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Wccaenyoresa GOTOMHAYIIUPOBAHHBIE UBMEHEHUA B CTPYKTYPE MOJIEKYJIAPHOIO
KoMILTeKca peaximoHHoro reHtpa (PII) mypmypuoit 6axtepuum Rhodobacter
sphaeroides B mpoilecce BHYTPUMOJIEKYJISPHOIO IEPEeHOCA JIEKTPOHA. YCTa-
HOBJIEHO, YTO IIOCJI€ BLIKJIIOUEHUA BO30YIKIAI0IIEero CBeTa 3aBUCUMOCTD OT Bpe-
MeHM KOHCTAHTHI CKODOCTH BO3BpATa 3JIEKTPOHA C akijenTopa Ha monop PIT
umeer S-06pas3Hblil XxapakTep. IlpeniosKeHa TpexypoBHEeBasd MOAEJb dJIEKTPOH-
HOro TpaHcmopra. IIpoBeseH aHain3 U3MeHEHUSA IOTJIolenus pactsopa PIT B
paMKax TpeXypOBHEBON MoOJe/ii. YCTAHOBJIEHO ypPaBHEHUE, OIIpeAessolnee
OTHOIIIEHNE 3aCEJIEHHOCTEN SJIEKTPOHHBLIX YPOBHEH! IMEePBUYHOTO M BTOPUYHOI'O
xuHOHOB npu ocBerrnennu PII. Pemenure sToro ypaBHeHUA Aake B CTAI[MOHAD-
HOM cJIy4yae He UMeeT 0OJIBIIMAHOBCKOTO XapaKTepa 1 3aBUCUT OT MHTEHCUBHO-
cTu BO30Y K IAIOIIEero CBeTa.

HocaigxyoTbscs (OTOIHAYKOBaHI 3MiHN CTPYKTYPU MOJIEKYJISAPHOTO KOMILIEK-
cy peaxiiiinoro meatpy (PILl) mypnyposoi 6akrepii Rhodobacter sphaeroides B
IIPOIleci BHYTPIiNIHEOMOJIEKYJIAPHOTO IIEPEHOCY eJIeKTPoHa. BecTaHOBIIEHO, IITO
micasa BiAKJIIOUEeHHS 30yIKYIOUOrO CBiTJIA 3aj€:KHICTh Bif 4yacy KOHCTAHTU
IIIBUAKOCTY IIOBEPHEHHS eJIeKTPOHA 3 aKkIenTopa Ha nqoHop PII mae S-momioumit
xXapaxkTep. 3alpoIlOHOBAHO TPUPIBHEBUM MOMAEJL €JIeKTPOHHOTO TPAHCIIOPTY.
Buxonano ananisy sminu BOupaHHA po3unnHy PIl B pamMKax TpupiBHEBOro MoO-
neto. Omep:kaHo piBHAHHSA, III0 BU3HAUAE BiJHOIIEHHS 3aCEJIEHOCTH eJIEKTPO-
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HHUX PiBHiB IePBUHHOTO 11 BTOPUHHOTO XiHOHiB mpu ocBitsenHi PII. Pos3s’a30k
IIbOTO PiBHAHHSA HABITH y cTAIliOHAPDHOMY BUIIaJAKY He Mae BoJbIiMaHHOBOI'O
XapaKTepy i 3aJIe’KUTH BiJl iIHTEHCUBHOCTH 30y J3KYyIOUOT0 CBiT/IA.

The photoinduced changes are studied in the structure of molecular complex
of reactionary centre (RC) of Rhodobacter sphaeroides purple bacteria during
intramolecular transfer of electron. As shown, after shutdown of exciting
light, the time dependence of speed constant of electron return from acceptor
to the donor of RC has S-type shape. The three-level model of electron trans-
port is proposed. The analysis of RC-solution absorption change is performed
within the scope of the three-level model. An equation determining the ratio
of populations of electronic levels of primary and secondary quinones at illu-
mination of RC is derived. The solution of this equation even for stationary
case does not have the Boltzmann character and depends on the intensity of
the exciting light.

KaroueBsie caoma: myprnypuas Oaxtepusa Rhodobacter sphaeroides, ¢oto-
CHUHTETHUYECKUII PeaKIMOHHBIA IIEHTP, TPEXYPOBHEBAs MOJejb BHYTPUMOJIE-
KYJAPHOTO TPAHCIIOPTA 3JIEKTPOHA.

(ITonyueno 23 dexabps 2008 2.)

