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Ha sHepruzoBaHHBIX ITyTEM OKMCJIEHUSI CYKIIMHATA U30JIMPOBAHHBIX MUTOXOHAPHUSIX TIEYEHU KPBIC U JISIM -
THHOBBIX JINTIOCOMAX MCCIIEI0OBaHO IeiiCTBUE 0-THAPOKCUTIATBMUTHHOBOI KUCITIOTH KaK MHIyKTopa Ca®*t-
3aBHCHMOII TiepMeabum3anny Mem6pan. Takue Ca?t-3aBucuMble 3¢ deKThl 0-THIPOKCUTIATBMUTHHO-
BOI KMCJIOTBI HA MUTOXOHJIPUHU W JIMTIOCOMBI CPABHEHBI C aHAJIOTUYHBIMU XOPOIIIO U3y4YeHHBIMU 2 dheK-
TaM¥ MaJIbMUTUHOBOI KHUCIOTHI. Y CTAaHOBJIEHO, YTO B MPUCYTCTBUM LUKJIOCTIOPUHA A W-TUAPOKCUTIATb-
MUTHUHOBAsI KMCJIOTa BbI3bIBAET CYIIECTBEHHO 00Jiee MHTEHCUBHOE HaOyxaHUe MUTOXOHIPUIl, YeM Talib-
MHTHHOBAsI KICJIOTA U, TAKIM 00pa3oM, sIBIsieTcst 6ostee 9((dEeKTUBHBIM MHAYKTOpoM Ca’'-3aBuciMoit
LIUKJIOCTIOPMH A-HE4yBCTBUTEILHO TTepMeaduiIn3aluy BHyTpeHHe MeMOpaHbl opraHesii. Bmecre ¢ Tem
O-THUIPOKCHUTATBMUTHHOBAST KUCIOTa Kak nHaykrtop Ca’™-3aBucumoro Bbixona cyabdoponamuna b us
JIMTIOCOM 3HAYUTEJIbHO yCTymaeT B 3(h(eKTMBHOCTU MaIbMUTUHOBOM Kuciore. [loka3zaHo, 4To B oTIuYMe
OT NMaJBMUTHHOBOI KUCIIOTHI, IefiCTBUE 0-THIPOKCUTATbMUTHHOBO KHUCTOTHI Kak MHIyKTopa Ca?t-3a-
BUCUMOI1 TOPHI B MUTOXOHAPUSX TIEUEHU TMOJHOCTBIO OJIOKUpPYETCs HeopraHndeckKum ¢docdaTtomM B TIpU-
CYTCTBUU LUKJIOCTIOpUHA A. BBISICHEHO, UTO B 3TOM cllyyae HeopraHudeckuit hocdar He MOXKeT ObITh 3a-
MEHEH OJM3KUM IO CBOMCTBY MPOHUKAIOIIMM aHUOHOM — BaHanaToM. [loyuyeHHbIe TaHHbIE paccMaTpU-
BaIOTCSI KaK CBUAETEIBCTBO TOTO, UTO O-TUAPOKCUITATIBMUATUHOBAS 1 MaJIbMUTUHOBASI KMCIOThHI KaK UH-
nykTopsl Ca’'-3aBHCHMOil TepMeabWIM3allid MUTOXOHIPHI ITeYeHH CYIIECTBEHHO OTIMYAIOTCS IO
MexaHusMy neiicteusi. Ecau Ca?"-3aBucuMelit 3 dheKT NaabMUTUHOBON KUCIOTH MOXKHO PAaCCMaTPUBATh
Kak (opMUpOBaHHUE JTUTIIHOMN MOpkL, To Ca’t-3aBucuMblit 3p(HeKT w-rNIPOKCHITATBMUTHHOBOM KHUCIIO-
ThI B IPUCYTCTBUM HeopraHndeckoro ¢ocdara — GopMUpoBaHUE IUKIOCTIOPUH A-4yBCTBUTEIbHOU MU-
TOXOHApHaIbHOU TTopbl. O0CyXaaeTcs neficTBUe HeopraHnyeckoro ocdara kak 6J10KkaTopa MHIYLUPYE-
MOl O-THAPOKCUTIATBMUTUHOBOI KicitoToit Ca2t-3aBUCHMOil IUKIOCTIOPUH A-4yBCTBUTENBHOI TOPHI B
MUTOXOHAPUSIX TIEUSHU.

Karoueswie cnosa: mumoxonopuanvHas nopa, 0-2uOpOKCUNANbMUMUHOBASL KUCAOMA, NAAbMUMUHOBASA KUCAO-
ma, YuKA0Ccnopur A, UOHbL KanbUus, Heopeanuueckull gpocgpam.
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OIHUM U3 CBA3aHHBIX C MUTOXOHAPUSAMU 3BeHbeB T ECHHbBIX OesIKoB:

LIMTOXpOMa ¢, WHAYLUMPYIOIIETo

B CJIOKHOM MEXaHM3Me I'MOeIn KJIETOK SIBJISIETCSI UH-
OYKIOUST  KaJbLM-3aBUCUMON HecTelunpruIecKomn
MPOHMWIIAEMOCTH BHYTPEHHEN MeMOpaHbl — (POPMH-
poBaHME MUTOXOHAPUAJILHBIX MTOP. DTO B CBOIO OYe-
pedb TIPUBOAUT K HapPYUIEHUIO SHEPreTU4eCcKux
GYHKIIMI MHUTOXOHIPWI, TpeXae BCEro CHUHTE3a
AT®, a Takke K BBIXOY U3 MEXKMEMOPaHHOTO MPO-
CTpaHCTBA B LIUTOIMJIa3My TaK Ha3bIBa€MBbIX aIlOIITO-

Cokpawenus: LcA — tmkinocriopun A, I'TIK — w-rugpokcu-
MaJIbMUTUHOBAS .

aronTo3 (pakTopa, 3HIoHyKaeas3sl G u ap. [1, 2].

M3BecTHBI pasuyHbIC TUIIOTE3bl O MEXaHU3MeE
¢bopMUpOBaHUSI MUTOXOHIApUAIbHOW MoOphl. B Ha-
CTOsIIee BpeMsl IIMPOKOE PacIpoOCTpaHEHUE MOJy-
yujia TUIMOTe3a O TOM, UTO OCHOBHOM CTPYKTYPHOI
eIUHULIEd MUTOXOHAPUAJILHON TOpPBI  SABJSIETCS
FoF|-AT®-cuHTa3a, npyrue 0e1KU MUTOXOHIPUIA:
AIDO/ATD-antunoprep, mnepeHocuuk docdara,
muKiopuirnH D BBICTYNalOT B Ka4yeCTBE OEITKOBBIX
MOIYJISITOPOB Nopkl [2—6]. Luknocrmopun A (LIcA),
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cnelruUIecKnii 6J10KaTOp TaKoi «KJIaCCUYECKOMN»
MOpPBbI, CBSI3BIBAsICh HAa BHYTPEHHEH ITOBEPXHOCTU
BHYTpEeHHEIl MeMOpaHbl ¢ HuKiIoGuInHoM D, cHu-
KAeT 4yBCTBUTEIbHOCTbL MUTOXOHApUIi K Ca’" Kak K
MHOYKTOPY Tophl [1—8]. DddexkTuBHBIM (pHU3MOIIO-
TMYECKUM MOIYJISITOPOM MOPHI SIBJISIETCSI HEOpPraHU-
yeckuii pocdar (P;) . Xopolo ycraHossieHo, uyto P;,
TaK Xe KakK ¥ ero XMMUYeCK1e aHaJIOTU apceHaT U Ba-
HaJaT, MOBBIIIACT YyBCTBUTEIILHOCTh MUTOXOHIPUIA
K Ca?" kak K uHAYKTOpY TopHI [9]. Hapsiny ¢ atum P;
ycunusaeT apdekT LIcA Kak 6yokaTopa mops! [9]. B
IocJIefHeM citydae P; He MoxeT ObITb 3aMeHEH OJIn3-
KVMU I10 CBOMCTBaM IIPOHUKAOIIMMH aHNOHAMM ap-
ceHaToM U BaHagatoM [9]. beio mpeanoaoxeHo cy-
IIECTBOBAHWE HAa BHYTpPEHHEil TOBEPXHOCTU BHYT-
peHHell MeMOpaHbI PEryJISITOPHOTO caiiTa, CBsI3bIBa-
HME C KOTOPBIM P; cONpoBOXIaeTcs NHIIMOMPOBAHNU-
€M IOpbI ¥ KOTOphIii B orcyTcTBUE LICA 3amackupo-
BaH 1ukiaoduimHoMm D [9].

