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N300peTeHne OTHOCUTCS K 00JIaCTH PEKOMOMHAHTHOTO MOJTyUCHHsI OMOJIOTMYCCKUX MOJICKYIT B KIICTKaX-
x03s5eBaX. B 0COOEHHOCTH, OHO OTHOCHTCS K CITOCO0Yy pPEKOMOMHAHTHOTO MOIYYEHHUS OJMIOCaXapHIOB
rpyxHoro monoka (OI'M) ¢ mpuMeHeHHeM reHeTHIeCKH MOTU(UIIMPOBAHHOHN KIIETKH, SKCIIPECCUPYFOIIEH
Oemok cymepceMeiicTBa 0CHOBHBIX nocpeaaukos (MFES).
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O0J1acTh TEXHHKH, K KOTOPOi OTHOCHTCS M300peTeHHe

N300peTeHne OTHOCUTCS K 00NAaCTH PEKOMOWHAHTHOTO MONYYCHHS OMOJIOTHMYCCKHX MOJCKYN B KICTKaxX-
xo3sieBax. bonee KOHKPETHO, OHO OTHOCHUTCS K CHOCO0Y PEKOMOMHAHTHOTO TIOJTyYEHHs OJIMTOCaXapuaoB TPYI-
Horo moiioka (OI'M) ¢ mpuMeHEeHHEeM TEeHETHYEeCKH MOIU(UIMPOBAHHBIX KIIETOK, dKCIPECCHPYIOIMHUX OEIOK
CyImepceMeicTBO OCHOBHBIX TTocpeaHnkoB (MFS).

YpoBeHb TeXHUKH

Omurocaxapuabl rpyaHoro Monoka (OI'M) coCTaBiISIFOT TPETHH 10 BEIMYUHE TBEPIBbIH KOMIIOHEHT TPY/I-
HOTO MOJIOKAa W 00JIaJjaf0oT BBICOKOI YCTOHYMBOCTBHIO K (pepMeHTaTHBHOMY THAponu3y. Kak cienctsue, 3Ha4H-
TenbHas 9acth OI'M ocTaeTcss B 3HAUUTEILHOW CTCIICHU HEMEPEBAPCHHOW M HeaOCOpOMPOBAHHOM, UTO JENIACT
BO3MOJKHBIM UX NMPOHUKHOBEHHUE B TOJICTYIO KHUINKY. B Tonctoit kumke OI'M MOTyT CITy:KUTh CyOCTpaTaMu st
(hopMUpPOBaAHUS KUIIICYHOIN IKOCHCTEMBI ITyTeM H30HMPaTEIbHOW CTUMYIIUN POCTAa CHCIH(DUISCKUX CaXapOoiu-
TUYECKUX OakTepuid. JTa W30UPATEIHFHOCTh CUATACTCS MOJIC3HOW KaK JUIS MJIAJICHIICB, TaK M JJIS B3POCIBIX, IO-
CKOJIBKY CYHUTAaeTCs, YTO INTaMMbl BHIOB Bifidobacterium moioXuTeNpHO BIHSIOT HAa 370POBbE KHUIICYHHKA.
(Chichiowski M. et al., (2012) J. Pediatr. Gastroenterol. Nutr. 5:251-258; Elison E. et al., (2016) Brit J. Nutr,
116: 1356-1368).

I[Tomumo cBoux mpebnoTHuecknx cBocTB, OI'M CBs3aHBI C JOTMOJHUTEIBHBIMHU TIOJIOXKHUTEILHBIME d(h-
(bexramu, gro pacmmpseT obmacth ux npumenenus (Kunz C. et al., (2014) Food Oligosaccharides: Production,
Analysis and Bioactivity, 1st Edition, p. 5-20, Eds. Moreno J. and Luz Sanz M., John Wiley & Sons, Ltd).

OueBngnas moms3a OI'M 171 3M0pOBBSI TO3BONIIIIA PA3PEIINTh UX MPUMEHEHHE B MHUIIEBHIX MPOIYKTAX,
TaKHX KaK JETCKHE CMECH W MHIIEBHIE MPOIYKTHI, a TAKKE B IOTPEOUTEIECKAX TOBapax I 30pOBbs. brorex-
HoJormyeckoe mpou3BoacTBo OI'M mpenctaBiseT co00i IEHHBIH 3KOHOMUYHBIA U MacIITa0HBIN CIIOCO0 MPOn3-
BoactBa OI'M. OHO OCHOBaHO Ha TCHETHYCCKH MOIU(HUIIMPOBAHHBIX OAKTEPUAX, CKOHCTPYUPOBAHHBIX TAKHM
00pa3oM, 4TOOBI HKCIPECCUPOBATH TIUKO3WITpaHCc(epassl, HCOOXOIUMBIE ISl CHHTE3a JKETaeMBIX OJIMTOCaxa-
PHUIOB, U B HEM IPUMCHSIOT BPOXKICHHBIA My HYKJICOTUIHBIX CaXapoB OaKTepHil B KAYeCTBE MPEIIICCTBCHHU-
koB OI'M. HenaBHue pazpaboTky B OHOTEXHOJIOTHYeCKOM Ipou3BoacTBe OI'M 1mo3Bonmim npeosoieTb HeKOTo-
pBIe TpuUCyIHe OaKTepHaIBHBIM 3KCIIPECCHOHHBIM CHCTeMaM orpaHudeHms. Hanpumep, 6akTepuaibHBIC KIIET-
ku, npoxymupyonme OI'M, MOryT OBITh T€HETHYSCKHM MOIU(HIMPOBAHBI IS YBEIHMYEHHS OTPAaHMYCHHOTO
BHYTPHUKIIETOYHOTO TTyJia HYKJICOTHIHBIX caxapoB B O6aktepusx (W02012112777), muis MOBBINICHNS aKTHUBHOCTH
(dhepmenToB, ydacTByromux B npoaykimu OIT'M (WO02016040531), wiu nist o0JIerdeHns CEKPEIM CHHTE3UPO-
BaHHbIX OI'M Bo BHekserounyio cpemy (W0O2010142305, WO2017042382). Kpome TOro, IKCIIPECCHIO TIPEII-
CTaBISAIOMINX MHTEPEC TCHOB B PEKOMOMHAHTHBIX KJIETKAX MOYKHO PEryIHPOBaTh C IOMOIIBI0 KOHKPETHBIX IIPO-
MOTOPOB HJIH IPYTHX PETYIATOPOB IKCIIPECCHUH T'€HOB, TAKUX KaK, HAIIPUMED, T€, YTO HEJJABHO OBUIM OIKCAHEI B
WO 2019123324.

IMoaxon, onucanneiit B WO 2010142305 u WO 2017042382, umeeT TO MPeUMYIIECTBO, YTO OH MO3BOJISIET
CHHM3HUTh META0OJIMUYECKYI0 HArpy3Ky, BO3JCHCTBYIONIYIO HAa MPOIYIUPYIOIIYIO KIETKY, 32 CYCT BHICOKHUX YPOB-
HEH SKCIPECCHH PEKOMOMHAHTHBIX TEHOB, T.€. C MpUMeHeHneM criocoboB W02012112777, W02016040531 wnu
WO02019123324. 3TOT OAXO TMPUBJICKACT BCe OOJNbIIee BHUMAHHE K FCHETHYECKOMY KOHCTPYHUPOBAHHIO pe-
KOMOWHAHTHBIX KIETOK, npoayuupyiomux OI'M, Hanpumep, He1aBHO OBUIH OMICAaHBI HECKOJIHKO HOBBIX T€HOB
MIEPEHOCYHNKOB caxapa, KOAUPYIOUINX OCIKH, M MPOLeAyphl (PepMEHTALNH, KOTOPBIE MOTYT CIIOCOOCTBOBATH BBI-
BEJICHUIO PEKOMOWHAHTHO Tpoayrupyemoi 2'-¢pyko3mmiakto3sl (2'-FL), camoro pacmpoctpaneHHoro OI'M
rpyaHoro mosoka (WO2018077892, US201900323053, US201900323052). OnHako B HacTosIee BpeMs HE
CYIIECTBYET aITOPUTMA, KOTOPBHIH MOT OBl TOYHO OMNPEICTHTh MPAaBMUIBHBIA OENOK-TPaHCHOPTEP, CHOCOOHBIN
00eCTIeYnTh OTTOK PAa3NUYHBIX CTPYKTYyp OI'M, mosryueHHBIX peKOMOWHAHTHO, CPEIX MHOTOYHCIICHHBIX OaKTe-
pHAITBHBIX OCJKOB C MPeICKa3aHHOW (DYHKIMEH TpaHCIopTepa B HECKOIBKUX 0a3axX MaHHBIX OCKOB, HAIPUMED,
B UniProt, MOCKOJBKY CTPYKTYPBI/(DaKTOPHI, OMPEACIISIONINE CYOCTPATHYIO CeNU(UIHOCTD TepeHOCUnKoB Ca-
XapoB, J0 CHX MOP HETOCTATOYHO M3YYCHBI U OCTAIOTCS KpaifHE HETIPEICKa3yeMbIMH.

PackpsiTHe H300peTeHus

OO0Hapy»xeHue HOBBIX 3()()EeKTHUBHBIX OEIIKOB-TPAHCIOPTEPOB OTTOKA CaxapoB, 00JIaJafONINX Crieln(pUIHO-
CTBIO K Pa3IUIHBIM peKOMOWHAHTHO ToiydeHHBIM OI'M, u pa3paboTka peKOMOWHAHTHBIX KJIETOK, DKCIIPECCH-
PYIOUINX YKa3aHHBIA O€JO0K, BBITOAHEI JUI KPYITHOMACIITAOHOTO MPOMBIIIICHHOTO npon3BoacTBa OI'M.

Hacrosmee n3obpereHne OTHOCHTCS K peKOMOMHAHTHBIM KJIETKaM, CIIOCOOHBIM IPOIYLHPOBATH OJUIOCa-
xapug rpyaHoro Moioka (OI'M), mpu 3TOM KIIETKH SKCIPECCUPYIOT TeTEPOIOTHYHBIN TeH, KOAUPYIOMUN Tpe/-
noylaraeMbIit TpaHcopTHBIH Oeok MFS (major facilitator superfamily, cymepceMelCTBO OCHOBHBIX TIOCPEIHHU-
KOB), TIPOUCXOAAIINHN U3 OakTepnu Serratia marcescens. boyiee KOHKPETHO, N300pETEHNE OTHOCUTCS K TEHETHYE-
CKH MOJTU(DHUIIMPOBAHHOHN KICTKE, ONTUMU3UPOBAHHON JIJIs IPOIYKIIMK OJIUTOCaXapuaoB, B ocooenHoctu, OI'M,
coJiepKaleil peKOMOWHAHTHYIO HYKIICHHOBYIO KHCJIOTY, KOJAUPYIOIIYIO OEJIOK, MOCIEeI0BATEIEHOCTE KOTOPOTO,
o MeHbIneit Mmepe, Ha 80% cXoIHa ¢ aMHHOKHCIOTHOU nocienoBatenbHocThI0 SEQ ID NO: 1 (¢dur. 3). AmuHo-
KHCJIOTHAS TOCIICIOBATEILHOCTh, 0003HAUEeHHAs B HacTosmeM nokymente kak SEQ ID NO: 1, npeacrasuser
co00lf aMHHOKHCJIOTHYIO MOCJCIOBATEIBHOCTh, KOTOpas Ha 100% wWIeHTHYHa aMUHOKHCIOTHOW MOCIEIOBa-
TENBHOCTH, MMeloleil Homep poctyna B GenBank WP _060448169.1. Benok-tpancnioprep MFS, umerommit
aMUHOKHUCIIOTHYIO mocienoBaTeibHOCTh SEQ ID NO: 1, uaeHTHPUITUPYIOT B HACTOAIIEM JOKYMEHTe Kak "Oe-
nok Marc", wiu "tpancrioprep Marc", winu "Marc", B3auMo3aMeHsIeMO; TIOCIIeTI0BaTEIbHOCTh HYKICMHOBOH KH-
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CJIOTHI, KOAUPYIOMIYIO Oelok Marc, HACHTU(QHUIMPYIOT B HACTOAIIEM JTOKYMEHTE Kak "Koaupyromas Marc Hyk-
neuHoBas kucinota/JJHK", wnn "ren marc", win "marc".

Hacrosmee m3o0pereHne MOKa3bIBa€T, YTO NPUMEHEHHE PEKOMOMHAHTHBIX KIIETOK, MPOIYIHPYIOIINX
OI'M, koTopbIe AKCIpeccupyroT Oenok Marc, IpuBOIUT K BeChbMa OTYETIMBBIM YIIYUIICHUSM IIpOIiecca IpOu3-
BoactBa OI'M kak B oTHomeHnu (epmenTarmu, Tak U ounctku OI'M. OnucaHHBIE B HACTOSIIEM JIOKYMEHTE
PEKOMOMHAHTHBIE KIIETKH U criocoObl mosydenns OI'M obecriednBaroT kak 0ojiee BHICOKHE BBIXOJIBI BCEX TPO-
n3BeneHHbIX OI'M, Gonee HHU3KOEe 00pa3zoBaHUE MOOOYHBIX MPOAYKTOB MIIM OTHOIIEHHE MMOOOYHOTO MPOAYKTa K
MIPOIYKTY, Oojiee HU3KOEe 00pa3oBaHre OMOMACCHI 32 PepMEHTAINIO, TaK M oOyierdenHoe u3Bnedenne OI'M Bo
BpeMs MociIeayIomei 00paboTky epMeHTAIMOHHBIN OyIbOH.

HeoxunanHo 0b110 00HApPYKEHO, UTO 3KcTpeccus nocienoBarenbHocT JJHK, xomupyromei Marc, B pas-
mmuHbIX OI'M-npoaynupyromux KIeTKax CBs3aHa ¢ HakomiaeHueM HeKoTopblx OI'M Bo BHEKJIETOUHOM cpese U
apyrux OI'M BHyTpHM NpOAyLMpPYIOIIUX KIETOK, U ¢ yBenuueHneM oomel npoaykiuu OI'M. HeoxuaanHo oka-
3aJI0Ch, YTO yBEJINWYEHHE BbIXoJa oopasytomuxcst OI'M xapaxrepro it OI'M, cocrosmux Jmbo u3 Tpex, Jmbo
U3 YEeThIPEX 3BEHHEB MOHOCAXAPUAOB, T.¢. 1 OI'M, mpeacTaBnstomux co0oil Tpu caxapuabl WU TeTpacaXxapu-
Iel, Hampumep, 2'-¢pyko3mwmiakto3sl (2'-FL), 3-dyxoswmnakrossr (3-FL), 3-cmammmrakrossr (3'-SL), 6'-
cuanmmuiakTosbl (6'-SL), makto-N-tpuwossr 2, (LNT-2), makro-N-meoterpao3sl (LNnT) m smakTo-N-TeTpao3s
(LNT), HO HE ans Oojiee KPYIHBIX OMUTOCAXAPUAHBIX CTPYKTYpP, TAKUX KaK MEHTacaxapwIsl U TeKcacaXxapHbl,
KOTOpbIe HAKAIIMBAIOTCS BHYTPH MPOTYyIUPYIOMHX KiIeToK. HeoknmanHo Takke ObUIO OOHApPYXKEHO, 4TO 00-
mast mpoayKiust ocHOBHEIX OI'M, Hampumep, 2'-hykosusuiakrossl (2'-FL), 3'-pykosmmrakTossl (3-FL), makTo-N-
Tpro3sl (LNT II) u makro-N-teTpao3sl (LNT) B coorBercTBYrommx OI' M-ipoayupyonmx KIeTKax, dKCIpec-
CUPYIOIIUX TeH Marc, TaKKe YBEIMIUBACTCS, B TO BpeMs Kak o0Opa3oBaHHE MOOOYHBIX MPOIYKTOB, HATIPUMED,
mudyxosmmnakrossl (DFL), makro-N-dykonenraossl V (LNFP V) nnn napanakroneorekcaosst (pLNH-I) B aTux
KJICTKaX, COOTBETCTBEHHO, YACTO CHIIKCHBI, U YKa3aHHBIC MOOOYHEIC OJIMTOCaXapHIbl OOBIYHO HAKAILTHBAIOTCS
BHYTPH MPOAYIUPYIOIUX KICTOK. Jlanee, BecbMa HEOXHUIAHHO, OKa3aJI0Ch, 4TO IKCIpeccus Oenka Marc B KIeT-
Kax, nponyuupytomux OI'M, IpUBOIUT K CHIKCHHIO 00pa3oBaHMUs OMOMAcCHl BO BpeMs (pepMeHTanmu u K 00-
Jiee 37J0POBBIM KJIETOYHBIM KYJIbTypaM, MPOSBISICMBIM B YMEHBIICHNH KOJMYECTBA MEPTBBIX KJIETOK B KOHIIC
(hepMeHTaIMH, YTO JeTaeT MPOU3BOICTBEHHBIN mporecc Oosiee 3 HEeKTHBHBIM, MOCKOJILKY Ha STUHUITY OHoMac-
CBI TIPOM3BOJUTCS OOJBIIE IPOAYKTA.

COOTBETCTBEHHO, TEPBHIN aCHEKT W300pETEHMs] OTHOCHUTCS K TEHETHYECKH MOTU(PHUINPOBAHHON KIICTKE,
CHocoOHOH MpoyIupoBaTh OOuH WK Heckonbko OI'M, rae ykasaHHas KJIeTKa BKIIOUaeT PEKOMOWHAHTHYIO
HYKJIEHHOBYIO KUCJIOTY, Konupyromyio 6eirok SEQ ID NO: 1, uimu ero ¢pyHKIIMOHAIBHBIA TOMOJIOT, aMHHOKHC-
JIOTHAsI TIOCJIEIOBATEIFHOCTh KOTOPOTO HMACHTUYHA, IO MEHbIIel Mepe, Ha 8§0%, MPEeaNOYTHTEIEHO UICHTHY-
HOW, 110 MCHBIIICH Mepe, Ha 85%, OoJiee MPEeNMOYTHTENEHO HICHTUYHOM, 0 MeHbIeH Mepe, Ha 90% mocnenoBa-
teapHOcTH SEQ ID NO: 1.

Bropoii acrekT u300peTeHUsT OTHOCUTCS K KOHCTPYKIIMU HYKJICHHOBOW KUCIIOTHI, BKJIFOUAIOIICH ITOCIIEIO0-
BaTEIbHOCTH(MTOCIICIOBATEIPHOCTH) HYKJICHHOBOW KHCIIOTBI, KOAUPYIOUIYIO(KOTUPYIOIIKE) OCIOK-TpaHCIIOPTEP
MFS, rae mocnenoBaTeIbHOCTh HYKJICHMHOBOM KUCIOTHI, KOAUPYIOMIas OCIIOK, MMEeT, 1Mo MeHbIei mepe, 70%
HACHTUYHOCTH ¢ mocienoBarensHocTeio ¢ SEQ ID NO: 2, Hanpumep, o meHsIeit Mepe, 80%, Hampumep, 1o
MeHbIIeH Mepe, 85%, HanpuMep, 0 MeHbIIeH Mepe, 95%, HampuMep, o MeHbIeH Mepe, 99%, a Takke K TeHe-
TUYECKHA MOAM(DHUIIMPOBAHHOMN KIIETKE, COAepiKaie KOHCTPYKIUIO HYKICHHOBOM KHCIIOTHI, KOTOpAs MPeICTaB-
nsiet coboit Escherichia coli.

B omHOM acrmexTe KOHCTPYKIMS HYKJIEHHOBOM KHCIOTHI BKIIIOYAET MOCIEI0BATEIBHOCTH(TIOCIEIOBATEIb-
HOCTH) HYKJICHHOBOH KHCIIOTHI, KOIUPYIONIyO(Koaupyromue) 6ernok-tpancnoprep MFS, B koTopoii mocnemopa-
TEJIbHOCTh HYKJIEMHOBOM KHUCIIOTHI, 0 MeHbIIeH Mepe, Ha 70% uaentuyna nocnenosarensHoctd SEQ ID NO: 2.

Tperuit actieKT H300pETECHHUS OTHOCUTCS K CIIOCOOY TMOYYCHUS OJJHOTO MIIH HECKOJIBKUX OJIUTOCAXapHUJIOB,
BKITIOYAOIIEMY CIICIYIOIIUE CTAIHU:

(i) momyyeHHe TeHETUYECKH MOAUGUIIMPOBAHHON KICTKH, CIIOCOOHOM mpomynupoBath OI'M, B KoTOpoM
yKa3aHHas KJIEeTKa BKJIIOYAET PEKOMOMHAHTHYIO HYKJICHMHOBYIO KUCIIOTY, Koaupylomyto 6erok SEQ ID NO: 1,
WITH eT0 (QYHKIIMOHAIBHBIA TOMOJIOT, aMHHOKHCIIOTHAS TIOCIIEI0BATEIFHOCTh KOTOPOTO WACHTHYHA, IT0 MEHBIIEH
Mepe, Ha 80%, MPeArmouTUTENHHO HASHTHYHOM, TI0 MEHbIIEH Mepe, Ha 85%, OoJiee MPeAmOYTUTEHPHO UASHTHY -
HOW, TI0 MeHbIIeH Mepe, Ha 90% mocienoBarensHocTr SEQ ID NO: 1;

(i) KyJTbTUBUPOBAHHE KIIETOK B COOTBETCTBUHU C (i) B MOAXOMAIICH Cpejie KyJIbTUBUPOBAHHS KJIETOK ISt
JKCIPECCUH YKa3aHHONH peKOMOMHAHTHON HYKJIIEHHOBOW KHCIIOTHI;

(iii) coop omuoro mwu Heckoabkux OI'M, moydeHHBIX Ha cTaauu (ii).

N300peTeHne Tak:ke OTHOCUTCS K MPUMCHEHUIO TCHETUYCCKH MOTUPUIIMPOBAHHON KICTKH MM KOHCTPYK-
UM HYKJIEHHOBOH KHUCIIOTBI, CONEpPKAIICH TeTePOJOTHIHYIO MOCIEI0BATEIEHOCTh HYKICHHOBOU KHUCIIOTHI, KO-
JUPYIOIIYI0 OeJIoK cymepceMeiicTBa OCHOBHBIX mocpenunkoB (MFS), mpuuem ykazaHHas 1Mocie0BaTeIbHOCTh
HYKJIEMHOBOM KHCIIOTHI UMEET, 10 MeHblIeil Mepe, 70% uaentuynoctu nocinenosarensbHoctu ¢ SEQ ID NO: 2,
JUTSL IPOM3BOJICTBA OJTHOTO WIIM HECKOJIBKHX OJIMTOCaXapHuI0B rpyaHoro Mojoka (OI'M).

