
oT3brB
o0nqraluHoro onnoHeHTa Ha AnccepraqiloHHyro pa6ory l-aepnxoea Anexcec
Ceuexoeuva "Onyopo[eH-aKTilBt4pytol-qhe 6enrta Anff HaHocKonr,lt4 t4 trcyeelnq 6eflox-
6enroeutx B3ahMoAehcreuil B xt/Bbtx KIeTKax", npeAcTaBteHHytlc Ha col/cKaHue yveuoil
creneHil KaHAilAara 6uonoruqecKnx HayK no cnellhanbHocl,, l 1.5.3 - MonexylnpHan
6uonorun.

B nocreAHee BpeMfl oqeHb ul4poKoe 3HaqeHile h pacnpocrpaHeHile B
Ml/KpocKonil i l  nonyL{l/na QflyopecqeHTHafl MhKpocKonhfl olklHorlHbtx MofleKyn.
OcHoeH st v ra rpe6oea HVieMu, Korop bre $nyopecrleHTHac M il KpocKon il H cBepxBbrcoKor-o
pa3peueHilf i HaKraAblBaeT Ha QnyopecqeHTHbre MeTKn FBflf ltoTCfl BbtcoKafl
$orocra6/flbHocrb, MofieKynflpHaF ffpKocrb 14 BbrcoKan nrorHocrb MeqeHrfl. Hecvorpn
Ha AoBonuuo 6oruluotZ Ha6op paspa6oraHHbrx A/rfl HaHocKonil i l  $nyopecqeHTHbtx
MeTOK, rtlLilb HeMHor-he tA3 Hrtx o6na4aor xov6nHaqnei,t us BCex eTl/x ceoilcre.

Tarxe Aflf l MeqeHilf i HeKoroputx 6erroB BaxeH pa3Mep MerKil. O4nu h3 noAXoAoB
K ero MnHnMV3a\nv1 - oro Co3AaHile chcrev 6nvonerynnpnorZ KoMnreMeHTallilr/.
l- lpnvepov uar6olee zgeecrHoil r/3 TaKilx cr/creM ffBrflercF aevput-6uol/HoBafl.
OgHaro, oHa ilMeer onpeAereHHbre orpaHtaqeHnfl tA He BcerAa Moxer eQserrraeno
ilcnot b30BaTbcfl B HaHocKonilr,r..

OlyoporeH-aKT/Br4pyfotlre 6enxu - ero SnyopecqeHTHbte MerKil, cocroflulhe i l3
4eyx <oMnoHeHToB: flr[aHA-cBff3brBarcu]ero 6enra i l HilsKoMoneKynflpHoro xpoMo0opa,
QnyopecqeHLlt/fl Koroporo ycvnvlaercF npil cBfl3btBaHuu c 6enxov. B 4auHorZ pa6ore
Tecrilpyercfl no4o6Han MerKa, ocHoBaHHafl Ha HeKoBafleHTHoM B3arMoAeilcteuu
MyraHTHblx $opv 6axrepranbHoro nilnoKafli lHa h cilHTerilqecKilx xpovoQopoa
aHaroTl/qHblx xpoMoQopy GFP. 06veHilBaeMocrb xpoMoSopa o6ecne.{i lBaer BbtcoKyto
Qorocra6ilflbHocrb ctAfHaila ta, KaK creACTBhe, no3Bo/rfler npoz3BoAr/Tb l/3MepeHnn B
TeqeHhil AilnrenbHoro npoMexyrKa BpeMeHil Heo6xogrrMoro Anfl HaKon neHufl cufHana
AocraroLtHot-o Alff nonHoil peKoHcrpyKqr/i l MeqeHuofr eHyrpilKneroqHorZ crpyrrypur.

