
OT3hIB 

oc)rn:umun,Horo onnoHeHrn ,n:.6.H. OcTpoyM0Bo0: Om,rn: CepreeBHhI 

Ha mi:ccepTaUHOHHYIO pa6oTy IOHyCOBOli BarreHTHHhI AneKceeBHhI 

«ITopOBhie 6JIOKaTOphI Ka.JIHeBhIX KaHa.JIOB H3 5I,ll;a 6ecno3BOHO"CJHhIX H MX npOH3BO,ll;Hhie», 

npe,n:CTaBJieHHYIO Ha COHCKaHHe y"CJeHOli CTeneHH KaH,n:H,n:arn 6HOJIOrH"CJeCKHX HayK 

no cneuHa.JihHOCTH 1.5.3. «MoneKyJI5IpHa5I 6HOJIOI'H5I» 

AKryaJihHOCTh TeMhl HCCJie)];OBaHHB 

I1HTepec K TOKCHHaM H3 5I,ll;a 6ecno3BOHO"CJHhIX )KlfBOTHhIX Ha"CJarr cpopMHpOBaThC5I B 

cepe,n:HHe 1970-x ro,n:oB, nocne OTKphITH5I B 5I,ll;e CKOpnHOHa Centruroides noxius HOKCHYCTOKCHHa 

- He6on1>IIIoro ,n:11cyn1,cp11,n:-6oraToro nenTH,n:a, cnoco6Horo 113611paTeJI1>Ho 6noK11poBaT1> HOHHhIH 

TOK -qepe3 IIOTeHUHa.JI-"CJYBCTBHTeJihHhie Ka.JIHeBhie KaHa.JihI. B pe3yJihTaTe HHTeHCHBHOro 

my"CJeHH5I ceKpeTa 5I,ll;OBHThIX )KeJie3 pa3JIH"CJHhIX 6ecn03BOHO"CJHhIX 61,rno Ha0:,n:eHO MHO)KeCTBO 

coe,n:HHeHHli no,n:o6Horo po,n:a, crroco6HhIX BhICOKoacpcpMHHO H ceJieKTHBHO B03,ll;eHCTBOBaTh Ha 

pa3JIH"CJHhie HOHHhie KaHa.JihI. bhIJIO nOKa3aHO, "CJTO MexaHH3M ,n:eHCTBH5I TOKCHHOB, aKTHBHhIX no 

OTHOIIIeHHIO K Ka.JIHeBhIM KaHarraM, pa3JIH"CJaeTC5I. TaK, nenTH,ll;hI, Ha0:,n:eHHhie B 5I,ll;e CKOpnHOHOB, 

npeHMYIUeCTBeHHO CB5I3hIBaIOTC5I C nopo0: KaHarra H BhI3hIBaIOT MexaHH"CJeCKHli 6JIOK HOHHOH 

npOBO,ll;HMOCTH, a TOKCHHhI rrayKOB, HanpOTHB, B3aHMO,ll;eH:CTBYIOT C ceHCOpHhIM ,ll;OMeHOM 

noTeHUHa.JI-"CJYBCTBHTeJihHhIX Ka.JIHeBhIX KaHa.JIOB. Enaro,n:ap5I H36HpaTeJihHOMY II npO"CJHOMY 

CB5I3hIBaHHIO co CBOeH MHIIIeHhIO, TaKHe coe,n:HHeHH5I IIIHpOKO HCnOJih3YIOTC5I KaK HHCTpyMeHThI 

,n:JI5I 11ccne,n:0BaHH5I cTpyKTyp1,1 11 <PYHKUHH HOHHhIX KaHarroB. I1011cK II cTpyKTypHo­

<PYHKUHOHa.JihHM xapaKTepHCTHKa HOBhIX TOKCHHOB H3 5I,ll;a 6ecno3BOHO"CJHhIX )KlfBOTHhIX HecyT B 

ce6e BhICOKYIO Hay"CJHYIO H rrpaKTH"CJeCKYIO 3Ha"CJHMOCTh, TaK KaK TaKHe rreIITH,ll;hI MoryT 6nITh 

HCnOJih30BaHhI ,ll;JI5I pa3pa6oTKH TepaneBTH"CJeCKHX cpe,n:CTB. Ha cero,n:H5IIIIHlfli ,n:eHh p5I,ll; nenTH,ll;OB 

H MX npOH3BO,ll;HhIX, o6Hapy)KeHHhIX B 5I,ll;e )KHBOTHhIX, y)Ke BHe,n:peH B KJIHHH"CJeCKYIO npaKTHKY. 

