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BO3MOXKHAJS POJIb CYITIEPOKCHAHOI'O PAJUKAJIA
B QJHEPI'ETHKE KUIETKHW: I'MIIOTE3A

Boavcexkuiit H.H.

I'Y HAU xaunnueckoii ummynosiornn CO PAMH, HoBocubupcek

[IpennaraemMasi runoTe3a OCHOBBIBAETCS Ha TPEX TBEPAO YCTAHOBIEHHbIX
IMMUPHUECKUX (paKTaXx:

1. PacTBOpHUMOCTE MOJIEKYJIbI KUCTOPOAA B JIMIIHAAX B HECKOJILKO pa3
MPEBbILIAET €ro pAaCTBOPUMOCTb B BOZAE (NMpH HACHILUEHHUH KUCTIOPOLOM ABYX-
¢azHol cucTeMb! «IMNUA/BOAA» KOHUEeHTpauusa O, B nunuaax B 4-5 pas
MPEBHILIAET €r0 KOHUEHTPALMIO B BOAHOH (hase).

2. CranpaptHbiii penoxc-norenuuan napsl O./0O, pasen -0,34 mV, uro
TOYHO COOTBETCTBYET CTAHIAPTHOMY PEAOKC-NOTEHUHANY NUPUAUHHYKIIEO-
tuaoB (napel NAD/NADH u NADP*/NADPH).

3. CynepokcuaHsii pagukai (O,), KOTOphIH B BOAHBIX pacTBOpax ¢ 00b-
IOH CKOPOCTHIO AUCMYTHPYET, TaK YTO B 3TUX YCITOBUAX BPEMS €rO XKHU3HHU
HCUMCASETCS B JI0JSX CEKYH/bl, B O€CNPOTOHHbIX cpenax obnagaer BbICO-
KOU CTaOUJILHOCTBEO, M €TI0 PaCTBOPbI B TAKUX CPEAaX MOryT COXPaHATbLCA
6€3 U3MEHEHUN KOHUEHTPpALUHU Ha NPOTIAKEHHUH MHOIUX YAaCOB M CYTOK.

Ecnu He cuuTaTh OQHOBPEMEHHOE COCYLILECTBOBAHUE 3TUX SABJISHUH NPO-
CTbIM COBMAAEHHUEM, TO NPUXOANUTCH INPH3HATD, YTO O, BLIMOJIHAET B KJIETKE
POJIb HU3KOMOJIEKYJIIPHOIO BHYTPUMEMOPAHHOTO NMEPEHOCUMKA DJIEKTPOHOB.

