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Possible Mechanisms of Membrane Transport of Proteins: Cytochrome C
Transfer Through Mitochondrial Membranes and Its Role

in Cryorenewal Mechanism

V.I. GRISCHENKO, E.l. ALEKSEYEVSKAYA
Institute for Problems of Cryobiology and Cryomedicine of the National Academy
of Sciences of the Ukraine, Kharkov

Kparko ocBemaercsi MOIOXKEHUE, COTTIACHO KOTOPOMY CHCTEMBI MEpeHOCa MUTOXPOMOB COCTOST, O KpalHeH Mepe, U3 IBYX
MOJICKYJIIPHBIX KOMIIOHEHTOB: CHEH(IIECKOro OenKa-IepeHOCINKa, KOTOPBI MOXKET y3HaBaTh MOJIHUIICTITH/IBI C TOMOIIBIO PELEITOPHOM
(YHKIMM U TeM caMbIM 00Jerdats WX ABMKEHHE depe3 MeMOpaHbI; U CHCTEMBI, 00ecIeunBalomell nepegady SYHEpriu MOJICKyIIe-
MIePEeHOCUYHKY, Ollarofaps 4eMy OHa CIIOCOOHA IEPEeHOCHTH MOJUIENTHB Yepe3 MHUTOXOHAPHATbHEIE MeMOpaHsl. Bexymas poas
uroxpoMa C B MeXaHU3Me KpHOOOHOBIIEHHMS 00yCIIOBIEHA, B OCHOBHOM, PETYIISIINECH HI3KUMH TeMIIepaTypaMy TeHOB, 0] KOHTPOJIEM
KOTOpBIX HaxozsTes uroxpoM C, a taxke HAJI.H , yqacTByromiuii B ero TpaHCTIOPTHOH (QyHKINH Yepe3 HapyKHYI0 MUTOXOHIPHATBHYIO
MeMOpaHy; U CIIOCOOHOCTBIO HU3KHX TEMIIEpaTyp MOAUGHUIUPOBATH CTPYKTYPY U (YHKIMIO MUTOXOHIPHH B HAaIpaBJIeHUU Oonee
0JIaronpUsITHOTO B3aMMOAEHCTBUS ¢ HUMH IuToXxpoma C.

Kniouegwie cnoga: mutoxonapuu, tutoxpoM C, KprnooGHOBIICHHE, HU3KUE TEMIIEPATYPHI.

CTHCIIO BHCBITJICHO MOJIOKEHHS, BIAMOBIJHO IO SKOTO CHCTEMH MEPEHOCY LUTOXPOMIB CKIIAJAIOTHCS, SK MPABUIIO, 3 JBOX
MOJICKYJISIPHUX KOMIIOHEHTIB: creu(iuHOro Oinka-nepeHOCHUKa, SIKUI MOXXe Mi3HABATH IOJINENTHIH 32 JOIOMOTOK PELEHTOPHOI
(GyHKOIT 1, TAKMM YUHOM, TIOJIETIYBATH iX IEpeCyBaHHS Kpi3b MEMOpaHH, 1 CHCTEMH, sKa 3a0e3Medye nepeaady eHeprii MoIeKyIIi-
TIEPEHOCHUKY, 3aBIISIKH YOMY BOHA 3[aTHA TIEPEHOCUTH TOJITENITH/IN KpPi3b MITOXOHApiankHI MeMOpanu. Bemyda ponb maroxpomy C y MexaHizMi
KpiOOHOBIICHHSI 00yMOBIICHa, B OCHOBHOMY, PETYJISILII€I0 HU3bKUMH TEMIIEPATypaMu TeHiB, I1iJl KOHTPOJIEM SKHX 3HaXOIAThCS IUTOXpoM C,
a takoxx HAJI.H, mo Gepe y4acTp y oro TpaHcropTHiii (GpyHKIIT Kpi3k 30BHIIIHIO MITOXOH/pialbHy MeMOpaHy; 1 30aTHICTIO HU3BKHX
TeMIeparyp MOIU}iKyBaTH CTPYKTYpY Ta (PyHKIIFO MITOXOHIPIH Y HAPSAMKY OUTBII CIPHATINBOI B3a€MOI1 3 HUMH nuToxpomy C.

Kniouosi crosa: mitoxonpii, uutoxpom C, KpiOOHOBIICHHS, HU3bKI TEMIIEPaTypH.

There is a briefly illustrated the statement about the composition of cytochrome transfer systems consisting, at least, of two
molecular components. One of them is specific protein-carrier, recognising polypeptides by means of receptor function and thereby
facilitating their movement through membranes. The second one is the system, providing the energy transfer to a molecule-carrier, due
to that it can transfer polypeptides through mitochondrial membranes. The leading role of cytochrome C in cryorenewal mechanism
is mostly stipulated by the low temperature regulation of genes, under whose control there are cytochrome C and NAD.H, participating
in its transport function through an external mitochondrial membrane, as well as by the capability of low temperatures to modify the

structure and function of mitochondria towards more favourable cytochrome C interaction with them.
Key-words: mitochondria, cytochrome C, cryorenewal, low tem peratures.

