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Bnause anmazonicmie KanbMoOyniny — KaibMioa3oniymy ma mpugiyonepasuny — Ha memopanHutl
nomeHyial MimoxoHopitl 00CIOANCYBANU I3 BUKOPUCTIAHHAM MEMOOI8 NPOMOUHOL YUMOMempii, KOHPOKATbHOI
MiIKpocKonii ma s3anydenuam nomenyianyymausux ¢hayopecyenmuux 3on0ie MTG ma TMRM. Buguenns
BNJIUBY PIZHUX KOHYEHMPAYill anmaoHiCmié KaibMOOYIIHY HA MeMOPAHHUN NOMeHYian MimoxoHopill eu-
KOHYBAIU HA NPOMOYHOMY YUMOMEMPI 3 BUKOPUCMAHHAM PaKkyii i301608aHUX MIMOXOHOPIU MiomMempis
Hesazimuux wypie. Bcmanosneno, wo xanvmioazoniym y konyenmpayii 6io 1 0o 10 mxM 0o303anedicro
BHUIICYE MeMOPAHHUL NOMeHYIal MIMOXOHOPI. ¥ motl sice uac, mpughayonepasun y konyenmpayii 6io 10 0o
100 mxM Oie pisnum yunom: 10 mxM — 36invutye nonspusayiro, mooi sk 100 mxM cnpuuunioe matisce nogHy
denoaspusayiro MimoxoHopianvhux memopan. Memoodom KoOHPOKAILHOI MIKPOCKONIT HA KIIMUHAX MIOMempisl
NPOOEeMOHCMPOBAHO, WO HeceHHs 6 cepedosuwe inkyoayii MTG npusooums 00 nossu ¢hiyopecyenyii 6
«3eneHomy» diana3zoHi eunpominosants. /looasanns inuoz2o 30n0a — TMRM — 3ymoenioe ¢ghyopecyenyiro 6
«uepgoHoMY» Oianaszoni eunpominiosanns. enonapusayis mimoxonopit npomornogopom CCCP ma 10 mM
NaN, cynpoeoodoicyembcs snudicennam inmencusHocmi «4epeonoiy (hryopecyenyii, npu yboMy «3eleHa»
@ayopecyenyis soepicacmocsi. Bunecenns 6 cepedosuwe inkyoayii 10 mxM xanvmioasoniymy abo 100 mxM
mpudghayonepazuny cynpogoocyemocs nicaa 10—15 xe inkybayii npakmuuno nosHuUM 2aciHHAM @iyopec-
yeumHozo cueHany 3onoa TMRM. Takum uunom, i3 8UKOPUCAHHAM NOMEHYIANUYMAUBUX (DIyOpecyeHn-
Hux 301016 TMRM ma MTG npodemoncmpogano, wo aHma2ouicmu KaabMoOyiiny MOOYI0oNnb MeMOpanHull
nomeHyianl MimoxoHopitl KAimuH MioMempis..

Knwuoei canoea: npomouna yumomempis, KOHQOKAIbHA MIKPOCKONIsA, (hpakyis MimoxoHOpil,
KJIMUHU MIOMempist, MEMOPAHHUL NOMEHYIA MIMOXOHOPIU, KAlbMIiOA304iyM, Mpu-

@ryonepasun.
iTOXOHApI  MaoTh  (QyHAaMEHTaIb- HemomaBHo Ha kapaiomionurax Oyio MoOKa3aHo,

HE 3HAYCHHS Y KOHTPOJi BHYTpIll-

HBOKJIITUHHUX TmporeciB [1-3]. PiBeHn
noJsipu3alii BHy TPIIIHBOI MeMOpaH! MITOXOHIPiH
€ KIIOYOBHM TIapamMeTpoM, SIKHMH BHU3HA4Ya€ SK
(YHKIIOHAIBHY AKTHBHICTh LUX OpraHels, TaK
i xmituau B winomy. Jlobpe Bimomo, mo Ca?-
3B’SI3yI0uni mpoTein kanbMmoaymin (CaM) e mo-
CEPETHUKOM YHUCICHHUX BHYTPIIIHbOKIITHHHHX
edekri Ca®* 3a paxyHOK 0OOPOTHOTO YTBOPEHHSI
koMmIutekcy «CaM-Ca?*y, IKui, y CBOIO Yepry, 3/1aTeH
peryJroBaTH BeIMYE3Hy KibKicTh Ca?'-3a1eKHuX
BHYTPIIIHBOKIITUHHUX TporneciB [4]. Cuin 3ayBa-
xuTH, o CaM € JI0CTaTHBO «KOHCEPBATUBHUM
nporeiHoMm (148 aMiHOKHCIOT, MOJIEKYJIIpHa Maca
16,7 k/1a): BiH HaJeX)UTH 10 cymnepcimeiicta Ca? -
3B’SI3YIOUMX MIPOTETHIB, SIKI BAKOPHCTOBYIOTB OJIMH 1
toit camuii Ca® -3B’13yr0unii CTPYKTYPHUH JOMEH.
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110 OiJbIIa YaCTHHA KaJIbMOJYJiHY 3HAXOIUTHCS Y
3B’S13aHOMY CTaHi, a KOHICHTpAIlisi HOro y BUTbHOMY
ctaHi crtaHoBUTH 50-75 HM, 1m0 mnpudIU3HO
JopiBHIOE 1% BiJl 3arajibHOl KiJIbKOCTI 3a3HaYEHO-
ro npoteiny [4]. Y BiANOBiib HAa KaJbI[IEBUI CHUT-
Haj CaM Moke 3B’S13yBaTUCS 3 BEJIMKOKO KiJTbKICTHO
pi3HUX MpOTEiHIB-MillleHeH, TakuX SIK KiHa3a

JICTKUX JIAHIIOTIB  Mio3uHy, (ocdomiecTepasa,
ageHinmaruukiasa, Ca?/CaM-3zamexHa  KiHasa,
nporeindocdarasa, kambuineipun, Ca®'-akTu-

BoBaHi K'-kaHanu, kaJyblieBi kaHaiau L-tumy,
piaHonuHOBI peuentopu Ta inmi [4—8]. ¥ miteparypi
€ IaHi oo peryisiii aktusaocti Ca?*-yHinoprepy
MmiToxoHapii kmituH RBL-1 (neiiko3ni 6azodinn
urypiB) ionamu Ca 3a yuactio CaM [9]. BinmnosigHa
iH(opMallisi CTOCOBHO MITOXOHJIPIH TJIAJCHBKUX
M’S31B BIICYTHSI.
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EKCIIEPUMEHTAIJIBHI POBOTU

