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AHHOTaUMSA

Llenbto gaHHOro npoekta 4ABnAeTcs U3ydeHue paguonpoTeKTOPHbIX CBOWCTB
HoBoro 6enka Damage suppressor (Dsup) Ha mogenbHOM ob6bekTe D. melanogaster n
KynbTypax KMeToK 4YenoBeka W uccnefoBaHWe MexaHu3MOB AeWCTBUsS 3Toro 6enka.
Bernok Dsup siBnsieTca HOBbIM 6erikoM, OTKpbITbIM B 2016 rogy B 3KCTPEMOMUITbHOM
opraHname Ramazzottius varieornatus — OgHOM M3 CaMbIX PagNOPE3NUCTEHTHbBIX BULOB
MHOrOKMNeTo4YHbIX opraHnamoB. CosgaHve nuHui D. melanogaster n KynbTyp KneTok
YyenoBeKa, 9SKCMPEeCCUPYLWMNX AaHHbIN 6enok, MO3BOMIUT OUEHUTb BO3MOXHOCTb
NOBLILWEHUS WX pPagnope3NCTEHTHOCTM B Xxode obnyvyeHus pasHbiMKM  Bugamu
NOHU3NPYIOLEro U3MNyYeHUs, a LWMPOKUA CNekTp MeToOOoB, MPUMEHUMbIA K 9TUM
MOAESNbHbIM OpraHnamam, No3BONUT HayaTb U3yyeHue Bo3gencteume Dsup Ha KneTky
Kak Ha OpraHn3MeHHOM, TaK 1 Ha MOSEKYNAPHOM YpoBHe. [Ina pelleHns AaHHbIX 3agad
Hamu BygeT MCNoNb3OBaH LUMPOKUIA CMEKTP MONEKYNAPHO-6MONOrnyecknx MeToaos: B
4YaCTHOCTU, CO34aHue NMMHUIN OpPraHM3MoB, SKCNpeccupyowmx 6enok Dsup n rmbpuaHbIn
6enok GFP-Dsup, TpaHCKpUNTOMHbIA aHanua, CEKBEHMPOBaHME, MMYHOOKpaLUMBaHNe
NOSIMTEHHBLIX XPOMOCOM, CUHTE3 B BakTepuarbHbIX KrneTkax, BblOefNeHne U oYucTKa
3HaunTenbHbIX KonuyectB Genka Dsup u 1.4. 1o psgy NyHKTOB, HEOOXOAUMBLIX AONiS
BbIMOMHEHUSA JAHHOIrO MPOEKTa, Y aBTOPOB YXXe MMEKTCH 3HauuTernbHble HapaboTku, B
4YacTHOCTU yxe co3faHbl NMnHuK D. melanogaster, ctabunbHo akcnpeccupyrowme Dsup,
N KynbTypa knetok yenoseka HEK239T ¢ TpaH3neHTHOW akcnpeccuen Dsup. Cneayet
OTMETUTb, YTO Ha TEeKyLMA MOMEHT HEeT [aHHbIX O MHOrOKMETOYHbIX MOAESIbHbIX
opraHusmax, aKkcnpeccupytowmx 6enok Dsup, NO3TOMy pellaemMble B X04e BbINOSTHEHUS
NpoeKTa 3afaun ABMNSATCHA HOBbIMU M BaXXHbIM HE TOJbKO OIS MOneKynspHon uonorum
n pagnobuonornn, Ho U Ans GUoTEeXHONOMMU, KOCMUYECKUX MUCCreoBaHUM U JobbIX
APYTMX  AUCUMNIMH,  TpeOylowmx MNOBbIWEHNA  YPOBHSA  pagnope3ncCTEHTHOCTU
OpraHn3mosB.

3anpawmBaembl 6rogxkeT npoekta Ha 2021-2023 rogbl 160 KUSD.



BBepneHne

3agaven gaHHOro MpoekTa SBMSETCA NOSlyYeHUe HOBbIX AaHHbIX O CBOWCTBaX
yHUKanbHoro 6enka Dsup, oBHapyxeHHOro y akcTpemodunoB Tuna Tardigrada, wu
N3y4yeHne MeXaHU3MOB €ro BfUSIHUS Ha pagnope3ncTeHTHOCTb M Apyrne napameTpbl
XXMBbIX OpraHn3amoB. B ycrnoBusix yBenuueHusi ypoBHS paguaunoHHOro ¢oHa 3a cyet
Pa3nMYHbIX TEXHOTEHHbIX COCTaBMAKLWMX, NPOONemMbl KOCMUYECKOrO U3MyYeHus,
NPenATCTBYIOLLErO ANUTENbHOMY MPebbIBaHUIO XMBbIX OPraHM3mMoB B KOCMOCE, U
OOLWNX MEXaHU3MOB, NeXalmux B OCHOBE CTapeHMs KNEeTOK U UX MNOBPEeXaeHWUs
MOHM3UPYIOLLMM  M3NydeHMEeM, U3yYEeHMEe  HOBbIX  MEXAHW3MOB  YBENUYEHUS
pPaanopPEe3NCTEHTHOCTU SIBNSETCS OOHUM U3 BaXXHENLUMX HanpaBfieHUA MOMEKYNSAPHOM
Guonornm n pagnobuonornn. Ha gaHHbIN MOMEHT CyLLEeCTByeT BECbMa OrpaHn4yeHHoe
YNCNO IKCNEPUMEHTAmNbHbLIX AaHHbIX, OMUCbIBAKOLWMX MexaHu3Mbl AencTBua Dsup
(Chavez et al., 2019; Hashimoto et al., 2016), BbIMOMHEHHbIX UK in Vitro (BHE >XMBOro
opraHvMamMa), Unu Ha KyrnbType KNeToK, YTO HE OTpaXkaeT BCEro MHOroobpasusi peakumm,
KOTOpbI€ MOTyT ObITb Bbi3BaHbl 6€5IKOM DSUpP B MHOTOKNETOYHOM OpraHu3me C pasHbiMM
TMNnamm TKaHen, CUCTeMaMm OpraHoB M CIOXHbIMW B3aMMOAENCTBUAMU MEXOY HAMKN Ha
pasHbIX YPOBHAX OpraHu3auun (B 4aCTHOCTW, BUSIHUE HA NPOAOSPKUTENBbHOCTb XU3HW,
noBedeHve, cneynanuanpoBaHHble MeTabonuyeckne npoueccbl u T.4.). [loaTomy
n3yyeHne BnuaHua 6enka Dsup Ha moaenbHbii 06bekT D.melanogaster, ctaBLnK
OCHOBOW ANS U3y4YeHWs MPOLIECCOB, MPOMCXOAALLMX HA PasHbIX YPOBHSIX OpraHu3aumm
XMBbIX CMCTEM, MO3BONUT ONMCaTb BaXHble CBOWCTBa 3TOro 6enka u mMexaHusMmbl €ro
B3aMMOLENCTBMS C Mpoueccamn >xu3HeobecneveHns D.melanogaster. B kayecTtse
METO[4OB WCCnefoBaHUA B [OaHHOM NPOEKTe npeanaraeTtcd MCNonb3oBaTb  Kak
COBpPEMEHHbIE METOAMKN TPAHCKPUNTOMHOrO aHanmsa, cos3gaHne rmbpuaHbix 6enkos u
bNyopeCUEHTHYI0O MUKPOCKOMNWIO, Tak M Tpebylline Takke XOpoLlen KnacCu4eckow
MOReKynsipHo-6uonorndyeckon 6a3bl  (CEKBEHMPOBaHME, METOAbl MOJSEKYNAPHOro
KNOHMPOBaHUS, UMMYHOOKpaLlMBaHme u T.4.).

