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HEMPOITPOTEKTOPHAA AKTUBHOCTD IL-10,
AKTHUBATOPOB PI3-KNMHA3DBI, A'OHNCTOB AJIb®A-2
PELIHEIITOPA 1 AHTUOKCHUJAHTOB

3unuenxo B.I1., I'aitidoun C.I'., /loazauesa JI.11.,
Typoeckuii E.A.

denepaibHOE TOCY/IaPCTBEHHOE OIO/PKETHOE yUpeskIeHne HayKu HCTUTYT
omodusuky KieTku Poccuiickoit akajgeMuu Hayk, [lymuao, Poccus

vpz@mail.ru

WHCy/sbT MO3Tra O4YeHb CKOPOTEUYHBINM mpoliecc. Ilpu mnpekpaiieHuu
KPOBOTOKa B COCy/lax TOJIOBHOTO MO3Tra YyKe uYepe3 15C IIPOUCXOAUT
M3MeHeHUe OHO3JIEKTPUYeCKON aKTUBHOCTU HEUPOHOB. A uepe3 4—5 MUH
BO3HUKAIOT HeoOpaTUMble MOBpEXJIeHUsI HEWPOHOB B 30HE HHCYJbTa [1].
KiroueByio posib B rubesnim HeHpoHOB wurpaoT woHbI Ca2t. IloBbleHue
[Ca2+]i, cekpenms riyramara, aktuBarus AMPA, kamHatHbix u NMDA-
penenTopoB NPUBOAUT K JENOJApPU3ALNU, KOTOpas ONATH Ke aKTUBUPYET
Bxoj1 Ca2+ yepes moTeHIMaI-3aBucuMble Ca2+-kaHasbl [2].

Panee mnoka3aHO, YTO NPOTHUBOBOCHIAIUTENIBHBIM IUTOKMH IL-10
3alluIlaeT HEUPOHbI MO3ra OT TUIEPBO30YKAeHUs U Tubenam mnpu
TUIOKCUM /UIIEMUH 1N Vitro u in vivo [3,4]. B akcnepuMeHTax Ha HEHPOHaX B
KyJIbType IIOKa3aHo, 4To 3amuTHbid dddekr IL-10 orMmeHseTcA
uarnbuTopamMu PI3-xuHa3bel [4]. VI3 3TUX 5KCHIEPUMEHTOB CJIEJIOBAJIO, UTO
HEUPOIIPOTEKTOPHOe  JiefictBUe IL-10 mnpu wuIeMud B  OCHOBHOM
ompejsienseTcs akTtuBanuend PI3-kuHa3a-3aBUCUMOTO CHUTHAJIBHOTO IIyTU
BbDKMBAHUA KJIeToK. Takum ob6bpa3dom, axktuBauus PI3-kuHa3zHOTO
CUTHAJIBHOTO MyTH, npuBojdAiiero k akrtupanuu PKB- u PKG-3aBucumoro
dochopunupoBanmus OeJTKOB-MHUITIeHEN 5 JKCIIpeCccUu
IIPOTUBOBOCIAJIUTEJIBHBIX TE€HOB [5] MokeT OBITH CTpaTerueu 3alluThl
HEWPOHOB OT rubesn NTpU HUIIEMUUYECKOM WHCYJbTe. M3BECTHO, YTO
3aluTHbIU PI3-kuHa3HBIM myTh, cTUMYyIHpyeMblil IL-10, akTuBUpyeTcAd U
JPYyTUMU pelleNTOPaMU, B YAaCTHOCTH, pelleNTOpaMu, COUPSKeHHBIMU C Gi
O6enkamu. TakuMm 00pa3oM, MOXKHO IPOTHO3UPOBATh HEWPOIPOTEKTOPHOE
JleViCTBUE arOHUCTOB 3TOU I'PYIIIBI PEIeNTOPOB.

V3BeCTHO, UTO UIIEMUYECKUIN UHCYJIBT COITPOBOK/AETCSA BOCTIAJIEHUEM U
reHeparnyeil axkTUBHBIX Gopm kuciaopoaa [6]. IlosTomy mnpuMeHeHUE
QHTUOKCHU/JAHTOB B KaueCTBe HEUPONMPOTEKTOPOB YACTO TaKKe MMeeT
TIOJIOKUTETbHBIN 3P dekT [7].
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B Hacrosmieil paboTe C IeJIbI0 BBISICHEHHS MEXaHHU3MOB YCHUJIEHUS
3alllUThl KJIETOK MO3ra OT Tu0eNu NpU HUIIEMUH CPAaBHUBAIU BJIMSHUE
IIPOTUBOCIIAJIMTEJIBHOTO  [UTOKWHA IL-10, aKTUBAaTOpoOB  3alUTHOTO
CUTHAJILHOTO PI3-KMHA3HOTO MyTH, aHTUOKCUJAHTOB M arOHUCTOB ajibda2-
aJIpEHOPEIENTOPOB HA MMITYJIbCHYIO aKTUBHOCTh HEHPOHOB, Ha TJIO0ATbHBIN
poct Ca2+ u rubesib KJIE€TOK IPU HENPEPHIBHOU HIIEMUU B KYJIBTYpPE KJIETOK
rumnmnokamma Kpbicel 12-14 DIV. B kadectBe HeHPOIPOTEKTOPOB B
DKCIEepUMEHTaX WCIOoJAb30Ban HUTOKUH IL-10, aktuBarop PI3-kuHa3bI
740Y-P, aronuct anbda-2 agpeHopenenTopa, ryaH@ainuH, aHTAOKCUIAHT
IIEPOKCUPEOKCUH 6.

Ha pucyHke 1A mnpuBefieHbl CyMMapHble JlaHHble U3 MapalleJIbHbIX
DKCIIEDUMEHTOB II0 CpaBHEHUIO 5(GQdEeKTOB UIIeMHUU Ha HEUPOHBI
TUIIIIOKaMIia B KyJsibType 12 DIV B koHTposie (1), B IPUCYTCTBUH aroHUCTa
anbda-2 perentopoB ryaddaryna (2), aHTUOKCUAAHTA IEPOKCUPEOKCHHA 6
(Prx6) (3), aktmBaTtopa PI3kmHaszbl (4) u IL-10 (5) mpu uHKybanuu c
IIOCJIEHUMU 40 MUH U 24 4aca. [lokazaHo, 4TO peaknusa KJIeTOK Ha UIIEeMUI0
paszBuBaeTcs B KOHTpoJsie AByxdasHo (Puc.1). Minmemusi BbI3pIBasia pe3Koe
noBbimenre [Ca2*]i, KOTOpoe IIocjie HeOOJIBIIIOTO MOHMKEHUS CMEHSIOCH
JaJIbHEHIIINM, Oojiee MeJIEeHHBIM, IJI00a/IbHBIM IOBbIIIIeHueM [Caz2+];.

KCI OGD KCI OGD
404 H I i 4,04 H ,

Fura-2, ratio, 340/380
Fura-2, ratio, 340/380

Time, min Time, min

Puc.1A — YcpeaHeHHbIe IO 50 KJeTKaM KpuBble udMeHeHus [Ca2+]i B HellpoHax mpu
nobasimennu 35 mM KCl 1 Bo Bpems uiieMuu B KOHTpoJie (1), ¥ mocjie 40 MUH UHKyOaIuu ¢
ryandanuuom, 1 uM (2), antuokcumanrom 10oug/ml Prx6 (3), akruBaropom PI3kuuaszer 1 M
740Y-P (4) u 1ng/ml, IL-10 (5). Puc.1B. YcpenHeHHbIe IO 50 KJIETKaM KpPHUBbIe U3MEHEHUS
[Ca2+]i B HetipoHax npu AobaseHun 35 mM KCl u Bo BpeMs uiieMuu B KOHTpoJie (1), ¥ rmocye
24 yacoB WHKyOanmu c ryaHdammHoMm, 1 uM (2), antHokcuaantoMm Prx6, 10 ug/ml (3),
aktTuBatopoM PI3kunasbl 740Y-P, 1 uM (4) u, IL-10, 1ng/ml (5). 35 mM KCl
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B TeueHue yaca mocjie WIIEMHUU B KOHTpOJIe HaOJIOAaach MaccoBas
rubesib kiaeTok. [locsie MHKyOaIuu ¢ HEUPOIIPOTEKTOPAMH B T€UEHUE 40 MUH
BpeMs /10 HWHAYKIMKA HadaJbHOro TIoBhINeHUs [Ca2*]; yBesMumBajioch
3HAUUTEJIPHO TOJIBKO g IL-10. Bo Bcex coaydasx HaOJIIOAAIOCH
VHTHOMpOBaHWE B TMepBOM ObicTpoil ¢asel moBbinenus [Cazt]i. Ilpm
nevictBuu IL-10 ObicTpas ¢asa BooOie oTrcyrcTBoBasia (puc.1A). OpHAKO
1o0asbHOe ToBbiieHue [Caz+]i, XOTS U CUJIBHO OTCPOUYEHHOE, IIPOUCXOJIUIIO.

ITocsie 24 yacoB WHKYOAIUU KJIETOK C HEWPONPOTEKTOPAMU BO BCEX
caydJasx BpeMsl /10 MOMeHTa rio0ajbHOro moBblmieHus [Ca2*]; BO BpeMs
HUIIEMUH YBEJMUYHBAJIOCh B3HAYHUTEIbHO, a Iocjie wuHKybanmmu ¢ IL-10
noBeiliieHuss [Ca2+]; 3a Bpems perucrpanuyd He HaOJIAaloch BOOOIIE
(puc.1B). Brictpas ¢asza nmoseimenus [Ca2+]; mpakTUYeCKH Hucuessa mocye 24
yacoBOU UHKyOarum kiaetok ¢ IL-10 u ¢ Prx6 (puc.1B). [Ipu geiicteuu 740Y-P
u ryaHdamuna ObicTpas ¢aza mnosbimeHusa [Ca2+]; coxpaHsiachk. Ilpu
IIpe/IBApUTEIbHON WHKYyOAlIMU KJIETOK 24 4Yac B mpucyrtersuu 1nM IL-10
IocJie UIeMUU TUOJIN NI OJUHOUYHBIE KJIETKHU.

Takum o006pa3oM, MbI TOKa3ajad, YTO KAaK AHTUOKCUIAHTBHI, TaK H
aroHucTel anb@a2 penentopoB u akruBatopbl PI3 kmuHaser m IL-10
3aIUINAIN KJIeTKU OT rubenm mnpu umemuu. Hawmbostee 3dpdeKTUBHBIM
HeliporipoTekTepoM sBiasercs 1L-10. 9ddekT 3ammThl ycWIUBAJICA NPU
yBeJINUEHNU  BpPEMEHU  MPEeABAPUTENIPHOM  MHKyOalMd  KJIETOK C
IIPOTEKTOPAMU C 40 MHUH /10 24 4YacoB. IlosHOe moaaBjieHWe yBeJIMYeHUs
[Ca2*]; B kieTkax u ux rubesu NpU AJIUTENbHONM uMHKyOaruu c IL-10, 1o
CPaBHEHUIO C 40 MHUH WHKyOalmel, yKa3blBaeT Ha BaKHOCTb HKCIIPECCUU
IIPOTUBOBOCIIAINTENIFHBIX OEJIKOB /IJIA TOJTHOU 3alUThl KJIETOK OT THubesu
[P UIIEMUU.

Penenrtop IL-10 akTUBHpPYET HECKOJILKO MyTeH lepeflaul CUTHAJIA, CPeU
KOoTOpbIX PI3-kuHa3aHbBII uMeeT Haubosbllee 3HaueHue. [Ipsamoe
BKJIIOUEHME 3TOr0 IyTH akTuBaTopoM PI3-kmHA3bl WM omocpesoBaHHOE
aroHUCTOM anbda-2 aJpeHOPEeNeNnTOPOB BBI3BIBAIU CXOAHBIN 3(PQeKT Kak
[P KPaTKOBPEMEHHOU aNIUIMKALIUU, TaK U IOCJIe JJINTEIbHOU 24 YacOBOU
nHKybanmuu. HecMoTpss Ha TO, 4YTO HEHUPONPOTEKTOPHOE JIeHCTBUE
IIPOTUBOBOCIAJIUTENIBHOTO MUTOKMHA IL-10 ompezensercs aktuBauuein PI3
KWHA3HOTO CUTHAJIBHOTO MYTH, 3aluTHOe JeiictBue IL-10 mpeBblimiaer
JleliCTBUEe TIPSAMOrO aKTUBATOpPOB PI3-kuHa3bl, W aroHUCTOB ajbda-2
pEeIenTOpOB, akTUBUPYIONUX PI3-kuHasy uepes Gj 6eJoK.

Pabora mojiep:kana rpantom MunHobpHayku Poccuiickont ®@eneparnuu
(Cormnarmrenue N214.616.21.0039).



Jlumepamypa:

1. Dirnagl, U., Iadecola, C., Moskowitz, M.A., 1999. Trends Neurosci. 22 (9), 391—397.

2. Ehling, P., Gob, E., et al. 2013. Exp Transl Stroke Med 5, 16.

3. Turovsky, E.A., Turovskaya, M.V, et al. 2013. Exp Neurol. 250, 1—7.

4. Turovskaya, M.V., Turovsky, E. A., et al. 2014. Biochem (Mosc) Suppl Ser A Membr
Cell Biol. 8 (1), 125-135.

5. Ha, K.S., Kim, K.M,, et al. 2003. FASEB J. 17, 1036—1047.

6. Halladin, N. L., 2015. Dan Med J. 62(4), 5054.

7. Belousova, M.A., Korsakova, et al. 2014. Eksp Klin Farmakol. 77 (11), 36—44.

HEUPOTOKCHUUYECKOE IEMCTBUE MYTAHTHOTI'O AJIHB®A-
CUHYKJIEMHA
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bepexcrnos A.B.
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6uodusuky KieTku Poccuiickoi akajieMun Hayk, [lymuHo, Poccus
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bonesnr Ilapkuncona (BII) sBasercss HeHpoJiereHEPATUBHBIM,
MHOTO(AKTOPHBIM PACCTPOUCTBOM JABHIKEHUS U XapaKTepU3yeTcs IMoTepen
nohaMUHEPTUUECKUX HEUPOHOB B YEPHOU CyOCTAaHIIMU M HAJIMYUEM TeJIell
JleBu B BBDKHMBAWOIIUX HelpoHax [1]. Ha mo3maHmx cragusx 3abosieBaHUS
HaOJIIOZaI0TCSI ~ KOTHUTUBHBIE U IICUXWYECKWe  paccTpoiicTBa, a
HelpojiereHepaIisa OXBaThIBAET Pa3JIUUHbIE OT/IesIbl Mo3ra. CylecTByIolye
MeToZbl Tepanuu  BII  HocAT  cuMIITOMAaTUYECKUN  XapakTep W©
Mao3(pPEeKTUBHBI. bII - BTOpOE I10 pacIpoCTpaHEeHHOCTU
HelpojlereHepaTUBHOE 3abosieBaHUe mocje Oosie3Hu Autblirelimepa. Puck
pa3Butusa BII katacTpoduuecku yBeJIMUUBAETCA IMOcjae 60 JjeT. YUUThIBas
cTapeHHe HaceJeHUs BCEero MHpa, pacxoAbl Ha cojiepkaHue O6osbHBIX BII
IIOCTOSTHHO YBEJTMYHUBAIOTCS, YTO HAHOCUT CEPhE3HBIN yIIepo /Aj1s 0011IecTBa B
nesioM. Tak:ke pacmpocTpaHeHbl U paHHue (GopMbl 3a001eBaHUsI. B TeueHme
IIPOIIJIOTO JIECATUJIETHsI ObLIM BBIABJIEHHI MYyTalliM B Pa3HBIX TeHaX,
o0ycstaBIUBaloOIIUe IPOsIBJIEHHE HacIeICTBEHHBIX (popMm BIT.

Haxonaenue aav@a-cunHyk.aeuHna. XapakrtepsablM npusHakom bII,
a Takke psaga 3aboJieBaHUI, HA3bIBAEMbBIX CHHYKJIEUMHOIIATUSAMU, SBJISETCS
HAKOIUJIEHUE BBICOKMX KOHIIEHTpaunuu Oesika aibga-cuHykjienHa (a-CuH) BO
BKJIIOUEHUSAX, W3BECTHBIX KaK TeJyiblla JleBu, BHYyTPU HEHUPOHOB [2].
Pacnipoctpanenue Tesen JleBu 3aTrparuBaeT HelpoHbl ITHC, B TomM umcie
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nodpaMUHEpPTrUUEeCKe HEUPOHBl HUTPOCTpUATHOU cucreMmbl. [loteps
HEHPOHOB B CpeJlHEM MO3Te U Hajinuue TeJjiel] JIeBu B ocTaBIINXCA HeMpoOHAX
ABJIAIOTCA OTJIMYUTEJBbHBIMU UYEepTaMU [aTOJOTUHM, HaboaeMol Ha
puHATBHBIX cTauAax 3abosieBanusd [2, 3]. OCHOBHBIM 3J1IeMEeHTOM TeJiell JIleBu
SIBJITIOTCSI arPETUPOBAHHBIN a-CHH, a TaKKe HeHpouIaMeHThl, YOUKBUTHH U
npyrue Oenku [4]. Haubosiee BeposiTHO, uTO oOpasoBaHme Tejell JleBu
SBJIIETCSA CIIOCOOOM IETOKCUKAIIMY arperaToB a-CUH B HelpoHe [5].

du3uoao2uveckast U namoao2uMeckKkast poav aavdha-
CuHykK.1euHa 6 HeilpoHax. a-CuH ydJacTByeT B KOHTpoJie OMOreHesa,
MOKET MOJYJIUPOBATh  OSKCIPECCHUI0, CyOKJIETOYHOE pacIlipe/iesieHuUeE,
QyHKIIMOHUPOBAaHWE MHOTOYHCJIEHHBIX OEJIKOB CHHAIlCA M KOMIIOHEHTOB
nuTtockesiera  [6-8]. a-CuH  ydacTByeT B  KOHTpPOJIE  CEKpeIuU
HEUPOTPAHCMUTTEPA,  CUHANTUYECKOW  IUIACTUYHOCTH,  MOJAYJIUPYET
BbIDKMBaHUE HeWpoHOB [9]. I'mmoresa, cOIJIaCHO KOTOPOM HPUYUHOU
MaccoBOoM rubesin HeWpOHOB, HaOimopatomieiica npu BII, moxer OBITH
mepejaiolieecsi OT OJIHOM HEPBHOM KJIETKM K JIpYTOM  BEINIECTBO,
pacmpocTpaHmiach B 2008 roay. B xojie nccimemoBanuii ObLJIO TOKA3aHO, UTO
a-CHH C HapyIeHHOU ykiaaakod (misfolding) moskeTr nmepezaBaTbest OT OTHOTO
HelpoHa K APYTrOMY U CIIOCOOEH BBI3BIBATH THOEIh KJIETOK. PactipocTpaHeHue
TAKOTO a-CHH MeX/Iy HePOHAMHU MOKET IMPOUCXOAUTD M0 MPHUOH-TIOA00HOMY
MexaHusMmy [10]. IIpu sToM 6Gesiok ¢ HapylIeHHOUW YKJIaJKOH, MPOHUKAas B
JpyTHe HEUPOHBI, THUITUUPYET IIEPEXO/ U3 «IIPAaBUJIBHON» KOH(pOpPMAIuu B
«HEMPaBUJIbHYIO».

Aepezayun anrv@a-cunykaeuna. Ilpu BII obHapyKeHbI pa3HBbIE
KoHQoOpMaIUu a-CUH: MOHOMEpPHI 6e3 ompesieJIeHHOU CTPYKTYPhI WU B BUJIE
anb(da-cnupasieil u 06eTa-CKIauaThbIX CTPYKTYp, AUMEPHI, OJIUTOMEPHI,
GubpuUIbI U KOHEUHBIN 3Tall arperanuu Oesika — Tesblia JleBu. M3BecTHO,
YTO CKOPOCTh arperamuu MOKeT ObITh yBejindeHa (MPUCYTCTBHUE METaJLJIOB,
MIeCTUITU/IOB, JINTIN/IOB, HU3KUX pH). Psa aBTOpOB cuuTaior, YTo OFHOU U3
IIPUYHH arperaluy a-CuH ABJISAIOTCA HapyIlleH!s B GyHKIIMOHUPOBAHUU CETU
nmporeoctaza (uau OEIKOBOTO TOMeocTasza) B MOJJep:KaHuM Oejlka B
OMOJIOTUYECKN aKTUBHOM, HeTOKcMuHOUM ¢opme [11]. K kiI04eBbIM
KOMIIOHEHTaM CETHU MPOTEOCTa3a OTHOCAT MOJIEKYJISIpHBbIE IIIAIIEPOHBI, CpeAn
KOTOpBbIX SHSps ABJIAIOTCA MEpBOU JIMHUEH 3allUThl KJIETKU OT arperamuu
6enkoB [12]. Tak:ke ObLJIO MOKAa3aHO, YTO MPOJYKTHI OKUCIEHUs NodaMUHa,
coliep:KaHWe KOTOPOTO BeJUKO B  JO0(paMHUHEPTUYECKHUX HEHWPOHaX,
WHTUOUPYIOT TIEPEXO/] U3 OJIMTOMEPOB U NMPOTOGUOPUILI B PUOPUILIBI a-CUH,
YTO TPHUBOJUT K HAKOIUIEHUIO TOKCHYHBIX ¢GopMm Oesnka. Ilpu sTOM
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n06aBJIeHNEe AHTHOKCHU/IAHTOB MIPUBOJIUT K CHIKEHUIO coieprKkaHusa Gubpui
[13].

Jucdpynkuun  mumoxoudpuit.  Jlokanmzanus  a-CUH He
OTPAaHUYMBAETCSA IIUTO30JIEM, OH ITOKa3aH TaKXKe BO BHYTPEHHEN MeMOpaHe
MHUTOXOHAPUHN JodhaMUHEPTUYECKUX HEUPOHOB. CBA3BIBASCH ¢ MeMOpaHOH
MUTOXOH/IPHUM, a-CHH 3allyCKaeT BbIXOJ] IIUTOXpPOMA C B IUTOIUIA3My, UTO
MIPUBOAUT K 3aIlyCKy amnonrTo3a. IlokazaHo, 4YTO B TpPAHCTeHHBIX MBIIIAX C
M30BITOUYHON 3KCIIPECCHEH a-CHH JUKOTO THIIA, IMPOUCXOAUT parMeHTaIs
MUTOXOH/PUM, IIpeJipaciiosiaras K HelpoJiereHepanuu [14].

[{espr0 TaHHON PabOTHI OBLIO CPABHUTH BJIMSHHE MOHOMEPHOTO a-CHH
JIMKOTO TUIlla U ero MmyTaHTHbIX Gopm A53T, A30P u E46K Ha MUTOXOHZIpUU
IIEPBUYHOU KYJIBTYPbhI KJIETOK MO3Ta U BBIXKMBA€MOCTbH KJIETOK.

Mamepuaabt u memoodst uccaedosaHus. B pabore ObLIH
HCIIOJIb30BaHbI 00pa3Ibl YeJIOBEYECKOTO a-cuH (B MOHOMEPHOH dopMme),
Jr00e3H0  mpemocraBieHHOro mpod. AJO.  AGpamoBbiMm  (MHCTUTYT
HEBPOJIOTUM YHUBEPCUTETCKOTO KoJulemka JIOH/OHA). JKCIEpUMEHTHI
IIPOBOJIVJIN Ha MEPBUYHBIX KYJIbTYpaX KJIETOK KOPbI MO3Ta, MOJYyUYEHHBIX OT
HOBOPOXKJIEHHBIX KpbIcAT JuHUU Wistar Merogamu ¢iiyopeciieHTHON
MUKpockonuu. Ilepesa sKCepuMeHTOM KJIETKU KyJbTUBUPOBAJIM B TeUEHUE
8-11 gHel Ha KPYIVIBIX MOKPOBHBIX CTEKJIAX, IMIOKPBITHIX MOJIU-D-JIM3UHOM B
cpene Neurobasal A, comepsxkamein 2% cynimuiementa B27, 1X Glutamax u
[leHUITUITUH-CTPENTOMUIINH. YPOBEeHb MUTOXOHJAPUAIHLHOTO IIOTEHITHAIa
u3Mepsuti ¢ momompbio Rhodamine 123 (10 MKM, 15 MHH, C OTMBIBKOM).
YPpoBeHb IUTO30JIBHOTO KaJIbITUA OIEHUBAIM ¢ MOMOIIbio Fura-2 (4 MxM, 40
MuH), YpoBeHb NADH usmepsisiu 1mo ayrodyopeciieHIuu. BpIKUBaeMOCTh
KJIETOK TI0JI IEUCTBUEM a-CUH OIIEHUBAJIU C TOMOIIbIO IBOMHOU MPOKPacKu
Hoechst 33342 + Propidium Iodide.

