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OQuqnalrnoro o[rrouenTa Ha ArrccepraqnoHnyrc pa6ory fanpunona AJrercces

CeMenonnqa <<O;ryoporeH-aKTrrBupyrcq[e derrcu AJrr HaHocKorrrrlr rr lr3yrrenlrq 6eroK-

6elxonrrx nlauuoAeficrnnft B rrcnBbrx KJIerKax>, npeAcraBJrenrryn Ha corrcKaHue y.reuofi

crerreHrr KanArrAara 6so;rornqecKrrx HayK rro cneq[aJrbnocrrr 1.5.3 - MoJreKyJIflpHafl

6no.ilorrls.

Arr.varusocru ng0paHHofi rcuu

Vcnerunocrb Br,Byanu3aur{u KJreroqHbrx crpyKTyp B xr,rBbrx KJrerKax c noMoIIIbIo

$rryopecqeuruofi MuKpocKorrurr cBepxBblcoKoro pffiperrreHr{r Harpf,Myro 3aBucvr or

sr[tfemunnocru MeqeHr,rf,, flpKocrra r,r $orocta6ururocru $rryopecqenrnrx 6emon. O.4naro,

csoficrsa nMerolqrxcr QrryopecrleHrHbrx 6erxos He no3BoJrtlor npoBoAutr e$SexruBHoe

MeqeHlre u .urr,rTeJrbrryro BH3yirJrr{3arlnro KJreTotIHbrx cTpyKTyp co cBepxBbrcoKHM pa3peIIreHI{eM

B )r(LrBbrx KJrerKax, reu 6olee HecKoJrbKr{x crpyKr"yp oAHoBpeMeHHo. Taxxe ue paspa6oraHrt

s$tfemuanue FRET [apbr c MoAynr{pyeMblx aKllenropoM AJII BrcyaJlnsarp4kr 6eror-6erxoerx

n:auuogeftcrsuir u paspa6orru 6uoceucopor. Taxuu o6pasou, Al'IccepralryIoHHat pa6ora

fanpuxora A.C. sHocr,rr cyulecrBeHHrrfi sKrag B pa3BI{TLIe HaHocKonI,Iu u Br4gyalrugaqnu 6eaox-

6emosrx sganMo,4eftcrsufi s )KHBIIX KJIerKax.

Hayqnaq Hogusga Llccre.4onaHus

Pa6ora faepurona A.C. nocsqrrleHa pa3pa6otre ifrryoporen-aKrllBl,Ipyrcqux 6elroB Ha ocHoBe

Jrr4[oKaJrr,rHa Ars MnKpocKonr{u cBepxBblcoKoro pa3peueHu.a. BnepBble c [oMorqrro t[rryoporeH-

aKBnBrapyrculnx 6enxoB Ha ocHoBe yJryqIrIeHHbIx Bepcuft m,rnorarurna DiB ra DiB3, DiBl a

HOBbrx CuHrerr{qecxux xpOnrO{opOn 6u.nu ilpo.{eMoHcTpl,IpoBaHbl AByxIIBeTHafl 3eJIeHO-KpACHAfl

n AaJreKo-KpacHar cy64utfpaxquoHHa.rr MHKpocKouI{I4 KJIeroqHbIX crpyKTyp B )KI,IBrIx KJIerKax.

Bnepnue c noMorrlbro paspa6oranHbrx cnJrl4T-ctlcreM Ha ocHoBe JIHnoKaJIHHos DiB2 u DiB-RM

npoBeAeHa BI,ByaJrH3aIIUt rIr4TOCKereTa XI,IBbIX KJIeTOK C nOMOIIIbIO JIOKaJrH3aIII4Oggoft

Mr.rKpocKorrur{. Bnepnue Ha ocHoBe paspa6omuuofi FRET rapbl mNeonGreen-DiBl c

MoAyJrHpyeMbrM aKrlenropoM ra xpouo$opa mka67 6uru nusyanLI3LIpoBaHbI nsauuogeficruux

