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<<Yserllreuue Qorocra6rnnrHocrlr 3eJreHbD( QrryopecqeHTHbrx 6enros s xznofi

KJIerKe rryTeM 6norupon aHufl. Qoronn4yqr,rpoBaHHoro flepeHoca gJreKrpoHa>,

rIpeAcraBJIeHI{yIo Ha colrcKanne yveuofr crerreHr,r KaHAr.rAara 6raolorraqecKrx HayK

ro cneIII{aJIbHocrI{ 03.01.03 - rraoneKynrpH€rf, 6nonorvs

Ceerosat MllKpocKorr"rfl, flBnrflerct ocHoBHbrM z geo6xoAr.rMbrM r,rHcrpyMeHToM

KJleroqHbrx 6noloron Ans. pIccJIeAoBanvrfl xnBbrx KJreroK. B nocJreAHee

AectrI{JIerI{e naz6o.nee 6ypnoe pa3BIaTI{e AeMoHcrpr4pyror MraKpocKorruqecKue

MeToAbI Bt4T€ulbHoro oKparrrnBaErnfl c IrtcrIoJIb3oBaHr{eM (frryopecqeHTHbrx 6err oe

6larogapr ygo6crny nx rrprrMenenufl. rr Bo3Mo]r(Hocrrr reHerrruecKoro raprerriHra B

orAeJlbHbre rllllbl KJIeroK, Lrx opraHeJrJr r{ KoM[aprMeHToB in situ u in vivo. Ha

ocHoBe orpaHrueHHoro tII,IcJra [pr4poAHbrx Qoprra 6enros cel,reficrsa GFP 6rma

co3AaHa mrrpoK€ul raMMa MyraHToB, BecbMa parnoo6p€BHbrx rro cBoLrM

crIeKTp€lJIbHbIM xapaKTeplrcrlrKaM. O,4naro, HecMorpr Ha pflA HecoMHeHHbrx

npel'IMylrlecrB, Q.nyopecqeHTHble 6errra He noJrHocrbro r,rg6asreHhr or HeAocrarKa,

cBoI'IcrBeHHoro TaKx(e u Apyrr,rM MeroAaM BHTaJrbHoro SnyopecqeHTHoro

oKpaIuI'IBaHLrfl,, - Qoroo6ecllBeql4Balelkrs. npu npoAoJrlrfl{TeJrbHofi srcnosnqwr. 3ro

rlacro craHoBl{Tcx Sarropona, co4paTT{€rrcqr,rM AJrr.rreJrbHocrb gKcrrepHMeHToB Ll

ofpaHl'Itll4B€troqlrM I4ccJIeAoBanvfl, 3aBI{cLtMocrIr QynrquoH€lJrbHbD( cr{rH€IJroB

xl/tBbIX KJIeroK or BpeMenn. Tarnu o6pasoM, yBeirr4rreHrre Qorocra6lurbHocrra -

oAHa lrc KrroqeBblx npo6neu npl4 pa3pa6orre HoBbrx H ycoBeprrreHcrBoBaHnu

ra3BecrHbrx QlryopecqeHrHbrx 6emos. u3 [poqeccoB, BHoc.flrrlnx

Haz6onrurnfi, KaK ofrLrcrrBaer aBTop, Sorocra6r,rJrbuocrb MHon{x

npeAcraBr'rrenefi ceMeficrsa 3eJIeHbx $ryopecqeHTHbrx 6enon, flBilflercfl,

oKr{cJrrrreJrbH€ur SoroxoHnpcufl, "pe44unr". flol Aeficrsuel,r noo6yx4aroqero

cBera 3eJIeHbIe QnyopecqeHTHble 6erru cJlyxar Soroun4yrlupyeMbrMlr AoHop€rMr.r

O4nnna

BKJIAA B

gneKTpoHoB B Soroxuul4qecKl,Ix peaKllurx c pa3rr{rrHbrM}r aKrlenropaMr4



gJreKTpoHoB. ABTop npeArroJrafaer, qro cHI4xeHrIe eQ$erra peAAI4Hra [oBbIcIaT

Sorocra6l4JlbHocrb 3eJIeHbIX $lyopecqeHrHblx 6enxos.

.{uccepraqus A.B. MauoHronofiH3JroxeHa ua 101 crpaHulle I4 IrocrpoeHa rro

Kraccllqecrcofi cxeMe. Osa cocronT r43 KparKoro BBeAeHvt, nl4TeparypHoro o6eopa

(19 crpanuq), QoprynrlpoBKr4 qerefr v 3aAarl, oKcnepl{Mesralrsofi qacr?r,

pe3yJrbraroB 11 r4x o6cyx4euux (42 crpaHI4IIbI), nrrnogoB, npuJlonteszft 14 cIrLIcKa

rlr4rLrpyeMofi r nrep arypbl, coAepxaq ero 94 ccbIJIKI{.