lovrvo MeqeHilf i B MeroAax cy64rz$parcqroHuorZ Mr4KpocKonz/, o4creMa
nunoKattAH-xpovoQop B AaHHoil pa6ore ilcnorb3yercF KaK MoAynilpyevuril aKqenrop
FRET Anfl AereKquvt 6enor-6er<oebtx B3ailMogei,tcteuil. lzlsvepeHrae sQQerrilBHocl/
FRET no ilHTeHCLIBHocl/ QnyopecrleHqril c i lcnorb3oBaHileM o6ur,.rHurx
$lyopecrleHrHbtx 6enroe rpe6yer croxHbrx KoHrponbHbtx r/3Mepenuh u rpygoevrofi
nHrepnperat1tttA noflyqeHHbrx AaHHbrx. Mo4yrnpyeMbte aKqenropbt ynpoulaor
noflyL{eHile KoHTponbHbrx r43MepeHnil B cnyqae il3MepeHilq FRET no zHTeHCnBHocrLl
Qflyopecqelqvn, a raKXe no3BoJrFr-or re[Ko npoBo4r/Tb AnzreflbHyrc AereKqh16 FRET e
xt4Bblx KrerKax. O6utquo Ailfl raKAx qereil ilcnoflb3ytor MeroAbr SoroeulLlBeraHilfl
aKqenropa. Ha ceroAunuuvtil AeHb, ra6op MoAynhpyeMbtx aKqenropoB, ocHoBaHHbtx Ha
npilHqilne o6parrvo[o cBq3btBaHilf l xpoMoSopa cnflbHo orpaH,4qeH.

Taxuv o6pasov, aAanraqils Hoeoil cr4creMbr MeveHilF AnA HaHocKonil i l  v
il3yLleHilfl 6enor-6enKoBbrx B3ailMoAeilffieIAil npe4craBnrer 6oluuroil l/HTepec B
o6 nact u M 14 K p oc Ko n il ta c B e px B b I co Ko r-o p a 3 pe LrJ eH rAF ttt Aer eKr] ra ra F R ET.

lrccepraqiloHHafl pa6ora l-anpnxoaa A.C. nocrpoeHa no rpa4/Llt4oHHoMy nflaHy
14 COCTOI/T 143 CneAyotll/x pa3geroB: Bae4eune, o6sop nilTeparypbt, Marepnand u
MeroAbt, pe3ynbrarbt tA ttx o6cyx4eHre, 3aKfloqeHile, BbtBoAbt z cntacoK nilTeparypbt.



Pa6ora il3roxeHa ua 155 crpaHuqax, coAepxur 51 unnacrpaLlro u 6ta6nuu,, B pa6ore
ilcnonb3yercfl 211 ilcroqHt4KoB, cpeAil Koropbtx npeAcraBfleHbt KaK KnaccilL{ecKile
pa6orur no reMe, TaK h caMbte cBexile i lccfleAoBaHilf l nOCfleAH/X ner.

Bo eee4ernn aBTop Allccepraquvt o6cyxgaer aKTyanbHocrb il HayqHyrc HoBr43Hy,
a raKxe reoperhqecKylo z npaKThqecKyr-o 3HaqhMocrb nonyqeHHbtx pe3ynbraroe. B
eroM pa3Aene raKXe nepeL{HCIForcfi BbrAeneHHbte B paMKax pa6orut 3agaqil, Koropbte
nor Hocrb to coorBercrBytor nocra Bfl eH uorZ qen n.

O6sop nnreparypbt cocrot4T 'As uecril cMbtcfloBbtx 6no<oe. l- leoeurfi 6nox
coAepxilT nH0opvaqr,rro o pa3Bvtrun QnyopecqeHTHoro MeqeHhF kl coBpeMeHHbtx
paspa6oxax B erofi o6nactu. B oroM 6nore paccMorpeHa vcrop,AA pasltATtln
QnyopecqeHTHbtx MeroK c MoMeHTa BbrAefleHilF nepBoro $nyopecqeHTHoro 6enra 4o
Hau]ilx 4uet7. Onrcalut paeuoo6pa3Hbre rpynnbr QnyopecrleHTHbtx MeroK, TaKile KaK
6enxu cevetZcraa GFP, 6arrepraanbHbre Sraroxpovur (BphPs), $naenuvoHoHyKfleoru1-
cBF3blBarcqre 6enxvt FbFP, SepverrarrBHbre cilcreMbt MeqeHilf i (HaloTag, SNAp-tag,
PYP-tag) n Apyrrle.

