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<BnuRHrae rflyrariloHhnrpoBaHun a1-cy6r,egrrrHNqut Na,K-ATPasut Ha csoficrea

SePrueHra>,
npeAcraBneHHylo Ha corcKaHNe yqeHofi creneHr

KaHAHAara 6ilonoril.-{ecKilx HayK no cneqilanbHocrt4

03.01.04 - 6noxLAuttfl

Na, K-ATPasa rerepoonfirouepHurrZ Sepnltenr nna3Marrqecxofi ueu6pauut,

orBercrBeuHurfr 3a rpaHcMena6paHHurri nepeHoc r4oHoB Na* r Kn - orHocl4Tcfl K rlrcny

Kpr4Tt4qecKN BaxHbtx AnF xh3HeAeFTerbHocrt/ KnerKil 6enxoa, Koropble, noMhMo

BbrnoflHeHilH (cBohx HenocpeACTBeHHbtx SyHxqrta) oKa3btBarcTcF BoBneqeHHblMt4 B

chrHanbHbte KacKaAbt, B3ailMo4erZcrayr c pa3Horo poAa perynFTopHblM14 MoneKynaMtA, t4

cnyxar npilBfleKarefibHbtMLl M14ueHFMtA AnA QaprvraxonorilqecKnx npenaparoa. B KoHTeKcre

co6crseHHo Na,K-ATPasur He4aBHo noKa3aHo, qro o1-cy6ue4n+Vqa noABepraercF

rnyrarhoHrnrpoBaHnCI, Koropoe BnilHer na $yHxqhoHanbHoe cocroffHile ororo SepnleHra.

O4Haxo, pfiA BaxHbtx MoMeHToB, cBF3aHHbrx c ssQexronr rnyrarrloHVnvpoBahfifl o1-

cy6uegNH14Ubt Ha caotzcrea Na,K-ATPa3br, Hyx(qaercn B cyulecrBeHHoM yroqHeHnN. Bc: ero

ta onpe,.qenFer aKTyanbHoCTb At4ccepTatlroHHotZ pa6orut ,.[eproycoaoN E, A.

flyrccepraqilF nocrpoeHa no rpapuqiloHHoMy nnaHy il cocromT t/3 BBe,qeHrR, o6sopa

nilTeparypbt, rnaBbt <Mareputanut r MeroAbr t/ccnegoBaHilt), rraBbl <Peeynurarut v

o$cyl1qeHhe)), 3aKflioqeHfiq h BbtBoAos. Cnilcox qt4Tt4poBaHHotI nmreparypbl sKfltot{aer 246

pa6or, Koropbre oxBarbtBarcT nepilo,.q c 1951 no2017 r.

O6sop nlrreparypb!, ilsnoxeHHuril Ha 51 crpaHrlle, paa6m Ha 2 6onuulux

pa3gena, xax<,qutfr il3 Koropbtx BKfltoqaer or 6 (paegen 2) no 8 (pasgen 1)noApas,qefloB, B

Koropbrx aBrop nocneAoBareflbHo paccMarprBaer crpyKTypy N $yHxqrara Na,K-ATPa3bl,

BKflrol{afl MoneKynFpHyro opraHh3aurrc Na,K-ATPasut, ee rso$opMbl, Karanrrn'le:x. iI

UhKr, MexaHn3M pa6orur, peryaflLlr4[o r.H. KapAiloroHtlqecKilM14 crepomAaMfi,

B3afiMoperZcreile c 6enxauta-naprHepaMr. [locxoruxy ANCCepraLlroHHafl pa6ora

leproycoaora E.A. c$oxycr,rpoBaHa Ha HsyLreHVV tnyrarroHilflhpoBaHVA o1-cy6ue4[H14qbl

u Bnn+Hvtrt erorZ wo4rSmxaqrrrN Ha caorZcrBa mccneAyeMoro SeprueHra, noHflTeH hHTepec

aBTopa K rnyrariloHnnilpoBaHrto KaK K npoL{eccy ruograsraxaqrara SH-rpynn 6enxos

aoo6qe, TaK h perynFqr,4 pa6orut Na,K-ATPa3bl B LlacrHocrt4.