B ocraHHI poKHU JOBEJACHO MOXKIJIHMBICTH 3a-
Jy4YeHHS METONy TPOTOYHOI LHMTOMETpii AJs
JIOCIHIIKEHH ST BJIACTUBOCTEN 130JIbOBAHUX
mitoxouapiit [10—12]. el meton 3 ycmixom
BUKOPUCTOBYETBCSI, 30KpeMa, Il BUBUCHHS 3MiH
€JIEKTPUYHOr0 NOTEHIIiaIy MITOXOHAPiaTbHOI MEM-
OpaHM, BU3HAUCHHS PiBHS aKTUBHUX (OPM KHCHIO
tomo [11, 12].

VY nornepeHiX T0CIiIKSHH X MU TIOKa3aJIH, 10
1HKyOalisi MITOXOHAPii MiIOMETpis 3 aHTaroHicTaMu
KaJIbMOAYJIiHY — KasbMifgazoniymom (10 MkM) abo
tpuduryornepazuaom (100 MkM) — pU3BOIUTE 10
Jernonsipu3anii ixHix memoOpa [13].

3 METo MOJaJbIIOr0  PO3BUTKY  LHX
JOCTIJPKEHh MM TIOCTaBHJIM Tepe]] COo0OK 3a-
BIAHHS: BHBUUTH 3 BHUKOPUCTAHHSIM METOIIB
MIPOTOYHOT ouToMeTpii  Ta  KOH(OKaIbHOT
MIKPOCKOMii KiHETHYHI acHeKTH il aHTaroHiCTiB
KaJIBMOAYJIIHY Ha  TIOJNsSIpU3alilo  MeMOpaHH
MITOXOHJIPiil MiOMETisl, 3’ 5ICyBaTH 3aKOHOMIpPHOCTI
JoKamizalii  MOTEHIIaIYyTAUBUX (IyopecueHT-
Hux 30Ha1B TMRM Ta MTG y kiiTHHaX MioMeTpis
3a npucytHocTi npotonodopy CCCP — dakropa
Jerosipu3alii MITOXOHIpialbHOI MeMOpaHH Ta
AHTArOHICTIB KaJIbMOAYJIIHY.

Marepiaju i meToau

[Ipemapar i301bOBaHUX MITOXOHJAPINA OfACP-
KyBaJIM 3 MIOMETpisi HEBariTHUX IIypiB 3a JIOIO-
MOT'OI0 METOAy Iu(epeHIiaIbHOr0 IeHTpUDyTY-
BanHs [14]. Onepxkanuii mpenapar CyCIEHIYBaJIH
B po3umHi Takoro ckuanay: 10 MM Hepes (pH 7,4),
250 MM nyxpo3sa, 1 MM EGTA, 0,1% BCA; Temmne-
patypa —4 °C.

Bu3HaueHHs KOHIIEHTpaIlil MpOoTeiHy y ppakiii
MITOXOHJIpifi mpoBoamiin 3a MetonoM bpendopr
[15]. BmicT MiTOXOHApIaIBbHOT'O MPOTEIHY B MPOoOi
CTaHOBHUB 50 MKI/MJI.

[Iporounnii muromerp COULTER EPICS
XL™ (Beckman Coulter, CIITA) 3 apronoBuM Jia-
3epoM (Xﬁym — 488 HM) BUKOPUCTOBYBAJIU JJIst
peecTparlii MeMOPaHHOTO TIOTEHITIAy MITOXOHAPIH
Ta 08 JOCHIKeHHS OOKOBOI'O Ta TPSMOTO
CBITJIOPO3CiIOBaHHSI MITOXOHJIpii. Pe3dynsraTu mux
EKCIIEPHMEHTIB aHaTi3yBaJlH 3a JIOIOMOIOI0 IPO-
rpamu SYSTEM II™ Software (Beckman Coulter,
CILIA).

TecTyBaHHS BiIHOCHUX 3Ha4eHb MEMOpPaHHO-
ro MoTeHmiany Ay MITOXOHApIH 3HiMCHIOBAIH i3
BUKOPHCTAaHHSM TOTEHIIAIYyTIUBOrO (Iryopec-
neHTHoro 3o0H7a TMRM (tetramethylrhodamine
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methyl ester) y konuentpauii 100 HM, iHKyOaLito
OPOBOAMJIM B CEPENOBUIII HACTYIHOIO CKIAAY:
20 MM Hepes (pH 7,4), 250 MM nykposa, 0,1 MM
P. (y Burnaxi K'-docdarnoro Oydpepa, pH 74),
5 MM cyknunar Harpiro, 0,5 MM MgClL, sk onucano
panime [16].

CycrnieHsito KJITHH MIOMETpis HEBariTHUX
HIYPIB OJEPKYBaJIM 33 JOMOMOIOK OOpOOKH TKa-
HUHU KosareHazoro [17]. [limpaxyHOK KiTbKOCTI
KJIITUH TIPOBOAMJIM i3 3aCTOCYBAaHHSIM T'€MOIUTO-
MeTpa. TecTyBaHHS KUTTE3AATHOCTI OJEPIKAHUX
KJIITHH TPOBOJWIM 3 BHKOPHCTaHHSM OapBHUKa
TPUIMIAHOBOTO CUHBOTO — MOHAJ 95% KIITUH Majau
3eneHe 3a0apBiIeHHS, 1O CBIAYUTH MPO LIJITICHICTH
MJIa3MaTHYHOI MEMOpaHH.