,ll;HccepTaUH5I IOHycoBOli BarreHTHHhI AneKceeBHhI HanpaBJieHa Ha o6oraiueHHe HaIIIHX 

3HaHHli O TOKCHHax - nopOBhIX _ 6JIOKaTopax Ka.JIHeBhIX KaHa.JIOB. B pa6oTe 61,rn npHMeHeH 

KOMnJieKCHhlli no,n:xo,n:: noMHMO nOHCKa HOBhIX nenTH,ll;OB H H3y"CJeHH5I CTPYKTYPHhIX 

,n:eTepMHHaHT MX aKTHBHOCTH, TaK)Ke 61,rn pa3pa6oTaH MOJieKyJI5IpHhIB HHCTpyMeHT ,ll;JI5I 

H,ll;eHTH¢HKaUHH HOBhIX nopOBhIX 6JIOKaTopoB 6aKTepHa.JihHOro Ka.JIHeBoro KaHarra KcsA. 

CTpy1nypa H CO,IJ;e p~aHHe pa60Thl 

Pa6oTa BhIIIOJIHeHa B COOTBeTCTBHH c Tpa.n:HUHOHHhIMH Tpe6oBaHH5IMH, npe,n:b5IBJI5IeMhIMH 

K ,ll;HCcepTaUHOHHhIM HCCJie,n:oBamrnM, H BKJIIO"CJaeT pa3,n:en1,1: «BBe,n:eHHe», «O63op JIHTepaTyp1,rn, 

«MaTepHa.JihI H MeTO,ll;hI», «Pe3yJihTaThI H o6cy)K,ll;eHHe», «BhIBO,ll;hI» H «CIIHCOK JIHTepaTyphI». 

,ll;11cceprnu115I H3JIO)KeHa Ha 114 CTpaHHUaX, co,n:ep)KHT ,n:eB5ITh Ta6JIHU H 35 pHCYHKOB. CnHCOK 

JIHTepaTyp1,1 BKJIIO"CJaeT 259 HCTO"CJHHKOB. 

O63op JIHTepaTyphI BKJIIO"CJaeT . ,n:Ba B3aHMOCB5I3aHHhIX pa3,n:ena. B rrepBOli "CJaCTH aBTOp 

OOOCHOBhIBaeT aKTYa.JihHOCTh BhI6paHHOli TeMhI, y,n:eJI5I5I oco6oe BHHMaHHe noTeHUHa.JI­

"CJYBCTBHTeJihHhIM Ka.JIHeBhIM KaHa.JiaM, MX CTPYKType H <PYHKUH5IM. BTOpM "CJaCTh nOCB5IIUeHa 

no,n:po6HOMY aHa.JIH3Y H CHCTeMaTH3aUHH H3BeCTHhIX JIHraH,ll;OB Ka.JIHeBhIX KaHa.JIOB, a TaK)Ke 



paccMoTpemuo oco6eHHOCTeir MX B3aMMo,n:eircrnmr c peueruopaMM. lt;eJib M 3a,n:aqM 

MCCJie,n:oBaHM5I 9:eTKO ccpopMyJIHpOBaHbI M COOTBeTCTBYIOT COBpeMeHHbIM TeH,n:eHUM5IM B o6JiaCTM 

TOKCMHOJIOrMM. Pa3,n:eJI «MaTepMaJibl M MeT0,2J;bD> co,n:ep)I(MT ,n:eTaJibHOe OIIMCaHMe BCex 

MCIIOJib30BaHHbIX 3KCrrepMMeHTaJibHbIX rro,n:xo,n:oB M MeTO.D:MK. ABTOp rrpMMeHMJI KOMIIJieKC 

COBpeMeHHbIX MeT0,2J;OB MOJieKyJI5IpHOM 6MOJIOrMM, 6MOXMMMM M 6MoopraHM9:eCKOH XMMMII, 9:TO 

