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I'en Pousf1 (Oct4) n3BecTeH KakK LIEHTPAJIbHbBIN PEryJIsaTOp KJIETOYHOI MIIOPUTIOTEHTHOCTH, OMTHAKO, MHO-
T'Ye aCTeKThl, CBA3aHHbBIE C POJIBIO €T0 PETYISTOPHBIX 2JIEMEHTOB B TPAHCKPUMIIMOHHOMN aKTUBHOCTH G113~
JIeXaluX FTeHOB OCTAlOTCS TIPAaKTUYECKU He U3YYeHHBIMU. B HacTos1ieM nccae10BaHUY Mbl OCYIIIECTBUIN
OMaJIIeNIbHYIO IeJIeLnIo IIpoMoTopa PouSfl B aMOpHOHaIbHBIX CTBOJIOBBIX KieTKax (DCK) mpImm, coxpa-
HUB TMIPY 3TOM IUIIOPUIIOTEHTHbIE CBOMCTBA KJIETOK MOCPENCTBOM BHeApeHUs 9.8-T.I.H. (pparmeHTa reHa
Poubfl B TpaHc-nionioxkeHue. ITomydeHHBbIE pe3yabTaThl MTOATBEPXKIAIOT OMpeneiieHHbIe paHee TPpaHUIIbI
Pou5f1, B To Bpemst kak noydyeHHbIe DCK mociykaT He3aMeHUMO MOJICJIBIO TSl U3YYEHUsI SHXaHCEPHOit
ponu ipoMoTopa PouSf1 B peryisiiiny TpaHCKPUIIIIMOHHO aKTUBHOCTH OKPY3KAIOIINX €T0 TEHOB.

Karoueswie crosa: Poulfl, cis-peryasiTopHble 2J1€MEHTbI, SMOPHOHAIbHBIE CTBOJOBbIEC KJIETKU, TIIOPUIIO-

teHTHOCTh, CRISPR/Cas9, Rosa26, e-ipoMoTop
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BBEAEHWE

HccnenoBanms rena PouSf1 (Oct4), Kak OCHOBHOTO
yJacTHUKA (DOPMUPOBAHMS TUTIOPUTTIOTEHTHOI MacChl
KJIETOK B Mpoliecce dMOpHoreHe3a MJICKOMUTAIOIINX
Havyaquch ¢ KoHna 80-x rogoB mpouuioro Beka. B
JajibHelIeM Oblla TakKKe ITOKa3aHa ero Hernocpen-
CTBEHHAasl BOBJICYEHHOCTh B 0OOpa3oBaHUE KOJOHMIA
WHAYLIMPOBAHHBLIX  IUTIOPUIOTEHTHBIX  CTBOJIOBBIX
kietok (ITCK). K HacTosiiiieMy MOMEHTY OH U3Be-
CTEH, KaK KJIIOUEBOM peryJsiTop IUIIOPUIIOTEHTHOCTH,
PETYJIMPYIOLINI TPAHCKPHUIILIMIO AaCCOLMMPOBAHHBIX C
STUM COCTOSTHHEM T€HOB, a TaKKe KakK MUOHeP-(haK-
TOP, CITOCOOHBII perrporpaMMrpoBaTh TuddepeHIN -
pOBaHHBIE KJIETKU 3a CYET CBSI3BIBAHUS C 3aKPBITHIM
xpomatuHoM (Nichols et al., 1998; Iwafuchi-Doi, Za-
ret, 2014). OgHako, MHOTHUE acCIeKThl, CBSI3aHHBIE C
peryisiiyeit TpaHCKpUMNLIMY caMoro reHa Poudf1, paB-
HO KaK U POJIbI0 €ro PEeryjasiTOPHBLIX 3JEMEHTOB B
TPaHCKPUMNLIMOHHOI aKTUBHOCTU OJIM3/IEXKAIIUX Te-
HOB OCTAalOTCSI He B TTOJTHOM Mepe U3yYeHHBIMU.

B 2000 romy Niwa ¢ coaBropaMu IToKa3aju, 4TO
CHVDXKEHVE WU TIOBBHIIIEHHE YPOBHSI 3KCIIPECCUU
Poubf160mee uem Ha 50% Bener K nuddepeHINALNT
KJIETOK B HaIlpaBJIeHUN TPOPIKTOAEPMEI MU ME30-

# DU aBTOPBI MMEIOT OIMHAKOBbIIl BKJIAL B PaGoTy.

JIepMbI/TIEPBUYHOIl  SHTONIEPMBI, COOTBETCTBEHHO
(Niwa et al., 2000). DTu pe3yabTaThl CBUAECTEIHLCTBO-
BaJI O HAJINYMU B CTBOJIOBBIX KJIETKAX TOHKMX MeXa-
HU3MOB KOHTpoOJsI 3Kcrpeccuu Poulfl. B nanbHei-
1IIeM ObUT BBISIBJICH OJIMTH U3 TaKUX MEXaHU3MOB, 00ec-
neyrBaeMblii pabotoii mpokcumaiabHoro (PE) u
nuctagbHoro sHxaHcepa (DE) storo rena. Oxkasa-
JIOCh, UTO paboTa 3TUX SHXaHCEPOB CTPOTO 3aBUCUT OT
CTaguii SMOPUOHATLHOTO PAa3BUTUSI U YCIOBUI KyJTb-
TUBUPOBAHUS KIIETOK.