Bo BTopoM pa3Aerte onilcaHbr pagnhqHbre noAxo4ax K roKaril3ar-1noHuoil
M14KpocKonnt4, onI4cblBa|-orcff Qil3ileecKile npilHllhnbt npeoAoneHilF 4ra$parqraoHHoro
npeAefla AaF noayqeHilF 6oree BbtcoKoro pa3peueHHff MeqeHbtx crpyKryp. Taxxe
onilcaHbl pa3tilLtHbte noAxoAbt K floKaril3aqiloHHorZ vrxpocKonil i l  c ncnoflb3oBaHileM
QlyopecqeHTHbtx MeroK, TaKilx KaK opraHilqecKhe Kpachrefl i l  r QoroaxrilBl/pyeMble
QryopecqeHrH bte 6en<u.

B rperuev pa3Aene onncbtBaercF pe3oHaucHurrZ nepeHoc oHeprilz (FRET) i l ero
npilMeHeHue e 6vononlqecKilx t/ccaeAoBaHrt+x. loeonuuo no4po6uo onilcaHa ucropun
paepa6orxh MeroAa pe3oHaHcHoro nepeHoca oHeprlrvr (FRET). OnracaHbt pa3nilvHbte
noAxoAbr K AeTeK[.ltln nepeHoca sHeprl/il c noMou]brrc QnyopecqeHTHbtx MeToK, B TOM
qilcfle c noMol4uto $oronepeKaoqaeMbrx $nyopecrleHrHbtx 6enxoe (QoroxpovHuril
FRET). Kparro npzBeAeHut o6racru npilMeHeHraq FRET e 6hoceHcopax n F,nn u3yeeHVA
6eror-6elKoBbtx B3ailMoAeiActeuil. 3arpoHyra reMa AereKllt/t4 FRET Ha ypoBHe
oAl4HoLlHblx MoneKyn. Ogua<o aBTop He orrr/vaer Ailnonb MofleKyabt B ocHoBHoM nnly
eoe6yx4eHHoM cocroflHt/r/ or AilnonbHbtx MoMeHToB nepexoAos 1,1s eos6yxAeHHoro
cocroFHl/f; B ocHoBHoe (gln 4ouopa) v AtlnorbHoro MoMeHTa nepexo1a v3 ocHoBHoro
cocrofiHl4fl e aos6yxAeHHoe. erw gunoril Bo3Hr/KarcT ToflbKo B MoMeHT norr1o111eHrfi
t/1tt4 trcnyveHilF KBaHTa cBeTa. Aarop Hl/ paSy He zcnoflb3yer erh repMhHbt, xorF nMeHHo
l/x opreHTauttn n onpe4enfier 3HaqeHne opreHTaqiloHHoro $arropa, n rAMeHHo oHt/
npl/BeAeHbl Ha pilcyHxe 4. Kpove roro, Anff h3MepeHhfl BpeMeH xil3Ht/ QnyopecqeHllt/t/
i lcnoflb3yercff He npocro cqer oAhHoriHbrx $orouoe, a cKoppenilpoeaHHurfi cqer
oAilHoqHbtx SoroHoa (TCSPC, a B pyccKofi nurepatype - cqer no cxeMe coana4eHnil)

B vereeproM pa34efle onncaHbr chcreMur 6rvonexynnpHoil KoMnfleMeHTaUVu t4
hx HeAocrarKh npil hcnoflb3oBaHuv B il3yqeHhu 6enox-6erKoBbtx B3ailMoAehcreuil, a
ilMeHHo Heo6paru vocrb cBF3brBaHilq z cnoHTaHHaff caMoc6opra Sparveuroe.