II03BOJIIIJIO IIOJIYqifTb ,2J;OCTOBepHbie II BOCIIpOM3B0,2J;MMbie pe3yJihTaTbI, orry6JIIIKOBaTb MX B 

peueH3MpyeMbIX )I(YPHaJiax, a TaK)I(e rrpe,n:cTaBMTb B BM,n:e ,2J;OKJia,n:oB Ha Hay9:HbIX KOHq>epeHUM5IX. 

fJiaBa «Pe3yJibTaTbl O o6cy)I(,n:eHMe» BKJIIOqaeT 9:eTbipe OCHOBHbIX pa3,n:eJia. IIepBoe HarrpaBJieHMe 

pa60Tbl IIOCB5IIII¢HO KOppeKTMpOBKe ycTaHOBJieHHOH aMMHOKHCJIOTHOH IIOCJie,n:oBaTeJibHOCTM 

TOKCMHa CKoprrI10Ha Orthochirus scrobiculosus OsK2 - rrepcrreKTMBHoro KaH,n:M,n:arn ,n:M 

pa3pa60TKII 6MOMHCeKTMUM.2J:HOro rrperrapaTa. 

Bo BTOpOM pa3,n:eJie 6bIJIII paCCMOTpeHbl CTPYKTYPHbie ,n:eTepMIIHaHTbl, orrpe,n:eJI5IIOIIIIle 

aKTMBHOCTb TOKCIIHOB CKOpIIMOHOB ceMeircrna a-KTx. bblJI rrpoBe,n:eH aHaJIIl3 rrepBI19:HOH 

CTPYKTYPbl rrerrTM,2J;OB II BbI,n;BIIHYTa rMIIOTe3a, 9:TO IIHrH6I1pyIOII1ee ,n:eHCTBMe rro,n:o6HblX 

coe,n:I1HeHI1M o6ycJIOBJieHO HaJIM9:IleM B MX aMIIHOKHCJIOTHOH II0CJie,n:oBaTeJibHOCTM 

K0HcepBaTIIBHOro MOTIIBa K-C-I-N. ,L(JI5I rrpoBepKM 3T0ro rrpe,n:rroJI0)I(eHil5I 6bIJI rrpe,n:rrpIIH5IT 

cJie.n:yIOIIIIIH 3KcrrepMMeHT: KOHCeHcycHbIH M0TIIB K-C-I-N BB0.D:IIJIII B CTpYKTYPY HeaKTIIBHbIX 

rreIITM,2J;0B, o6Jia,n;aIOIIIIIX rrpocTpaHCTBeHHOH- opraHil3aUMeir, CX0,2J;HOH C TaKOBOH TOKCIIH0B 

CKOpIIM0H0B ceMeHCTBa a-KTx. IIocJie 3TOro aKTIIBHOCTb II0JiyqeHHbIX rrp0I13B0,2J;HblX rrpoBep5IJIII 

C II0M0IIIbIO 3JieKTpOq>H3IIOJIOrM9:eCKOro TeCTI1p0BaHil5I. B xo,n:e pa60Tbl 6bIJIO ycTaH0BJieHO, 9:TO 

HaJIMqife MCCJie.n:yeMoro MOTIIBa 5IBJI5IeTC5I Heo6xo,n:I1MbIM, HO He ,2J;0CTaT09:HbIM ycJIOBileM ,2J;JI5I 

rrpMo6peTeHM5I rrerrTM,n:aMM I1HrM6I1py10mero ,n:eircTBil5I. TeM He MeHee, B rrpouecce MccJie,n:0BaHI15I 

6bIJIM rroJiyqeHbl H0Bbie rrop0Bbie 6JIOKaTOpbI, aKTIIBHbie B OTHOIIIeHMII pa3JIM9:HbIX KaJIIleBbIX 

KaHaJI0B rro,n:ceMeircTBa Kv 1. 

IIoMMMO TOKCIIHOB CKOpIIII0HOB, TaK)I(e 6hIJIM Mcc.ry:e,n:oBaHbI II coe,n:I1HeHM5I M3 51,n:a rrayKoB. 