OmHUM U3 Ty TeH MOBBIMIEHUS YKU3HECTIOCOOHOCTH
KJIETOK SIBJSETCS BOCCTAHOBJIEHUE HUX DHEpPre-
TUYECKOTO OallaHca 3a CUET aKTUBAlUU Pa3IMYHBIX
3JIEMEHTOB IbIXaTenbHON 1enr. Oco00ro BHUMaHUS
3aCJy)KHUBAKT PabOThl IO BOCCTAHOBJICHHIO U
AKTHUBAIMM OMOYHEPTETUUECKHUX IMPOIECCOB C TIO-
MoOTIIIbI0 uTOXpoMa C B CBSI3U C TOM POIIBIO, KOTOPYIO
OH WUTpPaeT B IEeNH OMOJOTHICCKOTO OKHUCICHUS.
W3BecTHO, 9TO MUTOXPOMBI B OPTaHU3ME BBITIOJTHSIIOT
poJib (GEepPMEHTOB, KAaTAIU3UPYIOIMUX PEAKIUH
OKHCJECHUSI-BOCCTAHOBIECHUS, U CIyXaT Mepe-
HOCYMKaMHU 3JIEKTPOHOB. 13 BceX IUTOXPOMOB, TOIBKO
uutoxpoM C MOTy4YeH B KpUCTaInueckoMm Buae. OH

One of the ways for increasing cell viability is the
recovery of their energetic balance due to the
activation of different elements of respiratory chain.
The works on the recovery and activation of
bioenergetic processes using cytochrome C due to its
role in biological oxidation chain are of special attention.
Cytochromes in an organism are known to perform
the role of enzymes, catalysing the oxidation-recovery
reactions and serve as the electron carriers. Among
all cytochromes only cytochrome C was obtained as
crystals. It was isolated from cardiac muscle and yeast.
This is a hemoprotein with 13000 molecular mass,
containing at least 4-5 fractions.
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BBIJICTICH U3 CEPACYHON MBIMIIEI U APOKKEH. ITO
TeMONPOTEHUl ¢ MOJIEKYIsipHOU Maccou 13000,
coJiep>Kallui, 1o Kpaiineit mepe, 4-5 dpakuuii.

Hutoxpom C mMeeTcs y BCEX OpraHU3MOB,
00J1a1aI01INX MUTOXOHAPUATBHBIMU AbIXaTeIbHBIMU
LEMSAMU: pACTEHHUMH, )KUBOTHBIX U MUKPOOPTaHNU3MOB.
OTOT mpemnapar yjlydllaeT YCBOSHHME KHCJIOpOAa,
MOBBILIIAET DHEPTETUUYECKYI0 MOIIHOCTh KJIETKH U
YCTOWYHMBOCTH OpPraHU3Ma K TpaBME.

Cornacuo HamuMm naHHbeIM [10], ocHOBHOI
MEXaHNU3M KPHOTOBPEXAEHUA SACPHBIX KJIETOK
KOCTHOTO MO3Ta U KpOBH — IOTepsi UMHU nuroxpoma C
C TOCJEAYIONMM CHIDKEHHEM OMOPHEPreTHYECKUX
peaxrmii. Yepes 10 et npyrue aBTOPHI TAKXKE TPHUIILITH
K BBIBOZlY O BEAyIlel poiu BeIxoAa nurtoxpoma C u3
MUTOXOHJPUH B CHIPKEHUH JIBIXaTEIbHON aKTUBHOCTH
opoxoxedt [21] u remarouuTtoB Kphic [24]. M3BecTHO,
YTO HEAOCTATOK IUToXpoma C B OpraHn3Me BBI3bIBAET
P pa3InYHBIX 3a00JIEBaHUN CEPIEYHO-COCYIUCTOM
CHCTEMBI, pa3BUTHE HH(APKTa MUOKAPAA, OITyXOJIEBBIX
HOBOOOpa30BaHM, UIIEMUYECKOHN, THITOKCHIECKOMH,
reMopparu4eckoil U MOCTIy4€BOW MaTtojoruit
OpraHu3Ma — OCHOBHBIX IPUYUH CMEPTHOCTH JIONEH
Y COKpAIICHHUS TPOJOKUTEIEHOCTH KU3HH.

Poccuiickue yu€Hble M3y4dmin MEXaHHU3M Jiedel-
Horo aeictBus nuroxpoma C. Jledurur iuroxpoma C
co3znaBas 00pabOTKOM NMpenBapUTENbHO BBIJE-
JeHHBIX MUTOXOHIpHi pactBopom KCl nubo mon-
KOXXHBIM BBeJieHMEM Kpbicam pacteopa CCl, [15]. B
oboux cnyudasx B Aud¢epeHUnaNbHbIX CIEKTpax
MHUTOXOHAPHH ObLII0 0OHAPYKEHO CHUKEHUE UHTEH-
CHUBHOCTH IIOJIOC MOMIOLIEHUS B JHaNa30HE BOJH,
cnenupuyHbix s quToxpoma C (520 u 550 HM).
NHTEeHCHBHOCTH MOJIOC MOTIOMIEHUS, XapaKTepH-
3yromMx IMTOXpomel B, A m A, ocraBanace 0e3
n3MeHeHui. Pacué€r KoHIIEHTpaluii TUTOXPOMOB IO
i depeHIranbHBIM CIIEKTPaM C IIOMOIIBIO CHCTEMBI
JMWHEUHBIX ypaBHEHHI Mmoka3zal, 4To oOpaboTka
WHTAKTHBIX MUTOXOHIpHi pactBopom KCl u octpast
uHTOKCHKanus Kpbic CCl, conmpoBo)aanuce CHU-
*keHreM nuroxpoma C B MUTOXOHJAPHSX NEYEHH Ha
40 1 35 % cootBeTcTBEHHO. [loTEpst MUTOXOHAPUAMU
nuroxpoma C moBiekia 3a cobolt cHmkeHune pocgo-
pUIHpPYIOIIEH CIOCOOHOCTH M HapyLIeHHWE COMps-
XKEHHOCTHU MPOIECCOB OKHCAUTENBbHOTO (ocdo-
punupoBanus U AbixaHusa. CreneHs dcTepudrkanuu
Heopranmdyeckoro ¢ocdara MUTOXOHAPHUN TOCIE
oopabotku ux KCl u mpu unTokcukanuu kpeic CCl,
camxkanack Ha 75 n 70% coorBeTcTBeHHO. Pe3yib-
TaThI BEICOKOYACTOTHOM 3JIEKTPOCKOITUH MUTOXOHIPHAN
B auana3oHe 1-6 MI'11 cBUIETEILCTBOBAIM O TOM, YTO
oCcTpas MHTOKCHUKaLMs opranusmMa u obpabdorka
mutoxoHapuil pactBopoM KCl compoBoxzaarorcs
HCYE3HOBEHUEM PE30HAHCHBIX 30H, XapaKTEPHBIX AJISA
nutoxpoma C. Jlebpurnur nuroxpoma C B MUTO-
XOHJIPUSX NTEYEHH, HE3aBUCUMO OT €TO IPUYHH, CBA3aH
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Cytochrome C is present in all organisms,
possessing mitochondrial respiratory chain: plants,
animals and microorganisms. It improves oxygen
fixation and increases an energetic power of cell and
organism’s resistance to trauma.