Kak ymomMuHanoce BbIIIe, IPU KYJIBTUBUPOBAHHH TCHETHYCCKU MOAUMDUIIMPOBAHHBIX KJIETOK, CIOCOOHBIX
MPOAYIIMPOBATH OAWH WM Heckoibko OI'M, maHHBIE KIETKH COIEp)KaT HYKICHHOBYIO KHCIIOTY, KOIUPYIOIIYIO
Oemok-TpaHcropTep Marc, HEOXKHUIAaHHO OBLTO OOHAPYXKEHO, YTO COOTBETCTBYIONINE OJWH MIH HeckoJbko OT'M
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MPOIYLUPYIOTCS ¢ BRICOKMMH BBIXOJIaMH, TOTa Kak 00pa3oBaHue MMOOOYHBIX IPOAYKTOB U OMOMAcChl CHIKAeT-
cs1. Oto obneryaer u3Bneyenne 3tux OI'M B nmocneayronmx nporeccax, HapuMep, o0IIast Mpoueaypa u3BJeye-
HUS ¥ OYMCTKH MOYKET BKIIIOYATh MEHBIIIE CTaInH, U 00IIee BpeMs OYHCTKH MOXKET OBITH COKpAIIEHO.

O1r 3 PEeKTHI TOBBIIIICHHOTO BBIXO0JIA MPOIYKTa W OOJETYSHUS U3BJICUCHUS MIPOTYKTa JEIAl0T HACTOSIIee
n300peTeHne MPEeBOCXOIAIINM PACKPBITHS MPEIIICCTBYIONIETO YPOBHSI TEXHUKH.

Jpyrue acmexTsl U MMoJIe3HbIE MPU3HAKK HACTOALIETO W300pEeTEeHUs MOAPOOHO OMMCAHBl U MPOWIUTIOCTPHU-
POBaHBI IPUBEACHHBIMU HIKE HEOTPAHUIHUBAIOIINMHI PaO0YNMHU TIpUMEpPaMH.

Kpartkoe onucanue uepre:xeii

Ha ¢wur. 1 nokazano orHocurensHoe pacnpeneneHue 3-FL BHyTpu u cHapyxwu kietok (¢ur. 1) momudu-
upoBanHO# E. coli co cBepxakcnpeccueit u 6e3 Hee Oenka-Tpancnioprepa MFS ¢ nocnenosarensrocteio SEQ
ID NO: 1.

Ha ¢ur. 2 nokazano otHocuTensHOe pactipeneienue 2'-FL BHyTpu u cHapyxu kietok (¢pur. 2A), a Takke
OTHOCHTEJIbHAsA ONTHYECKasl IUIOTHOCTH KJIETOK, m3MepeHHast mpu 600 HM (¢wur. 2b) B MoauduuupoBaHHBIX
E. coli co cBepxakcnpeccueii u 6e3 Hee Oenka-Tpancnoprepa MFS ¢ mocnenoBarensrocThio SEQ ID NO: 1.

Ha ¢wur. 3 npeacrasnena nocienoBatensHocTh SEQ ID NO: 1.

OcyuiecTB/IeHHE H300peTeHus

Jlanee BorutomeHus W300peTeHus1 OyAyT onmucaHbl Oojee moApooHo. Kaknas KOHKpeTHass BapHarvsl MpH-
3HAKOB MOXET OBITh IPUMEHEHA K APYTHM BOIUIONICHUSM H300pETEHISI, €CITH CIIEIIMATFHO HE YKa3aHO MHOE.

Kak npaBunio, Bce mpuMeHseMbIe B HACTOSIIEM JOKYMEHTE TEPMUHBI CIeIyeT HHTEPIPETUPOBATh B COOT-
BETCTBHH C MX OOBIYHBIM 3HAUYECHHEM B TEXHHYECKOI 00IacCTH M KaK MPUMEHUMBIE KO BCEM acIeKTaM M BOILIO-
IIEHUSM N300pETEeHUs, €ClIM SIBHO HE OINPEEeIeHO WM He yKa3aHo MHoe. Bee cepliku Ha "a/an/the [kierka, mo-
CJIC/IOBATENILHOCTD, TeH, TPAHCIOPTEP, CTAAUS | T.J.]" HY)KHO HHTEPIPETUPOBATH OTKPHITO KaK OTHOCSIHUECS,
10 MEHbIIEH Mepe, K OJJHOMY IK3eMIUIIPY YKa3aHHOW KIIETKH, ITOCIIEA0BATEILHOCTH, I'eHa, TPAaHCIIOpTepa, CTa-
JIMH ¥ T.JI. €CJIU MPSIMO HE YKa3aHO WHOE. DTallbl JII000T0 PacKphITOTO B HACTOSILEM JOKyMEHTE criocoba He 00s-
3aTeNIbHO BBIMOJIHITH B TOYHOM PACKPBITOM MOPSJIKE, ECIIM 3TO HE YKa3aHO SIBHO.

Hacrosiee n3o0pereHue B eJIOM OTHOCUTCS K T€HETHUSCKH MOIUPHUITUPOBAHHOM KiIeTKe s P PeKTHB-
HOTO TIPOU3BOJICTBA OJIUTOCAXAPUAOB U K IPUMEHEHHUIO YKa3aHHON T€HETHYCCKH MOIU(PHUIMPOBAHHON KIETKH B
crioco0e TOTy4eHUs OJTUTOcaxapuiIoB. B ocobeHHOCTH, HAacTOsIIee N300pETeHNEe OTHOCUTCA K TeHETHYECKH MO-
TUGHUIUPOBAHHOH KIIETKE, CIIOCOOHOH CHHTE3UPOBATH OJIUTOCAXapuA, MPEIIOYTUTEIHFHO, TeTePOIOTHYHBIN OJIH-
rocaxapuj, B 0COOEHHOCTH, onmrocaxapuy rpyaHoro mojoka (OI'M). CooTBeTCTBEHHO, KJIeTKa 10 m300peTe-
HHUIO MOTU(GHUIMPYIOT IS SKCTIpecCHd Habopa peKOMOMHAHTHBIX HYKJICHHOBBIX KHCIIOT, KOTOPBIE HEOOXOIUMBI
JUISL CHHTE3a KJICTKaMHU OJTHOTO WK HecKoJbKHX OI'M (KOTOpBbIe MO3BOJISIOT KJIETKE CHHTE3UPOBATh OJUH WU
Heckonbko OI'M), Takux Kak I'eHbl, KOJUPYIOIINE OJUH WM HECKOJIIBKO (PEpMEHTOB C TIIMKO3MITPaHC(hepa3HOM
aKTHBHOCTbIO, ONMMCAHHBIX HIDKe. [Ipomylupylomnyro onurocaxapyu peKOMOMHAHTHYIO KIETKY MO H300pETEHHIO
JIOTIOJTHUTENEHO MOAM(GHULMPYIOT Ul BKIIOUCHHS TETEPOJIOTMYHOM I10CIIEI0BATEILHOCTH DPEKOMOMHAHTHOMN
HYKJIEHHOBOW KHCJIOTBI, TPEANOYTUTENbHO, nocienoBarensHoctn JJHK, xomupyromeit TpancnopTHelid Gestok
npeanoiaraemsrii MFS (major facilitator superfamily, cynepcemMeiicTBO OCHOBHBIX HOCPEIHUKOB), MPOUCXOIS-
muid u3 Oaktepum Serratia marcescens. KoHkpeTHO, H300peTeHHEe OTHOCHUTCS K TEHETHIECKH MOIU(PUITUPOBaH-
HOW KJIETKE, ONTUMH3UPOBAHHOW VIS MPOAYKIIMH OJHOTO WM HECKOJNBKMX KOHKPETHBIX OJINTOCaxapwioB, B
0COOEHHOCTH, OJHOTO MM HECKOJIBKHX KOHKpeTHBIX OI'M, comeprkarmieil pekOMOMHAHTHYIO HYKJICHHOBYIO KH-
CIIOTY, KOAMPYIOUTYIO0 OEJOK, MMEIOIIHA, 0 MeHbIIeH Mepe, 80% cXOICTBa MOCIEeIOBATENBHOCTH, IPEIIOYTH-
TeJHHO, TI0 MEHBIIeH Mepe, 85%, Ooree MpenmouTUTENBHO, 0 MeHbIel Mepe, 90% u eme GoJiee TMPEAIOYTH-
TENBHO, MO0 MEHbIIEH Mepe, 95% cXoACTBa MOCIIEAOBATEIFHOCTH C AMHHOKHCIOTHOW I10CIIEOBATEIbHOCTHIO
SEQ ID NO: 1 (¢wur. 3). AMUHOKUCIIOTHAS TIOCJICOBATEIIFHOCTh, 0003HAUCHHAS B HACTOSAIICM JOKYMEHTE KaK
SEQ ID NO: 1, npeacraBnsier co00i aMHHOKHCIOTHYIO ITTOCIIEIOBATEIBHOCTh, KoTopas Ha 100% wuaeHTHYHA
AMHUHOKHUCIIOTHOM MOCJICIOBATENBHOCTH, HMEIOIIel HoMep goctyna B GenBank: ID:WP_060448169.1.

COOTBETCTBEHHO, TEPBBIA aCMEKT M300pPETEHHsI OTHOCUTCS K T€HETHYECKH MOANGHUINPOBAHHON KIETKE,
CIOCOOHOH ITPOXyLMPOBATh OJMH WM Heckoibko OI'M, mpu 5TOM yka3aHHas KJICTKa BKJIIOYAET PeKOMOMHAHT-
HYIO HYKJIEHHOBYIO KUCIIOTY, Kogupytomtyto 6eimok SEQ ID NO: 1, wimm ero ¢ yHKIHOHAIBHEIN TOMOJIOT, aMHUHO-
KHCJIOTHAS TIOCIIEAOBATEIFHOCTh KOTOPOTO MISHTHYHA, 10 MEHbIIeH Mepe, Ha 80%, IpearnmodTUTET-HO HICH-
THYHA, TI0 MEHbIIEH Mepe, Ha 85%, Ooree MpeanoYTUTENILHO HACHTHYHA, TT0 MeHbIIeH Mepe, Ha 90% mocieno-
BarenpHOCTH SEQ ID NO: 1. ITox TepmMuHOM " (QyHKITMOHATBHBIA TOMOJIOT" B HACTOSIIIEM KOHTEKCTE TOpa3y-
MEBaIOT OEJIOK, aMHUHOKHUCIIOTHAS TTOCIIEIOBATEILHOCTh KOTOporo Ha 80-99,9% uaeHTHYHA MTOCIeA0BaTeIbHOCTH
SEQ ID NO: 1, u xoTtopslii 001anaeT GyHKITUEH, TOIe3HON TS TOCTIDKEHUS, TI0 MEHBIIIEH Mepe, OJTHOTO IoJIe3-
Horo 3¢ dekra Mo m300peTeHMIO, HaIIpUMep, yBenudeHue odmei npoxykunu OI'M knetkamu-xo3sieBamu, 00-
JIETYCHHE BOCCTAaHOBJIEHUs mponynupyeMbix OI'M, sddexrnBHocTs mpoaykunu OI'M w/mnm xu3HECTIOco0-
HOCTb KJIETOK, Ipoayuupyromux OI'M.

Benok-tpancnoprep MFS, umeromuii aMuHOKHACIOTHYIO mocnenoareiabHocTh SEQ ID NO: 1, unenrugu-
IIUPYIOT B HACTOSIEM JOKYMEHTe Kak "Oenok Marc", winm "tpancrioprep Marc", wim "Marc", B3auMo3ameHse-
MO; TTOCJIEZ0BATENEHOCTh HYKJICHHOBOM KHCIIOTHI, KOIUPYIOUIYI0 0e0K Marc, HIeHTUQHUIUPYIOT B HACTOSILEM
JIOKyMEHTE IS TeJied n300peTeHus Kak "koaupyromyio Marc HykinenHoByio kuciory/JJHK", wim "ren marc",
i "marc".
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[Tox repmunoM "cynepcemelicTBa 0cHOBHBIX nocpeanukoB (MFS)" noapasymeBatoT 60ibII0e M UCKITIOYH-
TENIBHO Pa3HOOOpa3HOE CeMEICTBO Kilacca BTOPUYHBIX aKTHBHBIX TPAHCIIOPTEPOB, KOTOPHIE OTBEYAIOT 32 TPaHC-
TOPT psiia pa3IMIHBIX CyOCTpaTOB, BKIIOYAs caxapa, JieKapcTBa, THAPOo(GOOHbIE MONEKYIbI, ENTHIBI, OPTaHH-
geckre WOHBI U T.a. CrnenuuaHOCTh OEIKOB-TIEPEHOCUMKOB caxapa KpaliHe Hempeackasyema, U AeHTH(UKA-
Ml HOBOTO OeNKa-MepeHOCYnKa CO CHeNU(UIHOCTRIO, Hal[PUMEp, B OTHOIICHUH OJUTOCAXapuaIoB TpeOyeT He-
00peMEHHUTENBHBIX JTA0OPAaTOPHBIX JKCIEPUMEHTOB (Oosee MmoapoOHYI0 WHGOPMAIUI0O CMOTPH B 0030pe
Reddy V.S. et al., (2012), FEBS J. 279(11): 2022-2035). Tepmun "nepenocunk MFS" B 7aHHOM KOHTEKCTE 03-
HagaeT OEJIOK, KOTOPBIH 00JerdaeT TPaHCHOPT OJHMrocaxapuia, npeamoututenbHo OI'M, depe3 KIETOUHYIO
MeMOpaHy, npearnouTuTesibHo Tpancnopt OI'M/onurocaxapuia, CHHTE3UPOBAHHOTO KJICTKOH-XO3UHOM, W3 LU~
TO30JIs1 KJIETKM BO BHEIIHIOIO Cpely KIEeTKH, npexnodrurensHo OI'M/onurocaxapuaa, comepsKamero Tpyu Wi
YeThIpe 3BeHa caxapa, B ocodbenHoctH, 2'-FL, 3-FL, LNT-2, LNT, LNnT, 3'-SL wiu 6'-SL. JIonOTHUTETFHO WK
alpTepHAaTHBHO rnepeHocuynk MFS Moser Taxke crmocoOCTBOBATH OTTOKY MOJIEKYJN, KOTOpPBIC HE CUHUTAIOTCS
OI'M mim onurocaxapuiaMH COTJIACHO HACTOSIIEMY M300pETEHMIO, TAKMX KakK JIAKTO03a, TJI0K03a, KIETOYHbIE
MeTabOoJIUTHl WIIM TOKCHUHBI.

TepMuH "HICHTUYHOCTH TOCIEIOBATENFHOCTH [ompeaesieHHoro]| %" B KOHTEKCTe ABYX WM OoJee moce-
JIOBAaTEIFHOCTEH HYKJICMHOBBIX KHCJIOT MJIM aMUHOKHCIIOT O3HAYaeT, UTO JIBE MM Oojiee MOoCiIeI0BaTeIbHOCTEH
HUMEIOT 00IIre HYKJICOTHABI WM aMUHOKHCIIOTHBIE OCTAaTKH B JJAHHOM TIPOIICHTE IIPU CPaBHEHUH U BHIPABHHUBA-
HHUH U1 MAaKCUMaJIbHOTO COOTBETCTBHE B OKHE CpPaBHEHUS WM 0003HAYCHHBIX IOCIEIOBATENFHOCTIX HYKIICH-
HOBBIX KHCJOT FJIM aMHHOKHCIOT (T.€. TIOCIIEAOBAaTEILHOCTH UMEIOT, TI0 MeHbIIeH Mepe, 90-mporentayo (%)
WACHTUYHOCTH). [IpOLIEHTHYIO0 MIACHTUYHOCTh IMOCIEI0BATEIPHOCTEH HYKICWHOBBIX KUCIIOT WM aMHHOKHCIOT
MOJKHO OIpPEJENIUTh C MOMOIIBI0 aNroOpuTMa cpaBHeHUs nocnenoarensHocTeit BLAST 2.0 ¢ mapamerpaMu mno
YMOJYAHHUIO WM TyTEeM pPYYHOTO BBHIPABHUBAHHWA W  BU3YalbHOIO KOHTpPONS (CM., HampuMmep,
http://www.ncbi.nlm.nih.gov/BLAST/). 310 ompeneneHne NpUMEHNMO KaK K KOMIUIEMEHTY TECTUPYEMOH MO-
CJIC/IOBATENILHOCTH, TaK M K MOCJIEA0BATEILHOCTSM, KOTOPBIE UMEIOT ACJIEINH W/WIN N00aBICHHs, a TaKkkKe K
TeM, KOTOpbIe UMEIOT 3aMeHbl. [Ipumepom ainropuTma, Mmoaxosmiero Al ONpeaesieHNs POLEHTa UICHTUIHO-
CTH, CXOJICTBA MOCJIEIOBATEIILHOCTEH W BRIpAaBHUBAHUSA, CIIY>KHT anroput™ BLAST 2.2.20+, onmcanusiii B Alt-
schul et al. Nucl. Acids Res. 25, 3389 (1997). BLAST 2.2.20+ npuMeHSIOT JJIsl ONIpeaeTIeHHs MMPOIeHTa HIeH-
TUYIHOCTH TIOCJIEIOBATEIFHOCTEH HYKJIIEHHOBBIX KHCIIOT U OeKoB 1o n3obperenuro. [Iporpammuoe obecnieueHme
Jutst ipoBenieHus aHanm3oB BLAST o6menoctynHo depe3 HanpoHanbHBIN EHTP OMOTEXHOJIOTHUECKOH HHDOP-
maruu (http://www.ncbi.nlm.nih.gov/).

CLUSTAL Omega (http://www.ebi.ac.uk/Tools/msa/clustalo/),
EMBOSS Needle (http://www.ebi.ac.uk/Tools/psa/emboss_needle/),
MAFFT (http://mafft.cbrc.jp/alignment/server/), nim

MUSCLE (http://www.ebi.ac.uk/Tools/msa/muscle/)

MPEACTABILIIOT COO0M MPUMEPH! MIMPOKO MPUMEHSIEMBIX aITOPUTMOB BBIPAaBHHBAHHS IOCIIEI0BATEIHHO-
CTEH.

B xoHTeKkcTe M300peTeHnss TepMUH "omrocaxapuia’ O3HauaeT CcaxapuIHBIA TOJUMED, COACPKAIMUN P
MOHOCAaXapUIHBIX 3B€HbEB. B HEKOTOPBIX BOILUIOIICHUAX MPEANOYTUTEIBHBIMU OJIMTOCAXAPUIBI MPEICTABIISIOT
co00i1 ImoaMMeps! caxapyioB, COCTOSIIME M3 TPEX WJIN YEThIpEX MOHOCAXapHIHBIX 3BEHBEB, T.C. TPHCAXapPHUIBI
WM TeTpacaxapuabl. [IpennouTurensHble oMUrocaxapuasl U300peTeH s IPEICTaBISIOT cO00H ONUrocaxapuubl
rpyasoro mMoioka (OI'M).

Tepmun "onurocaxapun rpyaHoro Mosnoka" unu "OI'M" B JaHHOM KOHTEKCTE O3HAuaeT CIIOXKHBIN yriie-
BOJI, OOHAPYKCHHBII B TPYAHOM MOJOKE 4enoBeka (s oTchuiku cMoTpu Urashima et al.: Milk Oligosaccha-
rides. Nova Science Publisher (2011); nmmm Chen, Adv. Carbohydr. Chem. Biochem. 72, 113 (2015)). OI'M
UMEIOT CTPYKTYPY S1pa, BKIIOYAIOIIYI0 EIWHHILy JIAKTO3bl Ha BOCCTAHABJIMBAIONIEM KOHIE, KOTOpPAas MOXKET
ObITh yIJIMHEHAa OJHOM WM HECKOJbKUMH CIUHMIAMU OeTa-N-aleTH/UIaKTO3aMHHWIA W/WIN OZHOW WU He-
CKOJIBKUMU €JIMHHIIAMU OeTa-makTo-N-OHo3miia, U 3Ta CTPYKTypa sSjapa MOXKET OBITh 3aMelleHHBIH aibga-L-
(dhykommpaHO3WITBPHON W/WiK anb(ha-N-aneTHTHeHpaMUHWIBHON (CHATMIIBHOWM) YacThio. B CBSI3M C DTUM HEKH-
cioTtHbIe (Wu HelTpanpHble) OI'M nuIIeHsl ocTaTka cuanuia, a kuciasle OI'M UMEIOT B CBOCH CTPYKTYpE XOTS
061 oquH ocTaToK cuamwia. HekucnorHeiil (wnn HelTpanbHbli) OI'M MoXeT ObITh (YyKO3WIIMPOBAHHBIM HIIH
HeykozmmpoBaHHBIM. [IpuMepbl Takux HEHWTpaslbHBIX Hepyko3mwIupoBaHHEIX OI'M BKiIIOHaroT jakTo-N-
tpuosdy 2 (LNT-2), nakro-N-terpao3y (LNT), makro-N-meorerpao3y (LNnT), makro-N-neorekcao3y (LNnH),
napanakro-N-Heorekcaozy (pLNnH), mapamakro-N-rekcaozy (pLNH) u makro-N-rexcaozy (LNH). IIpumepsr
HeWTpanbHBIX (ykozunmupoBaHHbIX OI'M Brmowator 2'-gyko3miutakrody (2'-FL), makto-N-dykomenraozy I
(LNFP-I), nakro-N-mu¢yrorekcaosy I (LNDFH-I), 3-¢pykozmmnakrosy (3-FL), mudykozmmnakrozy (DFL), nax-
To-N-ykonenraozy II (LNFP-II), makro-N-¢ykonenraozy III (LNFP-III), makro-N-mudykorekcaosy III
(LNDFH-III), ¢yxo3un-nmakto-N-rekcaozy II (FLNH-II), makto-N-dpykxomentaody V (LNFP-V), makro-N-
mudykorekcaosy I (LNDFH-II), dykosmi-nakto-N-rekcaozy I (FLNH-I), ¢ykosun-napa-nmakto-N-rekcaosy |
(FpLNH-I), dyko3un-mapa-nakro-N-neorekcao3y II (F-pLNnH II) u ¢ykosun-nmakro-N-Heorekcaody (FLNnH).
ITpumepsr kuciotHeix OI'M BrimrowaroT 3'-cmamwmiakto3y (3'-SL), 6'-cumanuinakrosy (6'-SL), 3-bykoswmn- 3'-
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cnamwuiakrody (FSL), 3'-O-cnanmmnakro-N-terpaosy a (LST a), pyxoznn-LST a (FLST a), 6'-O-cnanumiakro-
N-terpaosy b (LST b), dyko3mn-LST b (FLST b), 6'-O-cunamumnakro-N-neoterpaosdy (LST c), yxoznn-LST ¢
(FLST c¢), 3'-O-cmamumnakro-N-veorerpao3y (LST d), ¢dyko3mn-LST d (FLST d), cuanmmiakTo-N-Tekcaosy
(SLNH), cuamun-nakro-N-aeorekcaody I (SLNH-I), cuammumrakto-N-aeorekcaody II (SLNH-II) u mucnammn-
nakTo-N-teTpao3y (DSLNT). B koHTeKCTe HACTOAIIETO W300pETEHHS JaKTO3y HE pacCMaTPHBAIOT KaK pa3HO-
BugHOCTE OI'M.

