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W3BecTHO, 4TO B oTCcyTCcTBUE cHTe3a ATP m meiicTBus IIpOTOHO(OPHBIX pa300IIUTENCH, TO €CTh B COCTO-
SIHUU 4, CTUMYJISILIMST IBIXaHWSI MUTOXOHAPUT 63 U3MEHEHUsI MACCUBHOM YTEYKU MPOTOHOB COMPOBOXKIA -
eTcs cHxeHneM Koadduimenta HY/O. B HacTodwieit paGoTe yCTaHOBJIEHO, YTO TIPY OKUCJIEHUHN CYKIIM-
Hata MutoxoHapusmu nedeHu N,N,N',N'-terpameTui-n-benuwneHannaMu (TM®]) u o, w-rekcanekaH-
nmukapooHoBas kuciiora (I'J1K) addekTuBHO CTUMYIMPYIOT OBIXaHKUE B COCTOSTHUN 4, 1 TAKOE UX JECTBUE,
B OTJIMYHKE OT MPOTOHOGOPHOro pazobiuTens 2,4-nuHutpodeHosna (JIH®D), He BbI3ZBAaHO YCUIIEHUEM TIPO-
TOHHOI MPOBOAUMOCTHU BHYTpeHHei MeMOpaHsbl. [1pu stux yenopusx TM®JI u I'JIK He oka3bIBaioT cyliie-
CTBEHHOTO BIUSIHUS Ha 3(PEKTUBHOCTb OKUCAUTEIbHOIO cuHTe3a ATP 1 Ha TpaHchopMaluio 3Heprun
komruiekcoM IV (muToxpoM c-okcumasoit). [TonydeHHbIe TaHHBIE PAaCCMAaTPUBAIOTCST KaK CBUIETEILCTBO
TOTO, UTO IIPU OKUCJICHUHU CyKIIMHaTa MUTOXOHApUsMU nedeHn TM® u I'/TK n3bupaTesibHO OTKJIIOYAIOT
komiuiekc 111 ay1eXTpoH TpaHCHOPTHOM Lenu OT TpaHC(opMauny 3Heprun. TeopeTndeckn 0600CHOBAHO,
4TO TIPU 3TUX YCIOBUSIX KOoddduieHT H/O MoxeT GbITh OIpeesieH UCXOsl U3 OTHOILIEHUSI CKOPOCTe
npixaHus B orcyrcrBue 1 B mpucyTctBun TM® u ITK. OcHOBBIBasICh Ha 3TOM MOJEIN, PACCMOTPEHO U3~
MeHeHue ko3ddunnenta HY/0 B 3aBucumoctu ot crumysstuyu TM® u TIK ApIXaHUs MUTOXOHIPUIA B
cocrostHIM 4. YcraHoBleHO, uro moxn BiuusHueM TM®J wm [JIK 3HaveHue xosddummenta HT/O
YMEHBIIIaeTCsl TIPY OKMCICHUM CYKIIMHATa ¢ 6 10 MpeAebHbIX 3HaueHui 2. CienaHo 3akIoYeHre, 4To B
MUTOXOHIPUSIX TIeYSHU TTPU CBOOOTHOM JBIXaHWH, B OTJIMYKME OT OKUCITUTEIbHOTO cHTe3a ATP, 3HaueHms
koaddunmenta H* /0 cocrapsior 4 u 2 a1t komriekcos 111 u IV cooTBeTcTBEHHO.

KoueBble c10Ba: MUTOXOHIpUU TiedeH!, KoadduuueHt H* /O, cBobonHoe asixanue, N,N,N',N'-teTpa-
MeTui-n-GheHWIeHINAaMIH, Ol,®-TeKcaaeKaHInKapOoOHOBask KMCJIoTa
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BBEAEHWE

ComracHO XeMMOCMOTHUYECKOM Teopurt MuT4denia
[1, 2] B MUTOXOHOPUSIX TPAHCHOPT JIEKTPOHOB KOM-
IUIEKCaMU 3JIEKTpOH-TpaHcmopTHoit 1ernu (DTII)
COIPSKEH C BEKTOPHBIM nepeHocoM H* u3 maTpukca
B MeXMeMOpaHHOE MPOCTPAHCTBO. DTO MPUBOIUT K
3aIracaH’Io SHEPTUU B BUIE Pa3HOCTU 3JEKTPOXUMU--
yecKMX noreHnuanoB H* mwim BeipakeHHOI B BOJIb-
TaX IMPOTOH-ABILKYIIEH CHJIbl (Ap). DHeprus Ap pac-
xonyercsd Ha cuHTe3 ATP HY-ATP-cuHTa30i4, a Tak-
JKe Ha CBSI3aHHBIN C 3TUM TpaHCITOPT B MaTpukc ADP
u P; B oomeH Ha ATP [1, 3—7]. YacTte aHepruu Ap
paccenBaeTCsl BCIIEACTBUE MACCUBHOI YTEYKU IIPO-
TOHOB [3, 4, 6, 8, 9]. B orcyrcrBue cuHre3a ATP B MH-

TaKTHBIX MUTOXOHIPUSIX MACCUBHAsl yTeuKa MpPOTO-
HOB paccMaTpUBaeTCs KakK OJMH U3 OCHOBHBIX MeXa-
HU3MOB noTpebiieHus1 Kuciopona [3, 4, 6, 8, 9].
Hapsny ¢ okucnutenabHbiM cuHTe30M ATP, 3T0 Tak
Ha3bIBaeMoe CBOOOJHOE IbIXaHUe (OKHUCJIEHUE) UME-
eT BaxkHOe (pu3nojorndeckoe 3HaueHue. Tak, B Ka-
YeCTBE OCHOBHBIX (PYHKIIMIT CBOOOTHOTO AbIXaHUS B
MUTOXOHAPUSIX PaCCMaTPUBAIOTCS: MPOMYKIIUS TeIl-
Jla IJ1d TIoAjiepXaHusl TeMIlepaTyphl Teja y Teruio-
KPOBHBIX XKMBOTHBIX U MHTMOUPOBaHUE TTPOAYKILIUU
aKTUBHBIX (hopM KuciIopona [3, 4, 6, 8, 9].

Hdna xapakKTepUCTUKA 3(PPEeKTUBHOCTH TeHepa-
M Ap KOMIUIEKCAaMM ObIXaTeTbHOM 1ern MuTden-
JIOM TIPEIUIOKEH CTEXMOMETPUUECKIIT KOADDUIITMEHT
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H*/O, cBUOETENBCTBYIOIIMIA O KOJUYECTBE MPOTO-
HOB, ITlepeHeceHHbIX KoMIuteKcamu DT uepe3 BHyT-
pEHHIOI0 MeMOpaHy MUTOXOHAPUU IIpU TOTpedse-
HMU OJJTHOT'O aToMa Kucjopona [2]. B Tom ciyyae, ec-
JIM paccMaTpuBAaeTCs NEPEHOC IIapbl 3JeKTPOHOB
KaKuM-JIM00 omHMM KoMmiuiekcoMm OTLI, mpumeHsi-
ercs takke kKooddurment H*/2e~ [3]. B nociennee
JIeCATUIETUE TOCTUTHYT KOHCEHCYC B BOIIPOCE O 3HA-
YEeHUSIX TUX BEJIMYUH IJIsI PA3IMYHBIX KOMILJIEKCOB
ATH. Tak, xommiaekc I (NADH-CoQ-penykraza)
ripu okucineHuu NADH + H* tpancnioprupyer 2 siek-
TpoHa Ha KoepMeHT Q (CoQ) conpskeHHO ¢ BEKTOp-
HBIM TtepeHocoM 3—4 H* [3, 5, 10, 11]. OxucneHue
CoQH, xommiekcom III (bc;-kommneke, CoQH,-
LIATOXPOM C-peIyKTa3a) COIPOBOXIAETCS TPAHCIIOP-
TOM 2 3JIEKTPOHOB Ha LIMTOXPOM €, YTO COIPSIKEHO C
BEKTOPHBIM TiepeHocoM 2 H*, momomHurtensHoO K
3TOMY B MEXKMeMOpaHHOE ITPOCTPAaHCTBO OCBOOOXK-
narorcsa 2 HY [3, 5, 12—14]. B npouecce nepeHoca
koMmrIuiekcoM IV (LuToXpoM c-okcuaasza) 2 31eKTpo-
HOB OT UTOXPOMaA ¢ IO MOJIEKYJISIPHOTO KMCJIOpOoaa
13 MaTpuKca 3axBaTbiBaetcs 4 H* u B MexxMeMOpaH-
HO€E MPOCTPAHCTBO ocBoboxmaercsd 2 H™ ¢ TpaHc-
MEMOpPaHHBIM IIEPEHOCOM 4 IIOJIOXUTEIbHBIX 3apsi-
noB [3, 5, 15]. Takum o6pa3om, Ipu YCIIOBUM, YTO B
pacueT IMPUHUMAIOTCSI OCBOOOXIEHHBIC B MEXXMEM-
OpaHHOE IIPOCTPAHCTBO IMIPOTOHBI, 3HAYCHUST KO3 (-
¢duumenta H*/O (H*/2e™) cocrasnsior 4, 4 v 2 mis
komruiekcoB I, II1 n IV coorBercTBenHo. Ecim ke B
pacuyeT NPUMHUMAIOTCS 3aXBadyeHHbIE M3 MaTpUKCa
IIPOTOHBI, 3HaYeHus Koadppuunenta H /O (H/2e7)
coctaBisgoT 4, 2 n 4 nisg komiuiekcos I, 11T u IV co-
OTBETCTBEHHO. DTHU 3HaYeHUs KO3(PPUINECHTOB CO-
OTBETCTBYIOT KOJIMYECTBY I€PEHECEHHBIX ITOJIOXKM-
TEJILHBIX 3apsIoB M3 MaTpUKCa B MeXMeMOpaHHOe
IpOCTpaHCTBO [3, 5].

