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. . Kaiedpa 6roxwtu 'uonoawcxo,o ddeqhwtu
MoLKoBrko.o ?ot ldapcdeetno2o lquapp.udem u^t M. B.,ltdnodocosa.

I laSaa MalKsa Bapo66esu ?opd Mfy: dax.: t0$t9Jg-lqi):
,EKnp o Btu ha\na : adv@bioc he m. b io. n-fl . tu

nocrynda B peraKqnro 1j.07.98

B o6iope. no.B' ueHHoM Ha x6one uoxHo opr aHH io BaflsoMv r{ Ha hMeH€e x3) erH HoMJ Kovruer cy !rrrar erlnoruenr vnexonr ra|oorrr {nporoH-rpaHqouspyKruar NADH)68\sHoH o xcllaoperyr mra, KoMnr;(c t). cscreMa
rr3rpoBahbr (aedBenHde r ronitrecresHre rApameprcrnx, p@(lrrfi, MranBnpyeMbd np€naparaMu Oep-Meura pa3,nquon cienexr x vtroxorrqpxfr ao rovore*i,i 6p.."i,ror *".u,exca.
Oco6oe BtrNatsre yr€reno rpylHoc$M (orxq€qBeHHo[ ,lrepnpr.a{M pe3yatraroa muepesl's o*,uo,ocu
Oepved'd. ImurHo onHqHo cogp€MeHHoe cocro'Hre npo6rwu veaoeuirsri o6parrvur x.vesenru xararr.
r"cec(on amruHodr Koyrrc(ca l.
KrtIOr{liBblE C-llOBA: NADH:y6xrxHoH-pe!yxrdai KoMnnexc t; abrxardlsa, ucnh; rt|crcp$rcHoe noeae-HHc ecpMcHros. (MHroroEapxH aprua 6b'xa).

I. BBEAEHI4E

3Hepterxqecxoe o6ecneqeHue alpb6Hbrx jyKa-
pBoi r rqecKrr,( KneroK ocyqeurBjr lercn, raaBlrbna o6pa_
ror\{. nr<rc,rrrersuHv ooc$oprurupoaaxaev oxrc-
reErieM BoccraHoBr.rro'lLHdx 3xBuBaneHToB (NADH.
NADPH, y6rxxHor) Mone(y,ilrpg6rM KxcrropoAoM,
coflp,'{euq5lM c o6pa3osaHleM ATP fi: ADp u He-
opraHuqecxoro {pocibara_ 3ToT [pouecc ocyuecT-
BrreTcr c.,roxltbtM non lpepMeHTnHM aBCaM6reM,
roKarr,r3oBaHRbrM Bo BHyrpeEHeii MeM6paHe Mrlro-
xoBlpnfi . floo'reAHHii npeAcraBrreH flqr6to runo-
nporerrArr6rMr.r xoMnreKcaMu (pxc. l): NADH:y6ji-
xltHoH-o(qtlopeayma3oi (KoMrure(c I), cyKqr-r-
HaT:ybhxMHou-oKcuAopeAyma3oii (KoMnne(c ll),
yoxx r}| or: U r.t I oxpoV I -O KCHAOpeAy K ra3o ft fKoMn-
Jlexc III l. uuioxpov c, Kl{cropon-oKotaoperyKTa3ofi
{KoMnteKc I V. Uu l oxFnMoxqAa3a) x F. Fr ATPc}oi-' r  er a3of i  (KoMnreKc VJ. OxucjrxrenhHo-suri  r  aHo-
BrrTeJr6HHe p€aKur'r, KaTanu3upyeMr,re l(oMnne(ca,

n  p  H , r q l  h r  e  L o r p a u e H r s : C M ' {  -  c } 6 M r r o x o H r p r d h -
Hde edflud: FP EE\cy66errHHeHbrq xq€o+oHU, dra.
BonporcrH. BMqrelh'n Hi KovMe\cd t:e" . rov;rofH i6k_
xrEora, eMelourse n s3onpehotrlHEx omrKoB ! nonoxeln,
6 xqHoHoBoro (on6rra; DB 2,3 !(Merokcr 5 Menn 6-!e-
uD6eI30xEHoni PB 2,3-!xMerokcr-l-Mmu-6-nemnr6eBo_
rHHo, , :  \Lv  N-  ,  I  uvdeHv l I .  p .  H  -  9 .10  t r rn jpo .4 , ( -n r
, rupokcH c  lu . !Bor !o -2  aHrpaurHkap6oHoBar  ( rcnora :
( r( ' KapooHlruHaHtr!-4 MopoJ.eHur r(rpuo8.
"A,qpccar rrr (oppccnoH.qeHuflH r ranDocoB onncroB.

u_n I. I l l  l r  IV. conprxeHbr c reHepauxei AFH.. a
Ko ruexc V {ATP-cxHter.. ra) uinorrryer coo.
o.AHyIo lEeprrrrc AFH* )'Ir o6pa3oBaxur ATp.
Korunnexc I xara:rn::upyer peaxqr.rrot

NADH + Q + H' + nHl" <+ NAD. + QH, + nH:"r,

fAe Q E QH, oKucreHHHfi u BoccraHoBneHEbr;
BHyrpnMgM6panubfi y6uxnnoq, a UL u ni", -
IrpoToHbt, nepeHecetlHble I,t3 BH''rp[MI,tTOXOHIpr,r-
anbHoro npocrpaHfiBa Hapyxy. f lo cpaBHeH14to c
apyrxMx KoMnneKc I  caMbri  cnoxH6ri  x Ha[Me_
Hee rjyqeHHbD,t KoMnoHeHT Ar,rxa1enbHoii uenfi .

- B oIHoM I,t ] ficqepnbrsalorrtux 06lopoB
{<NADH .qerrrporeHa3a lr ixarerhHoi i  ucux Mr-
ToxoHApfifi))), ony6: .rxonaxaoll 6oaee lerneprt
aeKa roMy Ha:ral. 66rno cKa3aHo: (6nar olapr npu.
M€BeI ,tIO CJIOXHbIX MeTOAOB CBOiCTBa 3TOrO HeO-
661'rHoro Il uHTepecgoro abepMeBTa renepb noHrr-
H6r, no xpaiEei M€pe B o6uleM BHAe; ycnerllrro 3a-
BepuhrrjcL ,qorro npolonxaBurj€ct cnopbt, r,t T€_
nepb rctlo Br{Aeri nyTE IIr perueHlrr ocTaBurr,txc,
npo6reM...) u]. nrrEto roAauu no:xe e o6:ope
Apyroro uc,cre,rroBare,rg Koururerca | 6ulo or r,ae.
q€no, qTo (.._ ,rpyAHo HatTr HOBr,rji nolxoa I( npo-
6leue, rax xax s::rotl o6rraqru c 1963 r. ne 6riao
raii4exo vero-nr.r6o cyuesrBeHHo HoBoro) I2l. O6a
3T,1 yrBeprlqeHr,tr no,npex,reMy ocTaroTc, B cj,tjre.
ACIICTBITeIbHO, BflertaT.Jltlotuie aocTltxeHrs flo
cJrelHr,rx IeT B o6nasrr x3yqeHur c-rpyklyp npo-
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TOn-rpar{cJroqnpyrcurtx NADH:xuHon-pelyl(Ta3
MneKonrraloq:rx [3], rpu6on I4l rl npoxapuor [5]
noKa3afl ncKjrlogulerhHyro qroxHoclb )roro aDep-
MeHra. O6uar arrHa nocreaosalelr6Hoctei aMI,t-
HOK|CJTOT B 6onee 'IeM 40 pa3nlqH6rx cy6leanHu- .
Uax KoMnrle(ca I Mre(onr4Tarorqux npeBocxo,{rrr
cyMMapnyrc aMlrHoKucJIoTHyIo fiocJreaoBaTetl-
HOCT6 BCeX 6etKOB npOrap[Orn'reCrOi pt6OCOurr
[3]. OepMenr co.qepxur oxono l0 p:!3nuqHhrx pe-
AoKc-KoMrroseHroB: FMN [6], 5-7 xer$o-cepH6D(
KracrepoB [7 l0] Ir, IIo xpafil{eji Mepe, ABa rrfia
cBBaHHoro y6rxuEoHa u l]. flocnegorare,,lLuocrr,
nepeHoca 'neKlpoHoB MOKtry xoMnoHeHtaMx (Dep-
MeHTa (or NADH Io xr.rHoHa-aKrlenropa) Heu3Be-
crHa. MaroBepogTHo, qTo na K[roqeBoi Bonpoc o
TOM, KaK BHyAp&MOneXynrpHLre peIOKC-npeBpa-
ulenur lpepMeHTa conpDKeH6r c BeKTopHbrM nepe-
HOCOM npolOHa. 6ynel nonyqeH oi Bel c Toi crcne-
rtbro AeraJrr3aqun, KaK 3To yxe cAenaHo lnr KoM-
nneKca III [12, 13]r qrroxpoMoKcrAa3br [14, l5].

O630pr,r, onybnItKoBaHHbre B nocJreAHee BpeMr,
6brru fiocBttueu6r, uraBHrrM o6pa3oM, crpyKrype
$epraeara [3 5], cBoisrBaM xene3o-cepsrtx rsrac-
TepoB [10], Bo3Moxqr,tM MexaHu3MaM Tpalcnoxa-
Arh npoToHoB U6] l-I cpaBnnTerBHoii MoreKynrp-
Hofi 6noirorxrj abepMeHTa [3, l7]. flo lralueMy MH€-
nxto, KaxrjMrz 6!r MorqlrHMrj Ht 6brn[ npleMrr co-
Bp€MeEHoii MoneKyngpHoi 6[onoruu, 3HaH[e Kara-
JrlTu]I@Krx cBoitcrB lbepMeHTa Heo6xoAr,tMo llrrr rro-
HrMaHHr MOr'reX) ,rpHOaO MeXaHX3Ma ero , !  yHKUH-
oHnpoBaHr:rr r:r q)rruonontlreckoro perynupoBanur.

C-cropoHa (+)

QHz

l'7 5

B ltaqrorUleM o63ope ML,r norrErr:r-D.rcE 0606-
uIIlTt, cBe.qeHrr o KaTzL[rr ,rqec(ux cBoicrBax ibeD-
MeH'ra, oco6oe sHuMarue yaeleuo onucanrro neo-
6uworo rucrepesucuofo noBeaexnr MxroxoH,q-
pHar6Horo KoMmekca L

BonpocBl. csr3aHHHe c aerajttMll crpyKrypHofi
oprat 3aqur,r 9ToIo ofpoMnoro <lpepMeHTo), cpaB-
Hurer6Hofi 6roxrrMriefi NADH-y6nxlrHoH orcuIo-
peayrra3 r,I3 pa3H6rx [cToqHI,tKoB, nocJreaoBaTeth-
HOCIbIO Bn)npUMOreKyntpHOrO nepeHoca 3IeK-
TpoHoB Mexay oTAeIbHbrMr' peaoKc-qeqTpaMu
I(OMIIJIeKCa H MOJIeI(yttpHbIM MeXaHU3MOM BeKTOp
rrot TpatlcnoKarlHll npoTor{oB ocTatoTcr 3a paMKa-
Mu Hacroruero ll3Jloxennr. Mu rurauupyertl o6cy-
gurr, rru npo6leun n ApyroM roroBtuleMcr x IIy6-
nnKau'.tt o63ope.

O caunx nooreAxr-rx AoclfixeH[rx B rtyqeHxu
NADH:y6uxNxou-oxcugopeAym€Bbr .u,rrarerl cMo-
xeT y3HaTh B BbrrleaueM HelaBrto cleutiulbHoM
BbrnycKe xypH:L[a Biochimica et Biophysica Acta
l8]. 3HaqHrenbHar .raflb npelraraeMoro o6jopa
onyonrKoBara a lToM fi3,qaBr{uyl:)

\_-./

2. KATAJII,ITI4qECKI,IE AKTI4BHOCTII
NADH:yBI4XUHOH-OKCI4nOPEAyKTA3bI

B COCTABE AbIXATEJTT'HOII UEIIIT

Ha pric. I cxe,MarrrvecKl npellcraBne'to ((aK 3To
npHHrlo s yge HHKax)clpoeHxen6rxaTr: rbHofi  uenH
MreKorrlrarorlrx, cocroflqefi H3 5 xrt4MBrlqya,'rLH6tx

NADH:yEI4xI{HOH-oKCI4AOPEIyKTA3A

NAD'

NADH

NAO

NADH

lv-cropoHa ( )

Pnc._I. cxeMarucecKoe np€acraMeEre corracoBasBoi pa6or!' KoMmex@ I (Ha prcytsxe 3aurptsxoBas) B cooare Bslapetsnet
MeM6paflLrM'roxo'lpen x'pndMn crporcM! no.sa!6r nlr' ftpe'oca 3'emponoB, rpa'cMeM6pa'Eoro n"p",*i,i,po,o-
HoB. PnMcKsM' qxdDaM' o6o3naqe!6r (oMn'e(c' rlrrnre*soii qim r coorseis ",u c oi,'r"npn"i'ol uo""'i",.'ypoi 1zo;.
U opd E KplKax ndr crpenxaM" coorBersrBym soMelaM pqr!'n ! rperAefr (oaoxxe ra6r. i
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KoMnneKcoB f I  V. cornacHo HoMeHKnarype ukonrr
fpuHa L20l) .  Kovnlercu l l  n l l l  V eoareeeH,r
(anu xe roue.reurr) a peaKrlau, Karaut3tpyeMbte
co6grBeHxo KoMntexcoM I, B 3aBltctMoclx or roro,
o,Ka(oi peaKqrru s'qer perrb. B ra6n. I npurcAenu
HeKoropble cBoisrBa <no,rHofi, NADH oiculafu,
a-TaKxe napqrnajD,rlhre p€a(qsu, Karun3upyeMbre
KovrurercoM I rtr6o s cocraae tnyrpexuei lreu6-
paHl>l MsTOXOHApsfi, rE6o ynpouleHBErMu npena,
paTaMu patru.IHoi creqeHn cJloxEocl]l. Baxro
nolqepKHyTb, qTo lltt Bcex peaKrlr,ti, E KOTOpbTX
npoucxoanT oKliqrleHre nJlu BoccTanoB.[€Hue ecTe_
CTBeHHOTO aKUenTOpa 9IeKTpOHOB y6lrxrrHoHa
(peaxqru l-3, 6-10; ra6r. l), xaparrepxo ano-
Ma.[EHoe l(ItHerDqectoe rIoBeAeEIte. AeranlHoe
onucaEue 3TI,IX arroMalEii laHo B pa3leJre 4.

B ra6Jr. I fi 2 nptDeaexu xapaireptcruxu no,r,
HOCILIo amrrBr4)oB,u.tH6rx r4)elapaToB KoMruekca l.

2.1. p€axuul|

2.1.1. NADH-orccxaalHafl pea|(|trr. OkncreHhe
-aHyrpr.tMltroxounprirnrnoro NADH More(ynrp_
H6IM Xr]qtopoaoM npoTel€er B pe3yrlTaTe nocJle-
AoBaTeJlLHoro OyHKuuoHrrpoBaHrrr TI,ex r,lHAlrBn-
AyanbHbrx.KoMnneKcoB (1. I l l  I  lV; puc. l ) .  qxcro
oooporoa KoMrut€xca I a cocra3eAbD(anenlHofi rreng
noJrHocTEto pa3o6u€HHLIX Cy6Mr-tToxotl4pxaJrr,Hbrx
qacruu (CMq) fipu 25o cocraBnrsr !l . iOo ur-rn-r.
npuHrjMar xx NADH-oxcf iaa3nyro aKrnBHoctb
paaxoi =l uxuo,rs NADH, okxcreHHot o 3a I M,]H
I M_t-6enKa. a coaepxaare $epuenra a uena6panax
CMtI paBlthrM 0,14. l5 tnol t  na I  Mr 6enKa. l lph
f la roHapHoM a)po6HoM (conptxeHxotu nlr  pa_
3OOIIeHHOM) O(I,tCjrer{nt NADH xeneo-cepBr,re
klasrepH KoMueKca I no.rrr nortrocTtlo eoccra_
uoareuu [41]. ]ro culercnLcrByeT o ToM, irTo pe-

Tl6-rrqa l. Peanrrr, Mranu3HpyeMbre ryenaparaMr NADH:y6drrioH peryrra3d Mlrroxotslprj, cepa@ 6b(a pa3rredon cre

npenapar6t, cnoco6n6re cneuuOJ]geqre6

'ra@ud (CMrl) 3

2 l 5

2

3

5

NADH-oxcrla3a

NADH:y6rxrEoH-p€ayn4a

NADH:nc(ycmeEHBrI
errenrop-peryma3a:

O re(€aMnopyrcBd {llU;

NADHiarrunHDslnE-NAD*
(TpaHcrr&oreia:a)

NADH:OyMapar'

l ) 2  1 3

l ) 2

I

6 (?)

cMq

NADH:qsroxpoM .

cMq:

CMq;
KoMnnekc I;
NADH-lerruDoreHa3d

cMq;

NADH-lerqrEoreHaso
TAna I uTunazl

CMII

Ha

Her

1,00 3

0,04

I,00

9,00
10,00

0,005

r,30

0,015
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2 3 6

7

a) ATP-3aBBcHMoe
!omanoMeHqe NAD_

6) ATP-3aBHCHMa.' pmeHoH-
cyBoBmd6Hd
Qeppnqran!'[-p€.uyma3a

B) roccraHoBneHr.'€ NAD'

oKxcr€HneM cyxqssara

y6drqor:NAD'-oxcnAo-
p€.uFra3a; aipo6s6rfi

4  ' 6

I

4 + 2 ) 3

conprxennLle CMr{ E

ConprxeHHh)e CMq

4,25

0,27

0,25

t ' /7

a-CTe,Kh -+ H - na.' uHOpaMx o6o3Haqatr nprMyro Ir o6partsy'o p€aK[xr coorlscrDeHHo. Oelcrenr€ NADH, c]auurara,
yohxhHora H uH'orpova r cu|me ' At P pa@\arpvsarc rcr xdx nprMsre peaxuHH.