OnnumMu u3 5GdeKTUBHBIX UHAYKTOpOoB Ca’t-3a-
BUCHUMOIT TIOPEI B MUTOXOHIPUSX KMBOTHBIX SIBJISI-
JOTCI  CBOOOIHBIE MOHOKApOOHOBBEIE KHMPHBIC
kucaotsl [10—13]. UzBecTHO, uTo MHAyKUuMsa Ca*t-
3aBUCUMOI  HecleludruIeckoit MPOHUIIAEMOCTHU
BHYTpEeHHEI MeMOpaHbl MUTOXOHIPHUIA ITaIbMUTH-
HOBOM U APYTUMM HACHIIIIEHHBIMU KM PHBIMU KMCJIO-
Tamu He TiomaBisieTcst LIcA [11—13]. YcraHoBaeHO,
YTO TaKue XUPHbIE KUCIOTH B mpucyrctBun Ca?t
cnocoOHbl 3((HEKTUBHO WHAYLIMPOBATb HeCHEel-
¢uyecKyio IIPOHUIIAEMOCTh KaK MCKYCCTBEHHBIX
MeMOpaH, TaK M IJjIa3MaTU4ecKo MeMOpaHBI SPUT-
pouutoB [12—15]. B ocHOBe MexaHU3Ma MHAYKIMWU
TaKoi MMPOHUIIAeMOCTU MOXET JieXKaThb 00pa3oBaHue
JIMIUAHBIX TOp TIpu (OPMUPOBAHUM KOMILJIEKCOB
SKUPHBIX KUCJIOT ¥ Ca?" 1o MEXaHU3MY XeMOTPOITHO-
ro ¢dazosoro nepexona [12—16].

OnHuM U3 nyTeit MeTabosin3Ma MOHOKapOOHOBBIX
SKUPHBIX KMCJIOT Y MJIEKOIIUTAIOIINX U YeJIoBeKa SIB-
JIIeTCSl UX W-OKMCJIeHUE, MPOUCXOosliee, TJIaBHbIM
00pa3oM, B KJIETKax MeYeH! U ToUeK U MPUBOSIIEe
K 00pa30BaHWIO COOTBETCTBYIOIIMX W-TUAPOKCUKAP-
o6oHoBEIX KucioT [17,18]. Tak, B ripoiiecce w-oKuCIe-
HUYS MaJIbMUTUHOBOM KHCJIOTHI B KauecTBE MEpBUY-
HOT'O MpPOJyKTa 00pa3yeTcst W-TUAPOKCUNATIbMUTH-
HoBas kucnora (I'TIK). HakomieHne 3T0it KUCIOTHI
B KPOBU U KJETKax IMallMEeHTOB HaOjitogaeTcs Mpu
Pa3IMYHBIX TTaTOJOTMYECKUX COCTOSIHUSIX, CBSI3aH-
HEBIX C HapyIIEHUEM JIMIUIHOTO oOMeHa [18].

HenaBHo HaMM OBLIO YCTAHOBJICHO, UTO B IIPUCYT-
ctBun noHoB Kajublus I'TIK crmocobHa MHAyLIMPO-
BaTh CIWSIHME M/WJIN arperanuio MeMOpaH JeUTH-
HOBBIX JUIOcoM. [IpearonoxeHo, 4YTo 3TOT Mexa-
HM3M JIEXUT B ocHOBe Ca’'-3aBucuMOii arperanuu
sputpouutoB, uHaynupyemoit I'TIK [15]. TTIK B
npucyrctBun Ca’?" Takke MHAYLIMPYET arperanuio
MUTOXOHIPUI II€YEeHM, KOTOpasi COIPOBOXKIACTCS
BBIXOJIOM IIMTOXpoMa ¢ U3 opraHe1 u LIcA-HeuyB-

AYBUHWH u np.

CTBUTEJILHOI MepMeadIn3anneil BHyTpeHHE MeM-
Opansi [19].

OcraeTcss HEU3BECTHBIM MEXaHU3M JeiiCcTBUS
I'MIK kak unaykropa Ca’*-3aBucumoii nepMeadbuImn-
3allMd BHYTPeHHEN MeMOpaHBI MutoxoHapuii. He-
0o0xonMMBbl JanbHeiinme ucciaenopanus Ca’™-3aBu-
cuMbix 3¢ dexToB I'TIK kKak Ha M30TMPOBAHHBIX M-
TOXOHAPUSIX TIeYeHU, TaK U Ha juriocomax. Ilpu
MPOBeIeHUM UccaenoBanuil Takue Ca?t-3aBucumbie
addexThl 'TIK Ha MUTOXOHAPUU U JTUTTOCOMBI 1ieJie-
CO00pPa3HO CPAaBHUTH C AHATIOTUYHBIMHU XOPOIIIO U3Y-
YEeHHBIMU 3(pheKTaMU NaJIbMUTUHOBOM KUCIOTHI OT
kotopoii I'TIK oTinyaercs TOJbKO HaJIudueM TUi-
POKCHJIBHOI TPYIIILI B W-TT0JI0XKeHUU. [TonydyeHHbIe
JIaHHbIE PacCMaTPUBAIOTCS KaK CBUIETEIbCTBO TOTO,
yto I'TIK 1 manbMUTHHOBAsI KMCI0Ta, KaK NUHAYKTO-
pel Ca?*-3aBucuMoOii mepMeabUIM3alUh MUTOXOH-
JIPUi eYeHU, CYLIECTBEHHO OTIMYAIOTCS IO MeXa-
Hu3My gevicteus. Ecim Ca?'-3aBucumblii 3 dekT
MaJbMUTUHOBOM KHCJIOTHI MOXHO paccMaTpHBaTh
Kak (POPMUPOBAHUE JIUITAIHOI 1Topel, To Ca?™-3aBu-
cumblil adgdexr I'TIK B npucyrcteun P; — kak ¢op-
MUpOBaHUE «KJIaccuuyecKoii» LIcA-ayBcTBUTEIBHOM
TOPHI.