Kak u3BecTHO, TUTIOPUTIOTEHTHBIE CTBOJIOBBIC KJIET-
KM MOTYT HaXOJIMUTCSI B ABYX OCHOBHBIX COCTOSTHUSIX —
HaWBHOM U ITpaiiMupoBaHHOM. [lepBoe cocTosiHIE cO-
OTBETCTBYET KJIETKaM paHHETO 3M10J1acTa 10 MMILUIAH-
Talliu U 00J1anaeT YHUKAJIbHBIMU XapaKTepUCTUKAMM.
Hanpumep, Takue KIETKU 3KCIIPECCHUPYIOT, TOMUMO
Oct4 u Sox2 crienmduuHbie Mapkepsl — Nanog, Kif2,
Kif4, KIf5, ESRRb, KOTOpbEle OTCYTCTBYIOT B KJIETKaX
MpaiiMUPOBAHBIX, COOTBETCTBYIOIIMX ITO3THEMY 3IIH-
0JacTy MMILUIAaHTUPOBAaHHOTO 3MOpmoHa. B cBoio
ouepelb MOCISIHNM COOTBETCTBYIOT MapKephl Otx2
n Zic2. Kpome Toro, KaxKmblit TUIT KJIETOK 3aBUCUT OT
MeTo/a KyJbTUBUpOBaHUS. Hampumep, I1st KyJIbTH-
BUPOBAHUS SIMMOJIACTHBIX CTBOJOBBIX KJIETOK HEO00-
XomauMo npucyrcrBue B cpene Fgf2 u Activin A (Wein-
berger et al., 2016). Kpome Toro, okazanock, uto DE
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AKTUBEH B HAWBHBIX IUTIOPUITOTEHTHBIX KJIeTKax, a PE
aKTUBUpYETCS B mpaiiMupoBaHHBIX KkieTkax (Choi
et al., 2016). Takum o6pa3oM, 3T JIBa SJIEMEHTA SIBJISI-
IOTCSl YacThl0 MeXaHW3Ma, OOecCIeuMBAaIOIIero ITpa-
BWIbHYIO TIPOCTPAHCTBEHHO-BPEMEHHYIO PETYJISILIUIO
aKcrpeccun Poudf1.

ITo Mmepe pa3sBUTHS HOBBIX MOJIEKYISIPHO-0MOJIO-
TMYECKUX METOAOB, B TOM YMCJIE METOIOB FTeHOMHOI
WHXXEHePUU, ObLIU BBISBJIEHBI U APYyTUE MOTEHIIM-
aJIbHbIE LIMC-PETYISITOPHBIE 3JIEMEHTHI, BIIUSIONINAE
Ha ypoBeHb 3Kcrnpeccuu reHa Poudfl. Tak, ucIonib-
3yst oubamoreky rumoBeix PHK cucremer CRISPR/
Cas9 6511 pazpadoran meton CREST-seq, mpumeHuB
KOTOpPBHIi, aBTOphEl oOHapyxuinu 45 CRE-3meMeHTOB
(LM C-peryJIsITOPHBIX 3JIeMeHTOB) it PouSf1. Ynane-
Hue 3Tux obyacteit JJHK okaswiBajio BiauWsHHUE Ha
ypOBeHb 3KcIpeccun reHa PouSfl. HTepecHO, 4TO
17 13 TaKMX 371€MEeHTOB MPEACTABISIIIN COOO0I MPOMO-
TOPBI APYTMX TEHOB U HaXOIWIUCh 3a npeaeaamu DE
u PE (Diao et al., 2017). Takue mpoMOTOpbl MOTYT
MPEACTABISATh COO00I TaK Ha3bIBAEMBbIE €-ITPOMOTOPBI —
PETYISITOPHBIE 3JIEMEHTHI, COUYETaIOIIE B ceOe CBOT-
CTBa KaK 9HXaHCEPOB, TaK U IIPoMOTOpoB. boJree To-
ro, Dao ¢ coaBTopamu mokasajiu, 4to 2—3% mpoMo-
TOPOB KOAUPYIOIIMX T€HOB MOTYT TPOSIBJISITh HXaH -
cepHylo akTtuBHOCTh (Dao et al., 2017). Ilo psamy
Mpu3HaKoB TpoMoTop Pouldfl MOXeT BBICTYIIaTh B
pOJIN e-TIPOMOTOpPa, U UCCAeTOBaHUE TaKO BO3MOXK-
HOCTHU NpPEICTaBIsIeT HECOMHEHHBIN MHTEPEC BBUILY
noxkaymm3anuu PouSfl B 10Kyce, BEICOKO OOOTalIeH-
HOM T€HaMM.

OnHUM U3 TaKuX TIPU3HAKOB CIYXKUT UCCIIEa0Ba-
HUe, cBa3bIBatolee rmociaenoBaTtebHOCcTh POUSFI ¢
ayTOMMYHHBIMU 3a00JieBaHUSMU. ABTOpaMU COOT-
BETCTBYIOIIEH pabOThl OBUIO MOKAa3aHO, YTO IMOJIU-
MOpP®dU3MBbI HYKJIEOTUIHON TOC/IeN0oBaTeIbHOCTU B
00J1acTU TIPOMOTOpa ATOr0 T'eHa acCOLIMMPOBAHBI C
natoreHe3om rcopuasa (Chang et al., 2007).