2

llonoxrreflbHo oqeHIBafl o6umpuurra o6sop JtilTeparypbl, florilqecKil noABoAnu-Vi,t

qrrareng K qengM n 3aAaLlaM ,qilccepraqrN, rny6oxhe 3HaHrF leproycoaola E.A. no reMe

pa6orbt, He Mory He orMernrb onpe4ereHHyto ils6stro,{liocru npilBeAeHHoro

nilTeparypHoro Marepilara, xoropuril Aanee oKa3btBaercF Heaocrpe6oBaHHblM.

CxagaHHoe, B nepByto oqepeAb, orHocLlTCF K 6enxau LlmTocKenera, a raKxe Mefirlrrl4Hy,

Src-xrHase, KaBeonhHaM. C rvroefi ToL{Kr/ 3peHilH, TaKoe no4po6Hoe paccMorpeHile erhx

BaxHbtx BonpocoB SyHrqraonilpoBaHnfi Na,K-ATPasst, npFMo He cBF3aHHblx c

AilccepraqroHHorI pa6orori, (HecKonbKo yBo4ur B TeHb) Te npo6nenaul, KoropblM tA

nocBflu-[eHo co6creeHHoe oKcneprMeHTarbHoe hccflegoBaHne. lzlueHHo erL'lM MuxHo

o6uccHilrb ToT $axr, L{To oqeHb aaxnutf pa3gen o6eopa nhTepaTypbl 1.? 4.

MexaHreubt rnyrarr4oHilnilpoBauttn 6enKoB - yMecrilncn Bcero Ha rpex crpaHhqax n B

HeM He Haunocb Mecra AnH pFAa ilHTepecHbrx o6sopuutx crareil, HanpmMep, <Causes

and consequences of cysteine S-glutathionylation> (Grek et al (2013) J. Biol. Chem.,2B8'.

26497-26504). Xors cnpaBeAflrBocrrr paAh cneAyer orMerhrb, t{ro Bonpocbl

rnyrariloHrnilpoBaHrr cy6ueghHt4t-.1 Na,K-ATPa3bt t4 Brtt4FHhe erofi vtogmSrtxatluw Ha pF,,q

ceorZcra eroro SeprvreHra paccMorpeHbr B orAenbHoM pa3Aene (1.2.6) AoBonbHo

no,qpo6Ho.

71s 4pyrmx HeAocrarKoa o6sopa nilTeparypbr orMeqy tot Saxr, qro He Bce cxeMbl,

KoropbtMh xopoLrJo ilnnpcrp14poBaH AaHuuttZ pa3gefi AilccepraLlilt/, rqollxHutu o6p'tsc,ut

o6rrscHesur. Hanprrrrvrep, Ha crp. 50 aerop npnBoAt/T t4HTepecHyto cxeMy Bo3MoxHblx

nyrefr S-rnyrarnoHunrpoBaHilF 6enxoe (prac 14), SparvreHrut o6tqcHeHilc Koropof

oKa3anhcb pacceFHHblMn no HecKonbKTlM cTpaHhLlaM.

[naea 2 <Marephaflbl H MeroAbl r4ccne4oBaHhR) t/3fioxeHa ua 9 crpaHilqax.

Mero4mvecxNN apceuan pa6orbt coBpeMeHeH r norHocrblo aAeKBareH nocraBfleHHblM

3aAaqaM. B AaHnorZ rraBe Hau6onee nogpo6Ho paccMorpeHbt: nonyL{eHhe oL{iluleHHoro

npenapaTa Na, K-ATPaeut, onpegeneHile ero aKTr4BHOcTt4, enexrpOQOpe3 B

nonilaKpilnaMnAHoM rere, ruuyHobnorrilHr, rrlyrarhoHilnilpoBaHile tA

AernyrarroHtanhpoBaHile o1-cy6rregilHt4r-.lbr Na, K-ATPasst, t43orepMilr]ecKaF

KanopilMerpilF rt4rpoBaHrAfl (t/lfl). Xors 6onsurucrBo pa34enoa erotZ rnaBbl Hanrca'{b. B