B .D:MCCepTaUIIOHHOH pa6oTe 6brna 0TKpbITa HOBa5I rpyrrrra rropOBbIX 6JIOKaTopoB, IIOJIY9:MBIIIa5I 

Ha3BaHMe MYPMH0T0KCMH0B. ,L(aHHbie rrerrTil,2J;bl 0Ka3bIBaIOT IIHrI16MpyIOII1ee ,n:eirCTBile Ha KaHaJibl 

rro,n:ceMeHCTBa KV 1, 9:T0 fie xapaKTepHO ,2J;JI5I M3BeCTHblX T0KCIIH0B rrayK0B - M0,2J;YJI5IT0pOB 

ceHCOpa II0TeHUMaJia KaHaJIOB rro,n:ceMeHCTBa Kv2. lfayqeHile oco6eHHOCTeH rrpocTpaHCTBeHHOH 

opraHM3aUIIII MYPIIH0TOKCIIHOB II0Ka3aJIO, 9:T0 OHM o6Jia,n:aIOT YHMKaJibHbIM TIIIIOM YKJia,2J;KII 

IIOJIIIIIeIITM.D:HOH uerrII, KOTOpbIH II0JIY9:IIJI Ha3BaHMe «.D:IICYJibq>M,n:-cuerrJieHHa5I IIIIIIIJibKa». 

3aBepIIIaIOIIIMM 3TaII0M pa60Tbl 6brna pa3pa6oTKa IIHCTpyMeHTa, rrpe,n:Ha3Ha9:eHHOro ,2J;JI5I 

BH3YaJIH3aUIIII 6aKTepMaJibHOro KaJIMeBoro KaHaJia KcsA II II0MCKa ero JII1raH,2J;OB. OcHOBOH ,2J;JI5I 

c03,n:aHM5I TaKoir CIICTeMbI rrocJiy)I(IIJIII IICKyccTBeHHbIM rrerrTM.D: Hui 1, ceJieKTIIBH0 II 

BbICOKoacpq>MHHO CB5I3bIBaIOIIIIIMC5I c KcsA, II 3eJieHbIM q>JiyopecueHTHbIM 6eJioK eGFP. nhrno 

II0Ka3aH0, 9:TO Hui 1 II TEA crroco6Hbl 3q>q>eKTMBHO BbITeCH5ITb q>JiyopecueTHYIO CMCTeMy H3 

K0MIIJieKca peuerrTopoM. Pa3pa6oTaHHblH rro,n:xo.n: 0TKpbrnaeT B03M0)I(H0CTb 

BbIC0K0IIp0M3B0,2J;IITeJibH0ro CKpIIHMHra IIOTeHUilaJibHbIX JII1raH,2J;0B KcsA, 9:T0 B rrepcrreKTMBe 

M0)I(eT rrpMBeCTII K Bbl5IBJieHMIO coe,n:I1HeHMH-KaH,n:I1,n:aTOB ,2J;JI5I C03,2J;aHM5I HOBbIX 

aHtM6aKTepMaJibHbIX rrperrapaTOB. 



BonpOCbl H 3aMeqauus1 K )];HCCepTaIIHOHHOH pa6oTe. 

IlpH 03HaKOMJieHHH C .[(HCceprnu:HoHHOH pa60TOH B03HHKJIH crre.zzy10m0:e BOnpOCbl H 

3aMeqaHmr: 

1. B JIHTepaTypHOM ofoope COHCKaTeJib npe.r:i:crnBJUieT no.r:i:po6Hoe onHCaHHe li3BeCTHbIX 

JIHraH,[(0B KaJIHeBhIX KaHaJIOB, aKU:eHTHPY5I BHHMaHHe q0:TaTeJI5I Ha .[(Byx MeXaHH3Max 

.r:i:eiiCTBH5I - 6JIOKHpOBaHHH nopbl H cneu:mlmqecKOM CB5I3bIBaHHH C noTeHU:HaJI­

qyBCTBHTeJihHbIM .[(OMeHOM HJIH .r:i:pyrHMH BCnOMOraTeJibHbIMH 3JieMeHTaMH KaHarra. 