B HacTosiIieM McciaenoBaHUM MBI OCYIIECTBUIN
OmaJIelIbHYIO aelielinio npomotopa Poudfl, obecrie-
YUB TIpU 3TOM caMo-Tiogaepxanne DCK 3a cuer
BHEIAPEHHON B AMCTATbHOE TEHOMHOE PAacCIIOoXKe-
HUe (pyHKUMOHaNIbHOU Komuu reHa Poulfl. Tlomy-
yeHHbIe TakuM oOpazoM DCK mociyxar ymoOHOM
MOJIEJIbIO U3YYEHUs POJIM TIpoMoTopa reHa Pouldfl B
Ka4yecTBe e-TIPOMOTOpA.

MATEPHAIJIBI 1 METO/IbI

ITnasmuaet. 111 CRISPR/Cas9-onocpenoBaHHO-
ro BHeAPEHUSI KOHCTPYKIMI B JIOKYC Rosa26 ncioiab-
30Bajlack MomuduuupoBaHHag 1rasMuma pX330-
U6-Chimeric BB-CBh-hSpCas9, Hecyias B cebe 1o-
cnenoBatenbHocTH Cas9, tunPHK 1 ¢hyopeciieHTHbI
6enok mCherry 15 cenekimu Kiietok. [Tocnenosares-
HocTh TMAPHK Obl1a mogoOpaHa ¢ MCIOJIb30BaHUEM
oHtaitH 1atgopmel Benchling (www.benchling.com).

Knerounsie munum. DCK Mbiy mvuaun PouSfV0x/10x
B KOTOPBIX IIPOMOTOP U1 MEPBbIi 3K30H reHa Pousf]
dmanaknpoBadbl LoxP caiitamu, OB OITMCAHBI pa-

KY3bMHWH u np.

Hee (Kehler et al., 2004). B xkauecTBe (punepHBIX KIie-
TOK MCHOJIb30BaAIM MBIIIIMHBIE SMOPHUOHAJIBHBIE (hD10-
pobiactel (MD®), nmosydeHHble U3 14-THEBHBIX M-
OpMOHOB MBIIIEH.

ITonyyenue MUTOMHIIMH-UHAKTUBUPOBAHHBIX (hUO-
po0JacTOB M NPUrOTOBJIeHHE (humepHoro cioa. MOD,
roJiydeHHbIe OT Mblieit tuHuu C57/BL6, KyabTuBU-
poBanu Ha 10-caHTUMETPOBBIX KYJTbTYpaIbHBIX Yalll-
kax (Eppendorf). ITo noctuzkennu 100% miaoTHOCTH,
cpely MEHSUIM Ha MUHUMAJILHBII 00BbEM CBEXEM cpe-
IIbI, comepkanieit MuromunH-C (Sigma) B KOHEYHOI
koHueHTpaiuu 10 Mxr/mi. ITociae nHKyGaiMu B Teve-
HUe 2.5 4 KireTky mpoMbiBani PBS, cHumanu tpurcu-
HOM M pacceBaiu B KOHLeHTpauuu 36 X 103/cm? win
XpaHWJIN B XXUIKOM a30Te.

KyabTuBupoBanune Kiaetok. DCK MbIM KyabTH-
BupoBaiu B DCK-cpene, B cocTaB KOTOpOit BXOAWJIN:
Knockout DMEM (Gibco), 15% sMm6proHanbHas
OBIUBs ChIBOpOTKa (Sigma), 100 en./Ma IeHUIMUIAH
(Gibco), 100 Mxr/ma ctpentomutiuH (Gibco), 2 MM
L-rnyramun (Gibco), 3aMeHUMble aMWHOKUWCIOTHI
(NEAA, Gibco), hLIF (Leukemia inhibitory factor —
JIEIKO3-MHIMOUPYIONMii (hakTop), MPUTOTOBICHHBII
B JlabopaTopHbIx ycioBusx. [lepeceB kieTok MpoBo-
mucst ¢ ucrioiab3oBaHueM 0.05% pacTBopa TpUTICHHA-
EATA. DCK pactuiny Ha KyJbTYypaJIbHOM TUIACTHKE,
MOKPBITOM (PUAECPHBIM CT0€M MUTOMUIIUH-UHAKTHU -
BUPOBaHHBIX (udOpodaacToB. Cpeny MEHSIIU KaX-
NbIA 1eHb WIW Yepe3 JeHb B 3aBUCUMOCTH OT TLIOT-
Hoctu OCK.

Bpemennas Tpancdekuusa. BpemeHHast TpaHcdex-
LIMS OCYIIIECTBIISIIACH B JIyHKaX 24-7TyHOYHOTO TIJIaH-
IeTa ¢ HucHoab3oBaHMeM peareHTa FuGene HD
(Promega). 3a neHb 10 TpaHC(hEKINHN KJIIETKHU pacce-
BaJuch B IoTHocTu 10 X 103/cm?. 3a vac no nobas-
JieHUsI TpaHC(hEeKIIMOHHOU CMeCcH KJIeTKaM 3aMeHsIIn
cpeny Ha GecceiBoporounyio (OptiMEM (Gibco) ¢
nob6asimeHueM hLIF). Yepe3 12 4 mocie TpaHcheK-
WU cpeny 3aMeHsIIM Ha ctaHmapTtHyio DCK-cpeny.
Ele yepes meHb KJIETKU pacceBaIv Ha 6-CM Jallku U
MoJBeprajay cejeKIIMM Ha COOTBETCTBYIOIIEM aHTH-
ouoTtuke.