Metonsl ompeneneHuss Kosddumuenta H*/O
(H*/2e7) nng OTL nzonupoBaHHBIX MUTOXOHIPUIA
OCHOBAHBI Ha PErMCTPaALIMU KOJIMYECTBA TEPEHECEH-
HBIX Yepe3 MeMOpaHy IPOTOHOB B OOMEH Ha IPOHU -
karomnii katroH (K* B mpucyTCcTBMM BAJIMHOMMLI-
Ha wii Ca’") [16—18]. B sTOM Ccilyyae IIpoOUCXOOUT
rnajgeHue MeMOpaHHOTO NnoTeHurana (Ay) u yBeadye-
Hue ApH. OueBuaHO, 4TO TaKoe AeMCTBUE MTPOHUKA-
IOIINX KATUOHOB JejlaeT HEBO3MOXHBIM HEITOCpeI-
CTBEHHOE ompeaesiecHUue 3Ha4YeHUU KoadduiimeHTa
H*/O (H"/2e™) npu pa3snnyHbIX GYHKIMOHAIBHBIX
COCTOSIHUSIX MUTOXOHJIpUIA, B YACTHOCTH, ITPU OKUC-
JIUTEIbHOM (POChHOPUIUPOBAHUN U TTPU BI3BAHHOM
TMACCUBHOI YTEUKOM ITPOTOHOB CBOOOTHOM JIBIXaHWH.

Teopetuueckn 060CHOBAHO, YTO, UCXOAS M3 MO-
JIEKYJIIPHOU cTpyKTypbl U dyHKkuuu HY-ATP-cun-
Tas3bl, 11 cuHTe3a 1 MoJtekyJsibl ATP B MUTOXOHIPUSIX
MJIEKOMUTAIOIIMX Heobxoaumo 2.7—3 mipoToHa [3, 19].
Emte 1 mpoToH HEOOXOIUM IJIST BJIIEKTPOTEHHOTO 00-
MeHa ADP u P; Ha ATP [3, 7]. OkcnepuMeHTaIbHO

YCTAHOBJIEHO, YTO 3HAaYeHUs KoddduneHTa ADP/2e~
BUOJIOTUYECKHWE MEMBPAHBI
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rst KomruiekcoB I, Il m IV omsku k 1, 0.5 m 1 coort-
BeTcTBeHHO [20—22]. Mcxonst u3 3TUX JaHHBIX, 3HA-
yeHus Koadduunenta H/2e~ npu oKucauTe1bHOM
dochopunupoBaHuU onpenesieHbl Kak 4, 2, 4 s
komiuiekcos I, 111 u IV cootrBercTBeHHO [3, 20]. DT
3HAYCHUSI COOTBETCTBYIOT KOJMYECTBY IOJIO0XKMUTEb-
HBIX 3apsiioB, ITEPEHECEHHBIX KOMIUIEKCAMU JIbIXa-
TEJILHOM LIEIIN, YTO CBUAETEIbCTBYET 00 3JIEKTPOreH-
HBIX Tpolieccax cuHTe3a ATP HY-ATP-cuHTasoii, a
Takxe ooMeHa ADP u P; Ha ATP, cBsi3aHHBIX € CO-
BepiieHueM paboTsl [3, 7, 19]. Boiire yxxe oTMeua-
JIOCh, YTO CBOOOMHOE AbIXaHME MUTOXOHIPUIL O0Yy-
CJIOBJICHO IIACCMBHOM YTEYKOHl IIPOTOHOB 4Yepe3
BHYTPEHHIOIO MeMOpaHny [3, 4, 6, 8, 9]. OueBunHO,
YTO B 3TOM Cjiydyae, B OTJIMYME OT OKMCIUTEIHLHOIO
¢dochopunrpoBaHusi, IPOTOHAMU HE COBEPIIACTCS
Kakoi-1m0o pabotel. HemaBHO HaMu ObLIO MpPENIIo-
JIOXXEHO, YTO IIPM CBOOOJHOM IbIXaHUU MUTOXOH-
Ipuii 3HayeHust Koadppuunenta H*/O cocraBisioT
4, 4 n 2 nyisg komrmekcos I, 111 n IV cooTBeTcTBEH-
HO [23]. HeoOxomuMmbl gaibHEHIIINE WCCASIOBAHUS
JIJIST TIOATBEP3KACHMSI 3TOI TUIIOTE3HI.

B MuTOXOHIpUSIX yCUJIEHUE TACCUBHOW YTEUKU
MPOTOHOB C MOMOIIbIO MPOTOHOMOPHBIX Pa300IIK-
TeJieit, Takux Kak 2,4-nuHutpodenon (JIHD) u ap.,
COMPOBOXIAETCSI CTUMYJISILIMEi ObIXaHUs U CHUXKe-
HUeM Ap 0e3 usMeHeHus koadpduunenta HY/O [24].
Bmecrte ¢ TeMm, u3HavyaJIbHO COMpPSDKEHHAs! C TpaHC-
dopmaiveit 3HepruM ApixarejibHass LENb MOXET
OBITh MOOU(PUIIMPOBAHA TAKUM 00pa3oM, 4TO IJEK-
TPOHBI OYAYT IMIEPEHOCUTHCS 0e3 (hopMupoBaHUSI Ap
[25—29]. B aTOoM ciiyyae yBeIu4eHHE CKOPOCTU JIbI-
XaHUSI MUTOXOHApUII 0e3 M3MeHEeHUs MacCUBHOM
YTE€UKU MTPOTOHOB U Ap COINPOBOXIAETCS YMEHbIIIe-
HueM Kosddunmenta H* /O [25, 27]. DroT peHOMEH
omnpeneneH Kak “aekarummHr’ (decoupling) wiu, ro-
BOpS TO-Ipyromy, “otkmouyeHue” [25, 26, 28—30].

B kauecTBe areHTOB, OCYLIECTBISIONIMX MOA00-
HOE€ OTKJIIOUEeHWE, Hallle BHUMAaHWE TMPUBJIEKIIN:
N,N,N',N'-terpameTi-n-bpenmneHaamMud (TM®]I),
CcocOoOHBI HIyHTUpoBaTh KoMIuieke [11 DTLL nyrem
nepenauu a1ekTpoHoB oT CoQH, nmo nutoxpoma c
[25, 31], m o,®-rekcageKaHINKapOOHOBAsT KMCJIOTa
(I'’AK), nepeximoyatromast komruieke 11 Ha xonocToit
pexum pabotnl [29]. TlpencraBiasieTr MHTEpEC METO-
JIUYECKUI TIONXOM, TO3BOJISIIOIINI BBIYUCIUTD 3HAYC-
Hus koappuunenta HT/O (H*/2e™) misg KoMIuiek-
coB III u IV B cayyae cBOOOOHOTO ABIXaHUSI MUTO-
XOHAPUI MPU TOJHOM OTKJIIOUEHUU OIHOTO U3 HUX.
ITpu okucieHU MUTOXOHAPUSIMU CyKIIMHATa B YCJIO-
BUSIX CBOOOMHOTO JIBIXaHUSI NU30MpaTe/IbHOE MOJTHOE
otkmoueHne Komriekca 111 OTL moimkHO IpuBO-
JIATH K CHIKeHUIo Koappuumenra H*/O no 3Haue-
HUS, XapaKTepHOro Jijist KomIuiekca V.

B Hacrosieit pabore yctaHoBiaeHO, yTo TM@]]
u I'’IK, B McrioJib3yeMbIX KOHLICHTPaLUSIX, CTUMYJIU -
P4 AbIXxaHVe MUTOXOHIPUIA: a) HE OKAa3bIBAIOT CYyIIIE-
CTBEHHOTO BJIMSTHUS Ha 3((OEKTUBHOCTb OKUCIINTETb-
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Horo cuHTe3a ATP, 6) He ycMmnmBarOT NMAacCUBHYIO
yTEeUKy IPOTOHOB 1 B) HE BJIMSIOT Ha TpaHCcpopMa-
1o s3Hepruu komriuiekcom IV OTL. IMpuHumas Bo
BHMMAaHME 3TH JAaHHBIE, HA OCHOBE 3KCIIEPUMEH-
TaJIbHBIX UCCJIETOBAHUI B YCIOBUSIX CBOOOTHOTO JIbI-
XaHUSI MUTOXOHAPUIA TEOPETUYECKU OIIpeae/IeHbI
3HayeHust kKoadduuuenra H /O misg KOMILIEKCOB
III u IV OTL. YcraHOBIEHO, YTO B MUTOXOHIPHSIX
MEYEeHMU, OKMCJISIOIMX CYKIIMHAT MPU OTKIIOYEHUU
TM®/ u I'’TK xomnekca 111 DTLI 3HayeHUe KO3 -
¢dunmenta H*/O yMeHbInaeTcsa ¢ 6 10 MpenenbHbIX
3HaueHuit 2. I[lojrydeHHEBIE pe3yJIbTaThl paccMaTpU-
BalOTCSl KaK CBUAETEJIHCTBO TOIO, YTO MpPU CBOOOI-
HOM JIbIXaHUM MUTOXOHAPUIN 3HaAUESHUS KO3DPUII-
enra H*/O cocrasistior 4 u 2 mis komrekcos 11T u
IV cooTBeTCTBEHHO.

