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U3 OT3biIBOB HA BTOPOE U3OJAHUE KHUTU
C. H. WLENIKYHOBA «TEHETUYECKAA UHXEHEPUA»

CrnoBocoueTaHusi TeHETUYECKas WHKCHEPHs,
MOJIEKYJSIPHOE UM KJIETOYHOE KJIOHHPOBaHUE,
TeHOTepanus, TPAaHCTeHHBIE PACTEHHUS 1 )KUBOTHBIE
Omaromapst cpeicTBaM MacCOBOW HH(oOpMaIruu
MIOCJIEIHHE JIET JIECATh U3BECTHBI MOYTH KaXKIOMY
YeIIOBeKy B I[MBWJIM30BAaHHBIX CTpaHax. OgHaKo
YTO CTOUT 32 ITUMH TEPMUHAMHU, YacTO HE 3HAIOT B
MONPOOHOCTAX Jake YyUYEHble, paboTaromue B
CMEKHBIX 00JIaCTSIX HAYKH.

OO0menpru3HaHHO, YTO TEHETHUYECKAsT WHKCHE-
pus u Omorexnosorus B XXI Beke craHyT Hayka-
MU, OypHBIN IIporpecc KOTOPBIX Oy/leT OoNnpenensaTh
YPOBEHb Pa3BUTHS Kaxaoul crpadbl. [loaTomy
CTPaTEerHyeCcKy BayKHO, YTOOBI MAKCUMAaJIbHOE YHUC-
JIO CTYACHTOB, ACIHMPAHTOB, YUYEHBIX, MMEIOIINX
OTHOIIIEHUE K OMOJOTMH U MEAWIIMHE, 3HAJIN JI0-
CTaTOYHO NTyOOKO OCHOBHBIE METOJMYECKHE TPHH-
UOBl W TIOAXOABI TEHETHYECKOH WHXKEHEepHH,
MPEICTaBIISIIM BO3MOKHOCTH 3TOM MOJIONIOH, HO
gpe3BBIYaitHO OypHO pa3BUBAIOIICHCS 001acTH MO-
JIEKYJISIPHOM OMOJIOTUH U TEHETHKH.

K coxkanenunio, 60JIbII0# HEAOCTATOK BLICIIETO
oOpa3oBanus B Poccun — OTCYTCTBHUE TOIHOBEC-
HOTO COBPEMEHHOI'0 OTEYECTBEHHOI0 Y4eOHHKa 10
TCHETUYCCKOW WHKEHEPHH, KOTOPBIA OBl oOectie-
Y1 KPyro3op M JOJKHBIM YpOBEHb MOATOTOBKHU
MOJIOJIBIX CIEIMAIUCTOB B 3TOM OOJACTH HayKH.
[TepBoe u3ganue Takoro pona — yuebHOE mocodue
C. H. IllenkynoBa «l'eHeTnyeckass WHKECHEPHUS,
BBIMYIIICHHOE HEOOIBITUM THPAXKOM JIByMsI KHHUTa-
MU C pa3pbiBoM B Tpu roga (1994 u 1997 rr.) —
OBIJIO BCTpEUEHO B HAy4HOU cpene BechMa IOJIo-
XKUTEIbHO. OnHaKo U1 OOJIBIIMHCTBA By30B Poc-
CHUH 3TOT ABYXTOMHHUK IIPAKTUYECKH HE OBLI TOCTY-
neH. B OuOnMoTekax TOCYIapCTBEHHBIX BY30B
MOYKHO HalTH pa3Be YTO eIUHUYHBIE HK3EMITISPbI
paHee M3MaHHBIX M3AarenbcTBOM «Hayka» MoHO-
rpapuii C. H. Illenkynosa «KnonupoBanue re-
HOB» (1986 1) n «KoHcTpynpoBanue TuOpHUIHBIX
monekyn JJHK» (1987 r.).

3a mporreanme rojbl reHeTuyeckas MHKeHe-
pUsl TPOHUKJIA TTOYTH BO BCE 00IACTH SKCIIEPHMEH-
TaJbHOW OMOJIOTMH, METO/IbI JAHHOW HAYKU CO BCE
OOJBITICH MTUPOTON TPUMEHSIOT B CEITHCKOM XO035TH-
ctBe U MenunuHe. [loatomy HOBOE, nepepaboraH-
HOE ¥ JIONIOJTHEHHOE M3/IaHue yueOHO-CIIPaBOYHO-

ro mocooms C. H. lllenkynoBa «I'eneTnyeckas wH-
JKEHEpUs», BBHIMYIICHHOE NMPU (DUHAHCOBOW IOJ-
nepxkke Poccuiickoro ¢onma (¢yHaaMeHTaIbHBIX
WCCIICZIOBAaHUH OHUM TOMOM U C TOPa3/0 JIyYIIUM
KaueCTBOM TUNOTpaCKUX paboT, MOSBUIOCH KaK
HEJb35 KCTaTH.

Y4eOHUK paccuuTaH Ha IIUPOKUH KpPYyT CTY-
JICHTOB, aCIIMPAHTOB U MPEIoaBaTe/ied YHUBEPCH-
TETOB, a TaKXe MEIUIIMHCKUX, CEIhCKOXO3SHCT-
BEHHBIX U IEIAarorM4ecKux By30B. MOXKHO OBITh
yBEpEeHHBIM, uTo yueOHoe nmocobue C. H. [lenxy-
HOBa, HAITUCAHHOE C YYETOM TOCIICAHHUX JOCTHKE-
HHUHA TEHETUYECKOW MHKEHEPHH, OKAKET OOJIBIIOE
TOJIOKUTEIILHOE BIUSHIE HA YPOBEHB IMPETO/IaBa-
HUSI COBPEMEHHOM OuoJioruu B By3ax Poccuu.

XoTenock Obl, YTOOBI BCSIKUH BY3 MITH UCCIIEO0-
BATEJIbCKUHA MHCTUTYT, KEJAIOLINN TOTOBUTH CIIE-
[IMAJTICTOB COBPEMEHHOTO YPOBHS B 00JIacTH O1O-
JIOTUH, MEIUIUHBI M CEJIBCKOTO XO3SHCTBA CMOT
00eCIeYnTh CTYJACHTOB 3THM y4eOHBIM IIOCOOHEM.

Ilpogheccop @. JI. Kucenes
Monexynspnas ouonoeus. 2005. T. 39. C. 1635.

O6cTrosrensuas monorpadus C. H. Illenkyno-
Ba 3aHUMAeT 0CO00E€ IOJIOKEHUE CPEeId MHOTUX
PYKOBOJCTB TIO METOAAM TE€HETHYECKOW HWHIKEHE-
puu. B ominuue oT mUpOKO U3BECTHOTO PYKOBO/I-
ctBa Manunaruca, @prda u CamOpyka « MeToms! re-
HETUYECKON MHKeHepun» («MoeKyIsipHOe KIOHH-
poBarme», Mup, Mocksa, 1984) B Hell He Tipema-
raeTcs NeTalbHOE OMUCAHNUE METOAMK, 3aTO MPUBO-
JTUTCSI CPABHUTEIFHOE ONMHMCAaHWE Pa3IMYHBIX TTOJI-
XOZIOB K PEIICHUIO MPAKTHUYCCKUX 3a7a4 110 KJIOHH-
poBanuto JIHK. Kaxxnplili ncciegoBarenb MoOXKeT
BbIGpaTI; ONTUMAJIbHBIN IJIL HETO BapuaHT.

Momnorpadus C. H. lllenkyHOBa HOKHA OBITH
HACTOJIBHOM KHHUIOM BCE€X CHEIHAIUCTOB IIO
reHeTU4YeCKo  uHkeHepuu. He  BbI3bIBaeT
COMHEHUM (9] HOECHHOCTb JUJISL pa3sBuUTUA
OmoTexHOJOTHH B Hamied crpane. JKamb, d9TO
TUpaxx Broporo u3nanus scero 2000 3x3eMIUIIpoB.

Ilpogpeccop H. U. Mameuenko
Axaoemux JI. I1. Osuunnuxos
Buoxumus. 2005. T. 70. C. 1008.



NMPEOUCNOBUE K TPETBEMY U3OAHUIO

I'eneTnueckas WHXKEHEPUs] OPEICTABISET CO-
0ol yIMBUTENHHOE SIBJICHUE B HayKe, KOraa paspa-
0OTKa HOBOW METOJOJIOTHH JIA€T MOIIHBIA HM-
IMyJb5C PA3BUTHIO HAIICTO ITOHUMAHHA OKpPYKaro-
IIeH TPUPOJIBI, €€ COKPOBEHHBIX TITyOUH. bypHOMY
Iporpeccy TeHeTHYeCKON HH)KEHEepHH CIoco0CT-
BOBAJIO TO, 4YTO Y€ B Hauane 1970-x rr., cpasy
nocje TEepBbIX, elle POOKUX KCIIEPUMEHTOB MO
PEKOMOWHAIINY i1 Vitro HETOMOIIOTUIHBIX MOJIEKYJT
JHK, Hay4HOI 00111€CTBEHHOCTHIO ObLIa 0CO3HAHA
OTpOMHAsi B&XXHOCTh M TEPCIEKTUBHOCTh JaHHOU
METOAOJOTMH. DTO MPUBIEKIO K HEH IIMpOKUE
KPYrd OMOXMMHKOB, OMOJIOTOB, XUMHUKOB M HCCIIe-
JloBaresnen psja Apyrux crnenuaibHocTel. ['eHHo-
WHXCHEPHBIE SKCIIEPUMEHTHI, BBITIOJTHEHHEIE B J1a-
0opaTopusiX pas3HBIX CTpaH, MPHUBEIH K TaKOMY
(hefiepBepKy OTKPBITHH, KaKOro OHOJIOTHYECKas
Hayka JI0 TeX Iop He 3Haja. B orpoMHOM moToke
MyONMUKauid 110 TeHEeTHYECKON WHKEHEPUH Pery-
JSIPHO TIOSIBIISIFOTCST PaOOTHI, BOCXHILAIOIIUE Aep-
30CTHIO 3aMBICIIA U DJIETAHTHOCTHIO METOTUKH.

FCHHO-I/IH)KCHeprIe Hucciaca0BaHus BHOCAT
YHHUKAJIBHBIN BKJIA]] B U3yYEHHE CTPYKTYpHO-(YHK-
[IUOHAJIbHOW OpraHU3alui TEHOMOB PA3JIUYHBIX Op-
raHU3MOB. MeTOI0JIOTHSI TEHETUYECKOH HHKEHe-
PHH ITOCTOSIHHO COBEPILEHCTBYETCS, U BCe OOJIbILE
HCCIIeI0BaTeNeN NCTIONB3YIOT €€ TPU PEUIeHUH ca-
MBIX pa3HBIX 3a]a4 OMOJIOTUYECKOM HayKH.

MertogamMu T€HETUYECKONM HH)KEHEPUHU CO3J1a-
HBI ITAMMBI OAKTEPHIA, TPOXOIKEH, TUHUH KIICTOK,
C BBICOKOM 3(PPEKTUBHOCTHIO MPOAYIHPYIOIINX
OMONIOTHYECKN aKTHBHBIC OCJIKM YeIOBEKa U KH-
BOTHBIX. DTO TO3BOJISET MOIy4YaTh dYKAPUOTHUC-
CKHE IOJIMIENTHIBI B OTPOMHBIX IO CpPaBHEHMIO
C HCJIaBHUM IIPOLIJIBIM KOJIMYECTBaAX, 4YTO yIIpoIa-
€T MpoIeypy UX OYMCTKH BIUIOTH 10 UHJIUBUIY-
AIBHOTO COCTOSIHHA. PaGoTHI 10 CO3/JaHMIO IITaM-
MOB-TIPOIyLIEHTOB UMEIOT OUEHb BAJKHOE 3HAUECHUE
IJ11 MEAUIUHBI 1 BETCPUHAPHUU U PEBOJIIOIIMOHHN-
3UPYIOT OypHO Pa3BUBAIONIYIOCS OTpacib IPo-

MBIIIUIEHHOCTH — OMOTEXHOJOTHI0. Upe3BrryaitHo
WUHTEPECHBI HCCIICIOBAHMS IO CO3JaHHI0 TpPaHC-
TeHHBIX JKUBOTHBIX M PACTEHHUH, COAEpKAIIUX U
IKCTIPECCUPYIOLINX YYKEPOAHYIO T'€HETHUECKYIO
WH(pOpMAIIHIO.

Cpeny OTe4ecTBEHHOH IUTEpaTypbl HMEETCS
P51 0030pHBIX MaTepUaOB M MOHOTpaduii o paz-
JUYHBIM pa3jiefiaM TEeHETHYECKOH WHKEHEPUH.
B T0 e BpeMms omymaercs HeJOCTaTOK B yueOHOH
JUTEpaType, AOCTATOYHO TOAPOOHO M Ha COBpe-
MEHHOM YPOBHE paccMaTpUBAIOIIEH JOCTHKECHHUS,
MpoOIEMBI M TIEPCTICKTUBEI Pa3BUTHS JAHHOU 00-
JacTy MoJieKyIsipHoi 6uonorun. B 1994 u 1997 rr.
OBLTH W3MaHBI 1- U 2-51 4aCTH YIEOHOTO MOCOOuS
C. H. HlenkynoBa «l'eHeTHueckas WHKEHEPUS»,
KOTOPOE TOIYYHIIO MHOTO TIOJOKUTEIBHBIX OT3BI-
BOB OT Hay4HBIX COTPYIHHKOB W TperojaBareien
BY30B. 3a IPOIIEIIINE TOIbI CPOPMHPOBAINCEH HO-
BbIC DKCIIEPHUMEHTAIBHBIC TTOIXObI, MTONYUYESH Pl
MPUHIUIUAIBHBIX ~ PE3YNIbTaToOB,  PACIIUPHIIC
CIEKTp 3ajJiady, pelraeMbIX METOJAMH TeHeTHYe-
CKOW WH)KEHEepuHu. B CBSI3M ¢ 3THM BO3HHKIA TIO-
TpeOHOCTh B 1OpabOTKE W MEPEH3TaHNN JAHHOTO
oCcoOHs.

B ocHoBy npemiaraeMoro y4e0HO-CIIpaBoyHO-
ro MocoOus TIOJOKEHBI JIEKLUH 110 TeHEeTHYECKOH
WHXKEHEPHUH, KOTOphIe aBTOp unuTaetT B HoBocnOmp-
CKOM TOCYAAapCTBEHHOM YHUBEPCUTETE HayMHas
¢ 1980 r. Ccputku Ha OONBITUHCTBO IKCIICPUMCH-
TaJbHBIX PAa0OT, BBIOJHEHHBIX 10 1986 I, uuTa-
TeTTh CMOXeT HaliT B MoHOTpadusax C. H. [lenky-
HoBa «KionupoBanue renos» n «Koncrpyuposa-
Hue tuopumHeix mMoiekyn JIHK» (HoBocubupck:
Hayxka, 1986, 1987). Paznen 1.12 nanucan u3Bect-
HBIM CHETHAIMCTOM B 00JIACTH XUMHKO-(PepMeHTa-
TUBHOTO cuHTEe3a reHOB A. H. CUHSIKOBBIM.

ABTOp KHUTH SIBISIETCS BBITyCKHHKOM HoBo-
CHOUPCKOTO TOCYNAapCTBEHHOTO YHUBEPCUTETA MU
paboTtaeTr B OOJIACTH TEHETHYECKOW HHXKEHEPUU
¢ 1975 r. IlepBble TeHHO-WH)KEHEPHBIE IKCIEpPU-



MEHTBI BBIIOJHEHBI WM TOA PYKOBOACTBOM
H. . Marsuenko u JI. I1. TuxomupoBo#t B oTzele
akazemuka A. A. baesa (Muctutyr OMOXumuHM
u ¢usnonoruu mukpooprannsmoB AH CCCP, Ily-
umHo). C 1976 1. on u ero komneru B ['ocynaper-
BEHHOM Hay4YHOM LICHTPE BUPYCOJIOTUH U OHOTEX-
HOJIOTHH «BEeKTOp» BBIMOJIHUIN MHOTOYUCIICHHBIE
HCCIICIOBAHUSL C IPUBJIECYEHUEM METOIIOB I'€He-
TUYECKOW WH)KEHEpUH Ha TaKUX CHCTEMax, Kak
baxrepuu Escherichia coli, Bacillus subtilis, Agro-
bacterium tumifaciens, npoxxku Saccharomyces

cerevisiae, KylTbTHBHPYEMBIC KIIETKH MJICKOIIMTAIO-
IIMX ¥ HACEKOMBIX. B KauecTBe MOJIEKYIISIPHBIX BEK-
TOPOB UCIIOJIB30BAIUCH PA3IMYHBIC TUIA3MH/IbI, KOC-
MHIBI, Kommdaru asamoaa 1 M13, BUpPYCH ocIio-
BaKIIMHBI ¥ JKTPOMEIIHHU, & TaKKe OaKyJIOBHPYCHI
Bce 3T0 MO3BONMIO aBTOPY YETKO OXapaKTepH30-
BaTh pa3JIMuHblC TCHHO-UH)XEHEPHBIE CUCTEMBI, BbI-
JEMUTh UX OCOOEHHOCTH, a Takke OOpHCOBaTh
MIEPCIICKTUBEl  PAa3BUTUSI MHOTHX HAaIPaBJICHUH
WCCIICZIOBAaHUH B COBPEMEHHOH OHMOIIOTHYECKON
HayKe.



naea 1

OBLIUE MNPUHLUUIMBI U METOAObI

FrEHETUYECKOWU UH)XEHEPUU

['eneTnueckas MHXKEHEPUsT — 3TO HOBBIH pas-
JIe7 DKCTICPUMCHTAIBHOW MOJICKYJSIPHON OHOJIO-
run. [losiBieHne ee METOJ0JIOTHH CTAJI0 BO3MOX-
HBIM OJ1arozapst MpeaIIecTBYIOMNM padoTaM MHO-
TUX HCCIIeZioBaTeNell B pa3IMyHbIX 00JacTsax Ono-
XUMHUH U MOJIEKYJsIpHOI reHeTuku. K oCHOBHBIM
JOCTH)KEHUSIM, KOTOpbIE OOYCIIOBHUJIM POXKIEHHE
U YCIICITHOE Pa3BUTHE TeHETHYECKOW MHKEHEePHH,
MOYKHO OTHECTH CJIEYIOIIHE!

* nokazatenscTBO B 1944 r. O. DiiBepu ¢ coaBToO-
pamu poinu JHK kax HOcuTens reHeTHnyecKon
nHpopMmanyu u otkpeithe B 1953 1. JIxk. Yorco-
HoM 1 @. Kpukom crpykrypsl JJHK;

*  JKCHEpHUMEHTAIbHOE MOATBEPKICHUE YHUBEP-
CaJIbHOCTH T€HETUYECKOTO KOJa;

* WHTEHCHBHOE Pa3BUTHE MOJIEKYJSIPHOW TeHe-
TUKHA, 00bEKTaMH KOTOPO MpeKie BCero cra-
mu Oaktepus Escherichia coli, a Takxe ee BU-
PYCHI U IIJIa3MUIBL;

*  0oTpaboTKa MPOCTHIX METOJOB BBIJICICHHS BbI-
COKOOYHIIIEHHBIX TMPENnapaToB HEMOBPEXKICH-
HbIXx Mosexkyn JJHK miasmun u BUpycos;

*  pa3pabOTKa METOJIOB BBEJICHUS B UyBCTBUTEIb-
Hble KieTku MoJiekys JIHK BupycoB u mnasmun
B OMONOTHYECKH aKTHUBHOHN (hopme, obecriedn-
Baromeld permmukaruio mojyekyn JIHK w/wmm
9KCIPECCHIO KOAUPYEMBIX MU T€HOB;

* OTKpHITHE psina (EpPMEHTOB, HCIIONB3YIONINX
JIHK B xauectBe cybcTpara KaTaau3upyeMBbIX
MMHU peakmuii, ocooeHno pectpukras n JJHK-
JIUTas.

O6wenunenue B Havane 1970-x rr. 10 Toro He-
3aBHCUMO pa3palaTbIBA€MbIX METOIOB I103BOJIMIIO
CO3/1aTh COBPEMEHHYIO CTPAaTE€rHi0 T'€HETHYECKOH
WH)XEHEpPHUH, CYTh KOTOpPOHl 3akirouaeTcsi B clle-
JOYIOLIEM:

1) B HeOompmryto momnekyny JIHK, cmocobHyro
PeIUIMLHPOBATHCS B KJIETKE aBTOHOMHO OT XPOMO-
comnl (mnasmuay wim BupycHyw JHK), depmen-
TaTUBHO BCTpamBarOT ¢parMeHTH Mojyekyn JJHK
Tr000T0 U3y4aeMoro OpraHu3Ma WM HCKYCCTBEH-
HO cuHTe3upoBaHHble cermeHThl JTHK;

2) oOpasyromuecs: Ipyu 3TOM MOJICKYIbI (THO-
punnsie JIHK), BBOAAT B 4yBCTBHTEIbHBIEC MPOKa-

PHOTHYECKHE WM 3YKApUOTHYECKHE KIIETKH, I7e
OHHM PETUTHIHMPYIOTCA, PAa3MHOas B CBOEM COCTaBe
BcTpoeHHbIe (hparmenTs! JJHK;

3) ompenesneHHBIMA METOJIaMU OTOMPAIOT KIIO-
HBI KJIETOK MJIM BUPYCOB, COIEPKAILUX HHANBUIY-
aJbHBIE TUITBI MoseKyn TuopuaHbx JJHK;

4) seisiBnennbie TuOpuaabie JJHK mogsepraior
Pa3HOCTOPOHHEMY CTPYKTYpPHO-(YHKIIHOHAIBLHO-
My U3Y4EHHUIO, 0COOYIO POJIb IPH HTOM UI'PAIOT BbI-
cok03(h(heKTUBHBIE METOJIBI PACIIU(PPOBKHU MOCIIE-
JOBaTEeJIbHOCTH HYKJICOTHIOB (CEKBEHHPOBAHUS)
¢bparmenTo JJHK.

Mornexynsl JJHK, coznaBaemble meTonamu re-
HETHUYECKOM MHIKEHEPHH, YacTO Ha3bIBAIOT pPeKom-
ounanmnewimu JIHK (pexIHK). B nannoii kaure
KOHCTpyHupyembie in vitro monexynsl JIHK mbr Oy-
JIeM Has3wBaTh cubpuonvimu JIHK, 9T00BI TOA-
YEpKHYTh MX OTIMYME OT MOJIEKYyJ, 00pa3yeMbIX
in vivo B pe3yJbTare eCTeCTBEHHON peKOMONHAINN
npupoansix IHK mo o6nactsam romonoruu. Jlerep-
MUHHpYEMblEe THOPUAHBIMUA T€HAMH «COCTaBHBICY
OCJIKM, COCTOSIIME W3 KOBaJCHTHO CBSI3aHHBIX
AMUHOKHCIIOTHBIX ITOCJIE0BATEIHbHOCTEH Pa3HBIX
0eKoB, OyZIeM Ha3bIBATh XUMEPHBIMU.

I'eneTnueckass MHXXEHEpPUsl 3HAYUTEIBHO pac-
MIMpHUJIa SKCHEPUMEHTAIbHbIE I'PDAaHHULBI MOJICKY-
JsIpHO OMOJIOTHH, TOCKOJIBKY MO3BOJINIIA BBOJUTD
B pa3inWYHbIE TUIBI KIETOK uyxkeponnyro JIHK
U UCCIIeIoBaTh e¢ QYHKIMOHUPOBAHUE B TETEPOIIO-
TUYHOM OKPYXEHHH. DTO JaJI0 BO3MOXKHOCTH BBI-
SIBJIATH O0IIEONOIOTHIECKIE 3aKOHOMEPHOCTH O-
raHW3alul ¥ BBIPAKEHHS T€HETHYECKOW HH(Op-
Malliy B Pa3JINYHBIX OpraHu3Max. JlaHHbII MOIX0/
OTKPBUI MEPCHEKTUBBI CO3/aHUs MPUHIUIHAIBHO
HOBBIX MHUKPOOHBIX MPOAYLEHTOB OHOJIIOTHYECKU
AKTUBHBIX BEIIECTB, a TAKXKe JKUBOTHBIX U pacTe-
HUl, HecymuXx (PyHKIHMOHAJIBHO AKTHUBHBIC UysKe-
poxHele TeHbl. bosee Toro, mosBHIachk BO3MOXK-
HOCTh MCKYCCTBEHHO CO371aBaTh I'€HBI, KOIHPYIO-
M€ XUMEpHbIC TMOJUMCNTHABL, 00IaJalonne
CBOWCTBaMH JIByX WMJIHM OoJiee MPUPOIAHBIX OENKOB.
Bce 310 ynuBHTENBHBIM 00pa3oM pPEBOOLNOHU-
3UPOBAJI0 OMOJOIMUYECKYIO HAyKy U Jajl0 MOLIHBIH
HUMILYJIBC PA3BUTHIO OMOTEXHOIOTHH.
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1.1. CTPOEHUE U CBOUCTBA MOJIEKYNbl OHK

[maBHBIM OOBEKTOM T€HHO-UH)KEHEPHOI'O BO3- JHK sBnsercs nonuMepoM HykineoTuoB. Hy-
NEHCTBUS  SABISACTCS  JIE30KCHPUOOHYKIIeMHOBass  kieoTun (puc. 1.1) cocTOUT U3 TpeX KOMITOHEHTOB:
kuciaora. HarmoMHMM 3aKOHOMEPHOCTH CTPOEHHUS  IyPHHOBOTO WM NHPUMHAMHOBOTO OCHOBAHUA,
€€ MOJIEKYJIBL. MATUYTIIEPOIHOTO IUKIMYECKOTo caxapa, ¢ KOTO-
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Puc. 1.1. CTpyKTypa OTAETHHOTO HYKICOTHAA (@) M HyKJICOTHI0B, 00hennHeHHBIX B Iienouky JJHK (6)
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o
10 map HykseoTnoB = 1 000pOT cupaIu
33 T TGAACTCGAGTGACAGCATTCTGT S
8
5 AACTTGAGCTC CACTOGTOCGTAGATCA 3
2 5 AACTTGAGCTCACTGTO CGTAGATCAZ3

Puc. 1.2. Paznuynple criocoOBI CXeMaTHYECKOTO H300paxeHus Moiekyibl JJHK

pBIM OCHOBaHHUE CBS3aHO OJIHUM M3 CBOMX aTOMOB
azota N-TIIMKO3UIHOHN CBsI3bI0 (0OpasyeTcss HyK-
neo3un), u pocdara, CBI3aHHOTO d(PUPHON CBAZBIO
¢ 5'-yreponom caxapa. B JIHK umerotcst Hykieo-
TH/IbI YETBIPEX THIIOB, Pa3InYaoIfecs JHIIb a30-
THUCTBIMHA OCHOBaHUSAMHU. K 3THM OCHOBaHUSAM OT-
HocsTcs Ba mypuHa (Pu) — anenuH (A) u ryaHuH
(G) — u gBa nupumuauna (Py) — tumun (T) u
uurto3uH (C).

XapaktepHoii ocobennocteio JIHK sBisercs
TO, YTO €€ MOJIEKYJIa OOBIYHO COCTOMT M3 JIBYX IO-
JIUMEPHBIX LIENeH, 3aKPYUYEHHbIX B JBOMHYIO CIIU-
panb (puc. 1.2, a). Kaxxngas uenb — 3T0 peryssp-
HBII ITOJIMMEP, B KOTOPOM OCTAaTKH caxapa JIBYX
COCEIHUX HYKJICOTHIOB CBSI3aHBI IPH TTOMOIIH
(docdarupix rpynmn. B oOpa3oBaHuu 3TOH CBsI3U
BCEra MPUHUMAIOT yudactue 5'-pocdar omHoro
HYKJICOTH/IA U 3'-THJIPOKCHI OCTaTKa caxapa JIipy-
roro. [Toaromy ymeBogHo-hocdaTHBIif OCTOB MO-
JIEKYJTBI UIMEET PETYISIPHYIO CTPYKTYpY (puc. 1.3).
B npoTHBOMOIOKHOCTE 3TOMY IOCIIEOBATENb-
HOCTh MYPHUHOBBIX M MUPUMHUANHOBBIX OCHOBaHHN
BJIOJIb LISTTU B BBICIICH CTETICHU HEPETYIISIPHA, KakK-
nas monekyna JJHK onpenenennoro tuna xapaxre-
pu3yeTcs 0co00i MOCIIE0BATENEHOCTBIO.

[lypuHOBBIE W MUPUMHUAMHOBBIE OCHOBAHUS
oOpaIreHsl BHYTPh ABOWHON CITUPATH M PACIOIO-
YKECHBI TapaJuIeTIbHO APYT APYTY U MEPIECHANKYIIP-
HO OCH criipaiid. /[Be menu ynep:kuBaroTcs BMECTe
IPY TTOMOIIU BOJOPOHBIX CBSI3EH MEXIY IMapamu
OCHOBaHWH. AJICHHH BCET/Ia CIIAPUBAETCS C TUMU-

HOM, a T'yaHUH — C OUTO3uHOM. CTporas Crenu-
(pnyHOCTH CHapuBaHUS OOYCIIOBIMBAET KOMILIE-
MEHTapHOCTB, T. €. B3aUMHOE COOTBETCTBHUE MTOCIIE-
JIOBaTeJIbHOCTEH OCHOBaHUU B JABYyX uensx. IIpu
9TOM NOJUHYKJIEOTHU/HbIE LIENH B IBOMHON criupa-
mu JIHK otnuyarorest ogHa oT Jpyrou Kak mocie-
JIOBAaTEIbHOCTBI0 OCHOBAHUI, TaK M HYKJIEOTH]-
HBIM cocTaBoM. [lo cBoeMy XMMHYECKOMY CTpoe-
Huto ABe nenu Mmoisekynsl JIHK opuentuposanbt
IIPOTHUBOIIOJIOKHO (aHTUHAPAIIIENIBHBI). DTO JIETKO
YBUJETb, €CIIM MIOMETUTH B LIEMAX HAIMPaBIEHUE OT
5'-xonna k 3'-xoHity (5'-3") (cm. puc. 1.2, 1.3).

Baxapim cBoiictBom JIHK sBnsercss To, 9To
3',5'-pochoamddupnas cBs3b yrieBoaHo-hocdar-
HOTO OCTOBa MOJIEKYJIbI HanboJiee YyBCTBUTEIbHA
KaKk K XHMHYECKOMY, TaK U K (pEPMEHTATUBHOMY
PacCILEIUIEHHIO.

Hnst pynxkumonnposanus JJHK B mpomeccax
PEIUTMKAMU U TPAHCKPUILKHU OOJIBIIOE 3HAYCHUE
MMeeT BO3MOKHOCTD JIETKOTO PAaCXOXKICHUS Lerneit
IIpH OIPEJICTIEHHOM BO3/IEHCTBUM M UX MOCIEAYIO-
mero BoccoenuHeHus. Korma BomoponHble CBA3H
MEX]Jy OCHOBAaHUSIMH pa3pbIBarOTCS, LIENH, oOpa-
3yrollue apyxuenodeunyto moaekyny JHK, pacxo-
narcs. denamypayuro JJHK (nnaBnenue Bropud-
HOMW CTPYKTYPBI) MOXKHO OCYIIECTBUTH B PACTBOPE,
yBEJIMYMBAs €ro Temreparypy Jinbo n3mensas pH.
CTaOuiIbHOCTD BYXIICTIOYEYHOT'O KOMILIEKCa Mpsi-
MO 3aBHCHT OT TOTO, CKOJBKO OH COIEPKUT
GC-nap, cBsI3aHHBIX TPEeMsI BOJOPOJHBIMHU CBSI3S-



1.2. PEPMEHTbI TEHETUYECKOW UHXXEHEPUN 13

®ocpar Caxap OcHoBaHue

5’

Puc. 1.3. OcHOBHBIE OJI0KH,
COCTaBJISIONIME AByXLenodeuHyto Monekyrty JJHK.

HampaBnenue neneii onpenensercs TeM, Kak caXapHBIH ocTa-

TOK CBsi3aH ¢ (hocharamu: ¢ momMorbio 5'- win 3'-cesizu. [pu

HapammBanuu nenu IHK myxmeosuarpudocdar npucoenu-

HseTCs K 3’ -T'HAPOKCHILY I€30KCHPHOO03bI IPELICCTBYIOIIETO

HYKJIEOTH/A, IPU ITOM NPOHCXOAUT OTIIEIICHNE ABYX (oc-
¢arupIX rpynm (mupodocdara)

MU (AT-napa coenuHeHa ABYMs BOLOPOIHBIMH CBSI-
3smMu). Yem BeITie MosipHOE copeprkanne GC-map,
TEeM BbILIE Temmeparypa wiu pH, mpu KOTOphIX
IIPOUCXOIUT ILIABIICHHUE.

Jenarypamus o6paTima Jaxke mociie MOJTHOTO
paszenenus AByX ueneil. Ecim nukyOupoBath Kom-
TUIEMEHTapHbIE [ENH PU TeMIepaType MPUMEPHO
Ha 25 °C HuXe TeMIepaTypsl IUIaBIEHNS UCXOAHO-
r0O JyTJIeKca, TO OHW HAaYMHAIOT PEeacCOlUUpPOBaTh
U IIPU OTIPEJICJICHHBIX YCJIOBHIX 00pa3yloT HCXO-
HYIO CITUpalib. DTOT MPOLIECC HA3bIBACTCS PeHaAmy-
payueri Vil OTKUTOM.

Penarypanusa JIHK ocymiecTsisieTcs: B 1Ba 3Ta-
na. CHavasna B pe3ynbTaTe ClydyalHbIX CTOJIKHOBE-
HUI OJHOIETIOYEYHBIX MOJIEKYJ MPOUCXOIUT TIpa-
BUJIBHOE COEJAMHEHUE KOPOTKHX KOMILIEMEHTap-
HBIX 0Tpe3KoB. [lociie 06pa3oBaHUs TaKUX IBYXIIC-

MOYEYHBIX CTPYKTYp HAET OBICTPOE «CXJIOMBIBA-
HUE» 10 BCEH AJIMHE U BOCCTAHOBJICHUE UCXOIAHOU
JIBycnupainbHoi Mmosekyisl JJHK.

TpaHCcKpuUMLUs, T. €. CYUTHIBAHUE C MOJICKYJIbI
JHK wmarpudHOoil pUOOHYKICHHOBOH KHCIIOTHI
(MPHK), cooTBeTCTBYIOIIIEH ONIpeIeICHHOMY TeHY,
ocymiectrisercs pepmenrom PHK-nomumepasoii.
IIpu 3Tom nepBonauansHo PHK-nonumepasza B3au-
MOJIEUCTBYET ¢ ompenencHHbIM paiioHoMm JIHK,
NPEALIECTBYOINUM KOIUPYIOLIEH MOCIEI0BaTENb-
HOCTH T€Ha, — MpomMoTopoM. CBA3aBIINCE C MPO-
moropoM, PHK-monmmepasa HauuHaeT mnepeme-
marbesl BAONb reHa, cunresupys MPHK, kxomrute-
MeHTapHyto ogHoi n3 neneit JJHK. Cuares MPHK
MPOUCXOMUT B HampasieHun 5'-3'. Hawano rena
MO9TOMY Ha3bIBAIOT 5'-KOHIIOM, a KOHEIl TeHa, /e
MIPOKUCXOAUT OKOHYAHNE TPAHCKPHUTIINH, — 3'-KOH-
oM. PHK-nonuMepasa IBMXeTCs 0 KOJUPYIOLIen
uenu JIHK B HanpaBnenuu ot 3'-KoHIA K 5'-KOHILY.
MPHK no nocienoBareibHOCTH COOTBETCTBYET 1i€-
mu JHK, xoMmmieMeHTapHON Kogupyrolel Lenu
(oTIIMYEe COCTOMT JUIIb B TOM, YTO B MOJIEKYJIE
PHK Bmecrto Tumuna Haxomurcs ypauuin). [losto-
My Ha TMPAaKTHKE OYE€Hb YacCTO 3alHCHIBAIOT MOCIIe-
JIOBaTEJILHOCTh TOJIbKO OaHOM »To nenu JIHK
(cm. puc. 1.2, 2), 4TO 3HAYUTETHHO OOIETYAET BOC-
NpUSATUE CTPYKTYPbl T'€HETHUYECKUX 3IEMEHTOB,
TaK Kak 5'- u 3'-koH1el Hekoxupytoliei renu JJHK
cooTBeTcTBYIOT 5'- 1 3'-xoniam MPHK, a moce-
JIOBaTeIbHOCTh HyKieoTuoB 3Toil nenu JJHK co-
OTBETCTBYeT nocnenoBarenbHoctu MPHK.

ITo mepe cBoero nepemenienust PHK-nonnme-
pasa pacmiieraer 4 3aTeM BHOBb 3aIlJIETaeT Moce-
nmoBarenbHbIe KopoTkue yuactku JJHK. [IByx1iemno-
yeuynsle tuOpunsl JHK-PHK, o6pasyrommecs
B TpoOllecCE€ TPAHCKPHUIIIMH, CYIIECTBYIOT JIMIIb
OUYEHb HEMPOAOJLKUTENIbHOE BpeMs. HoBocuHTe3U-
poBannbie 1enu PHK ObicTpo otmensrorcst or
TPAHCKPUIILKOHHOTO KOMIUIEKCA, IIOCJIE YEero
TpanckpubupoBanusle yuactku JIHK BozBparma-
IOTCSI B HATUBHOE COCTOSIHUE.

Tpancmsiius ¢ MPHK GeskoBoli Mosiekysibl mpo-
HCXOMUT TOCIIENOBATENbHO, HAYMHAs ¢ 5'-KOHIA
Marpuipl. [IepByl0 aMHHOKUCIIOTY OSITKOBOHM IIETH
Ha3bIBalOT N-KOHIIOM (WJIM aMHHO-KOHIIOM), a TIO-
cieiHIor — C-KOHIIOM (WM KapOOKCH-KOHIIOM).

Bonee moxppoOHO BOPOCH! TOHKOW OpraHU3a-
uuy obnacteil Havana (MHULMALMKA) 1 OKOHUAHHS
(Tepmunanmm) Tpanckpuniuu JJHK u Tpancismm
MPHK paccmorpens! B pazaenax 3.2 u 3.3.

1.2. ®EPMEHTbI FEEHETUYECKOWU UHXEHEPUU

OcymiecTBUTh PEKOMOMHALINIO HETOMOJIOTHY-
HbIx Mosekyn JIHK in vitro crano Bo3MoxHO HIIb

Mocjie OTKPHITHS B KoHIE 1960-x — Hagame
1970-x rr. psiia HOBBIX (PEPMEHTOB C YHHKAJIbHbI-
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MU CBOWCTBAMHU, UMEIOINX B KAUECTBE CyOCTPaTOB
KaTaJIM3UPYyEeMbIX MMM PpEaKIHH HyKIECHHOBBIE
KHCIIOTHI, U B niepByto ouepeas JJHK. Paccmorpum
OCHOBHBIC CBOMCTBA ()ePMEHTOB, HanOoJIEee JacCTO
HCTIOJBb3YEMbIX B TeHHO-WH)KEHEPHBIX padoTax.

1.2.1. Pecmpukmas3sbl

@depMeHTBl 3TOro THIa OBUIM OTKPHITHL B pe-
3yJbTaTe IMOIPOOHOrO U3Y4YEHUS] MEXaHU3Ma sIBJle-
HUS, TIOJIyYMBIIECTO Ha3BaHHUE «pecTpUKuus (orpa-
HUYEHHE), KOHTponupyemas xo3suHom» (host-
controlled restriction). B 1950-X IT. B HECKOIBKUX
nmabopaTopusiX, N3yJIaBIIUX pa3BuTHe (Paros B 6ak-
TEpUANbHBIX KJIETKaX, ObUIO YCTaHOBIJIEHO, 4YTO
CIOCOOHOCTh OaKTepHANBHOTO BHpYyCa PAacTH Ha
OIIpEeeNICHHBIX OaKTepHalbHBIX KyJIbTypax MOXKET
3aBHCETh OT IITAMMa, B KOTOPOM 3TOT (ar pasMHO-
JKaJICS B TIOCJICAHUH pa3.

Hawnbonee nogpoOHO qaHHOE SIBIEHUE H3YyYEHO
s G6akrepuodara smoaa (A). TlpupomHbiM X0-
3SMHOM (hara A SBISICTCS KHIIIEUHas Majouka Es-
cherichia coli K12. ®ar, BbeIpoCcHIMH Ha 3TOM
mramme, 0003Ha4aroT A - K. JIpyrum xo3ssuHom ¢a-
ra A Mmoxet ObiTh mramm E. coli C. ®aroBoe 1mo-
TOMCTBO, IOJyYCHHOE Ha JTOW OaKTepHuaIbHOM
KynbType, o6o3nadaercsi A+ C. B 1953 1. I'. bepranun
u JIx. Vourn o6Hapyxuiu, uro ¢ar A-C pasMHO-
JKaeTcs B KiIeTkax E. coli K12 ¢ oueHb HU3KO# 2¢-
(eKTHBHOCTBIO, B TO BpeMs Kak Ha E. coli C —
XOPOLLIO.

O dexTHBHOCTL pa3MHOXKEHHUs1 (ara ompene-
JSUIM TUTPOBAHUEM €To IIperapara Ha ra3oHe Oak-
TepuaNbHBIX KJIETOK. JlaHHasi mpouenypa 3aKiio-
4aeTcsi B TOM, YTO K CYCIICH3HH KJIETOK JJ00aBISIOT
OIIpelIeJICHHOE KOJIMYECTBO (haroBoro mpemnapara
W 3aTeM 9Ty CMeCh PaBHOMEPHO HAHOCAT Ha MPO-
3payHyl0 arapu30OBaHHYIO IHUTATEIbHYIO Cpery

a 7]

Puc. 1.4. Haumxka Iletpu
C arapru30BaHHOMN NUTATEJIBHON CPENOi:

a — J10 BBICEBA CMecH OakTepuii ¢ darom;

0 — mocJe BeIceBa cMecu OakTepuil ¢ paroM U MHKyOauu
HPH OTPE/ICICHHBIX YCIOBHUSIX. [ — MUTATENbHAS Cpela;
2 — OakTepHaNbHbI ra3oH; 3 — darosas OsIka.

B BepxHEM psily — BH/J] CBEPXY, B HIDKHEM — BH/J] COOKY

i

K
C

g

A-C

Puc. 1.5. Cxema skcniepuMeHTa,
JIEMOHCTPHPYIOUIETO OTpAaHWIEHHE pa3BUTHS (ara A,
KOHTPOJHPyeMOoe OaKTepHUeH-XO3SIHOM.
Ludpamu odo3nauena oTHocuTeNbHAsE 3QHEKTUBHOCTD

TUTPOBAHMS PENAPaToB (hara Ha ONPEIEIIEHHOM IITaAMME
E. coli

B vamkax llerpu (puc. 1.4). Uepes omnpenenennoe
BpeMs KJIETKH 00pa3yIoT Ha IOBEPXHOCTHU TBEPAOH
Cpenbl MyTHYIO IJICHKY Ta30Ha (CIUIONTHOTO POCTA)
OakTepuaJbHOI KyJIbTYphl. B Tex mecrax, rje Ha-
XOIWIINCH KIJIETKH, HHPUUUPOBaHHBIE darom, BO3-
HUKAIOT MPO3padHble 30HBI JIM3MCA, HA3bIBAEMbIE
OOBIYHO OIsAMKAMU VA HE2AMUBHBIMU KOOHUSL-
mu. TogcunTtaB 4uciio ONSIICK U 3HASI KOJTMYECTBO
(aroBoro mpemnapara, kotropoe 00ycIOBHIO 0Opa-
30BaHME STHX OJSIIEK, MOXXHO BBIYUCIUTH THUTP
(KOHIIEHTPAIHIO) )KU3HECITOCOOHBIX (harOBBIX Yac-
THI[ B aHAJIM3UpyeMoM rpernapare. Tutp dara Bbl-
paxaroT YHCIOM ONANIKOOOPa3yOUUX eAMHHUIL
B 1 mut (BOE/mn).

O06HaPYXIWIOCH, 9TO d(Hh(PEKTUBHOCTH TUTPOBA-
uusi A+ C Ha E. coli K12 cocrasmsuia nmums 2 + 104
OTHOCHTEJIBHO TOTO e Iokasarens Ha E. coli C
(puc. 1.5). OgHako HEMHOTOYHCIIEHHOE TIOTOMCTBO
¢ara 4 - C, Beipocuiee Ha E. coli K12, yxe ¢ oauHa-
KOBOW 3(h(DEKTUBHOCTHIO TUTPOBAJIOCH Ha O0OUX
mrtammax E. coli. Beiio mokaszano, uro ¢ar A-K
HE SIBIISICTCS] TeHETHUeCKUM MyTaHToM (ara A - C.
[MTosromy mpeanonoxuiy, uto A-K mpemcrasiser
coboii MoauduipoBanHblii Bapuant dara A-C u
9Ty MOIM(HUKAIMIO OCYIIECTBISICT KICTKA-X035UH.

OKCIEPUMEHTBI C PaJMOAKTHBHO MEUCHHBIM
OakTeprodaromM mokaszaiu, 4TO OrpaHUYCHUE POC-
Ta (pecTpukuus) dara cBsi3aHo ¢ PepMEHTATUBHON
nerpamanueit ero JJHK B OakrepuanbHO# KieTke.
Knerounas JIHK 3amnumiena ot aerpajaiuu mram-
MocrnenupruaHoi MonuuKaIren, KoTopast, Kak Bbl-
SICHUJIOCh, COCTOUT B METWJIMPOBAaHHH HYKJIEOTHU-
JOB. OTH pe3yJbTaThl MO3BOJIWIN BBIABUHYTH J10-
BOJILHO HCUEPIBIBAIOIIYI0 TUIOTE3y O OMOXHMHU-
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YEeCKUX MEXaHW3Max PECTPUKIUU M MOAU(UKAIINH.
T'unoresa okaszanach IJIOJOTBOPHOM, U OTKPBITHE
(epMEHTOB PECTPUKLUUM — 3HIOAE30KCHPUOO-
HYKJI€a3, WIH pecmpukmas, — U pEpMEHTOB MO-
mudukarun — JIHK-merunrpacdepas, gacro Ha-
3piBaeMbIX JHK-memunazamu, — TOTHOCTHIO €€
MOATBEPIMIIO.

Takum oOpa3om, Ipu UHPHULIUPOBAHUU HEMO-
mudunupoBanHbiM (arom A - C xietok E. coli K12
MIPOUCXOIUT OJHOBPEMEHHOE pacuienyienue ¢aro-
BbIX Mousiekyn JIHK pecTpukraszoif 1 MeTHIMpOBa-
nHue ux JAHK-merunazoil. B pesynprare KOHKypeH-
IIUH 3TUX JBYX (DepMEHTATUBHBIX MPOIECCOB YaCTh
monekya JJHK ¢ara A (2 - 104) ycneBarot Moau-
(¢unupoBaTbcs Hpexie, YeM OHM IOABEPTHYTCS
HyKJea3HoW arake. Taxas metunupoBanHas J{HK
JTaeT Havauo MOAu(pUIIMPOBAaHHOMY (haroBOMY IO-
tomcTBy A-K. JlaHHas momudukanus He Hacle-
nyercst parom, u mpu pasmMuokernu A - K ua E. coli
C oOpasyertcs daroBoe moromcTBo, JJHK xotoporo
CHOBA HEMETHJINPOBAHA.

Pectpurkrassl y3HaIOT onpeeeHHbIe TOCIe0-
BaTeIbHOCTH HYKJIEOTHIOB U Pa3pe3aroT JBYHHUTE-
Byto JIHK na ¢dparmentsr. Monuduxkamus 3akmto-
YyaeTcs B METWJIMPOBAHWU OTPENENEeHHBIX OCHOBA-
HUI B IOCIJIEIOBATENILHOCTH, y3HAaBAEMOW COIps-
JKEHHOM PECTPUKTA301; TEM CaMbIM 00ECIIeUnBaeT-
cs 3amuTa ganHoro ydactka JJHK ot Bo3aelicTBus
pectpukTaspl. OJHOBPEMEHHOE HANIW4HE B KIIETKe
3TUX ABYX (EPMEHTATUBHBIX aKTHBHOCTEH (TaK Ha-
3piBaeMasi R—M cucmema) penaTCTBYET THAPOIIH-
3y COOCTBEHHOI HYKJIEWHOBOH KUCIOTHI. Uyxepo-
Hast ke JIHK npu nmponukHOBeHMH B OakTepHalib-
HYIO KJIETKY CIYKHT cyOcTparoM it oboux ¢ep-
MEHTOB.

[lepBOHaUaIbHO MHOTHE CUUTAIH, YTO EAHHCT-
BeHHOH pyHKIMeld R—M cucrtem sBisieTcs 3amura
KJIETOK OT HHpuUIHpoBanus haramu. OIHAKO JaiTh-
HEHIIINe UCCIIE0BAaHNUs MO3BOJIMIIN CIIENaTh Mpej-
IIOJIOKEHHUE O TOM, YTO R—M cucTembl 0CyIIEeCTB-
JSIIOT (PYHKIMIO OTPaHUYEHUS CKPEILIMBAHUS MEXK-
Iy pPa3lUYHbIMH OaKTepUATbHBIMU BUAAMHU H
LITaMMaMHM, KOTOpasi, OHAKO, HE a0COJIIOTHA U T10-
3BossieT vacth uyxepongHoi JIHK mnponukars
B KJIETKY, PEKOMOMHALIMOHHO BCTPAUBAThCS U 110]-
JepKUBaTbCd B KaueCTBE TeHETHYecKoro (oHaa
JUTSL TIOJTyYEHUS 3BOJIOIMOHHOTO MPEeHMYIIEcTBa.
YMECTHO 3aMeTuTh, 4TO y OakTepuii BecbMa npoo-
JeMaTu4yHo ompesesneHue Buja. CylecTBylOT aa-
Ke TIPEATIONOXKEHUS 00 o0meM TreHO(pOHIe BCEX
MHUKPOOPTaHU3MOB, YTO I0JDKHO ObLIO OBl IPUBEC-
TH K O€CKOHEYHOMY IOSIBICHHIO HOBBIX BH/IOB OaK-
Tepuil BO BpeMeHH. PeanbHO k€ MBI BHJIUM, YTO
OaKxTepuu MPOSABIAIOT ONMPEIEIEHHOE TOCTOSHCTBO
MOP(OIIOTHUECKUX, TEHETHICCKUX H OMOXHMHYC-
CKHX XapakTepHCTHK. JlOCTOMHBIMU KaHIUAaTaMU

JUIsE 00ecCTieYeHrsT B DBOJIOIUN OTHOCHUTEIBHOMN
CTaOMIIBHOCTH TeHETHYECKOT0 MaTepuaa, T. €. JUis
OCYIIECTBIIEHUSI TEHETHYECKOW W3O0IIALINN, HE OT-
puLaolIei 0OMeHa onpeieIeHHbIMU OJI0OKaMH, sIB-
JISTFOTCS] CHCTEMBI PECTPUKITNA—MOIU(PUKAIIH.

B 1968 . M. Mesenscon u P. IOanbs coobmmim
O BBLICTICHUH MEPBON PECTPUKTA3bl M3 IITaMMa
E. coli K12. Ilomo6HbIil depMeHT OBUT MOITydeH
u u3 mramma E. coli B. JlaHHbIe 3HIIOHYKIIEa3bI
EcoK n EcoB oTimyanuch BBICOKOW crierudud-
HOCTBIO 110 OTHOIIEHHUIO K Y3HaBaeMOIl MOCIIe10Ba-
TEIBHOCTH HYKJICOTHIO0B, HO PACILIEIUISITA MOJIEKY-
el JIHK Hecmennduyeckn B Apyrom mecte, OT-
CTOSIIIIEM OT y4dacTka (caita) y3HaBanus. B 1970 .
X. Cvmurt u K. Bunbkoxkce Beiaenmunu u3 Haemophius
influenzae pecrpukrasy Hindll, He ToabKO crienu-
(hnyeckn y3HaIONIyI0, HO W crenupuyeckn pac-
memusitonryro Mosekyisl JIHK. Ilpu runponuse
BUpycHOU miu mazmuano JJHK pecrpukrazamu
TaKoTo THTa 00pa3yeTcst CTPOro ONpeIeIeHHBIN Ha-
0op (parMeHTOB. DTO HAIVISTHO BBISBISCTCS TPU
ANEKTPOPOPETHIECKOM pa3IeIeHIH CMECH MOIy-
yaromuxcs pparmentos (puc. 1.6).

[IpunnunuanpHOe 3HAYEHHE I pa3pabOTKU
METOJIOJIOT MY TEHETUYECKOM HHKEHEPHUH UMEIIO OT-
kpeitre B 1971 r. P. Emumopu pecrpuxras EcoRI u
EcoRIl. C nomomnipto mepBoi U3 HUX YAAIOCh
BBINOJIHUTH MTUOHEPCKYO0 padOoTy MO HAIpaBICHHOMN
PEKOHCTPYKLMM T€HETUYECKOIO MaTepraa in vitro.
B mHacrosmiee BpeMsi pECTPUKTa3bl HCIIONB3YIOT
MIPAKTUYECKA BO BCEX T'€HHO-MH)KEHEPHBIX JKCIIe-
puMeHTax. Takoe MMpOKoe MpUMEHeHHe (epMeH-
TOB JJAaHHOTO THIa OOYCJIOBIEHO MX BBICOKOH cCIie-
MU(UIHOCTEIO, a TAKKEe 0COOCHHOCTSAMHU CTPYKTY-
pot koHIoB (hparmentoB JIHK, oOpazyembix pect-
pukrazamu. OOIIENPHHATO TEPMHUHBI PECTPUKTA3A,
SHJIOHYKJI€a3a PECTPUKINHN, CaluTCrenuprIecKas
9HJI0AC30KCUPUOOHYKIIea3a CUUTaTh CHHOHUMAaMHU.

X. Cmut u JI. Hararc B 1973 1. npemioxxun
HOMEHKJIATYPy PECTPUKTa3, KOTOpas BKJIIOYACT
CJIEYTOINeE TTYHKTHI:

1. Ha3Banue kax0ro pepMeHTa SBISIETCS MPO-
W3BOJIHBIM OT OMHAPHOTO POJIO-BUAOBOTO 0003HA-
YeHHUs] MHUKPOOPTaHW3Ma-X03i1HA, COIEPKAIIEro
naHHyto R-M cucreMy, n cocraBisercs mo cie-
IyIOIEeMy TIpaBUIy: K TIEPBOU MPOMHMCHON OyKBe
Ha3BaHUA pojia TOOABJISIOT JBE MEPBBIE CTPOYHBIC
OykBwl Buma. Hampumep: Streptomyces albus —
Sal, Escherichia coli — Eco.

2. 3a pomo-BUIOBBIM Ha3BaHHEM, 00O3Hayae-
MBIM KYpPCHBOM TpeMs OyKBaMH, CIIEIyeT, B CIIydae
HEOOXOIMMOCTH, OOO3HAUEHHE CEpPOTHNA WM
mramma: Haemophilus influenzae d — Hind, Es-
cherichia coli B— EcoB.

3. Pumckue umdpsl, cienyromnipe 3a OyKBeH-
HBIM O0O3HAYeHHEM, OTPaKalOT ITOCIIE0BATENb-
HOCTb OTKPBITHSI COOTBETCTBYIOLIUX PECTPUKTA3
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B KJIETKax OJHOTO BUja, Hanpumep: Hindl, Hindll,
HindlIll.

4. depMeHTBl PECTPUKIUU—MOTUPHUKALNT
B 001IeM BHIe 0003HAYAIOTCS KaK SHIOHYKIea3a R
WM MeTria3za M ¢ oCIeny oMM onpeieleHueM
Ha3BaHMS CHCTEMBI, HalpuMep: OJHJIOHYKIea3a
R HindIl nmu metunaza M - HindlI.

5. Ecnu cuctema reHeTHUECKH JIOKaTM30BaHA
B TeHOMe (hara Wi Ha TUTa3MHJIE, TO TIOCIe POJIo-
BHJIOBOTO HA3BaHMsI YKA3bIBACTCSl CUMBOJI BHEXPO-
mocomHoro snemenTa: EcoPl, EcoRII. IltamMmo-
Bas IPUHAICKHOCTh B ATHX CIy4yasX yKa3bIBaeT-
cs1 B ckoOkax: Eco(K)PI.

OCHOBHBIE TPHUHIINIIEI, 3aJOKEHHBIE B JTOU
HOMEHKJIaType, UCTIONB3YIOTCA U B HACTOAIICE Bpe-
M. OHAaKO HEOJHO3HAYHOCTh B HA3BaHMSX, BO3-
HUKIIAs U3-32 JIJABUHOOOPA3HOTO OTKPBITHSI HOBBIX
pectpukTas, 3acraBuia P. Podeprca B 1978 1. BHeC-
TH HEKOTOpBIC JOIOJHEHUS B BHIIICONMCAHHYIO
CHCTEMY pallMOHANBHBIX 0003HauUCHUH (hEpPMEHTOB.
CMBICTT TOTIOTHEHHH 3aKII0YaeTCs B TOM, YTO BO
n30exaHue MyTaHWLBl B CiIydae, KOIAa Ha3BaHHUE
COBIIAJIACT ISl HECKOJBKHUX (DEPMEHTOB, OCTABIISIFOT
HEM3MEHHBIMU TIEPBbIC BE OYKBBI, a TPETHIO OepyT
13 MOCIeAyIoMuUX OyKB BUAOBOTO Ha3BaHMs1, HAIIPH-
mep: Haemophilus parainfluenzae — Hpal, Hae-
mophilus parahaemolyticus — Hphl. Jlnis Gonbiueit
tounoctu /Jl. Illmbata ¢ coaBTOpamMu TPETOKUIH
[oCJe JIATUHCKOW PORO-BUAOBOI CHMBOJIMKH BBO-
JUTh My3€HHBI HOMEp OaKTepHaTIbHON KYJIBTYPHI,
Hanpumep: Pvu8411, Hinb1076I11.

OTKpBITHE OOJBILIOrO YUCIIa PECTPUKTA3 U U3Y-
YeHWEe WX CBOWCTB MO3BOJIMIO BEIIBUTH HEKOTOPHIE
3aKOHOMEPHOCTH (YHKIMOHUPOBAHMS (HEPMEHTOB
W pa3IeNuTh WX Ha TPHU IVIABHBIX THMHA (Kiacca).
OcHOBOI  KJIacCU(UKALMKM  CIy)Kar B TEPBYIO
odepeab MOTPeOHOCTh (epMeHTa B KoakTopax H
xapakrep pacmiervienus [JHK (tabm. 1.1). IIpuse-
JCHHasI KITacCU(HKALMS HE HCUEPIIBIBAET BCE THIIBI
MIPUPOHBIX PEPMEHTOB CHCTEM PECTPHKIIUK — MO-
mudukanmy.

Pecrpukra3sl kiaacca I. HaubGonee uzydeH-
HBIMH PEeCTPUKTa3aMU Kitacca | sBisrorest hepMeH-
Tl EcoK u EcoB, BbIfieJI€HHBIE COOTBETCTBEHHO
n3 knetok E. coli K12 u E. coli B. 310 dpepmeHTHI
C OuUeHb CXOXe# cTpykTypou. Oba comepxar Tpu
TUTIA HEUACHTUYHBIX CYOBEIMHHII C MOJEKYISIp-
Hoit maccoii 135, 60 u 50 x/la (a, B 1Y), XOTs COOT-
HOIIICHUC CY6'I:eI[I/IHI/IH pas3inyacTCsd Iy 9TUX ABYX
(epmentoB. Hampumep, EcoK mmeer cTpykrypy
as Bay. B ciyyae EcoB curtyanust 6osee ClaoxHasi,
TaK Kak BBIABJICHBI 11O KpaillHEH Mepe TpU aKTHB-
HBIC OJIMTOMEpHBIE CTPYKTYPBI, OCHOBHAsl U3 KO-
TOPBIX UMEET COCTaB A2 B4Y2.

Pectpukrassl kiacca | cnenuduynasl k HEMO-
mudunupoBanHoi neyxienouednoi JJHK u oGia-
JTAIOT CIEAYIOUIMME CBONCTBAMH: TPEOYIOT B Ka-

Kpnl

1 2 17 2

Hindlll
1 2
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Puc. 1.6. Pe3ynsraTsl 251eKTpo(OpeTHIECKOTO paszere-

Hust pparmenroB JJHK OGi1mM3KOpOACTBEHHBIX BHUPYCOB

ocnoBakuuuel, mrtamm JIMBII (/) u HatypansHO# Oc-

eI, tamMmm MHEINS-1967 (2), momydeHHBIX TOCe THI-

ponmza BupycHbix JIHK pecrpukrazamu (0,6 % arapos-
HBIH Teb).

yectBe Ko(akTopoB aneHosuHTpudocdar (ATP),
S-aneno3uamonodocar (SAM), nonst Mg2*t. Pac-
memnenne JIHK cosmemnieno ¢ runponusom ATP.
B enuHOM cyObeTUHMYHOM O€JIKE MMEIOTCS TaKhe
(epMeHTAaTHBHBIC aKTUBHOCTH, KaK PACIICIUICHUE
JHK (a-cyobenmanna), merwnmmpoanue JIHK
(B-cyObenunuia) W y3HaBaHHE CrHEH(UUCCKON
nocienosarensHocTH JIHK (y-cyOpennnunma).
®epmenTsl £coB u EcoK y3Harot ctporo cre-
IU(pUYHBIE TOCIIEIOBATEILHOCTH, COOTBETCTBEHHO

5" TGANNNNNNNNTGCT 3’

3" ACTNNNNNNNNACGA 5’
5" AACNNNNNNGTGC 3’
3" TTGNNNNNNCACG 5’
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Tabnuya 1.1. CBolicTBa pecTpukTa3 R—-M cucTeM pa3HbIX KJIacCOB

Crpykrypa MonexynsipHast KodaxTops! Y3HaBaemas nocneno- Mecro pacmenienns
" pyHKIUH Oenka Macca, k/la BaTENBEHOCTS (TIPHME)
I knacc
CrnoxHas MOJIeKyJ1a 400-600 SAM, Henanuunpomuas crpykrypa | OGbr4HO Oosiee yem
C TpeMs pa3IUYHBIMU ATP, SptSQI: yepe3 400 mH oT caifta
THUITAMH CyObeINHHIL Mg* 5" AAC(N)sPuTAPyG 3’ Y3HaBaHUsI, THAPOIIU3
(onoHyKIICA3a, 3" TTG(N)¢PyATPuC 5’ HecnienuduueH
METHIIa3a,
cyObeauHMIIa
y3HaBaHMA)
Il xnacc
OHJOHYKII€a3a 50-100 Mg* OOBIYHO MAIMHIPOMHAS BuyTpu caiita
1 MeTHJIa3a — MOCJIE/I0BATEIILHOCTh y3HaBaHUS
pa3HbIE MOJIEKYIIHI, n3 4—8 HYKICOTHIOB
JUMEPBI OJTMHAKOBBIX BamHI:
CyObETUHHUIT 5" GGATCC 3’
3" CCTAGG S’
Honkmace IIS — B cropone ot y3HaBae-
HETIaJINHIPOMHAst MOH 1OCTIEJ0BATENb-
MOCTIEI0BATEIBHOCTh HOCTH Ha CTPOTO OTIpe-
Hgal: JIEJICHHOM PaCCTOSIHUU
5" GACGC 3’ (e Oonee 20 nH)
3' CTGCG 5’
1l xnacc
CrnoxHas MoIeKya 200-300 ATP, Henanunnpomuas ctpykrypa | B cropone ot caiita
C IByMsI CyOBeTNHI- Mg2+ Hinel: Y3HaBaHMsI Ha PaccTos-
amHu (9HIOHYKIIeasa, (SAM — 5" CGAAT 3’ Huu 2427 H
MeTHII1a3a) ctumysupyet | 3' GCTTA 5’
AKTHBHOCTB)

Opnnaxo pa3pseiB JJHK npoucxoaut cirydaitHeiM 00-
pa3oM Ha 3HAYUTEIBHOM PACCTOSHUU OT y4acTkKa
y3naBanusi — oT 400 mo 7000 map HyKI€OTHIOB
(). [IpoxykTe! pacmiernenus JJHK rereporeHHsI.

®. Crynuap u I1. bongenenxsii B 1988 r. Ha oc-
HOBe o/IpoOHOT0 M3ydenus ruapoinsa JJHK dara
T7 pectpukrasoii EcoK npeyioxuiu o0y Mo-
nens neicteus pectpukTas kinacca [ ma JIHK. Cyts
9TOH MOJENH COCTOMUT B TOM, YTO PECTpHUKTa3a
xiacca [ mocine B3aumoneiicteus ¢ JJHK B yuactke
y3HaBaHUsI HAYMHAET ocylecTBIsATh ATP-3aBucu-
MyI0 TpaHciokanuio (mepememnienue) neneit JJHK
gepe3 cedst B 000ux HanpasieHusx (puc. 1.7). [lpn
BCTpEUE JBYX COCEIHUX MOJEKyl (epmeHTa,
tpanciouupyromux JJHK, onu pazpesator aByxiie-
noueunyto /IHK B paiione koHrTakra. I'ereporen-
HOCTb nponykToB ruaponusa JJHK pecrpukrazamu
kiacca | MoxeT OOBSICHATBCS HEOIHOBPEMEHHBIM
CIly4allHBIM B3aUMOJICHCTBHEM MOJIEKYN (hepMeH-
Ta C Pa3sHBIMU YYaCTKaMH Y3HABAHHSA Ha KaXIOH
monekyie JIHK, a cnenoBarenbHO, HEOHOBPEMEH-
HbIM HadasioM TpaHciokauuu ueneit JJHK. Kpome
TOr0, HE UCKJIIUEHA BO3MOKHOCTb HEpaBHOMED-
HOM TpaHCJIOKalMU LENeW Ha pa3HbIX MOJEKYJax
npemnapara JJHK.

Pectpukra3ssl kiaacca II. Cucremsl pecTpuk-
muu—Moanpukanuu kinacca Il cocroar usz oraens-
HBIX OEJIKOB PECTPUKIMOHHON JHIOHYKIIEa3bl U
Moau(PUKATMOHHOW MeTha3kl. [loaToMy pecTpuk-
Ta3bl JaHHOTO KJlacca MOYKHO BBIJIETUTH B UH/IUBH-
JTyaJlbHOM COCTOSIHWH, CBOOOTHOM OT METHJIa3HOMH
AKTUBHOCTH, YTO B 3HAYUTEIBHON Mepe yNpoILaeT
UX U3y4YEHHE U TIOCIeAYIOIIee HCITOIb30BaHUEe [T
pacuieruienus monexkyn JHK.

Pecrpukrassl kiacca Il — oTHOCUTENIBHO ITPOC-
TO OpPraHU30BaHHBIE OCNKH, COCTOSIINE M3 JBYX
CyOBbeIMHHII OJHOIO THIIA CO CPaBHUTEIBLHO
HEOOBIION MOJICKYISIPHON Maccoi. OTINIUTENb-
HOH uepTol pecTpukras kiacca Il siBasercs To, 4To
OHHU Y3HAIOT U Pa3pe3aroT HeMOAU(DUIIMPOBAHHYIO
nByx1enoueunyro Moiekyny JIHK mo cmemmdud-
HBIM HYKJIEOTHJIHBIM TOCJIEI0BATEILHOCTSAM, U 3TO
MIPUBOANT K 0Opa30BaHMIO TMCKPETHOTO Habopa
(hparmenToB ananuzupyemoii JJHK (cm. puc. 1.6).
Hist cneunduyeckoro ASHCTBHS 3THX (EPMEHTOB
TpeOyIOTCST TONBKO WOHBI Mg2+ B (usnosioruye-
CKMX KOHUEeHTpauusix. Pectpukraspl kimacca I
OOBIYHO Y3HAIOT IMIOCJIENOBATEIBHOCTU ABYXLEIO-
yeynou JIHK mauHOM 0T 4 10 8 mH, MMEoIIHe 0Ch
CUMMETPUHU BTOPOTO TOPSAKA, — HATUHOPOMBL.
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Tpancnoxanus
Pa3pesanue f
[pomykTer +

Puc. 1.7. Mognens aelicTBus pecTpukTas kiacca I
Ha moustekyiny JHK

IIpn stoM psan pectpukras pacmersier JHK
CTPOro II0 OCH CUMMETPHUH Y3HABAEMOH MOCIIE0-
BaTEJIbHOCTH, YTO IPUBOIUT K 00Opa3oBaHUIO (par-
mentoB JAHK ¢ mynesimu konyamu, nHe nmeronmumu
BBICTYNAIOIINX OJHOLIEIIOYEYHBIX Yy4JacTkoB. Ha-
npumep, pecTpukrasa Alul, cxema yyacTka y3HaBa-
HUS KOTOpPOWM TmpejacTaBieHa Ha pwuc. 1.8, ocy-
mecteisier ruaponn3 JHK cnenyromum obpaszom:

|
5'..N-N-A-G-C-T-N-N...3'
3"..N-N-T-C-G-A-N-N...5'
f
N-N-A-G 3’ + 5" C-T-N-N..3'
3"..N-N-T-C5’ 3" G-A-N-N..5'

Hpyroit pepment — EcoRI — y3Haer rekca-
HYKJICOTHHYIO MOCIIEI0BATeIIbHOCT M PACIICILIS-
er ee ¢ 00pa3oBaHHEM B3aMMOKOMIUICMEHTAPHBIX
OJIHOLICTIOYCYHBIX JIUNKUX KOHUYOG:

5’...N—N—G£A—A—T—T—C—N—N...3'
3"..N-N-C-T-T-A-A-G-N-N...5'
1
5"..N-N-G 3’ + 5" A-A-T-T-C-N-N..3’

3"..N-N-C-T-T-A-AS5’ 3" G-N-N...5'

Ecau runponuzosare monexyinsl JJHK pazmuu-
HOI'O INPOUCXOXKIEHUS pecTpukrazoil EcoRI, To

B K&KIOM cilydae OyaeT oOpa3oBBIBATHCS CTPOTO
OTIpeIeIICHHBINA crienupuIecknii Habop ¢parmMeH-
toB JIHK. BasxkxHo mogyepkHyTh, 4TO Bce pparMeH-
THI TIPH 3TOM OYAyT UMETh HJICHTHYHBIC JUITKHE
KOHIIBI. HpI/I CMCHIMBAHWU pa3HbIX MPCIapaToB Ta-
kux pparmenToB JIHK B onpeneleHHBIX YCIOBHAX
JIUTKUE KOHIIBI MOTYT PEACCOLMUPOBATh (CIUIATh-
Cs) 3a CYET KOMIUIEMCHTAPHBIX B3aUMOJICHCTBHA,
U TaKHM 00pa30M MOTYT CTBIKOBAThCsI (hParMEeHTHI
monekyn JJHK, BeimeneHHBIX W3 TFOOBIX OpTraHm3-
MOB. /[aHHBIE CBOWCTBA B EPBYIO OYEPEID U CliE-
Jaau pecTpuKkTassl kinacca Il pepmentamu, Hanbo-
JIee 4YacTO UCIOJIb3YEMbIMU MPU KOHCTPYUPOBAHUU
rubpuaHbx Mostekyn JJHK.

Kpome BbICTymaronux 5'-KOHI[OB PEeCTPHUKTA-
3Bl MOTYT O0pa30BBIBATh TAKXKe JHUIKHE 3’ -KOHIIBI.
K monoGHBIM (hepMeHTaM OTHOCHUTCSI PECTPUKTAa3a
Pst:

|
5"..N-N-C-T-G-C-A-G-N-N...3’
3"..N-N-G-A-C-G-T-C-N-N...5'
f
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'

Hexortopsie u3 pectpukras kiacca Il nepeunc-
neHsl B Tabn. 1.2. J{st kpaTkocTH n3o0pakeHa of-
Ha LeNb y3HAaBaeMOH I10CIJIEN0BATEIIBHOCTH HYK-
JIe0TUI0B B Hanpasienun 5'—3'. Bropas uens pac-
IIETIIACTCA CUMMETPUYHO, KaK B IPUBEACHHBIX BbI-
e npumepax ais pectpukras Alul, EcoRI n Pstl.

Psan pecTpukras y3HarOT 4aCTUUHO BBIPOXKJICH-
HBIC TIOCJICAOBATEIbHOCTH, MOITOMY Takue ¢ep-
MEHTHI HE OOJIaJIaf0T CTOJIb BHICOKOW Crerugpud-
HOCTBIO, KaK pacCMOTpeHHble Bblle. Hampumep,
Hindll y3Haer m pacmiemisieT mociaenoBareIbHoC-
Td ¢ obmeil popmynoit GTPy | PuAC; EcoRIl —
\LCC(%)GG; Hael — (%)GGJ,CC(X). Tax, mo-

Puc. 1.8. Ctpoerne yyacTKa pacIieruieHus

monexyisl JJHK pectpukrazoit A/ul.

[ TpuxoBast TMHUSA — OCh CUMMETPUH; CTPEIIKAMU
00o03Ha4YeHHBI MecTa ruponn3a neneit JJHK
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Tabnuya 1.2. HexoTopble pecTpUKTa3bI Kiaacca 11

VY3HaBaemas u ruApoIu3yemMas

DepmeHT OCICIOBATETLHOCTE! MHUKpPOOpPraHu3M — UCTOYHHK (DepMeHTa
Alul AG|CT Arthrobacter luteus
BamHI G | GATCC Bacillus amyloliquefaciens H
Bgll GCCNNNN | NGGC Bacillus globigii
Bglll A | GATCT Bacillus globigii
Bmel2l | GATC Bacillus megaterium 12
BspR1 GG | CC Bacillus sphaericus R
Bstl G| CATGC Bacillus stearothermophilus
Cvill G| TAC Chlorella, nvudpunupoBannas Bupycom NY-2A
Cvill PuG | CPy Chlorella, vapummpoBannas Bupycom IL-3A
EcoRI G| AATTC Escherichia coli RY 13
EcoRIl ik CC(%)GG Escherichia coli R245
Fsel GGCCGG | CC Frankia sp. Eull b
Hael (%)GG | CC(I‘) Haemophilus aegyptius
Haell PuGCGC | Py Haemophilus aegyptius
Haelll GG | CC Haemophilus aegyptius
Hapll C|CGG Haemophilus aphrophilus
HindIl GTPy | PuAC Haemophilus influenzae Rd
HindlIll A | AGCTT Haemophilus influenzae Rd
Hpall C| CGG Haemophilus parainfluenzae
Kpnl GGTAC | C Klebsiella pneumoniae
Maelll | GTNAC Methanococcus aeolicus
Mnol C| CGG Moraxella nonliquefaciens
Msel T|TAA Micrococcus sp.
Ncil cC| (8 )GG Neisseria cinerea
Notl GC | GGCCGC Nocardia otitidis-caviarum
Pacl TTAAT | TAA Pseudomonas alcaligenes
Pmel GTTT | AAAC Pseudomonas mendocina
Pstl CTGCA |G Providencia stuartii
Rsal GT | AC Rhodopseudomonas sphaeroides
Rsrll CG| G(?)CCG Rhodopseudomonas sphaeroides
Sall G| TCGAC Streptomyces albus
Sau3Al | GATC Staphylococcus aureus 3A
Sfil GGCCNNNN | NGGCC Streptomyces fimbriatus
Smal CCC | GGG Serratia marcescens
Swal ATTT | AAAT Staphylococcus warneri
Tth1111 GACN | NNGTC Thermus thermophilus 111
Vspl AT | TAAT Vibrio sp.
Xmal C | CCGGG Xanthomonas malvacearum
Xmnl GAANN | NNTTC Xantomonas manihotis

I'N — nm06oii u3 4eThIpex HyKJI€0THIO0B, Pu— nypuH, Py — nupumuius, (%) — 6o A, 6o T (aHanorn4xo

6o C, mudo G); BepTUKAIbHAS CTPEIKa 0003HAYaeT MECTO ruposu3a B onHoi menu JJHK.
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CJIeIOBATENBHOCTH, crneruduunbie mis  Hindll,
umerotr cienyromuii Bum: GTTAAC, GTCAAC,
GTCGAC, GTTGAC.

EcoRII mpu rugpommze JJHK o6pasyet aBa Tu-
I1a JTUIKHUX KOHIIOB:

5" CCAGGNN... 3’
3" NN... 5’

5" CCTGGNN... 3’
3" NN... 5’

OT10 03Havaert, uTo He Bce Ppparmentsl JJHK, rene-
pupyembie EcoRIl, MOryT 0OBeAMHSTHCS MEKAY
€000 10 TUITKUM KOHIIAM.

Pasmep y3HaBaeMOW pPECTPHUKTA30H MOCIEHO-
BaTEeNbHOCTH, KaK TPaBHUIIO, OOyCIOBIMBAET dac-
TOTY BCTPEYAEMOCTH 3THUX YYaCTKOB B IIPHUPOIHBIX
JHK. Jns ciyuaiinoi nocnenosarenbHoctu JJHK
OCCKOHEUHOW MJIMHBI C PaBHBIM COAEPKAaHHEM
KaXX/I0TO M3 YETHIPEX HYKIECOTHIOB BEPOSATHOCTH
HaJIW4Yusl  ONpEAENCHHONW IOCJIEJ0BATEIBHOCTH
mmHoit N (Py) Ha monekyne JIHK Oyner paBHa
4-N, ipudeM BBIPOKICHHOCTH TOCIIE0BATEIbHOC-
TH YYaCTKOB y3HaBaHUsI, OOHApYKEHHAs I HEKO-
TOPBIX PECTPUKTA3, YBEITUUHNBAET JAHHYIO BEpPOSIT-
HocTh. CpenHsisi 4yacToTa BCTPEYAEMOCTU TETpa-
Hykimeotuaa — Py =4-4=3.9 - 10-3, okranykieo-
tuna — Pg = 1,2 - 10-5. TlosTOMY pecTpHUKTa3bl,
y3HAIOIIUe MOCeI0BaTeIbHOCTh U3 YEThIpeX Map
HYKJICOTHJIOB, YACTO HA3bIBAIOT MEJIKOLIECIISAIUMU,
a PEeCTPHUKTa3bl C YYaCTKOM y3HaBaHHUS B IIECTh U
OoJee map HyKJI€OTHIOB — KPYMHOIICTISIIIIAMHE.

bonpuioid mHTEpEC M1 HKCHEPUMEHTOB I10
kioHupoBanuio ¢pparmentoB JIHK mpencrasmistor
pEeCTpUKTa3bl, KOTOpBIE, O0Najas pasHOM crHeuu-
(uanocTrio, marot npu ruapoiause JJHK omunako-
Bble JIUIIKKE KOHIBl. K HUM OTHOCSTCS, HallpuMep,
BamH]I, Sau3Al, Bg/ll (cm. tabmn. 1.2). Ilocne coe-
JUHEHMSI OTMHAKOBBIX JIMITKMX KOHIIOB, BO3HUKAIO-
X npu geicteun Ha JJHK paznuunbix pecTpuk-
Ta3, 00BIYHO 00pa3yroTCs THOPUAHBIC MOCIeI0Ba-
TEJIBHOCTH, YK€ HE y3HAaBAEMble HEKOTOPBIMU W3
stux (epmenron. Tak, ecnu coenunuth BamHI-
u Bglll-nmumkure KOHIBI, TO TOJIy4YaeTcsl MOCIen0-
BaTeIbHOCTh, KOTOpas He OyIdeT y3HaBaThCs HU
BamHI, an Bglll, HO MoOXeT OBITh pacileruieHa
Sau3Al:

5'..NNG 3’ 5" GATCTNN...3’
3'..NNCCTAG 5’ 3" ANN...5'
JIHK-nuraza

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

IlenenamnpaBieHHbIA TOUCK SHJIOHYKJI€a3 PeCT-
pukimu knacca 1, oOycioBieHHBIH 3HaYCHHEM
3TUX (PEPMEHTOB, TIPUBEIT K OTKPBITHIO OOJIBITIOTO

Tabauya 1.3. CBOgHBIE JaHHbIE 00 OTKPBLITHH

pecTpuKTas
Ton Pectpukrazbl IIporoTumnst
1976 84 22
1980 227 54
1984 503 103
1988 839 152
2002 3516 211
2006 3707 261

YHcia HOBBIX pecTpukras (Tadm. 1.3). HoBoit cun-
TaeTcs Jodas pecTpUKTasa, HalIeHHas B HE U3y-
YEHHOM paHee mTaMMe. JlanpHelne nccienona-
HUS TIO3BOJISIOT PEUINTh, NEHCTBUTEIHHO JIM J1aH-
HBIA EPMEHT y3HAET HOBYIO ITOCIIEI0BATEIIEHOCTh
HYKJICOTHJIOB WJIH K€ SBJISICTCS] aHAJIOTOM YXKe U3-
BECTHOH pecTpuKTa3bl. B ToMm ciydae, eciin oOHa-
pY’KeHHast PEeCTpUKTa3a y3HAeT paHee HEH3BECT-
HYIO TOCJIEJJOBATENIBHOCTh, OHA HA3bIBAECTCS MPO-
momunom. OTHAKO YacTO (EPMEHTHI, BBIJICIICH-
HbI€ W3 pa3IM4YHBIX MHUKPOOPTraHU3MOB, Y3HAIOT
OJTHY U Ty K€ IOCJIEIOBATENBHOCTh U MPHU THIIPO-
mu3e onpenenennoi JIHK oOpasyroT onnHakoBbIi
cnekTp ¢pparMeHToB. Taknue pecTpUKTa3bl Ha3bIBa-
10T uzowiuzomepamu. B 10 ke Bpems, y3HaBast Ofi-
HY U Ty JK€ TOCJEeI0BaTeIbHOCTb, PECTPUKTA3bI
MOTYT MO-Pa3HOMY PacCIlEIUIATh ABYXLEMOYEUHYIO
JHK. TloatoMy (epMEeHTBI, UMEIOLIUE OANHAKO-
BbI€ y3HaBaeMbIe IOCIIEJOBATEIBHOCTH M OJMHA-
KOBO HX pacIIeIUIAIONne, IPUHATO Ha3bIBaTh HC-
TUHHBIMH H3omM30Mepamu. Hampumep, pecTpuk-
ta3bl Hapll, Hpall, Mnol sBist0TCS UCTUHHBIMU
n3ommzomepamu. Pectpukrassl xe Smal nu Xmal,
a taxoke Rsal u Cvill nmeroT monapHo olMHAKOBHIE
y3HaBaeMbIe MOCIEA0BATENIBHOCTH, HO PACIIEILIA-
tor JIHK paznuunsim oOpa3om (cMm. Tadm. 1.2). Ta-
Kue (pepMEHTHI IPUHSITO Ha3bIBaTh JIOXKHBIMU H30-
[IM30MEpPaMH.

Kak yxe ormedanocs, nonasisonee O0IbIIH-
CTBO pecTpukTa3 kiacca Il ucnosb3yror B KayecTBe
cyoctpara Hemomuduumposannyo JJHK. Omxnako
BBISIBJICHBI PECTPUKTA3bl JAHHOTO KJIacca, KOTOPBIE
pacWEIUSIIOT in Vitro TOJNBKO METHUIINPOBAHHBIC
nocnenoBarensHoctn JIHK. Hanpumep, depment
Dpnl w3 Diplococcus pneumonia pactierisieT JHIb
METWJIMPOBaHHYO JByxuenodeunyro JHK mo mo-
cnenoBarenbHoct 5'GmA | TC3'. [lpyras pect-
pHKTa3a u3 gaHHou Oakrepun — Dpnll — ruapo-
mm3yetr Hemonudummposanuyio JJHK u y3naer te
xe yuactkn 5'GA | TC 3', HO yke He MEeTHIHPO-
BaHHBIE.

[Ipuneraromue K y4acTKy y3HaBaHHS pailOHbI
Ha monekyie JIHK oka3piBaloT 3aMeTHOE BIUSHUE
Ha 3 dexTuBHOCTD ee ruapoausa. [ A. lllenkyHo-
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Ba u C. H. IllenkyHOB ucrosnp30Banu Habop daros
A, MyTaHTHBIX [0 Pa3HBIM y4YacTKaM THAPOJIH3a
¢arosoit JIHK pecrpuxrazoii EcoRI (cm. 2.2.2).
OTO MO3BOJIWIO B CUCTEME N ViVO OLEHUTbH 4ac-
ToTy pacuierienus ¢arosoit JJHK no kaxnomy u3
IIATH MECT eHCTBUS qaHHoTo (hepmenta (puc. 1.9).

3HaYUTENbHBIE DPA3IMYUS B CKOPOCTH THJI-
pommza JTHK dara A o uHIABUIyaTEHEIM MECTAM
y3HaBaHUs pecTpukrazoi EcoRI mpogemoHcTpH-
poBaHBI Takxke B cucteme in vitro. C TaHHBIM
3¢ deKTOM Hccae0BaTeN OOBIYHO CTAKUBAIOTCS
npu 006paboTke BUpycHOU wiu tasMugHon JITHK
B YCIIOBHSIX HEMOJIHOTO T'MJIPOJIN3a PECTPUKTA30M,
UMEIONIe HECKOJIbKO MECT JAeWcTBHA Ha CyO-
crparnoit JIHK. I1o onHUM U3 yuacTKOB ruApoIn3a
B 3TUX ciydaax pacuierienne JIHK mpoucxonut
¢ 3aMeTHO Oombmiel 3(h(EeKTHUBHOCTHIO, YeM II0
npyruM. IloaToMy sl MCUEpIBIBAIONIETO THAPO-
nu3a monekya JJHK B ananusupyemom npemnapare,
KaK MMPaBwII0, OepyT HEKOTOPBIH H30BITOK PECTPHK-
Tas3bl.

Baecenue 0o0ibIIOro M30BITKA PECTPHKTA3HI
knacca Il B peakinOHHYI0 cMeCh MOXKET BBI3bIBATH
Hapsly ¢ HOPMaJIbHBIM THPOJIM30M pacllerIieHne
JHK no nononnutensHeIM yyacTkam. Hapymienue
creun(UIHOCTH JCHCTBUSL PECTPUKTA3 MOXKET
TaKXe IPOUCXOAUTH IIPU CHUYKEHUU HOHHOM CUJIBI,
noBsllieHnH pH pacTtBopa, Ipu BBEJEHUM B pacT-
BOP OpPraHWYECKUX PACTBOPUTEICH WM HOHOB
Mn2*, Tak, npu U3MECHEHHH OIPEICIICHHBIM 00pa-
30M pH 1 HOHHO1 CUJIBI PEAKLIUOHHON CMECHU PECT-
pukraza EcoRI crnenmndudeckn y3HaeT HE TeKca-
HYKJICOTHIHYO mocaenoBareabHocTh G | AATTC,
a YKOPOYCHHYIO TeTpaHykieoTuanyio | AATT.
DepMeHT ¢ Takoli U3MEHEHHON aKTHBHOCTBIO 000-
snauaetTcss EcoRI*. Pectpukrasa HindIll B onru-
MaJbHBIX YCJIOBHUSAX HMEET YYacTOK Yy3HaBaHUS
A | AGCTT. Ilpu BHECEHHH B PEaKIMOHHBINA Oy-
dep 15 % numernncynbdokcuna HindIII* pac-
memter JIHK mo  mociemoBaTeabHOCTSM:

Al
Pu|AGCTT, A||GGCTT, A|A®QCTT,
T ) T
A | AGCNT, A | AGCTPy.

BaxxHO OTMETHTB, YTO CTIEpPMUINH (ITOJMAMUH,
SIBJIIOIIUICS CYIIECTBEHHBIM KOMIIOHEHTOM IIPO-
KapUOTHYECKUX KIIETOK) 3HAUUTENFHO YBEININBa-
et TouHocth ruaponusa JJHK pectpukrazamu kiac-
ca Il in vitro. OTO CBUAETENBCTBYET, UTO B KIIETKE
ommbounblii ruaponu3 JAHK pectpukraszoii ecnu
U MPOUCXOUT, TO KpaltHe PeIKo.

I'enbr R-M cucreM MOTYT JIOKQJIM30BaThCSA Ha
OaxTepuaIbHBIX XPOMOCOMAX, IJIa3MHUIaX, BUPYC-
ubeix JJHK. Psag renoB R—M cuctem kmacca Il yna-
JI0Ch TIPOKJIIOHUPOBATH U pacir(poBaTh MOCIE0-
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Puc. 1.9. Pectpukuus in vivo 1o y4acTkam JeHCTBUS
pectpukraszbl EcoRI na JIHK ¢ara A:
1-5 — MHIUBUAYaTbHBIC YYACTKU THAPOIIH3A

EcoRI (srI A1-5 cOOTBETCTBEHHO).
T — tutp dara Ha cooTBETCTBYIOIEM ITaMMe E. coli

BaTEIILHOCTh MX HYKJIeOTHI0B. Habmomaercst 6011b-
moe pa3HooOpa3ue TEHETHYECKOW OpraHu3aliH
CHUCTEM PEeCTPUKIINH—MOAN(DUKAIINH Y PA3HBIX MUK-
poopranu3zmoB (puc. 1.10), HO 0oOIWUM sIBIIETCS
CIICTIJICHHOCTH TEHOB 7 (PECTPUKTA3bl) U m (METH-
Ja3pl) M CTporasi KOOpIMHALHWS MX DKCIPECCHH.
B wacTHOCTH, 3TO TOKa3aHO JJIi CUCTEMBI PEcT-
puknur—moaupukanuu EcoRl, nmeromieir Tepmo-
YYBCTBHTEIHHYIO MYTAIMIO 10 T€HY METHIIa3bl.
[Ipu HenepMuccuBHOM Temmeparype (Ipu KOTOpoi
MeTHJIa3a MHAKTHBHPOBAHA, a PECTPHUKTa3a HATHB-
HA) MPOUCXOAUT THOETh KIETOK HM3-3a paclierie-
Hus cooctBennon JJHK.

BHyTpu paccMmaTpuBaeMoro Kiacca pecTpUK-
Ta3 OTKPBHITHl (PEPMEHTHI, Y3HAIOIINE HETaTuH/I-
pOMHBIE CTPYKTYpbl u pacuieruisitonue JITHK Ha
CTpOro (hPMKCUPOBAHHOM PACCTOSIHUM OT y4yacTKa
y3HaBaHUS ¢ 00pa30BaHNEM KaK TYMBIX, TaK ¥ JIHII-
KUX KOHIOB (Tabn. 1.4). [To npeanoxenuto B. [1u-
0aTbCKOTO TaHHBIE PEPMEHTHI OTHECITH K ITOIKIaC-
cy IS (ot anrn. shift — casur). OcoOeHHO HHTE-
PECHBI peCTPUKTA3bI, 00pa3yIonIue MNPy THIPOITH3E
JIOCTaTOYHO JUIMHHBIC JIMIIKKE KOHIBL. B Kaxmaom
Mecte Tuaponusa monekynsl [JHK Takwe numkue
KOHIIBI UMEIOT YHUKAJIBHYIO TT0CIIEeI0BATEIHHOCTb.
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Puc. 1.10. ITpumepbl opraHu3aiuu TeHOB
R—M cucrewm knacca II:
p1 — mpomoTop, k koropomy PHK-monmumepasa E. coli umeet
OospIIee CPOICTBO, YEM K IPOMOTOPY Pa; ¥, M — COOTBETCT-
BEHHO I'€H PECTPUKTA3BI U METUJIA3bI; CTPEJIIKAMU HaJl TEHAMU
0003HAYCHBI €AUHULBI TPAHCKPUTIIIUN

OT0 1Mo3BOJIAET IPU HEOOXOAMMOCTH HAIPABICHHO
coOHMparb reHepUPOBAHHbBIC TAHHBIMH PECTPUKTA-
3aMu (parMeHTHl C BOCCTAHOBJICHHUEM HCXOIHOM
CTPYKTYpHbI BUpycHOU niu miazmuanon JJHK.

Tax, I1. Mozec u K. Xopuyuu (1979 r.) mpone-
MOHCTPHUPOBAIIH, YTO perumkaruBHyo Gopmy JTHK
¢ara f1, pacmennennyro pectpukrason Hgal na
mecTh pparMeHToB, MOXXHO ¢ oMotk JJHK-mm-
rasbl C BEICOKOH 3()()EKTUBHOCTHIO COOUPATh B OMO-
JIOTUYECKHU aKTUBHYIO KojbueByto JITHK, naromryro
nocye TpaHc(EeKIUH KISTOK Hadano (paroBomMy mo-
tomcTBy. [lpm runmponmse Toit xe darosoir JTHK
pectpukTa3oii kinacca I, popmupyroieii oguHako-
BbI€ JIMIIKHE KOHIBI, YK€ MPAKTHUYECKU HEBO3MOXK-
HO M3 LIeCTH (parMeHTOB B TpOLECCEe JTUrazHON
peakiuu BocctaHoBUTH Monekyiny JIHK HarusHoit
CTPYKTYpBI, TaK Kak Bce (pparMeHThl OyayT oObe-
JUHATBCS CTATUCTHUECKH B CaMbIX PA3JIMUHBIX KOM-
OMHALMSIX U OPUECHTALIUSX.

YHUKalbHbIE CBOMCTBA PECTPUKTA3 MOAKIIACCA
1IS, 3akirovaroiuecs B IpOCTPAHCTBEHHOM pa300-
IIEHHOCTH y4acTKOB y3HaBauus u ruapoiusa JIHK,
no3Boiman A. Ilomxaiickoit u B. Ilnbanbckomy

B 1985 1. mpennoKuTh OPUTHHAIBHBIN TOIXOM
K pacIICIUICHUIO ofHoIenodeyHon Monekyasl JJHK
B J1000M 3amaHHOM Mecte. CyTh Mpomeaypsl co-
CTOUT B TOM, YTO CHHTE3UPYETCS OJTUTOHYKIICOTHI,
Ha OJIHOM KOHIIE KOTOPOTO HaXOJUTCS B3auMO-
KOMIUIEMEHTapHasl MOCIeI0BaTeIbHOCTh, CIIOCO0-
Hasi 00pa3oBBIBaTh ABYXLEMOYCUHYIO IIIHIIBKY
(puc. 1.11). B aT0# mmnmuibke UMEETCs y4acTOK y3-
HaBaHMs pecTpukTassl noakmnacca IIS. JIpyroii, on-
HOIIETIOYEYHBIH KOHEIl HCKYCCTBEHHOT'O OJIMTOHYK-
JICOTHAA KOMIUIEMEHTapeH BbIOpaHHOMY panoHy
KoJibIeBOM onHotenoueunoit JIHK u moxer oOpa-
30BBIBaTh C Hel koMmiuiekc. OOpaboTka MOTydeH-
HOTO KOMIUIEKCAa PECTPUKTA30 MO3BOJIIET BBECTH
pa3pe3 B BbIOpaHHOM Touke oxHotenoueunoi JTHK.
[Ipu ucnonszoBanuu ¢parmenra Knenosa JIHK-
nonumMepassl | E. coli MOXKHO OCYIIIECTBUTH PEaK-
uuio nonumepusanuu sropoit uenu JHK, nocrpo-
UTh OJHOIETOYECYHBIC JINIIKHE KOHIIBI /10 TYIIBIX,
BCTPOUTH TI0 MECTY pacIIeIieHHs 1eeBoi (par-
MeHT /IHK u T. . ABTOpBI B KaueCTBE MOJIEIbHBIX
MCTIOIB30BAIIN pecTpuKTa3y Fokl m omqHoLEmOYey-
uyto JIHK cdara M13mp?7.

OcobenHoctu pectpukTas noakiacca IIS uc-
MOJIB3YIOT TAK)Ke MPH CO3/IaHUH CIIEIIHATN3UPOBAH-
HBIX KJIOHHPYIOLUIMX BEKTOPOB, MUMEIOLIMX O0JIb-
1Ioe 3HaueHHe JUIsi COOPKH I€HOB M3 XHMHUYECKH
CHUHTE3UPOBAHHBIX OJIOKOB.

Pecrpukrasel kiaacca III umeror Hekoropoe
CXOZICTBO ¢ pecTpukTazamu kiacca . Harupubiit
(epMEeHT COCTOMT M3 JIBYX pa3IMYHBIX CyObEIu-
HUIl 1 OM(YHKIIMOHAJEH, T. €. 00Ja/laeT KaK pecT-
PHKTa3HOH, TaK U METHJIA3HON aKTMBHOCTBIO. Pect-
pukTassl kjacca I y3HatoT HeCUMMETpUYHBIE T10-
CJIEJIOBATENILHOCTH JUTMHON 5—6 IH U pacIleruIsitoT
JHK B cTopoHE OT y4acTKOB y3HaBaHUs Ha paccTo-
stHAU 24—27 1H, 00pa3ys OHOLENOYeYHbIC 5 -KOH-
bl JIMHOH 2—-3 HykiieoTHaa. st nposiBiIeHUs 3H-
JOHYKJICQ3HOW AaKTUBHOCTH TPEOYIOTCSI TOJIBKO
ATP n nonst Mg2*, a SAM nu1ib CTUMYJIHPYET pe-
akuuto, npuueM pacuierienue JJHK He conmpoBoxk-
naercst runponuszom ATP. Tlpu nefictBun depmen-
TOB JIAaHHOTO KJIacca in Vitro HE YIAETCs HcUep-
neiBatomie rugponnzosars JJHK. Ipuauns! sToro
ITOKa HE SICHBI.

PacnpocrpaneHHocTs pecrpukras. Pectpuk-
Ta3bl HEOOBIYAWHO MIUPOKO PACHPOCTPAHEHBI B MU-
pe MHKpooprann3MoB. [lokazaHo, 4To pecTpUKIUI
n MomuduKauus HE KOPPEIHPYIOT C IaTOreH-
HOCTbI0. He oOHapyKeHO W 3aBHCHMOCTH OT IIO-
TpeOJIeHUS KUCI0POIa, T. €. R—M cHcTeMbI HMEIOT-
cs ¥ B a3pobax, u B aHadpobax. CTpoeHue KIeTou-
HOI CTEHKH TaK)K€ HE HAKJIAJbIBACT OTpaHMYCHUN
Ha MPHUCYTCTBUE CHCTEM PECTPUKIHH—MOAN(PHUKA-
nuy. HeoOXoanmMo noq4epKkHyTh, 4TO peCTPUKTA3b
U METHJIa3bl HE SIBISIOTCS 0053aTebHBIMU KOMIIO-
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Tabnuya 1.4. Pectpukrassl nogkiacca I1S

V3uaBaemast Muxkpoopra-

depMeHT | W THIPOSIU3yeMas | HU3M — MCTOYHHUK
TIOCJIEI0BATEIILHOCTh (bepmenTa

Bbvl GCAGC(N)g* Bacillus brevis
CGTCG(N),,

Bbvil GAAGAC(N), Bacillus brevis
CTTCTG(N)e

Binl GGATC(N), Bifidobacterium
CCTAG(N);s infanis

BspMI | ACCTGC(N),4 Bacillus sp. M
TGGACG(N)g

Eco311  |GGTCTC(N), Escherichia coli
CCAGAG(N)s RFL31

Eco571  |CTGAAA(N)j6 Escherichia coli
GACTTT(N)4 RFL57

Fokl GGATG(N)y Flavobacterium
CCTAC(N)y3 okeanokoites

Hgal GACGC(N)s Haemophilus
CTGCG(N), gallinarum

Hphl GGTGA(N)g Haemophilus
CCACT(N); parahaemolyticus

Mboll GAAGA(N)g Moraxella bovis
CTTCT(N);

Mmel TCC(A)AC(N), Methylophilus

G methylotrophus

AGG((T:)TG(N)B

Mnll CCTC(N), Moraxella
GGAG(N), nonliquefaciens

SfaNI GCATC(N)s Streptococcus
CGTAG(N)y faecalis

Taqll (g)ACC(g YA(N)y; | Thermus aquaticus
G G
(@TGG(EITNo

Tth11111 | CAAPuCA(N)y, Thermus
GTTPyGT(N)y thermophilus 111

* Pacmeruienue mouiekynnsl  JIHK mpoucxoaut

B BEPXHEH [IENN HA PACCTOSHHUH 8 HYKJICOTHIOB OT Caii-
Ta y3HaBaHWA, B HIDKHEH — 12 HyKJICOTHIOB; Jaiee
AHAJIOTHYHO.

HeHTamu kietku. [lItammel, He comepxkaniue R—M
CUCTEM, WHOTJIA Ha3bIBAIOT «HYJICBBIMI.
PacmipocTpaHeHHOCTh PECTPUKTA3 B IAPCTBE
MPOKAPUOT MOCTABUIIA BOIIPOC O BO3MOKHOCTH CY-
niectBoBaHuss R—M cucrteM B 3yKapHOTHYECKHX
kJeTKax. [lonmbITKH OOHAPYXKUTH y dyKapuoT ¢ep-
MEHTbI, aHAJIOTMYHbIE pecTpuKTazaM kjacca II,
JIOJITOE BpEMsl HE JIaBaJU TIOJIOKUTEIBHBIX PE3Yib-
tatoB. B cepenmae 1980-X IT. MOSBUIUCEH COOOTIIIE-
HUS O BBIJICJICHUH CIENU(UISCKUX JHIOHYKIIea3
u3 Saccharomyces cerevisiae, Pichia membrana-
faciens, Chlamydomonas reinhardtii. Omnaxo nan-
HbIe (EPMEHTHI HE TaBaJId MCUEPITBIBAIOIIETO TH/I-

< CACGGATGTGGAACGAGGGTAGCA-3'..
GTGCCTACACCTTGCTCCCATCGTTGCCG -

c iA
G T
£ 1350 1335 g
\ M13mp7 /
PolIK
4antp | FoM

5'... AACGAGGGTA
3'... TTGCTCCCAT

GGTAGCAACGGC. .. 3'
CCATCGTTGCCG... 5

Puc. 1.11. CxeMa MeTOJ]a HAPABJIEHHOTO BBEJACHUS
paspsiBa B KonbleByto onHonenodeunyo JJHK ¢ara
M13 ¢ moMompio pecTpukTasbl moakaacca IIS (Fokl).

IIpsamoyronsHIKOM 00Be/IeHA MOCIENOBATEILHOCT HA CHH-

TETHYECKOM OJINTOHYKJICOTHAE (IOMYEepKHYT), y3HaBaemas

Fokl; BepTHKaNbHBIME CTpEIKaMHU 0003HaYEHBI MECTa THIPO-

mu3a JJHK pectpukrazoii Fokl; myHKTHpHAs cTpenka yKa3bl-

BacT HAIpABICHHE JOCTPOHKH BTOpOH Imemu QparMeHToM
Krnenosa JIHK-momumepasert 1 E. coli

posmsza JIHK, yem HamoMuHamum pecTpUKTa3bl
knacca IIL.

HecomHeHHBII HHTEpeC MPeCTaBISTIOT paboThI
5. Kcua ¢ coaBropamu, KoTopble HaunHas ¢ 1986 .
OTHCATU PSII MHIYIIUPYEMbIX BUPYyCaMH PECTPHUK-
Ta3, BBIICJIICHHBIX U3 3€JICHON XJIOPEJIJIONOA00HOM
BoJiopociH (cM. Tabi. 1.2). AKTUBHOCTh PECTPHK-
tazonogooHoro ¢gepmenta Crel w3z Chlamydomo-
nas reinhardtii TPOSIBISICTCS TOJBKO B 3UTOTax
1 HaIlpaBJeHA MCKIIOYUTEIHHO HAa THAPOIU3 XJIO-
pomnactaoit JIHK omHoro m3 mapraepos. Mcexons
U3 TEOPUH IHIO0CUMOMO03a, MOXKHO ¢ OOJIBIION Be-
POSITHOCTBIO TIpEAIojaraTb, 4YTO XJOPOIUIACTHI
NPOM30LUIN U3 LUAHOOAKTEPUH, 103TOMY HETPYA-
HO ITPOCJICJNTH CBSI3b PECTPUKTA30M0100HOTO (ep-
MeHTa Crel ¢ TpOKapUOTHUECKOM OpraHu3aunuen
opraHeil. DHJ0CHMOHMO03 BO3HHK Ha PaHHUX CTa-
IUSIX pa3BUTHS JKU3HU Ha 3emile, I03TOMY CHCTe-
MBI PECTPUKIMH-MOIU(PUKAIINN, CKOpee BCEro,
UMEIOT OYEHbB JIPEBHEE MPOUCXOKICHNUE U CBSA3aHBI
C OHOKJIETOYHOM OpraHu3aIfe >KuBoro.

Bcro nndopmanuio o pecTpukTazax 1 METHII-
TpaHcepazax MOXHO HaWTH Ha BeO-caiiTe
www.rebase.neb.com, KOTOPEI peryaspHO 0OHOB-
JseTcsl.

1.2.2. [JHK-nuza3a

B 1961 . M. Me3senscon u J[. Beiiri Ha npu-
Mepe (ara A moxasanu, 4to peKoMOUHAIHS (Kpoc-
CHHTOBEP) BKIIOUACT Pa3phIB U MOCIEAYIOIIEe BOC-
coenmuaenue Moirekynr JIHK. Dta pabora mama nm-
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MYJIbC MOUCKY (PEPMEHTOB, YYaCTBYIOIIUX B MPO-
necce pekoMOuHanuu. Bekope npu u3ydenun ¢a-
roB A u T4 Obutk BBISBICHBI (harocreruduyHbie
HyKJIea3bl, HEOOXOIUMBIC IJIsl OCYIIECTBICHUS (a-
TOBOW pEKOMOMHAIMH. DTO YKa3bIBaJIO Ha MPABUIIb-
HOCTb TNPE/UIOKEHHOW THIOTE3bl O MEXaHU3Me
KpoccuHrosepa. Hauanuch MHTEHCHBHBIE ITOMCKH
(hepMeHTa, y4acTBYIOIIErO B BOCCOCAMHEHUH pac-
HICIUICHHBIX HyKJIea3amu mojekya JJTHK. B 1967 r.
HE3aBHCHMO B HECKOJIBKUX JTAOOPaTOPHUSIX OBLI OT-
KpbIT QepmenT, HazBaHHbIN JIHK-nmurazoii, xoto-
phIi KaTanmu3upyeT cuHTe3 PochonndGupHoOi CBs-
3H B AByx1lenodeuHoit monekyne JTHK.

VYnanoce oOHapyxuTh nBa tuna JIHK-muras:
(hepMeHT, cuHTe3upyeMBIi B KileTKax E. coli, u dep-
MEHT, TOSIBJISIOLIMICS B KieTKax E. coli, naduuu-
poBanHbIX (parom T4. OHM pa3nHyYaINCh MO MO-
TpeOHOCTsIM B KodakTtopax. JAHK-nmuraza E. coli
B KadecTBe Kodakrtopa Tpebyer mmdochonupu-
JUHHYKJICOTH/I, B TO BpeMs Kak siurasa ¢ara T4 —
agenosuaTpudocdar. Kpome toro, JIHK-murasza
¢dara T4 B ommune ot JJHK-nurasser E. coli cno-
coOHa KaTaJM3UpOBATh PEAKIMIO BOCCOCIANHEHHUS
nByxuenodednsix ¢parmenToB JIHK ¢ Tymeivm
KOHI[AMH, T. €. pparMeHToB 0e3 MepeKphIBAIOLIINX-
Cs1 OZJHOLICTIOUCYHBIX KOMIUIEMEHTAPHBIX yYaCTKOB.
[ToaTomMy B HacToOsiIiee BpeMs B e€HHO-HH)KEHep-
HBIX 3KCIIEPUMEHTaX MPEANOYUTAIOT HCIOJIB30BaTh
JHK-nura3y ¢ara T4, xak Oonee yHHBEpCaTbHBII
(hepmeHT.

JHK-nmuraza ¢ara T4 sBiseTcss MOHOMEPHBIM
MIOJIMITENTUIOM C MOJIEKYIApHON Maccoil 68 k/la
U Karanm3upyetr oOpaszoBanue GochonndpupHOi
CBSI3M MEXIy mnpuierarommMu  S'-pocdarHbiv
(5'-p) u 3'-rugpoxcwisHbM (3'-OH) KOHITAMU Tie-
nieit JIHK. ITpu 5T0M BO3MOXKHBI JIBa TUIIA PEAKIIMH.

1. JIurupoBaHue JTUMKUX KOHIIOB:

OH
5%~pN-pN-pé PA-pA-pT-pT-pC-pN-pN... 3’
S + S
3. Np—Np—Cp—Tp—Tp—Ap—Ap Gp—Np—Np...S’
on
OH

’

W

|
.pN=-pN-pG pA-pA-pT-pT-pC-pN-pN... 3’

3. Np—Np—Cp—Tp—Tp—Ap—Ap (lﬁp—Np—Np...S’
OH

JIHK-nurasa | 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'

CyOcTparsl 3TOH peakiyi — IBYXIECMOYCUHbIC
monekyisl JIHK ¢ onHonenoyeuHbIMU, OTHOCTHIO
KOMIUVICMCHTAPHBIMU JIMIIKUMH KOHLIAMU. Yacrt-
HBIM CIIy4aeM TaKoi peaklnuu SBISETCS ITUTHPO-
BaHUE TaK Has3biBaeMoro Huka (nick) — paspeiBa
B OJIHOM U3 HUTEH AByxiuenodeuHout JTHK.

2. JlurnpoBaHue TyIbIX KOHIIOB:

OH

|
5'...pN-pN-pA-pG
3'... Np-Np-Tp-Cp

pC-pT-pN-pN... 5
(|3p—Ap—Np—Np... 3

OH

JIHK-nuraza | ATP, Mg2Jr
5"...pN-pN-pA-pG-pC-pT-pN-pN... 3’
3'... Np-Np-Tp-Cp-Gp-Ap-Np-Np...5’

Taxum o6pazom, JIHK-muraza dara T4 obec-
MeYNBAET KOBAJICHTHOE COCTUHEHHUE JIOOBIX JBYX-
uernoyeynsix gpparmentos JJHK, amst kotopbix mme-
€TCsl BO3SMOKHOCTB COCTBIKOBaTh 5'-p 1 3'-OH KkoH-
1pl. [ToaToMy OHa SIBISIETCA ONHUM M3 BaKHEHUIIMX
(hepMeHTOB, Ha UCTIOIF30BAHNU KOTOPBIX OCHOBAHBI
COBpPEMEHHBIC METOAbI PEKOMOMHAIIMM MOJICKYI
HHK in vitro.

1.2.3. ljenoyHass ¢pochama3sa

Hlenounsie pocdaraspl OaKTepuil U KUIICUHHU-
Ka TCJICHKA KaTaJM3uPYIT yaaieHue 5'-docdar-
Heix rpynn JAHK wnmmn PHK. Mx ucnons3yror npu
MOJTOTOBKE (PparMEeHTOB HYKJIIEMHOBBIX KHCIIOT K
BBE/ICHHIO 5'-KOHIIEBOW paIMOaKTUBHONH METKH
(32P wu 33P), a Taxoke IS MPEIOTBPAIICHUS JTUTH-
poBanus BekTopHbIX Mosekya JJHK camux Ha ce0st
(manpumep, cm. puc. 2.21 u 2.22). JJHK-nmurasza
criocoOHa 06pa3oBbIBaTh pochoaudhupHbie CBI3U
B oiHOLenToueuHbIX paspsiBax JJHK nums npu Ha-
AUYuK B HUX 5'-koHIeBoro ¢ocdara (cm. 1.2.2).
Vnanenue 5'-koHIEBBIX (ocdaTHBIX TPYII MOJie-
KyJl KJIOHUPYIOLIET0 BEKTOpa, TUAPOIU30BAHHOIO
OJIHOW PECTPUKTA30l MpHU MOATOTOBKE €ro s
Berpoiiku pparmento AHK, npenorspamaer 06-
pa3oBaHME OJIMTOMEPOB MOJIEKYJI BEKTOPA, a TAKXKE
BOCCTAHOBJICHHE €T0 KOJBLIEBOH CTPYKTYpHl (0e3
BCTaBKH) BO BPEMs JIMTHPOBAHHS COBMECTHO CO
BcTpauBaeMbiMu ¢parmentamu J{HK. B sTom ciy-
yae HEOoOXOAMMBIE JUIA JUTHpPOBaHus (ocdaTHbIe
IPYIIIBI COAEPKATCS B CAMUX KIOHUPYEMBIX (hpar-
menTax JJHK. [Tpu aToM KOBaJIeHTHEIE CBSI3U 00pa-
3YIOTCSI JIMLIb B TE€X LEIsIX, TIe cOmmKeHsl 5 -hoc-
(datel ¥ 3'-THIPOKCHUIIBI, & OCTAIOLIUECS B PE3YIlb-
TaTe HEMOJIHOIO JUTMPOBAHUSA J[BA OIHOILENOYEU-
HBIX pa3pbiBa (B LEMX, TIE OTCYTCTBYIOT 5'-KOH-
uessle ¢pocdarsl Ha JIHK BekTopa) penapupyrorcs
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in vivo nocine BBeAeHus ruOpuaabix Monekyn JJHK
B 0aKTeprabHbIEC KJIETKH.

1.2.4. JHK-nonumepa3sa | E. coli

JHK-nomumepasa [ E. coli 6pima oOHapykeHa
A. Kopubeprom ¢ corpynaukamu B 1958 r. DtoT
(hepMeHT sSBUIICS TIEPBOI HalZIGHHOH TIOJIMMEPa30il.
OH mpezcTaBisgeT co00OW MOHOMEPHYIO ITOJHUIIETI-
TUHYIO LeNb ¢ MoJeKysipHoM Maccoit 103 k/la
U UMEET TPEXJOMCHHYIO CTPYKTypy (puc. 1.12).
Kaxnapiit nomen Oenka obnamaer oTnenbHO (ep-
MEHTATUBHOM aKTUBHOCTBIO: N-KOHIIEBOU JOMEH —
5'-3'-sK30nykneasnoit; C-koHieBo — 5'-3'-mo-
JMMEepa3Hoi; cpeaHuii JoMeH — 3'—5'-3K30HyKIIe-
a3HO.

JHK-nonumepasa | E. coli (Poll) He cBs3biBa-
€TCsl C MOJIEKYJaMHU JIByXIIEIOYE€YHON KOJIbIIEBOM
JHK. Onnako ecii Takue MOJIEKYIIbI ACHATYPUPO-
BaTh U TIOJIyYUTh OJHOIICTIOUEYHbIE (POPMBIL, TO C HU-
MU TIOJIIMEpasa CBSA3BIBAETCS B KOJMUECTBAX, MPO-
NOPIHMOHANIBHBIX JUIMHE JTHX Y4YacTKOB, — IIpH-
MepHO ojiHa MoJjiekysa Ha 300 HyKJIEOTHUIHBIX OC-
tarkoB. Poll cBs3pIBaeTCsl C OOHOIETIOYEYHBIMH
yuacTkamu JBoiHOM cnimpanu J{HK, B Mecrax on-
HOIICTIOUYCYHBIX Pa3phIBOB, a TaKXKe C KOHIAMHU
JByx1uenodeyHbix mosexyn JJHK.

Paccmotpum  (hepMeHTaTHBHBIE aKTHBHOCTH
JHK-nonumepasst [ E. coli.

5'-3'-mommmepa3nasi akTHBHOCTB. Jlns pe-
AKX HEOOXOAMMO HAJIMYHE OJHOLENOYeUHON
JHK-Marpunpl ¥ KOMIIEMEHTApHOIO YYacTKy
9TOH 1enu ¢parMeHTa — npaimepa (3aTPaBKH)
¢ 3'-OH koHIIOM:

(|)H 3 dATP
5"...pC—pC—opG dCTP
3'... Gp—Gp—Cp-Tp—Ap-Tp—Cp-Gp... 5’ dGTP

dTTP

Poll | Mg>*

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

3'—5'-3k30HyKJI€a3Hast aKTUBHOCTb. OHO-
neroveuHas win asyxuenodeunas JJTHK rugposnu-
syercst ¢ 3'-OH konIa:

OH
|
5'..pC—pG—pC—pA—pT-pG—pT
3'... Gp—Cp-Gp
Poll | Mg**
OH
) | pA
5. pC—pG—pC X pG

3'... Gp—Cp—-Gp pT

Mecto pacuiCrjiCHUA

poTea3aMu
®parmenT Kitenosa
- 5'-3'-nonumepasa 3'-5'-3K30- A 5'-3'-3K30-
HyKJeasa HyKJIeasa
0

Puc. 1.12. Ctpyxrypa JHK-monmumepassl I E. coli (a)
U MOJIeNb ee B3aumoeicTus ¢ moiekynoit JJHK (6).

Crpenky yKa3pIBaloT HAaIpaBlIeHHE (pepMEHTATHBHBIX
peaknuii, KaTaTn3upyeMbIX JOMEHAMH MOINMepa3bl

Heo0xoaumMo moauepkHyTh, 4To 3'—5'-HyKIIea-
3a pacuierisieT TM3(QUPHYIO CBSI3b TOJIBKO B HECHa-
pensbix yuyactkax JITHK.

[Tpu nmonuMepa3HON peakiMu C ONpPeeICHHON
YacTOTOW BO3MOXKHO BKITIOUEHHE B PaCTYIIYIO
Ieb HEKOMIUIEMEHTAPHOTo HykieoTuaa. OaHako
MoJMMepa3a He MOXKET MPUCOSAUHATh HYKICOTH]T
K HEMPaBWILHO CIIAPEHHOMY KOHILY, 00pa30oBaBIlie-
Mycs TpU ee ydvacTuu. Ha moMoIls MPHUXOTUT
3'-5'-ask30HyKjca3a, yOuparomas OIHOOYHBII
HYKJICOTHJI, HA MECTO KOTOPOTO 3aTeM MPHCOEIH-
HSICTCSI TIPaBWIILHBIA. 3'—5'-3K30HYyKII€OMUTHYC-
CKasi akTUBHOCTb TPOSIBISICTCS B HAITPABJICHUH, 00-
patHoMm cuntesy JHK (cm. puc. 1.12).

Takum oOpazom, 3'—5'-3K30HyKIIca3HAs AKTHB-
Hocth JIHK-monmumepasbl urpaer BaxHYIO pOJb
B 00€CTIEUECHUN TOYHOCTH TTOTUMEPU3AIINHI, HATIPAB-
nsieMold Marpuuei. D(HHEKTUBHOCTb, WIH YHCIO
000pOTOB, JaHHOW 3K30HYKJIEa3bl B ONTUMAJIbHBIX
yCIOBHAX cocTaBisieT 2 % OT umcina 00OpOTOB
CyOBEIMHUIIBI C TIOJTMMEPA3HON aKTHBHOCTBIO.

5'-3'-3k30HyKjI€a3Hasi AKTUBHOCTD JICTPaJi-
pyer onHy uens Asyxuenodednoit JIHK, HaunHas co
cBOOOIHOrO 5'-koHna. B otmuuue or 3'—5'-sK30-
HyKkjea3sl 5'—3'-5K30HyKJIea3a pacIICIIseT JH-
3pHUPHYIO CBSI3b TOJBKO B CHAPEHHBIX YYaCTKaX
npyxuernodyeunord Mmosekynsl JIHK. bonee Toro,
3'—5'-HykJea3a OTIICIUISIET OJTHOMOMEHTHO TOJIb-
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KO OJIH HYKJICOTH]I, B TO BpeMs Kak 5'—3'-Hykiiea-
32 MOXKET BBIPE3aTh C 5'-KOHIIA OJTUTOHYKICOTHIBI
JUTMHOM JT0 Jecatu octatkoB (okoio 20 % mpo-
JYKTOB THIPOJIN3a):

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

Poll | Mg**

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

+ pC, pG—pC-pA

CKOpOCTh HYKJIEa3HOTO OTIIEIUICHUS YBEIHIH-
BAETCs Ha MOPSIIOK IPH OTHOBPEMEHHO MPOTEKA0-
el peakuuu noinumepusanuu. [Ipu sTom Bo3pac-
TaeT OTHOCUTEIFHOE KOJINYECTBO OJINTOHYKJIEOTH-
noB B npoaykrax ruaponusa JJHK. bnaronaps ta-
KOMY COUYETaHUIO (PEPMEHTATUBHBIX aKTHBHOCTEH
JHK-nonumepasa | E. coli urpaer BaxxHyI0 poJjb
B penapauuu nospexaeHuil JHK in vivo.

JHK-nonumepasa [ E. coli mocne cBS3bIBaHUS
¢ npyxuenoueunoit JIHK B mecre ojHouenovey-
HOTO pa3pbiBa B NPUCYTCTBHU HEOOXOAMMBIX [ie-
30KCHHYKJICO3uATpUpochaToB KaTraau3upyer of-
HOBPEMEHHO JBE peakiuu — 5'—3'-9k30HyKIcas-
HBII TUAPONIN3 pa3opBaHHO Lenu mosaekyisl JJTHK
u 5'-3'-monumepasznyto peakiuo. [Ipu aTom mpo-
HCXOMUT TIEPEHOC OIHOIENOYEYHOrO pa3pbhIBa
B1oab Monekynbl JJHK, koTopelil nHaue Ha3bIBaeT-
Csl HUK-mpaucaayuell. 3aMeHss B PeaKkIuu HHUK-
TPAHCISALMU HYKJICOTHBI, (OPMUPYIOIIUE LEMb
JHK, Ha paqnoakTUBHO MEUEHHBIE, MOKHO MOTY-
yuTh Meuenyto JIHK ¢ BricOKOM ynenbHOW aKTHB-
HOCTBI0. Takoil METOJIMYECKUM MPUEM MCIOJIb3Y-
10T I0BOJIbHO yacTo. Huk B aByxuenoueunyro JJHK
OOBIYHO BBOJISIT, JI0OABJISISI CIICIOBBIC KOJIMYECTBA
Je30KCUPUOOHYKJIIea3bl | U3 MOMKENyq0uHON Ke-
ne3pl Obika. JlaHHBIA (PEpMEHT IMpe/CTaBIsIeT CO-

0oii sHHOHYyKIea3y. B mpucyrcTBun nono Mg2t
JHKa3za I Bo3necTByeT HE3aBUCUMO Ha KaIylo
uens JJHK, mpu aTtom Mecrta pa3pbsIBoB pacrnosara-
FOTCS CITY9aitHBIM 00pa3oM.

N-xonneBoit nomen monekynsl JJHK-monume-
passl | E. coli coenmnHEH cO CASAYIOMNUM TOMEHOM
meTiaed W3 aMHHOKHCIOTHBIX OCTaTKOB (CM.
puc. 1.12), xotopast HanOojee TOCTYITHA IEHCTBUIO
nporeas. [loaToMy npy OrpaHU4YEeHHOM IPOTEONIH-
3¢ (pepMeHTa CYOTHIIM3UHOM, TPUIICTHOM WA APY-
MMM TIpOTea3aMH OH pacrajaercsi Ha JBa (par-
MeHTa, umeromux pasmep 68 klla u 35 x/la. Menb-
mmii pparmeHT obmagaer 5'—3'-3K30HYKIIEa3HOU
AKTHBHOCTBIO, a OoubInii — 5'—3'-nonmmepasHoit
u 3'-5'-ok30HyKnea3zHoi aktuBHOCTAMH. [Tocien-
HUI OMPYHKIMOHAIBHBIA (parMeHT MPHUHATO Ha-
3bIBaTh ppacmenmom Knenoea /ITHK-nonumepa-
3ot 1 E. coli (o ¢paMuiIny OJHOTO U3 OMUCABIINX
ero aBTopoB). @parment Kienosa JIHK-mommme-
pasbl 1 (PollK) MOXKHO BBIZICIIUTH TaKkKe U3 IKCT-
paxToB E. coli. [Ipoucxomut u 00pa3oBaHHE 3TOTO
(¢parmMeHTa B KJIETKE MM OH (GOPMHUPYETCS B MPO-
Lecce SKCTPAKLUH, [TOKA HE SCHO.

PolIK 00BIMHO HCTONB3YIOT Ui JOCTPOHKH
OJIHOLICTIOYEYHBIX 5'-KOHIIOB HA JBYXIIETIOYEYHOMN
JIHK, yacto reHepupyeMbIX pPEeCTpUKTa3aMH, IO
TYIIBIX; IUI CHHTE3a BTOPOM LIENN HA OXHOLENO-
yeynort JIHK; st rugponmsa OgHOIIETIOYEUHBIX
3'-KOHIIOB Ha AByXIleMouedHbIX MojeKyinax JJHK.

Paccmotpennsie cBoiicTBa (hparmenta Kieno-
Ba JIHK-mmommumepassl | E. coli mo3Bomwmm /1. 'oen-
JIeJly C COaBTOpaMHM NperiokuTh B 1980 . MeTon
penapanuu, HarpaBisieMo# MpaiiMepoM (primer re-
pair technique). CyTh TaHHOTO TMOAXO/a 3aKIFO4a-
eTcs B cienyromeM. Ecin HeoOXoauM THIPONIN3
cermenta JIHK ¢ m3BecTHON mociemoBareib-
HOCTBIO JIO CTPOTO ONPEENIEHHOW TOYKH, HAIpH-
Mep o nannuatopaoro ATG-Tpurera cTpykTyp-
HOTO T€Ha, TO CHHTE3UPYETCS OJUTOHYKICOTHI-
npaiiMep, COOTBETCTBYIOLIUI Hayaly 3TOTO TeHa.
3areM OCyIECTBISIOT ACHATYPALIIO CETMEHTA MO-

CHHTETHYCCKHI OJTUTO-
HYKJICOTH/I-TIpaiimep

5'ATG-AGC-TAC-AAC 3

3 AGG-TAC-TCG-ATG-TTG ——— 5'

(=) mems cermenTa JJHK

J PolIK

51

Puc. 1.13. Cxema MeTO/Ia pemapanny, HalpaBIsseMoi IpaiMepomM
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nexynsl JIHK, coneprkariero usy4daemslii reH, 1 OT-
XKHUI' B IIPUCYTCTBUM H30BITKA CHHTE3MPOBAHHOIO
onuronykineoruna. [lpu sTom o0pasyrorest 1yriek-
Chbl MEXy IpaiiMepOM 1 KOMILIEMEHTAPHON LIENbIO
ucnoinr3yemoro cermenra (puc. 1.13). B npornecce
o0Opabotku ¢parmenrom Kinenosa JIHK-monume-
pasel 1 E. coli ogHOICTIOUYEUHBIH 3'-KOHEL IOy~
YEeHHOI0 JAyIUIeKca Yyhausercs IMoA JeHCTBUEM
3'—5'-3K30HYyKII€a3HOM aKTHBHOCTH, a BTOpast eTh
Ha 5'-KOHIIE JOCTPAUBAETCS € MOMOIIBI0 5'—3'-1mo-
JIMMEepa3Hoil akTUBHOCTH (epMeHTa. JlaHHBI Me-
TOJ] BaXKEH JJIs1 BBITIOJTHEHNS TOHKUX T€HHO-NHXKE-
HEPHBIX MaHUITYJISALUH.

1.2.5. O6pamHass mpaHcKkpunmasa

[Ipu u3yyeHun peTpoBUPYCOB, TCHOM KOTOPBIX
npejcTaBieH Moyiekynamu ojHonenodedno PHK,

ObLTO0 OOHAPYIKEHO, YTO B MPOLIECCE BHY TPUKIICTOU-
HOT'O Pa3BUTHUSI OHU IIPOXOST CTaJUI0 MHTETPALMH
CcBOEro reHoma B Bujae asyxuenodeuHor JIHK
B XpOMOCOMBI KJIETKH-X035uHa. B 1964 1. X. Temun
BBIJJBUHYJI THIIOTE3Y O CYIIECTBOBAHUM BHpPYyCCIIE-
uuuIHOro pepMenTa, CriocCOOHOTO CHHTE3UPOBATh
Ha PHK-marpune xommementapayo JIHK.
B 1970 . X. Temun u C. MwusyTtanu, a Takxke
He3zaBucuMO oT Hux J[. bantumop oTkpbuin Takon
(depMeHT B Tpernapare BHEKJIECTOYHBIX BUPHUOHOB
BUpyca capkomsl Payca. Jlannas PHK-3aBucumas
JHK-mmomumepasa moiyuymia Ha3BaHUE OOpaTHas
TpaHCKpHNTasa. MlHora ee Ha3bIBalOT peBEPTa30il.

HaunOonee neranbHO M3yueHa peBeprasza per-
poBUpycOB NTUIL. Kaxabiii BAPUOH COJIEPKHUT OKO-
10 50 momnexyn aToro dhepmenTa. ObpaTHast TpaHC-

5’ PHK 3’
TTomu(A)-momumepasa
E. coli
MPHK (A (A
5! 3 5! 3

Onuro(dT)-npaitmep

Peepraza

(A

5! lIIIII: 3
3 5'

dTlO—lQ

3!

5!

s

[{enounoii rumponu3

PHK
xJIHK
(UL >
3'
Pesepraza
(PolIK)
-k JIHK 5
(IIRTRIRRNANR AR NAETY 3
Hyxkneaza S1
3 kJIHK 5
5 3

Puc. 1.14. Cxema cuntesa asyxuenoyeunbix JJHK-konuit monexyn PHK
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KpHUIITa3a COCTOUT W3 JBYX CyObeAMHUI — «

(65 xJla) u B (95 x/la), IPUCYTCTBYIOIINX B IKBH-

MOJISIpHOM KonudecTBe. «-CyObeiMHUIA Tpeq-

cTaBisieT co0o0if N-KOHIIEBYIO 4YacTb (Be TPETH)

p-CyObeTUHUIIBL.

OOparHasi TpaHCKpHITa3a o0JagacT Mo Kpai-
Hel Mepe TpeMs (pepMEHTaTUBHBIMH AKTHBHOC-
TAMH:

* JIHK-nonuMmepas3Ho#l, MCHOJIB3YIOIIEH B Ka-
yectBe MaTpuilsl kak PHK, tak u JIHK;

* axtuBHOocThi0 PHKazel H, runponusyromieit
PHK B cocraBe rubpuna PHK-IHK, Ho He
oAHO- uiu aByxuenoyeunyo PHK;

*  JIHK-snaonyxnea3Hoi.

[lepBble ABE aKTUBHOCTH HEOOXOIUMBI [T CHH-
te3a BupycHoit JIHK, a snionykineasa, mo-suanumo-
My, BaKHa i uHterpanuu BupycHoit JIHK B re-
HOM KJIETKH-X03siuHa. 3-CyObeuHIIIa PeBepPTa3bl
o0mamaeT BceMH TpeMs aKTUBHOCTSIMH, B TO BpeMsI
KaK a-CyObelMHUIAa — TOJBKO MOJUMEPa3HON H
PHKa3s1 H.

OunmienHast oOpaTrHasi TPAaHCKPUIITa3a CHHTe-
supyer JJHK kak na PHK-, tak u na JIHK-mar-
punax. YUroObl HauaTh CHHTE3, peBepTase, Kak
W JAPYTUM TIONHMEepa3aM, HEOOXOTUM KOPOTKHI
JIByXLIETIOYEYHBIA y4acTOK — mpaiimep. IIpaiime-
POM MOXKET CIIYKUTh OJHOLECIIOUEUHBIH CErMEHT
kak PHK, Tax u JIHK, xoTopsie B mporecce peak-
LIMH OKa3bIBAIOTCS KOBAJIEHTHO CBSI3aHHBIMU C HO-
BocuHTe3npoBaHHOM nensio JJTHK.

OO0paTHYyI0 TPaHCKPUNTA3y PEUMYIIECTBEHHO
HCTIONB3YIOT sl TpaHckpunuuu Matpuunoi PHK
B komriemenTapayoo JIHK (x/IHK). Peakmuro 06-
paTHOM TPAHCKPHUIILIUU TPOBOAST B MPUCYTCTBUU
cUIbHBIX WHTHONTOpOB PHKasHo# akTWBHOCTH.
[Ipn sToM ymaercs mnoiyuyaTb IOJHOpPa3MEpHbIE
JHK-xonuu nenebix mosiekyn PHK. B kauectse
mpaiiMepa 0pu  0OpaTHOHW TPAHCKPHIILUH II0-
mu(A)-comepxammx MPHK  wmcmons3yror  omm-
ro(dT) (puc. 1.14), a myst montekyn PHK, He numero-
X 3'-1moau(A)-KOHIOB, — XUMHUYECKH CHHTE3H-
POBaHHBIE OJUTOHYKJIEOTHIBI, KOMIIJIEMEHTApHBIE
3'-xonny usydaemorr PHK. Kpome toro, mocien-
Huit tun monekyn PHK moxHO mepesectu B mo-
mu(A)-comepxkammpe ¢ IMOMOIIBIO TOMH(A)-TT0TH-
Mepasbl E. coli.

Metongamu reHeTHYECKOW HHIKEHEPUH yIaI0Ch
MOJIyYUTh BAapUAHTBl OOpPATHON TPAHCKPHUIITA3HI
C CYUIECTBEHHO CHHJKEHHOH  aKTHMBHOCTBIO
PHKa3e1 H m onTmManbHON aKTHBHOCTBIO IS
cunaresa kJIHK in vitro.

[locne cunteza Ha MPHK komruiemenTapHoit
nermn JIHK u pazpymenus PHK (o6srano mpume-
HSIOT 00pabOTKy LIEN0YbI0) OCYIIECTBISIIOT CHH-
te3 Bropor nenu JIHK. Ilpu sTom ucnosb3yror
CIIOCOOHOCTB peBepTa3bl 00pa30BbIBATh HA 3’ -KOH-
ax oaHouenoueyHsix kJIHK camokommiemenrtap-

HbIE MIMIIBEKA, KOTOPHIE MOTYT BBITIOIHATH (PyHK-
UMy npaimMepa. Marpuueid ciayKuT nepBasi LElb
kJIHK. /lanHas peakiusi MOXKET KaTaJIu3upoBaThCs
Kak peBeprazoit, Tak u JJHK-nonumepasoii [ E. co-
li. Coueranue 3THX IBYX (DEPMEHTOB TO3BOJSET
MOBBICUTH BBIXO] ITOJTHOIIEHHBIX JIBYXIIETIOYEUHBIX
moutexyi kJIHK.

ITo oxoHUYaHUM cUHTE3a NepBasi U BTOpasi LEenu
k/IHK ocTaroTcst KoBaJICHTHO CBSI3aHHBIMH TETICH
IIMWJIbKY, CIIYXHUBILIEH MpaliMepoM MpH CHHTE3E
BTOPOH Ienu. DTy METII0 PACIIETUIIIOT JHOOHYK-
aeazoit S1, cienupuvecKky paspyliarolied OaHO-
[ENOYeYHbIe YYaCTKH HYKJIEMHOBBIX KHCIOT. O0-
pasyromuecs Ipy 3TOM KOHIbI HE BCErJa OKa3bl-
BAIOTCSI TYNBIMH, W JUIsl TOBBIIEHHUS 3()(HEKTHB-
HOCTH TMOCJIEAYIONIEr0 KIIOHUPOBAHUS UX perapu-
PYIOT J0 TyIBIX ¢ moMoIIbio GpparmenTa KineHosa
JHK-nomumepassl | E. coli. [TonyueHHyro AByXI1Ie-
noueunyio k/IHK MoxxHO 3aTeM BcTpauBaTh B KIIO-
HUPYIOIIHE BEKTOPHI, Pa3MHOXKATh B COCTaBe THO-
punseix Mmonekyn JJHK u ncnonb3oBars aiist najib-
HEWUINX HCCIIEOBAaHUM.

Henasno cnoco6HocTh cunTe3nposars JJHK Ha
matpurie PHK Obima mpomeMoHCcTprpoBaHa ist Tep-
MoctabwibHbX JHK-nonumepas Gakrepuii Ther-
mus thermophilus v T. flavus. Takue nojauMepasbl
MOYKHO HCITIOJIB30BaTh ISl MPSIMOTO OOHAPYKEHUS
cnenugpuueckux moyiekyn PHK B Ouonorunueckux
obpasmax meromom I1ILIP. ITpu sTOM B omHO# mIpo-
OHpKe B peakiuu 00paTHON TPAHCKPHITIUN CHHTE-
3upyeTcs HeOOoNbIIoe YHCiIo Komuil (parmenra
JHK na marpune PHK, xoTopsle cpasy ke uCnoib-
3yIOTCSl TeM ke (DEPMEHTOM B KayeCTBE MaTpPHIIbI
obprguoit IIIIP. Takas mpomemypa Ha3bIBaeTCS
OT-IILIP (cm. 1.8.1).

1.2.6. Hykneasa Bal31

B 1975 1. X. I'poii ¢ coaBTOpamu, U3yyasi BHe-
KIIETOYHBIE HYyKIeasbl Alteromonas espejiana
Bal31, obnapyxumu hepMeHT, KOTOPHI (HYHKITHO-
HUpyeT: 1) Kak SK30HYyKJIea3a, KaTalu3upyromas
yAaJIeHue MaJbIX OJUTOHYKJICOTHIOB WJIM MOHO-
HYKJICOTHJIOB OJHOBPEMEHHO ¢ 5'- u 3'-KOHIIOB
neyxuenodeynoir JTHK, mpuyem ob6e menu JHK
JerpaiupyoT MNPUMEPHO C OJMHAKOBOW CKO-
POCTBIO; 2) KaK 3HJIOHYKJIea3a, ClielupUIHAS K OJ1-
nouenoueunoit JJHK. JlanHbiii ¢pepMEeHT MOTydnI
Ha3BaHME HyKJeas3a Bal3l.

CrocobnocTh HyKJIea3sl Bal31 BbeI3biBaTh Jie-
rpajlalliio ¢ KOHIIOB OJHOBPEMEHHO O0EWX Iemnein
monekynsl JIHK npusnexna k aTomy hepmeHTy BHU-
MaHue wuccrenoBareneii. Oka3zamoch, 4YTO0 00pa-
30BaBIIMecs: mocie oOpabdorku Bal3l ¢parmenTsI
JHK moxHo cimth ¢ moMotpio JIHK-nmuraser dara
T4 ¢ ngpyrumu monexyitamu JIHK, umerormmu
TYIble KOHIBL OD(PPEKTUBHOCTD JIUTUPOBAHUS CY-
LIECTBEHHO MOBBIIIAETCS, €CIM YKOPOUEHHBIE C I10-
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momipto  Bal31 monekynst  JIHK — oGpaborarh
(parmentom Knenosa JITHK-mommmepassr 1 E. coli.
DTO yKa3bplBaeT Ha TO, YTO B PE3yNbTaTe TUAPOIN3A
Hykeasoi Bal31 obpasyrorcst pparments JJHK kak
C TYITBIMH, TaK U C OJJHOIICTIOUYEYHBIMU KOHIIAMH.

B ompeneneHHbIX yCIIOBUSX JIMHEHHYIO JIBYX-
uenoueunyro JIHK MOXHO KOHTpoiaupyeMo Trui-
pom30BaTh ¢ 000MX KOHIIOB HyKJea3on Bal31, uro
HCIIONB3YETCS MPH KOHCTPYUPOBAHUU THOPHIHBIX
mostekyn JIHK, xorma HEoOXOmIMMO B MX COCTaBe
CONMU3UTH Kakue-TM00 (PyHKIIMOHAIBHO 3HAYMMBIC
TeHETUYECKUE DIIEMEHTBHI.

1.2.7. KoHyeeas1 de3okcuHyKkneomuousi-
mpaHcgepasa

B 1962 r. ®. bomtym oOHApYyX Ul B THMYCE
TEJICHKa HEOOBIYHBIN (PEPMEHT, Ha3BaHHBIN KOH-
[[EBOH JIC30KCUHYKJICOTUIUITPAHCPEPa30i, WU
mepmunanvhoi mpaucepasoii. Jlanusiii dep-
MEHT KaTaJlU3UPYET MOCIEI0BATEIbHOE MPHUCOE-
JIMHEHUE JIE30KCUHYKICOTH0B K 3'-OH-koHITy
monekynel  JIHK. CybGcTtparom TepMuHaIBHOM
TpaHcdepasbl IPH HCIOJIB30BAHUU B KavueCTBE
KoakTopa HOHOB Mg2" SIBIISICTCSl OJIHOLICTIOYCY-
Has JIHK ¢ 3'-OH-KkOHIIOM WJIH ABYXIICTTOUCUHAS
JHK ¢ BbicTynalmuM  OJHOUENOYEYHbIM
3'-OH-konriom. [Ipu UCTONB30BAHUN B KaueCTBE
kopakropa oHOB Co02t 3TOT (epMEeHT MOXKET
KaTaJu3upoBaTh  MPUCOCIUHEHUE  JIC30KCHH-
ykiaeotTuoB K 3'-OH KkoHIy ABYXIIEMOYCUHOM
JHK ¢ TynbIMM  KOHUAMH  WJIM  Jaxe
k 3'-OH-xouny asyxuenoueunoit JIHK ¢ BeicTy-
MAOIUM  OJHOIEIOYEYHbIM 5 -p-KoHIOM. [Ipu
BBEJCHUU B PEaKLUIO, HAIMPaBIAEMYI TEPMHU-
HaJbHOH TpaHcdepasoi, I OJHOrO THIIA
JIE30KCHHYKJIEOTHIOB  00pa3yroTCsl  MOJIEKYIIbI
JHK, umerouue romMomnojuMepHbIE OIHOIIEIO-
yeyHble 3'-KOHIBI. TakuM ke 00pa3oM MOXKHO
noctpouth apyrum moiekyinam JHK romononu-
MEpHbIC 3'-KOHIIbI, KOMIUICMEHTAPHBIC MEPBBIM.
Cwmemienue nonydeHHbix npenaparos JIHK npu
OTNPENCIICHHBIX YCIOBHUSIX MOXET HPHUBOAUTH K
dbopmupoBanuo THOpHAHBIX Mojekyn JIHK.
NMmenHo ¢ mnOMOLIBIO  KOHILIEBOM  J1€30KCH-
HyKJIeoTuauiaTpancepassl B 1972 1. Obld
BBIIOJIHEH NEPBBIA 3KCIEPUMEHT IO PEKOM-
ounauuu monexyn JAHK in vitro.

1.2.8. lonu(A)-nonumepa3sa E. coli

Jlauuerii GepMeHT, OTKpHITHIH A. Cumnmenom
B 1973 r, karanusupyer NpPUCOEAUHEHHE K CBO-

06oaHOMY 3'-OH-KOHITY OJTHOLICTIOYEUHBIX MOJICKYJI
PHK monmn(A)-niociieroBaTeIbHO CTEH:
IS/ PHK

|
OH 3’
ATP; Mg?"; Mn?*

5/
' Ap(Ap),A-OH 3’

[Tomu(A)-monmumepaza HaXOOUT TPHMEHEHHUE
npu noaroroske mojekynl PHK k xommpoBanuio
¢ Hux komruiemMeHTapHbix JIHK (cm. puc. 1.14).
3TOT pepMEHT MOKHO HCIOIB30BATh U JIJIsl BBEJIE-
HUSI paInoakTUBHON MeTkH B 3'-koner; PHK.

Kpome paccMOTpeHHBIX BbIIIE, B 3KCIIEPUMEH-
Tax 1o KioHupoBaHuio ¢pparmenToB JIHK u ana-
mu3y cTpyktypsl ruOpuanbix JJHK wncnonesyror
001p1I0# HAOOP APYTUX PEPMEHTOB HYKIEHHOBO-
ro ooMeHa. K HUM OTHOCSTCS MOMMHYKJICOTH/IKHU-
Hasa, 5'-ok30HyKjIeaza (ara A, sk30HyKiaeasza III
E. coli, pubonykieasbl, METHIIa3bl U Jp.

Bce wucnonmp3yembie mpu KOHCTPYHPOBAHHH
rubpuanbix monekyn JHK depmeHnTsl H0mKHBI
OBITH BRICOKOOYHINIEHHBIMH, TaK KaK Jake He3Ha-
YUTENNbHbIE TIOCTOPOHHUE HYKJIEa3HbIE 3arpsi3He-
HUAS MOTYT TPHUBOAWTH K MOOOYHBIM PEAKIIHSIM
1 PE3KO CHUXKATh APPEKTUBHOCTD MOIyUCHUS 1ie-
JIEBBIX TE€HETHYECKUX KOHCTpyKiIui. Ilostomy
nzydyeHue (GepMeHTOB, pa3paboTKa METOAOB HX
rTyOOKOW OYMCTKH, a TakKe TIOMCK HOBBIX
¢epMeHTOB, crenu(pUIECKH ACHCTBYIOIIUX Ha
HYKJIEHHOBBIE KHCIIOTHI, aKTUBHO TPOIOJIKAIOTCS.
BaxxHoli 001acThi0 UCCIENOBAaHUN, KOTOPOW HE
BCETNa yAeNsIeTCs JOJDKHOE BHUMAHUE, SBISETCS
ONTHUMU3AINS YCIOBUN KyJTbTHBUPOBAHUSI MUKPO-
OpraHM3MOB —  TIPOJYIEHTOB  (EPMEHTOB
HYKJIEHHOBOTO oOMeHa. B psime maGoparopwuit
MOKa3aHO, YTO, ONTHUMHU3HPYS IMapaMeTphl Mpo-
mnecca KyJIbTHBUPOBAaHUS IyTEM NPHUMEHEHUS
METOJI0OB MaTEeMaTHYECKOrO IJIAHUPOBAHHS IKC-
MIEPUMEHTA, MOXHO HMOBBICHTH YIEJBbHBINH BBIXOJ
3TUX (EPMEHTOB B AECCATKH pas.

B coBokymHOCTH MHOTOYHCIIEHHBIE (epMEH-
ThI, IMEIOIINE B KAY€CTBE CyOCTpaTa KaTalnu3npye-
MBIX UMH peaklUui HYKJIEHHOBBIE KHCIOTHI, CO-
CTaBIIIOT OMOXHMHUYCCKYIO 0a3y SKCICPHMEHTOB
M0 KOHCTPYUPOBAHUIO i1 Vitro U aHau3y THOPH/I-
Hbix monekyn JHK.
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1.3.1. KoHHekmopHbIlU Memod

IlepBblii SKCIIEPUMEHT IO HANPABICHHOMY
koMOuHupoBauuto Moinekyn JHK meronamu Guo-

XUMUH BbIoHEH B 1972 1. B taboparopuu I1. Bep-
ra (puc. 1.15). Konbuepyto JIHK o6e3bsiHbero Bu-
pyca 40 (SV40, na puc. 1.15 — JIHK?2) nepeBoau-
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JIHK1
—

1. 5'-3k30HyKII€a3a (ara A
\TepMHHaHLHaﬂ tpancdepaza + dTTP
(dT),
o

,_I.I_I_I_I.l
OTxUT -
(dA),
[r—— ———
JHK-nonumepasa
TepmuHasibHas JHK-nnrasa
Tpancdepasza + dATP
3’ l_l l_' 3'
/ 5'-9K30HyKII€asa dara A
5‘ |_| I_| 5‘
Pecrpukraza
I'ubpumaas monexyna JJHK

JIHK2

Puc. 1.15. Cxema KOHHEKTOPHOTO METOA

CTGCAG
GACGTC

PstI

i

—

CTGCAG (G),

CG

TepMuHnanpHas
TpaHchepasa

G
(G).GACGTC )

(O

(O

JHK-nonumepaza

Pstl JHK-nuraza Pstl
v v
CTGCAG (G), (C),CTGCAG
(G), GACGTC

C ‘GACGTC (C),

S

?

Puc. 1.16. Cxema KIOHHPOBAaHUS KOHHEKTOPHBIM MeTonoM (pparmentos JJTHK
110 Pstl-y4acTKy BEKTOPHOM MOJIEKYJIbI

JU B JHHEWHYIO (OpMY THAPOIU3OM IO EIMHCT-
BEHHOMY y4YacTKy y3HaBaHHS PECTPUKTa30il Eco-
RI, 3aremM c momoIipio 5'-3k30HyKII€a3bl (ara JissM-
0ma KOHTPOIUPYEMO THIPOIU30BATH KAKIYIO
uenb JuHeiHo# mosekynsl JJHK ¢ 5'-koHoB s
(hopMUpPOBaHUST BHICTYHAIOIIUX OHOIEIOYCUHBIX

3'-xoH10B. K 3THM KOHIIaM ¢ ITOMOIIIbIO pepMeHTa
KOHIIEBOI J€30KCUHYKIICOTHIMII-Tpachepasbl
(TepMuHaNbHON TpaHcdepasbl) U3 TUMYCa TEICHKA
JIOCTpaNBaIH OHOIICTIOUeTHBIC oNuTo(dA)-Tmoce-
JIOBATEJIbHOCTU JJIMHON 0KoJio 50 HYKJIEOTHIOB.
[To ananornunoit cxeme x ¢pparmenty JAHK dara
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nsiMO/1a, CoZlepIKAILETo TeHbI FalaKTO3HOTO OIEpo-
Ha Oaktepuu E. coli (JIHK1 na puc. 1.15) noctpaun-
Bany oxHornenodeunbie onuro(dT)-mocnemoBare-
JHHOCTH, KOMIUIEMEHTapHble oyuro(dA)-memnsim.
[Mocne cMmemmBaHusl MOATOTOBICHHBIX TaKUM 00-
pazom muHeiHbIX Montekyn JJHK1 u JIHK?2 3a cuer
KOMITJIEMEHTAPHOTO B3aWMOJICHCTBUS TPOTSKEH-
HBIX OJIHOLICTIOYEYHBIX yYacTKOB (POPMHUPOBAIUCH
konbleBble Mosekynasl JJHK, B omHouemnoueunsie
Opern Ha KOTOPBIX BCTPAMBAJIN JIOTIONTHUTEIHHBIE
HYKJICOTHIBI ¢ moMoribio (pepmenta JIHK-momm-
Mepasbl | E. coli v nenu KoBaneHTHO OOBEINHSIIN B
pesynbrare aeiictBus pepmenta JJHK-murassr. [1o-
Jy4eHHBbIE KOBAJCHTHO 3aMKHYThIE KOJIBIIEBBIE MO-
JIEKYJTBl U3BECTHOTO pa3Mepa HaONIoqan B JIEKT-
POHHBII MUKpocKoT. J/laHHas mporieypa moinyqn-
Ja Ha3BaHMe MeTofa coennHeHus monekyn JIHK
WM KOHHEKTOPHOTO MeTona (OT aHI. connect —
COCUMHATH). TakuM 00pa3om OBLTH BIIEPBBIC TIOJTY-
yeHbl Mosekyiasl JJHK, cogepxkaniue oqHoBpeMeH-
HO T€HETHYECKYI0 HHPOpPMAHIO OakTepuu, OakTe-
puansHOTO BUpyca ((hara) u BUpyca MICKOIHTAIO-
muX. OmHako crmocoOHOCTh ATHX Mojekyn JIHK
peruiupoBarbest (Pa3sMHOXKATHCS) B JaHHOH pa-
0oTe He OblIa mpoBepeHa.

KoHHEKTOpHBIM METOZOM yIaeTCsi peKOMOUHU-
posats in vitro pparments JIHK, momy4deHHbIe jr0-
OpIM M3 cmocoOoB pacmieruieHus ucxomguon JIHK
(Mexannvyeckum, pepmeHTatuBHbIM). [Ipu 3TOM HC-
TMOJIB3YIOT CHHTETHYECKHE KOMIUIEMEHTAPHBIE OJIH-
ro(dA) - omuro(dT)- nimm onuro(dG) - onuro(dC)-koH-
L. [TockonbKy MOKHO (hOpMUPOBAThH AOCTATOYHO
JUIMHHBIE B3aMMOKOMILJIEMEHTApHBIE OJHOIICTIO-
YeYyHbIe KOHIIBI, THOPUIHBIC MOJIEKYJIbI 00pa3yIoT-
Cs1 C BBICOKOM ((heKTUBHOCTRIO. B acTHOCTH, TI0-
stoMy npu kinoHupoBanuu J[HK-xomuit marpuu-
Hbix PHK, koTOphle NOCTYNHBI B OrpaHMYEHHBIX
KOJIMYECTBAX, OOBIYHO MCIIOJIB3YIOT KOHHEKTOPHBIM
METO/I.

OpHaKo 3TOT METOJl MMEET HeaocTaTku. YacTo
BBIJICJICHHE BCTPOCHHOTO ()parMeHTa M3 ruOpui-
Hoi monekynsl JJIHK 3arpynaneno. B psae ciaydaen
yaaeTcsl moAodparh yCIOBHs A W30MpaTeiIbHOM
nenatyparuu  onuro(dA - dT)-mocnemoBarenpHOC-
TeH, M0 KOTOPBIM cocThIKOBaHbI (pparmentsl JJHK,
M pacIIeNUTh 00pa30BaBIINECS OIHOIETIOYEYHBIE
yudacTkH 3HpoHykiea3oi S1. Ilpu pexomOuHamu
in vitro pparmentoB JIHK, reHepnpoBaHHBIX pecT-
pukra3zoit Pstl, ¢ UICIOIB30BaHUEM CUHTETUYECKHUX
osuro(dG) - oniuro(dC)-KoHIIOB  y4acTOK y3HaBa-
HUS OTOM PpPECTPUKTa3bl BOCCTaHABIMBAETCS
(puc. 1.16) 1 BCTPOCHHBIN (parMEHT MOXKHO YKe
JOCTAaTOYHO NPOCTO BBIICHUTH U3 THOPUIHON MO-
JEKYIBl C TOMOIIBIO pecTpukTassl Pstl. OmgHako
KpOME IIeJIeBOW ITOCIIEOBATEIbHOCTH JaHHBIN

(hparMeHT UMeeT AOMOTHUTEILHBIC KOHIIEBBIE CeT-
MeHTHI ouro(dG - dC).

1.3.2. Pecmpukma3Ho-nuz2a3Hbili Memod

IlepBbIii MOTHOIIEHHBIH T'€HHO-WHXKEHEPHBIN
JKcnepuMeHT ObUT BhitoNHEH B 1973 rogy C. Koa-
HOM C coaBTopaMiu. OHU UCIIOIB30BAIH TOJIBKO YTO
OTKPBITOE CBOWCTBO HSHIOHYKJIEa3 PECTPUKLIUU
kiacca Il (pectpukras) y3HaBaTh KOpoTkue (0ObIU-
HO 4—6 map HYKJICOTUIOB) CHMMETPUYHBIC ITOCIIE-
JioBarenbHOCTH JByX1ienouyeunoi JJTHK u nocne nx
TUIPOIN3a 00Pa30BHIBATh WIACHTUYHBIC BBICTYIIA-
IONIME OFHOIETIOYEYHBIE B3aWMOKOMILIEMEHTAp-
HbIC KOHIbl JJMHON 2—4 HYyKIEOTHIa, KOTOPBIE
MPUHSTO HA3BIBATh JIMIMIKUMU KOHIIAaMU (cM. 1.2.1).
CyTh OpeaioKEeHHOTO0 METO/a, MOIYYUBIIEro Ha-
3BaHME PECTPUKTA3HO-JIINTA3HOTO, 3aKIIOYaeTCs B
cnemnyromeM (puc. 1.17):

a) pectpukrasa kiacca Il cnenuduaecku pas-
pe3aer sroObie Moyiekynsl JIHK Ha dparmeHTsl,
HUMEIOIINE HICHTUYHBIC B3aUMOKOMIUTIEMEHTapPHbBIC
BBICTYHAIOIINE JIUIIKUE KOHIIBI;

0) mpenaparbl pasznuyHbix Mojekyn JIHK,
TUJPOJIU30BAHHBIX OJHON U TOM k€ pecTpHUKTa-
30, CMEILIUBAIOT, ¥ IPU ONPEICICHHBIX YCIOBUAX
JTUTIKKAE KOHIIBI pa3HbIX ¢pparmentoB JJHK peacco-
[UUPYIOT 32 CYET KOMILIEMEHTAPHOTO B3aUMO/IeH-
CTBUS;

B) ¢ momomisio JIHK-nmuraser ocymiecTBisior
KOBQJICHTHOE CIIMBAHHWE aCCOIMUPOBAHHBIX (ppar-
meHToB JIHK B euHbIe MOJIEKYJIBI.

I'maBHoe HoBoBBenenue C. Kosna ¢ coasropa-
MH COCTOSJIO B TOM, YTO MOJIYYCHHBIE i1 ViFO KOM-
ounupoBanubie Monekynsl JJHK mnasmun Obiiu
BBE/ICHBI B KOMIIETCHTHbBIC KJIICTKH OakTepuu E. co-
[i ¥ pa3MHOKeHBI (PETUIMIUPOBAHBI) B HUX.

o Takoii cxeme MOTYT OBITh KOBAJIEHTHO COe-
IUHEHBI in Vvitro n1Ba U 0osee MOOBIX QparMeHTa,
MOJIy4EHHbIX Opu rugpouse moiekyn JJHK ognoit
U TOH e pecTpukrazod. OJHAKO C IMOMOIIbIO
pectpukTa3 (0coOOEHHO OHOTO (pepMEeHTa) B KaXK-
JIOM KOHKPETHOM CJIy4ae MOXKHO MOJYYUTH JHIIb
crienmu(pUIecKuii, CTPOTO OIpeaeNeHHBI Habop
(¢parmenToB usyuyaemorn JIHK. IlepBonavaiibho
9TO B HEKOTOPOW CTENEHW OTPAHUYUBAIIO MPHME-
HEHHUE PeCTPUKTAa3HO-IHUra3Horo Merona. Ho 3arem
[OJIy4nyIa pacrlpoCTpaHEeHUEe HOBasl ero Moaudu-
Kalys, OCHOBaHHAs Ha WCIIOJNBb30BAHWUU JIUHKEP-
HbIX MOSIeKyn1 — cuHTeTHdeckux cermenToB [IHK,
COJIepIKAIlIiX B CBOEM COCTaBE MOCIIEI0BATEIBHOC-
TH, y3HaBaeMble pecTpHKTazaMu. MeToxa mpezsio-
xwin P. Hlennep ¢ corpyauuxkamu B 1977 r. OH
MTO3BOJISIET JIOCTATOYHO MPOCTO PEKOMOMHHUPOBATH
in vitro npakTuuecku oosie pparments! JHK.
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JIHK1

Pectpukraza

/;eCTpI/IKTaSa

Q

JTHK2

,Z[HK -JIArasa

PeCTpHKTa3a

O
O

I'u6punasie Mmonexynsl JJHK

Puc. 1.17. Cxema peCTpUKTa3HO-TUTA3HOTO METO/AA

Pa3zpaboTaHHBIl MOAXOM BKITIOUAET CIETYIIHE
onepanuu (puc. 1.18):

1) Mo TymBIM WM JIMTIKAM KOHIIaM (parMeHTa
JIHK, xoropslii mpenmnoyiaraercs peKOMOMHHUPO-

Jlunkepnas
MOJIEKYJIa JTHK1
[ [ o N —

JHK-nuraza
(bara T4

| I |
2

JTHK?2

l Pecrpukraza Pectpukraza l

4 B C I 2 3
F — = =

\/

ﬂHK—era3a T Pectpuxraza

0 QO

Puc. 1.18. Cxema UCTIONBb30BaHUS JINHKEPHBIX MOJIEKYII
Ut KOHCTpyupoBaHust ruopunaeix JJHK

BaTh, C MOMOIIBIO JUTa3el ¢ara T4 mpHUITUBarOT
KOPOTKHE CHHTETHUYECKHE JBYXIIEMIOYEUHBIE Cer-
MEHTBI, UIMEIOIIHNE YUYAaCTKU y3HABAHUSI ONPEEIICH-
HOH peCTpUKTa3bI,

2) monmydeHHbIH (pparMeHT 00pabaThIBAIOT BBI-
OpaHHOI pecTpUKTa30i, B pe3yjibTare 4ero oopa-
3YIOTCSI JIMTIKKE KOHIIBI;

3) momyudeHHBIH (parMeHT PEKOMOMHHUPYIOT
in vitro ¢ apyrumu Monekyiaamu JJHK mo o6pranoit
CXEME PECTPUKTAZHO-TUTA3HOTO METOAA.

Hcnonp3oBaHue JIMHKEPHBIX MOJIEKYN J€J1aeT
PECTPUKTA3HO-JIUTA3HBII METON PEKOMOMHAIINN
¢parmentoB JIHK in vitro yHuBepcaibHBIM, TO-
CKOJIBKY MCXOJHBIC (pparMeHThl MOXKHO IIOJIy4YaTb
CaMBIMH PA3INYHBIMHU CTIOCOOAMHU.

PectpukrazHo-nmurasHelii MeToji, O CpaBHE-
HUIO C KOHHEKTOPHBIM METOJOM, HaXOIHUT Ooiee
[IMPOKOE MPUMEHEHHE B FeHHO-MH)KEHEPHBIX Ma-
HUNYJSIHAAX, TTIOCKOJIBKY OH 0ojiee TPOCT OMOXH-
MHUYECKH U, KPOME TOTO, AT BOZMOKHOCTD JIETKO
BBILIETIUTh BCTPOCHHBIN (pparMeHT u3 ruOpuaHON
monekyisl JIHK, 9To yacTo ObIBacT BayKHO IPH TIe-
peHoce ¢pparMeHTa B APYroe reHeTHIECKoe OKpy-
JKEHUE.

JaHHbIA METOJ HE OrpaHUYMBAETCS HMCIOJIb-
30BaHUEM B KaKIOM KOHKPETHOM 3KCHEPHMEHTE
JUIIH OJHOW pecTpukTa3zbl. KoMOMHUpYyeMbIe MO-
nexynsl JIHK MoryT nMeTs pa3Hble TUIIKHE KOHIIBI,
reHepUpyeMble JIByMsl pecTpUKTazaMu. B 3Tom
cirydae pparMeHThl O0ObEANHSIIOTCS B CTPOTO OTIpe-
JIeJICHHOM OpUEHTALUU OTHOCUTEIBHO APYT Apyra
(mampumep, cM. puc. 2.5, 2.10). I[Ipu cmemenun xe
(parMeHTOB, MOJyYEHHBIX MOCJE THIPOJIN3a Of-
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HOM pecTPUKTa30i, BO3SMOXKHBI Pa3INYHbIE UX OpU-
eHTaluuu B (OPMUPYIOIINXCSA THOPUIHBIX MOJICKY-
nax /IHK. bonee Toro, B mpouecce Jura3Hoi peak-
UM MOKET MPOUCXOANTH KOBAJICHTHOE 00beANHE-
HUE HE TOJIBKO JIBYX, HO M TPEX, a TAK)Ke OOJIBIIIEro
yucna pparmenTos (cM. puc. 1.18).

[Ipouenyps! KITOHUPOBAHUS LENEBBIX (parMeH-
toB JIHK 3HauMTENBbHO yNPOCTHWIINCH C pa3BUTHEM
Metona amrumrdukanmm cermenToB JIHK B mommme-
pasHoii nenHol peakuuu (cm. 1.8.2).

CriexTp HpOIYKTOB JIMTA3HOW PEAKLUU 3aBU-
CHUT OT KOHLEHTpAIlU{ Y4acTBYIOIIUX B Hel (par-
menToB JIHK (puc. 1.19). Ilpu BeICOKOH KOHIIEHT-
panMy MPeuMYIIECTBEHHO OymyT (OpMUPOBATHCS
nuHelHbple anuHHbIE Mogekyasl JIHK. ITo mepe
CHIDKCHHSI KOHLIEHTPALMH (parMeHTOB MOBBIIIA-
€TCsl BEpOSATHOCTH 00pa30BaHMUs KOJIBIEBBIX MOJIE-
kyn AHK. T'ubpuaneie Monexkynbl ¢ HanOOJIbIICH
4acToTol OyIyT COCTOSITh U3 JBYX (PparMeHToB,
pesxe u3 Tpex u 6onee. Ecnu npenapar pa3secTs 10
OTIpe/IeTICHHON KOHIIEHTpanuu (TakK, YTO BEPOsT-
HOCTB BCTpe4H (ParMeHTOB JIPYT C APYTOM B PacT-
Bope Oymer manma), TO MPEUMYIISCTBEHHO OymayT
00pa30BBIBATHCS TOMOKOJIBIIA.

[Mocrne xaxkao# TUTa3HOM peakun 00paszyercs
CMeCh pa3HO00pa3HbIX THOpHAHBIX Moekyn JJHK,
13 KOTOPOH I1eJIEBbIE MOJIEKYIIBI C 33/1aHHOH CTPYK-
Typol OTOMpPAIOT Ha CTaJWU BBEICHHS B KICTKH
Y pa3MHOXKEHUS THOPHIIOB, a TaK)Ke Ha CTAIHHU Ce-

1.4. BEKTOPHbIE MOJIEKYJibl AHK

PaccmoTpeHHble B MpeblayIIeM paszierne Me-
TOABI MO3BOJIAIOT JOCTAaTOYHO JIETKO OCYIIECTB-
JSITh PEKOMOMHALMIO in Vitro 1100bIX (pparMeHToB
JHK. Ecnn onun u3 31X (parMeHTOB B COCTaBe
ruOpuanbix Monekyn JIHK comepxut mHdopma-
LU0, HEOOXOJUMYIO [UIs1 aBTOHOMHOM PeIUIMKaIN
B OIIPEJENICHHOM THIIE KJIETOK, TO Apyrue ¢par-
MeHTel JIHK, KOBajJeHTHO COEAMHEHHBIE C Tep-
BBIM, MOXHO aMIUIM(QUUHUPOBATh (Pa3MHOXKHUTH)
B 3TUX KJeTkax. [Ipu BbIieNneHUuN YMCTON KyIbTY-
pBI U3 KOJIOHWUU (WJTM BUPYCHOM OJISIIIIKH), BBIPOC-
mel M3 eJUHUYHON KIETKH, KOTOpas COACPKUT
WHIUBUAYAIbHYIO Molekyny rubpumnoit JIHK,
OCYILLIECTBISAICTCA KIOHUPOBAHUE OIPEAEICHHOTO
(parmenta JIHK. IIpu stom ¢parment, odecreun-
BaIOMIUK PeIUIMKALNI0 THOpUAHOHN Monekyibl JJTHK
B KJICTKE, HA3bIBACTCS KIOHUPYIOU{UM GEKIMOPOM.
Takoil BekTOp JOmKeH 001a1aTh CISAYIOIUMU OC-
HOBHBIMH CBOHCTBaMH:

* MMETb OrpaHWYCHHOE (IPEANOYTHTEIBHO OA-

HO) YHCJIO MECT pacIIeIICHHsI ONpeIeIeHHON

PEeCTPUKTAa30M;

L=</ 7, a
= Ve
A\~ () )

o) - 9o

T T
S L

Puc. 1.19. Bmusane xoruenTpanuu ¢pparmenros JJHK
Ha CIEKTP MPOIYKTOB JIMTA3HOW pEaKIUU:

a — BBICOKAs1, O — CpeJHsis,
6 — HH3Kas KoHIeHTparus ¢pparmentos JJHK.
[NonepeyHbIMI KOPOTKUMU JIMHUSIMHA 0003HAYEHBI
Mecra aurasHoi crmsku JTHK

JeKIMKA W/WIM aHajiu3a TUOPUAHBIX KIOHOB Ha
IIPEIMET HCKOMOM F€HETUYECKOM KOHCTPYKIIUH.
[Ipu ncmonp30BaHMM KOMOMHALMM 3THX METO-
JIOB MOYKHO YCIIEIIHO OTOMpPAaTh TMOPHUIHBIE MOJIe-
kyasl JIHK, cocraBnsronye aume Maaylo 4acTh
MOTYYEHHOTO MOCIIE JINTa3HOM peakuy Ipernapara.

e coJepXaTb TI'€HETUYECKHH Mapkep, KOTOPBIH
MO>KET OBITh UCTIOIB30BaH JJIs1 0TOOpa KIJIOHOB,
Hecymux rubpuanaeie JIHK, mocrne BBemeHus
B YYBCTBUTEJIbHBIE KJIETKH CMECH MOJIEKYI
JHK, momy4eHHBIX B Ipoliecce peKomMOWHa-
11U in Vitro;

* HE JOJDKEH TepsATh PEIUIMKATUBHBbIC (DYHKIHMH
IpH BCTpolike dKk30reHHoro ¢gparmenta JJHK.
B kadecTBe BEKTOPHBIX MOJIEKYN B I'€HETHYE-

CKOWM MHJKEHEPHUU MCIIOJIB3YIOT IIUPOKHUN CIIEKTp

mia3MuHbIX 1 BUpycHbIX JIHK. Hanbonee momy-

JISIPHBI KIIOHUPYIOITHE BEKTOPBI, HECYIIHE HECKOIb-

KO TE€HETHYECKHX MapKepoB, MO KOTOPBIM MOXHO

JIETKO OTJIIMUYUTh UCXO/HYH0 BekTopHY0 JIHK ot no-

Jy4aeMbIX THOPHUIOB, U UMEIOIINE 10 OJJHOMY MecC-

Ty JEHCTBHSA JUISI HECKOJNBKUX pecTpukra3. Kpome

TOTO, 0OBIYHO JKENaTeNbHO, YTOOBI BEeKTOp obecre-

ynBall 3((EeKTUBHYI0 pPEIUIMKAUI0 THOPUIHBIX

JHK, Tak kak 4acTO Ba)KHO UMETb B KJETKE IO-

BBIIIEHHOE YUCIIO KOITMI KIIOHHPOBAHHBIX T€HOB.
YacTHBIM cilydyaeM KJIOHHUPYIOLUIMX BEKTOPOB

ABIISIIOTCS IKCHpeccupyloujue 6eKmopbl. IT0 MO-

JIEKYJISIPHBIE BEKTOPBI, KOTOPHIE HAPSALY C aMIUIH-
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(ukanuei oOecreunBarOT MPABUIbHYIO U P QeK-
THUBHYIO 3KCIPECCHUI0 YYKEPOAHBIX T€HOB B KJIET-
Kax-perunuenHTax.

B psne ciiyyaeB MOJIEKYISIpHBIE BEKTOPBI MO-
ryT obecreuynBarh HHTErpanuio gyyxepoanoii JJHK
B I€HOM KJIETKM WJIM BHUpyca. Takue MOJIEKYIbl
JAHK Ha3bIBaIOT uHmMeZpamueHbuiMu 6eKmMOpamu.

BekropHble MOJIEKYJIBI HUTPAIOT Ba)KHEUIIYIO
pOJIb Ha JTale KIOHUPOBAHUA [N VIVO U3Yy4aeMbIX
nocnenosareiabHocTedt JJHK. KonkpeTHbie BeKTOPHI
OyIyT pacCMOTpEHBI B JajbHEHIIEM Uil KaXKIOH
TEeHHO-MHKEHEPHOM CUCTEMBI OTIeNbHO. Hcnomb3o-

BaHUE KJIIOHUPYIOIIMX BEKTOPOB TO3BOJSIET ITOIY-
yare HeoOxomumbd Gparment JJHK B mHIUBHITY-
aJTHPHOM COCTOSIHUY M B TIPEMIapaTUBHBIX KOJIMYICCT-
Bax. JTO MOJHSIO HA KAYSCTBCHHO HOBBIN YPOBEHb
UCCIICIOBAHUSL CTPYKTYPHO-(DYHKIIMOHAJIBHON Op-
TaHMU3allU TEHOMOB KaK MPOKAPHOTUYECKHUX, TaK
W DYKapUOTHYECKHUX opraHm3MoB (cMm. 1.7). Pazpa-
0OTKa W COBEPIICHCTBOBAHUE DKCIPECCHUPYIONTIX
BEKTOPOB IO3BOJISIET BCE C OOJIbIICH ONpeIeieH-
HOCTBIO CO3/IaBaTh IITAMMBI — CYIEPIPOIYIIEHTHI
qy)KEPOIHBIX OCITKOB.

1.5. BBEOEHUE MOJIEKYJ1 OHK B KIIETKHU

HeoOxoaumeIii 3Tan reHHO-HHXKEHEPHOTO JKC-
NepUMEHTa — BBEJICHHE MOJIYUYEHHBIX i Vitro THO-
punueix monekyna AHK B nepmuccusenvie knemku
(obecmeunBaromuye PEINTUKANMIO TUX MOJICKYI)
C LENbI0 Pa3MHOMKEHUS, CEJIEKIIMU U BBIACIEHUS
KJIOHOB THOPHIOB.

Baenenue B ki1eTKy HyKJIEHHOBOW KHCIIOTHI BU-
pyca ¢ IocienyromuM 00pa30BaHUEM BHPYCHOIO
MOTOMCTBA Ha3bIBaeTCs mpaunchexyuen. DPdex-
TUBHOCTh TPaHC(EKIHU BbIpa’kaeTcs OOBIYHO KO-
JMYECTBOM MH()EKIIMOHHBIX LIEHTPOB (OJsIIeK, He-
TaTUBHBIX KOJIOHUH), IPUXOSIIUXCS Ha MOJICKYITY
WIN Ha EAMHUIY MAacChl HYKJIEMHOBOW KHCIIOTHI
BUpyca. BupycHble KIOHBI, MOJy4YeHHBIE TMOCIe
TpaHC(EKIIUN W3 OTACIBHBIX OJAIICK, HA3BIBAIOT
mpancghekmanmamu. Crnenyer OTMETHTh, YTO HyK-
JICMHOBBIE KHCJIOTHI HEKOTOPBIX THIIOB BUPYCOB He-
WH(EKIIMOHHEI, T. €. HEAKTHBHBI B TECTE TpaHC(eK-
uuu. D10 00YCIOBJICHO TEM, YTO JUIS WHUIHALIUH
JKCIIPECCUM I'€HOMa JaHHBIX BHPYCOB HEOOXOnIu-
MBI ONpEZCICHHbIe BUpyccrenuduyeckie OeiKu,
COZeprKaIlrecs: B BUPYCHBIX YacTULaX, HO OTCYT-
CTBYIOLIME B IIpENapare OYUILEHHON HYKJIEMHOBON
KHCIIOTBHI.

[Ipouiecc, B pesynbraTe KOTOPOTO 3K30TE€HHAs
JIHK npoHukaer B pelUNHUEHTHYIO KJIETKY U BBbI-
3bIBACT Y HEE HACJIeyeMble U3MEHEHHSI, Ha3bIBAIOT
mpancgopmayueii. Tpanchopmanmo KIETOK MO-
TyT OCYLIECTBIATH Kak Mojiekyiasl JJHK, peruuum-
pyromuecs B KJIETKax BHEXPOMOCOMHO (TUIa3MH-
nel), Tak 1 monekynsl JIHK, unterpupyrommecs
B T€HOM KJICTKH (JIMHEHHbIC M KOJBLEBBIC MOJIE-
kynbl IHK). Tenerndecku TpancopMupoBaHHbIC
KJICTKU TPHUHSITO Ha3blBaTh mpancopmanmamu.
O¢ddexTuBHOCTH TpaHChOpPMaLITK OOBIYHO BBIpa-
KAIOT KOJINYECTBOM KJIOHOB (KOJIOHHI, 00pa3oBaH-
HBIX B pe3yJbTare JIeJICHUM MCXOJHO €IMHUYHOU
KJIETKH) TPaHC(HOPMAHTOB, MPUXOASAIIMXCS HA MO-
JeKyny win eauHuiy maccsl fonopaoit JIHK. Jan-

HYIO TCHETHYECKYI0 (OMOXUMHUIECKYI0) TpaHchop-
Malyi0 HEOOXOOUMO OTIMYaTh OT OHKOTCHHOM
TpaHc(hOpMALUU SyKAPUOTHUECKUX KIIETOK.

DU3NOJIOTHYECKOE COCTOSHUE KIIETKH, B KOTO-
POM OHa CIIOCOOHA MOIVIOMIATh HYKJIEHHOBYIO KHC-
JIOTY M3 OKpY’KalolIeil cpesibl, Ha3bIBAECTCA KoMne-
menmnocmpio. OqHAKO MHOTHE OaKTEpHH, a TaK-
Ke JIPOXOIKH M KYITBTHBUPYEMbIE KJICTKH )KHBOTHBIX
1 pacTeHHH TakoH (PHU3MOJOTMYECKOH KOMIIETEHT-
HOCTBIO He 00nazaror. IloaToMy BOoCIpUHMUYHBOCTD
K ak3orenHoi JIHK y HUX MHIYIUPYIOT pa3iuyHbI-
MU cnoco0aMu. Takyl0 KOMIIETEHTHOCTb IPHUHSITO
Ha3pIBaTh HMHAyIUpoBaHHONH. HawmGomee mpocto
OHa JIOCTHTaeTCsl MyTeM OINPEeICHHOI0 XUMHUYe-
CKOTO WJIM (PM3UYECKOTO BO3IEHCTBUS Ha KIIETKH.
PasHble THITBI KJIETOK MMEIOT CBOU OCOOCHHOCTH
CTPOCHHUS KJIETOYHBIX CTEHOK M IIIa3MaTHYECKUX
MeMOpaH, TO3TOMY OHH MOTYT pa3inyaTbCs IO
croco0aM MHAYKIUHM Y HUX KOMIIETEHTHOTO CO-
CTOSTHHSI.

Hcropruecku nepBbIM MOAXOI0M K HOJITyYESHUIO
KOMIIETEHTHBIX Ui TpaHchekuuu (Tpancdopma-
LUH) KIETOK OakTepuil siBisieTcs (hepMeHTaTHB-
HBIA TUAPOJHN3 KJIETOUYHBIX CTEHOK, HPUBOISIINM
K YIQJICHHIO (PU3NYECKOr0 Oaphepa Ha IyTH IMPO-
HukHoBeHust Monekyn JHK B xnerky. Jns stoit
[eNMH MOXKHO HCIOJIB30BaTh pa3iHyHble WHIUBU-
IOyanbHble (EpMEHTHI (HAMpUMEp JIHM30LHM) HIIH
cMecH (hepMEHTOB (HAIpUMED MUIIEBAPUTEIIBHBIN
COK BHHOTpagHo# ynutku). [Ipu ¢pepmentaruBHon
00paboTKe KIETKW HEeOOXOANMO TOMEIaTh B H30-
toHnyeckuii pactsop (0,2 M caxapoza; 1 M cop-
owut; 0,6 M KCl u np.), umeroruii mpuMepHO TaKoe
KE OCMOTHYECKOE JaBJICHHE, KaKO€ XapaKTepHO
JUISL IATOIUIa3Mbl KJIETKU. B 3THX yCIOBUSX KIET-
KM, JIMLIICHHBIE CBOETO JKECTKOTO «IaHLUP» (Kie-
TOYHOW CTEHKH), MPUOOPETAIOT IapooOpasHyIo
¢bopMy U HE JIOMAIOTCs OT OCMOTHYECKOTO IIOKa,
Ha0ITI01aeMOr0 B THIIOTOHUYECKOH cpejie.
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B Tom cnyuwae, xorma mocie THIPOJIM3a TOJ-
HOCTBIO yHAJISieTCs KJIETOYHAs CTEHKA U OCTAeTCs
TOJBKO IUIa3MaTHyecKas MeMOpaHa, OrpaHHYHBaIO-
miasi CONEPKUMOE KIIETKH, BO3HHKAET OCMOTHYE-
CKM YyBCTBHUTENIbBHBIA npomonnaacm. Ecnu nocne
(hepMEHTAaTHBHOTO THIPOJIN3a HA TIA3MaTHYECKON
MeMOpaHe 0CTaroTCs PparMeHTHI KIIETOUHOM CTCH-
KM WJIM COXPaHseTCsl BHELIHA MeMOpaHa (4ITo Xa-
PaKTepHO JUIA TPAMOTPHUIIATENbHBIX 0aKTEpHii), TO
TaKue KIJICTKH Ha3bIBAIOT cghpeponnacmamu. Kax
1 IMPOTOILIACThI, OHU ABJIAIOTCA OCMOTHYCCKU 1YyB-
CTBHUTEJIBHBIMU U B U30TOHHUUYECKOM PACTBOPE NMe-
10T (hopMy H1apa.

[Ipu nomydeHun IpoOTOIIACTOB U cdeporiac-
TOB OONBLIOE 3HAYCHHE MMEET MoJ00p YCIOBHIA,
o0ecreurBarouX B rocieayromem 3dexkTuBHyo
pereHepanuio KIeTOYHbIX CTeHOK. [Ipouenypsl no-
Jy4eHHUs] MPOTOIUIACTOB M C(HEpOoIiacToB, TpaHC-
dhopmanmu ux monekyinamu JIHK, pereneparun
KJIETOYHOW CTEHKH M OTOOpa KOJOHHUH TpaHchop-
MAaHTOB MHOT'O3TallHbI, a PE3yJbTaT 3aBUCHUT OT
MHOTHX MapaMeTpPOB: COCTaBa PacTBOPOB, CIIOCO-
00B 00paboTku U Ap. Bece 3TO MpUBOAMT K TOMY,
YTO JaHHBIE METOAMKM OTIMYAIOTCS HU3KOH BOC-
NPOU3BOAMMOCTBIO, TPEOYIOT BBICOKOH KBaJM(H-
Kalli¥1 UCIOJIHUTENS U BecbMa TpynoeMkH. IloaTo-
My IO Mepe pa3paboTKH 0oJIee IPOCTHIX CIIOCO00B
JIAHHBIN MTOJIXOJT TOCTENIEHHO YTPATHII CBOE 3Haue-
Hue. Ha cMeHy npunuim metoasl o6paboTKu Kie-
TOK pacTBopamu coset (cm. 2.1).

B 1982 r. T. Bonr u E. Heiiman ¢ corpyaHuka-
Mu ans BBeneHust mosiekyn JIHK B kynbTuBupye-
MBIC KJICTKH MbIIIW NPUMCEHUIIN METO/, ITOJTy4YHB-
WK Ha3BaHUE eKkmponopauyus. B mocienyio-
IIME TOJIbI METOJ] ObLII YCOBEPIIICHCTBOBAH, YTO T10-
3BOJIMJIO MCTIOTB30BaTh €ro d(PPEeKTHUBHO KakK st
9YKapHUOTHYECKUX, TaK W AJISl MPOKAPUOTHUECKUX
kieToK. CyThb JaHHOIO IOAXOHA COCTOUT B TOM,
YTO KpaTKOBPEMEHHOE BO3JeHCTBHE (OOBIYHO
5-20 MC) 3JEKTPUIECKOTO TIOJISI BHICOKOW HArmps-
xxeHHocTH (1-15 kB/cm) Ha kiIeTouHyr0 MeMOpaHy
MIPUBOJIMUT K 00pa30BaHUIO B HEH 1IOP (JIEKTPOIPO-
00if). Bpems cymiecTBOBaHHS U pa3Mep Mmop A0CTa-
TOYHBI, YTOOBI Takue MakpomoieKyinbl, kak JIHK,
MOIVIM U3 BHEIIHEW cpejibl BOWTHU B KJIETKY B pe-

3ylbTaTe ACHCTBUS OCMOTHYeCKHX cuil. O0beM
KJIETKH TIPH 3TOM yBeNn4rBaeTcs. HampsokeHHOCTh
IEKTPUYECKOTO MOJS M MPOAOIIKHUTEIBHOCTh €TI0
JIEHCTBUS, KOHIEHTpaluHu TpaHchopMupyromei
JHK u kneTok-peuunueHToB sl KaKIou cucTe-
MBI KJIETOK MOJIOMPAIOT IKCIEPUMEHTAIBHO, C TEM
YTOOBI JOOUTHCS BBICOKOM YACTOTHI MOTIIOMIECHUS
JHK BepkuBmmmu kinerkamu. [lokazano, 4to B on-
TUMAJIBHBIX YCIOBHX 3JIEKTPOMOPAIH KOTUIECT-
BO TpaHcopmaHTOB MOkeT qocturarb 80 % BBI-
JKUBIIUX KIETOK.

Onexrpornopanus — (GU3NIECKH, a He XUMH-
YeCKUH METON, W 3TO, MO-BHIMMOMY, OOYCIIOBIIH-
BaeT ero MIMPOKOE MPUMEHEHHE. DIEeKTPONopaIus
MOXET YCIIEIIHO UCTIONIb30BATHCSI TIsl BBEIEHUS MO-
nexkyn JIHK B pa3Hble TUIBI KJIETOK, Takhe Kak
KyJIBTHBHPYEMbIE KIETKH KUBOTHBIX, IPOCTEUIIIHE,
JPOXOKH, OAKTEpUH U MPOTOIIIACTHI PACTEHUH.

OnexTponopupyromuii 3h(HEKT BBHICOKOBOJIBT-
HOTO pa3psiia Ha OUCIOWHYIO JUITUIHYIO MEMOpaHY,
MO-BUINMOMY, 3aBHCHUT OT pajiilyca ee KPHUBHU3HBI.
[ostomy mnst adpexruBHOro momomenus JIHK
MEJIKUM  OaKTepHalibHBIM  KJIETKaM  TpeOyercs
3HAYNTENFHO OOIBIIIast HATPSHKEHHOCTD AIIEKTPUYe-
ckoro monst (10 kB/cm u Gonee), yeM KpynHBIM
JKUBOTHBIM M PaCTHTEIHHBIM KileTKaM (1-2 kB/cm).

DnexTponopanus — Haubosee mpocToi, -
(beKTHBHBIF ¥ BOCIPOM3BOJMMBIN METO| BBEJIC-
Hust Mosekyn JJHK B kinetku. OnHako 10 HeaBHe-
IO BPEMEHH OH HCIOJIB30BaJICA B OTPaHMUYEHHOM
yucie 1abopaTropuil B CBA3U C OTCYTCTBHEM Ce-
puitHBIX TPUOOPOB — dJeKTpornoparopos. [loss-
JIEHUE W COBEPIIEHCTBOBAHHWE TaKUX MPUOOPOB
MPUBEJIO K LIMPOKOMY NMPUMEHEHHUIO JAHHOTO Me-
TOJIa B TEHETUYECKON MHKEHEPHH CaMbIX Pa3HBIX
THUIIOB KJIIETOK.

PazpaboTka npocThIX, 3PEKTUBHBIX U BOCIPO-
M3BOIMMBIX METOJIOB BBEACHHS SK30TEHHBIX MOJIE-
kyn HIHK B natuBHO#l (hopme B mepMHCCHBHBIC
KJIICTKH ABJISETCS HEOOXOMMBIM YCIIOBHEM yCTIeII-
HOTO Pa3BUTHS pabOT 10 KIIOHUPOBAHUIO TYyKEPOJI-
HOU TeHEeTHYEeCKO MH(OpMAaLKU B KIETKaX J000-
ro tumna. [loaToMy naHHOMY HampaBIEHHUIO UCCIIE-
JIOBAaHUH yIEISIETCS MPUCTATbHOE BHUMAHUE U OHO
ITOCTOSTHHO Pa3BHUBAETCS.

1.6. METOAbl OTBOPA N'MBPUAHbIX KITIOHOB

CMmech MOJIeKyJ, TIOIyYEHHBIX MTOCIIE BCTPONKH
B BBIOPAHHBIN MOJIEKYJISIPHBIA BEKTOp ()parMeHTOB
sk3orenHoi JIHK, BBOJSAT B KOMITETEHTHBIC KIICTKH.
Ecin npu 3TOM B BEKTOp CTaTHCTUYECKHU BCTpPau-
BalOT O0JIBIION HAOOp pa3HBIX PparMeHTOB JOHOP-
Hoil /IHK, TO BepOATHOCTH BCTPOMKM Kaxa0ro
KOHKPETHOTO (pparMeHTa HeBenuka. B aTom ciryuae
HEOOXOIMMO UMETh METO/IbI, TIO3BOJISIIOLIHE B 00JTh-
IIIOM MHOT000OpPAa3HH MOy4aeMbIX THOPHUAHBIX KIIO-

HOB BBISIBJIISITH HEOOXOAUMBIE. B CBSI3M € 3TUM B reH-
HO-WH)KEHEPHOM SKCIIEPUMEHTE OOJIBIIIOe 3HAYCHNE
MMEIOT METO/bl CKpHUHHMHTa (0TOOpa) KIIOHOB, CO-
Jeprkarmux 1enesbie ruopumaapie JJHK.

1.6.1. PeHOmMunuyeckas cesiekyus

[lepBu4HbIi 0TOOP THOPUIHBIX KJIOHOB 3HAYH-
TEJIbHO YNPOIAETCs, €CIU B BEKTOPHON MOJIEKYJIe
IIPENyCMOTPEHa clienuaibHas (HEeHOTUIIHYECKast
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cucrema cenekiuu. [lpu TpanchopManuu KIeTokK
Yalie BCEro WCIIOJIB3YIOT BEKTOPHBIE MOJIEKYIbI
JHK, Hecymme reHpl yCTOWYMBOCTH K aHTHOMO-
TUKaM U aHTHMeTabonutam. [loaTomy Ha cpere
C OTpe/eNICHHBIM aHTHOWOTHKOM WJIM aHTHMETa-
00oMTOM OYIyT PacTH TOJILKO KJIETKH TpaHchop-
MaHTOB. OCOOCHHO XOpOULIO JaHHAs CHCTEMa ce-
JIEKIIUU OTpaboTaHa /it OaKTepHid, TaK KaK MOJy-
YeHBl BEKTOPHBIE IIJIa3MHUJbI, AETEPMUHUPYIONINE
YCTOMYMBOCTH TPaHC(HOPMHUPOBAHHBIX KJIETOK Cpa-
3y K HECKOJIbKMM aHTHOMOTHKaM. Ecii BekTopHas
TUIa3MHJIa OMpeEeNsieT YCTOHYUBOCTh K JBYM aH-
THOMOTHKAM U IPHU BCTPOHKE B HEE SK30T€HHOIO
tdparmenTa JIHK Hapymaercs ogHa w3 TeHETHYC-
CKHX JIETePMHUHAHT YCTOMYMBOCTH K aHTHOMOTH-
KaM, TO KJIOHBI KJIETOK, COJIEPKalluX TaKhe THO-
punasie JIHK, nerko ommmuuTs OT TpaHc(opmaH-
TOB, BKJIIOYAIOIIMX MCXOAHBIN BEKTOp, Ha cpelax
C KaXJIbIM aHTUOMOTHKOM B OTJICIIBHOCTH.

Hanpumep, ecnu BekTopHas Iuia3Muaa Aerep-
MUHHPYET yCTOWYMBOCTH OJHOBPEMEHHO K TETpa-
MUKITUHY 1 aMmanuiaay (TcrApr) v ipu BCTpolike
B HEe YyXEpOTHOro (parMeHTa HapyliaeTcs reH
YCTOWYMBOCTH K aMNULWUIMHY, TO THOpHAHAS
a3Muaa OyaeT o0yCIIOBINBATh (PEHOTHI KIICTKH-
xo3siuHa TCTApS, T. €. yCTOWYMBOCTh K TETPALMK-
JMHY ¥ YyBCTBUTEIBHOCTh K aMIMUMLIMHY. [Tnas-
MHIBI TIOCTIE BCTpoliku B HuX (parmenToB JIHK
BBOJISIT B KJIETKH, KyJIBTYPY BBICEBAIOT HA YAIIKH C
arapu30BaHHON NHMTATEIbHON Cpenoil, B KOTOPYIO
nobasneH TerparwiinH. [Ipm 3TOM BBIpacraror
KOJIOHMM KIJIETOK, COJEp)KAlIUX WIH HCXOAHYIO
BEKTOPHYIO IDIa3MUJY, WA THOPHUIIHBIE TIIa3MUIBL.
3areM KOJIOHHM TIEpEreyaThlBalOT Ha 4Yalllkd C
aMIMLIWUIMHOM M YalllKU ¢ TeTpaluKInHOM. Te
KOJIOHHMH, KOTOPBIE MTOCIIE Mepeneyarky OyayT pacTi
Ha Cpele C TeTPAUMKIMHOM WM HE JaayT pocTa Ha
cpene ¢ aMNUIMUIMHOM, COIEepKaT THOpHIHbIC
mia3mupl. [lpocrora Manumynsmmidi 00ycioBuiIa
IIMPOKOE HCIIOJIb30BaHUE JAHHOTO THUIA BEKTOPOB
JUIS1 KIIOHUPOBAHMS CaMBIX PA3IMYHBIX ()ParMEHTOB
JHK. Opnako Takue Iuia3MHipl HE IT03BOJISIOT
OCYWIECTBIATh ~ NPSIMOM  OTOOp ~ THOPUIHBIX
KJIOHOB — cpa3y IOCJIe BbIceBa TpaHC()OPMAaHTOB
Ha CEJIEKTHBHYIO CPEJy U TOSBICHHS KOJOHHH.

