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B pa6ote ucciiemoBaHbI IIPOLECCHI 3JIEKTPOHHOTO TPAHCIIOPTA B XJIOPOILIACTAX ABYX KOHTPACTHBIX BUIOB
TpalecKaHLIMU, TeHEBBIHOCIUBOTO Buna Tradescantia fluminensis n cBeromobuBoro Buna 1. sillamontana,
BBIpAlllEHHBIX B YCIOBUSIX YMEPEHHON UM CUJILHOM OCBEILIEHHOCTH. B KauecTBe mokasaresieii, orpa-
XKaplux GOTOXMMUYECKYI0 aKTUBHOCTh (poTtocucteMmbl 2 (PC2), UCIOIB30BaIU MMapaMeTphbl OBICTPOIt
(OJIP-tecT) u MemieHHOM nHAYKLUKU dayopecueHuuu (MUD) xnopoduiia a B XaopoIuiacTax in vivo
u in situ. TTo kuHeTnke MU ® onpenensin koadduimeHT HeOTOXMMUYECKOTO TYLIEHUST (PIIyopeCcLieH-
LUK xjopoduiia a, 06eCceynBaoIIEro 3aluTy (POTOCUHTETUYECKOrO ariiapaTa OT CBETOBOIO CTpecca.
3a ¢yHkimonupoBanueM porocuctemsl 1 (PC1) cnennnu 1Mo KUHeTUKE (GOTOMHIYLIUPOBAHHBIX U3MEHE-
HMI1 penokc-cocTostHust Py — peakunonnoro nentpa @ C1, pernctpupyeMoit METOIOM 3JIEKTPOHHOTO ITa-
paMarHuUTHOro pe3oHaHca. [TokazaHo CyllleCTBEHHOE pa3JInyre B IMHAMUKE U3MEHEHU I (DOTOCUHTETUYEC-
CKMX IOKa3aTejieil TEHEBBIHOCIUBOTO 1 CBETOJI00MBOI0 BUAOB TPAAeCKAHIIMU B YCIOBUSIX IUIMTEILHOM aK-
KIMMaLUN pacTeHuil (10 5 MecsileB) K yMepeHHoi (50—125 MxMoib GoToHOB M2 ¢ 1) min cuabHOM
(850—1000 mMxMmoib oToHOB M 2 ¢~ !) ocBelieHHOCTH (POTOCHHTETUUECKM AKTUBHBIM OEJIBIM CBETOM.
YV cBetomoobuBoro Buaa 7. sillamontana GoTocMHTETUYECKME TTOKA3aTEIN XJIOPOIIACTOB MPU aKKJIUMAaLIUU
pacTeHUit K yMEpEHHOMY U K CUJIbHOMY CBETY M3MEHSUIMCh HE3HAYMTEIbHO. DOTOCMHTETUUECKIE XapaK-
TEPUCTUKU JIUCTbEB TeHEBBIHOCAUBOTO Buna 7. fluminenesis 4yBCTBUTEIbHBI K YCIOBUSIM OCBEILIEHUS, YTO
CBUIETEIBCTBYET 00 OCaa0aeHNY (DOTOXUMUUECKOI aKTUBHOCTH IIPU MOBBIIIIEHNY UHTEHCUBHOCTHU CBETA
NpU aKKJIUMaLUU pacTeHuit. D deKT ocaadieHus POTOCUMHTETUYECKUX MoKa3aTelieii IMCTheB ObLI 00pa-
TUMBIM — IapaMeTphl (QJIyOpECLIEHIIMN BO3BPAIIAIMCH K UCXOAHOMY YPOBHIO ITOCJIE OCJIa0JIeHUS CBETA.

KioueBblie cioBa: TpaaceCKaHI M, TEHEBBIHOCJIMBBIA U CBETOJIIOOUBBINA BHUbI, aKKJIMMalud, MHAYKIIWUA

dayopecueHunu xiaopodpuia, DI1P
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BBEJEHUWE

DdoTocuHTE3NpPYIOIINE OPTaHU3MBI OKCUT€HHOTO
Tuna (pacTeHusl, BOIOPOCIM, IMaHOOAKTepHU) CO-
JiepXaT MUTMEHT-0eJIKOBbIe KOMITJICKCHI IByX TUIIOB —
dorocucremy 1 (PC1) u porocucremy 2 (OC2),
KOTOpEIE TTOTJIOIIAIOT CBET U 00eCIIeUYnBAIOT TIepe-