IlpH 3TOM B03MO)KHOCTb onocpe.r:i:oBaHHOH peryJUIU:HH cpyHKU:HH KaHaJIOB nyTeM 

MO.[(Hq_)~Kal(HH HX JIHnH.[(HOro MHKpooKpy)KeHH5I B pa6oTe He o6cy)K.i::i:aeTC5I 

[10.1038/ncomms1254; 10.1016/j .bpj.2014.10.066; 10.1016/j.neuron.2021.10.029; 

10.1016/j.bpj.2014.01.027; 10.1080/ 19336950.2019.1676367; 10.1021/jacs.0c01991]. 

Eorree Toro, B naparpacpe, noCB5Ill(eHHOM HH3KOMOJieKyJUipHbIM JIHraH,[(aM aBTOp 

ynoMHHaeT coe,[(HHeHH5I, .[(JUI KOTOpbIX nOKa3aHa B03MO)KHOCTb Bblpa)KeHHoro 

BJIH5IHH5I Ha q_)H3HqecKH:e CBOHCTBa JlHnH,[(HOro MaTpHKCa MeM6paH. B qacTHOCTH, 

BepanaMHJI Bbl3bIBaeT MO.[(Hq_)HKaU:HIO KaK 3JieKTpHqecKHX, TaK H 3JiaCTHqecKHX 

CBOHCTB JIHnH.[(HOI'O 6HCJI05I [10.1016/s0005-2736(98)00098-4; 

10.1529/biophysj .106.089581], a XHHH.[(HH BJIH5IeT Ha TeKyqecn MeM6paHbl 

[10.1016/0005-2736(82)90536-3 ; 10.1016/0006-2952(83)90467-7]. JlHTepaTypHble 

CBH,[(eTeJibCTBa TaK)Ke YKa3blBaIOT Ha TO, qTo HeJib35I HCKJIIOqaTh H 

JIHnH.r:i:oaccou:m1poBaHHble 3q_)q_)eKTbl norrHnenTH.[(HbIX TOKCHHOB 

[10.1073/pnas.1415324111]. 

2. bblJIO 61,1 HHTepecHo Y3HaTb qTO-TO O 60:orror0:qecKH aKT.HBHbIX nenTH,[(ax 

ocrnBineroc5I no.r:i:Krracca TaKcoHa I1ayKoo6pa3Hb1e - KJiemeii. 

3. P0:cyHOK 28. OTCYTCTByeT MaCIIITa6 no OCH TOKOB, KpoMe Tpe6yIOTC5I n05ICHeHH5I 

Bb16opa KOHI(eHTpau:0:ii MYPHHOTOKCHHa )];JUI pa3HbIX KaHaJIOB 0:' KHHeTHKH TOKa. B 

qaCTHOCTH, qeM o6ycrrOBJieHO CTyneHeo6pa3HOe na.r:i:eHHe Ha 100 MC? EcrrH 3TO OTBeT 

Ha H3MeHeHHe noTeHU:HaJia, TO no KaKHM npHqHHaM npoTOKOJI 6bIJI H3MeHeH no 

cpaBHeHHIO C p~CYHKOM 23? KaKyIO .i::i:onOJIHHTeJibHYIO HHq_)OpMal(HIO 3TO .r:i:aeT 0 

B3aHMo.r:i:eiicTBHH MYPHHOTOKCHHa If K v? B TeKcTe ynoMHHaeTC5I, qTo, noMHMO K v 1.1, 

MnTx-1 TaK)Ke 3cpcpeKTHBHO 6rroKHpyeT Kvl.6, HO COOTBeTCTBYIOmero TpeKa B 

nO.[(TBep)K.[(eHHe He npe.r:i:cTaBJieHO. 

4. PHcyHOK 30. XoTeJIOCb 61,1 ycJiblIIIaTb OT aBTopa ofo,51:CHeHHe nplfqlfH OTJilfqlfii 

KOHTporrhHhIX TpeKOB .[(JUI KaHarroB Kvl.2 H Kvl.2 [V831R]. 