B nocnennue roapl moiydeH psii BEKTOPHBIX
TUTa3MHJl, TIPEHAa3HAYSHHBIX IS TMPSMOM CeJeK-
UM TPAaHC(OPMAHTOB, COAEPKAIIMX THOPUAHBIC
miasMuael (eM. 2.2.8). Takwe BEKTOPHI OOBITHO
UMEIOT TEHbl, MOTEHIHAJIbHO JIETAJIbHbIE IS
YYBCTBHUTEIBHBIX KIETOK-PEIIUIUEHTOB, U MOTYT
TpaHC(HOPMHUPOBATh 3TH KJIETKH TOJIBKO TOCTE
WHAKTUBAIMH TaHHBIX TEHOB BCTPAMBAHUEM B HHUX
¢parmenToB JJHK.

Brenpenne sK30TeHHBIX ()parMeHToOB B COCTAaB
JHK BupycoB 00BIYHO MPUBOAUT K MOBPEKICHHIO
OTIpe/IeTICHHBIX BUPYCHBIX TE€HOB, a 4acTo (B CHITY

OTpaHUYEHUH, HallaraeMbIX Ha pa3Mep BHPYCHOTO
FGHOMa) BO3MO’KHO JIMIIb IIPW BBILCIIJICHUU CET-
menTa BupycHoi JIHK. [Toatomy rubpuaabie BUpY-
CBbl, KaK [IPaBUIIO, SIBJSIFOTCSI MyTaHTHBIMH. OOBIYHO
HCITOJIB3YIOT TaKME€ BapHAHTBI KIIOHUPOBaHUA, IIPU
KOTOPBIX (POPMHUPYEMBIii MyTaHTHBIH BUPYC JKU3-
HecrocoOeH (B MPOTHBHOM CIIydae MPUXOTUTCS
WCTIONB30BaTh BUPYC-TIOMOIIHUK, YTO YCIIOKHSET
paboty). MyTaHTHBIE BUPYCHI YACTO YAAETCS OTIIU-
YUTH OT UCXOJHOTO BEKTOPHOTO, M 3TO MO3BOJISET
JOCTAaTOYHO MPOCTO BBISABISITH THOPHIHBIC BUPYCHI
(cm. 2.2.2).

1.6.2. N'u6bpudu3ayus HyK/1IeUuHo8bIX Kucsiom
in situ
OCHOBHOH HEIOCTATOK METOAOB (DEHOTHITHYE-
CKOTO BBISIBJICHHSI THOPHIIHBIX KIIOHOB TLTIa3MHUJ]
1 BUPYCOB 3aKJIFO4acTCd B TOM, 4YTO C UX ITIOMOIIbIO
HE ymaeTcsi 0To0paTh THOPHIIBI, COMEpIKAIINe CTIe-
muduueckue nocnenoareabHoctu JJHK. TTocnen-

ITepeneuarka kosoHUM
Ha QUIBTP

Xpanenue
npu 4 °C

1. JInzuc xomonuit

2. Menarypanusa JJHK

3. Tubpumusamus c **P-mPHK
4. PagnoaBrorpadus

e

Brigenenne n ananus mia3mMug

Puc. 1.20. Cxema MeTOna THOPUIH3AIIH
HYKJICUHOBBIX KUCJOT in Situ:
1 — marpu4Has 4amka; 2 — HUTPOLEIUIIONIO03HBIN QribTp;

3 — 4anika ¢ arapu30BaHHOM MUTATENbHON cpenoit;
4 — peHTIreHOBCKasl IICHKA; 5 — O0TOOpaHHbIE KJIOHBI
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HUE MOYXHO JIETKO BBISIBUTH METOIAMHU THOPHIIU-
3alUU HYKJIEWHOBBIX KHUCIIOT in Situ B KOJIOHUSX
TpaHc(HOPMHUPOBAHHBIX KIETOK MM B OJISIIIKAX BU-
pycoB. OTu mporneaypsl HaunHas ¢ 1975 . uHTEeH-
CHBHO COBEPIICHCTBOBAJINCH, U B HACTOSAIIEE Bpe-
Msl OHM JIOCTaTOYHO MPOCTHI U AKTUBHO HCTIONIb3Y-
10TCs B paboTax 110 KIIOHUPOBAHUIO T€HOB.

st mpuMepa paccMOTPUM CXeMy THOpuan3a-
[IUU HYKJIEWHOBBIX KHCJOT B KOJIIOHHSX Escheri-
chia coli (puc. 1.20). Kononun 6axrepuii, BbIpoC-
e mocie Tpanchopmarun ux miazmuanoi JJHK,
IeperneyaTbiBaloT Ha HUTPOLEIUIIOIO03HBINA QUIIBTD,
KOTOPBIN MOMENIAIOT B YaIIKy Ha arapu30BaHHYIO
IIUTATEJIbHYIO CPENy U MHKYOUPYIOT 10 MOSABICHUS
Ha HEM KOJIOHMH KJIeToK. PacronoxeHnune KonoHui
Ha (pUIBTpE COOTBETCTBYET MX PACTIOIOKEHHUIO Ha
MaTpUYHBIX Yamkax. KileTky B KOJIOHUSIX Ha (UIIBT-
pe JTU3UPYIOT B YCIOBUSX, BBI3BIBAIOLIMX JIEHATY-
pamuro JIHK. 3arem Ha 00paboTaHHBIX (QHIBTpax
MPOBOAAT THOPUAM3ALHUIO aJIcopOupoBaBILEiCS
JHK uccnenyemsix KIOHOB € PagHOaKTHUBHO BbI-
COKOMeUeHHbIM mpenapatom nenesoit JHK (nmn
PHK) B ycnoBusix, 6maronpusiTHbIX it 00pa3oBa-
HUS KOMIUIEMEHTApHbIX KOMIUIEKCOB. KIl0HBI, B KO-
TOPBIX TPOU30IILTA THOPUAN3ALUS HYKICHHOBBIX
KHUCJIOT, 00HAPYKUBAIOTCSI PaIHOaBTOTpaIecKy.
CooTtBeTrcTByIOLIME OaKTepHalbHbIC KJIOHBI C MaT-
PUYHBIX YalleK MePEeHOCAT B MHUTATENBHYIO CPEIy
U HapamyBaioT. YacTh BBIPOCIICH KyJIbTYPbI Kax-
JIOTO KJIOHA TIOMEIIAl0T Ha XpaHEHUe B IIUIIepUHE
npu temneparype —70 °C, a U3 ocTaJIbHOM 4YacTu
BeiiersitoT iasmuanyo JIHK u nmoxseprator ee
HEOOXOMMMOMY aHAJIH3Y.

1.6.3. dyHKyuOHasibHasi KoMnJeMeHmauyus

Bousbiioii nHTEpEC 1171 TEHETUYECKOW MHIKEHE-
pYU OPECTABISET JOCTUKEHUE MTPaBUIBHOM HKCII-
peccur KJIOHUPOBAHHOW T€HETHYECKO nHpopma-
MU B KJIETKaX-pPEeLUIUEHTaX. DKCIPECCHIO JIETKO
BBISIBUTH, €CIIM KJIIOHUPYEMBIH T'eH MpH MPaBHIIb-
HOW TPaHCKPUIILMU U TPAHCISLUHN 00ECIIeUnBaCT
(YHKIMOHAIBHYIO KOMIUIEMEHTAIIUIO MyTaIlui re-
HOMA KJIETKH. B 3TOM citydae Hy>XHBIH THOpUI MO-
JKeT OBITh OOHApPYXKEH MPOCTHIM OTOOPOM TpaHC-
(hopMHPOBaHHBIX KJIOHOB Ha CEJICKTHBHOW cpefe.
Hampumep, B 011HO# U3 TEpBBIX PadOT TAKOTO THIIA,
BBINOJHEHHOM B 1976 1. B maboparopuu P. [[»Buca,
BBIICHUJIOCH, 4TO ruOpumnas JHK, momyueHuas
TIPH BCTPOHKE OTMpeeNIEHHBIX (PpParMEeHTOB XPOMO-
comuoit JIHK nppoxckeii-caxapomuiietoB B JJHK
BEKTOPHOTO (para A, KOMIUICMEHTUPYET MYyTaIUio
E. coli hisB. KitoHbl, coneprkaline Takue TuOpu/bl,
OTOMPAITH 110 CIIOCOOHOCTH KIIETOK PacTH Ha IHUTa-
TEJILHOM cpefie 0e3 TucTuuHa. B nanbHeiiem nan-
HBIM IOJIXO/ HEONHOKPATHO HCIIOJIb30BAJICS IMpU
TIOTIBITKE KJIOHMPOBATh Uy KEPOHBIE TE€HBI.

1.6.4. PaduoummyHoaHanu3 6esikoe in situ

OnHUM U3 NPHOPUTETHBIX HANpaBICHUH I'€H-
HO-MH)KEHEPHBIX MCCICJOBAHUM SIBISETCS JOCTH-
JKEHUE IPaBHJIBHON 3KCIPECCUU T'CHOB BBICIINX
9YKapHoOT M UX BHPYCOB B OaKTEpHaJbHBIX KIIET-
kax. OnHaKo B JaHHBIX CIIy4asX 3KCIPECCUIO MHO-
IUX KJIOHUPOBAHHBIX T€HOB Y)K€ HEJIb3S BBIIBUTD
10 (GYHKIIHOHAILHOW KOMITJIEMEHTAIIMY B CHITY He-
KOTOPBIX NPUHIMITHAIBHBIX Pa3IMUYnil B OpraHu3a-
UM TIPOKAPHUOTHUYECKUX M DYKAPUOTHICCKHX KJle-
Tok. HecoMHEHHO, Takoi MNOAXOX HENPUMEHUM
U TIPH KIIOHUPOBAHUHU OOJIBIINHCTBA BUPYCHBIX T'e-
HOB. [lo3TOMY B JaHHOM CUTYyalMu [UIs TIOUCKA Tpe-
OyeMbBIX KJIOHOB THOPHUIIOB MOXXHO HCIIOJIB30BaTh
METOJl paliOMMMYHOaHaIN3a OCNKOB in situ, Tep-
Bble BapHaHThI KOTOPOTo ObLIM onucansl B 1978 1.
B ocnoBy merona (puc. 1.21) momoxena croco0-
HOCTh MOJICKYJ] HMMYHOIJIOOYJTHHOB CBSI3bIBATHCS
C HOJIMCTUPOJIOM WK nojuBHHUIOM. Kpome Toro,
IPEATOoaraeTcsi, YTo MCCiIe yeMblii OEIOK nMmeeT
HE MCHEE JBYX aHTUTCHHBIX JCTEPMHUHAHT U MOXKET

1 2 3
II-___‘HI II_-_L-_4I

1. JIu3uc xojoHui
2. mmyHOCcopOLust
4 AHTUTCHOB

’ 6
HmmyHOCOpOTIHS
MEUYEHBIX
AHTUTEN

A .:x—<j<
|
OO
8 kk k

i Pannoasrorpadus

XpaHenue
npu 4 °C

Brigenenne u aHajanu3 miaa3sMu/

Puc. 1.21. Cxema MeTOIa pagiONMMyHOAHATN3a
O€JIKOB in Situ:

1 — MarpuyHas yaika; 2 — KOJIOHUS KJIETOK; 3 — arapuso-

BaHHAas NUTAaTeNbHAs Cpea; 4 — IUIACTUKOBBIH JIUCK C aJIcop-

OMPOBAHHBIMU CTICU(PUYHBIMU AHTUTETIAMHU; 5 — aHTUTENA;

6 — anruren; 7 — '’I-MedeHHbIe aHTHTENA; § — oto0OpaH-
HBIC KJIOHBI; 9 — PEHTIeHOBCKAs IJICHKA
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CBA3BIBATH 110 KpalilHEW Mepe JBE pa3HbIe MOJIEKY-
JIbI UMMYHOITIOOYJIMHOB, IIPUCYTCTBYIOIINX B IIpe-
napare IOJIMKJIOHAJIBHBIX AHTUTEN, ITOJYYEHHBIX
Ha 11eJ1eBOil OeoK.

Kosnonun TtpanchopMaHTOB MeperneyarbiBaloT
UACHTHYHBIM 00pa30M Ha JBE YAIIKU C arapuso-
BAaHHOH NHTATEIBLHON Cpeloil M Yallku MHKYOH-
PYIOT IO MOJIY4YEHUS KOJIOHUH HEOOXOAMMOTo pas-
Mepa. 3aTeM Ha OHOM U3 YalleK JTU3UPYIoT OaKTe-
pHAJIBHBIE KIETKH W NPWKUMAIOT K IIOBEPXHOCTH
Cpeabl OJIMBUHUIOBBIN IUCK € aJcOpOUPOBAaHHbI-

1.7. PACLUM®POBKA HYKNEOTUOHON

®PAIrMEHTOB AOHK

BypHOoMy pa3BUTHIO T€HETUYECKOW MHKEHEPUU
B HEMaJIOW CTEMEHU CIIOCOOCTBOBaNIa pa3paboTka
BBICOKOO(DPEKTHBHBIX ~ METONOB  pacin(pPOBKU
HYKJICOTHIHOM TMOCIEI0BATEILHOCTH (ParMeHTOB
JHK. B cBoto ouepenb 0JHOM U3 NPUYUH IOSIBIIC-
HUS DTUX METOJIOB CTajla BO3SMOKHOCThH KIJIOHHUPO-
BaTh B COCTaBE BEKTOPOB IIeJIeBbIEe (hparMeHThI
JHK u HapaOaTeiBaTh UX B UHAUBUIYAIEHOM CO-
CTOSHUU M B TpeOyeMbIX KoimdecTBax. Pacmmd-
POBKY HYKJICOTHIHON MOCIEAOBATECILHOCTH HYK-
JIEMHOBBIX KHUCIIOT B OTEYECTBEHHOU JHTEparype
MPUHSITO HA3BIBATh CeKGeHUposanuem (OT aHTIL.
sequencing — ONpeJelieHUEe TOCIeI0BaTEIIb-
HOCTH).

Bricokoa(peKTUBHBIE METOBI CEKBEHHUPOBa-
wusa JIHK Bo3mmium B pesynbrare oObennHEHUS
psna METOJMYECKUX JOCTHXKEHUU. Pemaroiryro
poJib MPU 3TOM ChIrpalia pa3paboTka METOIOB
aneKkTpodopesa, MO3BOJIAIONINX C BBICOKOM TOU-
HOCTBIO PA3JCIHUTh OJMTOMEPHI, OTIUYAIOIINECS
JIPyT OT JApyTa IO JUTMHE TOJHKO Ha | HYKICOTHI.
BaxHoe 3HaueHHE TaK)KE MMEIH METONBI CICITH-
(hryeckoll XUMUYECKON MOIU(UKALIUN a30TUCTBIX
ocHoBaHu# B coctaBe mosekyn JJHK u nocnenyro-
IIETO WX BEHIMICTUICHUS, CTIOCOOBI PaIMOAKTUBHOTO
MEUYEHHUSl KOHLIEBBIX HykieotuaoB wnemneit JHK
nzorornamu 32P wiu 33P, konupoBaHus MoCe10Ba-
tenbHocTel JIHK ¢ momombro JIHK-nonumepas
U HEKOTOPBIE JPYTHE.

1.7.1. «lnroc-MuHyc»-Memood

[lepsriit MeTon cexkBenuposanus JIHK, mpen-
noxennbrit @. Correpom u A. Koyiicorom B 1975 1,
OCHOBaH Ha ()EPMEHTATUBHBIX PEAKIHSIX ¥ HOCHUT
Ha3BaHUE IUIFOC-MUHYC»-METOJ. JlaHHBIA TOIXO0.
TIPEAToaraeT BbIACTICHNE OJHOIETIOUeYHOTo (par-
menta J[HK, coOTBeTCTBYIOILIErO HCCIEIYEMOMY
y4acTKy TeHoMa. DTOT (hparMeHT HUCIOIB3YIOT 3a-
TEM B peaKIiuy MOJUMEPA3HOTO KOMMPOBAHUSA B Ka-
YECTBE MATPUIIBl, a B Ka4eCTBE MpaiiMepa — CHH-

MH Ha HeM crenuuueckuMu aHTuTenamu. [lpu
OTOM Ha OHCKE IMPOUCXOOUT I/IMMyHOCOp6HI/I§I aH-
tureHa. [lociie mpoMbIBaHUS TUCKA HA HETO HAHO-
cat 125]-meueHHBIC aHTUTEINA (MIperapar MOIHKIO-
HAJIBHBIX UMMYHOTJIOOYJMHOB) K OEJIKY MCKOMOTO
reHa. KojoHu#, B KOTOPBIX 00pa30Baicsi KOMITICKC
AHTUTCH—AaHTUTEJ0, BBIBISIOT paganoaBTOrpadu-
yeckd. M3 COOTBETCTBYIOLINX KOJOHUN C MaTpUy-
HBIX YallleK OaKTepUH IepeceBar0T Ha MUTATEIb-
HbIE CpEJIbl U TIPOBOJAT aHAJM3 COJCPMKAIIXCS
B HUX THOPHIHBIX TUTA3MUJI.

NOCJNEAOBATEJIbHOCTH

TETUYECKHE OJIMTOHYKJICOTHUbl WIN MPHUPOAHBIE
cyOdparMeHThl, TMOMy4YaeMble IOCIE THIPOIH3A
OTIpe/IeTICHHBIMHU PECTPUKTa3aMHU.

Ha mepBoM 3Tare oCyIiecTBISIOT peaKIro 10~
nmumepuzauuu ¢ nomoibio JIHK-nonumepaszsr |
E. coli (Poll) u Bcex 4eThIpex THUIIOB JE30KCHHYK-
neosunrpudocdaros (ANTP), ogun u3 KoTOpBIX
PaAMOAKTUBHO MEYEH I10 (-TIOJIOKEHHUIO (ocdara
(cm. puc. 1.3). CuHTe3 BeAyT B OTPaHUYCHHBIX
YCIIOBUSIX, C TEM YTOOBI ITOy4YUTh HAOOP MPOAYK-
TOB HEIMOJHOTO KOMTUPOBAHUS U3y4aeMOro OJIHOIIE-
roueuHoro (parmenta (puc. 1.22, a). 3arem nomnu-
MEpHBII Marepuan OTAENAIOT OT HYKJIEOTHJIOB,
CMECH JIENSIT Ha BOCEMb YacTel H IIPOBOJAT AOTIOI-
HUTEIbHBIE TOJIMMEpa3Hble PEaKIHuu JTHOO B OT-
CYTCTBHE OJHOTO W3 HYKJICOTHIIOB TPU HATHYUHU
OCTaJIbHBIX TpeX («MHUHYC»-CHCTEMA), THO0 B MPH-
CYTCTBHUH TOJBKO OITHOTO («ILTIOCH-CHCTEMA).
B mpucyrctBumn tpex tumnos dNTP («muHyc»-cuc-
tema) JIHK-mommmepasza OymeT mocTpawBaTh BCe
HOBOCHHTE3MPOBaHHbIE KOMIJIEMEHTapHbIE Mart-
pHIIE e 10 TTOJIOKEHUS ONMKANIIEro HyKJISOTH-
Jla, KOTOPBbII OTCYTCTBYET B PEAaKIL[MOHHON CMECH,
¥ B DTOM MeCTe CHHTE3 Oy[eT mpeKpamarbcs. Ta-
KHM 00pa3oM, B JAaHHOM clly4dae TepPMUHALINS peak-
MY TTOJIMMEPHU3AIIH TIPOUCXOANT BO BCEX TOUKAX
KONMPYEMBIX LIeTIel M e p € I  OTCYTCTBYIOLIUM
B CMecCH HYKJICOTHIOM (cM. puc. 1.22, 0).

B «mmoc»-cucreme JIHK-nonumepasa mposis-
JSIET J[BA THITA aKTUBHOCTEH:

e 5'-3'-mosuMepasHyr, €ciu J100aBJICHHBIH
B PEAKIMOHHYIO cMech equHCTBeHHBIH dNTP
pacrojio)keH B TIOCIEeI0BAaTENIbHOCTH Cpasy
3a 3'-KOHIIOM HOBOCHHTE3HPOBAHHOW IICIH
JIHK;

e 3'-5'-5K30HYKIICa3HYIO, TPU ITOM (QEpPMEHT
JIeTpajiupyeT HOBOCHHTE3MPOBAHHbBIE IEMHU
¢ 3'-KOHIIa JI0 TOTO MeCTa, TJIe HaXOIUTCS TPH-
cyrcrBytommii B cucteme dNTP. B aroii Touke
Jerpaganus 1enu ocraHaiuBaercs, U JIHK-
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a JHK-marpuna

3 ATCTGCAGGCCCT &'

[TV
VN\/W\/\3I

IIpaiimep

Jpon + 4 dNTP (omun dNTP meuen *2P)

ATCTGCAGGCCCT
v TAGACGTCCGGGA

32Pp. xomIuIEMEH-

ron—————— TAGACGTCCGGG

roin————TAGACGTCCGG

TapHBIC KON

M TAGACGTCCG
T 1.
o
«Munyc»-cuctema «Ilmoc»-cucrema
(mampumep -A) (mammpumep +A)
3! ATCTGCAGGCCCT 3 ATCTGCAGGCCCT
rvn—————TAGACGTCCGGG v TAGACGTCCGGGA
YO — Y rmos~—————TAGA
T I U T 1.
1. Dnekrpodopes IpoayKTOB
8 peakMOHHBIX cMecei
2. Pagunoasrorpadus
6 -A -T -C +tA +T  +C  +G
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T | — — C
2 C — — C
28 C — — | ¢
£ = C — — G
[ORTNe]
== E G — — G
ZEH
2E: 6 — — A
g°s A — — C
sz 2 C — — G
S,
T 52 G — — T
=B T | — — C
@ 3
= C _— — T
" T | — — A
v A -
Kopoue |

HyKﬂeOTI/I,Z[Haﬂ IOCJICA0OBATCIIBHOCTD HCXOIIHOﬁ Jatanest

Puc. 1.22. Cxema «IUTI0OC-MHUHYC»-MeTO/1a ceKkBeHnpoBaHus ¢gparmentos JJHK

noJMMepas3a HauMHaeT OOMEHHUBATh 3'-KOHIIe-

BOM HYKJICOTHJI HA IPUCYTCTBYIOIIHUNA B CMECH.

Kak BuanM, B «IUIIOC»-CHCTEME TEPMUHALMS
peaKkIuy TPOUCXOAUT HA IOCIE0OBATEIbHOCTH
o o c I e HYKJICOTHJA HaHHOTO THIIA
(cm. puc. 1.22, 6).

[TomrydeHHbIe OMHMCaHHBIM CITOCOOOM 8 00pa3-
[IOB OJTHOBPEMEHHO MOJBEPratoT dIeKTpodopeTH-
YECKOMY Pa3JIeJICHUIO BBICOKOTO pa3peLIeHusl, Tellb
paanoaBTorpadupyoT U ¢ paanoaBTorpada yura-
0T TOCJIENOBaTEeIbHOCTh  HYKJICOTHAOB  (CM.

puc. 1.22, g). cxomHas mocie0BaTebHOCTh KOM-
IJIEMEHTapHA YUTaeMOH ¢ pajinoaBTorpada.

1.7.2. Memod CaHzepa

CymiecTBeHHBIM ~ HEJOCTAaTKOM  «IUTIOC-MU-
HYC»-METO/a SIBJISIETCS TO, YTO MOJYYHUTh CTPOIO
CTaTUCTUYCCKUH HAOOp MPOAYKTOB OrpaHHUYCHHO-
I'0 KOIIMPOBAHMsI HA IIEPBOW CTaIUHM OUCHb TPYIHO.
ITosTomy mannsrit mogxon B 1977 r. cMeHuscs apy-
TUM, pa3pabOoTaHHBIM B TOH ke 1a00paTopuH, BO3-
rnasinsgemoii @. Canrepom. [lepBoHavanbHO OH MO-
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a JHK-marpuna
3' e

lN\N\/\/\SV

IIpaitmep

+ ddATP:

ATCTGCAGGCCCT 5'

Poll + 4 ANTP (oaun dNTP meuen *°P) +
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roorn————TAGA]

u T nO.

7] 3 JIHK-marpuria

SI/W\N\/\ 3!

TIpaiimep

ATCTGCAGGCCCT &'

‘ Poll + 4 ANTP +

\ \
ddATP ddTTP

'

\
ddGTP

\
ddCTP

v

—»> 04N> nn -

HyKJICOTI/IHHaSI noCJICa0BaTCIbHOCTD

aHanuzupyemoil uenu JJHK

Puc. 1.23. Cxema metona cexkBenupoBanmst JJHK mo Canrepy

JIy4WJI Ha3BaHUE METO/Ja TEPMUHHUPYIOLIKUX aHaJIO-
roB TpudocharoB (MeTon AUAE30KCHHYKICO3HU/I-
Tpudocdaros), a B HaCTOSIICE BpeMs Ha3bIBACTCSA
nunesokcu-meroqom Conrepa. Kak um B ciyudae
«IJTFOC-MUHYC»-METO/]a, B €r0 OCHOBY ITOJIOKEHO
(epMeHTaTHBHOE KONTUPOBaHUE npu oMo Poll
HCXOJHOTO ojHoIenoyeyHoro cermenra JIHK
C TOYKH, 3a7]aBaeMOH MOJI0OKeHNEM 3’ -KOHIIa Ipaii-
mepa. Crienuduueckasi TEpMUHALNS CHHTE3a HO-
BeIX mererd JIHK oOecmeumBaercs moOaBieHUEM
B PEAaKLUOHHYIO CMEChb KPOME YETBIPEX THUIIOB
dNTP (oaun 13 KOTOpBIX MeueH 32P 1o a-monoxe-
HUIO) CHUHTETHYECKOrO aHajora HyKJIEOoTHAAa —
2',3"-mune3okcunykieosunrpudocdara (ddNTP).
Poll ciocoOHa BKIIOYATh 3TOT aHAJIOT B PACTYLIYIO

uenb JIHK, onnako, kak Tonbko BraroueHue ddNTP
MIPOM30IILIO, JajibHElIIee HapalluBaHue ey mpe-
kpamaercst BBuay orcyrctBusi B dANTP 3'-OH-
rpymms (puc. 1.23, a).

Otnomenue koHnenTparuit ANTP/dANTP mon-
OupaeTcs HKCIEPUMEHTAIBHO TaKUM 00pa3oM, uTo-
Obl TEPMHUHALMS PEAKLUH ITOJUMEPHU3ALNN [IPOUC-
xoauia Baoiib konupyemoit nenu JTHK B cpegnem
Ha KaXIOM MECTE paCIOJIOKCHUSI HYKJICOTH[a,
KOMIUIEMEHTAapHOTO  Hcnonas3oBanHoMy ddNTP.
OO0pasmpl 9eThIpex peakIMOHHBIX CMecel, coaep-
arux o ogaoMy u3 TunoB ddNTP, HanocsT B co-
CelHUE SUYCHKH JEHATYPHUPYIOLIETO IMOJIUAKPHII-
amugHoro rens (ITAAD) ans dpakumonupoBaHus
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U TIOCJIE PaJoaBTOrpaduu reist YUTAIOT MOCIIEI0-
BaTEIHHOCTH ¢ paguoasrorpada (cMm. puc. 1.23, 6).

Merton CoHrepa 3HAYMTENBHO YIPOCTHICS U
MOJTYYHJI IIUPOKOE PACTIPOCTPAHEHHUE TTOCIIE TOSIB-
JIEHHs] BEKTOPHOM CHUCTEMBI HA OCHOBE HUTEBHJIHO-
ro (hara M13 (cm. 2.2.6). Dar M 13 comepKuT B co-
CTaBe BUPHUOHOB OJHOIIETIOYEYHYIO KOJIBIIEBYIO MO-
nexyny JAHK. [Ipu perumkanuyn B wHOUITUPOBaAH-
HBIX KIIeTKax E. coli monekyna JIHK ¢ara M 13 npo-
XOIUT 4Yepe3 CTaauio 00pa3oBaHMS BYXIIEMOYEU-
HOHM PEeITMKaTUBHON (POPMBI, KOTOPYIO MOYKHO JIeT-
KO BBIJIEIUTH U BCTPOUTH B HEE Uy)KepOAHbIEe (par-
mentel J{HK. I'nbpunnsie darn B cocraBe cBoMx
BUPUOHOB OYyIIyT COZEPXAaTh OTHOIECTIOYEYHYIO KO-
nsueByro Monekynry JHK, B kxotopoit B crporo
OTIpe/ICIEHHOM MeCTe HaXOAWTCS ONHAa W3 Iierei
BCTPOCHHOTO (hparMeHTa.

JUis  ceKBEHUpPOBAHUSA  JTUJIE30KCH-METOJIOM
Coanrepa sroboii nocienosarensrocTa JTHK, io-
HUPOBAHHOW B COCTaBE€ T'€HOMa BEKTOPHOTO (ara
M13, MO’XHO UCTIOIB30BAThH OJIUH U TOT K€ (YHUBEP-
CANbHBIN) CHHTETHYECKHH OJMTOHYKJICOTHIHBIN
npaiimep, KOMILUIEMEHTAPHBIH MOCIEA0BATEILHOCTH
JHK ¢ara, mpunerarormieii K y4acTKy BCTPOHKH dy-
JKeponHbIX (hparmeHTOB. [Ipm 3TOM HET HEoOXOIu-
MOCTH TOJNy4YaTh CHEUU(PHYESCKHE MpaiMepbl A
CEKBEHHPOBAHUS KaXI0TO HHAMBHYAIBHOTO (par-
MEHTa. DTOT OCTPOYMHBIN IPHUEM MTO3BOJIMUI MHOTO-
KpaTHO TIOBBICHTH CKOPOCTh CEKBEeHHpOBaHUs. Kak
MIPaBUJIO, TUM METOZIOM C HCIIOJIb30BaHUEM YHU-
BEpCaJbHOTO IpaiiMepa YNaeTcsl CEKBEHUPOBATh
MTOCIIEIOBATENBHOCTE pazmMepoM 250400 HyKiIeo-
TUJIOB.

1.7.3. Memod Makcama-lun6epma

Hapsny ¢ ¢pepMeHTaTHBHBIM JHJIE30KCH-METO-
JIOM IIHPOKOE PacCIpOCTPAHEHUE IMOJIYUYUT METOJ
cexsennpoBanusa J{HK, paspabGorannsnii A. Mak-
camoM 1 B. I'mnGeprom B 1976 . Meton npume-
HUM K OJHO- WJIM JBYXIIETIOYEYHBIM (hparmMeHTam
JHK. W3ydaeMblil NOTMHYKJIECOTH] MOJBEPraroT
cnenupuieckoil xummueckor pparmenraruu. s
TOTO YTOOBI UMETH TOUKY OTcueTa, pparment JJHK
METAT paaroaKTUBHBIM KU30TOroM 32P 1o 5'- win
3'-xoniry. Yaie Bcero METKy BKJIOYAIOT B 5'-KOH-
bl C MOMOIIBIO TMOJIMHYKIICOTHIKNHA3bI (ara T4,
KOTOpasi B peakUuy OOMEHA MEPEHOCUT PagroaK-
TuBHBINA (Qocdar ¢ [y-32P] ATP na THK. V nByx-
uenodedHoro ¢parmenra JJHK B Takoii peakiuu
MeTsTCs 00e aHTUnapasuieiabHbie nenu. CyocTpa-
Thl, MEUEHHBIE TOJIBKO 10 OJJHOMY KOHILY, IIPH 3TOM
MOTYT OBITH TOJyYEHBI WM IIOCJE JeHATyparuu
U paszfesnieHus nened gparmenra, Wiy nocie ruf-
poiu3a gparMeHTa Kakou-JIMOOo IPYrod pecTpuk-

JIHK
SV 3’
3! — 5’
[Tonunykneorua-

kuHaza + [ y-**P] ATP

R

.

S55e———"—

5’

Paznenenne
neneun

Pacmennenue
pecTpukTazoil R

Puc. 1.24. Cxema nojyuyeHus U3 IByXLENOYEIHOTO
¢parmenta IHK npenaparos,
PaIuOaKTUBHO MEYEHHBIX IO OJTHOMY KOHILY.

YepHBIM KPY*KKOM 0003Ha4eH 32P-hochar

Ta30i | MOCIEAYIONIETO pasaecHus cyodparMmen-
TOB 31eKTpodopesom (puc. 1.24).

[Iponenypa noAroTOBKM MEUCHBIX (PParMeHTOB
JUIsl CEKBEHUpPOBaHUS Mo metony Maxkcama—I mi-
Oepra Obuta 3HAUMTENHHO ymporieHa 1. Bomkaep-
TOM C coaBropaMu B 1984 r., a B mocieayromem
U IpYTHMHU HCCIenoBareasiMu. J{Jis 3Toro nemois-
30BaHbl KJIOHUPYIOIINE BEKTOPHI, B KOTOPBIE BBE-
JICHBI CHHTETUYECKHUE MTOJIMITHHKEPHI, COIePIKaIIHe
Ha OJHOM Kpal Y4YacTKU y3HaBaHUSI PECTPHUKTA3,
xotopeie ipu ruaposnmse JAHK popmupyror ogno-
LETOYCYHbIC JIMIIKAE KOHIBI U3 HEYETHOTO YHCIIa
HykineoTu10B (puc. 1.25). O6pasyemble JaHHBIMU
PECTPUKTa3aMH JIMIIKUE KOHIIBI PA3JIMYaI0OTCS MEXK-
Iy coboll mo ompeneneHHOMY HyKjieoTuay. Mc-
nonb3ys pparment Kinenosa JIHK-nommmepassr I
E. coli n onpenenennbIii HA0OpP PaTUOAKTUBHO Me-
YEHHBIX ¥ HEMEUYCHBIX JI€30KCHHYKIIC03uaTproc-
(daroB, yaaercsi U30UpaTEILHO METHTH KIOHUPO-
BaHHBIN (parMeHT JUIIb 110 OJHOMY KOHILY (CM.
puc. 1.25). [Tocne aToro He TpeOyIOTCS MPOLIEAY P
paszeseHus 1 BelIeIeHNs cyo(parMeHToB win 1e-
neid JIHK, 4To 3HaUuTENbHO YIIPOIIAET U YCKOPSIET
CEKBEHHPOBAHHE METOJOM XHMHMUYECKOHW Jierpa-
JAIAH.

[lonmy4eHHBIH TEM WM MHBIM CIIOCOOOM mpe-
mapar pparmenta JIHK, paanoakTuBHO MeueHHOTO
10 OAHOMY KOHILY, JEJSAT Ha MOPLUU U KaXKIYHO
[IOJIBEPTatOT OMPEICIICHHON XUMUYCCKON MO (H-
Kauu. Monudukanno OpoBOAAT C TAKUM pacue-
TOM, 9TOOBI B cpeareM Ha monekyny JJHK mpuxo-
OUJIOCh OAHO MOAM(UIMPOBAHHOE OCHOBAaHHE
nmanHoro Tuma. [lockonbky 1r0060€ 0OCHOBaHHUE OfI-
HOTO THIIA HE3aBHCHMO OT IOJIOKEHHS Ha MOJIEKY-
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HindIII BstEII:
BstEIl
Pstl
Sall
BamHI
Smal

EcoRI1

5'-G N
3'-CCAGTG

Bse211
HindIII
Sphl
Pstl
Sall
Xbal
BamHI
Smal
Kpnl
Sstl
EcoRI

Bse211:

5'-CC
3'-GGACT

GTCACC-3' PolIK -GGTC* . GTCACC-
G-5'  4o1p ~CCAGTG GTGG-
dTTP
dCTP*
TGAGG-3' PolIK -CCT TGAGG-
CC—S' dTTP —GGACT *CTCC—
dCTP*

Puc. 1.25. BexTopHble MIa3MUJIbl U CXEMa PAAMOAKTUBHOTO MEUEHHS OAHOIO KOHIIA

JByxuenoueyHbix ¢pparmenros JJTHK

ne JIHK paBHOBEpOSTHO MOABEpPraeTcs XuMHue-
ckoii Mmogudukanuu, To B npenapare JJHK nmeror-
Cs1 MOJIEKYJIBI ¢ MOTU(HUKALINEH M0 KaXKI0MY TOJIO-
JKEHUIO 3TOT0 OCHOBAHUSI.

A. Makcam u B. ['mnGepT npeanoxuian Moau-
(¢unmpoBaTh IMypPUHOBBIE OCHOBaHUS JIMMETHII-
cynbaroM. [Ipu 3TOM NpPOHUCXOAUT METHINPOBA-
HHUE aJICHMHOBBIX OCTAaTKOB MO ITOJIOXKEHHIO N3,
ryaHnHoBbIX — 110 N7. O0paboTka mperapara Mo-
muupoBaHHod TakuMm obOpazom JHK 0,1 M
HCI npu temneparype 0 °C npuBOIUT K BBIILIEH-
JeHUI0 MeTuiaAcHuHA. [lanpHelmas wHKyOanus
npu temneparype 90 °C B menounoii cpezne (0,1 M
NaOH) BreI3bIBacT pa3peiB caxapo-hocdarHoii me-
mu JIHK B mMecrax BhIMIEIJICHUS OCHOBAaHUU
(puc. 1.26, cm. c. 43). Ilocine oOpaboOTKH mH-
nepuauHoM npoucxoaut ruaponu3 uenu JJHK mo

ocratkaM  MeTwiryanuHa.  [lupumuauHOBBIE
OCHOBaHHMsI MoauduIUpyroTes TuapasuHoM. Ecnn
peakuui0 BecTH B 0OeccoleBOi  cpepe, TO

MOIU(GUUUPYIOTCS KaK LUTO3UH, TaKk M THMHUH;
ecnu ke 00paboTKy NMPOBOIUTH B HPUCYTCTBHU
2 M NaCl, to moguduiupyercsi JUIb TATO3MH.
Ilocne noGaBnenms munepuauHa nernu JIHK
pacwemistoTess Mo TodukaM Moxugukanud. Kak
BUIUM, [apajjIelbHOE IPOBEACHHE YETBIPEX
pasIn4HbBIX 00pabOTOK PaJMOAKTHBHO MEUEHHOTO
no koHny ¢parmenta JHK mozBonsier B utore
UMETh Habopwel CcyOpparMeHToB, TMocie Of-
HOBPEMEHHOTO Pa3eJIeHNs] KOTOPBIX ITyTEM JJIEKT-
podopesa B COCEAHUX JOPOXKKAX MOTHAKPUIAMHI-
HOTO Tefisl ¥ paainoasTorpaduu resis Ha peHTTEeHOB-
CKOH IUIEHKE MOYKHO IPOYMUTATh HYKJIECOTHJIHYIO

nocienoBarenbHOCTh JJHK (puc. 1.27, cm. c. 44).
B ommmume ot meroma CoHrepa 37ech 4YTEHHE
paaroaBTorpada sBISICTCS MPSIMbIM.

Juis MonmduKay 0OCHOBaHUH 1 pacIeTICHHS
no HuM Mostekyn JIHK mMoryT ObITh MCIIOIB30BaHBI
TaKKe Jpyrne XuMudeckue peakuuu. llockoipky
JEWCTBUE XMMHYECKHX DPEarcHTOB HE 3aBHCUT OT
mumabl JIHK, orpannyenune Ha pasmep ¢pparmMeHTa,
KOTOPBII MOXET OBITh CEKBEHHPOBAH 32 OJMH IKC-
NEPUMEHT, HAJIaraeTcsi BO3MOKHOCTAMH DIIEKTPO-
(dopernyeckoro paszeneHus ¢parmentos. [lpu
YBEJIIMYCHUH JITMHBI TUIACTUHBI TEJIsl U CHIIbI TOKa
MOYKHO JIOCTUTHYTh OOJIBIICH pa3peliarolien cro-
cobroctn amekrpodopesa pparmentos JIHK. 3a
OJIMH LMKI MeTonoM Makcama—I unbepra oOb19HO
pounThIBaroT He 6osee 250—-300 HyKIe0THI0B, HO
MPH OTJIAXEHHBIX TMPOIEypaX MOXKHO OJHOMO-
MEHTHO ompeAenuTs 10 S00 u Goee HYKICOTHIOB.
[Ipu cexkBeHHpPOBAHNYU MPOTSKEHHBIX PPAarMEHTOB
JHK ux ruaponusyioT paziuyHBIMH pECTPUKTA-
3aMH U paciMpOBBIBAIOT IOCIIEI0BATEIBHOCTD
HYKJICOTH]IOB TIEPEKPBIBAIOIIUXCS CyO(PparMeHTOB
(puc. 1.28, cm. c. 45). 151 CHUKEHUS BEPOSATHOCTH
OIMMOKK OOBIYHO IPOBOIAT CEKBCHHPOBAHHUE
0o0enx B3aMMOKOMILJIEMEHTAapHBIX Iiened ¢par-
menTa JIHK.

1.7.4. lNupocekeseHupoesaHue

HoBas ctpareruss cexsenuposanus JIHK,
OCHOBaHHasl Ha JETEKIMH B pPEaJbHOM BpPEMEHHU
nupodocdara, BRICBOOOKAAIOWIETOCS IPH IPUCOE-
TWHEHUU KXKJIOTO JE30KCHHYKICOTHATpUDOCchara
K yanuHsemoil nonuMepaszon nenu JHK, momyun-
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Hyxkneoruinast mociesnoBaTeIbHOCTh
ananmsupyemoit neru JTHK
Puc. 1.27. Cxema metona cexkBenupoBanus JJHK
o Makcamy—I mnbepty

Jla Ha3BaHHUE NMUPOCEKBEHUPOBAHHUE U ObLia Mpej-
noxena Il. Haiipenom c coaBropammu B 1998 1.
B Heit ucons3yercs kackasn epMEHTaTHBHBIX Pe-
AKIWH{, MPUBOSIINNA K TIOSIBIICHHIO CBETOBOTO CHT-
Halla IpU BKJIIOYCHHUH B IMOJHMMEPA3HOU peakluu
KaX/I0T0 CJIEIyIOIIEero HyKJICOTHIa B IIeTb, KOMII-
nemenTtapuyto JJHK-marpuue. TexHonorus nupo-
CEKBEHHPOBAHHUS HCIONB3YET IMPOCTHIE XUMHYe-
CKHE peaKiMi 1 HaJIEXKHYIO0 CUCTEMY AETEKIINH, UCK-
JIFOYAIOITYI0 HEOOXOIMMOCTh TIPHUMEHEHUS] Teilb-
arekTpodopesa, paTioaKTUBHO WA (DIFOOPECIICHT-
HO MEUYECHHBIX HYKJICOTH]IOB.

Cxema MeTO/a TMHPOCEKBEHHPOBAHHUS TpHBE-
nena Ha puc. 1.29 (cMm. c. 46). K ogHOIETOueIHOM
JHK, xoTopyto miaHupyeTcsi CEKBEHUPOBATb, J0-
0aBJISIOT OJUTOHYKJICOTHIHBIN MpaiiMep, KOMILIe-
MEHTapHBIA OIpeJIeICHHOMY paiioHy aHalIn3Hupye-
moi JIHK, sasromuiics 3aTpaBKoi 1J1sl MONHMMeE-
pa3HOl peakuu, U 3Ty CMECh HHKYOHUPYIOT ¢ (ep-

mentamu — JIHK-nonumepasoii, ATP-cynbdypu-
7a30H, monudepazoll W anMpasod, a TakKe C
5'-pocdocynbparom u mrorudpepunom. st npo-
BEJICHMA MEPBOro IMKJIAa Kackaja peakuui K OIu-
CaHHOM BBIIIE CMECH J00ABISIOT OAMH U3 YEThIpeX
Je30KCUHYKIIeOTHATpUBOCPaTOB (ANTP).
JAHK-monumepaza  karanu3upyeT  BKJIIOUCHHE
dNTP B uens JIHK. INpucoenunenue dNTP compo-
BOXaeTcst BeiopocoM nupodocdara (PPi) B konu-
YEeCTBE, SKBUMOJISIPHOM KOJMYECTBY BKIFOUEHHBIX
HykieoTu10B. ATP-cynb(ypuiasa KojauuecTBEeHHO
nepesoaut nupodochar B Tpudochar (ATP)
B IPUCYTCTBHHM  aJICHO3UH-5'-pocdocynndara
(APS). Iox neticteuem ATP mrorudepasa nepero-
TuT oG eprH B okcronudepuH. D1a peakius
COTIPOBOXKJIAETCS BBIACTICHHEM BUAMMOIO CBETa,
KOJIMYECTBO KOTOPOTO MPOMOPIIMOHATIBHO KOJIHYe-
ctBy ATP. Dtot cBet merektupyercss CCD-kame-
poif U oTpaxaeTcs B BHJE MHMKAa HA MUKTOIPaMMe
(puc. 1.30, cm. c. 46). BricoTa Kax0r0 mMuKa mpo-
MOPIIMOHATIbHA KOJIMYECTBY BKIIOUEHHBIX HYKJI€O-
tua0B. M3061Tok ATP u neBkmrounBmmecss dNTP
paciierisieT anupasa. YCIOBHUS peakiui moo0opa-
HBI TAaKHUM 00pa3oM, 94To CKOpocTh cuuTe3a ATP cy-
TbQypUITa3oil  3HAYMTEIHHO TPEBOCXOIUT CKO-
pocts Tuaponmsa ATP anmpasoid.

OpMH LMK Kackaja peaklyii, 3aBepIIaronii-
Csl peTUCTpalliell CBETOBOTO CUTHaJIa, IO BPEMEHU
3aHUMaeT He Oosee 2 ceKyH. 3areM Jo0aBisieTCs
apyroit ANTP u npoucxoaut odepeiHon LUK dep-
MEHTAaTUBHBIX peakiuii (cM. puc. 1.29). ABromaru-
3alMs JAaHHOTO Tpollecca M IOCIENOBATEIbHOE
BBeneHue onHOro u3 4yerbipex dNTP obecrieunBa-
70 OBICTPOE W HAAEKHOE CEKBEHUPOBAHUE IOCIIE-
nosarenbHocTelt JIHK pazmepom 30—40 nyxiieotn-
noB. [TosTOMy nepBoHaYaJIbHO TUPOCEKBEHUPOBA-
HUE UCIOIb30BAJIM B OCHOBHOM JUIs IETEKLIMHU TO-
auMop(hu3Ma pazIMYHBIX TeHOB NpU aHaiu3e 0o-
JIBIIOTO YKcia 00pa3IoB. DTOT METOA OKa3aJcs Ha-
MHOTO TPOU3BOIUTENIbHEE U JICIIEBIIE CEKBEHUPO-
BaHus 1o CoHrepy.

1.7.5. Aemomamu4yeckoe ceKkgeHupogaHue
AHK no memody CaHzepa

HeobOxomumocts  momyueHust WH(OpMauu
0 mocnenoBarenbHocTd HykieoTuaos B JIHK Bo
BCEBO3PACTAIONINX MaciITadax MoCTaBUiIa BOTIPOC
00 aBTOMATHM3alUK TIPOIECCa CEKBEHUPOBAHUS
JHK, nmockonbKy NpUMEHSIBIIMECS JO 3TOTO pyd-
HBIC METOBI YK€ HE ITO3BOJISLIU CIPABIISITHCS C Ta-
KUMH OOJNBIINMH 00beMaM# PaOOTHI.

[Ton aBromMarnueckum cekBeHnpoBanueM JJHK
ITOHMMAETCS B TIEPBYIO OYEpE/Ib AIEKTPOPOPETH-
YECKOE pa3esICHUE MEUEHBIX MTPOAYKTOB TEPMUHU-
pyronmx peaxnuii (Merox CoHrepa) ¢ IMOMOIIBIO
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Puc. 1.28. Crparerus pacuuppoBKU MOTHOMN MOCICI0BATEIBHOCTH HYKIeoTH 0B mia3muibl ColEl

MeTonoMm Makcama—I mnbepra.

Hudpamu ob6o3naueHsl KoopanHatel Ha Monekyine JJHK B Teic. map HykiieoTnmoB. Brllie KOOpAWHATHOW THMHUU 0003HAYCHBI

TeHETHYECKUE EMEHTHI IIa3MUJIbl, HaxoasAmuecs Ha fanHoM cermente JJHK. Hanecensl mecTa y3HaBaHuUS psiia pECTPHUKTA3,
HCTIONB3YEMBIX TIPH TMOATOTOBKE ()PAarMEHTOB Ui CEKBEHHPOBAHMA. Pa3sHOHANpaBICHHBIMH IOTYyCTpPEIKaMU O0003HAYEHBI

HE3aBHCUMO paciinpoBaHHbIC YIaCTKH pa3HbIX Hemneit monekynsr JJHK
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L---» dATP--->dCTP----»dGTP---->dTTP ----
L S &
(JIHK), + ANTP — > MEPER ey .+ PPi

; cynbdypuiasza
—_— >

PP ATP

morudepun okcrtonnpepuH
monudepasza
ATP Wmnynbe cBera

arypasa

ATP AMP + 2Pi

ANTP — PR INMP + 2Pi

Puc. 1.29. Cxema MeTOa MUPOCEKBEHUPOBAHUS
(cM. oObsicHeHMS Ha . 44).

CHEIHMaIbHBIX MPHOOPOB — aBTOMATHYECKUX CEK-
BeHatopoB JIHK. ABTomMarn3anuu ¢ moMoIbko Jia-
OopaTopHBIX OHMOPOOOTOB IMOABEPTAIOTCS TaKKE
nporecc HapabOTKU MaTpHILL AJIS X MOCIEyoLe-
1o (PepMEHTATUBHOTO CEKBEHUPOBAHUS U TIPOBEIE-
HUE CeKBeHUpyrowux peakuuil. [lepBriil aBTroma-
tnueckuii JIHK-cexkBenarop Owbur paszpaboTaH B
1987 r. pupmoii Applied Biosystems (CLLA).

st MedeHHsT BHOBb CHUHTE3MPYEMBIX Lernen
JHK B ycnoBusiX TepMHHALIMM MPU aBTOMaTHye-
CKOM CEKBEHHPOBAHHWU HCIOJB3YIOT MOJIEKYTy

3 > TTTATAACCTCCAAATAGTTTCATTCTGTCATA

AAA TA TT GG A GGTTTA T

C

Kakoro-nmuoo Quyopecuupyromero CoeIuHeHusI.
K momoOHBIM COEMWHEHUSM TPEABSIBISICTCS PSII
TpeOoBaHMil. Bo-niepBhIX, OHU JIOJIKHBI UMETh BBI-
COKHMI KBAaHTOBBIH BBIXOJ TIPH (IIyOpECIEHIINH,
o0ecrnieunBaOIMid B IPUOOpax pa3HOro THUMA Jie-
TeKuo odeHb Maibix kommdectB JJHK. Bo-Bro-
pBIX, ¥ GayopodopoB, UCTIONB3YEMBIX IS ME4e-
HUSl Pa3HBIX a30THCTHIX OCHOBAHHWU C WX MOCIIe-
Iyrouiel neTekuueil B 0JHOM TOPOXKKE CEKBEHHU-
PYIOILIETO TeNs WIK B OJJHOM KalMIIspe, JTOJIKHBI
OBITh HETEPEKPHIBAIONINECS MM HE3HAYUTEIEHO
MePeKphIBAIOIINECs CHEKTPhl dMHUCCHH. B-TpeTs-
UX, XKelaTelIbHO, YTOObI (UIyOPECIIeHTHBIE KpacH-
TEeJH, UCIOJIb3yeMble NIl Pa3HBIX HYKJIEOTHIOB,
HE Pa3ju4yaUCh CYUIECTBEHHO IO CBOEMY BIIMSI-
HUIO Ha AIIEKTPOPOPETHIECKYIO TOIBUKHOCTD Me-
yeHHBIX nMu pparmeHToB JTHK.

[IpuHIIUIT aBTOMAaTUYECKOTO CEKBEHUPOBAHUS
JIHK 3akirouaeTcsi B 31€KTPOPOPETHUSCKOM pa3-
JIeJIeHnn  (PIIyOpeCleHTHO MEYEHHBIX IPOJYKTOB
CHenU(pUIEeCKH TEPMUHUPOBAHHBIX CEKBEHUPYIO-
IIUX PeaKUUi U UX JETEKIHUH B PEKUME PEATbHOIO
BpeMEHU. JleTeKIusi OCyIIeCTBISICTCS B HUKHEH
YaCTH TS, TJIe B MOMEHT IIPOXOXKICHUS (PparMeH-
toB JIHK mporcxonut Bo30ykacHHE MOJICKYI Kpa-
CUTEJIS JIA3EPHBIM JTyYOM.

CymiecTBYIOT pa3iuyHbIe CXEMBI MPOBEIACHUS
TEPMUHUPYIOLUIUX pPEeaKIUH U MOCIEAYIOUIEro pas-
JIeJIEHUST MPOLYKTOB B CEKBEHUPYIOLIEM TIEllb-
anektpodopese. Tak, TOBOJIBHO OOBIYHBIM, B TOM

i s

AAA G TAA G AC A

L

Puc. 1.30. llpumep ructorpamMmsl, HOJy4aeMoU MpU MUPOCEKBEHUPOBAHUH.

Caepxy npuBe/ieHa pacmnpoBbIBaeMas MOCIEA0BaTEIbHOCTh HyKJICOTH/I0B
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yuclie U JUIsl HEeaBTOMAaTHYECKOI0 CEKBEHHPOBa-
HUs, SBJISIETCS BapuaHT, KOTrJa MpOBOAST 4 Tuma
TEPMUHUPYIOLUINX PEaKIUil U pa3fenstoT MpoayK-
THI B YETHIPEX JOPOKKAX IIacTUHYATOro res. [Ipu
OpyroMm BapuaHte (4 peakuuu/l ITOpOXKKa) TakKe
MpoBOAAT 4 TUNA peakuui, MCIonb3ys (iayopec-
LEHTHBIE METKH C PA3JINYHBIMU CIIEKTPAMHU 3MHUC-
cuu. Pa3nenenune B 3TOM ciydae BO3MOXKHO B OJl-
HOH nopoxke rens. B pesynsrate skoHOMHUTCS Te-
JIEBO€ MTPOCTPAHCTBO U B 4 pa3a MOBBINIAETCS MPO-
HU3BOAUTEIBLHOCTH METOIA.

Asromarnueckue cekBenaropsl JJHK ympasis-
I0TCA CIIEUANBHO CO3/JaHHBIMU KOMITBIOTEPHBIMHU
nporpammamu. Tak, Hanpumep, MpUOOpPH! HUPMBI
Applied Biosystems KOMIIJIEKTYIOTCS IIPOTpaMMa-
MU cOopa 1 aHanu3a naHHbIX. [locne 3aBepmieHus
UEKTPOPOPETUUECKOTO pa3AeiCHUsl IpeaBapu-
TeTbHBIC JaHHBIC, cOOpaHHBIC MporpamMmon Data
Collection, moaBepraroTcsi aHaIU3y C MTOMOIIBIO
crienuanbHOM nporpammsl. [Ipu 3Tom onpenenser-
Csl OTHOCHTEJIbHAS BBICOTA MTUKOB, COOTBETCTBYIO-
mmx ¢parmentam JTHK, TepMUHUpOBaHHBIM TeM
WIH WHBIM THIIOM HYKJICOTHIHOTO OCHOBaHWUS,
U JINKBUIMPYIOTCS HEKOTOPBIE OTPELTHOCTH.

CepbesHoe 3HaYCHHE B aBTOMATHYECKOM CEK-
Benuposanun [IHK nmpuobperaer ToyHOCTH Ompe-
JIEJICHUS] HYKJICOTHIHOH TTOCIIeI0BAaTEIbHOCTH, TI0-
CKOJIbKY B OOJIBIIMHCTBE CIIy4aeB 3KCIIEPHUMEHTa-
TOp HE Y4acTBYET B IIPOIIECCE €€ YTCHUS U 3aHece-
HUS B KOMIIBIOTED.

B aBromarnueckom cexkpenupoBanuu JJHK nis
paszaesneHusi QpIyopeceHTHO MEYEHHBIX MPOAYK-
TOB TEPMHHHUPYIOIIUX DPEAKIHA srekTpodope3 B
CTaHAAPTHBIX IUIACTHHAX MOJUAKPHIAMHUIHOTO
Tels B TIOCIIETHYE TOIbI 3aMEHEH Ha KaITUJUIS PHBII
renb-anekTpodopes. s Hero xapakTepHbl BBICO-
Kast 9yBCTBUTEIHLHOCTH M BEICOKAsi CKOPOCTH pasJie-
JIEHUs], SIBJIAIOIIMECS CIIEICTBUEM KpaiiHE Majoro
BHYTPEHHETO THaMeTpa caMoro Kanmuspa.

B panHux paboTax Mo CEKBEHUPYIOUIEMY Ka-
MWL PHOMY 3JIeKTpodopesy TejeBsIM MaTPUKCOM
CITyXHJI OOBIYHBIA MONMUAKPWIAMHIHBIA renb. Of-
HaKO €ro HeCTaOMIbHOCTD, (POPMHUPOBAHUE MTY3BIPb-
KOB BO3/lyXa, BUAMMBIX MPU MUKPOCKOIMHUYECKOM
WCCIICJIOBAaHNN KaIllWJUIPOB, 3aMETHO CHIDKAIU
MIPOU3BOINTENBHOCTE MeTona. [IpumeHenue nn-
HEWHOTO TIOJIMAKPUJIAMH/IA TIO3BOJIMIIO CHATH ITH
npoOeMbl 1 CIOCOOCTBOBAJIO PAa3BUTHIO JAHHOTO
MeTofa.

CoBpeMeHHbIE aBTOMAaTHYECKHE CEKBEHATOPBI
HECPaBHUMO IPEBOCXOMAT YEIOBEKa MO IPOU3BO-
JIUTEIBHOCTH, O0Jiee TOTO, KaXK/IbIid TOA TaKUe aB-
TOMaTHhl yaaeTcs yrnydmars. CymecTByIoT anmapa-
Thbl, B KOTOPBIX OJJHOBPEMEHHO IPOBOJIUTCS aBTO-
MaTHYECKHU aHaJIN3 JECATKOB M Jake COTeH 00-

paszuoB JIHK. Bce 310 Beziet k ToMy, UTO CEKBEHU-
posanue ¢parmentoB JJHK cranoButcs mpoctoit
MPOTIETYPON, AOCTYITHON B JIO0OW MOJIEKYIISIp-
HO-OHMOJIOTHYECKO JTab0paToOpHu.

1.7.6. Bbicokonpou3sodumesibHOe
aemomamuyeckoe
nupocekeeHuposaHue 2eHOMO8

B 2005 . corpynuuku xommanuu Life Sciences

(CIILIA) ommcann HOBYIO BBICOKOTIPOW3BOIUTEIIb-

HYIO CHCTeMY paclIM()pOBKH T€HOMOB Ha OCHOBE

MpoLeAypsl MUpocekBeHupoBaHus (cm. 1.7.4),

3HAYUTEIBHO MPEBOCXOISIIYIO IO CKOPOCTH aHANH-

3a HyKJIeoTHIHOU nociaenosarensHocty JIHK cy-

LIECTBOBABILHUE A0 TOTO METOIbI CEKBEHHPOBAHUS

OOJIBIINX TEHOMOB, OA3UPYIOIIUECS HA aBTOMATH-

YECKUX CEeKBEHATOpax 1o Metoxy CaHrepa.

Puc. 1.31. Cxema npoBeJieHUs] BBICOKOI(PEKTUBHOTO
METO/Ia MUPOCEKBEHUPOBAHUS B sTUCHKaX
ONTHUKOBOJIOKHUCTOTO claiiia (a) Ha MarHUTHBIX
OyCHHKAX C MPHUIIUTHIMU OJHOIICTIOUEIHBIMA
¢parmenramu JITHK.

BycuHkH citydaitHbIM 00pa3oM pacipeessiFoTes B s9eiKax
cinaiina (0), TYeHKN 3aMOIHSIIOT PACTBOPOM

1 MUKPOOYCHHKaMH ¢ IMMOOWIH30BaHHBIMH (hepMEHTaMHU
JUISL IPOBENICHHSI CEKBEHUPYIOIUX Peakuuii (8)
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Puc. 1.32. Cxema npucoeuHeHHs a1anTopos K ¢pparmentam JJHK

B co3nanHoM anmapare ncnoab30BaId ONTHKO-
BOJIOKHUCTBIA cmaiim  (puc. 1.31) pasmepom
60 X 60 MM, cogepxkamuit 1 mun 600 TeIC. UHAU-
BUyaJbHBIX SYEEK, C IMOMOIIBIO KOTOPOTO 3a
4 yaca MOXXHO ONPEAEIUTH MOCIIE0BATEIBHOCTH
JHK cymmapHO 10 25 MITH HYKJI€OTHIOB C TOYHO-
CThIO HE MeHee 99 %.

Hccnenyemyro Beicokomonekyasipayro JTHK
MEXaHWYEeCKH (PparMeHTUPOBaIM Ha CETMEHTHI
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Puc. 1.33. buotun B cBoOOIHOH hopMme (@)
Y B CBS3aHHOM C all0OdH3UMOM COCTOSTHHUH (0),
HECYIINH KapOOKCUIIbHYIO TPYIIILY

pazmepom 250-500 mH, K KOTOPBIM 3aTEM B JIMIa3-
HOW peakUUH KOBAJCHTHO NPUCOCAMHSIIM CHHTE-
THYECKHUE NBYXIETOYeUHbIC HePOoChHOpHINpOBaH-
Heie Ha 5'-xonnax JJHK-aganroper A u B pasme-
pom 44 mH. K 5'-KOHIly MOSHOpa3MepHO# Lenu
aganrtopa B uepe3 cnelicep nmpucoeuHsuIn MoJie-
Kyny onortuna (puc. 1.32).

buotun (Buramun H, xosu3um R) BeImonHseT
posb KohakTopa B peakUusx KapOOKCHIMPOBAHUS
U TPaHCKapOOKCHIMPOBAHUS, ICHCTBYS KaK Iepe-
Hocuuk CO; (puc. 1.33). OH KOBaJICHTHO CBSI3bIBA-
€TCsI 4epe3 CBOI0 KapOOKCUIIbHYIO TPYIIIY C £-aMH-
HOTPYNIION OocTaTKa Ju3uHA B anosH3ume. Oxasa-
JI0Ch, 4TO OaKTepUabHBINA OETIOK CTPENTABUANH U3
Streptomyces avidinii 1 OMOTHH 00pa3yIOT YpE3BhI-
YyaifHO MPOYHBIE HEKOBAJIEHTHBIE KOMIUIEKCHI. [103-
TOMY OMOTMH 4YacTO XHMHUYECKH MPHUCOEAUHSIOT
yepes3 OIpeesICHHbIC MOJIEKYJISIPHBIE CIIEHCephl K
HYKJICHHOBBIM KHCIIOTaM WX OekaM (aHTHTEeIaM)
U Takue OMOTHHWIMPOBAHHBIE MaKPOMOJIEKYIIBI C
BBICOKOH  3((EKTUBHOCTBIO  CBS3BIBAIOTCS  CO
CTPENTaBUIMHOM, aJCOPOUPOBAHHBIM HA TOW WMIH
uHOH moBepxHOCTH (cM. puc. 7.10). ImenHO 3TOT
NPUHLOMI OB peasn30BaH B paccMaTpUBAEMOM
MeTOofIE.

JnunaHble nlenu aganTopoB A U B koBaneHTHO
MpHUIIUBaIK K 1eneBsiM (pparmentam JIHK B nu-
razHoit peaxkiuu (cMm. puc. 1.32). 3arem ¢ momo-
upio Bst JIHK-monuMepassl OCymIecTBISIIA J0-
CTpOMKY BTOpBIX Hened amantopoB. Cdopmupo-
BaHHYIO Koiuteknuto ¢parmenroB J[HK, orpanu-
YEHHBIX OJIMHAKOBBIMH afantopamu A u B, no0as-
JSUTM K CHeMaIbHbIM MarHUTHBIM OyCHHKaM JIua-
MeTpoM 25-36 MKM, TOKPBITBIM MOJIEKyJaMHu
CTpenTaBUAHA. MarHuTHBIE CBOWCTBA OYCHHOK
MO3BOJISIIOT OYEHB MPOCTO (PUKCHPOBATH UX B MPO-
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Oupkax (siuciikax) MpU pPa3IMYHBIX OTMBIBKAX OT
pEaKkIMOHHBIX cMecel. B pesynbrare B3aumojiei-
CTBUSI OMOTHH—CTPEIITABUIUH POUCXOJIUIIO TIPOU-
HOe HekoBajeHTHoe mpucoenuHenue JIHK-dpar-
MEeHTOB K OycuHkam. PactBop ¢parmentoB JJHK
¥ MarHUTHbIE OyCHHKH CMEIIUBAIHA B TAKOM COOT-
HOUICHUH, YTOOBI K OyCHHKE MPUCOCIUHSJICS HE
oomnee yem onuH dpparment JJHK. ITocie nenarypa-
UM B CBS3aHHOM COCTOSIHUM OCTaBajach JIHUIIb
omHa ek JIHK (cm. puc. 1.32). ITocne sToro k Oy-
CHHKaM 4epe3 CHelualbHbId creicep JOMOJIHU-
TEIHHO KOBAJICHTHO MPHIIUBAIA MHOXECTBO MO-
JIEKYJl OJIMTOHYKJICOTHIHOTO TpaiMepa pazMepoM
20 HYKJICOTHJOB M3 5'-KOHIICBOH I10CIICA0BATEIb-
HOCTH aaantopa B, KoTopslil Hapsay ¢ mpaitmMepom
M3 coCTaBa afjanTopa A, 3aTeM HCIIOIb30BaIH B 110~
auMepa3Hol uenHoi peakuuu. I[logroroBiaeHHBIE
TakuM 00pa3oM OyCHHKH MOMEINAIH B PEaKIHOH-
nyto cmech it 1P, 3atem BerpsixuBanuem ¢op-
MHUPOBAJH TEPMOCTAOMIBHYIO BOAHO-MACISHYIO
AMYIBCHIO TaK, YTOOBI OyCHHKH OKa3bIBAIUCH 3a-
XBAaUCHHBIMU B MUKPOKAILTH AMYITHCHH, B KOTOPHIX
nposoauiu peakuuto [P B kaxxnoit muxkpokanie
Kak B OTAENHHON MPOOUpPKE B pe3yasTare aMIlIu-
(hukanmu 0Opa3oBBIBaIOCH 10 10 MITH KOTIHIA KaXK-
noro yHukaneHoro ¢parmenta JJHK u oM Obiin
CBSI3aHBI C MOBEpXHOCThIO OycuHku. [locie aToro
n00aBIeHHEM HU30MPOITUIIOBOTO CIIUPTa IMYIbCHIO
paspymanu, aeyxuenoueunyro JJHK nenarypupo-
BaJIM B PacTBOpE WHICJOYM M IMOMy4asin OyCHHKH,
HecylIue KJIoHbl ogHotenodyeynbix JJHK.
Bycunku ciydaiiHbIM 00pa3oM pacrpeestsin
B SYCHKH ONTHUKOBOJOKHUCTOTO Ciaima (CM.
puc. 1.31). Kaxmas siueiika Ha ciaiiie mMeeT Aua-
MeTp 44 MHUKpOMETpPOB, 00BEM 75 TMHKOIUTPOB.
Pa3mep OycHHOK TakoB, YTO B OJIHY STUEHKY MOXKET
[onacTb TOJbKO onxHa OycuHka. Hanecenue
450 TeIc. OyCHHOK Ha MCTIONIb3YEMBIH claiii pa3me-
pom 60 X 60 mmMm, comepxkammii 1 miaH 600 ThIC.
s4YeeK, MPUBOIIIO K TOMY, YTO MpUMepHO B 35 %
sYeeK ClIaiifia Momaiaii MPUTrOTOBICHHBIE OyCHH-
k. B mocrnenyromeM 3To obecrieuuBaio HaOExK-
HYIO JIETEKIUIO CBETOBBIX CUTHAJIOB OJIHOBPEMEH-
HO B KaXXJIOM pPEaKUMOHHON SUEKe C MOMOILbIO
crienuansHoi KpymHOohopmatHoit CCD-kamepsl.
ONTHUKOBOJIOKHUCTBIH ClIaii]l IOMEIAIU B CIe-
[MUABHYIO KaMepy Mpudopa, B KOTOPOW oOecredn-
BaJI aBTOMATHYECKOE JO0ABICHUE U yIalICHUE He-
00XOIMMBIX KOMIIOHEHTOB. B Kaxayro siueliky Ha
OYCHb MEJIKHX OyCHMHKax BBOJMIN MMMOOWIIN30-
BaHHBIE (PEpMEHTHI, HEOOXOMIUMEBIE JTsI OCYIIECTB-
JICHUS peakiuii MUpoCceKBeHUpoBaHus. Takoit rmoj-
X0/ o0ecreunBai CEeKBEHHPOBAHHE TIOCIEI0BATE-
apHOCTEN AnnHOoM 80—120 HYKJIEOTHAOB.

bycunka, copepxamast 10 MaH konuil marpu-
Ibl, HA KaX/10€ BKIIOUCHHE HYKJIeoTHIa 00yCIIOB-
auBaja ucryckanue npumepHo 10 Teic. OTOHOB
Ha CCD-cencop. Orpomublii mMaccuB HH(OpMa-
LUH, [TOCTYNAIOUINH MOCIe KaXKAO0To LUKJIa peak-
nui, 00pabaThIBalCA HE3aBUCHUMO I KaxIOH
ssaeiikn  (OyCHHKHM) C TIOMOMIBIO CHEIHAIBHBIX
KOMITBIOTEPHBIX TIPOTPaMM.

Ha mpumepe renomuoii JIHK Mycoplasma ge-
nitalium (580 069 1H) ObUT BBIMOJIHEH IOJIHBIN
LUK padoT IO CeKBEHUPOBAHUIO C TIOMOLIBIO pa3-
paboranHoOl TexHONOrMu. IlpuroroBnenue OuoO-
muoteku pparmentoB JIHK, cBA3aHHBIX ¢ MarHUT-
HeIMH OycWHKaMu, 3aHsio 4 uaca. Ha mpomecc
[TIIP B sMynbCcHU U TIOMEIICHIE OYCHHOK B STICHKH
OIITOBOJIOKHHUCTOTO cialifa morpeboBaiock 6 ya-
COB. 42 TMKIa TSI YETBIPEX HYKJICOTHIIOB B Peak-
LM aBTOMAaTHYECKOIO MTUPOCEKBEHUPOBAHUS 3aHs-
mn 4 dgaca. IlomydyeHHBIE HaHHBIE C TOMOIIBIO
KOMIIbIOTEpa aBTOMAaTHYECKH CPaBHHUBAJIMCH M pac-
oJIarajiich BAOML TeHoMma. Takoe shortgun (meto-
JIOM JpOOOBHUKA, CTATUCTUYECKOE) CEKBEHUPOBAHHE
1 cOOpKa TeHOMHOM MOCTeI0BaTeIbHOCTH M. geni-
talium obecrieunsio okpeitue 96 % Bcero reHoma
C TOYHOCTBIO 99,96 % 3a ofgHY IIPOTOHKY aBTOMATA.
[Ipu 5TOM MpaKTUYECKH BCe PadOHBI FeHOMA ObLIH
HE3aBUCHMO MHOTOKPAaTHO CEKBEHHPOBAHBI.

PazpaboranHas npoueaypa MupoCceKBEeHUPOBa-
HUS HE TpeOyeT dTana KIOHUPOBaHMs (PparMeHTOB
JHK B MonekynsipHbIX BeKTOpax (cm. 2.2.2-2.2.4)
U obecrieyrBaeT CEKBEHUPOBAHNE FTEHOMA TIPUMEP-
HO B 100 pa3 OpIcTpee 10 CPaBHEHUIO C TIOAXO/a-
MU, pealn3yeMbIMU MPH HCIIOIb30BAHUN aBTOMa-
TOB, PabOTAIOIMX HA OCHOBE METOJa CEKBEHUPO-
BaHus 1o CoHrepy.

CpaBHenme 3tux nByx TexHonorui (2006 1)
M0Ka3aJio, YTo 00a MoIxo/ia UMEIOT ONpe/Ie]ICHHBIC
HEIOCTAaTKU M MO3TOMY HamOoJiee ONTHMAaJIbHbIN
pe3ymbTaT 1Mo HaJeKHOCTH, CKOPOCTH M LIeHEe NpHU
CEKBEHHPOBAHUM CJIOKHO OPIaHHU30BAHHBIX 3yKa-
PUOTHUYECKUX TEHOMOB MOXKHO TIONYYUTh MPU HX
KOMOMHUPOBaHHOM HCIIOJIb30BaHUU.

1.7.7. Ba3bl OaHHbIX HYK/1€0MUOHbIX

U aMUHOKUCJ/IOMHbIX

nocnedoeamesnibHocmel

Hapacraromee 4ucio CeKBEHHMPOBAHHBIX HYK-

JICOTHTHBIX TIOCIIEAOBATEIBEHOCTEH, MPUHAIEKA-
[IUX pa3HBIM OpraHW3MaM, 3aCTaBHJIO 3ayMaThCs
00 YIopsI0YeHUN UX XPaHEHUs, 9TO MIPHUBEJIO K CO-
3IAHUI0 «KOJUICKIIMID» TaKWUX IMOCIICAOBATEIHLHOC-
teil. IlepBas snexkrpoHHas 6aza maHHbIX Los Ala-
mos DNA Database, comepxarias HHGOPMAIUIO
0 CEeKBEHUpOBaHHbIX mnocaenoBarenbHocTsax JHK,
OpU1a opranu3oBaHa Y. loamom m ero Koyieramu
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B Jloc-Anamocckoll HaIMOHANBHOW J1abopaTopun
(LANL) B CIIA. K 1981 . B Heil yxe conepxka-
nack uHpopmanus o 280 omyOIMKOBaHHBIX HYK-
JICOTUIHBIX MOCIJIEAOBATEIBHOCTX OOLIEH MpoTs-
JKEHHOCTRI0 0K0J10 370 ThIC. ITH (TITH). B 1982 1. Ha
ee OCHOBE IoJ1 MaTpoHakeM HarmoHnamsHOTO WHC-
tUuTyTa 370poBbs (NIH) ObLT Oprann3oBaH HOBBIH
0aHK JaHHBIX T'CHETHYECKUX IOCIEA0BaTEIbHOC-
Teii GenBank. Ero ampec B HMurephere:
www.ncbi.nlm.nih.gov/Genbank.

GenBank siBnsieTcst amepuKaHCKo# 0a30ii 1aH-
HBIX M (uHaHcupyercs mnpaButenscTBoM CLIA,
XOTS U COHCPXHUT MH(POPMALHUIO, COOPAHHYIO CO
Bcero Mupa. Co3gannas B 1980 r. B EBponie anano-
rugHas 6a3a nanaeix EMBL Data Library sBunach
HEPBBIM MEXIYHApOJHBIM XpaHUIUILEM HH(Op-
Manuu o mocienoBatenbHocTax JJHK. OcHoBHBIE
LeJIH, TIPECIIEIOBABIINECS MTPH €€ OpraHu3aliuu, —
9TO obecrieueHre OECIIaTHOTO AOCTyMa K KOJJIeK-
LU OYOJIMKOBAHHBIX HYKJICOTHIHBIX HOCIECI0Ba-
TEJILHOCTEH, BBIPAOOTKA ONPEACICHHBIX CTaHIap-
TOB U Pa3BUTHE MH(OPMALMOHHOTO ¥ KOMIIBIOTEP-
HOTO O0ecreveHus] TPOBOJUMBIX MOJIEKYIISPHO-
Ouonmornyeckux uccienoBanuii. CBOM mepBwIil pe-
73, OXBaThIBAIOLIMH HHpOpMaLuio o0 568 mocie-
JOBaTEIBHOCTSIX o0meit MPOTSKEHHOCTHIO
585 433 nykneornga, EMBL Data Library Beimyc-
tiiia B anpesie 1982 r. IlepBoe BpeMs odepeHbIe
PEeJU3bI, pacnpocTpaHseMble HA MarHUTHBIX JICH-
TaxX, MPEAOCTABISUIMCH IO 3aMpocy JTI000MY Ke-
naroriemy. OJIHaKO pOCT Kak caMoil 0a3bl, Tak U
YuciIa TOJIb30BaTeNiei MpUBeT K TOMY, YTO Aajlb-
HEHIIMe BBIMYCKH CTaJIM PaCIpOCTPAHATHCS IO
noanucke. B 1994 r. 6a3a manueix EMBL Data
Library tpancdopmupoBaiace B EMBL Nucleo-
tide Sequence Database u ctana kypuposarbcs EB-
porelickuM HHCTUTYTOM OnonHpopmaruku (Euro-
pean Bioinformatics Institute, unu EBI). Ero angpec
B UuTtepuere: www.ebi.ac.uk.

C 1986 r. B SImonnn Hauan QyHKIIMOHHPOBATH
0ank mpanabix DDBJ (DNA Data Bank of Japan).
B 1995 1. B SAlnonuu 6611 coznan Llentp undopma-
rmonHoi 6uonoruu (CIB), u DDBJ, opranunszoBas-
HBII paHee 1o mHUIMaTuBe HannonambHOrO MHC-
TUTYTa F€HETHKH, IIepelles K HEeMy B IOJUYMHEHUE.
Ero aagpec B Uatepuere: www.ddbj.nig.ac.jp.

B mnactosiee Bpemsi geiictByer International
Nucleotide Sequence Database (INSD), Bo3HWK-
masi B pe3yipTare coTpynHuuecTBa mexay Gen-
Bank, EMBL u DDBJ. I'taBHbIMH COCTaBJISIOLIN-
MU 3TOTO COTPYJHHUYECTBA SIBIISTIOTCS CIUHBIC Tpe-
OoBaHHMS, MPEIBSIBISICMbIC K aBTOPaM MpH 3aHece-
HUM UMH HYKJICOTHIHBIX MOCIEeN0BaTeNbHOCTEMH,
MIPUCBOCHUE €IUHBIX JJIsl STHUX OAaHKOB MHBEHTAp-
HBIX HOMEPOB, PETYISPHBIN €KeIHEBHBI 0OMEH

nHpOpMaLeil 0 HOBBIX HYKJICOTHIHBIX MOCIEA0-
BaTEIbHOCTSIX.

C pa3BUTHEM 3JIEKTPOHHBIX CPEJCTB CBA3M 3a-
HOCUTHh HYKJICOTHIHYIO TIOCJTEeNI0BaTeIbHOCTh U
CBEICHHA O Hell B OaHKM JaHHBIX CTAJIO0 BO3MOXK-
HBIM TIOCPEJICTBOM JJIGKTPOHHOM TOYTHI M 4Yepe3
HurepHer.

GenBank 00b9HO TIpHCBanBaeT WHBEHTAPHBIH
HOMEp KaKoOW-TH0O0 HYKJICOTHUIHON TIOCIe0Ba-
TEJILHOCTU B TEUCHHE HECKOJBKHX PadounX ITHEH
C MOMEHTa ronydeHus. FIHBeHTapHbIe HOMEpa pa-
Hee COCTOSUTH W3 OAHOM OyKBBI M MATH LUQP (Ha-
mpumep L22579), onqrako OypHBIH pOCT Yncia CeK-
BeHHpoBaHHBIX pparmentos JJHK npusen k HeoO-
XOIMMOCTH TIEpEeHTH K HOBOH CHUCTEME, W Teleph
HOMepa BKJI0YarOT 2 OykBbl U 6 nudp (Hanpumep
AF380138). CnexyeT OTMETHUTb, YTO IPUCBOCHHBIS
paHee HOMepa OCTAIOTCS IIECTHCUMBOJIBHBIMU
1 ux TpaHchopmauusi B BOCBMHU3HAUHBIE MPOBO-
TIUTHCS HE OYIIET.

Baxxunoit ocobeHHOCTBIO cOOpa M XpaHSHHS HH-
(hopMarii 0 CEKBEHHWPOBAHHBIX HYKICOTHIHBIX
MOCIIEIOBATENIFHOCTAX B 0a3axX JAHHBIX SIBISETCS
ee JIOCTYMHOCTbh JJisl ucciienoBareneid. Benen 3a
0TKa30M MHOTHX HayYHBIX KypHAJIOB ITyOJIHUKOBATh
B OPHUIMHAJBHBIX CTaThiX I[OCIEIOBATENILHOCTH
HYKJICOTH/IOB, OTPAHWYHMBASCh TOIBKO WX WHBEH-
TapHBIMH HOMEPaMH B COOTBETCTBYIOILIEM MEX]Ty-
HapoaHOM OaHKe JaHHBIX, POJb AdTHUX OAaHKOB Kak
HCTOYHUKOB HH(POPMAIIMHU CYLIECTBEHHO BO3POCIA.

B nacrosiiee BpeMsi BO3HHKIIA TapaioOKcaTbHAS
CUTyalMs, Korga Ui OOJNBILOrO YKCiIa TEHOB H3-
BECTHa IIOCIIEOBATENIFHOCT, HYKJIEOTHIOB, HO
0 (yHKLUH 3THX T'€HOB WJIM HHYETO HE M3BECTHO,
WIA W3BECTHO OdYeHb Majo. Kpynnewmien Oa3oit
JTAHHBIX AaMHUHOKHCJIOTHBIX IIOCJIE0BAaTEIbHOCTEH
spisercss SWISS-PROT, cymectByromas ¢ 1986 r.
banku nHykieotuaHbix nocienoparesnbHoctet JTHK
¥ aMHHOKHCIIOTHBIX TIOCJIEI0BATEIbHOCTEH OCIIKOB,
CHaO)KEHHBIE COOTBETCTBYIOIIMMH KOMITHIOTEPHBI-
MH TIpOrpaMMamMH, OOECHEeUYHMBAIOT BO3MOXKHOCTb
CpaBHUBATh pacur(ppoBaHHBIE TOCIIEIOBATEIHHOC-
TH T€HOB M UX OCTIKOBBIX MPOIYKTOB C YK€ H3BECT-
HBIMH, YTO 10 MEpe HAKOIUICHUS WHPOPMAIUHN BCE
¢ OombIIeii TOCTOBEPHOCTHIO TO3BOJISIET MpEICKa-
3bIBaTh (DYHKIMU aHAIN3UPYEMBIX OCIIKOB.

1.7.8. [eHOMHbIe npoekmbl

Pa3paboTka OBICTPBIX METOIOB CEKBECHUPOBA-
HUSI cliesiaja BO3MOXKHBIM OTpE/ICICHUE HYKJICO-
THIHBIX MOCIIEA0BATEIBHOCTEH KPYITHBIX MOJICKYIT
JHK, a ne Tonbko mx ¢parmenroB. B 1978 r.
@. CaHrep ¢ coaBTOpamMH OIMYOJIMKOBAJIN MEPBYIO
MOJHYIO TTOCIIEI0BATEeIbHOCTh TEHOMHOM OJTHOIIE-
noueunoit JJHK Oakrepuodara ¢ X174, umeromieit
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pasmep 5386 nykieoruaos. Crenyroomui pyoex
OBLT TIPEOJIOIICH TIPH OIPEJIeICHUN HYKIICOTHIHON
MOCJeN0BaTeNbHOCTH MuUTOXOHApHanbHon JIHK
genoBeka (16 569 ma) B 1981 1. Cepbe3HbIM ycTie-
XOM SIBUJIOCH OIpeZieNICHHE MTOJTHON HYKJICOTHIHON
mocnenoBarensaoctd JIHK Gakrepuodara A, co-
crosmieit n3 48 502 nu. B 1992 . C. H. UlenkyHoB
C COaBTOpaMM BpYy4HYIO MeTojoM Makcama—I ui-
OepTa CeKBCHHPOBAIIM T€HOM BUPYyCa HATYPAJIbHOM
ocmel (186 trH). Jlo 1995 . Hanbomee KpyITHBIMU
T€HOMaMH C H3BECTHON MOCIEA0BATEIBbHOCTHIO
mykiaeorunoB Oputm  JIHK 1mmromeramoBupyca
(229 trir) u IHK Bupyca ocrioBakiuusl (192 TrH).

[osiBneHnEe BBICOKONIPOU3BOIUTEIBHBIX METO-
noB cexBenupoBanusi JJHK mo3Bonuno ompexe-
JATH TIOCIIEZ0BATENILHOCTH 00Jiee KPYIMHBIX T€HO-
MOB. 3HaYUTEIbHAsS POJb B 3TOM IIPUHAJICKHUT aB-
TOMAaTH3aI[M{ BCETO Ipoliecca CEKBEHHPOBAHUSA,
HAYWHAs OT MIPUTOTOBIICHUS MATPUI] U 3aKaHYMBAs
3aHECEHHEM OIIPEJEJIEHHBIX I0CJIE0BATEIbHOC-
teit JIHK B xommbproTep 6e3 HEmocpencTBEHHOTO
y4acTus oreparopa.

PacmmdpoBka KpymHBIX T€HOMOB IPOKApPHO-
TUYECKHX M DYKaPHOTHYECKUX KIIETOK MOTpedoBa-
7a oObEeTUHEHHS YCWIIMHA Pa3HBIX JTabopaTtopuil u
(hopMHPOBaHHSI TCHOMHBIX ITPOEKTOB.

B wntone 1995 1. Oputa omyOiuKoBaHa TepBast
HYKJIEOTHJIHAsI TOCIIeI0BaTeIbHOCTh MOJHOTO Te-
soma (1 830 137 mH) camMOCTOSITENTHHO CYIIECT-
BYIOLIETO OpTaHU3Ma — IpaMOTPULIATENbHON OaK-
tepuu Haemophilus influenzae. I'enom »Tol 6aKTe-
pUU XapaKTepu3yeTcsi OTHOCUTENBHO HU3KHUM CO-
nepxxaanem GC-map (38 %), mpudem HaiijeHO
7 MPOTSDKEHHBIX YYacTKOB ¢ 00JIee BEICOKUM (OKO-
10 50 %) conepxxanuem GC-nap. AHanmu3 HyKI€o-
TUIHOW TOCJIE0BATEILHOCTH MO3BONMI OOHApY-
KUTH TIPEATIONIOKUTENBHBIN OPHIDKUH PEeIUTHKa-
1uu (00JIaCTh Havajia PeIIMKAIIUH ), COCTOSIIIUN U3
280 mH, 6 oniepoHoB pPHK, 54 rena TPHK niis Bcex
20 amuHOKHCIOT. Ha 0OCHOBaHMHM MONTy4EHHBIX JaH-
HBIX OBLIa COCTaBJeHa KOJbBIIEBAas KapTa XpOMO-
combl H. influenzae. I3 1743 BBIYUCIICHHBIX OT-
KpBITHIX pamok Tpancisiiun (OPT) mis 736 He yna-
JIOCh BBISIBUTH (DYHKITUM KOJTUPYEMBIX UMH OCIJIKOB.
Oxono 78 % OPT H. influenzae oGHapy Uiy ro-
MOJIOTHIO C MpPEJICTaBICHHBIMM B 0a3ax JaHHBIX
ITOCJIEIOBATENBHOCTSIMU JIPYTHX OPTaHU3MOB.

B 1997 . 00beIMHEHHBIMU YCUITASME HECKOJIb-
Kux HayuHbIX LeHTpoB CIIIA u Mekcuku ynanoch
CEKBEHUPOBaTh MOJHBIN reHoM (4 639 221 nH) apy-
TOll rpamMoTpHIaTeNbHON Oaktepun — Escherichia
coli K-12 (uramm MG1655). Copepxanne GC-miap
B reHoMe E. coli cocraBmino 50,8 %. Kommbprorep-
HBIM aHanu3 BhIABUI 4288 morenumanbHbix OPT,
MIPUHAIISIKANINX KaK JIEHCTBUTENHFHO CYIIECTBYIO-

UM TeHaM, TaKk W rumnorerndeckum. s 38 %
OPT ynmanock onpeaenuTs GyHKIUH KOAUPYEMBIX
nMu OenkoB. Jyis peambHBIX M TOTEHIIMAIBHBIX
OeNKoB CTapTOBBIME TpuiuieTamu sBisitorcss ATG
(3542 cayugas), GTG (612), TTG (130). Yacrora
BCTPEUAECMOCTH TEPMUHHUPYIOIIUX TPUTLIETOB TaK-
ke 3ameTHO pasznmuaetcs: TAA (2705 pa3), TGA
(1257), TAG (326). Y 405 reHoB mOKa3aHO Tepe-
KpBIBAaHWE CTAPTOBOTO M TEPMHHHPYIOIIETO TPH-
mwietoB: ATGA (224 cnyuas), TAATG (98),
TGATG (48), GTGAA (28), TAGTG (4),
TTGA (3). Cpauenne OenkoB (OPT) E. coli n
H. influenzae (B pacueT NMpUHUMAJIACH 1O KpalHEH
mepe 30%-Hasi MACHTUYHOCTh AMUHOKHUCIOT Ha
60 % Bceit mociiemoBaTeIbHOCTH OeIKa) MoKasana,
yro 1130 u3 1743 nmoreHuManbHBIX O€lIKOB H. in-
fluenzae coBnaarot ¢ TakoBeIMU E. coli.

CexBeHHpPOBaHHE MTOJHOTO TeHOMa T'PaMIIOJo-
JKUTENbHOU Oaktepuu Bacillus subtilis (mTamm
168) OBLIO OCYIIECTBIEHO YCHIUSIMH MEXIyHa-
POIHOTO KOHCOPLIMYMA, B KOTOPBIM BXOAHIU 25 €B-
poreiickux, 7 AMOHCKUX W | FOJKHOKOpeHcKkas ja-
Ooparopuu. Pasmep renoma B. subtilis cocraBun
4 214 810 miH, conepxanne GC-map — 43,5 %.

[lepBBIM  3YKapHOTHYECKHUM  OpPTaHH3MOM,
MOJTHASI TIOCIIE0BATEILHOCTE KoToporo (12 mutH
68 ThIC. TIH) OBUIA ompenereHa B 1996 1., cramu
Ipoxoku Saccharomyces cerevisiae. ITO SBUIOCH
pe3yabTaTOM yCHUIIHH OOJIBIIIOTO YHCIa HCCIeI0Ba-
Tenel, paboTarINuX B JIA00PATOPUIX U KPYIHBIX
HCCIIEAOBATEILCKUX IIEHTPaX CTpaH 3anmagHoi EB-
ponsl, CIHA u Anonun. AHanu3 HYKICOTUIHOMN
MOCJIeIOBATEIHFHOCTH MTO3BOIIII BEIIBUTE 6034 110-
TteHIHAIBHEIX OPT. OTHOCHUTENBHO HEOOJBIION
pa3mep reHoma APOXIKEH S. cerevisiae B HEKOTO-
pOii cTeneHn MOKHO OOBSICHUTH MaJIBIM pa3MepoM
WHTPOHOB B T€HAX U UX HE3HAYUTEIHHBIM YHCIIOM.
Kpome toro, Tompko okoio 4 % TeHOB IpOAOKEH
coliep>KaT UHTPOHBI.

OrpoMHbIe ycIieXu B pactim(poBKe Mocieao-
BarenbHOCTH Monekyn JIHK mpusenu x Tomy, yto
B 1990 r. B8 CIIIA 6bputa mpuHsTa oduuIMaTbHASL
IporpaMMa 1o pacmupoBKe TeHOMa 4YelloBeKa
(Human Genome Project, HGP), B pamkax xoto-
pO¥i TIAaHUPOBAIOCH MPH BIOKEHUH 3 MIIPJ JOJI-
napoB CILIA 3aBepmuTh CEKBEHHPOBAHUE TIOTHOTO
reHomMa yesoBeka B TedueHue 15 meT. OCHOBHBIM
ucnojaureneM HGP crana kommanus Celera Ge-
nomics. AHaJOTUYHBIE TIPOEKTHI TI0 TEHOMY YeJIOo-
BEKa TAK)Ke HAYaJId Peain30BBIBATLCS B 3amaHON
EBpone, Anonun u Poccun.

B 2001 r. yyacTHMKHM aMepHUKaHCKON Mporpam-
Mbl HGP u MexnyHaponHoro KoHcopuuyma Mo
CEKBCHHUPOBAHHUIO TEHOMA 4YEJIOBEKa, OOBEIUHSIIO-
[IeT0 MHOTOYHCIICHHBIE HAay4HbIE OpraHU3aIuu
CIIA, BenukoOpurtanuu, ['epmanuu, ®panuuwy,
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Tabnuya 1.5. IlpuMepbl ceKBEHNPOBAHUS MOJTHBIX T€HOMOB PAa3HBIX THIIOB OPraHU3MOB

Opranus Pa3mep renoma, [Ipennonaraemoe T'on 3aBeprieHus

MJIH ITH YKCJIO TCHOB CCKBEHUPOBAHUS
bakrepust (Haemophilus influenzae) 1,8 1743 1995
Hposxoxu (Saccharomyces cerevisiae) 12,1 6102 1996
Kpyrusiit uepss (Caenorhabditis elegans) 97 19 099 1998
Pacrenue (Arabidopsis thaliana) 100 25000 2000
Hacexomoe (Drosophila melanogaster) 180 13 061 2000
Uenosek (Homo sapiens) 2850 35000 —45 000 2006

Snonun n Kuras, He3aBHCUMO OOBSIBIIIN O 3aBEP-
IICHUHA CEKBEHUPOBaHUS OoJbined yactu (Ooiee
95 %) renoma yenosexka. Ha ocHoBaHMHM MOJTy4eH-
HBIX JIAHHBIX CTAJI0 BO3MOXHBIM CJIEIATh PSiJI BbI-
BOJIOB 00 OpraHu3aIiii TeHOMa YeJIOBEKa.
Kommanmeit Celera Genomics B paMKkax Mpoek-
Ta 10 CEKBCHUPOBAHMIO T€HOMA YEJIOBEKA MCIIOJNb-
30BajJioCh IATH 00pa3moB denmosedeckor JIHK ot
JIBYX JKSHIIUH U TpeX Myx»uuH. Cpen dTHUX Jirofiei
ObuIM OJIMH appoaMepuKaHell, OJMH KHUTACI], OJUH
MCITaHO-MEKCHKaHeI] U JIBoe eBporeiies. Ha ocHo-
BaHUM JIAHHBIX CCKBEHHPOBAHUS ISATH OOPa3IloB
JAHK B 2001 1. 6p11a paccunTana mpeaBapuTeIIbHAS
KOHCEHCYCHasl TI0CJIe/I0BAaTEIPHOCTh T€HOMA YeJIO-
Beka mmmHON 2,91 mupn mH. KoMIbIOTEpHEIH aHa-

175

150

125

100

Yucio reHoB

75

50

25

JIM3 TTO3BOJIHI OOHAPYXHUTh 26 588 TpaHCKpUOUpye-
MBIX U TPAHCIUPYEMBIX B OCJKH TEHOB, a TaKKe
erie okojo 12 TeIC. MPEACKa3aHHBIX TEHOB. DK30HbBI
3aHUMAaIOT Jiullb 1,1 % reHoma, B TO BpeMsi Kak UHT-
poubl — 24 %. OcranbHas 4actb renoma (75 %)
MIPEJICTaBICHA MEKTCHHBIMH TI0CIIEI0BATECIBHOCTS-
mu. IIpu cpaBHEHWHM IaHHBIX CEKBEHHPOBAHHS C
KOHCEHCYCHOHM TOCIEI0BAaTeILHOCThIO TEHOMA dYe-
JIOBeKa OBLIO BBISBIIEHO 2,1 MITH TIO3UIINIT OJTHOHYK-
neotuaHOTo MonmMopdm3ma (single-nucleotide po-
lymorphism, SNP), T. . mo3uiuii, o KOTOpbIM UMe-
FOTCSl pa3Nu4rsl OT YelloBeKa K 4deloBeKy. MeHee
1 % stx SNP npuBosT K M3MEHEHHIO MTOCIIEI0Ba-
TeNnbHOCTH OenkoB. HTepecHO, 4To Yuciio oOHapy-
JKeHHBIX TEHOB B T€HOME Y YellOBEKa JIMIIb B /1B

1986 [
1987 [
1988 [

1981 I
1982 |
1983 @
1984 [0
1985 [
1989
1990
1991

1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

Puc. 1.34. lunamuka oOHapy>KeHUs TCHOB,
MYTAIM{ TI0 KOTOPBIM 00YyCIIOBINBAIOT PA3IMUHbIC 3a00I€BaHMS YETIOBEKa



1.8. AMMNIMOUKALNA MOCNEQOBATENIbHOCTEN OHK IN VITRO 53

Tabnuya 1.6. llppMepbl ceKBEeHNPOBAHUSI TeHOMOB MATOT€HHBIX MUKPOOPTaHN3MOB

Pasmep Ton
Opranusm Brispisacmoe TeHOMA. CekBeHUpYIOIIIee YUpexKICHHE my0uu-
P 3abosieBaHue ’ pyrotiee yapexa yor

MJTH [TH Kaluu
Haemophilus influenzae MeHUHTUT, THEBMOHHUS 1,8 TIGR' 1995
Mycobacterium tuberculosis | TyOGepkymnes 4,4 Conrep-uentp, Uucturyt [Tactepa 1998
Campylobacter jejuni Huapest 1,6 | Conrep-uieHTp 2000
Escherichia coli 0157 [Tumesoe oTpaBiicHUE 5,5 YuuBepcuret BuckoHcuHa, 2000
(mBa mTamma) SnoHCKUI KOHCOPIIYM
Vibrio cholerae Xonepa 4,0 TIGR 2000
Mycobacterium leprae [Tpokaza 33 CaHrep-LeHTp 2000
Neisseria meningitides MeHuHTUT 2,3 TIGR, Canrep-uentp 2000
Streptococcus pneumoniae [TneBMOHUS 2,2 TIGR 2001
Yersinia pestis Uyma 4,7 CoHrep-1eHTp 2001
Salmonella typhi (CT18) BprorHoit TH) 4,5 CaHrep-LueHTp 2001
Shigella flexneri Jluzenrepust 4.6 Yuuepcuter Buckoncuna 2003
Bacillus anthracis Cubmupckas s138a 5,2 TIGR 2003
Aspergillus fumigatus I'puOkoBas nHbEKIH 29,4 | Conrep-uentp, TIGR, UncTutyt 2005

ITactepa, YauBepcurer CanamaHky,
VYHuusepcurer Haracaku
Trypanosoma brucei AdpukaHckasi COHHas 26,2 | TIGR, Canrep-tieHTp 2007
00Je3Hb

Ipumeuanue. icrounuku nadpopmaimu: www.tigr.org; www.sanger.ac.uk.
I Mucruryt no uccnenoranuio reroma (The Institute for Genome Research).

pasa Oombine, ueM y Hemaronbl Caenorhabditis ele-
gans (tabim. 1.5). CekBeHUpOBaHUE TEHOMA YEIIOBE-
Ka Ow110 3aBepreHo B 2006 T.

[lonyueHHbIe TaHHBIE O CTPYKTYpE TeHOMa I0-
3BOJISIT 3HAYUTEIIHHO MPOIBUHYTH HaIlIe [TOHUMAaHHE
TEHETUKH 4YeJIOBeKa, NPHUPOABI Pa3IMYHBIX Ha-
CJIeICTBEHHBIX 3a00neBaHuid. C Ka)IbIM TOIOM 00-
Hapy)XuBaercsi Bce OOJblIe TEHOB, MYTallH
10 KOTOPBIM IPUBOIAT K ONpe/IesIeHHbIM 3a0071eBa-
HUSIM yenoBeka (puc. 1.34). B Hacrosiiee BpeMst ux
BBIsIBIIEHO Oosiee 1,2 Thic. Takue ncciea0BaHMs MO-
I'YT PEBOJIOLIMOHU3UPOBATh MEAULIMHCKYIO HAYKY.

[Iupoxoe pa3BUTHE MOTYUHIH TAKKE MIPOCKTHI
10 CeKBEHUPOBAHHIO U aHAJIN3Y MOJIHBIX T€HOMOB

MATOT€HHBIX MUKPOOpTraHu3MoB (Tadi. 1.6). B 6mu-
YKaWIIve ToIbI TUIAHUPYETCs pacnpoBarh CTPYK-
Typy reHomoB Oosee yem 100 BuIoB Oone3HETBOP-
HBIX MHKpPOOPraHu3MoB. CeKBEHHUPOBaHHBIX BH-
PYCHBIX T€HOMOB YK€ HACUMTBHIBAIOTCS MHOTHE
cotHu. HakaruimBaemas wHQOpMAaLus MO3BOJISET
BBISICHSTH MOJICKYJISIPHbIE MEXaHH3Mbl IATOI€HHOTO
JEWCTBUST MUKPOOPTaHMU3MOB Ha WHQHUIUPYEMBIH
OpraHu3M, NIyOOKO M3y4aTh 3alIUTHBIC MEXaHU3-
MBI, peaju3yeMble YeIOBEKOM, KUBOTHBIMH, pac-
TEHUSMHU B OTBET HA KOHKPETHYIO HHEKIHI0. DTO
co3faer 0azy 3HaHHH, HEOOXOAMMBIX st 3(dex-
THUBHOM pa3pabOTKH COBPEMEHHBIX CPEACTB U Me-
TOZIOB JIeUeHHsI HHPEKITMOHHBIX 3a00JICBAaHHH.

1.8. AMIMNUOUKALNA NOCNEQOBATENIbHOCTEW OHK IN VITRO

1.8.1. lMonumepa3Has yenHas peakyus

B 1985 . K. Mamuc ¢ coTpyaHUKaMHu paspa-
oortanu meton amrunpukanuu Gparmentos JIHK,
Ha3BaHHBIM TOJIMMEPA3HOM UEMHOW peakluen,
[LIP (polymerase chain reaction, PCR). Ilpoueny-
pa coctouT B cieayromieM. K ananuzupyemomy 00-
pasuy JAHK noGamnsiror B M30BITKE J1Ba CHUHTCTH-
YeCKUX OJINTOHYKJIICOTHIA-TIpaiiMepa pa3MepoM
0K0J10 20 HYKJICOTHAOB, KaXKIBII U3 KOTOPBIX KOM-
IUIEMEHTAPEH OJHOMY M3 3'-KOHIIOB aHTHIIApal-
nenbHbIX 1eneit nenesoro cermenta JJHK. IIpena-

par JHK noxasepraroT TepMu4eCKOi AeHATypaLHH,
U 3aT€M B IIPOLECCE OTKUTa MPOUCXOIUT dPdek-
THUBHasi rMOpUAM3aLUns OJIUIOHYKJICOTHIOB-Ipaii-
MEpOB C KOMIUIEMEHTApPHBIMHU IOCIJIEI0BATEIBHOC-
Tsamu Ha pa3Hbix nemnsax JJHK (puc. 1.35, a). [locne
aroro BHocAT JIHK-nonumepasy, J1€30KCUHYKIIE0-
3uaTpudocdarsl, U OCYLIECTBISIETCS PeaKkys 11o-
JUMEPU3ALNN BTOPBIX IENel, HHUIUHpyeMas Ha
npaiiMepax (nepsblil nuki). Ilocne ocranoBkH pe-
akuuun JIHK cHoBa neHarypupyioT HarpeBaHUEM.
B nporecce oxnaxxaenus npaimMepsl, HaXoAIne-
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Puc. 1.35. Cxema nonuMepasHoi IETTHON peakiiuu

(TILLP)

csi B M30bITKE, BHOBb 3(P(PEeKTUBHO THOPUAM3YIOT-
csl, IPUYEM YK€ HE TOJIBKO C IEMsIMH HCXOIHOM
JHK, HO ¥ ¢ BHOBb CUHTE3UPOBAHHBIMH.
Buecenue B cucremy JIHK-nonumepassl WHU-
LUUPYET BTOPOH LMK MONMMEPA3HOM peakluu

(cm. puc. 1.35, 6). MHOrokparHoe MOBTOpEHUE
OMMCAHHOM mpoueaypsl Mmo3BoisieT mnposectu 30
n Oonee LUKIOB (EPMEHTATHBHOIO YIUITMHEHHS
npaiimepos. [Ipu atom uucio cermenToB JTHK, or-
PaHUYEHHBIX C OOOMX KOHIIOB MCIIOJIb3yEeMbIMHU
npaiimepamu, ¢ KaxabiM 1ukiaoM TP yBennuusa-
eTCsl HKCTIOHEHIIHAIbHO (TpUOIMKaeTcsl K 3aBHUCH-
MOCTH 2", TJIe N — YWCJIO IMKIOB). BeIxox Bcex
JIpYTUX MPOAYKTOB PEAKIUM YBEIUYHMBAETCS IO
TUHeWHOH 3aBucumocta (cM. puc. 1.35, 6, ). Ta-
KUM 00pa3oM, B IpoLiecce paccMaTpuBaeMoi peax-
1uH 3G (HEeKTHBHO aMIUTH(DUITIPYETCS TOIBKO Ta TI0-
cienoBarensHocTh JIHK, xoTopast 3anana (orpanu-
YeHa) OJIMTOHYKJICOTHAaMU-TIpaiiMepamu.

ITepBonavansno mis [P wucnosnb3oBanu
¢parment Knenosa JIHK-mommmepassr 1 E. coli
(PolIK). OmnHako mocie KakIOoTo IUKJIA PEaKIuu
HEOOX0ANMO OBLIO0 BHOCUTH B PEaKLIHOHHYIO CMECh
HOBYI0 nopuuio ¢pepmenta. Kpome toro, B onrtu-
MaJIbHBIX TEMIIEpaTypHBIX yCIOBUSX TAKOH IMOJH-
MepaszHoii peakrun (37 °C) MOSIBISINCH BTOPUY-
HBIE YYaCTKH CBS3bIBAHMS IIPaiMEpOB U HaOIIOa-
nachk aMmIU@UKanys He3arlaHUPOBAaHHBIX Cer-
MEHTOB I'€HOMA, T. €. CIICIUPUIHOCTh aMILTU(UKA-
UMM He ObljIa MOJHON. YCTPaHUTh 3TH HEJOCTATKH
yaanoch nocie 3ameHsl PollK na JIHK-nmomnwme-
pasy tepmoduibHON 6aktepun Thermus aquaticus
(momumepasa Tag). TemmeparypHBId ONITHMYM pe-
aKIMM, HampasisieMol 7aq, HaXOAUTCS B paiioHe
70 °C. [Ipyrum BayKHBIM CBOMCTBOM JaHHOTO (ep-
MEHTa SIBJSETCSl TO, YTO OH HE WHAKTUBUPYETCS
nocine JMTeabHol naKyOanuu npu 95 °C. Ilonu-
Mepasa Taq npencTaBisieT co00ii MOHOMEPHBI Oe-
JIOK ¢ MOJeKyIsipHOW maccoit 94 x/la, obmamaer
5'-3'-nonumMepasHoii u 5'—3'-3K30HyKII€a3HON aK-
TUBHOCTSIMH.

Ucnone3ys Tag-nonumepasy, yaaaoch pelinThb
cpasy nBe npobnemsl. Bo-iepBbIx, TepMOCcTaOMIIb-
HBI (DEPMEHT HE MHAKTUBHUPYETCS HA JTalle JCHa-
typauuu JIHK, m mostomy HeT HeoOXommmocTu
MOCIIE KaX/I0TO IIMKJIA peaKkuu J100aBIATh ero HO-
ByI0 mopiuo. Takoe ympolieHrne mpoueaypsl mo-
3BOJIMJIO aBTOMaTH3upoBaTh nposeaeHue [P, rax
Kak Terepb TpeboBaloCh JIMIIb Yepe3 ONpe/ieieH-
HBIC MHTEPBaJIbl BPEMEHU H3MEHSTh TEMIIEparyp-
HbIe yemoBust: 90-95 °C (temmeparypa aeHarypa-
nun) u 60-70 °C (Temmneparypa peHarypamuu JJHK
u (PepMeHTaTHBHOW peakiuu). Bo-BTOpBIX, BHICO-
KUI TeMIIepaTypHbIH ONTHUMYM pEakLHH, KaTalu-
3upyemMoint 7ag-nonumepasoid, H03BOJISET B 3aBUCH-
Moctu oT conepxkanust GC-nap B mpaiimepax mnoa-
Ouparh KeCTKHE TeMIIEPATYPHbIE YCIOBHS OTXKUT'a,
oOecrieunBaroNue TUOPHIU3AIMIO  TpaiiMepoB
TOJIKO B 33JJaHHOM paifOHE M3y4yaeMOro reHOMa,
YTO CYIIECTBEHHO IOBBIIIAET CHEUU(UIHOCTD
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U 4YYyBCTBUTEIIBHOCTb MeToja. JlaHHBI BapuaHt
TIIIP cpa3y Haen mupokoe NpuMeHEHHE.

Hcnons3ysa meron IILIP, MoxHO in vitro cenex-
THBHO oOoramarek npenapar JHK ¢parmentom
C OTIpe/IeTICHHON MOCIIEA0BaTeIbHOCTHIO B MUJIIIU-
OH ® OoJee pa3. DTO TMO3BOJSICT HAMICKHO BBISB-
JISITh OTHOKOITMIHBIC TeHBI U X BAPUAHTHI B TAKUX
OOJIBIIUX ¥ CIIOXKHBIX TEHOMAaX, KaKUM SIBISIETCS
TeHOM 4esoBeka. UyBCTBUTEIBHOCTh METO/Ia TAKO-
Ba, 4Tto amruudunuposars B [1L[P 1 oOHapyxuTh
IEJIEBYIO TTOCIIEI0BATEILHOCTD MOYKHO JJaKE B TOM
ciTy4ae, €Clii OHa BCTpedaeTcst OJHaXKIsl B 00pas-
e u3 10° kyeTok. [Honyuaemsiit cerment JIHK Ha-
JIC’KHO BBISBJISICTCS. B BUJC JUCKPETHOM MOJOCHI
nocye 3J1eKTpo(OPETHUECKOTO pa3AesieHUs] MoJie-
kyn IHK u okpacku stuanym 6pomunom. bonee
TOTO, PA3MHOKEHHBIH i1 Vitro GparMeHT MOTyUdaroT
B KOJMYECTBAxX, MOCTATOYHBIX [UIsI €r0 MPSIMOTO
cekBeHHpoBaHus. [lockonbKy mipu 3TOM He TpeOy-
€TCsl IPOMEXKYTOYHBIN 3Tan KJIOHUPOBaHUs (par-
menta JIHK B momexynspusix BekTopax, IILIP
MHOT/IA Ha3bIBAIOT OCCKICTOYHBIM MOJICKYJISIPHBIM
xionuposanueM (cell-free molecular cloning). As-
TOMaTHU3WpOBaHHAs TMpoueaypa lag-moammepas-
HOH 1emHON peakiyu, coctosimas u3 30 u Oonee
[UKJIOB, 3aHUMaeT 3—4 4. OHa CyIIeCTBEHHO OBICT-
pee 1 Mmpotie nporeaypbl KIOHUPOBAHUS (PparMeH-
ta JIHK B cocTaBe BeKkTOpHBIX MoJeKya. OqHAKO
clesyeT oTMeTUTh, uto meton I[P He 3amensier
METOZIOB MOJICKYJISIPHOTO KJIOHWpOBaHUs (hpar-
MenToB JIHK, Tak kak mpexkae ueMm OCyIleCTBUTh
aMIUTM(DUKALAIO i1 Vitro ONPENETICHHOTO JIOKYyCa,
HEOOXOMMMO 3HATh €ro TEePBUYHYIO CTPYKTYpY,
a 3TO BO3MOYKHO TOJIBKO TIOCTIE TIPEBAPUTEIHHOTO
KIIOHIPOBAHUS M3y4aeMOr0 y4acTKa TeHOMa U €ro
CEKBEHHPOBaHUSI.

Hapsiny ¢ sBHBIMH NpeUMyIIECTBAMU METO[
TILIP umeer u onpeeneHHble HEAOCTaTKU. Tag-1o-
JuMepas3a B IpOoLecce KaTalu3upyeMoil €0 peak-
WU in Vitro OMNOO0YHO BKIIIOYAE€T HEKOMIIJIEMEH-
TapHbII HYKJIeoTHa ¢ yactoroid 1,1 - 10~ B omqHOM
nukie. CHHTe3MpOBAHHBIE IOCIIEI0BATEIHHOCTH,
cojieprKaliie OMMOKH, 3aTeM aMILTU(PUITUPYIOTCS
M0 SKCIIOHEHIINAILHON 3aBUCUMOCTH. JTO MPUBO-
IuT K Tomy, yto nocie 30 uukios IIIP yacrora
omnbok B ammumndumuposannoi JJHK moxer no-
cturatb 0,25 %. ®parment Knenosa JJHK-monu-
Mmepassl | E. coli nemaer ommMOKM C YacTOTOM
104-10-¢ Ha mnapy HYKICOTHIOB, YTO MOCIE
27 1MKIOB aMIUTU(UKAIIMU MOXKET BBI3bIBATh Ha-
korieHue ook 10 0,17 %.

B T0 xe Bpems HeOounblIas Gpaknus MyTaHT-
HBIX TIOCJIEIOBATEILHOCTEH HE BIUSET HA PE3yIib-
TaT TAKUX AaHATUTHYCCKUX MPOIEIYP, KaK TMPSIMOE

CEKBEHHPOBaHUE U rHOpUIN3aMs Ha QUIBTPaxX cO
creun(pUIHBIMU OJIMTOHYKJICOTHIHBIMU IPOOaMH.
OmmOKM, BO3HUKIIME Ha JTane KIOHUPOBAHUS
U CEKBEHHUPOBAHMS HHIMBUAYAJIBHBIX aMIUIM(U-
UPOBAHHBIX in Vitro (pparMeHTOB, JIETKO BBISABIISA-
I0TCSA aHAJIN30M HECKOJBKHMX HE3aBHCHMBIX KIIO-
HoB TuOpuaueix JIHK m ycranoBienueMm wncxon-
HOM, HanOoJee YacTo BCTpevaroleics nociae0Ba-
TEeTHLHOCTH HyKJIeoTHA0B. Ecmn ommbka Oblta BBe-
JleHa Ha HavYalbHOH CTaJuu aMIUIM(UKAIMUA CerT-
menTa JIHK, To myranTHas ¢opma MOXKET cocTas-
JATH OOJBIIYIO JIONIO TOJYYEHHOTO IIperapara.
B sToM citywae nist fOCTHKEHHS JOCTOBEPHOTO pe-
3ynbTata W BeIIBICHHS ruopumnoit JIHK, comep-
Kalleld MPUPOTHYIO MOCIEe0BaTebHOCTD, HE00X0-
JUMO OCYIIECTBIISITH JMOO HPSIMOE CEKBEHHPOBA-
HHE He3aBUCUMO amIurdumpoBannsix mpod JJHK,
a0 aHanM3 psiAa KIOHOB TMOPHIHBIX MOJICKYIT
JHK, nonyueHnHbIx nocsue HezaBucuMbix TTIP.
Pazupie JIHK-monumepassl  OCYIIECTBISIOT
[P c paznmuunoit >ddexktuBHOCTRIO. Tak, JuIs
PolIK n IHK-nonmmepassl dara T4 crenenp amii-
muduKanuy OBICTPO CHIKAETCS, €CIIM pa3Mep aMil-
TUPUITIPYEMOTO CerMeHTa npeBbimaeT 250 1H, B TO
Bpems kak JIHK-nommmepaser Tag u dara T7 cro-
COOHBI C BBICOKMM BBIXOIOM aMIUIM(HINPOBATH
(hparmenTsl, umerormue pazmep a0 2000 mH. C 1mo-
MOLIBIO MONMMepasbl 1ag ynaercsi aMIIGUIupo-
Barb ¢pparmentsl JJHK pazmepom He Oosee 5 TmH.
DTO0 OrpaHHYCHHE, TIO-BUANMOMY, 00yCIIOBIICHO OT-
CyTCTBHEM Yy (pepMeHTa KoppekTupyromen 3'-5'-
9K30HyKIJIea3Ho aktuBHOocTH. B IIIP Ha craaum
nojMMepu3aluu Iaqg CBA3BIBAECTCS C IIpaliMepoM U
JocTpaWBaeT Ienbs Ha Marpuue. Mspenxa Tag
OIIMOOYHO BKIIIOYAET HEKOMIUIEMEHTAPHBIH MaTpH-
L€ HyKJIEOTHJ, TOCJIE Yero CKOPOCTh YAJIMHEHUS
cuHTe3MpyeMoii nemu cHmkaercs B 10°-10° pas.
[Ipeononers 3Ty mpobiemy ynanoch, 0ObEIUHHUB
Tag ¢ npyruM TepMOCTAOMIBHBIM (hEPMEHTOM —
nonmumepasoi Pirococcus sp. GB-D, obnamaromieit
KOoppekTupyromei 3'—5'-3K30HyKIIca3HON aKTUB-
HOCTBI0. DTOT (DEPMEHT MOXKET CBSI3bIBATHCS C OLLIH-
0OOYHO BKJIIOYCHHBIM HECIAPEHHBIM HYKJICOTHIIOM
TMIOCJIE TUCCOLMAIIIH KOMIUIEKCa 3TOT0 HYKJICOTHAA
¢ noauMepaszoil 7aq v ynaauTh ero. OT0 MNO3BOJISET
Taq nponomxuts JIHK-nommmepasnyto peaxiuto
C HOPMAJILHOW CKOPOCTBIO M, KaK PE3ylbTaT, JaeT
BO3MOXKHOCTB amItuduuuposars Gpparmentsl JJHK
JuinHOM 710 30 TriH. Takast peakuus nogy4usa Ha3Ba-
uaue npomsaxcennasn INIP (long PCR, LPCR). JIpy-
UM CIIEACTBUEM J00aBJIEHHs MOIUMepassl Piro-
coccus sp. GB-D sBunoch yBenmueHue TOYHOCTH
cuHTe3a amrummdunupyemoro ¢parmenta JIHK.
YacToTra ommboK CHU3MIAch 10 2,3 - 1076,



56 naea 1. OBWWE MPUHLMUMbI U METOAbI TEHETUYECKOW UHXEHEPUN

=
-—
—
> <3

M. 1 2B 35ndig 55 Rwbisday .8 5. Nl bl IR 8 38w [ 425 ] 5% ] 6@l el 5 3 M-

1000
900
800

600
500
400

Rt T —— - S —

200

Puc. 1.36. Pe3ynbrat 35ekTpodopeTHIecKoro pasaeneHus B 2%-HoM arapo3Hom reie ¢pparmentos JJHK,
nostydeHHsIX nociue 1P ¢ ucnonp3oBaHuEM YeThIPEX IIap OJIMTOHYKIECOTHIHBIX IIpaiiMepOB
JUIsL BUIOCTICHU(DUIHOMN U OHON TTapbl — JJIsl pOAOCIIEHUPUIHON HACHTH()HUKAIIMH OPTOIIOKCBUPYCOB!

BHpYC ocmoBakiuHbl, mrammbel Copenhagen (7), JIUBII (2), BP-1 (3), Chambon (/7), EM-63 (12), Western Reserve (13);
BHPYC OCIBI KOpoB, mTamMmbl Puma-73 (4), GRI-90 (5), Turk (6), Hamburg (7), EP-1 (8); Bupyc ocmbl 00e3bsH, ITaMMbI
Zaire—96-1-16 (9), Congo-8 (10); Bupyc ocmbl Kpoiukos, mramm Utrecht (/4); Bupyc HaTypasnbHOU ocmibl, mtammsl Ind-3a (/95),
Butler (/6); Bupyc sxrpomennu (1 7); orpuniarensHbiii KoHTpoub (18); JHK-mapkep (M). CnpaBa yka3aHna JuinHa pparMeHTa B H

B mpouecce pa3Burtusi paboT ¢ UCTIOJIB30BaHU-
em [P Bo3HukiIa uaes aMmnUIUMpPOBaTh B Of-
HOH ITPOOUPKE cpa3y HECKOJIBKO PAa3JIMUHBIX TeHe-
TUYECKUX JOKYCOB. B 9TOM cilydae OoZHOBpEMEHHO
MCTIOJIB3YIOT 00JIee OHOM Maphbl ONMUTOHYKICOTH I~
HBIX NpaiiMepoB. Takas peakuus Moiaydusia Ha3Ba-
uue mynvmuniexcnas INIP (MIILP).

JlaHHBII MOAXO MO3BOJISET CYIIECTBEHHO KO-
HOMHUTB BPEMSI M YCUIIHS IIPU BBIIIOJIHEHUH aHAJIN-
30B. OCOOEHHO MIMPOKO €TO CTAJN MPUMEHSTH IS
IKCTIPECC-UACHTUPHUKAINN UHPEKIIMOHHBIX arcH-
toB. Hanpumep, C. H. lllenkyHOB ¢ coTpyqHUKaMHU
pazpaboraiu metox MIILIP, mo3Bonsromuii npu
UCIIOJIB30BaHHUHU IISITH Map MpaiiMepoB MPOBOIUTH
OJHOBPEMEHHO POJO- U BUAOCHEIM(DUIHYIO HICH-
TU(UKALUIO OPTONOKCBUPYCOB, MAaTOT€HHBIX IS
yenoBeka (puc. 1.36). C moMomIs0 MyIbTHILIEKC-
HoM [TIIP MOXHO TakXe OCYyLIECTBIATh OJIHOBpE-
MEHHYIO JCTEKLUHUIO Pa3JIMYHbIX WHQPEKIHOHHBIX
areHTOB, OOYCJIOBIMBAIOMIMX CXOXHE KIMHHUYEC-
KM€ MPOSIBIECHHUS.

Acummempuunasn I[P (asymmetrical PCR),
MHaue Has3biBaeMasi opHoHampasieHHas [ILIP, uc-
noJjb3yercs st HapaOOTKHU  OJHOICTIOYECYHBIX
(dparmenToB JIHK, coorBeTcTByrommx amrmdu-
nupyeMomy yudactky JJHK-marpunel. B atom ciy-
yae npu nocranoBke [P ogun u3 npaiiMepos Ha-
XOIUTCS B HU3KOW KOHLEHTPALIMH, TIO3TOMY B ITPO-
niecce [P on OpicTpo BCTOIIASTCS, TAK KAK YUCIIO

BHOBb CHHTE3MPOBAHHBIX MAaTPHUI] HAYMHACT IIpe-
BBIIIATH YHUCIIO MOJEKYJ 3TOro npaitmepa. Cunres
JHK mocne sToro mpojoiiKaercss mpeuMyliecT-
BEHHO C OJHOTO TpaiiMepa, HaXOJSIIIeTOcs B W3-
ObITKe, a HakoruieHue [1L[P-npomykTa yxe mpowc-
XOOUT HE PKCIOHCHIMAJIBbHO, a JIMHEHHO. B utore
nponykr takoil IIIP oka3piBaeTcst mpencTaBieH-
HBIM, B OCHOBHOM, OJHOIENIOYEYHBIM (ParMeHTOM
ammmuduuupyemoit JJTHK.

[TonmmepasHas 1enHass peakiys Mo3BOJISET aM-
mwmduimpoBars Taxoke Monekyisl PHK. Ha mepBom
JTarne ¢ NOMoIIbIo 00paTHOH TpaHckpumTassl (OT)
nonyuaroT JIHK-xomuto menesoit PHK, a 3arem
ocymectBisitor TIIP. Takas cucrema Ha3bIBaeTCs
OT-ITI[P (reverse transcription PCR, RT-PCR).
7151 TMarHOCTUYECKUX IIeJIeH Yallle BCero UCIob-
sytor JJHK-nonumepasy TepmoduiibHol OakTepun
Thermus thermophilus (Tth-JJHK-momumepasa),
¢ nomotpto koropoid ¢ PHK-marpunel MmoxkHO 1o-
nydars JJHK-ammmmdukarer mmmuoit 10 3 THH
(cm. 1.2.5).

Ha ocHoBe mnonmumepa3HON LEMHON peakuuu
B 1988 . A. B. bemssckuit u K. C. PaeBckuii npea-
JOKUIM cnocol amrmudukammu Monekyn k/IHK
in vitro. J111s1 TOTO 4TOOBI BCE MOJICKYJIbI CYMMAapHOM
k/IHK mMoriu yyacTBOBaTh B aMILIM(HUKALIIH, HEOO-
XOAMMO Hajuure Ha o0omx koHuax kJIHK mocemno-
BaTEIILHOCTEH, OOIINX ISl BCEX MOJICKYJ. DTO pea-
TU3yeTcsl clemyrommM obpa3oM. CHHTE3 TepBOM
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Puc. 1.37. Cxema ammundukaun toraabHoi K IHK ¢ momomsro ITL[P

nenu kJIHK wHuUnmMupyercss mocliie CBsSI3bIBaHUS
(T)-mpaiimepa ¢ momnu(A)-TiocIe10BaTeILHOCTHIO
marpuynbix PHK (puc. 1.37, @). Ha 3'-koHue 3toro
npaiiMepa HaxOJHTCS IOCIEeOBATEIILHOCTD OJH-
ro(dT), cnapuBaromasics ¢ monu(A)-kormom MPHK.
Ha 5'-xonue (T)-mpaiimepa mmMeercst mocinenoBare-
JIBHOCTbh, CUJILHO obOorarieHHas ocrarkamu G u C u
CITy’Kalllasi JIs TIOBBIIICHUS TOITyCTUMOHN TeMIIepa-
Typsl oTxkura npaiimepa so Bpems I1LIP. ITocne cun-
te3a neppoi tenu kKJIHK k ee 3'-koHILy ¢ TOMOIIBIO
TEpMHUHAJIBHON TpaHcdepasbl JOCTpauBarOT OJHU-
ro(dG)-koner (cm. puc. 1.37, 6). Llens PHK u3 mo-
JYYEHHOTO yTJIeKCa YIAISIOT MIeIOYHBIM THIPO-
JIM30M, ITOCJIE YETO OTHOLETIOYEeHHAs MaTpulia TOTO-
Ba K aMITIH(DUKAIIUH,

[Ipn ammumrkanuy UCHOIB3YIOT JIBa CHHTE-
tnyeckux mnpaimepa: (T)-mpaiimep, Ciry>KUBIIUI
JUIsT MHUIOHMANWK cuHTe3a mepBoid mermn, u (C)-
npaiimep, KomiuieMeHTapHblid onuro(dG)-koHmam

(cm. puc. 1.37, 6). B nepBom 11ukiie aMruinpukanau
ydacTByeT ToJbKo (C)-mipaiimep, KOTOPbI HHUINH-
pyer cunte3 Bropod nenu kJIHK. Ilpu sTom
cuHTe3upyeTcss komruieMeHntapHas (T)-mpaitmepy
[IOCJIEIOBATEIIBHOCTL Ha 3'-KOHIIE BTOPOH IIEIIH.
Bo Bropom muxite [P yuacTtBytoT 06a mpaiimepa.
[Tocnenyromue NUKIB aMIUTA(DUKALIANA TIPUBOJIST
K 9KCIIOHEHUUAJIbHOMY HAapacTaHUIO YMCIa KOMUMA
neyxuenoueynoi k/IHK. Jlanublil monxoa mo3Bo-
JsieT MHOTOKpaTtHO pa3smHoxarh JJHK-komuu mar-
puunbsix PHK, HaunHast ¢ HE3HAYUTENBHBIX UCXOI-
HBIX KOJIMYECTB. B 4acTHOCTH, yaeTcs KOHCTPYH-
poBaTth mpeactaBuTenbHbIe OmOmmoTekn kKJIHK,
nojydeHHsie Ha ocHoBe MPHK, BbIeIeHHO# BCero
13 HECKOJIBKUX KIIETOK.

OT-IILP mnpuMeHSIOT I HIACHTH(OUKAITIH
PHK-conepxkaniux BupycoB. B stom ciyvae wuc-
MONIE3YIOT TaK Ha3bIBa€MbIe TeHCIEU(UIHBIE
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npaiiMepsl, KOTOpble 00ecIeunBaloT BBICOKYIO Ha-
JEKHOCTh IIPOBOIMMBIX AHAJIN30B.

1.8.2. lNpumepsbl ucnonb3osaHus MYP

[TonumepasHasi nemHasi peakuus — OIUH U3
MOIIIHEUIINX HHCTPYMEHTOB HCCICAOBAHUS HYK-
JIEMHOBBIX KHCJIOT, HE JOCTYyNHbII panee. TP uc-
MOJIB3YIOT IS aHAIN3a WHAWBUAYyaJIbHBIX BapHa-
IUH HYKJIEOTUIHBIX MOCIIEI0BATEIBbHOCTEN B OII-
pEeACIIeHHBIX JIOKYCaX, IS TOBBIMICHUS 3P PEKTHB-
HOCTH KJIOHMPOBAHUSI LEJNEBBIX IOCIEI0BATEIb-
HOCTEH M3y4aeMbIX TCHOMOB U UX IPSIMOTO CEKBE-
HUPOBAHMUS, JUIsI JETEKLIUHA MAaTOTC€HHBIX MUKPOOP-
TaHU3MOB U T. 1. PaccMOTpUM npuMepsl, JEMOHCT-
pupyromue Bo3MoxkHOCTH Merona TP u mupo-
KU CIIEKTP PEIIaeMbIX C €0 MOMOIIBI0 HAYYHBIX
U IPAKTHICCKUX 3a71ad.

Meron I[P no3sonui npoaHalIu3upoBarh Ha-
JMYYe TOCeI0BATeIbHOCTEH BHPYCOB MANMIIIIO-
MBI YeJIOBEKa B Cpe3ax OMOINTaToB HOBOOOpPa30oBa-
HUH KN MaTKX Y€I0BEKa, 3aIMThIX apa(uHOM
u xpanuBuuxcs B Teuenue 40 ner. bonee Toro, uc-
nosb3yst 1P, yranock aMruimuimpoBarh 1 Kiio-
HUpOBaTh (PparMeHThl MHuTOXOHApHanpHOU JIHK
M3 UCKOIIAeMBIX OCTAHKOB MO3Ta YeJIoBeKa Bo3pac-
ta 7 TeIcSY JeT! MenHo ¢ momorisio [T1P Obutn
UICHTU(QHUIIMPOBAHBI KOCTHBIC OCTAHKU POCCHHCKO-
ro umneparopa Hukonast Il u ujneHOB ero cembw,
MpoJieKaBIIre B 3emiie 73 roza.

Meron TP obecrieunBaeT yHHUKAIBHYIO BO3-
MO>KHOCTHh TOHKOTO TE€HETUYECKOTO aHATIN3a U U3Y-
YeHHusT XpOMOCOMHOM pexomOmHarmn, J|HK-nomm-
mMopdusma u ip. B uactHOCTH, TOKA3aHO, YTO MOCIIE
50-60 mmknoB TP, Bemomnennsix Ha JJHK egu-
HUYHBIX TUTUIOMIHBIX WM TaIUIOUTHBIX KICTOK Ye-
JIOBEKA, yOaeTCs HAJEKHO ONPEACISATh aJlJICIIbHBIM
TUI aHAJIU3UPYEMOr0 I'€Ha B THOPHUAN3AIUOHHOM
tecte ammundunmposanHoit JIHK ¢ anmenscnenn-
¢uuHbIME  32P-MEUCHHBIMU  OJIMTOHYKJICOTHIAMH.
Ha nusarax uHIuBUyaabHBIX CIIEPMATO30MIIOB Ye-
JIOBEKA MPOJEMOHCTPUPOBAHA BO3MOKHOCTh OJIHO-
BPEMEHHO aHAJIM3UPOBATh [IBa JIOKYCa, PACIIOJIO-
JKEHHBIX Ha HETOMOJIOTHYHBIX XPOMOCOMAX.

Merton aHann3a CrepMaTo30MA0B Cpasy Halleln
MIPaKTHYECKOe MPUMEHEHHE B Cy[eOHOI Meanunu-
He, Tak kak HLA-TunupoBaHue rarionHbIX Kie-
TOK ITO3BOJISIET ONPENEISATh OTLIOBCTBO MM BBISIB-
a7tk npectynHuka. (Kommiexke HLA npencrasins-
eT co00i HabOop TeHOB TIABHOTO KOMITJIEKCA THCTO-
COBMECTUMOCTH YEJIOBEKA; JIOKYChl KOMILJICKCA
HLA — naun6omnee moamuMopQHbIC U3 BCEX U3BECT-
HBIX y BBICIIUX TO3BOHOYHBIX: B Mpeaeiax BHUIA
B Ka)KJIOM JIOKYCE CYIIECTBYEeT HEOOBITaitHO 0O0JTb-
I0€ YKCIIO PA3HBIX AJIJICNECH. )

WHTepecHBIM TMpHIIOKEHUEM MOJUMepa3Hoi
LEMHON PEaKIu SIBISICTCS BBISBICHUE UYXKEPO-
HBIX TCHETHUYECKUX CTPYKTYpP, BCTPOCHHBIX B 3apa-
HEe OMPENCICHHBIA pPAaliOH TeHOMa H3y4aeMbIX
KJIETOK WM BUPYCOB. [Ipu mHTErpauun gy>xkepoi-
Hoil /IHK B XpOMOCOMHBIN T'€H 3yKapHOTHYECKOI
KJIETKH (WJTH BUPYCHBIN T€H), JJIsi KOTOPOTO OTCYT-
CTBYIOT METOJIbI CEJICKIIMH MYTaHTHBIX (HOopM, JIO-
CTaTOYHO CJIOKHO JJOKa3aTh MPaBUIBHOCTh BCTPOIi-
k. J[aHHOe 3aTpyaHEHuE YyIaJoCh MPEOJO0JIETh
¢ momorpio I11P: cymmapHas kinetodnast (MiIu BH-
pycHas) JJHK oTxuraercs ¢ IByMs OJTUTOHYKIIECO-
THIHBIMH 3aTPaBKaMH, OJHA U3 KOTOPBIX KOMILIE-
MEHTapHa y4acTKy xo3siickoit JJHK BOmm3u Touku
BCTpaMBaHUA, a JIpyras — IOCJIEJ0BATEIbHOCTH
MHTETPUPOBAHHOTO ()parMeHTa B aHTUIapalIeIb-
uoit nenu JAHK (puc. 1.38). Ilomumepasnas men-
Has peaklys B Cllydae HEM3MEHEHHON CTPYKTYpbI
xpomocomuoit JIHK B mnpeamosnaraemom mecte
BCTPOWKH MPUBOAMUT K 00pa30BaHHUIO (PParMEHTOB
onnonenoyeunort JJHK neompenenennoro pasme-
pa, a B cily4yae 3alUIAaHUPOBAHHON BCTPOUKH —
nByxienodednbix (parmentoB JIHK wu3BectHOrO
pasMepa, OIpEeNsIeMOro pPACCTOSIHUEM MEXKIY
MeCTaMM OTXHra IByX mpaiimepos (cM. puc. 1.38).
CreneHb aMIDTH(HUKAINHA aHATA3HPYEMOTO palioHa
reHoMa B TIEPBOM Ciiy4ae OyneT HaXOIUThCS B JIH-
HEHHOH 3aBUCUMOCTH OT KOJIMYECTBA IIUKJIOB, a BO
BTOPOM — B AKCIIOHEHUUAIBbHON. DKCIIOHEHLIUAb-
HOE HaKOIUIeHHE amIumduuupyemMoro ¢gparmMeHra
3apaHee U3BECTHOIO pa3Mepa MO3BOJIAET BU3yalH-
3UPOBATh €T0 TOCIIE ANEKTPOPOopeTHIECKOTO (Ppak-
nronupoBanus npenapara JJHK u genars ojiHO-
3HAYHOE 3aKJIFOUEHHUE O BCTPOMKE UyKEepOAHOM 10-
CJIEZIOBATEJILHOCTH B 3aJJaHHBIA pailOH XpOMOCOM-
Ho¥# (wiu BupycHoi) JTHK.

Takum 00pa3oM, aMILTU(pUKAIUS TOCIIE0Ba-
tenbHOcTed JIHK in vitro HaxoauT mupokoe npu-
MEHEHHE KaK B 9KCIIEPUMEHTaX M0 KIIOHUPOBAHMIO
B COCTaBE MOJICKYJISIDHBIX BEKTOPOB, TaK W JJis
MPSIMOTO aHAJN3a BAPUAHTHBIX COCTOSIHUN T'C€HOB.
Ocoboe 3HaYeHNE PaCCMOTPEHHBIA METOINYE CKII
MOJIXO/I UMEET MPH Pa3paboTKe MPOCTHIX TECT-CUC-
TEM JUISl BBISBJICHUS B OpraHU3ME HYKJICHMHOBBIX
KUCJIOT MH()EKIIMOHHBIX areHToB. B HacTosiee Bpe-
Ms1 TAaKH€ aHAJIU3bI CTAJIM PYTUHHBIMU. MHOrO4MC-
JICHHBIE (UPMBI TPOU3BOISAT TECT-CHCTEMBbI JIJIS
uneaTudukanuy MetogoM [P (wmm OT-IILP)
MPAKTUYECKH BCEX U3BECTHBIX MUKPOOPTAHU3MOB,
BBI3BIBAIOIINX 3a00JIeBaHMs YeJIOBEKa M JKHBOT-
HBIX. B wacTHOCTH, 3TOT MOAXOM UCTONB3YIOT IS
paHHEH AMArHOCTUKU HAJIMYUS B OPraHU3ME BUPY-
ca ummyHoneduuuta yenoseka (HIV), uto ve yna-
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Puc. 1.38. Ananu3 cnennuvHOCTH peKOMOMHAMOHHOI BeTpoiiku (pparmenta JJTHK
B TCHOM KJIETKH ¢ romotibio [TIP:

a — TIpaBUIbHAS (3a/JaHHAs ) HHTETPAIHS; O — OTCYTCTBHE MPABUILHON HHTErpanuu

€TCsI OCYLIECTBUTH APYIHMMHU MeTofaMu. [Ipu stom
He TpebyeTcs paboTaTh ¢ paJuOaKTHBHBIMH H30TO-
naMH, Tak Kak aMIUTM(GUIUPOBAHHbBIN CETMEHT BU-
pycHoii JIHK BbIBIII€TCS HAIPSIMYIO ITOCIIE DIIEKT-
podopernyeckoro pasgenenusi pparmentos JTHK
M OKPacCK{ UX OPOMHCTBIM 3THUANEM.

HUcnoan3oBanue IIP aast kioHupoBanus
3aganHbIx pparmentoB JTHK. [lossnenne mero-
na [P 3HaunTeNnbHO YIPOCTUIIO IPOLEAYPY TOU-
HOTO u3BJeueHus: u3 coctaBa monexkyn JHK wus-
BECTHBIX HYKJICOTHIHBIX ITOCIEJ0BATENBHOCTEN
U BCTPOMKH UX B MOJIEKYJISIPHbIE BEKTOpBL. MoryT



60 naea 1. OBWWE MPUHLMUMbI U METOAbI TEHETUYECKOW UHXEHEPUN

Xhol

5" CCCCTCGAGATGAGAGTGAAGGAGAAATATCAGCACTTGTGGA 3' Tlpaiimep Ne 1

5'—ATGagagtgaaggagaaatatcagcacttgtggagatj

QagggcttggaaaggattttgctaTAAga tgggtggcaagtggtcaaaaagtagtgtggtt 3

3' CTTTCCTAAAACGATATTCT7AAGACCGTTCACC 5' Tlpaiimep Ne 2

EcoRI

Puc. 1.39. Ilpumep BbIOOpa OJIMTOHYKJICOTHTHBIX IPAMEpOB /ISl aMILTUUKauy reHa ENV
BUpPyCca UMMYHOJE(HUINTA YETOBEKA.

CtpouHbIMH OyKBaMU 0003HAUYEHA MOCIENA0BATENBHOCTD «IIIIOCH-IIENIN MATPHUIIB], HPONUCHBIMH — HOCIEA0BATENLHOCTH
npaiimepos: Ne 1 — B Hanpaienuu 5'—3', Ne 2 — B HanpaBnenuu 3’5", TIpaiiMepbl KOMIUIEMEHTapHbBI KMHHYC»-
WIIH IUTFOC)»-II€IM MATPHUIIbI COOTBETCTBEHHO. MIHUIIMATOPHBIIT M TEPMUHATOPHBIH TPHILICTHI BBIICICHBI JKUPHBIM IIPUPTOM,
HEKOMIUIEMEHTapHbIE HYKJICOTH/IbI MaTPHIBI U IIPaiiMepOB 0003HAYEHbI KypCHBOM

OBITh pACCYNTAHBI TIOCIEIOBATEIFHOCTH OJIUTO-
HYKJICOTHIHBIX TPaiiMepoB, KOTOPBIE 00ecIIeurnBa-
FOT HE TOJBKO TOYHYIO aMITTH(UKAIIIO TpeOyemMo-
ro ¢parMeHTa, HO ¥ OJHOBPEMEHHO MO3BOJISIOT
BBOJUTDH yYaCTKH I'MIPOJIN3a ONPEACICHHBIX PECT-
pukras (puc. 1.39), HeoOXoMUMBIE JJIs 3aILITAHUPO-
BAaHHON BCTPOMKM B KIOHMpYyromuil BekTop. IIpu
3ToM kosinuectBo ucxogHout JIHK, conepixaiieit 1e-
JIEBYIO TIOCTIEI0BATEILHOCTh, MOXET OBITh OYEHBb
MaJIbIM.

OJyiMroHykJ/Ie0THAHBIe MUKpoUYHNbl. B 1988 1.
rpynmnoil ydeneix MHCTHTYTa MOJNEKYIsIpHOW OHO-
noruu uM. B. A. Durensrapara PAH, pykoBogumoit
A. JI. Mup3abekoBbIM, ObLIa WHHIIMUPOBAHA Pa3-
paboTKa OJIMTOHYKJICOTHIHBIX MUKPOYIHITOB (MiCro-
chip), nHa4Ye Ha3BIBAEMBIX OJIATOHYKICOTHIHBIMU
MUKpoMaTpuiamu (microarray). Llenbto sToro mc-
cienoBaHus Oblia pa3padoTka MEeTo/a, TIO3BOJISIO-
IEr0 CEeKBEHHPOBaTh kopoTkue ¢parments JHK
nyTeM THOpUAM3ALMN C ONUTOHYKJICOTHIAMH H3-
BECTHOH MOCIIEI0BATENLHOCTH, KOTOPble HMMOOU-
JM30BaHbI Ha TBEPJIOM HOCHUTEJIE B CTPOTO OTIpejie-
JICHHOM TIOpsAKE (3TO M HA3bIBAETCA MUKPOMATPH-
[IeH MU MUKPOYHUTIOM).

B nmanprelimem Onaromaps CO3JaHHIO CIICIU-
aJbHOTO 00OPYIOBaHUS yAAJIOCh POOOTU3UPOBATH
MIPOIECC TOTYYEHHUS] MUKPOUYUIIOB C HAHECEHUEM
B CTPOTO OTIPEIEIIEHHOM TOPSIKE MUKPOKOIMYECTB
oNMroHykKiIeoTnnoB wm  ¢parmenroB  JIHK
(x/IHK) ma TBepmprit HocUTeIh (OOBIYHO HCITONb-
3YIOT CTEKJIO, HEHIIOHOBBIE MEMOPaHBI, CUITMKOHO-
BbIE TIOBEPXHOCTH U Jp.). ITO TMO3BOJHIO CO3JIa-
BaTh MHUKPOMATPHIIbI, COAEPIKAIINE Ha IIOBEPXHOC-
TH B HECKOJIbKO KBaJPaTHBIX CAaHTUMETPOB COTHHU
Y THICSIYM WHAWBUAYAIBHBIX P00 JUIS MOCIIENyIO-
mei ruopunuzanuu. [Ipenaparsr JJHK, npennas-
HaueHHBIC [UISI TUOPHIW3AlMUd HAa MHUKPOYHIIE,
(hryopectieHTHO MeTAT, 00b19HO B Tiporiecce [TIP.
[Tocrre TuOpuAM3aK M OTMBIBKA MHKPOYHWIT aHa-
JU3UPYIOT C TIOMOIIBIO JIA3€PHOTO CKaHepa W JlaH-

HbIe (MTyOpeCHEHIINH KaXI0W SYeWKH MUKpoMmar-
PHILBI TOABEPraloT KOMIIBIOTEpHON 00padoTKe, Hc-
I10J1b3ysl CIIELMAIbHOE IIPOrPaMMHOE 00EeCIIeueHHE.

CexBennpoBanne MHorouncieHHelx kJIHK
1 [IOJIHBIX TEHOMOB BCE PACLIMPSIIOIIETOCs CIEKTpa
OpPraHu3MOB €03/1aJ0 0a3y Al MOJTY4eHHUS MHK-
POYMIIOB, IMO3BOJISIIOIIMX OJHOBPEMEHHO H3Yy4aTh
9KCIPECCHIO OOJIBIIIOTO YHCIIa TEHOB Ha YPOBHE I1e-
joro remoma. [lepByro paboTy IDaHHOTO Hampas-
nenusi BbinmonHwiIM M. Illen ¢ corpynHukamu
(1995 1), co3naB MUKpPOYHIT HA OCHOBE aMIUTU(H-
nupoBaHHBIX B [P ¢pparmenToB kK IHK mist 48 re-
HOB pactenusi Arabidopsis thaliana. VI3 nuctbes
U KOpHEH pacTeHui BeLaesuIn cymmapayo MPHK,
(hryopecrieHTHO METHJIM B peakmuu 0OpaTHOI
TPAHCKPHUIILUN ¥ TUOPUAM30BAIM C CO3JaHHBIM
MHUKpPOUHUIIOM. Pe3ynbTaTbl aHanu3a MPOAEMOHCT-
PUpPOBAJM, YTO DKCIPECCUS H3YyUYEHHBIX T'€HOB
B JINCTBSIX U KOPHSX OIHOIO M TOTO K€ PACTEHHUS
paznmuuaetcs (puc. 1 Ha 1B. BKICHKE).

B nmanprelimeM ObIIM CO3JaHBI MUKPOMATpPHU-
I[bI C HAHECEHHBIMH B CTPOTOM TMopsake oOpas-
uamu [TLP-dparmentos k/IHK mist coTen u Thics4
M3BECTHBIX TCHOB YEJIOBEKA U APYTHX OPraHU3MOB.
Yacto co3aa10T cienMaaIn3upoBaHHbIE MUKpPOMaT-
PHILIBI IS aHAJINM3a 3KCIIPECCUH OTIPEIeIICHHBIX TH-
MIOB TE€HOB: KOHTPOJHMPYIOMMX KIETOYHBIA LUKI,
amonTo3,  CIJIAMCHHI,  TPaHCIALUIO, CHHTE3
LUTOKUHOB, KOMIUIEMEHTa, (aKTOpOB CBEp-
TBIBaHUSI KPOBH, (PAaKTOPOB TPAHCKPHUIIIUH U AP.
Hanpuwmep, T. lllenk ¢ corpynaukamu (1998 1), uc-
MOJIB3YS YEThIPE MUKPOUHNIIA, COAEPIKAIINX B CyM-
me (parmentsl kJIHK mist 6600 reHoB uenoBeka,
W3YYIIIH Ha TICPBUYHON KyIbType (huOpobiacToB
KO)KM YeJIOBEKa, KaK MH(QUIMPOBAHUE LUTOMETa-
JIOBUPYCOM YeJIOBEKa BIMSET Ha IKCIIPECCUIO ATUX
reroB. OKa3asioch, 4TO JaHHAs BUpyCHas WH(eEK-
LUl JIOCTOBEPHO H3MEHsIeT (YBEJIMYHMBACT WIIH
YMEHBITIACT) SKCIIPECCHIO 258 TEHOB YeIOBEKA.
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Jpyras rpynmna ydeHbIX Ha OCHOBE JIaHHBIX
cekBenuposanus JIHK nuromeranoBupyca uerno-
Beka cozfaina B 1999 . MUKpOYMII, HCIIOJB3YS
(parMeHThl ATMHON 75 HYKICOTHIIOB, COOTBETCT-
BYIOIIIME BCEM TEOPETUYECKH TPEACKa3aHHBIM OT-
KPBITBIM paMkaM TpaHcisuud. g 151 BupycHoit
OPT Obura mokazaHa MPOMYKIHS CTICTTH(PUICCKIX
MPHK 1 BbIsIBIIEHO BpeMsi UX OMOCHHTE3a B PO-
recce NHPEKIUH.

C. I'yepa ¢ coaBropamu (2003 1.) ¢ TOMOIIBIO
MHUKpoMaTpul, coaepxkamux 15 teic. kIHK ueno-
BEKAa, M3YYWJIN KAPTUHY H3MEHEHHs JKCIPECCHU
TeHOB NEPEBMBAEMOI JMHHM KIJIETOK 4YeJloBeKa
HeLa B mpomecce nHpeKknnn MX BUPYCOM OCTIO-
BaKIMHBI. BblI0 0OHApYXEHO, YTO BHpYCHAasl WUH-
(hex1us MPUBOIUT K aKTUBALIMH 3KCIIpeccuu 66 re-
HOB KJIETKH U K perpeccunt 1267 reHos.

Hcnonb3yst CHHXpOHH30BaHHYIO JTHHHIO (HUO-
pobacToB 13 dMOprona Mermwm, C. Umuaa ¢ coas-
topamu (2001 r.) unentudunuposanu 188 reHos,
YUYaCTBYIOILMX B PETYISLUHN PAa3HBIX ITaloB Kile-
TOYHOTO ITHKIa. [lokazano, 4To 65 U3 HUX peryiu-
pYIOTCS TPaHCKPUIIUMOHHBIM (akTopom E2F
(puc. 2 Ha 1IB. BKJICHKE).

A. Bant BoyT ¢ coaBropamu (2003 1) uccneno-
BaJIM 3KCIPeCcCcHuIo 271 reHa KJIeToK 4eoBeKa B ycC-
JIOBUSIX WHOHUIMPOBAHHUS WX BUPYCOM T'pHUIIIA TH-
na A, BAPyCOM HMMYHOJe(HUINTA YETIOBEKA, a TaK-
JKe TIOf IeiCTBHEM MHTep(epoHa WM TETJIOBOTO
moka. Oka3anoch, YTO KaXJ0€ BO3AEHCTBHE IIO-
pasHOMY OTpa’kaeTcs Ha HKCIIPECCUU AAHHBIX Te-

1.9. BJIOTTUHI MO CAY3EPHY

[Ipn amanuze pa3geneHHBIX DIEKTPOohope3oM
monekyn JJHK mmpokoe pacmpoctpanenue nosmy-
YT METO]T IEPEHOCa HYKJIEHHOBBIX KHUCIIOT U3 ara-
PO3HBIX Telied Ha HHUTPOLEIUTIONIO3HYIO Oymary,
paspaborannbiii E. Cayzepuom B 1975 1; B oTe-
YECTBCHHOHN JINTEPAType €ro MPHHSITO Ha3bIBaTh
omorrmaTOM T0 CaysepHy (oT aHmi. blotting —
npomokanue). CHagana moiekyasl JJHK (mmm ux
(hparMeHTHl), pa3eJeHHBIC 10 pa3MepaM IEKTPO-
(ope3oM B IUIACTHHAX arapo3HoOro refs, JAeHaTy-
PUPYIOT MIENTOYBI0, TOCIIE HEHTpaTH3aIiH IIeT0YH
TUTACTUHY TEeJIsl MOKPBIBAIOT JIMCTOM HUTPOLEIIIIO-
n03pl. Ha HUTpOIEm iono3y moMemarT CTOIKY
nucToB (DUIBTpOBaNbHON Oymaru, Kotopast obec-
MEYMBACT MEJICHHBI TOK Oy(epHOro pacTBOpa
4yepe3 Telb B HANPABICHHU, MEPICHAUKYISIPHOM
HarpasjeHuio 3ekrpodopesa (puc. 1.40). JJHK
TuGGYHIUPYET U3 Telll U CBA3BIBACTCS C HUTPO-
HeJUTION03HbIM - (huitsTpoM. [locie mporpeBaHus

HOB (puc. 3 Ha 1B. BKIeiike). B To xe Bpems oOHa-
PYXXEHO CXOJICTBO B PETYJSIMH IKCIIPECCHU Psifia
TCHOB TIpU MH(EKIHUU KIETOK BUPYCOM T'pHIIIA H
0] BJIVMSIHMEM HWHTep(EepOHa, YTO yKa3bIBaeT Ha
BaXHOCTh MHTEP(HEPOHOBOTO OTBETA TP 3apaske-
HUU JIaHHBIM BHPYCOM.

Texunonoruss JIHK-MUKpOUUIIOB J1a€T B pyKH
9KCMEPUMEHTATOPOB MOIMIHBII WHCTPYMEHT IS
aHanmm3a (YHKIIMOHUPOBAHUS T€HOB HE TOJBKO
B CUCTEME in Vilro, HO U B )KUBOM OpPraHU3ME B 3a-
BUCHUMOCTH OT DPa3lIH4YHBIX (HU3HOIIOTUYECKUX U
narosiorunyeckux cocrosinuid. Tak, K. burep ¢ co-
aBropamu (2001 1.) B TeueHnue 14 Hemelb MpHKN3-
HEHHO M3yYaJH SKCIIPECCHIO MHOTOYHCIICHHBIX Te-
HOB B [I€YEHU IMIUMMIaH3e, NHOUIIMPOBAHHOW BUPY-
coMm renatuta C ¥ OOJICIOIICH TeaTHTOM B OCTPOI
dhopme. Marepuaiia UTOIBHOW OHOTICHHU OBLIO J0-
CTaTO4YHO JyIs BblAeseHus: cymmapHoit MPHK, me-
yeHus GryopecneHTHBIM Kpacutenem JJHK-kommii
W THOpHIM3aMd Ha MHKPOYHUIIE, COEpIKaIIEM
k/IHK nHabopa renos uemoBeka.

Texnonmoruss  JIHK-mukpouunoB  sBisieTcs
Ype3BbIYAfHO MHOTOOOCIIAIONIEH Al UCIOJIB30-
BaHUS B JUArHOCTHYECKOH MpaKTHKE B IIEIIAX
uaeHTU(OUKAIMYN UHPEKIIMOHHBIX areHTOB M pas-
JUYHBIX HenH()EKIIMOHHBIX 3a0oeBanmii. B mepc-
MeKTuBe OyIyT CO3MaHbl MUKPOMATPHIIBI JJIS OJI-
HOBPCMCHHOT'O BBLIABJICHUSA 6OJ'II>IHI/IHCTBa HU3BECT-
HBIX HH()EKIIMOHHBIX areHTOB (BUPYCOB, OAKTEPHA,
MpoCcTeHIuX U T. 1.). Jpyrumm mMerogamu mpose-
JIEHUE TAKOTO IKCIIPECC-aHaN3a HEBO3MOXKHO.

dbuneTpa mpu temmepatrype 80 °C B Bakyyme JIHK
HE0OpaTuMO UMMOOHITU3YETCS Ha HUTPOIICILTIOIIO-
3e. I[Ipu aTOM pacronoxeHne moxoc MMMOOUITH30-
BanHoi JIHK TouHO COOTBETCTBYET UX pacmonoxe-
HHIO B Tejie.

JHK, cBs3aHHy10 ¢ QUIBTPOM, MOKHO THOPH-
JIM30BaTh C PAJUOAKTUBHO MEUYEHHBIM 30HJOM,
CHCIU(PUYHBIM K OINPEICICHHON TOCIIEI0BaTEIb-
HOCTU. B KauecTBe Takoro 30HAa MOXHO HCIIOJNb-
30BaTh KJIIoHUpoBaHHbIH Ppparment JJHK, cunrern-
yeckuil omuronykieorun, PHK umu ee JIHK-ko-
nuto. Medensiii 3ou1 rubpuausyercs ¢ JJHK, co-
JepKalleld KOMIUIEMEHTapHbIE €My IIOCIEI0Ba-
tenbHOCTH (cM. puc. 1.40). ITonmocer rubpuanso-
BaBiuelics JIHK BbIABIAIOTCS mociie paauoaBTo-
rpaduu HUTPOLIEILTIONO3HOTO (DUITBTPA.

brnortunr nmo Cay3epHy SIBISI€TCS HCKIIOUU-
TEJIHHO MOJIE3HBIM METOZIOM JISl yCTaHOBIICHUS JIO-
Kallu3allid TeHOB B (hparMeHTax, IONy4YEeHHBIX
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Puc. 1.40. Cxema meTtoma nepenoca pparmentoB JIHK Ha HUTpomemtrono3uyto oymary mo CaysepHy:

1 — rpy3; 2 — ¢uinbTpoBanbHas Oymara; 3 — HUTPOLEILIIONO3HBIH GUIBTP; 4 — reib; 5 — OydepHsIil pacTBOp

MocJie TUAPOJIN3a PA3IUYHBIMU PECTPUKTa3aMU
rubpugabix Monekyn JHK, xpomocomubix JTHK
U T. 1. B yacTHOCTH, JaHHBIM 110AX0A 00€cIIeunBa-
€T BO3MOXHOCTb IIPEABAPUTENILHO HCCIIE0BATh
noJIMMOP(GU3M OTpENIEICHHBIX TeHETHYECKUX JIO-
KyCOB IO JUIMHaM COOTBETCTBYIOUINX PECTPUKIIU-
onnbix ¢parmentoB JHK. Kpome Toro, ¢ mo-
MolIbi0 THOpuAn3anuu 1mo CayzepHy MOXKHO JIETKO
BBISICHUTH, UMEET JIM I1IeJIeBOIl IeH Y4acTOK THJI-
posin3a ONIPENEICHHOW PECTPUKTa30il B CBOEH
BHYTPEHHEH 4acT, YTO MO3BOJISICT BEIOUPATH OTI-

TUMAJIbHYIO CTPAaTCrui0 KJIOHUPOBAHUA N3Yy4acMO-

ro pailoHa reHoma.
ITo anamoru4HOM cxeme 13 arapo3Horo refs Ha

HUTPOLCIITIONIO3HBIA (UIBTP MOXHO TEpEeHECTH
u monekynsl PHK. OTot Meron Oput Ha3Ban Cesep-
HeiM OnottuHrom (Northern blotting) B mpotuBo-
MOJIOKHOCTH OnorTuHTy mo CaysepHy (Southern
blotting), Tak xak dpamumus Cay3epH B aHIITHHCKOM
SI3BIKE O3HAYaeT «HOKHBINY. [lepeHoc Ha QUIABTPHI
u3 rens OeNKOB COOTBETCTBEHHO Ha3Bald 3amaj-
HbIM OsorTuHrOM (Western blotting).
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1.10. UMMYHOBJIOTTUHI

B of0mem cmbicne mox MMMYHOOJIOTTHHIOM
MOHUMAIOT aHallM3 CMeCH OEJIKOB, NMEPEeHECEHHBIX
Ha TBEPYIO MOMIOKKY-MeMOpaHy, ¢ KOTOPOH OHH
CBSI3BIBAIOTCSl KOBAJICHTHBIMH CBSI3SIMH, C TOCIeE-
JyIOIle  MMMYHOAETEKIMeH. AHaJIM3UpOBaThH
MOKHO CMECH OEJIKOB, HEMIOCPEICTBEHHO HAHECCH-
HYIO Ha TOJIJIOKKY, — 00m-010m ananu3z (OT aHIIL.
dot — mATHBIKO) — 7TUOO TOCHE ee TpeaBapu-
TEJILHOTO (PPaKIMOHUPOBAHUS METOIAMH DIIEKTPO-
(hokycupoBaHMsI, AWCK-dIIEKTpodope3a WU IBY-
MepHoro 371ekTpodopeza — Becmepu-onom ana-
auz (Western blotting). Takas meTomomorus mpu-
MEHSIETCSl Takke Al 0TOOpa KIIOHOB OakTepwuii,
(haroB WM BUPYCOB, SKCIPECCUPYIONIUX MPOIYK-
THl LENEeBBIX KIOHHUPOBAaHHBIX TeHOB. IlepeHoc
OenKoB Ha MeMOpaHy ocyluecTBisieTcs 1100 mac-
CHBHO, JIN0O C MCHOIB30BAHUEM aIrmnaparypsl s
anekTponepenoca. Ha s dexTuBHOCTh mepenoca
OckoB Ha MeMOpaHy BIUSIET MHOXKECTBO (hakTo-
POB, TaKHX KaK MOJICKYJsIpHas mMacca OeJKOB, I10-
PHUCTOCTB TeJIsl, BpeMs IepeHoca M COCTaB UCTIOJb-
3yeMoro OydepHoro pactBopa (Tpanc-Oydepa).
B 3aBucumocTH OT 3a/1a4 U YCIOBHM MTPOBEIEHUS
JKCTIEPUMEHTA TMOJOUPAIOTCSl YCIOBUS TepeHoca,
o0ecrieunBaloIe HAUIyYIIUe PEe3yIbTaThl.

B kauecTtBe MOIOKEK OOBIYHO HCIONB3YIOT
HHUTPOLEIUTIONO3HbIC, MOITMBHHIIHICHIU(ITYOPHI-
uple ([IBA®) wnu mNOnOXKMATETBHO 3apsyKEHHBIC
HEHIIOHOBBIE MEMOpPaHbI.

Hutpouenmiono3a mMoxer cBs3bBath a0 80—
100 mkr Oenka Ha 1 cm2. HHU3KOMOJIEKYJISpPHBIC
Oenku (c mMonekymsspHOW maccoit meHee 20 k/la)
MOTYT OBITH YTEpSHbI B pPE3yJbTaTe MPOMBIBOK
HOCJIe 3JIEKTPOIEPEHOCa, YTO CHIDKAET YyBCTBH-
TEJILHOCTh, OJIHAKO MCIIOJIb30BAaHUE TIIyTapOBOTO
anpJeruaa st GuKcauu OSIKOB MM HUTPOIIET-
00361 ¢ MenKuMU ropami (0,2 MKM) 3HaUUTEIb-
HO CHmXkaeT 3tu norepu. Kpynueie Oenku (Oosee
100 x/la), meHaTypupOBaHHbBIE B pacTBOpE JIOJIe-
muicynbsgara varpus (SDS), moryT ciabo nepeno-
CUTBHCS Ha MEMOpaHy, €ClIi B TpaHC-Oydepe mpu-
CyTCTBYET 3TaHos. CIUPT 3HAYNUTENBHO YaydIIaeT
nepenoc 6enkoB ¢ SDS-nmonuakpuIaMuaHOTO TeIs,
HO CY’KaeT IOpPHI B Ielie, YTO U IPHBOIHT K 3a/1ePK-
Ke KpymHbIX OenkoB. MemOpana [1BJI® ontumu-
3UpOBaHa ISl TPOBEACHHS HMMYHOICTCKIUH H
CHOCOOHA yAepKUBaTh CeUU(pUIECKN CBSA3aBILUE-
cst 6erku 10 160 MKT/cM2 Ipu 04€Hb HU3KOM YPOBHE
Hecnenuduuyeckoro cps3piBaHu. HemanoBaxHoe
CBOWCTBO 3TOH MeMOpaHbl — BO3MOKHOCTH €€ MHO-

1.11. PASOEJNIEHUE 3NIEKTPO®OPE3OM

OObIuHBIH BapuaHT renb-dANeKTpodopesa He
no3BoiisieT pasaenats ¢parmentsl JJHK, pasmep

TOKpPAaTHOTO UCIOJb30BaHus. HeliionoBble MeMOpa-
HBI Zeta-Probe addexTuBHO cBsizbiBatoT SDS-0en-
KU B OTCYTCTBHUE CIIUPTA, IPUYEM 3TO CBSI3bIBAHHE
YCTOMYHMBO K TOCIEnyromuM oopadoTkam. Husko-
MOJICKYJISIPDHBIE OCTKH TaKXKe YIACPKUBAIOTCS d(-
(exrrBHO. brarogapsi BEICOKOW CBS3BIBAIOLICH M-
KoCTH — 0KoJto 480 Mkr Oesika Ha 1 cM2 — MemOpa-
Hbl Zeta-Probe mo3BossitoT 0OHApYKUBATh CIEHO-
BbIC KOJIMUECTBA Oelika B aHAIU3UPYEMBIX CMECSIX.

[locne TOro Kak aHTUIeH OKa3bIBACTCS MMMO-
OMIM30BaHHBIM Ha MeMOpaHe, OCTaBILUECs LIEHT-
PBI CBSI3BIBAHUS OJIOKMPYIOT PACTBOPaMU JKellaTh-
Ha, 100 OBIYBEr0 CBHIBOPOTOUYHOIO albOyMuHa,
1100 00€3KUPEHHOTr0 MOJIoKa. 3areM MeMmOpaHy
WHKYOMPYIOT B pPacTBOPE IOJIMKIOHAIBHBIX HIIH
MOHOKJIOHAJIbHBIX aHTUTEN K UCCIICIyEeMOMY aHTH-
reHy. [lociie OTMBIBKM HECBS3aBLIMXCA AHTHUTEIN
MeMOpaHy HMHKYyOMpYIOT B pacTBOpe BTOPHYHBIX
AHTHUTEII, KOTOPBIE MPEACTABIAIOT COOO0M KOHBIOTAT
(hepmenToB menouHol pocdarassr (alkaline phos-
phatase, AP) mnu nepokcuassl xpeHa (horseradish
peroxidase, HRP) ¢ aHTHBHIOBBEIMU aHTHUTEIAMH
(K03pM aHTUTENA K UMMYHOIIIOOYJIMHAM KpOJIUKa,
MBIIIIY WJTH YeJIoBeKa) Tnoo Oenkamu A (Oemok Sta-
phyloccocus aureus) nim G (6enok Streptococcus
Sp.), UMEIOIUMH BBICOKYIO adpdunHOCTh K Fc-00-
JacTH UMMYHOITI0OYnrHOB. /leTekunio oOpa3oBaH-
HBIX MMMYHHBIX KOMILJICKCOB MPOBOIAT XHUMHYE-
CKUM MJIM XEMIIIOMHUHECLIEHTHBIM CIIOCOOOM.

CyOcTparamu 111 XUMHUYECKOH PEaKkUuu MpH
UCIIOJIb30BAHUM KOHBIOIATOB Iea04HON (ocda-
Ta3pl chayxar S5-Opom-4-xiop-3-urpommidocdar
(BCIP) umu Tetpaszonuii romy6oii (NBT), a ipu uc-
10JIb30BaHUH KOHBIOI'ATOB IIEPOKCHIA3bl XpeHa —
4-xnop-1-nadTon u nepexucs Bogopona. B pesyinb-
Tate (epMEHTATUBHBIX peakuuidi Ha MeMOpaHe 00-
pasyeTcs OKpalleHHas [0JI0Ca WIH MATHO B MECTE
JIOKaJIM3allii KOMIUIEKCA aHTHIeH—aHTuTeNo. Yys-
CTBUTEIBHOCTh JaHHOTO METOJa COCTAaBIISIET
100 nir Geska Mpu UCIOIb30BaHUK KOHBIOraToB AP
u 100-500 nr mpH HCITONB30BAaHUU KOHBIOTATOB
HRP.

XeMITIOMUHECIIEHTHASI JIETEKIIUsT HMMYHHBIX
KOMIUIEKCOB TIO3BOJISICT OINpPENesiTh MEHee 5 Ir
aHTureHa. [lpuHIMI STOro Meroa 3aKiroyaeTcs
B TOM, uto mnpu peakuuu HRP ¢ nepekucwio Bo-
J0pojia M LHUKJIMYECKHM JAUALMITHAPA3HHIIOMU-
HOJIOM TPOUCXOUT SMUCCHS CBETA JJTMHON BOJIHBI
428 HM, KOTOpasi MOXeT OBbITh 3a(pUKCHpPOBaHA Ha
CBETOUYBCTBUTEIHHOH IJICHKE.

FMMrAHTCKMUX MOJEKYI AHK

KoTopbIX mpeBbimaer 50 tnH. J[aHHOE 3aTpynHe-
HHE yAAJIOCh IPEOAOJIETh MOCIE TOT0, Kak B 1984 1.



64 naea 1. OBWWE MPUHLMUMbI U METOAbI TEHETUYECKOW UHXEHEPUN

a 9]

+ + + + + + + +
T TN X T T T\
ARSE=T=T A\ looo |
‘/ \X */ \
«\ /)( 3\ /s
x\ /% x\ "
x\\ //)( x\ /%

- \
“FFrFx” s
6

;- == DIEeKTPObI
A LEERE
/ \
/
\ /
\ /
\ /
\ /

Puc. 1.41. Cucrema mmynbc-3iekrpodopesa,
paspaborannas ¢pupmoii Bio-Rad Lab.

C NOMOILBIO 3MEKTPOHUKHU Ha 24 31eKTpoja MOAAroTCs Io-
TEHIHAIIbI TAKUM 00Pa30M, YTO BEKTOP IIEKTPUUECKOTO MOJIsI
HMeEeT HampaslieHue 0o a, b0 6; 6 — CPEAHUN BEKTOD
DIIEKTPUYECKOTO MOJIsA, MOJy4aeMbli B IPOLIECCE DJIEKTPO-

dopesa

Ob1  pa3paboTaH MeTOm Telb-dJIeKTpodopesa
¢ nynbcupyromumM mosieM (pulsed field gel electro-
phoresis, PFGE), nasbiBaemblil Takxke nynsc-
anekmpogopeszom. TlokazaHo, 4TO €CJIM ¢ HEKOTO-
pOIi YacTOTOI MEHSTH OTIpeelICHHBIM 00pa3oM Ha-
IPaBJICHNE SJIEKTPHUYECKOTO MO, TO MOJEKYJIbI
JHK pazmepom o 10 mun (!) mH npuoOperaroT
CIIOCOOHOCTB MEPEOPUSHTUPOBATHCS U MIPOXOIUTH
gepe3 MOpsl B OOBITHOM arapo3HoM refe. [ enp mo-

MeIaeTcss B sS4YEHKy, UMEIOyo (HopMy IIECTH-
YTOJIbHUKA, HA Ka)XKJI0M CTOPOHE KOTOPOIO pacIo-
noxeHo 4 anexrpoxaa (puc. 1.41). [lepuoguueckoe
M3MEHEHME HalpaBJIeHUsl BEKTOpa AJIEKTPHUUYECKO-
ro mois mox yriaom 120° obecrieanBaeT BO3MOXK-
HOCTb pazieneHust rurantckux monexkyn JJHK.
Hanpuwmep, y npoxokeit Saccharomyces cerevisiae
JIAHHBIM METOJIOM MOKHO pa3AeiuTh Bce 16 xpo-
MOCOM, KOTOpble HMMEIOT pasMepsl oT 0,2 1o
2,2 MIIH IIH.

[Tynbc-3nexrpodopes sIBUIICS HOBBIM MOLIHBIM
METOJIOM H3Y4EHHs MOJEKYJISIpHOW OpraHu3aluu
rurantckux JIHK. Peaxoiensinue pecTpuxTasbl,
y3HAIOIIUE MOCIeNoBaTeNbHOCTh n3 8§ mH (Notl,
Sfil, em. Tabn. 1.2), ruapommsytor JHK, kak npa-
BWJIO, C 00pa3oBaHUEM OYCHb KPYIHBIX (parMeH-
TOB, KOTOpPbIE YHAETCSl Pa3feiuTh TOJBKO C IIO-
MOIIBIO MYyJIbC-3MeKTpodopesa. OTH (pparMeHTsl
MOYKHO TIEpEHOCHUTH M3 Telld Ha HUTPOIIEIIII0NO03-
seIe QrIbTpsI o CaysepHy. s atoro JIHK dpar-
MEHTUPYIOT B reie, oOmy4ast yibTpaduoiIeToM
1ocJie OKPACKU OPOMHUCTBIM ATUMEM WJIH pacilen-
JISIS1 XUMHYECKH.

OObenuHeHue mynbc-aIeKkTpodopesa ¢ OI0T-
TuHroM no Cay3epHy MO3BOJIIET KapTHPOBATh Te-
HBI, aHAIM3UPOBATh MEPECTPOIKH B XPOMOCOMAX,
BBIBJISITH MHTETPALIUIO UYXKEPOJHBIX IOCIEI0Ba-
TEJILHOCTEH B OMNpEACICHHBIE XPOMOCOMBI, H3Y-
4yaTh OMOIMOTEKH KIIOHUPOBAaHHBIX KPYITHBIX (ppar-
menToB JJHK u T. 1. Bee 3T0 0OecrieunBaeT HOBBIM,
OoJiee BHICOKUH YPOBEHb MOJIEKY/ISIPHO-T€HETHYE-
CKOT'0 HCCJIEIOBaHUS PA3IMUHBIX OPIaHU3MOB.

1.12. METOAbl XUMNKO-®EPMEHTATUBHOIO CUHTE3A
ABYXLEMOYEYHbIX ®PAMEHTOB OHK

B HacTosimee Bpems, 1ociie 3aBepIleHus mpor-
paMMbl «I'€HOM 4enoBeKay», ThICSIYN HEN3BECTHBIX
paHee O€JNKOB CTajaM JOCTYNHBIMU AJISI U3Y4YCHUS.
UTOoOBI BBISICHUTH MX OHMOJOTHYECKYIO POJIb, HEOO-
XOJIMMO HKCIPECCHPOBaTh COOTBETCTBYIOLIHE Te-
HBI U BBIICITUTH PeKOMOMHaHTHBIE Oenku. [Ipore
BCET0 MCIIOIb30BaTh AJSl ATOM LM IOCIEI0Ba-
TEJIBHOCTU HPUPOJIHBIX T'€HOB, MOJIY4YEHHBIX, Ha-
npumep, ¢ nomomisto [P nnm u3 reHoMHBIX OHO-
muotek. OJTHaKo Takol MOAXOA YacTo HE PUBOJIUT
K JKellaeMOMY pe3yJbTaTy MpH SKCIPECCHU dyrKe-
POZIHBIX F'€HOB B FeTEPOJIOTHYHON CUCTEME, HAIPH-
Mep B E. coli nmm papoxokax. Takue 0CIOKHEHUS
CBSI3aHBI C BEICOKHM cojiepkanneM GC-map B npu-
POIHBIX T€HaX, UCIOIb30BAHUEM Pa3HBIX KOJOHOB

B Pa3IUYHBIX CHCTEMAaX 3KCIPECCHUM, CIOXKHOU
MHTPOH-DK30HHOH CTPYKTYpO# T'eHOB. DTH Tpo0-
JIEMBI MOTYT OBITh PEIIEHBI C MMOMOIIBE) XUMHUKO-
(hepMEHTAaTHBHOTO CHHTE3a T€HOB.

IIpu nmnaHupoBaHMM CTPYKTYpbl I'€Ha MOXKHO
3apaHee MpeIycMOTPeTh HEOOXOIUMBIE YYacCTKH
Y3HABaHUS PECTPUKTA3, YTO OOICTUYUT MAHHUITYITH-
pOBaHHUE C IENEBBIM T'€HOM, Y4eCTh 0COOCHHOCTH
MUKpPOOpPraHU3Ma, B KOTOPOM IHPEIIOJIaracTcs
OCYIIIECTBUTH €T0 AKCIIPECCHIO, BEIOpAB Hanbosee
MOAXOMAIIKE IS 3TOTO KOJOHBI, M30aBUTHCS KaK
OT HEXKEJNATEeIbHbIX MHBEPTUPOBAHHBIX MOBTOPOB,
BEAYyIINX K (DOPMHUPOBAHUIO BTOPUUIHBIX CTPYKTYP
MPHK, Tak 1 0T IpsSIMBIX TIOBTOPOB, CIIOCOOCTBYO-
[IMX BHYTPUMOJICKYIISIPHOW PEKOMOWHAITUH.
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HUckycctBennnie JJHK B HacTosiee Bpems mpe-
BPaTWINCh B 3(Q(PEKTUBHBI MHCTPYMEHT MOJICKY-
TsipHO# Ononornu. OHU HAXOIAT MIMPOKOE TPHMeE-
HEHHE:

* TIpU CO3JIaHUM OENIKOB C yJy4IIIEHHBIMHU CBOMi-
CTBaMy;

*  BBEJCHHH HEOOXOIUMBIX MyTAIli B TEHBI;

*  KOHCTPYHMPOBAaHHH XHMEPHBIX OCJNKOB (Hampu-
Mep, TIyTeM KOMOWHUPOBaHUS (PYHKIIMOHAIb-
HBIX TOMEHOB Pa3IMYHBIX OENKOB IS CO3J1a-
HUSl (EPMEHTOB C HOBBIMH KaTaJTUTUYECKUMHU
CBOWCTBAMHM WJIM CIICHU(PHIHOCTBIO);

* KOHCTPYHPOBAaHMM TE€HETHYECKHX CTPYKTYD,
[TO3BOJIAIOIINX MTPOBOAMUTD MPOCTHIE TEHHO-NH-
YKCHEPHbIC MAHUMYJISIIIMU Oarofapsi HAINIHIO
B JIHK 3apanee 3amiaHupOBaHHBIX pPECTPHUK-
LMOHHBIX CalTOB.

CymiecTByIOT pa3IUdHbIe METOIUYECKHE TO/-
XOJIbI K CHHTE€3Y UCKYCCTBEHHBIX T€HOB.

1.12.1. Memod KopaHbi

Meronmonorust MONXY4YEHUSI HMCKYCCTBEHHBIX
npoTspkeHHBIX (pparmenToB JIHK meperymspHOTO
cTpoeHus ObUTa BrepBbie npeiokeHa . Kopanoit
B Hayase 1970-x rr. C nepBbIX 11aroB €ro UCCien0-
BaHUsl CTaJO SICHO, 4TO pa3paborarh MPOIEAYypPY
MOJIHOCTBIO XMMHYECKOTO CHHTE3a JIOCTATOYHO
npotsukeHHbIx neneit JIHK Bpsg nu ynacres. Io-
3TOMY OBLI MPEJIOKESH METOM, COYCTAFOIIUN XU-
MHUUYECKUH CHHTE3 HYKJIEHHOBBIX KUCJIOT C IPHH-
IIUTIOM KOMIUIeMeHTapHocTH ocHoBaHui JJHK.

Peanm3oBare maHHBIA MOJXOA yAaloCh Onaro-
Japs ucnonp3oBanuto JJTHK-nurassl, no3posisronieit
KOBAJIEHTHO IPUCOEIUHSATE IPYT K APYTY CUHTE3U-
POBAaHHBIE XUMHUYECKUM IIyTEM OJIMTOHYKJIEOTH]IbI
B KOMILJIEMEHTAPHBIX KoMILIekcax (puc. 1.42).

KoBasneHTHOE MPUCOCAMHEHUE IPOUCXOAUT
B TOM CITy4ae, KOT/Ia IBA CMEKHBIX Y4acTKa OTHOTO
ONUTOHYKJIeoTHIa (3) KOMILJIEeMEHTapHBl KpaiHUM
(hparMeHTamM APYTHX OJMTOHYKJIeOTHIOB (1 u 2),
KOTOpbIe Onarojiapss KOMIUIEMEHTAPHBIM B3aHMO-
JICHCTBUSIM YKJIa/IbIBAIOTCS] HA MIEPBOM KaK Ha MaT-
putie. [Ipu 3TOM KOHIIBI UX (PUKCUPYIOTCS TaK, YTO
UX TOJO)KEHHE MAaKCHUMalbHO OJarompusTHO s
o0pazoBaHusi KoBasieHTHOU (ochonudpupHOi cBsi-
3u. [locne Toro kak gurasa COGIUHHUT 3TU J1BA KOH-
ma, oopaszyercs apyaureBas JJHK-mogo6Has cTpyk-
Typa, cocTosIas u3 onuronykieotunos 3 u 4. Coe-
JUHEHUS! 3 U 4 BBIACISIOT U UCHOJIB3YIOT JUIsl 1ajlb-
HEWIIEero HapalluBaHUs MOJMHYKICOTHIHON LEMH.
AHaJIOTUYHO K OJJUTOHYKJICOTUAY 3 MOXKHO IIpHCOEe-
JTUHUTH OJIMTOHYKJICOTHIT 5, UCIOIB3YysI B KAYECTBE
MaTpPHULIbI CHHTE3UPOBAHHBIN ONUTOHYKICOTH] 4.

1. JHK-nuraza
2. Beinenenue dpparmenra 4

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

OnuronykaeoTuasl 3 u 5

Puc. 1.42. Cxema KOBaJIEHTHOU CIITUBKH
OJIMTOHYKJICOTHIOB B KOMILIEMEHTAPHOM JIYILICKCE

MecTa KOBaJIEHTHBIX CIITUBOK, a CIIE0BaTEIb-
HO, U CTPOCHHE TOMYyYCHHBIX OJIMTOHYKICOTHIOB
OTIPE/ICTISIIOT METOIOM ONrKaimmx coceneit. Jls
9TOr0 5'-KOHIIEBbIe (hochaTHBIC TPYIIITBI OJUTOHYK-
JICOTUIHBIX (PPArMEHTOB METAT M30TOMOM 2P (Ha-
MIPUMEP OJUTOHYKJICOTHABI 2 U 5, cM. puc. 1.42).
[TomydeHHble B pe3yiabraTe JIHra3HOM peakiuu
OJTUTOHYKJICOTHIBI (HanpuMep, 4 1 6) rmocie Boijie-
JICHUS W OYUCTKU TOABEPTalOT TOTHOMY THUIPOITH-
3y mox aeiictBreM GochoaudcTepasbl U OMpeIesis-
0T, KaKoi M3 HyKJIEOTHIOB comepkut 32P. Meue-
Hast pocdarHas rpymnmna oKaxercs y 3'-KOHIIEBOTO
MOHOMEpPa OJHMTOHYKJIEOTHIA, K KOTOPOMY TIOJ
neiicteuem  JIHK-nmuraser  Obl1 mpucoenuHeH
5'-koHIIEBOW (ocdaT BTOPOro ONUTOHYKICOTHAA,
U TaKUM 00pa3oM OyeT ONPECSICHO MECTO CIIUB-
ku. Ecnu, Hampumep, npu mogoOHOH 00paboTKe
OJIMTOHYKIICOTHIOB 4 1 6 MeTKa 32P OKaKeTCs CBSI-
3aHHON C TUMUJMHOM, TO 3TO OJIHO3HAYHO IOJ-
TBEPAUT TPABWILHOCTh NPUCOCTUHEHHS HCXOJ-
HBIX ()ParMeHTOB.

Crparerusi cuHTE3a JBYHHUTEBBIX (DparMeHTOB
JHK no Kopane cocTOUT U3 cleayIOIIUX ITaIloB:

1. XUMHUECKUN CHHTE3 OJIMTOHYKJIEOTHUJIOB,
COOTBETCTBYIOIIUX O0EUM IIeJIeBBIM HUTSIM. Ou-
TOHYKJICOTH]IBI JOJDKHBI COZAEpKaTh CBOOOIHBIE
KOHIEeBBIE 3'- 1 5'-TuapokcuibHbIe rpynmnbl. dpar-
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MEHTBI, MPUHAJICKAIINE K IMPOTUBOIOIOKHBIM
LENSIM, JTOJDKHBI TIEPEKPBIBATHCS.

2. ®ochopunupoBanue 5’ -TUAPOKCHUIBHBIX
rpymi ¢ nmoMoinsko [y-32P]ATP B mpucyTcTBHu 10-
JUHYKJICOTUIKMHA3bI. Hamn4ne MeTKH 3HAUNTEIIb-
HO 00JeT4aeT aHaIHu3 W BBIIEJICHUE TTPOMEKYTOU-
HBIX MPOTYKTOB.

3. Konnpencamus B npucyrcteuu JJHK-murazer
TPEX WU OOJIBIIETO YHUCIA OJUTOHYKJICOTHJIOB.
J1s 3TOTO ONMMTOHYKIJICOTHUIBI C MEPEKPHIBAIOIIN-
MUCSI KOMILIEMEHTAPHBIMU T10CJICI0OBATEIBHOCTSI-
MH CMEIIMBAIOT B YCJIOBHSAX, ONTHMAJbHBIX IS
00pa30BaHUs JBYHUTEBOTO AYIUICKCA.

4. KonaieHcaryst JyIeKCOB C BHICTYAIOIMMHE
OJTHOLICTIOYEUHBIMH  ITOCJICJIOBATEIILHOCTMH  Ha
KOHIIaX B 1I€JIEBOM I'eH.

5. KinonupoBaHue 11e71eBOro reHa B BEeKTOPHOM
MOJIEKYJI€.

Yenex paccmarpuBaeMoOro MeTojia B 3HAuu-
TEJILHOW Mepe OTNpeNenseTcs NMPaBUIBHBIM pas-
OMEeHHEM IIeNIeBOM CTPYKTYphl Ha JYTUIEKCHI-WH-
TEepMEIUaThl U COCTABJISIFOIIUE MX OJHUIOHYKJICO-
tuasl (puc. 1.43). I'maBHOE TpeOoBaHHE K TaKOMY
pasbuenuto chopmynupopano I. Kopanoit B ocHO-
BOTIOJIAralonie padoTe MO CHHTE3y TeHa IMpel-
IIECTBEHHUKA CynpeccopHoil Tupo3nHoBoit TPHK
E. coli: B penenax OJHOTO OJUTOHYKJIEOTHAA U
B BBICTYIAIONIUX KOHI[AX JYIJICKCOB-UHTEPMEHa-
TOB HE JIOJDKHO OBITh CaMOKOMILIEMEHTAPHBIX
YYaCTKOB. YCTaHOBIICHO, YTO HAJTMUUE OJTUTOMEPOB
¢ TakuMH ydacTkamu (puc. 1.44) 3arpynHser obpa-
30BaHME JYIJICKCOB, @ B Psje ClIy4daeB BooOIIe
MIPETATCTBYET UX MOTYUEHHIO.

OpHAaKO 3TO OTPaHUUYEHUE HE SBJISICTCSI SIUHCT-
BEHHBIM. BbIXO0/1 11€J1€BOM IBYXI1I€TIOYEUHON CTPYK-
TYpBI SIBJISICTCSI TIPOU3BEJICHUEM BBIXOJIOB IPOME-
JKYTOUHBIX JTyTUIeKcoB. Ecim BBIXOA IyIIIEKCOB-
WHTEPME/IMATOB HU3KUW, MPU KOHCTPYHPOBAHUU

npotsikenHod JIHK He momydaercs 1ocTarodyHo
Marepuaia ajs kKiIoHupoBaHus. [loatomy koHEH-
camusl OJIMTOHYKJIEOTHIOB SIBISETCS KITFOYEBOM
cragueit cuntesa JJHK mo meromy Kopansr. [Ipo-
BEJICHHE €€ 4YacTO 3aTpyaHseTcs M3-3a 00pas3oBa-
HUSI MHOTOYHCJICHHBIX TOOOYHBIX POJYKTOB, BO3-
HUKAIOIUX B pe3yJbTaTe KOHKYPEHTHOTO KOMILIE-
MEHTapHOT0 B3aWMOJICHCTBUS MEX]Yy OJIMIoMepa-
MU U U3-32 (POPMUPOBAHUS HETIPOIYKTHBHBIX KOM-
IIJIEKCOB, COZIEpKalNX HeKaHOHN4Yeckue napsl GT,
AC, TC.

Oco0eHHO HaTISAHO MPOSBISUIMCH 3TH OCJIOXK-
HEHUS B paHHUX paboTax MpH UCIOIH30BAHUH KO-
POTKHX OJIMTOHYKJIEOTHUOB, CHHTE€3UPOBAHHBIX M-
3pHUpHBIM MeTOOM. J[JIsl KOHCTPYUpPOBAaHHUSI Te€HA
MPEALICCTBEHHUKA CYIPECCOPHON THUPO3UHOBOM
TPHK npumeHsnuch OMUTOHYKIIEOTH]IBI JJIMHOU
He Oomee 15 3BenneB. [losTOoMy, Hampumep, mpu
MOJTyYEHUH TEepPBOro OJOKAa ITOTO IeHa Hapsay C
I[EJIEBBIM KOMIUIEKCOM @ OOpa30BBIBAJICS «HETpa-
BUJIBHBII» KOMIUICKC O, SIBJSIBIIUICS MPUYMHON
TTOSIBJICHUS] 3HAYUTEIHHOTO KOJIMYECTBA MTOOOYHBIX
npoayktos (puc. 1.45). Ilpu nomydenun nymiex-
ca ¢ W3 JIpyroro OJ0Ka TOrO TeHa ObUTH OOHapY-
JKEHBI TOOOYHBIE MPOAYKTHl — MPOU3BOJHBIE KOH-
KYPEHTHO 00pa3yroIerocs KOMIUIeKca 2, Coiepika-
mero B cBoeM coctase TG-mapy.

B psine cnyuaeB m3-3a mog00OHBIX 3aTpyIHEHUH
MIPUXOAMIOCH U3MEHATh CXEMY KOHCTPYUPOBaHUS
neseBoro rera. [loaTomy npu niaHUPOBaHUH KC-
MEpPUMEHTa, 0COOCHHO C HCIOIBb30BaHHEM KOPOT-
KHX OJIMTOHYKJICOTHIOB, HEOOXOMMUMBI TIIATEBHBIN
pacuer CTPYKTYpbl OJMIOHYKJIEOTHIOB, COCTaBa
IYTIIIEKCOB-WHTEPMEANATOB U OKCIIEPUMEHTaIbHAs
IIPOBEPKa BO3MOKHOCTH pEAJIN3alIK CXEMBbl KOHCT-
PYUpPOBaHUSI.

B 1976 1. I. Kopanoii ¢ corpygHuKaMu ObLI
OCYIIIECTBIICH TEPBBI XUMHUKO-(EPMECHTATUBHBIN

a —— o—o— o— ~—— o— ~—— o—
—e —o —o —e —o¢ —o —e —o
JAHK-nuraza JHK-nuraza JHK-nuraza
6 —A A A -—A ~—A
A_A ° — A Ao — A o
JIHK-nmuraza
8 _A A A AN A A A

—_A A A A A A A

Kiionuposanue

Puc. 1.43. Cxema xumuko-dpepmenraruaoro cuaresa JJHK no Kopane:

@ — CHHTETHYECKHE OJIMTOMEPBI; 6 — JyIUICKChI-MHTEPMEANAThl; 6 — LelieBoil GparMeHT aByxuenoueynoit JTHK.
YepHbIM KPYKKOM 0003HaueH 5'-KkoHIEeBOi hocdar
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a 5'TTCGAAGGT TCGAAGTCGA TCGAAGTCGA TCGAAGTCGA3'

3' TGGAAGCTT

o 5
G
A 3
G—C
C-G
A-T
G—C
A-T
C A
T
C A
T

AGCTGAAGCT AGCTGAAGCT AGCTGAAGCT 5

Puc. 1.44. IIpuMepsl CaMOKOMILIEMEHTAPHOTO B3aUMOIECHCTBHSL:

a — ONUTOHYKJICOTUAOB; O — OJHOM U3 LEeNel AyIUIeKca MOCiIe CIIUBKH OJUTOMEPOB

a 1

30, 5

TCGTGGTGGGGGAAGGATTCGAACCT
AGCACCACCCCCTTCCTAAGCTT

Onuronykneotuasl  Jlurasa 2
1+2+3+4+5

0 1

4

30, S J 2

TCGTGGTGGGGGAAGGATTCGAATCCTTCCCCCACCACGA
AGCACCACCCCCTTCCTAAGCTTAGGAAGGGGGTGGTGCT

2

ONUroHyKI€OTH b Jlurasza

6+7+8+9

- I

6 v 7

TTTAGAGTCTGCTCCCTTTG

TCAGACGAGGTGAAACCGGC
8 9

6 4 Ty, T

TTTAGAGTCTGCTCCCTTTGGCTCCCTTTG

TCAGACGAGGTGAAACCGQC
8 9

Puc. 1.45. Ilpumepsl 00pa3oBaHus MEICBBIX (@, 6) U HEIPOIYKTUBHEIX (0, 2) KOMILJICKCOB.