Cokpaienust: BU® — GeicTpast UHAYKLUS (DIyOpeCLEeHILINH;
BC — Genpiit cBet; IKC — manbHuUit KpacHblil cBeT; MUD —
MenjieHHas MHAyKuus dayopecueHunn,; HOT — Hedboroxu-
Mudeckoe TyieHue; Py, — MepBUYHEBIN JOHOpP 371€KTpOHA B
dotocucreme 1; CC u YC — CUIbHBINA U YMEPEHHBIN CBET CO-
otBeTcTBeHHO; PCA — doTtocuHTeTIeckuii ammapat; PCl u
®dC2 — dotocucrema 1 u dorocucteMa 2 COOTBETCTBEHHO;
DT — uens anekrpornHoro TpaHcropta; LHKB — nmukn Kanb-
BuHa—beHcoHa; X1 — xjmopoduit; DI1P — aeKTpoHHBIN Ma-
paMarHuTHbBIN pe3oHaHc; NPQ — koadduinmeHT HehOTOXU-
MMYECKOro TylleHus uyopecueHunu; Pc — ruiacrounaHuH;
PQ — mutacToXuHOH; gg, g7 ¥ q; — Tpy KOMIIOHeHTHl NP Q.
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HOC 3JIEKTPOHOB OT BOIbI, pa3naracmoit B ®C2, x
NADP" — KOHEYHOMY akKIIENTOpPY 3JIEKTPOHOB B
DCI. INepeHOC 31EKTPOHOB IO LEMU 3JIEKTPOHHOTO
tpancnopra (LIOT) mpoucxomurt ¢ ydyacTUeM ILIMTO-
XPOMHOTO bgf-KOMILIEKCA U TTIOJBUXKHBIX DJIEKTPOH-
HBIX IEPEHOCUYMKOB — IJIACTOXMHOHA U IIaCcTOLIMA-
HuHa [1—6]. ¥V pacrenuii nepenocuuku LIOT BcTpo-
€Hbl B TUJAKOUIHBIE MeMOpaHbl XJIOPOILIACTOB.
dyukuuonupoBanue LIDT npuBoaUT K reHepauu
mpauc-TUIAKOUITHOI pa3HOCTU SJIEKTPOXUMUYUECKUX
MOTEHUMAJIOB UOHOB Bonopoaa (Ally,), SIBISIIOIIECH-
Cs1 UICTOYHUKOM SHepTruu ajisl padotel AT P-crHTa3b1
[7-9]. ATP u NADPH — makpoapruyeckue npojayk-
THI “CBETOBBIX” cTamnii (hOTOCHMHTE3a, NCITOIB3YIOT-
¢ B peakusix nukia KamssnHa—beHcoHa mis puk-
cauuu CO, u cuHTe3a yrieBonos [10].



BIIEKTPOHHBIM TPAHCIIOPT B MEMBPAHAX XJIOPOIIJIACTOB 93

CtpykTypHasi opraHusainus ¢hpoTOCUHTETUYECKO-
ro ammapata (MPCA) pacTeHMii XOpOIIO HM3ydeHa.
B Hacros111ee BpeMsi OHOM U3 OCHOBHBIX 3a7a4 OMO-
bU3UKKU 1 OMOXUMUM (DOTOCUHTE3A SIBJISIETCS BbISICHE-
HYE MEXaHU3MOB PETYJISIIUU JIEKTPOHHOTO TpaHC-
nmopra B XJoporjacTtaXx. B NpUpoOaHBIX YCIOBUSIX
MHTEHCUBHOCTb U CIIEKTPaJbHBII COCTaB CBETa Me-
HSIIOTCS B T€YEHUE CYTOK M 3aBUCAT OT MOTOAHBIX
ycinoBuii. HegoctaTtok cBeTa yMeHbIIaeT MPOAYKTUB-
HOCTh poTocuHTe3a. M30BITOK cBETa MOXET IPUBO-
JIUTh K JECTPYKTUBHBIM MpolieccaM, HalIpUMep, BbI-
3bIBaTh OKMUCJIUTENIbHbBII CTpecc U HapyllleHrue pabo-
Tel ®CA pactenwuii [11, 12]. B xome Guosiornueckoii
3BOMIOLMHU (POTOCUHTE3UPYIOIIME OPTaHU3MBbI BBIpa-
0OoTalM MeXaHWU3MbI, MO3BOJISIIOIINE ONMTUMU3UPO-
BaTh OMO3HEpPreTUYeCcKue MpolecChl MpyU BapbUPO-
BaHMU BHEIIHUX ycJaoBUlt (ocBeuieHue [13], Temme-
patypa [14—17]). DT MexaHU3MBbI 00OECHEeUMBAIOT
“ObICTPYIO0” (CEKYHIBI-MUHYTHI) U “IOJTOCPOYHYIO”
(4achl-CyTKHU) peryisiuio oTocuHTe3a. “bricTpbie”
MPOLIECCHI PETYJISLIMU OCYIIECTBISIOTCS 3a CUeT 00-
paTHBIX CBSI3El, BIUSIONINX Ha: /) akTUBaLUIO/IeaK-
tuBanmio peakuuii LIIKbB [18, 19], 2) pH-3aBucumyio
perynsinuio padbotel LIDT [20—23], 3) nepepacnipene-
JieHue TomiomaemMoi sHepruu ceeta mexny @C1 u
DC2 [24], 4) cTpyKTYypHO-(YHKIMOHAILHbBIE Mepe-
crpoitku @CA B MembOpaHax [25—29]. “Jlonrocpou-
Hble” MEXaHU3MBbl PETYJISIIUU CBSI3aHBI C CUHTE30M
Wy aerpagauueit Tex cocrapisitomx @CA (BKitouast
MATMEHT-0€JIKOBbIE KOMILJIEKCHI), KOTOPbIE BIUS -
JOT Ha “apxuTeKTypy”’ U QYHKIIMOHAJIbHEIC CBOMCTBA
xaoporaactoB. CITocOOHOCTh pacTeHU MpUCITOcad-
JIMBaTbCsl K W3MEHSIIOIIMMCS YCJIOBUSM BHEIIHEN
cpenbl orpeaelsieTcss BUaoM pacteHuii [30].