B HEKOTOpHIX BOIUIOMICHHUSX HU300pETEHHS TPEANOYTHTEIbHBIME MOTYT ObITh TpU-OI'M u Terpa-OI'M,
HanpuMmep, Tpucaxapuasl 2'-FL, 3-FL, LNT-2, 3'-SL, 6'-SL, u Terpacaxapuasl DFL, LNT, LNnT, FSL.

YroOb! UIMETh BO3MOKHOCTh CHHTE3UPOBAThH OJMH WM Heckoiabko OI'M, pekoMOMHaHTHAs KJIeTKa T10 H30-
OpeTeHHIO BKIIIOYACT, 110 MEHBIICH Mepe, OAHY PEeKOMOMHAHTHYIO HYKJICHHOBYIO KHCJIOTY, KOTOpask KOJUPYeT
(yHKIIMOHATIBHBIH (DEPMEHT € TIIMKO3WITpaHC(epasHOW aKTUBHOCTBIO. ['eH ranakTo3wiTpaHcpepasbl MOXKET
OBITH MHTETPUPOBAH B T'€HOM (IIOCPEJICTBOM XPOMOCOMHOM MHTETPAIMN) KIETKU-X0351Ha, WU, aJbTepPHATUBHO,
OH MOXeT OBITh BKIFOUEH B masmunnyro JJHK u skcnpeccupoBaThes Kak mepeHOCUMBIN miasmMuaon. Ecmu s
npousBosicTBa OI'M HeoOxomuMbl 1Be mitn Gosee rimko3unTpancdepas, Harrpumep, LNT wiau LNnT, To aBe nnu
6oiee peKOMOMHAHTHBIX HYKJIEHHOBBIX KHCIIOTHI, KOTUPYIOMNX pa3Hble (HhEpMEHTHI C TIHKO3MITpaHChepasHOH
AKTUBHOCTBIO, MOTYT OBITH MHTETPHUPOBAHBI B TEHOM W/MJIM SKCIPECCHPOBAHBI U3 IUTA3MUABI, HallpuMep Oera-
1,3-N-aneTuiriroko3aMuHUITpanchepasy (mepBas peKOMOMHAHTHAS HYKJICHHOBAs KUCJIOTA, KOAUPYIOIas Tiep-
BYIO TTIUKO3WITpaHcdepasy) B coueTannu ¢ Oera-1,4-ramakrosuntpancdepasoit (Bropas peKkOMOWHAHTHAS HYK-
JICMHOBAsI KHCJIOTa, KOAUPYIOMas BTOPYIO TIMKo3WwiITpancdepasy) mist npoaykuuu LNT, roe mepsas u BTopas
PEeKOMOMHAHTHBIE HYKJICHHOBBIE KHCJIOTHI MOTYT OBITH HE3aBHCHMO JPYT OT JPyTa HHTETPUPOBAHBI B XPOMOCO-
My WU Ha IUTa3MUJE. B 0HOM IpemodTUTET-HOM BOIUIOIICHNH, KaK MepBas, TaK U BTOpas peKOMOWHAHTHBIC
HYKJIEHHOBBIE KHUCIIOTHI CTAOMIBHO HHTEIPHPOBAHBI B XPOMOCOMY KJIETKH-TIPOYLIEHTA; B APYTOM BOILIOIICHHH,
10 MEHbIIEH Mepe, OfHa M3 TEPBOI M BTOPOH TNIMKO3WITpaHC]epas3 NpencTaBiIsieT co00l MepeHOCHMYIO Tia3-
muzoi. benok/depmMenT ¢ rnuko3miTpanchepazHoil aKTUBHOCTBIO (TIIMKO3WITpaHC]epas3a) MOKET ObITh BBIOpaH
B Pa3IMYHBIX BOIUIOIICHMAX U3 ()EPMEHTOB, 00IaJal0OINX aKTUBHOCTEIO anbga-1,2-¢pykoszmntpanchepassl, ajb-
da-1,3-pykozuntpanchepassl, anvda-1,3/4-bykozunrpancdepassl, anbda-1,4-hyko3untpancdepass! anbda-2,3-
cuanmnTpanchepassl, anbda-2,6-cuanmuntpanchepasnl, Oera-1,3-N-aneTunriroko3aMuHUITpaHChepas3bl, Oera-
1,6-N-aneTHIrIroK03aMIHIIITPaHC G EPashl, Oeta-1,3-ramakTo3mnTpancdepaspl u oera-1,4-
ranakTosunTpanchepaspl. Hanpumep, mis mpoussojactsa 2'-FL Tpebyercs, 4To0b Moau(UIIMPOBaHHAS KJIETKA
JKCIPECCUpOBaNIa aKTHBHBINA (epMeHT anbda-1,2-pykozuntpancdepasy; mias npoayknuu 3-FL momamudummpo-
BaHHOM KJIETKe He0OXoInMa dKCIpeccHs akTHBHOTO (hepMmeHTa anbda-1,3-pykosuntpancdepasbl; s IpoayK-
i LNT MomudunupoBanHas KieTka JOJDKHA IKCIIPECCUPOBaTh, 10 MEHbIIEH Mepe, ABe TIIMKo3uITpaHcdepa-
3b1, OeTa-1,3-N-anerunrirokozaMuHuITpanchepasy u oera-1,3-ragakro3mwirpancdepasy; it npoaykiuu 6'-SL
MOTU(PHUIMPOBAHHAS KIIETKA MOJDKHA JKCIPECCUPOBATh AaKTUBHBIN (epMEHT anbda-2,6-cuanuiarpanchepasy.
Hexortopble HeorpaHMYHMBAIOIINE BOIUIOLMICHUS OEIKOB, 00JIaA0MMX TIIMKO3WITPaHC(Epa3HOH aKTUBHOCTHIO,
KOTOpBIE MOTYT KOJAMPOBATHCS PEKOMOMHAHTHBIMH T'€HaMH, COJCPKAIIMMHUCS B KIETKE-NPOIYLEHTE, MOTYT
OBITh BEIOPAHBI U3 HEOTPAHNYUBAIOIINX TPUMEPOB Ta0I. 1.

Tab6muma 1

ID 6enxoBoii
Ten MOC/ICI0BATE b~ Onucanne Ipumep OTM
HoctH (GenBank)

LNT, LNnT, LNFP-I, LNFP-II,
LNFP-II, LNFP-V, LNFP-VI,
LNDFH-I, LNDFH-II, pLNH, F-
Tpancepasa pLNH L, pLNnH

LNT, LNnT, LNFP-I, LNFP-II,

Bp-1,3-N-
IgtA Nm WP _002248149.1 ALCTHT TIOKO3aMHHUII-

B-1,3-N-
LNFP-III, LNFP-V, LNFP-VL,
IgtA Nm MC58 | AAF42258.1 auemgrnmlcosa)mﬂnn- LNDFH-I, LNDFH-II, pLNH, F-
Tparc@epasa pLNH I, pLNnH
B-1,3-N- LNT, LNnT, LNFP-I, LNFP-II,

IgtA Hd AAN05638.1

anermarmokosamuama- | LNFP-III,  LNFP-V, LNFP-VI,
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Tpancdepasza LNDFH-I, LNDFH-II, pLNH, F-
pLNH I, pLNnH
B-1.3-N- LNT, LNnT, LNFP-I, LNFP-II,
IgtA Ng PID?2 AAK70338.1 ALCTHTTIOKO3aAMHHIJI- EEFDI;-IHI_II’ LIIJ\II\IJ)FFI')I;YI)I p]il\lilli}l)-\gi
Tpascepasa pLNH I pLNnH
B L3N LNT, LNnT, LNFP-I, LNFP-IL,
IgtA Ng NCCPI ACF31229 ] e’m A — LNFP-III, LNFP-V, LNFP-VI,
1945 ' a“a cg)e”m | LNDFH-I, LNDFH-II, pLNH, F-
Tparciep pLNH I, pLNnH
B-13-N- LNT, LNnT, LNFP-I, LNFP-II,
. ’ LNFP-III, LNFP-V, LNFP-VL,
IgtA Past AAK02595.1 :u;lggreng:mamuﬁm- LNDFH-I, LNDFH-Il, pLNH, F-
P P pLNH L, pLNnH
B-1.3-N- LNT, LNnT, LNFP-I, LNFP-II,
IgtA Nc EEZ72046.1 ALCTHTTIOKO3aMHHIII- II:EFDI;-IHI_II’ LIIJ\II\IJ)FFI')I;YI)I inl\IiIF}lI)-\;li
Tpascepasa pLNH I, pLNnH
b 13N LNT, LNnT, LNFP-I, LNFP-IL,
, - LNFP-III, LNFP-V, LNFP-VI,
IgtA Nm 87255 | ELK60643.1 aLIGTHg)FJIIOKOSaMI/IHI/IJI- LNDFH-I, LNDFH-II, pLNH, F-
Tpancepasa pLNH I, pLNnH
S Bp-1,4- LNnT, LNFP-III, LNFP-VI, pLNH
/
gall_Hp/HP0826 | NP _207619.1 ranaxrosuntpancdepasa | I, F-pLNH I, pLNnH
gallT Nm/ B-1,4-ranaxrosui- LNnT, LNFP-III, LNFP-VI, pLNH
IgtB AAF32257.1 TpaHcepasza I, F-pLNH I, pLNnH
B-1 3-ranaxrosi- LNT, LNFP-I, LNFP-II, LNFP-V,
whgO WP _000582563.1 a’Hc depaza LNDFH-I, LNDFH-II, pLNH, F-
P P pLNH I
6-15- LNT, LNFP-I, LNFP-II, LNFP-V,
¢psIBJ AB050723.1 ° LNDFH-I, LNDFH-II, pLNH, F-
rajnakrosuitpascdepasza
pLNH I
615 LNT, LNFP-I, LNFP-II, LNFP-V,
Jhp0563 AEZ55696.1 - LNDFH-I, LNDFH-II, pLNH, F-
rajgakro3uiTpaschepasza
pLNH I
omol 0| pi- LNT, LNFP-I, LNFP-II, LNFP-V,
galTK OMmOI0gOUS o LNDFH-I, LNDFH-II, pLNH, F-
BDI182026 rajakros3utpaschepasza
pLNH I
SfutC WP _080473865.1 0-1,2- 2'-FL, DFL, LNFP-I, LNDFH-I
dykosunrpanchepaza
FucT2 HpUAS802 | AAC99764.1 o-1.2-¢yxosur- 2'-FL, DFL, LNFP-I, LNDFH-I
— Tpancepasza
FucT2 EcO126t | ABE98421.1 o-1,2- 2'-FL, DFL, LNFP-I, LNDFH-I
dyxozmwrrpanchepasza
FucT2 Hmi2198 | CBG40460.1 o-1,2- 2'-FL, DFL, LNFP-I, LNDFH-I
~ ¢dyxosunTpanchepaza
FucT2 Pm9515 | ABM71599.1 o-1,2- 2'-FL, DFL, LNFP-I, LNDFH-I
(dyxosmaTpanchepasza
FucT2 HpF57 | BAJ59215.1 o-1,2- 2'-FL, DFL, LNFP-I, LNDFH-I
dyxosmrTpanchepasza
a-1,3- 2'-FL, 3-FL, DFL, LNFP-I, LNFP-
FucT6 3 Bf CAH09151.1 dykosmrrpancdepasa | 11, LNFP-V, LNFP-VI, LNDFH-II,

F-pLNH I
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o-1,3- 2'-FL, 3-FL, DFL, LNFP-I, LNFP-
FucT7 3 Bf CAH09495.1 Pyxosunrpanchepaza | III, LNFP-V, LNFP-VI, LNDFH-II,
F-pLNH I
o-1,3- 2'-FL, 3-FL, DFL, LNFP-I, LNFP-
FucT 3 Am ACD04596.1 dyxosunrpanchepaza | III, LNFP-V, LNFP-VI, LNDFH-II,
F-pLNH I
2'-FL, 3-FL, DFL, LNFP-I, LNFP-
MAMA R764 AGC02224.1 ;'13' o 11, LNFP-V, LNFP-VI, LNDFH-II,
YKOSUIITPAHC(PEPa3a F-pLNH I
| 01 3-pyosm- 2'-FL, 3-FL, DFL, LNFP-I, LNFP-
Mg791 AEQ33441.1 ancdbepa I, LNFP-V, LNFP-VI, LNDFH-II,
Tpancdep F-pLNH I
2'-FL, 3-FL, DFL, LNFP-I, LNFP-
Moumou 00703 | YP 007354660 gﬂﬁ@ ancdepaa IIL, LNFP-V, LNFP-VI, LNDFH-II,
YKOSHITP P F-pLNH I
13- 2'-FL, 3-FL, DFL, LNFP-I, LNFP-
futd NP 207177.1 p S TTOARC depaza IIL, LNFP-V, LNFP-VI, LNDFH-II,
YKOSHIITP P F-pLNH I
s 2'-FL, 3-FL, DFL, LNFP-I, LNFP-
fucT AABS81031.1 3‘) S TTOARC depaza I, LNFP-V, LNFP-VI, LNDFH-II,
YKOSHITP P F-pLNH I
fucTHI AY450598.1 o-1,4-Gyxosuz- LNDFH-I, LNDFH-II
Tpancdepasza
fucTa AF194963.1 %lei/g ‘L‘mm depasa LNFP-II, LNDFH-I, LNDFH-II
Pd2,6ST BAA25316.1 0-2,6- 6'-SL
cuasrtpanchepasa
PspST6 BAF92026.1 0-2,6- 6'-SL
cuasunTpascdepasza
PiST6 145 BAF91416.1 0-2,6- 6'-SL
- cuanuirpancdepasza
PiST6 119 BAI49484.1 0-2,6- 6'-SL
- cuayuntpachepasza
NST AAC44541.1 0-2,3- 3.SL
cuasmrtpanchepasa

OpuH U3 acHEeKTOB HACTOSIIETO N300peTeHUs IIpeacTaBisieT co0ol obecneyeHne KOHCTPYKIMH HYKIIEHHO-
BOW KHCJIOTBI, BKJIIOYAIOIIECH I'€TepOJIOrHYHYIO(TETEpPONIOTHYHEIE) ITOCIIE0BATEIbHOCTH(IIOCIEA0BATEILHOCTH)
HYKJIEHHOBOH KHCIIOTBI, KOAUPYIOIIYIO(KOAUPYIOIIUe) Oe0K, CIOCOOHBIH K TPaHCIIOPTHPOBKE caxapa, KOTOPBIH
TpeJICTaBIsIeT cO00M Oellok cymepcemericTBa OCHOBHBIX mocpenauukoB (MFS), kak nmokazano B SEQ ID NO: 1,
WIN er0 (YyHKIHMOHANBHBIA TOMOJIOT, aMHHOKHCIIOTHAS MOCTIEIOBATEIEHOCTh KOTOPOTO, 10 MEHBIIEH Mepe, Ha
80% wupentnana SEQ ID NO: 1, mpu 3TOM HOCIEN0BaTENFHOCTh HYKJICHHOBOH KHUCIOTHI, KOANUPYIOIMIas OEIOK
MFS, umeer, o menbeii mepe, 70% naearuaHoctr nocnenaoBatenbHocTd ¢ SEQ ID NO: 2.

[Tox TepMuHOM '"TeTepOIOTHYHAS TIOCTIE0BATEIHPHOCTh HYKJICHHOBOM KHUCIOTHI", "KOAUPYIOMAas peKOMON-
HAaHTHBIA TeH/HykiaenHoBas kuciora//[IHK" wimm "komupyromas mocienoBaTeIbHOCTh HYKICHHOBON KHUCIIOTHI"
MOJPa3yMeBalOT MCKYCCTBEHHYIO IOCJIEIOBATEIFHOCT HYKJIEWHOBOH KHCIOTHI (T.e. MONYYCHHYIO in Vitro ¢
NPUMEHEHUEM CTaHJIApTHBIX Ja0OPAaTOPHBIX CIIOCOOOB IOJIYYEHHUS IOCIEAOBATEILHOCTEH HYKJICHHOBBIX KH-
CJIOT), KOTOpasi BKIIIOUaeT HabOp IMOCIIe0oBaTENbHBIX, HENEPEKPHIBAIOIMXCS TPHUIUIETOB (KOJOHOB), KOTOpPHIC
TpaHckpuOupytorcst B MPHK 1 TpaHCImpyroTcsi B MOJIMIIENTH, KOTAA UX TIOMEIIAIOT OJ KOHTPOJIb COOTBETCT-
BYIOIIMX KOHTPOJBHBIX ITOCIEIOBATEIbHOCTEH, T.€. TPOMOTOpa. ['paHUIBl KOAMPYIOIEH MOCIIe0BaTEIbHOCTH
OOBIYHO OTIPENEIISIIOTCSI CAUTOM CBSI3BIBAHUSI pPOOCOMBI, PACIIONIOKEHHBIM MPSIMO TIEpe/l OTKPBITOH PaMKOH CUH-
TeiBauus Ha S5'-xonne MPHK, craproBeiM xomonom Tpanckpunimu (AUG, GUG wmm UUG) u cron-KoJoHOM
tpancismun (UAA, UGA wm UAG). Kogupyromas nmocienoBaTeIbHOCTh MOXKET BKJIIOYATh, HO HE OTpaHUIH-
Batbcsl MU, reHoMHyI0 JIHK, k/IHK, cuaTeTHUeCKHe M peKOMOMHAHTHBIEC MTOCIICIOBATEILHOCTH HYKJIEMHOBBIX
kucnot. TepmuH "HykinenHoBas kuciora" BkimodaeT Mosiekynsl PHK, JIHK u kIHK. IToHsTHO, 4TO B pe3ynbTa-
T€ BBIPOXKICHHS T'C€HETHYECKOTO KOJa MOKET OBITh IOIYYEHO MHOXKECTBO HYKJICOTHIHBIX IOCIIECIOBATEIHHO-
CTeH, KOJUPYIONINX JaHHbIN Oenok. TepMuH "HyKIeMHOBAasI KHCIOTA" MPUMEHSIOT B3aHMO3aMEHSIEMO C TEPMH-
HOM "mosyuHykiaeoTua". "OMuroHykieoTua" MpeacTaBiseT cOO0H MOJICKYITy HYKIEHHOBOH KHCIOTHI C KOPOTKOH
nensto. "[Ipaiimep" mpezncraBnsier coOOH OJNMTOHYKJIEOTH[, BCTPEUAIOUIMICS B MPUPOJE B BHJC OYHIIEHHOTO
(parMeHTa peCTPUKIMH MM MOJTYYCHHBIH CHHTETHYECKUM ITyTeM, KOTOPBIA CIIOCOOEH NeHCTBOBATh KaK TOYKa
WHHIMALNA CHHTE3a IPU IOMEIIECHWH B YCIOBHUS, B KOTOPBIX MHAYLHMPYETCS CHHTE3 NPOJIYKTa YJIMHECHHS
npaiiMepa, KOMIUIEMEHTapHOTO IIEMH HYKJIEHHOBOH KHCIOTHI (T.€. B IPUCYTCTBUH HYKJICOTHUIOB M HHAYLHPYIO-
mero arenra, tTakoro kak JIHK-mommmepasa, n npu noaxozsmied temnepatype u pH). Ilpaiimep mpeamoyrn-
TEJNBHO TIPUMEHSIOT OJHOICTIOUEYHBINA TSI MAKCUMAbHOH 3(pPeKTHBHOCTH aMILTU(HUKAIINN, HO aTbTEePHATHBHO
OH MOJXET OBITh JBYXIICTIOYCUHBIM. ECIT MpaiiMep NBYXIIEOYEUHBIH, TO €ro cHadaiza oOpabaThIBarOT, YTOOBI
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Pa3ICIUTh €ro HUTH, MPEXKIE YeM MPUMEHATHh JUIS MPUTOTOBJICHUS NMPOIYKTOB Ui ymiawHeHUs. [Ipenmoduru-
TEJNEHO TpaiiMep mpeacTaBisieT co00i Ae3okcupruOonykieoTua. [IpaiiMep H0JKEH OBITH TOCTATOYHO JTUHHEIM,
YTOOBI MHUAIIUMPOBATE CHHTE3 MPOAYKTOB YIUTMHEHUS B NMPHCYTCTBUU MHAYLUPYIOIIETO areHTa. TodHas JIiHa
npaiiMepoB OyZeT 3aBUCETh OT MHOTHX (aKTOPOB, BKIIFOYASI TEMIIEPATYPy, HCTOYHHK IpaiiMepa M MpUMEHEHNE
crnoco0a.