KiionnpoBaHue ruioBoii mocJjieaoBareJbHOCTH. [ 11-
JIOBYIO TTOCJIEI0BATEILHOCTh KJIOHUPOBAJIN B BEKTOP
pX330-U6-Chimeric_ BB-CBh-hSpCas9 no caiitam
Bpil. It 3TOr0 NCXOmHYIO MI1a3MUIy JUHEeapu30Ba-
mm ¢pepmeHToM Bpil (Thermo Fisher Scientific), BbI-
JIeJISUTM U UCTIOJIb30Bald B KauecTBe BeKTopa. B ka-
YeCcTBE BCTaBKM HCHOJb30BaJIM CUHTE3UPOBAHHbBIE
OJIMTOHYKJICOTUABI, IAJUHON 24—25 HYKJIEOTUIOB,
coJiepxaliye crieludruuecKyo TUI0BYIO MocienoBa-
TenbHOCTh (20—21 HYKJI€OTHMIOB) M KOPOTKYIO IIO-
CJIEIOBATEeIbHOCTh, COOTBETCTBYIOILIYIO CaMTy pe-
cTpukiuu (4 HykjaeoTuaa). JIsa 4aCTUIHO KOMILIe-
MEHTaPHBIX OJIMTOHYKJIEOTHIa CMEeIIUBaJIv B 10 MK
1-kpaTHOTO NTMTasHoro 6ydepa, miaswm npu 96°C B
TepMOCTaTe, II0CJIE Yero MEIJICHHO OCTYXalIn 10
40°C. B panmpHeitmeMm aurupoBanue ¢ 50—100 Hr Bek-
TOpa MPOBOIVUIIM II0 CTAHIAPTHOMY ITPOTOKOJTY.
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CO3IAHUE KJIETOYHOW MOJEJU AJid U3YUYEHUAI

Co3naHne reHeTHYECKOi KOHCTPYKIIMH ISl IePeHo-
ca Jokyca Pousfl1. Ilnasmuny Rosa26-GOF-2APuro
rmoJjrydyainu B nBa 9tamna. CHavaja, IocieaoBaTelb-
HocTb 2A-Puro (P2A-caiiT, coemuHEeHHBII C T€HOM
YCTOMYUBOCTHU K IMMYyPOMUIIMHY) BCTpanBaJIN B IIa3-
muny pGOFI18, comepxamiyio 18-Kuino0a3HbINA Te-
HOMHBIN (pparMeHT, oxBaThiBalolIuii reH Poudfl
(Yeom et al., 1996). BcTpanBaHue TIpOU3BOINIIN TIe-
pel CTOM-KOJOHOM, COXpaHssl paMKy CUMTHIBAHMSI.
ITocne aToro, U3 MOJyYeHHOM KOHCTPYKITMM BhIpe3a-
Ju ¢dparMeHT 11 T.II.H., BKJIIOYAIONIWI TIOCIenoBa-
TeIbHOCTh 2A-Puro M TeHOMHYIO ITOC/IEeIOBATEIb-
HocTb Poulf1 (nmonoxenue —5.4...+4.9 T.11.H. OTHOCHU-
TeJTHLHO TOYKM Hadaja TPAaHCKPHUITIINH) M BCTPaWBaIN
B rutazmuay Ai6S(RCFL-tdT) (Addgene, Cat. 61577),
coJiepKalllylo TIeYr TOMOJIOTUU K Rosa26.

I'enoMnoe pexakTupoBanue. /151 BCTpauBaHUS B
nokyc Rosa26 nipu momoinu CRISPR/Cas9 texHo-
agorum Owbuia ucnoab3oBaHa TuaPHK 5'-ACTC-
CAGTCTTTCTAGAAGA-3'. Tlocne koTpaHcdek-
nuu Ki1oHbel DCK oTOMpann Ha aHTUOMOTUKE ITypO-
MUIIMHE ¢ paboueil KoHueHTpamueir 1 Mkr/mia. B
JaJbHEeIIeM 0ToOpaHHbIe KOJJTOHUY TeHOTUIINPOBA-
au MetogoM ITIIP Ha Hanmuuue Bcex HEOOXOAUMBIX
MOIN(UKAIINIA.