B KOHTEKCTE 3a1a4i 0 MEXaHU3MAaX aKKJIMMaLUK'
pacTeHuit K yCIOBUSIM OOMTaHUSI HECOMHEHHBIN UH-
Tepec TMPeaCTaBsieT CpaBHUTEIbHOE HCCIeI0BaHUE
OJIM3KOPOACTBEHHBIX BUIOB PACTEHUM, MpUHaJIe-
XKammx K “KOHTpACTHBIM® BUAaM (HaIIpUMep, BUOEI
pacTeHuit OHOTO poja, MPUCIOCOOIEHHbIE PACTU B
TEHEeBbIX YCIOBUSX WX MPU UHTEHCHBHOM OCBeEllle-
Huun). Panee Hamu ObUIM M3y4eHBI (POTOCUHTETUYE-
cKue TokKazaTesv AByX BUIOB TpadaeckaHuuu (Trad-
escantia) — TeHeBbIHOCJIUBOTO BUna 7. fluminensis
(PHAEMUYHBINM BUII, TIPOM3PACTAIOIINI BO BJIAXKHBIX

! Comacro OOLIENPUHSITON TEPMUHOJIOTUHU, TEPMUH “aKKJIU-
Malusi” OTHOCHUTCSI K IIpolieccaM IPUCIOCOOIeHUs] pacTeHUM
K YCJIOBUSIM MX TNpowuspactaHusi (OCBElLeHUe, TeMmreparypa,
BJAXKHOCTb, PEXXKMM IMUTAHUS U T.A.). TepMuHOM “amanrauus’
Ha3bIBAIOT MPOLIECCHI, CBSI3aHHBIE C BUA0OOPA30BaHUEM B XO/I€
Ounoornyeckoi spoonun. B HacTosIeit padoTe cpaBHUBa-
[OTCsI nBa BUna pacteHuii pona Tradescantia (T. fluminensis v
T. sillamontana), NOSIBUBIIKXCS B pa3HbIX peTMOHAX U pa3inya-
FOIITUXCST TIO CTPYKTYPHO-(YHKIIMOHAIBHBIMU CBOMCTBaM. MBI
TaK>Ke HCIIOJIb3yeM BhIpaKeHMe “afganTalysi oopasia K TEeMHO-
Te”, MoApasymeBas, 4To 1ocje KpaTkoBpeMeHHOro (1—2 MuH)
MPeABaPUTEILHOTO OCBEIICHUSI, BBIMOJHSIBILIETOCS ISl CTaH-
NapTU3alUU YCIOBUI 9KCIIEPUMEHTA HETTOCPENCTBEHHO Meper
M3MepeHUsIMU, oOpa3ell JIMCTa HaXOIWJICSI OTIpeieJIeHHOE Bpe-
MSI B TEMHOTE.
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TPOMMUYECKHUX JiecaX I0ro-BoCcToOKa bpasunmn) u cee-
TontoouBoro Buga 7. sillamontana [31—37], uctopu-
YeCKOM POAMHOI KOTOPOTO SIBJISIIOTCS TIOJIYITyCTHIH-
HBIe paitonsl Mekcuku u [epy [38]. Apyroit mpumep
MOIOOHOro poAa MCCAeIOBAaHUIT — CpaBHUTEIbLHOE
n3ydeHne cBoiictB MCA nByx BUIOB pacTeHU poja
Cucumis, TIpO3pAaCTAOIINX B palioOHAX C XapKUM U
YMEpEHHBIM KJIMMAaToOM; K HUM oTHocsaTcsa C. melo
(abtHst) u C. sativum (orypelr). C MOMOIIbIO JIUTTUIO-
pPacTBOPUMBIX CITMHOBBIX 30HIOB paHee ObLTN U3yde-
HBI CBOIMCTBA MeMOpaH XJIOPOILJIACTOB, BbIIEIEHHBIX
M3 IIPOPOCTKOB ABIHU U OI'yp1ia, BEIpAIlIeHHBIX B O~
HAKOBBIX 3KCIEPUMEHTAJILHBIX yciaoBusax [39]. Ilpu
5TOM, OJHAKO, 0Ka3aJl0Ch, YTO TEPMOUHAYLIUPOBAH-
HBIC CTPYKTYPHBIE ITePeX0libl B THJIAKOUIHBIX MEM-
OGpaHax XJIOPOILIACTOB IBIHU MTPOUCXOIST IIpU Gonee
BBICOKMX TeMmnepaTtypax (=35°C), yeM B XJIOpoOILIa-
crax orypua (~20—25°C). OueBUIHO, UTO 3TO Ha-
OmoaeHWe — OTpaxkeHUe TOoro (akra, UYTO IbIHS
(C. melo) nipucriocodbmach ImpouspactaTh Ipu CpaB-
HUTEJILHO BBICOKMX TeMIIepaTypax, XapaKTePHBIX IS
KapKoro KjiimMaTa B MECTaxX IMPOUCXOXICHUSI 3TOTO
BHUA.