PexomOvHaHTHAS HYKJICHHOBAS TOCIEAOBATEIFHOCTE IO H300PETEHUIO MOXET MPEICTABIATh COO0 KO-
pytouryto nocienosarenbHocTh JJHK, nHanpumep, ren unu Hekonupyromas nocieaosarensHocts JJHK, nanpu-
Mmep, peryiaropayto JJTHK, Takyro kak mpoMOTOpHas Mmocae1oBaTenbHOCTh. ONH acTieKT H300peTeHHsI OTHOCHT-
sl K TIOJTYYCHUIO PEKOMOMHAHTHOMN KIICTKH, BKJIFOUAIOIICH MoclieioBaTeIbHOCTH pekoMOnHanTHoU JIHK, komu-
pyroue (GpepMeHTBI, HCOOXOIUMBIC IUISI MPOAYKIUU OTHOTO WM Heckombkux OI'M, u mociemnoBaTelbHOCTD
JHK, xomupyromryro Oenok Marc. COOTBETCTBEHHO, B OJTHOM BOIUIOIICHHH U300pPETEHUE OTHOCUTCS K KOHCT-
PYKIHH HYKICUHOBOW KHCJIOTHI, BKIFOUYAIOIICH KOAUPYIOIIYIO TIOCIECI0BATEIIEHOCTh HYKJICHHOBON KUCIOTEHI, T.C.
nocjenoBaTenbHOCTh pekombuHanTHo JIHK mpeacraBnsromero WHTepec reHa, HalpUMeEp, T€HA TIIHKO3WII-
TpaHc(epas3bl WM ['eHa marc, 1 HeKOJUPYIIyo mocienoarensHocth JJHK, Hampumep, mocinenoBaTeIbHOCT
npomoTopHoi JIHK, Hanpumep, peKOMOMHAHTHYIO TIPOMOTOPHYIO IOCJICOBATEILHOCTD, MOJIYICHHYIO U3 TPO-
MoTOpa orepoHa lac wnm omepoHa glp, WM TPOMOTOPHYIO TOCIEAOBATEIFHOCTD, MMOyYEeHHYIO U3 APYTOH MO-
cnenoBatensHOCcTH JJHK reHoMHOTO mpomoTOopa, WiiM CHHTETHYECKas MPOMOTOpHAsI IOCIIEA0BAaTEILHOCTD, T/Ie
KOJMPYIOIIAasi ¥ MPOMOTOPHAS TOCIeNOBATSIILHOCTH (DYHKIIMOHAIBHO CBsI3aHbl. TepMuH "(QyHKITMOHATHHO CBSI-
3aHHBIA" OTHOCHTCS K (PYHKIIMOHAIFHOW B3aMMOCBSI3M MEXKIy ABYMS MM 0OJiee CETMEHTaMH HYKJICHHOBOW KH-
ciotel (Hanpumep, JJHK). Kak nmpaBuiio, 3T0 OTHOCHTCS K (PYHKIIMOHAIBHOHN CBSI3HM PETYILITOPHOU TMOCIEA0Ba-
TENBHOCTU TPAHCKPHIIIUU C TPAHCKPUOUPYEMOH MOCIeI0BATEIBHOCTRI0. HampumMep, mpoMOTOpHas mociie10Ba-
TENBHOCTH ()YHKIIMOHAIHHO CBs3aHA C KOJMUPYIOIICH MOCIeI0BATEIEHOCTRIO, €CITU OHA CTHMYIIUPYET WM MOJY-
JUPYET TPAHCKPHITIIUIO KOJAUPYIOIICH MOCICIOBATEIBPHOCTH B TIOAXOIAIICH KICTKS-X03IUHE WU JPYTOH CHCTE-
Me aKcrnpeccud. Kak mpaBmiio, MPOMOTOPHBIC PETYISTOPHBIC MOCICIOBATCIBPHOCTH TPAHCKPHIIIUU, KOTOPBIC
(hYHKIIMOHATILHO CBSA3aHBI C TPAHCKPHOUPYEMOH MMOCIEAOBATCIFHOCTHIO, (PH3MUCCKU MPUMBIKAIOT K TPAHCKPH-
Oupyemoi IOCIeJ0BAaTEIFHOCTH, T.€. OHH TPEACTABIAIOT COOOH IHC-ACHCTBYIOIIHE TIOCIeI0BATEIIEHOCTH.

B oxHOM BOIUTOmIEHNM KOHCTPYKIHS HYKJICHHOBOHW KHCJIOTHI IO M300PETEHUIO MOXET IMPEICTaBIATH CO-
6oif gacteio BekTopHO# JIHK, B 1pyrom BOIUIONICHUH KOHCTPYKITHS MPEACTABIIICT COO0H IKCTIPECCHOHHYIO Kac-
CeTy/KapTpUIK, HHTETPHUPOBAHHYIO B TEHOM KJIETKH-X03snHA. COOTBETCTBEHHO, TEPMHUH "KOHCTPYKIIHUS HYK-
JICMHOBOHN KHCJIOTH" 03HaYaeT MCKYCCTBEHHO CKOHCTPYHPOBAHHBIM CETMEHT HYKJICHHOBOH KHCIOTHI, B 0COOEH-
HoctH, cermeHT JJHK, koTopkhrit mpeqHazHaven 1 ""TpaHCIUIAHTAIIMH" B KJIETKY-MUIIICHD, HATPUMED, B KIETKY-
MHUIIICHb, HATIPUMEDP, B OAKTEPHATBHYIO KJICTKY, JUIT MOTUGDHUKAIIMKA YKCIPECCUU TeHA TECHOMA WM 3KCIPECCHU
nocienoBaTebHOCTH reHa/koaupyromiei JJHK, koTopas MokeT OBITh BKIIOUECHA B KOHCTPYKIMIO. B KOHTEKkcTe
n300peTeHUs] KOHCTPYKIUS HYKJICHHOBOW KHCIIOTHI BKIIOYAET IMOCICIOBATEIBHOCTh pekomOuHanTHOW JIHK,
BKITIOYAIOIIYIO JIBE WK OoJjiee mocienoBareabHocTell pekoMOuHanTHOH JJHK: mo cymiecTBy, HEKOIUPYIOMIYIO
nocnenoBarenabHocTs JTHK, Brimtouatroinyro nocienoBaTenbHOCTs mpoMoTtopHoit JIHK, U koaupyromyto mocie-
noBarenbHOCTh JJHK, Komupyrolnyro mpeacTaBisioNni HHTEpeC TeH, HanpuMep, 0eiok Marc, TITHKO3MITPaHC-
(dhepasy apyroro rena, npuroAHsid s npoaykuun OI'M B kieTke-xo3suHe. [IpenouTUTenbHO KOHCTPYKITUS
BKITIIOYAET JIOTIOJIHUTENbHBIE Hekoxupytomue mocienoBatensHocTa JHK, xoTophie 1100 perymupyroT TpaHc-
KpUIIuio, mudo Tpancisuto koaupyromen JJHK koHncTpyknnu, Hampumep, nmocienoarensbHocTh JJHK, ob6mer-
YaIOIIyI0 CBA3BIBAHHE PUOOCOMEI C TPAHCKPHUIITOM, JHANUPYIOMIyIo mocienoBaTensHocTh JJHK, koTOpas crabu-
JH3UPYET TPAHCKPHUIIT.

WuTerpanus MHTEPECYIOIIEro PeKOMOMHAHTHOTO I'eHa, BKIIFOYCHHOTO B KOHCTPYKITUH (B KaCCETY DKCIpEc-
cun), B OaKTepUATbHBI TEHOM MOXET OBITh JOCTUTHYTAa OOBIYHBIMH CHOCOOAMH, HAIPUMEP, C MOMOIIBIO JIH-
HEHHBIX KapTpPHUIDKEH, ComepiKalmx (QIAaHKUPYIOIIUE IMOCICAOBATCILHOCTH, TOMOJOTHYHBIC OMpPEICICHHOMY
y4acTKy Ha XpoMocome, Kak ommcano mus attTn7-caiita (Waddell C.S. and Craig N.L., Genes Dev. (1988)
Feb;2(2): 137-49.); cnocobamu TeHOMHO# HHTETpaNAU TOCIEI0BATEIIEHOCTEH HYKIEUHOBBIX KHACIOT, B KOTOPBIX
pEeKOMOMHAIIASA OTOCpeIoBaHa pekoMOmHa3HOW ¢yHKIuel Red dara A wimm pexomOWHa3HOW QyHKIHEH
RecE/RecT mpocdara Rac (Murphy, J Bacteriol. (1998);180(8):2063-7; Zhang et al., Nature Genetics (1998)20:
123-128 Muyrers et al., EMBO Rep.(2000) 1(3): 239-243); cmocobaMu, OCHOBaHHBIMH Ha pPEKOMOWHAIIMU
Red/ET (Wenzel et al., Chem Biol. (2005), 12(3):349-56.; Vetcher et al., Appl Environ Microbiol. (2005);71(4):
1829-35); wiu ¢ MOMOIIBIO TIOJIOKUTENBHBIX KIOHOB, T.€. KIIOHOB, KOTOPBIE HECYT KacCEeTy 3KCIPECCHHU, MOTYT
OBITH 0TOOpaHbI, HAIIPUMEP, C TOMOIIBI0 MAPKEPHOTO TeHA, FITH MOTEPH WM yCUICHUS (QYHKINH T'eHA.

OmHOM KOMUHM KacCeThl AKCIPECCHH, BKIIOYAIOMICH WHTEPECYIOMHN T'€H, MOXET OBITh JOCTaTOYHO IS
obecrieueHus mpoayKiuu skemaemMoro OI'M u mocTmKeHUs skelaeMbIX 3QPeKToB cortacHo m3obperennto. Co-
OTBETCTBCHHO, B HEKOTOPHIX MPEIAMOYTUTCIHHBIX BOILIOMICHUSX HM300PETCHUE OTHOCHTCS K PEKOMOWHAHTHOU
OI'M-npoayupyroiei KIeTke, KoTopasi BKII0YACT OJIHY, IBE HIIM TPHU KOITUH MPEICTABISAIONICIO HHTEPEC TCHa,
uHTErpupoBaHHOTO B reHOMHYI0 JIHK knetkn. B HEKOTOPBIX BOIUIOMICHUSX MPEINOYTHTEIHFHA CAHMHCTBCHHAS
KOTIHS TCHA.

B oHOM MpeamoYTHTETFHOM BOIUTIONICHHH PEKOMOMHAHTHASI KOUPYIOIIAs MOCICIOBATEIBEHOCTh HYKJICH-
HOBOI KHCJIOTBHI KOHCTPYKIIMH HYKJICHHOBOW KHCIIOTHI IO M300PETECHHIO MPEACTABISIET COO0I IeTepOIOTUIHYIO
MOCJIE0BATEIFHOCTE IT0 OTHOUICHHUIO K MIPOMOTOPY, YTO O3HAYAET, 9TO SKBUBAJIICHTHASI HaTHBHAA KOIUPYIOIIAS
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MOCJIEIOBATEIEHOCTh B TCHOME BHUJIa TIPOUCXOKICHHS TPAHCKPUOUPYETCS MO KOHTPOJIIEM JIPYTOH MPOMOTOPHOU
MOCJIEIOBATENEHOCTH (T.€. HE MPOMOTOPHOM MOCIICAOBATCIFHOCTH KOHCTPYKIUHU). TeM He MeHee, 4To KacaeTcs
KIIETKH-X03s51Ha, konupytomas JJHK Moxker ObITh MO0 reTeponorudHon (T.€. MOTydeHHON U3 IPYroro OMoio-
TUYECKOTO BUA WJIM POJa), TAKOW Kak, HampuMep, mocienoarensHocth JIHK, kogupytomas 6enok Marc, 9kc-
MIPECCHPOBAaHHAS B KIIETKaX-X035€BaxX

Escherichia coli, i roMoornaHoOMH (T.€. TIOTYISCHHON M3 KIETKU-XO035MHA), TAKOH KakK, HAIpUMeEp, TCHbI
OTIepoHa KOJaHOBOH KUCIIOTHI, TEHBI WCA.

TepMuH "peryIaTopHbIA 35eMeHT", Wi "mpoMoTop", WK "MPOMOTOpHAs 00JacTh", WK "MPOMOTOPHBIH
3MeMeHT" TpeACTaBIsIeT COO0H TOCIEeI0BATEIIFHOCTh HYKICHHOBON KHCIIOTHI, KOTOpas PACHO3HACTCS U CBS3bI-
Baetca JJHK-3aBucumoit PHK-nonumepasoit Bo BpeMs MHULUALMU TpaHCKpUnuuu. IlpomoTop BMecTe ¢ Apyru-
MH TIOCJICJIOBATEIIEHOCTIME HYKJICHHOBBIX KHUCIIOT, PETYIHPYIONIUMH TPAHCKPHUIILHIO W TPAHCISLIUIO (TaKxke
Ha3bIBACMBIMU "KOHTPOJBHBIMH IOCIICIOBATEIBHOCTAMHU" ), HEOOXOIMM JUI IKCIPECCHH JAHHOTO TCHA WU
rpynmsl TeHOB (omepoHa). Kak mpaBwiio, TpaHCKPHUIIIMOHHBIE U TPAHCIIAIMOHHBIC PETYJISATOPHBIC MOCICIOBA-
TENBHOCTU BKIIOYAIOT, HO HE OTPAaHHYHMBAIOTCS MMH, IPOMOTOPHEIC TOCICAOBATCIFHOCTH, CAUTHI CBS3BIBAHHS
pubocoMm, mocie10BaTeIbHOCTH Hadala U OCTAHOBKY TPAHCKPHIIIINH, ITOCTIEI0BATEIHPHOCTH Hadala U OCTAHOBKH
TPaHCIAIUN M TIOCJICIOBATEILHOCTH dHXaHcepa Wil akTuBaTopa. "CalT crapTa TpaHCKpHINIUK" O3HAYaeT Iep-
BBII TPAaHCKPUOMPYEMBIH HYKJICOTHI H 0003HaueH Kak +1. HykjeoTHapl HIKE CTApTOBOTO CaiiTa MpOHyMepoBa-
HBI +2, +3, +4 ¥ T.7., @ HYKJICOTHIBI B 5' MPOTUBOIIOIIOKHOM (BBIIIE) HANPABICHUH MPOHYMEpOBaHkI -1, -2, -3 u
1.4. ITocnenoBarensHOCT, TIpoMoTOpHOU JIHK KOHCTpYKIMH MOKET MPOUCXOAWTH W3 MPOMOTOPHOM 00JacTH
JO000Tr0 TeHa TeHOMa BBEIOPAHHOTO BHJIA, MPEANOYTHUTENLHO, U3 MpoMoTopHOM obmactu reHoMHo# JIHK E.coli.
CoOTBeTCTBEHHO, Tr00as mpoMoTopHas mociemoarenbHOcTh JJHK, koTopas moxer ces3piBaThest ¢ PHK-
MOJMMEPa30ol W WHHUIMUPOBATh TPAHCKPUIIIIHIO, MOJXOAUT IS OCYIICCTBICHUS H300peTeHUsA. B mpuHImIe,
nro0ast mpoMoTOpHas mocienoparesbHocTh JJHK MoxeT ObITh MpuMeHEeHa I KOHTPOJIST TPAHCKPHITIIUN WHTE-
PeCyIOIEro peKOMOWHAHTHOTO T€HA KOHCTPYKIIMHU, Pa3HBIC WIHA OJMHAKOBBIC MPOMOTOPHBIC TOCICAOBATCILHO-
CTH MOTYT OBITh MPUMEHEHBI JUIS YIPABICHUS TPAHCKPHIIIUCH Pa3IMYHBIX MPEICTABISIONIMX WHTEPEC TCHOB,
WHTETPUPOBAHHBIX B T€HOM KJIeTKH-X03snHa uiH B JIHK BekTopa sxcripeccun. Jlns obecriedeHusi onTuMaabHOU
SKCIIPECCHH PEKOMOMHAHTHBIX T€HOB, BKIIFOUYCHHBIX B KOHCTPYKITHIO, KOHCTPYKIIUS MOXKET COEPKaTh JOIIOTHH-
TENbHBIE PETYIATOPHBIE TOCIENOBATENIFHOCTH, HAlpUMeEp, TUANpPYIOMyIo mocienoaredbHocTh JIHK, Takyro
kak mocnenosareiabHocTh JIHK, monydennyio u3 S'-netpancnupyemoii oomactu (5'UTR) rena glp E. coli, mo-
CIIeZIOBATENFHOCTH IS pEOOCOMHOTO CBSI3BIBAHUSL. [IprMephI mocieTHIX MOocIeoBaTeIbHOCTEeH onrcansl B WO
2019123324 (BxmroyeHa B HACTOSIIUE JOKYMEHT B Ka4eCTBE OTCBHUIKH) W MPOMJUIIOCTPUPOBAHBI B HACTOSIIEM
JIOKYMCHTE B HEOTPAHUYHBAONINX PAOOYHX MPHMEpax.

B HEKOTOPHIX MPEAMTOYTHTEIBHBIX BOTUIOMICHHUSX PETYIISITOPHBIA 3JIEMEHT IS PETYILIIHA SKCIPECCHH pe-
KOMOHMHAHTHOTO T€Ha, BKIIIOUEHHOTO B KOHCTPYKIHMIO 110 M300PETEHHUIO, TIPENICTABISIET COO0M MPOMOTOp Omepo-
Ha glpFKX, PglpF, B npyrux nmpeanodYTUTENHEHBIX BOIUIOMICHUSX MPOMOTOP MPEACTaBIsIeT cOOOW MPOMOTOP
orepoHa /ac, Plac.

B emie 0ogHOM acmekTe PEryJISTOPHBIA DJIEMEHT IS PEryJSIHH 3KCIPECCHU PEKOMOWHAHTHOTO TEHa,
BKITFOUEHHOTO B KOHCTPYKIIMIO 10 M300peTeHHIo, peacTarisier cooorr mgIBAC; mpomoTop TpaHcmopTepa Ta-
JIAKTO3bI/MeTIIranakTo3naa3sl PmglB mnmm ux BapuaHThl, Takue Kak, HO He orpaHn4mnBaschk umu, PmglB 70UTR
nocienosatensHoctd SEQ ID NO: 12 i PmglB_ 70UTR_SD4 nocenoBatensHocTa SEQ ID NO: 13.

B eme ogHOM acmekTe PEryJSATOPHBIA DIEMEHT OISl PETyJSAINH KCIPECCHH PEeKOMOMHAHTHOTO TEHa,
BKIIFOUEHHOTO B KOHCTPYKIIMIO TI0 M300peTeHuto, mpeacTapiseT coboit gatYZABCD; nmpomorop Tararoso-1,6-
6ucP-anpnonasel PgatY unu ero BapuaHThl, Takue Kak, HO He orpanuuuBascs uMu, PgatY U70UTR nocnenosa-
teabHOocTH SEQ ID NO: 14.

[IpeanovTUTEN HBIH PETYIATOPHBIN AJIEMEHT, TPUCYTCTBYIOIIMH B TCHETUYCCKH MOAUDUIIMPOBAHHON
KJICTKE WA B KOHCTPYKIIMH HYKJICHHOBOHN KHCIOTHI TI0 HACTOSIIEMY M300PETCHUIO, BEIOMPAIOT U3 TPYIIIIEI, CO-
CTOSIWEH U3 PgatY 70UTR, PglpF, PgipF SDI,

PglpF SD10, PglpF SD2, PgipF SD3, PgipF SD4, PglpF SD5, PgipF SD6, PglpF SD7,

PglpF SDS, PglpF SD9, Plac 16UIR, Plac, PmgIB 70UTR v PmgIB 70UTR SDA4.

OcCo0eHHO NIPEANOYTUTENBHBIA PETYISTOPHBIN dJIEMEHT, MPUCYTCTBYIOIINHA B TEHETHYECKH MOJU(DUIIHPO-
BaHHOMW KJIETKE WJIM B KOHCTPYKIHMU HYKJICHHOBOH KHCIIOTHI 10 HACTOSILEMY H300pPETEHHUIO, BBIONPAIOT U3 IPyII-
eI, coctostei u3 PglpF u Plac.

OmHako MF000H MPOMOTOP, 00ECTICUMBAIOIIMA TPAHCKPUTIITUIO W/HIU PETYISLINI0 YPOBHS TPAHCKPHUIIITAN
OTHOW WM HECKOJBKUX PEKOMOMHAHTHBIX HYKJICWHOBBIX KHCJIOT, KOTUPYIOIINX OAWH WM HECKOJIBKO OENKOB
(WM OZTHY WIJTM HECKOJIBKO PETYNIATOPHBIX HYKJIEMHOBBIX KHUCIIOT), KOTOpBIE JTHOO HEOOXOIUMBI, JTHOO ITOJIC3HBI
JUT TOCTYDKEHUSI ONITUMAJIFHOTO YPOBHS OMOCHHTETHYECKOTO MPOM3BOJACTBAa OAHOTO MM Heckoidpkux OI'M B
KJIETKEe-X035MHe, HarpuMep, OeJIKOB, yUacTBYIOUIIMX B TpaHCMeMOpanHOM TpaHcniopte OI'M nnn npeaiiecTBeH-
Huka OI'M, pesynpraTra pa3jioxeHHs MOOOYHBIX MPOAYKTOB mosrydeHus: OI'M, OeiKoB, peryiIupyrommx 3Kc-
MPECCUIO TEHOB, U T.J., ¥ TIO3BOJISIONINX JOCTHYB XKeJaeMbIX () (EKTOB M0 M300pETEHHUIO, TIOAXOAAT ISl paK-
THYECKOTO MPUMEHEHHS H300pETEHHSI.
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[IpenqnovYTUTENFHO KOHCTPYKIIHS [0 HACTOSAIIEMY H300PETEHHIO, BKIIIOYAOIAs TCH, CBI3aHHBIN ¢ OMOCHH-
TeTHYecKuM npoxyiposanneM OI'M, npomoTopHyro mocienoBatenbHocTh JJHK 1 npyrue perymsatopHbIe mo-
CIIeZIOBATENIFHOCTH, TAKHE KaK IMOCIIEIOBATEIBHOCTD CaliTa CBA3BIBAHMSA PUOOCOMBI (HalpuMep, MOCIIeI0BATENb-
Hocth [llaitHa-JlanerapHo), skcpeccupyemas B KieTke-xo3suHe, ooecnieunBaeT OI'M Ha ypoBHe He menee 0,03
r /OD (onTHueckas TIIOTHOCTH) Ha 1 11 pepMEeHTAITMOHHOM Cpelbl, cofepkKaleil CYCTICH3UIO KIETOK-X035€eB, Ha-
npumMep, Ha ypoBHe oT okojio 0,05 r/1/OD no okoso 0,1 1/1/OD. s nieneit n300peTeHus MOCIEAHNN yPOBEHD
npoaykiur OI'M cauraeTcs "MocTaTodHbIM", @ KIETKA-X035HH, CIOCOOHAS MPOIYIIMPOBATH KeIaeMbId YPOBEHD
OI'M, cumutaercs "MOAXOIAIICH KIETKOW-XO3SIMHOM", T.€. KIIETKa MOYKET OBITh JTOTIOJHUTEILHO MOIU(MUIINPOBA-
Ha IS SKcmpeccun Oenka-nepenocurka OI'M, Hanpumep, Marc, I JOCTHXKCHHS XOTs ObI OJTHOTO U3 OIUCaH-
HBIX B HACTOSIIEM TOKYMEHTE 3((EKTOB, BBITOAHBIX s npou3BojacTBa OI'M.