HMMyHOIIMTOXHMUYECKOE OKpammBaHue. Mvmy-
HOLIMTOXUMMWYECKOE OKpalllUBaHWE BBITIOJHSUIN TI0
CTaHAZAPTHOMY JabOpaTOPHOMY IIPOTOKOIIy C MC-
MOJIb30BaHMEM IIEPBUYHBIX aHTUTeN IpoTuB Oct4
(SantaCruz, C10, 1: 500), Nanog (Bethyl a300-397a,
1:250), Sox2 (Invitrogen pal094x, 1 : 250), Rex1 (In-
vitrogen pa5-27567, 1:200), a takxe KlIf4 (Abcam
129473, 1 : 250). ITpoTokos BKJIIOYaJ B ce0s (huKca-
o B 4% PFA B Teuenun 10 MuH, 3Taribl iepmMeadu-
mm3auuu ¢ Triton X100 (0.1%, 10 MuH), GJIOKUPOBKU
B PBS ¢ no6asinenunem 1% BCA 1 2% oBeuneil ChHIBO-
poTtku. PUKCUPOBaHHbIE KJIETKM WHKYOUPOBAJIM C
MEPBUYHBLIMU aHTUTEaMU B TeUeHUE 2 4 MIPU KOM-
HaTHOIi TeMmepaTtype. BropuuHble aHTUTE 1A, MEUEH-
Hele Cy3 mm Alexa 488 (Jackson ImmunoResearch)
pa3Boauan B cooTHoureHuu 1 : 500 u mHKyOrpoBaau
C KJIETKaMHM B TeYCHME TTOJIyTOpa YacoB IIPY KOMHAT-
HOIi TeMIlepaType.

PE3VJIBTATDHI

B xauecTBe oObekTa uccieqoBaHUS ObLIN BbI-
OpaHbl paHee TmojiydeHHbIe HaMu DCK MbIm, B
KOTOPBIX TPOMOTOP U NMepBbIit 3K30H PouSf1 B 060-
ux auiessix Obul (yankupoBaH loxP-caiitamu
(Pou5f1"x/floxy (Kehler et al., 2004).

g coszmaHusi MonelbHON cucteMmbl, B DCK
Pou5f V1% gpimm ynanensl npomotop (PP) u nep-
BBIil 5k30H (ex1) oboux amneneit PoulSf1x/flox  nng
4ero KJIETKM TpaHChEUUPOBaIu IIa3MUION, DKC-
MIPECCUPYIOILEN CIIUTYIO C JOMEHAMU 3CTPOrE€HOBO-
ro penenTtopa ERT2 Cre-pekom6uHa3zy. Bxon pekoM-
OMHA3bI B AP0 U BBILIEIUIEHNUE YKA3aHHBIX Y4aCTKOB
3aITyCKaJIMCh TIOCPENCTBOM I00ABIEHMS B CPEMy JIM-
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raiga — taMokcudeHa. [IpoayKT Takoro BbILIEIIe-
Hus (Pouldf1™) apnsercs HeyHKIMOHATBHBIM aJlle-
neMm (Kehler et al., 2004), yto BeaeT K nuddepeHI-
poBke DCK. mg coxpaHeHUS TUTIOPUITOTEHTHOTO
cratyca KJIETOK, OJHOBPEMEHHO C WHaKTuBalueit
Pou5f1/flox g nokyc Rosa26 Ipy IOMOILY FTOMOJIO-
TMYHOI peKOMOMHALIMM, MHAYIIUPYEMOIl CUCTEMOI
CRISPR/Cas9 (Bressan et al., 2017), BBoauiu noce-
JIoBaTeJIbHOCTh TeHa Poulf1, oXBaThIBAIOIIYIO 3K30-
Hbl 1 UHTPOHBI T€Ha, a TakxXe ero nmpomortop (PP),
npokcuMaibHbll (PE) W aucTanbHBIA sHXaHCEPHI
(DE) (momoxenue —5.4...+4.9 T.m.H. OTHOCUTEILHO
TOUKM Hayajia TPAaHCKPUIILIMU, pUC. 1a), ABJsIoIIMEe-
Ccsl HEOOXOAMMBIMU M JOCTAaTOYHBIMU 3JIeMEHTaMU
IIJIST TOHKO# PEeTyJISIINY ero paboThl B paHHEM,/TIO3T -
HeM anubiacte. Kpome Toro, mj1st otbopa MyTaHTHBIX
KJIOHOB, HEIIOCPEICTBEHHO TIepel CTOIM-KOAOHOM
Obl1a BCTpOEHA MOCIea0BaTeIbHOCTh YCTOMUYMBOCTHU
K IMMYPOMMUIIMHY, KCIIPECCUPYIONIAsICs B COCTaBe O~
LIMCTPOHHOM MOCAEI0BATEIbHOCTU COBMECTHO C
Poubf1. OTobpaHHbBIE KJIOHBI TEHOTUIIMPOBAINU HA Ha-
JIN4KMe aeIeliuy 110 000UM aJIjiesisiM, a TaKKe Ha HaJlu -
yye BCTaBKU B JIOKYC Rosa26 (puc. 10). Onucanue
CTpaTeruv reHOTUNUPOBaHUS (hJIOKCUPOBAHHBIX all-
neneit oputo npuBeneHo paHee (Kehler et al., 2004).
AMIUIMKOH, XapaKTepU3ylOLIUil BCTaBKY, COOTBET-
ctByeT 1.48-T.11.H. ¢pparMeHTy, aMIINGUINPYIOIIe-
Mycsl mpaiiMepaMu, ¢ 5'-KOHIIa 3aTparvBalOIIMMU
Rosa26 nokyc neBee mjeda ToMOJIOTMHU, a ¢ 3'-KOHILIA —
¢parmeHt BcTtpamBaeMmoro Poulfl. CymmapHO, U3
20 oroOpaHHBIX KOJTOHMI, ¥ 10 ObLIN yHaJIeHBI (PJIOK-
CHpOBaHHBIE 00JIACTU TI0 OOOMM aJIesIM, Uy 6 U3
HUX ObUI ITOATBEPXIEH NepeHOoC JIoKyca B Rosal6.
Takum obpaszoM, B pe3ybTare MPOBeAeHHBIX MaHU-
MYJISILUNA OBUTM YCTIENTHO MOoJTydeHbl 6 Ki1oHoB DCK
PouSf1*/*; Rosa 26"/