MATEPHAJIBI U METO/1bI

MuToxoHIApUU U3 MIEYEHU OEJIbIX ITOJIOBO3PEJIBIX
KpbIC caM1ioB (BecoM 210—250 r) BbiAesiin oOIIIEe-
MIPUHATHIM METOOOM IH(pdepeHIINATBHOTO LIIEHTPU-
¢GyrupoBaHUs C MOCIEAYIOIINM OCBOOOXIEHNEM OT
SHJIOTEHHBIX XMPHBIX KMCJIOT C IOMOILbIO OBIYbETO
ceiBopoTouHoro ansoymuHa (BCA) ¢ppakuuu V B co-
OTBETCTBUM C OMNMWCAHHOI paHee MeTOmMKou [28].
Cpena BelmedaeHusT copepxaia 250 MM caxapo3y,
1 MM EGTA, 5 MM MOPS (pH no 7.4 moBomunu
tpuc). KoHneHTpauuio 6e1Kka MUTOXOHIOPHUIA OIIpe-
JeJIsiId OMypeTOBBIM METOJIOM, B KauyeCTBe CTaHaap-
Ta ucnoJjib3oBaiu pactsop BCA. Bo Bpems nposene-
HUS BKCIIEPUMEHTa CYCIIEH3UI0 MUTOXOHApUiL (60—
70 M MUTOXOHIpPHAJILHOIO Oeika B 1 MJI) XpaHWIU
Ha JIBLy.

AbIxaHe MUTOXOHAPUI PEruCTPUPOBAIU TTOJISI-
porpadudeckuM metonoM mnpu 37°C B TepMocTaTh-
pyemoii gueiike o0beMOM | MJI C TIOMOIIBIO KHUCJIO-
pomHoro aiekTpona Tuia Kiapk u yctaHoBku Oxygraph
Plus (Hansatech Instruments, BenukoOpuraHusi).
KoHuieHTpamnsg B s9eiike Oeka MUTOXOHAPUMN —
1.0 mr/mi. KanuGpoBKy OCyILIECTBIISUIM OOIICIpPU-
HSITBIM METOJOM, MPU 3TOM KOHILIEHTpaLMs KUCIO-
pona B yKa3aHHOI cpene MHKyOaluy, HaChIIIEHHOM
BO3JyXOM MpPU HOPMAaJIbHOM aTMOc(hepHOM JaBJe-
Huu npu 37°C, 6buta npuHsta kKak 406 MM O
(203 MxM O,) [25]. CkopocTh IbIXaHUSI MUTOXOH-
IpUii BeIpaxaiu Kak MKM O/MUH.

IIpu uccaemoBaHMM CONPSIKEHHOTO C CMHTE30M
ATP npixaHuss MUTOXOHAPUN (OKUCIUTEIBHOTO
dochopunpoBaHUsi) TIPUMEHSIIM METON MyJbca
ADP, xak mmonpo6Ho ormicaHo B padote [32]. Cpena
nHkyoauuu cogepxkana 200 MM caxaposy, 20 MM
KCl, 5 MM snTapuyo kucinory, 5 MM KH,PO,,
0.5MM EGTA, 2 MM MgCl,, 10 MM MOPS (pH
1o 7.4 moBommau Tpuc). IIpUMeHSIIM CleayIONInii
nopsinok padbotel. Cpaldy nmocjie MUTOXOHIPUIA B KHC-
JIOPOIHYIO sTYeiiKy 100aBJIsiu 2 MKM pPOTEHOH U, eC-
g 310 Heobxogumo, TM®D/ waun 'K, mimu JHO.

BUOJOIT'MYECKME MEMBPAHBI

B orcyTcTBHE yKa3aHHBIX aKTUBATOPOB ABIXaHMS M1~
TOXOHIPUU MOTPEOIISTIOT KMCJIOPOA C HU3KOM CKOPO-
CTbIO — HAaMM paccMaTpUBaeTCsI KaK COCTOsTHUE 4a
(J4y). Yepes 2 MUH mocje BHECEHUs POTEHOHA,
TM®I v 'K, uiu JH® K MUTOXOHIPUSIM J10-
o6asmsu 200 MkM ADP, 3To nmpuBOAMIIO K MHOTO-
KpaTHOM CTUMYJISILIUM COIIPSDKEHHOTO C CUHTE30M
ATP ppixanusi — cocrosiHue 3 (J3). Ilocne Toro kak
Bech noOaBiieHHbIIt ADP ObL1 M3pacxogoBaH B MpPo-
necce cuHTe3a ATP, MUTOXOHIpYY BHOBB ITOTPEOJISIOT
KUCJIOPOJI C HU3KOM CKOPOCTBhIO — cOCTOsIHUE 40 (J,5).
Eie yepes 2 MUH IOCIe BBIXOAa MUTOXOHIPUIA B CO-
crossHue 46 no6asisuiu 50 MxM JH® nns onpene-
JICHUSI MAaKCUMaJIbHOM CKOPOCTH TPpaHCIIOPTa 3JIeK-
TPOHOB MO JbIXaTeJbHON LieNU (COCTOSIHUE Pa300-
meHHoe, J,). B kauectBe Mepbl 3(hdEKTUBHOCTU
oKucauTeabHoro cuHre3a ATP nmpumeHsuin, Kak B
pa6ore [32]: ckopoctb cuHTe3a ATP (J,), koadbdu-
LIMEHT AbIXaTeJIbHOTO KOHTPOJIS (R ), CTEXMOMETPU-
yeckne kKoadpduuuentsr ADP/O (P/O). Hapsny c
9TUM, 11 OLeHKM 3((PEKTUBHOCTU OKUCIUTEIbHO-
ro cdochopunupoBaHus NPUMEHSIETCS TakKKe CTe-
xuomeTpudeckuit Koapduuuentr ADP/AO (P/AO),
rme AO KOJIMYEeCTBO KMCIIOPOIa, IIOTPEOIIeMOTro M-
TOXOHAPUSIMU B COCTOSIHUM 3, 32 BBIYETOM KOJIHUYE-
CTBa KHCJIOpOIa, NOTPpeOIeHHOro B COCTOSIHNU 40 3a
TOT ke IpoMexXyToK BpeMeHu [32]. Koadduimenr
R, ompenensnu Kak OTHOLLIEHUE BEJIWYUH J; U Jy6.
Koadpduumnent ADP/O (P/O) onpenensiiu ¢ yaeToMm
BCETO KOJIMYECTBA KUCI0POIa IIOTPeOISIEMOTO MUTO-
XOHAPUSIMU B COCTOSTHMM 3, KaK MOAPOOHO OIMMICAHO
B padorax [22, 32]. Ckopoctb cunreza ATP (J,) orpene-
JISUTM Kak Tipou3BeneHue BeanurH J; u ADP/O. Koad-
¢umment ADP/AO onpenensiii Kak OTHOILIEHUE Be-
JIMYUH cKopocTu cuHTe3a ATP m pasHOCTU MexXIy
CKOPOCTSIMHU IbIXaHUsI B COCTOSIHMSX 3 U 40 1o ypaB-

nenmio: ADP/AO =J,/(J5 - Jy5).

IIpu uccnegoBaHMU HECONPSKEHHOIO C CHMHTE-
30M ATP npIxaHWsI MUTOXOHIPUL (CBOOOIHOE IbIXa-
HY€, HaMU pacCMaTpUBaETCsl Kak cOCTosTHUE 4) TIpr-
MCHSUIA Cpeny MHKyOallMy CJIEOYIOIEro cocTaBa:
250 MM caxapo3sa, 5 MM gaTapHasg kuciorta, 0.5 MM
EGTA, 10 MM MOPS (pH no 7.4 noBoaunu Tpuc).
KoHuenrpanusi B s4eiike Oelka MUTOXOHAPUIA —
1.0 mr/mn. Ilpu perucTpaumy AbIXaHUS B ITOJSIPO-
rpacuyeckylo sS4eiiky cpaszy Iocie MUTOXOHIPUM
JN00aBJsIM POTeHOH (2 MKM) U yepe3 2 MUH TocJie
storo TM®/I unu I'’IK B ykazaHHBIX B Ta0JI. 2 KOH-
LIEHTpALIUSX.

ITpoToHOGOPHYIO aKTMBHOCTh MCCIIEAYEMbIX B
paboTe COeNMHEHU OIIPeae/ISIIN IByMs CIIOCOOaMU.
Bo-nepBbix, myTeM UHAYKIIMU HAOyXaHUS 1€IHEPTU -
30BaHHBIX MUTOXOHJIPUI1 TIEYEHU KPBIC, UHKYOUPO-
BaHHBIX B U30TOHMYECKOM PACTBOpPE alleTaTa Kajius B
MPUCYTCTBMU BAJIMHOMUIIMHA, KaK B paboTtax [33, 34].
Cpena nakybauuu comepxxaia 145 MM alieTar Kajaus,
0.2 MM EGTA, 5 MM nuanung Hatpus, 5 MM Ttpuc,
pH 7.4. Bo-BTOpBIX, IIyTeM WHIOYKIMHW HaOyxaHWS
Ne 2
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Ta6mma 1. Bousaue TM®/, ITK n JIH® Ha mokazaTeu ObIXaHUST Y OKUCIUTETBHOTO (hOoCHOpIMPOBAaHUSI MUTO-

XOHAPHUI eYeHU MPU OKUCIICHUU CyKIIMHATa

A. CKOpOCTI) ObIXaHWA B pa3/IMYHbBIX COCTOAHUAX

YCJIOBUSI OITbITA J4a Jus J,
bes no6aBok 27.0 = 1.58 116.6 &+ 3.67 28.4 £ 0.89 157.9 £ 1.75
JH® 5.5 MkM 52.9 +2.70* 129.9 + 2.60* 54.3 +2.36* 161.2 £ 6.57
TM® 0.1 MM 51.1 + 3.01* 134.1 £ 5.01* 52.9 £ 2.48* 199.7 £ 5.52%/*
r’AK 0.1 MM 50.2 + 3.56* 103.3 + 4.19*/* 52.5 £ 3.33% 112.6 + 2.81*/*

b. DddektnBHOCTH cHTE3a ATP

YCJIOBUS OIBbITA Jp ADP/O ADP/AO
bes no6aBok 200.1 £ 3.60 4.11 £ 0.059 1.70 £ 0.028 2.28 +£0.027
JH® 5.5 MkM 175.8 £ 3.33* 2.43 £ 0.053* 1.35 £ 0.022* 2.32+0.019
TM®L 0.1 MM 215.7 £ 10.05* 2.53 £ 0.096* 1.61 £ 0.040* 2.66 +0.054*/¢
ik 0.1 MM 160.9 + 6.31* 1.99 + 0.086*/*¢ 1.56 +0.049* 3.18 £ 0.042+/¢

IIpumeuanue. YcI0BH OIbITA, COCTAB CPEAbl MHKYOALIMK ¥ CUMBOJILI ONIMCAHbI B pasieiie “Marepuaisl 1 MeToabl”. PazMepHoCTh
BeJIMYUH: Jyy,, J3, J4g 1 J,, — MKM O/muH; Jp — MKM ADP/MuH; R¢, P/O u P/AO — otHOocutesbHble enuHulbl. [IpuBeneHs! cpenHue

3HayeHUsT £ cTaHgapTHasl olnbKa cpemaHero (1 = 6).

