. ONUIOHYKNEOTUA-HAMPABINEHHbIA MYTAIEHE3 IN VITRO

B 1978-1979 rr. C. JiuwuiaM v M. CMuT ¢ co-
aBTOpaMM IKCTIEPHMEHTATLHO 000OCHOBAMH BO3-
MOKHOCTH HCTIONB30BAHMA CHHTETHYECKHX OJIHIO-
HYK/JIEOTH/IOB B KaiecTBe MyTareHos (puc. 6.10, a).
ObbexromM MyrtareHesa asTopel BhIOpamu dar
@ X174, umeronnii HeGONBITYIO OAHOLCMOYEYHY IO
konsuesyto JTHK, ana kotopoit yxe Obuia n3sect-
Ha MOCTeaoBaTenbHOCTh HyKieoTHa0B. OnHone-
noyeunyio komsuesyro JIHK ruGpuansosanu
C CHHTETHYECKHM OJIMI'OHYKIEOTHIOM, MMEBIINM
OnpelleNeHHbIe OTIHYHA OT COOTBETCTBYIOMEH HO-
CJIEIOBATENLHOCTH (DAroBOTO reHOMa, HalpuMep
TOYEHHYIO 3aMeHYy OOHOro M3 HykieoTuaos. [lax-
HBIi ONMIOHYKJICOTH/I HCTIONBL30BAM B Ka4eCTBE
npaiMepa JuIs JocTpoiike BTopoi nenu Ha JIHK-

mMarpune. Ty PpeakuMio OCYIIECTBISIM € Ho-
vomwsio Gparmenta Knenosa JIHK-nonumepass: |
E. coli v [IHK-nurassi. 3arem npenapar JIHK o6-
pabareiBar Hykaeasod S1 s rmaponmsa uac-
THYHO JAByXuenodequsix monexyn ¢parosoii JTHK
W Tparcumposann UM chepormactel E. coli.
B npouecce pemsmxauuu obpasosbiBanocs CMe-
maHHoe (haroBoe MOTOMCTBO, COCTOSABINEE KAK M3
¢haros JIMKOro THIA, TAK ¥ U3 MYTAHTHRIX. [TpHuem
MyTaHTHas opma coctarisna okono 15 % nony-
YEHHOI'O [OTOMCTBA, XOTS TEOPETHYECKH MOXKET
JoctHrars 50 %.

Jnst ypennserns seixoga mytautos C. Jhrun-
nam ¥ M. CMHT HCrionb30BaJIH OPUTHHAILHBIH Me-
Toj1 cenekumH in vitro. Oan nopoGpanu yciioBHs,
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Puc. 6.10. Ctparerus ssefenms toukopsix MyTammis B JIHK dara ¢ X174
€ MOMOLIBIO CHRTETHYECKHX He MONHOCTHI0 KOMIUIEMEHTAPHBIX QIHTOHYKIE0THIOB (@)
W ceneximH in vitro mytantaeix JIHK dara (6).
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Puc. 6.11. CxeMa BBeICHHUA OIHTOHYKICOTHI-HAIPABICHHBIX MYTaLWH PH HCIONBIOBAHHH B KAYECTBE MATPHILE!
JUIR NONHMEPa3HOH PeaKLIMK oiHouenoyesHoM konbuesoi JTHK:

@ — BBCICHHE TOMKOBOH MYTaLMH, 6 — JIENEIMH, 6 — BCTABKH, 2 — MHKECTRCHHBIX TOYKORBIX MY TaLkH,
0 — CHOWKHBIX NEPECTPOCK
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NPy KOTOPBIX CHHTETHHECKHH OJIMTOHYK/ICOTHI-
MYTareH, HMEIOLHI TOYEYHYID 3aMeHy B IIOCTeno-
BATEJILHOCTH JIMKOIO THIIA, MOI rHOpUIH30BaTLCS
TOJIBKO © MyTaHTHO# (opmoii darosoit JIHK, Ho
we ¢ JIHK mukoro tuma (cm. puce. 6.10, 6). Tocne
nonumepasHoii peakunn H ob6paborku Hykieasoi
S1 npovcxoauno oborameHne npenapara JIHK my-
TaHTHEIMM  (opmami. JIBYX [HKJIOB ONHCaHHOM
npozesyprl 6610 JOCTATOYHO, 4TOOL! BLIXOI MY-
TAHTOB MOBLICHTH NpakTH4eckH 1o 100 %. Aramis
ycnoBHi, HeoOXomMMbIX 1A 3 QerTHBHOIO CBA-
spisanus ¢ JIHK-marpuueil onuronykneotuaa, co-
JIEPRALEro eMHNYHYIO HYKIEOTHIHYIO 3aMeHy,
H JanbHeHIero npaifMUpoBaHus MOIMMEPa3HO#H
peaxiiny, MoKasas, 470 B ITOM Clly4ae J0CTATOMHO
IBYX WIH TPEX KOMIUIEMEHTAPHBIX HYKICOTHAOB
Ha 3'-KOHIIE H LIECTH WK CeMH — Ha 5'-KOoHIe oT
HEKOMILIEMeHTapHOro HykineoTua. Korja BBoast-
¢t 6OnbUIHE H3MEHEHHS, Pa3sMEp ONHIOHYK/IEOTH-
na Jo/pkeH OBITh yBeJiHgeH.

PaspabGoTannstii Ha MojenbHOH cucrteme dara
¢$X174 meron ONHIOHYKICOTH-HANIPABIEHHOIO
MyTareHe3a NOJIYYHI [ajibHeiiiee pasBHTHe Ha
apyrux tunax monexyn JIHK, npexae scero
Ha JIHK uuressmbix daros u ruasmunax. Y mias-
MH TPHXOOWTCA TIONYHarTh ONHONENOYETHbIe
KOJIbIEBEie (POPMBI PH OTPeeTeHHLIX (PepMeHT-
uhiX obpaborkax meyxuenoqeqsoil [THK in vitro,
4T0 0GBIYHO OCYIECTBHTE He o4YeHs npocto. [o-
3ToMy Hanbonee MIHPOKO MCIHONb3IYIOT HHTEBHI-
Huie ary, 1 B nepsyio ouepens Gar M13. Ha konsb-
uesoil opHonenogeuHoll JIHK dara MI13 yno6Ho
JOCTpauBarh BTOpYK Hemb. Kpome Toro, cozaana
cepHs BEKTOPHEIX MoJiekyll Ha ocHose JIHK dara
M3, 1 nanHsIi (ar c ycrnexoM HCNoib3yeTcs npH
CEKBEHHPOBAHNH KJOHWPOBaHHBIX [OCHEHOBa-
rensHocteil JIHK meronom Conrepa.

ITHoHepekue paboThl 110 ONHIOHYKIEOTHI-Ha-
npapjieHHOMY MyTareHe3y (ara M13 n rubpuaos
Ha ero ocHoBe nposend . MeccHHr © coTpyaHH-
KamH (19811983 rr.). OHH NMpOAEMOHCTPHPOBAIIH
BOIMOXXHOCTh BBOJMTH B FeHOM (ara ¢ noMoIisio
OJMIOHYK/ICOTHJIOB HATIPAB/IEHHEIE 3aMeHbl, BCTAB-
Kd, geneuuu (puc. 6.11). Takum nyrem, B wacr-
HOCTH, TIONY4€HBI HOBBIE BEKTOPHEIE NPOW3BOI-
Hble cepun M13mp (puc. 6.12). Baxuoi ocobes-
HOCTBIO JIAHHOIO METO/A AB/IAETCH TO, YTO OJIUIo-
HYKJIEOTH-MYTareH MOXeT OniTh HCIONE30BaH
s adexrsroro otbopa MojydaeMeIX MyTaHT-
HBiX KioHOB. C 3T0H UENBI0 BRIPOCIIHE [OCHE
Tpadchexumy kioHsl JTHK rEbGpwmizyior na uui-
pouemmonose ¢ 32P-MeueHHBIM CHHTETHUECKHM
OJIMTOHYKJIEOTHAOM-MYTAreHOM MPH HU3KOH Tem-
reparype, a 3aTeM OCYIIECTRIAIOT NOC/IeOBATE b=
HEIE OTMBIBKH PaJHOAKTHBHOIO 30Ha IPH MOBBI-

IIEHNH TeMIepaTypbl ¢ HHTepBaiom B 5 °C, pamno-
antorpadupys GUaLTp nocne Kaxaoi o6paboTu.
B pesynbrare Takux npoueayp MoxkHo nojpobpars
YCIIOBHS, KOT/Ja PajHOAaKTUBHO MEYeHHBIH ONHro-
Hykneotua Oyner ruOpu30Barbes TONBKO C 10J-
HOCTBIO KOMIUIEMEHTApHON (MyTaHTHOH) nocne-
noBarensHOCTLIO, HO He ¢ JIHK, nmeromel omim-
qHe X015 OBl 00 ogHOMY HYKICOTHY (AMKIH THI).
Jaunuwii MeTopnueckuii NpUeM oueHb IIHPOKO HC-
[ONb3YHOT IPH BBEICHHH HallPaBIEHHBIX MY TalHH
¥ orhope 1eneBsiX BAPHAHTOB.

HeapocTarkom KIacCHYECKOT0 BapHaHTa OIHIo-
HYKJIeOTHI-HarnpasinesHoro myrtaredesa JIHK da-
ra M13 sBasnock T0, 4TO BBIXOA rHOpHIOB 00BIY-
HO He npesbimai 5 %. Tosromy tpebonanocs no-
nobpars ycioBHS, KOTOPbIE 1103BOJMIN OBl HPH-
6musuTeeA K yposHio S0 %, a MoxeT OBITH, H ITpe-
BBICUTE €r0.

JIHK-nonumepasa | sBiasetcs npexiae Bce-
ro ¢epMeHTOM, pPENAPUPYIONIHM [OBPEKICHHA
B crpyktype JIHK, u nmosromy oHa ¢ onpejenes-
HOH 4acToTOH MOXKET «HCIPABAATL» CHHTETHYE-
CKHil ONHIOHYKIeOTHI-MyTareH. B cBasu ¢ 3THM
B TIONMMEPa3Hoil peaKiyy HCHoMB3YioT GparMeHt
Knenosa JIHK-nomumepassi I, npuiem xenarens-
Ho Opars depMeHT, nony4eHHBIH NreHHO-HHXeHep-
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Puc. 6.13. Crpareris nonMMeEpa3Hoi JOCTPONKH
BTOPOIT HEnu:

a — na opHouenodesnoi JIHK
€ IPHMCHEHWEM ABOHHOTO MPAHMHPOBAHMI,
6 — na peyxuenogesnodt [IHK ¢ ognouenogeunoii Gpenrseo.
Noxasan Taxke npaHumn ambep-cenexipm weneh JIHK
anA peisicHns Monekyn JIHK ¢ uenesbiMH My TAHAMK
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Tabmuya 6.1. Buixop (%) onuronykieoru-Hanpasiennbix myTanTos dara M13 B 3aBicHMOCTH OT F'eHOTHAA
mrammoB E. coli, nemonb3yeMbix Vi TpaHcheKInK

®ar, noxsepraemeiil TGl HB2151 BMH71-18mutL" HB21154"
MyTareHesy (Rep" Su2") (Rep' Su2") (Rep Su2') (Rep” Su2")

M13mp93 35 29 37

MI13mp93amIV 45 32 70

! llItamm gedexTen mo cHCTEME Penapatsi.

HEIM criocobom (depes CynepnponyKIfHio KIOHH-
poBasHOTO ykopodenroro rewa Poll), a we rug-
ponusom npuponHol JTHK-nonumepassl, Tak Kak
MEPBBIH Mpermapar HMEeT 3HAYMTENBHO MEHbIe

ompF EcoR1
EcoR1 Sa-'I
“or’ Ap' Sall
Ml3mp8 pBR322
Jlurasa Z PolIK
ECORI
EcoRI Sall
A T
EcoR1 t
Sall
AR
I Jlurasza
EcoRI
s\ Sall
Tpanchopmarns
E. coli
EcoRI EcoRI

ampF‘ ompF
. ) :

Puc. 6.14. Tlpusuun 3¢ QeKTHBHOTO BBEIEHHA
ONMMTOHYKACOTHA-HANPaBIeHHBIX My TaHH
B H3y4aeMblii KNOHHWPOBAHHLIH rex.
1 — npaiiMep-MyTaresx;
T2 — ponoaHHTENsHLIH HpaiMep;
ompF — ren ankoro tuna; ompF* — mytanTHb ren

IMOCTOPOHHHUX HYK/IEa3HBIX MpHMeceii, B TOM qMC-
ne u Poll.

KopoTKHe OIHIOHYKICOTH/IBI BECHMA JYBCTHH-
TeNbHBI K ASHCTBHIO PA3HbLIX HYK/I€a3, a TaKKe 9K-
3oHykneassnx akrusHoctedt JIHK-monmmepass 1
E. coli, nosToMy BO3HHKaeT npobnema 3aiMThl
CHHTETHMUYCCKUX  OJIMTOHYK/IEOTHI0B-MYyTarcHOB.
B naboparopun B. A. TletpeHko mnpemiokumm
BMECTO OOBIYHBIX OJHIONe30KCHPHOOHY KIeoTH-
JI0B MCIONB30BaTE MX HENpHpoaHbie (ocdorpu-
adupHbie ananory. [Noka3aHo, 9T0 OHH COXPAHAIOT
cnocoOROCTH CrielM(HUECKH CBA3BIBATLCS C KOMII-
nemenTapusiMu ydacTkamu JIHK m coyxurs npaii-
mepamu B JIHK-nonumepasHoii peakiuy. [Tpame-
HeHHe TPUIQUPHEIX aHAJIOIOB OJNHIOHYK/ICOTH/IOR
TI03BOJIIVIO B PAJIE CIIYy4aeB MOAHATE YPOBEHb MY-
Taredesa ¢ 1-2 no 10 %. Ipu sroM MokHO OBLIO
Mcrose30Bathk npuponnyio dopmy JIHK-monmme-
pasei L.

Poll ocymectTenser cunres sropoit nenn JTHK
He OYeHb 3(PPEKTHBHO, MOITOMY HONHOCTHIO [10-
cTpoerHbie aByxuenoqeynsie JJHK ¢ara M13 ob-
pasywTes © HeBbICOKOM 4acToToif. Pan asTopom
NPEVIOWHIN [PHMEHATE JIBOWHOE npaiMuposa-
HHE HJIH MCNONb30BATE KOMBLUEBYIO JBYXUEno4Yey-
ayto JIHK ¢ onxonenoueunoii 6petsio (puc. 6.13).
B atoM coryuae nosHOCTEIO ABYXI{ENOMEHHBIE MO-
nexynsl JIHK niomyyawTces ¢ 3amMeTHO Oonsmei ag)-
(PeKTHBHOCTHIO.

Jlx. Kpamep C COTpyIHMKaMH MOKAa3alH, 4TO
BBIXOZ [IENIEBBIX MYTAHTOB 3HAYHTENBHO YBEHIH-
BaeTCs MPH HCIONL30BaHUK WTaMmos E. coli, ne-
texTHEIX no cucTeme penapanyu. I1. Kaprep c co-
agropamy (1985 r), yuTs OnBIT npeaIecTBEHHN-
KOB, MPEANOKHTH MeTon ambep-cenexkuuH uenei
JTHK. B xauectse marpuun Oepercs JAHK dara
M13 c amBGep-myTarmeii B paitone, KOTOpbIit He IU1a-
HHUpYETCs HOpBepraTh mylareHesy (cm. puc. 6.13).
Hapsny ¢ oJIHIoHYKICOTHIOM-MYTAI'€HOM K TAKOM
JHK noGassior Bropoii npaitMep (CHRTeTHUECKHIH
HJIH  TPHPOAHBIH  OOHOLENOYEYHEIH (parMeHT
JIHK), komMnizieMeHTapHbIH y9acTKy ¢ ambep-MyTa-
UMeH, HO UMEIOHIHI MOCNeI0BATENBHOCTE JHKOIO
THNA B 3TOM JIOKyce. Takum obpasom dopmupy-
ercs cucTtema asoiiHoro npaiimuposanus. Iocne
3aBepLIEHHs NOIHMEPasHoOH peaKkiWy U JIMrHpOoBa-
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HuA nonyderHsiM npenaparom JIHK Tpancuuu-
pywor knerku mramma E. coli, He cynpeccupyo-
miero amMbep-mMyTanui ¥ Je)EKTHOrO HO CHCTEME
penapaumi. B Takux ycnosuax in vivo Gyner npo-
HexonuTh cenekims monekyn JIHK Ges ambep-my-
Tauyil, JlaeHeiil MeTo MO3BONAET MOBRICHTHL Bhi-
XOQ Lenessix MyTanToB g0 70 % (tabi. 6.1).

K. Hoppuc ¢ coaropamu paspaboram 1pyryio
cxXeMy, MO3BOJIIONLYH TIPEOLOJIETh ATPYAHEHUA C
NONHO# iocTpoitkoil Bropoi nery JIHK (prc. 6.14).
Jlna 3TOro HCTIONE3YIOT ABA TIPaiiMepa, OOWH U3 Ko-
TOPBIX — MYTAreH, HO MOMMEPA3HO-TIHIA3HYI0 pe-
aKiMio He BeAyT N0 KoHua. M3 wacTu4no aByxie-
noyeyHoH Konkiesol monekyist JIHK ¢ nomonsio
pecTpHKIas BoIILEIVIAIOT HOABEPIraeMblil MyTarcHe-
3y JIByXUENOoweYHsIH (parMeHT M KJIOHHPYKT ero
B BEKTOPHOI 1u1asmujie. B pesynsrare ypoBeHbs My-
TaHToB 1o reny ompF (Genok BHewnel MemGpaHs!
E. coli) nocturan 42 % npoaHaM3HpOBAHHbIX KITO-
HoB TpancopmanTos E. coli.

CymecTseHHO YNPOCTHTH METOJl OJIMIOHYK-
JIEOTHI-HANPARJIEHHOr0 MyTareHe3a M TOBBICHTH
ero addextusHoCcTh Yaanocs H. Teypyumra ¢ co-
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Maea 7
BEJIKOBAA UHXXEHEPUA

brnarosiaps paspaboTke H COBEPLISHCTBOBAHHIO
METOJIOB KJIOHHPOBaHHS W HJeHTH(HKAIIHH I'eHOB,
cexkBeHHposaHks nocnenoparensHocreit JTHK, xu-
MHYECKOTO CHHTE3a OJMIOHYKJIEOTWIOB, Hampae-
nenHoro myrarenesa monexkyn JIHK in vitro n on-
THMH3ALUMH 3KCOPECCHH LENEBRIX MEHOB B KJIETKAX
E. coli mosisHIack BO3MOXXHOCTE CO3/IaBaTh MY TaHT-
HBle (POPMBI FEHOB ¥ HAPAOATHIBATHL B IOCTATOIHBIX
[UIA aHANH3a KOJIWYECTBAaX COOTBETCTBYIOLIME MM
H3MEHEeHHBIC BapHaHThl W3ydaeMBIX OenkoB, B 1e-
JIOM HANpas/ieHUe HCCHEOBAHMI MO KOHCTPYHpO-
BaHHIO METONaMH IeHeTHueckol urxeHepuu Gen-
KOB C H3MEHEHHBIMH T10 OTHOLIEHIIO K IIPHPOAHOMY
NPOTOTHITY CBOMCTBaMH, XHMMepHBIX Geskos, obna-
[AOWHX cBoMcTBaMK ABYX WiH Gollee OTIeNbHBIX
GenKoB, H T. 1., T. €. CO3/1aHHE KHEMPHPOAHLIX» Ba-
pHaHTOB GeKoB M M3yueHHe UX CBOMHCTB, TIONYYHIO
Ha3BaHWe «OeNKoBaA HHXXEHEPHD,

HecomuenHo, yenex my4nmx pabor no Hesxo-
BOI HIKeHepHH 00YCNOBIEH COBMEIIEHHEM BRICO-

KOHHTCJUIGKTYJILHOTO ~ aHaiH3a  TPEXMEpPHOH
CTPYKTYphl 6€JKa, Ha OCHOBaHHH KOTOPOTO Ofpe-
DENsAeTCs CTPATErHs BBEACHHA H3MEHCHHH B Mo-
CJIENIOBATENIBHOCTD AMHHOKHCIIOT, M 3KCNIEPHMEH-
TOB 10 3arUIAHHPOBAHHOH PEKOHCTPYKIHH IeHa,
TpelyIoLHX BLICOKOH KBANH(MKAIMH KCCIENOoBa-
Tens. Hakonnenye JanHbIX O NEPBHYHOH CTPYKTY-
pe GeskoB (B mopansiomeM OOJBILMHCTBE CITy~
Yaep MONYYCHHLIX HA OCHOBE CEKBCHHPOBAHHA
FeHOB), KpHCTAUIOrpaMyYecKuX NaHHHX O Tpex-
MEpHO#H CTPYKTYpe, Pa3BHTHE METOJIOB MOLIEIHPO-
Banua KOH(OpMAIHH DeJIKOB N0 UX AMHHOKHCIIOT-
HOH MOCTIEIOBATETbHOCTH TO3BONAET €O Bee Gomb-
ek onpeieneHHOCTBIO CO3/IaBaTh HOBbIE (hopMbI
H3yqaeMbix OesikoB.

B nocneanne roas MeTomb! 6e1KoBoi HHKeHe-
PHH HCIIONB3YIOTCS NOBOJIBHO LIMPOKO. PaccMor-
PHM HEKOTOpBiE paboThi, NAIOUIHE NMPEACTARIECHHE
00 OrPOMHEIX BO3MOXHOCTAX JAHHOIO Harnpasiie-
HHA MOJIEKyNsipHo# bronorun.

7.1. NONYYEHUE HOBbLIX ®OPM BENKOB
ONUIrOHYKNEOTUA-HANPABNEHHBIM MYTAFEHE3OM

B 1984 . A. BruiksHcOH © coaBTOpaMHK Brep-
BEIE [IPOJIEMOHCTPHPOBAIIH, Y10 BBEJIEHHE B pe3yiib-
Tare HANpPaBICHHONO MyTareHe3a eIUHHYHON aMH-
HOKHCIOTHOH 3aMEHBI MOXET MPHBECTH K 3HATH-
TETBHOMY M3MeHeH IO CBolicTB depmenTa. Onm 9KC-
NEPUMEHTHPOBAMIH C KJIOHMPOBaHHBIM B E. coli re-
Hom THposua-TPHK-craTeTaser (TyrTS) Gakrepun
Bacillus stearothermophilus. Tyr'TS xaranusupyer
ammHoarpuTHpoBanne TPHKDT no apyxcrynenyaro-
MYy MexaHW3My: THPO3WH AKTHBHpyeTcs, 0bpazys
(depMenT-CBA3AHHBIH TUPOIUIAZICHWIAT, M 3aTCM
nepeHocHTes Ha TPHKDY. Jlna pansoro gpepmenra
Opina M3BECTHA KpHCTAUOrpaduyecKas MOIEb.
VCTaHoBIEHO, YTO OH B3aHMOAEHCTBYET ¢ THPOIHA-
aJIeHHJIaTOM uepes o0pa3oBaHye B aKTHBHOM LEHT-
Pe BOIOPOIHEIX CBs3ei Mex Iy OOKOBBIMM rpyrima-
MM amMuHokucaoTHBIX octatkos Cys35, Thr51,

His48 u ocrarkom pubo3sl. I[Tyrem ommronyxieo-
TH/I-HANPABICHHOIO MYTAreHe3a COUTHCTCTHYIO-
LIME TPHIUIETHI 3aAMEHAIH, @ MYTAHTHBIC I'eHBI IKC-
npeccHpopani B E. coli. Kaxayio MyTauTHyI0 (op-
My TyrTS Bryienans u3 wierok E. coli v aHanmm3u-
poBamy ee (PEPMEHTATHBHYIO AKTHBHOCTS.

[lpwu 3amene Cys35 va Gly35 wnn Ser35 dep-
MEHT mmen chnxkennoe cponctso Kk ATP. 3amena
Thr51 na Ala5] npuBoznna Kk HeGONLIIOMY YBE/IH-
YEHHI0 3HepruH (epmeHT-cyGCTpaTHOTO B3aHMO-
neiicrsus, a npu 3amene Thr51 ua Pro51 cpoacreo
THpo3wi-TPHK-cHHTerassl x cyberpary ATP yse-
THIHBANOCH Ha ABa nopanka (1), uro obecnegnsa-
10 25-kparioe NOBLINEHHE YEIbHOMH AKTHBHOCTH
(bepmenTa.

JHpyraa wu3smnuas pabora Owina BeMONHEHA
JI. Tlappr u P. Yorsenom (1984 r). B xasecrse
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Pue. 7.1. KomnboTepro-rpadmueckoe usobpaxkeHue
[EnH O~yTIIepoaoE MH3omHMa (hara T4.
N # C — coorsercmsenno N- n C-kouis: Genxa; 3seanouxa —
SKTHEHBI UEHTD (JEPMEHTA; YepHBle KPY®KM — LMCTEnH
(B nonoxernn 3 0T N-KOHLA — HCKYCCTBEHHO BBEICHHBIN
LUMCTeHH); NBOWHAN HHWE — I[UIaHWpyeMas aucynbguaHasn
CBA3L

ofbexkTa HCCAenOBAHMA OHH BRIOpanH JH30LHM
thara T4. Jlns storo Genka Gpura H3BECTHA KpHC-
Tawiorpaduy¥eckas Momenb M MOKa3aHo, YTO
HMEIONIHECH B HeM [IBa OCTaTKa LMCTenHa He obpa-
3y10T nHcynbhuaHy0 cBa3b. Kpome Toro, gaHubIH
¢depmenT ObICTPO MHAKTHBHUPYETCH [P HAIrpesa-
HAH. ABTOPHI HCXOIMJIK U3 NOJOMEHNUS, 4TO B II10-
6ynapubix Genkax micynsumneie cBisu obecre-
4HBalOT KoHGOpMarmoHHyo crabuibHocTb. [lo-
3ToMy OblLIO pemeHo BBecTH B Ausoumm dara T4
JHMCYNbOUIHYIO CBSI3b, KOTOpas He Hapymiana Obl
CTPYKTYPY &KTMBHOIO LieHTpa ()epmeHTa, HO CTa-
O6nm3nposana 61 ero koH(opMauHio. Hcnonssys
KOMITbIOTEPHYIO Tpaduky (puc. 7.1) u Teopernye-
CKHE pacyeTsl, MPHILTH K 3aK/TIOY¢HHI0, 4TO OITTH-
MATLHBIM BAPHAHTOM SBISETCH BBEIEHWE JUCYIIb-

:

:

10

AKTHBHOCTh JTH30MAMA, €.3./MKT

dumHoi cB3R Mexay Mmerormes B Genke Cys97
u Cys, kotophiii HEOOXOOHMO BBECTH B IOJIOXKE-
nue 3. ONMroHyKIeoTHI-HAIPaBIeHHBIM MyTare-
HE30M B TEH JIA30IHMA, HaXOAAIHIiCS B coCTaBe
M13mpl0, BBenn myTamio, obycaoBHBLIYIO 3a-
meny lle3 ra Cys3. MyTaHTHRIH FeH 3KCTpeccHpo-
Ba/M B KieTkax E. coli nox KORTpOneM HWHAYIH-
GefBHOO HPOMOTOPA Prac (CM. pHC. 3.2). JInsouum
H3 KJIETOK BBIIE/AIH H H3Y4YalH €ro cBoicTsa.

B npuCyTCTBHH BOCCTaHOBHTENs f3-mepKanTo-
JTAHONA, BHI3LIBAIOLIETD paspylieHHe aucyins(ua-
HbIX cBased, musonuM (Ile3 - Cys3) npu anexTpo-
hopese B noNMAKPHAAMHAHOM resie obmanan Takoi
e MOIABWKHOCTHIO, KAK M HeMyTaHTHas Qopma
¢epmenTa. Tlocne o6paboTku OKHCIHTENEM TeTpa-
THOHATOM HATPHs, Bhi3bIBaIOLMM 00paloBaHue Ju-
Cynb(HIHBIX CBA3H, MYTAHTHBIH JIM30LIM3M MHT-
pHpoBan TpH anekTpotopese ¢ Oonbimoi Ccko-
pocteio. BeUlo nmokazaxo, 4yTo HH 3amena lle3 wa
Cys3, Hu 00pa3zoBaHHe JIUCYIb(OHIHON CBA3N MeX-
oy Cys3 u Cys97 He okaswiBaeT CKONbKO-HHOYIBL
sameTHoro sihdexra Ha BhepMeHTATHBHYIO AKTUB-
HOCTS Ji3oniMa (ara T4. Tlpyr 3TOM MyTaHTHBIH
JIW30LHM C JTHCYIb(MIHOMN CBA3LIO NpHOOpeTa Bhi-
COKYy10 TepMocTabinsrocTs. Hakybaima npu Tem-
mepatrype 67 °C B TeuenHe 3 4 yMeHpIIANA aKTHB-
HOCTH MYTaHTHOM GopMel He Gonee gem Ha S0 %,
B TO BPEMA KaK y NPHPOJIHOTO (EpPMEHTA B 3THX e
ycrnoBHsxX coxpassiocs jauuik 0,2 % uexogHolH ak-
TUBHOCTH (pHC. 7.2, a). Pa3phiB aucynbhuaHol cas-
31 nmsourMa (Ile3 - Cys3) npusogun k yrpare
TepMocTabuisHocTH depmerTa (cM. puc. 7.2, 6).
Kak suanM, eiuHHYHAA aMHHOKMCTOTHAA 3aMeHa,
He RIMSS Ha aKTHBHOCTL (DEPMEHTA, MOXKeT 3HaYH-
TEJIBHO CTabHIIM3NPOBaTh ero KOH(POPMAaLHIO.

Jlx. Banuc ¢ coasropamu (1985 r.) paspaboranu
NPOTIEYPY, HAIBAHHYI UMK KACCEMHBIM Mymaze-

6

L

180 20 100 180

L L L L L L

Bpems, Mun

Puc. 7.2. KuHeTHKa TEMITEPATYPHOI HHAKTHBALIHK pasHbix Gopm masouuma dara T4:

a— Oenxn nocne wHKYBamy ¢ TETPATHOHATOM HATPHA, 6 — C S-MEPRaNTOITAHONOM;
! — m3oumM awKoro Tuna; 2 — MyrasTHas (hopma nusoinma (Ile3 - Cys3)
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nesom. B HenocpencTBenHo# Gm3ocTH 0T mpesmio-
JIAraeMoro MecTa Bee/ieHus MyTaluu ¢ 5'- u 3'-cTo-
POHBEI OJHIOHYK/ICOTH-HAIPABACHHBIM MYyTareHe-
30M B LIEJIEBYIO MOC/E/IOBATENHHOCTh, HAXOMAILYIO-
cq B coctase JIHK dara M13, BBomaT yuacTky y3-
HaBaHus pecTpHkTas R; M R, Kotopele orcyrter-
BYIOT Ha 3KCTIPECCHPYIOMIEM MIa3MHIHOM BEKTOpE.
INocne Takoro myTarenesa red W3 JIHK dara M13
NEPecTPaMBaloT B IKCIPECCHPYIOMYIO TUIAIMHIY.
3arem nonyueHHYIO MnasMMAy ruapoausyior Ry u
R2 1 no6GaBisioT K Heif cMech CHHTETHYECKHX JIBY X~
LENO4EYHBIX CErMeHTOB, KOTOpBIE NOCne BCTPOHKH
BOCCTAHAB/IMBAIOT IOC/IE0BATENBHOCTE I'¢Ha, 32
HCKITIOYEeHHEeM TPMIUIETa, KOAUPYIOIEro onpesie-
nerHyio amubokncnory. Ilocne Tpamcdopmarmm
KIeTOK F. coli CeKBeHMPOBAHMEM HE3aBHCHMBIX
KIOHOB HACHTHHLMPYIOT Ma3MHUIBL, CONEP/KAIIHE
pa3Hble 3aMeHB! LIENIEBOrO TPHILIETA.

JaHHBIH MoAxol HCIONL3IOBAH 18 BBEICHMA
calT-HanpaB/IeHHbIX MyTalHii B reH cy6TwinsnHa
Bacillus subtilis, Brino W3BeCTHO, 9TO CyOTHIH3HH
JIErKO HHAKTHBHPYETCH 1PH XHMHYECKOM OKMCIe-
HHHM M [IEPBHYHLIM MECTOM TAaKOH HHAKTHBALMK
senserca Met222. ITytem kacceTHOro MyrareHesa
noaydraH 19 BapHaHTOB CyOTHIIM3HHA, Y KOTOPAIX
Met222 6pit HOCNENOBATENbHO 3aMEINeH BCEMH
NPYTUMH AMHHOKHCIIOTAMH, HCITONB3YEMBIMH TIPH
cunTese 6enkos in vivo. Bee 20 dopm cybTHaM3n-
Ha HapabaTbIBaIH, UCIIONBE3YH BEKTOP 3KCIPECCHH,
B Knetkax B. subtilis ¥ u3y4aiu cBOWCTBa mosy-
YeHHBIX BapHaHTOB 3Toro Genka, Oka3zanock, 4TO
eMHHYHAA 3amMeHa Met222 na apyrre aMHHOKHC-
70Tl NPHBOAMT K BapHauuaM B (epMEHTATHBHOH
axTuBHOCTH 0T 0, 3 10 138 % o7 ypoBHS yaeasHOH
AKTHBHOCTH HATHBHOIO (hepmMeHTa:

Cys 138 Phe 49
Ala 53 Trp 4,8
Ser 35 Asp 4,1
Gly 30 Tyr 4,0
Thr 28 His 4,0
Asn 15 Glu 3,6
Pro 13 Te 22
Leu 12 Arg 0,5
Val 93 Lys 03
Gln 7,2

3ameHa Met222 ma Ala, Ser win Cys 3Ha9m-
TeJBHO TOBHINAET YCTOHYMBOCTE CyOTHAM3MHA
K BO3JICHCTBHIO XHMHYECKHX OKHCITHTENEH.

Takum ofpaszoM, METOIOM ONHIMOHYKIEOTHA-
HAaNpaBlieHHONO MyTareHe3a MOXKHO CO3/laBaTh
(epMmeHThl, MMEIOIIHE TOBBIIICHHYIO TEPMOCTa-
OHABHOCTE WIW/H YCTOHYHBOCTH K OKHCIIHTENbHOM
MHAKTHBALMH, a TAaKK€ NOBBIMEHHYIO YIEIbHYIO
akTHBHOCTSL. Tlpujanue Takux cBOICTB (epmeH-

Tam HMeET 0c060€ 3HATEHNE JUTA TPOMBIIIEHHBIX
NPOLIECCOB, B KOTOPHIX OHH NPHMEHSAIOTCS.

YpessrgaiiHo MHTEpecHOH 00nacTeiO0 Hccne-
FOBAHMH SIBJIETCS CO3JaHHe METOflaMH Harpas-
JIEHHOTO MyTareHe3a 6e/KoB, HMEIOUMX H3IMEHEH-
HYH cHeIMOHYHOCTL B3aHMOIEHCTBHA C IPYTrHMH
makpomonekynamu. [lokasarenssa B 3TOM IUIaHe
paGora M. KyprtHH ¢ coaBropamu, KOTOpBIE OCY-
mecTsHnM caltenenmprueckuii MyTareHes rexa
aj-antutpuncuaa (¢ AT). Janusidi 6enok npen-
cTaBaseT coboif MHIMOHTOP HEHTPOMHITBHOM 3n1ac~
Ta3l — NpOTEasbl, CNOCOOHON THAPOIH3OBATHL
GONBIIHHCTBO ~ KOMIIOHEHTOB  COEIHMHUTENBHOH
tkaHu. Kak u gpyriie HHru6WTophl, OH HTPaeT posib
cybecTparHoro anasora rno OTHOIIEHHIO K 3/lacTase.
B opranusme ¢ AT BRINOJHAET 3BMMTHYIO POJib.
HHIMBHIYYMBI C BPOXKACHHBIM HEIOCTATKOM 3TO-
1o Oenka mnpeapacrionokeHsl K sMpuieme, no-
CKOJIbKY KJIETKH JIErkuX 0CoOeHHO YYBCTBHTEIbHbI
K mporeonnsy. OkucnuTeny 1abaqyHoro gsiMa Mo-
I'YT HHaKTHBHpOBaTEL &1 AT, 4TO TaKkKe 00yCI0BIH-
BAET CPEIM KypAUIMX IOBBILIEHHYIO YacTOTy BO3-
HUKHOBeHHMS 3Mpu3eMbl. IQPexTuBHEM cpejct-
BOM JiedeHHs IM(pH3eMbl ABISETCH BHYTPHBEHHOE
BBEJIEHHE (7]-aHTHTPHUIICHHA, ITPH 3TOM Ha OJIHOYO
venoseka Tpebyercs 4 r ¢ AT B Henemo,

Yrolwl nonyuare GonsmMe konugecTsa a1AT,
6r11a kToHHposana ero k[IHK u coszinan cyneprpo-
nyuent E. coli. Tepanesrnyeckoe HCIOIb30BAHHE
1 AT nokasano, 4To OH JIerKO OKHCISRTCS, B pe-
3ymbTaTe Yero HHakTHBHpyeTca. bbita mpeanprna-
Ta NONKLITKA NONYYHTH BapHanT | AT, yeToHuYHBBIA
K XMMHYECKOMY OKHCIIeHHIO. OKHCIHTENbHAS HH-
axtvBaims a1 AT ofycnopreHa B IEPBYI0 O0UEpeb
momudukanrei Met358, raxonsmerocs B yyacTke
cBa3bBanma ¢ anacrasoi (Pro-Met—Ser). ITosro-
MY OJTMIOHYK/IEOTH/I-HAMPaRICHHBIM MYTareHe30M
B KJIOHHPOBAHHLIH TeH BBETH H3MEHEHHA H NONY-
YHIM pAA BapHaHToB Oefka, y Koropsix Met358
Ob11 3aMenel Ha Val, Ala, Leu, Ile, Phe, Gly uan
Arg. HoBrie (JOpMEI, ¥ KOTOPBIX B OnokeHHH 358
HaxojuuHeh Val, Ala, Leu wim Ile, mo-npesxsemy
HHrHOMpOBAH 3/1aCTa3y, HO NPH 3T0M ObUIH yCTOH-
9YHBEI K OKHCJHTENbHOH WRaktHBaimH. [lo WArn-
OHTOPHOIT aKTHBHOCTH OJMKe BCErD K TIPHPOAHOM
¢opme Obin Bapuant a1AT(Met358 — Leu35s).
Apyrie MYTaHTel HMETH HECKONHKO CHHKEHHYIO
HHTHOMTOPHYIO aKTMBHOCTh. BeiloK © 3aMeHoi
Met358 na Phe, Gly uau Arg snacrasoit He y3Ha-
sasics. Onnako ajAT(Met358 - Arg358) cran npo-
ABIATH CBOJiCTBA HHrHOHTOpa TpombuKa (pHe. 7.3).

OcHoMo#i HHrHOKUTOP TpOMOHHE in vivo — aH-
tutpomOuH LI (ATIL). Ero meiicteue »¢dexHrro
aKTHBUPYETCA renapMHOM, MO3TOMY rerapHH He-
HONb3YHOT B MEIWUMHE [ [pPeloTBPaLeHHs



190

Masa 7. BENKOBAA UWHXEHEPUA

8

3

% WHrHGUpOBAHUS ANACTATE!

8

w
-

% vHrHOHpOBaHHA TPOMOHHA

50

100

% WHruGHpoBaHKS TpOMOHHA

100 '
so-
-~ 1 o
0 50 100
100
5476
50-
0 0 100

Konuenrpaums maruburopa, nMosns

Puc. 7.3. HarnGuposasue sHeliTpodunsHoil snactaisl 1 TpoMOGHHA YenoBeka:

| — @ AT; 2 — a, AT(Met358 - Arg358); 3 — auturpomOun Ges noGannenun, 4 — ¢ nobanneHueM renapuma;
5 — o) AT(Met358 - Arg358) be3 nobasnenms, 6 — ¢ nobaBlicHHEM renapuHa

Tpombo3a BeH WM JIA paspymienus TpomOos.
Hu3kHe no3el BBOAAT MANMERTaM, Y KOTOPBIX Cy-
uiecTByeT puck obpaszosanus TpomGos. Onmakxo
AaHHbiH crocod nevyeHus /aeT OCNOKHEHUN, 0CO-
Genro npu BBejeHWH GONBIIMX JI03 TenapHHA,
M MOXET BRI3EIBATL TRKE/bIE reMOpparuiecKHe
nopaxenus. B kauecTBe ankTEPHATHBHOIO AHTH-
TPOMOHYECKOIO areHTa ¢ NMORMKEHHBIMH Nobos-
HbIMH 3QdexTami, HE 3aBHCMMOIO OT renapHha,
MOXHO WCTIONb30BATH FeHHO-HHKEHEPHLIH
a|AT(Met358 - Arg358). Takum obpa3zom, eus-
CTBEHHAN AMHHOKHCIIOTHAA 3aMEHA [TPHBENa K M3~
MEHEHHIO CNELH(HIHOCTH CBA3LIBAHKA GeNka-uH-
rubuTopa ¢ CEPHHOBLEIMHM  [IPOTEA3aMH.
a1 AT(Met358 - Arg358) u ATII nmeror romono-
A0 MO NOCAEI0BATENLHOCTH AMHHOKHCTOT 29 %,

4TO, MO-BHAHMOMY, YKA3bIBAET HA NMPOHCXMKICHHE
X OenkoB or obmiero npenaka — MHTHOMTOpa
nporeas. Kpome TOro, BHEIACHHNIOCH, HTO
aAT(Met358 - Argd58) adpexTuBHO HErHOUpY-
€T TAaKHe NPOTeasl MIa3Mbl KPOBH, KaK KaIHKpe-
un ¥ (akrop X11. Beezienye AonoiHuTeNLHON MY-
Tauun (Ala357) nosbickno phexkTHBHOCTE HHTH-
GHpoBaHHA KajinMkpenna B 5 pas. Cuurtaior, yro
noxy4eHuhti papuanT AT Takke MOKET HAHTH
KIHHHYIECKOE MPAMEHEHHE.

PaccmotperHbie npuMepsl CO BCEH OueBMI-
HOCTBIO JIEMOHCTPHPYIOT YIIHBUTEIBHBIE BO3MOMK-
HOCTH caifTcnenH()HyecKkoro Myrarenesa s co-
3/1aHMA HOBLIX (hopM Oenkos, OnHako meTo/b! Oen-
KOBOH WHKEHEPHH HE OrPaHMYMBAIOTCSA OMHCAH-
HEIMHA BBIIUE MPOLEIYPaMH.

7.2. U3YYEHME JOMEHHOW CTPYKTYPbl BEMNKOB

Muorve MymsTHYHKIHOHATbHBIE Genky opra-

HH30BAHKI KaK cepuH moGymsprsix nomeros. O
HHM M3 NIEPBEIX XOPOWTO HIYYEHHBIX BeIKoB Takoro

Tuna sanseres JIHK-nonumepasa I E. coli. [lansbi
(epMeHT COCTOMT M3 TPEX JIOMEHOB, OIHH H3 KOTO-
pbix (N-koHLEBOIT) NErKO OTIIEIUIAETCS MPH BO3-
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NefiCTBHM NpoTeas, TaK KaK COEIMHEH C OCTa/IBHON
4acThi0 Oesika MpoTea3odyBCTBHTE/ILHBIM MOCTH-
koM (cm. puc. 1.12). Ocrarormiics Gonsuioi C-kor-
nesoit pparment (PollK) Gudynkumonanen, Ho ero
HE yzaeTcs pas/e/uTh [poTeasaMy Ha ABa JIOMEH3,
obnafaomux pazHsIMH (PepMEHTATHBHBIMA aKTHB-
HOCTAMY. JUIS NpOBEPKH MPEANONOKEHHA O TPeX-
nomento# crpykrype Poll K. [Ixoiic ¢ corpymru-
KaMH TIPOBE/TH TeHHO-HHKCHEPHBIE MaHHTTY/IALNH
¢ resom JIHK-nonumepassl. CuHayana Obl1 KIOHH-
poBaH M IkcripeccupoBaH B E. coli nonHsii reH
JIHK-momimepassl 1 E. coli, pacumdpoBana ero
HYKJICOTH/IHAA MOCNEN0BATEIbHOCTE, 3aTeM MOCE-
JloBate)IbHOCTE, Koaupytoniyro PollK, scrpommm
B 3KCIPECCHPYIOLIMI BEKTOP M Hapabotanu ¢par-
ment Knenosa B Sonbinx KoM9ecTBax, 9To no3so-
JHJI0 KPHCTALTH30BATE €0 H OCYINECTBHTD PEHTIe-
HOCTPYKTYPHBU aHanui. Beuicuunoce, yro PollK
cocTouT M3 IByx somenos. [lpemmonoxmmi, gro
C-xonuenoii nomen pasmepom 400 AK obnanaer
JHK-nonumepasuoli akrusrocTsio. [locne 3roro
3'-xormeBo# ¢parment rena JIHK-nonumepassr [,
xopupytomnii 414 C-koHUEBBLIX  aMMHOKHCNOT,
BCTPOWIH B BeKTop 3kcripeccud pAS]  (em.
puc. 2.43) 1 napaGoramm B knetkax E. coli cootser-
CTBYIOLHMI Ge0K, MPOIYKUMS KOTOPOFo COCTaBHIa
20-30 % cyMmapHOro KieTouHoro Genka. Anamns
noxTeepant, uto C-xoHuyesoi nomen Poll obnajiaer
TOIIBKO TIONTHMEPa3HOH aKTHBHOCTHEO. Takum 06pa-
30M, NOCEIOBATEIBHBIE FEHHO-HHKXEHEPHBIE MaHH-
NYNALMH  TIO3BOJIMIIM  [JOCTOBEPHO  ONPENENHThH
CTPYKTYPHO-(YHKLIHOHAIBHY IO OpraHM3aIHIo
mynsTadepmenTaoro 6enka JIHK-nonwmepazer 1
E. coli ¥ nony4uTs MponyLeHTsl ero cyodopmM.
Muorune myneTHdyHKIHOHATBHEBIEC Genku, HaH-
JICHHBIE Y BBICHIHX 3YKapHOT, conepxar depmen-
Thl, HMEIONHECA Y MPOKAPHOT H HH3LLUMX 3YKAPHOT,
Y KOTOpBIX, OIHAKO, 3TH (PEPMEHTLI HACTO KOHPY-
0TCA pasHbiMM resamu. OoMH M3 M3Y4EHHBIX
MYNETHOYHKIHOHATbHBIX Oe/IKOB BBICIIMX JyKa-
puor — CAD-6enok — obnanaer akrHBHOCTBIO
nepseix Tpex (hepMenTon GHOCHHTE3a MUPHMHIH-
HOB: KapGammindocdarcunrerazsl (KPC), acnap-
tarrpasckapbamuiassl (ATK) # 1uruapooporasst

(JII'O). D11 e camele PepMEHTHI IETEPMHHHPY-
IOTCR TPeMst OTEnbHBIMU Tedami B E. coli u nByms
reHaMHM B HH3IIMX 3YKApUOTaxX, Y KOTOpBIX CYy-
mectsyer Ondynxmmonaneinii 6enoxk KOC-ATK.
INpoxaonuposas uepes k/JIHK ¢parvent, komu-
pytommi ogu M3 Tpex (epmentos (ATK) CAD-
fesika, W DKCIIPECCHPOBAB NAHHYIO TMOCAE0Ba-
TEIBHOCTD TOJ KOHTPONEM MPOMOTOpPA Plyc, YAa-
sock B £, coli KOMIneMEHTHPOBATh MyTaliio pyrB
Mo rexy actiaprarrpadckapOaMmiiasel, 4TO yKasel-
BaeT Ha (PYHKIMOHATBHOE CXOICTBO AAHHOTO (ep-
MEHTa Y MPOKapHOT M dyKapHor. [lonyqentnie nan-
HBIE MO3BONAKT MPENNONOKHTE, YTO B mpouecce
IBOMIOIMHH MYTETH(YHKIMOHANRHEIE Oe/TKH BhIC-
LIMX IYKAPHOT BO3HUKAIM B Pe3ylbTare psajia co-
ObITHI, NPUBOAAIIMX K CITHAHWIO JIO TOTO HE3aBH-
CHMBIX IeHCTHYECKHX €IHHHIL

Jlokaszanuas B SKCNIEPHMEHTE BO3MOXKHOCTD
OTHOCHTE/TEHO HE3aBHCHMOIO JIEHCTBHA OTHENb-
HBIX noMeHoB MynsTH(yHKUMOHANBLHOMO OGenka
npusena B 1989 1. k Co318HHIO «KACCETHOrO» reHa
aKTHBatopa TKaHeporo ruiasmuiiorena (ATII) ue-
noseka. Jaunslii 6enok GOPMHUPYET Nf1s JOMEHOB
¢ pa3nnunbIMH QysknuaMH. Ten ATTI (aByxueno-
weuHnlid pparment pmuoH 1095 ne) 6n1 cuure-
3HPOBAH XMMHKO-(DEPMEHTATHBHO TaKuM 0Opazom,
9T0 BCE MOCNENOBATEITBHOCTH, KOJHPYHOIHE 10~
MEHBI, OKa3a/IMCh pasfiesieHbl YHaCTKAMH I'HIIPOJIH-
33 pasnuYHLIMM pecTpukTazamu. HeBonbume ni-
MEHEHHA, BHECEHHBIE TIPH 3TOM B TIOC/IEI0BATENb-
Hocts ATTI, He MensiiH GMONOrMYECKHX CBOICTB
Henka. Kaccernas cTpyKTypa resa nosponser Kom-
OunupoBare B JOOOM mOpsjiKe, eNeTHpPOBATH
nomens! ATII v w3yyare CBOHCTBA CO3/1aBaEMBIX
BAPHAHTOB, & Takke obecrieyHBaET BOIMOKHOCTD
IKCMPECCHU M M3ydeHHs (QyHKUMH HHIMBHIYallb-
Hbix oMeroB ATIL. Beenenue yHHKabHBIX ydact-
KOB pecTpukuuu B 00nacTu resa, COOTBETCTBYIO-
ume (naHKUpyrOmMM IoMensl ydacTkam Oenka,
NO3BOVIAET 3aMEHATH JOMeHB! M3ywaemoro OGenkxa
Ha joMensl apyroro Genka, T. €. KOHCTPYHpPOBars
HoBele Oenku ¢ 3anaHHBIM HabopoM dyHKimiH. Pac-
CMOTPEHHLIH MOAXON FMPHMEHHM, [0-BHIHMOMY,
K 00IBIIHHCTBY MyNETHIOMEHHBIX GenkoB.

7.3. CO30AHME BENKOB C NMEPUOHbIMU C_BOFICTBAMH

boneioe BHAMAHKHE B FEHETHYECKOH HHKeHe-
PHH YNIEJISETCS KITOHHPOBAHHIO H H3YUEHHIO FeHOB
uuTephepona. 310 06yCnoBIeHO TEM, YTO HHTEP-
dbeponsl cocrasnsoT cemeicTBo GenkoB, KOTOPEIE
o6nazaloT MMPOKHM CNEKTPOM 3AIMTHBIX (PyHK-
UM, B 9aCTHOCTH TAKHMM, KaK TOIaBIIeHHE Pa3BH-
THS BHPYCHOH HH(EKIHH, WHTHOHpOBAHHE OHKO-
reHHolt nponudepanuy KICTOK, MOLYIHPOBaHHE

HMMYHHOTO OTBeTa oprasnsMa. Marepdepons! ge-
noseka knaccHpuuMpyoT Ha TpH Tpynnel — a,
M ¥ B 32BHCHMOCTH OT THINa KJICTOK, KOTOPHIE HX
TPONYLIHPYIOT, TIEPBUYHOH CTPYKTYPhI, (M3MKO-
XMUMHYECKHX M IPyIrUX CBOHCTB.

a-Untepdepons! (nefikoumtapibie HHTEpP(E-
poHsl) cocrasngT Gonemyio rpynmy Gimsko-
poncteenHbix Genkos. Buigpieno 16 orpensHiIX
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Puc. 7.4. KoHCTpyRpOBaHHe TINAIMHIL JUIA NPAMOF IKCTIPECCHH XHMEPHEIX JIEHKOLMTAPHEIX HHTepdepoHOB
yenoBeka B Knetkax E. coli

reHeTHYECKHX JIOKYCOB U8 a-HHTepdiepoHOB ye-
noseka (HulFN-ar). I'ensl 3rux 6ekoB He paszupob-
NEHHBL, T. €, HMEIOT HENPEPBIBHYI0 KOAHPYIOLLYO
nocnenoparenbHocTs. PazMep 6enkos coctaBnser
165 wm 166 amuuOKMCnOTHEIX ocTaTkoB. [Tociie-
JIOBATENBEHOCTH PATHBIX MOATHNOR ¢-uHTephepoOHa
OTJIMYAIOTCH IPYT 0T Apyra npumepHo no 20 AK,
1 ofImas roMonorHa Mexy BCEMH H3YHEHHBIMH
NOCAENOBATENILHOCTAMM @-HHTEP(EPOHOB Yenose-
Ka cocrasnseT okono 52 %.

Jns $pubpobnactroro unrepdepona yenopexa
(B-unrepdepon, HulFN-f) obuapysker nums ogus
(nepasznpobnennsiii) rer. HulFN-8 coctont us 166
AK 4 1o nocnenopareNsHOCTH HMEET BBICOKYIO

rOMONOTHIO ¢ ¢-HHTepdepOHaMH, KOTOpas COCTan-
nseT nopsinka 35 % OTHOCHTENBHO YCpPEHEHHON
MOCAEAOBATENHHOCTH -HHTEpPEpOHOR.

Nnvmyunniil uatepdepon yenoseka (HulFN-y)
cocTouT H3 146 AK n He nMeeT 3aMeTHOH roMono-
MM HU C -, HH ¢ B-unTtepdeponamu. Jlns nero us-
BECTEH OMMH pasnpoOieHHsIH, IK30H-HHTPOHHBIH
I'cH.

Jlns Beex Tpex THNOB HHTep(epOHOB YenoBeka
B HACTOSIIEE BPEMA METONAMH IreHETHYECKOH HH-
HKCHEPUH CO3NAHBI MHOMOYUCIICHHBIE CYTEpIpoaY-
LEHTHI, Y4TO MO3BOJISET Nnoayyark 3TH OHonoruue-
CKH akTHBHBiE Genku B GONbIIOM KONHMYECTBE M
NPaKTHYECKH B UH/IMBHIYATLHOM COCTOSHHUM (4Ye-



Bpems nocne
HHAYKLE, 4

0 61216182124

GO

Gl

G2

T Tomqmamiecnas vsomepis

1 2 3 45 6 7 8 9101112 1 2 3 45 6 7 8 9 10
cpOoOdDOOOOOOR®Y ‘o900 00Q0®
b ee L N NN R N T
e e®22%900090089 c@ e 0SS CCECE
ieoee0e00 o000 ‘o0®@e® eoee@
e® @ 29000000 CE N NN N NN N
X X N N LN N N R 99 P9PECRO00C00
@ @ P92 00® @8 cdono0000
he @ ® e hr 0908000 OGOCEeS

- e
>1:200 1:1 000 1:10 000
a i

Pue. 1. Icrpecens redoB B KOpHSX (@) 4 IMCTLAX (6) OLHOIO K TO10 %
PACTEHMS, AHAIHIHPYEMAS C HOMOLLBIO THOPHIIMZAIMH HA METPHLAX
coorpercTryrommnx KJIHK.

Kam'lfliﬁ CHAHHPOBAHMHSA lbﬂyﬂ]’!ccllcllllilﬂ NpeAcTanicHa B NCeBIOUBETORON 1IKAIE,
OTPAMAOLIEH HHTEHCHBHOCTE THOPHAMIAUHN,

[Txana orkasmbposana no Tnbpuanamiv ¢o crasaapraam obpasnon &/ IHK

Puc. 2. Twbpuamsaimmonsas MUKPOMATPHIA, OTPaMKaIONAan ICIPEeCCHio
SACPHBIX FCHOR CHUXPOHH30BAHIBIX (pHGpoGIacToB w3 3MEpHOHA MbILH,
HHyumpyemux GenkoseiM daxropom E2F na pasumx aranax
KICTOYHOTO LMK
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Puc. 5. CrpocHue mHNa d4eHOBHPYCHONO BHPHOHA!

a — jomennan cTpykTypa (1 - xBoctorol, 2 uelTpansiniil, 3 — moGynapiisii AOMCHEL BEEPXY — HOMEPE
AMMHOKHCOT, OrpatHuHBaOILHX J.tt.'!Ml..'lEl.l): i CxeMa MDI]CIMI.)FI.{ IJI(!(!}'JIH'PI OFD JoMets imns (N-h‘ﬂlll.‘!tl, COCHMHHAETCR
¢ pesTpaisibivg aosenon, C-ronen esoboausii; f-uens, gopmipyiomte cnod R iV, nokasansl CHusmM BeTom);

# - CXEM3 TPUMEPHOI'O ITI0BYNAPHOre AoMeHa IHNE (NPHBCeHL ODOIHAYCHNS NCTENL)
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o HERO3IMMKHO HOOHTLCA TPH BLIICICHHN HHTEP-
()epoHOB M3 TPHMPOOHOro MCTOYHMKA). JlaHHEIE
Npenaparsl ¥ X CMECH aKTHBHO HCTIONB3YIOTCA
B MEIMIHHE [UIA paspaboTKH CXeM JiedeHHA paKo-
BbIX 3a6onepanmil, BUPYCHbIX HHpeKLHt 1 Ap.

Ocobuiit uuTEpec HecnefoBaTenell npHBIeKIa
rpymna ¢-uHTepGEepOHOB, TaK KaK HHIHBHIYA b
Hele nonrHns!l HulFN-¢ pasiugaiorcs no ypoeHio
NPOTHBOBHPYCHOH @KTHBHOCTH IUTA Pa3HBIX BHPY-
con. [loaromy Obina mposenena cepwis IKCHEPH-
MEHTOB MO CO3/IaHMIO FHOPHIHBIX IeHOB, KOAH-
pylomux xumepusie (rubpuansie) a-uHTepbepo-
HEI, B LENAX BBIABICHUA (PYHKIHMOHAIBHO BAXHBIX
paiiosos HulFN-a. H. Cr366unr ¢ coasropamm
(1981-1982 rr.) ckoncTpyHposaiu pax rubprIos
mexay reaamu [FN-A (IFN-a2) u IFN-D (IFN-al)
(puc. 7.4). TubpuaHee TreHsl 3KCMPECCHPOBAIH
B E. coli, cHHTe3HpOBaHHEIE XUMEPHEIE GeJIKH BbI-
JNENUTH ¥ M3Y9aiH HX aHTHBHPYCHBIE CBOHCTBA.
Oxazanoce, 410 rudpuasl [FN-a AD umeroT Cy-
WecTBEHHO 6ONbIIYI0 AHTHBHPYCHYIO aKTHBHOCTD
M0 CPaBHEHHIO ¢ POAMTENBCKAMH HHTep(epoHa-
mH, a BapHauTel [IFN-a DA — cumxenHy10.

E. Llpaprxod ¢ coasropamu (1987 r.) npume-
HWIH MOAXO0A, TO3BOIAIOLIHE Noay4arh pasHoob-
pasHbie rHOpHIHSIE reHbl NeHKOIHTAPHOND HHTEp-
(epora, koTopsIe 06pa3yIOTCs B PE3yIBTATE PEKOM-
OHHAIMH KJIOHHUPOBAHHBIX TeHOB in vivo. Beim
HCTIONB30BAHB! FEHBI MBIIIHHBIX HHTepheporos al
¥ ad4. Ot Benkn pazmuaTces Mexay coboii 1o
nocenosarebHocTH Hib Ha 20 %, Toraa Kak no
NPOTHBOBHUPYCHOH AKTHBHOCTH pasiH4us CylLecT-
BenHble. O0a H3yuaeMBIX IeHa BCTPAUBAIH B OJIHY
BEKTOPHYIO TUTa3MH/TY, IEPEBOIHIH €6 B IHHEHHY1O
topmy ¥ Tpanchopmupoanu knetkH E. coli recA*
(puc. 7.5). Iocae pexomGunauus in vivo orGupamm
IasMuabl, Hecynme rHOpumHele rewsl alad.
Takue BapuanThl reHop 0bo3magwm a14-1, al14-2
u 7. 1. OGnacTu kpoccuHrosepa B rubpraax ycra-
HaBIHBAIM C MOMOMIBIO PECTPHKIHOHHOIO aHaIu-
3a, CTpyKTypa HEKOTOPBIX H3 3THX THOpHIHEIX re-
HOB nipuBeneHa Ha puc. 7.6. Oxasanock, 9TO pan
THOPHIAHBIX HHTEP(EPOHOB MPOSRILET 3HAYHTE b~
HO OOMBIIYIO 1O CPaBHEHHIO ¢ HCXOAHLIMH (op-
MaMH NPOTHBOBHPYCHYIO aKTHBHOCTS (pHc. 7.7).

Taxam obpazom, co3masas ruOpHIEl MexTy
GNHM3KOPOACTBEHHABIMK Z-HHTEpEPOHAMH, MOXHO
NONYYHTL BAPHAHTEL, MPEBOCXOAAIIME MO CBOMM
OMONOTHYECKHM CBOHCTBAM pOAMTENLCKHE (hop-
Mel. JlaHHOE HaNpaBleHHe HCCIeIoBaHMi, HecoM-
HEHHO, MEPCNEKTHBHO U MEINHLMHCKOH M BETe-
puHapHoii npakTHkH. Kpome Toro, KoHcTpyHpoBa-
HHe rubpunos 61H3IKOpoONCTREHHBIX GEIIKOB NMO3BO-
nser rny6xe nOHATL 3aKOHOMEPHOCTH CTPYKTYp-
HO-(YHKUHOHATBHON OpraHW3alHH  HM3y4aeMOTo
Knacca HenkoB.

