
OT3hIB 

oqnnui:aJihHOro 0ITIT0HeHTa Ha ,nHccepTal.l;FIOHHYJO pa6oTy EhJtIKOBa MaKCHMa 

JleoHH.ll:OBHqa «BnmrnHe ITpoToH-qyBCTBHTeJihHhIX KaHaJI0B ceMeiicrna DEG/ENaC Ha 

_pa3BHTHe 0ITyxoJieBhIX KJieT0K», ITpe,nCTaBJieHHYIO Ha C0HCKaHHe yqeHOH CTeITeHH KaH,nH,narn 

6HOJIOrnqeCKHX HayK ITO CITeUHaJihHOCTH 1.5.2. - E1rnq>H3HKa (6HOJI. HayKH). 

ITpoTOH-'qyBcTBHTeJihHhie KaHaJihI ceMeiicrn ASIC (Acid-sensing ion channel) H ENaC 

(Epithelial sodium channel), OTHOCXTC5I K 60JihII.IOMY Ha,nCeMeiicrny aMHJIOpH,n-qyBCTBHTeJihHhIX 

,nereHepHHhITHTeJIHaJihHhIX Na+-KaHaJIOB (DEG/ENaC). 3TH KaHaJihI B KJieToqHoii MeM6paHe 

HMeIOT CTpyKTYPY roMO- HJIH reTepo-TpHMepoB H 5IBJ15IIOTC5I Ba)KHhIMH ceHcopaMH pH, KOTOpbie 

aKTHBHPYJOTC5I ITPH 3aKHCJieHHH BHeII.IHeii cpe,nhI KJieTOK. B CB5I3H C oco6eHHOCThIO 

MeTa60JIH3Ma OITyx:OJieBhIX KJieTOK, KOTOphIH xapaKTepmyeTC5I HH3KHM pH BHeII.IHeii cpe,n:1,1, 

B03,neiiCTBHe Ha pa6oTy ,naHHhIX KaHaJIOB MO)KeT OKa3aThC5I ITepcITeKTHBHOH CTpaTerneii .Zl:J15I 

TepaITHH 3JIOKaqecTBeHHhIX HOBOo6pa30BaHHH. 

paMKax ,nHccepTaUHOHHOH pa60ThI EhJtIKOBa M.JI. HCCJie,nyroTC5I MexaHH3MhI, 

3aITycKaeMhie B OITyxoneBhIX H HeTpaHCq>OpMHpOBaHHhIX KJieTKax ITPH aKTHBaUHH H 

HHrn6HpoBaHHH pa6oThI ITpoToH-qyBCTBHTeJihHhIX KaHaJI0B ceMeiicrna DEG/ENaC. 

Pa6orn BhIIIOJIHeHa Ha BhICOKOM MeTO.ll:OJIOfHqecKOM ypoBHe H opraHHqHo coqeTaeT 

HCITOJih30BaHHe 6HOq>H3HqecKHX H 6HOXHMHqecKHX IT0,nxo,nOB, a TaK)Ke px,na MeT0.ll:0B 

MOJieKyJ15IpHOH H KJieToqHoii 6HOJIOrHH. Y6e,nHTeJihHO ITOKa3aHO, qTQ ITa,neHHe pH 

BHeKJieTOqHOH cpe,n:1,1 ITpHB0.ll:HT K aKTHBaUHH B oITyxoJieBhIX, HO He HOpMaJihHhIX KJieTKax 

BXO,n:5III(ero KaTHOHHOro T0Ka, 0ITOcpe,noBaHHOro ITO ITpe,nITOJIO)KeHHIO aBTOpa pa60ThI ITPOTOH-

aKTHBHpyeMhIMH KaHanaMH ceMeiicrna DEG/ENaC, KOTOp1,1e co,nep)KaT cy6oe,nHHHUY ASIC la. 

no ,naHHhIM EhJtIKOBa M.JI., 3KCITpeCCH5I cy6oe,nHHHU ITpOT0H-aKTHBHpyeMhIX KaHaJIOB 

ASICla, a-ENaC H y-ENaC KaHaJI0B DEG/ENaC yBeJIHqeHa B oITyxoneBhIX KJieTKax ITO 

cpaBHeHHIO C HerpaHCq>OpMHpOBaHHhIMH, a ITa,neHHe pH BHeII.IHeii cpe,n:1,1 ITPHBO.ll:MT K 

aKTHBaUHH B oITyxoneBhIX KJieTKax JNK KHHa3hI H PI3K/AKT/mTOR CHrHaJihHOro ITYTH, qTo 

CTHMYJIHpyeT J)0CT H MHrpaumo 0ITyxoJieBhIX KJieT0K. 