Pe3yavmamut. B skcriepuMeHTe OBLJIO ITOKAa3aHO, YTO MOHOMEPHBIU
a-cuH A53T, Ho He a-cuH jaukoro tuma (WT), A30P wmwmm E46K, B
KOHIIEHTpalu 200 HM BBI3BIBAET JENOJIAPU3ALNI0 HEMPOHOB U aCTPOLIUTOB
B TeueHue 25-30 MUH (puc. 1A). AMIUTUTY/Ia JeNOoJasSpU3alluU COCTaBUIa: JJIs
HEWPOHOB - 13.1+/-6.5%, JJIs1 TJTUAJIBHBIX KJIETOK — 9.5+/-3.8%. ATOT apdexT
a-cuH (A53T) mpemoTBpaiasics B MPUCYTCTBUU CyOCTpaTOB mupysata (5 MmM),
IUMeTHICYKIIHAaTa (20 MM), a TaK’Ke B MPUCYTCTBUU IIUKJIOCIIOPHHA A.

IIpu usmepenuun ypoBHs NADH Obu1o mokazano, uto A53T, HO He
JIpyTHe THIIBI MOHOMEPHOTO a-CHH, BbI3bIBAET yBeJIUUeHUne
ayroduryopectieHniun NADH B HelpoHax U IJIMAJbHBIX KJIETKAX B TeUeHUE
15-20 MuH. IT1o yBesmueHnue NADH takxe npeaoTBpaliajgocs B IPUCYTCTBUU
cybctpaToB — nupyBata (puc. 1b) u iuMeTHIICyKIImHAaTA.



Jlajee MBI IONBITAJIMCh OIEHUTh BJIHUAHHE MOHO-a-CMH Ha
BbI’KMBA€EMOCTh HEPBHBIX KJIETOK B KYJIbType. [lJid 3TOro WMHKyOHpOBaIN
KJIETKH 24 4yaca ¢ 200 HM MOHOMEPHOIO a-CUH (IUKHUN TUI U MyHTaHTHbBIE
dopwmel). Beuto mokazano, uto A53T yBeIMYMBAET KOJUYECTBO MEPTBBIX
KJIETOK ¢ 3.37+/-1.78% 10 13.9+/-4,81% (Puc. 1B). IIpu 3TOM a-CMH JHUKOTO
TUIIa U MyTaHTble popMbl E46K 1 A30P He BIMSIOT Ha JKU3HECIIOCOOHOCTH
KJIeTOoK. VIHTepecHO, UTO 24-yacoBas IpeAUHKyOaIusl KyJIbTyphl ¢ 30 HM
aktuBaTopa Nrf2 RTA 408 zamuimana KJIeTKH OT TOKCHYECKOTO JIeHCTBUS
A53T, ipu 5TOM 7107151 MEPTBBIX KJIETOK CHHUKaIach 710 4,81+/-1,6%.
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Puc. 1A — BiusAHMe MOHOMEpPHOTO
a-cuH (200 HM) Ha MHUTOXOHAPUATBLHBIN
MOTEHIIMAJI B KJIETKAX MO3Ta  KpPBICHI
(mpezicTaBiIeHO cpefHee CO BCeH KYyJIbTYPHI).
HcxogHbIn YPOBEHD diyopecrieHIIUN
Rhodamine 123 nmnpunsar 3a o0, a
MaKcuMasbHadg  (QJiyopeclueHIHUsA  Iocye
nobasimennss 1 MKkM FCCP - 3a 1. B.
Biusuue mMpyBaTa (Pyr) Ha
UHAYLIUPOBAHHOE 200 HM As3T
yBesuueHne ayroduyopectieniinu NADH. B.
Biusauue axktuBatopa Nrf2 RTA 408 Ha
A53T-uHAYIIUPOBAHHYI0 THOETh HEWPOHOB.
CHavasia KJIETKU HHKYOHPOBAJIUCh 24 Jaca C
30 HM RTA408, 3aTem ObL1T 100aBJIEH a-CHH
200 HM. OIeHKy KH3HECIIOCOOHOCTH
IIpOBOJIWJIM  4Yepe3 24 d4aca IIocie
Jlob6aBJIeHNs a-CUH

TakuM 00pa3oM MOHOMEPHBIH a-CHH, B OCOOEHHOCTH €ro MyTaHTHas
dopma (A53T), BeI3bIBaeT ruOEIb KJIETOK MO3Ta KPBHICHI Uepe3 aKTHBAIIHIO
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nozassienne NADPH-okcuassl 1 CHUKeHUE SHEPTETUKU MUTOXOHAPUM. DTU
a(pPexThl MpeAoTBpaIIalOTCd B IMPUCYTCTBUM U30BITKA CyOCTPATOB WU IIpU
aKTUBAIUU 3AIUTHBIX S3H/IOT€HHBbIX AHTUOKCUJAHTHBIX CUCTEM KJIETOK.

Pa6bora Moji/iep:KaHa MuHoOpHayKH PO (Cornamienue
N211.616.21.0054).

Jlumepamypa:

1. Forno L.S. Neuropathology of Parkinson's disease // J. Neuropathol. Exp. Neurol.
—1996. — V. 55. — P. 259—272,

2. Ren W.Q., Tian Z.M., Yin F., Sun J.Z., Zhang J.N. Extracellular alpha-synuclein — a
possible initiator of inflammation in Parkinson's disease. // Pharmazie. — 2016. — V. 71. —
N. 2. -P.51-55.

3. Schulz-Schaeffer W.J. The synaptic pathology of alpha-synuclein aggregation in
dementia with Lewy bodies, Parkinson'sdisease and Parkinson's disease dementia. // Acta
Neuropathol. — 2010. — V. 120. N. 2. — P. 131-143.

4. Olanow C.W., Brundin P. Parkinson's disease and alpha synuclein: is Parkinson's
disease a prion-like disorder? // Mov. Disord. — 2013. — V. 28. — N. 1. — P. 31—4o0.

5. Schulz-Schaeffer W.J. Neurodegeneration in Parkinson disease: Moving Lewy
bodies out of focus. // Neurology. — 2012. — V. 79. — P. 2298-2299.

6. Burre J., Sharma M., Tsetsenis T., Buchman V., Etherton M.R., Sudhof, T.C. Alpha-
synuclein promotes SNARE-complex assembly in vivo and in vitro. // Science. — 2010. — V.
329. — P. 1663—-1667.

7. Darios F., Ruiperez V., Lopez L., Villanueva J., Gutierrez L.M., Davletov B. Alpha-
synuclein sequesters arachidonic acid to modulate SNARE-mediated exocytosis. // EMBO
Rep. — 2010. - V. 11. — P. 528-533.

8. Scott D.A., Tabarean I., Tang Y., Cartier A., Masliah E., Roy S. A pathologic cascade
leading to synaptic dysfunction in alpha-synuclein-induced neurodegeneration. // J.
Neurosci. — 2010. — V. 30. — N. 24. — P. 8083—-80095.

9. Nemani V.M., Lu W., Berge V., Nakamura K., Onoa B., Lee M.K., Chaudhry F.A.,
Nicoll R.A.,, Edwards R.H. Increased expression of alpha-synuclein reduces
neurotransmitter release by inhibiting synaptic vesicle reclustering after endocytosis. //
Neuron. — 2010. — V. 65. P. 66—79.

10. Dehay B. Alpha-synuclein, a prion-like protein. // Mov. Disord. — 2011. — V. 26. —
N. 5. - P. 774.

11. Cox D., Carver J.A., Ecroyd H. Preventing alpha-synuclein aggregation: the role of
the small heat-shock molecular chaperone proteins. // Biochim. Biophys. Acta. — 2014. —
V.1842. — N. 9. — P. 1830-1843.

12. Ebrahimi-Fakhari D., Saidi L.J., Wahlster L. Molecular chaperones and protein
folding as therapeutic targets in Parkinson's disease and other synucleinopathies. // Acta
Neuropathol. Commun. — 2013. - V. 5. — N. 1. — P. 79.

13. Chinta S.J., Andersen J.K. Redox imbalance in Parkinson’s disease. // Biochim.
Biophys. Acta. — 2008. — V. 1780. — P. 1362-1367.

14. Kamp F., Exner N., Lutz A.K., Wender N., Hegermann J., Brunner B., Nuscher B.,
Bartels T., Giese A., Beyer K., Eimer S., Winklhofer K.F., Haass C. Inhibition of
mitochondrial fusion by alpha-synuclein is rescued by PINK1, Parkin and DJ-1. // EMBO
J.—2010.-V.29. - N. 20. - P. 3571—35809.



( 1
(L 1)

MEXAHU3MbI AKTUBAIITUU TOPMOKEHU A
HEMPOHAJIBHOU CETU TAMKEPITTYECKVMU HEMPOHAMMUM

3unuenxo B.I1., I'aitdoun C.I'., Tenaoe H.IO, Kocenxos A.M.
denepasibHOE rocyZlapCTBEHHOE OI0/PKETHOE YUpesK/IeHne HayKu VIHCTUTYT
6modusuku kietku Poccuiickoit akazeMuu Hayk, [Iymunao, Poccus

vpz@mail.ru

Konebanus ypoBHA KaJbIUA B ITATO30JI€ SBJIAIOTCA BaKHBIM
IapamMeTpoM KJIETOYHOU CUTHAIU3AllNU, KOTOPBINA 3aIlyCKaeT U PEryIupyeT
CEKpPEeIUI0 MEXKKJIETOUHBIX TPAHCMUTTEPOB U AKTHUBUPYET SKCIIPECCHIO
cueruduuHbix TeHoB [1]. B 1987 romy Ogura u ap. [2] BnepBble onucaau
BO3HUKHOBEHWE CUHXPOHHBIX KaJIbIIUEBBIX TPAH3UTHBIX CUTHAJIOB B
KyJIBTYp€ TUMIIOKaMIIaJIbHBIX HEUPOHOB.

CunxpoHnana cnonmaHHas axkmueHocms (CCA) oTpakaer
CUHXPOHHYIO pabOTy OT/IeJIbHBIX HEPOHOB B CETU U IMTO3BOJIAET UCCIE0BATh
MEXaHU3Mbl Tlepeflaud CUTHaAJa MeXJly HeHpOHaMU U IMepeKIIdYeHune
“H(POPMAIIMOHHBIX IIOTOKOB B HelpoHasbHOU ceTu. CCA HeHWpOHOB
HabJIofjaeTcs TOBCIOAY B MO3Te€ M UTPAET KIIIOUEBYI0 POJIb B 00paboOTKe
HelipoHasibHOU MHPopMmanuu. Cuuraercs, utTo CCA urpaer pemaruyo pojb
B Pa3BUTHUU MO3Ta W NPU CUHAITOTeHe3e [3], cBA3aHa ¢ PyHKIMEN MaMATH
[4] openiensier MeHTAJTbHOCTH YeEJIOBEKA, COH U OoapcTBOBaHUE [5].
Cnemuduyeckne TUNBI HEUPOHHBIX  OCHWUIANUN  IOABJAIOTCA B
MIaTOJIOTUUECKUX CUTYAIUAX, TAKUX Kak 0osie3Hb [IapKUHCOHA U 3IUJIENCHUs
[6, 7]. HecMOTps Ha MHOTOUMCJIEHHbIE SKCIIEPUMEHTAJIbHbIE MCCIIE/IOBAHNA,
yKa3bIBAIOII[E HA KOPPEJISAIUIO OIPEeIeeHHbIX TapaMeTPOB OCITUJIISAINU C
BBIIIIEYKA3aHHBIMU (PYHKIIUAMH, MOJIEKYJISIDHbIE MEXaHU3MBbl PeTyJAluu
CCA He yCTaHOBJIEHBI, U BBISICHEHHE 3TUX MEXaHU3MOB ABJIAETCA aKTyaJbHOU
3azjauent. CJIO)KHOCTh 3aJla4d COCTOUT B TOM, uto B reHepauuu CCA
MIPUHUMAIOT y4dacThe MHOKECTBO CHUHANTUUYECKUX PEeIEeNTOPOB U HOHHBIX
KaHaJIOB C PA3JIMUHBIMU MeXaHU3MaMU PETYJIAIUN.

Hcmonb3ysd  cucTeMy  aHajau3a  M300pakeHUs, KOH(OKAIbHYIO
MHKPOCKOIIHIO, eTU-KJIAMI U UMMYHOTUCTOXUMHIO Mbl BU3YyaJIU3UPOBAIU B
KyJIbTYype KJIeTOoK rumnmnokamna (mo ¢dopme Ca2* curHaja U MapameTrpaMmu
MMAYeUYHONW aKTUBHOCTU TIOTEHIIUAJIOB JIEHCTBUS) MHHOPHYIO IIOIYJISIINIO
HEWPOHOB, 00JIAAI0IUX YHUKAIBHBIMU cBoMicTBamMu B peryssanuu CCA. KA-
¥ TJIyTamMaT-3aBUCUMOe TIIOBBIIIIeHHEe (a2t B HeUpPOHAX 3TOU MOIyJIAlUU
ocraHaBiuBasio CCA B ceru [8] (pumc.1). Mbl IpPEANOsIOKHUIA, YTO 3Ta
nonyasnus npezacrapiser noatun AMKeprudyeckux HEHWPOHOB, KOTOpPBIE
noziaBiassioT CCA mpu THIEPBO30YKAEHUN HEWPOHAJBbHOU CETU 3a CYeT
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ycwieHusa Bxoza Ca2+ uepe3 kaHasl npecuHantuueckux KA perenTopoB u
ycwienusa Ca2t-3aBUCUMON CEKPEIMd TOPMO3HOTO HeHWpOTpaHCMHUTTEpPa
F'AMK.

Puc. 1 — Aronuct KA-perientopos
momoeBasg kueiora (DA) mopasisteT
CCA. AroHucT BBI3BIBAeT IIOBBIIIIEHLE
koHneHtpanmuu Ca2* B  OT/IEJBHBIX
UHTEpHEHpOHax (1) W  IOHIKaeT
05 1 KoHIeHTpanuo Ca2t B APyrux HEUpoHax
0.4-;‘ ’\ (2). Awnraronuer GABA(A)-penenTopa

‘
|

bicuculline 10mkh

0,7 o DA 200nM

0,6

< r.l'il OMKYKYJIZIUH yMeHbIIaeT YacToTy U

] J M'\ | 5 NW J\\N\ YBENIUMHBAET AMIVIMTYZY KasbIHeBbIX
02+ I\ KosiebaHUU, HO He OKa3bIBaeT BJIMAHUA
al . ‘ ; ‘ Ha 3ddeKT nojasieHusa Koiebanuii DA.

Konnentpanuu DA - 200HM,
bukykysima — 10MKM.

Fura-2, 340/380

AHaM3 BKCIIEpUMEHTAJIbHBIX JIAHHBIX IIOKa3aj, UYTO 5TU HEWPOHBI
ABJIAIOTCA MOMYJIAIEeN  JIETKO-BO30YAUMBIX, OBICTPO-OTBEUAIOIIINX
FAMKepruyeckux  HeiipoHOB, Ca2t-mpoBojsaiiue kaunHaTHble (KA)
perienrtopbl  KoTopbix cozaep:kaT GluR5/GLUK1 cyObenuuuny [5] wu
JIOKQJIU30BaHbI B MPeCUHANTUYECKON MeMOpaHe. AT HEUPOHbI TeHEPUPYIOT
Ca2+-curnas 0e3 JleceHCUTU3AIUU B OTBET HA IJIyTamMaT U JIpyryie arOHUCTHI
KA penentopoB [8], YTO MOKeT BBI3BAaTh MOBBIIIEHHYIO CEKPEIUIO
TOpMO3HOTO  HeuporpaHncmutrrepa ['AMK. @®opma Ca2+t curHana,
reHepupyeMasi JIaHHOW TOMyJAIMeld WHTEPHEUPOHOB YKa3bIBaeT Ha
oTcyTcTBUE B HUX Ca2+-cBA3bIBAIOIUX O€JIKOB B Oy(epHBIX KOHIIEHTPAITUAX U
I'’AMK-3aBUCHUMOTr0 TOPMOKEHUA.

C npyrol CTOpPOHBI, JJIUTEJIbHOE IIOBBIIIIEHHWE AMILIUTYAbI TJIyTaMmar-
3aBucUMBbIX Ca2* OTBETOB, He3HAUUTEJbHAsA JIECEHCUTU3AIUA PENenTOPOB U
otcyTcTBue Caz+-cBA3bIBAIOIIUX 0€JIKOB B OydDEpHBIX KOHIIEHTPAIUAX AI0T
OCHOBaHME MPEJINoJiaraTh BbICOKYIO0 UyBCTBUTEJIBHOCTD JJAHHBIX HEMPOHOB K
Ca2+-ToBBIIIAIOIINM BO3JAEUCTBUAM, BKIOYass yBeaudeHue yacToTbl CCA u
uimeMu0. JlelicTBUTEIbHO, IPOBEJEHHbIE SKCIEPUMEHTHI II0Ka3aJik, 4TO
JUINTEeJIbHAs AaKTUBAIlUsA MexXaHu3Ma OBICTPOrO, BBICOKOAMILIUTYHOTO
noBbimenuss Ca2t, HeoOXOJAUMOrO /I YCHUJIEHHOM CeKperuu TOPMO3HOTO
HeliporpancMutrTepa TAMK B 3TuX HeWpOHAX, MOXKET OBITh MPUYHNHON HX
ceJIeKTUBHOU rubesiu mpu Bhicokoi uactore CCA.
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BToppiM  MexXaHU3MOM  IOBBIIIEHHWSA  TOPMO3HOU  aKTUBHOCTH
'AMKbspruueckux HEHPOHOB STON MOIYJIAIMU SBJSETCI WHBEPTUPOBaHUE
rpagueHT HoHOB Cl- B 3TMX KjeTkax mpu BbIcokux 4dacrorax CCA, dTo
IIPUBOJIUT K IIpEBpAIleHUI0 TOPMO3HOro HeupoTpancmutrepa ['AMK B
BO30Y KA JIIST 3TOU MOIYJIAINNA HEUPOHOB (PHC.2), UTO TaK:Ke MOKET
MIPeACTaBIATh  MeXaHU3M  JKcTpeHHOro  TopMmoxkeHuss CCA  mpu
TUIEPBO30YKIEHUH.

Puc. 2 — Nuruburop TAMKA

Bic perenTopoB OUKYKy/UTHH (10 MKM)

2 BO30Yy’K/IaeT HEHPOH (1) ¥ TOPMO3UT

1 TFAMKepruueckuii HeWpoH (2) cC

r WHBEPTUPOBAHHBIM IPaJIueHTOM
J noHoB Cl-.

0,8 4

0.6

0.2

Fura-2, 340/380

T T T
0 100 200 300
Bpewms, ¢

Takum oOpasom, mpecuHantuueckue Ca2+-mpoBoasmiue, GluR5-
coaepxkamnue KA penenropsl nonysasainuu ['AMKepruyeckux HEUPOHOB,
OCYIIECTBJISIIOT OTPHUIATENIPHYI0 OOpaTHYIO CBsA3b IPU THUIIEPAKTUBAIIUU
IyTamaToM, yeuauBas cekperuio TAMK 3a cueT noBbliieHUs KOHIIEHTPAIUU
Ca2+ B mquTo3osie 1 UHrubuUpys, TakuMm obpazom, CCA B MpPUHIMUIIHATBHBIX
HelpOHax IpU TUNEPAKTUBAIUMU TiyTamMatoM. llokazaHo, 4YTO JIaHHBIU
MEXaHU3M MOXKeT (YHKIIMOHUPOBATH JJIA TOPMOKEHHUS TUIEPAKTUBHOCTU
OIpe/ieJIeHHOU TOMYyJAIMA HEWUPOHOB Opu moBblmieHMU uvacToThl CCA B
HEMPOHAJIBHOU CETU U IIPU UIIIEMUU.

[ToBbIllIeHHAs UyBCTBUTEJIbHOCTh WHTEPHEUPOHOB JIAHHOTO MOATUNA K
MOBPEXJAOIIEMY JIEHCTBUI0O HIleMUu oO0ycioBieHa Jnedbunurom PISK
CUTHAIBHOTO IIyTH. AkTuBatopbl PI3K 3amuiianm HeUPOHBI OT I7106a7IbHOTO
noBeIllieHus1 Ca2+ B MUTOIJIa3Me 3TUX KJIETOK U TMOCJIeAyIoIel rubeau mpu
uieMuu (He mokasaHo). OUEBHIHO, UTO CeJIEKTUBHAsA THOeb TOPMO3HBIX
WHTEPHEHPOHOB MOXKET IMPUBECTH K THUIEPBO30OYAUMOCTH ONpeeIEHHBIX
CTPYKTYP MO3Ta U MPUCTyaM 3IUJIETICUH.

Takum oOpazom, B paboTe yCTAaHOBJIEHBI JIBA MeXaHH3Ma YYacTHs
nonyssanuu AMKepruuyeckux HEUPOHOB B PA3BUTHU TOPMOXKEHUSA IIpHU
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TUIIEPBO30YKIeHUN HEWPOHAJbHONW CEeTH B YCJIOBUSX UINEMHUH WIU
noBeiliieHun  4actorbl CCA. IlepBbiii o06ycsoByieH aktuBanueint Ca2+-
MIPOBOJIAIINAX KA penenTopoB [IPECUHANITUYECKON MeMOpaHbI

FAMKepruyHCKUX HEHPOHOB, a BTOPOH, - MHBepcUel rpagueHTa noHoB Cl- B
ATUX HEUPOHaX.

Pabora moazep:kaHa TpaHTOM PoOCCHICKOro HaydHoro ¢onHza
(Cormamenue N214-14-00989).
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YYACTHE ITIOPHI, THAYIITPYEMOM! KUPHBIMU
KNC/IOTAMMU U Srz+, B MEXAHUWU3ME Sr2+/BAJINHOMMWIINH-
NHAYITUPOBAHHBIX OCIIWLIAIIUIM MTOHHBIX IIOTOKOB B
MHUTOXOHAPUAX B YC/IOBUAX 'NMITIOTOHNN

Beaocayoduesa H.B.':2, 'opsiuesa H.A.2, beaocayoduee K.H."3,
Mupownoea I'./].12
1QerepasibHOE TOCYAAPCTBEHHOE OIO/PKETHOE yUpek/ieHre HayKu THCTUTYT
TeOpeTUUeCKOH U 3KcrepuMeHTaIbHON 6modusuku PAH, ITymuHo;
2[TymuHCKUM rocyIapCcTBEHHBIN eCTeCTBEHHO-HAYUYHBIN UHCTUTYT, [Lytiuno, Poccus;
sMapHicKIH TocyJapcTBeHHbIH yHIBepcuTeT, Momkap-Oia, Poccus
nata.imagination@gmail.com

Cuuraercs, 4YTO KoJiebaTesJbHbIE ITPOIIECCHI TPAHCIIOPTAa HOHOB B
MUTOXOH/IPUAX MOTYT JIEKaTh B OCHOBE pPAcCIpPOCTPaHEHUSA B KJIETKE TakK
Ha3bIBaEMbBIX «KaJIbIIUEBBIX BOJIH». OIHAKO (PU3NOJIOTUUECKOE 3HAUEHHE U
TOYHBIM MEXaHH3M TaKUX OOpaTUMBIX H3MEHEHHU IIPOHUIIAEMOCTHU
MHUTOXOH/IPUAJILHON MeMOpaHBbI /JIsl IByXBaJIEHTHBIX METAJIJIOB JI0 CHUX IIOD
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ocTaeTcsl HESCHBIM. B CBSI3W C 3THUM, IIeJIbI0 HACTOSIINEH pabOThI SBJISJIOCH
H3yUYeHHe MOJIEKYJIAPHOTO MeXaHH3Ma OCHIJUIAINUA HOHHBIX IIOTOKOB H
Apyrux QYHKIHOHAJIBHBIX IIapaMeTPOB MHUTOXOHJAPUI, 3alyCKaeMbIX
UMITYJIbCHOM J0OaBKOW MOHOB CTPOHIIHS.