Crre.i::i:yeT OTMeTHTb, qTo B pa6oTe BCTpeqaeTC5I KpaiiHe Marro oneqaTOK, nyHKTyal(HOHHblX 

norpeIIIHOCTeii If CTHJIHCTlfqecKHX HeToqHOCTeii. B qaCTHOCTH, Hey.r:i:aqHO ccpopMyrrHpOBaHbl ,[(Ba 

nepBhIX npe.r:i:rro)KeHH5I nocrre.r:i:Hero afoau:a Ha cTp. 63 . Eme B TeKcTe rrHTofoopa HeCKOJihKO pa3 

ynOMHHaeTC5I nacCHBHM .[(Hq_)q_)Y3li5I HOHOB qepe3 6Horror0:qeCKHe MeM6paHhl «no 

3JieKTpOXHM1fqecKOMY rpa.r:i:HeHTy». Crre.zzyeT o6paTHTb BHHMaHHe aBTOpa Ha TO, qTo rpa.r:i:HeHT -

3TO BeKTOp, YKa3bIBaIOII(lfli HanpaBJieHHe, B KOTOpOM COOTBeTCTBYIOII(M cpyHKI(H5I, B .r:i:aHHOM 

crryqae 3JieKTpOXHM1fqecKHH noTeHU:HaJI, B03pacTaeT, a naCCHBHblli noTOK H,[(eT B o6paTHYIO 

CTOpoHy. 



BoICKa3aHHbie KpI1T.ff9:eCKI1e KOMMeHTapI1I1 K ~11ccepTaIJHOHHOH pa6oTe BbI3BaHbI 

HCKJIIOqHTeJihHO JII19:HbIM HHTepecoM OIIIIOHeHTa K rrpe~cTaBJieHHbIM MaTep11anaM I1 He 

IIO~BepraIOT COMHeHHIO ~OCTOBepHOCTb rronyqeHHbIX pe3yJioTaTOB I1 c~eJiaHHbIX BbIBO~OB. 

3aKmoqeHHe. Ilo TeopeTH:qecKOH I1 rrpaKTHqecKOH 3HaqH:MOCTI1 pe3yJioTaTOB 

rrpoBe~eHHOfO HCCJie~oBaHmI, aKTYaJihHOCTH BbI6paHHOH TeMbI, HayqHoii HOBI13He, 

~OCTOBepHOCTH I1 o6ocHOBaHHOCTI1 HayqHI,IX pe3yJioTaTOB ~HccepTaIII10HH35I pa6oTa lOHyCOBOH 

BaneHTHHbI An~~ceeBHbI IIOJIHOCTbIO COOTBeTcTByeT KpHTepmrM (B TOM q11cne II. 9), 

ycTaHOBJieHHbIM «ITOJIO)KeHH:eM O rrp11cy)K~eHI1I1 yqeHbIX CTerreHeM» (yrnep)K~eHo 

IlOCTaHOBJieHH:eM IlpaBHTeJihCTBa P<l> OT 24.09.2013 r . N2842 c I13MeHeHI15.IMI1 IlocTaHOBJieHHM 

IlpaBHTeJihCTBa P<l> OT: 21.04.2016 r . N2335; 02.08.2016 r. N2748 ; 29.05.2017 r . N2650; 

20.03 .2021 r. N2426; 11.09.2021 r. N21539; 26.09.22 r. N21690; 26.01.2023 r. N210l), a caM 

~HCCepTaHT 3aCJIY)KHBaeT rrpHCBOeHH:5.1 HCKOMOM CTerreHH KaH~H~aTa 611onor11qecKI1X HayK no 

crreIJHaJibHOCTH 1.5 .3 - MOJieKyMpHM 6HOJIOfI15.I. 

0q>HIII1aJibHbIM OIIIIOHeHT: 

,[(oKTOp 60:onor11qecK11x HayK no crreIJHaJihHOCTH 

1.5.3 - MOJieKyJI5IpH35I 6HOJIOfI15.I, ~OIJeHT, 

rnaBHbIM HayqHI,IM COTPY~HHK C B03JIO)KeHHeM o65.13aHHOCTeM 

3aBe~IOIIJero na6opaTop11eiI MO~en11poBaHI15.I MeM6paH I1 HOHHbIX KaHaJIOB, 

3aMecTHTeJih mi:peKTopa no HayqHoiI pa6oTe, 

<l>e~epanoHoro rocy~apcrneHHOe 6JO~)KeTHoe yqpe)K~eH11e HayKH 
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