MATEPUAJIBI U METOJbI

MUTOXOHAPUM U3 TTeUeHU OEIbIX MOJOBO3PEIIbIX
KpbICc-caMIIoB Maccoii 210—250 r Beiaesiin oOIe-
MPUHSATHIM MeToJIoM AuddepeHIInaTbHOTO LIEHTPU-
¢dyrupoBaHus C TOCIEAYIONIUM OCBOOOXIECHUEM OT
9HJOTEHHBIX XXUPHBIX KUCJIOT C TIOMOIIbIO OBIYbETO
CBIBOPOTOYHOTO aJIbOyMUHA B COOTBETCTBUU C METO-
IuKoit, onrcaHHoIt B pabote [20]. Cpena BeAEICHUS
conmepxaina 250 MM caxapossl, 1 MM EGTA, 5 MM
MOPS-tpuc, pH 7,4. Kornenrpannio 6e1Ka MUTO-
XOHIpUI ompenessyii OUypeTOBBIM METOAOM, B Ka-
YecTBE CTaHIapTa MCIIOJb30BaId PACTBOP ObIUBLETO
CBIBOPOTOYHOTO ajibOymMuHa. Bo BpeMs nipoBeaeHuUs
SKCIIEPUMEHTA CYCITEH3MI0 MUTOXOHaApUit (60—70 Mr
MUTOXOHJAPUAJIBHOTO 0eJTKa B 1 MJT) XpaHWJIA Ha JIbAY
B Y3KOM INTACTUKOBOM IIPOOHPKE.

M3MeHeHne ONTUYECKOW IUIOTHOCTH CYCHEH3UU
MHUTOXOHIPUI PErUCTPUPOBAIN MHPU IJIUHE BOJIHBI
540 um Ha cnekrtpomerpe <«FLAME-T-UV-VIS»
(Ocean Optics, CIIIA). IIpoHuiiaeMocTb BHYTPEH-
Heit MeMOpaHbl MUTOXOHIpUil 11 CaZ' onpenensau
¢ nomoltubto Ca?t-ceseKTUBHOro saekTpona. Pas-
HOCTb 3JIEKTPUUYECKUX MOTeHIMAJIOB (Al) Ha BHYT-
peHHell MeMOpaHe MUTOXOHIPHWI OLIEHUBAJIM II0
pacripefielieHrI0 KaTuoHa TeTpadeHnIdocHoHms
yepe3 BHYTPEHHIO MeMOpaHy, KOHLIEHTPalUIo KO-
TOPOT0 PETMCTPUPOBAIN C IOMOINBIO TeTpadeHWI-
dochoHMIT-uyBCTBUTEIILHOTO 3JieKTpona. M3mene-
HUA KOHIIeHTpanuii rerpadpenmndochonud n Ca®t B
cpele peruCTPUPOBAJIM OJHOBPEMEHHO C TTOMOIIBIO
OPUTMHAIBHON MHOT'OKAHAJILHOM 3JIEKTpOMETpUYE-
ckoii cucreMbl Record 4usb B KioBeTe 00BEMOM

BUO®PU3NUKA TtomM 64 Ne6 2019
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Puc. 1. 3aBUCUMOCTU CKOPOCTH U3MEHEHUSI ONITUYECKOM IJIOTHOCTU CYCIIEH3UM MUTOXOHIPHUI TTeYeHU OT KOHIIEHTPALIUM J10-
0aBJIsIeMOi XXUPHOU KUCIOTHI (2) ¥ x1opuaa Kanblus (0). [Jo6aBku Ha puc. (a): mabMuTuHOBas kucioTa (1) u I'TIK (2) B yka-
3aHHBIX KOHIEeHTpauusix. Jlo6aBku Ha puc. (6): 30 MkM nansmutuHoBo# kucaotsl (1), 30 MM I'TIK (2), xsiopun kKanbuust —
B yKa3aHHBIX KOHIIeHTpalusax. KoHIleHTpallisi MUTOXOHAPUAIBHOTO Oefika B stueiike — 0,4 MT/MII. YCIIOBMST OIbITa U COCTaB
cpenbl MHKYOalMy onucaHbl B pasneiie «Matepuasibl 1 MeTonbl». [1puBeneHbl cpenHue 3HaueHusl + cTaHAapTHasl olIMOKa
cpenHero (n = 3), B HEKOTOPBIX CJIydasix 3HaUeHMsI CTAaHIAPTHOI OIIMOKM CPeIHETO He IMPEBbIIIAOT pa3Mepa YKa3aHHBIX Ha

PUCYHKE CUMBOJIOB.

1,2 M1 ipu 25°C npu HOCTOSTHHOM a’palliy U Mepe-
MemuBaHuu. Cpena MHKyOAllMM MUTOXOHAPUI CO-
nepxana 200 MM caxapossr, 20 MM KCI, 20 MkM
EGTA, 5 MM graTapsoit kuciotel 1 10 MM MOPS-
tpuc (pH 7,4). boapiire omHOCIONHBIE JTUTTOCOMBI,
HarpyxeHHble cyabdoporamMuHoM b, dopmupoBaiu
U3 JIELUTUHA METOJIOM 3KCTPY3UN B COOTBETCTBUU C
omnucaHHOI paHee MeToaukoii [19]. Beixon cynbdo-
poramuHa b U3 aunocom ornpenensiyiv 1Mo yBeauue-
HUIO MHTEHCUBHOCTU (DJIyOPECLIEHIIMU BCJENICTBUE
JUCccoLallud TUMEpPOB cyabdopomaMuHa b mocie
pa3baBiicHUSI KpacuTeJIsI BO BHelllHe cpene [19].

PE3VJIBTATHI

I'TIK ungymupyer Ca’*-zasucumyio IIcA-Heuys-
CTBUTEJIbHYI0 Hecnenu(puyecKyo nepMeadnIM3anuio
MHTOXOHApHUIi eyenu 0oJiee 3¢ GeKTUBHO, YeM NAb-
MHMTHHOBAsi KHMCJIOTa. XOpPOIIO YCTAaHOBJIEHO, YTO
¢dopmupoBaHue kKak LICA-uyBCTBUTENbHOI, TaK M
HEJYYBCTBUTEIBHOM TTOp BO BHYTPEHHEW MeMOpaHe
MUTOXOHAPUI COIPOBOXIAETCS BBICOKOAMILIUTYI-
HbIM HaOyxaHUEM 3TUX OpraHejll, UHKYOUpYEeMbIX B
caxaposHoii cpene [10—12,19,21]. HaGyxaHue Muto-
XOHIPUI MPUBOIUT K YMEHBIIEHUIO pacCeuBaHUS
MMPOXOASIIETO Yepe3 CYCNIeH3MI0 MUTOXOHAPU CBe-
Ta, 1 9TO MOXET ObITh 3aPETMCTPUPOBAHO KaK CHU-
XKEHUE OINTUYECKON IUIOTHOCTU 3TON CYCHEH3UU
[10—12,19,21]. Kak moka3zaHo Hamu paHee [19] u
MOATBEPKIAEHO B HacToslleit paboTe (maHHBIE He
npuseneHsl), I'TIK, Tak ke Kak ¥ nmaJbMUTUHOBAS
KMCJIOTa, BbI3bIBAET 3HAUYUTEIbHOE CHUXKEHUIO ONTH -
YECKOI MJIOTHOCTU CYCTIEH31MU B OTCYTCTBUE U B IPU-
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cyrcrBuu LIcA, 9TO TakkKe CBUAETEIILCTBYET O BHICO-
KOaMIUIMTYTHOM HaOyXaHWUM 3TUX opraHejul. Beuio
TaK>Ke YCTaHOBJIEHO [19] 1 moATBEpKI€HO B HACTOSI -
meil padbore (maHHbIe He mpuBeaceHb), yTo I'TIK Tak
Xe 3p@PeKTUBHO, KaK M NAJIBMUTHUHOBAS KHMCJIOTA,
WHAYLMPYET OBICTPHIi Bbixox Ca?t n3 MaTpukca Mu-
TOXOHAPUI 1 TTOJHOE nageHue A\ B OTCYyTCTBUE U B
npucyrctBuu lIcA. DT maHHBIe paccMaTPUBAIOTCS
KakK cBuueTeabcTBO Toro, uro I'TIK, Tak ke Kak u
najJbMUTUHOBAsI KUCJIOTA, CIIOCOOHA MHAYIIUPOBATh
Ca?*-3aBucumyto LIcCA-HEUyBCTBUTENBHYIO TOpPY B
MUTOXOHIPUSIX IeueHu [19].