I'eneTmuecku MoaudUIMPOBaHHAS KIETKA WU KOHCTPYKIUS HYKJICHHOBO!H KHCJIOTHI IO HACTOSIIEMY H30-
OpETCHUIO BKIIIOYACT IMOCICIOBATEIBHOCTh HYKJICHHOBON KHCIIOTHI, TaKYI0 KaK T€TCPOJIOTUYHBIA TCH, KOJIH-
pytomuii mpeanonaraeMelii 6esok-nepenocyrk MFS (cymepcemMeiicTBO OCHOBHBIX TOCPEIHUKOB).

Benox Marc - aTo TpancnoptHslit 6eok MFS, npencrasisitomuii ocoOblii HHTEpeC B HacTosIIEM H300pe-
TeHNH. TakuM 00pa3oM, KOHCTPYKIHUS HYKIEHHOBOH KHCIIOTHI IO HACTOAIIEMY M300pETEHHIO BKIIOYAET IOCTIe-
JIOBAaTEIFHOCTh HYKJIEWHOBOI KHCIIOTHI, UMCIOITYIO, TI0 MeHbIIei Mepe, 70% HISHTUIHOCTH MOCTIeI0BATEIbHO-
ctu ¢ reHoM marc, SEQ ID NO: 2.

[TocnenoBaTenbHOCTD HYKJIIEHHOBOM KHCIIOTHI, COAEPIKAIIasiCs B TCHETUIECKA MOIU(UIIMPOBAHHON KIIETKE
WK B KOHCTPYKIIMU HYKJIEHHOBOW KHCIIOTHI, KoaupyeT Oenok mocienoBatensHoctn SEQ ID NO: 1 wimm ero
(hyHKIMOHATBHBIN TOMOJIOT, aMHHOKHCIIOTHAsI TIOCIIEOBATENFHOCTE KOTOPOTrO, 1O MeHbIIeH mepe, Ha 80%
unentnyHa SEQ ID NO: 1.

®dyaxunoHaNbHEIA romosor 6enka nocnexosarenbHocTd SEQ ID NO: 1 MoxkeT OBITh HOTyUYeH ITyTeM My-
TareHe3a. OYHKIMOHATIBHBI TOMOJIOT TOJDKEH MMETh OCTABINYIOCS (DYHKIIMOHAIBHOCTh HEe MeHee 50%, Takyro
kak 60%, 70%, 80%, 90% nnu 100% 1o cpaBHEHHIO ¢ (HYHKIIMOHAIBHOCTHIO aMHHOKHCIOTHON MOCIIEA0BATEIb-
Hoctr SEQ ID NO: 1. ®yHKIHOHAIBHBII TOMOJIOT MOKET UMEThH OoJiee BHICOKYIO (DYHKIIMOHAIBHOCTH 0 CPaB-
HEHUIO C QYHKIIMOHAIBHOCTHIO aMUHOKHUCIOTHOH mocienoBaTeibHOCTH SEQ ID NO: 1. OyHKIIMOHATBHBINH TO-
moutor nocienoarensHocTd SEQ ID NO: 1 nomkeH ObITh crtocoO0eH yermnuBaTh npoayknuio OI'M reneTndecku
MOIU(DHUIIMPOBAHHON KJIETKH 110 U300PETCHHIO.

l'enernyeckn MomubUIMPOBaHHAS KIETKa (KJIETKA-XO3SWH WJIM PEKOMOWHAHTHAs KJIETKa) MOXET Mpell-
CTaBIATH COOOH, HapuMep, OaKTepHaTbHYIO WIIH APOXKKEBYIO KIETKY. B 0HOM IpeArnodTHTETHHOM BOILIONIE-
HUUW TEHETHIECKU MOIU(UIIMPOBAHHAS KJIETKA MPEACTaBIsIeT co00i OakTepuanbHyIo KieTky. UTo Kacaetcs Oak-
TEPUANBHBIX KICTOK-XO035CB, TO, B NPUHIIMIIC OTPAHUYCHUIN HET; OHH MOTYT IPEACTABIIATh COOOH dyOakTepuu
(TpaMITONIOKUTEIBHBIC MM FPaMOTPHUIATCIBHBIC) WM apXeOaKTepHUu, €CIM OHH JOMYCKAIT TCHETHUCCKUEC Ma-
HUIYJISALIWY TSI BCTABKA HHTEPECYIOIIETO TeHA M UX MOXKHO KYJIBTHBUPOBATh B MIPOU3BOJICTBCHHBIX MacIITa0ax.
[IpennoyTuTeIbHO KJIETKA-X03UH 00JaJacT CBOHCTBOM KYJIBTHBHUPOBAHHS JO BBICOKOHW IUIOTHOCTH KIIETOK.
HeorpannuuBaromuMu npuMepaMu 0aKTEpUANTBHBIX KIETOK-X03SI€B, MOIXOASANINX I peKOMOUHAHTHOTO TPO-
MBIIIIEHHOTO npon3BoacTBa OI'M corylacHO n300peTeHuIo, MOTYT IpeAcTaBIsTh co0oii Erwinia herbicola (Pan-
toea agglomerans), Citrobacter freundii, Pantoea citrea, Pectobacterium carotovorum uinu Xanthomonas campes-
tris. Taxke MOTyT OBITH NIPUMEHEHBI OakTepun pona Bacillus, B Tom uucie Bacillus subtilis, Bacillus licheni-
formis, Bacillus coagulans, Bacillus thermophilus, Bacillus laterosporus, Bacillus megaterium, Bacillus my-
coides, Bacillus pumilus, Bacillus lentus, Bacillus cereus u Bacillus circulans. AHanoru4so, 6akTepuu poJioB
Lactobacillus u Lactococcus MOTYT OBITh MOJUGPHUITUPOBAHEI ¢ PUMEHEHHEM CIIOCOO0B TI0 TAHHOMY H300peTe-
HUIO, BKJIFOYAs, HO He OorpaHmumBasch mMu, Lactobacillus acidophilus, Lactobacillus salivarius, Lactobacillus
plantarum, Lactobacillus helveticus, Lactobacillus delbrueckii, Lactobacillus rhamnosus, Lactobacillus bulgari-
cus, Lactobacillus crispatus, Lactobacillus gasseri, Lactobacillus casei, Lactobacillus reuteri, Lactobacillus jen-
senii u Lactococcus lactis. Streptococcus thermophiles u Proprionibacterium freudenreichii takxe npencrasis-
10T c000# TOIXOMAIINE BUIBI OAKTEPU IS ONMMCAHHOTO B HACTOAIIEM JOKyMEHTe u3o0pereHus. Takke 4acTh
9TOr0 U300PETEHUSI MPEACTABIIAIOT COOOW MITaMMBI, MOJIH(DHUIIUPOBAHHEIC, KaK OMICAHO B HACTOSIIEM JTOKYMCH-
Te, U3 poaoB Enterococcus (mampumep, Enterococcus faecium m Enterococcus thermophiles), Bifidobacterium
(manpumep, Bifidobacterium longum, Bifidobacterium infantis u Bifidobacterium bifidum), Sporolactobacillus
spp., Micromomospora spp., Micrococcus spp., Rhodococcus spp. u Pseudomonas (aHampumep, Pseudomonas
fluorescens u Pseudomonas aeruginosa). baktepuu, obmanaroniue XapakTepUCTHKAMH, OTIICAHHBIMHU B HACTOSI-
IIeM TOKyMEHTE, KyIbTUBUPYIOT B MPUCYTCTBUU JAKTO3bI, M OJMrocaxapum, Takod kak OI'M, mpoxynupyemsIi
KIIETKOH, BBIICISIOT JINOO M3 caMoM OakTepuu, MO0 M3 KyJbTypaldbHOTO CylepHaTaHTa OakTepuu. B omHOM
MPEIIOYTUTSIIFHOM BOIUIONICHHH TeHETHICCKH MOIM(DHUIMPOBAHHAS KIIETKA IO W300PETCHHUIO MPEACTaBISICT
co0Ooii kietky Escherichia coli.

B nmpyrom mpeamouTHTEIRHOM BOIDIOIICHUH KIIETKA-XO3SHH IMPEICTABISAET COOOM APOMOKEBYIO KIIETKY,
Hanpumep, Saccharomyces cerevisiae, Schizosaccharomyces pombe, Pichiapastoris, Kluveromyces lactis,
Kluveromyces marxianus u T.II.

OI'M, npoxyuupyemMblii peKOMOMHAHTHBIME KJICTKAMH IO U300PETCHHUIO, MOTYT OBITh OYHIICHEI C IIPUMe-
HEHUEM TOAXOMAIIEH MPOIeayphl, JOCTYITHON B JaHHOW OOJIACTH TEXHWKHU (HANpUMeEp, TaKOW, KaK OMHCaH B
WO02015188834, WO2017182965 nmr WO2017152918).
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I'eneTruecku MOAUGUITMPOBAHHBIC KJICTKA 1O H300PETCHHIO MOTYT OBITH TMOJYYEHBI C IPUMCHECHUEM
CTaHJAPTHEIX CIOCOOOB B JIAHHOW OOJIAaCTH TEXHHKH, HAIlPUMEp, OMMCAHHBIX B PYKOBOJACTBaX Sambrook et al.,
Wilson & Walker, "Maniatise et al. u Ausubel et al.

Krnetka-xo3siH, noaxozasmas s npousBoactsa OI'M, manpumep E. coli, MokeT BKITIOYaTh SHAOTCHHBIN
reH OeTa-raakTO3W1a3bl MIIM K30T€HHBIN I'eH OeTa-rajakTo3uaasbl, Harpumep, E. coli BKiIouaeT SHI0TeHHBINH
reH lacZ (Harmpumep, Homep noctymna B GenBank V00296 (GL41901)). [Inst neneit n3o0peTeHust KIETKY, IPOTY-
mupytomas OI'M, moaBepraroT TeHEeTHYECKMM MaHUMYJIAIUSAM OO0 s BKJIIOYCHHs JIOO0OTo TeHa Oera-
raylakTO3MIa3bl, JTHOO ISl BKIFOUEHUS TeHa, KOTOPHIH OBII MHAKTUBUPOBAH. | '€H MOXET OBITh HHAKTUBHUPOBAH
MyTEeM TOJIHOW WIIM YaCTHYHOW JEJCHHUU COOTBETCTBYIOIICH MOCIEIOBATEIFHOCTH HYKJICHHOBOH KHCIOTHI U3
0aKTepHaIbHOrO TEHOMA, HITH ITOCIIEIOBATEIbHOCTh TeHA MOKET OBITH MYTHPOBAaHA TaK, KaK OHA TPAHCKPUOHPY-
€TCsI, WIH, €CJIA TPAHCKPUOUPYETCs, TPAHCKPUIIT HE TPAHCIUPYETCS, HITU SCITU TpaHCIupyeTcs B Oenok (T.e. Oe-
Ta-TaJIakTO3MIa3y), TO OCJIOK HE 00JIaAaeT COOTBETCTBYIONICH (PepMEHTATHBHON aKTHBHOCTBIO. TakuM o0paszom,
Oakrepust, mpoayuupyromas OI'M, HakamIMBaeT MOBBINICHHBIH BHYTPUKICTOYHBIN My JIAKTO3HI, YTO TOJEC3HO
Juia nponykiu OI'M.

B HEKOTOpHIX BOILIOUICHUAX CKOHCTPYHPOBaHHAs KIIETKa, HapuMep, OaKTepws, BKIIOYAeT ASHUIIUTHBIHA
KaTabOJUIECKHI MyTh CHANOBOM KHCIOTHI. [Tox "KaTaboMIecKuM MmyTeM CHAIOBON KHCIOTHI" MOAPa3yMeBaIOT
MOCJIEI0BATENEHOCTE PEaKInii, 0OBITHO KOHTPOIHPYEMYIO U KaTaTU3upyeMylo pepMeHTaMH, KOTOpast TPHUBOAUT
K Pa3JIOKCHHUIO CHAIOBOM KHCIOTHI. [IpuMepHBIi MyTh KaTaboau3Ma CHajJoBOH KUCIIOTHI, OMMUCAHHBINA B HACTOS-
eM JIOKyMeHTe, npeacTasisieT coboit myTs E. coli. B atom mytn cuanoas kuciora (NeuSAc; N-anerunaeiipa-
MUHOBasI KHCJIOTa) pacmieruiiercs pepmenTamu nanA (nmaza N-aneTwiHeHpaMHHOBON KuciaoTel), NanK (N-
aneTrwiMaHHO3aMuHKKHa3a) U NanE (N-anetmimanno3amMuH-6-(ocdaTanumepasa), Bce KOJUPYEMbIC U3 OIEePO-
Ha nanATEK-yhcH, u nomaBmsiercs NanR (http://ecocyc.org/ECOLI). Henocrarounslii karabonmdeckuii mMyTh
CHAJIOBOHM KUCIIOTHI BOCIIPOM3BOJMTCS y X03suHA E. coli myTeM BHECEHUS MyTallMH B 3HJOTCHHBIC TCHBI nanA
(N-auerunneiipamunanuasa) (Hanpumep, Homep noctyna B GenBank D00067.1(GL216588)) w/mmm nanK (N-
alleTWIMAaHHO3aMHMHKWHA3a) (HampuMep, Homep Jnoctyma B GenBank (ammuokmcinora) BAE77265.1
(GL85676015)), w/mmu nanE (N-ametnimanro3amMuH-6-hpocharammmepasa, GI: 947745, BxiarodeHa croga To-
cpencTtBoM OTChUTKK). HeoOs3aTenpro, reH nanT (Tpancrmoprep N-aleTHiHeHpaMUHATA) TaKKe HHAKTHBHPYIOT
WK MYTUPYIOT. J[pyrue npoMexxyTouHbIe MTPOIYKTH MeTaboIM3Ma CHaOBOM KHCIOTHI BKITI09aroT: (ManNAc-6-
P) N-anerunmmannozamuH-6-pocdar; (GlcNAc-6-P) N-anermirimokozamuH-6-pocdat; (GleN-6-P) rimokozamus-
6-pocdar u (Fruc-6-P) dpykro30-6-hocdar. B HEKOTOPHIX MPEATOYTUTEIHLHBIX BOIUIOMICHUAX, NanA MyTHPO-
BaH. B pyrux mpeanouTUTENbHBIX BOILIOMIEHUIX, nanA u nanK MyTupoBaHbl, TorJa kKak nanE octaercs QyHK-
UOHAIBEHBIM. B Ipyrom mpenmoyTutenbHOM BOILTOIMIEHUH, nanA u nanE MytupoBansl, Torna kak nankK He ObLI
MYTHUpPOBaH, WHAKTUBUPOBAH WIX yAajdcH. MyTaius mpeicTaBiseT co00i OMHO WM HECKOJIBKO M3MCHCHUI B
MIOCJIC/IOBATENILHOCTH HYKJICMHOBOW KHCJIOTBI, KOAUPYIOMIEH MpoayKT reHa nanA, nankK, nanE w/wmm nanT. Ha-
HpUMep, MyTalMs MOXET NPEeACTaBIATE coboit 1, 2, no 5, no 10, no 25, no 50 wm no 100 n3meneHuii B moce-
JIOBaTEIBHOCTH HYKJICHHOBOI KucioThl. Hanpumep, nanA, nanK, nanE n/umu nanT reHsl MyTHPYIOT IIyTeM HYy-
neBoil Myrtanuu. HyrneBble MyTaluy, Kak OMUCAHO B HACTOSIIEM JOKYMCHTE, BKJIFOUAIOT aMUHOKHCIIOTHBIC 3a-
MEHBI, T0OaBIICHUS, ACIEIIUN WIH BCTABKH, KOTOPBIE JIN0O BBI3BIBAIOT MOTEPIO QYHKIIUU (hepMeHTa (T.€. CHIDKE-
HHUE WIH OTCYTCTBHE aKTHBHOCTH), TNOO moTepto GpepMeHTa (T.e. OTCYTCTBHE TeHHOTO NpoaykTa). [Tox "ynanen-
HBIMH" TTOJIPa3yMEBAIOT, YTO KOJUPYIONIas 00JacTh yJaieHa IMOJTHOCTHIO MIIM YaCTUYHO, TaK YTO HE 00pazyeTcs
(pyHKIMOHANBHBIN) MPOAYKT reHa. [lox MHAKTHUBAIMEH MOApa3yMeBaeTCs, YTO KOAHPYIOUas MOCIeI0BaTENb-
HOCTH ObliIa U3MEHEHA TAKUM 00pa3oM, YTO MOIyUEHHBIH TeHHBIH TPOIyKT OyaeT pyHKIMOHAIEHO HEAaKTUBHBIM
Wi OyJIeT KOJUPOBATh TCHHBIN MPOIYKT C aKTUBHOCTBIO, MeHee 4eM Ha 100%, Hampumep, Ha 90%, 80%, 70%,
60%, 50%, 40%, 30% wmnu 20% 1o CpaBHEHUIO C AKTUBHOCTHIO HATUBHOTO, BCTPEUAIOIIETOCS B MPUPOAE, dHIO-
TEHHOT'0 TeHHOTO MpoayKTa. "HemyTupoBaHHBIN" TeH WM OENOK HE OTINYAeTCs OT HATHBHOW, BCTpeUaroiencs
B MPUPOJE WK SHAOTEHHON KOIUPYIOLIEH Mociaen0BaTeIbHOCTH Ha 1, 2, BIUIOTH A0 5, BIUIOTH A0 10, BIIIOTH 10
20, Brtoth 10 50, BrutoTh A0 100, BrutoTh 10 oT 200 wiu BIioTh A0 500 miu 0oyiee KOJOHOB MM 10 COOTBETCT-
BYIOIICH 3aKOJUPOBAHHOW aMUHOKHCIIOTHOH MTOCIICIOBATEIHHOCTH.

Kpowme Toro, kiretka-xo3simH (Harpumep, E. colt) Taxke obmagaeT crmocoOHOCTRIO K CHHTE3Y CHANIOBOM K-
ciotel. Hampumep, 6axkTepust o01agaeT cliocOOHOCTEIO CHHTE3UPOBATh CHAJIOBYIO KHCIIOTY 33 CUET HK30TE€HHOMN
UDP-GIcNAc 2-ammmepassl (Hanpumep, neuC m3 Campylobacter jejuni (GenBank AAK91727.1; GL15193223)
nn ee >kBuBasieHTOB (Hampumep neuC m3 E.coli S88 (GenBank YP 002392936.1; GI: 218560023), cunTassl
Neu5Ac (manmpumep, neuB u3 C. jejuni (GenBank AAK91726.1; GI: 15193222) unu ee SKBUBaJICHTOB, (HATpH-
Mep, CHHTa3bl cHajioBoi kucioThl u3 Flavobacterium limnosediminis, GenBank GL559220424), u/wiu cuHTa3bI
CMP-Neu5Ac (manpumep, neuA u3 C. jejuni (GenBank AAK91728.1; GI:15193224) unu ee IKBUBAJICHTOB,
(manpumep, CMP-cunTa3b! cnanoBoii kKuciaoTsel Vibrio brasiliensis, GenBank GI: 493937153).

Monyuyenne ¢ykozmmupoBanHoro OI'M B CKOHCTPYHPOBAaHHBIX JIPOXIKAX TAKKE M3BECTHO B JAHHOM 00-
JacTH TeXHUKHU (cMOTpH, Hanpumep, Yu et al. (2018) Microb Cell Fact 17:101; Hollands et al., (2019) Meth-
abolic Eng 52:232-242)).

s mpomsBoactBa OI'M, coxpepkamux N-alleTHITIIIOKO3aMUH, TaKUX Kak JakTo-N-Tpuosa 2 (LNT-2),
nmakto-N-tetpaoza (LNT), makro-N-meorerpaoza (LNnT), makro-N-¢pykonenrtaoza I (LNFP-I), makro-N-
¢dykonenraosza II (LNFP-II), makro-N-dykonenrtaosa II1 (LNFP-III), makro-N-dpykonenrtaoza V (LNFP-V), nak-
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To-N-nu¢yxorekcaosa I (LDFH-I), nmakro-N-mudyxorekcaosza II (LDFH-II) n nakro-N-neoandykorekcaosza 11
(LNDFH-III), 6akTepus Brimo4aeT (GyHKIHOHANBHBIN TeH lacY u aucdyHKIMOHANBHBIN TeH lacZ, Kak onucaHo
BBIIIE, W OH CKOHCTPYHMpPOBaH Tak, 4ToOBbl BKiodaTh Odk3oreHHbII reH UDP-GlcNAc:Galo/6era-R-N-
anermirmokozamuaunTpancdepassl (GIcNACT), wim ero GpyHKIMOHATBHBIH BapUaHT Wwin GparMeHT. DTOT K-
3oreHHsli TeH UDP-GIcNAc:Gala/6era-R-3-N-aneTunrinoko3aMUHIITpaHChepa3bl MOXKET OBITh IOJY4EH M3
Mo00ro M3 psga UCTOYHUKOB, (cM. Tabn. 1), HampuMmep, u3 reHa IgtA, omucannoro B N. meningitidis (Homep
noctyna 6enka B GenBank AAF42258.1) uimu N. gonorrhoeae (Homep noctyma 6enka B GenBank ACF31229.1).
HeoOs3aTensHO TOTOMHUTENBHBINA T€H SK30T€HHOW TIMKO3WITpaHc(epassl MOXKET OBITh KOIKCIIPECCHPOBAH B
Oakrepun, BKIroUatomiei sk3oreHnsiil red UDP-GlecNAc:Galo/6era-R-3-N-anermirmtoko3aMuHunTpancepassl.
Hampumep, ren  Oera-1,4-ranakroswirpancdepassl  (Gal4T) koskcmpeccupyetcss ¢ redom  UDP-
GlcNAc:Galo/6era-R-3-N-anermirnrokozaMiuHUITpaHCHEpasbl. Orot 9K30T€HHBIN TeH Oera-1,4-
raJlakTo3WITpaHchepasbl MOKET OBITh MOMYYeH U3 JIF0OOTO HCTOYHUKA, HAITPUMEp, ONMcaHHoTo B N. meningiti-
dis, ren 1gtB (Homep nocryma 6enka B GenBank AAF42257.1) winu u3 H. pylori, rers HP0826/galT (Homep moc-
Tyna 6enka B GenBank NP207619.1). Heo0s3aTenbHO TOMOJHUTENBHBIN Te€H SK30TEHHON TIUKO3UITpaHchepa-
3B, KOJKCIpecCHpyeMblii B Oaktepuu, Brmodatomed 3k3oreHHblii reH UDP-GlcNAc:Galo/6era-R-3-N-
aleTUIITIIIOKO3aMUHIIITpaHCcQepasbl, MpeacTaBiseT coboit reH Oera-1,3-ramakro3mnrpancdepassl (Gal3T), na-
npuMep, TOT, uto omwmcaH u3 E. coli 055:H7, ren wbgO (Homep moctyma Oenka B GenBank WP_000582563),
wi u3 H. pylori, ren jhp0563 (Homep nocryna Genka B GenBank AEZ55696.1), nim n3 Streptococcus agalac-
tiae Tun Ib O12 ren cpsIBJ (Homep nocryna 6enka B GenBank AB050723). PackpsiToe H300peTeHNE TaKKe OX-
BaThIBaCT (DYHKIIMOHAIBHBIC BAPUAHTHI U (PParMEHTHI JIF0OO0T0 U3 (PSPMEHTOB, OIIMCAHHBIX BEIIIE.