* Paziuyusi MEXKIy ONMBITOM (ITPUCYTCTBHE MOIYJIUPYIOIINX areHTOB) M KOHTpoJIeM (6e3 106aBOK) CTaTUCTUYECKU 3HAYUMBI, p < 0.05

‘Kpl/ITepMﬁ CTbIOJEHTA).

Pazmuuus mexny onbitoM (ripucyreteue TM®/I vm [IK) u konTponem (ripucyrcerBue JH®D) cratuctuyecku 3HauuMslI, p < 0.05

(xkputepuit CTblOEHTA).

TakXe JIedHEPTU30BaHHBIX MUTOXOHIAPUI TIEUECHH,
WHKYOMPOBAHHBIX B U30OTOHUYECKOM PACTBOPE HUT-
pata ammoHud [35]. Cpena mHKyOaluu copepkaia
135 MM NH,NO;, 0.1 MM EGTA, 5 MM uuanun Ha-
tpus, 10 MM HEPES, pH 7.4. HaGyxaHue MUTOXOH-
JIIpUiA ONpeneysiii MO YMEHBIICHUIO TMOMIOIIEHUS
MUTOXOHAPUATIBHOM cycrieH3uu mpu 600 HM ¢ ITOMO-
b0 IUIAHIIETHOro crnekrpodgoroMeTpa Multiskan
GO (Thermo Fisher Scientific, CIIIA).

B pa6ore ucrmonpzoBasit MOPS, tpuc, I'IK, ga-
tapHyo kuciaory, TM®I, FCCP, BaJuHOMUILIVH,
auetat kKanus, NH,NO;, ouyuilleHHbI OT XUPHBIX
kuciior BCA ¢pakuuu V (Sigma); porenon, EGTA
(Serva); JH®, caxaposy, KCIl (Fluka); KH,PO,,
MgCl, (Merck).

PE3VYJIBTATBI U OBCYXIAEHHUE

Bamsnne TM®/, TIK u JJH® na apixaHue u
oKucauTebHOe GochopuMpoBaHne MHUTOXOHAPHIA
neyenn. Dddextet TMD/] u I'IK neaecoobpazHo
CPaBHUTb C ACUCTBUEM OOHOTO M3 KJIACCUYECKMX
npoToHodopHbIX pazoodiuTtencii JH®. Kak cienyer
M3 JaHHBIX TaOa. 1, B orcyrcTBue cuHTe3a ATP (co-
crosiHue 4a) IH®, TM® u I'1K B ykazaHHBIX KOH-
LIEHTPALIMSIX CTUMYJIUPYIOT IbIXaHE€ MUTOXOHIPUIA B
1.96, 1.89 u 1.86 pa3a COOTBETCTBEHHO, T.€. B paBHOM
crenienu. B coctostnuu 3 JJIH® u TM®/] ctumynu-
pytoT, a I'JTIK mHrubupyer AbixaHue MUTOXOHIPUIA
(ta6m. 1). O6paimaeTr Ha cebss BHUMaHUE TO, YTO CKO-
POCTH JbIXaHUSI MUTOXOHAPUI B COCTOSIHUSX 4a (Jy,)

BUOJOTUYECKUE MEMBPAHBI  tom 40  Ne 2

u 40 (J45) paBHBI Kak B OTCYTCTBUE, TaK U B IIPUCYT-
CTBMHU M3y4aeMbIX coenmHeHuit (Tadi. 1). CnegoBa-
TeJIbHO, B cocTosgHuu 46 TM®JI u I'’IK He uHayLu-
pyoT rugpoau3 ATP, oOpa3oBaHHBINI B IIpoliecce
okucaurenbHoro pochopunupobanusd. TM®D/I ctu-
mynupyeT, a 1K marnounpyer pazoomenHoe 50 MmxM
AJH® no mMakcuMajgbHOTO YPOBHSI IbIXaHHUE MUTO-
XOoHIpuii (Tadu. 1).

M3BecTHO, UTO CTUMYJISILIUASL TbIXaHUSI MUTOXOH-
JIpUii TIPOTOHO(MOPHBIMU Pa300IIUTEIIMMU, B YaCT-
Hoctu [JH®, conmpoBoXIaeTcs CHUXKEHUEM TToKa3a-
TeJieit 3(HEKTUBHOCTU OKUCIUTEIBHOTO (hochopu-
nmupoBanust: Jp, R- u ADP/O [32, 36, 37], HO 6e3
u3MeHeHus Koapodunmenta ADP/AO [32]. B Hammx
ycinoBusix aHajiornuHble 3ddexktol JJH® Ha6moma-
IOTCS YK€ MpH KOHIEHTPAUK 3TOr0 pa300IIuTeIs
5.5 MKM (1ab6a. 1). TM®/I, takxke kak JH®, cHrxka-
eT R., HO B OTJIMYUE OT TOTO PA30OIIUTENST HE OKa-
3BIBACT CYIIECTBEHHOIO BJIMSIHUS Ha CKOPOCTh CHH-
te3a ATP (Jp) u koaddunment ADP/O, Ho yBenuun-
BaeT KoadduiimeHnt ADP/AO (ta6i. 1). ITK, Takke
kKak TM®]I, He oKa3bIBAaET CYLLIECTBEHHOTO BIUSHUS
Ha Koa(pduument ADP/O, yBeanuuBaeTr Ko3hdu-
uueHT ADP/AO, Ho cHUXaeT cKopocTh cuHTe3a ATP
(Taba. 1).

Takum obOpa3oM, pe3yabTaTbl MPOBEISHHBIX KC-
ClIeOBAaHUI CBUACTEIBCTBYIOT O ToM, yTo TM®M/I,
CTUMYJIMPYS IhIXaHWE B COCTOSTHUSX 4a m 40 B paB-
HOI1 cTeNeHU, He OKa3bIBaeT CYIIECTBEHHOTO BIIMSTHUST
Ha 3¢ GEKTUBHOCTh OKUCIUTENILHOTO cuHTe3a ATP.
Kak n3BecTHO, IbIXaHWE MUTOXOHAPUIA B COCTOSTHUH 3
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Puc. 1. OTHOCHUTEIbHAS CKOPOCTh HAOyXaHUs Ie3HEPIu-
30BaHHBIX MUTOXOHIIPUII TICUEHU B CPEZIie C alleTaToM Ka-
Jisl (@) 1 HUTPaTOM aMMOHWUS (6) B OTCYTCTBUE 10OABOK
(xoHTpOJb) 1 B ipucyrctBun JJTH®, IJIK u TM®/I B yka-
3aHHBIX KOHLIEHTPALMSIX. YCIOBUS OMBITA U COCTaB CPEX
MHKYOAlMM OMUCaHBbI B pa3nese “Marepuaibl U METOIbl .
B orcyrcTBUEe 106aBOK (KOHTPOJIb) aOCOJIIOTHBIE 3HAue-
HUSI CKOPOCTH HaOyXaHUsI MUTOXOHAPHUI COCTaBIISIOT: B
anerate Kamusa — 0.051 £ 0.002 AAgy/Mun Ha 1 Mr Genka,
B HuTpate aMMoHust — 0.022 £ 0.002 AAgyy/MHUH Ha 1 Mr
6enka. [IpuBeneHbI cpemHMe 3HAUYeHUs] t CTaHIAPTHAs
ommobka cpenHero (n = 5).

* Paznuuus MeXay CKOPOCTbIO AbIXaHUSI B MPUCYTCTBUU
JH® u B oTcyTcTBUE (KOHTPOJIb) CTATUCTUYECKU 3HAYM-
Mbl, p < 0.05 (kputepuii CTblofeHTa).