:, 
B o"@r-meuko^rkck "r xH ' x6 n opoB. renct s)rcu! \ B Q-cs'jusabuen y,racrhe KoMme(cr I srwceH I u qhr o po I eHo h

14r8qHo oore , lu  rpyr r !  po 'e f loH norooHbrx  n f l rxOH.opoB (cM.  I2 t  2 ) l ) .  perH l2o .  271 |  HeaaBHo orKphr run  x i , rb r rop
ADp-pr0ora  lA t rMrDrLr  roHhype8r f ldMr  no  orHoueHBD x  NADH xHr  16 t r ropaM! .  npernord  aenr ,  e ro
NAtJH B racenBe cybcrpa ra qy8o BsrenbHd ( perHy r ADP.pH6oc.
3 NADH-orctqa3a (,qBa 3r*rpo.H-3rcrBar€Hra), (ararrmupyeMar nonHocrro pa3oblreHHbrM! AS-CMtr np,25'C (pH s,0)
npul'rra 3a vcro8n)rc ealEqqy (1,00) }Io coorBercrlyer o6usro orpepe$euofi r rauen :ra6oparopx,r cpiaHei cneifuOu.ic:
\  ron  an  "BLocr  h ,  pa88on I  vxMonh NADI ' ,  ox rdeH; ,oMy 3a I  MkH I  r . ,  oqra  [2e ] .  o rHo( l j ren" ;ue  ]  aceHHq cropoc ,er .  nDf
BeleHlrdr H roM cton6ue. de.aler pac: drplBan rar npH6rHirm6,,.re. I4oxHihre ,HaqeHh, (-L 5 . 09"r 3aBrL;r or vho;e
s8a earr, po!: (oHueHrpalrnr HoHoB B Lr'e!e r3MeFflx, aroxBnomr, !dxarerrhloro (oErponr npenatara x r_ !. OrHocrren6
E e mH!tsoo, yka3aHnb'x npemparoB s3MepeH6r B onrrMdhH'x yo,oBlrx.
rA 'pobHocoKHseHveNADH.HaOnDtr l . voeBorcnosuero6asneh, ,  

a ruemopoB, re ts ryoHoBtNADH-re ,k rporesd lh r j
u r  B  npuc lamBxr  poreHoHa uq aH HMHUHHa A.  d  u ruHaHMa {CM'1 .  KbMMrkc  t )
n AerrrporeBa3d Trna l, OepMeHrbr c Brco(on Morexympnon Ma@t, conlo6uBrpoBaEHue e3 MeMbpax o6pa6orkon re
repreHraM! rnr oocQonnnaot [30 3s]. np€mparu cBo6olHd or oocoon{nrooo I y6unora a r umvre orkovm*o Iqe cyBcruar€n6s6r x porenoEy rqoo '3-3a MoAlleHxdrtr! np€naparo8 3o_BpeMr BureneH8. nn6o m,3a trorep, He(oropBrx
cy6leauHqu. Ae.ulporeHa3a Trna2, rpercy6leAxHHexrrr xene:o+epun Qiarorpmer! c Hq3xon Moncrytrrpuil waccol, ra_
rutr,rpyDurlt ok,!neHxe NA_DH HcKycnBeHHbrMr aruen'opaMk denToHoB ljG38j. aepveHr. oeeBHrHo
@strrpoBaHEaM apatueHroM KoMMexca I mH lerHllDoreHaj trna I

NADH:yBI4XUHOH-OKCI4AOPEAyKTA3A

aKqwt, KaTaju3[pyeMarr co6crrenuo Kounrexcolt I,
He flBrqelcr cKopocrb-n Mulxpytouet cTapxet a
npo ecce oKxcneHxr NADH AHxarenhHofi qenblo.
Ma(ctMajrEsar cKopocrb poreHoH-qyBcrBHTer6-
Horo oxncreHr{r NADH Ao6aBreHHErM BoAopac-
TBoprjMbrM roMororoM rrpupoAroro y6hxrEoHa
(Qr) B cocraBe CMrl 6rrlsxa urh HeMHoro Merrr,ure
cKopocra NADH-oKcltla3Hoi p€axqulr. CreAoBa-
TeIBllo, MoxHo cLIIrTaTE, qTO OlrholeElte BoccTa-
HoBreHHoro KoM[nekca I on,qorcunuv y6txr.rto-
HOM, rrO-BUArjMOMy, OnpeAeJrreT cKopocrb cyM:
MapHoii NADH-oKcxAa3Hofi peakr{n[.

O6pn6o'rxa HeKoropbrx np€naparoB CMrI olrr,fo-
Mrrqr.rHoM, cnerllr(ptzg€clQ{M XH|I,6trTOpOM IIpOTOH
npoBoArqei qacru ATPcfiHrera36r (F") t1Htyrrn-

3 BUOXUMI4A roM 64 Bbrn. 2 1999

pyer cocTotHue <ahrxaTeIlblloro I(oHTpoJliD: Cr{r6-
HOe TOpMOXeElr€ NADH-. U CykUUHaT-Or<CtjAa3-
riHx arTlrBHocTet, (oTopoe llonllocrblo cHnMaeTct
pa:o6rqurorevu [42]. CMq, cTaHlaprHo noryeae-
M6re B Haur€i ira6oparoplrfi, ItMeIor riHAyrlupoBaH-
ti6ti on[roMtt UtHoM AbrxaTeIbHbrii (oHTDon6 nDIt
oxxc reHxu NADH. paeHsri  5 10, B 3aB;cuMocru
oT KagecTBa lrp€rrapaToB TtxenEu MltToxoHApltii
c€p.qua bt rKa, gcnor63yeMbrx a,'rr noryqeHrrr cMrl.

NADH-o(ctrAa3a conprxeHHbrx orlrroM,lttlt-
l{oM CMt{ HaceroflrrlllHui AeHb rBnrerc, cxuHcr'
BeHHot MoIeJrl,Hoi peaKufiefi ,nr urytenua Kov-
nneK(a I  B ycJroBl j 'x.  kor la q'epMeHT pa6olaer B
xarrecTBe rrporog-TpaHcnoulpyoqero [peo6pa3o-
BaTeJU 3HePrAU.
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2.1.2. NADHlul|roxpoM c-or(cluope,lyKra3Bat
peaKqsfl . 3aa akrl,tBHosr6 Tp€6yer oAHoBpeMeIrHo-
ro (byHKUr,roEnpoBaHur KoMn'reKcoB I u IlI, u ee
MOXHO O6HapyXrrT6 TOnr,KO B npenapaTax, nony-
qeHHbrx B pe3yfi,Tare o6pa6oTKu MeM6paH MItTo-
xoHnpri unu CMq ,qercpreHraMr.r [43]. UxroxpoM c
Haxo.0nlcr Ha BHeuHei noBepxHocln sHyTpeHHei
MeM6paHbr MrroxoHApHf, (MexMeM6paHsoe npo-
cTpaHcrBo r{HTarcrHbrx MKroxoHqpr.d), x GbrBePny-
T6re)) CM[I He KaraJrx3upyror aHTfiMxqr.rH A-qyB-
crBlfejrbHylo NADH:q[ToxpoM c-peayKTa3Hyro
peaKurjro, 3Ta peaKrlHr, oaHaKo, Ha6tloAaerct
flpx ucnonl$oBaHr,ru KnaccxqebKoro npeflapara
BH)"rpeHrrei MeM6paH6r MlToxosnpri (npenapaT
KefirrHa-Xaprpir) [44]. NADH-oKcr.rAa3Haq al(-
'rr,rBHoqlb 1fr,rx npenaparos yBern'{uBaelcr B 2 3
pa3a npu Ao6aBnenfiu unroxpoMa c [45]. llocKorb-
Ky sHyTpeHHff MeM6paHa MlrloxoH.oprfi fie npo-
HuUaeMa Anr NADH, aarurar.rqr- r A-vyrcrnr.rrorr,-
liyrc NADH:UuroxpoM c-peAyKTa3Hyro ar{TaB-
HOCT6 MOXHO paCCMaTplBaTh KaK Mepy (He3aMK-
nyTocru) MeMopaHHbrx QparMeHToB, npxcyTcrBy-
IOIj.IHX B TOM nJln rjHOM np€flapaTe cMq. Al{TItMlt-
q'rt A-.ryBclBrreJrbHyro NADH:uuroxpoM c-pe-
AytclaJ) c.reayeT olnx9aTb ol HetryBcrax rerhHot K
xHrh6urop) NADH:uxr oxpoM .-per) x r  a3Hoi aK.
flrBnocT[, KaTaru3npyeMoi EeKoTopbrMu pac'TBo-
puM6rMlj flpenapaTaMu NADH-,qefr.qpofeHa3br
[30 38]. llocreallrje npelcraBrrror co6oi dpar-
MEHTLI HHTAKTHOIO KOMfl,'I€XCA I, I,I B P€AIOIU'X,
KaTZrnri3HpyeMr,rx ! 1ItMu [p€napaTaMH, rlr,r'l oxpoM
c BBrcTynaer B ponu ucKyccrBeHHoro aK{cnTopa
3re(TpoHoB (cM. pa3A€n 2.1.4 a).

2,1.3. NADH:y6rrx||Eon-ol(crnopelyxra3Han
perxqxc. flprpogxbri y6r-rxnxon (Q1) H€ pacrBo-
pxM B BODe,.u,nq pelxcTpauxx (MrrHriMarLhofi, ec-
TecrBeHHofi pea(u r KoMrue(cil I B (aqecrBe aI(-
uenlopos lnei{rpoHos o6uvuo acnolltytdr ero
ltcKyccrBeHrrHe roMorrom (Qo, Qr, Qr) unu alranofn
(PB, DB, AypoxnHofi) [46, 47]. OKricreHre NADH
ItcKyccTBeHHEIM[ XtEOHaMIT-aKqe[TOpaM[ B rjH-
TaKTEETX MnrOXOHApnrX [48], rHnOeOMaX, COAep-
*aqlrx KoMrLleKc I I49], r.r CM9 conpnxeuo c rex-
TopHoi TpancnoKarlHei [poroHoB [50].

3aBncuMosrt fi aqan6Hbrx cKopocrei peaKqrrr
oT KOHqeHTpar+ r xtHoHa-axuelrTopa &aK anr npe-
napaToB v3orrMPoBaHHoro oquqerlHoro, Tax It ant
MeM6paHocBBaHHoto KoMnleKca I gecrva cnox-
Hbt. x l,lx HHrepnPeTaUut laJreKO He npooa nd pt-
ay lrpl,rqrjH- Bo-nepBLrx, ser.BBecTHo, npo[cxollrT
nn peaKrlur Mexly KoMnoHexToM-ao}topoM 3JreK-
TponoB n Ao6aBJr€HH6rM ar(qeflTopoM B pe3yrbrare
cneq[QxqecKoro cBt3HBaH[t IooaBIeHIIofo xu-
HoHa B <(aKTfiBHoM qeHTpe)) QepMeHTa. flpu crauu-
oHapHoM oKlrcreHliu NADH aobaBreHfiblM xrHo-
noM MoxgT npoltcxo,qltTb ,11160 okrroleEae 3HIo-
rexuoro BoccraHoBrrexHoro Qro (CMq), rrl6o

okncreque npoq8o cBBaHHoro y6uxraHoJra (KoM-
nneKc I), n!6o o6e peaKUuu. Bo-Baopbrx, B 3aBucrr-
MOCT' OT (OHqeHTpaUUn H XUMr,rLreCKOil flpl{poAr,r
xlHoHa, ucnoJrb3yeMofo B (a.recTBe aKqenTopa,
3HaqfiTetlbHat .qoJrr o6qeii peaKurjri .racro oKa36I-
BaeTcr HeqyBcTBuTerbHofi k porenoHy (cneqlror-
' {ecKoMy MHrit6uropy KoMnreKca l) .  B (norHoi>
(ecrecrBeHHoi) NADH-oKcr.qa3Eofi peakuhfi po-
TeHori'He.ryBcTBlTerr6san cocTaBttro!.lar xe Dpe
Brl].lJae'r lo (3Ta ocraroqEar aKTlrBHocrb, no
KpaiiHefi Mepe, gacur.{so o6yo'roBreHa nprMr,rM
B3anMoAeficrBteM KncnopoAa c oAqriM ,I3 peAoKc-
KoMrroHeHToB (b€pMeHTa), PoreHoH-He'ryBcrBt:re"r6-
Ha9 aKTUBHO9IE, Ea6nbAaeMar B nprjcyTcTBltlt IO-
6aBreunoro xunoHa, nfiHeixo 3aBr.rcnr or KoHqeH-
Tpaurx (B flpeAer&x pacrBoptMocrr), Ta(rM 06-
pa3oM, pe:lnr,H6re KltlteTuqecKre flapaMelpl)r poTe-
HoH-.ryBcrBrirelllHoi peaKllxr (K-, V-^) )lenb3'.
rrony.MTb IyIeM npocroro Bbr.rrrTaHr.rr poTeHoH-Ee-
qyBclBgTelEgofi cocraBrffoDlefi . AorIonIItTe'lbIlHe
cJloxqoclt IBMepeHut NADH: y6[rurEoH-peAyK-
raSHot peaKurl.r 06ycroBreHbr cxnLHofi pa3HtUefi
B 3aArcnMOCT'X pOTefi OH-9yBCl Brl enhlioi U pole-
HoH-EeqyBcrBrrrerr,Eoi pearu{i or reMueparypbr.
Hanpr-rMep, B npl{c)rrqrBl-tu 90 vxM Q1 npu 20'
oKncJreHi-re NADH, (aTara3apyeMoe r.3otltpoDaH-
HLIM KoMnJ'Ie(coM l, TorbKo Ha 3570 gyBctBr,nejl6Ho
K poreltoHy, a npa 38' pearqua qyBcrB[T€n6Ha K
poTeHoHy da 9270 (cyMMapHbre cKopocTl.l oKrrcjreHnt
NADH npl l  rn ' ,  rervneparypax cocraa,r lor 0.34 a
2,E MKMonE B MriH Ha I Mr 6en(a coorBercrBesHo).

HaKoHeu. rperbr cjroxHocrb kageclBeHHoii l.t
KorrqecrBe[Eoi nHTepnpeTar]ulr NADH:xIllio}r-
peayKTa3HErx p€ar(uul,t cBr3aHa c TeM, qTo cxeMa,
I{3o6paxeHna.t Ha p[Ic. 1, ger.aoucrpnpyer $yu<qu-
oHnpoBaHre A6rxaTeIBHoi qeng B BecL,Ma ynpo-
rrIeEHoM BnAe. PgA Ea6rloleHufi no3Bonrer npe!-
nonoxx rL cyul€ccBoBaHhe nprMoro B3axMoIetfl-
BI-r, KoMnnexcoB I ri III B MeM6pane MHToxoHApnfi
rillu CMq [51,52]. EsresrBeHHar y6xxHHoB-pe-
AyKTa3Har peaKrlfir Moxer 66116 pe3yrr,TaroM co-
rjracoBaEHolo oIHoSIexTpoHHoro BoccraHoBle-
H||, Q (hn ero cao6oauopaarra:lhHoi $opMbr
Q'1 co6croenuo aeruqporeHa3oir c 06pa?osanrleM
y6acelruxunona (unu y6nxrrHona) H qfiroxpoMoM
D B ueHTpe i KoMtulekca IIl, xoropbri nosraB.rqeT
BTopot 3nercpoH IJrr nonHoro ABy3ner(rpoHHoro
BOCCTaHOBJ'IeH,' ITCXOAHOTO XI'!HOHa AO XI:IHOJIa.
,tlMettuo raKoi Mexasr3M 6LrJr nocryrrpoBal B
nepBoEaqajrLFoi Bepcuu Q-qurura MuTreJloM [53].rlasruqHoe ropMbxeHue NADH:xnEoH-peAyKTa3-
fioi amlrBHoslr [54, 55] EexoropBlMu ulrrlr6r|ro-
paMh KoM[ne(ca III xopono corracyercr c raKrrM
npelnor-oxelueM. npaBAa, Ta(oe ropMoxeBue
MOXeI Osnb Trto(e OOyCJtoBrreHo cTpyt{lypHbtM
no!o6r]ev yqac KoB cBr3HBaHtr y6uxtt.|oualy6n-
xuHora B KoMnreKcax I r III [55, 56].