BhAe nporoKofioB, Koropbte flerKo Moryr 6urru Bocnpoul3BeAeHbt npaKTilL{ecxil e n}o6otz

na6oparop[r/, He Moryr He orMerilTb ror Sarr, vro B pFAe cnyllaeB orcyrcrByer BaxHaF

Mero4r4qecxar nHSopMaUilF. Hanprarvrep, B pa3Aene <2.7.2. !ernyrarraoHilrl14poBaHre o1-

cy6uegmurarlul Na,K-ATPasur c ficnoflb3oBaHileM SeprvreHrarreHofi ct4creMbl) aBTop

npilBo,,qfiT cocraB ranry6aqraoHHorZ cMecm, orpaHhLlt4BLltt/cb ynoMrHaHileM KonrqecrBa
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ilcnonb3yeMbrx AnH AernyrarhoHilnnpoBaHrF SepueHroB - rnyrapeAoKcr/Ha tA

rnyrarhoHpeAyKTa3br, 6e3 yKa3aHilF ilx aKThBHocrh. B pasgene <<2.13. [cnoflb3oBaHr.,re

peaKTkrBbr> oO erou raKxe He roBopr4TcF Hr4 croBa, nooroMy olleHhrb ageKBarHocrb

fi cnofl b3oBaH HorZ conpnxeHHor,r Sepueurnoil cr/creM br npaKThqecKr HeBo3MoxHo. Mexgy

TeM, oro oqeHb BaxHo B cBH3r/ c 3aFBneHheM aBTopa o roM, qro <SepueHrarttllafr

cilcreMa He cnoco6ua noflHocrbro ycrpaHilTb r/cxoAHoe rnyrarmoHrnilpoBaHile o1-

cy6regraHrqur Na, K-ATPasur> (crp, 79).

B pas,qene rnyrariloHilnilpoBaHile B Knero..rHorZ Kynbrype u hMMyHonpeqilnurallilF

orcyrcrByer BaxHaF ru$opuaqilff o npoilcxo4qeHNh Ky.nbrypur eu6pNoHarbHbrx KfleroK

MbrLr-r14 SC1, xonrqecrBe KneroK, ncnorrb3oBaHHbrx B gKcnepnMeHTax. HenoHgrHo, L{eM

6urn o6ycnoBneH asr6op rMeHHo grrlx Kflerox. He y1enwna,qonxHoro BHL,rMaHrfl aB.Jp r/

Macc-cneKTpoMerpilLrecKoMy alafiA3y oco6euuo B KoHTeKCTe Macc-cneKTpoMerprvecrofi

r4eurr$raKaLlilr/ nltognSrqhpoBaHHbrx ocrarKoB U14crehHa o1-cy6uegilHNr-lbr Na,K-

ATPassr, SaxrNvecKr orocnaB qilrarers x P.X. 3nraHuNHy (1216X), xoropurrZ co6craeHHo

BbrnonHrn Macc-cneKTpoMerpilqecxnrZ alantt3 noAroroBreHHbrx ArlccepraHToM

npenaparoa. C nltoeri ToLrKr/ 3peHnff, oro BaxHoe ynylqeHne, nocKonbKy 14MeHHo Macc-

cneKTpoMerprvecxrrl aHanta3 FBnf;ercfl peL]-rarcu-14M B KoHTeKCTe o6ocHoeaHHocl/

BbrBoAoB pa6orur.

l-naea 3 <<Peaynsrarur u o6cyxgenue> cocror4T tA3 HecKonbKllx florhqecKil

B3ailMOCBF3aHHbrx nOApa3AenOB, B KOTOpbTX nOCneAOBaTenbHO paCCMOTpeH', t:

xapaKTepficrr4Ka npenapara Na,K-ATPasur v3 coneBbrx xends yrKr4,

rnyrarroHilnilpoBaHNe il Aernyrar.AollnrltApoBaHile o1-cy6re4nHilLlbr Na,K-ATPaset,

Apyrre ruo4r$r,rxaqru SH-rpynn erofr cy6uegraHnqrl A ilx BoccraHoBfleHre xilMr4qecKrMH

BoccraHoBnreflflMLl, a raKxe orpaHrueuusrrZ rpilncrHonil3 o1-cy6ue4rHhLlbr Na,K-

ATPasur v BntAFHtAe creneHil rnyrarhoHhnrpoBaHrs Na,K-ATPaaur Ha ee cBn3btBaHile c

nt4laHp\aML4.