st cpaBHeHUs 3 HEKTOB NaJTbMUTUHOBO KUC-
Jotel U I'TIK ObUia UcciienoBaHa 3aBUCUMOCTD CKO-
pocTu HabyXaHUSI MUTOXOHIIPUI OT KOHLEHTpaluit
STUX XKUPHBIX KUCJIOT U XJIOPUIA KaJdbLMs. Y CTaHOB-
JIEHO, YTO B MUTOXOHAPUSIX, HATPYy>KEHHBIX XJIOPU-
noM Kajblus (50 MKM), acdbdexT I'TIK Kak UHIYKTO-
pa LIcA-HeudyBCTBUTEbHOM MepMeaduIn3aliuu Mpo-
SIBJISIETCSL YK€ MpU KOHILEHTpauuu 5 MKM wu
JIOCTUTAaeT MaKCUMaJIbHOTO 3HAUYEHUSI MTPU KOHIIEH-
tpaiuu 30 MKM, B TO BpeMsl KakK IMaJbMUTUHOBAS
KMCJIOTa 3HAYMTEIbHO MeHee 3ddeKkTuBHa (puc. 1a).
KonueHTpalus m006aBisieMOro XJopuaa KaJblus,
IIpX KOTOPOI HAOJIIOAAI0TCSI MaKCUMaITbHEIE 3P deK-
Tol 20 MKM XUPHBIX KMUCJIOT, cocTaBiisieT 50 MKM
(puc. 10). B mpucyrcrBun LicA I'TIK 6onee maTEH-
CUBHO MHAYLIMPYET HabyXaHWe MUTOXOHAPUII meve-
HU, YeM MaJbMUTUHOBAs KUCJIOTA TPU Pa3IUUHBIX
KOHILIEHTpaLUIX XJopuraa Kajablus (puc. 10). Ciaeno-
patesbHo, I'TIK kak wunHoykrop Ca’"-3aBucuMoit
LIcA-HeuyBCTBUTENBbHOI MOPHI B MUTOXOHAPUSIX Te-
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Puc. 2. Brixon cyinbdoponamuHa b 13 0qHOCIOMHBIX 1~
IMOCOM, UHIYLIMPOBAHHBIN MAJIbMUTUHOBOM KHCJIQTOM B
2+ 2+
npucyrctBun Ca“" (1) u I'TIK B npucyrcrBuu Ca“" (2).
YcII0BUSI OTBITA U COCTaB Cpellbl MHKYOAIMU OMKUCAaHbI B
pasnene «Matepuanbl U MeTonbl». Jlo6aBku: 50 MKM
naTbMUTUHOBOM KucyoThl, 50 MkM T'TIK, 1 MM xnopuna
KaJIbLMs (Ca2+), 0,1% tputona X-100 (TX-100). Ipexa-
CTaBJIeHbI TaHHbIE TUITMYHOTO SKCIIEPUMEHTA, TTOJTyUYeH-
HbIE Ha OJHOM IIpernapaTe JIMIIOCOM. AHaJIOTMYHBIE pe-
3YJITAThI ObLIU MOJYYEHBI €11 B TPeX HE3aBUCUMBIX 9KC-
TepUMEHTAaX.

yeHU 6osee 3pdeKTUBHA, Y4eM NAITbEMUTUHOBAST KHC-
JIoTa.

I'TIK B oT1M4Ke OT MAJbMHUTHHOBOI KHCJIOTHI CJ1200
unaynupyer Ca?*-3aBucuMblii BBIXOJ Cy/Ib(hOPOIAMH-
Ha b u3 unocom. Bo BBeieHUH ykKe OTMEUYaIoch, UTO
MaJbMUTHUHOBas KucaoTa B pucyrcrsuu Ca?t crio-
coOHa MHAYLUPOBaTh IMPOHUIIAEMOCTb UCKYCCTBEH-
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HBIX MEMOpPaHHBIX CUCTEM — JIUIIOCOM ISt (pryopec-
LIEHTHOTO 30H1a cyiabdopogamuna b [12,13,16]. Otu
JIaHHBIE JIETJIU B OCHOBY KOHLETILIMU JIUTIUIHOMN MO-
pbI, chOpMUPOBAHHOM B JIMIIUITHOM OMCIIOE IO MeXa-
HU3MY XEMOTpPOIHOTO (hazoBoro nepexona [12,13,16].
Kak ycranoBieHo B HacTosei padote (puc. 2, Kpu-
Bag /), B npucyrcteun 1 MM Ca?' mansMuTuHOBas
KNCJIOTa yXe B KOHHeHTpauuu 50 MKM BEI3BIBacT
WHTEHCUBHBIN BbIXOI cylabdopoaamMuHa b us3 numo-
coMm. Ilocaenyiomiee nobaBaeHne HEMOHHOTO ACTEP-
renta TputoHa X-100 (0,1%) mpuBOAUT K madbHEM-
meMy BBEIXony cyiabdoponammHa b, 9To cBumeTens-
CTBYET O pa3pylICHUM OCTaBIIEIICSI YaCTU JIMIIOCOM.
I'TIK B xoHueHTpauun 50 MKM He 3¢ @deKTUBEH B
npucyrcteuu 1 MM Ca?* (puc. 2, xpusas 2). Ha
puc. 3a mpuBeIeHbl TaHHbIE 3aBUCUMOCTU OTHOCHU-
TEJILHOTO KOJIMYECTBA BBIIIEIIICTO CYIb(MopogamMu-
Ha b 13 TumocoM oT KOHIeHTpaLU MaTbMUTUHOBOM
kuciotsl (kpuBas /) u I'TIK (kpuas 2). Kak BumHo
W3 PUCYHKA, ITAJIbMUTUHOBAS KMCJIOTa B KOHILICHTpa-
unu 50 MxkM B nipucyrctsun 1 MM Ca?* ungynupyer
BBIXOJ M3 TUITocoM cyiabdopoaamuHa b Ha 80%. s
noctikeHud mmomooHoro 3@dekra I'TIK Heobxomm-
MO KOHILIEHTPAIUIO 3TOM XUPHOI KHUCIIOThI YBEJIM-
yuTh 10 500 MKM (puc. 3a, Kpusag 2). [TaabMuTHUHO-
Basl KMCI0Ta B KOHIeHTpauuu 50 MKM MHIyIupyeT
CyLIEeCTBEHHBII BbIXO cybdoponamMmuHa b u3 nurmo-
coM yxe npu KoHueHtpauu Ca?* 0,1 MM (puc. 30,
kpuBasg [). I'TIK B koHeHTpauuu 50 MKM He 3¢-
(dexTuBeH nmaxe npu KoHueHTpauuu Ca’t 2 MM
(puc. 36, xpuBasg 2). CnegoBatenbHo, ['TIK 3xHaum-
TeJIbHO cliabee MaJIbMUTUHOBOM KMCIOTBI WUHIYIIW-
pyet Ca?*-3aBucuMslii BbIxoz cyiabdoponamuHa b us
JIUTIOCOM.
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Puc. 3. 3aBucumocTu Bbixoza cysibhopogaMuHa b 13 IMITOCOM OT KOHIIEHTPAIIUY KUPHBIX KUCJIOT (a) 1 X1opuaa Kaibims (0).
YcnoBust ombiTa M COCTaB cpedbl MHKYOAllMM ONMUcCaHbl B pasnelic «Matepuaibl M MeTonbl». JlobaBku Ha puc. (a):
nanbMuTuHOBas KuciaoTa (1) u I'TIK (2) B ykazaHHBIX KOHIeHTpausix. [lob6aBku Ha puc. (0): 50 MKM majJbMUTUHOBOM
kuciotsl (1), 50 MxM T'TIK (2), xmopua Kaapliisg — B YKa3aHHBIX KOHIIEHTpalusax. [IpuBeneHsl cpenHue 3HadeHus (n = 3),
3HAYEHMSI CTAaHAAPTHOM OLIMOKYU CPEeHEro He MPEeBbIIAIOT pa3Mepa yKazaHHbIX Ha pUCYHKE CUMBOJIOB.
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Heopranuueckmii hocar (P;) B mpucyrereum LicA
He BJHseT HA 3(P(PEKT MATbMUTHHOBOH KHCJIOTHI KaK
unaykropa Ca’*-3aBucumoii nepMeaduIM3aMy MUTO-
XOHJIpPHii, HO 0JIOKHpYeT aHajornuHoe neiicteue I'TIK.
Bo BBCIACHNU YXKE€ OTMEYAJIOCh, YTO OOJHUM U3 3(1)-
¢deKTUBHBIX MOAyasATOpoB LICA-uyBCTBUTENIBHO
MOpHI SABIsAeTC P;, CHOCOOHBIN MOBBIIIATE YyBCTBHU-