CTpeJIKaMI/I OTMCYCHO paS6I/ICHI/I6 Ha OJIMTOHYKJICOTUAbL

CHHTE3 IIOJHOTO Te€Ha — TeHa CYIpPecCOpHOil
TPHKTYr, CuntesupoBannbiii 207-wieHHbIH yTI-
JIEKC BKJIIOYaJ, KPOME CTPYKTYpHOTO I'eHa Ipejl-
mrectBeHHuka TPHKTY!, mpoMOTOpHBIN y4acToK
U TI0CJIEeI0BATEIbHOCTh HYKJICOTHIOB, CONEpIKa-
IIyI0 CUTHAJI JJIs1 IPOLIECCUHTa IEPBUYHOTIO TPAHC-
kpurnTa ;10 pynkuuonansaoit TPHK. dparment 0bu1
CHA0XEH JIMIIKUMM KOHLAMH JJIsl BCTPaWBaHUs IO
y4acTKaM THIpoJii3a 3HI0HykK1ea30il EcoRI.
[lomy4yeHHBIH XUMMKO-(DEPMEHTATUBHBIM IIy-
TeM reH cymnpeccopHoii TPHKTYT Gwin BeTpoen

B wiazmuay ColEl u cnenuanbHO CKOHCTPYHPO-
BaHHBIN HA OCHOBE OakTeprodara A BekTop XapoH
3A. Tlocne tpanchopmaruu E. coli pekoMOUHAT-
Hoit /IHK, Hecymieil cuHTeTHYECKUil TeH, HaOIro-
JIaJIi CYIIPeccuIo aMOep-MyTaluii B 000uX clryda-
SIX, YTO yKa3blBae€T HA MPaBWJIBHBIH TPOIECCUHT
npeaectsennnka TPHK in vivo B 3penyto popmy
cynpeccopHoit TPHKTYT,

KrnonupoBaHHBIN TeH ObLT TaKKe TPAaHCKPUOU-
pOBaH in Vitro, IpU STOM MOIyYEHHBIA MPOIYKT
nocie o0paboTku TPyOBIM 3KcTpakTtoM E. coli
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MpeBpaTHIICA B MPEIIECTBEHHUKA CYIPEeCCOPHOI
TPHKD!, D1u dakThl CBUACTEILCTBYIOT O TOM, YTO
HCKYCCTBEHHBIM I'€H MMEET 3aJaHHYIO0 CTPYKTYpy
npupoaHoro reda cymnpeccoproit TPHK™YT, ero skc-
IpeccHst KOHTPOJIUPYETCS] CHHTETHYECKUM IIPOMO-
TOPOM W, CIIEIOBATEIbHO, IIEJIEBON TeH SBISETCS
(DYHKIIMOHATBHO aKTUBHBIM.

ITonyuennsiii rpynmnoii I. Kopanbsl pe3synbrar
TPYAHO MepeoueHuTh. DakTHUeCKu U3 ATOH pado-
THI BBIPOCTIA B JAIbHEHIIIEM MTpaKTHIeCKast TeHHAas
HWHXXEHEePUSL.

CuHTe3 QyHKIMOHAIBHO aKTUBHOTO TeHA CYII-
peccoproii Tupo3unosoii TPHK, a Taxoke cTpykTyp-
Horo reHa amanuHoBoii TPHK saBnsgercs Belmaro-
MUMCS AOCTHKEHHEM TOro BpeMeHH. Jlioboe BMme-
IaTeNTbCTBO XMMUYECKOTO CHHTE3a B MOJEKYJIp-
HYI0 OMOJIOTHIO OBUIO COOBITHEM MCKITIOUHUTEIbHBIM
HE TONBKO TO 3PdEeKTy, HO U O TPYIOCMKOCTH:
CPeIHSS CKOPOCTh HAPAIUBAHUS OJUTOHYKIICOTH]I-
HOH 11enu GochomudGUpHBIM METOJIOM COCTaBIISIIA
BCET0 HECKOJBKO 3BEHBhEB B Mecsll. OIUTroHyKIIeo-
TUIHBI CHUHTE3 OBUT MCKYyCCTBOM, TpPeOOBABIINM
BBICOKOI XUMUYECKOW KBATM(UKAIINN U IOYTH ITPO-
THUBOECTECTBEHHOTO TPYIOTIOOUSL.

I'. Kopana cuHTE3MpOBaj TeHbl, OPHEHTUPYSICH
Ha W3BECTHYIO NEPBUYHYIO MOCJIEOBATEIbHOCTh
TPHK. IlapannensHo ApyrumMu HcCCleq0BaTelIsIMU
ObUTM Ha4aTHl pabOThI MO0 CHHTE3y TeHOB MENTHIOB
n 6enkoB. Tak, B 1975 . X. Kécrep u coTpyaHHKH
CKOHCTPYUPOBAJIU I'€H, KOAUPYIOUIUN NENTUIHBIN
ropmoH anruorensud II. Hykneoruanas nocneno-
BaTEJIbHOCTH ObljIa OTpe/eIeHa UCXO/Is U3 U3BECT-
HOM aMHUHOKMCIOTHOW MOCJIENOBATEIbHOCTH aH-
ruoreHsuHa II.

CHHTEe3MpOBAaHHBIN T€H BKIIIOYAIl YYaCTOK WHU-
muanuu TpaHcasinuu (ATG) u 1Ba CTON-KOAOHA.
OguH W3 CTOM-KOJOHOB pacrojarajics mepen
CTPYKTYPHBIM T€HOM, YTO, IO 3aMBICITy aBTOPOB,
JIOJDKHO OBITO 00€CTIeYnTh Hayalo TPAHCISAINU.
Ora paboTra He MOJMydYniIa Pa3BUTHS U3-32 HEyJau-
HBIX TIOMBITOK BCTPOWUTH TOJTYYCHHBII T'eH B IJIa3-
MUJY.

Uepes aBa rofa rpymna aMepuKaHCKAX YIeHBIX
OCYIIECTBIJIa CHHTE3 BTOPOTO UCKYCCTBEHHOTO T'e-
Ha TMENTHAHOTO TOpPMOHa — COMAaroCTaTWHA
(puc. 1.46). KomoHsl, COOTBETCTBYIOLIUE KaXKIAOU

EcoRI Met Ala Gly Cys Lys Asn Phe Phe

v v

aMUHOKHCIIOTE, OBITH BBIOpaHBI WCXOIS U3 TIEp-
BUYHOW CTPYKTYpBI IENTHIA HE MPOU3BOJIBHBIM
00pa3oM, a ¢ y9eTOM YacTOTHI HX BCTPEYAEMOCTH
B reHoMe (para MS2. CHHTE3UpOBaHHBIN JTyTIJIEKC
cojeprKain Ha S5'-KOHIIE KOIUPYIOLICH LeNH TPH-
IJICT METUOHWHA (JUIS HAIPABICHHOTO pacIleriie-
HUS ITOJIUIICIITHAA B 3TOM TOYKE MOCIHe TPpaHCJIA-
OUH) M UMEJT IOCIeN0BATEIIbHOCTH, COOTBETCT-
BYIOIIIME JINITKKUM KOHIIaM, 00pa3yeMbIM peCcTpHUK-
tazamu EcoRI u BamHI. I'en comaroctarnHa ObLI
BBCJICH B CIEIMAJIbHO CKOHCTPYHPOBAHHYIO ILIa3-
MHIYy B YYaCTOK TIeHa [-TalakTo3uaasbl (CM.
puc. 4.4).

Crnenyronym maroM B pa3BUTHU METOJIOB XU-
MHYECKOTO CHHTE3a T€HOB CTal0 CO3JaHHE CIIe-
[UATHU3UPOBAHHBIX KOMITBIOTEPHBIX ITPOTPaMM, KO-
TOPBIE ITO3BOJIAT OIITUMU3UPOBATH CTPYKTYPY OJIU-
TOHYKJICOTHJIOB, YTOOBI CBECTH K MUHIMYMY 00pa-
30BaHMUEC KOMIIJICKCOB, IMPUBOAAIINX K IMOABJICHUIO
MOOOYHBIX MPOAYKTOB. OHUM W3 MEPBBIX MPUME-
POB UCIIOJIL30BaAHUA TaKou ImporpaMmabl U1 BbISAB-
JICHWsI CAMOKOMIUIEMEHTAPHBIX U MIOBTOPSIFOIIIHXCS
MOCTIe/IOBATENLHOCTEH OCHOBAHMIA CITYKUT paboTa
10 CHHTE3Y TeHa dUACPMANBHOTO (pakTopa pocra,
MpeJHAa3HAaYeHHOTO JJIsl JKCIPECCHH B KIIETKax
E. coli. lleneBoii reH, KOMUPYIOMHA 53 aMUHOKHC-
JOTHI, ObT pa3duT Ha 23 onmuronykieoruaa. Ha
puc. 1.47 npuBeneH GpparMeHT COCTaBICHHOH C IO~
MoIIpio OBM cxembl mocienoBaTebHON COOPKU
neneBoit JIHK u3 17 mpoMekyTOUHBIX OJIOKOB-HH-
TEPME/IMATOB, KaXKJbI U3 KOTOPHIX OBUI BBIICIICH
B MH/IMBHIyaJIbHOM COCTOsTHIH. HecMoTps Ha ode-
BUIHYIO TPOMO3JIKOCTh, CX€Ma IOCIIEI0BATEIEHOTO
JUTAPOBAHUS OJMTOHYKJICOTHIHBIX OJIOKOB oOecIie-
YyiBaJia MPEUMYIIECTBEHHOE 00pa3oBaHUE «IIpa-
BHJIBHBIX» KOMIUJIEKCOB.

B or10ii paboTe HCmonb30BajCs OCTPOYMHBIN
TpHeM, TIO3BOJIIOIHHA H30eKaTh 00pa3oBaHUs T10-
00uHBIX MpoxyKkTOB. OH 3aKiiovajcs B CHHTE3E
CUMMETPUYHBIX JUMEPOB IIEJIEBBIX OJIIOKOB-IYTI-
neKcoB. L[eHTpoM CHMMETpUHM B KaXIOM Cliydae
BBICTYNAIM YYaCTKH y3HABaHUS PECTPHUKTA3,
HUMEIOIIMECS] B TOCIEI0BAaTEIbHOCTH CHHTETHYE-
CKOTO (hparMeHTa. DTO MO3BOIIIIO YCTPAHUTH BO3-
MOXKHOCTh OOpa30BaHUS «HEMPABHIBLHBIX» KOMII-
JIEKCOB OJarofiaps 3aluTaHWPOBAHHBIM CaMOKOMIT-

Trp Lys Thr Phe Thr Ser Cys Stop BamHI

v

S'AATTCATGGCTGGTTGTAAGAACTTCTTTTGGAAGACTTTCACTTCGTGTTGATAGS3
GTACCGACCAACATTCTTGAAGAAAACCTTCTGAAAGTGAAGCACAACTATCCTAG

ﬁ

¢ ¢

Puc. 1.46. CtpykTypa CUHTE3UPOBAHHOIO T€HAa COMATOCTaTHHA.

CrpenkamMu yKa3aHo pa30HeHHe Ha OJUTOHYKJICOTHIbI
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Puc. 1.47. ®parmeHT cxeMbl COOPKHU T€HA AHEPMAIBHOTO (haKTopa pocra

JIEMEHTAPHBIM IOCJIEJOBATEIILHOCTSIM TOJIOBHH-
HBIX CAaMTOB 9HJIOHYKII€a3 pecTpukiuu. [leneBbie
OJIOKM-MHTEPMEINAThl MOTyYald MyTeM THAPOIIH-
32 COOTBETCTBYIOIUMH PECTPUKTA3aMHU.
CnoXHOCTh CXeM KOHCTPYMPOBAHMS HCKYCCT-
BeHHBIX (hparmMenToB JIHK ¢ MHOTOKpaTHBIM BBIIE-
JICHHEM TPOMEXKYTOUHBIX JYTJIEKCOB — HEU30eK-
HOE CIIE/ICTBHE HCIIONB30BAHUS KOPOTKHUX OJIMTO-
HYKJIEOTHJ0B. 110oy4nThs NpPOTSIKEHHBINA AYILIEKC
13 KOPOTKUX OJTUTOMEPOB JakKe TIPH yCIIOBHUH TIIa-
TEJIBHOTO pacyeTa ero CTpyKTypsl TpyaHo. Ha npu-
Mepe CHHTEe3a TI'eHa Ba30aKTUBHOTO KHUIIEYHOTO
nentuna (VIP), xomupytomiero 28 aMMHOKHCIIOT,
M3yYalUCh Pa3IMYHBIE CXEMBI KOHCTPYHUPOBAHUS
nenesoro ¢parmenta JJHK u3 16 onuronykieoru-
nmoB anuHOM 8—14 3BenpeB (puc. 1.48). LleneByto
CTPYKTYpy IIOJAydYadd U3 IOBYX IPOMEKYTOYHBIX
OJIOKOB-/TYIUIEKCOB, U3 TPEX MPOMEKYTOUHBIX O10-
KOB, a TaKK€ OJHOBPCMCHHLIM JIMTUPOBAHNEM
Bcex 16 onuronykiaeotuaoB. HauMeHbIIMI BBIXOT
LEJIEBOr0 IyIIEKCa ¢ OAHOBPEMEHHBIM 00pa3oBa-

HUEM OOJIBIIOTO KOJIMYECTBA MOOOYHBIX IMPOAYK-
TOB OTMEUEH B MOCJIETHEM CITydae.

[Tone3HbIM METOAMYECKUM MPUEMOM, I03BO-
JISIONIAM TI0JTy9aTh U3 KOPOTKUX OJIMUTOHYKJICOTH-
JIOB T0CTaTOYHO TomMoreHHbIN mpenapar JHK, saB-
JIeTCs pa3zesibHas «CIIMBKa» BEpXHEW W HUKHEU
uened (puc. 1.49). Takum oOpazom MoxHO H30e-
JKaTh OIIMOOYHOTO JTUTHPOBAHUS (HM3-3a 00pa3oBa-
HUS HETPAaBUJIbHBIX KOMIUIEKCOB), 0COOCHHO B TE€X
ciydvasix, koraa JIHK oGmagaer smemeHTaMu CHM-
MeTpuu. JIBycTaiuilHOE TMOJYy4YEeHHE AYIIEKCOB
OBLIO YCHENIHO MCTOIh30BAHO MPH CHHTE3E IPO-
MoTopa pos (ara TS5, TeHOB, KOAUPYIOIIUX OEIOK
VP1 Bupyca smrypa, denoBedecKuil WHTephEpOoH
2, aHTUTEHHYIO JACTEPMUHAHTY MOBEPXHOCTHOTO
aHTHTEHa BHUpyca TemaTuTa B, aHTHOTEHWH U
Val8-xanbpuToHuH.

C pa3paboTko#i TPUIPHUPHOTO METOMA TPYIO-
€MKOCTh TOJYYEHUS] HCKYCCTBEHHBIX OJIMTOHYK-
JICOTUAOB 3HAYUTEIHFHO CHU3WIACH, U CHHTE3 OJIH-
roMepa MoCTEIeHHO MPEBPATHIICS U3 HKCTPAOPAU-
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9 10 11 12 13 14 15 16

Puc. 1.48. AnprepHatuBHBIE crTOCcOOBI cOOpku reHa VIP:

a — W3 TpeX MPOMEKYTOUHBIX OJIOKOB; 6 — U3 IBYX MPOMEKYTOUYHBIX OIIOKOB

HApHOTO B TpUBHAJIbHOE cOObITHE. [IpHHIIMTIHAITE-
HOE 3HAUCHHE UMEIM TaK)Ke MOSBICHUE TEXHOJIO-
TUM CHUHTE3a Ha IOJMMEPHOM HOCHUTEIE, 3aMMCT-
BOBAHHOM M3 XUMHU NeITUI0B U 6CJ'IKOB, n aBTO-
MaTH3aIys nporecca. brarogaps sToMmy cTano Bo3-
MOXHBIM IOYTHU LCJIMKOM JOBEPUTHL IOJYUYCHHEC
OJIUTOHYKJICOTHUIOB aBTOMAaTHYECKOMY CHHTE3aTO-
py AHK. TpusdupHsIii METOI TO3BOJIMI MTOTYYaTh
Oomnee mmuHHBIE OoMMroMepsl (15-20 HyKIICOTHI-
HBIX 3BEHBEB), YTO TPUBEJIO K TMOBBIIICHUIO CTa-
OMIBHOCTH KOMIIEKCOB M3-32 OOJIBITIETO MTePEKPHI-
BaHUSl OJIMTOHYKJICOTHIOB ¥ JaJ0 BO3MOXXHOCTh
MOJTy4aTh TyTUIEKChI-MHTEPMEANAThl U3 OOJIBIIEro
yuciaa oJMroMepoB. Bee 3To cmocoOcTBOBao co-
3/IaHUIO 3HAYNTENHHO O0Jiee MPOTSHKEHHBIX TEHOB
MIPH UCTIOJB30BAHHH MTPEKHEH METOIOIOTHH.
OpHMM W3 TIEPBBIX T'€HOB, CKOHCTPYHMPOBAaH-
HBIX II0 TaKOW TEXHOJOTHH, SIBISETCS I'eH Yelo-
Bedeckoro IFN-a2 (puc. 1.50). CunTe3 BBITIOTHEH
B Tpu dTama: 1) oOpazoBaHWE MaJbIX IyIUIEKCOB
qumHor 3045 nH u3 68 CHHTETHYECKUX OJIMIO-
HYKJICOTHJIOB; 2) MOy4YeHUE OoJiee MPOTSIKEHHBIX

l JHK-nuraza

1. Boiaenenue BepxHei
IeTTH KOMIIIIEKCa

2. [lo6asnenue dochopumupo-
BaHHBIX OJIMTOMEPOB
amxHer nenu u JJHK-nurazet

Cunternuecknii cydodparment JJHK

Puc. 1.49. Pa3nenbHas «CIIMBKAy LeNeH
cyogparmenta JIHK.

YepHbIM KpYKKOM 0003HaueH 5'-KkoHIEeBoit hocdar

cyodparmenToB I, I u Il U3 COOTBETCTBYIOIIHX
MaibiX; 3) oOpa3oBaHME IOJHOIN KOIMK T'eHa W3
cyO(parMeHToB.

[Ipn yBenmuueHWH dYHCiIa OJIMTOHYKICOTHIIOB,
BBOJIMMBIX B PEAKIIUIO JTUTHPOBAHUS Ha CTaIUH 00-
pa3zoBaHUs KOPOTKHUX JYIUIEKCOB, CXeMa KOHCTPYH-
poBarmst npotrskeHHOro (parmenta JIHK He-
CKOJIBKO ympouiaercsi. Tak, Ipu CHHTE3e TeHa Co-
MaroTponuHa (192 aMHHOKUCITOTHBIX ocTaTtka, AK)
Ha TIEpBOM dTare ObUIO IMOJIYy4eHO TOJBKO 8 Oio-
KOB-/IyIUIEKCOB, KaXJIbIi U3 KOTOPBIX COCTOST M3
6—14 onmuronykieotunoB. OQHAKO B ATOM Cilydae
13-3a CIIOKHOCTH PEaKIMOHHON CMecH 00pa3yroTCs
NOOOYHBIEC TIPOIYKTHI PEAKIINH JIMTUPOBAHUSI M BbI-
XOJI KaK OTAEJIbHBIX OJIOKOB-WHTEPMEINATOB, TAK U
LIEJIEBOM CTPYKTYpBI OKa3bIBAETCSA OYEHb HU3KUM.

[lo anamormuHOW cxeMe OBLI IMONYYEH P
0OJIBIIMX TCHOB, TAKMX KaK T€HbI S-Oeika puodo-
Hykieassl A (104 AK), yenmoBeueckoro im3onnma
(130 AK), PHKazsr T1 (101 AK), xanemomynuHa
(149 AK), anadpunaroxcuna CS5a (80 AK), untep-
neiikuHa 2 (133 AK), paznu4nbix pakTopoB pocTa.
Bwmecte ¢ TeM HU3KHI BBIXOJ] OJIOKOB-UHTEpPMEAHA-
ToB ¥ nenesoro ayrwiekca JJHK, Gonpmas Tpymno-
€MKOCTb METO/Ja BBIHYKAAJIH UCKATh AaJIbHEHIINE
IIyTU €ro COBEpLIeHCTBOBaHU. ONHUM U3 CHOCO-
00B, YBEITMYMBAIOIIUX HA/JEKHOCTb CXEMBI TOITY-
YeHus1 UCKyccTBeHHbIX (parmentoB JJHK B pawm-
kax Mmerona KopaHsl, siBiseTcs BBeAEHHE CTAaIUU
KJIOHUPOBAHUSI  NPOMEKYTOYHBIX  AYIUICKCOB
(puc. 1.51). D10 MO3BOIACT M30SKATH MTOTEPH HYK-
JICOTUAHOTO MaTepHuaya, OYUCTUTH €ro OT M000U-
HBIX TIPOJYKTOB PEaKLUH JIUTHPOBAHUS U Hapado-
TaTh B JAOCTATOYHOM KoJM4decTBe. BBeneHue cra-
UM KIOHHPOBAaHUS MPOMEXYTOUHBIX OJIOKOB He-
CKOJIBKO YCJIOJKHSICT CXEMY IIOJYYEHHUs LEJIEBbIX
TEHHBIX CTPYKTYP, HO 3TOT HEJOCTAaTOK B 3HAuH-
TEJBbHOM Mepe KOMIIEHCHPYETCsS 3KOHOMMEHN Bpe-
MEHH M MaTepuajoB NPH HapabOTKe AYIICKCOB
JHK. [IpuMepom MOTYT CIIy>KUTH pabOTHI 110 CHH-
Te3y T'€HOB IpouHcyauHa, A- u B-uenei 3penoii
(hopMBbI MHCYIIMHA YEJIOBEKA.



71

1.12. METOObl XUMNKO-®EPMEHTATMBHOIO CMHTE3A ABYXLEMOYEYHbLIX ®PATMEHTOB AHK

8999 ¥9 79 09 8S 9¢

- -
FHF =

L9 €S9 €919 65 LS

UHWHUIL UIWBWOI'EW I9HOhBHEOQO GOTUILOAINAHOIUIO BUHRIOdUIUI BLOIIN

“70-N]] BHOI OJOHHAE109AMOU KUHRA0dUAdLOHON BNOX)) "()C°] "ong

1vs

I

PSeCs 0S8y O Vv v

= - =
- = [ R e |

CSESIS oV Ly Shev iy

wo,
sUIINALO9] ¢ IHUwd
ouHegodHHOLY 7
eERIUI-MHIT 'T I I
ERERVERVERVeaRVea e " aa " as + TNV VNV VNV NV vV
rERIUI-MHIT
|\r\r+|\r+l\r\r+|\r |\r\r+|\r+|\r\r+|\r
N NNV N NNV N NNV N NNV
BERINI
-HI

0 8€ 9¢ PE ¢ 0€8C9C YT T 0Cc8I91 vICI Ol

8 9 v C

e = - - [ e R | = - -
- - = i - - = i
6 L S el

6€Le SEeECle 6CLC SCeClce 61 LT SIElTI



72 naea 1. OBWWE MPUHLMUMbI U METOAbI TEHETUYECKOW UHXEHEPUN

I

LeneBas AATTCN,N,. .
MOCIIEI0BATENLHOCTD GNIND . .
EcoRI
CuHreTnyeckue AATTCN;N,. .
cyO(parMeHTHI GN'N®
1Np ..
EcoRI
I'ubpuHas
U1a3Mua
¢ cybdparMeHTOM
EcoRI
I

II

.N3;AAGCTTN,. . .NsNgG
.N3TTCGAAN;. . .N;N;CAGCT
HindIIl Sall
.N;A AGCTTN,. . .N;N¢G
.N3TTCGA AN;. . .N:N;CAGCT
HindIIl Sall
Kiionuposanue Knonuposanue
Sall
HindIll
11

Tpauchopmanus E. coli, aMImuuKaIys, BbIICICHHE THOPHIHBIX TIA3MUT
n ux pacuierienne EcoRIl u HindIIl mst [ v HindIIl u Sall nost 11

I

AATTCN,N,. .
Cyb6dparmMeHTb GNIN5. .
EcoRI
CuHTeTHYCCKAs AATTCN,N,. .
TOCJICIOBATEIBHOCTD GNIN:. .
EcoRI1

1I

N;A AGCTTN,. . .NsNeG
.N3TTCGA AN;. . .N:N;CAGCT

HindIII Sall

JHK-nuraza, kmonuposanue,
pecTpuKIus

.N;AAGCTTN,. . . NsN¢G
.N3TTCGAAN;. .

.NsNgCAGCT
HindIll Sall

Puc. 1.51. Koucrpyuposanue uckyccrsenHoi JTIHK ¢ mpomexkyTOUHBIM KIIOHUPOBAaHUEM:

*
Nj, N; — KoMIuIeMeHTapHble OCHOBAHUS

Jliis ycneniHoro KJIOHUPOBaHUs cyOdparMeH-
TOB CHHTETHYECKOTO T€Ha OHH JOJDKHBI OBITh (paH-
KUPOBAHBI YYaCTKAMU y3HABAHUSI MOJIXOSIINX dH-
JIOHYKJIea3 PEeCTPUKINH. IJTH YYaCTKH JOIDKHBI
OBITh YHHKAJIbHBIMH KakK JJIsi CaMOTO T€Ha, TaK U
JUTST KIIOHUPYIOIIETO BEKTOpa. YmoOHee BCero mc-
MOJIb30BATh CAWTHI, YK€ MMEIOIIUECS B MOCIEI0-
BaTENIbHOCTU HYKJIEOTUA0B cuHTe3upyemoint JJTHK,
OJTHAKO Yallle BCET0 OHU WJIM OTCYTCTBYIOT, MJIH HX
HEZO0CTaTOYHO. B 3TOM ciydyae MpHUMEHSIOT pas-
JUYHbIC JTUHKEPHI (aanTepsl), HO TOTAA MPU pac-

LICTUICHUU PEKOMOWHAHTHON MOJICKYIIbI IIPOUCXO-
IUT He perenepanus kinonuposannoit JJHK, a 06-
pazoBaHue HOBOTO (hparMeHTa, OTIIMYAIOIIETOCS OT
HCXOIHOTO HAJIMYUEM TOTOJHUTCIBHBIX HYKIIEO-
TUJIOB, IPUBHECEHHBIX TUHKEPOM.

[ns ynaneHust 3TUX JIMIIHUX HYKJICOTHIOB
(ato HeoOxommMo Tipu CcOOpKe CyO(parMeHTOB
B neneByro JIHK) mpuxomutcs ucmons30BatTh crie-
uuanbHeie TpueMbl. OJHUM U3 HUX SIBISETCS MO-
IyABHBIA MeTO, IpeioxkeHHbH 0. A. OBUnHHN-
KOBBIM C COTpyOHUKaMU. MeTon OCHOBAaH Ha MpH-
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HOCJ’IGI[OB&TCJ'H)HOCTL CHUHTE3UPYEMOTO I'€Ha

e CAATGG ...................... TTGCAG ......
R GTTACC ...................... AACGTC ......
BBomumeie
AGCT TETPaHYKICOTHIBI AATT
TCGA TTAA
ITocnenoBareabHOCTH T€HA C BPEMEHHBIMU CalTaMu

. CAAAGCTTGG ...................... TTGAATTCAG ......
GTTTCGAACC ...................... AACTTA GTC ......

Puc. 1.52. KoHCTpyHpOBaHUE BPEMEHHBIX CAaHTOB

MEHEHHM BPEMEHHBIX CalTOB YHUKAJIbHBIX JHMO-
HYKJIea3 pECTPHUKIINH, KOTOPHIE BBOJSATCS B MOCIIE-
JOBaTEJIbHOCTh I'€HA B NPOU3BOJIBHO BBHIOpAHHBIC
MeCTa, coJiepKaiie JII000OH caMOKOMILIEMEHTAap-
Hb1il quaykneotun: AT, TA, CG unu GC. I1pu sTom
MIOCJIEZIOBATENIbHOCTh T€Ha pa3[IBUTAETCS U BHYTPh
MUHYKIICOTHJ]A BBOIATCS HYKJICOTHIbI, (POpMH-
pyIoIre B 7TOM MeCTe YHUKAJIbHBIH y4acTOK pecT-
pukiuu (puc. 1.52). J{ns ynaneHus: qOMOIHATENb-
HOTO PECTPUKIIMOHHOTO CaiiTa CHHTE3WPOBAHHYIO
JHK pacuienisitor cooTBeTCTBYIOIIEH peCTPUKTA-
300, 3aTeM BBICTYMAIOIIHE OJIHOILIETIOUEYHBIE I10-
CJIEIOBAaTENbHOCTH YAASIOT HyKjeazoi S1 u mo-
Jy4eHHbIE TYIbIe KOHIIBI MOJIEKYJIbl COEIUHSIOT
¢ momoreio JIHK-muraser gara T4 (puc. 1.53).

B wneinoM MoaynbHbIA OPUHUMIT KOHCTPYHPO-
BaHus mpoTsbkeHHBIX JIHK Brirrowaer B cebs Tpu
CTaJNHU:

1) monmy4yenue Moayneit XuMUKo-pepMeHTaTUB-
HBIM CITOCO0O0M;

2) MHAMBHIYaJbHOE KJIOHUPOBAaHUE KaXJ0Io
MOyl B TIOIXOJIAIIIEM BEKTOPE;

3) coopka 1eneBoit nocienoparenbroctu JJHK
B CIENHAIU3UPOBAHHBIX BEKTOPAX, COJCPIKAIINX
001b111011 HAOOp YHUKAIBHBIX CAWTOB PECTPUKIIUU
(puc. 1.54).

Hcnonp3oBaHme MpoMeKyTOYHOTO KJIOHHPOBa-
HUS TIOBBIIIAET HA/IEKHOCTh CXEMbl CHHTE3a T€HOB
7 TIO3BOJISIET JIETKO TOJyYaTh WX aHAJIOTH ITyTEM
3aMEeHBl OHUX (PParMEeHTOB APYTHMH.

JlanpHeiee COBEPIICHCTBOBAHNE CITIOCOOOB
XUMHKO-(EPMEHTAaTUBHOTO  KOHCTPYHPOBAaHHS
(hparMeHTOB HYKJIEMHOBBIX KHCIIOT OOYCIIOBJICHO
MPUMEHEHHEM [UIsI CHUHTE3a OJINTOHYKJIEOTH]IOB
hochamuaroro u HochUTHOTO METOIOB, UCITOIb-
3YIOIINX BBICOKOPEAKIIMOHHBIE COCTUHEHHS TPeX-
BasieHTHOTO (pochopa. brarogaps aToMmy ckopocThb
cuHTe3a M ero d(h(PEeKTUBHOCTH PE3KO BO3POCIH:
[IUKJI HApAIIUBAHUS OJTHOTO HYKJIEOTHIHOTO 3BEHA
3aHMMAaET BCEr0 HECKOIbKO MUHYT, & CYMMapHBII

BBIXOJ] OJINTOMEpa MPUOIIIKAETCS K KOJTUIECTBEH-
HOMY.

[To cymecTBy TeXHOJIOTHSI CHHTE3a OOJIbIIE HE
HYKJaeTcs B yCOBEPIIEHCTBOBAHNUH, UCIIPABHO I10-
CTaBJISIsI MOJICKYIISIPHBIM OHOJIOTaM HEOTpaHUYCH-
HO€ YHCJIO OJHMTOHYKJIEOTHIOB 33a/JaHHOM CTpPYyK-
Typbl. HUuTO HEe XapakTepu3yer COBPEMEHHYIO CH-
Tyalrio B OJUTOHYKJICOTHIHOM CHHTE3€ TaK SpKO,
KaK TO, YTO IJISl €r0 MPOBEJCHUSI TENEeph HE Tpe-
OyeTcst OOJIBIIOTO OIBITa B 00IACTH XUMHUYECKOTO
sKcriepuMeHTa. HoBble METOAbl MO3BOJWIM CTa-
OMJILHO TIOJTyYaTh MOJICKYJIbI JJTMHON B HECKOJIBKO
JIECATKOB OCHOBaHUU. IIpumeHeHue cToib JIMH-
HBIX OJUHYKJICOTUIOB B MeToAe KopaHbl mpuseso
K 3HAQYUTENBHOMY YIPOLIEHUIO CXEM KOHCTPYHUPO-
BaHMs NMpOTsbKeHHBIX (parmentoB JHK. Harmsin-
HO 3TO BHJIHO Ha IIPUMEPE CHHTE3a I'€HA 3IHJEP-
MajJbHOTO (paKTOpa pocTa I SKCIPECCHH €ro
B Apookax. ['en ObuT momydeH u3 12 onuromepon
JUIMHOM 0T 12 10 59 HyKJI€OTUIHBIX 3BeHbEB. B OT-
JUYAe OT pPAacCMOTPEHHOW paHee CXeMBI (CM.
puc. 1.47), notpeboBasiueii BoieneHus 17 npome-

Cunrernueckas JIHK

.. .N¢N,GGATCCNgN,. ..
...NINICCTAGGN]N;. ..

Pacuierenne Sall

G GATCCNgN, ...
C

NN,
..NIN3CCTAG GNING...

Hyxneasa S1

CNgNg ...
GNgN; ...

==

o %o
[N}

~N N

JHK-nuraza

.. .NgN,GCNgNs. ...
...NgN7CGNgNs. ..

Puc. 1.53. Ynanenue BpeMeHHOTO caiita
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R, R, v R;
R, R, R,
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CHUHTETHYECKUE MOAYJIU
R1
‘ Knonuposanue 11
Pectpukuus R, R,
4 <€
R,
R,

Ry —mM >

Pectpukuus R,
Hyxuneasa S1
JHK-nuraza

Knonupyromuit
BEKTOP

RyuR,

(J

Knonuposanue 111
Pectpuxuus R,, R;

\ Pectpukuus

@

PeCTpI/IKHI/ISI R
Hyxrneasza S1
JHK-nuraza

Puc. 1.54. MonynpHBIN cIOc00 COOPKH HCKYCCTBEHHOTO TeHA
C UCII0JIb30BAaHUEM BPEMEHHBIX PECTPUKLUOHHBIX CAalTOB:

Ri — HYKJICOTUAHAas NOCICA0BATCIIbHOCTE PECTPUKIITUOHHOI'O caiita

JKYTOYHBIX OJIOKOB-IIyTJICKCOB, B JaHHOM Cllydae
OKa3aJI0Ch JOCTATOYHBIM IIPOBECTH JIMTMPOBAHUE
B TPEX POMEKYTOUHBIX KOMILJIEKCAX.

Bceneacrue Oonee 3HaYMTENILHOTO MEPEKPHIBA-
HUS IOJUHYKJICOTUIOB, YEM OJINTOHYKIIEOTH]IOB,
JWra3Hble KOMIUIGKCHI 001afaloT Ooublueil cra-
OUJIBHOCTBIO, YTO B PSIE CIIy4aeB [103BOJLIET HOIY-
4aTh LeJeBbIe TeHbl OHOCTaINIHON (epMeHTaTHB-

Hol peakuuel. Tak, rensl nentuna I, akruBupyro-
IIETO POCT coequHuTeNbHON TKaH! (85 AK), 1 you-
kBuTHHA (76 AK) ObLIM TOTy4eHBI OJJTHOCTAAUHHBIM
auruposanueM 20 MOJMHYKIEOTHIOB IMHOHN OT 28
110 32 HYKJICOTHIHBIX 3BEHHEB U § TOIMHYKJICOTH-
0B JUIMHOHM 0T 50 10 64 HYKJICOTUIHBIX 3BEHHEB
COOTBETCTBEHHO. B mepBoM cirydae ycrex Ob1 00y-
CJIOBJICH, KPOME BCETO MPOUYETO, IPUMEHEHUEM CIIe-
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Cranus | I
S OJIMHYKJICOTH, o
P o Y

Cramus 11 I I

W _ Momunyxneornall 7/////_ —

Komruieke mocie 1o0aBiieHHs MOCIEIHETO TMMOJIMHYKJICOTH A

7%

1. JlurupoBanue
2. OTwiemieHye OT HOCUTES

Knonuposanue

Puc. 1.55. Cxema TBepaodasnoro KoHCTpynpoBaHus uckyccTBernoit JJHK.

S — CTapTOBBIN OJUTOHYKJICOTU, IPUCOCAUHEHHBIN K TBEPIIOMY HOCHUTEIIO.
YepHbIM KpYKKOM 0003HaueH 5'-KkoHIEeBOit hocdar

“ 2—Al[Bl A aceacocTeaeacscTac
///A . GCTGCGAGCGTGCGACGCCTTAAGTACTCGTTT. ..

EcoRI

0 //~CONHNCO(CH,),-5-(A,G,C.T),

7 .
%—Sl(OMe)z CH,CH,0CH,0C(OAc)HCH,0CONH(CH,),NHCONH(C, H,)NHCOO-

-3-(A,G6,C T,

%—Si(OMe)zCH2CH20CH2OC(OAc)HCHzoCONH(CH2)6NHCOCHZCHZCOO-

-3-(G, T),
(C, A),GAATTCATGAGCAAA. ..
EcoRI

Puc. 1.56. Crieticepsl, mpuMeHsieMbIe 17151 (PUKCAIMH CTAPTOBOTO OJIMTOMEpa:

@ — C HEKOBAJICHTHBIM B3aHMOJICHCTBUEM OJIMTOHYKJICOTH/ A, Hecylero Ha 5'-konue ouorut (B),

3amTpruxoBaHHbIH IPSMOYTOIBHUK — TBEPbIA HOCUTEINb (JIATEKC, CTEKIIO, TIOJIUMED);
(A, G, C, T), — CTapTOBBI OJUTOHYKIICOTH/T

" COACPIKAICTO aBUJANH (A) HOCHUTCIIA, 0 — TIO3BOJISIIOINE OCYHICCTBIATH TBCp}lOCbaSHBIi;I CHUHTE3 CTAapTOBOI'0 OJIMT'OMEPA.

LuanbHON nporpammel Repeat juisg moucka Henpo-
JTYyKTUBHBIX KOMIUIEKCOB. IlyTem Bapuauuy Kouo-
HOB B IocienoBareilbHocTy reda nernruaa 111 osuto
MIPEAOTBPAIIEHO 00pa30BaHUE «HETPABIIIEHBIX)
KOMILJICKCOB, B KOTOPBIX BO3MO)KHO B3aUMOJICHCT-
BHC 8 1 OoJsiee rmap OCHOBAHHH.

[IpuMeHeHre TOTUHYKICOTUOB B COYCTAHUU
C MIPOMEXXYTOYHBIM KIIOHHpOBaHHEM cyOdparmMen-
ToB no3Bomio I. Kopane ¢ corpynmnukamu cuaTe-
3UPOBATh OAUH U3 CaMbIX MPOTSKEHHBIX UCKYCCT-
BeHHBIX PparmenToB JJHK — ren Obrubero posor-

cuHa o0miedt amuuoi 1057 mH. B aTol pabote uc-
MOJIB30BaIM 72 OJIMTO- ¥ MOJUHYKJICOTH 1A ITUHON
ot 15 10 40 HyKIIEOTUTHBIX 3BEHBEB. Bech reH ObL1
pazout Ha Tpu cyodparmenta: PB (345 mH), XP
(364 mH) 1 FX (335 niH), npu cOopke KOTOPBIX MPH-
MEHsUTach 00bIIHas crparerus. CTpyKTypa OJUTO-
MEpOB BbIOMpaJiach TaKUM 00pa3oM, 4TOOBI JIHII-
KH€ KOHIIBI TIPOMEXYTOYHBIX JYTUIEKCOB HE OBLITH
camokoruieMeHTapHbIMu. O01uit BeIxos cyddpar-
MEHTOB ObUT MaJI U cocTaBua 11 PB 4 %, nna XP
u FX —mo 1 %. YcnenrHoe nosy4eHue eiIeBOro
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RV G Y I

E L DU LNSZSGKI

L ESFRP

l OO0parHas TpaHCISIHS

5'...CGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCC. .. 3
3'...GCTCACCCACTGTAGCTTGACCTAGAGTTGTCGCCATTCTAGGAACTCTCAAAAGCGGGG... 5§

lpa36l/leHI/Ie Ha CErMEHTHI

5'...CGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCC... 3'
3'...GCTCACCCACTGTAGCTTGACCTAGAGTTGTCGCCATTCTAGGAACTCTCAAAAGCGGGG... '

l OnTuMH3anus

5. .|CGAGTGGGTTACATCGAACTCGACCTCAACAGCGGCAAGATCCCTTA|GAGTTTTCGCCCC )
3'...GCTCACCCAATGTAGCTTGAGCTGGAGTTGTCGCCGTTCTAGGGAATCTCAAAAGCGGGG. .. 5'

FeHepauns{ OJIMTOHYKJICOTUI0B

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

Puc. 1.57. Anroputm pabdotsr mporpammsl DNA Works

I'eHa TIPU CTOJIb HU3KOM BBIXOZIe CyO(QparMeHTOB-
MHTEPMEANATOB CBUICTENBCTBYET CKOpee 00 JKC-
NEPUMEHTAIBHOM MacTEpPCTBE aBTOPOB, YEM O BO3-
MOYXHOCTH IMPOKOTO TIPUMEHEHHsI 3TOTO MEeTofa
JUTSL CHHTE3a MPOTSHKEHHBIX TeHOB. AHAIOTUYHO U3
MOJMHYKIJICOTHIOB C TPOMEXYTOYHBIM KIOHHPO-
BaHUEM CYO(ParMeHTOB ObLI MOJTYYCH I'eH POXH-
MO3HHa ObIKa.

JJ1s IpeoioNeHnst «HEeTPaBITbHOT0Y» KOMILICK-
co0o0pazoBaHus W M30aBICHHUS OT HEOOXOIUMOCTH
OYHCTKHA TIPOMEXYTOUHBIX CyO(parMeHTOB TIpU
CHHTE3€¢ HCKYCCTBEHHBIX T'€HOB METOJOM KopaHsbI
npeyiokeHa mnocienosarenbHas coopka JIHK Ha
TBepaoii Matpuue (puc. 1.55). HepactBopuMmslii HO-
CUTEb C IPHCOCTUHEHHBIM K HEMY CTapTOBBIM
OJIMTOHYKJICOTHJIOM TOCIIEIOBAaTeNIbHO 00padaThI-
BaIOT HEOOIBITUM MOJIIPHBIM H30BITKOM (pocdopu-
JHMPOBAHHBIX IO 5'-KOHILY OJHMIOHYKJICOTHIIOB.
[lepen moGapneHMeM OYEPEIHOTO OIUTOMEpa W3-
OBITOK MpeapIynero orMeiBaercs. [lo okoHwaHMM
npolecca KOMIUIEKCOOOpa30BaHHUsl TPOBOAST CIINB-

Ky JyIJIeKca U OTIIEIUIEHHE €ro OT HOCHTEJs.
3arem AyIjieKC KJIOHHUPYIOT B HEOOXOIMMOM BEK-
TOpE.

Jiist oTIIeTIeHyst IyTIIeKca OT TBEPAOro HOCH-
Tesst MO0 pa3pylIaroT KOBAJCHTHYIO CBSI3b CTap-
TOBOTO OJINTOMEpA C HOCUTEJIEM, JTMOO0 pacIeruii-
10T €T0 II0 3apaHee BBEICHHBIM CaiiTaM pecTpHK-
uuu. Eciau crapToBhlif onuromep He CBA3aH KOBa-
JICHTHO C OCTaJIbHOH 0CIIEI0BaTEILHOCTHIO (B TOM
cilydae, Korja OmKaiIuil K HeMy OJMIOHYKJICO-
TUA He ObUT GochopuIrpoBaH WU MEXKIY HUMH
ObLIa crienMaibHO OCTaBlIeHa HeOombInas Opels),
npenapar JIHK nonsepraioT KpaTkoBpeMEHHOMY
HarpeBaHuIo, JOCTATOYHOMY VISl OTILEIUICHHS, HO
He nonHod neHarypauuu JHK. Ilpumepom wuc-
NOJBb30BAHMUSI ATOM CTpPAaTernu MOXKET CIYXHUTh
CHHTE3 TeHOB MHTHOUTOPA TPUIICKHA U3 MOJIO3HBA
KOPOBBI 1 3-3H10p(dHUHA.

Jisi IpUBSI3KH CTapTOBOTO OJMIOHYKJICOTHIA
K HOCHTENIO Pa3paboTaHbl pa3iUuHBIC CIIEHCEPHI
(puc. 1.56).
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[Iupokoro pacmpocTpaHeHUs 3TOT METOA
koHcTpyupoBanus JJHK ne momyuui.

Hecmotpst Ha To, uto Metox KopaHsl B mpuH-
IIUIIe TIPOCT, HA MPAKTUKE BO3ZHHUKAET PSJ OCIOXK-
HEHUH, TPUBOISIINX K ONIMOKaM MPH CHUHTE3E Iie-
aeBoro rera. Hampumep, iist TOro 9To0b! CHU3UTH
OLIMOKH TPH CHHTE3€ OJIMTOHYKJICOTHIOB, MOCIe/I-
HHE JOJDKHBI OBITH JIOCTaTOYHO KOPOTKH, B TO XKe
Bpemsi JIHK-mymiekcsl B MecTax mepeKpbIBaHUs
OJINTOHYKJICOTH/IOB JIOJKHBI OBITH IIPOYHBI, YTOOBI
o0ecreunTh NpaBuiIbHYI0 cOOpKy 1enu. Heobxonu-
MO u30eratb 00pa30BaHMS JIOOBIX HEMPABUIIBHBIX
BTOPUYHBIX CTPYKTYp. IlosToMy nsist OGonpmmx Oen-
KOB C Koupyrolei gyacteio rera 0omee 300 mH mpo-
Lece MIaHUPOBAaHMS CUHTE3a T'eHa SIBJISETCS IOBOJIb-
HO TpymoeMKuM. [IJisi ero aBTroMaru3alyy co3jaHa
anexrponHas nporpamma DNA Works (puc. 1.57).

HcxonHbIMU TAaHHBIMH JUTS pabOTHI IPOrpaM-
MBI SIBJISIFOTCSI:

* aMUHOKHCIIOTHAsI TOCIIEIOBATEIBHOCTD IIeJie-
BOTO O€JIKa;

*  (uaHKHpyOLIKE MOCIEA0BATEIBHOCTH, HEOO-
XOJIUMBIE Ul HETIOCPEICTBEHHOTO KIIOHHPO-
BaHMS MCKYCCTBEHHOT'O T'€HA;

* TeMmIepaTypa IUIaBJICHHUS TEPEKPHIBAIOIIUXCS
(parMeHTOB OJIMTOHYKJICOTHIOB (OOBIYHO CO-
craBisier 5870 °C);

* mpexnosaraeMas CHCTEMa 3KCIPecCHu (MHUK-
pOOpraHu3M).

[Iporpamma paccUMTHIBaET CTPYKTYpPY OJIHMIO-
HYKJICOTH/IOB, COJEPIKaIlNX ONTHMH3UPOBAHHEIC
KOJZIOHBI JUISl TAHHOM CHCTEMBI SKCIIPECCHH, BBIOH-
paeT CTPYKTYpPYy COCEIHHX OJHMIOHYKJICOTHIOB
TakuM 00pa3oM, 4TOOBI TeMIeparypa IUIaBICHUS

IYIUIEKCOB, 0Opa30BaHHbBIX CBUCAIOLIMMM KOHIIA-
MH, ObLTa OJUHAKOBOM.

HanHas mporpaMMa onpo0OoBaHa Ha IpUMepe
CHHTe3a TreHoB jiuHOW oT 139 mo 1042 mmH,
koaupytoumx 11 mentunos u 6enxoB (Tadm. 1.7).

Uucno HyKJICOTHAHBIX OIIMOOK B CHHTE3HPO-
BaHHBIX '€HAX B OCHOBHOM 3aBHCHUT OT KadecTBa
OJTUTOHYKJICOTHIOB (KOJIMYECTBA OMHMO0K), a HE OT
touHocTu konupoBanus JIHK-nomumepaszoit. Ha-
npumep, Pfu-nomumepasa B [1LIP nenaetr mpumep-
HO 6,5 ommOku mpu xomupoBaHuu 100 TEHIC. TH.
Cpennsisi ommMOKa CHHTE3a MCKYCCTBEHHBIX T€HOB
C HCHOJB30BAaHMEM 3TOrO (pepMEeHTa COCTABISIET
1,8 ma 1000 mH. He oGHapykeHO 3aBHCHMOCTH
MEXy KOJIMYECTBOM OLIMOOK B CTPYKTYpE HCKYyC-
CTBEHHBIX T€HOB U JUTMHOMN MCIOIB3yEeMbIX OJIUTO-
HYKJICOTH/IOB WJIM LIEJNeBOro rena. Tak, Oomee
mmrHABIe TeHBI (PPP 1 hCXCR4) ObUTH TTOTYYSHBI
0e3 eanHOI omKMOKH, B TO BpeMst Kak OoJiee KOpoT-
kue (hBD1, hMCP-5 u HLT) cogep»&atr MHOTOYHC-
JICHHBIC ONITHOKH.

B nactosimiee Bpems DNA Works, mo-Bunu-
MOMY, SIBJISIETCSI JIy4llled TporpaMMOn Jisl TJIaHU-
pOBaHMs CUHTE3a UCKYCCTBEHHBIX T€HOB T10 METO-
ny Kopansl.

CunTe3 uckyccTBeHHbIX pparmenToB JJHK me-
TogoMm KopaHnsl B HacTosiliee Bpems SIBISICTCS ILHU-
POKO HCTIONB3YEMBIM WHCTPYMEHTOM MOJIEKYJIISIp-
HOW OMOJIOTHH.

Bricimm gocTHKEHHEM XMMUYECKOTO CUHTE3a
SIBIIIETCS TPOBENEHHBIH Tpymmoil O. Bummepa
cunTe3 noxwoBupycHoit kJIHK, u3 xoropoit Obin
nony4yeH MH(eKnnoHHeld BUpyc. [lomHas mocie-

Tabnuya 1.7. CHHTeTHYECKHE T'eHbI, MOJy4eHHBIE ¢ TOMONIbI0 MporpaMMbl DNA Works

Yuciio KIo- Hucno myTtauuit Yucno ommbox
Cpenmss Cpenuss Bcero
Yucno HOB C Tpa-
TeMITe- JUTMHA . | cexBe-
Jlnuna, OJIUTO- BUJILHOU Ha
I'en - patypa | . eo. | OMHTO- CTOVE- HUPO- | Jlene- |Beras-| 3ame- | Ha
masye- | Y HYKJI€0- Py BaHO 1000
. THIOB Typoid > | muH KU HBI KJIOH

Hus, °C THAa reHa/BCero i HH
hBD1 139 60 6 40 3/5 695 2 0 1 0,60 473
hBD?2 154 62 10 37 3/3 462 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 1/3 990 1 0 4 1,67 5,1
hCCL27 351 64 16 42 1/2 702 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 18 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 1/1 771 0 0 0 0 0
hCXCR4 | 1042 67 44 47 1/1 1140 0 0 0 0 0
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nosarenbHOCTh KJIHK monmmosupyca nepsoro tuna
(Mahoney) BMecTe ¢ MIPOMOTOPHOM 00JIACTBIO TIO-
nuMmepasbl gara T7 Obura pazourta Ha Tpu (par-
meHTa (3026, 1895 1 2682 miH). @parMeHTH ObLITH
coOpaHbl U3 TOJHMHYKJICOTHUAOB CpPEIHEH IIHHON
69 HykneoTHIHBIX 3BeHbEB. [locne cOopku mene-
Boi nocnenoBarenbHoctu JIHK, ee Tpanckpunuuun
B PHK wu tpancdexkuun stoii PHK B kierku
MJICKOITUTAIOIIUX OBLIM TOJIyYeHBI MOJHOLCHHBIC
BHPYCHBIE YaCTHUIIBI.

1.12.2. KoncmpyupoesaHue QHK-dynnekcoe
U3 4Yacmu4yHO KOMIJIeMeHMapHbIX
rnosuHykneomudoe

AnwsrepHaTuBHBI MeTomy KopaHbl croco0
KOHCTPYHUPOBAHUS NCKYCCTBEHHBIX TPOTSKEHHBIX
tdparmentoB JIHK chopmymupoBan B pabote
K. Urakypsl ¢ coTpynHukamu. B ero ocHose ne-
KHUT CIIOCOOHOCTh HEKOTOPBIX ()EPMEHTOB, B ya-
ctHoctu (Qparmenta Kienosa JIHK-mommmepa-
361 [, mocTpauBaTh KOMIIJIEMEHTApHYIO LEMb
B TNPHUCYTCTBHH IpaiimMepa. DTO CBOUCTBO (dep-
MEHTAa 3INU30ANYECKN UCIOIb30BAIOCH B PaMKax
meTona KopaHbl ais yamHeHHUs! OJUTOHYKICOTH-
J0B, B OoJiee Mo3AHMUX padoTax — AJIs MOJIydeHUs
JAHK-gyniekcos.

[Honyuyenue JIHK u3 yvactuuHo koMILuIEMEHTap-
HBIX MOJUHYKJIEOTHJ0B 1O MTakype BKIIOUaeT
B ce0s cienyromue 3tarbl (puc. 1.58):

1) XUMHUYECKUI CHHTE3 HECKOJIBKHX MONapHO
YaCTUYHO KOMIUIEMEHTAPHBIX IOJIMHYKJICOTHIOB;

2) MOTAPHBIA OTXKUT ITOTHMHYKJICOTHIOB B 00-
pazoBaHHe KOMIUIEKCA BCJIEACTBHE KOMILUIEMEHTap-

Horo B3aummojehctBus 10-13 map ocHOBaHWiA,
c(OpPMHUPOBAHHBIX Ha 3'-KOHIAX MTOJMMEPOB;

3) ¢depMeHTaTUBHAS JIOCTPOHKA MOJYYSHHOTO
KOMITJIEKCA JI0 TOJIHOTO JyIJIeKCa C ITOMOIIbIO
¢parmenTa Kienora JIHK-nonumepassr [;

4) QopMupoBaHrEe BBICTYNAIONIETO JHIIKOTO
KOHIIA C O/IHOM CTOPOHBI JBYXLEMOYEYHOTO MYII-
JIeKca IyTeM THJPOJIN3a COOTBETCTBYIONIEH pecT-
pHUKTa30i 10 3apaHee BBEJACHHOMY B cOcTaB (ppar-
MEHTa CaiTy;

5) KIOHMPOBAaHWE TOJYYEHHBIX YTIJIEKCOB
¢ mocneayonel aMmrindukanuei B coctase mias-
MHIBI B BBIIEICHHE IeneBoro ¢parmenta JJHK
C TIOMOIIBIO TEX K€ PECTPUKTA3.

BriepBbie 3T0OT moxxon ObLT UCHOIB30BAH IS
cunresa JIHK, xomupyromeii C-koHIIEBYIO 007IaCTh
yenoBeueckoro nHTepdpepona 2. [lo ananmoruu-
HOI1 cxeme ObLT mory4eH red srimHa C (puc. 1.59).

PaccmarpuBaemsblii MeTon TpeOyeT MEHBIIIETO
yyclla IMOJMUHYKJIEOTHI0B, 4eM MeroJ Kopansl,
Bcnencteue gero Ha 30—40 % cHiKaroTCs 3aTpaThl
HAa XMMUYECKHH CHHTE3 U aHalu3 OJIUTOMEPOB.
B sTOM MeTOE 3HAUNTEIBHO MEHBIIE CTAINH, 110-
9TOMY OH HE CTOJIb TPYAOEMOK H, MO-BHINMOMY,
OoJiee Ha/leKEeH N0 cpaBHEHUIO ¢ MeTonoMm Kopa-
Hbl. Kpome TOro, Ipu MCIOJIb30BaHUU MOJIUHYK-
TeOoTUAOB NIUHOU 10 40 HYKIICOTHIHBIX 3BCHHEB
HET HEOOXOIUMOCTH B KOMIBIOTEPHOM aHaJM3e.
BeposiTHO, 3TO CBSI3aHO C JOCTAaTOYHON CTAOMIIb-
HOCTBIO 00pa3yroIINXCsl KOMIUIEKCOB H3-32 00Jb-
1iei ATMHBI 00JaCTH KOMIUIEMEHTAPHOTO B3aMO-
MEeUCTBUS TMOIUMepoB u crocooHoctn JIHK-mo-
JUMepa3bl «IPOXOAUTHY HU3KOIHEPreTHUYECKue
IITTUTBKY.

>

PolIK PolIK
Pectpuxuus Pectpukums
1. KnonupoBanue
2. Beigenenue ¢pparmenta JJHK
pecTpuKLuei
Uckyccreennas JJTHK

Puc. 1.58. Cxema xoHcTpyHnpoBanus uckyccrsenssix JJHK mo Urtakype
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Plac 2859 nH

Hindlll

Hindlll

ori

Puc. 1.59. Cxema xkoHCTpyupoBaHus reHa srmna C.

X — mociie1oBaTeIbHOCTB 1EJICBOTO TeHA

Pstl Fokl

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

Hgal Sall

_—
B

Accl

HindIll

BamH1 Hgal  Fokl

EcoRI1

-—
-«—

Puc. 1.60. HykneoTrnaHas IoCJI€A0BaTEILHOCTD MOJMMIMHKEPHOH o0nacTu masmuas pFH123

[lpu monmy4yeHHH UPOTSKEHHBIX (pParMeHTOB
JHK meromamu Hrtakypsl u Kopanbel BO3HHKaeT
3aja4a yMpOIIEHHUs] CTHIKOBKH OTAENBHBIX KJIOHU-
poBanHbIX cyOpparmenToB. C 3T0i nenbio papado-
TaHbl CIlenuaibHble BeKTOpel pMB123, pMB124,
pFH123, pFH124, ckoHCTpyHpOBaHHbIE HA OCHOBE
mnasmug pUR222 u pUCIS. Onu copepskar nosiu-
JIMHKEPHI, BKJIIOYAIONIHEe HA0Op yYacTKOB y3HaBa-
Hus pecrpukraz Sall, Accl, Hindll, Hindlll u
BamHI mexny nonapHeIMuU caiiTaMu 3HJIOHYKJI€a3

pectpukuun Fokl u Hgal npoTuBOnoioxHON MO-
nsproctH (puc. 1.60). [TommnuHKepHBIA hparMeHT
pacmosoXKeH B KOAUPYIOLIEH MMOCIeI0BaTeIbHOCTH
a-nenTuaa  B-ranakTo3ugasbl.  DHIOHYyKIeas3a
pectpukiun Fokl mpuHAIIEKUT K pecTpUKTa3aM
nojkiacca IS u paciieniseT noJIMHyKIEOTHIHY IO
LIEIIb HA PACCTOSHUU 9 HYKJICOTHIOB OT 3'-KOHIIA
caiita y3HaBauust (GGATG) u 13 HyKI€OTHIOB OT
5'-KOHIIa KOMIUIEMEHTAPHOM ITOCIIeI0BATEIEHOCTH
CCTAC. [TomoOHBIM ke 00pa3oM (Ha pacCTOSHUU



80 Inasa 1. OBLWME MPUHLUWMbLI U METOAbI FEHETUYECKOW UHXXEHEPU
-
i PolIK i PolIK i PolIK i PolIK
i Pst, BamHI iBng, Sall iBglII Sall iBglII Sall
Knonuposanne Knonuposanne Knonuposanue Knonuposanue
Pecrpuknus Pecrpuknus Pecrpukuus Pectpukuus
Pstl, Fokl Fokl Fokl Fokl, Sall
Psl ——— F FF———
1* + 1 Fz* + F; + 3 - Sal
JIHK-nuraza
Pstl
Sall
Puc. 1.61. Cxema koHCTpyHpoBaHus rexa IL-2.
Fi7 Fi* — B3aMMOKOMIUJIEMEHTAPHbBIC OJHOLCTIOYECYHBIC ITOCJIEA0BATCIbHOCTH HYKJICOTH/I0B,

obpa3zyromuecs Mo AeHCTBUEM PecTpUKTa3bl Fokl

5 n 10 HyKJICOTHIOB OT caiiTa y3HaBaHUSA COOTBET-
ctBeHHO) pacmerisier JIHK snnonykneasa pecrt-
pukunu Hgal.

Hcnons3oBanue BekropoB pMB u pFH 3Haun-
TEJIEHO YIpOoIIaeT cOOPKY MPOTHKEHHBIX (PparMeH-
toB /IHK mo meromy Mrtakypbl, HOCKOJIBKY KJO-
HUPOBAaHHBIE B OTHUX BEKTOpax CyO(pparMeHThI
MOKHO BBIJICJIUTH C JIIOOBIMHU 3apaHee 3allIaHupo-
BaHHBIMHU JIMTIKIMH KOHIIAMU AEHCTBUEM PECTPUK-
ta3 Fokl wmm Hgal. Tlpu pazOueHnn 1emneBoi mo-
CJIEJIOBATEIBHOCTH Ha CyO(parMeHThI CTPYKTypa
JUTIKAX KOHIIOB BRIOMPACTCST TAKMM 00pa3oM, 4To-
Obl OHM He OBUIM CaMOKOMIUIEMEHTapHBIMH H
o0ecrednBaIy OTHO3HAUYHYI0 COOPKY 1IE€JIEBOTO Te-

5 — — N G C AT
—— ' C G T A

Ha. [lonydyeHHble CyO(parMeHThl OJHOCTAJIMIHO
COOMPArOTCS B MENEBYIO0 CTPYKTYPY U KIOHUPYTCS
B TIOIXOJISIIIIEM BEKTOpE.

Cxema KOHCTPYHPOBAaHHS T€Ha YEIOBEYECKOTO
MHTEpIICHKIHA 2 C TPUMEHEHHEM BEKTOPOB CEpPHU
pFH npusenena na puc. 1.61.

1.12.3. KoHcmpyupogaHue UCKYycCMmMeeHHbIX
2eH08 U3 ceepXOJIUHHbLIX
nonuHykneomudos

Jlornueckum npopommxenuem Meroaa Mrakypsl

MOKHO CYMTAaTh METOJ, IPEAJIOKEHHBIN B. MaHnie-

KM C COaBTOpaMH, B KOTOPOM JIOCTPOMKA MOIHOTO

IYIIJIEKCA OCYILECTBIACTC in Vivo, a HE N VIlro.

TC
A G

l Bsml

N*

CATT
CGTAA

C
G

l CHHTETHYECKHIA TOTUHYKJICOTH T

5

®parmeHT

NNCGTAAG

noryyacMoro

|
|
|
| reHa

Tparchopmanus kieTok E. coli,
KJIOHUPOBaHUE

Puc. 1.62. KoncTpynpoBaHuE UCKYCCTBEHHBIX T€HOB 110 MaHIeKH.

JKupHas uepTa — mocneg0BaTeIbHOCTh CHHTE3UPYEMOTO TeHa, TOHKAsi — BEKTOpa
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[TocnenoBarenbHOCT, HMCKYCCTBEHHOIO T€Ha
pasbuBaeTcsl Ha MOJMHYKICOTUAB! AnrHOi 80-90
HYKJICOTHIHBIX 3BeHbEB. OHU JOTMONHAIOTCS ¢ 5'-
1 3'-KOHIOB 18-4IeHHBIMU MOCIEI0BATENLHOCTS-
MH, KOMIUIEMEHTApHBIMH Yy4YacTKaM BEKTOPHOM
I1a3MU/JIbl, OKPY2KArOLIUM YHUKAJIbHBII CAlT pecT-
pukuuu (Hanpumep Bsml). Bextopnas miazmuna
JUHEeapu3yeTcs IO 3TOMY CalTy M OTXKHUraeTcs
C ONUHYKJIEOTUAOM. IT0oydeHHON CMEChIO TPaHC-
(hopMUPYIOT KOMIIETeHTHBIC KIIeTKHU E. coli. Kom-
JIEMEHTapHasi CUHTETUYECKOMY IOJIUHYKICOTHIY
LEeMb CUHTE3UpPYETCs in vivo «xo3satckoity JIHK-
noiaumMepasoit E. coli.

[Mockonbky caiiT Bsml pacmonoxeH B 001acTu
reHa lacZ, CHHTETUYECKUE TOTUHYKICOTH B BBI-
OuparoT TakuM 00pazoM, YTOObI 00JIErYUTh (PEeHO-
TUTIUYECKUI 0TOOp pexomOmHanToB. Kpome Toro,
B 3'-KOHIIEBOM MOCIIEIOBATEIILHOCTH KAXKJIOTO 10~
JIMHYKJIEOTUJIA COAEPIKUTCS TOJHBIN Bsml-cair,
JUTSL TOTO YTOOBI OH PEreHEepPHPOBAJICS B BEKTOPE Ha
Kaxaoi craauu. [locie KIIOHMpPOBaHMS MEPBOIO
nonuHykiIeotrnaa (puc. 1.62) TouHO TakuUM *Ke 00-
pa3oM KJIOHHMPYIOT BTOPOHA U T. A. JO MOJYUYECHHS
[EJICBOM CTPYKTYPBL. ITUM METOAOM OBLT CKOHCT-
pyvpoBaH TreH aHaduaTtokcuHa C3a yemoBexa.

[pennoxennsiit B. Manaeku croco0 npusie-
KaTeJeH TeM, 4TO MPU CUHTE3€ LIeJIEeBOT0 AYIIeK-
€a MOYKHO OI'PaHUUYUTHCA MOJYyYEHHEM TOJIBKO OJI-
Hoit nenu. Kpome toro, HeT He0OX0AMMOCTH TPO-
BOoIUTH nurupoBanue ¢pparmentoB AHK. Jlocra-
TOYHO JIETKO OCYLIECTBIATH OTOOp PEKOMOWHAHT-
HBIX KJIOHOB. Bsml BeIOpaHa B KauecTBE SHAOHYK-
Jea3bl PECTPUKLUY IS JIMHEapHu3aluu oiarogaps
€€ YHUKaJIbHBIM cBolicTBaM. OHa y3HaeT 6-ujieH-
HYIO HENaJWHIPOMHYIO MOCJEI0BaTeNbHOCTh H
OTPE3aeT CBOM CAWT y3HABAHUS OT IIPOU3BOIBHOMN
M0CJIe0BaTeIbHOCTH. B 3TOM e kauecTBe MOTyT
HCIIOJIB30BaThCA JIIOOBIE SHAOHYKIIEa3bl MOIKIIAC-
ca IIS (A4lw, BspMI, Fokl, Hgal, Hphl), ecnu B
BEKTOpE MMEETCS TOJIKO OJMH UX Y4acTOK y3Ha-
BaHMS.

1.12.4. Ucnonb3oeaHue Ons CuHmesa
2eHoe roJsiuMmepasHol yenHou
peakyuu

I1. Tunnon u K. Po3eH, 0CHOBBIBasICh Ha TOM,

YTO NEPEKPHIBAOIIUECS OJIUTOHYKIEOTUABI MOTYT

ObITh UcToNb30Banbl s cuHTe3a JJHK ¢ momo-

mpio pparmenta Kienosa [IHK-momumepassr I,

NPEUIOKUIN IPUMEHUTh JBycTanuiinyro IIL[P

A CUHTETHYECKHE IOJIMHYKICOTHABl B KaueCTBE

MaTpulbl [Js CUHTE3a HCKYCCTBEHHBIX TI'€HOB.

I'en Rev HIV-2, conepxamuil TpUIUIETHI, Ipes-

«—
D <«
F

Puc. 1.63. Cxema cunresa reda Rev HIV-2
¢ nomouisto [1L{P
Ha CHHTCTUYECKHX TOJIHHYKICOTHIAX

MIOYTUTEIBHO McIoNb3ytomuecs B E. coli, noiny-
YaJl U3 YEThIPEX YaCTUYHO MEPEKPbIBAIOIINXCS
MOJUHYKICOTUA0B  aiuHo 105  3BeHbEB
(puc. 1.63). CuHTE3UPOBAHHBIE TTOTMHYKICOTHIHI
oOpazoBbeiBanyu 20—25-3BeHHBIE IBYXIIETIOYEUHBIE
y4acTKH, KOTOPBIE CIY>KHJIM B KauyeCTBE Ipaiime-
poB mus Tag-nonumepassl B I11P. B nenom nomnu-
HYKJIEOTHUIBI KoaupoBanu reH anuHod 300 mH u
IIBa caiiTa, pacHOJOKEHHBIX B MOJUHYKJICOTHAAX
A n D 1 HeoOXOIUMBIX TSI TTOCIEAYIOMEro KI0-
HUPOBAHUSI.

Ha nepBoii ctaguu npoBoauiu 1P nonunyk-
neotunoB A, B, C, D B mpucyTtcTBun Tag-mnonume-
passl. [loaydeHHBII IPOAYKT peaklyu, He SBIISIO-
LIMHCS TIO JaHHBIM Tenb-dJeKTpodope3a romo-
reausiM, BBoAmwIn B I[P ¢ xopoTkumu (IauHOM
30 HYKJICOTHIHBIX 3BEHBLEB) OJIMTOHYKJICOTHIAMHU
E u F. B pesynbrare Bropoii peakuuu o0pa3oBacs
WHIWBUIYATBHBIA TYTUIEKC, KOTOPHIH 3areM ObLI
KJIOHHPOBAH.

AHaJIIOTUYHBIA MOAXOA OBbLI MCHOIB30BaH IS
MOJYYCHHUSI TeHA, KOTUPYIOLIET0 O0aKTepHOpOaOI-
cul (bR). LleneBoii TeH, CIPOEKTUPOBAHHBINA IS
KacCEeTHOTO MyTareHesa, ObLT pazmesieH Ha 3 dpar-
MEHTa M COJEpKal B CBOEM COCTaBe 33 yHHKaIlb-
HBIX caiita. Kaxplil 3 pparmMmeHToB pa3OuBaiy Ha
NONMUHYKICOTHAbl aauHoi oT 70 mo 100 3BeHBEB
TaK, 4TOObl OHM MODJIM TOHApHO OOPa30BBIBATDH
IYIUIEKChl YHHKAJNIbHOTO cOCTaBa JIMHOM 20 map
HYKJICOTH/IOB, @ BO3MOKHOCTb BHYTPUMOJIEKYJISAP-
HOTO CIIApPUBAHUA B KaXKJIOM ITOJIMHYKJIEOTH IE ObI-
Jla MUHUMAaJIbHOM.

ABTOpBI UCCIIEIOBAIIN BIUAHUE KOHIIEHTpAIH
TTOJIMHYKJICOTHIOB U TprudocdaTos, MPUPOIBI TEP-
MOCTaOMJILHOW MOJIUMEPa3bl U YCIOBUN TIPOBEJIC-
HUSl peaklMM Ha CHHTE3 KaK LEJIEBOrO I'eHa, TaKk
U OoTAeNbHBIX ero (parmentos. B TP ucnons3o-
Banmu JIHK-nonmumepassl 7aq, Ventr(exo-) u Ventg.
Knonsl, comepskaliue MmoJHOpa3MEPHBIN 1eIeBOn
I'eH ¥ MOJIYYEHHBIE C TOMOIIBIO PA3IUYHBIX ITOJIH-
Mepa3, Obui cekBeHnpoBanbl. Jis JIHK-nonmme-
pa3sl Ventr(exo~-) Habmomanock 0,24 % ommubox
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OJ'II/IFOHyKJ'IGOTI/I,Z[LI

Ap'(900 1)
pUC322-5fi
Tc’

Puc. 1.64. Cxema ucnonb3oBanust [TL[P
JUJISL OMHOCTAIUMHON COOPKU T€HOB.

TpeyrompHrKaMH 0003HAYEHBI IPaiMephI
JUTSL aMILTA(UKAIIH

BamHI

pUC182-Sfi

2,7 ToH BamHI1

Puc. 1.65. Cxema cunresa miazmuasl pUC182-Sfi

(0,15 % 3amen, 0,07 % neneruit u 0,02 % BCTaBOK)
Ha OJMH HYKJICOTH] 1IeJIeBOM MocienoBaTeIbHOC-
™, 114 Tag-nonumepassl — 0,19 %. g JJHK-no-
muMepasbl Ventr, KOTopas CIiOCOOHa MCHPAaBISTh
OIIMOKU TIPU CHHTE3€ OJIMTOHYKIIEOTHTHOW IIeTH,
HaOmomany aHajnorudHeiid pesyasratr — 0,22 %
OIIINOOK.

W3 aTux maHHBIX Cleayet, 4to 3'—5'-koppek-
tupytome csoiictBa JIHK-momumepassr Ventr
MPAKTHYECKH HE BIUSAIOT HA COOTHOIIICHUE KIIOHOB
C IpaBWIbHOM U HENpaBWIbHOU CTpyKTypol. Ilo-
BHJIMMOMY, OITMOKM B CHHTE3WPOBAHHBIX T'€HAX
HE CBsI3aHbI ¢ TOYHOCTHIO KonupoBanus JIHK-mo-
mumepazamu. Cyas 1Mo BCeMy, ATH OIIMOKH yKe
CYIIIECTBOBAJIM B CHHTETUYECKUX OJUTOHYKJICOTH-
nax. [lomydeHHble pe3yabTaThl XOPOIIO COTJIACy-
IOTCSl C IaHHBIMH O TOM, YTO BEJIMYMHA OIIHUOKH
NpU  CHUHTE3€ MOJIMHYKJIEOTHIOB COCTaBISET
B cpeanem 0,15 % Ha HyKI€OTH]I.

C nmomompro TP meneBoit reH MOXET OBITH
coOpaH u3 OOJBIIOTO YMCIIA OJNUTOHYKICOTH]IOB,
C UCIIOJIb30BAaHMEM METO/1a PEKOMOUHALINY i1 Vitro.
Ha puc. 1.64 npuBenena cxema cuHTe3a QpparMeH-
Ta pazmepom 1,1 TmH, comep:Kaliero MpoOMOTOP-
HyI0 o0nacThb u red B-nakramassl (bla).

Bcero 6b1T10 CHHTE3UPOBAHO 56 OMUTOHYKIIEO-
TUIOB ITHHOM 40 3BeHBEB, KOTUPYIOIMIHUX 00€ 1EH
LIeJIeBOr0 ayIuiekca. Pa3OueHne Ha OMUTOHYKIIEO-
THUJIBI OCYIIECTBICHO TAKMM 00pa3oM, YTOOBI Kaxk-
JIbIH U3 HUX TIEPEKPBIBAJICS C COCEHUMH (parMeH-
ToM JutnHOH B 20 HykieoTua0B. ['eH bla Obin uian-
KHPOBaH JUIsl yAoOCTBa KJIOHHPOBAaHUS CalTaMH
pectpukTasel Sfil. B menoM reH cuHTE3MpOBaH
B 4 cTaJiK: CHHTE3 OJIMTOHYKIIEOTHUI0B, cOOpKa Te-
Ha, aMIuTH(pHUKaKs TeHa, KIOHUPOBaHUE UCKYCCT-
BeHHoro rera B pUC322. 76 % mnoyiy4eHHbIX IpU
KJIOHHPOBAHUM KOJOHWNA WMETTH OXHUIaeMBbIi (e-
ot Tct. OHaKo €IMHCTBEHHBIN CEKBEHUPOBAH-
HBIH KJIOH HMMEJ B COCTaBe IIEJIEBOTO IeHa TpH
MyTallVH.

OTOT Xe TOAXOA TPUMEHSUIH JUIsl CHHTE3a
mrasmMunel pUC182-Sfi, koTopast OoTamdaeTcss OT
pUC182 tonmpko HammuueMm (UIaHKUPYIOMUX TEH
bla nByx Sfil-caiitoB. Jlyruiekc, COOTBETCTBYIOIIH
miasMuae, moiaydand u3 134 moIMHYKICOTHIIOB
JuHOM 40 3BeHBEB, a TaKXKe U3 IBYyX 47- 1 56-HyK-
JEOTHIHBIX (QparMeHTOB. Bce MONMMHYKICOTHIBI
OJTHOBPEMEHHO HCIIOJB30BaIM B TPEXCTaAUIHOMN
[P, B pe3ynbrare OBUT MMOJyYE€H BHICOKOMOJICKY-
NSpHBIH MyneTEMED (pHC. 1.65).

I'maponus momy4eHHOTO MyJbTHMEpa C TO-
moteto EcoRl, BamHI, Pstl, Bgll, Sfil unu Ncol
nasan oxxugaemyto ais pUC182-Sfi pecTpukinoH-
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Hyto kaptuny. IIpenapar JIHK, nomyuyennstit noc-
ne runpoausa BamHI u ouniieHHBIH ¢ TOMOLIBIO
refb-aNIeKTpodopesa, IMUKIU30BAIN C TTOMOMIBIO
JHK-nura3er T4 u ucnonb3oBanu ajst Tpanchop-
Manuu Kietok E. coli XL1-blue. B pesynsrare 00-
Ppa3oBajioch 0OJBIIOE KOJIMYECTBO CHHUX KOJIOHUH.
JlaHHBIX CEKBEHHUPOBAHUS MOJIYyYEHHON MIa3MHUIbL
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naea 2
BEKTOPHAA CUCTEMA

rPAMOTPULATEIIbHON BAKTEPUU ESCHERICHIA COLI

baxrepust Escherichia coli (kuiedHas nmanod-
Ka) — camMasl M3yuyeHHas KJIeTKa M3 BCeX CyIecT-
ByIOLIMX. VIMEHHO B KieTKax E. coli BuepBbie ObLI
oOHapy»XeH NOoJoBoW (aKkTop W J0Ka3aHO, YTO OH
SBJISIETCS BHEXPOMOCOMHOMN KOJIBLIEBOM JBYXLIEHO-
yeuynoil monexynoit JIHK. MuTencuBHOMY uccie-
JOBAaHUIO TOABEPIIMCH U APYTHE IJIa3MUIbl ATOH
OaxTepuu. bonbmHCTBO HanboIee MOTHO N3yYEeH-
HBIX OaKTepHAIFHBIX BUPYCOB ((paroB) Takxke nMe-
IOT B KaUueCTBE KIETKU-X03siuHa E. coli.

K MoOMeHTy nosiBieHuss METOJOJIOTUN KOHCT-
pyupoBanus rudpunHeix mosekyn JHK in vitro

ObUTH pa3padboTaHbl METOABI BBIICICHUS (ParoBBIX
u masMuaabeix JIHK B HaTuBHOM BHUE 1 IX OYHUCT-
KH, CIIOCOOBI BBEJICHUS 3TUX MOJICKYJ B KJICTKHU
E. coli m orbGopa KIOHOB TpaHC()OPMAHTOB U
TpaHchekTanToB. Hammume manHOW MeTommue-
CKO¥ 0a3bl U 00YCIIOBHIIO TO, YTO UMEHHO E. coli,
ee MIasMHuIbl U (aru SIBUWIMCH MEPBBIMH 0ObEK-
TaMH TEHETHYECKOW WH)XCHEPUHU, Ha KOTOPBIX
yIAJ0Ch IOCTHYh CEHCAIIMOHHBIX PE3YIbTATOB 110
KIIOHUPOBAHUIO M  IKCIPECCHH  YYIKEPOIHBIX
TCHOB.

2.1. BBEOEHUE MINASMUOHBLIX N ®AroBbIX MOJIEKYNT OHK B KINETKWU E. COLI

2.1.1. CmpoeHue Kremo4yHoU CmeHKuU
epamompuyamesnbHbix 6akmepull

B 1884 1. K. I'pam paszpaboran meron nudde-
PEeHINAIBHOM OKPACKH KIJIETOK OaKTepHii, KOTOPHIi
JI0 HACTOSIILIETO BPEMEHH HCIIOJIb3YETCsI IIPH TaKCO-
HOMHYECKOM ompeeiacHun Oaktepuit. CyTh maH-
HOH Ipouexypsl COCTOMT B cieaytomeM. Kierkn
B Ma3Ke Ha MPEAMETHOM CTeKIe, (PUKCUPOBAHHOM
HarpeBaHUeM, CHayala OKPAlIMBAaIOT OCHOBHBIM
KpacuTelleM — KPHCTAINYECKUM (UOJIECTOBBIM,
a 3aTeM 006pabaThIBAIOT pacTBOPOM ioxna. Mo 06-
pasyeTr ¢ KpUCTaJUIMYECKUM (HOJICTOBBIM KOMII-
JIEKC, HEPaCTBOPHUMBII B BOZAE U IUIOXO PACTBOPH-
MBI B ciupTe win anetone. Ilocme sToro mMasku
00pabaTpIBAlOT CTUPTOM (MJTH alleTOHOM). [ pamoT-
pHULATEIbHbIE KIETKH 00ECLBEUUBAIOTCS, A I'paM-
HOJIOKUTENbHBIC COXPAHSAIOT MHTCHCUBHYIO CHHE-
YEpHYIO OKpacKy. XOTs 3TOT METOJ OKPAacKH HcC-
MOJIb3yeTCA OYEHb JIaBHO, JHIIb B 1960-e IT. yna-
JI0Ch TIOKa3aTh, YTO sIBJICHUE TU(PepeHINATBHOMI
OKpacku 0OycCJIOBIIEHO (pyHIaMEHTAIbHBIMU pa3-
JMYUSIMH B CTPYKTYpE KIETOUHBIX CTEHOK JIBYX TH-
OB OAKTEPHIA.

CrtpoeHrEe KJIETOYHOH CTEHKH TI'PaMIIONIOKH-
TEJIbHBIX OakTepuil paccMoTpeHo B paszzene 10.1.1.
B nanHOI r1aBe 03HAKOMHUMCS CO CTPOSGHUEM KJle-

TOYHOW CTEHKHM TpaMOTPHULATENIbHON OaKkTepuu
E. coli.

ConepxrMoe KIIETKH OTPAaHWYEHO OUCIOWHOM
dbochonunuaHoN IIa3MarnYecKkod MeMOpaHOU
(puc. 2.1), B cocTaB KOTOPO BXOMIAT U TaK Ha3bl-
BaeMbIe HHTETpAIbHBIC OeKku MeMOpaH. OHU pac-
NOJIararoTCs B JIMIIUAHOM Oucioe, Oyaydyu morpy-
JKEHBl B HETO YAaCTUYHO WIIM K€ NPOHU3BIBASL €r0
HacKBO3b. [lpyrue Oelky NpUKpEmsIeHbl K IOBEPX-
HOCTH MeMOpaHBl, ¥ WX HAa3BIBAIOT Nepudepude-
ckuMH Oenkamu. lluTomiasma KJI€TKH, OKpY>KEH-
Hasl IJIa3MaTHYeCKO MeMOpaHOM, mpencTaBisieT
c000¥f TTPOTOTIIIACT.

[Ipotomnact E. coli «oner» B NMENTHIOIIHKA-
HOBBII MEMIOK, MPHJICTAIOIINNA K BHEITHEH MeMO-
pane (cm. puc. 2.1). IlenTuaormmkansl — reTepo-
MIOJIMMEPBI XapaKTEPHOTO COCTaBa M CTPYKTYPHI,
CHUHTE3UPYEMbIE HCKIIOUYUTENBHO MPOKApHUOTaMHU.
VX MOHOMEPHBIMH KOMIIOHEHTaMHM SIBJISIFOTCS JBa
aleTHJIMPOBAaHHBIX aMuHOcaxapa — N-aleTwi-
III0KO3aMUH W N-aleTHIMypaMoBasl KHCIIOTa,
a Taxoke HeOOJBIIOE YMCIO0 AMUHOKHUCIIOT, IPUYeM
HEKOTOPbIE M3 HUX SBIISIOTCS «HEIPHUPOIHBIMI
B TOM CMBICJIE, YTO OHM HUKOT/JIa HE BCTPEYAIOTCs
B Oenkax. Yepenyromuecs: octaTki N-aleTUIIIIIIO-
Ko3aMuHa U N-aleTUIMypamMOBON KHUCIIOTHI, COe-
JUHEHHBIE - 1,4-TITHKO3UIHBIMA CBA3SIMHU, 00pasy-
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Puc. 2.1. Cxema cTpoeHHs KIETOUHON CTEHKH E. coli:

a — B TIOTIEPEYHOM, O — B TPEXMEPHOM cpese; /| — nunua A; 2 — monspHas rojoBa;
3 — ruzppodoOHast Lernb KUPHOIT KUCIOTHI; 4 — JIMIHMAHAS YaCTh MOJIEKYJIbl, 5 — ee OelKoBas 4acTh



88 naea 2. BEKTOPHAA CCTEMA TPAMOTPULATENIbHOWN BAKTEPWUN ESCHERICHIA COLI

GlcNAc . MurNAc \ v
CH,OH E CH,OH —> |GlcNAc —> MurNAc +—> GIcNAc — MurNAc — |
O, . (0)
OH | |
' 0 L-Ala L-Ala
OH | I [
HO : u D-Glu DGl
HN—COCH; 0 HN—COCH, m-l?Pm —D-lAla m-l?Pm
| | - }
| H(E_ CH, D-Ala | m Ppm D-Ala
E (J;:O D—lGlu
____________ L-Al
NH Vv My
L-Ala HC|—CH3 —» MurNAc —> GIcNAc —> MurNAc —> GIcNAc —»>
= |
_____ (T0._. L-Ala
NH
| D-Glu
HC—COOH |
m-Dpm
D-Glu CH, |
| D-Ala 7 7z Vi ’
CH2 /(l IU /(V' I(i
| M—M M A
c=0 O
NH NH, _IM’ }\/Ii Mirlh1l
m-Dpm HC—(CH,);—CH—COOH G G G G
o MZ MZ—m7  vE
_____ =0 G 7 G V4 G Vs G/
NH MZ~M* MZ—W
D-Ala HC—COOH G?Z G4 7 o’
: 7 7 7 7

Puc. 2.2. Ctpykrypa nentunoriukana E. coli.

[eTeponosrMepHbIe IEMOYKH, COCTOSIINE U3 Yepenyronmxcs octarkoB N-anermwiniokozamuna (GleNAc) u N-anetunmypamo-
Boi kuciHoThl (MurNAcCc), cBsI3aHBI MeXy co0Ol MEeNnTHUIHBIME MOCTHKaMU. Cnpasa 6Hu3y — CXEMaTHYECKOE IEePCHEKTUBHOE
n300paXKeHHEe CTPYKTYPBl OJHOCIOWHOTO IIONEPEYHOCIINTOrO MEeNTHIONIHNKAaHOBOrO Melka, coctosmero u3 GleNAc (G)
1 MurNAc (M). TpeyroasHUKaMH OTMEUCHBI CBSI3H, pacIeIIIeMble TM30UMOM; m-Dpm — Me301naMIHONTNMEINHOBASI KHCIIOTa

0T IIeTTH TTUKaHOoB (puc. 2.2). Kaxxmas miemns coaep-
*KuT ot 10 o 65 nucaxapuansix enuHul. OcTaTku
MypaMOBOW KHCJIOTHI Y€pe3 JAKTHIHHBIC TPYIIIIHI
COCIMHCHBI ENTHTHON CBI3LIO C I[EIOYKOM U3 Ye-
TBIPEX aMHUHOKHUCIOT. [lenTuaHbIe memoYKu coce-
HUX HUTEH INIMKAHOB COCIUHSIOTCS MEXIy COO0M
MOIEPEYHBIMU CITMBKAMU, BO3HUKAIOIIUMHU BCIE-
CTBUE 00pa3oBaHMsI MENTHIHON CBS3H MEXKIY
D-anaHUHOM B TIOJIOKCHUHM 4 OMHOM TCIITHIHOMN
L[ETMOYKH U CBOOOHOM aMUHOIPYIIIOW ME30IHaMHU-
HONMMMETIMHOBOI KHUCIIOTHI B MOJOKEHUH 3 Ipyroi
HEenoYKH (CM. puc. 2.2).

B pesynbrare o0pa3oBaHUs TaKUX MENTHIHBIX
MOCTHKOB MENTHIONIMKAH MPEICTaBISIET COO0H
MOJIEKYJISIPHYIO CE€Th — MELIKOBUAHYIO MaKpOMO-
JIEKyJTy OTPOMHOTO pa3Mepa, KOTOpasi TTOTHOCTHIO
OKpPYKaeT U U30JIUPYET MPOTOIIACT, YPABHOBEIIIU-
Bas €T0 BHyTPCHHEE JaBJICHIE, 00YCIOBICHHOE OC-
Motrueckumu (pakropamu. B kietkax E. coli nemn-

TUJIOTJIMKAHOBBIA MELIOK OJIHOCJIONHBbINA. [loBepx
HETO pacrojiaraeTcsi HapyXHas (BHEIIHsS) MeMO-
paHa. DTOT CJIOH KJIETOYHOW CTEHKH COCTOUT U3
OenkoB, (hochoNUIUAOB W JHIIONOIMCAXAPU/IOB
(cm. puc. 2.1). Hapyxxuas memOpaHa TUIOTHO TIPH-
JeraeT K MENTHIOIITUKAHOBOMY CJIOI0 U CBSI3aHa
C HUM JIMIIONIPOTEHHAMH 0¢000r0 Tuma. MojeKybl
9THX JMIIONPOTEHHOB KOBAJIEHTHO COEIMHEHBI TeTl-
THUJIHOH CBSI3bI0 C HEKOTOPBIMH OCTAaTKaM1 ME30/1H-
aMUHOIIMMEJIMHOBOM KHCIIOTBI, BXOMSIICH B IICII-
TH/IOTJINKAaHOBYIO ceTb. OHHU BBICTYNAIOT U3 3TOTO
CIIOSI HApYXKYy, TpU4YeM Hanbosee yaaleHHOH OT ero
MOBEPXHOCTHU OKA3bIBACTCS JIUMUIHAS YaCTh MOJIe-
KyJIbl JIUTMIONPOTENHA, KOTOpas Oiaromapsi THIpO-
(hoOHOMY B3aMMOACHCTBHIO 3aKPEIUIACTCS B JIUIIO-
(hUITEHOM TBOWHOM CJIO€ HAPYKHOW MeMOpaHBI.
Hapsny ¢ docdonmunumamu u Oenkamu 060I1b-
ITyI0 poiib B (hOPMHUPOBAHUH HAPYKHOH MeMOpa-
Hbl E. coli, Kak 1 JpyruxX rpaMoTpHLIATEIbHbBIX OaK-
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TEpUH, UTPAIOT JIMTIOMIOIMCAXAPHIBI, KOTOPBIE pac-
[oJjlararoTcsi Ha BHENIHEW CTOpPOHE HapyKHOU
meMOpanbl. ['mapodoOHBIE KOHIIBI JUITOOINCAXa-
PHIOB HAXOAATCS B IBOWHOM JIMIOMHILHOM CIIOE
MeMOpaHbl, a TUAPO(UIBHBIC MOTUCAXapUIHBIC
KOHIIBI oOparieHs! Hapyxy. [y coxpaHeHus cra-
OMJILHOCTH JIMIIOTIONMCAXaPUIHOTO CJI0sT He00XOo-
JIMMBI IByXBaJICHTHBIEC KATHOHBI.

Mexay NenTuAorIMKaHOBBIM CIOEM W IUIa3-
MaTHYIECKON MeMOpaHOW y TpaMOTPHIATEeIbHBIX
KJIETOK CYIIECTBYET MMPOMEKYTOK, Ha3bIBAEMBIH I1e-
pHIIa3MaTHYECKUM TIPOCTPAHCTBOM. B HeM Haxo-
JsTCst OCJIKH, OCYIIECTBISIONINE pa3Hble QYyHKINH.
[Nepumna3maruueckoe MpoOCTPAHCTBO, MO-BUIIMO-
MY, Ba>KHO JJIS1 OCMOPETYJISIIUH KICTKH.

2.1.2. Ceheponnacmsi

Escherichia coli oTHOCUTCS K TEM MHKpOOpra-
HHU3MaM, KOTOpBIe He 001a1af0T (PU3NO0IOTHIeCKON
KOMIIETEHTHOCTBIO K MOIJIOLIEHUIO 3K30I'€HHBIX MO-
aexyn JJHK. IToatomy nis Beenenust JIHK BHyTpb
JaHHOM rpaMOTPULIATEIBHON OaKTeprH HEOOX0Iu-
MO CO37IaTh YCIJIOBHS, MO3BOJIAIONINE TIPEOIONIETh
Oaprep KJIeTOYHOH creHKH. llepBble ycmexu Ha
9TOM MyTH OBUIM NOCTHUTHYTHI B 1960-e rT. mpu
ananu3e uHdexkunonnoctu Qaroseix JJHK B cuc-
teme cheporutactoB E. coli. Chepormactsl 00bI4-
HO MOJYyYaloT IMyTeM 00palOTKM OaKTepHalIbHBIX
KJIETOK B M30TOHHYECKOM DPACTBOpPE JH3OIMMOM,
SIBIISTIOIIMMCST OaKTEpULUAHBIM (EPMEHTOM, KOTO-
PbIl CONEPAKUTCS B CIE3HON JKUJIKOCTH, HOCOBOM
CIIM3H, ANYHOM OelKe, KJIeTKax OakTepuil u T. 1.
Jlmzoumm, PGEKTHBHO TUAPOIU3YIOMIMN HENTH-
JOIJIMKAH TPAMIIOJIOKUTENBHBIX KIETOK, B TEX XKe
YCIIOBUSIX HE JAETPaaupyeT MeNnTHOTTIMKAaHOBHIN
CJIOM TrpaMOTPHULATEIbHBIX OaKTEPHH, MOCKOJIbKY
HE MOXET NMPOHUKHYTH Yepe3 BHEIIHIOI MeMOpa-
HY KJICTKH.

JlunononucaxapuIHbIi cI0W BHEUIHEH MeMO-
paHbl TpaMOTpULATENIbHBIX OaKTepuil cTaOMIN3u-
pOBaH JIByXBaJCHTHBIMH KaTHOHAMH, W TO3TOMY
IUTSL «Pa3phIXJICHUs BHEIIHEH MeMOpPaHbl UCIIOIb-
3yI0T KoMIniekcooOpasyromuii areHT DJITA (3TH-
JIEH/IMaMUHTETpaaleTar), CBA3bIBAIOIINN JIByXBa-
JICHTHBIE KaTHoHBL. B pesynbrare oopadbotku DJITA
YacTh JIMIMOTIOJINCAXapUA0B BBICBOOOXKIACTCS W3
BHEIIHEH MeMOpaHbl KJIETKH, M JIM30LHMM IOCIE
3TOr0 CHOCOOEH NOCTUIaTh MENTHIOITIMKaHOBOIO
CJIOSl ¥ THJIPOJIM30BaTh ero. JInzonum pacieniser
B NENTUAONINKAHE IJIMKO3UIHYIO CBS3b MEXKIY yI-
nepomom C! N-amerwnrmoko3amuna u C4 N-arre-
THJIMYpaMOBOii KHCIOTHI. [1pu aTOM nonucaxapua-
HbIE LIENH PaclajaloTcsl Ha IucaxapuaHele (par-
MEHTHI (CM. pHc. 2.2).

MHoro4ncieHHblE yCOBEPIIEHCTBOBAHUSA Me-
TOIIOB TIOTYUYEHUS ceporiacToB E. coli mo3BoIH-
JM AOCTHYB JIOCTATOYHO BBICOKOH 3 PEKTHUBHOCTH
tpanchekuu Monekyiaamu JIHK pazmuunasix da-
roB. OOHapyXeHO, YTO Ha WHQEKIHOHHOCTH CY-
[IECTBEHHOE BIMSHHAE OKa3bIBaeT opMa MOIIEKYI
¢aroseix IHK, koTopyto oHM IPUHUMAIOT in ViVO.
®aru ¢ xombueBodt JHK wunu nuneitnont JJHK,
OBICTPO 3aMBIKAIOIICHCSI i1 ViVo B KOIBIIO (JISIMOI0-
naHbe (parm), XxapakTepu3yroTcs HanOoIbIIen 3¢-
(exTUBHOCTBIO TpaHCcheKuuu. JJoka3aHo, 4To Mo-
nexynsl JJHK npoHuKatoT B ceporuiacTsl B HATHB-
HOM ABYXUENOUeUHOH GopMe.

2.1.3. «Kanbuyueebie» KoMnemeHmMHbIe
Knemku

Xotst OJITA-nmu3onumMHBIe cheporiacTsl E. co-
/i B HEKOTOPBIX HKCIIEPHUMEHTaX MOTYT oOecreuu-
BaTh BBICOKYIO 3PQeKTUBHOCTH TpaHChekmu ¢a-
roBeivu JIHK (1m0 10-3 BOE na monekyny JTHK
¢ara A), mporecc UX TOMYYEHHS MHOTOCTaIUCH
U JIaeT IJI0XO BOCIPOM3BOANMBIE pe3yibrarhl. [1o-
9TOMY JaHHbIM METOAMYECKUI MOAXOX HE HAaIlel
mupokoro npuMenenuss. Haumnas ¢ 1970 . ero
Ho4uTH TMOJNHOCTEIO BhITecHMI Meron CaCly-3aBu-
CUMOH TpaHc(heKIun KIeToK E. coli, KoTopbIi pas-
paboramum M. Mannens u A. Xura. OHu 00Hapy-
JKUIIH, 4TO 00paboTKa KyIbTYphI E. coli pacTBOpomM
CaCl, na xomnoze (0 °C) ¢ mocnenyrommM Terio-
BbIM 1I0koM (37 °C) mpHUBOAWUT K TOIJIOLICHHUIO
KIIETKaMH J100aBIeHHBIX B cpeny monekyn JIHK
¢ara A u 3aBepiaercst 00pazoBaHuEM UHDEKIHOH-
HOTO (paroBoro moToMcTBa. MeTO/I OKazajcs Kpaii-
HE TPOCTBIM M BOCIIPOM3BOAUMBIM. Hanbomnee a¢-
(DEeKTUBHO KOMIIETEHTHOCTb MHIYLHMPYETCS B aK-
TUBHO JCISIIUXCS KieTkax E. coli. Paspaboran
psan MoxupuKaMi JAaHHOTO METOAA, IMOBBIIIAIO-
muX 3PPEKTHBHOCTh TpaHCHEKIMH KIETOK (aro-
BeiMu JJTHK.

Merton TpaHc]eKIy, 3aBUCUMOM OT KaTHOHOB
KaJIbLIUs, UIMEET HECKOJIbKO MEHBIIYIO 3()(eKTHB-
HocTh (10 104 BOE na monekyny JTHK ¢ara A),
YeM METOJ C HCIIOJIb30BaHUEM C(epoIlIacToB, O1-
HAKO OH ropasfo MpOIIe U JaeT XOPOIIO BOCIPO-
U3BOJMMBIE pe3ynbTaTel. HeoOX0quMo OTMETUTH,
yto CaCly-3aBucuMasi TpaHCHEKIUS YCIISIIHO OCY-
LIECTBIISICTCS JIMILb HA O'PAaHUYCHHOM YHUCIIC H3Y-
YEHHBIX ITaMMOB E. coli, a Ha ee YpPEKTHBHOCTD
CYIIECTBEHHO BIIMSIET TeHOTHII KJIeTKH. Harmpumep,
y E. coli K12 penerus ralakTo3HOTO ONEpOHa MPH-
BOJUT K yAAJCHUIO TaJlaKTO3bl U3 JIMIIONOJINCaXa-
PUIHOM 00OJIOYKH M 3HAYUTEIBHO YCHIIMBACT CIIO-
cobHocTh mtaMMoB K Tpanchekimu JTHK dara 4;
MyTanusa endA BBI3BIBAET HCUE3HOBEHHUE IIepH-
IUTa3MaTHYECKOM SHAOHYKJIeas3sl I, 4ro cymect-
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BEHHO IOBBIIIAET COXPAHHOCTh HATUBHOM CTPYK-
TYpHI IPOHUKAONINX B KJIeTkH Monekyn JTHK.

HeGonpmme  Momudumkanmu,  BBEICHHBIE
B 1972 r. C. KosHOM € COTpyAHHKAMHU B ONHCAH-
HYI0 METOJWKY, TTO3BOJIMJIN OCYIIECTBUTH TPaHC-
(hopmanuio KIeToK, 00pabOTaHHBIX XJIOPUAOM Ka-
ey, asmuaaeivu JIHK. Tlpu sTom kommnereH-
THOCTb MHAYLUpoBaiach auub y 0,1-1 % xnerox
KyNBTYpHI E. coli. JlanbHelne uccieIoBaHus mo-
Ka3aJii, YTO YacTOTY MIa3MHUIHOHN TpaHCHOpMaIH
MOYKHO TIOBBICUTBH Pa3HBIMH CHOCOOAMM: TIOJBEP-
rass cmech obpaboranubix CaCly knerox u JJTHK
TeruioBoMy 1moky (42 °C); BBOIS B 3Ty CMEChb MO-
HOBAJICHTHBIC KaTHOHKI (Harpumep, Rb™); odpabda-
THIBasi KJIETKH JOTMOJHUTEIHFHO OPTaHUYeCKUMHU
pacTBOPUTEINSIMH, CYTb()rUIPUILHBIMA pearcHTa-
MU; BBIpaIIiBas KJIETKH B CpeJie ¢ MOBBIIICHHBIM
cozmepxanueM MgZ™ u np. Kponotiusas cucrema-
THYecKas padoTa 1Mo Mmoxdopy IMTaMMOB U MOMIH-
(duKanMyu «KaJbIMEBOI» METOJUKH IO3BOJISIET
B pAJie CIydaeB IMOBBIMIATh YACTOTY IIA3MHUIHOMN
tpauchopmanuu ¢ 105 mo 103 TparchopmanToB
Ha MOJIEKYITY TIIa3MH/IBL.

MexaHn3M WHAYKIUH KOMIIETEHTHOTO COCTOSI-
HUSI KIIETOK E. coli, 00ycIOBICHHOW HOHAMHY Kajlb-
1us1, HauboJiee moIPOOHO ObLIT UCCIICIOBAH HA TPH-
Mepe MIa3MHuIHON Tpancdopmanuu. BeisicHUIOCH,
YTO B ATOM IPOIECCEe KPUTHUECKYIO POJb HIPaeT
COCTOSTHHE JINTIHI0B BHENIHEH MeMOpaHbI KJIETOK.
Wonsl CaZ* (B menbiel cteniean Ba2t u Mg2+) mo-
TYT WHAYIUPOBaTh (Da30BBIA IMEepexoj JIHUIHIOB
MeMOpaHbl, Omaromapss 4eMy OHa MpHOOpeTaeT
BMECTO OOBIYHOW JIBYXCIIOHHOW HEOOBIYHYIO T'eK-
caroHaJibHyI0 KoH(puryparuto. [Ipumuem naHHBII
(ha30BbII IIEpexo]] MPOUCXOIUT BO BPEMs TEMIIEpa-
TYPHOTO 110Ka 00pabOTaHHBIX XJIOPUAOM KaJbLHsI
KJIETOK U COTPOBOXKAAETCSI OTIOIEHHEM SK30TeH-
HBIX AByxuenouednbix mosiekyn JHK. Temnepa-
Typa (a30BOro mepexoia CTPOro 3aBHCUT OT JIHU-
MHUJIHOTO cocTaBa MeMOpaHbl. Ha oHOM U3 mTam-
MOB E. coli ObIIO TMOKa3aHO, YTO MPH TEIIOBOM
IIOKe, BBI3BAHHOM IIEPEHOCOM 00pabOTaHHBIX
CaCl, xmerok ¢ temmeparypst 0 °C na 42 °C, mo-
momeHue moiekyn JHK nponmomkaercs B Teue-
aue numb 20 c¢. Ecnm mocne 3Toro cMech KIEeTOK
u JJHK cHoBa pe3ko OXJIaJiuTh 10 TeMIIepaTypbl
0 °C, To B mporecce HHIYyIUPyeMOro (Hha30BOTO
nepexona aunuaos Moiekynsl JIHK cHoBa moryt
MPOHUKATh B KJIETKH. [Ipu 3TOM Tepno mpoHMK-
Hoernst JJHK Oomee mpomomxutenen. daz3oBbie
[epeXobl JIMMUIOB NPUBOAAT K HAPYLICHHIO
CTPYKTYpBI BHEIIHEH MeMOpaHbl, HO MPAaKTHYECKU
HE 3aTparvBaioT IIa3MaTHYECKyI0 MEMOpaHy Kiie-
Tok E. coli. HeobxomumMo OTMETUTH, YTO uepe3
ia3MaTnieckyro Mmemopany momnexynsl JJTHK cro-

COOHBI MPOHUKATh 0€3 TEIJIOBOTO IIOKa M OuBa-
JICHTHBIX KATUOHOB, KaK 3TO MPOUCXOAUT Y chepo-
IJIACTOB, Y KOTOPBIX OTCYTCTBYET Oapbhep BHEIIHEH
MeMOpaHBI JIsi MAKPOMOJICKYJI.

2.1.4. dnekmponopauyusi

brnaromapst mpocToTe W HaIEKHOCTH METOJ
CaZt-pHaynupyeMoil  KOMIIETEHTHOCTH — KIIETOK
E. coli 3acimy>xun BceoOiiee BHUMaHUE U 10 HEAaB-
HETO BPEMEHU HCIOJB30BAJICSA MPAKTUYECKH BO
BCEX M'€HHO-UHKEHEPHBIX SKCTIEPUMEHTAX Ha KJICT-
kax E. coli. B HacTosmee BpeMst TaHHBIH (PU3UKO-
XUMHUYECKHA TIOAXOA BBITECHACTCA (PUIUICCKUM
METOJIOM BBeIEeHUSI SK30reHHbIX MoJiekyn JIHK
B KeTku E. coli — snexrpomoparueii (cM. 1.5).
[Mocnemuuit Gonee MPOCT B UCHOTHCHUHM M JIACT
OUYeHb BBICOKHUH pe3ynbTaT: 10 80 % BBDKMBIIMX
KIEeTOoK E. coli moryT nornotuts mMonekyisl JJHK,
npu 3ToM 1 TpaHc(hOpPMaHT MOXKET OBITH MOJy4YeH
Ha 50 Monekyan ria3Muibl. Jlpyrumu metoiamMu ta-
KO 3((PeKTUBHOCTH JOCTHYD HE YAACTCS.

2.1.5. Ynakoeka [JHK c¢haza nam60a
e Karncudsl in vitro

Jlnst dpara A, 4acTO MCMONB3YEMOTO B Ka4eCTBE
MOJIEKYJIIPHOTO BEKTOpa KieTok E. coli, pazpabo-
tan Metof ynakoBku JIHK in vitro B xancunel. [nst
9TOTr0 TPeOYIOTCS KOHIIEHTPHUPOBAHHBIE SKCTPAKTHI
KJIETOK, HHIYIIUPOBAHHBIX U3 JIN30T€HHOTO COCTOS-
HYs. VcTonbs3yroTess MyTaHThI (ara, IMEroIHe Jie-
(eKThI 10 pa3HBIM TeHaM OEJIKOB FOJIOBKH KarCHia.
Kaxnplii 13 TaKUX MyYTaHTOB HE CIIOCOOEH 00pa30-
BBIBATH ITOJIHOLICHHBIE (DaroBble YACTHLIBI U YIAKO-
BbiBarh cBoto JIHK. [lpu cmemenun xe QaroBoit
JAHK m GeNKOBBIX SKCTPAKTOB KIETOK, B KOTOPHIX
Pa3BUBAIMCH MYTAHTBI, TIPOUCXOAUT KOMILIEMEH-
Tanusi HeIOCTAIMNX (HYHKITUN U COOMPAIOTCS HH-
(exmoHHbIe YacTUIBl. BHOMOrHUecKyr0 aKTHB-
HOCTb sHAoreHHOH ¢arosoii JJHK B skcTpakrax
00BIYHO MONABII0T YD-00myueHuem.

ChopMHUPOBAHHBIMHY i1 Vitro 4aCTUIIAMHU MOXK-
HO 3apaxarb KIeTku E. coli u nony4ars (aroBoe
noroMcTBO. JpdexTuBHOCTh ynakoBku IHK ¢a-
ra A in vitro 06b1uHO cocrasisier 10-2-10-3.

BaxxHoif 0COGEHHOCTBIO TAHHOTO TIOAXOAA SIB-
JISeTCs TO, YTO B KallCHUJ MPEUMYIIECTBEHHO yIa-
KOBBIBatoTCsl Moseky:bl GaroBeix JJHK, umeronme
pasmep, OIM3KHi K pa3Mepy (aroporo reHoma. Ito
MO3BOJISIET MTOCIIE PEaKIUU JUTHPOBaHUs (pparMeH-
TOB OCYIIECTBISITh CEJIEKIIMIO THOPUIHBIX MOJIE-
kyn JIHK in vitro no pasmepy. Kpome toro, B kar-
CHJIbI HE YNAKOBBIBAIOTCSI MHOTOYMCIICHHBIE IT0-
O0ouHbIE MPOIYKTHI JHUrazHoi peakuuu. Ilostomy
o0Opa3oBaBIIKECs NOCTIE YIIAKOBKU (paroBble yacTu-
bl UHBELUHUPYIOT B OaKTepHaJbHbBIC KICTKH JIUIIb
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(aroseie JIHK 3agannoro pasmepa. [Ipu kioHupo-
BaHUM (PParMEeHTOB B BEKTOPHBIX Mojekymax JJHK
(ara A 0OBIYHO HMCIOJB3YIOT KMEHHO TOT METO[
BBeneHus ruopunnbix JIHK B xinerky. Jlannbrii mpu-
€M TaKkKe HEOOXOIUM IpH KIOHUPOBaHUU (par-
menToB JIHK B cocTaBe xocmua u pazmu.

Co3manue MpoCcThIX U BOCIPOU3BOAMMBIX METO-
JIOB BBEZIEHUs B KJIETKH E. coli nmna3mugHbix u ¢da-
roBeix JIHK B HatuBHOH (opme siBUIIOCH HEOOXO-
JUMBIM YCJIOBHEM YCIELIHOIO Pa3BUTHS PadOT 110
KJIIOHUPOBAHUIO YY)KEPOAHON TI'€HETUYECKOM UH-
(hopManuu B 3TUX KJIETKaXx.

2.2. MONEKYJIAPHBIE BEKTOPbI E. COLI

2.2.1. KnoHupyrowue nia3MulOHble

eeKkmophbl

[ImasmMumbl — 3TO BHEXPOMOCOMHBIC TCHETH-
YECKHE IJIEMEHTHI, BBISIBIISICMbIE B OaKTEpHsIX pa3-
JTUYHBIX ceMehcTB. OHU TPENCTaBIAIOT COOOM
JIByXlIleTioueyHble KonblieBbie Mosiekynbl JJHK pas-
MepoMm oT 2 TitH 10 6osee yem 300 tH. [Tnazmuabt
MOTYT HECTHU TEHBI, KOTOpbIe 00yCIIOBINUBAIOT (he-
HOTHUITUYECKOE OTIMYHE COAEpXKAIUX HX KIETOK
oT OecrasMuIHbIX KiIeToK. Kymbrypa, Hecymias
1a3MUTy, 0003HAYAETCS CASAYIOMNUM 00pa3oM: 3a
HAaUMEHOBaHHEM OAaKTEPUAIBHOTO IITaMMa YKa3bl-
BaeTCs B KBAJIPaTHBIX CKOOKaxX HA3BAHHE IIA3MHU-
nel, Hanpumep, E. coli HB101[ColE1].

Pennukanus ria3Mu B 3HAYUTEILHOM CTEIIe-
HU 3aBHCHT OT KJIETKH-X03aMHA. HekoTopseie mia3-
MUJIbI PETUTHLIUPYIOTCS TAKKUM 00pa30M, YTO B KIIET-
K€ OHU HaXOJATCS B OJHOW WIJIM HECKOJIBKHUX KOIIH-
sIX. DTO TaK Ha3bIBaeMbIC IUIA3MUIBL CO CHIPOZUM
Konmponem pennuxayuu. J[pyrue xe nia3Muabl
MoryT umetrb B kierkax 10-200 konuii. Takue
TUTa3MUJIbI HAXOJSTCS MOJ] 0C1A01eHHBIM KOHIMPO-
aem penaukayuu. KonnuecTBo KONUN IJIa3MUJT
C OCJIa0JICHHBIM KOHTPOJIEM PEILIHKAIIMH MOXXKHO
YBEJIIMYHUThH JI0 HECKOJBKUX THICSY HA KIIETKY, €CIIU
ONOKMpPOBATh CHHTE3 Oellka B KJIeTKe 00paboTKOM
xyiopaMdpeHukosioM. B oTcyTcTBHE OCIIKOBOIO CHH-
Te3a PeIuTUKAIUS TUIa3MHUJ] C OCIa0IeHHBIM KOHT-
pOJIeM MTPOAOIHKASTCS, B TO BPEMSsI KaK PETUTUKAIUS
JHK OGakrepuaibHOW XpOMOCOMBI M IHIA3MHIT CO
CTPOTHM KOHTPOJIEM MPEKPAIIASTC.

Urto0bl OBITH YIOOHBIM KIIOHUPYIOIIUM BEKTO-
poM, TIIa3MuU/Ia JIOJKHA 001a/1aTh PSAOM CBOWCTB:
* HECTHU CEIICKTHUPYEMBbIil MapKep (MU HECKOJIb-

KO MapKepoB), UYTO JaeT BO3MOJKHOCTH JIETKO

UACHTUPHUINPOBATH KIOHBI TpaHCHOPMaHTOB

1 CEJIEKTUBHO TOJIACPKUBATh TUIA3MHLy B TIO-

MyJIAUU OAKTEPUAIBHBIX KJIETOK;

*  cofep)KaTh MPEATIOYTHTENBHO eJMHUYHbBIE MEeC-
Ta pACHICTUICHUS] OJHOW WM HECKOJIbKUMU
pecTpuKTazaMu B paiioHaX IUIa3MUIBI, HECY-
LIECTBEHHBIX JJIs €€ PEIUIUKAIINH;

*  OBITh OTHOCUTEIFHO HEOOIBIION 1 YaIlle BCETO
UMETh OCJIa0JICHHBIM KOHTPOJb PEILIMKALIUH,
TaK KakK dTO YIPOIIAET MPOLEAYPY BBIACICHUS
miasmunnoi JIHK u mo3Bosisier uMeTh B KJIET-
K€ BBICOKYIO /103y KIIOHHPOBAHHOTO T'€Ha;

*  cTaOMJIBHO MOAJEPKUBATHCS B KIIETKaX-peLy-

IIUCHTAX.

PaccMoTpuM HEKOTOpBIE BEKTOPHBIE IIA3MU-
Bl KIIETOK E. coli.

IInazmuma pSC101 — nepBast BEKTOpHAas IU1a3-
Mujia; oHa Obuta BbiieieHa B 1973 1. B jaboparto-
pun C. Kosna. [Inasmumga umeer pasmep 9,1 T,
HAXOAMTCS 110J] CTPOTUM KOHTPOJIEM PEILIMKALIUH,
JETEPMUHUPYET YCTOWYMBOCTH K TETPALUKINHY
(Tc") u 0OnagaeT eTMHCTBEHHBIM MECTOM JEHCTBUS
pectpukTassl EcoRI, koTopoe pacmnonoxeHo B He-
CYLIECTBEHHOH AJIsl pEeIIMKALMK 00JIacTh U HE 3a-
TparnBaeT TE€H YCTOWYMBOCTH K TETPAIUKINHY
(tet). Kpome Toro, Ha JIHK pSC101 B rene tet nme-
€TCsl IO OIHOMY YYacTKy y3HaBaHHs PECTPUKTA3
Hindlll, BamHI u Sall (puc. 2.3).

B mnepgoii pa6ore C. Kosn ¢ coaBropamu 1o
yuactky EcoRI BcrpamBanmu B pSC101 EcoRlI-re-
HepupoBaHHbie pparmenTsl JJHK mmazmuner R6-5
U 11ociie Tpanc(hopManuy 0TOMPaIn KJIOHbI KJIETOK
E. coli ¢ penorunom Tc'Km'. B cienyromeit pado-
Te onu B coctaB pSC101 Becrpounu EcoRI-¢ppar-
MeHT TnasMuabl pl258 OGakrepuu Staphylococcus
aureus ¥ 0TOOpasii TUOPUIHBIC TUIA3MUIBL, JETEp-
MUHHPYIOIIME YCTOMYMBOCTh HE TOJIBKO K TETpa-
nukimHy (Mapkep pSC101), HO U K NEHULMIUTUHY
(mapxkep pl258). briarogapst BEICOKOI 4yBCTBUTEIb-
HOCTH HCIIOJIb30BAHHOTO OHOJIOTUYECKOTO TECTa
(ycToluMBOCTh K aHTHOMOTHKaM) aBTOpaMm yja-
JOCh BIIEPBBIC J0Ka3aTb, YTO KOPOTKHE B3aHMO-
KOMIIJIEMEHTApHBIE  OJHOLICTIOYEYHBIE  KOHIIBI
(4 nyxseotnaa) MoryT obecneynBars 00pa3oBaHHe
B JIHK-nurasznoit peaknuu rHOpHIHBIX MOJEKYI
IUTa3MUJI, KOTOPBIE TTOCIIC BBEACHHUS B KOMIICTEHT-
Hble OaKTepHallbHbIC KIIETKH CIIOCOOHBI PEIUIHIH-
poBarkCsl.

[Tnazmuma pSC101 xak KIOHUPYIOUIUI BEKTOP
UMeEET PsAJ HEAOCTaTKOB. Bo-1epBbIX, pH BCTPOIi-
ke pparmentoB JIHK no EcoRI-mecty 00bI4HO HE
yaaercsi HEHOTUIUYECKH OTIIMYUTh KJIOHBI TPaHC-
(hopMaHTOB OaKTEpHATIBHBIX KIETOK, COIEPIKAIIUX
WCXOIHYIO WJIM THOPHUIHBIE TUIa3MUIbI (0TOOp THO-
PHUIOB MIPUXOIUTCSA OCYLIECTBIATh MMOpUAM3aLI-
el HyKJIEMHOBBIX KHUCIIOT in Sifu); BO-BTOPBIX, MPU
BCTPOIlKE 1O MecTaM [JEHCTBUS PECTPUKTA3
HindlIll, BamHI, Sall napymaercs reH tet, u Kio-
HBI, COoAepiKalue THOPUIHBIC IUIa3MHUIBI, OyayT
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Puc. 2.3. Pectpukumonnsie kapTsl miaazMuas pSC101 1 HU3KOKOMUIHBIX KIIOHUPYIOIINX BEKTOPOB,
CO3JIaHHBIX Ha €¢ OCHOBE

uMeTh QeHotun TcS, Kak M UCXOIHBIC KIETKH,
U TI03TOMY OOBIYHBIMH METOAAMH HX BBISIBUTD
HeJb3s; B-TpeThux, pSC101 mmeeT cTporuii KOHT-
pOJIb PETIIMKAILMY U HAaXOIUTCS B KIJIETKE B KOJH-
YecTBE NPUMEPHO MIECTh KONMH Ha OakTepHalb-
HYIO0 XpoMocoMy. M3-3a nepedrcieHHbIX HeoCTaT-
KkoB BekTopHas miasmMuga pSC101 akTuBHO Hc-
[0JIb30BAIACh Il KJIOHUPOBAaHUS (HParMEHTOB
JHK numis B HadyanbHBIA TIEpUOJ pa3BUTHA T€HE-
THYECKOH MH)KCHEPHH, 0 MOSIBICHUS BEKTOPOB Ha
OCHOBE JPYTUX IIa3MHI.

['eHHO-MH)XEHEPHBIC MCCIIEIOBAHMS, TPOBOAU-
Mble Ha E. coli B mocneayomye roapl, mokas3any,
YTO HE BCE T'€HBI yJaeTCsl KIOHUPOBATh B MHOT'OKO-
MAWHBIX BEKTOpaX. DTO 00yCIOBICHO TEM, UTO TI0-
BBIIIEHHAs /1032 KIIOHUPOBAHHOTO TeHa NMPUBOJIUT
K CyNEpPCHHTE3Y KOAMPYEeMOro UM OeJika, a BBICO-
Kasi KOHIIGHTPAIS psiia CTPYKTYPHBIX O€JIKOB Kile-
TOYHOM CTEHKH MJIM OEJIKOB, yYaCTBYIOIUX B PETY-
JSIIMM CUHTE3a MaKpOMOJIEKYJI, IPUBOIUT K rude-
nu OaxkTepraibHOU KieTKH. [loaToMy Takue reHbl
HEOOX0IMMO KJIOHUPOBATh B HU3KOKOIMMHBIX BEK-
Topax. st 3TON Lenu co3laH psiJ MPOU3BOIHBIX
mnazmuasl pSC101, pecTpUKIIMOHHBIE KapThl IBYX
W3 HUX TIPEIICTaBICHEI Ha puc. 2.3.

Mna3zmupa ColE1 (puc. 2.4) oxa3zanack 6osee
yao0HoU st kiaouupoBanusa. C 1974 1. ee Havamu

HCIIONB30BaTh B laboparopuu X. boiiepa B kadecT-
Be BekTropa. OHa MMeeT OcCiIabNeHHBIH KOHTPOJb
pEeIUIMKAMU, ¥ TPH OOBIYHBIX YCJIOBHSIX DPOCTa
B KJIeTKe Haxomutcs 20—30 xonumit mrasmuasl. I1oc-
e o0paboTku XJIOpaM(pEHUKOIOM KOMUHHOCTD
ColE1 mocturaer 1-3 - 103. TIpu sTOM maa3mu/-
Has JIHK coctapnseT 6onee nomoBunsl Bee JJHK
KJIETKH, YTO 3HAUMTENBHO YMPOUIAET MPOIEIypy
BBIICJICHUS] U OYMCTKU I1a3MHJIbl. OTHOCHUTENBHO
HEOOIbIITHE pa3Mepsl (6,6 TITH) U HAJTHYHUE SAMHCT-
BEHHOI'O MecTa JeHCTBUsA pecTpukrasel FEcoRI
00yCJIOBHJIM MIMPOKOE HCHOJIBb30BAHHUE IIA3MM/IbI
ColE1 B kauecTBEe KJIOHUPYIOILIETO BEKTOPA JI0 T0-
SIBIICHHSA O0Jiee YIOOHBIX BEKTOPOB.

[Mnazmuna ColE1 nerepMuHUpyET OHOBpEMEH-
HO CIIOCOOHOCTB KJIETOK CHHTE3MPOBATh KOIUIIMH
¥ UMMYHHOCTb 3THX K€ KJIETOK K JIETaJIbHBIM J10-
3aM KonuiuHa. B paiione mexay Toukamu 5000 nH
n 620 nx Ha azmuae ColE1 pacnonoxeHsl reHsl,
Konupyrormue kKomunuH El, 6e0Kk ”MMyHHOCTH H
oenoxk Kil (cm. puc. 2.4). CTpyKTYpHBIH reH KOJHU-
nuHa E1 — cea — xonupyeT moaumnenTH]i pame-
pom 522 AK. I'eH kil neTepMUHUPYET MTOTUTICTITHT
quHoit 45 AK. I'ensl cea u kil oOpa3yroT eauHbII
OIIEPOH, TPAHCKPHIILUSI KOTOPOTO HHULIMUPYETCS
¢ mpomoTopa p.. benok Kil, mo-Bunumomy, 3a cuer
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5000 6646/1 nn 5000
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ColE1
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Puc. 2.4. Tenetndeckas u pecTpuKIMoHHas KapTa miazMuasl ColEl

akTuBauuu Qocdonumnassl A BHOCUT HapyIICHHUS
B CTPYKTYpPY BHEIITHEH MEMOpPaHBI, 9TO 00y CIIOBITH-
BaeT ocBoOokaeHue koimumHa El1 w3 Oaxrepwmii
B OKpY)Karollyro cpeny. KieTku npu 3ToM He pas-
pywatoresi. Cunres 6enka Kil B £. coli npoucxo-
JIUT HA OTHOCHTEJILHO HU3KOM YPOBHE 32 CYET Jac-
TUYHOW TEPMHUHALWYU TPAHCKPUIILIMU Ha P-3aBUCH-
MoM TepmuHatope t; (cMm. 3.2). bonee addexrus-
Has mpoxykius Oenka Kil, BeposiTHO, MOXKeET TIpH-
BECTH K JIM3UCY KJIETOK. [ eH imm HaxomuTCs MEX-
Iy TCHAMH ced W kil, 1 eTo TPaHCKPHUIITUS OCYIIIe-
CTBJISIETCSI B IIPOTUBOIIOJIOKHOM OIEPOHY cea—kil
HanpasieHud. Ces3piBanne MPHK Imm ¢ xommute-
MeHTapHBIM yuacTkoM MPHK Cea—Kil Taxxe npu-
BOJIUT K CHIDKEHUIO 3KCIIPECCUU reHa kil.

K paccmoTrpeHHOMY paiioHy HpPHUMBIKaeT 00-
JacTh MHULHALWH U PETryJSIIUN PEIUIMKALUHN T1J1a3-
mubl ColEl. Tporiecc pernnkanuy peryinmpyercs
CHUHTE30M JBYX TuUIoB Monekyn PHK — npaiimep-
Hoit (o6o3nauyaercss PHKII, HeoOxoauma Jist MHH-
[WAIAA PETUTMKAITIN) W KOMIUIEMEHTApHOH e
(PHKI). O6pazys nymnekc ¢ PHKII, monexynst
PHKI xoHTpoJIMpYOT KONMHHOCTH IIa3Muisl. Ha-
XOJSILLMICS B HETIOCPEIACTBEHHON OJIM30CTH T'€H 7op
JETEPMHUHUPYET CUHTE3 OeNKa, KOTOPBI MOBBIIIAET

addextuBHOCTh cBsizbiBanust PHKI u PHKII u cra-
OMIIM3HUPYET MyTUIEKC. AMIUTM(DUKANNS TUIA3MHUIBI
ColEl B Gakrepusix, 06pabOTaHHBIX XJIOpaMQpeHH-
KOJIOM, OOBSICHSETCS HMHIMOMPOBAHWEM CHHTE3a
Oenxa Rop, Merabommdeckoll HECTaOMIBLHOCTHIO
PHKI u BOBneueHHEM MPEACYIICCTBYIOMINX KJIe-
TOYHBIX OEJIKOB PEIUIMKALIMU B CHHTE3 IUIA3MHIHOM
JHK, Tax kak B 9THX YCIIOBUSIX CHHTE3 OaKTepHalib-
HOM XpOMOCOMBI ITPEKpallleH.

[Ipu BcTpoiike sk30oreHHBIX PparmMenToB JHK
no EcoRI-mecty nHa ColEl Hapymraercs ren mpo-
OYKLIMU KOJIMLHMHA, HO COXPAHSAETCSI F'eH UMMYH-
HOCTH K HeMmy. 1o Takomy m3MeHeHHIO (heHOTHIA
yaaercsi oTOMparh KJIOHBI KIETOK, COAEPIKaIlUX
rUOpUIHBIE [ITa3MUIBI.

OT100p TMOPUIHBIX KIIOHOB OCYIIECTBIISIOT CJIe-
nytormm oopasom. [pemaparom JIHK, momy4deHHBIM
HoCJie CMEIIeHUsT (PParMEeHTOB M UX JIMTHPOBAHUS,
TpaHCPOPMUPYIOT KOMIIETEHTHbIE KIeTKU E. coli n
BBICEBAIOT MX Ha arapiM30BaHHYIO NIMTATEIbHYIO Cpe-
Iy, conepxariryto komurud El. Knerku, naBuime Ha
TaKol cpee Hauaso OaKTepHaIbHBIM KOJIOHHUSIM, CO-
Jepkar oo ucxonuyro wiasmuay ColEl, mmubo ee
THOpUIHBIE TPOU3BOAHBIE. UTOOBI pa3NUyuUTh ATH
JIBa THIIA KJIETOK, TIPOBOJIAT PsiJ] IOCIICAOBATEILHBIX
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npouenyp. Ha arapu3oBanHyto NHUTaTeNbHYIO CPERY
B yamkax llerpyn paBHOMEPHO HaHOCAT OIIpelIeNIeH-
HOE KOJIMYECTBO KYIBTYpHI E. coli, 4yBCTBUTENBHOM
K kormumHy E1 (3acestHHbIe yamikm). 3aTeM KOJIOHUH,
ycroiuuBble K konuuuHy El, nepeneyarsiBaroT enu-
HOOOpPAa3HO Ha He3acesTHHbIE U 3acesiHHbIC Yamku. [1o
UCTEUECHUH BPEMEHU HMHKYOalMu IIeperieyaTaHHbIe
KJIOHBI 00pa3yloT Ha yalikax 000ero TIa KOJIOHHH,
a Ha 3acesHHBIX damKax (HOPMUPYETCS TaKKe
CIUIOIIHON Ta30H KynsTypbl E. coli Cols. Ilpu 3tom
BOKPYT KOJIOHHH OakTepuil, MpOIyLHPYIOMINX KOJIH-
IIVH, HaOJTI0aeTcsl KONbLIeBasi IPO3padHasi 30Ha, I1e
poct ra3zoHa orcyTcTByeT. Takue kioHbl E. coli co-
nepxar HatuBHyIo miasmMuny ColEl, BoccTaHOBUB-
IIyIO CBOIO CTPYKTYpPY NOCIIE PECTPUKIMN U JIUTHPO-
BaHusl. [lpyrue KIOHBI JIOJDKHBI COJEPkKATh THOPH/I-
uele BapuanTel ColEl, y koTopweix B pe3synbrare
BCTPOMKH T'€H MPOTYKIMHU KOJIUIIMHA TTOBPEKICH.

Henocrarkom Mapkepa MMMYHHOCTH K KOJIH-
LUHY SBISIETCS TO, YTO KiIeTKU E. coli ¢ oTHOCH-
TEJTHHO BBICOKOW YacTOTOH MPHOOPETArOT YCTOM-
YUBOCTh K JEHCTBHIO KOJHUIIMHA B pE3yabTare
CIIOHTaHHBIX MYTalUWd M, KPOME TOro, JACHCTBUE
KOJIMLIMHA CYLIECTBEHHO 3aBUCHUT OT (DPU3MOSIOTH-
YEeCKOr0 COCTOSIHUSA KiIeTOK. [loaToMy oTOHpaembie
1Mo (heHOTHUITY KJIOHBI HEOOXOAMMO TTOABEPTaTh J0-
MIOJTHUTENLHONW MPOBEpPKE Ha HAIMYHME B KIIETKAX
THOPHUIHBIX LTa3MHM/I.

Hindlll

BamHI
Sall

EcoRI

EcoRI

Tc"

ori

pSC101

8,7 T

ori

‘ EcoRI ‘ EcoRI*

JHK-nuraza

Puc. 2.5. Cxema cozganns mra3muasl pMB9.

Pectpukrasza EcoRI y3naer nocnenosarensHocts GAATTC,
a B ycnoBusx EcoRI* — AATT. B oboux crydasx
00pa3yroTcst HASHTUYHBIE JTUITKHAE KOHIIBI

Kak BuauM, mnepBbleé BEKTOPHBIE IJIa3MU/IbI
pSC101 u ColE1 umenu psj HenocTaTkoB. B aTux
iasMuax kinonuposanu gparmentsl JJHK Tomb-
ko 1o EcoRI-mecTy, mpuuem B 000HX Cirydasix OT-
oop rubpunueix JJHK He ouenb mpoct. Ilosromy
B psae naboparopuil ObIIM pa3BepHYTHI UCCIENO-
BaHMsI, HallpaBJICHHBIC Ha co3laHue Ooyiee ymo0-
HBIX KJIOHHPYIOIUX BEKTOPOB Ha OCHOBE IIIa3MHUI.

Inazmuaa pRSF2124 Obia momyueHa B 1a60-
paropuu C. @anbpKoBa B pe3ysbTare TPaHCIOKAIuU
in vivo TpaHncno3ona Tn3, HecyIero reH ycroiuu-
BOCTH K aMNUIIUIHRY, 13 masmusl RI B ColEl.
Ota 1a3Muja coxXpaHseT THI PeIUIMKALUN POJU-
tenbekol mazmuibl ColE1. OT6op kierok, comep-
xamux 1iasmuny pRSF2124, ne mpeacrasnser
TPYAHOCTEH, Tak KaKk OHa OOYCIIOBIMBAET JIETKO
JETEKTUPYEMYIO0 YCTOMYMBOCTh K aMINLWIIIUHY.
EnuHcTBEHHOE MECTO y3HaBaHHUS PECTPUKTA3bI
EcoRI HaxonuTes BHYTpU F'eéHa CUHTE3a KOJIIUIIMHA,
u npu Betpoiike pparmentos JJHK no stomy mec-
Ty MJIa3MHUAA JETEPMUHUPYET YCTONUNBOCTD KIIET-
KHM-X031MHA K aMIULWIINHY, HIMMYHUTET K KOJIH-
LUHY ¥ OTCYTCTBHE CIIOCOOHOCTH K CHHTE3Y KOJIH-
nuHa. Hanmuune nOMOMHUTENBHOTO CENEKTUPYEMO-
ro mapkepa (Apr) B itazmuae pRSF2124 nenaer ee
Oosee ynoOHBIM BekTopoM 110 cpaBHeHHIo ¢ ColEl,
TaK Kak ymnpouiaeT oToop KJIOHOB KIJIETOK, COAEp-
xamux rudpugnsie asmuasl. K Hemocrarkam
9TOH MIa3MHIBI CIEAYET OTHECTH J0BOJIBHO OO0JIb-
moit pazmep (11,1 TIH) ¥ BOBMOXKHOCTH KIOHHPO-
Banus (parmentoB JIHK tompko mo mecrty pac-
LIEIUICHUs pecTpukTa3zoil EcoRI.

KoncrpynpoBanue minasmuasl pMB9. Pas-
mep maasmMuasl ColE1l MoxkeT OBITH 3HAYUTEIBHO
YMEHBIIICH, TaK Kak JUIsl ee peIuInKaluu HeoOXo-
ouM Toibko ¢parmeHt JIHK BennmumHOl 0KOIO
1 Tna. B naboparopun X. Boiiepa Oblin omydeHb
nenenuonnbie BapuaHTel ColEl, ogmu u3 Koto-
peix — pMBS8 (2,6 trH), onucanueiii B 1976 T,
CTaJl OCHOBOM AJI LIEJIOW CEpUU KIOHHMPYIOIIUX
BEKTOPOB. DTa IUIa3MK/J1a COXpaHMJIa TUIl pEIUINKA-
un poutesbekoit asmuel ColE1, obmanaer nm-
MYHHOCTBIO K KOJIMIUHY U UMEET E€IUHCTBEHHOE
MECTO TUJIpOau3a pecTpukrazon EcoRI.

Ha ocnoBe pMBS8 ckonctpyupoBamnu in vitro
HOBYI0 azmuny pMB9, B kotopyro OblI niepeHe-
CEH Te€H YCTOMYMBOCTH K TETPALMKIUHY W3 IJIa3-
muasl pSC101. ITnasmuna pMB9 nonyuena B pe-
3yAbTare JUra3Hol oOpabOTKH CMECH JIMHEHHOM
JHK masmuael pMBS, paciienyieHHONH pecTpuk-
tazoi EcoRl, u EcoRI*-pparmenror JHK
pSC101 ¢ mocnenyrommmM oT60pOM TpaHchopMaH-
ToB ¢ (peroruniom Tcr Colimm (puc. 2.5). [Tnazmuaa
pMB9 umeer pasmep 5,3 THH U COAECPKUT B 3HA-
YUMOM 00JacTH MO OJHOMY MECTY ACHCTBHS LIS
yeTbipex pectpukras: EcoRl, Hindlll, BamHI,
Sall. Jra mazmuna odecreunBaeT yCTOMUNBOCTh
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KJIETOK K TETPALUKINHY U UMMYHHUTET K KOJIULHU-
Hy. Ilpu BcTpotike pparmentor JIHK mo yuactkam
neiicteus pecrpuxras Hindlll, BamHI, Sall napy-
[1aeTCsA I'eH yCTOMYNBOCTH K TETPALIUKINHY, U THO-
PHUIHBIE TIa3MHIBI 00YCIIOBINBAIOT (DEHOTHI Kile-
tok Tes Colimm, TIpu BcTpoiike no EcoRI-caiity
(DEHOTUIINYECKYIO CEJIEKLUUI0 OCYLIECTBIATH HE
yaaercsi. B aTom ciydae HeoOXOAMMO HCIOJIB30-
BaTh TAaKHe€ MOJXO/bI, KaK THOpHUIN3aNns HYKIJICH-
HOBBIX KHUCIIOT in Situ.

Taxum oOpazom, mazmuga pMB9 moxer ObITh
HCIONb30BaHa Uil KJIOHMPOBaHUsS (PparMeHTos,
remepupyemsix npu rugponnse JJHK yxe geTsipb-
Ms pa3IUYHBIMHM pecTpukTazaMu. HemocraTkom
pMB9O sBnsgercs To, 4TO NPHU BCTPOMKE MO ydacT-
kam Hindlll, BamHI u Sall ot6op ruOpumoB 10J-
JKEH OCYILIECTBIIATHCS 10 IMMYHHUTETY K KOJIHLIUHY
E1l, a »TOT Tecrt, KaKk yXe OoTMeuajoch, HE OYCHb
HagexeH. Ilostomy corpynHukamu jaboparopuu
X. boitepa ¢ 1977 mo 1980 1. 6bu1 IpOBEAEH LUK
9KCMEPUMEHTOB, B pe3ybTaTe KOTOPHIX HA OCHOBE
PMB9 nonyuensl 0ojiee cOBEpILICHHBIE BEKTOPHBIC
1a3Muiel cepun pBR. D1H kimoHupytoime BeKTo-
PBI B IOCIIEAYIOMIEM HAIIIIU MIMPOKOE MPUMEHEHNE
BO MHOT'HIX JJAOOpaToOpusIX MUpa.

KoncrpynpoBanue miaazmuasi pBR313.
Tpancnokarueii in vivo Tpancno3ona Tn3 (Apt) u3
pRSF2124 8 pMB9 Obiu mosy4eHbl KJIOHBI Kile-
ToK E. coli, umeronux henorun Apt Tct. DiekTpo-
(opeTHYEeCKUM ~ aHAJWU30M  THAPOIM30BAHHBIX
EcoRI m1a3mu, BeIIENEHHBIX U3 9THX KJIETOK, ObI-
1 BIsiBIIeHbI Moiekyis! JJHK pasmepom 10,1 TrH,
COOTBETCTBYIOLINM CyMMe pazmepoB Tn3 (4,8 TiH)
u pMB9. Tparchopmanueir kiaeTok E. coli O6b110
JI0Ka3aHO, YTO OTH IIa3MHJbI HECYT OJHOBPEMEH-
HO YCTOMYMBOCTb K aMIMIMIUIMHY U TE€TPALUKIIN-
Hy. OnHa u3 nonydeHHBIX Apf Tc' mpou3BOIHBIX
pMB9 6nma o603naueHa pBR312 (puc. 2.6). Ota
IUTa3MKJIa HECET /IBA y4acTKa y3HABaHUS PECTPHUK-
Ttazpl BamHI, onMH W3 KOTOPBIX pacIOIOKEH
B TpaHcnonupoBanHoMm cermente J[HK 3a mpene-
namu TeHa f3-makramasbl (bla), Onpenesnsonero
YCTOMYMBOCTh K aMIMLUMIIIMHY. JJs1 TOro 4ToOb
yaanuTh 3T0T BamHI-y4yacTok 1 yMEeHbIUTH pas-
mep mnazmuasl, JJHK pBR312 noxseprim wactuu-
HOMY THJIPOJIH3Y B YCJIOBHAX, U3MEHSIONINX CIIe-
mupuarocts EcoRI Ha EcoRI* (cm. 1.2.1). 3atem
sty JAHK BBenu B xnetku E. coli n ocyuiecTBuiIn
CKPHHUHT KJIOHOB ¢ (eHOTHIIOM Ap' Tct Ha Hamu-
YHe IIa3MUIBI C OHUM yTPaue€HHBIM MECTOM pac-
mieruieHus pectpukraszoi BamHI. Haumensas us
BBIJICJICHHBIX TaKUM 00pa3oM Iuia3mu]l Oblia 000-
3Hadena pBR313 u moaBepruyTa nangpHeimei xa-
pakrepuzauun. Pasmep ee IHK cocraBun 8,7 ToH.

[Inazmuna pBR313 comepUT yHUKalIbHBIE
YYaCTKH paclleIuieHust pecTtpukrazamu  EcoRlI,
Hindlll, BamHI, Sall, Xmal, Smal u Hpal (cMm.

BamHI  Tn3
Apr

EcoR1 _HindIll

Col

pRSF2124
11,1 ToH

Colimm

EcoRI

Tpancnokamus Tn3

EcoR1. HindIIl
g’”ICH BamHI
St A r r
1
BamHI P Te Yy Sal
pBR312
10,1 T

Pstl
Pstl

imm .

1. EcoRT*, HETIONHBINA THIPOITH3
2. IHK-nuraza

EcoRI
Hincll
Pstl

HindIll

Puc. 2.6. Cxema koHCTpyupoBanus miaazMusl pBR313

puc. 2.6). @eHOTUITUYECKYIO CENEeKIHI0 THOpHI-
Hbix JIHK MOXHO OCylIEeCTBIATh JMIIb IpU
BcTpoiike hparmentoB JIHK mo yaactkam Hindlll,
BamH1, Sall, Pstl wnm ipu coennHEeHUN (PparMeH-
TOB C BEKTOPHOM YacThIO MJIa3MUABI, COAepIKaleit
obnacths Havana perukanuu JJHK u momydennoi
IpU THAPOJIN3E OJHOBPEMEHHO JIByMsl PECTPHUKTa-
3amu, Hamnpumep, BamHl — Smal, EcoRl —
Hindlll, EcoRl — Pstl u 1. . [Ipu 3ToM rubpua-
HBIE KIIOHBI E. coli OynyT umeth ¢penotun Apt Tcs
niu TcrAps.

KoncrpynpoBanue miaazmuasi pBR322.
[Inazmuna pBR313 umeer tpu mecrta JaedcTBUS
pectpukTasbl Psfl, 0JHO U3 KOTOPBIX JIOKaJIN30-
BaHO B I€HE YCTOHYMBOCTH K aMIULMUIMHY (CM.
puc. 2.6). B cucreme in vitro Obls1a CKOHCTPYHPO-
BaHa BekTopHas miasmuna pBR321, conepxkamas
€IMHCTBEHHBIH Y4acTOK THPOJIN3a PECTPUKTA3Z0M
Pstl, mokanu3oBaHHbIN B TeHE bla. J1J1st TOTO 4TOOBI
CO3JaTh TaKOi BEKTOp, HEOOXOAUMO OBUIO MpejBa-
pHUTENBHO MOMy4nTh pon3BoaHble pBR313. 1naz-
muga pBR318 (Aps Ter Colimm),| coneprkarnasi OauH
Pstl-y4actok, Oblia orydeHa nocie Tpancgopma-
ouA KIeTok E. coli murupoBanHO# cMechio JJHK
mnasmuasl pBR313, nmoaseprayToil ruaponnsy
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Puc. 2.7. Cxema nonydenus miazmuast pPBR321.

Toncroii muHUEH 0603HAYCHBI CETMEHTHI IUIA3MUJI, 00bEANHEHHEM KOTOPhIX nomydeHa pBR321.
Vuactku y3uaBanus pecrpukras: Sal/l — G | TCGAC, Hpal — GTT | AAC, Hincll — GTPy | PuAC

Pstl, m or6opa Aps Tcr rpanchopmanTos (puc. 2.7).
Hpyras mnpousBonHas miasmuasl pBR313 —
pBR320 (Apr Tcs Cols) — Obuta monydeHa mocie
TpaHcpopMaluu KJIETOK E. coli HeMUurupoBaHHBI-
mu EcoRIl-pparmentamun pBR313 u cenexuun
TpeOyeMbix BapuantoB. U3 Pstl-Hpal-pparmenta
pBR318 u PstI-Hincll-¢pparmenta pBR320 Obina
CKOHCTpPYHUpOBaHa in vitro mnasmuna pBR321 pasz-
MepoM 4,7 TiH (cM. puc. 2.7). Tak Kak TeH UMMYH-
HocTH K KonmuumHy El He BXoguwn HM B OIUH
u3 3TuX ¢parmMeHToB, otO0op pBR321 ocymecTs-
nsumm 1o peHorumy Apt Ter Cols. BaxkHo oTMeTHT®B,
yT10 B pBR321 wacTs Tpancno3ona Tn3 nenernpo-
BaHa, 4TO MPEISATCTBYET €0 TPAHCIOKALIUH.
CrnyyaliHO B 3TOM 3KCIIEPUMEHTE BBISBUIIN Jie-
JIEUMOHHBIA BapuaHT miazMuasl pBR321, B xoro-
pOM He ObLIM HapyIIEHBl HH T'€HBl YCTOMYUBOCTH
K aHTUOMOTHKAM, HU (QyHKIMS pEIUTUKAlMU. DTy
miasMuay obo3naunnu pBR322 (4,36 tmw). s
Hee OIpeJiesIieHa MOJIHAsl HYKJIEOTHIHAs MOCIIEa0-
BaTeJIbHOCTb, HCXOSl U3 KOTOPOH JIETKO JIOKAJIN30-
BaTb MECTa pacIlerieHHs JII00OH pecTpUKTa3on

(puc. 2.8). [1nazmuna pBR322 — ynoOHBII KJIOHH-
pytomuii Bektop. OHa HWMEET 1Ba CEICKTUBHBIX
Mmapkepa Ap' u Tcr. Hu onuH U3 3TUX I€HOB HE SIB-
JISIeTCsl TPAHCIIO30HOM U HE MOXET OBITh MepeHe-
CEH in vivo B Jpyrywo miasmuny. pBR322 umeer
YHHUKaJIbHbIE YYaCTKHU PaCIHICTUICHUS PeCTPUKTa3a-
mu Vspl, Pstl, Pvul u Scal, pacnionoxeHHbIC B TeHE
p-nakramaser, u HindIll, EcoRV, BamHI, Sall,
Sphl, Xmalll u Nrul, noxanu3oBaHHBIC B JAETep-
MHUHaHTE YCTOMYMBOCTH K T€TpalUKIUHY. [Tpuyem
yuacTok ruaponusa Hindlll e 3arparuBaer cTpyk-
TYpHYIO 4acTb I'€Ha fef, a JOKAJIN30BaH B €T0 Mpo-
MoTOpHO# o6actu. [locne BcTpoliku (parMeHToB
JHK B pBR322 no yka3aHHbIM MecTaM pacuien-
JICHUsI PECTPHUKTa3aMU OTOOpP TMOPUIHBIX KJIOHOB
OCYUIECTBIIAETCA B PE3YyJbTaTe HAJECKHOM celek-
MM Ha cpepax ¢ antuOunorukamu. Kpome toro, Ha
JHK mnazmuasr pBR322 nMmerorcss yHUKanIbHbBIE
MecTa Truapoiusa pectpukrazamu EcoRI, Pvull,
Ball, Aval, Tthlll, Snal u Ndel, Ho onn HaXoAATCS
3a mpenenaMu I'€HOB YCTOWYHMBOCTH K aHTHOMO-
THKaM.
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Clal (23)
HindIII (29)

EcoRI (4361)

EcoRV (185)
BamHI (375)

Scal (3846)
Pvul (3735) Sphl (562)
Pstl (3609) Sall (651)
Vspl (3539)

Ndel (2297)
Snal (2246)

pBR322
4363 na

Xmalll (939)
Nrul (972)

Aval (1425)
Ball (1444)

Pvull (2066)

Tth1ll (2219)

Puc. 2.8. PectpukimonHas kapra miasmuasl pBR322.

3a HauaJlo OTCYeTa HYKJICOTUIOB IIPUHAT LIEHTP y4acTKa y3HaBaHUs pecTpukTassl EcoRI.
OtcueT ocylecTBIsACTCA 10 4acoBOM cTpeiike. [l pecTpUKTa3 yka3aH HOMEp [1€pBOM Mapbl HYKICOTHIOB y4acTKa y3HaBaHUs
¢depmenTa (cM. puc. 2.14). Rop — Oeok, SBISIONIHNACS HETaTHBHBIM PEryIsTOPOM KOMHIHOCTH TUIA3MHIBI

ITnasmuma pBR322 okasamace HAaCTONBKO XO-
POLIMM KJIOHUPYIOIIUM BEKTOPOM, YTO B TEUCHHE
psna JeT OHa WCHONb30BAJACh B IMOJABIISIONIEM
OOJIBIIMHCTBE TEHHO-WH)XEHEPHBIX PabOT, B KOTO-
PBIX MPUMEHSUIMCH TUIa3MHUIHBIE BEKTOPHl. Kpome
TOTO, Ha OCHOBE IuIa3Muabl pBR322 momydensr
JpyTue BEKTOPHBIC TPOU3BOJHBIC.

KoncrpynpoBanue nminasmuasl pBR325. Xo-
1 pBR322 orBewaeT MHOTUM TpeOOBaHUAM,
MPEIbIBIAEMbIM K KJIOHUPYIOLUIUM BEKTOpaM, OHa
MMEET U HEKOTOphIe HepocTaTku. Kak yxe ormeua-
nock, npu Berpoiike pparmentoB JHK mo EcoRI-
mecty miasMuasl pBR322 rubpuanbie KIIOHBI
HEJIb3s BBISIBUTH (DEHOTHIMYECKH Ha CPeiax C aH-
tubnotTukamu. YtoObl MPeoroaeTh dTOT HeJ0CTa-
TOK, OBIJJa CKOHCTpyHMpOBaHa riasMuga pBR325
(puc. 2.9). Ilpu ee co3zganuu ucnonszoBanu JJHK
(hara P1Cmr, comepskamero reH yCTOWYHBOCTH
K xJopamdenukony (rel xiaopampeHuKonaneTui-
Tpancepassl — cat). Pecrpukrazoii Haell u3 ¢a-
rosoit JIHK Bermenmsumm gparment, cogepxamiuit
TeH cat. 3areM HykJea3on S1 ruapoau3oBaiu of-
HOLICIIOYEYHBIC JIMIIKME KOHIBI, O0Opa3OBaHHBIC
Haell, u noxy4anu ¢pparMeHT ¢ TynbIMH KOHIJAMH.
OTOT (pparMeHT JUTHPOBAIIN C PACIICTIIICHHBIMHU
EcoRI n oOpaboranubiMu S1-HyKinea3oil JUHEH-
HBIMH MoJekynamu Tazmunsl pBR322. Tlocme
TpaHcopManuu KIeToK E. coli oTOupanm KIOHBI
¢ penorunom Apr Ter Cmr. [ToyueHnast Takum 00-
pasom mmiasmuma pBR325 mMeer enmHCTBEHHOE
MECTO ruApoau3a pectpukrazoil EcoRl B rene cat.
Berpolika mo 3ToMy MecTy HapyllaeT I'eéH YCTOM-
YUBOCTH K XJIOpaM(peHUKoIy, U THOPHIHBIC KJIOHBI
JIETKO BBIABISIFOTCS 110 (heHotuiry Apt Ter Cms,

ITnasmuma pBR325 B ommumne ot pBR322 nmeer
yKe 10 JABa MecTa AelcTBusA pecTpukras Pvull
u Ball, npudem 110 ogHOMY W3 HUX MPUXOTUTCS Ha
re" cat (cMm. puc. 2.9). OcTanbHble YHUKATHHBIE
MecTa y3HaBaHMs PeCcTpUKTa3 miaasMuisl pBR322
coxpaHeHsl 1 B pPBR325.

KoncrpynpoBanue miasmua pBR327 n
pBR328. [[ns1 ynanenust BTOpbIX Y4acTKOB y3HaBa-
Hus pecrpukras Pvull u Ball na JJHK mnazmumbt
pBR325, pacnonoxeHHBIX MeX 1y 00J1acThiO Hava-
Ja peruTuKanuu (ori) U TCHOM fet, TIOTYYHIH MPO-
MEXKYTOUHBIE JIENICLIIOHHbIE IPOU3BOAHBIE IIIa3MH /T
pBR322 u pBR325. Ha nepsom stane JIHK muraz-
munbl pBR322 wactuuHo ruaponu3oBaid pect-
pukrazoil EcoRII. IIpoayKTsl Takoro ruapoJiusa
oOpabatsiBany Hyksea3oi S1, 9ToOBI UCKITIOUUTH
HErOMOJIOTHIO I10JIydaeMbIX JIMNKUX EcoRII-kon-
moB B onokernu 1440 (CCTGG) u 2500 (CCAGG)
Ha pBR322. 3atem anekrpodopeTndecku BoACIS-
i (pparmenThl mwasmuanon JJHK HyxHOTO pasme-
pa, coequnsuin ux ¢ nomorpio JIHK-nmurassr da-
ra T4, BBomunu B kietku E. coli u orOupamu
tpanchopmanTel ¢ (enotunom Apt Tcr. ITlocie
MIPOBEPKH OTOOpPAHHBIX TpaHC(HOPMAHTOB ObLIA BBI-
sIBJICHA TUTa3MUAa, KOTOpyo o6o3Haummm pBR327
(puc. 2.10). Pa3mep 3T0ii mnazmMuas! coctaBui 3,27
TITH, @ KOTIMAHOCTH B E. coli B TpH pa3a mpeBkIlIaia
konuiiHOCTE pBR322. IloBblIeHHE KOMMUHOCTH
TIa3Muibl 00yCIIOBIICHO Jenenuei rena rop. Ta-
KuM 00pazom, pBR327 — nenermmoHHBINA BapHaHT
mnazmuasl pPBR322 — umeer HekoTopble Mpeumy-
1IECTBA IMepe]l UCXOJIHOW TUIa3MHUJION, XOTS B HEH
U yTpaueHbl MecTa ACHUCTBHS TAaKUX PECTPHUKTA3,
kak Pvull u Ball.
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EcoR1 HindIIl

BamHI

Sall
Pstl

Ap’

pBR322
4,36 ToH

Ball

Pvull

1. EcoRI
2. S1-nykreasa

JIHK ¢dara P1Cm"

1. Haell
2. S1-nykneasa

Pstl

ori

Pyull

JHK-nuraza ¢ara T4

HindIII

BamHI1

Ball

Puc. 2.9. Cxema xoHCTpyHpOBaHUS asMuasl pBR325.

ITyHKTHPHBIMU cTpeKaMu 0003HaYeHBI TPaHuLIbl BCTpoeHHOTo B pPBR325 dparmenta darosoit JJHK

C ucnonp3oBanuemM pBR327 6b11 CKOHCTPYH-
pOBaH NENCITMOHHBIA BapuaHT miasMuasl pPBR325
(cm. pue. 2.10). Jmsa storo mmasmunel pBR325
u pBR327 runponuzoBanu pecrpukrazamu Pstl
u BamHI, nonydyennyroo cMech pa3aeiisiiv 31eKTpo-
¢dopeTnyeckn M (QparMeHTbl HYKHOTO pa3Mepa
IIOUPOBAIM M3 Tessl. 3aTeM BbIJeNIeHHbIE (par-
MeHTsl pBR325 n pBR327 cmemmBanu, aurupo-
BaJIM, BBOIWIN B KJICTKH M OTOMpaiu TpaHcop-
MmaHTHl ¢ peroruriom Apr Ter Cmr. Co3nanHas Ta-
KuM oOpazoM twrazmuga pBR328 mmeer pasmep
4,9 TIIH ¥ TI0 CTIEKTPY €ANHUYHBIX MECT pacIeriie-
HUS pecTpUKTa3zaMu He oTinyaercs oT pBR322, Ho
II03BOJISIET OCYILIECTBIISATh (PEHOTUIMYECKUIT 0TOOD
rubpusoB mpu BeTpoiike mo EcoRI-mecrty. bonee
toro, masMuga pBR328 wumeer kommitHOCTH
B KJIETKE, CX0XKyt0 ¢ pBR327.

PaccmoTpennbie miazmunbl cepun pBR nator
BO3MO)KHOCTbH KJIOHUPOBAaTh U JIOCTATOYHO IPOCTO
oTOMpars THUOPWABI TIPH BCTPOMKE (PparMeHTOB
JIHK 1o yuacTkam pacuienseHus BEeKTOPHOH I1a3-
mujibl pectpukrazamu EcoRl, Pstl, Hindlll, BamHI,
Sall, Pvull, Vspl, Sphl, Scal, EcoRV, Xmalll u Nrul.
BHe ceneKkTHBHBIX MapkepoB B 3THUX IUIA3MHUAAX
TaKXKe HAXOAATCSI eIUHUYHBIC MECTA PACILCIICHHS
pecrpukrazamu Pvull, Ball, Aval, Hpal, Smal,
Xmal, Clal, Tthlll, Snal, Ndel.

Kpome Toro, ¢parments JIHK, renepupoBaH-
Hble pecTpukTazamu BspRI win Alul, moryT ObITH
KJIOHHPOBAHbI B BeKTOpax cepun pBR u 3aTem BbI-
meryieHs! Kak EcoRI-, BamHI- unu Sall-pparmen-
Thl. DTOT0 MOXKHO AOCTHYb IIyTEM PaCILEILUICHUS
BEKTOPa OJHHUM M3 TpeX (PEepPMEHTOB C MOCIIEAYIO-
meld OCTPOWKOW JHUIKUX KOHLOB (parMeHToM
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EcoR1 EcoRII EcoR1
1. EcoRIl, HETTOTHBIH EcoRIl
BamHI TUIPOIIH3 Pstl

Pstl

2. S1-nykieasa
3. AHK-nuraza ¢ara T4

BamHI

Ap' T

pBR322 EcoRIl

4,36 TiiH

Aval

EcoRIl

EcoRIl Ball

EcoRII

EcoRIl  pyyll

Pvull EcoRI

Ball

Pstl
Pstl + BamHI

»

pBR327

3,27 TITH EcoRII

ori
Aval

EcoRII

Pstl + BamHI

BamHI

Pvull

Ball

JHK-nuraza

Pyvull EcoRI1
Ball

HindIll

BamHI

Sall

Puc. 2.10. Cxema co3nanus mnazmua pBR327 u pBR328.

Toncroit muHMel 0003HAYEHBI CETMEHTHI IIa3MU, 00BEIHHEHNEM KOTOPHIX morydeHa pBR328

Knenosa JIHK-nmonumepasbl I 10 TynbiX U BCTPOi-
ku BspRI- unn Alul-pparmMeHTOB MO TYHBIM KOH-
nam ¢ nomonisio JIHK-nuraszer dara T4. Ilpu Ta-
koii BcTpoiike BspRI- wnmm  Alul-pparmenrtos
y4acTKu Yy3HaBaHusi pectpukra3z EcoRI, BamHI
nin Sall BoccTaHABIMBAIOTCS, U KIIOHHPOBaHHbIE
(parMeHTBl MOXKHO JIETKO BBILICTIUTH U3 COCTaBa
rubpunaex JJHK:

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

1. BamHI
2. PollK Al
5'..NNNGGATC 3’ 5" CTNNN... 3’
3'..NNNCCTAG 5' 3" GANNN... 5’
JHK-nuraza ¢ara T4

5'..NNNGGATCCTNNN... 3’
3'..NNNCCTAGGANNN... 5’

BamHI

Takum oOpa3om, cozgaHHasi cepusi BEKTOPOB
pBR mno3BossieT KIOHHpOBAaTh IIMPOKHUHM CIIEKTP
cermenToB JIHK.

Kpome paccMOTpeHHBIX MOIy4YeH LENbld st
JPYTUX IUIQ3MMIHBIX KJIOHHPYIOIIMX BEKTOPOB,
M B 3aBHCHMOCTH OT KOHKPETHBIX 3ajia4 IKCIIepH-
MEHTa MOCTOSIHHO KOHCTPYUPYIOTCS HOBbIE BapHaH-
Tel. Panee ormeuanoch, 4To A amMIUIM(UKALUH
mwiazmun ¢ perummkoHoM ColEl-tuma HeoOxommmo
WHrUOMPOBaTh B KJIETKE TPAHCILILUIO ITyTeM 100aB-
JIeHus B cpeny xjopambenukona. st JOCTHKEHUs
B E. coli NOBbIIEHHON KOMUIHOCTH KJIOHHUPOBAH-
HBIX TEHOB 0e€3 IMOJaBJeHUS OENKOBOrO CHHTE3a
MIEPCIIEKTUBHO MCIIOIb30BATh IIa3MUIbl, UIMEIOLIHE
TEPMOUYBCTBUTEIILHBIC MYTAIIMK 1O (DYHKIMU perl-
nukaiuy. Tak, Ha OCHOBE (paKTOpa yCTOWYHMBOCTH
k anTuOnoTHKaM R1-drd19 b. FOxawH ¢ coaBropa-
MU TOTyqmii MAHU-TIa3Muas1 pKN402 u pKIN410
(puc. 2.11), obnanaromyie CocOOHOCTBIO K 0e3y-
JEP’KHOM PEIUTMKALIMK IIPY MOBBILIEHHOH TemIepa-
type. IIpu temneparype 28-30 °C onn HaxomsaTcs
B E. coli B xomnmuectse 20—50 xonuit Ha kieTky. [Ipu



100 naea 2. BEKTOPHAA CCTEMA TPAMOTPULATENIbHOWN BAKTEPWUN ESCHERICHIA COLI

Hindlll

EcoRI

EcoRI

EcoRI

Pstl HindIll

Smal
EcoRI

ﬂmr
pMOB02

Pstl

Pstl
Pstl EcoRI
BamHI
1. Bal31
2. IHK-nwurasa ¢ara T4
Smal
HindIIl
EcoRI1
@r ’_HEOIII/IJ'II/IHKECI’)_‘
% S==o= S %
pMOB42 ori SIS
EcoRI “ Clal
Avall

Pvull

1. JHK-nonumepasa
2. IHK-nwuraza ¢ara T4

pMOB45
105 T

Smal

Clal

JHK-nuraza dara T4

Smal HindIIl

HindIll

ori

Smal

Puc. 2.11. CTpykTypa ¥ cXeMa KOHCTPYHPOBAHHUsI BEKTOPHBIX IIJIA3MH]I, CIIOCOOHBIX K OC3yICPKHOMN PEIUIUKAIIUU

Temmneparype Boiiie 35 °C oOHU pETUTUIHPYIOTCS 0e3
KOHTPOJISI KOIMHHOCTH B Te4eHHe 2—3 4, TIOCTIe Yero
KiIeTkd TuOHYT. K 3TOMYy BpEeMEHHM KOJIMYECTBO
mrasmunHoit JIHK cocrasnser oxono 75 % (!) ot
cymmapHoit JIHK knerku. Ha ocnose pKN402 co-
30aH IIUPOKUI CIEKTP BEKTOPOB, B YAaCTHOCTH
tasmusiel pMOB45 1 pMOBA48, xoTopsie Takxke

MOTYT OBITh aMIUTH(DHUIIUPOBAHBI IO BBICOKOTO
YPOBHSI TEMIEPATypHON MHAYKIUEH pErIMKaluu
(cm. puc. 2.11).

Pactiuputh crieKTp €IMHCTBEHHBIX MECT Jeii-
CTBUSI PECTPUKTA3 HA OMPENCICHHOM IJIa3Muje
MOXKHO, BCTpanWBas B He€ CHHTETHUYECKHN TIOJH-
JUHKEP, COACPKAIIMN YUYaCTKU y3HABAHUS Cpaszy
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I I
Bam Bbv R Eco

BbvIl

|

...GAAGACNNNNNNN...
...CTTCTGNNNNNNN...

’ f

\/ )
~ 6/2 Bbv ~
Bam Bbv 2/6 Eco
L 5
"

JAHK-nonumepasa

Puc. 2.12. O6mas cTpykTypa BekTopoB pBBV u nmpuHIunuanbpaas cxema ux NpuMeHEHH
JUIS KJIOHMpOBaHMS U pereHepanuu pparmentos JJHK.

Bbv — yuactok y3HaBaHus pectpukrassl Bbvll, Bam — BamHI, Eco — EcoRI, R — 110601 apyroii pecTpUKTa3bl

HECKOIIbKHX PecTpuKTa3. KpaiiHUM mpumepom uc-
MOJIb30BAHMS TAKOTO TTO/IX0/Ia MOXKET OBIThH ILIa3-
muna pJRDI58, cogepxkamass 28 yHUKaJIbHBIX
MECT JIEUCTBUS PA3HBIX PECTPHUKTA3.

B psine cnyuaeB juist KJIoHUpOBaHUS (pparMeH-
toB JIHK HeoOXoauMmpl I1a3MHIbI, COAEpIKAIIUe
CHEIMAIbHBIM 00pa30M BBE/ICHHBIC YYaCTKH y3Ha-
BaHMs pecTpuKTa3 noaxiacca IIS, kotopslie ruapo-
mu3yroT Mosiekyiel JIHK Ha HEkoTopoM paccrosHun
OT 3THX y4acTKoB (cM. Tabn. 1.4). [lepBrie mia3mu-
JIbI TaKOTO THIA co3anbl B 1984 . B. H. JIoOpbIHu-
HBIM C COaBTOpaMH IS SH0HYKJea3sl BbvIl. DToT
¢epment pacuersier JHK B monmoxenun 2/6
(MecTa pacmieruieHUs: COOTBETCTBEHHO BEpXHEH
W HIDKHEH TIeTieit) crpaBa OT IOCIeI0BaTeILHOCTH

GAAGAC c obpa3oBaHHEeM TETPaHyKJICOTHIHBIX
OITHOIICTIOYEYHBIX KOHIOB (puc. 2.12). JlanHOE
CBOKMCTBO pecTpukTasbl BbvIl mcmonp3oBaHO IS
pelieHrs 3a7a4i TOYHOTO BBIIIETIIICHHUSI KIIOHUPO-
BaHHBIX MO TynbIM KoHIaMm ¢parmenro JHK wu3
cocTaBa THOPUAHBIX azMua. s 3Toro B mias-
mungy pUR222, He uMEIONIyI0 MECT THIPOIH3a
Bbvll, Bcrponnu cunrernyeckue cermenthl JJHK,
KOTOpBIE COZEp>KalI MO JIBA y4acTKa y3HaBaHU
Bbvll poTHBOTIONKHON TMONSIPHOCTH, & MEXKIY
HUMH — y4YaCTOK y3HaBaHHs KaKOH-THOO Ipyroi
pectpukTtasbl (cMm. puc. 2.12). OauH U3 BEKTOPOB
nanHoro tuna — pBBV21 — nonyuen BcTpanBa-
HueM B pUR222 cnenyromero CHHTETHYECKOTO
cerMeHTa (IpuBeaeHa OHA IIETh):
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Byl
BamHI Y Smal EcoRI

GGATCCGAAGACCCGGGTCTTCGAATTC
BbvIl

[To Smal-ygactky pBBV21 M0XHO KJIOHHPO-
BaTh J1I00bIe (hparmenTs! JIHK ¢ TymeiMu koHIIamu,
a 3aTeM TOYHO BBIIIETUIATE X U3 THOPUIHON MoJIe-
Kyasl. IIpn KIOHMPOBaHMH CHHTETHYECKHX IyII-
nexcoB B pBBV21 mMoxHO mutaHupoBaTh UX CTPYK-
TYypy TakuM oOpa3oM, YTO IOCJE BBIPE3aHUS U3
THOPUIHON TUIa3MUABI C TMOMOIIBIO PECTPUKTA3BI
Bbvll onn OynyT UMETh YHUKAIbHBIE, 3apaHee 3a-
JIaHHbBIC BBICTYIIAIONIME OJHOIICTIOYCYHbIC 5 -KOH-
ubl. B TakoM BeKTOpe MOMKHO KJIOHHPOBAaTh Pl
CHUHTETHUYECKUX CyO(pparMeHTOB OIpeesICHHOTO
reHa W mocie runponusa Bbvll momyuants HaOOp
9THX cyO(parMeHTOB, KaKAbI U3 KOTOPBIX OyneT
UMETh YHHUKAJIbHbIE U Pa3HbIE NPaBbld U JIEBBIH
KoHLBL. Ecnu cuHTE3 CrulaHupoBaTh Tak, YTOOBI
BCE COCE/IHNE CETMEHTHI B MECTE CTHIKOBKH MMEITH
KOMITJIEMEHTApHBIE OJIHOILIETIOUEYHbIE KOHIBI, TO
cyOdparMeHTHI B IMTa3HOW peakiuy OyIyT coenu-
HATBHCS TOJIBKO B 3apaHee 3alaHHOM MOopsike. DTO
3HAYUTEIHHO YIIPOLIAeT MPOoIenypy COOpKH Impo-
TSKEHHBIX CHHTETUYECKUX IOCIIE0BATENbHOCTEN
JHK.

ViydieHHBIMU CBOMCTBAMHM 110 CpPaBHEHMIO
¢ Bekropamu cepuu pBBV obnagaror mimazmuib
pMBI123 u pMBI124 (puc. 2.13), coznaHHBIE
A. H. CuHSKOBBIM C COTPYIHHKAMH Ha OCHOBE
pUR222 v npeiHa3Hau€HHBIE JIJ1s1 BBIPE3aHUS KJIO-
HUPOBAHHBIX (PAarMEHTOB PECTPUKTA3aMU I10[-

Accl
Hindll
Pstl Fokl Hgal  Sall

pMB123

HindIIl
GG ATG ACG CGT CGA CAA GCT TGG ATC CGC GTC ATC CAG
—_— -— =

knacca IS Fokl u Hgal. ABTOpBI IPOIEMOHCTPH-
poBainu 3pPEeKTHBHOCTH PACCMOTPEHHOTO IOIX0a
npu cOOpKe CHHTETHYECKON MOCIIEA0BaTEIbHOCTH
reHa MHTEepJCHKUHA 2 YeJIOBeKa.

HecomHeHHBI HMHTEpEC MPEACTaBISIOT BEK-
TOpPHBIE MOJIEKYJIbI, MTO3BOJISIOLINE OCYIIECTBIATh
IIPSIMOM OTOOpP FeHETUUECKUX 3JIEMEHTOB, PEryiu-
PYIOLIMX 3KCIPECCHIO0 TEHOB B BBIOPAaHHOM THIIE
kieTok. HanOombiue ycrexu B JaHHOM HarpasJie-
HUM HUccienoBaHuil Ha E. coli HOCTUTHYTBHI MpH
CO3[aHMU BEKTOPHBIX IIa3MH] U1 0TOOpa IPOMO-
Topconepxkamux ¢parmentoB JJHK (o mpomoto-
pax mompobuee cM. 3.2). Ilocme Toro kKak OBIIO
[I0Ka3aHO, YTO Y4acCTOK I'MJPOJIM3a PECTPUKTA30H
Hindlll B mnazmunmax cepun pBR nmokxamm3oBan
Mexay obmactsamu —35 u —10 mpoMoTtopa reHa tet
(puc. 2.14), cranmo sCHO, YTO JaHHBIA MPOMOTOP
MOXXHO MHAKTUBHPOBATH JTHOO AeTenrel mocieno-
BareibHOCTEH, npuieraromux k Hindlll-ygactky,
a100 BHEIPEHUEM 110 ATOMY YYaCTKY CETMEHTOB
JHK. BcrpanBanueM CHUHTETHYECKUX JMHKEPOB
MOXHO OJIHOBPEMEHHO OCYIICCTBIATH MHAKTHBA-
[[UI0 TIPOMOTOpa TI'eHa fet W BBEICHHUE YIOOHBIX
PECTPUKLIMOHHBIX y4acTKOB. Ecin 1o aTuMm yvacrt-
kaMm BcTpouth (parmentsl JJHK, Hampasnstoniue
TPAHCKPUIILHUIO B CTOPOHY CTPYKTYpPHOTO I'€Ha fet,
To Oymer cunTesupoBarbcsi MPHK, comepikaras
MIPUPOHBIN y4acTOK CBsi3biBanus pudocoM (RBS),
U ruOpuHasl ia3mMuaa Oyner oO0yCIIOBIMBATh YC-
TOWYMBOCTH KJIETOK K TETPALUKIMHY.

OTUM METOZIOM B psijie Jlaboparopuii ObLIH CO-
30aHbl IUIA3MHUIBL, IPUTOIHBIE AJIST 0TOOPA IIPOMO-

BamHI ~ Hgal Fokl EcoRI

ACGTCC TAC TGC ECA GCT GTT CGA ACC TAG GCG CAG TAG GTC TTAA

Accl
HindIl

Pstl Fokl Hgal Sall

pMB124

BamHl  Hgal Fokl EcoRI

GG ATG ACG CGT CGA CAA GCT AGC TTG GAT CCG CGT CAT CCAG
_ P A

ACGTCC TAC TGC GCA GCT GTT CGA TCG AAC CTA GGC GCA GTA GGT CTTAA

Puc. 2.13. HyxneotnaHast MocienoBaTeIbHOCTD MOMIIMHKEPHOH 06macTu rasmug pMB
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EcoRI (4361)
v 35

HindITI (29)
v 10

5'...CAAGAATTCTCATGTTTGACAGCTTATCATCGATAAGCTTTAATGC
3'...GTTCTTAAGAGTACAAACTGTCGAATAGTAGCTATTCGAAATTACG

4363 14

+1

29 A

SD

GGTAGTTTATCACAGTTAAATTGCTAACGCAGTCAGGCACCGTGTATGAAAT...3
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Puc. 2.14. TlocnenoBarebHOCTh HYKIICOTHIOB B 5'-KOHIIEBOH YacTH T'eHa fef iasmMu cepun pBR

Topcoaepxkamux (pparmenTo JJHK mo olycios-
JMBaEMOMY MMM H3MEHEHHIO (PeHOTHIA KIETOK
E. coli ¢ Tcs na Tcr. Bo MHOTOM aHAJIOTHYHO CKOH-
CTPYMPOBaHbI IIa3MHUIBL E. coli, conepaiiyie ren
xynopambennkonanetTuaTpanchepassl (cat), y Ko-
TOPOTO JIENETUPOBAaH MPOMOTOP, HO COXpaHEHa
CTPYKTYpHasl 4acTh. DTH IJIa3MHUIbI TAKXKE odecrie-
YUBAIOT BO3MOKHOCTH KIIOHHUPOBAHHUSI ITOCIIEI0BA-
tenpHOoCcTel JIHK, kotopeie B kietkax FE. coli
(hyHKIIMOHUPYIOT Kak IpoMoTopkl. [1o cTenenn yc-
TOMYUBOCTH K aHTUOMOTHKY, JIETCPMUHHPYEMOM
THOPUIHBIMHU TTPOMOTOPCOIEPKAIIUMU TIa3MHU1a-
MU, MO)KHO OCYIIECTBIISATH KOCBEHHYIO OIICHKY d(-
(hekTBHOCTH (DYHKITMOHUPOBAHUS OTOOpPAaHHBIX
MIPOMOTOPOB.

Hapsiny ¢ paccMOTpeHHBIMH CO3[aH IUPOKUI
CHEKTp JIPYT'MX THUIOB MJIa3MUAHBIX BEKTOPOB (CM.

2.2.7-2.2.9).

2.2.2. MoneKynsipHble 8eKmMopbl Ha OCHO8€e
AHK ¢paza nam60a

K MoMeHTy nosiBIIeHHsI METOIOJIOT MU FeHeTHYe-
CKOM MHKeHepuH Kosudar A 1o CpaBHEHHIO C JIpy-
rMMU BUpycamu OakTepuil Obul HamOojee IMOJIHO
H3y4YeH TEHETUYECKH M MOJICKYJSIpHO-OHOsIOrHye-
CKH. OTO 1 00yCJIOBUIIO TO, YTO HAPALY C IUIA3MHI-
HBIMH BEKTOpaMH yxe B 1974 1. mosBuiIach cepust
KJIIOHHPYIOIIMX BEKTOPOB HAa OCHOBE (hara A.

B 3penbix Bupuonax ¢ara A JTHK Haxomutcs
B BUJI€ ABYX1IEIOYEYHOM JTMHEHHONU MOJIEKYJIbI pa3-
MepoM 48 502 nmH. Ha konmax monexynsr JJTHK
UMEIOTCsl  B3anMoKomIuieMentapueie GC-obora-
LIEHHBIE OHOLIETIOYEYHbIE KOHIIBI ATMHON 12 HyK-
neotunioB (0603HauaroTCs Kak cosR u cosL). Cpazy
nocie nonajaanus B kietky ¢arosas JHK muxnu-
3yeTcs 110 3TUM KOHIIaM U (PYHKIIMOHUPYET B KIET-
Ke B KOJIbIIEBOH (opme. PalioH KOBaJeHTHO 3allu-
TBhIX cosR ¥ cosL Ha3biBaercs cos-caiumom. Dar A
SIBIISIETCS. YMEPEHHBIM (parom, T. €. B 3aBUCUMOCTH
OT YCIIOBHH MOXET Pa3BUBATHCS B KIIETKE JINOO 1O
JUTUYECKOMY, JTUOO TI0 JIN30TCHHOMY ITyTH.

[Ipu nuTHYECKOM Pa3BUTHUU TPOUCXOIUT JIU-
3HC KJIETOK M 00pa3yrorcs HHPEKIUOHHbIE (aro-

BbI€ YACTHULIBI, NIPU JU30TeHHOM MoJjekyina JIHK
¢ara A unTerpupyercsi B 6aKTepHaIbHY XPOMO-
COMY MIPEUMYIIECTBEHHO B OJIHO MECTO MEXKY Ie-
HaMu gal U bio M HaXOAMTCA B TaK HAa3bIBAEMOM
coctossHUHM npoghaza. UlltamMm, TU30TEHHBINA II0
KakoMy-JIn0o ymepeHHOMY dary, oOo3Havdaercs
cienyromuM 00pa3oM: 3a OOBIYHBIM HAHMEHOBA-
HUEM OaKTEepHaJIbHOTO IITaMMa B KPYIJIBIX CKOO-
Kax yKasbIBaeTcsl JTU30TCHU3UpYIOmui ¢ar, Ha-
npumep, E. coli C600(Aclgs7).

I'enom (hara A MOXKHO pa3euTh Ha TPH OCHOB-
HbIe YacTu (puc. 2.15). JleBas yacTh BKIIIOUAET BCE
rensl (0T Nul 1o J), 6enKoBbIe MPOILYKTHI KOTOPBIX
HEOOXOMMBI 111 JOPMHUPOBAHNS KAlICUIOB U yIa-
KOBKHM B HuUX Monekyn ¢arosoit JJHK. Llentpanb-
Hasl 9acTh, PACHOJIOKEHHAs MEXay reHamu J u N,
HEeCYLIeCTBEHHA Ul JIUTHYECKOrO pa3BuUTHs (ara
B KJIETKE-XO35MHE IUKOTO TUMA. DTa 00JacTh reHo-
Ma COIEPXHUT TeHBI, y4acTBYIOLIHE B oOIel pe-
xkomOuHaimu dara (reda v redf), caiircnerudude-
ckori mHTerpanuu JIHK ¢ara B OGakrepuanbHyro
XpoMocoMmy (int) U UCKIIOUeHUH Tpodara U3 Xpo-
MOCOMBI (xis). CalTcrienudpuiaeckne peKoMOMHa-
IIMOHHBIC COOBITHS TMTPOUCXOISIT IO OCOOBIM yJaCT-
kam (atf) va JIHK ¢ara u 6akTepuaibHOW XpOMO-
combl. [IpaBast 4acTh reHOMa (ara A ConepKuT Bce
OCTaJIbHbIC KOHTPOJIHPYIOIINE 3JIEMEHTHI, K KOTO-
PBIM, B YACTHOCTH, OTHOCSTCS TEHBI, HEOOXOIUMbIE
st peruukanuu arooit JIHK (O u P) u mis
nu3uca Kietok (S u R).

CyuiecTBeHHBIE JJIS1 JIMTHYECKOTO Pa3BUTHS
(hara TeHBI TPAHCKPUOUPYIOTCS C TPEX OCHOBHBIX
MIPOMOTOPOB: PL, PR ¥ Pr’ (cM. puc. 2.15). Ilpu
Pa3BUTHH TI0 JIM30TCHHOMY ITyTH perpeccop ¢ara A
(mpomyxT reHa cl) cBa3bIBaeTCA ¢ OnepaTopaMu oL
U OR, NPEAOTBpaIasi TPAHCKPUIIHIO C PL U PR.
[Ipu nutnyeckoM pas3BUTHH (ara TPAHCKPUIILHS
UJET C pL BJIEBO uepe3 reH N U ¢ PR BIIPaBO yepe3
reH cro. B orcyrcTBue mpoxnykra reHa N TpaHc-
KPHIILUS B 3HAUUTEIBHON CTEIIEHN TEPMUHHUPYET-
sl cpa3y IOCJE 3TUX FeHOB Ha y4yacTKax tp  trj.
BTopoii TepMUHUPYIOUI YYaCTOK tR2 IOIHOCTBIO
OPEAOTBPAILACT  JAJbHEHIIYI0 TPaHCKPHUIILUIO
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Puc. 2.15. Kapra renoma ¢ara A.

ITponucubiMu GykBaMu 0003HAU€HbI JKU3HEHHO BaXKHbIE I'€HbI (para, CTPOUHBIMH — HECYIIECTBEHHBIE 171 €I0 JUTHYECKOro
Pa3BUTHS; 3aIUTPHUXOBAHHBIE CTPEIKH — €AMHUIIBI TPAHCKPHUIIMHU (aroBoro reHoma (CKpUITOHBI), ITMPUHA CTPEJIOK OTPaKaeT
MHTEHCUBHOCTb TPAHCKPHUIILMK COOTBETCTBYIOIMX PallOHOB reHOMa; ToJICTas INTPUXOBas JIMHUSA (reHsl gal u bio) —
xpomocomuast JIHK E. coli; p — npomoTop; 0 — omeparop; t — TePMHHATOP TPAHCKPUIILIHH

¢ npomoTopa pr. IIpoaykr rena N ocyiiecTBisieT
CBOIO (DYHKLHUIO IOJIOKUTEIBHOIO PEeryssiropa ue-
pe3 B3aumoseiicreue ¢ PHK-nonumepa3zoii kiietku,
B pe3yabTare 4Yero TaKoi MOAU(HUIIMPOBAHHBII
(dbepMeHT crocobeH NpeoJoNeBaTh CUTHAJBI Tep-
MUHaLUWU TpaHckpuniuu Ha darosor JIHK. Ben-
KOBBIM MPOIYKT TeHa c70 uMeeT (YyHKIWU aHTH-
pemnpeccopa, ¥ KOTa B KJIETKE TOCTaTOYHO BBICOKA
€ro KOHIIEHTpAIus, MPOUCXOTUT JEePEerpeccus
TPAaHCKPHIILUY € P ¥ pr. B nmpucyrcrum 6enka N
TPAHCKPHIIIUS C Pr, UACT 10 b-001acTH, a C TPOMO-
Topa pr — uepe3 reusl O, P u Q. [Ipoaykr no-
CIIEIHEr0 TeHa HEeOOXOAMM JUIsl TPAaHCKPUIIHMU

MTO3IHUX TeHOB (hara A ¢ Q-3aBUCHMOTO IPOMOTOPa
pr'. Tax kak mpu wHbekmuu JIHK dara muxmm-
3yeTcsl, TPAHCKPHIIIUS C PR’ UAET Yepe3 reHsl S, R,
A BIUIOTH 10 reHa J.

CuHTe3upyomuecs CTPyKTypHbIe OelIKu oopa-
3YIOT JIBE OCHOBHBIC STUHHMIIbI 3peiIoi (paroBoi yac-
THUIIBI — TOJIOBKY U XBOCTOBOH OTpPOCTOK, COOpKa
KOTOPBIX MPOUCXOTUT He3aBucumo. [lpu popmmu-
POBaHMU TOJIOBKH (para mepBOHaYaIbLHO 00pasyer-
Csl TaKk Ha3bIBaeMas MPETOJIOBKA, B KOTOPYIO 3aTEM
nakyercsi garosas JJHK. B kinerke darosas JHK
B pe3yJbTare PEeIUIMKallud HaXOIUTCS B KOHKarTe-
MepHOi ¢opme, T. €. Ha OZHOM TMIAaHTCKON MoJie-
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Puc. 2.16. CtpykTypa BekTopoB BHeApenust Ha ocHose JTHK dara A:

I — y4acTok ruapou3sa pectpukrazoit EcoRI; 2 — myTtupoBanHblil yuacTok runponusa EcoRl; 3 — ydactok rugponusa
Hindlll; 4 — neneuns; 5 — ¢pparment xpomocomHuoit JIHK E. coli; 6 — paiion reHoMa ¢ara A, peKOMOUHAILIMOHHO
3aMEIeHHBINA COOTBETCTRYIOMUM paitonoM dara ¢80; imm*34 — obmacTe UMMYHHOCTH TAMGI0MTHOTO (para 434,
PEKOMOHMHAIIMOHHO BBE/ICHHAs B TeHOM (hara 4

kyne JIHK mnocnenoBarenbHO pacroioKeHO He-
CKOJIBKO TOJIHBIX (haroBbIX reHoMoB. C cos-caiiTa-
mu Ha 31Ok JIHK cBs3wiBatoTcst paroBwie Oemkm
Nul u A. Dtu Oenku obecrieunBarOT Hape3aHue
(harosoit /IHK B cos-calitax ¢ oOpazoBaHueM oj-
HOIICTIOUEYHBIX JIMIIKUX KOHIOB (cosR u cosl)
1 YIIaKOBKY (paroBBIX TEHOMOB B IIPETOIOBKY. B pe-
3ynbrare GopMUpPyeTCs TOJIOBKA (hara, KOTopasi, Co-
€IMHASICh C XBOCTOBBIM OTPOCTKOM, 00pasyer 3pe-
yr0 (haroByr 4acTuily. beiaKoBbIe MPOMYKTHI Te-
HOB R 1 S 00ecrneunBaroT JTU3UC KIETOYHON CTEH-
KH, B pPE3yJIbTaTe YEro MPOUCXOAMT BBIXOJ] B CPEILy
(haroBoro MOTOMCTBA.

[IpuBenenHoe 31ech onucanue GyHKIIUMOHUPO-
BaHUs reHoMa Qara A SIBISETCS KPaTKUM M CXe-
MaTH4YHBIM. B TO ke BpeMsi OHO TIOKa3bIBAECT, YTO
Gdar A uMeeT I0CTaTOYHO CIIOKHYIO, HO XOPOIIO
W3YyYCHHYI) TCHETHYECKYH opranmsanuwo. Jlis
MHOTHX MyTaHTOB (hara A pa3paboTaHbI MPOCTHIE
METOJIbI TECTUPOBAHUS, ITPOJIEMOHCTPUPOBAHA BO3-
MOXXHOCTh TIOJYYEeHHS JKU3HECIIOCOOHBIX JIeNenu-
OHHBIX BapuaHTOB. V3ydeH psiji OJIM3KOPOICTBEH-
HBIX JIIMOZOUIHBIX (ParoB, a TakkKe WX PEKOMOM-
HaHTOB C aroM A U MeXIy CO00, BO3HUKAIOIIUX
in vivo IpA COBMECTHOM HH(HUITUPOBAHUH KIIETOK

E. coli. Bce 3T0 cTUMYITHPOBAIIO UCCIICTIOBAHUS T10
UCIONIB30BaHUI0 (hara A ¥ HEKOTOPBIX €r0 PEKOM-
OMHAHTOB C JIAMOAOUTHBIMHU (araMu B KadeCTBE
KJIOHUPYIOIUX BEKTOPOB.

Ha JTHK ¢ara A nmeercs msTh MeCT pacIer-
neHus pecrpuktasoi EcoRlI (puc. 2.16, a), npuyem
Tpu 3 HuX (s7IA1 — s7IA3) maxomsarcs B obmacTu
T€HOB, HECYIIECTBEHHBIX AJIs TUTHYECKOIO pa3BU-
tus ¢ara. g pectpukrasel Hindlll na JIHK 0ak-
tepuodara A HMMeeTcs MIECTh MECT JCHCTBUS,
U TIITh U3 HuX (shnAdl — shnA5) — B obmactu Hecy-
LIECTBEHHBIX T'€HOB.

[Tomrydenue BEKTOPHBIX MOJIEKYT HAa OCHOBE
JHK ¢ara A cBOAMTCS K BBEICHHUIO MYTAIMH IO
ydacTKaM ACHCTBUSI PECTPUKTA3 B CYIIECTBEHHOU
IUIsl pa3MHOXKeHH (ara o0nacTu reHoMa ¢ coxpa-
HEHHUEM HX B HeCyliecTBeHHON obmacTh. [Tockonb-
Ky KJ1eTku E. coli, o0nagaronme CUCTEeMOH pecT-
pukIIH—Moaudukanun EcoRI, mepMuCCUBHBI TS
¢ara A, umenHo ms pectpukrassl EcoRI Gbuin
MOJTy4YeHbI TIepBbIe BeKTOpHBIC (haru A. D10 00yC-
JIOBJICHO TEM, YTO MYTaHThI (ara A mo mecram
JeicTBus pectpukrassl EcoRI MOXHO 10CTaTOUHO
MPOCTO MOJy4YaTh U OTOMPATh B CUCTEME in Vivo.
Cxema JTaHHOTO TMOJX0Ja COCTOHUT B CIICAYIOIIEM.
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Puc. 2.17. Ctpykrypa BekTopoB 3amelnenus Ha ocaose JJHK ¢ara 4.

CM. o06o3HaueHus K puc. 2.16

darom A momepeMeHHO WHMUIUPYIOT KICTKA
E. coli, nmeromne cucteMy pecTpukuun—moaudu-
karmuu EcoR1 n He nmeromnue TakoBo. Bo3Hnukaro-
M€ CIOHTAHHO WJIM B PE3yJbTaTe MyTareHe3a My-
TaHTBHI, TOTEPSBIINE HEKOTOPHIE M3 yYaCTKOB JIEHCT-
BUS PECTPUKTA3bI, UMEIOT CEIIEKTUBHOE MPEeUMyTIIe-
CTBO Te€pe]] NCXOAHBIM (haroM Mpu pasMHOKEHIH Ha
ITaMME C CHCTEMOH PeCTPUKIUI—MOAN(DUKAIIH,
TaK KaK MyTaHTHBIA (ar ¢ O0IbIIeii BEPOSTHOCTHIO
BBDKMBAET HA PECTPUKTUPYIOLIEM IITAMME 34 CUET
KOHKYPEHTHOW MOIM(HUKAIMA HWMEIOIINAXCS Ha
JHK mecT pecTpukiuu.

I A. llenkynosoit u C. H. lllenxyHOBBIM MO-
Ka3aHo, 4TO CpeHee orpaHuyenue ¢ara A in vivo
CUCTeMOM pecTpukimu—moaudukamun EcoRI mo
K2)KJIOMY U3 IISITH y4acTKOB BO3/ICHCTBHS Ha aro-
By1o JIHK cocrasmnster 5,6. Y myTanTHOTO BapuaH-
Ta, uMerolero Jumb Tpu EcoRI-yuacTka, npu us-
(uIMpOBaHUM PECTPUKTUPYIOIIETO ITamma E. co-
/i Oynmer BBDKMBAThL M JaBaTh Hadayio (aroBomy
nmotoMcTBYy omHa Monekyma JIHK u3 180. s dara
qukoro Tuma (msaTh EcoRI-y4acTkoB) 3TO COOTHO-
menue oyaet 1 u3 5,5 Teic. Monekyn. daroBoe 1mo-
TOMCTBO, MOJIydeHHOE Ha mTamMmme ¢ R—M-cucre-
MoH, umeer MetwiupoBanHyro JIHK. Jlns Ttoro
9TOOBI CHATH 3Ty MOAU(DUKAIINIO, TTOMYJISIHIO (a-
TOB C PECTPUKTUPYIOIIETO IITAMMA ACCUPYIOT HA
mraMMe 0e3 CUCTEMBI PeCTPUKITMA—MOINU(PUKAIIH
U 3aTEM CHOBA IPOBOAST YEpPe3 PECTPUKTUPYIO-
il mramM. [lociie HECKOJMBKUX TaKUX LUKIIOB
MYTaHTHI (ara 1mo MectaM JeHCTBHs PeCTPUKTA3HI
B CHJIy CBOETO CEJICKTUBHOI'O MPEUMYILIECTBA BBI-
TECHSIOT U3 TOIYJISIIUN HCXOIHBIN (ar.