B Hacrosmieit paboTe puBeaeHBI Pe3y/IbTaThl CpaB-
HUTEJIBbHOTO UCCIIeNOBaHUSI IMHAMUKY aKKJIMMAalluU
JIMCTHEB IBYX “KOHTPACTHBIX” BUIOB TpameCKaHIINU
(T. fluminensis n T. sillamontana), pouncxomsIein
MpyU JOJATOBPEMEHHOM (MecCslibl) BbIpalllMBaHUU
PacCTEHUI MPU BBICOKOM MJIM HU3KOM MHTEHCUBHO-
ctu cBeta. Hambosee ysa3BUMBIM IIMTMEHT-OEJIKO-
BbIM KoMmIuiekcoM @ CA pacTeHuii, TOBpeXIaeMbIM
IIPU CBETOBOM CTPECCE WJIM IIPU ITOBBIIIIEHUN TeMIIe-
patypsl, aBiasietca DC2 [40—44]. Ina onpeneneHus
(yHKIIMOHAJIBHBIX TTOKa3aTesieil, OoTpaXxalolux ak-
tuBHOCTL D C2 B XJIOpoIacTax in situ (JIUCThbsI pacTe-
HUIT), Mbl U3yYaJIM MTHIAYKIAIO (hJIyOPECLIEHIINM XJI0-
poduiia a (XJ1 a), UCITyCKaeMOil B OCHOBHOM ITWT-
MEHTaMHU cBeTocoOuparoleit anteHHbl PC2 [45—48].
OueHuBaIM TakXe BKJIad HE(POTOXMMUYECKOTO Ty-
menus (HOT) payopecuenumu X1 a, oTpaxKaloiero
3(pPEeKTUBHOCTD 3alIUTHBIX MEXaHU3MOB, 00YCIIOB-
JIEHHBIX YCUJIEHMEM OUCCUMAINU U30BITKA SHEPTUU
B cBeTocoOuparouieii antenHe ®C2 [42, 49—53]. Uc-
MoNb3ys (PIyopeclieHTHbIE METOAbl aHajn3a, MbI
U3Y4YIM u3MeHeHus s3dpdexkTruBHOCTU paboTel D C2
u reHepaiuu HOT B xoae miuTeabHOM (HECKOIBKO
MecseB) akkmuMauumn 1. fluminensis n 1. sillamon-
tana K CBETY BBICOKOM MJIM HU3KOW MHTEHCUBHOCTH.
B nomonHeHue K 3ToMy, Mbl MCCJIeTIOBaJIM (PYHKIIMO-
HupoBanue MCI1, peructpupys peloKc-IIpeBpalie-
HUS HOTOPEAKIIMOHHBIX LIEHTPOB Py, (TMepBUYHBIHI
noHop anektpoHa B MC1) MeTOIOM 3J1€KTPOHHOIO
mapaMarHMTHOTO pe3oHaHca. Halnum ucciemoBaHus
IMoKa3ajayd, YTO C YBEJIMYECHHEM IIMTEIbHOCTH aK-
KJIMMalluy TEHEeBBIHOCIUBBIX pacteHuit 1. fluminen-
SIS y HAX YCUJIMBAETCS 3allIMTHAST peaKILUsI, IIPOSIBIIs-
fomasics B reHepanust HOT yxe mpu yMepeHHBIX
morokax csera (~200 MkMoiub (GOTOHOB M2 ¢ 1),
B pesynbraTe mmmtenbHOM akKJIIMMalny (oosee 2 Mecs -
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IIEB) K CBETY BHICOKOI MHTeHCUBHOCTH (=500 MKMOJIb
doronoB M2 ¢ 1) xnopormactel 7. fluminensis ObICT-
pee TepsoT (POTOXMMUYECKYI0 aKTMBHOCTD, YTO HE
XapakTepHO IJIs1 cBeTotoOuBoro Buna 1. sillamon-
tana. OcnabieHne (HOTOXMMUYECKON aKTUBHOCTU
DCAYy T fluminensis o6paTMMO — MOCJIe BO3Bpallle-
HUSI K CBETY yMEPEHHOM MHTEHCUBHOCTHU UX (POTOXM -
MUYecKasi aKkTUBHOCTh BOCCTaHABIMBAETCS IO YPOB-
HSI, XapaKTepHOTO ISl pacTeHWH, aKKIMMUPOBaH-
HBIX K YMEPEHHOMY CBETY.