I'er N-aneTunriroko3aMUHIITPaHC(Hepas3sl W/UIK TeH TalaKTO3WITpaHc(epas3bl TaKKe MOXKET ObITh (PyHK-
IIMOHAITLHO CBs3aH ¢ Pglp m skcrpeccupoBaThCsl W3 COOTBETCTBYIONIEH MHTETPUPOBAHHON B TEHOM KacceThl. B
OJTHOM BOIUIOIICHWH T€H, MHTETPHPOBAHHBIA B T€HOM, IPEICTABIIET COOOW T'eH, KOIUPYIOMHNN TaTaKTO3MII-
TpaHcdepasy, Hanpumep, reH HP0826, komupyrommii pepment GalT uz H. pylori (Homep mocrtyna Oenka B
GenBank NP207619.1); B 1pyrom BOIUIOIIEHNUN T'eH, MHTETPUPOBAHHBIA B TEHOM, MPEICTABIISIET COOOM TeH, KO-
mupytomuit 6eta-1,3-N-ameTunrioko3aMuHUATpaHchepasy, HanpuMmep, TeH 1gtA m3 N. meningitidis (Homep
noctyna 6enka B GenBank AAF42258.1). B 9Tux BOIUIOIIEHUSX BTOPOM T€H, T.e. T€H, Koaupyromui Oera-1,3-
N-aneTwirmoko3aMUHIITPaHCepasy WIH TajJaKTO3HITpaHc(epasy, COOTBETCTBEHHO, MOXET OJKCIPECCHPO-
BaThCs TMO0 M3 MHTETPUPOBAHHOM B T'€HOM, JIMOO U3 NIEPEHOCHMON IIa3MuI0N KacceTsl. BTopoii reH Heobs13a-
TEJIBHO MOXET IKCIIPECCHPOBATHCS MO0 IMOJ] KOHTPOJIEM NTPOMOTOpPa glp WIIM NOA KOHTPOJIEM JI000T0 APYroro
MPOMOTOpa, HOAXOAAIIETO [UIsl CHCTEMBI SKCIpeccuy, Harpumep, Plac.

Ecnu He ykazaHO MHOE, BCe TEXHUYECKHE M HayYHbIE TCPMHHBI, IPUMEHSEMbIE B HACTOSIIEM JOKYMEHTE,
MMEIOT TO K€ 3Ha4eHHUEe, KOTOPOe OOBIYHO OHUMAETCSI CIICIIMAIMCTOM B 00JIACTH, K KOTOPOI OTHOCHUTCS IaHHOE
nzooperenue. Singleton et al. (1994) Dictionary of Microbiology and Molecular Biology, second edition, John
Wiley and Sons (New York) mpeaocTaBisieT CieliHagucTy OOIMUi cI0Baph MHOTHX TEPMHUHOB, PUMEHSIEMBIX B
STOM HM300peTeHnH. XOTs N00BIe CIocoOBI M MaTepHallbl, TIOAOOHBIE MIIM SKBHBAJCHTHBIC OMMCAHHBIM B Ha-
CTOSIIEM JOKYMEHTE, MOTYT OBITh IPIMEHEHBI Ha MPAKTHKE WM TECTUPOBAHUH HACTOSIICTO N300pETEHHS, OTIH-
CaHbl NPEANOYTHTEIbHBIE CIOCOOBI M MaTepHanbl. BoNBIIyI0 9acTh HOMEHKIATYphl M OOMmHUX J1abOopaTOPHBIX
MIPOLIEAYpP, HEOOXOAUMBIX ISl 3TOTO MPHIIOKEHHUS, MOKHO HAWTH B PyKOBOACTBax Sambrook et al., Molecular
Cloning: A Laboratory Manual, Vol. 1-3, Cold Spring Harbor Laboratory, Cold Spring Harbor, New York
(2012); Wilson K. and Walker J., Principles and Techniques of Biochemistry and Molecular Biology (2010),
Cambridge University Press; umu B Maniatis et al., Molecular Cloning A laboratory Manual, Cold Spring Harbor
Laboratory (2012); mu B Ausubel et al., Current protocols in molecular biology, John Wiley and Sohns (2010).
PykoBojcTBa nasee B HacTosIIeM JOKyMeHTe MMeHYIoT "Sambrook et al.", "Wilson & Walker", "Maniatise et
al.", "Ausubel et al.", cOOTBETCTBEHHO.

BTtopoii acniekT m300peTeHHsT OTHOCHUTCSI K CIOCOO0Y TOJydeHHUs omHoro wiu Heckodbkux OI'M, BKITIO-
YaromeMy CJIeAYIOIINe 3Talbl:

(i) oOecrieueHne reHETHUECKH MOAU(DHUIIMPOBAHHON KIETKH, CIIOCOOHOW mpomyrmpoBath OI'M, mpudem
yKa3aHHas KJIETKa BKIIIOYACT PEKOMOMHAHTHYIO HYKJICHHOBYIO KHCIIOTY, KOIUPYIOUIYIO OCJIOK IOCIIeI0BaTEIh-
Hoctr SEQ ID NO: 1, unu ee QyHKIIMOHATBHBIA TOMOJIOT, aMHHOKHUCIIOTHASI TIOCTIEIOBATEIEHOCTh KOTOPOTO
UJICHTUYHA, 10 MeHbIel mepe, Ha 80%, MPeamoYTUTEIFHO UACHTHYHA, MO0 MeHbIIeH Mmepe, Ha 85%, Oonee
MPEeANOYTUTENBHO UICHTUYHA, TT0 MeHbLIeH Mepe, Ha 90% nocnenoBarensHocTd SEQ ID NO: 1

(1) KyIpTUBHpOBAHHE KIETKH (1) B MOAXOSIIEH cpenie U KyJIbTHBUPOBAHUS KIIETOK, TO3BOJISIONICH ITpO-
nyknuto OI'M u axcnpeccuto nocienoBatenbHocT JJHK miast mpomykiuu Oenka, IMEIOIIEro aMHHOKHCIOTHYIO
nocienoBatensHocTh SEQ ID NO: 1; unm ero (yHKIIMOHATBHOTO TOMOJIOTa, aMHUHOKHCIIOTHAS TTOCIIEIOBATEb-
HOCTb KOTOPOT'O MJCHTHYHA, I10 MeHbIIeH Mepe, Ha 80%, MpeAroYTUTEIbHO HISHTHYHA, 10 MEHBILEH Mepe, Ha
85%, 6oee mpeAmouTUTENBHO UACHTHYHA, TI0 MEHBIEeH Mepe, Ha 90% mocienoarensHocTr SEQ ID NO: 1;

(iii) coop OI'M, nomyueHHBIX Ha dTane (ii).

CorytacHO N300peTeHUI0 TepMUH "KyJIbTHBHpOBaHue" (WM "KyJIbTHBUpPOBaHKE" WU "KyJIbTHUBHPOBAHHE",
Takke Ha3biBaeMoe "(epMeHTanus") OTHOCUTCS K Pa3MHOKEHUIO 0aKTePUATBHBIX dKCIPECCUPYIONMUX KIETOK B
KOHTPOJIHPYEMOM OHOpEaKTOpe B COOTBETCTBUH CO CITOCOOAMH, H3BECTHBIMHU B IPOMBIIUICHHOCTH.
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s momydeHus ogHoro win Heckoibkux OI'M Gakrepuu, nponymmpytomue OI'M, kak onucaHo B Ha-
CTOSIIIEM JIOKYMEHTE, KYJIbTUBHPYIOT B COOTBETCTBUH C IPOLEAYPaMH, H3BECTHBHIMHU B TAHHOW 00JIaCTH TEXHHU-
KM, B IPAUCYTCTBUHU MOIXOIAIIETO HCTOYHHUKA YTIIEpoia, HATIPUMEP TIFOKO3H, TIUIEPHHA, JaKTO3Bl U T.1., U T0-
nydeHHbsld OI'M cobuparoT u3 cpea KyJIbTHBHPOBAHMS W MHKPOOHOW OMOMacchl, 0Opasylomieicst B mporiecce
KynbTEBUpOBaHUs. [locae 3Troro OI'M oumIaloT B COOTBETCTBUHU C MPOIEAYPAMH, U3BECTHBIMU B JaHHOW 00-
JIACTH TEXHUKH, HApUMep, TaKuMH, kak onucansl B WO2015188834, W0O2017182965 wmm WO2017152918, u
ounmeHHbi OI'M mpUMEHSIOT B KauyecTBE HYTPHUIIEBTHUKOB, (papMaIleBTHUIECKUX IPENapaToB WK VIS JTIOOBIX
JIPYTUX LIEJeH, HarpuMep, 11 uccienoBanuii. [IponsBoactBo OI'M 00BIYHO OCYIIECTBISIETCS MTYyTEM KYJIbTHBH-
poBaHus B Gonpmmx oobemax. TepMuH "pon3BoacTBO" U "ITPOU3BOACTBEHHBII MaciTald" B 3HAYCHUH H300pe-
TEHHUS OpeAeNsIeT GepMeHTaHI0 ¢ MUHIMAIBHBIM 00BEMOM 5 1 KyJIbTypaibHOr0 OyiboHa. OOBIYHO Mporecc B
"IIPOU3BOICTBEHHOM MacmTade" ONpenessifoT criocoOHOCThI0 00pabaThiBaTh OONbIINE 0OBEMBI Ipenapara, co-
nepxkamiero OI'M unu npeactasisiiominii nuaTepec OI'M, U IpOU3BOAUTH TaKUe KOJIMYECTBA MPEACTaBIISIIOIINNA
uHTepec Oenka, KOTOphIe COOTBETCTBYIOT, HAlPUMEp, B CIydae TEPaNeBTUUECKOTO COSIUHEHHS WM KOMIO3HU-
UM, TPeOOBAHUAM ISl KIMHUYCCKUX UCIBITAHUH, a TakkKe IS MPEIIIOKCHHS HA phIHKe. [loMuMO 0OibIIOro
obpeMa, criocod B MPOU3BOJCTBEHHBIX MAacCIITadaX, B OTIMYHAE OT MPOCTHIX CIIOCOOOB B JTA0OPaTOPHBIX MAacCIITAa-
0ax, TaKMX KaK KyJIbTHBHPOBAaHHE BO BCTPAXMBAEMBIX KOJIOaX, XapaKTepU3yeTcs NMPHUMEHEHHEM TEXHHYECKOU
cucteMbl Onopeaktopa (pepMeHTepa), OCHAIMEHHOTO yCTPOWCTBAMHU IS MEPEMEIINBAHUs, adpalyd, MMOAAYN
MUTATENbHBIX BEIIECTB, CICKEHHS 3a TapaMeTpaMH Iporecca M KOHTPOJIS mapameTpos nporecca (pH, Temmepa-
Typa, aBJIEHUE PACTBOPEHHOTO KHCIOPOAa, oOpaTHOE HaBiicHWE W Ap.). B 3HAYNTENbHOI CTENeHM MOBEICHHE
CHUCTEMBI DKCIIPECCHH B JTAOOPATOPHOM MacIiTade, HampuMep, BO BCTPAXUBACMBIX KOJI0aX, HACTOJIBHBIX OHOpe-
aKTopax win opmare TITyOOKHX JIYHOK, ONMCAaHHBIX B IPUMEPAX HACTOSIIETO PacKPBITHS, O3BOJISET MIPEACKa-
3aTh MMOBEJEHUE ATOW CHCTEMBI ATOH CHCTEMBI B CII0XKHOU cpejie OnopeakTopa.

UYro kacaercst MOJXOIIEH cpeabl Ui KyJIbTHUBUPOBAHMS KJIETOK, IPUMEHseMol B Tpouecce (epmeHTa-
UK, orpaHudeHuil HeT. KynpTypasibHas cpeia MOXET OBITh IOJIyONPENEICHHOW, TO €CTh COJepiKalled KoM-
TUICKCHBIE COEMHEHHS Cpeibl (HaupuMep, IPOXKKEBOW IKCTPAKT, COEBBIN IENTOH, Ka3aMHUHOBBIC KUCIIOTHI H
T.J.), WJIK OHa MOKET OBITh XUMHUYECKH OTIPEICIICHHOM, 0€3 KaKUX-TN00 KOMIUIEKCHBIX COSAMHECHU.

ITox TepmuHOM "ommH wim Heckobko OI'M" moapa3yMeBaroT, 4To MPOU3BOACTBeHHA stueiika OI'M mo-
JKET OBITh CTIOCOOHA MPOU3BOAUTE OAHY cTpYkTypy OI'M (mepBbiit OI'M) mnn Heckonbpko ctpyktyp OI'M (BTO-
poii, Tpetuii 1 T.1. OI'M). B HEKOTOPBIX BOIUIOMICHUSIX MOXET OBITh MPEANOYTHTEILHOM KIETKA-X0351H, KOTO-
past mpoxynupyet onuH OI'M, B Ipyrux HpeArnodTUTEIHHBIX BOIUIOMICHUSIX MOXKET OBITh MPEIIOYTHTEIEHON
KIIETKa-XO3MH, MIPOIYIHPYIOIIas Heckoibko cTpyktyp OI'M. Knetku, npoaynupyromue 2'-FL, 3-FL, 3'-SL, 6'-
SL mmm LNT-2 mpencraBisitoT co00il HeorpaHMYHMBAIOIINE NMPUMEPHI KIETOK-X03seB, Mpoaynupyoommux OI'M
€/IMHCTBEHHOW CTPYKTYpbl. HeorpaHwumBaromue mpuMepsl KIETOK-X035€B, CHOCOOHBIX IPOAYLUpPOBATH He-
ckonpko cTpykTyp OI'M, Moryt mpexacraBiars coboit kierku-nponyneHTsl DFL, FSL, LNT, LNnT, LNFP-I,
LNFP-II, LNFP-III, LNFP-IV, LNFP-V, pLNnH.

Tepmun "cOop" B KOHTEKCTe M300peTeHHs OTHOCUTCS K cOopy mnomydenHslx OI'M mocne npekparieHus
(epmeHTanMU. B pasnMuHBIX BOIUIOMIEHHUAX 3TO MOXET BKIroyath coop OI'M, BKIIIOUCHHBIX Kak B Omomaccy
(T.e. KIIETKH-X035I€Ba), TaK ¥ B CPEy KyJIbTHUBUPOBAHHUSA, T.€. 10/0e3 oTneaeHus (EPMEHTAIIMOHHOTO OyJILOHA OT
6uoMaccel. B nqpyrux Boruromenusx mosrydeHHbii OI'M MOXHO coOMpaTh OTIEIHHO OT OMOMAacChl U (hepMeHTa-
IIMOHHOTO OyJIbOHA, T.€. ITOCIIe OTACIEHUS /CIeIOM 3a OTJeIeHHEM OHOMAcChl OT CpeIbl KyJIbTHBHPOBAHUS (T.€.
(hepmenTanmmoHHOTO OyIbOHA). OTHENEHUE KIETOK OT CPEIbI MOXKET OBITH OCYIIECTBICHO JIIOOBIM U3 CIIOCOOO0B,
XOPOIIIO W3BECTHHIX CIICIHANUCTY B AHHON OOJNACTH TEXHHKH, HAIIPUMEp, JFOOBIM MOIXOIAIINM THIIOM IIEH-
TpudyrupoBanus win ¢uietpammu. OTIAeIeHNe KIETOK OT CPeAbl MOXKET CIIeIoBaTh cpa3y 3a cOopoMm (epMmeH-
TAllMOHHOTO OYJIbOHA WIJIM OCYILECTBIIATHCS Ha OoJiee IMO3/HEM dTalle Iocie XpaHeHus! pepMeHTallMoOHHOTO OY-
JbOHA B COOTBETCTBYIOIINX yCIOBUX. M3Bneuenue npousBeneHusix OI'M u3 ocraBiueiics Gnomaccsl (Wn 1moJi-
Has (pepMEHTALMs) BKIIOYACT UX M3BJICUCHHE M3 OMOMAcCHI (T.e. KIETOK-TIPOAYLIEHTOB). DTO MOYKHO OCYIIECT-
BUTBD JIIOOBIMHU TTOJXOSIIMMH CIIOCO0aMM B JJAHHOM 00JIaCTH TEXHUKH, HAaIpuMep, 00paboTKOH yIbTpa3ByKoOM,
KUISTYEHNEM, TOMOTeHH3aIeH, (PepMEHTAaTUBHBIM JIM3UCOM C TPUMEHEHHEM JIM30I[MMa HITH 3aMOPaXHBAaHUEM H
U3MENbYCHHEM.

[Tocnie BoccTanoBnenwus mocie GepmenTammu OI'M mocTymHBI U1 JaTbHEHIIe 00paOOTKH U OYUCTKH.

Ougnctky OI'M, mony4eHHbIX (pepMeHTanneld, MOKHO MPOBOJIUTH ¢ TIPUMEHEHUEM TOIXOIAIICH MPOIey-
psl, onmucanHo B WO02016095924, W02015188834, W02017152918, W02017182965, US20190119314 (Bce
BKITIOYEHBI ITOCPEICTBOM OTCBIIKH).

B HEKOTOPHIX BOIUIOIIEHUSIX M300pETEHHUs KIETKAa-X03IWH MOXET MpOaylnupoBaTh Heckonbko OI'M, rae
omrH OI'M mpencrasisier coboit OI'M-"niponykt", a HekoTopblie/Bce npoune OI'M npexcrasisitor coboit OI' M-
"mo6ounslit nponykt". Kak npasuio, nodounsie OI'M npeacTaBisiror coboii 100 OCHOBHBIX NPEIIECTBCHHHU-
koB OI'M, 6o npoxykThl nanpHeimei Mmogudukanuyn ocHOBHEIX OI'M. B HEKOTOPHIX BOIUIOLICHUSX MOXKET
OBITh JKeNaTeJbHO MPOU3BOANTH NPOoAYKT OI'M B GoubIinx KonudecTBax M M000uHBIH npoaykT OI'M B MaibIx
konmyectBax. Kietku u criocoOs! nonyuenuss OI'M, onncaHHbIE B HACTOSIIEM JOKyMEHTE, 00ECIeYHBaIOT KOH-
TponupyemMoe pou3BoAcTBO npoaykra OI'M ¢ 3aganabsiM npoduiem OI'M, HanmpuMmep, B OJJHOM BOIUIOIICHHH
nosydeHnHas cmech OI'M, B kotopoit ipoaykt OI'M mpencrasisieT coboit qomuaupyronum OI'M 1o cpaBHEHHIO
¢ nmpyrumu OI'M (t1.e. mobounbiMu OI'M) cmecu, T.e. OI' M-IpoAyKT TPOU3BOAUTCS B OOJIBIIIEM KOJIHMYECTBE,
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yem apyrue O’ M-no6ovHBIC TIPOIYKTHI; B IPYTUX BOILIONMICHHUSX KIIETKA, MPOU3BOAIIAS OJHY U Ty K€ CMECh
OI'M, MoeT OBITh HACTPOEHA Ha IIPOU3BOJICTBO OJHOTO MIIM HECKOJIBKMX MOOOYHBIX MpoaykToB OI'M B 60ib-
meM kosmmdecTBe, ueM OI' M-npoaykr. Hampumep, npu npousBojactse 3-FL, OI' M-nipoaykra, 4acTo o0pasyeTcs
3HaunTeNnbHOEe KomumaectBo DFL, OI'M-no6o4noro npoaykra. C TeHETHIECKH MOAU(DHIIMPOBAHHBIMU KIIETKAMH
o HacTosimeMy u3o00petennto ypoBeHb DFL B 3-FL-ipoaykTe MOKeT ObITh 3HAUUTEIHHO CHUYKEH.

[IpenmymiecTBeHHO M300peTeHNe 00ecTieYnBaeT KaK CHIDKEHHE OTHOIIEHHS MOOOYHOr0 MPOIYKTa K IIPo-
IIYKTY, TaK ¥ YBEJIMICHHE 00IIero BeIxoaa npoaykra (u/umu OI'M B 11e51oM). 3T0, CHIKEHHOE 00pa3oBaHue I0-
OOYHBIX TIPOAYKTOB IO CPABHEHWIO C 0Opa3oBaHWEM TMPOAYKTa, CIIOCOOCTBYET MOBBINIEHHOMY 00Opa3oBaHHUIO
MPOAYKTA U MOBBIMIACT d(PPEKTUBHOCT KaK MPOU3BOJCTBA, TAK M MPOIECCa M3BJICYCHUS MPOIYKTa, 00CCIICUH-
Bas MIPEBOCXOJIHYIO TEXHOJIOTHIO Mpou3BocTBa OI'M.