1. BBEAEHHUE

W3BecTHO, UTO IIPU IOTJIOIIeHUN KBauTa cBeta B PII mpoucxomut ¢gorto-
OKWCJIEHVE TIEPBUYHOTO JJOHOPA 3JIeKTPOHA AUMepa 6aKTeproXJI0POhIII-
aa (P), mocyie yero, sJIeKTPOH Uepes P IIPOMEKYTOUHBIX KO(PAKTOPOB
TomajaeT BHaUaJie Ha IePBUYHBIN XMHOHHBIN akienTop (Q,), a moToM Ha
BropuuHsIil (Qg) [1-3]. Ha xaxmoMm n3 KodaKTOPOB IIelly IePeHoca dJIeK-
TPOHA, €T0 CTA0UIUBAIIUS OIIPEEIAETCA CTPYKTYPHO-TMHAMUYECKOM Op-
raHmsanueii MoJieKyJaapHoro komiuiekca Pl u compoBoikaeTcsa CTPYK-
TYpPHBIMU TiepecTpoiikamu [2—5]. MHDOopMaNa 0 3aKOHOMEPHOCTAX OII-
pelendAonnX XapaxkTep (poTOCTUMYJIMPOBAHHBIX IEPECTPOEK Omomoe-
KYJ IMeeT KaK CAMOCTOSTeIbHBIN, TaK 1 IPUKJIagHON nHTepec. C omHOM
CTOPOHBI OMOAKTHUBHOCTh MAaKPOMOJIEKYJIbI B 3HAUUTEJIbHOM CTEIIeH! OIl-
penessieTcs €€ CTPYKTYPOH, a ¢ APYyroil — ymnpaBJieHue e€ KoH(OopMAaIlu-
OHHBIMHU IIePeX0JaMu OTKPEIBAeT BO3MOKHOCTD UX MCIIOJIb30BaHUS B MO-
JEeKYJIAPHON 5JIeKTPOHUKe. B manbHeiileM OyAyT aHAJIN3UPOBATLCS
TOJIBKO BOIIPOCHI, BOSHUKAIOIINE IIPU MCCIETOBAHUU AUHAMUKU 3JIEK-
TporHOro Tpancmopra PII ¢ moMoIbio n3yUeHUA TUHAMUKY OIITUYECKOTO
CIIEKTPa IOrJIOIIeHns Ha AanHe Ay, = 865 um [1-5]. BosaMoKHOCTE TAKOTO
moaxo/a Oo0yCJIOBJIEHA 3aBUCUMOCTBHIO CKOPOCTell 06paTuMoOro mepeHoca
AJIEKTPOHA OT 3JEeKTPOHHOTO cocToaHUus Komintekca PII, Koropoe m3me-
HAETCS TOJ BO3JelicTBueM ocBellieHuA obpasiia ¢ PII BosOy:kmaromimum
CBETOM C MHTeHCcuBHOCTEIO I. IIpu yxoze s/IeKTpoHA ¢ AuMepa OaKTepuro-
xJjopoduiia, PI Tepser ciocoOOHOCTE IOTJIOIEHUS CBETA C AJIUHOMN BOJI-
HBI Ay. B cBA3U Cc 9TUM mM3MeHeHHUe moryoiieHns (AA) obpasiia Ipomop-
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IMOHAJHHO M3MEHEHUIO BEPOATHOCTH p(f) HAXOXKIEHUS SJIEKTPOHA Ha
IuMepe 6aKTeproxJopoduia B MOMEHT BpeMeHu HabatoaeHud t [2, 5]:

AA(t) =< p(t) . (1)

IIpu umcmoab3oBanuu cooTHolmenuA (1) KoHcCTaHTa CKOPOCTHU BO3-
Bpara (k,p) SJIEKTPOHOB € aKIlelITopa Ha AOHOP MOKeT OLIThH oIIpere-
JeHa [5] ¢ moMoIbI0 TPUOGIUIKEHHOTO COOTHOIIIEHUS, CIIPaBEeAJINBOTO
B cJyYae MeAJeHHOro msMeHeHud (kyp):

1 dAA(®)

kAD(t):_MT, (2)