B 4aHHoil rnaBe aBTop y6egrrenuHo noKa3brBaer, qro BbrAeneHHaF r43 cofleBbrx

xenda yrKr4 o1-cy6uegn+Vqa Na,K-ATPasur coAepxilr cBFsaHHbrit rnytannon, a ee

wnxy6atlwa c oKrcreHHbrM rnyrarnoHoM yBenilL.rr/Baer rnyrarwoHnnvpoBaHile il TopMoxeHile

aKTilBHocrr Qepuenra. l-lpra eroM nonHocrbro Aernyrarr4oHNrilpoBarb o1-cy6ue4wutALly

Na,K-ATPa3br He y4aerce Aaxe nog .qeilcrBheM cunbHbrx BoccraHaBnilBarcu.l4x areHToB B

AeHarypr,lpyror4r4x ycnoBr/Fx (6 M rvoveBtAHa,2oh goaeUL,rncynssar narpran). llonyveuHh,te B

corpy4HLrqecrBe co cnellilanNCToM e o6nacril Macc-cneKTpoMerpilLrecKoro aHanrsa P.X.
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oco6euHo ycroilvraure K

AeryrarhoHl,1nilpoBaHilrc ocrarKr qrcreilna (Cys513 r Cys 658), B ro BpeMff KaK ocrarKn

Cys454, Cys 458 r,r Cys459, a raKxe Cys351, Cys206 ra Cys140 B AeHarypr/l-yrot{t4x

ycnoBL1FX 6wu vyBCTBrreflbHbr K BoccraHoBfleHilrc 6oprr,rgpragorv Harprfl. [1pr erou

ocrarKh nMeHHo t-lhcremHa, pacnolroxeHHbre a6nusw aKThBHoro LleHTpa (Cys454, 458 u

459), noMHMo rnyrariloH nnvpoBaH.AA noABepraorcF h ApyrhM (oxtacnrrenunurru)

ruo4r,rsNxaqilHM.

Co cAenaHHbrMt4 BbrLrJe oroBopKaMil o HeAocraroLrHo oxapaKTepil3oBaHHbrx

Mero',qilL{ecKhx acneKTax Macc-cneKTpoMerpnqecKoTo aHanr3a AaHHbtx, Koropbte nogpo6uo

onilcaHbl e 6onee paHHrx paOorax P.X. 3NraHLurHa Ha ory reMy (nanpnruep (Petrushanko et

al., (2012) J Biol. Chem. ,287'. 32195-32205), nonyqeHHbre pe3ynbrarbr cnegyer npr3Harb

BnonHe o6ocHoeaHH btM14.

fionoxrrenbHo oqeHilBa, ery pa6ory n ee LATIfLA, npil LrreHrh Ancceprat;l,AtA Bc]Hr4K

pffA 3aMeqannn n BonpocoB.

(1) Ecnu ucxoduoe efiymamuoHunupeoaHue, He ydanaemcn daxe npu

ue$epueHmamuoHoM eoccmaHoeneHuu deuamypupoaaHHoeo $epnteuma, MoxHo nu

cqumamb maKoe enymamuoHunupoeaHue ueo6pamumoil xoeaneumuo[t uodu$uxaque(t?

Kaxoeo 6uonoeuqecKoe 3HaqeHUe maxoit ueo6pamuuoil rwoduQuxatquu?

(2) B pasdene <3axnpqeHueD npueodumcn silcKa3aHuoe MumbKeeuqeM u coaemopaMu

[Mitkevich, v.A., et al., 2016], npednonoil<eHue o KompaHcnrLluoHHoM

enym am u o H u Jt u poe a H u u H e Ko m o p btx oc m a m Koo Llu c m e u u a a 1 -cy6ae d u u u qat.