MemOpaHHUH TIOTEHIliall MITOXOHIpPIH Ha
MOJIEJIi IHTAKTHUX MIOLUTIB MaTKU JOCIIKYBaIU
3 BUKOPUCTAHHSIM KOH()OKaJIBHOTO Ja3epHOr0 CKa-
Hytouoro Mikpockona LSM 510 META (Carl Zeiss,
HimedunHa) i3 Cy4acHOIO CHCTEMOIO JOKYMEHTY-
BaHHs 1 00pOOKHM 300paKeHb 3a MPUHIUIIOM CIIeK-
TPaJBHOTO PO3JiJICHHs Ha 06a3i iIHBEPTOBAHOT'O MO-
TOPU30BAHOTO YHIBEPCAIBHOTO JTFOMIHECIICHTHOTO
Mikpockona. JlocnmikeHHs TPOBOAMIIA B PEKUMI
MultiTrack 3a momomororo aerektopa META, 1o
JIO3BOJISIE BCTAHOBIIIOBATH [OBIJBHUNA Jiarma3oH
(dbayopecuieHItii, mo peectpyerbes. s 30ymkeH-
Hs1 Qpuryopecuenuii 6apsaukiB MTG (MitoTracker®
Green A, = 488 um, A, = 516 um) Ta TMRM
BUKOPHCTOBYBAJIM Jla3epHy JiHiI0 3 A 488 HM ap-
ronoBoro jasepa (30 mW). dnyopecueniito MTG
peecTpyBasin B paiana3oni Big 518 mo 561 HM, a
TMRM -y niana3zoni Big 593 no 754 um. O0’ekTuB
Plan-Apochromat 63x/1.4 Oil DIC.

Jns  ekcrnepuMeHTIB  Ha  KOH(OKaJbHO-
My MiKpockomi Oyid BiAmpanboBaHi yMOBHU
OPUKPIMJICHHST MIOMUTIB 10 TPOTOYHHX Ka-
Mmep. CKISIHY TOBEPXHIO MPOTOYHOI KaMepu s
KOH(OKaNBbHOI MiKpOCKOMi1 00poOIsIn pO3uNHOM
MOJUTI3HHY, IO CHPHSIIO KPAIOMY MPUKPITUICHHIO
KJIITUH. Yac IpuKpiIIeHHs KIITHH Yy KaMepi CTaHO-
BUB 120 xBy po3unHi Takoro ckaany: 136,9 MM NaCl,
5,36 MM KCl, 0,03 MM CaCl,, 0,44 MM KH,PO,,
4,5 MM NaHCO,, 0,26 mM Na,HPO,, 5,5 MM ritt0-
ko3a, 10 MM Hepes (pH 7,4). 3a ueli yac OiIbIIICTD
KJIITUH HaJilHO MPUKPITUTIOIOTHCS JI0 TIOBEPXHi Ka-
MEpH, [0 MOXHA Bi3yaJbHO CIIOCTEPIraTH i3 BUKO-
pHUCTaHHSM CBITJIIOBOrO Mikpockoma. Jlesiki excrie-
PUMEHTH BUKOHYBaJIM Ha KIITHHAX MIOMETpisl, SKi
supoiryBanu B CO,-inky6aropi npotsrom 24 rox 'y
po3unni DMEM i3 10%-10 cupoBaTKolo.
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[MpukpinieHi A0 MOBEPXHI KaMepH MIOLUTH
HaBAaHTA)XyBallM TOTCHLIANYYTIMBUM (iayopec-
neHTHUM 30HIOM MTG (MitoTracker® Green
Xgm‘ =488 HwM, kdm = 516 um) (0,5 MmkM) Ta TMRM
(1 MxM), kgéyﬂ' = 543 uwm, qu‘ =590 HMm.

Y pobOTi BUKOPUCTOBYBAJIM TaKi pEaKTH-
Bu: D-(H)-niykpoza, MTG, TMRM, Hepes, EGTA
(etunenriikosip TeTpaanerar), ATP, cykiunat
HaTpito, BUTbHUH Bin xupHux kucinor BCA (BSA
fatty acid free), omirominun, npotonogop CCCP,
KaJbMiZa30iliyM, TpUQIIyOllepa3uH, IMOJLII3UH
(Sigma, CIIIA); DMEM (Dulbecco’s Modification of
Eagle’s Medium), cupoBaTka, po3unH NEHIIUIiHY/
cTpenToMinuny, po3unH Tpuncuny (Gibco, CIIA).

IHm  peakTWBM  BITUM3HSHOTO  BUPOOHMIITBA
KBaJidikamii uja Ta X4.

Pe3yabraru Ta 00roBopeHHs

Bueuenns KIHemuKu 8NIUBY PIZHUX

KOHYEeHmMpayill AaHmazoHicmié KaabMOOYIIHY HA
MeMOPAHHUTL ROMEHYIAL MIMOXOHOPIU MIOMEempIs.
Panime Mu nokasaiu, 1o iHKyOallis MiTOXOHIpii
3 aHTaroHicramMu KaipMomyidiHy — 10 MM
kanbMigazoniymom abo 100 MM Tpudyonepa-
3MHOM TMPU3BOJAUTH O HIBUIAKOI JACTOJSIpU3aIlii
ixnix meMOpaH [13]. Y npencrasneniit po6oTi 3 BU-
KOpUCTaHHSIM (paxiii MITOXOHIpIiid, OAEpKaHUX
i3 MIOMETpisi HEBATiTHUX IIYPiB, JOCIHIJKYBaIHCh
yacoBa Ta KOHLEHTpAIiiHA 3aJICKHICTh E(EeKTIiB
AQHTAroOHICTIB  KaJIbMOAYJIIHY Ha MeMOpaHHUUI
MOTEHIIIaT MITOXOHIPiH. 30KpeMa, KaJIbMi1a30J1iyM
BHKOPUCTOBYBaJIM B KOHIIEHTpauisx 1, 5 ra 10 MkM
(puc. 1). INokazano, mo y koHumeHTpauii 1 MxkM
KaJIbMiJja30/liyM TNpPakKTHYHO HE BIUIMBAE Ha
piBeHb TONSIpU3allii MITOXOHJpiaIbHUX MeMOpaH
MOPIBHSHO 3 KOHTposieM. KanbMinazoniym (5 MkM)
npubau3Ho Ha 50% 3HUXKYE MOJSAPU3AIII0 IUX
MeMmOpaH Bxe Ha 1-if xB. Bukopucranus 10 MxM
KaJIbMiIa30JliyMy TPU3BOJAUTH J0 Mail’Ke IMOBHOI
JeTIoNsIpU3alii MiTOXOHIpiaIbHUX MeMOpaH TaKoxX
BKe Ha 1-if XB iHKyOaIii.