According to our data [10], the main mechanism
of cryodamage in nucleated cells of bone marrow and
blood is their loss of cytochrome C with following
decrease in bioenergetic reactions. Ten years later
other authors also concluded about leading role of
cytochrome C release out of mitochondria in a
decrease of respiratory activity of yeast [21] and rat’s
hepatocytes [24]. A lack of cytochrome C in an
organism is known to cause some different diseases
in cardiovascular system, development of myocardial
infarction, tumors, ischemic, hypoxic, hemorrhagic and
post-radial pathologies of an organism, being the main
causes of human death rate and lifetime reduction.

Russian scientists have studied the mechanism of
cytochrome C therapeutic effect. The deficit in
cytochrome C was induced by treating preliminarily
isolated mitochondria with KCI solution, or with
subcutaneous introduction of KCI, to rats [15]. In both
cases in differential spectra of mitochondria there was
revealed a decrease in the intensity of absorption bands
within the wave range, specific for cytochrome C (520
and 550 nm). The intensity of absorption bands,
characterising the cytochromes B, A and A remained
without changes. The calculation of cytochrome
concentrations according to differential spectra by
means of linear equation system demonstrated, that
the treatment of intact mitochondria with KCl solution
and an acute intoxication of rats with CCl, were
accompanied with a decrease in cytochrome C in liver
mitochondria by 40 and 35%, correspondingly. The
cytochrome C loss by mitochondria resulted in a
decrease in phospho-rylating capability and a disorder
in conjunction of oxidative phosphorylation and
respiration processes. The esterification degree of
mitochondria inorganic phosphate after KCl treatment
and during rat intoxication with CCl, decreased by 75
and 70%, correspondingly. The results of high-
frequency electroscopy of mitochondria within the 1-6
MHz range testified to the fact that an acute organism
intoxication and KClI treatment of mitochondria were
accompanied by disappearing of resonance areas,
typical for cytochrome C. The cytochrome C deficit
in liver mitochondria, irrespective of its causes, is
related to the disorder in bioenergetic processes in liver.

The incubation of cytochrome C-deficient
mitochondria with cytochrome C and its parenteral
introduction to rats with an acute toxic hepatitis were
accompanied with an increase in the intensity of
oxidative phosphorylation processes and the
augmentation of P/O coefficient. When studying the
differential spectra in both cases there was observed
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C HapylIeHHeM OMO’HEPTeTUYECKHX MPOIECCOB B
TIeYEHH.

UnkyoupoBanue uutoxpom C — aeUUHUTHBIX
MUTOXOHApHUI ¢ nuToXxpoMoM C M mapeHTepalbHOE
BBEJEHUE €r0 KPBICAM C OCTPBIM TOKCHYECKUM
FeNaTUTOM COITPOBOMKAAINCH IIOBBIILIEHUEM HHTEHCHB-
HOCTH IPOILIECCOB OKUCIUTEIBHOTO (ochopuin-
poBaHus U yBenuueHueM kodp¢unuenta P/O. Ilpu
n3ydeHun U epeHInanbHbIX CIEKTPOB B TOM H
IpYTOM ciiy4ae HaOII0ajdoCch YBEIMYEHUE TOJIOC
MOTJIONICHHUS B JMANa30HEe BOJIH, CHEIU(DUIHBIX IS
nutoxpoma C. Ilpu pacuére KOHIIEHTpAIlUA ITUTO-
XpOMOB O00Hapy>X€HO JOCTOBEPHOE IMOBHILIICHHUE
comepxanusi nutoxpomMa C U CyMMBI IUTOXPOMOB
C+C, B nutoxpom C-me(MUMTHBIX MHTOXOHIPHSX
neyeHu. Pe3ynbTaTel BBICOKOYACTOTHON CHEKTPO-
CKOIIMH ITOKa3aJIH, YTO MHKYOHpoBaHue TuToxpom C-
ne(UIUTHBIX MUTOXOHAPHH ¢ nuToxpomMoM C H ero
MapeHTepaJbHOE BBEIEHHUE KpbhICaM MpPHU HHTOKCH-
kaunu CCL, npuBOAAT K BOCCTAHOBJIEHHIO Ha KPHBOK
JTUCTIEPCUH BBICOKOYACTOTHON 3JIEKTPOIPOBOJHOCTH
MHTOXOHJIPUATBHBIX 30H, XapaKTePHBIX IS IIUTO-
xpoma C.