Jlokyc Rosa26 mmpoKo UCTONIb3YeTCs ST TIoTyde-
HUSI TPAHCTEHHBIX KJIETOYHBIX JTUHUA, B TOM YKCIIE C
npumeHeHreM cucteMbl CRISPR/Cas9. IMogxom, oc-
HOBAHHBII Ha BHEAPEHWN T€HOMHOI ITOCeI0BaTeb-
HocTtu PouSf1 B naHHBII TOKYC ObLT BEIOPAH I10 ITPUYM-
He HEOOXOOMMOCTU ITOJYyYEeHUsI TeHETUYEeCKU PaBHO-
LIEHHBIX JIMTHUI KJIETOK JUISI TaJIbHEUIIIETO aIeKBATHOTO
aHaJIN3a U cpaBHEHMSI. B IpOoTUBHOM ciiydae, 13-3a He-
OIpeIeJICHHOTO KOJWYECTBA KOMWIA TPU TOydYeHUU
CTaOMJILHBIX JIMHUM, a TaKKe U3-3a HEM3BECTHOI Te-
HOMHOM JIOKQJIM3ALIMU TAKMX MHCEPLIMIA, BO3MOXXHOCTD
caenaTh KOHKPETHBIE U BCEOOBhEMITIONIE BHIBOALI ITPU
CpaBHEHUM JIMHUI OCTaBaJIach ObI CITOPHOIA.

CormacHo cratbe Karwacki-Neisius ¢ coaBTopa-
MU, YMEHBIIIEeHNEe YPOBHs 3KcIpeccun PouSf1 moxeTt
MIPUBOIUTD K YCUJIEHUIO TTIOPUTTOTEHTHBIX XapaKTe-
PUCTUK KJIETOK, TaKMX KaK TTOBBIIIEHHBI YPOBEHbD
aKkcrnpeccun Nanog, TOHMXXEHHAast YacTOTa CTIOHTaH-
Ho#t muddepeHIINPOBKN U YCIJICHHOE CBSI3BIBAaHME
oenka Oct4 ¢ sHXaHCepaMM, acCOIIMMPOBAHHBIMH C
cocrossHMeM mnopurioteHTHOCTH (Karwacki-Neisius
et al., 2013). B jaHHOM HMcclieqOBaHMUM aBTOPHI MOJTY-
YWIN U UCTIOJIB30BAIN TeTepo3uroTHyIo (Pousf1™)
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DCK Pousfiesiox

DCK Poulf1~/%; ROSA26P 11+

PouSf17ox o PouSf1*
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Puc. 1. [MonyyeHue u nepBuUHbIi aHaU3 MoaenbHOI TuHUU DCK PouSf1 A/ A;RosaZ6P oufl/+, (a) CxeMa reHeTUYECKHUX MaHU -
nyssimii ¢ uexonubiMu DCK Pou 5 F10%//10% osponusume nenetuposars mpomotop (PP) u yaepxars DCK B IUTIOPUIIOTEHT-
HOM COCTOSTHUM TTOCpencTBOM BHeapeHust 10.3-T.1.H. (ThICSY Map HyKJIeoTUIoB) pparmerTa reHa Poudf1 B nokyc Rosa26. (6) Ipu-
Mep pe3yJIbTaTOB TeHOTUITMPOBAaHMSI TIOJTydaeMbIX KJIOHOB. Ha JieBoif KapTUHKE OTOOpakeHBI pe3y/IbTaThl MPOBEPKM BBIPE3aHMS
IIPOMOTOpA 1 MIEPBOTO 3K30Ha Pousfl. 1 — DCK nmkoro tvna, 2, 4 — BCK PousFrox/flex 3 5 _ DCK Pousfi>2;Rosa26™0 I/,
Boanpwt B paitone 500 1m.H. COOTBETCTBYIOT AETEKTUPOBaHMIO (piokcupoBaHHOTO (+34 11.H. 3a cueT LoxP caitta) u/unu qukoro
ajutenst PouSfl. banp B paiioHe 250 HYKJIEOTHIOB COOTBETCTBYET NETEKTUPOBAHUIO AEJIELIMU TTPOMOTOpa M MEPBOTo SK30HA
Pou’f1. Ha npaBoii KapTUHKE — IETeKTUPOBaHWE BCTpauBaHMsI TTOCJIeNoBaTeIbHOCTU reHa PouSf1 B 1oKyc Rosa26, KOTOpoMy co-
otBetcTByeT 1.48-T.11.H. ammumkoH. | — DCK PouSf110%/f10x 3 _ 5CK Pousf1%/2; Rosa26™4¥1/*  (8) Oxpammsanue nomyuen-
HBIX IMHUM Pou5f]A/ A;RosaZ6’D oufl ya Mapkepsl ruiopunioteHTHOCTH — Oct4, Nanog, Rex1, Sox2, KlIf4. CpaBHeHUe 110 psimy