Me)KAy 6e6auu 14-3-3 u YAP B ur.rro3oJle )KpIBbIx KIIeroK. Ha ouroee FRET rapbl

mNeonGreen-DiBl-mka67 6;rlu paspa6oranbl ceHcopbl Ant Bl{3yaJlv3arluu MerLIJII,IpoBaHnt

fr,rcrpoHoB r{ Hart}KeHr{ft o QoramHbIX KoHTaKTax B xLIBIIX KJIerKax. Bneperte c noMolrlblo

mNeonGreen-DiB1-mka67 napu npoAeMoHcrpl,IpoBaH FRET Ha ypoBHe oAI,IHotIHbrx MoJIeKyJI'

Taxuu o6pasou, noJDAreHHbre HoBbre tfrryoporen-aKTlaBlrpyloulue 6emr,r lI ceHcopbl Ha I{x

ocHoBe oTKp6rBaror Bo3MolrcHocrb He roJIbKO AJIg BLByaJIU3AWkT KJIeTOIIHbIX CTpyKTyp co



cBepxBbIcoKI4M piBpeIIIeHHeM, Ho rr Enfl AereKrlrdr,r 6erox-6emosrrx ngaulloAeftcrsuft,

MerI{JII4poBauu.a 6erxoB r,r Harn(eHraft u rfoxanbHbrx KoHTaKTax )Kr.rBbrx KJIeroK.

Crpyxr.vpa u corepxanne pa6orrt. crenenr o6ocnosaHHocr[ Ha]qHHx noroxeunft. sHso.qos H

pexolren.rauufi. c0optr{yrprposaHHux s nucceprauuu" nx.4ocrosepHocru u HosragHa

Pa6ora IBJIoIKeHa Ha 155 crpaHI,IIIax, BKJrroqafl crpaHr,rubr co crrrrcKoM quuaporauuofi

Jll{Teparypbt, ourcuaer 51 pplcynoK 14 6 ra6nuq. .{uccep'raqur coAep)Kr,rr cJreAyroqrre

craHAaprHbre pa3AeJrbr: <<OrrasreHlre)), <<Cnucox coxparqeuuft>>, <<Bnegenr,re>>, <O6sop

Jll4Teparypbt>>, <<Matepr{aJrbl H MeroAbI), <Pesymarbr r4 r/rx o6cyx4euue>>, <<3axlrotreHlreD,

<<Brmogu >, <Cnucor JruTeparypbr ).

B pffiAeJre <<BneAenne>> o6ocHosaHa aKTyaJrbHocrr reMbr lrccJreAoBaHrrr, creneHb

pa:pa6oranHocrr.r npo6renrrr, ctfopuynupoBaHbl IIeJII,T t,t sa4aqv [ccJreAoBaHux, o6osHaueHu

[peAMer u o6rerr l,tccJreAoBaHlat, aKTyiulbHocrb Ir Ha1^IHaf, HoBr{3Ha r,rccJreAoBaHut, olilacrt

nprdMeHeHI,It u npaKTr,rqecKafl 3HaqlrMocrb I,IccJIeAoBaHur u orrybrr,rKoBaHHbre crarbs r,r AoKJraAbI

ua rou$epeHrlr4f,x.

<O6eop Jrr,rreparypbr) BKJrroqaer AaHHbre o coBpeMeHHoM cocrorHun rlccJreAosaHufi s o6racrpl

$rryopecqeHrHoro MeqeHr,rf, c aKrIeHToM Ha MeqeHr{e c floMorrlbro nuraH,q-cBfl3brBarou[x

6emos. ,{arorcr [peAcraBJreHr,rfl o JroKaJll,I3arluonsoft tfrryopecqenruoft Mr,rKpocKonI{H,

pe3oHaHcHoM rrepeHoce 3Heprr,ru FRET u cnocoOax ee AereKur{u. Onucrrsaercr npr,rMeHeHue

FRET n 6uoloruqecKr{x prccJreAoBaHlrrrx, BKJrIoqat AereKqr,rs FRET Ha ypoBHe oAIaHorIHbIx

MoneKyn. flpuoe.4euu npuMepbr cyrqecrByloqrlx cnnl{T-cr,rcreM Ha ocHoBe SrryopecqernHrx