B xome peanusaumm npoekTa BnepBble NpeanonaraeTcs OLEHUTb KapTUHY
BNMAHUSA 6enka Dsup B HOpManbHbIX YCIOBUSIX U NOCE BO3OENCTBUS MOHU3UPYIOLLIETO
N3Ny4YeHUs pasHbIX TUMOB Ha (PYHKLUMOHMPOBAHME MHOTFOKIEeTOYHOro opraHmama (D.
melanogaster) Ha YypOBHE NPOAOIMKNTENBHOCTHU KN3HN n CTenexHun
pPagnope3nNCTEHTHOCTUN, HA YPOBHE TPAHCKPUMTOMOB, U HA8 XPOMOCOMHOM ypoBHe. [ns
KynbTypbl KNETOK YenoBeKa NnaHMpyeTcs BnepBble Nony4nTb JaHHbIE O BNUAHUK 6enka
Dsup Ha KneTkM Ha TPaHCKPUNTOMHOM YPOBHE WU  OLEHUTb  M3MEHEHMS
paanope3nCTEHTHOCTU KyNbTypbl KNETOK, aKcnpeccupyoLlen Dsup, nocne Bo3gencrauns
NMPOTOHOB U TSXKENbIX MOHOB. [MonydeHHble OaHHble MOryT BHECTW BaXXHbI BKNag B
OonucaHme HOBbIX MeXaHM3MOB PaAMOPE3NCTEHTHOCTM Ha Pa3HbIX YPOBHSAX OpraHnu3auum
XMBbIX CUCTEM U B AanbHENLEM OLEHUTb BO3MOXHOCTb MX NPUMEHEHUS B Pa3fnyHbIX
obnactax 6uonormm n MeanLUmHbI.



CocTosiHue nccnenoBaHum No npobnemam, usyvyaemMbiM B NpPOeEKTe

OKCTpeMouIibHble  OpraHu3mbl, adanTUPOBaBLUMECA K  3KCTPEMaribHbIM
YCNOBUSAM  OKpyXatollen cpeapl (BblCOKasi/HUM3Kass TemnepaTypa, BbICOKOE/HU3KOoe
paenexve, pH<3, pH>9, BbiCOKME YPOBHU MOHU3NPYHOLLETO U3ITyYEeHUs!, 3aCONEHHOCTb U
T.4. ), AABHO SBMSAKOTCS NpeaMeToM UHTepeca duonoruun. MNMogaenstowiee 60MbLLMHCTBO
SKCTPEMOMUINBbHBLIX OPraHN3MOB OTHOCUTCSI K OQHOKITETOYHbIM OpraHnuamam, Hanpuvep,
K Gaktepusam n apxesam. OpHako cpeau XMBOTHbIX TOXE BCTpevyalTcss BuAbl,
CnocobHble BbPKMBATL B 3KCTPEMAarbHbIX YCITOBUSX OKPYKatoLwen cpeabl — B YaCTHOCTH
Tuxoxoaku (Tardigrada).

Puc.1. CkaHupytoLas 3NeKTpoHHas
MUKPOCKOMUSI HEKOTOPbIX BMAOB TUXOXOOOK. a,b
Richtersius coronifer B rmgpatMpoBaHHOM W
aHrMapobroTU4ECKOM COCTOSIHUSIX. c -
Isoechiniscoides sifae. d — Actinarctus cf.
doryphorus (BeHTpanbHbii BMA). Scale bar = 100
um. BocnpowusseneHo u3 Water Bears: The Biology
of Tardigrades Editor: Ralph O. Schill. Springer
2018.

OcobeHHbIN NHTEepec npeacraBnseT
YCTOMYMBOCTb  TUXOXOAOK K  MOHM3UpYyLoLemMy
N3ny4yeHuto. Heckonbko HeJaBHUX UCCregOBaHNN Ha
pasHblX BMAax OpraHM3MOB  MoOKasanu, 41O
npeacraeButenu Tardigrada oTHocATCA K rpynne
Hanbonee yCTOMYMBLIX K pagvaunm XXMBOTHbLIX Ha
3emne, cnocoOHbIX BblKMBaTb MNOCHE BO3AENCTBUSA
Kak pegko- Tak M MMOTHO  MOHU3MPYHOLLEro
na3nyyeHmnsa B gosax okoro 5 klp (Charlotta Nilsson
et al., 2010; Horikawa et al., 2012, 2008, 2006;
Jonsson and Wojcik, 2017). MonekynsipHble MexaHu3Mbl Takoh pagnope3vcTeEHTHOCTHU
[0 CUX NOP B 3HAYUTESTbHOW CTEMNEHN HESICHbI.