OpHako 40 cux mop He pasdpaboTaHa MOIENb, TO3BOJIAIONIAA aleKBaT-
HO ONKCATh BHYTPUMOJIEKYJIAPHYIO IUHAMUKY dJIEKTPOHA IO AeHCTBU-
eM BO30y:KIaloIiero cBeTa. ITO OOYCJOBJIEHO CJIOKHOCTAMI, CBSI3aH-
HBIMU C MHOTOCTAAMHHOCTBLIO ITpollecca IIepeHoca SJIEKTPOHA BHYTPHU
kKoMmiLteKkca P1l u MHOTOOOpasueM KaHAJIOB IIepexo/ia 3JIeKTPOHA BHYTPU
PII. B mpocTeiimiem ciyyae mpeamosaranu, uro PI MoXHO npescTaBUTD
B Bue 0€JIKOBOII MaTpPHUIIBI, COAep:KaIlleil BCTPOeHHbIe MOJIEKYJIEI (pe-
ITOKC-KO(aKTOPhI), KOTOPHIE ITPOABIAIOT JOHOP — aKIIeIITOPHEIE CBOMCT-
Ba OTHOCUTEJBHO (POTOBO30YKIEHHOTO dIeKTpoHa. Ilocie moronieHus
KBaHTa CBeTa dJIEKTPOH M3 AuMepa 6aKTepuoXJopoduaa uepes pPsAm
IIPOMEKYTOUYHBIX KOPAKTOPOB U MEePBUYHLIN XNHOH Q, IepeHOCUuTCs Ha
paccroaHue 3—4 HM U CTAOMJIM3UPYETCS Ha BTOPUUYHOM XHNHOHHOM akK-
nenrtope Qp 06pasoBBIBadA IIPU 9TOM Pa3HUILY OTEHIIUAJIOB Ha ()OTOCUH-
Tesupyioiieit memopane. Crabuamsanus dJEeKTPOHA OHUCHIBAETCA HPU
IIOMOIIM TPEXYPOBHEBOM MOJENIH C MeIJeHHO M3MEHAMIOIIUMCI B IPO-
Iecce mepeHoca 3JIeKTPOHA YPOBHEM aKiienTopa Qg [5], sHepreTuueckuii
YPOBEHb KOTOPOTO OIpefesideTcsd IIOJIPU3allMOHHBIMIU IIPOIleccaMU B
PIT [2, 5]. SaBucumocTs (k,p), OT BeJIMUUHBI MHTEHCUBHOCTU cBeTa I,
BpeMeHU 9KCIIOHUPOBaHMUs obpasiia, ero TeMiIepaTyphl, TUIIA JeTepreH-
Ta, UCIoJab3yeMoro mpu noayuenuu PlI, mcciemoBainuchk B JuTepaType
[2, 4, 5], omHaKO 3aBUCUMOCTS (k,p) OT BpEMEHU AJA YKa3aHHBIX BBIIIE
ImapaMeTpoB He ObLjla ycTaHOBJeHa. Hem3yueHHBIM TaKiKe OCTABaJICS B
paMKax TPeXypPOoBHEBOM MOe/I BOIIPOC O BOBMOKHOCTH IPeCTaBIeHN
SKCIIEPUMMEHTAJIbHO U3MEPAEMOI BeJINUUHEI k,, Yepe3 KOHCTAHTEHI CKO-
pocTeii sIeMeHTapHbIX IPOIIeCCOB ATOM MOIEIN.

ITenpio paboThHI ABJISAETCA HWCCIAETOBAHUE PeiaKCallMOHHBIX IIPOIlec-
coB B PIl B paMKax TpexXypOBHEBOH MOMAEJU, YCTAHOBJECHUE XapaKTe-
PUCTHUK, KOTOpPble MOTYT OBITHL OIIpedeseHbI IIPU WCCJIeTOBAHUU pe-
JaKcaliy IIOTJIONIeHUsA CBeTOSKCIIOHUPOBaHHOro pactBopa PII K Tem-
HOAMalITUPOBAHHOMY COCTOSHUIO, HCCJIeOBaHWE OCOOEHHOCTEH OTHO-
IIeHUs 9JeKTPOHHLIX 3acCeJIeHHOCTell MepPBUYHBIX U BTOPUYHBIX XU-
HOHHBIX aKIIEIITOPOB B MOJIEKYJApPHOM Komiuiekce PII.
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2. OBBERTDBI, METO/ U PE3YJIBTATDBI
IKCIIEPUMEHTAJIBHOI'O UCCJIEJOBAHUA PI]

B pabore 1cmoabp30BaAINChL M30JUPOBAHHBIE OEIKOBO-IIUTMEHTHBIE KOM-
IJIeKCHI (peaKkIinoHHbIe IeHTPsI — PI1), BeIgereHHbIe Ha Kadenpe ouodu-
suku MIY wu3 (QorocuHTeTHUYeCcKHX MeMmOpaH KJjeTok Rhodobacter
sphaeroides mnpu momoIM JeTepredTa JIAYPUILUMETHIAMAHOKCULA
(JITAO). Ina obecmeueHUA HOJITOBPEMEHHOI CTaOMJILHOCTH ITapaMeTpPOB
PII ucnonbzoBasica Bogublil pactBop 0,01 M matpuii-gocharaoro 6ydepa
¢ pH 7.2 u go6askoii 0,05% npereprenra. MsmepurebHasa KIOBETa MMeJIa
pasmepsl 3X5X2,5 cM IIpuU TOJIIITHE KBapIleBhIX cTeHOK 1 Mmm. PactBop PIT
¢ KoHmeHTpamueir ~ 10 M BeImep:KHUBajICA B TEMHOTe IPH KOMHATHOM
TeMmepaTrype He MmeHee 12 uacos (TeMHOAJAIITHPOBAHHOE COCTOSIHIE).