[o Takoii cxeme ObLIM MOTYYEHBI MTEPBbIC BEK-
TopHble (aru A st kiaonupoBanusi EcoRI-¢par-
MeHTOB (cM. puc. 2.16, 6, 6; 2.17, a, 6). []nst KOHCT-
PYYpOBaHHS BEKTOPOB, COAEPIKAIINX YUACTKU TH-
poTH3a APYTHMHU PECTPUKTa3aMHt, TAKOH ITOIXO He-
mpueMiIeM, Tak Kak (ar A He CrmocobeH pa3MHO-
XKaTbcsd Ha OakTepusx, 0ONaJaroIluX COOTBETCT-
BYIOIIIMMH CHCTEMaMH PECTPHKIIMA—MOIU(UKAIINH.
B aToMm cirydae BO3MOXKHBI JpyrHe METOABI CO3/a-
Hus BektopHbix JIHK. Tak, ans pectpuxrasbl
HindlIlIl BexTOp OB MOTy4eH MTyTEM PEKOMOUHAIH-
oHHoii 3amenbl cermenTa JIHK dara A, comepixarie-
ro shnA6, Ha romonoruunyto obmacts JJHK Grm3ko-
poacTBeHHOTO JiIiMO0uAHOTO (hara ¢80, HE UMEr0-
uyto Hindlll-mecra ruaponusa (cm. puc. 2.16, 0).

HeobOxommmMo OTMETHTh, 4YTO IKHU3HECIIOCOO-
HOCTb BapuaHToB (hara A pe3ko CHIKAeTCs, KOorja
pasmep ux remoma cocrapisiet 6omnee 105 niam me-
Hee 78 % renoma Qara amkoro tuma. [loatomy
Ka)KJIbIii KOHKPETHBIN BEKTOPHBIH (har umeet orpa-
HUuYeHus 1o pazmepy pparmenro JTHK, koropsie
MOYKHO B HeM KJIOHUpoBaTh. CyMMapHBIH pa3Mep
JHK rubpuaaeix ¢paroB 10DKeH HAXOTUTHCS B HH-
tepBaiue 3851 TmH.

CymuiecTByolue B HACTOSIEE BPEMs BEKTOp-
Hble (aru A s Kaxka0i KOHKPETHON PECTPHUKTA3bI
JIeJIAT Ha BEKTOPBI BHEJIPEHHS U BEKTOPHI 3aMellie-
Husl. Bekmopwut énedpenua nmeror Ha JIHK ogHo
MECTO JEMCTBUS IS JIaHHOW pecTpukTasbl. Eciu
MpH  BCTpOiike dk30oreHHOrO (pparmenta JIHK
B OTOT CAlT MPOWCXOANUT HAPYIICHHE KaKOTO-THO0
reHa MUCXOAHOTO (hara, CeMeKIHsl THOPHUIHBIX KITO-
HOB OCYIIECTBIISETCS KaK BBISBJICHHE COOTBETCT-
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BYIOLIHMX (paroBbIX MyTaHToB. PaccMOTpuM THUIHY-
HBIX NIPEACTaBUTENEH 3TOH rPyIIbl BEKTOPOB.

[lepBblii A-BEeKTOp BHEIPCHUsI ObLT MOJYYCH
B naboparopun H. Myppest Ha OCHOBE NIEJICITHOH-
Horo ¢ara Ab538 (cm. puc. 2.16, 6). BcraBka dpar-
menta JJHK B srIA3 moBpexmaer reH reda 3TOTO
¢ara, nasast moroMcTBO ¢ penoruniom Red—. Takue
(harm MOXKHO JIETEKTUPOBATH 10 MX PE3KO CHIKEH-
HOW COCOOHOCTH pacTu Ha mwTammax E. coli, my-
TAHTHBIX TI0 TeHaM polA wmm [ig. JIns sToro Bce
HeraTHBHbIC KOJIOHMM (ara, oOpa3oBaBIIMEcs Ha
OakTepHaTbHOM Ta30HE MOCEe TPAHCHEKITNH KIe-
Tok E. coli dparosoii JIHK, nepenocst nocienona-
TEJILHO TIO TpadapeTy Ha Yallkk CO CBEXe3acesH-
HBIMU ra3zoHamu E. coli mrammoB /igh (wn polAT)
u lig — (nm cooTBeTCTBEHHO pol/A-). Te daroBrie
KJIOHBI, KOTOPBIC JIAIOT aKTUBHBIN POCT (00pa3yroT
30HY JM3WCa B MECTE YKOJa) JIWIIh Ha TEPBOM
HmITaMMe, 10JDKHBI ObITh THOPUIHBIMU BapHaHTaMU
¢ara A (umeror penorun Red-). Omguako rubpua-
Hasi TpUpola Kaxaoro (aroBoro KJIOHA MOXKET
OBITH JOKa3aHa TOJHKO JTOTIONTHUTEIHHBIMHU aHAIU-
3amu mosekyn JHK (rubpuanzanusi, pecTpukuu-
OHHBIA aHanmm3). Kak BUAMM, 3TOT TECT HEIOCTa-
TOYHO OJIHO3HAYEH M KPOME TOro TpyaoemMok. OH
HE TTO3BOJISIET OCYIIECTBIIATH MPSIMOM OTOOp THO-
PUAHBIX (AaroBBIX KIOHOB.

3HaunTensHO yhnoOHee B pabotre EcoRI- u
HindlIlI-BexTOophl BHEApEHHs Ha OCHOBe (dara A,
y KOTOpBIX BcTpoiika ¢pparmenta JJHK mospexna-
eT TeH pernpeccopa (cMm. puc. 2.16, &, 0). B atom
cllydae BEKTOPBI OBUIH MOJTYYeHbI Ha OCHOBE (hara
AMimm434 (pekoMOUHAHTHBINA (ar A, comepKaruii
0071aCTh IMMYHHOCTH JIMOmonaHoro (hara 434).
Berpoiika ¢parmentoB JJHK B ren ¢l dara
Aimm434 BEISIBIISIETCS TI0 XapaKTepHOH MOP(OIOrun
Oystek (mpo3pavHble y THOpHUAA U C MyTHBIM IIEHT-
poM y ucxomHoro (ara). Kpome Toro, ynoOHBIiH BEeK-
TOp BHEAPEHUSI C CUCTEMOH IpsiMoro (eHoTHrmye-
CKOTO 0TOOpa rHOPHUIOB MOITYYEH Ha OCHOBE TPaHC-
ayuupytorero ¢ara Aplac5 (em. puc. 2.16, e). Ipu
BcTpolike 3k30reHHoil JIHK B reHoM BEKTOpHOIrO
¢ara Aplac5-1 no emuucTBenHOMY EcoRI-mecty
HapyIaeTcs reH S-ranakro3uaassl (lacZ), 4To jer-
KO JICTEKTHPYETCS B IMPSIMOM TECTE€ THUTPOBAHMUS
(haroB Ha razone E. coli lacZ~ Ha damkax ¢ WH]IU-
KaTopHbIM Kpacurenem. B-lanakro3umasa Kkarasim-
3UpyeT paclIeTICHUE JIAKTO3bl Ha TJIIOKO3Y M Ta-
JaKTO3Y, YTO MPUBOJHUT K 3aKHCICHUIO OKpYIKaro-
uieit cpensl. Usmenenue pH MOXXHO JIETKO BBISIBUTH
Ha MTUTATEILHON Cpejie C JTaKTO301 M ¢ MHIUKATOP-
HBIM KpacwTeJeM OpOMKpPE30JIOBBIM ITyPITYPHBIM
(cpena Mak-Konku). Ha Takoii cpene TeMHO-Kpac-
HOTO 1IBE€Ta BEKTOPHBIH dar Aplac5-1 cOpaxusaer
JaKTO3Y, U OJISIIKK, 00pa3yeMble M IPU THTPOBA-

HUM Ha ra3oHe E. coli lacZ-, IMEIOT KeNToe OKpa-
[IMBaHHUE U OKPYKESHBI JKEITHIM OpeosioM. | nopui-
Hble (aru Ha OCHOBE Aplac5-1 akTHBHYIO 3-ranak-
TO3W/Ia3y HE CHHTE3UPYIOT M B ONMHCAHHBIX YCJIO-
BUSIX (POPMHPYIOT ONSIIKK Oe3 M3MEHEHHsI OKpac-
KU arapu30BaHHOM MUTATEIbLHON Cpebl.

[Ipu npyrom crioco6e GpeHOTUIMHYECKOTO BBISIB-
JeHus THOpuIoB Ha ocHOBe (para Aplac5-1 B mmra-
TEJIbHYIO Cpelly, Ha KOTOPOH THUTPYIOT Ipernapar
¢bara, n006aBisAOT 5-6poM-4-x510p-3-HHIOTHI-f-
D-ranakro3uj (o6o3Havaemblii Xgal). lanHoe coe-
IuHEHne caMo 1o cebe OecrBetHo. OmHAKO TIpH
ero rHApONN3e B-ranakTo3uaa3oi obpasyercs sip-
KO-CHHHH 5-0poM-4-ximopusauro. Iloatomy G-
KU BekTopHOTrO (hara Aplac5-1 Ha rasone E. coli
lacZ- B npucyrctBun Xgal OyayT okpammBaThCs
B CHHUH 1IBET, a THOpHUIHBIC BapHaHThl OynyT dop-
MHPOBATh OCCIIBETHBIC OJISIIIKH.

[IIupokoe pacnpocTpaHeHUE B MOCIETHHE IO-
JIbI TIOJTy4YHJI BEeKTOp BHeApeHus Agtll, o4eHs cxo-
xuil ¢ Aplac5-1. ®@ar Agtll (lac5clgsnin5Sam)
UMEeT TEPMOYYBCTBUTEIBHBIN perpeccop (clgs7)
u amOep-MyTanuo (cM. 6.4) o reny S, IeNarIy o
€ro He CTIOCOOHBIM K JIM3UCY XO3THCKON KIICTKH, HE
umeronieii cynpeccopa supF. ®ar Agtll o0buHO
WCTIONB3YIOT B Ka4eCTBE DKCIIPECCUPYIOMIETO BEK-
TOpa Hpu BCTpoilke B Hero no FEcoRI-yuyactky
JHK-xonuit marpuunbix PHK. Ilpu coBnagenuu
TpaHCISAMOHHOM pamMku BcTrpoeHHol  kJIHK
C paMKoii reHa [-TalaKTo3Waa3bl CHHTE3UPYETCS
XUMEpHBIH 0enok, Ha C-KOHIE KOTOPOTro pacroa-
raeTcs MoCJe0BATEIbHOCTh yKEPOTHOTO Oernka.
MHOTO4YMCICHHBIE YKCIIEPUMEHTBI OKA3aIH, 4TO
qyKEepOIHbIE OEIIKH B COCTaBE XUMEPHI C -Tallak-
TO3U/1a301 B OCHOBHOM COXPaHSIOT CBOM UMMYHO-
XuMmpyeckue cBorcTra. [loaToMy nocine ynakoBku
in vitro v BbICEBa Ha OaKTepUAIbHBIN Ta30H MOTY-
YeHHBIE KJIOHBI (paroB (OJIAIIKNA) MOKHO TTOIBEPT-
HYTb paAMOMMMYHOAHAJIN3Y in Situ C LEJIbIO MOHC-
ka rubpumoB, conepkamux kKJIHK crporo onpene-
nernnoit MPHK (my1st GenkoBoro mnpogykra KoTopoit
AMEIOTCS aHTHUTEIIA).

Bexkmoput 3ameuienus uMeroT 1a uiu 00Jb-
e MEeCT IeHCTBUS PECTPUKTA3bl Ha MOJeKyne (da-
rosoil JIHK. 3akmtoueHHble MeXay 3TUMM ydacT-
kamu (parmeHTsl BekTopHOi JIHK 3amermarorcs
noHopueiMu pparmentamu JJHK. Tlpu stom mpo-
WCXOIUT JINeNNs psifia TEeHOB (para, 4To JeTeKTH-
pyercs COOTBETCTBYIOIIMMHU T€HETHUYECKUMHU Me-
Togamu. HeoOXomnMo moa4epKHyTh, U4TO JIEJETH-
pOBaTbCs MOTYT TOJBKO TI'€HBI, HECYIECTBEHHBIE
JUTSL INTHYECKOTO pa3BuTHA (para (001acTh OT TeHA
J no rena N). Ha JIHK ¢aroB, y KOTOpbIX OTCYTCT-
ByeT TEPMHHATOP TPAHCKPHUIINK try (Aemerus
ninS), pa3Mep JIeJICUU MOXET ObITh YBEIHUYCH
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Puc. 2.18. BapuaHTsl HCTIOIB30BaHust BeKTOpHOTO (ara Agt-AB st kimonuposanus pparmenros JTHK

BIUIOTH JI0 IPOMOTOpa pr. B aToMm ciyuae dar Oy-
JIET JKU3HECIOCOOHBIM, HECMOTPS Ha yHalleHue
JKU3HEHHO Ba)KHOTO B OOBIYHBIX YCIIOBUSAX T€HA NV,
JIETePMUHUPYIONIET0 OeNOK-aHTUTepMHUHATOp. Pac-
CMOTPHM HEKOTOpPbIC M3 BEKTOPOB 3aMEIlCHHs Ha
ocHoBe (ara .

o pa3paboTku Ooiee COBEpPIICHHBIX BEKTOP-
HBIX (paroB caMbIMH MOMYJISIPHBIMU BEKTOPaMH 3a-
MEIICHHsI Ha OCHOBE (ara A, mpegHa3HAYCHHBIMU

st kiionupoBanus EcoRI-pparmenTos, sBiIsuich
mrammbl Agt-AC, Agt-AB (cm. puc. 2.17, a, 6), B Ko-
TOpBIe MOJKHO BCTpanBaTh EcoRI-pparmentsr JJHK
pasmepom o 15,1 tnH. [HomynsapHOCTb 3THX BEK-
TOPOB 00YyCJIOBJIEHA TE€M, YTO MX BEKTOPHAs YacTb
Agt-0 (npasbiit u seBwiii kouipl JITHK dara 6e3
BHyTpeHHero EcoRI-pparmenTta) He oOpasyeT Ku3-
HECHocoOHOro (haroBoro MOTOMCTBA, TaK KaK MO-
nekyna JIHK Agt-0 cmumikom kopotkas. ['uGpu-
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ueie xe JIHK narot sxuznecrnocobHoe (paroBoe mo-
TOMCTBO.

IMony4en Bapuant ara A, 8 JIHK xoroporo
MOXHO BcTpamBaTh EcoRI-pparmenTsr pazmepom
1o 24 trH (cM. puc. 2.17, ), 9TO COCTABISET NPHU-
MepHO TmosioBuHY TuOpuaHou ¢arosorr JHK u
0JIM3KO K ITPEAEIbHOMY pa3Mepy BO3MOKHON BCTaB-
ki B reHoM (ara A. [ubpuaabie darn Ha OCHOBE
9TOTO BEKTOPA JIETKO OTOMPAFOTCS 0 OJIAIIIKOOOpa-
30BaHMIO HA Ta30HE KJIETOK E. coli, TM30TeHHBIX 1O
(hary P2, Tak xkak MmyTaHTHI (para red-gam- pa3MHO-
xatorcst Ha E. coli(P2), B To Bpemsi kak ¢ar A,
HE UMEIONTUI TaKoW TBOWHON MyTamuH (AeJIenn),
Ha yKa3aHHOM JIM30T¢He OMsIIeK He 00pasyer.

YnoOHBI BEKTOPHI 3aMELICHUs Ha OCHOBE TpaHC-
nymupyromux (aros A (cm. puc. 2.17, 2—e). Ilpu
BCTPaMBaHUU B 3TH BEKTOphl 3k3oreHHON JIHK
00brynO 13 (parosoit JJHK ynanstorcs pparmeHTsl,
B COCTaB KOTOPBIX BXOASAT TPAHCAYLIUPYEMBIE STUM
(barom OakTepuanbHbIC TE€HbI. [MOPHIIBI BBISBIIS-
IOTCSI HA COOTBETCTBYIOLIMX MYTAaHTHBIX OaKTepH-
aNbHBIX KJIETKax Kak (aru, yTparuBuire OakTepu-
AJBHBIN T€H U MTO3TOMY YXKe He KOMIUIEMEHTHPYIO-
LIMe MYTAlHIO B KJICTKE-X031HE.

Vrounenue kaptel pacuieruiennst JJHK dara A
PSAAOM KPYNHOLICTISIIMX PECTPUKTA3 IMOCie pac-
mmdpoBku B 1983 1. mosmHON MOCIIe10BaTENbHOCTH
HYKJICOTHI0B ()aroBOro reHoMa I03BOJIMJIO pac-
MIMPUTh TIPUMEHEHHUE MOJTYYCHHBIX pPaHee BEKTO-
poB. Tak, BexkTOp Agt-AB nepBOoHAYaLHO KOHCT-
pyupoBaics st kioHupoBanus EcoRI-pparmen-
toB JIHK. CoBpemeHHBIC TpenCTaBICHUS O BO3-
MOXHOCTSIX UCIIOJIb30BaHM 3TOTO (hara B Ka4yecTBe
BEKTOpa MpUBEJIEHBI Ha puc. 2.18.

Ko BTOpOMYy MOKOJICHHIO BEKTOPOB 3aMEIIECHUS
oTHOCATCS (aru A, y KOTOPBIX 3ameraeMbie (par-
MeHThI JIHK ¢ AByX CTOPOH OrpaHHUY€HbI HCKYCCT-
BEHHBIMH MOJIWJIMHKEPAMH, COACPKALIMMHU Y4acT-
KM y3HaBaHUS PAa3INYHBIX pecTpukTas (puc. 2.19).
[Inpokoe npuMeHeHHne NOMy4Yuian (aru cepuu
AEMBL. B psine ciygaes 6onee ynooes dar ACh40,
KOTOPBI UMEET B MOJMIMHKEPaX y9acTKH y3HaBa-
HUusg 16 pa3nuyHbIX PECTPUKTA3. 3aMellaeMbli
B TeHoMe 3Toro (hara pparMeHT coctouT u3 80 Ko-
nui  ydactka JUIMHOM 235 1H, SBJISIFOLIErOCs
5'-KOHLIEBOM 4acTbIO reHa [acZ 1 UMEIOLIETo caii-
Thl y3HaBaHusl pectpukraz Nael u Xmalll. ®ar
ACh40 Ha coorBercTByrOmMX mTammax E. coli
00yCIIOBIINBAET A-KOMILICMEHTAIUIO 3-TralakToO3H-
nasel (cM. 2.2.6) 1 moaToMy Ha cpene ¢ Xgal maer
CHHee oKpamuBaHue Onsiuek. ['mOpuanbie Qarmy,
IIOJIydE€HHBIE HA OCHOBE JAHHOI'O BEKTOpa, (popmu-
PYIOT OECIIBETHBIE OJISIIIIKH.

B cocraBe BekTOpOB, MPEACTaBICHHBIX Ha
puc. 2.19, moxHo kioHHpoBath Ppparmentsl JJHK
pasMepoM 10 23 TIH, 4TO 00YCIOBHIIO UX HCIIONb-
30BaHUE MIPH CO3JaHUU TaK HA3bIBAEMBIX OUOUO-

MmeK 2en06, N1 KIIOHOTEK (TeHOMHBIX OMOJINOTEK).
st popmupoBaHuss OMOMHOTEKH TEHOB KaKOTO-
mubo opranm3ma B BekTopHble JJHK BcTpamBator
NOJTy4YeHHBIE CIy4ailHbIM 00pa3oM KpymHble (par-
MEHTBI U3y4aeMoro reoma. Takoil moaxon 4acto
Ha3bIBAIOT METOJI0M JpoOoBuKka (shot-gun). Pac-
HIeTJIeHHe npenapara BeicokoMmonekynsapaon JIHK
Ha OoJsiblIME B3aMMHO IEpeKpbIBaromuecs par-
MEHTBI OCYIIECTBIISIOT Yallle BCEro MMyTeM YacTH4-
HOTO THIPOJN3a MEJKOLICISIIEH pPeCTPUKTA30H
(o6branO Sau3 Al nnu Mbol). dparmenTanust Tax-
K€ BO3MOXKHA C ITOMOIBI0 (PU3NUECKUX METO/OB.
Juis w3bamiieHust ot Hecnernuduyeckoro ¢oHa
(BcTpoiika B BEKTOp JABYX WM Oojiee HECOCETHHUX
Ha reHoMme ¢parmenTtoB) ruaponusar JJHK noasep-
rarot (HpaKIMOHUPOBAHUIO 10 pa3Mepy M B peak-
LU0 JINTUPOBAHUS BBOIAT (PparMeHThbl NPOTSHKEH-
HOCTBhIO 15-20 ToH, ¢ TeM 4YTOOBI B BEKTOPHYIO
JTHK ¢ara A Mor BCTPOUTBCS TONBKO OMMH (hpar-
MeHT. [Ipu BcTpoiike aByX u Oojee (parMeHTOB
pasmep rudpunnoit JIHK Oyner mpeBsimats mpeze-
JIBHO TOMYCTUMbINA. BaXKHbIM CBOMCTBOM 3TOM 3KC-
MepUMEHTAJIbHONW CUCTEMBI SIBISIETCS TO, UTO MPHU
YIIAaKOBKE B KAaIICHI in Vitro TIPOUCXOIUT OTOOp
ruOpuaHbIX Moniekyl (arosoii IHK onpenenenno-
ro pasmepa (ot 38 mo 51 tmH). pyroit momxon
npenmnomnaraetr aedocdopunupoBanue pparMeHTH-
poBannoit reHoMHOM JIHK ¢ KOHIIOB C MOMOIIBIO
thocdarazel. Takue GpparMeHTH HE CIIOCOOHBI JIU-
THPOBAThCA MEKIY COOOH, HO BCTPaUBAIOTCS B BEK-
topuyio JIHK, umeroryto HopMaisHBIe hochopu-
JAMpOBaHHBIC 5'-KOHIBI. B 3TOM Cciydae HeT HeoO-
XOJIUMOCTH BO (PpaKkIMOHUPOBAHUHU Ipenapara
kinonupyemoit JIHK no pazmepam.

[Ipu co3nannu OGMOIMOTEKN TEHOB ONpE/IeIeH-
HOTO OpraHu3Ma Ba)KHO, YTOOBI Ka)Iblii CErMEHT
H3y4yaeMoro reHoma ObLI MPeCTaBlIeH Cpeiu THo-
punabix mMonekyn JIHK. Heobxommnmoe kommdect-
BO KJIOHOB B OMOJIMOTEKE OMpPENesIsieTCs] COOTHO-
IIEHHEM pa3Mepa IeHOMa M CpeIHEero pasMepa
BCTaBOK 10 (hopmyrie

N=1In(1 - p)/In(1 —x/y),

rne N — 4YuciIo KIOHOB; X — CPEIHUM pa3Mep
BCTaBKH; ) — pa3Mep TalUIOUJHOTO TeHoMa; p —
BEPOSTHOCTh TOTO, YTO JIO0as IMOCJICIOBATEb-
HOCTb IpeJICTaBIIcHa B OMOIUOTEKE TEHOB XOTS ObI
OIIMH pa3s.

Bri6pas p = 0,99 u 3Has cpeqHuii pazmep BcTa-
BOK, MOXHO pacCUYHMTAaTh HEOOXOOWMBIH 00BEeM
OHONMHMOTEK I pa3HbIX TeHOMOB (Tadi. 2.1). buo-
JUOTEKH TaKOro oObeMa Ha3bIBAIOT IPEICTABH-
TeNbHBIMHU. X MOXXHO MCTONB30BATH IS IPOIIE-
JIypbl, TIONYYHBIICH Ha3BAaHUE «HPOZYIKA NO XPO-
Mmocome. CyThb ITOTO TIOJIX0/1a COCTOUT B TOM, UTO
IIPY TIOMOIIY THOPHUIN3AIUN HYKICHHOBBIX KHC-
JIOT BBISIBJISIFOT KJIOHBI THOPHUIOB, BCTABKH Y KOTO-
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Puc. 2.19. ®uznyeckue KapThl FeHOMa BEKTOPHBIX (aros A,
MpeHa3HAYEeHHBIX JUIsl KIIOHMPOBaHMs KpynHbIX pparmentoB JJHK.

Toncrele muHUM — BeKTOpHas 4acTh ¢parosoit JTHK; mudp
Pectpukraza Smal (momedeHa 3BE3]09KOIT) UMEET yUa,

PBIX YaCTHYHO NEPEKPBIBAIOT APYT Ipyra Mo IMOo-
CJIEIOBATENBHOCTH, T. €. ABIISAIOTCS «COCEASIMI» Ha
u3zydaeMoil xpomocome. [locnenoBarensHO BEISAB-
JIsIsL «cOcenei», KIOHBI THOPUI0B MOKHO WICHTH-
(UIKPOBATH M PACTIONOKUTH B TAKOM MOPSIJIKE, YTO-
ObI X BCTABKHU B IIEJIOM TOCJIEJOBATEIBHO MTOKPHI-
BaJIM BeCh TeHOM. Takoil Habop KJIOHOB HA3bIBAIOT
IHYUKIOREOUel 2eH08. YTOOHBIMH IS «IIPOTYII-
KM TI0 XpPOMOCOME» SIBJISIOTCS BEKTOpBI THIIA
ADASH (cM. puc. 2.19). Onu comepikar mpoMOTO-
pot paroB T7 u T3, npuseraromue K 4y>KepoJHON
JHK B cocraBe rubpuna. C moMoripio COOTBETCT-
Byromux ¢aroseix PHK-nmonumepas MoxHO cuu-
TBIBAaTh in Vitro paJUOaKTHBHO MEUYEHHbIE TpaHC-
KpUITHI, KOMIJIEMEHTApHbIE KOHIIAM BCTPOMKHU.
I'ubpunuzys nomyuennsiii npenapar PHK ¢ THK

aMH yKa3aH pa3Mep GparMeHToB (paroBoro reHoMa B TIH.
CTKH Y3HaBaHHS U B BEKTOpHOI yacTH (arosoi JJHK

JIPYTUX TUOPUIHBIX KIIOHOB, JOCTATOYHO MPOCTO
YCTaHABIUBAIOT «COCEICH.

[lepeBon npeicTaBUTEIBHON OMOIHOTEKH B 3H-
[IUKJIOTICAINIO TEHOB XOTSI M TPYAOEMOK, HO J1aeT
B TIOCJICAYIONIEM IEIbId psiji peumMyliecTs. Bo-
MIEPBBIX, paboTast ¢ SHIUKIIONIEANEH, MOXKHO OTpe-
JENMUTh (PU3UYECKOE TOJIOKEHHE OTPEAeIIECHHOTO
reHa B reHoMe. BO-BTOPBIX, YK CIIO0 KJIOHOB THOPHI-
Hbeix JJHK B sHuMKIONEAMN TOpa3go MeHblle, YeM
B 0OuONMOTEKE, W ATO ympom@er padoTy 110
TOTAIbHOMY CEKBEHHPOBAHUIO, a TAK)KE BEHISBIIC-
HUIO U U3YUYEHUIO OTJCIBHBIX TOKYyCcOB. Hanmpumep,
JUIS CO3aHMs TTOTHOM SHITUKIIONEAUN I'€HOB E. co-
[i uccnenoBaresiM MPUIILIOCH MPOAHATU3UPOBATH
3400 xmoHOB THOPHIOB, a chopMUPOBAHHAS DH-
LUKJIONEAUS COACPKUT UMb 381 KITOH.
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Tabauya 2.1. O0beM NMPeACTABUTEIbHBIX OMOJIHOTEK
T€HOB HEKOTOPHIX OPTAaHU3MOB MPH KJIOHUPOBAHUH
¢parmentoB JTHK B coctase THK ¢ara A
wiu koemusa (p < 0,99)

Pazmep Yucno KI0OHOB
raruion]i- | JUisl BCTaBKH JJTHHOM
Opranusm HOTO (TIIH)
reHoMa,
TIH 20 45
Bakrepust 4,6 - 103 | 1,1 - 103 | 4,7 - 102
(Escherichia coli)
Jpoxoku 1,2 -104]2,8-103 | 1,2 - 103
(Saccharomyces
cerevisiae)
Hacexomoe 1,8 - 105 | 4,1 - 104 | 1,8 - 104
(Drosophila
melanogaster)
Yenosek 3,0 -106| 6,9 - 105 | 3,1 - 105
(Homo sapiens)

Xots BekTophI 3amerienus Ha ocHoBe JIHK da-
ra A yCreIHo HUCIOJb3yIOTCS MPU CO3MaHuN OHO-
JMOTEK T'€HOB, OHU HMEIOT OIpEesICHHbIC HEeNO-
CTaTKH, IIaBHBIM U3 KOTOPBIX SIBJISETCS OrpaHHye-
HHUE pa3Mepa KIOHUPYEMbIX (parMeHTOB BEJIHYH-
HOI1 24 TniH. I3BECTHO, UTO sl 3yKapUOTUYECKHUX
TCHOB B CHJIy MX 3K30H-HHTPOHHOH (pa3apolieH-
HOM) CTPYKTYPBI UMEIOT OY€HBb OOJIBIINE Pa3MEpHI.
Hanpumep, ren auruapodonaTpeayKTasbl MBILIIH
COCTOMT M3 32 TIIH, a T'eH KoJulareHa 2 IbIIICHKA
nMeeT pasmep 38 TnH. I KIIOHMPOBAHUSA TAKUX
kpynHeix ¢parmenroB JIHK k. Kommu3 n
b. Xon B 1978 . co3nanu criennaibHble BEKTOPHBIE
MOJIEKYJIbI — KOCMU/IBI.

2.2.3. Kocmuodsbi

KocMuapl — 3T0 mia3MuHbIe BEKTOPBI, B KO-
TOpBIE BCTPOEH y4aCcTOK TeHoMa (hara A, obecreun-
BaIOMIMK BO3MOXXHOCThH YIAKOBKH 9TOH MOJICKYJIBI
JHK B darosyro gactuiry. HeoO0XxomuMbIMu KOMIIO-
HEHTaMHU KOCMHIHOTO KIIOHHPYIOLIETO BEKTOPa SIB-
TISTIOTCSI:

* IUIA3MHJHBIA YYacTOK Hayala peIUIHKaIiu
JHK u nerepmMuHaHTa yCTOMYMBOCTH K aHTH-
OHMOTHKY;

*  eIWHUYHOE YHCIIO MECT THAPOJIH3a OJHON WITH
HECKOJIbBKUMH ~ PECTPHUKTa3aMH, IPUTOHBIX
U1t Ki1orupoBanus pparmenTos JJHK;

*  ¢parment AHK, conepxamuii KoBaJ€HTHO 3a-
IIIMTHIE JINTIKHE KOHITEI (hara A (cos-cair).
Kpome Toro, xocmuzia qomKHa UMETh HEOOIIb-

o pa3Mep, YTOOBI MOXKHO OBIIO KJIOHHPOBATH

¢parmentsl JHK anunoit 6onee 30 TH.

[IpuHIHT KITOHUPOBAHUS B KOCMUIAX, IPEIJIO-
xennbiit Jx. Kommmazom u b, Xonom (1978 1),
npuseneH Ha puc. 2.20. Jlurupoanuio moasepra-

€TCsI CMECh MOJICKYJT KOCMUIHON U KJIOHUPYEeMO
JHK, ruaponn3oBaHHBIX ONpPeEIeIEeHHOW peCTPUK-
tazoil. [Ipu 3TOM KOCMMIIa HAXOAUTCS B BBICOKOM
koHIeHTpanuu. Cpeau OONBIIOTO0 MHOT000pasus
MIPOAYKTOB JIMTA3HOHN peaKImy 00pa3yIoTCsl TaKKe
MOJIEKYJIbI, COCTOSIIME M3 KIOHUPYEeMBIX (hpar-
menToB JIHK, k 000uM KOHITaM KOTOPBIX MPHTITHUTHI
KOCMUJIBI TaK, 4TO 00a cos-caiTa HaXOASITCSI B OJIH-
HAKOBOW OpPHEHTAIMHA ¥ MEXKIy dTHMHU CcOS-caiTa-
MU COCpEIOTOYeHa BCs TeHeTHdYecKas WHQOopMa-
U] KOCMU/IBI.

Kornma takme Monexynsl MHKYOHPYIOT B peax-
unu ynakoBku JIHK dara A in vitro (em. 2.1.5),
cos-caiitel, (uaHkupymoomue yyxepoanyro JIHK,
paciierIsitoTes: paroBbiMu (pepMeHTaMH ¢ 00pa3o-
BaHHEM OJIHOIICTIOUEYHBIX JUIKUX KOHIIOB, W TO-
nyuyusmmecss Mousekynasl JHK ynakoBbiBatoTcs
B (aroBble kamcuabl. [locrne wHpeKunu KieTok
E. coli obpa3oBaBmumMucs in vitro paroBpIMHU Hac-
tunamu Tuopuaabie JJHK BHEpsOTCS B KIIETKH,
LIUKITU3YIOTCS 110 JTUTMKUM (DaroBbIM KOHIIAM, Peri-
JUIHUPYIOTCS KaK TUIA3MUJBl U JIETEPMUHUPYIOT
YCTOMYMBOCTh K OINpPEJCICHHOMY AHTHOMOTHKY.
B mporecce ymakoBku rubpunaeix JAHK in vitro
MIPOUCXOTUT OTOOp THOPHUIOB, CYMMapPHBIN pazMep
JHK xotopeix coctasnsier 3851 tonH. Haunbonee
HOMYJISPHBIE KOCMUHBIC BEKTOPBI UMEIOT pa3Mep
4-6 TIH, MOPTOMY B HHUX MOXKHO KJIOHHPOBATH
¢dparmenTsl JIHK mnwsO#M OT 35 1m0 45 ToH.

Kocmunable OMOIMOTEKH TEHOB COCTOSIT W3
MEHBIIIETO YHCia KJIOHOB, YeM OMOIMOTEKH Ha OC-
HOBE BEKTOPHBIX (haroB A (cM. Tabm. 2.1). OxHako
MTOCIIEIHUE BCE YK€ TPEAMOYTUTENIFHEE B TEX CIyda-
SIX, KorJa He TpeOyloTcs GparMeHTbl pa3MepoM 0o-
nee 20 TrH. DTO CBA3aHO C HEKOTOPBHIMH TEXHHUYE-
CKUMH CJIOKHOCTSIMH, BO3HHKAIOLIMMHU TIPU KOHCT-
pyHpOBaHUN OMOIMOTEK TEHOB HA OCHOBE KOCMUIL.
Tak, oka3ai0ch, 4TO MPHU ITOM MPOUCXOTUT JTUTHU-
poBaHUE BEKTOPOB JIPYT C IpyroM (cM. puc. 2.20),
YTO JaeT BBICOKHI ()OH KIIOHOB, HE COJEpPIKAIIUX
BcraBok uyxeponHoil JIHK. Kpome Ttoro, ckpu-
HUHT OOJIBIIIOTO YHCIIa KOJIOHUW OaKTepuil mpoBO-
IIUThH CIIO’KHEe, YeM (aroBeIx Omsmmek. Kimonupo-
BaHHBIC KpynHbIe (hparmenThl B cocraBe JJHK ¢da-
ra 6ojee CTaOMIBHBI, YeM B KOCMHUAX, ITOCKOJIBKY
peIuMKoH (hara ajanTUPOBaH K NOJICPIKAHUIO MO-
JeKyn Oonpmioro pazmepa. BaxxHo OTMETHTB, YTO
JUISL TIPEJOTBPAIICHUS] BCTPOHKH B KOCMUIHBIN
BEKTOpP HECKOJIBKMNX HECOCETHUX Ha reHoMe (ppar-
MEHTOB HEOOXOJMMO MPOBOJIUTH (DPaKIMOHUPOBA-
mue kinonupyemoint JJHK wmm medocdopummpona-
HUE, KaK ¥ B cIy4ae NOoJy4YeHusI OMOIIMOTEeK TEHOB
Ha OCHOBe (hara A.

. Nm-T'oposun u Jx. bropk B 1981 1. npenso-
XKML JIPYTYIO CXeMY KIIOHHPOBAHHS B KOCMHJIAX
(puc. 2.21), xoTopasi MO3BOJSAET MPEOIOJIETh HEKO-
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TpaHchopMaHTHI

Puc. 2.20. Cxema xknonuposanus pparmentoB IHK B kocmunax mo Kommuusy u Xony

TOpBIE U3 OTMEYEHHBIX BbIIIE TpyHOCTEN. [Ipemna-
paT KOCMHJIHOTO BEKTOpa Pa3JIeisIOT Ha ABE IOP-
U, KOKIYI0 M3 KOTOPBIX PACHICIUISIOT OIpejie-
JIeHHOW pecTpukTa3oil. [lepBrlil dpepmeHT nenaet
pa3pbIB C OHOI CTOPOHBI OT MOCIIE0BATENBHOCTH
cos, a BTOpOH — ¢ Apyroi ctopoHsl. [loyyeHHbIe
nuHeHHbIEe (GopMBI KOCMUIBI Ae(oCchHOpUInpyIOT,
YTO B JAJIbHEHIIEM NIPENOTBPALIAEeT OJINTOMEPU3A-
uto Bexkropa. Ilocie storo oda npenapara xocmu-
JIbl TUAPOJIM3YIOT pecTpukrason BamHI, cmemu-

BaloT ¢ JnedochoprupoBaHHBIMU TPOILYKTAMU
HeNnoJIHOTO Tuapoiusa kioHupyemoit JJHK pect-
puktazamu Sau3 Al wmm Mbol. Ilpu takoit mporre-
Iype moiydaercs quunb ogud tun Monekyn JIHK,
CIIOCOOHBIX YIAKOBBIBATHCSI B KArCHIb! (ara A.

B 1983 1. I1. Beiitc u P. CBudT cxoHCTpyUpoBa-
JIU HOBBIM THUIT KOCMHU/I, KOTOPHIC TO3BOJISIIOT €Il
0oJbIIIE YIIPOCTUTH TPOIEAYPY MOIYydeHHUS KOC-
MHJIHBIX OWMOMMoTeK. Takue KOCMHUIBI COAEp ar
10 JIBa COS-y4acTKa, pPa3felICHHBIX IOCIEI0Ba-



2.2. MONEKYNAPHBLIE BEKTOPbLI E. COL/

113

BamHI HindIIl
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‘VakoBka in vitro

Puc. 2.21. Cxema knonuposanus pparmentoB JJHK B kocmnaax no Um-T'oposuiy u bropky

TEJILHOCTBIO, B KOTOPOW HAaXOIWTCS CaWT y3HaBa-
HUSI PECTPHUKTA3bl, 00pasymoleil pu THIPOIIN3e
JHK Tymnbie koHupl. Cxema 3Toro noaxoja mpuse-
neHa Ha puc. 2.22. Kocmuay ¢2XB o06padarsiBaioT
pectpukrazamu BamHI n Smal (naetr Tymoii ko-
Hell), 3aTeM JI00aBISIOT IMpernapar KIOHUPYeMon
JAHK, mnoaBeprHyTblii YacTUUHOMY TUIPOIU3Y
Sau3 Al wim Mbol n nedochopunuposanusiii. JIu-
razHyl pEakIUI IPOBOAAT IPH MOBBILIEHHON
koHuentpaunu ATP (ycnoBusi, mpu KOTOPBIX HE
NPOMCXOJUT JIUTUPOBaHUE (PPaArMeHToB MO TYIBIM
KOHIIaM).

B nacrosiiee BpeMs OMydeH IUPOKUN CIIEKTP
pa3HOOOpa3HBIX KOCMHI, KOTOPBIE HCHONB3YIOT
Opu CO30aHUK OMOIMOTEK I'€HOB MPOKAPUOTHYE-
CKUX M JYKapuUOTHYECKHX OpraHuzMoB. BBojs
B COCTaB KOCMUJ INOJWINHKEPBI, MO)KHO CYILLIECT-
BEHHO PACIIUPATH BO3MOXKHOCTH 3THX BEKTOPOB

110 KJIOHUPOBAHUIO YyKepOaHbIX (hparmMeHToB. Tak,
xocmuzia pJRD215 comepkut ygacTku pacuiernie-
Hus s 16 pectpukras. B meiaoM MOXXHO 3aKiro-
YUTh, YTO BEKTOPHBIC (ard A ¥ KOCMHUJIbI COCTaB-
JSIIOT  B3aMMOJOIIOJHSIONIYI0 TPYIIy BEKTOPOB,
OPUTOTHBIX It GOPMUPOBaHHS OMOIMOTEK M JH-
LUKJIONEIUH TCHOB.

2.2.4. UckyccmeeHHble 6akmepuasnbHbie
XPOMOCOMBI

B 1992 1. X. lllu3ys ¢ coaBTOopamMu OIHCAIN
HOBYIO OaKTepHaIbHYI0O BEKTOPHYIO CHUCTEMY, I10-
3BOJISIONIYIO0 KIIOHUPOBATH (PParMEHTHI TyKEPOJI-
noit JJHK pasmepom no 300 ToH. DTa cucrema
na3Bana BAC (ot anri. bacterial artificial chromo-
some — OakTepuanbHasi UCKYCCTBEHHAs XPOMO-
coma). OHa OCHOBaHA Ha WCIOJIB30BAaHUH XOPOIIO
n3y4deHHoro nonosoro ¢axropa F E. coli. Pennuka-
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‘YmakoBka in vitro

Puc. 2.22. Cxema xnonupoBanus gparmentos JIHK B kocmunax mo beiircy u Caudty

st pakropa F B GakrepHaibHBIX KIETKaX CTPOTO
KOHTPOJIMPYETCSA, U €ro KOMUIHOCTb COCTaBJISET
1-2 MoJIEeKyJIBl Ha KIIETKY.

MHorue OakTepualbHbIE MOJIEKYJISPHBIE BEK-
TOPBI OCHOBAHBI Ha BEICOKO- MJTH CPETHEKOMUITHBIX
peIUIMKOHAX, KOTOPBIM YacTO CBOMCTBEHHA CTPYK-
TypHas HeCTaOMIBLHOCTH BCTPOCHHBIX ()ParMEeHTOB
(cM. 1. 8), conpoBOXKIaeMast JeJICTUPOBAHUEM HIIH
IepeCTPONKON CETMEHTOB KJIOHHPOBAHHBIX (ppar-
meHnToB JIHK. OcobeHHO Takast HECTaOMIHLHOCTH
XapaxkTepHa JJs MpoTsoKeHHbIX (pparmentos JJTHK
JYKapUOTHYECKHUX OPIraHHU3MOB, IMOCKOJIbKY OHHU
MOTYT COZEepXkaTb pa3IUYHbIE CEMEICTBAa MOBTO-
PAIOLINXCS MOCIEN0BaTEIbHOCTEN.

®akrop F konupyer reHsl, HE TOJIBKO PErysiu-
pYIOILKE €ro PeIINKAIUIO, HO M KOHTPOJIHPYIOINe
KONMMHHOCTB. PerynsaropHele reHETUYECKUE JIOKY-
CBI BKJIIOUAIOT oriS, repE, parA v parB (o par-te-
Hax CM. JOTOJIHATENHHO 1. 8). [IpoaykT rena repE
00yCJIOBITMBAET OIHOHAINPABICHHYIO PETUIHKAIINIO
¢dakropa F ¢ paiiona oriS, a mpolyKThl T€HOB parA
u parB obecreunBaroT MpaBUIbHOE paciperene-
Hue Qaxropa F Mexay IensmuMucs KIeTKaMH

U TOJJCPKHUBAIOT €ro KONMWHWHOCTh Ha YpOBHE
1-2 momeky.

Bekrop BAC (pBAC) Obl1 co31aH Ha OCHOBE
munu-F mnasmuger pMBO131, B koTopyio mo
yuactky Sall Bctpounu ¢pparment JHK, conepika-
it yaactku cos ¢ara A u loxP dara P1. Kpome
TOT'0, BCTPOCHHBIN ()parMeHT conep:Kal YHUKAIIb-
HbIE YYaCTKH T'HApoONiM3a pecTpukrazamu BamHI
u Hindlll, npenna3HaueHHbIC I KIOHUPOBAHHS
¢parmentoB JITHK, npomortopsr ¢aros T7 u Sp6
JUIsL CHHTE3a N Vitro palioOakKTUBHO WK (Iiyopec-
1eHTHO MeueHHbIX PHK-TpaHCKpuInTOB B KauecTBe
rUOpPUIN3ALMOHHBIX P00 AJIST KIIPOTYIIKH 110 XPO-
MOCOME» M YYaCTKH PEAKOLICISIINX PECTPUKTA3,
Y3HAIOIIUX BOCBMUHYKIICOTH/IHBIE TTOCIIEN0BATENb-
HOCTH (puc. 2.23).

ITo yuactky loxP mnasmumuas JIHK moxer
ObITh pacineruiena Oenxom Cre ¢ara P1, mo cos-
YYacTKy — COOTBETCTBYIOIIMM (epMeHTOM (a-
ra A. Takue ydacTKH ymZOOHBI ISl CTPOTO CIICIH-
(bnyHOTO pacuieruieHus THOPUIHBIX TUIa3MHI, Me-
YEHUsl IIOJIyYEHHBIX KOHIIOB M IOCIEIYIOLIETO
PECTPUKLIMOHHOIO KAPTUPOBAHUS KIIOHUPOBAHHBIX
(parMeHTOB U3y4aeMOro reHoMa.
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Puc. 2.23. Kapra BextopHo#t turazmuasl pPBAC108L

Xpomocomuyto JITHK uenoseka X. lu3ys ¢ co-
ABTOPaMHU YaCTUYHO THJIPOIM30BAIIN PECTPUKTA30M
Hindlll u ¢ppakunoHNPOBAIIN B Tl JIETKOIIIABKOM
araposbl myJibC-IeKTpodope3om. Boiersiiu dpar-
MeHThI pazmepoM 100-300 TIiH, KOTOpBIE JIUTUPOBA-
mu ¢ pacmeruieHHoit Hindlll u nedocdopunmpo-
BanHoM /IHK mnazmunsr pPBACI08L. IomyueHHbIi
Marepuas BBOIWIN B KIETKU E. coli anexTpornopa-
nyel u oTOMpalii KIIOHBI TPAaHC(OPMAHTOB TIO yC-
TOWYMBOCTH K XJopampenukony. [Tocie ruaponu-
3a KJIOHOB pecTpuKTa3oi Notl W myabc-3J€KTpo-
(dopesa ObLT OnpesiesieH pa3Mep BCTPOCHHBIX (par-
MeHTOB uenoBeueckoil JITHK, xotopselil coctaBui
125-300 tH. [TaccupoBanue 0TOOPaHHBIX KIIOHOB
OakTepuil IMPOIEMOHCTPUPOBAJIO BBICOKYIO CTa-
O6unpHOCTH BcTpoek B BAC-BekTope.

HanbHeliine uUcClIeAOBaHUS TOKA3aiM, YTO
CTPYKTypHasi CTAOMIBHOCTh MPOTSKEHHBIX BCTPOEK
B BAC-cucreme cyiiecTBeHHO Bbllle, 4eM B YAC-
CHCTeMe, TAK)KE MCIOJIb3YEeMOM sl KIIOHUPOBAHHS
oueHb Oompmux ¢parmentoB JIHK (cm. 12.4.4).
BAC-cucrema ucnosb3yercs Juisi co3laHusi Ouo-
JHOTEK (PParMeHTOB CIOXXHBIX I'€HOMOB, B 4acT-
HOCTH, OHa ChITpajia BKHYIO POJib B KapTUPOBa-
HHUM U CEKBEHHPOBaHMU I'€HOMA YeJIOBEKa.

2.2.5. ®a3mMuolni

[pu BHIIOIHEHUY OTIPE/ICIICHHOTO THIIA SKCIIe-
pI/IMCHTOB II0 CO34aHUI0 U I/I3y‘leHI/IIO TC€HOMHBIX
KJIOHOTEK YI00HO MCTIOIh30BaTh (Pa3MHUIbl — MO-

JIEKYJSIPHBIE BEKTOPHI, SIBJISIOMINECS UCKYCCTBEH-
HBIMH THOpUIaAMU MEXAy (aroM W IIa3MHIOMH.
®dazmubl nocie BeTpoiiku uyxepoanoi JJTHK mo-
TYT B OAHHMX YCIOBHUSX pa3BHBAThCS Kak Qard,
a B IPYTUX Kak IJIa3MHJIbI.

PaccmorpuM ocHOBHBIE cBoiicTBa (ha3Mua Ha
npumepe Bektopa ApMYF131 (puc. 2.24), onucan-
voro B 1987 r. H. K. SIHKOBCKHM ¢ coaBTOpamm.
Hannas ¢azmuzna cOOepKUT yYaCTKH Y3HaBaHHS
Pa3HbIX PECTPUKTA3, IPUTOJHBIE AJI1 KJIOHUPOBA-
Husi ¢parmentoB JHK. Ona wumeer pasmep
33 277 nH, yto cocTtaBisier 68 % OT BEIMYMHBI
JHK ¢ara A pguxoro tuma. Xots Qazmmuia
ApMYF131 comepkuT Bce TEHBI U yYaCTKH, HEOO-
XOJMMBIE ISl TUTHYECKOTO pa3BuTus (ara A, oHa
He crocoOHa 00pa30BHIBATH HETATUBHBIC KOJIOHHH,
Tak kak cronb Manas JJHK He ymakoBbiBaeTcs
B Karicupl. Pa3mMuia moAIepKUBaeTCsl B KIETKAaxX
E. coli B hopme mnazmuzpl. YBenuueHue pazmepa
npu BcTpamBaHuM (parmeHta uyxepoanoi JJHK
in vitro mpuaaer el cBoiicTBa HeaeeKkTHOTO (ara.

MaxkcumanbHeiii pazmep ¢parmento JIHK,
KOTOpbIe MO)KHO KJIOHHPOBAaTh B (pa3mMuax, 0ObI4-
HO HECKOJIBKO MEHBIIE JOMYyCTHUMOM BETUYMHBI
BCTPOWKH st BekTopoB Ha ocHoBe JIHK dara A
(3TOT pasmep JIETKO BBICUUTATH, 3Hasl BEJTUUYHMHY
BekTopa; cM. 2.2.2). da3mMuay BBIIEIAIOT U3 KIe-
TOK B BUJE IJIA3MUIbI, THAPOJIN3YIOT OIpeJeIeH-
HOW PECTPUKTA30M MU JIUTUPYIOT C MNPOAYKTaMHU
HenoJHoro ruaponusa usydaemoit JIHK, nocne ue-
ro npoBoaT yrmakoBky JIHK B karrcuanr dara A.

®a3mMuabl UIMEIOT Ba)XKHbIE NTPEUMYIIECTBaA I1e-
pea BEKTOpaMH JPYrHMX THUIIOB, MCIOJb3YEMBIMHU
U co3faHusi OmOnuorek reHoB. B omimume ot
BEKTOPOB 3aMelieHns (ara A HeT HEOOXOIMMOCTH
OTIeNATh BekTopHyto Monekyny /JIHK ot BHyTpen-
Hero OammacTHOro ¢parMeHTa, uTo CYIISCTBECHHO
yOpOINAeT MpoLEeAypy MOArOTOBKM  BEKTopa
Kk Bcrpolike uyxkeponnou JIHK. Bonee Toro, 310

pUCI19

Sall

EcoRI
Sacl

Nhel
Xmall

Eco47111

Puc. 2.24. Kapra dasmuast ApMYF131
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o0ecrniednBaeT MPAaKTUYCCKH IOJHOE OTCYTCTBHE
y dasmunsl «HoHOBBIX» THOPUIOB, KOTOPBIE OObIU-
HO o0Opa3ytoTcsi y (aroBbIX BEKTOPOB, TaK Kak
OYCHb CIIOKHO TOJHOCTBIO HM30aBUTHCS OT 3ame-
1aeMoro BHyTpeHHero ¢parmenta. B omimune ot
kocmun asmuaa tuna ApMYF131 nocne nwuras-
HO 00pabOTKH He CITOCOOHA YIaKOBHIBATh B (paro-
BbIC YaCTHLbl CBOM AMMEPHBIE U TeM 0oJiee MyJib-
TUMEpHbIE (DOPMBI, ITOCKOJIBKY Aa)Ke AUMEp Ipe-
BEITIIAeT 10 pasmepy ¢arosyio JIHK, crmocobnyro
K ynakoBke. [loaTromy mpu ucnonb3oBaHuu ¢as-
MHJIHOTO BEKTOpa He TPeOyIOTCsI JONOIHUTEIIbHbIE
(hepmeHTHBIE 00PAOOTKH, KOTOpPBIE OOBIYHO HEOO-
XOJIUMBI JUJISI KOCMU].

Takum o0pa3zoM, mnpuMeHeHHE (a3MHUIHBIX
BEKTOPOB YIPOILIAET NPOLEAYPY HOIY4YEHUS U OT-
6opa rubpuaHex Monekyn JHK, Tak kak Tompko
rubpuanabie (asMuasl MOTYT 00pa3oBBIBaTh Ha
OakxTepHaTbHOM Ta30HE GaroBeic OMSIIIKH. B oTim-
9pe OT KOCMUIHON WM (ParoBoil BEKTOPHBIX CHC-
TeM (a3sMUJIHBI BEKTOpP CYIIECTBYET B KIIETKE
B BHJIE [JTa3MHUJIbI, & KIIOHOTEKA IOJTydaeTcs U Xpa-
HUTCS B BUJIC CYCIICH3UU THOPHUIHBIX (aroB.

Ecnmu rubpuaapivMu  dasmugamMu “HOUIUAPO-
Bath KICeTKU E. coli, mu3orennsie mo ¢ary A (T. e.
cojieprkalire B OOJBIIOM KOJIHYECTBE OeloK-per-
peccop cl ¢ara), To paroBeic reHBI IKCIIPECCHPO-
BaThCsI HEe OymyT, a THOPHUIHBIC KOJBIIEBBIC MOJIC-
kynbel JIHK O6yayT pasMHOKATHCS 32 CUET PETLTHKO-
Ha TasMubl. [Ipu 3TOM OyleT CHHTE3HpOBATHCS
NPOJIYKT F'eHa YCTOMYMBOCTH K aHTHOMOTHKY, KO-
aupyemblii wasmunoit. Kierku E. coli(A), nadu-
UPOBaHHBIC THOPUAHBIMU (ha3MHUIAMH, HA Cpeie
C COOTBETCTBYIOIIMM AaHTHOWOTHKOM (aMIIHUITHII-
musoM st ApMYF131) 6yayt ¢popmuposars Gax-
TepuanbHbie KoJoHuH. Conepxaiecs B GpazmMuie
YyKepPOAHBIC TEHBl B 3THX YCIOBHAX HE penpec-
CHPYIOTCS, YTO MO3BOJISIET YCIICIIHO UCTIONb30BaTh
Takue ruOpuIbpl B KOMIUIEMEHTALMOHHOM aHAJIM3e.
Ecnu HeoOxonumo monmyuuTs (ha3Muy cHOBa B (ha-
roBoii (hopme, TO OCYILECTBIISIOT HHAYKLHIO €€ JIU-
TUYECKOTO pa3BHUTHs (HanOojee MpOoCTO Crocod
Wit ApMYF131 — tepmounaykius). Takum oOpa-
30M, (a3MUIBI ABJISIOTCS BEKTOPAMH, OOECITCUH-
BAIOIIMMH BO3MOKHOCTb CMEHBI (a3, T. €. IKCIIEPH-
MEHTAaJbHO PETYIUPYEMOTO MEPEKITIOUSHHS Pa3BH-
i Tuopuaaeix JJHK Ha daroseii wnm mmasmu-
HBII ITyTb.

2.2.6. KnoHupyrwue eekmopsbl
Ha OoCHoge HUmMesUOHbIX ¢hazoe
[Ipu KIOHUMPOBAaHMU W aAMIUTU(PHUKALNN B BEK-
TOPHBIX IIA3MHUIAX MM IPOU3BOAHBIX (ara A dy-
xeponubie pparmentsl JJHK HaxonsTcs B AByXIie-
roueuHor hopme. OHAKO B psifie CIydaeB, HAIPU-

a 7]

(e pVIL pIX

pVIII

890 uMm

Puc. 2.25. Cxema 9acTHIBI HUTEBUIHOTO (ara:

@ — COOTHOUIEHHE Pa3MePOB YaCTHUIIbI;
6 — cXema yImaKoBKH OCITKOB 000JI0YKH
(BHYTpH U300paxena nens JHK)

Mep, MU TreTepoayIJIEKCHOM aHalIN3e, Ompeserne-
HUHU TMOCJIEA0BATEILHOCTH HYKJICOTUAOB, BbIIEIE-
Huu komiuiemeHntapHoii PHK, HanpasieHHOM My-
TareHe3e M HeKOTOPHIX IPYTHX, HEOOXOANMO MaHH-
nynupoBatk ¢ ogHoi nemnsto JJHK. IIpu atom npu-
xonutces pazaenats uenu JJHK, uro He Bcerna Mox-
HO CJleNaTh JIOCTaTodHO mpocto. [loaToMy KimoHH-
poBanue IHK B oiHO1IEIIOUEUHBIX BEKTOpPAX SBJIS-
€TCsl IIPHUBJICKATEIIbHBIM O0bEAMHCHUEM MIPOLICAYP
MU30JIUPOBAHUSI  LEJCBOM  MOCIENI0BATEIbLHOCTH
JHK, ee ammumdukanuy u pa3aeneHus nenei mc-
XOIHO AByxIenodednoro ¢pparmenta JJHK.

HureBunneie daru E. coli (M13, fd, f1) nHan6o-
Jee MOaXomsIT s 310l nenu. Jmuaasie (900 HM),
ToHKHe (7 HM) W THOKHWE BHUPHOHBI ITHX (HaroB
MIPEJCTABIAIOT COOOM KOJIBIIEBYIO OTHOIIEIIOYEU-
nyto JJHK (ou/IHK) nmunoit 6407 HyxieoTHaoB
st para M13 u 6408 nykneotunos aist daros fd
u f1. JIHK ymakoBana B TpyOOUKy, COCTOSIIIYIO U3
2700 xommii OCHOBHOTO O00OJOYEYHOro OemKa
pVIII u 3akpbITyr0 Ha KOHLAX YETBIPbMS WU
MATHIO MOJICKYJIaMU Ka)IOro U3 YEThIPEX MUHOP-
HBIX 0o0onmoueunsix Oenko plll, pVI, pVII u pIX
(puc. 2.25).

HureBuanbie daru ancopoupyrorcs Ha F-mu-
nsax E. coli m mosToMy criocoOHBI HH(PHUIIUPOBATH
b Myxckue (FT) 6akrepuanbhpie kietku. MH-
(hexmus KiIeToK E. coli HAaYUMHAETCS TTOCIe aacopo-
rnu 6emka plll, Bxomsmiero B cocTaB aroBbIX 9ac-
THll, Ha KoHIE F-mimmm xo3siickon kineTku. Ilocie
atoro oii/[HK chara, HazeiBaemas (+)-1enbro, niepe-
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HOCHUTCSI B LUTOIUIa3My KJIETKHU. bakTepuanbHble
HOJIMMEPa3bl OCYIIECTBISIOT CHHTE3 BTOPOIi,
(-)-mern, oOpa3ys HBYXIENOYCUHYIO pPenauKd-
muenyto ¢popmy (P®) darosoro remoma. CunTes
BTOpOH IIeNMM WHULMHUPYETCS Ha ori(—), pacnoo-
JKEHHOM B MeXreHHou obmactu IR (puc. 2.26). Ha
Moutekynax P® ocymiecTBisercs TpaHCKPUNLINA U
[IOCJIe Ay OIas TpaHCIALUs (ParoBbx reHoB. benok
pll BHOCHT pa3peiB B (+)-uenb PD B yuacTke
ori(+), TakXke PacrojIOKEHHOM B MEXTEHHON 00-
nactu IR. OTo mpuBOOUT K perumkauuu ¢$paroBoi
JIHK 110 MoJtenn KaTsImerocst Kojiblia ¢ BEICBOOOXK-
nenueM (+)-menu. Ilo 3aBeplieHHH IUKIA OEIOK
pll murupyeT KOHIBI 00pa30BaBIIEHCs OTHOIICTIO-
yeynoit (+) JJHK. Ha panHux stanax wHQpeKuu
HOBBIE (+)-I[EMH CIIy’KaT B Ka4eCTBE MaTPHUIl IS
00pa3oBaHMsl JOMOJHHUTENBHBIX Mojekya PD, oxn-
HaKO TI0 Mepe HaKoIUIeHus ¢aroBoro Oenka pV,
ceszpiBatoniero onJ[HK, nporecc dhopmupoBanus
P® topmosurcs. KomumitHocts P®  cocrasisier
200-300 Monexyn Ha KIETKY.

st cOOpKM BHPHOHOB M WX JKCIIOPTa HEOO-
XOIUMBI KileTouHble MeMOpanbl. HoBocuHTE3MPO-
BaHHBIE 000JI0UeUHBIC OelKH (para BCTpaWBAIOTCS
B IU1a3Matnyeckyto Memopany. benku plll u pVIII
CHUHTE3UPYIOTCSI ¢ N-KOHLIEBBIMH CUI'HAJIbHBIMU
nentunaMu (cMm. 2.2.10), KOTOpbIe OTIIEIUISIOTCS
HocJie CEKpelH Yepes MIa3MaTHIecKyo MeMoOpa-
Hy. C-KkoHIIEBBIE THAPODOOHBIE TOMEHBI OEITKOB OC-
Tarorcsi B MeMOpaHe, a N-KOHIIEBbIE YacTH BBIXO-
ISIT B IEpUILIa3MaTHUECKOE IPOCTPAaHCTBO. benku
pl u pIV 00pa3yioT MyabTUMEPHBIH SKCIIOPTHBIN
KaHaJl MEXy BHyTPEHHEH 1 BHEIIHEH MeMOpaHa-
mu. MHunmanms cOOpKH U SKCIIOpTa BUPHOHA MTPO-
UCXOJUT TOCJIE B3aMMOJCHCTBUS crienn(uIecKon
HYKJICOTHU/IHOW IOCIIeI0BATEIbHOCTH (TaK Ha3bl-
BaeMbIii curHai ymnakoBku) B IR-o6mactu (+)JHK
¢ xomruiekcoM pl—plV, 6akTepuanbHBIM THOPETOK-
CHHOM M MHHOPHBIMH 0O0OJOYEUHBIMU OeiIKaMu
pVII u pIX. OGpa3yemble BUPHOHBI IKCKPETHPY-
IOTCSl Yepe3 AKCHOPTHBIN KaHal, MPU 3TOM MOJie-
kyabl Oenka pV Ha JJHK nocrenenno 3amemarorcs
moutekynamu 6enka p VIII. [Ipucoeanaenne OenkoB
pVI u plll x koHIYy hopMHpPYEMBIX BUPHOHOB 3a-
BEpLIAET MPOLECC UX COOPKH.

JlinHa BUPHOHOB 3aBUCHUT OT BEIMYUHBI (haro-
BOr0O T€HOMa M MOXET BapbHpOBaTh B IIHPOKHUX
npenenax. JnwHa gacTur rudpumHoro Qara yse-
JMYMBAETCS MPONOPLHMOHANIBHO pa3Mepy MaKyro-
meiics JTHK. O6pasyromuecs npu nHbeknmnn ¢a-
TOBbIE YaCTHUIIBI TOCTOSTHHO 9KCKPETHPYIOTCS KIIeT-
KaMH 0e3 JM3uca NOCICIHUX, U 3TOT MPOoIece SB-
JSeTCSl DHEPro3aBUCHMMBIM. 3a OJHY TeHEpaIuio
o0pasyercsi HECKOJIBKO COTEH (paroB Ha KIETKY.

-«

Puc. 2.26. I'enetnueckas opraHu3anus HUTEBHIHOTO
(hara M13.

['enbl 0603HaYECHBI CEPBIMU OJIOKAMH U PUMCKUMH [IU(ppaMH,
ME)KTCHHBIE 00JIACTH — YepHBIMU O10KaMu. CTperkaMu
MOKa3aHbl IPOMOTOPBI ¥ HANPaBJIECHUE TPAHCKPHUIILHH,
YEPHBIMH KPY)KKaMH — TEPMHHATOPBI TPAHCKPHUIILIUH

CkopocTh pocTa 3apaXeHHbIX KIETOK Ha
25-50 % nwmxe, ueM HenHPUIMPOBaHHBIX. [1o3TO-
My TIpY TUTPOBAHWU HUTEBUIHBIC (haru 00pa3yroT
Ha OakTepualbHOM Ta3oHe MyTHBIC OJstiiuku. [Ipu
Pa3MHOKCHUN HUTEBUIHBIX (paroB B OakTepHaib-
HOM KJIETKE MX T€HOM OJHOBPEMEHHO MPHUCYTCT-
ByeT B BHJIE OOJIBIIOTO YWCIIA KOMHH JIBYXIIEIO-
YEYHOW KOJBIIEBOM MIa3MHUABI U OJHOLETIOYEUHOMN
JHK B cocraBe BupuoHoB. M3 ogHOro auTpa MH-
(UIMPOBaHHON KYJIBTYPbl HOIYYalOT HECKOJIBKO
MUJUTUTPAMMOB OJTHOIIETIOYEYHON M PEIUTHKATHB-
HOM 1Byxuenodeqnoii popm darosoit JHK. Ha on-
HouenouyeyHoi BupnonHou JJTHK mHorue manumy-
JSIIMU 110 CO3JaHMIO0 THOPUAHBIX MOJIEKYN, pa3pa-
OoTaHHBIC /711 BUPYCHBIX M IIa3MHUIHBIX JByXIIe-
noueunslx JIHK, peannzoBars Henb3st. OfHAKO OHU
C yCIIeXOM NMPUMEHHUMBI K PETTUKAaTUBHON (opme
reHOMa HUTEBUIHBIX (ParoB, KOTOpas HHPEKIHOH-
Ha B TecTe TpaHceKun kietok E. coli. Bee 310
00yCIIOBHIIO HCTIONB30BAHNE HUTEBHIHBIX (haros
JUTSL CO3aHNS KIIOHUPYIOIINX BEKTOPOB.

Hasmuune HecymecTBeHHO# 00nactu B haroBom
TeHOME SIBIISIETCS BaKHBIM YCIIOBHEM JUIS KOHCT-
pyupoBanus ruOpugoB. OQHAKO y HUTEBUAHBIX (ha-
roB OOJIBITMHCTBO aMOep-MyTaluii MPUBOIUT K TH-
Oenu para nmpu HENEPMHUCCUBHBIX YCIIOBHAX. B re-
HOMeE 3TuX (haroB CyLIECTBYET JIMILb MEKICHHas
obnactp IR pasmepom 500 HyKICOTHIIOB, BO MHO-
rue MecTa KOTOPOH MOIYT ObITh BHECEHBI H3Me-
HeHHs 0e3 HapyLIeHMs KXU3HECIIOCOOHOCTH dara.
PenmkarnBras ¢opma ¢arosoit JJHK ne nmeer
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Puc. 2.27. Cxema co3nanusi THOpUAHBIX daros M13.

IR — mexreHHas 001acTh; PUMCKHUMHU HU(ppamMu 0003HaYCHBI TeHbI (hara

YYacTKOB y3HAaBaHUS MHOTHX KPYITHOIIETSIINX
pecTpuKTa3, 00pa3yoIuX NPy THAPOSIU3E JIUIKHE
koHIIbl. KpoMe Toro, paroBelii reHOM HE CONEPKUT
TeHETUYECKUX MapKepOB, KOTOPHIE MO3BOJIMIN ObI
BBISABIAITH THOpUaHbIe (aru. [TosTomy KoHCTpyH-
pOBaHME BEKTOPHBIX HUTEBUIHBIX (DaroB BKITFOYA-
eT B ce0sl TIPEeXK e BCETO BBEJICHNE B TEHOM CEJIeK-
TUBHBIX MapKepOB U YHHMKAJIBHBIX MECT JIEHCTBUS
ONPEEICHHBIX PECTPUKTA3.

[epBbiit rubpuanbii dar M13 Obu1 ommcaH
JIx. Meccunrom c¢ coapropamu B 1977 r. Penmka-
tuBHas (opma JIHK c¢ara MI13 rumponmsyercs
pectpuxTtazoii BsuRI nHa 10 ¢gparmenTtoB, nmMero-
HIMX TYyTble KOHLBL. YTOOBI OMYy4NTh MOJIHBIN (a-
TOBBII TeHOM B JUHEHHOUW dopme, PD ruaponmso-
BaJI OTPAaHWYEHHBIM KOJMYECTBOM PECTPUKTA3bI
BsuRI Tax, yto kaxxnas monekyna JIHK pacmernis-
Jach JHIIb B OXHOM MecTe. JINHEeHHbIe MOJIEKYIIbI
pasMepoM B TOJHBIA (DAroBbI I'€HOM BBIICIHIN
anekTpodopeTrueckn U K HUM jnodaBwinu Hindll-

(hparMeHT JIaKTO3HOTO onepoHa E. coli, uMeronuit
pasmep 789 mH u conepkaiuii 4acth reHa lacl,
[IPOMOTOPHO-OTIEPATOPHYIO 00JIACTh U HAYAJIbHYIO
yacTh reHa lacZ, xonupyronryto 145 N-KoHIEBBIX
AMHUHOKHUCIIOT f-ranakto3uaassl (puc. 2.27). Ilo-
JTy4deHHbIe (PparMeHTHl CHIMIN 1O TYMBIM KOHIIAM
¢ nomomipto JIHK-muraszer dgara T4 u nposenn
TpaHcekuo KieTok E. coli. JIns noHumMaHus
MpHUHLHUIA 0TOOpa rHOPUIHBIX (HAaroB pacCMOTPUM
CTpOEHHE JIAKTO3HOTO orepoHa E. coli.
JlakTo3ublii onepoH (lac-onepon) E. coli co-
CTOUT M3 TPEX TEHOB, C KOTOPHIX TPaHCKPUOHUPYET-
cs eamHas monumuctponnas MPHK (puc. 2.28).
Ten lacZ siBnsieTcst CTPYKTYPHBIM T€HOM [-rajak-
TO3U/1a3bl, KaTaJIU3UPYIOIIEeH pacierieHue JIaKTo-
3bl Ha IJIIOKO3Y W ranaktody. ['eH lacY — crpyk-
TYpPHBIN T€H NepMeasbl, HeOOXOIUMON I TpaHC-
IopTa JaKTO3bl B KJIETKy. [ eH lacA xonpupyeT THo-
ranakrozuarpancanerunazy. Cunres MPHK lac-
OTIepOHA PETyIUPYETCs OSITKOM, Ha3bIBAEMBIM pell-
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Puc. 2.28. Cxema lac-onepoHa E. coli.

P — IPOMOTOP; O — OIEPaTop

peccopoM. DTOT OeI0K Komupyerces reHoMm lacl (cm.
13.3.5). B aktuBHOI1 (hopme penpeccop CBI3bIBaCT-
cs Ha JIHK ¢ omeparopasiM ygactkoMm (0) lac-ome-
pona u 6nokupyet Tpanckpunuuio MPHK ¢ nmpomo-
TOPA Plac. BITOKUPOBAHHEII TAKKM 00pa30M OTMIEPOH
Ha3bIBAIOT penpeccupoBaHHbIM. [Ipn mHaKTHBa-
IIUU perpeccopa (B pesyibraTe MyTaluy UIH CBS-
3BIBaHMS C ONPEACICHHBIMU HEOONbLIMMU MOJICKY-
JIaMH) OH TEPSIET CIIOCOOHOCTHh 00Pa30BBIBATH KOM-
TUIEKC C omepaTopoM. Te MPOW3BOAHEIE JAKTO3HI,
KOTOpBIE CBSA3BIBAIOTCS C PEMPECCOPOM U U3MEHSI-
IOT €ro CI0COOHOCTh K B3aumonekcTeuio ¢ JJHK,
Ha3bpIBalOTCS MHIyKTOpamu. K Takum coeanHeHu-
sIM OTHOCHTCS, HallpUMep, CHHTETUIECKUI aHaIIor
nakTo3sl n3onponuwirtnoraigakrosun (MIITI), xo-
TOPBIA HE META0OIU3UPYETCS KIETKAMH U TTI0O3TOMY
IIMPOKO HCTIONIb3YETCS B KA4ECTBE MHIYKTOPA.

Knetkn ¢ myrammedr no reny lacl, Bemymeit
K 00pa3zoBaHMIO JeEeKTHBIX MOJIEKYNl penpeccopa,
OCYIIECTBIIOT KOHCTUTYTHBHYIO (HEperymupye-
MYI0) TpaHCKpHIIIHUIO /ac-oniepona. MytanTsl laclQ
XapaKTePU3YIOTCsl CBEPXCHHTE30M Oelka-penpecco-
pa. IlpucyTrcTBre OONBIINX KOTUYECTB /ac-perpec-
COpa MPEMSITCTBYET MOJIHON 3KCIPEeCcCcuu TeHoB lac-
onepoHa aaxe npu Hanuuuu naaykropa UITTT. Hc-
HOJIb30BAHHE KIIETKHU-XO3siMHAa ¢ MyTarmen /laclQ
1o3BoJIsIeT A3 (PEKTUBHO PETYINPOBATH TPAHCKPHUII-
OUIO C IPOMOTOPA Pige- B OOBIUHBIX YCIOBHUSX
B E. coli laclQ TpaHCKpHUNIHSA ¢ AaHHOTO MPOMO-
TOpa MPAaKTUYECKH HE MPOUCXOAUT, HO B HYKHBIH
MOMEHT OHa MOXET OBITh MHIYIIMPOBaHA J00aBIe-
HueM B cpeny UIITT.

Haubonpmmii wHTEpec mIsI MOJEKYISPHBIX
OuosoroB B lac-oriepoHe TMpPeNCTaBIseT TeH lacZ.
IMpoxyxkt sT0r0 reHa — f-ranakrosuaasa (f-Gal) —
JIETKO OTIpe/IeTISieTCs 1o crenuduaeckoil hepMeH-
TaTUBHON akTUBHOCTU (cM. 2.2.2). bonee Toro,

TaHHBIA (QepMeHT oOafaeT pSAIOM YHHUKaIbHBIX
cBoricTB. B 1968 I. Obl1a onmcana Tak Ha3bIBacMas
Q-KOMIUTEMEHTAIMs  3-rajakTo3uaas3bl, KOTOpast
OTHOCHUTCS K BHYTPHIIUCTPOHHOU (BHYTPHUTECHHON )
KOMIUIEMCHTAIIUU U COCTOUT B TOM, YTO B PE3YJb-
TaTe HEKOBAJICHTHON aCCOIMAINN PAa3TUYHBIX MY-
TaHTHBIX (POPM I (PPArMEHTOB OJTHOTO M TOTO JKE
Oenka oOpasyeTcst PyHKIIMOHATIBHO aKTUBHBIN Oe-
nok. [Momunentuz B-Gal cocrout u3 1021 amunO-
KHUCJIOTHOIO ocTarka. DepMEeHTaTUBHON aKTUB-
HOCTBIO 00JTaziaeT OEJIOK, COCTOSIINN M3 YETBIPEX
UJCHTHYHBIX CyOBbeIUHUI] (TETpaMep ¢ cymmap-
HOM MonekymsipHoit maccort 460 x[a). [Ipu u3zy-
YEHWH Pa3NIMYHBIX MYTaHTOB II0 TeHY /acZ ObLIu
BBISIBJICHBI HEAKTHBHbBIE (DOPMBI 3-TaIaKTO3HIa3bl,
o0o3HaueHHsie M 15 1 M 112 u nmerorue cooTBeT-
CTBEHHO JIeJCIIMA aMHHOKHCIOT ¢ 11-i mo 41-r0
(A11-41 AK) u ¢ 23-it o 31-10 (A23-31 AK). Oxka-
3aJI0Ch, YTO 3T MYTaHTHBIC OENKM He 00pa3yroT
TETPAMEPHOU CTPYKTYPBI, a SBISIOTCS JUMEpPAMHU.
Bosee Toro, 0p110 00HAPYKEHO, YTO €CIIH K Tpera-
pary (-Gal M15 wmn M112 noGaBuTh menTHz
3-92 AK, mosyuaemblii mocie THapon3a 3-ranak-
TO3M1a3bI OPOMUCTHIM IIUAHOM (THUAPOIU3YET OCITKU
10 METHOHUHOBBIM OCTATKaM), TO TIPOUCXOIUT KOM-
IIeMeHTanus 1 (pepMeHTaTUBHAs aKTHBHOCTH BOC-
cTaHaBnuBaeTcs. Takol (epMEeHT, OJ0OHO HATHB-
HOMY, IMEET TeTpaMepHyI CTpyKTypy. HeaxTus-
Hble OEnKU ¢ jeierei B N-KOHIIEBOM MOCIIEI0Ba-
tenbHOCTH -Gal Tmoyuriin Ha3BaHWE ((-aKIETTO-
PBI, 3 KOMIUIEMEHTUPYOIIUE WX MENTUABI WIH MY-
TaHTHBIE (OpPMBI Oenka — «-JJOHOpHL. B Oonee
MTO3/IHUX MCCIIEIOBAHUAX OBLIO MMOKA3aHO, YTO TeTl-
tua 3—41 AK taxoke siBiIsieTcsl MOJHOCTBLIO aKTHB-
HBIM ((-JIOHOPOM TI0 OTHOIIEHHIO K 3-Gal M15.

[Tomyuennslii B skcniepuMenTax Jx. Meccun-
ra ruOpuanbIi dhar M13, comepxammii BCTpanBae-
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Wcxonublil a-nientug

MI13mpl (+)-1ens S

IMOCJIC MCTUIINPOBAHU A

KommuremeHnTapHas (—)-1emb 3.
MOCJIe OMIMOOYHOMN PEIUTHKALINH

M13mp2 (+)-mems 5.,

(TmoToMCcTBO MyTaHTHOTO (hara)

Dxcnpeccupyemblit
MYTaHTHBIN ¢'-ienTuy

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

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

10 | 20
CH

i

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

ATG—ACC-ATG-ATT-ACG-AAT-TCA-CT...

EcoRI

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

Puc. 2.29. Beenenne EcoRI-yuactka B JIHK ¢para M13mpl

mblii Hindll-¢parMeHT 1aKTO3HOTO ONEpoHa, 10JI-
JKEH JIeTepPMHHUPOBATh B KieTkax E. coli cunres
HOJTHOLIEHHOTO a-oHopa (1-145 AK) f-ramakro-
3uga3el. Hanbosee npocTo BBISIBUTH TAKOW CHHTE3
MOKHO, UCIIOJIb3yS B KAaueCTBE XO35SMHA MYTaHT-
HBII TamMM E. coli, CHHTE3UpYIONIUI ¢ -aKIenTop
B-Gal. B atom ciydae in vivo OyaeT IpOUCXOAUTD
a-KoMIieMeHTauus u ¢geHotun Lac~ HMCXOmHBIX
KJICTOK M3MEHHUTCS B MH(QULUPOBAHHBIX KJIETKAX
Ha Lac™. Takoe n3meHenue heHOTHUIIA JICTKO TECTH-
poBaTh C IOMOUIbIO LIUTOXUMHYECKOH pEaKLuH,
MIPOUCXOISIIEH B arapu30BaHHON Cpefie, co/eprKa-
meit xpomorennoe coenuuenue Xgal (cm. 2.2.2).
I'azon kieTOK-penunueHToB E. coli, CHHTE3UpYIO-
mux ¢-akentop f-Gal (0OBIYHO UCTIONB3YIOT My-
tauT lacZ AMI15), Ha cpene ¢ Xgal Oyner Oenoro
[BETA, @ OKPALIMBaHUE B CHHUM IIBET JIOJIKHO BBI-
SIBIIATBCS TOJIBKO B palloHaxX CKOIUJIEHHS KJIETOK,
WHOUIHUPOBAaHHBIX THOpuAHBIM  (arom MI13
(6msamkax). [lpu aToM mcxonHblil dar popMupyer
OeclLBETHBIEC OJISILIKH.

OTto06pannsrii Ha cpene ¢ Xgal rubpuanbtii dar,
CHHTE3UPYIOIIHI (-TOHOp -ralakTo3uaa3sl, 000-
3Hagmmu M13mpl (cm. puc. 2.27). OnHako 3TOT
¢ar eme Henp3s ObUIO MCIONB30BAaTh B Ka4eCTBE
BEKTOPHOTO, TaK KaKk B HEM OTCYTCTBOBAJIH €/IH-
HUYHBIE MECTa TUAPOIIN3a PECTPUKTA3aMHU B MEXK-
reHHoi obmactu. [loaToMy ObLTa TIpEANIPHUHSATA TTO-
MBITKA C(HOPMHUPOBATH PECTPUKIIMOHHBIM YYacTOK,
WCTIONIB3YS MyTareHsl, CIIeU(UIHO JISHCTBYIOTIE
Ha ogHouenoueunyto JIHK. IlocnenoBarensHOCTS,
y3HaBaeMylo pectpukrazoil EcoRI, ynanoce co-
3]1aTh, 3AMEHUB I'yaHUH B NOJIOKEHUH 13 cTpyk-
TypHOTO reHa lacZ Ha aneHuH. Takyro 3aMeHy 0Cy-
LIECTBWJIA C TOMOUIbIO AJIKMIUPYIOIIETO areHTa

N-meTun-N-HUTpOo30MOUEBUHBL. MeTunupoBaHue
9TUM MYyTareHOM I'yaHHHa 10 mojaomkeHno 06 00y-
ciopnuBaeT npu perumkanuu JIHK ommbodnoe
criapuBaHue, IPUBOIIICE K 3aMEHE B ()aroBOM I10-
TOMCTBE MOAN(UIIMPOBAHHOTO TyaHWHA Ha aJICHIH
(puc. 2.29).

[locne myrtareneza JIHK tpancduuuposann
B KJIETKH E. coli v "HIUBUAYyanbHbBIE (DaroBbIe KII0-
HBI I0ABEPraju NpoBepke Ha Hamuue EcoRI-Mec-
Ta Ha PD (paroroii JIHK. B pesynsrare ObLT BEIC-
JieH MyTaHTHBIA Gar M13mp2, uMeromuii yuacTox
y3HaBaHUS pecTpukrassl EcoRl (cm. puc. 2.27).
VY 31oro (hara B aMMHOKUCIIOTHON MOCTIEI0BATEIb-
HOCTH CHHTE3MPYEMOTO (hparMeHTa [3-rajakro3u-
J1a3bl B MATOM MOJOKEHUH [IPOU30IILIA 3aMEHa ac-
MMaparuHOBOM KHUCIOTHI Ha acmaparud. [Ipu sTom
a-xkomruiemenranus -GalM15 He Hapyuriiace,
TaK KaK JaHHas oOacTh q-AOHOpa IS KOMILIE-
MEHTAIM1 HECYIIECTBEHHA.

[Ipu BcTpoiike ayxeponubix hparmentoB JJHK
o EcoRI-mecty M13mp2 B GonbmMHCTBE Cllyya-
€B MPEKPaIaeTcs CHHTE3 PyHKINOHAIBEHOTO O -/10-
HOpa. DTO MPOUCXOAUT B CBSI3U C TEM, UTO 3a CUET
BCTaBKH (B MPsSMON WM OOpaTHON OpPHEHTAIIHH)
HapyllaeTcs pamka TPaHCISLUM ((-10HOpa, WUHH-
IUAPYEMOH ¢ CUTHAJIOB TeHa lacZ, miubo B KIOHH-
pyeMoM (parMeHTe HaXOAATCSl CUTHAJIBI TEpMHHA-
MW TPAHCKPUIINH WIN TPaHCIAIUHA. B pesynb-
TaTe Takue ruOpuaHble haru oOpaszyroT NpU HH-
(hekuum MyTaHTHBIX KJIETOK FE. coli Ha cpene
¢ Xgal OecrBeTHbIC OJISIIKU, B TO BpeMs KakK HC-
xomHbIH (har M 13mp2 dhopMupyer OJIAIIKH CHHETO
ugera. Kak Buanm, nomyuennsiit par M13mp2 yixe
SIBIIIETCS KJIOHUPYIOIINM BEKTOPOM, MO3BOJISIO-
LIMM OCYLIECTBIATH NpsiMoii oTOop rudpuaos. Ox-
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HindIII* EcoRI

HindIll Sphl Pstl

Sall
Accl

Hincll — ypql

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

A

Xmal

BamHI Smal

Kpnl Sstl

EcoRI EcoRI*

GAG GAT CCC CGG GTA CCG AGC TCT CGA TGG AAT TCC CTC CGG AGA3'
CTC CTA GGG GCC CAT GGC TCG AGA GCT ACC TTA AGG GAG GCC TCT TTA AS

GTACGTTCG

B

CAGGTCGACTCTAGAGGATCCC

C
G
G

G
TCGAGCCAT

EcoRI

NN >>—d4dNn0>—40na>>
OOoNOHNAN A4 >0 4> 0 A~

Puc. 2.31. llomunuakep BekTopHoro ¢ara SSEV19:

a — IOCJIeI0BAaTeNIbHOCTD JABYXIEIIOUEUHOI0 JINHKepa (YepTa CBEpXy — yUacCTKHU y3HaBaHUS PECTPUKTA3;
3BE3/]04K0IT 0003HaueHBI N3MEHEHHBIE PECTPHKIINOHHEBIE y4acTKH; A, B — camMokoMIIIeMeHTapHbIe MT0CIeI0BaTeILHOCTH);
6 — ognonenoudeunas JJHK ¢ara B paifone momminakepa

HAKoO B TOM CiIyd4ae, Korna BCTpoeHHBIH B M13mp2
(parmenT JIHK He BHOCUT CHTHATIOB TEPMUHAIIUU
TPAHCIALUH (TPAHCKPHUIILIUU) U HE U3MEHSIET paM-
Ky CUUTBIBaHHMS ((-IOHOPA, THOpUA 1O (QEHOTUITY
HE OTJIMYAETCSI OT POIUTENbCKoro (ara. Takoii xe
a¢ ekt Oyner HaOTIOMATHCA, €CIIH B UY)KEPOTHOM
(hparMeHTEe UMEIOTCSI CBOM IMPOMOTOP W/HITH ydac-
TOK CBSI3bIBaHUSI PUOOCOM M KOIUPYIOLIas 1ociie-
JIOBAaTENbHOCTh, PaMKa TPAHCIALUU KOTOPOH CO-
BIIAJIAE€T C PaMKOM TpaHCISILMM ¢-I0HOpa. B mo-
CIIEIHUX CiIydasix mo (eHOTHITy THOpUAHbIe (aru
MOXXHO OTOOpaTh TOJBKO MPH MPOTHUBOIOJIOKHOM
OpPHCHTALlMM BCTaBKHM OTHOCHTEIBHO BEKTOpA.

BaxHo mog4epkHyTh, UTO B KaIllCHAbI HUTEBUIHBIX
(baroB maxyercst Tonpko onHa (+)-nens JJHK. Ilo-
9TOMY B 3aBHCHMOCTH OT OPHEHTAllMU BCTPOMKH
B coctaBe onHomenodednoit JIHK ¢ara Oyner Ha-
XOIUTHCS JTHOO0 Kogupyromas, J100 KOMILIEeMEH-
TapHasl €l LeNb KJIOHUPYEMOro reHa. J{uckpumu-
HUPOBaTh TaKWe BapHaHThl THOPUIOB MOXKHO
IIPOCTBIM METOAOM THOPHIN3ALMH HYKJICHHOBBIX
KUCIIOT in Situ.

Jns pacmmpeHuss BO3MOXHOCTEH KIOHHPOBA-
Hus ¢pparmenToB B JIHK BekropHoTro hara M13mp2
1o EcoRI-MecTy BCTpOWIN CUHTETUYECKUH MONH-
JMHKEP, KOTOPBIH COAEPKUT IO J1Ba caiiTa JeicT-
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BamHI
Haell
Xhol
Smal
Pvul

HindIll

Haell

BamHI
EcoRI

Haell

BamHI
Haell
BamHI

EcoRI1
Haell

BamHI

Pvul
Pstl

Haell

Haell

HindlIll

v |

Puc. 2.32. PectpuxiionHbie KapThl peruinkatuBHbiX popm JJHK BexropHbIx ¢aros fd:
1 — ¢parment JJHK masmunsr pACYC177, 2 — pACYC184

Bust pectpukraz EcoRl, BamHI, Sall, Accl n
Hincll, pacroyioKeHHbIX CUMMETPUYHO OTHOCH-
TEJIBHO LIEHTPAJILHOI'O yYacTKa IeHCTBUS PECTPHUK-
tasbl Pstl. [lonydyenHsiii Bapuant ¢ara o603HaueH
M13mp7 (puc. 2.30). Berpoiika maHHOTO TOJH-
auHKepa B (ar M13mp2 He Hapymmia paMmKy
TPaHCIAINU ((-I0HOpa, a CIeI0BaTeIbHO, U 00ycC-
JIOBIMBaeMyl0 (aroM «-KOMIUIEMEHTALUIO, 4YTO
MO3BOJISIET IIMPOKO HCIOIB30BaTh CKOHCTPYHPO-
BaHHBIN (ar B SKCIIEPUMEHTAX MO KIIOHUPOBAHHIO
¢parmenToB JIHK. Ilyrem 3ameHbl MOCIEIOBa-
TEIbHOCTU CUHTETUYECKUX JIMHKEPOB JOCTATOYHO
MIPOCTO CO3/IaHBI Pa3HOOOPa3HbIE BEKTOPHBIE MPO-
n3BonHbIe para M13mp2: M13mp8, M13mp9 (cm.
puc. 2.30), M13mp10, M13mp11 u ap. Mcnions3ys
JaHHBI HA0Op BEKTOPHBIX (HaroB, MOKHO peIIaTh
00JIBIION KPYT TEHHO-WHKSHEPHBIX 3a/1a4.

JLx. bupnaT ¢ coasropamu (1989 r) mpeno-
JKWJIM HOBBIY BapHaHT KIIOHUPYIOIIETO BEKTOpa Ha
ocHoBe JIHK c¢ara M13. B kauecTBe MCXOTHOTO
onu B3sui par M13mpl9 (cm. puc. 6.12) u ero
MOJIMJIMHKEP, OTPaHUYECHHBIH yyacTKaMH y3HaBa-
Hus pecrpuktas EcoRI u Hindlll, 3amenunu npy-
TUM CHHTETHYECKUM TOIHINHKEPOM pazMepoM
96 mH (puc. 2.31, a). B cTpykrype HOBOTO IOIH-
JIMHKEpa 3aJI0)KEeHa CIIEAYIOIIas 0COOCHHOCTB: IO
KpasiM OH UMEET B3aMMOKOMIIJIEMEHTapHbIE I10CIe-
JIOBaTeNbHOCTH U3 19 HyKJIEOTHI0B, KOTOPBIE B OJ1-
nouernoueunoit JIHK 3pemoro ¢ara cmocobnbI
(hopMHpOBaTh JIBYXLEIOYCUHYIO «HOXKY» (CM.
puc. 2.31, 6), conepxkaiyro HOpMaibHbI EcoRI-
yuactok. ITostomy onnonenouyeunas JJHK Takoro
(bara, obo3naueHHoro SSEV19, MoxkeT ObITH TH/I-

ponu3oBaHa pectpukrazoii EcoRI, u npu 3TOM
KJIOHUPOBAaHHAS B MOJMJIMHKEPE Yy>KEpOAHas I10-
CJICZIOBATENbHOCTD JIETKO BhINIETIIsieTCs. VI3Bite-
YEHHBIM OHOICIIOUCYHBIA (hparMeHT MOXKHO I10-
METHTH C MOMOLIbIO PAAMOAKTHBHBIX U30TOIOB H
WCTIONBb30BaTh B Ka4eCTBE BBICOKOCHEIM(DUIHOTO
rUOpPUIN3ALMOHHOIO 30HAA U T. 1. HuTeBuaHbIH
¢dar M13 pasmHO)kaeTcs Ha KieTkax E. coli 1o
Bbicokoro Tutpa (101 BOE/mi), TeM caMbiM J10-
cturaercs 3 dexkTuBHaAs HapaOOTKa OOJBIINX KO-
JMYECTB OJHOLETIOUCYHBIX (PAarMEHTOB KJIOHUPO-
BanHou J[HK.

Kpome BekTOpoB — mpou3BoaHbIX (hara M13
MOJIyYeH PsiJl BEKTOpoB Ha ocHoBe (haros fd u f1.
Ha puc. 2.32 npuBesieHa CTPYKTypa HECKOJIBKHUX
BEKTOpPHBIX BapuaHTOB (ara fd, xoTopble ObLIH
CKOHCTPYUPOBAHbI 10 CTPATEeruy, pa3paboTaHHON
mpu nony4yenuu ¢ara M13mpl. B nannom cinyyae
BEKTOpHBIC (parn 0O0yCIIOBIMBAIOT yCTOWIHUBOCTH
K aHTUOMOTHKaM, M MO3TOMY HMH(PHULIUPOBaHHBIC
MMM KIJIETKH CITOCOOHBI pacTH Ha MUTATENbHON cpe-
JIe C COOTBETCTBYIOLIMM aHTUOMOTHKOM. [IpH 3TOM
KJIOHBI KJIETOK E. coli, vHOUIMPOBAHHBIX (TpaHC-
(unMpoBaHHBIX) THOPUAHBIMU (haraMu, JIETKO BbI-
SBJISIFOTCS Ha CEJIEKTUBHBIX Cpelax.

Kak BugnM, BeKTOpHas cMCTeMa HUTEBUAHBIX
(haroB pazpaboTaHa JOCTATOYHO XOPOIII0. ITO 00yC-
JIOBJIUBAET aKTUBHOE NMPUMEHEHHE AHHBIX BEKTO-
POB Ul aHaIM3a HYKJICOTHIHON IOCIEN0BaTElIb-
HOCTH KJIOHMpOBaHHbIX (parmentoB JHK, mis
MyTareHe3a KJIOHMPOBaHHBIX I'€HOB M T. 1. Bce
yare BEeKTOPHBIE MMPOU3BOJHBIE HUTEBUAHBIX (a-
T'OB MCIOJb3YIOT VIS SKCIIPECCUH UYKEPOAHBIX I'e-
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HOB B KiieTKax E. coli. Ocoboe HampaBieHUE HUC-
CJICZIOBAHMH, UCTIONIB3YIOIIEe BEKTOPHYIO CHCTEMY
HUTEBUIHBIX (aroB, MOTY4YHIIO Ha3BaHKE (aroBbIi
quctiei (em. 7.5).

2.2.7. ®acmMuosbl

PacmmpuTs BOBMOXXHOCTH HCTIOJIB30BAHUS OJT-
HOIIETIOUEYHBIX BEKTOPOB YJAJIOCh IyTEM COBME-
IIEHVS TeHETHIECKUX DIIEMEHTOB TIA3MUJ] U HATE-
BUIHBIX (DaroB B cocraBe oxHoN Monekynsl JTHK.
MornexynsipHble BEKTOPBI JAHHOTO THIA Ha3BaHBI
darmugamu. I. Jlorto ¢ coaBropamu B 1981 T.
BcTpown 1o EcoRI-yuactky mumasmuasl pBR322
dbparmenT perummkatuBHOM Gopmer [JHK dara fl
pasmepom 1,3 TIH, KOTOPBIN BKJIIOUAET BCE yuC-
JICHCTBYIOIINE DIIEMEHTHI T€HOMa, HEOOXOIMMBIE
JUTSL peIrIuKauy 1 MopdoreHesa ¢ara u pacroa-
rarommecst B MeXXreHHol oonactu IR. Otu ke uc-
CJIEIOBATENH TTOKAa3aJH, YTO TIPH CYTIEPUHPEKITUN
(hbarom f1 knerok E. coli, conepixaiux co31aHHYO
wiazmuy pD4, mpuMepHO MOJIOBHHA CEKpeTHpye-
MBIX B KYJIBTYPalbHYIO CPEy BUPHOHOB HECET OI-
nouenoueunyto JAHK ¢ara f1, a gpyras nonosu-
Ha — oxuonenodeunyo JIHK rubpumgnoii mmas-
MUJIBL.

JI. lente ¢ coaBropamu B 1983 1. mepeHecau
¢parmenT reroma ¢ara f1 u3 miasmuast pD4 B co-
craB iazmu cepun pUC (cm. 2.2.8), He Hapymas
TeHETUYEeCKUX JIeTepMUHAHT mnocienHux. Ilomy-
YEeHHYI0 cepuio Tutasmuj obo3Haunmmu pEMBL
(puc. 2.33). OTu BEeKTOPHI 00JIaIaF0T BCEMU CBOM-
cTtBamu poauTenbekux miaasmug pUC u, kpoMe To-
ro, pu UHGUIUPOBAHUY KIETOK E. coli ¢parom fl

ori

Clal
o
Ap* &
P 2
pEMBL
~4000 mH

OHHM CIIOCOOHBI YIIAKOBBIBATh OJIHY U3 IENCH CBOCH
JHK B xancun ¢ara. Kakas nenms pEMBL Oynet
yrnakoBaHa B (paroBbIil KarnCuJl, 3aBUCHUT OT OPHCH-
Tanuu KiIoHupoBaHHoro gparmenta JHK dara fl
B tuia3mujie. [103ToMy BEKTOPHI ¢ pa3HOl OpHeHTa-
nuei pparmenTa darosoit JJHK o6o3nagaroT 6o
pEMBL(+), mu6o pEMBL(-). IIpu ucnonp3oBa-
ann pEMBL(+) B Karicuasr makyeTcsl HEKOIUPYIO-
mas Ielb IeHa [-TalakTo3uaasbl, a B Cllydyae
pEMBL(-) — xomupytomias.

@armugsl pBluescipt 11 KS(+/-), umeromue
TaKyl0 K€ TCHETHYECKYI CTPYKTypy Kak
pEMBLI19(+/-), Ho Menbmuii pazmep (2961 mH),
HCIIOJIB3YIOT BO MHOT'HX JTa00paTOPHsIX MHUPA.

Pa3zpaboTanHbIe BEKTOPHBIE CHCTEMBI HA OCHO-
Be HUTEBUIHBIX (aroB E. coli HAXOMSAT IIMPOKOE
MIPUMEHEHNUE B T€HHO-WHXCHEPHBIX JKCIICPUMEH-
Tax (cm. 7.5).

2.2.8. BekmopHble nna3mMuosbl,
obecneyuesarouwjue npsiMmol omb6op
2ubpudHbix HK

[Ipu koHCTpyHpOBaHMM THOPHIOB Ha OCHOBE

BekTopHBIX Monekyn JIHK dara A nim ¢aros cepun

M13mp ynaeTcst OCyIIECTBIISATh IPSIMOi 0TOOP KIT0-

HOB THOPUAHBIX (aroB. B cioyuae ke ncmonp30Ba-

HUS [JIA3MUJTHBIX BEKTOPOB MPSIMOI 0TOOP KIIETOK,

collepKaIux THOPHUIHBIC TUTa3MHUIbI, 9aCTO HEBO3-

MoxkeH. [ToaTomMy Bo3HHMKIIA HEOOXOAMMOCTH B pa3-

paboTKe BEKTOPHBIX IUTA3MHUJ] C CHCTEMOH MPSIMOit

CeJIeKIK THOpUIHBIX BapuaHToB. [IpennpunsTeie

WCCJICMOBAHNS TPHUBEIN K CO3JAHUIO ITHPOKOTO

CIIEKTpa TAaKUX KJIOHUPYIOUIUX BEKTOPOB; HEKOTO-

PbIC U3 HUX MbI paCCMOTPUM.

lac

pEMBLS ! ! ! !
EcoRl  Xmal, BamHI Sall, Pstl HindIII
Smal, Aval  Accl, Hincll
pEMBLY9 L I I I I I
Hindlll  Pstl  Sall, BamHI Smal, EcoRI
Accl, Hincll Xmal, Aval
pEMBLI18 L 1 1 1 1 1 1 1 1 ]
EcoRI Sstl  Kpnl Xmal, BamHI Xbal Sall, Pstl  Sphl  Hindlll
Smal, Aval Accl, Hincll
pEMBL19 l I I I I I I I I |
HindIll Sphl  Pstl  Sall, Xbal BamHI Xmal, Kpnl Sstl EcoRI
Accl, Hincll Smal, Aval

Puc. 2.33. Kaptel mnazmun cepun pEMBL
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HindlIll

Xbal

1858 u

Sall Hincll

Hinfl Accl BamHI

|
CCAAGCTTTCTAGAGTCGACGGATCCGGGGAATTCA

EcoRI
1823 u

CHHTETHYCCKHI CETMEHT

Puc. 2.34. Kapra mna3zmusr pUR250

Bemmeras w3 JIHK daros cepun M13mp
Haell-pparmenT pazmepom 433 1H, conepKaluii
5'-koHIIeBYI0 yacTh reHa lacZ E. coli, v mepectpan-
Bas €r0 B BEKTOPHYIO MJIa3MUAY, MOXKHO MOJYyYUTh
KIIOHUPYIOIUE TUIa3MUJBI C CHUCTEMOH MPSIMOTO
oTO0pa ruOpHUIOB MO ((-KOMILJIEMEHTAllUd MYTaH-
TOB [3-rajakTo3H/a3bl, aHAJIOTUYHON HCIIONb3Ye-
Mol anst paroB M13mp. Otnnyme cocTouT U
B TOM, YTO MPHU 0TOOpe THOPUAHBIX KIIOHOB TOCTIE
Tpanchopmauuu E. coli mnazMuiaMu aHaJIn3Uupy-
10T KOJIOHUH KJIETOK, a He Orstnku. [Tpu 3Tom Koso-
HUM TPaHC(HOPMAHTOB, BHIPOCIINE HA CPEJE C aH-
TUOMOTHUKOM M WHJIUKAaTOPHBIM KpacutelieM Xgal,
[IpY HAJIMYUHU B HUX HEMOBPEKIECHHON BEKTOPHOMN
TIa3MUBI OYyIyT CHHUMHE, a COAepIKaIue THOpUI-
HbIEe UIa3MuAbl — OenbiMu. K TakuM BekTopam
oTHOcsTCs Iuiasmuasl cepuun pUR, cosnaHHble
V. PyrepoM HaumHas ¢ 1980 r. OcHoBY 3T0i1 cepun
cocraBmia miazmuaa pUR, npeacrasmisomnias co-
0ol 3ammThiid B KONbIO EcoRI-Pvull-dpparment
pBR322, conmepxammii ren bla (Ap') m obiacTh
Havasa perukanuu ori (cM. puc. 2.8). Ilo onnomy
u3 Haell-ygactrkoB B pUR1 Bctponnu Haell-dpar-
MEHT u3 cocrtaBa M13mp2, Hecymuii «ren» a-a0-
HOpa [3-rajakro3ujasbl. [lomydeHHyIO IUTa3Mumy
o6o3naunn pUR2. BBoast pa3znuyHble MOIUIHHKE-
PbI, cO3lany HAa0Op IUIa3MUA, UMEIOIINUX PA3HbIHA
CHEKTpP PECTPUKLMOHHBIX YYacTKOB JUIsl KJIOHUPO-
Banus ¢parmentoB JJHK. Cxema omHo#t m3 muras-
MU/ 3TOW CEpHUHU MpeCTaBlIeHa Ha puc. 2.34.

[Tmasmuma pUR1 sBHIachk Takke mpapomnuTeITb-
nuueit BexktopoB cepunt pUC, coznanubix Jx. Bu-
etipoit u JI>x. MeccunroM. Y 3TuUX IJIa3Muj B pe-

3yJbTaTe TOYEUHBIX 3aMEH HYKJICOTHIHBIX Iap U3-
MEHEHBI B BEKTOPHOW 4aCcTH €INHCTBEHHbIE y4acT-
Ku THaponn3a pectpukrazamu  Pstl  (pUC3)
u Hincll (pUCS5), pacnionoxeHHbIC B TeHE -TaKTa-
Ma3bl (Apr), a TaKKe C TOMOIIBIO Hykiea3sl Bal31
JISJIETUPOBAH y4acTOK THMJpONH3a PECTPUKTA30H
Accl (pUC6). DTO TO3BONMIIO TIOCIE BCTPOUKH
B pUC6 Haell-pparmenta n3 coctaa M13mp7 co-
3nath Bektop pUC7, a 3aTtemM U Apyrue Mia3Muabl
atoit cepuu (puc. 2.35), KOTOpbIE MIUPOKO HCIIOINIb-
3yIOTCSl B MTOCJIEHHUE TONIbI, TaK KaK B OTINYHE OT
wia3mug pBR MoryT oGecrnieunBaTh npsaMoit 0T60p
TUOPUIHBIX BAPHAHTOB.

Haubonee npoctyro cucremy npsiMoro otroopa
rubpunaeix Monekyn JIHK obGecrieunBaror rmas-
MUJBI, HECYIME JIETAJIbHBIE JJIs KJIETKH-XO3siMHa
rewsl. Ecim pu BCTpoiike 4yKepoaHbIX (pparMeH-
toB IHK B Takoii ren Hapymaercs ero GpyHKIUs,
TO THOPHIHBIE TUTA3MHUIBI YKe HEe OYyT OKa3bIBaTh
JeTaJbHOTO JACHCTBHA Ha OaKkTepuio, U Tpanchop-
MaHThI, cofepxkaniue rudpuaasie JJHK, oyayT 06-
pa3oBbIBaTh KOJIOHWHU. Takol NPUHLMI BIIEPBBIE
o1 peanuzoBan B. lllymanom (1979 r.) mpu co-
31aHuM BeKTopHOU iazmuasl pKIN8O. B mina3mu-
oy pRSF2124 (cm. puc. 2.6) BcTponnu (pparmMeHT
JHK ¢ara Mu, copepxatuii HATUBHBIH TeH kil, KO-
TOpBIA 00MamaeT youparomei (KWniepHoH) (hyHK-
LMEHN 110 OTHOLIEHUIO K KJIETKaM, 4yBCTBUTEIBHBIM
K ¢ary Mu (HETM30TCHHBIM 10 JaHHOMY (ary).
[ony4ennas mnasmuga pKN8O cmocoOHa ¢ dex-
THUBHO TPaHC()OPMHUPOBATH JTUIIb KIETKH, JIN30TCH-
Hele o ¢ary Mu. IIpu Bctpoiike B pKN8O dpar-
meHToB JIHK 10 eaMHCTBEHHOMY MECTYy THJIpO-
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EcoRI

Pstl

Col
BamHI

pK'Y2800 il

Apr

Smal (Xmal) <—

——_HindIIl ¥
Bglll

Pstl

Pstl

m- \ Avall

pSCC31

Puc. 2.36. BektopHbIE TUTa3MHUIBI, 00ECIIEIMBAIONINE TIPSAMYIO CEIEKIII0 THOpHUAHBIX Mojekyn JJHK.

KopoTkumu cTpenkamMu ykazaHbl yHHKaJIBHBIE y4acTKH BCTpoiku GparmentoB JJHK

nu3a pectpukrazoit Hpal rten kil mapymaercs,
U THOpUIHBIE TUIA3MUABI TPAHC(HOPMUPYIOT HEIH-
30TreHHbIe KIeTKH E. coli Ha 1-2 mopsiaka sddek-
TUBHEE, YeM HCXOIHAsl IUIa3MUAa. DTO MO3BOJISET
OCYIIECTBISITh Ha CpeJie ¢ aMIUIMIUIMHOM OTOOp
KJIETOK, COJeP KALINX THOPUIHBIC TITIA3MH/IBI.

B 1980 r ommcana miasmuga pTR262
(AprTesclt), B koTopoil »dKcmpeccus TeHa tet
pBR322 maxomuTcs mox KOHTPOJIEM pempeccopa
¢ara A. Dra mnasmuga AeTepMUHHPYET (HEHOTHIT
Tcs, Ho cTanoBUTCA Tcr mocae mHaAKTUBAaUU (aro-
BOTO TeHa ¢l BCTpOIKO B HETO Uy KepOIHBIX (hpar-
menroB JIHK. [ToaTromy Takue ruOpuHble KIOHBI
(Apr Tcrel) merko oTOupars Ha cpefe ¢ TeTpaIiK-
JITHOM.

IIpu nepenoce Tpancno3ona Tn3 B miasMuny
ColE1 SmOHCKUMH HCCIIeIoBaTEeNsIMU ObLIa CO3/1a-
Ha masMuga pKY2289, koropas neTrepMuHUpPOBa-
nma cunte3 konunuHa El, HO He oOycrmommmBama
YCTOMYMBOCTH KJIETOK K 3TOMY OaKTEpHOLUHY.
Ha ocnoe pKY2289 6buia momydeHa miazmuia
pKY2800 (puc. 2.36), xoTopasi He TpaHCPOPMHUPY-
eT kietku E. coli, 4yBCTBUTEIbHBIE K KOJHULIHHY
El. ITpu BcTpotike pparmentoB JJHK mo yuactkam
pectpuxta3 EcoRI, Xmal u Sstll ren cea napyma-
eTcs. OTO MO3BOJISIET HAa Cpele C aMIULIIUIMHOM
0oTOHMpaTh KIOHBI KIIETOK, TPaHC(HOPMHUPOBAHHBIX
TOJIBKO THOPHUIHBIMH IUIa3MUAAMHU.

D¢ (hexTUBHBIM BEKTOPOM TPSMOU CENECKIUH
ruopunabix JIHK sBasercs mmasmmma pSCC31
(cm. puc. 2.36), nonyuenHas C. Uenrom u [1. Mon-
puxoMm B 1983 . m3 pAN4 B pesynsrare aeieInu
CTPYKTYpHOH 4acTW reHa METHJIa3bl IIPU COXpaHe-
Huu re’a pecrpukrasbl EcoRI. I'en sHa0HYyKII€a3bI
EcoRI B maHHO# 1u1a3sMuae HaXOMUTCS MOJ KOHT-
posieM npomotopa pr, ara A. BaxxHsiM cBOMCTBOM
pSCC31(rtm~) sABAAETCSA TO, YTO OHA JAXKE JIH30-
reHuble 1o ¢ary A knetku E. coli tpancdopmupyer
¢ 2((EeKTUBHOCTHIO HA TATH MOPSIAKOB MCHBIIICH,
yem ucxonHast pAN4 (r*m™) wim ruOpuaHbIe 11a3-

MUABI (7~m~), OTy4YeHHbIE BCTPOMKON (hparMen-
toB JIHK mo yuactkam Bg/Il unu Hindlll. Takum
00pa3oM, MpHU HCIOJNB30BaHUM JTAHHOTO BEKTOpPa
MIPaKTHYECKH Bce KIETKU E. coli, BeIpacTaronme
nocie TpaHcopMaluyu Ha CpeAe ¢ aMIUIMIIIU-
HOM, COJIepKaT THOPHUITHBIC TIIA3MH/IBL.

YnoOHbIE BEKTOPHI pacCMaTPUBAaEMOTO THITA —
wiasmMuasl - pAA31(Ap'galT,K) u  pAA3IP
(CmrgalT,K), o0ycrnoBiuBaomue YyBCTBUTEIb-
HOCTb K TaJlakTo3e KIeTOK E. coli ¢ neneTupoBaH-
HBIM TallaKTO3HBIM ONEPOHOM co3fanl A. Axmen
(1984 r.). Ucxomno E. coliAgalE, T, K ycroiiunpa
K TaJaKTo3€e, TaK KaKk He YTHIIM3UPYET JTaHHOE CO-
ennHeHWe. BBelneHue ke B 3TH KIIETKH TUTa3MHUJ,
KOTOpBIE JIETCPMUHUPYIOT CHHTE3 KHHa3bl (I'€H
galK) n tpancdepassl (galT), HO HEe HANPABISIIOT
npoaykuuio snuMepassl (galE), mpuBoauT K Ha-
KOIUIEHHIO B KJeTkKax YJId-ramakrtossl, KoTOpas
OKa3biBaeT TOkcmueckuil »¢hdekr. B pesynbsrare
Berpoiiku ¢parmentoB JIHK no HindlIll-yuactky
BEKTOPHBIX TUTa3MHJ TPEIOTBPAIIAETCS IKCIIpeC-
CHsl HaXOIAIIMXCs B HUX reHoB E. coli galK u galT,
YTO MPUBOJUT K BOCCTAHOBIICHUIO Y KJIETOK-PEIH-
nmenToB ¢eHoruna Gal'. [Toaromy Ha cpene ¢ co-
OTBETCTBYIOIIUM AHTHUOMOTHKOM M TaJaKTO301
BBIPACTAIOT TOJIBKO TPAHC(OPMAHTBI, COJIEPIKAIIIHE
ruOpuanble miasmMuasl pAA31 nmm pAA31P.

Kak BuanM, oO1#e moixo/Isl K CO3JaHII0 BEK-
TOPHBIX IUIa3MUA JJIsl IPSIMON CEJIEKIUH MX THO-
PUAHBIX TPOM3BOIHBIX CPOPMYITUPOBAHBI U TIOIY-
YeHbl pa3Ho0Opa3Hble BApPUAHTHI TAKUX IJIa3MH/I-
HBIX BEKTOPOB, MO3BOJISIONINX CYIIECTBEHHO 00-
JIETYUTH BBIMOJHEHUE YKCIICPUMEHTOB 10 KJIOHU-
poBanmto pparmentos JJHK.

2.2.9. Bekmopsbl, o6ecnevyusaroujue
3KCMPeccur YyxepoOHbIX 2eHO8
e knemkax E. coli
Bosbiioit mHTEpEC IS TEHETHYECKOW MHKe-
HEpPUH MPEJICTABISIOT BEKTOPBI, 00eCIICYHBAIOIIHE
MPaBUIBbHYIO U SPPEKTUBHYIO IKCIIPECCHIO UyKe-



128 naea 2. BEKTOPHAA CCTEMA TPAMOTPULATENIbHOWN BAKTEPWUN ESCHERICHIA COLI

Tabauya 2.2. TeHeTu4ecKuii Ko (C10Bapb KOJOHOB)

1-i 2-1 HyKJICOTHU 3-i
HYKJIEO- HYKJIEO-
TH]T TU]T
(5'-ko- U C A G (3'-ko-

HEI) Helr)

U Phe Ser Tyr Cys U

Phe Ser Tyr Cys C

Leu Ser Stop Stop A

Leu Ser Stop Trp G

C Leu Pro His Arg U

Leu Pro His Arg C

Leu Pro Gln Arg A

Leu Pro Gln Arg G

A Ile Thr Asn Ser U

Ile Thr Asn Ser C

Ile 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

Tabnuya 2.3. AMMHOKHMCJIOTBI,
BXOJSIIHE B COCTAB 0EJIKOB

TpexOykBeHHOE OnHOOYK-
AMUHOKHCIOTA o003HaYCHIE BEHHOE
00o3Ha-
pyccKoe | JaTUHCKOE |  yeppe
AnanuH Ana Ala A
ApruHuH Apr Arg R
Acnaparux AcH Asn N
AcnaparuHoBas Acn Asp D
KHCJIO0Ta
Banun Ban Val A%
I'nctunnu I'mc His H
I'munux T'nu Gly G
I'mytamun I'nmu Gln Q
I'myramuHOBas Iy Glu E
KHCIIOTa
Wzoneiinuu Une Ile I
Jleinun Jlent Leu L
JIuzun JIuz Lys K
MetunoHuH Mer Met M
[Iponun IIpo Pro P
Cepun Cep Ser S
Tuposun Tup Tyr Y
Tpeonun Tpe Thr T
Tpunrodan Tpu Trp w
DeHunanaHuH den Phe F
Hucrenn Huc Cys C

POIHBIX TEHOB B KIETKAaX-pPEIUMUCHTaX. YCIIEI-
Hasi dKcripeccust B E. coli KIIOHUPOBAaHHBIX TEHOB
BO3MO)KHA, €CJIH BBITTOJHSIIOTCS CIICAYIOIIAE OCHOB-
HBIE YCIIOBHS:

KOJHMPYIOIIas MOCIeI0BaTeIbHOCTD dy)Kepo/I-

HOTO I'eHa HeTpephIBHA;

*  TEH HaXOAMTCS MOl KOHTPOJIEM MPOMOTOpA, KO-
topsiii y3uaercs PHK-monmumepasoit E. coli;
* MPHK, cuntsiBaemas ¢ reHa, mpaBHIbHO TPAHC-

JUpyeTcs: OEIOK-CUHTE3UPYIOIIUM ariapaToM

E. coli.

[Ipomorop mpexacrapmsieT coboil mocienoBa-
tensHOCTE JIHK, KOoTOpast 00ycroBImBaeT CBSI3bI-
Banue PHK-nomumepassl ¢ JIHK u ununmanuto
cunte3a PHK. [Toatomy nipomoTop siBiisieTcst HE0O-
XOJMMOW COCTaBHOM 4acTbIO BEKTOPA, MPEJHA3HA-
YEHHOTO JJIs1 TOCTHXKEHUSI IKCIPECCUU KIOHUPO-
BaHHbIX nocnenoarenbHocTel [JHK. Kpowme toro,
BO3MOXKHOCTh H  3((DEKTUBHOCTH TPAHCIIAIHH
Tpanckpuoupyemoit MPHK 3aBucHT OT Hamu4us Ha
ee 5'-KoHIle y4yacTka cBs3biBaHus pudbocoM (RBS,
cm. 3.3).

Tak Kak TeHEeTUYECKUI KOJ TPUILIETEH U YHU-
BepcasieH (Tabm. 2.2), To mrobas HempephsIBHAS KO-
TUPYIOIIast MOCIIEA0BATENIEHOCTh MOKET OBITh 3KC-
mpeccupoBaHa B KJieTKax E. coli B BUJE MONHIICTI-
TUJA, SBISIONIETOCS LIETIOYKONH aMUHOKHCIOTHBIX
octatkoB (Tabn. 2.3). OnHako opraHM3aLusl CHT-
HAJIOB MHHIIMALWN TPAHCKPUIIIIMHA ¥ TPAHCISAIIUU
B JYKapUOTHYECKHX U TPOKAPHOTHYECKHX T'€HaX
B TIO/IABIISIONIEM OOJBIINHCTBE CIy4YaeB CYyIIECT-
BeHHO pasznuyaetcs (cum. 4.1). [Toatomy miis qoctu-
JKEHHsI IPAaBUIBHON IKCIIPECCUU 3yKapHOTHYECKO-
ro reHa B KieTkax E. coli Heo0X0IUMO TOMECTUTh
KOAMPYIOIIYIO ITOCIIEI0BATEIIEHOCTD 3TOTO T'eHa IMOJT
OaxTepraIbHBIE CHTHAIBI SKCTIPECCUH TEHOB.

JKcnpeccus 1eaeBoro felka B cocTaBe XM-
MepHOro Oejka. J[aHHBIM MMOAXOM MOXET OBITh
peanm3oBaH Onaroiapsi KCIOIb30BAHUIO BEKTOPHBIX
TUTa3MHEJT WK (aroB, CoJepKaIIUX OaKTepruaTbHBIE
TeHBl WIM MX MPOKCHMajbHbIe YacTh. KitoHmpye-
MBIl T€H BBOJUTCS B 9T BEKTOPHI TaK, YTOOBI pe-
TYISITOpHAs 00JacTh OaKTepUallbHOTO I'eHa OCTa-
BaJlaCb HEHM3MEHHOM, a BCTpPOMKAa IPOUCXOAMIIA
B €0 CTPYKTYpHYIO yacTh. [Ipu coBmanenuu pam-
KM TpPaHCISIMA OaKTepHaIbHOTO T'eHa C PaMKOM
TPAHCISAIUU BCTPOEHHOTO TE€Ha CHHTE3UPYETCS
XUMEPHBIA OEJIOK, KOTOPBIA 00JIaaeT 1Mo KpaHeH
Mepe 4aCThI0 UMMYHOXUMHUYIECKUX XapPaKTEPUCTHK
IIEJIEBOT0 SK30Te€HHOT0 OerKa.

OpHako He Bcerna paMKe TPaHCIAINH OakTe-
pHATBHOTO M BCTPAaWBaEMOro TI'€HOB COBIAAAIOT.
B Takmx ciydasx KIOHHpyemas IOCIe0BaTENb-
HOCTB OyZIeT TPaHCINPOBAThCS HeNpaBWIbHO. UTo-
OBI MPEOIOJIETh 3TO 3aTPYIHEHHE, CO3MAI0T Habo-
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EcoRlgl lacZ' >
L EcoRI
= 1. ATG ACC ATG ATT ACG GAT TCA CTG G¥
DL @1 TAC TGG TAC TAA TGC CTA AGT GAC CTT AA 5'
Met Thr Met Ile Thr Asp Ser Leu Glu Phe
pPC-opl1
Ap'
EcoR1@2
o Eci)RI
1+ GG —> 2 ...GAT TCA CTG GGG
o ? ? _.CTA AGT GAC CCC TTA A5’
“ .Asp Ser Leu Gly Asn Ser
pPC-p2
Ap'
EcoR1@3
., EcoRI
ol + GGGG —> ¢3: ...GAT TCA CTG GGG GGY
Plac ..CTA AGT GAC CCC CCT TAAS'
.Asp Ser Leu Gly Gly Ile
pPC-¢3
Ap'

Puc. 2.37. BexTopHbIe I1a3MH/Ibl, 00€CIIEYMBAIOIINE CIBUT PAMKH TPAHCIISLUH
KJIOHUPOBaHHBIX nocnenoBatenbHoctei JJHK.

lacZ' cooTBETCTBYET HYKJICOTHAHOM MOCIEIOBATEIBHOCTH TeHa /acZ OT HHUIMATOPHOTO TPUILIETa
JI0 ydacTKa TUAPOIn3a pecTpukTazoit EcoRI

PBI BEKTOPOB, B COCTAaB KOTOPHIX BXOAMUT OJHA U Ta
JKe peryasTopHast 001acTh, HO B y4aCcTKE BCTPOMKH
YyKEPOAHBIX ITOCIIEI0BATEIbHOCTEH B KaXK/IOM BEK-
TOpe MMEETCA CIIBUT PAMKH TPAHCIISIIIMA OTHOCH-
TEeTBLHO NIPyroro BekTtopa. OOBIYHO TAKOW CHBUT
JIOCTUTAETCS] BCTPOHUKOM KOPOTKUX CUHTETUYECKHUX
¢parmenToB. Mcnonb3ys HaOOp U3 TPeX BEKTOPOB,
MOYKHO KJIOHHPYEMYIO MOCIJIEOBaTENBHOCTh MO-
MECTHTD BO BCE TPU BO3MOXKHBIE (Pa3bl TPAHCIIALUH
OTHOCHTEJILHO 0aKTepHaJIbLHOTO MOJIUIENTH/ 1A, C Te-
HOM KoTOoporo oOwbeauHsieTcs wnsydaemas JIHK.
OnnHa W3 TakuX KOHCTPYKIHI 00s3aTenbHO Oymer
obecrieunBaTh MPaBUILHBIN CHHTE3 TIEJIEBOTO Oel-
Ka, KOBaJICHTHO COEIMHEHHOTO Ha CBOEM N-KOHIIE
C MOJIUIETITUIOM-HOCUTEIIEM.

[lepBas cepust GaroBbIX U MIa3MHUIHBIX BEKTO-
POB Takoro Tura Obljia CKOHCTpyHpoBaHa B 1978 1.
corpyaaukamu nadoparopuu I1. Tuoms. Crpykry-
pa AaHHBIX TUIa3MHUIHBIX BEKTOPOB MpPHBEICHA Ha
puc. 2.37. CaBUr paMKHu TPaHCISIIMA OTHOCUTEIb-
HO ¢a3el 1 (pl) momyyanu BCTPOMKON CHUHTETH-
YECKUX JIMHKEPOB, 00ECIeUNBAIOIINX 100aBICHUE
K IOCIIEIOBATENILHOCTH [acZ' NBYX Tap HYyKJIeOo-

GG GGGG
THIOB (33 (daza ¢2) wm yetbipex CCCC (daza

¢3). Ilpu KIOHUPOBaHMU KOAMPYIOLIMX MOCIEI0-

BaTeJbHOCTEH B Tasmunax cepuu pPC-¢ mpowuc-
XOIUT MX TPAHCKPHUIIHS W TPAHCISAINS C PEryis-
TOPHBIX 31eMeHTOB reHa lacZ L8UVS E. coli,
Y CHHTE3UPYEMBIi OEITIOK SBIISETCS XUMEPHBIM, CO-
JepkamM Ha N-KOHIIE HECKOJIBKO aMHUHOKHUCIIOT-
HBIX OCTATKOB [3-raJaKTO3HM/a3hl.
p-Tanakro3umasy MOXHO BBIJICTUTH U3 KIETOK
E. coli B TOMOTeHHOM BHJE B OIWH dTam C II0-
MouIbio aQGUHHON XpoMaTorpaguu Ha #-aMHHO-
(benmn-f-D-Troranakrosua-arapose. [loatomy mpu
CO3[JaHMU BEKTOPHBIX CHCTEM, MpPEAHAa3HAUYECHHBIX
JUTSI CHHTE3a YYXKEPOIHBIX OEJNIKOB B COCTABE XH-
Mep C [-ranakTo3ua30#, BaXXHO ObLIIO COXPaHUTh
OOJIBIIYIO YacTh 3-TalaKTO3KIa3bl B HEMOBPEKICH-
HOM BHJE, YTO o0ecrnednso Obl cnenu(UuIHOCTD
XpoMaTorpapuIeCcKkoi OUUCTKA XUMEPHBIX OCITKOB.
Brinenennsie TakuM 00pa3oM XUMeEpHBIE OeNKH
IIPY IMMYHHU3AIIUH KPOJIMKOB BBI3BIBAIOT HAPaOOT-
Ky B OpraHH3Me >KHBOTHBIX aHTHTEN KaK Ha [3-ra-
JIAKTO3H/1a3y, TaK M Ha [EJIeBON OEJIOK.

V. Pyrep u b. Mromtep-Xumt (1983 1.) coznanu
ceputo BektopoB pUR290, pUR291, pUR292
(puc. 2.38), paznuyaromuXxcss MeX1y coOOl JIHUILb
CABUTOM DPaMKH TPAHCISAIMH W TIPUTOTHBIX IS
kiaoHupoBanusi pparmenroB JJHK B 3'-koHueBoit
oOmactu rena lacZ ¢ odpazoBanueM (pepMeHTaTHB-
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EcoR1
“ "~ Clal
pUR290-292
5,2 ToH
BamHI
lacZ+ EcoRI
3] 1010 . 1021
B-Gal ...Glu Phe Gln Leu Ser Ala Gly Arg Tyr His Tyr Gln Leu Val Trp Cys Gln Lys
EcoRI Stop
lacZ ...GAATTCCAGCTGAGCGCCGGTCGCTACCATTACCAGTTGGTCTGGTGTCAAAAATAA. ..
68 BamHI  Sall Pstl Hindlll  Clal
pUR290 ... TGGTGTCAAAAAGGGGATCCGTCGACCTGCAGCCAAGCTTATCGATGA. ..
BamHI  Sall Pstl Hindlll  Clal
pUR291 ... TGGTGTC GGGGATCCGTCGACCTGCAGCCAAGCTTATCGATGA. ..
BamHI  Sall Pstl Hindlll  Clal
pUR292 ... TGGTGTCA GGGGATCCGTCGACCTGCAGCCAAGCTTATCGATGA. ..

Puc. 2.38. llnazmugel pUR290-292:

@ — TEeHeTHYeCKas 1 PECTPHKIMOHHAS KapTa; 6 — aMUHOKHUCIOTHAS U HYKJICOTHAHAS [OCIEA0BATEIbHOCTH -TalaKTO3HAa3bl
(B-Gal) u ee rena lacZ B paiioHe BCTPOHKH MOMMIMHKEpPA (3AIITPUXOBAH HA KAPTE MIIA3MHU/IbI);
6 — HYKJICOTHHBIE IIOCIIEOBATEIbHOCTH MOJHMIMHKEPOB

pUK270 pUR290
Bcraska + +  BcraBka
2&_ Z 1 |p|0| Z .
Tpanckpumnuust
Tpancnsuus
COOH
Terpamepuszanus
¢ oOpa3oBaHHEM
AKTHBHOTO ()epMEHTa

Puc. 2.39. Cxema cunTe3a 1 cO0pKU (hepMEHTATHBHO AKTUBHBIX XUMEPHBIX (OPM [3-rajakTo3uaa3sl,
JeTePMUHHUPYEMBIX rHOpuHbIMH Monekytamu JIHK, nonydennsivMu Ha ocHoBe BektopoB pUK u pUR

HO aKTHUBHBIX B-ranakro3uzas. [lonuiuHkep, KOTo-
pBIii 00ecriednBaeT CIBUT PaMKH M BCTPOHKY 4y-
)kepoaroro ¢pparmenTa JJHK, momernien B ren lacZ
HETOCPEACTBEHHO nepen cTom-TpurieToM. [losto-
My BEKTOpHasl IJIa3MHU/1a, Kak M ee THOPUIHBIE MPO-
M3BOJIHBIC, 00ECIICYNBACT CHHTE3 aKTHBHOMU [-Ta-
JAKTO3HUIA3bl, T. €. (DEHOTHIINYECKUH OTOOp THO-
PUAHBIX KJIOHOB B JAHHOM CJIydae HEBO3MOXEH.
B cBs13u ¢ 3TUM ruOpuIHbIE [1a3MUABI BBISBILSIIOT
ruOpuau3anyeil HyKJICHHOBBIX KUCIOT in Situ WK
PaAMOMMMYHOAHAIU30M in Situ 1EIeBOro Oelika.

[TokazaHo, 4TO MOMy4YaeMble B 3TOH HKCIPECCHPYIO-
meil cucremMe xumepHsie Oenku [-Gal obpasyror
TeTpaMepsl, Kak 1 HeMyTaHTHas ¢popma dpepMeHTa
(puc. 2.39). CocThikOBKa ¢ [-TanakTo3uaa3on
OOBIYHO TIPUBOAMT K TTOBBIMIEHUIO CTaOMIBHOCTH
qyKepoaHOro Oenka B OaKTepUaNIbHBIX KIETKaX.
Hpyroil BapuaHT SKCIPECCUPYIOLIETO BEKTOpA
Ha OCHOBe reHa lacZ pa3paboTaH COTPYTHUKAMHU
Tol xe naboparopuu B 1982 1. BekropHas mas-
muna pUK270 (puc. 2.40) comepxut TeHHBI lacZ,
lacY wu uvacte reHa lacA NakTO3HOTO OIEpOHA.
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EcoRI

po

pUK270
Ap" 7.3t

EcoRI

[
4 HindIIl
ACG

T T T T 1
Xbal Bglll Pstl  BamHI  EcoRI

ACG CCA AGC TTT CTA GAG ATC TTC CAT ACC TAC CAG TTC TGC

HindIll

Xbal ~ Bglll

6
TCA

GCC TGC AGC AAT GGC AAG AAC GTT GCC CGG ATC CGG GGA ATT CA

Pstl

BamHI EcoRI

Puc. 2.40. Kapra muazmuasl pUK270 1 nmocnenoBaTebHOCTh HYKJIEOTUAO0B MOJIMIMHKEPA.

Iuppamu 0603Ha4YEHBI COOTBETCTBYIOIINE TPUILIEThI TeHA /acZ AMKOTO THIA (0 BCTPOWKH HOJIMIMHKEPA)

B pesynbrare BcTpoiiku B Hadaso rena lacZ monu-
JIMHKepa, CABUTAIOIIET0 PaMKy TPaHCISALNY, T1J1a3-
Muaa aerepmuHupyet ¢peHorun LacZ-Y-. Bwidop
miazmuael pUK270 B kagecTBe BEKTOpa IKCIpec-
cHMU OCHOBaH Ha ToM, 4To 25 N-koHIEBBEIX AK
p-ranakro3umaassl MOXKHO 0e3 HapyuieHus ee pep-
MEHTATHBHON aKTHBHOCTH 3aMEHHTbH TOJHIICTITH-
oM J1I000ro pazMmepa U mpoucxoxaeHus. [lmas-
MUY MOXKHO HCIIOJNB30BaTh U KIOHUPOBAHUS
JHK ¢ u3BecTHO# MOCIENOBAaTEIbHOCTHIO B JIIO-
0OOM U3 PacIONIOKEHHBIX B MOJMINHKEPE YIaCTKOB
neiictBus pecTpukras. OnHAaKO B OCHOBHOM JIaH-
HBI BEKTOP NMPUMEHSIOT NPU KIOHHPOBAHHH I10
Pstl-yuactky ciyuaitabix ¢parmenroB JHK c uc-
noip30BaHneM qocTpoeHHbIX onuro(dG - dC)-koH-
110B (KOHHEKTOPHBIH METO]).

['mOpuHbIe KIIOHBI MOXKHO BBIABIISITH IO COpa-
JKUBAaHUIO JakTo3bl Ha cpene ¢ Xgal u UIITE
(cMm. 2.2.6). TloBblmieHHasT SKCTIPecCHst B-raaakTo-
3WMJa3bl, BO3HMKAIOIIAsl IIOCJIE BOCCTAHOBIICHUS
paMKH TpaHCISALWHW, HEONarompusiTHa IS POCTa
KJIETOK W TIPUBOJUT K HAKOIUIEHHUIO MYTaHTHBIX
IJ1a3MUJI, UMEIONINX JAe(PEeKTH IO BCTaBKE W T€HY
lacZ. TlosToMy TUOpUJHBIC TUIA3MUIBI OTOUPAIOT
Ha mTamme E. coli, XapakTepu3yomemcs: cyrep-
sKcmpeccuel lac-penpeccopa (myrtarmus laclQ).
B Takom mrramme gaxke mpu MHAYKIUW TPAHCKPHIT-
UMM JIAKTO3HOTO onepoHa ¢ nomoibto MHITTT
HE ITPOUCXOIUT MOITHOW IKCIIPECCUU T'eHa [acZ, Ha-
XOJISIIIErOCs. Ha IUIazMuax. JTo o0yCIOBIMBAET
CTaOMIILHOCTh COXPAHEHHUS B IUTIA3MHUIaX BCTPOCH-
HbIX (pparmentoB JJTHK .

[Ipu xIOHUpOBaHUM CIy4alHBIX (PParMEHTOB
¢ npucoeauneHreM oiuro(dG - dC)-KoHIOB YUCIIO

Lac*-koiyoHuii cocrasiisieT 0koJo 5 % o0111ero uuc-
Ja TpaHc(hOpMaHTOB. DTO OOYCIIOBJICHO TEM, YTO
(hparmenTsl sKk30oreHHoi JIHK criocoOHBI OTxH-
rarbea ¢ BekropHoil JIHK B nByXx opumeHTanusx.
[TonoBrHa 00pa30BaBIIMXCSI KJIOHOB COAEPKUT
BCTABKY B HENPABWIBHON OpHeHTanMu. V13 KIOHOB
CO BCTaBKOW B HYXXHOW OpPHEHTAIWU TOJBKO y 1/3
Oyner coOmronarbes (haza TpaHcisuu reHa lacZ
o 5'-KOHILy BCTPOMKH, W JHIIb 1/3 TaKUX KOHCT-
PYKUMH BOCCTaHOBUT (azy TpPaHCISAUUH W TI0
3'-KOHIly BCTPOMKH, T. €. BBIXOJ] THOPHJIOB C TIpa-
BHJIBHOM OpUEHTALUEN 4yKEPOIHON KOAUPYOLIEH
[IOCJICIOBATEIBHOCTH M HW3MEHEHUeM (eHoTuna
KoJioHu# TpancdopmantoB ¢ Lac- Ha Lac™ Oymer
MIPOUCXOTUTH ¢ yacToTor 1/18. Y Takux rudpuio
HAOMIOMACTCSl CHHTE3 aKTUBHON XWMEPHOM ﬂ-ra-
JaKTO3MJ1a3bl, coiepkaleil Ha N-KOHIle 4yKepos-
HYI0 aMUHOKHUCIJIOTHYIO TIOCJIEZIOBAaTEbHOCTH (CM.
puc. 2.39). PagmonMmMyHOaHAIM30M OTOOPaHHBIX
Ha CEJIEKTUBHOW cpejie KIIoHOB Lact MOXKHO BbI-
SIBUTH LeJieBble THOpUb. [Ipu 3ToM He Tpebyercs
3HaHUS MOCJEN0BAaTENbHOCTH KioHupyemon JTHK
1 UcKoMoro Oesika. JloCcTaTo4yHO JIMILIL UMETh aH-
TUTENA K 3TOMY O€JIKY M ONpeNeIeHHOTo o0bemMa
JKCIIPECCUPYEMYI0 OMOIMOTEKY T'€HOB Ha OCHOBE
pUK270.

B psine nabopatopuii ¢ HCHOIB30BAHUEM pac-
CMOTPEHHOH BBINIE CTPATETHUH CO3JaHBbl HAOOpbI
9KCIPECCUPYIOINX BEKTOPHBIX IIa3MHJ, B KOTO-
PBIX YHUKaJbHBIE YYaCTKH PECTPUKIIMH BBEICHBI
B TPeX Pa3HbIX paMKaxX TPAHCIALUU B CTPYKTyp-
HbIe 4acTh reHoB bla (f-nakramassr), trpE (antpa-
HuiarcuHTeTasbl) E. coli, 6enka A Staphylococcus
aureus u Ap. Takue dKCIIpeCcCUpyroIne mia3MuIbl
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Puc. 2.41. Cxema B3aumozeiictsus Ni-NTA ¢ nocienosarenbHocThio 6 His

NPOU3BOASTCS IS MPOAAXH PasHbIMU pupmamu,
CHEUUATU3UPYIOMIMMHUCS B 001aCTH reHETUIECKON
HWHKEHEPHH.

HHTepecHBIN TOAX0M K JOCTIKCHHIO dPdek-
TUBHOW MPOAYKLUUU U IPOCTOH OYUCTKU LIEJIEBBIX
6enkoB mpemmoxked B 1991 . @upmoit QIAGEN
pa3paboTaH XeJIaTUPYIONIUi aJcopOCHT Ha OCHOBE
HUTPWIOTPUYKCYCHOH KucIoThl (nitrilotriacetic
acid, NTA). NTA mocTaro4HO MPOYHO CBS3BIBACT
KaTHOH HMKeJsl, KOTOPHII B CBOIO O4epe/ib CIOCOo-
0eH 3P PeKTHBHO B3aUMOACHCTBOBATh C MENTHI-
HOM Mocie10BaTeIbHOCThIO U3 HECKOIBKUX OCTaT-
koB ructuauHa (puc. 2.41). Ni-NTA-arapo3a BbI-
cok03(h(hEeKTUBHO CBA3BIBACT MOCIIEI0BATEIBLHOCTh
U3 IIeCTH TUCTUANHOB (6xHis) u obecrnieunBaet of-
HOCTAQAMHHYI0O OYHCTKY Oelika, CoIepKallero
6 His, 10 95%-HOii TOMOT€HHOCTH Ja)K€¢ B TOM
cllydae, KOrza ero CoAep)kaHue B CyMMapHOM Oell-
K€ KJIETKU cocTaBisieT MeHee 1 %.

bemo coszmano cemeirictBo mmazmun  pQE
(puc. 2.42), B cocTaB KOTOPBIX BKJIIOUEHBI CICAYIO-
e aneMeHTs: 1) permnkon ColE1; 2) ontumusu-
POBaHHBI MPOMOTOPHO-ONEPATOPHBIA AJIEMEHT,
cocTosmui U3 mpomoropa ¢ara TS5, y3HaBaemoro
PHK-monmmmepa3oii E. coli, u nByX lac-oriepatopoB
Tutst 9(pPEeKTHBHON penpeccui CHIIBHOTO (paroBoro
IIPOMOTOPA; 3) IBa CTPOrMX TEPMHHATOPA TPAHC-
kpunuu — fy para A u T1 onepona pubocoMHOIM
PHK E. coli nns npeqoTBpaiieHus: TpaHCKPHITIUH
JIPYTUX TIOCJIE0BaTeIbHOCTEN IMIa3MUABI U TEM
CaMbIM JJIsl CTaOWIIM3alMK €€ HACleI0BaHuUs MPU
JICJIEHNH KJIETOK; 4) CUHTETUYECKUI y4acTOK CBSI-

3biBaHusl pubocom RBSII, obecnieunBaromuii Boi-
COKUU YPOBEHBb TPAHCIISIIUU; 5) MOCIEIOBATENIb-
HocTh 6xHis, pacnonoxeHHyro Ha 5'- win 3'-KoH-
Lle KJIIOHHUPYEMOM LIeJIeBOH IOCIIEI0BATENBHOCTH;
6) MONMJIMHKEp, COAEP AN YHUKAIBHBIE y4acT-
KM JIEHCTBUS pa3HBIX PECTPUKTA3.

B kauectBe xo03smHa twasmun pQE wncmomns-
3ylT mTaMmbl E. coli ¢ myraumeit laclQ, koHc-
TUTYTHBHO  TIpoAyuupymomme  lac-penpeccop
(cm. 2.2.6), uro obecrieunBaeT dPpdeKkTuBHOE OI0-
KHPOBAaHNE TPAHCKPHUIIIUH C CUIBHOTO IIPOMOTOpa
¢ara TS. MHayKumst TpaHCKPHUIILUK JOCTHTACTCS
nobasnenneM B cpeny UIITT.

Oxka3zajioch, uto B3aumojeiicteue 6 His ¢ Ni-
NTA-marpureit He 3aBUCUT OT KOH(POPMALINK CHH-
Te3upyemMoro xuMmepHoro Oenka. IIpu stom 6 His
UMEET 3HaYUTEeIHHO MEHBIINE Pa3Mephl, UeM JIpy-
rue nojunenTuasl-Hocutenu. [pu ¢pusnonoruye-
ckux 3HadeHusix pH 6 His He 3apsbkeH u crnabo-
MMMYHOT€HEH, [T03TOMY XHMEPHBIH OEJIOK MOXKET
OBITH C YCIIEXOM HCIIOJIB30BaH ISl MOJYUYCHUS aH-
TUTEJ TIPOTUB LEJIEBOro OejKa, KOAUPYIoLIas Io-
CJIEIOBATENBHOCTE KOTOPOTO BCTPOEHA B BEKTOP
pQE.

JKcnpeccsi WHAUBHAYAJIBHOIO IeJeBOro
Oeska. Ilpyu co3manum MpoayLIEHTOB OMIpEIeIeH-
HBIX OCJIKOB (B TOM YHCIIC YeJIOBEKA U )KUBOTHBIX )
HauOOJBIINI HMHTEpEC MPEACTABISIOT T'€HeTHYe-
CKHE KOHCTPYKIHH, obecnednBatomue ) exTus-
HBIM CHHTE3 B KIIETKE-PELUINEHTE HYXKEPOJHOIO
Oenka 6e3 100aBIeHUS K HEMY KaKHX-JTHOO0 1MOCTO-
POHHHMX aMHUHOKHUCJIOTHBIX IOCIIEOBATENIBHOCTEMN.
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u Xhol (0/3416)

Bgll (2544)

Xbal (1118) T1

6
PQE-30/pQE-80 L

EcoRI/RBS 6xHis BamHI Sphl  Sacl

Kpnl Xmal — Sall  Pstl

6xHis
MOJTMTHHKEP

Smal
HindIII to

ATGAGAGGAT C G NI - ‘|GGATCCGCATGCGAGCTCGGTACCCCGGGTCGACCTGCAGCCAAGCTTlAATTAGCTGAG ]

PQE-31/pQE-81 L

EcoRI/RBS 6xHis BamHI Sphl  Sacl

Kpnl Xmal — Sall  Pstl

Smal
HindIIl to

ATGAGAGGAT C THEEAC|GGATCCGCATGCGAGCTCGGTACCCCGGGTCGACCTGCAGCCAAGCTTIAATTAGCTGAG [

PQE-32/pQE-82 L

EcoRI/RBS 6xHis BamHI Sphl  Sacl

Kpnl Xmal ~ Sall ~ Pstl

Smal
HindIII to

[ ATGAGAGGATCTEEEE-G[GGATCCGCATGCGAGCTCGGTACCCCGGGTCGACCTGCAGCCAAGCTTAATTAGCTGAG [

Puc. 2.42. Cxema BekTopHbIX miazmun cepuu pQE (a)
¥ TIOCTICIOBATEIBHOCTH HYKJICOTHIOB B paifoOHE MOJIIHHKEpa (0).

ITom4yepKkHyThI TEPMUHATOPHBIE TPUILIETHI, 00BEJEHBI MOCIIEA0BATEIBHOCTH MOTUINHKEPA

OmHuM W3 BapHaHTOB PEMICHHUS 3TOH IMPOOIeMbI
craino coznanue A. lllarmanom u M. Po3enGeprom
¢ coaBropamu (1983 1.) BeKTOpHOH CUCTEMBI pAS
(puc. 2.43), xotopas obecrnieunBaeT 3(hHEeKTUBHYIO
CTPOTO PETYAUPYEMYIO0 TPAHCKPHUIIIIHIO BCTPOCH-
HOW TIOCJEIOBAaTEIbHOCTH U MOXKET HAalpaBiIsTh
CHHTE3 YYXXEpOAHOTOo Oelka B CBOOOIHOM BHJIE.
[Tna3mMuanbIil BekTOp pAS siBisieTcs 00pa3LoM BbI-
COKOMHTEIUIEKTYaIbHOTO KOHCTPYHPOBAHUS MOJIe-
kyn JIHK. On cocTouT u3 ynopsiioueHHO pacIosio-
JKEHHBIX TeHeTHYecKkux OmokoB. TpaHCKkpumms
gyxeponubix ¢pparmentoB JJHK B pAS nannuupy-
€TCs C CHIIbHOTO (haroBOro MpoMOTOpa PL.

B kuerkax E. coli, nu3oreHHbIX mo ¢ary A,
MIPOMOTOP PI, HAXOUTCS B PEIIPECCHPOBAHHOM CO-
CTOSIHUU 3a CUET B3aUMOJIEHCTBHSI OMEPaTOPHOIO
paiioHa oy, ¢ ¢parosiM pernpeccopom cl. B Tom ciy-
yae, Korga mnpogar COACpKUT TeH TePMOYYBCTBU-

TEIBHOTO pEerpeccopa, MHIYKIUS TPAHCKPHUIIITUU
C IPOMOTOpA Pr, TOCTUTAETCS] IEPEHOCOM KIIETOK
¢ remmeparypsl 30 °C Ha 42 °C (ipu 3T0M 6ok ¢l
uHakTuBupyertcs). [Ipu uCmonbp30BaHnU JTU30TCHA
JUKOTO THUIIA TI0 TeHy cl MHIYyKINI0 MOXHO OCY-
HICCTBIISATH XUMUYCCKUM ITyTEeM, JI00aBIIsisl B CPEILy
nospexatone JJHK arentsl, Takue, Hanpumep,
KaK HaJIMJMKCOBas KHcioTa. B aToM ciydae mpo-
WCXOIUT WHIYKIWSI CHHTE3a IMPOTeasbl recA, Ko-
Topast paciieruisier 6enok cl ¢ara 4. B kadectBe
KIIETKU-PEIUITHEHTa UCTIONB3YIOT TaKHe MITaMMBbI
E. coli, y xoropsix npodar nedexteH mo (yHKIIH-
aM perunkanuu. [losToMy mocie nHIyKIuu ¢aro-
BOE TIOTOMCTBO He ()OPMHPYETCS M KICTKH HE JIU-
3UPYIOTCS.

Jliis oGecrieueHust CTPOTOi PErylisiuy TpaHC-
KPUIIIHAY ITOCIIE IPOMOTOPA P, BBEJIEH OJIOK U3 JPY-
roro paiioHa reHoma (ara A, copepiKaiiii TepMu-
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Acll

Puc. 2.43. Kapta BekTOpHOH IU1a3Mus! pAS

HaTop TpaHcKpunumu tr; (cM. puc. 2.15). Tpanc-
KPUIIIHS, HTHAIIUAPYEMasi ¢ IIPOMOTOPA PL, MOKET
MIPEOIoNIeBaTh JTaHHBIA TEPMHUHATOP TOIBKO IPHU
HaJTU9IWUH B KIIETKax E. coli 0enka aHTUTEPMHUHATO-
pa N ¢ara A. D10 mocTuraercsi TakKe MyTeM HH-
nykiuu npodara. Takum oOpa3om, mociie HHAYK-
ouu Tpodara MPOUCXOMAT JBa COOBITHS: paspy-
meHue 6enka cl u CHATHE Ppenpeccuu ¢ MPOMOTOpa
pL; cunte3 Oenka N u ero cs3biBanue ¢ PHK-mo-
JTUMEPa3oil KIETKHU, 4YTO 00eCIeUnBaET MPOXOXKIC-
HUEe (epPMEHTOM TepMHUHATOpA tR].

Crnenyromuii paifloH B cTpykType pAS mpen-
CTaBJISIET COOOW MPUPOIHBIN yUaCTOK CBSA3BIBAHUS
pubocom rena cIl dara A (SD-ATG). Yuactok y3-
HaBaHMs pecTpukrasel BamHI pacnonoxeH Tak,
YTO JaHHBIN (PEPMEHT PACIICILISLCT IIa3MUIy Cpa-
3y 3a mHunuaropHelM ATG-Tpurierom. 9To mO-
3BOJISIET TOYHO TOACTPAUBATh UYKEPOIHBIE KOIH-
pyromue TocieaoBaTenbHOCTH (0OBIYHO € TO-
MoIIbio cuHTeTnueckux cermentoB JIHK) u mo-
CTUTaTh YPPEKTUBHOTO CHHTE3a IIEJICBBIX OCIIKOB
B cBoOOHOM BHe. [locie aykeponHoit BCTpOHKH
B BeKTOpe PAS pacrmonoxkeH p-He3aBUCUMBIA Tep-
MUHATOp TpaHCKpunuuu. JlaHHBIM TEpMHUHATOP
oOecrieunBaeT CTaOMIBHOCTh COXPAHECHUS THOPH/I-
HOW TUTa3MH[BI B KieTKax E. coli, Tak Kak B €ro
OTCYTCTBHE WHTCHCUBHAS TPAHCKPHUIIIUS C TIPOMO-
TOpa pr MOXKET TOJABJIATh WHUIMAINIO PETUIHKA-
LIMH TIJIa3MAIBI C YUACTKA OFi.

AJBTEpHAaTUBHBIM PACCMOTPEHHOMY SIBIISIETCS
MIOZXO, TP KOTOPOM KIIOHHPYEMYIO KOTUPYIOILYTO
MOCJICOBATEILHOCTh COCTHIKOBBIBAIOT C CHHTCTH-
YECKUM y4aCTKOM CBSI3bIBaHHS puOOcoM. Takoii reH
MOXHO BCTpanBaTh B JIIOOYIO TOYKY CTPYKTYPHOI
4acTH BBIOpaHHOTO OakTepHanbHOrO TeHa. B mpo-
Hecce TPAaHCKPHITIMK THOPUIHOTO reHa OyneT CHH-
te3upoBarbesi xumepHas MPHK, copepxkamas asa
yYacTKa CBSI3bIBAaHUS PHOOCOM: MPHUPOAHBIA ydac-
TOK Ha HETPAHCIUPYEMOM 5'-KOHIIE U MCKYCCTBCH-
HBI BO BHYTPEHHEH OCIIE0BATEILHOCTH 3TOM 7K€
MPHK. Maunuanus TpaHCasuu ¢ UCKyCCTBEHHOTO

RBS npuBener k cuHTe3y B OaKTepUH aBTOHOMHOTO
gyxeporHoro Oenka. B 1981 r. mo Takoil cxeme
B E. coli ObuT CMHTE3UPOBaH B CBOOOHOM BH/IE Ma-
Tl t-anTureH Bupyca SV40. bonee Toro, ucnosnb-
3ysl 3Ty MOJENBHYIO CHCTEMY, YNAlIOCh CPaBHHUTH
3pPeKTUBHOCTh (DYHKIIMOHUPOBAHUSI i1 Vivo pas-
HBIX cuHTeTH4YecKkux RBS.

JlornyeckuM pa3BUTHEM JIaHHOTO HAIPABICHUS
sBrtachk pabora C. H. lllenkyHOBa ¢ COTpyIHUKA-
MU, KoTopble B mazmuay pBR327 mo mectam rua-
ponu3a pecrpukrazamu EcoRI u Hindlll Becrpounu
cunrernueckuil pparment JHK, cocrosmuii u3
ydacTKa CBs3bIBaHHUS pubOocoMm reHa (ochopudo-
sun-aHTpanunarTpancdepassr trpD E. coli (RBS1)
U KOAUPYIOIIEH TOCIe0BaTEIbHOCTA 3Pesion
dbopmbr uwHTepdhepona «2 uenoeka (HulF-a2)
(puc. 2.44). Ilocne BCcTpauBaHUS HAPYIIUJICS MIPO-
MOTOp T'€Ha fef, HO Y4acTOK CBSI3bIBaHUS PHOOCOM
(RBS2) coxpanuiicsi. CKOHCTpYHPOBaHHYIO ILIa3-
muny oboznaumm pEMB101. Ecnim 8 pPEMB101
BCTpOUTh 10 FEcoRI-mecty moboit ¢dparmeHT
JHK, coaepxamuii mpomMoTop, HarpaBJISIIOLIANA
TPAaHCKPUIILKIO B CTOPOHY IMJIA3MMJIHOIO I'€HA fef,
TO OymeT cuHTe3upoBarhes OunmctponHas MPHK
U Ha cpele C TeTPAlMKIMHOM MOXXHO OTOOpaTh
KJIOHBI KIETOK E. coli, cogepxalmux Takue ruod-
pUAHBIE IIa3MUIBL. B JaHHOM ciTydae TpaHCIAIHs
tet-Oenka wHUIIUUpYyeTcs ¢ RBS2 Ha xumepHoi
MPHK. Ilokazano, 9T0O CeneKTUPYyEeMbIe TaKUM 00-
pa3oM ruOpHIHbIE TUIA3MUJIBI 00ECTICUNBAIOT CHH-
Te3 B E. coli HaTUBHOTO MHTEpQEpOHa uenoBeKa
(manmmanus ¢ RBS1), npomykius koToporo mpo-
MTOPLMOHANIFHA JAETEPMHUHHPYEMOMY UMH YPOBHIO
YCTOWYMBOCTH KJIETOK K TeTpanukinHy. K KioHu-
pyeMoil B TMOMOOHBIX BEKTOpax IOCIIEIOBATENb-
HOCTH MOXXHO TOJICTPanBaTh MHOXXECTBO pa3jiny-
HBIX [IPOMOTOPHBIX 00NacTei U U3ydaTb MX BIUS-
HUE Ha ypOBEHb NPOIYKLUUHU OelKa, KOAUPYEMOTO
ATOW TOCIIEAOBATEILHOCTHIO.

WNuTepecHoit 06:1acThI0 UCCIIEIOBAHUH SABISET-
Csl TaK)Ke CO3/1aHHe BEKTOPOB, IIPU BCTPONKE B KO-
TOpBIE KOAMPYIOLIMX MOCIeNoBaTeNbHOCTeH (Bop-
MHUpYETCsl THOPUIHBIA y4acTOK CBSI3bIBaHUSI pUOO-
coM. B manHOM citydae B BEKTOPHOM 4acTH IJ1a3MU-
Il COZIEPYKUTCS TIOCIIEOBATEIFHOCTD, BKIIIOYAIO-
mas mpomotop u SD-ydactok (cM. 3.3), a BcTpau-
BAaGMbIIl CTPYKTYpPHBI TI'€H JOJDKEH COJEpKaTh
nHunuatopueiii Tpumer ATG. B Takoit rubpua-
HOM TIIIa3MHJIE TPAHCKPHIILIUS YYKEPOAHOTro Oeska
WHUIUUPYETCS ¢ MMPOMOTOpPa BEKTOpa, a TPAHCIIA-
WS — € THOPHUHOTO y4acTKa CBSA3BIBAHUS pPHOO-
coMm. [Ipu 3TOM CHHTE3WPYIOTCS HATWBHBIE UyKe-
pOIHBIE TIOTUIETITHIBI.

Crporasi penpeccusi TPAHCKPHIIIUM LeJie-
BOro resa. B Tom cirydae, Korja 5K30TeHHBIN Oe-
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EcoRI

HindlIll

| EcoR1 + Hindlll

EcoRI

Plac%\ ren HulFN-a2
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M13mb12

EcoR1 + HindIll

i JIHK-nurasa

EcoRI

Apr

EcoRI

HindIII Px

—

EcoRl  EcoRI

l JHK-nuraza
EcoRI1

EcoRI

Puc. 2.44. Cxema co3nanus miasmuasl pEMB101 u ee mpomoTopcoaep Kaniix Ipon3BOJHBIX

JIOK TOKCHYEH JUIs KIeToK E. coli, HeoOXxoaumMo uc-
M0JIb30BaTh CIHELHATbHBIE BEKTOPBI 3KCIPECCHUH,
KOTOpbIE HMMEIOT CHCTEMY CTPOTOH penpeccun
TPAHCKPUIILUKN KIOHUPOBAHHBIX MOCIIEI0BATEIb-
HocTel. KynbTypy, comepiallyro Takyro THMOpHI-
HYIO TJIa3MHIY, BBIPALLMBAIOT O BBICOKOW IJIOT-
HOCTH B YCIIOBHSIX PENPECCHH TPAHCKPUIIIUH TY-
KEPOAHOTO I'eHa, a 3aTeM HHAYLHMPYIOT JKCIpec-
CHIO 3TOrO reHa. JIo MOMEHTa, KOTJa MpPOsIBUTCS
TOKCHYECKHH A(PQEKT cHHTe3upyeMoro Oeyika Ha
KJICTKH, OH yCIieBaeT HapaboTaThcs B JJOCTATOUHO
OOJIBLIMX KOJMYECTBAX, TaK KaK KOHLECHTpauus
KJIETOK B KyJIbType Bbicoka. K BekTopam Takoro
THUIIA MOXHO OTHECTH paHee PacCMOTPCHHBIC
miazmuael pSCC31 (em. puc. 2.36) u pAS (cMm.
puc. 2.43).

Jpyroii BapuaHT CTpOroil penpeccuu peasinso-
BaH B iazmuze pDOCSS (puc. 2.45), onucanHo
K. O’Konnopom u K. Tummucom B 1987 r. B nan-
HOM cilydae TPaHCKPUIILUS C PEpecCupyeMoro
6enkom cl mpomoropa pr dara A JOMOTHUTEIHEHO
MOAABIISIETCS BCTPEYHOM TPAHCKPHIILUEH C TPOMO-
TOpa Plgc- [loNararot, 4TO JOMOJHHUTENbHAS perl-

peccust 00ycIOBJICHa CHHTE30M C g aHTHCMBIC-
noBoit PHK, kotopas moxer oOpa3oBBIBaTh TyTI-
nexcel ¢ marpuuHoit PHK BcTpoeHHOrO rena, cus-
TE3UPYEMOH € pL, U OJOKMPOBATH €€ TPAHCIISALHUIO.
Kpome Toro, Bo3MOXKHa WHTEphEpEeHIHs 3a CUeT
cronkHoBeHUs1 Moiekyn PHK-nonumepas, nsuxy-
IIMXCSI HABCTPEUyY JAPYyT APYTY.

Co3pmaHHbIil BEKTOp OMPOOOBaH HpHU KIOHUPO-
BaHUU reHa fra’l KOHBIOTaTUBHBIX IUIa3MUJ TPYII-
bl F, KOTOpBIM KOOUPYET OCHOBHOM JTUIONPOTEUH
BHEIIHEW MeMOpaHbI MJIa3MUI0COIEPKALINX Kile-
ToK E. coli, a Taxke Npyu BCTPOHKE I'eHA PECTPHK-
ta3bl EcoRI. @parment JIHK, conepxkamiuii reHsl
pectpukra3zpl U MeTwiassl EcoRI, BcTpauBaiu
B pDOCS55 no Smal-yuactky. OTOupaiu mia3Mu-
Iy, B KOTOpOM reHbl EcoRI-cucteMbl UMEIH Ty ke
OpHEHTAIINIO, YTO U MPOMOTOp prL. B rene meru-
na3el EcoRI pepMeHTaTHBHO BBIMIETUISIN CETMEHT,
YTO MPUBOJMIO K MHAKTUBALIMU T€HA, U MOIy4YeH-
nyto JJHK nuknuzosanu ¢ nomomsto JIHK-nura-
3b1. [Tony4yennsiM npenaparom JJHK Tpancdopmu-
poBanu kietku E. coli, nu3orenusie no dary A,
B YCJIOBUAX MHJIYKIIUU TPAHCKPHUIIINH C IIPOMOTO-
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Puc. 2.45. Kapra muiasmuabl CTpOro penpeccuu
9KCTIPECCUH KIIOHUPYEMBIX T€HOB

pa piac (nobaBnennem B cpeny UIITI), a Takxke 6e3
WHAYKIWW. B mepBoM ciydae Ha cpesie ¢ aMITHUIIHII-
JIMHOM BBISBIISLIIOCH OKomo 104 TpancdopmaHTOB
Ha 1 mkr JIHK, a B mocnennem TpaHcpopmaHTbI
oOHapy»XeHbl He ObUIM, TaK KaK CHHTE3UpyeMbIC
JlaKe B YCIIOBHSIX PEIIPECCHUU TPOMOTOPA PL, CIICAO0-
BbIe KOJIMYecTBa pecTpukTasbl EcoRI oka3pBatoT-
CsI TyOUTETBHBIME TSI OAKTEPHUU. DTH PE3yIbTaThl
CO BCEil OUEBUIHOCTBIO JIEMOHCTPUPYIOT BHICOKHIA
YPOBEHb PENPEeCcCHH Uil CHCTEMBI BEKTOPHOM
mwiazMuael pPDOCSS, nocTuraemsli Ipu UHIYIH-
POBaHHOH (KOHCTUTYTHUBHOH ) TPAHCKPHUIIIHH C TIPO-
MOTOpa Pige (CM. puc. 2.45). 3TO TO3BOIIIET KIIO-
HUPOBATh B €€ COCTAaBE I'€HBI, YbH OCIKOBBIC MPO-
JOYKTBI BBICOKOTOKCHYHBI JJIsl KJIETOK-PELUIHCH-
TOB, M B HYKHBII MOMEHT MHIYLHPOBATh UX JKC-
MIPECCHIO.

Takum o0Opaszom, mpobiema co3iaHUsI BEKTO-
poB, o0ecrieYnBalOINX NPAaBUIIbHYIO U 3P EeKTHB-
HYIO 9KCIIPECCHIO YY>KEPOJIHBIX T€HOB B KJIETKaX
E. coli, B memom pemena. OIHAaKO 3TO HE O3HAYACT,
4yTO HE OymyT cO3/1aBaThCcsl HOBBIE, Oonee A dek-
TUBHBIE BEKTOPBI DKCIIPECCHH, B TOM YHCie odec-
MEYNBAIOIIIE CEKPELUIO LIEIEBBIX OCITKOB M3 IUTO-
IUTa3MbI KJICTKH.

2.2.10. Bekmopesli E. coli,
demepMuHUpyroujue cekpeyuro
q4y)xepoOHbIx 6enkoe

Oxoo 25 % cymmapHOTO O€Jika, CHHTE3UpYye-

Moro E. coli, HaxomuTCs B TUIa3MaTHIECKON MeMO-

paHe, MepUILIa3MaTHYeCKOM IMPOCTPAHCTBE W Ha-

pyxHOI MemOpane kieTki. OOHapyKeHO, YTO MHO-
rue OCJIKH, JIOKaJU30BaHHBIC B 3TUX CTPYKTypax,

SABJIAIOTCA CCKPETUPYEMBIMU W NE€PBOHAYAJIBHO

CUHTE3UPYIOTCS B BUJC MPEIIICCTBEHHUKOB, CO-

JiepKammx Ha N-KOHIIE JIHJIEPHYIO (CUTHAIBHYIO)

rnocJieoBarebHOCTh. COrIacHO CUTHAJIbHOW TH-

note3e I. bmoGens (puc. 2.46) 3t N-KOHIIEBBIE

MIOCJICIOBATEIILHOCTH ITPe-OCJIKOB CITy)KaT B KA4eCT-

BE CHUTHAJIOB, HHUIIMHUPYIOIIUX CEKPEIHI0 OCIIKOB

U3 OUTOIIa3Mbl KJICTKH, U MX NPUHITO Ha3bIBaTh
cuzHanbHLlMu nenmuoamu. B nipouecce cuHTE3a
npe-0eylka CUTHANbHBIA TenTH O0YyCIOBIUBACT
B3aMMOJICHICTBHE PUOOCOMBI C TaK Ha3bIBAEMOM
qacTHUIleH, y3Hatomel curHanbHbIN entus (SPR),
KOTOpasi B CBOIO ouepe/ib 00eCeynBaeT CBS3bIBa-
HHE JJAHHOTO KOMIUIEKCA CO CHeIM()UIHBIM y4acT-
KoM Ha MeMmOpane. [Tocne cBsI3pIBaHUS KOMILIEKCA
¢ MeMOpaHo# cuHTe3 Oelka MPOI0IHKACTCSI C OHO-
BPEMEHHOH CEKpeLMel CHUHTE3UpyeMOl aMUHO-
KHCJIOTHOM mocienoBarensHocTr. Cpasy moce 3a-
BEPIICHUSI CEKPEIMU WM B XOJIe €€ CUTHAIbHBIN
HENTH]| OTIIETISIETCS SHIOMENTH1a301, Ha3BaHHOM
cuznanvhoil nenmuoasou. B xnerke E. coli cur-
HaJbHas NENTH/Ia3a HaXOJIUTCS Ha MePHUILIa3MaTH-
YEeCKOW MOBEPXHOCTH TNIA3MaTHIECKOW MEeMOpaHBbI.
OTIierIeHHbIM CUTHAIBHBIN TENTH]T 3aTEM THIPO-
TN3YETCSl Nenmuoa3oil CUZHAIbHO20 Nenmuoa.

B nacrosimee Bpemsi HAKOMMIIOCh MHOXECTBO
JTAHHBIX O TOM, YTO MEXaHHM3M CEKpEIUH OCIIKOB
yepes IIa3MaTndeckue MeMOpaHbl BO BCEX THITaX
MMPOKAPUOTHIECKUX U JYKAPUOTHUYECKHUX KIIETOK
B OCHOBHOM OJIMHAKOB. AHaJIN3 OOJBIIOrO YHCIIA
MOCTIe/IOBATENLHOCTEH DYKapUOTHIYECKHX U ITPOKa-
PUOTUYECKUX CUTHAIBHBIX MENTUIOB BBISBHI CY-
LIECTBEHHOE CXOACTBO WX opraHu3auuu. [limHa
CUTHAJIbHBIX TENTHIOB OOBIYHO cocTaBiseT 15—
25 AK. 3apspkeHHBIE aMUHOKHCIIOTEI B OCHOBHOM
pacronararTcsi cpeii MEePBhIX MSATH—CEMH, U HX
CYyMMapHBIH 3apsiJi HAXOJUTCS B Tipesenax ot +1 1o
+3. CpenHsist 4aCTh CUTHAJIBHOTO MENTH 1A COCTOUT
U3 KJ1acTepa ruapoPOOHbIX aMUHOKUCIIOT. [ uapo-
(hoOHOCTH ATHX TENTHIOB CYIICCTBEHHA /IS BbI-
ITOJTHEHUSI UMHU (PYHKIUHU JKCIIOpTa OeNKa U3 IIH-
TOTUTa3MBI, & CyMMAapHBIN 3aps BIUAET Ha Y dek-
TUBHOCTh KaK TPAHCISIIMM, TaK M 3KCIIOPTa TIpe-
Oenka. CUrHaJIbHBIC IENTHIBI COACpPIKAT HHPOpMa-
LU0, HEOOXOIUMYIO AJISl X OTIICTUICHHS OT Tpe-
Oenka. KpoMe curHasipHOrO mentuaa Ha mporece
CEKpEeIMH BIHSET U IOCIE0OBATEIbHOCTh OCHOB-
HOH "acTH mpe-0erka.

MexaHu3M ceKpelun OeNKoB B KJeTKax E. coli
WHTEHCUBHO H3y4aeTcs. B maHHOU rpamoTrpuiia-
TeIhHON OaKTepHH CeKperus OSIKOB U3 IIUTOILIA3-
MBI MOYKET MTPOUCXOUTH BO BHEIIHIOI W IUIa3Ma-
TUYECKYI0 MeMOpaHBbI, a TaKXKe B MEpUIIa3MaTH-
YECKO€ MPOCTPAHCTBO, pa3feAoniee 3TH MeMO-
pansl (puc. 2.47). Cekpeuust 6enkoB u3 E. coli Bo
BHEIIHIOIO CPEAy MPOUCXOAUT KpaiiHe PeKo.

[lepBbIM BHEKJIETOYHBIM OEJIKOM TpaMOTpHIa-
TeTbHBIX OakTepuii, nus xkoroporo Jlx. Ilomuepy
¢ coapropamu B 1987 1. ynanoce yCTaHOBUTH MeXa-
HU3M CEKPELUHUH U3 KIETOK (IKCKpEIMH), SIBUJIACh
npoTteasa JUILIOKOKKa Neisseria gonorrhoeae, crie-
nududHas K IMMyHorToOymmHy IgA denoBeka. ['en
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Puc. 2.47. BapuaHTbI CEKpEIMU U KOHCUHOU JIOKATH3aUK OCJIKOB B KieTKax E. coli.

LIepHI;IM TPEYTOJIbHUKOM OTMEUYEHO MECTO OTHICIICHUS CUTHAJIBHOTO IENTHAa

9TOH IIpoTeasbl KIIOHUPOBaU B E. coli, u 6611 ipo-
JIEMOHCTPHUPOBAH CHHTE3 U 00pa30oBaHHE BHEKJIE-
TOYHOTO aKTHBHOTO (pepMEHTa B JaHHOW retepo-
JIOTUYHOM cUcTeMe. 3peiiblii PepMEHT UMEET MO-
nekyssipHyto maccy 106 kJla, HO mepBoHaYaIBLHO
OH CHHTE3MpYEeTCS B BHJIE MPEIIIECTBEHHUKA Mac-
coit 169 xJla. IlpenlieCTBEHHUK CONEPXKUT TpU
(YyHKIIMOHATBHBIX AoMeHa: N-KOHIIEBOM JIuaep, KO-
TOpBI obOecrieunBaeT TpaHCIOPT Oenka uepes
TUTa3MaTHYECKyI0 MeMOpaHy, COOCTBEHHO MpoTea-
3y u C-KOHIIEBO JIOMEH-TIOMOIIIHUK, HEOOXOIUMBIH
JUTSL TIPOXOXK/ICHNST MaKpOMOJIEKYJIbI Yepe3 BHeIll-
HIOI0 MeMOpany. N-KOHLIEBO# juep (CUrHaJIbHbIH
MENTH]T) OTIIEIUIAETCS B MPOIECCe CeKperuu Oen-
Ka-MIPEJIIECTBEHHNKAa 4Yepe3  IIa3MaTH4YeCKyro
MeMOpaHy B MEpUILIa3MaTH4YeCKOe MPOCTPAHCTBO
(puc. 2.48). Ilocne atoro C-KOHIEBOW JTOMEH-TIO-
MOIIIHHUK BBITIOJHSET POJIbh MOPHI (OeKa MopHrHA)

JUTSL DKCKPELIMU MTPOTea3Horo IOMEHa Yepe3 BHEIII-
HIoI0 MeMOpaHy. [Tocie BeIxo/1a mpoTeasbl U3 KJIeT-
KM OT HEE B Pe3yJIbTaTe aBTONPOTEOIN3a OTIICTLIS-
ercst C-koH1eBO# jomeH. OOpa3oBaBmIasCs IMPO-
¢opma 3areM pacmamaeTcs Ha 3peinyio (opmy
IgA-nipoTeassl 1 HEOONBIION CTAOMIIBHBIA C-TTPO-
TeuH (cM. puc. 2.48).

JlaHHBI MEXaHHU3M CaMOCTOSITENIbHOW IKCKpe-
UM OCJIKOB M3 FPaMOTPHLATENIBHBIX OaKTepHid, O-
BUJIMMOMY, SIBIISICTCSI OOIINM, TOCKOIBKY JUISI Ce-
PUHOBOM TIpoTeassl Serratia marcescens, CEKpETH-
pyrormeiicss u U3 KIeTok E. coli, mepBoHaYaILHO
CHUHTE3UPYETCSl  NPENLIECTBEHHUK, HMMEIOIUI
N-KoHIIeBOH CHTHANBHBEIN menTua u C-KOHIICBYIO
MIOCJIEJOBATEILHOCTh, OTCYTCTBYIOLIHE B 3pEJIOi
(hopme BHEKIIETOYHOTO (hepMEHTA.

Hannuwe mOBONBHO CIIOKHOTO MEXaHM3Ma JKC-
Kpelru KPYIHBIX OEJIKOB M3 IPaMOTPUIIATETIbHBIX
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Puc. 2.48. Mopens cexperun [gA-mpoTeassl 3a mpeeibl IpaMOTPUIIATENbHOM KIETKU:

1, 2, 3 — TOYKM aBTONPOTEONN3a OeKa

OaKkTepuabHBIX KJIETOK HE II03BOJSIET IIOKA CO-
3[0aTh FCHETHUECKUE KOHCTPYKLNH, 00ecIIeunBaro-
LIMe CHHTE3 XMMEPHBIX OEJIKOB-IIPEAIICCTBCHHH-
KOB, CIIOCOOHBIX CEKPETUPOBATh BO BHEILLIHIOO Cpe-
Iy 4y’KepoJHble 17151 OaKTepHil BBICOKOMOJIEKYIISP-
HBIE MTOJIUIENTHIBL.

bonee mpocTo opraHu3OBaHHAs CUCTEMA CEK-
peumu OEKOB Yepe3 Mia3MaTHYeCKyo MeMOpaHy
BIIOJIHE MOXKET OBITh CMOJCIMPOBAaHA B JKCIEpH-
MeHTe. J[aHHBII MOAX0/] MPEACTABIIAET 3HAYUTEIb-
HBII MHTEpEC Al OMOTEXHOJIOTHH, TaK KaK 3aMaH-
YUBO METO/IaMU F€HETHYECKOW MHKEHEPUHU CO3/1a-
BaTb TMOPUAHBIC T€HBI, KOTOPbIE O0YCIOBIMBAIN
OBl CEKpEIHIO YYKePOAHBIX OCJIKOB M3 LUTOILIa3-
MBI KJIETKH. BOJIBIIMHCTBO SyKapHOTHYECKUX OeII-
KOB, CHHTE3MPYEMBIX B TeHHO-MHKEHEPHO CKOHCT-
PYMpOBaHHBIX WTammax E. coli, coxpanstor N-KOH-
LIEBOM METHOHMH U TE€M CaMbIM OTIMYAIOTCS OT
mpupoAHBIX (opM 3TuX Oenkos. [Ipeononers nan-
HOE 3aTpyIHEHHE MO)KHO, COCTBIKOBAaB KOJIHPYIO-
1IHe M0CIeJ0BaTeIbHOCTH 3peiioi (OpMbI H3ydae-
MOro OeJika U KaKoro-au0o CHUTHaJILHOTO MenTHIa
E. coli. Ilpn npaBWIBHOM NPOLIECCUHTE CHHTE3U-
pyemoro xuMmepHoro oenka B E. coli 6ynet obpaso-
BBIBaThCs MOJHOLEHHBIH 3YKapHOTHYECKHUI MOJH-
nenTtua. bonee Toro, cekpenus MOXKET 3alUTUTh
YyKEepPOAHBIN OETOK OT MHOTOYMCIICHHBIX MPOTEa3
LUTOIUIa3Mbl KJIETKH M 3a CUET HTOr0 MOBBICUTH
YPOBEHB €0 CHHTE3a IITAMMOM-TIPOAYLIEHTOM.

[lepururazmarnyeckre O6€lIKH rpaMOTpUIATEIb-
HBIX OakTepuil BBIJIEISIOTCS B IMPOIECCE JIETKOTO
OCMOTHYECKOIO 10K, KOTOPOMY KJIETKH MOZBEP-
rarT nocie GepMEHTATHBHOTO THAPOIH3a TICTITH-
JIOIJIMKaHOBOTO CJIOSI KJIETOYHOW CTEHKHU. benku
MIEPUIIIIa3MBbl COCTABIISAIOT JIUIIE 15 % Bcero Oenka
kieTkd. [Toaromy 3ppekTHBHO CHHTE3UpyEeMBbIi 1

CEKpETHPYEMBIH B IEPUIIIa3My 1y>KEPOAHBIN OeI0K
MOKHO BBIJICTUTH 0€3 MPUMECH OCHOBHBIX OEJIKOB
Oakrepun. Takke HOCTATOYHO MPOCTO MOXKHO OT-
JeIsITh 1eNeBOl OeNOK OT COAEepKUMOTO KIIETKH,
€ClM 3TOT OEJIOK CEeKpeTHpYeTCsl B IUIa3MaTHye-
CKYIO WJIM BHELIHIOIO MEMOpaHy.

I'eHHO-HMH)XEHEPHBIE OIIBITHI TPOAEMOHCTPHUPO-
BaJIM, YTO CHUHTE3UpYyeMble B E. coli uyKeponHble
IIPOKAapUOTUYECKHUE U YKapUOTUUECKHE Npe-0el-
KM, COIEpXKalle CUIHAJIbHBIE HENTUABI, CIIOCO0-
HBI IIPAaBUJIBHO IPOLIECCHUPOBATHCS U CEKPETUPO-
BaThCA B IEPUILIA3MAaTUIECKOE IPOCTPAHCTBO KJile-
TOK. bonee Toro, B psge paboT rmoka3aHo, 94To THO-
pHUIHBIE T'€HBl, COCTOSIINE M3 «IE€HOB» CHUIHAJIb-
HBIX NIeNTUA0B E. coli v n3yd9aeMbIX CTPYKTYPHBIX
TeHOB, 00yCIOBINBAIOT B £. coli CHHTE3 XUMEPHBIX
OENKOB M WX CEKPelHio. DTH JIaHHBbIE yKa3bIBAIOT
Ha 3HAYUTENIbHYI0 YHUBEPCATBbHOCTh OpTaHU3aIIH
CUTHAJIbHBIX TIENITUIOB U B CBA3M C 3TUM — Ha
MEPCTIIEKTUBHOCTh CO3/IaHUS CHEIHATIN3UPOBAH-
HBIX BEKTOPOB AKCIPECCUN—CEKPELNH ISl KIIETOK
E. coli.

[lepBrle Na3MuAHBIE BEKTOPBI TAKOIO THIIA
co3nanbl B 1984 1. Ha ocHoBe mina3muasl pBR322
n nocnenosarensHoctu JIHK, kotopas comepkut
TaH/IEMHO PACIIOJIOKEHHbIE IIPOMOTOPBI T€HOB JIU-
nonpoTenHa u fB-ranakro3uaassl E. coli, cOCTbI-
KOBaHHBIE C «T€HOM» CHUTHAJIBHOTO MeNTHaa OeKa
OmpA E. coli (0ocHOBHOI OeNoK HapyXHOH MeMO-
paHbl KIeTouHOHM cTeHkH). llpuyem momydeHHBIE
BekTophl pIN-III-ompA-1, pIN-11I-ompA-2 u pIN-
[lI-ompA-3 obecrnieunBaroT pa3Hble PaMKH TpPaHC-
JSIIMU BCTPOCHHBIX B HUX KOAMPYIOIINX MOCIIEA0-
BarenabHOCTEH. Berpolika B pIN-III-ompA cTpyk-
TYPHOTO T'eHa 3pesoil popMBI -TaKkTamMasbl IPHUBE-
Ja K ceKpeluu B-nakTamasbl B IEPUILIa3My KIETOK
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E. coli. Ilpu 3TOM ypOBeHb NPOAYKIHHU LEJIECBOTO
Ocka ObLI HACTOJIBKO BBICOK, 4TO mocturaji 20 %
CyMMapHOro Oeka KJIEeTKH.

C uCTnoip30BaHUEM JTaHHON BEKTOPHOM CHCTe-
MBI CO3IaHBI TaKke WTaMMbl E. coli, B KOTOPBIX
IIPOUCXOIUT CYNEPIPOAYKLHS U CEKPELHsl B IIEpH-
IUTa3My TaKuX OEJIKOB, KaK TOPMOH pOCTa ¥ HHTEP-
(hepoH 2 yenoBeka, Hykiea3a A CTapUIOKOKKa,
pubonykieasa T1 u3 Aspergillus oryzae v psn npy-
rux. IHTepecHbIl pe3ysbTaT MOIyYWIN SIIIOHCKHE
HCCIIEIOBATEIM TPU  KIOHUPOBAaHUHM B COCTaBe
pIN-III-ompA xkJIHK CaZ*-cBsizbiBatoniero ¢Gporo-
Oenka adskBopuHA. DTOT Oenok pazmepom 189 AK
HE TOJIBKO CEKPETHUPOBAJICS Yepe3 IIa3MaTUIECKYTO
MeMOpany E. coli, Ho u 3¢ dekTuBHO peoaoneBat
Hapy’>KHYI0 MEMOpaHy KJIETOK, BBIXOZASI BO BHEIl-
HIOIO cpeay. MexaHu3M 3TOro mnporecca IoKa
HE SICEH.

M. FOxJieH ¢ coaBTOpamu CO3Jajld CEPHIO BEK-
TOPOB 3KCIIPECCUHI—CEKPEINH Ha OCHOBE TeHa Oel-
ka A Staphylococcus aureus M YeTHOYHOH ILIa3-
muzabl pRIT4, cocoOHON permIMIMpoOBaThCS Kak
B KJIeTKax E. coli, Tak u B KiIeTKax S. aureus u Ba-
cillus subtilis. CtapunokokkoBeI 0enok (SpA,
w ProtA) nHTEpeceH TeM, 9TO OH B Psijie ITaM-
MOB S. aureus CHUHTE3UPYyeTCs B OOJBIIOM KOJIHU-
YEeCTBE M CeKpeTupyeTcs u3 Kietok. Mcexogno SpA
CHUHTE3MpyeTCd B BHIE Npe-SpA M HUMeeT Ha
N-koHue curHaiabHbi nentun (puc. 2.49, a). Ha
C-xonre SpA Haxomutcest paiioH X, KOTOPBIA OT-
BETCTBEH 3a CBsI3bIBaHUE OeJKa A ¢ IENTHAOTIINKA-
HOM S. aureus. Bo BHyTpeHHEH gacTu SpA comep-
JKUTCS 5 pallOHOB C BBICOKOHM CTEMEHBIO B3aUMHOM
TOMOJIOTHH, KaXK/IbIH U3 KOTOPHIX B Oenke GpopMu-
pyet nomeH. Ilo kpaitaeii mepe 4 u3 vux (D, A, B,
C) cs3biBatotcs ¢ Fe-paifoHaMn MHOTHX HMMYHO-
moOyuHOB. [ToaToMy SpA TIpocTO B HamEKHO H3-
BJIEKaeTCsl M3 JII00OH cMmecHu OEnKoB B mpolecce
addurHON XpoMaTorpaduu Ha HOCHUTEIEC C TPH-
MUTHIMUA UIMMYyHOTII00ynuHamu IgG.

[TepBrie BexTopnl pAS1-3 (cm. puc. 2.49, 6)
COZIepKaIH 5'-KOHIEBYIO YacTh reHa SpA, BKITIO-
YaOUIYI0 CHUTHAJIBI WHULHMAIUH TPAHCKPHUIILUN U
TPAHCIIALUY, a TAKXKE [I0CIICI0BATEIbHOCTD, KO-
pylolIyo curHaipHbId nentuna. llonmnubkep u
CABHT PAMKH TPAHCISAIUU 00€CTIEYNBAIOT BO3ZMOXK-
HOCTh HCIIOJIb30BaTh JaHHBIE BEKTOPbI JKCIpec-
CUU—CEKpPELUH JUIsl KIOHHPOBAHMS pPa3IMYHBIX
tdparmenToB JIHK. B mepBrIX ke 3KCIeprMEHTax
OBLIO MOKA3aHO, YTO TIPH BCTPOIKE B TAKOW BEKTOP
TeH-2KBUBAJICHTA 3peIoi POpPMBI mIeI0IHOU (oc-
¢arassl E. coli (nepurasmMaTiyecKuii 0eJI0K) Xu-
MEpHBIN OEJIOK CEKPETUPYETCS B IEPUILIa3MaTHYC-
CKO€ MPOCTPaHCTBO (W1 KIeToK E. coli) nmm BO
BHEILHIOIO cpeay (AJIsi TPaMIIOJIOKUTENBHBIX Kile-
TOK S. aureus), o0paszyst akTUBHYIO ¢opmy Poc-

¢araspl. [Ipu BCTpoiike B 3TOT K€ BEKTOP KOIU-
pYIOIIEH MOCIIe0BATEIBHOCTH T'eHa [3-TallaKTO3H-
nasel E. coli (nuTorna3mMaTndeckuii OesoK) cexpe-
LMY XMMEPHOTO Oelika He HaOJ0IaIoCh.

AHAJOTHYHBIE PE3YNBTAThl TONYYHIN SITIOH-
CKHE HCCIICZOBATeNIM Ha CHUCTEME IJIa3MH[ JKCII-
peccuu—CeKpeIni, CO3aHHbIX HAa OCHOBE 3JIEMEH-
TOB TeHa IenouHol ocdarassl E. coli. Tn Bek-
TOPBI 00ECIIeUnBaIN HAMPABISIEMYIO CUTHAJIBHBIM
rentugoM (ocdaraszbl CEKPENHI0 B TEPUILIAZMY
E. coli a-amunassl B. subtilis, f-nakramassl E. coli,
a-uHTepPEpPOHa U dMUACPMAILHOTO (pakTOopa poc-
Ta 4yenoBeka. B To ke Bpemsl IUTOoIIa3MaTuYeCKUe
6enku E. coli, Takue Kak 3-rajgakrosunasa, Gpaxrop
anoHranuu Tu u xiopamdennkonaneTunTpanche-
pasa, COeIMHEHHBIC C CUTHAIBHBIM MENTHJIOM IlIe-
nmouHoit hocdaraser E. coli, HE CEKPETHPOBAIHCH
W3 HUTOTIA3MBbl U HE TIPOIECCUPOBAINCH ¢ N-KOH-
na. B ycrnoBusx cymepskcnpeccun 3T XHUMEpHBIE
Oenky 00pa30BBIBAIH B IUTOILIA3ME TENbIIA BKITO-
yenus (cM. 3.4). [lonydeHHble pe3ynbTaThl co Beeil
OYEBUJIHOCTBIO JIEMOHCTPUPYIOT, YTO CEKPEIHs
qy)KepoiHOro Oeika B OaKTepUaNbHBIX KJIETKaX
o0ecrednBaeTcsi HE TOJIBKO CHUTHAJHHBIM IICTITH-
JIOM, HO M CYUIECTBEHHO 3aBUCHT OT CTPYKTYPHI
HCcCIIeyeMoro Oemka.

Ucnonmezys  Bektoper  cepuu  pRIT  (cm.
puc. 2.49, ), M. IOxJen ¢ coaBTopamu TIOKa3aiu,
YTO XUMEpHBIE OCIIKM B Psijie CIy4aeB CIOCOOHBI
CEKPETHPOBATLCS HE TOJBKO B IEpUILIa3MaThye-
CKO€ TIPOCTPAHCTBO KIIETOK E. coli, HO U BO BHEI-
HIOK cpeny. B wactHocTH, npu BeTpolike B pRIT
I'CH-IKBHBAJICHTOB WHCYJIMHOMOMAOOHBIX (DaKTOPOB
pocta uesnoBeka IGF-1 u IGF-II B E. coli cunte3u-
poBaJMCh XUMEpHBIE OEJIKH, KOTOPbIE IKCKPETHPO-
BaJIUCh U3 KJIeTOK. Xpomarorpaducii Ha [gG-ceda-
po3e XuMepHbIe OSJIKH U3BJICKAIH M3 MUTATEIbHON
CPE/IbI ¥ 3aTeM CIICIU(PUICCKUM XUMHUCCKUM TH/I-
POIU30M OTHIETUISITH TIOCTIEN0BAaTEIbHOCTH HU3KO-
MonekysipabIX IGF-1 u IGF-I1.