EI4OXUMI{A 'toM 64 Rttr.. 2 i999
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B cea:u c no:pocurna rETepecoM ( I,3MeHeHxrM
axTltBBocTIt KoMIIIekca I npr pa3luqH6lx flaTono-
rtrqecKrx cocrorHnrx [2], 57]He,qaBHo 66urn npeA-
JroxeHbr Ee[prMhle MgToABr oueHKu NADH:y6h-
xr,rHoE-peayKTa3Hot amxBHoc i, ocHoBaHHbIe Ha
BbrencrreHr{rx [58, 59]. CneAyer oAHaKo nolqepK-
Hyir,, qTo HaaexHoe konrjqecTBegBoe t3MepeH[e
ecT@tBeBHofi axTIlBHoc { KoMlue(ca I Ilpo6ne-
Ma. Tpe6yrct|Iar cneura-IILH6rx riccjretoBaHl,tt,

2.1.4. OKncjreHne NADH r|cKycgrBer|uhtMs aK-
uemopaMx.

a ) @eppwquanud-pelyKma3qatr peaKlut. Ci[tl,
KoMraeKc I, a raKxe NADH-AeurAporeHa3br I ri 2
(cM. pa3nen 2.2. npefiaparu) xaralusupyror 6ucr-
poe oKxoreli e NADH abeppfiuranugoM. 3ToT oA-
H@ne(TpoqHblt ahIeIITop rxHpo(o llcnojrb3oBaI-
cr B MHOTOqTCJTeHHEIX paHHLiX pa6OTaX nO Bbrle-
rreHrro u oqscrKe OepMeHra [60]. NADH:Oeppr-
qraHra-peayroa3Har peaKuHr He conprxeHa c
Be(ropEbrM nepeEocoM IrpoToHoB H npeasraBjrreT-
cr KaK r.rcKyccrBeHH6tfi ruyflr, He ujsesrHo, l(aKofi
KoIiKpeTHErfi KoMnoHenr (bepMeH ra repelaer 3neK-
TpoHbr xa (beppuqnaxrA. Esr6 ocuoBaH[r nora-
raT6, qTo B Ka.I€grBe TaRoro xoMnoHeHTa cIyxI{T
FMN, TaK xaK $eppruuaHhl-peAyKra:iHar aKTr.rB-
IiOCTL XapaKTepEa /1lrr He6OnbUrOrO lbpafMema
KoMrureKca I - Ier{Aporenasrr Trna 2 (FP, $.rraao-
nporerH) [38]. 3ror $panueur coa€pxrrr rojrr,ko
Tplt cy6be7ll-tHl,tqbr r.r3 43 It ronb(o ]IBa xene3o-cep-
Hbrx xracrrpa co cpenHeTogegHrJMl noreHqfiaIa-
Mu -410 u -465 nB [61]; noueguue ne BoccrasaB-
ruBaloTct B npxc''rcrBlrlr NADH- KrurerlqecK,re
xapaxrepucrnK[ NADH:0eppriuualrnn-peAyr(ra3-
ttot peaKqru KaqecTBeHHo pa3.ntiqaloTcr nnr llpe-
napaToa pa3.,rFuloi cTeneHn o.rllcrKn. aJIt cMq
!.t KoMrureKca I Ha6nrcnaeTct ctulbHoe ropMoxe-
HIre p€aKqu[ rfi66rTroM cy6crpara (NADH), u
cTaHAapTHar 3aB{cuMocTr, llaqaIEHot cKopocTu
peaKrlr,ru oT r(oHqeFTpaqru NADH np& o6oi
or.rKcnpoBaHHoi (oHr{eETpaquu oepptiunaHxAa
BbInItIITT ICa( Koroxonoo6pa3sas kpfiBar, nono-
xeHI,Ie MaKCUMyMa Ha KOTOpO' 3aBr,rCrT OT KOH-
qeHrpaqrn axqerropa [62]. IIoIo6Eoe noBeleHrre
MoxEo o66rcH[Tr, cyuecrBoBaHleM KoHKypeHqr{H
Mexny oeppn{raHlnoM ri NADH 3a oAInH x Tor xe
peAoKc-KoMnoHeHT (npeAnotoxHaerbHo FMN),
pacnoroxeH8Hfi s rry6oKofi uenr. SopMlrpyeMofi
qeTBeprr.rqHoii crpyKrypoi 6enKa [62]. Aff o.{u-
uleHHoro pacrBopsMoro FP Kpyrlr3ria 3arrx tcpu-
BbIx cJla6o BbrpaxeEa [63]. r{ucra o6opoToB Oep-
MeHTa, pa@LrHTaHHbre Ha ocHoBe coAepxafirr FMN
B FP, nplrMcpHo B l0 p:13 M€HI,IIIe, qer{ y ,cxonHoro
KoMrureKca I rrrl, CMq [63]. Cneq&$u,recKar aKrr6'-
HocrL N ADH:@ppnqrjaBrjA-peAyKra36r, (arairrBrr-
pyeMofi FP, 3HaqarenbHo yBerrFrlBaercs B npficyr-
crBr,rx fyaHHAlrrr-xrroplaqa {64]. Cneayer oTMeTr.lT6,
rrro cBeaeHu, o qlcire o6oporon NADH:$eppuqu-
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aHrlq-pe.Uyr(Ta3Hoi peaKqul rBJrrroTcr rrpoTlrBope-
.ITBLIMH BCIeACTBfi e lrpe3B6rqafi HBn CJIO)KHOCTei,
BO3H[(arcrqUX IIpA [OnLITKaX HaAeXHO g(CTpanO-
JrnpoBaTb 3Kcaepl,tMelrTajrbrGre olpeaejlreMbre cKo-
pocTu K 3Haqefido ,/-,*. P€atEHEte IaHHbre riMeloT
BUA CepItIi KOJIOXOIOO6pa3HbIX KptBElX, XOTOpbtq
He loaAalorcr Ea,qexHoi a[npoxcrMaulu n-tnep-
6oJraMn B rro6brx lxana3oHax KoHueuTpaqri cy6-
crytaTa It aktleflTopa- cTouT Takxe oTMgrllTL, qTo
rrpu (oHuefiTpaq[rx axrlenTopa floprA(a MI:rrnIl-
MoIefi Ha6nroAaeTcr cyllecTBeEnoe He(bepM€xTa-
T&BHoe oxlcrreHne NADH SeppuqlaHuAoM.

6) fexcaa-^auvopymenui ( III ) -pedlxma3Hat pe-
axqar [40, 65]. feKcaaMrHopyresni (lll) B6rcoko
r$$errunnurfi aKuenrop jIreKTpoHoB Iut tlior -
poBaEroro KoMnrekca I [r ero abparMeHToB, a raK-
xe .qn{ oepMeHTa B cosraBe BbrBepH),Tr,rx CMr{
[40]. Pea(u&r He qyBcrBrrren6Ha ( poresoHy !r He
coflps)(ena c rpaBcroKarlxei lporoBoB. B rllljpo-
KoM nuana3oHe l(oEqeHrpaqufi H NADHT Hu aK-
uemop )nexTpoHoa He rBrrloTcr xHf r.r6rTopaMr.l
peal(Unfi. Anr CMIJ lua Kounrexca I rpat[uxu
ABofiHhrx o6parHr,lx KoopArHar (l/d-llNADH)
rrpu pa3H6tx KoHrleHrpaq[rx aKr{enTopa aaroT ce-
puu rrprMblx, flepeceKaroulr{xct B TperheM (Ba.q-
paHTe, qTo yKa3brBaeT Ha MexaH[3M peaxquh, co-
r JracHo I(oropoMy KoMnneKc BoccraHoBneHH6ti
QepMeHT-NAD- oKl-tcnrerct rel(caaMItHopyTeHfi eM
AO IITCCOUrIaUI]II,! NAD- npu yttacr'rl{ eAltlIcTBeH-
Horo peiio(c-qeHTpa lpepMeETa_

AerxAporeHa3a Tnna 2 (FP) :.aKxe a(rHBHo
pearirpyer c 3ThM aKr-lenropoM [65]. feKcaaMrrRopy-
TeHrji rBrqgrcr eAlHsrBeHHbrM aKqerrropoM gneK-
TpoEoB, (oTophrfi BbrrBrurer oAl{EaKoB6re q[cJra
ooopoToB lpepMeHTa, paccqrraEsbre qo coaeDxa-
HHlo FMN, B CMq. KoMnnekce L FP. B orntqte
or peaK[rrq c abeppuqllaHr.tAoM ryanr,rarrH se crs-
Myrnpyer, a lrtlfu6upysr NADH : rercaaMal{opyre-
HUE-peIyKTa3nyrc aKTuBHocTb, KaTa.[H3HpyeMyro
FP. EraroAapg [pocToTe KonrrtrecrBengoi o6pa-
6ork[ xr,{Hsrtqeckltx AaHE6rx, Bblcoko[ peaKrrtron-
toi cIIocobBocTI, no orHorneHltlo k oepMerny, oT-
cyrcrBrlro nepeKpLrBaHr.tfi cnexTpoB c NADH E He-

' rH3rMarrigecxot pea(ur'I. reKcaaMrGopyreHBi. no
HaueMy MHeHnro, Harj6onee nonxoarulHfi r.rcKyc-
craeHHErt aKr.lenrop !ns r.r'tMepeHr.rr yIe,'rLHoi aK-
TrBHosrIl oepMeHTa flpu ero oqucrKe,

s) fe4epaqL, cynepoKcud-paduxaaa. Kuanopon,
ctporo roBopt, He rBnreTcr <trcl(yccTBeHH6rM)) ak-
qefiropoM 3rexrpoHoB. nprMoe BoccraxoBreqre
O, xovnoneutau,r KoMnne(ca I tBn'1erc'., Lto-Br,r-
ar,rMoMy, fJraBHbrM [croqgltKoM aKTr{B[6rx oopM
K[cJropoAa a MlroxoHApurx. B nocnelHee BpeMt
3ToMy npoqeccy ylemsrcr oco6oe BHHMaHne, TaK
(aK norararor, qro aKTnBHBre <fropuu xuoropoga
yt laoByror B noBpo(aeHrrE Ml. t loxoH4pranbHot
AHK, HeKoropHx Qepuexron r.r vev6pan. Mxoro

3+
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0

JleT Ha3aa 661Jr0 rroKa3ano, qTo B rrepBoM rryl{r<Te MoryT yqacrBoBaTr, Bo MIIof x ibu3loloruqecKux
coflprxenllt ,{6uaTerr,Hoi uenMltToxoHApllii B A fl naTo$rcuoilofuqeclMx flpoqeccax, TaK[x KaI(
pByJu,TaTe nptMolo BoccragoBJteHrrr KllcJlopoaa \ I BHyTpnMeTotrHat cufHajru3arlur lr_r :r oKucJrnT9JrB-
rponcxoaur o6pa3oBauue HrO, [66]. Or' (cynepo(- | /Hbrii crpecc [78, 79]. Ec,-u reuepaqrro cynepo(cu,ua
cuA-aH[oH) rBurerct crexuoMerpnqecKHM npeA- l/ paccMarpuBarr, Kax <oriacHylo ]'Teq(y), To ibyHK-
rrecrBeuH[xoM H2O2, o6pasyrorleicr n rarlroxorr,q- li quouallbHat 3uaquMoclt, MtioxegrBa cy6reAnanu
iruax [67], u B Orclrororfiqeq<t-lx yfioBlrrx oIHo- tlepuexra, nprvo xe roBneqeHHslx B peaxql[t rre,
3neKTpoHHoe BoccrafloBJrer re Kr{olopoAa xexoro- 0 

peHoca-3jlempoHoB Il npoToEoB, cra8oBurcr oqe-
pbIML KOMnOHerfaM[ nbrXaTeJIbBOi qellu .qOCTIi- 

- 
BnAHOi: Oltrt CJryXaT B KaqeCIBe 3a!IUTHOi

raea 20% oT ero o6uero norpe6reHur [68]. B CM9, <o6eprxro Are Hr3r{onoTenu[arbHbrx peAol<c-
o6pa6oraxHbrx anrlrMllrllutoM A r,r poreaorou KoMrIoHeHToB, npelorBpauar nx repMorrjuaMurte-
169], Ha6nrcAaercr ,{yBcrBrireJrLHoe K cyrepol(cq,a- ckl-t 6naronptarxoe nprMoe B3atMoAeicrBxe c
IlrcMyra3e (KO l.l5.l.l), NADH- u NADPH-3a- Kr,rcnopoAoM. TaKoe npeAnoroxeHre no3Borrer
BrrcuMoe oxEcr€HI,Ie a{peH:L]rnHa rjillr BocsralroB- o6}tcHtTh, noqeMy Hx oAntr rr3 rjcr(yccTBeHE6lx
teHte auerxJlttpoDaHHoro ut'loxpoMa a co cn€!!t- aKuenropoB. s3arMoaeficrBylotut x c SepMeHtoM
abu.{ecxoi aKTr.rBBocrbb noprAKa I EMon6 O; B Ha <BxoAe, rtJl| <Bblxoler, rte pearupyer c rrpoMe-
MlrH sa I Mr 6erxa npu 30'. Mec"To o6pa3oBaHr.rr xyroqgliMu (oMIIoHel{TaMIl: crcreMa xopot[o 3a-
cyflepoKcfiAa B KoMfirexce I He lt3Besrlto: rroreH- rInIeHa! feHepaUllJr cyflepoxcx,qa CMq rtJlu KoM-
quajr6Ho Bce peAoKc-KoMnoseETbr aDepM€rrm: FMN [Jre(coM I cyqesrBeHHo orJtuqaeTcr or raxoBofi,
[70], xene3o-c€pEbre Knac'repbr [71] u y6uceMxxr.r- Kararx3xpyeMo; pacrBoptrMbrM FP B a3po6Hoi
soH {721 ! arpo6HErx ycJloBr-irx Moryr renepupo poreHoH-HeqyBcrB[Teirbnofi NADHtxl,lHofi-peAyK,
Barb cynepol(cr1l-pa"4lrra-n. B. o6pa6oraaxHx an, ra:nofi peaxqtr-r [80].
rnMurrnHoM A CMq Aa6roAaercr aByxlba3Hr,rfi 2.1.5. TpaHcrruporeHa3Haq H apyrne NADP*/
9(b(bekr poreHoHa: renepaqrir Oi yBer[rllltBaercr NADPH-raalgrur,re peaxqnn. Bxyrpeunee raev6-
Irpu Korrlerrrpaqll nErs6nropa, Heo6xo,qr.rMoi paHa MrroxoHApui co4epxrr qna ilrepuenra, cno-
An,r ropMoxeEug NADH-okcrila3br (0,3 HMo.Jrr, na co6nrx xaraalflnpoBarh lpaHcrHAporeHa3HJ,aro p€a(-
I Mr 6enxa), flpu A:lnEr]eirlleM yBeruqeHuu Ron- qulo. nepBbrii flpo ros-TpaHctourjpyroular rpaHc-
qeHTparlrur rdru6rjTopa ckopocrb peaKquu cllr,t- ,uporeEajla, He conepxaqar IIr{KaKHx peAor(c-a(-
xaerca [69]. O6pa:oaanue cynepo(crrA-paArikar'ra lr.tBHbfi npocreruqecxrx rpynn (K<D 1.6.1.1) x xa-
(..K CMt{, Tarr u Kor,au.nc,<cou I B flpscyrcrB'Ij ra,'rrr3r.rpyrcqar nprMci:r nepeHoc r|Ap]rA-rjo|l
^_ADH u NADPH Ha rp.:iDrKax B nBofiHElx 06, Mexry BoAopoAoM B 44 noroxeH}jx NADH n Bo
pa rHErx r(oopAnHarax (l/cxopocD l/KoHrl€kTpa- aopoaoM B 48 nojroxeH D NADPH. Peaxqna co
ulrr nyKneoTnla) nMeeT 6n!ba3H6ri xapamep, eTo flprxeHa c BeKTopHhrM nepeHocoM Ht I8l]. B.4o-
yKa3brBaer Ea HaJlHque AByx (axyuluxcr K- Anr nonHeBre x axrrBHocrrM, onl-tcanltbrM B npe!6rAy-
cy6crparoB [73, 74]. O jcaxa raKxe reHepaqm O; ueM pa3Aere, KoMnneKc I n prA ero 6oree npo,
B XO,qe qyBcTBlmefi,Ilofo K poTeHoHy lt pa3o6 1u- ctux npenaparoB Ta(xe KaTaJrfi3'pyroT TpaHcrun-
Terlo ATP-3aBxcrMoro o6paTEoro DepeHoca gIeI{- poreH:BHyro peaK[lrrc: 48 srcpeocneqk(bt.recKr.tii
TpoHoB or y6[xuHona K oArroMy r.r3 KoMnoHeHToB FMN-3aBfichMnn ['H]NADH-HrO o6MeH [82, 8]]
KoMnreKca I [66, 75]. 6u,ro [or€3aHo, qro cKo- n oKl-rcreHse NADH aqeruanrprA[H-NAD* [641.
pocrb sToii 3Eepro3aBncnMofi peaKqu[ cocraBrrer yMecrHo orMertrb, qro rpaHcfl,tAporena3Har aK
oKoro 2002 or cl(opocrlr peaxqr,rri, na6aro4aeuofi s rrisHosrr He rBJUreTct o6UlM cBo;srBoM NADH
flpucyrcaBur.r NADH & poreHoHa; reHepaqae O; B (NADPH)-oKic.[arorqrx llepuexror; HanplrMep,
npxcyrcrBxx cyKuxHara x ATP Bo3pacTana (B 4 5 AT-mraoopa3a (NADH(NADPH):xnHoH-oxcuAo-
pa3) npu ,Do6ameHxr{ NAD' [75]. Aaroprr erux peAytra3a (K<D 1.6.99.2)), roMoauMepxHi FAD-co-
Ha6nroAerrii npeAnonoxfirL, qro cBr3aHn6ri gepxaqai llepuenr, raTatrBrrpyer oxHcr€Hue KaK
NAD'-pa4rxan rBnrercr nsrorinllxoM cyfiepoKcu- NADPH, TaK u NADH [84, 85], xo ae cnoco6na
aa B peaKunu oopaTr{ofo lepeHoca 3JreKTponoB, I(aTanr,BrrpoBaTB TpaHcruaporeHa3Hyro aKTr,rB-
l<al( 3To 66rno no(a3aHo Arr Apyn-rx NAD-3aBucn- HocrL. Cnoco6riocrb KoMnre(ca I K Kararrj3y
M6lx neru,qporeHa3 [76, 77]. TpaHcrr.rAporena3Hofi pea(urot no3Borrer npeAno-

Clegyer ornerrlrr,, vro cfleqr-r(bl-r.rec(ar aKTnB, roxlrr6, qro peAoI<c-rtorenqxa!,r FMN 6Jrt3ox l<
Hocl6 KoMnnerca I B peaKuriu r€rrepaqnr! cyfiepoK, rroTeHquary napBl rltprjInnHyKjreoruAoB (cy6cr-
cI'A-paAxKBia npuMepBo Ha 3 noprAka Hxxe, qeM para u npoAyKra). Ecrx 6r,r BoccraHoBreHxe (bra
B NADH:y6uxfiHoH-p€jyxra3loi peaxqlili urlr B BlrHa B fipxcyrsrBrr NADH 6br,ro repuoaulauu
NADH-oKcnAa3e (CMH), r.r :ra peaxqnl xoneqHo qecxlt seo6paTrMo, To 3HaqrTeJlbHbri flepena,q pe-
xe He npt{toana &'rr onpenetenxr aKTtraHocrr lo(c-norenqrja:roB MeN4y roccranoe:teuuuv !!ep_
tlrcpnenra. TeM ae r,aeuee O! I HrO, (nponyKT cy- MeItroM H oxucJreHHrjM rrnpEAuHHvKreoru,rloM co-
nepoxclr l lxcMyra3Hoi peaxuulr l  noTeHuuaibHo 3AaBan66tcepheSHEreorpa;xqeHx;r, l rnocnenylo-
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tuero nepeHoca SJlempoHoB or QepMeHTa K llyr{Jre-
ornny-cy6glpary. AeiicrBrrre.,r6r{o, cp€IlteTotteqHbte
FAoKc-nm€Hrlsanbr FMN, orlpeAeIIeHHHe nrt KoM-
nneKca I [86] x KocBeHHo oueneuurre grr tP [871.
6nl1]r}l ,{ noreHlfary napbr NADH/NAD-.