COCTOUT U3 JIBYX COCTABJISIIOIIUX. COIPSZKEHHOTO C
cuHTte3oM ATP nwpixanuss U cBOOOTHOIO JbIXaHUS
[22, 32]. Panee HaMu ObLIO 0OOCHOBAHO, YTO IIPH Ka-
KOM-JIM0O0 BO3ACHCTBUM HA MUTOXOHAPUU yBeJIUYe-
Hue Koapdunuenra ADP/AO 6e3 nuameHeHus KO-
¢unmenta ADP/O cBumeTeabCTBYET O TOM, UTO IIPU
JaHHBIX YCJIOBUSIX CKOPOCTh CBOOOMHOTO AbIXaHMUSI
KaK COCTaBJISIIOIIAsi CKOPOCTHU AbIXaHUSI B COCTOSIHUM
3 MeHbIIIe CKOPOCTU AbIXaHUSI B cocTossHuu 4 [32].
CrneqoBaTebHO, B OTJMYHE OT IPOTOHOMOPHEBIX pa3-
obomureneit, TM®I u I'IK B MeHbIlEeil crereHu
YBEJIMYMBAIOT CKOPOCTb CBOOOJHOIO AbIXaHMS Kak
COCTAaBIISTIONIYIO IBIXaHMWS B COCTOSIHUM 3, Y€M CKO-
pPOCTb AbIXaHUS B cOCTOSTHUM 4. [TogpoOHOE BBISICHE -
HUE MOJIEKYJISIDHBIX MEXaHU3MOB UX JEUCTBUS — 3a-

BUOJOIT'MYECKME MEMBPAHBI

nmava mocienyiommx nccaemosanmin. 1K ortnmyaer-
¢t or TM®]I TONBKO TEM, UTO CHUXAET CKOPOCTh
okucureabHoro cuHte3da ATP. Takoe neilictBue
I'’IK, mo-BuanMoMy, 00yCIOBICHO MHTMOMPOBAHM -
€M TpaHCIIOpTa 3JIEKTPOHOB 10 JbIXaTeJILHON 1ICIH.
Bo Bcex mociienyommx 3KCIepuMeHTax KOHIIEHTpa-
nusg 1K owu1a ve Bore 0.1 MM.

Bmsiane TM®/, I'/IK n JIH® Ha nacCHBHYIO
YTeUJKY NPOTOHOB Yepe3 BHYTPEHHIOI0 MUTOXOHIPHAJIb-
HYI0 MeMOpany. [1pu ripoBeneHny ncciienoBaHui 3¢ -
dextel TM®/I u I'/TIK cpaBHUBaIM ¢ ASICTBUEM OJI-
HOTO 13 KJIACCUYECKUX IMTPOTOHO(MOPHBIX Pa300II-
teneit JTH®. KoHlleHTpallMu 3TUX COEOUHEHWII, B
KOTOPBIX OHM TPU OKWCJICHUHU CyKIIMHATa MpUOIn-
3UTeJIbHO B paBHOIi cTeneHu (B 2.0 pasa) CTUMYJIUPY-
IOT CBOOOIHOE ObIXaHWE, IPpUBEISHBI B Ta0. 1.

OIHUM U3 METOAOB OLIEHKM CIIOCOOHOCTH pa3-
JIMYHBIX COEIVWHEHUI TPaHCIOPTUPOBATh MPOTOHBI
yepe3 BHYTPEHHIOI MUTOXOHIPHUATIBHYIO MEMOpaHy
SIBJISIETCSI pErUCTpalms HaOyxaHUsI OpraHeslI B M30-
TOHMYECKOM pacTBOpe aleTaTta Kajaus B IPUCYT-
crBun BagmHoMmunHa [33, 34]. C NOMOIIbIO 3TOTO
METOJIa OIIpeNesIeTCs] TPAHCIIOPT IPOTOHOB U3 MaT-
pUKCca B MeXMeMOpaHHOE MPOCTPAHCTBO, T.€. B Ha-
MpPaBJIEHUH IIPOTUBOIIOJIOKHOM ITACCUBHOM yTE4yKe
IIPOTOHOB Yepe3 BHYTPEHHIOIO MEMOpaHy SHEPIU30-
BaHHBIX MUTOXOHApUIA [33, 34].

I pyrumM MeTOI0M OLIEHK! CITOCOOHOCTH pa3yiny-
HBIX COENUHEHUI TPaHCIIOPTUPOBATh MPOTOHBI Ye-
pe3 BHYTPEHHIOIO MUTOXOHJPUATIbHYIO MeMOpaHy
SIBJISIETCST peTucTpalusi HabyxaHusl OpraHesl B U30-
TOHMYECKOM pacTBOpe HuUTpaTa ammoHus [35]. UH-
IYKIMUS TIPOTOHHOM TMPOBOAMMOCTH MPU OIHOBpE-

MeHHOM TpaHcrioptre NH; n NO; npuBomuT K Ha-
KOIUIEHWIO B MaTPUKCE OCMOTHMYECKM AaKTHUBHBIX

noHos NHj, NO; u BC/€ICTBUE 3TOrO HaBGYXaHUIO
MUTOXOHAPUI. DTOT METOH MO3BOJISIET ONPENEIUTh
HaJIM4Me TPAHCIOPTA IPOTOHOB U3 MEXMEMOPAHHO-
ro MPOCTPAHCTBA B MAaTPUKC, KaK 3TO XapaKTEPHO
IUIsl TACCUBHOI yTEYKU MPOTOHOB Yepe3 BHYTPEH-
HIOIO MeMOpaHy SHEPrU30BAHHBIX MUTOXOHIPUIA.
BwMmecTe ¢ Tem N3BC€CTHO, YTO TPAHCIIOPT TaKMUX aHNO-

HOB Kak NO5;, SCN™ u ap. yepe3 BHyTPEHHIOIO MEM-
OpaHy MUTOXOHAPUI OCYIIECTBIISIETCS IMPHU Y4aCTUU
aHMOHHOTIO KaHajla, KOTOPbIii MOXET OJIOKMPOBAThCS
ruapocdoOHbIMU coenuHeHusMu [38]. CkaszaHHOe B
MOJHOM Mepe OTHOCHUTCS M K METOAY OLIEHKM CIIO-
cooHoctu TM®D]l TpaHCIOPTUPOBATb HPOTOHBI
yepe3 BHYTPECHHIOI MUTOXOHAPUAIBHYI0O MEMOpaHy
IyTeM perucTpalury HaOyxaHHUsS OpTraHeIUI B M30TO-
HHMYECKOM pacTBope podaHuaa aMmmoHus [25]. B Ha-
crostiieit pabore mjis oueHKM BiIusHuUsT TM®Jl u
I'’IK HaA TpaHCITOPT MPOTOHOB OBLUIH ITPUMEHEHEI 00a
ONMCAaHHBIX BBIIIIE METO/A.

Kak BumHo u3 puc. la, JH® B KOHLIeHTpaLUsIX
5.5 MKM 3¢ heXTUBHO UHAYLMPYET CHIKEHUE OITTH-
YECKOW TUIOTHOCTUA CYCHEH3UU HOEIHEPTU30BAHHBIX
Ne 2
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MUTOXOHAPUI, MHKYOMPYEeMBIX B M30TOHHYECKON
cpele aleraTta Kajausl, YTO CBUIETEIbCTBYET 00 yBe-
JIMYEHUM IIPOHUILIAEMOCTU BHYTPEHHE MUTOXOH-
IpUaIbHOM MeMOpaHEbI 111 IPOTOHOB. B oTimmyune ot
storo pazoouutend 0.1 MM I'/IK u TM®/] BrioTh
no xoHueHTpauuu (0.2 MM He OKa3bIBalOT CyIIE-
CTBEHHOTO BJIMSHUS Ha CHIKEHHE ONTHYECKOM
IUIOTHOCTU CYCIIEH3UM MUTOXOHApuit (puc. la).
CrnenosartenbHo, 1K 1 TM®/] He BAUSIOT Ha IIPO-
HUILIAEMOCTb BHYTPEHHE MeMOpaHbl MUTOXOHIPUIA
JUIST TIPOTOHOB TPU YCJIOBUM UX TI€pEeMEIISHUsT U3
MaTpuKca B MexXMeMOpaHHOe mpocTpaHCTBO. Kak
nokasaHo Ha puc. 16, ITH® B Toi1 XXe KOHLIEHTpaLU1
Takke 3 GEKTUBHO MHAYLIMPYET CHUKEHUE OIITUYE-
CKOI INTOTHOCTHU CYCIIEH3UM JeHEPTU30BaHHBIX M1~
TOXOHAPUI, MTHKYOUPYEMBIX B M30TOHUYECKOM pac-
TBOpe HuTpaTta aMmmonus. IJIK u TM®]I B yka3aH-
HBIX KOHIEHTpaLMSIX He OKa3bIBAIOT CYIIIECTBEHHOTO
BJIMSIHUSI HA CHYDKEHUE ONTUYECKOM IUIOTHOCTH CyC-
MeH3UM MUTOXOHIApuil (puc. 16). CremoBaTesbHO,
I'’MK u TM®JI Takxke He YCWJIMBAIOT IpPOHUIIAe-
MOCTb BHYTPEHHEW MeMOpaHbl MUTOXOHAPUIA IS
IMIPOTOHOB MPU YCJIOBUM UX MEPEMEIICHUS U3 MEX-
MEMOpPaHHOTO IIPOCTPAHCTBA B MAaTPUKC.

Takum o6pa3om, pe3yabTaThl UCCIEAOBAHU, TTO-
JIydeHHBIE IByMS HE3aBUCUMbBIMU METOIAMU, CBUJIE-
TeJILCTBYIOT 0 TOM, yTo TM®/ u I'1K, B oT/in4me ot
MPOTOHOMOPHBIX Pa300IIUTENICiH, CTUMYJIUPYIOT JbI-
XaHUEe MUTOXOHIPUIL 6€3 YCUIIEHUSI TACCUBHOM yTeu-
KW TIPOTOHOB. DTU JAHHbBIE MTOATBEPXKIAIOT U3BECT-
Hble paHee, TOJydeHHbIe APYTMMU METOJaMU pe-
3y/nbTathl [25, 29].