Hcnonb3ysa B kauecTBe «HOCUTENS» N-KOHLE-
ByI0 4yacTh Oenka OmpF, npencrasinstoniero coboit
Oerrok mop (MOpWH) BHeNIHEH MeMOpaHbI E. coli,
K. Haraxapu ¢ coaBTropamu 10OMJINCH CEKPELIUH BO
BHEIIHIO Cpeny U3 KieTok E. coli f-aunophuna
YelioBeKa (ONMMOMJIHBIM TENTHA, SIBIISIOIUNCS
qacTeio 61-91 AK S-mumorporiaa u 00pasyemblii
W3 HETO B pe3yJibTaTe crenupruueckoro NnocTTpaHc-
JIAIIMOHHOTO TIPOIIECCUHTA in Vivo). XUMEPHBIH Oe-
JIOK, CHHTE3UpyeMbIi B E. coli, cocrosut u3 22 AK
CUTHAJIBHOTO TrenTuaa 6emka OmpF, nepsrix 8 AK
Oenka OmpF, cThIKyIOIEH Mociien0BaTeIbHOCTH
(4 AK) u -sunopduna (31 AK). B mpomecce cek-
penuu Yepes Imia3MaTH4ecKyro MeMOpaHy CUTHAIb-
HBIA TIENTH]I OTHIETUISIICS, W 00pa30BBIBAJICS KO-
potkuit monunentun uHou 43 AK. DtoT nomnu-
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a BstNI
Prot A L
—>S|E|D|A|B|C X —
7 -1+l
Ala Ala Glu Phe Pro Gly 1Ile Arg Arg Pro Ala Ala Lys Leu
pAS1 GCT GCG GAA TTC CCG GGG ATC CGT CGA CCT GCA GCC AAG CTT
EcoRI Smal BamHI Sall Pstl HindIIl
-1 +1
Ala Ala Arg 1Ile Pro Gly Asp Pro Ser Thr Cys Ser GIn Ala
pPAS2 GCT GCC CGA ATT CCC GGG GAT CCG TCG ACC TGC AGC CAA GCT T
EcoR1 Smal ~ BamHI Sall Pstl HindIIl
-1 +1
Ala Ala Pro Asn Ser Arg Gly Ser Val Asp Leu GIn Pro Ser
pPAS3 GCT GCC CCG AAT TCC CGG GGA TCC GTC GAC CTG CAG CCA AGC TT
EcoRI Smal ~ BamHI Sall Pstl HindlIll

TIETNITUJT BBIXOJIWII Yepe3 HapyKHYH MeMOpaHy BO
BHEITHIOI CpeAy. MexaHn3M HaOIoIaeMoil IKCK-
pEIrH He sICeH, OJJHAKO TOJIaraloT, 4TO MaJIbIH pa3-
Mep JaHHOTO TUAPO(GHUIBLHOTO MOTHUIIETITHIA 00eC-
NeYMBAET €My BBIXOJ Yepe3 MOphl MACCUBHOM TU]-
(hby3un, oOpazyemble B HapyKHOW MeMOpaHe Oelr-
kamu-nopuHamMu OmpF u OmpC. N-koH1eBast 1o-
cienoBatenbHOCTH (8 AK) 6emka OmpF B kckpe-
UM TIOJIMTIETITHIa POJIM HE MIPaeT, TaK Kak yia-
JICHHE ee He CKa3bIBACTCs Ha BOBMOXKHOCTH BBIXOJIa
p-sunopdpuHa B OKpyxkaroiyro cpemy. Korma

B E. coli cunte3uposascs 0oiee KpyIHbIH XUMeEp-
HBII MOJMIENTH C MOCIEI0BATEIbHOCTHIO [3-9H-
nop¢rHa, UIMEIONTNH B MEPUIIIa3MaTHIECKOM MPO-
ctpanctBe pazmep 71 AK, on yxe He cexpeTupo-
Bajcs dYepe3 HapykHyI MemOpany. lcmomb3ys
wramM E. coli ¢ TOHMKEHHOHN NpoTea3HON aKTHB-
HOCTBIO, aBTOPAM YAQJIOCh IIOJIYYUTh BHICOKUH BbI-
X0zt (2,8 Mr/nm KynsTyphl) S-3HIOpGHHA YenoBeKa,
KOTOPBIM BBIJEISIIN IPSIMO U3 TUTATEIbHON CPEJIbI.
B nepuriiazme KI€TOK mpu 3TOM [S-3HAOP(UH MpaK-
THYecKH oTcyTcTBOBaM (< 0, 01 MI/1 KyIbTypHI).
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pRIT11-13

pRITI1 Lys Pro Asp Asp Asp Lys Glu Phe Pro Gly 1lle Arg Arg Pro Ala
AAG CCT GAT GAC GAT AAA GAA TTC CCG GGG ATC CGT CGA CCT GCA
pRIT12 Lys Pro Gly Gly Pro Gly 1Ile Pro Gly Asp Pro Ser Thr Cys Ser
AAG CCT GGT GGA CCA GGA ATT CCC GGG GAT CCG TCG ACC TGC AGC
pRIT13 Lys Pro 1Ile Glu Gly Arg Asn Ser Arg Gly Ser Val Asp Leu GiIn
AAG CCT ATC GAA GGT AGG AAT TCC CGG GGA TCC GTC GAC CTG CAG

EcoRl ~ Smal — gaqmH] Sall Pstl

Puc. 2.49. Ctpykrypa mia3mMuI SKCIIpeCcCHU—CEKPEII Ha OCHOBE IEMEHTOB TeHa Oenka A (ProtA)
Staphylococcus aureus:

a — reH ProtA; 6 — BEKTOPHI CO BCTPOHKON KOAMPYIONIMX MTOCIIE0BATEIILHOCTEH cpasy MOCie «I'eHa» CHIHAIBHOTO MeNTH I
ProtA; 6 — mma3smuzbl, conepikamue rel ProtA ot Hagana o ygactka BstNI (cM. @), mocie KOToporo uaeT MoJHIHHKeED.
oriE m oriS — 001acTH MHUIHMAIMN PEINIHKANHY I1a3Mua E. coli u S. aureus COOTBETCTBEHHO

Kax BunumM, B psize ciiydaeB qyKepoaHble Oer-
KU TIPU CEKPEIUH U3 IIUTOILIA3MBI CTIOCOOHBI TIpe-
oJl0eBaTh U Oapbep HapykHOH mMeMOpansl. [Ipu-
YUHBI 3TOTO MOKa He sicHbl. Ho, mo-BuanMomy, Ha-
OumronaeMblii A3 GexT 00yCIIOBICH KAKUMU-TO 0CO-
OCHHOCTSIMHU CTPYKTYPBI 3TUX OCIIKOB.

I'enetnueckue uccnenoanus E. coli mo3Bon-
JIY BBISIBUTH IO MEHBLIEH Mepe J1Ba reHa, KOIUPYIo-
nx 0enku PrlA m SecA, HeoOXOaUMBIE I CEK-
perun OelKoB Yepes IMIa3MaTH4ecKyro MeMOpaHy
y atux Oaxrtepuit. JIx. Jlazzaponu u P. [loprensep

0OHAPYXUITU MYTAHTHI KJIETOK E. coli, y KOTOPBIX
nepuIlia3MaTHiecKue OeJIKM, TAKUE KaK LIeJI0YHas
dbocodarasa, pubonykieasa I, f-nmakramasa mia3mu-
bl pPBR322, MOTyT BBIXOAUTH BO BHEIIHIOIO CPELY.
Takue MmyTanThl 0003Ha4aroT /ky (ot anri. leaky —
AMeroNil Teus). MyTaHThl 1o TeHy /kyB nmeror
CHIDKEHHOE COZIep’KaHHMe BO BHEIIHEH MeMOpaHe,
no kpaiiHed mepe, 6enkoB OmpF u LamB, dro,
NO-BUAUMOMY, OOYCIIOBIMBAET €€ IMOBBIICHHYIO
NPOHHULAEMOCTh. Takne MyTaHTbl MOTYT OBITh HC-
MOJIb30BaHbI I CO3JaHus MTaMMOB E. coli, 3¢-
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a Ex-k

pen [ ] kil ori

Clal

HindlIll

Puc. 2.50. Bextopsl skcipeccun—Kkckpennu E. coli:

a — rubpuaHas wiasmuaa pMB9 B paiione Berpoiiku dpar-
menTa JIHK B. sp. (3amTpuxoBaH), COAEPKAIIETO I'eH MEeHU-
LWUINHA3KL (pen); 6 — BekTopHas mia3muna pEAPS (p —
MIPOMOTOP; S — I'eH-’KBUBAJICHT CUTHAJIILHOIO NENTU/A TeHa

pen)

(DEeKTHBHO MPOAYLHMPYIOUINX M SKCKPETUPYIOIIUX
B OKPY’KaIOIIYIO CPETY UyKEPOIHBIE OCIIKH.

WnTepecHylo U MepCcrneKkTUBHYIO Uil OnoTex-
HOJIOTUM BEKTOPHYIO CHCTEMY OJKCIIPECCHUU—IKC-
KpEIUH 9y >KePOIAHBIX OEJIKOB pa3paboTanu sImoH-
CKHe ydeHble mnoj pykoBojacTBoM K. Xopukomru.
B 1986 r. mpu KJIOHUPOBAHUU B COCTABE TIa3MUIbI
pMB9 ¢parmenta xpomocomuoit JIHK Gakrepun
Bacillus sp., copepikaiero reH NeHUIWLINHA3I,
OHH OOHApYXWIIM, YTO CHHTE3Wpyemas B E. coli
MEHUIIWJUTHHA3a C BBICOKOH 3P HEKTHBHOCTHIO
9KCKPETHPYETCS U3 KIETOK B OKPY)KAIOILYIO CPENY.
JlanpHeWIe MCCIIeI0BaHns TIO3BOJIMIM YCTaHO-
BUTH IIPUYMHY JaHHOTO siBnenus. [Imazmumna pMB9
COZACPKUT TeH kil, KOTOPBI OTBETCTBEH 3a BBIXOJ
u3 knerok konunuHa El1. Ognako B cocrae pMB9
reH kil He DKCIIPECCUPYETCsI, TOCKOJIBKY B OTITHYHE
ot poautennsckoi miazmuasl ColE1 B pMB9 yrpa-
YeHbI Kak TeH npoayKiuu konunuHa E1, Tak u ero
IIPOMOTOP, KOTOPBIN HEOOXOIMM IS IKCIIPECCUHU
rena kil (cm. puc. 2.4, 2.5). Ilpu aHanu3se rudpuj-
HOW TUIa3MUJBI OKa3aloch, YTO Ha OiMKaiiem
K TeHy kil xoume BcTpoeHHOro ¢parmenta JJHK
UMeeTCsl MIPOMOTOPONON00Has TOCIeI0BaTEIb-
HOCTb Ex, xoTtopast y3Haercs PHK-nommmepazoit
E. coli m nanpaBnser ¢ ymepeHHOU >(hdeKTrB-
HOCTBIO TpaHckpunuuio cermenrta JIHK, conepxa-
miero reH kil (puc. 2.50, a). [Iponykuus Genka Kil
MIPUBOJIUT K TOMY, YTO BHENIHSS MeMOpaHa E. coli
CTAaHOBHTCA MPOHHUIAEMOM AJisi OEITKOB MEpHILIa3-
MaTH4YECKOTO TPOCTPAHCTBA M OHM BBIXOJAT B OK-
PYXKaIOIIYIO CpeLy.

B pesynbprare cepun reHHO-MHXEHEPHBIX pe-
KOHCTPYKIMHA OBUI CO37aH BEKTOP HKCKPELUH
pEAPS (cMm. puc. 2.50, 6), KOTOPBIH CONEPIKUT ce-
JeKTUBHBIA Mapkep Cm!, IpOMOTOp, y4acTOK CBsI-
3bIBaHUS pUOOCOM U T€H-3KBUBAJIEHT CUTHAIBHOTO
MeNTHIA MCHUITIIUTNHA3E Bacillus sp., a TakKe Hc-
KyCCTBEHHBIM TreHeTHdyeckuil snemeHT FEx-k. Ha
npuMepe reHa ropmona pocta yenoseka (hGH)
MIPOJIEMOHCTPUPOBAHO, YTO TaKOH BEKTOp obecrie-
yuBaetT B E. coli 93pPEKTUBHBINA CHHTE3, CEKPEIHIO
yepes3 II1a3MaTHUeCKyr0 MeMOpaHy ¢ OTIIEIUICHH-
€M CHTHAJILHOTO TEMNTH/IA U SKCKPEIHIO U3 KIIETOK
3pesoit popmbl hGH.

X. XcroHr ¢ coaropamu (1989 1) ncrons3oBa-
JIW TaKOH K€ TIOAXO0T, HO B HECKOJIBKO HHOU (hopMme.
B xnetku E. coli oHE OOHOBPEMEHHO BBOIIIH JIBE
rUOpHUIHbIE TIa3MH[BI, TTOJyYEeHHBIE Ha OCHOBE
pasHBIX COBMECTHMBIX BeKTOpoB. OjHa mia3mMuia
(pJL3) Hecna mox KOHTPOJIEM PEryaupyeMoro mpo-
MOTOpA Plyec NOCIEAOBATEIBHOCTD, KOTUPYIOLIYIO
oenmox BRP (bacteriocin release protein), ¢pyHKIHU-
€l KOTOpOro SIBIISIETCS BHICBOOOKICHHUE U3 KIIETOK
E. coli 6akrepuornmna CloDF13. [Ipyras mazmuaa
(pOmpA-hGH2) copepkana moj TeMH Ke CHTHa-
JaM{ MHALUALWW TPAHCKPHUIILIUN TeH-IKBUBAJICHT
TOPMOHA POCTa YEJIOBEKAa, COCTHIKOBaHHBIM C Te-
HOM CUTHaJbHOTO nientu/a 6enka OmpA E. coli.

Benok BRP (amamor Oenka Kil mmasmuab
ColEl) sBnsieTcst HEOOJBIIMM  ITOJMIICIITHIOM
(28 AK), xoTopblii KomupyeTcs —IIa3MHUI0H
pCloDF133 u cuntesupyercsi B BuAE Npeniiect-
BCHHHKA C CUTHAJIBHBIM NenTUIoM quuHou 21 AK,
CEKPETUPYETCs uepe3 I1a3MaTH4ecKyo MeMOpaHy
B TEpUIIa3MaTHYECKOE MPOCTPAHCTBO, TJE OH
N-anerunupyercss U1 BCTpauBaeTCsl BO BHEIIHIOIO
MemOpany. Tam BRP moxet aktuBupoats Gpocdo-
aunaszy A, 4TO NPUBOAMUT K (OPMUPOBAHMIO 30H
NPOHHULAEMOCTH B KJIIETOYHOH 000JI0UKe, Yepes Ko-
TOpbIE OEJNKH MOTYT BBICBOOOXKIATHCSI B KYJIBTY-
paipHyIO cpeny. llpu penpeccun TpaHCKpHIIIIUN
C Plac B KIIETKAX E. coli, comeprkammx oTHOBpEMEH-
HO Tasmuasl pJL3 u pPOmpA-hGH2, ropmon poc-
Ta MPaKTUYECKH HE CUHTe3upoBacs. [Ipu ymepen-
Ho# uHIyKIMY ¢ omoiisio UIITI (20 MkM) HaO-
TronaIMch (G GEKTUBHBIN cuHTE3 1 3Kkckpenus hGH
B KYJIBTYypajbHYyIO cpefy 0e3 nm3uca kieTok. [Ipu
Oosiee  BBICOKMX KOHLEHTpALMAX HHAYKTOpa
(40 MxM) ormeuanace cBepxmnponykius BRP u
KJIETKH JIM3UPOBAJIKCh, YTO 3HAUYUTEIHLHO CHUKAIIO
BBIXOZ ropMoHa pocta. [lpu cnabGoil MHAYKIUH
(5 MxM UIITT) axckpenns hGH He Habmonanacs.
Takum o0Opa3om, AaHHas CUCTEMa 3KCIPECCHU—
9KCKpeLuH TpeOyeT ONTUMH3ALNN.

JanbHeliniee pa3BUTHE JAHHOTO HATIPABICHHUSI
HCCIIEJOBAHNH ITO3BOJISICT HAESTHCS Ha CO3IaHUE
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TEXHOJIOTHYECKH NEPCIIEKTUBHOW BEKTOPHOU CHUC-
TeMbl E. coli, aHamOTMYHON cHcTEeMe HKCIpec-
CUU—CEKPEIUU TPAMITONIOKUTEIbHBIX OaKTepuil.
B wactHoCTH, co3maH OHMOpEakTOp, B KOTOPOM
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OOCTMXEHUE NOBbLILWWEHHOW NPOAYKUWUU BENKOB,

KOOUPYEMbIX TEHAMMW,

KINOHUPOBAHHbLIMU B KIETKAX ESCHERICHIA COLI

OmHa M3 BaXHEHIINX 3a7a4 NeHETUYECKON HH-
JKSHEPHH — CO3JIaHue YCIOBUH st 3 (QeKTUBHOMN
IKCIIPECCHH KIIOHUPYEMBIX B OaKTepusix reHos. Pas-
paboTKa IyTeH ONMTUMHU3AINN TaKOH SKCITPECCHH —
1Iar K MOJYYCHUIO BRICOKOTIPOAYKTHUBHBIX OaKTEpU-
AJHHBIX IITAMMOB, HAIIPABJISIONINX CHHTE3 HEOOXO0-
JIUMBIX OCIIKOB M JAPYTMX OMOJIOTUYECKH aKTHBHBIX
coequHeHuil. [loBbIlIeHHass TPOAYKIUS OEJKOB,
JETEPMUHUPYEMBIX KJIOHUPOBaHHBIMH T'€HaMHU, J10-
CTUTaETCs IPU BBIIIOJIHEHUU PAJIa YCIIOBUM:

* Uil KJIOHUPOBAHUS JTOJKHBI MCIOJIb30BAThCS

MHOTOKOIIMITHBIE BEKTOPHI, TaK KaK MPU 3TOM

B KJIETKE M3y4YaeMblii T'€H HaXOJUTCS B BBICO-

KO 7103€, 4TO OOBIYHO OO0YCIIOBIHMBAET MOBHI-

IIEHHBIN YPOBEHB €ro OEIKOBOTO MPOIYKTa;

* KJIOHUpyeMas KOAMPYIOIas I0CJIe0BATEIb-
HOCTB JOJDKHA OBITh IOMEIIEHA 110/ KOHTPOJIb
MIPOMOTOpPa, KOTOPBIA 3((PEKTUBHO y3HAETCS
PHK-nonumepasoii knetku;

» curresupyemass MPHK momxHa ObITH OTHOCH-
TENBHO CTA0WILHOW U 3(P()EKTHBHO TpaHCIIHU-
poBatbcs;

*  9y)XepOJHBI OENOK, CHHTE3UPYEMBIi B KIIET-
Kax, He JIOJKEH MO/IBepraThcs ObICTPOi Aerpa-
Januy OaKTepUaIbHBIMU NIPOTEa3aMH.
PaccmoTpum moppoOHee dKcTieprMeHTalbHbIE

MOAXOABl K YBEJIMYCHHIO CHHTE3a OEJKOB, KOIH-

pyIoIre moCcaea0BaTeIbHOCTH KOTOPBIX KIIOHUPO-

BaHbI B KJIeTKax E. coli.

3.1. QODEKT A03bl 'rEHA MNMPU MOJNIEKYNTIAPHOM KNOHUPOBAHWUU

B xitaccudeckoli reHEeTHKE XOpOIIO M3BECTEH
TaK Ha3bIBaCMBIN IPPEKT 03Bl TeHa, 3aKITHYar0-
ITUICS B TOM, 9TO YBEIIMUEHHUE B TEHOME KaKOTO-
mub0 opraHW3Ma KOJIMYECTBA KOMHMA OIpeeeH-
HOTO T€HA BBI3BIBACT MPOMOPIHOHAIHHOE MOBBI-
IIIEHHEe YPOBH: ero 0eiaxoBoro mpoaykra. C moss-
JICHUEM METOMOJIOTHH TEHETUUYCCKON HHKCHEPUU
UCIoNIb30BaHue Y (HeKTa 7035l TEHA CTAJIO IEPBHIM
[IaroM K IMOBBIIICHUIO BBIX0J1a OCITKOBBIX TTPOIYK-
TOB KJIOHHPYEMBIX T'€HOB. BBICOKas mo3a rena mo-
CTUTaeTcsl Onaronapsi MCIONB30BaHUIO MHOTOKO-
MUAHBIX BEKTOPOB, CO3JaBA€MBIX [JIsl KIIETOK
E. coli na ocaose JIHK daros u mrazmuz.

7151 KOHCTPYUPOBaHUS MHOTOKOIIMIHBIX I1J1A3-
MUIHBIX BEKTOPOB HCIIONB3YIOT IIa3MHUABI JHOO
C 0cCjaOJICHHBIM KOHTPOJIEM PEIUIMKAlluU, 00
C TEPMOYYBCTBUTEILHBIMH MYTallUsAMU 10 (PyHK-
[N perUIuKanuu. M3 BEKTOPOB IEpPBOTO THIIA
IIUPOKOE PACIPOCTPAHCHUE MOTYUYMWIH TIA3MUIA
ColEl m ee MHOTOYHCIICHHBIC ITPOU3BOIHBIC
(cm. 2.2.1), Haxoasmuecss B OOBIYHBIX YCIIOBHUSAX
B KJIeTKe B KojudecTBe 20—60 Korwuii.

VYxe B TepBbIX T'€HHO-WH)KEHEPHBIX padoTax
OBLIIO MMOKa3aHo, 4TO BCTpoiika B masmuay ColEl
tdhparmenTa JIHK, comepxariero reas! TpunTodan-
CUHTETa3bl A W aHTpaHWJATCUHTETa3bl FE. coli,
TIPUBONT K MTOBBIIIEHUIO YPOBHS aKTUBHOCTH JaH-
HBIX ()EPMEHTOB B KJIETKE COOTBETCTBEHHO B 40
n 18 pa3 mo cpaBHEHHIO CO MITAMMOM JHKOTO THTIA:
KOTMHUIHOCTh THOPHTHOM IIJIa3MUJIBI TIPU 3TOM CO-
CTaBuJa MPUMEPHO 25 MOJIEKYJI Ha KIeTKy. KioHu-
poBanueMm B ruasmuzae pMB9 ¢parmenta JIHK,
comeprkarero red sbcB*, nocturayTo 25-kparHoe
yBenuueHue B E. coli ypoBHsS aKTUBHOCTH 3K30-
uykieassl 1. [Ipu BcTpoiike B TOT jke BeKTOp (hpar-
MEHTOB XPOMOCOMBI E. coli, conepaliux T'eHbI
dnaB, dnaC, dnaE u dnaZ, 3a cyeT nOBBIILIEHHON
KOMUIHOCTH yBEIMYEHA MPOAYKIHS COOTBETCT-
ByroIux 0enkoB B 3—10 pa3.

[lpu knoHUpOBaHWU OaKTepUALHBIX T'CHOB
B TaKuUX BEKTOPHBIX IUIa3Mujax, kak pBR322,
pBR325 u pBR327, ypoBeHb cuHTE3a OEIKOB BO3-
pactaet B 25-100 pa3. Ilo-Bumumomy, 310 00yC-
JIOBJICHO TE€M, UTO JIAHHBIC TNIA3MU/IbI HMCIOT OOJIb-
Ty10 KomuiHOCTE B E. coli, uem ColE1. UnaTepec-
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HBIM CBOWCTBOM 3TOTO Kjlacca IUIa3MUJ SBISIETCS
TO, 4TO B MPHUCYTCTBUM HMHTHOMTOpa OEIKOBOTO
CUHTe3a — XJiopaM(pEeHUKOIa KOMMHHOCTh UX MO-
KET YBEITHYMBATHCS 710 3 + 103 MONeKy Ha KIeTKY
(oxoo monoBUHBI cymMMapHO# kierounoit JIHK).
OnHaKO JOCTHYH MPONOPIHUOHAIHHOTO YyBEIHYe-
HUSI TPOAYKUUH KOIUPYEMOTO KIOHHUPOBAHHBIM
TeHOM OeJiKa He y/laeTcs, Tak Kak o0paboTKa XJio-
paMQEHUKOIOM HMHIHOMpYeT OENKOBBIH CHHTE3
B kietkax. [locine ynanenus xmopampeHukona u3
cpenbl OCITKOBBINM CHHTE3 U JCJICHHE KIIETOK BO300-
HOBJISIFOTCSI ¥ KOTIMAHOCTHh THOPUIHON TUTa3MHUIBI
MOCTEIICHHO CHIKACTCH.

5. Dykymaku C COTpyAHHKAMH, BCTPOUB
B uiazmuny ColEl ren guaA E. coli n BBeas ruo-
PUAHYIO TUTa3MUAy B KieTku E. coli, noowimck
BO3pacTaHusl PepMEHTATHBHOW aKTUBHOCTH KCaH-
TO3HMH-5'-MOHOpOCaTaMrHa3bl (IPOAYKTa TeHa
guaA) B 4,4 paza. KonuiiHocTh THOpUAHON I1a3-
MUBI B 3TOM Cily4ae cocTaBuia 4,6 MOJEKyn Ha
kietky. [locne mectrnaacoBoit 00pabOTKH XIOpaM-
(heHHKOIOM KJIETOK, COOEpKAIINX THOPUIHYIO
UIa3MUIy, ¥ YOAJICHUS W3 Cpelbl aHTHOMOTHKA
YAANOCh 3apeTUCTPUPOBATH YBEIMUYCHHE AKTHB-
HOCTH (epMmeHTa eme B 8,4 pasza. KommitHOCTH
IUTa3MUBI B 3TOT MOMEHT COCTaBIsuIa 15 Moseky:
Ha KJIeTKy. bonee murenpHast 00paboTKa mramma
xJ0paM(EHHUKOJIOM TIPUBOAMIIA K HEOOpaTHMBIM
HETaTHBHBIM U3MECHEHUSIM KIIETOK.

B npyrom uccnenoBaHuu, BHIIOTHEHHOM B Jia-
ooparopuu C. H. lllenkynosa (1982 r.), B BekTOp-
Hyto miasmuny pBR322 Bcrpounmu BamHI-dpar-
ment JTHK ¢ara Aplac5 L8UVS, conepskamiuii TeH
p-ranakrosunassl E. coli. [lonydyennas rubpuaHas
mwiazmuga pKBS56B1 obecreunBaia B KJETKax
E. coli npopykuuioo [-ranakto3ujiasbl, YpOBEHb
KOTOpOM B 8 pa3 MpeBbIIIaJ TAKOBON JJIsl IITaMMa
E. coli, KOHCTUTYTUBHOTO TI0 CHHTE3y JaHHOTO
tdhepmenta. Ilociae aByxuacoBoil 0OpabOTKH XJI0-
pamdeHuKonoM KieTok E. coli, Hecylux Iia3Mu-
ny pKB56B1, u ynanenust aHTHOMOTHKA M3 CPEJIbI
JOCTUTAJOCh TPEXKPAaTHOE YBEIMYCHHWE AKTHB-
HOCTH [3-TaaKkTO3U/1a3bl M0 CPABHEHHUIO C ITHM XKe
TaMMOM, He 00pad0TaHHBIM XJIOpaM()EHUKOIIOM.
[Ipu Gosee MPOTOIKUTETLHOM BO3JICHCTBHH XJIO-
pamdenukona Ha E. coli[pKB56B1] cunre3 -ra-
JIAKTO3W1a3bl YMECHBIIAJICS.

B amanoruunoii pabore M. PobuncoHa ¢ co-
aBropamu (1983 r.) mpu UCTIOJIBL30BaHUH TUTA3MHUIBI
ColE1, Hecymeii red muTpaTcuaTeTassl E. coli, 00-
paboTKa IIa3MUA0COJCPKAIIMX KIETOK XJIOpaM-
(heHHMKOIIOM TpUBEIIa K YBEITMUEHHUIO CHHTE3a (ep-
MEHTa JIIIb B 2,7 pasa, XOT4 [u1a3Mua Oblia aMI-
mugumposana B 2040 pa3. Takoe HECOOTBETCT-
BHE OOBSCHSCTCS TE€M, UTO IOCIJIE CHATHS UHIMOU-

pytoriero ¢ dexra XxaopaMpeHHKOIa KOMUHHOCTD
TJIa3MHUIBI OBICTPO CHUYKAETCH.

Jns moctmkenust B E. coli MOBBIIICHHOW KO-
MUHAHOCTH KJIOHUPYEMBIX I'€HOB M CBEpPXCHHTE3a
KOAMPYEMBIX HMHU OCIIKOB 00JIee MePCIeKTHBHO MC-
MOJIL30BATh TUTA3MHUJIBI, UMEIOIIHE TePMOYYBCTBH-
TeJIbHBIC MyTaIiH 1Mo GyHKIWH perumukanun. [lep-
BBIE yCIICITHBIE MCCIIEIOBAHMS B 3TOM HalpaBie-
Huu BeIoaHWwM b. FOxmuH ¢ coaBTopamu B 1979 1.
Ha ocHOBe TepMOYyBCTBUTEIBHOTO MyTaHTa (ak-
TOpa yCTOMYMBOCTH K aHTHOMOTHKaM R1 oHm mo-
syun MuHA-TUTa3MuIB pKIN402 1 pKN410 (cm.
puc. 2.11), obmamarommue CIOCOOHOCTBIO K 0O€3-
VIACP)KHOW PEIUMKAINY TIPU TeMIepaType BhIIIe
35 °C. B pesynbrare aMmImiupuKaiil B TCUCHHUE
2-3 9 konuvectBo TasMuaHo JIHK moxer nmo-
cturuyte 75 % cymmapnoit JIHK xnerxu. [lpu
9TOM CHHTE3 Oelika He HHTHOMPYETCs, YTO IMPUBO-
JTUT K CBEPXIPOAYKIIMU OEIKOB, JETEPMHUHHpYE-
MBIX T€HaMH TUTa3Mubl. Hampumep, KITIOHUpOBaH-
HbBIE T€HbI XPOMOCOMHOW W TIa3MHIHON [-TaKTa-
Ma3bl B YCJIOBUSX TaKOil TEPMOMHIYKIIMH JaBajil
yBenuueHHbIl B 300-400 pa3 Bbixox ¢epmeHTa.
Co3naH MUPOKHUH CHEKTP BEKTOPHBIX MPOU3BOJI-
HbIX pKN402, xoTopble nocie TEPMOUHAYKIMH 32
CYeT 3HAYUTEIHHOTO YBEIWYEHUS JO03bI KIIOHUPO-
BaHHOTO TeHa 00eCIeYnBalOT CBEPXCHHTE3 KOMAH-
PYEMOTo dTUM T€HOM OeKa.

NzydeHnne MexaHu3Ma peryisiuy PeTLTUKAIITN
¢dakropa R1 npuseno k. Jlapcena ¢ coaBTopamu
(1984 1) Kk cO3maHHUI0O HOBOTO THUIIA BEKTOPHBIX
wrazmua cepun pOU. [TockoiabKy MHTEHCHBHOCTh
perUInKanuy mia3Muasl R1 Haxoautcst B mpsiMoit
3aBHCUMOCTH OT YPOBHSI CHHTE3a OEJIKOBOTO IpO-
IYKTa TUIa3MUJIHOTO TeHa repA, aBTOPbI CKOHCT-
pyHpOBamu THOPUAHBIE IIA3MHUMBI, y KOTOPBIX
B HEIOCPEACTBCHHOW ONM30CTH OT TeHa repA
Bcrpoer pparment JIHK ¢ara A, comeprkaruii ren
clgs7 1 mpoMoTOp PR, HANPABICHHBIA B CTOPOHY
reHa repA. I1pu remmeparype Hrke 35 °C B KIIeTKe
HAXOJIUTCS MPpUMEpPHO 1 MoneKyna miaa3Muabl ce-
puu pOU. Ilpu temmneparype 42 °C B pesynbTare
WHAKTUBAIMH TEPMOUYYBCTBUTEIBHOTO perpeccopa
clgs7 mpoucxomuT aepempeccHus MPOMOTOpPa PR,
MIPUBOSAIIAS K KOHCTUTYTHBHON HEKOHTPOJIHPYE-
MOM peIUIMKallui TUIa3MUJIbl. Yxke depe3 1-2 4
nociie repmounaykuuu miazmuaaas JJHK cocras-
nsiet nosiopuny Beedt JIHK kierku (6onee 1000 ko-
nuii Ha kieTky). [lapannensHo ¢ ammumdukanuen
IJIa3MHUAbI POMCXOAUT U CBEPXCUHTE3 KOIHMpYe-
MBIX €10 OEIIKOB.

CXOXXMMH € PacCMOTPEHHBIMH TTa3MUIAMH
cBOMcTBaMu 001a/aeT TEePMOUHIYLHMpyeMasl BEK-
topHas muasmMuga pKC16, cxkoHcTpympoBaHHas
IyTeM BCTpoikH B miasmuay pBR322 ¢parmenta
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JHK ¢ara Aclgs7, conepskariero reusl ot N 10 P
(puc. 3.1). Hanngue B KIIOHUPOBAaHHOM (pparMeHTe
obnactu Hawana perukauuu (arosorr JHK, re-
HOB O u P, a Takxke reHa clgsy, kKomupyromero tep-
MOYYBCTBUTEJIBHBI PENPEccop, MO3BOJISAET MPHU
MOBHITIICHUH TeMrepatypsl 10 42 °C WHAIHHAPO-
Barhb peruukanuio mazmuasl pKC16 na gpparmen-
te THK ¢ara A, 4To MPUBOIUT K YBETHUEHHUIO KO-
MUHHOCTH 3TOH TasMuabl 1o 130 u Gosee More-
kyn JIHK Ha OGakrepmanpHy0o XpoMocomy. Bos-
MOKHOCTb HCIIOJIb30BAHUS ATOH MIIa3MHIBI LIS CY-
MEPIPOAYKIINH OEIKOB, KOTUPYEMBIX KJIOHUPOBaH-
HBIMU T€HAMH, ITPOIEMOHCTPUPOBaHA IIPH BCTPOH-
ke B pKC16 rena xth E. coli, KoqupyIomero 3K30-
nykieasy III. TepmomHayKuus peruikanuu ruo-
PUAHON Ma3MUABI MPUBOAUT K 125-KpaTHOMY
YBEJIIMUYEHHUIO B KIIETKAX aKTHBHOCTU AK30HYKJIEa-
361 11l o cpaBHEHUIO co mrammoM E. coli mukoro
THUTIA TI0 3TOMY TEHY.

OCO0EHHOCTBIO PAaCCMOTPEHHBIX TEPMOWH/IY-
IUPYEMBIX TIa3MHUIL SIBIIIETCS TO, YTO B pe3yJbTare
UX WHTEHCUBHOW peIuIMKaluu KieTku E. coli mo-
rubart. OmHAKO 3TO OOBIYHO HE MMEET 0CO0Oro
3HaYeHMd, TaK Kak M0cje WHAYKLIHUN Hac IMPEexe
BCETO HHTEPECYET MPOAYKT KJIOHHPOBAHHOTO TEHa,
a He JKU3HECIIOCOOHOCTh KIIETKH.

Kax BuanMm, miasmMunbl 00ecieyuBarOT IMHAPO-
KH€ BO3MOXKHOCTH JJISl TIOBBIMICHHS J103bI KJIOHH-
PYEMBIX B HX COCTaBe Uy)KEPOJHBIX T€HOB, a Cle-
JIOBATENbHO, U JUIS YBEJIWYEHHS IPOAYKLIUN COOT-
BETCTBYIOIIETO OEIKa.

[ToBBIIEHHYIO KOMHIHOCTD KIOHUPYEMBIX Te-
HOB O00ECTIEYMBAIOT TAK)Ke BEKTOPHI Ha OCHOBE
JIHK ¢aros. Haubonee mompoOHO B 3TOM OTHOIIIE-
HuK u3ydeH ¢ar A. [Ipu TUTHYSCKOM Pa3BUTHH OH
obpaszyer 100-200 ¢aroBeIx yacTul Ha KIETKY.
Opnaxo u3-3a MM3KCa KIETOK KIIOHNPOBAHHBIN TeH
MOJKET HKCIPECCHPOBATHCS JIMIIb B TEUCHHE Orpa-
HUYEHHOTO BpeMeHHU. UTOOBI CHATH JaHHOE Orpa-
HHUYCHHE, B TeHOM (para A BBOJSAT MyTAIHH 10 TEHY
S, KOTOPBIF KOHTPOIUPYET JTU3HUC KICTOUHOH CTCH-
ku. MyTaHTHBIH ¢ar AS- He criocobeH JIM3upoBaTh
KJIETOUYHYIO CTE€HKY, U NIPH €ro pa3BUTUHU B HEMep-
MHUCCHBHBIX KJIETKax HaOmromaeTcsi oOpa3oBaHHE
10 103 daroeix yactuil Ha KiaeTKy. OHAKO MPO-
MTOPLIMOHAIFHOTO YBEIUYEHHUsT MPOIYKINH Oeka
KJIOHUPOBAHHOTO I'€HA B 3TOM ClIydae He Oy/IeT, TaK
KaK CHHTe3upyeMble (paroBble TeHOMBI YITAaKOBBIBA-
foTcs B Kancubl. M36exars yrnakosku JJHK dara 4
B OCIIKOBBIH YeX0JI MOJKHO BBEICHHEM MYTAITHil 110
re’y (J, KOTOpPBIH KOHTPOJIMPYET BBIPAXKEHHE MO3/1-
HUX TEHOB (para, OTBETCTBEHHBIX 3a CHHTE3 €ro
CTPYKTYPHBIX OCJIKOB, a TAKXKe PYHKIHH YITAKOBKH
(aropoit IHK n mu3nca kieroxk (cm. 2.2.2). Ilo-
sToMy myTaHTel AQ-S-, a Takke AQ - B Hemep-

EcoRI HindIIl

A

HindIII

BamHI HindIII

— ] L 1>

Puc. 3.1. VIckyccTBeHHAsI TIIa3MH]1a
C TEPMOYYBCTBHUTEIILHON MHAYKIMEH aMIUTH(DUKAIMN:

1 — pBR322; 2 — JTHK ¢ara 4

MHUCCHBHBIX KJIETKaX (DaKTUYIECKH SIBIAIOTCS BHICO-
KOKONUMHBIMU Ina3mugamu. Kinetku E. coli, uH-
(GUIUPOBaHHBIE TAKMMU MYTAHTHBIMH (aramu A,
cozepkaTr Mo KpaiiHed Mepe B 25 pa3 Ooublie
TPaHCKPUOUPYEMBIX TEHOMOB, YeM KIICTKH, HH(DU-
[UPOBAHHBIE MyTAHTAMH AS".

@daru, MyTaHTHBIE 110 TeHY N, U3-3a HENOJIHOMI
TEPMHUHAIUU TPAHCKPUIIINH HA tR] CIOCOOHBI, XO-
TS ¥ HAa HU3KOM YPOBHE, DKCIIPECCHUPOBATh T'€HBI
O u P, 4TO TPUBOAMUT K pEIUIMKaUUK (aroBoi
JHK. Takue paru momHOCTEIO AehEKTHBI 110 00JTh-
IIUHCTBY PAHHUX U MO TMO3THUM (YHKIHSIM (B pe-
3yapTaTe TEPMUHAIMM TPAHCKPUIIIUK Ha tRr2),
1 [I03TOMY NP MH(EKLINU HETIEPMUCCUBHBIX KJle-
TOK (har pa3BMBaeTCs Kak IuIa3Muja, KoTopas odec-
NeYMBAET BBICOKYIO JIO3y T€Ha U HE JIN3UPYET Oax-
TepuaabHbie KieTku. Kak Bumum, mist dara A cy-
IISCTBYIOT JBa aJIbTCPHATUBHBIX BapPHAHTA, II03BO-
JSIONINX TPEAOTBPATUTH JIM3HUC KIETOK M o0ecte-
YHUTb BBICOKYIO KOITMHHOCTH KIIOHUPOBAHHBIX B CO-
cTaBe (aroBoro reHoMa 9y >KepOJHBIX TEHOB.

B psine skcriepuMeHTaIbHBIX padoOT ObLTH HC-
TTOJTE30BaHBl PACCMOTPEHHBIE TMOIXOABI K JTOCTH-
JKEHHIO MOBBIIIEHHON J103bl T€HOB, TPAHCAYLIHPYE-
MBIX (parom A. B 1975 1. corpyannkamu 1aboparo-
puu P. JIauca B cocraB JIHK BekTopHOro dara
Agt-AB (cMm. puc. 2.17) Gbut BCTpOeH (parMeHT
xpomocomuort JIHK E. coli, comepxamuii rex
JHK-nuraser ¢ myTarmmueit lop-11, kotopast obecre-
YMBACT CYNEPNPOAYKLUHUIO 3Toro ¢epmenta. WH-
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(dexuus kneTok E. coli oMy4eHHBIM THOPUIHBIM
(harom mpuBena k 10-KkpaTHOMY YBEIHYEHHIO aK-
tuBHOCTH JIHK-11rassr no cpaBHeHHIO ¢ KJIeTKa-
Mmu qukoro tumna (/igh). Okazanock, 9To JTUTa3HBII
reH QYHKIHOHHUPYET B TMOpHUAE B 000 U3 IBYX
BO3MOXHBIX OPHEHTAINH, YTO yKa3bIBaeT Ha aBTO-
HOMHYIO TPaHCKPHIILHUIO KIOHUPOBAHHOIO TeHa
IO/ KOHTPOJIEM COOCTBEHHOTO MPOMOTOpA. 3aTeM
¢parment ¢ renom J{HK-nuraser Obi1 epecTpoex
B JIM30TCHM3MPYIOMHK BekTOop Agtd. TIpu MHIyK-
MU W3 Ju30reHa rubpuanbiit dar Agtd-lop-11lig*
naBai 100-kpaTHOE TOBBIIIEHHUE YPOBHS aKTUBHO-
cTi (epMeHTa MO CPaBHEHHIO C KieTKamu [ig™.
B pe3ynbrare BBeIeHNS B TEHOM THOPHUIHOTO dhara
mytanud 1o reHy S npoxykuus JHK-mwraser
B KJIETKax IOCJie WHAYKIHH Tmpodara Bo3pocia
eme B 5 pa3. Takum 00pazom, 3a CYET MOBBIILICH-
HOHM KOTTMHHOCTHU TeHa lop-11/ig", KIOHHpPOBAHHO-
r0 B COCTaBE BEKTOPHOTO (hara A, yaanock 10CTHYb
B Kietkax E. coli 500-kpaTHOTO yBETHMYCHHS aK-
tuBHOCTH JIHK-1urasel mo cpaBHEHHUIO C KieTKa-
mu E. coli mukoro tuma wimm 100-kpaTtHOTO TIO
CpaBHEHHUIO ¢ KieTkamu E. coli lop-111ig™.

Bricokuii ypoBEeHb I'€HHBIX MPOAYKTOB TPHII-
TopaHoBOTO OrepoHa E. coli ObUT BBISBICH MPU
uHOEKINH KIETOK (haramu AtrpQ-S-, AtrpQ— winn
AtrpN-. Tlpu 3TOM 1SITh (PEPMEHTOB f7p-ONEpOHA
coctaBmin 0koJio 50 % Bcex pacTBOPUMBIX OEITKOB
WHQUIUPOBAHHBIX KJIETOK.

OddekT mo36I TeHa 0BT MPOAESMOHCTPUPOBAH
takxke B aboparopun H. Myppest npu nHpexnuun
KIIETOK CKOHCTPYHPOBAHHBIMHU i7l Vitro THOPUIHBI-
mu paramu ApolA, HeCyIIMMHU B COCTaBe THOPU-
Hoit mouekynasl JIHK ren JIHK-monmumepaswr 1
E. coli. Ilpy MHIyKIIMW U3 JIN30T€HHOTO COCTOSHUS

npocdara Apol/A ypoBeHb aKTHBHOCTH 3TOTO (ep-
MeHTa Bo3pacTtasn B 30-50 pa3, a nmpu MHIyKIUU
upodara ApolA QumSsn — B 75—100 pa3 no cpas-
HEHHIO C HEJIM30TeHHBIM Polt-mramMmmonm.

PaccmoTpeHHble IpUMeEps! IOKa3bIBAIOT, YTO,
HCIIONB3YsI MyTaHTHI (hara A, 06eCrieurBaromIye mo-
BBIIICHHYIO KOITMHHOCTh ()aroBOro reoMa u mnpef-
OTBpAILAIOIIKE YIIAKOBKY 3TOrO I€HOMa B OEJKo-
BBI KaTlCHJl, MOXKHO JOCTUTaTh BEICOKOH JJO3BI KIIO-
HUPYEMOTO I'eHa, a CJIeIOBATEIbHO, 3SHAYUTEIHHOTO
YBEJNIMYEHHS] CHHTE3a OernKka, eTepMHUHUPYEMOTO
9TUM TE€HOM.

HecomHeHHBII HHTEpeC MPEICTaBISIOT TaKKe
BekTOpbl Ha ocHoBe JIHK HuTeBHaHBIX daros. Otn
¢aru npu nHGEKUUN He TU3UPYIOT KIeTKu E. coli,
o0ecrieunBasi BHICOKYIO KOIMMHHOCTh KIIOHMPOBAH-
HOTO IeéHa M BBICOKHI BBIXOJ KOJUPYEMOIO UM
Oenka.

Takum 00pa3om, MpUMEHEHNE MHOTOKOTTHIHHBIX
BEKTOPOB I03BOJIAET BO MHOTUX CIIy4asX HUMETh
B KJIETKE OUY€Hb BBHICOKHH YPOBEHb OEIKOBBIX MPO-
JIYKTOB KJIOHUPOBaHHBIX 'eHOB. VIMEHHO mO3TOMY
HekoTopeie cermeHTs! JIHK He MOTYT OBITh KITOHH-
POBaHBI B TAKUX BEKTOpaX, NOCKOJIBKY 1€TePMHHU-
pyemble UMU OCJIKH MPH MOBBIIIEHHON TPOIYKIINU
BHOCSIT 3HaYMTEJIbHBIC HAPYLICHUS B (DU3HUOIIOTHIO
OaxTepranbHON KIeTKH. OOBIYHO 3TH T'€HBI y/1aeT-
Csl KJIOHHPOBaTb B HH3KOKONMMHHBIX BEKTOPHBIX
JHK, sanpumep B miazmuae pSC101 u ee mpous-
BOJIHBIX (CM. puc. 2.3), WIM B MHOTOKOITUHHBIX
BEKTOpax IKCIIPECCHUHU CO CTPOTUM PEryJINpOBaHU-
eM TpaHckpunmuu (cMm. puc. 2.2.9). B nocnenqnem
cilydae HeoOXOAMMO KJIIOHMPOBATh HE BECh T'eH, a
TOJIBKO €r0 KOJUPYIOLIYIO YaCTh.

3.2. BMIMAHUE 3PPEKTUBHOCTU TPAHCKPUIMNLUUA
KITOHUPOBAHHbIX TEHOB HA YPOBEHb UX 3KCIPECCUU

Ha ypoBenp mpomykumm Oenka, JAeTEpMHHU-
PYEMOro KJIOHUPOBAHHBIM I'€HOM, OOJIbILIOE BIIUS-
HHUE OKasbIBaeT S(PQPEKTHBHOCTb TPAHCKPUIIIHU
KOJMPYIOIIEH IOCIIE0BATEIbHOCTH 3TOTO TEeHa.
Tpanckpunmus JJHK ocymectsnsercs pepmerTom
PHK-nonumepazoii. B knerke E. coli HaxomuTcs
OKoJI0 3 ThIC. MoOJIeKyn 3Toro ¢epmenta. PHK-
nonmMepasa E. coli sBISeTCS CIOKHBIM OEITKOM,
COCTOSILLIMM W3 HECKOJBKHX Pa3HBbIX CYObEIUHHMIL:
B’ (156 x1a), B (151 ka), & (37 x/1a) u 0 (MOIEKy-
JsipHask Macca pasiduyHa UL pa3HbIX THUIIOB
o-cyobequann). CyObennHUIBI B MOJEKyJe ¢ep-
MEHTa arperupoBaHbl 0e3 00pa3oBaHMs KOBAJICHT-
HBIX CBsi3el. HanMeHnee Mpo4HO B 3TOM KOMILIEKCE
cBsi3aHa O-cyObenuHuna. Crnernuduaeckoit ¢ep-

MEHTAaTUBHOH aKTHBHOCTHIO OOJIafaeT Tak Ha3bl-
BaeMbIil Kop-gpepmenm (OT aHII. core — cepa-
HeBuHa), umeromi popmyiy f'faz. Oty dhopmy
PHK-nonumepassl o6o3nadatot 6yksoi E (0T anr.
enzyme — ¢depmeHT). B cBOOOIHOM COCTOSHUU
Kop-(epMeHT He aBisieTcs moinHoneHHorn PHK-mo-
JMMEpPa30H, TaK KaK He CIOCOOEH IPaBUIIbHO y3Ha-
Batb Ha JJHK curnanel uHUIMALIMKY TPAHCKPUTIITUN
reHoB. [Ipu oObennHEHNH O-CyOBETUHAIIBI C KOP-
dhepmentom dopmupyercs xonogepmenm (E o),
umeronmii hopmyny B'far0. 0-CydbennHuia, uim
o-ghakmop, oOecrieunBaeT CrIeU(PUIHOCTh CBSI3bI-
BaHUsI XOJIOEPMEHTA C OTIpEe/ICIICHHBIMHU Y4acTKa-
mu JIHK. ITocnenoBarensnoctu JIHK, Ha KoTOpBIX
MIPOMCXOIUT MEpPBUYHOE CBs3bIBaHUEC EO0 u nHU-
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nuaiys J1aHHeiM pepMeHToM cuHTe3a HuTH PHK,
KoMmIIeMeHTapHoi ogHoi u3 nener JIHK, Ha3piBa-
I0TCSI HPOMOMOPAMU.

[Tomapisroree OOMBITUHCTBO TEHOB OAaKTEpUHU
E. coli Tpanckpubupyercst xonohepmenrom PHK-
rmosMMepassl, coaepkaiumM dakrop 070 (umudpa
0003HaUaeT MOJICKYJSIPHYIO Maccy oO-(akropa
B k/la). [Ipn cpaBHEHNHN OONBIIOTO YHCIIA TIPOMO-
TOPOB Pa3HBIX T€HOB FE. coli 0Ka3aioch, 4TO HX
MTOCJIEIOBATENIEHOCTH CYIIECTBEHHO OTIHYAIOTCS
Jpyr OT apyra. B To ke Bpems BBISBISIFOTCS JBE
KOPOTKHE BBICOKOKOHCEPBATUBHBIE 00J7acTH, OJHA
13 KOTOPBIX JIOKAJU30BaHA HA PACCTOSHUU OKOJIO
10 ma (-10 obmacts), a mpyras — okoio 35 mH
(=35 olOyacTh) OT TOYKM MHHUIUAIUN TPAHCKPHUII-
mu (+1):

=35 -10
.. TTGACA...TATAAT...

(3mecr m manee mpW PacCMOTPEHHH MPOMOTOPOB
JUTsl HasiiHocTH onepupytoT nensto JJHK, xoto-
pasi COOTBETCTBYET TIO IOCIIEIOBATEIBHOCTH Mart-
puunoit PHK, HO B HeHCTBUTENBHOCTH SIBIISETCS
komruiemeHtapuoi Toit uenu JJHK, koropast Tpanc-
KpuOupyercs.) BrbIsBICHHBIE KOHCEPBATHBHBIC
MOCJIEZI0BATENIEHOCTH MPOMOTOPOB IIPEJICTABISIIOT
co0oi yuacTku KoHTakta xosnodepmenta ¢ JHK.
HecnuMMeTpHUHOCTBIO MOCIIEI0BATEIHLHOCTH MPO-
MOTOpa 00ecreYrnBaeTCsl OJHO3HAYHBIN BBIOOD (ep-
MEHTOM HarpaBiIeHNUS TPAHCKPHUIIIIUH.

HemuorouncnenHnsle TeHbl TEMJIOBOTO MLIOKA
E. coli Tpanckpubupyrorcst XoIo(pepMEHTOM, CO-
nepxkamM (akrop 032, Takoil hepMeHT y3HaeT
POMOTOPBI, OTIMYAIOIINECS II0 IO0CIEeN0BaTElb-
HOCTH OT OOBIYHBIX:

=35 -10
...CTTGAA...CCCCATTA...

Hpyrue o-daxtopsl (HampuMep CHHTE3UpYe-
Mble HEKOTOPBIMU (paramMu) TakXKe CYIIECTBEHHO
u3MeHsoT  cneuuduuHocts  PHK-mommmepasst
E. coli Kk TpOMOTOPHBIM ITOCIIEIOBATEIBHOCTSIM.

Haunbonee xopomo u3y4eHo B3auMOJCHCTBHE
C MPOMOTOpaMu XosioepMeHTa, coaepxKaiero /9,
PHK-nonumepasa 3akpoiBaet co6oii yuactokx JJHK
JUTHHOM oKojio 60 TMH W Ha MPOMOTOpPE OTHOBpE-
MEHHO B3auMoOeHcTByeT ¢ paifoHamu —35 u —10.
ITocne cBs3piBanms dpepmenta ¢ JJTHK mpoucxomgur
JIOKaJIbHOE pacIlyIeTeHHe Lemneil, YTo 1aeT BO3MOX-
HOCTH epMeHTy Havath cuHTe3 HUTH PHK Ha co-
OTBETCTBYIOIIEM oaHolenoueynoM yuactke [JHK.
[Tocne Toro xax HauWHAETCS M0HzayuA (HapaIIn-
Banue) uenu PHK, o-daktop BeicBOOOKAAETCS M3
KOMILIIeKca, B cocTaB Kotoporo BxoasaT PHK-nonu-
Mepasa, JIHK u cunresupyemas nens PHK. OcBo-

0OAMBINNCH, O-(DAKTOp MOXKET CHOBA IPUCOCIIH-
HUTBCS K APYTOH MOJIEKyie Kop-pepMeHTa.

ITokazano, uto Eo70 He TpebyeT cTpororo co-
XpaHEHMsI TOCJe0BaTelIbHOCTEH paloHOB —35
u —10, ¥ MO3TOMY JaHHBI OCHOBHOW BapHUaHT
PHK-mommmmepa3ssr E. coli B3auMoaeicTByeT ¢ 00iIb-
[IUM KOJTUYECTBOM PA3IUUYHBIX TPOMOTOPOB U MPO-
MOTOPOTIOOOHBIX yJacTkoB Ha Moiekymax JIHK.
Paznble mpoMOTOpBI (DYHKIIMOHUPYIOT C pasiud-
HOH 3 (heKTHBHOCTRIO. Tak Ha3pIBaeMbIe CUIIHLHBIC
(3 dexTrBHBIE) TPOMOTOPHI UHUIUUPYIOT TPaHC-
KPUIIIMIO C BBICOKOM 4acToTOM. MIMEHHO TakumMu
MIPOMOTOpPAMU OOBIYHO TPEAMOYUTAIOT MAHUITYIIH-
poBaTh MIPHU MPOBEACHUH T€HHO-UHKXCHEPHBIX JKC-
nepuMeHToB. Ha cuimy mpomMoTopa CyIliecTBEHHO
BIIMSIFOT TIOCJIEJIOBATEILHOCTH objacted —35 u
—10, a takxke paccTosHuEe MexAy HuMH. Hampu-
Mep, BeIsIBICHA MyTauust UVS, koTopast yCUIMBaeT
TPAHCKPHIIIIUIO C MMPOMOTOpPA JIAKTO3HOTO OIIEePO-
Ha. CekBeHHpPOBaHME MOKA3aJ0, YTO MYyTaIus 3a-
TparuBaet oonacts —10 mpomoTopa u 3Ta 001aCTh,
UMEIOIasi B TPOMOTOPE TUKOTO THUIIA Pjgze CTPYK-
Typy TATGTT, B piacuys U3MEHEHA TAK, YTO COOT-
BETCTBYET HanOojee 4acTo BCTpedaromieiics mo-
cnenoBatenbHocT TATAAT (puc. 3.2).

[TocenoBaTenbHOCTH, OKPYKAONINE OTHOCH-
TEIBbHO BBICOKOKOHCEPBAaTUBHBIC paloOHBI —35 U
—10, Taxke BIUAIOT Ha CHIy TpomoTopa. OmHaKo
3aKOHOMEPHOCTH ATOTO BIMSHUS MOKA HE OINpee-
JICHBI, ¥ TI03TOMY TI0 TIOCJICIOBATEILHOCTH HYK-
neoTuioB 3(PPEeKTHBHOCTH MPOMOTOPA OLECHUTH
HEBO3MOKHO. KaxK/IbIii poMOTOp MHIMBUIYaJIEH,
U €r0 IPUMEHUMOCTD ISl PEIICHHS TeX TN HWHBIX
3a1a4 MOKET OBITh OIICHEHA JIHIIb JKCIICPHMCH-
TaJbHO.

Kpome curnamnos, obecreunBaromux Havdaso
cuntesa aureil PHK, cymecTByroT Takxe u curna-
JIBI OKOHYAHUS (TEPMHUHAITIH ) TPAHCKPHUIIITUH B OTI-
peneneHubix Toukax JIHK-marpuimbl. Obs3aresnsb-
HBIM DJIEMEHTOM MEPMUHAMOPA TPAHCKPUTIITUU
SIBJISICTCSL  MAJUHAPOMHASL  MOCJIEI0BATEIBHOCTh
(MHBEpTUPOBAHHBIN TMOBTOP), KOTOpask HA MOJIEKY-
ne PHK ¢opmupyer NBYXIICMOYEUHYIO MIMHIBKY
(puc. 3.3). Y E. coli cymecTByeT 1Ba THUIIA TEPMHU-
HAaTOpPOB — pP-HE3aBUCUMBIE U O-3aBUCUMBIE.
VY p-HEe3aBUCHUMBIX TEPMHUHATOPOB MIMHIbKA Ha
3'-xonre monekyinsl PHK, kak mpaBuiio, sBiasieTcs
GC-0Ooraroii, a 3a Hel MACT MMOCICA0BATEILHOCTh
onuro(rU). JIroOble MIMUIbKY, BOSHUKAIOIINE B CHH-
tesupytoierica PHK, mo-BuguMomy, 3acTaBiisltOT
MOJIMMEpasy JBUTaThCs MEIJICHHEE WM OCTaHaB-
nuBatbea. Ha p-He3aBUCHMBIX TEpMHUHATOPAx MO-
numepasa otnensiercs ot JHK-marpuibl u BeICcBO-
o6oxnaer PHK. [TocrnenoBaTenbHOCTh U3 OCTATKOB
U, pacroyiokeHHas cpasy K€ 3a IIMWIbKOH, Ipu-
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ptrp

=35 -10
TTGACA TATAAT

AAATGAGCTGTTGACAATTAATCATCGAACTAG TTAACTAGTACGC

AAATGAGCTGTTGACAATTAATCAT CGGCTCG TATAATGTGTGGAATTGTGAGCGGATAACAATTTC

Puacuvs

AAAAATTTATTTGCTTTCAGGAAAATTTTTCT GTATAATGTGTGGAATTGTGAGCGGATAACAATTTC

P25 TS

Piac

AAAAATTTATTTGCTTTCAGGAAAATTTTTCTG TATAATAGATTCA

CACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTC

AAATAAATGCTTGACTCTGTAGCGGGAAGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTC

p, rrnB

AAATAAATGCTTGACTCTGTAGCGGGAAGGCG TATTATGCACACC

Puc. 3.2. TlocnenoBaTenbHOCTb HYKJICOTHIOB MIPUPOIHBIX U THOPUIHBIX (0OBEICHBI) IPOMOTOPOB.

CrutomHas JTMHHAS — 00J1acTH IPpOMOTOPOB —35u —10; HITPpUXOBasA JIUHUA — OIIEPATOP JIAKTO3HOI'O OIIE€pPOHA

a o
PART UU UU
U G CG
C A CG
CG UA
GC CG
CG GC
CG GC
CG AU
GC AU
AU 3' on AU 3
' / , /OH
s..cccuuuuuu s...AuU - uuuuu
I'en trpA E. coli @ar fd
6 l
CA UA
T A u u
A A u u
C C AU
CG CG
CG GC
UA UA
CG AU
CG A
GC 3 GC
H
5. AUAU  UUUU <O UA
OH
GU
®ar G4 GU 3
OH
5...CUAU CAAUCAA {

NOH
ty; hara 4

Puc. 3.3. Crpykrypa 3'-KOHIIEBBIX TEPMHUHATOPHBIX yyacTKoB pasnudHbix MPHK B knetkax E. coli:

a—6 — P-HE3aBUCHMBIE, 2 — P-3aBUCUMBII TEPMUHATOP
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EcoRI

EcoRI Hinde HindIll EcoRl  EcoRI EcoRI
CIA .
_—J W HindIII
Prm Piac
HindIIl
EcoRl  mHindIll EcoR1
HK-
ﬂHKﬂHF%& fnraza
plel
1. EcoRI HindIIl
Tc! HindIll

EcoRI

Puc. 3.4. Cxema KOHCTPYHpPOBaHUsI THOPUAHBIX M1a3Muy cepun pKB

HUMaeT ydyacThe B 3ToM npouecce. Kommiekc
PHK-/IHK (rU-dA) xapakTepu3syeTcst HeoObIuaii-
HO CJIa0bIMM KOMILJIEMEHTapHBIMU B3aUMOJEHCT-
BusAMHU. [lo3TOMy 1OCTaTOYHO MHHUMAaJIBHOTO KO-
JMYECTBA SHEPTUH, YTOOBI Pa3pyLIUTh CBS3H, YIEp-
JKMBAIOIIME BMECTE JBE Lenu. TakuMm oOpaszom,
octanoBka PHK-monmumepassl B 06macT Mmuibku
B P-HE3aBHCUMOM TEpMHHATOpE co3xaeT Onaro-
MPUATHBIE yCIOoBUsA s BbhicBoOoxkaeHnsa PHK u3
koMmruiekca rU—dA.

TepMuHaMA TPAHCKPUIIMH OOBIYHO IPOHC-
XOIUT HE Ha CTPOTO ONpPEAEICHHOM HYKJIEOTHJE,
a Ha JII0OOM M3 HECKOJBKHX OCTaTKOB, PacIojo-
XKeHHbIX Ommwke K 3'-xoHmy U-yuactka. Omm-
ro(rU)-nocnenoBarensHOCTh U3 HyKJIeoTunoB U
Ha 3'-xonne PHK cootBerctByer AT-00ratoit 00-
nactu B Monekyine JIHK-marpunsl. Kak Buaum,
AT-6orarsie yuactku JIHK urparor BaxHyio poib
HE TOJBKO B HMHHIMALMK, HO W B TEPMHUHAIUU
TpaHcKpunuuu. Kaxaplii TepMUHATOP XapakTepH-
3yeTcsl onpeaeicHHON 3 PEKTUBHOCTBIO, KOTOpas
oneHuBaetcs kak gois uenet PHK, tepmunanus
KOTOPBIX Ha HeM mpou3onuia. DPPeKTHBHOCTH
TEPMHUHATOPOB TPAHCKPHUIILUN MOXET BapbUpPO-
BaTh B IIMPOKHUX MpEJesax, HO BaXHO MOAYEpK-
HYTb, YTO TEPMHHATOPOB, OOECIEUNBAIOIINX
100%-n0e mpexpamienne cuaresa PHK y E. coli,
HE BBISIBIICHO.

Y p-3aBUCHUMBIX TEPMHUHATOPOB B IIMHIIBKE
OOBIYHO HIDKE OTHOcUTenbHOE coaepkanue GC-
nmap u, Kpome Toro, orcyrcTByeT oiuro(rU)-ydac-
TOK (cM. puc. 3.3). dakrop p mpencrasisieT coboi
0eIIoK ¢ MOJIEKYISIpHOM Maccoit 55 k/la. AKTuBHOMI
¢dbopmoii, no-BunuMoMy, siBisieTcs Terpamep. llo-
Jararot, 4To (hakTop p CBA3BIBACTCS C 5'-KOHIIOM

cuntesupytomieiicas monexynsl PHK u neuxkercs
Broisib Hee. Korna PHK-nonumepasa ocranasnua-
eTCsS Ha HEKOTOpOE BpeMs B pailOHE MIMUIBKH,
(hakTOp p MOXKET ee OTHATh U B Pe3yNbTaTe B3au-
MOJENCTBUS C HEW BbI3BaTh pacmnaj KOMIUIEKCA.
D¢} dexTHBHOCTD p-3aBUCHMOTO TEPMHUHATOpPA OII-
penensercss CTaOWIBHOCTBIO IIIHIBKH, (OPMU-
pyemoit monekynoir PHK, u Bpemenem 3anepxku
na net PHK-nonumepaspl. ConpsikeHHas ¢ TpaHC-
KpUIILMEH TpaHCISAUMS BHOBb CHHTE3WPOBAHHOU
MPHK, koropas wacto Habmromaercst y OakTepHid
(cM. puc. 3.6), MOXKET TPEMATCTBOBATH P-3aBUCH-
MOM TepMHUHALIUU, TAaK KaK B 3TOM CJIy4yae Ha MOJe-
kyite PHK HaxomsiTcst pub0COMBI, MEITaroNIne mpo-
JBIDKEHHIO 10 Hel (hakTopa p.

MHorwue reHsl E. coli KOHTPOIUPYIOTCS OTHO-
CUTEIIHO CIa0bIMH MPOMOTOPAMHU. DKCIPECCHIO
TaKNX T€HOB MOXXHO yYBEIMYHUThH, TOMECTHB UX IO
KOHTPOJIb CHJIBHBIX MPOMOTOPOB E. coli (piacuvs,
Pirps Pipps Phia) Wit paros (ApL, Apr, TSpos 1 1p.).

Tax, JI. Credbdpen u P. ILllmetidp B ommHON m3
panHux padot (1977 r.) mokasanu, 4to TpaHchop-
mammst E. coli uorazmuaonr pMB9, mecymieir ren
araC E. coli, npuBoguT K 4-KpaTHOMY yBeEIU4Ye-
HUto cuHTe3a Oenka AraC B kieTkax. Ecim xe aToT
TeH JOTMOJHUTEIHHO MNOMECTUTH IO KOHTPOJIb
TIPOMOTOPA Plucy5, TO MPOAYKIHA Oenka Bo3pac-
TaeT yxe B 50 pas.

IIpu BcTpoiike B mrazmuay pMB9 ¢parmenta
JHK ¢ara A, comepxamero red cl (rubpuaHas
miasmuga pKB158, puc. 3.4), M. Iltamme ¢ co-
TPYIHUKAMU TOJYYWIH YBEIMUCHUE TPOMYKIUU
(haroBoro penpeccopa cl B 5 pa3 1mo cpaBHEHHUIO
C YPOBHEM JIaHHOTO O€JIKa B IITAMME, SIBJISFOILECM-
cst tu3oreHoM 1o dary A. [pu 3TOM TpaHCKPHUITIIUS
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KJIOHUPOBAaHHOTO reHa cl ocymiecTBisiack ¢ ¢a-
roBoro nmpomoropa prM. Korna x reny cl 8 pKB158
nojctpowtn (parment JIHK, comepxxammii mpo-
MOTOP Pracuys (mnazmmma pKB255, cm. puc. 3.4),
npoayKIusi Oenka-pernpeccopa Bo3pocia 1o cpas-
HEHUIO C JIM30TEHOM B 15 pas, a mpu BCTpoiike TaH-
JIemMa 3THX mpomoTtopoB (mmasmuma pKB252) —
B 35 pas.

WNHorpa mist 3KCOpeccu 4yKEpOIHBIX T'€HOB
B E. coli He00X0IMMO HCTIOIB30BaTh CHIIBHEIC IPO-
MOTODBI, (PyHKIIMOHUPOBAHNE KOTOPBIX IO/IBEPra-
ercst perymsiuuu. llpexkne Bcero 310 TpeOyercs
B TeX CIydasX, KOTJa MPOAYKT KIOHHPOBAHHOTO
reHa TOKCUYEH IS KIeToK E. coli. [lpu aToM Kiet-
KH{ MOXKHO KYJIBTUBHPOBATH 10 OIPEEIIEHHOTO MO-
MEHTa B YCJIOBUSIX, KOIZIa TPAHCKPUIILUS KIIOHUPO-
BAaHHOTO I'€Ha perpeccHpoBaHa, a 3aTeM WHIYLH-
poBarth A (HEeKTHBHYIO TPAHCKPUIIIIHIO. Takoi moz-
XOJl TO3BOJIAET BBIPACTUTH KIIETKH, COAEp Kallue
rudpuanbie JJHK, 10 q0ocTatouHo BICOKOTO THTpa
U JIMIIb TOCJIE 3TOr0 MHULUUUPOBATH MPOAYKIIHIO
0eJKa, CBEpXCHHTE3 KOTOPOTO MPUBOAUT K THOEN
OakTepuaNbHBIX KJIETOK. Kpome TOro, M3BECTHO,
YTO WHTCHCUBHAS TPAHCKPUIIHUS, HampapiseMas
CHJIBHBIM TIPOMOTOPOM, MOYKET OTPUIIATEIIFHO CKa-
3bIBaThCs Ha A(PQGEKTUBHOCTH PEIUIMKALUHU T11a3-
muanoi JIHK, a 3T0 npuBOIUT K HECTAOUIBHOCTH
MOJIEPKAHMSI TUIa3MUbl U MOCTEIIEHHON €€ AJU-
MUHALUHU 13 OaKTepUaibHbIX KJIeToK. Takue mias-
MHIBI MOTYT OBITH CTaOWMIIM3WPOBAHBI, €CIH AWC-
TaJbHO OT CHJIBHOTO MMPOMOTOPA BCTPOUTH P dek-
THUBHBIE CUTHAJIBI TEPMUHAIINN TPAHCKPHUITIIHH.

B onHO#1 13 IepBBEIX paboT MO UCTIOIB30BAHUIO
UHIYLHUPYEMBIX MPOMOTOPOB B BEKTOPHYIO ILIa3-
muny — npousBoanyo pBR322, conmepxaiiyro
B CBOGM COCTaBE CHIIbHBIH MPOMOTOp pL dara 4,
BCTPOWJIM TeH trpA. ['uOpuaHyro 1a3Muay BBEIn
B JIM30TCHHBIC KIETKH E. coli, B KOTOPBIX CUHTE3H-
pyeTCst TepMOYyBCTBUTEIbHBIH perpeccop dara A.
[Tpu Temneparype 30 °C mpoxykuus TpuntohaH-
CUHTETa3bl A MpPaKTUYECKH He yBenuuuiuach. Of-
HAaKo IO0CJe TepMHUYECKON MHAKTHBALIMM pemnpec-
copa HauMHaeT (YHKIHOHHPOBATH MPOMOTOP PL,
KoTOphlii mpu Temneparype 37 °C HampasiseT
CBEPXCHUHTE3 TPUNTO(PAHCHHTETA3bl, U BBISBIIsiC-
MBI YPOBEHb aKTHBHOCTH 3TOTO ()epMEHTa BO3-
pacraet B 30-50 pas.

TepMoUHAYLUpPYEMbIE CHUJIBHBIE IPOMOTOPHI
THITA APL, TO-BUANMOMY, IEPCIICKTUBHBI [IS1 KOHCT-
PYMPOBAHUS TEXHOJOTHYHBIX IITAMMOB-TIPOIYLICH-
TOB pa3jIMYHBIX MONUIENTUAOB. B HacTosmiee Bpe-
ML TIOTYYEH PsiJT BEKTOPHBIX IIA3MUJI, COACPIKAILIUX
TEPMOMH/IYLIUPYEMBIit poMOTOp pr, hara A, u moka-
3aHO, YTO C MX MOMOILBIO MOKHO TOOMBATHCS TPO-
nyknuu B E. coli pa3nn4HbIX OEIKOB, IPEBBIIIA0-
el HopMaJbHBIA YPOBEHD B JECSATKU Pa3.

MOoXHO TaKXe NPUMEHATh IPOMOTOPHI, HHIY-
UpPyEeMble HU3KOMOJIEKYISIPHBIMH COETUHEHUSIMH.
Tak, B Tutazmuy pBR322 0w BcTpoeH hparmeHT
JHK, conepxamuii mpoMoTop TpUNTO(HAHOBOTO
onepoHa, rex trpE u dacth rena trpD. Ilocne uH-
IOYKLIMHU TPAHCKPUIILUY C KIIOHUPOBAHHOTO IIPOMO-
Topa 3-f-ungomunakpuioBoit kucioroir (MAK)
YpOBEHb MPOAYKIINN aHTPAHUIIATCUHTETA3bl, KOJIH-
pyemoii renom trpE, Bozpactan B 50 pa3, cocTas-
JIs1s IpK 3TOM 55 % BHOBB CHHTE3HPOBAaHHOTO OeJI-
Ka KIeTKH. Ecin 11l KOHTpPOJS TPaHCKPHIILUH
KJIIOHMpOBaHHOM mocnenosarensHoctd JIHK wnc-
TOJIb3YETCsl MPOMOTOP TeHa B-rajakTo3uaasbl, TO
3¢ dEKTUBHYIO TPAHCKPHIILIUIO C HETO MOYXKHO HHU-
LUUPOBATh, CHUMAsl PENPECCHUIO BBEJCHUEM B Cpe-
ay wusonponui-B3-D-tuoranakrosuma (UITIE) —
CHEeNU(PUYHOTO HHIYKTOpa JIAKTO3HOTO OTepOHa
E. coli.

Hcxons u3 TOrO0, 4TO NPOMOTOP Plact/is UMEET
«useanbHylo» obnacte —10, a pyy, — obnacts —35,
X. e boiiep ¢ coaBropamu B 1982 1. ckoHCTpyHpO-
BaJIM TUOPUIHBIA POMOTOP, HA3BAaHHBIM UMM Pigc
(cm. puc. 3.2). JlaHHBIN HCKYCCTBEHHBIN POMOTOP
penpeccupyercs lac-penpeccopoM, U TPAHCKPUII-
s C HeTo MOXKeT ObITh mHmyrmpoBana WIITT.
B cocTtaBe BEKTOpHOH IMIa3MHUIBI Pyge B 5S—10 pas
a¢hekTuBHEE, YEM PlacUs-

W3BecTHO, YTO MPOMOTOPHI pAaHHUX F'e€HOB P25
nu P26 ¢dara T5 wumeror BbicOKylo aduHHOCTH
k PHK-momumepase E. coli v SBISIOTCS OUEHB CHITh-
HBIMHA KOHCTHUTYTHBHBIMH TPOMOTOpaMH. UTOOBI
cAenarb IMPOMOTOP TeHa P25 peryaupyeMbiM,
T. Iubyu ¢ corpynuukamu (1988 1.) ¢ momoIk0
XUMHUYECKOTO CHHTEe3a OJIMTOHYKJIEOTHJIOB U KJIO-
HMPOBAHMS CO3JAIIU IPOMOTOP Ppac (CM. puc. 3.2).
JlaHHBII TPOMOTOP TMOABEpPraeTcs peryisaiunun, Kak
MIPOMOTOP /ac-omepoHa, U Ipu 3ToM PPEKTUBHO
dyskmmonupyer: npu uHaykinuun MWIITI on Ha-
IpaBIsieT HKCIPECCHIO BCTPOSHHOTO IreHa B 3 pasa
a¢dhexkTuBHEE, YeM Piye. B BEKTOpHBIE ITIIA3MUIBI
C TaKMMHU CHJIBHBIMHM IIPOMOTOPaMH HEOOXOAUMO
BBOJUTH dPPEKTUBHO (HYHKIIMOHUPYIOIINE TEPMHU-
HATOPbI TPAHCKPHUIIINH, YTOOBI MPOIIECC CUUTHIBA-
Huss MPHK co BCTpOEHHOrO B BEKTOp I'€HA HE WH-
TephepupoBa ¢ IpyruMu GyHKIHUSIME TIa3MHIBI.

ITo ananoruunoii cxeme M. bopoc ¢ coaBropa-
Mu (1986 1) cozmanm perynupyemblid IMPOMOTOP
Prac, BKITIOIAIONTHI 001acTh —35 CHIIBHOTO TIPOMO-
Topa p; reHa pudocomuoit PHK rrnB n obmacts
—10 mpomotopa lac-omepoHa IUKOTO THMA (CM.
puc. 3.2). Cunre3 uykepoaHoro Oeyka, odbecreun-
BaeéMbI TOCIE€ HMHAYKIHMM JAHHOTO IMPOMOTOpA,
B HEKOTOPBIX Ciydasx aocturaer ypoHsa 60 %
CYMMapHOTO0 KJIeTOYHOro Oenka E. coli.
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Puc. 3.5. Ilapnas cucrema sxkcnpeccun PHK-nonmmmepasa ¢ara T7 — no3nuuii npomorop ¢ 10 dara T7.

I'enetnueckne amemeHTsl (para T7 HaXomATCs B IBYX PEIUTMKOHAX Ha OCHOBE COBMecTHMBIX mrasmug P15A u ColEl

Heo0xomumMo OTMETHTB, YTO PAacCMOTPEHHbBIE
BAapMAHTHl MHAYLUPYEMON TPAHCKPHUILIMHA UMEIOT
oTIpesieTIeHHbIE HeOCTATKU. TaK, MPH MOBBIIICHIH
TEMIEPaTypsl CPebl WHIAYLUPYETCS 3KCIPECCHUs
HE TOJIBKO IIEJIEBOTO T€Ha, HO M Psijia TEHOB KJIET-
KU-X035iMHA, B TOM YHUCJI€ U TeHOB npoteas3. Hc-
10JIb30BAaHUE XUMUYECKHUX MHIYKTOPOB, KaK Ipa-
BUJIO, OTPAaHMYMBAETCS JIUIIH Ja00paTOPHBIM Mac-
mTaboM, TaKk KaK yIopoXaeT OMOTEeXHOJOruye-
CKUH TpoI1iecc.

CymiecTByeT MOAXOA, JUIIEHHBIH 3THX HEIO-
crarkoB. M3BecTHO, yTO MHOTHE (aru E. coli konu-
pytor PHK-nonumMepassi, criocoOHbIe B3aUMOJICH-
CTBOBATb JIMLIb CO CHENU(PUISCKIMH POMOTOpa-
MH TIO3THUX (aroBeIX TeHOB. Hamboiee xopormno
nzyyena PHK-nonumepasa ¢ara T7. B nporuBomno-
JIOKHOCTh MHOTOCYOBeauHnYHbIM PHK-monmme-
pazam OakTepHil U 3yKapuoT, OHa SIBIISICTCS MOHO-
MEpPHBIM OeNKOM (KaK W aHaJOTHYHBbIC (PEPMEHTEHI
Ipyrux ¢GaroB) ¢ MOJEKyIIpHON Maccoit 99 x/la.
B ormnume ot ¢depmenra kierku-xo3smHa PHK-
ronuMmepasza T7 y3HaeT cTporo crenu(uyecKyro
HENPEPBIBHYIO TOCJIEI0BATEIbHOCT pa3MepoM
23 nH, NPUJIETAIONIYI0 K TOYKE MHUIMALNN TPaHC-
kpunin. Cxopocts snonranuu PHK-nmonmmepa-
3o T7 B 5 pa3 Bhiwie, yem GepmeHTOM E. coli.

B 1985 1. C. T260p u K. Puuapmcon npemamoxu-
mu ucnonb3oBaTh PHK-mommmepasy dara T7 mis
CYTIEPAKCTIPECCHUH TEIEeBBIX T€HOB. DKCIEPUMEH-
TaabHO OBLTO JMoKa3aHo, uto Ha JAHK E. coli mpo-
motopsl st PHK-nonumepassr T7 OTCYTCTBYIOT.
[pu nndumuposanuu E. coli parom T7 darocre-
mnprunas PHK-momumepasa cocrasmser 0,1 %
KieToyHoro Oenka. ['en atoro gepmenta (06o3Ha-
qaeMbIi Udpoit /) SBISETCS paHHUM U TPAHCKPH-
oupyercs PHK-monmumepasoii  KJeTKH-X03s1Ha.
ITocne BcTpoiiku rena [/ ¢ara T7 B BEKTOPHYIO
Ia3Muay ypoBeHb npoaykuuu arosoit PHK-mo-
muMmepassl B E. coli Bo3pacTaeT B JCCATKH pas,
OJTHAKO 3TO HE CKa3bIBAeTCS Ha CKOPOCTH pOCTa

OaxTepuaIbHBIX KJIETOK. BBeeHue ke B 3T KJIeT-
KM JIpyroil COBMECTUMOM IIa3MUABI, COAepKalei
npomorop ¢ara T7, BbI3bIBACT JICTAAbHBIA IS
OaxTepuu d(h(HeKT, Tak Kak MOIIHAS TPAHCKPHUIIIIHS
nojxuMepasoit dara ¢ 3TOro MPoMoOTOpa MPUBOIHUT
K (paKTHYECKOMY H3bATHIO IyJla PUOOHYKIICO3M-
tpudocdaros knerku. TpaHCKPUIIIHS UAET CTONb
3¢ dEKTUBHO, YTO IPOUCXOAUT MHOTOKPATHOE CUH-
ThIBaHUE (DEPMEHTOM OJHOTO TUIA3MHUIHOTO T€HO-
Ma. TepMuHaTopsl TpaHcKpunuuu E. coli npaktu-
yecku He y3HatoTcsi PHK-nmommmepazoit T7. Ilo-
3TOMY B IUIA3MHy SKCIIPECCHH HEOOXOIMMO BBO-
TUTh crieruduaeckuit s T7 TepMUHATOP TpaHC-
KPHIILHH.

IIepBriil BapuaHT CUCTEMBI IKCIIPECCUU, 3aBU-
cumoit ot PHK-momumepaser dara T7, mpencras-
neH Ha puc. 3.5. T'en [ para T7 B mnazmuae pGP1-2
MOMEIIEH TI0J] KOHTPOJIb mpomoropa pr ¢ara A
u ipu temneparype 30 °C HaxonuTcs B pernpeccu-
POBaHHOM COCTOSHMM 32 CUET BO3ACHUCTBHS Oell-
ka-pernpeccopa cl dara A. [Ipu HarpeBanuu GakTe-
pHanbHON KylIbTypHl Bbllle 37 °C MpOUCXOIUT UH-
AKTHBAIIMS TEPMOYYBCTBUTEIHHOTO (ParoBoro pen-
peccopa ¥ MHIyLHpYyeTcs dKcmpeccus rena Qara
T7. Cunresupyemas PHK-nonmmepasa dara T7 un-
TEHCUBHO TPAHCKPUOMPYET IMOCIEIO0BATEIbHOCTD
JHK, maxoasmryrocst Bo Bropoi tuazmue (pT7-1)
101 KOHTPOJIEM ITPOMOTOPA PT7¢10, H YPOBEHB OeI-
Ka JaHHOTO II€JIEBOTO TE€Ha MOXET COCTaBUTh
30-50 % cymmapHoro kietouHoro Oenka. Herno-
CTaTKOM PacCMOTPEHHOW CUCTEMBI SKCITPECCHUH SIB-
JsIETCS TO, YTO POMOTOP PL penpeccupyercs oen-
KoM clgs7 He momHOCTRIO U TipHu Temmepatype 30 °C
UMeeTCs OlpeneleHHbI (oHOBhI cuHTe3 PHK-
nonumepasbl T7, KOTOPOro JOCTATOYHO JJIsi aKTUB-
HOM 3Kcnpeccuu rena, BerpoenHoro B pT7-1. Eciu
MIPOAYKT N3y4aeMOro reHa TokcudeH ais E. coli, To
u 0e3 MHAYKIHH OyIeT MPOUCXOAUTh THlenb Oak-
TEePUAJBHBIX KJIETOK. DTO JUIIHUN pa3 MOATBEPK-
JlacT, HACKOJIbKO JaHHasi CUCTEMa 3KCIIPECCUH Te-
HOB 3 QeKTHBHA.
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UroObl MpeooeTh yKa3aHHBbIC 3aTPYIHEHHS,
HPEATIOKEH PsIl MOAU(DHUKALIUI CUCTEMBI KCIIPEC-
cuu, 3apucumMoii ot (hara T7. LleneBoii ren BBOIUT-
cs1 B KJIETKHU E. coli B cocTaBe 11a3MuIbl O/ KOHT-
poiem mpomotopa ¢ara T7. Jlanublii mpomoTop
PHK-nonumMepas3oit KJII€TKU-X035MHA HE Y3HAETCH,
Y M3y4aeMbIil T'eH HaXOIUTCSI B CTPOTO pelpeccH-
poBaHHOM cocTtosHuM. Ilocie Toro kak Kyabrypa
C THOPHIHOW TIA3MHUIOW JOCTHTHET OIpelelcH-
HOH INTOTHOCTH, €€ MOYKHO 3apa3uTh parom T7 wm
rubpuanabiME Garamu A 1u60 M 13, Hecynmumu ren
PHK-nonumepassl T7. B nepBbIX ABYX Ciiydasix
KJIETKH CIYCTSI HEKOTOpOE BpeMsl OyayT JIU3UPO-
BaThCs. B mociennem — nm3uca KiIeTok He HaOro-
naetcsi. [lpu uHbpekuun darom A jamM3uca KIETOK
TaK)Ke MOXXHO M30eKaTh, €CJIM BBECTH B BEKTOP
MyTanuu 1o reaam Q u S (cm. 2.2.2). Kpome Toro,
B Ka4eCTBE KIICTKH-XO35IMHA MOXXHO HCIIOJIB30BaTh
E. coli, mu3oreHHyro 1o ruopuaHomy ¢ary A, Hecy-
memy red PHK-nonumepassl T7, 1 B HyKHBII MO-
MEHT UHIyLUPOBATh €r0 U3 COCTOSHUS Ipodara.

B psine nmaboparopuit ObITM CO3/1aHBI BEKTOP-
HbIE TUIA3MHJIBl SKCIIPECCUH, Y KOTOPBIX CHIIbHBIC
POMOTOPBI TAHJEMHO TIOBTOPEHBI (IJIsi MpUMepa
cMm. Ha puc. 3.4 mmasmuny pKB252). Tlokasano,
YTO JOYTUIMKAIUS TPOMOTOPOB MPUBOIUT K yCHIIe-
HUIO TPAHCKPUILIMU KIOHUPOBAHHBIX IeHOB. Ta-
KoM e (P eKT HaOIIOAaeTCS U PU KOMOUHAIIUU
IBYX pa3iM4yHbIX MPOMOTOPOB. IlosTomMy naHHBIHN
MOJIXOJ] K YBEJTMUEHHUIO TPOTYKIIUH IEJIeBOro Oel-
Ka MCIIOJIb3YIOT I0BOJIBHO YacTo.

B nacrositee Bpems CyliecTByeT LIMPOKHI Ha-
0Op TEHEeTHYECKUX KOHCTPYKIHHA, 00ecIeunBaro-
MIUX BBICOKOI(D(EKTUBHYIO TPAHCKPHIIIIUIO KIOHH-
PYEMBIX I'€HOB.

3.3. NMOBbIWEHUE 3PPEKTUBHOCTHU

MosnekyssipHbIe TpoLecChl CUHTE3a Oeka sB-
JISIFOTCSL OCTATOYHO CIOKHBIMU. B HUX y4acTByIOT
Tpu kimacca monekyn PHK: marpuunas (MPHK),
tpancnoptHas (TPHK) u pubocomnas (pPHK).
CunTe3 Oenka 0CymecTBISeTCS KPYITHBIM MYJIBTH-
(bepMEHTHBIM KOMILUIEKCOM — pPHOOCOMOH, TM0-
cTpoeHHoi n3 Mosekyn 6enkoB 1 PHK. Kpowme to-
ro, cymecTByloT ¢GepmeHTbl amuHoanmi-TPHK-
cunreTassbl, pakropsl nHuuanuu (IF) cunrtesa mo-
JUMENTHIHBIX Lened u (akTopbl 0CBOOOKICHUS
(RF), yuacTByrouye B TepMHUHALMH TPAHCIISLIUH.

CoBpeMeHHBI ypOBEHb 3HAHUI B MOJEKYISP-
HOM OMOJIOTMH M METOHOJIOTUS T€HETUUECKON HMH-
JKEHEpUH TT03BOJIAIOT BO3/IEHCTBOBATh Ha MPOIECC
CHHTe3a OejKa, JUIb MOAU(GUIUPYS CTPYKTYpY
marpuuydoit PHK u He 3aTparuBas Bech 0CHOBHOM
KOMITJIEKC MaKpOMOJIEKY KJIETKH, Y4acTBYIOIIHMX

[Toka Mano U3ydeH BOMPOC O TOM, KaK ddek-
TUBHOE BBIpPAaXKEHHE I€HOB BEKTOpa, HE y4acCTBYIO-
[IMX B €T0 PEIUIMKAINH, BIUSET HA YPOBEHD IKCII-
peccuu KIOHUPOBAaHHOTO 4yKepoaHoro rexa. Ilo
KpaifHeil Mepe, B OJJHOW M3 MEePBHIX padOT B ITOM
Hanpasnenun H. [lanaératocom (1988 r.) ObLTO
[I0Ka3aHO, YTO CHIKEHUE YPOBHS IKCIPECCUN TeHa
YCTOWYNBOCTH K aHTHOWOTHKY (kanR) MHOTOKO-
MMUHAHOW BEKTOPHOW IIa3MUJIBI (32 CYET BBEICHUS
MyTallMid MO MPOMOTOPY 3TOTO T'eHa) MPUBOIUT
K JIBYKPaTHOMY YBEJIWYSHHIO TIPOAYKINU B E. coli
(akTOpa HEKpPO3a OMYXOJH YeJIOBEKa, TeH KOTOPO-
rO KJIOHHPOBAH B 3TOH IJIa3MUJIE.

Hpyrum (akTopoM, KOTOPBIH PEIKO YUHUThIBA-
IOT TIPY ONMTHUMH3AIUNN TPAHCKPHUIIIINN KIOHHPYE-
MBIX TE€HOB, SIBJISIETCS CTENEHb CyNepCKPyUEHHOC-
tn JIHK. B xnetkax E. coli KOHTpOIb TOMOIOTHYE-
ckoro cocrosinus monekyn JIHK ocymecteusercs
JIBYMsI TOIIOM30MEpa3aMH, UMEIOIIMMH MPOTHBO-
MOJI0’)KHO HampaBieHHoe aeiictBue: JHK-tomo-
nzomepasa | pacmeraer (penakcupyer) JJHK, B To
Bpemst kak JIHK-rupasa cynepckpyuuBaer JJHK.
Wcnoneays Te wnu uHble MyTaHThl E. coli o cuc-
teMe Tononzomepuzanuu JHK, moxxHo BausiTh Ha
YPOBEHB IKCIIPECCUH KIIOHHUPYEMBIX T€HOB.

[lonBons uTOr MAHHOTO pasjena, MOXKHO clie-
JIaTh BBIBOJI, YTO BCTPOIiKa HHTEHCUBHO TPAHCKPH-
OMpYEeMBIX T€HOB B MHOTOKONHMIHBIC BEKTOPHBIC
JHK BbI3bIBa€T, Kak MPaBUIIO, CBEPXIPOLYKIHUIO
0enKoB, KOIMPYEMBIX 3TUMHU TeHaMu. BaxkHo, 4TO-
Obl 5'-KOHIIEBas MOCJIEAOBATEIBHOCTh CHHTE3H-
pyemoit MPHK umena takyroo opranu3aluio, KOTo-
past obecnieunBaia Obl 5H(HEKTHBHYIO HHUIIUAIHIO
€€ TPaHCIISAINY.

TPAHCALUMUN MATPUYHbBIX PHK

B TpaHcmauuu. [losromy Oonee moxpoOHO pac-
CMOTPUM CTPYKTypHYyIO0 opranuzanuio MPHK
E. coli.

BonpmuacTBO Oaktepuanbubix MPHK Hemol-
roBedHbl. DYHKIMOHAIBHOE BpeMs TMOIYXKHU3HU
MPHK 00b14HO cocTaBisier 0kosio 2 MuH. Y OakTe-
pUl TPAHCKPHUINIHA U TPAHCIALUS COIMPSKEHBI.
IIpn temmeparype 37 °C tpanckpunuus MPHK
MIPOUCXOINUT CO CKOPOCTHIO mpumepHo 2500 HyK-
J€OTUIO0B B | MHUH, YTO COOTBETCTBYET 0Opa30Ba-
auto 14 xomonos B 1 c. Ilpm 3TOM M3BECTHO, YTO
B PacTyIIyIO MOJUIENTHIHYIO LEMb 3a 1 ¢ BKIIO-
yaeTcst oT 12 1o 17 aMMHOKHCIOTHBIX OCTaTKOB.

PuGocombl B OakTepHuaibHOM KIIETKE CBSI3bIBA-
10TCs ¢ 5'-KoH1EeBbIM paiionoM MPHK u HaunHaroT
ee TPaHCIIALMIO yKe TOT/a, KOrjia ele He 3aKOHYe-
Ha TpaHCKpHUNuus Marpuusl (puc. 3.6). HeoOxonu-



3.3. NOBbLIWEHNE 39®EKTUBHOCTUN TPAHCITALMN MATPUYHBLIX PHK 155

ITpomotop

Pubocoma

MPHK
5’

NH,

Tepmunarop
TPAHCKPUIIIUN

[Monunentug

COOH
—— [TonunenTung

@/3083'
C?

508
NH,

Puc. 3.6. Cxema TpaHCKPHIIIIUU U TPAHCIIIHAH B KIeTKax E. coli

MO OTMETHTB, YTO KOJHMPYIOoLIas OEJI0K MocIe10Ba-
tenbHocTh MPHK orpanunuena Ha 5'- u 3'-koHmnax
HEKOAMPYIOIMMHU YYaCTKaMH.

WatencuBHOCTh TpaHcasaimuun MPHK B Gakre-
pHUsAX 3aBUCHUT OT psana mapameTpoB. OTHOCUTEIb-
HO XOPOIIIO U3y4YeHO BIHSHUE MOCIE0BATEIBHOC-
TH HYKJICOTHJIOB U BTOPUYIHOM CTPYKTYPHI 5'-KOH-
neBoit oonactu MPHK na s dexTuBHOCTS MHHIINA-
[IUU TPAHCISIINAA B KiteTkax E. coli. IlepBoHavans-
HO ¢ Mmonekynoit MPHK B3anmoneiicTByeT Mamas
30S-cyOopequania puOOCOMBI, OOBECIUHEHHAS
¢ TpeMs (hakTopaMu MHHIMALIUU. B 3TOT KOHTAaKT
BoBJeKaeTcs ydactok MPHK mmuHo#t okxomo 35
HykieotunoB. IlocnenoBarensnocts MPHK, ¢ ko-
TOPOM MPOUCXOIUT TaKOE NMEPBUYHOE CBI3bIBAHUE,
TIOJTyYnyIa Ha3BaHHUE YUACHOK C8A3bI6AHUA PUOO-
com (ribosome binding site, RBS). YuacTok cBs3bI-
BaHUSI pUOOCOM 0053aTEIbHO COACPIKUT WHHIIHA-
topublii konoH (AUG, pexe GUG) u nocienosa-
TEJBHOCTh, KOMIUIEMEHTApHYI0 3'-KOHIIEBOMY
paiiony 16S pubocomuoii PHK

3" AUUCCUCCACUAGGUUGGC...5

3Ty 1mocienoBarebHOCTh HYKICOTHAOB 00BIYHO Ha-
3BIBAIOT Hocedosamenviocmoio Illanna—/lans-

2apno win SD-nocnedosamenvnocmeto (o da-
MWJIMSM aBTOPOB, BBIIBUBIIUX €€ B 1975 r). Cs-
3piBaHue 30S-cyOopeauannbl pudocom ¢ MPHK
IIPOUCXOTUT, TIO-BUTUMOMY, B PE3YyJIETATE B3aUMO-
JIEHCTBUS KOMITJIEMEHTAPHBIX IOCIIEIOBATEIHHOC-
Teil HyKJIeOTHI0B Ha 5'-koHIIeBOM yuacTke MPHK
u 3'-xonne 16S pPHK. INocnenoBarensuocts SD
UMeeT pasMep oT 3 10 9 HyKJICOTHIOB, IPU ITOM
OHa HE 00s3aTeNHHO JIOJKHA OBITh HEMPEPHIBHO
KOMILJIEMEHTAPHON COOTBETCTBYIOIIEMY Y4YacCTKY
16S pPHK. Hanbomnee gacto B kauectBe SD-yJacT-
ka Ha MPHK BBISBIAIOT mOCIEAOBATEIBHOCTD
AGGAG.

Paccrosinue ot SD-nocneaoBareiabHOCTH 110
WHUIMATOPHOTO KojloHA Y E. coli Bappupyer ot 3
mo 13 mykmeotunoB (B OONBIIMHCTBE CIydaeB
5-9). Ilpuuem OT 3TOrO paccTOSIHUS MOXKET Cy-
IECTBEHHO 3aBUCETh d(P(HEKTHBHOCTH WHUIIHAIINH
tpaucsinuu MPHK u B koHeuHom cuete — ypo-
BEHb DJKCIIPECCHH KOAMPYIOIIEH IOCIIeI0BATENb-
HOCTH HM3ydaemoro reHa. Ha s¢pexTuBHOCTD CBS-
3bIBaHUSI PHOOCOMBI TAaK)K€ BIUSET B IEJIOM BCS
nocienoBaTenbHOCTh paitona MPHK ot —20 1o +14
(3a +1 TIpUHAT MTePBbII HYKICOTHT HHUITHATOPHOTO
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Cunre3 MvPHK
SD |AUG SD  |AUG SD  |AUG
Wﬂ ’\f\/y\.[\/\/\f\/\/\/\/\/\r\,—»
pKB252 = = —jill ] E
Piac Prac }47 187 IIH 4>‘ cl
pKB265
pKB280 |

Puc. 3.7. Opranusanusi 5'-koHIIeBO# 4acTH reHa ¢l B rHOpUIHBIX MIa3MHIax.

CkoOkamMu YKa3aHbl I'PaHUIIbI ACJICHUN

KOJZIOHA), OJJHAKO YETKHX 3aKOHOMEPHOCTEH 3TOro
BIIMSIHMS TTOKa He oOHapy»keHo. J[okazaHo, 4yTo Ha-
JAUYUe IIMNHUICYHBIX (B3aMMOKOMILIEMEHTAPHBIX )
CTpYKTYp B 5'-koH1eBoii obmact MPHK, ocoben-
HO B paiioHe yuactka RBS, cHmxaer adpdextus-
HOCTb WHUIIUAIH TPAHCISAIIUH.

B mponecce cBsazbBanus 30S-cyObeaHHIIBI
pubocom ¢ yuactkom RBS na MPHK npoucxomut
CTEPUYECKOE U3MEHEHHUE dTON CyOheIMHUIIBI, 00Y-
cioBnuBaroiee 3G hekTuBHOE B3aUMOICHCTBHUE €€
¢ uannuaropHoit ¢popmunmernonmi-TPHK (f-Met-
TPHK). Beren 3a 3TUM K JaHHOMY KOMIUIGKCY TTPH-
coenunsieTcs S0S-cyobenunua pudbocom, u chop-
MHPOBAaBINAsICS MOTHOIIeHHAss prubocoma (70S) ocy-
LIECTBISIET HapallliBaHUE MOJUNENTHIHONW LEMu.
Ha nnrencusnocth Tpanciasiuun MPHK B Hekoro-
pBIX cly4asX MOXKET BIHATb U €€ MepBHUYHAs
CTPYKTypa, TaKk Kak He BCE KOJOHBI C OJIMHAKOBOM
3¢ EKTUBHOCTHIO BOBJICKAIOTCSI B IPOLIECC.

Tpu xogona (UAA, UAG u UGA) na mPHK
SBJISIFOTCSA TEPMUHATOPHBIMU: OHU OCTAHABJINBAIOT
TpaHcasanuio. C JaHHBIMU KOJJOHAMHU B COCTABE PH-
00COMBI B3aUMOJICHUCTBYET 0cOObIH OeoK (pakrop
OCBOOOXKICHHS), KOTOPBIH OOecrednBaeT OTiele-
HHE KapOOKCHJILHOTO KOHIIA pacTyIlleil MojuIen-
TuIHOU 1enu oT Mosiekysbl TPHK, mociie gero mo-
JMIMENTH] 0CBOOOXKIaeTcs, a pubocoma pacraja-
eTCs Ha JBE CYObETUHUIIEI.

B ommmume ot sykapuotnueckux OakTepualib-
Hele MPHK MoryT 3Ha4uTeNbHO pa3audarbes 10
YHCITy KOAMpYyeMbIX UMM OenkoB. Hekoropsie mo-
JIEKYJbl COOTBETCTBYIOT TOJIBKO OJHOMY TI'€Hy —
10 MoHouuctponusie MPHK. Jlpyrue comepxkar
MOCJIEZIOBATENIBHOCTH, KOAMPYIOIHME HECKOJIBKO
6enkoB, — 310 nonuiuctTponasie MPHK. Manmma-
LUl TPAHCISALUKM B KaKJOM LIUCTPOHE B COCTaBE
nonuictponHoit MPHK, kak mpaBuio, mpoucxo-
IOUT HE3aBHCHMO, T. €. KaKIbIl LUCTPOH HMEET
cobcTBeHHBIH yyacTok RBS. B HekoTOpBIX reHHO-
WH)XKEHEPHBIX paboTax peasn3yeTcs MOIHIACTPOH-
HBII PUHITUT TOCTpOoeHUs OakTepruambHbix MPHK

IIpU KJIOHUPOBAaHUHM UY)KEPOIAHBIX T'€HOB (HAIpH-
Mep, CM. puc. 2.44).

Hecmotpsa Ha Gonblioli mporpecc B MOHHMa-
HUU MPOIIECCOB TPAHCIIAINH, TTOKA SICHBI JIUIIb OC-
HOBHBIE CTPYKTYPHO-(QYHKIIMOHAILHBIE 3aKOHOMEP-
Hoctu opranuzanuu MPHK. B wactHocTH, MO 1O-
CJIEJTOBATENHFHOCTH HYKJICOTHUIOB y4acTKa CBS3bI-
BaHUs pUOOCOM MPAKTUYECKU HEBO3MOXKHO d prio-
ri onpeaenuTh 3(h(HEKTUBHOCTh MHULIUAIIUHN TPAHC-
nsun paccmarpuBaemoit MPHK. IToatomy kaxknast
u3ydaeMasi KOHCTPYKLHS JOJDKHA I10JIBEPTaThCs
3KCIIEPUMEHTAIBHOMN TTPOBEPKE.

LenenanpaBieHHbIE HCCIEIOBAHUSL BIUSHUS
cTpykrypsl RBS Ha s¢dexTuBHOCTD dKCTIpeccun
KJIIOHUPOBAHHBIX TE€HOB BBIMOJIHEHBI B Jlaboparo-
puu M. Ilrammne (1978-1980 rr.). [lepBoHauaibHO
M3yYalocCh BIMSIHAE CTPYKTYPbI THOPHIHOTO ydacT-
Ka CBSI3bIBaHUS prOOCOM mura3mMuasl pKB252 (cwm.
puc. 3.4) u ee MPOU3BOIHBIX HA YPOBEHb MPOAYK-
uuu B kietkax E. coli 6enka cl — pempeccopa
¢ara A. B ucxonnoii miasmuge pKB252 rew cl da-
ra A COCTBIKOBaH C TAHJEMHO PAaCIOJIOKECHHBIMU
(parmeHTamMH, KaXXIbIi M3 KOTOPBIX COICPKUT
mpomMoTop, SD-1ociienoBarenbHOCTh, HHAITUHPYIO-
I TPAHCIANNIO KOJOH U TOCJIEI0BATEIhHOCTS,
KOJUPYIOMIYIO TEePBbIE CEMb aMHUHOKHCIOT TeHa
lacZ (puc. 3.7). Berpoennsiit B pKB252 ren cl
TAKXKe UMEET CBOU HEIIOBPEIKIEHHBIN y4acTOK CBS-
3piBaHusl pubocom. [lockonbky pamka TpaHcis-
uu, HaurHaromieics ¢ komona AUG rena -ranak-
TO3Ua3bl, HE COBIAJIAET C PaAMKON KOJIWpPYIOLIEH
rmocJienoBaTebHOCTH TeHa cl, Tpancmsmus  cl
B miazmuae pKB252 3aBucHT OT COOCTBEHHOI
SD-nocnenoBareIbHOCTH. DTO MOATBEPKAAETCS U
TeM, 4To fenerus B miazmuae pKB252 cermenta
mHoi 114 mH B oOmactu mMexay SD-yuacTkamu
reHoB lacZ u cl (mna3muma pKB265, cm. puc. 3.7)
HE BIIMSET Ha YPOBEHb MPOIYKIINH (HaroBOro per-
peccopa B kietkax E. coli. Vlcrionb3oBaHue nene-
uMoHHOro BapuanTa miuasmuasl pKB252, B xoto-
poM 00pa3oBaH THOPHJIHBIA YYacTOK CBS3bIBAHUS
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pubocom, cocrosimuii u3 SD-nocnenoBaTenbHOCTH
resa lacZ W WHUANAATOPHOTO KOAOHAa TreHa cl
(mmasmuna pKB280, cm. puc. 3.7), mpuBOIUT
K YBEJIMUCHUIO CHHTE3a Oeska-penpeccopa dara A
B 3-5 pas.

OTU pe3ynbTaThl MOKA3bIBAIOT, YTO MOCIEI0BA-
TETHLHOCTh HYKJICOTHIOB YUacTKa CBSI3BIBAHUS PH-
00COM MOXKET CYIIECTBEHHO BIHSTH Ha dPPEKTUB-
HOCTb TPAHCIISIIIAY CTPYKTYPHOH 9acTH U3ydaeMo-
T'O I'eHa, OJIHAKO KOHKPETHON 3aKOHOMEPHOCTH yC-
TaHOBHUTbH HE YJal0Ch. TeM He MeHee TOJTyUYeHHbIe
JTAaHHBIE HATOJNKHYJIM WCCIenoBareiel Ha HICI0
paspaboTarh 00U MOIXO/] K CTATUCTHIECKOH OT1-
tumuzanuu tpancisiuun MPHK, nerepmunupye-
MO KIIOHHPOBAHHBIM T€HOM.

[Ipexxne Bcero Obuia co3laHa IUIa3MHJIA,
AMEIoIasi B CBOEM COCTaBe CIUTHIE YACTH T€HOB
lacl v lacZ: npu TPAaHCKPHUITLIUU U TPAHCIISIIIUA Ta-
KOTO XMMEpPHOTO TeHa oOpasyercs Oeyok ¢ dep-
MEHTATUBHOW aKTHMBHOCTBIO [-TaJlaKTO3U/1a3bl.

Coutelii res lac 1'- Z B nnasmuzne pLG (puc. 3.8)
HE HMEeT MPOMOTOpa U MO3TOMY HE IKCIIPECCHPY-
eTrcs. BcTpolikoil TMHKEPOB B HAYaJI0 CTPYKTYPHOH
YacTH 9TOTO TeHa MOKHO BBOJHUTD Pa3IMYHbBIE MeC-
Ta y3HaBaHUs pecTpukra3s. s KaKaoro KOHKpeT-
HOTO CITy4asi BEIOUPAeTCs ONpeieeHHas! MOCIIe10-
BaTEeJIbHOCTh HYKJIEOTHJOB BBOJMMOTO JIMHKEPA.
Ecnu o BeIOpaHHOMY MeECTy pacLICIICHUs! pecT-
PHUKTa30i BCTPOUTH MOCIIEIOBATENILHOCTD JIFO0OTO
reHa X, xogupyrouryto N-KOHIIEBYIO YacTh IOJIH-
MenTuaa, To 00pa30BaHHBIA THOPUAHBIN TeH OyIeT
JIEeTePMUHUPOBATh CHHTE3 XMMEPHOTO Oenka, To-
npexHeMy oOnajnaromero (epMeHTaTHBHON ax-
THBHOCTBIO f3-ramakrosunassl. JJHK nomyuenHoit
wiasMubl pLG' (eM. puc. 3.8) MOXKHO TiepeBecTH
B JHHEHHYI0 (opMy, paclIeluB ee pecTPUKTA30H
BOMm3M Havana reHa X. 3arem oty JIHK B xoHTpO-
JUPYEMBIX YCJIOBHUSIX 00pabaThIBAIOT HYyKJIE€a30i
Bal31 ¢ menpro MONMy4YUTH JTUHEWHBIE MOJEKYJIBI
mnasMugHoi JIHK paznuunoii nimunel. [loce sto-
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ro yactb miasmuanoit JJHK 3amemaror ¢parmen-
TOM, COZIEp KaIM ITPOMOTOp, SD-mocienoBarensb-
HOCTB TeHa /acZ W TATh Map HYKJICOTHIOB MOCIE
SD-nocnenoBareabHOCTH.

B nonyuennoii cepun mnazmua pLG  TpaHcis-
UsE XUMEPHOTO OeJKa HaYMHACTCSI ¢ UHUIHMHUPYFO-
miero kozona rena X. [lpuuem B pa3HbIX mia3Muaax
paccrosHue MexAy SD-ydacTKOM W TPHILIETOM
ATG He omMHAKOBO, YTO OOYCIIOBIMBACT Pa3Iuyuus
B YPOBHE IPOMYKIIMH XUMEPHOTO Oelika, KOTOphIe
JIETKO BBISIBUTH MO (PEPMEHTATHBHONH AKTHBHOCTH
p-ranakro3umassl B HHIMBUAYAIbHBIX KIOHAX
TUTa3MUIOCOACPIKAINX  KJIETOK. B BapmanTax
ruOpuanbix wiasmug pLG , obecrnednBaromyx B
KretkaXx FE.  coli HawmOONBIIyI0 aKTUBHOCTH
p-ranakTo3umaspl, OCYMIECTBISIOT TOJHYIO pe-
KOHCTpykimto TeHa X. Ilomydaemble Iu1a3MuUzIbI
pLG  yxe ONTUMHU3UPOBAHBI MO TPAHCIAIMU
MPHK, kogupyemoii nocneoBaTeIbHOCTBIO T'eHa X.

C ucmonb30BaHUEM pa3pab0TaHHON METOIUKH
OblUIa ONTHUMHU3UPOBaHa dKcnpeccus B E. coli koau-
PYIOIIHX MOCIIEI0BATEIbHOCTEH -TII00MHA KPOJIH-
Ka, pubpobmacTHOro HHTEp(EPOHA YETOBEKA U HE-
KOTOPBIX JIPYTHX.

PaccmoTpenHast cxema SBISIETCS JAOCTAaTOYHO
o0mieii 1 MOXET ObITh NMPUMEHEHa U JPYTuX
KOMOMHAIMIA TIPOMOTOPOB M KIOHUPYEMBIX T€HOB.
HecomHenHoe npeuMyIiecTBO AAaHHOTO IOJXOa
COCTOUT B TOM, YTO OH TO3BOJSET METOIUYECKHU
MIPOCTO ONTUMHU3HUPOBATH IKCIPECCHIO HA YPOBHE
TPaHCIALMHU JI000r0 KIOHMPOBAHHOTO T€Ha Mpo-
KapHOTHYECKOTO WIIH JYKaPHOTHYECKOTO ITPOHC-
xoxaeHus. [Ipu 3ToM BCTpauBaeMblil IeH J0JKEH
UMETH HEMPEPHIBHYIO KOAMPYIOIILYIO IOCIIeI0BaTe-
JBHOCTb.

HecmoTps Ha To, 9YTO MEXaHU3MBI PETYIALUN
TPaAHCIAINN U3YYCHBI TIOKa HEIOCTATOYHO MOJHO,
NPy KOHCTPYHUPOBAHWU THOPHUIHBIX TEHOB, MpPE.-
Ha3HAYEHHBIX JUISI aBTOHOMHOW TPAHCIIALINH TIeJIe-
BOro Oenka B E. coli, akTUBHO HCIOJNB3YIOT TpH-
POHBIC MM CHHTETUYECKHUE ITOCIIeI0BATEIIFHOCTH
JHK, xomupytomme SD-y4acTKu ¥ IpHIIETAIONTNE
K HUM 00JIaCTH. DTO MO3BOJISIET cOo31aBarh d(hhek-
TUBHO (PyHKIIMOHUPYIOIINE PAOHBI CBA3BIBAHUS
pubocom Ha rudpuaabix MPHK. Yare Bcero ucro-
mp3yI0T SD-yuacTku reHoB Oenka 000modku (para
MS2, lacZ E. coli u cll dara A.

Oxazanoce, 4To Ha 3PPEKTUBHOCTb TPAHCIS-
uuu MPHK cyliecTBeHHOE BIMSIHUE OKa3bIBAET Ta-
KOW TOKa3arenb, KaK 4acToTa BCTPEYAEMOCTH KO-
JIOHOB (cM. Tabm. 12.5). [eneTHyecKuil KO BHIPOXK-
neH (cM. Tabm. 2.2), T. €. OIHa U Ta K€ aMHHOKIC-
nora B coctabe MPHK moxeT komupoBarbes pas-
HBIMU KoffoHaMH. OIHAKO YCTaHOBJIEHO, YTO B pa3-

HBIX TUNax KieTok pazaunyabie TPHK (B Tom uncie
M30aKIENTOPHBIE, KOIWPYIOUINE ONHY H Ty XK€
AMUHOKHCIIOTY ) CHHTE3UPYIOTCSI B pA3HOM COOTHO-
menuu. [1pu aToM 11 KoMpoBaHuUs GEIKOB C BbI-
COKHM YpOBHEM CHHTE€3a MCHOJb3yEeTCSl OrPAHU-
yeHHblld HaOop monekyn TPHK, naubonee mpen-
CTaBJICHHBIX B JIAHHOM THUIIE KJIETOK. UeM pexe TOT
WM UHOM KOJIOH HCIIOJIB3YETCs Ul KOJUPOBaHUS
AMUHOKHCIIOTBI B JAHHOM OpPTaHHU3MeE, TEM C MEHb-
1€l CKOPOCTHIO OH OyIeT TPaHCINUPOBATHCA PHOO-
COMAaMH BCJEICTBUE HU3KOH BHYTPHUKIETOYHOMN
koHueHTpanuu TPHK, y3Haromieil Takoil KOIOH.
OtpunarenbHblii 3QPEKT PEAKO BCTPEUAIOMINXCS
KOJIOHOB TIPOSIBIISIETCSI CHJIbHEE BCETro, €CIH OHU
JIOKaJIN30BaHbl B 5'-koHneBoi yactu MPHK, komu-
pytoieil N-KOHIIEBbIE aMUHOKUCIOTHBIE OCTaTKU
aKcIpeccupyeMoro Oenka. [l onTUMu3aIm co-
CTaBa KOJOHOB (TPHUIICTOB) YYKEPOJHBIX T'€HOB
MPOBOJAT XMMUYECKUN CUHTE3 3TUX T€HOB C 3aMe-
HOM penKuX KOAOHOB Ha YacTO HCIOJb3yEeMbIE
(cm. 1.12) mnm oCyIIeCTBISIOT HAIIPABICHHOE BBE-
JIEHUE COOTBETCTBYIOIIMX MYTALMOHHBIX 3aMEH
HYKJICOTU0B (cM. 6.4).

Hpyro#t momxon peanuszoBan ¢upmoii Nova-
gene, COTPYJHUKM KOTOPOHM cO3falid IUIa3MHIy
PRARE (puc. 3.9), coBMecTUMYIO C MIa3MUAaMH,
copepxamuMu  ColE1-penyimkon, u HarpasJsio-
LIy TPOAYKIMIO eCTH MUHOPHBIX TUIIOB TPHK
E. coli. Uctionp30oBaHME TaKOM TUTa3MHUIBI B Kade-
CTBE TPAHCISALUOHHOTO IOMOIIHHMKA MO3BOJISET
I0OMBAThCS 3HAYUTEIHHOTO YBEIMUEHUS MMPOIYK-
LMY YyKEPOAHBIX OETKOB B KieTKax E. coli.

TakuMm 00pa3om, KJIOHHPOBAHUE KOAUPYIOIINX
MOCJEI0BATENIbHOCTE B MHOTOKOIUUHBIX BEKTO-
pax Moj CUTHAJIOM TPAHCKPUIMIHMU CHUJIBHBIX MPO-
MOTOPOB, Pa3pabOTKa IKCIEPHUMEHTAJIBHBIX CXEM
ontuMusanuu Tpaneasanun MPHK depe3 ontumu-
3aIMI0 CTPYKTYPHI y9acTKa CBSI3BIBAHHUS PHOOCOM
U ToBBIICHHE 3(P(PEKTHBHOCTH HCIOIB30BAHHMS
KOJIOHOB TP TPAHCIISIIMN MO3BOJISIOT TOCTUTATh B
OaKTepuaTbHBIX KIETKaX HEOOBIYailHO BBICOKOTO
YPOBHS MPOAYKUMH OEJIKOB Pa3IMYHOIrO MPOHC-
XOXKJICHHUSL.

plS ori

Cm"
ileXtRNA

pRARE argUtRNA

4694

proLtRNA

leuWtRNA

argWtRNA o]y T(RNA

Puc. 3.9. Cxema mnazmunsl pRARE



3.4. CTABUNTN3ALNA YYXEPOOHbLIX MPHK 1 BEJIKOB B KNETKAX E. COLI 159

3.4. CTABUIIN3ALUNA YYXKEPOOHbLIX mPHK U BEJIKOB B KIIETKAX E. COLI

Jna momydenust B kietkax E. coli BBICOKOTO
YpOBHS OCJIKOBOTO MPOAYKTA KIOHUPYEMOT'O ysKe-
POIHOTO reHa Mopoi HeTOCTATOYHO YBEIHUUUTH JI0-
3y IeHa 3a C4eT KOMUIHHOCTH BEKTOPHON MOJIEKYJIbI
WM TIOBBICUTH 3()()EeKTUBHOCTH CYMTHIBAHUS TE€HE-
TUYECKOH MH(POPMALMH, IOMECTHB KOIUPYIOLIYIO
MOCTIeIOBATENBLHOCTD 0] 3P PEKTUBHBIE CHUTHAIIBI
TPAHCKPHUIILMHU U TPAHCIAUHU. Takue ciydau BO3-
HHUKAIOT, €CJIN CHHTEe3UpyeMble B OaKTepHabHON
kieTke uyxepoanbie MPHK mnn Genkn monsepra-
FOTCSI OBICTPOM JIerpamannuy KICTOYHBEIMHU (hepMeH-
TaMH.

W3BecTHO, UTO B KJIeTKaX E. coli mepuo moiy-
su3HM pasHeIx MPHK moxxeT pasnudarsces B 50 pas.
Ha crabunsnocts MPHK B ki1eTKE BIUSIOT €e mep-
BUYHasT M BTOpHYHass CTpykTypa. CoxpaHeHue
HIMUJICYHBIX CTPYKTYp Ha 3'-KOHIIE MOocie TepMHU-
HallU¥ TPAaHCKPUIIIHH, [TO-BUIUMOMY, 3HAUUTEIb-
HO yBennuuBaeT nepuos nonyxusaun MPHK. Takue
CTPYKTYpBI OOHApY’KeHBI Y psa Haubosiee crabu-
neHBIX MPHK kiterok E. coli. JIns HEKOTOpBIX Apy-
rux marpuunbeix PHK skcniepuMenTanbHO 10Ka3a-
HO, 4TO UX CTAOMIBHOCTH BO MHOTOM OIIPENEIIsieT-
Csl CTPYKTYpOii Hekoxupyromiei 5'-oomactu. Tak,
HaTpuMep, MPH 3aMEHE ITOTO yJacTKa TPAHCKPHII-
ta f-nakramassl (MEPHOA TOMYKHU3HH 2,5 MHH) Ha
cootBeTcTBytomMii paiton MPHK rena ompA E. co-
[i (meprox momy>XKuU3HU 15 MUH) TTOITydany THOPHI-
nyto MPHK, mo-mpexHemy AeTepMUHUPYIOIIYIO
p-nakramasy, HO To4YTH B 4 pasa Gosee CTabWIIb-
Hy10, 4eM IpupoaHas marpuna. C apyroil ctopo-
Hbl, HM3MEHEHHE HETPAHCIMPYEMOro 5'-KoHIa
MPHK ompA npuBOanIiIO K CHIKEHHIO €€ CTa0MIIb-
HocTH. [loATOMY NpH KOHCTPYHMpPOBaHWW THOPHI-
HBIX T€HOB HEOOXOMMO YIEISATh BHUMAaHHE UX 5'-
1 3'-KOHIIEBBIM pallOHaM, TaK KaK OHH MOTYT OKa-
3bIBaTh CYNIECTBEHHOE BJIMSHHUE Ha CTAOMIBHOCTH
cunteiBaeMoit MPHK.

OpnHako i peleHHs NaHHOM 3ajadu ucclie-
JIOBATeNIM Yalle MOJb3yIOTCS MPUPOJHBIMU 3aro-
TOBKAMH, T. €. M3YYalOT CTPYKTYpPY CTaOMJIBHBIX
MPHK u nbiTaroTcst HCNoib30BaTh UX HEKOJUPYIO-
1[1e paiioHBb! IS CO3AaHUS UCKYCCTBEHHBIX I'eHe-
TUYECKUX KOHCTpyKnmi. JlanpHeiimme yriryOneH-
HbIE UCCJIEZIOBAHMUS JTOJKHBI IPUBECTH K MMOHUMA-
HUIO TOTO, KakHhe OJJIEMEHTBl «ApXUTEKTYpbD»
MPHK B mepByto ouepens omnpenensror (GpyHKIHO-
HaJIbHYI0 COXPaHHOCTb Marpulbl in vivo. Jluub
IOCJIE 3TOr0 MOXKHO OyneT paspaborarb 000CHO-
BAaHHYIO CTPATETHIO MEPECTPONKU T'€HOB IS yBe-
JUYEHUS Iepuoja Moy u3Hu Mmoiaekya MPHK
B OaKTepHaJIbHBIX KIETKaX.

Bonbiioe 3HadeHne MMeeT TaKXKe IMOTydeHHe
MyTaHTOB E. coli ¢ HapymeHUsAMH B (hepMEHTHOM
cucreme nerpagaumun MPHK. Hanpumep, Bpems no-

nyxu3an aykeporHoit MPHK B kierkax E. coli, co-
JeprKalluX TMOPUIHYIO TUIA3MHIY C T€HOM 2-Jie-
UIPOXHUHATAETUAPATa3bl HEHPOCIIOPHI, COCTABIISIET
1 mun. IIpu ucnons3oBanun mwramma E. coli pnp~
¢ aedexToM Mo mojauHykKIeoTuadochopuiaze oHO
YBETMYMWIOCH 10 25 MHH, a KOTHIECTBO (PepMeHTa
B OakTepHalbHBIX KJIETKax BO3POCIO NPHUMEPHO
B 50 pas. Ilpu 3tom Bpems momyxusan MPHK, ko-
JUPYEMOi BEKTOPHOH YacThIO IUIa3MUIbI, HE H3Me-
Hwioch., Crabumu3zanus uayxkepogaHoii MPHK Ha0-
JrOAaeTCs TakXkKe B KIeTKax E. coli, MyTaHTHBIX 110
reny PHKa3er [ (rna ™), XoTs 1 B ropas3no MeHbIIICH
CTeTeHH, 4eM B cirydae E. coli pnp~. BBenenne my-
TaIMU 110 JIOKyCy ams (oT aHri. alteration of mRNA
stability — m3menenue cradunproctn MPHK) npu-
BOJOWT K 3HAYMTEIBHONW cTaOMJIM3alMM BCEX Mar-
puunbix PHK B E. coli. Bpemst noiy>ku3Hu MOJEKY
MPHK Taroke yBemmumBaercs B KieTkax E. coli
¢ Hu3koi aktuBHOCThI0 PHKaszst I11.

KonmuectBo uyxepoaHoro 0enka, BBISIBISIEMO-
ro B MUKPOOHOH KIJIETKE, ONPEAEISIETCS. HE TOJIBKO
YUCJIIOM MOJIEKYN cooTBeTcTBYyIome MPHK u Bpe-
MEHEM MX HOJY>KU3HHU, HO U CTaOUIBHOCTBIO JIaH-
HOro Oelika B TeTEpOJIOTHYHOM OKpY>KeHHHU. Tak,
IpH KJIOHUpPOBaHUM TeHa HIS3 npoxokeii-caxapo-
MUILETOB B WTamMMme E. coli pnp~ BpeMs MOTyXKH3-
Hu cootsercTByromeid MPHK Bo3pacraer Ha nopsi-
nok (¢ 1,5 mMuH B Hene(eKTHOM IUTaMME [0
18 MUH), a ypOBEHb BBISIBISIEMOM aKTHBHOCTH (ep-
MEHTa YBEITMIUBACTCS TOJBKO B 2—4 pasa. DTo He-
COOTBETCTBHE, IMO-BUJUMOMY, CBSI3aHO C HecTaOu-
JHHOCTHIO JAHHOTO JPOXKKEBOTO OesiKa B KIETKax
E. coli.

Ha crabunbpHOCTD 4ykeponHoro Oenka 3amerT-
HOE BJIMSHHUE OKa3bIBACT IIPUPOAA aMHUHOKHCIIOT-
HOTO OCTaTKa, HEMOCPEJICTBEHHO CIIENYIOIIETo 3a
WHUIMATOPHBIM N-KOHIIEBBIM  (OPMIIIMETHOHH-
HoMm (fMet). DTOT aMHHOKHCIOTHBIH OCTaTOK
ompenensieT 3PPEKTUBHOCTh yIaleHHs OCTaTKa
fMet, ¢ KOTOpOTO BCeraa HAYMHACTCS CUHTE3 MOJIHU-
NEeNTUAHBIX 1ened B OakTepuanbHbIX KieTKax. Ta-
KoM N-KOHIIEBOM MPOILECCUHT MOJHUIMENTHIA OCY-
IIECTBIISETCS METHOHWJIAMHUHOIENTUAA30M, U €ro
(G PEKTUBHOCTh CHUIKAETCSI 110 MEPE yBEIUUCHHUS
pa3mMepa aMMHOKHCIIOTHOTO OCTaTKa, CIEAYIOIEro
HerocpeacTBeHHO 3a fMet. Pe3koe cHmkenne nnm
IIOJIHOE NPEKpaIIeHUe MIPOLECCHHIa UMEET MECTO
B TOM CITy4yae, €ClIM B 3TOM IOJIOKEHUH TOJIHIIETI-
THAHOM 1enu Haxogsrcs octatku His, Gln, Glu,
Phe, Met, Lys, Tyr, Trp niu Arg. IIpu Hanmuuu B
9TOM TMOJIOKEHHUHU JIFOOO0T0 U3 OCTABIIUXCS aMHHO-
KHCJIOTHBIX OCTaTKOB oTwieryieHno fMet moasep-
ratorcs oT 16 1o 97 % Monexyn nonunenTuaa.

B 1996 1. A. BapmaBckuii onmcani Tak Ha3bIBae-
Mmoe npasmiio N-konna (N-end rule), kotopoe ycra-
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HaBJIMBAET 3aBUCUMOCTb MEXy NpUponoi N-KoH-
[IEBOT0 aMUHOKHCJIOTHOTO OCTarka W CTaOWIIbHO-
CTBIO (BpEeMEHEM IIONYXHU3HH) Oenka. DKCIepH-
MEHTAJBHO ITOKa3aHO, YTO 3TO MPABHIIO (C 0COOEH-
HOCTSIMH ISl KQ&XKJJOW CUCTEMBI) BBITIOIHSACSTCS JIJIs
Oaxrepuu E. coli, npoxoxeit Saccharomyces cerevi-
siae W KJIETOK MyIeKonuTaromux. B ciyuae E. coli
BpeMsI TIOTYKU3HU OeJIKa 3HAYUTEIIbHO CHIKAETCS
pyu Hanmmany Ha N-KoHIle ocTatkoB Arg, Lys, Phe,
Leu, Trp u Tyr. 3Ty aMUHOKHUCIOTHBIE OCTATKHU SIB-
JSIFOTCSL CUTHAJIOM JUIS PAcIlO3HABAHUS OCJIKOB
yOUKBUTHH-3aBUCUMON  CHCTEMOH  TPOTEOJIH3a
KIIETKH.

B E. coli oOHapysxeH psj APYTUX MPOTEOIUTH-
4ecKuX (pepMEeHTOB, KOTOPBIE Y4acTBYIOT B Jierpa-
maruu 6enkoB W mentuaoB. [Ipm 3TOM mporeasbr
UMEIOT Pa3HyIo JIOKAJIN3AINIO B KJIETKE, 8 UMEHHO:
B IIMTOIIA3Me, MepHILiazMe U B MeMOpaHax. Oco-
OBIif MHTEPEC TSl TCHETHYECKON HH)KEHEPUH TPe-
craBisieT mpoteasa La E. coli. OHa komupyercs re-
HOM [on, IETEPMUHHUPYIOIIUM CHHTE3 TIOJIHITCTITH-
Jla ¢ MoJeKyisipHoit Maccoit 94 x/la, Terpamep Ko-
TOoporo u cocrapisier ¢pepment. JlanHasi nmpoTeasza
JIOKaIIM3yeTcs B IIUTOILUIa3Me, M ee JIeWCTBUE Ha-
MIPABJICHO Ha THIPOJIH3 ACPEKTHBIX U UYKEPOTHBIX
0enKoB B OakTepHalbHOH KieTke. DpdeKTHBHAS
nerpamanys 0enkoB mporteazoit La 1o HuzkoMore-
KYJSIPHBIX TENTHIOB COMPOBOXKIACTCS THUAPOIIH-
3oMm aTEM ke (pepmentoM ATP. MHTepecHo, 4to
JUISL pa3pbiBa MENTHAHON CBsi3u ruaponn3 ATP ne
TpebyeTcss. CUMTAIOT, YTO DHEPTHUs, IoydaeMas
nipu ruaponuse ATP, HeoOxoauma Jutst TpaHCIIOKa-
uu pepMeHTa BJIOJIb OeKka-cyocTpara u ObICTPOi
1 TIOJTHOH €To jJerpamanuu 0e3 BhIICICHUS B OKPY-
JKAIOIIee MPOCTPAHCTBO MPOIYKTOB YaCTHYHOTO
TUAPOIN3a OeKa, KOTOPhIE MOTYT OBITh TOKCUYHBI
JUTSI KJIETKU.

MyTanTsl E. coli lon— UMEIOT CHIKEHHYIO CIIO-
COOHOCTh K JIETpajlallii IyKCPOMHBIX U HeHEKT-
HBbIX O€JKOB. DTO OOYCJIOBIMBAET 3HAUUTEIIBHOE
YBEIMYEHHE B TAKUX MyTaHTaX BPEMEHH MOTYKHU3-
HU YYXEPOJHBIX OCIKOB M B UTOI'€ TPUBOJIUT K UX
CyTeprnpoayKiuu. Takum 00pa3om, BBeIEHHE MY-
TallUU 110 TeHY [on PeIMIIMEeHTHBIX KIETOK E. coli
SBIISICTCS] TIEPCTIEKTHBHBIM TIOAXOAOM K CYIIECT-
BEHHOMY T[IOBBIIIEHUIO 3()PEKTUBHOCTUA INTaM-
MOB — MPOAYLIEHTOB YY>KEPOAHBIX OeKoB. Bene-
HUE JOMOJHUTEIBHBIX MyTAIUi 10 HEKOTOPHIM Te-
HaM, KOJIUPYIOIIUM JIPYTHE MMPOTeasbl WU Peryin-
PYIOIIUM BBIpAKCHHE TEHOB MPOTEa3, MOXKET MPHU-
BECTH K elle OOJbIIeH CTa0MIN3aluy Ty KePOIHO-
ro Oenka B xierkax E. coli. HecomHeHHBIN MHTe-
pec I TeHeTUYeCKOW WHKEHEPHUH TPEICTABISIOT
Takue mTaMMbl E. coli, B KOTOPBIX OOBEIUHCHBI

pa3iuYHbIe MYTaHTHBIC JIOKYCBI, IOBBIIIAIOIINE
crabunpHOCTh Moekyn kak MPHK, Tak 1 Genkos.

3HaYHUTENFHOE BIMSHNAE HA aKTUBHOCTD IPOTEa3
KJIETKH OKa3bIBAIOT YCIIOBHS KYJITUBUPOBAHHS OaK-
TEpHiA, U TIPEKIC BCETO COCTAB IMMUTATEIBHBIX CPEl.
B wacTHOCTH, TSI MHOTHUX OaKTEpUAIBHBIX CUCTEM
U3BECTHO, YTO MPOTEOJIN3 YBEINYUBACTCS TIPH Jie-
(urure aMuHOKHUCIOT, (hocdaros, cynbharoB. He-
JOCTaTOK aMMOHHUSI, & TAK)KE KyJIBTHBUPOBAaHHE TIPH
TIOBBIIIIEHHOHN TeMITepaType MPUBOANT K CBEPXIIPO-
JYKIIMK Tiporeas. Hampumep, npu mpouux paBHBIX
yCIOBHAX HHTEp(EpOH (2 dYeJoBeKa B KIIETKaxX
E. coli mpu temmeparype 25 °C cuHTe3upyeTCs
C BBIXO7IOM, OombiuM B 40 pas, yem Mpu TemIiepa-
Type 37 °C.

W3BecTHO, YTO KaTHMOHBI IMHKAa WHTHOWUPYIOT
neiictBue nporeas E. coli. IloaTomy, BBOZA B MH-
TaTeNbHYI0 Cpeay OIpPeNelIeHHOe KOJIUIEeCTBO
7Zn2*, MOYKHO JTOOWMTHCS 3HAUYMUTEILHOTO yBEJHUE-
HUS YPOBHS 4yKE€POJHOTO OeJIKa, CHHTE3UPyEeMOTO
B KJIeTKax E. coli.

['eHOTHI KJETKU — pEIUIHeHTa THOPUIHOMN
JIHK Taxxe MOXET CYIIECTBEHHO BJIUATH Ha 3(-
(heKTHBHOCTH WM3BIICUCHHS U3 Hee CHHTE3WPOBaH-
HOTO 4Y’KepOJHOTr0o OeJika B HEMOBPEKACHHOM BH-
ne. B wactHOCTH, HCIIOJB30BaHue mTaMma E. coli,
nedekTHoro mo reny ompT, neTepMUHUPYIOIIEMY
MeMOpaHHYIO SHIONPOTEasy, 3HAYUTEIBHO 00JIer-
YaeT MpOIeypy BBIICICHAS HATUBHOTO YYyKEPOJI-
Horo Oenka u3 6aKTepUaIbHBIX KICTOK.

JI. CumMoH C COTpyIHHKAaMH OOHAPYKWIH
(1978 1.), uro mpu undexuuu E. coli paramu T4,
TS5 u T7 npoucxonut mnopaBieHUE Herpaaaruu
B KJIETKax (hparMeHTOB OEJIKOB M aHOMAITLHBIX Oell-
koB. HopManbHbIe OENKM KJIETKH TPU 3TOM pac-
LIETUIAIOTCS ¢ MPEXKHEN cKopocThio. JlanbHenre
HCCIIEIOBaHMS TIO3BOJIWIIN JIOKAJIM30BaTh TeH 49.1
(bara T4, oTBeTCTBEHHBIH 3a 3TOT (P PekT (0003Ha-
4yeH pin — oT proteolysis inhibition), u mpokio-
HUPOBaTh €r0 B COCTaBE BEKTOPHBIX ILIA3MUJL
E. coli (1983 1.). ITokazaHo, 9TO MPOIYKT TeHA pin
uHTrHOuUpyet nporeasy La kietok E. coli. [Toatomy
BBeJleHHE B E. coli THOPUAHBIX TUTa3MH/T, HECYIIIUX
(haroBelil TeH pin, TPUBOIUT K CTAOWIU3AIUH,
a CJICZIOBATENBHO, H K TOBBIIICHHIO BBIXOJIA YyKe-
POIHBIX OEIKOB.

K. Tanmatimk u B. ['mnbepr B 1982 1. npenio-
JKWJIM HOBBIM TIOAXO/A K CTAOWMITM3AIlMU dy>KEPOJI-
HBIX O€NKOB B KJeTKax E. coli myteM co3naHUs
TUOPUIIHOTO TEHA, OCIKOBBIM MPOMYKT KOTOPOTO
CIIOCOOCH CEKPEeTHPOBAThCS B nepuriasmy E. coli
(cm. 2.2.10), Toe oH 3aImuIeH OT JEHCTBUS MHOTO-
YHUCIIEHHBIX MTPOTEa3 MUTOIUIA3MbI KJIeTKH. Ha mpu-
Mepe psifla dYKapuOTHYECKUX OENIKOB IMOKa3aHo,
YTO TaKUM 00pa3oM yJaaeTcsi CyIIECTBEHHO IMOBBI-
CHUTH BBIXOJI IIEJIEBOTO OeJIKa.
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Crabmm3anun 9yXepoJHoro OeiKa Wi OJH-
ronenTujia B KiIeTtkax E. coli Takke MOXHO J0-
OWTBCS, €ClnM CcOo3/1aTh TeH, AETePMHUHHUPYIOIIUI
CUHTE3 BBICOKOMOJICKYIIIPHOTO OEJIKa, COCTOSIIETO
13 HECKOJIBKUX TaHIEMHO IMTOBTOPEHHBIX KOIHH I1e-
JeBoro Oeika iy rentuaa. Hampumep, mytem myr-
JUKAIUA ¢ COXPAHCHUEM PAMKU TPAHCISIHH KO-
JUPYIOMIEH TOCIIe0BAaTEIbHOCTH CHHTETHYECKOTO
reHa comaroMmenuHa C yenoBeka, MOMEHICHHOTO
MOl KOHTPOJL TpoMoTopa pr ¢ara A, T. e. mpu
CUHTE3€e «YIBOCHHOTO» TENTH[A, YIAIOCh MOBbI-
cuth BeIxon comaromenuua C (69 AK) B E. coli
B 200 pas.

HNurepecuble pesynbrarsl nosydwin . Yenr
¢ coaBtopamu (1981 1) pu W3yYEeHUU CTAOWITH-
HOCTHU nonunentuaa X-90, NpeacTaBiIsIoONIero co-
6oii S-ranakrosunasy E. coli, B KOTOPOil OTCYTCT-
ByIOT 12 N-KOHLIEBBIX aMUHOKHUCIOT. B kierkax,
conepxkamux red lacZ X-90 B cocTaBe XpoMocCo-
Mbl, npoToMep X-90 akTUBHO pa3zpyllaercs Kie-
TOYHBIMU CHCTEMaMH OelkoBOH nerpamanuu. [Ipu
KJIOHUpOBaHWM TeHa lacZ X-90 B MHOTOKOTIMITHOM
mwiazmuae konuuectBo X-90 cocrapisuio 50 % kie-
TOYHOTO O€Ka, M CHHTE3UPYeMbIi JeeKTHBIH
TTOJIUITICTITH]T 0OPa30BEIBAN arperaTsl, YCTOHIHBBIE
K IPOTCOTUTHICCKON JIEerpaalliu.

JlanpHelmme HCCae0BaHus II0Ka3alu, YTO
B KJIeTKax F. coli npy BEICOKOM YPOBHE TIPOTYKITUH
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AKCIMNPECCUA KNOHUPOBAHHbLIX 9YKAPUOTUYECKUNX
’EHOB B KINETKAX ESCHERICHIA COLI

4.1. CPABHUTENbHbIA AHANN3 OPIFAHU3ALUU N PEANTU3ALUA
FTEHETUYECKON UH®OPMALIMU Y NMPOKAPUOT N AYKAPUOT

Pa3zpaboTka METOIOB T'€HETHYECKON HHIXKEHE-
pHH, TTO3BOJIAIONINX KIIOHUPOBATh B COCTaBE MOJIE-
KYJISIDHBIX BEKTOPOB OTJEJbHBIE TE€HBI JIIOOBIX Op-
TaHU3MOB W BBOJIUTH UX B I'€TEPOJIOTHIHOE OKPY-
JKEHHE KIIETKU-PELUIINEHTA, OTKPBIIa IPEKPACHBIE
NEPCIEKTUBBI JUIsl pEIIeHUs] Takoro (yHaaMeH-
TaJbHOTO BOIpPOCAa OHOJIOTHH, KaK SKCHPECCHS
JYKapHOTUYECKUX T€HOB B OaKTEpHAIbHOM KIIeTKeE.

[TockonbKy TreHETHYECKHH KOJ YHUBEpCAJIEH,
BO3MOXHOCTb TaKOH O3KCIPECCHU OIpeaemseTcs
JMIIb HAJINYMEM B H3y4aeMOM I'€HE CUTHAJIOB HHU-
[UAIMHA U TEPMUHALMU TPAHCKPUIIIIUK U TPAHCIIA-
1M, IPABUIBHO Y3HABAEMbIX MTPOKAPUOTHUECKON
KJIETKOM.

VYV npoxapuot cymectByeT onHa PHK-nonume-
paza, cunrtesupytomas Bce Tunsl PHK. Opranunza-
st OaKkTepualbHBIX IPOMOTOPOB PACCMOTPEHA
B pa3a. 3.2. TpaHCKpUIILIMOHHEIN anmapar syKapu-
OT ciiokHee. Y Hux cyuectyeT Tpu tuna PHK-mo-
mumepas: PHK-nonumepasa 1 (cunresupyer pudo-
comubie PHK), PHK-nmonmumepasa Il (cunTe3upyer
marpuussle PHK) u PHK-nonnmepasa 111 (cunte-
3upyet TpancnoptHeie U 5S PHK).

[Ipn ananm3e M3BECTHBIX IOCIEIOBATEIHLHO-
creit JJHK, mpuneramomux K CTpyKTypHOH 4yacTu
JYKapHOTUYECKHUX T'€HOB, BBISBJICHA KOHCEPBAaTHB-
Has oOmacTh (610K XorHecca), pacioiokeHHas Ha
paccrosinum 25-30 HYKICOTHIOB (K 5'-KOHIy Te-
HA) OT CTapTOBOW TOukHM TpaHckpumiuun MPHK.
ITocnenoBarenpHOCTD O10Ka X0orsecca

, ATy o
5'... TATA(D)A( ) .. 3

UMEEeT CXOJCTBO C IOCienoBarelbHOCThI0O —10
B OakTepHalbHBIX MpomoTopax. [lostomy, no kpaii-
Hell Mepe B HEKOTOPBIX CIyYasiX, €CIH K 5'-KOHILy
ot 651oka Xorecca UMeeTcs MOCIeA0BaTeIbHOCTD,
B JIOCTaTOYHOW CTENEeHH CXOKas ¢ 00JacThio —35
OakTepuaibHBIX TpomMoTopoB, To PHK-nmommmepa-

3a E. coli MOXXeT MHUIIMMPOBATH TPAHCKPHUIIITUIO
B MPABUJIHHOM HAIpPaBIEHUH C SYKapUOTHYECKHUX
JHK-marpun.

IMocnenosarenpbnoctn MPHK, HeoOxomumbie
JUISl MHULUMAUWW TPAHCISILUKU, Y SYKapHOT U IMpo-
KapHOT pasziuyaroTcsa. B ydacTok cBsI3bIBaHMS pH-
6ocom Oaxtepuansabix MPHK BXoauT mocnemnosa-
TENBHOCTB, KOMIIeMeHTapHast 3'-koHiy 16S PHK
70S-pubocoM, KOoTOpasi pacrojokeHa B 5'-KoHIe-
BoW HeTpaHchmupyeMoit oomactu MPHK (cm. 3.2).
B 5'-koHIIEBOIT HEeTpaHCIUPYyeMOH 00JIaCTH HEKO-
Topbix MaTpuuHbIXx PHK BeICIINX 2yKapHoT 0OHa-
Py KEHBI ITOCIIEI0BATENBHOCTH, KOMIZIEMEHTApPHbBIE
3'-xonny 18S PHK 80S-pubdocom. OnHako oHM OT-
nu4gatores oT SD-ydacTkoB, y3HaBaeMbIX prOOCO-
mamu 708 (puc. 4.1).

CymiecTBYIOT TaKKe pa3indusi MEXIy MpoKa-
pUOTaMU U 3yKapHOTaMM IO HMCIIOJIBb30BAaHUIO KO-
JIOHOB, TEPMUHHUPYIOMINX TpPaHCIANHIO. B syka-
puotnueckux MPHK wncnonb3yrorcst Bce Tpu Tep-
muHatopHbIx KogoHa (UAA, UGA u UAG), Ho ya-
e koo UAA. B nmpokapuorudeckux MPHK Tep-
MUHAIUsl B OCHOBHOM IIPOMCXOJUT Ha KOJOHE
UAA. O6HapyxeHo, uTo Ha 3()(PEKTUBHOCTH Tep-
MUHAIUU TPAHCIALUN TaKXke BIUSIOT MOCe10Ba-
tenbHOCcTH MPHK, mpuseraronme Kk TepMUHATOP-
HOMY KozoHy. IIpuueM 1uist po- U 3yKapuoT OHU
pazIuyaroTCs.

Ecnu Ha HeTpaHCIHUPYEeMOM 5'-KOHIIE TpaHC-
kpunTta sykapuorndeckoit JJHK B Henocpencrsen-
HOHM OJIM30CTH OT MHUIIHATOPHOTO KOJOHA CITyJai-
HO NMEETCs [TOCIIEI0BATENBHOCTE C OIIpeIeIeHHOM
CTENEHBbIO KOMILJIEMEHTAPHOCTH 3'-KOHILy IMpOKa-
puotnueckoi 16S pPHK, To 3To Moxer obycio-
BUTH CBSI3bIBAHHE PUOOCOM C TAHHON OOJIACTHIO M
MHULUAIHIO TPAHCIAUH dyKkapruoTuiaeckoit MPHK
B OakTepWalbHOW KIETKE. A YHHBEPCAIBHOCTH
MHUIUATOPHBIX U TEPMUHATOPHBIX KOJJOHOB MOYKET
obecreunTs TPAaBWIBHYIO TpaHciaiuio MPHK
B IreTepOJIOTHYHOI cucTeme.
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16S pPHK  5'...CCUGCGGUUGGAUCACCUCCUUA 3'
18S pPHK  5'...CCUGCGGAAGGAUCAUUA 3'

Puc. 4.1. 3'-KoHIieBEIE ITOCIEA0BATENHHOCTH
16S pPHK E. coli n 18S pPHK »xuBOTHBIX.

[MoadgepKHyTHI MOCTEA0BATENLHOCTH, KOMINIEMEHTAPHEIE
yuactkam RBS 5'-KOHIIEBBIX HEKOIUPYIOIINX PAailOHOB
cootBeTcTBYIommx MPHK

TakuM 00pa3zoM, CyIIECTBYIOIINE B HACTOSIIIIEE
BpeMsi 00OOILICHUS] TO3BOJSIOT 3aKIFOYHUTh, YTO
9YKapHOTUYECCKHE TeHBI, IMEIOIINE HEITPEPHIBHYIO
KOJIUPYIOLIYIO MTOCIIEJOBATEIHOCTD, HHOTA CIO-
COOHBI MPABHIIBHO SKCIPECCHPOBATHCS B KIIETKAaX
OakTepuii. OMHAKO Takoe COOBITHE, TTO-BUANMOMY,
OyZeT MPOUCXOIUTH PEAKO U ¢ HU3KOH 3PPeKTHB-
HOCTBIO. Pa3apobneHHble (MO3audHbIE) 3yKapHo-
THYECKHE TeHBI B 0aKTEepHAIbHBIX KIETKaX, I7Ie OT-
CYTCTBYET CHUCTEMa CIUIaliCHHIa, HE MOTYT OBITh
HKCIIPECCHPOBAHEL.

4.2. AKCMPECCUA XPOMOCOMHbIX 9YKAPUOTUYECKUX N'EHOB

B KINETKAX E. COLI

Bormpoc 0 BO3MOXKHOCTH SKCIIPECCHU DYKapHO-
TUYECKHX T'CHOB B OaKTepHallbHOW KIIETKE Mpe[-
CTaBIISIET OOJBIION HAYyYHBIH HHTEPEC, YeM 00BsIC-
HSETCSl 3HAYUTEIBHOE YHUCIIO TMOCBSIIEHHBIX €My
HUCCJIEIOBAHUM.

[Tpu Berpoiike ayskepoanoro gpparmenta JJHK
B BEKTOPHYIO MOJEKYJTy BO3MOXXHBI pPa3IHIHbIE
BapUaHThl TPAHCKPUIIINK KIIOHUPOBAaHHOM MoOCIIe-
JIOBAaTeNTbHOCTH B 3aBUCHMOCTH OT PaCIIOJIOXKEHUS
IpoMOTOpa M TEpMHMHATOpa  TPAHCKPHUIILINU
(puc. 4.2). TpaHCKPHUTIIIAS MOXKET HAYaThCSI C MPO-
Motopa BekTopHoit JIHK, a TepmuHHpoBaThCs BO
BCTPOCHHOM (pparMeHTe, ¥ Ha000POT, HHUIIUHUPO-
BaThCsl Ha (pparMeHTe, a TEPMUHUPOBATHCS Ha
miazmugaon  JIHK. Kpome Toro, wuHunmanus
TPAHCKPUIILUU U €€ TEPMHUHALIMS MOTYT IPOUCXO-
JIUTH TIOJTHOCTHIO Ha KIIOHMPOBAHHOM (pparMeHTe.
B »TOM ciiyuae Bo3MoxHaA aBTOHOMHAsI KCIIPECCUS
KIIOHUPOBAHHOTO T€HAa, B OOJBIIMHCTBE CIy4yacB
HE3aBUCHUMasl OT THUIA BEKTOpa M OPUEHTALUU
B HeM BcTtpoeHHoro ¢parmenta JIHK. Heobxomm-
MO OTMETHUTb, YTO MPU UHULUALNY TPAHCKPUIILIUU
Ha TIPOMOTOPE BEKTOpPa BO3MOXKEH CHHTE3 TOJHO-

———
=
>

—>

=

— =2 ¢ |

Puc. 4.2. Bo3Mo)xHbIe BApDHAHTBI TPAHCKPUIIIIUH
Yy )KEPOJHBIX KIIOHHPOBAHHBIX MTOCIIEN0OBATENLHOCTEN
JIHK:

1 — BexropHas JIHK; 2 — uyxepoaHas BCcTaBKa;

3 — npoMoTop; 4 — TEPMUHATOP TPAHCKPUIILUL

[EHHOTO OeJKa, JeTePMHUHHPYEMOTO KIOHUPO-
BaHHOM TOCJIEOBATEILHOCTHIO, TP HAIWYHN
B TPAHCKPUNTE y4acTKa CBSI3bIBAHMS OaKTepHalib-
HBIX prbocoMm.

Bce paccmoTpeHHBIE BapHaHTBI JKCIPECCUU
KJIIOHUPOBAHHBIX TCHOB PEaIM30BaHbl B MHOTOYHC-
JICHHBIX JKCIEPUMEHTAIBHBIX padoTtax. TecTupo-
BaHHUE MPOAYKTOB IKCIPECCHU DYKAPHOTHUYCCKUX
ICHOB B OAKTEpUANILHBIX KJIETKaX MPH 3TOM OCY-
HICCTBIISIFOT HECKOJIBLKAMH  B3aMMOJIOTOTHSFOIIU-
MH METOJIaMH, B YaCTHOCTH, MYTEM OIICHKH HUX
(epMEHTATUBHON aKTUBHOCTH, HMMYHOXHUMHYE-
CKUX U (PU3HKO-XMMHUYECKHX CBOMCTB.

Ecnau KJIOHHMpOBaHHBIM I'eH NPU NPAaBUWIBHON
TPAHCKPHIILUK W TPAHCISIIUU B OaKTEpHUAIBHOM
KJIIETKEe oOecrieuynBaeT (PyHKIMOHAIBLHYIO KOMILIC-
MEHTAIUI0 MyTalluii B TeHOME OaKTEpUH, TO ATOT
IFeH MOXXHO BBISIBUTH MPOCTBIM OTOOPOM TpaHC-
(dhopmupoBanubix rubpugHOi JIHK Oakrepuars-
HBIX KJIOHOB Ha CEJICKTHMBHOW MUTATENbHOM Cpefe.
NmenHo TakuM oOpa3oM B staboparopuu P. J[3Buca
B 1976 r. BepBbie ObUT 0TOOpaH THOPUAHBIN (ar
Agt, comeprkanuii QyHKIHOHATIBHO aKTHBHBIH TCH
nmuaazonruuepodochaTaernaporeHasbl  JpoxK-
xell Saccharomyces cerevisiae. UToObl 00HapY-
KHUTb HKCIIPECCUPYEMBIH I'eH APOATKEH, NCTIONIB30-
BaJM WTamMM E. coli, aykcoTpoQHbIi 10 THCTUANHY
(hisB463). Tlocie nu30reHU3alMM MYTaHTHBIX
KIeTOK E. coli rubpuaabiMu (aramu Agt, Hecym-
mu EcoRI-dparmentst gpoxokesoii JJTHK, Obi1 mo-
Jy4eH KJIOH, pacTyIlui Ha cpene 0e3 TMCTUAMHA.
Kommuiemenranus Habirofganach npu o0eux Opu-
EHTALUSIX BCTaBKH OTHOCHUTEIBHO BEKTOpa, 4YTO
YKa3bIBaeT Ha aBTOHOMHOCTB DKCIIPECCHU KIIOHU-
POBaHHOTO T'eHa.

HezaBucumo aHanormyHble pe3yinbTarhbl MOJY-
gumu b. Parskun u [x. Kap6on (1977 1) npum
KJIOHHPOBAHUHM KOHHEKTOPHBIM criocobom par-
mentoB JIHK mpoxoxeit B mmasmune ColEl. Ha-
psny ¢ TeHoM HIS3 uMU TOTIOTHUTEIHHO OBLT KITO-
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HUpPOBaH red LEU2, KOMIUIEMEHTUPYIOIIUNA MyTa-
o E. coli mo reny leuB, xogupyromemy f-n3o-
MPONMWIMaJIaTAeTUAPOTEeHA3Y.

JlanpHelmye uccaenoBaHus MO3BOJIWINA BbI-
SIBUTh DKCTIPECCHIO B KJeTKax E. coli menoro psga
JIPyTUX T€HOB JIpOXiKei-caxapomuiieToB. Bo Bcex
cllydasix MoKa3aHo, 4To KJIETKU E. coli, u3nedeH-
HBIE OT THOpuIHEIX Mojiekyn JIHK, caoBa cramo-
BATCSl ayKCOTpOQHBIMH. Mcrmonb3yss MeTomuKy
KOMIUIEMCHTAIIMN MyTanui E. coli, ymamoch BbI-
SIBUTh aBTOHOMHYIO 9KCIIPECCHUIO B OaKTEpUaIbHOM
KJIETKE KJIIOHHPOBAaHHBIX I'€HOB APYI'MX HHU3IINX
sykapuot (tadin. 4.1).

OKcIpeccusi TeHOB HU3IIUX JyKapHuOT MOXKET
MIPOUCXOIUTH B KJIeTKax E. coli 1nO0 aBTOHOMHO,
100 MO CUTHAIAMHU TIPOMOTOPOB BEKTOPHBIX MO-
nexyn. [Ipu aBTOHOMHOH SKCIIPEecCHH JPOKKEBBIX
TeHOB CHHTE3 COOTBETCTBYIOIINX OEJIKOB ITPOUCXO-
JUT ¢ HU3KOH A((eKTHBHOCTHIO. BeTpoiika komu-
PYIOIIMX DYKapHOTHYECKHUX TOCIeI0BaTeIbHOCTEH
HOJ CWJIbHBIE OaKTepuanbHble IPOMOTOPHI M03BO-
JSeT 3HAYUTENIbHO YBEIUYHUTh YPOBEHBb JKCIpec-
cuu. Tak, mpu ciyyailHOM BcTpoilke in vivo
[S2-mocnenoBarensHOCTH (HECYIIECH TPOMOTOP)
nepen CTPYKTYPHBIM TeHOM Jpoxoket TRPS, nHa-
XOJSIIIMMCSI B COCTaBe THOPUAHOM TUIA3MUJIBI
pYe(#rpS), sxcupeccust OpOXOKEBOTO I'eHa 3HadH-
TEJILHO YBEIMYUBACTCS M KOJIOHHUH KJIETOK E. coli
trpAB17, cogeprkaniux Takoi BapuaHT THOPHIHON
TUTa3MUJIBI, PacTyT Ha CEJIeKTHUBHOW Cpele 3Hauu-
TEITLHO OBICTpEe.

OpHako, MO-BUAMMOMY, JAJIEKO HE BCE TEHBI
TIPOAOKEH CITOCOOHBI (PYHKIIMOHUPOBATH B KIIETKAX
Oaxtepuii. Tak, ucciuenoBatTensiM He yAaaoCh, UC-
II0JIb3YS] OIMCAHHYIO BBILIE CXEMY, KOMIIEMEHTH-
poBark psin mytauuit E. coli: galT, T; hisC, D, F;
ilvA, C, E; metE; purB; thyA; trpE u np. Tem He
MeHee caM (akT, YTo OOHapy)KeHa NpaBHIbHAS
IKCTIPECCHSI HEKOTOPHIX XPOMOCOMHBIX I'€HOB HU3-
IIMX JYKapUOT B OaKTEpUANbHOW KIIETKE, MMEEeT
OTPOMHO€ 3HAUCHME B LIEJIOM AJIs1 OMOJIOTHYECKON
HayKH, TIOCKOJIBKY YKa3bIBAaeT Ha CYIIECTBEHHOE
CXOZICTBO OpraHu3alyy U (QYHKLIHUOHUPOBAHUS I'e-
HETHYECKOH MH(OpMAaLUU B DYKAPUOTHYECKHX H
IIPOKAPUOTHYECKUX KIIETKAX.

[lepByto paboty, AOKa3aBHIyI0 BO3MOXHOCTh
[IPABUIBHOM KCIPECCUH I'€HOB BUPYCOB BBICIINX
JyKapuoT B OakTepuajIbHON KIJIETKE, BBITOIHHUIIN
aHmuiickue yuenble B 1979 r. OHu IpOKIIOHUPOBA-
mu ¢pparmenTs! [IHK Bupyca renarurta B 1 TBepio-
(ha3HBIM PagUOMMMYHOAHAIN30M BBISIBUIIN KJIOHBI
E. coli, B KOTOPBIX CHHTE3UPOBAJICS OEJIOK KOpa BU-
pyca. IIpu HHBEKIIMU KPOJIMKAM JKCTpaKTa IITaM-
Mma E. coli, comeprkainero Takyro Mmia3MuIy, HabIro-

Tabnuya 4.1. HexoTopble XpOMOCOMHBIE T€HbI
HH3IINX YYKapHOT, BhIsIBJIsieMble (PyHKIMOHAILHOIT
KOMILJIeMeHTalueil coorBeTcTByOMUX redoB E. coli

Kommnemenrtu-
Hcrounnk N
JTTHK T'en nonopa pPYEMBII reH
E. coli
Saccharomyces | HIS3 hisB
cerevisiae LEU2 leuB
ARG3 argF
ARG4 argH
TRP1 trpC
TRP5 trpAB
URA1 purD
URA3 purF
GALI galK
AROL1 aroA
PHRI1 phr-1
aroB
aroD
aroE
argE
Neurospora QA2 aroD
crassa TRP1 trpC
PYRA4 pyrF
Kluyveromyces | LAC4 lacZ
lactis
Shizosaccharo- purB
myces pombe
Candida leu
maltosa
Mucor leuB6
racemosus
Aspergillus pyrF
nidulans arglF
proAB

Ilpumeuyanue. B ToM ciydae, Korja Te€H JOHOpa
yKka3aH, koanpoBaH gparmeHT JIHK, kotopsrii B E. co-
/i He ’kcpeccupyeT GpepMeHT, KOMIUIEMEHTHPYIOIINN
yKa3aHHYI0 MyTanuio E. coli, oqHako TeH JOoHOpa
HE UACHTUUIIPOBAH WIM HE MMEET MPUHATOro 000-
3HAUYCHUA.

JlaJicsl IMMYHHBIIA OTBET, T. €. 00pa3oBaHUE aHTH-
TeJ, KOTOPbIe pEarnpoBalii C KOPOBBIM aHTUTE€HOM
B CBIBOPOTKE KpOBH OOJNBHBIX Jitoziel. Pacimngpos-
Ka TIOCJIe/IOBATEIFHOCTH HYKIJICOTHUIOB BHPYCHOM
JHK moxka3zana, 9to reH Oenka xKopa HE pa3apo0-
JICH.

Bo3MokHOCTh TTpaBUIIBHOM HKCIPECCUU T€HOB
BBICIIMX DYKapHOT B KIleTKax E. coli monTeepauia
paborta, BeITOTHEHHAS B TabopaTopuu Y. Beiicma-
Ha (1980 r.). C momomipio Mmiaa3Muabl, Hecyuei
kJIHK marpuunoit PHK nelikonutapHoro uHrep-
(hepoHa yeyioBeka, B OMOJIINOTEKE KIOHUPOBAHHBIX
T'CHOB YeJIOBEKa OBbUIN BBISIBICHBI THOpHIHBIC (harn
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EcoRI
AATTCGAACACGCAGATGCAGTCGGGGCGGCGCGGTCCCAGGTCCACTTC

1
3 2

GCATATTAAGGTGACGCGTGTGGCCTCGAACACCGAGCGACCCTGCAGCG

1 2
1 ,—|
o::)o 1 o l .
ACCCGCTTAACAGCGTCAACAGCGTGCCGCAGATCTTGGTGGCGTGAAAC
3

1 1

100

O 200
TCCCGCACCTCTTCGGCAAGCGCCTTGTAGAAGCGCGTATGGCTTCGTAC
3

CCCTGCCATCAACACGCGTCTGCGTTCGACCAGGCTGCGCGTTCTCGLGG

2
oo 300
CCATAGCAACCGACGTACGGCGCTTGCGCCCTCGCCGGCAGCAAGAAGCC
Puc. 4.3. HykneoruaHas nocienosaresibHocTh pparmenta JJHK, comeprkarero 5'-koner rena tk HSV-1.

[Mom4uepKHy T HHUIUATOPHBIC TPHUILICTHI, TOYUKAMH OTMEUEHBI CTOII-TPUILIETHI, CKOOKaMU — ITOCJIC/I0BATEILHOCTH,
4acTHYHO KoMmIuieMeHTapHbie 3 -koHiy 16S pPHK (mo3urmu 127-135, 138145, 169-178, 182—-188);
uQps — (asbl, B KOTOPBIX COOTBETCTBYIONINE TPHUILIETHI YUTal0OTCs 0T EcoRI-Mecta B rubpuaHoi mia3Muie

A, KOTOpBIE COMEPIKATH XPOMOCOMHBIE MOCIIEI0BA-
TEJILHOCTHU 'eHoB MHTepdepoHa. B pesysnbrare aHa-
nn3a 240 Teic. KIIOHOB BhIACTIH 10 KIIOHOB, 8 U3
KOTOPBIX CHHTE3MPOBATH B E. coli (XOTS U ¢ HU3-
KO# 3(h(pEeKTHBHOCTHIO) JTEHKOIIMTAPHBIA HHTEP(DE-
poH — oT 3 ThIC. 10 50 ThIC. €AMHUI] AKTUBHOCTH
Ha | 1 GakTepuaIbHON KyIbTypbl. lJIs OHOTO KO-
Ha ObU1a pacmmpoBaHa HYKJICOTHIHAS MOCIEI0-
BaTeIbHOCTH BCTABKU M TIOKAa3aHO OTCYTCTBUE B Te-
He HHTEepPEepOHa HHTPOHOB.

A. I'apanun ¢ coaBropamu B 1981 1. BcTpounu
B TpH 1a3mMusl cepuu pPC-¢ (puc. 2.37) EcoRI-
¢parmenT JJHK Bupyca mpocroro reprieca tumna 1,
conepKaImuii TeH TAMUIMHKUHA3EI thk. THTEpecHo,
YTO CHHTE3 THMUUHKHUHA3HI B KIIeTKaX E. coli BBI-
SIBIISIJICS JJTSL BCEX TPEX BO3MOXKHBIX PaMOK TpaHC-
JSIUH, 00ECIIeUNBAEMbIX HAUaJIOM reHa lacZ, K Ko-
TopoMy moacTpauBanu EcoRI-¢pparmeHT ¢ reHOM
tk. OmHako ecny JaHHBIA (parMeHT BHpPYCHOU
JHK He Op11 TOMeIIeH o 6akTepuanbHBIN Mpo-
MOTOD, B KJIeTKax F. coli He ynanoch 00OHapyKUTh
CHUHTE3 THMHUIMHKWUHA3bl. OTO HATOJIKHYJIO Ha
MBICJIb O TOM, YTO HE3aBHUCHUMO OT Ha4aJIbHOU paMm-
KU TPAHCJISAIMK, 33a]]aBaeMON B THOPUIHOMN ILIa3-
MUJE, TPOUCXOMUT TEPMHUHAIUS TPAHCIISIINY TIC-
pen CTPYKTYpHOM 9acThIO TeHA tk M PEeHMHUIINAIIS
TPaAHCIAIUU KIOHUPOBAHHOHN IOCIEI0BaTEIHHOC-
tu. [locne pactmdpoBKY HYKICOTHIHOH MTOCIIE0-
BaTEJILHOCTH Havasa reHa tk (puc. 4.3) 310 pemo-
JIOKEeHHEe TOoATBepAmIock. OKa3anock, 4TO TpaHC-
TS TTOCJIEOBATENIbHOCTH th B KieTkax E. coli
MokeT peuHuIuupoBarsbes Ha MPHK ¢ GUG (Tpu-
wier B no3uiun 144 EcoRI-dpparmenTa) wmu
¢ AUG (B mo3uruu 189) B paMke cuuThIBaHHS 3.

W3BecTHO, 4TO B CUCTEME IYKAapUOTHUECKUX KJle-
TOK TpaHCiAuus MHUIMHUpyercs ¢ komoHa AUG
(B mo3uruu 189). Heobxomqumo OTMETHTH, YTO pe-
WHUIUAIS TPAHCISIUN B DYKapHOTHYECKON T0-
CJIEJIOBATEIIFHOCTH BO3MO)KHA €IIIe W ITOTOMY, YTO
B paiioHax, MPEIIIECCTBYIOMINX HHULHATOPHBIM
TpurietaM B no3unusax 144 u 189, numerorcs yuact-
KH C OTIpPEJIeIIEHHON CTENeHbI0 KOMIUIEMEHTaPHOC-
ta 3'-xonny 16S pPHK, 1. e. hopmupyercs O6akre-
pHANBHBIA yYacTOK CBS3BIBAaHUS PHUOOCOM (CM.
puc. 4.3).

OpurnHaIbHBIH c1I0CO00 OBLT MCTIONB30BAH IS
KIIOHHUPOBAHHS T€Ha q-aMunasbl Drosophila pseu-
doobscura. 3BecTHO, uTO KIeTKU E. coli HE pac-
TYT Ha [MUTATEIILHOW Cpejie, ColeprKalleil Kpaxma
B KauecTBE CAMHCTBEHHOIO MCTOYHHKA yIIEpona,
TaK Kak He 00J1a1af0T COOTBETCTBYIOIINM (EPMCH-
toM. [. Spmnelt ¢ coTpyniHHMKaMu B IIa3MHIY
pBR322 craructuyecku Berpomnu HindlIlI-dpar-
MeHTBI xpomocomHol JIHK npo3odusl u ocyie-
CTBHJIIH TpaHchopmMaIuio KiIeTok E. coli tTubpua-
weivu JIHK. Cpenu TpaHcOpMaHTOB yIaI0Ch BBI-
SIBUTh KIOHBI E. coli, pacTymme Ha Kpaxmale.
Cuntesupyemast B E. coli ¢-aMuinasza COOTBETCTBY-
€T TI0 CBOMM CBOWCTBaM JIaHHOMY (pepMEHTy Jipo-
30(prUTEL.

Kak BuauM, HEKOTOpBIE 3YKapHOTHYECKHE Te-
HbI C HEIIPEPHIBHOU KOJIUPYIOIEH MOCIIe10BaTElb-
HOCTBIO MOTYT OBITh DKCIIPECCUPOBAHBI B OAKTEPH-
aNbHBIX KiIeTKaX. J[0CTaro4HO BBICOKOTO YPOBHS
IKCIIPECCHH TaKUX TE€HOB MOXHO JOCTHTHYTb,
BCTpauBasi WX I0J] CHJIbHbIC OaKTepHaJbHBIEC MPO-
MOTOPHI 1 hopMHPYST 2PHEKTUBHO PYHKITHOHHUPY-
forue B E. coli y9acTKy CBA3BIBAaHUS pUOOCOM.
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4.3. KNOHUPOBAHME OHK-KOMWA 3YKAPUOTUYECKUX MATPUYHBLIX PHK
N UX SKCIMNPECCUA B KIIETKAX E. COLI

BONBIIMHCTBO T€HOB BBICHIMX JyKapuoOT pas-
IPOOJICHHBI, T. €. IMEIOT 3K30H-UHTPOHHYIO CTPYK-
Typy. B pe3synprare TpaHCKpHIIIIMM TaKWX TE€HOB
obOpazyrorcs Oonpime npe-MPHK. Tlpu mocie-
JyroleM crutaiicuare u3 Mosiekya npe-MPHK BbI-
HIETUISIOTCS MHTPOHBI U 00pasyertcs 3penas MPHK,
UMeEIoIIasi HEMPEPBIBHYIO KOAUPYIOLIYIO MOCIE0-
BarelbHOCTh. Y psna reHoB npe-MPHK moxker
MOJIBEpraThcsl aJIbTEPHATUBHOMY CIUIAHCHHTY, Ja-
Bas Hayajo IenoMy Habopy mosekyn MPHK u co-
OTBETCTBYIOIIMX MM OenkoB. Pa3npobieHHbie 3y-
KapHOTHYECKHE TeHbI HE MOTYT OBITH HKCIpPECCH-
pOBaHbI B TPOKAPHUOTHYECKUX KIIETKAX, I7I€ OTCYT-
CTBYET cucTeMa cruiaicunra. [Ipeonosners gaHHOE
MPENSTCTBUE yAAaeTcs IMPH MCIOJb30BAaHUU Mar-
prunbix PHK, kogupyembIx TakKMMM Fr€HaMU.

C nomomuipto 00paTHON TPaHCKPUNTA3bI HA MO-
nekynax MPHK MoOxHO cuHTe3uMpoBaTh CHauala
xomiiementapusie nenu JJHK (xIHK), a 3atem Ha
HHUX JI0CTpauBaTh BTOPbIC LIEMH, [TOJIyYasi B pe3yJib-
tare ayxuenodyeunsie JHK-konuu maTpuyHbIX
PHK. Dtu ¢parmentsr IHK, coorBercTByromme
KOJMPYIOIIEH TOCIEeN0BaTeIbHOCTH TEHOB, YXKe
HE pa3/IeIecHHOW MHTPOHAMH, MOXHO BCTPaHWBaTh
B MOAXOSIINI KIIOHUPYIOIUN BEKTOP KOHHEKTOP-
HBIM METOJIOM WJIM C TOMOIIBIO CHHTETHYECKHUX
muHKepoB. Oco00 MHTEPECHBI 3KCIIEPUMEHTHI 110
KOHCTPYHMPOBAHUIO THOPHUIHBIX T€HOB, Y KOTOPBIX
KOJIUPYIOIIasl MOCIEI0BATENbHOCTh IIPECTaBIIEHA
sykapuotnueckor kJIHK, a curnamssl nHumanuu
TPAHCKPHITLUH U TPAHCISIIMN UMEIOT OaKTepHalb-
HOE MIPOUCXOXK/IeHne. Takue rTuOpUIHBIE TeHBI YKe
CIIOCOOHBI IOCTATOUHO APPEKTUBHO IKCIIPECCUPO-
BaThCs, IPUBO/S K CHHTE3Y B OaKTEpPHUH 3yKapHOTH-
YeCKUX MOJIMMENTHI0B. BenencTpue nydien usy-
YEHHOCTH BEKTOPHOU cUCTeMbl E. coli Ha HEl BbI-
ITOJTHEHO OOINTBIIMHCTBO MOAOOHBIX AKCTIEPHMEHTOB.

B psne pabot xk/IHK coennnsnm B coctaBe JKc-
MPECCUPYIOIINX BEKTOPOB C (pparMeHTOM TreHa
lacZ, conepxamuM MPOMOTOP, YIACTOK CBS3BIBA-
HUSL pUOOCOM W TPHILIETHl HECKOJIBKUX IMEPBBIX
AMHUHOKHCIIOT f-ranakro3unassl E. coli, KoTopbie
3a/1aBaJId PaMKy TPAHCISILUU KJIOHUPOBAHHOM KO-
JUpymolleld nocienoBarenbHocTd. Ilpu coBnane-
HUH PaMOK TPAHCISIIUH [-TalaKTO3MIa3bl U KO-
HupoBanHoi kJIHK B OakrepuanbHBIX KieTKax
CHUHTE3UPOBAJICS IIENIEBOM 3YKapHOTHYECKHi Oe-
JIOK, HO cojieprKaiiuii Ha N-KOHIIE JOTOJHUTEIBHO
HECKOJIPKO aMHUHOKHCIIOT [-TanakTo3uaassl. [1pu
3TOM MMMYHOXHMHYECKHE CBONCTBA JyKapHOTH-
YeCKOro OerKka, Kak MpaBuil0, COXPaHSIIHCH.

[lepBbIe 3KCIIEPUMEHTHI TAKOTO THIIA OBLIH BbI-
MoTHeHB! B 1978 T. HE3aBUCHMO ABYMS TPYIIIIAMH
ucclieioBaresiel, KOTOPBIM YNAloCh B KJIETKax
E. coli BEIIBUTH CHHTE3 XMMEPHOTO OejKa, coxpa-
HUBIICTO HMMMYHOXHMHYECKHE CBOICTBa Oejka
oBasibOymMuHa Kyp. Ilpomykims oBamsOymMHHOTIO-
nobHoro Oenka jgocrurana 1-1,5 % cymmapHOro
Oenka xieTku. JlaHHbIH O6eJoK cofepsKall oCIe0-
BaTEJIbHOCTh CUTHAJIBHOTO MENTUAA MpPe-0BaIbOy-
MWHA, U 3TOT T€TEPOJOTUYHbIA CUTHAIBHBIN IeT-
THJI, UMEIONIHI Ha N-KOHIIE HECKOJIBKO aMHUHOKHC-
JIOT [-rajgakTo3u/aa3bl, OKa3ajicsi CIIOCOOHBIM BbI-
MONTHATH (DYHKIIMH, HEOOXOIMMBIE I CEKpeIruu
Oenka OBaIbOYMHUHA B TIEPHUILIA3MATUIECKOE MPO-
CTPaHCTBO KJIETOK E. coli. B xone cexperyum More-
KyJIbl XUMEPHOT0 OeJIKa MPOIeCCUPOBAINCH, 1aBas
HayaJjo 3pesoi popme oBanbOyMUHa.

Takas >xe cxema co3naHusi THOPUIHBIX TCHOB
Obula peanu3oBaHa NPU BCTPOMKE pa3IMYHBIX
k/JIHK B cocraB rena f-makramasbl ITa3MHJIBI
pBR322. Berpous k/IHK nponHcynrHa KphICH 1O
Pstl-yaactky pBR322, ynanocs momy4uTh THOpHI-
HyI0 TUIa3MHUZy, B KOTOPOW paMKa TPaHCISAIIUU
JYKapuOTHYECKOTO Oenlka coBmajajia C pPaMKoi
TpaHcsnuu B-nakramasel. JlanHast mazmuaa 00y-
CIIOBJIMBAJIA B KJIeTKaxX E. coli CHHTE3 XUMEPHOTO
Oernka, coepIKaIero aHTUTeHHBIE JIeTePMUHAHTHI
KaK WHCYJIWHA, TaK ¥ [-lakTamasbl. MHTEepecHO,
YTO 3TOT OEJIOK Takke ObUI CIIOCOOEH CEKPEeTHPO-
BaTbCs U3 LIUTOILIA3MEI E. coli.

[To paccMOTpeHHO# cxeMe Mo KOHTPOJIEM pa3-
JIUYHBIX MPOKAPUOTUIECKUX IIPOMOTOPOB TTOITyHde-
Ha 3KCIPECCHUs B BUJIC XMMEPHBIX OCJIKOB OO0JIBIIO-
ro yucna kioHupoBaHHbIX kJIHK. Tlpennoxxens
IIPOCTHIC CIIOCOOBI OJTHOCTAITUHHON OYHCTKH HEKO-
TOPBIX XUMEPHBIX OCITKOB M3 YKCTPAKTOB OAKTEPH-
QIBHBIX KIETOK IyTeM UMMYyHOCHEenn(GUIHOHN ad-
¢uHHOI Xpomarorpadun. Jx. I'epmuno u /1. bac-
tna (1984 1.) pa3paboTanyu U3SLIHBII METO] BBITIIE-
IUICHHUS IIEJIEBOTO TIOJIUIIENITHAA W3 XHMEPHOIO
Oenka. Jlist aTOr0 co3maeTcsi rMOPUIHBINA T'eH, KO-
JTUPYIOIIHIA TTOCTIeI0BATEeIHbHO B OJJUHAKOBOHN paM-
K€ TPAHCISAIUK N-KOHIEBYIO 4acCTh [3-rajaKkTo3u-
Ja3bl (MM Ipyroro Oenka, JUisi KOTOPOTO UMEIOTCS
B JIOCTATOYHOM KOJIMYECTBE CHEIHM(DUIHBIC UMMY-
HOTJIOOYJTMHBI ), BHYTPEHHHI (DparMeHT KoJljlareHa
a2 UbIIJICHKA U U3ydaeMbiid 0es1ok. Takoit rudpu-
HBIl T€H B COCTaBe JKCIPECCHPYIOIIETO BEKTOpa
HampaBisieT B E. coli CHHTE3 «TpOWHOTO» XUMEp-
HOTO O€IKa, KOTOPBIN JIETKO BBIACISAETCS M3 JKC-
TpaKkTa KJIETOK MMMYyHocrenupuuHoi ahduHHON
xpomarorpadueii. 3aTeM 3TOT MOJHIIENITHI 00pa-
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0aTHIBAIOT KOJUIAareHa30M W XxpomaTtorpadueli BbI-
COKOTO JJaBJICHHSI BBIACIISIOT MHANBUAYAIbHBIN L1e-
JieBoii Oenok. JIaHHBIN MOIX0/] TPUMEHUM JIJISl BbI-
LICTIJICHUSI U3 XUMEPBHI JIIOObIX OEJIKOB, HE HMEIO-
HIMX KOJUIAr€HOMOJOOHBIX TI0CIIEJ0BATEILHOCTEH.

[TomoOnyto cucremy npemioxuian K. Haran u
X. Tomxepcen (1984 1.), HO BMECTO KoJJIareHa3o-
creun(pUIHON MOCIEI0BATEIILHOCTH OHU HCIIOJIb-
3oBasin terpanentun lle—Glu—Gly—Arg, cneuu-
(uvHO y3HABaeMbIi (paKTOPOM KOATYJSIIHMUA KPOBU
Xa. ®akTop Xa y3HaAeT 3Ty NOCIEI0BaTEIbHOCTD
B COCTaBE «TPOMHOr0» XMMEPHOTo OejKa W pac-
LIETJISIET €ro TOJIBKO MO OCTaTKy apruHuHa. B pe-
3yJBTaTe MOYKHO JIOCTAaTOYHO MPOCTO U C BBICOKOH
(G PEKTUBHOCTBIO  MMONYYaTh HWHIUBHIYaTbHBIH
9YKapUOTUYECKHH OEJIOK, COOTBETCTBYIOIIMH MO
BCEM CBOMCTBAM MPUPOTHOMY HPOTOTHITY (B HacT-
HOCTH, OH He nMmeeT N-KOHLEBOIO METHOHHHA).
JlaHHBIN TeTpanenTu peaKo BCTpeyaeTcs B moce-
JIOBATEIBHOCTSIX OCJIKOB, W TI03TOMY pa3paboTaH-
Has CHUCT€Ma OKCIIPECCUH—BBIIICIUIEHUSI MOXKET
OBITh WCTONBb30BaHa sl d(Q(PEKTUBHON MPOIYK-
UM B KJIETKaX E. coli MHOTUX 3yKapHOTHYECKUX
0eKoB.

OmnucanHbIll cHOCOO M3BICUCHUS LIETIEBOIO
OeJKa U3 cOCTaBa XUMEPHOTO MOJIUIICITHIA MOXKET
UMETh MHOTO MOAM(HKAIHIA B 3aBUCKIMOCTH OT HC-
MoJIb3yeMoit poteassl (Tabum. 4.2). OrpaHu4eHHOE
MPUMEHEHUE HAXOAT OJHAONpPOTeasbl, paciuer-
JsIroIMe OEJIKHU 0 OIPENeICHHBIM aMUHOKHCIIOT-
HBIM OCTaTKaM, HO HE HMEIOIINE MPOTIKEHHOTO
ydacTka y3HaBaHus. Takyro npoTeasy MOXKHO IpH-
MEHSATBH TOJBKO B TOM CITydae, €ClIi B BBILIEIUIsAC-
MOH 1I€JIEBOH IOCJIEN0BATEIBHOCTH OTCYTCTBYIOT
crienuQUIHbIE AJIs1 UCIOJIB3yeMoro (hepMeHTa aMu-
HOKHUCJIOTHBIE OCTAaTKU. VICKYyCCTBEHHBIN I'€H IpU

Tabnuya 4.2. Cienu¢uIHOCTH pacieneHust
0eJIKOB HEKOTOPBHIMH YH/I0NTPOTEa3aMu

depmeHT TTocienoBaTenbHOCTD!
Tpuncun —Lysi ; —Argi
[Ipoteasza V8 —Glui
Knoctpunaun —Argi
DHTepOK1HAa3a —(Asp)4—Lysi
Konnarenasa —Pro—X—Gly—Pro—Yi
®dakTop KpoBHU Xa —Ile—Glu—Gly—Argi
a-TpomOuH —Ala—Pro—Argi

I CtpenkamMu 0003HAYECHBI THAPOIH3YEMbIC CBSI3H;
X 1Y — mo0ble aMMHOKHCIIOTHBIE OCTaTKH.

3TOM MJIAHUPYETCS U KOHCTPYUpPYETCs TaKuM 00-
paszom, 4TO IeneBast MOCIENOBaTebHOCTh B XH-
MepHOM Oenke HaxoauTcsi Ha C-KOHIE U el mpen-
[IECTBYET aMHHOKHCIOTHBIA OCTAaTOK, IO KOTOPO-
MY PHJOIPOTEa3a CeUn(PUIHO PACHICIUISACT MMOJHU-
rentuabl. B N-KOHIIEBOW 4acTH XUMEPHOTO Oellka
Y4acTKHM THJIPOJIM3a MCIIOJIB3YEeMON 3HIOMpPOTEa-
30i MOTYT BCTpPEUAThCs CKOJIBKO YTOAHO pa3. AHa-
JIOTMYHBIE OTPAaHMYCHMS HAJIAraroTcs U Ha XUMHU-
YecKoe paciierieHue 6emkoB (cm. 4.4).

. Toennen ¢ coaBropamu B 1979 r. Bnepsbie
JOOUITUCH MPSIMOTO () (HEKTUBHOTO CHHTE3a UH]U-
BUJyaJIbHOTO OelKa KUBOTHBIX B KiIeTKax E. coli.
st aToro k pparmeHTy HepMEHTaTHUBHO CUHTE3H-
poBanHoil k/IHK ropmona pocrta yenoBeka mnon-
CTPOMJIM XMUMHUYECKH CHHTE3MpPOBAHHYIO MOCIIe-
JIOBaTEJIbHOCTb, KOAUPYIOILYIO TepBbie 24 aMUHO-
KHCJIOTBI 3pesioro Oejka TOpMOHa POCTa YeloBeKa,
OTCYTCTBOBaBIINE B BBIOPAaHHOM (parMeHTe
k/IHK. Coznannelii CTpYKTypHBIH reH ObUT TOYHO
BCTpoeH B masMuay pBR322 monx koHTpoib TaH-
Jema [ac-mpoMoTopoB, copepkamux SD-nocneno-
BareNbHOCTh. llonunenTui, CUHTE3NPOBABIIMMICS
B KJIeTKax E. coli, Hecymux THOPUIHYIO II1a3MHLY,
obmaman GU3NKO-XUMHUIECKUMHA U UMMYHOJIOTHYC-
CKHMH XapaKTePUCTHKAMH 3pPEJIOT0 TOPMOHA POCTa
YeJIoBeKa.

B 1980 r. ara e rpynmna uccienoBaresei mo-
JTy4uiia IpOIyKIHMIO YeIOBEYECKOTo HHTepdepoHa
B KJIeTKax E. coli. C OMOIIbI0 XUMUUECKU CUHTE-
3UpPOBAHHOTI0 JIMHKEPA B BEKTOPHYIO IIJIa3MHULy O]
KOHTPOJIb CHIIBHOTO f/p-TIPOMOTOpa ObLIa TOYHO
BcTpoeHa k/IHK nefikonurapHoro mnuTepdepona
a2 genoseka. [Ipu aTom B kneTkax E. coli, conep-
KaIMX CKOHCTPYUPOBAHHYIO IJIa3MHUY, BBISBIISII-
cst 9 (GEeKTUBHBIN CHHTE3 WHANBUAYAILHOTO Oelka
uHTeppepona yenoseka (or 3,6 - 107 g0 2,5 - 108
€IMHUIl aKTUBHOCTH WHTepdeporHa Ha 1 11 KynbTy-
psi). TlomyueHnslil 6enoK, Kak U MPUPOAHBIA MH-
TepdepoH YeoBeka, 00J1a1a aHTUBHPYCHBIM JCH-
CTBHEM, U BBEJEHHE €r0 B OPraHM3M MapThILIEK
MIPEeIOTBPAIIAIO THOENb 3THUX JKUBOTHBIX TIOCTIE
WHOUIUPOBAHHS BUPYCOM SHIIE(PATOMUOKAPIUTA.

Bricokast mpomyKTHBHOCTE 1O HHTEpdepoHy
psiia CO3JaHHBIX ITaMMOB E. coli mo3Bonuia goc-
TaTOYHO MPOCTO PEIIUTH BOTPOC 00 OUYUCTKE ITOTO
Oenka. Mcrmonp30BaBIINIiCS B KIMHUYECKOH Mpak-
THUKE MPUPOAHBIA Mpenapar, mojJydyaeMblid U3 J0-
HOPCKOM KpOBH, cojepskaji JUIb okono 1 % uH-
tepdepona. M3 mrammoB-nipoaytieHToB E. coli
yAAJIOCh MOJIYYHUTH JICHKOUUTAPHBIH HHTEpPEpOH
(2 IPaKTHYECKH B YHCTOM BHUJE, YTO 00ECIIEUMIIO
BO3MOXKHOCTPH ero kpuctammmzanuu (1981 r.). Pac-
rojyiarasi TaKUMH HFHIUBHUIyaJIbHBIMH BBICOKOOYH-
LICHHBIMH TIpenapaTaMy, MOXHO MOIPOOHO H3Y-
Yarh MUPOKHIA CIIEKTP CBOWCTB MHTEPPEPOHOB Ye-
JIOBEKA, YTO U JIENIAETCS BO MHOTHX KIIMHAKAX MHPA.
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[TocpencrBoMm knonuposanus kJIHK momyue-
HBl WITaMMBl E. coli, TpOAyIHPYIONIHE pa3Ind-
HbIe MTHTEP(PEPOHBI YeToBeka. lmes kiioHupoBaH-
HBII T€H, MOYXHO M3MEHHUTH €T0 CTPYKTYPYy W HC-
CJIEJIOBATH, KaK 9TO CKa)XXETCS HA CBOMCTBAX KOIH-
pyemoro um Oenka (cM. Ti1. 6). HakonneHnue Takux
OKCIICPUMCHTAJIbHBIX OAaHHBIX IMO3BOJIUT FJ'IY6)KC
MTOHATh MEXaHW3M JIEHCTBUS MHTep(PEpOHOB Ha
KJICTKH U OPraHuU3MbI B LICJIOM U ONIPCACIIUTD, Ka-
Kue Moau(duKanuy HEOOXOIUMO BBECTH B CTPYK-
Typy '€HOB HHTEP(EpPOHOB C IeNIbI0 HampaBicH-
HOI'O U3MEHEHHUs UX CBOMCTB. IlepBble MONBITKH
MOJIYYUTh METOJIaMH TeHETHUYECKOH HHXKEHEPUH
HEeOoOBITHBIE (POPMBEI HHTEPHEPOHOB YIKE JaTH HH-
TEPECHBIC PE3yJIbTAThl, XOTS MMOKA TaKue padOThI
MPOBOIITCS 0e3 KakoW-TnO0 TeOpEeTHIECKO T0-
noruieku. [lo-Buaumomy, B OnrKaliue rogabl Mbl
CTaHEM CBMJICTEISIMU UHTEPECHEHUIINX OTKPBITUI
B JJAaHHOM HAIPABICHUU CO3MaHUS MEIHIIMHCKUX
pernaparos.

B Hacrosmiee BpeMsi CKOHCTPYHPOBAaHO OOJIb-
I10€ 4YnCJIO I‘I/I6pI/I,Z[HLIX MOJICKYJI, HAIIpaBJIAIOIINX B

E. coli sxcripeccrio KIOHMPOBAaHHBIX ITOCIEA0BA-
tenpHOCTEN KJIHK. Yhpoiienre MeTo 0B TOYHOTO
m3Bireuenus cermenToB JIHK (cm. 1.8.2) u xumuye-
CKOTO CHHTE3a OJUTOHYKJICOTHUIOB ITO3BOJIICT BCE
yarie co3/1aBaTh THOPUIHBIC TeHbI C 33JaHHOW TI0-
CJIEJTOBATEIBHOCTRIO HYKIJICOTUIIOB U JOOMBATHCS
CUHTE3a B KJIeTKaxX E. coli "HIWBUAYaIIbHBIX dYyKa-
pUOTHYECKUX OENKOB. 3a CUET BBICOKON KOIMAHO-
CTH KJIOHHPYEMBIX T€HOB 1 UX dPPEeKTHBHON TpaHC-
KPHIILUMU B OaKTEPUAIIbHBIX KJIETKAX YJIAeTCs MOy~
YaTh MHTCHCUBHBIN CUHTE3 TIOIHOIIEHHBIX OMOJIOTH-
YECKU aKTHUBHBIX OCJIKOB 4YEJIOBEKAa M JKUBOTHBIX.
DTO MO3BOJISIET JOCTATOYHO MPOCTO BBIJIEIATH TaH-
HbIE OCJNKH MPAKTUYCCKU B MHIUBUAYATBHOM CO-
CTOSIHHH, YTO B OOJIBITMHCTBE CIy4aeB HEBO3MOKHO
MIPYU UCTIOJIB30BAHUN TPUPOAHBIX MCTOYHUKOB ITHX
0enkoB (KpOBB, TKAHW OPTAHOB | T. 11.).

Cosznanrie  MHKPOOHMOJIOTMYECKHUX IITAMMOB-
MIPOAYIIEHTOB, TO3BOJSIONIMX TOJIy4aTh MHOTHE
B)KHBIC OCJIKM YEJIOBEKAa M JKUBOTHBIX, B TICPBYIO
odepelb IMEeT OTPOMHOE 3HAYCHUE IS MEIUIIU-
HBI U BETCPUHAPUU.

4.4. SKCIMNPECCUA B E. COLI XUMUKO-PEPMEHTATUBHO
CUHTE3UPOBAHHbLIX N'EH-OKBUBAJIEHTOB
SYKAPUOTUYECKUX NMONUNENTUOOB

Psn pu3nonornyecku aKTUBHBIX TOJIHUITCTITH-
JIOB YeNIOBEKa, TAKUX KaK HEHPOMENTHIbI, TOPMO-
HBI U JIp., OOBIYHO CHHTE3HPYIOTCSI B BHJIE IPE/I-
[IECTBEHHUKOB, HMCIOIIUX OOIBINYI0 MOJICKYIISp-
Hy0 Maccy. B pesyibrare crerupuaHoro A1 Kax-
JIOTO CITyd4ast POIeCCHHTa 00pa3yeTcst 3peliblid o~
JUTENTH]] WIA HU3KOMOJICKYIISIPHBINA mienTun (To-
JIUMENTHIAMHA Ha3bIBAIOT MENTH/IBI, COCTOSIIHNE U3
20 AK u 601ee). OdeBHIHO, YTO B IPOKAPUOTHYE-
CKUX KJIETKaxX JIsl OOJBIIMHCTBA TIOJHIICITHIIOB
MPaBWIBHBIA MPOLIECCUHT U3 Mpe-0esika MPOoUucXo-
JUTh HE MOXKET. B Takux ciydasix B OakTepHalb-
HBIX KJIETKaX HEOOXOJMMO KJIOHHUPOBATh MOCIIEI0-
BarenbHOCTh JIHK, komupyroiiyro yxke 3penyro
(dhopMy monunenTujia, OOBIYHO HA3BIBACMYIO 2€H-
9K8UGAIeHNIOM TAHHOTO TIoynnentuaa. J{is atoro
MIPOIIIE BCETO UCIOJIb30BATh CHHTETHYECKHUE KOJIU-
PYIOIIHE MOCIIEIOBATEILHOCTH, MTOMEIICHHBIE TIOJT
KOHTPOJIb 3()()EKTUBHBIX CUTHAJIOB TPAHCKPHITIIUN
u TpaHcisinun. [lociaenoBarenbHOCTh HYKICOTH/IOB
CUHTETHYECKOTO T'eH-IKBUBAJICHTA OOBIYHO CO-
CTaBIISIIOT, UCXOJISI M3 DKCTIEPUMEHTAIBLHO OIpeie-
JICHHOH aMWHOKHUCJIOTHON IOCJIEeIOBATEIIBHOCTH
COOTBETCTBYyIOIEro (monm)mnentunaa. llpm >ToMm
B CTPYKType HCKYCCTBEHHOTO T€H-IKBHUBAJICHTA
MPEIOYUTAOT HCIOJIh30BATh TPHUILIETHI, HanOo-
Jiee 4acTo BCTpevawlnuecs B reHax E. coli mns
Ka)KJI0OM aMUHOKHUCIIOTHI.