TpudnyonepasuH Tako BUKOPHCTOBYBAld B
Tpbox KoHueHTpauisx: 10, 50 ta 100 mxM. LlikaBo,
mo 10 MxM TpudayonepazuH CIpHUNHIOE 3HAYHY
rineprossipu3aniro A0CIiKyBaHUX MeMOpaH (Ipu-
OJIM3HO Y 2 pa3u MOPIBHSHO 3 KOHTPOJIEM) BiKE Ha
1-it xB inkyOamii. Tpudnyonepasun (50 MxkM) He
BILJIMBAE Ha PiBEHB MOJISpHU3allii, a 301IbIIEHHS HOT0
koHIeHTpaiii 10 100 MxM Bxke Ha 1-i XB iHKYOaIii
MIPU3BOJIUTH JIO Maike MOBHOT JICTIOJIIPU3AIIil MEM-
OpaH MITOXOHIPii MioMeTpis (pHc. 2).
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Puc. 1. Kinemuuyna 3anesicnicme 6naugy pi3Hux
KoHyenmpayiiu xaiemioazoniymy (CMZ) na mem-
OpanHuti  nomewnyianl  MIiMOXOHOPIU  MIoMempis
(M+m,n=235)
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Puc. 2. Kinemuuna sanexcuicmo 6naugy pizHux
konyenmpayiu mpughnyonepazuny (TFP) na mem-
OpanHutl nomeHyianr MIimMoOXOHOpIl —Miomempis
(M£+m,n=25)
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EKCITEPUMEHTAJIBHI POBOTH

Takum YuHOM, Ha ¢pakmii MITOXOHAPIN
MIOMETpisl HIYpiB 3a JOMOMOrO MPOTOYHOTO IH-
TomeTpa Ta QuyopecieHTHOro 3ou1a TMRM mo-
Ka3aHo 0303ajIe)KHe 301IbIICHHS Ienosipu3arii
MeMOpaH JIOCIIKyBaHUX OpraHesl 3a BUKOPH-
CTaHHS KalbMifa3oJiymMy B KOHIEHTpamii Big |
no 10 mxM. ITlpore edexTn iHIIOrO aHTaroHicra
KaJIbMOAYJIIHY — TpHUQIIyonepasuHy — 3aJieKHO
BiJl HOro KOHIEHTpalii y cepemoBuili iHKyOarii
MalOTh NMPOTHUIICKHY CHPSMOBaHicTh: 3a 10 MkM
KOHIICHTpaIlii CriocTepiraeTbes 30LIBLIEHHS
noJisipu3aitii, roni sk mpu 100 MkM crioctepiraeThest
Mali)ke TIOBHA JICMOJISPHU3Allisi MITOXOHAPIaIbHUX
MeMOpaH.

Bizyanizayis 6nIUBY anmaz2ouicmie
KATbMOOYIIHY ~— HA — MeMOpauHui — nomenyial
MimoxoHOpiti ¢ Kaimunax miomempis. Tlomanbiia
pobota Oyja crpsiMOBaHa Ha JIOCIIKCHHS BILIH-
By aHTaroHICTIB KaJbMOMYJiHY Ha IMOJISPU3ALil0
MeMOpaH MITOXOHIPI B I1HTaKTHUX KIITHHAX
MioMeTpis. EkcnepuMeHTH mNpoBOIMIM 13 3aiy-
YEeHHSM KOH(OKaJIbHOI MiKpOCKoIii Ta ABoX (iyo-
pecuiientaux 30811B — TMRM 1ta MTG. Binbuiicts
HOBITHIX CKaHYIOUHX MIKPOCKOIIIB MOXKYTh MPaIlfo-
BaTH B MYJIFTHCIIEKTPAJIEHOMY PEXHMI, TOOTO MOXK-
JINBO OJICP)KYBATH 300pa)KCHHS OIHOTO OO0’€KTY,
00pobseHoro Kinbkoma OapBHUKAaMH, B PI3HHX
CHEKTpaJbHUX 00JacTaX. THIIOBHM PEXUMOM PO-
00TH MIKPOCKOIIB € JOCHIJKEHHS KOJIOKaJi3alii
B KIJITHHI (200 y CTPYKTypax KJIITHHH) ABOX
MPOTEiHIB, MIYCHUX PI3HUMH aHTUTIIaMu 200 (yo-
pEeClCHTHUMHU OapBHUKaMHU. Taki JIOCIIJKSHHS
JONOMAaraloTh BUSIBUTH TMPUYMHHO-HACIIIKOBHH
3B’SI30K MDK IIMMH OapBHUKaMu a00 MpOTEiHaMHU.
KinbkicHUM KpuTepieM CTyIeHs KoJoKami3aii
JIBOX 30H/IiB MOYKE CIIyT'yBaTH TaK 3BaHa KOJIbOPOBa
JIBOBUMIpHA ricTorpama, Jie 1o JBOM KOOpJIUHATaM
BIJIKJIa/ICHO BITIOBI/THY IHTEHCUBHICThH KaHAJIIB IS
KO’KHOI TOUKH 300pakeHHs1. TaKMM YMHOM, B yMOBaX
IIOBHOI KOJIOKaai3amii Ta OMHAKOBOI 1HTEHCUBHOCTI
(byopectieHIlii 000X 30HAIB yCi TOUKH TiCTOrpamMu
OyayTh JiexkaTu Ha mpsMii mig kytom 45° [18].
Bimomo, mo BHKOpUCTaHI HamMu (IIyOpPECLEHTHI
O6apeaukn TMRM Tta MTG € ninodinsHUMU
KaTiOHaMH, SKi HaKONUYYIOTbCS B MEMOpaHHUX
CTPYKTypax 3aJie)kHO BiJ] piBHS MEMOpPaHHOTO
MOTEHIiany IHUX CTPYKTYp. OCKiIbKH BHYTPIIIHS
MeMOpaHa MITOXOHIpPiH Ma€ BUCOKWH HEraTHBHHM
noteHian (bnuspko -180 MB), 30u1M 1UdYHAYIOTH
JIO [MTOIJIa3MU KJIITHH MIOMETpis Ta HaKOMUYy-
FOThCsI TIEPEBAKHO B MITOXOHJPISX, IO BUIHO 3
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puc. 3 ta 4. Take HaKONMUYEHHS CYNPOBOIKYETHCS
HiBUILEHHSIM piBHS (ayopecueHlii OapBHUKIB.
[loBeniHka nUX 30HIIB MPH 3MiHAX MEMOPaHHOTO
MOTEHLiaTy MITOXOHAPIiH BiapizHseThCs. 30Hn MTG
HAKOMUYYETHCSI B MOJSPU30BAHUX MITOXOHIPISLX
Ta KOBAJCHTHO 3B’SI3y€THCS 3 MITOXOHAPiaJbHUMHU
nporeiHamMu. TakuM YHMHOM, B yMOBax JHCHIIAII{
MEMOpaHHOTO TOTEHIiady 30HJ 3aJUIIAETHC
B MitoxoHpisx. Haemaku, 3oHm TMRM He
B3aEMoOiEe 3 MeMOpaHHUMHU CTPYKTypamu abo
MPOTETHAMH MITOXOHAPIH, a TOMY THUCHITAINIS MEM-
OpaHHOTO MOTEHIATY CYIMPOBOKYETHCS BUXOIOM
30H/Ia 3 MITOXOHZIPIA Ta, BIATIOBITHO, 3HUKCHHSIM
piBHs Horo duyopecnenmii. Came mi edektn Mu
BUKOPUCTANIM ISl Bidyaumi3amii 7ii aHTaroHICTiB
KallbMOJIYJIIHY ~Ha  MEMOpaHHHMHA  TIOTEHINal
MITOXOHJIPiH KIITHH MiomMeTpis. HeoOXiqHO Takox
3a3HaYUTH, IO MK IHTEHCHBHOCTI (IyopecieHiii
MTG peectpyeThcst B 3eseHil 06nacTi criektpa (Ta-
Henb A), Toai sk TMRM — y uepBoHiii (maHens B).