B BoaHOM (haze (B LMTONIa3ME ¥ BO BHYTPEHHEM POCTPAHCTBE Opra-
HEJJT) NMEPEHOC BNEKTPOHOB OCYLUECTBISIETCS CNeuHarIn3upoOBaHHbLIMU MO-
IeKyJTaMK TIMPUAMHHYKIIEOTH1I0B, KOTOpble ObLIH 3BOIIOLMOHHO noaobpa-
Hbl TaKkuM oOpa3zoM, uTOOBl UX penOKC-ITOTeHUuasa Oblll paBeH
pegokc-noreHumnany napel O,/0,". ITM 00eCNEUHBAETCSA IKBUNIOTEHLIUATIb-
HbIH NEPEHOC 2apsa 0B U3 BOAHOM (hazk! (rie B peakuuax rmukonusa, [ MO,
urkna Kpebca, B-OKHCIEHH JKUPHBIX KHCHOT 00pa3yeTcss OCHOBHOE KOJIH-
YECTBO BOCCTAHOBJIEHHBIX 3KBHBAJICHTOB) BO BHYTPEHHIONW a3y KJIETOU-
HbIX MEMOpaH U, CIEA0BaTE€IbHO, MUHUMAJIbHbBIE NOTEPH IHEPTHUU MPH Ta-
KOM MnepeMELEHHH 3apsaoB. OCHOBHbIE HCTOUHUKH reHepauru O, (1 ApyrHX,
npou3BoAHbIX OT Hero AKM), obHapy:keHHbIE B X)KUBOTHbIX KJIeTKaxX, CBs3a-
Hbl C JEATEbHOCTbIO MEMOpPAHOCBA3AHHBIX (PEPMEHTOB, TAKUX Kak
HAJI(®)H-okcuaaza nuromnaszmatuueckoit Memopansl, HAJIOH-uuroxpom
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P-450-peaykTasa, JIOKaqH30BaHHas B MeMOpaHax LIHTOMIa3MaTHHECKOTO
petukynyma, 1 HAJIH-KoQ-peaykrasa, Bxoasiuas B COCTaB | komnnekca
MUTOXOH/APHAJILHOMK 31IEKTPOHNEPEHOCSLLEH LIENOUKH. Bce oHu — romono-
FUUHbIe GesKH, NPUHAIIEXAaLIMe K OHOMY CEMENCTBY (P1aBONPOTEHAOB U
NMEIOLLIHE OBLIErO 3 BOIOLMOHHOrO npeawecTseHRKa. K 3Tomy ke cemen-
cTBy OTHOCAT M NO-CHHTETa3y, Taloke COCOOHYI0 BOCCTaHAB/IMBATD O, no
O, U3BeCTHO, Y4TO (PEPMEHTBI ITOrO THMA HMEIOT oOpalleHHbId B BOAHYO
da3zy y4acToK CBA3bIBAaHHMS NMUPHAMHHYKIICOTHIOB, B TO BPEMS KakK aklien-
TOPbI AMEKTPOHOB HAXOATCS JINOO BHYTpU MeMOpaH (B MMKPOCOMaX M MH-
TOXOHAPHAX), MO0 Ha NPOTHUBONOA0KHOH CTOPOHE MeMOpaHbi, YTO NMpel-
nojaraeTt nepeHoc J1E€KTPOHOB H3 BOAHOHM B JIMMUIHYIO (ha3zy Kak
Heu36exHbIN pe3ynbTaT QyHKUHOHHPOBAHUA ITUX (EPMEHTOB. YyutbiBas
BBICOKYIO KOHUEHTpauuto O, B TMAMAHON (ase, Mbl NPUXOAUM K BbIBOLLY,
4YTO OCHOBHbIM MecTOM reHepauuu O, B KleTKax AOKHO ObITb BHYTPH-
MeMOpaHHOE NPOCTPaHCTBO. |

PanMoHaIbHOCTb NOJOOHOro MexaHnu3Ma OObACHIETCA TEM, HTO TOJIBKO
B ruapodobHoii haze O, MoxeT 3QHEKTUBHO BBINOIHATH NPHITHCLIBAEMYIO
eMy poJib [EPEHOCU KA ANIEKTPOHOB. B BOHOM CpeNic OCHOBHAA PEAaKUMs, B
KOTOpO# yuacTByeT O, H KOTOpas MPOUCXOAHUT C OrpoM HOH CKOPOCTHIO, ONHU-
ChIBA€TCA YPaBHEHHEM:

O, +0,+2H" =0, +H0,

M Ha3bIBaeTCd peakilMen aucMmyTauuu. Beneacrsue 3Toro nrobas peakuus
BOCCTaHOBIEHUs, onocpeayemas O, B BOAHOH (a3e, MAET C napajlleibHO
npoucxoasied aucmyranueit O, Tak 4to Oonbilas 4acTb SHEPruy, 3ana-
CEHHOH B BUIE XMMHUecKoro rnoredunana O,’, paccenBacTCd B OKPYXKalO-
Liel cpefie H HE MOSKET ObITh MCIIOJIb30BaHa kneTkoi. B nunuaHoi xe ¢ase,
[Jle OTCYTCTBYIOT CBOGOMHbBIE TPOTOHDI, PEAKLH AUCMYTallMi HEBOBMOXHA, W,
crienosaresibHo, O,” MOXKET HaKaniuBaThCs B 3HAUUTENIbHBIX KOHLCHTPALMAX,
[IEPEHOCS MEKTPOHbI HA CBOH (PHU3HONOTMYECKHE aKHETITOPbI.