Ha puc. 1 (A, b, B) mokazaHa ogHOBpeMeHHasl 3alyCh H3MEHEHUH
KOHIleHTpanuu  uoHoB  Sr2+, K+t TOd+, a Takke  CKOPOCTH
MHUTOXOH/IPHUAJILHOTO AbIxaHusA (puc. 1I') mmocsie 1ob6aBaeHUA Sr2+ K CyCleH3Un
MUTOXOH/IPUM II€edeHU KpbICBI B IIPUCYTCTBUU KaJneBOro uoHodopa
BAJINHOMHIIMHA B THUIIOTOHUYECKOU cpejie uHKyOaruu. Kak ciexyer u3s
pUCYHKa, mobaByieHre Sr2+ 3allycKaeT CIIOHTaHHbIE OOpaTUMble H3MEHEHUS
CKOPOCTH MHUTOXOHAPHAJIBHOIO JibixaHus (cocTosHue V.) (puc. 1I'), KoTophie
COIIPOBOXKJAIOTCS  COOTBETCTBYIOIIMMU OOpaTUMBIMH H3MEHEHUSMH B
MeMOpaHHOM IoTeHIuasie (puc. 1b) 1 ABMKeHHEM HOHOB uepe3 MeMOpaHy
(puc. 1A u B). IlomobHBIE U3MEHEHHS MPOUCXOJAT TakKe WM B 00beMe
MHUTOXOHJIPHUAJILHOTO MAaTpPHKCA, OIEHUBAEMOIO IIyTeM perucTpalyun
OITHYECKON IUIOTHOCTH CYCIIEH3UHM OpPraHeUI. AMIUINTYa U KOJHMYECTBO
TaKUX Sr2+-UHAYyIIUPOBAaHHBIX KOJeOaHUM MeEHsEeTCsI B 3aBUCHMOCTU OT
KOHIIEeHTpAIluu J100aBJIeHHOrO Sr2t. ITH KoJiebaHUsA He HWHTUOUpPYIOTCs
CEeJIEKTUBHBIM  OJIoKaTOpoM  MuTOXOHApmainpbHOM  MPT  moper -
nukaocriopuHoM A (1IcA).

OOHapykeHHbIle OOpaTHUMble Sr2+-HHAYIIMPOBAaHHbIE W3MEHEHUS He
SIBJISIFOTCS cIelfU(PUUHBIMHU TOJIBKO JIJII MUTOXOHApUM ItedeHU. IlomobOHBbIE
IIcA-HeuyBCTBUTEJIbHbIE  Sr2+-UHAYIIUPOBAHHbIE HOHHBIE  OCIHUJUISIIUN
Ha0JTI0/TATUCH TAaKXKEe 1 B MUTOXOH/IPHUSIX CeP/IIa KPhIC.

Takum o6pa3oM, B paboTe OBUIM SKCIEPUMEHTAIBHO I0JI0OPaHbI
YCJIOBUS, KOTOPBIE TIO3BOJISIOT MOJIyYaTh AJUTEJbHbIE (B TeUeHUU 30 MUHYT)
KosiebaHMsT MOHHBIX IIOTOKOB U JAPYTuUX (YHKIIMOHAJIBHBIX MapaMeTPOB
MuToxoHApuii. KosebaTesibHbIE MPOIECCHl WHAYIIHUPOBAIUCH J00OaBJIEHHEM
MOHOB Sr2* B HEBBICOKUX KOHIIEHTpAIUAX (40-50 HMOJIb/MT OejKa); B 3TOM
CJIydae y/1aBajioCh MOJYUUTD 3-5 «ITUKJIOB» CIIOHTAHHBIX KOJIeOAHUN MOHHBIX
IIOTOKOB. HeobxoguMbIM yCJIOBHEM JiJisi BO3HUKHOBEHUSA KOJIeOaHUU
SIBJISJIOCh HAJIMYHE B cpejie HeOOJIBIIIOr0 KOJMYECTBA KaJIUueBOTo HMOHOdoOpa
BaTMHOMUIMHA (1 Hr/MT OejiKa), a TakKe MOHMKEeHHAs TOHUYHOCTh CPeJIb
MHKyOaIum.

V3BeCTHO, YTO B THIOTOHHUUYECKUX YCJIOBHSAX HAOJIIOMAETCA aKTHUBAIUSA
sHJioreHHON (ocdonunaszel A, (Pi1Az) U HakoIJIeHHE CBOOOJHBIX >KUPHBIX
KHCJIOT B MUTOXOHZIpUsIX [1]. MBI ITos1araeM, YTo MeXaHHN3M BbIOpOca NOHOB B
3TUX VCIOBHAX CBS3aH C oOOpa3oBaHHMEM BO BHYTPEHHeH wMeMOpaHe
MHUTOXOHZIpUH 0OHAPY>KEHHOW HaMU paHee nayibMuTat/Caz+-HIyIUpOBaHHON
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mopel. bpUIO TMOKa3aHO, 4YTo oOpa3oBaHME OTON IIOPHI ITPOHCXOJIUT B
MHUTOXOH/IpUAX U UCKYyCCTBEHHBIX MeMOpaHax (umocombl u BJIM) mpu
CBA3BIBAHUY AHWOHOB JIJIMHHOIETIOUEUHBIX HACBIIIEHHBIX )KUPHBIX KUCJIOT (B
ocHOBHOM, maspMuTuHOBOH, IIK) ¢ Ca2t, u compsmkeHO O CHOCOOHOCTBIO
3TUX KHUCJIOT cBA3bIBaTh Ca2* ¢ BBICOKMM cpojictBoM Inipu pH 7,4 [2-5].
Mexanusm obpazoanus I1K/Ca2*-1iopsl, 1o HAllIUM JaHHBIM, 3aKJII0YAETCS B
U3MeHeHUN (as3oBOro COCTOSAHUA JIMIUAHOTO OHCIIOA B pe3ysbTare
cerperaniuu [1K/Ca2*-KOMILJIEKCOB B OT/ieJIbHbIE TBEP/IOKPUCTAJLINUECKIE
MeMOpaHHbIEe JOMeHBl [4, 5]. CTOHUT OTMETUTH, UYTO OOpa3YIOIIHUECHT
JINTIATHBIE TIOPBI 00JIaZIat0T CIIOCOOHOCTHIO CAMOIIPOU3BOJIBHO 3aKPhIBATHCA,
B pe3yJIbTaTe uero coxpaHsercsd QyHKINOHAIbHASA UHTAKTHOCTh OpTaHe [3,
6]. Takue ObIcTpO3aTeKaOIIe MOPHI MOTYT OBITH BOBJIEUEHBI B IPOIIECCHI
JUITNTETLHOU PEIUKIN3AIUA NOHOB B MUTOXOH/IPUSIX.

[Sr¥ ], pM

109

S

[TPP*], pM

[K*], uM

AO, /mun

+

o 5eT 2 MEH

Puc. 1 — Sr2*/BaJIMHOMHUIMH-WH/IYIIUPOBAaHHbIE I[UKJIMYECKHE W3MEHEHHs BO BHEIIHEH
KoHIleHTpanuu noHos Sr2+, TPP+, K* u ckopoctu sipixanus (cocrossHue V.) MUTOXOHAPUH MTeUeHU
kpeichl B orcyTctBue (A, b, B, I) u B npucyrcrsuu ([, E, 2K, 3) uaruouropa Ca2+-3aBUCHMOU
dochosmmazer A, - apucrosioxueBodl Kucaotrbl (25MkM). Jlo6aBku: 47 HMOMb SrCl./mr
MUTOXOHJIpHAJIbHOTO Oeska, 25 MKM apucrosoxoBas kuciaota ([, E, 2K, 3). Cpena unkydanmu
copep:kaa 20 MM caxapo3sy, 1 MM KCl, 5 MM siHTapHYI0 KUCJIOTY, 1 MKM ITUKJIOCIIOPYH A, 1 HT/MT
Oenka BamuHOMUITMHA, 12 MM Tris (pH 7,4). KoHIleHTpaiusa MUTOXOHIPUAIBHOTO OeJIKa B KIOBETE
cocrapiisiyia 2 mr/mut. [IpesicTaBieHbl THITMYHBIE KPUBBIE (N = 5).
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Jlnst  Toro, 4YTOOBI BBISICHUTH BO3MOXKHYI POJb  IaJbMUTAT-
UHAYIAPOBAHHON IIOPbl B MeEXaHU3ME OCHWUIAIUNA, MBI HCCIeA0BAIU
BJIMsIHUE psifia ”HTUOuTOpoB Caz+-3aBUCUMBIX U Ca2+-He3aBUCUMBIX DJIA..

Kakx moxxuo Buzers u3 puc. 1 ([, E, K, 3), nobasienue naruburopa
Ca2+-3aBucuMon ®i1A., apHCTOJIOXOBOH KHUCIOTHI (25 MKM) ITOZIaBJIsIET BCe
CIIOHTaHHbIE Sr2*-UHAYIUPOBAaHHbIE IMUKINUYECKHE HU3MEHEHHs TPaHCIOPTa
HOHOB B MUTOXOHZIpUsX. I[loloOHBIM 00pa3oM JIeMCTBOBAJIM U JPYTrHUe
uHTHOUTOpPEl  Ca2t-3aBucumont  ®yA.: TpudTtopnepazun (10 MrM),
apaxugonmatpudropmerrsi ketoH  AACOCF; (15 wMxM), 4-(4-
OKTaZleIPEHIIT)-4-0KCOOyTaHOBasI KHCJIOTa OBAA (1 MKM),
opomodenonmn 6pomus (40 MkM), 6pomeHos1akToH (15 MKM)) (Tabsa.1). B
TOKE BpeMs, Jl00aBjeHHE K MHUTOXOHAPUAJIBHOM CyCIIEH3UU OBIUBETO
CHIBOPOTOYHOTO aJibOyMuHa (1 MTI/MJI), CIIOCOOHOTO CBS3BIBATH U YIAJIATH
SHJ/IOTEHHbIE CBOOOJIHBIE >KHUPHBIE KHCJIOTHI TOJIBKO C BHEIIHEH CTOPOHBI
MeMOpaHbl, He CHUMAJIO IIOSBJIEHHE CIIOHTAHHBIX Sr2+-HHAYIIMPOBAHHBIX
IUKJINYECKUX HU3MEeHEHUN (PYHKIIMOHAJIbHBIX ITapaMeTPOB MUTOXOHIPUU B
HCCJIEAYEMBIX YCIOBUSAX.

Tab6uuna 1 — Cioco6GHOCTh PA3IMYHBIX UHTHOUTOPOB docdosumnassl A, TPOSBIIATD
Oosokupylonuii  3pdeKT Ha BO3HUKHOBEHHE BAJUHOMUIIWH/Sr2+-HHIYIIMPOBAHHBIX
OCHWJUIAINI NOHHBIX IOTOKOB B MUTOXOH/IPUAX II€Y€HU KPbICHI

Nuarunburop dhocdoaunassl A, HelicTBytomas baokupyrorg
KOHIIEHTpAIUA i 9hPeKT

ApucrosioxueBas KUcJ1oTa | 25 MKM +

(Sigma)

Tpudropnepasun(Sigma) 10 MKM +

AACOCF; (Tocris) 15 MkM +
OBAA(Tocris) 1 MkM +
BpomeHnosutakToH(Sigma) 15 MKM +
Bpomodenonmn 6pomuza(Sigma) | 40 MKkM +

PACOCF; (Tocris) 20 MKM -

Takum obpaszom, mpejicTaBJIeHHbIE PE3yJIbTAThl MOATBEPKAAIOT YIaCTHE
docdonmumnaszel A: ¥ CBOOOTHBIX Y KUPHBIX KUCJIOT B ITUKJINIECKOM TPAHCIOPTE
MOHOB Yepe3 MUTOXOHJIpUaJIbHYI0 MeMOpaHy. bbicTpoe morionieHue
JIByXBJIEHTHBIX HOHOB uepe3 Ca2t-yHUNIOPTED MOET NPUBOJAUTH K
aktuBanuu docdosunaspl A, U MOSABJIEHUIO X XKUPHBIX KUCIOT (B TOM YHCIIE,
IMAJIbBMUTAHOBOM), KOTOPbIE, HAKAIUIMBAasCh HA MATPUKCHOHU CTOPOHE
BHYTPEHHEHX  MUTOXOHJAPHAJIbHOH MeMOpaHbI, MOryT (QOPMHPOBATH
koMmIuiekcbl ¢ Ca2t (Sr2*). B pesysbraTe MOTPOUCXOAUT OOpaszoBaHUE
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KOPOTKOXKUBYIIMX JIMIUAHBIX mOp. Takas BpeMeHHas NepMaOuIN3alus
MUTOXOH/IPHAIBHON MeMOpaHbl MOKET JIesKaTh B OCHOBE KoJie0aHWIl HOHHBIX
IIOTOKOB B MUTOXOH/APHSIX B THIIOTOHUYECKUX YCIOBHUSX.

Pabora mogaep:kana PO®U (rpant NO 15-04-03081-a), PH® (rpant N°
16-15-00157) u IIpaBuresnscTBOM PP (moroBop NQ 14.7Z50.31.0028).

Jlumepamypa:

1. Kargapolov A.V. Biochemistry (Russian) 44(2) (1979) 293-296.

2. Mironova G.D., Gateau-Roesch O., Levrat C., Gritsenko E., Pavlov E., Lazareva
A.V., Limarenko E., Rey P., Louisot P. and Saris N.-E.L. (2001) J. Bioenerg. Biomembr.,
33, 319-331.

3. Mironova G.D., Gritsenko E., Gateau-Roesch O., Levrat C., Agafonov A,
Belosludtsev K., Prigent A.F., Muntean D., Dubois M. and Ovize M. (2004) J. Bioenerg.
Biomembr., 36, 2,171-178.

4. Agafonov A., Gritsenko E., Belosludtsev K., Kovalev A., Gateau-Roesch O., Saris
N.-E.L. and Mironova G.D. (2003) Biochim. Biophys. Acta, 1609, 2, 153-160.

5. Agafonov A.V., Gritsenko E.N., Shlyapnikova E.N., Kharakoz D.P., Belosludtseva
N.V., Lezhnev E.I., Saris Nils-Erik L., Mironova G.D. (2007) J. Membr. Biol., 215 (1), 57-
68.

6. benocaynues K.H., Bemocnyanesa H.B., Muponosa I'./l. (2005) buoxumus, 70,
7, 987-994.

CPABHUTEJIBHOE UCCJIETOBAHUE ITAPAMETPOB
OBPA30BAHUS Caz+-3ABHCUMOM ITUKJIOCIIOPHH A-
HEYYBCTBUTEJIBHON MUTOXOH/IPUAJIBHOMU IIOPHI,
NHAYIIUPOBAHHOU NAJIBMUTHUHOBOM KNCJIOTOM, B
3ABHCHUMOCTHU OT I10JIA 1 MACCHBI TEJIA KUBOTHOI'O

Beaocayoduesa H.B."2, CedeavHuxosa 3.A.%,
Beaocayoues K.H.":3
1QerepaIbHOE TOCY/IAPCTBEHHOE OIO/PKETHOE YUPesK/ieHne HayKu THCTUTYT
TeOpeTUUeCKOH U KcrepuMeHTaIbHON 6nodusuku PAH, ITymuHo;
2[IyIIMHCKHUH TOCYIapCTBEHHBIN €CTECTBEHHO-HAYUYHBIA HHCTUTYT, [IyruHo, Poccus;
sMapuiCKHii TOCyJapCTBeHHBIH yHIBepcnTeT, Momkap-Oia, Poceus
nata.imagination@gmail.com

V3BeCTHO, UTO OMOZHEPreTUYECKUE ITOKA3aTeJH KJIETKU W JIUITHHBIN
coctaB MeMOpaH MHTOXOHZ[DUH CYIIECTBEHHO BapbUPYIOT Y B3POCIBIX
MJIEKOITUTAIOIIUX, MTMEIOIUX Pa3HyI0 Maccy Tejia (MBIIb, KpPbICa, CYyCIINK), a
TaKyKe Pas3JIMYarTcsa y 0co0el IMPOTHBOIIOJIOKHOTO IMoJia (caMIbl M CAMKH).


mailto:nata.imagination@gmail.com

( 1
L ¥ )

It GUBUOJIOTUUECKUE PA3JINUUA, B CBOIO OUYepe/lb, MOTYT 00yCJIaBJIMBATH
U3MEHEHUs TIPOHUIIAEMOCTU MeMOpaH MUTOXOHJIPUM, B B YaCTHOCTHU
OKa3bIBaTh BJIUSHUE HA MPOIleCChl 00pa30BaHUA B HUX HECEJEKTUBHBIX IIOD,
YJacCTBYIOIIUX B BBIOpPOCE PA3JIUUYHBIX BEIECTB W HOHOB B IUTOILIA3MY
KJIETKU.

[Tokazano, uTo oOpa3oBaHHE TAaKUX IIOP BO BHYTPEHHEH MemOpaHe
MUTOXOH/IPUU MOKET UHYyIIUPOBATHCA JUTUHHOIETIOYEeYHBIMH
HACBIIIIEHHBIMH KUPHBIMH KHCJIOTAaMH (B OCHOBHOM, MaJIbMUTHHOBOI) B
npucytctBu UoHOB Ca2* [1-3]. YcTaHOBJIEHO, YTO TOPBI TAKOTO THUIA
OTKPBIBAIOTCS TaKXKe B HCKYCCTBEHHBIX JIUMUJHBIX MemOpaHax — BJIM u
JIMTIOCOMAaX, W He  MOJYJIUPYIOTCA  CEJIeKTUBHBIM  HHTUOUTOPOM
“KJlaccM4eckor’ MHUTOXOHJpHasibHOH mopbl (mitochondrial permeability
transition pore — MPT) - nukinocnopunom A (I[cA) [2-5]. B cBs3u ¢ aTuM,
ObLJIO TpeAroJiokeHo, 4uTo ILlcA-HeuyBcTBUTENbHAA majbMuTtaTr/Caz+-
WHIyIIMPOBaHHAs IIOpa MMeeT JIMOUAHYI0 Npupoay. B ocHOBe mexaHuzMma
obpa3oBaHMs TaKOW TMOPBI MOXKET JieXKaThb CIOCOOHOCTh AaHHOHOB
HACBIIEHHBIX JKUPHBIX KUCJIOT 00pa30BbIBATh MPOUHbIe KOMILJIEKCHI ¢ Ca2t B
JIUIUTHOM oucoe c TOCJIeAYIOIIEN UX cerperarnuen B
TBEPAOKPUCTAJUINUECKHMEe  MeMOpaHHble  JIOMEHbl U TOSIBJIEHUEM
ruApoGUIbHBIX JUIUIHBIX TOP [4]. Ba’kHO OTMETUTH, UTO PETYJIAIUA 3TOU
IIOPbl MOXKET OCYIIECTBIATbCA JNOO W3MeHeHUEM (QU3UKO-XUMUUYECKUX
CBOUCTB MeMOpaH, 1n60 MoaudpUKael JUIUIHOTO OKPYKeHUs 61cos.

Ha cerogHAIIHUN JieHb HEJOCTAaTOYHO JIQHHBIX 10 UCCJIe0BAHUIO
(pyHKIIMOHUPOBAHUA U PETYJIAINNA MUTOXOHAPUAIbHON JIUIUAHOU TIOPHI IIPU
Pa3JINYHBIX (DU3UOJIOTUUECKUX U MeTab0JTUIYECKUX COCTOSHUAX OpraHu3Ma.
[Ipy sTOM KOHIleHTpaIruu TpeOyeMbIX /jisd ee oOpa30oBaHUA HHAYKTOPOB
OJU3KM K TakOBbIM NOpU (HUUOJOTUYECKUX YCJIOBUAX U HEKOTOPBIX
IaTOJIOTUAX [6], W CyIeCTBEHHO HUKe KOHIEHTparui, TpebyeMbIX I
obpazoBanus MPT nopsl. B Toxxe Bpems, nuameHenre GyHKIIMOHUPOBAHUSA
MUTOXOHAPUN U (PU3UKO-XUMHUUECKUX CBOHMCTB UX MEMOpaH B 3aBHUCHUMOCTH
OT MaccChl TeJia U 10J1a JKUBOTHOTO MOXKET OKa3bIBaTh CyII[eCTBEHHOE BJIUSHUE
Ha Tporecchl 00pa3oBaHUsA TOP B JUIUAHOM OHCJIOE, U, B YaCTHOCTH,
W3MEHATh  YyBCTBUTEJIBHOCTh  OpraHess1 K uHAYKTOpamM  IIcA-
HEYYBCTBUTEJIbHOU MOPHI — MAJIbBMUTUHOBOU KUCI0Te U Caz+.

B cBsA3u ¢ 3TUM, B HacToslled paboTe ObLIO IIPOBENIEHO CpPaBHEHUE
rmapamMeTpoB  oOpa3oBaHUSA  MUTOXOHJIDUAJIBHOM  IUKJIOCIIOpUH  A-
HEUYYBCTBUTEJIbHOM IIOPHI B MUTOXOH/IPUAX, BBIJIEJIGHHBIX U3 II€UeHHU
II0JIOBO3PEJIBIX CAMIIOB UM CaMOK KpbIC B Bo3pacTe 3 MecAreB (puc. 1).
ObpazoBanure TOPHI B MUTOXOH/IPUAX, IPUBOJAIIEE K BBICOKOAMILIUTYHOMY
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HaOyxXxaHUIO OpraHessl, OLEHUBAJIU CIEKTPOPOTOMETPUYECKU IIyTeM
perucTpanyu U3MeHeHUs OINTHYEeCKOU IJIOTHOCTH CYCIIEH3UU OpTraHesLl.
OTKppITHE TIOpPHl B  MUTOXOHAPHUAX HHJAYIIUPOBAIU  /100aBIe€HUEM
MJIBMUTUHOBOU KUCJIOTHI B KOHIIEHTpanusax 5 — 30 MmkM u Ca2+ (30 MxkM) B
npucyTcTBUM 1 MKM ITUKJIOCTIOpUHA A B cpefie HHKyOaIum.

- Puc. 1 — CpaBHeHHe NOapamMeTpoOB
| obpazoBaHus naspmurar/Caz+-
Ti 1.0 - . cosmp UHIYITUPOBAHHON MOpBHI B
1 R MHTOXOH/IDUSX [T€Y€HH KPbIC PA3HOTO

2.5 mosia. HabyxaHue MHIYIUPOBAIOCH
204 MaJIbMUTUHOBOU KUCJIOTON B
" KOHIIEHTpAIuu OT 2 MKM 70 30 MKM
AEE u 30 MkM CaCl.. IlpuBeneHsl

CpefHMEe  3HaYeHuss +  oIIuOKa
cpenHel (n = 4).

Kak BuJIHO U3 puC. 1, CKOPOCTh HaOyXxaHUs MHUTOXOHJIpUN TeYeHU
CaMIIOB U CAMOK KpbIC, MHAYIIUPYEMOTO NaJIbMUTUHOBOMN Kucyiotou u Ca2+ B
rccielyeMbIX KOHIIEHTPAIUAX, JIOCTOBEPHO He oTyimuaiores. Takum obpazom,
MHUTOXOHZ[DUM TME€YEeHW KpbIC O00OMX TIOJIOB HUMEIOT OJUHAKOBYIO
pe3uCTeHTHOCTh K UHAyKTOpaM LlcA-HedyBcTBUTEIBHOU TTOPHIL. [loTyuyeHHbIE
JTAaHHBIE TOBOPAT O TOM, UTO MOJI *KUBOTHOTO (M B YaCTHOCTU, TOPMOHAJIbHBIN
CTaTyc) ecid U BJIUSET Ha JUIMUAHBIA COCTaB MeMOpaH, TO 3TO BJIMSIHUE HE
okasbiBaeT 3¢ dekTa Ha 00pa3oBaHUE B MUTOXOHAPUAX KaJTbIIUN-3aBUCUMOU
JIMIIUTHOM TIOPBI, UHAYIIMPOBAHHOU NAJIBMUTHHOBON KHUCJIOTOMU.