lsruti l pa3Aen onilcbtBaer co3AaHHbre Ha 4auHuril MoMeHT ct/creMbt MeqeHilR Ha
ocHoBe QryoporeH-cBfl3btBaou-lt4x 6enroa-ycurwteneil QnyopecqeHqili l , Koropble



cBF3blBarcT xpoMo$op HeKoBafleHTHo. flpraae4eHa ucropvn pasBtT.Afl AaHHoro Knacca
QlyopecqeHTHbtx MeroK, HaqilHaF c aHTilTea Ha Maraxilroeuril geneuurfi u ruasonoe;ti l
opaHxeBbttZ, garauqilBac caMoil nocre4HerZ paepa6oruoil - HaloTagT c HoBbtM KaaccoM
cnHrerilqecKilx xpoMoQopoe. Tarxe no4po6uo onilcaHa nonynflpHaA v nony{ilBluan
tll l4poKoe pacnpocrpaHeHhe chcreMa MeqeHhF Ha ocHoBe 6elra FAST. Aeroo raKxe
npilBoAl/T HeAocrarKil cyLqecrByror!l4x cr/creM MeqeHilF Ha ocHoBe $nyoporeH-
aKTilBr/pyloqzx 6enroB B ycnoBilFx HaHocKonuu.

Ulecroil pa3Aen onilcbrBaer paHee paspa6oraHHyro o4creMy MeqeHilF Ha ocHoBe
6arrepranbHoro nnnoKarlnHa (DiB) il cilHTernL{ecKilx xpovoQopax aHanorilqHbtx
xpovo0opy GFP, Koropag aAanrnpyercfl B AaHHorZ Ancceprallvt/1 Anfr npzMeHeHilR B
roKafli l3aqrouHotZ MhKpocKonuv t4 B KaeecrBe MoAylklpyeMoro aKqenropa FRET 4nn
h3yL{eH hfl 6elox-6en KoBbtx B3ail MoAe ilcteufA.

Pas4en "Marepranut i l  MeroAbr" onr4cbrBaer ulrporri l Ha6op coBpeMeHHbtx
MeroAoB il no,qxoAoB MoneKyflflpHoil r rnero,rHofi 6uonoruu. hcnoflb3oBaHHbtx B
pa6ore. B pavrax pa6orur 6utno i lcnonb3oBaHo MHoxecrBo coBpeMeHHbtx MeroAoB:
MoneKynFpHoe KfloHl/poBaHile Golden Gate, eKcilpecciln u oencrxa perov6nHaHTHbtx
6enros, $nyoptaverptfl, $nyopecrleHrHafl MLrKpocKonilf l (uraporonorbHaF,
rouQoralbHafl n floKaflil3aqraoHHan). CosN/ecrHo c ronla6oparopaM u 6ttna npoBeAeHa
Mr4KpocKonilfl BpeMeH/ x,43Hr SnyopecqeHqilil, a raKxe in vitro il3MepeHilff BpeMeHil
xl43Ht4 QlyopecqeHuIttA. AHalrs rso6paxeuuil u crarilcrhqecKafl o6pa6orxa AaHHbtx
npoBeAeHbt c noMotlbto coBpeMeHHbtx nporpaMMHbtx naKeToB.

Pasgen "Pe3ynbtard t4 ttx o6cyx4eHre" cogepxar 6 pas,qenoB. l-'lepaurft pa3gen
onilcblBaer ro, t{To Kpt4crannil3at4AF KoMnneKca nilnoKaruHa Di83 c xpovo$opoM M739
ronla6oparopaMil no3Borhfla nogpo6Ho npoaHanil3ilpoBarb B3ailMoAeilcreile
xpoMoQopa c aMilHoKl/cJlorHbtM14 ocrarKaMr B nil laHA-CBff3btBarcU]eM KapMaHe
tvnoKant4la. 3ro B cBoto oqepeAb no3Borilro npoBecril paqnoHanuuurrZ MyrareHe3 Ll
nonyLlhrb BapilaHTbt ntanoKanrAHa c ynyquJeHHutMh ceoilcrBaMh. Tax, 6uun BbtqBfleHbl
BapilaHrbl DIBS/F74V r DiB3/F53L, roropbre B KoMnneKCe c xpoMoSopov M739 a
ycnoBilffx HaHocKonIAu )1.tABbtx KreroK npeBocxoAffT no noKa3arenFM MoaeKylnpHorZ
FpKocrl/ u cra6unsHocrh uorHocril MeqeHrfl poAilTenbcKile MyraHTbt finnoKanv+a.
Sutno noKa3aHo, tlro ArhrerbHaF cbeMKa BapilaHTa D|B3/F53L Ha npornxeHhil MHon4x
Mt4Hyr npil HenpepbtBHoM o6lyveurail no3Bonger noflyrlt4Tb pa3pe[xeHne
peKoHcrpynpyevofr BHyrpilKneroquorZ crpyKTypbr Bo BpeMeHr B xhBoil rneKe.