AHaJIOTUYHbIE HCCIIEJOBAHMUS OBUTH ITPOBEIECHBI HA
KpOJIMKax. YCTaHOBJICHO, YTO XPOHUYECKUH TOKCH-
YECKHUW TeNaTUT BBI3BIBAET INTyOOKHE HapyIIeHUs
MPOLIECCOB OKHUCIUTEIBHOTO (HochHOpUIupOBaHHUS,
CHYDKEHUE KOHLIEHTpauu LUToXpoMoB C+C, u A+A
B MUTOXOHAPUSAX IEYEHH U NMOBBIILIEHNE aKTUBHOCTH
TpaHcdepas B kpoBH. llapeHTepansHOe BBeAcHHE
KpoJukaMm 1uroxpomMa C npuBOAMIO K HOPMaIU3aluu
MPOLIECCOB OKHUCIUTEIBHOTO (HochHOpUInpOoBaHHs,
noBbIIIeHUIO KOHIEHTparmu C+C, u A+A , CHIKEHHIO
aKTHBHOCTH TpaHc(depas, MeHee BhIPaKECHHBIM
ABIICHUSIM JKHPOBON WH(QWIBTPAINH TE€NaTOIUTOB U
0enkoBoit mucTpoduu.

CormacHO BBIIECYTTOMSHYTOMY, JIEU€HHE KHBOTHBIX
C TIOCTTEMOPPATHIECKON THIIOKCHEH 1TUuToXpoMoM C
CONPOBOXKAAIOCH AKTUBHOM CTUMYJISIIMEN TPOLIECCOB
TKAHEBOTro AbIXaHUs [6]. MUTOXOHIPUU OTINYATUCH
BBICOKHM [IBIXaTEJIbHBIM KOHTpOJEM. JlocTOBEpHO
BO3pacTall CKOPOCTh (HOCHOPHIMPOBAHUS U KOID-
¢urment AJ1d®/O. Bee mokazaTeny OKHCIUTEIBHOTO
¢dochopunrpoBaHus JOCTUTAIM YPOBHS HOPMBI, a B
OTIENbHBIX ONBITAX HpeBHIIIanu ero. M3ydenue
LIUTOXPOMHOM CHCTEMbI MUTOXOHPHIA TIEYSHHU KPOJIHUKA
[IPY TEMOPPAruYECKOM IIOKE METOIOM CyOCTPaTHOTO
BOCCTAHOBJIEHHS TTO3BOJIMIIM PETHCTPUPOBATH LIUTO-
xpoMm C, BCTPOUBIIHICS B CONPATAIONTYI0 MEMOpaHY.
Bonee mpounoe BcrpamBanue nutoxpoma C Habmro-
JIaJIH TIPH €T0 KOMIUIEKCUPOBaHUH ¢ hochomumnuaamu,
B YaCTHOCTH C 0I-TOKO(EepOIOM, YTO IOATBEPKAAETCS
JaHHBIMU NOJsIporpaduyeckoro uccieposanus JJHD-
CTUMYIHPYIOIIEro ApixaHus (mokasarens K o
BO3pOC 10 6,4 poTHB 5,4 B TpyMIIE JKUBOTHBIX, KOTOPBIX
nednnu Toiapko muToxpomom C). Takum oOpasom,
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an increase in absorption bands within the wave range,
specific for cytochrome C. When calculating
cytochrome concentrations there was found out a
statistically significant increase in cytochrome C
content and the sum of cytochromes C+C, in the
cytochrome C-deficient liver mitochondria. The results
of high-frequency spectroscopy demonstrated, that the
incubation of cytochrome C-deficient mitochondria with
cytochrome C and its parenteral introduction to rats at
CCl, intoxication resulted in the recovery on the
dispersion curve of a high-frequency electrical
conductivity of mitochondrial zones, typical for
cytochrome C.

The similar investigations were carried-out in
rabbits. Chronic toxic hepatitis was established to cause
the deep disorders in processes of oxidative
phosphorylation, a decrease in concentration of C+C,
and A+A, cytochromes in liver mitochondria and an
increase in transferase activity in blood. Parenteral
introduction of cytochrome C to rabbits resulted in the
normalisation of oxidative phosphorylation processes,
an increase in C+C, and A+A, concentration, a
decrease in transferase activity, less manifested
phenomena of fat infiltration of hepatocytes and protein
dystrophy.

According to the mentioned above, the treatment
of animals with post-hemorrhagic hypoxia using
cytochrome C was accompanied with an active
stimulation of processes of tissue respiration [6].
Mitochondria differed by a high respiratory control.
There was statistically significant increase in
phosphorylation rate and ADP/O coefficient. All
indices of oxidative phosphorylation reached the norm
level, and even exceeded it in some experiments. The
study of cytochrome system of rabbit’s liver
mitochondria at hemorrhagic shock using the method
of substrate recovery allowed to recorder cytochrome C,
built into a conjugating membrane. More solid
cytochrome C insertion was observed during formation
of'its complex with phospholipids, with a-tocopherol,
in particular, that was confirmed by the data of
polarographic study of DNP-stimulating respiration (the
DC,,, index increased up to 6.4 versus 5.4 in the group
of animals, treated with cytochrome C only). Thus, a
therapeutic effect of cytochrome C is related to its
penetration into cells and interaction with mitochondrial
membranes.

In the 80-90s foreign scientists revealed a specific
character of cytochrome C movement through an
external and internal mitochondrial membranes. It is
known that in cell membranes there are transfer
systems, capable to accelerate the passing of
biologically important dissolved substances. One of the
cytochrome C peculiarities is an easy solutility in water.
The transfer systems have a substrate specificity, high
affinity, as well as they are genetically determined and
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nedeOHbli d3QdexT nuroxpoma C cBs3aH C MPOHUK-
HOBEHHEM €ro B KJIETKH M B3aHMMOJEHCTBHEM C
MHUTOXOHAPHATBEHBIMI MEMOpaHaMu.