CMq t<ararltsnpylor LryBcrBrlr€nhHoe K pore-
Hor{y oxlrcrenlte NADPH B ycnoBr.rrx, ucl('Io'larc-
rqt-lx $ynnrroxrrpoBaHne rpaucflrAporeHa3bl (K@
1.6.1 l), co cKopocfrM{ cy!.IecrBeHHo MeHbrl[iMn,
'leM cKopocr6 oxncrenm NADH [88, 89]. B oTnu-
'rHe o1 peaKu,lH oKr,rcjreHrr NADH, rMelouefi Ulu-
poKr.ri pH-onruMyM rlpu pH 7,5 8,2, NADPH-Ae-
rraporeHa3Hag a(TlBHocTb Kounrexca I ro:pac-
Taer npn Kr.rcnbrx pH (Hlxe 6,0). NADHJaqernjt-
nrpl,lAr{r ryKjreoTfia-peayKTa3Hat aKTITBHoCTE no-
xa3aHa Arrr npenaparoB CMq, KoMn 'Ie(ca I, a Tar-
xe lnt leni,qporeHa3 T na I x Tnna 2 [64,90]. Oep-
iraear I yna 2 xatanutupyer NADPH:NAD'-rpaHc-
rr,r,4poreH:L:|Hy!o peaKqaro, uo se NADH:NADP'-
ruu NADPH:NADP1 TpaHcrxnporeHa3Hbre aKrtB-
Hocru [64]. IIpoqHo conprxeflHbre CMr{ Karanrj3rj-
pyroT ?Hepro3aBucIlMoe! noA4epxllBaeMoe oKr,tc.te-
HXeM CyKqHHaTa, qyBCTB[TeJrErrOe ( pOTettOHy, CTe-
peocfieqlibrFrecKoe Bocc"raHoBneHrre [4B-,H]NAD-
u NADP-.[8], 88, 91]- peaKquH, Koropbre, RaK no-
naralor! rBlrrtorcr npocr!,rM o6palrenneM nporoH-
1paHcrrorlupylor.qei NADH:y6fi xr{HoH:p€AyKTa3-
Ho; peaKqnu (cM. pa3Aer 2.1.3). NADPH Boccra-
HaBJrt BacT FMN x xene:o cepxr,rc r:racreprr !!ep
MeflTa. Pa rrl-r.{Ht B BocgraHoBJIeHr.Ix I reKoroprrx Fe-S
kracTepor r.r B l]qru6fipoBaHrrlt oKuaneHuc NADH
u NADPIJ cneuu(bxqecKr.rM uHru6uropoM nlrepx-
qralnoM lpnBenr4 Al6paxra r.r coaar. K Moreru
rerepoAxMepHoro crpoeEr4r KoMnneKca l, coanac-
Ho r(oropoi nocJreAHxfi cocror.rr rc NADH-cne$r-
Qfi .recKoro u NADPH-cneu[(bn.{eq{oro nporoMe-
poB I92 94]. CoBceM HeAaBHo 3Tr, xe sKcnepuMeH-
Tar'r6H6re p$yIIBTaTBI 6brru [epecMoTpeH6t, fi, co-
macHo HoBot nHTepnpeTaq}lx rex xe aaTopoB,
KoMnlIeKc I npeAcraBJIeH MoHoMepoM, Hecyu[,rM
ABa FMN (u, Bo3Mor(Ho, ABa HyKneorrincBr3llBa-
rcuux qeHrpa) [95]. l,IcqeloBaHur NADH- fi
NADPH-r,rHIyrlupoBaHHoro oxrcjreHrjg JIgntAoB
B CMtl nptBenfi I( 3aKlro.reHrrro o roM, Lrro KoM-
nrexc I cnocooeH no'pa3HoMy peari,rpoBarb Ha no-
cryfln€Hxe 3reKTpoHoB or NADH xnn NADPH
rB-3a pa3rHv[t B rI€HTpax cBBr,rBaHur Hyl(JIeoTl,
aoB [96].

66lno rroxa3ano, rrro 6dn6ruat cy6le.[uurrqa
FP (51 KAa)-oparMeHTa KoMnrexca I MrexonuTa-
rcrqux rj 6aKrepri, coA€pxauar FMN r xeJre3o-
cepE6rfi Knacrep N-3, riMegr eluqcrseaxtri qelim
cBt. tHBaHr' t  NADH L9?-l001. C!p'roi  croponu.
raK ha\ FP cnoco6eH x tpaHcryl for eHa3Hoi ak-
TltBHocTn, 66uro npeAnonoxeHo, 'rTo FP HeceT B
cBoeM cocTaB€ ABa qeHTpa cBt3LIBaHnt HyKneoTll-
AoB: oAriH Ane cBr3brBaHre NADH h NADPH npu
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tx ,qerliApr{poBaH[r-r u BTopot AJI' cBt3bBaHHt
BTOpO|O HyXJreOTlna npri npoTel€Htrr,t Tpascrt!-
poreHa3nofi peaxqlcl [64]. CoBceM HetaBHo HaMrl
6Hra npeAroxeHa Molerb. corr'lacHo Koropoti B
KoMrmeKce I cyuecrByer aBa pa3H6rx uylgleorfia-
cBs36rBaro!.1[x qeHrpa, ibyHxur.roru-rpyroqax nplj
Ilporel(aHlx nprMoro l-l o6parHoro nepeHoca 3ne-
KTpoHoB [28]. 3ra Mo,uerr, ocHoBbrBaercr Ha o6Ha-
p)r{€slrri (o,urocropoHHeror 3ooeKra ADP-pu6o3bt,
(oropar, KaK 6buro noKa3auo, l(oHI(ypeHTHo rop-
Mo3rjr oKuo'reHue NADH B CMt{, KoMII,'reKce I Ir
FP u crnMyjrupyer 3Hepro3aBlc[M6ri nolIepxlr
BaeMBri a3po6HbtM oKucreErieM cyKrluHaTa o6par
HHfi nepeHoc 3n€KrpoHoB [28]. l4HTepecHo orMe-
'rxT6. 'tTo lBottouttoHHo xoHcepBafr,rBH6ti MoTlrB B
nepBuqHoi crpymype 5l r.(a cy6:renl ruqrr Qep-
MeHTa Mrexonr ratorul,rx 13] u coorBetfi Blroutux efi
cy6henv$ n\ (P.) denitrifrcans [5lu (N.) crassall0ll
c.ruraercs Halr6oree BeporrH6rM yqacrKoM cBr36t-
saHrrs NADH. KpoMe roro, B cocraBe 39 (Aa
cy66err jHf iuhr Kovnre(ca I  MxroxoHtpxl  cepnua
[3] r-r ero roraoaore, 40 KAa cy6lelrrusue KoM-
lrnel(ca I u3 MrroxoH,qpuit (N.) crassa ll02), rax:xe
o6HapylKer ,r yqacTKu, xapaxrepHbre lrr uerirpo9
cBt3HBaHtr HyKrreoTr,taoB_

floABoAr uror, crelygr noAq€pKHyTL, qro Bo-
npocr{ o ToM, cKorbKo leHTpoB cBr36rBaHtr HyK-
reoruAoB uMeer KoMnneKc I r (ec!!t ux IBa Hnu
60lee).  !aKosbr rx cneurt !avr,ocru BraHMolei l
crBue (ecru raKoBoe cyulecrryer), rpe6yrcr gaar-
Heau,4 ) icneDxMeH I ansHsrr rr-  neaosaHui.

2.1.6. NADH:OyMapar-okcn!opelym a:rHarr pe-
aKrtfi r. flocKoff,Ky cpeaEeTogeqHbrfi peaor(c-no-
reHuuan nap6l cyKqnnaT/ibyMapar (:0,00 B) 3Ha-
,{r terbHo 6oree noroxrrereH. ' {eM noreHuraJl na.
p6r \ADH/NAD- (.  { ,32 B) I I03l ,  MoxHo oxr.r-
.qaTb, .rro {byMapar AoJrxeH 6brrb 3lbiber<Tr.rBHr,rM
aKuenropoM 3neatpoHoB rrpu ol(Ircrellltn NADH,
KOHe9HO 1l(€ npn yCnOBnn, qTO CyqecrByeT l(aTanu-
TuqecKrrfi M€xaH!3M, o6ecnegr.rBaroqni Aoqrtxe-
Hlte paBEoBecnt B 3Tofi peaxquri. AeisrBr{eJrr,Ho,
OIiJIO IIOKa3aHO, qTO B yCtOBr:ItX, KOrAa OKI'CJIeHUe
y6rxxHona 6noxapoaaxo, CMq cnoco6H6t Kata.
Jru3rjpoBarb NADH:4yMapar-peAy(Ta3nyo peaK-
!u lo.  gyBcrBrreJr6Hl Io Ko BceM HHtx6' , l topaM
KoMr,'reKca I I Kounrexca II. B conprxeHH6rx
CMq oKficreHne NADH ibyMaparoM cnoco6Ho
o6ecneelrrE cnHre3 ATP u04]. yAerEEar akTuB-
Hoc"r'6 CMrl MJreKonuTalollux B 3Toi peaKllur:t
oqeHr, HrcKa (ol(oIo 30 HMonE B MI-IS Ha I Mr 6en-
Ka npfi 25o B npucyrcrBl[n Ml,tKcorua3ona, qTo co-
craBllrer.l,57o or a&TnBHoqrn NADH:y6nxHHoH-
peayKTa36r u cpaBHlMo no Ber'IhriEHe c HeqyBfiBx-
renEHoii K poreHoEy nHAyrlupouaHHoii NADH re-
EepaqHei cynepoKcr.qa). PeaKuxr He crEMynrpy-
ercr p: i3o6rrxrenrMx. Cyueclpvtor no KpaiHef i
Mepe ABe tpHqllHbt, o6brcHrtouue TaRyrc H!3Kyro
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aKTrlBrtocrb. Bo-nepaux, Kulrerurtecxue cBoicrBa
cyKqriHarA€runporeHa3r,r Mrekqflrrraloqlx, o6.na,qa-
rcqeii OyMapar-peAyKla3Hoii axruBHoc-rbro, 3Bo-
]1toilr,roHHo npucnoco6JreHr,r lr-rr KaTar-rr4a B 0u3ho-
Jroruq€cr(u 3HaquMoM HanpaBJreHHu oKr,tcreHl,tu.
cyKquxaTa ll05l. B cBt3u c sTrM uHrep€cHo, ,tTo
cyKquHaTAerrjaporeHa3a TepreT cBoro aKTnBHocTb
npu clrnbHo oTptuaTejlbBbrx 3narlesucx peaol(c-no-
Telrqtara - 3o(bexr, H:BBaHHbrii aBropaMu (qtrol-
noAo6ribrM rroBeAeHneM)) [06]. Bo-Bropbrx, B ycno-
Burx crarlr{oHapHoro flpore(aHHr NADH:OyMa-
paFpe.qyKTa3Hoi peaKqln BqyTprMeM6paHH6ri
y6txuHou norHocrblo BoccrasoBreH. flo EaurtM
Heony6nlxoBaHHLrM AaHHETM y6ltxruror ruIrl-t6li-
pycr anrl.rBHocr6 NADH:y6tfi [HoH-peAyKTa3H. 3To
o3Halraer, 9To coornoureuue y6lrxunon/y6uxnHon
B runrlqHoii !ba3e MeM6paHr,r perytttpyeT aKTuBEo,
sr:r Kovn:rexca I u ll ne rorbKo 3a cqer cBlixeHut
KOHUeHTpaq{rj cy6grpaTa-aKqenTopa 3IeIopoHoB
(Q), Ho ra(xe r4-3a roprrloxeulf amrtuocru i!ep-
Mexra npoayxroM peaqru (QHt {107, 1081.

2.1.?. O6parfihri tepefloc aneKrporoB. O6parn-
Mocrb peaxqrrt nep€Hoca iteRTpoHoB B nepBoM
nyHkle conprxeHrr abrxaTqlbHoi lerut o6cyxaa-
ercr yxe flo.rrfi 40 ner c roro BpeMeru, (orAa B ra-
6oparoprrrx r{aHca [09] h K,lnrrer6epra u 10l He-
3aBUCHMO Ohrro IrO(a3adO, VTO AOOaBreHi.ie CyKrltt
HaTa l,ln},l d-rrnuepo$oc(baTa ( MrToxoHApurM B
coc"roa4utt 4 nplrBojlltT t< tryBcrBltrerrLHoMv K pa-
3OOtUlileItM BOCgraHOBrr€rUtrO BHyTpt MITOXOITA-
pxanbilbrx rrltpirAr,rHrryKneorr.t!oB. KraccHq€cr(rie
pa6oTbr no 3Tofi T€Me cyMMr.rpoBaHbr B pa6orax
u I I, I l2l. O6uue cBoicrBa 3rofi peaKuun, l' Ha-
clorulee BpeMr ur.rpoKo ucfloll3yeMot Inc rl3yqe-
nr.u Kounaerca I, a taKxe npl-l r,ByqeHltu o6parrr-
MOCrn npoToH-TpaHcrrorlupyrclieii F.-Fr ATP crjH-
TeTa3r,r, KpaTKo cyMMr,rpoBanEr HHxe.

a) ATP3asucuaoe soccmanoeneuue NAD" cyx-
4uxamott. Kax noxa3aHo Ha cxeMe, npeAcraBJreH-
Hofi Ha pnc- I r.{ B Ta6r. 1, norHar pea(uHr B CMq
rBnrercr pelynLraToM oAHoBpeMeHHoro (byHXUx-
oHHpoBaHr{r rpex o€pMeHTHbrx xoMrure(coB: KoM-
rr,'reKca lI, nocraB,'rgloulero 3neKTpoH6r lI.,It Boccra-
lroBn€Hm y6uxuHoHa, Kourilexca V (o6paruMofi
F. Fr ATPa3Lr), reH€pr.rpyFlqero AFs*, u KoMII,rel(-
ca I, yruru3ylorqero AFH+ B y6fixnHon:NAD--pe-
!yKTalHot pea Kul|r,r. a ycroer*x. xor ga y6rxrxol-
oKcuAa3Har a(TltBHocrb 6roxlpoBaHa rHrronTo-
paMri KoMnnerca lll unlr KoMnreKca IV. B oTJtfi-
qre oT axruBHocrei pa3rrqHHx np€napa'loa CMrl
B NADH:y6uxuHoH-p€AyKTa3Hofi n NADH-oxqr-
aa3H6rx peaxllurx AaHHEIe 06 aKTnBHocTrj,ATP-3a-
BucuMoro o6parlroro nepefi oca gneKrpoHoB,Bcrpe-
qa@qlecr B ,r.rTePaType, cfi,Ir,lto BapLupytoT, 3Tu
pa3jrut{[r, oqeBfi IHo, o6ycroBneHH pa3rfi \ttgMlt B
rrpoToHHl,rx yleqkax anr pa3H6tx npeqapaToB
CMtl l  l3]  h.  qlo He MeHee aaxHo, Heo66reH6rMl.r

KItEeTuqecK[.IMl,l cBoEfllaMll l(axloro r.{3 QepMen]
ToB, yqacrByroqrD( B cyMMapHoi pea(Illtll. Xopo-
trro rt3BecTHo, qTo cy(ultHaTAerx,qporeHa3a (KoM-
n'leKc Il) oonhrurBcrBa np€laparoD CMII, no xpai-
Het Mepe qacTr'tHo, npelcTaB.rreHa ee leaxTuBrjpo-
BaHHoi abopMoi, npogHo cBr3aHHoi c oxcanoaqe-
TaroM ul4, I l5]. 9ro6u ourecnurb npoqHo cDr-
jaHHblt oRczlroausr a] u,qocll,l,rb MaKcrManbHofi
kaaa,lr.nrrg€cKoi a(TitBHocrr.t, lepeA u3MepeHrneM
amuaxocru ueo6xolaMa UrnrenbHat (I0-30 Mr.rH)
npenHKy6aqm <lepueura n DplrcyTcrB[r{ nri6o
cy6crpara (cyKrtrrqaTa), rn6o KoEKypeHTHoro rrH-
ru6uTopa (ManoHaTa) nplt orHocrrrerlBo BbrcoKofi
reMneparype (20-30) U14 116l. F"-FrATPa3a B
6oar,ll.rxcrae npenaparor CMg raxxe npucyrcr-
ByeT B BMAe EeaXTr{BHOi CBr3aHHOii C (OMnqeKCOM
ADP(Mg'-) 6opM6r n xapaxrepr8yercr HlrJlgwteM
3ltaqrTeJrBHoto Jrar-neptola B peaKrllln fi.tlpojlrr-
3a ATP, I&Ke B [pucyTcTBltti r(KullerllqecKoron [i3-
6urxa ao6aarexHofi ATP-pereHeptpyloruefi cxc-
reMhl l l7l. AJrr npeAorBpatueH}rr Hztl(orureHHr l.tH.
rrj6uTopa peaKqn[ - ADP, Anr fipoTer@srr ATP
frrapo.,ra3nofi pearoult o6brqqo ao6aBrrroT Ooc-
t[oexo,rnrpyaar u nr-lpyaarxraxa:y { KO 2.7. 140)
[118], Borhx[,rHcrBo KoMMepqecKtx flIxflaparoB nlr-
PyBaT{<nEa3LI, OAHaXO, COAepr(aT [pUMeC6 rIaI(TaT,
AerurnporeHa3r,r (K@ l.l.l .27). 3ror oepMeHr oxr.tc-
JIteT NADH, o6pa3oBanubd B peal<Urrlr ATP-3a-
BI,ICUMOTO O6paTnOrO nepeHoca 3reKTpoHoB, cre-
xloMgTpuqecKltMr,r (o"tfiqecrBaMu nlrpyBaTa, 06-
pa3oBaHHoro B n[pyBarKuEa3Hoi peaxquu, Ta-
IcItM o6pa3oM, rrMepteMa, cxopocTr, o6paTHoro
nepeHoca 3reriTpoHoB MoxeT oKa3aabcr cyDlecT-
BeHltO 3aHltxerrHofi. B 6OnLlxtlHCrBe npenapaToB
.CMq npucyrcrByqr 6eaox unrn6urop ATPa:rl
{l l9]. Sror ecTecrBeHHbri !(oMlloselrr ATPcunre-
Ta3br B3arrMoAeficrByer c oaKropoM Fr BecEMa IIe-
Tpraran6HBiM, cunbHo 3aar{ctulI]tr{ oT uoHHot cfi-
nbr, pH u BpeMeHr, o6pa3oM u20]. Kpoue roro,
(ak 6yAer olucaso B pagAene 4, caM no ce6e KoM,
DIekc I o6br.rxo nptcyTcrByeT B AeaKT$Br,rpoBaH-
Hoi oopMe. HaM flp€AsraBrrercr oqeBrr,qH6tM, qro
Mr{oroqucreHHbre (alroMaju{rr xrueTt|rot ATP,3a-
BncrjMoro o6paTroro TpaHcnopTa 3neKTpoltoB, o
Koropbrx coo6qanocb paHee [91, 121], 66uu o6yc,
roBJreHLr gel(oHTpojrnpyeMbtM BKra.qoM lparoopoBr
flepeqtctreHHblx B6IIre. Mr,r noaaraev, vro 4aa xo-
JrrqesrBeHHbtx ncrneaoBaHfi fi o6parnoto nepeno-
ca SIrerTpoIroB Harlryq[rHM npenapaToM MofyT.
cryxrjr6 TaK HasHsaen ue AS-CMq, xoropHe He

. co,qepxar 6e,'rKa-uHru6rnopa ATPasu r.r vacruvuo
AelbuqrrHrr no (baxropy F, [122].3ru uacruqH
voryr 6r.rrr  rcKyccrBeHHo <,conprxlHLr),  ry6o
cyoclexrjovelptt{ecKuMI,t t\oJl},lqecTaaMfi oJIl,ll o-
vHquxa [42] (4,rn npoorexr.rnanue ATP-3aBrcfi-
Mnx peaKqnfi), nfi6o rc6btrl{oM aHTr.r6[orur@ (art
a:po6nux ATP-aetaoucxMbrx 3Hepro-3aBr,tcltMlrx
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pearqri). B onuua"rbHr,rx ycroBqsx AS-CMq xa-
ra,l x3xpyroT ATP-jaBHcxMHfi o6palHHi nepeHoc
3IeXTpOHOB CO CKOpOCTtMU, COCTaB.IItrcrIrrMU nprj-
v,ep o 25Vo or nprMoi NADH:y6l,lxunod-pe.qyl{-
Ta3Hofi unu NADH-oKcfiaa3Hofi aKrr.BHosrei [29].