Ha puc. 3.1 (maneni 4, B, C) npogeMOHCTpOBa-
HO HaBaHTakeHHS 30HI0M MTG kiiTHH MiomeTpis
HEeBariTHUX mIypiB. Peectpyemo diyopecieHItiro
B «3esieHOMY» piamaszoHi (puc. 3.1, manens A).
CywminieHHs 1BOX 300pakeHb KIITHH Y «3€JICHOMY»
(manenb A) Ta «<4€pBOHOMY» (ITaHeNb B) niarma3zoHax
(hayopecuieHii npencrasieno Ha maneni C. AHai3
iHTeHCcUBHOCTI (prryopectenii Ha maHeni C B370BXK
YEPBOHOI JIiHiT ITOKa3aB CHUTHAJ IIEPEBAKHO Y «3eJIe-
HOMY» Jiama3oHi (puc. 3.2, nanens D).

JlomaBaHHS 10 KIITHH MIOMETpis HaBaHTa-
s)keHux 3oHg0M MTG e omgnoro 3ouaa, TMRM,
NPUBOJIUTE JIO TOSIBU «YEPBOHOI» (IryopecrieHiii
(puc. 4.1). CymimieHHs OBOX 300pa)KeHb KIITHH
Yy  «3ClCHOMY» Ta «YEpPBOHOMY» Jiama3oHax
(byopeclieHIlii  CYNpPOBOMIKYEThCS  3a0apBIicH-
HSIM KJIITHHU B KOBTUH Koiip (puc. 4, nanens C),
10 CBUIYUTH MPO KOJIOKATI3alliF0 HABAHTAXKEHUX
30HAiB. BigHOCHAa iHTEHCHBHICTH QIyopeceHiii
000X 30HJIIB B3JIOBXK YepBOHOI JiHII Ha maHem C
BioOpaxxeHo Ha puc. 4.2 (manens D).

Jenonspusainisi  MITOXOHAPI  TPHUBOIUTH
1o Buxony TMRM i3 mitoxouapiit, Toni sk MTG
3aJTMIIAETHCSA B MITOXOHPiSX, OCKITBKM BiH KOBa-
JICHTHO 3B’SI3YETHCS 13 MPOTEIHAMHU [UX OpTraHell.
Sk KOHTPOIIb MU JOCTIKyBaldu e(heKTH MPOTOHO-
thopy CCCP (1 mxM) Ha (ayopectieHTHUN CUTHAT
BUKOPUCTAHUX 30HMAIB. BizyanpHO Aemonspusailis
Ma€ CyNpOBOIKYBATHCS 3HIKEHHAM «HYEPBOHOI»
(hryopectieHtrii 1 9acTKOBUM 301ThIICHHSIM (200, SIK
HallMeHIe, 0e3 3MiH) «3eJCHOI» (QIyOpeCIeHITii.
[Ticns nii va knituaM npotoHodopy CCCP (1 MxM)
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Puc. 3. Hasanmaoicenns sonda MTG y knimunu miomempis: 1 — nasanmasicents sonoom MTG xnimun
Mmiomempis: nanenv 1A Odemoncmpye gayopecyenyiilo 30m0a y «3eieHomy» Oianaszoui; nawenv 1B —
@ryopecyenyiro y «uepsonomyy» 0ianaszowi (y ybomy pasi npakmuyHo maemo ii eiocymuicms); naneav 1C —
0eMoHCcmpayis CYyKYNHOI (hiyopecyeHyii @ «3efeHomy» ma «4epeoHomyy oianaszounax. 2 — Peecmpayis
BIOHOCHO20 pi6Hsl THmeHcusHocmi payopecyenyii 3on0a MTG y «3eneHoMy» ma «4epeoHOMY» Olana30HAX
630062ic uepeonoi ninii na naneni C: — nanenv 2D — npoins 8ionocHoi inmencusnocmi gayopecyenyii 6 060x

0iana3oHax UNPOMIHIOBAHHS 830084C YePBOHOT NiHiT

MPOTATOM 5 XB CIHOCTEPITa€ThCsl MOCTYIOBE 3HU-
JKeHHS (hIIyOpecIeHIlii B «YepBOHOMY» Iiala3oHi
32 paxyHOK BHXOAY (IIYOPECHEHTHOTO 30Hja
TMRM i3 miToxoHpi# (puc. 5.2, maneni 4, B ta C).
AmHai3 iHTeHCUBHOCTI QuryopectieHii Ha maneni C
B3JIOBK YEPBOHOI JIiHIT TaKoX TMOKa3aB 3HWKCH-
HS IHTEHCHUBHOCTI ()IyOPECIICHIIIi B «YCPBOHOMY)
niama3oHi (puc. 5.3, manens D).