Mapkepos ¢ Kietkamu DCK nukoro tuna u kietkamu DCK PousSfFF0//1X Cokparenus na pucyske: PP — npomorop, DE —
UCTaTBHBIN 3HXaHcep, PE — mpokcuManbHbI 3HXaHCeD, €1-5 — 9k30HbI TeHa Poudfl, 2A — P2A caiit, PuroR — ren ycroitanBoct

K mypoMuiinHy, TAM — TaMOKcu(peH.

a0 DCK OKO160. B HamreM ke citydae, TTOMHUMO
CO3[aHMsI TETEPO3UTOTHOCTHU, €IVMHCTBEHHBINA (DYHK-
LOHAJIBHEIN ayuienb Pouldf] ObU1 MOMEIIEH B HOBOE
reHeTUYeCKOe OKpYKeHUe, JIOKYC Rosa26. 3a MCKITO-
YeHNEM HEKOTOPHBIX MOP(OIOTMIYECKIX OTIMINIA, TI0-
aydeHHble OCK  PouSf1%;Rosa26™ ¥+  obnamamm
cxonubiMu ¢ DCK Poulf1/o*/Mo% y knerkaMu IMKOro
TUIIA XapaKTepUCTUKAMM, IMPOIOJIKAIM HOPMAaJIbHO
npoymGeprupoBaTh, a TAKXKe KOHCTUTYTUBHO 9KCIIPEC-
CHpPOBaJIM OCHOBHOM MapKep IUIIOPUIIOTEHTHOCTU —
oenmok Oct4. TlomuMo 3TOro, ITIOJIydEHHBIC KIISTKH
3KCIPECCUPOBAIN IPYTME MAPKEPHI TUTIOPUIIOTEHTHO-
ctH, Takue Kak Nanog, Sox2, Kif4, u Rex1. MnTepec-
HO, 4TO B cpaBHeHUU ¢ KoHTposem DCK PouSf1»A,
Rosa26™¥1/* mokazanu 6oiree paBHOMEPHOE pacIpe-
nenenue Klif4, a Takke Oosiee BBICOKUIT ypOBEHb
Nanog, 4TO MOJIHOCTbIO COOTBETCTBYET pe3yJibTaTaM
a"Hammza DCK yuauun OKO160 (Karwacki-Neisius
et al., 2013). Takum o6pa3zomM, MOJTYYEHHBII Pe3yIb-
TaT IO3BOJISIET ClIeIaTh 3aKJII0YEHHE O TOM, YTO IIepe-
HOC OTHOI KOIINY T'eHa B yKa3aHHBIX BHIIIIE pa3Mepax
B DKTOIMMYECKOE MOJI0KEHNE HE OTPaXKaeTCsI Ha TLTIO-
pUITOTEHTHBIX cBolicTBaXx DCK MBIIN.

OBCYXIEHUNE

ITosydyeHHBII B HacTosI1Iel paboTe pe3yabTaT Mo-
Ka3bIBAEeT, UTO MEPEHOC OAHOI KOMUU T'eHa B DKTO-
MYECKOoe MOJIOKEHNUE HE OTPasKaeTcsl Ha SKU3HECITO-
cooroctn DCK wmprmm. Takme KIIETKM COXPaHSIOT
CBOIO TTPOJIU(PEPATUBHYIO AKTUBHOCTD 1 9KCIPECCH-
pyioT TipoayKT PoulSfl — Oct4 Ha HEOOXOAUMOM ST
camoobHoBieHUsT DCK ypoBHe. Takum obOpa3om,
MOXHO cAejaTh BBIBOA OT TOM, UTO OIIpeaesIeHHEIE
paHee rpaHuLbl PouSf1 0XBaThIBAIOT BCE PETYISATOP-
HBIE 3JIEMEHThI, HEOOXOAUMBIE IS (YHKIIMOHUPO-
BaHust DCK (Yeom et al., 1996). lanbHeiiiive uccie-
JIIOBaHUSI, OAHAKO, IOJDKHBI IOKAa3aTh, JTOCTATOYHO
JIV 3TUX DJIEMEHTOB ISl mepexona Poulf1 B HeaKTUB-
Hoe cocTosiHue B xoae auddepeHnpoBku DCK,
paBHO KaK Y JUISI €€ HOPMAaJIbHOTO TIPOXOXKIEHUSI.

ITomuMo 3TOTO, MOTYyYEeHHBIE B HACTOSIIIEH pabo-
te DCK smaun PouSf1%/2; Rosa26"°“¥"/* GynyT 1BAATH-
Cs LIEHHBIM MHCTPYMEHTOM TIpY M3Y4EHUU SHXAHCEP-
HoIi (pyHKIIMM IpomMoTopa PouSf1 B OTHOIIIEHUH OKPY-

OHTOIEHE3 Ttom 51 Ne6 2020

>KaloIIMX ero TeHOoB. JlaibHelillee cpaBHEHUE YPOBHEM
9KCIIPECCUU TE€HOB B KJIETKaX ¢ MePEeHECEeHHbBIM JIOKY-
coM Poudf1 W B KIleTKax C UHTaKTHBIM aJUIejieM TIOMOTYT
yKazaTh Ha HaJlMuue Takoil (hpyHKIMU. A najgbHeliiee
npuMeHeHue MeTonoB 3C (Chromosome Conformation
Capture) TOMOXeT 3T0 JoKa3aTh. MI3yueHue sHxXaHCcep-
HBIX (DYHKLMIA poMoTopa Pousf1 mipencraBisieT HeCo-
MHEHHBII MHTEepeC BBUIY €r0 JIOKAJIU3AlU1 B XpOMO-
COMHOM JIOKYCE, BBICOKO OOOTalllEeHHOM T€HaMH, BO-
BJIEYEHHBIMU B Pa3JIMYHbIE OMOJIOTMUECKIE MPOLIECCHI.