TeJIBHOCTh MUTOXOHApUiT K Ca?'t Kak K MHIYKTOPY
MOPBI U HAPSITY C 3TUM YCUIIUBaTh AeiicTBue LIcA kak
6yiokaTopa nopel. Ot 3(pPekThl P; nocTurarot Max-

CUMaJIbHBIX 3HAUEHU YK€ TIPU €T0 KOHIIEHTpalluK B
1 MM [9]. TlpencraBisieT UHTEpPEC BBISICHUTh, KakK
BnusgeT P; Ha adPeKT MaTbBMUTHHOBOI KHUCTOTHI U
I'TIK KaK MHOYKTOPOB IMOphI. B NpUCYTCTBUU B Cpelie
nHKkyoaumn 1 MM P; BHecenne 40 MKM xsopuna

KaJIbLUS IIPUBOAUT K HAOyXaHWIO MUTOXOHAPUIA I1e-
yeHu (puc 4a u 46, xkpusbie /). [1pu 3TUX YCIOBUSIX
1 MKkM 1IcA momHOCTBIO OJIOKWpYeT HalOyxaHue
(puc. 4a u 40, kpusble 2). [lanbMuUTHHOBAsI KMCJIOTA
WHAYLMpPYeT OBICTpoe HaOyxaHWe MUTOXOHIPUI
MPUOIU3UTESIBHO B PaBHOI CTENEeHU KaK B OTCYT-
ctBue (puc. 4a, kpuBasg 3), Tak U B IpAcyTcTBUN P;
(puc. 4a, xpusas 4). LIcA B mpucyrctBuu P; He ad-
dextuBeH (puc. 4a, kpusas 5). [Ipu aHAJIOTMIHBIX
yenoBusax I'TIK, Tak ke Kak m IMaabMUTHHOBAsT KHC-
JIoTa, UHOYLUPYET OBICTpoe HaOyXaHWE MMTOXOH-
JIpUii TpUOIN3UTEILHO B paBHOI CTEIEHN KaK B OT-
cyrcrBue (puc. 46, KpuBas 3), TaK U B IPUCYTCTBUU
P; (puc. 46, xpusas 4). OnHaKo NpU yCIOBUU UHKY-
6aunu mutoxoHnpuii ¢ LicA u P; I'TIK, B otinume ot

MAJIBMUTUHOBOM KUCJIOTHI, HE MHIYLMpPYeT Habyxa-
HUs opraHeJut (puc. 40, Kpuas J3).

Ha puc. 5a nmpuBeneHbl JaHHBIE CPABHUTEIILHOTO
WCCIeN0BaHUSI 3aBUCUMOCTU HaYaJlbHOM CKOPOCTU
nHayuupyemoro I'TIK v maabMUTUHOBOM KWUCJIOTOMN
Ca’*-3aBUCcHMOro HaOyXaHUsI MUTOXOHIPUNA, UHKY-
6upyeMsbix ¢ 1 MKM LIcA, ot koHueHTpanuu P;. Kak
BUIIHO W3 pUCyHKa (kpusad /), P; B KoHIIeHTpaunu
1 MM sddexkTnBHO OGoKMpyeT nHAyLupyemoe I'TIK

HaOyxaHue opraHesul. [1pu Tex ke yCIoBUsIX, HO IPU
sameHe I'TIK manbMUTUHOBOM KKUCIOTOM, P; B KOH-

HeHTpauuu 1 MM HaoOOpOT yBeIUUYMBAET CKOPOCTh
HaOyxaHUsI MUTOXOHApU (puc. Sa, Kpunas 2).

IIpu usydyenum sdpdexros P; Kak monynsaropa

Ca’*-3aBucHMOIi TOpBHI IEHCTBUE 3TOTO AHUOHA
cpaBHMBAIOT ¢ 3P deKTaMu OJIM3KOTro IO CBOMCTBAM
MpOHMKAIIIETO aHWOHA BaHamaTta [9]. YcTaHoBIe-
HO, YTO BaHAmaT maxke B KOHIeHTpauuu 5 MM He
okasblBaeT BiausHuA Ha Ca’?t-3aBucrumMoe HabyxaHue
MUTOXOHIpHii, mHaynupyemoe Kak I'TIK (puc. 506,
kpuBass [), TaKk M TAJIbMUTHHOBOU KUCJIOTOM
(puc. 56, kpuBas 2).

B npucyrctBun P; majibMUTHHOBasg KHUCJIOTa B
paBHOIi CTEIIEHN U B OTCYTCTBUE, U B TIPUCYTCTBUU
LcA uanyuupyer 661cTphIii Boixon Ca?t u3 maTpukca
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Puc. 4. Brmusiaue Heopranmueckoro docdara u LicA Ha
KWHETUKY U3MEHEHMS OTITUYECKO TUIOTHOCTH CYCITEH3U U
MUTOXOHJIpUII MeYeHU, MHIYIIMPOBAHHYIO MaJIbMUTUHO-
Boit kucioroii (a) win I'TIK (6). Hudpamu od6o3HaYeHBI
KpUBBIE, TIOJTyYeHHBIE TTPU J0OABKAX Pa3IMUHBIX aTeHTOB:

1—-P;+ Ca2+; 2—P;+ LcA+ Ca2+; 3— Ca?" + nanemu-
tuHoBas kucnota wiu I'TIK; 4 — P; + Ca?" + manemuru-
HoBas kuciora wiu I'TIK; 5 — P; + LicA + Ca’" + manb-
mutuHoBag kuciaota i ['TIK. 1 MM P; 6bu1 no6aBieH B

cpeny WHKYOAlMM 1O BHECEHUs MWUTOXOHIpuii. [pyrue
YCJIOBUSI 9KCIIEPMMEHTA 1 IOOaBKU MIPUBEIEHBI B ITOAIUCU
K puc. l. I[IpencraBieHbl JaHHbIE TUITUYHOTO SKCIIEPH-
MEHTa, TIOJTyYeHHbIE Ha OJTHOM TIperiapaTe MUTOXOHAPHIA.
AHaJIOTMYHbIE Pe3yJIbTaThl ObUIM ITOJIyYE€HBI €lle B Tpex
HE3aBUCHUMBbIX 9KCIIEPUMEHTaX.