YuuTeiBasg BO3MOXKHOCTh Auddyzun O, B MemOpaHax W CBA3AHHOCTD
BHYTPUKJIETOUHBIX MEMOPAHHbBIX CTPYKTYP € nna3zMaTuyeckoi MemOpaHoHu,
MO>HO MPEATIONOMNHTD CYLIECTBOBaHHE O0LIEro BHYTPUMEMOPaHHOIO 1nyna
O, #, COOTBETCTBEHHO, BHYTPMMEMOpPaHHOTrO OTPHULIATEILHOIO NOTEHIIHAA
C JIOKAJbHbIMU MAKCHMYMaMH OTPHLATEAbHbIX 3apIA0B B yHaCTKaX reHe-
pauuu O, . BennunHa OTpHUATENBHOIO NOTECHUMAA JUNUAHOM (a3bl Kie-
TOK 10JI)KHA 3aBUCETb KaK OT aKTUBHOCTH CYINEPOKCH-MEHEPHPYIOUIUX (hep-
MEHTOB, TaK U OT CKOPOCTH «CTOKa» 3JIEKTPOHOB, KOTOPbIH ONPEAENACTCH,

26



rMaBHbIM 00pPa30M, CTENEHbIO NPOTOHUPOBAHHUS MEMOpaH U YPOBHEM BOC-
CTAHOBJIEHHOCTH MHUTOXOHAPHAJILHOM 3MIEKTPOHNEPEHOCAUIEH uenu. Takoe
Npe/CTaB/ieHHE CBA3LIBAET CTALIMOHAPHbBIE KJIETOYHBIE KOHLEHTPALUY aK-
TUBHBIX KHCIAOpPOAHbIX MeTabonMTOB (AKM: O, v H,0,) ¢ o0wmm snepre-
THYECKHM COCTOSHUEM KJICTOK, BbIPAXKAIOLIMMCS B aKTYyaJIbHOH BEJIMUHUHE
bocdarHoro norenuunana. ¥z nasHoit runoressl cneayer, YTO 3PPEKTHUB-
HocTb AKM-3aBHCHMbIX CUTHAJIbHBIX yTEH, 00€CNeUHNBaIOLIUX PErYISLMIO
Pa3UYHBbIX BUIOB KJECTOUHOM aKTUBHOCTH, TAKHX, B YaCTHOCTH, KaK Npo-
M epaTHBHBII OTBET M aronTo3, JO/HKHA ObITh TECHO CONPSHXKEHA € aKTy-
alIbHBIM COCTOSHHEM DHEPreTUUECKOTO MeTab0JiM3Ma KJIETOK W CYLIIECTBEH-
HO 3aBUCETh OT YPOBHS ODECMEYEHHOCTH KJETOK DHEPreTUUYECCKUMU
cybcTparamu, CKOpoCTH noctyiuieHus O, B TKAHH H OT CTENEeHH aKTHBHOC-
TH 3HEPronoTpedNsIOLIMX CUCTEM B KleTKax. Takum obpa3oM, KOHTPOJIH-
pys MeTaboJIHYeCKHE napaMeTpbl GyHKLUHMOHUPOBaHHUS KJIETOK, Mbl MOXKEM
HanpaBJ€HHO U3MEHATb HHTEHCUBHOCTL AKM-3aBUCHUMBIX KJIETOYHBIX pe-
AKLIMI, BO3HUKAIOLIHUX B OTBET HA CICUUPUUECKHE CTUMYJIBI.

[Tpennaraemas runoTe3a MOXET CIYXXUTh Oa3UCOM JJisl CO3/1aHUA pas-
BETBJEHHOH TEOPETHYECKOM MOJIEIH, B paMKaX KOTOPOH CTAHOBUTCS BO3-
MOXKHBIM paLlMOHasibHOE oOCy)KAeHHUE, OOBICHEHHE W NPOTHO3UPOBAHUE
MHOIOYHCAEHHbBIX IKCIIEPHMEHTANBHBIX JaHHbIX, YKa3blBatOLUUX Ha CYyLLE-
CTBOBAHHE B KJIETKaX pa3sHOOOpPa3HbIX U 3aMYTAHHbIX CBA3EH MEXY aKTHB-
HoCTbio AKM-reHepvpyrouiMx CUCTEM U KIETOUYHbIMU PEAKLUHUAMHU B OTBET
Ha BHELUIHUE BO3ACHCTBUAL.

POTENTIAL ROLE OF SUPEROXIDE ANION IN THE CELL
ENERGETICS: A HYPOTHESIS

Volsky N.N.

State Research Institute of Clinical Immunology SB RAMS,
Novosibirsk, Russia

Proposed hypothesis is based on three well-established empirical facts:

I. Solubility of molecular oxygen in lipids is several times higher than its
solubility in the water (in biphasic systems «lipid/water» the concentration of
O, in lipid phase is 45 times its concentration in aqueous phase).