Jlureparypnufi o6sop pa:gerdu Ha rqrb .{acrefi. llepnax kr3 lnvrx nocB.uuleHa

r{cropr4tr orKpbrrr4{ ceveficrna GFP-uo4o6uux 6emos. Bropax qacrb rIocB.f,IIIeHa

Lrx ocHoBHbrM cnoficrnau, crpyKTypHbIM oco6esnocr.f,M Lr coBpeMeHHoMy

3HaqeHuro B HayKe. Bo rperr,efi qacrv o6:opa aBTop aKIIeHTI4pyer BHIzM aukre Ha

6enKos.

ONI4CAHLIE

Bo3MoxHbrx MexaHr43Max SorooSecIIBer{14BaHHrI QnyopecqeHTHbIX

I{ernepraa rJraBa nr{reparypHoro o6sopa coAep}Kl4r

oKpIcJILITe$sOfi sOrOXOneep:krr4, ee MexaHI43Ma

rroApo0Hoe

Qoroo6ecrlBerrrlBaHvtu. 14, HaKoHeu, rrflTafl qacrb JrnTeparypHoro o6sopa LI3JIaraer

cyuecrByroulr4e Ha Aaurirrfi MoMeHr Me'roAbI 6opr6u c Soroo6ecllBeqllBanueru. B

rIeJroM, aH€urn3 KnaccvqecKr4x 14 coBpeMeHHbrx pa6or B o6sope nureparypbl

nocrpoeH Jrorr4r{Ho, Ha[]rcaH [oHrrrHbIM t3bIKoM u o6ta4aer xopouefi creuegrro

znSopvrarr4BHocrr4 Anr rulrpoKoro Kpyra l4ccneAosarerefi. Marepuanbl I43 o6sopa

uo QryopecrleHTHbrrra 6elrana BrroJrHe Mornl4 6u 6strr ucrIoJIb3oBaHbI n BY3ax n

c[erll4arnbHbrx Kypcax ro ocHo BaM MI4KpocKorII4H.

Onucauue 3Kcnepr4MeHraJrbHofi qacrr4 BbrrroJrHeHo [oApo6no u coAepxldr B

ce6e urnporufi cneKrp MeroAoB: or 6raoxuunqecKux kr MoJIeKyn[pHo-

6uororu.IecKl4x Ao MeroAoB MHKpocKotII4I4 r4 BblrryIcJlureJlbHofo aHarrvr3a.

Pa6ory MoxHo pa3AenuTb rra ABe rracrr{, cofJlacHo rlpeAnafaeMbrM aBTopoM

rroAxoAaM no yBenr4rreHnro Sorocra6r,rJrbHocrlr [yreM 6noruponanufl.

SororoHnepcnr4: ycrpaueHr4e rHerrIHI4x aKrlenropoB oneKTpoHoB rlyreM

rvro4uQuraqr4v r<leroqsofi cpe/ILr v ycrpaHeHr4e BHyTpeHHHX aKrlenropoB

oneKTpoHoB rryreM cafir-uanpaBJrer{Horo Myrarenesa 6orcoBbrx rlenefi eGFP nocJle

vrracTug.



IIpeABapI{TeJrbHbIX KBaHToBo-xr4MI4qecKux pacrleroB, TaK Ha3bIBaeMbIft MeroA

parlr4oHanbHof o Avl-safiHa.

B nepnofi qacrr pa6orri A.B. MarraoHToBa uo4o6pzura oTITHM€LIIrHbIe ycJIoBI4t

xpaHeHr4.rr pacruTenbHoro SlanonoaAa pyrl{Ha B Kaqecrne Ao6asKI,I, IroBbluraroulefr

Qorocra6r,rJrbHocrb, ycraHor:aJra KoHueHTpaIrIloHHyIo

pyTI{Ha H npoTecTHpoBaJla ero B pa3nl{qHblx KJIeToTIHbIX

3aBucraMocrb sSQexra

cpeAax vr Ha pa3nurlHblx

3eJreHbrx SlyopecqeHrHbrx 6erxax. B xoAe eKcnepI,IMeHroB aBrop o6uapyxula,

qro cpeAa Fl2, B Kolopofi pyrnrr He AefrcrByer, oKa3blBaer rloJloxntensnrtfr

o$Serr Ha SorocraSurrbHocrb IIGFP. A.B. MaruoHrosa nporecrupoB€rna 16

BerrlecrB, Koropbre coAepxarcs s F 12 u se coAepxarc.s s DMEM, tr onpeAeJlldna,

qro FeSO+ €I T€rKXr€ KoMrro3rrr, coc'r'o.flrt\uit uz rI4Mr4AI4Ha, fl4noKca[TvrHa, BI2 u

ruuoeeofi Kr4cJrorbr. vBerur{r4Barcr dorocra6uruHocrs EGFP n xusHx KJIerKax.