B pasznuuHBIX NPENMOYTHTEIBHBIX BOTUIOMICHHUSX MOTYT OBITh BRIOPAHBI Pa3IMYHbIC KICTKU-X035€Ba, MPO-
nynupytomue onun/oba 2'-FL, 3-FL, 3'-SL, 6'-SL, LNT-2, DFL, FSL, LNT, LNnT, DFL, FSL, LNT, LNnT,
LNFP-I, LNFP-II, LNFP-III, LNFP-IV, LNFP-V, pLNnH, B kauectBe OI'M mpoaykTa Wi TOO0OYHOTO HPOIyK-
Ta. B 0THOM ITpeAnoYTHTENTLHOM BOIUIOIIEHUN TIPOAYKT npeacrasisier coboit 3-FL, a mobouHsIil mpoaykT npea-
crapisier coboit DFL. B apyrom npeanoyTuTenTsHOM BOIDIONMIEHHH MPOAYKT TpencTaniser coboi 2'-FL, a mo-
O0OuHBIH TIPOAYKT mpeactaBisgeT coboit DFL. B mpyrom mpeamodTuTebHOM BOIUIOMICHHH MPOIYKTOM IPE.-
craBisier coboit LNT-2, a mo6odHbIe TPOoIyKTHI ipencTaBisiioT coboit LNT u LNFPI.

N3obperenne Takke OTHOCUTCSA K MPUMEHEHHUIO TCHETHYECKH MOAU(DHUINPOBAHHON KIETKU W/HMIH KOHCT-
PYKIHMU HYKJICHHOBOW KHCJIOTHI COTJIACHO M300PETEHHIO U MPOAYKIWH OJHOTO WIIM HECKOJBKHX OJUrocaxa-
PHIIOB, IPEAMOYTHTEIBHO, OAHOTO MIIH HECKOJBKUX OJIMTOCaXapuioB IPyAHOTO MOJNOKa. B ofHOM BOIUTOIIEHIH
TCHETUYECKH MOAUGMUIIUPOBAHHYIO KICTKY /MM KOHCTPYKIHUIO HYKICHHOBON KHCIOTHI 110 U300PETCHUIO MPH-
MEHSIFOT I TOJTy4eHus: KoHKpeTHoro OI'M, BrIOpaHHOTO M3 rpymmel, coctosmiei u3 2'-FL, 3-FL, DLF, LNT,
LNT-II, LNnT, pLNH-II u pLNnH.

B 0co0eHHO MpenmoYTHTENEHOM BOIUIONICHHH TCHETUYCCKHA MOAUGMUIIMPOBAHHYIO KICTKY W/WMJIH KOHCT-
PYKIIHIO HYKJIEHHOBOM KUCIIOTHI IO U300PETEHUIO IPUMCHSIIOT JUIs TOoaydeHus: KoHkpeTHoro OI'M, BEIOpaHHOTO
u3 rpynmnsl, coctosimeit u3 LNT, LNT-II, LNnT u pLNH-II u pLNnH.

N3ob6peTenne JONOIHUTEIFHO TPOWIUTIOCTPUPOBAHO MPUBEICHHBIME HIDKE HEOTPAaHMYMBAIOMINMH TIPUMe-
paMH ¥ BOIUTOIICHISIMH.

IIpumepbI

Marepuansl 1 METOIBI.

Ecmm He yka3zaHO WHOE, TSI MAaHUITYJIMPOBAaHUS C HYKIEHHOBBIMH KHCIOTAMH, TPAaHC(POPMAIIUHN U SKCIIpec-
CUM HYKJICHHOBBIX KUCIIOT MPUMEHSIOT CTAHIAPTHBIC METOUKH, BEKTOPHI, 3JICMEHTHI KOHTPOJIBHOMN MOCIIEIOBA-
TENBHOCTH M JPYTUE JIEMEHTHI CHCTEMBI 3KCIIPECCHH, U3BECTHRIC B 00JaCTH MOJNEKYIspHOU Ononoruu. Takue
CTaHJApPTHBIC TEXHUKHU, BEKTOPBI M 3JICMCHTHI MOKHO HAWTH, HampuMep, B pykoBozacTBax: Ausubel et al. (eds.),
Current Protocols in Molecular Biology (1995) (John Wiley & Sons); Sambrook, Fritsch, & Maniatis (eds.), Mo-
lecular Cloning (1989) (Cold Spring Harbor Laboratory Press, NY); Berger & Kimmel, Methods in Enzymology
152: Guide to Molecular Cloning Techniques (1987) (Academic Press); Bukhari et al. (eds.), DNA Insertion
Elements, Plasmids and Episomes (1977) (Cold Spring Harbor Laboratory Press, NY); Miller, J.H. Experiments
in molecular genetics (1972.) (Cold spring Harbor Laboratory Press, NY).

OrnrcaHHbIe HIKE BOTUTOIICHUS BRIOPAHBI IJIS1 WILTIOCTPAIIMH H300PETeHUS U HUKOUM 00pa3oM He OTpaHHM-
YUBAIOT U300peTeHHE.

[IItamMMBI.

[Mpumensiemblii 6akrepuanbublii mrtamM, MDO, 611 ckoncTpynpoBas u3 Escherichia coli K12 DHL I'eno-
tum E. coli K12 DH1 npencrasnsin coboii: F-, A-, gyrA96, recAl, relAl, endAl, thi-1, hsdR17, supE44. IlITam-
MBI, IPUMCHEHHBIC B HACTOSIINX MPUMEPax, OMHCAHBI B Ta0JI. 2.

Tabnuma 2
ID mrramvoB | Tlpoaykr COOTBETCTBYIOLIMI TCHOTHIT
DHI1 - I AendAlrecAlrelAl gyrA96thi-1glnV44hsdR17 vk mx)
MDO - E coli DHI1 AlacZ, AlacA, AnanKETA, AmelA, AwcaJ, AmdoH
MPA7 2°-FL MDO PglpF-CA AlaclPglpF-futC PglpF-marc
MPAL1 MDO PglpF-CA AlacIPglpF-futC
MPAS5 3-FL MDO PglpF-CA Alacl PglpF-futA
MPAG6 MDO PglpF-CA Alacl PglpF-futA PglpF-marc
Cpena.

Cpeny mist 6yneona Jlypua (LB) roToBmiu ¢ mpuMeHneHneM nopomka 0ynsora LB, Millers ("Fisher Scien-
tific"), a gamku ¢ arapom LB roToBmiu ¢ npuMenenuem nopoiika arapa LB, Millers ("Fisher Scientific"). ITpu
HeoOxomumocTh nobaBisumi amMmnuiruuiiH ((100 MKr/MIT) BIu JTF000H TTOAXOISATINN aHTHOUOTHK) W/ XJIOpaM-
(dhennkon (20 MKr/mi).

BazoBas muHuManbsHas cpena umena cienyromwii coctas: NaOH (1 r/m), KOH (2,5 r/m), KH,PO, (7 r/n),
NH4H,PO, (7 r/n), mumonHast kucnota (0,5 /1), pacTBOp MUKpodieMeHTOB (5 Mit/i). MicXoaHbIi pacTBOpP MHK-

poanemenToB coaepxar: ZnSO4-7H,0 0,82 r/n, mumonnyto kucioty 20 r/m, MnSO,4-H,O 0,98 /1, FeSO,-7H,0
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3,925 r/n, CuSOy4-5H,0 0,2 r/n. pH 6a30Boii MUHMMAaIBHOM cpenbl moBomwin 10 7,0 ¢ momompo SH. NaOH u
aBToKNIaBupoBaiy. [lepen nHOKyIsAMEeH B 6a30ByI0 MUHHMaNbHYIO cpeny nobasmsuin 1 MM MgSQOy, 4 MKr/mn
tHamuna, 0,5% 3aganHoro ucrtoynuka yriaepona (rauuepu ("Carbosynth™)). TnamMuH 1 aHTHOMOTHKY CTEPUITH-
30BasM (DUIBTPOBaHKEM. Bce mporeHTHRIe KOHIIEHTpauny AJIsl TIULEpHUHA BEIPAKEHBI Kak 00beM/00beM, a it
TIIIOKO3BI - Mac./00.

Yamkn M9, comepxammue 2-I1e30KCHTAIAKTO3Y, UMENN cienyrommii coctaB: 15 1/m arapa ("Fisher Scien-
tific"), 2,26 r/m 5x M9 Minimal Salt ("Sigma-Aldrich"), 2 MM MgSO,, 4 Mxr/mn Tramuna, 0,2% riaumepuHa u
0,2% 2-ne3oxcu-D-ranakro3sl ("Carbosynth").

WNunukatopusie ToranmeTsl MakKoHkn uMenu ciemyromuid coctas: 40 r/m arapoBas ocHoBa MakKoHkuH
(BD Difco™) n ncTOUHHK yriieposa B KOHEYHOH KOHIeHTpamu 1%.

KynsTusupoanue.

Ecnu He ykazano unoe, To mrammsl E. coli pasmHoxxamu B cpene Jlypua-bepranu (LB), conepxareit 0,2%
TITFOKO3bI, TIpH 37°C nipu nepemMermBanny. Yamku ¢ arapoM HHKyouposainy npu 37°C B TedeHHe HOYH.

XUMHYECKN KOMIIETCHTHbIE KJIETKH M TPaHC(HOpMAaIHH.

E. coli urokymupoBanu u3 gamek LB B 5 mir LB, coxepxamiero 0,2% rmoko3sl, npu 37°C 1pu BCTPSIXU-
Bauuu 10 ODgyy ~0,4. 2 MI KynbTypbl coOupany neHTpudyruposanueM B Tedenue 25 ¢ npu 13000 g. Cynepna-
TaHT yJAaJsuld, a KIETOUHBIA ocafok pecycrnenaupoBany B 600 Mxi xononssix pactsopoB TB (10 MM PIPES,
15 MM CaCl,, 250 MM KCl). Knetkn nakyOupoBaiu Ha Jipay B TedeHue 20 MUH ¢ MOCIEAYIONMM OCaXICHUEM
B TeueHue 15 ¢ npu 13000 g. CynepHaTaHT yAamsuiu, a KJIETOUHBIN ocafok pecycneHauposanu B 100 Mkn xo-
noxnoro pactBopa TB. Tpanchopmaruio mmazmun npoBoawy ¢ npuMereHreM 100 MKJI KOMIIETEHTHBIX KJIETOK
1 1-10 ar mmasmunnoit JJTHK. Knerku n JIHK mHKYOMpoBanu Ha Jbay B TedeHrne 20 MUH, a 3aTeM TMOJBEPTaiu
TemioBoMy mioky mnpu 42°C B Teuennme 45 c. Ilocme 2-MuUHYTHOW WHKYOamuM Ha JIpAy [10OaBISUIN
400 mxn SOC (20 r/n TpunTonHa, 5 T/m apoxokeBoro oskcrpakta, 0,5 r/m NaCl, 0,186 r/mn KCI,
10 MM MgCl,, 10 MM MgSO, 1 20 MM Ti1I0K03BI) M KYJIBTYPY KJIETOK HHKyOupoBanu mpu 37°C mpu BCTpSIXU-
BaHMU B TEUCHHE |-TO yaca mepe] MoceBOM Ha CEIEKTHBHBIC YaIlKH.

[Tnasmumy TpanchopMHUpOBAIA B XUMHUUECKH KoMTieTeHTHBIE KiieTkd TOP10 B yclmoBusIX, peKOMEHIOBaH-
HBIX TiocTaBiukoM ("ThermoFisher Scientific").

JIHK meTomsr.

IMnasmugnyto IHK w3 E. coli Beiaensnu ¢ npumeHennem Habopa QIAprep Spin Miniprep ("Qiagen").
Xpomocomnuyro IHK u3 E. coli Beinensim ¢ npumenennem Habopa QIAmp DNA Mini Kit ("Qiagen"). ITpoxyk-
ol [THP ounmanu ¢ npumenennem Habopa QIAquick PCR Purification Kit ("Qiagen"). Macrep-muxc mis [THP
DreamTaq ("Thermofisher"), macrep-mukc s ITHP ¢ ropsanm craprom Phusion U ("Thermofisher"), USER
Enzym ("New England Biolab") npumeHsun B COOTBETCTBHM € peKOMEHAAIMSAMY NOCTaBIInKa. [IpaiiMepsr ObI-
1 noctasnensl komnanued "Eurofins Genomics", ['epmanus. @parments! [THP n muta3munst 66uM cEeKBEHUPO-
BaHbl koMmmanuel "Eurofins Genomics". ITHP xosnonwmii nposoammm ¢ mpumenenuem DreamTaq PCR Master Mix
B Tepmornkiepe T100TM (Bio-Rad).

Tabmmma 3
ONUroHyKIICOTH B, TPUMEHSIEMbIE JJIs1 aMIUTH()UKAITAI
O0CTOBA IUIA3MUBL, MIPOMOTOPHBIX JIEMEHTOB U marc
SE
Hassa Q OUroHyKJICOTHAHAS TIOCIICI0BATCIBHOCTD 5™ — 3 Onucanue
HUE ID
NO
040 4 ATTAACCCUCCAGGCATCAAATAAAACGAAAGGC | Ocros.mpsmoit
079 5 A TTTGCGCAUCACCAATCAAATTCACGCGGCC OctoB.o0paTHBI#H
0261 6 ATGCGCAAAUGCGGCACGCCTTGCAGATTACG PglpF. npsimoit
0262 7 AGCTGTTUCCTCCTTGGTTAATGTTTGTTGTATGCG | PglpF. obparsbiii
0737 8 AAACAGCUATGCAGCGTCTGAGCCGTCTGAG marc. npsmMoi
0738 9 AGGGTTAAUTTAAACTTCACGCACTTTCGCGC marc. oOpaTHbIi
0438 10 | CCCAGCGAGACCTGACCGCAGAAC galK. mpsivoit
049 11 | CCCCAGTCCATCAGCGTGACTACC galK o6parssrit
Tabmuma 4
T'eTeposiornybie OEITKH, YKCIIPECCHPYEMBIE B KJIeTKaX, npoaynupyomux OI'M
I'en | IIpoucxoxacHHE reHOB Howvep é%ig?jfem{a i Oyukums 6¢nka
| Helicobacter lori anvha-1,2-
JutC 26695 P} ABOGI751.1 d)ykfﬁsuﬂmpaﬂcd)epasa
Helicobacter lori anvha-1,2-
Jutd 26695 i NP_207177.1 qbyg;s'uﬂmpancq)epam
marc | Serratia marcescens * WP 060448169.1 Tpaucnoprep MFS
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Tabmmna 5
Cunrernueckue JJHK, npumeHeHHbIe A7 NPSMOM 3KCIIPECCUU marc
Hazsanue
SEQ ID .
MOCIIC10Ba- NO [MocrexosareasrocTs (57-37) Onucanne

TCJIbHOCTH

GCGGCACGCCTTGCAGATTACGGTTTGCCA
CACTTTTCATCCTTCTCCTGGTGACATAATC
CACATCAATCGAAAATGTTAATAAATTTGTT
GCGCGAATGATCTAACAAACATGCATCATG | DaemeHT
TACAATCAGATGGAATAAATGGCGCGATAA | skcrpeccun  THK
CGCTCATTTTATGACGAGGCACACACATTTT | m3 300
AAGTTCGATATTTCTCGTTTTTGCTCGTTAA | HyKICOTUIOB
CGATAAGTTTACAGCATGCCTACAAGCATC
GTGGAGGTCCGTGACTTTCACGCATACAAC
AAACATTAACCAAGGAGGAAACAGCT
marc 2 ATGCAGCGTCTGAGCCGTCTGAGCCTGCGT | Tpaucmoprep MFS

ATCAACCCGATTTTCGCGGCGTTTCTGCTGA
TCGCGTTCCTGAGCGGTATTGCGGGTGCGCT
GCTGACCCCGACCCTGAGCCTGTTTCTGACC
ACCGAGGTGAAGGTTCGTCCGCTGTGGGTG
GGTCTGTTCTACACCGCGAACGCGGTTGCG
GGCATCGTGGTTAGCTTTCTGCTGGCGAAA
CGTAGCGACACCCGTGGTGACCGTCGTCGT
CTGATTCTGCTGTGCTGCCTGATGGCGGTGG
GCAACTGCCTGCTGTTCGCGTTTAACCGTGA
CTACCTGACCCTGATCACCGCGGGTGTGCT
GATGAGCGCGGTTGCGAACACCGCGATGCC
GCAGATTTTCGCGCTGGCGCGTGAATATGC
GGATAGCGAGGCGCGTGAAGTGGTTATGTT
TAGCAGCGTGATGCGTGCGCAACTGAGCCT
GGCGTGGGTTATTGGTCCGCCGCTGAGCTTC
GCGCTGGCGCTGAACTATGGCTTCACCGTG
ATGTTTCTGATTGCGGCGGTTACCTTCGCGG
TGTGCGTTCTGCTGGTTGGTTTTATGCTGCC
GAGCGTTCCGCGTGCGGCGGAGAACGAAGG
CCTGCAGGGTGGCGTGAGCGCGCCGATTGC
GCCGGCGAGCGCGTGGCGTAACCGTGACGT
TCGTCTGCTGTTTATTGCGAGCATGCTGATG
TGGACCTGCAACACCCTGTACATCATTGAC
ATGCCGCTGTATATCACCGCGGATCTGGGT
CTGCCGGAGGGTCTGGCGGGCGTGCTGATG
GGCACCGCGGCGGGCCTGGAAATCCCGGCG
ATGCTGCTGGCGGGTTACTATGTTAAGCGTT
TCGGCAAACGTAACATGATGCTGCTGGCGG
TGGTTGCGGGTGTGCTGTTTTACCTGGGCCT
GACCGTTCTGGAGAGCAAACCGGCGCTGAT
TGCGCTGCAGCTGCTGAACGCGGTGTTCAT
CGGTATTGTTGCGGGTATTGGCATGCTGTAT
TTTCAGGACCTGATGCCGGGTCGTCCGGGT
GCGGCGACCACCCTGTTCACCAACAGCATC
AGCACCGGCGTGATTCTGGCGGGTGTTCTG
CAAGGCGCGCTGGTTGAGAACCTGGGTCAC
GGCAGCGTTTACTGGATGGCGGCGCTGCTG
GCGCTGGCGGCGCTGGGTATGAGCGCGAAA
GTGCGTGAAGTTTAA

Pglplr 3

KoncTpynposanue ruazmu.

Bbumi cuHTE3MpOBaHBI OCTOBBI TUIA3MUJI, COJEp Kalllie JBa SHAOHYKIea3HbIX caita [-Scel, pasmeneHHBIX
nByms pparmenramu JIHK, nmpucnocoOneHHBIMU 711 TOMOJIOTHYHON pexomOuHanuu B reHoM E. coli, n mocie-
JIOBAaTEIFHOCTRIO TepMUHaTOpa TpaHckpunimu T1. Hanmpumep, B 0AHOM IIIa3MHIHOM OCTOBE OBITI CHHTE3HPO-
BaH onepoH gal (HeoOXOMUMBIH JIJIsi TOMOJIOTHYHONW pekoMOuHamu B galK) u mocieqoBaTenbHOCTh TEPMUHATO-
pa tpauackpumuu T1 (pUCS57::gal) ("GeneScript"). [TocnenoBarensHoctu JTHK, npruMeHeHHBIE 7151 TOMOJIOTHY-
HOW peKOMOWHAITUH B Taj-OMEpOHe, OXBATHIBAIOT Maphl OCHOBaHMH 3.628.621-3.628.720 u 3.627.572-3.627.671
B nocienoBaTensHOCTH Escherichia coli K-12 MG155, momsstit renom GenBank: ID: CP014225.1. BeraBka my-
TEeM TOMOJIOTHYHOH pekoMOMHanuy npuBena Obl k aexenun 949 map ocnosanmii galK u ¢enornma galK-. Ilo-
JOOHBIM 00pa30M MOTYT OBITH CHHTE3MPOBaHbI ckexeTsl Ha ocHoBe pUCS7 ("GeneScript") i moboro apyroro
MOAXOMSIIET0 BEKTOpa, COJEpKaIero JABa caira sHAOHYyKiIeassl [-Scel, pasmeneHHBIX AByMs (parmeHTamu
JHK, npucnocobneHHBIME 11 TOMOJIOTHYHON pekoMOnHanuu B reHoM E. coli, 1 mocnenoBaTenbHOCTBIO TEp-
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MuHatopa Tpanckpunmuu T1. /[Ji1 KOHCTpyHpOBaHUs TpaiiMEpOB U aMILTH(PHUKANUN CIICIUPHUIECKUX TOCIEI0-
BarenpHOcTel JIHK xpomocomnuoii JIHK Escherichia coli K-12 DH1 npumMensimi ctaHaapTHBIE METOAMKH, XO-
pOIIO M3BECTHBIE B 00JACTH MOJEKYISApHOH Onoyormu. Taxkwe cTaHDapTHHIE NPHUEMBI, BEKTOPHI W 3JIEMEHTHI
MOXKHO HaiiTH, HampuMep, B pykoBojacTBax: Ausubel et al. (eds.), Current Protocols in Molecular Biology (1995)
(John Wiley & Sons); Sambrook, Fritsch, & Maniatis (eds.), Molecular Cloning (1989) (Cold Spring Harbor
Laboratory Press, NY); Berger & Kimmel, Methods in Enzymology 152: Guide to Molecular Cloning Tech-
niques (1987) (Academic Press); Bukhari et al. (eds.).

Xpomocomuyto JIHK, momydgennyto u3 E. coli DHI, npumensun s amrmumdukanun gparmenra JTHK
pasmepom 300 n.H., coneprkamiero npomortop PglpF, ¢ mpumenennem onmuronykineornnos 0261 u 0262 (tadm. 3).