JJisa maMepeHUs KUHETUKHU CIIEKTPa OITHYEecKOoTo morJolneHusa PIJ
IpU UX OCBeIlleHnu ObLI pas3paboTaH cIenuaJIu3upOBaHHBINA mpubop,
obecIeunBaOIINi pasInyHble IapaMeTphl ocBelreHus pactsopa PIT mox
yIpaBJieHHEeM IIePCOHAIHLHOI0 KOMIILIOTEPA C OQHOBPEMEHHBIM H3Mepe-
HIEM OITHYECKOro IIOIJIOIeHus 00pasiioB. IIorpeirHocTs uaMepeHusa
OIITHUYECKOTO moryornieHusa pactBopa Pll He mpessimana £0,0005 B nua-
a3oHe ONTUYECKOoM miaoTHOCTH pacTBopoB 0—1. CmeKTpanbHBIN gUaa-
30H BO30Y:KIAIOIEro CBeTOANOAA IIePeKPhIBAJ OOJIBIITYIO YACTh MOJIOCHI
morJiomeHus «aHTeHHBI» PII. CBeroamanTupoBaHHOE cocTosHUE (hop-
MMPOBAJIOCH IIPH MOACBeTKe pacTBopa PIl mMiryibcoM cBeTa ¢ BapHUallu-
el IIuTeabHOCTH M MHTEeHCUBHOCTHU [1-5]. OTHOCHTENILHOE KOJIMUECTBO

AA, OTH. en.

0,104

Puc. 1. OxcrnepuMeHTAIbHAS 3aBUCUMOCTh M3MEHEHUS IIOIJIOEHNUSI BOJHOTO
pactBopa KomiuieKkcoB PII, BbIgesieHHBIX U3 (POTOCHHTETHUECKMX MeMOpaH
kserok Rhodobacter sphaeroides mociie BeiKIIOUeHA B MOMEHT ¢t = 0 BO30Y K-
JIaloIero cBeTa IIpu pasHoM BpeMeHu skcmosunuu (1, 5, 10, 20, 30, 40, 50, 60,
90, 120, 300, 600 c). MeubIIEM BpeMeHaM 9KCIIO3UIIUY COOTBETCTBYIOT OoJjiee
HIBKO PACIIOJIOKEeHHbIe KPUBLIE.
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K(t), ¢!
I = 2 mBr/cm?
1_
0,1-
0,014
0,01 0.1 1 10 100 1000 ¢

Puc. 2. 3aBucuMOCTb, M3MEHEHUs IIOTJIOINIeHUS BOJHOTO PAacTBOPA KOMILIEKCOB
PII, BbIfemeHHBIX u3 (QOTOCHMHTETHUYECKMX MeMmOpaH KJaeTok Rhodobacter
sphaeroides mocye BriKII0ueHUs 0 BO30OYKAAOIIETO CBETA IIPY PA3BHOM BPEMEHU
sxcnosunuiu (1, 5, 10, 20, 30, 40, 50, 60, 90, 120, 300, 600 c) u I, = 3mMBT/cm?.

IIEHTPOB M CKOPOCTH Iepexoja U3 OJHOTO COCTOSHUA B APyroe ompeze-
JAMUCH TIO0O KWHETWKE CIEKTpa OITUYEeCKOro moryolneHud (A) npu
A =865 uMm. MsMmepsanack KMHETUKA BOCCTAHOBICHUS IIOIVIOINEHUS 00-
pasiia, mocJje BBIKJIIOUeHNA BO30YIKIAIOIIEr0 CBeTa C Pa3IMUYHOM MHTEH-
CHUBHOCTBIO U JJINTEIbHOCTHIO.

Ha pucynke 1 mpuBenmennl faHHBIE BOCCTAaHOBJIeHU moronienusa PII
IS OOHOIT MHTEHCUBHOCTY BO30Y KIAIOIIET0 CBeTa Pa3IUYHON MIUTENb-
HOCTU 3KCHOHMpPoBaHUA. [1d IUKBUIANIMY NTyMOBOM KOMIIOHEHTHI U3-
MepeHHnii, 9TH JaHHbIE 00pabaThIBAJINCHL IIPOTPAMMHBLIM KOMILIEKCOM
«ORIGIN» ¢ ucmosnb3oBaHmeM HEJIMHEHHOM perpeccuy Ha OCHOBE SKCIIO-
HEHIINAJIbHBIX (PYHKIIUI C OTPUIIATEJbHBIM IeKPeMeHTOM. Pe3yibTaTsl
00paboTKY SKCHEePUMEHTANLHBIX JAHHBIX C MCIIOJb30BaHUEeM (hOPMYJILI
(2) mpuBeneHnsl Ha puc. 2—4, rae mpeacTaBieHa KWHETUKA KOHCTAHTHI
ckopoctu penaxcanuu PII Kk TeMHOamanITHPOBAHHOMY COCTOSIHUIO, IIOCJTIE
ocBemntenusa Pll Bo3Oy:KIalolIUM CBETOM PA3JNYHON WHTEHCUBHOCTU U
BpeMeHeM dKcrmosunuu. OHU IIOKa3bIBAIOT, YTO IIOCJIE BBIKJIIOUEHUS BO3-
Oyskmatoriero ceeta B Teuenue 10 c morioreHune odpasiia BBIXOAUT Ha
KBAaSHCTAlMOHAPHBIA pexkuM. Ilepeman sHauenumit (A,_, — A, . ) yBe-
JIMYUBAETCSA C YBEJINUEHNEeM BPeMEeH! 9KCIO3UIINY 1 MHTEHCUBHOCTU BO3-
Oy KIaIoIIero cBeTa.