T* MeHeTHUBCKER HHNSHBDHA

EcoRI
Pvull
Ap' Pwill Hindlll EcoRI
C pRB328 h— T
Jlurasa
g:,“;‘g} Tpancdopmauns E. coli
EcoR1
Pyull -

Ap’ BamHl EcoRI Sall
e
KPAGA BamHI1
Sall

BamH1 Jlurasza

Sall Tpancopmauns E. coli

Puc. 7.5. Cosnarme rubpUaHBIX TEHOB MBILIHHOTO
unTepdepona IFN-alad pexombuuaumeti in vivo:
1 — nocnenosarensrocTs rega IFN-al, 2 — IFN-c4,
3 — f-rnobuna kponuka; 4 — nocnenoparensHocts JJHK
supyca SV40, 5§ — naasmuast pBR328

Hogbie TumB! ne4e0HbIX Npenaparos MOXHO no-
JIYHHTB, €CIH co3/1aTh benok, obnazaronimit 6Homo-
THYECKHMH a8KTHBHOCTAMH, CBOMCTBEHHBLIMH JIBYM
i Gonee HepojcTennbiM Genkam. Ha npuHum-
MHANTBHY0 BOIMOXHOCTD KOHCTPYHPOBaHHA TAKHX
MOJIEKYNl YKa3elBaeT Hajudie MymsTH(YHKUHO-
HAJILHBIX MPUPOAHBIX OJIKOB, KOTOPLIE MOTYT pa3-
JIMYATECH TO CBOEH OpPraHM3allMi y TNpOKapHoT
¥ 3yKapHoT. [Tepsyio ycnensHyr paboTy B JaHHOM
Hanpasienud semonanaH M. Ceno ¢ coasropamu
(1986 r.). Onu coznanu rubpuaublit red, KOTOphI
KONIMpOBAJ XUMEpHBIH Genok, cocrosumil wHa
N-korme w3 135 AK HulFN-y (menemus 11 AK
¢ C-xonna) 1 u3 134 AK unrepnefixuua 2 yenose-
ka (IL-2) ma C-xonue (monHas NOCNENOBaTENb-
HOCTH). MMMyHHBIH HHTEp(epOH COSAHHWITH C HH-
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Puc. 7.7. Cnennduyeckas aHTHBHPYCHAA AKTHBHOCTE NEHKOIMTApHEIX MHTepdepoHoB Mbluu a1, a4

H HX rHOpHIOB (cM. puc. 7.6) Ha KynbType KaeTok 1929,

[poTHBOBHPYCHAN AKTHBROCTE ONPEAERIACEH NO NOJABIEHHI0 LUTONarHyeckoro sddexra,
BEILIBAEMOTO BUDYCOM BEIHKYIAPHOID CTOMATHTA

Tafinuya 7.1. Buonoriyeckas aKTHBHOCTE DeKoB,
npoaAyuHpyeMeix B KiherTkax E. coli
KIOHHPOBAHHBIMH FeHAMH

AKTHBHOCTH
I'ubpuanas Benok (e.a./n KynbTypEI)
TUTAIMHEIA
IFN-y -2
pIFL9906 IFN</IL-2 | 1,2-108 | 1,1 - 104
pHITtrp1101 | IFN-y 300,0 - 106 0
pTF1 1L-2 0 12,0 - 104

TEpNEHKHHOM 4Yepe3 CErMEHT W3 YETHIpeX aMu-
HOKHCJIOTHBIX ocTaTkoB. B kiaetkax E. coli ckoncT-
pynposantbiii rubpuatbtit ren sddexTHBHO dKC-
MPECCHPOBAJICA MOA KOHTPONEM MAPOMOTOPA Pyp.
XumepHbIi 6enok BRIIENAIH W H3YYa/H €ro CBOMH-
crea. Oxazanoce, 4to xumepa [FN«/IL-2 o6na-
NaeT AKTHBHOCTAMHM 0DOMX PONHTENLCKUX GEJIKOB
(raba. 7.1). Ilpu 3TOM COOTHOLIEHHE AKTUBHOCTEH
HHTep(epoHa M HHTEP/IeHKHHA B MONIEKYITe Y XHMe-
pel cocraswio 109, T. e. Mano omHYAIOCE OT 3TOr0
WE COOTHOLIEHMA JUIS NpUpoaHbix Genxos — 113
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(ynenenas akruBuocts IFN-y — 4.5 - 106 e.a/vr,
all-2—4 - 10 e.a/mr). [lonyvennsie pesynsra-
ThI IEMOHCTPHPYIOT, 4TO B cOCTaBe xHMepsl 06a
Genka MpakTHYECKH MOITHOCTHIO COXPAHATH CBOO

7.4. AIMMYHOTOKCHWHbI

B nauane XX 8. [1. Dpaux BeICKaszas ripesiio-
TIOKEHHUE O BOZMOMHOCTH HCTNIONB30BATH AHTHTENA B
KageCTRE HOCHTENICH (DApMAKONTONHYECKNX aleHTOB.
Onako peanmH3OBBIBATHCA JAHHBIN FOAXON HAYAT
nuuib B 1970-e 1. 3a npoiesiee BpeMs JOCTHIHYT
SHAYHTEIbLHBIHN Npo1pect B u3bupare/bHOM YHHYTO-
WEHHMH KJIETOK in VIfro W in vivo IpA B3aHMOIEHCT-
BHH MX C AHTHTC/IAMM, COSITMHEHHBIMH C TOKCHYE-
ckumy areHramu, Taxue Genkonsie rubpu/ibl, momy-
YAEMBIE B PE3YIBTATE XHMHHECKOIO CBA3BIBAHUS
(komnIOraiu) in vitro coenMUYECKUX aHTHTE
(HMMyHOITIOOY/IHHOB) € TIOMMOEN THIHBIMU TOKCH-
HaMH, HA3KIBAKT HMMYHOTOKCHHAMM.

HauGonee xopomo uzysen nudrepuitapii Tok-
cunt (JIT), cunresnpyemelii narorenHoi 6akrepueii
Corynebacterium diphtheriae. IlepBoHaqansHO TOK-
CHH TIPOM3BOIMTCSA B HEAKTHBHOMK (popMe (MpOTOK-
CHH), 3aTeM 1ocC/e CrelHUIHOIO IHAOMPOTEaIHO-
ro pacuieruienus Genok pacnajgaercd Ha Jse QyHk-
LHOHAJIBHO ¥ MMMYHOXHMHYECKH pas/iHdHele Cyob-
exnane — A (21 x/12) 1 b (39 x/Ia). Ipu s1om
I'IPOHCXOH,ET FHAYHMTENBHLIE M3MEHEHHNA BO B’IUpH"i—
HOH CTPYKTYpe noimuentiaos, obecuedupaionime
NosBIIeHHE crienHPUUHLIX CBOHCTB TOKCHHA (4acTO
MOT MPOUECC HA3BIBAIOT AKTHBALMEH TOKCHHA).
Tokcuueckuit  addext obycnosien aeHCTBHEM
N-xoHueBol cybOwemmnuiel A, Kotopas obnanaer
NAD-rmukoruaponasaoi ¥ ADP-pubosuntparc-
(epaznoit akTHBHOCTAMH. B pesynsrare Karanmnwsu-
pyeMbuix 5THM depMenToM peakuMilt TIpPOUCXOINT
crienpuyeckas WHAKTUBALMA 3YKAPHOTHYECKOTO
thaxropa amonraumn EF-2, nocne gero 1ot repAer
ciocOoOHOCTE CRASHIBATLCA ¢ pubocomamu 80S u,
CIENOBATENbLHO, YHaCTBORATL B OHOCHITe3e Gernka.
B ocHoBe MoOnekynspHOTO MEXaHM3Ma HHAKTHBA-
uuH EF-2 niexkar jise epMeHTATHBHBIC PEaKIlMH,
KOTOpbIE KATAIIM3HPYIOTCA CyOnenmuuueh A pudre-
PHIHOFO TOKCHHA NOCJIe NPOHKUKHOBEHHSA €r0 B 1IH-
TONAA3MY IYKAPHOTHYECKOH KIETKI:

bi)
. NAD" + Hy0 == ADP-pu6osa + Hakotsamua + H

.
2. ADP-pu6o3a + EF-2 = ADP-pu6osaEF-2

Ha nepsom srane TokcHu ruaponusyer NAD
1o ADP-pubo3sl 4 HUKOTHHaMK/1A, HE BTOPOM —

OMONOrHYecKyl0 aKTHBHOCTB. JTO YKa3bIBaeT Ha
Gonpuiyl0 1EPCNeKTHBHOCTE CO3J@HHA HOBOIO
THNA Nie4eGHBIX TPENapaToB Ha OCHOBE XHMEPHBIX
Genkon.

nepenocnT ADP-putosy na EF-2. ITpu arom komri-
nexc EF-2-ADP-pnbo3a nonsOCTbIO HEAKTHBEH.
Cybreniuauna A He criocobHa KaTanu3MpoBaTh
ADP-pubosuinposanie ¢akropa snoHraiua G
mutoxonapHii u EF-G 6axrepuii. TTosromy nudrre-
pHIHLIH TOKCHH HE HapyllaeT Mpouece CUHTesa
Genka va 70S-pubocomax.

Cxopocts ¥ 3 deKTHBHOCTS peakini, Karas-
supyeMseix cyOnemmumueli A, odeHn Boicoka. Ha-
BECTHO, YTO JOCTATOYHO ONHOH MONEKYIbl CyOnb-
enmEUIE! A, 910061 YOHTE KieTky-mumens. Bax-
HO OTMETHTH, YTO B OTcyTcTBHE cyObenuaMusl b
cyOneHHMIa A HEe MOKET NPOHHUKHYTE B KICTKY
H [I03TOMY HE MPOABNAET TOKCHYECKOrO dexra.

JeticTBre muTepHitHOTO TOKCHHA TIPOSBIAET-
Csl B pe3yJbTaTe MOCHEAOBATENLHBIX NPOLECCOB,
TaKMX Kak ajgcopbumsa Ha crienmduueckux Kieroy-
HEIX peuenTopax (obecneumpaercs CyObenHAH-
uei B), TpaHCropT Yepes riazMarHyecKyio memo-
pany B UMTOMNAIMY KIETKH H HHAKTHBAIMS BHYT-
puknetounoit Mmumenn — EF-2 (cybvenvnmnua A).

M3yuenne pasnnuibiX GaKTepHambHBIX TOKCH-
HOB 110Ka3a/10, 410 (hparmMeHTHpPOBaHUE 1OIHIIENT-
THITHO# LIelH MPOTOKCHHA € 06pa30BAHHEM AKTHB-
HOH CyOBemMHULB A B aKUENTOPHOH CyOheMAH-
usl b -~ 1IMPOKO PACHPOCTPAHEHHBIH MEXaHN3M.
Slsnenue npoOTEOSTHTHYECKOH aKTHBAIMH H3BECTHO
TAKKE W JUIA PACTUTENBHBIX TOKCHHOB, TAKAX KaK
pHUMH, pabHH H MONECKCHH.

[Nocne Toro kak Ouuia ycTaHoBIEHA CTPYKTYP-
HO-(YHKIIMOHAIILHAS OPTaHH3aLHs Ps/ia TOKCHHOB
GakTepHAIBHOTO W PACTHTEIBLHOTO MPOHCXOK/IE-
HHS, CTAIIN MPEANPHHHMATECS TOTILITKY CO3/laHus
UMMYHOTOKCHHOB. OCOBEHHO AKTHBHO JUIA ITHX
Henei WCTIONB30BaTH PHIMH M, B MEHBIIIEH CTene-
HH, Judrepuiinei TokeHn. Okasanocs, 970 3aMe-
Ha B-cyObemuMUB pajiHYHEIMH  MONEKYNaMH
(ropMonamu, (akTopaMM poCTa, AHTHTENAMH)
MPHBOAMT K (HOPMHPOBAHHIO THOPHIHEIX MOJIEKYIT,
Yy KOTOpBIX Crenu(pUuHOCTL CBA3BIBAHMS C KIIET-
KaMH M3MEHEeHa, HO TOKCHYeCkHH 3t dekT A-cyln-
eMHMIbI cOXpaHeH. Takwe GenkH HE CTONB TOK-
CHYHEI JUTS OPraHH3Ma B LENIOM, KaK NpUPOIHEIT
TOKCHH, HO BbICOKOTOKCHYHBI JUISl KIIECTOK-MHLIE~
HeH. BaskHO OTMETHTB, YTO HA KJIETKAX, Y KOTOPLIX
HET COOTBETCTBYIONIMX PELenTOPOB, TOKCHYECKO-
ro addexra OHH He NPOABIAIOT.
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Co3nanue UMMYHOTOKCHHOB — 3T0 HOBBIH CO-
BpeMeHHBIH noaxon B (papmakonoruu. [Tpenapars:
IaHHOTO THMA MOTYT OBITh OdeHb IPHEeKTHBHEI
NpM TepalMy OnyXoneH, MOTYNALMK MMMYHHOTO
oTeera H Jip. Ofrako riepsoHavanbio paspaboran-
HBI METO/1 JOBOJIBHO TPYAOEMKHit M, KpOMe TOro,
He obecrieynBaer CTaHJapTHOCTH HMMYHOTOKCH-
Ha: HeoOX0IMMO BBIAEIATH A-CyObeIMHUIY TOKCH-
Ha, yenesoii Genok, obecrneunsaronHii CBA3KIBa-
HHE C ONPECNIEHHbIMH PELIENTTOPAMH, 38TeM 0CY-
LIECTBJIATh KOHBIOTALHIO 3THX KOMIIOHEHTOB Ye-

pe3 IHCYIb(UAHYIO CBA3b.
Tlpeononers pavHoe 3aTpylHEHHE YAAJI0Ch

IDx. Mapdu c coasropamu (1983-1988 rr.), BBI-
MOJHUBIIMM CEPHIO MeHHO-HHKEHEPHBIX paboTt no
CO3/IaHMI0 XHMMEpHBIX TokcHHOB., [lpexae scero
6bL1 kionuposan ¢parment JHK, conepxauiuii
MpOMOTOP W MOCHENOBATENTBHOCTD, KOAMPYIOLIYIO

CHUTHANBEHBIH TerTTHA W A-cyOnemumHiyy andre-
pukHoro Tokcuna. Ionyden mwramm E. coli, nipo-

nyumpyrowri rubpunueit 6e0Kk U CeKpeTHpyo-
WM €ro B TMEPHIUIAIMATHYECKOE TPOCTPAHCTBO
KJIETOK. 3areM OBl CKOHCTPYHpOBaH rHOpHIHBIH
rex JudrepuiiHOro TOKCHHE, y KOToporo 3'-koHue-
BOH YYaCTOK, KOAMPYIONIMH PELENTOpPCBs3biBaio-
M loMen b, 3aMeren Ha CHHTETHYECKHI TeH-9K-
BMBAJIEHT MEJIRHOLMTCTHMYITHPYIOLIEr0 TopMOHa
o qenoseka (@MSH, coctour u3 13 AK). Xumep-

7.5. ®ArOBbIA OUCNNEN

7.5.1. NMpuHyun memoda

IMpocroTa opraHH3alMy BUPHOHA H O4Y€Hb Bhi-
COKas KOHLEHTPAlMs BHpyCa, NOCTUraeMas IpH
KYIbTHBHpOBaHUH B Kiuetkax E. coli (Gonee
10'2 yacTumr 8 1 MIT), MO3BOMMIIM PEANTHM30BATS LTS
HUTEBHIHBIX (aroB nomxon, MOMyYMBIIMI HA3Ba-
HHe «daropeiii aucrned». Ero cyth 3akmouaeTcs
B TOM, 4T0 B COCTaBe XMMepHbIX 060NOYeqHBIX
GenkoB HUTEBHIHBIX (aros IKCHPECCHPYIOTCS Lie-
neBble AMHHOKHCIIOTHEIE TIOC/IEIOBATEIBHOCTH,
Kotopeie nocne cGopku ¢aroBeIX YaCTHIL HAXOANT-
cs (mpencTaBNAOTCA) HA WX TOBepxHOCTH, [lpw
ITOM TeHEI CO BCTPOHKAMM, KOAMPYIOMMMY Liefe-
BBIE TIENTH/IbI, HAXOAATCA BHYTPH TAKHX BUPHOHOB
B COCTABE YMAKOBAHHOrO (AaroBoro reHoma, T. €.
XHUMepHBIi GeNIoK ¥ KOIMPYIoLMii ero rex Gusude-
ckd cperuvieHsl (puc. 7.8). I'nbpunHbie BHPHOHE!
MOryT OwITL CenexkTHpOBaHEl myTeM adpHHHOrO
CBA3LIBAHHSA MPE/ICTABIEHHBIX HA MX MOBEPXHOCTH
HYKEPOAHBIX AMHHOKHCIOTHBIX TMOC/IEI0BATENb-
HOCTEH ¢ KakuMH-1H60 Makpomonexkynamu. Takum
obpa3oM HHTEpPECYIONIMI HCCITEIOBATENS BAPHAHT

Hbi Genok tox—aMSH Taxke CeKpeTHpoBancs
B mepuruiasmy E. coli. O oka3ancs CeneKTMBHO
TOKCHYHBIM JUIA KYJBTYPBI KJIETOK 3JI0KaY€CTBEH-
HO#H MenaHombl yenoeexka (NEL-M1), umMerommx
Ha TOBepXHOCTH peuerrropel mis aMSH, u we
JeficTBOBAT Ha KYNBTYphl KJIETOK KHTAiCKOro Xxo-
mmaka (CHO) u adpuxanckol 3eneHoi MapThim-
ki, He umetroumx aMSH-peuenTopos. Tocne 3To-
ro 6eun co3pan wramm E. coli, nponyumpyronmit
xumMepHbli 6enok tox—IL.2, y kotoporo penenrop-
CBA3BIBAIOIINH loMeH AuGTepHiHOro TOKCHHA 3a-
MeI1leH COOTBETCTBYIOLIMM JIOMEHOM daxkTopa poc-
Ta YENOBEYECKMX T-THMPOIMTOB — HHTEpPIIEHKH-
Ha 2 (IL-2). TonyyeHusl# TOKCHH MPOABIAN TOK-
cuueckuii 3ddexr no orHouenuio Kk T-Kierkam
qesnioBeka ¥ Mbiun. bonee Toro, npy BeeCHHH MBI-
mam ox 0611a1a1 HMMYHOCYTTPECCUBHRIMM CBOHCT-
BaMH, T. €. AB/IAJICH HMMYHOTOKCHHOM HalPaBiICH-
HOTO JIEHCTBHA.

Taxiv 0Opa3om, METOMIBI FEHETHYECKOH HHIKe-
HepUH TO3BOJIOT CO3/aBaTh XMMEPHBIE KMMYHO-
TOKCHHBI, KOTOPBIE MOXHO B GONBINMX KONMHYECT-
Bax HapabaTeiBaTh B GaKTepHaIbHBIX KIETKax, 1o-
Jly4aTh CTaHAPTHLIE BBICOKOOYMILIEHHBIE Nperna-
parsl ¥ HCITONB30BATE MX 11 KIMHHYECKHX LEeNeH.
QO4eBHAHO, 9TO IaHHOE HANpaBieHHe HCCIIeNoBa-
uuit umeer Gonbioe Oyrymiee.

(hara MOXKHO BEUIENHTL M PAIMHOMNMTE JUIS N1&]Thb-
HEHILIEro H3y4eHus.

OcuopHble npuHLMITH (haroBoro aucruies Gwi-
M 3anoxeHs! yxke B nepsoi pabore I Cmmura,
onybnukosanno# B 1985 . B cocras rena I/ dara
fl no ynMKaneHOMY y4acTKy TMApONIM3a PecTpHK-
Tasoi BamHI 6eum serpoenst Sau3 Al-¢parmes-
THl reHa pectpuktassl EcoRl. Omur u3 orobpas-
HBIX mocne TpaHcdekumn KknetTok E. coli rnbpua-
Heiii Bapuant Qara, o6osnauennsii fECOL u na-
3BaHHBIN caumbim ¢pazom (fusion phage), conep-
JKaj BcTaBKy paimepom 171 mH, koTOpas pacriona-
rajiach MEXKI1y NoCAEA0BaTEILHOCTAMH, KOHPYIO-
M C- 1 N-kormeswie fomensn plll, 1 ve Hapy-
majia paMKy TPacaAuuH AaknHoro ¢arosoro Genka.

Bbenok plll nuresuausix daros Tpebyercs He
TONBKO A4 afcopbumm daroseix 9acTun Ha F-mm-
nsx knerok E. coli, wo Takoke nns 3asepuieHHs
npouecca c6OpkH BUPHOHOB M cTabuiaMsalmu MX
CTPYKTYphI. 3anep#ka B npucoearrenu plil mpu-
BOJHT K oOpa3oBanuio HeoObIMHO ANMHHBIX Yac-
THIl TAK HA3BIBAEMOrO moAughaza, COnEpXamero
nBa ¥ Gonee ¢aroeix renoma. Jlaxke darn aukoro
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Berpoiika
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Puc. 7.8. Huresuausie dary, NpencTapisioNlie Ha NOBEPXHOCTH YACTHI IENTHAHBIE MHTOM.,
cimtrie ¢ Gestkom oB6onouxu plll (a) wim pVIII (6)

tHna oOBIYHO MPOAYLMPYIOT OKOJNO 5 % noToMCTBa
B BH/I€ nomuQaros. N-KOHIEBO#H JOMEH, BKJIIOUAI0-
umi 2/3 monexynsn plll, obycnosimsaer ancopb-
1o haroBeIX YacTHIl Ha kaeTkax E. coli, B T0 Bpe-
M kak C-KoH1IeBas 4acTh JaHHOro Oesika KOHTPO-
nupyer cOopky BHpHOHOB M CTaOMILHOCTHE MX
CTIpyKTYpHL. MyTauTh (ara, mpoayumpyoume Ge-
nok plll, yrparusumii 66npinyio gacte N-KoHie-
BOTO IOMEHa, 00pa3yroT HOPMAIBHOE YHCIIO HEHH-
(EKIHOHHEIX YaCcTHI MOHO}ATroB, HO MyTaHTHI TIO
C-xouuiesomy nomeny plIl mubo neransmel s
baxTepun, MO0 MPOAYLMPYIOT HEHH(EKIHOHHBIE
H OTHOCHMTEIIbHO HecTabHIbHEIe Monupary.

@ar fECO1 ¢opmuposan ouens Menkue Grsmi-
KM Ha rasone k1etok E. coli, ero A()eKIHOHHOCTE
[10 CPABHEHHIO ¢ UCXOAHBIM (haroM Osia cHuKeHa
B 25 pa3 ¥ B noToMcTBe OBUIO 3HAYHTENBHO BhIILE
coflepXkanHne MynbTHMEpHBIX Nomudaros. Tem He
MeHee aHTUreHHble NETePMHMHAHTEI, KOJUPyeMble
Bcrapkoit 171 mu w3 coctasa rena EcoRI, 6eum
NpeICTABICHBl HA TOBEPXHOCTH BHPHOHA, TO-
cxonbky THOpummbi# dar fECO1 sddextnero
HEHTpaTH30BAJICS ARHTHTENAMH MPOTHB PECTPHKTA-
361 EcoRl, B TO BpeMs kak Ha ¢ar fl atu anTHTENA
HE OKa3bIBATIM HHKAKOIO BIIMSHHA.

3arem anTHTena npotus EcoRI ancopbuposa-
JIM Ha NOBEPXHOCTH nonHcTHpenosol vauky Iler-
PM ¥ HAHOCHIM HAa HEe CMEeCh, COAEPKANIyIo
fECO1 (109 BOE/mMn) u Gombuioit w36BITOK
MI13mp8 (6 - 1010 BOE/min). Heceazaruuecs ¢a-
TH CMBEIBAJTH C YalleK CBEXEH CpenoH, a 3aTeM
smouposany agcopbuposasumecs ¢arosble dac-
THLBI KUCIIBIM GydepoM, HEHTPATH3OBATH €T0 Iie-
JIOYbI0 M THTPOBANH TIOTy4YeHHBIH Tpenapar Ha
pasubix wrammax E. coli. Okasanocs, 470 Inpe-
napar rubpyaHoro dara 3a oIMH WK MOXeET OBITh

oforaimies YacTHLAMH, CBA3LIBAIOLIMMHCH CO CIie-
nHQMUHBIMKA K BCTpoiike aHTHTenamu, B 1500-
7200 pa3s. Micxons M3 NoOJydeHHBIX pe3y/IBTAToB
aBTOp CHENAN 3aKIIOYEHME, YTO aHTHTENA MOryT
ObITE MCTIONB30BaHK! AN 0TOOpa creLHHYHBIX
KJIOHOB M3 OubiMoTexy CIUThIX (aros, conepxa-
umx pasHooGpasHbie ciyualiHble BCTaBKM KO/IH-
PYIOIIHX NOCHEN0BATENBHOCTEIH.

B cnenyromeit pabore C. ITapmneii u I. Cvut
(1988 r.) 3HaYHTENBEHO YIYUIIHIH npouenypy ad-
¢buuHOM ceneximH cimTeiX daroB Ha creumbuy-
HbIX AHTHTENAX, BOCIONB30BABIIMCE TeM, 9T0 6Ho-
THHHJIMPOBaHHbBIE aHTHTEJA ¢ BRICOKOH 3P deKTHB-
HOCTBIO CBASBIBAIOTCA CO CTpenTaBuIMHOM. B pa-
6ore ucnosib30sany OHOTHHMINPOBAHHBIE AHTHTE-
na npotus f3-ranakrosuzazbl ¥ rubpuusie darn
fd-tet, y xoropex B coctas rena /I Gs1H BCTPOEHRI
B MPaBH/IBHOH paMKe TPaHCIAIMH (PparMeHTs! reHa
lacZ pasmepom 71 nu (nonoxenus 1338-1408 xo-
Mpyowei nocneaoparenbHocT lacZ) wmm 335 nH
(nonowenna 861-1195). Ha nosepxHocTH mnone-
cTupeHoBbIX Haiwek [lerpu aacopGuposanu crpen-
TaBW/MH ¥ HAHOCHIH Ha HMX CMECh CIMTHIX (aros
u ¢aros aukoro Tumna f1, npearapuTe/ILHO HHKYOU-
POBaHHBEIX ¢ OHOTHHWIMPOBAHHEIMH AHTHUTEIIAMH
nporus $-Gal (puc. 7.9). TTocne aacopbunu u o1-
MBIBKH CBA3ABINHECH (DaroBble HACTHIBI JTHOHPOBa-
i kHcnbiM GydepoM, KOTOpEIH 3aTeM HeiTpanu3o-
BATH 11en04610. OKAa3an0Ck, 9T0 Aaxe npy u3bkiTke
(bara muxoro Tuna B 108 pa3 ynaercs ycrnemmo 06o-
ranjars cauTei Gar 8 6 - 104 —1 - 105 pa3 3a ogun
K agcopbuum. [MonyyennsiM npenaparoM, co-
neprkamyuM Kak oboraiuenwblii ciuTeii ¢ar, Tax
¥ HecrienMHUHO CBR3aBIIMICH C anTHTenaMy dar
JIMKOIO THNa, HHQHUMpoBany kiueTky E. coli u pac-
npefeNiaii HX TO arapu30BaHHON THTATeNbHOMH
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Puc. 7.9. Cxema reHoma ciutoro HuTeBuaHoro dara (a) u npusiun Guonennnra (6):

{ — onMroRykneoTHIHAA BCTPOifka, KopHpyoman mron; 2 — smron; 3 — GHOTHHHIHPOBAHHOE AHTHTEND;
4 — vwawka Ierpu ¢ ancopOHPOBAHHLIM CTPENTABHAHHOM

cpejie ¢ TETPALMKIHHOM [U1A pa3MHOXkeHus ¢ara,
KOTOPEIH NOABEpraad BropoMy mmkiy ab¢uHEOH
ancopbums ¢ antyrrenamy, [Ipy 310M JOCTHIAI0CEH
oboramenue ciuroro (dara yxe B 106 pas. Paspa-
6orannas npouenypa Obina Ha3BaHa Huonenunzom
(oT anrn. panning — NPOMBIBKA 30JIOTOHOCHOTO
recka). B mansmeinem kpome Genka plll B ka-
4eCTBE HOCHTeseH s GHoneHuHra MCNbBITRIBAIM
6eaxu pVIII 1 pVI. Onxaxo manmyqmme pesynbTa-
Thl TIOAy4eHsb: Ana plll, u nosromy B 6onBIIMHCTBE
paboT Henone3yloT BCTpoiiku B re [l nureBua-

HEIX (aros.

7.5.2. MenmudHeie ¢hazoebie 6ubnuomexu

I Cuvur u C. Tlapmuel, OCHOBbIBasCh Ha pe-
3yNBTaTax MOACALHBIX IKCIEPHMEHTOB, chopMy-
JIMPOBAJIM KOHLEMHIO (aroBoH 3MuTonHoH (nen-
THAHOH) 6ubnuoTekn, koTopas npeacTaBiIfeT co-
6ot cmech HHTeBHMAHBIX (AroB, JIKCIPECCHpYIO-
IIEX B COCTABE CBOEr0 MoOBEpXHOCTHOro Genka
B WMMYHOXHMHYECKH [OCTYNHOM BMlle moGkie
BO3MOXHBIE AMHHOKHCIIOTHBIE [10C/EA0BATEIIb-
HOCTH omnpenenennoro paiMepa. Hanpumep, men-
THA AuEOoH 6 AK uMeer 64 Mnu pasnu4HbIX Ba-
PHAHTOB.

Buonenunr Tako# snuronHOM OGubnHOTEKH
C OMNpEeNENCHHbLIM MOHOKIOHAILHBIM AHTHTEIOM
nossoyiseT 016upare cnMTeie daru, cneuuduHO
B3aMMOIeHCTBYIOIIHE ¢ 3THM aHTHTenoM, Cekse-
HUPOBAHHE BCTPOEK B reHOMe OTOOpaHHBIX KIOHOB
Gara paer uudopManmMo O CTPYKType 3nMTONA
(3MMTOTIOB), Y3HABAEMOTO H3Y4aeMEIM AHTHTENIOM,
[Mormyuennas uRpopMais MoxkeT ObITE HCNONB30-

BAHA /U1 KAPTHPOBAHUSE JIHTOIOB Ha ONpe/esieH-
Hom Genke, mpu paspaborke TecT-cHcTEM A
HiaeHTHUKALMH HHOEKIMOHHBIX AI'eHTOB, M3aii-
HE reHHO-HHXEHEPHBIX BaKLMH.

HUpero suuTonuol GubnmorTexH peanuzopanm
Jhx. Cxorr 1 I, Cmut B 1990 r, Onn coznany 6u6-
Jmmorexy Qaros, y Koropeix B rex /1 senej 3a no-
CJIeIOBATENILHOCTEIO, KOJAMPYIOIIEH CHIHAIBHBIH
nerrrun plll, B Tol xe pamxe TpaHcasuud ObLin
BcTpoernsl cermentel JIHK, cooTserciyiomue
BCEM BO3MOXHEIM BapWaHTaM rekcanerrujos. Ta-
kMM 00pazoM, MHIMBHOYanbHBIM (ar comepan
B redoMe onHy M3 mpuMepso 109 paznmumbix
BCTPOEHHBIX HYKICOTHIHLIX TOCIEN0BATENBHOC
Te# M MPeCTAR/IAN HA BAPHOHE COOTBETCTBYIOIMH
IeKCANENTHIHBIH 3MUTON B COCTABE CBOMX TATH
monexyn plll. Ha N-xouue spenoro Genka plll
BCTPOEHHBI rexcanenTwa Obll OrpaHdyeH 4e-
THIPbMA AMHHOKHCIIOTHBIMH OCTATKAMH.

B kauecTBe MOAENBHOH CHCTEMBI JUIA TECTHPO-
Balus MuTONHON GrbinoTekn asToph BHIGpaTH
JiBa MOHOKJIOH&IBHBIX aHTHTENA (Monoclonal anti-
body, MAb) — A2 u M33, cnemuduansix s
rekcanerrtuaroro anurona (DFLEKI) Genka muo-
reMepuTpHHa. [locne BTOPOro M TPETLEr0 IHMKIOB
6uonenunra seizessy JHK usaauspayansHbix
KJIOHOB CITHTHIX (DAroB ¥ CeKBEHHPOBAJIH BCTPOIKH
B ree I11. PesynbTarel 9THX IKCIIEPHUMEHTOB, Ipel-
CTapieHHble B Tabn. 7.2, IEMOHCTPHPYIOT pa3HoO-
ofpade anurTonop, ¢ pasnuusoi 3ddexrus-
HOCTBIO B3aHMOZICHCTBYIONIMX C BRIOpAHHBIMKM MO-
HOK/IOHATBHBIMY aHTHTEIAMH.
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Tabauya 7.2. Pe3ynbTarsl ARAIH3A KJIOHOB CIHTHIX (aros, oro0paHHEIX N0 adpHHEOMY CBRILIBAHHIO
€ MOHOKJOHAIbHBLIMEA anTHTeaavu (MAD)

YHC0 KIOHOR, Casseipanne (OI1 - 103)"
w30HpoBaRKEIX Ha MAb MAb M33 MAD A2
TINocnenosa-
wer T M33 A2 Fab IgG Fab IgG
DFLEKI 72 352 136 235
Tpemuii yuxa 6uonenunza
-===WL 16 203 551 229 233
--=-=ML 1 2 92 558 269 236
---AWL 14 14 242 139 273
Bmaopoii yuxa Guonenunzca
e - 1 94 318 118 290
CRFVWC 2 65 331 -4 -5
CE---C 1 18 294 -1 123
CR---C 1 21 205 4 217
--M-WL 1 35 288 1 125
---VQL 1 5 127 23 147
-~-AIV 4 15 43 97 142
-===Y= 2 67 157 9 253
-===IL 1 100 431 159 308
-~--1V 1 37 168 195 293

Hpumeyarnua: 1. [potepkaMy 0603HaYCHB AMHHOKHCIOTHBIE OCTATKH, HACHTHYHEIE COOTBETCTBYHOIIHM OCTAT-
Kam B TIOC/IEI0BATEIBHOCTH MMOTEMEPHTPHHA, NPEICTABIEHHOH B BepXHeil CTpoke.
2. Ces3biBanke onpeieNans no ontideckoit mnorHoctTy (OI1), nonyuensoii B MMMYHO(EPMEHTHOM SHANH3E.

Onurtonnkbie 6UGIMOTEKH HA OCHOBE HUTCBH/I-
ueIX (haror obecrieunBaioT ropaino Gonee rhhex-
THBHYYO ¥ [ELIEBYIO AJIETEPHATHBY XHMHYECKOMY
CHHTE3Y NMENTHIOB C LENbI0 KapTHPOBAHHUSA Hellpe-
PBIBHBIX MHTOMOB, cBA3kiBatomuxca ¢ MAb. C ro-
MOIIBIO (aropbix GHOIHOTEK MOXKHO KapTHPOBATh
H [pepBIBHCTBIE KOH(OPMAIHOHHEIE 3ITHTOIEI
(cm. 1. 17), opHako 310 0ObIMHO BO3MOXKHO TONBKO
B TOM CJTy4ae, KOrjla M3BECTHA TPEXMEPHAd CTPYK-
Typa Genka.

OnuronHas OubiaMoTexka MO3BONASET HICHTH-
(punHpOBaTH MHTAH/IL! JUIA AHTHTEI B CIIOKHOMH 1O~
nUKIOHATLHOM ceiBopoTke. [losromy addmumli
orbop cIHTRIX (haros NMpH HCTIOIB30BAHUH CHIBOPO-
TOK KPOBH NALHEHTOB, HH(UIMPOBAHHBIX BHpYyCa-
MH, GakTepHaAMM HIM MapasHTaMH, A&eT BO3MOXK-
HOCTb MICHTU(HIMPOBATL MENTHAEIL, NPHTOIHEIE
JUIA MCTIONIB30BAHMA B TECT-CHCTEMaX MUIs [Mar-
HOCTHKH COOTBETCTBYIOIHX MATONEHOB.

Ucnonesys B npoueaype GuonenuHra pacTso-
pyMbie QOPMEI PELINTOPOB WM ApPYTHE CBA3EI-
sarorue GekH, MOKHO 0GHAPYKUTE TENTH/IBL, KO-
TOPBIE MMMHKPHPYIOT IO/l 8KTHBHBIE I€TEPMHHAH-
Thl Ha TOPMOHAX, LIMTOKHHAX, cybcTparax depmen-
TOB, BHpPYCaX H JIp.

Qarossiii nucruied Gnarogaps ceoed MeTonH-
HecKod MpoCTOTe NOMYyHYHI HIMPOKOE pacnpocTpa-
Herwe. B pane naboparopuii He3aBHCHMO CO3AHBI
ciy4aiasie nernruansie aroseie Gubinorexkn ana
nienTiaoB pasmepom ot 6 1o 38 AK. Cnenyer umers
B BHJTY, 9T0 YK€ Ul OKTAIENTIH/I0B CJIOXKHO CO3JATh
TIONTHY10 6HBIHOTEKY BO3MOXKHEIX BAPHAHTOB.

7.5.3. ®azoesill ducnnel Genxoe

Betpoiika npoOTAMEHHBIX AMHHOKHCIOTHBIX
TIOCNE/IOBATENFHOCTEH B cocTaB  06ONOYeYHBIX
GenkoB HHTEBHIHBIX (aroB MOXKET MPHBOAHTH
K yTpare xussecrnocobnocTu Qaroe us-3a Hapy-
1ieHUs npoueccos cOOpkM BHPHOHOB M/HIM aa-
copbumut daropbix HacTHIl Ha OGakTepHANBHBLIX
knetkax. [lpeononeTs AaHHOE 3aTpy/HEHNe YacTo
yAaeTcsi 3a CYeT MCTIONb30BAHMA KIOHMPYIOIeH
cuctemsl armun (M. 2.2.7). B cocrase darmun
IKCMIPECCHPYIOT BapHaHTHI Crwroro rena [I] wnn
VI, Wudexuus kiaerok E. coli, HecymMx Takue
rubpransie Qarmuael, GaroM-nOMONIHHKOM (HH-
TeH AHLIA (ar, nedekTHEI 110 ynakoBKe B BUPHOH
cobereennoii JIHK) o6erano npusout k Gopmu-
posanHio Garosbix YacTHL, CoaepKamMx parmMui-
Hyi0 ofHouenoyeunyio JIHK u cocrannentpix Kak
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13 GeNKOB MKOIO THIA, TAK H M3 CIINTHIX BapHaH-
T0B. TakiaM 06pa3oM BO3HMKAKOT BHPHOHLI, MO3a-
nunbie no 6emky-rocHTemo. [lis parMunueix Bex-
TOPHEIX CHCTEM TIPHMHSTEI Cleayioupe obo3Have-
HuA: i 3 +3 — npH BeTpolike B ren I, Tvn
8 + 8 — npu BeTpoiike B ren VIII.

JpyroH papHaHT KJIOHWpOBaHMS — THN 33
(iu T 88) — 3akmouaercs B TOM, MTO B OIHOM
(aroBoM TeHOME MMEIOTCA OfHOBpeMeHHo Ten /1]
JIMKOTO THIIa ¥ TMOpHIHBIN BapHaHT 3TOTO reHa.
TMocnennwit obegHo knoHupylor B [R-o6nacTw.
Kraccuueckuit  BapuanT  (QaroBoro  aucruies
(cm. 7.5.2) obosuayaror Kak Tan 3 (Hm 8).

7.5.4. HanpaenexHan 3sonioyus 6enkoe

Ha ocHose (arosoro amcnies paspaboran me-

TOMMMECKMI TIOJIXOMl, HA3BAHHBIM HanmpaB/iEHHOH
seomouwmeli Genkos. IMocnenoearensnocty JTHK
BBUIC/ICHHRIX B pe3ynbrare OHONEHMHIa MENTHI08
1 Oenkos, aQPHHHO CBS3LIBAIOIIHXCH C LIENeBOH
MaKpOMOJIEKyJIOH, oABepraioT MyTareresy u gop-
MHPYHOT BTOpHuHYK (haroByio GuOGmHOTEKY, KOTO-
pas COnepPHHT pajHbie BApHAHTH 0TOOPAHHON Ha
NIEpBOM 3Tarie noceoparensHocTH. [Tpy aHanuse
co3naHHOi BropuaHoi 6HEIHOTEKH CIHMTHIX daros
MOXHO ODHAapyXHTh BAPHAHT, KOTOPLIH CBA3BIBA-
ercd C uernesoH MakpoMoneKyno# ¢ ropaino 6oms-
wieit 3(heKTHBHOCTHIO.

Hpyroii ciocob npenonaraeT HCMONL30BAHHE
M3BECTHOM HYKJICOTHAHOH MNOCIeNOBATEEHOCTH,
Konupyioweit npHponHeld nenTHa wiu GparMeHtT
Oenka, KOTOpBIi CBA3EIBAETCH C e/IeBOH MaKpoMo-
TIEKYNol, H co3nanue 6MGIHOTERH CIUTHIX haros,
HECYIIMX M MAcase BCE BOIMOXHBIC BapPHAHTHI
ITOM NMOCAe/IOBATENBHOCTH.

B niepeoii pabore ro nanpasneHHO# IBOMOLHH
Genxos B. Pobepre ¢ coasropamu (1992 r.) ocy-
LECTBUIH KACCETHBIH MyTareHe3 TeHTanenTHIa
B MHIHOHTOpE NaHKpeaTH4yecKoro TpHIcHHa Obika
(MIITB) u coznanu 6ubnuorexy dara M13, B koto-
poii B coctase ciuroro Genka plIl 6uino npeacras-
nero okono 1000 sapuanToB naHHOr0 HHrHOMTOPA.
B pesynerare Gnonenuura OBLT BHIAB/ICH BapHaHT
HUIITBH, koropeiit no 3¢ dexkTHBHOCTH CBA3bIBAHUA
¢ HeHTpodM/ILHOHN 311acTa30i YeloBeKa NpPeBocxo-
I uexoaseii 6enok B 3,6 - 106 pas. B nansseii-
weym paGoTel, BRINOIHEHHBIE B ApYruX naGoparo-
PHAX, TIONTBEPAHIH NPOAYKTHBHOCTh [AHHOIO
noaxosia juis GeJIKOB pa3HOro THMA.

7.5.5. ®azoewili ducnnel awmumen

Bonbulyio poss B COBpeMEHHOH MeAHUHHE H
BETEPHHAPHH MIPaeT MMMYHONPO(MIAKTHKA HH-
texuuonHbIX 2abonepanmii. [1pu paserTuyn HHpex-
HHOHHOrO 3abonesanka B MMMYKHOH CHCTeMe Op-

raHusMa HHAYLHPYWTCA OPOLIECCH], HanpasieH-
HBIE Ha MHAKTHBALWIO TATONeHHONO MHKPOOpra-
Hu3Ma. BakHoe 3Ha4YeHWe B TAKOH WHAKTHBAIHA
HrparoT anTuTena (MMMyHormobynuse, Ig). Crpyk-
TYpHas eMHHIAa WMMYHOrNoOynHHAa COCTOMT M3
JIBYX OJIMHAKOBBIX JIETKHX W JIBYX OfINHAKOBBIX TH=
JKENBIX TOMMIENTHANBIX LENeH, COeMHMHeHHRIX
BMeCTe AUCYThOHAHEIMI cBa3sME (puc. 4, 6, us.
BKJIEiKa). Y GONMBLIMHCTBA MJIEKOTIMTAIOHX 00-
HAPYXEHO NATh KJaccoB uMMyHornoGynuHo: 1gG,
IgA, IgM, IgD u IgE. IgG — mmaBHbI H30THI
UMMYHOTIIOBY/THHOB HOPMAJTBHOM CBIBOPOTKM KPO-
BH YEJIOBEKA.

Ller MMMYHOTIOOYIHHOB CBEpPHYTH B He-
CKOMTBKO TNOGYIAPHBIX CTPYKTYP, Ha3bIBAEMBIX J10-
meHamu (Cm. puc. 4, a, up. Bxuelka). N-KOHUEBRIE
JOMEHB! JTerkol M Tokenol uened uMmMyHornoby-
JHMHa SBAAIOTCS BapHabenbubiMK W 0603HAYAIOTCS
cooTseTcTBEHHO V| M V. C-KOoHI{eBOH TOMEH JIer-
KOH LeIH SBISeTCH KOHCTaHTHOH 4YacTeio M 060-
sHagaercs Cp. Tawensie LEnm cONepKaT no TpH
koHcTaHTHEIX fomena: Cyl, Cy2 u Cy3.

Kaxabit uMMmyHOrmoGyiue  BBRINONHAET JiBe
dysxupu. OaHa obnacTs ero MOIEKY/bI [peHai-
Ha4deHa 177 CBA3KIBAHMA C aHTMTEHOM, a Apyras
OCYHIECTB/ISET TaK HalbiBaeMmble J(pexTopHEIE
dyuxumm. K HUM OTHOCHTCS CBA3LIBAHHE HMMYHO-
mobynuHa C TKAaHAMM OpraHM3Ma, pasHYHBIMH
KJIETKaMH HMMYHHOH cHCTeMbI B GenkaMu CHcTe-
MBI KOMIUIEMEHTA. AHTHICHCBASBIBAIOLIUE LIEHTPBI
obpaszopanbl BapHabGeNbHEIMH y4aCTKaMH LEneit
Ig. MporeoauTHueckuii (pepMEHT NMANAWH pacuieT-
nsetr monekyny IgG Ha Tpu ¢parMeHTa: 18a aHTH-
rescps3bisaronimx Fab u ogun Fe.

Oxasanocs, 4T0 ¢ NOMOILIO TeXHONOrHy da-
TOBOIO [IMCIUIES MOXHO HA TOBEPXHOCTH BHPHO-
HOB HHTEBHIHEIX (haros npencTasiAts Fab-¢par-
MeHTH! HMMyHOrnoOymuHOB. Jlna amHx neneit
00bIMHO HCTONB3YIOT CHCTEMY KAOHHPOBaHMA
Thna 3 + 3 (cm. 7.5.3). B darmuae xoHCTpYHpYIOT
reH, B KOTOPOM ITOCNIEIOBATEILHOCTD, KOAUPYIO-
LIYIO JNErKyio MM Tskenyio uerns Fab-dparmenta
IgG, obbenHHAIOT B MPaBUIBHON paMKke TpaHCnA-
uuH ¢ redoM /1. Bropas, nononHs0mas rnoamHern-
TaaHas penk Fab-dparMenTa 3KcrpeccHpyercs
B cBobogHOM Be. Tlpu 31OoM 00e nenessie Koam-
pyIOLIHE TNOCNENOBATENBHOCTH COCTBIKOBBIBAKOT
C TeH-IKBMBAJIEHTOM CHTHAILHBEIX [ENTHAOB
(puc. 7.10, a). Tlocne cekpenHH B MepHIUIAIMA-
THYEeCKOoe MpocTpaHcTBo KieTkn E. coli obe uenn
accouMMpyroT ¥ obpasylor aktusHbii Fab-¢par-
menT (cm. puc. 7.10, 6).

Hns roucka meToaom Parosoro QHCIUIEA CIie-
IHHYHEIX aHTHTEN, B3aHMOEHCTBYIOIMX C me-
NIeBLIMH AHTHTEHaMH, CO3NAI0T bubruomexy an-
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Placz 5 Vi G § Vy pint

oriColEl  +— Ap |}

Puc. 7.10. Tubpuanas darmuia, sxenpeccupyoias crutalit 6emmok VyCiy—plll
u asroHomHblt noaunentya Vi Cy (a), u yactuua cnuroro dara (6)

B-K11eTKH 4enoBeKa
OT HMYHHOT'O JOHOPa

l Brenensie B E. coli
- n Butimmoreka F, -pparventor

[@D ([E{IID] 4e0BCUECKHX aHTITE

Hubuumposanue
\ ) (haroM-noMoLHHKOM

Puc. 7.11. Cxema cospanus aropoii Gubnmorexn anturen (Fab-$parmentos).

DparmenTsl FeHOB TANKENON H JETKOM ueneil nMmyHorobyniHoe aMiinguunpyior s TP ns JIHK B-knetok genosexa
¥ cOBHPAIIT B KOAMPYIOLIKE NOCNENOBATEABHOCTH, KOTOPHIE B NPaBIbHON PaMKe TPAHCAAIMH BCTpansaioT B ren [1]
B coctase garmuan (em. pue. 7.10)
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mumen (Fab-parMenToB), npeacTasieHHbIX Ha
noBepxHocTH (paroseix gacTHiL [Tpy 3ToM HamTyy-
IIHE pe3yneTarThl MOryT ObITh JOCTHTHYTBI, €CITH
MCITONBb30BATh B KayecTBe MCTOYHHMKa renos IgG
B-mumdoumTel crieundHyueck HMMYHH3HpOBaH-
HBIX JI0HOpOB. Wcnonk3opanue GubmoTex aHTH-
Tel 0T HEMMMYHH3HPOBAHHLIX JIOHOPOB OOBIMHO
HE NO3BONAET BhIJICIHTEL aHTHTENA, BhICOKO3(dex-
THBHO CBA3BIBAOIME M3yYyaeMblH anTHreH(bl) (Ha-
npuMmep BHpyc). Cxema cosznanus Qaroseix 6ub-
JIHOTEK aHTHTEeN npusenena Ha puc. 7.11. Tlpexcra-
BHTesIbHBIE OHOMMoTekn Fab-gparmentoB oBbr4HO
coneprar 109-10'0 xnonoe cmeix Qaros.

Xots cenektMposaHHbie B pesynsrare Guore-
HHHTA aHTHTENA NPEACTABIAIOT HECOMHEHHBIH HH-
TEpeC Uif HAYYHLIX MCCIeNoBaHWM, ux a(duu-
HOCTh 9acTO HEAOCTATOYHA UIA HMCMONb30BaHMA
B MMMYHOTEpANUH, HEHTPaIH3AlHH BHPYCOB MIIH
BBEICOKOUYYBCTBHTEJIGHOH ~ MMMYHOJHATHOCTHKE.
Jng cosnanus anTutesn ¢ Gonee BEICOKMM CPOACT-
BOM K LIEJIEBOMY AHTHTEHY Ha OCHOBE 0TOOpaHHBIX
HA NEPBOM JTane cauThiX (aros popmUpyIoT mo-
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CTABUIIbHOCTb NMBPUAOHBLIX MONEKYI OHK
B KINETKAX ESCHERICHIA COLI

BaxrepualbHble BHEXPOMOCOMHBIE MOJIEKYIIb!
JIHK, kak u mobsle Ipyrie reHeTHYECKHe CHCTe-
MBI, XapaKTepH3yKTCH OMNPENENeHHOH CTEeNeHbIO
necrabumsnocty. HanGonee xopomio 3ta npoGne-
Ma H3ydeHa s wiasmun E. coli.

MOoXHO BBIIENHTH ABA THIA HECTaOHIBLHOCTH
[LIA3MH]] in VIVO: YTPATa B [IPOLECCE ACNIeHHs Kie-
TOK-X035i€B  (CerperaiHoHHas HecTabMILHOCTB)
H H3MEHEHHE CTPYyKTYyphl (CTpyKTypHas HecTa-
GribHOCTS).

Haxozsce B 6akTepHaibHON KIETKE, TUIa3Mu-
JIbl C OIpeJesNeHHOH 4YacToTOH [oABepraiorcs
CTIOHTAHHEIM I€HETHYECKUM H3MEHEHMSM, TAKUM
KaK TOYEYHBIC 3aMEHBl HYK/ICOTHJIOB, JIENELMH,
IYTUTMKAIHH, MABEPCHH, BCTPOHKHA WIEMEHTOB TH-
na IS (insertion sequence) u Tn (Tpancnosouos).
O6B4KHO Takue H3MEHEHHA CTPYKTYPh! IPUPOIHOH
NIA3MH/ILL HE J1a10T el CeNIeKTHBHLIX NPEUMYILECTs
B Pa3MHOKEHHH TIepe/l HCXOIHBIM BapHaHTOM. 3T0
o0ycrop/MBaeT AOCTATOYHO BBICOKYIO CTabMiIb-
HOCTB CTPYKTYPBI [LI2IMHIBI B PaCTYLIEH KYIBTYpe.
Ecim e uamMenenna npusojisT B BeIGpanibIx ycio-
BHAX KYJIETHBHPOBAHHS K MOBBILLEHUIO YPOBHS Ha-
CIIE/IOBAHHA Ma3MHIBI KIETKOH WM JIaloT Cenek-
THBHOE NPEHMYIIECTBO KJIETKAM, HECYTIHM TaKyio
[fa3MMLy, TO B NpOLECCe POCTa KYILTYPhl HCXO/I-
Has [wiasMuaa GyneT NocTeneHHo BHITECHATECH MY-
TaHTHOM (opMoii. Korjia Hanuane riasmuabl CHH-
KAeT IKHUIHECTIOCOOHOCTE Ki1eTKy, nomynamus Gy-
ner B nponecce pocta oforauareCsl CHOHTZHAO
NOABIAIOIIMMHACS OecrmmasMHIHBIMH KIETKAMM.

CrabuiIbHOCTD CTPYKTYpBl IUIA3MMIEI H €€
nojepxKasue B Kylbrype 6akTepHaltbHbIX KIETOK,
TIO-BHAMMOMY, BO MHOTOM 3aBUCHT OT OKpyXalio-
wmX ycnopui. M3sectHo, uro npu pocre Ha Gora-
ThIX MMTATENBHBIX CPelax IU1a3MUA0COAepKALIHME
¥ BecnaiMHIEbIe KIETKH OOBIYHO JIENATCH C OfH-
HAKOBO# CKOPOCTHIO. B yCnoBuaAX e JIMMHTHPOBA-
HHA M0 Kakomy-nH60 ¢akropy pocTa y IiasMuIo-
COJIEpXKAlMX KJIETOK BPEeMA IeHEpalMM, Kak rpa-
BMII0, Gonbine, 9em y w3oreHHoro GecruiasMuaro-
ro wramma. BepoaTHo, 310 00yCI0BNEHO TEM, 9TO

MasMHla BHOCHT OIpe/ie/ieHHBIC M3MEHEHHA B
Merabonmsm OGakTepHanbHOM KIETKH, 9TO IpH-
BOIMT K TIOABJICHHIO JIOTIOMHUTEIBHBIX ITHILEBbIX
norpebHocTell y IUIa3MMAOCONEPKAIIMX IHTAM-
MOB. B HEKOTOPEIX CiTydasx MpH JIHMHTHPOBAHHH
pasMHOXEHHA KYIBTYPBI TT0 Kakomy-nH60 dakTopy
pOCTa MOryT CeleKTHBHO OTOMpaTLCs TaKHe Bapy-
aHTBI [1a3MM]1, B KOTOPBIX HAPYILEHBI JIMIIL ONpe-
JIENEHHBIE TEHETHYECKHE JIeTepMHHAHTHL. Tak,
II. Tonsus u k. Cisdirep (1979 1) nokasany, 4ro
NpH pocTe momnynaumu knerok E. coli, conepxa-
mrx naasMuay TP120 (Apr Cmr Ter Sur), B yeno-
BHMSX XE€MOCTATHOTO JIMMHTMPOBAHMS T0 TTOKO3€
n3buparenbHO MHAKTUBMPOBAICA TeH fef. A TpH
renocrarke Qocdaros nnasmuaa TP120 yrpaun-
panach GaKkTepHaTbHBIMK KIETKAMH LIETHKOM,

B ananoruusoi pabore Jl. Hoak ¢ coasTopamy
(1981 r.) o6HApYHITH, ITO IPH ONIPEAENEeHHBIX YC-
NOBMAX JTMMMTHPOBaHMA POCTa 110 TINOKO3€ MK
XJI0pHly aMMOHHA B HEKOTOpPBIX miTtamMmax E. coli
JIETEPMHMHAHTA YCTOHYMBOCTH K TETPAUMKIMHY
nnasmuael pBR325 (Apr Cmr Ter) MoxeT yTpadu-
BarbCs ¢ GONblueH CKOPOCTHIO, YeM ApyrHe aeTep-
MHHAHTHI 3TOH miasMuael. MuTepeckro, uto B Ta-
KHX ke ycnosusax mrasmmna pBR322 (Apr Tcer) co-
XPaHANACh B KJIETKaX CTabMIbHO.

W3yuenne nopaepxanna niasmua Tina ColEl
NpH XeMOCTATHOM JIMMHTHPOBAHMH POCTa KYJIBTYD
no mmoko3e unM gocdaram nokasano, HTO nias-
muzael pPBR322 u pMB9 yxe nocne 30 renepaiimii
E. coli ytpaauBaioTca U3 3Ha9HTENbHOMN 9acTH Kiie-
TOK KYJBLTYDEI, B TO BpeMa Kaxk IaiMusl RPI,
pDS4101 1 pDS1109 B Tex xe ycnosuax crabuib-
HO coxpaHsiorcs B kierkax u mocne 120 renepa-
umit. Kpome Toro, B rnpouecce JUIMTENLHOTO Kb
THBHPOBAHUA TIPH HeoCTaTKe akTOpOB pocTa Ko-
NMHAHOCTS IUIa3MHKA B KneTkax £. coli mocTenenHo
CHMKAETCH, YTO OOYCNoBIMBAET IOBLILIEHHYIO
4acToTy nossneHusa GecnnasMuaHbIX KneTok. Kak
BHIMM, /UiA Gonee HaZeXHOr0 COXpaHEHMs IUias-
muaoconepkammx wrammoB E. coli neobxommmo
BhIpALABATE HX Ha OOrarsix cpenax.
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Pasuble n1a3Mujibl B OTHUX H TEX JKE YCITOBHAX
ofnanaror pazmuuHol crabuasnocTsio. [loaTomy,
HECOMHEHHO, CTPYKTYpa (reHOTHIT) I1a3MHI HMe-
er Conbuioe 3HaYeHye B 1eTEPMHHUPOBAHUHK CTA-
OmwisHocTH MX noauepxanua B GakrepHanbHBIX
K1eTKaX. BEIABHTH OCHOBHBIE T¢HETHYECKHE 3Jie-
MEeHThI [UIa3MHJI, BIHAIOLIME HA MX CTAaOHIbLHOCTD
B KieTkax E. coli, no3sonnia cepus MCCnenosa-
HUIL

Kak u3BecTHO, 1j1a3Musibl 1o criocoby peruin-
KALMK JIEJIAT Ha JIBa THIIA: CO CTPOrMM U ¢ ocnab-
JIeHHBIM KOHTpONeM pemmkauuu (cm. 2.2.1).
[l1a3Muiel NEpBOro THUMA MMEIOT HH3KYIO KOITHi-
HOCTb, @ IMUIA3MH/Il BTOPOrO THIA HAXOAATCH
B K/IeTKax B KOJMYECTBE HECKOIBKO JIECATKOB KO-
mnii. Eci npenmonoxuTs, 9T0 niia3MKIs! pacnpe-
NENAIOTCS 10 JOYEPHHM KIETKaM ciyyaiueiM 06-
pa3zoM, TO HU3KOKOTIMHHBIE [1/1a3MH/Ibl JIOMKHEI YT-
pauMBaTBECA M3 KJIETOK pacTyIleH NONmyasnnH
¢ Gonbluei 9acTOTOM MO CPABHEHHIO C BBICOKOKO-
NHMHEIME TIasMuaamy. OHAKO OKa3alaock, 9TO
oba THna MPHPOMHBIX IUIA3MUI OJMHAKOBO CTa-
BUITLHO COXPAHSMIOTCA NPH JUTHTEIBHOM KY/ILTHUBH-
poBaHWK IUIA3MHAOCOAepKAlMX KieTok E. coli.
370 yKa3elBana0 Ha HATMYHE CMEeNHaJbHOI0 Mexa-
HH3MA PaBHOMEPHOIO pPAChpefeNeHMs IUIaIMHI
npy nenenun OakrepuanbHblx KieToK. [eHcTeu-
TEIBHO, yIa10Ch HACHTH(OHIIMPOBATE H OXapakTe-
PH30BaTEH MIa3MHAOCTICLM(HYHEIE JIOKYCEI, OTBET-
CTBEHHEIE 3a PABHOMEPHOE pacrpeliesienue TaKUX
HeponcTBennbix miasmu, kak pSC101, NR1, R1,
pCloDF13, F, P1 u ap. Janusi nokyc Obli Ha3saH
par (ot aurn, partition — pasfiesienne), H 1o csoei
POJIH OH HanOMMHAET HEHTPOMEPY 3YKapHOTHYE-
CKHX XPOMOCOM.

IT. Mexok 1 C. Koau (1980 ) ycranosunu, aro
8 cocrase nnasmuasl pSC101 vaxoouTcs y4acTok
par pasmepom He Gonee 270 nw, xotopei (ynk-
IMOHHPYeT TOJNBKO B yuc-nonoxkenun. Onpenene-
HA HYKIEOTH/IHAs TIOCJIENOBATENBHOCTE 3TOro
YHYacTKa ¥ TIOKa3aHO, YTO OH HMMEET MATHHAPOM-
HYIO CTPYKTYPY (CONEPIHT HHBEPTHPOBAHHBIE MO~
BTOPEI) ¥ C HHM MOryT CBA3LIBATHCH OlIpE/IENeH-
Heie 6esmkn. B naasmuae pSCI01 yyactok par na-
XOOHUTCH OKOJNO JIOKYCa Ori, HO OTIHYEH OT HEro
M HE CBS34H C reHaMH, KOHTPOIHMPYIOIHMHM KOIHH-
HOCTb MIIH HECOBMECTHMOCTD I1/1a3MHJIBL.