Tarxe aBTop olpeAeJrr4Jra, B KaKHX ycJroBrarx KynbrHBaIII4H KJIeroK

Qorocra6r4JrbHocrb flBrrfle'rcfl. uannucurefi: [pI4 KoHIIeHTpa\Hvr Seralrnofi

cbrBoporKu 20Yo rr MaKcr,rMarrsoff [JrorHocrH pocra KJreroK, rrro Moxer 6urr

loJre3HbrM Anr Apyrr.rx ?rccreAoBareJleit, usx pa6ora cBf,3aHa c Bll3yanuza\uefit

cTpyKTyp B x{HBbrx KJrerKax.

Bropax qacrb pa6oru rocBrrrrleHa nepcnerrnnnoft MeroAr,rKe yBenraqeHl,It

Sorocra6LrJrbHocrrr $nyopecqer{rHbrx 6enron, ocnonauuofi Ha MeroAe

pallr4oHanbHoro guzafiua: 6rrru [poBeAeHbI KBaHToBo-xraMurrecKpre pacrlerbl,

onpeAeJIrIBIrIHe Kpr4Tr4r{ecKl4e aMuHoK[cnorHbre ocrarrcz s 6oroBbrx rlenrx EGFP,

cJlyxarqpre npoMexyTorrHbrMr,r aKqenropaMr4 SneKTpoHa rtpu oKLlcJrLTTelrHofi

QororoHnepckrv,A€ulee orr4 aMnHoKncJrorHbre ocrarKulsutu3aMeHeHbl Ha ocrarKn,

Koropble He Moryr cnyxr4Tb [epeHocr{HKaMr4 3neKTpoHa. Tar,6ru uolyreH MyraHT

Y145L c yBenur{euuofi lo 15 par $oroc'ra6umsocrbro, Ho cHHXeHHofi f,pKocrbro.

,{n.r ynenr4ve*lafl tpKocrz aBTop BBeJIa AonoJrHI,ITeJIbHyIo 3aMeHy B rIoJIoxeHI,Iu

222, uro npl4Beno K co3AaHI4Io rpKoro H $orocra6unrsoro 6elxa. Tarxe aBTop

tIccneAoB€ula BJII{{HHe 3aMeH B xpouo$opoo6pa:yoqeM rroJrox(eHlrr{ 65 u

nonyqeHHoM B xoAe pacqeroB noJro)KeHuu 165. Kou6unr{poBaHr4e nepcrreKTr4BHbrx

3aMeH IIpkIBeno K co3AaHr4ro prlla flpKr4x ra Sorocra6ulrnrrx MyraHTon EGFP, a



raKxe L1HrepecHofo MyraHra T65G/Y145M/F 165Y, Koropbrfi flBrrflercfl,

yHlrK€rJrbHbrM B cBoeM poAe: oH xapaKTepH3oB€ulcf, He ToJIbKo IIoBbIIUeHHOfi

f,pKocrbro 14 Sorocra6uJrbHocrbro, Ho u yKopoqeHHbIM BpeMeHeM xI{3HI4

SnyopecqeHrlr4rr, -820 rrc. Br,rule onr4caHHble cnoficrsa .qenaror efo BecbMa

yAa.rnofi uerxoft AJrr MlrKpocKonu.recxofi Bu3yutrrr{3ar\vrvr BpeMeHIa >Kvt3ur4

SnyopecqeHur4r4 (FLIM).

,{uccepraqzq A. B. MauouroBoff rBJrrercfl aKTy€LJrbHbrM r{ 3penblM Haf{HbIM

I4ccneAoBaHHeM, [peAcraB,rrre'r F{ecoMHeHur,rfi rasrepec Anq coorBercrByloqt4x

Gnerlr{€ilucroB r,r cooroerc'rByer'lpe6onaunf,M, IrpeAbqBnqeMblM K KaHAI4AaTcKHM

Ar4cceprarlrirM "lloroxeHr4eM o rrpncy)K ne*vrv yqeHbrx creneneft" (ymepNAeHo

flocrauoeJreHneM llpanurenbcrBa PO or 24.09.2013 r. J\b 842 c H3MeHeHvrflMvr

flocranoeresufr llpanurerbcl'Ba PcD or: 2l .04.2016 r. Ns 335;02.08.2016 r. Irs 748;

or 29.05.2017 r. Ns 650), a ee aB'rop 3acrlyll(I4Baer nplacBoeHl4{ yr{eHofi crelenz

KaHAlrAara 6uororur{ecKrrx HayK [o c[elluaJrbHocrr4 03.01.03 - MoneKyn{p:aafl,

6uororus.