6) A TP-saaucutoe soccmaHosre4ue beppwlua-
Huda q)Kqu\amo.M, 3Ta p€axu[t tBntercq BapnaH-
TOM npe.qErayrlefi. BMecro NAD- B kaqecrBe (o-
Heqnofo aKqerropa 3neKry)onoB, nepelaBaeMbrx
or youxxBojla K Hrr3r(orroT€HquaJ6rroMy peaoKc
(oMno[enry KoMnrekca l, B 3Tofi peakultu ltc-
no"lE3ygrcr ibeppruuanr.Lq [66]. Tax xax ATP-saen-
cuMas cyKqlrHar:tbeppuq[aHr.Lq-Peayxra3Har peaK-
qnr B BbrBepn)"rrix cMq ua 90oz <yrcrarrelrua x
poreHoxy ri pa3o6uureJrrM [29, 66], MoxHo cqr-
Tarb, rrro ronbKo KoMrureKc I pearupyer c oepplr-
qnaHr.doM (0,5-l MM) co 3lIaqrrerr,HbrMrj cKopo-
srcM4. o6uenplrHrro, qro oeppnuuaHr{a npnHn-
Maer 3neKTpoHri or rolo xe (oMnoHeHTa, lITo I,t B
NADH:OeppuqlrarlxA-pe4 cra3Hofi p€aKrrnlr (npea-
nonoxvrenLHo c FMN).

c) Aspo6Hoe soctma\oen?Hue NA D' u,1u Q?ppu-
4uaquda, noddepxusae oe oxucreHue cyK4uqama.
HecMorpr Ha ro, qro 3Ta peaxqrr 6u:ra neprrrlr
3KCrrepnMexT?L[bHL,rM aoKa3aTerbcTBoM o6paTr,r-
Mocrn B nepBoM nyriKre conprxeHlr [09, ll0], Ao
HeaaBHero BpeMenH oHa He obrra ooHapyxeHa B
CMII I29]. B npoqHo corprxeHHr,rx CMq oKr.rcre-
H e y6lxuHona, o6pa3oBaHHoro KoMrureKcor'r lI
co3Aaer Alrs+ (npu nocreloBarerbHoM OyH(uxo-
HnpoBaEldu KoM[nexca lll, qrToxpoMa c u qu]o-
xpoM c-oKcuaa36r), I(olop6ri Moxsr 6ErT6 ucnon!-
3OBaH A,rr O6eC[e9elrtr nepeHoca gJIeKTpoHoB or
y6xxxHona Ha NAD'. HaqarbH6re cKopocrl -lroir
rlyBsrBr,rTerrbHoi K pa306lqnTe,'r!o Il poTeHoHy p€'
alKuuq\Te xe, .rTo lt B crry.rae, (oraa y6uxtlHoJl-ox-
crna3a 6nokqpoBaHa x AFH* o6pa3ysrcr 3a cqer
fr.[poJrrca ATP [29]. AocrqraeMoe B craUsoHap-
HoM cogrotHtrlr cooTHolllesli€ NADH/NAD- (Ka(
B r.rsramsBrx MuroxoHApnrx Il09-1121) B [epBoM
npri6nxxeHxr on pelerrercr Benrq&Hoi cra!uo-
HapHoro aFH+. curyaq[r, oaHaKo, se rak npocTa,
I{aK CJTeAOBanO 66t OXnAar6, noJrafar, 9TO KOM-
nte(c I l(alull|xjl]Pyel 6srsrPoe ypaBHoBeuxBaHre
pe.uoKc-nap NADIUNAD' n Q/QH7 c AuH . B c| a-
LtroHapsoM cocrorHr{, coorHoureHre NADI 'NAD'
MO)KHO yBerHqHTb IO6aSAeHUeV HHSXUX XOHqerir-
paqni poreHofia u231. 3To sa6rrc,(enue nprBeJlo
K npeanoJloxeHulo, qTo B3aHMoIetcTBIe poTeno-
Ha u KoMnnekca I  taarcur or AF"' .  a ysenHgeHse
cooTHouref lr t  NADH/NAD' nporcxolr4r u3-ra
fiHrr 6upoBalut oKtrcneaxr NADH HeconpDceHioi
(cy6norryrrqaeit CMH [23]. leraarxar oqenra
cpoAcrBa KoMnneKca I K porenoHi He Br,uBUra
pz!:tHr,tULI B cpo,oclse conptxeHHLIx x pa3o6[rcH-
Hr,rx CMq r< rH r6ulopy; o4naxo oxaiaaocr,, vro
qyBcTBr,nejrbHocru nprMoro It o6paTHoro T paHc-
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flopra 3nexTpoHoB ( poTeHony p,l3r qaroTcr [pu-
MepHo B 10 pa3 u241. Becr,Ma BeporrEo, qro B (a-
TANI3C OXITCJIEHI,I' NADH U BOCSIAHODJTEHTU
NAD* npunuuaror yqacrr-te pa3nuqx6re rleuTpr,r
cBA3btB Ar'ta IJrt y6rrxr.rHona (B npcMoi pea(urlq) l,l
y6qxnnora (B o6parHoi peaKurx), a poreHoH cBr-
3brBaercr c _3T'MH aByMr uenTpaMr,r c pa3x6rM
cpoacTBoM. JTo npeanoJtoxeH}le lloaTBepx.uaeTct
HeaaBHrrMr{ Ha6nbaeHHrMlr 06 (oaHocTopoHHeM))
AeicrBr-rr ADP-pr6o3br (KoHKypemHoro rHru6ri-
Topa NADH-oKcuAa36D, (oTop6ri nono6Ho poTe-
HOHy Bbl3blBaeT yBeILlqeHxe clauxoHapHofo cool -

HoueHur NADH/NAD- npu arpo6xov o6parxor 'a
tpaHclopre SneKrpoHoB, nonnepxrBaeMoM o(I,tc-
neH eM cyKqrjHara [28].

2.2. Ilpeflaparbr

2.2.1. Mxroxol|Apl|r. Ll3orrpoBaHH6re Muro-
xoH,ApfiH cjrurxKoM cnoxHbr lrr x3yqeHxr (bepMeH-
TarrBHr,rx cBoicrB KoMnreKca l. O,uEaKo r€-3a
pe3Ko Bo3pocuero uHTep€ca ( Melrxo-6uonorHqe-
cKrrM rccjle,qoBaruisM B flocJleaHne roaBr yBerrrqh-
rocL xonlqecrBo fly6flrxaqHfi, B KoTop6rx B Kaqe-
crBe xpltTepfit axTLIBHocTlt HeKoTopblx xoMnoHeH-
ToB AbrxarenBHoi qelru, B qasrHosrlt KoMffekca I,
n3M€prercr n6rxaHu€ Mr,iroxoHAprri, r,Bon{poBaH-
HLlx xt HopMalnBHLrx ltnl,l naTonotHqecKxx rKaHet.
B cBt3r.r c lruM oreayer noAqepKHyrb, qro l.iHTilKT-
H6te MtroxotllDltlt HenDofit qaeMbr anr NADH u
NAD*, r.r oxncnenue cy6srparoB qrlrcra Kpc6ca,
,4o6aBneHHbrx K cyuneH3flH MrrroxoHnpxi j .  Ipea-
craBrrgr co6oi'rpe'JBbtrraino cnoxHbrfi npoqecc,
Koropbrii BKnto,{ae r QyHKuxoHrpoBaHve no Kpai
Hei Mepe r{eT6rpex pa3nrqH6rx oepMeHTaTr.rBEHx
cucreM: flepeHocrrr Kto6MeHHr(a ry6qrpaTo8. cne-
uhlbrLrecKyro NAD--:aarcrvyro ner xApor eHa3y.
KoMnneKc I u repMuHarr,qyro y6uxrHor-oKcr.lqa3
Hylo .racrb AErxaTeJr6Aofi qe[!r. TaKuM o6pa3oM,
nprMot aHanlt3 tc ullTepnpsraufir aa.IlHbrx, nMero-
utl'x orHouregse K ibyHl(unoBupoBaHnrc KoMnreK-
ca I B r{HTaKTgt IX MmOXOH,qpIltX, npeICTaBJrftOTCt
llaM rrpe3Br,rsaiiHo croxnoii 3aAaqefi ,

2.2.2. Cy6MnroxoEqpxarrhxLre qacrxuH (CMq).
Har6onee (rHTaKrHHi) por eHoH''{yBcrsHr en6Hr,ri
np€napar NADH-oKcr.rIa3br (nrr NADH:y6rfi u-
Hon-peayr(Ta3bt cy6M}rToxoH,qpxan_bHbre sasllj-
rlbr, nojryqaeMbre B Pe3ynbTaTe oopaooTKr,r Mr,rTo-
xonApri yn6Tpa3ByxoM. OnrlcaHo Muoro rrrnoB
CMt{, cnocoonHx i( oKrcreHuro NADH, r rx
cBoricrBa paccMorpexLr B rrec(on6Krix o63opax [45,
125, 126]. npu u:y'reu4rj KoMru1eKca I c tcgonb3o-
BaH[eM TaK Ha3HBaeMHx (B6lBeprr]"rErx) ClMq,
rrrjleaHLrx oepMerr roB DxKJra Kpe6ca r 6apbepoB
npoHxlaeMocD.r arr NADFVNAD'. cj|elyel Hver b
B BLrAy pta o6cTorTcrbcTB, BaxHbix aJrr nllTeprpe-
Taqxn pe3yrbTaToB.
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Bo-nepB6rx, HeKoropue npenaparr,r CMg
npeAcraBjleHr,l cMecbro <BErBeprryTr,rD) qacT u, qac-
TAII C T,TCXOAHOi OpMeHTaqrei BEyTpeHHefi MeM6-
paH6r MltToxoHnpgii, a Taxxe pa3oMKgyTbrx BH'T-
peHH[x (a Bo3MoxHo, n BHerxlrux) MeM6paH. flp&
ueHTprabyrHpoBaHn' HeKoropbrx CMrl B rpaAlren-
Te nnoTHoc i caxapo3El 66IJlIl BbrrBneHrr IBe pa3-
Jluqarculu@t IIo Mopoonorlx flonymUul{ MeM6-
paH 1127, 1281. OrcyrcrBrre JrareHrHofi rru arpaK-
TI,r.[aT-qyBcTBLTeJIbIrOii ATPa3HOi aI(TI,lBHOCrtt B
o6errx lbpaKqnrx rpeuaparoB 3ATA-CMr{ rriru
cxonr$rx c qr-rMu AS-CMI{ [127, 128], (orophre
o6bl'tHo uclo"!63ytorcr B EarIIei ra6oparopriu
[29], genaer Ma,roneporrn6rM Ha:rrqrr€ cJalecrBeH-
Hoi Aonlt qacfl|ll c Hcxo4xoi (xax r vutoxonqprl-
9x) opneHTauuet MeM6paH6r. B sauxnyrrrx <nrr-
Bepn)"Ib*) CMq MoxEo oxUnaTL ltanlt.rue cy6no-
nyrrqrx c pa3JrnlrEoft greneHllo AeibuqrnHocrr, Ilo
FrATPa3e (T. e. c pa3Hofi flporoHHofi npoBol Mo-
crblo lrepe3 Fo-I(asallEl). 3axoH pacnpeAeneBut Art
Ta(oi noreEqfl arr,Ho Bo3MoxHofi reTeporeHHocrr.t
He q3BecTeH, Li I< KUHeTnqecKoMy aHanr.€y nroboro
MeMOpaHOCB'3aIlItOTO QepMeHTa nyXEO OTHOCIiTbCI
c 6orbDofi ocroporrlocrlro. TeM He MeAee cras-
AaprEbri KnHerrfiecl(ui aEaw3 neKorop6rx (bep-
MeHToB B cocraBe CM9, raxrjx rax rpaxcrr.l4pore-
Ha3a u29, 1301, Fo-Fr ATPa3a [118] u KoMnne(c I
[39. l . ] l ] .  ne 86rrBl. tn (arr ix-rr6o orxnoHeHxfi  ia.
BxcxMoflei  c(npoclei  peaxuuf i  ot  K.HUeHrpau',1f i
cy6crparor or o6r,rvaoro Muxa!rucoBcKoro rHna,
kal( 3Tofo MoxHo 66lno 661 oxlaarL ir rIq KtlHeru-
rrecKlt rerepoi eHH[,rx ct-tcreM. ApyfltMH cnoBaMu,
rlo KpafiHei Mepe neKoropue CMg ne4yr ce6r rax
xe, I(aI( rlooofi roMoreHHr,rfi (bepMeEr.

Bo-BTopbx, no cpaBEexuro c uHTaKTHETMT{ Mtr-
ToxoEnp[rMu 6onr[uxgrso npenaparor CMg
(pa3oott]eHbD), no-BnAqMoMy, r3-3a bonBru[x Irpo-
TOHHblx yreqek qepe3 F.-Fr ATPa3y, Moar-r$uqu-
poBadHyto B rrpoqecce noryqeHHr- flo:touy r ra-
kux CMrI KoMnne(c I TaK xe, xaK n Apyr[e Irpo-
Ton-Tpal]cfloqupyrcur4e KoMrroHeHTbr aHxaTe.,lb-
Hoi qenri, o6brqHo abysxqlroH,lpyer B ucKyccrBeH-
Hbrx ycrroBurx, T,e. B oTcyTcTBne AFH+,

B-Tper6ux, xort CMr{ n He (a.rantl3xpyror co
cKoJr6-gtr6y,qb 3HatrnTeJrLEBtMfi cKopocTrMq (IIo
cpaBHeHxro co cKopocr[ ]o or(ucneHr.r ,  NADH)
NAD--3aBxcxMoe oKxcreHre cy6crpa,r'oB uHKra
Kpe6ca, 6onltullncrBo npenaparoB coAepxa-r cre-
aoBbre KonutrecrBa HeKoTopblx oepMeHToB tlrlK]'ra
Kp€6ca, a raKxe HyKneor[raH. Ta(, Hanp[Mep, no
onury Haurefi nacoparopru, qpeBr,rqaiHo rpyaHo
nonylurTb npellapaT CMq, nonHosr!rc dcBo6ox-
,eHHbri  or0)MaparHofi  r  Manat4eru! l ,oreHa3Hoi
aKTrjBllocrei. 3Tlt (ocraTo.rErte) a(TuBHoL-rx Mo-
ryT Cepr,e3HO 3aTpyAHttTB lirlTepnpeTar{ulo 3Kcne-
pfiMeH'rai6Hh x !aHHbII. norygeHH6lI ts ycJtoBxtx!
rae oar,rH x'| H€c(onrxo xara_nrjtu.recxr-rx o6opo-

TOB npnMecHbrx (pepMeHToB MoryT.o(a3aTbcr B€c6-
Ma cyulecTBeHHblMn (HaflpuMep, npr,l Tr{TpoBaHLrn
peaor{c-xoMnoHenToB KoMnre(ca I c ucnorL3oBa-
HU€M nap6r cyKrIrrHaT/QyMapaT B npucyTc-rBqu rx
orcyrcrBhe Ao6aBneHHux NAD- r-r:rr-r NADH). He-
cMoTpt fia 3Tl,l HeaocraTKr, Iro EaureMy MHeHr,rrc,
(npoq}to conpnKeAHblor cMq, nonyqaeMbre B pe-
3yJI6Tale OOPaOOTKll CyOCTeXrrOMeTpUqeCI{tM Ko-
nxq€cTBoM ([nu fi36L]TKoM) oIXfOMr,tqUHa, KaK
3ro 6r,rJro oru-rcaHo B Hauux pa6orax [29], Ha cero-
,qm cnyxar Hall6o.nee noAxoArrltM npenaparoM
arr rcyqeElur MexaH[3Ma TpaHcjroxaq[r npoTo-
HOD A IlepBOM rryH(Te ConpqxeErrr.

2.2.3. KoMnneKc l .  EAHHcrBeHHbtf i  oeHueHHbli
npenapaT, cnoco6nbri (aTaIr,BupoBaTB poTeHoE-
qylcrBurer;Hyro NADH:y6trxunoH-peayxTa3Hyto
peaKquro c [apaMeTpaMlr, cxonllltMl-l c CMq,
Kouruerc l. vgtoa nony'{eHxr horopot o 6Lrn pa3.
paboraH 6onee 30 ner Ha3a.[ IlJ2l. 