MaM6aJirnH-2 H3 x,na qepHOH MaM6hI Dendroaspis polylepis 5IBJI5IeTC5I HHrn6HTOpOM 

ASICla H ITpe,nno:iKeH aBTopoM ,nHccepTauHOHHoii pa6oThI B Kaqecrne ITepcITeKTHBHOro 

ITpOTHB0OITyxoneBoro cpe,ncrna, 6JIOKHpyromero pa6oTy KaIIaJIOB, oITocpe,nyromHx 

OITyxonecITeUHq>HqecKHH KaTHOHHhIH · TOK. EbJtIKOBhIM M.JI. ITOKa3aH0, qTo MaM6aJirHH-2 

HHrH6HpyeT aKTHBHOCTh MHTOreHHhIX CHfHaJihHhIX ITyreii H ITpHBO.ll:HT K OCTaHOBKe KJieToqHoro 

UMKJia H HH.Zl:yKUHH aITOT03a B OITyxoJieBhIX KJieTKax. B pa6oTe EhJtIKOB M.JI. BhICKa3hIBaeT 

ITpe,nIT0JI0)KeHHe, qTo MaM6aJirHH-2 B3aHMO,neiicrnyeT C reTep0TpHMepHhIM KaHaJI0M, 



cocToam;irM H3 cy61,e,n;HHHU ASICla, a-ENAC H y-ENAC. IlpH noMOIIJ;H 3JieKrpoqm3HonornH 

nOKa3aHO, qTQ MaM6aJirHH- 2 HHrn6HpyeT TOKH qepe3 reTepOTpHMepHI,IH KaHaJI, 

cq>0pMHpoBaHHhIH m cy61,e,n;HHHU ASICla, a-ENaC Hly-ENaC 3q)q)eKTHBHee, qeM qepe3 KaHan, 

C_OCTOHIIJ;HH H3 3 cy61,e,n;HHHI{ ASICla. Ilocpe,n;CTBOM MOJieKynapHoro M0]leJIHpOBaHHH 

npe,n;noJI0)KeHo, qrn MaM6anrHH- 2 06pa3yeT 6onee ycToifqHBhie H0HHhie H 

noJU1pHh1e/rn,n;po<l>o6Hhie KOHTaKThI c y-ENaC, HO He c ASICla cy61,emrnHu;eii B cocrnae 

TpHMepHhIX KamUIOB. MaM6anrnH-2 MO)KeT cTaTh HOBhIM HHCTpYMeHTOM JlJUI myqeHHH 

MOJieKyJUlpHhIX MexaHH3MOB, 3anycKaeMhIX B KJieTKax npH aKTHBal{HH npOTOH-qyBCTBHTeJihHhIX 

KaHaJIOB, a TaK)Ke npoTOTHnOM HOBhIX npOTHBOonyxoJieBhIX cpe,n;CTB. 

,[(Hcceprnu;HOHHM pa6orn ohJqKOBa M.Jl. HanHcaHa no KJiaccHqecKoii cxeMe H 

C0CTOHT H3 BBe]leHHH ( C onHCaHHHMH u;eneii: Ii 3a,n;aq pa60ThI), He JIHIIIeHHOfO He]lOCTaTKOB 

o63opa JIHTepaTyphI, no,n;po6Horo onHCaHMH MaTepHM0B H MeTO]lOB, TaK)Ke 

3KCnepHMeHTaJihHOH qacTH C o6cy)K]leHHeM nonyqeHHhIX pe3yJihTaT0B, 3aKmoqeHHeM Ii 

BhlBO]laMH. Pa6orn H3JI0)KeHa Ha 117 JIHCTaX neqaTHOfO TeKCTa, co,n;ep)KHT 3 8 pHCyttKOB H 8 

Ta6JIHI{. <;nHCOK HCnOJih3yeMhIX HcTOqHHKOB co,n;ep)KHT 201 CChIJIKy. BhIBO]lhI, c,n;eJiaHHhie no 

HTOfaM pa60Thl o6ocHOBaHHhl Ii no,n;KpenJieHhI COOTBeTCTBYJOIIJ;HM 3KcnepHMeHTaJihHhIM 

MaTepHaJI0M. 