Beenenne cermenta [IHK, comepwauiero par
pSC101, B cocTas HecTabMIBHBIX ILIA3MU/] NPHBO-
AT K cTabunusaimy (XOTS ¥ He TOJHOM) UX Ha-
cnenoeanua. [Tpudem nanusii 3QeKT nposBAics
kak Ha myrantax pSC101 ¢ nosmxkennoi crabuis-
HOCTBEO MOMJICPIKAHMS, TaK M Ha HEPOACTBEHHbIX
maasmunax pACYC184, pBR322 u pBR327. [lo-
KA3aHO, YTO B OAHY M Ty e mnasmuny E. coli

MOXHO BCTPOMTH IO KpaifHe#l mepe [Ba romoso-
THYHBIX MM PETEPOJNIOrHYHBIX ydacTka par. Cra-
OMITBEHOCTE MIA3MHALI MPH 3TOM HE CHHXKAETCH.
Takoe nosefieHue oTIHYAET par OT LEHTPOMEp
IYKAPHOTHYECKHX XPOMOCOM, TaK KaK 3YKapHOTH-
YecKHe XPOMOCOMEI, COIEpXallMe aBa HEeHTpo-
MEPHBIX YHaCTKa, O4eHb HEeCTaOUIbHEL

Y nonosoro ¢akropa F B nokyce par xkpome
nelcTeyiomiero B yuc-rionoxenny ydactka JJHK
BHISBHIIM [IBA NPUIETAIONIMX K HEMY rema, (QyHk-
LMOHHPYIOIIHX B MPaHC-TIONIOKEHHH M KOAHPYIO-
umx GeskH, CymeCTBEHHBIE A mponecca pasie-
neHus Monexyn nuasMui. [onHsil paiMep Takoro
nokyca par cocrasiger 2,8 Tnu. yuc-Jleicreyro-
LMl 3NEMEHT JIOKYCa par COCTOMT M3 pszia nps-
MBIX TIOBTOPOB, KOTOpLIE BKIFOYatoT Gonee KopoT-
KHEe MHBEPTHPOBAHHBIE TOBTOPHI (MANHHPOMEI).
C 370# NoCNENOBATENBHOCTEIO CBASLIBAIOTCS MU1a3-
MuaHble GeslkH pasfienienHs M HeKoTopeie Gesku
K1eTKH-X03suna, u Takoii JJHK-6enkoBriil koMil-
JIeKC, Ha3BaHHbIH napmucomoli (partisome), obec-
MEeYMBAeT TPaBHIBHOE pacnpeie/ienue IasMHl
MeX1y NOYepPHHMHM KiIeTkamu, 00pa3ylommuMHcs
npu nenenuy. Jlns nokyca par npodara Pl, koro-
phifi hakTHHEeCKH SBIAETCH HM3KOKOIMMWHOM MNiai-
MHIOH, 0OHapyXeHO YIMBHTEIBHOE CXOICTBO B Op-
raHM3alMH ¢ JIOKycoM par nonosoro ¢axropa F.

3nanKe MOMHOH CTPYKTYphl par PHBETIO K 3a-
KJIIOYEHHI0, 9TO MyTeM BCTPOHKH BCEro JIOKyCa B
COCTaB HECTAOWIBHO TMOMNCPIKMBAEMBIX ILIA3MHI
MOXHO JOOMTECS CymniecTBeHHO GONBINEro MoBki-
meHHs cTabumbHOCTH B kiaerkax E. coli, 4eM npu
BCTPOMKE TONBKO yuC-NEHCTBYIOLLETO 3NEMEHTa.
JlanHo€ NpEeAnoNoKenHe NOATBEPAHIOCH B IKCIIE-
pPHMEHTE: TOKa3aHo, YTO BBEJEHHE MOJHOTO JIOKY-
ca par CHIKaeT CKOPOCTh YTParThl KIETKaMH [L1a3-
M 10 Kpaiineit mepe B 100 pas no cpasHeHHIO
€ €ro MHAMBUAYATBHEIM yuC-ACHCTBYIOIMM 3J1e-
MEHTOM.

Upe3ssbIyaitHO MHTEpeCHkIH (akT oOHapyKuIu
K. Ixepnec ¢ coasropamu (1986 r.). Okasanocs,
9TO OfMH K3 GeNkoB pasenenus, KOAMpyeMEIi re-
HoM hok nokyca parB mnasmuner R1, ofycnos-
nuBaer rubens knetok E. coli, yTpaTHBIIMX JaH-
HYI0 HHIKOKOTTHITHY IO MJ1a3MiLy, ¥ TakuM obpazom
JOCTHraeTcs «CcTabunusaims» MoiIepKaHus IToi
rraimMKael B bakrepranererx kneTkax. INonarator,
4TO B IU1A3MHIOCONEPKALIMX KIeTKax KHIUIepHas
(ybusalonas) akTMBHOCTE 3TOro Geska He nposs-
NseTcs, TaK Kak OHA CyNpeccHpOBaHa JIpPYTHM
naasMHAHBIM GeTKoM, KOAHUPYEMBIM T'eHOM sok TO-
ro xe Jlokyca parB. B kierkax, yrparuBIunx rias-
MHAY, CYNPECCHA CHHMAETCSH, BO3MOXKHO, BCIIE/CT-
BHE MeHBIIEH cTabHIbHOCTH ruraMHanoTo GenKka-
cynpeccopa. JKCNEPHMEHTATBHO [OKA3aHo, 910



206 Maea 8. CTABUNbHOCTE TMEPVOHBIX MONEKYN AHK B KNETKAX ESCHERICHIA COLI

1,2

IMnasmuaocogepxkaume ietku, %

YHeno KICTOMHBIX JSHeHHH

Puc. 8.1. Coxpanenne nnasMujl Npx JUIHTEALHEIX lICpEceBax HHAKMBUAYalbHLIX K1oHoB E. coli CSHS54,
cofepxalnmx wasmuay pBR327 (/-5) n pBR322 (/7-6")

BCTpoiiKa parB w3 nnasmuias R1 B npoussosiHeie
pBR322 mosbnuaer crabwibHOCTE HX  NOJ-
nepxanun B Kietkax E. coli na Tpu nopsjika.

Taxum obpazom, Npoiece papHOMEPHOIO pac-
npejiesiernA NPHPOJIHBIX NIa3MuUJL NPH JICJICHHI
DakrepHaibHbIX KIIETOK KOHTPOIMPYETCH A0CTa-
TOYHO CJIMKHO OPraHH30BaHHON TUIa3MHJTHON CHC-
TeMol par, Ha PYHKUNOHEPOBAHKWE KOTOPOIl MOTYT
BIMATH ¥ HEKOTOPBIE I'HBl KIETKH-X03sMHA. Bo
MHOTHX BEKTOPHBIX NMiasMHJiax, CO3dHHBIX B pe-
3YIIETATE TEHHO-HHKEHEPHBIX MEPECTPOEK MPHUPOI-
HBIX TNA3MHA, par-NOKychl OKa3anwuch HapynieH-
HLIMK WIH BOBCE JIeIETHPOBAHHBIMK. Takue rnas-
MHJIbI B PacTyIIEH KYNIBTYPE pacnpeiensoTes
MENTy JIOYEPHHMH KIETKaM# CiTyuainbiM obpa-
30M, H HA CTAOMABHOCTE MX HACHEAOBAHHSA KNeT-
KaMH OCHOBHOE BIIHSHUE OKa3biBaeT KONHWHOCTH
ITUX FUIASMM]L

Muorue BekTophbie niasMuib E. coli nony-
qeHbl Ha ocHope mnasmvu] thna ColE |, u3 koropbix
Havbonee nomynapHbl rulasMuasl rpynnsl pBR
M MX MHOrOYMCIIeHHRIe npousBosineie. |losToMy
crabunbHOCTh nopiepxanus B E. coli kak panasx
BEKTOpOR, Tak M rubpruseix monekyn JIHK, co-
3/laHHBIX Ha MX OCHOBC, M3YYeHa AOBOJIILHO MO~
pobrno. B naboparopun C. H. Ulenxyhosa
(19841985 rr.) nposesieH ananus cTabMILHOCTH
noanepkanns B knetkax £. coli pekropusix nmaz-
mua pBR322 u pBR327. [lns storo ciy4aiiHo
orobpannsie knoksl TpaHcdopmanTos E. coli non-
BEpraiy JUIMTCILHBIM NacCHpoBannaM B Ooraroi

WUNKOH nHTarensHoil cpele De3 cenekTHBHOro
JIABJICHHA NO MapkKepaM I1a3sMul M ONpelesisuTi
B KYJILTYpe Ha PasHbiX ITanax naccupoBanus JIONo
MIasMHI0COIEPKAUINX KITETOK.

Pesynsrarsl 9THX IKCIIEPUMEHTOR  1OKA3a/IH,
4TO HMECTCH 3HaYMTENbHAA PETEPOrEHHOCTh HH/IH-
BHIYANBHBIX  TUIA3MHJIOCOJIEPXKAIAX  KIIOHOB
E. coli no ypopHio cTabWILHOCTH HACIEI0BAHMS
rnasmua (puc. 8.1). Ilpwuem nnasmmna pBR327
cymecTeeHHo  ctabMiibHee  NoJUICpXKHUBACTCA
B Knetkax FE. coli, wem pBR322, no-suaumomy,
W3-3a TOTO, YTO €€ KONMHHHOCTH B ITHX KIeTKax
B TpH pasa sbitne. HeoBXxoaumMo orMeTuTs, 41o oba
MUIa3MUJIHBIX MAPKEpA YTPa4HBAIMCE KJIETKAMM
OIHOBPEMEHO, T. €. TUIA3MI/Ia ATHMHUHHPOBATACH
nesnmkom. Bpems rencpaunu OecruiasMwiHBIX M
MIa3MHIOCONIEPKAIMX  KNCTOK B BHIOpaHHBEIX
yenouax Obu10 0iMHaKoBLIM. TTOHBITRH H3EUUTE
O IuasMuabl  cTabuneHblit - cyOknon E. coli
CSH54[pBR327] Ne 3 (cm. puc. 8.1) ¢ noMonisio
AKPHJIMHOBOI'O OPAHXXCBOIO HE JIAIH NONMKHTENb-
HBIX pezynsTaron. [1nasmuay npu 31om o6Hapy»xu-
BAJIH BO BHCXPOMOCOMHOM COCTOSHMH,

Jlns Toro 9ToOEI BEISBUTE BOIMOXHBLIE H3Me-
HEHHA CTPYKTYpPhl JIa3MHjibl B BBICOKOCTaOHITb-
HOM KJIOHE, €€ BBUICJIMIIH U3 KJIETOK U IPOBEIH
PECTPHKIIMOHHBIH HAMH3 ¢ MOMOLLUBIO MEJIKOIIIE-
nsne pecrpukTasel BspRI. Pazmuuii B pectpuk-
IHOHHBIX KADTHHAX BBIJICNICHHBIX TUIA3MUJIHBIX
JIHK w ncxomnoii pBR327 ne obuapyweno. Ilpn
Tpanchopmatiun knerok E. coli CSHS54 nnasmun-
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moi JIHK wu3 crabunbHeix wioHos Habmiopamn
OOBIYHYI0 TeTepOreHHOCTh TPaHC(OpMAHTOBR MO
NpH3HAKY CTaOHIBHOCTH TOUICPHKAHMSA TA3MUIBI
pBR327. 310 koCBEHHO MOATBEPIKAALT, YTO BLICO-
Kas  cTabMABHOCTb  HEKOTOphIX  BapHaHTOB
CSH54[pBR327] obycnopnena reHOTHIIOM KIETOK.

Koppensuns Mexay crabHILHOCTBIO mOAep-
KaHUA iasmu) B kietkax E. coli B TPyIHOCTBIO
MX 3TMMHHUPOBAHMS M3 ITUX KIETOK C MOMOLIBIO
uuTepkaTHpytonmx B JJHK arentoB obHapyxena
TaKke B psae apyrux naboparopuii, BoamoxHo,
910 OOBSACHAETCH MOABAEHHEM CMOHTaHHBIX MYy-
tanToB E. coli, KoTOpBIE HEXH3HECTIOCOOHBI TTPH
OTCYTCTRHMH Kakoro-nuGo Genka, nerepMuHMpye-
MOro mnasmuaof. [laHHoe ABIEHHE MOXKET OBITH
HCTIONL30BAHO U CeNeKUMH CcTabHnbHBIX mnas-
MuIoconepkamux cybinonos E. coli. Hanpumep,
wrammsl E. coli HB101(recA-) u CSH54(rec?),
cozepskamme mnasmuay pBR327, nacchposamm
B KHAKOH Cpefle ¢ aKpHAMHOBBIM OpaHKeBbiM W
aMIHLWLTHHOM (npubnusuTenbHo 70 renepaiyii).
Iocne 3roro cnyyaitaeiM o6pasom oTOHpann psaj
HHIHBHYATbHEIX KJIOHOB o6oux mwTamMmon. DTH
KIOHB! B AafnbHeHnieM [AacCHPOBAIIH B HECEJeK-
THBHBIX YCNOBHAX H AHAIMIMPOBATH crabunb-
HOCTh HACJE/OBAHHA B HHX mnasMuabl, Okaza-
nock, uto Bo Bcex 10 HCCaeN0BaHHBIX KIOHAX
E. coli HB101 uepes 13 naccaxeii, Kax Il U3 Ko~
TOPBIX COOTBETCTBOBAN 7 NeHEpaIHAM, KOMHYECT-
BO [La3MHI0CONEPKAILMX KICTOK PEe3KO CHHXa-
JIOCh, & depe3 23 naccaxka MNasMuay yTpayHpaiu
NOYTH BCe KIETKH. B TO e ppeMs 5 u3 8 KIOHOB
E. coli CSH54 paxe gepes 35 naccaxeii ycroiun-
BO COXpaHaTH 1nasmuay. Takum obpasoM, nanHbIH
NOAX0/T MO3BOIKI YCHEIIHO CEJIEKTHPOBATh CTa-
GunbHble NaIMBAOCOaAepkanue CyOKIoHE rect-
mramma E. coli. Tlonygennbie pesynsTars! yKasbl-
BAIOT TAKOKE Ha CIIONHOCTD B3aUMONCHCTBHSA FEHO-
Ma TIa3MHJl C FEHOMOM KJIETKH-PELHITHCHTA.

Pang renoe E. coli, Bapsioniux Ha crabuib-
HOCTh MOJACPXKAHHA MIA3MHUIHBIX MOJIEKYN, YXKe
seisBed. Tak, jnsa perwmakammn masvua ColEl-
THIA HeoOXOLMMB! paziHulble (aKTOph!l KIETKH-
xo3sHHa, B uacrHoctn JHK-nomamepasza | u
PHK-nomumepasa. Mytaute E. coli, nedextrhie
no IHK-rupa3e, snnonykneasaM I, 111 u V, xapak-
TEPH3YIOTCS NOBLILIEHHOM YaCTOTON YTPATH! IU1a3-
muj Tuna ColEl. Tem we MeHee 0 B3aHMOOTHO-
IMeHHAX [183MHEJIB] ¢ KJIETKOH-X034MAOM H3BECTHO
eme odeHs mano. Hanpumep, HaliieHsl WITaMmbl
E. coli, obecneunBarolme ctabuibHOe Nomiepxa-
HHE THOPHIHBLIX TINA3MHJ, OJHAKO FeHeTHYecKas
OCHOBA 3TOr0 SBICHHMS I[IOKA HE YCTaHOBIEHa.
JlansHelHiMe HccnenosaHKs no3sonsaT bonee ne-
JICHANpPaBIeHHO (OPMHPOBaTh TEHOTHIT ILTAMMa-

penunuenTa, A8 TOro wtobel crabuamiMposars
HAC/IEI0BAHHE BBOJIMMEIX B HEFO (L1AIMHJL.

[lpE KOHCTPYMpOBAHWH in vitro THOPHAHBIX
monexyn JHK ® nocneayioniem BBeNeHHH HX
B Kietku E. coli BOZHMKAIOT AONONHHTEILHLIE
npobnemMbl Kak co cTabuIbHOCTBIO HAC/IENOBAHNUA
9TUX MOJIEKYI, TAK H C YCTOHYHBOCTBIO MX CTPYK-
Typhl. B 4acTHOCTH, BCTpoeHHbIi B ILIa3MMIY
CHUILHEIH TETEPOJIOTHYHBIH TPOMOTOP MOXET Ha-
PYUIETH noajepikanne rebpuanbix monexyn JHK
B Gaxrepuu, Takoi sddext obyciopieH TeM, 4To
MHTEHCHBHAA TPAHCKPHILMA ¢ KJIOHHPOBAHHOIO
MPOMOTOpA MOABIAET PEITHKALMIO [1a3MH/IBI |,
CJIE/IOBATETBHO, NPHBOAHT K CHHKEHHIO ee KOITHH-
HoctH. CrabwiMsnpoRars Taxkie rubpuaHsie 111a3-
MHIBI YZIaeTCsl, EClTH BCTPOHTHL B HHX TEPMHHATOP
TPaHCKPHIIIMH B 3'-MONI0XKEHHH 0T CHILHOIO NMPo-
MOTOpA.

BeTpoiika B MEOTOKOnH#HbIE BEKTOPHBIE 11183~
MUl OTAETbHBIX TEHOR WIH HEJIBIX ONEPOHOB
YacTO BEI3LIBACT CBEPXCHHTE3 MX IPOJYKTOB 3a
c4eT NOBBIIEHHOI 10361 FeHa. B paje ciyyaes 310
OTPHLATETHHO BIHAET Ha ¢u3Honoruio 6akTepn-
ATBHOM KJIETKH, 9T0 MOXET NPHBOAHTD B IIpoliecce
pocTa KyNnbTYpel K yTpare rubpHaHoil nmaasmuab!
WIIH NepecTporKaM B ee CTPYKType (Jeneru, HH-
Terpauus IS-31eMeHTOB M T. 11.), KOTOpEIE YMEHb-
AT MM MOAABJIAT 3KCIPECCHIO KJIIOHHPOBaH-
HBIX TEHOB.

Crabunmsuporars Hacsenosanne rubpuaHbx
nnasmug B Knetkax E. coli yacto ynaercs, Bhipa-
LIHRAs UX B YCIIOBMAX CEJIEKTHBHOIO AaBJIeHUS 10
naa3sMMIHEIM MapkepaM YCTOHYHBOCTH K &HTH-
6HOTHKaM, T. €. B IPHCYTCTBHH ONPENE/IEHHBIX aH-
THOHOTHKOB. TIpH KYJIBTHBHPOBAHHH MAA3MHA0CO-
Aepxamux mraMMoB B Gombnmx obnemax Takoii
NOAXO[ YXe MajonpHemieM BeleacTeue jedu-
LMTHOCTH AHTHOHOTHKOB H WX HEBBICOKOI CTa-
OunpHOCTH. boOnee TeXHOJIOTHYHEIMH SBAAIOTCA
NOAXO/Ibl, OCHOBAHHBIE HA ABTOCENCKIHH KIETOK,
copepialmx rubpuaHbie mna3Mu/bl,

HHTepecnblii BADHAHT aBTOCENEKLIHH Ma3MH-
poconepxamux Kietok npeioxuwi IT. Pocrex
u K. Xepmbeprep (1983 r.). B naasmuay, Hecy-
Y0 H3y4aeMblH TYXepomHbii reH, BCTPaHBAaOT
ren 6eska-peripeccopa ara A ¢ TepMOYYBCTBH-
TensHOM MyTaumedl clygsy. Lllramme E. coli, co-
JIepyKallHe TaKue IUIa3MH/Ib], JIH30TCHW3HPYIOT Jie-
(exTHBIM (parom Aclgg. JIH3oreHHOE COCTORHHE ITO-
ro ¢ara nopiepxuBaerca npu remneparype 30 °C
3a cyeT CHHTe3a OenKka-penpeccopa, KOIHPYEMOTo
reHoM clysgs7 TMEpHIROH nnasvuab. YTpara nnas-
M1kl IPHBOANT K MPEKPALICHHIO CHRTE3a B KIIET-
ke benka-penpeccopa (ara, a 370 Baeder 3a coboi
HHAYKUHIO npodara Aclgg ¥ nu3nc KieTkd. Taknm
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Puc. 8.2. Coxpanenue ninasmuji B 1eNsimxcs KIeTkax
E. coli, nwzorenHsIx no MyTanty Aclyg (1)
H HemmsorelHbIX (2—4) no dary A '

obpaioM, B pacTyniell KyIEType 8 XH3HECH0COB-
HOM COCTOSIHHE NMOJUIEPKHBAIOTCA TOMBKO MAa3Mi-
noconepxatme Kietku (puc. 8.2).

HepoctatkoM NpeioKeHHON CHCTEMBI aBTo-
CEJIEKIHH SBISETCS TO, 9TO [/ HEe Helbis HC-
MOIB30BATH MOAXOABI, CBA3AHHEIE C TEPMOMHIYK-
el perutMkaume rubpuamod (asMmabl BIH
TPAHCKPHMLIMHK nenesoro repa, X. JIKummH ¢ co-
asTopamu (1988 r.) chopMupoBany HOBYIO CHCTE-
MY 3KCIIpecCcHH, 0becrieuHBaiolyIo CToMb *e -
(dexTHBHYI0 aBTOCENEKLMI IaIMHI0COAEpHKa-
opx knetok. B rubpuanyro mnasmmumy pGHS0
(pHc. 8.3) BeTpounn dparment darosoit JIHK, co-
nepxamuii ren Genka-penpeccopa dara 434. Jlan-
HBIH (ar GimskoponcTeeH dary A, Ho ero 6enok-
penpeccop B3aHMOIEHCTBYET C NPOMOTOPHO-OIIe-
paropabiMi obnactsivu JTHK dara 434 u He n3an-
MOAEHCTBYET ¢ aHANOrHYHbIMH 3/IEMEHTaMH TeHO-
Ma dara A. JKcnpeccus HEIEBOro reEa B ITol
(Na3MKle HAXOIHTCS MOJ, KOHTPONEM CHIBHOIO
npomMoTopa pr (ara A, TPaHCKPHIILHA C KOTOPOro
perymipyetcsa Genxom-penpeccopom cl dara 4 (1o
He (ara 434).

CkoncTpynposannas miasmupa pGHS0 sso-
mMTcs B KieTkd E. coli, conepiamue Kpunruye-
ckHii npogar (He cnocobHBI K HCKIIOUEHHIO W3
GakrepuanbHOH xpomocomsl) Acl,gs7ABamHIAHI,
KOTOpbIH obecrneunBaeT CHHTE3 TEPMOYYBCTBH-
TensRoro peripeccopa ¢l ¢ara A, 3arem nonyven-
Hble TPaHC(OPMaHTH! JIM3OTEHH3HPYIOT daroM
Aimm*34¢l3003, KOTOpLIH CHATE3UPYET NedeKTHEIIH
Genok cl dara 434. Cam no cebe Taxoii ar smzore-
HH3HPOBATE KJAETKH He CnocobeH, HO BCieNCTBHE
Toro 4ro mnasMuaa pGHS0 skcnpeccupyer ren cl
(ara 434 uKOrO THIIA, B KIETKAX HAKATIIHRACTCS
6esnox-penpeccop (para 434, KOTOpHIi CBA3LIBACTCS
¢ paiioramMH prog v pror Ha JIHK ¢ara Aimmé34cl-

u obecnieinBacT MHTErpaliio (paroBoro reHoMa
B bakTepHanbHylo XpoMocomy. B pesynsrare ruas-
MHIOCOIepKAIIHE KIETKH CONEpXAT ABa npodara,
H B HUX CHHTe3upyeTcs aBa benka-penpeccopa —
daros Acl, ¥ 434cl*. BeipamuBaoT cO3MIaHHbIH
wTaMM npH Temneparype e peinte 30 °C. Tepmo-
HHIYKUHA (HarpeBaHHe KYJIBTYphl OO Temnepary-
pii 40-42 °C) npuBoaMT K AKTHBALMH TPAHCKPHII-
MM € ripoMoTopa pr (hara A ¥ He cka3seiBaeTcs Ha
crabiIbHOCTH NOIEpXKaHHs THOPHAHON TUTa3MH-
abi. CnoHTanHas yTpara IUIasMHIbl [PHBOXUT
K MHAOYKOHA B3 npogara Aimm?34cl- m maswcy
KJIETOK. 3a CHeT TaKoil «cTabHau3aumu» W Henoab-
30BaHMS CHIBHOIO TEPMOHHYIIMPYEMOTO [IPOMO-
TOpa yaanoch A0OMTHCA BEICOKOH NPONYKTHBHOCTH
co3pansoro wramma E. coli no ropmMoHy pocta
Gbika.

K. Musa ¢ cotpyarukamu (1984 r.) paspaGora-
JIM IPYTYH0 CUCTEMY CEeNeKLHMH KIETOK ¢ rubpma-
HOH TUla3Muoi, He Tpebyiouryio mobasnens
B cpeny aHTHOHOTHKOB. B KauecTBe GakTepuu-xo-
8fHHA HCIOMB30BaNH WwTaMM E. coli ¢ perorrnom
Smd (cTpenTOMHIMH3ABMCHMBIH). ABTOPBI pemm-
JIH BEIIENHTE IeH, 0003nadeHHbIl uMu smd*, KOTO-
pbiii Mor 6Bl B cocTaBe IUIA3MHIBI MACKMPOBATH
¢deroTHn Sm? # IPHBOAMTE K NOABIEHHIO (eHOTH-
na Sm! (crpenroMuEHesasucHMeiit). s a1oro
B coctas pBR322 scrpausanu BamHI-¢pparmentsi
xpomocomuoil JIHK mrramma £. coli, He HMelome-
ro ¢edoruna Smé. TlomydgeHHOM cMecsl0 TpaHC-
dopmuposami E. coli Smd u orbupanm kioHsl
¢ (perorunom Ap*Smyi. B pesynsrare Gbu1 BhIeIEH
bparment, conepxanmii HCKOMBIH reH smd*, Oxa-
3a/I0Ch, 9TO OH SBAfeTCA repoM »psL, xoampyro-
M pubocomHEi Genok S12. Berpoiika rera rpsL
B J00y10 rubpuHyio nnasmMuay obecneynsana ee
crabunsroe nopnepxanne B E. coli Smd na cpene
6e3 cTpenroMHuMHa (GecrnasMuaHbIE KIETKH Ha
TaKoli cpejie He pacTyT, a XH3HecnocobHOCTs co-
XpaHAIOT TONBKO KIETKH, Hecymmue rubpuaHele
MNa3MHIbI C HETeBRIMH TeHaMH | TeHOM 7psL).

PaccMoTpeHHbIE NOAXOAB! MMO3BONAIOT [OCTa-
TOYHO MPOCTO M SKOROMHYHO OCYIIECTBIIATH B Pac-
TyIiei KYJIbType aBTOCEMEKLHIO KIETOK, COflepKa-
X rubpuasbie masMuael. ITockonsky npu sroM
IJIETKH, YTPaTHBIIHE MNa3sMHAY, rorubarwT, cKo-
POCTh pocTa KylbTypsl oObMHO chikena. Ho 3a
cder Toro, uro 100 % xnerok B Kynerype HecyT
THOPHIHYI0O [1a3MMIY, «CTABHIH3MPOBaHHEIEN
LITAMMBI-IIPOAYIIEHTH MOTYT OBITH JOCTATOMHO
3 PEKTHBHBIME H NEPCIEKTHBHLIMA U1 TEXHO-
NOTHH.

Ha crabunbrocts nopaepsxanus ruGpuanbix
JHK in vivo 6onbmoe BIMSHHUE OKA3LIBAET HX MaK-

POCTPYKTypa (CynepcriHpaiMsanis, MyTbTHMepH-
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Pue. 6. Monens TpeTHYHOH CIPYKTYPE (@) M aMHHOKHCNOTHAS NocneaoBarensHocts (6) Genxa TBIL
Hoxkamsauus T- 1 B-stvmonios & Genkax ENV 1 GAG HIV-1 nokasana naj nOCHEI0BETENLHOCTEIO,
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Pue. 7. Cxema crpoetins supyca rematuta B (@), uactiil, o6pasyeMuX NOBEPXHOCTHLIM aHTRTEHOM (&),
# cepaueBUHONOIOOHBIX YacThiy, obpasyembix xumephbiM Genkom (&)
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Puc. 8. I'noGahsnoe pacnpocrpanenne HIV-undexunn,
VKa3aHO “nein0 HH(HIMPOBAHHBIX JIOACH, NHLUL HaCTh W3 KOTOPRIX B HacTosliee Bpems Gonwir CHHTom

Puc. 9. TnoGanbuas pacnpocTpaHeHHOCTE CyOTHICE BHPYCa uMMYy HOACHLMTA HEnOBeKa,
CyGrmz HIV-1 saaenens kpacusiv userom, HIV-2 — senensim. Tponmensimm Gyksamu
obosHaueHsl cyGTHnb, Hanbonee Yactio BCIPEHACMBIC B KOHKPETHOM PErHoHE
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Puc. 12. Perenepauns pacternii Tabaka #3 Kaanyca JIMCTOBbIX JIKCKOB Ha CENEKTMBHOH cpese
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Puc. 8.3. CucteMa niasMuna—kieTka, oDecneunBalomas TepMOMHAYKIHIO TPAHCKPHIILIMH € IpoMoTopa APy
H aBTOCENeKLMIO MIAIMIIOCOOCPXAUHX KJIETOK

3aUHA ¥ Ap.). B 4acTHOCTH, BCTPOHKA Yy KEpOAHBIX
(pparmenToB JITHK HHOrza 3pauHTesbHO HIMEHAET
MaKpOCTPYKTYpY (TONONOTHIO) MIa3MHIBL, 9TO OT-
PHLATETHHO CKA3BIBAETCH HA €€ PErUTHKallMH H CTa-
6GmmHocTH HacnenosanuA, OnHako B pesyneTare
CMIOHTAaHHO BOIHAKAWLINX i7 Vivo AeNeldd MoTyT
06pa3oBLIBATECS H YCTOHYHBO HAC/IEyeMble BAPH-
anThl rebpuaHeX nnasmua. Heofxomumo orme-
THTb, YTO BCTPOHKA B [NA3MHIBl HYKEPOIHBIX
¢parmenTos JIHK He Bcerna orpaxaercs Ha cTa-
OHILHOCTH NoLIepanua nna3Mui B E. coli. B pa-
J€e ciyvaen gyxeponHsle ¢parmMedTs JIHK, B He-
CKOJIBKO pa3 NpEeBOCXO/MILHKE M0 pasMepy BEKTOp-
HYI0 MNa3sMHy, MOTyT cTabMIbHO COXpaHATHCH
B rTHOpHAHON MONEKyTe,

H3BectHO, 90 B MOniekynax JJHK daror, nna3-
MHJL, 6aKTepHATBHBIX XPOMOCOM MMEIOTCH KOpoT-
KHe HHBEPTHPOBaHHbIE MOBTOPBI AMHHONH 9-13 nh.
Takne nanHHAPOMHBIE CTPYKTYPhI MOTYT CTabuian-
3HPOBATh Cymepkonbilesyio popmy JHK, a Taike
npeacTaBiIaTh co60H y4yacTkH B3aMMOACHCTEHA
JHK c¢ 6enxamu kierku. bosee npoTsikeHHbIE HH~
sepTHposanibie nosTops B JIHK nnasmun v garos
MOTYT 3H@YHTEIBHO H3MEHATh TONOJOrMK ITHX
MOJIeKy)! in vivo, Hapyllas MeXaHH3M peryIaluHH
TpaHCKpHNTHKA ¥ permukamyi. [IpoTsokernHbie HA-
BEPTHPOBAHHbLIC MOBTOPbI, KAK IPaBHIIO, MIIH BB
merstoTes 13 rtibpuanbix monekyn JIHK ¢ seico-
KOH HacTOoToH, WiH o6yCIOBIMBAIOT NETANILHOCTH
KOHCTPYHMPYEMBIX in Vifro MONEKYIL.

Sinorckue MccIenoBares NoApoOHO H3yYHITH
BIMSHHC MOBTOPOB CPEOHEH JUTHHBI HA CTabHIb-
HOCTb mna3sMua B Kietkax E. coli. Oxazanocs, 41o
COCTHIKOBAaHHBIE HHBEPTHPOBAHHEIE MOBTOPE! [TH~
HO#H 100-150 nH MOryT COXpaHATbCH B COCTaBe
1a3MHJ1, pPeITHUMPYIOIMXCs B KieTkax E. coli

B MeroTHHaCcKaR MHKIHBIWR

mukoro tna, [Ipu ecTpofike NpHaeKkalMx Ipyr
K JApYyry HHBEPTHPOBaHHLIX MNOBTOpoB OGosbined
JUTHHBI IIa3MHBIL, KaK TpaBMI0, HE CROCOOHBI
PCIUIHLMPOBATECH B KJIETKAX [HKOIO THIA, HO
PEIUTHLMPYIOTCA BO MHOMECTBEHHBIX MYyTaHTax
no cHcreme pekomMbmpauuu Tuma E.  coli
recBrecCsbcBrecF. Onnako H B HOCHEHEM Clry4ae
HaGmonalTCs AeelHH B pafoHe BCTPOEHHOIO Ma-
nuHapoMa. BeeneEne moCTaToMHO NMPOTAKEHHOMH
NOCJIENOBATEILHOCTH MEX 1Y HHBEPTHPOBAHHLIMH
MOBTOpaMM MO3BOJIAET 3aMETHO CTabHIH3IHpORaTh
HacjIe0BaHHe KIeTKaMH IUIa3MK/L.

[Ipsmele (TasneMHEIE) NOBTOPEL cpeqHeH uTH-
HBl, I0-BHAUMOMY, O07Iee yCTOIYHBO COXPaHAFOTCS
B CTpyKType rubpununix monexyn JHK, dem Hu-
BepTHpOBanHLle., B To e BpeMa NpOTSKEHHBIE
TaHJeMHBIe MOBTOPL! B cocTaBe rubpuaneix JTHK
XapakTepusyioTCsA BhICOKOI crenenbio Hectabriin-
HOCTH. BhilenneHne NOBTOPAOLIMXCH MOCHEN0-
BATENRHOCTEH TIPOHCXONHT B PE3YNBLTATE BHYTPH-
MOJIEKYJISPHOH HIN MexMOoIeKynspHoll pexoM6Ou-
Hauud rubpuasoi [IHK B 3aBHCHT, X014 H He NoJI-
HOCTBIO, OT CHCTEMBI pekoMOHHEaIMK GakTeprak-
HOM KJICTKH.

CrabuibHOCTE HAC/EAOBAHHA MHOIOKOMHH-
aeiX mnasMaa Tuna ColE1 MoxeT 61T 3HaUHTEITH-
HO CHIDKEHA B pe3ylkTare MyNnbTHMEepH3aUMH 11a3-
MHJ 3@ CHET INoMOoNOrHYHOH pekoMburauuu. ITo-
3TOMY Ba)KHBIM MOMEHTOM CTaGHIM3AIMH TaKHX
nnasMua  SABASETCS  HCMOAB30BAHHE IITAMMOB
E. coli, nerepmuBHpyommx GyHKIHA cafTCneny-
(huyeckoii pekoMOHHALIMH MYTBTUMEPHBIX TLIA3MH
W nepesosia MX B MOHOMepHY10 dopmy. I1pn 310M
niasMua A0MKHA copepykatk ocobyio nocneno-
parensHOCTS cer (279 mn pus ColEl), no xotopo#
npoXoaHT calitcnenuduyeckas pexoMOHHAUMSA.
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A. Tomac ¢ corpynaukamu (1987 ) ycranosu-
JIH, 9T0 B Kietkax E. coli, aMMOBHIH30BAHHBIX Ha
rpaHysax reiis, CrabMabHOCTH HACHEROBaHHA
11a3M1/1 MOXKeT OBITh 3aMETHO BBILLIE, MEeM B CBO-
6omHBIX KiETKax B TEX e YCIOBHSX HENpepbin-
HOIo KYIbTHBHPOBAHHA.

Taxum oOpa3zom, NpH KIOHUPOBAHHHN YYKEPO/L-
nbix (pparmentos JIHK B cocrase BHexpomocom-
HEIX BEKTOpOB E. coli HYKHO YYHTHIBATE LEMbIH
CHEKTP NMapamMeTpoB, BIMSIOIMX Ha cTabNILHOCTE
rHbpuaHBIX MoOnekyn B GakTepuasibHON KIeTke.
ITpeanovaTNTENLHO B KaYeCTRE PElMNHEATOR rHb-
puanbix JTHK ucnons3opars wrammet E. coli, ne-
exTHrie no cucTeme obmel pexombuHaumMH H
NOZIEPKMBAIOIIHE  TUIA3MHABL B MOHOMEPHOIH
dopme. Ilpu koHCTPyHpOBaHNH THOPHAHBIX MOJIe-
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kyn JJHK wxenarenbho usberars nossicHus B HX
COCTaBE MPAMBIX HIH WHRBEPTHPOBEHHLIX IMOBTO-
pos. Beipaumeats Kynetypel E. coli nenecoobpas-
HO Ha BorareIX cpenax ¢ HCnomb3opanueM (akro-
POB CEJIEKTHBROIO 0TOOpa MIa3MHA0COAEpHKAITHX
KJIETOK.

bonbiioe 3HaYeHHe NpH TEXHOIOTHYECKOM HC-
NOJBL30BAaHAH TAKHX IITAMMOB HMEET NPABHITLHBIH
BIBOp yenosuit ux KymsTHBHpORanHs. ONTHMA B
HeIMH OyAyT ycnosus, B KOTOPBIX JOCTUTAETCH
HaubOITBIOHI BBIXO/ LENesoro MPoAyKTa MPH HaH-
MEHBIIEH CKOPOCTH NOTEPH TUIA3MH/IBI WM MHAK-
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BEKTOPHbIE CACTEMbI FPAMOTPULIATESIbHbIX
BAKTEPUW, HE OTHOCAHLLUUXCHA K POLQY ESCHERICHIA

Passbie npejicTapHTeNM MOYBEHHBIX M BOAHLIX
rpaMoTpHIEaTeNbHBIX  GakTepuii NMpOSBAAIOT Or-
pomHoe MHOI000pasie MeTaboIM9IeCKHX AKTHBHO-
CTeH, KOTOpbie HE TOJILKO NPEACTABIHIOT 3Ha4YM-
TeJbHBIH HAYYHBIN HHTEpeC, HO H MOTEHIHAIEHO
BaxKHB! JUIS OuoTexHonormi. OIHAKO psijl HTHX aK-
THBHOCTEH HeNb3s BOCMPOW3BECTH B KICTKax
E. coli, necymux B cocTape rHbpUIHBIX MOIEKYI
JHK cootBeTCTBYIONIHE T'EHETHYECKHE JAeTePMH-
HaHThI, TAK KaK MeTabonmuueckue W pusnonoruye-
CKHE BO3MOXHOCTH 3T0i DakTepH orpaHuueHsbl.
Kpome Toro, HecneIopanis nocieanux JJeT noka-
3a7H, 9TO, HECMOTPA HA (yHAAMEHTAIBHYI0 CXO-
KECTh OPraHu3aI{K FeHeTHHECKOT ANNapara npo-
KapuoT ¥ cnocoba peanu3alys reHeTHIeCKoH HH-
dopManuH, CymecTBylOT XapaKTepHHE JUI Kak-
JIOH TAKCOROMHYECKOH rpynmsl 0cOOeHHOCTH, OT-
NHYAIONINE €€ OT JPYTUX TPYNn no TOHKHM Mexa-
HH3IMAM PETYISLMY IKCITPECCHH TEHOB. JTO MOXKeT
NPHBOJIHTEH K TOMY, 4TO rels Gaktepuii onHoro ce-
meiictea (popa) e OyayT HSKCNPeCCHpOBATHCS
B KIeTKax DakTepuit Apyroro cemercTsa (pona) uiam
00yCnoBaT OYeHb HU3KUIT YPOBEHB MPOIYKLUHHA CO-
oreercrByoiero Genka. IMosroMmy s M3ydeHus
3KCTIPECCHH TEHOB, MOMYYeHHS CyneprnpoayileH-
TOB ¢ ONPEACSICHHLIMH CBOHCTBAMHK H T. I1. HE0bX0-
ArMo JTHDO cO3aRaTh JUIA KaX/I0H TaKCOHOMKYe-
CKOIf Tpynmbi GaxkTepwil CcHEeLHATHIHPOBAHHYIO
BEKTOPHYIO CHCTEMY Ha OCHOBe ruia3mui H (aros

(SpKHM OpHMEPOM TAKOIO TMOAXOAA SBISETCH
E. coli), nubo paspabarsiBaTh YHHBEPCATBHBIE BEX-
TOpHBIE CHCTEMBI JUIS OTHOCHTENBLHO IIKPOKOIO
CHEKTPa HepOACTBEHHBIX GakTepHii ¢ uCnonbL30Ba-
HHEM MIasMijl, WMEIOIIVX IHPOKHI KPYT XO35eB.
Cosnaas Ha OCHOBE HPHPOJHOIO PEMLIMKOHA
yn0OHBIE KIOHHPYIOUIHE BEKTOpPbl, HeoDXOmHMO
npek/ie BCero A0CTATOMHO NOAPOOHO HIYUHTL re-
HETHUYECKYI0 OpraHH3aliHIo JaHHO aBTOHOMHO pe-
ruHiEpytomeiics monekynst JIHK w e 3atem
BBINONHUTE PSJI MAHMITYJIALMI 110 €€ PEKOHCTPYK-
i, Ha nonyyense kaxa0ro TAKOro BEKTOpa, Kak
Mpaswio, yXoanT MHOro Bpemenn. Ocobenno 1o
kacaercs cirabo H3YHEHHBIX B IeHeTHYEeCKOM IL1aHe
Bi108 Gaxtepuii. [TosTomy kpaiive npusiexarens-
HBIM BBITISIKT HOAXOM, KOTOPLIH HIpeycMaTpisa-
€T CO3IaHue BEKTOPHBIX MOJEKYJT, CIOCOOHBIX CTa-
OMIBHO PeMTHIOHPOBATLCA B PAMTHMHBIX X035AeBaXx.
[To cpaBHeHHIO C KOHCTPYMPOBAHHEM OTAEJIBHBIX
MOJIEKYISPHBIX BEKTOPOR JUIA Kaxjoro Gaktepu-
anbHOIo BH/IA ITO, BO-TIEPBBIX, CYLIECTBEHHO KO-
HOMHUT BpeMsi W, BO-BTOpHIX, obecneyHBaeT BO3-
MOXHOCTE M3Y4aTh IKCIPECCHIO J06BIX reHos
B Pa3IHYHOM IEHETHYECKOM OKpPYKEHHH B COCTaBe
OIHOH H TOH 3e TEHeTHHYECKOI KOHCTpyKImH. Hac-
TO B 3TOH CXEME IKCNIEPHMEHTOB FPaMoTpPHLATE b
nag Gaxtepus F. coli, kak Hanbonee xopomo pas-
paboTannas renHo-HHXeHepHas CHCTeMA, HCNob-
3YETCs B KAYECTBE MPOMEKYTOUHOIO XO3AHHA.

9.1. MNA3MWUObI LLMPOKOIo KPYIrA XO35EB

B nacrosiuee spems pacmupoBaHb! M0JIHbIE
HYKIeOTHIHKIE nocieaorarensHocTd Gonee 200
npUpoarbix maasMug. KonuiHoCTh a3Mu Mo-
HET CYHIECTREHHO BapbHPOBaTh — 0T 1 10 200 Mo~
nexyn Ha kietky. B pane cnyuaes 6axrepun conep-
KAl OJHOBPEMEHHO HECKOUILKO THIOB ILIA3MHJ,
pasIHYAIONIHXCSH MO PasMepy W HyKJIEOTHIHOH 1o-
crnenoparenbHoCTH. BamuHoe cBOHCTBO mnasMma
COCTOMT B TOM, 9TO OHH CNOCOBHBI CAMOCTOATE b~
HO PEIUTHIMPOBATECA in vivo, T. €. SRIAKTCH pen-

Auxonamvu. IIpy 5T0M Y OJHHX IUIASMHJL PeIHKa-
UMs CTPOTO 3aBHCHT OT COOTBETCTBYIOLMX (hep-
MEHTHBIX CHCTeM GaKTepui, B APYTHX e CTyHdanx
miasMuaga koaupyer 6enkH, kotopeie obecrieqyupa-
10T OTHOCHTENLHYIO aBTOHOMHOCTBL €€ perHKa-
LMH.

BHeXpoMOCOMHBIE TEHETHYECKHE NIEMEHTHI
MOryT npH/asaTh GaKTepHAIbHLIM KJIeTKaM A0no-
HHTEJBHEIE CBONCTBA, BhIABIAEMBIE (eHOTHIIHYEC-
CKH. 3TO CBA3AHO C TEM, 9TO OHW MOTYT CONEPXKaTh
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Tabauya 9.1. Tlpumepsb! yeToHYHBOCTH KIETOK K AHTHOHOTHKAM H TOKCHYECKHM BEIIECTBAM,
JeTepMHEHpYeMON MIasMHIAMH
m: . Bemectso Oﬁ;:me DepmenT, 06yCIOBTHBAIMIMA YCTORYHBOCTS
1 2 3 4

Ac AxpuauH acr —

Ak AMHKaIHH aacA AmunornHkosun-6"-N-auerunrpancdepasa
aacC Amusormikosun-3-N-aueturpascdepasa
aadC AmpuHOrmHKO3MN-4' -afeHHMITpanchepasa

Ap AMITHUHIUTHE bla B-Jaxramasa

Asa Apcenat asa —_

Asi ApcenuT asi —

Bi Hous! BHCMYTa bis —

Bt ByTHpOo3uK aphA Amunornuko3ua-3'-gocdorpancihepasa

Cb Kap6eruimnius bla p-Jlaxramaza

Cd Houwr kaamus cad -

Ce Ledanekcun bla p-TNaxramaza

Cl KoMHIaMHUHE erm —

Cm XnopamdeHnkon cat XnopamernkonaueTuiTpadchepasa

Co Honwr kobasibta cob —

Cp Liedanocnopan bla pB-Taxramasa

Cr Lledanopumum bla To xe

Cx Knokcanuiumn bla —g—

Dm 3'.4'-NMunesokcHkanamiimn B | aacA Amunornukosna-6'-N-anetunrpancepasa
aacB AmuHoOrnmuKo3un-2'-N-auerunrpatcepasa
aacC Avmnormikosun-3-N-anetuntpancgepasa
aadB AmuHornukosun-2"'-N-agennmitpancepasa

Eb Smitym Gpomia ebr —

Em ODPHTPOMHIHH erm Metunasa pubocomuoit PHK

Gm I'eHTAMHUIMH aacA Amunormikosun-6'-N-anetuntpancdepasa
aacB Amunornukosun-2'-N-auemunrpancepasa
aacC Amunormikosun-3-N-anetuiatpancepasa
aadB Amunornukosuj-2''-N-agesnmmrrparcepasa

Hg Hows! pTyTH mer —

Km KauaMHIMH aphA Amunornukosun-3'-gocdorpancdepasa
aacA AMuHornvKesnn-6'-N-auetunrparcdepasa
aacB Amunormikosun-2'-N-auetuntpanchepasa
aacC AmurormMkosr-3-N-auetvatpancdepasa
aadB Amunormukosun-2''-N-arerwmunrpanchepasa
aadC AyuHornikosun-4' -anenununrpanchepasa

Lv JInBrnoMuHLEH aphA Amunormikosun-3'-gocdorpancdepasa
aacB Amunornukosun-2'-N-anetnnrpatctepasa
aacC Amunornmukosua-3-N-auetuntparcdepasa

Mc Mersumnnuy bla p-Tlaxramasa

Nm Heomuuun aphA. AMuHOTIHKO3HI-3 '-hocoTpancdepasa
aacA AMunornukosun-6'-N-auetwnrparcdepasa
aacB AMHHOTNIHKO3HA-2 -N-aueTHaTpanchepasa
aacC Awmunornuxoaus-3-N-aueruntpanchepasa

Ox OxkecarMIIHH bla [f-JlaxTamasa

Pm INapamomurpu aphA Amunornuxosun-3'-pocorpanciepasa
aacB AmuHOrNHK03M-2'-N-aueTunrpascdepaza
aacC Amunornukosus-3-N-auetuinrpancdepasa
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Oxonyanue mabn. 9.1

1 2
Pn IMenuumnmms bla
Rm PubocraMuLaE aphA
aphB
aacB
aacC
Sb Honw! cypembr ant
Sm CrpenromMuiImH aphC
aadA
Sp CHeKTHHOMMIIHH aadA
Su Cynbanunamun sul
Te Terpaunkimn tet
Tm Tobpamuumy aach
aacB
aacC
aadB
aadC
Tp Tpumeronpum dfr

IETEPMHAHaHTH! YeToHunBocTH (Tab. 9.1) k anTH-
OnoTHKaM M TOKCHYECKHM BerecteaM (R-nazmMu-
IBl, OT aHI7L. resistance — ycToi49MBOCTE), HECTH
reHBl, KOHTponMpylomue karabomusM (merpaja-
LHMI0) HEKOTOPBIX OPraHHYeCKHX COEOHHEHHI, HE
ABIAIOLIMXCA HCTOMHMKAMH YTJIEpOZa H JHEPrHH
ans GoNbUIMHCTBA MUKPOOPraHKiMoB (D-muiasMu-
Obl, HIM MUIa3MHael OHOJerpajaiiuy), HanpaBisTh
CHHTE3 TOKCHHOB, OaKTepHOLMHOB, aHTHOHOTHKOB
1 ap. IlnasMujel, He BbisBIseMbie (GEHOTHIIHYE~
CKH, HAZbIBAIOT KPUAIMUYECKUMU.

Muorue maasmusl, uMeromHe pasmep Gonee
40 i, 061a1ar0T cnoCoOHOCTBIO K KOHBIOTAIMOH-
HoMmy nepeHocy. Kowwrozayueii HazsBaeTca npo-
lecc MepeHoca TeHETHYeCKOH uH(opMalHMM oT
KJIETKH-I0HOPa K KIETKe-PELHITHEHTY, KOTOPLIH
OCYIECTBIAETCS MIPH HENOCPeICTBEHHOM KOHTaKTe
KIeTOK Mexay coboit. ITo 31oMy npH3HaKy niazMu-
OBl JETAT HA TPAHCMHMCCHBHBIE H HETPAHCMHCCHB~
Hbl€ (KOHBIOTE@THBHBIE H HEKOHBIOTATHBHBIE).

KonsioranHonHsli nepeHoc nnasMua obecie-
unBaeTCs GONBIIMM HabOPOM IreHOB, KOTOpBIe 00b-
SOMHAKTCA B fra-onepod. [IpoayKkTsl 9THX NeHOB
HeoOX0IHMBI 11 OCYHIECTBICHHA BYX OCHOBHBIX
3TAaNnoB mpouecca KoHBOrauud: 1) obpasoBaHus
CKpELIMBAIOLIMXCS Map; 2) MepeHoca W pelJmKa-
mun JIHK. JIns ofpa3zoBaHM$ CKpENIMBAIONIHXCS
map HeoOXOAHME! I1OJIOBBIE BOPCHHKH — ITHIIH,
dopMupyrOIIHecs Ha TMOBEPXHOCTH JOHOPHAIX
wietok. OT foHOpa K PEUMITHEHTY NEPEHOCHTCS
TONEKO ofHA uenk miasMuaHod JHK, naunHas
co cnermpuueckoro yyactka oriT (or aHm. trans-
fer — nepenoc). C ywacTrem npoayxra niasmMm-
HOTO TeHa MpoucxomWT pazmenenue peneit [JHK,

[-Jlakramasa
AMHHOTTHKO03H -3 -(hocoTpanchepasza
AmuHOrnuke3ua-5''-ocdorpancepasa
AmuHOrmHKO3HA-2 -N-anetnnTpancgepaia
Awmunornukosun-3-N-auetuntpanciepasa
Amunormikosun-3''-ocgorpanchepaa
AmuHOrnMKo3uI-3'' -agesnimarpaHcdepasa
To e

AmMuHornmuko3ua-6'-N-auerunrpancdepala
AmuHOrnuko3un-2'-N-anerunrpascgepasa
AmuHornuxosu-3-N-auernnrpancepasa
AmuHOrHKo3un-2' '-N-aneHumuntpancepasa
AmuHornukosua-4' ' -aneHnmaTpadchepasa

Hurnapodonatpenykrasa

HeoOXoMMOe /A MepeHoCa W CHHTe3a KOMITIe-
MenTapHbX neneii JTHK kax B KI€TKe NOHOpa, TaKk
W B KIETKE pelMIHeHTa. 3aBepllaeTcs 3T0T npo-
necc GopMHpoBaHHEM KOIBLEBBIX [BYXIIENOHYEY-
ueix monexyn JJHK nrasmuel.

HeTpaHcMHCCHBHBIE TJIA3MHAB HE COAEpIKaT
JETepMHHAHT, NPHAAWMX GaKTepHalbHbIM KI€T-
KaM CBOMCTBA NEHETHYECKUX JIOHOPOR, H MO3TOMY
OHH He CNocoOHE caMOCTOATENBHO NEPe/IaBaThes
OT OIHHX KJIETOK K apyruM. OaHaKo Takde mjas-
MHALI B pAfle Cy4YaeR MOTyT OBITE MepeHeceHBI
B PELMITHEHTHBIE KJIETKH C [OMOLIBI0 KOHBEOTa-
THBHBIX N1a3Mu/l. Takoii npouecc HaskIBaeTca Mo-
Gunuzayuedsd nnasvMuasl. H3pecTHO IBa MEXAHH3Ma
MOOHIIH3AIIMH HETPAHCMHMCCHBHBIX 111a3MUL

1. INepernoc 3a cueT GENKOBLIX MPONYKTOB re-
HOB Ir@-ONEPOHA KOHBLIOTATHRHOH MUIa3MH/IEL, Ha-
xopseHca B 9ToH xe kieTke. Taxoif mepeHoc Ha-
gyuHaerca ¢ coberBenHoro yyacTka ori T Mobunn-
3yeMOil niuasMuabl, ¥ 115 ero OCyLECTBICHHS He-
oOxoMMO HanHYHe Ha TOM IMIa3sMH/Ie TeHOoB mob
(mobilization). Tax npoucxoaur MOOGHIH3AIMA
nnasmug ColE]l 1 RSF1010. Ipu 310M KOHBIOTa-
THBHasA IUIA3MHIa-TOMOIIHAK B PEIHITHEHTHYHO
KJIETKY MOXET W HE NPOHHKATE.

2. lNepeHoc B cocTaBe KOUHTEIPAHTOR C KOHB-
IOTaTHRHEIMK rasMeiamu. Kounmezpanwm npen-
crapnseT coboii konsuenywo monexyry JJHK, B ko-
Topoi oObemuuens aBa wim Oonee peniMkoHa,
crnocoBHBIX K HE3aBHCHMOH peruiukauuu, Ilpu on-
peleneHHEIX YCIOBMAX KOHHTEIPaHThl JMCCOLHH-
PYIOT Ha JHCKPETHBIE NIa3MHJIHBIE PETIIHKOHBL

H3yuvenme pa3HbIX MIasMua MOKasano, 9To He-
KOTOpBIe H3 HHX HE cnocobHbI cTabHibHO cocymie-
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Tabmaya 9.2. [pynnsl HECOBMeCTHMOCTH IIAZMHJL, yeTanoslenubie B E. coli
'pyrma Tum TMunecneuuduueckne daru Inasmmie
mneit

B B fd R16, Tpl13, Tp125, R723, REB64a

C C C-1,C-2,] R40a, R55, RAL, pIP55, pIP40a, pHH1343a

D D fd, f711,) R711b, R778b

B JA4320

Fl F f1, 2, MS2, QpB, fd, M13, R17 F, ColV2, ColV2-K94, ColV3, ColV3-K90,
ColV3-K30, R162, R386, R453, R455, R773, P307Ent,
pIP162, pAP10-2, pIP174, pHH507, RGH2387

FHI To xe To e R1, R6, R136, R192, R1-19k, R538Fdrdl, NR1,
R1drd19, R6-5, SF119, pHHI1313b, pGDI10

FII —— | —«— ColB-K98, MIP240Hly, R.ColBM

FIV —— | —«— R124, pIL1 (Vir), pAP20

FV —«— | f1, fd, UA6 Fylac, pIES09, pIES10

FVI 4w — | MS2 Hly-P212, pGL611, pSU212Hly, pSU105Hly

FVII —«— | Towxe pAP38

FVIII —— | —a— pAP43

FIX —g— | —«— pAP42

FX — R | — pAP19-1

G Rms149

HII R27, R726, pPG1251-2

HI2 R478, pAS251-2, pSD114, N-1, pWR23

HI3 MIP233

HII pHH1457, pHH1508a, pHH1532b-1

11/1ex | If, 112, PR64FS R62, R64, R144, R483, Collb-P9

Iy To e To xe R621a, Collb-Im1420

19 i — JR66a, R721

Ir —(— | —a— R905a

2 —«— | —u— TRI114, R769, pHly152

J J J R391, R997

K K R387, pTM559, pIE316, pKMR

M M X R46, R69, R390, R446b, R471a, R831b, pDT201

N N Ike, PR4, X, PRDI N3, N3T, R15, R46, R477b, pKM 101, PCUI

P P PRRRI, PRI, Ike, PRDI R18, R68, R690, R751, RP1, RP4, RK2, pUZ8

Q R678, R702, R839, R93R, R995, R1162, NPT7, R300B,
NTP2, RSF1010, pKT214

S R751, R772, R906, R1033

T T Pil/R1, 1 Rits-1, R394, R401, R492

] X pAr-32, RA3, R1460, plE420

v v R753,R757

w w PR4, X, PRDI Sa, R7K, R388

X X X R6K, R485, TP228, TP231, TR227, R711b, TEMdrd

Y W Plem, P7, R753, R905, P15B, pIP2311

cTBOBaTh B KieTke. /laHHOE ABIEHHE HA3BAHO He-
coemecmumocmsio naaimud. Ilo 31oMy npH3HaKy
TIa3MHJIbl Pa3HOTO MPOMCXORIEHHA pacrhpeesne-
HEI HA IPYNILI HECOBMECTHMOCTH — Inc-rpynisl
(ot anrn. incompatibility — HecoBMECTHMOCTS).
K oyioit rpynie oOBIMHO OTHOCHT ILIA3MH/IBL, KO-
TOPBLIE HECOBMECTHMEI Mexay CoboH, HO coBmec-
THMEI ¢ J11060# n1a3Muoit M3 Apyrux rpym.

bONBIIMHCTBO W3BECTHBIX TUIA3MMJ, TpPaHC-
MHCCHBHEIX B E. coli, KiacCHHIIUPOBAHO 11yTeM
OTIPE/IENIEHMS! WX HECOBMECTHMOCTH B OakTepHsx
sroro Buaa (tabn. 9.2). I[To Mepe OTKPLITHS W H3Y-
YeHWS HOBBLIX IUI&3MHJI BRISBIIAIOTCS HOBEIE Ipyn-
161 HecopMecTHMOCTH. Korjla ninasmMuisl HeTpaHc-
MHCCHBHBI B E. coli, ux knaccudumipytoT B Gakre-
PHAX TeX BHIOB, B KOTOPAIX OHY HaiieHsl. Hanpw-
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korA
korD

s |

==k

Puc. 9.1. Tenernueckue kaprs! rmasmua RK2 uw RSF1010:

] — renn ycTOHMMBOCTH Kk anTHOHOTHRaM; 2 — O0NACTH, OTBETCTBEHHBIE 38 NEPEHOC NASMULL,
3 — ofinacTy, BoBeYEeHHbIE B PEIUIMKALMIO M IO/UIEPHaHHE NNasMHIL.
TorkrMH CTPETKaMI TIOKA38HA NONOKHTENLHAS PEryANHS pennukauuy masmuansx JIHK, ToncTeiMu yKasaHo Hanpasnenie
pennukaiun, Manas okpy&KHOCTH BBEpXy nokaismaer pasmep RSF1010 s onnom macirrabe ¢ RK2

Mep, MoApobHO W3yueHsl 10 NPH3HAKY HecoBMec-
TUMOCTH M1a3MHABI ICEBIOMOHAA, CcTadMIoOKOK-
koB. ITnasmuas, oTHOCSLMECS K OAHOR Inc-rpyn-
ne, ofnanalor, Kak NpaBANIO, MHOTHMH CXOIHEIMH
NpH3HAKAMH H 4acTO OOHApPYXMBAKIOT 3HAYHTENB-
Hyto romonoruio JHK.