W3 npuBeeHHLIX Pe3yIbTATOB MOMKHO CIeJIaTh HEKOTOPhLIE BLIBOALI O
KuHeTuKe BoccranoBiaeHusa PII: 1) xoHcTanTa CKOPOCTH BO3BpATa dJIEK-
TPOHA CUJILHO 3aBHCHUT OT BPEMEHH, IIPOIIIEAIIer0 C MOMEHTA BLIKJIIOUE-
HUA CBeTa; 2) B TeueHMe MepBhIX 1—2 ¢ 3HaUeHUE K, (1) MAKCUMAJIbHO U
cj1abo 3aBHUCUT OT BpeMeHu. 1o rcTeueHun 9TOro BpeMEeHHOI'0 HHTepBaJja
B TeUeHUe MPUOJIU3UTENHHO 3 CeKYH/ IIPOUCXOIUT YMEHbIIIEHNE BeJINUN-
HEI k,p(t) HA 2—3 mopsaaKa, Imocje Yero 3HaueHmne k,, OcCTaéTcA IIpakTuye-
CKM TOCTOAHHBLIM. TaKoe moBeneHNe KOHCTAHTHI k4, CBUIETEILCTBYET O
HemaMeHHocTu cBoiicTB PI[ B sTom umHTepBase BpeméH. Kpome Toro,
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K(t), ¢!
1

0,1

0,01

0,001
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Puc. 3. 3aBuCUMOCTL N3MEHEHU S IIOrJIOIEHNA BOLHOTO PACTBOPA KOMILIEKCOB
PII, BoimeneHHBIX M3 (POTOCHMHTETHMYECKMX MeMOpaH KJieTok Rhodobacter
sphaeroides mocie BEIKJIIOUEHNA BO30Y K TAIOIIETr0 CBETA IIPH PA3HBIX BpeMeHax
srcmosunuiu (1, 5, 10, 20, 30, 40, 50, 60, 90 ¢) u I = 6 mBt/cm?.

MOKHO OTMETHUTBH, UYTO C YBeJIMUeHNe BPeMeHH SKCIIOHMPOBAHUS 00pasiia
BO30Y K IAIOIIINM CBETOM WJIN YBEJIUYEHUS eT0 MHTEHCUBHOCTU HAOJIIOa-
eTcA yMeHbIleHVe 3HaUeHn k. Takasa caokHaa KMHETUKA KOHCTAHTHI
CKOPOCTH peJjiaKcanuu morjolneHus oopasna Pl Kk TeMHOamanTupoBaH-
HOMY COCTOSTHUIO TPeOyeT PAcCMOTPEHUS TPEeXYPOBHEBON MOJEIU Iepe-
Hoca asiekTpoHa B PII.

3. TPEXYPOBHEBAS MOJEJIb JTHHAMUEKHU 9JIJEKTPOHA B PI]

WUcnonpdyeMm cucteMy ypaBHEHUH [5], ONMCHIBAIOIIMX TEPEHOC DJEK-
TpPOHAa B MOJIEKYJIAPHOM KoMILieKkce PII:

dl;(tt) N _kpAp(t) +hapqa(t) + Rgpqs (D),
dqc?t(t) =k, p(t) + ky,q(t) — k,pq, () — kg, (), (3)
dgy (@) _ ~ B
dt 4894 (8) = Ry Q5 (8) — kppq (2),

rze k; — KOHCTaHTa CKOPOCTH ITepexoja i — j.

YcraHoBiaeHo [5], UTO KOHCTAHTHI CKOPOCTell mepexofa dJIEKTPoHA B
PII uMeroT claeAyIONUAi TOPANOK BeJduunH: kypoc 10 ¢, kyp o< 0,02-0,2
¢, kypoc 10, kyp o< 10% ¢, IIpomeccs! B Mosekyae PI uEunuupyoTcs
BO30YIKIAIOIIM CBETOM U IIO9TOMY IapameTp Kp, IPOIOPIINOHAJNEH WH-
TEeHCHBHOCTHU BO30Y K 1a0111ero ceera I.