B pabore OBUIO TIPOBE/IEHO TAaKKe CPaBHUTEJIBHOE WCCIeIOBaHUE
ckopocrell [IcA-HeuyBCTBUTEILHOTO HaOyXaHUsI MUTOXOHIPUH, BbIJI€JIEHHBIX
U3 MeYeHU B3POCJbIX MJIEKONMUTAKIIHUX C PA3HOM Maccou Tejia: MBIIIEN
(cpemusst macca Teyna 30 T), KpbIic (210 T), U JAJIUHHOXBOCTBIX CYCJIMKOB B
COCTOSIHUM AaKTUBHOTO 0OojipcTBOBaHusA (400 1) (pmc. 2). HalOyxanme
MUTOXOHPUN UHIYITUPOBATIOCH NAJIBMUTHHOBON KHUCJIOTHI B KOHIIEHTPAIIUAX
5—30 MkM u Ca2* (30 MKkM) B nipucyTcTBUM 1 MKM IUKJIOCHOPUHA A B CpeJIe
MHKyOaIum.

YcraHoOBIEHO, 4YTO  CKOpocTH  masmbmuTaT/Caz+-uHIyIIPOBAaHHOTO
HaOyXaHUs MUTOXOH/IPUU BO3PACTAIOT B PSAIY MBIIb/KpbIca — CYyCIUK. TakuMm
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obpazomM, obpaszoBaHme I[CA-HEUYBCTBUTEJLHON IIOPHI B MUTOXOHJIPHUSIX
IIPOUCXOJIUT JIETUE 110 Mepe yBeJIUUEHUA MaCChl TeJla JKUBOTHBIX.

[TosmydyeHHble  pe3yJbTaThl MOTYT OBITH  CBSI3aHBI C  pa3HOU
WHTEHCUBHOCTHIO CYKIIMHAT-3aBUCHMOTO JIBIXaHUs MUTOXOHJIPUU Pa3HBIX
’KMBOTHBIX, KOTOPOE OIIPEAEAET CKOPOCTh BX0/1a MOHOB Ca2* B MUTOXOH/IPUH
[7]; IpUudyeM  OKHCJIEHHe  CyKIIMHATa  MOXKeT  JOTIOJHUTEIBHO
crumynupoBatbess Ca2t. PaHee ObUIO TOKa3aHO, UTO TPAHCIOPT HOHOB
KaJIbI[sl BHYTPh MHUTOXOHJIpUN HeOOXoaumM Ay oOpa3oBaHUs MaJIbMUTAT-
WHAYIIMPOBAHHOU IIOPHI, TOTJa KaK CEJIEKTUBHBI WHTHOUTOP KaJIbIIEBOTO
YHUIIOpTEPA — PYTEHUU KpACHBIA IOJIHOCTHIO OJIOKUDYET €€ OTKPBITHE B
MuUTOXOHZpUAX [8]. B cBA3M ¢ 3TUM, B HacTosmed paboTe IIPOBOIUIOCH
CpaBHEHHE CKOpPOCTEU JIbIXaHUs MUTOXOHJAPUU IMeYeHU MBbIIIeN, KPBIC U
aKTUBHBIX CYCJIUKOB B Pa3jUYHBIX (QYHKIMOHAIBHBIX COCTOSHHSIX.
HccnenoBanue moka3ajao HeOOJIBIIIOE YMEHbBIIIEHHWE CKOPOCTH Vo, a TakxkKe
yBeJIMUeHre CKOPOCTH Pa300IIeHHOTO JIIXaHMs IIPU YBEJTUUEHUH Macchl Tesa
>)KUBOTHBIX.

Puc. 2 — CpaBHeHHe mapaMeTpPOB
obpazoBaHUs nasibmurar/Ca2*-
VH/TyIIUPOBaHHOU IOPBI B
MHUTOXOH/IPUSX TEUEHN KPBICHI, MBIIIH
u cycauka. HabyxaHue MHUTOXOHAPUM
HH/TyIIUPOBAJIOCH HaJTEMUTHHOBOU
KHCJIOTOH B KOHIIEHTPAIMU OT 2 MKM
o 30 MkM u CaCl, B KOHIIEHTpaIuu
30 MkM. IlpuBeneHsl cpepHue
3HaYeHUs + omubKa cpeHel (n = 6).

a5 4

o+

45 -

3.0 1

25 4

20+

HEGYEH AR M T

E15

v

110

DS+

. uxhd

Takum o00pa3oMm, IPOBEIEHHbIE WCCIAEAOBAHUSA CBHUAETEIBCTBYIOT O
BO3MOXKHOCTU (DU3UOJIOTUUECKOU pETYIAINU 00pa30BaHUs B MUTOXOHJIPUIX
nasnbmuTaTt/Ca2t-uHAyIUPyeMOH MOPhI, OTHAKO MEXAHU3MBbI 3TON PETYJIAINU
TpeOyIoT [JaJbHEUIINX uccaefoBaHuil. B  Toke BpeMs, OTKDHITHE
MHUTOXOHZIpUAJIbHOUN manbMuTaT/Ca2*MHAYIIUPOBAHHON MOPHI MOXKET UTPATh
BAKHYIO pOJIb B pAfe (usnosorndyeckux mnpoieccoB. C OZHOU CTOPOHBI,
naspMuTar/Cazt-uHAYIMPOBAaHHAA ITI0PA MOXKET ABJIATHCA HecrenupuIecKou
cucteMoil BbIOpoca uoHOB Ca2t W3 MUTOXOHAPUU U, TakuM o00Opasom,
yJgacTtByeT B penmkiauzdanuu Ca2* dyepe3 BHYTPEHHIOI MUTOXOHAPUAJIBHYIO
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MembOpaHy [8]. C Apyroil CTOPOHBI, IPU €€ OTKPHITUH IIPOUCXOAUT BHIOPOC U3
MUTOXOH/IDUH TPOANONTOTUYECKUX OEJIKOB — IIMTOXpOMa C U AaIoITO3-
uHAynupyoiero dakropa [9]. Kpome Toro, kak 6bUIO ITOKa3aHO HEAABHO,
OTKDPBITHE 3TOU IIOPHI, BEPOSITHO IPOUCXOAUT IIPU AETPaZallid HEPBHBIX
KJIETOK, KOT/la TIpU Ileperpy3ke HEWPOHOB TJIyTaMaTOM IIPOUCXOJIUT
M30BITOUHOE TOCTyIUIeHHne HoHOB Ca2t B kileTKy uepe3 NMDA penenTopsl
[10].

Pabora mogaep:kana PO®U (rpant NO 15-04-03081-a), PH® (rpant N°
16-15-00157) u IIpaButessctBoM PP (moroBop N214.7Z50.31.0028).
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denomeH «mepexo/ia MPOHUITAEMOCTH MUTOXOHAPUAJIBHOU MeMOpaHbI»
(orkpbeiTrie MPT mopsl) K HaCTOAIEMY BPEMEHH I0CTATOYHO XOPOIIIO U3YUEeH.
CerogHs 1moj, 9TUM TMOHATHEM IMOHUMaeTcs peskoe Iukiocnopud A (IlcA)-
YyBCTBUTEJIbHOE YyBeJIMUEHHE IIPOHUIIAEMOCTA BHYTpPeHHel MeMOpaHbl
MUTOXOH/IPUM I COEJUHEHHU C MOJIEKYJSAPHOH Maccoll 7o 1.5 k/la.
M3BecTHO, YTO pa3Mep MOpPbl MOXKET JOCTUTaTb 3 HM B JUaMeTpe,
IIPOBOAMMOCTh OKOiI0 1.3 HCM, a mporecc ee 3aKpbITUS U OTKPBITUA
peryjupyercsd UeJbIM PAAOM  (PU3HOJIOTHYECKUX  MOZYJIATOPOB  [1].
N eHTuuInpoBaHO HECKOJIBKO OeJIKOB BHYTPEHHEU MUTOXOHJIPUATbHOUN
MeMOpaHbl, CIIOCOOHBIX BBHIMOJHATH POJIb OCHOBHOTO KOMIIOHeHTa I[cA-
YYBCTBUTEJIBHOU MOPBHI, cpeau KoTopbix ADP/ATP-anTunoprep, nepeHOCYrK
docdara u FoFi-ATP-cunTasa. B To ke BpeMs MoJieKyJssipHas IpUpoAa 3TOU
IIOPHI /IO CUX TIOP SIBJISIETCS IIPEJIMETOM JINCKYCCUH, 1 MHEHME OOJIBIITMHCTBA
rcciieioBaTesiel CXOJIUTCA JIUIh B TOM, YTO Ba*KHYIO PETyJIMPYIOUIYI0 POJIb
BBIIIOJTHAET IMTUKI0DUINH D — 6es10K, ABasiomuiicsa MutieHbio [cA [2].

Crnenyer OTMETUTB, YTO B IOJIABJIAIONIEM OOJIBIITUHCTBE UCCIIEAOBAHUM B
KauecTBe JIaOOPATOPHBIX JKUBOTHBIX HCIIOJIB30BAJINCh TOMOWOTEPMHBIE
’KUBOTHBIE, B YaCTHOCTH, MJIEKOTIUTAIOINE pa3HbIX BUI0B [3]. Kpome Toro,
CyllleCTBOBaHMe Hecnenuduyeckon MPOHUIIAEMOCTU BHYTPEHHEN MeMOpaHbl
MUTOXOHIPUIN XapaKTEePHO U JJIs ITUIL [4,5].

WccnenoBanusa IOKa3bIBAIOT, UTO Heclenuduueckas IIPOHUIIAEMOCTD
BHYTPeHHEW MeMOpaHbl MUTOXOH/IPUU XapaKTepHa U JJIs MTOMKUJIOTEPMHBIX
JKUBOTHBIX - pbI0 1 amdubuil [3], a Takke Oecrnmo3BOHOUYHBIX [3]. OmHAKO
MO’KHO T0JIaraTh, YTO 3TOT (peHOMEH MpeTeprieBaeT U3MEHEHUsS B Ipollecce
sBositoniui. Tak A MHOTUX IOUKWUJIOTEPMHBIX >KHUBOTHBIX OTMEYaeTcCs
JleCeHCUOMIN3anus MUTOXOHAPHUAJIbHONM TIOPhl K WOHAM Kajblusd, W,
CJIeZI0OBATEIBHO, JJIS ee UHAYKIIUHU TPeOyIoTCsA 3HAaUUTEeIbHbIE KOHIIEHTPAIUU
aToro voHa [6]. Bo3MOXKHO, 3TO CBA3aHO C XapaKTEPHOH AJis1 OOJIBIINHCTBA
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ITOUKHUJIOTEPMHBIX KUBOTHBIX CE30HHONW W3MEHUYHBOCTBHIO METAa0OJIMUeCKOH
aKTUBHOCTH, KOTOpas XapakKTepusyeTcsl HaJIuyheM, B  YaCTHOCTH,
MeTab0JTUYECKOHU JIENIPECCHH, HAOII0JaeMOU B 3UMHHU IIepHUoz, [7].

Ilenpr0 HacTofAmEeld pabOThI OBLIO HCCAEAOBaHHE OCOOEHHOCTEMN
uHaykuu Ca2*-3aBUCUMON HecIelu(pUuIecKoN MPOHUIIAEMOCTH BHYTPEHHEN
MeMOpaHbl MUTOXOH/IPUU MeYeHU MONKUIOTEPMHBIX *KUBOTHBIX Ha IIPUMeEpE
y2ka o0bIkHOBeHHOTO (Natrix natrix L.).

MUTOXOH/IpUM U3 TE€YeHU IKUBOTHBIX BBIJAEISIIM OOIEPUHATHIM
MeToaoM auddepeHIuagbHOro neHTpudyrupoBanus [4]. Cpena BolieeHU
cozmep:kana 250 MM caxaposdy, 1 MM EGTA, 5 mM MOPS-Tris (pH 7,4).
HaOyxaHme MUTOXOHAPUN OIpeAessIi 110 U3MEHEHUI0 ONTUYECKOH
IUIOTHOCTHA CYCIIEH3UM MUTOXOHZpUU (A) NpU JIMHE BOJHBI 540 HM.
[IpoHUITaEMOCTh BHYTPEHHEH MeMOpPaHbl MUTOXOH/IPUU IS HOHOB KaJIbITUS
U KaJbIUEBYI0D €MKOCTb MUTOXOHJIDUU ONpeNessan ¢ moMmompio Ca2+-
CEJIEKTUBHOTO 3JjIeKTpozia. TpaHcMeMOpaHHBIM 3JIEKTPUUYECKUN MOTEHITUAT
(Ap) Ha BHyTpeHHel MeMOpaHe MUTOXOHJIDUU  OIEHUBAJIU  IIO
pacpenenennio  katuoHa  TerpadeHmnadochonus  (TOD+)  yepes
BHYTPEHHIOI0O MeMOpaHy, KOHIIEHTPAIlMI0 KOTOPOTO PEruCTPUPOBAIIN C
roMoI b0 TOD+-gyBcTBUTENIBHOTO 3eKTposia mpu 25°C. Cpena uHKybanuu
cozieprkasia 200 MM caxapoay, 20 MM Kcl, 5 MM sHTapHYIO KHUCJIOTY, 20 MKM
EGTA, 10 MM MOPS-Tris (pH 7,4). B KadecTBe KOHTPOJIBHBIX JIAHHBIX
HICII0JIb30BAJIN PE3YJILTATHI, IOJIYUY€HHbIE HA MUTOXOHAPUAX IT€UEHH KPBICHI.

Puc. 1 — KuHeruka u3MeHEHUA
CDH CBeTOpaccesHUs CyCIeH3UHn
l o MHUTOXOH/IDUM TleueHUu KpbICHl (a) u
Ca yxa  (0), UWHKyOHUpyeMbIX B
l npucyrcteun 1 MM @, npu
‘ JobaBjeHNH 125 HMOJIb Ha 1 MT

6 6esnka CaCl, (Caz+).

M3BecTHO, 4YTO B DOHEPIU30BAHHBIX MHUTOXOHAPHUAX  II€UEHH,
WHKyOMPDYEeMBIX B Caxapo3HOH cpeze, TMOsBJeHHEe HecrnenupuIecKou
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IIPOHUIIAEMOCTA BHYTPEeHHEN MeMOpaHbI JIJII PACTBOPUMBIX B BOJle IOHOB U
BEIIECTB C MOJIEKYJISIDHOM Maccod o 1500 Jla @OpuBOAUT K
BBICOKOAMIUIUTYTHOMY  HaOyxaHWIO  opraHe/ul  [4,6].  Habyxanue
MUTOXOHAPUIN MPUBOAUT K YMEHBIIIEHHUIO PACCEeMBAHUs IIPOXOIAIIETO Yepes
CYCIIEH3HWIO CBeTa, WU 3TO MOXKeT OBITh 3apPerduCTPUPOBAHO KaK CHIKEHHE
OITHYECKOH IJIOTHOCTH CyCIIEH3WHU 3THX OpraHesui [4, 6]. Kak BugHO u3 puc.
1 (kpuBas a), mobasienue CaCl. (125 HMOJIb Ha 1 MT 0ejIKa) K MUTOXOHAPUAM
IIeYeHN KPBIC, MHKYOHMPYEMBIX B CaxapO3HOH cpele C HEOPTaHUYECKUM
docharom (1 MM) u BHEPru30BaHHBIX ITyTEM OKHUCJIEHHS CYKIIHATa,
IIPUBOJIUT K CYIIIECTBEHHOMY CHIKEHHUIO OIITHYECKOU IVIOTHOCTU CYCITIEH3UH,
B TO BpeMsa Kak B mpucyrctBum I[cA (1 mMkM) Takoro sddekra He
HaOmogaercss (He mokasaHo). Takoe Caz2t/®y — 3aBucumoe IIcA-
YyBCTBUTEILHOE BBICOKOAMILIUTYTHOE HaOyxaHue OpraHeJLI
COIIPOBOKAETCS CHIXKEHHEM MeMOPaHHOTO IOTeHITnaia u Beixoaom Ca2+ u3
MaTpHKca opraHesu (He II0Ka3aHo).

B To ke BpeMs, KakK IIOKa3aHO B HACTOAIIEH paboTe, JoOaBjieHHE 125
HMoutb CaCl. Ha 1 MT 6eJIKa K MUTOXOHJIPHAM IT€UeHHU y»Ka B IMPUCYTCTBUH 1
MM @, He NPUBOAUT K HU3MEHEHHIO ONTHYECKOH IIJIOTHOCTH CYCIIEH3HUHU
opranesut (puc.1, 6). /Iyt mHAYKINA HAOyXaHUSA MHUTOXOHJIPUH IEYeHHU yiKa
HeoOx0IMMO JTobaBeHue nopsaka 500 HMoub CaCl. Ha 1 mr Gesika (puc.2, 6).
Takoe HabyxaHUe OpPraHeJJI COMPOBOXKAAETCS CHIKEHHEM MeMOpaHHOTO
IoTeHIUaMa U BeixoyioMm Ca2+t m3 MaTpukca opraHesul (He mokasaHo). LIcA, B
3TOM CJIy4Jae, Tak:Ke MHTHOUPYET OIMCAaHHbIe IIpoIecchl (puc.2, 8). Ilpu stux
YCJIOBUAX TMpeABapUTENIbHAA WHKYyOalusi MUTOXOHZIDHUU II€UeHH YKa C
OKUCJIAIONIUM areHToM mpem-oytuwiruaponepokceusom (TBI) B oTcyrcTBHe
I{cA yBeMurBaeT CKOPOCTh HaOyxaHHUs opraHesu1 (puc.2, 2). B To ke Bpems,
HeoOXO0IMMO OTMETUTD, UTO Jla’Ke B 3TUX YCJIOBUAX HabJozlaeMoe HabyxaHue
MHUTOXOHAPUI ITIeYEHH y3Ka He SIBJIsIeTCsS BBICOKOAMILUIUTYAHBIM, B OTJIMYUE OT
MUTOXOH/IPUH ITeUeHH KpbIC (puc. 1, a).

Puc. 2 — KuHeruka u3MeHEHUs
CBETOpaccesTHUS CyCIIeH3UH
MHUTOXOH/IPHUH IeYeHn  y»ka  Ipu
JobaBjieHMHM 500 HMOJIb Ha 1 MI Oejka
CaCl. (Ca2*) B otcyrctBuu (6) w
npucyrctBuu (8) 1 MKM IlcA, a Takxke B
npucyterBuu 200 MKkM TBT (2). Kpuas
a — B KayecTBe KOHTPOJIA K CyCIIeH3UU
MUTOXOHJIDUH TIeYeHU yKa 100aBjeH
KaHAI000pA3yIOIINK areHT aJlaMeTUIIUH
(5 Mkr/m).
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Crmocobnocts woHOB Ca2* WHAYIUPOBATH OTKPBITHE IIOPHI B
MHUTOXOH/IPUAX MOKHO BBIPAa3HTh KOJUYECTBEHHO KaK KaJIbIlHeBas eMKOCTb
vutoxoHapuii (KEM), T.e. To MakcumaabHOe KosmuecTBo Ca2*, KOTOpoe
MOJKeT OBITh aKKyMYJIMDOBAaHO B MaTpPHKce 0e3 IOCIEIyIONIEr0 OTKPBITUSA
1ophlI [4, 6]. IIpoBeieHHbIE Hccleq0BaHUA MMoKa3anu, YTo KEM neueHu y:ka
cocTaBJiseT 0koj0 400 HMOoJb CaCl. Ha 1 Mr Oesika, yTo OoJiee UeM B 5 pas
npeBbimaer KEM neyeHu kphbic [6].

Takum  obOpas3oMm, JaHHBIE IIPEABAPUTENBHBIX  HKCIEPUMEHTOB
CBHUIETEJILCTBYIOT O TOM, YTO MUTOXOHJIDUU IMEeYeHU OOBIKHOBEHHOTO YiKa
00J1a71aI0T CyIIECTBEHHO OOJIBIIIEH PEe3NCTEHTHOCThIO K AercTBHI0 Ca2* Kak
UHIYKTOPY I[CA-4yBCTBUTEJILHON TOPHI, YeM MUTOXOHAPUH II€UYEeHU
MJIEKOIIUTAIOIINX, U CPAaBHUMBI II0 3TOMY IIOKA3aTeI0 C MUTOXOHAPHUSIMH
TedyeHd HEKOTOPBIX BUIOB ITHUIL [6].

PaboTa BeINTOJTHEHA IpH (pUHAHCOBOU MOAfep:KKe Poccuiickoro doHma
dynmameHTanbHBIX HccaemoBanuil (N2 14-04-00688-a, 16-34-00435 MoJI_a,
15-04-03081-a) u MunucrepcTBa obpa3oBaHuss u Hayku PO (B pamikax
rocyZlapcTBeHHOTO 3a7aHus N2 1365).
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VI3BeCTHO, UTO pa3/INUHbIe CceJIEHOPTraHUYEeCKHUE COeUHEHUS CIIOCOOHBI
IIPOSIBJIATh AHTHUTOKCHYECKYI0, aHTHOAKTepPHAJIbHYI0, aHTHOKCHJIQHTHYIO,
AHAHTUBUPYCHYI0, aHTUAPUTMHYECKYI0 U (QYHTHUIIUJHYIO aKTUBHOCTH. Ha
IIPOTSDKEHUU TIOCJIEAHUX JIeT B psife JabopaTOPUA MPOBOAUTCA CHUHTE3
opranndeckux (popM cejieHa B IeJAX NPOPUIAKTUKHU CeJIeHOAepUIUuTa U
psga apyrux 3aboseBanuii. B JlyraHCKOM HaIOHAJIbHOM YHUBEPCUTETE M.
T.I'.IlleBueHKO B TOCJEAHIOID JeKaay ObLJIO CHHTE3UPOBAHO HECKOJIHKO
ceJIeH-coJiepkamux coenuHeHud [1-3]. IlokasaHo, YTO HEKOTOpble U3
CUHTE3UPOBAHHBIX COEITMHEHNH 00J1a/Jal0T BHIPA’KEHHBIM aHTHOKCHAHTHBIM
abdextom [4, 5]. B mpoBeaeHHBIX HaAMH paHee HCCAEJOBAHUAX ObBLIO
U3yUYeHO BJIMSHUE IIECTU BHOBb CHHTE3WPOBAHHBIX CeJIeHCOAepKaIIUX
BEIIECTB HA IIapaMeTPhl COMNPSKEHHOTO JIbIXaHUS MUTOXOHAPHUU U
CIIOCOOHOCTD ATUX OPraHeslI CHUKATh IIEPEKUCHOE OKUCIeHUe JTUIUI0B [6]..
ITokazaHo, uto ToJIbKO zBa M3 HuUX (DVD7 um DVD10) u3MeHAIOT 3TH
IapaMeTpbl. YCTaHOBJIEHO, 4YTO BellectBO DVD 7 cHMKaeT CKOpPOCThb
obpa3oBaHUs TEepPeKHCel JIMIHUI0B B MUTOXOHAPHUAX, a BemecTBO DVD 10,
obsaaer  cBoMcTBAMH cj1aboro paszoOIuTessl JIbIXaTeJIbHOU Ienu. ITO
yKa3bIBaeT Ha BO3MOXKHOCTh B JJaJIbHEHIIIEM UX HCIOJb30BAHUS B KAaUECTBE
MIOTEHITUAILHBIX Kap/InOMpoOTeKTOpOB. IlosmyyeHHble 5D EKTHI MTO3BOJIAIOT
IIPOTHO3UPOBAaTh BJIUSHUE 3THUX BEIECTB HAa pabOTy KaJIHUEBBIX KAHAJIOB,
aKTHUBATOPBHl KOTOPBIX, KaK H3BECTHO, 00J/IaIal0T Kap/IUOIMPOTEKTOPHBIM
JercTBueM [7].