6emos. 3areu u.{er AeraJrbHoe onucaHl,Ie pa3nruHbrx KJraccoB r,rMerounxcr QrryoporcH-

aKTlrBr,rpyrcqux 6elroB r.r cr{HTerr.rqecKr.rx tpnyoporenoB c npuMepaMr,r rrx EplrMeHeHHt B

rur{poKonoJrsoft n JroKtrJrr{3arluoHHofi MuKpocKorruu. CAeras aKueHT Ha r,re[oJrb3oBaHI,II4

JrrrnoKuurr,rHa rrfl pa3pa6orxu Ha ero ocHoBe Srryoporen-aKTr{Bnpyrorqnx 6enros DiBl, DiBz,

DiB3, cBfl3brBaroulux cr{HTerr,rqecKue aHaJloru xponrotpopa $rryopecueurHoro 6ema GFP.

Ouucanrr crpyKTypHbre oco6ennocru JIHnoKaJII,IHa I{ npr,rMeHeHr{e ero nepcufi AIrr'

B I,r3yiInI43arIUU Ur,rrOCKe JreTa C IIOMOITILIo HaHOCKOTIHI,I.

B qeJroM, <O6sop Jrlrreparypbr) Harrucau rcHo, xopour,rM Ha) {HbrM fl3bIKoM, IIIupoKo

oxBarbrBaer Marepl,IaJr, v Aaer noJrHoe [peAcraBJreHrle o upo6nenrax r.r 3aAarlax n 4anuoft

o6racru uccJIe.IIoBaHI{fl .

frasa <Ma:repualrr v MeroAbr)) uo4po6no onucbrBaer crauAaprHble flpolleAypbl,

Hc[oJrb3oBaHHbre npv [poBeAeHr4r{ r.rccJreAoBaHuft. Arrop AeMoHcrpl{pyer uc[oJIL3oBaHI{e

6olrruoro apceHana coBpeMeHHbrx MeroAoB MoreKyrqpHoft u xrero.IHoft 6uolorrll{, TaKI,tx KaK:

craHAapruoe MoJreKyJrrpHoe KJroHrrpoBaHr,re, MeroA Mo.qyJrbHofo KJIoHI,IpoBanus "Golden Gate",



ceKBeHHpoBaHI,Ie AHK, BbIAeJIeHHe vI orlHcrKa 6erxos n3 6axrepualrurx Kyrbryp,

xapaKrepl,tsallut c[eKTpailLHbrx u Qnsnro-xuuuqecKr{x xapaKTepr4cruK $rryopecqenrurx

6erxon, rpanc$exqut )KI,IBorHbIx KJIeroK, rxlrpoKonoJrbHat v JroKaJIr43aIIHoHHat

Srryopecqenrnax MI,IKpocKonr{s. Kpoue rofo, cror,rr orMerr,rrb [cnoJrr3oBaHue aBTopoM

cJlox(Horo MeroAa AereKIIuu FRET curHaila B ycnoBr,rrx uupoKoyrolruoft r,r JroKaJrr43aquouuoft

MlarpocKonuu. Mero4uqecrufi ypoBeHb Arlcceprarluu, 6esycroBHo, 3acJry)r(r4Baer errcoxoft

orleHKr4,

Paogel <Pesymra:r6l H Lrx o6cyxgeHrEe)) cocror4T us 6-ru qacrefi H coAepx<llr ocHoBHbre

pe3yJlbrarbI pa6oru. Ha nepuol,t grane Ha ocHoBe aHaJrrca crpyKTypHbrx ganurx 6rrlu

noJryqeHbl ylyrrueHHbre Bepcuu tprryoporeu-aKrr.rBr.rpyroulnx 6enxos DiBl u DiB3 Ha ocHoBe

JIHrroKaJIHHa. Ha ocnose xapaxrepl{3allul4 I{x csoftcrs in vitro 14 Sorocra6ulbHocrr,r B

)KHBoTHrIX KJIerKax 6uru oro6paHrt ryqurue BapHaHTbr. 3areu xapaKrepr,rcrr,rKr4 Tpex

uaftgennrx [pou3BoAHbtx DiB3 cpaBHI,IBaJr]r c noMorrllro JroKairr{3auuonsoft MuKpocKon}ru

IIHTocKeJIera B xI,IBIIX xlrBorHblx KJIerKax. B urore 6ura uafigeHa JryqIIJaf, cr,rcreMa MerIeHLIt

Ha ocHoBe JILInoKaJILIHa DiB3ff53L r.r xporr,ro$opa M739 Anr r4croJrmoBaHr.rr B HaHocKorrrilr.