OKCcTpemarnbHas paavope3nCTEHTHOCTb TUXOXOLOK caenana MX MoAerbHbIM
OpPraHnU3MoM 1151 N3y4eHUs BUSIHUS KOCMUYECKUX YCITOBUN Ha XUBbl€ OpraHu3Mbl 1 Ha
HM3kon okonosemHon opbute B xoge FOTONM3 muccum 6binm npoBeaeHbl HECKOSbKO
akcnepumeHToB ¢ Tuxoxogkamu (TARDIS (Jonsson et al., 2008), RoTaRad (Persson et
al.,, 2011), TARSE (Rebecchi et al., 2011, 2009)). B xoge npoekta TARDIS
(Tardigrades in Space) Tuxoxogoku 10 gHen HaxoOUNUCb B YCMNOBUAX KOCMWUYECKOTO
Bakyyma (10° Pa), BoaaencTBus kocmuyeckoii paguaumm (100 MIp) n Yd-nsnyyenus.
Hanbonbwmnin otpuuatenbHbli 3P@EKT Ha BbPKMBAEMOCTb TUXOXOO0K MO CPABHEHUIO C
KOHTPOMbHOW rpynnon okasano Y® obnyvyeHue MOMNHOro Cnektpa, Torga Kak
BO3JENCTBME BaKyymMa W KOCMWYECKOW paguauuu He okasannm Ha BbhKMBAeMOCTb
cywecTtBeHHoro BnusaHus (Jonsson et al., 2016, 2008).

HecmoTpa Ha 3HauMTenbHOE YMCNO  uMccregoBaHuMn 06  yHMKanNbHOM
pagMope3NCTEHTHOCTN TUXOXOAOK, MOYTM BCE 3TU AdaHHble OMuCbIBAKT pasfuyHble
napamMeTpbl BbPKMBAEMOCTU, HE Mepexons Ha KIeTOYHbIN U MOJSIEKYNAPHbLIA YPOBEHD,



NnoO3TOMY MeXaHU3Mbl PagnNoOpPeE3NCTEHTHOCTU TUXOXOOAO0K K MOHN3NPYHOLLEMY U3JTYyHEHUIO
NOYTN HE N3YyYeHbl N NpeacTaBAOT 3HAYUTESNbHbIN NHTEpPEC.

MonekynsipHble MexaHU3Mbl PaaMoOpPe3UCTEHTHOCTU TUXOXOA0K

B nepuoa OOOMWKCHBLIX TeXHOMOrMn OGbiNO0 MPOBEAEHO OBa 3KCMEpUMEHTa Mo
MOMCKY FEHOB TUXOXOLOK, 3KCMPECCUsi KOTOPbIX M3MEHSIETCA B OTBET Ha BO3AENCTBUE
NoHu3upyowen paguaumn. Beltran-Pardo et al. (Beltran-Pardo et al., 2013) nokasanu
3HauuTenbHoe yBenunyeHune konuyectBa Oenka Rad51 nocne y-obnyyenus (70 [p)
rmapaTnpoBaHHbiX M. cf. tardigradum , 4To roBopuT 06 akTMBaUUM CUCTEM penapaumm
AHK, cBA3aHHbIX C roMonornyHon pekombuHaumnen. Joénsson and Schill (Jénsson and
Schill, 2007) npogeMoHCTpMpoBann MoBbILWEHNE 3Kcnpeccun reHa Hsp70 nocne y-
obnyyeHus (500 Ip) R. cf. coronifer. Hsp70 — 6enkn-wanepoHbl, NpUHUMAatoLme
yyactme B 6OnbLIOM 4ucne MpOLECCOB, CBS3aHHbIX C OTBETOM Ha pasHble BuAbl
cTpecca v noagep)XaHne reHoMHOW CTabunbHOCTU. [OMONOrMyHble BapuaHTbl 3TUX
GenkoB NPUCYTCTBYIOT Y BCEX XXMBbIX OPraHN3MoB.

MpopbiB B UccnegoBaHusax npounsowen B 2016 roay, koraa 6bin ceKBEHMPOBAH
reHoMm Ramazzottius varieornatus — OAHOrO M3 CaMblX PagUOPE3UCTEHTHbLIX BWOOB
Tuxoxogok (Hashimoto et al., 2016). Nocne aHanu3a gaHHbLIX N cpaBHeHUs GernkoB R.
varieornatus co BceMu yxxe U3BecTHbIMU Benkamu Apyrmx opraHm3amoB 6bin obHapyXeH
YHUKanbHblh ©enok - Damage suppressor (Dsup), NpUCYTCTBYIOLWINN TONbKO Y
Tnxoxodok. Ha kynbType knetok HEK239 6biio NpoaeMOHCTPUPOBAHO, YTO Mocne
TpaHcdEeKLMM BEKTOPOM, coaepxawum GFP-Dsup, ¢nyopecueHTHbI curHan Obin
nokanusoBaH B s4pe, YTO TOBOPUT O BO3MOXHOM YyyacTum Dsup B 3almUTHbIX
MexaHu3aMax oT Bosgencteus pagnauum Ha [OHK. O6nydeHne  KNeTok,
TpaHcgeumpoBaHHbiXx Dsup, y-kBaHTamu B Jo3e 4 [p nokasano yBefiMyeHue wux
BbKMBAEMOCTU U CHWXEHME pafuaunoHHbIX noBpexaeHun Ha ypoBHe OHK (y-H2AX
foci detection, COMET assay) no cpaBHeHW0 ¢ 0651ly4eHHbIM HeTpaHcdeumpoBaHHbIM
KOHTposiem (Hashimoto et al., 2016). [Mockonbky ob6nyvyeHne nepegq COMET
npoBoaunocs Ha nbay u @QparmeHtauma [OHK aHanusmpoBanacb cpasdy nocne
obnyyeHus, penapaunoHHble NPoUecChbl He BHOCUIM 3HAYUMbIM BKNa B YMEHbLUEHne
Konuyectea paspbiBoB B [HK, 4TO roBopuT B NOMb3y paguvonpoOTEKTOPHbLIX (OYHKLNIA
Dsup, a He 06 ycuneHum um penapawmoHHbIX NPOLLECCOB.