CpaBHUBasg Hally MOJEJIb C IPYTUMU U3BECTHbI-
MU KJI€TOYHBIMU MOJIEJISIMH, TIO3BOJISIIOIIIAMHU 3aMe-
maTh (GpyHKIuio reHa PoulSfl, MOXXHO OTMETUTH JIM-
Huro DCK ZHTc6 (Niwa et al., 2000). CozmaHne
9TO# JUHUIA, OTHAKO, CTABUJIO 1IEJbIO OLICHKY BIMSI-
Hus ypoBHs 6enka Oct4 Ha cynp0y DCK MbIm 1 H1-
KakK He OTBeYaeT HAallMMHU LEJISIMU, TaK KaK IIPOMO-
Top reHa B DCK ZHTc6 octaetcsa nHTakTHBIM. Kpome
TOTO, B YKa3aHHOI paboTe NS TTOAAepXKaHUS TUTFOPU-
noreHTHOCTH DCK OBIT Mcob30BaH TpaHcreH KJIHK
Oct4 o ynipaBiaeHueM CMV-1ipomMoTopa, 4To He T103-
BOJISIET OLICHUTH PeTyIsIuio camoro Pouldf1.

Kpowme Toro, uHTepecHbIM siBIsieTcsl (hakT coxpa-
HEHUS TUTIOPUTTOTEHTHBIX CBOMCTB MOJTYYEHHBIX KJle-
TOK ITPU MHAKTUBALIMU €TI0 SHAOTEHHOM SKCIIPECCUU.
C omHOI CTOPOHBI, 3TO HE YIAUBUTEIBHO, T.K. YXKe
6bL1M TToNTydeHbl M KieTku ZHTc6, u Oblta mpoje-
MOHCTPUPOBaHa UCKJIIOUUTEbHAS BaXKHOCTh MTPOK-
CUMaJIbHOTO WY JMCTAJIbHOTO 3HXaHcepoB Pousfl
(Choi et al., 2016). C npyroit CTOPOHBI, TUTIOPUIIO-
TEHTHbIE CBOMCTBA 3THX KJIETOK TPEeOYIOT HdalbHek-
LIUX TTOATBEPKACHUI, HAITPUMEP, CO CTOPOHBI IUHA-
MUKU TUDOEPeHIIMPOBOK B pa3HbIE 3apOibIIIeBbIe
Juctku. HenaBHO ObUIO MOKa3aHO, YTO CYIIIECTBYET
JIOTIOJTHUTEIbHASI XapaKTePUCTUKA TUTIOPUITOTEHTHBIX
CTBOJIOBBIX KJIETOK ITPY CMEHE HAMBHOTO U MpaiiMupo-
BaHHOTO COCTOSIHUIA, TaK Ha3bIBaeMasl “CTaiausi po3eT-
kn” (Neagu et al., 2020). BoamozkHO, OymyT HaiiieHbI 1
JIpyTHE, HOBBIE CTaAWU B TIpoliecce nuddepeHIIMpoB-
k1 DCK, KOoTopbIe MOXKHO OyZIeT OOHAPYKUTh, CpaB-
HUBasi MOJyYeHHbIE HAMU JIMHUU C KOHTPOJIbHBIMU.
B TtakoMm ciyyae Mbl Takke BEPOSITHO CMOXEM OXa-
pakTepru30BaTh 3JIEMEHThI, OTBEYalOIIUe 3a PEryJsi-
LIMIO Y TIPaBWIBHOE TTPOXOXIECHUE TaKUX CTAAWM.
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Establishing a Cell Model for Studying the Interaction
of the Pou5f1 (Oct4) Promoter with the Genetic Environment

A. A. Kuzmin!, V. V. Ermakoval, E. V. Potapenko!, M. G. Ostroverkhova',
N. A. Guriev!, and A. N. Tomilin": *

! Institute of Cytology Russian Academy of Sciences, Tikhoretsky ave. 4, St. Petersburg, 194064 Russia
*e-mail: a.tomilin@incras.ru

Pousf1 (Octd), a key gatekeeper of cellular pluripotency, has little been studied with the regard to roles of its
regulatory cis-elements in transcriptional control of neighboring genes. In this study we have performed bi-
allelic deletion of the Pousf1 promoter with simultaneous rescue of mouse embryonic stem cell (ESC) self-
renewal by a 9.8-kb fragment of PouSf1 knocked into the Rosa26 locus. Our results confirm previously estab-
lished PouSf1gene boundaries, whereas the generated ESCs will be indispensable for further studies of PouSf1
promoter in transcriptional regulation of neighbor genes.

Keywords: PouSfl, cis-regulatory elements, embryonic stem cells, pluripotency, CRISPR/Cas9, RosaZ26,

ePromoter
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