Bonkoi vHTEpec s MONEKYIAPHBIX OHoJI0-
OB IPE/ICTABNSIOT TUAIMHU/IE C IMPOKHM KPYTOM
Xo3seB, cnocobHBIe permMimpoBaThes B baxrepu-
X, OTHOCAIMXCS K pa3sHBIM BHIaM. B 10 Bpems
KaK MHOTHE TUIa3MHILI MPaMITOIOKHTEBHEIX Dak-
Tepuii obnagaior 3TMM cBokicTBOM (B mpeaesax
rPYIIib! rpaMIONOKHTENbHBIX GakTepuil), cpemu
IUIa3MH/ rPaMOTPHIATENBHEIX OakTepHii ABNEHNHE
cTaBMIBHOIO MojaepxaHHi B pPa3sHBIX XO3f€Bax
MEHee PACIpPOCTPaHEHO M B OCHOBHOM CBA3aHO
C TMIa3MHIAMH rpyIin HecoBMecTHMOCTH E. coli C,
N, P, Q u W (¢cm. tabn. 9.2). Hanbonee noapobro
B 9TOM IUIAHE M3Y4EHBI ILIAIMHIB], OTHOCAIIHECS
k rpynmaM HecoBmecTHMocTH P 1 Q (mo knaccu-
(uxaimM nnasmMuag MCEBIOMOHAA OHH TpHHAJUIE-
WaT K rpynnaM HECOBMECTHMOCTH Pseudomonas
IncP-1 u IncP-4 cooteetrcTRenHo). [Inasmmas!
rpynnsl IncP kpynseie (5387 TH), KOHBIOTATHB-
HBIE ¥ HU3KOKOIMUiAHBIE (47 KOIMHH Ha XpoMocomy
E. coli wm 3 xommm Ha xpomocomy Pseudomonas
aeruginosa), B 10 BpeMa Kax IncQ-maasMumer or-
HocHTeNnbHO Masnsl (8,7-9,5 TiH), HETPAHCMHCCHB-
Hb! (XOTH 3(pexTMBHO MOBUIM3YIOTCH, 0COBEHHO
masMuaaMe rpynmsl IncP) u uMetor Gosee Boico-
Kyto KormuHHOCTL (10-12 B E. coli m Takyo e Wi
Boite B P. aeruginosa). Ucnonb3ys KOHBIOTaHOH-
HO-TpaHCMoOpTHY 0 cucteMy IncP, mmasMuan
rpyni IncP 1 IncQ criocobier nepegasarbes B rpam-

OTpHLATEILHBIE GAKTEPHH BCEX POJIOB W PETUIHLIH-
poearsca B Hux. Hcxmouenne cocransior Bakre-
puu pona Bacteroides, B KJI€TKH KOTOPBIX TL1a3MH-
bl IEPEHOCATCA, HO HE CMTOCOOHEI B HAX PETUTHIIN-
posatbes. Taxum 06pasoM, paccMarpuBacmble
M183MK1/Ibl HMEIOT YPE3BBIYAHHO WHPOKHI Kpyr
xo3seB. B rpynne IncP HanbGonee u3yyeHs ruias-
mugel RK2, RP1, RP4, R68 u R18. Tonarawr, 4to
OHH ABJAIOTCH PA3HBIMH M30JIATAMH OIHOH M TOH
*e IJIa3MHIBI, H 38 apXETHIT ITHX IUIa3MHJI IPUHS-
ta RK2. Haubosee nayueHHBIC TUIa3MH/IBI TPy IITHI
IncQ — RSF1010, R300B u R1162. Onu Takxe
OTPEIENIEH bl KaK H30ATH OMHOH NasMuasl, H B Ka-
YecTBe apXxeTrna ucrnonesyercs RSF1010.

IMnasmuaer RK2 uw RSF1010 cymecrseHHo
pa’M4aroTCs M0 TIeHETHYEeCKOH OpraHH3alHu
(puc. 9.1). Perumukanus RK2 nposcxoauT ¢ y4acT-
ka ori'V (ot aurn. vegetate — pacTi) OHOHANpPAB-
JIEHHO, B TO Bpems Kak peruikanus RSF1010 ocy-
LIECTBAAETCH B [IBYX HANPaBIEHMAX H HHHLIHUPY-
€TCs TAKXKE C COOTBETCTBYIOLIENO YMacTKa oriV.
B RK2 enmHcTBeHHBIM T€HOM, MPOIYKT KOTOPOIo
HeoOxomuM s perummkamdy masmunHod JTHK,
apnseTca red frfA. INoka3aHo, 9TO B 3aBHCHMOCTH
OT X038HMHa, B KoTopoMm HaxomuTes RK2, nponcxo-
aur cuHTes Genka TrfA pasmepom 32 klla mmm
43 kla. INo-sugumomy, 1o obecneynBaer rwb-
KocTh B3aumoseiicTeus Genka TrfA ¢ dakropamu
permkanmy 6axrepuansHol KieTkn u o6ycnosiau-
BAET BO3MOMKHOCTh PEIUIMKAIMH MUIa3MAIBl BO
BCEM MHOTrooOpasuH KieTok-xo3ses. ['en 7/ B xo-
AMpYET pernpeccop reHa frfA M HIPaeT BaxHYIO
POk B PEryNsiUy PErUIMKALMM W IOIepXKaHus
mnasmuasl RK2 in vivo.



216 I'naea 9. BEKTOPHLIE CUCTEMBI TPAMOTPULIATENBHBIX BAKTEPUIA

-10
TATAAT +1

TTCTITGACAGCGGAACCAATGTTTAGCTAAACTAGAGTCTCCT
GTTGTTGACGTGCGAGAAATGTTTAGCTAAACTTCTCTCATGT
GTGTTGACGATTTATAGAAAGTTTAGCTAAACTTCTTCCATCG
AGGGCTTGCACTTCCTTCTTTAGCCGCTAAAACGGCCCCTTCC

-35

a TTGACA
6 tfA
& 1B
2 kilA
o0  kilB

repA

repB

repC

CCATTGTTAATGTGCTGTCTCGTAGGCTATCATGGAGG
TAGTGCTTGCTTGGTACTCACGCCTGTTATACTATGAG

GGTAGTGACCCCGCCAGCGCCTAACCACCAACTGCCTC
+1

Puc. 9.2. CTpyKrypa NPOMOTOPOB HIKPOKOIO KPYra X03ses:

a — obnacti ~10 1 =35 «ycpeanennoron npomotopa E. coli; 6-0 — npomotopst redon rnasmuisl RK2;

-3 — npomotops! miaimMuas RSF1010.
+1 — TOYKA HAMANE TPAHCKPHIIIHH

Inasmua RSF1010 necer tpu rewa (repA,
repB, repC), MPOAYKTEI KOTOPBIX SBIAIOTCH MONO-
KHTESIBHEIMU PEry/ISTOpaMH TPOLECCa ee Perum-
KauMH M 00eCneuMBalOT HE3ABHCHMOCTE OT MHO-
rux  QyHKImMH perMranuH  OaKrepHH-Xo3suHA.
Tlo-BuauMomy, Onarosaps Takoif TeHETHHECKOK
opranmsamuu mnasmuza RSF1010 crnocobua ag-
(DEKTHBHO perIMUMPOBATECH B GONLUIMHCTBE BM-

JIOB rPaMOTPHLIATENILHBIX DaKTepHit H, KaK CleacT-
Bue, 06118/1aeT B HHX BRICOKOH KOITHITHOCTBIO,

Baawubiv ceodictsom RK2 w RSF1010 seaser-
CA TO, YTO MX IEHBl WMEIOT Tak Ha3kIBAEMbIE MPO-
MOTOpEI LIMPOKOIC Kpyra xossee (puc. 9.2), He-
CKOJIBKO OTIIMYAIOIIHECH 110 CTPYKTYPe KOHCEpBa-
TUBHBIX PailOHOB OT COOTBETCTBYIOIHX pPaHOHOB
npomoTopos E. coli.

9.2. MONEKYNAPHBIE BEKTOPbI HA OCHOBE NIMA3MUA NrPynnol

HECOBMECTUMOCTMH IncQ

QMepMEHTHBIN anmapar perviMKalMH T1a3Mui
rpyrmmsl IncQ xapakreprsyeTcs 3HaYHTETLHOH aB-
TOHOMHOCTBEIO, 9T0 O0YCNOBIHBAET Ype3BLIYAIHO
WHPOKHK KPYT XO3%€B JAaHHBIX TUIA3MHJ Cpeau
rpaMoTpHUATe)ILHEIX DakTepHii.

Jlia nnasmuasl RSF1010 ussectha noapobHas
PeCTpUKIHOHHAs KapTa ¥ Ha Hel JIOKaTH3IOBaHK
NpoMOTOpHble paitonsl (puc. 9.3). Ha mnepewiii
B3I/, AAHHYIO TIPHPOIHYO [1Na3MHTY MOXHO 6e3
KakuX-TH00 PeKOHCTPYKIMH HCITONB30BATE B Kaye-
CTBE KJIOHHpYHOEro BexkTopa. [lnd 3tHx uene#
OHa HMeeT B 00NacTH, HeCYLIECTBEHHOH LIS per-
JIHKATHBHLIX (QYHKIUH, YYaCTKH y3HABAHHA YEThl-
pex pectpukras: EcoRl, Ssf, BstEIl u Pstl. Oana-
KO réHBl YCTOHYMBOCTH K Cylb(paHWIaMHaaM H
CTPENTOMHUUHY BXOJIAT B COCTAB €HHOIO OMNEepo-
Ha M TPAHCKpHOMPYIOTCA € OIHOrO NPOMOTOPA, MOo-
yroMy npH Berpoiike Pstl-¢parmMenTos OynyT HH-
aKTHBHPOBaTECHA 00a CENeKTHRHBIX Mapkepa — Suf
H Sm. Tlpu Berpolike o BstEll-yuacTtky cenex-
THBHEIE MApKepEl, HATIPOTHB, He MOBpPEeXIAaloTcH,
YTO CYLIECTBEHHO ycimkHseT otOop rubpuaHsiX
kinoHoB. Kinonuporanwe no Sstl-yuactky npuso-

JIWT K MHAKTHBALMH I'eHa YCTOWYHMBOCTM K CTpen-
TomuukKHy aphC, Ho He Hapymaer reH sul (Su’).
Mapkep Su' TakkKe COXpaHAeTcs TIPH BCTPOMHKE 1o
yuactky EcoRl. Caiit EcoRl pacnionoxen BHe Ko~
IMpyioiei MoCNe/IOBATENLHOCTH IeHA YCTOHMH-
BOCTH K CTPENITOMHLWHY, HO BBEJICHHE YyXEpOs-
Heix EcoRI-pparmenTos obsrtHo npesorepalnaet
€10 3KCTPECCHIo, 3a MCKITIOYEHHEM TEX CIIyYaes,
KOIja BCTABKA COJEPHHT MPOMOTOP, HANPABIIAIO-
WMl TPAHCKPHITUKIO B CTOPOHY 3TOIO TeHA.
Taxum obpasom, B Ka4decTBE CENEKTHBHOIO
Mapkepa npu BeTpoiike ¢parmenToB JJHK B runas-
muay RSF1010 moxker BuicTynatrs nMums reH sud,
OJTHAKO MHOTHE BH b GaKTEpHil OTHOCHTENTLHO He-
YyBCTBMTE/ILHBEI K CylibhaHUnamMuiaM, ¥ MoIToMy
JlaHHEIH TeHETHYECKHH MapKEp HMEET OrpaHH4YeH-
HOE NpHMEHEHHE MPH CO3JaHHH MONEKYJIAPHBIX
BEKTOPOR JUIA (IHPOKOTO Kpyra xo3sier. [lomeITku
NPEO/IONETL JAHHOE 3aTPYAHEHHE IYTEM CO3aHMHA
BEKTOPOR Ha ocHoBe perutikoHa RSF1010 u pas-
HBIX JIETEPMUHAHT YCTONYMBOCTH K AHTHOMOTHKAM

OB1TH IPEANPHHATEI B pAne naboparopwii.
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FPst-pacinerUieHHas
nnasvmaa pACYC177

RSF1010
8,7 T

Pst-pparsent
mnasMEael R621ala

Pst-pparment
( nnasvunas pKT105

Puc. 9.3. Cxema KOHCTPYHPOBEHHA KIOHHPYIOLIHX BEKTOPOB Ha OCHOBE wiasMmasl RSF1010.

Yepusivi kpysxamy oboanavens: mecra cessnpanns ¢ PHK-nommepasoit E. coli,
TONCTHIMH JIHHHAMH — 3K30renssie (parmentnt JJHK, serpoennsie B coctas RSF1010

OnaviMu w3 nepeuiX HAbop TAKAX KIOHHMPYIO-
LHX BEKTOpOs (cM. pue. 9.3) nonyuunn M. Barga-
capsH ¢ coasropam# (1981 r). Inasmuna pKT210
COAEPHHT YHUKATRHLIE YYaCTKH y3HaBaHUS PECT-
pukrtas EcoRl, Sstl u Hindlll. Ipu 3tom HindIll
HaXO/INTCA BHE FEHOB aHTHOHOTHKOY CTOHYHBOCTH.
IMnasmupa pKT248 kpome yuacTkos EcoRl u Ssil
umeeT caift Sall B rere cat (CmY).

Bexrop pKT231 (Km*Sm’) MOXHO Mcrok30-
BaTh JULs KJIoHMpoBarnkua (pparmenTos JIHK no yua-
crkam Hindlll, Xmal (Smal), Xhol (SmKms);
EcoRl, Ssfl (Km'Smy); Clal u BstEIl (cenexrus-
HBIE MapKepsl He noBpexzalorces). [lnammaa

B* Torarmmarca i H-OBHBPUR

pKT230 conepxnt noyrn Takoif e uabop ywacrt-
KOB [u1A BCTpOHKH (parmenTos, Kak u pKT231, 3a
Hekmodenuem caita Clal, v fonomHHTeNbHO HMe-
eT yyactok BamHI BHe reHoB ycTOHYHBOCTH K aH-
THOHOTHKAM.

HeobxommmMo 0TMETHTB, 9T0 TEH YCTOMYHBOC-
TH K CTPENTOMHLHHY B PacCMOTPEHHBIX IUIa3MH-
Jiax TpaHCKpWOHPYETCsi ¢ IPOMOTOPOR, JOKATH30-
BaHHEIX BO BCTpoeHHBIX Psfl-¢parmenTax pazmuy-
HOTO TIPOMCXOKIEHHSA.

Berpoiikoit BstEll-gpparmenTta kocmunsl E, co-
li pHSGA422, conepxamero ren bla (ApY) u yuac-
Tok cos (ara A, Opiia rnosyyena KoCMHIa IHPOKO-
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Psa

FPstl BstEIl
Puc. 9.4. KoncTpyHpOBaHKe KOCMHIHBIX BEKTOPOB, KMEIOIHX INHPOKHA KPYT X031¢eB

ro kpyra xosaes pKT247 (cM. puc. 9.3). Janunii
BEKTOp oDecrne4yHMBaeT BO3MOXKHOCTH BCTPOHKH
KPYTTHBIX ()parMeHTOB, reHePHPOBaHHEIX PECTPHK-
tazamu EcoR1 u Sstl, ynakoBku in vitro rubpu-
Heix JIHK B gactumm dara A (cM. 2.1.5) # BBese-
HHMA MX 3aTeM B xueTkM E. coll.

Cozpanme KOCMMJL C IIMPOKHM KPYTOM XO3A€B
HMeeT BAXXHOE 3HA4YEHHe JUld Pa3BHTHA TeHEeTHYe-
CKOr0 aHa/M3a rpaMoTpHUaTesbHbIX OGaxrepwmit.
INpu dopMupoBaHHH MPEACTABHTENBHEIX KIOHO-
TEK HM3Y4YaeMBIX T€HOMOB 00BIYHO MCHOONL3YIOT
pectpukrassl Sau3Al wan Mbol (M30mH3OMEpET),
KOTOPBIMH B YCIIOBHAX HENONMHOIO MUIposusa pac-
memnsaoT JJHK Ha nepekphiBaloliMecs KpyMHbie
(parMeHTsl M BCTPAHBAKIT HX B KOCMHMJILI MO y9a-

Pstl EcoRl
11 B

ctxy BamHI. C yyeroM storo B 1983 1. Ha ocHOBe
perummkora RSF1010 Oeuid co3paHbl KOCMKMIEI
pMMB33 u pMMB34 (puc. 9.4), conepxamue
B CBOEM COCTABE CAiT THIPONH3A PECTPHKTa3OH
BamHl. B pameneiimem H. KnH ¢ coastopamu
(1988 1) monyummu kocmuay pLAFR-5 (puc. 9.5),
KOTOpas HECET [Ba cos-yyacTka W obecreumsaer
BO3MOXXHOCTh BhICOK03((heKTNBHOIO KOHCTPYHPO-
BaHus Oubrmorex resoB no mMeroay beirca w

Ceudra (cM. puc. 2.22) npu THIpONM3e BEKTOpa
pectpukTazamu BamHI u Scal (nocnepusis dop-
MUPYET TYIIhie KOHIIb!).

Kiioaupyioume miasMuHeie BEKTOpEl HA OC-
Hoee perumikoHa RSF1010 ¢ kawasM rogom co-
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Puc. 9.5. Knouupytotline BEKTOpE HA OCHOBe miaMiasl RSF1010.
oriQQ — pennukarop nuaimuas RSF1010

BeplieHCTRYI0TCA. HeKoTopEhie H3 HUX NpecTaBie-
1Bl Ha puc. 9.5.

[pu woHctTpywposanuy rubpumHex JHK
in Vitro CcONEpXaHHe 1ENIeBLIX MOJIEKY B CMECH,
NOMy4eHHO# Nnocie JMra3HoM PpeaKuuy, HEBEIMKO.
ToroMy s BBEIEHHS THX MOJlekyll B DakTepun
W HX aMILTnQWKaUMH HeOOX0MMMa CHCTEMA C BhI-
coxolt sdpexrusHocTrio Tpanchopmanun ¥ ordo-
pa ruGpuiop. bonee BCcero nns 5TOro NOJXOMHT
E. coli. TTocne Beigeienns 1 noapobHOIo aHamHsa
nenesbiX rHbpHAHBIX Monexyn [THK, nony4eHHBIX
Ha OCHOBE BEKTOPOB ITHPOKOTO Kpyra XO3A€B, HX
MOXHO W3 KJIETOK E. coli KOHBIOTalMOHHO epeHo-
cUTh (MOOHIM30BaTh) NMpaKTHYeCKH B JIHOOOH BHI
rpaMOTPHUATENLHEIX OaxkTepuil H M3y4arh JKCI-
PECCHIO KIOHMPOBAHHBIX [€HOB B HOBOM Te€HETH-
yeckoM (OHOXMMHTECKOM) OKpY®ReHHH. Jlng Tako-
ro mepeHoca IUIA3MMAA-TIOMOLUHMK (9alle Beero
rpymmsi IncP) nomkna HaXoAHTLCA B TOH Xe KieT-
Ke, B KOTOpY10 BBencHa rubpumas monexyna JTHK
Ha ocHoBe IncQ-pennmkona, coaepxaman Heobxo-
VMBI U1 MODHTH3aIMH TeHeTHYECKHE JIeTepMH-
HaHTel mob u ori'T.

B nopasastomem GonsumHcTse pabor nenons-
3YIOT MMEHHO KOHBIOTAIIHOHHLIH NEPEHOC ILnas-
MUAHBIX (KOCMHIHBIX) Monekyn JIHK B knetku
rpaMoTpHLaTeLHEIX OaKkTepHii pa3THYHLIX TAKCO-
HOMMYECKHX TPy, 8 He TpaHcdopMauuio. 10
oOyciioBleHO pAaoM MNpH9uH. Bo-nepeBeix, mis

MHOTHX BMJOB OakTepuii 3¢dexTHBHBIE METOJIBI
Tpancopmain moka He orpaboransl. Bo-sro-
puix, Gonblioe YMCIO MCIONB3YEMBIX IUTAMMOB
COAEPKAT CHCTEMB! PeCTPHKIMH—MOAHQHUKALEY,
KOTOpbI€ 3HAYMHMTENBHO CHMXaIOT 3(deKTHBHOCTD
TpaHchOpMaIHH JIBYXLENOYeYHbIMHE MOJIIEKYJIAMH
JHK. B-TpethHx, JUis oCyulecTBIeHIA Tparchop-
Maumu Heobxonmmo nuasmMupy (kocMuuLy) Hapaba-
THIBATH, BRIJI&NIATE W3 KJIETOK, OukLlaTh. Bee nepe-
HHC/ICHHbIE 3aTPYIHEHHA JIETKO MPEO/IONieTh, Bhi-
NOMHAS METOAMYECKH MPOCTYIO TPOUELYPY KOHb-
toramuu Sakrepuii. IIpH 3TOM BHEXPOMOCOMHYIO
JHK He HYMXHO BbIIENATh M3 KIETOK, a MepeHoc
MOOHIIH3YEMBIX MONIEKYN TIPOMCXOMMT C BHICOKOM
vactoroii (06kHo He meree 10-! Ha | noHOpHYIO
KJIETKY), 4TO NO3BONAET HA/IEWHO BBOJIMTH WX B Te-
TEPOJIOTHYHOE OKPY)KEHHE Aaxe TNpH HaJWJHH
R-M-cHeTeM, Tak Kak B JaHHOM CITy44e IepeHo-
cuTCH ofiHa uens miasMuanHoi JJHK.

Kpome paspaboTin KIOHMpYIOLIHX BEKTOPOB
Heenenosareiu yaenstor GoNbioe BHEMaHUE CO-
3/IaHMI0 HA OCHOBE TulasMuj rpymmel IncQ akc-
MPECCHPYIOIHMX BEKTOPOB, KOTOphie 6b11 Okl CriO-
coOHBI He TOJBKO PEMIMLMPOBATLCA, HO M HAMPAB-
TITh TPAHCKPHITITHIO BCTPOEHHBIX NOCTIE10BATE b=
Hoctel JIHK B pazmuaHeIX rpaMoTpHUaTeNBHBIX
Haxrepusx. M. Barmacapsiu ¢ coasropamu (1983 1)
CO3jaNH MEpPBYI0 BEKTOPHYIO rasmuny pKT240
(puc. 9.6), npeaHasHa49EHHYIO JUIS KJIOHHPOBAHHA
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Puc. 9.6. Cxema cozpanus rmnaimuas pKT240 u nnasmune pMMB22 ¢ perynupyemeiv npoMoTopom

W (eHoTHMMYECKOro oTdopa MpOMOTOPCONEPHKA-
uwx ¢parmento JIHK. INpu 3amene 8 RSF1010
BstEll-EcoRI-@parmenTa Ha (parMeHT rjasMu/inl
pHSG415, cogepxammii TeHBl YCTOHYHBOCTH
K AMITHUMILIMHY ¥ KAHAMMLMHY, MOly4eHa Iias-
MHId, Y KOTOPO# COXpaHeHa KOAMpYHOmas mocie-
nosarenbHOCTE rela aphC (Sme), Ho jus ee aKcn-
peccHH HeOOXOomMM NPOMOTOp, HArNpaBIAOIHEH
TPAHCKPHITLIHIO ITOTO Y4aCTKa Mia3sMHansl. ABTOPEI
serpowid B pKT240 ¢parment Hindlll-EcoRI
(260 M), comepXamd NPOMOTOP P (CM.
puc. 3.2), u no denoruny ApSmrKms orobpaim
rubpuanyio masmuay pMMB6, kotopas nertep-
MHHMpoBaia QQEKTHRHYIO IKCIPECCHIO TIeHa
aphC kax B kietkax E. coli, Tak H B Pseudomonas
putida.

B 1981 r: C. Haraxapu Ha npumepe rubpuaHoi
mnauasl RSF1010-trp (Hecer rewnl Tpunroda-
HOBOTO omepoHa E. coli) nokazan, 4To0 KOHCTHTY-
TWBHEIH CBEPXCHHTE3 TpunTo(haHcHHTETassl E. co-
li B xnerkax P. aeruginosa NpHBOAMT K BBICOKO¥
HecTabHILHOCTH THOPHIHOH NUTa3MMAL ¥ OBICTpO-

Tabauya 9.3. Ixcnpeccus rena
KATeX0.1-2,3-/1HOKCHTEHAZkI O]l KOHTPOJAeM

NPOMOTOPR Dy
DepmeHTaATHBHARA
- | AKTHBHOCTS, €. &./(MI" * MHH)
Iaasvmna Bimpna ( =
O3AHH C MHAYKLHE
6es unayKuHM WOTT!
pMMB25 (E. coli 1,04 20,35
P. putida 0,50 20,50
pMMB26 |E. coli 21,71 22,01
P. putida 23,00 22,10

12 M HITTT gna E. coli n 5 MM gna P. putida.

My CHHXEHMIO B KJIETKAX YPOBHS AKTHBHOCTH 1aH-
Horo ¢epmenta. IloaToMy npeanoYTHTENILHEE TTPH
CO3/IAHUH IKCIIPECCHPYIOLINX BEKTOPOB HCTOJB30-
BaTh PETYIMPYEMBIE MPOMOTOPHEI, KOTOPBIE MOXHO
3¢ deKkTHBHO perpecCnpOBaTh, a B HYKHBIH MOMEHT
CHHMATL 3TY PENpeccHio (MHIYILHPOBATH TpaHC-
KPHITLHIO).

B xnetkax E. coli pyHKIIMOHWPOBaHHE IPOMO-
TOPa Pruc PETYIHMpPYETCA TpOAyKTOM reHa lacl
(cm. 3.2). IToztomy B cocras masmuasl pMMB6
M. Barmacapss ¢ coasropamMs BcTporim red laclQ
(cM. puc. 9.6). Okasanoch, 9T0 3TOT TeH IKCIPeC-
CHpYeTCs He TONLKO B E. coli, Ho u B F. putida v 3¢-
(exTHBHO penpeccnpyeT TPaHCKPHITLFIO C IPOMO-
TOPA Prac- IIpH BHECEHHH B Cpefly B KayecTBe MH-
nykropa MINTI penpeccus cHUMaeTcs v Niasmu-
Joconepxanue KIeTkn MeHstoT eroTurt ¢ Sms Ha
Smr. JlaHHas cHCTEMa IKCIPECCHH Takke Obuia
npoBepeHa NpH BCTpoiike B BekTopsl pMMB6 M
pMMB22 no yuactky EcoRI ¢parmenta nnasmu-
el Guonerpanaunk TOL, conepkailiero rex kare-
x011-2,3-mHokcHreHassl. [lonyyeHHbie THOpHiTHEIE
1183MM 1B COOTBETCTBEHHO 0003HaYnmH pMMB26
¥ pMMB25. Anamnmus skcnpecchy THOpHAHBIX KOH-
cTpykimi mokasan (tabn. 9.3), §ro BEKTOp
pMMB22 obecrneuuBaeT peryiIHpyeMyio TpaHC-
KPUITLIMIO BCTPOEHHOrO reHa Kak B kinetkax E. coli,
TaK u B P. putida.

Jna pacluMpeHus BOMOKHOCTEH MOMY4EHHO-
ro aKcrpeccupyomero sekropa H. Mepmon ¢ co-
astopaMH (1986 r.) B xozie psfa reHHO-HHKEHep-
HLIX MAHUNYJISUUHA PEKOHCTPYHPOBAIIM €10 B BEK-
Top pMMBG66EH (prc. 9.7). B 310# nnasmuge no-
clie MPOMOTOPA Prae PACTIONONKEH TOJIMITHHKED, 110~
3ponAloMK Berpausate (pparmenter JIHK, rene-
PUpPOBaHHEIE PAIMYHEIMH PECTPHKTA3AMH, 8 M0-
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oriQQ

Pstl. EcoR]
Pstl Sstl

Puc. 9.7. DxcnipeccHpyionue BeKTOpSI, TPEAHAIHAYEHHEIE NS IIHPOKOr0 KPYTa rPamMoTpHLarenbHbIX GakrepHil

cie reda rrmB 58S puGocomuoit PHK Haxonstes
JIBA TEPMHHATOpA TpaHCKpunuuH, Hanuaue Tepmu-
HATOPOB TPAHCKPUIILMK AOIKHO cTabHAN3NPOBATE
nopaepxanre rmbpuansix monexyn JIHK B 6akre-
pHATBHBIX KIETKaX IMPH MHTEHCHBHOH TpaHCKpMII-
LIMH BCTPOEHHLIX NOCIEN0BaTENBHOCTEN ¢ MPOMO-
topa. [locne Berpoiiku 8 pMMB66EH Psil-¢dpar-
MmenTa nnasmusl RP4, vecymero ren JIHK-npaii-
Ma3el, Opia TmoONMydeHa THOpwwas ruasMHia
pWPI101, nerepmunmpyromas cuutes roro dep-
menTa. 3arem pWP101 nepeneci B paziH4yHbIE
[ITAMMEl TPAMOTPHLEATENLHEIX Oakrepuii myTeM
MoGumasaimH IncP-mnasmmpoit. Tocne uHayKumy
TPAHCKPHITIHH C Prye ¢ nOMoLIbi0 UITTT G BEI-
asneH sddexTuBHbIi cunTes JIHK-npaiivass: B Ta-
kuX Gaxtepmsx, Kak Escherichia coli, Pseudomo-
nas aeruginosa, Proteus mirabilis, Serratia mar-
cescens, Klebsiella aerogenes w Methylomonas
clara.

JUx. Carmes w Jbx. XommrpsH (1989 1) uenonb-
30BAJIH CO3JAHHYIO BEKTOPHYIO CHCTEMY JUlsl 3KC-
npeccuy TeHa, Koampytonlero cyobeaunumily B xo-
JIEPHOT'O TOKCHHA. XOJIepHBIH TOKCHH 110 Oprannia-
MK OY€Hb MOXOK Ha TepMONabHIIBHETH SHTEPOTOK-
cun E. coli ® cOCTOMT U3 QOHOW cyObeIHHHMLLT A,
KOTOpas OTBEICTBEHHA 34 aKTHBALMIO afeHuIaT-
IMKJTa3sl, TIPHBOJALIYIO K TOKCHYecKkomy 3ddexty,
¥ natH HaeHTHYELX cyOsenmnun B (CTB), korto-
phle 00eCIe HBalOT CBA3LIBAHNE TOKCHHA C KJIETKa-

mu-murueHaMy. [Tokaszaso, yro CTB sasnaercs 3¢-
(exTHBHEIM HMMYHOTEHOM, 32UIHINAIONIHM 9esio-
BEKA OT XOJIephi W JIHapeH, BEI3LIBaeMoii aHTepona-
TOreHHBIMH WTaMmamu E. coli. Opanbshyio BaKin-
HY NOMYMaloT HHAKTHBAUMEH Ky/ILTYPhl XONEPHBIX
BUOPHOHOB, KOTOpas Hapsly C BHEKICTOYHIMH
CTB cogepwut uensie kaetku Vibrio cholerae. Ye-
MelHoe UCTOJb30BaHKe TAKOH BAKIMEHBI [UIS IpO-
bunaxTMKH yxa3aHHbIX 3aboneBaHuii ¥ MOCTABHIIO
Ha MOBECTKY JIHA BONPOC O KpynHomacurrabHoH Ha-
pabotke CTB. Ha ocHOBe 3KCIpecCHpYIOIIEro BeK-
Topa pMMBG66EH (cm. pue. 9.7) ynasnoce cosfars
uirammsel V. cholerae, xkotopsie no nponykimu CTB
NPEBOCXOAAT WCIIONL3OBABIIHECH pPAHEe LITAMMBI
B 50-100 pa3 (MpH MHAYKUHE TPAHCKPHILMHY C Prac
Ha rubpu Hoi nnasmuje).

Hapsaay c tac-npomoropoM 3¢ deKTHBHO hyHK-
LHOHHMPYET B IIHPOKOM KpYTe X03S€B W MPOMOTOP
Diecvvs- Tak, aHrmuiickue ucenenosarend B 1982
NPOAEMOHCTPHPOBAIIH, YTO CHHTETHYECKHM I'eH WH-
TepdepoHa 1 uesoBeKa, COCTLIKOBAHHBIN € MPO-
MOTOPOM Piactvs, IPPEKTHRHO 3KCTIpECCHpyeTCs
B cocrase pGSS15 (cm. puc. 9.5) B knetkax E. coli
u Methylophilus methylotrophus. TlpudeM B MeTH-
notpote, copmepxkameM THOpuAHYIO TIa3MHAY,
YPOBEHL CHHTe3a MHTepdepOHa NMPHMEPHO BIBOE
MPEBOCXOMMT TakoBo# B kneTkax E. coli. Cnioco6-
HOCTh MeTHIOTPOgHEIX DakTepuii pacTy Ha nemie-
BLIX ONIHOYIIEpOAHBIX cyOcTparax B KadecTse
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€/IMHCTBEHHONO MCTOMHHMKA YIJIEPOJa H IHEPrUH
JIeJIAET MX NEePCHeKTHBHBIMM Ui GMOTEXHOIOrH-
YECKOro MCIOJb30BAHKS.

Vike nepBhie TeHHO-HHKEHEPHbIE IKCTIEpHMEH-
Thl NOKA3aJIM, YTO OIHH M TOT K€ I'CH B I'paMoOTpH-
nare/bHeiX OaKTepHsx, OTHOCALIMXCH K Pa3sHBIM
cemelicTBaM, poiaM M Jlake K pa3sHeIM BHIAM Ofl-
HOro poia, MOXeT o0yCHOBIMBATL 3HAYUTENBHO
palMualoNIMiCs YPOBEHb CHHTE3d KOIMPYEMOro
uMm Oesika. TIpHHuHIBI 3TOro Hailie BCEro HE SICHEL
YuurniBas 9mv pesynsrarel, B. I Jlebabos ¢ co-
TPYAHUKAMH TPEUIOKHIH CIIEJIYIOULYI0 CXEMY MC-
CJIE/IOBAHMH: TEJICBOH IeH BCTPAMBAaeTCA B IKC-
MPECCHPYIOLIMH BEKTOP C ILHPOKHM KPYIOM XO3s-
B M MoJNy4YeHHas THOpHIHAS MJa3MMAa 3aTeM
KOHBIOTAITHOHHO TIEPEHOCHTCHA B fossllloe 4HCIO
LITAMMOB Pa3HBIX IPAMOTPHIIATCIBHBIX DaKTepHii.
Co3nannsie Takim obpasoM rHOpHIHBIE 1WITAMMBI
CPaBHMBAIOT 110 YPOBHIO TIPOJAYKIHH LIEJIEBOIO
Oesika 1 BHIOHPAIOT HAWITYYILKI BAPHAHT.

[pexpacHbie pesynsTaThl HTH HCC/IEIOBaTENH
nonys M B 1984 1o npu KIOHHPOBaHMM TeHa MH-
tepdepona a2 yesloBeKa B COCTABE BEKTOPA HA OC-
nose tiasmuzisl RSF1010 noa kouTposiemM npomo-
TOPa Placuws. CKOHCTPYHPOBAHHYIO THOPHIHYIO
IIasMHIY MyTeM MOOMIM3AIMH KOHBIOTALIHOHHO
NIEPEHECTH B IECATKH IITAMMOB IPaMOTPHIATE b~
HEIX OaxTepui, oTHocauwxca Kk ponam Methylomo-
nas, Salmonella, Pseudomonas, Erwinia, Serratia,
Rhizobium w pp. HauGosbiuas npogyKilds MHICP-
(peporia Gbuta obHapyxena B wramme Pseudomo-
nas sp. Conepxanne uuTepdepona B 1ol Haxre-
pun B 100 pa3 npeBoCXOMHIIO TAKOBOE B HCXO/IHOM
wiramme E. coli n pocturano yposus 1010 e. a/n.
[TpuumHEl NOBRILEHHOH NpoaykiMK HETEPdEepo-
Ha B KieTkax Pseudomonas sp. ne sicuel. BosmMox-
HO, B HOBOM XO3SIMHE MOBHILACTCA CTabMILHOCTH
Genka n/unn MPHK, curaamer meMimalym Tpasc-
KPHITLHK WM TPAHCTIALAH HCOE3yloTes Oonee
adpdextusno. T'ubpuanas nnasmmuaa, a ciaenoea-
TENMbHO, U KJIOHHPOBAHHBEIA TEH MOTYT HMETh MO-
BBILLIEHHYI0 KOMAHAOCTL. CKopee BCero, B IaHHOM
CITy4ae HMMENI0 MEeCTo H3IMEHEHHE OHOBpPEMCHHO
HECKOJIBKUX NapaMeTPOB 3KCIPECCHH HYHKEPOIHO-
ro rena. Cospannsiii wramMm Pseudomonas sp. Obin
HCNOMB30BaH JUIA PaspaboTku NepBoH TEXHONOIHH
MHKPOGHONOrHYeCKoro nojydeHns uuTepdepona
yesoseka B Poccun.

Mypooka 1 MuTanu 8 1985 r. npoeMOHCTPH-
pOBaJH, 9TO CHITbHELIE NpoMOTOpHI (hara 4 crniocod-
Hbl HANPABJIATH TPAHCKPHIILIMIO HE TOJILKO B KJIET-
kax E. coli, wvo w B Gakrepusx ponos Serratia,
Citrobacter, Klebsiella. Jl)x. Ma1THK C coasTopa-
mut (1987 1) Menone30Baiy HTOT (GaKT /U1 peresHHs
BaKHON NpaKTHieckol 3anauu. M3sectno, gro y pa-
na narorenuslx Oaxrepuit (Bacteroides nodosus,

Moraxella bovis, Neisseria gonorrhoeae, Pseudo-
monas aeruginosa v Jp.) 0dpasyioTcs Ha noBepx-
HOCTH KJIETOK (pMMOPHH, KOTOPBIE 110 CYLIECTBYIO-
wiek KknaccupHKauu OTHOCATC K OIHOMY THITY.
11 GpuMOPHK MIPaIOT BAJKHYIO POJTb KaK B NATOre-
Hese 3aboneBanuii, Bhi3bIBAEMBIX JlaHHBIMH DakTe-
PHAMM, TaK M B (POPMHPOBAHHH HMMYHHOIO OTBETA
opranmsma. B uactrHoctH, Bacteroides nodosus,
IPaMOTPHIATENbLHBIH AHAYPOD, ABIACTCH OTHHM M3
[IaBHBIX ITHONOIMYECKHX al'eHTOB, Bbi3bIBAIOIIHX
3a00neBaHle 10J1 HA3BAHHEM OBEHBbA KOMBITHAA
ranib. Jlansoe 3aboeBanie HAHOCHT CYLIECTBEH-
HbIH YPOH KHBOTHOBOJICTBY, H MO3ITOMY BEJIETCH
AKTHBHBI NOMCK Ty TeH ero npouiaKT MKy,

Haubosnee spexTHBHBIN MOXON — BaKUHHA-
IIHA XKHBOTHBIX TipenaparoM (pumOpwit HiaK LeTbIX
KieTok. OfHAKO TaKUe BAKIMHBI OTHOCHTENLHO
JIOpOTH, TaK KaK KynbTHBHPOBaTh B. nodosus joc-
TATOMHO CIIOKHO. [TonsITky co3ars NMPOAyuEHTH
¢umbpuii B. nodosus na ocuose xnerok E. coli
HE JIATH OKHIAEMOT0 Pe3ylbTatd, TaK Kak CHHTe-
3upyembie B E. coli cTpyRTypHBie CyOBeIHHMIT
He cobupatorcs B 3pensie Gpumbpun, a nokanusy-
107TCs B Knerounoit MemOpane, [lonHoueHHBIH Xe
HMMYHHBIH OTBET MOXHO NOJIYYHTH NHIIB TpPH
BaKIMHaIMK npenaparoM GpumOpuii. Iosromy Bo3-
HUKJIA HIER HMCTIONB30BATh B KAYECTBE IPOAYLIEH-
ToB OakTepuu, criocobnsie dopMHpOBaThL aHaNo-
ruynsie pumOpuu. Jlns 1ol nenu seibpanu Pseu-
domonas aeruginosa. B KIOHHMpYyIOIHA BEKTOp
pKT240 scrpownmm ren cybnemmnmimt GumOpwmii,
COCTBIKOBAHHBIH C CHIIbHBIM [POMOTOpOM Py (a-
ra A. B nonyuenHom wramme P aeruginosa
B DO/IBIIOM KOJIMYECTBE CHHTE3HpoBaiach Ccybne-
nunnna dhumbpuit u, 6osee Toro, Ha NOBEPXHOCTH
Kietok opMHpoBaIHCH 3penkie GuMOpHH, He OT-
nuunmeie o1 GuMOpHA B. nodosus. CosnaHubii
LWITaMM 1103BOJTH 3HAYUTETBHO YIIPOCTUTD (HOMY-
YEHHE BAKLUMHHONO Mpenapara MpoTHB KOMBITHOH
rHWIM xuBoTHLIX. Kpome Toro, nockoneky s
cbopiu GumOpHii BaXHOE 3HAYECHHE MMEET JIMINL
N-koH1eBas MOCIEAOBATENBHOCTL CTPYKTYPHOH
cyonemmuniel, a C-KOHIIEBAA MOXKET CYLIECTBEHHO
BapLHPOBATH, HMEETCSl BO3MOKHOCTD, BBOJIA B O/1-
HY KJIETKY I'eHbl CTPYKTYPHBIX CyObe tHHHIT] (HhHMO-
pHIT  pa3sHBIX CepOTHNOB (OTIHYAIOIIMXCH 11O
C-KOHLEBOIT 110CNEA0BATE/ILHOCTH), 10JIY44Th [IPH
MX OJHOBPEMEHHOH OJKCIIPECCHH CMEIIaHHbie
thHMOpUK, KOTOPEIE ABATCA MONMBAICHTHBIMM BaK-
LIMHAMH HOBOTO THIIA.

P. JInmanc c coaeropamu (1987 r) cospamm
Donee COBEPILEHHYIO CHCTEMY IKCTIPECCHH YYKe-
POIHBIX IEHOB € MCIOJIBb30BaHKEM npomMoTopa da-
ra 4. B xnonwpylommii sekrop pKT240 wapsmy
¢ ¢aroBeiM NpPOMOTOPOM OHH BBEJIM I'eH TepMO-
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HYBCTBHTEJILHOIO penpeccopa clgsy. B ckoHCTpyM-
poeansom sektope pPLGNI (cm. puc. 9.7) Pvull-
bparment, naxoasnmiics B paiione resa ycronum-
BOCTH K CTPEITOMMIMHY, 38MEHHIH Ha KOIHPYIO-
IY10 NOC/IEAOBATEILHOCTE 3pesioil (popME! HHTED-
JIEHKMHA 2 4eJIOBEKA, COCTHIKOBAHHYIO C YUACTKOM
cesm3piBabms pubocom rena ner ara Mu. Cosnan-
Hyi0 THOpHanyio masmuay pPLGNITHIL2 u3 kie-
Tok E. coli xoHBrOraumoHHO nepenecnn (Mobm-
ma30BanK) B 6akrepuu ponoe Erwinia w Serratia.
Amnanus sxcripeccuu rena IL-2 nokasan (taGa. 9.4),
4r0 mpoMoTop pr. (para 4 iyHKIMOHHPYET BO BCEx
9THX OaKTepHAX M ero aKTHBHOCTH PeryaHpyeTcs
(aroseiM penipeccopom cl, kak u B Kierkax E. co-
li — ecrectBenHoM xo3sMHe (ara A.
Bo3aMOXHOCTH APYTroif XOPOIIO H3Y4EeHHOH JUIs
E. coli BexropHoOit cucremsl, ofecneunpatomedt pe-
IYTHPYEMYK0)  TPaHCKPHIIHI0  KIOHHPOBAHHBIX
FEHOB, — CHCTEMBI Ha OCHOBE npoMotopa u PHK-
nonumMepasnl (ara T7 (oM. 3.2) — Henoms30Ba
LUl CO3/IaHMS BEKTOPOB IUMPOKOrO KPYra XO3sies
H. Marparwc (1987 r.). Inasmupa pKT230 (IncQ)
6n11a 0ObeIHHEHa € TeHETHYECKOH KOHCTPYKIMe,
cocroamei w3 rena lacl nukoro Tina (Kommpyer
penpeccop lac-oniepona) v rena / dara T7 (koau-
pyet ¢arosyro PHK-nomimMepasy), noMemeHHoro
NoJl KOHTPOJIb TPOMOTOPA Prgetys. | MOpHaHasn
mwiasmua pNP148 (puc. 9.8) coxpaunna dyskimm
peTUTHKALMH M MOOMITH3ALIMH HCXOHOH Tiia3sMH-
Jiet. Ha ocuose IncP-pennmiona cosjian axcnpec-
cupyiommii sexrop pNP109, koropeiii HeceT nozs-
HHii npomotop ara T7, noacTpoeHHbid K MNOJH-
nuHKepHoi obnactu u3 mwiaamuasl pUCIS. Jlas
npoBepky  (PyHKUMOHHPOBAHHA IJTOH JByXILia3s-
mugHo#t cucremsl B pNP109 no BamHI-yuacrky
scrponnm dparment [IHK, conepxammii ren f-ra-
naktosuziasel E. coli. Twbpuanyo ruasmuay
TparchopManmeii BeesH B KieTkH E. coli[pNP148)

Ta6ruya 9.4. Cunres HHTepaelixuna 2 veloBeKa,
HanpaejseMblil naaimenol pPLGNIHIL2,
B IPaMoTpHIATEILHBIX GaKTepRAX

baxrepis- KTemn Ll AKTHBHOCTSH
XO3AHH 4 nra'mm:pona- IL-2, e. a./Mn
mus, °C
Escherichia 28 <]
coli MC1061 42 4200
Erwinia 28 <]
chrysanthemi 42 600
Erwinia 28 <1
carotovora 42 525
Serratia 28 <1
marcescens 42 780

H Pseudomonas phaseolicola[pNP148]. B oboux
WTaMMax focse 1o0aBaeHHa B NMUTATENLHYIO Cpe-
ny UITTT waGmopanach >¢dexTHBHas HHAYKUHS
CHHTe3a f-ranakTo3naasel. YUWTHIBAA, YTO pery-
JIHpYeMasi CHCTEeMa IKCIIPECCHH C TIPOMOTOPA Plue
(pyHKIMOHHpYET B NIHPOKOM Kpyre rpamMoTpHia-
TenbHLIX OakTepuii, MOXHO PacCUMTHIBATL HA MC-
NONb30BAHKME TeHETHYECKUX 3nieMentoB (ara T7
JUIA BRICOKOMMDEKTHBHOH PEryIHPYEeMO# TPaHCK-
PHIILIHKM Y9YKEPOJHBIX FEHOB B PasHBIX rpaMoIpH-
rarenmbHbIX OaKTepHaX.

TexHONOrHYECKH EPCTICKTUBHYIO BEKTOPHY10
CHCTEMY PETY/THPYEMOH KCTIPECCHH KJIOHHPOBAH-
HBIX resoB paspaboramm K. Tummuc c corpyauu-
Kamu (19861988 rr.). Ha ocHOBe KIOHHPYIOLIETD
sextopa pKT231 (cm. puc. 9.3) 6bu1a cKOHCTPYH-
posana rurasmMmaa pNM185 (cm. puc. 9.7), B koro-
POii reH YCTOMYHMBOCTH K CTPENTOMMIIMHY Haxo-
JIMTCSl 110]I KOHTPOIEM JIBOMHOIO TPOMOTOPA Py
TOL-runasmunsr pWWO. [lpomorop p,, Hanpas-
JSeT TPaHCKPHIINIMIO ONEpoHa, AETCPMHHHPYIO-
ero myTh METa-pacmenieHHs apoOMaTHYeCKHX

Pstl BstEIl

Puc. 9.8. Cniapennas BekTopHas cHcTeMa Ha ocHose npomotopa 1 PHK-nonumepais dara T7
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Tabnuya 9.5. CunTel KaTexo1-2,3-THOKCHIEHA3L! B GaKTepHAX, HecyLIHX naaimuay pNM187

AKTHBHOCTEL (JepMEHTA, HMOJIL/MHH
 — o Omomenm;i
€ MHAYKIMCETH 5 M aKTHBHOCTE
0 St it MeTa-Tomyara
I'pyrma |
Pseudomonas aeruginosa 250 6000 24
Aeromonas hydrophila 19 1900 100
Pseudomonas putida 35 610 17
Aerobacter aerogernes 12 590 49
Serratia marcescens 5,6 460 82
Erwinia carotovora —* 420 >420
Escherichia coli - 410 > 410
Klebsiella pneumoniae — 270 > 270
Acinetobucter calcoaceticus == 58 > 58
Proteus mirabilis — —
I'pynna Il
Pseudomonas testosteroni 120 460 4
Alcaligenes eutropus 1,6 7,6 5
[pyrma 111
Paracaccus denitrificans - 140 > 140
Agrobacterium tumefaciens 26 44 2
Rhizobium meliloti 6.6 9.0 |
Hexnaceudmumposantsie Gaxtepnn
Xanthomonas campestris 26 190 7
Hyphomicrobium sp. - 86 > 86
Moraxella nonliquefaciens — 32 >32

ITpuveuariue. BakTepri CrpyTIMHUpPOBAHB! MO MpH3HaKy romonorkn 58 PHK.

* AKTMBHOCTE HE BLISBIISETCS.

OPraHHYeCcKHX KHCIOT, PHYEM MO3HTHBHBIM pe-
IyNnaToOpOM 3TOr0 MPOMOTOPA ABNAETCA OCITKOBBII
npoaykt rena xy/S. lNostomy B pNM 185 peenen
u ren xyIS. Axkrusanms Genka XylS Mukpokonu-
yecTBaMM Gen3oata WM MeTa-ToNyara NpUBOIMT
K HHJIYKIMH TPaHCKPHIILHH C Py, s usydenus
BOIMOXHOCTEH CO3/IaHHOM CHCTEMBI IKCIIPECCHH
B pNMI185 no EcoRl-ysactky Bctponnm ¢par-
menT TOL-masmims pWW2, copepxamit ko-
IHPYIONLYIO MOC/IEIOBATENbHOCTD TeHa KATEeXoM-
2,3-nuoxcurenassl (xp/E). TMonyueHHY0 Takum
obpazom rubpuanyio niasmuny pNM187 konbio-
TAUMOHHO NEPEHOCUITH B Pa3HEIE BHJIBI TPaMOTPH-
Hare/bHeIX GakTepHil M aHaM3MPOBAITH JKCIpec-
CHIO 11eICBOTO 'eHa B YCJIOBUSX akTHBaluu Gesika
XylS u B orcyTcTBHE akTuBaimH (Tabm. 9.5). Pe-
JYJIBTATEl BRITIOJHEHHBIX 3KCIIEPUMEHTOB Ipojie-
MOHCTPHPOBAIN LIIMPOKHE BOIMONKHOCTH NaHHOM
CHCTEMBI KCTIPECCHH HYKEPOJAHBIX TCHOB B pa3-
HbIX Byax Oakrepuid. Baxcnoii pius TexHonoruye-
CKOr0 MCIOMB30BaHHA OCOOEHHOCTBIO 3TOH CHC-
TeMbl ABJACTCA TO, YTO IKCIPECCHSA KIOHHPYEMO-
ro rera akTHBHpyeTcs 100aBineHHeM MaIbIX KOJH-
YeCTB O4Y€Hb JCIEBBIX XHMHYE CKHX COSIHHEHM,

370 BHINOAHO OT/IHYAET €€ OT JIPYrHX I'eHHO-HH-
JEHEPHBIX CHCTEM C peryliMpyemMoi IKCIPECCHEH
1EJIEBbIX TEHOB.

[Mpu w3yuenuy GyHKILUHOHHPOBAHUS [LIAIMMIbI
pNMI185 ObLiK BhyIEIEHE! €€ TIPOU3BOIHBIE, KOTO-
phi€ HANPABIAIN CHHTEe3 My TaHTHBIX OenkoB XylS,
obnanaiomMx M3MEHEHHOMH CnelUMPHYHOCTBIO 10
OTHOLIEHHTO K 3¢dexToprsiM MosiekynaMm. Tak, Ge-
nox XylS2 ue Tonsko aktuekposaics 3-MetTuica-
JIMUMINEIOM, KOTOPBIM He akTusupyercs Oeok
XylS, no npu sTom obycnosausan u Honee Brico-
KHil YPOBEHB TPAHCKPHIILMH C TIPOMOTOPA Dy,
Kpome Toro, obHapyxeHo, 4T0 1pH MOBBILLCHHH
TEMIEPATYPBI YPOBEHb TPAHCKPHIIIMM € TIPOMOTO-
pa P, ¥ akTHBaLMA ero GenkoM XyIS cHmkatorcs.
LlenienanpaBieHHbiii MOHCK TO3BOMHI BBIIETHTH
myTant xylS2r6 (nnasmuaa pERD2#r6), koropsitii
HAINpaBJIsAJl TPAHCKPHIILIUIO C Ppy M TPH TIOBEILLEH-
HOit Temniepatype. IlomectB nocne npomoropa
HOHIIMHKED, MMOJIYMH/IH IKCOPECCHPYIOIHH BEK-
top pERD20 (cm. puc. 9.7), obecneunsatoupsii
BO3MOMCHOCTh BCTPOMKH pasanunbix ¢parmentos
1 HX 3(QPEKTHBHYIO PerylHpYEMYI0 IKCIPECCHIO
Jnaxe B TepMopHIBHBIX DaKTEpHAX.
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9.3. MONEKYNAPHLIE BEKTOPbl HA OCHOBE MNA3MUA reynnbl

HECOBMECTMMOCTM IncP

HexoTopeie rpynne rpaMOTpANATEIBHEIX Oak-
TEPUii OCYNIECTBISIOT TAKHE YHHKAJIBHLIC MpoLec-
CHl, KaK (PMKCALMS MOJNEKYIISPHOTO 430T4, OKHCle-
HHe OJIHOYTIIEPO/IHBIX OPraHMHECKHX COSTHHEHHH,
YTHIM3aLHs apOMaTHYecKuX coeauHenui u np. Kak
[IPABIIIO, B KIIETKE 3a Kbl Takol Metabonuye-
CcKHii MyTh oTBedaeT wabop (epmMeHTOB, yHKIMO-
HHPOBAHHE KOTOPBLIX PeryiMpyercs sKclpeccHeii
CrieLHAIbHBIX ONEPOHOB, NOKATHIYIOLUHXCH WY Ha
baKkTepHAIBHOI XPOMOCOME, WM Ha TUIa3MHUIE.
Buecenue THX onepoHos (MM WX OTACIBHBIX Te-
HOB) B COCTABE MHOrOKOIMUITHBEIX KIOHHPYIOIMX
BEKTOpOB B OakiepuM JIPYTHX TAKCOHOMMYECKHX
TPYTIn MOXET NPHBOIHTE K CYNEpPCHHTE3Y COOTBET-
crByroLHX (hepmedTos M rubeny KIeTok u3-3a Ha-
pyiiesua ux Metabomuyeckoro GanaHca (TokCcHye-
ckuil a¢dexT). Ilpeononers nogobroe 3aTpynHeHHe
MOKHO, HCITOJTL3YA HHU3KOKOMUHHBIEe BekTopsl. Hau-
GonbluMe ycrnexu B CO3AaHWH BEKTOPHOM CHCTEMBI
TAKOTO THINA C MIHPOKHM KPYTOM X03€B JIOCTHIHY-
THI MPH MaHumyANMaAX ¢ naaamuaod RK2, Ona or-
HOCHTCS K rpynnie IncP, apisercs KoHBIOraTHBHOIM,
umeet pasmep 60 TrH, crabHIbHO NOAAEPKHUBAETCH
B IIHPOKOM CHEKTpe rpaMoTpHuarensHeix Gaxre-
pHH 11pH HU3KOI KONHIHOCTH.

bonbiuoii Bk1as B pa3BHTHE IaHHOH MEHHO-HH-
KeHepHOIi CHCTeMBI BHECIH COTpyaHMKH nabopa-
Topuu J1. Xesmuckoro (1979-1985 rr.). Oum nomy-
v masmuny pRK290 (puc. 9.9), nociymus-
LIy OCHOBOH JUIA CO3AAHHA JIDYIMX MHOTNOYHC-
JICHHBIX MOJICKYIAPHBIX BEKTOpOB. YiKe nepsbie
IKCIEPUMENTEI NToKa3anM, 910 pRK290 cosmecTn-
ma ¢ mmasmunoi pRK2013. Mocnennss Takxke AB-
nsercs npowssoanoi RK2, Ho y Hee ¢ noMouibio
pecTpukTas nenervposan Ooubiioit dparMent
JHK, BKmouYaoimmii CoOCTBEHHBIH PEIUIHKOH,
M 3aMeHed Ha peruiMkoH tasmuki ColEL. Tlpu
srom B8 pRK2013 coxpanmnmcs Bce (yHKUMM
KOHBIOranonnoro mnepenoca. Oxazanock, 9TO
pRK2013 cnocobra addexkrmsro mobwansoBats
nnasmuay pRK290 u ee npoussoHeie U3 KIETOK
E. coli B tImpoKMit KpyT rpaMoTpuiiatesibHbix 6ak-
Tepui, HeoctarkoMm AanHoOH BEKTOPHO# CHCTEMBI
ABAAETCA TO, 4TO nuasmMuanl pRK290 n pRK2013
HMEI0T PAfioHbI FOMOJIONMH M TI0ITOMY CTabHIIbHO
COCYIIECTBOBATL OHH MOIYT JIHIIB B KJIETKax
E. coli, nedexthuIX 1o cucreme pekomOuualnmg.

[Inazmupna pRK290 coneputT YHHKAIBHBIE
y4acTkM rwaponusa pectpukrtazamu EcoRl n
Bglll, no xoTopsiM MOXHO KJIOHHPOBATH K30I€H~
nete ¢parmentel JJHK. Berpoiikoi cHHTETHYE-
Cckux JHHKepoB yuactok Bgl/ll Owin 3amenHen Ha

cait BamHl (nnasmmpa pRK291) wm HindlIll
(pPRK292). HepoctaTkoM JTHX TPEX BEKTOPOB AB-
JIFETCH OTCYTCTBUE BO3MOXHOCTH NPOCTOro (eHo-
THUNHYecKkoro 016opa rubpHIHBIX KIOHOB: OHH MO-
ryT OpITh BBIABIEHB!I NHIUL NOCHEe rHOpHAM3ALIHM
HYKJIEHHOBBIX KHCIIOT HJIH paJHOHMMYHOaHaIM3a
in situ TMOO MPH KOMIUIEMEHTAIIHH OTIPEfleIeHHBIX
MyTanuil knerku-xosguHa. [lostomy yowmmma me-
cnenosaresnedt GbUIM HaNpaBneHb! Ha cozaanue 60-
niee ynoOHBIX MOJIEKYJIAPHBIX BekTOpoB. Pacemot-
pHM HeKoTOpHIE M3 HUX (prc. 9.10).

IMnazmuna pRK293 (KmTer) copepur Heaell-
tparment (1430 nn), HecymMii reH yCTONYHMBOCTH
K KaHaMMIMHY H3 cocTasa TpaHcriosona Tn903.
Januas nuasvuaa obecnetuBaeT (heHoTHNIHYECKHI
o100p rHOPHIOB TPH MHAKTHBAIWH MEHETHYECKOro
mapkepa Kmr (Berpoiika no  Hindlll-  wm
Xhol-yuwactkam) wim Ter (BeTpoidka no caiity Sall).

pRK310 ssasercs nponssonnoii pRK290, xe-
cymeit Haell-dparment (424 nn) nnaszmuasr pUCY
(cm. puc. 2.35), copepiKalliHil KOAHPYIOULYIO 110~
CIIEIOBATENLHOCTE (-TIeNTHA [-ranakTo3H1a3s!
M NOMHIHHKEPHYIO obnacte. ['Mbpunneie niasmm-
Nl BHIABJIAIOTCH TOCNE Tpanc(opManmMu KIeToK
E. coli, cuntesupyommx neeKkrHyio f-rajakio-
3unasy (G-akienrop), Nmo OKPacke KOJNOHMM, Bhi-
pOCILHX HA arapH30BaHHOI Cpefie ¢ TeTpPalHKIIH-
Hom, UITTT u Xgal (nogpobuee o nannoii cucreme
orbopa cm. 2.2.6).

Bekrop pRK311 npeacrasaser coboit kocMu-
Ny € ILIMPOKHM KPYTOM XO3%€B, MOMYHCHHYIO O/
Berpoiiku B pRK3 10 Bglll-gparmenta (1,6 1rin) u3
coctaBa kocmuael E. coli pHC79, conepxamero
cos-caift daral.