Cucrema ypaBHeHUi (3) oK HA OBITEH OIIOJHEHA COOTHOIIIeHUEM [5]:

p)+q,(t)+qz(t)=1. 4)
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Paccmorpum oTHOIIeHUEe 3aceJIEHHOCTEH dJIeKTpoHa MeXay Q, u Qg
f(t) B cnenmyroiiem BUIe:

%@)
q5(t)

Wcmonb3oBaHMe 9TOM BEeJIWUYMHBLI M BTOPOTO M3 ypaBHeHUH (3) m03BO-
JIAET 3aIucaTh:

d%@)

f@) = (5)

Ft) + 4, () D ‘t)

ko, p(t) + kpyqp(t) — (B + k) ()qs(2). (6)
YuuteiBag (6), a Tak:Ke mociaegHee mu3 ypaBHeHHu (3), moaydaem
ypaBHeHME IJiA OTHOIIEeHWS BEPOATHOCTEH HaXOMKIEHUsS HepaBHOBEC-
HOTO 9JIEKTPOHA Ha Q, 1 Qp:

dﬂﬂ —k,, p(t)
A ()

W3 (7) BBITEKAET, UTO IPHU OCBeITeHur obpasiia Ja’ke B CTAIlIOHaAPHOM
cayuae OTHOIIIEHHE 3aCeIEHHOCTEeH sJIeKTpoHa Mexay Q, m Qg 3aBu-
cut or | U He ONMCHIBATLCA COOTHOIIIeHMEM BoJbiMaHa.

Bung ypaBumenusa (7) ympoljaeTcss B cjlydae OTCYTCTBHUS BO30YK-
nmatoriero csera (kp, = 0), 1 0OHO TOTJa 3aIUIIIETCA:

df(t)
dt

Hna pemtenusa ypaBHeHuA (8) HeoOXoaAMMO yKasaTh 3HaueHudA f(f) B
HeKOTOPbIH (HauaJlbHBIN) MOMEHT BpeMeHU. CpaBHeHIe pelleHunusa ypas-
HeHusd (8) u ero TMHeapU3UPOBAHHOTO BapuaHTa (T.e. 0e3 yuera mocaes-
Hero cjaraeMoro B mpaBoi uacTu (8)) moKas3LIBaeT, YTO B CJydae pac-
cMoTpeHHUs 00JIacTH BpeMeH pesakcanuu f(t) 6oapmux 107 ¢ mpu yka-
3aHHBIX BBIIIIE 3HAUYEHUAX KOHCTAHT CKOPOCTEH IIepexom0B BMECTO
ypaBHeHus (8) (c Tounoctrio 0,1% He xXy:Ke) MOKHO MCIOJIBL30BATh CO-
OTHOIIIEHHIE:

[kABf(t) - kBA Bp ]f(t) +—

+ Ry, —(Byp + R, 5)F(). (7)

=kpy + (Bgy + Rpp —Ryp —kyp)f(E) - kAsz(t)’ (3

0=k, + By, + Egp — Byp — k) (2) (9)

13 KOTOPOI'O CJIEAYeT:

k BA
ﬂ”_@@+@w—k — kg (19

BA ‘BP

IIpu caemaHHBIX IPEAIIOIOMKEHUAX, UCIIONL3Y S JaHHbBIE O BRINYNHAX
ki, 3aBI/ICI/IMOCTL (10) saBiseTCA MOCTATOYHO TOYHOM II0 MCTEUEHUU BpPe-
menu ~ 107 ¢ mocsie BBIKJIIOUEHHMA SKCIIOHUPOBAHUSA 00pasiia BO30Y:K-
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K(t), ¢!

0,1

0,01

0,001 01 10 1000 ¢

Puc. 4. 3aBucrMOCTh M3MEHEHUsI [IOTJIOIIEHNSI BOSHOIO PACTBOPA KOMILIEKCOB
PII, BwimenenHbix u3 (orocuHTeTHYECKUX MeMmOpad KjeTok Rhodobacter
sphaeroides mociie BHIKJIIOUEHNS BO30YKIAIOIIEr0 CBETA IIPY PA3HBIX BPEMEHAX

sxcrosunmu (1, 5, 10, 20, 30, 40, 50, 60, 90, 120, 300,600 ¢) u I = 20 mBrt/cM?.

maromuM cBeroMm. IIpoBojsi masibHeHIIMe YIIPOIEHUS, OTHOIIEHNE
DJIEKTPOHHBIX 3aceIeHHOCTell ypoBHEH Qp 1 Q, MOXKHO NIPEACTABUTEL B
CJIeAYIOIIEM BUJIE:

k k

f(t)=—"% u q,(t) = —"4q5(). (11)
kAB kAB

HUcnonbayem coorHornenue (11) mpu aHanamse mepBOTO M3 YpPaBHEHUH

(3), 3amMcaHHOIrO OAJA CJAy4yass OTCYTCTBMUS BO30VKIAIOIIEro CBeTa
(Bps = 0) u ypaBuenus (4). Torma st ypaBHeHUS MOKHO 3aIIMCATh TaK:

dp(t k. k. +Ek, .k
% =k, () + kypqy, (1) = 22A—20B0q (1), (12)
t k,,
k k., +k
p(ﬂ"‘ﬁ%(t)‘*%(t) = P(ﬂ‘*‘%q}g(ﬂ =1. (13)
‘AB ‘AB