Ha cnegyrouleM orane pa6orur c noMorrlbro JrrrroKaJrr,rHoB DiB3lF53L vt DiB3iF74V s

KoMtIJIeKce c xporrao$oporr,r M739 6ura npogeMoHcrpr.rpoBaHa AByx-UBerHafl JroKanu3arlHoHHa{

MI4KpOCKOnI,IT CTpyKTyp BHMeHTI,THa H IILITOKepaTI,IHa B ns{Bbrx Xr{BOrHbrx KJreTKax.

3areu 6ulu paspa6oranrr crrJrnr-Bepcuu JlllnoKruruua DiB2 u DiB-RM. Eruo noKa3aHo

ycnerxHoe [pr,rMeHeHr,re paspa6oraHHbrx clnllT-Bepcuit Attx Br,ByaJrr{3arlur,r BoJroKoH Br,rMeHTr{Ha

c cy6g[SpaKrlr,roHHbrM pirperrreH[eM B ]ro,rBbIX xfl4BorHbrx KJrerKax.

,{anee 6ur paspa6oraH AaJrbHexpacHrtft BapHaHT JrunoKaJrr.rHa DiBl u xponao$opa mka67,

roropnft rroKa3aJr BbrcoKyro e$QernarHocrb B Bll3yturlrcauun crpyKTyp rlraroKeparr.rHa B )KraBbrx

KJIeTKaX C IOMOIIIbTO HaHOCKOrrr4H.

H, naroneq, Ha [ocJreAHeM grane pa6oru fanpuxon A.C. s pe3yJrbrare cKpuHlrHra pa3Hblx

BapHaHToB FRET nap in vitro uauer FRET napy Ha ocnoBe Jrr,rnoKaJrr4Ha-{rryopecueHTHoro

6erra, DiBl-mNeonGreen r,r KpacHofo xponro$opa mka67, c canrofi nucoxoft sS$errunnocrbro

FRET oKoJro 60-75%. Pa6orocnoco6Hocrr u o6parunaar aKrHBarIHr HaftgenHoft FRET napbr c

MoAynrlpyeMrrM aKrle[TopoM 6rrra noArsep)r(AeHa B )rcuB6rx x(HBorHbrx KJrerKax [pr,r MeqeHr,ul

HyKJreocoMHbrx rucroHos. 3arel,I c [oMorIIbIo nogo6pauuofi FRET napbr yAaJrocb ycile[IHo

AereKTr4poBarb 6eror-6enrosrre ssaur4oAeficrnus Mexqy rr4croHaMn HzB B cocraBe

HyKJreocoMbr, [poMe)KyroqHbrMrl SuraueHtaMlr BnMeHTur'a v BrrepBbre Me)r(Ay berxauu 14-3-3

u YAP B )r(r,rBbrx KJrerKax. Ha ourose FRET napu mNeonGreen-DiB1:mka67 yAarlocb

paspa6oraru 6uoceHcopbr Ha Merr{nlpoBaHl4e rr4crona H3 r,r Ha Har.rDneHr,re B Qoralrurx



KOHTaKTax. c IoMOIIIbIO pffipaoOTaHHbIX CeHCOpOB yAaJrOCb yc[errrHo perurcrptrpoBaTb

grrlrreHerlrqecKyro MoAI{oI,IKaIIruo xpoMarHHa vr I,BMeHeHr,re HarffKeHl4t B Mecrax

rIpHKperIJIeHI,Lu KJIeroK K noBepxHocrl4 Bo BpeMf, KrerorrHoro ABHXeHr,rr. Eul nponeAeH nor{cK