B cBA3U ¢ 3TMM, HECOMHEHHBIM WHTEpEeC MPEJICTaBJIsIET HCCJIe/lOBaHUe
BJIMSIHUE ceJIeH-coiepkamux coeaunHeHnd (DVD7 m DVD10) Ha TpaHCIOpT
KaJINsI B MUTOXOHPUSIX.
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Ileavro OdamHoOll pabomubt ObUIO U3yUYeHUE BJIUAHUS BHOBB
CUHTE3UPOBAHHBIX CeJeH-co/iep:KaluX coeinHeHud Ha AT®-3aBUCHMBIN
JTH®-cTuMyIupOBaHHBIN TPAHCIIOPT KaJIUs B MUTOXOH/IPUAX MMEUEHU KPBIC.

Mamepuaabt u memooust: B pabore ObLIH TPOBEIEHBI NCCIIEIOBAHUS
II0 M3YYEHUI0 [JBYX BHOBb CHHTE3UPOBAHHBIX CeJIEH-COJleP KalUX
COeIMHEHNH, KOJIOBble 0003HaueHHs KOTophix Obutn DVD 10 m DVD 7.
CrpykTypHble (pOpMYJIbI IpeACTaBIEHBI HA PUC. 1.

Puc. 1 — CrpyktypHble (GOpMYyJIBI

= 0 HCCIeIOBaHHBIX B paboTe ceJieH-
= coziep:kamux coeauHeHuit DVD 7 u
NC % CN Cl NC CN DVD 10.
| | NH
F
HN™ N” “se 07 NS Yr
o Q

DvD 7 DVD 10

OyHKIIMOHUPOBAHUE MUTOXOHZAPUATIBHOTO AT®-uyBcTBUTENBHOTO K+
kaHasa (MuToKare) omeHuBanmu 1o ckopoctu AT®-3aBucuMOro BBIXOAA
KaJIus U3 MUTOXOH/IPUH, WHUITUUPOBAHHOTO pazobiuresaeM
OKHCIUTENbHOTO  dochopuwimpoBanus  2,4-auHutpodenosom  (JJHOD).
JlaHHBIM MeTOJ| MO03BOJIsIET PETUCTPUPOBATh paboTy MUTOKate B oOpaTHOM
HAIlpaBJIEHNU, HE3aBUCHUMO OT DHEPreTUUYECKOTO COCTOSHUSA MUTOXOHJIPUU.
KuHeTuKy BBIXOJIa KaJius PETUCTPUPOBAJIN C MOMOIIBI0 pa3pabOTaHHOTO B
slabopaTopuu OPUTHHAIBHOTO 3JIEKTPOMETPUUECKOTO YCUJINTEJIA,
COEJINHEHHOTO ¢ KOMIIBIOTEPOM uepe3 KoHTposuiep L-153. Cpena nHKyOaruu
MUTOXOHJIPUM cojieprkaiia: 180 MM caxapossl, 70 MM D-manHuTosa, 5 MM
Na.HPO,, 10 MM Tpuc-HCl (pH 7.4). Beixomq K* u3 MuUTOXOHIpHI
UHAYIUPOBaIM JobOaBjieHMeM B cpeay WHKyOanmuu 50 MKM 24-
nuHuTpodeHosa. KoHIleHTpamus MUTOXOHAPHUAIBHOTO OeJjika B sYerKe
cocraBisisia 0,5-1 Mr/mui. V3mepeHUs NPOU3BOAWINCH IPHU IOCTOSHHOM
IIepeMeNInBAaHUU U TEPMOCTaTUPOBaHUH IIpu 26°C.

W3 puc. 2 BUHO, UTO IPENHKYOAIMsI MUTOXOH/IPUU B T€UEeHUU 1 MUHYTHI
¢ ceJieHcoJiep;kaluM BeliecTBOM DVD 10 B KOHIleHTpaluAx 14,5 wWid 28,5
MKM akrtuBupyer JJH®-uHIyIIUpPOBAaHBIN BBIXOJ, MOHOB KaJiud CpPeJJHEM Ha
20% m 40% cooTBeTcTBeHHO. [107100HBIN 5hdeKT Takke HabMIOAANICA TPU
nmobassiennH Bemecrsa DVD 7.
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Puc. 2 — Biausuue DVD 10 (28,6 MmkM) Ha ckopocth JTH®-HHAYIIUPOBAHHOTO BHIXO/Ja HOHOB
K U3 MHUTOXOHAPHUM, KOTOPYIO OLIEHUBAJIM [0 HAYaJbHOW CKOPOCTH BBIXOJIA HOHA.. IIpU
nobasinennu 2,4-nuHutpodenona (JIH®, 50 mkM)BcepenuHe u3MepeHUs. PacTBop ceseHa B
obbeme 7,5 Wik 10 MK (14,3 u 28,6 MKM COOTBETCTBEHHO) BHOCHJICA B KIOBETY 3a 1 MUH JI0
Havajla U3MepPeHnH.

Takum obGpasom, B paboTe ycTaHOBJIEHO, 4YTO oOa BemmectBa (DVD 7 u
DVD 10) akrtuBupyioT JH®-uHIynmupoBaHBIM BHIXOJT HOHOB KaJus,
BO3MOXKHO, yCWJIWBasg, TakuM obpazoMm, paboty MutoK-AT®, TO ecTh
BBICTYHAIOT B POJIM AKTUBATOPOB KaHasa. Kak M3BECTHO akTUBAIUA 3TOTO
KaHajla Mpeaylpek/JaeT pa3BUTHE OKUCIUTEJIBHOIO CTpecca U IMPUBOAA K
CHIDKEHHIO CKOPOCTH 00pa3oBaHus B MUTOXOHApUAX nedeHn AOK [8].

Pabora mojsep:kana rpantom llpaButenbctBa PO NO 14.750.31.0028,
rpanToM PH® N? 16-15-00157 u rpantoM POOU 16-04-00692A.
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AMH N°2, 44-49.

8. Venediktova N., Shigaeva M., Belova S., Belisludseva K., Belisludseva N.,
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HOBBIE MOJAEJIN 11 U3YUYEHUSA BJIVAHUA
PA3JINYHBIX ®PAKTOPOB HA MOP®OJIOTUIO
MUTOXOHIPUH APOKKEN

Oasuenxosa A.Il., I'onesa T.H., Pozos A.I'., 36a2uavckan P.A.
denepanbHbIIl HAYYHBIN HEHTP «DyHIaMeHTaIbHbIE ITPO0IEMBbI
b6uorexHosorun» Poccuiickou akajeMun Hayk, MockBa, Poccust

Hpoxsku Saccharomyces cerevisiae, ¢hakyibTaTUBHBIE aHA3POOBI, JIETKO
IepexXosle C OKHUCJIUTEJIbHOTO THIIAa OOMeHa Ha TJIMKOJIUTUYECKUU U
HAo00OpOT, B 3aBUCHMOCTA OT JOCTYITHOCTH KHCJIOPOAA, TPaTUIIMOHHO
HICIIOJIb30BAJICh U WCIIOJIB3YIOTCA JIJIA BBISIBJIEHUS POJIM MHUTOXOHAPUH B
00IIeEM KJIETOYHOM OOMeEHe, IPU U3YYEeHUH TeHETUUECKUX M MOJIEKYJISIPHBIX
acIIeKTOB CTapeHUs KJIETOK U uX rubenu [1, 2]. OgHaKo KIeTKH S. cerevisiae
HEe MOTYT CUMTAThCA HAWIyUIlled MOJEJbI0 /A U3ydeHUs ¢parMeHTaIluu
MUTOXOHPUM, 0OBIYHO MPeAIecTBYONer MuTodarum (rporeccy y/iaaeHus
IIOBPEKJIEHHBIX MHTOXOHAPUI) M aIlONTO3y, IIOCKOJIBKY OHH COZEepKaT
HEMHOTOUHCJIEHHbIE  CJIA00CTPYKTYPHUPOBAaHHbIE MHTOXOHAPUH  MAaJIOTro
pasmepa.

MbI mpejiaraeM HOBBIE IIEPCIIEKTHBHBIE MOJEIU JJIsI TaKOTO Ppoja
HcCIeJIOBaHuI. JTO, TpekJAe Bcero, Apox:ku Dipodascus magnusii,
IIPEJICTABJIAIONIE cOO0OM TUTAHTCKHE II0 CBOUM pasMepaM KJIeTKu (magnusii
O3HAYaeT «TUTAQHTCKHE») c MHOTOYH CJIEHHBIMH XOPOIIIO
CTPYKTYPHUPOBAaHHBIMH MUTOXOHAPUAMHU, OOpPA3YIOIUMH Pa3BEeTBIEHHBIN
MHUTOXOHIPUAJIbHBIA ~ peTUKyayMm [3]. JpixatenpbHas menb D. magnusii
HAIIOMUHAET JIbIXaTeJbHYI0 IIellb MJIEKONMUTAIONIUX W COZEPKUT BCE TPU
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IIyHKTa DHEPTETUUECKOTO CONPsIKEHMs, HE3aBUCUMO OT HCIOJIL3YEMOTO s
pocra cyocrpara [4].

Bropoii cTOJIb K€ TIepCIEKTUBHON MOJIEIBI0 SBJIAIOTCA JIPOMIKU
Yarrowia lipolytica, obmuraTHbIN a3pob, XOPOIIO U3YUYEeHHBIH FeHETUUYECKH
[cM. 5], cmocoOHBIN TpU ompefesieHHOM cIiocobe BbIpaluBaHus [6]
00pa30BBIBATh IJINHHBIE KJIETKU, MUIEJIUH.

B «Hopme» kierkm D. magnusii u Y. lipolytica coxepxanu
MHUTOXOHZIpUM B opmMe JTUHHBIX GrIaMeHT. Busyaansanuio MUTOXOHAPUH
OCYIIIECTBJISLJIN C TIOMOIIBIO iryopeciieHTHOTO Kpacutesnsa MitoTracker Green
FM, KOTOpBIH CBA3BIBAETCSA C MUTOXOH/IPUSIMH HE3aBUCHUMO OT MEMOPAHHOTO
MIOTEHIAaJIa; OKpallleHHbIe KJIETKU MPOCMAaTPUBAIU I0A (IyOpeCcIeHTHBIM
MHUKPOCKOIIOM. VMHKyOaIusa APOKKEBBIX KJIETOK € MPOOKCHUIAHTOM mepm-
OyTHJIIEPOKCHUZIOM BBI3bIBAJIa J030-3aBUCUMbBIM OKHCIUTEJIbHBIN CTpecc,
JeTEKTUPYEMBI METOJIOM IPOTOYHON ITUTOMETPHUH € (QIIyOPeCIeHTHBIMUI
gogzamMu MitoSOX Red (MHAMKATOPOM MUTOXOHAPHUAIBHBIX CyIEPOKCH]I-
aHmoH-paaukasioB) wiu DCF (uHAUKATOPOM TI€pOKCHIA BOJZIOPOAA).
OxKuCIUTETbHBIM  CTpecC WHAYIUPOBAJ B  JPOXKKAX  HHTEHCUBHYIO
dparmenTanuo MUTOXOHApUI. @parMeHTaIINsA MUTOXOHAPUH B Aposokax D.
magnusii Moryia ObITh BbI3BaHA U HAPYIIEHUAMU B CUCTEME OKUCIUTEIHHOTO
pochopunnpoBaHus.

YBenuueHne KOHIIEHTPAIUU mepm-0yTHIIEPOKCHU/IA UJIH JIJTUTEIbHOCTH
WHKyOaIlMY KJIETOK C HUM IIPUBOIMIIO K THOesH yacTy momyasinuu. CoryracHo
IIpeJIBADUTEBHBIM HCCJIEIOBAHUAM, KJIETOUHAs THOEeIbh MPOXOAusIa IIO0
MeXaHU3MY alloITo3a.

OxucauTesbHBIM  cTpecc, OOYyCJIOBJIEHHBI  JeWCTBUEM  mepm-
OyTUITIEPOKCUIOM, A TaK:Ke

BBI3bIBa€Mble UM (parMeHTanuss MHUTOXOHJPUN U KJIE€TOYHas CMEPTh
YAaCTUYHO WJIM TIOJTHOCTBHIO TpenoTBpamanuch SkQ1, MUTOXOHAPHAIBHO-
HaIpaBJieHHbBIM (T.e. TPAHCHOPTHUPYIOIIMMCSA IPEUMYIIECTBEHHO, €CJIU He
VCKJTIOUMTEIFHO B MUTOXOH/PUH) KATHOHHBIM aHTHOKCHIAHTOM.

Takum oOpa3oM, HaMm y/iajl0oCh IOKa3aTh HE TOJBKO BO3MOKHOCTH
VICIIOJIb30BAHUS HOBBIX MOJIEJIeH, HO M UX OUEBHUJITHOE IMPEUMYIIECTBO MeEPES
IpoxcKaMu S. cerevisiae TPU HU3y4YeHUW (pparMeHTallud MUTOXOHJIPUU.
[Tosmaraem, 4TO HCIIOJIb30BAaHME 3TUX HOBBIX KYJIBTYP ITO3BOJIUT MOJIYIUTH
HOBYI0O  WHGOPMAIIMIO, Kacalollylocsl  B3aMMOCBA3W  (parMeHTaIuu
MUTOXOHJIPDUM €  MUTOXOHJIPUAJIBHOW  JUCHYHKIUEW,  CTPYKTYypOH
ZIbIXaTeJIbHOM IeIH, CTApEHUEM U KJIETOYHOU CMEPTHIO.

Pabora mognep:kana [ITporpammont PAH 1o KJIETOYHOU ¥ MOJIEKYJISIPHOM
6umonoruu, Poccuiickum dorzoM GyHAAMEHTATHHBIX UCCIIEIOBAHUN (TPAHTHI
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N3MEHEHNA KMC/IOTHO-OCHOBHOI'O COCTOAHMNA
KPOBU U YJIbTPACTPYKTYPBI TKAHEM JIETKHUX U CEPOIIA
TP KPATKOBPEMEHHOM BO3JEMCTBUU HUTPUTA
HATPUA

Posoea E.B.!, Cudopsx H.I'.2
INuCcTuTyT Qusunosnoruu uM. A.A.boromossia HAH Ykpaunsl, Kues,
Ykpauna; 2MeauTonoabCKUN rocy/IapCTBEHHBIN NeJJarOrnYecKuil
yHUBepcureT uM. borzmana XmMmesbHUIIKOT0, MeIuTOono1b, YKpanHa

B Hacrosiee Bpems MpoOjieMa H3yYeHUs MEXaHU3MOB BO3JE€UCTBUA
BK30T€HHBIX U SH/OT€HHBIX HUCTOUHUKOB a30TCOZEp:KAIIUX COeIMHEHUU Ha
’KUBbIE OPTaHU3MBI SIBJISIETCA KpailHe aKTyaJIbHON BCJIEICTBHIE MHTEHCUBHOTO
IIpPUMEHEHUS B XO3ANUCTBEHHOU /IEATEIbHOCTU YeJIOBEKa HUTPOCOE/IMHEHUH,
KOTOpble B Iporecce OuorpaHchopMaliid CTAHOBATCA UCTOUHUKAMU
akTUBHBIX ¢opM aszoTa [1,2]. Kak MOKa3bIBAIOT KJIUHUYECKHE JIAHHBIE U
pe3yabTaThl SKCIIEPUMEHTAJIbHBIX HCCIIe/IOBAHUH, OpTaHU3MBlI,
VICITBITHIBAIOIIE TOBBINEHHYI0 HUTPUTHYIO HArpy3Ky, UMEIOT IIeJIbIN Psij
MeTabosinyeckux HapymeHUu [3]. OCHOBHBIM HPOSIBIEHUEM TOKCHYECKOTO
JeCTBUSA YKa3aHHBIX COEIMHEHUU SABJISETCA METTeMOIJIOOMHEMMUs, YPOBEHD
KOTOPOU KOppeJIupyeT €O CTelleHbl0 HWHTOKcukanuu. Ha srtom done
dopMupyloTCs  CJIOKHBIE  MEXaHW3Mbl Pa3BUTHUSA TaK Ha3bIBaeMOU
reMHYeCcKOu THUTIOKCUU — TUTMIOKCUYECKOTO COCTOSTHUS pu
METreMOTJIOOMHEMHUH, KOTOpAas COIPOBOXK/IAETCA Ppa3BUTHEM KackKazja
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MIATOJIOTUYECKUX TIporeccoB. OpHaKO, HECMOTPSA HAa HWHTEHCUBHBIE
vccse/loBaHus, 6saroziapsa MyabTU(AKTOPHOCTH BO3AENCTBUA HAa OPTraHU3M
MeTTeMOIJIOONHOOOpa3oBaTesie, [0 HACTOAIIETO BpPEMEHU HeT YeTKOU
KOHIIENIIIUN Pa3BUTUA TUIOKCUYECKOTO COCTOSHUS IIPU HUTPUTHOU
METreMOTJIOOMHEMUM, B YACTHOCTH, B OTHOIIIEHUU (DOPMUPOBAHUS TKAHEBOU
THUIIOKCUU, YTO YCJIOXKHAET TOHUCK J(P@PeKTUBHBIX IIyTeld KOppeKIuu
THUIIOKCUYECKUX TTOBPEXKIEHUM.

[les1pl0 HACTOAIIETO UCCIIEIOBAHUS SABWIOCH H3yYeHHE U3MEHEeHUU
KHCJIOTHO-OCHOBHOTO COCTOSIHMSI KPOBH, a Tak:ke MOP(POPYHKIIMOHATBHOTO
COCTOSTHUSA TKAHEH JIETKUX W CepAlla IIPU MeTTeMOTJIOONHEMUH, BHI3BAHHOU
HUTPUTOM HATPHUSL.

[Ipu BKCIEpUMEHTAJIPHOM MeTreMOrJIOOMHEMUH, BBI3BAaHHOU y 80
II0JIOBO3PEJIBIX KpbIC-CAMIIOB JIMHUU BucTap 5-TM /JAHEBHBIM BBeJlEHUEM
HUTPHUTA HATPUA B JI03€ 5 MI/100 T Macchl Teja, U3y4yeHO (POpPMHPOBAHHE
TUIIOKCUYECKOT0 cOCTOsAHUA. IlokazaHO, YTO yMeHbllIeHHe KOHIeHTpAlluu
reMoryioOnHa, CIOCOOHOTO K OKCHUTE€HAI[UH, COIPOBOXKAAJIOCh IajfleHueM
KUCJIOPOJIHOM €MKOCTH KpOBH, HaIpsKeHHs Kuciaopoaa u pH B
apTepyuajbHOM M CMEINIaHHOW BEHO3HOW KPOBU, U3MEHEHUSIMU COJep:KaHUs
U COOTHolleHus OydepHbIX OCHOBaHHUU U OukapOboHaToB. IlomobGHBIE
M3MEeHEeHUs MOXXHO pAacCMaTpPUBATh KaK Pa3BUTHE JAEKOMIEHCHPOBAHHOIO
MeTaboJIMYecKOoT0 anuzo3a, ojiHako, 0e3 ¢GOpMHUPOBAHUSA BTOPUYHOU
TKaHEBOW TUIIOKCUM 0Jiarojiaps TIOJIJIEPKAHUI0 COOTHOIIEHUS JIOCTaBKU
KHCJIOPOJla KPOBBIO M CKOPOCTH €ro IMoTpebsieHNsT Ha YpPOBHe >3.
BrifAB/IeHHble M3MeHEHNs Ha TKAaHEeBOM YPOBHe, TaKXKe Kak U B CHCTeMax
JBIXaHUSA ¥ KPOBOOOpaIeHus [2], HocAT opraHocnenu@uuHbi xapakrep. B
TKaHU JIETKUX (POpMUpYyeTCsA BhIpaKeHHAsA MUTOXOHApUAIbHAA TUCPYHKITUA
C pa3BUTHEM MNEepPBUUYHON TKaHeBou runokcuu (Puc 16), a B Muokapje
HAOJ/II0/IAIOTCST  TIPU3HAKU  MUTOXOHJIpUAIbHON guchyHKIuM (0 uem
CBUJIETEJILCTBYIOT MOpPJO- U  CTepeOMeTpUYecKHe  XapaKTepPUCTUKU
MHUTOXOHZ[pUN B TKaHU JIETKUX W MHUOKapjle XUBOTHBIX (Tabs. 1)) mpum
OTCYTCTBUU CYIIIECTBEHHBIX TUCTOTOKCUYECKUX TOBPEXKIEHUN TKAHU Cep/lia
(Puc. 1a).



a — YIbTpacTpyKTypa MHOKap/ia 4epes

5 nued BBefeHusa NaNO.: oOpasoBaHue

oreka (E);

Bakyosier (V) Mexay HeusMeHEHHBIMH
muopubpwutamu  (MF); wactuuno 6o
IIOJTHOCTBIO BaKyOJIN30BAHHBIE u

JIECTPYKTYPUPOBAaHHbIE, a TaKyKe HaTHBHbIE
muToxoHipuH (MC). X 9600

MUTOXOH/PHUHA
KOJIMYECTBO HATHUBHBIX OPTaHEJLJI. X 9600

0 — YibTpacTpyKTypa TKaHH JIETKHX
yepe3 5 nHell BBemeHuss NaNQ,: pasBurue
YACTUYHO JIMOO IIOJTHOCTHIO
BaKyOJIN30BaHHbIE U JIECTPYKTYPHUPOBAaHHBIE
He3HaYUTeJIbHOe

MO);

Puc. 1 — Biusghue

MeTreMOIJIOOMHO0Opa30BaTesIs

YJIBTPACTPYKTYPY MHOKapAa (a) u TKaHu Jierkoro (6).