B 80-90-x rr. 3apy0exxHble y4€HBIC BBISCHUIU
cneunnduky nepensuxenus uutoxpoma C uepes
HapyXHYI0 U BHYTPEHHIOIO MUTOXOHIpHUAJIbHBIE
MeMOpaHnsbl. MI3BecTHO, 4TO B KIETOYHBIX MeMOpaHax
HUMEIOTCS CUCTEMBI IIEPEHOCA, CIIOCOOHBIE YCKOPSTH
MIPOXOXKIEHUE ONOOTHUECKH BaKHBIX PACTBOPEHHBIX
BemecTB. OnHOM M3 ocobeHHOCTEH nuToxpoma C
SIBIIAETCS JIETKasi pacTBOPUMOCTH B Boje. CHCTeMBbI
MepeHoca 00J1a1at0T CyOCTPaTHOM CIICIIU(UUHOCTHIO,
BBICOKUM CPOJCTBOM, AETEPMHHHUPOBAHBI T'€HE-
TUYECKH 1 TIOABEP KEeHbI HHTHOUpoBaHuio. KakoBa ObI
HU OBlIa MpUpOAA MEPEHOCUYUKOB, caM (akT HX
JOKaJM3aldy B MEMOpaHe HE BBI3BIBACT COMHEHHUS.
TpancnopTupyeMbie MOJIEKYIIBI OeJIka HIMEIOT Pa3Hble
HA3BaHMA: TPAHCIIOPTHBIE CHUCTEMBI, MIEPECHOCUYHKH,
HOCHUTEIH, TPAHCIOKA3bI.

Bxoxnenne nuroxpoma C B MUTOXOHIAPHUHU OBII
WHTEHCUBHO M3Yy4Y€H B HUBIIUX 3YKAPUOTHYECKUX
KJIeTKaX. YCTaHOBJIEHO, 4YTO N-KOHEeYHas 4acTb
no0aBieHNH QYHKIIMOHUPYET KaK CUTHAI K UMITOPTY
U B €ro mpoIriecce MpoUCXOANT oTmeruienue. Mecie-
JOBaHBI KOAWpYyIomHe (QaKkTopsl, BOBIEUEHHbBIE B
MHUTOXOHAPHAIBHBINA UMITOPT IuToXpoMa C (Harmpumep,
Cyc-2 apoxokeit) [17].

Wmmnopr nuroxpoma C yepe3 HapyKHYI MUTOXOH-
IpUaTbHYI0 MeMOpaHy oOecriednmBaeT OCIKOBBIN
MpeAIlecTBEHHUK anonuToxpoM C, 3aMeHSIONINii
peuenTtopHyio GyHkuuio. OH UIET CPABHUTEIBHO
MIPOCTHIM MYyTEM Yepe3 HapyKHYI0 MUTOXOHAPHAIIb-
HYyI0 MeMOpaHy B HHTEpMeMOpaHHOE IIPOCTPAHCTBO,
BoOBJIeKast 1uToxpoM C remoiuasuebiii pepment [22, 23].
[lepenBuxkenue amonuroxpoma C CTUMyNHUpyeTCs B
npucyTcTBUu 1%-r0 GEHUTHIIOBOTO CITUPTA, KOTOPBIH
paspyliaerT KHCIOTHBIE IEMHbIE YYaCTKA OUCIIOSN U
IIPOMOTOPOB MEPEeHOCa MUTOXOHAPUATIBHBIX TpPeN-
mecTBeHHUKOB [19]. UMmopT nmuroxpoma C yepes
HapyXHYI0 MeMOpaHy 3aBHCHT, IPEXKAE BCEro, OT
npucytctBus HAJIH n kodpepmentor DAl i ®MH
[23]. HA/IH coBMecTHO ¢ ¢1aBUHHYKICOTUIAMHU
BOCCTaHaBJIMBAET I'eM, KOTOPOMY B BOCCTAHOBIICHHOM
COCTOSIHUM HeoOXOIHMMa ero KOBajJeHTHasl MPUBS-
3aHHOCTH K anouutoxpomy C. lanHy0 QyHKUHIO
BBITIOJIHSIET KO3H3UM IuTOXpoM C remoimasa i
MOCTIEAYIOUIETO NepeaBmxeHus uToxpoma C uepes
Hapy>XHYI0 MUTOXOHJpHAILHYIO MeMOpaHy B Mpo-
1[ecce UMIIOpTa.

Huroxpom C mpuHHMaeT aKkTHBHOE ydacTHe B
TPaHCHOPTHBIX MpoOIleccax 4yepe3 BHYTPEHHIOIO
MeMOpany mutoxouapuii [15]. Oxucnernnas (Gpeppu)
u BoccTaHoBleHHas (dheppo) dopmel muToxpoma C
CIIOCOOHBI M30MPaTEIbHO CBA3BIBATH PA3IHYHBIC
KaTuoHbl U aHUOHBL, AT® u AJI®, peryaupoBars Ux
TPAaHCHOPT B MUTOXOHApUsX. MoHHO-TpaHCTIOpTHAS
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subjected to inhibition. Whatever is the origin of
carriers, the fact of their localisation in a membrane
does not admit of doubt. The transported protein
molecules have different names: transport systems,
carriers, carrying agents, translocases.

The cytochrome C entering into mitochondria was
intensively studied in lower eukaryotic cells. The N-
terminal part of additions was established to act as a
signal to the import and during its process the detaching
occurred. The coding factors, involved into a
mitochondrial import of cytochrome C (for example
Cyc-2 yeast) have been studied [17].