Pe:ymrarr,r pa6orrr Moryr safi'ru [pI4MeHeHHe B prccneAoBareJlbcKlax

na6oparoptrflx Hayqribrx yupeN4euraii. PaccuarpvBaeMafl pa6ora flBrrflercfl.

4o6porHrrM HayqHbrM HccneAoBar-rneM, BbI[oJrHeHHbrM Ha coBpeMeHHoM ypoBHe.

Tercr Ar4cceprar-Irzr4 Harrucau nor{flTHbrM, rpaMorHbrM {3brKoM Lr xoporuo

rrpor4nnrocrpr4poBan. AnropeSepar e norHofr Mepe orpax{aer pe3ynbrarrr pa6orrr.

3aueqauus.

CyqecrneHllblx 3aMer{aHnfi no pa6ore Her, nMeerc{ JrlTrrrb HecKoJIbKo BorrpocoB

o6qero I4 yror{Htrroqero xapaKTepa.

1) Puc. 3 (anrope$epa'r), pnc. I 2,15 (Aracccpraqr4q) - Anr4renbHocrb r43Mepenvrfl.

SnyopecqeIIIIHI4 /In;t pa3Hrtx 6erxoil pa3Harr r.K. r43MepeHr4q npoBoArlnr{cb Ao

AocrI4xeIIIis [onyBbltlBeraHr4ri. MoNso rrr4 6ruo flonyquTb AorronHr4TeJrbHble

AaHHbIe, npoBoAs I43MepeHI4-f, Bcex 6erxon c MaKcr4Malruofi AJrHTeJIbHocrbro, I4

MorJII4 6rt ern HeAononyeeHHbr€ /IaHHbre r4rparb KaKyro-Hr46y4" ponb npu 4auuofi



rrocraHoBKe 3aAaqr4? llouenry 3KcnepI4MeHTLI, [peAcraBJIeHHbIe Ha puc. 23 u 27,

rlpoBoAlrnr4cb AoJrbrue, T.e. .qo 6oree HI43KI,IX, .Ieirl 500/0, sHa.{eHnfi artqaeraHur?

2) Kax Br,r crrr4Taere, Bo3Mox(Fro Irv B lrepcneKTuBe KapAI{H€ubHo peuLITb

npo6nevry n br r{B eraHrax S nyop e cu e r{rn blx 6 er rco n, co BepllreHcrByfl ux Ausairr? I4nu

xre Bo3MoxHbre ynyqrueHr'lfl Moryr HocI4Tb roJIbKo rpaAyanbnufi xapaKTep, a Ans.

IOJIYqEHI,I'I QnyopecqeHrHLtx MeroK, tIoJIHocrbIo ycrofivunrx K

Qoroo6ecuBer{r4BaHrllo, norpebyurcl HoBbIe rexgolorzu?

3) llpe2lcraureHr4e AaHHbrx r cror6uKoBbrx Ar4afpaMMax Bo MHorI/x cnyqatx

MoxHo 6r,rno 6rr ynyvruurr, golanran pas6poc opI{rI4H€uIbHbIX AaHHrIX, .{ro cefiqac

craHoBr4Tcx SaxruqecKuM rpe6onauneM Bo nce 6onrrueM qI4cJIe Mex{AyHapoAHhIX

xypHanoB.

B Arrccep'rarlr{r4 rrpncyrcrByror rre3Har{HTeiIbHble HeAotlerbl no crtIJII4crI,IKe

Ll3JIO)teHr.tr, KOTOpbIe, OAHar(O, IIe yManglo'r' BbICOKO|O Kar{eCTBa npO4elauuofr

pa6oru. Vrrorpe6leHne )Kapror-ir{3uon (uanplrMep, <4nyx$orosHrtfi nasep>) Hocrlr

orAeJrbHbn'r e4rznuuuufi xapaK'rep, r4 Mo)Ker paccMarpvrBarbefl., cKopee, KaK orII{cKa,

rrocKoJrbKv rre [oBTopteTcq no reKcTy.

Hnrurnn UsreHrafr Cepreeun.r,

A.6.H., ne/tirrrqnfr uayvut'tfi corpyAl{I4x la6oparopvu

KreroqHoii ricfipo6noJroruu o6yueuux

I4nnury'r'i r n r,rcrlrefi uepnHofi 4ex'rer r,rlo crr4 n uefipoSur3r{oJrorurra

Poccurficxoii Axa4euun Hayx,
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