[lepByro sKcriepuMEHTaNbHYIO pabOTy B AaH-
HOM Haripasiienuu BeinosiHwin K. Mtakypa ¢ coas-
topamu (1977 r.). [eH-9KBUBaJIEHT COMATOCTaTHHA,
nenTuaHoro ropmoHa dyenoeka (14 AK), cuH-
TE3UPOBAIIM XUMUIECKUM METOIOM (cM. puc. 1.41)
¥ BCTPaWBaJIM B BEKTOPHBIC IIa3MHJIbI, COEpIKa-
mue gparMeHTsl lac-onepona E. coli (puc. 4.4).
Ecnu xogupyromyio mociaenoBareaIbHOCTh COMATO-
CTaTHHA MOJACTPAaNBAIM K Hayally reHa 3-raiakto-
3HU1a3bl TOCTIe MEePBBIX CEMH aMUHOKHUCIIOT (TuTa3-
Muaa pSoml), BBIIBUTE CHHTE3 JAHHOTO TOPMOHA B
Kietkax E. coli ne ymaBamock. Korma xe 3TOT cHH-
TETHYECKUH (pparMeHT BcTpauBau o EcoRI-mec-
Ty B KOHIIE TeHa [-TanakTo3uaassl (IUia3muia
pSomll-3), cuaTe3npoBaics XuMepHbIi OOk, co-
JIep KAl  MTOCIeA0BAaTEIFHOCTH KaK OOoJbIIIei
Y4acTH [(-ralakKTO3u/a3bl, TaK U COMATOCTATHHA.
ITo-BuaMMOMy, CHHTE3UPOBABIIUNUCS B IE€PBOM
Cllydae XUMEpPHBI KOPOTKHH IMOJUMENTH] JIETKO
pacIieruisuIcs BHYTPHUKJICTOYHBIMU TMENTHIa3aMH,
KPYITHBIH ke 0eIoK, 00pa30BaBILMICS BO BTOPOM
ciydae, Obut Oonee cradbuieH. CoMaroCcTaTuH Bbl-
CBOOOXKIAIM U3 XMMEpHOro Oejka, oOpabarbiBas
€ro OpPOMHCTBHIM ITHAHOM, ITPH ATOM OEJIOK paciier-
JSUICS. IO METHMOHMHOBBIM ocTaTkaMm (puc. 4.5).
C moMomIpl0 TaKoro OCTPOYMHOTO TOAXOZAa yfa-
JI0Ch BIIEPBbIC HApAOOTaTh B OAaKTEPHAIBHBIX KIICT-
Kax B COCTaBe XMMEPHOT0 OeJIKa MEeTTH/T YeJIOBEKa,
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BamHI
EcoRl pindiit EcoR1BamH] 3aMmeHa in vitro EcoRl Sall

Sall
Puc-PparmenTa Ha

JIHK- EcoRI-pparment
Jrasa JHK Aplac5
T4  Psd

HindIll

Puc. 4.4. Cxema KOHCTPYHPOBaHUS THOPHUAHBIX TUTA3MHU/I,
coAcpKaux CUHTCTHYCCKHUIN I'¢H-OKBHUBAJICHT COMaTOCTAaTHHA.

Jlomanoii muHuel obo3HaueH cuaTeTndecKuil EcoRI-BamHI-pparment JTHK,
coJepaKaLUH CTPYKTYPHBIH I'€éH COMAaTOCTaTHHA

I'en lacZ CHHTETHYECKHI T€H COMaToCTaTuHa
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Puc. 4.6. DepMeHTaTUBHBIN IPOLECCUHT i7 Vivo IPOUHCYJINHA B UHCYIUH
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a 3aTeM XMMUYECKH BBIIICTIUTh U OYUCTUTH €0 10
WHIMBHUTyaJIbHOTO COCTOSTHUSI.

Takum 00pa3om, CyTh pa3pabOTaHHON cTpare-
THH 3aKJII0YaeTCs B TOM, YTO MCKYCCTBEHHBIH IeH
BCTPAMBACTCSI BHYTPbh CTPYKTYpPHOTO T'eHa, KOAH-
PYIOIIETO OTPEICICHHBIN OaKTepHATbHBIN OEIOK.
Wantmanus cuareza PHK u 6enka npoucxoaut Ha
PETYAATOPHBIX ydacTKaxX OaKTepHaIbHOTO OIepo-
Ha, a TePMUHALUS TPAHCISUU — Ha HOHCEHC-KO-
JOHAX" CHHTETHYECKOTO TeHa. DKCIIPECCHSI TAKOTO
TUOPUIHOTO T'€HA MPUBOUT K MOSIBIICHUIO XUMEP-
HOTO OenKa, comeprKaliero aMMHOKHUCIOTHYIO TI0-
CJIEJIOBATEIFHOCTh OAKTEPUAIBHOTO OelKa W IIel-
THA, KOAUPYEMOTO CHHTETHYECKUM (hparMeHTOM
JIHK. Heob6xomumo, 4ToObI BcTpanBaeMast HyKJIeo-
TUHAS TTOCIIE0BATEIHHOCTh KOAUPOBAJa TEeTITH]
0e3 ciaBura paMKH TPAHCISIUHM 10 OTHOLICHHIO
Kk OakTepmambHOMY TeHy. llemeBoit memTwmnm mpu
9TOM MOXKHO BBIIICIUIATH M3 COCTaBa XUMEPHOTO
Oenka crienn(UIHBIM XUMHUYECKUM WIH (epMeH-
TaTUBHBIM THAPOIU30M (CM. Tabm. 4.2).

DTOT moaxoa ObUT OYE€HH yAauyHO HCITOIB30BaH
B TOH e JJabopaTopuu JIJIsi MUKPOOHOJIOTHIECKOTO
cuHTe3a mHCynnHa denoBeka (1979 r). M3secTHo,
YTO WHCYIIMH CUHTE3UPYETCS B IOKEITYIOYHON
JKene3e Kak MPemporOpMOH ¢ CUTHAIBHBIM TICTITH-
JIOM, KOTOPBIA 00YCIOBIMBAET CEKPEINI0 OeIKa 13
KJIeTOK. [[penponHCyIUH CHHTE3UPYETCs Ha MeMO-
pPaHHO-CBSI3aHHBIX PUOOCOMAX, U B MPOIIECCE CEK-
peunu CUTHAIBHBIA TENTHA OT MOJICKYJIBI OTIICII-
nsercs. OOpa3yromuiicss mpu 3TOM TPOUHCYIUH
UMEET CIOKHYIO TPEXMEPHYIO CTPYKTYpPY C TpeMs
TUCYyIbQUIHBIMEU cBsa3siMH (puc. 4.6). Ha cremyto-
IIeM dTare U3 CEPEeIUHBI TPOUHCYINHA MPOTEOH-
TUYECKU BBILICIUIAIOTCSA 35 aMUHOKUCIIOT. DTa Io-
JUTCITUIHAS TOCIEIOBATCIIPHOCTh HA3BIBACTCS
C-uenbto, N-KOHLIEBOW MONUNENTHA B HHCYIH-
He — B-mienpio (30 AK), a C-xonneBoir — A-11e-
meio (21 AK). A- u B-tienu B HHCYIIMHE OCTAIOTCS

* Tepmunaropusie kogoHbl UAG, UGA u UAA e
KOJUPYIOT AMUHOKHUCIOT M IOJIy4YHUIM Ha3BaHUE HOH-
CEHC-KOIOHOB. VIHOT/Ia IPONCXOAAT MyTallH, BEAYyIUE
K TIOSIBJICHUIO HOHCEHC-KOJIOHOB BHYTpHU TeHa. Takue
MyTaluy MPUBOIAT K IIPEKICBPEMEHHON TEpMUHALUU
MOJMIIENITUAHON 1eru. D(PPeKT HOHCEHC-MYyTallul MO-
JKeT OBITh CyImpecCHpOBaH BTOPOW MyTammei, KoTopas
MPUBOJUT K CHHTe3y M3MeHeHHoH Mosexynbsl TPHK. Ta-
kast cynpeccopras TPHK y3Haer HOHCEHC-KOIOH U
BCTPAMBAET OIPEACICHHYI0O aMHHOKHCIIOTY B COOTBET-
CTBYIOILIEE MECTO MOJIUIENTHIHOMN e, BOCCTAHABIIU-
Basi CHHTE3 MOJIHOpa3MepHoro Oenka. TepMHuHATOpHBIE
KOJIOHbl ~ MOJYYMIM  HWHIUBUAYalbHbIE  HAa3BaHMS:
UAG — amber, UAA — ochre, UGA — opal. B rerome
E. coli xaptupoBaHo He MeHee 17 TeHOB CympeccopoB
BCEX TPEX TUIIOB HOHCEHC-KOJOHOB.

CBSI3aHBl JAUCYJIb(UAHBIMH MOCTHKaMH, 00pazo-
BaHHBIMH €IIIe B IPOMHCYJIMHE, YTO 0OecrieunBacT
CTaOMIIBHOCTD YETBEPTUYHOM CTPYKTYPBI 3PEIOro
6enka. Kak Buanm, nHCYIMH 00pa3yercs B pe3yib-
Tare psja 3TaloB NPOLIECCHHIa IEPBOHAYAIBHO
CHUHTE3UPOBAaHHOTO OeJKa-npeAeCcTBeHHUKA.
B OakrepuasibHBIX KJIE€TKAaX TaKOW IPOLECCHHT
pou30iiTH He MoXkeT. K BayKHBIM CBOWCTBAaM MHCY-
JIMHA CIIeIyeT OTHECTH TO, YTO OH HE COIECPIKUT yI-
JIEBOJHBIX OOKOBBIX TPYII (HE TIMKO3UIMPOBAH),
a B A- 1 B-niensix HeT METHOHHUHOBBIX OCTaTKOB.

Koaupytorue nocienosarensHocT A- 1 B-1ie-
el MHCYIMHA CHUHTE3UPOBAIN XMUMUYECKUM IIy-
TEM W BCTpauBaJd B CTPYKTYPHYIO 4acTh T'€Ha
p-ranakro3uaasbl B cOCTaBe BEKTOPHOI [1a3MHU/IbI
B MPaBUJILHOHN paMke TpaHcisauuu. M3 oOpa3oBas-
LIMXCS] XUMEPHBIX OJIMIENTHI0B OPOMUCTHIM IIHa-
HOM BBILIETIJISUTN MTOCIIeioBaTesIbHOCTH A- 1 B-11e-
1eil, KOTOpbIe 3aTeM CMELIMBAIN U XUMUYECKH Ie-
HEpUPOBAIN TUCYIbGUIHBIE CBA3H. CKOHCTPYUPO-
BaHHBI TakKUM 00pa30M HWHCYIWH o0naman TeMu
e OMOJIOTHUECKUMH CBOWCTBAMHM, YTO U MPUPOJ-
HBIN OEJIOK.

Kpynsbele 3ykaproTHYECKHE IOJMIIENTHIbBI
MeHee TMOJBEP)KeHbl TEeNTHIA3HOW Jerpaaanuu
B KJIeTKax E. coli. [IpumepoM MOXKET CITyKHTb IIpo-
nykuusi B E. coli HEKOTOPBIX WHAWBUAYaIbHBIX
OCIIKOB XKUBOTHBIX (cM. 4.3). DTH maHHBIC TO3BO-
JUIM pa3padoTarh CTPATETUI0 CHHTE3a M KIJIOHH-
pOBaHMS T€HA TAKOTO KPYIHOTO OeNka 4YeloBeKa,
Kak JedkonuTapHblii uHTEepdepor «al. I'pymmoit
aHNIMHACKHUX uccienoBareiieil B 1981 1. ObLI cuHTE-
3UpoBaH GpparMeHT nByxuemnodcunon JJHK mmuHoiM
oxou10o 500 mH, KOTOPBIH 3aTeM BCTPOUIIH B IJIA3MU-
1y TIOJ1 KOHTPOJIb POMOTOPOB Pjac MU Pyyp. [lOCTE
BBeneHus ruopuaubeix JIHK B kimetkn E. coli B HEX
HaOronanu dQQPEKTUBHBIA CUHTE3 UHIMBUAYalb-
HOTO Oejka MHTepQEepoHa YCIOBEKA.

Cotpynaukamu MHCTHTYTa OMOOpraHnYecKoM
xumun PAH (Mocksa) 1 BHUW monekynspHoit
ounonorrm HITIO «BexTtop» (HoBocmubmpck) cos-
MECTHO CHHTE3MPOBaH U COOpaH MCKYCCTBEHHBIN
TeH JICMKOIUTapHOTO WHTEep(depoHa a2 dYeloBeKa
(1982 1.). CuHTEeTHYECKUH TeH BCTPauBaJIU B pas-
JIMYHBIE BEKTOPHBIE MOJEKYIbI M U3y4alld €ro 3Kc-
NPECCHIO B KJIeTKaxX E. coli B 3aBUCUMOCTH OT TOTO,
B cocTaBe kakoil ruopuanoi JIHK on Haxomurcesl.

Smonckue (1983 1) m xananckue (1984 r.) mc-
CJIEIOBATENN XMMHYECKH CUHTE3UPOBAIM I'eH UM-
MYHHOTO HHTep(epOHa 4Yel0BEeKa U MPOIEMOHCT-
PHUPOBAIN €r0 SKCIIPECCHIO B KiIeTKax E. coli B co-
CTaBe BEKTOPHBIX IUIA3MUJ I10]] KOHTPOJIEM ITPOMO-
Topa reHa lacZ UVS uiau CHHTETHYECKOTO PaHHETO
rpomoropa ¢ara TS. [lpuyuem B mocnenneM ciydae
YPOBEHb TIPOAYKIMU HHTep(EepoHa JOCTHUral
4 - 109 enuHUI] aKTUBHOCTHU Ha 1 JI KyJIBTYpBI.
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MeTon0morusi XMMHUYECKOTO CHHTE3a OJIUIO-
HYKJICOTH/IOB B HACTOSIIICE BPEMs BBIIIUIA HA TAKON
YPOBEHb, YTO MO3BOJISIET CHHTE3UPOBATh IIEIIbIC Te-
HBI, OCYIIECTBIISATH iN Vitro TOHKHE NEpecTPONUKH
reHeTndyeckoro marepuana (cMm. 1.12). 1o oTKpHI-
BaeT MIMPOKHE BO3MOXKHOCTH IJISi KOHCTPYHPOBa-
HUS ) HEKTUBHBIX MUKPOOHOIIOTHUECKUX MPOY-
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KOHCTPYUPOBAHUE LULTAMMOB — MNPOAOYLIEHTOB

NEPBUYHbLIX METABOJINTOB

HA OCHOBE ESCHERICHIA COLI

VYxe mepBble SKCIEPUMEHTH IMOKa3aiH, 4YTO,
YBEJIUYMBas 103y OaKkTepUallbHBIX T'€HOB 3a CUET
KIIOHUPOBAHUS X B MHOTOKOTIMIHBIX MOJIEKYIISIP-
HBIX BEKTOpaX, yJaeTCs 3HAYUTEIbHO MOBBICUTH
B KIeTKax E. coli IpoayKIuio OeiIKoB, KOAHpye-
MBIX 3TUMHU reHamu (cm. 3.1). B cBsa3u ¢ atum
BCTaJ BOMPOC O BO3MOXKHOCTH HCIIOJIH30BATH Me-
TOJIbI TCHETUYECKOW MHKCHEPUU JJIsi KOHCTPYHUPO-
BaHHUA 3(PPEKTUBHBIX ITAMMOB — IIPOAYIICHTOB
MEPBUYHBIX METa0OJUTOB, TAKUX KaK aMHHOKHC-
JIOTHI, BATAMUHBI U JIp. Vicxoaunu U3 TOTo, 9TO T0-
BBIIIICHUE B 0AKTEPHAILHOW KIIETKE YPOBHS aKTUB-
HOCTH OIIPEACIICHHBIX (DepMEHTOB (MM OIHOTO
(bepMeHTa), KOHTPOJHUPYIOIIUX JTUMHTHPYIOIIUE
CTaguu OMOCHMHTETHYECKOTO ITyTH BBIOPAHHOTO
MIEPBUYHOTO METAa0O0JIUTa, MOXKET MPUBECTH K CY-
TIEPCUHTERY MOCIETHETO.

Yenex co3gaHus BBICOKOAKTUBHBIX INTaMMOB
C 3aJIaHHBIMH CBOWCTBAMH BO MHOTOM 3aBHCHT OT
YPOBHSI 3HAHUI 00 OpraHU3aIMK TEHOMA U PeryIis-
I MeTaboImu3Ma MUKpOOHOU KieTku. Hanbomee
W3yYCHHOM siBIsieTcst Oaktepus E. coli,  mosTomy
niepBbie paboThI 110 CO3aHUI0 METOJJAMH T'CHETH-
YECKOW WHKCHEPHH MTPOMBINIICHHBIX ITAMMOB —
MPOYIIEHTOB MEPBUYHBIX METAOOIUTOR BBIIOJIHE-
HBI HA JITAHHOM MUKPOOpPTraHU3Me.

bnectamuii 11Uk UCclenOBaHUM MPOBENU
B. I le6aboB ¢ corpymuukamu (1979-1982 rr.),
BIIEPBbIC MPOJAEMOHCTPUPOBAB OOJBIINE BO3MOXK-
HOCTH T€HETHUYECKOW WHXCHEPUU ISl TIOTyUSHUS
HITaMMOB — TIPOJIYIIEHTOB aMHHOKHUCIIOT. Hanbo-
Jiee TMOKa3aTesieH MPUMEp CO3JaHHs ITamMma —
NpOoJylieHTa L-TpEOHWHA HA OCHOBE JIa00PATOPHO-
ro mramMma E. coli.

Ha puc. 5.1 mokazan myTs OmocHHTE3a L-Tpeo-
HUHA U3 aclaparuHOBOM KUCIIOTHI, K3 KOTOPOU IO-
MHUMO TPEOHHHA 00pPa3yIOTCs H30JEHINH, JH3UH
U METHOHWH, COCTAaBJISIFOIINE aclapariHOBOE Ce-
MEHUCTBO aMHUHOKHCIIOT. B OWocHHTE3e TpeoHWHA
Y4aCTBYIOT YeThIpe PepMeHTa, TPU U3 KOTOPHIX JIe-
TEPMUHHUPYIOTCSI TeHAMH TPEOHWHOBOTO OINEpOHa
(thr-onepon). Peakuus mpeBpamieHus acnapTHII-

(docdara B mosryasibJeru] acnaparuiHoBOr KHCJIO-
ThI KaTaJIU3UPYyeTCs MPOIYKTOM TeHa asd, He BXO-
JISITIIETO B 3TOT OTNEpoH. JlaHHas cTagus HE JIUMHU-
TUPYET MPOIECC U TIOPTOMY B TalIbHEHIIIEM He pac-
cmarpuBaetcs. ['en thrA A, xonupyeT OfuH oIu-
MEeNTHJl, KOTOPBIII HMEeT IOMEHHYIO CTPYKTYpYy
u oOmamaer aAByMs (hepMEHTATHBHBIMH aKTHBHO-
CTSIMH: aclapToKuHa3bl [ U romocepunaeruapore-
Ha3el [. Ten thrB xommpyeT TOMOCEpPHHKHHA3Y,
a reH thrC — TpeoHuHcuHTeTasy. [lpy noBpImeH-
HOM YPOBHE COBMECTHO TPEOHWHA W M30JICUIIMHA
JKCTIpeccHs thr-omiepoHa TopaBisercst (pempec-
cust). Kpome Toro, akTHBHOCTH (pepMeHTa acmapTo-
KnHa3bl | — romocepunnernaporenassl [ uHruoOu-
pyeTcsi KOHEYHBIM MPOIAYKTOM PaccMaTpPHUBAEMOTO
nyTd OMOCHHTE3a — TPEOHUHOM (PEeTPOUHTHOU-
pOBaHHE).

Ha mepBoM sTame co3maHus mTamma-Ipoiy-
IIeHTa B cocTaBe ennHoro ¢pparmenrta JIHK B muraz-
muzae pBR322 Obl1 KJIOHUPOBaH BeCh thr-OmepoH.
[Tomrydennas 3a cueT 3TOro amruiMuKanus TeHOB
TPEOHHHOBOI'O OMNEPOHA IMpHBENIA K BO3PACTaHUIO
B KJIETKE YPOBHSI aKTHBHOCTH COOTBETCTBYIOIINX
(hepMEeHTOB H, KaK CJICICTBHE, K YBEINYCHUIO OHO-
cuHTe3a TpeoHnnHa. bomnee Toro, 6akrepun, comep-
KaBIIME TUOPUAHYIO TUIA3MHIy, [pHOOpeTa
CIIOCOOHOCTD BBIEIATh TPEOHWH B KYIBTYypalb-
Hyto cpeay. [lonydyennsiii wramm E. coli Hakamu-
BaJI TPEOHUH B OTHOCUTEIFHO OOIBIIIOM KOJTHYECT-
Be — |-2 r/n muTarenbHOM cpenpl, OJHAKO 3TO
HE SBJISIETCS] CBEPXITPOAYKIIHEH.

Buocunres tpeonnna y E. coli KOHTponupyer-
Cs C TIOMOIIIBIO HECKOJIBKUX PETYIATOPHBIX CUCTEM
(cm. puc. 5.1). UtoObl 00eCneUuTh CBEPXCHHTE3
9TOW aMHWHOKHCIIOTHI, HEOOXOINMO HApPYIIUTh, TIO
KpaiiHeil Mmepe, Haubosiee MOIIHBIE CUCTEMBI PETY-
namuu. Pabora mo momyuenuro 3¢ddexTuBHOTO
mramMmma — IpOAYLEHTa TPEOHWHA BeIach aBTopa-
MH TI0 JABYM HampaBICHHUSIM: YIy4lIeHHEe KOHCT-
PYKUMHU THOPUIHON TUIa3MHUABI M CO3JJaHNE LITaM-
Ma-perunueHTa E. coli, 00eCreunBaroniero moBbI-
LIEHHOE HaKOIUIEHHe aMUHOKHUCIOTHL. [loaTomMy Ha
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CIIEAYIONIEM JTarne padoThl B COCTaBe BEKTOpPa
pBR322 6p11 KJIOHHPOBAH TPEOHWHOBBIN OIEPOH,
Hecymui MyTanuto thrA442, koropas aenaet gep-
MEHTHBI KOMIUIEKC aclapTOKWHA3a—TOMOCEPHH-
JIETUIPOTreHa3a HEUyBCTBUTENIBHBIM K PETPOUHIH-
OMPOBAHUIO TPCOHUHOM.

B kauecTBe penunuenTa A THOPUIHON TU1a3-
Muabl co3nanu wramm E. coli VL334, umeroniui
myTtanuu thr C1010 u ilvA442. OH sBAsICTCS JBOW-
HBIM ayKCOTpo(oM  HY)KAaeTcs A1 pOCTa Ha MU-
HUMAaJIBHOH cpejie B TPEOHUHE U u3oeiune. My-
tanust  i[vA442 W3MEHSAET TPEOHWHIE3aMHUHA3Y
(mepBBIf (pepMEHT Ha MyTH NPEBPALLIECHUS] TPEOHU-
Ha B M30JICHIIMH) TakuM 00pa30M, YTO JaHHBIN
(hepMEHT HEe MHAKTUBUPYETCS MOJIHOCTHIO, a JIUIIb
UMEET Pe3KO CHIKEHHOE CPOJICTBO K CBOEMY CyO-
CTpaTty — TpeoHHHY. Takue HEemoJHbIE MyTaIlluu
Ha3pIBatOT leaky-myTranusmu  (MOATEKAOIIUMU).
Myranust thr C1010 TOTHOCTHIO MHAKTUBHPYET
I'CH TPEOHWHCHHTETAa3bl KIETOK E. coli.

[locne tpanchopmammu mnazmugaoin pYN7,
KOTOPAasi HECET TPEOHUHOBBIN OIIEPOH C MyTaluen
thrA442, muramm E. coli VL334 cranoBuics mpo-
TOTpOdHBIM 10 TpeoHuny. [Ipu 3ToM npoucxoant
CBEpXCHHTE3 TPEOHWHA, UTO B CBOIO O4epeab 00y-
CIIOBIIMBAJIO YAaCTHYHYIO CYNPECCHUIO ayKCOTpOd-
HOCTH TI0 m3oieinuny (Omaromaps leaky-myraruu
1o reny ilvA), T. e. KJIIETKH proOpeTain crnocoo-
HOCTBH PacTH Ha MUHHUMAJILHOH cpene 0e3 100aBoK
AMUHOKHCIIOT. 3HAUUTENIbHOE yMEHBIIEHHE Ipe-
BpallleHus TPEOHWHA B W3ONEHIMH (MyTaIus
ilvA442) mpenoTBpalmaeTr penpeccuto TPEOHHHO-
BOTO OITepOHa, OoJIee TOTO, MPOAYKT TeHa thrAd42,
pacIoI0KEHHOTO Ha IUIa3MHJIE, HE TOJIBEpraercs
peTpOMHTHOMPOBAHUIO TpeoHHHOM. Bee 310 cmo-
COOCTBYeT HAKOIIJICHUIO TPEOHMHA B KJIETKaxX B 00-
JIBIIIOM KOJIMYECTBE C TIOCIEAYIONINM BBIIETICHIEM
ero B cpeay. llomyuennsiii mwrtamm E. coli
VL334[pYN7] Hakarumsai B KyJIbTypaTbHOU KU~
KOCTH TPEOHHUH B KOHLIEHTpaLuH yxe 10 20 /1.

OdeHb BakHas OCOOCHHOCTH TOJIYYEHHOTO
mraMMa — CTa0MIBHOCTh MOJACPKaHUS UM THO-
PUIHOI MIa3MUABI 32 CYET aBTOCENIEKIINN TUTa3MH-
Jlocofiep KaluX KIeTOK Ha MUHUMaJIbHON MUTaTe-
nbHOMU cpee. Ha Takoi cpefe MOTryT pacTH TOJIBKO
kinetku VL334, cogepkamue mnazmuny pY N7, ko-
TOpasi W3-3a CBEPXCUHTE3a TPEOHWHA 00ecIeurnBa-
et UM npototpodusiil penotun Thrillet. Knetkwu,
YTpaTUBIINE IUIa3MHUJLy WIIM COJEp)KalUe H3Me-
HEHHYIO TUIA3MUY, U3 KYIBTYPHl YOQISIOTCS, TaKk
KaK He MOTI'YT pacTd Ha MMHMMaJIbHOU cpene. Ta-
KHE KIETKH MPUOOPETAIOT CIIOCOOHOCTh K POCTY
TOJIBKO Ha MOCJEIHUX dTanax GpepMeHTanuu Kyib-
TYpBI, KOT/Ia KOHIICHTPAIUs TPEOHHHA B Cpee A0-
cruraer 10-15 r/n. IosgBiaenue Oecruia3MUIHBIX

KJIETOK Ha 3TOM CTaJAuM MaJlo CKa3bIBaeTCs Ha KO-
HEYHOW KOHIEHTPAIMU TPEOHWHA B KYJIBTYpallb-
HOM >KUJIKOCTH.

[rammer E. coli K12, kK KOTOPBIM OTHOCHTCS
u VL334, pacTyT Ha MUHMMaJIbHOU CpeJie C TIIOKO-
301 WM (PpyKTO30#, HO HE YCBAMBAIOT Caxapo3y
W TaKkoW JOCTYIHBIA M JAEWEeBBIA CyOCTpart, Kak
menacca. llosToMy ¢ TOMOIIBIO KOHBIOTAIIUU
B tamm VL334[pYN7] BBenu ressl, A€ TEPMUHU-
pyromme criocoOHOCTh K YCBOEHHTO caxapo3sl. [1o-
cJie ONTHMU3ALNN YCIOBHH KYIBTUBUPOBAHUS CO-
3IaHHOTO BapuaHTa E. coli ynamock TOOUTHCS TIpo-
nykuuu L-tpeonuna 1o 70 /1 3a 3040 4 pepmen-
Tanuu ¢ KoHBepcuei okomo 40 % caxapa B IIeIEBOM
nponykt. Ilpu ucmnonab30BaHUM TOJBKO METOIOB
TEHETUYECKON MHKEHEPUU WM CEJIEKLIMH TaKou
ITAMM TIOTYYUTh HEBO3MOXKHO. TBOpUeckoe co-
BMEILEHHE ITUX JABYX MOAXOJOB IMO3BOJHIO JI0-
OUTHCSI HEOBIBAIIBIX paHEe Pe3yabTaTOB.

I'enbl bepMeHTOB OMOCHHTETHYECKOTO MYTH
JTU3WHA pa3dpocaHbl M0 OaKTepUAITBHON XPOMOCO-
Me, a He CIPyNIHMPOBAHbI B MOJIMIUCTPOHHBIN Orle-
POH, Kak B cirydae TpeoHnHa. [loatomy s co3na-
HUS METOJaMHU I'eHETHYEeCKOW MH)KEHEpHUHU ILTaM-
MOB — CYIEpPIIPOAYLIEHTOB JIM3WHA Tpedyercs
HECKOJIbKO MHOU monxo. B nadoparopuu K. ITarT)s
(1981 1) ObuUM pa3ACIbHO KJIOHHPOBAHBI TCHBI
OMOCUHTETHYECKOTO MYTH JIM3HHA B COCTaBE MHO-
rokonuitHo# miazmuzibl pBR322. BBoas kaxmayio
rHOPUIHYIO TUIa3MUY B OINPEJCNICHHbBIH PEelUITU-
SHTHBIN mTamMM E. coli, MO)KHO TIPOKOHTPOJIHPO-
BaTb, IOBBIIIEHNE JI03bl KaKOro TIeHa IpPUBENET
K YBEJIMUYEHHUIO CHHTE3a JIN3MHA. TeM caMbIM MOX-
HO BBISIBUTH JTUMUTHPYIOLIYIO CTaJHI0 OMOCHHTE32
9TOW aMHHOKHCIOTHI ISl KaKJ0TO KOHKPETHOTO
TaMMa-pelMIAEHTa. ABTOPHI  HCIIOJIB30BAIU
mtamM E. coli TOC R 21, KOTOpBIi BIMEN IBE My-
Tanuu 1o reny /ysC u obecrieynBas CBEpXCHUHTE3
musuHa. OnHa MyTanus oOyCJIOBIIMBalIa HEIYBCT-
BUTEJILHOCTh acmapTokuHasbl 11l k perponHrudu-
POBaHMIO JIN3WHOM, a BTOpas obecriednBaja KOH-
CTUTYTHUBHYIO dKcrpeccuio rena [ysC. Beenenue
B TaKOH ImITaMM THOPHIHBIX TUTa3MHJ C Pa3HBIMHU
reHaMH HCCIEAYEeMOTr0 OHMOCHHTETHYECKOrO ITyTH
MTOKAa3aJI0, 9YTO TOJBKO aMIUTH(UKAINSA TeHa dapA
B COCTaBe IUIa3MHJbl MPUBOIUT K IOBBILICHUIO
CUHTE3a JIN3HUHA.

[Tomxompl K CO3AAHNIO ITAMMOB — CYIEPIIPO-
IyIIEHTOB TIEPBUYHBIX META0OJINTOB UMENH Jallb-
Heliee pa3BuTHe B uccaenoBaHusx C. CyrumMoro
¢ coasropamu (1987 1), MOTYyYMBIIMX IITAMM
E. coli c BbICOKMM ypOoBHEM CHHTE3a (heHUIIaTaHH-
Ha. B cocTaB ruOpumHO# TUTa3MuIBI OBLUTH BCTPOE-
Hbl TEPMOYYBCTBUTENIBHBIN TIeH clgs; Oemka-pe-
npeccopa (ara A ¥ 1MOJ KOHTPOJIEM MPOMOTOpPA
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Apr — reH aroF, a mox koHTponem App — reH
pheA. O6a rena E. coli HecM MyTaIuu, Iearo-
IIME COOTBETCTBYIOLINE PEPMEHTHI HEUyBCTBHUTEIb-
HBIMHA K PETPOMHTHOMPOBAHUIO JHAOMPOTYKTAMHU
(TuposuHoM U penunananuHoMm). [Ipu Temmnepary-
pe 30 °C kJIOHUPOBaHHbBIE I'€HbI HE AKCIIPECCUPO-
Bajuch. [loBBIIICHHE TEMIEpaTypbl MPUBOIUIO
K MHAKTUBAIH (aroBoro pernpeccopa v HHITyKITHH
MHTEHCUBHOH TPAHCKPHUITLMH C aroBbIX MPOMOTO-
poB. MakcuManbHas TPOAYKIMS (peHHIamaHnHa
CO3/IaHHBIM IIITAMMOM HaOJIFOIaIach IIPU TEMIIEpa-
type 38,5 °C. Ilpu Gojee BBICOKOW TeMIIeparype
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JlJ1s TeHeTHYeCKOTo aHalin3a KaKoro-JInbo BU-
J1a OpraHu3MoB HCO6XOI[I/IMO BBISIBJICHUC MYTAaHTOB
C OIpeAeeHHBIMU (PU3NOJIOTHYESCKUMA AeeKTa-
MU (OTJIUYHSIMH OT OCOOCU, MPUHATHIX 32 JUKUH
tum). Jlo HemaBHEro BpEMEHM TaKHWe MYTAaHTHI
I0JTy4ajii TOJIBKO B PE3yJbTaTe CTAaTHCTUYECKOTO
(cmygaitHOTO, HEHAIPABJICHHOTO, OOIIIET0) MyTare-
He3a MOMYISIIIAA OPTaHU3MOB C TOCIeIyIOIIen ce-
JIEKIUEH WM OTOOPOM MYTaHTOB, OOJIAJArOIIMX
XapakTepHBIM PeHOTUTIOM. VI3MEHEHHBIH TeH B BbI-
JICJICHHBIX MYTAaHTaX MOXET OBbITh 3aTeM JIOKaJIU-
30BaH Ha I'CHOMC IMYTEM KOMIUICMCHTAIIMOHHOI'O
WA PEKOMOMHAIIMOHHOTO aHAJIN3a C IPYTUMH MY-
TaHTaMU WM METOJaMU (PU3UUECKOTO KapTUPOBa-
Hus. [losiBlneHrEe METOIOB F€HETHUECKON MHKECHE-
pHH MTO3BOJIMIIO ¢ TIOMOIIBI0 KJIOHUPOBaHUS B MO-
JICKYJIIPHBIX BEKTOPaX U3BJICKATH OT/ICJIIbHBIC I'CHbI
JlakKe U3 O4eHb OOJNIBIINX M CIOKHO OpraHM30BaH-
HbIX I'€HOMOB. ,Z[J'I}I KIIOHUPOBAHHBIX T€HOB MOXECT
OBITH pacmmdpoBaHa TOCIENIOBATEIHLHOCTh HYK-
JICOTU/IOB, 2 HAa €€ OCHOBE — aMHHOKHUCJIOTHAs
MTOCJIEIOBATENLHOCTE KoiupyemMoro Oenka. bormee
TOTO, MOKHO KJIOHHPOBaTh, a 3aTeéM CpPaBHUBATh
MOCJIEZIOBAaTENIFHOCTH TeHa (0enka) AMKOTO THUIa
¥ MYTaHTHBIX GopM. Mcxons u3 morydeHHOl WH-
(hopMaIu MOXKHO OIPEJICIIUTh, KAKUE U3MCHEHUS
CTPYKTYpHI TeHa (0enka) MPHUBOIAT K TOMY HIIH
WHOMY U3MEHEHHIO (PEHOTHIIA OpraHu3Ma.

HenmocrarkoM maHHOTO IOAXOHA SIBISETCS TO,
49TO (DEHOTUITMYESCKU TPOSBISFOTCS, KaK MPaBUJIO,
JIAJICKO HE BCE MYTAIlMU 110 OIPEICIICHHOMY T'eHY,
a TONBKO T€, KOTOPhIE 3HAYUTEIHHO HAPYIIAOT
¢yHkuuio sroro rera. Kpome Toro, Myranuu no
Pa3HBIM y4acTKaM M3y4aeMoro reHa MOTYT UMETh
OJTHO U TO k€ (heHOTUIINYECKOoe TposiBieHue. [1o-
ATOMY TOHKWH aHAJIHU3 CTPYKTYPHO-(PYHKIIMOHAIb-
HOW OpraHu3alyy reHa (W/WIH KOAMPYEMOTO MM
0erka) ¢ TOMOIIBIO JAHHOTO KJIIACCUYECKOTO MOJIe-
KYJISIPHO-TEHETHYECKOTO MOJIX0/Ia 3aTPYIHEH.

Kpaiine npupnekaTenbHONU OKa3anach Uaes uc-
IIOJIB30BaTh JIsI BBIITOJITHCHUA TaKHUX HCCJICIOBA-
HUU METOJMYECKHE MAOCTHKCHHS TE€HETHYECKOH
WH)XEHEpHH. 3Hasi CTPYKTYpPy KIOHHPOBAHHOTO Te-

Ha, MOXKHO CIUIAHUPOBAaTh U OCYIIECTBUTH €TI0 pe-

KOHCTPYKIIHIO, KOTOpast IO MMEIOIINMCS ITPEJICTaB-

JICHWSIM JOJDKHA TIPUBECTH K U3MEHEHHWIO YPOBHS

€ro HKCIPECCHU B BHIOpaHHOW CHCTEME KIETOK,

K U3MEHEHHIO OIPEJICJIEHHBIX CBOWCTB O€lKa, KO-

JUPYEMOro JaHHBIM T'€HOM H T. ., JTUOO MOXKHO

MIPOBECTH CIy4YallHbIN MyTareHes3 BbIJIEJIEHHOTO Ie-

Ha WM €TO y4acTKa, 0TOOpaTh pa3IHyHbIC MyTaHT-

HbIe (DOPMBI U OIIEHNUTH UX cBOiicTBa. Co3maHHbBIE

BapHaHTHI TEHOB 3aTEM MOKHO PEKOMOMHALIMOHHO

BBECTH B UCXOAHBIN T€HOM M U3yYUTHh UX BIUSHUE

Ha (YHKLMOHUPOBAHHWE JAHHOTO T€HOMA B IIEJIOM.

Baxxno mog4epkHyTh, 4TO MyTareHe3y IO/BEpra-

€TCsl TOJIBKO CTPOTO OINPENETIEHHBIN JOKYC, & BECh

OCTaJIbHOW T'eHOM He M3MeHsieTcst (TIpH o0Iei My-

TareHHOW 00pa0OTKe OpraHuM3Ma HCCIeA0BaTeNb

OOBIYHO HE MOYKET OBITh YBEPEH, UTO MyTaLHs [IPO-

I1JIa TOJIBKO 110 U3y4aeMOMY JIOKYCY M HE BO3HUKIIO

MyTalii Mo Jpyrum reHam). PaccmarpuBaemblit

MTOJXOJ, TIO CYIIECTBY, IPOTUBOIIOJIOKEH KIacCHYe-

CKOMY TE€HETHYEeCKOMY, TaK Kak 3/1eCh HCCIe0Ba-

HUSl HAalIPaBJIEHBI OT T'eHa K npu3Haky. [loatoMy ero

YaCTO HA3bIBAIOT 0OPAMHOU 2eHEMUKOIL.
B03MOXXHOCTh BBOAUTE B M30JIMPOBAHHBINA Ie€H

3apaHee 3arjaHupOBaHHbIE MyTallUl — JIEJICLHH,

BCTaBKU WIN cHenn(UYecKre 3aMEHbl HYKJICOTH-

J0B — ObIJIa HACTOJILKO 3aMaHYMBOM, YTO MOOYIHU-

Ja OOJIBLIYIO TPYHILy YYEHBIX Pa3HbIX Jlaboparo-

puii K pazpaboTKe METOJI0B HANIPABICHHOTO MyTa-

reHesa in vitro.
OTH wnccienoBaHUS TPOBOISTCS B JIByX Ha-

MIPABICHUAX:

*  CEerMEeHT-HAIlPaBJICHHBI MyTareHes, SBIISIO-
LIUICS CTATHCTUYECKUM MYyTareHe30M, JAEeHCT-
BHE KOTOPOTO OMNpeJeIeHHBIM 00pa3oM orpa-
HUYEHO JIMIIb BHIOPAaHHBIM PailOHOM MOJIEKY-
ae1 JIHK (mmasmuaHO#M witn BUPYCHOM);

e caifrcrienuUUYECKUl MyTareHes, IMOJ KOTO-
pPBIM ITO/Ipa3yMeBalOT BBEACHHUE IPEIONpese-
JICHHBIX MYyTallii B 3apaHee 3aIuIaHuPOBAaHHOE
MecTo (TOYKy, CalT) m3ydaemoro (parmMeHTa
JHK.
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6.1. FTEHHO-MHXEHEPHbIE OEJNNELUUN N BCTABKU

NOCNEQOBATEJIbHOCTEN OHK

[Ipex e yem paccMaTpuBaTh, Kak pa3BUBAIKCDH
METO/Ibl HANPAaBJICHHOTO MyTareHe3a, OCTaHOBUM-
Cs Ha aHaJIM3€ U3MEHEHHH, KOTOpbIe MOYKHO BBO-
nuth B Monekyisl JJHK BupycoB u miasmua ¢ no-
MOIIBIO  «KJIACCHYECKUX» T'eHHO-MH)KECHEPHBIX
rporeAyp 6e3 mpHuBIeUeHHUs IPYTUX MOIXO00B (Ha-

A A
a
A
—>
B

A
QB
A
Bal31 Jluraza A
— T T >
A A
QA

npumep obpabotku myTtareHamu). OUeBUAHO, YTO
B JJAaHHOM CJIy4ae BO3MOKHBIE U3MEHEHUS MOJIEKYJI
JHK orpannumuBaroTcs AeleUUsIMH U BCTaBKaMHU.
Camplif IPOCTOH BapHWaHT TOMYyYCHHUS SIS —
pacmerienne monekynsl JIHK pecrpukrazoii, ko-
TOpasi UMeeT Ha Hell 0oJiee OHOTO y4yacTKa y3Ha-
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Puc. 6.1. CxeMBI KOHCTPYHUPOBAHHS JCJICITUOHHBIX M HHCEPIUOHHBIX (BCTABOYHBIX) MyTaHTOB:

a — PECTPUKTA3HO-JIUTa3HOE JIENETUPOBAHUE; O — SK30HYKJICOIUTUYECKOE eJIETHPOBAHUE;
6 — ciydJaiiHas BCTpOliKa JinHKepa (pparMeHTa); e — AeICTUPOBAHUE MEXKTY JTHHKEPAMHU.
A, B, C — pecTpUKTa3bl U MeCTa UX y3HaBaHus Ha Mojekynax JTHK



6.2. CTATUCTUYECKNW MYTATEHES MTMBEPUOHBLIX OAHK 179

BaHUSI, C MOCJIEAYIONINM JIUTHPOBAHUEM TIOTyYCH-
Horo mpenapara JIHK. Ilpu sTom wacte obpasye-
MBIX MOJIEKYJ OyAeT YKOpOYeHa BCIIC/JCTBHE BbI-
IETUIEHUS OJTHOTO WM HECKOIBKUX PEeCTPUKITHOH-
HBIX (parmMeHTOB (puc. 6.1, a). Takoii moaxon
OYEeHb YaCTO UCIIOIB3YIOT IPU T€eHHO-WHKEHEPHBIX
pexoHcTpykuuax Mmoisekyn JAHK (manpumep, cM.
puc. 2.7, 2.10).

BTopoil pacnpoCTpaHEHHbI BApUAHT BBEJE-
HUS Jiesielui B KoJiblieBble AByxuenodeunnie JJHK
in vitro 3axmodaercs B Tom, yro JIHK pacmens-
10T B OIPEJIETICHHOM MECTe PEeCTPUKTA30i 1 00pa-
30BaBILYIOCS JIMHEHHYIO MOJIEKYITy 00pabarbiBaioT
HyKJea3oi Bal3 1, koTopasi THAPOIN3YET MOICKYITY
JHK ¢ 060oux KOHILIOB, ACTPaaUpys OIHOBPEMEHHO
ob6e menu. B pesynmbTare MOXKHO TOIYYHTH OOJb-
110i1 HabOp YKOPOUYEHHBIX JIMHEHHBIX MOJIEKYII, KO-
TOpBIE TIOCTE NUKIW3AIWU B JIUTA3HON peakiuu
(hOpMHPYIOT COOTBETCTBYIOLINI HA0OOP KOJIBLIEBIX
JHK ¢ nenemusimu (cwm. puc. 6.1, 6). Jlanubrii moa-
XOJl MCHOJB3YETCs, B YaCTHOCTH, IPU ONTHUMH3A-
LMY CTPYKTYPbI THOPUIHBIX TEHOB (HAIPUMED, CM.
puc. 3.8).

Wurepecen Bapuant mytarenesa monekyn JHK
3a CYET BCTPOMKHU B CIydyalHbIE MECTa SK30TE€HHBIX
cermedTroB JIHK — mpupomsbix (parmMeHTOB Mt
CHHTETHYECKUX JUHKEPOB (cM. puc. 6.1, ). Ciuy-
YaifHble JBYXLETIOYEUHBIE Pa3pbIBBI MOYKHO BBO-
muTh B MoJiekyisl JIHK myTem kpaTrkoBpeMeHHOTro
BO3ACHCTBHUS HAa HHUX HEOOJBLIOIO KOJMYECTBA
nankpearnyeckor J{IHKa3el I B mpucyrcTBum ka-
tHOHOB Mn2*. Tlomyunts mMonekyssl JJHK ¢ onu-
HOYHBIMH pa3pblBaMU B Pa3HBIX MECTAaX MOXHO,
o0pabarpiBasi X PECTPUKTA30M, HMEIOIIEH MHOTO
YYacTKOB y3HaBaHHUs Ha JAaHHOM cyOcTpare, Tak
4yT0o0Bl Kakaass mosekyita JJHK rupponuzoBanach
B CPEIHEM JIMLIb 10 OMHOMY Y4acTKy. Takum oOpa-
30M, B YaCTHOCTH, OBbUI MOJyYeH NEepBbIA rHOpH-
HbIi par M13mp1 (cm. 2.2.6).

bonee cnoxHBIl MeTOH BBEACHUS eieluil
in vitro mpuBeneH Ha puc. 6.1, 2. Bce moka3aHHbIe
Ha puc. 6.1 BapuaHTBl KOHCTPYHUPOBAHUS MYTaH-
TOB (32 UCKIIIOYEHUEM 0) IPUIOKUMBI U K JINHEH-
oM monekynam JIHK, nanpumep ITHK dara 4,
Y YUTATENb CaM MOXKET MPEACTaBUTh CXEMBI 3TUX
poLEnyp.

6.2. CTATUCTUYECKUA MYTATEHE3 M'MBPUOHBLIX OHK

BBonst nenenuu wiim HHCEPLUH iR Vitro, MOXXHO
JOCTATOYHO JIETKO JIOKAJIM30BaTh (QYHKIMOHAIb-
HBbIE 3JIEMEHTBI WJIM KOAUPYIOIIKE MOCIIEe10BATEb-
HOCTH KJIOHHPOBaHHBIX TeHOB. J{J1s1 Gosiee TOHKOTO
aHanM3a opraHu3anuu reHa (Oenka) HEOOXOAUMO
UCIIOJIb30BaTh METOABI MyTareHesa. IIpome Bcero
0oJbIIOe pa3HOOOpa3ue MyTaIlii MOXKHO TIONY-
YUTh MPHU CTATUCTHYECKOM MyTareHe3e KJIOHUPO-
BaHHOTO TeHa. CaMblil TOCTYITHBIA BapHaHT — 00-
mmiit mytarene3 rudpunnoit JIHK, comepxxameit
1esneBoil reH. OCHOBHBIM HEAOCTaTKOM JIaHHOTO
MOJIX0JIa SABJISIETCS TO, YTO MyTareHe3 3aTparuBaeT
BCE TEHETHYECKHE JIOKYChl 00padarhiBaeMON MO-
nexynsl JJHK. [TosToMy npu yBenM4eHNH TTyOUHBI
MyTareHesa, T. €. BBEICHHH HECKOJIIBKUX MYTalUi
Ha MOJICKYIY, Hapsly ¢ UCKOMBIMH MOTYT BO3HH-
KaTbh MYTaLUH U 110 )XM3HEHHO BaXKHBIM (YHKIISIM
BupycHoi win mnasmuaHoit JIHK. Takue more-
kyner JIHK yxe OyayT He:KM3HECTIOCOOHBI U TIOCTIe
TpaHchekuun (TpaHchopMalum) perMIUPOBATh-
sl B KJIeTKax He Oy/IyT.

Perumkarnust mmazmuiasix Mosekyn JJHK, obec-
[IEYMBAIOIIAs UX JKU3HECIOCOOHOCTh, OCYIIECTB-
nsieTcst pepMeHTaMH KJIETKH, 1 HEOOXOAMMBIE IS
3TOr0 Ipolnecca reHeTHYECKHUE JIOKYChI MIa3MHUI,
KaK MPaBUJIO, YCTPOCHBI MPOCTO U UMEIOT HEOOIb-
woi pazmep. [loaToMy npu MyTareHese miazMu-
HbIix JIHK uX xu3HEHHO BaykHbIC PyHKIIUU (BCIC]I-
CTBHE MAaJIOTO pa3Mepa MULICHH) MOBPEXIAIOTCS

C OTHOCHUTEIBHO HEBBICOKOM 4acTOTOW. BupycHbie
TCHOMBI B OTJIMYHME OT IUIA3MHUIHBIX COJEPIKAT
00JIBIIOE YHCIIO JKM3HEHHO HEOOXOIMMBIX TE€HOB
U TPH MyTarcHe3e TEPSIOT JKU3HECIOCOOHOCTh
¢ OOJBIICH OTHOCHUTENHHOW YacToTOH. IlosTomy
ma3muabie Moliekyibl JIHK mo cpaBHeHuto ¢ Bu-
PYCHBIMH MOXHO TTOABEPTaThH OoJIee TITyOOKOH My-
TareHHON 00pa0OTKe MPU COXPAHCHHUH WX YKU3HE-
CIOCOOHOCTH.

[Touck onTUMaNbHBIX YCIOBUH MyTarcHesa
mwrasmuaaeix JAHK in vitro nam momoxuTenbHbIC
pe3ynbrathl. Beicokas 3((heKTUBHOCTh MyTarcHe-
3a JOCTHTANach MPH UCTOIH30BAHUU THIPOKCHII-
amuHa (I'A) u B eme OoJbIIICH CTENICHH €ro TPOU3-
BoaHBIX ThIa O-metmnruapokcuiaamuaa (OMIA)
(puc. 6.2). boabmM JOCTOMHCTBOM JaHHBIX MY-
TareHoB SBIISIETCS JeTalbHAs M3YYCeHHOCTh MeXa-
HU3MAa MX JICHCTBUS HAa HYKJICHHOBBIC KHCIIOTHI.
OHn 00mMamaroT BBICOKOW CHEIMU(DUIHOCTRIO U
B3aMMOJICHICTBYIOT B OCHOBHOM C ITUTO3WHOM M Ha
IIBa TIopsika MeHee dPGEeKTUBHO — C aICHUHOM.
[Ipu sToM OoJiee CHIBHBIM MYyTareHOM SIBISICTCS
OMI'A, TOCKOJTBKY MPOAYKT €r0 PEaKIH ¢ ITUTO-
3MHOM UMEET B OCHOBHOM KeTo(opMy, CriapuBaro-
IIYIOCS C aIEHHHOM, B TO BpeMsl KaK aHaJIOTUIHBII
poaykT ['A  N-4-THIPOKCHUIIUTO3MH HAXOIUTCS
B KE€TO- U €HOJBHOU (hopMax B COOTHOIIIEHUH TIPHU-
mepuo 1 : 1. Baxxno ormeruts, uto OMI'A, kak
u ['A, arakyeT Te a30THCThIC OCHOBaHUSI, JIOCKOC-
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Puc. 6.3. Kunetnyeckue KpuBble HHAKTUBAINH (/—4) U MyTareHe3a 1o MapKepy yCTOMYMBOCTH

K TeTpanukiuny (5—8) miasmuasl pBR325 npu 06padorke 1 M OMIA, p
37°C (4, 8);50°C (3,7);60°C (2, 6); 70 °C (1, 5)

H 5,2 u Temneparype:
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TH KOTOPBIX HE DKPAHUPOBAHBI coceaHUMU. s
KOJIBLIEBOU IJIA3MUIHOM MOJIEKYJIbl 3TO BO3MOKHO
JUIIb B y4acTKaxX JIOKAJIbHOM NEeHATypalud JBY-
criupanibHoit cTpykTypbl JJHK. ITosromy nipu my-
TareHese ImiasMuz o aercteueM OMI'A in vitro
OoJpITIOEC 3HAUYCHHE MMEET TeMIlepaTypa WHKyOa-
uuu JITHK ¢ pearenTom, Tak Kak MOBBIIICHUE TEM-
reparypsl IPUBOANT K OOIBIIEH «pa3phIXJIEHHOC-
TH» CTPYKTYpbI ABycnupanbHoi kosbuesod JIHK
wra3muiel. Kpome toro, Ha ckopocTh MoauduKa-
uuU nuTo3uHa noj aerictsueM OMI'A cyiecTBes-
HOE BIIMsIHUE OKa3biBaeT pH pacTBopa.

B naboparopun C. H. IllenkyHoBa moxa3zaiu,
gyto Tipu BozmerictBu OMIA Ha mnasMumy
pBR325 (cMm. puc. 2.9) Hanbonpmii ypoBeHb My-

TareHes3a Npy HaMMEHbLICH HHAKTUBALMH TUIA3MH-
Ibl gocturaercs npu pH pactBopa, paBHom 5,2.
JlanHas 3aKOHOMEPHOCTH cOOMOAaIach A BCEX
Tpex aHaJIu3upyembIx Mmapkepos pBR325: Apr, Tcr,
Cmr. Kpome Ttoro, 3¢¢hexkTHBHOCTh MyTarcHesa
3aBUCUT OT TEMIIEpaTypHBIX YCJIOBHIl peakuuu.
Tak, mpu remneparype 70 °C uMen MeCTo BBICOKHUI
ypoBeHb MyTareHe3a pBR325 mno reny fet
(puc. 6.3) Ipu OTHOCUTEIHHO HEOOIBIIONH HHAKTH-
BallMM IUIA3MMIBI, B TO BPEMs Kak IIPH TeMIlepa-
type 37 °C 3a 3T0 ke BpeMs 00padOTKH MyTareHes
He HaOmonancs. [lonydeHHble pe3ynbTaTel JEMOH-
CTPUPYIOT, YTO in Vitro ¢ BBICOKOH 3((deKTuBs-
HOCTBIO MOJKHO IIOZIBEprarb Moau(UKaIMU ILIa3-
MUJIBI 1 BCTpoeHHBIE B HUX ¢parments! JJHK.

6.3. CETMEHT-HANPABJEHHbIW MYTATEHE3 IN VITRO

HecomMHeHHO, CTarUCTUYECKUH MyTareHes
mia3mMuabix JJHK Meronuuecku ropasno mpoiie,
YeM HalpaBJeHHBIH, W €ro IeJecoodpa3Ho Huc-
MOJIb30BaTh TIPU PEIICHHH psijia BOMpocoB. [lpu
JKETaHUM MyTareHHOW 00pabOTKe MOXKHO TOIBEP-
rare u3onupoBaHHble (pparmentsr JJHK u 3arem
BBOJIUTH UX B M3ydaeMblil reHoM. B atom cimyuae
OyZeM UMETh JeN0 C OJHUM W3 BapUaHTOB Cer-
MEHT-HaIPaBJIEHHOTO MyTareHesa.

Tak, K. Uy ¢ coaBropamu (1979 1.) 0Opabartsi-
BAJIM TUJPOKCUIAMUHOM oIlpeaeneHHble EcoRI-
tdhparmenTs! JIHK Bupyca mpoctoro repreca u 3a-
TE€M BBOJWIM WX B UYBCTBUTEIBHBLIC KICTKU KH-
BOTHBIX OJIHOBpeMEHHO ¢ HemoBpexaeHHon JTHK
BUpYCa AUKOTO THIa. MyTareHu3upoBaHHbIe (par-
MEHTBI 3a CUET TeHETHYEeCKOW pEeKOMOWHAIUU
BCTPaMBAJIUCh B BUPYCHBII T'€HOM, B pe3yJbTare
9ero OBUTH OTOOpPaHBI TEMIIEPaTypPHO-UYyBCTBUTCIIh-
HbIe (tS) MyTaHThI Bupyca. [Ipuuem pacnonoxenue
MyTanuid OBUIO OTPAaHMYEHO yYacTKaMU TeHOMa,
IIOKPBIBAEMBIMM  COOTBETCTBYrOIIMMHU  EcoRI-
(hparmeHTaMHU.

IToxoxue sxkciepumeHThl BbionHWIM T. Boin-
kep u M. oy (1980 r.), HO B maHHOM Ciydae
MyTareHoOM 00padaThIBAIUCH I[CITMKOM THOPHTHBIC
IJIa3MUEI, copeprkamtue Bglll-¢pparMeHThl TeHo-
Mma ¢ara T4. 3aTeM 3a cyeT peKOMOUHALIUY i1 ViVo
tdhparmenTs! ¢aroort IHK BcTpanBammch B cOOT-
BETCTBYIOIIME UM PallOHBI (haroBoro reHoma. B pe-
3yIbpTare MOJYy4YeHbl MYTAaHTHI (ara Mo JIOKaIu30-
BaHHBIM oOmactsm JJHK.

Hpyroit MeToj; cerMeHT-HanpaBiIeHHOTO MyTa-
rexesa in vitro npenyioxuiu B. boppuac ¢ coaBro-
pamu (1976 1.) Ha mpumepe dara ¢ X174. [lannbrit
(ar umeeT HEOOIBITYIO OAHOIICTIOYECYHYIO KOJIbIIE-
Byto JIHK, xotopas npu pernjaukanuud MOpOXOauT
JBYXLICIIOYCUHYIO CTaauio0. PermkatuBHyio ¢op-

my JAHK ¢ara ¢X174 ruaponuzoBain pecTpHK-
tazoii Hindll u moce anekTpodopeTnaeckoro pas-
JeNieHUs BBIACTHIN U3 relisl (parMeHT, copepika-
muit yacTh reHa A. Jlanusnii gparMenT oopabdarsi-
Bamu 1 M OMTIA npu temneparype 100 °C B Te-
genne 10 muH (menartyparus ¢parmenta JJHK
U MyTareHes). MoauguiupoBaHHbIi (hparMeHT OT-
JKUTaJH ¢ ogHOoIIerTouedHoi darosoit JJHK u momy-
YEHHBIM YaCTUYHBIM TETEPOAYIUIEKCOM TpaHC(H-
[IAPOBAIM YyBCTBUTEIbHBIC KIETKU E. coli. Ilpn
sToM ucnonb3oBanu JJHK ¢ara, necymero amoep-
myTanuio 1o rery A. Jlokyc, rme pacronoxkeHa
JlaHHasl MYTalus, IMOKPBIBAETCS MYyTareHU3HPO-
BauHbIM HindlI-pparmenTtom. Ilomydennoe nocne
TpaHcpekuun (aroBoe NOTOMCTBO TUTPOBAIM Ha
ra3oHe deccyrnpeccopHoro mramma E. coli, Ha Ko-
TOpOM He pactyT amOep-myTantel. Cympeccop-
He3aBUCHMbIC BapHaHThl Gara ¢p X174 ananmusupo-
BaJI Ha HAIWYUE ts-MyTanuii. B oToOpaHHBIX Tep-
MOYYBCTBHUTEIHHBIX MyTaHTaX BBISBISUINCH U3MeE-
HEHUS B pallOHEe TMOpPUIM3AIMU CErMEHTa-MyTa-
reHa u ¢arosoit JJHK.

JlanHOoe HampaBiieHHE MyTareHesa IOJIy4YWIo
pasutHe B padorax P. . Canranuka ¢ coTpymnHu-
kamu (1978-1983 rr.). Ha nepBom 3tare B kadect-
Be 00BEKTa MyTarecHHOTO BO3ICHUCTBHS OBLT B3AT
¢ar T7, uMmeromuii TUHEHHYIO ABYyXLEMOYEUHYIO
JHK. ITocne BeImENeHUs ompeaeacHHON (paroBoii
MPHK k Hell KOBaJeHTHO MPHUCOEAMHSIIN CIIELHU-
aJpbHOE MONU(YHKIMOHAIBHOE AJKHIAPYIOIIEe
coenuHeHue (puc. 6.4, 6.5), UMeroIIee COKpaIlIeH-
Hoe Ha3BaHue TOII. Anudarudeckre aTKAIUPYIO-
e rpynnuposku TOIT (Ry, Ry) cimyxar mist xo-
BAJIEHTHOT'O MPUCOEINHEHMSI pEareHTa K MOJINHYK-
JICOTUAY-HOCHUTENIO; apOMaTHIeCKas alKHIAPYIO-
mas rpynnupoBka (R3) HeakTHBHA, Tak Kak 3aTop-
MOKEHa coceHe (OPMUIIBHON TPYNIIOH, OHAKO
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Puc. 6.4. CtpykTypa noau(pyHKIHOHAIHHOIO MyTarcHa
N,N,N'-rpu-3-xnopatui-N'-(n-bopmunpenn)-
nporwieHanamuHa- 1,3 (TOIT)

OHa MOXET OBITh B HY)KHBII MOMEHT aKTHBUPOBaHA
BOCCTaHOBJICHHEM JTOH TpyHIbl OOPTHAPUIOM
HaTpHS.

AKTHBalLlIO aJIKMIIUPYIOIIEH IpyNIupoBKH R3
MIPOBOAMIIN Tociie GopMUpOBaHuUs CrieHUPUIHOTO
JHK-PHK rubpuna. B pesynsrare naHHoi mpo-
ueaypsl ypanoch 3¢dexkrusno (3—12 %) mHAKTH-
BUPOBATh BHIOPAHHBIN T'€H, HE 3aTparuBas ApPyTrHe
oOiactu (aroBoro reHoma.

Opnnako ucnosb3zoBanue mosekyn PHK B ka-
YeCTBE HOCHUTEIECH aJIKMIMPYIOUIMX IPYNIl UMEEeT
psll orpaHuYeHUi. B yacTHOCTH, TTPU 3TOM UCKIIIO-
4aeTcsi BOBMOXHOCTb IOJIYYECHUSI MyTalui B He-
TPaHCKpHOUpPYEeMBIX palioHax TreHoma. Kpowme
toro, BeimenuTb MPHK, TpanckpnOupoBanHbIE
C OTJIEJIBHBIX T'€HOB, B OOJIBLIMHCTBE CIIy4aeB J10-
BOJIbHO CJIOKHO. C Jpyroil CTOpOHBI, HaOOp H3-
BECTHBIX PECTPUKTA3 IMO3BOJISIET MOJIydarh (par-
meHThl JIHK mpaktudecku wu3 mo0oro ydactka
M3y4aeMoro reHoma. Pemenue nanHom 3a1a4n 3Ha-
YUTEJIBHO yNpOIAeTcs npu ucnonb3oBanuu I11P.
Bribpannbie pparMeHTBl MOTYT OBITH KIIOHHPOBA-
HBl 1 aMIUIM(QUIMPOBAHBI B COCTaBEe TMOPHUIHBIX
JHK. Ilostomy Obuto pemeno 3ameHuts MPHK
oxnonenoyeynsiMu Gparmentamu JJHK. Ha mpu-
Mepe MyTareHesa reta tet masMusl pBR322, ocy-
LIECTBJIEHHOTO 110 CXeMe, BO MHOTOM aHAJIOTHYHOM
NpUBEACHHON Ha puc. 6.5, OblIa MOKa3aHa BO3MOXK-
HOCTh MHIYKIMHM HAIPaBJIEHHBIX MyTalui C TO-
MOIIBI0 OjiHOIIeTIoueUHbIX (hparmenToB JIHK, He-
CYLIUX AJIKWIHPYIOLIUE TPYIIIBL.

Hpyroii noaxon K NOJIYYEHUIO HANPABICHHBIX
MyTanuii pa3padboran B naboparopuu K. Beiiccma-
Ha (1978 1.). MyTtarennoro > dexra mocTuramu
MyTeM BKJIIOUEHHUS B cUHTe3upyemylo nenb JJHK
aHaJoroB HykineotuaoB. Ilocne pernnukanuu in vi-
Vo 3a c4eT U3MEHEHHOTO CIIapUBaHUs C aHAJIOTaMHU
[I0JIy4aJd MyTaHTHBIE MocyienoBarensHocTy. Hau-
JYYIIUA pe3yabrar HaOmonaics Npu BKIIOYCHUH
N-4-ruppoxcunurosuda (N-4-ruapoxcun  dCTP)
BMecto dTTP. N-4-runpokcu dCTP, kak yxe yka-
3bIBAJIOCH, UMEET TAYTOMEPHYIO KOHCTAHTY (OTHO-
HICHUE CHOJBHOH U KeTO-(hOpM), PaBHYIO IPHUMEp-
HO 1, B pe3ynpTare OH OAMHAKOBO XOPOIIO CHApH-

Baercs Kak ¢ A, tak u ¢ G. BxitoueHue anasnora
B Asyxuernoueunyto JJHK mpoBonnnm B peakiuu
HUK-Tparcisauu (cM. 1.2.3) ¢ momomipio JJHK-mo-
mumepassl | E. coli (puc. 6.6). B kauecTBe 00bekTa
uccienoBanus asropsl B3 kJIHK fB-rmobuna
KpOJIMKa, KJIOHHUPOBAHHYIO B COCTaBe IJIa3MUJIbI
pMB9. Oanouenoueunslii pa3psiB no EcoRI-yua-
CTKy B COCTaBe reHa [-1o0rHa BBOIUIH C TIOMO-
b0 pectpukTassl EcoRIl B MpUCYyTCTBUU UHTEP-
KaJHPYIOUIETO COCIUHEHUS — OpPOMHCTOTO 3TH-
nust. ITpu stom kaxnas u3 ueneit JIHK pasprisa-
JaCh MPUMEPHO C OJUHAKOBOM YaCTOTOMH, U B pe3y-
asrate (hOpPMUPOBAIOCH /IBA THIIA MOJIEKYS C HH-
KOM B TOI WX MHOH I[EIIH.

B xone orpanudyeHHON mNoJMMEpa3HOW peak-
uuu (B peaknnoHHoH cmecu otcyrctBoBasr dGTP,
CM. puc. 6.6), THUIIMUPOBAHHON HAa OTHOIICIIOUCY-
HoM paspeiBe Mojekynsl JHK, N-4-rugpoxcu
dCTP Britouasncs Bmecto dTTP. [Tocie Tpancop-
Maluu KJIeTOK E. coli MoguduIMpOBaHHON TIa3-
muanoi JIHK Obut0 06HapyskeHO, uTo okoio 2 %
IJIa3MUJT YTPATUIIO YYACTOK Y3HABaHUSI PECTPUK-
tazoii EcoRI. CeMp TakuMX IUIA3MUJ BBIACIHIN U
CEKBEHUPOBAJIU UX B pailoHe EcoRI-yuactka. Oka-
3aJI0Ch, YTO TPU W3 HUX MMEIU OJNHOYHYIO 3aMe-
HY, TP — JIB€ 3aMEHBI H OJlHA — TPHU 3aMeHBL. Bo
BCEX CIy4asX, KaK M OXHJaJOCh, IPOU30IILIA
tpanzuuus TA - CG.

a

A B C

e RRRFRRRRRRRRRRRRR AR

PHK

|
-

g 11t
B

6 A C

Puc. 6.5. Cxema reH-HaInpaBJIeHHOIO MyTareHesa:

a — tpanckpunuus Moiexyn PHK ¢ renos 4, B, C; 6 — npu-
COeIMHEHNE BBICOKOA(P(EKTUBHBIX XuMHUeckux rpymn TOIT
K TPAaHCKPHUNTY r'eHa B; ¢ — XuMuieckas Mopudukanus rena 5
nocie rubpuanzanun JHK-PHK n ymanenust ¢opmumbHOMA
rpymmnsl TOIT npu 06paboTke OOPruApHUIOM HATPUS
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pMB9

T'en f-robuna

EcoRI

5. .CATCATTTTGGCAAAG&’-\ATTCACTCCTCAGGTGCAG. 3
-3.. .GTAGTAAAACCGTTTCTTAAETGAGGAGTCCACGTC. )

1. EtBr + EcoRI (BBeneHue HUKa)
2. Poll + dATP + dCTP + N-4-runpoxcu dCTP
(HUK-TpaHCIISIIHS )

5'...G-C-A-A-A-G-A-A-T-T-CrA-C-T...3' 5
3'...C-IG (IZ-(IZ-(IZ-C-(IZ-(IZ-A-A-G-T-G-A...5' 3
p OHOHOH OHOH

l Pennuxanus in vivo

AAA AA

s/ 7
5'...GCGGGGGGTTCACT...3 5.
3. ..CGCCCCCCAAGTGA...5 3.

77/ 77

TTT TT

|’vava>
OHOH OH OH p

Lol I I I
..A1G-A-A-C-C-CrA-C-C-C-C-C-C-A G-G...3
.. T1C-T-T-A-A-GrT-G-A-G-G-A-G-T-C-C...5

i

TT T T

/7 7/ / /
GAACCCACCCCCCAGG...3'
CTTGGGTGGGGGGTCC. . .5

/77 / /

AA A A

~4 >

Puc. 6.6. Cxema myrareuesa reia 3-ro0uHa KpoJiika B paiione yuyactka EcoRL

Huxk BBomuTCs B (+)- mn (—)-uens JJHK B enuncTBeHHOM y4acTke EcoRI (00BemeH mpsMoyroinbHUKOM). HUK-TpaHCasIus ocy-

mectensercs JJHK-nomumepasoit 1 E. coli B npucyrctBun dATP, dCTP u N-4-rugpoxcu dCTP Bmecto dTTP. OrcyrcTBue

B cmecu dGTP orpannymBaeT pailoH HUK-TPAaHCIAIUH 13 HYKICOTHIaMU Ha (+)-IIenu Wi § Ha (—)-Uenu (BOTHHUCTBIC CTPEIIKN).

Perumukamus JIHK in vivo mpuBomut k TpamsummsiM AT — GC B HEKOTOPBIX HJIM BO BCEX TOYKAX, YKa3aHHBIX B HIDKHEH
MOCIEA0BATENLHOCTH

TaxuMm oOpazom, manHas padboTa MPOIEMOHCT-
pupoBaga BO3MOXKHOCTh BBEJICHUS MyTallUi B 3a-
paHee BRIOPaHHBIA YYaCTOK HM3ydaeMOM IOCIIEO-
BarenbHOCTH JIHK. OpHako, Kak BHIUM, BBIXOJ
MYTaHTOB OTHOCHTEIHHO HEBEIMK, 9YTO MOXET 3a-
TPYIHSATh WX OTOOp MPH OTCYTCTBHH METOJIOB
(heHOoTHMTIMYECKOTO BBIsABICHHS. J[OMF0 MyTaHTOB,
[OJTy4aeMbIX JJAHHBIM METOJIOM, MOXXHO YBEIIU-
YUTh, €CJIN B KAYECTBC KIICTKN-X03sHaA IJIA TpaHC-

(hopmammu UCIIONB30BaTh MTaMM E. coli, nedexT-
HBI 110 CHUCTEME penaparuu.

st 2bPeKTUBHOTO CEeTMEHT-HAIPABICHHOTO
myTtareHesa JI. Haranc ¢ corpynaukamu (1978 r.)
MIPEIOKIITN UCTIONB30BaTh OMCYIB(UT HATPUST —
MyTareH, CIeU(PUIHBIN K OJHOIENOYCYHBIM T10-
cinenoBatenpHOCTSIM JIHK. DTOT peareHT ocy-
MIECTBIISICT MIPU MATKUX YCIIOBUSX JI€3aMHHHUPOBA-
HHE MHUTO3WHA, 00pa3ys ypamwi (puc. 6.7). Ilpu
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NH, 0
N HN
c | Jv |
07 >N _ HNO, O
© ‘ Hso, © ‘
NH, 0
N A
N
</ 2 </ v
—
HO N N HO
0 ‘ HNo, 0 ‘
HO H
0 0
N NH N NH
</ ‘ G)\ </ ‘ :
HO N N/ NH, HO E @)
0 ‘ _ HNO, 0 ‘
HO H

Puc. 6.7. lesaMUHHpPOBAHUE a30THCTHIX OCHOBaHUI
npu aeifictBun Ha Hux 6ucynbdura (HSO3) umu azotucroit kucnors: (HNO,).

C — nuro3un; U — ypammn; A — anennH; HX — runokcantus; G —

atoM Ha aByxuenoueunor JIHK mannast peaxius
He uaeT. B xauectBe cyOcTpara Bo3aeicTBHsA Ou-
Cynb(uTa MOXKHO MCIIOIB30BaTh JIMOO MOJEKYIY
JHK ¢ omHomemnodeunoit Operpio, MO0 TeTepo-
JTYTIIEKCHYIO MOJIEKYIY C OTHOLIETIOUEUHOH neTneit
(puc. 6.8). Ilpn monmmepasHoii 3acTpoiike MyTare-
HU3UPOBAHHOW OpelM WM PEIUIMKALMH TeTepo-
TyTUTIEKCHOW MOJIEKYITBI ¢ U cmapuBaeTcst A, ¥ IpH
JalbHEeHIIe perumkauuu B kietkax E. coli ¢op-
MUPYETCA MOTOMCTBO MyTaHTHBIX Mojekyn JJHK
¢ tpansuuusaMu CG - TA. Beixox MyTaHTOB Npu
sToM MoxeT gocturars 20 % u Goee.

[Ipu ncnonbp30BaHMM METOAOB BKITIOUCHHS aHA-
JIOTOB HYKJICOTHIIOB WJIH MyTarcHesza OucCynbdu-
TOM OJTHOLICTIOYEUHBIX Opemieit (cM. puc. 6.6, 6.8)
Ha Mosekyne apyxuenodednoi JIHK Heob6xomanmo
creun(UIHO OCYIIECTBISITh Pa3pblB OAHOM LICIH.

TyaHUH; X — KCaHTHH

B nepBbIX 5KCrIeprMeHTax TaKoro TUApou3a 100u-
BAJIMCHh C MOMOIIBIO UMITYJIbCHOH 00paboTKU Or-
penenenHoi pectpuxrazoi monekyn JIHK B mpu-
CYTCTBUHM OpOMHCTOTO 3THUAMS, KOTOPBIH W3-3a WH-
tepkanannn mexxay nensmu JIHK 3arpynnser pac-
meruieHue pepMeHToM o0enx mereid. OHaKo TaKoM
Croco0 BBENICHUS HHUKA CYIIECTBEHHO OTpaHWYH-
BaeT NMPUMEHEHHE ITHUX METOAOB HalpaBIeHHOIO
MyTareHes3a, TaK Kak JIOKaJu3alusl pa3pbiBa CTPOro
3aBUCUT OT MCHOJB3yeMOU pecTpukTasbl. JlanHoe
3arpynHenue npeogosienu . lopmi ¢ coaBropamu
(1980 1.), KOTOPBHIM yIaIOCh BBOAUTH HUK B JIFOOOH
ydacTok KounbleBoit monekynsl JHK (puc. 6.9).
K cynepckpyuennoit konpuesoit JJHK noGasnser-
cst omHotnenoueunbii cermenT JIHK, romosmoruu-
HBIN TIOCJIEIOBATEIILHOCTH, TI0 KOTOPO HEOOXOIH-
MO BBECTH HHUK. 3aTeM K ATOH cMecu J00aBISIOT
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Huxk 3
G
C\ C Pol + C Tpancdop-
Pol \ HSO; \ + 4 ANTP \ MaIs
S Yo E. coli
5’
¢ S=C7,
fi SR R w64
oS R
1. lena- R»lf\CC »ﬁl\CU
R Typanus _ Tpancdop- R,
HSO; Mauus
- v o
R, R, E. coli R,
2. Pena-
R, Typarus
R, R,

Puc. 6.8. Ctparerust HanpapIeHHOTO MyTareHes3a
npu 00pabdoTke ogHONenoYeyHbIX yuacTkoB JJHK Oucynshurom HaTpus:

a — MyTareHes no ogHonenodeuHoi opemn va moaekyne JJHK (Pol — JAHK-monmmepasa I u3 Micrococcus luteus);
6 — MyTareHes3 1o OJHOIIETIOUEYHOH eTiIe Ha rerepoaymiekcHoit monekyne JHK (R, R, — pecTpukTassl)

1 2 1 2
Bbemok RecA + ATP
—~ 2 >
+ ]
T'omomornyanas
mens JIHK
KosanentHno JAHK ¢ D-netneit
3aKpBITas (4acTHYHO pacKpydcHa)
kosbrieBast JJHK
(cymepckpy4yeHHas)
Huxk S1
CroHTaHHOE
1 BeITecHenne | 2
CEerMeHTa
-
Otkpsitas kombieBas JJHK Hecrabunbnas
C CEerMEHT-HaIPaBICHHBIM MIPOMEXKYTOUHAS
HUKOM dhopma

Puc. 6.9. Cxema mporietypsl CETMEHT-HAIPABICHHOTO BBE/ICHNS HUKA
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oenok E. coli RecA u ATP. benok RecA B mpu-
cyrctBuu ATP Karamu3upyer CBsI3bIBAHUE BBE/ICH-
Horo oxHorenoueyHoro cermenta JIHK ¢ komrme-
MEHTapHOH TMOCIeN0BaTeIFHOCTHIO Ha KOJBIIEBOM
cynepckpyuennoit JJHK. OGpa3yemas ctabunbHas
CTpyKTypa Ha3eiBaeTcsa D-nietneit (ot anr. displa-
cement — BbITecHeHHE). Eciu kK TakoMy mpemnapa-
Ty JHK moGaButh sHmonykieasy Sl, cnermudnd-
Hyto k ogHouenoueyHout JJHK, To ona B D-netne
CeNaeT OIHOIICTIOUEYHBIH Pa3phIB C TOCIEIYIO-
MM OBICTPBIM pa3pyiieHueM D-1etiu u BhITeCHe-
HUEM OJIHOIIETIOUEYHOTO cerMeHTa. OKOoHYaTelb-
HBI MPOJYKT PEaKIUU MPEJCTaBIsIeT COO0H OT-
KpbITYyI0 KoJsiblieByt0o Mosekyny JIHK ¢ Hukom
B 3apaHee BEIOpAHHOM palioHe.

bonee mmpoxnii criekTp TpaH3ULUN, IO CpaB-
HEHUIO C PAacCCMOTPEHHBIMH BBIIIE MYyTarcHaMH,
JaeT azotuctas kuciorta. OHa Je3aMUHUPYET LU-
TO3WUH JI0 ypaluia, ajJeHWH J0 TUIOKCAHTHHA
¥ TyaHHH 710 KcanTuHa (cM. puc. 6.7). B JIHK cma-
pYBaHUE ypamnuia ¢ aJleHUHOM NPUBOJAUT K TpaH-
surnun CG = TA. OcobeHHOCTH CTapUBaHMSI THIIO-
KCaHTHHA TAaKOBBI, YTO OH MOXKET BBI3BIBATh TPaH-
sunuio AT = GC. KcanTtun He 00yClIOBINBAET My-
tauii. OH sABIsSeTCS «OECCMBICIIEHHBIM» OCHOBa-
HUEM, KOTOPOE HE KOMIUIEMEHTapHO 000MM IHUpHU-
MHUJUHAM, U, CJIeIOBATEIhHO, €TO TIOSBICHHUE B MO-
nekyne JIHK momkHO oka3bIBaTh JIeTalbHOE, a HE
MyTareHHO€ JeHCTBUE.

C. Xupose c coaBropamu (1982 1.) mpenmoxu-
JI HCIIONTB30BaTh a30TUCTYIO KUCIOTY IS 3 dek-
TUBHOT'O CCIMCHT-HAIIPABJIICHHOI'O MYTarcHesa.
ITockompky HNO; MokeT BO3ACHCTBOBaTH M Ha
npyxuenodeunyto JJHK, cxema npouenypsl BbITIIs-
IUT cieaytomuM obpazoM. C  IBYXIENOYEYHOH
kosiblieBor Mosekynor JIHK, umerorieit oaHore-
MOYCYHYIO Opemib, TMOPUAN3YIOT OJHOILENOoYe-

HBI (parMeHT, KOMILJIEMEHTapHBIA TOCJeq0Ba-
TETBHOCTH Opelr, KOTOPHIH MpeaBapuUTebHO 00-
pabotaH a30THCTON KUCIOTOW. B momy4yenHoii re-
TEPOAYIUIEKCHON MOJIEKyJie OCTAaBIIHECS Openrn
JOCTpauBalOT ¢ momolblo (parmenta Kienosa
JHK-nommmepassl 1 E. coli m xoBaneHTHO 00be-
muusor uens JJHK B nurasnoit peakuuu. Ilocne
Tpanchopmaruu KIeTok E. coli, ne@eKTHBIX 0
penapanuy, aHaIU3UPYIOT IIOJTYyYEHHBIE MyTaHTEI.
YpoBenb myTarenesa npesbimaeT 20 %, mpu 3TomMm
BoLsBIsItOTCs Tpansuun CG = TA u AT - GC.

WHTepecHbIi crioco0 cerMeHT-HaIpaBIeHHOTO
MyTareHesa npeaigoxeH B. A. I'yceBbIM ¢ coaBToO-
pamu (1981 r.). On ocHOBaH Ha TOM, yT0 PHK-110-
IuMepasa B MecTax cBoero cBasbiBanus ¢ JIHK mo-
KallbHO PAcCIUIeTaeT [EMH, U Ha OTH Y9aCTKA MOX-
HO HAampaBJICHHO BO3JCHCTBOBAaTh MYyTarcHaMH,
CHeNU(UIHBIMA K OFHOIETOYEYHBIM ydacTKaM
JHK (rugpoxcunamud u ero O-anKui-mpou3Boj-
Hble, Oucynshut Harpus). Ha nmpumepe IHK oda-
ra A ObUIO MOKa3aHO, YTO TAKHM 0Opa3oM MOXKHO
HalpaBJICHHO BBOAWTHL MYyTallMX 110 ITPOMOTOPHO-
OIIEPATOPHOM 00JaCTH PROR C YPOBHEM MyTareHe-
3a okoxo 10 %.

Kak BuauM, cerMeHT-HampaBlICHHBIH cTaTHC-
THYECKUH (CIIyJaHBIA) MyTareHe3 MOXKHO OCY-
LIECTBIISITh allbTepHATHBHBIMUA MeTopamu. llomy-
YAIOUIMICA MPU 3TOM HIMPOKUN CIIEKTP MYTaHTOB
MIO3BOJISIET MTPOBOAMUTE HCCIIEOBAHNE CTPYKTYpHO-
(hyHKIIMOHATBHON OpraHU3aINH N3y9aeMOTO JIOKY-
ca. Hegocrarku naHHOro moaxoaa COCTOST B TOM,
YTO C €r0 MOMOIIBIO CIIOKHO TOIYYUTh MyTaHT CO
CTPOro OIpPEEICHHBIMH 3aMEHaMH HYKJIEOTH]IOB
u Henb3st BBectH B JIHK 3apanee 3amaHupoBaH-
HBIC JICJICIMU M BCTABKU. DTH BO3MOXXKHOCTH 00ec-
MIEYMBACT OJUTOHYKJICOTHI-HAIPABICHHBIN (CcaiT-
CHeU(pUICCKHil) MyTareHes.

6.4. OJINTOHYKNEOTUA-HAMPABJEHHbIA MYTAMEHE3 IN VITRO

B 1978-1979 rr. C. Ixumiam u M. CMuUT ¢ co-
aBTOpaMH SKCIEPUMEHTANIbHO 000CHOBANIM BO3-
MOKHOCTb HCIIOJIb30BaHUSI CHHTETHUECKUX OJIUIO-
HYKJICOTHUIOB B Ka4eCTBE MyTareHoB (puc. 6.10, a).
OObexkToM MyTareHesa aBTOpPHI BBIOpanmu (ar
¢ X174, umerorinii HeOOJIBIIYIO OJHOICTIOUYCUHY IO
kombIeByto JIHK, mis kotopoit yxe Oblta u3BecT-
Ha TOCJe0BaTeIbHOCTh HYKJIEOTH10B. OHOLe-
noueunyro komblieByro JIHK  rubpuamsoBamu
C CHHTETHYECKHM OJUTOHYKJIECOTHOM, UMEBIIUM
OIpesieNICHHbIE OTIINYMSI OT COOTBETCTBYIOLIEH MO~
CJIEZOBATEIbHOCTH (haroBOro I'eHOMaA, HaIpUMeEp
TOYEYHYIO 3aMEHY OJHOTO W3 HYKJIEOTHa0B. JlaH-
HBIA OJIMTOHYKJICOTHJI HCIIOJIb30BAJIN B KaueCTBE
npaiiMepa Juist JocTpoiiku Bropoil nenu na JIHK-

Marpuue. OTy pPEaKUUI0 OCYLIECTBISUIM C IIO-
morteto (parmenta Kienosa JIHK-nonumepassr 1
E. coli n JHK-nurassl. 3atem npenapar JJHK 00-
pabarpIBamy HykJea3oi S1 o THOpoiu3a dJac-
TUYHO JBYXLENOYEUHBIX MoJeKyn ¢arosoit JTHK
U TpaHchuuupoBann UM cdepomnactel E. coli.
B mponecce pemmkanuu 00pa3oBBIBAIOCH CMe-
nraHHoe (paroBoe IMOTOMCTBO, COCTOSIBIICE KaK U3
(haroB JMKOTO THIIA, TAK ¥ U3 MyTaHTHBIX. [Ipnuem
MyTaHTHasi GpopMa cocTasisuia okoso 15 % momy-
YEHHOTO TOTOMCTBA, XOTS TEOPETHYECKH MOXKET
nocturath 50 %.

s yBenmmaenus Beixoga MyTanToB C. Jkwr-
nam 1 M. CMHT UCTIOB30BaJIM OPUTMHAIBHBIN Me-
TOA cenekuuu in vitro. OHM TogoOpanu ycioBus,
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CdeporuracTsl
—_—

m
/\—\ 5 E. coli

3Y
PolIK S1
- > +
JIuraza

e +
e — N
_—

(HenH(EeKIOHHA)

_’/1\1_ PolIK i Sl
—_—

_ S

25°C Jluraza, 25 °C
/R @
Puc. 6.10. Crparerust BBeqieHus ToukoBbIX MyTanuii B JJHK ¢dara ¢p X174

C TMOMOIIBI0 CHHTETHYECKUX HE MOJHOCTHIO KOMILIEMEHTAPHBIX OJMIOHYKICOTHIOB ()
u cenekuuu in vitro mytautheix JJHK dara (6).

Coeporuractsr
E—

E. coli

+

m — MyTauus, wt — JUKUH TAT

A
T
[Ipaiimep MyrTan

v Py 5

P
+
G
C

A
C
[Mommmepasa Tparchopmanms
E— —_—
Jluraza E.coli
Marpuua Tlukuit
THUII
o 6 /—(1 2 0
3TN 3 s N AN 5 3

Puc. 6.11. Cxema BBeJICHHS OTUTOHYKIICOTH/I-HAIPABICHHBIX MYTAII TP UCIIOTH30BAHUN B KAUECTBE MATPHIIBI
JUUISL TIOJIMMEPa3HOU peakiuu ofHolenoyeyHon koipuesoit JJHK:

a — BBEJICHHE TOYKOBOI MyTallH, 6 — JICJICIUH, 6 — BCTaBKHU, 2 — MHOKCCTBEHHBIX TOYKOBBIX MyTallHi,
0 — CIIOKHBIX TIePEeCTPOeK
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IPH KOTOPBIX CUHTETUYCCKUN OJIMTOHYKICOTH/I-
MyTareH, UMEIOIIHA TOYEYHYIO 3aMEHY B TIOCIIEI0-
BaTEJIbHOCTH JMKOTO THIA, MOT THOPHIN30BaThCS
TOJIBKO ¢ MyTaHTHOU ¢dopmoii ¢arosoit JJHK, HO
He ¢ JIHK mukoro tuma (cm. puc. 6.10, 6). [Tocne
MTOJTMMEPA3HON PEaKIUH U 00pabOTKN HyKIIea30oi
S1 npoucxoauino oboramenue npenapara JJHK my-
TaHTHBRIME (opMamu. J[ByX IIHKJIOB OMHCAHHON
MpoeaAypHl OBbLIO AOCTATOYHO, YTOOBI BBIXOJ MY-
TaHTOB MOBBICUTH MpakTHuecku 10 100 %. Ananmus
yCIIOBUH, HEOOXOMUMBIX JUIsl 3(h(HEKTUBHOTO CBS-
3piBaHus ¢ JJHK-Marpuiieit onuronykieoruaa, co-
JepKallero eAMHUYHYI0 HYKJICOTHIHYIO 3aMEHY,
U JalbHEHIIEero npaiMUpoOBaHUS IMOJUMEpPa3HOU
peaxiuu, IoKasaj, 9YToO B 3TOM CIy4ae JOCTaTOYHO
JIBYX WA TPeX KOMIUIEMEHTapHBIX HYKJICOTHIIOB
Ha 3'-KOHIIE U IECTH WJIA CEMH — Ha 5'-KOHIIE OT
HEKOMITJIEMEHTapHOTO HyKJIeoTuaa. Korma BBOIST-
cs1 O0MbIINE M3MEHEHHS, pa3Mep OJIUTOHYKIICOTH-
Jla TOJIKEeH OBITh yBEJINYCH.

Pa3zpaboranHbili Ha MOENBHON cucTeme (ara
¢X174 ™eron OIUTOHYKJICOTH-HAIMIPABIEHHOTO
MyTareHe3a MOJNY4YWI JajbHeWIIee pa3BUTHE Ha
npyrux tunax wmonekyn JIHK, mpexne Bcero
Ha JIHK HuTeBHIHBIX (haroB u mma3Mugax. Y mias-
MUJI TPHUXOIUTCS TIOJNy4YaTh OJHOLICNIOYCYHBIC
KOITbIIeBbIe (DOPMBI TIPH OTIpeAeTIeHHBIX (pepMeHT-
HBIX 00paboTkax asyxuenoueunor [AHK in vitro,
YTO OOBIYHO OCYIIECTBUTH HE OYeHb MpocTo. [lo-
9TOMY Haubojiee IIUPOKO HMCMOJB3YIOT HUTECBH/-
HBIC (haru, 1 B IepByIo ouepenb har M13. Ha koitb-
uesoit oxnouenodeynor JJHK ¢ara M13 ynobHo
JIOCTpamBaTh BTOPYIO Ienb. Kpome Toro, co3maHa
cepusi BEKTOpHBIX Mojekyn Ha ocHoBe JJHK ¢ara
M13, u maHHBIA (ar ¢ yCIeXoM HCTOIb3yeTCs TIpH
CEKBCHHPOBAHUU KJIOHUPOBAHHBIX  IOCIJIEOBA-
tensHOCTeH JIHK MeTomom Canrepa.

[Muonepckue pabOTHI MO OJIUTOHYKIICOTHI-Ha-
npaBJIeHHOMY MyTareHesy (ara M13 u rubpumos
Ha ero ocHoBe nposenu Jx. MeccuHr ¢ coTpynHu-
kamu (1981-1983 rr.). OHU TPOAEMOHCTPUPOBAITH
BO3MOKHOCTH BBOAWUTH B T€HOM (para ¢ MOMOILBIO
OJIMTOHYKJICOTH/IOB HAIPaBIICHHbBIE 3aMEHBI, BCTAB-
ku, neneuun (puc. 6.11). Takum myTtem, B 4acT-
HOCTH, TIOJy4€HBl HOBBIE BEKTOPHBIE MPOM3BOJI-
Hble cepur M13mp (puc. 6.12). BaxHnoii ocoben-
HOCTBIO JAHHOTO METO[a SIBJISIETCS TO, YTO OJIUTO-
HYKJICOTHII-MyTarecH MOXeT OBITh HCIOJIb30BaH
U1 9 GEKTHBHOTO 0TOOpa MOTyYaeMbIX MyTaHT-
HBIX KJIOHOB. C 3TOH LENbI0 BBIPOCIIHE IOCIE
tpancdekuu kionbl JJHK rubpunnsyror Ha HUT-
poueiuirono3e ¢ 32P-MEUCHHBIM CHHTETUYCCKUM
OJIMTOHYKJICOTUIOM-MYTar¢HOM IIPU HHU3KOW TEM-
reparype, a 3aTeM OCYIIECTBIISIOT MTOCIIEI0BATENb-
HBIC OTMBIBKH PaJIMOAKTUBHOTO 30H/a MPH MOBBI-

LIEHUH TeMIIepaTypsbl ¢ nHTepBaioM B 5 °C, paauo-
aBrorpadupys GUIBTP MOCIE KaXI0H 00pabOTKH.
B pesynbrare Takux mpouenyp MOXHO MOA00paTh
YCIIOBUSI, KOTJIa PAJINOAKTUBHO MEUYEHHBIN OJMIO-
HYKJICOTH]I OyAeT THOPUAN30BAThCS TOIBKO C MOJI-
HOCTHIO KOMITJIEMEHTApHOW (MyTaHTHOM) TOCe-
JloBaTelbHOCTRIO, HO He ¢ JIHK, nmeromen otim-
gre XOTS OBI 110 OJHOMY HYKJICOTHAY (TUKUAN THII).
JlaHHBII METOAUYECKUN ITPUEM OYEHDb HIUPOKO HC-
MIOJIB3YIOT MPH BBEJACHUH HANPABICHHBIX MYyTaIHil
1 0TOOpE 1IEJIEBBIX BAPUAHTOB.

Henocrarkom kitaccu4ecKkoro BapuaHTa OJIATO-
HyKJICOTHI-HarpasiieHHoro myrarenesa JJHK ¢a-
ra M13 SBIsI0CH TO, UTO BBIXOA THOPUIOB OOBIU-
HO He npesbiai 5 %. [loaromy TpeboBasioch 1o-
no0parh yCIIOBHUS, KOTOpBIE MO3BOJIMIN OBl MpPH-
Omm3uThCs K ypoBHIO 50 %, a MOXKET OBbITh, U TIpe-
BBICHUTbH €T0.

JHK-nonumepasza [ sBisiercss npexnae Bce-
ro (epMEeHTOM, peHnapUpyrOIUM TTOBPEKICHHS
B crpykrype JHK, u nostomy ona ¢ onpenenen-
HOM 4aCTOTOM MOMKET «UCHPABJISTHY) CUHTETHYE-
CKHMI OJIMTOHYKJICOTHI-MyTareH. B cBs3u ¢ 3TuM
B MOJIMMEPA3HON peaKkiy MCIOIb3YIOT GpparmMeHt
Knenosa JIHK-nionumepassl 1, mpuyem xenareiib-
HO OpaTh ()epMEHT, MOTYUCHHBIH T€HHO-UHKEHEP-
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Puc. 6.13. Ctparerus noauMepasHoi JOCTpOUKH
BTOpOH LienHu:

a — Ha oxHonenovyeyHon JJHK
C IPUMEHEHHEM JBOWHOTO NpaiMUPOBAHUS;
6 — Ha nByxuenodeynoit JIHK ¢ oqHonenoueuHoi 6pemsio.
[Tokasan Takxe npuHIMI ambep-cenekunu mnemneit JJHK
quis BeisiBieHus Mosexyn JJHK ¢ nenessiMu MyTanusmu
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Tabnuya 6.1. Boixoa (%) 0JMIOHYKJI€0TH/A-HATIPABJEHHBIX MyTaHTOB (para M13 B 3aBHCHMOCTH OT F€eHOTHIIA
mrammoB E. coli, ucnosib3yeMbIX i1 TpaHceKIun

®dar, noaBepraeMsii TGl HB2151 BMH?71-18mutL! HB21154!
MyTareHesy (Rep” Su2") (Rep’Su2) (Rep Su2") (Rep™ Su2")

M13mp93 3,5 29 37

M13mp93amIV 4,5 32 70

I IItamm neheKTeH 1Mo CHCTEME peraparium.

HBIM CIIOCOO0OM (Wepe3 CyNepHpOmyKIMIO KIOHH-
poBanHOrO ykKopoueHHoro reHa Poll), a He rua-
ponuzom mpupogHoit JIHK-nonumepassl, Tak Kak
MIEPBBIA TIpenapaT WMeeT 3HAYUTEIHHO MEHBIIE

ompF EcoR1
EcoRI Sall
112
JIuraza + PolIK
EcoRI
EcoR1 Sall Sall
i '
EcoRI
Sall
//N
Jluraza
EcoRI
\ Sall
Tpauchopmanus
E. coli
EcoRI EcoRI
ompF* ompF

\\ Sall \ Sall

Puc. 6.14. ITpuauun 3¢(heKTUBHOTO BBEICHUS
OJINTOHYKJICOTH/I-HAPABIEHHBIX MyTal[Ui
B M3y4aeMbIil KJIOHUPOBAHHBIHN T'€H.
[11 — npaiimep-myTares;
[12 — nonojHUTENBHBIN Mpaiimep;
ompF — ren nukoro tuna; ompF* — MyTaHTHBIN reH

MOCTOPOHHUX HYKJI€A3HBIX MpHUMEcel, B TOM YHC-
ne u Poll.

KopoTtkue omuronykiaeoTuas BeChbMa 4yBCTBHU-
TEeJbHBI K JIEHCTBUIO pa3HBIX HYKJI€a3, a TaKXkKe dK-
30HyKJIea3HbIX aktuBHOcTed JIHK-nmonmumepassr I
E. coli, mosTOMy BO3HHKAaeT MpoOieMa 3alluThI
CUHTETHYECKUX  OJINTOHYKJICOTHIOB-MYTarcHOB.
Bbu1o npeniokeHo BMECTO OOBIYHBIX OJIMTO/AC30K-
CHUPUOOHYKJICOTHIOB MCIIOJIb30BaTh UX HENPUPO-
HBIe dochoTpuddupHble aHanoru. [lokazaHno, 9To
OHH COXPAHAIOT CITOCOOHOCTH CTIEU(UIECKHU CBS-
3BIBAaThCS ¢ KOMIUIeMeHTapHbIMU yyacTkamu JIHK
u ciyxuTe npaiiMepamu B JIHK-nommmepasnoit
peakuuu. Ilpumenenue TpUIQUPHBIX aHAJIOrOB
OJIMTOHYKJICOTHJIOB MO3BOJIMJIO B DSl CIydaeB
MOJHATH YpoBeHb MyTarenes3a ¢ 1-2 1o 10 %. IIpu
9TOM MOXHO OBUIO HCHOJIB30BaTh MPUPOAHYIO
hopmy JAHK-nommmepassr 1.

Poll ocymecTrsier cunTe3 Bropoi meru JIHK
He 04eHb 3()(HEKTUBHO, MOITOMY MOIHOCTBIO JI0-
ctpoennsle nByxuenodeynsie JJHK ¢ara M13 06-
pa3yloTcsi ¢ HEBBICOKOM uacTtoTOM. Psig aBTOpOB
NPEJJIOKUIA TPUMEHSTh JIBOWHOE MpaiMHUpoBa-
HUE MW UCIIOJNb30BaTh KONBIIEBYIO JABYXIIEMOYeU-
nyto JIHK ¢ omHotennoueuHoii Operbto (puc. 6.13).
B 3TOM citydae mOJIHOCTBIO ABYyXLEMOYEUHBIE MO-
nexynsl JIHK momygatores ¢ 3aMeTHO OobIei 3¢-
(EKTHBHOCTBIO.

Jbx. Kpamep ¢ coTpyIHUKaMH IOKa3ajau, 4TO
BBIXOJI LI€JIEBBIX MYTAHTOB 3HAUUTEIILHO yBEIMUH-
BaeTCs IPU MCIOIBb30BAaHUM IITAaMMOB E. coli, ne-
(dexTHBIX 110 cucTeme penapaiuu. [1. Kaprep ¢ co-
aBTopamu (1985 1), y4TsI ONBIT NpeIIeCTBEeHHH-
KOB, MPEIUIOKUIN METOA amMOep-CelleKIuy [ernen
JHK. B kagectBe marpuier 6epercs JIHK dara
M13 c ambep-myTanueii B paiione, KOTOPBIH HE Tu1a-
HUpPYETCS TIoABEeprarh MyTareHesy (cM. puc. 6.13).
Hapsny ¢ oaMronykiaeoTuioM-MyTareHoM K Takoi
JHK noGapnsirot BTopoii npaiiMep (CHHTETHUECKHA
WIA TPUPOAHBIA  OJHOLENOYEUHBIH (parMeHT
JHK), xommieMeHTapHBIH ydacTKy ¢ amOep-MyTa-
[UEH, HO UMEIOIUHI TOCIEN0BaTEIbHOCTh JUKOTO
TUNA B 3TOM JIoKyce. Takum oOpazom ¢opmupy-
ercsi cucrteMa JiBoiiHoro mpaiimupoBanus. Ilocine
3aBEpILCHUS [TOJTUMEPA3HOI peaKyy 1 JINTHPOBa-
Hus nonydeHHbIM npenaparoM J{HK tpancduiu-
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pyIOT KIeTKH mTamma E. coli, He cympeccupyro-
mero aMOep-MyTaInud U Ae(PEKTHOTO MO0 CHCTEME
penapauuu. B Takux ycnoBusx in vivo OyaeT mpo-
ucxoauTh cenexkuusa monekyn JIHK 6e3 ambep-my-
Tauuid. J[aHHBIA METOH MO3BOJIIET MOBBICUTH BbI-
XOJ1 1IeJIeBBIX MyTaHTOB 10 70 % (Tabm. 6.1).

K. Hoppwuc ¢ coaBropamu pazpaboTaiu IpyTyio
CXeMy, TO3BOJISIOUIYIO MPEOIOIETh 3aTPYAHEHUS C
MOJTHO# HocTpoiikoit Bropoit nenu JIHK (puc. 6.14).
J11s1 3TOrO MCTONB3YIOT JBa MpaiiMepa, OUH U3 KO-
TOPBIX — MYyTareH, HO OJIUMEPa3HO-JIUTa3HyIo pe-
aKIUI0 He BEeIyT N0 KOHIA. M3 yacTmuHO NByXIe-
no4yeyHoi KonbiieBoi Monekynsl JJHK ¢ momortsio
PECTPHUKTA3 BBIICTUIAIOT TIOBEPTraeMblil MyTareHe-
3y ABYXIEMOYEUHBIH (ParMeHT M KIOHUPYIOT €ro
B BEKTOPHOH Iu1a3Mujie. B pesynbrare ypoBeHb My-
TaHTOB 110 TeHy ompF (0enok BHeUTHel MeMOpaHbl
E. coli) nocturan 42 % npoaHaJTu3upOBAHHBIX KJIO-
HOB TpaHchopMaHTOB E. coli.

CylIecTBEHHO YIPOCTUTh METOJ OJINTOHYK-
JICOTUA-HATIPABICHHOTO MyTareHe3a M TMOBBICHUTH
ero a¢dexruBHOCTh ynanock H. Teypymmra ¢ co-
aBTopamu (1988 1.). BMecto pepmenTa penaparuu

PEKOMEHOYEMASA JINTEPATYPA

Aysp6ax M. IIpoGremsr mytarenesa. M.: Mup, 1978.
463 c.

I'yces B. A., Kaprunos B. A., Kpasuenko B. B. u ap.
Monudukanust onepaTropHO-IPOMOTOPHOTO y4acT-
ka JIHK ¢ara nsimOma B cocraBe cienuuyeckoro
rxomriuiekca ¢ PHK-momumepasoit Escherichia coli //
Hoxia. AH CCCP. 1981. T. 260. C. 753-756.

Masun A. B., luanos I'. JI., Opuunnukona JI. II.,
Canranuk P. . Maaykius HampaBaeHHBIX MyTa-
Uil B TeHE yCTOWYMBOCTU K TETPAUMKIHMHY IIjIa3-
muasl pPBR322 ¢ moMomnisio KOMIUIEMEHTapHBIX Of1-
HOHUTEBBIX (parmentoB JIHK, Hecymmx ankuin-
pyromue rpymust // Jloka. AH CCCP. 1983. T. 268.
C. 979-982.

Muaep k. DKCriepUMEHTH B MOJIEKYIIIPHOM Te€HETH-
ke. M.: Mup, 1976. 436 c.

Ilerpenko B. A., [To3ausikos I1. U., Kunpusinos C. M.
u ap. CalT-JI0KaJIu30BaHHBIM MyTareHes, Halpas-
nsieMbiii hochoTprdPUPHBIMU aHAJIOTaMHU OJIMTO-
HykjeoTu0oB // buoopr. xmmus. 1986. T. 12.
C. 1088-1100.

Psizankuna O. U., Mlonosa T. I, Illeaxynos C. H.
XHAMUYECKHI MyTareHe3 miasMun in vitro // Muk-
poOuonoruueckue uccienoBanus B 3anaguoit Cu-
6upu. HoBocubupcek: Hayka, 1989. C. 11-14.

Caaranuk P. U., Inanos I. J1., Kypoartos B. A. u ap.
Hanpasnennoe Bo3aeiicTBHe Ha TEHOM OakKTepho-
(bara T7 ¢ mMOMOIIIBIO TPAHCKPHIITA 00TACTH PAHHUX
TEHOB, HECYIIIETO MHO)KECTBEHHBIE AIKHIIMPYIOIINE
rpymmel // Joxkn. AH CCCP. 1978. T. 239.
C. 217-220.

Poll onn npumenunu gpepment Pollll, orBeTcTBEH-
HBIHM 3a perumnkanuio Xxpomocomuoit JIHK E. coli.
Janneiii GepMeHT 0OecreunBaeT BBICOKYIO CKO-
pocth cuHTe3a Bropoit nemm JAHK in vitro (oxomo
500 HyKII€OTHIOB B CEKyHAY). Tak, Ha OIHOICIIO-
geqnort JIHK d¢ara MI13, rubpuan3oBaHHOMA
¢ npaiimepom, Pollll cnocoOHa HapacTUThL BTOPYIO
nens Meree ueM 3a 20 c. C ncnonszoBanuem Pollll
BBIXOJl MyTaHTOB mpuOmmkaercs kK 50 % u npu
atom He Tpedyetcs JIHK-nmrasza.

Bnectsamme ycriexu B pa3paboTke METOAOB XHU-
MHUYECKOTO CHHTE3a OJUTOHYKJICOTHIOB, JOCTYII-
HOCTh BBICOKOOUHINEHHBIX (PEPMEHTOB HYKIICHHO-
BOTO OOMEHa TpWBEIN K TOMY, YTO MPOIETYpPHI
caiTcnennpuIecKoro MyTareHesa MoryT Ipu He-
00XOIMMOCTH MPUMEHSTHCS B JIFOOOH MOJICKYIISp-
HO-OMonornueckoi saboparopuu. JlaHueie meto-
IBI CTAId HEOTHEMJIEMOM YacThIO HCCIICIOBAHMIMI,
HalpaBJICHHBIX Ha M3yYeHHE CTPYKTYPHO-PYHK-
[IHOHATHHOW OpTaHU3allny TeHOB u OenkoB. Heko-
TOpBIE U3 3TUX PaOOT PacCMOTPHUM B CIIEAYIOIICH
IJ1aBe.

Borrias W. E., Wilschut L. J. C., Vereijken J. M. et al.
Induction and isolation of mutants in a specific re-
gion of gene A of bacteriophage ¢ X174 // Virology.
1976. Vol. 70. P. 195-197.

Carter P. Site-directed mutagenesis // Biochem. J.
1986. Vol. 237. P. 1-7.

Chu C. T., Parris D. S., Dixon R. A. F. et al. Hydro-
xylamine mutagenesis of HSV DNA and DNA frag-
ments: Introduction of mutations into selected
regions of the viral genome // Virology. 1979.
Vol. 98. P. 168-181.

Gillam S., Smith M. Site-specific mutagenesis using
synthetic oligodeoxyribonucleotide primers: I. Op-
timum conditions and minimum oligodeoxyribo-
nucleotide length // Gene. 1979. Vol. 8. P. 81-97.

Gillam S., Smith M. Site-specific mutagenesis using
synthetic oligodeoxyribonucleotide primers: II.
In vitro selection of mutant DNA // Gene. 1979.
Vol. 8. P. 99-106.

Hirose S., Takeuchi K., Suzuki Y. /n vitro characte-
rization of the fibroin gene promoter by the use of
single-base substitution mutants // Proc. Nat. Acad.
Sci. USA. 1982. Vol. 79. P. 7258-7262.

Hutchison C. A., Phillips S., Edgell M. N. et al. Muta-
genesis at a specific position in a DNA sequence //
J. Biol. Chem. 1978. Vol. 253. P. 6551-6560.

Messing J. M13mp2 and derivatives: A molecular clo-
ning system for DNA sequencing, strand specific
hybridization, and in vitro mutagenesis // Recom-
binant DNA: Proc. of Third Cleveland Symposium
on Macromolecules. Amsterdam: Elsevier, 1981.
P. 143-153.



192 naea 6. HATMIPABJIEHHbIV MYTATEHE3 MOJNEKY OHK IN VITRO

Muller W., Weber H., Meyer F., Weissmann C. Site-
directed mutagenesis in DNA: generation of point
mutations in cloned 3-globin complementary DNA
at the positions corresponding to amino acids 121
to 123 //J. Mol. Biol. 1978. Vol. 124. P. 343-358.

Munson L., Mandecki W., Caruthers M. H., Rezni-
koff W. Oligonucleotide mutagenesis of the
lacPUVS promoter // Nucl. Acids Res. 1984.
Vol. 12. P. 4011-4017.

Norrander J., Kempe T., Messing J. Construction of
improved M13 vectors using oligodeoxynucleo-
tide-directed mutagenesis / Gene. 1983. Vol. 26.
P. 101-106.

Norris K., Norris F., Christiansen L., Fiil N. Efficient
site-directed mutagenesis by simultaneous use of
two primers // Nucl. Acids Res. 1983. Vol. 11.
P. 5103-5112.

Peden K. W. C., Nathans D. Local mutagenesis within
deletion loops of DNA heteroduplexes // Proc. Nat.
Acad. Sci. USA. 1982. Vol. 79. P. 7214-7217.

Salganik R. I., Dianov G. L., Ovchinnikova L. P. et al.
Gene-directed mutagenesis in bacteriophage T7

provided by polyalkylating RNAs complementary
to select DNA sites // Proc. Nat. Acad. Sci. USA.
1980. Vol. 77. P. 2796-2800.

Shortle D., DiMaio D., Nathans D. Directed mutage-
nesis // Ann. Rev. Genet. 1981. Vol. 15. P. 265-294.

Shortle D., Nathans D. Local mutagenesis: a method
for generating viral mutants with base substitutions
in preselected regions of the viral genome // Proc.
Nat. Acad. Sci. USA. 1978. Vol. 75. P. 2170-2174.

Smith M. Site-directed mutagenesis // Phil. Trans. R.
Soc. Lond. 1986. Vol. 317. P. 295-304.

Tsurushita N., Maki H., Korn L. J. Site-directed mu-
tagenesis with Escherichia coli DNA polymerase
IIT holoenzyme // Gene. 1988. Vol. 62. P. 135-139.

Volker T. A., Showe M. K. Induction of mutations in
specific genes of bacteriophage T4 using cloned
restriction fragments and marker rescue // Mol.
Gen. Genet. 1980. Vol. 177. P. 447-452.

Warburton N., Boseley P. G., Porter A. G. Increased
expression of a cloned gene by local mutagenesis of
its promoter and ribosome binding site // Nucl.
Acids Res. 1983. Vol. 11. P. 5837-5854.



naea 7
BEJIKOBAA UHXEHEPUA

bnaromapst pa3paboTke U COBEPIICHCTBOBAHUIO
METOJIOB KJIOHUPOBAHMS U UIACHTU(PHUKALMU ICHOB,
cekBeHHpoBaHus nocienosarenbHoctedl JAHK, xu-
MUYECKOTO CHUHTE3a OJHTOHYKJICOTHIOB, HAIPaB-
neHHoro myrtarenesa moiekyn JAHK in vitro u on-
TUMHU3ALNN IKCTIPECCUU 1IETIEBBIX TEHOB B KJIETKAX
E. coli nosBunack BO3MOKHOCTB CO37[aBaTh MyTaHT-
HbIe ()OPMBI TCHOB U HapabaThIBaTh B JIOCTATOUHBIX
JUTSI aHaIM3a KOJMYECTBAX COOTBETCTBYIOIIHE WM
W3MCHCHHbBIC BapUAHTHI M3y4aeMbIx OenkoB. B 1e-
JIOM HarpaBJICHUE HMCCICTIOBAHUNA TIO0 KOHCTPYHPO-
BAaHUIO METOJIaMHU T'CHETHUYECKON WHXKEHepuu Oell-
KOB C I3MEHEHHBIMH T10 OTHOIIEHHUIO K TIPUPOTHOMY
IIPOTOTHITY CBOMCTBAMH, XMMEPHBIX OEJIKOB, 00Ia-
JTAIOTITIX CBOMCTBAMHM JIByX WJIH 0OJI€€ OTHEIHHBIX
O€JIKOB, U T. TI., T. €. CO3[[aHUE CHEIPUPOIHBIX) Ba-
pHaHTOB OETKOB U M3YUCHHE WX CBOMCTB, TIOTYUIHIIO
Ha3BaHHE «OCITKOBasT HHKCHEPHSD.

HecomuenHo, ycriex Jydimx padoT mo 0eko-
BOI HHXXCHEPUU 00YCIIOBIICH COBMEIIICHHEM BEICO-

KOWHTEJUICKTYaJIbHOTO ~ aHaju3a  TPEXMEPHOMN
CTPYKTYpBI Oellka, Ha OCHOBaHHH KOTOPOTO OTpe-
JICJISICTCST CTpaTerysi BBEICHUS W3MEHCHHUH B TIO-
CJIEIOBATEIFHOCTh AMHHOKHCIIOT, H JKCIEPUMEH-
TOB M0 3aIVIAHUPOBAHHOW PEKOHCTPYKIMHM TEHA,
TpeOYIOINX BHICOKOW KBaNH(DHUKAIIMKA HCCIEI0Ba-
tesst. HakorieHue TaHHBIX O IEPBUYHON CTPYKTY-
pe OenkoB (B MOMABIISFOIIEM OOJBIIMHCTBE CITY-
YaceB TOJYYCHHBIX HAa OCHOBE CCKBEHUPOBAHUS
TeHOB), KPUCTAUTOTPAPUUECKIX JaHHBIX O TpeX-
MEPHOH CTPYKTYpE, Pa3BUTUE METOJIOB MOEIHUPO-
BaHMS KOH(POpPMAITIH OEJTKOB 0 WX aMHHOKHCIIOT-
HOW MTOCJIEJIOBATEIIBHOCTH TO3BOJISIET CO BCE OOJIb-
e OTNpEeeIEHHOCTRIO CO3/1aBaTh HOBBIE (POPMBI
U3y4aeMbIX OCJIKOB.

B nocnexgame rogpsr MeTop1 6EIKOBOM HH)KEHE-
pUU HCIONB3YIOTCS JOBOJIBHO HIMPOKO. Paccmot-
PUM HEKOTOpBIE paOOTHI, AIONINE TIPEICTaBICHUE
00 OTPOMHBIX BO3MOXHOCTSIX JIAHHOTO HaIlpaBlie-
HUS MOJICKYJIIPHOW OMOJIOTHN.

7.1. NONYYEHUE HOBbLIX ®OPM BEJIKOB
ONMUrOHYKNEOTUA-HANPABJIEHHBIM MYTATEHE3OM

B 1984 . A. BunkuHCOH C cOoaBTOpamMu BIIEp-
BbI€ [TPOIEMOHCTPUPOBAJIH, YTO BBEJICHUE B PE3YJib-
TaTe HAMPaBIEHHOTO MyTarcHe3a €IUHUYHON aMu-
HOKHUCJIOTHOM 3aMEHBI MOXET MPUBECTU K 3HAYU-
TeNIbHOMY M3MEHEHHIO CBOMCTB (hepMenTa. OHU HKC-
TIEPIMEHTHPOBAJIA C KJIOHUPOBAaHHBIM B E. coli Te-
HoM THpo3uin-TPHK-cunreraspl (TyrTS) Gakrepun
Bacillus stearothermophilus. TyrTS xaranmmsupyer
amuHoarupoanue TPHKTYT o nByxcryneHyaro-
My MEXaHU3My: THPO3WH aKTHBHpPYeTCs, 00pasys
(epMEHT-CBSI3aHHBI THPO3WIAJCHWIAT, M 3aTeM
neperocutcst Ha TPHKDT, [Tns nanHoro depmenTa
Obuta M3BECTHA KpUCTaulorpaduyeckass MOJIENb.
YCTaHOBJIEHO, UTO OH B3aUMOJEHCTBYET ¢ TUPO3UJI-
a/ICHUJIaTOM 4yepe3 00pa3oBaHHE B aKTHMBHOM LICHT-
e BOIOPOAHBIX CBA3EH MEXTy OOKOBBIMH TpyIIIa-
MU aMUHOKHCIOTHBIX ocrtarkoB Cys35, Thr51,

His48 u ocrarkom pubo3sl. [lyrem onmronykieo-
TH/I-HAMPABJICHHOTO MyTareHe3a COOTBETCTBYIO-
L[1€ TPUIUIETHl 3aMEHSUIM, & MyTaHTHBIE T€HBI DKC-
npeccupoBasd B E. coli. Kaxmyio MyTaHTHYO (op-
My TyrTS Beigensiiu u3 kierok E. coli u ananusu-
poBaim ee pepMEHTATUBHYIO AKTUBHOCTb.

[Tpu 3amene Cys35 na Gly35 unu Ser35 dep-
MEHT UMeN CHIXeHHoe cpoactBo kK ATP. 3amena
Thr51 na Ala51 npuBoguiia K HEOOIBIIOMY yBEIH-
YEHUIO0 dHEepPruHu (EPMEHT-CyOCTPAaTHOTO B3aWMO-
nedictust, a npu 3amene Thr51 wa Pro51 cpoacteo
tupo3wi-TPHK-cunTeTassr k cyocrpary ATP yBe-
JIMYUBAIOCh Ha J1Ba nopsiaka (), uro obecreunBa-
710 25-KpaTHOE MOBBIIICHHUE YICIbHON aKTUBHOCTU
(depmenra.

Hpyras wm3smiHas pabora OblTa BEITIOMHEHA
JI. Tlbppu u P. Yar3enom (1984 r). B kauectBe
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Puc. 7.1. KommnipioTepHO-rpaduueckoe n300pakeHne
LN ¢-yTIepoaoB Jam3onnma dara T4.
N u C — coorBercTtBeHHO N- 1 C-KOHIIBI O€JIKa; 3Be31049Ka —
aKTUBHBIA LEHTP (pepMEHTA; YepHBIC KPYKKH — MUCTCHH
(B mosnoxkxeHuu 3 oT N-KOHIIA — HMCKYCCTBEHHO BBEJICHHBIH
LUCTEHH); ABOWHAS JIMHUS — IUIAHUpyeMas JUCYIb(GUIHAS
CBSI3b

00bEKTa HCCIIEIOBAHUS OHHM BBIOPAIM JIM30LIUM
(bara T4. Jlns sToro Oenka Oblila U3BECTHA KpHUC-
taiorpaduyeckass MoJeNb W IO0Ka3aHO, 4TO
MMEIOIIMECS B HEM JIBa OCTAaTKa UCTEHHA HEe 0Opa-
3YIOT TUCYIb(DHUIHYIO CBsI3b. KpoMe TOoTo, JaHHBIHA
(epMeHT OBICTPO MHAKTHBUPYETCS HPU Harpesa-
HUH. ABTOPBI UCXOJIIINA U3 TIOJIOXKEHHUS, YTO B TIIO-
OyJIsIpHBIX OeiKax JUCYab(QUIHBIE CBA3M obecrie-
YUBAIOT KOH(OPMAIMOHHYIO CTaOMIbHOCTH. llo-
9TOMY OBUIO pelIeHO BBECTH B Ju3ouuM (ara T4
TUCYIbQHUIHYIO CBsI3b, KOTOpas He HapyIiaia Obl
CTPYKTYPY aKTHBHOTO IIeHTpa ()epMeHTa, HO CTa-
OmnsupoBaia Obl ero koHpopmanuto. Mcmonb3ys
KOMITBIOTEpHYIO Tpaduky (puc. 7.1) u Teopernue-
CKHE pacyeThl, MPUILTH K 3aKITIOYCHHUI0, YTO OITH-
MaJIbHBIM BapUAHTOM SIBJISIETCS BBEICHHE IUCYIIb-

¢$buaHOI cBsI3M Mex 1y umeromumcs B oenke Cys97
u Cys, KOTOPBI HEOOXOAUMO BBECTH B ITOJTOXKE-
Hue 3. ONUroHyKJICOTHA-HAIIPABICHHBIM MyTare-
HE30M B I'€H JIM30LMMa, HaXOAALIUNCSA B COCTaBe
M13mp10, BBenu myranuio, oOyCIOBUBIIYIO 3a-
meny lIle3 na Cys3. MyTaHTHBIN T€H dKCIIPECCHPO-
BajJM B KJeTKax E. coli mog KOHTpoJeM HHIYLH-
OCIIBHOTO TTPOMOTOPA Pyge (CM. puC. 3.2). JImzorum
13 KJIETOK BBIACISUIM M U3y4alld €r0 CBOMCTBA.

B mpucyTCcTBHE BOCCTaHOBHTENS [3-MEpKarTo-
9TaHOJIa, BHI3BIBAIOLICTO Pa3pyIICHUE AUCYIbQHI-
HEIX cBsi3eit, ym3oruM (Ile3 - Cys3) npu anexrpo-
(dopese B MonMakpuiIaMUIHOM Telie 00Jaaan Takon
K€ IOJBWXHOCTBIO, KaK M HeMyTaHTHas ¢opma
¢depmenTa. [locne 00pabOTKU OKUCTHTENIEM TETpPa-
THOHATOM HATPHs, BBI3bIBAIOIINM O00pa30BaHUE -
CYIb(QUIHBIX CBA3CH, MyTAHTHBIH JIM30LM3M MHUI-
pupoBan mpHu anekTpodopese ¢ OONBIION CKO-
pocthio. beiio mokaszaHo, uro HU 3ameHa lle3 Ha
Cys3, Hu o6pa3oBaHHe TUCYIB(MUIHON CBSI3H MEXK-
oy Cys3 u Cys97 He OKa3bIBaeT CKOJBKO-HHOYIb
3ameTHOrO 3(dexra Ha (HEepPMEHTATHBHYIO aKTHB-
HOCTh JimzonmMa (ara T4. [lpu 3ToM MyTaHTHBIN
JIM30IIUM C TUCYIb(PUIHON CBSI3bIO TPUOOPETA BbI-
COKYIO TepMOCTa0MIBHOCT. VHKyOaIus npu TeM-
neparype 67 °C B TedeHne 3 4 yMeHbIIAIa aKTHB-
HOCTb MyTaHTHOU (opmbl He Oonee yeM Ha 50 %,
B TO BpeMsI KaK y IPUPOAHOTO (hepMEeHTa B ITHX XKe
YCIOBHAX coxpaHsutoch juiib 0,2 % MCXOTHOM ak-
TUBHOCTH (puc. 7.2, a). Pa3peiB nucynbdumaHol cBs-
3u mu3onmma (Ile3 - Cys3) mpuBoamn x yrpare
TEpPMOCTA0WILHOCTH (epMeHTa (cMm. puc. 7.2, 0).
Kak BuauMm, equHMYHAsE aMUHOKHCIIOTHASI 3aMEHa,
HE BIUSIS HA aKTUBHOCTH (PepPMEHTa, MOXKET 3HAUH-
TEJEHO CTAaOMIIN3UPOBATh €r0 KOH(POPMAITHIO.

JIx. Bamnc ¢ coaropamu (1985 1) pa3paboranu
[IPOLIEAYPY, HA3BAHHYIO UMU KACCEMHBLIM Mymaze-

a 6
Z 10000
2
o
(5]
< 1000
s
=
5
g 100
g 2
V)
5
2 10 1
M
=
=
54
< 1 T T T T T T T T T
20 100 180 20 100 180

Bpewms, mun

Puc. 7.2. Kuneruka TeMiieparypHOi MHAKTHBALMK Pa3HbIX (GopM nu3omuma dara T4:

a — GeJNKH TIoCiIe HHKYOAINH ¢ TeTPATHOHATOM HATPHs, 6 — C [3-MEpPKaITOITaHOIOM;
1 — nu3onuM QHUKOTO THMA; 2 — MyTaHTHas Gpopma auzonnma (Ile3 = Cys3)
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He3om. B HenocpeacTBeHHOM OMU30CTH OT Hpeo-
JaraeMoro Mecra BBeJICHHsI MyTaluu ¢ 5'- u 3'-cto-
POHBI OJIMTOHYKJICOTH/I-HAIIPAaBJICHHBIM MYTArcHe-
30M B II€JTIEBYIO TIOCIIE0BATEIBHOCTD, HAXOIAIIYIO-
cs B cocraBe JIHK dara M13, BBogsT y4acTku y3-
HaBaHMs pecTpukTas R; u Ry, xoropble oTCyTCT-
BYIOT Ha DKCIPECCUPYIOILIEM IUIA3MHUIHOM BEKTOPE.
ITocne takoro myrarenesa ren n3 JJHK ¢ara M13
NepeCTPauBalOT B JKCHPECCUPYIOLIYIO TUIa3MULY.
3areM MOMYyYEHHYIO TUIA3MHULy THAPOIM3YIOT Ry 1
R, u 106aBsIOT K HEW CMECh CHHTETUYECKUX JIBYX-
[ETIOYEYHBIX CETMEHTOB, KOTOPBIE ITOCIIE BCTPONKHI
BOCCTaHABIIMBAIOT IIOCJIEIOBATEILHOCTh TEHA, 3a
HCKJTFOYCHWEM TPHILIETa, KOAMPYIOIIETO Ompese-
JeHHylo amuHOKucnoty. Ilocnme TtpaHcopmanun
KIeToK E. coli cexBeHHMpPOBaHMEM HE3aBUCHMBIX
KJIOHOB UJICHTH(DUIIUPYFOT I1a3MHU/IbI, COICPIKAIINE
pa3HbIe 3aMEHBI [[eJIEBOTO TPHUILIETA.

JlaHHBIN TIOAXOJ HMCIIOJIb30BaH IS BBEICHUS
CalT-HaIPABJICHHBIX MyTaIlUi B TCH CyOTHIM3MHA
Bacillus subtilis. BpL10 N3BECTHO, YTO CYOTHIIU3UH
JICTKO MHAKTUBHUPYCETCA NPpU XUMHUYECCKOM OKHUCJIC-
HUW WU TIEPBUYHBIM MECTOM TaKOW WHAKTHUBaIlUU
spisiercss Met222. [lyrem KacceTHOTO MyTareHesa
rosrydriu 19 BapuaHToOB CyOTHIIN3MHA, Y KOTOPBIX
Met222 OblT TOCIIEAOBATENFHO 3aMEIIEH BCEMHU
JIPYTUMU aMHUHOKHCIIOTAMH, UCIIONB3YEMBIMHU TPU
cuHTe3e OenkoB in vivo. Bee 20 dopm cyOoTHIN3M-
Ha HapaOaThIBaJIN, UCTIONB3YS BEKTOP IKCIIPECCHUH,
B KJIETKax B. subtilis n u3ydaau CBOWCTBA MONy-
YEHHBIX BapuUaHTOB 3Toro Oenka. Oka3anock, 4TO
equHUYHAS 3amMeHa Met222 Ha apyrue aMHHOKHC-
JIOTHI TIPUBOAMT K BapHalusM B (EepMEHTATHUBHON
aktuBHOCTH 0T 0, 3 10 138 % OT ypoBHS yaenbHOit
AKTUBHOCTH HaTUBHOTO (hepMEHTA!

Cys 138 Phe 4.9
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 Ile 22
Leu 12 Arg 0,5
Val 93 Lys 03
Gln 7,2

3amena Met222 na Ala, Ser wnu Cys 3Ha4u-
TEJIHHO TIOBBIMAET YCTOWYMBOCTh CYOTHIIM3WHA
K BO3JIEMICTBHIO XUMHUUECKUX OKUCIIUTENIEH.

Takum 00pazoM, METOJOM OJHUIOHYKJIEOTH[-
HaIpaBJIE€HHOIO MyTareHe3a MOXHO CO3/1aBaTh
(hepMeHTBI, MMEIONIHE IOBBIIIEHHYI0 TEPMOCTa-
OMJILHOCTB WIIN/U yCTOMYMBOCT K OKHCIIUTEIIbHON
WHAKTUBAINH, a TAK)K€ MOBBIIICHHYIO YACIBHYIO
aKTHUBHOCTH. [lpugaHue Takux CBOMCTB (epMeH-

TaM UMeeT 0c000€ 3HaUeHHE ISl IPOMBIIUICHHBIX
MIPOLIECCOB, B KOTOPBIX OHH MTPUMEHSIOTCS.

Upe3BpIyaiiHO MHTEPECHOM 00JacThio HCCIie-
JIOBaHWW SIBISIETCS CO3/IaHUE METOJaMH HaIpaB-
JICHHOTO MyTareHe3a 0eJIKOB, HIMEIOLINX U3MCHEH-
HYIO ClielIu(UIHOCTDh B3aUMOJICHCTBHS C APYTHMHU
MakpomosnekyiaaMu. [lokazarenbHa B 3TOM IUIaHE
pabora M. KypTHu ¢ coaBTOpaMu, KOTOPEIE OCY-
LIECTBUIM caiTcrenuuIecKuii MyTareHe3 reHa
ar-aatutpuncuna (o AT). JlaHHBIH Oeiok mpen-
CTaBJISIET COOOM MHTUOUTOP HEUTPOPUIIbHOI AJ1ac-
Ta3pl — TIPOTEa3bl, CHOCOOHOW THIPOIH30BATH
OOJIBIIMHCTBO ~ KOMIIOHEHTOB  COCTUHHUTEIILHON
TKkaHu. Kak u qpyrue mHrHOUTOPHI, OH HTPAET POITh
cyOCTpaTHOro aHaJjiora o OTHOLICHHIO K dJIacTase.
B opranusme a1 AT BBINOIHSET 3alIUTHYIO POJIib.
WnanBuayyMel ¢ BpOXKIICHHBIM HEIOCTATKOM 3TO-
ro Oenka TPEIpacrlojioKEHBI K dMbu3eMe, TOo-
CKOJIBKY KJIETKH JIETKHX OCOOCHHO 4yBCTBUTEIILHBI
K mpoTteonusy. OkucnuTenn TabagHoro IThIMa MO-
T'YT MHAKTUBHPOBaTh & 1 AT, 4T0 Takxke 00yCIIOBIH-
BaeT CPeAM KypSIIUX MOBBIIIEHHYIO YaCTOTY BO3-
HUKHOBEHUs 3M(pu3eMbl. J(H(HEeKTUBHBIM CpPEICT-
BOM JIedeHHs IM(PHU3EMBbI SBISETCS BHYTPHUBEHHOE
BBEJICHUE (|-aHTUTPHUIICUHA, TIPH STOM Ha OJJHOTO
genoBeka Tpedyercs 4 T AT B Hememo.

Uto0bl nonyuarb Oosbiine koimuuectBa o AT,
Obu1a konuposana ero kJJHK u coznan cynepmpo-
nyueHt E. coli. TepaneBTiuueckoe HCIOIb30BAHUE
a1 AT nokasasno, 4To OH JIETKO OKHCIISETCS, B pe-
3yJbTaTe 4ero MHaKTUBHUpyeTcs. bblna mpeanpuHs-
Ta MOMbITKA NOJYYUTh BapuaHT AT, ycTolunBbIi
K XMMHYECKOMY OKHCIeHHI0. OKHCIUTENbHAS HH-
aktuBanus ;AT o0yciioBieHa B MEPBYIO OYepehb
Monudukarmeit Met358, Haxomsmerocs B yaacTke
cBs3pIBaHUS C 3mactazon (Pro—Met—Ser). Iloato-
MY OJIMTOHYKJICOTH/I-HAIPABICHHBIM MyTareHe30M
B KJIOHMPOBaHHBII T'€H BBEIM N3MEHEHHUS U TIONY-
YUJIU psifi BAPHAHTOB Oelika, y KOTopbix Met358
ObU1 3amMeHeH Ha Val, Ala, Leu, Ile, Phe, Gly umu
Arg. HoBble pOpMBIL, y KOTOPBIX B MOJIOKEHHH 358
Haxomwiuch Val, Ala, Leu win lle, mo-npexxaemy
MHTHOMPOBAIIN 3J1aCTa3y, HO MPH STOM OBbUIH yCTOM-
YUBBl K OKUCIUTEIbHON WHakTuBarmu. [lo wHTH-
OMTOPHON aKTMBHOCTH OJIM)KE BCETO K MPHUPOIHOM
tdopme Obut BapmanT 1AT(Met358 — Leu35S).
Jpyrue MyTaHTBI MMEIH HECKOIBKO CHIDKEHHYIO
WHTHOUTOPHYIO aKTUBHOCTh. benok ¢ 3ameHo#
Met358 na Phe, Gly wiu Arg snacra3oii He y3Ha-
Bajics. Ogaako a1 AT(Met358 = Arg358) cran npo-
SIBJISITH CBOMCTBA MHTHOUTOpa TpoMOuHa (puc. 7.3).

OCHOBHOI HHTUOUTODP TPOMOUHA i1 Vivo — aH-
tutpomOuH II1 (ATIII). Ero aeiictBue 3pdpexkTnBHO
AKTUBHUPYETCS TeapuHOM, MOTOMY TeHNapuH HMc-
MOJIB3YIOT B MEAWIMHE IS TPEAOTBpAIeHUS
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Puc. 7.3. UurubupoBanue HEHTPOPHILHOM 31acTa3bl U TPOMOUHA YeJIOBEKA!

1 — a1 AT; 2 — a1 AT(Met358 - Arg358); 3 — anTurpomMOuH 0e3 nodasieHus, 4 — ¢ 100aBJICHIEM TelapuHa;
5 — a AT(Met358 = Arg358) 6e3 nobasieHus, 6 — ¢ J0OABIEHHEM rernapuHa

TpoM0O3a BEH WJIH IS pa3pyIIeHUS TPOMOOB.
Huszkue 10361 BBOAAT MallMEHTaM, Y KOTOPBIX Cy-
IIECTBYET PUCK 00pazoBaHUs TpomMOOB. OmHAKO
JIAaHHBIN CIIOCO0 JICYCHHMsI TaeT OCJIOKHEHUs, 0CO-
OCHHO TIpH BBEICHWU OOJBINMX 103 TelapuHa,
U MOXKCT BBI3BIBATh TAKCIIBIC TEMOpPparundcCKue
nmopaxxeHns. B kadecTBe ambTepHATHBHOTO aHTH-
TPOMOUYECKOTO arcHTa C MOHWKCHHBIMH 11000Y-
HBEIMH 3¢ ¢deKTaMu, He 3aBHUCHMOTO OT TelapHHa,
MOXKHO HCIIOJIB30BaTh FeHHO-HH)KeHCpHBIﬁ
a1AT(Met358 - Arg358). Takum oOpa3om, eanH-
CTBEHHAsl aMUHOKHCJIOTHAS 3aMEHA TIpUBEia K U3-
MEHEHUIO CIEIM(PUIHOCTH CBI3bIBAHHUS O€JIKa-WH-
ruduTopa c CEPUHOBBIMU [IpOTEA3aMHU.
a1AT(Met358 - Arg358) u ATIII umerot romoro-
THIO I10 MOCJIEI0BATEIbHOCTH aMUHOKHUCIIOT 29 %,

YTO, I0-BUAUMOMY, YKa3bIBA€T HA IPOUCXOKICHNE
3TUX OCJIKOB OT OOIIEro Ipeaka — WHrHOuTOpa
mporea3. Kpome Toro, BBIACHWIOCH, YTO
a1AT(Met358 - Arg358) appexTuBHO HHTHOUPY-
€T TaKHe IPOTeasbl MIa3Mbl KPOBH, KaK KaJUIUKpPe-
uH u dakrop XII. BBeeHne nomonHUTENHHON My-
tanuu (Ala357) moBeicuiio 3QPEeKTUBHOCTh MHTHU-
OupoBaHMs KauTMKpenHa B 5 pa3. CuuTarot, uTo
nosy4yeHHbld Bapuant a1 AT Takxke MOXKET HaWTU
KIIMHUYECKOE TPUMEHEHHE.

PaccMmoTpeHHble npuMepbl CO BCEH OYEBH/I-
HOCTBIO JIEMOHCTPHUPYIOT YAMBHUTEIbHBIC BO3MOXK-
HOCTH calTcrnenuprueckoro MyrareHesa yis co-
3/IaHUsI HOBBIX (popm OenkoB. OTHAKO METOJIbI Oell-
KOBOIl MHYKCHEPHH HE OIPaHMYUBAIOTCS OIMCAH-
HBIMH BBIIIE IPOLICAYPAMHU.

7.2. U3YYEHUE OOMEHHOW CTPYKTYPbI BEJIKOB

Muorue MyasTH(YHKIHMOHATIbHBIE OCJIKH Opra-
HHU30BaHbl KaK cepuu MIOOYISIpHBIX AoMeHOB. On-
HHUM U3 TIEPBBIX XOPOIIO U3YUYEHHBIX OCIIKOB TAKOTO

tuna ssercs: JIHK-mmonmumepasa 1 E. coli. Jlanabrit
(hepMeHT COCTOUT U3 TPEX JOMEHOB, OJIMH U3 KOTO-
peix (N-KOHIIEBOH) JIETKO OTIIEIUISAETCS TPH BO3-
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JEWCTBUM NPOTEas3, TaKk KaK COEAMHEH C OCTAILHON
4acThl0 Oellka MpOTea30dyBCTBUTEIBHBIM MOCTH-
koM (cM. puc. 1.12). Ocrarouuiicst 6onpoii C-koH-
neBoit ¢pparment (PollK) oudynkImonaneH, HO €ro
HE YJaeTcsl pa3iesuTh MPOTea3aMy Ha JjBa JOMCHA,
o0mamaronmx pa3HeIMA (ePMECHTATHBHBIMU AKTHB-
HOCTSIMU. {711 TPOBEPKH MPEoNoKeHHsI O Tpex-
nmomenHou crpykrype Poll K. [[xoiic ¢ coTpymau-
KaMHU TIPOBEJIM T€HHO-WHKCHEPHBbIC MaHHITYJISIIIAN
¢ reaom JIHK-mommmepaspl. CHagana ObUT KIIOHH-
pOBaH M BKcmpeccHpoBaH B E. coli TONHBIN TeH
JHK-mmomumepaser 1 E. coli, pacumdpoBana ero
HYKJICOTHIHASI TTOCIIEJOBATEILHOCTD. 3aTeM TOClie-
JIOBaTeIbHOCTH, Komupytomyo PollK, Bcrpommm
B OKCIIPECCHUPYIOILUIA BEKTOp M HapaboTanu (par-
MeHT KiieHoBa B OOJBIINX KOJIMYECTBAX, YTO [TO3BO-
JIAJIO KPUCTAJLTU30BaTh €ro U OCYIIECTBUThH PEHTTe-
HOCTPYKTYpHBIH aHanu3. BrericHmmocs, uto PollK
COCTOHUT W3 JBYX JoMeHOB. [Ipemnomoxkwmim, yto
C-xonmeBoit momen pasmepoM 400 AK oGmamaer
JHK-nonumepasnoit aktuBHocThiO. [locie 3toro
3'-koHueBoit ¢parment rena JIHK-momumepassr 1,
komupytommii 414  C-KOHLIEBBIX aMUHOKHCIIOT,
BCTpoWIM B BekTop dkcmpeccun pAS1  (cm.
puc. 2.43) u HapaboTanu B KieTkax E. coli cooTBeT-
CTBYIOLIHH OENOK, MPOIYKIHSI KOTOPOTO COCTaBHIIa
20-30 % cyMMapHOro KJIE€TOYHOro Oeika. AHanu3
noxarBepau, yro C-konneBoii fomen Poll obnanaer
TOJILKO TTOJITMMEPa3HOW aKTHBHOCTHIO. TakuM obOpa-
30M, MIOCJIEA0BATEIbHbIC TeHHO-NHKEHEPHBIC MaHH-
MYJSAIAN  TIO3BOJIMIIA  JIOCTOBEPHO  OTIPENEIINUTh
CTPYKTYPHO-(YHKIIMOHABHYIO OpraHu3aIxIo
mynsTaepmerTaoro Oenka JIHK-mommmepassr |
E. coli v moay4uTh NPOAYICHTHI €10 CyO(popM.
MHorue MyasTH(QYHKITHOHATEHBIE OSITKH, Hali-
JCHHBIC y BBICHIMX DYKapHOT, coaepKar (epMmeH-
ThI, IMEIOIINECS Y TPOKAPUOT W HU3IINX DYKAPHUOT,
y KOTOPBIX, OJTHAKO, 3TH (PEPMEHTHI 4aCTO KOAUPY-
I0TCS pa3HbIMH reHamu. OAMH W3 W3yYeHHBIX
MYJIbTU(YHKIIHOHAIBHBIX OCIIKOB BBICIIMX JYKa-
puor — CAD-6enmok — o0mamaer aKTHBHOCTBIO
HEepPBHIX TpeX (HEepMEHTOB OMOCHHTE3a TUPUMHUIU-
HOB: KapOammidocdarcuarerassl (KOC), acmap-
tarrpanckapOamunaszsl (ATK) u quruapooporassl

(IT'O). Ot xe cample PepMEHTHI JECTCPMHUHHPY-
FOTCSI TPEMSI OTJICIbHBIMU T€HaMU B E. coli v IByMst
TeHaMH B HH3IIMX JYKAPHOTaX, Y KOTOPBIX CY-
niecTByeT OudyHkinoHabHbIH 6etok KOC-ATK.
IIpoxnonmposaB uepe3 kJIHK d¢parment, xomw-
pytoumii onun u3 Tpex ¢pepmentoB (ATK) CAD-
Oenmka, W OIKCIPECCHPOBAB JJAHHYIO IMOCIEOBa-
TEIBHOCTh MO KOHTPOJIEM MPOMOTOPA Plge, YAA-
70Ch B E. coli KOMIUIEMEHTHUPOBATh MyTaluio pyrB
10 TeHy acrhapTarTpaHcKapOaMMIIasbl, 4TO yKa3bl-
BaeT Ha ()YHKIIMOHAJIBHOE CXOJICTBO JAHHOTO (hep-
MEHTa y IPOKapHOT U dyKapuoT. [lomy4yennslie nan-
HBIC MO3BOJISAIOT MPEANONIOKUTh, YTO B MPOIECCE
9BOJIIONMN MYJAbTH(DYHKITMOHATIFHBIE OCIKH BBIC-
IIUX JYKapUOT BO3HHUKAIIM B PE3yJIbTaTe psijia CO-
OBITHI, TPUBOMASIIUX K CIUSHHUIO IO TOTO HE3aBHU-
CUMBIX TEHETHUYECKHUX CIINHUII.

Jloka3aHHass B OSKCIIEPIMEHTE BO3MOXKHOCTH
OTHOCHUTEIILHO HE3aBUCUMOTO JEHCTBUS OTHEIb-
HBIX JIOMEHOB MYJIBTH(PYHKIIMOHAILHOTO OelKa
npuBesna B 1989 1. k co3aHNI0 «KACCETHOTO» T'eHa
aKTUBaTopa TKaHeBoro ruasmuHoreHa (ATII) ue-
noBeka. JlaaHbIi Oenok GopMUpyeT MATh TOMEHOB
¢ paznuunbiMu QyHkuusimu. en ATIT (aByxueno-
yeuHbld (pparmenT anmmHOM 1095 mH) OB CHHTE-
3UPOBAH XMMHUKO-(DEPMEHTATUBHO TaKUM 00pa3oMm,
YTO BCE€ IOCJENOBATEIHHOCTH, KOJUPYIOIINE J0-
MEHBI, OKa3aJINCh pa3/eNIeHbl y4acTKaMHu TUAPOIIHU-
3a pa3MYHBIMU pecTpuKTazamMu. Hebompmme n3-
MEHEHUS, BHECCHHBIE MIPU ATOM B MOCJICI0BATEIb-
HocTh ATII, He MeHsIM OMOJIOTMYECKUX CBOMCTB
Oenka. KacceTHas cTpyKkTypa reHa mo3BoJisieT KoM-
OMHUpPOBAaTH B JIOOOM MOPSAKE, IEICTHPOBATH
nomensl ATII u m3ydarh CBOWCTBa CO37aBAEMBIX
BapHaHTOB, a TaK)Ke 00eCIeYrBaeT BO3MOXKHOCTH
AKCIPECCHU M M3YYCHHS (PYHKIUN WHIUBUIYalb-
Hbix jjoMeHOB ATII. BBenenue yHUKaIbHBIX y4acT-
KOB PECTPUKIIMU B OOJIACTH T'€HA, COOTBETCTBYIO-
e (QIaHKUPYIOMIUM JAOMEHBl y4acTKaM Oellka,
[I03BOJIICT 3aMEHSATh JIOMEHBI M3y4aeMOro Oeika
Ha JIOMEHBI JIpyroro 0Oeika, T. €. KOHCTPYHPOBAaTh
HOBBIC OCJIKY C 3a/IaHHBIM HaOopoM (yHKImii. Pac-
CMOTPEHHBIH MOIXO0]] MPUMEHHUM, I0-BHINMOMY,
K OOJIBIIIMHCTBY MYJIBTHIOMEHHBIX OCITKOB.

7.3. CO3OAHUE BEJIKOB C TMBEPUAHBLIMXA CBONCTBAMMU

Bosbiioe BHUMaHue B TEHETUYECKOM MHKEHE-
pHUH yrensieTcst KIIOHUPOBAHUIO U N3YYEHUIO TeHOB
uHTEepdepoHa. ITo 0OyCIOBICHO TEM, YTO UHTEP-
(hepOHBI COCTABIISIOT CEMEICTBO OENKOB, KOTOpPBIC
00J1a12I0T LIMPOKUM CHEKTPOM 3aILUTHBIX (PyHK-
I[UH, B YaCTHOCTH TaKUMH, KaK ITO/IaBJIeHUE pa3BU-
THSI BUPYCHOM MH(EKUNH, HHTHONPOBaHUE OHKO-
TCHHOW Tponudepanuy KIETOK, MOAYJIHUPOBaHUE

MMMYHHOT'O OTBeTa opranu3ma. Murepdepons! ye-
JIOBEKa KIIACCH(PUIMPYIOT HA TPH TPYIIB — &, 3
U Y B 3aBUCUMOCTH OT THIIA KJIETOK, KOTOpPBIE UX
OPOAYLUPYIOT, TEPBUYHON CTPYKTYDbI, (QHU3HKO-
XUMHYECKUX U JPYTUX CBOHCTB.

a-NuTepheponsl (JiedkonuTapHbie UHTEpdE-
POHBI) COCTABIAIOT OOJNBIIYI0 TPYHIy OJIH3KO-
pOICTBEHHBIX OenKoB. BrIsiBaeHO 16 OTAEIBHBIX
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Puc. 7.4. KorctpynpoBanue miasMuI I TIPSIMOH SKCIIPECCHH XUMEPHBIX JISHKOIIUTAPHBIX HHTEP(HEPOHOB
yeJioBeKa B Kietkax E. coli

TCHETHYECKUX JIOKYCOB JJIsl (-UHTEPPEPOHOB Ue-
noseka (HulFN-a). ['enbl aTux 6enkoB He pa3apoo-
JICHHBI, T. €. UMEIOT HEMPEPHIBHYIO KOIUPYIOIIYIO
MOCIIeI0BATEIbHOCTE. Pazmep OenkoB cocTaBisieT
165 win 166 aMUHOKHUCIOTHBIX ocTarkoB. Ilocne-
JIOBaTEJIbHOCTH PA3HBIX NOATUIIOB ¢-MHTEp(EpoHa
OTIIMYAIOTCS APYT OT Apyra mpumepHo 1o 20 AK,
U 00mIasi TOMOJIOTHSI M@Ky BCEMH W3yYEHHBIMU
MOCJIe/IOBATENLHOCTIME Q-UHTEP(PEPOHOB UeIOBE-
Ka COCTaBJIET OKoJIO 52 %.

s hubpodnacTHoro uHTEphEpOHa YeioBeKa
(B-unrepdepon, HulFN-f) oGHapy:KeH JIHIIIb OAUH
(uepasznpobmennsiit) red. HUIFN-S coctout u3 166
AK ¥ mo mocnenoBaTeIbHOCTH MMEET BBICOKYIO

TOMOJIOTHIO ¢ Q-UHTEepPEepOHAMH, KOTOPasi COCTaB-
nseT mopsaka 35 % OTHOCHTENBHO yCpemHEeHHON
MTOCJIEIOBATEIIEHOCTH ((-UHTEPHEPOHOB.

Wmmynnsiit uatepdepon yenoseka (HulFN-y)
cocrout u3 146 AK u He mMeeT 3aMeTHOW TOMOJIO-
THH HU C a-, HU ¢ B-untepdeponamu. s Hero u3-
BECTCH OJIMH Pa3pOOJICHHBIN, SK30H-UHTPOHHBII
I'eH.

Jl1 BceX Tpex THIOB HHTEPPEPOHOB YeTIOBEKa
B HACTOSIIEE BPEMsI METOJIaMU TEHETUYECKON HH-
JKCHEPUH CO3/IaHbl MHOTOYHMCIICHHBIE CYTIEPIIPOTY-
LEHTHI, YTO TO3BOJISIET MOydaTh 3TH OMOIOTHYE-
CKM aKTHBHBIE OENKH B OOJBIIOM KOIWYECTBE U
MPAKTUYECKH B WHIAWBHIYaIbHOM COCTOSHHUH (de-
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r'0 HEBO3MOXKHO JTOOUTHCS TP BBIJCICHUN HHTEP-
(hepoHOB W3 MPHUPOTHOTO HCTOUHHKA). JlaHHBIE
npenaparbl ¥ UX CMECH aKTHBHO HCIIOJIB3YIOTCS
B MEIMLHUHE IJIs1 pa3padOTKU CXeM JICUCHUS paKo-
BBIX 3200JI€BaHNH, BUPYCHBIX HHPEKIUN U Jp.

OcoO0bIif MHTEpEC UCCIIenoBaTeIIeH MPUBICKIIA
rpymnmna q-uHTeppEepoHOB, TaK KaK WHIUBUIYaIIb-
sble noarunsl HUIFN-a paznuyarorcst o ypoBHIO
MIPOTHBOBUPYCHOW aKTUBHOCTH AJISI Pa3HBIX BUPY-
cos. [loaTomy OblIa mpoBeleHa cepus SKCIEpH-
MEHTOB 110 CO3JaHHIO TMOPHUIHBIX TEHOB, KOIH-
pyromux XuMepHbsle (TuOpuaHbe) a-unTepdepo-
HBI, B LIEJISAX BBIABICHUS (DYHKIMOHAIBHO BasKHBIX
paitonoB HulFN-a. H. Ct3606unr ¢ coaBTOpamu
(1981-1982 rr.) CKOHCTPYHPOBAIH Psii THOPUIOB
mexny renamu [FN-A (IFN-a2) n IFN-D (IFN-al)
(puc. 7.4). T'mOpumHBIE TEHBI HKCIPECCHPOBAIU
B E. coli, cuHTe3upOBaHHbIE XUMEpPHbIE OEJIKH BbI-
JeNSUIM U HM3ydald WX aHTUBUPYCHBIE CBOMCTBA.
Oxkazanock, yro rudpuasl [FN-a AD umeror cy-
IECTBEHHO OOJIBIIYI0 aHTUBUPYCHYIO aKTHBHOCTb
10 CPaBHEHHWIO C POAMTENHbCKUMHU HHTepdepoHa-
My, a BapuaHTsl [IFN-a DA — cHuxeHHy1o.

E. IBaptxod ¢ coaBropamu (1987 r.) npume-
HWIM TOAXOJ, MO3BOJIIOUIMN MOJMy4yaTh Pa3HOOO-
pasHble THOPUIHBIE TeHbI JEHKOIMTAPHOIO WHTEP-
(hepoHa, KOTOpBIE 0OPA3YIOTCS B PE3YIIETATE PEKOM-
OMHALMU KJIOHMPOBaHHBIX TEHOB in Vivo. beim
UCIIOJIb30BaHbI TeHbI MBIIIMHBIX UHTEPHEPOHOB ¢ |
u a4. OTH OeNky paznyaroTcs MEXIy CO0OH 1o
nocsenoBaTebHOCTH JIHIb Ha 20 %, Toraa Kak mo
HNPOTUBOBUPYCHOM aKTUBHOCTU PA3IM4Ms CYLIECT-
BeHHbIe. 00a M3yyaeMbIX T'€Ha BCTPAWBaJId B OHY
BEKTOPHYIO TIIa3MUJTy, TICPEBOJIMIIH €€ B JIMHEHHYIO
(hopmy u TpaHCHOpPMUPOBAIN KIETKH E. coli recA*™
(puc. 7.5). I[locne pexoMOMHALINY 71 Vivo OTOHpaITH
IUTa3MHJIBL, Hecylue THOpuuHble TeHbl olad.
Taxue BapuaHThI TeHOB 0003HaUmN 14-1, a14-2
u T. A. O0nacTi KPOCCHMHIOBEepa B TMOpHUIax ycra-
HABJIMBAJIM C TIOMOIIBIO PECTPUKIIMOHHOTO aHAIIHU-
3a. CTpyKTypa HEKOTOPBIX W3 3THX IMOPUAHBIX Te-
HOB TpuBeficHa Ha puc. 7.6. Okazanock, 4To psif
THOPUIHBIX HHTEPPEPOHOB MPOSIBIIICT 3HATUTECITH-
HO OONBIIYIO MO CPaBHEHHIO C MCXOAHBIMH (op-
MaMH [TPOTUBOBUPYCHYIO aKTUBHOCTH (puc. 7.7).

Takum oOpasom, cosmaBas THOPHIBI MEXIY
OJTM3KOPOJICTBEHHBIMU (-MHTEp(hEepOHaMH, MOXKHO
[OJyYUTh BapHaHTBI, IPEBOCXOIAIINE MO CBOUM
OMOJIOTMYECKUM CBOWCTBAM pPOAUTEIbCKUE (HOp-
Mbl. [laHHOE HarpaBieHHUE UCCIICAOBAaHNN, HECOM-
HEHHO, MEPCIEKTUBHO IS MEJWIIMHCKOW U BeTe-
puHapHO# npakTHkU. Kpome TOro, KOHCTpyHpoBa-
HUE THOPUIOB OIM3KOPOICTBEHHBIX OEIIKOB TI03BO-
JsieT TIyO’Ke MOHATh 3aKOHOMEPHOCTH CTPYKTYp-
HO-(YHKIIMOHAIBHOW OpraHM3alid H3y4aeMoro
KJ1acca OeJKoB.
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Puc. 7.5. Co3nanue ruOpUIHBIX TEHOB MBIIIIHHOTO
narepdepona IFN-ala4 pexombunamnmeit in vivo:
1 — nocnenoBarensnocth rena IFN-a 1, 2 — IFN-a4,

3 — B-tno6una kponuka; 4 — nocnenoBareabHocTh JJHK
Bupyca SV40, 5 — mnazmuasl pPBR328

HoBble Tumbl 1eueOHbIX IpenapaToB MOKHO I10-
JIY4YHTb, €CITU CO3/1aTh OeJIOK, 00JIa1aronuii Ouoo-
TMYECKUMH aKTHUBHOCTSIMH, CBOHCTBEHHBIMHU JABYM
wm OoJyiee HepoOJCTBEHHBIM OenkaM. Ha mpuHIu-
MUAJIBHYI0 BO3MOKHOCTb KOHCTPYHUPOBAHMS TaKUX
MOJIEKYJI YKa3bIBaeT HAJTU4YHE MYJIbTU(YHKIIHOHA-
JBHBIX PUPOAHBIX OCJIKOB, KOTOPBHIE MOTYT Pa3Jiu-
4aThCs 10 CBOSH OpraHHu3aIiH y MPOKApHUOT U JY-
kapuot (cm. 7.2). IlepByro ycnemHywo paboty
B JIaHHOM HarpasjieHnH BeImoaHWIM M. CeHo ¢ co-
aBropami (1986 1.). Ouu co3nanu ruOpUIHBIN TeH,
KOTOPBI KOAMPOBAJl XUMEPHBIM OEI0K, COCTOofA-
it Ha N-xonne u3 135 AK HulFN-y (menernus
11 AK ¢ C-xonma) u u3 134 AK unHTeprneikuHa
2 yenoseka (IL-2) na C-koHIie (moyHas mocienoBa-
TeTbHOCTH). IMMYHHBIA HHTEPPEPOH COCAMHMUIIN
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Puc. 7.6. CTpykTypa THOpUIHBIX TEHOB MBIIIIUHBIX JTEHKOIIUTAPHBIX HHTEPPEPOHOB,
MOJYYEHHBIX B PE3ylIbTaTe PeKOMOMHAIIMY T€HOB B KIIeTKax E. coli.

AxtuBHOCTH IFN, Ig e.a.

UYepHbIMU 0710KaMH 0003HaY€HBI 00IaCTH KPOCCHHTOBEpa

O
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Puc. 7.7. Cneuuduueckast aHTUBUPYCHAs! aKTUBHOCTH JICHKOLUTAPHBIX HHTEP(EpOHOB MbIH a1, a4
u ux ru0puaoB (cM. puc. 7.6) Ha KynbType KiieTok L929.

Tabnuya 7.1. Buojioruyeckass akTHBHOCTh 0€JIKOB,

[TpoTuBOBUpYCHASI aKTUBHOCTD OIPEAENSANACH 110 MOAABIECHHIO IIUTOMATHYECKOTO (B deKTa,
BBI3BIBAEMOT0 BUPYCOM BE3HKYIIPHOTO CTOMATHTA

NpoayLHUpYyeMBbIX B KiaeTkax E. coli

KJIOHUPOBAHHBIMHA I'€HAMHA

AKTUBHOCTb
I'ubpuanas Benok (e.a./m KymbTYpHI)
1a3MuIa
IFN-y IL-2
pIFL9906 IFN-y/IL-2 | 1,2 - 106 1,1 - 104
pHITtrp1101 | IFN-y 300,0 - 100 0
pTF1 IL-2 0 12,0 - 104

C MHTEPIICHKUHOM Yepe3 CETMEHT U3 YETHIPEX aMH-
HOKHUCJIOTHBIX OCTaTKOB. B kieTkax E. coli CKOHCT-
PYMPOBAHHBIN THOPUIHBINA TeH dPPEKTUBHO DKCTI-
peccupoBajcs I0J KOHTPOJEM IIPOMOTOPA Dyp.
XWMepHBIN 00K BBIIEISUIN U U3Yy4alld €ro CBOM-
ctBa. Okazasock, uro xumepa IFN-y/IL-2 obnana-
€T aKTUBHOCTSMH OOOWX POJUTEIHCKUX OENKOB
(tabmn. 7.1). [Ipu 3TOM COOTHOIIIEHUE AKTUBHOCTEH
nHTepdEepOHa ¥ MHTEPIICHKIHA B MOJIEKYJIE Y XUME-
pbI coctaBwio 109, T. e. Mallo OTIIMYAIOCH OT ATOrO
K€ COOTHOIICHHUS JUIA MPUPOIHBIX OenkoB — 113
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(ynenbHast akTuBHOCTD IFN-y — 4.5 - 100 e.a./mr,
allL-2 —4 - 104 e.a./mr). TTony4eHHBIE pe3yibTa-
TBI IEMOHCTPHUPYIOT, YTO B COCTaBe XHMeEpHI 00a
OeJKa MPaKTUYECKH MOJHOCTHIO COXPAHSIIN CBOIO

7.4. UIMMYHOTOKCHUHbI

B navane XX B. II. Dpaux BbICKa3zal mpeamno-
JIO)KEHUE O BO3MOYKHOCTH MCIIOJIb30BaTh aHTUTENA B
KauecTBe HOcUTeNel (hapMaKoJIOTHYECKUX areHTOB.
OnHako peasn30BbIBATHCS JTAHHBIM MMOJIX0J] Hadajl
nmuinb B 1970-e . 3a nporeiiee BpeMs TOCTUTHYT
3HAYUTENBHBIN IPOrpecc B U30HMpaTeIbHOM YHUUTO-
JKEHUH KJIETOK in Vitro W in vivo NpU B3aUMOJCHCT-
BUH UX C aHTUTEJaMH, COCIMHEHHBIMU C TOKCHYE-
CKMMH areHTaMu. Takue OSITKOBBIC THOPHIEI, TTOJTY-
YyaeMble B PE3yNbTaTe XUMUYECKOTO CBS3bIBAHHS
(KoHBIOTAINN) N Vitro CHCTM(PUUESCKUX AHTHUTEI
(MMMYHOIIOOYJMHOB) € TOJIMIENTHAHBIMU TOKCH-
HaMH, Ha3bIBAIOT UIMMYHOTOKCHHAMH.

Xopomo m3ydeH audrepuitabiii TokeuH (/T),
CHUHTE3MpYeMbIil TmaroreHHoi Oaxtepuerr Coryne-
bacterium diphtheriae. llepBoHauaJIbHO TOKCHH
MPOU3BOJUTCSI B HEAaKTHBHOU (hopMe (IIPOTOKCHUH),
3aTeM IMociie cuetu(pUIHOro 3HAONPOTEa3HOTO pac-
HIeruieHns1 OeJIoK pacrajgaercst Ha JBe (yHKIIMOHA-
JHHO M UMMYHOXHMHUECKH PA3INYHbIC CyObeJMHU-
sl — A (21 x/1a) u B (39 x/1a). I1pu aToM nipoucxo-
ST 3HAUYUTEIbHBIE HW3MEHEHHS BO BTOPHUYHOI
CTPYKTYpE MOJIUIENITHIOB, 00ECIIEUNBAOIIHE MTOSIB-
JIeHUE cHelU(pUYHBIX CBOMCTB TOKCHHA (4acTO 3TOT
MIpoIlecC Ha3bIBAIOT aKTHBAIMeW TOKCHHA). TOKcH-
yeckuil ddexr oOycnosneH aelictBueM N-KoHIIE-
BOW cyObenuHuIlbl A, koTopas oonmagaer NAD-rm-
korunaponazHoii u  ADP-pubosunrpancdepasHoit
aKTHUBHOCTSIMU. B pesynbrare KaTaau3upyeMbIX
3TUM (EPMEHTOM PEAKLMH MPOUCXOAUT crienupu-
YyecKasi MHAKTUBALUS DYKApUOTHYECKOro (hakTopa
snonranmu EF-2, mocne 4ero ToTt Tepser crnocob-
HOCTb CBSI3bIBATHCS ¢ pubocomamu 80S U, crenopa-
TENIbHO, Yy4acTBOBaTh B OnocuHTe3e Oenka. B ocHo-
BE MOJICKYJSIPHOTO MexaHu3Ma uHakTuBammuu EF-2
nexar ase (hepMEHTaTHUBHBIC PeaKkliu, KOTOpPbIE Ka-
TANIU3UPYIOTCST CyObemuHnIe A  audTEpHITHOTO
TOKCHHA I0CJI€ IPOHUKHOBEHHSI €T0 B LUTOILIa3My
3YKapUOTUYECKOMN KIIETKHU:

T
1.NAD* +H0 == ADP-pu6o3a + Huxornaamum + H*

T
2. ADP-pu6o3a + EF-2 EL_> ADP-pu6o3a—EF-2

Ha nepBom stamne tokcun rugposnnszyer NAD
10 ADP-pr0o3bI 1 HUKOTHHAMH/IA, HA BTOPOM —

OMOJIOTHYECKYI0 aKTHBHOCTh. JTO YKa3bIBacT Ha
OOJNIBIIYI0 TIEPCTIEKTHBHOCTh CO3J[AHUSA HOBOTO
THIIA JICYCOHBIX MPErnaparoB HA OCHOBE XUMEPHBIX
OCIIKOB.

nieperocut ADP-pubo3y Ha EF-2. [1pu aToM KomII-
nexc EF-2-ADP-pu6o3a moaHOCTHIO HEAKTHBEH.
CyObenuaniia A He Ccrmoco0Ha KaTalu3WpOBaTh
ADP-pubosunupoBanne (akropa snoHramun G
murtoxoHnpuit u EF-G Gakrepuii. [TosTomy nudre-
PUMHBI TOKCMH HE HapylLIaeT IPOLIECC CHUHTE3a
oenka Ha 70S-pubocomax.

CxopocTh 1 3PPEKTUBHOCTD PEAKIIHI, KaTallu-
3UPYEMBIX CyObemWHUIICH A, OYeHBb BBICOKA. M3-
BECTHO, YTO JOCTATOYHO OJHOW MOJIEKYNbI CyOb-
enuHULbI A, 4TOObl yOUTH KJIETKy-MHUIIeHb. Bax-
HO OTMETHUTb, YTO B OTCYTCTBHE CyObequHHLBI B
cyObennHAIIa A HE MOXET MPOHUKHYTH B KIETKY
1 TIO3TOMY HE HPOSBIISIET TOKCHUECKOTO d(ppeKTa.

JetictBue nuTepuitHOTO TOKCHHA TIPOSBIISCT-
Cs B pe3ysbTaTe MOCIEN0BaTeIbHBIX MPOLECCOB,
TaKUX KaK aficopOIHs Ha CIIEUPUISCKUX KIETOY-
HBIX peuenropax (obecneuuBaercsi CyObeAMHU-
neit B), Tpancnopt uepes miasMaTu4ecKyro Memo-
paHy B LUTOIUIa3My KJIETKH U WHAKTHBALUS BHYT-
pukierounoit mutneran — EF-2 (cyObenununa A).

Wzyuenne pazanyHbIX OaKTEPHUATbHBIX TOKCH-
HOB I10Ka3aJlo, 4YT0 (pparMeHTUPOBAHHUE MOJIHIICI-
THUHOW LIeNN NPOTOKCHHA ¢ oOpa3oBaHHEM dep-
MEHTaTHBHO-aKTUBHOU CyObEAMHUIIBI M aKICTITOP-
HOW CyOBEIMHHMIBI — IIMPOKO PacIpOCTPaHEH-
HbII MexaHu3M. MIHTEpEeCHO OTMETHUTH, YTO 3K30-
TokcuH Oaktepuu Pseudomonas (PE) mmeer oT-
mmanoe ot [T pacmonoxxenue (QpyHKIMOHAIBHBIX
JOMEHOB Ha MOJIEKYyJle MpOTOKcHHa (puc. 7.8) u
3HAYUTEIHHO OTIMYAETCS OT HEro M0 aMHUHOKHC-
JIOTHOHM MOCJIEeI0BaTeILHOCTH, HO TPU 3TOM dep-
MEHTaTUBHO akTuBHas cyorenmuawnma III PE kara-
JIU3UPYeT Takylo ke momuduxauuio EF-2. Ssne-
HUE MPOTEOIUTHYECKONW aKTHBALIMN N3BECTHO TaK-
K€ W JJI paCTUTEIbHBIX TOKCUHOB, TAKHX KaK PH-
[IWH, paOWH 1 MOJICKCHH.

[Tocne Toro xax ObUIa yCTAaHOBJICHA CTPYKTYP-
HO-(YHKIIMOHAJIbHAS OPTaHU3aIusl Psijia TOKCHHOB
0aKTepHaIbHOTO M PACTUTEJIBHOTO IPOUCXOXKIE-
HUS, CTAJIM TPEAIPUHUMATHCS TMOMBITKH CO3/JaHUS
HMMYHOTOKCHHOB. OCOOCHHO aKTHBHO IJIsl 3TUX
LieJei UCIoIb30Ball PULIMH U, B MEHBIIEH cTere-
HU, mudTepuiiHbii TokcnH. OKa3anock, 9To 3aMe-
Ha B-cyObenuHHMLBI pPa3TUYHBIMH  MOJIEKYJIaMH
(ropmoHamu, (akTOopamMu pPOCTa, AHTUTEIIAMH)
MIPUBOIUT K POPMHUPOBAHNIO THOPUIIHBIX MOJIEKY,
y KOTOPBIX CHEU(PUIHOCTH CBS3BIBAHMS C KIIET-
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Hudrepuiinbiii Tokcud (DT) A T B
DT388-1L.2 A T |B IL2
Ok3otokcuH Pseudomonas (PE) Ia Cl (i) 111
3 N2
]
TGFa-PE38 (TP38) TGFa (37 n (b 1
O —
RFB4(dsFv)-PE38 (BL22) ool IS| M [}
Anti-Tac(scFv)-PE38 (LMB-2) (33 n (]

Puc. 7.8. CxemaTn4Has CTPYKTypa OaKTepUaJIbHBIX TOKCHHOB X PEKOMOMHAHTHBIX TOKCHHOB.

A, Il — pepmenTatuBHbI qoMeH; B, la — nomen agcopbuun; T, 11 — nomeH TpaHcnokanuu AuTEPUITHOTO U ICEBIOMOHATHOTO
TOKCHHOB. |b — mocnenoBarensHOCTh, pazaenstomas gomens 11 u I1I. Vi u V| — BapnabenbHbIe JOMEHBI COOTBETCTBEHHO TSKE-
JIOW ¥ JIETKOH 1Ierel crenupruyHOro MMMYHOTIIOOYTHHA

KaMU U3MEHEHa, HO TOKCHUeckuit ahdexr A-cyon-
eIMHUIIBI cOoXpaHeH. Takue OeNKH He CTOJIb TOK-
CHYHBI JUI OpTaHM3Ma B IIEJIOM, KaK IMPUPOIHBIN
TOKCHH, HO BBICOKOTOKCHUYHBI JUISl KJICTOK-MHIIIE-
Hell. BaxkHO OTMETHTB, YTO Ha KJIETKaX, Y KOTOPBIX
HET COOTBETCTBYIOIIUX PELENTOPOB, TOKCHYECKO-
ro 3¢dexra OHU HE MPOSBIISIOT.

Co3iaHre UMMYHOTOKCHHOB — 3TO HOBBIH CO-
BpEeMeHHBIH moaxon B (hapmakoioruu. [Ipenaparst
JAHHOTO THUMa MOTYT OBITb O4YeHb 3(PPEKTHBHEI

MIPU TEPANUH OIMyXOJeH, MOIYJISAIIUH UMMYHHOTO
otBera u ap. OTHAKO TIepBOHAYAIBHO pa3padoTaH-
HBII METOJ] JIOBOJILHO TPYAOEMKHUI U, KPOME TOTO,
He oOecreunBaeT CTaHAAPTHOCTH WMMYHOTOKCH-
Ha: HeOOXOIUMO BBIJICNIATh A-CyObeMHUILY TOKCU-
Ha, IeJeBOM OeJIoK, 00eCIIeUunBaIOIIUi CBSI3bLIBA-
HUE C ONPECICHHBIMU PELEITOPAMHU, 3aTEM OCY-
IIECTBJISAITh KOHBIOTALMIO 3TUX KOMIIOHEHTOB UYe-
pe3 mucynb(OUIHYIO CBS3b.

Tabnuya 7.2. lipuMepsbl KIMHHYECKH TECTHUPOBAHHBIX PEKOMOMHAHTHBIX HMMYHOTOKCHHOB

AHTUTEH Jluranp bazoBbiit TOKCHH 3aboneBanue
IL2R IL-2 DT XpoHuueckas TuMQpOIUTapHast JCHKeMus,
aumpoma
CD22 dsFv PE Xponunueckast JUMpoLUTApHAs JTCHKEMHUS,
aumpoma
CD25 scFv PE Jleiikemuu, mumdoma
GM-CSF GM-CSF DT OcTpas MuenoreHHast JekeMus
Ley scFv PE Kapnunoma
Ley dsFv PE Kaprnmroma
EGFR TGFo PE Pax moueBoro my3bIpst
erbB2 dsFv PE Pak rpynn
IL4R IL-4 PE I'muoma
IL13R 1L-13 PE Kapruunoma nmouku
Mesorenun dsFv PE Mesotennoma
EGFR EGF DT Kapuunoma

Ipumeyanue. Kogupyromue mociaeoBaTeIbHOCTH JUTaHJa 1 (EPMEHTATUBHO aKTHBHOM 4acTH 0a30BOTO TOK-

CHHA COeIMHSIINCH B COBITAAIONIEH paMKe TPAaHCISAUH (CM. puc. 7.8).

IL2R, IL4R, IL13R — peuenTops! nuaTepiaeHkunHOB 2, 4 u 13; GM-CSF — rpanynonut-makpodar KOJIOHHECTH-
Mynupytoiuii ¢pakrop; LeY — yrieBoaHbli aHTUTeH, crieunuuHblii 11 kapunHom; EGFR — penentop anuaepma-
npHOTO (hakTopa pocra; TGFo — tpanchopmupyrommii pakrop pocra; erbB2 — anturen, cnenupuyHbIi 1151 paka
rpynu; scFv, dsFv — pexoMOMHaHTHBIH OTHOLETIOYeYHBIH HITH ANCYIb(QHI-CTA0MIM3UPOBAHHBIA BapHabeIbHbIN J10-
MeH cnenn(puIHOro UIMMYHOTJIOO0YIIHHA.
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[Ipeononers paHHOE 3aTpyJHEHHE YAAIOCH
Jx. Mapdu ¢ coaBropamu (1983-1988 rr.), BEI-
MOJHMBLIMM CEPHIO0 TCHHO-WH)KEHEPHBIX padoT 1o
CO3/IaHMIO0 XMUMEPHBIX TOKCHHOB. [Ipexxne Bcero
obu1 kmonupoBaH ¢parment JIHK, comepikamuit
MIPOMOTOP M TOCIEA0BATENbHOCTD, KOAUPYIOUIYIO
CUTHANBHBIA TenTHA W A-cyObenuHHIy mudre-
puitHoro tokcuHa. [lomyden mramm E. coli, npo-
TyIUPYIONUHA THOPUIHBINA OCJIOK W CEKPEeTHUPYIO-
LM ero B NEpPHUIUIa3MAaTHYECKOE IPOCTPAHCTBO
KJIETOK. 3aTeM ObLI CKOHCTPYHMpPOBAaH THOPUIAHBIN
reH TUPTEPUITHOTO TOKCHHA, Y KOTOPOTO 3'-KOHIIe-
BOM y4acTOK, KOJUPYIOLIUN pPELENTOPCBI3bIBAIO-
mui qoMeH B, 3aMeHeH Ha CHHTETHYC CKUI TeH-2K-
BHBAJICHT MEJIaHOLUUTCTUMYJIUPYIOIIET0 TOpMOHa
a genoBeka (eMSH, cocrout u3 13 AK). Xumep-
HBI Oenmok tox—aMSH Takxke cexperupoBaics
B mepuriasmy E. coli. OH oka3aicsi CelIeKTHBHO
TOKCHYHBIM TSI KYJIBTYPBI KIIETOK 3J0Ka4eCTBEH-
Hoii MenaHoMbl uyenoBeka (NEL-M1), umeromumx
Ha TIOBEPXHOCTH perenTopsl st « MSH, u He aeii-
CTBOBAJI HA KYJIBTYPBI KJIETOK KHTAHCKOI'O XOMSTUKa
(CHO) u adpukaHCKoil 3€JI€HOH MapTHIIIKH, HE
nmeronx aMSH-penieniropos. [locne atoro 6bi1
co3faH mwtaMM E. coli, TpoayuUpyOMui Xumep-
HEBIN Oemok tox—IL2, y koToporo OOmbIas 4acThb
PELENTOPCBA3BIBAIOIICIO JA0MEHa AU(TEepUiHOrO
TOKCHHA 3aMellleHa COOTBETCTBYIOIINM JOMEHOM
(hakropa pocra yenoBedeckux T-muM(OIUTOB —
unTepneikuHa 2 (IL-2) (cm. puc. 7.8). [lomyuen-
HBI TOKCHH TPOSBIIST TOKCHYCCKHH AP (deKT 1o
OTHOILIEHUIO K T-KJIeTKaM yenoBeka U Mbllu. bo-

7.5. ®ArOBbI OUCTINEN

7.5.1. MpuHyun memoda

[Ipocrora oprannzanyy BUPHOHA U OYEHb BBI-
COKasl KOHIIEHTpalus BHUpyca, JOCTHraemas INpHu
KyJIbTUBUPOBAaHUM B KiIeTKax FE. coli (Gomee
10"% wacTui B 1 MJT), IO3BOMIIN PEAN30BAT IS
HUTEBUIHBIX (aroB (cM. 2.2.6) mOaXo, MOTyduB-
mMi Ha3zBaHKe «(aroBelil aucruieii». Ero cyTh 3a-
KJIIOYaeTCsl B TOM, YTO B COCTaBE XUMEPHBIX 000-
JIOYEYHBIX OCITKOB HUTEBHUIHBIX ()aroB dKCIPECCH-
pyIoTCsl LieleBble aMUHOKHCIIOTHBIE TIOCIIE0BaTe-
JHEHOCTH, KOTOPBIE IMOCIIe COOPKH (ParoBBIX YaCTHII
HaXoJATCs (IPEJCTaBIIAIOTCSA) Ha MX TTOBEPXHOCTH.
[Ipu 3TOM reHBl cO BCTPOHKAMHM, KOAWUPYIOIIUMH
I[EJIeBBIE MENTH/IbI, HAXOASITCS BHYTPH TaKUX BU-
PHOHOB B COCTaBE yNaKOBaHHOTO (paroBOro reHo-
Ma, T. €. XUMEPHBIH 0€JTOK U KOTUPYIOIIHHA €T0 TeH
¢usnuecku cueriensl (puc. 7.9). ['nbpunnsie Bu-
PUOHBI MOTYT OBITh CEJNEKTHPOBaHBI MyTeM ad-
(DUHHOTO CBSI3BIBAHMS MPEJICTABICHHBIX HA UX I10-
BEPXHOCTH 4y>KEPOJHBIX AMUHOKHCIIOTHBIX MTOCIIE-

JICC TOro, IIpr BBCACHUU MbIIIIaM OH 06na,uan M-
MYHOCYIIPECCUBHBIMU CBOWCTBAMH, T. €. SIBIISIJICS
MMMYHOTOKCHHOM HaIPaBJICHHOTO JICHCTBUSI.

B nocnenyrorine ro/ipl ObUIH CO3/1aHbI pa3HbIe
BapUaHTBl PEKOMOWHAHTHBIX HMMYHOTOKCHHOB,
COCTOSIIMX U3 TOKCUYCCKHX JOMEHOB ICEBIOMO-
HaJHOTO WU TUPTECPUHAHOTO TOKCHHOB, CIIUTHIX C
AHTHUI'CHCBA3BIBAIOIIMMU ITOJUIICIITUAAMHU, YaCTO
Ha3bIBAEMBIMH JIMTAHaMH. B KauecTBe Takux Jiu-
TaHJO0B OOBIYHO HCIOJB3YIOT IMOCJIEI0BATEIBHO-
CTH IIUTOKMHOB WJIN BapHaOelbHBIX pallOHOB MM-
MYHOTJIOOYIHMHOB. HekoTopble M3 CO3JaHHBIX pe-
KOMOHMHAHTHBIX UIMMYHOTOKCHHOB JIOIIUIM JIO JTa-
na KIMHUYECKUX UCTIbITaHni (Tabmn. 7.2). Haunyy-
IIUX PE3YJIBTATOB YIAIOCh JIOOUTHCS MIPH JICUCHUU
PaKOBBIX 3a00IeBaHUI KPOBH, TaK KaK OHM HaubOO-
JIEC OIITUMAJIbHBI IJIsI BO3I[CI>'ICTBH5[ NMMYHOTOKCH-
HOB, MOCKOJIbKY 3JIOKQUECTBEHHBIC KIETKU B 3THUX
ClIydasix B OCHOBHOM HaXOJSTCS BHYTPH COCYIOB U
JOCTYIIHBl 1P BHYTPUBECHHOM BBCICHUU JIE-
KapcCTB. HaHI/ICHTLI C TaKUMHN 3a6OHCBaHI/IHMI/I qac-
TO UMEIOT UMMYHOJIC(UIIUT U MOITOMY MPAKTHYEC-
CKH HE OOYCIJIOBIUBAIOT AaHTHUTEJILHBIA OTBET IPO-
THUB MIPUMCHACMOTO UMMYHOTOKCHHA.

Takum 00pa3om, METO/IbI TCHETUYECKON MHIKe-
HEPUU MO3BOJISIFOT CO3/[aBaTh XMMEPHbIE HMMYHO-
TOKCHHBI, KOTOPBIE MOXXHO B OOJIBIINX KOJUYECT-
Bax HapaOaThIBaTh B OaKTepHATBHBIX KIIETKAX, IMO-
JydyaTb CTaHAAPTHBIC BBICOKOOYUILICHHBLIC IIpCIia-
paTthl U UCTIONB30BATh UX JUIS KIMHUYECKHX IEJICH.
O4eBUIHO, YTO JAHHOE HAMPABJICHUE HCCIIEI0BA-
HUH UMeeT 0oJbInoe Oymyiiee.

JOBaTEIbHOCTEH C KAKUMHU-THOO MaKpOMOJIeKyJia-
Mu. Takum 00pa3oM HHTEPECYIOMNN UCCIIeIOBATE-
JIs1 BAPUAHT (hara MOKHO BBIICIUTH U PA3MHOKHUTD
IUIs JajbHENIIEro U3ydeHHs..

OCHOBHBIC NPUHIIMITBI (AroBOro JUCILICs Obl-
T 3aJI0KEHBI yXe B mepBoi pabore I. Cwmmwra,
omyOnukoBaHHoOH B 1985 1. B cocras rena /I/ dara
fl o yHUKaIbHOMY YYaCTKy THAPOIH3a PECTPUK-
tazoii BamHI 6bun Betpoens! Sau3 Al-pparmen-
THI TeHa pecTpukTassl EcoRIl. Onun n3 otoOpaH-
HBIX TIOCIie TpaHC(hEKINH KIeToK E. coli Tmopu-
HBIA BapuaHT Qara, oboznauennslii fECO1 u Ha-
3BaHHBIA ciumbim ¢hazom (fusion phage), comep-
JKaJl BCTaBKy pa3mepoM 171 mH, koTopast pacrmona-
rajach MEXJ1y IOCIIe0BaTEeIbHOCTIMH, KOJIUPYIO-
muMu C- u N-konuessle fomenst plll, u He Hapy-
mrana pamKy TpaciisiuH JaHHOTO (aroBoro Oenka.

benok plll auTeBUAHBIX (paroB Tpedyercs He
TOJIBKO JJIs afcopOumu paroBeix yactull Ha F-mu-
JSIX KIETOK E. coli, HO Taroke Uil 3aBEpILCHUS
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Puc. 7.9. HureBuaublie (aru, npeacTapisiioNe Ha TOBEPXHOCTH YaCTHIL HETITHIHBIC SITUTOIIbI,
cnuteie ¢ 6enkom obonouku plll (a) wmm pVIII (6)

mporecca cOOpPKH BUPHOHOB M CTAOMIIM3AIIUN HX
CTPYKTYpBI. 3a7epxka B npucoeannenuu plll npu-
BOJUT K 00pa30BaHMI0 HEOOBIYHO JJTMHHBIX Yac-
THUIL TaK HAa3bIBAEMOTO HOIU@aza, CONEPKAILEro
nBa 1 Oonee ¢aroBeix reHoMma. Jlaxe daru 1uKoro
TUTA OOBIYHO POIYIUPYIOT OKOJIO 5 % MOTOMCTBA
B BUjIe TouQaroB. N-KOHIIEBOH IOMEH, BKITFOUAIO-
mmid 2/3 monekyast plll, oOycnoBnuBaer angcop6-
1nto (haroBBIX YACTHUI] HA KIIETKax E. coli, B TO Bpe-
Ms1 Kak C-KOHIIeBast 4acTh JaHHOTO OeJika KOHTPO-
JUpyeT COOpPKY BUPHUOHOB U CTAOMJILHOCTH HX
CTPYKTYpBL. MyTaHTHI (ara, TpOAyIHPYIOIIHe Oe-
nok plll, yrparuBmmii 66nbm1yio 4acte N-KOHLe-
BOTO JIOMEHA, 00pa3yoT HOPMaJIbHOE YHCIIO HEHH-
(heKITMOHHBIX YaCTHI] MOHO(AroB, HO MyTaHTHI TI0
C-xonnieBomy jnomeny plll nubGo neranbHbI s
Oakrepuu, MO0 MPONYIUPYIOT HEMH(EKIIMOHHBIC
¥ OTHOCHUTEJIBHO HeCTAaOMIIbHbIE MO (ary.

®ar fECO1 popmupoBai oueHb MEJIKHUE OJIsIIiI-
KU Ha Ta30HE KJIETOK E. coli, ero NH)EKINOHHOCTh
110 CPABHEHHIO C MCXOAHBIM (paroM Oblia CHIKEHA
B 25 pa3 U B IOTOMCTBE ObIIO 3HAYUTEIHLHO BBILIC
coZiepKaHue MYJIBTUMEpPHBIX mnojudaroB. Tem He
MEHEE aHTUT'CHHBIC ACTCPMHUHAHTBI, KOIUPYEMBbIC
BcraBkoii 171 mH u3 cocrtaBa rena EcoRI, Obin
NPEACTABICHbl Ha IOBEPXHOCTU BHUPHOHA, IIO-
ckonbky rubOpugabii gar fECO1 sddexkruBHO
HEUTpaJIn30BaJICsl aHTUTEJIAMH IPOTUB PECTPUKTA-
361 EcoRI, B TO Bpems kak Ha dar f1 5Tu anTUTENa
HE OKa3bIBaJI HUKAKOTO BIMSHUS.

Amntutena npotuB EcoRI I Cmut agcopOupo-
BaJl Ha MOBEPXHOCTH IIOJUCTHPEHOBOM YalllK{
Ilerpy m HaHOCWJI Ha HeEe CMeCh, COAEPIKAIIYIO
fECO1 (106 BOE/mMa) u Oo0nbIioil H30BITOK
M13mp8 (6 - 1010 BOE/mi). Hecpsizasmuecs ¢a-
M CMBIBAIM C YalleK CBEXEW Cpeloi, a 3arem

AMIOUPOBAIN aJicopOUpoBaBInecs: (aroBble yac-
THUIIBI KUCITBIM Oy(hepoM, HeUTpan30Baly ero Iie-
JIOYBI0O W THTPOBAIM MOJYYECHHBIH Npemnapar Ha
pasubix mwrammax E. coli. Oka3zanoch, 4TO mpe-
rmapat THOpUIHOTO (hara 3a OJUH ITUKII MOXKET OBITH
o0oraiieH 4acTUIAMH, CBS3BIBAIOIIMMHUCS CO CIie-
UM(GUUHBIME K BCTpOMKe aHTHTesnamMu, B 1500—
7200 pa3. Hcxonst U3 MOIYUYEHHBIX PE3YJIbTaTOB
aBTOp CHENall 3aK/II0YCHUE, YTO AHTUTEIA MOTYT
OBITh HWCIIOJIb30BAaHbI Uil OTOOpa crielu(pUIHBIX
KJIOHOB M3 OMOIMOTEKH CIMTHIX (aroB, copepKa-
IIUX Pa3HOOOpa3HbIC CIydalHbIe BCTABKHU KOIU-
PYIOIIKX [IOCIIEI0BATEIILHOCTEH.

B cnenyromeii padore C. Iapmieit u I. Cmut
(1988 1.) 3HAUUTENHHO YIYUIIWIN TIPOLEaypy ad-
(hMHHON CENEeKIUN CIHUTHIX (ParoB Ha CIeHupUI-
HBIX aHTHUTEJNAX, BOCIIOIb30BABLINCH TEM, YTO OHO-
TUHUJIMPOBAaHHBIC aHTUTENA C BEICOKOH 3(h(heKTHB-
HOCTBIO CBSI3BIBAIOTCSI CO CTPEHTABHUIMHOM (CM.
1.7.6). B pabore ncnonp30Baii OMOTHHIINPOBAH-
HBIC aHTUTENA NPOTHB B-raTaKkTo3Ha3bl U THOPH/I-
Hble (aru fd-tet, y KoTOpbIX B cocTaB reHa /// Obiin
BCTPOEHBI B IIPABUJIbHOM paMKe TpaHCIsILuK ¢par-
MeHTHl TeHa lacZ pasmepoMm 71 mH (NONOXKEHUS
1338-1408 xommpyromieii TOCIEAOBATEILHOCTH
lacZ) v 335 mH (monmoxkerwst 861-1195). Ha mo-
BEPXHOCTH MOJIMCTUPEHOBBIX yamek llerpu agcop-
OMpoOBaJK CTPENTABUANH U HAHOCHJIM HA HUX CMECh
ciuThIX ¢aroB u Qaro aukoro tumna fl, mpenBapu-
TEJIbHO NHKYOUPOBAHHBIX ¢ OMOTHHWINPOBAHHBIMU
antutenamu npotus B-Gal (puc. 7.10). Tlocne an-
COpOIMU M OTMBIBKH CBsi3aBIIUECS (haroBble YacTH-
IIBI DTFOUPOBATIH KUCITBIM OyhepoM, KOTOPHIH 3aTeM
HEUTpaan30Baiy menoubio. OKa3anock, 4To Jaxe
npu u30bITKE (para aukoro tuma B 10° pas yaercs
yernenHo oboramars ciuthii pars 6 - 10°—1 - 10°
pa3 3a oguH nMKI agcopouuu. IlomyueHHbIM Tpe-
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Puc. 7.10. Cxema reHOMa CIMTOrO HUTEBUIHOTO (hara (a) u MpUHIUI OHoTIeHuHTa (0):

1 — ONMTOHYKJICOTHHASI BCTPOIKA, KOAUPYIOIIAst SIIUTON; 2 — SHUTOI; 3 — OMOTHHWINPOBAHHOE aHTUTEIIO;
4 — gamxka Iletpu ¢ ancopOupoBaHHBIM CTPENITaBHIHHOM

ImapaToM, coiep KaIiuM Kak 000TaIeHHbBIN CITUTBINA
¢ar, Tak n HECTIEUU(PUYHO CBSI3ABIIMKCS C aHTUTE-
naMu (ar JUKOTO TUMA, UHPHUIUPOBAIN KIEeTKU E.
coli v pactipenenany ux Mo arapu30BaHHOW THTa-
TEIBHOHN Cpefie ¢ TETPAIUKINHOM I Pa3MHOXKe-
HUs (para, KOTOpBIH MOABEPTald BTOPOMY LIUKITY
adhdurHON ancopbmuu ¢ antutenamu. llpu >ToM
JOCTHTanoch oborarenue ciauToro dara yxe B 10°
pa3. Paspaborannas mnpouenypa Obuia Ha3BaHa
ouonenunzom (0T aHIV. panning — MPOMbBIBKA 30-
JIOTOHOCHOTO TIecka). B nanpHeimem kpome Oenka
plll B kauecTBe HOCHUTENECH 11 OMOTICHHHTA HCITBI-
teiBas Oenku pVIII u pVI. OgHako Hammydmme
pe3yabrarsl nosydenst A plll, u mostomy B 601b-
IIMHCTBE Pa0OT MCIONB3YIOT BCTPOKK B reH [/
HUTEBHIHBIX ()aros.