P. ®eitnu ¢ coasropamu (1988 1) na ocnose
pRK290 cospamm naasmuy pAF300, npeana3sna-
YeHHYI0 juia cenexiud (pparvenTos JIHK, koto-
pBi€ CNOCOGHBI BHLITIOMHATE (JYHKILMM IPOMOTOPOB.
Jlng sroro B coctas pRK290 no Bgl/ll-yuactky
serpounu BamHl-¢parment JIHK (1,5 1now), co-
IepaKaliuii red cat XinopameHHKONAleTHIITPaHC-
(epa3bl, sMmmeHHLI cBoero npomotopa. [lpu
Berpoiike B pAF300 no yuactkam HindIl wmm Psil
npomoropconepkainux ¢parmentos JIHK, Ha-
MPAaBJAIONIMX TPAHCKPHIIIMIO B CTOPOHY TeHa cal,
(eHOoTHN, AETepPMHHHPYEMBIH NIAIMHIOH, H3Me-
Haercs ¢ Te'Cms wa TerCr,

Henonb3ys CkOHCTPYHPOBAHHELA BEKTOP, MOX-
HO KJIOHHPOBATh CAMBIE PAIIHYHLIE TTPOMOTOPHI
H TIPOBOIHUTH CPABHHTEIBLHOE HM3ydeHue HX (yHK-
LHOHHPOBAHHA B [IMPOKOM  CIIEKTPe Ipam-
orpunarenbibix Gaxrepuii. Tak, B naGoparopuu
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9.3. MONEKYNAPHBLIE BEKTOPBI HA OCHOBE NNA3MIAA MPYNNbl HECOBMECTUMOCTH IncP 227

Bl

Puc. 9.10. KnoHupyromme BeKTops! Ha 0OCHOBE ntasmuibl RK2

EcoRI

pRK291]
g
Sall oriV

BamHl p.op)

EcoRl

EcoRI

Puc. 9.11. Bextopuas niaiMuna pRK291 w ee rubpunneie npoussoaHsie

J1. Xemucxoro Ha ocxoe nnasmiasl pRK291 no-
nyqennl rubpuansie sapuantsel pGD499, pGDS00 1
pXLGD4 (puc. 9.11), B KOTOpBIX CTPYKTypHas
4acTh rena lacZ HAXOAMTCH COOTBETCTBEHHO IMOX
KOHTPOJIEM IPOMOTOPA NeHd YCTOHYMBOCTH K KaHa-
MHIIMHY, POMOTOpa paiona ori V mnasMuibr RK2
WK TIPOMOTOPA FeHa O-aMHHOJIEBY/ THHATCHHTETa3bI
Rhizobium meliloti. Awams TpoxyKuv# S-raakro-
3Ma361 MOKA3AL, YTO AKTHBHOCTH JI@HHBIX [POMO-
TOPOB 3HAYHUTENLHO BAPLHPYET B Pa3HBIX X035€BaX
(tabn. 9.6). [loaromy BGOBILIOH HHTEPEC NMPEACTAB-
JSET BOMPOC O TOM, KAaK CTPYKTypa IPOMOTOpa

BIMAET Ha €ro (PyHKIHOHMPOBAHHE B TOH MM
uHo# OGakrepun. KiloHHpOBaHHE H CEKBEHHPOBa-
HHE, @ TAKIKE OLIEHKA «CHIIBD IOCTATOMHO OOJIbILO-
10 YMCJIa MPOMOTOPOB B OAKTEPHAX pa3HbIX TAKCO-
HOMHYECKHX Py NO3BOIMT CAenars 060CHOBaH-
Hoe 3akitodenHe 00 ocobeHHOCTSX npoLecca HHK-
IMalMKH TPAHCKPHITIIAH Yy HW3ydaeMblX Oaxrepwi.
Kpome Toro, Takie HCCACAOBAHHA NOMOTYT Bbif-
BMTb NPOMOTOpSBI, Hanboee npHronubie IR pe-
LICHHMA LENEBIX 3a/1a4 10 IKCIPECCHH OIIPeJIesieH-
HBIX KOIHPYIOIMX [OCNEI0BATCABHOCTEH B Bbi-
OGpaHHBIX TPAMOTPHIIATE/IbHLIX DAKTCPHAX.
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Tabruya 9.6. OTHOCHTENHLHAS AKTHBHOCTD J-ranakTo3niassl,
NeTEPMHHHPYEMOM rHOPHANLIMEA IIa3MHIHLIMH NeHAMA B HEKOTOPBLIX IPAMOTPHIATEIbHbIX DaKTepHAAX

ITnasvmna
baxrepua-xo3auH
pRK290 pGD499 pGD500 pXLGD4

Escherichia coli 3 1042 6 6
Rhizobium meliloti 1 208 141 622
Pseudomonas putida 2 80 76 149
Rodopseudomonas sphaeroides 2 9 2 422
Acinetobacter calcoaceticus 4 114 8 12
Caulobacter crecentus 2 393 296 4832

IMpuveuarue. Jins xaxkaoro Buaa OaxTepuii NPUBEAEHO CPEAHEE 3HAYCHHE AKTHBHOCTH [-ranakTo3wiassl,
OTIpE/ICNeHHOM B BYX HE3aBHCHMO MONYHEHHBIX TPaHCKOHBIOTATAX.

9.4. UICNOJNBb3OBAHUE BEKTOPOB LLUUPOKOIO KPYTA XO35EB
ANA MONEKYNAPHO-FTEHETUMECKUX UCCNEQOBAHUNA

MPAMOTPULIATENbHbIX BAKTEPUN

biiaropaps CO3/1aHMI0 KIOHUPYIOHIHX BEKTO-
POB, CHOCOOHEIX PEILIMIMPOBATECS M CTAOWILHO
HOAAEPHMBATLCH B PasHBIX PAMOTPHLATEIbHBIX
fakTepHax, NOABHIACh BO3MOXHOCTHL MONydaTh
6ubnuoTeky reHoB M3yuvaeMuiX GakTepuii, NpoBo-
[MTH MOJIEKYIAPHO-TCHETHYECKHe HCC/IeIOBAHMS
OpraHH3alMH H (QyHKUMOHHPOBAHHA XPOMOCOM-
HBIX H IIa3MHJIHLIX I€HOB, 4 TaAKKe KOOP}IHI‘IHP)'B-
MO perylHpyeMbix HabopoB reHoB (onepoHos).
C noMous0 KOMIIEMEHTAIIHOHHONO aHATH3a YJia-
ercs BeIABRIATH TMOpHanKke Monekynsl JIHK, necy-
LIME OnpeneneHHsie noKycel GakTepuaibroi xpo-
mocombl. Tlpy 3toM KomnuiemenTaums (yHKiHiH
BO3MOKHA M B HEPOACTBEHHBIX, HO OTHOCHTEJIBHO
XOpoio H3yuenHeix Gakrepusx. PaccMorpuM He-
KOTOPbI€ HCCAE/IOBAHHA TAKOTO THIIE.

B cocrase mwnasmunei pKT240 J1. JDxunec
¢ coasropamu (1986 r.) xioumpoBanu (parmMeHTsI
IHK Pseudomonas aeruginosa, conepwaiiue re-
Hel argA, argF wim proC. B 3T0M %e BEKTOpE KJIO-
nuposanu pparmentsl [IHK E. coli ¢ wsodyHkimo-
HAILHBIMH T€HaMH, a TAKXKe C reHom proB. Dkc-
npeccust reHoB Pseudomonas 8 wknerxkax E. coli
cocrasiia 0,3-5,0 % or yposhsl, HabmoiaeMoro
8 P. aeruginosa. Eciu ren proC P. aeruginosa no-
MEUAIH 1O KOHTPOAL [ac-TIPpOMOTOPA, NPOAYyK-
i B8 E. coli depmenta, KOAMPYEMOIO HAHHBIM
TCHOM, 3HAYHTEILHO MOBBIIAIACH, 3TOT Pe3yJILTaT
YKa3uIBaeT Ha TO, YTO Mo KpaiHeil Mepe B psaje
ClIyHaeB NpensTcrsuemM Juis 3(pQexTMBHOIO Buipa-
*eHua renos Pseudomonas s xnetkax E. coli ssns-
eTCH HM3IKHH YPOBEHL MHMIHALIMM MX TPAaHCKpHIT-
um. B 10 xe Bpema MHorue remnl E. coli, KioHH-
pOBaHHBIE B COCTaBe BEKTOPOB LIHPOKOTO Kpyra
x039eB, IPPeKTHBHO QYHKIMOHHPYIOT B KIIETKAX

Pseudomonas. Tak, skcripeccus resos proB w
proC E. coli B xnetkax P. aeruginosa cocraBiser
oxos0 50 % or Takoso# B Kiuerkax E. coli. 9o noa-
TBEPXK/IaeT pacnpoOCTPAHEHHOE MEEHHE O TOM, YT0
P. aeruginosa seasercs Gonee ynoGuoi cucremoit
JUISL KCIIPECCHH FEHOB IpaMoTpHuaTe/ibibiX fak-
Tepuid, uem E. coli. B kneTkax nceBpoMoHas MOryT
HPPEKTHBHO IKCNPECCHPOBATHCA M T'CHBI TPAMIIO-
JNoXHTEbHbIX Gaktepuil. OpaHIy3CcKue UCCNeno-
BATENH MOKA3AIM, 9T0 a-amunasa Bacillus ficheni-
Jormis >pdexTHBHO TpOAYUMpYETCH B KIETKAX
P. aeruginosa, conepxauMx KIOHHPOBAHHBIH
B Bextope pKT230 ren B. licheniformis. Ilpu stom
85 % cuntesupyemoro depmeHTa CeRpeTHpOBa-
JIOCH B NEPHIIA3MY, HO HE BBLIXOAHIIO W3 KIIETOK.

C noMonipo KIOHHPYIOIMX BEKTOPOB HIMPO-
KOro Kpyra xo3ses noapo0HO M3yueHa re’Heruue-
CKan opranmiauusa H (yHKIHOHHPOBAHHE ONEPO-
HOB OMOzerpananmy Takux njasmua, kak NAH,
TOL u sip. K. Sluxu ¢ coasTopamu (1986 r.) B co-
cTaBe KOCMHJIbI CyOKIOHHPOBAIH hoX-ONEPOH M3
ruranTckoi (okomo 400 trw) nnazmmasl pHG21-a
rpaMoOTpHUATeIbHOH  (QaKkyabTaTHBHON BOAOPOI-
Hoii Gakrepun Alcaligenes hydrogenophilus. Iloc-
ne BBesieHus B knetku P, oxalaticus 3101 onepol
ofecrieunBall UM BO3IMOXHOCTb BOJIOPOJI-3aBHCH-
MO0 aBTOTPO(HOIO POCTa.

Hurepecnusie nccnenobanns nposenu Jix. [1na-
sunckni v E. Ponbd (1985 ). CnocobHocts dux-
cupoBarb arMocepHblii a30T npu cHMOHO3e Mex-
Jiy 6000BBIMH pacTeHUAMH M NNOYBEHHBIMH DakTe-
pHAMM OFPaHHYMBAETCH JIHILbL TPEACTABHTEISNMH
pona Rhizobium. I'eneTHyeckas OCHOBA TAKOTO Or-
paHHYeHHA MOKa HE OYeHb NMoHATHA. Ho n3BecTHO,
4TO psJi 3Tanos o0pa3oBaHHs KOPHEBBIX Ki1yOeHs-
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KoB Y 6060BEIX M HKCAIMYM a30Ta KOHTPOITHPYET-
ca nnasmupamu  Rhizobium, wassannsiMa Sym
(symbiosis). Knoaupys dparmertor JIHK nnazmu-
A6l Sym M BBOAA MX B COCTaBe TMOPHAHLIX Uias-
MHA B pa3/imaHbie DaKTEPHH, MOXKHO H3Y4arh Opra-
HH3A[HIO [CHOB, KOHTPOIMPYIOUIMX TPOHECCHI
cumOmo3a 1 pukcanuu arMocdepHoro aszora. Tak,
KOHHTErpaHT I1a3MHJIbl Sym C BEKTOPOM ILIHPOKO-
IO CTEKTPa XO35€B KOHBIOTAIMOHHO TEPeHecTH
B Gaxrepun Lignobacter w F. aeruginosa. B pe-
synerare Gaxrepun Lignobacter mpuobpenu crio-
cobnocTh (POPMHPOBATE HA KOPHEBBIX BOJIOCKAX
pactenuil Ki1yOeHbKH, HO a30T He (PHKCHPOBAJH.
Knerku ncesfioMOHaM B TeX Ke YCIOBUAX MposiB-
NAMH 3aMETHO MEHBIIYIO CriocobHOCTh K opmu-
POBaHMIO KITYGEHBLKOB.

TMocnenyioume HeneHanpasieHybe HCCHIENO-
BAHWA JAJyT BOIMOXHOCTH TOHATH MOJIEKYNSAp-
HYIO TIPHPO/Ty CHMOMOTHYECKOTO B3aHMO/ICHCTBHA

KIyOeHBKOBEIX DOakTepii M pacTeHHI-XO3ses,
a TaKke MexaHu3ma (pukcarmn armocepHoro aso-
Ta, KOTOpaA MHHIIMHPYETCA Ha ONpENeIeHHON cTa-
Jauu cumbuosa Gaxtepum ¢ pactenueM. Iloznanme
ITHX NMPOLECCOB HA YPOBHE PeryNaAlHH (yHKIIHO-
HHPOBAHUSA OlIPEHENEeHHLIX I'eHOB ¥ MX KoMOuua-
UM TI03BOTHT HAMPABIEHHO CO3/1aBaTL DAKTEpHH,
obecneumBaomme pdexruBHoe obpasosaHMe
KiybennkoB M (puKkcanMio alora. Takue ITAMMBI
HUMeroT GoNbIIoe 3HAYEHHE JUIA 3eMIIe/IE/THA.
PaccMoTpernsie npuMepsl co BCell 04eBHIHO-
CTHIO JIEMOHCTPHPYIOT OFPOMHBIE TEPCTICKTHBEI
HCTIONIb30BAHHA BEKTOPHOH CHCTEMBI, NpeaHaiHa-
YeHHOH [U18 KIOHWPOBAHUA M SKCIIPECCHH 4yKe-
POZIHBIX TEHOB B LIMPOKOM CIEKTPE rpaMOTpHIla-
TeNbHBIX GaKTepuii. BaxHo 0TMETHTE, YTO 1IPH CO-
3MaHHK BEKTOPOB JI@HHOTO THNA AKTHBHO HCHONb-
3YIOTCS OTIBIT M 3HAHMS, HAKOIUIEHHBIE B X0Jle pa3-
paboTKH TEHHO-HIDKEHEPHOM cHeTeMEl E. coli.

9.5. BUOPYHKLUMOHAJBHBIE (YENHOYHBIE) BEKTOPHbIE NNA3MWIbI

Kaxk yxe ynoMHHANIOCH, NIa3MH/IbLI C LIHPOKHM
KPYroM XO3s€B, OTHOCSIIHECS K IpyInaM Heco-
emectumocti E. coli IncP u IncQ, B aybakrepusix
pona Bacteroides ne penamimpyiores. [Tnazmusl,
BhIJEJIEHBIE M3 K1eTOK Bacteroides, Taxxe ne pe-
nmimpyores B E. coli. bonee Toro, He Haiiieno
TEHCTHYECKHX MApKepoB YCTOHYMBOCTH K aHTH-
OHoTHKaM, KoTOpkie OBl 3IKCHPECCHPOBAIMCHL W
B knerkax E. coli, v 8 B. fragilis. TTo31oMy BO3HMK-
J1a HeoOXO/IHMOCTb CO3AAHMA CIIELMATBHOH BEK-
TOPHOH CHCTEMBI JUIs 9THX DakTepwii.

Camprii NPOCTO# MOAXO COCTONT B KOHCTPYH-
posauuy rubpuanoit Konbiesoit Monexynsr JTHK,
coziepXKanieit JiBa PEIUIMKOHE, OMH H3 KOTOPBIX
dyukuuonmpyet B E. coli, a npyro# B B. fragilis.
IInazMuaa Takke JO/DKHA HECTH [eHEeTHYECKue
MAPKEPBI, IKCIPECCHPYEMbIE B TOM WIM MHOM XO-
3gune. Takue GudyHkuMonanbHbie (OHperIMKoH-
HBIE) TUIA3MHJIBI WHAY€ HA3LIBAIOT HEIHOYHBIMH.
Onnako, ecii YenHOouYHYo miuasMuay GopMupyiot
obvemmuenneM c1abo 3yueHHBIX nuasMua (Y Ko-
TOPBIX HE JIOKATH30BAHLI TeHbI, HEOOXOIMMBIE JLIA
peruMKalie), OHA MOXET HMETh OTHOCHTENLHO
Oonbime pasmepbl M COIEPKATH OFPAHMHMEHHOE
UHCITO YYACTKOB Y3HABAHUS PECTPUKTA3, YIOOHHIX
JUis  KJIOHHPOBaHMA w4ykeponuslx ¢parmenTos
JHK. B stom ciyuae Tpebylorcs AOmONHUTENb-
HBIE HCCNEAOBAHHA, NO3BOIAIONIME YMEHBLIIHTD
pasmep GHpPENTHKOHHO# MNa3MHILI H BBECTH B HEE
YHMKATBHBIC PECTPUKTA3HbBIC CaifThi.

[lepBbiit MONEKYNSPHBIA BEKTOP, CNOCOOHBIH
perumMimpoBarsea B knerkax E. coli n B. fragi-
lis, — 4ennounyto nnazmuay pDPl — ckowxcr-

pyuposanu JI. Tureii ¢ coasropamu (1984 r).
Tnasmuna uMesa OTHOCHTENIBHO DonbiliHe pa3Me-
pot (19 TnH) ¥ 6bu1a nuIoXo npucnocodnena s
KnoaupoBanua Pparmentos JIHK u orbopa rub-
puanbix Kionos. B ee cocras sxomm: dparMent
nnasmMuasl pDO65S, conepxaummii ori V. nnaiMuisl
pBR322, ren bla (ApY) m oriT nnasmumel RK2,
a Takxe nonras konms niasmuasl pCPl Bacte-
roides, xotopas JeTEPpMMHHPYET YCTOHYMBOCTH
K KIMHAaMUiuHy wiam spurpomuimny (Clf, Emf).
Heobxomimo ommeTHTs, 970 B. fragilis upessbraii-
HO “MYBCTBHTEIbHA K KIWHAAMHMIHMHY (MHHHMAIIb-
Han MHrHOMpYIOIas pOCT KOHLUEHTPAIIMA COCTaBIIA-
et 0,5 mkr/mn), a nsydernsie R-pakropsl Bacteroi-
des 0DecnedHBaIT YCTOHUYHBOCTH HMEHHO K 3TOMY
anTubuoruky. HYesmmounas niuasmuaa pDPI B E. coli
perMiMpoBanack 3a cdet oriV pBR322 u netep-
MMHHMPOBAJIa YCTOHYMBOCTL K AMIHIMILIMHY,
a B B. fragilis ee pernMKalMa Hanpasisiach pern-
smxonoM pCPl, n masmuaa obycnosnusana de-
notun CI. Hanmuume B cocrase pDP1 yuactka ori' T
mnasmuabl RK2  obecnieumBano  sdgexTvBabIi
KOHBIONal[HOHHbIH nepenoc ee us E. coli B B. fragi-
lis c nomouibio naazMua rpynnsr IncP.

B pesynnrare reHHO-MIDKEHEPHBIX MaHHITYIis-
mmii B8 1988 . ma ocnose pDPl Gbum co3nanbi
cepMs [11a3MHJl H KOCMMA MEHBLIEro pasMepa.
Onm 061a1a10T BCeMH ONHCAHHBIMH BbILLE CBOMCT-
Bamu, HO Gosnee ynoOHBI 15 NONYYEHHSA M aHAIH3A
rubpieix mosexysn JIHK,

Tlpu cosianMM HYEITHOYHBIX BEKTOPOB JUIA CHC-
Temsl E. coli — B. fragilis ynaunyio cxemy peanmso-
pai K. Cmur (1985 1), obbequuus in vitro nnasz-
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smuast pUC19 (penmmumpyercs B E. coli, copepxuT
NONMITHHKED JUIS DONBINOIO YKC/IAa PECTPHKTAS, CM.
puc. 2.35, 6.12), pBI143 (xpunTHuYeCKas MeJKas
(2,7 Tnia) MHOrOKONHITHAA NuasMua Bacteroides),
a Takke pparmvent R-dakropa, Hecyumii ren erm
(CI"). Monyuennas 6udyHKIIHOHATLHAS TUIAIMIIA
pasmepoM 7,3 TnH okasanach ynobuo# mns Kio-
HHPOBAaHHA 33 CHET HANWYHA MOJHIHHKEPA M CHC-
TeMbl npaMoi cenexiu rubpuassix JIHK B E. coli
(o-KoMruieMeHTaIMA f-ranakrozniasel; oM. 2.2.6).
Orobpannsie B E. coli v oxapakTepH3oBaHHBIE
ruOpHIHBIE T1/1a3MAJIBI MOXKHO TpanchopMupoBaTs
B klierku Bacteroides.

Co3lanHas COBOKYTTHOCTE KJIOHHPYOLLHX Yell-
HOYHBIX BEKTOPOB MO3BOJIAET MPOBOANTHL HOAPOG-
HBI reneTHueckuii ananuis Bacteroides — Gakre-
PHH, KOTOpas 3BOMKI[HOHHO 3HAYHTEIbHO OTAalle-
Ha oT 3HTepobakTepuii, B acTHoCTH E. coli.

Jpyrum BakHBIM 0OBEKTOM HCCNENOBaHHUA AB-
ssores yuanobaxkrepuy. OHM YHHKAIBHEI Cpey
(GOTOCHHTEIMPYIONIMX NPOKAPHOT CBOEH cnocob-
HOCTBEO K OKCHTEHHOMY (POTOCHHTE3Y, OYEHb CXO-
HEMY € TAKOBBIM Y BBICHIMX PACTCHUH,

Braropaps Tomy 4t0o GakTepMM MMEKT OAHY
Xpomocomy (raruionsmslii Habop reHoB), MOXHO
JIOCTATOMHO JIETKO MOJyYaTh M XapakTepH3oBaTh
MYTaHTBI N0 HHTepecylouum renam. Tak, B no-
CIIEJITHHE TOABI ITOJTyHYeHbI MHOTOYHCIIEHHBIE MY-
TanThl IManobaKTepwit Mo resaM, KOHTPOIHPYIO-
uuM pasnuuusie aranst dorocunresa. [losromy
uuanobakrepuu npexicrasinsior cofoOH npexpac-
Hble OOBEKTHI JUIS KIOHMPOBAHHA H W3Iy9eHHS
(ynxinii resoB (POTOCHHTETHHECKOH CHCTEMBI.

Haubonee akTHBHO B JaHHOM IL1AHE Pa3BUBA-
I0TCs HCCJIEIOBAHMSA OIHOKJICTOMHOM 1HaHoOakTe-
puu Anacystis nidulans. Tlokasano, 4ro MHOTHE
WITAMMBI COACPIKAT IUIA3MH/Ibl, HO OHHM ABJIAKOTCH
KPHIITHYECKHMH H HE MOIYT HamnpsiMyH MCHONb-
30BATHCA B Ka4eCTBE MOJICKYJAPHBIX BEKTOPOB.
lNonkrrku TpaucopmupoBars A. nidulans nnas-
mugamu pBR322, pACYCI184 unn RP4 ue ysen-
gamuck ycniexoM. Oauaxo B 1980 . K. Ban zen
Xonjemy ¢ CO3aBTOPaMH YIAIOCH TIePeHecTH
B KpurTuueckyo mnasmuay pUH24 tpancnozou
Tn901 (Ap’) w3 mnasmuan E. coli pR146. B pe-
synbTare Obina ckoHcTpynpoBata rasmpaa pCH1,
U3 KOTOpOH rnocne pAenerHposauus (parmenTa
JHK, conepxatuero OZIMH H3 KOHIEBBIX HEBEPTH-
POBaHHLIX MMOBTOPOB TPAHCNO30HA, MOIYHHITH
mnasmuyy pUCL. Tako#t aeseuMOHHBIA BapHaHT
yxke crabMIbHO COXpaHan JAeTepMHHAnTy Apr.
Oxkazanock, 910 wramm A. nidulans R2 moxHo
Tpanchopmuposars iasmuaoi pUCT wmwm pCHI.
Ilpu 91omM uu pUCIH, uu pCHI me morm Tpamuc-
(hopmuposars koMneTenTHbIe KieTkH E. coli, uto

YKa3biBaeT Ha pa3iHyMe PEIUIHKATHBHBIX CHCTEM
E. coliw A. nidulans.

Bpems resepaunu (g) y uuanobakrepuii pona
Anacystis cocraBiser o0brE0 12-18 4, nosromy
SKCTIEPHMEHTHI Ha HUX 3HAYHTENILHO JUTHTENIbHEE,
yem Ha E. coli (g okono 30 mun). Jlas ynponieHus
IeHHO-MHKEHEPHBIX MaHUNynsuni B paje nabo-
paropwii GbITH CO3/IaHBI YEJTHOYHBIE 11J1a3MHIHbIE
BEKTOPEI, CNIOCOOHBIC PerIMIHpOBATLCS H JIeTep-
MHHHPOBaTh YCTOHYMBOCTD K aHTHOHOTHKAM Kak
B E. coli; Tak v B A. nidulans (puc. 9.12). [lony-
YeHWe rHOPHIHBIX TUTAa3MMJL H MX NEPBHYHYIO Xa-
pakrepuzaimio npoeoaat B cucreme E. coli, a 3a-
TeM OHM MOLYT ObiTh [IEPEHECEHB! B KICTKH Ana-
cystis v nomBepruyThi Gosee noapobHOMY HCcTe-
nopanuio. IepeHoc GHPYHKIHOHAIBHBIX [IA3MH
MOXKHO OCYILECTRINTE JinGOo B npotiecce Tpaxchop-
MaIHH KJIeTOK, 00 KOHBIOrALMOHHO, HCIONb3Ys
B KaJecTpe TIOMOLIHMKA niasMuael rpymsl IncP
B nocsiesnem ciayuae ¢parment nuaamuas E. coli,
BXOAAIMEH B COCTAB YEHOYHOIO BEKTOPA, AOIDKEH
COIEPXKaTh TeHETHYECKHe UIEMEHThI, HeobXomm-
Mbi€ JUIS MOOHITH3ALIMM MIa3MMIbI,

Ananus in vitro nokazan, yto PHK-nonumepasa
nuanobaktepuii yinaer npoMotops dara 4. Ioaro-
my JI. ®puabepr u JIx. Ceiimxdepe (1986 r)
CKOHCTPYHPOBAIH HEIHOYHbIE IU1a3MH/IE! C Peryiiu-
PYEMOH TPAaHCKPHITLIMEH 11eIeBOro reHa B KJeTKax
E. coli w A. nidulans. Onna w3 Takux 1ia3sMua -
pPL1940 (cm. puc. 9.12) coCTOHT M3 penimKkoHa
KpunTHueckoi mrasmuasl pDE3 (ananor pUH24)
uranobaxrtepun, ColEl-permwkona, renoB ycToi-
4uBOCTH K aHTHOMoTHKaM (ApT, Kmr) u Gioka pery-
JIMpPyeMO# TPAHCKPUIILMH, KOTOPbIi MpeicTaB/sier
coboii ren clgsy TEPMOTYBCTBHTEIIBHOTO PEIpecco-
pa dara 1 ¥ NPOMOTOPHO-ONEPATOPHYIO 06NacTh
pror (em. 22.2). ITo BamHl-yuacrky B pPL1940
BCTPOHJIM KOAMPYHOLLY1O NOCTEN0BATENILHOCT I'eHa
cat xnopaMennKoaaeTHITPanchepassl M H3yIH-
/I 3KCIIPECCHIO reHa B cocTase rubpuiHoi nnas-
Mu/ib! B KieTkax E. coli wim A, nidulans. Tpy Tem-
nepatype 34 °C sxcnipeccus rena cat B E. coli ipak-
THYECKH OTCYTCTBOBAJIA, a B liManobakTepHu Obuia
oueHb HeaHauyuTenbHoH. [Tocsie nopsiuens TeMIe-
parypel 1o 39 wm 42 °C ppoMcxoanna wHaKTH-
Barps Genka cl ¥ HHIYIHPOBAICA KOHCTHTY THBHBIH
cuHTes xiopampenuronaneTuirpascepasnt (CAT)
¢ npomoTopa pr. Onnako eciu B knerkax E. coli
()epMEHT HAUMHAJI CHHTE3MPOBATECH TIONTH Cpasy
e (vepes 2-6 MuH) Mocsie NOBBILCHMS TeMIepary-
pel, T0 B uuaxobaktepun yposeHs CAT 3amerHo
BO3pacTa aumb Yepes 2—-6 4 nocie TePMOHH/IYK-
UM M JocTiran 20-KparHoro yBemHYeHHs nocse
18 4 kynsruBHpoBanHus TpH TeMneparype 42 °C.
[TosysenHbie pesyasTarsl, NO-BHIHMOMY, OTpaxa-
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Puc. 9.12. Yennounbie BEKTOPHBIE TLIA3MKIBL, CTIOCOGHBIE peruHipoBarses B E. coli v B A. nidulans:

I — nocnenosarensuocts JIHK kpurmugeckol masmuis A, nidulans, 2 — nnassuns pBR322(328),
3 —pACYCI184, ¢ —pUCI13, 5 — pDJ200, 6 — ara d

10T O0LMe 3aKOHOMEPHOCTH MeTabonu3Ma JIaHHOM
OHaHOOAKTEPHH, XapaKTEepPHIYHOMIEHCA OTHOCH-

TeNLHO HU3IKOH CKOPOCTRIO POCTA.
Hapsny ¢ 0OfHOKIETOYHBIMH HHTEPECHBIM 00b-

€KTOM MCCIIEIOBAHUI ABIAIOTCH HUTEBH/IHBIC 1A~
HoDakTepHH, KOTOphie criocobrs! GpuKCHpOBaTh at-
MochepHblH a30T B a3pOOHBIX YCIOBHAX B CrieIHa-
IM3MPOBAHHBIX KIETKAX, HA3BIBAEMBIX IETEPOIH-
cramu. K Hanbonee H3yYeHHBIM EUTEBHHBIM 1lHa-
HobakTepuam orHocuTes Anabaena sp., 1 HMEHHO
s nee K. Yonk ¢ coasropamu (1984 r.) paspa6o-
TanK ynobHy BEKTOpHYI0 cuctemy. BudyHkumo-
HA/THHBIE BEKTOPHBIE T/Ia3MHIbl COCTOAT M3 PEILIH-
KoHa KpunTuueckod mnasmuasl pDUL uuresua-
HoM umanobaxktepun Nostoc, 4acry I[UIA3MHIIBI
pBR322, HeobxommMoil s penjiuxkanHy 1 MooH-
NA3alMH, a4 TAKKe JIETePMHHAHT YCTOHYHBOCTH
K pasnuyibiM anTubrornkam. Ipu koHCTpYUpoBa-
HUH BEKTOPOB OBUIH NOTHOCTBIO YIATeHb! y4acTKu
ruaponsa pectpukTazamu Aval n Avall, uro obec-
MeYHI0 HE3aBUCHMOCTD ITHX MIAIMMII OT CHCTEM
pecTpukunmn Anabaena W 1OBBICHIO YPOBEHb MX
TPAHCKOHBIOrAIMKM  (MODMIM3ALMH  TUIA3MHAAMH
IncP) u3 xnerok E. coli 8 Anabaena sp. Coinanne
KJIOHMPYIOMHX H 3KCHPECCUPYIOIHX BEKTOPOB

upaHobakTepHii NMo3BOJIAET HANEATHCA HA TO, HTO

B Gnukaifnue roael Gy/ieT NOCTATHYT 3HAYNTE -
HBIH nporpecc B NO3HaHHM CTPYKTYPHO-(PyHKIIMO-

HAJIBHOM OPIraHH3aHH NCHETHYECKHUX CHCTEM [Ha-
HobGaKTepwii, JETEPMHHHPYIOIMX OKCHI€HHbIH
(oTocuHTe3 H QUKCALHIO MOTIEKYIAPHOTO a30T4.

PaccMOTpeHHBIH NOIX0/L K KOHCTPYHPOBAHHIO
YeJIHOYHLIX NIa3Mu/ GbUT peain3oBaH u JUis apxe-
Gaxtepwii, mocsie Toro kak JI, Maiin ¢ coaBropamu
(1983 1) 06HApYX MM KPUITTMHMECKYIO TUIA3MMIY
pME2001 (4,5 1nx) B wierkax aHaspobHOI apxe-
Gakrepun Methanobacterium thermoautotrophi-
cum. OOLeNUHAA in Vitro pecTPHKTa3HO-TTHTA3HBIM
meronom permkon pME2001 ¢ miasmuaamu
pKT240 unu pBR322, B 1985 r. nonyaswan rub-
PH/IHBIE ILIA3MH/IBI, CNIOCOOHBIE PEILTMIIMPOBATHCA
HE TOJIBKO B apxefakTepu, HO U B LIMPOKOM Kpyre
rpaMoTpHUaTesblbix dybaktepuit (s pKT240)
Wi B knetkax E. coli (s pBR322).

Takum obpasoM, HAKOIIEHHBIH OMBIT JAEMOH-
CTPHPYET, 4TO0 KIOHHPYIOIHE BEKTOPHBIE CHCTEMBI
MOXHO paspaborars s JMOOBIX TPOKAPHOTHYE-
cknx opranmsmoB. HeoOxommmeM ycrmoBrem sBis-
€TCs JIMIb HAlHMME pPeIvTHKOHA, cnocobHoro
obecrieunTh pasMHOKEHHE HOPHIHBIX MONIEKYA
JIHK B u3ydaeMbIX KIETKax aBTOHOMHO ot Oakre-
PHAJIBHOH XPOMOCOMBI, d TAKIKE BOZMOXKHOCTh IKC-
MPECCHH BBIABASEMBIX (JEHOTHITHYECKH IeHETHYE-
CKUX MapkepoB. HacTo Juis ynpolesHs npoueayp
nonyderus 1 otbopa teneBbix rHOpHIHBIX MoJe-
kyn JJHK cosnaror GudynkiHoraibubie (YenHod-
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HEIE) TUIA3MMBI, NpH 31oM E. coli wcmonesyior
B KaYECTBE NPOMEXYTOHHOI'0 X03AHHA, HA KOTOPOM
CENIEKTHPYIOT W aMIUTHQUIMPYIOT MHAMBHIYAIb-
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NrEEHHO-UHXEHEPHASA CUCTEMA
FPAMNOJIOXUTENbHbLIX BAKTEPUU POLA BACILLUS

B npensiaynnix 1iaBax npoaeMOHCTPHPOBAHE
VOAHBHTE/ILHBIE BO3MOKHOCTH I€HETUYECKONH HH-
xeHepuH Ha E. coli 1 HEKOTOPBIX IPYTHX rpaMoT-
punarensHeX Oakrepnax. OHako cHcTeMa KNoHN-
pOBAHMA M IKCIIPECCHH YYKEPOJHBIX FEHOB B IpaM-
OTPHMUATENIBHBIX GakTepusX HMEET W ONpenesncH-
Hble HE/IOCTATKH, YaCTh M3 KOTOPBIX MOXKHO Tpe-
OZIONIETH, HCTIONB3YS B KAYECTBE KIETOK — X035€B
mbpuansx monexyn JIHK rpamnonoxHTensibie
bakTepuu, M npeXae BCero npeacTasuTeNei pona
Bacillus.

OcHOBHBIM NpeHMyHiecTBOM BalMal ¢ TOYKH
3pEHHS CO3IAHUA MOJEKYISPHBIX BEKTOPOB SBJIS-
eTCH MX CMocoOHOCTHE CEKPETHPOBATh M3 KNETOK
B KyJIBTY pasibHY¥0 cpety bosblune Konu4ecTsa on-
penesieHHEIX OesTkoB. 3TO CBA3aHO € TEM, 9TO Kie-
TOMHAS CTEHKA Y rpamMIIONIOXHUTENbHBIX GakTepmit
opraHu3ioBaHa 0ojiee MpocTo, Y€M y IrpaMoTpHlla-
TesnbHEIX. Vcxona u3 o0mHOCTH MEXAHH3MOB CEK-
peuun GenkoB yepes miasMaTHyecKyo membpany
B KJIETKAaX Pa3IH4YHBIX THIOB, Ype3BhIYaiiHo 3a-
MAHYHBO KOHCTPYUPOBETE METOJAaMH TI'eHeTHye-
CKOM HHIKCHEPHH rHOpHIHBIE FEHBI, B KOTOPBIX Y-
KepoaHas KOAUpYIoLias MociIe10BaTelbHOCTb CO-
CTBIKOBAHA C FeH-IKBHBAJIEHTOM CHTHANIBHOIO NET-
THAA Kakoro-ymbo cexpetupyemoro Oenka Bacil-
[us. Ecny reTepMHHUPYEMEII TAKHM MCKYCCTBEH-
HBIM T€HOM XHMEpHBIH MpoaykT OyneT cnocobex
CeKPETHPOBATECH B KYNLTYPabHYI CPeny, TO 3T0
3HAYHTENBHO YIPOCTHT OMHCTKY M3ydaeMoro Gen-
Ka. BoamoykHO, B TakoM ciydae 4y>KepoxHbIH be-
nox B Gakrepun GyZeT CHHTE3HPOBATHCH HHTEH-
CHBHEE, 4eM B BapHaHTe 0€3 CeKpenin, TaK Kak OH
B MEHBILEH cTenenn OyleT HapymaTe MeTabosmam
Kinetok. JlaHHOe HanpapieHHe HCCHeNOBaHuii —
H3yUeHHEe MeXaHW3Ma CEKPELHH, CO3IaHHe BEeKTO-

POB IKCIPECCHH—-CEKPeLHH — B FeHeTHYECKOM UH- |

xeHeprH Oalun uMeeT GONBIIOE NPaKTHYECKOE

3HAYeHMe, W OHO pa3sBHBaeTCs HawOoree HHTEH-
cuBHO. MHoOrue Buuet Ganusl, B TOM 9HCHE H ca-
MBI u3ydeHHBIH w3 Hux BUI Bacillus subtilis (cen-
Hasf Manodka), aKTHBHO MCIIONB3YIOTCR MEKpOOHO-
JIOTHYECKO# NMPOMBINUIEHHOCTBIO JUIR IIPOM3BOACT-
Ba (pepMEHTOB, AHTHOMOTHKOB, AMHHOKHCJIOT H JIp.
[MoaTomy paspaboranbl MeTOmB! KpynHOMaciuTab-
HOr0 KYNBTHBHPOBAHMS 3THX MHKPOOPraHU3MOB
¥ OYMCTKH NMPOLYKTOB HX OHocuHTE3a.

B. subtilis — nenarorennas Gakrepus, nosto-
My oHa Donee nepcnexTiBHa, yem E. coli (ycnoB-
HEIl MaToreH, NpeACTABUTENb €CTECTBEHHOH MHK-
podnopH KMINEYHHKA YEOBEKa H 3 KHBOTHBIX), V1S
CORAAHWA LITAMMOB, npoayumpyonmx dapmares-
THYECKHE BEILECTBA.

Bauninel OTHOCHTCS K CIOpooOpazylommyM
Oaxrepusm. DopMHpPOBAHKME CIIOP — ITO MHOIO-
JTanHel npouece cpoeobpastoit anddepenun-
POBKH, M NIO3TOMY OH NpeACTaBIseT 0Co0bIi HHTe-
pec nna dysnamenransHol Hayku. Jlauserit mpo-
ecC KOHTPOIMpYeTCs GONMBIIHM YHCIOM XPOMO-
COMHBIX I'€HOB, HO TIOKa JMUIb B OOLIHX YepTax
ACHO, KaK perynmpyercs uX (QyHKUHOHMPOBAHHE.
Pemenue sToii npobnems! TakKe 3aBHCHT OT pas-
paboTKy METOAOB KIOHNPOBAHUA T€HOB B B. sub-
tilis,

leHHO-MIDKeHEPHBIE IKCTIEPUMEHTHI HA KieT-
kax B. subtilis v npyrux sunoB pona Bacillus noxa-
3a7H NEPCNEeKTHBHOCTE UCTIONB30BaHNs ITHX Gak-
Tepuii A pa3paboTKH ¢ MOMOMIBIO METONIOB I'eHe-
THYECKOH HHKEHEPHH BEICOKOI(D(EKTHBHEIX Tex-
Honoruii MEKpoGHOIOrHYeCKOro CHHTe3a paiiug-
HBIX TIOJHMENTH/IOB, @ TAKKEe HEKOTOPBIX HH3KO-
MOJIEKYNIAPHEBIX coequHeHuil. enno-umKeHepHasn
METONOJIOTHA CrnocobCcTByeT OypHOMY Pa3sBHTHIO
MONeKyIspHoii reneTnkn B. subtilis, mozBonseT
H3YYaTh MPOLECCHl PEryNsiMyE IKCTPeccHH Lese-
BBIX T'€HOB.
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10.1. BBEOEHWE MONEKYIN OHK B KNETKU BACILLUS

10.1.1. Cmpoenue KnemoyHoU cmeHKu
epamnonoxumensHsix Gakmepui
Kak u y rpamorpunarensssx Oakrepuii, co-
OEPKUMOE TPaMIIONOKHTENBHON KIETKH OrpaHu-
yeHo Omncnoiuol dochommmanoii mnasmarHe-
ckoii memBpanoit (puc. 10.1), B coctas KoTopoii
BXOZAT Taioke MHTerpanbHsle Oenku mMemOpad u
FTHKONHITHsL. TTpoTONIacT rpaMnonoxnTebHONH
KICTKH OKPYX€H TOJCTOH KIeTOYHOH CTeHKOH
(20-80 HM), B OCHOBHOM COCTOSIIEH H3 NENTHOO-
rvKkana. B ommune 0T rpaMoTpHIIaTeTbHEIX Kie-
TOK Y TPaMIIOIOKHTENbHLIX NeNTHI0NHKaH 0bpa-
3yeT TpeXMEpHLIH BOJIOKHUCThIH MaTpHKC, HMEro-
muii 7o 40 croes. [TonHcaxapuaHbie NENH NeNTH-
JODIHKaHA CBA3@HLI JPYT ¢ APYTOM MenTHIHLIMH
uenoukamu. IlenTHaornukaHoBLIH MATPHKC CTEH-
KH KOBAJIEHTHO CBS3aH C JPYTHMH €€ MakpomoJie-
KYJISIPHBIMH KOMIIOHEHTAMH, KOTOPbi€ HMEOTCS
TONBKO y IPaMIONOKHTENBHBIX DakTepHil, — Teil-
XO€BBIMH KHCIO0TaMH. TelixoeBsie KHCIOTE — 3T0
pacTBOpHMBIE B BOZE IOJMMEPH], COZAEpXKalliue
OCTATKM TIHLEpHHA WM puOMTa, coequHEeHHIe
mexay coboit  pochommddupHEIME  CBA3IMH
(puc. 10.2). Llenu TeiixoeBbIX KHCIOT MOryT ObITH
JUTHHHEIME H Bonoyats 1o 30 u Gonee sneMeHTOB.
TeiixoeBBIe KHCNOTEI, PACTIONOKEREHEIE TIEPrIeHIH-
KY/IPHO TIOBEPXHOCTH Tuia3MaTHyeckoii membGpa-
HEl, COEIUHEHB! C MNENTHIOINMKAHOM Yepes
OH-rpynms! npn atomax Cé octarkoB N-anetvn-
MypamoBoii kucrioTer. Crenky GonbimHeTBa rpam-
NoNOKUTENbHBIX DakTepuii He CONePIKAT JTUITHI0B
# Geskos.
CrnepcrereM (yHIAMEHTATbHBEIX — PasaHYHH
B CTPOEHHH KJIETOYHBIX CTeHOK Dakrepuii senser-
c#, B YacTHOCTH, TO, YTO OeNoK, npeomoneBLunii
bapeep nuiasmarHyeckoi MeMOpaHbl rpamMIoNoKK-
TEMBHOH KJIETKH, CEKPETHPYETCH M3 LUTOIIAIMBEI
B OKPYKAIOLLYIO Cpelly, B TO BPEMSl KaK y TpaMoT-
pullaTenbHOH Oaxkrtepun Oenky ans BhiXxoja M3
KNeTKH HeoOXOZMMO NpeosoNeTh eIle BHELIHIOW
memBpany (cM. 2.2.10). Kpome Toro, rpamnonoxm-
TeNnbHble GAKTEpH#N BHICOKOYYBCTBHTENbHEI K BO3-
neHcTBUI0 TH301HMA (paciueniseT B NenTHIonTH-
KaHe TIIHKO3HOHYK CBA3b MEXKIY OCTaTKaMu
N-aneTHIMYpamMoBOii KHCITOTE! H N-ane THITIIoKe-
3aMHHa) ¥ AHTHOHOTHKOB NEHUIIHITHHOBOIO pA/ia
(MpenoTBpaImaoT CHHTE3 KNETOYHOH CTEHKH).

10.1.2. Tpancchopmayun
KOMMeMmeHMHbLIX KNemox
BonsrmeCcTBO GakTepwii He o6nanalor cnocob-
HOCTBI) afcopOHpoBaTh M MOMIOATE MOJIEKYIIb
JIHK w3 srewseit cpesbl. OnHako KyIbTyphl HEKO-

a

NN

QRN

=
Z
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=

Puc. 10.1. Monens knero4Ho#H CTEHKH
H NIasMaTHYecKoi MemOpannl
TPaMIONOKHTENBHOH OakTepHH B AByMepHOM (a)
H TpexmepHoM (6) mzobpakeHHH:

1 — reiixoesas KMCIOTA; 2 — NENTHAOITIHKAH;
3 — muxonunuy; 4 — docdomunuy; § — Genok

Puburondocdar
= PO—(ISHz
R—O—{FH
D-Ala IH i i
HO—(Itl-l o

HC-0-P7"
- OH a4 n

Cnyuaiinnie
[MHKO3HIHBIC CBA3H
¢ GlcNAc nenrujornMkaHa

Puc. 10.2. Crpyrrypa MOHOMEpa TeHX0eBOH KHCNOTEI
knetok B. subtilis.

R — rmokosa; D-anauus npucoeamten k C* wmn C* puGira
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TOPbIX BHJIOB Gaktepwii (Kak rpaMmoNoKXHTENb-
HBIX, TAK ¥ IPaMOTPHIATENILHBIX ) TIPH OlpeaesieH-
HBIX YCA0BHAX NpHOOpeTaroT TaKyio crnocobHocTs,
T. € NEPEXomAT B KomIeTeHTHOe cocrosHue. Co-
fiepKaHue KOMIETEHTHBIX KIeTOK B TAKHX KyJIBTY-
pax BapbHpPyeT B IIMPOKUX Ipenenax. Tak, B KOM-
neTeHTHBIX Kynsrypax Haemophilus influenzae
n Streptococcus pneumoniae K TpaHchopMaLHH
crnocobHa MOMTH KaXias KieTka. B To e Bpems,
Hanpumep, y Mierococcus lysedeicticus JHK mo-
ryT normomatk 3—4 %, a y Aspergillus niger —
s 0,1-0,2 % Bcex KneTok.

Bacillus subtilis 0THOCHTCS K TEM HEMHOIMM
XOPOLIO H3YYCHHBIM Buaam OakTepuii, KOTOphLIE
obanaroT PHIHOTOrHYECKOH KOMITETEHTHOCTRIO,
Briepsbie BO3MOXHOCTD I'eHETHYECKO#H TpaHchop-
MalMH KneTok B, subtilis npenapatom O4HIIEHHOH
xpomocomuoii JIHK mokaszan k. Crmnaiizen
B 1958 . AKTHBHEIE HCCIIE/I0BAHHUS, NPOBEJICHHEIC
B MOCACAYIONIHE FO/ibl, MO3BOMUAN OTHOCHTENBHO
nojapobHo W3yunTh 10T npouecc. Y B. subtilis,
KaK M y OonpumscTea apyrux Gakrepuii, komne-
TEHTHOCTh BO3HHKaE€T JIHIB HA ONPEAEIEHHOM
JTaMe pocTa KynsTypsl. Jlns Toro 4ToOkl CTHMYITH-
posath KIeTkH K 3axsary JIHK, ux Bmpaumsaror
Ha Goraroii cpezie, a 3aTeM 1epeHocAT Ha GenHyo
cpeny, e OTCYTCTBYIOT aMHHOKHCIOTEL, HeobXo-
JIAMEBIE ayKCOTpoPHBIM MyTanTaM. MaxkcuMansHas
KOMIETEHTHOCTh OOBIMHO AOCTHraeTcs Ha IMO3M-
Hell craguM Jlorapu)MHUHECKOr0 pocTa KyJIETYphl
B. subtilis. Taxkas KymeTypa MOXET XpaHHUTBCH NPH
remneparype —70 °C (npu nobaBneHH# IIIHIEPHHA
1o 10 % no obsemy) ¢ coxpaHeHHEM KOMIETEeHT-
HOCTH 110 KpaiiHeii Mepe B TedeHue 6 mec.

KomriereHTHBIe KI€TKH cOCTaBNAIoT He Oonee
5-10 % seeit nonynauuy 6akrepuil. Ouu ornuga-
KOTCS OT HEKOMIIETERTHAIX KJIETOK 10 COCTaBy KJie-
TOYHOH CTEHKH, HMEIOT CHHAKEHHEIH MOBEPXHOCT-
HBIH 3apsjl B MOBBILEHHYIO YYBCTBHUTEIBHOCTD
K ocmoTHueckoMy moky. [locnennee, no-suamMmo-
My, 0OyCIOBNEHO TEM, YTO Y KOMMETEHTHBIX Kie-
TOK MMEIOTCS Yy4acTKHM OOHaeHHOH ILiasMarnue-
ckoif memOpanel. [Ipeanosnaraior, 4T0 HMEHHO
C HHMH H B3aMMOSHCTBYeT TpaHCHOpMEpYIOLIAs
JHK. KomneTeHTHBIE KJIETKH XapaKTepH3YIOTCH
NOHIKEHHON MeTaboNHMecKoH AKTMBHOCTBIO H
MEHBIIMMHU pasMepamu 10 CPaBHEHHIO ¢ 00BIYHBI-
mMH KieTkamu. Pasmuume B pasMepax Mo3BoimmMao
BRIJETHTH (paKiuy KOMMETEHTHLIX KIeTOK W3
KYMeTyphl B. subtilis 30Ha/1bHEIM UEHTPH(YTHPO-
BaHHEM B IPaJHEHTE IUIOTHOCTH Caxapo3kl MITH pe-
HorpaduHa ¥ JokalaTk, 4to 3k3orennas JJHK npo-
HHUK4eT TOIBKO B KOMMETEHTHBIE KIIETKH.

[Mpouece hopMUpoOBaHHS KOMMETEHTHOIO CO-
croauus y B. subtilis KOHTPONHMPYIOT He MeEHee

cemu reqos. [lBa n3 HHX QYHKIMOHMPYHOT HA4H-
Has C paAHHHX JTANoB pocTa Ky/IETYPEI, a JKCIpec-
CHS OCTAJILHBIX MHIyIHPYETCS B ePHOJ Nepexoja
KIETOK B KOMIETEHTHOE COCTOAHHE, T. €. ABIAETCH
craauecniennpuuroi. benky, obecneunBaronine
KOMIeTeHTHOCTS B. subtilis, yuacTByioT B npouec-
cax cBa3kiBaHus (ancopbuuH), NPOHHKHOBEHUS
u pekoMbuHaumu (rETerpanmn) gosopHoi JHK.

Bekope nocne ancopbumm B mMonexyne JIHK
MPOMCXONAT ABYX1ENOYeHHBIE pa3phiBhbl H OHA pac-
nangaeTcs Ha GparMeHTs pa3MepoM okono 14 TiH.
Tlocne atoro omna uens @gparmenta JIHK raapo-
nusyerca cnenmbuuHoi HyKieasoi, a Ipyras npo-
HHKAeT B KJIeTKY, HaCTHYHO Pa3pyluasch C KOHIOB
B pe3yneTare Hykieasnoil araku. Ilonaraiot, umo
HCTOMHHKOM 3Hepruu juis nepemernenus JIHK ve-
pe3 naasMaTH4ecKyro MemMbpany CAyXuT NpOTOH-
aBwKym@as cita. (BemecTsa, CHHKAOIMHE MEM-
Opanusli norenuuan, nogasasmor nepenoc JHK
B [HTOIL1a3MYy.)

Jns caspiBanns aByxuenoyeuroi JIHK ¢ mo-
BEPXHOCTBIO Ki1eTkH B. subtilis neobxonnmo yua-
crue Genka 38,5K. Dror Genok cneuudusien s
KOMIIETEHTHOIO COCTOSHHA KIETKH H HMeeT MoJe-
Kynapuyio maccy 38,5 x/la. Kax nokasamm b. Boc-
MaH ¢ coasropamvu (1988 r.), BaxHoOe 3Ha4YEHHE J1115
nansHEHIIMX ITanoB TpaHcopMarHy HrpaeT beJr-
kosklit Komruieke 70K, a takxe Genkn 14K u 28K.
PacnonokenHeii Ha roiaiMarudeckoil MemOpane
komIuieke 70K cocrout u3 asyx cyGbeauHHI crie-
mubuuHoit Hykneass 17K u jaByx cyGbenunun
Genka 18K, apasiomerocs peryl1sropoM akTHBHO-
ctm ganHo# Hykneassl. (Ilonarator, yto 18K uHru-
onpyer myxneasy 17K, npenorBpamias upeamep-
Hblif ruaporns monexyn JIHK.) Benku 14K u 28K
TAKKe npeacrapiaawT coboil Hykaeassl, CIELH-
dugHBIE 118 KOMNETeRTHOrO coctosuus. [Tpuuem
benok 14K obpaszyercs B pesynsrare nporeccuHra
nywieasul 17K, a 28K ssusercs aumepom 14K.
B uienoM creflyer KOHCTATHPOBaTh, YTO MOKa 10-
HATHBI JINITH OTACTHHBIE MOMEHTEI pollecca Xpo-
MOCOMHO#H TpaHC(OpMalHH KOMIIETEHTHBIX Kie-
TOK Darpr,

Tem He MeHee coBpeMeHHBIN yPOBEHb 3HAHHUH
NO3BOMIAET NPEJICTABHTEL MOOeh TpancopMalluu
xnerok B. subtilis (puc. 10.3, [). Bowemumii
B KJIETKY oaHouenoueunsii ¢pparment JJHK npn
Y4acTHH OnpeAeennbix OEKOB MOXKET MHTEIrpH-
pOBAaTLCS B FOMONOIMYHYIO0 00IacTh XPOMOCOMEI
32 CYeT KOMIIEMEHTApHOIO crnapuBaHMa (CHHAaM-
cHca) Mexay JoHopHo#i W pernmuertHOH JIHK.
BuyTtp CHHAITTHYECKOH CTPYKTYPHI MPOMCXOAAT
pexoMOuHanua U penapaims paspusos JIHK, B pe-
3yIETATE YEro OCYUIECTBIAETCH KOBAJICHTHAs
Berpoiika ak3orenHod JJHK B OaxrepmansHyio
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Puc. 10.3. Mopenu TpascOpMALIMK KOMOETEHTHBIX KaeToK B. subtilis pasHeiMH THnamu monekyn JTHK (1-7).

Srans TpanachopMaun: @ — ceazbBaAre [JJHK ¢ koMneTeHTHRIME KIETKaMH;
6 — ¢dparMenTanms 1 Havano pxoxaernn ueneii JJHK B k1eTky; ¢ — 3aBepiueHne Nporecca BXoxaeHns uenei [THI
2 — RoMnnemMeHTapHoe BaanmoencTale uenei JIHK suyTpn kneten (curanche); @ — ofpazopadie KOHEMHBIX NPOAYKTOB

xpomocomy. IIpn 3T70M MyTaHTHBEIH noxkyc OakTe-
PHANBHOH XPOMOCOME! 3aMEHAETCA (CracaeTcs) Ha
JIOKYC AMKOrO THMa, NMPHCYTCTBYIOIIHA B TpaHC-
topmupyromeit JJTHK, 9T0 MOXKHO JIerko BBISBHTE
H& COOTBETCTBYIOIIHX CENEKTHBHBIX Cpeiax.

B naGopartopun [I. JlybHay momyuen psx My-
TanToB B. subtilis, y koTopeIx uMmencs aedext no
pexoMOHHALIMOHHOM MHTEerpalHH, Ho He ObuiM Ha-
pywensr ancopbums JIHK » nponmkHoBEeHHE ee
B KIETKY. Y OIHOIO M3 3THX MYTAHTOB, 0603HAYEeH-

Horo recE4, yactora xpomocomHO# TpaHchopmMa-
1vH Onlna cHikeda Gonee geM B 1000 pas. Okasa-
JI0Ch, 9TO NMPOXYKTOM reHa recE B. subtilis snser-
cs Genok, KoTopelH, nojgobuo Genky RecA E. coli,
HrpaeT BaXHYI0 PONb B pernapanuy M reHerHye-
cKOH pexomOuHariu., CriefyeT OTMETHTB, YTO I/
ycriemuoi xpoMocomuoi  Tpancdopmanuu  Ga-
i kpome (epmenToB crcTemsl obie# pexkom-
Oupanmy KIeToK HeoGXOAMMO HANMYHE CYIecT-
BEHHON TrOMOJIOTHH TpPOTAKEHHBIX TOCIENOBa-
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TENLHOCTEH JOHOpHOro parMeHTa ¥ peLMIHeHT-
Ho# xpomocomuoii JIHK.

3HaHHE OCHOBHHIX 3TaNOB XPOMOCOMHOMH
Tpanchopmaumy kneroxk B. subtilis ynpoctHio
pa3paboTKy cHCTeMEI TpaHCOpMAaLHK KOMITETEHT-
HBIX KJeTok Gaumnn Monekynamm NIa3MHIHEIX
AHK. Brnepssie nnasmuaHyio tpancopmaimio
B. subtilis ocymecrsun C. 3pmux B 1977 . On
BBEJI B JAHHYIO DakTepHio muiasMmuapl aHTHOMOTH-
KoycroifunBocTH pC194, pC221, pC223, pUBI112
u pT127 w3 rpamnonoxurensuod Gaxtepun Sta-
phylococcus aureus (3onmotvcteiii cTadMIOKOKK)
¥ [I0Ka3aj, YTO OHH CHOCOOHBL! PerUIHLMPOBATLCH
B IETEPOJIOTMYHOM OKPYMEHHH H 3KCIPECCHpPO-
BATh I'eHBl YCTOHYHBOCTH K RHTHOMOTHKAM.

C. Kouten n 1. [lybray 8 1979 r. nokasans,
9TO KOMIIETEHTHOCTH KIeTOK B. subtilis nns TpaHc-
(opMarH paznHgHEIME NIa3MKaaMu GopMupyer-
CH @HATIOTHYHO KOMMETEHTHOCTH JUIA XPOMOCOM-
Hoi1 TpaHcdopmalH, a COOTHOMEHHE KOITHYeCTBa
TpaHC)OPMAHTOB M KOHIEHTPAUHH BBOOHMOH
JHK nonunHseTcs 3aBHCHMOCTH MepBOro nopsj-
Ka, T. €. Wi TpaHchOopMalMH OTACABHONM KISTKH
JIOCTATOYHO OIHOH MNA3MHIHON MOIEKYIIbI.

VYouBuTEnBHBIM OKazancs TOT daxT, yto 3~
dexTHBHY1I0 TpaHCHOPMALIMIO KOMIETCHTHBIX KJie-
TOK B. subtilis MOXXHO OCYIIECTBIATS JIHIIL MY/ib-
THMEPHBIMH QopMaMH 1n1a3MHi, Y KOTOPBIX TOJ-
HBI TUTA3MHIHEI FeHOM NOBTOPEH B NPSMOiT opH-
CHTAIMK («ro/IoBa K XBOCTY») HECKO/IbKO pa3. He-
0OXOIMMO OTMETHTH, YTO B Npernaparax IUIasMuj
TakHe hopMei Beera NpHCYTCTBYIOT B HEOOMbIIOM
KOJIHYECTBe, HO MX OOBMHO HE NMPHHHMAKT BO
sHuManue. I dexTuBHOCT Ke TpaHChHOpMALIMHE
KOMTNETEHTHRIX KJIeTok B. subtilis cneumaisHO
OYHIIeHHON MOHOMepHO# cynepkosnbuesoii JTHK
B 103-10% pas Hinke, 4eM He(pakIHOHHPOBAHHBIM
npenaparoM TAa3MHIL], COAEPKAIMM B MYITBTH-
mepHBie GOpMEIL.

AHanus TpaHcOpMHPOBAHHBIX KIETOK B. sub-
tilis nmokasan, gro mnasmuanas [JHK nponmkaer
B KOMIETEHTHRIE KIE€TKH B BHJE JIHHEHHBIX OIHO-
uernoyeyHbIX CTpykTyp. Llenu cymecrsenHo ne-
rpaupyrOTCs C KOHIOB, TIOITOMY MPH BBEICHHH
B KOMIIETEHTHBIE KNETKH MOHOMEPHBIX TIa3MMI
ana obpasopanma TparchopMmanta HeoGXOAHMO,
9T00BI B KJIETKY IIONan0 HE MEHEE JByX MOJIEKY
JHK. Jina MynsTHMepHBIX (hopM MIa3sMHI oCTa-
TOYHO €IMHMYHOH MoJeKysbl, 4To6s obecneyHTs
TpaHchopMarKIo,

CymiecTByeT HECKOIBKO MOIEIIEH, ONHCHIBaKO-
I@x npouecc Tparchopmanmn Knetoxk B. subfilis
nnasmMuaMu. Tlpy ucnons3oBaHUUM MOHOMEPHBIX
dopm (cm. puc. 10.3, 2) obpazoBaHue MONHOLEH-
HOM TIIa3MHIBl €ClH H MPOMCXOONT, TO KpaiHe

penko, Tak Kax rrasmuasas JJTHK, npoHukas B KoM~
TETEHTHYIO KJICTKY, pacilerifeTcs B NMpOW3BOJIb-
HOH TOUKe, a 06pasyiolancs oHOIeNnoYe Has Mo-
neKysa F’HAPOIH3YeTCH ¢ KOHLOB HyKaeasamu. s
MynsTHMepa (3) BeposTHOCTE HOPMHPOBaHHA HOP-
MAITBEHOH MUIA3MU/IB! 3HAYHTETLHO YBEIHIHBAETCS.
bonee Toro, kak nokasain [, [lybuay, yactora nias-
MUIHOH TpaHChOpPMaLMH [OCTATOYHO BHICOKA
TOJIBKO NPH HMCTIO/Ib30BAHHHM TPHMEDPOB MIIH MYIb-
THMepoB Oonee Beicokoro nopaaxa. Ilpu 3Tom
TpaHchopMalHs HE 3aBHCHT OT CHCTEMB! T'eéHEeTH-
9eCKOH peKoMOHHALMH KIETKH.