Benok Dsup coctouT M3 445 aMUHOKUCAOTHLIX OCTaTKoB, hopmupytowmx N-
KoHUeBON M C-KOHLEBOM paniOHbl, Mexay KOTOpbIMM HaxoguTca npegnonaraemMasi a-
cnvpanb. B akcnepumeHTax in vitro 6b1510 nokasaHo, Yto Dsup B3auMmogencTByeT C
monekyrnamu [HK He3aBMCUMO OT uX HykKneoTuUAHOW nocriegoBatensHocTn (Hashimoto
et al., 2016). KnetoyHaa nuHus, akcnpeccupytowas Dsup ¢ genetupoBaHHbiM C-
KOHUEBbIM panoHOM, He obragana noBbILLEHHOW YCTOMYMBOCTLID K PEHTrEHOBCKUM
nyyam, a nNuHUS, akcnpeccupyowas Tonbko C-KOHUEBOW panoH, AeMOHCTpupoBana
AOEPHYIO NoKanusauui 3Ton 4Yactu 6enka, HO ¢ POPMUPOBAHWEM HEHOPMAITbHOM
CTPYKTYpbl siaep. BeposiTHO, cBs3biBaHWe oTgenbHoro C-koHUeBOro panoHa 6ernka
Dsup ¢ OHK Bnusetr Ha pennukaumio u/vnun TpaHckpunuuio. ogobHbin adhdekT
HabnogaeTca M gnsa gpyrmx GenkoB, cnocobHbIX cBsa3biBaTbea ¢ OHK: Hanpumep,
cBepxnpoayumpoBaHue rmcToHonogobHbIX 6enkoB y 6akTepunin Bbi3biBaeT KOHOEHCALNIO
OHK n notepto kneTtkon xusHecnocobHocTn (Spurio et al., 1992). N-koHLEBOW panioH
Dsup v npegnonaraeMasa a-cnupanb BO3MOXHO HENTpanuaylT 3T 3ddeKkTbl B
nonHopasmepHoM 6ernke Dsup (Hashimoto and Kunieda, 2017).



B 6Gonee nosgHux wuccnepoBaHuax 2019 roga (Chavez et al.,, 2019) 6bino
nokasaHo, 4to Dsup npegnodtuternibHee CBA3bIBAETCA C HyKNeocoMaMu, 4YeMm Cco
cesobogHom ot ©OGenkoB [OHK u ymeHbwaetr crteneHb noBpexaeHna [OHK
rMMOPOKCUNBbHBIMU  pagukanamu. HeoxugaHHO, 4TO KOHcepBaTMBHbIM panoH Dsup,
HeobXxooMMbIA ONsi  CBA3bIBAHMS C  HYKNEOCOMaMW, OYeHb MOXOX Ha [OOMEH,
CBA3bIBAKOLWMNCA C Hykneocomamn y 6enkoB rpynnbl HMGN no3BOHOYHbIX (KOHCEHCYC
RRSARLSA)(Chavez et al.,, 2019; Gonzalez-Romero et al., 2015). OpTONOrMyHbIn
G6enok Obln obHapyxeH KU B Apyrom Buae Tuxoxogok. benkum Dsup 3apsikeHbl u
oboralleHbl CepuMHOBbLIMW, anaHWHOBBLIMW, MAUUMHOBLIMU W FIN3MHOBBLIMK OCTaTKaMu
(6onee 50%), koTOpbIE MOrYT hOPMMPOBATL HEYNOPSOOYEHHYIO BTOPUYHYHO CTPYKTYPY
(Dunker et al., 2001). [lpegnonaraetcq, 4TO npaAMoe cBA3biBaHMe Dsup ¢
HyKrieocoMamu n popmmpoBaHmne auddysHon maccel 6enka Bokpyr xpomocomHon AHK
cosfaerT 3aWuTy OT MMOPOKCUNbHbBIX PaauKanos.
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Llenb 1 3agayum npoekTa

MaBHbIMW LIENAMU NPOEKTa SIBMSOTCA U3yYeHne MexaHW3MOB AeNCTBUS Genka
Dsup X oOueHKa nepcrnekTMB  Mcnosnb3oBaHust Dsup  Ans NoBblWEHMS
PaanopPEe3NCTEHTHOCTU MHOFOKIETOYHbIX CIOXHbIX OpraHn3MoB. [ns AOCTUXEHMS 9TUX
Lenen HeobxoaMMO peLLnTb paa 3aaau.

1. OnTumunsaumna n cuHtes nocnepoBatensHoctTu [AHK, koaupyrowen 6enok Dsup

[na npoBegeHUsa aKCNEPMMEHTOB MO n3yyeHunto Benka Dsup Heo6xoaMMo UMeTb
MCTOYHMK 3TOoro Genka. [lockonbKy AanbHenwme 3KCNepUMEHTbl B OCHOBHOM
npoBOAATCSH Ha MOLENbHOM reHeTU4yeCcKkomM obbekTe D.melanogaster,
nocnegoBatenbHocTb  [AHK, koagmpytowas 6enok Dsup (LC050827.1), ©bina
ONTMMU3NPOBAHA C Y4E€TOM 4acTOTbl BCTPEYAEMOCTU PasfnyHbIX KOLOHOB B reHome
D.melanogaster ana ctabunbHOro BbICOKOrO YPOBHS CMHTEe3a aToro 6enka. lNocne yero
ONTMMU3NPOBaHHasA nocnefoBaTenbHOCTb AnvHOM 1338 n.H. 6bina CUHTE3NpOBaHa U
npoBepeHa Ha nMpaBWUNbHOCTb CUMHTE3a C MOMOLLBbK CEKBEHWPOBaHMSA. 3Ta
ONTUMM3MPOBAHHAs M NPOBEPEHHAs MNOCreaoBaTeNIbHOCTbL U UCMONb3YeTCAa BO BCEX
AanbHEeNLWnX aKCnepumeHTax.