7.5.2. MMenmudHbie ¢hazoeblie 6ubnuomeku

I Cmur u C. Ilapmieii, OCHOBBIBasICh Ha pe-
3yJbTaTaX MOJCJIBHBIX 3KCIIEPUMEHTOB, C(HOpMY-
JTUPOBAIH KOHIIEMIUIO (aroBOW AMHUTOMHOMN (TIer-
TUHOM) OMOTMOTEKH, KOTOpasl MPEACTABISIET CO-
00l cMech HUTEBHJHBIX (DaroB, 3KCIIPECCUPYIO-
IIMX B COCTaBe CBOETO IOBEPXHOCTHOTO Oeika
B MMMYHOXMMHYECKH JOCTYITHOM BHJE JFOOBIE
BO3MOXKHBIE aMHUHOKHCIIOTHBIE IOCIIEZ0BATENb-
HOCTHU OIpe/iesieHHOro pasMepa. Hampumep, nen-
tun ymHON 6 AK mMmeer 64 MJIH pa3IHYHBIX Ba-
pUAHTOB.

buoneHnHT TakOW SNMUTOMHOW OHMOIUOTEKH
C OIpEACNICHHBIM MOHOKJIOHAJIbHBIM AHTUTEIOM
MO3BOJISIET OTOMpATh CIUTHIE (ard, CrernupuIHO

B3aMMOJICHCTBYIOIINE C ATUM aHTHTeIoM. CexBe-
HUPOBAaHUE BCTPOCK B TCHOME OTOOPAHHBIX KJIOHOB
(hara maer mHMOPMAIUIO O CTPYKTYpE SMHTONA
(31U TOTOB), Y3HaBa€MOTO N3y4YaeMbIM aHTUTEIIOM.
[Tommydennas mHPOpPMALIAI MOXKET OBITH UCTIONTH30-
BaHa JUIs KapTUPOBAHUS SMUTOIOB Ha ONpEJeIeH-
HOM Oejke, MpU pa3pabOTKe TECT-CHCTEM IS
uaeHTU(GUKAIUU HHPEKIIMOHHBIX areHTOB, U3ai-
HE TeHHO-WHXEHEPHBIX BAKIIHH.

Wnero snuTomHON OMOMMOTEKH peann3oBain
JIx. Cxort u I. Cmut B 1990 . OHu co3manu 6uo-
JIHOTEKy (aros, y KOTOpBIX B reH [/ Bciex 3a mo-
CIIEZIOBATEIbHOCTBIO, KOJAUPYIOUIEH CUTHAIbHbBIN
nentua plll, B TOl e paMke TpaHCIALMU ObUIH
BcTpoeHsl cermeHThl JIHK, cooTBeTcTBytOIINE
BCEM BO3MOXKHBIM BapHaHTaM IrekcanenTuaoB. Ta-
KUM 00pazoM, WHIWBHUIYAJIbHBIN (ar comepika
B TEHOME OAHy u3 npumepHo 109 pa3muuHBIX
BCTPOEHHBIX HYKJICOTHIHBIX IOCIIE0BATEIHHOC-
TEW U IIPEJICTABIISI HA BAPUOHE COOTBETCTBYFOILMIA
TeKCAleNTHAHBINA AIHUTON B COCTaBE CBOMX IISITH
mosekyn plll. Ha N-konne 3penoro Genka plll
BCTPOCHHBIM TeKcarenTua ObUl OrpaHWYeH de-
THIPbMSI aMUHOKHUCIIOTHBIMH OCTaTKaMHU.

B kauecTBe MOZIETIBHOI CUCTEMBI 1JIS1 TECTUPO-
BaHUs DIHUTOMHON OMOJIMOTEKH aBTOPHI BHIOpAIU
JIBa MOHOKJIOHAJIBHBIX aHTUTENa (monoclonal anti-
body, MAb) — A2 u M33, cnenuduuHbIX s
rexcanentugaoro snuTona (DFLEKI) 6emka muo-
remepuTpuHa. [lociae BTOPOro u TpeThero LUKIOB
owonermara BhImesUM JIHK wHIMBUIYyaThHBIX
KJIOHOB CIIUTBIX (ParoB U CEKBEHUPOBAIHU BCTPOUKH
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Tabnuya 7.3. Pe3yabTaThl aHAIN3A KJIOHOB CJIUTHIX ()aroB, 0TOOPaHHBIX M0 a)PUHHOMY CBSI3HIBAHUIO
¢ MOHOKJIOHAJILHBIMU aHTUTe1aMu (MADb)

YHCII0 KIOHOB, CeszpiBanue (OIT - 103)
U30/IMpOBaHHBIX HAa MAb MADb M33 MADb A2
Hocnenosa- M33 A2 Fab e Fab e
TEIBHOCTD
DFLEKI 72 352 136 235
Bmopoii yuxn 6uonenunea
----R- 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
Tpemuti yuxn buonenunea
----WL 16 203 551 229 233
----ML 1 2 92 558 269 236
---AWL 14 14 242 139 273

Ipumeuanus: 1. IlpouepkamMu 0003HaYEeHBI aMHHOKUCIIOTHBIC OCTATKU, HIICHTHYHBIE COOTBETCTBYIOIIMM OCTaT-
KaM B I10CJIEI0BATEILHOCTH MHOTEMEPUTPHHA, IPEICTABICHHON B BEpXHEW CTPOKe.
2. Csi3pIBaHUE OMpPENEIsIIH Mo onTryecko iotHocTH (OI1), momy4eHHOH B UMMYHO(DEPMEHTHOM aHAIH3E.

B rexe lII. Pe3ynbraThl 3THX 3KCIIEPUMEHTOB, NPE-
CTaBJICHHbIC B TaOJ. 7.3, J€MOHCTPUPYIOT Pa3HO-
o0Opa3ue DSIHUTONOB, C pa3nudHOW APPEeKTUB-
HOCTBIO B3aUMOJICHCTBYIOIINX C BEIOPAaHHBIMHU MO-
HOKJIOHAJIbHBIMH aHTUTEJIaMH.

DnuTonHele OUOIMOTEKH Ha OCHOBE HUTEBH/I-
HBIX (paroB 00eCIEeUnBaIOT Topaso Oosee dpdek-
TUBHYIO U JICHICBYIO aJbTEPHATUBY XHMMHUYECKOMY
CHHTE3Y MENTHJIOB C LEJIbI0 KAPTUPOBAHUS HeTpe-
PBIBHBIX 3MUTOIOB, cBs3bIBatonuxcs ¢ MAb. C mo-
MOIIbIO (haroBbIX OMOIMOTEK MOKHO KapTHPOBAaTh
U TPEpHIBUCTHIE KOH(POPMAIIMOHHBIE AMUTOIBI
(cm. 1. 17), omHAKO 3TO 0OBIYHO BO3MOMXHO TOJIEKO
B TOM Clly4yae, KOorjja H3BECTHa TPEXMEpHas CTPYyK-
Typa Oenka.

OnuronHas OuONIMOTEKa IO3BOJSIET WJICHTH-
(unMpoBaTh TUraHbl Ul aHTUTEI B CIIOKHOH T10-
JTUKJIOHATBHON ChIBOpOTKe. [losToMy adduHHBII
0TOOP CIUTHIX (HaroB NPU UCTIOIB30BAaHUU CHIBOPO-
TOK KpOBH MALMEHTOB, MH()ULIUPOBAHHBIX BUpYCa-
MU, OaKTepUsIMH WU Hapa3uTaMu, AaeT BO3MOXK-
HOCTb WICHTU(HUUHUPOBATH MENTH/bI, IPUTOIAHbIC
JUI MCIOJB30BaHHUs B TECT-CHCTEMax [yl Juar-
HOCTHKH COOTBETCTBYIOILIUX HaTOI'CHOB.

Hcnone3ys B mporieype OnOTeHHHTa pacTBoO-
puMBIe (OPMBI PELIENTOPOB WIIM APYTHE CBSI3BI-
BaroIIMe OCIIKH, MOXXHO OOHAPYKUTH ITENTH/IBI, KO-
TOpBIE MUMHUKPHPYIOT TI0J] aKTUBHBIE JeTePMUHAH-
THI Ha TOPMOHAaX, IIMTOKWHAX, cCyOcTparax ¢pepMeH-
TOB, BUpPYCax H Jp.

daroBelii UCIUICH Onarojapsi CBOCH METOJIH-
YECKOW MPOCTOTE TMONYYUI LMIUPOKOE pacrpocTpa-
HeHue. B psizie maboparopuii HE3aBUCHMO CO3JIaHbI
CilydaliHble TIeNTUIHbIC (paroBbie OMOIMOTEKU st
nenTtunoB pazmepom ot 6 1o 38 AK. Cnenyer umerts
B BHJLY, YTO YK€ JIJIsl OKTAICIITUIOB CJIOXKHO CO3/IaTh
MIOJIHY10 OMOIMOTEKY BO3MOKHBIX BAPHAHTOB.

7.5.3. ®azoenbili ducnsel 6enkoe

Berpoiika MpOTSHKEHHBIX aMHHOKHCIOTHBIX
MOCIIEI0OBATEILHOCTEl B COCTAB 000J0YEUHBIX
OCITKOB HUTEBUAHBIX ()aroB MOXKET MPUBOIUTH
K yTpare >KU3HECIOCOOHOCTH (aroB H3-3a HaPy-
IICHUsS TIPOIECCOB COOPKHM BUPHUOHOB W/WIIHM aji-
copOrmu (haroBbIX 4YacTUI[ Ha OaKTepUaTbHBIX
kietkax. [IpeomoneTs naHHOE 3aTpyIHEHHE YacToO
yaaeTcs 3a CUeT KCIIOJIb30BaHUS KIOHHUPYIOMICH
cuctembl harmun (cMm. 2.2.7). B cocraBe darmuy
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9KCIIPECCUPYIOT BapUaHThl CIUTOro re”a [ win
VII. Nadexmus kneTok E. coli, HECYIIUX Takue
ruOpuaHble GarMuasl, (HaroM-moOMOIIHUKOM (HU-
TEeBUIHBIN (ar, AeEKTHBIH 10 YIIaKOBKE B BUPHOH
cooctBenHoi JJHK) o0bruno mpuBomuT k Qopmu-
pOBaHUIO (DArOBBIX YACTHII, COmEp KaAInX (harMu-
Hyto ogHouenodeynyro JIHK u cocTaBieHHBIX Kak
13 OENIKOB JTUKOTO THTIA, TAK M M3 CIUTHIX BapHaH-
ToB. TakuM 00pa30oM BO3HUKAIOT BUPUOHBI, MO3a-
WYHBIC 110 OeKy-HOocHuTemto. st parMuaHbIX BEK-
TOPHBIX CHUCTEM NPHHATHI CIEIYyIONe 0003Haue-

HUs: THN 3 +3 — mpu BcTpoiike B reH /I, Tun
8 + 8 — mpu BeTpoiike B reH VIII.
Hpyroii BapuaHT KIOHHpPOBaHWA — THI 33

(mmm Tun 88) — 3aKIOYaeTCs B TOM, YTO B OZHOM
(haroBomM reHoMe MMEIOTCSI OJTHOBPEMEHHO TeH /1]
JUKOTO THIA ¥ TMOPHUIHBIM BapHaHT 3TOTO TEHa.
[Mocnenuuit oOprvHO KiIOHUPYIOT B [R-00mactu.
Knaccnyeckuit  Bapumant  QaroBoro  gucres
(cm. 7.5.2) o6o3HavaroT Kak tum 3 (unu 8).

7.5.4. HanpaeneHHasi agosiroyusi 6esnkoe

Ha ocHoBe (aroBoro nucriest pazpadoTaH Me-
TOAMYECKUN MOAXOJ, Ha3BaHHBIA HaIpPaBJICHHOU
sBomortueit 6enkoB. [locmenoBarensHoctn JJHK
BBIJICJICHHBIX B pe3yibTare OMONEHUHTa MENTHIOB
i OeskoB, apGUHHO CBSI3BIBAIOIINXCS C [EJIEBON
MaKpOMOJIIEKYJIO, TTOJIBEPTAIOT MyTareHesy u (op-
MUPYIOT BTOPUYHYIO (aroByt0 OMOIUOTEKY, KOTO-
pasi COIEepXKUT pa3Hble BapHaHTHI OTOOpPaHHON Ha
MIEPBOM 3Tarle nocieaoBarenbHocTy. [1pu ananuse
CO37IaHHOM BTOPUYHOM OMOINOTEKN CIIUTHIX (paros
MOYKHO OOHApPY)KHUTh BapUaHT, KOTOPHIA CBS3bIBaA-
€TCs1 C 1[CJICBOM MaKPOMOJIEKYJION ¢ ropa3o 00Jib-
et 23 HEeKTUBHOCTHIO.

Jpyroii crioco0 mpearnoiaraeT uCojab30BaHKE
M3BECTHON HYKJIGOTHIHOW ITOCIIEI0BATEIHHOCTH,
KOJMPYIOUICH MPUPOAHBIA MENTH] MU (parMeHT
Oernka, KOTOPBII CBA3BIBAETCS C LIEIEBON MaKpOMO-
JIEKYJIOH, U CO3/laHue OMOIMOTEKH CIUTHIX (haros,
HECyIIUX W HJieaje BCE BO3MOKHBIE BapUAHTHI
3TOM MOCIEA0BATEIBHOCTH.

B nepBoii pabore 1o HarpaBIeHHOM 3BOIOLUH
6enkoB b. Pobeprc ¢ coaBropamu (1992 1) ocy-
IIECTBUJIM KAaCCETHBIH MyTareHe3 IEHTAlenThuaa
B MHIHOUTOpE MaHKPEaTHUECKOrO TPUTICHHA ObIKa
(UIITB) u coznanmm 6mbamoreky dara M13, B KoTo-
potii B coctase ciutoro 6emnka plll 6bu10 mpeacras-
neHo okoio 1000 BapraHTOB JaHHOTO HHTHOUTOPA.
B pesynbrare OnoneHuHra ObLI BBISIBICH BapUaHT
UIITB, xotopsiit o 3pPEeKTUBHOCTH CBSI3BIBAHUS
¢ HEUTPOMITBHON AIIaCTa30# YeIoBeKa MPeBOCXO-
JIAJT UCXOMHBIN Oeok B 3,6 - 100 pa3. B manbHeii-
meM paboThI, BRITOHCHHBIC B IPYTUX J1aboparo-
pHUsAX, MOATBEPIWIA MPOAYKTUBHOCTb JI@HHOTO
MoJIX0/1a JIst OEJIKOB pa3HOTO THUTIA.

7.5.5. ®azoenili ducnael aHmumen

Bosnbiiyto posiib B COBpEMEHHOW MeAUIIMHE U
BETCPUHAPUU UTPACT UMMYHONPO(PUIAKTAKA HH-
(hexrmoHHBIX 3a00neBanuii. [Ipu pazsutnn nHbEK-
[IUOHHOTO 3a00JICBaHKsI B UMMYHHOW CHUCTEME Op-
raHu3Ma HWHIYIHPYIOTCS TPOIECCH], HalpaBiIeH-
HbIC HAa WHAKTHBAIlMIO TATOTEHHOTO MHKpPOOpPTra-
HU3Ma. BakHOe 3HaYeHWE B TAaKOW MHAKTHUBAIIUU
UTPaIOT aHTHUTENA (MMMYHOIIIOOYHHBL, 1g). CTpyk-
TypHasg €AMHHIIA UMMYHOTJIOOYIHHa COCTOUT W3
JIBYX OJMTHAKOBBIX JIETKUX U JIBYX OJMHAKOBBIX TS-
JKETBIX  TIOMUTIENTUAHBIX IIeTeH, COEMWHEHHBIX
BMecCTe JUCYIb(QUAHBIMU CBS3AMU (puc. 4, 0, UB.
BKJICHKA). Y OOJBIIMHCTBA MJICKOIHUTAIONINX 00-
HapyKeHO IATh KJIACCOB UMMYHOIII00yIuHOB: 1gG,
IgA, 1gM, IgD u IgE. IgG — maBHBI H30THUI
UMMYHOTJIOOYJTMHOB HOPMAJIbHOM CBIBOPOTKHU KPO-
BU YEJIOBEKA.

Lermn WMMYHOTIIOOYJIMHOB CBEpHYTHI B He-
CKOJIBKO IJIOOYJISIPHBIX CTPYKTYP, Ha3bIBAEMBIX J0-
MeHaMHU (CcM. puc. 4, a, IB. BKIelika). N-KOHIIeBbIE
JIOMEHBI JICTKOW M TSDKEJIOW IeTnel MMMYHOTIO0Y-
JIMHA SBJISIOTCS BapuaOeIbHBIMU U 0003HAYAIOTCS
cooTBeTCTBEHHO V[ U V. C-KOHIIEBOH IOMEH JIET-
KOM IeNH SIBJISCTCS] KOHCTAHTHOW YacThlo U 000-
3Hagaerca Cp. Tspkenple memu conepikar Mo TPH
koHcTtaHTHBIX oMeHa: Cyl, Cy2 u Cy3.

Kaxxnmprit ”MMyHOTTIOOYJIMH BBEITIONHSET IBE
(yskiun. OnHa 001aCcTh €r0 MOJICKYJIBI MTPEIHA3-
HAueHA IJIsl CBS3BIBAHUS C aHTUTCHOM, a JIpyras
OCYIICCTBIIIET TaK Ha3biBaeMble 3(PQeKTOpHBIC
(¢yskinr. K HUIM OTHOCHUTCSI CBA3bIBAHUE HMMYHO-
mIo0yliMHA C TKaHSAMH OpTraHu3Ma, Pa3InYHBIMU
KJIETKAMH UMMYHHOW CHUCTEMBI U OCJIKAMHU CHUCTE-
MBI KOMITJIEMEHTa. AHTUTEHCBSI3bIBAIOIIUE IIEHTPHI
o0pa3oBaHbl BapuaOETbHBIMU YYacTKaMH Lemnei
Ig. Ilporeonuruueckuii (epMEHT MaanH paciuer-
nsier monekyny IgG Ha Tpu (parmenra: qBa aHTH-
re’csssbiBaronmx Fab u oqun Fc.

Oxka3ajoch, 4TO ¢ MOMOIIBI TEXHOJOTHHU (a-
TOBOTO JMCIUIES MOXKHO Ha MOBEPXHOCTU BUPHO-
HOB HUTEBHUIHBIX (paroB mpeacTasisaTh Fab-(par-
MEHThl WMMYHODIIOOYyAMHOB. Jlisi 3Tmx 1eneit
OOBIYHO HCIIONB3YIOT CHCTEMY KJIOHHUPOBAHUS
tuna 3 + 3 (cm. 7.5.3). B dparmune KoHCTpyUpyIOT
reH, B KOTOPOM TIOCIIEI0BAaTEIbHOCTD, KOIHUPYIO-
IIYIO JIETKYIO WM TsDKENyto 1enb Fab-dpparmenta
IgG, oObeUHSIOT B MPaBUILHONW paMKe TPaHCIS-
UMM ¢ redoM [/1. Bropas, 1onoHsomas moJIuIIe-
THaHAsS Tienb Fab-dparMeHTa sKkcmpeccupyercs
B cBoOoHOM Bue. [Ipu 3ToM 0be LeneBbie Koau-
PYIOIIHE TOCIIEOBATEIILHOCTH COCTHIKOBBIBAIOT
C TCH-DKBHBAJICHTOM CUTHAJbHBIX NEHTHJIOB
(puc. 7.11, a). llocne cekperuu B TepUILIa3Ma-
THYECKOE TPOCTPAHCTBO KIIETKU E. coli 00e nenu
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Puc. 7.12. Cxema co3nanus ¢aropoii Oudmuoreku antuten (Fab-¢pparMeHToB).

®parMeHTHl TeHOB TSDKEIJION U JIETKOH Heneid uMMyHoro0ymnHoB aMmmuadunupyot B [THP n3 JTHK B-knerox uenoBeka
U COOMPAIOT B KOAMPYIOLIHME MOCIEI0BATEIFHOCTH, KOTOPBIE B IPABHIIBHOW PaMKe TPAHCISIHH BCTPAuBAIOT B TeH /1]
B cocTase (harmMumsl (cM. puc. 7.11)
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acCOLMMPYIOT U 00pa3yroT aktuBHbIA Fab-¢par-
MeHT (cM. puc. 7.11, 6), KOTOpPBIH YacTO HA3BIBAIOT
MUHH-AHTUTEIIOM.

Jiis morcka MeToAoM (haroBoro QucIuies crie-
UMGUYHBIX aHTHUTEN, B3aUMOJCHCTBYIOIIUX C Lie-
JICBBIMH AQHTUT'CHAMHU, CO3JAI0T OUOIUOMEKU aAH-
mumen (Fab-pparmenroB, MuUHH-aHTUTEI), IPE]-
CTaBJICHHBIX Ha IMOBEPXHOCTH ()aroBBIX YaCTHII.
[Ipu 3TOM HamydlIMe pe3yabTaTbl MOTYT OBITH
JOCTUTHYTBI, €CIM HCIIOJIb30BaTh B KauecCTBE
ncrouynnka reHoB 1gG B-mumdornuTs! crienududae-
CKM HMMYHHU3UPOBAaHHBIX JOHOPOB. lcmons3o-
BaHHe OWOJIMOTEK AaHTUTEN OT HEUMMYHHU-
3UPOBAaHHBIX JOHOPOB OOBIYHO HE TI03BOJISIET
BBIJICJINTH AHTUTENA, BBICOKOI(P(PEKTUBHO CBS3bI-
BafOIINE W3y4aeMbI aHTHTeH(BI) (HampuMmep
Bupyc). Cxema cozgaHusi (aroBelx OHONMHOTEK
aHTHUTEN npuBeeHa Ha puc. 7.12. [IpencraBurens-
Hble OnOnroTekn Fab-¢hparMeHTOB 00BIYHO coep-
xat 109—1010 k1oHOB CITUTHIX (haros.

XOTs ceNeKTHpOBaHHbIE B pe3yibrare Ouore-
HUHTa aHTHUTENA PEICTaBISIIOT HECOMHEHHBIH WH-
Tepec sl HAyYHBIX HCCleaoBaHuii, nx adduH-
HOCTh YacTO HEJOCTaTOYHa Ui HMCIIOJIb30BaHHUS
B UMMYHOTEpAIH, HEWTpaTu3alui BUPYCOB WIIN
BBICOKOUYBCTBUTENILHOH  MMMYHOIUAarHOCTHKE.
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CTABUNIbHOCTb NBPUOHbIX MOJIEKY1T OHK
B KINETKAX ESCHERICHIA COLI

BakTepuanbpHple BHEXPOMOCOMHBIE MOJIEKYITBI
JHK, xak u mo0ble 1pyrue reHeTu4ecKue CucTe-
MBI, XapakTePU3YIOTCS OMNPECIIEHHOW CTETICHBIO
HectabmwibHOCTH. Hanbosiee xopoio 3Ta npooiie-
Ma u3ydeHa JUIs miasMu E. coli.

MosxHO BbIACJIWUTH ABa THUIIA HCCTaGI/IHI)HOCTI/I
IUIA3MUJ 7 VIVo: yTpaTa B IIPOLeCce IEIICHUs Kile-
TOK-X03s5IeB  (cerperaliioHHasi HeCTaOUIbHOCTD)
W W3MEHEHHE CTPYKTYpBI (CTPYKTypHasi HecTa-
OMIJIBHOCTB).

Haxomsce B OakTepHanbHON KIICTKE, TIa3MHU-
JIbI C ONPEICICHHOW YaCcTOTOW TMOJBEPraroTCs
CIIOHTAHHBIM T€HETHYECKUM HM3MEHEHUSM, TaKUM
KaK TOUYCYHBIC 3aMEHBI HYKJICOTHJIOB, JEJICIIHH,
IYTITUKAINH, HTHBEPCUH, BCTPOMKHU AIIEMEHTOB TH-
na IS (insertion sequence) u Tn (TpaHCIIO30HOB).
OOBIYHO TaKWe M3MEHEHHUsI CTPYKTYPHI PUPOTHOMN
TUTa3MUJIBI HE TAIOT €l CEJICKTHBHBIX MPEHMYIIECTB
B PasMHOXCHHU NIEPEA UCXOAHBIM BapUaHTOM. 9T1o0
0OyCIIOBIIMBACT JIOCTATOYHO BBICOKYIO CTaOWIIb-
HOCTb CTPYKTYpPBI IUIa3MH/Ibl B PACTYLIEH KyJIbTYpE.
Eciu sxe m3MeHeHHs PUBOJIAT B BEIOPAHHBIX yCIIO-
BUAX KYJIBTUBHUPOBAHUS K ITOBBINICHUIO YPOBHSA Ha-
CJICZIOBAHMS TUIA3MUJIBI KIICTKOW WJIM JIAIOT CEJICK-
TUBHOE TIPEUMYIIIECTBO KJIETKaM, HECYIIUM TaKyIO
IU1a3MUy, TO B TPOLIECCE POCTA KYIBTYPhI UCXOJI-
Has Tua3Muza OyzieT MOCTETIEHHO BBITECHITHCSA My-
TaHTHOU (popmoti. Korna Hanmmuue ria3mMujpl CHU-
JKaeT KU3HECTIOCOOHOCTh KIIETKH, TOIYJISAINS Oy-
JIST B Tpoliecce pocta o0oramarbCs CIIOHTAHHO
TTOSIBIIATOIIIMMHUCS O€CIIIa3MHUIHBIMH KIIETKAMH.

Cra0WIBHOCTh CTPYKTYpHI TUIa3MHIIBI U €€
MOJIZIepKAHKE B KYJIBType OaKTepHaIbHBIX KIIETOK,
[0-BUJIMMOMY, BO MHOTOM 3aBUCHUT OT OKPYXKaro-
IUX yCIIOBUH. M3BeCTHO, 4TO TIpH pocTe Ha Oora-
THIX MUTATEIBHBIX CPENax IUIa3MHI0COACPKAIINC
1 OecTIa3MUIHbBIE KIETKH OOBIYHO JICTISTCS C ONIN-
HAKOBOU CKOPOCTBIO. B yCII0BUSX %K€E TUMUTUPOBA-
HUS 110 KaKOMY-JTH00 (paKTopy pocTa y TUIa3MHI0-
COJICpIKAIIUX KJICTOK BpeMsi TeHepalliu, Kak mpa-
BHJIO, OOJIBITIC, YeM Y M30TEHHOTO OECITa3MHUIHO-
ro mramma. BeposTHO, 3T0 00yCIIOBICHO TEM, YTO

IUTa3MUJa BHOCUT OIPENC/ICHHbIC W3MEHEHUS B
MeTabomM3M OaKTepHalbHOH KIETKH, YTO IpH-
BOIUT K IOSIBJIICHHIO JONOJHUTENIBHBIX IHIIEBBIX
notpeOHOCTEH Yy IUIa3MUA0COACPKALIMX IITaM-
MOB. B HEKOTOpBIX Cilydasix IpU JIMMUTHPOBAHUU
Pa3MHOXKEHHS KYJIBTYPBI TI0 KAKOMY-TTHO00 akTopy
pOCTa MOTYT CEJIeKTHBHO OTOMPATHCS TaKne BapH-
AHTBI IUIa3MU/I, B KOTOPBIX HAPYILIEHbI JUIIb OIpe-
JICJICHHbIE TeHeTHYeCKHe JeTepMHUHAHTHI. Tak,
. Togun u x. Ciaiitep (1979 1.) mokazanu, 4To
IpU pocTe MOMyJSIUKA KIeToK E. coli, comepxa-
mwmx miazmuay TP120 (Apt Cmr Ter Sur), B yeio-
BUSIX XEMOCTAaTHOTO JIMMUTHPOBAHUS O IIIIOKO3€
n30UpareNlbHO MHAKTUBUPOBAJICS TeH fet. A mpu
Henocratke (ocdaroB mrazmuna TP120 yrpaun-
BaJiach OaKTepUAILHBIMU KJIETKAMH [ETUKOM.

B ananoruunoii padore JI. Hoak ¢ coaBropamu
(1981 o) oOHapy KUK, YTO MIPH OIIPEIeTICHHBIX YC-
JIOBUSIX JIMMUTUPOBAHMS POCTA IO IIIOKO3E MM
XJIOpUIy aMMOHHSI B HEKOTOPBIX mTamMMax E. coli
JNETePMUHAHTAa YCTOWYMBOCTH K TETPALUKIMHY
tasmusiel pBR325 (Apr Cmr Ter) MmoxxeT yTpauu-
BaTbCs ¢ OOJBIICH CKOPOCTHIO, YEM JpyTHUe JeTep-
MUHAHTBI 3TOW MiIa3Muabl. MHTEpeCHo, 4ToO B Ta-
KHX ke ycioBusx miazmuaa pBR322 (Apr Tcr) co-
XpaHsJIach B KJIETKAaX CTaOMIIBHO.

Wzyuenne nognepkanns miazmua tuna ColE1
IIPU XEMOCTATHOM JIMIMUTHPOBAHUHU POCTa KYJIBTYP
o mioko3e win (ocdaram mokaszasno, 4To IIas-
muasl pBR322 u pMB9 yxe nocne 30 reneparuit
E. coli ytpaunBaroTcs U3 3HaYUTEIbHOMN YacTH Kile-
TOK KyJBTYpbI, B TO BpeMs Kak miasMuisl RP1,
pDS4101 u pDS1109 B Tex ke yCIOBUAX CTaOUIIb-
HO COXpaHsIOTCsS B KieTkax u mocie 120 renepa-
uuii. Kpome toro, B mpouecce QJIUTEIBHOTO KYJlb-
TUBUPOBAHUS IIPH HeZl0CTaTKe (PaKTOPOB pocTa Ko-
MUIAHOCTH TIa3MH]L B KJIeTKax E. coli mocTeneHHo
CHIDKAETCS, YTO OOYCIIOBIMBAET ITOBBIIIEHHYIO
4acTOTy MOSIBJICHUS OeCIIa3MHUIHBIX KIeToK. Kak
BUJUM, JJIsi OoJiee Ha/IEeKHOTO COXPAaHEHHUs IIia3-
MHIOCOZEPIKAIIMX WTaMMOB E. coli HeoOxonumo
BBIPAIMBATH UX HA OOTaThIX Cpe/Iax.
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PazHble mua3Mubl B OHUX U TEX K€ YCIOBHUSX
o0naaroT PazIMYHON CTaOMIBHOCTHIO. [lo3TOMY,
HECOMHEHHO, CTPYKTypa (F€HOTHUI) MJIa3MUJ] UIMEeT
OosbII0€e 3HaYeHNE B IETEPMUHUPOBAHUN CTaOMIIb-
HOCTH HX TIOAJIEPKAHUSA B OaKTEpUATbHBIX KIETKAX.
BEISBUTE OCHOBHBIE T€HETHUECKUE AIEMEHTHI TU1a3-
MU/JI, BIMSIONINE HAa X CTAOMIIBHOCTH B KJIETKaX £.
coli, TO3BONMIIA CEPHSI UCCIICTOBAHIA.

Kak u3BecTHO, m1a3Mupl Mo cnocoly perum-
Kallu| JCNIAT Ha JBa THITA: CO CTPOTUM H C 0CIal-
JICHHBIM KOHTpOJIeM pemukanuud (cM. 2.2.1).
TlnazMuibl IEpBOro TUIA UMEIOT HU3KYIO KOIHM-
HOCTh, a IUIa3MHJIBI BTOPOTO THIIA HAXOJSATCS
B KJIETKaX B KOJIMYECTBE HECKOJIBKO JI€CATKOB KO-
nuii. Eciyu mpeanonokuTh, 4To MmIa3MuIbl pacipe-
JIEJIAIOTCS M0 JIOYEPHUM KJIETKaM CIydallHbIM 00-
pa3oM, TO HU3KOKOTIHIHBIE IIJIa3MUJIBI IOJIKHBI YT-
pauuBaThCcsl M3 KIETOK pacTylled MOMyJIAnun
¢ OompImeil 4acTOTOM MO CpaBHEHHUIO C BBICOKOKO-
NUiHBIMU TazMuaaMd. OJHAKO OKa3aloch, 4TO
o0a THIa TIPUPOIHBIX IIIA3MHUJI OJUHAKOBO CTa-
OWMJILHO COXPaHSIOTCS TIPU JAJTUTEIBHOM KYJIbTHBH-
POBaHMHU TUIA3MHUAOCOIEPIKAIINX KIETOK E. coli.
OTO0 yKa3bIBaJIO Ha HaJU4YHE CHEIHAIBLHOTO MeXa-
HU3Ma PaBHOMEPHOTO pAaCIpEIeNIeHUs TUIa3MU]
npu JAejieHnH OaKTepuanbHBIX KieTok. JlelicTBu-
TETBHO, YAAIOCh HICHTU(PHUITIPOBAT U OXapaKTe-
pHU30BaTh MIa3MUAOCICM(PUIHBIE TOKYCHI, OTBET-
CTBEHHBIE 32 PABHOMEPHOE paclpe/ie]IeHHe TaKuX
HEpOJCTBEHHBIX IazMu, kak pSC101, NR1, R1,
pCloDF13, F, P1 u ap. JlauasIii 10Kyc OBLT Ha3BaH
par (OT aHIIL. partition — pasJesieHue), U 10 CBOCH
pOJI OH HAallOMHHAET IIEHTPOMEPY dYKapHOTHUE-
CKHX XPOMOCOM.

I1. Mexoxk u C. Koan (1980 1) ycTaHOBHIIH, 9TO
B cocTase iasMuasl pSC101 HaxoguTCs ydyacTok
par pazmepoMm He 6omee 270 1H, KOTOPBIA (yHK-
LUOHMPYET TONBKO B yuc-miosiokeHuu. Omnpenene-
Ha HYKJICOTHIHAS TIOCIEIOBATEIFHOCTh OTOTO
ydacTKa M IOKa3aHO, YTO OH MMEET MaJMHAPOM-
HYIO CTPYKTYPY (COIEPKUT MHBEPTUPOBAHHBIE TI0-
BTOPBI) M1 C HUM MOTYT CBSI3BIBATHCS OIpEJIesICH-
seie Oenku. B mrasmuae pSC101 ydacrok par Ha-
XOJIUTCSL OKOJIO JIOKYCa ori, HO OTIIMYEH OT HEro
1 HE CBS3aH C TeHAMH, KOHTPOIUPYIOIUMH KOTIHIA-
HOCTb WJIM HECOBMECTUMOCTb IJIa3MHU/IbI.

Beenenne cermenta JIHK, comepsatiero par
pSC101, B cocTaB HECTaOMIIBHBIX TTA3MH]] IIPUBO-
AT K CTA0MIHM3aIiuy (XOTS W HE TIOJTHOW) WX Ha-
cienoBanus. [Tpuaem nannbiii 3 dext nposBisics
kak Ha MyTaHTax pSC101 ¢ moHMKEHHON CTAOMITb-
HOCTBIO MOJIEpKaHMs, TaK U HAa HEPOJCTBEHHBIX
mrasmunax pACYC184, pBR322 u pBR327. [lo-
Ka3aHO, YTO B OAHY M Ty ke minasmuny E. coli
MOXHO BCTPOMUTH IO KpalHeW Mepe JBa roMoJo-

THUYHBIX WM T€TepOJOrMYHbIX ydacTka par. Cra-
OMJIBHOCTB IUIA3MUABI IIPU 3TOM HE CHHXKACTCS.
Takoe moBeneHWe OTIAMYACT par OT LEHTPOMEP
JYKapUOTHYECKHUX XPOMOCOM, TaK KaK dyKapHOTH-
YECKHE XPOMOCOMBI, COJep alllue JBa IIEHTPO-
MEPHBIX Y4acTKa, O4eHb HECTAOUIIbHBI.

Y momoBoro dakropa F B nokyce par xpome
JeHCTByIOIIET0 B yuc-nojoxenun ydactka JJHK
BBISIBWIIM JIBA MIPHUJIETAIONINX K HEMY reHa, (pyHK-
LUOHHUPYIOIIUX B MpaHC-TIONOKEHUN U KOIHPYIO-
mmx OeNlKH, CYIIECTBEHHBIC JIJIS Ipolecca pasJie-
JeHus1 MoJIeKya masmMun (M. puc. 2.23). [onnblii
pa3Mep Takoro JIOKyca par COCTaBiseT 2,8 TIH.
yuc-JIeUCTBYIOIIMM 3JIEMEHT JIOKyca par COCTOUT
U3 psfa MPSAMBIX MOBTOPOB, KOTOPBIE BKIIIOYAIOT
OoJiee KOPOTKHE MHBEPTUPOBAHHbBIE NOBTOPHI (I1a-
muaApoMel). C 2TOH MOCIEHOBATEIHHOCTHIO CBSI-
3bIBAIOTCS IJIA3MUIHBIC OCTIKU Pa3/eJICHUS U HEKO-
TOpbIe OCNKHU KIETKU-X03s5iMHa, U Takoil JIHK-6ern-
KOBBIW KOMIUIEKC, Ha3BaHHBIN napmucomou (part-
isome), oOecrieunBaeT NPaBHILHOE pacmpeerie-
HUE IJIa3MHJ MEKAY HOYEPHUMHM KIETKaMu, oOpa-
3yIOUIUMHUCS TpU AeneHuu. Jns jokyca par mpo-
(bara P1, xoTopbIii (pakTHUECKH SBISICTCS HU3KOKO-
MUHHON TUTa3MHUIION, OOHApYKEHO YAMBHTEIBHOE
CXOJICTBO B OPraHHM3ALUH C JIOKYCOM par MOJIOBOTO
¢axropa F.

3HaHUe MOJIHOW CTPYKTYPbI par IPUBEIIO K 3a-
KJIIOUEHHIO, YTO IyTEM BCTPOWKH BCEro JIOKyca B
COCTaB HECTAOMJIBHO IMOIACP)KUBACMBIX IUIA3MH]L
MOXHO JOOMTHCS CYIIECTBEHHO OOJBLIETO MOBBI-
LICHUS] CTAaOMIIBHOCTH B KIIeTKax E. coli, uem mpu
BCTPOMKE TOJBKO Yyuc-AEHCTBYIOIIETO 3JIEMEHTA.
JlanHOE IpenoaokKeHne MOATBEPANIOCH B DKCIIE-
pUMEHTE: TI0Ka3aHOo, YTO BBEJACHUE MOJIHOTO JIOKY-
ca par CHUXaeT CKOPOCTh yTpaThbl KJIeTKaMH IJ1a3-
Mua 1o kpaiineit mepe B 100 pa3 mo cpaBHEHHIO
C ero MHAMBHUAYAJIbHBIM yuC-ACHCTBYIOIINM 3Jle-
MEHTOM.

UpesBbluaiiHO HHTEPECHBIN (PaKT OOHAPYKUIH
K. Ixepaec ¢ coasropamu (1986 r.). Oxa3zanocs,
YTO OAMH U3 OEJIKOB pa3jesieHHs, KOAUPYEMBbIil re-
HOM hok nokyca parB mnasmuasl R1, oOycnos-
JuBaeT THOENb KIeToK E. coli, yTpaTuBmINX IaH-
HYI0 HU3KOKOTIMIHHYIO TUIA3MUJTY, H TAKHM 00pa3zoM
JIOCTUTAETCS «CTAOMIIN3AINS» MOePKAHUS ITOM
IJ1a3MHUIbI B OakTepraIbHBIX KieTkax. [lomarator,
YTO B TUIA3MUJOCOICPIKANINX KIETKaX KHJUIepHas
(yOmBaromasi) akTHBHOCTE 3TOTO OeJika He TPOsIB-
JasieTcs, TaKk Kak OHA CYIPECCHUPOBaHA APYIHMM
IUTa3MUAHBIM OEJIKOM, KOOUPYEMBIM T€HOM S0k TO-
ro e JoKyca parB. B kierkax, yTpaTUBIINX IJ1a3-
MUY, CYIIPECCHS] CHUMAETCsl, BO3MOXKHO, BCIIEACT-
BUE MEHbBILECH CTAOMIBHOCTH IUIA3MHIHOTO OenKa-
cympeccopa. ODKCIEPUMEHTAIBHO J0Ka3aHO, 4TO
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Puc. 8.1. CoxpaHeHHe TUIa3MU]I IPU JUTUTESIBHBIX ITepeceBaxX WHANBUAYATBHBIX KIOHOB E. coli CSH54,
copepakamux iasmuny pBR327 (/1-5) u pPBR322 (1'-6")

BCTpoiika parB u3 miazmuzbl R1 B pousBo/iHbIe
pBR322 moBblmaeT CcTaOWIBHOCTH WX  IOJ-
JIepKaHUs B KJIeTKax E. coli Ha Tpu TOpsiAKa.

Takum oOpa3omM, mporecc paBHOMEPHOTO pac-
TIpeNielIeHns TPUPOIHBIX IIIa3MHUA TIPH JelIEHUU
OaKTepuaIbHBIX KJIETOK KOHTPOIHPYETCS IOCTa-
TOYHO CJIOKHO OPraHMW30BaHHOM IIIa3MUHOM CHC-
TEMOW par, Ha PyHKIIMOHUPOBAHUE KOTOPOH MOTYT
BJIMSITh M HEKOTOpbIE TEHBI KIETKH-XO03sMHa. Bo
MHOTUX BEKTOPHBIX IUIa3MHJIaX, CO3aHHBIX B pe-
3yJbTaTe TeHHO-WH)KEHEPHBIX MEPECTPOEK MPUPO-
HBIX TUIa3MHJ], par-JIOKYyChl OKa3aJMCh HAPYIICH-
HBIMH HJIH BOBCE JICIETUPOBAHHBIMU. Takue Turas-
MUJBl B pacTylled KyJabType pPacIpeneisitoTcs
MEXIy JNOYepHUMH KIETKaMH CIy9allHBIM 00pa-
30M, U Ha CTAOWJIBLHOCTh MX HACJICIIOBAHHS KJICT-
KaM{ OCHOBHOE BIIMSIHHAE OKa3bIBAET KOIMMMWHOCTH
ATHUX TUTa3MH].

MHorue BEKTOpHBIC IHIa3MHUIBI E. coli momy-
4yeHbl Ha ocHoBe masmuy tuna ColE1, u3 koTopbix
HanboJiee TOMYISPHBI TUIa3MHUABI Tpymmel pBR
U HMX MHOI'OYHMCJICHHBIC MNPOU3BOAHLIC. H03TOMy
CTa0MIBHOCTH MOAIepKaHUs B E. coli Kak JaHHBIX
BEKTOpPOB, Tak u rubOpuaHbix moiekyn JIHK, co-
3IaHHBIX Ha WX OCHOBE, M3ydYeHa JOBOJBHHO TTOJ-
poouno. B maboparopum C. H. IllenkyHoBa
(1984-1985 1T.) TIpoBeneH aHAMM3 CTAOMILHOCTH
MOJIJICpXKaHMsI B KJIeTKax E. coli BEKTOPHBIX TUIa3-
mun pBR322 u pBR327. Jlns storo ciydaitHO
oToOpaHHbIE KIOHBI TpaHCPOpMaHTOB E. coli nmon-
BEprajy JJIUTEIbHBIM MAaCCHPOBAHUSIM B OOraToit

JKUIKOW TIATATEIBHOW cpene 0e3 CENeKTHBHOTO
JaBJICHUS 10 MapKepaMm IUIa3MHUJ U ONpeeIsiiin
B KYJIBTYpE Ha Pa3HBIX ATarax MacCHPOBAHMS OO
MIa3MHUI0COAEPKAIINX KIETOK.

Pe3ynprarel 3THX SKCIIEPUMEHTOB ITOKa3aly,
YTO UMEETCS 3HAYMUTEINIbHAs TEeTEPOreHHOCTb UH -
BUIYaJbHBIX  IJIA3MHUA0COJEPKAIINX  KJIOHOB
E. coli mo ypoBHIO CTaOMJIBLHOCTH HacielO0BaHUS
mwiazmu (puc. 8.1). Ilpuuem mmasmmaa pBR327
CYLIECTBEHHO  CTaOWibHEEe  MOJACPKUBACTCS
B Kietkax E. coli, vem pBR322, mo-BumuMomy,
W3-32 TOTO, YTO €€ KOIHMIHOCTh B ATHUX KJIETKax
B TpH pa3a Bbile. HeoOXoanMo OTMETHTD, UTO 00a
TUTa3MHUJIHBIX MapKepa yTPa4HBallUCh KIETKaMHU
OJTHOBPEMEHHO, T. €. IUIa3MH/JIa IITMMHHAPOBATIACH
[EJIUKOM. Bpems reHepanuu Oecruia3MUIHBIX U
TUIa3MUIOCOACPKAIINX ~ KJIETOK B  BBIOpAaHHBIX
YCIIOBUSIX OBLTIO OAMHAKOBBIM. [1OTIBITKY M3TIEUNTH
OT TUIa3MuJbl CTaOWIbHBIN CcyOkioH FE. coli
CSH54[pBR327] Ne 3 (cwm. puc. 8.1) ¢ momoripio
AKPUIMHOBOTO OPAaHXKEBOIO HE JAJIU MOJIOKHUTEIb-
HBIX pe3ynabsraroB. [imasmMumy npu 3ToM 0O0HApYKH-
BaJI BO BHEXPOMOCOMHOM COCTOSTHUH.

Juis Toro 4ToOBI BHIIBUTH BO3MOXKHBIE H3Me-
HEHHSI CTPYKTYpPBI IUIa3MUJABI B BBICOKOCTAOMIIb-
HOM KIIOHE, €€ BBIJICIVIN U3 KIETOK M IPOBEIH
PECTPUKIMOHHBIM aHAJIN3 C MMOMOIIBIO MEJIKOIIE-
msamel pectpukrassl BspRI. Pasnuuunii B pecTpuk-
UOHHBIX KapTHUHAX BBLICICHHBIX ILJIa3MUIHBIX
JHK u ucxonnoit pBR327 ne obHapyxeHo. [Ipu
Tpancopmanuu kietok E. coli CSH54 mnasmu-
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voi JIHK u3 cTabuibHBIX KIOHOB HAOMIOdaIN
OOBIYHYIO TETEPOreHHOCTh TpPaHC(HOPMAHTOB IO
MIPU3HAKY CTAOMILHOCTH TOAEPKAHUS TLTa3MHUIbI
pBR327. 310 KOCBEHHO MOATBEPKIAET, YTO BHICO-
Kasg  CTa0WJIBHOCTH  HEKOTOPHIX  BapHUaHTOB
CSH54[pBR327] o0ycnoBiena TeHOTHIIOM KJIETOK.

Koppensus Mexay cTaOHIBHOCTBIO MOJACP-
JKaHUS TUIA3MU B KJIeTKax E. coli u TpyITHOCTHIO
WX DIAMUAHUPOBAHUS U3 STUX KJIETOK C ITOMOIIBIO
uaTepkamupytomux B JJHK arentoB obnapyxena
TaKXke B psje aApyrux naboparopuii. BozmoxHo,
9TO OOBSCHSIETCS TOSBICHUEM CIOHTAHHBIX MY-
TaHTOB E. coli, KOTOpble HEKU3HECIIOCOOHBI MPH
OTCYTCTBHH KakOTo-1u00 Oenka, AeTepMHHHpPYe-
MOI0 IUIa3MUJI0H. JlaHHOE SIBJICHUE MOXET OBITh
WCTIOJB30BAHO JUISI CEJIEKIIMHA CTAOMIIBHBIX TIIa3-
MU0COIEPKAIINX CyOKIIOHOB E. coli. Hampumep,
mrammbl E. coli HB101(recA~) u CSH54(rec™),
cojepxamue 1iasMuay pBR327, maccupoamu
B KHUJKOW cpele ¢ aKpUIWHOBBIM OPaHKEBBIM U
aMITAHIHIUTHHOM (TIpHOIM3uTeNbHO 70 TeHeparuii).
ITocne aTOTO CITydaiiHBIM 00pa3oM OTOHMpATH PSII
WHAVBHUIYAJbHBIX KJIOHOB O0OMX MITAMMOB. OTH
KJIOHBI B JlaJibHEHIIEeM IacCUpOBaIM B HECEJeK-
TUBHBIX YCJIOBHUSX W aHAJIM3UPOBAIIN CTAOWIIb-
HOCTb HAacJIeJOBaHUS B HUX IUIa3Muael. Okasa-
J0ch, 4To BO Bcex 10 mWcciemoBaHHBIX KIIOHAX
E. coli HB101 gepe3 13 maccaxkeit, KaXXaplid U3 KO-
TOPBIX COOTBETCTBOBAJ 7 T€HEpAIHSIM, KOITUIECT-
BO IUIa3MHOCOAEPIKAIIUX KIETOK PEe3KO CHMKa-
J0Ch, a yepe3 23 maccaka IUTa3MHUIy yTpauuBajid
MOYTH Bce KJIETKH. B To ke BpeMs 5 u3 8 kiIoHOB
E. coli CSH54 naxe yepe3 35 maccaxeil ycTOHYH-
BO COXPaHSIN TUIa3MHUAy. TakuM 00pa3oM, TaHHBIH
MIOJIXO]] TTO3BOJIMJI YCIIEITHO CEJIEKTHPOBATh CTa-
OWIBbHBIC TUIA3MUIOCOEPIKANINE CYOKIIOHBI rect-
mramma E. coli. IlomyueHHble pe3ynbTaThl YKasbl-
BAIOT TaKXe Ha CJI0)KHOCTh B3aUMOJIEHCTBHS I€HO-
Ma TIa3MHUJ] ¢ TEHOMOM KJIETKU-PEIUITHEHTA.

Pan renos E. coli, BIUAIONUX Ha CTAOWMIIb-
HOCTH IOJIIEpXKaHMs IIa3MHUIHBIX MOJIEKYN, yKe
BbIsBIIeH. Tak, mis perumukanuu mwiasmug ColE1-
TUTIA HEOOXOIUMBI pa3inyHbie (DAKTOPHI KIETKH-
xo3siuHa, B yactHoctu JIHK-momumepaza 1 u
PHK-mmonmnmepasa. Myrtanatsl E. coli, nedextabie
no JIHK-rupaze, sunonykieasam I, 11l u V, xapak-
TEPU3YIOTCS MOBBIIICHHON YaCTOTOM yTparhl IUIa3-
mug tuma ColEl. Tem He MeHee O B3aMMOOTHO-
HICHUSX [JIA3MUJIBI C KJIETKON-X035IMHOM U3BECTHO
emnie o4eHb Majno. Hampumep, HalIeHBI ITaAMMBI
E. coli, obecrieunBaromyie cTabMIbHOE TOIACpIKa-
HUE THOPHUIHBIX TUTa3MH]I, OJHAKO T€HETHYECKas
OCHOBa 3TOTO SBJIEHHSA IIOKa HE YCTaHOBIIEHA.
JlanpHeWIe UCCIeOBaHUs TIO3BOJIAT OoJiee 1ie-
JICHAMPABJICHHO (POPMHPOBATH TEHOTHII IITaAMMa-

peUMIIMEeHTa, JJsl TOTO YTOOBI CTa0MIM3UPOBATH
HacJIeJIOBaHNE BBOJUMBIX B HETO IUIa3MHU/I.

[Ipy KOHCTPYMpPOBAaHUM in Vitro THUOPHUIHBIX
monekynl JIHK u nocnemyromiemM BBEIEHHM HX
B KJICTKH E. coli BO3HMKAIOT OIOJHHUTEIbHBIC
MpoOIeMbl KaK CO CTAaOMIBHOCTBIO HACIEIOBAHUS
ATUX MOJIEKYII, TaK ¥ C YCTOHYHBOCTBIO HX CTPYK-
Typbl. B 4acTHOCTH, BCTPOEHHBIM B IUIa3MUIY
CUJIbHBIA TE€TEPOJIOTHMYHBIN MPOMOTOP MOXKET Ha-
PYUIUTH MofAepxkanue THOpuaHbIx Monekyn JJHK
B Oaktepuu. Takoii 3¢ekr 00yCIOBIICH TeM, YTO
MHTEHCUBHAsl TPAHCKPUIIMS C KIOHUPOBAHHOIO
MIPOMOTOPA MOAABIACT PEIUIUKALMIO TIIA3MHIBI U,
CJIEJIOBATENBHO, MPUBOJUT K CHIKCHHIO €€ KOTTHH-
Hocth. CTaOUIM3UPOBATh TaKWE THOPHUIHBIC TITa3-
MUJBI YJIA€TCsl, €CIM BCTPOUTH B HUX TEPMHUHATOP
TPAHCKPHIILIUH B 3'-TIOJIOKEHUN OT CHIILHOTO ITPO-
MOTODA.

BceTpoiika B MHOTOKOTIMITHBIE BEKTOPHBIE T1J1a3-
MUIBl OTAETBHBIX T€HOB WIM LEJIBIX OIEPOHOB
YacTO BBI3BIBAET CBEPXCHUHTE3 MX IPOAYKTOB 3a
CYET MOBBILLIEHHOM /103bl T'eHa. B psje ciryyaes 310
OTpHLIATETILHO BIUSET Ha (PU3MONOTHIO OaKTepH-
AJBHOMN KIIETKH, YTO MOXKET MPUBOJUTH B IIPOIIECCE
pocTa KyJabTyphbl K yTpare THOPHUIHOU TIIA3MUIBI
WJIM TIEPECTPONKaM B €€ CTPYKType (Jemnerun, nH-
terpaus [S-aneMeHTOB U T. 1.), KOTOPbIE YMEHb-
AT WK MOJABIISIIOT 3KCIPECCUI0 KIIOHUPOBAH-
HBIX T€HOB.

Crabumu3npoBarh HACJICIOBAaHUE THOPHUIHBIX
m1a3Mua B KieTkax E. coli 9acto ymaercs, BbIpa-
[IMBAst UX B YCIOBUSAX CEJIEKTUBHOTO JABJICHUS 110
IUTa3MUAHBIM MapKepaMm YCTOHYMBOCTH K aHTH-
OMOTHKaM, T. €. B IPUCYTCTBUH ONPEICICHHBIX aH-
THOMOTHKOB. [IpH KyITbTHBHpPOBAHHH IJIA3MHUIOCO-
JepKalnX MTaMMOB B OOJBITNX 00beMaX TaKOM
MTOJIXOT Y>K€ MaJIOTIpUEMJIEM BCIIEACTBHE nedu-
IUTHOCTH AaHTHOMOTHKOB M HMX HEBBICOKOW CTa-
OounbHOCTH. Bojiee TEXHONOTMYHBIMU SIBIISIFOTCS
IOJIXO/Ibl, OCHOBAHHBIE Ha aBTOCEJIEKIUH KJIETOK,
CoOJIepIKaIIUX THOPUIHBIEC TUIA3MUJIBI.

WHTepecHbI BapUaHT aBTOCEIEKIIUU IIIa3MU-
Jocojepxkamux kinetok npegioxwim II. Pocrex
n K. Xepmbeprep (1983 r.). B mnasmuny, Hecy-
LIYI0 M3Y4aeMbIil 4y>KEpPOAHBIN I'€H, BCTPAUBAIOT
reH Oenka-pernpeccopa ¢ara A ¢ TepMOYyBCTBH-
TenpbHON MyTarueit cligsy. lltammer E. coli, co-
JieprKaline Takue MIa3Mu/bl, TM30TeHU3HPYIOT Jie-
dbexrHbM harom Aclog. JIN30reHHOE COCTOSIHHE ITO-
ro ¢ara moanepxkuBaetcs npu temmeparype 30 °C
3a CYeT CHHTEe3a OelKa-pernpeccopa, KOIupyemMoro
TeHOM cly5g57 THOPUAHOMN TIA3MHUBI. Y TpaTa Tuias-
MUBI IPUBOJNT K NMPEKPAIIEHUIO CHHTE3a B KJIET-
Ke Oenka-perpeccopa dara, a 3To BiIeueT 3a co0oi
UHIYKIHIO Tpodara Aclgy u au3uc kinetku. Takum
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YHCI0 KIETOUYHBIX ACICHUN

Puc. 8.2. CoxpaHeHnue mia3mMuJl B JEJSIINAXCS KIETKax
E. coli, nu3oreHnbIx 1mo Mmytanty Aclyg (1)

o0pa3oM, B pacTymieil KyJIbType B KH3HECIIOCO0-
HOM COCTOSIHHU TOJIACP>KUBAIOTCSI TOIBKO TIa3MHU-
Jocoieprkarne KiIeTku (puc. 8.2).

HenocrartkoM mpejioKeHHON CHUCTEMBI aBTO-
CEJIeKINH SIBIIIETCS TO, YTO JJIsi Hee HeJb3s WC-
M0JIb30BaTh MOJXOJbI, CBSI3aHHBIC C TEPMOMHIYK-
OHUeH peIUKANd TUOPHIHON IIIa3MUIBI WITH
TPaHCKPHIILIUH 1eneBoro rera. X. xummau ¢ co-
aBropamu (1988 1.) chopMupoBaIy HOBYIO CHCTE-
My 9KCIPECCHH, 00ECTIEUNBAIOIIYIO CTOJb Ke -
(heKTHBHYIO aBTOCENEKIHMIO IIa3MHUI0COIeprKa-
mux KiIeTok. B rubpumnyro miazmuay pGHS0
(puc. 8.3) BcTpommu ¢parment ¢arosoit JTHK, co-
JepiKaluii reH Oenka-penpeccopa ¢ara 434. Jlan-
HbIIA (ar Gau3koposcTBeH dary A, HO ero Oesok-
penpeccop B3aUMOJAEHCTBYET ¢ MPOMOTOPHO-OIIE-
patopubiMu obnactsmu JIHK ¢ara 434 u e B3au-
MOZCHUCTBYET C aHAJIOTUYHBIMU AJIEMEHTAMH T€HO-
Mma (ara A. DKcrpeccHs IEIEBOTO TeHa B JTOU
TUIa3MHU/IC HaXOAUTCS O] KOHTPOJEM CHIIBHOTO
npomoTopa pp ¢ara A, TPAaHCKPUIIHUSA ¢ KOTOPOTO
peryaupyetcs 6enkoM-penpeccopom cl dara A (1o
He (ara 434).

CkoucrpyupoBanHas miasmuna pGHS50 BBo-
IuTCs B KIeTKH E. coli, copepikamue KpunTHae-
ckuil mpodar (He cocOoOHBIA K MCKIIOUEHUIO U3
GakTepHaIbHOM XpoMOCOMBI) Acl;gs7ABamHIAHI,
KOTOPBI o0OecneynBaeT CHHTE3 TEPMOUYYBCTBU-
TeNIBHOTO penpeccopa cl ¢dara A. 3arem momyueH-
Hble TpaHCPOPMAHTHl JM30TEHU3UPYIOT (arom
Aimm#34cl3003, KOTOPBIH CHHTE3UPYET Ae(PEKTHBIN
oenok cl dara 434. Cam o cebe Tako# ¢ar nmu3ore-
HU3HUPOBAThH KIETKU HE CIIOCOOEH, HO BCJIEICTBUE
toro uro rasmuja pGHS0 skcnpeccupyer rex cl
(hara 434 gukoro TuMa, B KJIIETKaX HAKAILTHBACTCS
Oenok-pernpeccop ¢ara 434, KOTOPbIi CBA3BIBACTCS
¢ paiionamu pror, ¥ pror Ha JTHK ¢ara Aimm#34cT-

U o0ecreuynBacT HMHTErpauuio (aroBoro reHoma
B OaKkTepHanbHyI0 XpoMocoMy. B pesynbrare mias-
MUJIOCOZIEpIKaIINe KISTKH COAEpIKar aBa npodara,
Y B HUX CHHTE3HUPYETCs JBa Oenka-perpeccopa —
¢aroB Acl; u 434cl*. BeipaluBaroT CO3MaHHBIN
mTamMM IIpu Temmeparype He Boire 30 °C. Tepmo-
WHAYKIUS (HarpeBaHUE KYyJIbTYphI JIO TEMIEpaTy-
po1 40—42 °C) mpUBOANT K aKTHBAIMH TPAHCKPHII-
iU ¢ mpomotopa pr, (ara A u He cka3bIBacTCs Ha
CTaOMIBHOCTH TTOAICPKAHMS THOPHUIHOHN TIa3MH-
nel. CIIOHTaHHAs yTpaTa IUIa3MUBl TPUBOJIUT
K MHAYKIHH u3 mpodara Aimm434cl- m mmsucy
KJIETOK. 3a CUET TaKOH «CTaOMIN3ALIN» U UCIIOIb-
30BaHMUsl CHIIBHOTO TEPMOWHIYIIMPYEMOTO MTPOMO-
TOpa YIaJI0Ch JOOUTHCS BBICOKOM MPOAYKTHBHOCTH
co3aHHOrO ImTamMma E. coli 0 TOPMOHY pocTa
ObIKa.

K. Musa ¢ corpymankamu (1984 r.) pazpabora-
JH IPYTYI0 CUCTEMY CEJICKIIMU KJIETOK ¢ rHOpHI-
HOW IUIa3MUOH, HEe TpeOyIoIy0 J100aBICHUS
B cpelly aHTUOMOTHKOB. B kauecTBe OakTepuu-xo-
3sIMHA UCTIONIL30BaU IWTaMM E. coli ¢ heHoTrmnom
Sm? (cTpenTOMUIMH3aBHCHMBIIT). ABTOPBI peLIn-
JIH BBIJIENIUTH T€H, 0003HaYeHHBINA UMU smd , KOTO-
pBlii MOT OBI B COCTaBE IUIa3MHJIBI MAaCKHPOBATh
(henorun Sm‘ i IPUBOAUTH K MOABNECHUIO DEHOTH-
na Sm' (cTpenTOMUIMHHE3aBUCUMBIN). JIJ1s1 3TOro
B coctaB pBR322 BcrpauBanmu BamHI-pparmenTsr
xpomocomHoi JIHK mramma E. coli, He umeroriie-
ro (eHorumna Sm. [TonydyeHHOW cMeChIO TpaHC-
(bopmuposamu E. coli Sm® u orGupamu KIOHBI
¢ penorunom Ap'Sm'. B pesysnbrare ObuUI BBIIEIEH
dparmenT, conep Kamuii HCKOMBIi red smd . Oka-
3aJl0Ch, UYTO OH SIBJSIETCS TeHOM rpsL, xomupyro-
MM pubocoMHbIi Oeok S12. Berpoiika rena rpsL
B J1I00Y10 THOPHIHYIO TUIa3MUAY oOecreunBaia ee
crabunbHoe noanepxkanue B E. coli Sm® Ha cpene
0e3 cTpenTomuLnHa (Oecruia3MuHbIE KIETKA Ha
TaKOH cpelie HE PacTyT, a JKU3HECHOCOOHOCTh CO-
XPaHSIOT TOJNBKO KIIETKH, HECYIUe THOPHUIHBIC
IJ1a3MUJIBI C [IEIEBBIMU T€HAMU B TeHOM 7psL.).

PaccMoTpeHHBIE TTOXOJBI MTO3BOJISIOT JIOCTa-
TOYHO MPOCTO ¥ IKOHOMHYHO OCYIIECTBISTh B pac-
TyIIEH KyJIBType aBTOCENEKIIHIO KIETOK, COIepiKa-
MIUX THOpHIHBIE Ta3MHIBL. [10CKOIBKY TIPH 3TOM
KIIETKH, yTPaTHBINWE IIa3MUAY, MOTHOAIOT, CKO-
POCTh pocTa KyJabTypbl 00bIYHO cHMXkeHa. Ho 3a
cuer Toro, uro 100 % KIETOK B KylbType HECYT
THOPUIHYIO TUIa3MUJY, «CTAOMIM3UPOBAHHBIC»
IITAMMBI-TIPOJIYIIEHTBI MOTYT OBITh JOCTATOYHO
3GPEKTUBHBIMA M TEPCIEKTUBHBIMH JIJIsI TEXHO-
JIOTHUH.

Ha crabunbHOCTh MOAIEpKaHHS THOPUIHBIX
JHK in vivo 60abI110€ BIMSIHAE OKA3bIBACT HX MaK-
pOCTpYKTypa (Cynepcrnupain3anus, MyJIbTHMEpH-
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Puc. 8.3. Cucrema miazmMuia—KIieTka, 00eCreunBarolas TePMOUHIYKIIUIO TPAHCKPHIIIUK C IPOMOTOpa Apr,
1 aBTOCEJIEKIHNIO TNIA3MHU0COIEPIKAIINX KIETOK

3auus u ap.). B yacTHOCTH, BCTpOiiKa 4y>KEpOTHBIX
(hparmenToB JIHK wHOTrNA 3HAYMTETEHO U3MEHSET
MaKpOCTPYKTYPY (TOMOJIOTHIO) IJIa3MUbI, YTO OT-
pHULATENIBHO CKAa3bIBAETCS HA €€ PEIUIMKALNN U CTa-
OunbHOCTH HaclenoBaHus. OQHAKO B pe3yJbrare
CIIOHTAHHO BO3HHUKAIOUIMX i1 VIvo JeNIeNUuil MOTyT
00pa30BBIBATHCS M YCTOWYHMBO HaCleLyeMble BapH-
aHTbl THOpUIHBIX MiIa3Mu]. HeobOxommmo orme-
TUTh, YTO BCTPOIKa B IJIa3MHUIbI YYyKEPOIHBIX
¢parmentoB IHK He Bcerna orpaxaercst Ha cTa-
OMIIBLHOCTH MOAJIEpKaHUs TasmMun B E. coli. B ps-
ne ciydaeB uyxepoanbie ¢pparments! JJHK, B He-
CKOJIBKO pa3 MPEeBOCXOJIAIINE M0 pa3Mepy BEKTOp-
HYIO TUIa3MHJy, MOTYT CTa0HJIBHO COXPaHSTHCS
B TUOPUIHOM MOJIEKYJIE.

W3BecTHO, uTO B Monekymnax JIHK ¢aros, mmas-
MU, OaKTEepUAIBHBIX XPOMOCOM MMEIOTCSI KOPOT-
KH€ UHBEPTUPOBAHHBIE MOBTOPHI AJIMHON 9—13 mH.
Takue nanuHAPOMHBIE CTPYKTYPbI MOTYT CTa0HIIH-
3upoBark cymnepkonbleByr Gopmy JIHK, a Taxxke
MPEACTaBISATh COOOH y4YacTKH B3aUMOAEHCTBHS
JHK c 6enkamu knetku. bonee npoTsskeHHbIE HH-
BepTupoBaHHble mosropsl B JJHK mnasmuzg u ¢paros
MOTYT 3HAUUTEJIBHO HM3MEHATHh TOIOJOTHIO ATHUX
MOJIEKYJ in vivo, Hapyllas MEXaHU3M peryisiuu
TPaHCKPUIILMHU U peruinkanuu. [IpoTskeHHbIe UH-
BEPTUPOBAHHBIE MMOBTOPHI, KaK MPaBUJIO, WIH BbI-
HICTUISIOTCS U3 TUOpuIHBIX Moiekyln JIHK ¢ Beico-
KOW YaCTOTOM, WU O0YCJIOBIUBAIOT JICTAIILHOCTh
KOHCTPYUPYEMBIX 71 Vi{FrO MOJIEKYIL.

SInmoHCKHe MccaenoBaTe NOAPOOHO H3YyUNIIN
BJIMSIHUE IIOBTOPOB CPEAHEH AJIMHBI HA CTaOMIIb-
HOCTB IUIa3MUJ B KileTKax E. coli. Okazanock, 4To
COCTBIKOBAHHBIE HHBEPTHPOBAHHBIE IOBTOPBI AJIH-
HO#l 100—-150 mH MOTYT COXpaHSATHCS B COCTaBe
IUIa3MUJL, PEIUTMLMPYIOMINXCS B KieTKax E. coli

Jnukoro Ttuna. Ilpu BCTpoMke MpUiIekKalux Ipyr
K JpYyry WHBEPTUPOBAaHHBIX IOBTOPOB OONbIICH
JUIMHBI TUTa3MHJIBI, KaK MPaBHIIO, HE CIOCOOHBI
peIUMIMpPOBaThCS B KIETKaX JUKOTO THIA, HO
PEIUTMIIUPYIOTCS BO MHOXECTBEHHBIX MYyTaHTax
nmo cucreMe pekomMOuHamuu THma FE. coli
recBrecCsbcBrecF. OnHako u B ocneIHEM ciiydyae
HAOJTIONIAIOTCS JISCIINY B paifloHe BCTPOCHHOTO Tia-
auHApoMma. BBegeHue MOCTATOYHO HPOTSKEHHOU
MOCJIEA0BATEILHOCTH MEXKY UHBEPTUPOBAHHBIMU
ITOBTOPAaMH IO3BOJISET 3aMETHO CTAOMIIM3UPOBATh
HacJICOBAHUE KICTKAMU TUIa3MU.

[Ipsimble (TaHAEMHBIE) TIOBTOPHI CpeIHEN TH-
HBI, TIO-BUANMOMY, 00JIee YCTOWINBO COXPAHSIIOTCS
B CTpyKType rudpumubeix monekyn JHK, gem wH-
BEPTHPOBAaHHBIE. B TO ke Bpems MPOTHKEHHBIE
TaHIIEMHBIE TIOBTOPHI B cocTaBe ruOpuaHbx JJHK
XapaKTepHU3yIOTCS BRICOKOH CTEIIeHBI0 HeCTaOMIIb-
HOCTH. BpImernienne moBTOPSIONIMXCS MOCIE0-
BaTeJIbHOCTEH MPOMCXOIUT B pe3yJabTaTe BHYTPH-
MOJICKYJISIPHOM HITH MEXMOJICKYISIPHOH pEeKoMOu-
Haruu rudpuanoit JIHK u 3aBucut, Xots u He moi-
HOCTBIO, OT CHCTEMbI PEKOMOMHAIINN OaKTepHAaIb-
HOMW KJIETKH.

CTaOuIbHOCTE HACJIEIOBAHUS MHOTOKOIIHH-
HbeIX w1a3mu tina ColE1 MoxkeT OBbITh 3HAYNUTEND-
HO CHIDKEHA B PE3yJIbTaTe MYJIETUMEPHU3AIIAHN TIIa3-
MU 33 CUET TOMOJOTUYHOW pexkoMOmHanuu. [lo-
9TOMY Ba)XHBIM MOMEHTOM CTaOWMJIM3allU TaKHUX
IJIa3MHUJ  SBJISIETCS  HMCIIOJIb30BaHHE INTaMMOB
E. coli, nerepMuanpyIOMUX QYHKIIANA CAUTCITCITN-
(hmaeckoii pekoOMOWHAIIMN MYJIBTUMEPHBIX TUTa3MHU]T
1 TiepeBoJia uX B MOHOMepHYyIo dhopmy. [Tpu sTom
I1a3Mu/Ia JTOJDKHA CONIEPIKaTh OCOOYIO IOCIEnO-
BaTenbHOCTH cer (279 mH mst ColE1), mo xotopoit
MIPOXOANT calTcrenuduuecKas peKOMOHHAITHS.



nasa 8. CTABUIIbHOCTb MBPUAHBLIX MONEKYI AHK B KNETKAX ESCHERICHIA COLI 217

. Tomac ¢ corpynaukamu (1987 1.) ycranoBu-
JIA, 4TO B KieTkax E. coli, iMMOOMIN30BaHHLIX Ha
rpaHyjgax Tejsi, CTa0WIBHOCTh HAaCIeJI0BaHUS
IJIa3MHUJ MOXKET OBITh 3aMETHO BBIIIIE, YEM B CBO-
OOHBIX KJIETKaX B TEX )K€ YCIOBHSIX HEIPEPHIB-
HOTO KyJbTHBHPOBAHWS.

Takum 00pa3oM, Ipy KJIOHUPOBAHUU TYKEPO/I-
vEIX ¢dparmentoB JIHK B cocraBe BHEXpOMOCOM-
HBIX BEKTOpPOB E. coli Hy’)XKHO YYHTBHIBaTh LENbIN
CIIEKTp MTapaMEeTPOB, BIHSIONINX Ha CTAOMILHOCTH
THOPUIHBIX MOJEKYJI B OaKTepHUadbHOW KIIETKE.
[IpennoyTUTebHO B KAYECTBE PELUITUCHTOB I'MO-
puasbix JIHK ncnons3zoBare mrammer E. coli, ne-
(bekTHBIE TIO cHcTeMe OOIIeH pPEeKOMOMHAIMK U
MOJIICPXKUBAIOIINE IJIa3MHUJIBI B MOHOMEPHOMH
¢dopme. [Tpu KOHCTPYHPOBAaHUH T'MOPUHBIX MOJIE-
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BEKTOPHbIE CUCTEMblI TPAMOTPULIATEJIbHbIX
BAKTEPUU, HE OTHOCALLUUXCA K POlY ESCHERICHIA

Pasnble mpecTaBUTENN MOYBEHHBIX U BOJTHBIX
rPaMOTPHUIIATEIBHBIX OAaKTePUil TMPOSIBJISIOT OT-
POMHOE MHOTO00pa3re MeTadOIMIECKIX aKTHBHO-
CTeH, KOTOpble HE TOJBKO IMPE/CTABISAIOT 3HAUHU-
TehHBIN HAYYHBI WHTEpPEC, HO ¥ MOTEHI[HAIBHO
BaXKHBI 711 OMoTexHOJIOTUU. OIHAKO PsIJT ATUX aK-
TUBHOCTEH HENb3s BOCIPOM3BECTH B KIETKaX
E. coli, Hecymux B cocTaBe TUOPHUIHBIX MOJICKYII
JHK cooTBeTcTByIOIIME M€HETUUECKHUE JIE€TEPMHU-
HAHTBI, TAK KaK MeTaboIn4YecKue U (PU3H0IOTHYe-
CKHE BO3MOXHOCTH JTOW OakTepuu OrpaHWYCHBHI.
Kpome Toro, uccrienoBanus nociaeaHuX JeT MOoKa-
3aJId, 4TO, HECMOTPA Ha (YHIAMEHTAIBHYIO CXO-
’KECTh OPraHU3allMY TEHETHYECKOTO anmapara npo-
KapyuoT U croco0a peajn3aii TeHeTHYeCKON HH-
(hopMaruu, CymecTByrOT XapaKTepHbIC IS KakK-
JIOM TAaKCOHOMUYECKOW TPYIIITBI OCOOCHHOCTH, OT-
JUYAIOIIUE ¢ OT APYTruX TPYII 10 TOHKUM MeXa-
HU3MaM PETYISIUN SKCIIPECCUN TEHOB. ITO MOXKET
MPUBOJIUTH K TOMY, YTO T€HBI OaKTEPUH OTHOTO Ce-
MelictBa (poma) He OymayT OSKCIPECCHpPOBATHCS
B KJIETKaxX OakTepuii Jpyroro ceMencTsa (poaa) Win
00yCJIOBAT OYeHb HU3KUN YPOBEHB MPOTYKITHH CO-
oTBeTCTBYIOLEro Oeika. IlosTomy it m3ydeHus
9KCIIPECCHH TEHOB, IMOJIyYEHHUS CYNepPHpOIyIeH-
TOB C OTIPE/IEICHHBIMHU CBOMCTBAMH U T. I1. HEO0XO-
IUMo 00 co37aBaTh IS KaXKI0H TaKCOHOMHUYE-
CKOW rpynmbl OakTepuil CIEeHHATU3UPOBAHHYIO
BEKTOPHYIO CHCTEMY Ha OCHOBE TUIa3MHUJ U (aros

(IpKkUM IpPUMEPOM TAaKOIO IOAXOAA SBISIETCS
E. coli), nubo pa3pabarbiBaTh YHUBEPCAIbHBIC BEK-
TOPHBIE CHCTEMBI ISl OTHOCHTEIHHO IITUPOKOTO
CIIEKTpa HEPOACTBEHHBIX OAKTEPHid ¢ NCIONb30Ba-
HHUEM TTa3MUJI, UMEIOIINX IUPOKHUHA KPYT XO35I€B.
CoznaBast Ha OCHOBE MPHUPOJHOTO PEIUIMKOHA
yaoOHBIC KIIOHUPYIONTHE BEKTOPHI, HECOOXOAMMO
MIPEXk/Ie BCETO JOCTATOYHO MOIPOOHO U3YUYHTH Ie-
HETHYECKYIO OPTaHU3aINI0 TaHHOW aBTOHOMHO pe-
mnnupyromeicss Monekyns! JJHK u nums 3atem
BBITIOJTHUTD Pl MAaHUMYIISALUN 110 €€ PeKOHCTPYK-
nuu. Ha nomydeHne Kakoro Takoro BEKTOpa, Kak
MIPAaBHJIO, YXOAUT MHOTO BpeMeHH. OCOOeHHO 3TO
KacaeTcs ¢1a00 U3yUYeHHBIX B TCHETHYECKOM IIJIaHe
BU10B OakTepuil. [loaToMy KpaiiHe npuBIeKaTEb-
HBIM BBIIVISIIAT MOAXOJ, KOTOPBIN IpeaycMaTprBa-
€T CO3/1aHNe BEKTOPHBIX MOJIEKYII, CIIOCOOHBIX CTa-
OMJIBHO PEIUINIMPOBATHCS B PA3JINUHBIX XO35€BaX.
ITo cpaBHEHHIO C KOHCTPYHUPOBAaHHEM OTAEIBHBIX
MOJICKYJISIDHBIX BEKTOPOB Ul KaKI0ro OakTepu-
aJbHOTO BHJA 3TO, BO-TIEPBBIX, CYIIECTBEHHO KO-
HOMHUT BpEMsl U, BO-BTOPbIX, 0OECIIEUMBAET BO3-
MOYKHOCTh H3y4aTb 3KCIIPECCHIO JIOOBIX TEHOB
B Pa3JINYHOM F€HETHYECKOM OKPYKEHHH B COCTaBe
OJIHOM U TOM 7K€ TeHETUYECKOM KOHCTpyKIMU. Yac-
TO B 3TOH CXEM€ DKCIIEPUMEHTOB TPaMOTPHIIATENb-
Hast Oakrepust E. coli, kak Hanbosiee XOpoIlo pas-
paboTaHHasi FTeHHO-UH)KECHEPHAst CUCTEMa, UCTIOJIb-
3yeTcsl B Ka4eCTBE MPOMEKYTOYHOTO XO35IMHA.

9.1. MNA3MUAbLI LULUPOKOIO KPYIr'A XO3AEB

B nactosimee BpeMs: pacmn@poBaHbl MOJHBIE
HYKJIEOTHJIHBIE TTOCJEI0BATEIbHOCTH HECKOJIbKHUX
COTEH MNPUPOAHBIX IIazMuia. KomuitHOCTh muias-
MU MOXKET CYLIECTBEHHO BapbHpOBaTh — OT 1 110
200 mosekyn Ha KJIeTKy. B psae ciydaeB 6akTepuu
COJepkKaT OJHOBPEMEHHO HECKOJIBKO THIIOB ILIa3-
MU/, pPa3INYaAOMUXCs 110 pa3Mepy U HYKJIECOTH]I-
HOM IIOCJIENOBaTeNbHOCTH. BakHOe CBOWCTBO
IUIa3MUJL COCTOUT B TOM, YTO OHH CIIOCOOHBI CaMO-
CTOSITENIBHO PEITMIMPOBATHCS in Vivo, T. €. ABIA-

0TCA penauxkonamu. [Ipy 5ToM y OTHUX TTa3MUT
PeIUIMKAILNS CTPOTO 3aBUCHUT OT COOTBETCTBYIOIIMX
(hepMEHTHBIX cHCTeM OaKTepHii, B JPYTUX XKe CIIy-
Yasx TIa3Muia KOAUPyeT OeIKH, KOTOpble o0ecre-
YUBAIOT OTHOCHUTEIHHYIO aBTOHOMHOCTH €€ PeIlIt-
Kalluy.

BrHexpoMOcoMHBIE TEHETHYECKHE DJIEMEHTHI
MOTYT IPUAaBaTh OAKTEPHAIHHBIM KIETKaM JIOTIOJI-
HHUTEJIbHBIE CBOMCTBA, BBIIBISIEMbIe (DEHOTHUIHYE-
CKH. DTO CBSI3aHO C TEM, YTO OHU MOTYT COJIEPIKATh
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Tabnuya 9.1. IlpuMepbl YCTORYMBOCTH KJIETOK K AHTHOMOTHKAM M TOKCUYECKHM BelllecTBaM,
AeTePMUHHUPYEMOM MIa3MHUAaMHU

Obo3Ha4yeHue Obo3Ha4yeHue . .
{beroTHma BemectBo eHOTHIA ®DepMeHT, 00YCIIOBINBAIOIINNA YCTOWIHBOCTD
1 2 3 4

Ac Axpunux acr —

Ak AMHKaIH aacA AmuHOIIMKO3u-6'-N-anerunrpancdepasa
aacC AmuHornmuko3ua-3-N-anetuinrpancdepasa
aadC AwmuHorIMKO3uA-4' -anennnuntpanchepasa

Ap AMIUIIUTIH bla p-Jlakramaza

Asa Apcenar asa —

Asi ApceHur asi —

Bi Houns! BUCMyTa bis —

Bt BbyTtuposun aphA AwmuHormuko3un-3'-pocdorpanchepasa

Cb Kapbenumuima bla p-Jlakramaza

Cd Howns! kanmus cad —

Ce Ledanexcnn bla p-Jlakramasa

Cl Kiunpamunna erm —

Cm XopaMpeHUuKOoI cat XnopamperukonanermwiTpanchepasa

Co Houns! kobanmpTa cob —

Cp Ledanocmopun bla p-Jlakramasa

Cr Hedamopuana bla To xe

Cx Kiokcanumnun bla —«—

Dm 3',4'-Jlune30okcuKaHaMUuH B | aacA AmuHOrmuKo3ua-6'-N-amneruirpancgepasa
aacB Amunormuko3ua-2' -N-amneruirpancdepasa
aacC AMuHOTTIMKO3U-3-N-anetuinrpancdepasza
aadB AwmuHorIMK03uA-2 " -N-aeHnmunTpancdepasza

Eb DtuauyM Opomu ebr —

Em DPUTPOMUIIIH erm Metunaza pudocomuoit PHK

Gm I'enramunx aacA AmuHOTIIHKO3uI-6'-N-aretunrpancdepasa
aacB Amunnormmko3un-2'-N-anerunrpancepasa
aacC Awmmnnornmmko3ua-3-N-anermitpanchepasa
aadB Amunornuko3un-2' ' -N-anenununrpaschepasa

Hg Wownsl pryTin mer —

Km Kanamurmx aphA AmuHormko3ua-3'-pocdorpanchepasa
aacA AmuHOTIIHKO3U -6 -N-anetuntpancdepasa
aacB AmuHOTHKO3UA-2 -N-anetuntpancdepasza
aacC AwmuHornko3ua-3-N-anetuinrpancdepasa
aadB AmuHOTIIMKO3UA-2" ' -N-aeHmmunTpanchepasa
aadC AMHHOTIIHKO3U-4 -aIeHuTTpaHcepasa

Lv JluBumoMuIIuH aphA AwmuHormmko3ua-3'-gocdorpanchepasa
aacB AwmunHornuko3ua-2' -N-arerunrpancdepasza
aacC AwmuHOTIIHKO3U -3 -N-aneTrnTpancdepasza

Mc MerunuuH bla p-Jlakramaza

Nm Heomutua aphA Awmmunornmko3ua-3'-pocdorpanchepasa
aacA AmuHOrIMKO3u-6'-N-anerunrpancdepasa
aacB AmuHornmuko3ua-2' -N-amnerunrpancdepasza
aacC AwmuHOTIIIKO3U -3 -N-aneTunTpancdepasa

Ox OkcarminH bla pB-Jlakramasa

Pm [Tapamomutina aphA Awmmunornmko3ua-3'-pocdorpanchepasa
aacB AmuHOTIHKO3U -2 -N-anetuntpanchepasa
aacC AwmuHormukos3ua-3-N-anetuinrpancdepasa
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Oxonuanue maon. 9.1

1 2
Pn [Mennnumuiun bla
Rm Pubocramurina aphA
aphB
aacB
aacC
Sb HoHs! cypbMBbI ant
Sm CtpenToMuIuH aphC
aadA
Sp CHeKTHHOMUITUH aadA
Su Cynbhanuniamus sul
Tc Terpanukiux tet
Tm Tobpamuimx aacA
aacB
aacC
aadB
aadC
Tp Tpumeronpum dfr

JIETepMUHAHTHI ycTolunBOCTH (Tabmd. 9.1) x aHTH-
OMOTHKAM M TOKCHYECKUM BemecTBaM (R-mmazmu-
JIbl, OT aHIJI. resistance — YCTOWYUBOCTbH), HECTH
TeHBI, KOHTPOIHMPYIONTHE KaTaboim3M (merpama-
I[UI0) HEKOTOPBIX OPTaHMYECKUX COCJAMHCHUH, HE
SIBJISIFOLIUXCS. MCTOYHUKAMU YTJIEPOAa W SHEPrUu
JUTSE OOJIBIIMHCTBA MUKPOOPTaHU3MOB (D-1ura3mu-
JIbl, WIN TUTa3MUJIbI OMOJICTPaIallii ), HAPABIISTh
CHHTE3 TOKCHHOB, 0aKTEPHUOIINHOB, AaHTHOMOTHKOB
u ap. [lna3smunel, He BhISBIsEMbIe (DEHOTHITHYE-
CKHU, Ha3bIBAIOT KPUNMUYECKUMU.

MHorue mia3MuIbsl, UMEIOIIMe pa3mep Oolee
40 TrH, 00J1a1af0T CITIOCOOHOCTHIO K KOHBIOTaIlMOH-
HOMY TiepeHocy. Konvrocayueii Ha3pIBacTCs MPO-
lecc IMEepeHoca TI'eHEeTUYeCKOW HWH(GOpMAIUK OT
KJICTKH-JIOHOPA K KIJIETKE-PELHUITUEHTY, KOTOPbIH
OCYIIECTBIISCTCS MTPH HETIOCPEICTBEHHOM KOHTAKTE
KJIETOK MeX 1y coboii. [To aToMy npu3HaKy mia3Mu-
IIBI TJISIT Ha TPAHCMUCCHUBHBIC M HETPAHCMHUCCHB-
HbIC (KOHBIOTaTHBHBIC U HEKOHBIOTATUBHBIE).

KonbrorarmoHHsIN IEpeHOC MIa3MuI obecte-
YUBaeTCs OOJBIIUM HAOOPOM I'€HOB, KOTOPBIE 00b-
CJIMHSIOTCS B {ra-omnepoH. [IpOyKThl 3TUX T€HOB
HEOOXOUMBI JIJISl OCYIIECTBICHHS TBYX OCHOBHBIX
3TAloB MpoIlecca KOHbIOTanuu: 1) oOpazoBaHUs
CKPEIIMBAIONIUXCS Tap; 2) MepeHoca U peruinka-
muu JIHK. [lns oOpa3oBaHUs CKPENUBAIOIIIXCS
nap HEOOXOJUMbI TIOJIOBBIC BOPCUHKH — IIHJIH,
dhopmupyroIUecs Ha TOBEPXHOCTH TOHOPHBIX
kietok. OT JIOHOpa K PELHUIIUEHTY MEPEHOCUTCS
ToabKo onHa nenb rmasMuaHon JIHK, naunnas
co crienuduyeckoro ydactka ori T (0T aHTI. trans-
fer — mepenoc). C yyactuem npoayKTa mia3mMuI-
HOIro reHa npoucxoaut paszzaeneHue ueneit JTHK,

p-Jlakramaza
AmuHormnko3ua-3'-pocdorpanchepasa
Awmmunormkos3ua-5'' -pocorpanchepasa
Awmmunornuko3ua-2'-N-anerunrpancdepasa
AwmuHornmuko3ua-3-N-anetuntpancdepasa

AwmunHormukosua-3''-hochorpancdepasa
AwmunorIMKo3uA-3" -aieHuuiaTpancdepasa
To xe

AwmmunOrIIMKO3u1-6'-N-anetuinrpancdepasa
Awmunornuko3u-2'-N-aueruinrpancdepasa
AwmuHornuko3un-3-N-anerunrpancdepasa
Awmmunornuko3ua-2' ' -N-aneHuninrpancepasa
AMUHOTITHKO3U-4 "' -aieHunTpaHchepasa
Hurnnpodonarpemaykraza

HeoOXouMoe JUIsl TIepeHoca M CHHTE3a KOMILIe-
MeHnTapHbix neneit JIHK kak B kieTke qoHOpa, Tak
U B KJIETKE PEUUITUEHTa. 3aBepIIaeTcs dTOT IMPO-
recc (OpMUPOBAHUEM KOJIBIICBBIX JIBYXIICIIOYCU-
Hbix Monekyn JHK mnasmuast.

HetpancMuccuBHbIe TUIa3MUABI HE COIEPIKAT
JETePMUHAHT, MPUAAIOIMNX OaKTePHATBHBIM KJIET-
KaM CBOMCTBA F'€HETUYECKUX JTOHOPOB, U TOITOMY
OHH HE CIIOCOOHBI CAMOCTOSITENIHHO TTePeIaBaThCs
OT OAHUX KJIETOK K ApyruM. OIHAKO Takue Iia3-
MHIBI B PSAC CIIy4acB MOTYT OBITh TEPEHECEHBI
B PEIUNHUEHTHBIE KJIETKH C TOMOIINBI0 KOHBIOTa-
TUBHBIX IJ1a3MuJ. Takol rpouecc Ha3bIBaeTCs MO-
ounuzayuei TuTa3MuIbL. MI3BECTHO 1Ba MEXaHU3MaA
MOOMJITU3AIIUU HETPAHCMHUCCUBHBIX TUTa3MHU/I;

1. IlepeHoc 3a c4eT OEITKOBBIX MPOIYKTOB Te-
HOB ra-ONepOHa KOHBIOTATUBHON IIa3MU/bI, Ha-
XOJSIIEHCs B ATOM ke kieTke. Takoi nepeHoc Ha-
YUHAETCS ¢ COOCTBEHHOTO y4actka ori T MoOwin-
3yeMO# TIa3MUIBI, U IS €T0 OCYIIECTBICHUS HE-
00XOJIMMO HalTM4Ke Ha ITOH TUIa3MHuJIe TEHOB mob
(mobilization). Tak HTPOUCXOAUT MOOUIU3AIUS
mrazmua ColE1 m RSF1010. Ipu sToM koHBIOTA-
THUBHAS IUIA3MUAA-TIOMOIIHUK B PELUUIHUCHTHYIO
KIJIETKY MOXKET ¥ HE TIPOHHKATb.

2. IlepeHoc B cocTaBe KOMHTETPAHTOB C KOHB-
IOTaTUBHBIMU Tuta3Mugamu. Kounmezpanm npen-
craBisieT co0oii konbieByto monekyny JIHK, B ko-
TOPOH OOBEIUHEHBI JBa WIH 0OoJiee pEruIMKoHa,
CIIOCOOHBIX K He3aBUCUMON perutukaruu. [Ipu om-
PEICICHHBIX YCIOBUSAX KOMHTETPAHTHI THUCCOIUU-
PYIOT Ha IUCKPETHBIE TUTa3MUTHBIC PETTUKOHBL.

W3yuenue pa3HbIX MmIa3Mu] MOKa3ano, 4To He-
KOTOPBIC U3 HUX HE CIIOCOOHBI CTaOMIBLHO COCYIIIe-
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Tabnuya 9.2. I'pynnsl HECOBMECTUMOCTH IVIa3MUJ, YCTaHOBJIeHHbIe B E. coli

Tun

I'pynna it [Munecnennpuueckue Garu [Mnasmuel

B B fd R16, Tpl13, Tpl25, R723, R864a

C C C-1,C-2,J R40a, R55, RAL, pIP5S5, pIP40a, pHH1343a

D D fd, f711,17 R711b, R778b

E JA4320

FI F f1, £2, MS2, QB, fd, M13, R17 F, ColV2, ColV2-K94, ColV3, ColV3-K90,
ColV3-K30, R162, R386, R453, R455, R773, P307Ent,
pIP162, pAP10-2, pIP174, pHH507, RGH2387

FII To xe To xe R1,R6, R136, R192, R1-19k, R538Fdrdl, NR1,
R1drd19, R6-5, SF119, pHH1313b, pGD10

FIIT —(— | —«— ColB-K98, MIP240Hly, R.ColBM

FIV —«— | —«— R124, pJL1 (Vir), pAP20

FV —«— | fl1, fd, UA6 Folac, pIE509, pIES10

FVI —«— | MS2 Hly-P212, pGL611, pSU212Hly, pSU105Hly

FvIl —«— | Toxe pAP38

FVIII —(— | —«— pAP43

FIX —(— | —«— pAP42

FX —(— | —«— pAP19-1

G Rms149

HI1 R27, R726, pPG1251-2

HI2 R478, pAS251-2, pSD114, N-1, pWR23

HI3 MIP233

HII pHH1457, pHH1508a, pHH1532b-1

11/l I If1, If2, PR64FS R62, R64, R144, R483, Collb-P9

Iy To xe To xe R621a, Collb-Im1420

10 —«— | —«— JR66a, R721

It —(— | —«— R905a

12 —(— | —«— TR114, 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, PRD1 N3, N3T, R15, R46, R477b, pPKM 101, PCU1

P P PRRRI1, PR1, Ike, PRDI R18, R68, R690, R751, RP1, RP4, RK2, pUZS8

Q R678, R702, R839, R938, R995, R1162, NPT7, R300B,
NTP2, RSF1010, pKT214

S R751, R772,R906, R1033

T T Pil/R1, t Rts-1, R394, R401, R492

U X pAr-32, RA3, R1460, pIE420

v A% R753, R757

w w PR4, X, PRDI1 Sa, R7K, R388

X X X R6K, R485, TP228, TP231, TR227, R711b, TEMdrd

Y W Plcm, P7, R753, R905, P15B, pIP2311

CTBOBaTb B KileTKe. [laHHOE SIBJIGHUE HA3BaHO He-
coemecmumocmoio naazmuo. [1o sToMy npusHaxky
IUIA3MU/Ibl PA3HOIO IIPOUCXOXKACHUS pacipezese-
HBI Ha TPYNIIbl HECOBMECTUMOCTH — Inc-rpymisl
(ot anrm. incompatibility — HECOBMECTUMOCTB).
K oxnoii rpymnmne oObIYHO OTHOCST IUIa3MHUABI, KO-
TOpbIe HECOBMECTHMBI MEXIy CO0O0i, HO COBMEC-
TUMBI C 110001 TIa3MUA0H U3 APYTUX TPYIIL.

BosbIIMHCTBO HM3BECTHBIX IUIA3MHJI, TPaHC-
MHCCHBHBIX B E. coli, KnacCupUIMpOBaHO ITyTeM
OTIpe/IeNICHHsI UX HECOBMECTUMOCTH B OaKTEpHsIX
atoro Buja (tadm. 9.2). [lo mepe OTKpHITHS U U3Y-
YEeHHUs] HOBBIX TUIA3MUJ BBISBIISIIOTCS HOBBIC TPYII-
16l HecoBMecTuMOocTH. Korna mra3smuisl HeTpaHc-
MUCCHUBHBI B E. coli, UX KIIaCCU(PHUIMPYIOT B OaKTe-
pHSX TEX BUIOB, B KOTOPBIX OHM HaiieHbl. Hanpu-



222 naea 9. BEKTOPHbIE CUCTEMbI TPAMOTPULATENBHbIX BAKTEPUN

korA
korD
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korB KA korE

mrs tra2
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RSF1010,
68,7 TIH

] 32 w3

Puc. 9.1. Tenernueckue kaptol mazmug RK2 u RSF1010:

1 — reHbl yCTOHUMBOCTH K aHTUOMOTHKAM; 2 — 00JIaCTH, OTBETCTBEHHBIC 3a MIEPEHOC MIa3MHI;
3 — o0nacTu, BOBICUCHHbIEC B PEIUTHKALIUIO U MOJ/IePKaHHE TIIa3MUI.
TOH](I/IMI/I CTPCJIKaMHM IOKa3aHa IOJIOKUTEIIbHAA PErYyJIAUA PEIJIMKaUX IIJIa3MUAHBIX I[HK, TOJICTBIMH YKa3aHO HaIllpaBJICHUEC
perutnkaru. Manasi OKpy>)KHOCTb BBepXy MokasbiBaeT pasmep RSF1010 B ogrom macmitade ¢ RK2

Mep, TOAPOOHO M3YUEHBI 10 NMPU3HAKY HECOBMEC-
TUMOCTH TIJIa3MHUJIBI TICEBJIOMOHA/, CTA(PHIOKOK-
koB. [Ima3mubl, oTHOCSIIMECS K OfHOM Inc-rpyn-
e, 00Ja/1atoT, Kak MPaBUIIO, MHOTUMHU CXOAHBIMHU
MpU3HAKaMH M 4acTO OOHapy’>KMBAIOT 3HAYUTEIb-
Hyto romogoruto JJHK.

Bonbioit uHTEpEC 11 MOJISKYJISIPHBIX OHOJIO-
TOB TPEJICTABISIOT TUIA3MHIBI C IIMPOKUM KPYTOM
X0351eB, CIOCOOHBIC PEIUIMIIMPOBATHCA B OaKTepH-
X, OTHOCAIINXCS K pa3HbIM BHIAaM. B To Bpems
KaK MHOTHE IJIa3MH/Ibl TPAMIIONIOKUTEIbHBIX OaK-
Tepuit 00JaTafOT ITHM CBOMCTBOM (B IIpemesax
IPYMIBI TPAMIIOIOKHUTEIBHBIX OaKTEepHii), Cpeau
TUTa3MHJT TPAaMOTPHUIIATEIBHBIX OaKTEepHil sIBIEHUE
CTaOWJIBHOTO TOAJICPXKAHUSI B PasHBIX X03s€Bax
MEHee pacIpoCTPaHeHO M B OCHOBHOM CBSI3aHO
C MJIa3MHUJaMH TPYI HeCOBMeCcTUMOCTH E. coli C,
N, P, Q u W (cm. Tabm. 9.2). Hambomnee mompodHO
B OTOM IUIaHE M3YYEHBI IUIa3MU[bI, OTHOCSIINECS
K rpynmnaMm HecoBmectumoctr P m Q (mmo xmaccu-
(ukanuu mIa3MuU ICEBJJOMOHA]l OHU TPUHAJJIC-
JKaT K TPyIMIIaM HECOBMECTHMOCTH Pseudomonas
IncP-1 u IncP-4 coorBercrBenno). [lnazmuabt
rpynmsl IncP kpynabie (53—87 TrH), KOHBIOTaTHB-
HbIC ¥ HU3KOKOTIMIHBIE (4—7 KOTIMI Ha XPOMOCOMY
E. coli nmm 3 xonmu Ha XpoMmocomy Pseudomonas
aeruginosa), B To BpeMsl Kak IncQ-1uia3Mujbl oT-
HOCHUTENHHO MaJbl (8,7-9,5 TIH), HETPaHCMHUCCHUB-
HBI (XOTS () (HEKTUBHO MOOHIIU3YIOTCS, OCOOCHHO
miasMugaMu rpymmsl IncP) u nMerot 6osee BBICO-
Kyto koruiiHOCTh (10-12 B E. coli u Takyro ke uiu
BbIIE B P. aeruginosa). Vicnionb3yst KOHBIOTAITOH-
HO-TpPaHCIIOPTHYIO cucTeMy IncP, mmasmumabl
rpym IncP u IncQ crmocoOHBI IepeaaBaThCs B Tpam-

OTpHLIATEIIbHbIE OaKTEPHH BCEX POJIOB U PEIUIHLH-
poBatrbcs B HUX. VICKITIOUEHNE COCTABIISIIOT OaKTe-
puu pona Bacteroides, B KIIETKA KOTOPBIX TIa3MH-
JIbl IEPEHOCSITCSI, HO HE CIIOCOOHBI B HUX PETUIHIIU-
poBarbcs. Takum o00pazoMm, paccMaTpuBacMbIe
IU1a3MUJbl UMEHOT YPE3BBIYAHHO IIHPOKUN KpyT
xo3sgeB. B rpynme IncP nHambonee m3ydeHsl 1uias-
muzbpl RK2, RP1, RP4, R68 u R18. Ilomaratot, uro
OHH SABIISIFOTCS Pa3HBIMU U30JIATAMHU OJHOW W TOH
K€ MIIa3MUJIbI, U 32 apXETHUI 3TUX IIIa3MHJ1 TPUHSA-
ta RK2. Hanbonee n3ydeHHbIE TIIa3MUIBI TPYTIITEL
IncQ — RSF1010, R300B u R1162. Onu Takxe
OTIpe/IeNIeHbl KaK U30JISATHI OJJHOH TTa3MU/IbI, U B Ka-
yecTBe apxerura ucrnonb3yercs RSF1010.

IMnasmuner RK2 uw RSF1010 cymectBeHHO
paszIuyaloTcs MO TeHeTMYeCKOW OpraHu3aluu
(puc. 9.1). Permukarus RK2 npoucxomut ¢ ygacr-
Ka oriV (OT aHIII. vegetate — pacTH) OJHOHAINPaB-
JIEHHO, B TO BpeMs kak perunkanus RSF1010 ocy-
IIECTBIISETCS B JIByX HAINIPaBJICHUAX U MHULIUHPY-
eTCSl TaKKe C COOTBETCTBYIOIIErO ydacTka oriV.
B RK2 enuHCTBEHHBIM T€HOM, TIPOAYKT KOTOPOTO
HeoOxoauM sl perutukanuu TuiasmuaHon JITHK,
siBrsieTcs reH trfA. TlokazaHo, 4TO B 3aBUCUMOCTH
OT X0351MHa, B KOTopoM Haxonutces RK2, npoucxo-
mut cuHTe3 Oeinka TrfA pasmepom 32 k/la wmum
43 x/la. Ilo-Buammomy, 3T0 OOecredymMBaeT THO-
KocTh B3aumoperctust Oenka TrfA ¢ dakropamun
peruMKanuy 0aKTepuaIbHOU KIIETKH B 00YCIIOBIIH-
BaeT BO3MOXKHOCTbh pPEIUIMKALMK ITUIa3MHUIBI BO
BCEM MHOT000pa3uu KJIeTOK-x03s1eB. ['eH 7/ B ko-
IUPYeT perpeccop reHa trfA W WrpaeT BaKHYIO
pOIb B PETYISAIMU PEIUTUKAIIMN ¥ TIOAICPIKaHUs
mnazmuasl RK2 in vivo.
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=35 -10
a TTGACA TATAAT +1
o trfA TTCTTGACAGCGGAACCAATGTTTAGCTAAACTAGAGTCTCCT
8 trfB GTTGTTGACGTGCGAGAAATGTTTAGCTAAACTTCTCTCATGT
2 kilA GTGTTGACGATTTATAGAAAGTTTAGCTAAACTTCTTCCATCG
0 kilB AGGGCTTGCACTTCCTTCTTTAGCCGCTAAAACGGCCCCTTCC
e repA CCATTGTTAATGTGCTGTCTCGTAGGCTATCATGGAGG
o repB TAGTGCTTGCTTGGTACTCACGCCTGTTATACTATGAG
3 repC GGTAGTGACCCCGCCAGCGCCTAACCACCAACTGCCTC

+1

Puc. 9.2. CTpykTypa IpOMOTOPOB IITHPOKOTO KPyTa XO35ICB!

a — obnactu —10 u —35 «ycpenHenHoro» npomoropa E. coli; 6—0 — npoMoTopsl reHoB iazmuasl RK2;

e—3 — npomoTopsl mazmuasl RSF1010.
+1 — ToYKa HavyaJia TPAHCKPUIILIUU

ITnasmuna RSF1010 necer Tpu rena (repA,
repB, repC), MPOIYKTHI KOTOPBIX SBJISIOTCS TOJIO-
JKUTEIBHBIMU PETYIISITOPaMHU TIpoliecca ee peruiu-
Kalluu 1 00eCNeunBaloT HE3aBUCUMOCTh OT MHO-
rux (QYHKUUH perummkanuu  OaKkTepUU-X03suHa.
[lo-Bumumomy, Omaromapst TakoW TEHETHYECKOM
opranuzanuu miazmMuga RSF1010 crmocobna a¢-
(heKTHBHO PETUTMIIMPOBATHCS B OOJBITHHCTBE BHU-

JIOB IPaMOTPHUIATEIbHBIX OAKTEpHIl U, KaK CIIC/ICT-
BHE, 00J1aZaeT B HUX BBICOKOH KOIIMMHOCTBIO.

Baxubim cBoiictBom RK2 1 RSF1010 sBuser-
¢S TO, UTO WX TCHBI HMEIOT TaK Ha3bIBa€MEBIC IPO-
MOTOpPBI IIUPOKOTO Kpyra xo3seB (puc. 9.2), He-
CKOJIBKO OTITMYAIOIIHECS 0 CTPYKType KOHCEpBa-
THUBHBIX PalilOHOB OT COOTBETCTBYIOIIMX PAlOHOB
IPOMOTOpPOB E. coli.

9.2. MOJIEKYJIAPHbBIE BEKTOPblI HA OCHOBE MJIA3MUA TPYNMbl

HECOBMECTUMOCTMU IncQ

@epMEeHTHBIN armapar peruInKaluu Iia3Mug
rpynnsl IncQ xapakrepusyeTcst 3HaUUTENbHON aB-
TOHOMHOCTBIO, YTO OOYCJIOBJIMBAECT YPE3BBIYAHHO
LIMPOKUM KPYr XO31€B AAHHBIX IUIA3MUJ CpEIu
IrpaMOTPULIATEIbHBIX OaKTepHil.

Hust mnazmuasl RSF1010 uzsectHa nogpoOHas
PECTPUKIMOHHAs KapTa M Ha HEH JOKAJIN30BaHbI
MPOMOTOpHEIE paioHbl (puc. 9.3). Ha mepBsrii
B3[VISLI, JAHHYIO IPUPOIHYIO TIA3MHLy MOKHO Oe3
KaKHX-TH0O0 PEKOHCTPYKIHH NCIIONb30BaTh B Kaye-
CTBE KIIOHUPYIOLIEro BekTopa. s aTux wnenen
OHa MMeEET B 00JacTH, HECYIIECTBEHHOH ISl per-
JMKaTUBHBIX (YHKINH, y9aCTKH Y3HABaHUS YETHI-
pex pectpuktas: EcoRl, Sstl, BstEIl u Pstl. Oqna-
KO TeHbl YCTOHMYMBOCTU K Cyinb(aHWIaMHIAM U
CTPCIITOMUIIMHY BXOAAT B COCTaB €AMHOT'O OIICPO-
Ha ¥ TPAHCKPUOUPYIOTCS ¢ OAHOTO MPOMOTOPA, T10-
9TOMY TIpu BcTpoiike Pstl-pparmenToB OymyT WH-
AKTHUBHPOBAThCS 00a CENEKTUBHBIX Mapkepa — Sur
u Smr. [Ipu BcTpoiike mo BstEll-ygacTky cenek-
TUBHBIE MapKepbl, HAIIPOTHB, HE MOBPEXKIAIOTCS,
YTO CYIIECTBEHHO YCIOXHSET OTOOP THOPHIHBIX

kJoHOB. Kionmposanne mo Ssfl-ygactky mpuso-
JUT K MHAKTHBALlMU T'€Ha YCTOWYMBOCTH K CTpEII-
tomuruHy aphC, HO He HapymaeT reH sul (Sur).
Mapxep Sur TakxkKe coXpaHseTcsl Ipy BCTPOMKE 10
yuactky EcoRI. Caiitr EcoRI pacnonoxxeH BHE Ko-
TUPYIOIIEH MOCJIE0BATEIbHOCTH TeHa YCTONYH-
BOCTH K CTPENTOMHUIMHY, HO BBEJECHHE UYKEPOJ-
HBIX EcoRI-pparMeHTOB OOBIYHO MPEIOTBpAIIacT
€ro 3KCIIPECCHIO, 3a HCKIIOYEHHEM TeX CIy4aes,
KOTJ]a BCTaBKa COIEPKUT MPOMOTOP, HAIPABIISIO-
M TPAHCKPUIIIIUIO B CTOPOHY TOTO I'eHa.

Takum 00pa3oM, B KauecTBE CEJIICKTUBHOIO
Mapkepa rpu Bctpoiike ¢pparmentoB JJHK B mas-
muay RSF1010 moxer BBICTynarh UMb TeH sul,
OJTHAKO MHOTHE BHJIbI OAKTEPUH OTHOCUTEIIHHO He-
YyBCTBUTEJbHbI K CyIb(aHWIAMUAAM, U I103TOMY
JTaHHBIN T€HETUYECKUI MapKep UMEET OrpaHUYEH-
HOE TPUMEHEHHE TPU CO3/aHUU MOJEKYISIPHBIX
BEKTOPOB JJIsl IIMPOKOTO Kpyra xo3sieB. IlombiTkn
MIPEOI0JIETh TAHHOE 3aTPY/IHEHHUE ITYyTEM CO3aHUs
BEKTOPOB Ha ocHoBe perinkoHa RSF1010 u pa3-
HBIX ICTEPMUHAHT YCTOWYUBOCTH K aHTHOMOTHKAM
OBUIH MIPEIIPUHSTHI B psifie TabopaTopuil.
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Puc. 9.3. Cxema KOHCTpYUPOBaHUS KJIOHUPYIOIIHUX BEKTOPOB Ha ocHOBe mia3Musl RSF1010.

YepHbIME Kpy)Kamu 0003Ha4eHBI MecTa cBs3biBanus ¢ PHK-momumepasoii E. coli,
TOJICTBIMH JIMHUSAMH — 3K30reHHbIe (pparmenTsl JJHK, BcTpoennsie B cocraB RSF1010

OpHMMHE U3 TIEPBBIX HA0Op TaKWUX KIOHUPYIO-
IMX BEKTOpPOB (cM. puc. 9.3) nonyunnu M. barna-
capsia ¢ coaropamu (1981 r.). [lnasmuma pKT210
COAEP)KUT YHHMKAJIbHbIE YYACTKH y3HaBaHUS PECT-
pukra3 EcoRl, Sstl u Hindlll. ITpu stom HindlIl
HaXOAMTCS BHE TEHOB aHTUOMOTHUKOYCTOHYHUBOCTH.
[Tnazmuma pKT248 kpome yuactkoB EcoRI u Ssl
umeet cait Sall B rere cat (Cmr).

Bexrop pKT231 (Km'Sm') MOXHO HCIIOJIB30-
BaTh I KiioHupoBanus parmentos JJHK mo yua-
crkam Hindlll, Xmal (Smal), Xhol (Sm'Kms);
EcoRl, Sstl (Km'Smr); Clal u BstEIl (cenekrus-
HbIE Mapkepsl He mnoBpexnarorcs). Ilmasmuna

pKT230 comepkuT modTn Takoi e Habop ydact-
KOB JIJIsl BCTpO#KHU (hparmMeHToB, kak 1 pKT231, 3a
uckitoueHueM caira Clal, n 7OOTHUTENHEHO NMe-
eT ydyacTok BamHI BHE T€éHOB yCTOMYMBOCTH K aH-
TUOMOTHKAM.

Heo0xonmumo oTMETHTB, YTO T€H yCTOWYHBOC-
TH K CTPENTOMHLUHY B PACCMOTPEHHBIX IUIA3MU-
Jax TPaHCKPUOUPYETCsl ¢ MPOMOTOPOB, JOKAIN30-
BaHHBIX BO BCTPOCHHBIX Pstl-dpparMenTax pasiny-
HOTO MPOUCXOKICHHUS.

Bcerpoiikoit BstEll-pparmenra kocmuast E. co-
li pHSG422, conepskamero reH bla (Apr) u yJac-
TOK cos (hara A, OblIa MoJTy4eHa KOCMHU/Ia IUPOKO-
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EcoRI1 Hpal

Pstl

CCGGATCCGG

EcoRI BamHI

Psil

Smal

Pstl BsfEII

EcoRI Hpal
Bng Pstl

Pstl EcoRI
Pyull

BamHI

Puc. 9.4. KoHCTpyHpOBaHUE KOCMUAHBIX BEKTOPOB, UMEIOIIUX IIUPOKUI KPYT X035€B

ro kpyra xo3sieB pKT247 (cm. puc. 9.3). JlanHbIii
BEKTOp OOECMeuynBaeT BO3MOKHOCTh BCTPOMKH
KpPYIHBIX ()ParMeHTOB, FTCHEPUPOBAHHBIX PECTPUK-
tazamu EcoRl n Sstl, ymakoBku in vitro rubpua-
Heix JIHK B wactuisr dgara A (cMm. 2.1.5) u BBene-
HUS MX 3aTeM B KileTku E. coli.

Cosznanre KOCMH/ ¢ IMAPOKUM KPYTOM XO35€B
UMeEEeT BAKHOE 3HAYCHUE NJISl Pa3BUTHUS TCHETHYC-
CKOTO aHalM3a TPaMOTPHIATENFHBIX OaKTepuil.
IIpu dbopmupoBaHUN TPENCTABUTEIBHBIX KJIOHO-
TEK M3y4aeMbIX TCHOMOB O0OBIYHO HUCIOJIB3YIOT pe-
crpuktassl Sau3 Al wimm Mbol (M30mm3oMepsl), Ko-
TOPBIMU B YCIIOBUSAX HETIOJHOTO THAPOIN3a paciie-
mwsiroT JIHK Ha mnepekpsiBaroiipecss KpyIHbIe
(hparMeHTBI M BCTPAUBAIOT UX B KOCMUJIBI 110 y4a-

ctky BamHI. C yuetom storo B 1983 r. Ha ocHOBe
perumkoHa RSF1010 ObIIM co3maHbl  KOCMUIBI
pPMMB33 u pMMB34 (puc. 9.4), coaepxariue
B CBOEM COCTaBE CAaWT THAPOJM3a PECTPUKTA30U
BamHI. B npanbueiiuem H. Kun ¢ coaBropamu
(1988 r.) momyunnu kocmuay pLAFR-5 (puc. 9.5),
KOTOpasi HECeT [Ba COS-ydacTKa U 00ecleduBaeT
BO3MOXKHOCTB BBICOKO3((EKTUBHOTO KOHCTPYHUPO-
BaHMs OMONMMOTEK TreHoB mo Merony belitca u
Ceudra (cM. puc. 2.22) npu TUAPOIHU3E BEKTOPa
pectpukrazamu BamHI u Scal (nocnenusst ¢op-
MUPYET TYIbIC KOHIBI).

Krnonupyromue miasMuaHbie BEKTOPBI Ha OC-
HoBe perumkoHa RSF1010 ¢ kaxkasIM rogoM co-
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pLAFR-5
21,5 T

ori pPBR322
Sall

oriQ

13 4tnH &

Puc. 9.5. Knonupyromue BeKTOpbl Ha ocHOBe TutazMuasl RSF1010.

oriQQ — pennukarop miasmMuasl RSF1010

BepIIEHCTBYIOTCSA. HekoTophlie M3 HUX TIpecTaBIie-
HBI Ha puc. 9.5.

IIpu xoncrpyupoBanuu rubpugnbix JHK
in Vvitro COAEp’KaHHUE LENEBBIX MOJEKY]I B CMECH,
MOJTyYEHHOH IOCJIE JTUTAa3HON PEeaKINH, HEBEIHKO.
[ToaTomy 11 BBEZIEHUS 3TUX MOJIEKYJ] B OaKTepUHU
1 MX aMIUTM(UKaLU HeoOXoAuMa CUCTEMa C BbI-
COKOM 3P PEKTUBHOCTHIO TpaHCHOpMaIIu 1 0TOO-
pa rubpunoB. boiee Bcero mist 3TOro MOAXOIUT
E. coli. Ilocne BbIsSBIEHUS U TOAPOOHOTO aHATN3a
neneBblx TuOpuaHbix Monekyn JHK, nomyduenHbix
Ha OCHOBE BEKTOPOB IIMPOKOTO KPyra X03s€B, UX
MOYKHO U3 KJIETOK E. coli KOHBIOTalIMOHHO IIEPEHO-
CUTH (MOOWMIIM30BaTh) MPAKTUYECKH B JIFOOOW BHJ
rpaMOTPULATEIbHBIX OaKTepUil M H3y4yaTb JKCII-
peccuio KIOHUPOBAaHHBIX TEHOB B HOBOM T'€HETH-
4yecKoM (OMOXMMHYECKOM) OKpyx)eHuu. s Tako-
ro TiepeHoca TUTa3MH/Ia-TIOMOITHUK (YaIlle BCEro
rpynisl IncP) nomkHa HaXOOUTHCS B TOH K€ KIIET-
Ke, B KOTOPYIO BBeAcHa THOpuHas Mmojekyia JJHK
Ha ocHOBe IncQ-perumkoHa, coaepikarias HeoOxo-
JUMBIE 111 MOOMITM3AIlNY TeHETHYECKNE IeTEPMU-
HaHThl mob u ori'T.

B nonasrnsromnieM OOMBITUHCTBE pabOT UCTIONb-
3yIOT MMEHHO KOHBIOTALMOHHBIM IEpeHoc IuIa3-
MUAHBIX (KocMuaHBIX) Monekyn JIHK B kietku
rpaMOTPULATEIbHBIX OaKTepUil pa3IMYHbBIX TaKCO-
HOMHYECKUX TPYyNI, a He TpaHchopmaruio. ITo
00yCIIOBIICHO psIIOM NpHYUH. Bo-mepBbIX, is

MHOTHX BUJIOB OakTepuil 3QQeKTHBHBIC METOJbI
TpaHcpopManuu moka He orpaboraHbl. Bo-Bro-
PBIX, OOJBIIOE YHCIO HCIOJB3YEMBIX IITAMMOB
COJIEPKAT CUCTEMBI PECTPUKINU—MOIU(DUKAIIIH,
KOTOpbIe 3HAYUTEIHFHO CHWXAIT 3((HEKTHBHOCTH
TpaHcHOpPMaIUX IBYXIETIOYEIHBIMH MOJIEKYJIaMHU
JHK. B-tperbux, ans ocymecTBieHus Tpanchop-
MaIy HeOOX0AUMO TUIa3MuULy (KOCMHUTY) Hapaba-
TBIBaTh, BBIJICJISATH U3 KJIETOK, O4HMIIaTh. Bee mepe-
YHUCJICHHBIC 3aTPYIHEHHS JIETKO MPEOJ0JeTh, BbI-
TIOJTHSIST METOAWYECKH MPOCTYIO MPOLEAYPY KOHB-
foranmu OakTepuid. [Ipu 3TOM BHEXPOMOCOMHYIO
JHK He HyXHO BBIJIENATH U3 KJIETOK, a MEPEHOC
MOOHMITU3YEMBIX MOJIEKYJ TIPOMCXOJHUT C BBICOKOW
yacroroii (06sraHO He MeHee 10-! Ha | moHOpHYIO
KJIETKY ), YTO TO3BOJISIET HAJIS)KHO BBOJMTH HX B T'e-
TEPOJIOTHYHOE OKPY)KEHHE JaKe MpH HaJIHIUH
R-M-cucrem, Tak Kak B JaHHOM clly4yae MEpeHO-
CHUTCs ofHa nenb miasmugaon JJTHK.

Kpome pa3paboTku KIOHHPYIOHIUX BEKTOPOB
UCCIIeIOBATENN YACISIOT OOJbIIOe BHUMAHHUE CO-
30aHMI0 HAa OCHOBE IIasMuj rpymnmbl IncQ skc-
MIPECCUPYIOIIUX BEKTOPOB, KOTOPbIE OBLITN OBI CIIO-
COOHBI HE TOJIBKO PETLTUIIMPOBATHCS, HO U HAIPaB-
JSTh TPAHCKPHITIIAIO BCTPOSHHBIX ITOCIIEIOBATENb-
Hocteit [IHK B pa3iuuHbIX IpamMOTpUIATEIbHBIX
bakrepusx. M. bargacapsia ¢ coasropamu (1983 1)
CO3/1aJI TIEPBYI0 BEKTOpHYIO Tutasmuny pKT240
(puc. 9.6), npenHa3HAUEHHYIO JUISI KIOHUPOBAHUS
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Puc. 9.6. Cxema coznanus wiazmuasl pPKT240 v mrazmuasl pMMB22 ¢ peryaupyeMbiM TPOMOTOPOM

U (EHOTUITUYECCKOTO OTOOpa MPOMOTOPCOJICPIKA-
mmx ¢gparmentoB JIHK. Ilpu 3amene 8 RSF1010
BstEll-EcoRI-¢pparmenTa Ha pparMeHT I1a3MHUIbI
pHSG415, coxpepxamuii TreHbl YCTOMYMBOCTU
K aMIIMIWUIMHY WU KaHaMUIIUHY, MOJIy4YC€Ha I1j1a3-
MHJIa, Y KOTOPOH COXpaHEHa KOAMPYIOILas 1ociie-
JloBaTeibHOCTh reHa aphC (Smt), HO I €€ IKCII-
peccun HEOOXOAHMM IPOMOTOP, HAMPABIISIFOLINHI
TPAHCKPUIIIIUIO 3TOI'0 Yy4aCcTKa IJIa3MU/JIbI. ABTOpI)I
Berpomwn B pKT240 dparment HindllI-EcoRI
(260 mH), comepKamMii TPOMOTOP Pre (CM.
puc. 3.2), u o denorury Ap'Sm'Kms otobpanu
rudpuHyto miasmMuay pMMBG6, kotopast netep-
MHHHEpOBajda dS(MPEKTUBHYIO HKCIPECCHI0 TEHA
aphC kak B xnetkax E. coli, Tak u B Pseudomonas
putida.

B 1981 r. C. Haraxapu Ha npumepe THOpUAHOM
miasmMuael RSF1010-t7p (secer rensl Tpuntoda-
HOBOTO orepoHa E. coli) mokaszani, 4To KOHCTHUTY-
THUBHBIA CBEPXCUHTE3 TPUNTODAHCUHTETA3HI £. co-
li B xnerkax P. aeruginosa MpUBOAUT K BBICOKON
HECTaOMIILHOCTH THOPHUTHON TTa3MUABI U OBICTPO-

Tabauya 9.3. Ixenpeccusi reHa
KaTeXxoJ1-2,3-THOKCUTeHAa3bI 0] KOHTPOJIeM
MPOMOTOPA Pyye

DdepmeHTaTHBHAS
Bakrepus- | AKTHBHOCTB, €. a./(MI' * MHH)
ITnasmuna OB -
C HHIYKIHEH
0e3 MHIYKINN WNTT!
pMMB2S | 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 MM UIITT past E. coli u 5 MM muist P. putida.

MY CHID)KEHUIO B KJIETKAaX YPOBHS aKTUBHOCTH JIaH-
Horo ¢epmenTa. [loaTomy npeanoyTuTesbHEE IPHU
CO3/IaHUH KCIIPECCUPYIOIINX BEKTOPOB UCII0JIB30-
BaTb PEryIupyeMble IPOMOTOPBI, KOTOPbIE MOYKHO
3¢ GEKTHUBHO PENPECCUPOBATh, a B HY>KHBI MOMEHT
CHMMaTb 3Ty PEeNpeccuio (MHIYLUpPOBAaTh TPaHC-
KPHIILHIO).

B xnetkax E. coli pyHKIMOHUPOBAHKE IIPOMO-
TOpa Py PETYIHpyeTcs HpOLyKToM TIeHa lacl
(cm. 3.2). TToaTomMy B cocTaB TutazMuasl pMMB6
M. barpacapsin ¢ coaBTopaMu BCTPOUJIM I'€H lacI®
(cm. puc. 9.6). Okazanock, 4TO 3TOT T€H dKCIpec-
cupyeTcs He ToNbKO B E. coli, Ho u B P, putida v 5¢-
(hEeKTHBHO penpeccupyeT TPAHCKPHUIIIHIO C TPOMO-
TOpA Py 1lpy BHECEHHHU B Cpely B KadeCTBE MH-
nykropa UIITI penpeccust cHUMaeTcst U ILIa3MHU-
JI0COJIEPIKAIIHME KIIETKH MEHSIIOT (peHOTHII ¢ Sm® Ha
Sm'. JlaHHasi cCHCTeMa DJKCIPECCHH TaKXe Oblia
MpOBEpPEHA MpU BCTpoiike B BekTopel pMMB6 u
pMMB22 no yuactky EcoRI ¢parmenra mma3zmu-
ne1 Ononerpaganun TOL, coneprkaiiero reH kare-
X071-2,3-mroKcureHassl. [loydeHHbIe THOPHIHBIC
IJIa3MHJTBI COOTBETCTBEHHO 0003Haumm pMMB26
u pMMB25. Ananu3 3KCpeccu TMOPHUIHBIX KOH-
CTPYKIMi Tmoka3zanm (tabm. 9.3), YTO BEKTOp
pPMMB22 o0ecrnieunBaeT peryjaupyeMyro TpaHC-
KPHUIIIHIO BCTPOCHHOTO TeHa KakK B KJeTkax £. coli,
tak u B P, putida.

g pacmupeHns BO3MOXHOCTEH MOIy4YeHHO-
ro sKkcnpeccupyromero Bekropa H. Mepmoa ¢ co-
aBTopamu (1986 1) B x011€e psiia TeHHO-UHKEHep-
HBIX MaHMITYJSIIUNA PEKOHCTPYHUPOBAIHU €r0 B BEK-
Top pPMMB66EH (puc. 9.7). B aT0i1 mitazmMue no-
CJIe IPOMOTOPA Pyge PACTIONOXKEH MOIMIHHKED, 110~
3BosistolMid BeTpauBath (parmentsl JIHK, rene-
pUpOBaHHBIE PA3IUYHBIMH PECTPUKTA3AMHU, a TI0-
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Puc. 9.7. Dxcripeccupyromniye BEeKTOpbl, peIHa3HaYeHHbIE IS ITUPOKOTO KpyTra rpaMOTPULATENIbHBIX OakTepuit

cie rena rrnB 5S pubocomuorr PHK nHaxomsTcs
JIBa TepPMUHATOpa TpaHCKpunimy. Hamnane tepmu-
HATOPOB TPAHCKPHUIIIUK JIOJDKHO CTa0MIIN3UPOBATh
noanepxkanue rudpuaneix mosnekyn JJHK B Gakre-
pUANBbHBIX KJIETKAaX MPU MHTEHCUBHOW TPAHCKPHUII-
IIM1 BCTPOEHHBIX MOCIEI0BAaTEIbHOCTEN C IPOMO-
topa. [Tocie Berpotiku B pMMBO6EH Pstl-dpar-
MeHTa tiasmuel RP4, necymero ren JIHK-mipaii-
Ma3pl, OBIIa TIOTydYeHa THOpHUAHAS TUTa3MHUIA
pWP101, nerepmunupyromas cuHTe3 3TOTO (hep-
MeHTa. 3areM pWP101 nepenecnu B pasnuunbie
TaMMbl TPaAMOTPHIIATSIBHBIX OaKTepUi ITyTeM
mooOumu3anuu IncP-mmasmunoii. [ocine uuTyKIUN
TPAHCKPHIILUH C Pyge ¢ TOMOIIBI0 UITTT 6611 BBI-
siBrieH 3¢ dexruBHbIi cuntes JJHK-npaiimassl B Ta-
KuX OakTepusix, kak Escherichia coli, Pseudomo-
nas aeruginosa, Proteus mirabilis, Serratia mar-
cescens, Klebsiella aerogenes m Methylomonas
clara.

k. Canues u [Ix. Xonmrpas (1989 r) ucnons-
30BaJIM CO3/[AHHYIO BEKTOPHYIO CHCTEMY JUIS DKC-
MIPECCUH TeHa, KOAUPYIoNero cyobeannuiyy B xo-
JIEPHOTO TOKCHHA. XOJIEPHBIH TOKCHH 10 OpraHu3a-
MU OYEHB TIOXOK Ha TEPMOIAOITBLHBIN SHTEPOTOK-
cuH E. coli 1 cOCTOUT W3 OTHON CYOBETMHHUIBI A,
KOTOpasi OTBETCTBEHHA 3a AaKTHBAIMIO aJICHHJIAT-
LUKJIA3bl, IPUBOSILIYIO K TOKCHUECKOMY dddeKTy,
U 1ATH uaeHTHYHbIX cyobenaunui] B (CTB), koro-
pble 00eCIeUrBaIOT CBI3bIBAHNE TOKCHHA C KJICTKa-

mu-mutieHsMu. [lokazano, uro CTB sBisercs »¢-
(heKTUBHBIM MMMYHOTE€HOM, 3alHIIAFOIINM YeJI0-
BeKa OT XOJIEPHI U JIMapeH, BBI3bIBAEMOM YHTEpOIa-
TOTCHHBIMU INTaMMaMu E. coli. OpaibHYIO BaKIIH-
HY IOJIy4arOT WHAKTUBAIIMEH KYJIBTYPBI XOJCPHBIX
BUOPHOHOB, KOTOpasl Hapsay C BHEKICTOUYHBIMHU
CTB conepsxur 1ienble kinetku Vibrio cholerae. Yc-
TIEITHOE HCIOIh30BAaHNE TAKOW BAKIIMHBI JJIS TIPO-
(hMITaKTUKY YKa3aHHBIX 3a00JIEBaHUI M ITOCTaBUIIO
Ha MOBECTKY JHS BOIIPOC O KPYITHOMACIITaOHOW Ha-
pabotke CTB. Ha ocHOBe 3kcnpeccupyromero Bek-
topa pMMB66EH (cMm. puc. 9.7) ynanock co3narh
mrammel V. cholerae, xotopeie o npoaykuuu CTB
NPEBOCXOMSAT HCIOJIB30BABIINECS PaHEe INTaMMBI
B 50-100 pa3 (mpu UHIYKIMNA TPAHCKPHIILUH C Py
Ha THOPUTHOU TUTA3MHIE).

Hapsny c tac-npomoropom a¢ppexruBaO PyHK-
[UOHUPYET B IIUPOKOM KPYTe X035€B H TIPOMOTOP
Placuvs. Tak, anruiickue uccnenosarenu B 1982 r.
IIPOJIEMOHCTPUPOBAJIN, YTO CUHTETHUECKUH T'eH WH-
TepdepoHa a1 yenoBeka, COCTHIKOBAHHBIN C MPO-
MOTOPOM DiacUvs, YPPEKTUBHO IKCIPECCUPYETCs
B coctaBe pGSS15 (cm. puc. 9.5) B kietkax E. coli
u Methylophilus methylotrophus. Ilpudem B MeTH-
nmotrpode, comepkameM THOPHUIHYIO ILDIa3MHULIY,
YpOBEHb CHHTE3a MHTEp(EepOHa MPUMEPHO BIIBOE
MIPEBOCXOJIUT TAKOBOH B KieTkax E. coli. Crioco0-
HOCTh METHIOTPO(HBIX OaKTEpHil pacTH Ha JeIIe-
BBIX OJIHOYIVIEPOJHBIX CyOCTparax B Ka4yeCTBE
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€IMHCTBEHHOTO HCTOYHHUKA yIIepoja W JHEPrHu
JIeJTaeT MX MEePCHeKTUBHBIMU JIJIsi OMOTEXHOJIOTH-
YeCKOr0 MCIIOIB30BaHUSI.

Yxe niepBble TeHHO-WHKXEHEPHBIE dKCIIEPUMEH-
TBI [TOKA3aJId, YTO OJMH U TOT K€ T€H B TPaMOTpH-
[aTENBHBIX OaKTEePHUSIX, OTHOCSIIUXCA K Pa3sHBIM
ceMelicTBaM, polaM M JaXe K Pa3HbIM BHIAM O[-
HOTO pOJia, MOXKET OOYCIIOBIHMBATH 3HAYUTEIHHO
pa3nuyaroIMiics YpoBEeHb CHHTE3a KOJUPYEMOIO
uM Oenka. [IpuamHBI 3TOTO Yale BCEro He SICHBI.
VYuuteiBast otH pesyasrarsl, B. I. /lebaboB ¢ co-
TPYAHUKaMU TPEITIOKIIH CICIYIONIYI0 CXEMY HC-
CIICZIOBaHMI: IEJICBOH TEH BCTPaMBaETCsl B IKC-
NPECCUPYIOIIUI BEKTOP C IIUPOKHM KPYTroM XO03s-
€B M IMOJyuyeHHas THOpuAHAs IUIA3MHUAA 3aTeM
KOHBIOTAIIHOHHO MEPEHOCHTCSI B OOJIBIIOE YHCIIO
IITAMMOB Pa3HBIX TPAMOTPUIIATEILHBIX OAKTEPHIA.
Co3manHble TaKUM 00pa3oM THOPUIHBIC ITAMMBI
CPaBHHMBAIOT TI0 YPOBHIO TPOIYKIIUH IIEIEBOTO
OeJKa 1 BBIOMPAIOT HAMIYYIINI BapHAHT.

[IpexpacHble pe3yabTaThl dTH HCCIIEIOBATEIN
noiyymiy B 1984 1. npu KIOHUPOBAaHUM I'eHa WH-
TepdepoHa a2 4eroBeKa B COCTaBe BEKTOpa Ha OC-
nose miaszmuasl RSF1010 mox koHTpoiem mpomo-
TOpa Placuys. CKOHCTPYHMPOBAHHYHO THOPUIHYIO
MIA3MHIY MyTeM MOOMIM3alUK KOHBIOTAIIMOHHO
TIEPEeHECITH B JIECSATKH IITAMMOB TPaMOTPHUIATENb-
HBIX OaKkTepui, oTHOCAIUXCS K poram Methylomo-
nas, Salmonella, Pseudomonas, Erwinia, Serratia,
Rhizobium wn np. Hanbonpmias npogyKuust HHTEP-
(bepoHa Obuia OOHapyxeHa B InTtamme Pseudomo-
nas sp. Conepxanne nHTephepoHa B ITOH Oaxre-
pun B 100 pa3 nmpeBoCXOMIO TAKOBOE B MCXOAHOM
mramme E. coli u pocturano yposus 1010 e, a./m.
[IprunHBI TOBBIIEHHOW MPOAYKLUUN HHTEPPEPO-
Ha B KJETKax Pseudomonas sp. HE SICHBL. BO3MOX-
HO, B HOBOM XO35IMHE ITOBBINIAETCS] CTA0MIBHOCTh
oenka u/unu MPHK, curnanbl nHMIMAIIUN TpaHC-
KPHUIIAA W/ AN TPAHCIISIIIAY UCTIOIB3YIOTCS OoJee
a¢dekruBHO. ['MOpUIHAS TUTa3MKIA, & ClIE0BaTe-
JHHO, U KIIOHWPOBAHHBIM T€H MOTYT HMETh IOBBI-
LICHHYI0 KONUHHOCTB. CKOpee Bcero, B JTaHHOM
cllydae MMeJI0 MECTO M3MEHEHHE OJIHOBPEMEHHO
HECKOIIbKHX TTapaMeTPOB IKCIIPECCHU TYKEPOTHO-
ro rena. Co3ianHeli mraMMm Pseudomonas sp. ObL1
WCTIONB30BaH IS pa3paOOTKH MEPBON TEXHOJIOTHH
MHUKPOOHOJIOTMUYECKOTO MONyuYeHHs HHTeppepoHa
yesoseka B Poccuu.

Mypooka u Mutanu B 1985 1. mpogemMoHcTpu-
pOBaJIH, YTO CHIIBHBIE TIPOMOTOPHI (hara A crocob-
HBI HAIIPABIIATh TPAHCKPHUIIIIUIO HE TOJIBKO B KJIET-
kax E. coli, HO m B OakTepusx pomoB Serratia,
Citrobacter, Klebsiella. [I)x. MaTTHK ¢ coaBTOpa-
MU (1987 1) ucrosp30Baiy 3TOT HaKT AT PELICHHs
BaKHOU MpakTU4eckoi 3anauu. U3BecTHO, 4TO y psi-
Jla TaTOTEeHHBIX OakTepuii (Bacteroides nodosus,

Moraxella bovis, Neisseria gonorrhoeae, Pseudo-
monas aeruginosa M Jip.) 00pa3yroTcsl Ha TIOBEPX-
HOCTH KJICTOK (PUMOpPHH, KOTOPKIE 110 CYIIECTBYO-
el KIacCu(GUKaUU OTHOCATCS K OAHOMY THILY.
Ot GpuMOpHK UTPaIOT BXKHYIO POJIb KaK B [ATOTe-
Hese 3a00JIeBaHUM, BEI3BIBAEMBIX JaHHBIMU OaKTe-
pUSMH, TaK U B pOPMUPOBAHUN HMMYHHOTO OTBETa
opranusma. B wactHOCTH, Bacteroides nodosus,
rpaMOTPULATEIbHBIN aHadPOO, SBISETCS OAHUM U3
IJIaBHBIX 3THOJIOTHYECKUX areHTOB, BBI3BIBAIOIINX
3a00j1eBaHUe MO/ Ha3BAHHEM OBEYbSI KOIBITHAS
rauib. JlanHoe 3a00s1eBaHNE HAHOCUT CYIIECTBEH-
HBIA YPOH >KMBOTHOBOJCTBY, U TOXTOMY BEIETCS
AKTUBHBINA MTOUCK ITyTEH €T0 MPOPUITAKTHKH.

Haubonee s¢hexTBHBII MOIX01 — BakKIHHA-
Vsl JKUBOTHBIX TIpernaparoM (GUMOPHIA MITH LIETBIX
kiIeToK. OIHAKO Takue BaKLUHBI OTHOCHTEJIBHO
JOPOTH, TaK KaK KyJIBTHBUPOBATh B. nodosus noc-
TaTOYHO CJIOXKHO. [TONBITKH CO37aTh MPOAYLEHTHI
bumOpuit B. nodosus Ha ocHOBE KIETOK E. coli
HE JJaJId O)KUAAEMOTO pe3ynbTara, TaKk KaK CHHTe-
3upyemble B E. coli cTpyKTypHBIE CyOBEIUHHIIBI
HE COOMPAIOTCS B 3peibiec GUMOpPHH, a JTOKATU3Y-
I0TCS B KJIETOYHOW MeMOpane. [lomHOIeHHBIH Ke
HMMYHHBI OTBET MOXKHO TIOJIyYUTHb JIMIIb IPH
BaKIIMHAIMY IIpernaparoM Gumopuii. [loatomy Bo3-
HUKJIA UAEs UCIOJIb30BaTh B KaYeCTBE MPOIYLIEH-
TOB OakTepuu, cnocoOHbIe (HOPMHUPOBATH AHAIO-
ruyHble GuMOpuu. Jns 1ol uenu BeiOpanu Pseu-
domonas aeruginosa. B KJIOHUPYIOIIHIA BEKTOP
pKT240 Bcrpownu reH cyObenuHUIBI (GUMOpPHIA,
COCTBIKOBAHHBIH C CHJIBHBIM MPOMOTOPOM pr ¢a-
ra A. B mnomydennom mramme P aeruginosa
B OOJIBIIIOM KOJIMYECTBE CHHTE3MPOBAIACh CyObhe-
nuHALa GUMOpHi 1, Oosee TOro, Ha MOBEPXHOCTH
KJIETOK (hOpMHUpOBAJKCh 3peibie GuMOpHu, HE OT-
muaumble oT GuMmOpuit B. nodosus. Co3maHHBIHA
LITaMM O3BOJIMJ 3HAYUTENBHO YHPOCTUTH TOIY-
YeHHEe BaKLUUHHOTO Tperapara MPOTHUB KOMBITHOM
THHJIM KMBOTHBIX. KpoMe TOro, MOCKONBKY JUIst
cOopku (huMOpHI BaKHOE 3HAYCHHE WMEET JIUIIh
N-KkoHIEBass TMOCIEAOBATEIbHOCTh CTPYKTYPHOR
cyObenuuanIIbl, a C-KOHIEBAS MOXKET CYIICCTBEHHO
BapbUPOBaTh, UMEETCS BO3MOXHOCTb, BBOAS B O[-
HY KJIETKY T'€HbI CTPYKTYPHBIX CyObeJUHUL PUMO-
pUil  pasHBIX CEPOTHIOB (OTIIMYAIOLIUXCS TI0
C-KOHIIEBOH MOCIIEIOBATEILHOCTH ), TTOJIYYaTh MPH
UX OIHOBPEMEHHOW SKCIPECCHH CMEIIaHHbIE (PUM-
OpuH, KOTOPHIE SIBATCS MOJIMBAJICHTHBIMHA BaKIH-
HaMH HOBOTO THIIA.

P. Jlumanc c coaBropamu (1987 1.) co3mamm
OoJiee COBEPIICHHYIO CUCTEMY IKCIIPECCHU dyKe-
POAHBIX F'€HOB C UCIIOJIB30BaHUEM IIPOMOTOpa (ha-
ra A. B knonupyrommuii Bekrop pKT240 napsimy
¢ ¢aroBbIM NMPOMOTOPOM OHHU BBEJIM I'€H TEpMO-
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Tabnuya 9.4. CunTe3 HHTEPJEHKHUHA 2 YeJloBeKa,
Hanpasasemblil niasmuaoii pPLGN1HIL2,
B IPaMOTPHIATEIbHBIX DaKTepPHsIX

bakrepus- Tewmmeparypa AKTUBHOCTb
KyJIbTUBUPOBA-
XO3SIMH o IL-2, e. a./mi
s, °C
Escherichia 28 <1
coli MC1061 42 4200
Erwinia 28 <1
chrysanthemi 42 600
Erwinia 28 <1
carotovora 42 525
Serratia 28 <1
marcescens 42 780

YyBCTBUTEIBHOTO pemnpeccopa clgs7. B ckoncTpyn-
poBanHOM Bektope pPLGNI (cm. puc. 9.7) Pvull-
(parMeHT, HaXOISIIMICS B paiioHe reHa yCTONYu-
BOCTH K CTPENTOMHUIINHY, 3aMEHIIN Ha KOTUPYIO-
LIYIO [TOCIIEIOBATENILHOCTE 3peiioi popMbl HHTEp-
JeKuHA 2 YeI0BeKa, COCTHIKOBAHHYIO C yYaCTKOM
CBsI3bIBaHUS pubocoM rena ner ¢para Mu. Co3nan-
Hyto THOpuaHyTo wiasmuny pPLGN1HIL2 u3 kie-
Tok E. coli KOHBIOTAlMOHHO TepeHechu (MoOH-
TM30BaN) B GakTepuu pomoB Erwinia u Serratia.
Amnanus skcripeccun reHa [L-2 mokasan (tabm. 9.4),
9TO TIPOMOTOP pr, para A PyHKIIMOHKPYET BO BCEX
9THX OAaKTEPHAX M €0 aKTHBHOCTH PETYIHPYETCS
(haroBwIM perpeccopom cl, kak u B kiIeTkax E. co-
li — ecTecTBEHHOM X03siuHe (ara 4.
Bo3MokHOCTH ApYroi XOpOI1I0 U3y4EeHHOH /11
E. coli BexTOpHOH crcTeMBI, 00eCTIEUHBAIOIICH pe-
TYJIUPYEMYI0 TPaHCKPHIILHUIO KIIOHHPOBAaHHBIX I'e-
HOB, — CHCTEMBI Ha ocHOBe mpomoropa u PHK-
noiumMepasbl para T7 (cMm. 3.2) — ucnonb3oBal
JUTSL CO3/TaHUSI BEKTOPOB HIMPOKOTO KpyTa XO3s5ieB
H. Iarparuc (1987 r.). [Tnasmuna pKT230 (IncQ)
Obu1a 00BEIMHEHA C TEHETUYECKOI KOHCTPYKIHEH,

lac po

BamHI

cocrosimield u3 rena lacl aukoro tuma (Koaupyer
penpeccop lac-onepona) u rena I ¢ara T7 (komu-
pyet ¢daropyto PHK-mmomumepasy), moMmenieHHOTO
O]l KOHTPOJIb TIPOMOTOPA Pracuys. | MOpHIHAS
wiazmuaa pNP148 (puc. 9.8) coxpanmia GpyHKINH
peTTMKaMd ¥ MOOWIM3AalUN MCXOAHOM IIa3Mu-
nbl. Ha ocHoBe IncP-pemnnukona co3ian 3KcIpec-
cupyromuii Bektop pNP109, KoTopEIil HEceT 1mo31-
HHUIA TipomoTtop (ara T7, MOACTPOCHHBIA K ITOJH-
JUHKEpHOH obmactn u3 mnasmuabl pUCILS. [lns
NPOBEpKU (YHKIMOHHUPOBAHUS DSTOH JIBYXILIa3-
muaHoi cucteMbl B pNP109 no BamHI-yuactky
scrpomwn pparment THK, conepskaniuii red 3-ra-
nakto3unasel E. coli. Tubpumayro mmasMumy
Tpanchopmanueil BBenu B kieTku E. coli[pNP148]
u Pseudomonas phaseolicola[pNP148]. B oboux
mTaMMax Tnocie Jo0aBJIeHHs! B IUTATEIbHYIO Cpe-
oy UITTT mabmomanack 3ppexkTrBHAS WHIYKIINS
CHHTe3a [-rajakTo3uaa3bl. YUHUTBIBas, YTO PEry-
JTUpyeMas CHCTeMa SKCIPECCUU C MPOMOTOPA Pjye
(YHKIMOHUPYET B IIUPOKOM Kpyre rpaMOTpHIIa-
TEJILHBIX OaKTEpHUil, MOXKHO PACCUMTHIBATH HA WC-
MTOJTb30BaHUE TCHETHYECKUX AJIeMEeHTOB Qara T7
JUTSE BBICOKOA((EKTUBHOM PETYTUPYyEeMON TPaHCK-
PUILMHN YyKEPOAHBIX TEHOB B pa3HBIX IPaMOTpPU-
[aTeIbHBIX OaKTEPHSIX.

TexHONOTHYECKHU MEePCIIEKTUBHYIO BEKTOPHYIO
CHCTEMY PETyIHpyeMOil SKCIIPECCUH KIIOHUPOBaH-
HBIX TeHOB pa3pabdortanu K. Tummuc ¢ corpymnHu-
kamu (19861988 rr.). Ha ocHOBE KJIIOHUPYIOIIETO
Bekrtopa pKT231 (cm. puc. 9.3) Obla CKOHCTPYH-
poBana miazmuga pNM185 (cm. puc. 9.7), B koTo-
pOii TeH yCTOMYMBOCTH K CTPENTOMHIMHY Haxo-
IUTCS TIOJT KOHTPOJIEM ABOWHOTO MPOMOTOPA Py
TOL-nmnasmunsr pWWO. Ilpomortop p,, Hampas-
JSET TPAHCKPUIIINIO OIEepOHa, JEeTePMUHUPYIO-
HIET0 MyTh METa-pacIICIICHHUs] apOMaTHUECKHX

BamHI

Q

pNP148
12,3 TiiH

—
o
<

oriQ
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Puc. 9.8. CnapeHHast BeKTOpHasi cucTeMa Ha ocHoBe nipomoTtopa U PHK-nonmmmepassr dara T7
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Tabnuya 9.5. CUHTe3 KaTeX0J1-2,3-1H0KCHIeHa3bl B 0aKTepusx, Hecymux miazmuay pNM187

AKTUBHOCTB (pepMeHTa, HMOJIL/MUH
baxrepus o OTHOHEHHCV
6e3 MHTyKIHH ¢ MHyKImei 5 MM aKTHBHOCTEH
MeTa-TollyaTa
I'pynna I
Pseudomonas aeruginosa 250 6000 24
Aeromonas hydrophila 19 1900 100
Pseudomonas putida 35 610 17
Aerobacter aerogenes 12 590 49
Serratia marcescens 5,6 460 82
Erwinia carotovora — 420 > 420
Escherichia coli — 410 >410
Klebsiella pneumoniae — 270 >270
Acinetobacter calcoaceticus — 58 > 58
Proteus mirabilis — —
I'pynna II
Pseudomonas testosteroni 120 460 4
Alcaligenes eutropus 1,6 7,6 5
I'pynmna III
Paracoccus denitrificans — 140 > 140
Agrobacterium tumefaciens 26 44 2
Rhizobium meliloti 6,6 9,0 1
Hexnaccngunnposanusie 6akTepun
Xanthomonas campestris 26 190 7
Hyphomicrobium sp. — 86 > 86
Moraxella nonliquefaciens — 32 >32

Ipumeuanue. baxtepuu crpynnupoBaHsl o npusHaxy romosioruu 5S PHK.

* AKTMBHOCTb HE BBISBIISETCS.

OpPraHMYECKHUX KHUCIJIOT, IPHUEM ITO3UTUBHBIM pe-
TYJIATOPOM 3TOTO IIPOMOTOPA SIBISICTCS OCIKOBBIM
npoaykT rena xy/S. [Toatomy B pNM185 BBeaen
u reH xy/S. AxtuBanus Oenka XylS mukpokonu-
yecTBaMM OCH30aTa WIM METa-TOJNyaTa MPUBOIAUT
K MHAYKLIUAW TPAHCKPUIIHH C Py,. 11 n3ydenus
BO3MOXHOCTEH CO31aHHOW CHCTEMBI HKCHPECCHUU
B pNM185 nmo EcoRI-yuactky BcTpomnu Qpar-
meHT TOL-mmazmunsr pWW?2, conepxamuii Ko-
JUPYIOIIYIO IOCJIEI0BAaTeIbHOCTh I'€Ha KaTeXOJ-
2,3-nuokcurenassl (xy/E). IlomydyeHHyto Takum
obpazom ruOpuaHy0 asmMuay pNM187 koHbIo-
rallMOHHO MIEPEHOCHITU B Pa3HbIC BUBI IPaMOTPH-
HaTeJIbHbIX OaKTEPHUH U aHATM3UPOBAIH IKCIPEC-
CHIO IIEJIEBOTO I'eHa B YCIOBUAX aKTUBALIMN Oelika
XylS u B orcyTcTBHE akTuBanuu (Tabdm. 9.5). Pe-
3yJbTaThl BBINOJIHEHHBIX HKCIEPUMEHTOB IpoJe-
MOHCTPHUPOBAJIH IHPOKHE BO3MOKHOCTH JTAHHON
CHCTEMBI PKCIIPECCUH UY>KEPOIHBIX TEHOB B pas-
HBIX BUAaX OakTepwii. BayxHo# M1 TeXHOIOTHYE-
CKOT'O HCIIOJIb30BaHUSI OCOOCHHOCTBIO TOW CHC-
TEMBI SIBIIIETCS TO, YTO SKCIPECCHSI KIOHUPYEMO-
ro FeHa aKTUBUPYETCs 100aBICHHEM MaJIbIX KOJIH-
YECTB OYEHb JCLIEBBIX XUMHUUECKUX COCIUHEHUH.

OTO BBITOIHO OTIWYAET €€ OT APYTrUX IeHHO-UH-
KEHEPHBIX CHUCTEM C PETYIHPYEMOU 3KCIIpeccueit
EJIEBBIX ['CHOB.

[Tpu n3ydeHnn GyHKIHOHUPOBAHUS TIA3MHUIbI
pNM185 ObLTH BBIZCICHBI €€ MTPON3BOIHEIE, KOTO-
pbI€ HANPABISIM CUHTE3 MYTaHTHBIX 0eKoB XylS,
00aaronX M3MEHEHHOH CHEeIM(PUIHOCTHIO IT0
OTHOUICHUIO K 3P PeKTOpHBIM MoJieKynaM. Tak, Oe-
7ok XylS2 He TOJIbKO aKTUBUPOBAJICS 3-METHIICA-
JIMIMAIATOM, KOTOPBIM HE aKTHUBHPYETCsl OeloK
XylS, HO mpu 3TOM 00yCIIOBIUBAN U OOJIee BHICO-
KU YPOBEHb TPAHCKPHUIILUU C IPOMOTOPA Dy
Kpome Toro, oOHapykeHO, YTO MPH MOBBIIICHUH
TEMIIEPaTypbl YPOBEHb TPAHCKPHIILIUH C TPOMOTO-
pa p, ¥ aktuBanus ero 6enxkom XylS cHmkaroTCs.
LenenanpaBieHHbI MOUCK TO3BOJHI BBIICIUTD
MyTaHT xy[S2tr6 (mnasmuna pERD2tr6), kotopsrit
HAIpaBJisul TPAHCKPUIILHIO C Py U TIPU MOBBIIICH-
HoW Temreparype. [lomectuB mocie mpomoropa
NOJMIIMHKED, MOMYYHIN 3KCIPECCUPYIOIINI BEK-
top pERD20 (cm. puc. 9.7), obecrnednBaroniuit
BO3MO)KHOCTb BCTPOMKM Pa3JIM4YHBIX (PparMeHToB
1 uX 3(Q(QEKTUBHYIO PEryITUPYyEeMYI0 SKCIPECCHIO
JTlake B TEPMO(PHUIIBHBIX OAKTEPHUSIX.
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HECOBMECTUMOCTMW IncP

Hexotopble rpynibsl rpaMOTpULIATENIbHBIX OaK-
TEpUi OCYIIECTBISIOT TaKHE YHUKAIbHBIE TPOIIEC-
Chl, KaK (PUKcalsi MOJIEKYJISIPHOTO a30Ta, OKUCIIe-
HHUE OAHOYIIIEPOJHBIX OPraHWYECKHX COEAMHEHHH,
YTUIM3ALMA apOMaTUUECKUX coeAnHeHui 1 ap. Kax
MIPaBUIIO, B KJIETKE 32 KaKABIN Takoi MeTalosmye-
CKHWH MyTh OTBeyaeT Habop (epMEeHTOB, (DYHKIHO-
HUPOBaHHE KOTOPBIX PEryaHpyeTcsl SKCIpeccHen
CIELHUAIbHBIX OIIEPOHOB, JTOKAIN3YIOIINXCS MM Ha
OakTepHajbHON XpOMOCOME, WM Ha IUIa3MHJE.
Bnecenne stux onepoHoOB (WK WX OTACIBHBIX Te-
HOB) B COCTaBE MHOTOKONMMNHBIX KJIOHHPYIOLINX
BEKTOPOB B OaKTEpUM IPYIMX TAKCOHOMHUYECKUX
TPYTIIT MOXKET MPUBOJUTD K CYTIEPCHHTE3Y COOTBET-
CTBYIOUIMX (DEPMEHTOB M THOENHN KIETOK M3-3a Ha-
pylIeHus ux Metadonndyeckoro OanaHnca (TOKcHYe-
ckuit apdexr). [Ipeomoners momoOHOE 3aTpyAHEHHE
MOJKHO, UCIIOJIb3Ysl HU3KOKOIMIHbIE BEKTOpbI. Hau-
OOJIBIINE yCIIEXH B CO3/IaHUU BEKTOPHOW CHCTEMBI
TAKOT0 THIIA C IMIMPOKUM KPYI'OM X035€B JOCTHTHY-
ThI IPU MaHUIYJSAUUAX ¢ azmMuo RK2. Ona ot-
HOcUTCA K rpyire IncP, sBisercsi KOHbIOraTUBHOM,
umeeT pazmep 60 THH, CTaOMITBHO TOAACPKUBACTCS
B IIMPOKOM CIIEKTPE IPaMOTPULATENILHBIX OaKTe-
puil Ipy HU3KOU KOTTUHHOCTH.

Bosnbiioli Bkinaa B pa3BUTHE JAaHHOM T€HHO-UH-
KCHEPHOM CHCTEMbI BHECIH COTPYIHHUKH Jiabopa-
topuu []. Xemmackoro (1979-1985 rr.). Onn nomiy-
g masmugy pRK290 (puc. 9.9), mocmyxus-
IIyI0O OCHOBOHM I CO3AaHHS JIPYIMX MHOTOYHC-
JICHHBIX MOJIEKYJSIPHBIX BEKTOPOB. YK€ TEpBbIE
AKCIIEPUMEHTHI NoKa3zaiu, uto pPRK290 coBmectu-
Ma ¢ razmugon pRK2013. TTocmeqasis Takxke sB-
nsetcs npousBogHor RK2, Ho y Hee ¢ momoribio
pecTpuKTa3 JeNeTHpPOBaH OoJbIION (parMeHT
JHK, Brxirouarommii COOCTBEHHBIH PETUIMKOH,
1 3aMmeHeH Ha peruukoH masmunsl ColEl. Ilpu
stoM B pRK2013 coxpanunuce Bce QyHKIUH
KOHBIOTAIIMOHHOI0 mepeHoca. Oka3anoch, 4YTO
pRK2013 crnocobna >ppexkTHBHO MOOMIH30BaTh
miazmMuny pRK290 u ee mpon3BogHbBIC B3 KIETOK
E. coli B IMpOKMiA KPYT IpaMOTPHULIATEIBHBIX OaK-
tepuil. HegocraTkoM 1aHHOM BEKTOPHON CUCTEMBI
siBisieTcst TO, uto nazmuasl pRK290 nu pRK2013
HUMEIOT pailoHbl TOMOJIOTUH U TI03TOMY CTaOMJIBHO
COCYIIECTBOBAaTh OHM MOTYT JIMIIb B KIJIETKax
E. coli, neexTHBIX 110 cucTeMe peKOMOUHAIIHH.

ITnasmmuma pRK290 comepXUT yHHUKAJIbHBIC
Y4acTKH Truaponusa pecrpukrazamu EcoRI u
Bglll, no KOTOPBIM MOXKHO KJIIOHHPOBAaTh K30TCH-
weie ¢parmentsl JIHK. Berpoiikoit cuHTeTHYE-
CKHX JIMHKepOB ydacTok Bgl/Il Obur 3amMeHeH Ha

cait BamHI (mnasmuma pRK291) wmm HindlIl
(pRK292). HenocraTtkoM 3THX TpeX BEKTOPOB SB-
JISIETCS OTCYTCTBHE BO3MOXKHOCTH TIPOCTOTO (heHO-
THUTTUYECKOTO 0TOOpa THOPUIHBIX KIIOHOB: OHH MO-
T'yT OBITh BBISIBIICHBI JIUIIb MOCIE THOPHUIU3AIIIT
HYKJIEMHOBBIX KHCJIOT WJIM PaIdOMMMYyHOaHaIH3a
in situ MO0 MPY KOMIUIEMEHTAIIMH OTIPEICICHHBIX
MyTalui KJIETKU-X03suHa. [loaToMy ycuius wuc-
ciemoBaTeeil ObUTH HAMpaBICHBI HA CO3IaHue 00-
Jee yAOoOHBIX MOJIEKYISIPHBIX BEKTOpOB. Paccmot-
puM HeKoTOpbIe U3 HuX (puc. 9.10).

[Mnasmuma pRK293 (KmrTct) coneprxut Haell-
({parment (1430 mH), HECYIMI T€H YCTOMYHUBOCTH
K KaHaMHUIIMHY M3 cOCTaBa TpaHcro3oHa 1n903.
JlanHas tuiazmuia odecrieunBaeT PEHOTUITHYECKUT
0TOOp TUOPHUIOB MPH MHAKTUBAIIMYA TCHETUYECKOIO
mapkepa Kmr (Bcrpoiika mo Hindlll- wm
Xhol-yuactkam) uim Tcr (BeTpoiika o caity Sall).

pRK310 saBusierca npousBogHoit pRK290, ne-
cymeit Haell-¢pparment (424 mH) masmuas pUCY
(cm. puc. 2.35), comepKammii KOAUPYIOMIYIO TIO-
CIIEJIOBATENLHOCTh ((-TICNITH/A [3-TaJaKTO3H/1a3bl
U TIOJIWITUHKEPHYIO o0nacTh. [ MOpuHbIe mia3Mu-
IIbl BBISBIIAIOTCS TOCHE TpaHCchOpMaIui KIIETOK
E. coli, cunresupyromux Ie(GeKTHYO [-raaakro-
3uaa3y (¢-akuenrTop), Mo OKpacKe KOJOHHH, BbI-
pOCIINX Ha arapu30BaHHOM cpeie C TeTparuKiIn-
oM, UIITT u Xgal (moxpobHee o faHHOW cucTeMe
orbopa cm. 2.2.6).

Bexrop pRK311 mpencrasnser coboli KOCMHU-
Iy C APOKUM KPYTOM X035€B, TOTYyUEHHYIO TTOCTIEe
BcTpoiiku B pRK310 Bgl/ll-pparmenta (1,6 TriH) 3
cocraBa kocmuzsl E. coli pHC79, comepxamiero
cos-caiT (ara 4.

P. ®eitau ¢ coaBropamu (1988 1) Ha OcHOBE
pRK290 co3zpanu mnasmuny pAF300, npennasna-
yeHHyto i cenekiuu pparmentos JIHK, xoro-
pBI€ CTIOCOOHBI BBHITIONHATH (PYHKITUH IPOMOTOPOB.
Hus storo B coctaB pRK290 mo Bgl/ll-yuactky
Berpommn BamHI-pparment IHK (1,5 ToH), co-
JepIKaIui TeH cat XiopaM(peHNKOIaeTHITPAHC-
(hepaspl, JNHIIEHHBIH cBoero mpomoropa. Ilpu
Bcrpoiike B pAF300 mo yuactkam HindIll wimm Pstl
npomoTtopcoaepxkammx QparmentoB JIHK, na-
MIPABIIAIONINX TPAHCKPHUIIINIO B CTOPOHY T'eHa cat,
(eHoTHII, METEPMUHUPYEMBIN IIa3MHUI0H, U3Me-
Haercs ¢ TerCms va TerCme.

Hcronb3yst CKOHCTPYUPOBAHHBIA BEKTOP, MOXK-
HO KJIOHHPOBATh CaMble€ pa3IMYHbIE MPOMOTOPHI
U MPOBOAUTH CPaBHUTEIBHOE M3yueHHE HX (YHK-
OUOHMPOBAHUS B  IIMPOKOM CIHEKTpEe Ipam-
oTpunarenbHbIX Oaktepuil. Tak, B Jaboparopuu
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EcoRI

EcoRI

o

EcoRI

Puc. 9.11. Bexropras mnazmuga pRK291 u ee rubpuinbie npon3BoHbIC

. Xenunrckoro Ha ocHoBe miazmMuasl pPRK291 mo-
ny4eHbl Tuopuanaeie Bapuantel pGD499, pGD500 u
pXLGD4 (puc. 9.11), B KOTOpBIX CTPYKTypHas
4acTh Te€Ha /acZ HaXOAWUTCS COOTBETCTBEHHO ITOI
KOHTPOJIEM IPOMOTOPA FeHA YCTOWYMBOCTH K KaHa-
MUILIMHY, TPOMOTOpa pakioHa ori V minazMujibl RK2
WM TIPOMOTOPA I'eHa O-aMHHOJIEBYIMHATCUHTETA3bI
Rhizobium meliloti. Ananu3 IpoxyKIHK [-raaaKkTo-
3WJa3bl MOKa3aJl, YTO aKTUBHOCTH JAHHBIX MPOMO-
TOPOB 3HAYMTEIHHO BaphHUPYET B PA3HBIX XO035€BaX
(tabm. 9.6). IlosToMy OoJIBLION MHTEpEC MPEACTaB-
JSIeT BOMPOC O TOM, KaK CTPyKTypa IMPOMOTOpa

BIMSET Ha €ro (PyHKIMOHMPOBAHHE B TOW WM
nHOW Oakrepuu. KioHMpoBaHWE W CEKBEHHPOBA-
HHE, 8 TAKXKE OL[EHKA «CHJIBD» IOCTaTOYHO OOJIBIIO-
TO YHCJIa MPOMOTOPOB B OaKTEPHUSAX Pa3HBIX TAKCO-
HOMHYECKHX TPYII MO3BOJIUT ceNaTh 000CHOBAH-
HOE 3aKTI0ueHre 00 0COOSHHOCTSIX MPOoIecca HHH-
UAlMU TPAHCKPHUIIIUH Y H3y4aeMbIX OaKTepHil.
Kpome Toro, Takme mcciemoBaHus TOMOTYT BBIS-
BUTH MPOMOTOPBI, HauboJiee MPUIOIHBIC IS pe-
IIICHUS [EJIeBBIX 33]1a4 110 KCIIPECCUU OTPeIeIICH-
HBIX KOJMPYIOLIUX MOCIEJ0BATEIbHOCTEN B BbI-
OpaHHBIX TPAMOTPHIIATEFHBIX OAKTEPHIX.
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Tabnuya 9.6. OTHOCHTEIbLHAS AKTHBHOCTD 3-rajJaKTO3Maa3hbl,
JeTePMHUHHPYEMOii THOPHIHBIMH MJIa3MHIHBIMH T€HAMH B HEKOTOPBIX TPAMOTPHIATEIbHBIX 0aKTePHAX

IImazmuna
bakrepusi-xo3suH
pRK290 pGD499 pGD3500 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

Ipumeuanue. JInst Kaxnoro Buja OAaKTEpHUil NPUBENEHO CPEIHEE 3HAYEHHE aKTUBHOCTH [(-rajlakTO3WIas3bl,
ONpe/IeICHHON B IBYX HE3aBHUCHMO MOJyYEHHBIX TPAHCKOHBIOTATaX.

9.4. NCNOJIb3OBAHUE BEKTOPOB LUUPOKOIO KPYIA XO34EB
ONA MONEKYNAPHO-TEHETUMECKUX NCCINEOQOBAHUN

TPAMOTPULUATENbHbIX BAKTEPUN

braromapst co3maHWIO KIOHHPYIOIUX BEKTO-
POB, CHOCOOHBIX PEIUTUIMPOBATHECS M CTAOMIBHO
MOJIEP)KUBATHCS B PAa3HBIX T'PAMOTPUIATEIHHBIX
OakTepusx, MOSBHJIACH BO3MOKHOCTH I0JIy4aTh
OMONMMOTEKU TEHOB M3yYaeMbIX OaKTepHuil, IPOBO-
JIUTH MOJICKYJISIPHO-TCHETHUECKUE HCCIIEOBAHUS
OpraHm3ali W (QYHKIHOHHPOBAHHUS XPOMOCOM-
HBIX U IJIA3MUJIHBIX TCHOB, a TAKIKE KOOPAHMHHUPYE-
MO pEryaupyeMblX HAa0OpPOB TEHOB (ONEPOHOB).
C noMoI1pI0 KOMIIJIEMEHTALMOHHOTO aHaJIN3a y/ia-
eTCs BBIBIIATH THOpUaHBIC MosteKyibl JIHK, Hecy-
IIME OINPEJICICHHBIC JIOKYChl OaKTepuaIbHON Xpo-
Mocombl. [lpu 3TOM KOMIUTEMEHTAus (yHKITAH
BO3MOXKHA U B HEPOJICTBEHHBIX, HO OTHOCHUTEIIBHO
XOPOIIO M3yYEHHBIX OakTepusx. PaccmoTpum He-
KOTOPBIC UCCIICIOBAHUS TAKOTO THIIA.

B cocraBe mmasmumer pKT240 JI. IxunHec
¢ coasropamu (1986 1.) kIOHUpPOBaIU (HparMeHThI
HHK Pseudomonas aeruginosa, conepxamniue re-
HbI argA, argF nmu proC. B 3ToM ke BeKTope Kio-
aupoBaiu pparmenTsl JJHK E. coli ¢ m3odynKIHO-
HAJIBHBIMU T€HaMH, a TakKe ¢ reHoM proB. Dkc-
npeccust TeHoB Pseudomonas B xietkax E. coli
cocrasisiia 0,3-5,0 % oT ypoBHs, Ha0JIHOIaEMOT0
B P. aeruginosa. Ecmu ren proC P. aeruginosa 1o-
MEIAIN TOJi KOHTPOJIb fac-IpOMOTOPa, MPOIYyK-
uus B E. coli pepMeHTa, KOOUPYEMOTO TaHHBIM
TCHOM, 3HAUYMTEJIBHO MOBBIIIAIACH. DTOT PE3ybTaT
yKa3bIBaeT Ha TO, YTO IO KpaillHEl Mepe B pslie
clly4aeB mpensaTcTBueM i 3((HEKTUBHOTO BhIpa-
JKeHHsI TeHOB Pseudomonas B kietkax E. coli siBis-
€TCsl HU3KUH yPOBEHb MHUIIUAIIUN WX TPAHCKPUII-
mun. B To e BpeMs MHoOTHE TeHBI E. coli, KIToHH-
POBaHHBIE B COCTaBE BEKTOPOB IIUPOKOTO KpyTa
x0351eB, 3O (PeKTHBHO (PYHKIIMOHUPYIOT B KJIETKaX

Pseudomonas. Tax, skcmpeccusi T€HOB proB u
proC E. coli B xnetkax P. aeruginosa coCTaBIsieT
oxouo 50 % oT TakoBO# B KieTKax E. coli. 910 mof-
TBEP:KJIaeT pacpOCTPaHEHHOE MHEHHE O TOM, YTO
P. aeruginosa sBnsercs 6onee ynoOHON CUCTEMOM
JUIsL SKCTIPECCUN T€HOB IPaMOTPHLATEIbHBIX Oak-
Tepuii, uem E. coli. B xi1eTkax mceBIoOMOHA] MOTYT
3G HEKTUBHO IKCIPECCUPOBATHCS M ['CHBI IPaMIIO-
JIOKATETBHBIX OakTepuil. DpaHITy3CKUE HUCCIENO-
BaTelN MOKa3alu, 4To a-aMuiiasza Bacillus licheni-
formis >PQEeKTUBHO MPOLYIUpPYETCs B KIETKaX
P. aeruginosa, conepxamux KIOHUPOBAHHbBIN
B Bektope pKT230 ren B. licheniformis. [lpu aTom
85 % cuHTe3upyemMoro (epMeHTa CeKpeTHpOBa-
JIOCH B TEPUIIa3MY, HO HE BBIXOHIIO U3 KJIETOK.

C moMomIp0 KIIOHUPYIOIIUX BEKTOPOB IIHUPO-
KOTO Kpyra Xo3sieB MOJAPOOHO HM3y4YeHa IreHeTHye-
CKasi opraHuzanus ¥ (pyHKIIMOHHPOBAaHUE OMEPO-
HOB OWojmerpaganuu Takux TuiazMua, kak NAH,
TOL u np. K. SAmxu ¢ coaBropamu (1986 1.) B co-
CTaBe KOCMHUJBI CYOKIIOHHPOBAIN /0X-ONEPOH U3
ruranTckor (okoso 400 TnH) mmasmuasl pHG21-a
IpaMOTpPHUIATEIbHON (aKyJIbTATUBHONW BOJIOPO/I-
Hoii Oakrepun Alcaligenes hydrogenophilus. loc-
Jie BBEACHUS B KIETKH P. oxalaticus 3TOT onepoH
o0ecrieunBajl UM BO3MOXKHOCTH BOJOPOA-3aBUCH-
MOTO aBTOTPOGHOTO POCTA.

WnrepecHsle nccnenosanus nposenu k. [lna-
sunckuit 1 E. Poneg (1985 ). CnocobnOCTH (hUK-
CHpOBAaTh aTMOC(EPHBIH a30T MpH CUMON03€e MEX-
1y 6000BBIMH PACTCHHUSIMH W TIOUYBCHHBIMU OaKTe-
pUSMU OTPAHUYUBACTCS JIMIIbL MPEICTABUTEISIMU
pona Rhizobium. I'eneTndeckas 0CHOBA TaKOTO OT-
paHMYeHUs TIOKa HEe OYeHb NOoHsATHA. Ho M3BECTHO,
YTO Psifl ATAOB 00pa30BaHUS KOPHEBBIX KITyOCHb-
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KOB y 000O0BBIX M (PHKCALIUH a30Ta KOHTPOJIUPYET-
¢ mmasMugamu Rhizobium, Ha3BaHHBIMH Sym
(symbiosis). Knonupyst ¢pparmentsr JJHK miazmu-
I Sym | BBOAS MX B COCTaBe T'MOPHIHBIX ILIa3-
MUJI B pPa3lIUUHbIC OaKTEPUH, MOKHO M3y4aTh Opra-
HHU3ALUI0 TEHOB, KOHTPOJMPYIOUIMX MPOLECCHI
cumOuo3sa u ukcanum armochepHoro azora. Taxk,
KOMHTETPAHT IUIa3MUAbI Sym ¢ BEKTOPOM MIUPOKO-
IO CHEKTpa XO35IeB KOHBIOTAllMOHHO TEPEHECIH
B Oaktepuu Lignobacter u P. aeruginosa. B pe-
3yabrare Oakrepuu Lignobacter mpuoOpenu cro-
CcOOHOCTh (pOpMHpPOBATHL Ha KOPHEBBIX BOJIOCKAX
pacTeHuil KiIyOCHBKH, HO a30T HE (HUKCHPOBAJIH.
Kierkn mceBroMoHaI B TEX K€ YCIOBHUSX IPOSB-
JSUTM 3aMETHO MEHBLIYIO CLIOCOOHOCTh K (OpMH-
POBaHMIO KITyOEHBKOB.

[ocnenyromue neneHanpaBieHHbIE HCCIEI0-
BaHUS JIQJYyT BO3MOXXHOCTH ITOHSTH MOIEKYIISIP-
HYIO IPUPOAY CUMOMOTHYECKOTO B3aUMOIEHCTBHUS

KIIyOCHBKOBBIX OaKTepwii H PACTCHHIA-XO035EB,
a TaKk)Ke MexaHu3Mma (uKcamnuu aTMoc(hepHoro azo-
Ta, KOTOpasi MHUIIMAPYETCS Ha OINPEJIeIICHHOM cTa-
Iuu cuMOmo3a Oakrtepun ¢ pactenueM. [lo3Hanme
ATUX MPOIECCOB HA YPOBHE PETyJsIUu (pyHKIHO-
HUPOBAaHUA OINPCACIICHHBIX I'CHOB U UX KOMOMHa-
LU TTO3BOJIUT HAIIPABJIICHHO CO3/1aBaTh OAKTEPHH,
oOecreunBaronue APQPEKTUBHOE 00pa3oBaHUE
KIIyOeHBKOB U (pHKcaIio a3oTa. Takue MITaMMbl
UMEIOT OOJIBIIOE 3HAYCHUE JUIST 3EMIICCIIHSL.
PaccMoTpeHHBIE TPUMEPHI CO BCEH OYEBHTHO-
CTBIO JIEMOHCTPHUPYIOT OTPOMHBIC MEPCIEKTUBHI
WCTIOJIHb30BaHMSI BEKTOPHOW CHCTEMBI, MpeIHa3Ha-
YEeHHOU JJI KIIOHUPOBAHUA U IKCIIPECCUN TYIKC-
POIHBIX TEHOB B IIUPOKOM CIIEKTPE TPaMOTpHIla-
TeJIbHBIX OakTepuii. Ba)kHO OTMETHUTH, UTO IIPH CO-
3JIaHUM BEKTOPOB JIAHHOTO THITa aKTHBHO HCITONb-
3YIOTCA OIBIT U 3HAHHWS, HAKOIUICHHBIC B XOJC pas-
pabOTKH TeHHO-HH)KEHEePHOH cucTeMbl E. colli.

9.5. BUDYHKLUUNOHAIJIIbHbLIE (HENTHOYHbLIE) BEKTOPHbIE MNMIA3MUAbI

Kak yxe ynmoMruHanoch, mia3Mubl ¢ IMAPOKHM
KPYTOM XO035€B, OTHOCSIIHUECS K TpyNIaM Heco-
BMecTuMocTH E. coli IncP n IncQ, B sybakTepusx
poaa Bacteroides ne permunupytotcs. [lnasmumsl,
BbIJIETICHHBIE U3 KIETOK Bacteroides, Takxe HE pe-
wmnupywres B E. coli. bonee toro, He HalijieHO
TCHETHUECKUX MapKepOB yCTOWYMBOCTH K aHTH-
OMoTHKaM, KOTOpPBIE OBI DKCIIPECCHUPOBAINCH U
B KJIeTKaxX E. coli, u B B. fragilis. [1o3ToMy BO3HHK-
Ja HEoOXOAMMOCTh CO3JaHUsl CHEIHAIbHON BEK-
TOPHOM CHUCTEMBI JIJISl 3TUX OAKTEPHIA.

CamMbIif TpoCTOH MOIXO0/] COCTOUT B KOHCTPYH-
pOBaHUHU THOPUIAHON KoJIbIIeBOM Monekyasl JIHK,
coJepiKallel J1Ba PEIUIMKOHA, OJMH M3 KOTOPBIX
¢dbyukuuonupyer B E. coli, a npyroii B B. fragilis.
[Mnazmuma Takxke JOKHA HECTH TEHETHYECKUE
MapKephbl, IKCIIPEeCCUpyeMbIe B TOM HIIH HHOM XO-
3smHe. Takne OMQyHKIHOHANBHEBIE (OMPEINTHKOH-
HbIC) IUIa3MUABI WHA4YEe HAa3bIBAIOT YEITHOYHBIMHU.
OniHaKoO, €CIIHM YSIHOYHYIO I1a3MUy GOPMUPYIOT
o0beTMHEHNEM CI1a00 M3yYeHHBIX Iia3Mu (y Ko-
TOPBIX HE JIOKAJIM30BaHbI I'CHBI, HEOOXOIUMBIE JUISI
pETUINKaIlii), OHA MOXET HMETh OTHOCHUTEIHHO
OosiblIMe pa3sMepbl M COAEPKaTbh OTPaHUYEHHOE
YHCIIO YYaCTKOB y3HABAHUSI PECTPUKTA3, YIOOHBIX
JUISE  KJIOHWPOBAaHUS UY>KEPOAHBIX (ParMeHTOB
JHK. B stom ciryuae TpeOyroTcsi AOTOIHUTEINb-
HbI€ WCCIIEZIOBAHUS, ITO3BOJIAIONINE YMEHBIIUTH
pa3mep OMpEIIMKOHHOH IUIa3MUIbI U BBECTU B HEe
YHHKaJIbHBIC PECTPUKTA3HBIC CAUTHI.

[lepBBIli MONEKYIAPHBIA BEKTOpP, CIOCOOHBII
pemMIMpoBarbest B KieTkax E. coli m B. fragi-
lis, — demnounyro 1razmungy pDPl — ckoHcT-

pyupoBanu JI. I'mueit ¢ coaBropamu (1984 1).
[Ina3mMuaa umena OTHOCUTENBHO OOJBLIME pa3Me-
pot (19 TnH) 1 ObIa IOXO MPHUCTOCOONCHA IS
xionupoBanus gparmentoB JJHK m orbopa rud-
PHUIHBIX KIOHOB. B ee coctaB BXogunu: ¢pparMeHT
mwiasMuael pD6S, comepxammii oriV TUTa3MUabI
pBR322, ren bla (Ap") u oriT mnasmugsl RK2,
a taxxe momHas komus rmiasmunbl pCP1 Bacte-
roides, koTopas IETEPMUHHUPYET YCTOHYMBOCTH
K KIUHIAMHUOUHY Wik sputpomununy (CIr, Emr).
Heobxommumo oTMeTHTSh, 9TO B. fragilis ape3Bberaaii-
HO YyBCTBHUTEJIbHA K KIMHAAMHULIMHY (MUHHMAllb-
Hast THTHOUPYIOIasi POCT KOHIICHTPAIIHS COCTABIIS-
et 0,5 MKkr/min), a u3yueHnsle R-daxropsr Bacteroi-
des obecnieunBarOT yCTOWYMBOCTH UMEHHO K 9TOMY
aaTuonoTuky. Yenmnounas masmuna pDP1 B E. coli
perMuupoBanacs 3a cuet ori V pBR322 u nerep-
MUHHPOBaJa yCTOMYMBOCTh K aMITHIWILIHHY,
a B B. fragilis ee perumkanusi Halpasisiach pei-
mukonoMm pCP1, u mma3smuaa oOycnosiuBana ¢e-
norun CI'. Hannuue B coctase pDP1 yuactka ori'T
mia3Muael  RK2  obecneunmBano 3¢ ¢heKTHBHBIN
KOHBIOTaLMOHHBIN niepeHoc ee u3 E. coli B B. fragi-
lis ¢ momotkto Tra3mMu rpymmsl IncP.

B pesynbrare reHHO-MHKXEHEPHBIX MAaHUITYIISI-
muii B 1988 1. Ha ocHoBe pDP1 Obutn co3manbl
cepusi IJIasMHMJ U KOCMHJA MEHBIIEro pasMepa.
Onu 005121210T BCEMH OMTUCAHHBIMU BBIIIE CBOWCT-
BaMH, HO 0oJiee YIOOHBI TS TTOTYICHUS 1 aHATTN3a
ruOpuaabx Mosekyn JHK.

[Ipu co3maHnK YEITHOYHBIX BEKTOPOB JUISI CHC-
TeMmsl E. coli — B. fragilis ynauayio cxemy peaimn3o-
Ban K. Cmur (1985 1.), o6benunuB in vitro mnas-
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muzel pUC19 (perumunupyercs B E. coli, conepkut
HOJIMIIMHKEP 47151 OO0JIBIIOTO YHCIIA PECTPUKTA3, CM.
puc. 2.35, 6.12), pBI143 (xpuntudeckas Menkas
(2,7 ToiH) MHOTOKOTIMIHAS TIa3Mua Bacteroides),
a taxxke ¢pparMeHT R-dakropa, Hecymuii reH erm
(CIr). Ilonyuennas OM(pYHKITMOHAIBHAS TIA3MHIA
pasmepoM 7,3 THH OKa3zajlach YAOOHOH I KJO-
HUPOBAHUS 3a CUCT HAJIMYUS MOJMWINHKEpa U CUC-
TeMbl IpsiMoit cenexuuu rudpunubix JJHK B E. coli
(0-KOMITIEMEHTAIHS B-TalaKTo3uaa3sl; cM. 2.2.6).
OtobOpannbie B E. coli U oxapakTepu3OBaHHBIC
TUOPUIHBIC TITIA3MHUIBI MOJKHO TpaHC()OpMUPOBAThH
B KJIeTKH Bacteroides.

Co3naHHast COBOKYIIHOCTb KJIOHUPYIOLIHX YeI-
HOYHBIX BEKTOPOB IO3BOJISIET MPOBOIUTH HOAPOO-
HBIM TeHEeTHYeCKui aHanu3 Bacteroides — 6axre-
PHH, KOTOpast SBOJIOLMOHHO 3HAYUTEIBHO OTaJIe-
Ha OT ’HTepOOaKTepuid, B acTHOCTH E. coli.

JpyruM Ba)XHBIM OOBEKTOM HCCIICAOBAHHUS 5IB-
nst0Tes nano6akTepun. OHM YHUKAIBHBI CPEIu
(hOTOCHHTE3UPYIOLINX MPOKAPHOT CBOEH CIOCOO-
HOCTBIO K OKCHTCHHOMY (DOTOCHHTE3Y, OUeHb CXO-
KEMY C TAKOBBIM Y BBICIINX PACTCHHH.

Bbnaromapst Tomy uto OakTepuu HMEIOT OIHY
XpoMOcoMy (TaruIONTHBIA HAa0Op TEHOB), MOXKHO
JOCTATOYHO JIETKO MOJIy4aTh W XapakTepH30BaTh
MYTaHTBl 110 MHTEPECYIOIIUM TeHaM. Tak, B Io-
CJICJIHUE TOJABI IOJYyYEHbI MHOTOYHCIICHHBIC MY-
TAHTBl OUaHOOAKTEpUIl MO reHaM, KOHTPOJIUPYIO-
MMM pa3iinyHble dTanbl (orocuHTe3a. [losTomy
LMaHOOAKTEpUU MPEICTABISIOT COOOH IpeKpac-
Hble OOBEKTHl JUIs KIOHUPOBAHUS W HU3YUYCHUS
(hbyHKIHIA TeHOB (DOTOCHHTETHYECKOW CUCTEMBI.

Haunbonee akTHBHO B JaHHOM IJIaHE Pa3BHBa-
IOTCS MCCIIEOBAaHUS OHOKJICTOUHON [IMaHOOaKTe-
pun Anacystis nidulans. TlokazaHo, 4To MHOTHE
LITaMMBbI COACPIKAT MJIa3MUIbI, HO OHH SIBIISIOTCS
KPUNTUYECKUMU M HE MOTYT HampsIMyIO HCIIOJb-
30BaThCsl B KaueCTBE MOJICKYJISIPHBIX BEKTODPOB.
[onbiTku TpancdopmupoBars A. nidulans nnas-
munamu pBR322, pACYC184 unu RP4 e yBen-
gamuchk ycernexoM. Ognako B 1980 1. K. Ban nen
XoHIely C COaBTOpaMHM YAAJIOCh IE€PEHECTH
B Kpunrtudeckyoo miazmuny pUH24 tpancmozon
Tn901 (Ap*) w3 mwiasmuasl E. coli pRI46. B pe-
3yIpTaTe Obl1a CKOHCTpyHpoBaHa masmuaa pCHI,
U3 KOTOPOW TOCie JeNeTUpOBaHusl (QparmeHTa
JHK, conepxalero oJiuH U3 KOHLEBBIX HHBEPTHU-
POBaHHBIX TOBTOPOB TPAHCIIO30HA, MOIYYHIN
miasmuny pUCI. Takoif nenennoHHBIA BapHaHT
yK€ CTa0WJIBHO COXpaHsl JOeTePMHUHAHTY Apr.
Oxazajnoch, yto mraMMm A. nidulans R2 MOxHO
Tpanchopmuposats mnazmunoi pUCT umu pCHI.
IIpu stom mHm pUCI, Hn pCHI1 He Morin TpaHc-
(hopMHpOBaTH KOMIIETEHTHBIE KIETKU E. coli, uTo

YKa3bIBaeT Ha Pa3lIMYKMe PEILUTUKATHBHBIX CHUCTEM
E. colin A. nidulans.

Bpems renepanuu (g) y npano6akTepuii poaa
Anacystis coctaBisger o0braHO 12—-18 4, mosToMy
AKCIEPUMEHTHI HA HUX 3HAYMTEIBHO JUIUTEIBHEE,
geM Ha E. coli (g okomo 30 mun). 1y yripomeHus
TCeHHO-MH)KCHEPHBIX MaHUNYJSANUNA B psje J1abo-
paTopuii OBLTH CO3MaHBI YCITHOYHBIC TIA3MHUTHBIC
BEKTOPBI, CIIOCOOHBIE PEIUIMIUPOBATHCS U JIETep-
MUHHPOBaTh YCTOWYMBOCTh K AHTUOMOTHKAM Kak
B E. coli, tak u B A. nidulans (puc. 9.12). Ilony-
YCHHUC I'I/I6pI/IJ1HBIX miasMyua U X MEPBUYHYIO Xa-
paKTepH3aluio MPOBOAAT B cucteme E. coli, a 3a-
T€M OHU MOTYT OBITh MEpEHECEHBI B KIETKU Ana-
cystis ¥ TIOABEPTHYTHI Oojiee TIOAPOOHOMY HCCie-
noBanuto. [lepeHoc OM(YHKITMOHATBHBIX I1JIA3MH]T
MOYKHO OCYIIECTBIISITH KOO0 B TIporiecce TpaHcop-
Maluu KJICTOK, .TII/I6O KOHBIOTALIMOHHO, HCIIOJIb3Yys
B Ka4ecTBE IMOMOIIHHKA IUIa3MH/bI rpymiisl IncP.
B nmocnennem ciyyae dparment rasmugst E. coli,
BXOJIAIIIUI B COCTAB YEITHOYHOTO BEKTOPA, JOJIDKEH
coZiep)KaTh TEHETUYECKHE DIIEMEHTBI, HEOOXOIH-
MBbI€ JUTSI MOOMITH3AINH TIJIa3MUJIBI.

Amnanu3s in vitro noka3zai, yto PHK-nonnmepasza
ano0aKTepuii y3HaeT mpoMoTops (hara A. IToaTo-
My . @pundepr u JIx. Cerimxdepe (1986 r)
CKOHCTPYHPOBANIY YEITHOYHBIE TIA3MHIBI C PETYITH-
pYeMOH TpaHCKPUIIIMEH IEJIEBOIO TeHa B KJIETKaX
E. coli n A. nidulans. OnHa U3 Takux IIasMHUI —
pPL1940 (cm. puc. 9.12) cocToUT M3 perIMKoHa
kpuntaaeckoi 1wasmunsl pDF3 (amamor pUH?24)
nuanobakrepun, ColEl-peruinkona, TeHOB yCTOM-
YUBOCTH K aHTHONOTHKaM (Apr, Kmr) u G1oka pery-
JUPYEMON TPaHCKPHUIILUKU, KOTOPBIA MPEACTABISET
co00i1 TeH clgs7 TEPMOYYBCTBUTEIBHOTO PENPECCO-
pa ¢ara A ¥ IPOMOTOPHO-OIIEPATOPHYIO 00IACTH
proL (cm. 2.2.2). Ilo BamHI-y4yactky B pPL1940
BCTPOWJIN KOAMPYIOIIYIO ITOCIIEA0BATEIbHOCTh TeHa
cat xyopaM(peHHUKOIACTHITPpaHCPEepa3bl U H3y4H-
JIM DKCIIPECCUIO TeHa B COCTaBe TMOPHIHON ILIa3-
MUJIBI B KIeTKax E. coli unu A. nidulans. Ipu Tem-
nieparype 34 °C axcripeccusi rena cat B E. coli ipak-
THUYECKH OTCYTCTBOBAJIA, a B IUAHOOAKTEPUH ObLIa
O4YEHb HEe3HAUUTEIbHOU. [locie noBbIIeHHs TeMIIe-
parypsl 10 39 wiu 42 °C mpoucxoiuia WHAKTHU-
Barus Oerka cl u nHAYIIpOBasCcsS KOHCTUTY TUBHBIN
cuHTe3 XJjopampenuronanermirpanchepassl (CAT)
¢ npomoTopa pr. OgHAKO ecii B KieTkax E. coli
(epMEeHT HauMHAT CHHTE3UPOBATHCS TOUTH Cpasy
ke (depe3 2—6 MUH) TTOCIIe TIOBBITICHUS TEMITepary-
pbl, To B nmanoOakrepuu ypoBenb CAT 3ameTHO
BO3pacTal JHIIb Yepe3 2—6 9 mocie TePMOMHIYK-
uuu ¥ jpocturain 20-KpaTHOTO YBEIHUYCHHS IOCIIE
18 u kynsTHBHpOBaHUA TIpu Temmeparype 42 °C.
[TonmyyeHHbIE pe3yabTaThl, O-BUAUMOMY, OTpaxa-
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Puc. 9.12. YenHouHbIe BEKTOPHBIC TJIA3MHU/IBI, CIOCOOHBIE PEIUTUIMPOBaThCs B E. coli u B A. nidulans:

1 — nocnenosarenbHoCcTh JIHK kpunTiueckoit mnasmunst 4. nidulans, 2 — miasmuasl pBR322(328),
3 —pACYC184, 4 — pUCI13, 5 — pDJ200, 6 — dara A

10T 00IITHe 3aKOHOMEPHOCTH METabomm3Ma JaHHOU
[IUAHOOAKTEPUHU, XapaKTEPU3YIOLICHCS OTHOCH-
TETHHO HU3KOW CKOPOCTHIO pOCTA.

Hapsiy ¢ 0/THOKIIETOYHBIMU HHTEPECHBIM 00b-
€KTOM HCCIIEA0BAHUM SIBISAIOTCS HUTEBUIHbIE 1Ha-
HOOAKTEepHH, KOTOPBIC CIIOCOOHBI (PUKCUPOBATH aT-
Moc(hepHbIH a30T B a3pOOHBIX YCIOBUSIX B CIICIIHA-
JTU3UPOBAHHBIX KJIETKAaX, HA3BIBAEMBIX TE€TEPOIIH-
cramu. K HanOosiee M3y4eHHBIM HUTEBUIHBIM IIHa-
HOOAKTepHsiM OTHOCUTCS Anabaena Sp., 1 IMEHHO
s mee K. Yonk ¢ coaBropamu (1984 1.) pa3pabo-
Taau yJoOHYH BEKTOpHYIO cucteMy. budyHkimo-
HaJIbHBIC BEKTOPHBIC TUTA3MUIBI COCTOST U3 PETLTH-
KOHa KpunTHueckod miazmMuasl pDUl HuTeBUA-
HOW T1MaHoOakTepun Nosfoc, YacTH IIIa3MUJIbI
pBR322, HEoOXomuMoO# IS perIuKaud 1 MOOH-
TU3alUM, a TaKXe NETePMUHAHT YCTOMYMBOCTH
K pa3iaudHbIM aHTHONOTHKaM. [Ipu koHCTpYyHpoBa-
HUU BEKTOPOB OBLIN MOTHOCTHIO YIAJICHBI YIACTKH
runponnsa pecrpukraszamu Aval u Avall, uro obec-
[IEYNJIO HE3aBUCUMOCTD 3THX IIJIa3MHJ OT CHCTEM
pectpukiun Anabaena W TOBBICWIO YPOBEHb HX
TPaHCKOHBIOTAIMU  (MOOWIM3AlMK  TUTa3MHIAMHU
IncP) u3 xnerox E. coli B Anabaena sp. Coznanue
KIOHUPYIOIIUX U 3KCIOPECCUPYIOUIUX BEKTOPOB
MaHOOAKTEPHiA TTO3BOIISIET HAMEATHCS Ha TO, YTO
B OmmKaiime roapl OyaeT MTOCTUTHYT 3HAYUTEb-
HBII MPOTpecc B MO3HAHUU CTPYKTYPHO-(PYyHKITHO-

HAJILHOW OpraHM3alyy FeHETHUECKUX CUCTEM Lna-
HOOAKTepUi, ACTEPMUHHUPYIOLUIMX OKCHUICHHBIHN
(hoTocuHTE3 M (HPUKCAITIIO MOJICKYIIIPHOTO a30Ta.