MUTOXOHIpHUM (prc. 6a) W TIOJHOe TameHue A
(puc. 66). B omimune oT MAJILMUTUHOBOM KUCIOTHI
I'TIK mpu ycmoBuu nHKyb6armm MutoxoHapuii ¢ LIcA
u P; He unnyumpyet Boixonq Ca’" u3 marpukca (puc.
6B) 1 He BiMsIeT Ha A (puc. 6r). B aToM ciaydae mo-
OaBjieHHMe K MUTOXOHAPHUSM T€UeHU U3BECTHOTO Ka-
HaJI000pa3yIollero areHTa alaMmeTuiuHa (5 MKr/mi)

[22] uHAYLIMPYEeT MHTEHCUBHBIN BBIXOJ Ca®" u3 mar-
pukca (puc. 6B, KpuBasi 2) u nmageHue A\ (puc. or,
KpuBas 2).
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Puc. 5. 3aBUCMMOCTHY OTHOCUTEJIBHOM CKOPOCTH U3MEHEHUST ONTUYecKoit TuioTHOCTH (V, %) cycnieH3un MUTOXOHIPUI TIeueHU

MHKYOUPYEMBIX C Ca?tu LIcA, ot KoHIIeHTpaly HeopraHndeckuii hocdara (a) u Bananara (6) B mpucyrcrsuu [ TIK (kpusas 1)
Y MaJIbMUTUHOBOI KUCJTOTHI (KpWBasi 2). YCI0BUs OMbITa U 100aBKM — Kak Ha puc. 4. Heoprannuecknii pocdar (P;) u BaHanar B
yKa3aHHbIX Ha pUCYHKE KOHLEHTPALIUSIX ObLIM 100aBIeHbI B Cpe/ly MHKYOAIIMY 10 BHECEHUSI MUTOXOHApUiA. [TpuBeneHs! cpen-
HMe 3HayeHus t craHgapTHas olMbKa cpeaHero (7 = 3), B HEKOTOPBIX CiIydyasix 3HaYeHUsI CTAaHIAPTHOM OIIMOKM CPeIHero He

MPEBBIIIAIOT pa3Mepa YKa3aHHbIX HA PUCYHKE CUMBOJIOB.

Bananat maxe B KOHLeHTpauuu 2 MM, T. €. B 60-
Jiee BBICOKOM, YeM KOHILIeHTpalyd P;, B Ipucyrcrsun
LIcA He BiiusieT Ha crtocooHocTh I'TIK mHAyLIMpOBaThH
Bbixon Ca’?" u3 maTpukca u naneHue A\ (IaHHBIE He
MIpUBEIEeHBI). DTU U NpeacTaBICHHbBIEC Ha PHUC. 5 maH-
HbI€ CBUJIETEILCTBYIOT O TOM, UTO B HAIIIUX YCJTOBUSIX
P; xak 6nokarop I'TTIK-uHayLnpyemMoii nopsl He MO-
XeT OBbITh 3aMeHEH OJIM3KUM I10 CBOMCTBAM MPOHU-
KaIOoIIMM aHMOHOM — BaHAIaTOM.

MoXHO NpeANOoIOXUTh, 4TO HelicTBue P; Kak

onokaropa uHayuupyemoii I'TIK IIcA-HeuyBCcTBU-
TeJIbHOU MepMeadbuan3aliui MUTOXOHIPU BO3MOX-
HO TOJIbKO MPU €T0 TPaHCIOPTe B MaTPUKC TIPU yuya-
CTUHU crelualbHOro ¢ocdaTHOro TepeHocuukKa u,
clieoBaTeIbHO, MOXET ObITh YCTPAHEHO MyTeM WMH-
TUOMPOBAHUS 3TOTO TIepeHocurKa. DPOEeKTUBHEIMUA
WHTMOUTOpaMM TiepeHocuuka ¢ocdaTta SIBISIOTCS
SH-peareHTbl Mepcaaui U H-3TUIMAJIEUMU, BbI3bI-
BaloIIe MOJHOE UHTMOMPOBAHUE aKTUBHOCTU 3TOTO
MepeHocYrKa B MUTOXOHAPHUSX TEUeHU B KOJIUYe-
crBe 10 u 170 HMOJIL/MT GeJIKa COOTBETCTBEHHO [23].
M3BecTHO, 4TO MepCaJIUI HE MPOXOAUT YEPE3 BHYT-
pPEeHHIOI MeMOpaHy MUTOXOHAPUI MeYeHU U B3au-
mopeiictByeT ¢ SH-rpymmoit Cys4l mepeHocuymka
docdara Ha ero HapyKHOM MmoBepxHOCTU. C 3TOH XKe
SH-rpymnmnoit B3auMoAeUCTBYeT U H-3TUIMaJICUMUI
[24].

Kak TmokazaHo Ha puc. 7a, Mepcaiui
(12,5 aMonb/Mr 6esika), Oymydn 100aBJIeHHBINA K M-
TOXOHJPUSIM MEYEHU KPbIC, UHKYOUPYEMBIX B MPU-
cyrcrBum LIcA u orcyrcTBuu P;, cHuxXaeT 3¢ eKTHB-

HocTb ['TIK kak mHmyktopa Ca?*-3aBucmuMoro Haby-
XaHUsI OpraHelI, a TakKxKe CHUMaeT MHTMOUpYIollee
BausiHUe P; mpu ero mpeaBapuTesIbHOM 100aBIeHUN

B cpedy WHKyOaluu. AHAJIOTUYHBIM IEUCTBUEM 00-
nmagaet U H-3tuaMaineumun (250 HMonb/Mr Oeska)
(puc. 70). DT aHHbIE CBUAETEILCTBYIOT O TOM, YTO
nerictBue P; kak Onokaropa mHayuupyemoi I'TTK

Ca2*-3aBUCcUMOI1 MepMeabuIN3alul MUTOXOHIPHA
yCTpaHsIeTCs MMPU YCIOBUU UX MHKYOAlIMU C yKa3aH-
HbeiMu SH-pearenramu, 3(p(eKTUBHO AEHCTBYIOIIN-
MM KaK MHTMOUTOPBI ITepeHocuYrKa P;.