Ha sddexrusrocts xpomocomHoit Tparchop-
MALKH HE BIIHACT CHCTEMA PECTPHKLUH PELIMITHEHT-
HO# KIETKH, TaK KaK OJHOLENOoYeYHbIe (YparMeHThl
JHK ne sBnsrorcs cyOcTparoM A pecTpHKTas,
a B obpasyemMoM ¢ xpomocomuo#l [IHK mymnexce
ofHA 13 HUTEH mommdwMumMpoBana, YpoeeHs ruias-
MUIHOH TpaHcopMAIMH IS KIeTOK C HATHBHOH
CHCTEMOIl peCTPUKINK-MOTH(PUKALMH CHUXKAETCH,
npuyeM TeM Donbiue, yem Oonblne MecT neHcTBHA
JAHHOM PpecTpHKTa3hl WMEeTCH Ha TUIasMHIHOH
JHK. D1 nanweie yKaielBalOT Ha TO, 9TO, XOTH
B K/ETKY BXOIAT HHAMBHIYaTbHBIC LEMH IL1a3Mu-
no# JIHK, oun 3atemM MoryT JOpMHPOBATE ABYXIIE-
noyeunsie yqactku (cm. puc. 10.3, 2), koTopeie yie
YYBCTBHTENIBHLI K 1eHCTBUIO PeCTPHKTAS.

OcobenHocTr MexaHM3Ma IIIa3MHIHOH TpaHC-
thopmarmn KoMreTeHTHEIX KieTok B. subtilis, B 9a-
CTHOCTH, HeOOXOZMMOCTH MyNBTHMEpPHEIX (GopMm
MaasMul, 3aTPYIHAIOT KIOHHPOBaHHe (pparMeHToB
JHK B coctraBe rubpuaHeIx TinasMud B AaHHOH
cucteme. HecomueHko, Nosy4ars in vitro MynbsTH-
MepHBbIe MOJEKYIE! rHOPHIHBIX Ma3MHI ropasio
cloXHee, YeM MoHOMepHBIie. [Toatomy Gbino pas-
paboTaHoO HECKONbLKO BApHAHTOB TpaHchopMaIMH
KOMIIETEHTHRIX KileTok B. subtilis, no3sonsiommx
HCTIONB30B&TE MOHOMEPHEIE TJIA3MH JIEL

B naboparopru [1. Jlybray B 1979 r. obnapy-
XKHITH, YTO KOMIleTeHTHbie KineTkn B. subtilis
MOXHO TpaHCHOPMHPOBATE MOHOMEPHBIMH IIa3-
MHIAMH, €CJIH 3TH NJa3sMHIbl CONEPIKAT CerMeH-
el JIHK, romojioruyHele onpeseneHyesM nocne-
JOBaTEeNbHOCTAM COBMECTHMMOH MNasMHIIBI, HAXO0-
asmencs B TpancopMHpyeMBIX KIeTKax (peiu-
Odenmuoli naaimuder). AHanOrHuHbIH NOAXOMA pea-
muzosamy T. Tpayteep ¢ corpynuukamu (1981 ),
BBE/lS B cocTae TpaHchopMUpyeMOH NiasMHab!
¢dparment xpomocomuoii [IHK B. subtilis. B o6o-
MX CiIy4asx, No-BHAMMOMY, TpaHcdopManms npo-
HCX0AUT no obmeMy MexaHH3MY 3a CYET crace-
Hus goHopHo# JIHK Ha romonorngHeix obnactsax
auporenseix Monexyn JHK (xpomocomer Wi pe-
3uAeHTHON niasMue1). PeHOMEH CrIaceHus rias-
MM SBIAETCH rec-3aBHCHMEIM. IlpenmonaraeMeri
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MEXaHW3M AaHHOrO npouecca cneaywimi (oM,
puc. 10.3, 4, 5). Omnouenoyeynsie nuHeiiHbE Qpar-
MeHTel mnasmuanoi JJHK nomagatoor B KineTky,
M, €CJIH PasphiB MIa3MK/sI poH3omen B o0nacT
rOMONOrMH JOHOPHOH M PELMITHEHTHOH MONIEKYN
JIHK, ofpasyetcs cuHanTHYeckas CTPYKTypa.
B pesynuTate nocneayiommx npoueccos pekomMon-
HallHH, PerUTHKalHH ¥ 3anonHenus Opemeit npouc-
XOJMT criaceHHe (BOCCTAHOBNEHHE CTPYKTYPEI) 10-
HOpHO# nasmuasl. Ha sdpdexTurOCTs rasmm-
HO# TpaHC(OpPMALHH B TAKOH CHCTEME CYLIIeCTBeH-
HOE BIMSAHHE MOTYT OKa3bIBaTh Pa3sMep yJacTka ro-
monorun Monexyn JIHK u kondopmanus (cynep-
CKpydeHHOCTB) 3Haorennoi JJHK.

TparnchopMaims K1€TOK BatHi MOHOMEPHBI-
MH IUIa3MMAaMM BO3MOXKHA TaKoKe B TOM ciyuae,
€CJIH TUIA3MHJA CONEPHHT NPOTHIKEHHBIE 1OBT10-
prioMecs nocsefosaresbHOCTH. ECin noeropsl
B IiaiMuje npsMele, Tpanchopmalius KIeToK ee
MoHOMepHO#H (opMOH NPOHCXOOMT NMPHMEPHO 1O
TOMY e MEeXanu3My, UTo H TpaHchopMaLia MyTb-
tuMepHeIME Mostekynamu JIHK (em. puc. 10.3, 6).
Tpancdopmaig TaKUMH TIAZMHIAME CONPOBORK-
JIAeTCH HX PacnajioM 1o NOBTOPaM.

[MporsxeHHble HHBEPTUPOBAHHBEIE TOBTOPHI,
no-BUIMMOMY, MOTYT oOycroBimBars obpazoeaHue
B mpouecce TpaHCHOPMAIMM OOHOLENOYEYHOI
raHTeNeBMAHON CTPYKTYpBl (€CIH pasphiB Mjasmu-
IIsl pon3oLien B noerope). B pesyneTare 3anomse-
HH#A Opets v penauKaldy CIPyKTYpa niasMHIHOH
JAHK soccranosurcs (7).

PaccMoTpeHHble MOAXOAL M03BOJAKOT B TOM
WIH MHOH Mepe IpeofoseBaTs TPYIHOCTH TPaHC-
dopmaumn komneTeHTHEIX KNeTok B. subtilis mo-
HoMepHEIMM TUasMmami. OHako HE Beerya BBe-
nenue B coctas twiasMuaHoi JIHK obnacteii romo-
Joruu ¢ faKTepHanbHOH XPOMOCOMOH WiH NpoTS-
JKEHHBIX MHBEPTHPOBAHHBIX TMOBTOPOB TMPMBOIHT
K ycriemsol TpaHcopMalHH KIETOK MOHOMEp-
HBIMH (hopMaMM TakuX MiasMHA. IJTO O3HAYAET,
YTO TPHPONA BCTaBKH, AYTUIMKAIMHM HIM CaMOH
MIasMUABl MOKET OBITH BakKHA [UIA 1POSBICHUSA
cBoiicTB, HeOOXOAMMBIX JUTA 0Opa3oBaHMsA BHYTPH-
MOJIEKYJIAPHOH CHHAIITHYECKOH CTPYKTyphl Ha-
npumep, dparment JAHK B. subtilis, coneprkauyii
ressr pubocomuoii PHK, ne obecneunpaer crace-
HiA THOPHAHOH MIasMuasl B nporecce Tpanchop-
MalM¥ KOMIIETEHTHBRIX KneTok B. subtilis MoHO-
MepHoii nnasmunoi. [NonarawT, 4T0 HHTEHCHBHAN
TpanckpummA resos pPHK npenstctryer obpa-
30BAHHI0 CHHANTHYECKOH CTPYKTYPhl MEXY BBO-
AMMOH MIA3MHIOH H TOMOJOrHYHBIM paiOHOM
xpomocomuoi JIHK. Tlo Toii e npuunne, BeposT-
HO, nuasmuja, copepxautas pAHK Meiuu, He Mo-

KET PEeKOMOMHALMOHHO BCTPAHBATECA B XPOMO-
comuyto JIHK KynbTHBHPYEMBIX KIETOK MBILIH.

[lpn MCHONLE30BaHWH MCKYCCTBEHHBIX Oupen-
JUKOHHBIX TUIA3MHJI, CMOCOOHEIX Pa3MHOXKATHCA
Kax B B. subtilis, rak u B E. coli (cm. 10.2.3), Mmynb-
THMEpHBEIE JOPMEI MOXKHO TeHEPHpPOBaTL B KIET-
kax E. coli. Konctpyupyemsie in vifro MOHOMeEp-
Hble rHOpuIHbIE IUasMuasl 3QQPEKTHBHO TpaHC-
dopmupyror knetku £. coli, a B nporecce pasMHo-
JKeHHs B JaHHOH OakrepHM ompeneneHHas YacTh
IUIASMHAHBIX MOJICKYN [PHOOpeTaeT Myjisrumep-
Hoe ctpoenne. CuHTe3npoBaHHbIMM B LK. coli
MYJTBTHMEPHBIMH TJIa3MHAaMH 3aTeM MOXHO YC-
MenHo TpaHcGOPMUPOBATE KOMIETCHTHLIE KIETKH
B. subtilis.

[MoMuMO paccMOTPEHHEIX OPUTHMHATBHEIX M0]1-
XOI0B CYLIECTBYIOT H Apyrue, bosee npocteie Cro-
cobkl BBEZIEHNS [L14a3MKA B KieTku Gaumsm.

10.1.3. YHusepcansHeie memookbi
eeedeHuUn nnaimud

Cpean H3yueHHBIX TPaMITOIOKHATENEHEIX fak-
TepHii ML Y HEKOTOPHIX BHIOB 06Hapyxena (u-
3MONOrHYecKas KOMNETEHTHOCTL JUIN reHeTH4e-
ckoi Tpancopmarmu. K 3THM BMOaM OTHOCATCS
Bacillus subtilis, Streptococcus mutans, Strepto-
coccus pneumoniae, Streptococcus sanguis v Mic-
rococeus lysodeicticus. HeoGxomumocTts paspabor-
Kn Oonee yHMBEPCATBHOIO METOAA IUIA3MMIHON
TpaHchopMaliMi  PAIIMYHBIX TPAMIIONOKHTE b=
HEIX DakTepwii npUBesia HCcIenoBaTeNIeH K u3yse-
HHIO MPOTOMJIACTOB ITHX KIIETOK.

TIpu 06paboTke TH30IHMOM B H30TOHHYECKOM
pacTeope MNeNTHAOTIMKAH TIPaMIIOIOKHTETLHBIX
Knerok, GopMUpylonHii KIeTOYHYIO CTEHKY, pas-
pyluaetcs, B pesynbrare Hero o0pasyiorcs wapo-
sunsbie npotonaactal, C. Yaur u C. Kosn s 1979 1.
ToKa3anm, 4To mpotortactet B. subtilis, obpabo-
TAHHBIE MOTHATHIEHTIIMKOIEM, C BBICOKOH 3 ek~
TUBHOCTBIO  TpaHCOPMHUPYIOTCH  TUTA3MMIHOM
JHK. JlansHeimme wccrnenosasHs MpoOaeMOHCT-
PHPOBANH YHHBEPCAIBHOCTh TAKOID METOHYECKO~
ro npuema. [nasmunnas tpascopmanus nporo-
NJaCTOB YCNEUIHO OCYIIECTBNEHA /I MHOTHX
wtaMMOB OaKTepHii pazHLIX BHAOB, OTHOCHIIMXCSH
K ponaM Bacillus, Corynebacterium, Listeria, Sta-
phylocaccus, Streptococcus v Streptomyces.

Inasmunnas [JJHK nponukaeT B nporomiactst
B aByxuenoyeyHoit ¢popme. Tpancdopmauus mpo-
XOOWT C OAWHAKOBOH 3(Q(eKTHBHOCTBIO NpPU HC-
MOMB30BAHMM KAK MOHOMEPHBIX CYNepKOJIBIEeBOH
HWIH OTKpBITOH KonmblieBoil dopM, Tak U MyNbTH-
mepubix Gopm. TIp stom MoryT GeiTh Tpanchop-
mupoBanbl 10 80 % mpoTonacTos. 3aBHCHMOCTh
upcna TpaHcOpMUPOBAHHEIX NPOTONMIACTOB OT
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KoHUeHTpannn masmugoi [JAHK y B. subtilis no-
Ka3blBaeT, YTO Aad akta TpaHchopmaimu JocTa-
TOYHO OZHOH MOHOMEpPHON MOJICKYIIb I123MH/IEI.
B nmpouecce Tpanchopmanuu miasMmKaa He npe-
TeprieBaeT CTPYKTYPHBIX H3MEHEHHH.

Tax kak nia3mMuia BXOAKHT B NPOTOILIACT B BHJIE
[BYXUEIO4YEYHOH MOJEKYNbl, CHCTeMa PpeCTpHK-
nuH-MoaH(UKAIMA KIeTKU-peunnienTa GyaeT cy-
mecTBeHHO cHwKaTh 3 dexTuBHOCTE TpaHcdop-
MalMH NP HATHYHMH B TUIa3MHIE COOTBETCTBYIO-
[IHX CAaHTOB PECTPHKIMH. AHANOrHYHAS CHTYAIHUS
BO3ZHMKAET TaKke NpH BBEACHHH B IPOTOTIIACTHI
xpomocomuoii JIHK.

Takum oBpasoMm, ¢ TOYKM 3pEeHNUs BBEICHHS
WIa3MHI B KJIETKW TpoTonaacTsl Oaiwul, Kak H
JIPYTHX TpaMIoNoKHTeNbHBIX OGakTepwii, HMEIOT
Psill HECOMHEHHBIX NPEHUMYILECTB NEPEA KOMile-
TeHTHBIMH KMeTkamu. Ilporonnactel ¢ BBICOKOM
apexTHBHOCTEIO TPaHCHOPMHPYIOTCH MOHOMEP-
Ho# dopmoit naasmuaneix JTHK, yro ouers BaxHO
TpH KOHCTpyHpoBauuu rubpuansix Monexyn JIHK
in vitro. Kpome Toro, HCrnonb3ys TNpoOTOTLIACTHI,
YACTO YIAETCH BBOAWTH TMIAIMHILI B LITAMMEI
IPaMIOJIOKHUTEIBHEIX KIETOK, He obnamarmmx
¢uzmronoruveckoil koMnerenTHocTeio. Hegoctar-
KaM#l JAHHOTO METOAMYECKOro IpHeMa SBISIOTCS
€r0 OTHOCHTEJIBHAA CJIOKHOCTH, MHOTOITAITHOCTH
W, KaK cnefcTeHe, cnabas BOCIPON3BOAHMOCTE 110
napameTpy 3ddextuBHocTH TpanchopManum.

Bosiee npocT ¥ yHHBEpCaieH METOI 3EKTPo-
nopanMy, KOoTopeni HayuHan ¢ 1988 r. cTanu uc-
nonk30BaTh Ans Oakrepuii pona Bacillus. Tlo 3¢-
$eKTHBHOCTH 3MEKTPONOPALIHA NPHMEPHO COOT-
BETCTBYET METOY MPOTOIUIACTOB, HO 3HAYHUTEIBHO
npome ¥ OhicTpee B UCTIONHEHHH. TeM He MeHee
JUIA Ka#/I0ro BHaa (ITaMma) npouenypy 1eKTpo-
nopauHy HeoOXOIMMO ONTHMHIUPOBATHL, YTOOBI
noburecs  HauOoNBIIEro YpOBHA  IUIA3MMIHOMN
TparchopMaiuu.

HepnocTtatok anexrponopaiis, Kak ¥ niasmMui-
HOH TpaHchopManMK NpPOTOMJIACTOB, COCTOMT
B TOM, YTO MPOHMKAKIAS B [HTOMIA3MY ABYXILe-
noveyHas mMonexyna JJHK He 3aumimena or atakd
SHJIOTEHHBIX PECTPUKTA3, YTO B psjie CIIy4aeB Mo-
KET 3HAYHTENIBHO YCAOKHATH IPOBEICHHE TeH-
HO-HIDKEHEPHLIX Manumynauwii. [Tpeogoners nan-
HOE 3arpyfHEeHHE MO3BOJIACT HCIONb30BAHUE
NPHHLIKIE, 3KCIEPUMEHTANBHO 000CHOBAHHOIO
I1. Tpeé-Keetom ¢ coastopamu (1987 r). Mmm
6bina cosnana yenHouHan (GMperIMKOHHAS) 111a3-
mua pAT187 (puc. 10.4), cocTosas U3 perviHko-
Ha ruiasmugsl E. coli pBR322, pennmkosa cTpen-
TOKOKKOBOH muiasmuzasl pAMA1 ¢ mmpokum Kpy-
[OM XO035€B CpelH IpaMnonoXuTensuex Oakre-
pHii, reHa YCTOWYHBOCTH K KAHaMULIHHY, JKCIpec=-

Puc. 10.4. Kapra mobunusyemoit uennouHol
masmusl pAT 187,

oriR — obacTe Hauasa peruIHKaLmH,
oriT — obnacts Havana neperoca nnasmuaron JHK

CHpYEeMOr0 KaK B IPaMIOJIOKUTE/NBHBIX, TAK M
B I'paMOTpHULATENBHBIX OakTepuax, ¥ obnacTu Ha-
9ana nepenoca ori T naasmuas RK2 rpynmns: IncP.
Okasanock, uro pAT187 Moxer ObiTH MOOHIH30-
BaHa KOHBIOTATHBHOM NJIA3MHICH Ipynnbl HECO-
BmecTMocTH IncP 1 nepenecena u3 knerok E. coli
B pa3THYHBIE TPAMITONIOKUTE/bHEIE DaKTepHH, T/
oHa 3QdexTHBHO perUTHIMpYeTCs 3a CYeT peruin-
kona pAMB1. Tak, 6k TOKa3aH MOBHIH3AIMOH-
Heli nepenoc pAT187 u3 £, coli B Bacillus thurin-
giensis, Enterococcus faecalis, Streptococcus lac-
tis, Streptococcus agalactiae, Listeria monocyto-
genes u Staphylococcus aureus. IddexTnBHOCTE
nepenoca sapsuposanaor2 + 10805 - 107, uro
npuMepHo Ha 6 nopsaakos Huke 3hdexTHBHOCTH
nepesoca pAT187 uz ommoro urramma E£. coli
B apyroi. TeM He MeHee Jake TaKOrO YPOBHA
KOHBIOrallMOHHOH repenaun nnasmuast pAT 187 or
E. coli rpaMnonoxuTe/bEbEIM OakTepusM mocTa-
TOYHO I HAJEKHOTO BEIABACHHA LENEBhIX TU1a3-
MH/10COepIKALHX KIOHOB.

Takum obpaszom, paspaboTaHHBIH TOAXOA MO-
3BOJISET NOCTATOYHO JIETKO TIepeHOCHTh THOpua-
Hble nnasMuasl 13 E. coli B pasnble rpaMnosoKu-
TenbHble 6akTepuu, KoTopsie He obnanaoT ¢uiKo-
JIOrMYECcKO KOMIIETEHTHOCTBIO. bosee Toro, B mpo-
[ECCe KOHBIOTAIMOHHOI Nepeiadn B KIeTKy-PeLu-
MHEHT NMEPEHOCUTCH OHA HEMb NOHOPHOM ruasMu-
JIbl, HAa KOTOPOH CHHTE3WPYETCS 3aT€M KOMILIEMEH-
Tapras uenk JIHK. Dro mpuBoguT K TOMY, uTO
KOHBIOTALMOHHO NepenaBaeMas IasMizia He moi-
BEPraeTcs arake pecTPUKTa3s — JHIOHYK/Ieas, cne-
undHIHO BO3NCHCTBYIOMKX Ha HeMomudwmimpo-
BaHHBIE ABYXLENnoyeyHnie Monexynsl JIHK.

10.1.4. Tpancghexkyun

lMpu m3ywenus npouecca Tpancdekmn KoM-
NETEHTHBIX KNETOK B. subtilis Monexynamu iByx-
uenoveunsix darosex [JHK o6rapyxeno, 9To Mo-
Homepuas ¢opma JIHK dara umeer kpaiine Hu3-
Kyl uHdexiHorHocTe. B TO ke spema JIHK npo-
thara (xpomocomuas JIHK, conepxaias HHTerpH-
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poBaHHBIA (arosbiif reHOM), KOHKaTEMEpHas pern-
nHKaTHBHas (opma wik MyneTuMepHas JTHK, no-
Jny4enHas in vitro ¢ nomouso JHK-nurassl, Bei-
COKOAKTHBHBI B TpaHchekumu. 3T0 yKa3kBaeT Ha
TO, 9T0 npH Tparcteximn darosas [THK nerpaau-
pyercs Ha KoHuax. Kpome Toro, kax oxasanock,
B KJETKH MPOHHKAIOT JIHIIB ONHOLENOYETHbIC
¢dparmenTts! darosoii JJHK. B cBsa3u ¢ 31UM TpaHc-
(hex1Ms KOMNETEHTHRIX KieTok B. subfilis 3penoi
(Moromeproii) darosoit JIHK nporcXofnT TONBKO
B pesynbTaTe pekoMOMHALMOHHOTO B3aUMOZEHCT-
BHA B OHOH KIETKE HECKONBKHX TAKHX MOJCKYIL.
Tlpu Tpancdexuun konkatemeprsivu [JHK Havano
¢aroBoMy MOTOMCTBY B KOMIETEHTHBIX KIETKAX
MOJKET IaTh yXKe eAHHHYHAS MOJIEKYJIA.

Kak u npu nnasmuasoft Tpascdopmaiiun, 3¢-
dexTuBHOCTE TpaHcdekimn HeMogndHUIPOBaH-
Hoii darosoii JIHK Heckonbko CHukaercs, eclu
kneTky Oammnn comepwar PepMeHTHI pecTpHK-
unp-Moandukaiuu. CnenosaresnbHo, B KOMIe-
TEHTHYIO KJIETKY MOrYT HpOHHKath (parMeHThi

obeux ueneit JIHK u o6pasoBesiBate B Hell roMo-
AYTUIEKCHI, YyBCTBHTEJIbHBIE K OCHCTBHIO PecT-
pHKTa3.

Tpauchexuus nporornnactoB B. subtilis 3¢-
bexruBHee TpaHcdeKUUM KOMIIETEHTHBIX KJIETOK
B 10% pas. [lpu 3tom ¢darosas JIHK nponukaer
B MpPOTOIIACTE! B BHAE HATHBHBIX JBYXHENOYed-
HBIX Monekyn. Tpancdekuns B JaHHOM cydae sB-
JIAETCH rec-He3aBHCHMOMH, 1 OoNbIloe BITHAHHE Ha
ee 3QPEeKTUBHOCTS OKA3kIBACT HAIMYHE HIM OT-
cyrcreue R—M-cucrem.

Taxkwm obpa3soMm, oumuieHHas darosas [HK
NPOHHKAET B KJIETKH OAlWIn 10 TeM e MexaHus-
MaM, 9TO H XPOMOCOMHAS M TINa3MHIHAA MOJEKY-
ael JIHK, T. e. paccMaTpuBaeMeie NpoLECCh! He 3a-
sucaT o1 npupoabl JJHK. 3nanne ocHOBHBIX 3aK0-
HOMEPHOCTEH BXOWIEHHA DSK3IOTEHHBIX MONEKYH
JHK B knerxu B. subtilis unu gpyrux rpammnosno-
KHTENBHBIX OaKTepHii 103BONSET NPH TUIAHUPOBa-
HHH I'€HHO-HIDKEHEPHBIX 3KCNIEpHUMEHTOB obocHo-
BAHHO BHIGMpATh TOT WM MHOH MeToz.

10.2. MONEKYNAPHBLIE BEKTOPbLI BACILLUS

10.2.1. KnoHupyloujue seKkmopbl Ha8 OcHoee
nnasmud cmagunoKoKKo8
U cmpenmoKoKKoe

IMepsrie BHexpomocommusie Monekyns JIHK
Garpwin obnapyxumu B. Kapirron u J1. Xenurckuit
(1969 r.) B knetkax B. megaterium. B nocnemyio-
meM B pasuHeiX nabopatopuax ObUIM BbIJENCHBI
¥ H3y9E€HBI MEOTOYMCIICHHBIE MNA3MHIL H3 KIETOK
B. subtilis, B. pumilus, B. cereus, B. brevis u 1p.
Opnaxo GONBIMHCTBO ITHX TIA3MKUA THOO OKa3a-
JIACE KPMTITHYECKHMH, JH00 IeTepMHHHpOBAIH
TPYIHOCENEKTHPYEMBIE NIPU3HAKH, YTO CO3/aBaNo
OrnpezieNIeHHBIE TPYAHOCTH TIpH pa3paboTke res-
HO-HIDKEHEPHOH cucTeMbl Oaiwnl. Youwius ObUu
HanpasJeHsl NPeKAe BCEro Ha CO3NaHWE KIOHH-
pyoumx BextopoB B. subtilis — caMoro u3y4es-
HOro Buia B OMOXMMHUYECKOM M NeHeTHYECKOM ac-
NEeKTe CPenH rpaMIoNoxuTesHeX 6aktepuii. OT-
CyTCTBHE COOCTBEHHLIX MIa3MHUJl, KOTOPhIE MOTIIH
6Bl COCTaBMTE OCHOBY YIOOHBIX KIOHHPYIOLIHX
BekTopoB 8. subtilis, noGymuno uccnenosarenei
MCKaTh TOAXOAIMX NPETEHAEHTOB HA 3Ty Poib
CpeaH MIa3MuI IPYTrHX IPaMITONMKHTENbHBIX Dak-
TEepHH.,

B 1976 r. I1. JloseTT ¢ coaBTOpamu Tpancdop-
MupoBanH wraMM B. subtilis 168 GaxrepHoLmHO-
rennoii masmunod pPL10 u3 B. pumilus v nokasa-
JIM, 4TO TLIa3MHUA cTabHIIBHO COXpaHAeTCs B rere-
POIOTHIHOM OKPYXKEHHH NPH MHOKECTBEHHBIX e~
pecepax Kynsrypst B. subtilis[pPL10] u Hanpasns-
eT cuaTe3 OakrepuouyHa. OpHak0o AaHHBIH TIpH-

3HAK HeyN00OHO HCTIONB30BAThL B KAY€CTBE Mapkepa,
T4K KaK He Y[aeTcs OCYIIeCTBIATh npsmoli otbop
KJIOHOB KneTok B. subtilis, copepxammx pPL10.

Ton4ok pa3eMTHIO T€HETHHECKOH MIDKeHepHHu
KneTok B. subtilis nana pabora C. Spnnxa (1977 1),
B KOTOpO# NPOAEMOHCTPUPOBAHO, YTO TLIA3MM/IE!
Staphylococcus aureus, perepMHHHpYIOUME YC-
TOHYHBOCTH K Xiopampenukony (pC194, pC221,
pC223, pUBI112) umm rerpaumsmmuy (pT127),
crocoOHB PEIUTHIMPOBATECH B KneTkax B. subtilis
1 obecreuusarhk yCcTOHYMBOCTE HOBONO XO3AHHA
K COOTBETCTBYIOIEMY aHTHOMOTHKY. Bo mMHOrmx
naboparopuiax HaYanu HHTEHCHBHO M3y4arTh IUla3-
MH/IBI aHTHOHOTHKOYCTOHUHBOCTU CTa(hHIIOKOKKOB
¥ MCIIONIb30BATh MX /IS CO3MEHMA KJIOHHPYIOLIHMX
sextopoB. Hanbonee nonpobuo 6eumu u3ydeHst Ta-
KHe maasmHasl S, aureus, kak pCl194, pTI18l,
pUB110 (puc. 10.5) u pE194. Paciundpopana non-
Has HYKIEOTHOHAas TI0CNeNOBATENLHOCTh ITHX
TUIA3MHA ¥ YCTAHOB/IEHA UX TeHETHYeCKas OpraHu-
sanus. Okasanock, YTO OHM NPHHALIEKAT K pa3-
HbIM rpymmam HecoBmecTHMocTH (Inc8, Inc3,
Incl3 u Incll cooTBeTcTBEHHO), HO MOTYT ObiTh
OTHECEHE! K OTHOMY K/accy MabIX MHOTMOKOIHIi-
HBIX TU1a3MH7, OGNAfalonuX psaoM OYeHb HHTe-
PECHEIX CBOIiCTB.

Haubonee BaXHBIE pe3ynbTATHI MPH HCCNIENO-
BaHHWHM 3TOr0 Kjacca IUIasMMI TOJNYYEHBl TpeMs
rpynnaMu y4eHsiX, pykosoguMeiMa C. 3parxom,
P. Hosukom u [k, Anosco. JlokasaHo, 410 JaHHBIE
TIa3MHIBl PEMUTHLMPYIOTCS TO MEXaHM3My Kars-
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Puc. 10.5. Thmasmuas S. aureus, pemmmnukpyioumecs B B. subtilis.

pir — reu Genxa cafitcnenupuyeckoi recA-He3aBHCHMOH pexoMOHHALIHH,
KoTopas HeobxonHMa JUiA pacnana MyJIsTHMEPHBIX GopM HE MOHOMepHEIE

LIErocs KONblia U B KA4€CTBE NPOMEXYTOYHOH pen-
JMKATHBHOA (OPMBI HMEIOT OIHOIENOYeqHYI0
koabieByio moniekyny JTHK. Kaxnaas nnasmiga Ko-
ImMpyeT crielManbHelH 6enok Rep (He KoMIuiemen-
THpYIONMH aHANOTHYHYIO (PyHKIMIO IpyTO# mnas-
MBI 3TOrO Kiacca), KOTOPhIil SBISETCSH MONOKH-
TENLHBIM  PErYIATOPOM NpoLecca PEIUTHKALHH
nrasMuasl. YpoBeHs cuHTesa Oenka Rep koHTpo-
mipyetcs aaTHemsicnoBeiMd PHK, kotopeie cum-
THIBAKOTCH C I€HA COP W, CBA3BIBAACH C 5'-KOHLe-
BEIM paiioHoM MarpuaHoii PHK Genka Rep, nonas-
NIAOT ee TPAHCHAUMIO (HeraTHBHAS Pery/aLium).

pal —_——

ol 7

Csoeofbpasen MexaHM3M PpeIUTHKALMH 3THX
nunasmua (prac. 10.6). Benok Rep B3anMonercTByeT

HA CyMNepCKpy4YeHHOH ABYXLENOYeqHOH MiasMmi-
uoit JIHK ¢ yuacTkoM ori (25 nH ans niasmmasi
pUBI110) u pacmennser onny u3 neneit. [Tpu atom
6enok Rep koBaneHTHO CoeIMHAETCH C 5’-KOHLOM
pasopeanuoi nemu [JHK. B pesynsrare co3naores
ycnoBHA, 06ecnieanBalONIHE NPHCOSIHHEHNE B y4a-
CTKe pa3phiBa KAeTOYHKIX (DEPMEHTOB, B TOM YHCIIE
JHK-nomimepaser IIl. OG6pasosasumiics ¢ep-
MEHTHBIH KOMIUIEKC HAnpas/fdeT NpoLecc acHM-
METPHYHOI MJIa3MHUIHOH PEIUTHKALMH, B XOI€ KO-

@2 m3

Puc. 10.6, Monens peryMKaumH nnasMua S, aureus:

I — depmerTrbil penHkanBoHHbli koMmuexe; 2 — depmerTHI nomuMepasHbit kommuieke; 3 — PHK-sarpaska,
Crpenkn yxainpawT HanpasieHHe CHHTe3A KoMILIeMeHTapeEbix uenel JIHK

B ToHBTHYBCKES MHNBHBPIA
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Aval pamHI

]

Puc. 10.7. BextopHsie naasmuasl B. subtilis:
I — nocnenosarensnocts JJHK pC194, 2 — pT127, 3 — pUBI110, 4 — dara §22, 5 — B. pumilis

TOPOro paspesaHHas UEnb BLITECHACTCA BHOBb
cHHATe3npyemoii. Tlocne noHoro MHKIa perUiHKa-
[IHH HApAJy C JABYXLENOYEYHOH MOJEKYIOH, co-
Jiepxauleii paspels B 0JlHOH nemu, obpasyercs on-
HOLENoYeyHas Konbnesas (opMa nnasMuasi (oM.
puc. 10.6). Baxro nopgepkHyTh, 4TO YYACTKH
HHMIHALMA H TEPMUHAIIMM PEIUTHKALMHK B CerMeH-
Te€ ori NEPeKpLIBAINTCA, HO HE COBMAAAioT.

Ha oGpaszosasuielics OIHOLIENOYEHHOH KOJb-
uesoit JIHK umeerca cerment pal ¢ nanueapoM-
HOH TMOCTENOBaTENEHOCTHIO, cnocobHOH (opmu-
pOBaTh INHICYHYIO CTPYKTYpY. Ha 37T0H mmiibke
HHHLHMHPYETCH OPHEHTUPOBAHHLIH CHHTE3 KOMII-
nemeHTapHoit uenu JIHK. MexanuaMm cuHTE3a 110-
Ka He siCeH, HO TONaraioT, 4T0 OH aHAJIOTHYeH H3Y-
YeHHOMY Juis Menkux daros E. coli Tuna ¢pX174,
¥ KOTOpEIX Ha mImuikke obpasyerca PHK-3arpaBka
M ¢ Heii BzaumoneicTsyior (epmenTsi, obecnedu-
BalollHE CHHTE3 KoMIUuleMeHTaproil uerm JIHK.
B c6anancuposaumoii cicteme adexTHBHOM pen-
MUKALMH MIAMUJL TI0 PACCMOTPEHHOMY MeXaHus3-
My opHouenodedHas (opMa COCTaBISCT JIMIUB
3-5 % cymmaproil nnasvuanoi JIHK. Ecmm ke
p3aumoneHcTeue QepmentoB M JIHK no ToH unm
HMHOH NpUYHMHE HapylleHO (MyTalud B naasMuie
WJIH TeTEepONOrHYHbIE KIETOYHBIE ()epMEHTEI), CO-
NEpIKaHHE OOHOLIENOMETHON (POPMBI MOXKET 3HAYH-
TEJILHO YBENHYHTECH, YTO NPHBOAMT K CHHKEHHIO
KOMHUHHOCTH TLIa3MHIbI H HECTADHMIIBHOCTH €€ Co-
XpaHeHus B DaKTepHabHO KynsType.

VYuacTok ori Bcex 4EThIPEX paccMaTpHBaEMbIX
miasmMul QyHKIHOHMPYET Kak B KieTkax S. aureus,
Tak U B B. subtilis, a cerment pal nnasmuy pC194,
pT181 u pE194 B B. subtilis cnaGoaxTuBeH. 310
TIPHBOMT K TOMY, 4T0 okono 1/3 npenapara nau-
HBIX TiasMuz B B. subtilis npepcrasieHo oHowe-
nogeyHo# komsuesoi [JHK. B 10 e Bpems joKyc
pal pUB110 a¢dextuBro ysHaercs (epmeHTamu
obeux OaxrTepHii, NOITOMY H B IeTEPOIOTHYHOM
okpyxkerun pUBI10 Haxomurcas B OCHOBHOM
B nByXxuenoveuHoil gopme. 310 eMHCTBEHHAA U3

M3YHYEHHBIX IUIa3MKJ CTA(UIOKOKKOB, cTabHibHO
NOVIEPXKHBAKOIAACS B KiIeTKax B. subtilis.

INnasmuma pUBI10 nonyumna mupokoe pac-
NPOCTPAHCHUE B KAYECTBE KIOHKPYIOLIETO BEKTO-
pa. OHa aBngeTcs MHOIOKONHIAHOM, HECET /iBa ce-
TIEKTHBHBIX MapKepa — YCTOHYHBOCTH K HEOMMIIH-
HY MM KaHamHumHy (reH neo) n Kk Gneomunumy
uM Queomuumny (ble), a Takke CONEPXKUT YHH-
KaJbHBIC YYacTKH THAPOIM3a PECTPHKTA3aMH
EcoRl, Xbal, BamHI, Accl, Pvull, Ncil u Bglll, no
KOTOPBIM MOXHO KJIOHMPOBATb 3K30I¢HHBIE (par-
menTsl JIHK 6e3 napymenus QyHxumi perummka-
ouu masmuasl. Tlpy otoM cenektusubiil o1bop
rUOpUIHBIX BapHAHTOB BO3IMOXEH TOJLKO NPU
BCTpOiike (parmenTos no yuacTky Bgl/ll (NmsBIF)
unu Ncil (NmrBI9). Kax yxe otmewanocs, pUBI10
crabHIBHO NOJUIEPXKUBAECTCA B KieTKax B. subtilis.
Kpome TOro, oHa MoxeT OBITh NMEPEHECEHA H3
B. subtilis B npyrve Bumsl Oanmnn nyteMm TpaHC-
nykumn (aramu PBS1 wm SP10, uro meroanye-
CKH 3HAYMTEJILHO YITPOILAET NPOBENEHHE IKCTIEPH-
MEHTOB.

OnHH M3 NEpPBBIX IEHHO-UHIKEHEPHBIX 3KCIie-
puMenToB Ha B. subtilis ppmonuen B 1978 . C. Op-
muxoM. B cocta nnasvuel pC194 Geur BcTpoeH
HindIlI-¢parmenT rutasmuaet pT127, Hecyrmil reH,
KOTOPhIH KOIMpYeT YCTOHYMBOCTE KJIETOK K TeTpa-
maury. Hexonryro mnasmuay pCl194 moxksO He-
NONMB30BATL B Ka4¥eCTBE KJIOHHPYIOILEro BEKTOpa,
TAK KaK OHA COAEPXKMT €AMHCTBEHHOE MECTO I'Mi-
ponusa pecrpuxtasor Hindlll, m npu BcTpoiike
B Hee HindIlI-¢pparmenroB JIHK se mapywaiorcs
GyHKIMM perUIMKALIMY IUTAa3MUJIbl U IEH cal XJ10p-
ampenukonanerunTpanchepasp. I'ubpuanas nnas-
Muaa, obosmasennas pHVI11, nerepmuuupyer
YCTOHYHBOCTE Cpasy K ABYM aHTHGMOTHKAM —
xnopampennkony ¥ Terpauukaudy (puc. 10.7) u
apiasieres Gonee ynobubiM no cpasHenuio ¢ pC194
KJIOHHPYIOUHM BEKTOPOM.

K. Kerrusc ¢ coasropamu (1978 r.) Bcrpowin
B pUBI110 ¢parmentnt xpomocomuoit JIHK paz-
HbIX BHIOB Bacillus, obpasoBasuinecs B pesynsTa-
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Tabnuya 10.1. Ceolcrea rubprinbIx naasMua Ha ocuose pUBI10

— KoMruiemeHTaHOHHAS AKTHBHOCTb
Iaaimuna KJIOHHPOBAHHOTO Piaep, trp
TIH roB his-2
¢bparmenta JIHK . E|D|C| F]|B]| A

pUBI110 — 45 0 0 0 0 0 0 0 0
pSL101 B. licheniformis 749C 8,1 0 0 0 + + + + 0
pSL103 B. pumilus NRRLB-3275 7,5 0 + + + + 0 0 0
pSLI04 | B. pumilus NRS576 7,5 o [ o | « |+« |+« | 0o o0o] o0
pSL105 | B. licheniformis 9945A 8,1 0 0 | + rl+ o o] o
pSLI106 B. subtilis 168 6,8 0 0 0 + + 0 0 0

Ipumeuanue. KoMniemMeHTalHOHHAA aKTHBHOCTD onpejiensnack B B. subtilis: 0 — myTaums He KOMILICMEHTH-
poBaack, «+» — KOMIUICMEHTHPOBANACK, «+%» — KOMIUIEMEHTHPOBAJIACH, HO KJICTKH POCIH MCINEHHO.

Te rusponusa EcoRl. INocne pancdopmampm rubd-
PHAHBIME TIA3MUAaMu KICTOK B. subtilis, ne(erT-
HbIX N0 pexoMbuHauuu (Gnaropaps MyTauHu
recE4 npeyilorBpamaercs pexoMOMHALIMA KIOHHPO-
BAHHEIX ()ParMEHTOB C XpPOMOCOMON PELHIHEHT-
HOH KJIETKH) H MYTaHTHBIX 10 reny frpC, ynanocs
HA CENEKTHBHOH cpejie 0To0pars KIOHBI KIETOK,
B KOTOPBLIX KJIOHHPOBAHHBIE I'€HbI KOMILIEMEHTH-
POBAITH TIOCNEAHIO MYTalHI0. JIONOIHUTENBHBIH
AHANH3 MOoKa3all, 410 KpoMe reua frpC B KIOHHPO-
BaHHBIX (parMeHTax CONEPHKATCA M HEKOTOPbIE
JIpyTHe reHsl trp-onepona (tabn. 10.1).

Cepus niasMKHLIX BEKTOPOB KICTOK B. subti-
lis co3nana B naGoparopuu 1. JyGuay (1978-
1980 ). Heccmenomatend WCTION®30BATH TAThH
masMua S. awreus (tabn. 10.2). Kombunupys ux
in Vitro pecTPMKTa3HO-IIMIa3HLIM METOIOM, yaa-
JIOCh TIONYYHTh BEKTOPHBLIE NPOM3BO/IHEIE CEPHM
pBD (Ta6n. 10.3). Hexoropsie rubpuansie nnasmMu-
IIbl OKa3aJIMCh CTPYKTYPHO HecTaOMIbHBIME, a MX
cTabMILHBIC BAPHAHTHI MONMYYHIHCH B pe3ynbTare
Jienenmii, NpoxsoIeniuuX in vivo. BaxueiM ripe-
MMYUIIECTBOM TIOJIYYEHHBIX KJIOHHPYIOUIMX BEKTO-
POB 110 CPABHEHHIO C HCXOJIHBIMH MJIA3MHIAMH SB-
NACTCS TO, YTO OHH HECYT HECKOJIBKO AETCPMMHAHT
YCTOHYABOCTH ¥ AHTHOHOTHKAM. 3TO 3HAYHTEILHO
yHpoiiger ¥ NoBHILAET HAJeKHOCTL 0TOOpa rub-
PHAHBIX IJa3MHJ HAa OCHOBE TakKHX BEKTOPOB.
Huakrsupys B pe3yibTare BCTPOHKH OOMH HIH
J(BA Mapkepa IiasMujibl, KIOHb TpaHcopManTtos
MOHO OTOHPATE MO IPYTOMY HATHBHOMY MapKepy
BEKTOpA.

Baxwno, yto B mrramme B. subtilis ts dnaC30,
B KOTOPOM TIPH NOBBLILIEHHOH TeMTNEeparype mpe-
Kpalaercs periMkanus xpomocomuoi [JTHK, cun-
Te3 JIHK nnasmun pUBI110, pC194 ¥ ux npous-
BOJIHBIX TPOJIO/DKAETCH M KOMHHHOCTH IUIa3MM/I-
HbIX MoneKyn Moxer pocturath 103 Ha kierky.
HcnonesoBanie naHHOTO MYTaHTHOTO IITAMMA H
BeKTOpOB Ha ocHose nmasmua pUBII0 u pC194

MO3BOMAET MOJYHATh BBICOKYIO KOMHHHOCTH KO-
HHPOBAHHBIX FEHOB.

PaccMoTpeHHble IU1a3MH/IbI — BEKTOPBl C He-
IaTHBHOH cenexnuel, Tak Kak rubpuasbie MoJieky-
nel JIHK BeiSBASIOTCH MO WHAKTHBALIMM ONIpeje-
NEHHBIX FEHOB YCTOHYMBOCTH K aHTUOHOTHKAM.
[lepBoHaYanbHO HA ArapH3IOBAHHOH CENIEKTHBHOI
cpelie ¢ onpeneneHHbM aHTHOHOTHKOM OTOHpaloT
KIOHBI KJIETOK, CONEPXNAILIMX HIH THOPHAHBIE, HIIH
HCXOAHYK IUIaiMHIbl, a JHIIb 3aTeM mepeneyar-
KO# Ha cpejry ¢ aHTHOHOTHKOM, I'eH YCTOHYHBOCTH
K KOTOPOMY B TIMOPHAHBIX IUIa3MHAax JIO/DKEeH
OBITE HAPYILIEH, BRIABIAIOT KIOHLI THOPHIOB.

HecoMmHenHbIE NPEUMYILECTBA B PAJIE ClIyYace
HMEIOT BEKTOPhI ¢ MO3MTHBHON cHcTeMoi otbopa
rubpHAOB, TAK KaK OHH NO3BONAIOT OCYIUECTBIATS
HPSMYIO CeleKUHIO KIEeTOK, Hecylux rubpuansie
nnasmuasl. Haubonbiune ycnexu B IaHHOM Ha-
HpaBICHMM [OCTHIHYTBI Jis knerox E. coli
(cm. 2.2.8). llepByio cHCTEMY NPAMOH CENEKIHH
rubpunueix mnasMun B B. subtilis mpeanowman
T. I'prokan u J1. ly6uay (1982 1.). Onu ocHOBBIBa-
JIUCH Ha TOM, 9T0 OBICTPO JIENAIKeEcs KIeTkH Oak-
Tepuil Hyx1aioTca B OONLIIOM KONHYECTBE HYK-
NE0TH/IOB Juls 00pasoBanHs HYKJIEHHOBBIX KHCIIOT.
Ipu s1oM cBOGOMHBIE HEe30KCHHYKIE03HITPH(OC-
(atel NPUCYTCTBYIOT B KJIETKAX B O4Y€Hb MANOil

Tabnuya 10.2. Caolicrsa HEKOTOPBIX NLIAIMHA

S. aureus
- Uneno yuacTkoB
CK- i
Paguep, I'WOJIH_*I&
Inasmuna T“"He‘;‘;l nH pecTpHKTasoli
Xbal | Hpall | EcoRI

pC194 Cm' 29 0 1 0
pE194 Em’ 37 1 2 0
pSA0501 |Sm' 4,0 1 2 1
pUBLI0 |[NmBF 45 1 4 1
pSA2100 |Sm'Cm" 6,9 1 3 1
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Tabauya 10.3. CeolicTsa rubpHnbix nia3Mug cepud pBD

—

i

=l—_‘:__‘#—____:‘-—

CeneKTHBHEIE
MapKephl

Popmtensckue

TMnam
na TUIATMEIBL

HHE!\"I'_;IBH-
PYeMBIi
CENCKTHRHEIH

MapKep

Pec:rpﬁricra;;ﬁ_
C COHHHYHBIMH
YUACTKaMH

THAPONH3a

Paamep, TH

pBD6 pUBI10 Nm'BI'Sm"

pSA0501™"

pBDS8 pUBI10 NmBI'Cm'Sm’

pSA2100™"

pUB110™" Nm'BI'Em’

pE194

pBD9

pBD10 pBD8 NmBI'Cm'Em"

pE194™

pBD12 pUBLI10 Nm'Cm*

pC194™

pBD64 pBD12™ Nm'Cm'

) KomOuusposanue ¢ noMoLLsio pecrpuktassl Xbal.

BamHI
Tacl
HindIII
Bglll
BamHI
Xbal
HindIll
EcoRI
Bgill
BamHl
EcoRI
Psil
Tacl
Bglll
Hpal
Bell
BamHI1
Xbal
Bglll
Bell
Hpal
BamHI
HindITI
EcoR1
Xbal
Tacl
Bglll
BamHl1
EcoR1
Xbal
Tacl

8,7

9,0

8,1

6,6

6,7

48

Bglll

*2) KomOHHHpOBaHHE ¢ NOMOILLIO pecTpHKTaskl Xbal, senenus in vivo.

*3) KomBunmnposatue ¢ nomonsio Xbal.
*4) Neneuwms in vivo.

KOHLUEHTPalHK. ITO CBUACTENBCTBYET O TOM, 4TO
CHHTE3 NIe30KCHHYK/ICOTHIOB ABIACTCH JIMMHTH-
pymouieii ctaaueli npu cunrese JIHK, Jlna cbanan-
CHPOBaHHOIO POCTa W Pa3sMHOMKEHHs KIECTOK Tpe-
Oyerca Oonbiioe KOMUYECTBO HyKIeozuaTpHpoc-
(atos, npHyeM B HYK HOM cooTHOWweHHH. Mcxomus
u3 9Toro, poct Gakrepuii MoXkHO b dexTHBHO HH-
rubHpoBaTh, NOJABIAA CHHTE3 KaKux-mubo Hyx-
ACOTHROB.

Tax, TpuMeronpumM ssiaserca HHruGHTOPOM
muruapodonarpenyktaisl H GnokMpyeT BoccTa-

HopjleHue muruapodonara 1o rerparuapodonara,
KOTOPhi#l HeobBXONHM NpH CHHTE3E MyPHHOB H TH-
Muaunara (eM. puc. 13.3). Ecau B kneTkax THMU-

JMIATCHHTETa3a BbICOKOAKTHBHA, TO B NpPUCYTCT-
BHH TPHMETONPHMA TPOMCXOAHT ObIcTpoE pacxo-
JoBaHKE Myna TeTparuapodonara, ¥ 370 NPHBOIHT
K uHrubuposanuio pocta baxrepuii. Takum obpa-
30M, KJIETKH OaKTepwii ¢ HATHBHBIM FEHOM THMH-
JHMAATCHHETETa3kl thy B BLIOPAHHLIX YCIIOBHSIX Bbl-
COKOYYBCTBHTENIbHBI K TpuMeTponpumy (Tps).
KietkH xe ¢ nedekTHbiM reHoM thy npoABIsioT
YCTORYHBOCTE Kk TaHHOMY aATHMeTabomuty (Tp").
Hcxons U3 31oro Ha ocHose Miasmusiel pBD64 u
(parmenta [THK dara 522, copepxainero reu thy,
Ouu1a cosnana nnasMuzna pBD214 (em. puc. 10.7).
B nauHo# nuasmuie HHaKTHBALIMA reHa thy MoXxeT
MPOUCXOIHTE TIpH BeTpoiike (parmentos [THK no
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YHHKaIBHBIM y4acTkaMm rujgponusa EcoRl, Bcell,
Pvull u EcoRV. B urramme B. subtilis thy mnaimMu-
na pBD214 obecneyusaer (esotun Tps, a rnbpu-
Mbl, B KOTOPBIX TeH thy HapymeH, — Tp*. lNosromy
Ha arapi30BaHHOH CENIEKTHBHOH Cpejie ¢ XJopam-
GerxonoM H TPHMETONPHMOM KOJNOHHH MOIYT
(popmupoBats TOnEKO kneTkH B. subtilis thy-,
TpascopMUpOBaHHBIE THOPHIHBIMY NTAIMUIAMH
Ha ochose pBD214, T. e. nocne Tpancdopmanyuu
JIHFa3HON CMeCHI0 BYTyT BRIABAATHCH TOMLKO IHO-
PHIHBIE KIOHBL

PerynatopHbie snemenThl TeHOB B. subtilis
uveror cnetmduaroe crpoenue (em. 10.3.1), no-
3TOMY HPH FeHHO-HHKEHEPHOM KOHCTPYHPOBaHUH
WTaMMOB-TIPOZYLIEHTOB  BO3HMKaeT HeoOxomu-
MOCTh BhLIESIEHHA NPOMOTOPOB B. subtilis u UX He-
nonk30BaHus. BakHoe 3HaYeHHe UMEOT TIIa3Mu]I-
Hele BEKTOPEI, NIpe/IHa3Ha4yeHHbIe 1A 0Tbopa npo-
moropcoiepiamx parmentoB JIHK. Ilepsbrii
MIASMHAHBIA  BEKTOP JAHHOMO THINA CO3AIH
[1. Jloserr ¢ corpynuukamu (1981 r). B cocrase
pUB110 oru wionuposamu EcoRI-pparMenT xpo-
mocovmoif JIHK B. pumilis, conepxamuii rex cat.
Iubprinyro naasmuay, neTepMHHMpYIOnyo de-
RHorin Kaetok Nm'Cm, oboznagunn pPL531. Ha
ocHose pPL531 B pesynbTare reHHO-HHKEHEPHBIX
pexoHCTpYKumii Obl1a coznana niaasmuaa pPL603
(cm. prc. 10.7), B xoTOpOii neneTHpoOBaHa TPOMO-
TOpHas 001acTh KIOHMPOBAHHOINO reHa XJI0paM-
benuxonaneTunTpancgepassl. [locne BCTPOIKH
B pPL603 no mecram ruipoiiHM3a pecTpHKTaszaMu
EcoRI unu Pstl mobeix ¢parmenros JIHK wa ara-
PH30BaHHOI cpefie ¢ XJiopaMeHHKONOM BeipacTa-
K0T TOJBKO KOJIOHHUHM KieTok B. subtilis, conepxa-
HHX rHOpHIHBIE TUIA3MHJIBL, Y KOTOPBIX BCTPOSH-
HEIe (PparMenTs! BHINOMHAIOT (PYHKIMH HPOMOTO-
POB ¥ HAIPABJIAIOT TPAHCKPHITILIHIO B CTOPOHY KO-
aupylolieii mocnenosarenbHocTH cal. Tlpu 3ToM
MOXHO KOCBEHHO, 110 YPOBHIO YCTOHYHBOCTH K aH-
THOHOTHKY, OLIEHHTH CHITY KJIOHHUPOBAHHBLIX FpO-
MOTOPOB MIIH TIPOMOTOPONONIOOHEIX NOCeNoBa-
TensHocTel. CnexTp aHAIM3HPYEMBIX PECTPUKIIH-
OHHBIX (P)parMEeHTOB MOXKHO PacCLIHPHTh, BCTPOHB
nepes CTPYKTYPHOHR HacThiO reHa cal IOMH/IHHKED,
colepaliuii  yYyacTKH y3HABAHHS PalTHYHBIX
pectpuxTta3. Tak, samenns EcoRI-Pstl-pparment
(203 nu) npasmuast pPL603 Ha nonmauekep
(21 nH) U3 coctasa M13mp7, ckOHCTPYHpOBAIH
masmuay pPL703.

BaxueM cpoiicTBom BexTopoB pPL603 u
pPL703 smngercs To, 4To Nepes CTPYKTYPHOH 4a-
CTBEQ I'€HA Cal HAXOIMTCA YYacTOK (NaIHHIpOMHas
NOCAEN0BATENLHOCTE), OTBETCTBEHHbIH 338 MHIYK-
LHIO IKCIPECCHM reHa cyOHHIHOMpYIOmMME KOH-
neHTpauusMu Xjaopampenukona. Mexauusm 31oH

HHAYKUHH TOYHO HE H3BECTEH, HO MO OAHOMY M3
npeanonmxenmii xnopamdernkon cnocobeH cra-
GuM3MPOBaTh IINKIEYHYIO CIPYKTYpPY Ha 5'-KOH-
ne MPHK cat ¥ TeM caMbIM yBEeIHYHBATH BPeMs
NOMYXH3HH MaTpHLbl, YTO NPHBOAHT NMPH MAJBIX
KOHLIEHTpalMsX aHTHOHOTHKA K BO3PACTaHHIO
cuHTe3a benka. [oaToMy, eciiM HCNoJIL30BATH TIPO-
MOTOpCOJepaLIHe [POMIBO/IHBIE PACCMATPHEBAE-
MBIX BEKTOPOB M BCTpauBaTh Kakue-nubo xomm-
pyiollHe TOCHEIOBATENEHOCTH B CTPYKTYPHYIO
4acTh I'eHa cat (Haupumep, no cadry Hindlll, cm.
puc. 10.7), sxcnpeccHs KIOHHPOBAHHEIX YYIKEPOA-
HBIX FCHOB Taloke OyeT MHIYHPOBaThECs XI0pam-
thenuxonom.

VY Gammnn umeerca Gonbiuoe pasHoobpasue
0-(haKTopoB, a ClleNIoBATENLHO, cneyudpHaHocTeH
PHK-nomumepasel (cM. 10.3.1), nostoMy ocoOwIi
HMHTEPEC IIPE/ICTARNAET BhIJICJICHHE [IPOMOTOPOB
pazmmynbiX rpynn. Tak, B Bexrope pPL703 6pum
KJIOHMPOBAHLI NPOMOTOPHBIE (PparMeHTsl H3 Xpo-
mocomuoi JIHK B. subtilis. Tlpy ananuse oro-
OpaHHBIX KJIOHOBR Ha BO3MOXHOCTH NPOJIyLMPO-
path CAT B 3KCHIOHEHIHAILHOM M CTAIHOHAPHOM
(haszax pocra Kynsrypb! 0OHapyxeHb! (parmMeHTbl,
HAMPaBIAIOIME TPAHCKPHITIIMIO JIMIUL B NMOCT3KC-
noxeHyuansHol Qase. Takum obpasom, paspabo-
TAHHAY BEKTOPHas CHCTEMA NO3BOJIACT HE TOJIBKO
KJIOHHPOBaTh nipomoToptkie pparmentsl JJHK, Ho
M XapaKTepu30Barh HX.

O. Kapmu ¢ coasropam (1987 r.) npesuoxuam
Menonblosars SakrepuanbHylo Jnolmdepasy s
0160pa NPOMOTOPOB H KOHTPOJIA 38 HX (yHKIHO-
HUpoBaHueM in vivo. IperMyIiecTBo Takoro moa-
XO/la TIPEXKJE BCEro COCTOMT B TOM, YTO JUIA OLICH-
KH YpoBHsa monHdepasbi Be TpebyeTcs paspyuars
KIETKH (4T0 HEOBXOAMMO nefars npH KOIHiecT-
BeHHOM aHamse CAT, f-ranakrosunassl Wid apy-
THX TecT-0eliKOB), MOCKONLKY OHA KaTalM3MpyeT
crneMbHIECKYI0 PeakiHI0 ¢ H3JIYYeHHWEM CBETA.
INponykumio cBeta 6akrepuaibHOM moundepazoi
MOXKHO JIETKO M3MEPHTBH € TTIOMOLILIO (POTOYMHOMKH-
TEJIS, ¥ OHA JIMHEHHO 3aBUCUT OT KOJIM4YECTBA CHH-
Te3UpOBaHHOIO (hepMeHTa.

Jna peamMsauuy JaHHONO MOAXONA B COCTAB
GakTepuanbHOH nasmMuas pVH33 serponau Gec-
NpOMOTOPHEIH cermenT morHpepassoro (/ux) one-
pona Vibrio fischeri. B nonyuenHo#i nnasmmpe
pOCI nepen lux-onepoOHOM HAXOMHTCA YHHKAIb-
HEIH y9acToK Smal, N0 KOTOPOMY MOXHO BCTpaH-
BaTh Yyxepoausie (pparments! JIHK 1 ananmusupo-
BATh MX NPOMOTOPHYIO aKTHBHOCTE 1O CBEYEHHIO
kaerok. Bexrop pOC1 6bu1 ucnonb3osal JuIs K10~
HHMPOBaHHA PAja NPOMOTOPOB M3 COCTaBa XPOMO-
comuoi JIHK B. subtilis v B. megaterium u anaiu-
3a (YHKIIMOHMPOBaHHA NPOMOTOPHLIX obnacTed
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.o EcoRl
EcoRI EcaRl
ij-¢pamem
,[EHK B. subtilis \ j
ApSM 19035
18 Tnw

Puc. 10.8. Obpasosanuve Bekroproi maasmMuas ApSM 19035, eniocoboii obecneunnars TpancopManIo KICTOK
B. subtilis monomepubiMH hopmami THOPHIHBIX IUIA3MH, H CC HCTIONB30BAHHE HA MPHMCPE KJIOHHPOBAHHA
pubodmasunosoro onepona (Rib).

Yepnuimu Gnoxkamm 0o6o3nauciint NUBEPTHPOBAHIILIE NOBTOPDI

B npoLecce pa3BuTus KynabTypsi B. subtilis v obpa-
30BAHMA CNOP. FTOT NOAXO/, N10-BHIHMOMY, 04CHB
NEPCIIEKTHBEH /A HCC/IENOBAHHS TOHKHX Mexa-
HH3MOB TAKOI'O CIICKHOIO niponecca auddepeniu-
POBKH, KAKMM SB/ISETCS CHIOpYIsits Oarpumn.

B macrosiiiee BpeMsi HUMeETCH JIOCTATOMHBIH
Habop BEKTOPHLIX MOMEKYI Julsl NPOBEACHHA WIM-
POKOTO CHEKTPA MNEHHO-HHKEHEPHBIX IKCIIEPHMEH-
TOB B KiieTkax Garnpun. HelocTarok 3THX BEKTOpOB
COCTOMT B TOM, 9T0 OHH HE CIOCOOHBE! B MOHOMED-
Hoil (opme TpancHOpPMHPOBATE KOMIETEHTHBIC
knetku B. subtilis. KagecTBEHHO HOBBIE BEKTOPSI
s Gamiul yaanock co3iaTh HA OCHOBE HEKOTO-
PBIX IUIA3MM]  rpaMnonokuTensHeX  Dakrepuii
pona Streptococcus.