HUTpUTA

HaTpud Ha

Tabsmma Bimsaue  merremoriobuHooOpasoBaresnss Ha  Mopdo- U
cTeEpeoOMeTpUYECKHE ITapaMeTPbl MUTOXOHAPUI B MHUOKap/Ie U TKaHU JierkuX (M+m)
YesoBus Ob1iee KosmmuectBo Cpennuii Cymma
SKCIIEpUMEHTA KOJINYECTBO CTPYKTYPHO JAuaMeTp MIOBEPXHOCTEN
MUTOXOH/IDUU, | NU3MEHEHHBIX MUTOXOH/IDUU, | MUTOXOHZIpUU
ef./MKM2 MUTOXOHJIPUH, | MKM B eITUHUILIE
% obbema
TKaHU, MKM?
Muokapz
CC UM® | CC UM® | CC UM® | CC Mo
Kontposs (a=150) 12,5 8,4 4,1 2,7 0,50 0,76 8,3 6,8
+1,6 +1,1 +0,6 +0,4 +0,04 | +£0,07 | +0,8 | +0,9
Mertremorsioonuemus | 23,8 17,1 12,8 11,6 0,67 1,03 13,7 8,9
(a=140) +3,7%% | £2,2%% | £57%% | £4,3%% | £0,08% | £0,10* | +1,5% | £0,7*
Tkanp 1erkoro
Kontposs (a=150) 9,6+0,2 4,6+0,5 0,3940,01 5,7+0,5
MertremorsioonHemMus | 10,1+0,7 9,7+0,7%* 0,63+0,03** 6,8+0,7
(a=140)

¥ - pasnu4us JOCTOBEPHBI OTHOCUTEIBHO KOHTPOJIBHBIX BEJIMYUH (p < 0,05); ** -
Pas3INYus JOCTOBEPHBI OTHOCUTEIBHO KOHTPOJIBHBIX BEJIUUUH (P < 0,01); a - KOJIMYECTBO

Cﬂy‘{aﬁHO BbI6paHHI)IX JJId  pacdye€TOB Y4YaACTKOB;

cC MC -

cybcapkosieManbHasA
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cyoromysanusa mutoxonzpuii; MO MC unTpamMuopuOpusispHas CyOmomyssaius
MHUTOXOHAPUH

[TosydyeHHbIE pE3yAbTAThl HEOOXOMMMO YYUTHIBATH MPU pas3paboTKe
COBpEMEHHBIX  IyTell  KOPPEeKIUM  TUIOKCUYECKUX  IIOBPEX/JEeHUMN,
Pa3BUBAIOIIUXCSA IIPU METTEMOTTIOOMHEMUM.
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CPABHEHMUE DJIEKTPO-®U3HNOJIOTTYECKUX CBOVICTB
ATO® — SBABUCHUMbBIX KAJIMEBbBIX KAHAJIOB, BBI/ZIEJIEHHDBIX
N3 MUTOXOH/IPUI 1 MUKPOCOM KJIETOK ITEYEHU KPBICHI

Taaanos E. 0.1, Mocenuyoas A.A.1-2, bepecm B.11.2
1QerepasibHOE TOCY/IAPCTBEHHOE OI0/PKETHOE YUpEXK/IeHUE HayK1
WHCTUTYT TEOPETUUECKOU U SKCIIEPUMEHTATILHOU OMOPU3NKU
Poccutickolt akagemuu Hayk, [lymuHo, Poccus;
2XapbKOBCKU HallMOHAJIbHBIN yHUBepcuTeT uM. B.H.KapasuHna, Ykpauna.
evg-talanov@yandex.ru

HecmoTps Ha 6osbiioe prusnosorudeckoe U PyHKIIMOHATbHOE 3HAaUEeHNE
MUTOXOHZPUATIBHOTO -AT® 3aBUCUMOTO KaJIMeBOr0 KaHaJIA €ro CTPYKTypa 10
cux mop He scHa. IlosyyeHHble paHee B Halllel J1abopaTOpUM JTaHHBIE
MALDI — aHanm3a W UMMYHOXHMUYECKHX HCCIIEOBAHUU [1, 2] yKa3bIBAIOT
Ha TO, YTO BBIJIEJIEHHBIN paHee W3 MHUTOXOHApUM Oenok ¢ MM 57 k/la.,
KOTOPOMY TIPUIIUCBHIBAJINCh CBOWMCTBA CEJIEKTUBHOTO UiA Kanusa ATO-
3aBUCUMOTO KaHasa [3, 4, 5] OTHOCUTCSA K CEMENCTBY KaJbPETUKYJIUHOBBIX
0eJIKOB, KOTOpbIE paHee ObLIN OOHApYKeHbI B MUKpocoMax [6]. ITosryueHHBbIE
pe3yJIbTaThl, TMOCHY>KWJIA OCHOBOU JUI1  TIpOBEJIeHUs CpaBHEHUA
3J1eKTPO(DU3UOJIOTUUECKUX CBOMCTB, BBIJIEJIEHHOTO paHee M3 MUTOXOHJIpUU
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O0enka ¢ M. M 57 k/[a, ¢ ITO00HBIM OEJTKOM, BBIZIEJIEHHBIM W3 MHKPOCOM, IIPU
PEKOHCTPYKIIMH UX B OMCIONHYIO TUIUAHYI0 MeMOpany (BJIM).

Oba Oenka ObUIM BbBIJIEJIEHBI W3 MUTOXOHAPUH U MHKDPOCOM
QHAJIOTUYHBIM  MeToAOM [4]. MwuHUMasbHass IPOBOAMMOCTH Oeska
BblJIeJIeHHOTO u3 MutoxoH/ipui rpu 100 mM KCI ccocrasnsna 10 nCwm., 4To
COOTBETCTBOBAJIO  JIAHHBIM, IIOJIyYeHHBIM METOAOM IIdY-Kjaamm  [7].
IIpoBeneHHas paboTa M0 PEKOHCTPYKIIUN MHUKpPOCOMaIbHOro Oeska B BJIM,
II0Ka3ajia, YTO OH TaKKe oOpasyeT B MeMOpaHe KaHaJIbl ¢ MUHHUMAJIbHOMN
nmpoBoauMocThi0 10 nmCm. O6a Oeska, Kak MUKPOCOMAJIbHBINA, TaK U
MUTOXOH/IPUAJIbHBINA, WMEIOT IIaueYHBbIM XapaKTep aKTUBHOCTU, T. €.
OJITMHOYHbBIE UMIIYJIBChI TOKA OOBEAUHSIOTCA B CepUM (ITAYKH) HUMITYJIbCOB.
OTcyTcTBHE pa3/IMUNU IMIPOBOAUMOCTH OJUHOYHBIX KAaHAJIOB KaJbPETUKYJINH
— mnomo0HOTO ¥ MUTOXOHZPHAIBLHOTO O€JKOB, SABJISETCA KOCBEHHBIM
JTOKA3aTeJIbCTBOM UX CTPYKTYPHOTO CXO/ICTBA.

B Hacrosmelr paboTe MBI OOHApPYKHIH, 4YTO o0ba OelKa-KaHasa
crtocobHbl  (HOPMUPOBATH KaHaJbl - KJacTepbl € MHOTOYPOBHEBOU
IIPOBOZIMMOCTBI0. IIpOBOIMMOCTD KJIACTEPOB, OKasajlaCch KpaTHA BeJUYHHE
IIPOBOAUMOCTA OAWHOYHOro kaHasa. IIpu pexoHcrpykuum B BJIM
MHKPOCOMAJIbHOTO KaJbPETHUKYJUH — MoA0OHOro Oenka, (GopMUPYIOTCS
KaHaJbl C MHOTOYPOBHEBOU IIPOBOAUMOCTBHIO. BesmumHa DTPOBOAUMOCTH
KJIACTEPOB KpaTHA BeJUYUHE IPOBOAUMOCTH OJWHOYHOTO KaHasa. Harm
JlaHHbIE TIOATBEPKJAAIOT paHee IIOJIydeHHBbIE Pe3yJbTaThl O CIIOCOOHOCTU
MHUTOXOH/IPUAILHOTO OeJika-KaHasa ¢dopmupoBaTh KaHaJIbl ¢
MHOTOYPOBHEBOUM IPOBOJIUMOCTBIO [8, 9] . DTHU MaHHBIE COTIJIACYIOTCA C
MO/IEJIBI0 KJIACTEPHOMN OpPTraHM3allMU KaHaJIOB IpeAsIoKeHHOU ['esieTIoKOM U
Kazauenko[10].

B paboTe ImpoBeseHO CpaBHEHHE BOJIbTAMIIEPHBIX XapaKTEPHUCTHK
(BAX), oboux OeysikoB B Jauaria3oHe HAIPSKEeHUsA OT -100 mV 1o 100 mV.
J171s1 KaJIbpEeTUKYJIMH — MOJIOOHOTO OesIKa MoKa3aHo, UTO MTPU HAMPSKEHUH OT
30 710 90 MV, a Tak e OT -100 /10 —30 MV KaHaJ/Ibl HaXOJIATCA B OTKPHITOM
COCTOSTHUU. YBeJIMUeHne HalpsiKeHUs Bbllie 50 mV B OOJIBIINHCTBE CITyJaeB
IIPUBOAUT K 0Opa30BaHUIO KJIACTEPOB, TOT/Ia KaK IIPH HAIIPsKEHUU 25-35 mV
yalre perucTpUpyIoTCs OJIMHOUYHbBIE WU 2-3-X KpaTHbIe KaHaJbl. [10100HYIO
KapTHUHY MbI HAOJII0/TaeM U B OTPUIATEILHOM JIHana30He HalpskeHusA. [Ipu
yBEeJIMUEHUN HaNpsDKEHUA BbIMIe 90 MV IIPOUCXOAUT CHUKEHHE KaHAJIbHOU
aktuBHOcTU. [lo cpaBHeHuio c¢ BAX wmwukpocomaspHoro Oenka, BAX
MHUTOXOH/IPUAJILHOTO Oeyika 0oJiee JIMHENHA, YTO B CBOIO OYepe/b
IIOATBEPIK/IAET paHee IMOJIydYeHHbIE B HAIllel JTabopaTOpUU JTaHHEIE.
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B Hammx wWccaeqoBaHWA ~OBLIO Tak JKe OOHapyKeHO, UTo
MHUTOXOH/IPUAJILHBINA OeJIOK-KaHaJI ABJISETCS BhICOKOCEJIEKTHUBHBIM KaHAJIOM
no K+. Ilpu cozmanum Ha BJIM 2-X KpaTHOrO rpajueHTa KOHIEHTpaluu
BO3HUKAET KaJIMM CEeJIEKTUBHBIM IIOTEHIHAJI, KOTOPbI ypPaBHOBENIIUBAETCS
rojlauell HamNpsoKeHUus 24 mV, YTO CONOCTaBUMO C TEOPETHUYECKUM
3HaueHWeM IoTeHIIMasia HepHcra ;1A JaHHBIX yeioBuiul. Ilpu 3ameHe B
pacTBOpe HWOHOB KaJiul Ha HWOHbBl HATPUA U CO3J[aHUU 2-X KPaTHOTO
rpagueHTa NaCl (100mM:200mM) BO3HHKaJl HATPUEBBINA ITOTEHITHAJI,
KOTOPBIM ypaBHOBEHMIMBaJICA 10 mV, 4YTO 3HAUUTEJIbHO OTJIUYAETCS, IIPHU
JTAHHBIX YCJIOBUAX, OT TEOPETUYECKOTO 3HaYeHUs moTeHmaaa HepHacera, s
OTHOBAJIEHTHBIX KATHUOHOB. JTH Pe3yJbTaTbl CBHUJIETEJIHLCTBYET O BBICOKOU
CeJIEKTUBHOCTU M3ydyaeMoro beska M. M. 57 k/la mo K+.

B mporiecce ucciefoBaHus CeJIEKTUBHOCTU KaJIbPETUKYJIUH — IOJ00HOTO
OeJika, BBIZIEJIEHHOTO U3 MUKPOCOM, OBLIN IOJIydeHBI CJIEAYIOINe JaHHbIE.
Coszpanue Ha bBJIM 2-x kpatHoro rpazaumeHTa KoHIleHTpamuu KCI
(1oomM:200mM), MIPpUBOJUT K BO3HHKHOBEHHIO KAJIMEBOI'O IIOTEHIHMAJIA,
KOTOPBIM ypaBHOBEIINBaeTcsA Iojauell HampsibkeHus 18 mV, 4YTo oueHb
OJU3KO K TeOpEeTUYEeCKOMY 3HAYeHHUIO IMoTeHInasa HepHcra 71 TaHHBIX
ycaoBuM. B ciydae, kora MOHBI Kajius ObLIM 3aMeHeHbl Ha MOHBI HATPUA U
CO3/IaH 2-X KpaTHbIN rpagueHT koHneHTpanuu NaCl (10omM:200mM), Ha
MeMOpaHe BO3HHKaJl HATPHEBBIN IMOTEHIHAJ, KOTOPBI YPaBHOBEIIUBAJICS
TaK)Ke KaK W B OKCIepUMEHTaX C KajJdueM HamnpsbkeHueM -  18mV.
[losyyeHHbIEe JAHHBIE CBUAETEBCTBYIOT O TOM, YTO KAJIbPETUKYJIUH —
IIOOOHBIA O€JIOK SABJIAETCA CEJEKTUBHBIM TOJIBKO II0 MOHOBAJIEHTHBIM
katuoHaM (K+u Nat), UTo BO3MOKHO CBA3aHHO C MECTOM €I0 JIOKAJIN3AIuU 1
€ro ydaCcTUeM B IPOIleccax OMOCPeJOBAHHBIX HE TOJIBKO TPAHCIIOPTOM KaJlHA,
HO U JPYTHX UOHOB. B 1mociieiHee BpeMs MOSABUINCH PaOOTHI O JIOKATHU3AIH
K+ - AT® kanasia B 93HJ|0IUIa3MaTA4YE€CKOM PETUKYJIyMe U ero ydyacruu B Ca2+
peryssanuu [11, 12, 13].

Pabora mopnep:kana rpantamMu POOU NO 16-34-00408 wMoii_a.,
rpanTom IIpaButenbctBa PO N 14.7Z50.31.0028, rpantom PH® N? 16-15-
00157.

Jlumepamypa:
1. Ckapra 0.I0. Cucrema »3JeKTPOr€eHHOTO TpAHCIOPTA HOHOB Kajadufd B

MUTOXOH/IPUAX U ee ydacTHe B TepMoreHese Oypod »xupoBou TkaHu . // Jwucc.
KaH/1.010/1.HayK.1994, C. 101.
2, KauaeBa E.B. Muroxonapuanbubiii AT® — 3aBUCHMBIN KaJIMeBbIN KaHAJ U

€ro POJIb B a/IaNITalliy OpraHu3Ma K runokcuu..// Jlucc. Kaua.6mon.Hayk.2007, c. 112.



( 1
L 3® )

3. Muposnosa I'.Jl., ®enotueBa H.U1., Makapos II.P., [IporneBuu JI.A., MupoHosB
IIl. besok u3 MUTOXOHJAPUU cepAala ObIKA, WHUIMUPYIOIUN KaHAJIBHYI0 KaJUEBYIO
IIPOBOIMMOCTH OWCJIOMHBIX JIUIUAHBIX MeMOpaH. // buodusuka. 1981, 26(3): 451-457.

4. MuponoBa I'.J[., Ckapra [0.I0., I'puropreB C.M., fApos-fpoBoii B.M.,
AnexkcanyipoB A.B., KosiombiTkuH O.B. AT®-3aBUCUMBIN KaJUEBBbIA KaHAJI MHUTOXOHIPUH
IedeHn KpbIChl. 1. BhiziesieHme, odncTka W peKoHCTPyKHnus kadHayma B BJIM. // buos.
Mem0Op. 1996, T.13, N2 4, c.396-404.

5. Mironova G.D., Skarga Yu., Grigoriev S., Negoda A., Kolomytkin O., Marinov
B. Reconstitution of the mitochondrial ATP-dependent potassium channel into bilayer
lipid membrane. 1999, 31(2): 157-161.

6. Fliegel L.,. Burns K., MacLennan D., Reithmeier R., Michalak M. Molecular
cloning of the high affinity calcium-binding protein (calreticulin) of skeletal muscle
sarcoplasmic reticulum.// J. Biol.Chem. 1989 264: 21522.

7. Inoue I., Nagase H., Kishi K., and Higuti T. ATP-sensitive K+ channel in the
mitochondrial inner membrane. // Nature. 1991, 352: 244-247.

8. Muposnosa I'./l., I'puropres C.M., CkapralO.10O., Heroga A.E., KosomMbITKHH
O.B. AT®-3aBucUMbIY KaJIHUEBBIN KaHAJT MUTOXOHAPUU meueHU KpbIchl. 1. MTHrubutopslii
aHaIN3, KJIacTepusanus kaHaua. // buos. MemOp. 1996, 1. 13, NQ 5,¢. 537-544.

0. Mironova G, Negoda A, Marinov B, Paucek P, Costa A, Grigoriev S, et al.
Functional distinctions between the mitochondrial ATP-dependent K+ channel
(mitoKATP) and its inward rectifier subunit (mitoKIR). // J. Biol. Chem. 2004, 279(31):
32562-68.

10. I'enetiok B.U., Kazauenko B.H. Kitacteprasa opranusanysa HOHHBIX KQHAJIOB.
M.: Hayka. 1990, 223 c.

11. Zhou M., Tanaka O., Sekiguchi M., He H.J., Yasuoka Y., Itoh H., Kawahara K,
Abe H. ATP-sensitive K+-channel subunitson the mitochondria and endoplasmic reticulum
of rat cardiomyocytes. // J Histochem Cytochem. 2005 53:1491-1500.

12. Ng K.E., SchwarzerS., Duchen M. R., Tinker A.The intracellular localization
and function of the ATP-sensitive K+ channel subunit Kir6.1. //J Membr Biol. 2010,
234(2):137-

13. Salari S., Ghasemi M., Fahanik-Babaei J., Saghiri R., Sauve R., Eliassi A.
Evidence for a KATP Channel in Rough Endoplasmic Reticulum (rerKATPChannel) of Rat
Hepatocytes. // PLoS One. 2015, 10(5): €0125798.



( 1
L 3 )

B/IMAHUE HU3KONMHTEHCUBHOI'O JIASEPHOI'O
N3JIYYEHUA HA ®YHKIIY MUTOXOH/IPUI IEYEHU KPBIC

Osecannuxoea T.H., Kosaaenxo A.A., 3abeauna H.A.,
Macaos B.A., /leauenxo A.H.
XapbKOBCKUI HaIlMOHAJIbHBIN YHUBepcuTeT nMenu B.H.Kapasuna,
XapbKOB, YKpanHa
ta ovio@mail.ru

Abstract — The paper considers effects of low intensity irradiation on
the liver mitochondria of the rats. It is observed that respiration control of rat
liver mitochondria was increased under the low intensity laser irradiation (A
632.8 nm, 0,015 W) influence. The field of application of such effects can be,
first of all, biotechnology, particularly, cultivation of cells and tissues.

BeedeHue. JDHeprus BHEIIHUX pecypcoB: cBeTa (mpu (GOTOCHHTE3E) U
cyOcTpaToB OKucJeHHs (IIpU AbIXaHWUU) — OCBOOOXKIaeTcss B Ipollecce
IIepeHoca 3JIEKTPOHOB I10 PENOKC-TIEISM, JIOKAJIM30BAHHBIX B COIPATAIOITAX
MemOpaHax. I[lepBuuyHble (HOTOAKIENTOPHI B KJIETKAX MJIEKOITHUTAIOIHAX
HaXOJATCS, BOBMOXKHO, U B MUTOXOHApUAX. OIMH 13 BEPOSTHBIX MEXaHU3MOB
BO3/JIEUCTBUS CBeTa Ha KJIETKY B3aK/II0YaeTcsi B YCKOPEHHHU IlepeHoca
3JIEKTPOHOB B JIbIXaTeJIbHOU Ienu 6s1aro/iapsa n3MeHEeHUIO Pe/IOKC-CBOUCTB ee
KOMIIOHEHTOB, BBI3BAaHHBIX (POTOBO3OYKJAEHUEM BJIEKTPOHHBIX COCTOSHUI
[1]. Takke BbICKA3aHO IMPEJIOJIOKEHHE, UTO JIa3EPHOE OOJIydeHHEe MOXKET
BBI3BIBATh TPU pa3auuHble (POTOXUMUUYECKHE PeaKIUH: 1) (POTOOKUCIEHUE
JIMIIUZIOB B KJIETOUHBIX MeMOpaHax; 2) ¢oTropeaktTuBanup ¢epMeHTa
cynepokcugaucmyTasbl(CO/l), 3) dotonus koMmiuiekcoB okucu asota (NO)
[2]. B pabGote BbisicHAETCS BO3MOXKHOCTH 3(hGEKTUBHOTO BO3/IENCTBUS
HU3KOWHTEHCUBHOTO JIa3€PHOTO W3JIyYEHHs TeJINH-HEOHOBOTO Jiazepa
(mmHA BOJIHBI — 632,8 HM) B peXUME «OH-JIJaH» Ha IbIXaTeJbHbIE
XapaKTePUCTUKU MUTOXOH/IPUI ITEUEHU KPHIC.

Memoodwut uccaedosanHusn. UccnegoBanue — (QyHKIIMOHAJTBHBIX
XapaKTEPUCTUK MHUTOXOHAPHUH IIPOBOAWJIOCH IO OOIENPUHSTONH METOIUKE
MOJIAPOTPAPUUECKOTO OmpesieJIeHNUs] CKOPOCTH TIOTJIONIEHUS KHCIOpoaa
MUTOXOHAPUAMH [3].

B TeueHHe MEPBBIX 5 MHUHYT (PUKCHPOBAJIM CKOPOCTH MOTPeOJIeHUS
KHc0poAa HeoCHOPWIUPYIOIIUMU MUTOXOHAPUAMU, CIIEAYIOINE 5 MUHYT
(rmocsie BHeceHUus AJI®) — dochopuupyrImuMyu. AHAIOTUYHbIE ITPOIENYPHI
MBI TOBTOPS/IM HAa  (OHE  OSKCIO3UIAH  JIA3€PHOTO  M3JIyUYeHUs:
HETIOCPE/ICTBEHHO B SAYEHKY MoJisiporpaga uepes3 OTBEPCTHE IS 00ABOK
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SKCIIOHUPOBAJIM IIyYOK JIa3epHOr0 cBeTa (MOIIMHOCTH 0,015 BTt, nmamerp
myuyka 1,5 wMM). CraTUCTUYecKd pe3yabTaThl 00OpabaThbIBaJii METOI0M
CrpiomeHTa-Puiepa.

Pe3yavmamut. B Tabnune 1 TMpuUBeAeHbl 3HAYEHUS CKOPOCTEU
IbIXaHUus U KO3(POUITMEHTOB JIbIXaTEJILHOTO KOHTPOJISI MUTOXOHJPHUUN IIPHU
JI00aBJIEHHH B KauecTBe cyOcTpaTa CyKIIMHAaTA.

Kak mokasaju pes3yjbTaThl HCCAEIOBAHUM, NOPU BO3JEHCTBUMU Ha
CYCIIEH3UI0 MUTOXOHJPUU HU3KOMHTEHCUBHOIO JIA3€PHOTO U3JIydeHUs
YBEJTUUUBAETCS CKOPOCTH JIBIXAaHUS B COCTOSHUSAX 3 U 4 1o YaHcy.  ITO
corjiacyeTcsi C JAaHHBIMU Ppsjla aBTOPOB [4,5], IpeArioJararmlinux, 4YTO
JlefiCcTBHE JIa3ePHOr0 M3JIydeHUs B Pa3HBIX AUAalla30HAX BJIUSAET Ha paboTy
OIIpeJIEJIEHHBIX COCTaBJIAIOIINX JIbIXaTeJabHOU Iienu. IlosararoT, dTO
IIEPBUYHBIM XpPOMOMOPOM B MHUTOXOHAPUSIX SABJIAIOTCS HHUTPO3WUIbLHBIE
KOMILJIEKCHI TeMOBOTO JKejle3a ITUTOXpOMa € U OKCH/A3bl ITUTOXpOMa C.
doros3 H3TUX KOMILIEKCOB IIPHUBOAUT K BOCCTAHOBJIEHHIO ITOJIHOM
aKTUBHOCTH (pepPMEHTOB U KaK CJIEACTBHE - K YCUJIEHUIO AbIXaHUI.

Tabnuna 1 — BinAHUA HUBKOMHTEHCHUBHOTO JIA3€PHOTO U3JIyYeHHs Ha CKOPOCTh
ZIBIXaHUSI MUTOXOH/IPUH IeUeHU KPBIC, CyOCTPAT — CyKIIMHAT, X+SX, n=7.

I'pynna Crxopocrb AbIXxaHUuA Kosdpdpunuenr
(MKMOJIb KHCJIOPO/AA HA 1 MT OeJIKa 3a JAbIXaTeJIbHOI'O
1 MHH) KOHTPOJIA
V3 V,
KonTtposab 68,6+4,9 21,8+0,7 2,0040,23
Jlazep 82,5+5,0% 27,0+1,5% 3,05+0,30

¥ - TOCTOBEPHO OTHOCHUTEJIBHO KOHTPOJIA, P < 0,05

Kpome TOrO, IepBUYHBIMHM aKIENTOpAaMH IpU (HOTOAKTHUBAIUM MOTYT
OBITh HUTPO3WJIbHBIE KOMILJIEKCHI HETeMOBOIO kejie3a Fe-S- 1eHTpoB u S-
HUTPO30TUOJIBI NADH-Q-okcuiopeiyKTasbl, TaK Kak:1) 9TU
HUTPO30CcOoeqUHEHNsA 00pa3yioTcss B mpucyterBuu NO; 2) ux oOpa3oBaHUE
BBI3BIBAET CHIKEHUE aKTUBHOCTU JIBIXaHUsA; 3) OHU IOJIBEPKEHBI (HDOTOTIU3Y
pu OOJIydeHUU BUJAUMBIM CBETOM, KOTOPBIA PEaKTUBUPYET TPAHCIOPT
3JIEKTPOHOB MUTOXOHIPUAILHOU I1EITBIO.