Cytochrome C import through an external
mitochondrial membrane is provided by protein
precursor of apocytochrome C, replacing a receptor
function. It follows quite a simple way through an
external mitochondrial membrane into an inter-
membrane space, involving cytochrome C hemolyasic
enzyme [22, 23]. The passing of apocytochrome C is
stimulated at the presence of 1% phenethyl alcohol,
which destroys the bilayer’s acid chain sites and
transfer promoters of mitochondrial precursors [19].
Cytochrome C import through an external membrane
depends first of all on the presence of NADH and
coenzymes PAD or PMN [23]. NADH together with
flavin-nucleotides recover the haem, which in a
recovered state needs its covalent attachment to
apocytochrome C. This function is performed by
cytochrome C hemolyase coenzyme for the following
movement of cytochrome C through an external
mitochondrial membrane during import.

Cytochrome C takes an active part in transport
processes through an internal membrane of mitochon-
dria [15]. An oxidative (ferri-) and recovered (ferro-)
forms of cytochrome C are capable to selectively bind
different cations and anions, ATP and ADP, to regulate
their transport in mitochondria. Cytochrome C ion-
transport function is very important for maintenance
of physiological-electrochemical potential of conju-
gating membrane and related with it process of ATP
formation. Therefore the process of cytochrome C
import through internal membranes is carried-out under
conditions of “energized” state of internal conjugating
membrane, i.e. its capability to energetic conjunction.
According to the Mitchel’s works (1961) the respiration
and phosphorylation are related by an electrochemical
potential of hydrogen ions on mitochondrial membrane.
The conjunction of oxidation and phosphorylation is
performed by proton gradient. When transferring
electrons through a respiratory chain the generating
of proton gradient and membrane potential on internal
mitochondrial membrane occurs. The locomotory
dynamics of cytochrome C, delivered inside of an
intermembrane space of intact mitochondria by means
of low pH-diffusion (proton-dependent transport) has
been recently studied [16].
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¢yskuusa nutoxpoma C umeeT 60IbIII0E 3HAYEHUE IS
MOAAEPKAHUS 3TEKTPOXUMHUYECKOTO MOTEHIIHaIa
compsAraromeil MeMOpaHbl U CBSI3aHHOTO C HUM
nponecca oopazoanus AT®. [lostomy mpomecc
umnopra nuroxpoma C yepe3 BHyTPEHHHE MEMOpaHEI
OCYILECTBIIAETCS MPU YCIOBUHU ‘“DHEPTrU30BAHHOIO”
COCTOSIHMSI BHYTPEHHEH comnpsAraromeid MeMOpaHsl,
T.€. CIIOCOOHOCTH €€ K 3HEPreTHYECKOMY COTIpsDKe-
uuro. CormacHo Mitchel (1961), npixanue u hochopriu-
pOBaHUE CBA3aHBI MEXKTY COOOH EKTPOXUMUIECKUM
[TOTEHIIMAJIOM HOHOB BOJIOPO/Ia HA MUTOXOHIPUATbHON
MeMmOpane. ConpsbkeHne OKUCIeHusT H $ochopuiu-
POBaHMS OCYIIECTBISETCS IPOTOHHBIM TPAJAUEHTOM.
[Ipu mepeHoce 37eKTPOHOB MO JIBIXATENbHON LIETH
MIPOUCXOIUT TeHEPUPOBAaHHE TPOTOHHOTO I'PaIueHTa
1 MeEMOPaHHOTO MIOTEHLIMAJIa Ha BHY TPEHHEH MUTOXOH-
IpuanbHOi MeMOpaHe. HenaBHo m3yueHa aBura-
TeJIbHAs AMHAMUKa uToxpoma C, TOCTaBIEHHOTO BO
BHYTPb HHTEPMEMOPAHHOT'O IPOCTPAHCTBA MHTAKTHBIX
MUTOXOHIpUH ITyTéM HU3KoH pH-mud dy3un (mpoToH-
3aBUCHUMBIN TpaHCcTopT) [16].

Heckonbko muavye BBoauTCsa nuroxpom C, B
HapyXHYI0 MHTOXOHApHUATbHYI0 MeMmOpany. [Ipen-
IIECTBEHHUK IUTOXpoMa C, IOCIe CHHTE3a B IUTO30J1€
CBSI3BIBACTCS CIIEU(PUIESCKU PA3THIHBIMU YYaCTKAMH
pelLenTopoB HA MUTOXOHIPHAIBHON MOBEPXHOCTH.
[locnenyromasi BcTaBka Ha HapyKHOH MeMOpaHe
OCYUIECTBIIACTCS 00IUM BCTaBOYHBIM OekoM (GIP-
MEAMATOp) Yepe3 TPAHCIOKALNOHHBIE KOHTAKTHBIE
y4acTKM B MaTpUKCe MeMOpPaHHO-3aBHCHMBIM
CIIOCOOOM.

MsBecTHa ciocoObHOoCTh ruOpuaHoro oenka pSC -
C, coneprkariero JBOHHYI0 HHGOPMALUIO (IUTOXPOM
C+uuroxpom C,), HMIIOPTHPOBATLCA TI0 TOMY K€
myTH, 9T0 1 muToxpoM C, U 3aTeM BHOBBH BO3Bpa-
AaTbC B MUTOXOHAPHUAJIBHBIM MaTpUKC NYTEM,
3aBUCHMBIM OT MEMOPaHHOTO MOTEHIHANA 110 THITY
“tug-of-war” (6ykcupnoit) peakmuuu [27]. [Ipeanomna-
TafoT, 4TO FUIPOoPOOHAs YaCTh TIOCIEA0BATEILHOCTEH
nuToxpoma C MOXKET CITy>KUTh BTOPUYHBIM CUTHAJIOM
MOJIUIENTUAY elI€ Pa3 UMIOPTUPOBATHCS B MATPHUKC
1 00paTHO Yepe3 BHYTpEeHHIO MeMOpany [18].