HUccnenoano Bausaue TM®PJI u I'/IK Ha TpaHc-
t¢opManuio 3HEprUM MUTOXPOM C-OKCHAA30ii. B kaue-
CTBE JOHOPOB 3JIEKTPOHOB, TIEPENAIOIINX 3JTEKTPOHBI
HEIMOCPEACTBEHHO Ha IUTOXPOM C, WCIIOJb3YIOTCS
deppomanuy ¢ ackopoarom [22, 29]. B Hammx skc-
MepMMEHTax, Kak 1 B mpeablayleii padote [29], uc-
noib3oBaiv (heppolIMaHuI U ackopdaT B KOHIIEH-
tpamuu 10 m 5 MM COOTBETCTBEHHO. YCTaHOBJICHO,
yTo B 3THX ycioBusax JH® crumynupyeT ApixaHue
JI0 MAaKCUMAaJILHOTO YPOBHSI yXXe€ B KOHIEHTpalUuu
30 MxM. YBenmueHne KOHIICHTpaluii 1 pepporma-
HUJa, U ackopbaTa He BJIMSET HA CKOPOCTb JIbIXaHUS
KakK B OTCYTCTBUME, TaK U B nipucytcTBuu JH® (naH-
Hble He TpuBeneHbl). [1pu okucieHun peppounaHu-
Jla ¢ acKopOaTOM CKOPOCTb JIBIXaHUSI B OTCYTCTBUE U
B nipucytctBum 0.2 MM TM®]] coctasistet 76.2 + 5.81
n 82.0 = 6.12 MkM O/MuH (n = 4) COOTBETCTBEHHO.
30 MM JH® cTuMynupyeT CKOPOCTh IbIXaHUS B OT-
cytctBue U B mpucyrctBuu 0.2 MM TM®]] 1o 193.0 =
+ 14.731209.6 £ 15.11 MkM O/MuH (n = 4) COOTBET-
crBeHHO. Kak rmokazaHo HaMmu paHee [29] u monTBep-
JKIEHO B HACTOsIIIEl paboTe (IaHHbIe He MIPUBEIEHDI),
npu oKuciaeHuun peppouranuma ¢ ackopoarom I'JIK
HE BJIMSIET Ha AbIXaHE MUTOXOHAPHWI B COCTOSIHUU 4,
HO YaCTUYHO WMHrubupyetr pazobiieHHoe 30 MKM
JH® npixanue. CnegoBarensHo, TM®D/ u I'TK He
OKa3bIBaIOT CYIIIECTBEHHOTO BIUSIHUS Ha TpaHCdOp-

BUOJIOTUYECKHUE MEMBPAHBI
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MallMIo 9HEPTUU LIUTOXPOM C-OKCUAA30i. DTU NaH-
HbI€ CBUAETENBCTBYIOT O TOM, YTO TPU OKHUCJIECHUU
MUTOXOHJPUSIMU CYKIIMHaTa JAecolpsirampliee Aei-
CTBHE€ DTUX COEMHEHUI 3aKJTI0UYaeTCs B U30UpaTeb-
HoM oTkioueHnr Kkommiekca III BT ot reHepa-
ouu Ap.

TeopeTnueckoe 00OCHOBAHME W IKCIEPUMEHTAJIb-
Hoe ucciaenopanne npumeHennss TM®/ u I'/TK kak
HMHCTPYMEHTA JJIA omnpeesieHus 3HaYeHmii Koadduum-
enra H*/O kommaekcos ITI u IV. CBoGonHoe mbIxa-
HYE€ MUTOXOHAPUIA B OTCyTCTBUE cuHTe3a ATP miu
JIEeMCTBUS pa3o0IuuTeNneii (IbIXaHue B COCTOSIHUU 4)
oTpenessieTcs MMacCUBHOM yTEUYKOi MPOTOHOB I10 2H-
JoreHHbIM myTsMm [36, 39]. CkopocTh MacCUBHOM
YTEUYKU HPOTOHOB (V,,.) B CTALMOHAPHOM COCTOSIHUM
MOXET OBITh OIpeesieHa KaK IMPOU3BeAeHUE CKOPO-
cty apixanus u koadduumrenta HY/O [8, 27]. Kak
yXe OTMeYaJioCh BO BBEIEHUHU, YBEJIMYEHUE CKOPO-
CTH NbIXaHWsI MUTOXOHIPUil 6€3 M3MEHEHHUS V.
COTIPOBOXIAETCS YMEHbIIeHUEM Ko3dduumneHTa
H*/0 [25, 27]. O4eBUAHO, YTO MPU ITUX YCIOBUSIX
CIpaBeJIMBO YpaBHEHUE:

Ve = Jo(H'[O), = J,(H'[0),, (1

rne, J, u J, — CKOPOCTHU IBbIXaHUSI B COCTOSIHUM 4 B
OTCYTCTBUE U B MPUCYTCTBUU CTUMYJIUPYIOLIUX IbI-
xanue 3dpdekropoB (TMD/ mmm I'JK) coorBer-

CTBEHHO, (H+/ 0), u (H+/ 0), — KO3 UIMEHTHI
H*/O B oTcyTCTBUE U B IIPUCYTCTBUM STUX CTUMYJIH -
pyolIuX AbIxaHue 3¢p¢GeKTOpOB COOTBETCTBEHHO.

Wcxons us ypasHeHus (1), koadpdurment (H' / 0)4
MOXeT ObITh OMpeaesieH KakK:

(H'/0), = (H*/0)4j—4. @)
A

B tom cJIydya€, €CJIM CKOPOCTb AbIXaHHWA ITPU I10-
BBIINICHWMW KOHLCHTpalIuM aKTHUBAaTOpa CTPEMUTCA K

CBOEMY MAaKCUMAJIBHOMY 3HAYEHUIO (J 4.y ), KOBD-
dunuent (H / O), cTpeMUTCH K HAUMEHBIIEN BEJIU-
YITHE (H+/ O) Ammin COINIACHO YPABHEHUIO:

(H'/O) pmin = (H'/O), JJ . 3)

Amax

IIpu oxucneHMM CyKIIMHATa MUTOXOHIPHUSIMHU B
COCTOSIHUM 4 B TeHepaluu Ap TIpUHUMAIOT ydyacTue
ToJsibko 111 1 IV koMmiekchl abIxaTeapHOi nenu. Xo-
POIIIO YCTAaHOBJIEHO, YTO B 3TOM CJIy4yae 3Ha4YeHUE KO-
sdpdunmenra H*/O pasno 6 [3, 5, 20, 40]. Ecnu nipu
OKMCJICHUM CYKIIMHATA U IIPU YCJIOBUU MOCTOSHHOTO
3HaYeHUs Ap TTOJTHOCTHIO U M30MPaTEIbHO IIEPEKIIIO-
yuth Komiuiekc III Ha xoJjiocToii pexxum pabdoThl
(TpaHCHOPT 3JIEKTPOHOB 0e3 reHepanuu Ap), TO CKO-
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Ta6mma 2. Biusaue TM®/I B orcytcTBre u B ipucytctBum [JIK (A), ITTIK B orcyrctBue u B ipucyrctBun TM®I (B)
Ha CKOPOCTb IbIXaHUSI MUTOXOHIAPUI TMedeHU B cOocTOSIHUU 4 (J, u AJy, MKM O/MMH) U K03 DuunueHt (H+/O)A

IIpU OKHUCJIICHNHU CyYKIIMHaTa

A. BDdbdext TMDP/I B orcyTcTBre U B mpucyTcTBum 1K

N (H'/0)5
T™M®I, MM

6e3 I'TIK IK 0.07 MM be3 TIK I’IK 0.07 MM
0 272+ 1.14 44.8 £ 2.11* 6.00 3.64 +0.233*
0.05 44.9 +2.78 57.4 +2.97* 3.63 +£0.275 2.84 £ 0.191*

0.1 53.4+2.64 63.6 = 3.13* 3.06 = 0.200 2.57 £ 0.169

0.15 59.4+2.73 67.8 £3.23 2.75+0.174 2.41 £0.154

0.2 63.0 £ 2.54 70.0 + 3.41 2.59 £ 0.154 2.33+£0.151

0.3 67.7 £3.62 73.4+4.03 2.41 £0.166 2.22 £ 0.155

+ JTH® 50 MmxM 166.2 = 11.06 124.4 + 7.11* — -
Bb. Dddexr I'IK B orcyrcTBue u B mpucyrctsuu TMD]]
A (H/0)5
I'’1K, MM
6e3 TM®]], T™M®I 0.1 MM bes TM®/ TM®I 0.1 MM
0 28.8 £ 1.21 53.8 + 1.82%* 6.00 3.21 £ 0.176*
0.02 36.0 + 1.23 57.9 + 1.41* 4.80 = 0.256 2.98 £ 0.146*
0.04 41.4 £2.13 61.3 + 1.84* 4.17 £ 0.280 2.82 +0.149*
0.06 46.8 = 1.19 64.0 &+ 3.60* 3.69 £ 0.185 2.70 £ 0.191*
0.08 49.8 £ 2.11 65.8 £ 3.41*% 3.47 £ 0.208 2.58 £ 0.173*
0.1 53.2 £2.66 67.7 = 3.38* 3.25+0.213 2.46 £ 0.161*
+ JIH® 50 MxM 105.4 + 5.21 117.6 + 7.31 — -

Ilpumeuanue. YcnoBUsl ONbITa U COCTaB Cpelibl MHKYOAIIMM OIMCaHbI B pa3aene “Matepualibl 1 MeToabl”. [IpuBeaeHbl cpenHue 3Ha-

yeHus t cTaHgapTHas ommbka cpemxHero (1 = 5).

* Paznuuust Mexay ckopoctbio nbixanust B ipucytersuu 1K (A), TM®/ (b) u B ux oTCyTCTBUE CTATUCTUYECKU 3HAYUMBI, p < 0.05

(xkputepuii CTbIOJCHTA).