OBCYXIEHHMNE

OCOOEHHOCTBIO AEMCTBUSI HACHIIIIEHHBIX XKUPHbBIX
KHCJIOT U, B YaCTHOCTH, TAJIbMUTUHOBOM SIBJISICTCS
TO, 4TO UX 3PPHEKT MOXKET MPOSBAITHCSI U B IPUCYT-
CTBUM cIlelMPrUUEeCcKOro 61oKaTopa «KJIacCu4ecKoii»
nopsl — LlcA [11—13]. Ha ocHOBaHMM TaHHBIX, Oy~
YEHHBIX Ha MOJEJIbHBIX MEMOpPaHHBIX CHUCTeMaX —
JIMnocoMax, Ob11a chopMyIMpPOBaHa TUIIOTE3a O TOM,
YTO B OCHOBE MeXaHM3Ma WHIYKILIMK TaKOM MPOHU-
aeMOCTH JIEXKUT (OPMUPOBAHME B JJUITUAHON (hase
BHYTpEeHHEII MeMOpaHbl MUTOXOHIPUIA TIOPEI BCJIEI-
CTBUE 00pa30BaHUs KOMILIEKCOB KMPHBIX KUCIIOT U
Ca’* 1o MexaHM3My XEMOTPOITHOTO ()a30BOTO Iepe-
xona [12,13,16]. B paMkax moaTBEPKAEHUSI 3TOM M-
MOTe3bl MOXKHO paccMaTpUBaTh TaKKe MpeIcTaBIeH-
HbIe Ha pUC. 2 ¥ 3 HAIlIK JaHHBIE O TOM, YTO MajIbMU-
TUHOBas KucjoTa 3¢@ektuBHOo nHaynupyer Cat-
3aBUCHMBII BBIXO CyliboponamuHa b 3 aurmocom.
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Puc. 6. CpaBHeHure 3(hheKTOB NaIbMUTUHOBOM KMCI0THI (a, 0) u ['TIK (B, I) HA KWHETUKY BBIXO/a U3 MUTOXOHIPU Ca* (a, B)
u tetpadeHmndochonus (6, r) THKYOUpyeMbIX B mpucyTcTuu Py. 1 — P; + Ca2+; 2—P;+ LcA + Ca2+; 3—-P;+ Ca?" + nano-

MuTHHOBast kuciota wiu I'TIK; 4 — P; + LicA + Ca?" + nanpmurunoBas Kuciora wiu TTIK. KoHIlieHTpaysi MUTOXOHIpUAIb-
Horo 6eska B stueiike — 1,0 mr/min. P; (1 MM) 6bU1 106aB/IeH B cpemy MHKYOAIMY 10 BHECEHHMST MUTOXOHIPUIA. Y CIIOBUSI ONBITA 1

COCTaB Cpe/ibl MHKYOAIIMKU OTUCAaHbI B pasaene «Martepuaiabl 1 MeTobl». [lo6aBku: 50 MKM xyioprna KaibIvst (Ca2+), 30 MM
nagbMuTiHOBOM Kuciotel (ITK), 30 MxM TI'TIK, 5 mxr/mi anameruiinya (Ana). [pencraBieHbl JaHHbIE TUITMYHOTO 9KCIEpU-
MEHTAa, MOJyYeHHbIe Ha OJIHOM IpernapaTe MUTOXOHAPUN. AHAJIOTUYHBIE Pe3YJIbTaThbl ObLUTH MOJYYEHBI e1lle B IByX HE3aBUCUMBIX

OKCIICPUMEHTAaXx.

Monexyna I'TTK otnuyaeTcst OT MOJIEKYJIbI TTaTb-
MUTUHOBOM KHUCJIOTHI TOJBKO HAJMYUEeM TUIPOK-
CUJIBHOI T'pYyMIIbl HAa KOHIIE allJIbHON e — B -
noiaoxeHnn. Tak ke Kak 1 ITaIbMUTUHOBAsI KUCJIOTA,
I'TIK B HarpyxxeHHbIX Ca?" MUTOXOHAPUSX MEYEHU
BBI3bIBA€T BHICOKOAMILIMTYIHOE HA0yXaH1E 3TUX Op-
ranes, Beixon Ca?t u3 maTpukca 1 nageHue Ay oau-
HaKOBO 3(p(PEKTUBHO B OTCYTCTBHE U B IPUCYTCTBUU
LcA [19] (puc. 1). IIpu cpaBHeHUU 3(PpPHEKTOB ITUX
KHUPHBIX KUCJIOT IIPU UX PaBHBIX KOHLICHTPAIUSIX U
IIPY OAMHAKOBBLIX KOHUeHTpauusax Ca’t 6buro ycra-

BUO®U3NUKA Ne'6" 2019°

TOM 64

HoBJieHO, 4To I'TIK BEI3BIBaeT CylIeCTBEHHO OoJjiee
WHTEHCUBHOE HaOyXaHWe MUTOXOHAPUIA, YEM T1ab-
MmutuHoBas Kuciora. CinenoBatenbHo, I'TIK aBnser-
cs1 6onee 3 PeKTUBHBIM UHAYKTOpoM Ca’-3aBucu-
MO mepMeadIn3aluy BHYTPEHHE MeMOpaHBI Op-
raHemn. MoOXHO OBUIO OBl IIPEIONOJIOXHWTH, YTO
MmexaHusMm aeiictud I'TIK, Tak XXe Kak 1 MaJIbMUTU -
HOBOI KMCJIOTHI, 3aKJII0YaeTcsl B (GOpMUPOBAaHUU BO
BHYTpEeHHeH MeMOpaHe muTtoxoHapuii Ca’'-3aBucu-
Mot murmmaHoi nmopel. OpHako I'TIK, kak nHIyKTOp
Ca’*-3aBucuMoro BbIxoma cyibdopomamuHa b wus
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Puc. 7. BrusHue mepcanuia (a) U H-3TUIMaJIeUMUIA
(6) Ha kuHeTUKY LICA-HEYyBCTBUTEIHBHOTO U3MEHEHMUS
OMNTUYECKOM MJIOTHOCTU CYCHEH3UM MUTOXOHAPUI Ie-
yeHu, nHaynupoBaHHyio I'TIK B mpucyrcTBuUM 1 B OT-
cyTrcTBUe HeopraHudeckoro ¢docdara (Pi) . Ludbpamu
0003HavYeHbl KPUBbIE, MOJYYEHHbIE MTPU 100aBKax pa3-

JIMYHBIX areHToB:  — LIcA + Ca?t + I'TIK; 2— Pi+ LcA +
+Ca?t + I'MIK; 3 — LIcA + x-3TUIMaIEeUMUI UJIA Mep-
camun + Ca?t + I'TIK; 4 — LcA + P; + v-sTrnimManenmun,
WA Mepcaui + Ca?" + I'TIK. P; (1 MM), n-sTunmaine-

nvug (250 HMonp/Mr Oenka) WIM  MepCauil
(12,5 aMoub/MT GenKa) ObUTH T0OaBIIEHBI B CPely MHKYOa-
LMY IO BHECEHMSI MUTOXOHIPUIA. JIpyrue yciaoBus sKcre-
pUMEHTa U 100aBKY MPUBEIEHBI B MOLMKUCH K pUC. 1.

JIMIIOCOM, 3HAYUTEJIFHO yCTyHaeT B 3(p(eKTUBHOCTU
MaJbMUTHHOBOI KucioTe (puc. 2 u 3). Panee yxe
owu10 ycTaHoBiaeHo, uto I'TIK cymiectBeHHO ycTyIa-
eT B 3(P(HEeKTUBHOCTU MAJIBMUTHUHOBOW KHUCJIOTE W
Kak mHaykrop Ca’'-3zaBucuMoli nepMeaduIn3anum
IU1a3MaTU4IeCKo MeMOpaHbl 3puTponuToB [15]. Kak
yXe oTrMedanaoch Bo BBeneHuM, 3¢dekt LIcA kaxk
6siokaTopa nopsl ycrnsaercd P; [2,9]. B HacTtosmei
paboTe yCTaHOBJIIEHO, YTO, B OTJIMYUE OT IMaJbMUTH-
HoBoit kuciothl, neiictBue I'TIK kak wmHmykTOpa
Ca?*-3aBucnumMoii nopsl B ipucyrctsuu LICA momaHo-

AYBUHWH u np.

cteio 61okupyetcst P; (puc. 4—6). Takum obpazom,
naibMuUTHHOBasA KuciaoTa U I'TIK Kak MHAYKTOPHI
Ca’*-3aBUCHMOIi TOPBI CYLIECTBEHHO OTIMYAIOTCS
10 MexaHu3My aeicteust: eci Ca’*-3aBUCUMBILIL 3] -
¢exT maJTbMUTUHOBOM KHMCJIOTHI MOXHO paccMaTpu-
BaTh KaK (pOpMUpOBaHUE JIUIIUAHOI nopsl, To Cat-
3apucumblii addext I'TIK B mpucyrcreum P; — kak
dopMmupoBaHre «Kjaccudeckoii» IIcA-uyBcTBM-
TEJIbHOM TTOPHI.