2. CospaHue nuHum D. melanogaster, ctabunbHO 3Kkcnpeccupyowen Dsup

CuHTe3anpoBaHHaa nocnefoBaTenbHOCTb, Koaupywwaa 6enok Dsup, 6bina
KnoHupoBaHa B Bektop pCaSpeR4 (Drosophila Genomic Resources Center, DGRC)
nog KOHTPOMEM CWUIIbHOTO KOHCTUTYTMBHOIO npoMoTopa reHa [-aktuHa — Act5C.
[Mony4yeHHas KOHCTPYKUUS BMeCTe C BEKTOPOM, KOAMPYIOLLMM UCTOYHMK TpaHcnosasbl
(Karess and Rubin, 1984), ¢ noMOLLbI MUKPOMHBEKLMIA Obinn BBEAEHbI B 3MOPUOHDI
D.melanogaster Ha cTagum npebnacTtogepmbl, COrMNacHO paHee  OnUCaHHbIM
npoTtokonam (Rubin and Spradling, 1982; Spradling and Rubin, 1982). lNony4yeHHble
B3pocnble 0cobu ckpewmBanuce ¢ nuHuen y'w™'® u B cnegymowem nokoneHum
oTOMpanucb  TpaHCOPMaHTbl, OEMOHCTPUpPYKOLLME MNOSABMEHWE  OKpacku rnas
(cenekTuBHbLIN Mapkep B coctaBe pCaSpeR4). B ntore 661510 nonyyYeHo 5 He3aBUCUMBbIX
nmHun - D.  melanogaster, cogepxXawmx OaHHY  MOJIEKYSIAPHO-reHeTUYECKYHo
KOHCTPYKUMIO B pasHblX no3uumax reHoma. K Hawemy yameneHutio ana 3 U3 5 nuHum
oKas3anocb HEBO3MOXHbIM MOMAYYUTb YUCTYH NMHUIO (Ha AaHHbIA MOMEHT NUHUK
BeAyTCA B reTepo3MroTHOM COCTOSIHMKM), @ B 2 YMCTbIX JIMHUAX, KOTOpble yaanocb
NonyYnTb, 3aMETHO MOBbIEHAa 4YacToTa SNMMUHUPOBAHUS KOHCTPYKLUMW, WCXOLHO
Haxogslencs Mexay WHBepTUpoOBaHHbIMM MNoBTOpamMn P-anemeHTa B cocTaBe
pCaSpeR4. BnonHe BO3MOXHO 3TO MOXET ObITb CBSA3aHO C BIIUSIHUEM MOSIBUBLLENOCS B
reHome HoBoro 6enka Dsup, 4To TpebyeT AanbHeunwero n3yyeHusi. Tem He MeHee ans
TOYHbIX OLIEHOK TpebyeTcsi onpegeneHve TOYHOro MecTa BCTPOMKU KOHCTPYKLNWN,
Hecywen Dsup, B reHOM C NOMOLLLIO MHBepTUpoBaHHou lNLP 1 cekBeHnpoBaHua ans
BCEX NOJSTYYEHHbIX JIMHUA.

3. OueHka pagvope3NCTeHTHOCTH D. melanogaster, cTabunbHO
akcnpeccupytowmnx Dsup

[Ons oueHkn BnusHua G6enka Dsup Ha paguopes3ncTeHTHocTb D. melanogaster
nnHns DsupNe1, Beaylasics B roMO3UrOTHOM COCTOSIHUK, Bbina obnyyeHa y-kBaHTamu
Ha yckoputene MT-25 JIAP OUAN B pose 1000 p, yto 6nmM3ko K 3HaveHusiM LDsg
(Parashar et al., 2008)
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OkcnepumeHT nposogunca anga nuHum Ne1 D. melanogaster, akcnpeccupytowen
Dsup, u ncxogHon nuHmn y'w''® otgenbHo ana camok u camuos (no 60 ocobein).
[MepBble Nony4YeHHble AaHHble FOBOPST B MOMb3y YBENUYEHUS pagvope3nCTEHTHOCTU
nuHun DsupNe1. Ha rpadumke (puc.2) BMOHO yBenuyeHne BbKMBAEMOCTU B UHTepBarne

10-12 gHewn nocne obny4yeHns kak camuoB, Tak n caMok nnuHum DsupNe1 no cpaBHeHUIO

C camMmLuaMu 1 caMKamu KOHTPONbHOM NnHuM yw'He,

30
20
10

——QDsup#l ——gDsup#l Qylw1118 dylwl118

100 X

%0 Puc.2. padoMk  BbIKMBAEMOCTHU
st 80 - 1,,,1118
$ 7 caMoK 1 camuoB nmHun DsupNetl un y'w
[s]
g = . nocrne obnyyeHus y-kBaHtamm B gose 1000
g p.
: P

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
[IHM

OueBMOHO, YTO NS MOMYYEeHWs TOYHLIX OLEHOK TpebyeTcs 3HauUTenbHoe
yBenuyeHne BbIGOPKW, HE3aBUCUMble MOBTOPbI M [EeMOHCTpauus Habrioaaemoro
appekTa Ana pasHbIX NMHWUIA, akcrnipeccupyrowmx Dsup. MHTepecHo, 4YTo B UCXOLHOM
e y*'w*® HabniogaeTcs pasnuuHas pagvoudyBCTBUTENBbHOCTb MeXAy caMkamu
camuaMu, 4To camo no cebe SBNSETCHA WMHTEPECHbIM ANA M3yYeHUs M B Xofe
NNaHUPYIOLLLErocst TPAHCKPUNTOMHOIO aHanmsa MOoXeT 6biTb OGBACHEHO NpW OLEHKe

anddepeHUmnanbHO 3KCNPECCUPYIOLLMXCS FEHOB.