IOns PI[ xapakTepHBIM sSBJIfAeTCA cJeqyiolllee COOTHOIIEHMe
Bap o 10* ¢ '>>kp, o< 10 ¢! ciemoBaTensHO, BMecTo (13) MoKHO mC-
HOJB30BATE:

p@)+qz(t) =1, (14)
YTO MO3BOJIAET ypaBHeHUe (12) mepenucars caenyIONIUM 06pa3oMm:

dp(t) _ Eipkss + Rypkp

pr o (1 - p(2)). (15)

YpaBuenue (15) B COBOKYIIHOCTH ¢ HavaJbHBIM ycaoBueM p(t =0)=p,
OmHMCchIBaeT KMHETUKY cucTeMbl PI mocse BEIKIIOUEHMS BO30Y K Ia0IIIe-
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ro cBera. IlapameTp p,, oIIpeesigeTcsa 3aCeJIEHHOCTBIO JOHOPA SJIeKTPO-
HOB B MOMEHT BBIKJIIOUEHUS CBETa. ITU COOTHOIIEHISI 00yCJIaBJIUBAIOT
BO3MOJKHOCTH OIIMICAHUWSA TPEXYPOBHEBOM cucTeMbl BoccTaHoBJIeHUA PI]
KaK JBYXYPOBHEBOM! CHCTEMbI IIPY MCIIOJb30BAHUU BPEMEHHBLIX MHTEP-
BasoB 6oabmux 0,001 c. B aTom cayuae xKoHcTaHTa (R,p) CKOPOCTH TIE-
pexona 3JeKTpoHa ¢ aKkilenTopa (ImHaMuuecKkoe o0benuuenue Q, u Qp)
Ha JOHOP OIPeNedeTCA BEIPArKeHueM:

k — kAPkBA + kABkBP
‘AD k *
‘AB

(16)

TakuMm o0OpasoMm, IJid WCCJENOBAHUA AWHAMHUKU DPeJiaKCaruu II0-
raomieHud pacTBopa Pl MoKHO mMCIoIb30BaTh YpaBHEHUE:

dp(t) _ _
“di =k, ()1 - p(?)). (17

Bujg KoHCTAHTHI CKOPOCTH BO3BpATa 3JI€KTPOHA Ha AOHOD k,, omrpese-
asiercst cooTHolmenmeM (16) ¢ HaYaJIbHBIM yCJOBHEM p,. Takum obpa-
30M, BEJIUUUHBI K, U P, ABIAIOTCA eINHCTBEHHLIMU XapaKTePUCTUKA-
MU, KOTOPbIe MOT'YT OBITh OIpeAeJIeHbl U3 S9KCIIEPUMEHTOB II0 MCCJIeI0-
BAHUIO peJlaKcalluu IorjolneHus pacteopa PII, mocie mpekpaiiieHuns
ocBemeHus: PII Bo3OGy:kgaromium cBeToM. IIpu caenaHHBIX TPENIIOJO-
JKeHUAX 3a7aua CTAHOBUTCSA SKBUBAJEHTHON CHUCTeMe YPaBHEHU, OIH-
CBHIBAIOIIUX ABYXYPOBHEBYIO cucteMy [2, 5]. IloBTOpeHME IPOBEIEHHOTO
aHaamusa B cayuae I # 0, TOKa3bIBaeT, YTO KUHETHUKY 3JIEKTPOHHOM 3ace-
JIEHHOCTH P MOJKHO OIIMCATh YPaBHEHMUEM:

LD — —Fap(t) + by (01 - PO (18)