A. C. boiiios u B. W. lNonybkos (1980 1) obna-
PYNHIH, 4TO IUTA3MH/(BI CTPENTOKOKKOB MOIyT 3¢
(exTHBHO TpaHchopMupoBate B. subtilis v 00y-
CIIOBIMBATL MX YCTOHYHBOCTL kX AHTHOMOTHKAM.
INpy s1oM Haubomeuiasn 3QQPeKTHBHOCTL TpaHC-
thopMarK ¥ CTaGHILHOCTL MOJUIEPHAaHHA Xapak-
TEPHA IS (IA3MHJL C IPOTMHKEHHBIMU HHBEPTHPO-
BaHHLIMM 10BTOpaMi. TakWe NMOBTOPLI MOTYT 3a-
nuMaTh 10 80 % KoHTYpHOM [UTHHEBI IIa3MHA/IH (Ha-
npumep pSM22095). Kuerku B. subtilis Tpauc-
(hopMupyioTcA MIAIMAIAMH JAHHOIO THIA B MO-
HoMmepuo# (opMe ¢ Takoil ke HPPHEKTHBHOCTHIO,
Kak W CYMMapHbIM NpenaparoM IUIa3MuJIbL
A. U. CrenaroB ¢ corpyaHukavs (1982 r) npesuio-
AU Mofenb, oOwsicHsIOUYI0 10T (akt (cMm.
puc. 10.3, 7). BaxkHO NoAYepKHYTS, YTO JIETEIHH
B MPHPOIHLIX MIASMHIAX CTPENTOKOKKOB, yMEHb-
WalMe pasMep HHBEPTHPOBAHHBIX TNOBTOPOB,
4acTo He CHIKAKOT (pexTHBHOCTH TpaHchopma-
e UM# Knetok B. subtilis. Do vabmonenye we-
HOJIB30BANM COTPYIHHEH Jiaboparopuu Ctenanosa
npH cospanuy Bextopa ApSM19035 u kionmposa-
HHH B ero cocrase pHbodnasuHOBOIO oOnepoHa
B. subtilis (puc. 10.8). INokaszaHo, 4T0 y maHHOI
nnasMuasl  MoHomepHas Gopma  3dpexrnBHO
TpancGopMHUpYeT KOMNETEHTHBIE KNETKH B. subti-
lis, ¥ MO3TOMY €e ¢ yCTIeXOM MOXHO HCTIONB30BaTh
Juld KIOHHPOBaHHA 3K30reHHsIX (parmenros JJTHK

10 YIPOUIEHHOH IKCHEPHMEHTANBHONH cxeMe —
trpancopmupya npenaparom JIHK, nomydyeHubsM
NoCHe JTHFa3HOM peakilHi, KOMIECTEHTHBIE KIIECTKH
B. subtilis, a ve nporoiacisl.

10.2.2. Bekmopk! Ha OCHo6e nnaiMud
Bacillus

lNapamensHo ¢ pa3BHTHEM BEKTOPHOH CHCTe-
mel Bacillus Ha ocHoBe cTa(HIOKOKKOBLIX H CTpell-
TOKOKKOBBIX TUIA3MHJ Benach paspaborka KIOHH-
PYIOHIHX BEKTOPOB H Ha OCHOBE MIa3MH/L, BhIIEICH-
HBIX M3 pa3HbiX BHAOB Oammuin (Tabn. 10.4).

K. beprxapn ¢ coasropamu (1978 r.) nokazam,
4o niasMuna pBC16 u3 B. cereus cnocobua pen-
NHUHPOBATLCH W ICTEPMHUHHPOBATL YCTOHYHBOCTH
K TeTpauMKIuny B KreTkax B. subtlis. Iocyie ruji-
ponusa pBC16 pectpuxrasoii FcoRl u o6paborku
JHK-nuraszoi mnomyseHa nmasmmna pBC16-1
(puc. 10.9), perumumpyiomascs B kietkax B. sub-
tilis u coxpanuBusas re tet. Jlanee pBC16-1 Gbua
pekombuaBposana in vitro no EcoRIl-ysactky
¢ KpHITTHYECKOH muasmujion B. subtilis pBS1. On-
Hako B B. subtilis rubpuanas niasMuna, cocTos-
1ias M3 ABYX PElUIHKOHOB, OKa3aJach HecTabuib-
Ho# w jguccommuposana va pBS161 u pBS162.
Inasmuny pBS161 runpony3osam) pecTpuKTas’oi

Tatuuya 10.4. Tinasmuaes 6axtepwii pona Bacillus,
HCMOIBIOBAHHLIE 115 COIAHMA KIOHHPYIOUIHX

BeKTOpOR B. subtilis
Hcrounsk Pasmep, Penire-
TInasmmupa MHYECKHE
BBLICIICHHA TIH
Mapkepa!
pBC16 B. cereus 45 |T¢
pPL10 B. pumilus 66 |Kil'
pABI124 | B. stearother- 44 |Tc
mophilus
pLS28 B. subtilis 6,2 —
pBSI B. subtilis 8,3
pTB19 Tepmodunurasn 258 |Nm', T¢'
Gakrepus poja
Bacillus mramm
TR123
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1. EcoRl

l

EcoRI

| EcoRl

| EcoR1

” 24 l.Hh

1. IHK-nuraza
2. Tpanctopmanws B. sublilis
3. Jiuccoumanus in vivo

-+

EcoRl

pBS162
2,1 Tmn

Psil

pBS161-1

KAB’GM

Puc. 10.9. Cxema cozganus miasmuasl pBS161-1.
A-G — HindIlI-pparMeHTh nIAIMILL B MOPAJIKE YMEHBUIEHHA paiMepa

Hindlll ¥ ¢parMeHTsl LUMKIM30BAIH C MOMOMIBIO
JIHK-mwrasm. Tlocme tpancopmaumy  KIETOK
B. subtilis B ycTOHYMBBIX K TCTPALMKIMEY IUIOHAX
BLIABMIIM HOBYHO Tuiasmuay pBS161-1, xoropas
npeacraeisna coboif nuku3zoBanHbid HindlII-A-
¢parment pBS161. INonyyeHHas nnasMujia UMeeT
EIFHUYHBIC YYACTKH THIPOIH3A PECTPHKTa3aMH
EcoRl, Hindlll, Pstl, BCTPOHKH 10 KOTOPLIM He NO-
BPEXJAI0T PEIUIHKATOP U FeH fef. 3TO NO3BONAET
NPUMEHSTE ee B KayecTBe KIOHHPYIONIero BeKTo-
pa. Henocrarok pBS161-1 — cnoxsocts orbopa
CO3/IaBaEMBIX Ha €€ OCHOBE THOPHITHBIX MIIa3MHI.
K. Haraxapu u K. Cakaryuu (1978 r.), ucnoiis-
ayas nnasmway pRSF2124, npoxionmpoBamu
B E. coli veun! leuA, B, C B. subtilis w nokazam,
gr0 rubpuanas nnasmuna pRSF2124-B.leu cno-
cobna TpancopMHPOBATE K TIPOTOTPOPHOCTH My-
taHThl len- xak E. coli, tak u B. subtilis. Onnako
peluMIMpyercs ona Toneko B E. coli, HO He
B B. subtilis. TTostomy EcoRI-pparmeHT Xxpomo-
comuoi JIHK w3 pRSF2124-B.leu nepectpounu

B KPHITHYECKYO I1asMuay pLS28 u nocie Tpasc-
(popmanu knerok B. subtilis leu recE4 otobpamm
Leu*-rpancopmantsl, conepxamge muasMuay
pLS103. Tlpu serpoiike uyxeponnod JHK no
eIMHCTBEHHOMY y4acTKy BamHI uHakrHBrApyeTcs
red leuA, Ho reb! leuB u leuC coXpausioT HaTUB~
HOCTh. et lewC MOWHO HCNIONB30BATH B KaYeCTBe
Mapkepa niasMHs pLS103.

Ha ocxose pLS103 runpommsom in vitro B yc-
ToBMSX, H3MeHsomMX crnetpiduusocTs EcoRl Ha
EcoRI", nomyuen aeneuuonnslii Bapyant pLL10
(puc. 10.10). Jannas nnasMuaa yxe umena OIHH
EcoRl-yuactok ¥ conepxana reuel lexA, E (ren
leuC nenetwposan). B pLL10 BcTponnu npensa-
PHTENLHO KJIOHHpOBAHHLIH B cocTase pBR322
EcoRI-¢pparmenT, Hecyuuui reH muruapodonarpe-
nykrasel (DHFR) B. subtilis, kotopsi#i obecrniegn-
Ba€T YCTOHYMBOCTL KIETOK K TPHMETOIPHMY.
B pesynsrare nomyynns naasmuay pTL10, Tpanc-
topmuposasiyio kierkd B. subtilis leuA8 k de-

HoTumy Leu*Tp".
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Tew dhfr (Tp'),
KAOHHpOBaHHLIH B pBR322

EcoR1

EcoRI

Puc. 10.10. Cxema KOHCTPYHpOBaHHA rHOpraHbx mrasmua pTL10 1 pTL12

Jna ymeHbIleHNs pasMepa IiasMuIsT H yiane-
HHSl HEKOTOPBIX PECTPHKUHOHHBIX yuacTkos pPL10
NOCIEIOBATENBHO TMAPOIK30BAIH PECTPHKTA3aMH
Bglll, EcoRI u o6paGarsisam JIHK-nurasoii. B pe-
IYNBTaTe 3THX MAHUNYNALMHA CO30aid IUIaMHIY
pTLI2 (em. puc. 10.10), umeroniy0 eAMHHYHEIE
y494CTKH nedcTeus pectpuxtas FEcoRl, Bglll,
BamHI u Xmal. Ipu Berpoiike ¢parmentor [IHK
o ysactkam BamHI w Xmal wHakTMBUpYyeTCs: map-

Puc. 10.11. PecTtprKuHOHHAs KapTa niasmuasl pTB0

kep leu pTL12, u orop TpascopMaHTOB MOXKHO
OCYILECTRIATH N0 Mapkepy Tp.

ITnasmuna B. stearothermophilus pAB124 tak-
e MOXKET ObITh HCTOJIL30BaHA B Ka9eCTBe KIOHH-
pylouero Bektopa B. subtilis, nockonbky ee
EcoRI-A-QparMeHT CONEPWHT PEILIHKATOP U I'eH
tet ¥ nocie nUKaH3anyH ¢ noMomkio JIHK-nurase:
mokeT (yHKUMOHMpOBaThL B KieTkax B. subtilis
KaK aBTOHOMHas konbuesas JIHK.

B TepMopuiIBHEIX Galpiiax BeIABICHBI IU1al-
MEIBL, obecrneunBalonge YCTOHYHMBOCTL KIIETOK
K pasnHyHbiM aHTHOHOTHKaM. Ha ocHoBe oftHOl 13
HuX — pTBI9 — ckoHCTpyMpoBamy in vifro ne-
NEIHMOHHBIE BapHaHThl, B ToM wuucie pTB90
(puc. 10.11), craBumii TONYISPHEIM BEKTOPOM,
HPHTOIHBIM JI7IA KJTOHHPOBAHHA I'CHOB Kak B B. sub-
tilis, Tak ¥ B TepmoduiisHOl B. stearothermophilus.

Inasmuasr Bacillus waxonsT AoCTATOYHO LIH-
POKO€ TIPHMEHEHHE NPU CO3NIAHUH MOJIEKYIISPHBIX
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BexTopoB B. subtilis. 310, B yacTHOCTH, 06YCIOB-
JIEHO T€M, 9TO B psje€ CIIydaeB TaKHe IUIa3MMIIE!
MoryT Bonee cTabWIBHO 110 CPABHEHHIO C «9YKe-
PONHBIMMY TIOAJEPIKMBATLCH B KIETKAX Pa3HBIX
BHOB Oarumn.

10.2.3. BekmopHble nnazMudbl,
pennuyupyrouuecs
e B. subtilis u e E. coli

Cuctema nnasmuaHOH TpaschopMammu Kie-
ToK E. coli 3HaauTeNbHO nipollie, YeM y B. subtilis.
Kpome toro, umeercs GoNbiloe YHCIO XOPOLIO
Wiy9YEeHHBIX MIIa3MHIHBIX BEKTOPOB £. coli. [ToaTo-
MYy HECOMHEHHBIl MHTEpeC npencrasnaloT rubd-
PHIHBIE MITA3MH/IBL, KOTOPbiEe MOTIIH OBl peniHIH-
posarkcs Kak B B. subtilis, Tak u B E. coli. Takue
IU1a3MHJIbl HA3BIBAKOT YEIHOYHEIMH.,

YysepoaHele TFeHBI NEPBOHAYAIBHO MOXKHO
KIOHHPOBaThL B MeTonHuecKH Bonee npocToii cHe-
Teme E. coli, a 3aTeM oTOOpaHHbIE ABYPETIMKOH-
Hble FHOpUIHBIE M7183MI/IB NEPEHOCUTE B KJIETKH
B. subtilis. Tlepenoc ofuier4aercs TeM, YTo B Ipe-
mapare TIa3sMuzIb], BhLICTeHHOM H3 knetok E. coli,
colepKarca MyabTuMepubie (opmbl. Hanudue
B TAKHMX YEJIHOYHEIX BEKTOpax MOC/e0BaTelbHO-
creif nnasmug E. coli paeT BOIMMKHOCTE 3HAYM-
TEJILHO YBENMYHTEL CNEKTP PECTPHKTA3, NO calitam

T'uaponus BamHI

1. MHK-nurasa

Tagl
’Q" Haell
W )
6;@ po lacZ
2, 7T 7 Haell
Haell
YacTH4HBIH rHAPONH3
Sau3Al

2. Tpancopmarms E. coli

3. O16op Ap™kioHoB

4. Tpaschopmaunsa B. subtilis
5. Or6op Nm'-k1oHORB

Y3HABAHUS KOTOPHIX MOXKHO KIOHHMpOBaTE (hpar-
menTsl JIHK. Bonee Toro, Mcnons3ys nByperniu-
KOHHBIE BEKTOPBI, MOXHO M3ydaTh (yHKIHOHHPO-
BAHKE OJTHOH M TOH K€ NeHEeTHYEeCKOH KOHCTPYK-
1M B BaKTePHANILHBIX KIETKAX PA3THYHLIX THTIOB.

Yixe B oiHO# M3 nepebix pabor (1978 r.) no no-
JYYEHHIO MIa3MUIHBIX BeKTopoB B. subiilis C. Dp-
JIHX CKOHCTpYHpOBan THOpHUAHBIE [1a3MMIbI
pHV12, pHV14 4 pHV16, KoTOpbIE COCTOSIH U3
TIONHBIX KOIWH OByX IUIA3MHI, BAHHBIX
Hindlll: pCl194 (Cm%) u pBR313, pBR322
(Ap* Ter) mmm pWL7 (Ap™Nm). Ilnasmvmaer pHV 12,
pHVI14 u pHVI16 penmumMpoBaivchk B KIETKax
E. coli v B. subtilis. Npu 3tom B E. coli 3xcnpeccu-
POBATHCh BCE HATHBHBIE MeHBI YCTOHYMBOCTH K aH-
THOHoTHKAM TUOpPHAHBIX miasMupn, a B B. subti-
lis — Toneko ren cat (Cm®) nnasmuasi pC194.

Amnanormyso bk, Kpadr c coasropamu (1978 1)
NOJIYYHIH YeJTHOYHbIE TUTA3MKU/Ibl Ha OCHOBE Periu-
koHa pBS16] ¥ ruIponH3OBAHHEIX PECTPHKTA30H
HindIll nnassupy pBR322, pWL7 u pACYC184.
Cosnannbie THOpHIHBIC TUIAMMIB! OTITHYATHCH
CTPYKTYpHO# HecTabwisHOCTEIO B B. subtilis, B T0
Bpems Kak B E. coli OHH COXPaHANMCH NOCTATOMHO
crabunpro (cm. 10.4).

Jpyrue uccaeposaresy ¢ nomouieio JIHK-mm-
rasel 0OBEHHAIN THAponH30BaHHbe EcoR] Mone-

1. JHK-muraza

2. Tpancdopmamms E. coli

3. Or6op Ap'CmLac'-knoHos
4. Tpanchopmauna B, subtilis
5. Otbop Cm'-KnoHOR

Puc. 10.12. Koncrpyuposasue yenHouHbix riuasmua pMK3 u pMK4 s cuctemsl E. coli — B. subtilis.

B nonununkepe 0Gossauerkl yHacTKH YIHARAHHMA PECTPHKTAT:
R — EcoRl, Sm — Smal, B — BamHL, § — Sall, P — Pstl, H — Hindlll
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Puc. 10.13. Kapra yensousoii KOCMUIBL:

1 — nocneposarensnocts JIHK pBR322,
2—pCl194, 3 —dpara d

Kynst iasmuss! pBS161-1 v perumkatussoit gop-
mbt JIHK ¢ara M13mp2. [Nonyyenras rubprnHas
rnasmuia pKIB200 permsnmposanack kak B E. co-
li, Tax U B B. subtilis, obecrieyuBas yCTOHYHBOCTL
HX K TerpaunkauHy. B E. coli npu 31oM
topmupoBaics xH3HECTIOCOGHBIH rHOpH AL (ar
MI13. Jlauubii 49elNHOYHBIE BEKTOP HMEET
€IMHUIHbIE yUacTKH pecTpukiuy HindlIl u Pstl.

Ynobnt uenHouHble BexTopsl pPMK3 v pMK4,
CKOHCTpyHpoBaHHble M. Cy/uiHBaHOM € COaBTOpa-
mH (1984 1) Ha ocrose muiaamua pUCY u pUBII10
i pC194 cooreercrenHo (puc. 10.12). Berpoii-
Ka (pparMeHTOB 110 MHOTOYHCIICHHBIM PECTPHKIIH-
OHHBLIM Y9aCTKaM MOIHIHHKepa B rexe lacZ' nerko
BuisBasiecrcs B kuetkax E. coli. Ortobpansbie
B E. coli rubpuHbie MOJIEKYIIbI 3aT€M MOXKHO BBO-
THTH B KACTKH B. subtilis.

BaxHoe 3HaueHue Ui NOJyHEeHHS M Xapaxre-
pu3aumy pana 6UbNHOTEK reHOB MOTYT UMETh JIBY-
PEIUIMKOHHBIE BEKTODEI, CO3JaHHEIE HA OCHOBE
mnasmun B. subtilis u xoemun E. coli. Takol Bextop
CKOHCTpYyHpOBaH obbenHenven miasMuas pCl194
1 kocmuael pHC79 mo Hindlll-ywactiy. MNomyuen-
Has rubpuauas xkocmuaa pQB79-1 (puc. 10.13)
cnocobHa pemmMuHpoBaTbCA H B B.  subtilis,
uBE. coli. C nomomsto pQB79-1 B knetkax E. coli
wionuposansl EcoRI-pparmentst [IHK B. subtilis
paamepom ot 10 no 40 Tnx. 3areM ruGpuaHBIE KOC-
MMJIbl HCTIONB30BAH Juis TpaHcopmammn aykco-
TpodHsIX MyTaHTOB B. subtilis. B pesynsrare ObutH
nokanmusosanbl Pparments! JJHK, xomruiemenTu-
pYIOIHe MYTaIHH N0 pa3HbiM reHam B. subtilis.

Ha ocHoBe pernukoHoB mnasmua pUBILIO,
PBR350 M cTpyKTypHO#H 9acTH reHa caf TpaHCno-
3oHa E. coli Tn9 6eina cosnana ruasvmaa pGR71
Juis orbopa npomMoTopcosepkaumx ¢parmentos
JIHK. Ona cnocobHa peruiHiMpoBaTsEcs B KIETKax
B. subtilis u E. coli. 310 no3ponser n3y4ars QpyHk-
LHOHHPOBAaHHE KIOHUPOBaHHBIX MPOMOTOPHBIX
¢parMenTor B 06OMX THMax GaKTepHAITBEHBIX
KJICTOK.

Kpome ripoMOTOpPOB ¢ HOMOLIBIO OfpEeseH-
HBIX BEKTOPOB MOXKHO K/IOHHPOBATH PEILTHKATOP-
unie niocnenosarenbHocTH JIHK. Tak, ucnonssys
rubpuanyio masmuny pCs540, He cnocobryro pe-
MUIHIMPOBATHCH B KieTKax B. subtilis, no penmim-
pytomyioca B E, coli, JI. AHIepCOHYy € COaBTOpaMH
(1982 r.) ypnanocek kiouuposats dpparments JJTHK,
obecrnieyMBaiOIiHE BHEXPOMOCOMHYIO peIiMKa-
nuio mnasmuasl B B. subtilis recE. Tlnasmwuna
pCs540 cocrour u3 Fpall-parmenrta wiamMus!
E. coli pSC101 u perepMunanTsl XaopampeHHKo-
auetantpancepassl pC194. I'en cat sxcnpeccH-
pyercs B E. coli u B B. subtilis. Tlpy BBeNCHHH
B ietkyu B. subtilis nnasmuna pCs540 ve perum-
IHMpYeTCA, NOITOMY HE YIAeTCs TMONYYHTh KIOHbI
wierok ¢ ¢enorunom Cm'. Takie KiIOHBI NOMTy4a-
K0TCsA TOJNBKO B TOM Cllyuae, KOIZia B TUIa3MMIy
serpoel ¢parment JIHK, obnaparommi Qynkums-
MM perumMkaropa B B. subtilis. JlTauusii nomaxon no
cyulecTBy aHanoruden merony orbopa ARS-no-
CIEJIOBATENBHOCTEH B KIETKaX JpodoKeii-caxapo-
muLeToB (eM. 12.4.2).

[lo paccMOTpeHHBIM CXemaM nony4eHo Goib-
LI0€ YHCJIO BEKTOPHAIX JIBYPEIUIMKOHHBIX TLIA3MMUJ,
MHorne U3 HUX € yCIEeXoM HCTOMb3YIOT B pasiHy-
HbIX IeHHO-HHIKEeHEPHBIX KCNEpHMEHTaX.

10.2.4. BekmopHas cucmeMa cekpeyuu
yyxepodHbix 6enkoe U3 Kemok
Bacillus

OnHo W3 CaMbIX BaXHEIX HANPABICHWH ICH-
HO-HIDKEHEpHBIX HccnenoBannit Ha B. subtilis
M npyrux Ganuiuiax — co3naHue MTAMMOB, CeKpe-
THPYIOIMX dyxepoaHble Oenky U3 kierok. bakre-
pun pona Bacillus MOTYT BRIIENATE BO BHEIIHIO
cpeny pasnnuHsie Genku. Xopolo HiyueHa cexpe-
UHA (-aMWIa3kl, NEHHIMUIMHA3L! M npoTteas. Cek-
peTupyemiie GelkH UMelT Ha N-KOHLE CHTHAIL-
HBIH TENTH, KOTOPbiH OTeIsercs B rpouecce
CeKpelLMHK, naBas Havauo 3penoil Gopme BHexie-
Tounoro Genka (cM. 2.2.10). V usyqennsx cexpe-
THpYeMBIX 6emoB Bacillus CHrHANBHBIE TIETTTHIBI
HeobbraHO MMHHBL (29-34 AK) B ommmume oT
BCTPEYEIOUMXCA B IPAMOTPHIATENBHBIX OakTepH-
AIX M KIIeTKax ®HBOTHBIX (15-25 AK).

Kiouupys reHbl cexpetMpyembix OcnkoB H
ylasia 3areM KOIMPYIOLLYI0 NOCIE0BATE/ILHOCTD
3penoil (PopMb, MOXKHO CO3/IaTh MOJIEKYJSpHBIE
BEKTOPh! 3KCHPECCHH—CEKPELMH Juid TPaMIono-
wurenbHbix Oaxrepuii pona Bacillus. B nepsyio
ouepe/ib NaHHBI NOIX0A ObUT PEaH30BaH MPHMe-
HHTENLHO K e’y amyE. 310T ren konmpyer a-amu-
na3ly — ofMH M3 Haubosnee W3YHEHHBIX H MMEH-
UHX [PAaKTHYECKOE 3HaYeHHE CEKpPETHPYEeMBIX
(pepMenToB MHOrUX wrammos Oamwin. Bakrepu-
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albHas (-amMuia3a MCNOIb3yeTCs B POMBILILICH-
HOM PaciUEnIeHHH Kpaxmaia 10 HH3KOMOEKYIsp-
HBX JIETKO YCBAHBAEMBIX JIPOMOKAMH TPOIYKTOB
(a-MaILTORKL, @-ITIHOKO3b! M KOPOTKHX (Z-A€KCTPH-
HOB), KOTOPHIC HEOOXOIMMBI JUIS TAKHX MUKPOOHO-
JIOTHYECKHX MPOLIECCOB, KakK, HAlPHMEpP, NpoH3-
BOACTBO 3TaHONA. BBIABICHO He MeHee IIeCTH Te-
HOB, YHACTBYIOIMX B PEry/IsIHH [IPOLYKIHH 3TOIO
(pepmenta. Kponotnueas MHOroctynenuaras ce-
NIEKIHsl MO3BOIMIA CO3/IaTh MHONKECTBO MYTaHT-
HeIX LiTaMMoB Bacillus, nawbonee nponykrusHbie
M3 KOTOPHIX MPEBOCXOAAT LITAMMBI JIMKOIO THNA
110 YPOBHK) CHHTE3a a-aMuaasel B 103 pas. C pas-
BHTHEM METOIOB NeHHO-HHKEHEPHOH PEKOHCTPYK-
i Ha cucTeMe B. subtilis BO3HHKIA HilEs roJTyve-
HHS HOBOTO TOKONEHWA MPOMYUEHTOB (Z-aMHIIa3.
Tlpu 3TOM NSl NPOMBINIEHHOCTH (KakK, BIIpOYEM,
W 8 (pynaaMeHTanbHoN HaykH) GoibInol uaTe-
pec npeacTarisii TepMocTabnbHbe (POPME aH-
HOTO (pEPMEHTA, TeHBl KOTOPBIX MOXHO ObUTO H3-
srexarb u3 J\HK tepModmios v BBOAMTHL B onpe-
JIETIEHHOE TEHETHYECKOE OKPYKEHHE TaKOIo XOpo-
L0 H3yueHHOTO Me3oduna, kak B. subtilis.

B psine naGopartopuii B BEKTOPHBIX NJla3MUIax
B. subtilis ObL1M KNOHHPOBAHEI MEHBI (1-AMHIIA3 H3
B. amyloliquefaciens, B. licheniformis, B. subtilis
¥ z1p. [Tokazano, 4TO KJIOHHPOBAHHBLIE I'€HbI B CO-
CTaBe MHOINOKONMHHBLIX TiasMu obecrieduBarot
B B. subtilis MHOTOKpPaTHO MOBBLITEHHKI CHHTES
H CEKpPeLMIO (z-aMi1a3 B cpeay. YpoBeHb npoayk-
LUMH # cekpeiiy (PEPMEHTA, JETEPMHHHPYEMBIH
K/IOHHPOBAHHKIM TeHOM amyE, CTOJb BBLICOK, 4TO
Ha HEro NPaKkTHYECKH HE BIMAIOT PaljMyuHbIE My-
TAIHK 110 PerylsTOPHLIM IeHaM KJIETKH-XO3SHHA.
YuuthmiBas 2310, pemeHo OBUTO CO3maTh BEKTOP
IKCHOPECCHH  CCKPEIMH HA OCHOBE 2JICMEHTOB rena
amv.

W. MNansa ¢ coasropamu 8 1982 . u3 rubpun-
Hoi mrasmuziel pKTHI0 (puc. 10.14) ¢ nomoiusio
pectpuxrassl EcoRl nenemuposann  (parmeHT
JHK, Brmosaommii B ceba 3'-KOHIEBYH) HacTh
CTPYKTYPHOTO réHa (Z-aMHIAa3b], M ONpeie/iiTH HyK-
neoTHAHYI0 nocnenosarensHocts  Mbol-EcoRI-
(parmenTa nonyserno# mnamuiel pKTH29. Oka-
3a70¢h, 4T0 EcoRl-ywactok ynanen Hva 192 nm or
rpaHHIIBL MexTy OBIacTsMH, KOAHPYIOLIHMH CHI-
HajdbHBI nenTua M 3penyo (opMy a-a8Muinabi.
B pe3ynbrare pajga MauHnynauMi in vitro yianoch
nonyuuts muasmuny pKTH38, B xoropoii EcoRlI-
caliT OTCTOSIT OT yKa3aHHOH TOYKH yxe Ha 90 nH.
Jlns cozmanms IKCIPECCHPYIOLIEro H CEKPETHPYIO-
HEro BeKTopa HeoOXomMMO OBITO MIMEHHTH KO-
HHpOBaHHBIH (parMeHT TakuMm obpasoM, 4TOOBI
cpa3sy rocsje TNOCIef0OBaTeIbHOCTH, KOAMPYIOIeH
CHIHAILHBIH TIETTH/T (/~-aMHJ1a3bl, HAXOIHICS yJac-

TOK y3HasaHus KakoH-nubo pectpuxrasw. Jlis
storo niasmMuy pKTH38 pacienwmm pectpukra-
30i EcoRI ¥ rTHAPOIH30BAIK C KOHIIOB HYK/I€a30H
Bal3l. K ykopo4eHHBIM ITMHCHHBIM MOJEKyNaM
IJ1a3sMKIbl NPHILKHBAIH ¢ noMoilbio JIHK-urass:
HindlIl-nurkep ¥ noclie UHKIH3aIMMH TUIa3MH]I-
Heix JIHK Tpanchopmuposamm wmu B. subtilis.
AHaIu3 NOCAENOBATEILHOCTH HYKICOTHIOB psiia
NOIYy4EHHBIX TUIa3MH HO3BONHA oTOOpaTh BapH-
aHTH ¢ pasnvaHol nokaymsaimed Hindlll-ygacTka
B 5'-KOHIEBOM CErMeHTe TeHa -aMMia3bl
(pwc. 10.15). Ha ocnose pKTHS | ckoHcTpyHpoBa-
ym Bexktop pKTHI14, B KoTOpHIH BCTPOEH CHEH-
TeTuueckuii cerment JIHK, conepxammii Bo Beex
TpeX paMKax TPaHC/ISIMH cTon-Tpumlersl. Tako#
BEKTOP HeOOXOMMM /L1 KIOHHPOBAHHA KOIHPYIO-
HIHX NOCHENoBATENLHOCTEH, HE HMMEIOIMX CTOoI-
TPHUILIETOB.

Co3panHble nmasmuasl ObUIM  YCTIGHTHO MC-
MOJL30BAHBI B KAYECTBE KIOHHPYIOILMX BEKTOPOB,
obecneynBarOmMX HE TONbKO HPPEKTHBHYIO DKC-
NPECCHIO YYXEPOIHBIX I'€HOB, HO W CEKpEIHIo
CHHTEZHPYEMBIX HYWKEDOIHBLIX OenkoB M3 KIETOK
B. subtilis B okpyxaionyio cpeny. B uactaoctu,
WU. llamea ¢ coaBTOpaMH [POJIEMOHCTPHPOBAJIH,
YTO BCTPOHKA CTPYKTYPHOH 4acTH TeHa 3peJioH
(opmbt f-nakramasel E. coli B BEKTOPHBIC IU123MH-
gl pKTHS 1, pKTHS3 u pKTH84 npusoauT K -
(EKTHBHOMY CHHTE3Y M CEKPELIHN (PEPMEHTATHBHO
aKTMBHON f3-naktamasul. [NospoGHblii anain3 npo-
JYKTOB CEKpelHH M3 knetok B. subtilis nokasan
(puc. 10.16), yto cnemHpHYHOCTL OTHICTIEHHS
CHTHAJIBHOIO MEMTHIA 3aBHCHT OT MCIONL30BaH-
HOI'0 BEKTOPA M HE MOXET OLITHL TOYHO NpeJicKa3a-
Ha HCXOJ1M W3 AMMHOKHCIIOTHOH NOC/IENOBATE/IbHO-
CTH CHHTE3HPYEMOro xumeproro npe-besika. IMo-
YIOMY HPEANOYTHTEbHEE [IPU KIOHHPOBAHUM Ka-
¥JI010 1IeIEBOI0 FeHa HCToJIB30BaTh Habop BeKTO-
POB KCIPECCHH-CEKPELMH K 110CIIE CO3jlaHns THO-
puIOB BLIOHpaTL BapHaHT, JANOWMH HAMNYJuIHi
pesyniTar. [IppMensia BexTopel IaHHOTO THIIA, Yia-
JI0Ch OCYIIIECTBHTHL CHHTE3 U CEKPELMIO M3 KIETOK
B. subtilis pa3TMYHBIX 3YKAPHOTHYECKHX BENKOB,
BKJIIOYAA JieHKouMTapEbli HHTEp(epOH YeloBeka
W (pubpobnacTelil HHTEp(EPOH MBIITH.

bnaromaps wMccnenoBaHMUAM, BhIIOIHEHHBIM
B pasHbiXx naopaTopHsax, CTano OYEBHMIHO, YTO
KpoMe TMoC/Ie/I0OBaTe/IbHOCTH Tipe-0ellka BakHOEe
3HAYEHME JULA IKCNOpTa Geslka UrpaloT pasiHyHbie
KOMIIOHEHTBI KJIETKH, Kak MeMOpaHHO-CBA3aHHbIE,
TaK ¥ MTOIUIa3MaTHuIeCcKHe, obecneunBaionue y3-
HABAHHME CHIHAJIOB CEKPELMM W HANPAB/IAIOUIHE
Genok yepes meMOpany.

VY E. coli uenslii pang cexpetpyeMbix Gesikon
ABJsOTCA OenkamMH BHeurHe# memOpaHbl KieTku,
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l JIHK-murasa
T 1. HindIII
pBR322 1. Hind1ll 2. BamHI
4 2. BamH1
He
Mbol” (]
CIGI ECGRI
Bglll Xhol
2. BamHI1
JIHHKEP 1. EcoRl 1 Y
AHK-murasa | 2. Bal31 Hindlll
F Y
Belll
Mbﬂl [ ]

pKTHS51

pKTHS3

pKTH84

pKTHE6

Pue. 10.14. KoncTpyHposaHue BeKTOPHBIX MIa3MHI IKCTIPECCHU—CeKPELIHN.
P — TPOMOTOP, S — CHTHALHBIH NENTHI

y 6annna xe takue GesKH OTCYTCTBYIOT. JTO, BO3-
MOMCHO, TIPUBEJIO K TOMY, HTO Y IPaMIIOIOKHTE b
HBIX OakTepuil yTpadeH MEXaHH3M TNPOLECCHHTA
nonobubix Genxop. Tak, (uHcKHE McclenoBaTeny
B 1986 r. noka3anm, yio Genok BHemHeH memGpa-
bl E. coli OmpA, COCTLIKOBAHHBIH C CUIHATBHBIM
MENTHIOM (Z-aMHIIa3sl, He CocO0EH TPAHCIHOLM-
poBarkesi  Hepe3  IUIa3MaTH4YecKkylo memGpaHy
B. subtilis. ObnapykeHHbl# (AKT MOKET OTPAXKATH
NOKa HE BbIACHEHHBbIE (yHIAMEHTANBHBIE PA3IIK-
4uA Mexay Oenkamu BHelrHeH memOparbl v ipy-
UMM THTIaMH K300e1K0B, a Takime MEeXay cocTa-
BOM ILIA3MATHYECKHX MeMOpaH rpamoTpuuarelis-
HBIX M rPaMIOIOKHTENLHEIX DakTepuii.

IMepcniekTMBHEIM  HanpaBlieHHEM SBASETCH
TaKxe HoMcK mramMmoB Gauunn, koTopsle obecne-
4HBalOT Gonee BBICOKYIO MPOAYKIMIO 3K306enka,
reH KOTOPOIo BCTPOEH B BEKTOP cexpeumu. B 4a-
ctHocTH, H. Ilykaromm ¢ coartopamu (1985 r),
BCTPOMB IeH a-amunasel B. stearothermophilus
B coctas pUB110, nokazanu, 910 B B. brevis npo-
AYKLHA ¥ CEKpeuus B cpeny a-amunasbl B 100 pas
BBIlIE, MeM B B. stearothermophilus, v B 5 pa3s
BBINE, 4eM B B. subtilis. JlapHbii noIXoa aHano-
rHY9eH CKPHHHHTOBOMY METOLY, Peann3yeMoMy Ha
rpaMoTpHUaTeNbHbIX OaKTepHAX [UIA JOCTHKEHHS
Haubonemwed npoaykumm  uenesoro  Oemka
(em. 9.2).
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Puc. 10.16. NpoucccHur XuMepHLIX 6€IKOB HPH NPOAYKLHE BHEKIETOMHOH B-NaKTamMaihl [Ia3MHI0CONCPKALIMMH
kneTkamu B. subtilis:

@ — BCTPOiiKa CTPYKTYpHOTO rexa spenoil opmer f-naxramasw s sexrop pKTHSI, 6 — pKTHS3, 6 - pKTHS84
(e, puc, 10.15); 1 — aMiHOKHCIOTHASR NOCACAOBATENBHOCTS CHIHANBHOIO NCHTH/IA (Z-aMILIAIN,
2 — CTIPYKTYpHO# uacTH a-amunaiel, 3 — f-nakTaMaikl; 4 — aMHHOKHCIOTEL, KOLHPYCMBIC JIHHKCPOM.
Crpenkamy 0D03HAYMCHE! MECTA OTUWICIUICHHA CHIHANBHOND NENTHLE, UHPaMH — HOMCPa aMHHOKHCIOT («h» B 3penoi dopme,
«» B CHIHANBHOM nefthie). Coaepixanne KOHKPETHLIX NMPOJYKTOR NPOLCCCHHTE YKAaHO B MPOLICHTAX

MaxkcuMakHBIH BBIXOI CEKPETHPYEMBIX UYHe-
ponHbIx GEMKOB B PACCMOTPEHHOH BHIIIE BEKTOP-
HO#i CHCTEME JIOCTMIAETCS B CepeiMHe HKCIOHEH-
uMansHOH asel pocta KynsTypsl, JTo ofycnosne-
HO T€M, 4YTO Ha NO3THEM 3Talle IKCIIOHEHIHATbHO-
1o pocta B kietkax B. subtilis ungyumupyercs ax-
THBHLIH CHHTE3 BHEKIETO4YHBIX nporeas. Ha pan-
HHX 3Tanax KyNnETHBHPOBAHHA [1IPOTEA3 B Cpele Cy-
LIECTBEHHO MeHbIlle, HO TEM HE MEHee OHM 3aMeT-
HO CHMIKAIOT BBIXON uyxeponnoro Genka. [oaromy
NpH CO3AaHMH 1ITaMMOB Gaipinil, npoayuHpyio-
X 4yXepoaHbli Oe/lok BO BHEKJeTOuHOH (op-
me, Oonbwioe BHHMAHWE YAEHAIOT TOAYHEHHIO
¥ HCIIOJIE30BAHMI0 MYTAHTHEIX IITAMMOB C NOHM-
JKEHHOHM 1poTeasHoi aktTBHOCTBIO. Crenyer or-
METHTh, YTO CHIJKEHHMA aKTHUBHOCTH KIIETOSHBIX
npoTea3 MOXKHO JIOOHTECA TAKKE NPaBHITEHBLIM BEI-
Gopom coctaBa NUTATENBHOH Cpelbl W YCIOBHI
KylTETHBHPOBAHUS FHOPHHOIO mITamMma.

Cpeziu BHEKJICTOUHBIX 1poTeas kaeTky Gauuin
B HanOOnbuIEM KOJNMYECTBE NPOAYIMPYIOT Hei-
TpagbHYH METAUIONPOTEa3y W HISTIOYHYIO CEepH-
HOBYIO nporeasy. Jleneums 0BOHX XPOMOCOMHBIX
PEHOB, KOAMPYIOLMX JlaHHbie NPOTeassl, HE Hapy-
waer nponecce cnopoobpasosanns. INonaraior, uTo
¥ (PEPMEHTHI BHITIONHAIOT POJb BHEKJICTOYHBIX

«mycopiukos». Obpaiwiaer va cebs BHHMMaHME,
Y10 KieTkH Oaimir crnocobHBI OJHOBPEMEHHO
NPOM3BOJINTE B GONBIIOM KOITHYECTBE H CEKPETH-
pOBaTh BO BHEIIHIOK CPEy HE TOJILKO NMPOTeassl,
HO W apyrve Genku, HanpuMep a-ammunasy. Yyxke-
ponteie Genky, ceKpeTHpyemele KieTkamy Garpum
B 9THX JK€ YCIOBHAX, KAK NPABKJIO, TIOIBEPrarTCs
HHTEHCHBHOM NPOTEasHol araxe.

C. Paiia ¢ coapropamu (1986 r.) npeinonoxu-
7H, 4TO eciti B B. subtilis BBECTH B COCTABE MHOIO-
KOTMHIHOM TUIA3MHJIBl FeH YYXepoaHoi OakTepu-
ankHO¥ MpoTeassl, TO HOCke cekpeuyy oHa Gyrer
JErpajupoBaTs HOPMATBHO 3KCHIOPTHPYEMEIE [aH-
HO# KIeTko# Oenku, BKIOYas H YHAOTCHHLIE TIPO-
Teainl. Ecnu B Takyo KIETKY BBECTH I'eH ApYyroro
cexkpeTHpyemoro Oemka, BhIIENeHHBIH M3 TOH ke
Gakrepuu, KOTOpas SBHIIACL JOHOPOM NpOTea3Ho-
1'0 FeHA, TO BEPOATHA CHTYALIMS, KOIAA 1eJieBoit Ge-
5ok GyfieT HHTEHCHBHO CEKPETHPOBATECS H NpH
ITOM COXPAHMT YCTOHUMBOCTE K «CBOEH» mporea-
3€. ITO MOXKET NPHBECTH K TOMY, YTO CO3AaRAEMbIH
mramMm B. subtilis Gyner cHMHTE3MpOBATE B BHJIE
BHEKJICTOYHBIX OC/IKOB B OCHOBHOM JIMIIE HYy¥Ke-
POIHYHO npoTeasy M LieieBok Oeok, 4To cymect-
BEHHO YINPOCTHT NPOLEMYPY €ro ouHcTkH. Kionu-
POBAHHE Ie¢HOB (-AMM43bl M HEHTpaJbHON Hpo-
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Teashbl IPOMBILLTEHHOro u3onsaTa Bacillus Bel B co-
CTaBe PasHhIX COBMECTHMbIX BEKTOPHBIX ILIA3MHL
H MOCHeaylomnee CoBMellleHie rHopHanHbIX mnias-
MUA B OfHOM KieTke B. subtilis nOMHOCTBIO HOA-
TBEPAMIN CAEnaHHoe npennonokenne. INo-puam-
MOMY, JIQHHLII TIOIXOI MOXHO peanu3IoBaTh
B Bacillus v nna 3yxkapMOTHYECKHX TEHOB, €CIIM
npaBikHO nofobpare napy uenesoii 6enok — npo-
Teas’a M BCTPOHTH MX NeHbl B MOJIXO/ALIHE BEKTOPLI
IKCNIPECCHH—CEeKPeLIMH,

3HayNTEnLHBIH TPAKTHYECKUIT M TeOopeTHue-
CKHMii MHTEpEC TIPE/ICTABANET TNECHMIH/ITHHASZA
(B-naxtamasa) B. licheniformis — oCHOBHOM Cek-
peTupyemetii Genok maHHeIX OakTepw, koaupye-
MbIH XpoMOcOMHEIM TenoM penP. Knonuposanwe
3T0TO TeHA B COCTABE PAIHYHBIX MOTEKYIAPHBIX
BEKTOPOB TO3BOAKIIO ONPEIEIHTE €ro HyKJIeOTH -
HY10 MOCHEIOBATE/IBHOCTE M BBIABHTH PaiOHBL, Pe-
IYIMPYIOILHE €ro TPAHCKPHUIILMIO H TPAHCISALHIO.
Ipr nomMomM YEeNHOYHBIX BEKTOPHLIX TIIAIMMI
NpOIEMOHCTPHPOBAHA JKCIpEccHs KIOHHPOBaH-
Horo rexna penP B. licheniformis B xuetkax E. coli,
B. subtilis, B. stearothermophilus w B. lichenifor-
mis. Bo Bcex M3y4eHHBIX BHax GakTepuii Habnro-
NIanack CEKPEUHA MEHHIMIUINHAZEI.

[Mony4ennble JKCNEPUMEHTATEHBIE JaHHblE
yKa3ajin Ha BO3MOXHOCTE HCTIONB3OBAHNA PETys-
TOPHBIX IEMEHTOB resa penP npu KOHCTpyupoBa-
HMH THOPHIHBIX FeHOB, HAMPABIMOLUMX B KINEeTKax
Bacillus curTe3 ¥ CEKperMIo vy xepoIHbix Gesikos.
Taxkue rubpuaHbie reHsl Co3aHsl in Vitro; B COCTa-
BE BEKTOPHBLIX IIa3MHUA OHH ACTEPMHHHPOBAIH
B B. subtilis cunTes v CeKpeumio pasiuaHbIX Ges-
KOB, B TOM UMCJ/Ie IPOMHCY/THHA Ye/iOBeKa.

B. amyloliguefaciens, wenonssyembiii B npo-
MBIILICHHOCTH, ABIAeTCA 3()(EeKTHBHBIM TPOIY-
LEHTOM He TOILKO (Z-aMHJIA3bl, HO OIHOBPEMEHHO
¥ BHEKJETOYHBIX HIEJIONHOH M HelTpanLHOoI mpo-
reas. [lpu 3rom nposykums weifrpansroll nporea-
361 MOXET AOCTHIaTh 3—5 /5. Tako# BEICOKHI YpoO-
BEHbL CHHTE3a BHEKJETOuHOro Qepmenita o6ycio-
BHJT NOBBINEHHBIH WHTEPEC HCCIeI0oBaTeNel K Ko-
JMPYIOLIEMY €r0 NeHy Kak K MCXO[HOH reHerHye-
CKO# CTPYKTYpe, Ha 6ase KOTOpO# MOXHO CO3/aTh
BBICOKOp(PEKTHBHBIC BEKTOPBI IKCTIPECCHH—CEK-
PELHH,

Oty naew ¢ yenexoM peannzopand M. Xosé
c coaeropamu (1984-1986 rr.). Tlpexae Bcero
B cocrape maasmugel pUBL10 ©ein knorupoBan
(parment xpomocomuoit JIHK B. amyloligue-
faciens, copepxanyit reH HeRTPATLHON NPOTEa3Ll
npr. T'ubpuanas nnasmuaa pNP150 nanpasnsna
OYEHB BBICOKYIO MPOAYKUMIO BHEKICTOYHOH HEH-
TpanLHOM nporeass! B knetkax B. subtilis. Cexse-
HHPOBaHHE reHa npr TIOKA3amn0, YTo JaHHbIH Oenmok

CHHTE3HpPYeTCs MEPROHAYATLHO B BHJIE Npe/iecT-
BEHHMKa, Y KOTOporo Ha N-KoHIE Haxomurcs JIo-
monmauTensro 221 AK (3penas opma cOCTOMT M3
300 AK). Hanmune Taxoi nporsikentol N-xonie-
BOH TIOCJIEIOBATENRHOCTH Oelika-npe/IiiecTBeHHu-
Ka yKa3ibIBAET HA TO, YTO OH siBlfeTCH npe-6enkom,
T. €. HMeeT KOHIIEBOH CHTHAaNMRHBIH nenTu, Heob-
XOMMMBIE 151 BRIBEJICHHA M3 LHTONNA3Mel npober-
K&, KOTOpBIH 3aTeM NpOLECCHPYETCA [0 3pesioH
topmel Genka., MexaHusm Takoro NPOLIECCHHTA
NoKa He SiCeH, HO, TO-BMJAMMOMY, OH o0l juis
BHEKJIETOYHBIX MPOTeas, Tak Kak M Yy IIEN0YHOH
nporeassl B. amyloliquefaciens mexay curHans-
HEIM TIENTHIOM H 3peJioit (hopmoit depmenta obxa-
pyxena nocnenoparensHocTs H3 75 AK. lNoneirkm
BBIAENINTE NPOOENIOK HE YyREHYATHCE YCIieXoM. 3o
FOBOPHT O TOM, 4TO OH GeicTpO ¥ 3¢QPeKTHBHO npo-
HECCHPYETCA B 3penyr0 (opMy BHEKIETOYHEBIX
nporeas. BosmoxkHO, nporeasa B suue npobeika
He4KTHBHA, M CHHTE3 ee B Takoil (opme siBijercs
3AMMTHBIM MEXAHM3IMOM KJIETKH OT MpexaeBpe-
MEHHO#H aTaki 3THM (epMeHTOM.

Upesselaiineii HHTEpEC BLI3BBAT BOMPOC
O TOM, MOKET JIM Npe-nporocie/iloBare/kHOCTEL
nporeassl (Mpe-TporenTH/) OCyHIeCTBIATE ceKpe-
M0 M [PAaBHILHOE OTILEIUICHHE HYKEPOMHBIX
OenkoB, COCTHIKOBAHHBIX C HEll B COCTaBe XMMEp-
Horo Oesnka. JU1g BLICHEHHA 9TOH BO3MOXKHOCTH
Obuta cosmana BexTopHas TulasMHaa pES150,
MMEIOLLas caiiT pecTpukimu Sphl, KoTopsiil TOMHO
OTCEKaeT 5'-KOHLEBYIO 4acTh FeHa Mpr, COlepxa-
UK NpOMOTOP, CHIHAMLI HHMLHALMH TPaHC/Ia-
LMK ¥ reH-9KBUBajieHT N-KOHLIEBOTO npe-Iporner-
miaa. B npasribHOMN pamMke TpaHcaAlny ¢ BEKTOp-
HOH YacTeio reHa mpr B rasmujie pES150 coctri-
KOB&JIM KOAHPYIOIUHME TOCJIEIOBATEIBHOCTH 3pe-
neix popm a-amunasul B. subtilis wiv ¢ubpobia-
cTHOro HHTepdepoHa venosexa. CosaHuEle rHO-
PUIHBIE TUIAIMM/LI BBEIH B KieTkH B. subtilis
H obmapyxnmn 3pQEeKTHBHYIO TIPOMYKUHIO BHE-
KIETOYHBIX «-aMuiaskl M uuTepdepoHa, nposs-
JISIONMX  XapakTepHylo akTuBHOCTE, [lpw 5TOM
f-unTepdepor  yenoBeka NPOAYIMpOBAICA Ha
yposre 109 e. a./n. Berpoiika B pES150 cipykryp-
HOM 9aCTH rexHa 3penoi Gopmel ropMoHa pocTa He-
NOBEKa TAKKE MPUBOIMIA K CEKpelnH u3 B. sub-
tilis Gnonorn¥ecKn AKTHBHOrO ropMona poera. Ta-
KHM 00Opasom, npe-nponenTu/i HeHTPaIsHOH npo-
teassl crocoben PexTHBHO BHINOMHATE (yHK-
LUMIO [EPEHOCA HYIKEPOMHBIX AMHHOKHMCIOTHBIX
NOC/IEIOBATENLHOCTEH K3 KIETOK DAl B OKpY-
HKAOULYIO CPEy.

Iporenentsie B apyrux nabopatopusx uecle-
JOBAHHMA MOKA3AIH, 4TO BEKTOPHI IKCIIPE CCHI—CCK-
peltiy 6aunnn MOXHO cO31apaTh Ha OCHOBE TEHOB
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BHEKJCTOYHEIX MpOTeas Nno KIacCH4YeCKoi cxeme,
T. €. TUTAHHPYA BCTPOHKY HYKEPOIHbIX OCIHEN0Ba-
TEILHOCTEH Cpasy Mocse reH-IKBHBATEHTA CHI-
HaneHOro nentuga (upe-nenrupa). [lpu oM
K. Emmmypa ¢ coasropamu (1986 r.) 0OHapy»wITH,
4TO neHuuELIMKasa B. licheniformis npu cTbikoB-
Ke C CHIHAJIbHBIM [ENMTHIOM HEHTpaIsHOH npoTea-
36l TponyuUpyeres knerkammu B. subtilis Bo Boe-
KA€TO4HOM opme 1o yposus 140 mr/i, B TO Bpema
KaK npe-nponenTHil AaHHOMN NpoTeass obecneun-
BaJl CHHTE3 JIHLIL | MI/JI BHEKJIETOYHOMN NeHHIII-
munasbl, [lo-BIHMOMY, © NpakTHYECKOW TOYKH
3pEHNs NEPCIEKTHBHEE UCNONB30BATE «YTIPOILEeH-
HBIE» BEKTOPBI CEKPELIMM HA OCHOBE IEHOB BHEKITE-
TouHEIX Tpoteas. H. Bacawta u JI. Tomrcon
(1986 r) nokasanu, 4T0 TAKHE BEKTOPH MOMKHO
CO3/1aBaTh HA OCHOBE I'EHOB KaK HeliTpalbHOH, Tak
H 1eN04HOH npoTeas.

Hns cuATesa gywepomHeix Genkor Gonemmoe
3HAYEHHE HMEIOT BEKTOPL! IKCTpeccuu, obecneyn-
BaIOIME PEryHpyeMoe BKINIOYEHHE TPAaHCKPHII-
LM KIJOHHPOBAHHOTO B MX cocTase resa. [Ipu co-
3maHuH BeKTopoB Bacillus ¢ wHIyumMpyemoit cex-
penHeil YyKepo/lHeIX GENKOB BHHMaHHE HCCIeno-
Baresel NpuBaeK ren nesaycaxapassl. Jlepancaxa-
pasa, konHpyemas resom sacB B. subtilis, cuarean-
PYETCs HOC/E UHIYKIMH CAXAPO3Oi M CeKpeTHpy-
erca u3 GaKrepHaTbHBIX KIETOK B BONMBIIMX KOTH-
JecTnax. B oTcyTcTBHE caxapoibl NPOMYKIHA Jie-
BaHCaxapasbl He 00HapyxuBaeTca. [Ipy Henonb3o-
BaHHM Caxapossl B KauecTse Cydcrpara JHaHHbi
(hepMEHT KaTalTH3UPYeT JIBe OCHOBHEIE PEAKIHK:
IHIPONTH3 CaXapo3bl Ha IMOK03y M (pPYKTO3Y M TO-
nuvepusaluo GPYKTOZHIILHBIX OCTATKOB B TOMO-
nonucaxapul  Jjiepan. (PpaHiy3ckHe  yuyeHbe
B 1985 r. KIOHMPOBAIM M CEKBEHHPOBA/IM ICH Jie-
BaHcaxapasel, a B 1988 1. onmcanu BeKTOpHYIO
mnasmiay pAE205, obecriewnBaionyo MHIyIIH-
pyeMElii caxapo30i CHHTE3 U CEKPELHI0 YYKepo-
AeIx Oenkxom w3 winetok B. subtilis. [pywaem Gwin
CKOHCTPYMPOBaH Habop M3 TPEX BAPHMAHTOB ILIA3-
MHIIE] CO CIABHTOM PAMKH TpaHCHALNH, obecneuun-
BAIOIMX BCTPOHKY 000 HenmpepsIBHOH Komu-
PYHOILEH NOCHENOBATEILHOCTH Cpasy MOCJHE TeH-
JKBHBAJICHTa CHIHAJILHOIO MENTHAA JieBaHcaxapa-
3bl H IPABWILHYIO IKCIPECCHIO 3TOH MOCHEeNoBa-
TeJIkHOCTH B ONIHON M3 COBMABUIMX PAMOK TpaHC-
nsui. Ha npumepe resa B-naktamassl E. coli Gui-
na npoaeMoHCTpupoBaHa 3Q¢EKTHBHOCT paspa-
forauHOll BEKTOPHOM CcHCTEMB! UHAYUHOEIBHOMH
cexpenmn OeJIKOB K3 KJIETOK FPaMIIONOKHTEIEHOMN
Gaxtepun B. subtilis.

Has wsyuenus pasnooOpasus u sQdexrusro-
CTH CHTHaMbHLIX nenTHaoB X. CMHT ¢ coaBTopamMu
(1987 r.) cozpany ABa nMAasMUAHBIX BEKTOPA, Npea-

HA3HAYEHHBIX JUIS CEeNEKUMH TeH-3KBUBAJICHTOB
CHIHATBHBIX NEMTHAOB. JTH BEKTOPbI NPE/ICTABIIA-
10T coboii 4eNHOYHbIE TTa3MHJIEL, criocobmEIe pen-
mmumposarkes B E. coli w B B. subtilis, Kpome reda
YCTOHYHBOCTH K IPHTPOMHIIMHY TNA3MMJIbI CONEpP-
AT [OCHIEIOBATENLHOCTE, KOMHPYIOLIYIO 3peNyio
topmy TecToBOro (hepmeHTa — -aMmnassel B. [i-
cheniformis (pGPA11) nubo f-nakramass E. coli
(pGPB11). ITepen TecT-NOCHEA0BATENEHOCTLIO Ha-
XOAMTCA TIONMIMHKEP, HMEIONIHIT caliTel y3HaBa-
HHS [UIA HECKONTLKHX PeCTpHKTa3, 410 obecneynna-
¢T BO3MOKHOCTL BCTPOIKH B Jannoe mecTo (par-
menToB JIHK, renepHpoBaHHBIX pasHbIMH pecT-
pukTasami. CyTes npouenype! orbopa COCTOMT
B cresyroniem. S-Jlakramasa cniocoOra npuiasats
baxTepHAM yCTOHYHBOCTE K AMITHIIWLIHHY TOJIBKO
B TOM CJIy4ae, KOIZIa OHa CEKPETHPYETCA M3 1HTO-
nnasmbl. [locne crarmcTHyeckod BeTpoiikH (par-
merTos JIHK s cocras pGPBI! ocymectensior
Tpanchopmaimio £. coli W Ha arapH30BaHHO# Cpe-
JIC C OnpeieieHHOH KOHLIEHTpaLyell aMIuLMIIHEA
OTOMPAIOT YCTOHYMBEIE K JAHHOMY aHTHOMOTHKY
ionsl. [lokaszaHo, 9710 BC€ CENEKTHPOBAHHLIE
B E. coli rmOpuaHsie miasMuasl o0yCioBIMBaOT
cexkpeumio f-nakTamassl M B kietkax B. subtilis.
Hna mnasmuasl pGPALL, copepkawmedi cTpykTyp-
HBIH TeH @-aMHIIa3hl, CENTEeKLHIO TPaHC(HOPMAHTOR
HPOBOJAAT HA arapU30BAHHON Cpelle C Kpaxmarnom.
ITo 30omHaM rMaponM3a Kpaxmala BOKPYT KOJOHHH
TaKXKe BhIABIAOT rubpuaHble BapuanTsl, obecne-
4MBAIOLIHE CEKPEIHIO TECTOBOIO (hepMeHTa.
Baxno orMerHts, 4ro ¢Gparmentet JIHK,
BCTPOEHHBIE B CENeKTHpyeMbie THOPH/IHLIE BapH-
aHTEI, IOIDKHEI COACPXKATE B NPABHILHON OpHEHTa-
OHH [POMOTOP, YYacTOK CBA3bLIBaHMA pHOOCOM M
TeH-3KBHUBAJICHT CHIHATLHOTO MENTHAA, IPH 3TOM
NOCNEIOBATENEHOCTE TECTOBOFO I'eHA JIOJDKHA COB-
najarh Mo paMKe TPAHCISIMHK C CHIHATbHBIM T1er-
THAOM. YTOOB! YBEIMYHTL BEPOATHOCTE BRITIONHE-
HHA 5THX YCHOBHI, HeoDXOAMMO HCTOIR3OBATH
ruaponusarel JIHK paznmuuneivMu pecTpukrasamu.
Taxk, xpomocomuyio JIHK B. subtilis pacierism
pectpukrazamu Sau3Al, Alul, Haelll um Rsal u
BCTpaHBaTH (PErMEHTBl B CKOHCTPYMPOBAHHBIE
pexTOpHble mnasmuael. [locie ananusa meckons-
KHX ThicAY TpaHC(HOPMAHTOB OKa3anoch, 4TO Cpe-
1 THOPHAHEIX K/IOHOB C TECTOBBIM IEHOM (Z~-2MH-~
Na3kl  CEKPeTHPYEMBIE BAPHAHTHI  COCTABIIAIH
0,1-0,5 %, a cpeam k10HOB ¢ denoTHIOM Apr —
0,02-0,1 %. Bonee Toro, pasHsie BCTaBku o0y csios-
JHBAIH Pa3IHyHEIH YPOBEHE YCTOHYHBOCTH K aM-
OHUM/UTHHY ¥ IPOAYKTHBHOCTH MO BHEKIETOYHOH
a-avunase. [lonyueHHas Konnekuns ruOpHARBIX
masmua gaer Goraryio BOIMOXKHOCTE CTPYKTYp-
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HO-(yHKLHOHATEHONO MCCJICJIOBAHUS  KJIOHHPO-
BanHBIX (parmerTos JIHK,

[lIMpoKMii CHEKTP CO3AaHHLIX BEKTOPOB 9KC-
npeccHH—CeKpelHH Oaumiur no3BOIAET YCHEIHO
KOHCTpYHpOBaTh GakTepHanbHbie TAMMEI, IPO-
AyuMpyiowuHe BO BHEKICTO4HOH (opMe 3ykapHO-
THYeckHe Oenky. OHaKO JaHHAs BEKTOPHAs CHC-
Tema, MO-BHIMMOMY, HMEeT OmnpeJieneHHBIe Orpa-
HHYEHHA I8 KPYNHbIX ONIKOB, KOTOpHIE XOTH
¥ CHOCODHBI MPOXOMTE Hepe3 ILIAIMATHYECKYIO
memOpaHy, HO HE MOTYT BBIHTH H3 KIETKH B OKpY-
HKAIOUIYIO Cpey, T. €. «3aCTPEBAIOTY B KICTOUHOM
credke. B 4acTHOCTH, CBIBOPOTOMHBIH amsGyMuH
yenoseka (3penas gpopma cocrout us 585 AK, uio
COOTBETCTBYET MONEKyNApHO#H Macce 68 k/la), co-
CTBIKOBAHHLIH B BEKTOpaX CEKpElHH € CHIHAIL-
HBIM MenTHAGM C-aMMIashl WM HeHTpansHOM
npoteassl B. amyloliquefaciens, npoueccHpyercs
NpH CEKpeLHy Yepes maaimMaTuyeckylo membpany,
HO JIMILIE C/IEIOBEIE KOIMYECTRA ero 3pesiol Gopmbl
BBIXO/IAT B OKPY*alomyio cpeny. SddexTHnHaiii
IKCnopT namuoro Oenka wabmiojaeTcs TONBLKO
B cHcTeme npotoruiactos B. subtilis. Tlo-suaumo-
MYy, TAKHE KpyTHEIe JyKapHOoTHYecKHe Genku mo-
ryT 3(peKTHBHO CEeKPeTHPOBATLCA NHILE B TOMO-
JIOTMYHOH BEKTOPHOM cHCTEME.