4. Co3paHme knetouyHou nuHum HEK293T, akcnpeccupyrowen rubpugHbin 6enok
(fusion protein) GFP-Dsup

PaHnee Hashimoto et al. (Hashimoto et al., 2016) npogeMOHCTpUpoBanu SaepHyto
nokanuaaumo rmépmnaHoro 6enka Dsup-GFP, rae N-koHeuy GFP 6bin1 cnut ¢ C-KOHLOM
Dsup. lNokasaHo, 4TO opueHTaumnsa uenesoro 6enka n GFP oTHocuTenbHO Apyr gpyra
MOXEeT BnUATb Ha donavHr 6enka uM uckaxaTtb (yHKUMM uenesoro 6enka u ero
nokanmsaumto. lNockonbky C-koHew, Dsup vrpaeTt BaxHy pornb B OonpedeneHun ero
dyHkumn (Hashimoto et al., 2016) mbl npoBepunu BapuaHT, koraa Ha C-koHeu, Dsup He
OKa3blBaeTCsl NPOCTpPaHCTBEHHOrO BNusHMA GFP u coenanu obpaTHyro opueHTaumio B
rmbpuaHom 6enke : GFP-Dsup, rge C-koHey, GFP 6bin cnnt ¢ N-koHuom Dsup. OToT
Genok 6bin  TpaHcdeumpoBaH B  KneTtoyHyw nuHuio HEK293T, rpoe oH
NPOAEMOHCTPMPOBAN YeTKyl saepHyt nokanusaumio (puc.3). Takmm obpasom Mbl
nogreepannu pesynbTtaTtbl Hashimoto et al. un
NONyYUNn BO3MOXHOCTb ANs CO30aHUSA JIMHUK
HEK293T, ctabunbHO akcnpeccupytowien Dsup,
4YTO MNO3BONMUT OLEHUTb PagMOPE3NUCTEHTHOCTb
9TOW KNETOYHOM JMHMM K pasnuyHbIM TuUMNam
NOHN3NPYIOLLIErO M3MyYeHus, B YacCTHOCTW, K
NPOTOHaM U TSXKENbIM MOHAM.

Puc.3. doTtorpacums nokanusaumm tonsko GFP
(A) n rnbpugHoro 6enka GFP-Dsup (B) B kneTkax
HEK293T. AnepHas OHK okpaleHa ¢ nomoLbto
DAPI. CoBmelLeHMe 3eneHoro ornyopecueHTHOro
curHana ot GFP-Dsup v cuHero
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donyopecueHTHoro curHana ot AHK, pacnonoxeHHoun B sape, Ha puc. 3B
CBMOETENbLCTBYET O gaepHON nokanusaumm GFP-Dsup

5. TpaHckpuntomMHbI aHanu3 D.melanogaster n knetoyHon nuHuu HEK293T,
akcnpeccupyrowmx 6enok Dsup, B OObIYHbIX YCNOBUSIX M nocne BO3AeNCTBUA
MOHU3NPYIOLLEro U3NnyyYeHus

Ha AaHHbIM MOMEHT HeT HWKaKMX AaHHbIX O TOM, YTO MPOUCXOAWUT Ha YPOBHE
B3aMMOOENCTBUA Mexady reHamuy W, Kak cneactsme, Buonornyeckux npoueccax B
cnydyae gobaBreHus B reHOM HexapaKTepHOro Ans opraHusama 6enka Dsup, KOTOpbIn
MOXEeT OKasblBaTb BIMsSHWE Ha pag  dyHO4amMeHTanbHbIX npoueccoB. [lo Bcen
BMOMMOCTW, npeanonaraemoe B3aummopencTsme Dsup C Hykneocomamu MOXeT
OKasblBaTb BIMSIHAE Ha KOMMAKTM3auMIO XpOMaTuUHaA W Takmm obpasom BNUATbL Ha
YPOBEHb 3KCrpeccum MHOMMX reHoB. OLUEeHKy Takoro BIIMSIHUS MOXHO MOJSTyYuTb,
CpaBHMB TPAHCKPUNTOM OPraHM3MoB, 3Kcrpeccupylowmx Dsup, M KOHTPOSbHbIX
opraHM3amoB. Takke WHTepec NpeAcTaBnseT aHanuid pasnnyvin B 3KCNpeccun reHoB
(dbopmupoBaHMe oTBeTa) Mocre BO3AENCTBUS MOHU3UPYIOLLEN paauvauumn  Mexay
KOHTPOSIbHbIMM 1 DSup-3aKcnpeccupyowmnmMmm opraHnaMmamu. [Ons Takmx OLEeHOK MOoryT
OblTb UCMONb30BaHbl MeTOoA4 rmMbpuamsaumMm Ha MUKpo4uMnax, KOTOPbIM  LUMPOKO
ncnonesyetca B JIAIN OUAN (Affymetrix), n RNA-seq, KOTOpoe ToXe NpoBOAUIIOCH B
JIAMT  OUAN. OTpgenbHbIM MHTEpeCc npeacrtaBnseT U3ydyeHMe Ha  YpPOBHe
TPAHCKPUNTOMOB pa3HOM pPaguvoOYyBCTBUTESNTLHOCTM MeXAY camuamMu U CaMKU UCXOLHOM

nmanm y*'w**8, koTopasi 6bina BbisiBNIeHa B XOfe YKe NPOBEAeHHbIX 3KCNEPUMEHTOB.