.)lor 
npenapal

npeAcraDreE KoMrure(coM 6erKoB, aboclborHnuAoB
Il lerepreHTa u cIerKa 3arpr3HeH y6r{xuHon:qhTo,
xpoM c-penyKTa3oi (KoMruekc III) lr npoTon-
TpaHcrortrpyonlei TpaHcfnlpofeH,L3oi. B crporo
onpelereHHhrx ycnoBxrx !rcnepl upoBaHHut a
BOAEOM pacrBope, CoAepxaqeM ao6aBn€EH6re 60-
clponr.rnr.raEr, KoMn reKc I $yllKqfioHlrpyer nal{ po,
TeEoH-qyBcrBrrerbHar NADH:y6uxlHoH-pe.qyK-
Ta3a. IlpriMeqaTenblto, qro B X ToMe (MeroAoB
SH3r,rMoJroru'tr, rge 6r,u ony6nuxoreH craBrxr,t'i
xraccrqecKuM MeroA rlonyqeHur, K()MnneKc I 6LrJr
noMet{e8 ! pa3Aer't, o3arnaBneHHbrir (Cy6Mxro-
xoHApuarbHr,re qacruqr,D) [l33], a rle B pa3ler, aAe
66lno onrrcaHo no,.ry,reHue oqt-tulelrHlrx KoMnoI{eH-
TOB ABlXaTenBIiOfi Uenn. B CaMOM Aene, !o crjx nop
HeT Crportx IoKa3aTeJrLcTB TofO, qTO Tak Ha3brBa-
eM6ri KoMnreKc I npeagraBnrer co6ofi MnHnMarb-
HyIO fpyKrypHo-0yHKunoHajrr,tryto earlluuy, cno
co6nyrc KaTana3ripoBaTri poTelloH-rryscrBt,l'reJr6-
Hyto NADH:y6llxtrlroH-peAyKTa3EyIo at(TnBnocD.
6blno no(a3aHo. qro KoMnreKc l. gsrooexxni r
nPoTeoJlrnocoMr,r, o6raaacr npoToH-ipaHclouu-
pyror.qei arcrlBHocrt to [49, I 34]. Oqenb HeMHoro n3
BecrHo o fpyxTypHofi opraEl3aqutt KoMnneKca I
B cocraBe MeM6paqBI Mrrroxornpui rru oqrlureH-
HoM AucnepclloM cocrorHuu. Ha ocHoBaHHt onrrr
ToB no (crlrljBaHrlo') orlerDHbrx cyb:beAl-tnuq (bep-
MeHTa It nooqelylo4ero aHajltl3a cocTaBa nojlu-
fl€nruAoB noole 3neK'r'f,o0opBa B llAAf B npn-
c'.rcrBrju Ds-Na [2] 6brnr-r [peAroxeHH MoAenl
B3:IUMHOTO paCrIO,lOXeqU' OTAerbEbrX Cy6]eAr,ntuu
s coqrase KovrLrerca I.
' MeroIoM 9rel<TpoHltoi MrrKpocKoB[r noKa3a

Ho,,rro Kovnrexc I .  BbrAeneHHUfi  ^t  tN.) . rusv.
xMeeT Qol lvy. HanoMrHaroi l ly lo ra I  HHcK) rc 6yKBy
L. OAHa (py(ar) coorBercrByer uacru tlcpuenra,
nofpyx€HHot B MaTpnKC, Apyrar - cooTBerslsyeT
qacTu, 3(clloHupoBaHEoi B BoAHyIO oa3y; noore.q-
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Hrr oruleflJrrercr oT MeM6paHocBt3aHHoro I(oM-
Ilrekca rlo.q .qeicrBrieM xaorponHhrx arelnoB Il35]-

KoMnneKc I MjreKonuralolrux MoxHo pa3ne-
Jrnrr, Ha xaraJrrrrlrecKr:r aKTr{BHbtji Tpexcy6lell-
HxqHHfi (brasonpoleuH (FP). co.aepxat|lui Hele-
MOBOe Xere3o (CM. HUXe), KaTiLIlr,rT!.rqeCKn r,tHepT-
syro 6eJr(oByro ibpaKql o, coAepxaqyro xere3o-
cepflde &lacrepbl (IP), u rlr.qpo$o6xyn $paruarc
(HP, l l  361. PeKoHcrpyKurau KaraJ'rxrxqecroi  aK-
TUBHOCTTj IrpU CMeUTUBatI U 3TIiX KOMnOHeHTOB He
npotcxoarrr.

2.2.4. NAl)H-aenraporer€3a Txna l. B nfir€pary-
pe oflucaHo n@KoJrr,Ko nperBpaToB Tax Ea3brBaeMbrx
BbrcoKoMoneKyJrtpHr,rx pacTBoplrM6lx NADH-aef Lr-
aporeHa3 Tnna l. 3Tr fipeflapaT6r MoxEo nojry-
qr.rTb B pgy.'LTaT€ collo64u3aquq BnyTpenqux
MeM6paH MuroxoHApr.ri ([30] r nureparypa, qnrE-
poBaHHa, B 3TOi pa6oTe). BLrcoKoMone(ynrpnHe
flpenapaTbr,uerlrapofeHa3r,r coaepxaT FMN, Bere-
MOBOe '(ete3o rj Cepy noqTu B Tex xe cTexljoMerpt-
qecKrix coorHouteHhtx, .rro x KoMnneKc L O6rqnM
cBoficrBoM Bcex NADH AerfiAporeHa3 Trna 1, ra
xcKrro.reHfleM oAnoi (cM. Htxe), rBJrreTcr xx cno-
co6Hocr6 Karanr.r3r-rposarl orltcllerrue NADH
MHOTHML r,CKyCCTBerrHbrMlr aKqenTOpaMU lneK-
TpoHoB (BK.,[oqat foMotorr u altanorlt y6fixnHo-
rta) B poreHoH-HerryBcrB[Terb]rr,rx peaKrlnrx. He
gCHO, CBr3aHa J t noTeprr rryBcTBUTeIb'tOCrX K pO-
TeHOHy C nolepct B rrpOUeCCe OqyCrKU raI(IrX-TO
nonunenrrjAoB fno cpaBEeHHro c rcxoAHr rMu CMrl
HJr}{ KoMnIreKc,]M l) ur 3To o6ycroBnrHo Moan-
lbr.rKaqrefi OepMeHTa npfi o6pa6orKe,qerepreHToM
l,Inu Qoclpoftrna3oi. HeAaaHo yAanocb paclqenxrl,
KoMnneKc I cepaqa 6r,rKa (c noMollbro ArrMernr-
AoAeIIUIIaMUH N-oKclj,qa) Ha ABa OparMeHTa, Ha-
3BarrHl'lx lc[ I,j lP [35]. Cy6(oMnneKc lcl coAepxa,!
oKono 20 cy66earrHr.ru u r.rMer NADH-leruApore-
Ha3Hyro aroriBHocrr,, TorAa KaK cy6(oMnJre(c lB,
npeAcraBneHHHi l5 cy6reAuHuuaMu, He colepxan
Hr4kaKqr peAoKc-KoMnoHeHToB [35]. flpu {cnorb-
3osaHr .{ Apyroro Aerepreara (raypuacapxorana) or
KoMnjreKca I MoxEo onuenlirb Ee6o,'rBrxoi (bpar-
MeHr, co,qepxaUufi 13 cy66eAi-rHnu (I)"S) u31. KaK
x MHO)l(eCmO ApyrUX OnnCarlH61X paHee pacrBopll-
Mbrx NADH-aerutqporeHa3 IIS Kara,'rmripyer po-
TeHOH-HeqyBCrBATeJrbHyIo oeppuufiallriI- r.r xrr-
HOH-peAyKTa3HyIO aKTUBHOgUt n pr,r BOCCTaHOB-
neHxx leMoHcrpxpyer cneKrpl,r .  cxo!Hbre c KoM-

I4cr,rroqenl.reM cpelu MHoxecrBa pacrBoplr-
Mbrx neru.qporeHa3 Tnna I (ND-l) rBnrercr !bep-
Menr, corrc6xn't3llpoBaHHLri Tpr{roHoM X-100, He
co,0epxauxi q oc$onhn liloB li i(a I anx'ri rpylourr4Ji
poTeHoH-9yBcrBuTerbrtyro xrjHos-petyxTa3Hyro
peaxuHlo: cMeiuuBaHue rroro rrpenapara c Kov-
nne(coM III rrprBoAuno K peKoHcrpyKqu[ aHTrj-
Muqr.tH A-qyBsrBurer6Hoi NADH:quroxpoM c-pe,
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Ayr$a3H [33]. .qa"lbneiurue ltccreaoBaHrjr sroro
npenapara He nposeAexu; 6oree roro. Peirauy ne
yaarocL Bocllpot3Becflt poreuoH-LryBcrBureju,Eoe
BOCCTaHOBTeHIIe XtrHOHa, KaTanr,r3rrpyeMoe npena-
ParoM eroro OepMeHra [49].

He.qaBHo 6brJr npe.qtoxeH HoBr,rii xpoMarorpa-
$rlqecKnfi cnoco6 oqlrcrxu NADH:y6uxnHoH-pe-
,qyKTa3H r,I3 npenapaTa ur-rroxongpr,rfi , colro6u"tu-
3xpoBaHHblx loAeqlnMarLTo3unoM [138]. Ilo.ny-
qeHHbli OepMeHT 6bir cBo6oAeH or lbocooruru-r-
AOB r.t COAepXaJr BCe 43 Cy6beAnn[qbr, o6HapyxeE-
Ilbr€ B Apyrax npelaparax. PoreHoH-.ryBctBtTerb-
Har NADH:Aequny6[xHHon-peAyKra3Hat aKTuB-
HOCTL IOMOTeHHOIO MOHOAI,IqIepCHO|O npenapaTa
tbepMerira, r3MepenHar npr.r 30o a npncyrcrnnu $o-
coarranrxonxHa, cocraBmJra 1,2 MKMonh NADH,
oxrlcJleHHoro 3a I Mr.rH I Mr 6erxa [138], uro npa-
MepHo paBHo cflequabl'gecKoi aKTr.rBHocru cy6Mr-
ToxoH,qpxzrn6EErx qasrHq Il9]. ApyrrjMrj croBaMu,
ka larr  l rgecKar aKTlrBHocrh oqxueHHolo 6eD
MeHla cocTaBILUIa He 6onee l0o/o or aKrlrBHogr
BHyTpeHHei MeM6palrrr MlroxoH,qprri.

LyMMrrpyg, yMeqrHo npounTttpoBaTb olHofo
I,r3 rulOHePOB r:ByqeHut pa3AeneHtt n pe(OECrpyK
rr,rlr KoM[oEerrroB nbrxarerEHoii uenn: <He ronr-
KO pa3Il{qHbte cotrc6trnr€rrpyrcqu€ afeHTbt B pa3,
JIUqHbTX yonoBr:rrx MofyT aaBaTb pa3HBre <pacrBo-
prrM6r€)) aDepMelITLr, Ho u o,qHu r.{ -re xe areETLr B
oaHttx t  fLx: e ycnoBurx B onHoi np'  6upRe Mo.
ayr AaBarb Sonee .reM oArjH Tun NAI)H-lerMlpo
relrtr3. ...M51 rre aoJrxHLr HeaooqeHu|aTb reTepo-
r€ItHocTb qacTuq, rrcnoI]b3yeMbrx B Ka.IecIBe uc-
xoAHoro Malepr,rzl'ra) [30]. Cyuecreeuuoro npo-
fpecca B nonyqeHu[ (Mr,rErrM:Lr6Horo> poTeflo]l-
qyBcrBuTerluoro OepMenra, cnoco6nofo K BeK-
TOpr{oMy nepeHocy npoToHoB nocJre BcTpariBaHut
B npoTeolxnocoMbr, x coxaJleHutor no(a HgI_

2.2.5. NADH-AerxAporeHa3a 'frna 2 (FP, nnr-
KoMoneKynrpBrri oepMeET). 3ror fipenapar - MH'
HttM:t lbttHfi I(ararurltqecKrt arruBH6li BonoDacrBo-
pnMrli Opar MeHr Kovrurenca L FP no:ryraror aovr,r-
uteHnoM Br,rAe flocre o6pa6orKu KoMnneKca I xao-
TponEhrMu arelimMrj npa 38" B aHa3po6gbtx yoroBtr-
tx [39]. Iloly.reHHat larrv o6pasona NADH-Ae-
funporeHa3a flocJre oqficTKu cocroxT n3 Tpex floru
nermuoB c MorerryrrpHbrM' MaccaMH 51, 24 u 9 (Ia.
@epMeHT cyuesrBeHEo o6oraureH (no cpaBHetruro
c KoMn'reKcoM I) FMN, HereMoBbrM xere3oM lt
Krrcroro-na6urbHofi cepoi (I3, 60 u 60 nMonb Ila
I Mr 6erka coorBersrBeHHo). FP Kara,'ur3upyer
6ucrpoe poreaou-neqyBcrB TenhHoe oxLlcreHre
NADH tvreHaqr4oHorr, 0eppfi Ur{aHr,r,{oM u rexc:taMrr-
Hop)'reHr.reM (Eari6oIee t(brbeK .rBHr,N aKqenTopoM
rneKrpoHoB 163 b5. lJcl) .  [48 

'HINADH-H,O 
18] l

x NADH:Jue,r, lnrp l rH- NAD'.r  faHcrr lpore-
na:nyro arruauoctr, [64], Cvuraror, .r'ro rpexcy6r,-
eAuHuqHuii xene3o-cepH6rii OraBotpore[H (FP)
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MuHuMzlrbgblfi (bparMeHr KoMruleKia I cnoco6-
Hbri oKrrcmrb NADH. @epMenT uMecr qeH'Ip cBt-
36tBaHxr NADH (Ha cy6le.qriHr.rue c Mone(ynrp-
Hofi Maccoii 5l rla [98]) r aaa (oaxH 6lt'.uepHbri,
E- = -456 MB, r.t o,suu Erpar.qepgbri, Eb = 410 MB)
xere3o-cepBLrx uacrepa [61]. FP MoxHo pacqe-
nr.trE Ha rBe opaxqun: FPI (5 I RIa) r FP-(II + lll)
(24 KAa + 9 KAa)j o6e xaranxrrjeec(I,i HeaKTl.rB-
Hble, HexlsecrHo, c xaKoi cy66e,ahHrjuefi csr3aH
ibraBtH, TaK KaK DpIt fiorr6rrKax pa3,qenurb FP Ha
oTAettrBre KoMnoH€HTr,r FMN anccoqllxpyeT. Xo-
rr cnequibuqHocrh 3Tofi nposreirxefi NADH-Ae-
rtraporeEa36r K cy6srpaTy r aKrlenTopaM 3JreKTpo-
ttoB cujlt lto Il3MetI€Ita u3-3a oTHocuTerbHo xecr-
Kux npoueAyp npu €e BHAerIeHt{Ir Il39], FP Ao-
craroqHo y.uo68brfi [penapar ant u3yq€rrng Ha-
tranbnr,rx 3TanoB ot(ucJ]eB t NADH-

3. IIAPAMETP T
CTAIII,TOHAPHOfr KI{HETIIKI{

B Ta6n- 2 npercraBneHbr Kaxyu{uect I(oHcraH-
Tr,r cpoacTBa MeM6panocBgalaHHoro KoMnnexca I
(CMI{) ( HyueoflraaM-cy6crparaM, rr3MepeErihre
no 3aBhcljMoglrM HaqaJrbHbrx cKopocrefi peaKuu,
oT xoHqenTparlur,r cy6cTpaToB B PoTeHoH-qyBcTBr,t-
TenbHbd peakq!{rx. Ha rpaiDuKax aBoir ix o6par-
HBrx KoopauHar (l/cKoFocrb l/{cy6crparl) Katt B
nptMoi peaKuln, Ta{ H B peaKrlm AFrr*-sasrcrt-
MO|O O6parHOrO nepciroca 3"leK-rpolloB He Ha6nro-
raelcr oTl(JroHeHvii o I npocToi rhnep6onxqeckoi
ibyHKr.lHr. 3To cBluerenbcrByer o cyulecrBoBaHxu
nu6o eanHcrBeHltoro ueHTpa cBr36rBaHut cy6grpa-
Ta, Jltaoo HecKoJlLIGx rIeupoB lpyHxrlltortl,lpyro-
ullrx ne3aBrcuMo, mr6o, HaKofleq, aByx (I|m 60-

ree) ueHTpoB, pa6orarousx (a6corrorHo> r(oo[le-
parr-rBEo (Onnrl-Oron MexaqrcM U40]). CrJlrtro€
pa3nr4qr-re Mex,qy xaxyurrMcr_cpoacrBoM K NAD+
(aI{ KOHKypeIIrsoMy rrErxorrTopy oKrrclreHut
NADH (1,2 MM) u (aI( cy6crpary B peakunt 06-
parsoao nepeqoca (7 M(M) no3BorrroT flpeaflora-
raTE, rrro B rrprMoi D obparHofi peaKrlrrx MoryT
yqacTBoBaTb pa3tILIe HyI(]leoTx,ucBt3LIBaloulue
qeHTpbr. 3Ta a[noTe3a noATBepxnaercr (oaHocro-
poHHr,rM'' Ix fi6ltpoBaHueM oKlrcjreHrr NADH ero
axaaorou ADP-prl6o:oi[28].

4. IIPEACTAIIUOHAPHA'
' KI4HETI'KA(ME,Zf,JIEHHOtr
B3A14MOTI PEBPAIITEHI,IE A KTI4BHOfi
U HEAKTI{BHOIi OOPM OEPMEHTA)

4.1, llcroprr npo6neMLr. KaK yxe ynoMllxa-
Jroc6, Bcd aKTrrBHocrr4 lr napaMerp6r, o6cyxqaouli-
ect B flpe.ablqyr{ux pa3letax, olliocrrcr K (aKTn-
BI-ipoBaHHofi) NADH:xrxoa-peAyxra3e. Kax 6y-
a€T rcHo u3 nocre[yrouero o6cyxaeHrfi, flpakall-
]IecKu Bce npenapaTbr MeM6paHHocBr3aHsoro (bq)-
MeItIa M'€KOIIUTaIOII'X [peACIaBneHEI reTeporell-
Hoi cMec6ro aKTr,tBrroi In .{ea(TlrBltpoBaHgoi*
OopM. AroMa,lBEoe loBe.qeHfie abepMeHTa BnepBHe,
no-Br,rAnMoMy, 6uao gaMe.{eno C:reirepou erqe r
1950 f., o6HapyxlBlruM ,rar-oa3y B NADH:uu'ro-

' Atr o6o3HaqeElr scoSbrqBon. (arMmqcecl{l{ Hear,rBtsofi
OopMr OepMeBra Mrr noD3yeMcr repMBEoM <(Ieanx!ryE-
laBxEfi o€pMeBr,. 3rol repMns 3(BrBu€HreH aBrrxr:c(oMy
<r€suD8 enztrer { ooo3Haqaer, B orruqHe or <rHaKrsB}rpo-
lariHlrtu, raroe cocroqHHeHearcrnBHoro OepMeHra, (o'ropoe
nocn€ onpcnen€HHofi o6pa6orxn npl{8o.tr}rr k norBneHHro ero
(anu'rlwecxot amrBHocru.