BDddekT P; kak 610Kkaropa nHayuupyemoii I'TIK

Ca’"-zaBucuMoil  LICA-4yBCTBUTENILHON  TIOPHI
YCTpaHsIeTCs IyTeM MHKYOaIiy MUTOXOHIpHii ¢ SH-
peareHTaMu MEepCalIOM W H-3TUJIMAJICUMUIOM,
3(pheKTUBHO ACUCTBYIONIUMHN KaK UHTUOUTOPHI TTe-
peHocurka P;. Oto mpennonaraet, yto 11 a3 dek-

TUBHOTO JIEUCTBUSI Pi HeoOXoouM ero TPpaHCIIOPT B

MaTpuKC MUTOXOHApuii. Kak yxke oTMe4yalioChb BO
BBEICHNM, HA BHYTPEHHEl ITOBEPXHOCTU BHYTPEH-
Heil MeMOpaHbl MUTOXOHAPUIA TpeAronaraeTcs cy-
IIECTBOBAHMUE PETYJISITOPHOTO caiiTa, CBSI3bIBAaHUE C
KOTOpBIM P; conmpoBoxaaeTcss THTMOMPOBAHUEM TO-
pBl M KOTOpBIM B orcyrcTBue LICA 3amackupoBaH
uukiopuinHoM D [9]. Takoe neiictue P; aBisercs
YHUKaJbHBIM, TaK KaK OJM3KHE IO CBOMCTBAM IIPO-
HUKaloIe aHUOHBI apCceHaT U BaHaJaT He 00JianatoT
nonoo6HbIM 3ddexkToM [9]. LICA, mpensiTcTBYsl CBSI-
3pIBal0 IIMKJIOGUuIMHA D, BBI3BIBaCT AJeMaCKUPOBKY
TaKOTO PETYJISITOPHOTO caiiTa U TaKUM 00pa3oM CITO-
cob6cTByeT B3anmonelictsuio ¢ HUM P; [9]. [To-Bunon-
MOMy, CBa3bIBaHMe P; ¢ Takmm caiiToM NMpPUBOIUT
Takxke K mHruouposaHuio aericteus I'TIK kak wH-
JIyKTOpa «Kjaccuueckoil» Ca’*-3aBUCUMOI MOpPBI
MUTOXOHIpHUI medyeHu. M1 B 3ToM ciiydae BaHamat
Takxke He 3¢ dekTuBeH. ToT pakT, YTO B OTCYTCTBUE
P; LicA He Biuser Ha adpdexr I'TIK kak nHIykropa

Ca2*-3aBUCUMOI1 MUTOXOHIPUATBHOM MOPHI, O3BO-
JISIeT MPEaIloJ0XKUTD, UTO CBS3bIBAHUE LIMKIO(MUII-
Ha D ¢ MeMOpaHHBIMM CaiiTaMU He SIBJISIETCSI HE00-
XOIMMBIM yCJIOBUEM (DOPMUPOBAHUS STOM ITOPHI.

OPUHAHCHUPOBAHUME PAGOTDHI

Pa6oTa BeimosiHEeHa MTpy (pUHAHCOBOU MOJAAEPXKKE
rpaHToB Ilpesunenta Poccuiickoit denepaiuu
(Ne MK-61.2019.4) m MuHUCTepCcTBa HAYKU U BBIC-
mero o6pasoBaHust Poccuiickoii  ®enepaiuu
(Ne 17.4999.2017/8.9).

KOH®JIMKT MHTEPECOB

ABTOpBI 3agBIIIOT 00 OTCYTCTBUM KOH(PIMKTA
MHTEPECOB.

COBJIIOAEHUE STUYECKHNX CTAHIAPTOB

Bce IIPUMECHUMBIC MCKAYHAPOAHBIC, HATMOHAJIb-
HbBIC U THCTUTYLIMOHAJIbHBIC ITIPMHIIUIIBI YXO4a 1 1C-
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CPABHUTEJIBHOE NCCIIEJOBAHUE S5®®EKTOB

MOJIb30BAaHUSI XXKUBOTHBIX TIPU BBIITOJJTHEHUU PaGOTHI
OBIIIN COOTIONEHBI.
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A Comparative Study of the Effects of Palmitic Acid and w-Hydroxypalmitic Acid
as Inducers of Ca2+—Dependent Permeabilization of Liver Mitochondria
and Lecithin Liposomes

M.V. Dubinin*, V.N. Samartsev*, A.E. Stepanova*, A.A. Semenova *,
E.I. Khoroshavina*, and K.N. Belosludtsev* **

*Mari State University, pl. Lenina 1, Yoshkar-Ola, 424000 Russia

** Institute of Theoretical and Experimental Biophysics, Russian Academy of Sciences,
Institutskaya ul. 3, Pushchino, Moscow Region, 142290 Russia

The effects of w-hydroxypalmitic acid as an inducer of Ca?"-dependent membrane permeabilization were
studied on succinate-fueled isolated rat liver mitochondria and lecithin liposomes. Ca?*-dependent effects of
w-hydroxypalmitic acid on mitochondria and liposomes are compared with similar well-studied effects of
palmitic acid. It was found that in the presence of cyclosporin A, w-hydroxypalmitic acid induced significant-
ly more intensive mitochondrial swelling than palmitic acid and, thus, was a more effective inducer of Ca2"-
dependent cyclosporin A-insensitive permeabilization of the inner membrane of organelles. At the same
time, m-hydroxypalmitic acid, as an inducer of Ca?*-dependent release of sulforhodamine B from liposomes,
was much inferior to palmitic acid. It was shown that, as opposed to palmitic acid, the action of w-hydroxy-
palmitic acid as an inducer of Ca2*-dependent pore in the liver mitochondria was completely blocked by in-
organic phosphate in the presence of cyclosporin A. It has been found that in this case, inorganic phosphate
cannot be replaced by a similar permeable anion vanadate. The results obtained provide evidence that mech-
anisms of action of w-hydroxypalmitic acid and palmitic acid as inducers of the Ca>"-dependent permeabi-
lization of liver mitochondria differ significantly. When the Ca2"-dependent effect of palmitic acid is consid-
ered as the formation of a lipid pore, the Ca?*-dependent effect of m-hydroxypalmitic acid in the presence of
inorganic phosphate is the formation of a cyclosporin A-sensitive MPT pore. The action of inorganic phos-
phate as an inhibitor of w-hydroxypalmitic acid-induced Ca®>"-dependent cyclosporin A-sensitive pore in liv-

er mitochondria is discussed.

Keywords: mitochondrial pore, w-hydroxypalmitic acid, palmitic acid, cyclosporin A, calcium ions, inorganic

phosphate
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