rIe 0. — KO03(PUITMEHT SKCTUHKIINY, B 9KCIIEPUMEHTAIbHO UCCIeTyeMOT
00JIacTH MHTEeHCHUBHOCTeH cBeTa (He mpeBbimaromiei 20 Br/m?) mpaxktuue-
CKHU He 3aBUCHUT OT MHTEHCUBHOCTHU I, a Koo PUIIHUEHT K, B 9TOM cayUae
MOXKeT OBITH OIpeJeJsieH ¢ MOMOIbIo ypaBHeHUA (8). [lomomHUTETEHBIM
MIPEeIIOJ0KeHEeM SABJSeTCA NOIYIIeHNe 0 TOM, YTO K0oa(hPUIlueHT sKe-
TUHKIIUY He 3aBucUT OoT BpeMmeHU [H]. Takum o6pasom, B paccMaTpuBae-
MOI Mozesu ocobeHHOCTH KnHeTnKH Pl ommmchiBatoTCsA ¢ TOMOIIBIO KOH-
CTaHTBI CKOPOCTU 00PATHBIX MIEPEeX0I0B, 3aBUCAIIINX OT BpEMEHH.
IIpormeccrl, mpoucxomamime B Kommiaekce PIl mpu BBIKJIIOUEHUU OC-
BeIlleHNs, OMHCBhIBaloTCsa ypaBHeHmeM (18) ¢ HAYaJIbHBIM YCJIOBUEM
p(t =0)=p,. IIpeacraBaenmne (18) 6bLTIO MCHOJIB30BAHO MPU 00pPabOTKE
MOJYUYEHHBIX 9KCIePUMEHTANbHBIX JAHHBIX, MOJYUYEHHBIX IPHU HCCIe-
JOBAHUY KMHETHUKU BOCCTAHOBJIEHHUS IIOTJIOIIEHUS CBeTa Ha AJIUHE BOJI-
HBI 865 HM 00pasmoB, comep:kamux PIl. lna umcmosrb3oBaHusA IPUBE-
IeHHOH MHMOPMAIUY O IIOBEJeHUH K, A5 U3YUeHUA KOHCTAHT CKOPO-
cTeil mepexofioB k;; HeoOXoAMMAa JONOTHUTeNbHAA NH(GOPMAIUA O IIPO-
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mmeccax sJeKTpoHHOro TpaHcmopra B PII.

4. BBIBOABbI.

1. YcTaHOBJIeHA CYIIleCTBeHHAs 3aBUCHUMOCTH OT BpPeMEHU KOHCTAHTBI
CKOPOCTH Tepexoja 3JIEKTPOHA C aKIeIITopa Ha JOHOP IPU BBLIKJIIOUEH-
HOM BO30Y)KIAIOIeM CBeTe, UTO XapPaKTepPHO Iad IUPPY3HMOHHO-
KOHTPOJINPYEMBIX IPOIIECCOB.

2. B Teuenne nmepsuix 0,1—2 ¢ 3HaUueHHe KOHCTAHTHI CKOPOCTH IIePexo-
OB 9JIEKTPOHOB MaKCUMAaJbHO 1 ITPAKTUYECKHU He 3aBUCUT OT BPpeMeH!,
II0 MCTeYEeHUMN STOTO BPEMEHHOTO MHTepBajia 3a BpeMsa ~ 1—3 ceKyH[I
IIPOMCXOOUT YMEHBbIII€HNE BEeJINYNHBI KOHCTAHTHI Ha 2—3 IIopdaAgKa, II0-
cJie Uero sHaueHre KOHCTAHTEI CKOPOCTH IIEPEX0I0B 3JeKTPOHOB OCTAET-
CdA IIPAKTHUYECKHU IIOCTOAHHBIM, UYTO I'OBOPUT O HEM3MEHHOCTHU CBOMCTB
PII B aTOM nHTEpBaJje BpEMEH.

3. TpexypoBHeBasa momenb P1] mo3Bosmia yCcTaHOBUTD:

a) UTO OTHOINIEHWE CTAIlMOHAPHBIX JJIEKTPOHHBIX 3acejeHHOCTeld
YPOBHEN MEePBUUYHLIX M BTOPUYHBIX XNHOHOB Q, U Qp TP BKJIIOUEHHOM
BO30Y:KIaI0IleM CBeTe He ONMMCLIBaeTCsA COOTHOINeHWeM BoJbliMaHa u
3aBHCUT OT NMHTEHCHBHOCTHU CBETAa,

0) KOMOMHAIINIO KOHCTAHT CKOPOCTEH IpoIieccoB mpoxoaamniux B PII,
KOTOpas 9KCIEePUMEHTAJIbHO OIIpelesAeTcs IPU NUCCIeTOBAHUY KUHETHU-
KU IIOTJIONTeHNA 00pasIia Imocje BEIKJIIOUEeHU I 9K CIIOHNPYIOIIEro cBeTa.

ODUTUPOBAHHAS JINTEPATYPA

1. J. M. Olson and J. P. Trornber, Membrane Proteins in Energy Transduction
(Ed. R. A. Capaldi) (New York: Marcel Dekker: 1978), p. 279.
2. A. B. Py6un, Buogusurxa (MockBa: MockoBckuii yausepcuret: 2000).

3. B. A. Illysanos, B. A. Kanumos, Buogusukxa, 32, sein. 5: 814 (1987).

4. M. A. 3a6osoTHzsiil, E. A. Aaapees, 0. M. Bapa6ain, E. JI. Maptunuyk, A. U.
CokouioB, Hanocucmemu, Hanomamepiaiu, HaHomexHoaozii, 6, sum. 1: 277
(2008).

5. A. O. Goushcha, V. N. Kharkyanen, G. W. Scott, R. Alfred, and A. R.
Holzwarth, Biophysical Journal, 79: 1237 (2000).