Moxem nu omo npednono)KeHue eMecme c dauuatmu peHmeeHocmpyKmypHoeo aHanu3a

u KoMnbpmepHoeo modenupoeaHufl o BosMoKHoM BcmpausaHuu e nonocmb c
Hepa3pewduuoil nnomHocmarc a1-cy6-aeduuuL4at Na,K-ATPasu ceudemenbcmeoeamb o

KompaHcnflL4uoHHoM enymamuoHUnupoeauuu (cmp. 1 02)?

lAs 3aMeqaHNh nmeparypHo-oSopMhrenbHoro csoilcraa, B AonoflHeHile K yxe

ynoMfiHyroMy BbtLUe (cu. crp. 2 nacronulero or3brBa) orrvrevy BorbHoe oopauleHNe aBTopa c

MareMaruL{ecKrM TepMrHoM (KoppenffUrF), HapyllJeHre corflacoBaHilF (uanpmruep,

(BepoFTHocrb AononHrrenbHoro rnyrarlroH LAntApoBaHLAfr Na, K-ATPaeul B npoLlecce

BblAefieHhF Sepueura HeBeflhK)), crp. 7B), a raKxe oneqarKul, Koropbte HaqNHarcT

BcTpeqarbcn yxe B orflaBneHrN ([-naaaa 3), Ho He npeBbtlxarcT cpe,qHecrarficn4r{ecKoro

ypoBHF. He oqeHu yAaLtHo t/ ilcnofib3oBaHile cnnouruorZ HyMepaqilil pr/cyHKoa r ra6nNq e

TeKCTe AhCCepTaqt4n v nphnoxeHhh.
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3arnrcqenre: [1o axryanbHocn4 npo6neuut, MerogtlqecKoMy ypoBHto, o6leuy m

HoBr/3He nonyqeHHbrx pe3ynbraroB, vtx SyrrgarueHranunoil h HayqHo-npaxrrvecxotl

3Haq il M ocril Ehccep raqlAfl !ep roycoaoil Ene H ut Ane rcaHgpoBH bl

<BnrsHne rryrarroHilnilpoBaHhF o1-Cy6r,eAilHt4qbt Na,K-ATPaout Ha ceofrcraa

QeprvreHra)), npeACTaBreHHaF Ha cohcKaHile yqeHoil creneHr KaHAilAara 6nonorrqecrrx

HayK no cnellnanbHocrr4 03.01.04 - 6tloxnt'ttn+, flBflfiercn saxoHqeHHoft HayqHo-

xaannQrxaqroHHorZ pa6orofr il coorBercrByer KprrepuflM n.9 nonoxeHNff o noprAKe

npilcyx(qeHIF yqeHblx creneHefr, yrBep)+1qeHHbtM IocraHosneHheM llpaeNrenbc'r B?

Pocctaricxorl Oegepaqril or 24 cema6pn 2013 r. NsB42 c BHeceHHblMl/ t4sMeHeHilflMl4 or

21 anpena 2016 r. Ns335 r,r or 02.08 .2016 Ns74B, a ee aBrop 3acnyxilBaer nphcyffieHilF

ucxouorl creneHil KaHAhAara 6ilonorH,recxmx HayK no cneLlilanbHocrm 03.01.04

6uoxwvun.

AeropeSepar N ony6nhKoBaHHbte pa6orur nonHocrbCI orpaxatoT Marepilaflbl

Ahccepraq14il.

,#)
Me4eegee Anexcefi EereH seam.{,

E. 6 H no cneqrarbHocrt4 03.01 .04 (6uoxutunR), npo$eccop,
3ae. na6oparopN 14 SapuaxonporeoMuKt/
Oe4epan u Ho ro rocyAapcrBeH Horo 6 rc4xerHoro yq pex(qeH ilr H ayKrl

H ayv H O- r ccn eAO BaTeI bCKO rO IHCT t1Tyr a 6 r O nr eg ra qr s CxO tZ XIAMVt;A
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