2. Standard redox potential of pair O,/O, is equal to -0,34 mV that exactly

corresponds to standard redox potentials of pyridine nucleotides (pairs NAD*/
NADH and NADP*/NADPH).
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3. Superoxide anion (O,’) dismutates in aqueous solutes at a high rate and
its lifetime is measured in fractions of a second under these conditions. But
O, ofters high stability in aprotic milieu and its solutes in aprotic solvents
retain constant concentrations during hours and days.

If simultaneous occurrence of these facts is not accidental we must accept that
O, plays a role of the low-molecular intramembrane electron carrier in cell.

In aqueous phase (in cytoplasm and in the inner space of cell organelles)
the electrons are transferred by pyridine nucleotides. These specialized
molecules were evolutionary selected in such a way that their redox potential
1s equal to one of pair O,/O,. This provides an equipotential charge transfer
from aqueous phase (from reduced pyridine nucleotides that are generated in
quantity by reactions of glycolysis, Krebs cycle, fatty acid 3-oxidation, and
pentose cycle) to inner phase of cell membranes, and as a result affords minimal
energy loss by this charge transfer. The main sources of O, (and other reactive
oxygen species derived from it) revealed in animal cells are the membrane
coupled enzymes. Among these are NAD(P)H oxidase located in plasma
membrane, microsomal NADPH-cytochrome P-450 reductase, and NADH-
CoQ reductase that forms a part of Complex I of mitochondrial electron-
transporting chain. All these enzymes are homologous proteins assigned to
one and the same flavoproteid family and descended from the common
evolutionary precursor. The NO synthetase which equally can reduce O, to
O, is also assigned to this protein family. It is well known that enzymes of
this kind possess the pyridine nucleotide binding sites which are faced to
aqueous phase. At the same time the electron sinks are located either in the
bulk of the membrane (in mitochondria and microsomes) or on the opposite
side of membrane. From this it follows that functioning of these enzymes
must be inevitably accompanied by the electron transfer from aqueous to
lipid phase. Taking into account the high O, concentration in lipid phase we
get the conclusion that the greater part of O, in cells must be generated in the
intramembrane space.

The occurrence of related mechanism seems to be quite reasonable because
O, can perform the ascribed function of electron carrier only in hydrophobic
phase. In aqueous medium the main reaction in which O, is involved and
which proceeds at a high rate’is described by equation:

O, +0,+2H"=0,+HO,
and 1s known as reaction of dismutation. Hence any reductive process carried
out by O, in aqueous phase proceeds in parallel with dismutation of O,". As a
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result the main part of energy stored up in chemical potential of O "dissipate
in medium and cannot be used by cell. The dismutation of O is impossible in
the lipid phase not bearing free protons. Consequently, O, can be accumulated
in high concentrations and transfer electrons on the appropriate physiological
acceptors.

Taking into account the possibility of O, diffusion in membranes and
coupling of internal membrane structures with a plasma membrane it is believed
that a common pool of O, exists in cell membranes and thus an intramembrane
potential exists with local maxima of negative charges at the points of O,
generation. The magnitude of cell lipid phase potential would depend on the
activity of superoxide generating enzymes as well as on the rate of electron
«drainage» which is controlled mainly by the intramembrane level of free
protons and by the reduction degree of mitochondrial electron transporting
chain. This concept links the cell steady-state concentrations of reactive oxygen
species (ROS: O, and H,0,) and cell energetic state manifested as the
magnitude of phosphate potential. It follows from this hypothesis that the
function of ROS-depending signalling pathways which regulate various kinds
of cell activity (in particular, cell proliferation and apoptosis) would be closely
connected with the current state of cell energetic metabolism and would
essentially depend on the cell providing with energetic substrates, on the rate
of O, transportation in tissues, and on the activity of energy consumed systems
in the cell. Thus, controlling the functional metabolic parameters of cells we
can purposefully modify the vigour of the ROS-dependent cell reactions

developing in response to specific stimuli.
- Advanced hypothesis can form the basis for creation of broad theoretic
‘model that will make possible to discuss, explain, and predict many experi-
mental data suggesting existence of diverse and complicated relations between
the activity of cellular ROS generating systems and cell reactions to external

influences.
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