Urax, cucteMbl TpaHCIIOPTA LIUTOXPOMOB COCTOSIT,
BEPOSTHO, U3 2-X MOJIEKYISPHBIX KOMIIOHEHTOB:
cnenruduueckux OETKOB-NEPEHOCUUKOB, KOTOPHIE
MOTYT Y3HaBaTh W CBS3BIBATH AMHHONCNTHIBI, TEM
caMbIM O0JieTdast X ABIKEHHE depe3 MEeMOpaHbl; U
cucteM, o0ecnednBalOIIUX Mepenady dHepruu
MOJIEKyJie-TIePEHOCYNKY, Omarofgaps 4eMy OHa
CTAHOBUTCS CHOCOOHOW MEPEHOCUTH HX Uepe3
MUTOXOH/IpHAIbHbIE MEMOpaHHI.

CyLIecTBYIOT TeHETUYECKH IeTEPMUHUPOBAHHBIE
MOJIEKYJISIPHbIE MEXaHU3MbI JOCTaBKU [uToxpoma C,
n00aBJIGHHOTO M3BHE, B MECTa €ro JIOKAJU3alHH.
CnocobHocTh (epMeHTa, IPOHHUKAS B KIETKY,
BOCCTaHaBIUBaTh (PYHKUIHOHAJIBHYIO aKTUBHOCTD
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The way for cytochrome C, introduction into an
external mitochondrial membrane is slightly different.
The cytochrome C, precursor after synthesis in cytosol
is bound with specifically different sites of receptors
on mitochondrial surface. The following insertion on
external membrane is carried-out by the common
inserting protein (GIP-mediator) through the translo-
cation contact sites in the matrix by a membrane-
dependent way.

The capability of pSC,-C hybrid protein, containing
double information (cytochrome C+cytochrome C, ) is
known to be imported via the same way as cytochrome
C and returning then again into a mitochondrial matrix
by the way, dependent on membrane potential by “tug-
of-war”-type reaction [27]. A hydrophobic part of
cytochrome C sequences is suggested to serve as a
secondary signal to polypeptide to be imported once
again into the matrix and back through an internal
membrane [18].

Thus, the systems of cytochrome transport probably
consists of 2 molecular components: specific protein-
carrier, which can recognize and bind aminopeptides,
by thereby facilitating their movement through
membranes, and the system, providing the energy
transfer to molecule-carrier, due to that it becomes
capable to transfer them through mitochondrial
membranes.

There are genetically determined molecular
mechanisms, providing cytochrome C delivery, added
from outside, into the sites of its localisation. The
enzyme capability to recover functional activity of
mitochondrial membranes, when penetrating into a cell,
stipulates therapeutic effect of cytochrome C at many
pathological states, accompanying with oxidation-
reduction process disorder in tissues.

Which is the role of cytochrome C in cryorenewal
mechanism? Earlier these questions were reflected in
the book pages [11], atlas [12] and in some papers [3,
4, 13]. However the absence of common judgement
of cryobiologists on the possibility of cytochrome C
penetration into mitochondrial membranes during a long
time period complicated the substantiation of its role
in cryorenewal mechanism. Since 1977 the scientists
from the Institute for Problems of Cryobiology and
Cryomedicine of the National Academy of Sciences
of Ukraine have been taking the view that cytochrome C
is incapable to penetrate through mitochondrial
membranes [2, 24]. Its release from cold-damaged
mitochondrial membranes is considered as the factor,
inducing the lipid peroxidation (LPO) processes.
Therefore up to now a new direction has not been
widely discussed. Only recent years due to the
discovery of genes of cold adaptation, antifreeze
polypeptides, proteins of cold shock and de novo, the
main guidelines on which the conception of cryorenewal
is based, the possibility to be back with discussion of
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MHUTOXOHJAPHUAIbHBIX MeMOpaH 00ycIOBIHBAET
neuebnoe neiicrBue nuroxpoma C IMpU MHOTHUX
MaTOJIOTUIECKUX COCTOSIHUSAX, COMPOBOXKIAIOIIIXCS
HapylIeHUEeM OKHCIHTEIbHO-BOCCTAHOBUTEIBHBIX
IIPOLIECCOB B TKaHSX.

KakoBa e ponp nurtoxpoma C B MeXaHH3ME
KkpruooOHoBNeHUs1? Panee momoOHBIE BOIPOCH! ObLTH
OTpakeHbl Ha cTpaHuuax kuuru [11], atnaca [12] u
psana crareit [3, 4, 13]. OnHako OTCYTCTBHE €AMHOTO
B3MJIsLIa KPHOOKMOJIOTOB Ha BO3MOXKHOCThH MPOHUK-
HOBeHHsI nmutoxpoma C B MUTOXOHJIpHAIIbHBIE
MeMOpaHBl B TeYEHHE [JIMTEIHbHOTO BpPEMEHHU
3HAYUTEIHHO 3aTPYAHUIIO 0OOCHOBAaHHE €ro POJU B
MexaHusme kpuoooHoBuenus. C 1977 r. yuénsle
NIKuK HAH VYkpanHbl npuaepKuBaroTcss MHEHHS,
yto nuToXxpoM C He CrocoOeH MPOHUKATh Yepes
MUTOXOH/IpUaNbHEIE MeMOpansl [2, 24]. Beixox ero
13 MOBPEXKAEHHBIX XOJOJOM MHUTOXOHIPUATBHBIX
MeMOpaH pacueHuBaeTcs Kak (akTop, MHAY-
OUPYIOMHAN TPOLECCH MEePEeKUCHOTO OKHUCICHUS
nunuaoB (I1OJT). [TosToMy 10 HACTOSAIIETO BpEMEHU
HOBOE€ HaIpaBlieHHEe He ObUIO MPEAMETOM IIUPOKON
nuckyccuu. JIMmp B mociegHue rofsl, Omaronaps
OTKPBITHUIO TE€HOB-XOJIOJJOBOM ajamnTaiuu, aHTH-
(bpU3HBIX MTOJUIETITHI0B, OEIIKOB-XO0JIOJJOBOTO IIIOKA U
de novo, OCHOBHBIX “KHUTOB”, Ha KOTOpbIE ONTUPAETCs
KOHIICTIIIHST KPHOOOHOBJICHHS, TTOSBUJIACH peallbHas
BO3MOXHOCTh BEPHYTHCS K OOCYXKJICHUIO POJIHU
nutoxpoma C B MEXaHU3ME KPHOOOHOBJICHHUS.