O63op JIHTepaTyphI B u;eJIOM ,n;aeT Heo6XO]lHMYJO HHq)OpMau;mo O COCTOHHHH 

HCCJie,n;yeMoro B pa6oTe BOnpoca. DhJqKOB M.Jl. y,n;eJIHJI Heo6XO]lHMOe (B03MO)KH0 H3JIHIIIHee) 

BHHMaHHe OTBeTOM KJieTOK Ha 3aKHCJieHHe BHeIIIHeii cpe]lhl. TaK)Ke onHCaHhl MexaHH3Mhl 

pa60Thl HHrH6HTOpOB ASICla, B TOM qHcJie MaM6aJirnHa-2, aKTHBHOCTh KOTOporo Ii 

HCCJie,n;yeTCH B ]lHCCeprnu;HH. IlpH 3TOM, B o63ope JIHTepaTyphI OTCYTCTByeT HHq)OpMal{HH 06 

HHrH6HTOpax a- Ii y-ENaC, qTo MOfJI0 6bI 0Ka3aThCH noJie3HhIM npH qTeHHH H aHaJIH3e ,n;aHHOH 

]lHCCeprnu;HH. 

MaTepHMhl H MeTO]lhl a C00TBeTCTByiom;eM pa3,n;eJie onHCaHhl ]lOCTaToqHo no,n;po6HO 

,[{JUI BOCnpomae,n;eHHH pe3yJihTaTOB 3KCnepHMeHTOB. 

OnttcaHHe H o6cy)K]leHHe pe3yJihTaTOB pa3,n;eJieHO Ha 3 qacTH, nocaam;eHHhie 

MOJieKyJU1pHhIM MexaHH3MaM a,n;anTal{HH onyxoJieBhIX KJieTOK K 3aKHCJieHHIO BHeIIIHeii cpe]lhl, 

MeXaHH3MaM, 3anycKaeMhIM npH HHrH6HpOBaHHH npOTOH-qyBCTBHTeJihHhIX KaHaJI0B ASICla 

MaM6aJirHHOM-2, a TaK)Ke HCCJie]lOBaHHIO B3aHMO]leHCTBMH MaM6aJirHHa-2 C 

reTepoKoMnJieKcoM, cocToam;HM H3 ASICla, a-ENAC H y-ENAC cy61,e,n;HHHU npoTOH-

qyacTBHTeJihHhIX KaHaJIOB ceMeiicTBa DEG/ENaC. 

Pe3yJihTaThl ]lHCCepTaUHOHHOH pa60ThI ]lOCTaTOqHO nOJIHO OTpa)KeHhl B 4 

ny6JIHKal{HHX B peu;eH3HpyeMhIX HayqHhIX H3]laHHHX H3 cnHcKa BAK Ii anpo6HpOBaHhl Ha 



Me)K):{yirnpo.n:HhIX KOH<pepeH:UIUIX. ABTOpe<pepaT ITOJIHO:UeHHO OTpa)KaeT co.n:ep)Kam1e TeKCTa 

mrcceprn:umL 

.[(Mcceprn:u1rnHHa.H . pa6orn oh:NKOBa M.JI. ITPOM3BO,[(MT xopornee BITe1:rnTJieHMe M 

3aCJI)')KMBaeT ITOJIO)KMTeJibHOH o:ueHKM, 0,[(HaKO CJie.n:yeT OTMeTMTb px.n: He,[(OCTaTKOB, 

CBH3aHHhIX, ITpe)K):{e Bcero, C O<pOpMJieHMeM pa60ThI (MHO)KeCTBO OITel:JaTOK, He,[(OCTaTKOB 

<popMaTMpOBaHMH TeKCTa, ITPMMepoB HeKoppeKTHOfO MCITOJib30BaHMH HeKTOpbIX TepMMHOB ), HO 

' 
He )'MaJIHIOIUMX ,[(OCTOMHCTBa pa60TbI B :ueJIOM. 

TaK)Ke B ITOpH.[(Ke ,[(MCK)'CCMM XOTeJIOCb 601 3a,[(aTh COMCKaTeJIIO HeCKOJihKO BOITpOCOB: 

1. I1pMBe,[(eHHhie aBTOpOM ,[(aHHhie ITO,[(TBep)K):{aIOTCH pe3)'JihTaTaMM MOJieKyJIHpHOfO 

MO,[(eJIMpoBaHMH, 0,[(HaKO MCITOJih30BaHMe M)'TaHTHhIX <pOpM MaM6aJirMHa-2 (B 1:JaCTHOCTM, ITO 

aMMHOKMCJIOTHbIM OCTaTKaM B ITOJIO)KeHMHX 13-15 M 39, )'1:JaCTB)'IOIUMX BO B3aMMO,[(eHCTBMM c 

KaHaJIOM) OKOHl:JaTeJihHO 601 ITOCTaBMJI TOl:JK)' B BOITpoce 06 3<p<peKTMBHOCTM CBH3bIBaHMH 

TOKCMHa c KaHaJiaMM pa3JIH1:JHOfO COCTaBa. He Cl:JMTaeTe JIM Bbl :ueJiecoo6pa3HbIM ITpOBe,[(eHHe 

IT0,[(06HhlX 3KCITepHMeHTOB? 