AHaJOTiYHI pe3yiabTaTH Ofep)kaHo 3a Iii Ha
KJIITHHHM MioMeTpis asuay Harpiro (NaN,, 10 MM).
Ha puc. 6 BigoOpakeHO BIIJIUB I[OTO arcHTa Ha
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IHTeHCUBHICTh QuryopecueHnii 3072 TMRM y
KJIITHHAX MioMeTpis yepe3 5 ta 10 XB iHKyOaIii.
Bumesasnauenuii migxig 3acTOCOBAaHO st
Bi3yanizamii e(eKTiB aHTaroHiCTiB KaJIbMOMYIIHY
Ha pIBEHb MNOJSApHU3AIii MITOXOHJPIaIbHOI MEM-
Opanu KiIiTHH MiomeTpis. Bimomo, mo Ca?-
3B’s13yrounii mpotein CaM € mocepeHUKOM YHcC-
JICHHUX BHYTPIIIHBOKIITHHHUX e(ekTiB ioHiB Ca
[4]. Pamime mamu Oylio IMOKa3aHO, IO KOMILICKC
«CaM-Ca?» Gepe y4acTh y peryisilii akTHBHOCTI
Ca? yuinoprepy miToxouapiii miomerpist [13]. Lx
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Puc. 4. Hasanmaoicenns 3onoie MTG ma TMRM y wkaimunu miomempis: 1 — HA8AHMANCEHHS 30HOAMU
MTG ma TMRM xaimun miomempisi: naneav 14 demoncmpye ¢hnyopecyenyito 30noa MTG y «3enenomyy
dianasoni; navenv 1B — pyopecyenyito TMRM y uepeonomy dianasoni; nanens 1C - demoncmpayisi cykynHoi
@ryopecyenyii 6 «3e1eHOMY» MA «4ePEOHOMY» Jianazonax eunpominiosants. 2 — Peecmpayis eionocnozo
pieHs inmencusnocmi gayopecyenyii 30n0i6 MTG ma TMRM y «3enenomy» ma «4ep8oHOMY» OlanaszoHax
630062ic uepeonoi ninii na naneni C: — nanenv 2D — npo@ins 6i0HoCHOT inmencusnocmi gayopecyenyii 3010i8
6 000X 0iana3onax eUNPOMIHIOBAHHS 83008IC UePBOHOI NiHIT

TOYKa 30py BIAMOBiIHA O JaHWUX Jiteparypu [9].
3 iHmoro O60Ky JOBEAEHO, IO TMOJSAPHU3aLis MEeM-
OpaHM MITOXOHJIPIH Ta aKTHBHICTH KaJbI[I€EBOTO
yHIIopTepy — B3aemorop’si3aHi mporecu [1, 19].
3’sacyBanocs, mo antaronictu CaM CIpUYWHIOIOTH
ICTOTHY Jenojspu3amiro MeMOpaH MITOXOHIPIii:
BHeceHHsa 10 MxM kaneMminazomiymy (puc. 1) Ta
100 MM Ttpudnyonepasuny (puc. 2) y cepeno-
BHIIlE 1HKYyOaIlii TpUBOAUTH /O TOBHOI JUCHIIAII]
BiJIHOCHO KOHTPOIIF0 MEMOPaHHOT'O IOTEHITIaly Ay.
[Ipote, Ha BiAMIiHY BiJl KajdbMigazomiymy, ehexkTu
IHIIOTO aHTAroHiCTa KaJbMOAYJiHY — TpudIyo-

34

nepasuHy, MalTh MPOTUIEKHY CHPSIMOBaHICTh
3aJICKHO BiJ HOro KOHIIGHTpAIii B CEepeaOBHIII

iHkyOamii: 10 MxM - 30ijblIye MONSIpU3AILilo,
tormi sk 100 MKM — chnpu4mHIOE MaiKe TOBHY
JETONIIPHU3alIlif0  MITOXOHIpIalbHUX  MeMOpaH

(puc. 2). Bizomo, mo kayibpMiia3oiiyM € HaHOUIbII
a(dhiHHUM cepell aHTaroHICTIB KaimbMonyiny [20].
Hnsg  nmocmimxkeHHS eQeKTiB aHTaroHICTIB
KaJIBMOJIYJIIHY Ha MOJISIPU3AIII0 MITOXOHIPialIbHUX
MeMOpaH KIJIITHHHA MiOMETPisl TAKOK HaBAaHTAXKyBa-
nu goMa 3oHaaMu —MTG ta TMRM. Hapuc. 7 Buj-
HO PO3IIO/IIJT 3aCTOCOBAHUX HAMHU (DITyOPECIIEHTHUX
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Puc. 5. Bnaue npomonoghopy CCCP (1 mxM) na membpannuii nomenyianl MimoxoHOpit Kiimux miomempis,
wo 6ynu nonepeonvo nasanmasiceri sondamu MTG ma TMRM: 1 — nasanmasicennsi 3onoamu MTG ma TMRM
Kaimun miomempis: naneav 1A demoncmpye ghayopecyenyiio 3onoa MTG y «3zenenomy» Oianasoni, nameisb
1B — ¢nyopecyenyiro 30noa TMRM y «uepsonomyy» dianazoni; nanenv 1C — cykynua ¢gpayopecyenyis 30H0i6
YV «3eeHOMY» ma «Yep8OHOMY» dianazonax eunpominiogants. 2 — llaneni 24, 2B ma 2C demoncmpyroms
@ayopecyenyiio 30n0ie nicas 0ii npomonogopy CCCP. 3 — Peccmpayin 8i0HOCHO20 pi6HSA IHMEHCUBHOCTE
dayopecyenyii 30ndie MTG ma TMRM y «zenenomy» ma «4epoHOMY» OIANA30HAX 630082IC 4epPBOHOL
ainii’ na nanensix C i 3D — npogine gionocnoi inmencugnocmi gryopecyenyii 3010ie 6 000x 0ianazonax
BUNPOMIHIOBAHHSL 830081C YepB8OHOI Ainii nicis 0ii npomonoghopy CCCP
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Puc. 6. Bnaue asudy nampito (NaN,, 10 mM) na membpannuii homenyian MimoxoHopit Kaimun miomempis,
wo Oynu nonepeonvo Hagawmaoiceni 3ondamu MTG ma TMRM: 1 — ¢ayopecyenyis 3onoa MTG; 2 —
@ryopecyenyis sondie MTG ma TMRM; 3 i 4 — 0ist a3udy Hampiro na MemOpaHuuil nomeHyial MimoxoHopill