POCTb AbIXaHUA B COCTOAHUUN 4 JOCTUTHET MaKCH-

MaJIbHOW BEJIMYUHBI J 5, . B 5TOM cilyyae B TpaHC-
dopManmuu sHEpPrMM NPUHUMAET YJacTHE TOJIBKO
komiuiekc 1V, u, ciemoBaTenbHO, 1O YpaBHEHUIO (3)
MOXHO OIpeNeNINTh 3HaueHre Koo duumenta HY /O
IIJISI 9TOTO KOMIUIEKCa.

B Tabn. 2A mpuBemeHBI 3HAUYCHUS CKOPOCTH
CBOOOIHOIO NbIXaHUSI MUTOXOHJPUIA U pacCUMTaH-
HEBIE I10 ypaBHeHHUIO (2) 3HaueHMs Ko3(hdUIreHTa

(H+/ 0), 0IpU IOCIENOBATE]BHO ITOBBILIAIOIIUXCS
koHLeHTpauusgx TM®/I BruioTh 10 0.3 MM B OTCyT-
ctBue u B nipucyrctBuu I'IK. Kak BumHo u3 ta6-
JILIBI, TIpY oKucaeHun cykuuHata TM®JI addek-
TUBHO CTUMYJUpPYET IbIxaHue MUTOXOHApuii. Ilo-
caenyoiee BHeceHne 50 MxM JIH® mpuBogut K
JajJbHEHIe CTUMYISILMM ObixaHus (Tadm. 2A).
Crumynupyioiee neiictBue TM®PJI conpoBoXIaeT-

csl CHUKeHUeM KoadduimeHTa (H+/ 0), (tabdn. 2A).
I'’IK B xormenTpammu 0.07 MM cTUMYINpPYyET IbIXa-

BUOJOIT'MYECKME MEMBPAHBI

HUE€ MUTOXOHIPUI B OTCYTCTBHE W B MPUCYTCTBUU
TM®/] B konueHTpanusx 0.05 u 0.1 MM 1 uHrUGU-
pyet B npucyrctBum 50 MxM JH® (ta6n. 2A). I/TIK

CYIIECTBEHHO CHUXaeT KOG ULIMEHT (H+/ O),, HO

TOJBbKO TMpu KoHuUeHTpauuu TMPJl He O6osee
0.05 MM (Taba. 2A).

B T1a6n. 2b mpuBeneHbl 3HAYEHUS] CKOPOCTU
CBOOOIHOIO NbIXaHWUSI MUTOXOHIIPUN U pacCUMTaH-
HBIE 110 ypaBHeHUIO (2) 3HaYeHMs Ko3(hdUIreHTa

(H+ / O), 1Opu NOOCIEAOBATENBHO ITOBBIIIAIOMINXCS
KoHueHTpauusax I'JIK B mpucyTCTBUM U B OTCYTCTBUE
TM®/. Kak BuaHo u3 tadu. 2, I[JIK BrioTh 10 KOH-
nenTpanuu 0.1 MM cTUMyIUpyeT AbIXaHUE MUTOXOH-
npuii, BHeceHue [JH® B ykazaHHOI KOHLIEHTpALIUU
TakKe IIPUBOAUT K JaJbHEHIIel CTUMY/ISIINU IbIXa-
Hu (ta6a. 2b). Crumynupytomiee neiicteue I'JIK co-

MPOBOXIAETCSI CHIDKEHUEM KO3 hULIMeHTa (H+/ 0),-
TM®]] B koHueHTpauuu 0.1 MM CTUMYJUPYET IbI-
XaHUE MUTOXOHJIPUIA B OTCYTCTBUE U B TIPUCYTCTBUU
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I'’I1K (Ta6ma. 2B). TM®/1, cTUMyIUpys AbIXaHUE B OT-
cyrctBUe U B npucyTctBur I'IK, cyiecTBeHHO CHM-

xkaet Koo duument (H* / 0), (Tabn. 2Bb).

[MomyyeHHBIE pe3yIbTaThl MOKHO OBLIO OBI (pOp-
MaJbHO paccMaTpuBaTh KaK CBUAETEIbCTBO alauv-
tuBHoro aevictBuss TM® u I'/IK npu cTumyisiuuu

IbIXaHUs U CHUXeHnU Koadduimenta (H' / 0),.0On-
HaKo IO Mepe yBeJndyeHUs KoHueHTpauuu TMD]]
neiicrBue I'IK ocnabisieTcs Tak ke, Kak IO Mepe
yBenmdeHMs1 koHneHTpauuu ['JIK ocimabnsiercs neii-
crBue TM®DJI. CnenoBaTebHO, TaKOE alIUTUBHOE
JleificTBHEe MOTJIO OBITh 00YCJIOBIEHO TeM, uTo TMD/]
u I'’IK B yKazaHHBIX KOHLIEHTPALUSIX HE TOCTUTAIOT
CBOEro MakcuMaibHoOTo 3ddeKra.

DdbdpexruBHocTh neiictBuss TM® u I'/TK MmoxeT
OBITh BEIpaXXKeHAa KOJIUYECTBEHHO KaK BEJIMYMHA CHU-

xenus kKoadounmuenta H/O (A(H+/O)A) 10 ypaB-
HEHUIO:

AH'/0), = (H'/0), - (H"/0),. (4)

OueBUIHO, YTO, ecau KoHUeHTpauuu TM®/ u
I'’IK cTtpemsaTcsa K O6CKOHEYHO OOJILIIUM 3HAYEeHU-
M, UX 3(PpPEKT TOCTUTaeT MaKCUMAaJIbHOI BeJINYM-

HBbI (A(H+/O)Amax). B aTtom ciydae crpaBeninBo
ypaBHEHMUE:

AH' [0) e = (H'[O), =(H' /O) -~ (5)
I[IpuHMMaeTcs, 4TO 3aBUCUMOCTD Ko3d duiimeHTa

A(H+/ 0), ot xkoHueHTpauuu TM®P unu IIK mo-
KET OBITh ONKcaHa C TIOMOIIbIO YpaBHEHUS:
AH"/O) pmax [4
AH'/0), = O J (6)
Ky s +[A4]

rae K, s — koHuentpauuu TM®J u I'IK, npu koTo-
puIX ux 3 dexT mocturaet 1/2 oT MaKCUMaIbHOI Be-
JIMYWHBIL.

Hcnone3ysa ypaBHeHus (4) u (5), ypaBHeHue (6)
MOXHO IMpeo0pa3oBaTh Kak:

AH*/0),
[4]

B cootBercTBUMM ¢ ypaBHeHUEM (7) MCCIEenOBaIN
npu pa3andHbix KoHueHTpauusx TM®PI u I'/IK 3a-

BUCUMOCTb (H+/ O), OT BEJIWYUHBL A(H+/ O)4 / [4].
DTy BEJIMUYNHY MOXHO paccMaTpUBaTh KakK yaeJbHbIe
aktuBHocT TM® u I'/IK. Kak BuaHo u3 puc. 2a,

(H'/O), = Kys +(H O s (D)

3aBUCUMOCTb 3HaueHuit koadduuuenta (H / 0), ot
yaenbHbIX akTuBHOCTen TM®D/I (/) u I'AK (2) mm-
HelHa B COOTBETCTBUMU Cc ypaBHeHUeM (9). Touka me-
peceyeHusI IKCEPUMEHTAIbHOM MPSMOIA € OChIO Op-

IVHAT OIPENEAET BEIUINHY (H+/ O) Amin - SHAUEHHE
9TOM BEJMYMHBI COCTABIIET 2 KaK NP MaKCUMaJIb-
BUOJIOTUYECKUE MEMBPAHBIL

oM 40  Ne 2

(H"/O)A

(H'/O)

1.0 -

0 4 8 12 16
A(H'/0)5/[A], MM

Puc. 2. JIuHeliHas 3aBUCUMOCTH KO3 puimeHTa (H+/O) A
oT ynenbHoii aktusHocTH (A(H ' /0) A/[A]). a—TM®J (1)
uT'IK (2); 6 — TM®/ B npucyrcteuu 0.07 MM I'’IK (/)
TIK B npucyrcTBuu 0.1 MM TM®/] (2). 3HaueHust Koah-
¢uumenta (H/0) A IPENCTABJIEHBI B TA0. 2.

HoM addekre TMD]I, Tak M OIpu MaKCUMaJIbHOM
adpdexre I'IK (puc. 2a).

Ha puc. 26 3aBucumocts Koadduimenta (H / O)4
OT ynmelbHBIX akTuBHOCTeit TM®/I B mpucyTcTBUU
I'’IK (/) u TIK B ipucyrcteuu TM®D/I (2). B aTtom
cllyyae TOYKa TepeceyeHUs] 3SKCIepUMEeHTaAIbHO
MPSIMOI C OChIO OPAMHAT TaKKe onpeaessieT BeTuIm-

HY (H+/O)Amm. 3HauyeHUE 3TOI BEJIMUMHBI TAKXKE CO-
CTaBjsieT 2 KakK MOpM MakcuMajdbHOM 3ddeKkTe
TM®/I B npucyrctBuu I'JIK, Tak 1 Ipy MaKCUMaJlb-
HoM 3¢ dekte [JIK B mpucyrcrBun TM®/I (puc. 26).
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IIpu coBmectHoM neiictBuun TM®PIA u I'/TIK koadh-

(puLeHT (H+/ O) Amin LOCTUTAET TAKOM K€ BEJUYU-
HbI, KaK MpU AeWCTBUU 3TUX areHTOB MO OTIAEIbHO-
ctu. CnenoBarenbHo, Aeiicreue TM®/ u I'IK mipu
JOCTMKEHUU UX MAaKCUMAJIbLHBIX 9((EeKTOB Hea -
tuBHOe. Kak uszBectHo, TM®D]I, Oynyumn peaokc-
aKTUBHBIM COEIUHEHUEM, CITOCOOEH IITYHTUPOBATh
komruieke II1 myrem mepenaum anekTpoHOB oT Co-
QH, no uutoxpoma c [25, 31]. B To Bpems kak I'IK,
He 001a1as CTIOCOOHOCTBIO TPAHCITIOPTUPOBATH IJIEK-
TpOHBI, NepekinovaeT KoMmiuieke I11 Ha xomocToii pe-
KM paboThI MO ApyroMy mMexaHusmy [29]. BromHe
BEPOSTHO, YTO IPpU coOBMeCTHOM aeiicTeuu TM DI u
I'’IK mo MakcuMajabHOIO YPOBHS IIPOUCXOIUT II0JI-
Hoe oTkJiroueHue komruiekca II1 ot reHepaumu Ap.
[Ipn >THX ycioBUsIX B reHepauuu Ap OyneT IIpUHU-
MaTh y4acTHe TOJbKO KoMIuIeKe IV, u xapakrepusyro-
Ui paboTy 3TOro KoMiuiekca koadounuent HY/O
paBeH 2.