6. UsyuyeHue pacnpepeneHus rubpuagHoro Genka GFP-Dsup Ha NOMUTEHHbIX
xpomocomax D.melanogaster

[ns noHMMaHua mexaHm3amoB paboTbl 6enika DSup BaXKHOM SIBMASIETCS OLEHKa ero
pacnpegeneHnss Ha xpomocomax. OnTumanbHbIM METOAOM AN ObICTPON OLEHKM
Takoro pacnpegerneHns SBMseTcd MMMYHOOKpalMBaHWE MONUTEHHbIX XpomocoMm D.
melanogaster. MIMMyHOOKpaluMBaHMe  NNaHUpyeTcss  NpPOBOAMTb  ANA  JIMHWUN
D.melanogaster, akcnpeccupyowmnx mbpugHein 6enok GFP-Dsup, Kponuibummn
NONUKMOHanNbHbIMM  aHTUTENamMM K 6Genky GFP, ¢ nocneaywowen Qetekunen
BTOPUYHBbIMU aHTUTernamun, medeHHbiMu Alexa Fluor 488. B crnyvyae paBHOMepHOro
pacnpegeneHma G6enka Dsup Ha XpOMOCOMax MOXHO FOBOPUTb O Hecneumgunyeckom
3aWMTHOM MexaHu3Mme pgencteus atoro 6Genka. B cnyyae HepaBHOMEPHOro
pacnpegeneHms — HeobxoaAnM aHanu3 parioHOB, B KOTOPbIX NMPOUCXOAUT CBA3blBaHME
Genka Dsup, Anga BbISBMNEHUS 3aKOHOMEPHOCTEN CBA3bIBaHMSA. TakkKe BaXHO OLEHUTb
BO3MOXHOE W3MEHEeHMe CTeneHW KOMMaKTM3auun MONMMTEHHbIX XPOMOCOM B Chnyyae
CBA3bIBaHUA ¢ HUMK Benka Dsup.

7. U3yyeHue NPOAOIMKUTENIbHOCTHU XXU3HU NINHUN D.melanogaster,
akcnpeccupyrowmx Dsup
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B cBsasM c npegnonaraemon crnocobHocTblo Gernka Dsup cBA3bIBaTbCA C
HYKIieoCcoMamMu, WHTEPECHO OUEHUTb  BIWAHWE  BO3MOXHbIX  U3MEHEeHUA B
KOMNakTu3aumMm xpomMaTtuHa Ha YHKUMOHUPOBaHME Bcero opraHuama. [lomumo
TPAHCKPUNTOMHOIO  aHanu3a 3T0  MOXeT  MNO3BONMUTb  cAenaTb  aHanus
NPOAOIPKUTENBHOCTU XM3HM D.melanogaster NCXOAHOM JIMHUKU N NNHWUW, COAepXallen
Dsup. lNopo6Hble nccneaoBaHmim TpebyOT 3HAYNTENBHOMO KONMYECTBA CaMLOB U CaMOoK
nccnegyemMbiX NUHUA KM 3aHMMaoT 6onee 3-4 mecsiueB C HENPEPbIBHOW OLEHKOM
KOnuyecTtBa normdLumx/ KuByLmx ocoben.

8. Co3maHue 3KCNPECCUOHHOro BeKTopa Ans npoayuupoBaHua 6enka Dsup B
knetkax E.coli, BblaeneHune M ouuctka 6enka Dsup ansa npeaBapuTenbHbIX
3KCNEepUMEHTOB NO ero Kpucrannusaumm

MockonbKy BTOpuMYHas CTpykTypa 6enka Dsup Ao cux nop He uccnegosaHa,
WHTEpEeCHbIM npeacTaBnsaeTcs akcnpeccua 6Genka Dsup B kynbType E.coli ¢
nocrnegylowen ero O4YMCTKOM W MOMbITKOW KpucTannu3auuum unmM aHanmsa c
MCNonb3oBaHMEM MeTOoAO0B cnekTpomeTpuun. OnpeageneHne BTOPUYHOW CTPYKTYpbI
Genka no3BoNUT caenatb MNPeanoniokeHne o MexaHusamax ero cessbiBaHus ¢ [HK
nvnn gpyrumm 6enkamm M cMogenvpoBaTb pasfiMyHble CLeHapum MeXaHU3MOB €ro
JencTBuA.

UcnonHutenu npoeKTa

Cpeaun ucnonHutenen pabot: 3 kaHaAngaTa Guonornyecknx Hayk ¢ GOnbLUMM OMbITOM
paboTbl B MOJSEKYNISAPHOM TEeHeTUKe, MOJSIeKYNnAapHON Ouonormn u pagmobuonorum,
Bnagewwime BceMu nepeyucrieHHbiMn B npoekte metogamun (OUAN u UHcTuTyT
6uonorun passutua uMm. Konbuosa PAH), 2 acnupaHTta (pakyneteT BronHxeHepum n
6uonHdopmatukn MIY um. M.B. JlomoHocoBa # WpKyTCKUM rocygapCTBEHHbIN
yHuBepcuTeT), coTpyaHukm JIA OUNAN.

E.B. KpasueHko - 1 FTE, A.B. P3sunHa — 0.5 FTE, O.N. Kpasuyk — 0,5 FTE, M.T.
3apyouH - 1 FTE, O.A. KyngowwuHa - 1 FTE, A.H. PycakoBuy — 1 FTE, A.C. AXHeHKo —
0,5 FTE, A.E. NeaHoBa - 1 FTE.

Kpatkun CCBY - aHanus

CunbHble CTOPOHbI MpoekTa: y aBTOPOB MMelTCA HapaboTku, nos3sonswwune B
3asIBNEHHbIE CPOKW BbINOMHUTL 3agayn npoekta; OUAWM obnapaet yckoputenamu,
NO3BOMAKWMUMM  NOMYYUTb 3asiBfiEHHble [03bl U Tunbl msnydenun; J1IAMN OUNAU
obnagaet  3HauMTENbHOM YacTbio  Tpebyemoro AN BbINOMIHEHWS  MpoekTa
obopyaoBaHMs; YacTb 9SKCMEpPUMEHTalNbHbIX [OaHHbIX YXe MnoflydyeHa; B COCTaBe
KONSeKTMBa MOMUMO OfbITHbIX CNeuuManucToB MPUCYTCTBYIOT acnupaHTbl U Monogble
yyeHble

Cnabble CTOPOHbI MPOEKTa: BbICOKash KOHKYPEHLMS B aHHOW 06racTu uccrnenoBaHuii ¢
HayYHbIMW KONNEKTUBaAMU U3 APYTrNX CTPaH

6. MIAH-TPA®UK
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Pabot no [lpoekty W3y4yeHue paauonpoTeKTOpHbIX cBOUCTB Oenka Damage

suppressor (Dsup) Ha mogenbHOM o6bekTe D. melanogaster u KynbType KneTok
yenoseka HEK293T

ATanbl
paboThbl

CopepxaHue paboT

2021 .