Oparment JHK anunoit 1.197 n.H., coaepkamuii KOJOHONTUMHU3UPOBAHHYIO BEPCUIO T€Ha marc, Ipouc-
xozsmero u3 Serratia marcescens CHHTE3UpoBaiu ¢ nomotbio "GeneScript" (tabn. 5). I'en marc ammumpunn-
poammu metonom [THP ¢ npumenennem onmronykneotuoB 0737 u 0738 (tabm. 3).

Bce IMLP-pparMeHTHl (OCHOBBI TUIa3MHUIBI, JICMEHTHI, COACPIKAIINE MPOMOTOP, M TEH MArc) OYUIIAIN U
coOMpaIy OCHOBBI TUIA3MHIBI, dJIeMeHTH poMoTopa () U ¢pparment AHK, conepxamuit marc. [Tnasmuas! kio-
HUPOBAJHM C MOMOIIBIO cTaHaapTHOro Kionuposanus USER. KionupoBanue B mr000H MOAXOIAIICH TUIa3MHUIIE
MOXXET OBITh OCYIIECTBJICHO C TIOMOIIBIO JIFOOBIX CTaHAAPTHBIX crocoOoB kioHupoBanus JIHK. ITmazmumbr
Tpancopmuposanu B kiaetku TOP10 u or6upanu Ha gamkax LB, comepxamux 100 MKr/Mia aMmmunuumHa (MTH
mroboro moaxoxsmiero antuonoTuka) u 0,2% riroko3sl. CKOHCTPYHPOBAHHBIE TUIA3MUABI OUHINAH, a TTOCIIEeI0-
BaTEIBHOCTh MIPOMOTOpA M 5'-KOoHeI reHa marc rmoarepxaanu cekBennpoanneM JJTHK ("MWG Eurofins Ge-
nomics"). Takum 00pa3oM KOHCTPYHUPOBAIN TEHETHIECKYIO KACCETY, COJIEPIKABIITYIO JIFOOOH TpPEeICTaBIISIFOIIHMA
MHTEpPEC IPOMOTOP, CBA3aHHBIN C TEHOM marc.

KoHcTpynpoBanue mramMMoB.

[Mpumensiemble OakTepuanbHplid mramm, MDO, 6611 ckoHcTpynposan u3 Escherichia coli K-12 DHL Ie-
votun E. coli K-12 DHI npencrasnser coboit: F,A°,gyrA96, recAl, relAl, endAl, thi-1, hsdR17, supE44. B
noronHenue kK reHotumy E. coli K-12 DH1 MDO umeer creayromue moaudukanuu: lacZ: aeneuus, pasMepoM
1,5 T.mH., lacA: nenermst, pasmepom 0,5 T.m.H., nanKETA: nenerus, pasmepom 3,3 T.1L.H., melA: nemerus, pas-
mepom 0,9 T.1.H., weal: genenus, pasmepom 0,5 T.m.H., mdoH: geneuws, pasmepom 0,5 T.IL.H., ¥ BCTaBKa MPOMO-
topa Plac Beimre rena gmd.

BcraBky KacceThl AKCIPECCHH, COICpIKaBIIeH MPOMOTOP, CBSI3aHHBIA C TEHOM Mmarc M IOCIeT0BaTeIbHO-
CTBIO TepMuHaTOopa TpaHckpunmuu T1, ocymecTsisimm ¢ momomipio Gene Gorging, 1Mo CymiecTBy, Kak ONHACAHO
Herring et al. (Herring, CD., Glasner, J.D. and Blattner, F.R. (2003). 311). 153-163). Bkpariie, JoHOpHYIO TUTa3-
MUY W XENNepHYIo IuasMumy kotpaHcdopmupoBanu B MDO u orOupanu Ha wamkax ¢ LB, comeprkaBmmx
0,2% rmoxo3bl, aMmmumnIiH (100 Mxr/mi) wnmn kagamMuuH (50 Mr/min) n xnopamdennkon (20 Mxr/mn). Ogu-
HOYHYIO KOJIOHHIO MHOKyupoBaiu B 1 mu LB, comepxamero xmopamdennkoin (20 mxr/min) u 10 mxa 20% L-
apabuHO3bI, U HHKYOupoBanu npu 37°C mpu BCTpSXUBAHUM B TeueHue 7-8 4. JIyis mHTEeTparmu B JoKychl galK
kieTok E. coli 3arem BeiceBanm Ha wamku M9-DOG u nakyO6upoBanu npu 37°C B Teuenue 48 4. OTnenpHbIE
KOJIOHHH, copMupoBaHHble Ha Yamkax MM-DOG, noBTopHO BICEBaIM IITPUXOM Ha yamku ¢ LB, conepxas-
e 0,2% TIr0K036I, 1 HHKyOupoBanu B TeueHue 24 1 npu 37°C. OXuganock, 9To KOJIOHUH, KOTOPHIE BBITIISAC-
i OeNBIMU Ha Yarmkax ¢ arapoM MacConkey-ranakto3a ¥ ObUTH YyBCTBUTEIBHBI KaK K aMITUIMIUIAHY, TaK U K
XJIOpaM(EHUKOITY, TIOTEPSUIH IOHOPHYIO M BCIIOMOTaTebHYIO TIa3MUAY M COJIep Kalld BCTaBKY B JIokycax galK.
BceraBku B caiit galK unentuduimposanu ¢ nomomsto ITHP kononuii ¢ npumenennem npaiimepos 048 u 049
(tabn. 3), a BcraBnennyro JIHK nposepsin cekBennpoBanueM ("Eurofins Genomics", I'epmanms).

BcerpanBanue reHeTHUECKHX KacceT B Apyrue Jokycsl xpomocomuoi JIHK E. coli ocymectsisimn aHaso-
THYHBIM 00pa3oM C IPUMEHEHUEM Pa3INIHBIX MAPKEPHBIX T€HOB CEIICKIINH.

AHanmu3 B Tiry0okux myHkax (DWA).

DWA BrInoNHSAIN, Kak TEpBOHAYaIbHO omucaHo B padore Lv et al. (Bioprocess BiosystEng (2016)
39:1737-1747),  ONTUMHU3UPOBAIIH JIJIS TIeJIeH HACTOSIIET0 H300PETeHUSI.

Bonee KOHKpPETHO, MITaAMMBI, PaCKPHITHIE B MIPUMEpPax, MOABEPralil CKPUHUHTY B 24 IDIaHIIETaX ¢ Iiryoo-
KAMH JYyHKaMH ¢ IPUMEHEHHEM 4-THEBHOTO MPOTOKOJIa. B TeueHme nepBrIxX 24 9 KIETKH BBIPALTHBAIN O BBI-
COKOM IUIOTHOCTH, a B ClIeAyIoIne 72 4 KJIETKH IIEPEHOCHIIM B Cpelly, KOTOpas IM03BOJIsIa HHAYIMPOBATh KC-
Ipeccuio TeHOB U 00pa3oBaHMe NpoaykTa. B ocobeHHOCTH, B TeueHHe 1-ro JTHS TOTOBHIIM CBEKHUE MHOKYIISITHI C
NpUMEHEeHneM 0a30BOH MHHHUMAJIBHOW cpenbl ¢ j00aBiIeHNEM cyiab(ara MarHus, THAMHHA U TIIOKO3BI. [locie
24-qacoBOil MHKYOAIMK MPHUTOTOBICHHBIX KyIbTyp NMpH 34°C mpu BCTPSIXHUBAHUU cO CKOpocThio 700 oO/MuH
KJIETKH TIEPCHOCHIIN Ha HOBYIO 0a3albHYI0 MHHHMMAJBHYIO cpeny (2 Mi) ¢ JoOaBieHHeM cyibdaTa MarHust
THAMHHA, K KOTOPOW BBOJWIIM HadaJbHEIH Oomoc 20% pactBopa Tiaroko3sl (1 mxim) u 10% pacTBOp JTaKTO3BI
(0,1 mum), 3aTem K kireTkaM noxasanu 50% pacTBop caxapo3bl B KaUeCcTBE HCTOYHMKA yriiepona. [locie nHOKyIs-
IIMM HOBOM cpenbl KieTKH BerpsixuBayy npu 700 o6/muH npu 28°C B Teyenue 72 4. [locne nenarypauuu u no-
CJIeIYIONIEeTO EHTPU(PYTUPOBaHUS CYIIEPHATAHTHI aHATU3UpOoBaIu ¢ momoiisio HPLC.

Jna anamm3a oOmux oOpasoB KIETOYHBIN JTN3aT, MPUTOTOBICHHBIN KUIISTYCHUEM, OCAXIAIN HMEHTPHDY-
rupoBanueM B Teuenne 10 mun nipu 4700 o6/mun. Konnentparuio OI'M B cynepHaTaHTe OTPEACIISIN C TIOMO-
mpio HPLC mnun HPAC.
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Pesynbratsl.

IMpumep 1. Konctpyuposanue Escherichia coli mist nponssonctsa 3-FL, skcnpeccupyromux reH marc.

IITammer Escherichia coli K-12 (DH1) MDO M0XHO H3MEHSITh TS SKCIIPECCHH TIPECTABIBIIOIINX HHTEPEC TeTepO-
JIOTMYHBIX TeHoB. Hanprmep, mramm MPAS mipenctaisier co6oii mrraMM-TipoayTieHT 3-FL, cBepXaKcIpeccupyronmii TeH
anbda-1,3-pykosmrrpancdepassl, futA, 1 reHbI kKoaaHoBoH kucnoThl (gmd-fel-gmm-weal-cpsB-cpsG). Beenenne kacceTst
IKCIIPECCHH, CofIeprKaIlieii MpoMOTOpHBIH dnemeHT (PglpF), cBsA3aHHbBINM ¢ TeHOM marc B € IMHCTBEHHOM KOITHH, B (POHOBBII
mraMmm MPAS nipusenio k mrrammy MPAG6 1: 1) OTHOCHTETTEHOMY TIOBBIIIEHHIO KommdecTBa 3-FL Bo dpakimu cpenpl u ii)
OTHOCHUTENIFHOMY TTOHIKeHHIO KomaecTsa 3-FL BHyTpH kietku (dur. 1).

[Mpumep 2. Konctpynposanue Escherichia coli aist nponsBoactsa 2'FL, akcnpeccHpyromux red marc.

rammsr Escherichia coli K-12 (DH1) MDO M0XHO U3MEHSTD JUIS SKCIPECCHU MPEICTABILIIONINX HHTE-
pec rereposioruuHsix reHoB. Hanpumep, mramm MPA1 sBasercs mrammoM-npoayueHToM 2'FL co cBepxakce-
npeccueld Tera o-1,2-pykozmnrpanchepaspr, futC U reHOB KomaHOBOUW KHCIOTH (gmd-fcl-gmm-wcal-cpsB-
cpsQG). BcraBka sKcnpeccnoHHOM KacceThl, coeprkamiell mpoMoTopHsli anemeHT (PglpF), cBs3anHbIi ¢ reHOM
marc, B xpomocomHyto JJHK MPA1 npusena k mrammy MPA7 u: 1) OTHOCHTENTbHOMY ITOBBIIICHHUIO KOJMYECTBA
2'FL Bo ¢paxmuu cpenbl, ii) OTHOCHTEJHLHOMY IMOHIKeHHIO kKosmdectBa 2'FL BHyTpm kierok (¢ur. 2A) u
1il) OTHOCUTEILHOMY CHI)KCHHIO ONITHYECKOH TUIOTHOCTH Tipu 600 aM (¢ur. 2B).

DOOPMYVYIJIA N30BPETEHNA

1. I'enernyeckn MoanGHUIMPOBaHHAs KJIETKA, CHOCOOHAs MPOAYLUPOBATH OJWH WIJIM HECKOJBKO OJINTOCA-
XapuaoB rpyaHoro monoka (OI'M), rie yka3zaHHas KJIETKA BKIIFOYaeT PEKOMOMHAHTHYIO HYKJIEHHOBYIO KHCIIOTY,
KOJUPYIOIIYIO OCOK-TpaHCIoOpTep cymepcemeiictBa major facilitator superfamily (MFS) ¢ mocnenoBatensHO-
creto SEQ ID NO: 1 mnm ero (yHKIMOHAJIBHBIH TOMOJIOT, aMHHOKHCIIOTHAS MOCIIEA0BATEIILHOCTE KOTOPOTO
WACHTUYHA 10 MeHblIel Mepe Ha 85% nocnepoBarensHocTd SEQ ID NO: 1.

2. 'enetnueckn MomuQUIIMPOBaHHAs KIIETKa T10 I1. 1, Tlie onurocaxapui BEIOUPAlOT U3 2'-(hyKO3UITaKTO3EI
(2'-FL), 3'-pyko3mmiakto3sl (3-FL), mudyxosmmakrossl (DFL), 3'-cnammmiaktoss! (3'-SL), 6'-cHaNHIIaKTO3bI
(6'-SL), makTo-N-Tpno3sr-2 (LNT-2), makto-N-terpaossl (LNT), makro-N-dykonenrtaossl I (LNFP-I), makTo-N-
¢dyxonenraossl I (LNFP-II), makro-N-dyxonenrtaoss! 111 (LNFP-III), makro-N-dykonenrtaosst IV (LNFP-1V) u
nakto-N-¢pykonentraossl V (LNFP-V) n/unu mapa-nakro-N-aeorekcaossl (pLNnH).

3. 'enetndecku MOIUGUIMPOBAHHAS KJIETKA TI0 JIIOOOMY M3 MPEIMICCTBYIONINX ITYHKTOB, T/Ie T€HETHICCKH
Moau(dHUIIMpOBaHHAS KIIETKA MpeacTaBiseT coooii Escherichia coli.

4. I'enernyeckn MOANGHUINPOBAaHHAS KJIETKA 110 JI0OOMY M3 MPEIIIECTBYIONINX ITyHKTOB, T1€ TeHETHUECKH
MOJIM(UIMPOBaHHAs KJIETKA JIOMOJIHUTEIBHO COAEPKUT 0 MEHBIIEH Mepe OJHy PEeKOMOMHAHTHYIO HYKJIEHHO-
BYIO KHUCJIOTY, KOTOpas KOIUpyeT (yHKIMOHAJIBHBIA (pepMEHT C TIMKO3WITpaHC(hepa3HOil aKTHBHOCTHIO, BBI-
OpaHHBIH W3 TPYMIIBL, cocTosei u3 anbda-1,2-pykosmnrpancdepassl, anbda-1,3-pykozunrpanchepassl, anb-
¢a-1,3/4-pyxosuntpancepassl, ansda-1,4-pykosunrpancdepassl, anbda-2,3-cuanunrpancdepassl, aabda-2,6-
cuanmnTpanchepaspl,  Oeta-l,3-N-aneTuirmoko3aMuHWITpaHchepas3pl,  Oera-1,6-N-aleTHIrIFoOK03aMUHIII-
TpaHcdepassl, 6era-1,3-raakrozuntpanchepassl u 6eTa-1,4-ramakro3wnTpaHcepassl.

5. 'enetnueckn MouduIrpoBaHHAs KJIETKA IO JIOOOMY W3 MPEAIISCCTBYIOMNX ITyHKTOB, T/Ie KIETKa JI0-
MOJIHUTEJIGHO BKITIOYAET TOCIIEN0BATENLHOCTh pekoMOuHanTHOH JIHK, BKITIOYAIONIyt0 peryiIsTOPHBINA AJIEMEHT
JUTS PETYILIIHAN 3KCTIPECCUN peKOMOMHAHTHON HYKJICHHOBON KHCIIOTHL.

6. 'ereTnyeckn MoaN(UITMPOBAHHAS KIIETKA 110 I1.5, T/Ie PETYIATOPHBIN JIEMEHT AJIS PETYIIIHUN YKCIIPEC-
CHH PEKOMOMHAHTHOW HYKJIEMHOBOM KHCIIOTHI NPEICTaBIsIeT cOOOH 3JIEMEHT HKCIIPECCHH, BBIOpaHHBIN U3 lac-
MPOMOTOpa WM glp-IpoMoTopa.

7. KoHcTpyKumst HyKJIEMHOBOW KHCIOTHI, BKIIIOYAIOIIAs ITOCIEOBATEIbHOCTh HYKIEHHOBOW KHCIIOTHI, KO-
JTMPYIOIIYI0 OeNIOK-TpaHcIopTep cynepceMeiicta major facilitator superfamily (MFS) ¢ mocnenoBaTensHOCTBIO
SEQ ID NO: 1 wiu ero ¢ yHKIIMOHATHHBIH TOMOJIOT, UMCIOIIUI OoJiee ueM 85% HMACHTHYHOCTH IMOCICIOBATEIh-
HocTH ¢ nocnenoBarenbHocThio SEQ ID NO: 1, rae nmociae1oBaTenbHOCTh HYKJIEMHOBOW KUCIOTHI, KOJUPYIOIIAs
6emok ¢ mocneaoBarenbHOCTRI0O SEQ ID NO: 1, umeeT mo MeHbIeH Mepe 85% MASHTHIHOCTH MOCIIEIOBATEb-
HOCTH ¢ TocnenoBareabHOCThI0 SEQ ID NO: 2 1 KOHCTpYKIHS BKIIOYAET IMOCIEA0BATEILHOCTh HYKJICHHOBON
KHCJIOTBI, BKIIFOYAIONTYO PETYIISATOPHBII JIIeMEHT.

8. KoHCTpyKIHsI HYKJIEMHOBOM KUCJIOTHI 110 T1.7, T/I€ PEryISTOPHBINA dJIEMEHT PETYIUPYET IKCIPECCHIO TT0-
CIIeZIOBAaTEIFHOCTH HYKJIEWHOBOH KHCIOTHI, MMEIOMICH MO0 MEHbIIEH Mepe 85% MISHTHIHOCTH MOCIEI0BATENb-
HOCTH ¢ TIocnenoBaTenbHOCTRI0O SEQ ID NO: 2.

9. KoHCTpyKINs HYKIENHOBOW KHCJIOTHI I10 JIIOOOMY U3 M7, 8, T/ie PEeryJIATOPHBIN 3JIEMEHT sl peryJis-
IIUH SKCIIPECCUH PEKOMOMHAHTHOW HYKJICMHOBOM KHCIIOTHI IPEICTABISICT COOOW JIEMEHT 3KCIIPECCHH, BHIOpaH-
HBII 13 lac-mpomoTopa uim glp-npomoTopa.

10. KoHCTpyKIMS HYKJIEHHOBOM KUCIOTHI 1O M.7 WK §, T/Ie KOHCTPYKIHS HYKJIEMHOBOM KUCIIOTHI SIBIISIET-
cs yacThio BekTopHoi JIHK mim kacceTsl/kapTpupka SKCIpeccuy, MHTETPUPOBAHHBIX B TEHOM KJIIETKU-X03MHA.
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11. Cnoco0 morydeHus OTHOTO MIIA HECKOIBKUX OJMTOCAXapPHIOB, BKIFOUAOIIIA CTa UM
(i) obecrieyeHNsT TCHETUYECKH MOTUPUIIMPOBAHHON KIIETKH, criocoOHOoU mpoaynupoBate OI'M, mo mrobo-

My ®3 11l 1-6;

(i) KyJTbTUBUPOBAHHE KIIETKA B COOTBETCTBHHM C (i) B MOAXOMAIICH cpeie M KyJIbTHBHUPOBAHUS KIETOK

046241

JUTSI KCTIPECCUH YKa3aHHOH peKOMOWHAHTHON HYKJICHHOBOW KHCIIOTHI,
(iii) coop omuoro mwiu Heckombkux OI'M, moydeHHbIX Ha cTaauu (ii).

12. Crioco6 1o 1m.11, T1ie KIeTKy KyJIbTUBUPYIOT B MPUCYTCTBUU MOIXOIAIIETO HCTOYHHUKA YTIIEPOJIa, TAKO-
TO KaK IJII0K03a, TIIUIEPHH U JaKTO3a.

13. [IpumeHeHHne TeHeTHYECKH MOIU(DHUIIMPOBAHHON KIIETKH 10 JIFOOOMY M3 MII.1-6 MM KOHCTPYKIUU HYK-
JIEMHOBOW KUCIIOTHI 110 JII000My M3 1.7-10 JUIs MOIyYeHHsT OJJHOTO WIIN HECKOJBKHX OJIMT0CAaXapua0B IPYTHOTO

Mouioka (OI'M).

14. Ipumenenwne mo .13, rne OI'M BeIOpan u3 rpymmsl, coctoseid u3 2'-FL, 3-FL, DLF, LNT, LNT-II,

LNnT, pLNnH u pLNH-II.

15. Ilpumenenne no mobomy u3 m.13 wmm 14, tne OI'M BbIOpaH U3 Tpynmsl, cocrosuied u3z 2'-FL u

3-FL.

OTHocUTeNbHOe
pacnpepenenve 3FL (%)

OTHOCUTENBHOE
pacnpepenexve 2'FL (%

100

)
o
o

o]
(=]

0]
(@]

B
o

MPAS

O CynepHataHT B Ocagok
Owr. 1

- marc
MPA1 MPA7
@ CynepHatanT @ Ocanok

®ur. 2A

-19 -



046241

= 100 F

S A

§§ 80 b v

= O

ES 60 |

c R y,

=0

I_ﬂ( 40 -

gb 7

2 20 f

g O

88 | .

5 - marc
MPA1 MPAY

®ur. 2B

‘SEQ ID'NO:1
MQRLSRLSLRINPIFAAFLLIAFLSGIAGALLTPTLSLFLTTEVKVRPLWYGLFYTANAVAGIVVSFL
LAKRSDTRGDRRRLILLCCLMAVGNCLLFAFNRDYLTLITAGVLMSAVANTAMPQIFALAREYAD
SEAREVVMFSSVMRAQLSLAVWIGPPLSFALALNYGFTVMFLIAAVTFAVCVLLVGFMLPSVPR
AAENEGLQGGVSAPIAPASAYWRNRDVRLLFIASMLMWTCNTLYIIDMPLYITADLGLPEGLAGVL
MGTAAGLEIPAMLLAGYYVKRFGKRNMMLLAVVAGVLFYLGLTVLESKPALIALQLLNAVFIGIVA
GIGMLYFQDLMPGRPGAATTLFTNSISTGVILAGVLQGALVENLGHGSVYWMAALLALAALGMS
AKVREV

®ur. 3

@ EBpa3suiickasi naTeHTHas opraHusauus, EAMB

Poccus, 109012, MockBa, Manblii Yepkacckuii nep., 2
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