Kaimun miomempis yepesz 5 ma 10 x6 6i0nogioHo

OapBHUKIB y KJIITHHI, 0 301ra€ThCs 3 PO3MOILIOM
MITOXOH/IPialIbHOI'0 MaTPHKCY B KIIITHHAX, TOOTO B
HaBKOJIOSACPHOMY Ta MPUMEMOpPaHHOMY MPOCTOPi
KJITHH MioMeTpis. MaeMO TakoXk MigTBEPIKEHHS
CTOCOBHO KOJIOKaji3alii BHKOPUCTAaHMX HaMHU
0apBHHKIB, OCKIJIBKM B yMOBaX piBHOI iHTEHCHB-
HOCTI (pITyopecieHIii 30H/1iB YC1 TOUKHU TiCTOrpaMu
nexath i kytom 45° (puc. 7.4). Ha puc. 7.3 noka-

36

3aHo BIMB 10 MKM KanpmifazoniyMmy Ha MeMOpaH-
HUH MOTEHIIall MITOXOHAPiK MiomeTpis. [HKyOaris
KIITHH MioMeTpist mpotsirom 10 xB i3 10 MxM
KaJIBM1/1a30J1iyMOM BeJIe 10 iCTOTHOT'O 3HUKCHHS
inTeHcuBHOCTI Quyopectenuii TMRM. Ha puc. 8
MpPENICTaBJICH] pe3ynbraTu 1moa0 BrumBy 100 MkM
TpudayonepasuHy Ha TONSIpU3alil0  MeMOpaH
MITOXOH/Ipii MiomeTpis. [HkyOamis kmitun (10 xB)
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Puc. 7. Bnaue kanvmioaszoniymy (10 mxM) na membpannuii nomenyian MimoxoHopit Kiimuk miomempis,
wo oynu nonepeonvo nasawmadiceni sonoamu MTG ma TMRM: 1 — ¢pnyopecyenyis s3ondoa MTG (sionocha
inmencuenicmo uyopecyenyii 3onoa MTG 6300601 uepsonoi ninii); 2 — gayopecyenyis 30ndie MTG ma
TMRM (sionocha inmencusnicmo ¢uyopecyenyii 30n0ie MTG ma TMRM 630061c uepeonoi ninii); 3 —
BNIUE KATLMIOAZ0EYMY HA MEMOPAHHUL NOMEHYIA MIMOXOHOPIl Kaimun miomempis wepes 10 xé (6ioHocHa
inmencuenicmo payopecyenyii sonoa TMRM 6300601c wepsonoi ainii); 4 — xonokanizayis 3onoie MTG ma

TMRM y xaimunax miomempis

3 MM areHTOM BeJle J0 3HM)KEHHS 1HTEHCHBHOCTI
(hayopecuentii 3oa1a TMRM (puc. 8.3).

Bimomo, mo g0 ckmagy  BHYTPINIHBOI
MITOXOH/IpiaIbHOT MeMOpaHU BXOASTH IMPOTEIHH,
sKi 3a0e3neuyloTh TIEPEHECeHHS MeTaDOoJiTiB,
HYKJICOTHIB Ta KO(AKTOPIB i3 ITUTO30JI0 IO Ma-
TPUKCY Ta y 3BOPOTHOMY HampsIMKy. Y jiteparypi
€ JaHl MIOI0 HAsgBHOCTI MIISHOK TOMOJOTIYHUX
KaJgbMOnyJdiHy y  crpykTypi Ca?-3anexHux
MITOXOH/IpiaTbHIX MIEPEHOCHHUKIB, 30Kpema
tpancnoprepiB ATP-Mg/P. [21]. Omxe, moxHa
MPUITYCTUTH, M0 3B’I3yBaHHs aHTaroHictie CaM
13 OUMM AUISHKAMM OpPU3BEIE A0 TaJIbMyBaHHS
AKTHBHOCTI 3a3HAaYEHUX TPAHCIIOPTEPIB, 110 MaTH-
M€ OIOCEPEAKOBAaHUI BIJIUB Ha BEIMYHUHY MEM-
OpaHHOTO MOTEHITiaTy MITOXOHPIM.

38

TakuM 4MHOM, 13 3aIyUCHHSIM JIBOX EKCIIEPH-
MEHTAJTBHUX Mojesed — (pakimii MITOXOHIpPIH Ta
IHTaKTHUX KJITHH MIOMETpis, JIOBEICHO, IO, I0-
nepiie, aHTaroHiCTH KaJbMOXYJIHY 3HHMKYIOTH 3
4acoM piBEHb IMOIISIPU3AIlil MITOXOHPiaJIBHOT MEM-
OpaHU KIIITHUH MIOMETpisl, O-ApyTe, BUKOPHUCTAH-
HS METOJy MPOTOYHOI UTOMETPii, KOH(POKAIBHOT
MIKpOCKOITii, a TakoX (IyOpeclHeHTHUX 30H/IIB
TMRM Tta MTG pgae 3Mory HamiifHO TecTyBaTH
3MiHy Toaspu3anii MeMOpaHu MITOXOHAPINA TIa-
JEHBKOT0 M’si3a MaTKU.