4· B pa6oTe He o6cy)K,[(aI0TCH B03MO)KHOCTM peryJIH:UHH ITpOTOH-1:J)'BCTBHTeJibHhlX 

KaHaJIOB ceMeHcrna DEG/ENaC 3a c1:JeT H3MeHeHMH JIMITH.[(Horo MHKpooKpy)KeHMH. I1pM 3TOM, 

CaM aBTOp pa60ThI B JIHTepaTypHOM o63ope )'ITOMHHaeT, 1:JTO HeKOTOpbie paCTHTeJibHhie 

ITOJIH<peHOJibl (B 1:JaCTHOCTH, KBep:ueTHH) H aJIKaJIOM,[(bl HBJIHIOTCH HM3KOMOJieKyJIHpHbIMH 

HHrn6HTopaMH ASIC la. EoJiee Toro, ITO .n:aHHhIM lliMH,[(T H coaBTopoB [Schmidt et al., Biophys. 

J. 114, 1321- 1335, 2018] B03MO)KHOCTh MO.[()'JIH:UHH DEG/ENaC HH3KOMOJieKyJIHpHhIMH 

aM<pH<pHJihHbIMH MOJieKyJiaMH, TaKHMH KaK ITOJIM<peHOJI pecBepaTpOJI H aJIKaJIOH,[( KaITcaH:UHH 

MO)KeT 6oITb o6ycJIOBJieHa H3MeHeHHHMM 6HO<pH3Hl:JeCKHX CBOHCTB MeM6paHbI, HaITpHMep, ee 

TeK)'l:JeCTbIO H ,[(OMeHHOH opraHma:uHeH. CymecTBeHHhie CTp)'KT)'pHbie pa3JIH1:JHH yrroMH:H)'ThlX 

coe,[(HHeHHH, HX MaJia.H ceJieKTHBHOCTb H MMKpOMOJIHpHbie HHrH6Hp)'IOmHe KOH:UeHTPa:UHH 

TaK)Ke cornac)'IOTCH C 3THM ITpe.[(ITOJIO)KeHMeM. EoJiee Toro, JIHTepaTypHbie ,[(aHHbie ITOCJie,[(HHX 

JieT y6e.[(HTeJihHO ,[(eMOHCTpHp)'IOT, 1:JTO Bee )'IIOMHH)'Thie coe,[(MHeHHH (KBep:ueTHH, 

pecBepaTpOJI, KaITCaH:UHH) ITOMHMO YITPYrHX CBOHCTB MeM6paHhI MoryT MO.[(H<pH:UMpOBaTh H ee 

3JieKTpH"lleCKHe CBOHCTBa, B 1:JaCTHOCTH, ,[(HITOJibHhIH ITOTeH:UHaJI MeM6paHhI, 1:JTO TaK)Ke MO)KeT 

OTPa)KaThCH Ha reHTHHre KaHaJIOB. I1pHHHMaH BO BHHMaHHe, 1:JTO OIT)'XOJieBa.H TPaHC<pOpMa:UHH 

KJieTOK COITpOBO)K):{aeTCH cymecrneHHhIMH M3MeHeHHHMM MeM6paH, MOryT JIM 3TM H3MeHeHHH 

Jie)KaTh B OCHOBe pa3JIH1:JMH B <p)'HK:UMOHHpOBaHHH ITpOTOH-1:J)'BCTBHTeJihHbIX KaHaJIOB B 

HOpMaJihHbIX H OIT)'XOJieBhIX KJieTKax, ·B TOM 1:JHCJie, OTBel:JaTh 3a yBeJIHl:JeHHe «ITOBepXHOCTHOH 

3KCITpecCHH» ITPOTOH-1:J)'BCTBHTeJihHbIX KaHaJIOB? EcTh JIM B JIHTepaType ,[(aHHbie O pa3JIH1:JMH B 

1:JYBCTBHTeJihHOCTH fOMOTpHMepHbIX H reTepoTpHMepHbIX DEG/ENaC KaHaJIOB K <pM3Hl:JeCKHM 

CBOHCTBaM MeM6paH? 
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