Bo eropoM pa3gene pe3ynbraroe 6urro npoBeAeHo AByxqBerHoe MeqeHile B
ycjloBl4ffx HaHocKonnv c ncnorb3oBaHileM HoBbtx Bap/aHTOB rilnoKanrua DiB3/F74y u
DiB3/F531.

B rperuev i l qerBeproM pa3Aerax onilcbrBarocb co3AaHile I TecrilpoBaH/e,
npeAaoxeHHblx ronla6oparopaMr ct4creM 6nvorexyllpnor7 KoMnreMeHTaq[h Ha
ocHoBe ri lnoKartaHa DiB2 il cMoAefli lpoBaHHoro MyraHTa DiB-RM B ycroBTtflx
HaHocKonilil. Cnnrr-cmcreMa Ha ocHoBe nltnoKanuHa DiB2 noKa3ara 6onuiuvro



cra6nabHocrb nflorHocrz MeLteHhfl 14 MoreKyaflpHyro ffpKocrb orHochrefibHo
noaHopa3MepHoro runoKanvHa B ro BpeMF, KaK cnrzr-ct/creMa Ha ocHoBe vyraHra DiB-
RM o<asaracb no 3T14M noKa3areafiM xyxe nonHopa3MepHoro DiB-RM. O4Haxo, o6e
cilcreMbl o6naganu reHAeHqilerZ r cnoHraHHoil cauoc6oprce.

B nflToM pa3Aene aBTop onncbrBaer npilMeHeHhe "KpacHoro" KoMueKCa
n{noKail'AHa DiBl c xpovo$opoM mka67 c nilKoM eMuccun ua 625 HM B vcloBt4rx
HaHOCKOni lh .

LIJecrotZ pasAefl nocBf;uleH paspa6or<e v recrt/lpoBaHilrc FRET nap c
MoAyailpyeMblM aKqenropoM Ha ocHoBe BapraHroB ri lnoKannHa c xpovo$opavvt. B
pe3ynbrare in vitro aBropy yAanocb uailrv seneHo-KpacHyto napy c 6onuLuorZ
eQSexlaeHocrblo nepeHoca oHeprilh mNeonGreen-Di81 '.mka67. 

laHnan napa 6urna
IporecrzpoBaHa e in cellulo ycnoBilflx Ha MoAenil 6enxa cnt/llHrrtfr c rilcroHov H2B. Funo
orpeAeneHo BpeMfl >KtA3Hr4 QnyOpecqeH\ntt AoHopa mNeonGreen Ao il nocfle
go6aerervt n xpovo$opa mka67 u axtvaaqilh aKqenropa e in vitro u in cellulo ycnoBt/FX.
Ha 6enre cilnflHv:n FRET napbr c ri lcroHoM 6urna noKa3aHa Bo3MoxHocrb
MHoroKparHoro i l3MepeHrn eQ$erri lBHocl4 FRET c noMoulbto nonepeveuuorZ
orMblBKt'r u po6aeneHilF xpovoQopa B KfleroqHyo cpe4y. FRET napa mNeonGreen-
DiBl:mka67 6urna ycneuHo hcnoflb3oBaHa ilnfl aAanraqil i l  ceHcopa Ha
rphMerhtl l/poBaHhe H3K9 il Ha HarflxeHre B QoraruHutx KoHTaKTax KreroK. C novouluro
a,qanrrpoBaHHol-o ceHcopa Ha HarflxeHile B Soxanuuulx KoHTaKrax 6umo noKa3aHo
AilHaMilqecKoe il3MeHeHile HarflxeHilg e xileoil KnerKe. Taxxe BnepBbte c noMoulbto
AereKqhil FRET c i lcnorbeoBaHheM QnyopecqeHrHofi MnKpocKonil i l  6urno
Brrcyann3rtpoBaHo BsahMoAeilcrene 6erroe 14-3-3 n yApl,