Takum 00pa3oM, ¢ TOMONIIPI0 HHU3KOWHTEHCUBHOTO JIA3€PHOTO
WU3JIydeHUs1 C OlpeJieJIeHHbBIMU JUIMHAMU BOJIH, BEpPOSTHO, MOKHO
peryJiupoBaTh aKTUBHOCTH JbIXaTEJIbHOW IIENMU B Te€X WJIM WHBIX 3BEHBSIX.
Ob6nactpio TipuMeHeHUs NMOA0OHBIX 3DDEKTOB MOKET OBbITh, IPENK/IE BCETO,
OMOTEXHOJIOTUSA, B YACTHOCTH, KYJIbTUBHPOBaHHE KJIETOK U TKaHed. Ilpu
HCHOJb30BAHUU HU3KOUHTEHCUBHOTO JIA3€PHOTO W3JIyYeHUs Pa3JIMUYHBIX
IUATIa30HOB, BEPOSATHO, MOXKHO HAOJIOZIaTh YCKOPEHHE pOCTa KJIETOK B
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KyJIbType 3a CUeT WHTeHCU(PUKAIUU PabOThl JIBIXaTEeJbHBIX Ilelein
MUTOXOH/IPUH U, BOBMOKHO, MUKPOCOM.

Bwvieoodwt. Ilpu Bo3zelicTBUU Ha CyCIIEH3WI0 MUTOXOHJPUU
HU3KOMHTEHCUBHOTO JIa3ePHOTO0 H3JaydeHus (MOIMHOCTH 0,015 Br)
YBEJINUHBAETCA CKOPOCTbH JIbIXaHUSA HedoCcHOPUINPYIOIITNX U

dochopmwiupyromux MUTOXOHAPUU. C TOMOIIBI0 HU3KOMHTEHCHBHOIO
JIa3epHOTO WUBJIYyUYEeHUs C OIpeieJIEeHHBIMU JJIMHAMH BOJIH BO3MOXKHO
pPEryIupoBaTh aKTUBHOCTD JbIXaTEJILHOU IIeNU B Pa3HbIX 3BEHDSIX.
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OgHUM U3 ero KOMIIOHEHTOB SBJISIOTCA IMPOMEKYTOUHBbIE (PUIaMEHThI, K
KOTOPBIM OTHOCATCS: BUMEHTUH U JIECMUH.

®dyuknuu [1® B Hacrosiee BpeMsa A0 KOHIa He BbIsicHeHf. CuurTaercs,
YTO OHH O0ECIIeUMBAIOT MEXaHUYECKYI0 ITPOYHOCTh KJIETOK [1], Y4aCTBYIOT B
opraHuszanuu 1 (GyHKIIMOHUPOBAHUU OEJIKOB, BOBJIEYEHHBIX B KJIETOUHYIO
aJire3ul0, MUTPAIMI0 U Ilepe/lauy BHYTPHUKJIETOUHBIX CHUTHAJIOB, a TaKXKe B
IepeJIBUKEHNY OPTaHeJLI 110 KJIETKE U TPAaHCIIOPTe JIUIIHIO0B [2].

PesysibTaThl HEJABHUX HCCAEIOBAaHUN MOKa3bIBaloT, uyTo II® MmoryT
UTPaTh BaXKHYIO POJIb B (PYHKITMOHUPOBAHUYM U HOPMAaJIbHOM paclipejieJIeHUN
MUTOXOHApUN [3, 4]. HapyllleHuss BHYTPUKJIETOUHOTO pacIpeesieHus
MUTOXOHJIPUH IIPU TSKEJI0H OCTPON TMIOKCUU PA3JIUYHOTO IIPOUCXOK/IEHMS
IIPUBOJIAT K Pa3BUTHIO MUTOXOHApHUAILHON IcHYHKIUHU. FI3BECTHO, UTO IIpU
3al(uTe TKaHEH OT THIOKCHUHM BaKHas poJib oTBoauTcsa AT®-3aBucumomy
TPAHCIIOPTY KaJusl B  MHUTOXOHAPHAX,  ocyllecTBisiemomy  ATP-
YyBCTBUTEJILHBIM KaJINEBBIM KaHasioM (MUTOKaTp), MOJYJISITOPBI KOTOPOIO
00/1a1a10T BhIPaKEHHBIM KapAHOIIPOTEKTOPHBIM JIeUCTBUEM [5—7].

Takum oOpasoMm, IeJbI0 HacTosIed paboThl ObLIO HM3ydeHUE BJIMSHUA
0enkoB I1® (BuUMeHTHHA U JIECMHUHA) HA TPAHCHOPT Ka/IMsl B MUTOXOH/IPUSAX,
KOTOPBIA yUaCTBYET B PETYJISANU X 00BbEMA.

Mamepuaabvt u memoowt. Ilockonbky Oenku II® obpasyiorT B
pacTBopax MpOTsKeHHbIE IOJIUMEPHBIE CTPYKTYPBI, CUJIbHO YBEJIMUNBAIOIIHE
BAIBKOCTb PAcCTBOPOB, Mbl HCIIOJIb30BAIU JJIsI yA0OCTBA MyTaHTHbIE (POPMBI
BuMenTruHa (Y117L) m gecmumua (Y129L), y KOTOPBIX IIOJIMMEPH3aIUsA
OCTAaHABJIMBAETCA HA CTAJINU MPOTO(PUIAMEHTOB — YACTHUI], HE BJIUAIOIINX HA
BSI3KOCTh, HO COXPAHSIOIIUX CIIOCOOHOCTh CBA3BIBATHCSA C MUTOXOHJIPUSIMU U
BJIUATDH Ha UX CBOMCTBA B KjeTKax [8]. B kauecTBe oTpUIIATEILHOTO KOHTPOJIS
HCIIOJIb30BAJIN JBOMHON MyTaHT BuMeHTHHaA (Y117L, P56R), He crocoOHbBIH
CBAI3BIBATHCSA C MUTOXOHAPUAMM [9].

Bxo1 MOHOB KaTUsA OMPEIEJIAICA II0 CKOPOCTH HaOyXaHUsSI MUTOXOHPUT
B THIIOTOHUYECKOU cpejie, coaep:karie 50 MM KCl, 5 MM NaH.PO,, 0.1 MM
IAITA, 5 uM muroxpom ¢, 10 MM HEPES-NaOH (pH 7.4). Kuneruky
HaOyxaHus  peructpupoBaiu Ha  crnekrpodporomerpe  UV-2450(PC)
(Shimadzu, fmonuss) mo wu3MeHeHHIO onTHYecKkou ILIoTHOCTH (OD)
CyCIIEH3UM MUTOXOHAPUU TPHU AJUHE BOJHBI 520 HM IPU IIOCTOSIHHOM
IepeMelnuBaHu U TepMocraTupoBanuum 1npu  26°C. HalOyxaHue
MUTOXOH/IPUN HUHUIIMUPOBAIIM Jo0aBieHneM 5 MM CykKIpmHarta B
IpucyTcTBuu 2 MKM poreHOHA wiau 5MM cykuuHaToMm U 2,5MM riiyramaTom
0e3 poreHoHa. KOHIEHTpamyusi MUTOXOHJIDHAJIBHOTO OejIka B sUYelKe
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cocraBjsia 0,2-0,3 Mr/mi. BuMeHTMH wWid JAecMUH J00aB/sId B
KOHIIEHTPAIUU 30 MKT/MJI.

dyHKIMOHUPOBaHUE MUTOKATe KaHaIa Tak:Ke OLlEHUBAJIU 110 CKOPOCTU
AT®-3aBucuMOro BBIXO/JA Kajlusg U3 MUTOXOHAPUN, HHUIUHPOBAHHOTO
pa3o01IuTeIeEM OKUCTUTETBHOTO hochOpUIUPOBAHUSA 2,4-TUHUTPODEHOTIOM
(IH®). KuHeTuKy BBIXOJA KaJiusd PETUCTPHUPOBAIU C  IIOMOIIBIO
pa3paboTaHHOTO B J1aOOPATOPUH OPUTHUHAIBHOTO 3JIEKTPOMETPUUECKOTO
YCUJINTEJIA, COEJUHEHHOTO C KOMIIBIOTEPOM 4depe3 KoHTposutep L-153. Cpena
WHKyOallMl MUTOXOHJZIpUH coaep:kayia: 180 MM caxaposbl, 70 MM D-
MaHHHUTONMa, 5 MM Na.HPO,, 10 MM Tpuc-HCl (pH 7.4). Beixox K+ u3
MUTOXOHAPUN WHAYLIUPOBAIN JT00aBJIEHUEM B cpely WHKybaruu 50 MKM
2, 4-nuHUTPOdEeHOa. KOHIleHTpauss MUTOXOHIPUAJILHOTO Oejlka B sTuelike
cocTaBiiszia 0,5-1 Mr/mul. V3amepeHuss NPOU3BOAWINCH IPHU ITIOCTOSIHHOM
IlepeMelINBAaHUuU U TepMOCcTaTUpoBaHuu 11pu 26°C.

Pe3yavmamult. V3yueHne BIUAHUA BUMEHTHHA HA S9HEPTO3aBUCUMBIN
BXO/i KaJIus B MUTOXOHJIpHUAX IIOKa3ajio, 4YTo /JoOaBKa BUMEHTHUHA,
cojiepsKalero cauT cBsA3bIBaHUA MuToxXoHApuid (VimYi117L), mpuBoguia K
CHI)KeHUIO (B cpe/lHEM Ha 30-35%) ckopocTH HabyXaHUs MUTOXOHAPUU U,
cJe/IoBaTeIbHO, WHTHOWMpOBajia BXOA B HUX HWOHOB KanudA. JlobaBka
n3MeHeHHOro BuMeHTHHA (Y1171, P56R), B KOTOpOM 3aMeHa MPOJIMHA-56 Ha
apTUHUH HapyllaeT B3auMOJENCTBHE C MUTOXOHJPHUSIMHU, HE OKas3bIlBaja
BJIMSAHUS Ha CKOPOCTh HabyxaHus MUTOXOHAPHUM. [1o/106HO BUMEHTHUHY
JleficTBoBayl U aApyrod usydaembli Hamu II® - gecmun (Y129L), npu
00aBJIEHUM KOTOPOTO TakKKe 3aMeJIsyIoch HabyxaHue MHUTOXOHAPUU (B
cpeZlHEM Ha 20-25%).

dyHKIIUOHUPOBaHUE MUTOKATe KaHaIA TaK:Ke OIeHUBAJIM MO CKOPOCTH
AT®-3aBucuMoOro BbBIXOZIA Kaausg U3 MUTOXOHZpuM. IlokazaHo, YTO
MpENHKYyOaysi MUTOXOHJIDUM B TeueHUM 1 MUHYTHl ¢ Oenkamu 1O
(BUMeHTHH WiIu JecMuH) UHruoupyer JJH®-UHAYIUPOBAHBIA BBIXOJ MOHOB
kayis. B To ke Bpems, Jo0aBka n3aMeHeHHOTO BuMeHTHHA (Y1171, P56R), He
OKasbIBajla BJHUAHUS Ha CKOPOCTh BBIXOZAa KaJiMsl W3 MHUTOXOHPUI.
JloGaBiienue 6enkoB [1® cHUKAIO CKOPOCTDh BbIXoAa K+ M3 MUTOXOHZpUU B
cpemHEM Ha 20-25% (1A gecMuHA) U Ha 50-65% (Ui BUMEHTHHA).
[Tosmyyennpii spdext [I® HA MUTOXOHAPUM HMeJ KOHIEHTPAIOHHYIO
3aBUCHUMOCTb.

BeiBoabl. TakuM 006pa3oM, NpU HCIOJIH30BAHUU JBYX PA3IAUHBIX
MeToZI0B ompenesieHus AT®-3aBrucMOro TpaHcnopTa Kajus, IIoKa3aHo, UTO
BUMEHTHH U JIECMUH WHTUOUPYIOT 3TOT TPAHCIOPT, OCYIIECTBIseMbINA
nocpesictBoM  pabotel MutoKare. M3BecTHO, uTO OAHON U3 (QYHKIUN
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MUTOKaTe ABJISIETCS peryysanus o0bEMa MHUTOXOHAPUN U WHTHUOHMPOBAHUE
TpaHCIIOPTa KaJiusl, IMIPUBOAUT K COKPAIIEHUI0 MUTOXOH/IPUH [10].

[TosyyeHHble B paboTe JaHHBIE COIJIACYIOTCA C pe3yJabTaTaMu
VICCJIe/IOBAHUM TPOBEEHHBIX HA KYJIBTYPE KJIETOK, I7ie ObLIO MOKa3aHo, YTO B
KJIeTKaX JINIIeHHbIX AJecMuHa (knockout) mim co cCHU3KEHHBIM coiep:KaHueM
BuMeHTHHa  (knockdown)  HaGOalomaeTcss — BhIpakeHHOe — HaOyxaHHeE
MUTOXOHAPUH [4, 11]. MOKHO TPEANONOKuTh, utro 006a IIP, cBA3BIBASACH C
MHUTOXOHZIPUAMU, UHTUOUPYIOT paboTy MUTOKaATe U IEPKAT MUTOXOH/IPUU B
COKpPAIIIEHHOM COCTOSTHUH, T.€. PETYIUPYIOT 00'b€M MUTOXOHPHUI.

B pabore moka3aHO, YTO M3MEHEHHBIM BHUMEHTHUH, B KOTOPOM 3aMeHa
BCETO OJTHOU aMHHOKHCJIOTHI (IMPOJIMH-56 HA apruHUH), HE MO3BOJISIET €My
KaK CBSA3BIBAThCA C MUTOXOHZIDUAMH [Q], TaK W OKas3bIBaTh BJIUSHHE HAa
TPAHCIIOPT KaJusA B MHUTOXOHAPHUSIX. ITH [JaHHBIE YKa3blBAalOT Ha
cnenu(pUIHOCTH ONMMCAaHHOTO AercTBusA [10.

[ToslyyeHHbIE pe3yabTaThl W JIUTEPATYPHbIE JIaHHBIE II03BOJISIOT
IIPEATIOJNIOKUTD, UTO 3(pdekTh! [P Ha MUTOXOHIpUU, HAOJII0JaeMbl€e B JKUBBIX
KJIeTKax [12] MoOryT OBITh CBSI3aHBI C PETYJISANMEd KajaueBOoro obMeHa B
MHUTOXOHZIpUAX. VI3MeHeHme 3TOro oOMeHa MOKET BJIUATHh Ha HapyIIeHUe
Mopdosiornu (HabyxaHue) U BHYTPEHHEHN JIOKAJIN3AIUU MUTOXOH/IPHUU, UTO
OBLIIO OOHAPYKEHO B CEP/IEYHBIX M CKEJIETHBIX MBIIIIAX MbBIIIEH, JTUIIIEHHBIX
JleCMUHA WU CO CHUXKEHHBIM COJIEpKaHreM BUMEHTHUHA [4,11]..

Pabora moagep:xana PO®PM (rpanT N2 16-04- 00692A) wu
[IpaButenbctBoM P® (;moroBop NQ 14.7Z50.31.0028). rpantom PH® N2 16-15-
00157
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LIPOFUSCIN FORMATION IN RAT LIVER HOMOGENATES
AND ISOLATED MITOCHONDRIA

Chaplygina A.V., Vekshin N.L., Braslavsky A.V.
Institute of Cell Biophysics, Russian Academy of Sciences, Pushchino,
Russia
shadowhao@yandex.ru

A cellular level ageing is a set of disorders of cellular and intercellular
mechanisms of self-regulation, the accumulation of metabolic damage in cells
and changes in the neuronhumoral regulation.

In a mammal, this could be seen very clearly in the extraordinary
accumulation of special aging pigment — lipofuscin. It happens over the years
in the specialized cells - liver, kidney, brain and heart. In living cells, the main
source of lipofuscin granules is mitochondria. Damaged mitochondria are
destroyed during ontogenesis. They either split by proteasomes or lysosomes
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during mitophagy (selective autophagy), or may be converted directly into
lipofuscin. The number of lipofuscin in cells increases during aging, as well as
in pathologies organs and atrophy. The accumulation of lipofuscin in the
tissues gives them a brown color (especially dramatically darken the heart and
liver).

Previous modeling work, demonstrating the possibility of artificial
production of lipofuscin in the mitochondrial suspension under the influence
of prolonged heating (termolipofuscin) was carried out. The present job
concerned with unexplored contribution of mitochondria in the process of
formation of lipofuscin granules within the whole body.

The rat liver was used as a model object. Liver mitochondrial fraction
was isolated by a standard method with some modifications. Organ was
homogenized to break down the tissue and large particles. All samples were
aligned to the protein content, the concentration of which was determined by
UV-express method.

To activate the process of lipofuscin formation in mitochondria and
homogenates of organs, a long-term heating was used: a diluted suspension
was incubated at 50° C for 3 hours. Due to the fact that prolonged heating
induces the mitochondria aggregation, leading to light scattering, the
quantitative figures on the content of lipofuscin were obtained in the presence
of detergent sodium dodecyl sulfate (SDS), which destroys only non-covalent
aggregates. Determination of lipofuscin and protein (to evaluate the effect of
protein denaturation during induced formation of lipofuscin) in homogenates
of organs was carried out by the fluorescence method. One important
lipofuscin property is fluorescence with characteristic band in the region of
460 nm with excitation in the near UV.

In our experiments, the intense appearance of lipofuscin fluorescence
after extended heating of the mitochondrial suspension were observed.
Analysis of lipofuscin fluorescence spectrum showed an increasing of
fluorescence intensity at 45%, relative to the control (no incubating) samples.
Wherein, the intensity of lipofuscin fluorescence of liver homogenate
increased by 43% relative to the control samples. Approximately 80% of the
total liver lipofuscin belongs to mitochondrial lipofuscin.

To clarify the nature of the lipofuscin's origin, the tryptophan and
tyrosine protein fluorescence of homogenates has been studied at an
excitation wavelength of 275 nm. The intensity of the protein fluorescence of
the liver homogenate after heat incubation was decreased by 20%. Wherein
the intensity of the protein fluorescence suspension of isolated mitochondria
was reduced by 32% (relative to the control; all fluorescence measurements
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made in the presence of SDS). Thus, we can say that about of a quarter of all
proteins of both suspensions (homogenate and mitochondria) participates in
formation of lipofuscin, which confirms the thesis that lipofuscin in cells is
the product of aggregation and cross-linked denatured mitochondrial
proteins.

THE CONTRIBUTION OF THE VOLTAGE-DEPENDENT ANION
CHANNELS OF THE OUTER MEMBRANE OF MITOCHONDRIA IN
THE DEVELOPMENT OF ALCOHOLIC HEPATIC
ENCEPHALOPATHY

Teplova V.V., Malkov A.E., Holmuhamedov E.L.
Institute of Theoretical and Experimental Biophysics, Russian Academy
of Sciences, Pushchino, Russia
tepver@rambler.ru

Hepatic encephalopathy — a multifactorial syndrome, in which the
function of the central nervous system is broken as a result of the increased
concentration of ammonia in the blood caused by the liver damage. In spite of
the existing data and hypotheses about the mechanisms of development of
hepatic encephalopathy they still remain unclear, and treatment of this
disease do not have enough success. The reasons for mitochondrial
dysfunction and oxidative stress in the pathogenesis of alcoholic hepatic
encephalopathy are currently not well identified. We have previously shown
that the oxidation of ethanol in hepatocytes inhibited the rate of uncoupled
respiration and oxidative phosphorylation, the rate of urea synthesis, and the
capacity of mitochondria to bind ammonia. In this case, the incubation of
cells with ethanol decreased the accumulation of fluorescing dextran
molecules in regions occupied by mitochondria, indicating the closing of the
voltage-dependent anion channels (VDAC, porin) in the outer membrane of
the mitochondria. In the present study the contribution of VDAC of the outer
liver mitochondrial membrane in the induction and development of alcoholic
hepatic encephalopathy was investigated. It was found that in chronic
alcoholic rats, an increase in oxidative stress, a decrease in the level of
reduced glutathione, and an enhancement in the intensity of peroxidation
processes were observed. The ethanol oxidation products and compounds
formed in lipid peroxidation processes induced the closing of porin channels.
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Liver mitochondria isolated from chronic alcoholic rats showed a low rate of
ATP synthesis and enhanced production of superoxide radicals due to the
closing of porin channels, as indicated by our data on the effect of known
porin channel inhibitors. The electroencephalographic studies were shown
that the development of alcoholic intoxication is accompanied by
morphofunctional changes in the hippocampus, which lead to a decrease in
the excitability of this structure and the failure to adequately respond to
external stimuli. The intensity of hippocampal oscillations substantially
decreases, as in the cases of encephalopathy in humans, indicating a
disturbance of the cognitive function of the hippocampus. The electric and
sensory stimulation of the brain of chronic alcoholic rats induced the
depression of the hippocampal activity. On hippocampal slices of rat
subjected to alcohol intoxication, evidence for the changes in both
background and stimulation-induced activity of pyramidal neurons was
obtained. In addition, changes in the excitability threshold after the
application of glutamate and picrotoxin were observed. In the hippocampus
of rats with chronic alcohol intoxication, a decrease in the frequency of volley
discharges of neurons and an increase in the latent period of responses to
electrical stimulation were observed. It was found that brain neurons of
alcoholic rats are more strongly activated by the action of glutamate. In all
alcohol intoxication models, glutamate increased the latent period that was
decreased significantly after GABA receptor blockade. It was conclude that
the ethanol-induced closure of porin channels of the outer mitochondrial
membrane and the limitation of the free exchange of substrates of oxidative
phosphorylation and the urea cycle leads to oxidative stress, reduce the
effectiveness of the ammonia binding, hyperammonemia and disturbance of
functioning of nerve cells, characteristic for alcoholic hepatic encephalopathy.
The data obtained demonstrate a crucially novel mechanism of the
development of alcohol encephalopathy and can be used in the development
of novel approaches to the treatment of alcohol encephalopathy, designed to
selective pharmacological regulation of VDAC permeability of the outer
mitochondrial membrane.

This work was supported by grant competition of the Government of the
Russian Federation p220 (IV) agreement N214.7Z50.31.0028.
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ROLE OF GLUTAMATE IN INREASED OXIDATIVE STRESS IN
CHRONIC ALCOHOLISM

Teplova V.V.1, Kruglov A.G.., Kovalev L.1.2, Fedotcheva N.I.*
Institute of Theoretical and Experimental Biophysics, Russian Academy
of Sciences, Pushchino; 2A.N. Bach Institute of Biochemistry, Moscow, Russia
tepver@rambler.ru

The liver is the main organ responsible for the metabolism of alcohol,
and the mitochondria play a central role in this process and are the main
target of alcohol intoxication. It is known that chronic alcohol intoxication is
associated with increased oxidative stress, however, the mechanisms by which
ethanol triggers an increase in the production of reactive oxygen species
(ROS) and the role of mitochondria in the development of oxidative stress has
been insufficiently studied. The shift of the NADH/NAD balance to a more
reduced state, presumably, may facilitate ROS production. However, the
relation of mitochondrial NADH and ROS production through possible
alcohol-induced changes in the activity of NAD/NADH-dependent
dehydrogenases has not been established. Based on the data, that ethanol
consumption causes a remarkable increase in the levels of glutamate,
aspartate, and free ammonia, a glutamate oxidation product, in the liver can
be assumed that glutamate contributes to oxidative stress induced by alcohol.
To confirm this hypothesis in the present study the role of glutamate in
enhancing ROS production in mitochondria and the development of systemic
oxidative stress in chronic alcoholism was investigated.

It has been shown that chronic alcohol intoxication accompanied by the
development of oxidative stress, wherein the rate of MDA formation
increased by 15%, and the concentration of free SH-groups decreased by 35%
in alcoholic liver tissues. The biochemical and proteomic data obtained in the
present work allow concluding that one of the main causes of an increase in
ROS generation is enhanced oxidation of glutamate in response to long-term
alcohol exposure. In the course of glutamate oxidation, liver mitochondria
from alcoholic rats generated more superoxide anion and hydrogen peroxide
than in the presence of other substrates and more than control organelles. In
these mitochondria, the rates of hydrogen peroxide production and NAD
reduction in the presence of glutamate were almost twice higher than in the
control. The proteomic study revealed a higher content of glutamate
dehydrogenase in liver mitochondria of rats subjected to chronic alcohol
exposure. Simultaneously, the content of mitochondrial catalase decreased
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compared with the norm. The results obtained in the present work indicate
that chronic ethanol consumption causes an increase in the activity of
glutamate dehydrogenase, which is related to the increase in the amount of
this enzyme in liver mitochondria. Together with the lower content of
mitochondrial catalase, these factors promote disorders in the matrix systems
of NADH reduction and oxidation, excessive ROS production, and systemic
oxidative stress, which are the distinguishing features of alcohol intoxication.