,qoHopoB cpeAl{ tpKLIx 3eJIeHbIx iprryopecqeHrHblx 6emos AJrr KoMnJrexca DiBl:mka67 wrs

HaHocKonun u uaft4en nauOolee olrr,rMaJlbHufi 6erox mNeonGreen, Haroueq, c [oMorrlbro

FRET napu mNeonGreen-DiBl:mka67 6ur raqecrseHHo npoleMoHcrpr.rposaH FRET MexAy

II.ICTOHAMI,I HZB gA YPOBHE O.{PIHOIIHbIX MOJIEKYJI,

Tercr conpoBox,{iin 211-ro ccbIJIKaMIr, 6oruura.s qacrb Koropbrx orHocrlTcr K pa6oraru

rrocJreAHero 4ecfl"fr4rrervfl. B roM rrr4cre 2023 rola.

,{uccepmqproHHa{ pa6ora 3aBepruaercfl pa3AeJraMu <<3armoqeHr,reD a <<Buno4u>1. Bce uayruue

rroJrolr(eHlrr, 3aKJrloqeHr.rr r4 BbrBoAbI AocroBepurt, o6ocuoBaHbr, HoBLr n floJrHocrbto orpax(alor

uoJryrreHHbre HarrHbre pe3ynbTarbr.

Anropetpepar coorBercrByer coAep)KaHrIIo .quccepra\vrv, a caMa Ar{cceprarluoHHar pa6ora

rroJrHocrbro orpax(eHa B rrrecru Ha)ArHbrx crarlfi, orry6rulxonaHHbrx aBTopona r sapy6exHbrx

)KypHzrnax IJMS, BBRC, PLOS Computational Biology, ACS Chem. Biol., u Sci. Rep. c

BbrcoKI,IMt4 Utrlnarr-$axropaMr{, pe3yJrbTaTbl ItccJleAoBaHr.rr AoJIoxeHbI Ha rr.f,T}r oTerrecTBeHHbrx

H MexAyHapoAHbrx xouSepeuqnxx.

B rIeJroM, pa6ora BbrnoJrHeHa Ha caMoM BbIcoKoM HayqHoM ypoBHe, gaueqanuft K

npeAcraBJrennoft pa6ore Her:

Orueuy, rrro B Aucceprarlr4r.r [pprcyrcrByror oneqarKu r,r optforpaSuuecrue ouu6ru, Koropble

He orHocrrcr K HayqHoft cyrrE pa6oru.

3aMe.{aH[s x pa6ore:

Orcyrcrryor.

3arffoqenlre o coorsercrsur.r AnccEpirauuu rpnrepuqr4. ycraHosreHHrrM Tpe6osaHuqla

,{r.rccepraquoHHas pa6om fanpuxona Arexces Cen4enosrqa <OrryoporeH-arrnBl,Ipyroque

6elru AJrr HaHocKorrHH r{ r.r3yqeHr,rq 6erox-6erxoBbrx B3ar,rMoAeftcrnufi B }rsaBbrx KJIerKax)

coorBercrByer Kprrrepr,rxna (n roM qr4cJre n. 9), ycranoBJleHHbrM "florolKesueM o npucyx(AeHl,Irl

freHbrx creneHefi" (yrnepx4eHo flocranosJleHl{eM flpaau'remcrsa P(D or24.09.2013 r. Jrlb 842

c r3MeHeHr.rsuu flocrauosreHufi flpanuremcrsa P(D or:21.04.2016 r. J\b 335 02.08.2016 r. I"s

748; or 29.05.2017 r. Ns 650; 20.03.2021 r. J$: 426; 11.09.2021 Jlb1539; 26.09,2022 r. J\b1690),

a caM Ar,rccepraHT HecoMHeHHo 3acJrylrs4Baer npncBoeHr4fl r,rcxouofi creneHr4 Kau4rr4ara

6uororuqecKrix HayK rro c[eqplaJrbHocrlr 1.5.3 - Monerynapua.g 6uoloru.s.
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