Taxkum o6pa3om, IIpy CBOOOTHOM IBIXaHUHU MUTO-
XOHAPUI B OTJMYME OT OKMCIUTEIBHOIO (pochopu-
JIMpoBaHKs 3HaYeHKs Koapduumrenta H* /O cocras-
JstoT 4 m 2 mist komruiekcoB 111 u IV cooTBeTcTBEHHO.
Kak yxe oTMedasoch BO BBEICHUM, JICKTPOre€HHbIC
npoueccel cunTe3a ATP HT-ATP-cuHTa30ii, a Takke
oomeHa ADP u P, Ha ATP cBsizaHbI ¢ coBepllieHUEeM
pa6orts [3, 7, 19]. Ucxoass U3 TepMoaArHAMUYECKUX
pacueToB, 00OCHOBAaHO, YTO 3HAYCHUST KO3(DDULIN-
enra H"/2e~ nna xommutekcos I, IIT u IV cocrasistior
4,2 1 4 cooTBeTcTBeHHO [3]. B oTiimune ot okuciau-
TenbHOTO cuHTe3a ATP mpm cBOOOOHOM HBIXaHUM
MaccUBHasl yTeuka MPOTOHOB M3 MEXMeMOpPaHHOTO
MPOCTPAHCTBA B MaTPUKC HE COMPOBOXKIAETCS CO-
BepieHueM padboThel. Kak yxe mmpeamnoiiaraJjoch HaMHu
paHee [41], B orcyTcTBUe cuHTe3a ATP u paszoo6iie-
HUs (IIpU CBOOOIHOM IBIXaHWM) BO3BpallleHUE IIPO-
TOHOB M3 MEXMEMOPaHHOTO MPOCTPAaHCTBA B Mar-
PUKC OCYIIECTBJISIETCS MyTeM MpocToil nuddy3uu
IPOTOHOB 4Yepe3 KaKue-JIMOO KaHalbl BHYTPpEHHEH
MeMOpaHbl MUTOXOHApW. MOXHO TITojaratb, 4TO
CKOpPOCThb NU(PGy31UM 3aBUCUT OT OOIIIETO KOJTNYECTBA
MPOTOHOB, OCBOOOXITaeMbIx KoMiuiekcamu DTILI B
MeXXMeMOpaHHOE MPOCTPAHCTBO.

CYMMI/IDYH ITOJIYYE€HHbBIC JaHHbIC, MOKHO COCJ/IaTh
CJICOYOIME BbIBOIDI:

1. [Ipy OKUCIEHUM CyKLIMHATa MUTOXOHAPUSIMU
neyeHu TM®DJI v ITAK 3(p(HEKTUBHO CTUMYIUPYIOT
cBOOOMHOE AbIXaHUE (B COCTOSIHUSX 4a 11 40), U TaKoe
UX JEUCTBUE, B OTJINYME OT IPOTOHO(POPHOIro pa3ood-
muTtens JH®, He BeI3BaHO MHAYKIINMEH TTPOTOHHOMN
MPOBOANMOCTH BHYTPEHHEN MeMOpaHbl. DTU COSIN -
HEHUSI, CTUMYJIMPYSl CBOOOIHOE JAbIXaHUE U CHUXKAasl
KO UIIMEHT AbIXaTeJIbHOTO KOHTPOJISI, B OTJIUYUE
ot JIH® He 0Ka3bIBaIOT CYLLECTBEHHOTO BJIMSIHUS Ha
koaddunmentr ADP/O, HO yBeanuuBawT Ko3hhu-
mueHT ADP/AO. B oranuue oT IpoTOHOGOPHBIX
pazoouiurenein TM®I u I'/IK B MeHblIel cTeeHU

BUOJOIT'MYECKME MEMBPAHBI

YBCIMYNBAIKOT CKOPOCTb CBOOOIHOTO IbIXaHUS KaK
COCTAaBJISIIOLLEH YacTu CKOPOCTH AbIXaHUA B COCTOSI-
HNH 3, YEM CKOPOCTDb AbIXaHW B COCTOSAHUN 4.

2. TM®A u I'’IK He oka3blBalOT BIMSIHUS Ha
TpaHC(OpPMAalIMIO SHEPTUU LIMTOXPOM C-OKCUIIA301i.
CremoBaTeNbHO, Tecompsrallee IefiCTBUE STUX CO-
eNUHEHUH TTPY OKMCIICHUY MUTOXOHIPUSIMU CYKIIY-
HaTa 3aKjIo4yaeTcss B U30MpaTeJIbHOM OTKIIIOYEHUU
komiuiekca I11 OTII o renepanyu Ap.

3. Teopernuecku 0OGOCHOBAHO, YTO KO3 ULIM-
eHT H"/O MoxeT GBbITh OIpeneieH NCXOIs U3 OTHO-
IIEHWSI CKOPOCTEil AbIXaHUSI B OTCYTCTBHE U B IPU-
cyrcrBun TM® u TIK. IMon Bausganuem TMP
v TIK sHavenue xosddunmenta HY/O ymeHb-
[IaeTcs MPU OKUCIEHUM CyKILIMHATa ¢ 6 10 Mpeaesib-
HBIX 3HaYeHMi 2. TakuM 00pa3oM, B MUTOXOHIPUSIX
IIEYCHW IIPM CBOOOTHOM [bIXaHUM B OTINYUE OT
okucautenabHoro cuHre3a ATP 3HaueHust koapdu-
urenta H*/O cocrasisior 4 u 2 mst Komiiekcos 111
u IV cooTBeTCTBEHHO.

KonduukT uaTEpecoB. ABTOPHI ASKJIApUPYIOT OT-
CYTCTBUE SIBHBIX Y ITOTEHLIMAJIbHBIX KOH(PINKTOB MH-
TEPECOB, CBSI3AHHBIX C MyOJMKaILeil HacTOSIIei
CTaTbU.

HNctouynukn ¢punancuposanusi. Pabota BeinmonHeHA
npu ¢uHaHcoBoil nomuepkke PODU (Ne 20-015-
00124).

CooTBeTcTBHE NMpUHIMIAM 3THKHA. Bce mpumeHu-
MbI€ MEXIYHapOAHble, HallMOHAJIbHbIE W/WIN WH-
CTUTYLMOHAIbHbIE TTPUHIUIIBI X0 U MCIIOIb30Ba-
HUS XKUBOTHBIX OBLIIU COOJIIOAEHBI.
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Application of N,N,N',N'-Tetramethyl-p-Phenylenediamine and o,»-Hexadecanedioic
Acid for Determination of the H*/O Ratios of Complexes III and IV
of the Liver Mitochondrial Respiratory Chain under Free Respiration Conditions

V. N. Samartsev!, A. A. Semenova!, K. N. Belosludtsev': 2, M. V. Dubinin® *

' Mari State University, Yoshkar-Ola, 424000 Russia
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Stimulation of mitochondrial respiration in state 4 without changes in passive proton leakage is known to be
accompanied by a decrease in the H"/O ratio (Luvisetto et al., 1991. J. Biol. Chem. 266, 1034—1042). In the
present work, it was found that during the oxidation of succinate by liver mitochondria, N,N,N',N'-te-
tramethyl-p-phenylenediamine (TMPD) and o, w-hexadecanedioic acid (HDA) effectively stimulate respi-
ration in state 4, and their action, unlike the protonophore uncoupler DNP, is not caused by an increase in
the proton conductivity of the inner membrane. Under these conditions, TMPD and HDA do not signifi-
cantly affect the efficiency of oxidative ATP synthesis and energy transformation by complex IV (cytochrome
c oxidase). The data obtained are considered as evidence that during the oxidation of succinate by liver mito-
chondria, TMPD and HDA selectively disable ETC complex 111 from energy transformation. It is theoreti-
cally substantiated that, under these conditions, the H*/O ratio can be determined based on the ratio of re-
spiratory rates in the absence and presence of TMPD and HDA. Based on this model, we considered the
change in the H*/O ratio depending on the stimulation of mitochondrial respiration in state 4 by TMPD and
HDA. It has been established that under the influence of TMPD or HDA, the value of the H*/O ratio de-
creases during the oxidation of succinate from 6 to the limiting values of 2. We conclude that in liver mito-
chondria during free respiration, in contrast to the oxidative ATP synthesis, the values of the H /O ratio are
4 and 2 for complexes I1I and IV, respectively.

Keywords: liver mitochondria, H*/O ratio, free respiration, TMPD, o.,m-hexadecanedioic acid
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