Cnepyer ocob0 HOAYEPKHYTE, YTO CO3/aBae-
mble mraMmel Gatm, adh¢exTHBHO cekpeTHpyo-
{He BO BHEIUHIOI0 CPely LENeBLle 4ymepojiuble
Genky, Ype3BbINAHO NEPCIEKTHBHE A8 MHKPO-
OHONOrMYeCKHX NPOIECCOB Ha OCHOBE MMMOOHTH-
30BaHHBIX K1eTOK. Tak, yxe nepsas pabora B nan-
HOM HANpABIEHHH MOKA3ana, 4ro MMmOOHIHM30-
BaHHBIE B arapo3Hbix rpaHynax xaetku B. subtilis,
conepxkanyie ruOpuanyio rnasmuay pPCB6, B ko-
TOpO#t perynaTopHas obnacTs reHa NeHHLKIUIHHA-
36l B. licheniformis cocTeikoBaHa C TeHOM Iipe-
[IPOMHCYIHHA, CNOCOOHE! NPOAYIHPORATE W CEKpe-
THPOBATh B Cpedy KPBICUHBIN TPOMHCYJIHH, 0O
KpaiiHeii mepe, B TeHEHHE HECKOJILKMX CYTOK.

JanbHeiiliee pasBUTHE HCCISAOBAHMI MO KOH-
CTpyMpoBaHMi0 mraMmoB Bacillus, cekpeTupyo-
uMX gyxepoansie Genku B cpelly, 103BOMUT rry6-
e TIOHATH 3aKOHOMEPHOCTH TpaHcnopTa OGeskoB
uepe3 TIa3MaTHYecKylo memOpaHy, a cnemoBa-
TEJBHO, CO3/1aTh BHICOKOIDHEKTHBHEIE TEXHONOTH-
YECKHE MPOouecch MUKPOGHOIOrHYeCKOro CHHTe3a
GesTKOB YENIOBEKA W HKHBOTHBIX.

10.2.5. Mnasmudnble uHmMez2pamuenbie
seKmopbl
T'enbl, KIOHMPOBAaHHBIE B COCTaBEe TILIA3MMI,
KaK NpaBuiio, MPHCYTCTBYHT B KIETKC-PEIHITHEH-
TE B HECKONBKMX KOMMAX. YBEIWUEHHas 1032 TeHa
00yCnOBINBACT MOBLILCHHYIO NPOAYKIHIO KOIH-

pyemoro um 6eika. B HEKOTOPBIX ciyyasx Cyrnep-
TPOAYKIMS 9YKEPORHBIX OGJIKOB B TLIA3MHIOCO~
JiepaKaliHx KAETKaxX BbI3bIBAET TOKCHYECKHMH (-
(heKT, cneIcTBHEM Hero ABIACTCA HecTabHIBHOCTE
rHOpHIHBIX TIAIMHI, T. €, CEJIEKTHBHOE NpenMy-
LIECTBO MMEIOT KJETKH, YTpPaTHBINHE IUIA3MMIY
WIH collepallMe ee myTaHTHeie (opmel. Kpome
TOTO, NPH TIPOMBIIUIEHHOM KYIETHBHPOBAHNH bak-
TEpHii, KOTOPOE MOXET NPOTERaTh B TeUEHHE [UIH-
TEALHOI'O BPEMEHM W CONPOBOXKIAThCA OONbLIMM
YUCJIOM KJIETOYHBIX IENIEHHH B OTCYTCTBHE CEliek-
TUBHOTO JIABIEHHA 10 MApKepaM MirasMujl, 9acTo
BO3HMKAKT npobiiemb! ¢ noauepxKanuem rubpm-
HEIX BHEXpomocomuslx monekyn JIHK, xom ssHoe
OTPHIATETEHOE BO3JieHCTBHE Ha GakTepmo >mhx
rubpuassix JIHK B naboparoprHom skcrnepumente
He BbigBagercs. [lIs npeononenus BO3HHKAIOUIMX
3aTpyAHEHHI NPEANOKEH AaJBTEPHATHBHBIN MOJ-
XOJl, KOTOPEIH COCTOMT B MHTEIPALIHH LEJIeBLIX re-
HOB B Xpomocomuyio JIHK petnuesTHOM KIeTKH.

BCeTpoliKy 9yAEpPOJHBEIX FT€HOB B FEHOM KIIETKH
OCYMIECTRIAIOT C MOMOLIBLIO CHEHHATHIHPOBAH-
HBIX TUIA3MHJI, HA3BIBAEMBIX BEKTOPAMM HHTErpa-
uH. KjnaccHyeckuM BEKTOpPOM JIAHHOTO THIIA AB-
NAETCA IUIa3MKMJIa, He cnocobRas perTHUHpPOBaTh-
CH B HCCIIENYEMBIX KJIETKaX, HO HMEIOLIad B CBOEM
cocrase cermenT JIHK, romonoruyneii onpene-
JIeHHOMY paifory OakTepuansHON XPOMOCOMEIL.
MHOroYHCIEHHBIE IKCICPUMEHTH! [OKA3ATH, YTO
NIa3MH/Ib HHTErPaluH CrocoOHE! ¢ BEICOKOH 3¢~
HeKTUBHOCTRIO peKOMOHHALIMOHHO BCTPAHBATHCH
B resom B. subtilis. Tlpy 23TOM MHTErpaius ABIseT-
csl recE-3aBucHMOI 1 B GONBLIIMHCTBE H3YYEHHBIX
wiysaeB mporexoauT 1o moaenn Komnbesiia, T e.
konsneeas monekyna JIHK pekombummpyer ¢ ro-
MOJIOTHYHBIM YHACTKOM GakTepuanbHOi XpoMoco-
Mbi B OJTHOH TOYKE (YYACTKE) M 1IEJIHKOM BCTPalBa-
€TCsA B FeHOM KJIETKH.

Bekrope! paccMarprBaemMoro THna o0bIMEHO CO-
JepaT peruiuKoH, QyHKIHOHUPYIOLMI B KUIeTKAX
E. coli, a Takike AETEPMHMHAHTHI YCTOHYHBOCTH
K auTHOHOTHKAM, XOTS OBl OHA M3 KOTOPBIX JKC-
npeccupyercs B B. subtilis. WnTerparusmbie
TpaHchopmanTel B. subtilis BEIABIAIOT 1O QyHKIN-
AM JTHX TUI23MHJIHBIX AeTepMmHHaHT. Vcrnonssys
HHTErPaTHBHBIC BEKTOPbI, MOKHO Ino0ble WyxKe-
POIHBIE I'eHbl KOBATEHTHO BCTpauBate B I€HOM
OaxTepHamEHON KIETKH,

Jlokasano, 4TO B Npouecce HHTErpaiuH njias-
MHJ1 B TeHOM B. subtilis MOXET NPONCXOANTE TaH-~
JeMHas AYTUTHKAlUMA BCTPaWBaEMBIX TOCHEIOBa-
TelkHOCTE. AHanoruuHoe sipjeHue obHapyxeHo
M npu uHTerpamiy 3k3orenHoi /IHK B renom wie-
TOK ApOXKeH W BRICIIMX 3JykapuoT (cM. 12.4.1,
13.3.1). O pesynwTarsl AeMOHCTPHPYOT Oonb-
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Woe CXOACTBO PeKoMOMHAIMOHHHX MPOIECCOB
B NPOKAPHOTAX M YKAPHOTAX, HTO YKA3LIBAET HA
JpPEeBHEE NPOMCXOXKIEHHE OaHHBIX (EPMEHTHBIX
cHCTEM.

«llpuposmas» nynnukauma H aMIHQHKaLHA
FEHOB MMEET MeCTO B Gakrepusx, Jposokax, Kylib-
THBUPYEMBIX KJIETKAX MMBOTHBIX, BUPyCax, a TaK-
Ke Ha ONpEleNeHHbIX cTaausX JIupheperRINpPOBKY
HACEKOMBIX, aMpHOMH ¥ KypuHBIX IMOpHOHOB.
AmiunduKalms NPOTHKEHHBIX NOCHEI0BATENEHO-
creit JIHK urpaet BakHyio poib B OTBETE Opranms-
Ma HAa H3MEHEHHE YCJIOBHH OKpy:KaiouleH cpesibl,
B PEry/IMPOBaHMM Npolieccos M(pdepeHHpPOBKH.
BmecTe ¢ TeM 3HAYCHHE ABNCHMA [y TIHMKALIHH, aM-
mIHpHKALMH TEHOB B 3BOMIOLIHH OpPraHH3MOB MOKa
OCO3HAHO HE TMOTHOCTHIO.

AMIUTH(HKAUMSA FEHOB, TIO-BHIWMOMY, LIHPO-
KO pacnipoctpanena cpend Gaxrepwii pasHbIX Tak-
conomMHMecKHx rpynn. Hampumep, XpoMocomsl
E. coli n B. subtilis conep»ar MHOKECTBEHHBIE KO-
nuu redop pubocomuoi PHK, Haubonee npocto
KOHTPOJIMPOBATE MPONECC aMIUTHHKAITHH yIaeTCs
TPH KUCTIONB30BAHUM TCHOB YCTOHYMBOCTH K aHTH-
Ouorukam. Tak, MHOroKpaTHOE MOBTOPEHHE XpO-
MOCOMHBIX AE€TEPMHHAHT YCTOHYHBOCTH K aHTH-
OHOTHKAM BBISBICHO y PATMUHBIX IITAMMOB Oak-
Tepuii poa Streptomyces NpH ceNEKLHH BapUaH-
TOB, CTIOCOOHBIX PacTH B MPUCYTCTBHHW TOBBIICH=
HbIX KoHLeHTpaumi antubmorukos. [lna E. coli
TIOKA3aHO, 4TO MMOpHaHas masmuaa pBR322, we-
cywas pparment xpomocomuoi JIHK E. coli, mo-
ET MHTErPHPOBATHCA B TEHOM OaKkTepHaTbHOH
KIETKH B BHJE MHOXECTBA konuil. A B npouecce
KynbTHBMpOBaHMs Takux Oaktepwii Ha cpene
C MOBBILUCHHONH KOHIIEHTpALHEH AMIMLMIIHHA
WIH TETPALMKIHHA IPOUCXOINT AMILTH(HKALHA
BCTPOEHHOM IIa3MHIIbl B ACCHTKY pas.

M. Slur B 1984 r. nokasan, 9410 nocne WATErpa-
i B reHom B. subtilis rubpuanoit nnasMmasl, He-
cylleii rer XiopaMmQerukonaleTHnTpaHchepass!
nnasmu/iel pC194 S. aureus, MOXHO TOOUTECH 3HA~
YUTENBHON aMITH(DUKAHH HHTErPHPOBAHHOM 110~
CJIEAOBATENEHOCTH TIPH KYJIETHBHPOBaHMH TPaHC-
(hOPMHUPOBAHHEIX KJIETOK HA CPElax ¢ MOCTENEHHO
NOBLIINAIONIHMHCA KOHLEHTpalMAMH Xyopamde-
HHkoa. Poct B npucyTCTBHM XI1OpaM(eHHKoNa
wramma Proteus mirabilis, conepxamero R-mmaz-
MHTY, 0OECIeuMBAIONYI0 YCTOHYHBOCTE K 3TOMY
anTHOMOTHKY, NPWBOINT K JECATHKPATHON aMIUIH-
(PHMKAIMM r-ICTEPMHHAHTL B COCTARE ILIA3MMILL
WmeeTcs ¥ MHOIO IpYTHX MPHMEPOB KCTIEPHMEH-
TansHOH aMILTH(UKAIIHM I'EHOB MMPOKAPHOT.

B nenom MOXHO NpeanonoxHTh, 4To B Gakre-
PHAX, KaK M B 3yKapHOTHHYECKHMX KJIETKaX, ¢ HEKO-
TOPOH YACTOTOH CITOHTAHHO MPOWCXOONUT AMTLIH-

(uKanpg pasTHYHBIX PAaHOHOB XPOMOCOMHOI
JHK. Tlpy cenexkTHBHBIX YCJIOBHSX, HO3BOJISK-
LMX MOAAEPKUBATE AMITTH(HIIHPOBAHHOE COCTOM-
HME ONpEIENeHHoro reqa, npoxexonut otbop Ta-
KHX HeOORIMHEIX BapHaHTOR OakTepHii.

Sienenne ammmbukamn cermestos JIHK
6buto moppobHo m3yueno y Gaxtepwit B. subtilis
H HCMOJB30BAHO NpPU CO3JAHHH INTAMMOB-TIPOIY-
LIEHTOB, HECYIIMX 4YYKEPOIHbIE TeHbl B COCTaBE
GaxrepuaneHoi xpomocomel. X. SImacaku ¢ coas-
Topamu B 1986 r. mokasanmu, 410 aMrMpHIMpye-
mple paiosbl Xxpomocomuon JIHK Gaumnn moryt
HmeTs GONbLIOH pasMep H He OTPAHHYMBATHCS Ka-
kuM-1H60 onpeneneHHbM rerom. Tak, npyu u3yye-
HHH TYHHKAMMIIHH-YCTOHTHBLIX MyTaHTOR B. sub-
tilis BBISICHUIIOCH, YTO Takas YCTOHYMBOCTHL BO3-
MOXHa JHIWL Toche aMivinpukaimy reda mrB.
ONHOBPEMEHHO HEKOTOPbIE U3 H3YYEHHBIX MyTaH-
Ton obecrneuMBan 3HAYHTENILHOE YBEJIHYCHHE
NPOAYKIMH BHEKIECTOYHOH a-amuiasbl. Iloapob-
HOE MCClIeioBanye MyTaHTa imrA7 1oKalano, ¥ro
y Hero npousouita amimpukanHs cermenta JIHK
pasMepom 16 TrH, B COCTAB KOTOPOI'0 BXOMAT IeHbI
tmrB v amyE. Takum o0pa3som, B IaHHOM CJIydae
Habnmionany sBNeHHE, NOIYYMBILIEE Y IYKAPHOT Ha~
3patiMe Keamnauguxayus (cm. 14.1.3).

O1H ke asropsl B 1988 r. npemroxmim ae-
raHuTHBIH Croco0 HanpasieHHOH aMILIM(QHKAIHH
NPOTKEHIBIX MOCIIEI0BATENEHOCTEH XPOMOCOM-
#oit JIHK ¢ ongHOBpeMeHHBIM BBEIlEHHEM YywKe-
pomnoii JIHK. Ha ociiose pBR327 oum ckoHCTpy#-
posamm rubpuanyo nnasmuay pKHE1, Hecymyio
nBa kopotkux cermenta JIHK, orpanmumnparoniux
paiion xpomocomuoii JIHK B. subtilis pasmepom
22 1mH, B COCTAB KOTOPOrO BXOAST reHbl TYHHKa-
MMLHH-YCTOHUMBOCTH fmrB, a-amunaszel amyE u
mukumaTkuHasel @rol. [ocne nnasMuaHol TpaHc-
¢opmaumm m orGopa knoroB B. subtilis Tm* G0
OKa3aHo, 4T0 TpanchopMaHTel HMEIOT aMILHdH-
KaIHiO H3Y49aeMoro paiiona 22 TrH H XapakTepH3y-
I0TCH TIOBBILUEHHEIM YPOBHEM MPOAYKLHH (-AMH-
na3kl ¥ LIHKHMATKHHA3E, AMILIHQHKAIMS JOCTH-
rana 10-20 xonuii. Takum oGpazom, nanuas rias-
MHJIa HanpaBiIfeT aMIuTM(UKALUHIO (ParMeHToB
xpomocomuoi JIHK B. subtilis. Ilpu 31om npomc-
XOMMT HHTErPALMs H KOAMILTH(HKAIHA NOCNeno-
BaT€ILHOCTH, COAEPKALICHCA B TUIAIMHIIE MEXKITY
tparmerTamu xpomocomsuoit JTHK (puc. 10.17).

B pesynsrate BHYTPHMOJIEKYNSpHO# pekombu-
HALMH TaH/IEMHBIE TIOBTOPLI MOI'YT BHILIEIUIATHCS.
IMosromy aMruM(HUUHPOBAHHOE COCTOAHME Cer-
menToB JIHK crabuisro nomaepxWBaeTcs NHMIUb
B YCIOBMAX CENEKTHBHOIO JABICHWA 110 Mapkepy,
obecneunpmemy oTOOp TAKAX BAPHAHTOBR.
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Puc. 10.17. Tpeanonaraembtii Mexauuam rpancopmauns nnazmunoi pKHE1, npusosuyii K aynnukaumuy (a)
u amrnudukauny (6) reros B. subtilis:

! — paiion xpomocomuoi JIHK B. subtilis (22 Tin); 2— ren @-amunassl,
3 — yCTOWYHBOCTH K TYHHKBMHITHRY, 4 — WTHKHMETKHHA TS,
Caitrit pectpuwunn: E— EcoRl, H — Hindlll, C — Clal.
Lludipamy o6osnavicnnl pasmepsl cyGQparMeHTon B ThiC. 113p HYKICOTH/I0B

Ha npumepe rena amyE B. amyloliquefaciens
H. Tlamsa ¢ coasropamu (1987 r.) cpasammm pas-
HBIE [IOIXO/BI K CO3MaHmMI0 WTaMma B. subtilis, xa-
PAKTEPH3YIOILETOCA CyNepuponyKLHeH a-amMuia-
361, Ha pavanbHOM JTane M3yuwiM JBa [ramma-
nponyuenta. [lepeeii  comepwan  muia3MuUIy
pKTHI0 (cm. puc. 10.14), a sropoii umen nsa
I€Ha, HHTErPHPOBAHHBIX B PA3HBIE YHACTKH XpoO-
mocomel. Ero coznasamm mytem Tpancopmammn
B. subtilis cMecB0 TIasMMj, Hecymmx red amyE
M CTATUCTMYECKH BCTPOCHHBLIE CErMEHTBI XPOMO-
comuoii JIHK B. subtilis, xoTopeie nomy4uiy gac-
THYHBIM FHOPONH30M pecTpukrasod SeudAl Tlo-

ITOMY BCTpOIiKa rena amyE 3a c4eT roMonorHyuHo#H
pekoMOMHAIIMH TPOMCXO/IIA B CAMBIC pasHbIe
MECTa ﬁﬂ.ﬂfpl-{aﬂbﬂﬂl'ﬁ reHomMa.

CpaBHeHME JAHHBIX IMTAMMOB [0 YPOBHIO
CHHTE3a BHEKJICTOUHOH -aMMIa3ni JIal0 HeOMH-
Jauxblii pesynsrar. Htamm, conepxammii BEICOKO-
KOIHMHHYIO TUIA3MMAY, 1O NPOAYKTHBHOCTH (ep-
MEHTA HE MPEBOCXOAWI IITAMM, HMEIOIHH BCENO
T IBE KOonM# reHa amyE B coctaBe cBoeii xpo-
MOCOMEL Bo3Moxto, 310 00YyCHORICHO TeM, 9TO,
XOTH [UIa3MHIOCOACPMAINMI  1UITAMM AKTHBHEC
TIPOAYLHPYET (-aMHJIA3y HAa PAHHUX CTa/HAX poC-
Ta KyJILTYPbl, TIDH NIEPEXOE B cTalnoHapiyio ¢asy



260 naea 10. FTEHHO-MHXEHEPHAS CUCTEMA MPAMIMONOXWUTENBHLIX BAKTEPUIA POOA BACILLUS

ee cHHTe3 npexpamaerca. B 1o e spems mramMm
C HHTErPHPOBAHHEIMM KOMHAMM reHa amyE umeer
Gonee UTMTENIBHBIH TEPHONL CHHTE3a (Z-aMHIA3kI,
W B MTOre NpoAyKuMs uenesoro Oeska docruraer
TaKoro e ypous. [lonyuennsie pesynsrarsl no-
3BONAKOT CCNATH 3AKIIOYEHHE, YTO MPH Tepexoae
K NPOMBLILIEHHOMY KYJILTHBHPOBAHUIO BOIMOKHEI
BAPHAHTEL, KOTIa OakTepuaNsHBIH WITAMM, COfep-
HauMil uyREpPoAHLIH reH B WHTErPHPOBAHHOM
B XpOMOCOMY COCTOAHNIH, OyIeT HMETs OnpesieTieH-
HBIE NPEUMYIIECTBA Mepe]l WTAMMOM, HECYLIMM
MHOTOKOTHHH Y0 THOPHIIHYIO TIIa3MHILY.

Jna Toro urobbl NOBHICUTE NPOAYKTHBHOCTH
WTaMMa C HHTErpHPOBAHHBIMM KOMHAMM FeHa
amyE, ucnone3osatH apa noaxoaa k amiumgHka-
upH ueneporo rexa. [epsoiii ObLT KIACCHYECKHM
W MpeIycMaTPHBal MOCieoBaTelbHOe KyIbTHBH-
poBanue witamma B. subtilis B npUCyTCTBHH OBBI-
WAKIMAXCA  KOHIEHTpauMi  xjopampernKona.
B pesynwrare yaanock orobpars BapHaHt, y KoTo-
poro yxe ObUIO He [IBe, a JIeBATH konui rena amyE.
[TpoayKTHBHOCTL N0 @-aMHiIa3e TPH ITOM MOBbI-
cunace B 8 pas. Bropoii nomxon 6bil HOBBIM M CO-
CTORJI B TOM, YTO HMCCIEAYEMBIH WITaMM C JBYMA
MHTErPpUPOBAHHBIMM reHamu amyE  NOBTOPHO
TpaHc()OPMHPOBANTH CMECHIO TJ1a3MHJI HHTErpa-
nuu, Hecyumx red amyE u cermentsl JTHK B. sub-
tilis B3 pa3sHEIX Y4aCTKOB XpoMOCOMEl. B pesyneTa-
Te ObUL NONYYeH KIOH, coepxalumii 8 konui rexda
amyE, xoropeii obecnieunBaln MeCTHKPATHOE YBe-
HYeHHE NpoAyKiMM c-amuiael. [locneguui Ba-
PHAHT «PACCEAHHOM AaMIUTMQMKALMUY LEIEeBOTro
resa B xpomocome Haktepun obecneunraet 661k~
Iyl CTabHIBHOCTD IUTaMMa-CYNIEpPpPOLYUECHTa
MO CPABHEHHIO ¢ KNACCHYECKAMH [UTAMMAaMH, He-
CYIIHMH TAHIEMHO NOBTOPEHHbIE aMILIM(UIHPO-
BAHHBIE NeHbl, MpeIpacrnoimkeHHble K BhilerJe-
HHUIO.

HecomHEHHO WHTEpECEH BONPOC O ToMm, Dynet
JIH COXPaHATHCA aMIumdHmMpoBaHHOE COCTOAHKE
ONpeAeNneHroro yyacrka GakTepHaJbHOH XpOMO-
COMEI B HECEJIeKTHBHEIX YCIIOBHMSX, €CITH BBECTH
B 9TH KJIETKM MyTaluuu THna recE4 (nammumne Takoi
MYTanMH B HCXOOHOM IITaMME NMPENATCTBYET aM-
naubukatmy). ECnn 370T NoAXon ynactca peanm-
30BaThL, TO CHCTema ¢ aMIUTM(uKanuer (M Koam-
wuKanueil) reHoB CTaHET BECEMA [ePCHeKTHB-
HOH JUIf KOHCTPYHpOBaHHS CTaOMIBHBIX INTaM-
MOB — [POAYLEHTOB pa3nH4HbIX HeSIKOB Ha OCHO-
e B. subtilis.

10.2.6. ®azoenie sexmopbi

B. subtilis ssnaeTcs nepMHCCHBHEIM XO3IMHHOM
Juia Gonsloro yncna ¢arop. JIocTarouHO XOPOLIO
H3yHEHA MONEKYIspAO-OHOIOrMYecKas opranM3a-

mmA Takux aros B. subtilis, xak @105, ¢3T, pll,
SPP1, SPO1 u uexoropeix apyrux. Paspaborate
meTons! TpaHchekmmy monexyn JIHK smux ¢aros
KaK B POTOILIACTEL, TAK H B KOMIETEHTHbIC KICTKH
Gawmn. Bee 9710 co3aano nmpeanockUIKy s pas-
paboTkH BEKTOpHO#H CHCTembl Oaumil HA OCHOBE
JTHK 6axtepuodaros. JlaHuble HCCIIEIOBAHNSA pas-
BHBRIOTCS ABYyMS nymaMu: 1) Henons3osaiue yme-
peHHBIX (haros Ans HHTerpaimu vyxepoanoi JTHK
B npodar — npogazosan mpancpopmayus;
2) coznanvie WHOEKITMOHHBIX KIOHHPYIOLIMX BEK-
TOPOB.

ITockoneKy K Hagally reHHO-HHXKEHEPHBIX KC-
riepuMeHTOR arn Ganmin OblnM M3yYeHR! HeIoC-
Taro4yHO, B MEPBYH Ouepelkh pajpaboTaiH M MC-
TIONTB30BATH METOJ Npoharoroi Tpanchopmanmm.
Onny uz nuorepckux pabor punonsuny @, Kasa-
mypa ¢ coasTopami B 1979 r. JIHK ymepennoro
¢ara pll u xpomocomuyw JHK B. subtilis 168
pacmennin pecTpukTason EcoRl, cmeck nomyweH-
ueix ¢parmenTop obpaboranu JIHK-mirasoit u ta-
KHM MpenapatoM TpaHC(OPMHPOBAIH KIETKH
B. subtilis spoAl12 lys21 hisAl leuA8, nu3orenHole
no ary pll. Ha cenextuBHBIX cpegax oTOupany
KioHb! TpancdopmanTos ¢ penomuniom Lys*, His*
vim Leu*. 3arem B TpancopmanTax Kaxioro TH-
na MutomuinoM C  uuAyumposaiu npodary
H TIONyueHHOEe (ParoBoe MOTOMCTBO HCCIIEIOBATH
Ha criocobHoCTs 06pa3oBLIBaTL O/AIKK Ha DakTe-
pHMANbHOM ra3oHe M TPaHCAYLMPOBATH Mapkep,
KOMTTJIEMEHTHPYIOUIMIH  OMPENeNIeHHyI0  ayKeo-
TPOQHYIO MyTalMi KIETKH-peuMnuenta. B pe-
3YNETATe JTHX IKCINEPUMEHTOB OBLIN TIOMyWeHE
pazavyHble THNB OakooOpasyommx 1 edexr-
HBIX (paros, KOTOpEIE TPAHCAYLIMPOBATH MApKephl
hisA wm lys.

He3apHeHMO aHaToOTHYHYIO CHCTEMY KJIOHHPO-
BaHWs 4YXKEPOAHOro reHa upumenuny 8 1979 o
®. Anr ¢ corpymaukamu. JIHK dara ¢3T u xpomo-
comuyto JIHK B. amyloliquefaciens H runponmso-
BasTH pecTpukTasoi Bglll, cmecs pparmentos 06-
pabarrisany nurasoi. [lonydennsii npenapar ue-
nons3oBany coemecTro ¢ JIHK B. subtilis thrtamy-
B JKCIIEPHMEHTE MO KoTpaHc(opMauuy KIETOK
B. subtilis thramy-, nu3orennsix no ¢ary ¢3T.
Orbupanu wionsl TpaHchoOpMaHTOB ¢ PEHOTHIIOM
Thr*, koTopsle 3aTeM aHANM3HPOBAIIM HA NpPOMTYkK-
UM @-amwiaiel (koTpancopMHpyeMBIH Hece-
nexTHBHBIH nipu3sak). U3 105 TpancdopmanTos
CeME NPOAYUMPOBATH @-aMHIIA3y, H B MATH OTO-
OpannbiX nBoliHEIX TpaHcdopmaniax Thr'Amy*
WHAyUpoBanuck (aru ¢3T, koTopeie TpancyLH-
POBAIH I'eH (r-aMuIiasel. JIoka3aHo, 4TO B [1OJIY4EH-
HBIX Amy*-nmusorenax B. subiilis cunTesmMpyeTcs



10.2. MONEKYNAPHLIE BEKTOPbI BACILLUS 261

a-amunasa, cnemubuunas ana B. amyloliguefa-
ciens.

Kak Buaum, paspaGoranusiii METON 3aKiI11049a-
ercs B TOM, 4TO moOoil 9yXepoaHbIH reH, KoBa-
nenTHO o0be/MHeHHblH ¢ (parMeHTaMH (paroBoi
HAHK, MoxkeT ObITh HHTErPHPOBAH in Vivo B ITpO-
(bar. M B TEX cirydasnx, Korja BCTPO#Ka HE Hapylla-
€T XH3HEeHHO Ba)kHble QYHKUHM ¢ara, nmocme HH-
Jykimu npodara MOKHO NOMY4HTh (arosbie vac-
THLIBL, TPAHCAYLMPYIOUIHE YYKEPOAHLIH red. Bax-
HOH OCOGEHHOCTBIO JAHHOIO MOMAXONA SBIAETCHA
TO, YTO MPOAYKTAMM JHMIA3HOH peakumy MOXHO
OCYIIECTBIATE MpAMYI0 TpaHCOPMALHIO KoMIe-
TEHTHBIX KIETOK B. subtilis, 410 yacTo He yaaeTcs
CIENATH NP HCTIONB30BAHMH TUTAMHIIHBIX KIOHH-
pyronmx Bextopos. ITpu 31om ¢parmentnl JIHK
BXOJIST B KJIETKH B OHOLENOYeYHOH Gopme H HH-
TErpUPYIOTCA B Xpomocomy 1o mnpodary (cm.
puc. 10.3, 1). JlanHsiii METOA OTHOCHTEJILHO MPOCT
M [O3BOJIAET B [EPBYIO OuYEpElb CO3fasath (aru,
TpasCcIy IMpyTolHe pasauynble rensl 6atmmn. 31o
O‘G}'CJ'IOBJIEHO TEM, 4TO KJ'IOHHP)’CMHB reHbl ﬂpOlI.lC
BLIABIATE B GAKTEPUATBEHON KIETKE NO KOMILIE-
MEHTAIlMH OTpeJIe/IeHHBIX XPOMOCOMHBLIX MYyTa-
. C nOMOIIEK ONMHCAHHOTO MOAXOAa YAAIoCh
NONYYHTE (Jard, TPaHCAYLMPYIOIHE TAKHE I'eHb
B. subtilis, xak amyE, metB, lys, MEOro4HC/IEHHbIE
TeHBl, PErYIHPYIONIHE CHOPYNAIHIO, TEHB! YTHIIH-
sanuM D-riiokoHaTa u p.

Jlaneeeiilee passuTHE paCCMOTPEHHbIH METOX
nomysna B pabore [l Casro v k. MauaeneiuTta-
ma (1984 r.). ABTOpEI KIOHHPOBAH B COCTABE BEK-
TopHo# mnasmuael E. coli pUCY (em. pue. 2.35)
¢parmerT EcoRI-E JIHK ¢ara ¢105. BRytpu nas-
HOro ¢parmenta naxonures HindIll-yuacroxk. Ilo-
sromy Hapaboranseii B E. coli B cocrase rub-
PUAHON NasMuabl (pparmest reHoma (ara ¢105
BHILEIUBUIH C TIOMOImEIO pecTpukrazsl EcoRl,
ruaponusosamy ero gepmentom Hindlll u k nony-
yeHHbIM (dparMenTam pobasnsnn obpaboTanHbli
HindIII npenapar syxepoasoii JIHK. INocne nurm-
pOBaHKA TAKOW CMeCH € OnpejlesIeHHON 4acToTOoM
obpa3josbiBamyCh TPOHHbIE (JPArMEHTHL, B KOTOPBIX
Hindlll-pparmenT nzyuaemoii JIHK ¢nankupo-
panca asymsa HindIll-EcoRI-pparmentamu JIHK
(ara ¢105, wro obecneunsano ux 3hbexmHBHyIO
unTerpaumio B npodar ¢105. Ipugem gyxepos-
nas JIHK BcrpasBanacs B cTporo onpeaeneHxoe
mecTo (aroBoro reHoMa, B OTINHYME OT NpeLIo-
MEHHBIX PAHEE METOJIOB CTATUCTHYECKOH MHTErpa-
1u B npodar. Takoii BApHAHT METO/1a MOIyHeHNs
rubpumnelx  Tpasncayumpyoumx ¢aros  OGonee
NPOCT K HAJIENEH.

[Tpodaropyso TpaHchopMaLHIO TAKKE MOXKHO
OCYUICCTBIATE ¢ MOMOLIBI) CHEUMANTBHBIX BEKTO-

EcoRl  HindIl
Psil | _

o

~ pBR322

Puc. 10.18. PecTpHkuHonHadA KapTa BeKTOpa
wHTerpaums B. subtilis

Pstl

poB uHTerpausu. Paccmotpum coznannyio E. ®ep-
papu u k. Xokom (1982 r.) mnasmuay Takoro
THna — pFH7 (puc. 10.18). Janras denHouHas
nIasMiza B CBOEM COCTABE COIEPKMT (PparMeHT
JIHK ymepensoro 6aktepuodara SPS. INpu seejie-
vun pFH7 B knetkm B. subtilis, TH30TEHHBIE MO
¢ary SPS, NpoOMCXOAMT HMHTErpauMs TIIAIMHIBI
B npodar ¥ KieTku npuobpeTaoT yeToHYHBOCTE
K XJ0pameHHKONY 3a CYeT 3IKCNPECCHH reHa cal
pC194. Unnykinis npogara npHBOAKT K 0bpasosa-
HHI0 HEQexuHorHOrO noromeTsa (ara SPM, cno-
COOHOro ¢ BEICOKO#H (PP EeKTHBHOCTEIO TPAHCIYLIH-
POBATHL MapKep yCTOHYMBOCTH K XJIOpaMpeHHKOmY.
JlroGoi# wyKeponHslii reH Mociie BCTPOHKH B nias-
Muay pFH7 moxuo wnterpuposars B npodar,
a B pe3yNbTaTe HHAYKLHH YJaeTCA MONy4HTs (paro-
BOE TOTOMCTBO, TPAHCAYLUHMPYIOIEe KIOHHPOBaH-
HBIH TeH.

Jns noseiierus 3¢ gpeKrMBHOCTH NpodaroBoi
Tpauchopmain kietok B. subtilis X. JIKeHUKCOH
U M. Jlanman B 1984 1 co3jlany BEKTOP HA OCHOBE
nedextroro (He dopmupyioulero bisex Ha raloHe
JyBCTBHTENBHBIX KieTok) dara ¢105dlys. B JIHK
aToro (ara OTCYTCTBYIOT YHACTKH THIPQNI3A peci-
puxrasoit Bglll, a va mnasmune pBD64 umeetca
€/IMHCTBEHHEIH CaliT y3HaBaHUS JaHHOro epmen-
ta. [Ipenaparel JIHK dara ¢105dlys um nnasmuae:
pBD64 obpabarsipaiy pectpukrasoit Hpall B yciio-
BHAX YaCTHYHOTO ruipoaun3a. [lonmyuennsie CTaTHC-
THYECKHE CMecH (pparMeHTOB OOBEIHHATH H KOBa-
JIeHTHO cluMBamm ¢ nomouko JHK-murass:. Tlpo-
JLyKTaMH JIMTHPOBAHMA Tpasc(OpMHPOBATH KOM-
MeTeHTHLIe KieTk® B. subiilis, nvzorenHble no
¢105dlys, n orbupamn KkioHB TpaHcHOpMaHTOR
¢ denorunom Cm'. [ocene uuaykuun npodara B o1-
HOM W3 KJIOHOB BhIJIENIEH J€(EKTHBIH TPaHCIyLH-
pytoumi ¢dar ¢105dCm'. Oxazanoce, yto B JHK
aroro (para BCTpoeH (parmMeHT nuasmuasl pBD64,
COZEpXANMi KPOME TeHa cat ¥ caliT pecTpHKTasbl
Bglll. YToGk! npoBepUTs, MOAXOAMT JIH 3TOT yYac-
TOK Ut ksioHupoBannd, no Hemy B JIHK ¢ 105dCm*
seTporsm Bglll-hparventsl renoma B. subtilis, nu-
ra3HoN CMeChio TparchopMupoBamy KieTkH B. sub-
tilis metC3(p105dCm®) u orbmpalii KIOH! KACTOK,
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umeionme desorsn Met'Cmr. Tlocne mmykimm
B 3THX KJICTKax npodara MATOMHIIHHOM M HHpEK-
oAH ux  $aroM-NOMOMHAKOM BbIICTEHB!  (ary,
TPAHC/IYLIMPYIONHE OJHOBPCMCHHO ICHBI cal U
metC3. Cnepyer OrMeTHTDb, YTO B JIAHHOM Cllyuae
qyXepofHbie TeHsl ObutH (anKHpoBaHLI NPOTA-
WEHHbIMH nocnenosarenbHoctamy (arosoi JTHK,
YTO JIO/KHO YBCIWHMBATL HacTOTY HHTErpaluH
B nipodar: 11ps 310M BCTPOIKA TyKEPO/IHBIX TEHOB
MPOMCXOJIMIIA B CTPOTO 3a/laHHbii paiion ¢arosoro
I'CHOMaE.

PaspaboTka MeToa HHTErpaUHH Ty KEPOIHBIX
reHOB B 1podar ABUIACE BOKHBIM HTAIIOM B Pa3BH-
THH FeHHO-HIDKeHepHOH cHucrembt B. subtilis. Op-
HAKO 3TOT TOJIXOJL UMEET H ONpENECeHHbIE HEJl0-
crarku. O M3 HHX 3aKMOYACTCH B TOM, 9TO JUIA
TpaHcopmalnK nu3orennbix kinerok B. subtilis
TpebyroTes oTHOCHTENBLHO (ONBILIKE KOJIHYECTBA
npenapara JIHK, Tak kak yposeHns Tpancgopma-
MM TaKHX KieTok npumepto B 100 pas Hioke, yem
nessoreHusiX. Jlx. Oppunrron u I Jlwonc
(19841987 rr.) na npumepe dara ¢105 pazpabo-
Talk Gonee 3(upexTHBHBIH METOJL IPAMOH BCTPOI-
ku in vitro ¢pparmenros JIHK B ¢arosuiii resom
¢ nocneayiomeH TpanchopmalHel MpoToiacTon
B. subtilis. B renom wmyranraoro ¢ara ¢105,
HMEIOILETO NPOTAXKEHHYI0 (OKONO 4 T11H) AENCLHIO
B HECYIIECTBEHHOH JUIA €r0 XKH3HEAEATENLHOCTH
00nacTH, BBEAM YHHKAIBLHLIE YYAaCTKH THAPO/IH3A
pecrpukrazamu BamHl w Xbal. Baxuas ocobeun-
HOCTH TIOMy4eHHbX BekTOpHbIX (aros ¢105)23,
@105J24 v ap. COCTONT B TOM, 4TO OHH ABNAIOTCH

TEPMOTYBCTBHTEALHBIMM My TaHTaMH 110 reny 6es-
Ka penpeccopa. JT0 NO3BONAET NPH MEPMHCCHB-
HOM (HHM3KOHM) TeMmreparype JH30reHH3HPOBaTh
wnerku B. subtilis rubpumpiMy daramm, a mpM
NOBBIIIEHWH TEMIIEPATYPE], COTPOBOXIAKOLIEMCS
HHAKTHBaLHEH peripeccopa, mpocTo H 3(dexTHB-
HO HHIYLUpoBaTs THOpHAHLIE (aru U3 COCTORHNSA
npodara. Tak, nocne 4acTHYHOIO rHAPOIIH3a XPO-
mocomuoit JIHK B. subtilis pecrpuxrazoi Mbol
W BCTpO#KH B BekTop ¢105J27 no caiity BamHI
nosy4eHHbix (pparmMerToB pasmepom 3—4 T yna-
TIOCH IOCTATO4HO TIpocTo oTobpars rubpHaHbie da-
rH, TPAHCAYUMPYIOLIHE B MYTAaHTHRIE KIETKH
B. subtilis 23 pa3jivuHBIX NIOKYCa TFEHETHYECKOH
CHCTEMBI, KOHTPOIMPYIOwEH cnopyisuuio 6aumn.

Kronupyiolme BeKTOPEI CO3IaHk! TaKKe Ha 0c-
HOBE HEKOTOPLIX Apyrux daros OatpiLl, He TOILKO
yMEpeHHbIX, HO M BHpyJeHTHbIX, Kaxk BHIHM,
BeKTOpHas cucrema kierox B. subtilis wa ocnose
AHK ¢aros paspaborana 0THOCHTENBHO XOPOILIO.
Jinsi Masion3ydeHHBIX ymepeHHbiX (aros Garm
TIPEJUIOKEH METOJ] CTaTHCTHYECKOH HHTETpanHOH-
HO# BCTPOHKH 4YKEPOAHLIX NEHOB iM Vivo B COOT-
BETCTRYIOUMH npodar. HuayuHpys HIMEHEHHLIE
B MPOLECCEe TaKOW HHTerpauuH npodard, nomyya-
10T rubpuaHoe (aroBoe NOTOMCTBO, KOTOPOE B Of1-
HHX Cilyqasx MOxeT ObiThb tedexTibiM (pasMHOKa-
€TCH B MPHCYTCTEBHH (ara-roMoIHKKa), a B 1py-
rux — xm3Hecnocobusv. [o-BuauMoMy, TakoH
HOAXO/ KOHCTPYHpOoBaHus rubpuaubix Garos npu-
MEHHM M K MallOH3yYeHHbIM ymepeHHbiM (param
E. coli.
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10.3.1. Oco6erHHOCMU CMPOEHURA
U 3KCnpeccuu 2eHo8
2paMnonoxumensHbix 6akmepul

Haumnas ¢ CambiX NEPBBIX IEHHO-HHKEHEP-
HBIX KcrniepumenToR Ha B. subtilis, 6bun0 obHapy-
HKEHO, YTO reHbl Pa3/IHYHbIX I'PAMIIOIOKHTENbHbIX
GakTepHi, Kak NPaBKIIo, IKCIPECCHPYIOTCH B KIIET-
Kax slaHHon baxTepun. B To ke BpeMs OKazanoce,
4TO nojlansolee HOILIHICTBO FEHOB IPAMOTPH-
uarensubix Gaxrepuit, B Tom umcie E. coli, we
tynxuponnpytor B B. subtilis, xoTs redsl Gaumniu,
B CBOIO ouepellb, sKciipeccupylores B E. coli.

IlockonbKy reHETHHUECKHH KOJI YHHBepcaseH,
MONTYHMECHHBIC PE3YIILTATH MOTYT YE2ILIBATL HA pa3-
JIH9ME PETYIATOPHBIX MOCHEAOBATENLHOCTEH HYK-
JICHHOBRIX KHC/IOTL, 4 CASNOBaTCnkHO, H Ha pa3iH-
yHe PEepPMEHTHBIX CHCTEM TPAHCKPHIILIMH H TPaHC-
JIALHK Y FPaMIIOIOKHTENLHBIX H TPAMOTPHLATE b~

Hbix OakTepwii.

Y rpaMmonoxuTenbHbIXx GakTepwi, Kak M
Y IPAMOTPHUATETBHBIX, TPAHCKPHITLIMA OCYLIECTB-
NSETCH  MYIBTHCYObeIMHHYHEIM  (DEPMEHTOM
PHK-nionumepasoi, umeonmm Gopmyny a0
(cM. 3.2). o-DakTop B ITOM KOMILIEKCE OTpe/lenaer
cretmpUeHOCTE CBA3BIBaHUS Kop-depmenTa PHK-
NoNMMepashl € TIPOMOTOPHBLIMK YYACTKAMY HA MO-
nexyne JIHK. B ommume or E. coli B xierkax
B. subtilis obuapyxeno Oonbuwioe pasHoobpasie
o-daxropoe (1abn. 10.5), kotoprie 06ycnoBaIuBaoT
Y3HABAHHE KaKIBIM THIIOM XONO(EPMEHTA CHELIH-
(uuHOH TIPOMOTOPHOH TNOCIENOBATENLHOCTH  Ha
JIHK.

HeobxonnMo OTMETHTH, Y10 KOHCEPBATHBHLIE
obnacth npomoropos B. subtilis, cnermmpHuHbIX
s ocuopsol (opmel PHK-nonmusmepassl nanyo
Gakrepun (Eo?3), ¥ npoMOTOPOB MOAaBIAIOLIEND
GonbmuucTea reHoB E. coli, y3naraeMeIxX (epmen-
tom Eo™, cosnajaior. Opmako janmas Qopma
PHK-nonvumepasel B. subtilis Gonee 4yBCIBUTENE-
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Tabauya 10.5. Cnemmdminocts o-paxropos PHK-nosmmepasmi

KoncepparupHas rnociei0Bate/ibHOCTb
o-akTop nE:::EH OYHKIHH TPAHCKPHOHPYEMBIX IeHOB HPOMOTOpA
O6nacts 35 O6nacts 10
Bacillus subtilis
o” rpoD, sigA Toanepxanue xuseaentensiocrn | TTGACA TATAAT
o sigD XeMOTAKCHC, CHHTES KTy THKOB CTAAA CCGATAT
o spollGB, sigk | Cniopynsiuus TTIN*AAA CATATT
a’ sigC Hemspectna AAATC TANTGNTTNTA
' sigB HeisBectHa AGGNTT GCNATTGNT
Escherichia coli
a”® rpoD Toazepxatue xasuenestesioctd | TTGACA TATAAT
o* htpR, rpoH Peakuus Ha TeNIoBoH WoK CTTGAA CCCCATNTA

* N — mobo# HyKIeoTH/L.

Ha K «HapylmeHusiM» KOHCepBaTHBHBLIX obnmacrei
NPOMOTOpa, HeM aHanorwyHbii pepment E. coli.
Ha s¢dextirocts QyHKUMOHHPOBAHUA TPOMO-
TOpoB B B. subtilis MOryT CYu€CTBEHHO BIMATDH
AT-borareie TOCHe/IOBATEBHOCTH, PACTIONOXKEH-
Hble nepen oGnacteio —35. INpeanonaraior Takxe,
YTO CYMIECTBYIOT KAKHE-TO JIPYTHE, €llle A0CTOBEP-
HO HE YCTAHOBIIEHHBIE, OCOGEHHOCTH CTpOeHHA
TIPOMOTOPOB IPaMIIONOKHTETEHEIX GaKTepHH.
MHOrOYHCIIeHHEIE IKCIICPUMEHTH JIOKA3biBA-
101, 9T0 PHK-monmumepasa Eo®3 B. subtilis umeet
BBHICOKYIO CeiH(pHYHOCTE K cCOOCTBEHHBIM ITPOMO-
TOPaM H K NPOMOTOPaM APYIHX IPAMIIONIOKHTE b~
HBIX GakTepHii, HO ¢ ropasao Mexbled 3QhekTis-
HOCTBIO y3HaeT npomoTopsl E. coli v ipyrax rpam-
ortpuuarensibix  Oaxrepui. Tak, wanpumep,
Jx. Kpedr c coasropamu B 1983 . obuapyxunn,
uto B B. subtilis e CHHTE3MpYIOTCH NPOILYKTHI re-
HoB bla u cat, O axcnpeccupyerca reu tet E. coli.
Ilpu 31oM reust bla u cat E. coli B xnerxax B. sub-
tilis we TpaHcKpHOMpYIOTCH. AHANH3 TOCHE/IOBa-

TeNbHOCTEH MPOMOTOPOB ITHX Tpex redos E. coli
nokasan (puc. 10.19), wro mwume npomMoTop rexa tet
HMEET TMOCHE/IOBATENBHOCTH, BRICOKOTOMONOTHY-
Hble KOHCEPBATHBHBIM paloHaM NpoOMOTOPOR re-
HOB Gamprur, y3HasaemeIx nonumMepasoi Eo®. Op-
nako cuaTesupyemas MPHK fef cnabo Bosiexaercs
annaparom B. subtilis B NpOLECC TPAHCAALMY, YTO
obycnoBIHBaET HH3KHH yPOBEHb CHHTE3a COOTBET-
creyiomero 6enka E. coli B kieTkax Gammun.
MHOrOYUCIEHHBIMH  MCCHICIOBAHHAMM  YCTa-
HOBJIEHO, YTO XKECTKHe OrPAaHHYEHHA Ha JKCTIpec-
CHIO 9y)KEPOJHBIX T€HOB B KJIETKAX rpaMrioioRH-
TenbHLIX DakTepuil Hanaraer opranmsanus ux Ge-
JIOKCHHTe3Mpytowero annapara. Tak, HanpHMep,
B pubocomax rpaMmoNoKHTeNnsHEIX DakTepuil o1-
cytcreyer Genok S1, kotopeii sensercs nanbonee
KpynHbiM pubocomibiv Geskom rpaMoTpuLiaTesb-
Hbix 6akrepui, Ionarawor, 9ro Genok S1 o6ycnos-
nusaeT ceaswisanve mMonekyn PHK ¢ pubocomoi
u nepedoc MPHK B caiitT gexoauposanus puboco-
Mbl. B orcyTcTeHe naHHOro GeNika 3HAUYMTEIBHO

TATAAT
-10

TTGACA
-35
a pBR32S ter
6 pBR322 bla
¢ pACYCIB4 car
2 SPO126
0 SPO1IS
e pE194 29K
e pC194 cat

CATGTTTGACAGCTTATCATCGATAAGCTTTAATGCG
ATACATTCAAATATGTATCCGCTCATGAGACAATAAC
TCGGCACGTAAGAGGTTCCAACTTTCACCATAATGAA
AGTTGTTGACTTTATCTACAAGGTGTGGCATAATAAT
AGGTATTGACTTTCCCTACAGGGTGTGTAATAATTTA

TCATGITCATATTTATCAGAGCTCGTGCTATAATTAT

TAATATTGACTTTTAAAAAAGGATTGATTCTAATGAA

Puc. 10.19. TlpomoTopHslie paioHs! renor E. coli (a—8) v B. subtilis (2-xc).

Crepxy npueenens oGofiesnsie nocnegosareabiocTd obnacreii —35 u —10 peretamisubix npomortopos B. subtilis.
CooreeTCTBYIOIIHE 00JIACTH B MPEACTABNIEHHLIX MPOMOTOPAX NMOA4YEPKHYTH
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a AG
pQS2  5'... AGGGGGGGGGGGGGGGAGCUGCCAUC[AUG]... 3 —45,6 xlla/moms
pQs4 S' ... UAUUGAAAGGGGGGAGCUGCCAUC[AUG... 3 ~70,3 kIbi/Monb
16S pPHK 3' AUUCCUCCACUAGG ... 5

6 AG
pQS2  5'... AGGGGGGGGGGGGGGGAGCUGCCAUC[AUG]... 3 —45,6 KIlx/mons
pQs4 5'... UAUUGAAAGGGGGGAGCUGCCAUC[AUG]... 3 -84,1 llw/mons
16S pPHK 3' UCUUUCCUCCACUAG ... '

Puc. 10.20. Teopetndecks npeacka3aHHble y4acTKy cBasbiBanusg pubocom ¢ monexynamu MPHEK,
xomupytomnmu DHFR, B E. coli (a) v B B. subtilis (6).

Tpuseaenn 3nauckia croGoanoi anepriu cnapupanna SD-yuacTkos (nogtueprnytsl) ¢ 165 pPHK.
Muuipatophsie Kogonsl oGeeacHsl pamkoii

BO3PacTact poNb APYroro MeXaHu3Ma CBA3LIBAHWUA
pubocomoii MPHK, a nMeHHO, KoMITeMeHTapHOro
BlanMofeicTerA  5'-konueBoro paiiosa MPHK
(SD-nocnenosaresisHOCTH, cM. 3.3) ¢ 3'-KOHLIEBOI
nocaeposarensuocTeio 165 pPHK. 310 nop-
TBEPKIAETCS PE3YNETATAMH PactyeToB CBODOIHON
snepruy cnapusanus (AG) pPHK ¢ SD-yuacrka-
MH OOJBIIONO YHCHA PpasHeiX OaKTepHalbHBIX
MPHK. Tax, y E. coli AG sapwupyer o1 —17 no
-92 xJDk/mMonms co cpenHMM 3HadcHHeM ~ 48,
Y rpamnonoxurensHeix 6axrepuit AG H3yueHHBIX
MOC/E/IOBATENBHOCTEH HAXOMHTCA B HHTEPBAJIE OT
=50 po —88 xkw/mMoNb CO CpeiHHM 3HAYCHHEM
=70. OTH pe3yneTarhl OARO3HAYHO [IOKA3BIBAIOT,
10 A1 HpeKTHBHOH HHUIMAIHH TPaHCJIALAH
B KJIeTKax Oaummi u ipyrux rpaMioyIoNHTENLHEIX
GakTepHil HeOGXO/IMMBIM, XOTH, NMO-BHAHMOMY, HE
JIOCTATOMHBIM, yCIIOBHEM ABJIseTCH Oonee cTporas
no cpasHenuio ¢ E. coli koMniaementaprocts SD-
yuactka u 3'-korua 16S pPHK. INosTomy SD-no-
cnepopatenbiocTd y MPHK Gauwnn 6onee mpo-
TsxeHHwIe, Yem y E. coli.

Takum obpaszom, aas Toro, 9TobEl 9yxepos-
HBIF 'H MOF NIPaBHJIbHO W MPEKTHBHO IKCTIpec-
cuposarkcs B Knerkax B. subtilis, OH nomxen
umeTh GanmmnononoOHy NOCAEnOBaTENbHOCTD
npoMoTopa, a Ha cuHTesupyemoii MPHK B yuacTke
CBA3hIBaHKA PpHBOCOM 0/DKHA HAXOMTBCA NOCTa-
TOYHO IPOTSHKEHHAN MOCIEI0BATENBHOCT, KOM-
riemeHTapuas 3'-koriyy 16S pubocomuon PHK
Bawmwt. Cxoxum 06pa3oM OpraHusOBaHLI eHb!
JPYTHX TPaMnoNoXUTeIbHbIX OakTepHil, 4T0 M
obycToBTHBAET X IKCTIPECCHIo B KJIETKaX Darmiu.

Ilpu knoauposanum B B, subtilis aykapuoTnye-
CKMX FEHOB BEPOSTHOCTE HX ABTOHOMHOI 3Kcrnpec-
cax mana. Heobxoaumocs Hamnums B 9THX CIIy4a-
AX CTPOrO OHPENENEeHHLIX HYKICOTHIHEIX Mocie-

LoBaTeNbHOCTEH, ONPEACNAIOMX  MHHIHALIHIO
TPAHCKPHIILMK ¥ TPaHCIALHM rexos B B. subtilis,
EraHTHO MpoaemoHcTpHposany T. I'paHr ¢ coas-
topamu B 1984 r. k IHK murunpodonarpenykrass
MBIILIH BeTpauBaiH 1o Pstl-ydacrky B 4eMHOYHYHO
BeKTOpHYO masmuay pHV 33, kotopas cOCTORT 13
nonueix koruit pC194 u pBR322, obbepnennLIX
no Hindlll-y4acTky; B pe3ynbraTe MyTalHH B Heil
BoccTaHoBNeH mapkep Ter. [lonyuennas rubpua-
Has 1asmuga pQS1 nerepMHENpPOBAA B KJIETKAX
E. coli dpenorsnn CmrTcr Tp, a B B. subtilis —
Tomeko Cmr. CuHres muruapodonaTpeayKTasbl
(DHFR), obycnosnusaiomedi ycroiuusocTs Kie-
TOK K Tpumeronpumy (Tpr), eissasercs B E. coli
notomy, uro KJIHK Bcrpoena B CTPYKTYpHYIO
yacTh I'eHa f-nmakTaMa3bl. B naHHOM ciiydae Tpasc-
KPHITLIHASA XMMEPHOIO reHa WHHIHHPYETCs C CHTHA-
nos rera bla. Asroromnsii ciiETes DHFR 8 E. coli
MOXET MPOHCXOINTE 38 CYET PEHHHIHAIIHN TPaHC-
naumuy Ha AUG-konioHe KoIMpyroLieH nocnenosa-
TenbHOCTH dhfr. B kneTkax xe B. subtilis vananua-
TopHbie cUrHans! rena bla ne ysHatorcs. Onnako
B pesynsrare cenekuuw kinetok B. subtilis[pQSl]
Ha cpefie ¢ TPHMETONPHMOM yaaiock o1obpaThk Ba-
puant ¢ Qenorunom Cm*Tpr. Axanus nokasaln,
YTO B BBUICTICHHOM KIIOHE K/IETKH COJIEPKaT H3mMe-
HeHHy0 Miasmuay pQS2, B KOTOpOii MpoH3OILIA
JYIUIHKALMA CerMeHTa JIHHOW 54 nu B paiione
npomoTopa f-nakramasel. IIps 3TOM CNOHTaHHO
obpa3zoBaiace Hosas obmacte —35, Gonee cnemm-
(uunas U8 BereTarvBHLIX NpoMoTOpoB B. subti-
lis, yem McxomHas B rese bla. Do, No-BHAHMOMY,
M TIPHBENIO K JKcripeccHd rena dhfr MBIl B CO-
crase pQS2 s wierkax B. subtilis.

Janenelinmii  0T00p KIETOK, CoOAepXalHx
pQS2, no npyusHaKy MOBBILEHHONO YPOBHA aKTHB-
voctH DHFR (ycroiiuusocty K 0onee BBICOKHM
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Tabmuya 10.6. Nponykums
AMTHAPO(OIATPEAYRTAIE! MBILIK
B wierkax E., coli u B. subtilis,
TpanchopMupoBaHHbIX THOPHAHBIMMY I1a3MBAAME

IMnasmuza E. coli B. subtilis
pQs1 1 3-10-°%
pQS2 7 4108
pQS4 570 2-104

Ilpumevanue. Yposens npoykimH B E. coli Buipa-
seH B OTHOCHTENBHBIX elHunuax, B B. subtilis — xon-
ueHTpaumeit merorpekcata (M), neobxoanmoit ans uH-
rabMpoBanma pocTta Kietok Ha 50 %. Poct Gecmnas-
MHIHEIX KJIeTOK HHTHOHpoBasics Ha 50 % npw KoHIlEeH-
TpaumK meToTpekcara 3 + 108 M.

KOHLIEHTPALMSM TPHMETONPHMA) TMO3BOMKIT Bbl-
ABHTh BAPHAHT N@HHOH ILUIA3MHK/Ibi, B KOTOPOM PO~
H30IIIA CHOHTaHHAs JAENeIHA CErMEHTa UTHHOMH
564 1, BKIHOMAOWIETO 5" -KoHel KoaHpyIomei no-
CIIefIoBaTeNbHOCTH [-nakramaskl. B BelienesHOH
mnasmusie pQS4 coxpanmaack npoMoTopHas 06-
nacts pQS2 w copmuposanack Hoas SD-nocine-
[OBATENBHOCTD, HMEIOLIAs MPOTHKEHHBIA YHacTOK
xomriemenTapaoctH ¢ 16S pPHK B. subtilis
(puc. 10.20), Takum 06pa3oM, B pe3ynesTaTe aByX-
CTYTIEHYATOM CEJIEKIMM YIAloCch HA OCHOBE reHa
dhfr, ne skenpeccupyemoro B B. subltilis, oroGpars
CTOHTaHHbIH BapHaHT, ofecnednBalommi 3ddek-
TUBHBIH CHHTE3 3YyKapHOTHYECKONo (pepMenTa Kak
B IPamIOJIOKHTEIbHOH, TAK H B IPAMOTPHLIATENb-
HOi 6axTepuu (Tabn. 10.6).

K. Mopauam ¢ coasropamu 8 1983 r. mocie
scrpolikn KIHK smruapodonarpenykrass geno-
Beka no Psrl-yyacrky miasmuasl pHV14 taxke
CMOITH CeNEKTHPOBATh JICNEIHOHHBIN BapHaHT
rubpuaHON 1asMuasl, obecreydBaonuii Tpasc-
dopmupoBanHbiM KiieTKam B, sublilis erorun
Tp*. PecTpHKUHOHHEIH aHATH3 BEIICICHHON TU1a3-
Muasl pPMP358 nokasan, 4To 8 HCXOMHOH rHOpHI-
HOH MUIa3Muie [POM30LLIA JeNelMA CerMeHTa
JHK paimepom 2072 1y, B pesyisTare 4ero Koju-
pyolas nocnegoBareTbHOCTh rena dhfr okasa-
nack N0l KOHTPOJIEM MIPOMOTOpa reHa Xiiopamde-
HuKonaneTuiTpanchepass pC194.

PaccmoTpesHble 1IPHMEPH  AEMOHCTPHPYIOT,
Y10, €CHH CYLIECTBYET BOIMOXHOCTD CEJIEKTHPO-
BaTh KNETKH B. subtilis o NPONYKUHMH B HHX YykKe-
POZHLIX OEJTKOB, B CHCTEME in vivo YjIaeTes hopMu-
posatk Gonee NMPOAYKTHBHLIC BAPHAHTEL, Takue Ba-
PHEHTHI BOZHHKAIOT CJIy4aiHO B pe3ymnbiare ClioH-
TAHHBIX TEPECTPOEK, NPOHCXOUALINX B EAMHHY-
HLIX T MHARLIX Mostekynax JIHK, v agup