This study was supported by grant from the Ministry of Education and
Science of the Russian Federation, Agreement N 14.Z50.31.0028

I'WO PARALLEL RESPIRATORY CHAINS IN RAT LIVER
MITOCHONDRIA

Lvov A.M., Vekshin N.L.
Institute of Cell Biophysics, Russian Academy of Sciences, Pushchino,
Russia
delinoro@gmail.com

Currently it is a common point of view that the electron transport chain
of mitochondria is long and consistent (electron transfers from NADH to
FMN, then to iron-sulfur clusters, then to ubiquinone, then to cytochrome B,
then to cytochrome C and finally to cytochrome oxidase). Such chain was
based on standard red-ox potentials, and also on the action of the chain
inhibitors and un-couplers. Such long chain is quite vulnerable to inhibitors
and other damaged factors.

Mitochondria were isolated from rat liver using the standard method
with some modifications. As inhibitors of the mitochondrial respiratory chain
well-known rotenone, antimycin A, and sodium azide ware taken in our study.
To compare the respiration of suspensions of hepatic mitochondria, the
polarographic method has been used. We used NADH or succinate sodium in
hypotonic (water) or in isotonic solution at the presence or absence of adding
rotenone, antimycin or sodium azide.

Concentrations of inhibitors were selected to overwhelm the succinate
dependent oxygen up-take in isotonic media (NADH in isotonic solution
hardly penetrates through the mitochondrial membrane and consequently
does not cause consumption of oxygen, so such experiments were not
conducted), and to inhibit the oxygen consumption with NADH or succinate
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in the hypotonic solution. In our work, we confirmed the well-known fact that
rotenone does not inhibit the succinate dependent mitochondrial oxygen
consumption. Since rotenone is a compete analog of ubiquinone, the lack of
inhibition leads to suggestion that electron transfer from the Complex II of
the respiratory chain of mitochondria (Succinate dehydrogenase) further
along the chain occurs without ubiquinone.

The rotenone’s inhibition of the oxygen consumption in mitochondrial
suspension at adding NADH in hypotonic medium occurred completely.

Inhibition of oxygen consumption by sodium azide or antimycin
(separately) with NADH or succinate was incomplete even at high
magnification in the inhibitor concentration. However, simultaneous addition
of small concentrations of the both inhibitors leads to complete inhibition of
oxygen consumption. This suggests that the electron transport chain of
mitochondria is branched, rather than linear, and consists of at least of two
parallel chains. This makes it less vulnerable.

RESPIRATORY SUBSTRATES MAINTAIN THE MEMBRANE
POTENTIAL IN ISOLATED MITOCHONDRIA UNDER CHEMICAL
HYPOXIA

Kruglov Alexey G.1, Milyaev Evgeny V.12,
Kupriyanova Ekaterina S.1, Nikiforova Anna B.?
Institute of Theoretical and Experimental Biophysics, Russian Academy
of Sciences, Pushchino; 2Pushchino State Institute of Natural Sciences,
Pushchino, Russia
krugalex@rambler.ru

The maintenance of the mitochondrial transmembrane potential (A®Wm)
under ischemia/hypoxia is of critical importance for the postischemic survival
and recovery of cells. It is widely accepted that anoxia/hypoxia inhibits the
respiratory chain at the level of cytochrome c oxidase, which immediately
decreases AWm far below the values sufficient for ATP synthesis. The
reversibility of ATP synthase reaction allows mitochondria to restore AWm at
the expense of cytosolic ATP. However, the conversion of mitochondria from
the main cellular ATP producers to ATP consumers aggravates the
intracellular ATP/ADP+AMP imbalance. This, in turn, rapidly disturbs the
ionic homeostasis in the cytosol due to a decrease in the efficiency of ATP-
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dependent K+, Na+, and Ca2* pumps and exchangers. The elevation of
cytosolic Ca2+ is considered to be the main reason for mitochondrial damage
and dysfunction upon ischemia/reperfusion.

A growing body of evidence shows that intrinsic mitochondrial
mechanisms may prevent the collapse of the mitochondrial transmembrane
potential (AWm) and hydrolysis of cytosolic ATP during hypoxia. It was
reported that substrates of the Krebs cycle, mainly a-ketoglutarate and
fumarate, can support AYm under chemical or physical hypoxia/anoxia [1—
6]. It was found that ATP is produced in the mitochondrial matrix during the
oxidation of a-ketoglutarate to succinate by a-ketoglutarate dehydrogenase
and succinyl-CoA synthetase and can be used for the creation of AWm when
ATPase is reversed [3, 4]. Another mechanism of AWm generation in the
presence of the Krebs cycle substrate fumarate implies the reversion of the
succinate dehydrogenase reaction (fumarate reduction), which leads to the
oxidation of coenzyme Q and subsequent activation of Complex I pump [2, 5].

Using a model of chemical hypoxia, we evaluated the efficiency of four
mechanisms of AWm maintenance: through a residual electron flow,
substrate-level phosphorylation and ATP hydrolysis, the fumarate reductase
reaction linked to complex I activation, and restriction of H+ leakage into the
matrix (coupling). We found that the resistance of AWm to hypoxia was
strongly substrate-dependent (was maximum in the presence of malate plus
pyruvate), slightly sensitive to the FoF:-ATPase inhibitor oligomycin in the
presence of all substrates tested, and linked to oligomycin-sensitive ATP
accumulation. In the presence of a-ketoglutarate and glutamate plus malate,
oligomycin weakly precluded ATP exhaustion, indicating a low rate of
substrate-level phosphorylation. The dissipation of AWm by complex I-II
inhibitors in the presence of fumarate confirmed that AWm (-120 mV) can be
maintained through the fumarate reductase reaction. Complex III inhibitors,
which displace ubiquinol from its binding sites, increased AWm to -150 mV,
indicating that QH./Q deficit may suppress AWm generation by complexes
II/1. We concluded that the residual electron flow and the coupling are the
most efficient mechanisms of AWm maintenance during hypoxia. The
mechanism that controls the coupling presumably involves FoF:-ATPase and
differs from the mechanism controlling the permeability transition.

Acknowledgements. This study was supported by a grant to A.G.
Kruglov from the Russian Foundation for Basic Research (# 14-04-01664a)
and a grant to J.J. Lemasters from the Ministry of Education and Science of
the Russian Federation, Agreement #14.Z250.31.0028. We thank Dr. Raimo
Mikkola from the Department of Food and Environmental Sciences
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THE IMPACT OF VDAC ISOFORMS ON NADH-
OXIDOREDUCTASE ACTIVITY AND ROS GENERATION IN
MOUSE EMBRYONIC FIBROBLASTS

Kupriyanova E.S.1, Krestinina O.V.1, Chekanov A.V.1,
Nikiforova A.B.1, Solovieva M.E.*, Sheiko T.V.2, Kudriavtsev A.A.1,
Craigen W.J.2, Kruglov A.G.!

Institute of Theoretical and Experimental Biophysics, Russian Academy
of Sciences, Pushchino, Russia; 2Molecular and Human Genetics, Baylor
College of Medicine, Houston, Texas, USA.

Mitochondrial voltage dependent anion channels (VDAC) are the most
abundant proteins in the outer mitochondrial membrane, which regulate the
ion and metabolite fluxes between cytosol and mitochondria. In mammalian
species VDAC is presented by three proteins coded by three genes (VDAC1,
VDAC2, VDAC3). Several splice variants are also known for each VDAC
protein. Several studies demonstrated the involvement of VDAC in the
regulation of the level of reactive oxygen species (ROS) in cells. Authors of
other studies claimed that VDAC1 possesses the NADH-oxidoreductase
activity. The mechanisms of these effects are unclear, since VDAC1 is neither
classical oxidoreductase nor antioxidant enzyme. We studied the impact of
VDAC1/3 and VDAC2 isoforms on the redox processes in cells of mouse
embryonic fibroblasts (MEF). It was demonstrated that VDAC isoforms
knockout caused no decrease in total NADH-ferricyanide reductase activity.
In VDAC1/3-null cells (MEF VDAC1/3-) it was almost identical to control
(MEF wt), while in VDAC2-null cells (MEF VDAC2-) it was significantly
higher. In the same time, the suppression of the known outer membrane
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NADH oxidoreductase, Cyb5R3, caused measurable inhibition of ferricyanide
reduction. With the use of the original dimethylbiacridene-based fluorescent
assay for NAD(P)H-oxidoreductase activity it was shown that VDAC1/3 and
VDAC2 knockout lead to the decrease in the activity of some non
mitochondrial NADH-oxidoreductases, which, however, can be functionally
associated with mitochondria. The intracellular and mitochondrial
production of hydrogen peroxide and superoxide anion increased several fold
in the range MEFwt < MEFVDAC1/3- < MEF VDAC2-. In the presence of
redox-cycling compounds (menadione, lucigenin, nitrofurantoin), which are
capable of receiving electrons from NAD(P)H dehydrogenases and transmit
them to oxygen, the suppression of different VDAC isoforms also stimulated
ROS production. This, at least in part, can be explained by the decrease in the
radical scavenging efficiency of cytochrome c/cytochrome c¢ oxidase system,
because in isolated mitochondria, VDAC blockers inhibited the
nitrofurantoin-dependent electron transport from external NADH-
oxidoreductase to endogenous cytochrome c.

Thus VDAC isoforms render complex effect on the NAD(P)H
oxidoreductase activity and on the level of ROS (free radicals) in cells and
mitochondria. However, we were unable to reveal the own oxidoreductase
activity of different VDAC isoforms.

The study was supported by a grant to J.J. Lemasters from the Ministry
of Education and Science of the Russian Federation, Agreement
#14.750.31.0028 and a grant to A.G. Kruglov from the Russian Foundation
for Basic Research (# 14-04-01664a).

THE EFFECT OF
POLYDIHYDROXYPHENYLENETHIOSULFONATE SODIUM ON
BIOENERGETIC PROCESSES IN MITOCHONDRIA

Lezhnev E.I., Lavrovskaya V.P., Popova I.1.
Institute of Theoretical and Experimental Biophysics of the Russian
Academy Science, Pushchino, Russia
iskra-p@rambler.ru

One of the issues concerning the identification of various medications
affecting intracellular targets is shared by both clinical medicine and cell
biology research. One of them is sodium polydihydroxyphenylthiosulfonate
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(commercialized by OLIFEN as Hypoxen), a Russian anti-oxidant and
antihypoxic synthetic drug with major electro anceptor properties directly
affecting the respiratory mitochondrion circuit [1].

Hypoxen is used in pharmaceutical form in clinical medicine for the
treatment of cardiovascular and  bronchopulmonary illnesses,
neuropathological, shock and post-hypoxic conditions, in sport and
rehabilitation medicine.

The actual research covered Hypoxen’s effects on subcellular targets in
order to expand its therapeutic administration in the treatment of various
ailments.

The subject of the research were isolated mitochondrion and cell cultures
under normal oxygen conditions.

The first step was to assess Hypoxen’s toxic effects on cells. Hypoxen’s
toxic effect on the proliferation of NIH 3T3 cells in the diapason of
therapeutic concentrations (10-50 pg/ml) was not identified. A certain decline
in growth was determined at concentrations of 60 pug/ml.

The respiratory rate of the energetic metabolism was determined by the
Oxygraph-2 k (Austria).

Results. Hypoxen’s effects on the respiratory function of cells was
analyzed on NIH 3T3 cells (D.I. Ivanovsky Institute of Virology Russian
Academy of Medical Sciences), on BALB/3T3 passaged culture cells and
homological virus-transformed 3T3B-SV40 cells, fibroblast like BHK-21/13
cells and lymphoblastoid Raji cells ( Institute of Cytology RAS, St.
Petersburg).

The analysis of respiratory function was carried out by measuring and
computing the partial rate of oxygen consumption by the cells: basic rate of
oxygen consumption by cells under normal incubation conditions, rate of
oxygen consumption by cells under an uncontrolled ATP synthesis system;
rate of oxygen consumption of cells associated with ATP synthesis; maximum
possible rate of oxygen consumption in the presence of an FCCP
disconnector; respiratory reserve capacity [2].

The measurement was carried out with oligomycin as an ATP synthesis
inhibitor (1 ug/ml Sigma medium, USA), and an FCCP (2.5 um Sigma, USA)
as a protonophore (uncoupler) for oxidative phosphorylation.

Measurement of oxygen consumption rate by cells was carried out in an
incubation medium containing 10° cell/ml an one hour following addition of
Hypoxen in a concentration of 30 pg/ml. and without the addition of
Hypoxen.
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It was demonstrated that in an incubation with Hypoxen, the partial rate
of oxygen consumption for all cells for all respiratory parameters is reduced
by 15-25% in comparison with an incubation without Hypoxen.

The level of decrease for 3T3B-SV40 cells is somewhat higher, which can
be explained by a respiratory oppression by glycolysis. This is confirmed by a
30% decrease of glucose in the incubation medium as opposed to 4.6% in a
medium with 3T3B cells, and a 20% increased amount of lactate produced at
a lowered oxygen content over a period of 60 min.

The effect of Hypoxen in a concentration of 30 ug/ml on glycolytic and
antioxidant enzymes in BHK-21/13 cells. It was demonstrated that Hypoxen
lowers the impact of malate and glutamate dehydrogenase. The level of
inhibition of enzymes fluctuates in accordance with the concentration of
Hypoxen and the amount of cells in the examined sample.

The impact of Hypoxen on mitochondrion’s bioenergetic processes
related to respiration and generation of hydrogen peroxide was tested. A
Hypoxen concentration in the diapason of 0.05 — 10 ug/ml containing 0.125-
1 mg of mitochondrial protein extracted from the heart and lungs of Wistar
rats. Hypoxen in mitochondria, wupon oxidation of substrates
glutamate+malate and succinate+rotenone in specific concentrations,
stimulated the respiratory rate during the synthesis of the ATF and during
disconnected breathing, which denotes the antihypoxic role of Hypoxen in the
respiratory mitochondrial chain. In concentrations of 15 and 30 ug/ml,
Hypoxen reliably lowered the respiratory rate in condition 3 and in a
disconnected mitochondrial state under other invariable parameters of
oxidative phosphorylation.

The present research demonstrates the expediency of developing future
research on Hypoxen effects at the cellular level while taking into account the
possible barrier impact of the cytoplasmic membrane upon introduction of
Hypoxen in the cell and its involvement in the glycolysis process.
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THE ROLE OF THE MITOCHONDRIAL CYTOCHROME Bj5
REDUCTASE IN THE CYTOTOXIC EFFECT OF REDOX-CYCLING
XENOBIOTICS

Nikiforova A.B., Kupriyanova E.S., Kruglov A.G.
Institute of Theoretical and Experimental Biophysics, Russian Academy
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It was established that cytochrome b5 reductase isoform 3 (CybsR3) in
cell is localized predominantly in the endoplasmic reticulum and the outer
mitochondrial membrane. However, until now, the role and functions of
mitochondria-located enzyme in the cellular metabolism are unclear. In our
laboratory, it was previously shown that in the presence xenobiotics
mitochondrial cytochrome bs reductase produces reactive oxygen species
(ROS) and radicals of xenobiotics, which, in turn, induce the opening of the
permeability transition pore.

In order to elucidate the role of mitochondrial cytochrome b5 reductase
in the cytotoxic effect of xenobiotics, we created clones of HEK293T cell line
with a diminished expression of the protein. The viability of the parental cells
and clones were studied with the use of crystalline violet-based approach in
the presence of xenobiotics capable of being reduced by cytochrome bs
reductase (antimicrobial agent nitrofurantoin, vitamin K analogue
menadione, and lucigenin). It was found, that viability of cells with the
suppressed Cyb5R3 in the presence of nitrofurantoin and menadione was
significantly lower than of control cells. Similar, but lesser pronounced effect
was observed in the presence of lucigenin.

Thus, in a cell mitochondrial cytochrome bs reductase plays a protective
role in the presence of xenobiotics. The mechanism of this phenomenon is not
clear yet. Presumably, ROS and (or) radicals of xenobiotics, which are formed
on the reduction of xenobiotics by cytochrome b5 reductase, activate the anti-
apoptotic system in cells.

The work was supported by a grant to J.J. Lemasters from the Ministry of
Education and Science of the Russian Federation, Agreement
#14.750.31.0028 and a grant to A.B. Nikiforova from the Russian Foundation
for Basic Research (#16-34-01158 mol_a).
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OVERCOMING THE CONFLUENCE-DEPENDENCE
RESISTANCE OF TUMOR CELLS TO
DIETHYLDITHIOCARBAMATE: COBALAMIN ENHANCES DDC
TOXICITY AND CATALIZES DISULFIRAM FORMATION

Solovieva M.E., Shatalin Yu.V., Fadeev R.S., Kutyshenko V.P.,
Akatov V.S.
Institute of Theoretical and Experimental Biophysics, Russian Academy
of Sciences, Pushchino, Russia
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Alcohol-abuse deterrent Disulfiram (DSF) and its derivatives, for
example, diethyldithiocarbamate (DDC), are studied in a new strategy of
anticancer therapy last years. The cytotoxic effect of both DSF and DDC is
known to be related with their capacity to transport Cu+2 into the cells [1, 2].
Recently it was shown that such metals as zinc, cadmium, and gold also
enhance the toxicity of thiocarbamates [3— 6].

DDC is a low molecular weight dithiol. We have shown earlier that thiols
NAC, GSH, and DTT react with cobalamin (vitamin B12) and catalyze H202
generation that induces strong cytotoxic effect [7, 8]. This vitamin is
necessary for rapidly proliferating cells that often take place in tumors;
therefore some attempts were made to use Bi12 for carrying cytotoxic
compounds into cancer cell [9]. Here we examined whether DDC combined
with B12 can induce oxidative stress and cell death. We have shown that B12
significantly enhances the cytotoxic effect of DDC. It was followed by
overcoming the resistance to DDC of HEp-2, MCF-7, HT1080, HT29, A431
confluent cultures found in our experiments earlier, and by accelerating the
process of cell death realization. Interestingly, the effect of increasing the
DDC toxicity by cobalamin was not dependent of serum. Cobalamin induced
rapid oxygen reduction in DDC solution, and catalase partly inhibited this
reaction, but we could not find both any H202 in reaction buffer and ROS
generation in cells. However, the level of intracellular GSH significantly
decreases during 4 hours of incubation with DDC+B12. No apoptotic features
were found in dying and dead cells, and inhibitors of caspases and autophagy
were not effective in prevention of cytoplasm vacuolization observed as early
as 4 hrs after addition of DDC+B12, and cell death. These findings may
indicate paraptosis-like cell death, and it is under research now. Cobalamin
catalized massive formation of crystals in concentrated DDC solutions (1 mM
DDC and more + 25 mkM B12), and UF- and NMR-spectroscopy revealed
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that the product of this reaction is Disulfiram. However, DSF is poorly soluble
in water and, as we have found, is not toxic for HEp-2 cells at concentrations
up to 30-100 mkM in sparse and confluent cultures, respectively. Thus, the
question about the intermediates of DDC+B12 reaction that enhance the
cytotoxic effect is obscure and need further investigation.

The work was supported by a grant to J.J. Lemasters from the Ministry of
Education and Science of the Russian Federation, Agreement
#14.750.31.0028.
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It is well established that a period of monocular deprivation (MD)
decreases the activity of neurons in primary visual cortex that respond to
stimuli presented to the deprived eye [1]. As result, recovery from sensory
deprivation is slow and incomplete in adult visual cortex. Recently, it was
shown that visual stimulation during locomotion, which increases the gain of
visual responses in primary visual cortex, dramatically enhances recovery in
the mouse [2]. Responses to the particular visual stimuli viewed by the animal
during locomotion recovered, while those to another normally effective
stimulus did not, suggesting that locomotion promotes the recovery only of
the neural circuits that are activated concurrent with the locomotion. The
fundamental question therefore remains as to whether this enhanced
response might be related with an alteration in motor function. The goal of
the present study was to determine the impact of extended periods of MD on
goldfish visual-motor behavior. In this study, we performed two measures of
behavioral lateralization on the same individuals in one unselected
population of Carassius auratus: a) rotational bias in a narrow corridor, and
b) lateralization of the optomotor response (OMR) by which the animals
actively swim to stabilize their position with respect to a drifting visual
background. Index of motor laterality was calculated based on the ratio of the
number of full turns in a narrow corridor in the preferable direction to the
sum of turns in both directions [3]. An optomotor drum [4] modified by inner
opaque wall was used in the work. Laterality of OMR was reflected in
measurements of response velocity to gratings of low spatial frequency
(0,04cycles/degree, the drum speed was 180 degree/sec). Index of the
laterality is defined as the ratio: OMR velocity in temporal-to-nasal direction/
sum of OMR velocities in both directions. Monocular deprivation was
initiated by eye gluing with opaque, noninvasive mask on water-repellent
vehicle and was continued to 2 weeks. The eye was then re-opened to allow
for binocular vision. Both eyes remained open afterward, and behavioral data
were obtained over the next 2 weeks. Measurements of intact fish showed a
particularly significant correlation (Pearson correlation coeff. 0.61, p<0.001,
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n=35) between the measure of response velocity and the index of motor
laterality (IML) (Fig.1A, Table 1). The positive correlation indicated that the
subjects that preferentially use the right eye during OMR in nasal-to-temporal
direction tended to turn to the left more frequently in a narrow corridor, and
vice versa. Then we showed that irreversible monocular deprivation
(enucleation of the right eye) dramatically enhances both measures of
behavioral lateralization for the ambidextrous fish (Fig.1B). Lastly, we
observed that the eye occlusion in ambidextrous fish leads to the development
of preference of the turnings to the side of the closed eye (“blind” side). The
effect was remained at a higher level two weeks after peeling off the eye mask.
Thereby, the value of CMA in the rehabilitation period showed the
maintenance of lateralized status in most individuals. At the same time
operated fish showed the similar behavior with intact fish while following a
moving optomotor drum (Fig.1B). This probably means that long-term
deprivation affects rather the motor centers of goldfish (for example,
Mauthner cells and other reticulo-spinal neurons [5]) than the direction-
selective cells that maintained the perception of optic flow [6,7]. Further
research based on used in this paper data can help to clarify the question, and
fish seem to offer a good opportunity to investigate these issues.

This work was supported by Russian Foundation of Basic Research No.
16-04-01759-a.
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Fig.1. A — Scatter plot for control goldfish. CORA - coefficient of optomotor reaction’s
asymmetry, IML — index of motor laterality. B — Changes of IML and CORA after eye
enucleation and deprivation. *, the differences were statistically significant (p<0.01; paired
two-tail t test). Black columns note the values of IML, grey columns note the values of
CORA.
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Table 1 — Correlation between the velocity of the optomotor response and motor

bias.
Mean velocity, cm/sec
Grglslll: of temporal-to- nasal-to- CORA IML
nasal temporal
ﬁ;“(giff;‘)tm 3.2+ 0.4 3.5+ 0.4 0.51 + 0.04 0.52 £ 0.02
Right-
turning 4.5+ 0.5 3.6 £ 0.4% 0.56 £ 0.02 0.59 + 0.03
(n=5)
Left-turning N
(n=8) 3.4+ 0.9 4.3+0.8 0.60 + 0.05 0.57 £ 0.02
To the preferred | To the
side contralateral side
Lateralized .
(n=14) 4.4+ 0.4 3.6+0.4 0.58 £ 0.04 0.58 £ 0.02

¥, the differences between temporal-to-nasal and nasal-to-temporal motion were
statistically significant (p<0.01; paired two-tail t test). **, p<0.005.
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