B gaurcvrreluuotZ qacril l t lecroro pa3Aena 6utno noKa3aHo, lTo HeAaBHo
orKpblrble QryopecqeHrHbte 6enxu mAvicFPl ra AausFPl o6napaHcr cnoco6Hocrurc
cncHTaHHo Ml/rarb npil Mol4Hov o6nyveunu aoz6yxAaou-lt4M cBeroM. O4uaro, AaHHbte
6enru B nape c aKllenropoM DiBl:mka67 noKa3anil 3HaqhrerbHo MeHbruvto
eQQe<rreHocrb FRET, qev mNeonGreen.

B pa3Aeae "3aKflto.teHr4e" aBTop KparKo o6o6r4aer ocHoBHbte pegynbrarbl
ilccfleAoBaHilfl, a TaKXe noAqepKilBaer t4x TeopeTilqecKyFc n npaKTilqecKyto
3Ha'. ' l14Mocru. Buteogbt notHocrbto coorBercrByror nocraBneHHbtM 3a,qaqaM.

Pesynurarbt .qilccepraqiloHHorZ pa6orur l-aaprroea A.C. Ony6nraroBaHbt a 6
HayqHblx crarbflx B MexAyHapoAHbrx peqeH3ilpyeMbtx xypHanax il npeAcrasreHur e 5
Te34CaX AOKfla,qOB Ua pOCCUrzCKIAX 14 MeXAyHapOAHbtX rOH$epeu+nflx.

Tev ue MeHee, KaK z npaKTilqecxw np6an HayqHafi pa6ora, AilccepraqiloHHoe
TlccreAoBaHre l-aapnroea A.C. 7lveer pflA HeAocrarKoB, a raKXe BbtgbtBaer Bonpocbt,
KOTOpble BO MHOTOM CBflSaHbt C t/HTepeCOM OnnOHeHTa K TeMarilKe i lccneAoBaHvlfl u He
yMaflf lor 3HaLli lMocril nonyLleHHbrx pe3ynbraroB, a raKxe He noABep[a]or coMHeHilrc
creneHb rx AocroBepHocrt4. Kpove yxe yKa3aHHbrx paHee B TeKcre aaMeqaHZrl, cne4yer
orMerilTb, t lro paspa6oraHHbte Mero4br He FBrflrorcff yHilBepcanbHbtMn u pa6ota



ToflbKo Bbli lrpana 6ut eclr 6ur aerop qerKo c$opvynrapoBan o6nacru npilMeHeHilF
HoBblx paspa6oraHHbtx MeroAoB, npn peueHzlz KaKAx 3aAaq hx cneAyer nprMeHFTb.

llo ecev KpilrepilflM Atlcceprar]iloHHaF pa6ora l-aeprroaa A.C. "Onyoporeu-
aKrhBl4pyloqne 6enrn Anfl HaHocKonvn v vsyqeHns 6enor-6enroaurx BsailMoAeilctauil
B xl4Bblx KrerKax" coorBercrByer Kpr/TepfiflM (e rol,t L]ilcre n. 9), ycraHoBfleHHbtM
'floloxeuuev 

o np/cyxAeHril yqeHbrx creneueil" (yreepx4eHo llocragosneHileM
llpaerrenbcrBa PO or 24.09.2013 T. Ns 842 c il3MeHeHhflMh nocraHoa neuuil
l lpaenrerbcrBa PO or.21.04.2016 r. Ns 335; 02.08.2016 r. Ns 748; ot29.05.2017 r. Ns
650; 20.03.2021 r. Ns 426; 11.09.2021 Ns1539), a ee aBrop HecoMHeHHo 3acnyxilBaer
npilcBoeHl/r rcxovoil creneHh KaHAilAara 6uonorwqecKrx HayK no cneqrarbHocla '1 .5.3
- Molexynfl pHafl 6trtonorun.
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