Asmopu  sucnognowms nooaxy K.0.H. Kaw-
oayposii H. B. 3a yuacmv y nposedenni okpemux
0ocniois.
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Puc. 8. Bnaus mpughnyonepazuny (10 mxM) na membpannuti nomenyian mMimoxoHopil Kiimun Miomempis,
wo oynu nonepeonvo nasanmagiceri zonoamu MTG ma TMRM: 1 — ¢nyopecyenyis 3on0a MTG (8ionocua
inmencusnicmo payopecyenyii 3on0a MTG 6300621c uepeonoi ninii), 2 — ¢hayopecyenyis 3onoie MTG ma
TMRM (8ionocha inmencusnicmo ¢hayopecyenyii 30n0ie MTG ma TMRM 630060ic wepsonoi ninii), 3 — enius
mpuguyonepas’uny Ha MemMOpaHHUll NOMeHyianl MImoxXoHopil Kiimun miomempis uepes 10 xé (8ionocna
inmencusnicmo gayopecyenyii 3onda TMRM 630060ic uepeonoi ninii)
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MOAVYJIATIINA MEMBPAHHOI'O
MOTEHIIMAJA MATOXOH/IPUI
MUHUOMETPUSA AHTATOHUCTAMHU
KAJBMOAYJINHA

C. I Hlnwixos, JI. I Babuu,
M. E. Eemywenxko, C. A. Kapaxum,
C. A. Kocmepun

WucTuTyT Onoxumuu um. A. B. [Tannanuna
HAH Vkpaunsi, Kues;
e-mail: sshlykov@biochem.kiev.ua

BnusHMe aHTaroHWCTOB KaJdbMOAYJIWHA —
KaJTbMHUAa30JInyMa U TpU]Iyoriepa3uHa — Ha MEM-
OpaHHBIH MOTEHITNAT MATOXOHIPHI NCCIIEIOBAIIHN C
WCTIOJB30BAaHUEM METO/[a TPOTOYHOHN IUTOMETPHH,
KOH(OKAITHHONH MHUKPOCKOITHH, TpPHUMEHss (iyo-
pecuenTHble 30161 TMRM u MTG. YcranoBneHo,
YTO aHTAarOHUCT KaJIbMOIYJIMHA KaJlbMHUIA307HyM
B KoHIeHTpanuax oT 1 no 10 MmxM nozo3zaBucumo
CHUKaeT MeMOpaHHBIM TOTEHIIMANl MUTOXOHIPHUH.
B 10 *xe Bpemsi, TpuduryorepasuH B KOHIIEHT AT
or 10 mo 100 MxM nelcTBYyeT pa3HOHANPABIICH-
HO — B KoHUeHTpauuu 10 MxM yBenuuuBaer mo-
JISIpU3aLHIo, TOrjaa Kak B KoHueHTpauuu 100 MmxM
BBI3BIBAET MPAKTHYECKH TOIHYIO JCTONSIPU3AIIIIO
MHTOXOHJIpHATBHBIX MeMOpaH. MeTtogom KoH(]O-
KaJTbHON MHKPOCKONIUM Ha KJIETKaX MHOMETpPHS
MTOKa3aHo, YTO BHECEHHUE B cpeAy nHKybannu MTG
MIPUBOJIUT K TIOSBJICHUIO (DITyOpEeCIeHITNN B «3elle-
HOMY nuamna3oHne. Buecenue Broporo 30512 TMRM
MIPUBOJIUT K TIOSBJICHHUIO (PIIYOPECIEHIINH B «Kpac-
HOM» nuamnasoHe. Jlemonsipusamusi MHUTOXOHIIPHI
npotonodopom CCCP u 10 MM NaN; conpoBox-
JACTCS CHWIKEHHUEM WHTEHCHBHOCTH «KPaCHOW»
(bayopecrieHITNHN, TPU ITOM «3eJeHas» Quryopec-
LIEHIIUS COXpaHseTcs. BHeceHne B cpeny HWHKY-
bamnu 10 MxkM kampMumazonuyma uin 100 MxM
Tpuduryoriepazuna uepez 10—-15 mMuH wHKyOarmm
MPUBOIUT K TPAKTAYECKH TIOJHOMY TaIleHHIO
tbayopectiennuu 3012 TMRM. Takum obpazowm,
MIPU WCTIOJTB30BAHWUU TIOTEHITHATIYBCTBUTEIHHBIX
(ayopectienTHBIX 30HT10B TMRM 1 MTG mnpone-
MOHCTPHUPOBAHO, YTO aHTATOHUCTHI KaJbMOAYJIHNHA
MOJYJIUPYIOT MEMOpPAHHBIH MOTEHIIHAJl MHTOXOH-
JIPUH KIETOK MUOMETPHSL.

KnrmoueBble ciaoBa: NpOTOYHAS LIHUTO-
MeTpHsi, KOH(OKaJIbHasi MHKPOCKOMUS, (parius
MUTOXOHJPHH, KIETKH MHUOMETPHUs, MEMOpaHHBIHI
MOTEHIIMAJl ~ MHUTOXOHJPHUH,  KaJIbMHJIAa30JUYyM,
TpudIyonepasuH.
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MODULATION OF MYOMETRIUM
MITOCHONDRIAL MEMBRANE
POTENTIAL BY CALMODULIN
ANTAGONISTS

S. G. Shiykov, L. G. Babich,
M. E. Yevtushenko, S. O. Karakhim,
S. O. Kosterin

Palladin Institute of Biochemistry, National
Academy of Sciences of Ukraine, Kyiv;
e-mail: sshlykov@biochem kiev.ua

Influence of calmodulin antagonists on mi-
tochondrial membrane potential was investigated
using a flow cytometry method, confocal microsco-
py and fluorescent potential-sensitive probes TMRM
and MTG. Influence of different concentrations of
calmodulin antagonists on mitochondrial membrane
potential was studied using flow cytometry method
and a fraction of myometrium mitochondria of un-
pregnant rats. It was shown that 1-10 uM calmidazo-
lium gradually reduced mitochondria membrane po-
tential. At the same time 10-100 pM trifluoperazine
influenced as follows: 10 uM — increased polariza-
tion, while 100 pM — caused almost complete depo-
larization of mitochondrial membranes. In experi-
ments which were conducted with the use of confocal
microscopy method and myometrium cells it was
shown, that MTG addition to the incubation medium
led to the appearance of fluorescence signal in a
green range. Addition of the second probe (TMRM)
resulted in the appearance of fluorescent signal in a
red range. Mitochondrial membrane depolarization
by IuM CCCP or 10 mM NaN, was accompanied by
the decline of “red” fluorescence intensity, “green”
fluorescence was kept. The 10-15 minute incubation
of myometrium cells in the presence 10 uM calmida-
zolium or 100 pM trifluoperazine was accompanied
by almost complete decrease of the TMRM fluores-
cent signal. Thus, with the use of potential-sensitive
fluorescent probes TMRM and MTG it was shown,
that calmodulin antagonists modulate mitochondrial
membrane potential of myometrium cells.

Key words: flow cytometry, confocal fluo-
rescence microscopy, isolated mitochondria, smooth
muscles cells, mitochondrial membrane potential,
calmidazolium, trifluoperazine.
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