OnpepgeneHve nokanu3aumm KOHCTPYKUMA, copepxawux Dsup, B reHome
D.melanogaster. lNpoBeaeHne ceaHcoB o0bnyyeHus nuHuin D.melanogaster,
aKkcnpeccupyowmx DSuUp 1 NCXOOHLIX NMUHUK, B 3-5 NOBTOpax Y-KBaHTaMu
Ha yckoputene MT-25 JIAP OUAWM B pose 1000 [p c oueHkon
BbDKMBAEMOCTU n NPOAOIPKUTENBHOCTU XN3HW. lMposeneHue
9KCMepUMEHTa Mo OueHKe BnusHUSA Benka Dsup Ha NpoAomKUTENbHOCTb
Xmn3Hn D.melanogaster B HOpMarnbHbIX YCMOBUSX MO CPaBHEHWUIO C
ncxogHonm nuHnen. CosgaHne MONEKYNSIPHO-TEHETUYECKON KOHCTPYKLMMK
ana  akcnpeccun B D. melanogaster rmbpuagHoro 6enka GFP-Dsup.
TpaHCKpMNTOMHBIN aHanua oteeTa nNuHMn D. melanogaster, cogepxaLmx
Dsup, 1 UCXOOHOW NMHUK B HOPMasbHbIX YCIIOBUSAX U NOCIe BO3OeNCTBUSA
NOHN3MPYIOLLIErO U3MYyYeHUs

2022r.

CosgaHne knetoyHon nuHum HEK293T, crabunbHO 3kcnpeccupylowen
mbpuaHbein  Genok  (fusion  protein)  GFP-Dsup. lMpoBeaeHue
9KCNEPUMEHTOB no oLeHKe BNNSAHWS Genka Dsup Ha
pPagnNope3NCTEHTHOCTb 3TOM KIMETOYHOW NIMHMM C NOCTPOEHMEM [O30BOW
3aBUCMMOCTWN (NPOTOHbI, TSKENble WOHbI). TPaHCKPUNTOMHbIA aHanu3
knetoyHon nuHum HEK293T, ctabunbHO akcnpeccupyowen rmbpngHsin
6enok (fusion protein) GFP-Dsup, n wucxogHon nunHumn HEK293T B
HOpMarbHbIX YCIOBMUAX U NOCNEe BO3AENCTBUS MOHU3UPYHOLLETO U3ITyYeHUS.
MukponHbeunpoBaHne KOHCTPYKUUW Ans aKkcnpeccun rmbpuaHoro Genka
GFP-Dsup B ambGpuoHbl D.melanogaster, nony4yeHue InMHUA, HECYLUUX
GFP-Dsup

2023 .

OueHka pacnpegenexns rmbpugHoro 6Genka GFP-Dsup ¢ nomouwibto
NMMYHONyOpecLEeHTHOro  aHanmMaa Ha  MOJNIMTEHHbIX  XPOMOCOMax
D.melanogaster. CospaHue 3KCMPECCUMOHHOIO BeEKTopa ans
npoayumnpoBaHus Genka Dsup B knetkax E.coli, BbiaeneHne m oyucrtka
Genka Dsup pgns npegBapuTenbHbIX — 3KCMEPUMEHTOB MO €ro
Kpuctannuaaumn.
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Cwmerta 3aTpart no lNpoekTty

U3yyeHune pagmonpoTeKkTopHbIX cBOUCTB 6enka Damage suppressor (Dsup) Ha
MoaenbHOM o6bekTe D. melanogaster u KynbType knetok Yyenoseka HEK293T

Ne | HaumeHoBaHuWe cTaten 3aTpaT MonHas 2021 2022 2023
CTOMMOCTb | rof roq roq
Mpamble pacxoabl Ha NpoekT
1 | MaTepuansl (Tbic.$) 100 40 30 30
2 | ObopynoBaHue (Tbic.$) 40 40 - -
3 KomaHanpoBoOYHbIe 20 6 7 7
pacxoapl(Tbic.$)
MToro no npsambIM pacxogam: 160

PYKOBOOUTEIb NMPOEKTA

ANPEKTOP JAM

NMOMOLWHWK ONPEKTOPA JAMM

Nno 3KOHOMWYECKNM N PUUHAHCOBbLIM

BOMNMPOCAM

E.B. KpaBuyeHko

B.A. begHsikoB

".A. YcoBa
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Mpeanaraemblii NnaH-rpadvk n HeobxoanMmble pecypcbl Ans ocyllecTereHus MNpoekTa

M3yuyeHune pagnonpoTeKTopHbIX cBOUCTB 6enka Damage suppressor (Dsup) Ha

MoaenbHOM o6bekTe D. melanogaster u Kynbtype knetok Yyenoseka HEK293T

Tpebyemoe obopyaoBaHne, NCTOYHMKM CtommocTb 1 ron 2ron | 3ron
PouHaHCMpoBaHUA (TbIC.$) 2021 2022 | 2023
1. FlomoreHusaTtop ¢ 20 20 - -
NPUHAANEXHOCTAMM ) )
0 2. OpbuTanbeHbIN Wenkep 1 1 ) )
z 3. PotaumoHHbIn 1 1 ] ]
a nepemeLwunBaTenb
3 2 2 - -
o 4. TepmocTtar
te} - -
O 5. LeHTpudpyra 11 11
6. ABTOMaTU4YECKNIN BHELUHWI
nepekntoyatens 6annoHos CO, 5 5 - -
I
s o
< Q 3aTpatbl 13 brogxeTa 40 40 0 0
I S
o £ =
5 ©
I
S =
B
PYKOBOOUTEJb TEMbI .B. MuuybiH

PYKOBOOUTEIb NMPOEKTA

E.B.KpaBueHko
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