PasHormacust nerko ycTpaHUMBI IPH PacCMOT-
pPEHUU NBYX BaXXHEUITUX (PEHOMEHOB B KIETOYHOU
OHMOJIOTHH — aronTo3a (MMPorpaMMa ru0ey KIIETKA) U
MIPOTHBOBECA €My — KPHOOOHOBIICHUS (TIporpaMma
peaduiuTaIuy U mepeBo/ia KIeTKH Ha 60j1ee BRICOKUN
ypOBEHb TOMeocTasa). BrIxoa 13 MOBPEKAEHHBIX
MHUTOXOHIpUH nuToxpoma C, B3auMOIeHCTBYIOIIETO
C IMTO30JIbHBIM OeikoM Apaf-1, obecneunBaet
nepexon kacmaszbl 3 (0CTaTOK acmaparuHOBOM
KHCJIOThI) B KATAIMTHYECKH aKTUBHYO hopMy [5], uTo
SIBIISIETCS] OJTHUM M3 ITyCKOBBIX MEXaHM3MOB IIpoIiecca
anorniro3a. HenaBHO Ha KIleTKaxX SMIHUKA KUTAHCKOTO
XOMSYKa TTOKa3aHOo, YTO MPOHHUKAIOIIAS CHOCOOHOCTh
MHUTOXOHAPHIA UTPAaEeT BAXHYIO POJb B PEryIsIUU
OCBOOOXIEHUST MUTOXOHJIpUAIBHOTO muToXxpoma C
[25]. DTo MoxkeT ObITH HamboJyiee CYIIECTBEHHBIM
MOMEHTOM Ha ITyTH aroIiTo3a, KOTOPBIH MPUBOIUT
KJIETKH K CMEPTH.

KoHuenmust KxppooOHOBIECHUS TPEACTABISACT
MPOTHBOBEC aMONTO3y U OMHUpPAETCs Ha MHOTO-
YHUCIICHHBIN OTBIT MONOOHBIX paboT, MPOBEICHHBIX B
MeauIHCKON npakThke. CriocoOHOCTh muToxpoma C
BCTPaWBaThCsl B MUTOXOHJpUAIbHEIE MeMOpaHbl U
cHuxkath npouecce [IOJI sBasercs omHUM U3
MEXaHHU3MOB €ro JieueOHoro merctBus [6, 8, 9, 15].
Ponp muroxpoma C B MexaHH3Me KPHOOOHOBIICHUS
HauOonee cymecTBeHHa. Ero omaronpustaenii 3¢ dext
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cytochrome C role in cryorenewal mechanism has
occurred to be real.

The contradictions can be easily eliminated when
considering two most important phenomena in cell
biology, that are the apoptosis (cell death program) and
the counterbalance to it: the cryorenewal (program of
rehabilitation and cell transfer to higher level of
homeostasis). The release out of damaged mitohondria
of cytochrome C, interacting with Apaf-1 cytosol
protein, provides the transfer of caspase 3 (the
asparagic acid residual) into a catalytically active form
[5], that is one of the trigger mechanisms of apoptosis
process. It has been recently demonstrated in ovarian
cells of Chinese hamster, that a penetrating ability of
mitochondria is very important in regulating the release
of mitochondrial cytochrome C [25]. It can be the most
significant moment in the way of apoptosis, resulting
in a cells death.

The theory of cryorenewal represents the
counterbalance to apoptosis and is based upon the huge
experience in similar works, performed in medical
practice. The capability of cytochrome C to build in
mitochondrial membranes and to reduce the LPO
processes is one the mechanisms of its therapeutic
effect [6, 8, 9, 15]. The cytochrome C role in
cryorenewal mechanism is the most significant. Its
favourable effect is stipulated by the effect of low
temperatures, which those: regulate genes, under
control are cytochrome C and NADH, participating
in its transport function through an external mitohondrial
membrane [28]; increase cytochrome concentration
[7]; strengthen mitochondriogenesis; make cell
membranes labile [ 11]; augment the BBB permeability
[1], thereby facilitating the passage of cytochrome C
molecule, being the pinocytosis inductor [14] through
these barriers; change the structure of mitochondria,
that provides a favourable interaction of cytochrome C
with them [20].

It is generally evident, that cytochrome C plays a
leading role in cryorenewal mechanism via its direct
inclusion into an external and internal mitochondrial
membranes and interaction with them.
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00yCIIOBJIEH AEHCTBHEM HHU3KHX TEMIIEparyp,
KOTOPBIE: PETYITHPYIOT T€HBI, IOl KOHTPOJIEM KOTOPBIX
HaxozgsaTcs nutoxpom C u HAJI.H, yuactBytomuii B
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[11]; moBsmaroT nmponunaeMocts ['Db [1], obmeryas
TEM CaMBIM MPOXOXKACHUE MOJEKYIBI IuToxpoma C,
SIBJISTFOITIETOCST MHAYKTOPOM THOIMTO3a [ 14], gepe3
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B menom mutoxpom C, HECOMHEHHO, UTpaET
BEIYIIYIO POJIb B MEXaHU3ME KPHOOOHOBJICHUS Ty TEM
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