T,6mqr 2. OGocrrnBsoe cpo.qcrEo OepMeFa k 'rlmeora.[aM B ryrMofi r o6panofi pea(llqs [28, 39,40] (CMq1 pH 8,0. 25')

leDH- Qo OHr+ NAD'8

Ki, M(M

Kiarrr ADP-pn6d!r, MKM ',

(xoBk)"eHBoe uru6upoBaBie)

7 (NADH)

24

7 (NADH)

1,250 (NAD)

25

7 (NAD)

40 (NADH)

1 As-cy6v{roxos.qpranbkHe qacrl{u! [29] c ,urxarq!6rM (osrponeM ?.
u B nprclrrBru aFnMrrruHa A H 0,1 MM Qr., ATP-3aBrc!Mr;, loAlepxxBa€Mbrn oMcresreM cy(uxnaTa o6parHlrn nep€noc an€mpoEoB.
, NADH-oKcuarHar p€axqu-

EUOXI4MLIA roM 64 BErn. 2 1999



xpoM c-p9nyxra3Hot peakqr-irj, (aTa:rr,3r.rpyeMoi
npenapaToM Keinnsa-Xaprpu ($parvexru rnyr-
pessefi MeM6panr,r Mmoxongplrfi c€plqa 6Hxa u4l])
B rrpncyrcrBun qfianr4qa (ra6r. l, pearqu 2). .[Be-
Ha,quaTb neT cnycrr MoppucoH r-r KnHr qa6floaa,1,
rpKo BbrpaxeHEbrt nar-neplroa B NADH:qrroxpoM
c-pe,ayKTa3Hoi pea(uux, KarallhlxpyeMoi aHano,
rl{qnbrM flpenaparoM [142]..[anrxeiruue uu;:rc4o-
Bar rr nor€3arrr, .rTo 3a HaonrolaeMyro rar-lba3y
oTBeTCTBeEeH ytIaCTOK AbrXaTetbHOt qefli Mexly
NADH-Aenuporesa3oi I{ KoMErexcoM III (T.e. pe-
axqlj]r BoccTaHoBreH[r y6{xrHoHa) [143]. Tepr,ao-
riEaKTr,rBaqut peKoHcrpynpoBaHHoi NADH-oKcq-
aa36l r(oTopyro MoxHo 6hrno rroJtHocrhro o6pa-
Tlrrb Ao6aBJr€HrreM NADH B a3po6H6rx ycnoBnrx,
no3aEee 6bula loKa3aqa Jly3lxoB6tM L coTp., ko-
Topble DoKa3:ur[, .ITo npofpcrble npelaparEr 60-
,tee qyBsrBrTejr6Hbl I( pa3pyuarcureMy leficTBxro
x[Morlrr{rclHa, olreara ra doc0onsrIa36r [144, 145].
3nr aaroprr o6btc*w\H cBou Ha6nrcIcnur r€M.
9TO KOMIOHeIITIi IbrXaTelbHOi qerut cyulecTByroT
B :rrcTrjBltpoBaHHoi r Eea(TuBr{ofi lbopMax B cooT-
HOUIeHUI,, KOTOpOo 3aBUCr,rT OT C(OpOC r IrepeHOCa
snexrpolloB [45, 146]. flpu lonurrax o6lrcxr.ru
flpoTr,rBope.rxaHe aaxrlhte nmepaTypLr, I(acaloqrj-

, .

T
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ecr qyDcTBrrerLHocTr.r NADH-oKqua3noi aKrnB-
Hocrlr ( SH-peareHraM [47, 148], 9cm6pyK n co-
aBT. Ilpuftnu r( 3aKIIoqeHItto o ToM, qTo rrocJle uH-
Ky6al{rll npu 37" <...'':1acr:{.!Jbt no nJnk, qTo 66]JIx
noaBepfH,"rbr .leicrBr-rro Bbtcoxoi TeMrreparypr,l s
TaKHM o6pa3oM npfio6penx rryBcrBhierhHocrE no
otuouresrrc r rxiu6upl4oureMy AeficrBxlo NEM),
[149]. Xorr urouepcrle pa6orbr 3cra6pyKa rr co-
aBT. rlprMo y(a36lBan[ Ha rereporeHHocrb KoM-
&lekca I B cocraBe BuylpeHqefi MeM6paEhr Mlt.ro-
xoHAprt, cyrqecrBoBauue carvroi npo6:reur,l tflro-
pnPoBanocb no HeaalHeto BpeMeB&. B IlofieaHre
ro,qbr 3To Heo66rqEoe tBretllle 6bno 6oIes nru Me-
qee IeTanLHo ,t3yqeHo B Haureli na6oparopux. Pe-
3yn6Tarbt 3TI,rx ficcJleloBaHr-ti KparKo cyMMtpoBa-
IIEI HU)I(E.

4.2. @enoMorrcnorur. Pucynor 2 rco6paxaer
(plrBbre peMcTpaq[u polErroH-ltyDcTBrrTeJIbHOrO
O&UCNCHI,I' IIJIIT BOCgTAHOBJTEHB' NADH I,lNIt
NAD* B nprMoi r obparrroi pea(uurx, xararrr3r,r-
pyeMrix IByMr npenaparaMn CMq: qacruqaMu,
flporyerbrMl B Teqesfie =60 rarul npn 30. (xpr.rnue 2),
I,l takt Mr xe qac rqaMr nocne KopoTxoi npexH
Ky6auxr c NADH B arpo6xux ycnoaarx (rcprelre./).
ul MeTIIM HeCKOntKO rylllegraeHH6rx !rt aa,lbHei,

Il

T
L_,

NADH (1 M(M)
.t

naqano peaKqs,

Psc. 2. Krserrxa pearusi, kardrcr.rpyeMbrx aKmsHbrM (Kp,B!r /.) n leamBHI,oBaHNM (Rpxsde 2) ryenaparaMr CMr{ tt 501
Aeaxf l&poBaHff iAS,-CM, l I I0wHaMr)no'yca,1, {n* ,n(y6auxefrnp ' id lBn*"* . iv"cp. i re io,z ivcdapo'u. 'EcA
(l Mr Ha Mn),_0,I -MM 

')nTA, 50 MM Hep€s-KOH rpH 8,ora o:rrrovnuxx io,l vrr Ha Mr 6qKa CMq). A. NADH oicuaasvn

:,tlTl.lg,:y:.Tx"::*,: aoB _ 6j,c) o!r3 Etrpsq 3atron!,,s cMcc6,o: 0,25 M caxtpo3a. 0.I MM1 4 ' A , J U _ M I v r L r r . L \ 4 ! r ( J . l M ' H a v n ) : , q p y r o t u n p t r u 6 d n e n o n H e H r o n x e . p e r o t c a o 6 a u e H H s M 0 . 2 M M N A D t l
aFH -mBsc{Moro o6pa'Horo nrpeHo@ rnenpoHoB Ha NAD, rrMeprnH B cpere: 0.2\ M cdxaro-r ' .20 MM Hepe-KOH rpH 8.u.  _0. t  Mtvr  fAIA:ECA Mr 'H.  vn l ,20 MlV.y(uxMr.5 MM N{D peaxurro naqarur  rv . "

7i:,:,T:I91ll:_9i"1:i1.1 
L Me (2t M{r Ha M) (ryrca' Z neaKrHBryo.asHHe cMq) }{'x NAD+ n c}aqs'ara (kp!!; i )\ My trperBapnrdbro a$rs HpoMr lobasneHneM I MKV NADH
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lllero o6cyxlerur MoMeHToB. Bce flpelaparbr,
qroco6H6re oKrcJrrrb NADH B poreHoH-qyBsrBn-
TenbHoi peaKrlHx, KoTopbre 6brn[ flpoall:Lrrrt3ripo-
BaHr,r B nauei Jra6oparopnl: CMq, fipeflapar
KeiruHa Xaprplr [45], oqxqeHHar NADH:urrro-
xpoM d-peAyxra3a [43] lr rcompoBallHErfi KoM-
nneKc I [51], Kar{ecrBeHno Benu ce6s TaK, raK lt3o-
6paxeHo Ha pqc. 2, A, B To BpeMr r€( npl, r,l3Mepe-
xru $eppuur.riura xnx r eKcaaMfi HopyreHr,tii-pe-
ayKra3H6rx aKTuBrrocTefi 3Tnx xe lpenapaToB nrx
.r o6ofi aKTIrBHoqrfi .qefigporeHa3br 

'fvna 
2 nar-

Sa:rr  npl  orncrexua NADH He Ha6rrclanocu.
I flpl{ rjcllorb3oBar .ru Qr B Kaq€crBe aKlenTopa
]l 3ne(TpoHoB Tonbfto poTedoE-qyBcrBnr€Jr6Har co-
'{ cras.nrIouar DeaKux14 06HaDvxuBarla ra(oe (aHo-
' MaJlb8oe) noBenedle. ,!ort oxrlcreH[e wut Boc.

sranoBneHre NADH rlnn NAD*, KarannupyeMo€
npo.rHo conprxeHfi r,lMM qacTnqaMn B craquoHap-
Hoi (ba3e peaKqrir, BechMa qyBcrBfiTeE Hbr K pa-
3o6rqr.rrerrM, nonyBpeMeHa arcri,Baqllu Kal( AJrt
conptxeggrix, TaK fi ,qtt norHocrbto njrlt qacrltq-
rio pa3o6ueHHbu rracrltu oAuH:u(oBr,r. MoxHo, Ta-
KrjM o6pa3oM, cqurar6, qTo al(TfiBauur [peAcraB-
JIteT co6oii AFH*-He3aBfi cr-rM6li npo\e;cc.. Haeatb-
fiare cKopocTu peal{qltt, (araru3npyeMbrx npefla-
pa raMr. cneuraJrBHo f l  o!Bepf HyrbrM, lepMoo6pa
60rKe, 6nrI3xl, K Hynrc, TorAa l{atr CMLI Hrx KoM-
nnexc r, nonyqeHHEre no cTarJAapTBHM MeToatr-
KaM, rap,lKTepr8yrorcr BecbMa Eaprja6erBlttrMr.{
HA4AIbt r)WU CXOpOgItMtI peaKqlin B 3aBt1CriMOCIU
or KoHKperlroro npenapara. IlorjHora aKTuBaurju
QepMelrla npu a3po6Hoi nper-rHKy6aqrru c NADH
cyqecrBeHrr6rM o6pa3oM 3aB[cr'] oT KoHueH'lpa-
qrH 6enKa B o6pa3uax. Anr flonl{ofi a(TuBatlurr
pa3BeaenHb[ npenaparoB (5-50 Mkr 6enxa na Mn)
noclaToqHo ,lo6aBreHxr oq€rl; H]l3Kax KoH{eHT-
paurrfi NADH (5 I0 MKM), roraa KaR trnr nonxoi
aKlr. iBa!r! i  KoHueHTpxpoBaHHErx cycneHJui lpe.
6yercn ao6an:reane BrrcoKrx (Mt,r,lllMorrpxbrx)
xoHqeHTpaurji NADH. BBrrcHr,rnoch, qro Bo Bpe,
Mr flpertHKy6aullr.t l(oHueH rp,tpoBaxnhrx 06pa3qoB
(B nprrcyrc"rBuu NADH) qaqrb o6pa3yrouerocr aK-
THBlroro ibepMeHTa 66rcrpo oKuc,ttqr Ao6aBreHHbrfi
NADH (H/rj j Kuo'ropoA r{ru xr-tHoH), a ocraBrxai
{cr .{acTL (pepMeHTa ocTaeTcr HeaKTr.rBHoi- Heo6-
xoauMo oTMeIuTb, qTo caMo no ce6e aoccraxoelle-
Hlre He npr,rBoa[T r( npeapauleHuro HeaKrrrBHoro
aDepMeHTa B a(TnBH6rii. B flpl,tcyrcrBnl, NADH ax-
rnraqr4r ne qa6rlolaercr, ecnr rrlnofeHllEli y6x
xurroH BoccraxoB:rerr cyrdluHaroM (alra3po6Ho nru
B llpt cyrcTBur:r urraHuaa). TaKuM o6pa3o4, arr ao-
crtDKeHr{q noJrHoi Karatl,rrll.IecKoi :lKrtBrlocru der>
MeHla | l '  ooxol lHM orHocHTer6Hr ueaneuxrr* 1no
cpaBHe||rro co ctauroHapH6tv pexrivoM pa6or6D
(Haqanr,Hbrfi) peAorc-uuKr. B o6brqabrx ycroBurx
u3MepeHur NADH-oKcrna3qofi r,,Il,I NADH:y6Mxu
HoH-peAyKTa3Hoii aKruBHocr€fi (pH -1,5, 2027")

nonyBpeMr aKTriBarllltr Be BeruKo (5 20 c), Bcrel-
cTB[e 3TOrO CZTMO tBJleHXe JrerKO nporn9AeT6, OCO-
6eHEo nplt ucnorE3oBaHtn MeAreEHo orBeqaro-
rqux cucTeM perHcTpauuu, TaKrlx, Ha[plMep, ltaK
[o(pr,rT6ri MeM6paHofi rurcnopognrri :nerrpo4
(NADH-oKcuIa3a) rt,lfi coBpeMeEH6rfi cnel(rpo(bo-
l oMerp c KoMnr,rorepxjxpoaaHHoii chcreMo; 3a-
nltcu KrrHeTllrlec(Ijx KpuBr,tx.

4.3. Aeaxrnraqnx. Eguncraennufi xa cero-
AHrrxHufi AeH6 rj3BectHbtfi ibamop, cnnbHo Brrlqlo-
ur]fi Ha nepe}.o! aKlflaroro tlepuerra s eto neax
TLTBHyIo OopMy, TeMnepartpa. Hlr NAD', Hrj Boc-
craHoBneErie 3HAoreqHolo y6xxhHoHa, HH NADH
B yc.,IoBtttx, Koua y6uxr.rHon BoccraEoBreH, HH
npucyrcrBrre AByxBtuIeHTH6rx (aruoHoB, HIj Ao6aB-
neHrre (oHKypeETHoro [Hru6uTopa ADP-pu6G6r
[28], nu pa:aeaenue r.uru (oHue_Hrp[poBarute npe-
rrapaToB lpepMedTa, Hu aHa3poouo3, Hri llpllcyTcT-
BIte $eppuqnaHrjAa uJrr.r peareHroB Ha cynborrrA-
Pl'rrrH6re lpynft,t no oTAerbHocTn trjrl{ B ux KoM-
6unaulrax (eoru 3To Bo3Moxlro) cyruecrBeuHo He
Bjlr,rrror lla c(opocrh neaKTrrBaqt B, Bftrrflne xe
TeMnepaTypEr qpe3Bltllafi Ho cfinbHo. 3Hepflir aK-
TnBAr\rrr7 a]1' npouecca aeaxTrrBaq![r, onpeaeJreE-
Har IIo rrHeiH6rM fpaQuKaM AppeHuyca B o6rac-
rt 25-404l29,l5ll, paBna 270 KAx/Morb! flpu 30.
naAeHhe HaqanbHoi cxopocru (puc. 2) e pearcqr-ux
irprMoro u o6parHoro flepeHoca gJreKrponoB Mox-
HO Orl!CaTb nOqTlt KaI( peaKuuK] nepBoro nopraKa
c tl/2. paBHbrM l5 MtiH. 14HAyuxpoBaHnar.HarpeBa
HueM lpepMenTa Aea(1-uBaul{r 6hua [cxoAHo orlt
caHa KaK Heo6parrMui npolecc 1291. Eorree ne
TZIJIbHl,lt aHajllt3 noKa3an, qrO TepMoaeaKTtBfipo-
BAEEbre cMll COXpaHtrcT nOCrOrHIiyrO OCTaTOq-
nyro aKrxBqocTb u24]. CneloBaTenbno, Dpoqecc
leaKrrBaut !r MoxHo paccMaTpr,BaTh KaK caMo
nporGBonbHoe ycTaqoBJreHle paBHoBecug Mexly
AByMr QopMaM! oepMeHra (peaKusr l, pxc. 3).
rloJjoxeHue paBHoBeclt noLIT[ He 3aBlcltT oT TeM-
nepaTypbr. EAr.rHcrseHHbrM coeAr{HeHueM, BJlltrrc-
rrlrrM Ha caMonpox3BonbEo ycTaHaajruBaeMo€ paB-
rtOBeCUe OKa3arCr CIreqUQUqeCkUt rfitflt6rlTop
Koun:rexca I poreqoH [124], Koropbrfi qacTr.r.rHo
3auuulaer It qacr'nqHo o6pauasr BbBBaHHyto lta
rpeBaxleM Aear$nBaqr,Iro_ AKTUBHa, QopMa Oep-
MeHTa CBr36rBaeT pOTeHOH CO CpOACTBOM Ha lBa
noPrar(a boJlee BbrcoKuM, qeM HeaKTr.rBHag. qpe3
B6rtratlro flpolrHoe cBr3brBaHH€ poT€HoHa c aKTnB-
HtiM lbepMenToM no3BonreT ,uyMaTL, qTo ltlrlu6rr-
Top Ac[ctByeT KaI( aHMor [epexoAHoro cocror-
HL'n [1241.' 4.4. AKrlaaqxr. Kax noxalaHo Ha cxel4e, rj:o-
6paxcHHofi Ha pr.rc. 3, ecr6 aBa nyru nepexora ne-
axTuaupoBaHHofo QepMeHTa B aKTuBqyro QopMy.
OAun nyrr,, He 3aBucfluufi ol fipucyrqrBur cy6cr-
paToB peal(Itl,lt, MeAreHHoe paBHoBecIe BHlTpx
unxna peaKur-ri 1-5-6 7, npuBoArqee K cyuesr-
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BeHliofi amr{Bau}tfi (bepMeg'ra ToJlLKo B [pricyTcT-
BxH poresoua [124]. Apyrofi nyrb (peaK]Irt 2)
MeaneHHbri n€pexoa, 3aBuc qui or Karajurr&qec-
Koro o6opora (u"'ru noryo6opora) OepMeHTa.
OKr.rcreBne NADH aKTxBHfiM lbepMesrgM (pltc. 2,
(prrBbre J ,r cTau[oHapHar Oa3a Kpr.rBbrx 2) Ee qyB-

cTBuTerhHo K NEM H ,UpyrlM cynL(bruApr-inr,HhlM
peareHaaM rrrlt K aByxBajre8TdblM I€TuoHaM. B
npoTxBolloroxHocTb gToMy peaKuul , tar rqllupye-
MbIe AeaIcI{BI{poBaHHLIMn npefiapaTaMlr, IIOIIiO-
cTblo 6noKr.tpyroTcr, @,Itr (bepMern npeaBapr,'reJrE-
Ho o6pa6oraH SH-peareHraMr. Jlar-(ba3a craHo-
BUIC' 6onee npoaonxlTenLHoi B npt{cyfc-raxr
AByXBaJTeHTHbTX KaTTOHOA I,Ul[ npu UIenOqHEIX
3Haeesnrx pH [150]. [,[MeHEo npo[e@ a(rt BaqIrI-r
ibepMeETa .iysqrB{TeneH K AeicrBr.rro 3Tr.rx o$(beK-
ropoB (peaKulrH I x 2. pHc.-3). ,I[€axrxBrpoBaHHbrfi
QepMeHT COXpirHreT CnOCOOHOCTb KaraJII,t3IrpOBaTr,
BCe peaxqr& oKncreHru NADH nqrycsrBeHnbrMr.r
axqeuTopaMr,r 3neKTpoHoB. xe.ne:o-ceparre xnac-
Tepbl aeaKTr,rBr,rPoBaEHoIo QePMema BoccTaltaB-
ruBaoTct NADH Ta( xe, KaK u B a(TuBHoM npe-
napare [72]. ,(aa nepexoAa (bepMeETa B aKTl,BHyro
Qopr,ry n peaxquu 2 a6co"rrorno Heo6xoAr4Mo no-
crfruleHue BoccraHoBItTg'IbHhIx 3xBtBateEToB oT
cy6L-rparoB-nyruIeorfiaoB (NADH TsIIr NADPH).
C Apyrofi oopoHbr, npoao,lxurerbBar ItpeHHKy-
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T. NADH