PaccMmoTpeHHbI OAX0A K KOHCTPYHPOBAHHIO
YeJTHOYHBIX MJ1a3MUJ] ObLI peain30BaH U AJIs apXe-
OakTepuii, mocie Toro kak JI. Maiin ¢ coaBropamu
(1983 r.) OOHAPYXHUIM KPUNITHYECKYIO TUTa3MHIY
pME2001 (4,5 TriH) B KJI€TKax aHadpOOHON apxe-
Oaktepun Methanobacterium thermoautotrophi-
cum. OObeAMHSS in Vitro peCTPUKTa3HO-TUTA3HBIM
MetomoMm permukon pME2001 ¢ mmasmMumamu
pKT240 mnmu pBR322, B 1985 1. momyuyunu rud-
PUIHBIE TJIA3MHIbl, CTIOCOOHBIE PEIUINIUPOBATHCS
HE TOJIbKO B apXe0aKTepHu, HO U B IMPOKOM KpyTe
rpaMoTpuIaTeNbHbIX dyOakTepuit (st pKT240)
WIH B KJIeTKax E. coli (mns pPBR322).

Takum 00pa3om, HAKOIJICHHBIH OIBIT JEMOH-
CTPUPYET, YTO KJIOHUPYIOLINE BEKTOPHBIE CUCTEMBI
MOXHO paspaboraTh [yisi JIOOBIX MPOKAPHOTHYE-
CKUX Opranu3mMoB. HeoOXonumbIM yciioBHeM sIBIIs-
eTCsl JIMIIb HaJWYHe PEIUIHKOHA, CII0COOHOTO
00ecCreunTh Pa3MHOXKEHUE THOPUIHBIX MOJEKYI
JHK B m3ydaeMbIX KJIETKaXx aBTOHOMHO OT OaKTe-
pHALHON XPOMOCOMBI, a TAK)KE BOZMOXKHOCTb IKC-
MIPECCUU BBIABISIEMbIX (DEHOTUIIMYECKU TeHETHYE-
CKHX MapkepoB. HacTo AJsl yIpoIIeHus IpoLueayp
NOJYYeHUS] B 0TOOpa LEJIEBBIX THOPHIHBIX MOJie-
kya JJHK coznaror 6udyHkunonanbHble (4enHOY-
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HBIC) IUIA3MUJIbBI, TIPH ITOM E. coli UCTONB3YOT
B KQUECTBE [IPOMEKYTOYHOIO XO3MHA, HA KOTOPOM
CCJICKTHPYIOT M aMIUTU(UIUPYIOT WHIUBHYallb-
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FTEHHO-MHXEHEPHAA CUCTEMA
FPAMMONOXUTEJIbHbIX BAKTEPUU POOA BACILLUS

B npeapiyiux naBax npoeMOHCTPUPOBAHBI
YAUBUTECIIBHBIC BO3MOXHOCTHU TE€HETUYECKONU WH-
JKeHepuu Ha E. coli 1 HEKOTOPBIX JPYTUX TPaMOT-
punarenbHbIx bakTepusx. OJHAKO CHCTEMa KIIOHU-
POBaHUA U DKCIIPECCUN YY)KEPOAHBIX T'€HOB B I'paM-
OTPHIIATEIBHBIX OAKTEPHUSIX MMEET U ONpPE/CIICH-
HBIC HEJIOCTATKH, YaCTh M3 KOTOPHIX MOXHO Tpe-
OJ10JICTh, UCIIONIB3Ysl B KAUECTBE KJIIETOK — XO35ICB
rubpuanabix Moniekyn JIHK rpammonoxurenbHbie
OakTepuu, U MPEXKJE BCEro MPEJCTaBUTENICH poja
Bacillus.

OCHOBHBIM TPEUMYIIECTBOM OAIMIUI C TOYKH
3pEHHSI CO3/IaHUSI MOJICKYJISIPHBIX BEKTOPOB SIBIISI-
€TCsl UX CIIOCOOHOCTh CEKPETUPOBaTh U3 KIETOK
B KYJIBTYPaIbHYIO Cpey OOJIbIITNE KOJTHYECTBA OIl-
peneseHHbIX OeNKOB. JTO CBSA3aHO C TEM, UTO KIe-
TOYHasl CTEHKa y I'PaMIOJIOKHUTEIbHBIX OakTepuit
OopraHu3oBaHa 0oJiee MPOCTO, YEM y TPaAMOTPHIIA-
TeNBHBIX. MIcX0s N3 0OLIHOCTH MEXaHNU3MOB CEK-
petun OeNKOB Yepes3 IIa3MaTUu4YecKyr MeMOpaHy
B KJIETKaX pPAa3IHYHBIX THIIOB, YPE3BBIYANHO 3a-
MAaH4YUMBO KOHCTPYUPOBATHL METOAAMU TI'CHCTHUYC-
CKOM MH)XEHEPUU I'MOPHUIHBIE TeHBI, B KOTOPBIX UY-
KEPOJIHAS KOAUPYIOIIAs TOCIe0BATEIbHOCTh CO-
CTBIKOBaHA C TeH-IKBHBAJCHTOM CUTHAIBHOTO ITeII-
THJa KaKOTO-THOO CekpeTrupyemoro Oenka Bacil-
lus. Ecnu neTepMUHUpPYEMbIH TaKUM UCKYCCTBEH-
HBIM T€HOM XHMEPHBIH MPOIyKT OymeT crocoOeH
CEKPETHPOBATHCS B KYJIBTYPAIbHYIO CPEY, TO 3TO
3HAYUTEIHHO YIPOCTUT OYUCTKY U3y4aeMoro Oel-
ka. Bo3MOXHO, B TaKOM cIIydac 9yKepOIHBIN Oe-
JIOK B Oakrepuu OyIET CHHTE3UPOBATHCS WHTCH-
CUBHEE, YeM B BapuaHTe 0€3 CEKPEINH, TaK KaK OH
B MCHBIIICH CTEIICHH OyIeT HapymaTh METa0OIH3M
KJIETOK. J/laHHOe HampaBjieHUE HCCICIOBAaHUN —
W3yYCHUE MEXaHHM3Ma CEKPEINH, CO3/IaHUe BEKTO-
POB KCIPECCUI—CEKPEIIUN — B FTCHETHUECKON WH-
JKEHepUHU OaliiuT UMEeT OOJIbIIOE MPAKTHUYESCKOS

3HaYeHHWe, W OHO Pa3BMBAETCS Hanbojee WHTEH-
cUBHO. MHOTHe BUIBI OAllWIII, B TOM YHCIIE H Ca-
MBI U3y4eHHBIN U3 HUX BUI Bacillus subtilis (cen-
Has TaJI0YKa), aKTHBHO HCTIOIL3YIOTCS MHUKPOOHO-
JIOTHYECKOH MPOMBIIUIEHHOCTBIO JUIS IPOU3BOJICT-
Ba epMEHTOB, aHTUOMOTHKOB, AMUHOKHUCIIOT U JIP.
[ToaTomy pa3paboTaHbl METOIBI KPYITHOMACIITA0-
HOTO KYJIBTHBHPOBAHUSI 3TUX MHUKPOOPTaHU3MOB
Y OYMCTKH MPOJYKTOB MX OMOCHHTE3A.

B. subtilis — nenatoreHHas 0aKTepws, MOITO-
My oHa OoJiee mepcrneKkTuBHa, ueM E. coli (ycnoB-
HBI TIaTOTEH, MPECTAaBUTENh €CTECTBEHHON MUK-
podIIophI KUIIIEYHUKA YeJIOBEKA M )KUBOTHBIX ), JUISI
CO3JaHMs LITAMMOB, ITPOAYLHUPYIOMIKX (papMaLes-
TUYECKHE BEIIeCTBa.

Banumiel  oTHOCATCS K CIIOpPOOOpa3yrONIUM
OakrepusM. PopMHpOBaHHE CIIOP — 3TO MHOTO-
JTaIHBIA TIpoIriecc cBoeoOpasHor muddepeHIm-
POBKH, ¥ TOITOMY OH MPEJICTABISET 0COObIH HHTE-
pec ans QpyHIaMeHTalIbHOM Hayku. JlaHHBIA mpo-
1ecc KOHTPOJHUPYETCS OOJBIINM YHCIOM XPOMO-
COMHBIX T'€HOB, HO TOKa JIMIIb B OOMIMX yepTax
SICHO, KaK peryiupyercs ux (yHKUMOHUPOBAHUE.
Pemenne 3Toif mpoOIeMBI TaK)Ke 3aBUCHT OT pas-
paboTKH METO/I0B KJIOHWPOBAHUS T€HOB B B. sub-
tilis.

['eHHO-MH)KEHEPHBIE JKCIIEPUMEHTHI Ha KIIET-
Kax B. subtilis u qpyrux BUA0B poaa Bacillus moka-
3aJI EPCHEKTUBHOCTD MCIIOIB30BAHUS ITHX OaK-
TepHii U pa3pabOTKH C TIOMOIIIbI0 METOIOB TeHe-
TUYECKOW MHKEHEPUHU BHICOKOD(P(PEKTUBHBIX TEX-
HOJIOTHI MHKPOOMOJIOTHYECKOTO CHHTE3a pa3iiny-
HBIX TIOJHIICTITH/IOB, & TaKXe HEKOTOPhIX HHU3KO-
MOJIEKYJISIPHBIX CO€IMHEHUN. | eHHO-UHKEeHEepHas
METOJOJIOTHSI CIIOCOOCTBYET OYpHOMY Pa3BUTHIO
MOJIEKYJISIDHON TeHeTWuKu B. subtilis, mo3BonseT
M3y4YaTh MPOLECCHl PETYISIIUNA SKCIIPECCUH TIeNIe-
BBIX TE€HOB.
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10.1.1. CmpoeHue Kremo4yHoli cmeHKuU
epamnonoxumesnbHbIXx 6akmepul

Kak u y rpamoTpHIaTelIbHbIX OakTepui, co-
JIEP)KUMOE TPaMITOJIOKUTEIFHOW KIETKH OTPaHMU-
4yeHo OucioiHOW (ocoNUmUaHON IUIa3MaTuye-
ckoit memOpano#t (puc. 10.1), B coctaB kKoTOpOi
BXOJIAT TAaK)Ke HMHTErpajbHble Ok MeMOpaH U
mMKOIUNU L. [TpoTornnact rpamMIonoxuTenbHON
KJIETKH OKPYKEH TOJICTOM KJIETOYHOM CTEHKOU
(20—80 HM), B OCHOBHOM COCTOSIICH W3 TENTHIO-
MIMKaHa. B omiuuue oT rpaMOTpULIATEIbHBIX KJle-
TOK Y TPaMITOJIOKHUTENbHBIX TENTHIOTIINKAH 00pa-
3yeT TPEXMEPHBIM BOJOKHUCTBIN MaTpUKC, UMEIO-
it 1o 40 cioes. IlomucaxapuaHbIE TIEMH METITH-
JIOTJIMKaHa CBA3aHBI APYT C APYTOM MENTUIHBIMU
nenoykamu. [1enTuaorainkaHoBbIi MaTpUKC CTEH-
KU KOBAJICHTHO CBf3aH C APYTMMH €€ MaKpOMOJe-
KYJISPHBIMH KOMIIOHCHTAMH, KOTOPBIE HMMEIOTCS
TOJILKO Y TPAMIIOJIOKHUTEIbHBIX OaKTepPHil, — Tel-
XO€BBIMHU KUCIIOTaMHU. TelX0eBble€ KUCIOThl — 3TO
pacTBOpUMBIC B BOZE IOJHMEPHI, COJEpIKAIINC
OCTaTKM TJIMLEPUHA WU PHUOUTA, COCTUHEHHBIE
Mexay coboit  ochommdbuUpHEIMU  CBA3SIMU
(puc. 10.2). Llenu Teiix0eBBIX KUCIOT MOTYT OBITh
JUTMHHBIMH 1 BKIJIF09atTh 710 30 u 6oiiee 2IeMeHTOB.
TelxoeBble KUCIOTHI, PACIIOJIOKEHHBIE IIEPIICHAN-
KyJISIPHO TIOBEPXHOCTH TUTa3MaTHYECKOH MeMOpa-
HBl, COEIMHEHBl C TMENTUIOITIMKAHOM 4Yepe3
OH-rpynmsr mpu aromax C6 ocrarkoB N-ameTui-
MypaMoOBO# KUCTOTHI. CTEHKH OOJBITMHCTBA IPaM-
TOJIOKUTEIILHBIX OAKTEPHUN HE COAEPIKAT JUITH]IOB
1 OEJIKOB.

CrnencrBueM  (YHIAMEHTANBHBIX — Pa3JINYHiA
B CTPOCHHH KJIETOYHBIX CTEHOK OaKTepuil sBIIsET-
csl, B YaCTHOCTH, TO, 4TO OEJOK, MPEeoA0JeBLIINN
Oapbep MIa3MaTHIeCKO MEMOPaHBI TPAMITOIOKH-
TETBHON KIJIETKH, CEKPETUPYETCSI U3 LUTOILIA3MbI
B OKPY’KAIOMIYIO CPey, B TO BpeMs Kak y TpamMoT-
punarensHOH OakTepun O€NKy AJisi BBIXOHA M3
KJIETKA HEOOXOAWMO TPEOAONETh €Ile BHEIIHIO
MemOpany (cm. 2.2.10). Kpome Toro, rpamIiosioxu-
TebHBIE OAKTEPUH BBICOKOUYBCTBUTEIBHBI K BO3-
JIEHCTBUIO TH30IMMa (PacIIeIIsSET B METTHIOTIIH-
KaHe TIIMKO3WIHYIO CBSI3b MEXAYy OCTaTKaMu
N-aneTnsMypamMoBOi KMCIOTBI U N-alle TUIITIIFOKO-
3aMHMHA) U aHTUOMOTHKOB MTEHUIMIITIMHOBOTO Psijia
(TIpenoTBpalaloT CUHTE3 KJIETOYHON CTEHKH).

10.1.2. TpaHcghopmayus
KOMMemeHMmMHbIX KIemok
BonpmmHCTBO 6akTepuii He 001a1at0T CI10c00-
HOCTBIO a/ICOPOMPOBATh M TOMIOIIATH MOJICKYJIBI
JHK wu3 BHemHeil cpenpl. OqHaKo KyJIbTyphl HEKO-
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Puc. 10.1. Mogenb KJI€TOYHON CTEHKHU
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TPaMITONIOKHUTEIILHON OaKTeprUn B IBYMEPHOM (&)
U TpexMepHOM (0) U300paKeHNH:
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3 — mmkonunun;, 4 — doconunum; 5 — O6eI0K

Pubutondocdar
- O-CH,
R-O-CH
\
HO-CH
D-Ala \
HO-CH O
‘ =
H,C-0— 1"
L OH |,
CityqaiiHpie

IMKO3UIHBIE CBI3H
¢ GIcNAc menrupormukaga

Puc. 10.2. CrpykTypa MOHOMEDPA TEUXOEBOM KHUCIOTHI
KIETOK B. subtilis.
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TOPBIX BHJOB OakTepuil (Kak TpaMIIOIOKUTEIb-
HBIX, TaK U TPAaMOTPULATENILHBIX) IIPU OTIpeIesICH-
HBIX YCJIOBUSIX PUOOPETAIOT TaKyIO CIIOCOOHOCTD,
T. €. IepexoAaT B KoMmmeTreHTHoe cocrosiHue. Co-
JepKaHUE KOMIIETEHTHBIX KJICTOK B TAKUX KYJIBTY-
pax BapbHpYeT B NIMPOKUX mpenenax. Tak, B KOM-
NETeHTHBIX KynbTypax Haemophilus influenzae
u Streptococcus pneumoniae X TpaHcpopMayuu
criocoOHa MOYTH Kaxkaas KieTka. B To ke Bpewms,
Hanpumep, y Micrococcus lysodeicticus JTHK mo-
ryt nornomars 3—4 %, a 'y Aspergillus niger —
qumb 0,1-0,2 % BcexX KICTOK.

Bacillus subtilis oTHOCUTCS K TeM HEMHOT'MM
XOpOILIO W3YyYCHHBIM BHJAaM OakTEpHid, KOTOpbIC
00mamaroT (U3NOIOTHIECKONH KOMIETEHTHOCTHIO.
BniepBrie BO3BMOXXHOCTh TeHETHIECKOW TpaHchop-
Malliu KJICTOK B. subtilis mpenaparoM OYUIIICHHON
xpomocomuoit JIHK moxazan Jx. Crnunaiizen
B 1958 . AKTUBHEBIC UCCIEIOBAHUS, IPOBEACHHbBIC
B TOCJIEAYIONINE TOAbI, TO3BOJMIN OTHOCUTEIBHO
MOJPOOHO M3YyYUTh ITOT mporecc. Y B. subtilis,
KaKk U y OOJBIIMHCTBA IPYTHX OAKTEPHH, KOMITC-
TEHTHOCTh BO3HHKACT JIMIIb Ha OIPEICIICHHOM
JTarne pocTa KyabTypsl. st TOTo 4TOOBI CTUMYIIHU-
poBatb kieTku K 3axBary JIHK, ux BelpammuBaror
Ha Oorartoil cpezie, a 3aTeM MEPEHOCST Ha OeTHYIO
cpeny, rie OTCYTCTBYIOT aMHHOKHCIIOTHI, HE00XO0-
JUMbIe ayKCOTPO(HBIM MyTaHTaM. MakcuMaibHas
KOMIIETEHTHOCTh OOBIYHO JOCTUIAETCsl Ha I03[-
HEH CTaJui SKCIIOHEHIIUAILHOTO POCTa KYJIBTYPhI
B. subtilis. Takas KynbTypa MOXET XpaHUTHLCS TIPU
temneparype —70 °C (npu 100aBIeHUY TIUIICPUHA
10 10 % no o0beMy) ¢ COXpaHEHHEM KOMIIETEHT-
HOCTH IO KpaiiHell Mepe B TeueHue 6 mec.

KoMmnieTeHTHBIE KIIETKH COCTaBISIIOT HE Ooliee
5-10 % Bcei#t nomyssiuuu Gaxtepuit. OHU OTIHYa-
IOTCSI OT HEKOMIIETEHTHBIX KJIETOK IO COCTaBY KJle-
TOYHOM CTEHKH, UMEIOT CHMKCHHBIH MOBEPXHOCT-
HBIA 3aps] M TOBBILICHHYIO YyBCTBUTEIBHOCTD
K ocMoTu4eckoMy 1oky. [Tocnennee, mo-BuIumMo-
My, OOYCIIOBIICHO TE€M, YTO y KOMIIETCHTHBIX KJie-
TOK MMEIOTCSI Y4aCTKH OOHa)KEHHOM IMiia3maThye-
ckoii MemOpanbl. [Ipenamonaraior, 4TO HMEHHO
C HUMH UM B3aUMOJCHUCTBYET TpaHC(HOPMHUPYIOIIas
JHK. KoMIeTeHTHbIE KIETKH XapaKTepU3YIOTCA
[IOHMKEHHOH MeTaboIN4eCKOH AaKTUBHOCTBIO U
MEHBIITNMH Pa3MepaMH 10 CPABHEHUIO ¢ OOBIYHBI-
MU KJIeTKamu. Paznmuume B pasmepax IMO3BOJIHIO
BBIICNNUTh (DpakIMM KOMIIETEHTHBIX KIETOK W3
KyJAbTYPBI B. subtilis 30HaIbHBIM LEHTPUPYTUPO-
BaHHEM B I'PaIMEHTE TNIOTHOCTHU Caxapo3bl WK pe-
HorpadmHa 1 J0Ka3aTh, 4To dKk3oreHHas JJHK mpo-
HUKAET TOJIBKO B KOMIIETEHTHbIE KIICTKH.

[Iponecc hopmMupoBaHUS KOMIIETEHTHOI'O CO-
cTostHUA Y B. subtilis KOHTPOTUPYIOT HE MEHee

cemu reHoB. JIBa u3 HUX (DYHKIIMOHUPYIOT HAuu-
Hasl C PaHHHUX ATaIlOB POCTa KYJIbTYpPhL, a IKCIpPEC-
CHSl OCTaJIbHBIX HHAYIIUPYETCS B TIEPUO]T ITepexXoaa
KJIETOK B KOMIIETEHTHOE COCTOSIHUE, T. €. SBISETCS
craauecniennuaHon. benku, oOecrnednBaronue
KOMIIETCHTHOCTh B. subtilis, y4acTBYIOT B IIpolLec-
cax CBs3bIBaHMA (aACcOpOLMM), NPOHHKHOBEHHUS
1 pekomOuHanuu (nHTerpamnun) joHopHon JTHK.

Bcxope mocne amcop6run B Monekyie JTHK
MIPOUCXOAT ABYXIIETIOUEUHbIE Pa3phIBBI M OHA pac-
najaercs Ha pparMeHThl pazMepoM OKoJio 14 TIH.
[Tocne sroro ogna nens ¢parmenta JHK rumpo-
nu3yercs crienu(puaHON HyKIIea3oH, a Ipyras mpo-
HUKaeT B KJIETKY, YACTUYHO pa3pymIasich C KOHIIOB
B pe3yjbTare Hykjea3HoW araku. Ilomararot, 4To
UCTOYHUKOM 3Hepruu i nepementenus JJHK yge-
pe3 TIa3MaTHuecKyro MeMOpaHy CIY»KHT IpPOTOH-
IBmKymias cuia. (BemecTBa, cHuMkaromue MeM-
OpaHHBIN TOTEHIMAN, MonaBisaoT nepeHoc JJHK
B [IUTOILIA3MY. )

Just csazpiBanms aByxuenodeynoi JJHK ¢ mo-
BEPXHOCTBIO KJIETKU B. subtilis HeoOXonumo yua-
ctue Oenka 38,5K. DToT Oenok criermudpuveH s
KOMITETEHTHOTO COCTOSTHUS KJIETKH U UMEET MOJIe-
KysipHyto maccy 38,5 k/la. Kak nokazanu b. Boc-
MaH ¢ coaBTopamu (1988 r.), BaxxHOE 3HAUCHUE JIJIST
JAJLHEHIINX 3TaloB TpaHC(POpPMaIUK Urpaet Oe-
koBbIi KoMITeke 70K, a Taxxe 6enku 14K u 28K.
PacnionokeHHbIii Ha MJIa3MaTHYECKOH MeMOpaHe
kxomrmiekc 70K cocTouT u3 nByx CyObEIMHHMIL CTie-
mupuyHoi Hykneassl 17K u aByX cyObenmuHUIL
oenka 18K, sBISIOMIETOCS PETYISITOPOM aKTHBHO-
ctu manHoi Hykieassl. (I[lomaratot, uro 18K uHTH-
oupyer Hykieasy 17K, mpenorBpamiasi upe3mep-
HbIi Tuaponns mosexyn JJHK.) benkn 14K u 28K
TaKXKe MPEICTAaBIIAIOT COOOW HYKIJeasbl, CIICLU-
(bnuHBIE IS KOMIIETEHTHOTO cocTostHus. [Ipruem
oenok 14K oGpa3syercs B pe3yiibraTe IpoIecCHHTa
mykieassl 17K, a 28K sBusercs aumepom 14K.
B nenom crnexyer koHCTaTHMpPOBATh, YTO IMOKA IO-
HSTHBI JIMIIb OT/AEIbHBIE MOMEHTHI IpOIecca Xpo-
MOCOMHOH TpaHC(OpPMAalH KOMIIETEHTHBIX KJle-
TOK Oarul.

Tem He MeHee COBPEMEHHBIN YPOBEHb 3HAHUU
MO3BOJISIET MPEJCTaBUTh MOAETH TPaHCHOPMAIUH
kietok B. subtilis (puc. 10.3, ). Bomemmmuit
B KIIETKy onHorenoudednblii pparment JJHK mpu
Y4acTUN ONPEENIEHHBIX OCKOB MOXKET MHTETPH-
pOBaThCsA B TOMOJIOTHYHYIO O0IAacTh XPOMOCOMBI
3a CcYeT KOMIUIEMEHTApHOTO CIapuBaHMs (CHHAI-
cuca) MeXAy JNoHOpHOH u peuunuentHon J(HK.
BHyTpu cuHANTHYECKOW CTPYKTYphI IMPOUCXOMAST
pexomOuHanus u penapauus paspoisos JJHK, B pe-
3yAbTaTe€ YEero OCYIIECTBISETCS KOBAJICHTHAs
BcTpoiika ax3orennor JIHK B 6GakTepmanbHYyIO
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Puc. 10.3. Monenu TpanchopMaIiy KOMIIETEHTHBIX KIETOK B. subtilis pasupivu THriamu mosekya JJHK (/-7).

Oransl Tpancopmanyn: ¢ — cBs3biBanue JJHK ¢ KoMIeTEeHTHRIME KIICTKaMH;

6 — ¢parmMenTanyg u Hayajao BxoxaeHus ueneit [JHK B kieTky; 6 — 3aBepieHue mporuecca BxoxkaeHus neneit JJHK;

2 — KOoMIUIeMeHTapHoe B3aumozaeiictaue neneid JJHK BHyTpu kieTku (cuHarncuc); 0 — o0pa3oBaHHe KOHEUHBIX MTPOTYKTOB

xpomocomy. [Ipu 3TOM MyTaHTHBIN JIOKyC OakTe-
pHaTBHON XPOMOCOMBI 3aMEHsIeTCs (CracaeTcs) Ha
JIOKYyC TUKOTO THIA, MPHUCYTCTBYIOIIMN B TpaHC-
(dhopmupyromieit JIHK, 4To MOXKHO JIETKO BBISIBUTH
Ha COOTBETCTBYIOILINX CEJICKTUBHBIX Cpenax.

B nab6oparopun Jl. [lyOHay momydeH psg my-
TaHTOB B. subtilis, y KOTOPBIX UMeIcs e(eKT mo
PEKOMOMHAIIMOHHON WHTETPaIiK, HO HE OBLIN Ha-
pymensl ancopouus JJHK u mponukHOBeHHE ee
B KJIETKY. ¥ OJIHOTO M3 3TUX MYTaHTOB, 0003HauECH-

Horo recE4, wacTora XpoMOCOMHON TpaHchopma-
1y Obuta cHIKeHa Oosiee yeM B 1000 pa3. Oka3za-
JI0Ch, UTO TIPOAYKTOM TeHa recE B. subtilis siBnsiet-
cs1 OeJIOK, KOTOPBIH, 1o100H0 Oenky RecA E. coli,
WTpaeT BaXHYIO POJIb B penapanyyd M TeHeTHYe-
ckoil pexoMOuHaruu. Cinenyer OTMETHTh, YTO JIJIS
YCTENHOW XPOMOCOMHOHN TpaHcopmanuu 0a-
IMT KpoMe (EPMEHTOB CHUCTEMBI OOIICH pEeKOM-
OMHAIIMY KJIETOK HEOOXOAMMO HAJM4YWe CYIIEeCT-
BEHHOI TI'OMOJIOTHUH MMPOTAKEHHBIX TIOCJICA0BA-
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TEJILHOCTEH JJOHOPHOTO (h)parMeHTa U PEeLUTHEHT-
HOH xpomocomHoit JTHK.

3HaHUE OCHOBHBIX 3TallOB XPOMOCOMHOH
TpaHcopMmanuu KieTok B. subtilis ympocTuio
pa3paboTKy cHCTEMBbI TPaHC(HOPMAITUK KOMITCTCHT-
HBIX KIJIETOK Oamu/ul MOJIEKyJaM{ IUIa3MHIHBIX
JHK. BnepBbie muasMuIHyl0 TpaHC()OPMAIHIO
B. subtilis ocymectBuin C. Dpnmux B 1977 . OH
BBEN B JAHHYIO OAKTEPUIO IIA3MHIBI aHTHONOTH-
koycroitunBocti pC194, pC221, pC223, pUB112
u pT127 u3 rpaMIonoXuTeNbHON OakTepun Sta-
phylococcus aureus (3010TUCTBIA CTaPUITOKOKK)
W J0Ka3ajl, YTO OHU CIIOCOOHBI PEIUIMIUPOBATHCS
B TETEPOJIOTHYHOM OKPYKEHHH H 3KCIIPECCUPO-
BaTh I'€Hbl yCTOWYMBOCTH K AaHTHOMOTHKAM.

C. Konren u /I. Jyonay B 1979 r. mokasanu,
YTO KOMIETEHTHOCTH KJIETOK B. subtilis nist TpaHc-
(hopmaLuy pa3TUUHBIMU IUIa3MUAAMHU HOPMHUPYET-
Csl AaHAJIOTMYHO KOMIIETEHTHOCTH AJISI XPOMOCOM-
HOM TpaHC(hOpMaLiH, a8 COOTHOIIEHUE KOJINYECTBA
TpaHC(HOPMAHTOB W KOHIIEHTPAIIMH BBOJMMOM
JHK noguuHseTcss 3aBUCUMOCTH MEPBOTO MOPSI-
Ka, T. €. s TpaHc(opMaluuu OTACIBHON KIETKH
JOCTAaTOYHO OAHOM MIIa3MUIHON MOJICKYJIBL.

VYIUBHUTEIBHBIM OKazajcst TOT (akT, 4To 3¢-
(eKTHBHYIO TpaHCPOPMAIMIO KOMIIETCHTHBIX KJle-
TOK B. subtilis MOXHO OCYIIECTBIATH JHIIb MYJIb-
TUMEPHBIMH (OpMaMH IJIa3MH[, Y KOTOPBIX IOJI-
HbI [JIa3MUIHBIA T€HOM OBTOPEH B MIPSIMOM OpuU-
EHTaINN («TOJIOBA K XBOCTY») HECKOJIBbKO pa3. He-
00XOIMMO OTMETHTb, YTO B TMpenaparax IIa3MH
Takue (OpMBI BCEria MPUCYTCTBYIOT B HEOOIBIIOM
KOJIMYECTBE, HO MX OOBIYHO HE MPUHUMAIOT BO
BHUMaHHE. DPPEKTUBHOCTD K€ TPaHCHOPMALUH
KOMIICTEHTHBIX KJICTOK B. subtilis crneuuanbHO
OUMIIEHHOW MOHOMepHOU cynepkoibueBoil JTHK
B 103—104 pa3 Hmxe, yeM HeppaKIIMOHUPOBAHHBIM
npenaparoM IUIa3MHUJIbI, COIEPKAIIUM U MYJIBbTH-
MepHBIE (OPMBI.

AHanm3 TpaHcGOPMUPOBAHHBIX KIETOK B. sub-
tilis mokazan, yto mnasmuanas JHK nponumkaer
B KOMIIETCHTHBIC KIIETKH B BUJIE JTMHCHHBIX OHO-
LEMoYeyHbIX CTPYKTYp. Llenu cymecTBeHHO Ie-
IPaAUPYIOTCSl ¢ KOHIIOB, ITO3TOMY IIPHU BBEACHUH
B KOMIIETCHTHBIE KJIETKM MOHOMEPHBIX IUIa3MUJ
U1l oO0pa3oBaHUs TpaHCcPopMaHTa HEOOXOIUMO,
4TOOBI B KIJIETKY TIONAJIO HE MEHEE JIByX MOJICKYI
JHK. Inst MynbTEMEpHBIX GOpM IIa3MH[ 10CTa-
TOYHO CAMHUYHOU MOJICKYJIbI, YTOOBI 00CCICUUTh
TpaHchopMaLuIio.

CymiecTByeT HECKOJIBKO MOJIEIIEH, OIUCHIBAO-
MUX Tporecc Tpanchopmanuu KieTok B. subtilis
wiasmMugaMu. [Ipy MCnoiab30BaHMM MOHOMEPHBIX
dhop™ (cm. puc. 10.3, 2) oOpa3oBaHUE MOTHOLICH-
HOW TUIA3MHJBI €CIM M MPOMCXOOUT, TO KpaiHe

penko, Tak kak iazmuaHas JJHK, nporukas B koM-
MIETEHTHYIO KIIETKY, PACLIEIUIAETCS B IPOU3BOJIb-
HOM TOUKe, a 00pa3yromascs OTHOIETIOUeTHasT MO-
JIeKyJia TUAPOIU3YETCsl ¢ KOHLIOB Hykiea3zaMu. Jlis
MynbTEMEpa (3) BEPOATHOCTH (OPMUPOBAHUS HOP-
MaJIbHOM TUTa3MUJIBI 3HAYUTEIHFHO YBEIMYUBACTCS.
bonee toro, kak mokazan JI. JlyoHay, yactora mias-
MUJHOM TpaHC(OpPMAIMH JOCTATOYHO BBICOKA
TOJILKO IIPH UCHOJIb30BAHUU TPUMEPOB MM MYJIb-
TUMEPOB 0Oosiee BBICOKOTO Tmopsanaka. llpm sTom
TpaHcopManns He 3aBHUCHT OT CHCTEMBI T€HETH-
YECKOW PEKOMOMHAIIUH KIIETKH.

Ha s¢dexruBHOCTS XpOMOCOMHOI TpaHcdop-
MalllU HE BJIUSET CUCTEMA PECTPUKLUU PELIUITUEHT-
HOM KIJIETKH, TaK KaK OJHOIICTIOYeYHbIe (hparMeHTHI
JHK He sBistoTcs CyOCTpaToM [UIsl PECTPUKTA3,
a B obpaszyemom ¢ xpomocomHoi JIHK myruekce
OJlHa W3 HUTEH MoauduIMpoBaHa. YPOBEHb IUIA3-
MHUJIHOH TpaHc(opMaluy I KJIETOK ¢ HAaTUBHOM
CUCTEMOW PEeCTPHUKIIMA—MOMU(PUKAIINN CHIKACTCS,
MpUIeM TeM OOJIbITe, YeM OOJIBIIe MECT ACHCTBHS
JIAHHOM PECTPUKTa3bl HMMEETCs Ha IUIa3MUIHOU
JHK. DTu maHHBIE yKa3bIBAIOT HA TO, YTO, XOTS
B KJIETKY BXOAAT MHAMBHUIYaIbHbIE LIETH TUIa3MU/I-
noii JIHK, onu 3arem MoryT ¢popMupoBarh AByXIie-
noveuHsle ydactku (cM. puc. 10.3, &), KoTopble yxe
YYBCTBUTEJbHBI K ACHCTBUIO PECTPUKTA3.

OcobeHHOCTH MeXaHn3Ma TIa3MHTHON TpaHC-
(hopmanuy KOMIETEHTHBIX KJIETOK B. subtilis, B ua-
CTHOCTH, HEOOXOANMOCTH MYJIBTUMEPHBIX (GOpM
IJ1a3MUJL, 3aTPYAHAIOT KJIOHHPOBaHUe (PparMeHToB
JHK B cocraBe THOPWIHBIX IIA3MHI B JaHHOU
cucteme. HecoMHEeHHO, TOTyYars in vitro MyiabTH-
MEpHBIE MOJIEKYJbl THOPUIHBIX TUIa3MU TOPA3/I0
clIoKHee, yeM MoHoMepHbIe. [loaTomy OblTO pas-
paboTaHO HECKOJBKO BAapHAHTOB TpaHC(hOpMaLUU
KOMITETEHTHBIX KJIETOK B. subtilis, TIO3BOISIOIIAX
HCII0Nb30BaTh MOHOMEPHBIE IIIa3MUIbL.

B nat6oparopuu /. /Iyonay B 1979 1. oOHapy-
KWINA, YTO KOMIICTEHTHBIC KIETKU B. subtilis
MOXKHO TpaHC(OPMHUPOBATH MOHOMEPHBIMH I1JIa3-
MHJIAMH, €CIU 3TU IJIa3MUAbI COAEPIKAT CETMEH-
Tl JIHK, roMosoruyHbie onpeneseHHbIM oclie-
JIOBATEbHOCTSAM COBMECTHUMOM IMIa3MHU/IbI, HAXO-
Jsimielicss B TpaHC(OPMHUPYEMBIX KIIETKax (pe3u-
0eHmHOU naazmuowt). AHATOTMYHBIA IOAXOA pea-
mzoBamu T. Tpaythep ¢ corpynaukamu (1981 r),
BBE/ISI B COCTAaB TpaHC(HOPMHUPYEMOW TLIa3MHJIBI
(dhparment xpomocomuoit JIHK B. subtilis. B 060-
WX clydasx, HO-BUJUMOMY, TpaHchopmMamus npo-
HCXOJUT 1O 00IlIeMy MEXaHH3MY 3a CUeT crace-
Hust qoHopHoi JIHK Ha romonoruuHeix o0nacTsix
sHjoreHHbIX Mosiekyn JJHK (xpomocomsl wiu pe-
3UICHTHOH T1a3Muibl ). DEHOMEH CTiaceHUs 13-
MUJI ABIISIETCS rec-3aBUCUMBIM. [Ipeanonaraemslii
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MEXaHU3M JIaHHOTO IIpoliecca CIEAYIomui (cM.
puc. 10.3, 4, 5). OgHouenoYeyHbIe JIMHEHHBIC (par-
MeHTHl TasmuaHoi JIHK momanaror B KIETKYy,
1, €CIIM pa3phiB TUIA3MHJIBI TIPOU3OINET B 00IACTH
TOMOJIOTHHM JJOHOPHOM M pElUNHEHTHON MOJIEKys
JHK, o0pa3yercs cuHanmTHYECKash CTPYKTypa.
B pesynbrate nociaeayonmx nporeccoB peKoMOu-
HaIlUH, PETTUKAIIH 1 3aITOTHEHHS Operieil mpowc-
XOIMT criaceHue (BOCCTaHOBJICHUE CTPYKTYPHI) 10-
HOpHOHU TuTazMuabl. Ha addexTuBHOCTS TUTA3MU-
HOM TpaHc(opManny B TAKOH CUCTEME CYIIECTBEH-
HOE BIIMSTHHE MOTYT OKa3bIBaTh pa3Mep y4acTKa ro-
moutorun Monekyn JIHK u xondopmarus (cymnep-
CKpYYEeHHOCTH) dHAoreHHOo# JJHK.

Tpancdopmanust KIETOK 0T MOHOMEPHBI-
MU TUTa3MHJIaMH BO3MOKHA Tak)Ke B TOM Cllyyae,
eCH TUTa3MHJa COJEPKUT TPOTSHKEHHBIE TTOBTO-
psIOLIMEcs: MOCHIEA0BaTeNbHOCTH. Eciau moBTOpHI
B IUTa3MHJIE MPSIMBIE, TpaHChOpMaIHs KIETOK ee
MOHOMEPHOH (OPMOIl MPOUCXOIUT MPUMEPHO IO
TOMY K€ MEXaHU3MY, YTO M TpaHC(POpPMAIIUI MYIIb-
tumepHbiME Modekytamu JIHK (cMm. puc. 10.3, 6).
Tpanchopmanust TaKUMU TUTa3MUAAMH COTIPOBOXK-
JTAETCS UX PacIaioM I10 TIOBTOpaM.

[IpoTskeHHbIE HMHBEPTUPOBAHHBIE ITOBTOPHI,
MI0-BUAMMOMY, MOTYT 00YyCJIOBINBaTh 00Opa30BaHNE
B TIporiecce Tpanchopmamyy OTHOIECTIOYEYHON TaH-
TEJIEBUAHON CTPYKTYpPHI (€CIH pa3pbiB ILIa3MUIBI
IIPOM30IIIEN B TIOBTOPE). B pe3ynbrare 3amomHeHus
Opelmn W pEIUIMKAIMU CTPYKTypa ILIa3MUJIHON
JHK Boccranosutcs (7).

PaccMoTpenHble mOAXOAB!I MO3BOJSAIOT B TOH
WIM WHON Mepe MpeooeBaTh TPYIHOCTH TPaHC-
(hopmMannu KOMIIETEHTHBIX KJIETOK B. subtilis mo-
HOMEpHBIMH TIa3MugamMu. OHAKO HE BCET/Ia BBe-
neHue B coctaB miasMuanoi JIHK obnacTeit romo-
JIOTHH ¢ GaKTepHUaIbHOW XPOMOCOMOM MM TPOTSA-
JKEHHBIX HMHBEPTHUPOBAHHBIX IMOBTOPOB MPUBOAUT
K yCHemHoW TpaHc(opMarui KIETOK MOHOMEp-
HbIMH ()OpMaMH TaKHUX IJIa3MUA. DTO O3HAYACT,
YTO TPUPOAA BCTABKH, MYTIHKAIIMH WM CaMOi
IJ1a3MHUIBI MOXKET OBITh BaXkHa ISl MPOSIBICHUS
CBOMCTB, HEOOXOAMMBIX U1 00pa30BaHUs BHYTPH-
MOJIEKYJISIPHOM CHHANTHYeCKOM CTpykTypsl. Ha-
npumep, bparment JAHK B. subtilis, conepxarmmii
rensl pubocomuoir PHK, e obecneunBaer crace-
HUS THOPUIHOM MTa3MuBI B TIporiecce Tpanchop-
Mallud KOMIIETEHTHBIX KIIETOK B. subtilis MoHO-
MepHO 1asMuaou. [lonararot, 4To HUHTEHCUBHASA
Tpanckpunuus renoB pPHK mpemnsitcTByer obOpa-
30BaHUIO0 CHHANTHYECKOW CTPYKTYpPBHI MEXIY BBO-
JUMOW TIJIa3MUAOM W TOMOJIOTMYHBIM PaiilOHOM
xpomocomHoit JIHK. ITo Toii sxe npuunne, BEposT-
HO, Ta3Muaa, cogepxamas p/{lHK mpimu, e Mo-

KET PEKOMOMHAIIMOHHO BCTPAMBATHCSI B XPOMO-
comuyo JJHK KyIbTHUBUpPYEMBIX KJIETOK MBIIIN.

[Ipu ncnonb30BaHMK MCKYCCTBEHHBIX OWper-
JUKOHHBIX TJIa3MHUJI, CIOCOOHBIX Pa3MHOXKATHCS
Kak B B. subtilis, Tax u B E. coli (cm. 10.2.3), Myib-
TUMEpHbIE (JOPMBI MOYKHO T€HEPHPOBATh B KIIET-
kax E. coli. KoHCTpyupyemsle in vitro MOHOMEDP-
HbIe THOpHIHBIE TUIa3MUABI dPPEKTHBHO TpaHC-
(dbopmMupyIOT KIIeTKH E. coli, a B mpoluiecce pa3MHO-
KEHMsI B JTaHHOM OaKTepHH ONpeJesIeHHas! YacTh
IUTa3MUAHBIX MOJIEKYJ HPUOOpPETaeT MyJIbTUMEp-
Hoe cTpoeHue. CuHTe3upoBaHHBIMU B E. coli
MyJIBTHMEPHBIMHU IUIa3MHJAMHU 33aT€M MOXKHO yC-
MEIHO TPaHC(POPMHUPOBATH KOMIIETEHTHBIE KIETKH
B. subtilis.

[ToMrMO paccMOTPEHHBIX OPUTHHAIBHBIX MO/~
XOJIOB CYILECTBYIOT U APYyIHe, 00jIee NPOCThIE CIIO-
coOBI BBEICHUSI TUTa3MU B KJICTKH OallnILI.

10.1.3. YHueepcasibHble Memodhbl
eesedeHus nnasmud

Cpenu u3ydeHHBIX TPaMIIOIOKUTEIbHBIX OaK-
TEpHii JUIIb Y HEKOTOPIX BUJOB OOHapYx)eHa (pu-
3MOJIOTUYECKAsT KOMIICTCHTHOCTh JUUISl TeHEeTHUYe-
ckoii TpaHchopmarmu. K 3TUM BuUgam OTHOCSTCS
Bacillus subtilis, Streptococcus mutans, Strepto-
coccus pneumoniae, Streptococcus sanguis n Mic-
rococcus lysodeicticus. Heo0xonuMocTh pa3pabot-
Ku OoJiee YHWUBEPCAILHOTO METOZa IIa3MHUIHOMN
TpaHC(OpPMAIIMKA  PA3TUYHBIX TPAMIIOJIOKUTEb-
HBIX OaKTepwii IprBeJa UCCIeoBaTeNel K n3yde-
HUIO MIPOTOILIACTOB 3TUX KJICTOK.

[Ipu 006paboTKE TH3OMIMMOM B U30TOHHYECKOM
pacTBOpe MENTHIOTIMKAH T'PAMITOJIOKUTEIIBHBIX
KJIETOK, (DOPMUPYIOMIHHA KIETOUYHYIO CTEHKY, pa3-
pymiaeTcsi, B pe3ylibTare 4ero o0pas3yroTcs IIapo-
BunHbIe ipororutactel. C. Yanr u C. Kosu B 1979 1
IoKa3aju, 4TO MPOTOIIacTel B. subtilis, o6pado-
TaHHBIE MTOJIMATUIICHTIIMKOJIEM, C BBICOKOH 3 hek-
TUBHOCTBIO  TPaHC(HOPMUPYIOTCS — IJIA3MUIHOMN
JHK. JlanpHelive ucclieoBaHUS MPOJEMOHCT-
PUPOBAJIM YHHBEPCAIBHOCTh TAKOTO METOMYECKO-
ro mpuema. [Imasmuanast Tpanchopmaius mpoTo-
IJIACTOB YCICIIHO OCYIISCTBICHA JIJII MHOTHUX
MTaMMOB OaKTEpHil pa3HBIX BUIOB, OTHOCSIIIHXCS
K ponam Bacillus, Corynebacterium, Listeria, Sta-
phylococcus, Streptococcus n Streptomyces.

[Mnazmunnas JJHK nponukaer B mpoToriacTsl
B IByXIernmoueuHor Gopme. Tpanchopmamms mpo-
XOIUT C OAMHAKOBOW 3((EKTHBHOCTHIO NPU HC-
MTOJIE30BAaHUHM KaK MOHOMEPHBIX CYIIEPKOJBIIEBOI
WIH OTKPBITOH KONBIEBOH (opMm, Tak U MYJbTH-
MepHBIX (opM. ITpu a3TOM MOTYT OBITH TpaHchop-
MupoBatsl 10 80 % mpoTromnaacToB. 3aBUCHMOCTh
gyucna TpaHC(HOPMUPOBAHHBIX TPOTOILUIACTOB OT
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xoHuentpauuu mazmunHon JHK y B. subtilis no-
Ka3bIBAa€T, 4TO U1 aKTa TpaHCHOpPMAlUH JOCTa-
TOYHO OJHOW MOHOMEPHOM MOJIEKYJIBI IIIa3MUIBI.
B mpouecce tpanchopmaunu riazmMpzna He mpe-
TEpIIEBAET CTPYKTYPHBIX U3MEHEHUII.

Tak Kak ra3Muza BXOAUT B IPOTOILIACT B BHJE
JBYXLIE[IOYEYHOH MOJIEKYJbl, CHCTEMa PECTPHK-
IUH—MOAN(DUKALMH KICTKU-PELMITUEHTa OyIeT Cy-
IMIECTBEHHO CHIKATh 3((OEKTUBHOCTH TpaHchop-
MallMy MPHU HAJIWYWH B TUIA3MHJIE COOTBETCTBYIO-
HIUX CAHTOB PECTPUKINH. AHAJIOTHYHAS CUTYallns
BO3HHMKAET TaK)Ke MPHU BBEICHUH B MPOTOILIACTHI
xpomocomuoi JIHK.

TakuM 00pa3oM, ¢ TOYKH 3PCHUSI BBEICHHUS
TUIa3MUJI B KIIETKH MPOTOIUIACTHI OalWILI, Kak M
JOPYTUX TPaMIOIOKUTEIbHBIX OaKTepUil, MMEIOT
PSiA HECOMHEHHBIX MPEUMYLIECTB Iepes KOoMIIe-
TEHTHBIMU KJIeTKaMu. [IpoToruiacTsl ¢ BBICOKOM
3((HeKTUBHOCTHIO TPAHC(HOPMHUPYIOTCS MOHOMED-
Ho#t dopmoit mmazmuaaex JJHK, aTo oueHs BaxHO
IpY KOHCTpYHpOBaHUU THOpUIHBIX Mojekyn JJHK
in vitro. Kpome TOro, HCIOIB3ys MPOTOIJIACTEHI,
4acTo yAAaeTcsl BBOAMTH IUIA3MHUJABI B IITaMMBI
IPaMIIONIOKUTEIBHBIX KIETOK, HE O0Jajaromux
¢usnonornyeckoil kKoMneTeHTHOCThI0. Henocrar-
KaMH JIaHHOT'O METOIMYECKOIO NMpHeMa SIBIISIIOTCS
€ro OTHOCHUTENbHAS CIOKHOCTh, MHOTOATAITHOCTh
U, KaK clieicTBHE, ciadast BOCIIPOU3BOAMMOCTD 10
napametpy 3¢ dexkruBHOCTH Tparchopmanuu.

Bosiee npoct 1 yHHMBEpCaleH METOA 3JIEKTPO-
Mopanuy, KOTopelid HaunHas ¢ 1988 1. cramm wc-
MoJIb30BaTh JUIs OakTepuil pona Bacillus. 1o 3¢-
(DEeKTUBHOCTH 3JIEKTPOIOpaNus MPUMEPHO COOT-
BETCTBYET METOAY MPOTOILIACTOB, HO 3HAYUTEIIHLHO
mpole u ObIcTpee B MCIOJHEHHUU. TeM He MeHee
JUISL KQKJ0T0 BUJA (IITaMMa) IPOLEAypy JIEKTPo-
oparuy  HeoOXOMUMO ONTHMHU3UPOBATH, YTOOBI
JNOOWTHCST HAWOOINBIEr0 YPOBHS  IUIA3MUIHOM
TpaHCcpOpMaILIUH.

Henocrarok anexTponopanuy, Kak 1 Iia3MuI-
HOW TpaHc(hOpMALUU TMPOTOIUIACTOB, COCTOUT
B TOM, YTO TPOHUKAIOIIASl B IUTOILIA3MY JBYXIIE-
noueunast mosiekyna JIHK He 3ammimmena ot araku
9H/IOTEHHBIX PECTPHUKTA3, YTO B PsAJE CIydyacB MO-
KET 3HAYMTENBHO YCIOXKHATH MPOBEICHHE TICH-
HO-MH)KEHEPHBIX MaHUIy siuid. [Ipeogoners nan-
HO€ 3aTpyJHEHHE MO3BOJISECT HCIOJIb30BaHHE
HOPUHINIA, 3KCIIEPUMEHTAIBHO O00OCHOBAaHHOTO
II. Tpré-Kvetom c coasropamu (1987 r). Nmu
ObLa co3aHa 4YeJiHOYHas (OMPEIUIMKOHHAS) T1J1a3-
muaa pAT187 (puc. 10.4), cocTosiimas U3 perInKko-
Ha mwiasMugbl E. coli pPBR322, perukona crper-
TOKOKKOBOM I1asmMuisl pAMB1 ¢ mHupokuM Kpy-
IOM XO35€B CpeOy TIPaMIIOJIOKHUTENIBHBIX OakTe-
pUii, reHa YCTOWYHMBOCTH K KaHAMUIIMHY, dKCIIpec-

EcoRI /\ oriR pAMﬂl

EcoRI

Aval

Puc. 10.4. Kapra MoOMIH3yeMOi YeTHOUHOM
masmusl pAT187.

oriR — 006nacTh Havana peruTuKaIny,
oriT — obmnactp Havana nepexoca miazmuanoi JJHK

CHUPYEMOI'0 KaK B TIPaMIOJIOKHUTEIbHBIX, TaK MU
B TPaMOTPHUILIATENIbHBIX OaKTepHsx, U 00JacTu Ha-
yaja nepenoca ori T mnasmuasl RK2 rpynmner IncP.
Oxkaszanock, yto pAT187 MoxeT ObITH MOOMIN30-
BaHa KOHBIOTaTHBHOM IUIa3MHUJOM TpyMIbl HECO-
BMecTuMOocCTH IncP u mepenecena u3 kietok E. coli
B pa3InYHbIC TPAMIIOIOKUTEIbHBIE OAKTEPUH, THIE
oHa 3(PPEKTHBHO PEIUTUIUPYETCS 32 CUET PErliu-
koHa pAMf1. Tak, ObUT MOKa3aH MOOMIIH3ALIMOH-
He1i iepenoc pAT187 us E. coli B Bacillus thurin-
giensis, Enterococcus faecalis, Streptococcus lac-
tis, Streptococcus agalactiae, Listeria monocyto-
genes u Staphylococcus aureus. DPPEeKTUBHOCTD
nepenoca BappupoBana ot 2 - 108105 - 107, uto
NPUMEPHO Ha 6 MOPSAKOB HIDKE 3PPEKTUBHOCTH
nepenoca pAT187 wm3 omHoro mramma E. coli
B Apyroi. Tem He MeHee Jake Takoro ypOBHS
KOHBIOTAIIMOHHOM nepenaunt miaasmMuasl pAT187 ot
E. coli TpaMIOI0XUTEIBHBIM OAKTEPHUAM JTOCTa-
TOYHO JJIsl HAJCKHOTO BBISIBJICHUS LIE€JEBBIX IJIa3-
MHJIOCOZIEPIKAIINX KIOHOB.

Takum oOpaszom, pa3paboTaHHBIN MOAXOJ IO-
3BOJISIET JIOCTATOYHO JIETKO NMEPEHOCHUTh THOPHI-
HbIE MIa3sMUIbl U3 E. coli B pa3Hble rpaMIIONIOKH-
TebHBIE OaKTepPHH, KOTOPhIE HE 00IaatoT PU3n0-
JIOTUYECKOI KOMIIETeHTHOCTBIO. bonee Toro, B mpo-
L1ecce KOHBIOTAI[MOHHOM NEpeauu B KIETKY-PElH-
MIAEHT NIEPEHOCUTCS O/IHA IIeNb JOHOPHOM IUIa3MHU-
JIbl, Ha KOTOPOW CUHTE3UPYyETCs 3aTeM KOMILJIEMEH-
tapHas nens /IHK. D10 mpuBomuT K Tomy, 4TO
KOHBIOTAIIOHHO TIepe/iaBaeMasl Tia3Mu/a He MojI-
BEPraercs aTake peCTPUKTa3 — 3HJOHYKJIeas, Clie-
MU(UIHO BO3IEHCTBYIOMMX HA HEMOTUMDUIIHPO-
BaHHbIE JByXIlenoyeuHbie MoieKyibl JJHK.

10.1.4. TpaHchekyus

IIpu m3ydyennu npouecca TpaHC(HEKLUUN KOM-
MIETEHTHBIX KIETOK B. subtilis MoleKynaMu IBYyX-
neno4yedHbix ¢aroeix JJHK oOHapyxeno, uTo Mo-
HomepHas (opma JIHK ¢ara mmeer kpaiiHe HU3-
Kyto uH(pekuonHocTh. B To ke Bpems JIHK mpo-
¢ara (xpomocomuas IHK, coneprxkariast uuTerpu-
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poBaHHBIN (aroBelii TeHOM), KOHKaTeMepHast perl-
nmukatuBHas ¢opma win mynbtuMepHas JIHK, mo-
mydeHHas in vitro ¢ nomoiunetlo JJHK-nurasel, BeI-
COKOAKTHBHBI B TpPAaHC(EKIMU. DTO YKa3blBaeT Ha
TO, uTO TpH Tpanchekunu darosas JJHK nerpanu-
pyercss Ha koHIax. Kpome Toro, kak oka3anocs,
B KJIETKM TPOHUKAIOT JIUIIb OJHOLETIOYEUHbIE
tdhparmenTs! darosoii JIHK. B cBs3u ¢ aTM TpaHc-
(exuus KOMIETEHTHBIX KiIeToK B. subtilis 3penoit
(morOMepHO#) darosoit JJHK mponcxoaut Tonbpko
B pe3ynbTare PeKOMOMHAIMOHHOTO B3aWMOICHCT-
BUS B OJTHOM KIIETKE HECKOJIIBKMX TaKUX MOJICKYII.
[Ipu Tpancdekunu konkaremepusiMu JTHK Havano
(haroBoMy IMOTOMCTBY B KOMIIETEHTHBIX KJIETKaX
MOXET J1aTh y’K€ eIMHUYHAs MOJIEKyJIa.

Kax u mpu mimasmunno#i Tpanchopmanuu, s¢-
(eKTUBHOCTH TpaHCHEKUUU HEMOIU(PUIUPOBAH-
HO# (paroBoit JIHK Heckombpko cHMKaercs, eciu
KJIETKH Oaumiul comepxar (hEepMEHTHI PECTPHK-
nuu—mMoaupukanuu. ClemoBaTebHO, B KOMIIC-
TEHTHYIO KJIETKY MOTYT HPOHHMKaTh (pparMeHTHI

obeux neneit JJHK u oOpasoBsiBaTh B HEl TOMO-
IYTUICKCHI, YYBCTBUTEIbHBIC K JEHCTBUIO PECT-
pHUKTa3s.

Tpancdheknus npororiactoB B. subtilis d¢-
(hekTBHEE TpPaHCQEKIMN KOMIETEHTHBIX KIETOK
B 103 pas. Ilpu srom darosas JJHK nponukaer
B IPOTOILIACTHI B BUJIC HATHUBHBIX JIByXIICIIOYCU-
HBIX MOJIeKyJ. TpaHc(heKnns B TaHHOM CITyJae siB-
JISICTCS rec-He3aBUCUMOM, W OOJIBIIOE BIUSHUE HA
ee 2(DPEeKTUBHOCTD OKa3bIBAET HAIWYIHE WU OT-
cyrctBue R—M-cucrem.

Takum oOpazom, oummieHHas ¢arosas JJHK
IIPOHUKAET B KJICTKU OAIMIUI TI0 TeM K€ MEXaHU3-
MaM, 9TO ¥ XpPOMOCOMHAs Y TUTa3MUHAs MOJIEKY-
nel JIHK, 1. e. paccmarpuBaemblie mpoLecchl He 3a-
BucaT ot npupoasl J{HK. 3nanue ocCHOBHBIX 3aKo-
HOMEPHOCTEH BXOXKICHUS HK30TCHHBIX MOJICKYI
JHK B xnetrku B. subtilis wnmvu aApyrux TpamIioiio-
JKUTEILHBIX OaKTepUH MO3BOJSET TPHU TUIAHUPOBA-
HUU TC€HHO-UHKCHEPHBIX IKCIICPUMEHTOB 000CHO-
BaHHO BBIOMPATh TOT WJIK HHOW METO/I.

10.2. MOJNEKYNAPHbIE BEKTOPbI BACILLUS

10.2.1. KnoHupyroujue eekmopbl Ha 0OcCHoge
nnasmud cmaghusioOKOKKO8
U cmpernmoKOKKoe

IlepBbie BHexpomocoMHble Moiekyiasl JHK
Oarmsut ooHapyxuu B. Kapnron u J]. Xenunckuit
(1969 r.) B xnerkax B. megaterium. B mocnemyto-
IIeM B Pa3HBIX JIAOOPaTOpUSX OBUIM BbIIEICHBI
Y U3y4YEeHBI MHOTOYHCIICHHBIE TUTa3MHIBI M3 KIIETOK
B. subtilis, B. pumilus, B. cereus, B. brevis u np.
OpHako OONBITMHCTBO 3TUX TUTa3MHUJ OO0 OKa3a-
JUCh KPUNTUYECKUMH, JUOO JETEPMUHHPOBAIH
TPYIHOCEJIEKTUPYEMBbIE TTPU3HAKH, YTO CO3aBAJIO
OIpe/eNieHHbIE TPYAHOCTH TPHU pa3pabOTKe TeH-
HO-MH)KCHEPHOH CHCTEMBI OaItiul. YCHUus ObUTH
HampaBJIeHbl TPEXJE BCErO Ha CO3JaHHE KIIOHU-
pYIOITUX BEKTOPOB B. subtilis — camMoro n3y4cH-
HOTO BHJa B OMOXUMHYECKOM M T€HETHYECKOM ac-
MIeKTe CPer TPAMITOJIOKUTENBHBIX OakTepuii. OT-
CYTCTBHE COOCTBEHHBIX TIA3MUJI, KOTOPbIE MOIIIN
OBl COCTaBUTh OCHOBY YIOOHBIX KIIOHHPYIOIIAX
BEKTOpPOB B. subtilis, moOynuio wmccienoBaTenei
WCKaTh TOAXOMSIINX TPETSHIEHTOB Ha 3Ty POJb
CpeaHr TIa3MHJl IPYTUX TPaMIIOIOKHUTEIbHBIX OaK-
TEpPU.

B 1976 1. I1. JloeTT ¢ coaBTOpamu TpaHchop-
MHUpOBany mTtamMm B. subtilis 168 GakreprouHO-
renHoi mnasmugor pPL10 u3 B. pumilus n noxasa-
JIM, 9TO TUTa3MHJIa CTAOUIIFHO COXPAHSAETCS B IeTe-
POJOTMYHOM OKPYKEHUH NPU MHOKECTBEHHBIX I1e-
peceBax KynbTypbl B. subtilis[pPL10] u nHampasis-
eT cuHTe3 OakrepuoumHa. OnHAKO AaHHBIA NpH-

3HaK HEYI0OHO MCIOB30BaTh B KAYECTBE MapKepa,
TaK Kak He yJaeTcsl OCYIIECTBIIATh MPSAMOM 0TOOp
KIIOHOB KIIETOK B. subtilis, conepxamux pPL10.

Tom4ok pa3BUTHIO TEHETHYECKON HHKEHEPUHU
KIIETOK B. subtilis nana padora C. Dpnuxa (1977 1),
B KOTOPOH OBUIO TPOJIEMOHCTPHPOBAHO, UTO TIJIa3-
Munsl Staphylococcus aureus, TeTepMUHUPYIOIIHE
ycTOWYMBOCT K  xyopamdenuxony (pCl194,
pC221, pC223, pUBI112) wunm TeTpanuKIuHy
(pT127), ctocoOHBI PEIIMLIUPOBATHCS B KJIETKaX
B. subtilis n obecriednBaTh yCTOMYUBOCTH HOBOTO
XO35IMHAa K COOTBETCTBYIOIIEMY aHTHOMOTHKY. Bo
MHOTHX JTa0OpaTopusx Ha4ald MHTEHCHBHO H3Y-
YaTh IUIA3MUJIbI aHTUOWOTHKOYCTOHYMBOCTH CTa-
(PMITOKOKKOB ¥ HCTOJB30BATh WX U CO3TAHUS
KJIOHUPYIOIIUX BeKTopoB. HambGomnee moapoOHO
ObUTH M3y4YeHBl TaKWe IUTa3MHIBI S. aureus, Kak
pC194, pT181, pUBI110 (puc. 10.5) u pE194. Pac-
mudpoBaHa TONMHAS HYKJICOTHIHAS IOCIE0Ba-
TEIBHOCTD 3TUX MJIa3MUJ U YCTAaHOBJIEHA UX T'eHe-
TrYeckas opranuzamus. Okazaioch, YTO OHU TIPH-
HaJuIeXkKaT K pa3HbIM IpyNraM HECOBMECTHMOCTH
(Inc8, Inc3, Incl3 u Incll cooTBeTCTBEHHO), HO
MOTYT OBITh OTHECEHBI K OJHOMY KJIACCYy MaJIbIX
MHOTOKOTIMHBIX TIIA3MHUJ, OONIAJAroNINX PSIOM
O4YEeHb HHTEPECHBIX CBOMCTB.

Hambonee BaxHbIe pe3yabTaThl MPH HCCIIENO-
BaHUM ATOTO Kjacca IUIa3MH[ IOMYyYeHBl TpeMs
TpyHIaMHA YYeHBIX, PYKOBOAUMBIMU C. Dpiuxom,
P. HoBukowm u JIx. Anonco. JlokazaHo, 4To JaHHbIE
TJIa3MHUIBl PEIUTHIHPYIOTCS M0 MEXaHHU3MY Kats-
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Haelll

Hphl

Puc. 10.5. llnasmunst S. aureus, perutunupyromuecs B B. subtilis.

pir — reH Oenka caitcnenuduaeckoi rec A-He3aBUCUMON peKOMOWHAIINY,
KOTOpasi He0OXOAMMa IS paciajia MyIbTUMEPHBIX (popM Ha MOHOMEPHEIE

IIerocst KoJblla ¥ B KAYeCTBE IPOMEKYTOUHOM perl-
JUKAaTUBHON (OPMBI WMEIOT OJIHOIIECTIOUEUHYTO
komb1eByto Mmosekyiny JIHK. Kaxnas miasmMuna ko-
IUPYeT CIIeHabHBIN Oeok Rep (He KomIuieMeH-
TUPYIOIIUH aHATOTUYHYIO (QYHKIHIO IPYToi Tia3-
MHJIBI DTOTO KJIacca), KOTOPBIH SIBISETCS TIONOKHU-
TEIBbHBIM PErYJIATOPOM TMpoliecca perInKaluu
IJIa3MHIIBI. YPOBEHb CHHTE3a Oenka Rep koHTpo-
mupyetca antucMbicioBeiMu PHK, kotopslie cun-
TBIBAIOTCSI C T€HA COp W, CBS3BIBASCH C 5'-KOHIIE-
BbIM paiionoM matpuunoit PHK Genka Rep, mogas-
JISTIOT €€ TPAHCIISIHIO (HeTaTUBHAS PETYIISIIHS ).

pal - >

CBoeoOpa3zeH MeXaHM3M PEIUIMKAUH ITHUX
masmun (puc. 10.6). beok Rep B3ammopeicTByer
Ha CYNEpPCKPYUYEHHOH JBYXIIENOUYEYHOMN IUIa3Mu/I-
vo#t JIHK ¢ ygactkoM ori (25 mH misl TIIa3MUAIEI
pUB110) u pacmennser onny u3 ueneit. [Ipu atom
0es1ok Rep KOBaJIGHTHO COEIUHSIETCS C 5'-KOHIIOM
pazopsannoii nenu J{HK. B pesynbrare coznatorcs
yCIOBHSA, 00€CTIeUNBAIOIINE TIPUCOETNHEHNE B yda-
CTKE pa3pbIBa KIETOYHBIX (PEPMEHTOB, B TOM YHCIIEC
JHK-mmommmepaser 111, Ob6pa3zoBaBmmiics  dep-
MEHTHBI KOMIUIEKC HalpaBisieT MPOLEcC achM-
METPUYHON TUIa3MUJIHON PEIIMKAIlUU, B XOJEe KO-

Puc. 10.6. Mozenb peruKanuy mia3mMun S. aureus:

1 — (epMeHTHBIH PeIUTMKAIMOHHEINA KOMIUIeKe; 2 — (epMeHTHbIH nonmmepasHslii kommuieke; 3 — PHK-3arpaBka.
Crpeiku yKa3bIBarOT HallpaBlIeHUE CUHTE3a KoMIuleMeHTapHbIX neneid JJHK
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Aval pamHI

Xbal

HindIIl
HindlIII
Xbal
Hpal KpnI
EcoRV,
—] —2

HindIII
Pstl 1 (Bolll/BamHI)

—)

mn4

Puc. 10.7. BextopHble uta3Mus! B. subtilis:
I — nocnenosarensHocts JJHK pC194, 2 — pT127, 3 — pUBI110, 4 — ¢ara 22, 5 — B. pumilis

TOPOTO pa3pe3aHHas IIeThb BHITECHSIETCS BHOBB
cuHTe3upyemoi. Ilociae moiaHoro nukia permka-
[IUU Hapsy C ABYXIIETIOUEYHON MOJIEKYIOH, CO-
Jep Kalieil pa3pblB B OJHOH 1enu, o0pasyercst /-
HOIIETIOUEeYHAsl KOJblieBasi opma TIa3Muabl (CM.
puc. 10.6). BaxHO NOAYEpPKHYTh, YTO Y4YaCTKU
WHUIUAIY 1 TEPMUHAIIMA PETUTUKAIIIN B CETMEH-
T€ ori IepeKpBIBAIOTCS, HO HE COBIMAAAIOT.

Ha o0pa3oBaBmieiicsi OQHOIEIIOYEIHOW KOJIb-
nesoii JIHK mMeercst cermeHT pal ¢ maauHAPOM-
HOH TIOCIIEIOBATEILHOCTHIO, CITOCOOHOHW (hopMu-
pOoBaTh LIMUJICYHYIO CTPYKTYpy. Ha 3T0il mmnuibke
WHUIUUPYETCS OPUEHTHPOBAHHBI CHHTE3 KOMII-
nemenTapHoit nenu JJHK. Mexanusm cuHTesa mo-
Ka He SICeH, HO MOJIararoT, YTO OH aHAJIOTHYEH U3Y-
YEeHHOMY JUT MeNKuX ¢aroB E. coli Tuma ¢ X174,
y KOTOpBIX Ha mmuibke obpasyercs PHK-3aTpaBka
1 C HeH B3aUMOJIEHCTBYIOT (pepMeHTHI, obecredn-
Barolllie cuHTe3 komIiuieMeHtapHo uenu JIHK.
B cbanmancupoBanHol cucteMe 3P GEeKTUBHON per-
JUKAIMH TIa3MHU 110 PACCMOTPEHHOMY MEXaHW3-
My OIHOIIeTIOueYHass (opMa COCTABISIET JIHIIh
3-5 % cymmapnoil mnazmuaaon JIHK. Ecim xe
B3auMoneiicteue (epmentoB u JJHK mo Toit wm
WHOW TpWYMHE HapylIeHO (MyTalid B TUIa3MHE
WK TeTePOJIOTUYHBIC KJIIETOUHBIE ()EPMEHTHI), CO-
JIepKaHUe OJTHOIICTIOUEYHOH (DOPMBI MOYKET 3HAYH-
TETHHO YBEIMYUTHCS, YTO MIPUBOANT K CHIKEHHIO
KOTIMIHOCTH TIJIa3MUJIBI U HECTAOMIBHOCTH €€ CO-
XpaHeHUs B OaKTepHAIBHOMN KYIIBType.

Y4acTok ori BceX 4eThIpeX paccMaTpUBAEMBIX
1a3Mu1 QyHKIUOHUPYET Kak B KIEeTKax S. aureus,
Tak u B B. subtilis, a cerMeHT pal urazmug pC194,
pT181 u pE194 B B. subtilis cnaboaktuBeH. D10
MIPUBOJINT K TOMY, YTO OKojio 1/3 mpemapara mas-
HBIX I1a3Mu B B. subtilis IpeJICTaBICHO OJIHOLIC-
novyeuynoi xonbiieBoit [IHK. B To e Bpems Jiokyc
pal pUB110 >¢dexruBHo y3HaeTcs GepMeHTaMH
obenx OakTepwi, IMOAITOMY W B TETEPOIOTHIHOM
okpyxenuu pUBI110 Haxomutcss B OCHOBHOM
B JIByXIIETIOUEUHOW popme. DTO eqMHCTBEHHAS U3

M3YYEHHBIX TUTa3MHUJ CTa(DHIOKOKKOB, CTAOMIHHO
MOJIZICPKUBAFOIIASCS B KIIeTKaX B. subtilis.

Ilnazmuga pUB110 monyuwiia mupokoe pac-
MPOCTPAaHEHHUE B KaUeCTBE KIOHUPYIOLIETO BEKTO-
pa. OHa sBIsIEeTCS MHOTOKOITMMHOMN, HECET JIBa Ce-
JIEKTUBHBIX MapKepa — YCTOHYMBOCTb K HEOMHIIU-
HY WIM KaHAaMUIUHY (TeH neo) U K OIeOMHUIMHY
w prneomuuuny (ble), a TakKe CONEPKHUT YHH-
KaJbHBIC YYacTKA THJIPOJIM3a PECTPUKTA3aAMH
EcoRl, Xbal, BamHI, Accl, Pvull, Ncil n Bg/ll, no
KOTOPBIM MOXKHO KJIOHHPOBAaTh 9K30TEHHBIE (hpar-
menThl JIHK 06e3 Hapymenus ¢yHknui peruiika-
uuu asMuael. [Ipu 9TOM CeleKTUBHBIN 0TOOp
rUOpPUIHBIX BapUaHTOB BO3MOXKEH TOJBKO IIPH
BCTpoiike pparmentoB no yuactky Bg/Il (NmsBIr)
wi Ncil (NmrBls). Kak yxe ormeuanocs, pUB110
CTaOMIIFHO MOICPKUBACTCS B KIIeTKaX B. subtilis.
Kpome Toro, oma MoxeT OBITH TiepeHEcCEeHa W3
B. subtilis B npyrue BUIbI OalMIUT TTyTEM TpaHC-
nykuuu garamu PBS1 wnu SP10, uro meroanye-
CKH 3HAUNTEJIFHO YIPOILACT IPOBEICHNUE SKCIIEPH-
MEHTOB.

OnuH 13 HepBBIX 'C€HHO-UH)KCHEPHBIX JKCIIe-
pumeHTOB Ha B. subtilis Boimonnen B 1978 . C. Op-
auxoM. B cocraB mmasmuasl pC194 Ob11 BeTpoeH
HindllI-dpparment rumazmuast pT127, Hecynwii reH,
KOAMPYIOLIMK yCTOMYMBOCTh KJIETOK K TETPALUK-
muay. Ucxomuyro mmasmuny pCl194 moxHO wHC-
M0JIb30BaTh B Ka4€CTBE KIOHHMPYIOLIETO BEKTOpa,
TaK KaK OHa COACPKUT €AMHCTBECHHOE MECTO TH/I-
pomuza pectrpukrazoit Hindlll, u mpu BcTpolike
B Hee Hindlll-pparmentoB JIHK He HapyimaroTcs
(YHKUMH PEIUTMKALUK TUIA3MUABI U TeH cat XJIop-
am(peHuKoaneTHITpancdepaspl. [MOpuHas 11a3-
muaa, obo3HadenHas pHVI11, perepmuHHpyeT
YCTOMYMBOCTh Cpa3dy K JBYM aHTHOMOTHKAM —
xJiopamQeHukony u terpauukinuny (puc. 10.7) u
sIBJIsieTCs1 00JIee yIo0HbIM 10 cpaBHeHUIO ¢ pC194
KJIOHUPYIOILIUM BEKTOPOM.

K. Kerrunc ¢ coaBropamu (1978 1.) BcTpomnu
B pUB110 ¢parmentsr xpomocomuoit JJHK pas-
HBIX BUIOB Bacillus, 06pa3oBaBImecs: B pe3yabTa-
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Tabnuya 10.1. CBolicTBa rudpuaHBIX MiIa3mMua Ha ocHoBe pUB110

KomriemeHTannonHast akTHBHOCTb
Hcrounuk
Pasmep,

[Tna3muma KIIOHIPOBAaHHOTO o B trp hiso

aro is-

¢parmenra JJHK B D C F B A

pUBI110 — 4,5 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
pSL104 B. pumilus NRS576 7,5 0 0 + + + 0 0 0
pSL105 B. licheniformis 9945A 8,1 0 0 + + + 0 0 0
pSL106 B. subtilis 168 6,8 0 0 0 + + 0 0 0

Ipumeuanue. KommnineMeHTalMOHHASI aKTUBHOCTD OTIpe/iessiiachk B B. subtilis: 0 — MyTanus He KOMIUIEMEHTH-
poBanachk, «+» — KOMIUIEMEHTHPOBAJIACH, «+)» — KOMITIEMEHTHPOBAIACh, HO KJIETKH POCIH MEJICHHO.

te ruaponusa EcoRl. Tlocne Tpanchopmariiu rud-
PUIHBIMH TIA3MHAIAMU KIETOK B. subtilis, nedext-
HBIX 10 pekoMOuHamwu (Ormaromapst MyTaluu
recE4 npepoTBpaiaeTcs peKoMOHHAINS KJIOHUPO-
BaHHBIX (ParMEHTOB C XPOMOCOMOM PELUTTHEHT-
HOM KJIETKM) U MYTaHTHBIX 10 Teny #pC, ynanoch
Ha CEJIEKTHBHOHN cpefie 0ToOpaTrh KIIOHBI KJIETOK,
B KOTOPBIX KJIOHHPOBAaHHBIC T€HbI KOMILJIEMEHTH-
POBaJH MOCICIHIO MyTaluio. JlONOTHUTENbHBIN
aHaJIN3 ToKa3all, 4YTo KpoMme reHa trpC B KJIOHUPO-
BaHHBIX (parMeHTax CopepKarcs M HEKOTOpbIC
JIpyTHE TEeHHI frp-orepona (tadm. 10.1).

Cepus TI1a3MHUIHBIX BEKTOPOB KIECTOK B. subti-
lis cosmana B naboparopuu . Jlyonay (1978—
1980 rr.). HccrnemoBarenu HCHONB30BAN TISITh
mia3mMua S. aureus (tadbm. 10.2). KomOuHMpys nx
in Vitro pecTPUKTa3HO-IUTAa3HBIM METOAOM, ya-
JIOCh TOJMYYHUTh BEKTOPHBIC MPOHM3BOIHBIC CEPUH
pBD (tab6mn. 10.3). HekoTopble THOpUAHBIE I1a3MU-
JII OKA3aJIMCh CTPYKTYPHO HECTAOMIBHBIMH, & UX
CTaOMIIbHBIC BAPHAHTHI MOIYYHIIUCH B PE3yJbTaTe
Jenenuid, Tpou3oLeqIuX n vivo. BaxHbM mpe-
UMYIIIECTBOM OITY4YEHHBIX KJIOHUPYIOIUX BEKTO-
POB 10 CPaBHEHUIO C HCXOAHBIMH IIA3MUIAMH SIB-
JISIETCS TO, YTO OHU HECYT HECKOJBKO IETEPMUHAHT
YCTOHYHMBOCTH K aHTUOMOTHKAM. JTO 3HAUYUTEIBHO
yHOpouUIaeT ¥ MOBBILACT HAICKHOCTh 0TOOpa THo-
PUAHBIX TJIa3MUJ Ha OCHOBE TaKUX BEKTOPOB.
MHakTuBUpYSL B pe3ysbTare BCTPOMKH OAUH WIH
JIBA MapKepa IUIa3MHIbI, KJIOHBI TPAaHC(POPMAHTOB
MOYKHO OTOMPATh IO JJPYTOMY HATUBHOMY MapKepy
BEKTOpa.

Baxno, uro B mramme B. subtilis ts dnaC30,
B KOTOPOM IIPU TOBHIIIEHHOW TeMIleparype Ipe-
Kpaiaetcs perukanus xpomocomuoit JJHK, cun-
te3 JIHK mnasmun pUB110, pC194 u nux mpous-
BOJIHBIX MPOAOIDKACTCS U KOMMWHOCTH IUTa3MH/I-
HBIX MOJIEKYJI MOKeT mocturarh 103 Ha KICTKY.
Hcrnonp3oBanue JaHHOTO MYTaHTHOTO IITaMMa U
BEeKTOpoB Ha ocHoBe Iutazmua pUB110 u pC194

MO3BOJISIET TOJIy4aTh BBICOKYIO KOMMMHOCTH KIIO-
HUPOBaHHBIX TEHOB.

PaccMoTpenHble Tu1a3MuIbl — BEKTOPHI C He-
TaTHBHOM CeJeKINel, TaK KaKk THOPUIHBIE MOJIEKY-
el JIHK BBISBASIOTCA 1O WHAKTUBAIIMH OIpPEC-
JICHHBIX TE€HOB YCTOWYMBOCTH K AHTHOMOTHKAM.
IIepBoHauanbHO HA arapu30BaHHON CEJIEKTHUBHOU
cpene ¢ ompeeIeHHBIM aHTHOMOTHKOM OTOHPAroT
KJIOHBI KJIETOK, COACPIKAIINX WM THOPHIHBIC, WIIH
HCXOMHYIO TIJIa3MUJbI, a JIMIIb 3aTeM Iepernedar-
KOIi Ha cpelly C aHTUOMOTHUKOM, I'€H yCTOWYMBOCTH
K KOTOpOMY B THOPHIHBIX IUIa3MUJaX HOJDKEH
OBITH HApPYILIEH, BBISBISIIOT KJIOHBI THOPH/IOB.

HecomuenHble mpenMyIiecTBa B psijie ciaydaeB
HMEIOT BEKTOPBI C MO3UTHBHOM CUCTEMOH oTOopa
rUOPHJIOB, TaK KaK OHU TTO3BOJISIOT OCYIIECTBISTh
MPSIMYIO CEJIEKIHIO KIETOK, HECYIIUX THOpUIHbIC
wiasMuibl. HanOombime ycriexu B JIAaHHOM Ha-
MPaBJIICHUU JOCTUTHYTHI IS KIETOK FE. coli
(cm. 2.2.8). IlepByro cucTeMy MPsSIMOI CEIEKITUU
THOPUIHBIX TUIa3MuIl B B. subtilis mpenioxunu
T. I'prxan u J. y6nay (1982 1.). OHn 0CHOBBIBA-
JIMCh HAa TOM, 4TO OBICTPO JEeJISALINECs KISTKH Oak-
TepHil HYXJAIOTCS B OOJNBIIOM KOJIUYECTBE HYK-
JCOTHIOB AJsl 00pa30BaHMS HYKJICHHOBBIX KUCIIOT.
[Ipu 5TOM cBOOONHBIE AE30KCUHYKIEO3UATPpHUPOC-
(aTbl NPUCYTCTBYIOT B KJETKaX B OUYCHb Maloi

Tabauya 10.2. CBOiicTBAa HEKOTOPBIX MJIA3MH/

S. aureus
Uucno ydyacTkoB
Cenex- Pasmep, TUAPOJIN3A
ITma3smMuga | TUBHBIE - pecTpuKTasoii
MapKepsI
Xbal | Hpall | EcoR1

pC194 Cm' 2,9 0 1 0
pE194 Em' 3,7 1 2 0
pSA0501 |Sm' 4,0 1 2 1
pUB110 |Nm'BI' 4,5 1 4 1
pSA2100 |Sm'Cm" 6,9 1 3 1
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Tabnuya 10.3. CBoiicTBa THOPUAHBIX MJIa3Mua cepun pBD

CeneKkTUBHbBIE
MapKepbl

Ponurensckue

ITmazmua
IJ1a3MHU bl

NuaktuBn-
pyeMblil
CEJIEKTUBHBIN
Mapkep

PectpuxTrazbl
C €IMHUYHBIMU
y4acTKaMHu
TUAPOIU3a

Pasmep, TnH

pBD6 pUB110 Nm'BI'Sm’

pSA0501°"

pBDS§ pUB110 Nm'BI'Cm'Sm"

pSA2100™"

pUB110™" Nm'BI'Em’

pE194

pBD9

pBD10 pBDS Nm'BI'Cm'Em"

pE194"™

pBDI12 pUB110 Nm'Cm'

pC194™

pBD64 pBD12"™ Nm'Cm"

*1) KoMOMHUPOBaHKE ¢ TIOMOIIBIO pecTpuKTassl Xbal.

8,7 BamHI —
Tacl —
HindIll Sm’
Bglll Nm"
9,0 BamHI —
Xbal —
HindIIl Sm’
EcoRI Sm"
Bglll Nm'
8,1 BamHI —
EcoRI1 —
Pstl —
Tacl —
Bglll Nm"
Hpal Em'
Bcell Em"
6,6 BamHI —
Xbal —
Bglll Nm'
Bcll Em’
Hpal Em’
6,7 BamHI —
HindIIl —
EcoRI1 —
Xbal —
Tacl —
Bglll Nm'
4.8 BamHI —
EcoRl1 —
Xbal —
Tacl —
Bglll Nm'

*2) KoMOMHHpOBaHUE C IIOMOIIBIO pecTpuKTasbl Xbal, neneuus in vivo.
b

*3) KoMOUHUpOBaHKE € IIOMOILBI0 pecTpuktassl Hpall.

*4) Jleneuys in vivo.

KOHLICHTpAaluu. 9t0 CBUACTCIILCTBYET O TOM, 4YTO
CHUHTE3 JIC30KCHHYKIICOTHJIOB SIBIISICTCS JMMHUTH-
pyroiueii cranuedt npu cunrese JJHK. J{ns cOanan-
CHPOBAHHOTO POCTA M PA3MHOKEHHS KJIETOK Tpe-
OyeTcst 0OJIBIIOE KOJIMYESCTBO HYKIICO3UATPUDOC-
(aroB, mpuveM B HY)KHOM COOTHoIIeHuU. Mcxons
U3 9TOT0, POCT OaKTEpHii MOKHO d(PPEKTHBHO UH-
ruOUpOBaTh, MOAABISISI CHHTE3 KaKUX-JIMOO HYK-
JICOTH/IOB.

Tak, TPUMETONPHUM SIBISICTCS HHTHOUTOPOM
quruapodonarpeykTassl 1 OJIOKHpYeT BoOcCTa-
HOBJICHHE qurujapodonara g0 Terparuapodornara,
KOTOPBI HEOOXOAUM TMpH CHHTE3€ MYyPUHOB U TH-
mumiata (cMm. puc. 13.3). Ecnu B xneTkax tumu-

AWJIIaTCUHTETAa3a BBICOKOAKTUBHA, TO B MPUCYTCT-
BHH TPUMETOIIPHMAa TPOUCXOAUT OBICTPOE PacXo-
JOBaHUE TyJia TeTparuapodoara, 1 3T0 IPUBOIUT
K MHTHOMPOBAaHMIO pocTa OakTepuid. Takum obpa-
30M, KJIETKH OaKTepHil ¢ HATUBHBIM T€HOM THMHU-
JIWITaTCUHTETAa3bl 17y B BRIOPAHHBIX YCIIOBHSIX BBI-
COKOUYBCTBHUTENbHBl K Tpumerponpumy (Tps).
Kietku ke ¢ neeKTHBIM T€HOM th)y~ TIPOSBIISIOT
YCTOHYHMBOCTH K JIJaHHOMY aHTuMeTtadonury (Tpr).
Hcxons u3 3Toro Ha ocHoBe IasmMuisl pPBD64 u
¢dparmenra JIHK dara 22, coneprkariero reH thy,
Opua cozmana rrazmuma pBD214 (em. puc. 10.7).
B nanHOl 1uta3Mujie MHAKTHBAINS TeHA 1) MOXET
MIPOUCXOIUTH TIPU BeTpoiike pparmentos JIHK mo
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YHHKaJbHBIM ydacTKaM Tuaponuza EcoRI, Bcll,
Pvull u EcoRV. B witamme B. subtilis thy- nna3mu-
nma pBD214 o6ecneunBaet dpenorun Tps, a rudpu-
IIbI, B KOTOPBIX T€H thy HapymieH, — Tp'. [Toatomy
Ha arapuM30BaHHOM CEJIEKTHUBHOM Cpejie ¢ XJIopaM-
(heHUKOIOM W TPUMETONPUMOM KOJOHHH MOTYT
(dopMupoBaTh TOJBKO KICTKU B. subtilis thy-,
TpaHc(hOpMHUPOBaHHBIE THOPHIHBIMY [IIa3MUTAMU
Ha ocHoBe pBD214, 1. e. mocne TpaHchopMauu
JMra3HON CMEChIO OyAyT BBISBISTHCS TOJIBKO T'MO-
PHUIHBIC KJIOHBI.

PerynsitopHsie ameMeHTBl TeHOB B. subtilis
nmerot crienquduyunoe crpoenue (cm. 10.3.1), mo-
3TOMY NPU I'€HHO-MHXEHEPHOM KOHCTPYHUPOBAaHUU
LITAMMOB-IIPOJIyLICHTOB ~ BO3HUKACT HEOOXOIu-
MOCTb BBIJIETICHHS TPOMOTOPOB B. subtilis n ux nc-
noJp30BaHus. BakHoe 3HaueHHe UMEIOT TUTa3MHU/I-
HbIE BEKTOPBI, IPEAHAa3HAUECHHBIE I 0TOOpa Mpo-
moTtopconepxkamux ¢parmentoB [HK. Ilepssrit
IUIA3MUHBIA  BEKTOp JAaHHOTO THIA CO3JAlH
I1. JloBetT c corpymaukamu (1981 1.). B cocraBe
pUB110 onu xionuposamu EcoRI-pparmenT xpo-
mocomHoi JIHK B. pumilis, conepxamiuii TeH cat.
['ubpunnyo mmasMuLy, IEeTCPMHHUPYIOIYIO ¢e-
HotHIl KieTok Nm'Cm!, o6o3naumnmu pPL531. Ha
ocHoBe pPL531 B pesynbrare réHHO-UHKEHEPHBIX
pPEeKOHCTpPYyKIMi Obuta co3mana turasmuaa pPL603
(cm. puc. 10.7), B KOTOpOH IeneTHpoBaHa TIPOMO-
TOpHasi 00JIACTh KJIOHHPOBAHHOTO T'eHa XJIOpaM-
(henukonanerunTpanchepassl. Ilocie BCTpOWKHU
B pPL603 nmo mectam ruaponmnsa pecTpuKTazaMu
EcoRI nnn Pstl mo6wix ¢parmento JJHK Ha ara-
PH30BAaHHOH cpejie ¢ XJI0paM(pEHUKOIIOM BhIpacTa-
FOT TOJIBKO KOJIOHHH KIIETOK B. subtilis, comepxa-
KX TMOPUIHBIC MJIa3MUIbI, Y KOTOPBIX BCTPOEH-
HbIe ()ParMEHTHI BBHIMOIHSIOT (YHKIIMUA MPOMOTO-
POB U HamNpaBIAIOT TPAHCKPHUIIIUIO B CTOPOHY KO-
JUpylolel nocuenoBareabHocT cat. [lpu aToM
MOYXHO KOCBEHHO, 110 YPOBHIO YCTOMYMBOCTH K aH-
THOHMOTHUKY, OLEHUTh CHJIY KJIOHHPOBAHHBIX IIPO-
MOTOPOB HJIM IPOMOTOPONONOOHBIX MOCIEIO0Ba-
tenpHOCTEH. CIIEeKTp aHAIM3UPYEMBIX PECTPUKIIH-
OHHBIX (P)ParMEHTOB MOKHO PACIIUPUTH, BCTPOUB
nepes] CTPYKTYpPHOM 4acThlo T'eHa cat OJIMINHKED,
COACP)KAIIMK Y4YacTKM y3HABaHUS Pa3IMYHBIX
pectpukras. Tak, 3amenuB EcoRI-PstI-pparment
(203 mH) mmasmumel pPL603 Ha moNMIIMHKEp
(21 mH) w3 cocraa M13mp7, CKOHCTPYHUPOBAIH
tasmuy pPL703.

BaxusiM cBoiictBoM BekTOopoB pPL603 1
pPL703 sBisiercst To, 4TO nepes CTPYKTYpHOU va-
CTbIO I'€HA Cat HAXOIUTCSI y4acTOK (IaJIUHIPOMHAs
MOCJIEZIOBATENIbHOCTH), OTBETCTBEHHBIN 32 MHIIYK-
U0 9KCIPECCUH I'eHa CyOMHTHOMPYIOUIMMHU KOH-
LHEHTpauusIMu XJopaMdeHnkona. MexaHu3m 3Toi

WHAYKOUH TOYHO HE M3BECTEH, HO MO OJHOMY H3
MPEIIOJIOKEHUH XI0paM(EHHUKON CIOCOOeH cTa-
OUIM3UPOBATH MIMUICYHYIO CTPYKTYpY Ha 5'-KOH-
ue MPHK cat u tem camplM yBenuuuBarh BpeMs
MTOJTY’KU3HA MAaTPHIBI, YTO TPUBOIUT TPU MaJIBIX
KOHI[CHTPAIUSX AaHTUOMOTHKAa K BO3PACTAHUIO
cuHTe3a Oenka. [ToaToMy, eciu HcIonb30BaTh Mpo-
MOTOPCOZIEpKaIllMe MPOU3BOIHBIE paccMaTpuBae-
MBIX BEKTOPOB M BCTPamBaTh KaKHE-THOO KOIU-
pyIoIe TOCIeA0BaTeIbHOCTH B CTPYKTYPHYIO
9acTh TeHa cat (HarpuMmep, o caity Hindlll, cm.
puc. 10.7), skcripeccusi KITIOHUPOBAHHBIX TyKEPOJI-
HBIX TCHOB TaKXKe OyAeT MHYLUPOBATHCS XJIOpaM-
(heHukoIoM.

Y OGammimn wMeeTcs OOJBIIOE pa3HOOOpasne
0-(hakTopoB, a CJIEI0BATENbHO, Crenu(UIHOCTEN
PHK-nosiumepassr (cm. 10.3.1), mosToMmy 0coObIit
WHTEpEC NPEACTABISACT BbIIEICHUE IPOMOTOPOB
pasnmuusbIX rpynn. Tak, B Bekrope pPL703 Obutn
KJIIOHHPOBAHBI TPOMOTOPHBIE (PparMEHTHI U3 XPO-
mocomuort JIHK B. subtilis. Ilpu anammze oto-
OpaHHBIX KJIOHOB Ha BO3MOXHOCTH IMPOAYILHPO-
BaTh CAT B 9KCTIOHEHIIMALHON U CTAIlMOHAPHON
(hazax pocTa KyJIbTypbl OOHApYyKEHBI ()ParMEeHTHI,
HaNpaBJIIOLINE TPAHCKPUIIIMIO JIMIIb B OCTIKC-
noHeHMaIbHOH (aze. Takum oOpazom, paspado-
TaHHas BEKTOpHAsi CUCTEMa IT03BOJIIET HE TOJIBHKO
KJIOHHPOBATh TpoMoTopHBIe ¢pparmMentsl JJHK, HO
Y XapaKTepru30Barh MX.

0. Kapmu ¢ coaBropamu (1987 1.) npeuioxkunm
WCIIONIB30BaTh OaKTepHabHYIO Ionudepasy s
oTOOpa MPOMOTOPOB U KOHTPOJS 3a WX (YHKITHO-
HUpPOBaHUEM in vivo. [IpenMyIiecTBO TaKoro mnoji-
XO0J1a MPEe’kK/Ie BCEro COCTOUT B TOM, UTO JJISl OIIEH-
KM ypOBHsI Jonudepassl He TpeOyeTcs pa3pyliaTh
KJIETKH (4TO HEOOXOAMMO JenaTh HPU KOJIUYEeCT-
BeHHoM aHanuze CAT, B-ranakro3uaassl WIH JIpy-
TUX TECT-OEIKOB), TTOCKOJIBKY OHAa KaTallu3HpPyeT
CHENM(PUUECKYI0 PEaKkIuio C U3TydYeHHEM CBeTa.
[Ipoaykuuto cBeta OakTepHaibHON JTHOIH(Eepa3oit
MOYKHO JIETKO U3MEPHUThH C TIOMOIIBIO0 POTOYMHOKH-
TeJIs, ¥ OHA JIMHEHHO 3aBUCHUT OT KOJMUYECTBA CHH-
TE3UPOBAHHOTO (pepMeHTa.

Jia peanuzanuy JaHHOTO TO/XO/a B COCTaB
OakTepuanbHOU azmuasl pVH33 BeTpowmiu Gec-
MIPOMOTOPHBIN CerMeHT JitouudepasHoro (/ux) omne-
pona Vibrio fischeri. B momy4yeHHOW mazmue
pOC1 mepen [ux-onmepoHOM HAXOAWTCS YHHKAIb-
HBIN y4acTok Smal, 10 KOTOpOMY MOKHO BCTpaw-
BaTh dyxkeponusie pparmentsl JJHK u ananmuzupo-
BaTh UX MPOMOTOPHYIO aKTUBHOCTBH IO CBEUCHHIO
kietok. Bextop pOC1 ObLT HCITONIB30BaH ISl KIIO-
HUPOBAHUS psifia MPOMOTOPOB M3 COCTaBa XPOMO-
comuoit IHK B. subtilis u B. megaterium v ananu-
3a (DyHKIMOHUPOBAHHS ITPOMOTOPHBEIX OONacTei
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R0 EcoRI
EcoRI EcoR . EcoRI
_Bcerpoiika
)Z[eneum Rib-dparmenra
—_————>
in vivo JAHK B. subtilis A\ /A
ApSM19035
18 ToH

Puc. 10.8. Obpa3zoBanue BekTopHOii mazmuabl ApSM 19035, cioco6Hoit obecnieunBaTh TpaHCHOPMALIUIO KIETOK
B. subtilis moHOMepHBIME (hOpMaMHU THOPUIHBIX TUIA3MUJI, U €€ UCIIOJIb30BAHKUE HA MPUMEPE KIOHUPOBAHHUS
pubodaBuHOBOTO OrepoHa (Rib).

UYepusiMu 610kaMu 0003HaYE€HBI HHBEPTHPOBAHHBIE TOBTOPHI

B IIPOIIECCE Pa3BUTHS KYIbTYPHI B. subtilis n oOpa-
30BaHUs CIIOP. DTOT MOAXO MEPCIICKTUBEH IS FC-
CJICZIOBaHMS TOHKUX MEXaHU3MOB TaKOTO CIIOXKHO-
ro npomecca Au(GPepeHITUPOBKH, KAKUM SBISETCS
CIIOPYIISALINS OAITHILIL.

B HacTosiiee BpeMsi MMEETCS JIOCTATOYHBIN
HAOOP BEKTOPHBIX MOJICKYJ ISl TPOBEICHHUSI -
POKOTO CTHEKTpa FreHHO-UHKEHEPHBIX IKCIICPUMECH-
TOB B KJIeTKax Oanwii. Heoctarok THX BEKTOPOB
COCTOHUT B TOM, YTO OHH HE CITIOCOOHBI B MOHOMEP-
HOW (opMe TpaHCHOPMHUPOBATH KOMIICTCHTHBIC
KIeTku B. subtilis. KauecTBEHHO HOBBbIC BEKTOPBI
JUIsl GalMyll yAajuoch CO3/1aTh Ha OCHOBE HEKOTO-
pPBIX TJIa3MHJ[ TPAMIIOIOKHUTEIBHBIX OaKkTepuit
pona Streptococcus.

A. C. boiirios u B. 1. T'omy6koB (1980 1.) oOHa-
PYXKWIH, Y4TO TIa3MHJIbI CTPEIITOKOKKOB MOTYT 3(h-
(hexTBHO TpaHCchopMupoBarb B. subtilis nu 00y-
CJIOBJIMBATh MX YCTOWMYMBOCTH K aHTUOMOTHKAM.
IIpu stom HambGombmmas 3()PEKTUBHOCTD TpPaHC-
(hopMaruu ¥ CTaOWIBHOCTH TOAJICPIKAHUS XapakK-
TepHA JUISI J1a3MUJ] ¢ TPOTSKEHHBIMH HHBEPTUPO-
BaHHBIMU TOBTOpaMH. Takue MOBTOPHI MOTYT 3a-
HUMaTh 110 80 % KOHTYPHOU JTMHBI IJIa3MHUIBI (Ha-
npumep pSM22095). Knerku B. subtilis TpaHc-
(hopMHPYIOTCS TUTA3MUIAMH JJAHHOTO THIIA B MO-
HOMEpHOU (opMe ¢ Takoi ke dPPEKTHBHOCTHIO,
Kak M CyMMapHbBIM MpenaparoM IUIa3MHUIbI.
A. U. Crenanos c corpyaaukamu (1982 r.) mpexio-
KUIH MOJIIETh, OOBSCHSAIONIYIO 3TOT (akT (CMm.
puc. 10.3, 7). BaxxHo nmoguepKkHyTh, 4TO JIENEeLUU
B TIPUPOJHBIX TUIA3MUJIAX CTPEHNTOKOKKOB, YMCHbB-
HIAFOIIME pa3Mep WHBEPTUPOBAHHBIX IOBTOPOB,
9acTo HE CHIKAIOT 3(P(HEeKTHBHOCTH TpaHchopma-
UM UMH KJIETOK B. subtilis. 10 HabnroneHne uc-
MOJIK30BAaJM COTPYAHUKH J1abopaTopun CTenaHoBa
npu cozaanuu Bekropa ApSM 19035 u kionnposa-
HUU B €r0 cocTaBe pruOO(IaBMHOBOTO OIEpoHa
B. subtilis (puc. 10.8). IlokazaHo, 4T0 y JaHHOW
IJIa3MHUIIBI  MOHOMEpHast ¢opMma 3PGHEKTHBHO
TpaHc(hOpMHUpYET KOMIIETEHTHbIC KJICTKU B. subti-
lis, ¥ TOITOMY €€ C yCIeXOM MOXKHO HCIIONIb30BaTh
JUTSL KIIOHUPOBaHUs 3K30TeHHBIX (hparmeHToB JJHK

[0 YNPOILICHHONW SKCIIEPUMEHTAIILHOM CXEeMe —
tpauchopmupys npenaparom JIHK, momydeHHBIM
[IOCJIE JIMTA3HOM peakluu, KOMIIETEHTHbIE KIETKH
B. subtilis, a He IPOTOTIACTEI.

10.2.2. Bekmopbl Ha OocHoee nja3mud
Bacillus

ITapamienbHO ¢ pa3BUTHEM BEKTOPHOM CHCTe-
MbI Bacillus Ha 0cHOBE CTa(hMIIOKOKKOBBIX U CTPETI-
TOKOKKOBBIX TUTa3MHJ Bellach pa3paboTKa KIIOHH-
PYIOIIMX BEKTOPOB M HA OCHOBE IIJIa3MHU]T, BBIJICIICH-
HBIX U3 Pa3HbIX BUAOB Oanmyut (Tadm. 10.4).

K. bepuxapn ¢ coaBropamu (1978 r.) moka3zanu,
gto azmuaa pBC16 u3 B. cereus crmocoOHa per-
JUIMPOBATHCS U JICTEPMUHUPOBATh YCTOMUNBOCTh
K TETPAUKJINHY B KIeTkax B. subtilis. Ilocne rua-
ponuza pBC16 pecrpukrazoit EcoRI u o6paboTku
JHK-nmurazoit momydena turazmupma pBC16-1
(puc. 10.9), perumnupyromasics B Kinetkax B. sub-
tilis m coxpanusmias reH fet. Jlanee pBC16-1 Opuia
pexomOuHMpoBaHa in vitro mo EcoRI-yudactky
C KpUINITHYECKO# Tutazmunon B. subtilis pBS1. On-
HaKo B B. subtilis TuOpugHas mia3Muaa, coCTos-
masi U3 JByX PETUIMKOHOB, OKa3ajlach HECTAOMIIb-
HOM n auccoruupoBasia Ha pBS161 u pBS162.
[Mnazmumy pBS161 ruaponn3oBamy pecTpuKTazoit

Tabauya 10.4. llna3muapl 6aktepuii pona Bacillus,
HCIOJIb30BAHHbIE JIUIsI CO3/IaHUsI KJIOHUPYIOIIHX
BeKTOpOB B. subtilis

deHoTu-
Hcrounuk Paszmep,
[nazmuna MTUYECKHE
BBIJICIICHUS TIH
MapKepsl
pBCl16 B. cereus 4,5 |Tc¢
pPL10 B. pumilus 6,6 Kil"
pABI124 |B. stearother- 44  |Tc
mophilus
pLS28 B. subtilis 6,2 —
pBS1 B. subtilis 8,3 —
pTB19 TepmoduibHas 25,8 |Nm', T¢'
OakTepust pona
Bacillus mramm
TR123
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1. EcoRI
2. JHK-nuraza

pBCl16-1
2,7 TiiH

EcoRI

1. JHK-nuraza
2. Tpauchopmarnms B. subtilis
3. Jluccoumanus in vivo

EcoRI

pBS162
2,1 ToH

Pstl

1. HindIll HindIll

pBsi61-1 || FeoRl

ks 3,6 T

Puc. 10.9. Cxema coznanus miazmuasl pBS161-1.

A—G — HindllI-dpparMeHTs! I1a3MU B TOPSAKE YMEHBIICHHUS pa3mMepa

Hindlll u ¢parMeHTH UKIA30BAIN C TOMOIIBIO
JHK-nuraser. [locne TpaHcoOpMamuu KIETOK
B. subtilis B yCTOWIHBBIX K TETPAIUKINHY KIOHAX
BBISIBWIIM HOBYIO minasmuay pBS161-1, xoropas
MpeacTaBisia co0or mukin3oBanubI HindIII-A-
¢parment pBS161. [lonydennas mna3muia umeet
eIMHUYHBIE YYaCTKA THUAPOIN3a PECTPHUKTa3aMHU
EcoRl, Hindlll, Pstl, BCTpOHKHU 110 KOTOPHIM HE TI0-
BPEXIAIOT PEIIUKATOp W TeH fef. DTO TO3BOJSIET
MPUMEHATH €€ B KaueCTBE KIOHHUPYIOIIETO BEKTO-
pa. Hemocrarok pBS161-1 — cnoxkHOCTh 0TOOpa
CO3/1aBaeMbIX Ha €€ OCHOBE THOPHIHBIX TIA3MH]I.
K. Haraxapu u K. Cakaryun (1978 r.), ucnomns-
3ys  1masmuny pRSF2124, npoknoHupoBanu
B E. coli rennt leuA, B, C B. subtilis u moka3zamu,
gto THOpuaHas miasmMuga pRSF2124-B.leu cmo-
coOHa TpaHc(hOpPMHUPOBATh K TPOTOTPOGHOCTH MY-
TauThl leu~ kak E. coli, Tak u B. subtilis. OgHaxo
peruIuMpyeTcss oHa TOiIbko B E. coli, HO He
B B. subtilis. Tloatomy EcoRI-pparmenT xpomo-
comoit /IHK wn3 pRSF2124-B.leu nmepectponnu

B KpUIITHYECKYIO Iazmuay pLS28 u nocie TpaHe-
(dhopmaruu kietok B. subtilis leu recE4 otobpanu
Leut-tpancdopmaHTbl, cofepKaliue IUIa3MHIy
pLS103. IIpu Bcrpoiike uyxepomnoi JIHK mo
eIMHCTBEeHHOMY y4acTKy BamHI unakruBupyercs
reH leuA, Ho reHbl leuB u leuC coxpaHsIOT HaTUB-
HOCTb. I'eH /euC MOXXHO HCIIOJIb30BaTh B KAUECTBE
Mapkepa mazMuasl pLS103.

Ha ocnore pLS103 rugponuzom in vitro B yc-
JIOBHSIX, U3MEHSIOMINX crelupuaIHocTh EcoRI Ha
EcoRT*, nonydyeHn paenenuoHHblid Bapuant pLL10
(puc. 10.10). danHas miua3Muaa yxe UMela OJuH
EcoRI-yuactok u comepkana reusl leuA, B (ren
leuC neneruposan). B pLL10 BcTpounu mpensa-
pHUTENIbHO KIOHMPOBAaHHBIM B coctaBe pBR322
EcoRI-dparment, Hecynmii reH auruapodoarpe-
nykrasel (DHFR) B. subtilis, xoropsiii obecrieun-
BaeT YCTOWYMBOCTHh KJIETOK K TPHUMETOIPHUMY.
B pesynprare nomyuwnu nnazmuay pTL10, Tpane-
dhopmupoBaBryto KiIeTku B. subtilis leuA8 x de-
Hotuny Leu™Tpr.
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ll.EcoRl*

2. IHK-nuraza

Pstl\ ,BamHI

I'en dhfr (Tp"),
KJIOHMpOBaHHbIN B pBR322

EcoRI —»
EcoRI1

1. Bgll

2. EcoRI

3. JHK-nuraza

Puc. 10.10. Cxema koHCcTpyHpoBaHus TnOpuaHbIX turazmua pTL10 u pTL12

Jl1s yMeHbIIeHUs pa3Mepa IIa3Muabl U yjane-
HUSI HEKOTOPBIX PECTPUKIIMOHHBIX ydyacTkoB pPL10
IOCJIEIOBATENILHO THAPOJIN30BAIM PECTPUKTA3aMU
Bglll, EcoRI n obpabarsBanmu JIHK-nmrasoii. B pe-
3yApTaTe ATUX MAaHUMYIALUHA cO3Aalu IIa3MHUIY
pTL12 (cm. puc. 10.10), uMerOMy0 €IUHUIHBIC
yuacTKu neictBus pectpukrtaz EcoRl, Bglll,
BamHI u Xmal. Ilpu Bctpoiike dpparmenton JJHK
1o yuactkam BamHI u Xmal nnaxrtusupyercs map-

HindIII

Bglll

Puc. 10.11. Pectpukunonnas kapta mia3mMuasl pTBI0

kep leu pTL12, u otbop TpanchopMaHTOB MOXKHO
OCYHIECTBIISITh IO Mapkepy Tpr.

[Mnasmuna B. stearothermophilus pAB124 Tax-
K€ MOXET OBITh HCIIOJIb30BaHA B KAYECTBE KIIOHU-
pyroiero Bektopa B. subtilis, TOCKOIbKY ee
EcoRI-A-dparMeHT COmEp)KUT PETUIMKATOp M TeH
tet 1 mocie nukinu3anuu ¢ nomousio JJHK-nmurasst
MOXXKeT (pPyHKIMOHUPOBATH B KJIETKaxX B. subtilis
Kak aBToHOMHas kosblesas JHK.

B tepmodumbHBIX OarmmiuiaX BBISBICHBI TUTA3-
MHUJIBI, 00ECHEeYHBAIOIINE YCTOWYMBOCTH KIIETOK
K pa3MUIHBIM aHTHOMOTHKaM. Ha ocHOBe ofHOI 13
Hux — pTB19 — ckoHcTpyupoBanu in vitro ne-
JEIMOHHBIE BapuaHTe, B ToMm uucie pTB90
(puc. 10.11), craBmmii NOMYJISPHBIM BEKTOPOM,
MIPUTOHBIM JUTS KIIOHUPOBAHUSI TEHOB KaK B B. sub-
tilis, Tak 1 B TepMOGUIBHOM B. stearothermophilus.

ITnasmunsl Bacillus HaxomgsaT JOCTATOYHO IIIH-
POKOE IPUMEHEHHE NPH CO3IaHUU MOJIEKYISIPHBIX
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BEKTOPOB B. subtilis. IT0, B 4aCTHOCTH, OOYCIIOB-
JIEHO TEM, YTO B psjie CIy4acB TaKHe IUTa3MHIIbI
MOTYT 00Jice CTAOMIIBHO MO CPABHEHHIO C «UyIKe-
POIHBIMUY» TIONIAEPKUBATHCA B KIIETKAX pPasHBIX
BUJIOB OaruiI.

10.2.3. BekmopHbie niaa3muosbl,
pennuyupyroujuecs
e B. subtilis u e E. coli

Cucrema TUTa3MUIHOW TpaHchopMaruu Kie-
TOK E. coli 3HAYUTENBHO TIpole, ueM y B. subtilis.
Kpome Ttoro, mmeercss 0ONbIIOE HYHCIO XOPOIIO
W3YYCHHBIX IUIa3MUIHBIX BEKTOPOB E. coli. [ToaTo-
My HECOMHEHHBI HHTEpEC IMPE/CTaBISIOT THO-
PHUAHBIC MIa3MUJIBI, KOTOPHIE MOTJIH OBl PETUIHIIH-
poBatbes Kak B B. subtilis, Tak u B E. coli. Takue
IJ1a3MUJIBI Ha3bIBAIOT YEITHOYHBIMH.

UyskepoAHble TIeHbl IEPBOHAYAIBHO MOXHO
KJIOHHPOBATh B METOJAMYECKH O0Jiee IPOCTOM CHC-
teme E. coli, a 3aTeM OTOOpaHHBIE JBYPETUINKOH-
HbIe THOPH/THBIC TUIA3MHUJIBI TIEPEHOCUTH B KIJICTKU
B. subtilis. Ilepenoc obneryaeTcsi TeM, 4TO B Ipe-
rapare T1a3MUIbl, BBIJISIICHHOM U3 KIIETOK E. coli,
coiepkarcs MyJIbTHMepHble ¢Gopmbl. Hannume
B TaKUX YEIHOYHBIX BEKTOpAaX IOCIEI0BATEIHHO-
cret wasmua E. coli maeT BO3MOXXHOCTh 3HAYH-
TEJHHO YBEIUYHUTD CIIEKTP PECTPHUKTA3, IO CalTamM

Xbal BamHI

N\ Haell

Haell
Bglll

EcoRI

YacTuuHbINi TUAPOIHU3
Sau3Al

T'unponuz BamHI

1. IHK-nuraza

2. Tparchopmanus E. coli

3. OTt6op Ap'-KI10HOB

4. Tpauchopmarus B. subtilis
5. OT60op Nm'-KJI10HOB

Haell

y3HABaHUSI KOTOPBIX MOXKHO KJIOHHPOBaTh (ppar-
meHTel JIHK. Bonee Toro, ucnosb3yst AByperliu-
KOHHBIE BEKTOPBI, MOKHO M3y4aTh (PyHKIIMOHHUPO-
BAHME OJIHOM M TOMN K€ TEHETUYECKON KOHCTPYK-
MU B 0aKTEPHAIIbHBIX KIETKAX Pa3JIUYHBIX THIIOB.

Vxe B o1HOI 13 iepBhIX pabot (1978 1) mo mo-
JIYYEHUIO TUIA3MUIHBIX BEKTOPOB B. subtilis C. Dp-
JUX CKOHCTPYHMPOBaJ THOPUAHBIE TUIA3MUIBI
pHV12, pHV14 u pHV16, xoTopsie coCTOSATN U3
MOJIHBIX KOMHUH JBYX IJIa3MUJI, TUPOJIN30BAHHBIX
Hindlll: pC194 (Cmr) u pBR313, pBR322
(Apr Tcr) mmu pWL7 (Ap'™Nmr). [Tnasmuasr pHV12,
pHV14 u pHV16 pemmmnupoBaauch B KIeTKax
E. colin B. subtilis. Ilpu atom B E. coli sxcipeccu-
pPOBAIIMCH BCe HATHBHBIE TEHBI YCTOWYHBOCTH K aH-
THOMOTUKAM THOPHIHBIX IUIa3MHIl, a B B. subti-
lis — Tonpko TeH cat (Cm) urazmuer pC194.

Amnanornano J[x. Kpadr ¢ coaBropamu (1978 1)
TIOJTYYHJIH YCITHOYHBIE TUIa3MUJIbI HA OCHOBE PEIUIU-
koHa pBS161 m ruApOTM30BaHHBIX PECTPHUKTA3OM
Hindlll mnasmun pBR322, pWL7 u pACYC184.
Co3manHble THOpHIHBIE TIIa3MUAIBl  OTIHMYAINCH
CTPYKTYPHOH HECTaOMIBHOCTBIO B B. subtilis, B TO
BpeMs Kak B E. coli oHM COXpaHsITUCh JOCTaTOYHO
ctabmibHO (cM. 10.4).

Hpyrue uccnenosarenu ¢ nomouisto JJHK-1m-
ra3bl 00beIMHWIN TUApon30BaHHbIe EcoRI more-

YacTuuHbIN TUAPOIIN3
Sau3Al

1. JHK-nuraza

2. Tparchopmanus E. coli

3. Ot60p Ap"Cm'Lac*-koHoB
4. Tpauchopmarus B. subtilis
5. Ot60p Cm'-KJIOHOB

Puc. 10.12. KoncrpyupoBanue uestHOUHBIX 1a3mMua pMK3 u pMK4 st cucremst E. coli — B. subtilis.

B monmunmHKepe 0003HAYCHBI YYaCTKU Y3HABAHUS PECTPUKTA3:
R — EcoRIl, Sm — Smal, B— BamHI, S — Sall, P — Pstl, H— HindIIl
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KyJ1bl u1asMuasl pBS161-1 u perukarusHoi ¢op-
mbl JIHK ¢ara M13mp2. Iloxyuennas rubpuaHas
tasmuzia pKJB200 pertniiupoBaiach Kak B E. co-
li, Tak u B B. subtilis, obecrieunBasi yCTOMINBOCTh
uxX K TerpauukiuHy. B E. coli mpu osTOM
(hopMEpOBaICs KU3HECITOCOOHBIN THOPHUIHEIH (har
M13. JlaHHBIA YETHOYHBI BEKTOpP HMEET
eIMHWYHBIC yuacTKu pectpukiuu HindlIIl u Pstl.

VYno6Hb! yenHouHbIE BeKTOpbl pMK3 1 pMKA4,
ckoHcTpyupoBanHble M. CylmmuBaHOM € COaBTOpa-
mu (1984 1) Ha ocHoBe mnazmun pUCY u pUB110
i pC194 coorBetcTBeHHO (pric. 10.12). Berpoii-
Ka ()parMeHTOB 10 MHOTOUUCIICHHBIM PECTPUKIIH-
OHHBIM YYacTKaM NOJIHIMHKEpa B reHe lacZ’ nerko
BBIABISIETCST B KieTkax FE. coli. OtoOpaHHbIe
B E. coli TuOpuIHBIC MOJIEKYIIBI 3aTEM MOXKHO BBO-
IIATH B KIETKU B. subtilis.

BaxHoe 3HaueHne ISl TIONyYCHUS] M XapakTe-
pu3anuu psiga OMOIMOTEK FeHOB MOTYT UMETh JIBY-
PEIUIMKOHHBIE BEKTODPBI, CO37aHHBIE HA OCHOBE
wia3Muy B. subtilis m kocmun E. coli. Takolt BekTop
CKOHCTPYHpPOBaH oObeanHeHHeM iasmu sl pCl194
u xkocmuabl pHC79 no Hindlll-yuactky. Ilomyuen-
Has TuOpumHas kocmuma pQB79-1 (puc. 10.13)
crocoOHa peruuImMpoBaTbcss W B B.  subtilis,
u B E. coli. C nomonipio pQB79-1 B kitetkax E. coli
kiorupoBanbl EcoRI-dpparmentst JIHK B. subtilis
pasmepom ot 10 1o 40 TrH. 3atemM rTHOPUAHBIE KOC-
MUJIBI UCTIONB30BANN U TPAHC(POPMAIIUU ayKCO-
TpoHBIX MyTaHTOB B. subtilis. B pe3ynsrare Obuin
nokanm3oBanbel pparmentsl JJHK, xommnemenTn-
pYIOILME MyTaIlUU 110 pa3HbIM reHam B. subtilis.

Ha ocHoBe pernnukonoB mnasmua pUBI110,
pBR350 u cTpykTypHOM 4acTu reHa cat TpaHCIo-
30Ha E. coli Tn9 6pu1a co3nana mnasmuga pGR71
U 0TOOpa TPOMOTOPCO/IEPKAIIUX (HParMeHTOB
JIHK. Ona criocoOHa peruuIMpoBaThCs B KIETKAaX
B. subtilis u E. coli. D10 no3BosieT u3y4arb QyHK-
IUOHUPOBAHNE KIOHHPOBAHHBIX IPOMOTOPHBIX
(parMeHTOB B 000UX THUIAX OaKTepUAIbHBIX Kile-
TOK.

Kpome mpomMoTOpoB ¢ MOMOIIBIO ONpEseseH-
HBIX BEKTOPOB MOKHO KJIOHHPOBATh PETIIMKATOP-
weie nocnenoBarensHocT JIHK. Tak, ncnonb3ys
rubpuaayto wrazmuny pCs540, He ciocoOHyTO pe-
IUTUIIMPOBATHLCS B KIIETKaX B. subtilis, HO peruiuim-
pyromnyrocs B E. coli, JI. Annepcony ¢ coaBTopamu
(1982 r.) ynanocs kinonupoBats ¢pparmentsl JHK,
oOecreunBaronie BHEXPOMOCOMHYIO —peTTHKa-
v miasmMuasl B B. subtilis recE. Ilmasmupaa
pCs540 cocrout u3 Hpall-pparmenTa Imia3MuIbI
E. coli pSC101 n nerepMuHaHTHI XJ10pamM(pEHUKOI-
artetuntpancdepassr pC194. I'en cat sxcnpeccu-
pyercs B E. coli u B B. subtilis. [lpun BBeneHun
B KIeTKHU B. subtilis mmazmuna pCs540 He perum-

EcoRI HindIIl

Puc. 10.13. Kapra yeTHOUYHONH KOCMUJBL:

1 — mocnenosarensrocTs JJHK pBR322,
2—pCl194, 3 — dara i

LUPYETCs, ITOOTOMY HE YHAETCS MOJIYYHUTH KIIOHBI
KieTok ¢ perotunom Cm!. Takue KJIOHBI MMOJTy4a-
IOTCS TOJBKO B TOM Ciyd4ae, KOrjga B IDIa3MHUIY
BcTpoeH pparment JIHK, oGnanarormii GpyHKIUs-
MH peruukaropa B B. subtilis. JJaHHBIN TOIX0T 110
CYIIECTBY aHAJIOTHYEH MeToAy oTOopa ARS-mo-
CIIEZIOBATEILHOCTENW B KJIETKaX APOAOKEH-caxapo-
MULEeTOB (cM. 12.4.2).

[lo paccMOTpeHHBIM cXeMaM IOIy4eHO OOIIb-
1I0€ YHMCJIO BEKTOPHLIX JIBYPCIIMKOHHBIX IUTa3MU/I.
MHorue U3 HUX C YCIIEXOM HCIIONB3YIOT B Pa3Iny-
HBIX T€HHO-UHKCHEPHBIX SKCIICPUMEHTAX.

10.2.4. BekmopHasi cucmema cekpeyuu
4y)xepoOHbIXx 6eslkoe U3 KJemok
Bacillus

OnHO M3 caMbIX BaXKHBIX HAINPaBICHUN I'EH-
HO-MH)KCHEPHBIX HCCIeNOBaHUN Ha B. subtilis
U IpYyTHX Oaliiax — CO3/aHue ITaMMOB, CeKpe-
TUPYIOLIUX Yy>KEPOJIHbIE OCIKH U3 KJIEeTOK. bakre-
pun poxa Bacillus MOTYT BBIIENATH BO BHEIIHIOIO
cpeny paziauyHble Oesnku. XOpoIIo u3yveHa ceKkpe-
WS a-aMUJIa3bl, TEHUIIIDTHHA3E! 1 TipoTeas. Cek-
peTupyemble Oeslku UMEIOT Ha N-KOHIIE CHTHallb-
HBIM TIENTHJI, KOTOPBIA OTIIETUISETCS B MpoIecce
CeKpeLuny, AaBas Havyajo 3peyiol gopme BHEKIe-
ToyHOTO Oenka (cMm. 2.2.10). YV M3ydeHHBIX CeKpe-
TUPYEMBIX OeNKOB Bacillus curHanbHbIC TIETITH/IBI
HeoOsyHO MIHHHBI (29-34 AK) B ormamume oT
BCTPEUAIOIINXCSI B TPAMOTPULIATENILHBIX OaKTepH-
SIX ¥ KJIETKaxX )KUBOTHBIX (15-25 AK).

Kionupysi reHsl cekpeTupyemblx OENKOB U
yaaIIs 3aTeM KOAUPYIOIIYIO MTOCIIe0BAaTEIbHOCTh
3pesioit popMbl, MOKHO CO3/1aTh MOJIEKYJISPHbIC
BEKTOPBI AKCIPECCHH—CEKPEINH I TPaMIIoio-
KHUTENBbHBIX Oaktepuil popa Bacillus. B nepByio
odepelb JaHHBIA IMOIX01 OBIT Peasn30BaH MpruMe-
HUTEJBHO K reHy amyE. DTOT reH Konupyer ¢-aMu-
Ja3y — OIWH W3 Hamboyiee M3y4eHHBIX U WMEI0-
OMX TPaKTHYECKOE 3HAYCHUE CEKPETHPYEMBIX
(hepMEeHTOB MHOTHX INITaMMOB Oarmiut. bakrepu-
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anbHasi (-aMUJIa3a MCIOJb3YeTCs] B TPOMBIIIUICH-
HOM pacUICTJICHUU KpaxMaia 10 HUI3KOMOJIEKYJISp-
HBIX JIETKO YCBaMBAE€MBIX APOXIKAaMH MPOAYKTOB
(@-ManbTO3bl, -TITFOKO3bI M KOPOTKUX ((-IIEKCTPH-
HOB), KOTOPBIE HEOOXOIUMBI JJISI TAKMX MUKPOOHO-
JIOTHYECKUX TPOLECCOB, KaK, HaNpuUMep, MpOH3-
BOJICTBO dTaHOJIa. BEIsIBIEHO HE MEHEee LIeCTH Te-
HOB, YYaCTBYIOIIMX B PETYIISIUHN POIYKLIUHU ITOTO
¢depmenrta. KpomotnuBass MHOroctyneHdvaTas ce-
JIEKIMs MO3BOJIMIIA CO3JaTh MHOXKECTBO MYTAaHT-
HBIX mITaMMOB Bacillus, Hanuboee nmpoyKTHBHbBIC
13 KOTOPBIX MPEBOCXOAAT IITAMMBI JTUKOTO THIIA
10 YPOBHIO CHHTe3a q-ammiasel B 103 pa3. C pas-
BUTHEM METOJIOB TEHHO-MHXCHEPHOH PEKOHCTPYK-
I[UU Ha cucteme B. subtilis BOSHUKIIA UJIES TTOJTyYe-
HUSI HOBOTO ITOKOJICHHS TMPOAYIICHTOB (X-aMHUJIa3.
[Ipu 3TOM I POMBIIUIEHHOCTH (KaK, BIIPOUYEM,
U s QyHIaMEeHTaIbHOH HayKH) OOJIBIION MHTe-
pec npecTaBisuId TEPMOCTa0UIIbHBIE (DOPMBI JaH-
HOTO (epMeHTa, TeHbl KOTOPBIX MOXXHO OBUIO H3-
Biekatb u3 JJHK TepmoduiioB u BBoauTh B ompe-
JIEJIEHHOE TeHEeTHYECKOe OKPYKEHHE TaKoro XOpo-
110 U3y4EeHHOT0 Me30duia, Kak B. subtilis.

B psine maboparopuii B BEKTOPHBIX IIIa3MHUIaX
B. subtilis ObITM KJIOHUPOBAHKI TEHBI Q-aMUJIa3 U3
B. amyloliquefaciens, B. licheniformis, B. subtilis
u zp. IlokazaHo, 4TO0 KJIOHMPOBAHHBIC TCHBI B CO-
CTaBe MHOTOKONHMHHBIX IIa3MHJIl 00ECIEYUBAIOT
B B. subtilis MHOTOKPAaTHO TOBBIIICHHBIH CHHTE3
U CEKpEIHIO -aMHJjIa3 B cpely. YPOBEHb MPOIyK-
UMM U CeKpeuuH (epMeHTa, JEeTePMHHUPYEMBbIH
KJIOHUPOBaHHBIM TeHOM amyE, CTOIb BBICOK, 4TO
Ha HETO MPAaKTUYECKH HE BIHSIOT Pa3IHyHbIC MY-
TaIMM 110 PETYSTOPHBIM T'€HaM KJIETKH-XO3SMHA.
VYuuTeiBasi 3TO, peumIeHO OBIJIO CO37aTh BEKTOP
JKCIPECCUU—CEKPELIMH Ha OCHOBE 3JIEMEHTOB I'eHa
amyE.

W. Ilansa ¢ coaBropamu B 1982 1. u3 rubpua-
ot titazmuael pKTH10 (puc. 10.14) ¢ momorisio
pectpukra3sl  EcoRl  nemernpoBamm  (parmeHT
JTHK, Bxirouaromuii B ce0s 3'-KOHIIEBYIO YacTh
CTPYKTYpPHOTO T€Ha (-aMIJIa3bl, ¥ OTIPEACTHINA HyK-
JICOTU/IHYIO TocieoBaTebHOCTh  Mbol—EcoRI-
(hparmenTa rmosryaeHHo mrazmuasl pK TH29. Oka-
3anoch, yTo EcoRI-yuactok ynanen Ha 192 mH ot
TPaHUIBI MEXIY OONACTSIMH, KOJUPYIOIIUMHU CHUT-
HaJBHBIA TENTHI U 3penylo GopMy «-aMuiasbl.
B pesynbrare psajna MaHUMYISIUN i1 Vitro yaaaoch
nonyunts wiasmuay pKTH38, B xotopoit EcoRI-
CalT OTCTOSUI OT yKa3aHHOU TO4YkM yxke Ha 90 mH.
J11st co3maHust HKCIIPECCUPYIOIIETO U CEKPETUPYIO-
IIeTo BEKTOpa HEeOoOXOAMMO OBLTO M3MEHHUTH KJIO-
HUPOBAaHHBIA (ParMEeHT TakKuUM 00pa3oM, YTOOBI
cpasdy TOcIe MOCIeI0BaTeIbHOCTH, KOAUPYIOMEei
CUTHAJIBHBIN MENTH] ¢-aMUJIA3bl, HAXOIUIICS ydac-

TOK Y3HaBaHMs Kakoi-1ubo pecTpukTassl. s
sroro miazmuy pKTH38 pacmenunu pectpukra-
301 EcoRI v ruiposn3oBaiu ¢ KOHLIOB HYKJI€a301
Bal31 (cm. 1.2.6). K ykopoueHHBIM JIMHEHHBIM MO-
JIeKyJdaM TUIa3MUZABl  MPUIIUBAIA C TIOMOIUIBIO
JHK-nura3er Hindlll-nuakep u moclie nukinza-
mun tasmuaaeix JJHK tpancdopmuposanu umu
B. subtilis. Ananu3 nocnenoBaTeJIbHOCTH HYKJICO-
THJIOB Psi/ia TIOYYE€HHBIX MJIa3MHUJI TIO3BOJIHII OTO-
Opath BapHaHTHI C Pa3IMYHON JIoKanu3zauuei Hin-
dIlI-y4acTka B 5'-KOHIIEBOM CEIMEHTE F¢Ha Q-aMH-
nassl (puc. 10.15). Ha ocnose pKTHS1 ckonctpy-
npoBaym Bektop pKTHI114, B KOTOpHIE BCTpOCH
cuntetndyeckuit cerment JHK, comepxammii Bo
BCEX TpeX paMKaX TPAHCIALUM CTOIN-TPHUILIETHI.
Taxkoli BeKTOp HEOOXOIUM JJisi KIIOHUPOBAHUS KO-
JUPYIOIINAX IOCIEI0BATEIbHOCTEHN, HE MMEIOIINX
CTOI-TPHUILIETOB.

Co3naHHble TUIA3MUABI OBUIM YCHEIIHO HC-
M0JIb30BaHbl B KaYeCTBE KJIOHUPYIOLINX BEKTOPOB,
o0ecreunBaronMX He TOIBKO I(PPEKTUBHYIO IKC-
MIPECCUI0 YY>KEPOAHBIX T€HOB, HO M CEKpEIHI0
CHUHTE3UPYEMbIX UY>KEPOIHBIX OCJIKOB U3 KIETOK
B. subtilis B okpyxarmyt cpexny. B yactHocTH,
N. TlanBa c coaBropamMu MOPOJAEMOHCTPUPOBAIIH,
YTO BCTPOMKA CTPYKTYPHOM 4YacTH IeHa 3peou
(bopmebl B-nakramassl E. coli B BEKTOPHbIE ITa3MH-
ael pKTHS 1, pKTHS3 u pKTH84 npuBogut k 3¢-
(heKTHBHOMY CHHTE3Y U CEKpeIn (pepMEeHTaTHBHO
aKTUBHOM 3-nmakramasbl. [1oapoOHbIil aHaIH3 MTPO-
JIyKTOB CEKpeIuy W3 KJIeToK B. subtilis mokazan
(puc. 10.16), yto cneunpUUHOCTH OTLICTIIICHUS
CUTHAJILHOTO TIENTHAA 3aBUCHT OT HCIIOIH30BAH-
HOTO BEKTOPa U HE MOXKET OBITh TOYHO MpeacKa3a-
Ha MCXOJI N3 aMUHOKHCIIOTHOH ITOCIIEI0BATEIHHO-
CTH CHHTE3UPYEeMOro XumepHoro mnpe-6enka. [lo-
9TOMY IPEANOYTHTEIbHEE TP KIOHUPOBAaHUH Ka-
JKJI0TO LIEJIEBOTO I'eHa MCII0JIb30BaTh HAOOp BEKTO-
POB 3KCIIPECCUU—CEKPELINH U IOCIIE CO3aHus r'uo-
PHUIIOB BBIOMpaTh BapHaHT, NAIOMIMNA HAMIy4IIWi
pesynbrar. [IpuMeHss BEKTOpBI JaHHOTO TUIIA, y/ia-
JIOCh OCYIIECTBUTH CHHTE3 U CEKPELHIO U3 KIETOK
B. subtilis pa3aTUIHBIX dyKaPUOTHIECKUX OCIKOB,
BKJTIOYas JICHKOIIMTAPHBIH UHTEP(EPOH UeloBeKa
u (huOpoOIacTHRIN HHTEP(PEPOH MBIIIH.

bnaromaps wuccienoBaHUAM, BBIIOJIHEHHBIM
B pa3HbIX J1a0OpaTropusix, CTajgo O4YEBHIHO, 4YTO
KpOME TIOCJICA0BATENIbHOCTH Tpe-0esika BajkHOE
3HAYEHHE I OKCIIOpTa OeTKa UTPAIOT Pa3InIHbIe
KOMIIOHEHTBI KJIETKH, KaK MEMOpaHHO-CBsI3aHHbIE,
TaK ¥ UTOIIa3MaTH4YeCcKre, 00eCTIeYnBaoIIne y3-
HAaBAaHUE CHUTHAJOB CEKPELMH M HAIpaBIIAIONINE
Oenok uepe3 MmemMOpaHy.

VY E. coli uenslii psii CEKpeTUPYEMBIX OEIKOB
SBISIFOTCS O€JIKaMU BHEIIHEH MeMOpaHbl KIICTKH,
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EcoR1 Hindlll

1. EcoRI
2. Jluraza

‘ Clal EcoR1
HindlIlI-

JIMHKED
JHK-nuraza

1. EcoRI
2. Bal31

Bglll

Mbol” NI
Clal mindin

HindIll

Stop-onMroHyKIeoTH !
5'd (TGATTGATTGA) 3'
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Puc. 10.14. KoncTpynpoBaH#e BEKTOPHBIX TUTa3MUJ SKCIIPECCUH—CEKPEIINH.

P — npomoTop, S— Kogupyromas nocjaeaoBaTe/JIbHOCTbL CUTHAJIbHOTO IENTUAA

y OarI ke Takue OeNKu OTCYTCTBYIOT. JTO, BO3-
MOYKHO, TPUBEJIO K TOMY, YTO Y TPaMITOJIOKHUTEIb-
HBIX OaKkTepuil yTpayeH MEXaHW3M IPOICCCHHTA
noJJ0OHBIX OenkoB. Tak, (PUHCKUE HCCIeT0BaTeN
B 1986 1. mokasasnu, 4To OeJIOK BHEIIHEH MeMOpa-
HBI E. coli OmpA, COCTBIKOBaHHBIN C CHTHAJIBHBIM
NEeNTUAOM ((-aMWJIa3bl, HE CIOCOOEH TPaHCIIOU-
poBaTbcs depe3 IUIa3MaTHYECKYyl0 MeMOpaHy
B. subtilis. OOHapyKEHHBIN (aKT MOXKET OTpaKaTh
II0Ka HE BBIICHEHHBIC (YHIAMEHTAIBHBIC Pa3JIH-
4yust MEXy OelKaMy BHEITHEeH MeMOpaHbl U JIpy-
TUMH THIIAMH 3K300€JIKOB, a TaKXKe MEXIy COCTa-
BOM IIIa3MaTHYECKUX MEMOpaH rpaMOTpHIATEIIb-
HBIX ¥ TPAMITOJIOKUTENBHBIX OaKTepHi.

HCpCHCKTI/IBHI)IM HaIpaBJICHUCM  ABJISICTCS
TaKkKe MOWMCK IMTaMMOB OAITiILI, KOTOpBIe oOectie-
YUBaIOT 00Jiee BBICOKYIO MPOAYKIUIO dK300eKa,
I'eH KOTOPOTO BCTPOCH B BEKTOp ceKpernuu. B va-
ctaoctH, H. Ilykarommu ¢ coaBtopamu (1985 1.),
BCTPOUB T€H «a-amuiaswel B. stearothermophilus
B cocraB pUB110, noka3ainu, uro B B. brevis npo-
OyKIHS U ceKpenus B cpeny a-amuiassl B 100 pa3
BbIlIE, UeM B B. stearothermophilus, u B 5 pa3
BBIIIIC, UeM B B. subtilis. JJaHHBII MOIX0 aHAIIO-
THYEH CKPUHUHTOBOMY METONY, pEaIu3yeMOMy Ha
IrpaMOTPHUIATETbHBIX OAKTEPUSIX JIJISI 1O CTHIKCHUS
HauOOJbIIEH  TPOAYKIMH  IICJICBOrO  OeJika
(cMm. 9.2).
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Puc. 10.16. TIporiecCHHT XMMEPHBIX GETKOB MPH MPOAYKIIMH BHEKJICTOYHON [-TaKTaMas3bl
TUIa3MHIOCOJIEPKALIMMU KIIeTKaMu B. subtilis:

a — BCTPOMKa CTPYKTYPHOTO TeHa 3pelnoii Gpopmsl [-makramassl B Bektop pKTHS1, 6 — pKTH53, ¢ — pKTH84 (cm.

puc. 10.15); / — aMHHOKHCIOTHAsI ITOCIEIOBATEIFHOCTh CHUTHAIBHOTO IENTHAA (-aMUIA3bl, 2 — CTPYKTYpHOH dacTh
a-aMminasel, 3 — f-makramassl; 4 — aMHHOKHCIOTHI, KOOUpyeMble JTuHKepoM. CTpenkamu 00603HAYeHBI MeCTa OTIICTUICHHS
CHUTHAJIBHOTO IMEeNTHAA, TH(paMi — HOMEpa aMHHOKHCIIOT («+» B 3penoi ¢popmMe, «—» B curHansHoM nentuzae). Coxepxanue

KOHKPETHBIX IIPOAYKTOB IPOIECCHHTA YKAa3aHO B MPOLEHTAX

MakcuMalIbHBIN BBIXOJ] CEKPETUPYEMBIX UyKe-
POAHBIX OEJKOB B PACCMOTPEHHOMW BBIIIE BEKTOP-
HOW CHCTEME JOCTUIAETCsl B CEPEIHHE IKCIIOHEH-
OUaIbHON (a3bl pocTa KyJIbTyphl. DTO 00yCIIOBIIe-
HO T€M, YTO Ha II03JHEM 3Talle 3KCIIOHEHINAJIbHO-
ro pocra B KJeTKax B. subtilis uHaynupyercs ak-
THUBHBIA CHHTE3 BHEKJIETOUHbIX IpoTeas. Ha pan-
HUX 3Tarax KyJIbTUBHPOBaHMS MTPOTEa3 B cpejie Cy-
[IECTBEHHO MEHbLIE, HO TEM HE MEHEE OHM 3aMeT-
HO CHIDKAIOT BBIXOJ] Uy XkepoiHoro Oenka. [Tostomy
Opy CO3AaHMHM LITAMMOB OauMII, HPOLYLHUPYIO-
HIMX Yy>KEPOTHBIN OEJOK BO BHEKIETOYHOH (op-
Me, OONpLIOE BHUMAHHUE YICHSIOT IOJYyYCHHIO
¥ UCTIOJIB30BAHNIO MYTaHTHBIX IITAMMOB C TIOHU-
JKEHHOM MNpoTea3HOM aKTUBHOCTHIO. Ciemyer OT-
METHUTh, YTO CHI)KEHHS AaKTUBHOCTH KJIETOYHBIX
poTeas MOKHO JOOUTHCS TaKKe MPaBUIIbHBIM BbI-
00poM cocTaBa MUTATEIBHON CpeAbl M YCIOBHUI
KYJIBTUBHUPOBAaHUS THOPUIHOTO IITAMMA.

Cpeny BHEKJICTOYHBIX MPOTEa3 KIETKU Oaruiu
B HauOOJbILIEM KOJIMYECTBE HPOLYLHUPYIOT HEHi-
TPAJIbHYIO METAJIJIONPOTeasy U IIEJOYHYIO CepH-
HOBYIO0 mporteasy. [lemenust 000MX XpOMOCOMHBIX
TeHOB, KOJHUPYIOIUX JaHHbBIE MTPOTEasbl, HE HAPY-
maeT npouecc cnopoodpaszosanust. [lonararot, uro
9TH (EPMEHTHI BBHIMOJIHIIOT POJb BHEKICTOUHBIX

«mycopmmkoBy». OOpamaer Ha ce0s BHHMaHUE,
YTO KIETKH Oalmwil CHocOOHBI OJHOBPEMEHHO
MIPOM3BOAMTH B OOJBIIOM KOJIHYECTBE U CEKPETH-
poBaTh BO BHEIIHIOIO CPeAy HE TOJBKO MpPOTeasbl,
HO U JIpyrue Oellku, Hampumep a-amuiasy. Uyxe-
poAHbIE OENKH, CEKPETHPYEMBIE KIIETKaMH OalnILI
B OTHX K€ yCIIOBHSX, KaK MPaBUIIO, TIOABEPTatOTCs
MHTEHCUBHOMU IIPOTEA3HOM aTake.

C. Poiin ¢ coaBropamu (1986 T.) mpeamnoaoxu-
JIM, 9TO €CIu B B. subtilis BBECTH B COCTaBE MHOTO-
KOTIMI{HOM TITa3MUJBI TeH YYXKEPOIHOW OaKTepH-
aJIBbHOI MPOTEeasbl, TO MOCJIE CEKPELUU OHa OyaeT
JIETPaIMPOBATh HOPMAIIBHO SKCIIOPTUPYEMbIE TaH-
HOMW KJIETKOM OeNIKM, BKIIOUasi U SHJOTCHHBIC MTPO-
Teasbl. Eciii B Takylo KJIETKy BBECTH T'€H JPYTOro
CEKPETHPYEMOT0 OeJiKa, BBIJICICHHBIN U3 TOH ke
OaKkTepuu, KOTOpas SBHUJIACH JOHOPOM IPOTEa3HO-
IO reHa, TO BEpOsiTHA CUTYaIHs, KOTJia 1IeJIeBOi Oe-
JIOK OyJIeT WHTEHCHBHO CEKPETHUPOBATHCS U IPHU
3TOM COXPaHUT YCTOMYMBOCTb K «CBOEH» IIpoTEa-
3e. DTO MOXKET IIPUBECTH K TOMY, YTO CO3/[aBaeMBbIi
mramMMm B. subtilis OyneT CUHTE3UpOBaTh B BUJC
BHEKJIETOYHBIX OCJIKOB B OCHOBHOM JIHIIb YYy)Ke-
POAHYIO MPOTEa3y U LEJEBOH OeNOK, YTO CyIIecT-
BEHHO YIIPOCTHUT MPOIEAYpPYy ero ouncTku. Kionu-
pOBAaHME T€HOB O-aMMWJIa3bl U HEUTpaIbHOM MpO-
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Tea3bl MPOMBINUICHHOTO H3ousita Bacillus Bel B co-
CTaBe pa3HbIX COBMECTUMBIX BEKTOPHBIX IUIA3MUJ]
U TOCJeIyIolee COBMELICHUE TMOPUAHBIX Iia3-
MUJI B OHOH KJeTKe B. subtilis monTBepauan cre-
JaHHoe mnpenanonoxenue. [To-BuaumMomy, NaHHBINA
MTOJTXO/T MOYKHO peaTu30BaTh B Bacillus w ajis dyka-
PHOTHYECKUX TE€HOB, €CJIM MPaBHIBHO MOA00paTh
napy ueneBod OeJIOK — MpoTea3a U BCTPOUTH UX
TeHbI B MOAXOSAIINE BEKTOPHI IKCIPECCUN—CEKpe-
LUH.

3HAYUTETHHBIA MPAKTHUECKUH M TeopeTHde-
CKUH MHTEpec TMpeACTaBiIseT MNeHUIWUIMHA3A
(B-nakramasa) B. licheniformis — OCHOBHOM CEK-
peTupyeMblil OeJIOK AaHHBIX OaKTepHid, KOTupye-
MBI XpOMOCOMHBIM reHoM penP. KiioHuposaHue
9TOTO T€Ha B COCTaBE PA3NNYHBIX MOJEKYISIPHBIX
BEKTOPOB MO3BOJIMIIO OMPEACIUTh €ro HyKJICOTH/I-
HYIO ITOCJIEe/IOBATEIbHOCTh U BBISIBUTH PaliOHBI, pe-
TYJIHPYIOLIUE €ro TPAHCKPUIILNIO U TPaHCIALUIO.
[Ipn momomM 4YemTHOYHBIX BEKTOPHBIX IUIA3MUJ
IIPOIEMOHCTPUPOBAHA JKCIPECCHS KIOHHUPOBAH-
HoTo reHa penP B. licheniformis B xnerkax E. coli,
B. subtilis, B. stearothermophilus u B. lichenifor-
mis. Bo Bcex n3y4eHHbBIX BHAax OakTepuil Habro-
Jlanach CeKperys MeHNIUITNHA3bI.

[TomydeHHBIE OJKCIEPUMEHTAIbHBIC JAHHBIC
yKa3ajii Ha BO3MOKHOCTh MCIIOJIb30BAHUS PEryIis-
TOPHBIX AJIEMEHTOB T'eHa penP mpu KOHCTPYHpOBa-
HUM THOPHUIHBIX TEHOB, HAMTPABIISIOMIMX B KIETKAX
Bacillus cunTe3 M CEKpELHIO 4yKEPOIHBIX OCIKOB.
Takue rubpuHBIC TEHBI CO3/1aHBI in Vitro; B COCTa-
BE€ BEKTOPHBIX IUIa3MHJ OHHM JETEPMHHHPOBAIU
B B. subtilis CHHTE3 W CEKPEIHIO Pa3TUIHBIX Oel-
KOB, B TOM YFHCJIE TIPOMHCYIMHA YEeJIOBEKA.

B. amyloliquefaciens, ucnons3yemblii B TIpo-
MBILUICHHOCTH, SBIseTCS 3()()EKTUBHBIM IPOAY-
LIEHTOM HE TOJIBKO ({-aMHJIa3bl, HO OJHOBPEMEHHO
U BHEKJIETOYHBIX ILETOYHOW U HEUTpanbHOU Mpo-
teas. IIpu 3ToM npoayKuust HEUTPAIBHOU IIpoTea-
3Bl MOXKET JOCTHTATh 3—5 T/11. Takoil BEICOKHIA ypo-
BEHb CHMHTE3a BHEKJIETOYHOro QepmenTta olycio-
BMJI NTOBBILIEHHBIN UHTEPEC UCCIIEN0BATENEHN K KO-
JUPYIOIIEMY €r0 TeHy KakK K MCXOAHON reHeTHde-
CKOM CTPYKType, Ha 0a3e KOTOpOil MOKHO CO3/1aTh
BBICOKOO((EKTUBHBIE BEKTOPBI JKCIPECCHH—CEK-
penum.

Oty uuew ¢ ycnexoM peanuzoBanu M. XoHé
¢ coaBropamu (1984—-1986 rr.). Ilpexnme Bcero
B cocraBe miuasmMuasl pUB110 Opur xmoHUpOBaH
tdbparment xpomocomuoit JIHK B. amylolique-
faciens, copepkalinii TeH HEUTPaTbHON MPOTEa3bI
npr. Tubpuanas mnazmuga pNP150 nanpasmsna
OYEHb BBICOKYIO MPOJYKIIMIO BHEKJIETOYHON HEH-
TpaJIBHOM TIpOoTeasbl B KieTkax B. subtilis. CexBe-
HUPOBAHUE I'CHA 1py TI0KA3aJ10, YTO JaHHbIM OeJIoK

CHUHTE3UpPYeTCs ePBOHAYAIBHO B BUJE MIPE/ILECT-
BEHHHKA, y KOTOPOro Ha N-KOHLIe HaXOAWUTCS J0-
nomauTenbHO 221 AK (3penast oopMa cOCTOUT U3
300 AK). Hannune Takoi mpoTsbkeHHOW N-KOHIIe-
BOI1 MTOCIIEIOBATENILHOCTH OeIKa-IpeAIeCTBCHHU-
Ka yKa3bIBaeT Ha TO, YTO OH SBISIETCS Ipe-npooder-
KOM, T. €. UMEET KOHLIEBOW CHTHAJIBHBINA MENTHI,
HEOOXOIUMBIN Ul BBIBEJCHHS M3 LHTOILIA3MBI
mpodenka, KOTOPBIM 3aTeM MPOLECCUPYETCs 10
3penoit popmel O6enmka. MexaHu3M TaKoTo MPOoIec-
CHHTa TT0Ka He sICEH, HO, MO-BUAUMOMY, OH 00IIHi
JUIsl BHEKJIETOYHBIX TPOTEa3, Tak Kak M y IIeIod-
HOI mporeasbl B. amyloliquefaciens Mexay cur-
HaJbHBIM TENTHIOM U 3peioi popmoil hepmeHTa
oOHapyxeHa mocienoBarenbHocTh 3 75 AK. Ilo-
IIBITKY BBIAEIUTH NPOOESIOK HE YBEHYAIUCh yClIe-
XOM. DTO TOBOPHUT O TOM, YTO OH OBICTPO U AP dek-
THUBHO MPOLECCUPYETCS B 3penyto GopMy BHEKJIe-
TOYHBIX MpoTea3. Bo3moxkHO, mpoTeasza B BHIE
mpo0esKa HeaKTUBHA, U CUHTE3 €€ B Takod (opme
SIBIISICTCS.  3alIUTHBIM MEXAHU3MOM KIJIETKH OT
IIPEXKAEBPEMEHHON aTaku 3TUM (pepMEeHTOM.

UpesBblyaiiHblli HMHTEPEC BBI3bIBAI BOIPOC
O TOM, MOXET JIH MpPe-NMPONOCIEA0BaATENEHOCTD
poTeasbl (IIpe-IpOoIeNnTHl) OCYIECTBISATh CEKpe-
LU0 ¥ TPaBWIBHOE OTLICIJICHUE YY>KEPOIHBIX
OEITKOB, COCTHIKOBAHHBIX C HEH B COCTAaBE XMMeEp-
Horo Oenka. J[st BBIICHEHMSI 3TOH BO3MOXKHOCTH
Obula co3gaHa BekTopHas Iuasmuaa pES150,
HUMEIOIAs CalT pecTpukuuu Sphl, KOTOpBIN TOUHO
OTCEKaeT 5'-KOHILIEBYIO YacTh T'€HA npr, COAepiKa-
LIyI0 NPOMOTOpP, CUTHAJIBl MHULUALMK TPaHCIs-
LMY ¥ T€H-IKBUBAJIEHT N-KOHLIEBOTO IIPe-IpOIIel-
THJa. B npaBuibHON pamMKe TPAHCISALIUU C BEKTOP-
HOM "acTeio reHa npr B miasmuje pES150 coctei-
KOBaJIM KOJIMPYIOLIUE IOCIEeN0BaTeIbHOCTH 3pe-
nbIX popMm a-amunassl B. subtilis nnu Gudpoodia-
cTHOro nHTepdepona yenoseka. Co3paHHbIE THO-
pUIOHBIC TUTa3MHUABI BBEIW B KICTKH B. subtilis
1 OOHapyXmwiH YPPEKTUBHYIO MPOIYKIMIO BHE-
KIETOYHBIX (-aMWJIa3bl U UHTEpdepoHa, MPOsB-
JSIIOIIMX  XapakTepHYI0 aKTHBHOCTb. [lpu sTOM
pB-unTepdepoH UeroBeKa MPOAYLUPOBAICS Ha
yposae 109 e. a./n. Berpoiika B pES150 crpykryp-
HOM 4acTH TeHa 3peioi (opMbI TOPMOHA poCcTa ye-
JIOBEKa TaKKe MPUBOAMIA K CEKpeUuuu u3 B. sub-
tilis GuonorunIecKn aKTUBHOTO TOPMOHA pocra. Ta-
KHM 00pa3oM, Tpe-IponenTH I HeUTpaIbHOH Mpo-
Tea3bl crocobeH 3(PpQEeKTUBHO BBHIMONHATH QYHK-
LU0 TEePeHOCa YYKEPOJHBIX aMHHOKHCIOTHBIX
MOCIIeI0BATEILHOCTEH 13 KIETOK OalMiul B OKpPY-
KAOLLYIO CPEAy.

[IpoBeneHHbIE B APYTHX JIAOOPATOPHUSIX HCCIIEe-
JIOBaHMA TIOKa3aJId, YTO BEKTOPBI IKCIIPECCHUU—CEK-
penmy 0alniT MOXKHO CO3/1aBaTh HA OCHOBE F'€HOB
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BHEKJIETOYHBIX MMPOTea3 MO KIACCHUECKOH cXeme,
T. €. IUTAHUPYS BCTPOINKY UYKEPOJTHBIX MOCIIEI0Ba-
TEJILHOCTEH Cpa3y Iocie TeH-IKBHUBAJICHTA CHI-
HanmpHOTO menTuaa (mpe-merntunaa). llpm sToM
K. Emmumypa ¢ coaBropamu (1986 1.) oOHapyx Ui,
YTO MICHUITWILINHA3A B. licheniformis Ipy CTHIKOB-
K€ C CUTHAJIBHBIM TETITHIOM HEHTpaIbHOM IpoTea-
3BI TIPOAYLIHUPYETCS KIeTKaMu B. subtilis BO BHe-
KJIeTouHoM Gopme 10 ypoBHst 140 Mr/i1, B TO Bpems
KaK TIpe-TIPOTIeTITH/ TaHHOW TpoTea3bl obecredn-
BaJl CHHTE3 JIHMIIb | MI/J1 BHEKIETOYHOH MEHUIHII-
nuHaszbl. [lo-BUAMMOMY, C NPAKTHYECKON TOYKU
3peHHs TIEPCIIEKTUBHEE UCIIONIB30BATh «YIPOILCH-
HBIE» BEKTOPHI CEKPEIIUH Ha OCHOBE T€HOB BHEKJIE-
TouHplx mporea3. H. Bacanra u JI. Tommcon
(1986 1.) mokazanm, YTO TaKUE BEKTOPHI MOXKHO
CO3/1aBaTh Ha OCHOBE T€HOB KaK HEUTPaJIbHOM, TaKk
Y LIEJIOYHOM ITpoTeas.

Jis cuHTe3a 4YyKepOJHBIX OEIKOB OOJbIIOE
3HauYEHHE UMEIOT BEKTOPHI dKCIIPECCHHU, 0OecIeun-
BAaIOIMEe PErylHpyeMoe BKIIOUYEHHE TPAHCKPHII-
M KJIOHUPOBAHHOTO B MX cocTase reHa. [Ipu co-
3IaHUM BEKTOPOB Bacillus ¢ MHIyIUpPyeMO#l cek-
penme ayKepoaHbIX OeNIKOB BHUMaHHE HCCIIE0-
BaTeliel PUBJIEK TeH JieBaHcaxapasbl. JleBaHcaxa-
pasa, kogupyemas reHoM sacB B. subtilis, cuaTe3u-
pyercs mocie WHAYKIMN caxapo30i U CeKPETHPY-
eTCsl U3 OAKTePUAIbHBIX KJIETOK B OOJIBIINX KOJIHU-
yecTBaX. B oTCyTCTBHE caxapo3bl MPOIYKITUS Jie-
BaHcaxapa3sbl He 0OHapyskuBaetcs. [Ipu ucmnosns3o-
BaHUHU Caxapo3bl B Ka4eCTBe CyOCTpaTa IaHHBIN
(epMEeHT KaTaJu3upyeT JBE OCHOBHBIC PEAKIHH:
THIPOJIN3 Caxapo3bl Ha TIIFOKO3Y U (PYKTO3y U TO-
JTUMEpHU3alUI0 GPYKTO3WIBHBIX OCTaTKOB B TOMO-
monucaxapua  JeBaH. @Dpanmysckue — ydeHbIe
B 1985 . KIIOHMpOBAJIM M CEKBEHUPOBAJIN TEH Jie-
BaHcaxapasbl, a B 1988 . ommcanu BEKTOPHYIO
wiazmuny pAE205, obecrnieunBaroiy0 HWHIYIHU-
PYEMBIi caxapo30il CHHTE3 M CEKPEIHIO TyKePO/I-
HBIX OCJIKOB U3 KJIETOK B. subtilis. Tlpuyem ObL1
CKOHCTPYUPOBaH Ha0Op M3 TpeX BapHaHTOB ILIA3-
MUJIBI CO CJIBUTOM PaMKH TPaHCISIHH, 00eceun-
BAaIOIINX BCTPOWMKY IFO0OW HENPEephIBHOW KOJH-
pyrolei mocaea0BaTeIbHOCTH cpa3y IMOCJe T'eH-
SKBHBAJIEHTA CUTHAIILHOTO TIETITH/IA JIeBaHCcaxapa-
3bl U MPaBUIIBHYIO DKCIIPECCHIO ATOH TOcCien0Ba-
TEIHHOCTH B OJJHOW W3 COBIABIIHMX PaMOK TPaHC-
nsirn. Ha mpumepe rena -nakramassl E. coli ObI-
Ja MpOIEMOHCTpUpPOBaHa PQPEKTUBHOCTH pa3pa-
0OTaHHON BEKTOPHON CHCTEMBl HHIYITHOCIHHOMN
CEKpeLuH OeNKOB U3 KIETOK TPaMIIOIOKUTEIbHON
Oaxtepuu B. subtilis.

Jist mzydenus: pazHooOpazus u 3p¢PeKTHBHO-
CTH CHTHAJIbHBIX e THI0B X. CMUT C COaBTOpaMu
(1987 1) co3nanu 1Ba MIa3MUIHBIX BEKTOPA, ITPE/I-

HA3HAYCHHBIX MJIS1 CEJICKLUMH TeH-3KBHBAJCHTOB
CUTHQJIbHBIX TIENITUAOB. DTH BEKTOPHI IPEICTABIIS-
10T cO00i YeTTHOUHBIE MIa3MHUbI, CIOCOOHBIE per-
JTAAPOBaThes B E. coli u B B. subtilis. Kpome rena
YCTOMYMBOCTH K 3PUTPOMUIIMHY TUIa3MHUJIbI COACP-
XKaT MOCIEeI0BATEIbHOCTh, KOAUPYIOILYIO 3PEIIyI0
¢dbopMmy TecToBOro epMeHTa — (t-aMuiiasbl B. [i-
cheniformis (pGPA11) nub6o B-nakramassl E. coli
(pGPB11). [Tepen TecT-mocae10BaTEIBHOCTHIO HA-
XOIOUTCS TMOJMMIMHKEP, UMEIOIMINK CaiThl y3HaBa-
HUSL 17151 HECKOJIbKUX PECTPUKTA3, 4TO 0OecIieunBa-
€T BO3MOXXHOCTh BCTPOWKH B JIaHHOE MecTO (hpar-
mentoB JIHK, reHepupoBaHHBIX PAa3HBIMH pECT-
pukrazamu. CyTh Tpomeaypsl 0TOOpa COCTOUT
B crenyromieM. 3-Jlaktamasa crocobHa mpuaaBaTh
0aKkTepusM yCTOHYUBOCTh K aMIUIMIUIMHY TOJIBKO
B TOM Ciy4ae, KOrjja OHa CEKpeTHpYyeTcsl U3 LUTO-
mia3mbl. [locie craructudeckoit BeTpoiiku dpar-
mentoB JIHK B coctaB pGPB11 ocymecteustor
tpanchopmauuio E. coli u Ha arapu30BaHHOMN cpe-
JIe C OTIPeIeICHHOM KOHIEHTpalMel aMIUIIAJIITHHA
OTOMPAIOT YCTOHYMBBIC K JAaHHOMY aHTHOMOTHKY
kioHbl. IlokazaHo, 4TO Bce CEIEKTUPOBAHHBIC
B E. coli TubpuaHbie TIIa3MUIBI 00YCIIOBIUBAIOT
CeKpeLHI0 (-akTamasbl U B KiIeTKax B. subtilis.
Jns mmasmuasr pGPA11, conmepikarieil cTpykryp-
HBIH TeH ¢-aMUJIa3bl, CEJIEKIUI0 TPaHC(HOPMAHTOB
IIPOBOAST HA arapu30BaHHON cpelie ¢ KPaxMajoM.
ITo 30HaM ruaponMsa Kpaxmajaa BOKPYT KOJOHHUH
TaKXKe BBIIBISIOT TMOpUIHbIE BAPHAHTHI, oOecte-
YHBAIOIIHNE CEKPEIIUIO TECTOBOTO (hepMEHTA.
Baxno ormeruts, uto ¢parmentsr JIHK,
BCTPOCHHBIC B CEJICKTUPYEMbIe THOPHIHBIC BapH-
AHTBI, TOJDKHBI COJIEPKATh B TPABUIBHOM OpHEHTa-
UM [IPOMOTOP, YYaCTOK CBSI3bIBAHMS PUOOCOM H
TeH-3KBUBAJICHT CUTHAJIBHOTO MENTH/IA, IPH ATOM
MTOCJIEZIOBATEILHOCTH TECTOBOTO TeHAa JIOJKHA COB-
MajaTh 10 paMKe TPAHCIALMHU C CUTHAIBHBIM IeT-
TUAOM. UTOOB! YBEJINYNUTH BEPOSITHOCTD BBIIIOJIHE-
HUSl OTHX YCJIOBHH, HEOOXOIMMO HCIOJIb30BaTh
rugponusarsl JJHK pa3nudabiMu pecTpuKTa3amu.
Tak, xpomocomuyro JAHK B. subtilis paciernisim
pectpukrazamu Sau3Al, Alul, Haelll nmm Rsal n
BCTpauBaJd (parMEeHTHl B CKOHCTPYHMPOBAHHBIC
BEKTOpHBIe MasMuzbl. llocne amanmsa HeCKONb-
KHX TBICSY TPaHC(HOPMAHTOB OKa3ajoCh, YTO Cpe-
1 TUOPUIHBIX KJIOHOB C TECTOBBIM I'€HOM (X-aMU-
Ja3pl  CEKPEeTUPYEeMble BapHaHTBhl COCTABIISLIH
0,1-0,5 %, a cpenn kIIOHOB ¢ peHOTHIIOM Apr —
0,02-0,1 %. bonee Toro, pa3Hbie BCTaBKU 00YyCIOB-
JMBAJIM PA3JIUYHBIH YPOBEHb YCTOHUMBOCTHU K aM-
NUIWUTMHY U TPOAYKTUBHOCTH MO BHEKJIETOUHON
a-amunase. IlomyueHHas KoJIeKIMsS THOPHAHBIX
Ia3MuJ JaeT 00oraTylo BO3MOXKHOCTH CTPYKTYp-
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HO-(YHKIIMOHAIBHOTO HWCCIICIOBAHUS KIOHUPO-
BaHHBIX (pparmenToB JJHK.

[[Iupokuii ceKkTp CO3JaHHBIX BEKTOPOB 3KC-
IIPECCUU—CEKPEeLNH OalMI HO3BOJIAET YCIEIIHO
KOHCTPYHMPOBAaTh OaKTEepHUAJbHBIC MITAMMBI, MPO-
JQYLIUPYIOIIUE BO BHEKJIETOYHOH (opMe dyKapHo-
Tudyeckue Oenku. OJHAKO JaHHAas BEKTOpHAs CHC-
TeMa, MO-BUIMMOMY, UMEET OIpe/esieHHbIC Orpa-
HUYCHHS U KPYMHBIX OCNKOB, KOTOpPBIE XOTS
U CHOCOOHBI MPOXOAWUTH Yepe3 IUIa3MaTHYECKYIO
MeMOpaHy, HO HE MOTYT BBIMTH U3 KJICTKH B OKpPY-
JKAIOIYIO0 CPEeAy, T. €. «3aCTPEeBalOT» B KIETOYHOM
CTCHKE. B uyacTHOCTH, CBHIBOPOTOUHBIN anbOyMHH
yenoBeka (3penast popma cocrout u3 585 AK, uro
COOTBETCTBYET MOJICKYJIsIpHOI Macce 68 k/la), co-
CTBHIKOBAaHHBII B BEKTOPAaX CEKPELUH C CHIHAJIb-
HBIM TCNTHAOM (-aMHWJa3bl WIN HEHUTPaIbHOH
npoteasbl B. amyloliquefaciens, mpoueccupyercs
IIPU CEKPELHHU Yepe3 IUIa3MaTHuIeCcKyl0 MeMOpany,
HO JIUILB CJIEJJOBbIE KOJIMYECTBA €T0 3PesIoi (POPMBI
BBIXOST B OKpyXaromyio cpeny. DdhdexTuBHbIi
SKCIIOPT JaHHOTO Oelika HaOIIOMAeTCs TOJIBKO
B cucTeMe TpoToruiactoB B. subtilis. 1lo-Bumumo-
My, TaKU€ KPYIHbIE DyKapHOTHYECKUE OENKH MO-
ryT 3Q(eKTUBHO CEKPEeTUPOBATHCS JIMIIb B TOMO-
JIOTUYHOM BEKTOPHOM CUCTEME.

Craenyer 0co00 MOJUEPKHYTb, YTO CO3/1aBac-
MBI€ MTaMMBI 0anuiuT, 3QGEKTUBHO CEKPETHPYIO-
LIM€ BO BHEIIHIOI CPEAy LIEJEBBIC UyKEPOIHbIE
OCJIKH, YpPE3BBIYAIHO NEPCIICKTUBHBI JIJISI MUKPO-
OHMOJIOTHYECKUX MIPOIIECCOB HA OCHOBE HUMMOOMITH-
30BaHHBIX KJIETOK. Tak, yxe rneppas padoTa B 1aH-
HOM HalpaBlIeHUU TOKa3aja, 4TO MMMOOWIN30-
BaHHBIC B arapo3HbIX rpaHynax KJIeTKu B. subtilis,
coaeprkamue rubpuanyto miasmuny pPCB6, B xo-
TOPOH perynsTOpHas 00NacTh TeHa MeHUIIIUIMHA-
361 B. licheniformis cocThlkOBaHa C T'€HOM IIpe-
MIPOMHCYJIMHA, CIIOCOOHBI TPOLYLIUPOBATh U CEKpe-
TUPOBAaTh B CpeAy KPBICHHBI MPOMHCYIHH, IO
KpaiiHell Mepe, B TeUeHNE HECKOJIBKUX CYTOK.

JanbHeilee pa3BUTHE UCCIIEIOBAHUIN 1O KOH-
CTPYHUPOBAHUIO IITaMMOB Bacillus, cexpeTupyo-
HIMX YyKEPOJHBIE OCIKH B CPEAy, O3BOJIUT TIIy0-
e TMOHATh 3aKOHOMEPHOCTH TpaHCIopTa OeNKOB
Yyepe3 IUIa3MaTHYeCKyl0 MeMOpaHy, a cieqoBa-
TEJILHO, CO3/1aTh BHICOKOA()()EKTHBHBIE TEXHOJIOTH-
YeCKHE MPOoLecChl MUKPOOMOIOrHYECKOTO CHHTE3a
OCJIKOB UeJIOBEKA U JKUBOTHBIX.

10.2.5. [MnasmMudHble UHMe2pamueHbie
eeKmopbl
FCHLI, KIIOHUPOBAHHBIE B COCTAaBC IUIa3MU],
KaK mpaBujio, MPpUCYTCTBYIOT B KJIICTKEC-PCIUIINCH-
T€ B HECKOJILKUX KONUSIX. YBEJIMUCHHAS J03a I'cHa
06YCJ'IOBJ'II/IBaeT MOBBIMICHHYKO MPOAYKIHIO KOJAU-

pyemoro um Oemnka. B HEKOTOpBIX ciaydasx cymnep-
NPOAYKIHMSI YYKEPOAHBIX OEJNKOB B IIA3MHI0CO-
JepKalMX KJIETKaX BBI3BIBAET TOKCHUECKHUH 3(-
(exT, cIeCTBUEM Yero sIBISIeTCS HECTaOMIBHOCTh
rUOPUIHBIX IUIA3MUJ, T. €. CEJIEKTUBHOE IPEUMY-
IIECTBO WMMEIOT KJIETKH, yTPATHBIIWE IUIa3MHIY
WIN coJiepXKallie ee MyTaHTHbIe Gopmbl. Kpome
TOTO, IPU MTPOMBIIIJICHHOM KyJbTUBUPOBAHNUH OaK-
TEpHid, KOTOPOE MOXKET MPOTEKaTh B TEUEHUE JIH-
TEJILHOTO BPEMEHHM U CONPOBOXKAATHCS OOJIBIINM
YHUCIJIOM KJIETOYHBIX JCIECHUI B OTCYTCTBHE CENIEK-
TUBHOTO JIaBJICHHS 10 MapKepaM ILIa3MHJI, 4acTo
BO3ZHHKAIOT MPOOIEMBI C MOAJACP)KaHUEeM THOPHUI-
HBIX BHEXpoMocoMHbIX Moniekyn JJHK, xots siBHOE
OTpHLIATEIIbHOE BO3JEHCTBHE Ha OAKTEPHIO 3TUX
rubpuanbix JJHK B maboparopHoM skcniepuMeHTe
HE BBIABIISIETCSA. /|11 TpeoosIeHnsT BO3HUKAIOIINX
3aTPyIHEHUN NPEIJIOKEeH allbTepHATUBHBIM M0jI-
XOJI, KOTOPBIA COCTOUT B MHTETPAINH IETEBBIX Te-
HOB B xpomocomuyto JIHK penunuentHoit kineTku.

Betpoliky 4y:KepOaHBIX TEHOB B T€HOM KIIETKH
OCYHIECTBIIAIOT C MOMOIIBIO CIENHAIN3UPOBAH-
HBIX TIJIa3MUJI, Ha3bIBAEMBIX BEKTOPAMU HHTErpa-
ruu. KimaccnyeckuM BEKTOPOM JTaHHOTO THIA SB-
JsieTcs masMua, He CIocoOHasi periuupOBaTh-
Csl B MCCIIEAYEMBIX KJIETKaX, HO MMEIOILasi B CBOEM
cocraBe cermeHT JHK, romomoruunsiii omnpene-
JIEHHOMY paloHy OaKTepHaTbHOW XPOMOCOMEI.
MHoro4ncieHHbIe YKCIIEPUMEHTHI TTOKAa3aIH, YTO
TUTa3MHJIbI MHTETPAIMK CIIOCOOHBI C BBICOKO#H 3()-
(DEeKTUBHOCTHIO PEKOMOMHAIIMOHHO BCTPanWBaTHCS
B TeHOM B. subtilis. [Ipu 3TOM MHTErpauus sBIseT-
cs1 recE-3aBUCHMO 1 B OOJIBIIMHCTBE M3yYEHHBIX
ClIydaeB MPOMCXOOUT 1o moaenu Kammnbemia, T. e.
konbiieBast monekyna JJHK pexomOunupyeT ¢ ro-
MOJIOTUYHBIM yYaCTKOM OaKTepHaTbHON XPOMOCO-
MBI B OZJHOHM TOUKe (y4acTKe) U IIeTMKOM BCTpanBa-
€TCsl B TEHOM KJIETKH.

Bekrops! paccMaTpuBaeMoro THIa 00bIYHO CO-
JIeprKaT PEeTTuKOH, PYHKIIMOHUPYIOIIUH B KJIETKaX
E. coli, a Takxe neTepMHUHAHTBl YCTOWYMBOCTHU
K aHTHOMOTHKaM, XOTs Obl OJTHA U3 KOTOPBIX JKC-
npeccupyercss B B. subtilis. WnterpatuBHbIC
TpaHcpopMaHThl B. subtilis BRIABISAIOT 110 (YHKIIH-
SIM OTHX IUIa3MHIHBIX JeTepMUHAHT. Mcrmomns3ys
HUHTETPaTUBHbIE BEKTOPbI, MOKHO JIOOBIE dysKe-
pOIHBIE TeHBl KOBAJCHTHO BCTpaWBaTh B TE€HOM
OaKkTepuaIbHOU KICTKH.

Jloka3zaHo, 4TO B IPOLIECCE MHTErpalliy IJIa3-
MH]l B TeHOM B. subtilis MOXXET MIPOUCXOIUTE TaH-
JeMHasi AYIUIMKalWs BCTPanMBaeMbIX IOCIeI0Ba-
TEJNIbHOCTEH. AHAJOrMYHOE SIBJICHUE OOHAPYKEHO
1 pu uHTerpanuu sk3orenHoit JIHK B renom kie-
TOK JPOXIKEH M BBICIIMX dyKapuoT (cMm. 12.4.1,
13.3.1). DT pe3ynbTarhl AEMOHCTPUPYIOT OOIb-
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1I0€ CXOJACTBO PEKOMOMHALIMOHHUX MPOLECCOB
B MPOKAPUOTAX M DYKAPHOTAX, YTO YKa3bIBaeT Ha
JpeBHEe MPOUCXOKACHUE IaHHBIX (EPMEHTHBIX
CHUCTEM.

«IIpuponHas» IymIuKamus ¥ aMIuT(UKanus
TeHOB MMEET MECTO B OAKTEPHAX, APONKIKAX, KyIThb-
TUBUPYEMBIX KIIETKaX JKUBOTHBIX, BUPYCaX, a TaK-
K€ Ha OTPEe/IeNIeHHBIX CTauAX AU hepeHInPOBKI
HACEKOMBIX, aM(puOMi W KypHUHBIX AMOPHOHOB.
AMITTHUKAIIS TPOTSKEHHBIX TOCIEI0BATEIHHO-
creit JIHK urpaer BaxHyI0 poJib B OTBETE OpPraHU3-
Ma Ha U3MEHEHHE YCJIOBUH OKPYKaIOIIEH Cpelbl,
B PEryJUpPOBaHUU MPOLECCOB AU(D(HEPEHIUPOBKH.
Bwmecre ¢ Tem 3HaueHUe SIBICHUS TYTUTUKAIINHN, aM-
ITU(UKAIIIHA TEHOB B YBOJIIOIMU OPTaHU3MOB MTOKa
OCO3HAHO HE MOJIHOCTHIO.

AMIUTH(UKAIHS TEeHOB, MO-BUIUMOMY, IIHPO-
KO pacripocTpaHeHa cpely OaKTepHuil pa3HBIX TaK-
COHOMHMYECKHX Tpymil. Hampumep, XpoMOCOMBI
E. coli n B. subtilis conep»xat MHO)XECTBEHHBIC KO-
nmuu reHoB pudbocomuoit PHK. Haubonee mpocro
KOHTPOJIUPOBATH MPOIIECC aMILTH(DUKAINH YIaeTCs
MIPH MCIIOJIb30BAaHUU T€HOB YCTOMYMBOCTH K aHTH-
ounotrnkam. Tak, MHOTOKpaTHOE MOBTOPEHHE XPO-
MOCOMHBIX JIETePMHUHAHT YCTOWYMBOCTH K aHTH-
OMOTHKaM BBISIBICHO y Pa3IMUHBIX IITAMMOB OaK-
Tepuil pona Streptomyces NpPU CEIEKLUUU BapHUaH-
TOB, CIIOCOOHBIX PacTH B MPUCYTCTBUH MOBBIIICH-
HBIX KOHIICHTpamui antuonotwkoB. s E. coli
MoKa3zaHo, yTo rudpuaHas miazMuna pBR322, ne-
cymas ¢pparment xpomocomuoit JIHK E. coli, mo-
JKET WHTETPUPOBATHCS B TEHOM OaKTEpUAIBHOMN
KJIETKU B BHUJIE MHOXECTBa Konui. A B mpouecce
KyJbTHBHPOBAHHUS TaKUX OaKTepud Ha cpeje
C TMOBBIIICHHOW KOHLEHTpAaUUeld aMIULUIINHA
WM TETPAUKINHA TPOUCXOAUT aAMILTU(PUKAIUSL
BCTPOCHHOM MJIa3MUBI B IECSATKH Pas.

M. fur B 1984 r. moka3zai, 4To Mocie UHTerpa-
[IUA B TCHOM B. subtilis ruOpumHO#M 1a3MHIbI, HEe-
cymel reH xjopamQeHuKomaueTuaTpaHcdepassl
masMunel pC194 S. aureus, MOXXHO TOOUTHCS 3HA-
YUTEIHLHOW aMIUTH(DUKAIIMA UHTETPUPOBAHHOH 110-
CJIETOBATENFHOCTH TIPH KYJIGTHBHUPOBAHUH TPaHC-
(hOopMHPOBaHHBIX KIETOK Ha cpefiaX ¢ TMOCTETIEHHO
MTOBBIIAIOIIMMHACA KOHIIGHTpAMsIMHA XJiopamMe-
Hukona. Poct B mpucyrcTBuu xyopamdeHukoma
mramMma Proteus mirabilis, conepsxamiero R-muras-
MUYy, 00€CTICYMBAIOLIYI0 YCTOHYUBOCTD K 3TOMY
AHTHOWOTHKY, MPUBOTUT K IECITUKPATHON aMILIH-
(uKanuu r-JIeTEPMHUHAHTHI B COCTABE IJIA3MUJIBI.
Mwmeercs 1 MHOTO IPYTHX MPUMEPOB IKCIIEPUMEH-
TaJbHOW aMIUTU()UKAIIUY TSHOB MPOKAPHUOT.

B mienmom MOXHO MpeArionoXuTh, 9To B OakTe-
pUsX, KaK ¥ B 3YKaPHOTHYECKHUX KJIETKaX, C HEKO-
TOPOM YaCTOTON CIIOHTAHHO MPOUCXOJUT AMILIH-

(ukamus  pa3IMYHBIX PANOHOB XPOMOCOMHOM
JHK. Ilpu cenexkTUBHBIX YCIOBHSX, MO3BOJISIO-
[IUX TTOEPKUBATH AMILTH(UITIPOBAHHOE COCTOSA-
HUE ONPEAETICHHOTO TeHa, MPOUCXOAUT OTOOp Ta-
KUX HEOOBIYHBIX BAPHAHTOB OaKTEePHIA.

SBnenne ammmdukauun cermentos JIHK
OBLTO TOAPOOHO W3ydeHO y Oakrepuii B. subtilis
1 HCIOJIb30BAHO NP CO3[JaHUH IITaMMOB-TIPOJY-
[IEHTOB, HECYIIMX YYyXXEPOIHBIE TE€HHI B COCTaBE
OakTepuaIbHO XpoMocoMbl. X. SIMacaku ¢ coas-
Topamu B 1986 I. mokasanu, 4To aMIuIMpUIHpYye-
Mble paifoHsl XpoMocomHo# JIHK Oarmmn moryT
UMeTh OOJIBILION pa3Mep U He OrpaHHMYUBATHCS Ka-
KHM-JI0O0 OIpeIeIeHHbIM TeHOM. Tak, mpu n3yde-
HUH TYHUKAMHIWH-YCTONYMBBIX MyTaHTOB B. sub-
tilis BBISICHMIIOCH, YTO Takas yCTOMYMBOCTH BO3-
MOKHA JIMIIb IOCJIe aMIUTU(UKauu TeHa tmrB.
OAHOBPEMEHHO HEKOTOPBIE U3 U3YUEHHBIX MYTaH-
TOB OOECHEeYMBAIM 3HAYUTEIHHOE YBEIHMUYEHHUE
MPONYKIIMKA BHEKIETOUHOU «-ammnasbl. [loapol-
HOE WCCIJIeJIOBaHNE MyTaHTa fmrA7 moka3ano, 4To
y Hero mpousonia ammtudukamnus cermenta JJHK
pazMepoM 16 TIH, B cOCTaB KOTOPOTO BXOJAT FEHBI
tmrB n amyE. Takum 06pazoMm, B JaHHOM CiIydae
HaAOIIOAANN SABJICHNE, TOYYHBIIEE y 9YKapHOT Ha-
3BaHUe Koamnaugukayus (cm. 14.1.3).

Otu xe aBropel B 1988 . mpenmoxunu sie-
TaHTHBII CrOoCO0 HampaBleHHOW aMIUTU(UKAIITU
MPOTSHKEHHBIX MOCIIEA0BAaTENIbHOCTEH XPOMOCOM-
Hoit JJHK ¢ ogHOBpeMEHHBIM BBEICHUEM UyXKe-
poxnoii JIHK. Ha ocnoBe pBR327 onu ckoHCTpyH-
poBasm TuOpunHyro maMuny pKH81, Hecymyto
nBa kopotkux cermenta JJHK, orpanmumBaromnmx
pation xpomocomuoit JIHK B. subtilis pazmepom
22 ThH, B COCTaB KOTOPOTO BXOMAST T'€HBI TYHHKA-
MULMH-yCTOWUUBOCTU tmrB, a-amumiassl amyE u
mukuMarkuHassl arol. Ilocine mnasmMuaHoN TpaHe-
(hopmaruu u orbopa KIOHOB B. subtilis Tmt Obu1O
II0Ka3aHo, YTO TPaHC(HOPMAHTHI UMEIOT aMIUTH(H-
KaIlMIo U3y4aeMoTo paiiona 22 TIH U XapaKTepHu3y-
FOTCSI TIOBBILIEHHBIM YPOBHEM MPOAYKIUHU (L-aAMHU-
7a3bl U IMAKAMATKAHA3Bl. AMIUTH(QHUKAIHS JOCTH-
rana 10-20 xonuii. Takum oOpa3oM, gaHHasK IJ1a3-
MHJIa HaIpaBsIeT aMIUTHPUKAIHIO (HparMeHTOB
xpomocomuou JIHK B. subtilis. Tlpu sToM mpowuc-
XOIUT WHTETPAIs U KOAMITTH(DHUKAIUS MTOCIEN0-
BaTEJILHOCTH, COZEpIKalleics B MIa3MHIE MEXIY
(dhparmenramu xpomocomuoit JIHK (puc. 10.17).

B pesynbrate BHyTPUMOJIEKYISIPHOH pekoMOu-
HaIlUU TaH/JIEMHBIE TIOBTOPHI MOTYT BBIIIETUIATHCS.
[TosToMy amMIIUpHUIUPOBAHHOE COCTOSIHUE Cer-
meHToB JIHK cTaOuipHO TOAIEpKUBaeTCs JIUIIh
B YCJIOBHSIX CEJIEKTHBHOTO JaBJIEHHS 10 MapKepy,
o0ecrieunBIIeMy OTOOp TAKUX BAPHAHTOB.



266 naea 10. FTEHHO-UHXXEHEPHAS CUCTEMA TPAMMONOXUTENbHbIX BAKTEPUM POJA BACILLUS
a
E E E E E E E
51 23 ’ 5,1 23
0 E E E E E FE E
«_ > re—— |44 4><—1>5—3><7 15—
51 2,3 VR " g EE E
PP |44 —— > |5 — >
l5,1 2,3 ’ 51 23
E E E E E E E E E E
51733 14,4 J—»S,l 33 144 <1i b
v TyHukaMuLuH
( B
E EF FE E E E E
<+ >t—— «—— > <> EEE——
5133 14.4 5133 15
n
- []2 1 3 [+

Puc. 10.17. llpeanonaraemslii Mexann3m tpanchopmarun ruiazmunoi pKH81, npuBoasmumii k nyniaukamnuu (a)
u amrutuukanuu (0) TeHoB B. subtilis:

1 — paiion xpomocomuoii IHK B. subtilis (22 TnH); 2 — reH a-aMunassbl,
3 — yCTOHYMBOCTH K TYHHKAaMHIUHY, 4 — HIMKAMATKHHA3BI.
Caiitet pectpukuun: £ — EcoRl, H— Hindlll, C — Clal.
[udpamu 0603HaYeHBI pa3Mepsl CyOPParMEeHTOB B THIC. [Tap HYKJICOTH/IOB

Ha npumepe rena amyE B. amyloliquefaciens
W. ManBa ¢ coaBropamu (1987 1.) cpaBHWIH pa3-
HEIE TTOAXO/EI K CO3MaHuI0 mramMma B. subtilis, xa-
PaKTEepU3YIOLIETOCsl CYNepHpoayKInue o-aMuiia-
3pl. Ha HayanpHOM 3Tane M3ydmnu JBa LITaMMa-
nponyueHta. IlepBblii  comepkan — IIa3sMHIY
pKTHIO (cm. puc. 10.14), a Bropoii mmen JBa
reHa, HHTETPUPOBAHHBIX B Pa3HbIC YYacTKH XpoO-
MocoMbl. Ero cozmaBanu myteMm Tpanchopmanuu
B. subtilis cmecwio TUIa3Mua, HeCymux reH amyE
U CTaTUCTHYECKU BCTPOCHHBIC CEIMEHTHI XPOMO-
comuoit IHK B. subtilis, koTOpble TOTY4HIH Yac-
TUYHBIM THJponu3oM pecTpukrazoit Sau3Al. Ilo-

9TOMY BCTpOMKa reHa amyE 3a cueT roMoJ0ru4Hoi
peKoMOMHALIMK TPOMCXOIWIIa B CaMble pa3HbIe
MecTa 6aKTepHualTbHOTO TeHOMA.

CpaBHEHHME [aHHBIX I[ITAaMMOB [0 YPOBHIO
CHUHTE3a BHEKJIETOYHOW ¢-aMuia3bl Jaji0 HEOXKH-
JIaHHbIN pe3ynsrar. [ltamm, conepxaiinii BBICOKO-
KOMUUHYIO TJIa3MHJIY, M0 TPOAYKTUBHOCTH (ep-
MEHTa He MPEBOCXOIMJI IITaMM, UMEIOIUI BCETOo
JULIb IBE KONuU reHa amyE B cocTaBe CBOEH Xpo-
MOCOMBI. BO3MOKHO, 3TO 00yCIIOBIEHO TeM, YTO,
XOTSI IIJIa3MHUJOCOMAEPKAIIUKA IITaMM aKTHUBHEE
MIPOLYLUPYET a-aMUJ1a3y Ha PaHHUX CTAIHsIX POC-
Ta KyJIbTYpBl, IPY IEPEXO/Ie B CTAIIMOHAPHYIO (hazy



10.2. MONNEKYJTAPHBIE BEKTOPbI BACILLUS 267

ee CHHTe3 Ipekpaiaercs. B To ke Bpems mramm
C MHTETPUPOBAHHBIMHU KOTHUAME TeHa amyE numeet
0osiee JUIMTEIBHBINA TIEPUOJ] CUHTE3a (-aMHJIa3bI,
¥ B WTOTE TPOIYKITUS IEJIEBOTO OelKa TOCTHUTaeT
TaKoro e ypoBHd. [logydeHHbIe pe3yasTarhl Mo-
3BOJISIIOT CJIeNIaTh 3aKJIIOYEHHE, YTO TIPH Mepexoe
K MPOMBILIUICHHOMY KYJIBTUBHUPOBAHUIO BOZMOXKHBI
BapHMaHThI, KOT/Aa OaKTepUaIbHBIN IITaMM, COAEp-
KAl 4Yy>KepOJHBIM T€H B HHTEIPUPOBAHHOM
B XPOMOCOMY COCTOSIHWH, OyZIeT UIMETh OTpeIeIICH-
HbIC MPEUMYIIECTBA Mepel IITaMMOM, HECYIIUM
MHOTOKOTIMIHY0 THOPHUIHYIO IJIa3MUTY.

Jliis Toro 4TOOBI MOBBICUTH MPOAYKTUBHOCTH
mTaMmMa € HHTCIPUPOBAHHBIMH KOIIUMAMU T'CHA
amyE, UCIIONIB30BaIy J[Ba MOAX0/1a K aMIun(uKa-
U 1eneBoro reHa. [lepBoIil 0BT KITACCHUECKUM
U TIpeIycMaTpHUBall MOCIIEA0BaTeIbHOE KYIhTHBH-
poBanue mramMma B. subtilis B IpUCYTCTBUH ITOBBI-
MIAIOMIMXCST  KOHIIGHTPAIMi  XJI0paMQeHHKoIa.
B pesynbrare ynanoch oToOpaTh BapHaHT, Y KOTO-
poro yxe ObLIO HE JIBe, a IeBAThH Konuii reHa amyE.
HpOI[yKTI/IBHOCTI) o a-aMujia3c IMmpu 3TOM IMOBBI-
cuiachk B 8 pa3. Bropoit moaxom ObLT HOBBIM U CO-
CTOsJI B TOM, 4YTO HCCHCHyCMLIﬁ mTaMM C ABYMs
WHTETPUPOBAHHBIMU TeHaMu amyE TMOBTOpHO
TpaHC(HOPMHPOBATIH CMECHIO TUIa3MHUJ HHTErpa-
umu, Hecymux red amyE u cermentsl JJHK B. sub-
tilis N3 pa3HBIX y4aCTKOB XpOMOCOMBI. B pe3yibra-
Te OBLI IOJTYYEH KJIOH, COACPIKAITNN 8 KOTUIA TeHA
amyE, KoTopblii oOecrieunBall eCTUKPaTHOE yBe-
JWYEHUe NpOoayKIMu a-amuiasbl. [locnennuit Ba-
PUAHT «PaCCESTHHON aMIUTU(UKAIUU» LEJICBOrO
reHa B XpoMocoMe OakTepun oOecrednBaeT 00Ib-
Y0 CTaOMIBHOCTH IITaAMMAa-CyNEepIPOAYyILICHTa
10 CPAaBHEHHIO C KJIACCHYECKUMH IITaMMaMH, He-
CYIIUMH TaHJIEMHO MMOBTOPCHHBIE aMIUTU(UIIUPO-
BaHHBIE TEHBI, TIPEAPACIIONOKECHHbBIE K BBIIIEILIE-
HHIO.

HecomueHHO MHTEpECEH BOMPOC O TOM, OyJeT
JM COXPAHSATHCS aMIUTU(DUIIMPOBAHHOE COCTOSHUE
OTIpE/IETICHHOTO ydYacTKa OaKTepHaTbHOW XPOMO-
COMBl B HECEJCKTUBHBIX YCJIOBHSX, €CIIM BBECTHU
B OTH KJIETKH MyTaIuu Tumna recE4 (Hanngue Takoit
MyTallid B UCXOAHOM IITAMME IMPEMSTCTBYET aM-
mrudukanuu). Eciu 3ToT moaxon yaacTes pea-
30BaTh, TO CHCTEMa C aMIUTUpUKAIUCH (U KOaM-
T UKAIEH ) TEHOB CTaHET BEChMa MEePCIICKTHB-
HOW Ui KOHCTPYUPOBAaHHUSI CTAaOWJIBHBIX IITaM-
MOB — TIPOYIIEHTOB Pa3IUYHBIX OEITKOB Ha OCHO-
Be B. subtilis.

10.2.6. ®azoeblie eeKmopsbl

B. subtilis aBnseTCS IEPMUCCUBHBIM XO3IUHOM
Jutst 6outbioro yucia (aros. JlocTaTo4HO XOpPOIIO
M3yueHa MOJICKYJISIPHO-OMONIOTHYeCcKasl opraHu3a-

uus takux ¢aros B. subtilis, kak ¢105, ¢3T, pl1,
SPP1, SPO1 u HeKkoTOpBIX npyruX. Paspaboranbl
MeTonsl Tpancexnuu mojiekyn JHK stux ¢aros
Kak B IIPOTOIJIACTBI, TAK X B KOMIIETEHTHBIE KIICTKH
Oaumm. Bee 9T0 co3nano npeanochuTky I pas-
pabOTKU BEKTOPHOH CHCTEMBI OAIMIII Ha OCHOBE
JHK 6axrepuodaros. Jlannbie ucciaenoBaHus pas-
BHBAIOTCS IByMsI MyTSAMU: 1) HCTIONb30BaHUE yMe-
peHHBIX (haroB 11 HHTErpauun aysxkeponHoi JHK
B mnpodar — mnpoghazosas mpanchopmayus;
2) co3nanue MHPEKIMOHHBIX KIOHHPYIOLUIUX BEK-
TOPOB.

[TockonbKy K Hauary T€eHHO-MHXEHEPHBIX 3KC-
MePUMEHTOB (aru 6anniu ObUT