6aur,a rfepnenra c NADH B ycroB[rx, (or,ua y6u-
xHsoH florlrocrblo BoccraHoBneg (aHa3po6Ho unu
B rrprcyTcTBnn cyxrlr{HaTa Il aHTItMltu&Ha A lutlr
qnaE ra), He npfiBo,qur ( aRTr,tBarl'ri 1291. @ep-
MeHT He aKrrBIpyercr Takxe noqne flpeuHKyba-
uuu c NAD'xrr ADP-px6o3ofi; cneAoBarerbHo,
cBr3HBaErre lyftreoTnqt lt oKllcJreErroro xllrolla
caMo Ilo c€6€ He BhrsbrBaer lepexoaa B aKTItDHoe
cocrorr{xe, LlHKy6aqur AeaKTrtBupoBaIrHBrx CMq
B nprcyTcTB[r,r cy6cTexMoMgrpuqecKlrx xoHqetlT-
paul,ti NADH ]r NA DH-pereHepMpyrouei crcre-
MLr npl-tBo,qur K rlojrHoi aKnrBaqris QepMeura [29].
Bc€ 3Ttt Ha6rlorellut lo3Bonrtor cqtrarb, qro rrt
flepexoaa repMoalrnaMluecKu cra6l!'rbHofo HeaK-
TTTBHOTO ibepMeHTa B TepMoArnnaMuqecKrj Hecra-
6urbHylo, Ho &araJrnrrqecKr{ aKnrBHylo oopMy He-
o6xoauM, no rpaiHefi Mepe. oaMH MeaneHHbli
o6opor (To.rHee, floryo6opor) Oq)Mesra. Ilpri Ka-
Taru€e aKTrBfibrM (bepMemoM oKr{cneHnr NADH
y6ax[HoEoM, pa3nHqa ol(rac'lmetrbBo-BoccraHoBrj-
TeJrbHbrx [oreHqltuloB .0Ir nap: cy6c"rpaT6l/npo-
nyKrbl (-320 MB noll u +60 uB [52], coorBelcr-
scHHo) o6ecneerBaer cBo6o.0sofi lfleprxeft TpaHc-
MeM6paHfibd nepeqoc nporoHoB tt Bo3Hx(HoBe-
Hne AFs+. Ta xe peaKqrrr, xarajrrr3upyeMar .[eaK-
TnBrpoBanHoi (DopMofi oepMeHTa, nprrBoauT ( 3a-
nacaHulo cBo6o.quofi 3Heprull B Br,rne Hanprxelt-

NADH:vEI4XI,IHOH-OKCU.qOPEAvICIA3A
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Prc. 3. CxeMa pea{q[' arrrDHoro n a€arcrrBnpolarllroro Ko nrerca r c cy6c1}araM! r nHrHoHropaMn. E n E - ar.rHBHat H
leaKrrBripoBasHd OopMr @pMeir, a coorBercrBeHHo; R - poreHoH: Isd - nEm6mopd, pearqpyrcqrc c cynrornlplt bH'lMu
rpyrqra I,t. <no'xEr€, (-+) " <nenonHh'€D (-_) crpenxr o6oHaqaror palsoBecd orae'bHdx cra.unt, ryoxyMepolaHHbrx uxo-
paMr. nonHoe o6lrneHne - cu. rclcr
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Hori (TepMoAnHaMn.recm Hecra6MnlHofi) KoHibop-
Maquu ibepMenra. ApyfirM{ oloBaMrr, cyuecrBo-
Bafluc paBHoBecuii I H 2 (plc. 3) npuro,wn x roMy,
.rro gacrb cBo60arl0ii 3Heprn oKltc.teHlrt NADH
lcnonb3yeTct an' rroaaepxaHr{r Karatl,lrliq€cl(H
aKTnBHOTO COCrOgHrr oepMeHTa. TaKOi BbIBOA Be-
IeT K AOnOnItuTenI'H bIM CIIeICTBH'M.

Bo-nepB6rx, Kax cnoH-ranflar aeamuBaqu8 Tax
r peaoKc-3aBltcuMar aKruBarlrr MeaIeHHHe npo-
qeccri IIo cpaBrreHab c qncroM o6oporoB aKruBHo-
ro (bepMeHTa B peaKqurx 3 u 4, CreAoBarer6Ho, Ma-
roBeporTHol lrTo KoM6uaaunn peaxqlrx 2 r I rlro-
cHT Cyr.qecTBeHrrLrii BKrraa B cTaqrioHapHylo cKo-
posrL oKucneHlit NADH. C Apyroi croPoBr'I, o.re-
Btano, qro raKofi 0yrrin6H6ti rlnK.,r Moxer firparb
cyqecrBeHEylo pojr6 B ToHKoii naclpofrKe (Bxoa-
Hbrr BopoT),,obrxa rellLHo* uenx. tanacaoruei rHep-
rltrc- Ebr.]ro noKa3a]ro, qro npu oxltcneHl,iq NADH
npenaparoM cMq nplr pa3Hr,rx ypoBHrx BoccTa-
HOBteHrrr y6xxnHoHa (h]Irj np€flaparoM KoMIIJreK-
ca I B npncyrcrslru rK3orenHoao Qt I,l pa3Hblx Ko
J rLr€CrBaX.qO6aBreHHOfi 6axTepuajrbnofi xuHoro(-
cnaa3H) aocrufaercr pa3nnqH6lt ypoBeHb axruBa
ufi l,j OepMeHTa 5l]. B o rnuer.{e ol cnoHraHHoi ae-
axTriBaqr t It peaKrlr , KaTajrrBnpyeMot a(TuBlrBIM
QepMenroM, peAorcc-3aBucriMar axrfi Baunr qyBcT-
BriT€nLHa x prAy (baKTopoB, noTeHquatbno uMelo-
rqux OIt3ItoJrorHq€cxoe 3Ha.reErie, TaKtM, Hanpt Mep,
l(aK !3MeE€lrr{e pH I,t nPricyTcTBne aByxBaneHTHbIx
Karr.joHoB Il5C]. Cneayer raKxe sMerr, B Buay no-
gBjrer te B aeaKTuBrpoBaHHoM lpepMerLTe Bbrcoxo
peaKTuBHoii cyrbor)r.qpurLHoi fpynnr'r. Bo3Mox-
no, trTo pefynuPoBarue cyMMapHor qrepMesrarlrB-
rroti aKruBHocrlr ox&cneEljr,NADH ocyuecrB.[t-
eTct np[poaHbrMr4 coeIMeHI{tMt, Hanpl{Mep BHy-
TpuMuroxoHApuarrEnhrM rnyrarnoHoM Il 54].

Apyroi acneKT npo6neM6l ltMeer ornorueHle K
o6parHMocur pearullfi , KaraJrn3[pyeMbrx KoMrueK-
coM I (cM. pa3Aer 2.1.'1). TaK KaK floaaepxaHue
(bepMeHTa B aKruBHoi rbopM€ Tpe6yer 3neprl{u, oc-
Bo6oxaalouiefict B NADH:y6uxnHoH-oKcltaop€,4/K-
Ta3HOi peaKUUH, TpyAHO C€6e npeAcTaBr,rrb, qro

OepMeHr QyHXuHoH pye'r KaK npocroi Karanl,3a-
iop, ypannone.uroaorquft NADH/NAD*, Q/QH,
n AEN* (ecnx ronh(o peaKqlr 2 He rBnrerc' o6pa-
TnMofi). O6sapyxeHr.re pa3rr,rqHoi qyBcrB[TerbHo-
glri K poreHoHy nprMon l o6parxofi pearuua II24]\
a TaKt(e oariocropoHHefo rnrM6uPoBaHut oKrlcJre- \
rlljr NADH KoHXypeHTHbrM rnr!6rropoM [28]no3- 1
BorrrroT cquTaTE, qTo npu npoTeKaH[[ peaKrlHn B I
o6onx EanpaBneHrlrx yuacrayrcr pasnuvupe qenr- I
pr,r cBr3brBaH'rr cy6crparoB fi npoAyKToB. CTporo I
loBopt.  l to ! ,Haqael.  qro MexaHr.t3Mbl nptMot I t
o6parEoi peaxqlii pa3rx.raror-cr. AHa,roruqHoe
npeanonoxeE[€ 66uo BLIcKa3aHo HaMLt aJIt ,qpy-
foro (oopaTnMoroD npeoopa3oBaTejrr gHeprxfi
Fr F. ATP-crHrera3Lr [155].

O MoJre(y"ttpBoM MexaHfl3Me a(THBaqnn/ae,u(-
TXBaUIlIt oepMenra Huqefo He u3BecrHo. I43MeHe-
ltlle KaraJlltTlftec(oi axrl,tBHocrl,t. cl,urEHat reMne-
parypnan 3aBflcqMocrb nporl€cca, r8MeEeHrre B !IyB-
CTBIITCJIbHOCTI' K CYIE(P|'IAPU6HI,IM PCATCHTAM'I
cponcTBa K pOTeHOIIy CBUIeTeIbCTByIOT O cuJlt UHx
I(ofl lbopMaur{oHnrix [3MeHeHrrx dpyxrypH oep-
MeHTa. TaK KaK B HaCrOtUIee BpeM' O6lllenprcna-
no, qro y6[ceMrxr,rHoE(bt cryxnT nTepMeI&aToM
srauuogapurrx NADH-'Q r QHr+NAD* aKrtB-
Hocxei, l4l,'72,156, 1571, peaxqHro 2 (pMc. 3) oop-
M:Ur6HO MOXHO npenslaBhrbo'reayrouxM o6pa3oM:

Q QH,
Efu <-'--+ Efu. Q < ) E:-. Q'-'-------+ E:, ,

alicMlmutt I
|. 6btcrDo > |<--Me!,IeHHo - ,_-----rI
t t l

IAe usnexcr,l '.d, oi, ! tt a COO-raeTClByIOT BOccTaHOB-
TCHHOMY, OKUCJTEITHOMYJ AEAKT'TBI,IPOBAIIHOMY I'
AKTXBHOMY IbEPMEHTY COOTBETCTBCHEO. AEAKIIiBII.
poBaHlrhrii oepMeHT, BoccraHoBrreHHdii NADH,
oKHcr'rrefcr xJrHoHoM B oaHolneKTpoHfiot pea(-

utu (Ilo-Bu.quMoMy, B 3ToM npoqecce yqacrByer
xene3o-cepHL,Ii qelrrp N-2 Ill, 41, l57l). 3ra ve,q
reHHar leaKUxr conpoaox-f laelcv nepeg]poi iKof i
6enKa n (DoJ MrpoBarueM cneu o}rqccForo Mecra
cBr3hrBaHrn y6rceMsxr,rHoHa- B oTcl. TcTBue fiocte-
nyrcr l le lo repeHoca rJrehcpoHoB qfpe3 oepMeHf
y6uceMnxr{HoHbt,qlrcMyrtrpylor, a 6eroK Tepter
nplro6pereHHylo aKTnBHyro KoHQopNlauarc.

HnTepecno orMeruTb, qro (benoMeHoroft .Iec-
xlr cxorHar peaoKc-laBxcuMat amuBaurr 6hua
o6HapyxeHa Ans rerepo4iraepxofi Fe-S, Ni-co.qep-
xauei Hr:xnHoH-o(cunopeayKr?3t r tB A lcalig ene s
euttopus 11581, Azotobacter vinelandi ll59l n Bro-
dhyt hiz o bium j ap onicum Il 601.

5. SaxnF{elrfie l| nepcneKlfiB6r raJrbHeilrrxx
rccrreroBaHrr;. HecMorpr Ha pe3ko Bo3pocuxi B
nocireaErie ro,qbr uHTepec x x3yqeAHlo MoneKynsp-
Eoi srpyxrypbr ll MexaHH3Ma pa6orr,r KoMn]teKca I
MreKonu farcu!]x. MlrKpoopfaHxlMoB. rpH608 }
.pacreHnt, lpyAHo He corrackrbcr c reM, qro 3a
nocjreAHxe 20 neT ycnexu B pelreHl{r npo6neM or(a-
3AJIHCb BCCbMA CKPOMHLTMU; AO CIIX IIOP H€ I€BECT-

Hb! HIi nocJleloBaTe.trbnocr! peakrlnt BHyrpriMorre-
l(yjtrpBoro nepenoca 3IeKTpoHoB, Hs cTexHoMeT-
p'lr conDrxeHr,rq, H!t Mr,rHrMzrjlbH6rii cy66e.qrHxq-
HBtfi COCraB, IOCTaTOLTHEIU AIr QyHKTI'OHT-rpOBa-
Hrjr 3Tofo npeo6pa3oBarenr 3neprrx- Ilo llauleMy
MHeHr.rto! cy!.IecrBeBHbrii flporpecc 6yAer aocrur-
Hyl ronbno locre a6lDeref i f ia oqrueHHofo oep
MeHTa, CnOCO6HOTO K peAOKC-3aBlCrlI€My BeKrOp-
HOMy n€pcHocy npoToHoB B npoleonlnocoMax.
Otcyrcrrne cfleqn(bllrt€crurx rrHru6riropoB r,r r-lc-
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KyccTBenBhtx aKue[TopoB/.uoHopoB 3rerTporroB,
B3arMOAeiCrByIOrUXX C AegTpaMU, OTJIr{.IrrhrMu OT
HyKreorna- H xxEoHcBt3HBaIouI[x yqacT(oB,
cxnbHo taTpyaHrcr nocTpoeHrie HoBhrx Mo/lelet ll
oflncaHne flyTeii nepenoca SIreKrpoEoB. B Hacror-
u€€ BpeMr lz[-20 cy6r,eguurunar NADH-Aenra-
poreHa3a NDH-I v3 Paracoccus denifiirtcans I5l,
Han6eree npocrofi aHanor .42-cy6:Leanr rqHoro
KoMnreKca I Mrekonlralouux. cra.Jta locrynHoi
.qr9 MoneKyrrpHo-reHerltqec(Mx MaBxnyrtuxi.
CpaBEurefi,Ho€ r8yrrenue cBoicrB -OepMenroB
MneKo[xTalouux lt ooJree npocrbtx oaKTepl{:rnb-
H6lx dCDMCITTOB HCCOMHCUHO NOMO}KET NOHIIMA-

Huro dyxxqli nrarsuAyanbHbrx cy6le.qrHnq. tc-

l 9 t

HO. qTO.qaJI6HetU[e IiCCJIcAOBaHUT Kar:Urrrnqec-
I(uX CBOfiCTB yxe AOCryIrrlh]X u HOBbTX nperraparoB
SepMeHra 6yter coaeicrBoBara nporpeccy B ')roi

yBteKare,q6Hofi o6nac|rI 6ro3nepreatd.t.

Bbrno,rHeHfle llHmpoBarHLtx pa6cr Hauiei rpyn-
116r (buuarcrpoBanocb Poccuficxr-iM QonnoM ibyHAa-
MeHT:L[r,H6rX riccnenoBaHnfi (rpaqr 96-04-48185),
HaqrionanhxhiM nHcmr).roM 3aopoB6t CIIIA (NIH
Fogarty International Research Collaborative
Grant R03 TW00I40-01A2) u nporpauuofi <Ha-
yqnEre uKorbD) (rpaHr 96-15-97822). ABropbr fipr-
3Barer6Hbr aKaaeMrKy B.fI. CxynaqeBy 3a rlone3-
H6te l{puTuq@Klte 3aMeqaHrr.
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The qualilalive and quanlilative characteristics of the reacrions elalyrd by the most compler and teast under
stood pJotoD translo@ting unit ofrbe malninalian rspirarory cha'0 (NADH-ubiquinone oxidoreductare. comptex
l) arc desoibed for the enzyme prepa$tions wilh veious exterrs of complicated orsanizaton, i.c., f.om iDiact
m'lociondri-,a to the homog€neous srall fragmenrs.of the enzyme. Sp€cial aitentjoD is given 10 thc probt€ms and
pjtfalls of r€liable in!€fpreralion ofrhe kin€tic inv€stigation ofrhc euyme acrivilier. Tae d.tailed a;atysis ofthe
problcms concerning thc slow aclivc-inaclive revesible enzlde transition is provjded.
(liY WORDS; NADtl-ubiquino e r€ductase, conplex I, r€spiratory chain, €rzlme bysleresis, bovjoe heart mito
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