MATEPHAJIBI U METObI

Pacrenus. OObeKTaMM MCCICAOBAHUS CITYKWIN
JmcThs TpaneckaHuuu 1. fluminensis u 1. sillamon-
tana, monydeHHBIe 13 [1TaBHOTO OOTAHMYECKOTO cajga
Poccuiickoii akageMun Hayk. PacTeHus BeIpallivBa-
JIX B IOYBEHHOM KyJIbType IIPpY KOMHATHOI TeMIlepa-
Type (24—26°C) M OTHOCUTEIBHOI BiIakHOCTH 40—
60%. Topliku ¢ pacTeHUSIMU TTOMEIIATA B TEMHYIO
KaMepy, BHYTPY KOTOPOii ObUIN IBa OCBEIIAEMBIX OT-
CceKa, pa3auyvalolIuXCs MO MHTEHCUBHOCTU CBETa.
HUcrounukom cBeta ciayxuia gamna “YCC 90 maru-
crpans 1”7 (OO0 “TI ®OKYC”, Poccus), ykom-
IUIEKTOBaHHAsI O€JIbIMU CBETOAMOIAMU C IIBETOBOM
temriepatypoii 5000 K (Nichia, fAmnonus). Crek-
TpaJIbHbIMA COCTAaB 3TOM JIAMIIBI BKJIFOYAET KOMITOHEH -
Thl CUHETO, KPAaCHOTO U JAJIbHETO KPacHOIO CBETa,
HeoOXoAMBbIe i1 HOPMAJIBLHOTO POCTa U Pa3BUTUS
pacteHuii. UHTeHCUBHOCTH OCBEILCHUST U3MEPSLIN C
nomoinbio kBaHtoMerpa Li250A (LiCOR Biosciences,
CIIA). AnuTebHOCTh CBETOBOIO MEeproia B JHEBHOE
BpeMs1 cocTaBisia 14 4. [ToToku cBeTa OBLIM paBHBI
800—1000 MxMOIL HOTOHOB M 2 ¢~ ! (“CHIIBHBII” CBET,
CC) w1 50—125 MKkMoib GOTOHOB M2 ¢! (“yMepeH-
He1i1” cBeT, YC). s nuaMepeHunii GpoTOCUHTETHUYE-
CKUX MoKa3aTeJiell JIMCThEB HMCIIOJAb30BAJId BTOPOM
WJIV TPETUI 3PEblii JIUCT, paCOJOXEHHBIN B BEPX-
Hel yacTtu modera. I1pu n3aMepeHMsIX XapaKTepUCTUK
JcTa omo@uU3NdIecKNMU MeTomaMu (hIIyopecleHT-
HbI aHanu3 U DOITP) obpazen ocBemanu ¢ abakcu-
aJIbHOM (DOp3aIbHOIT) CTOPOHBI JIUCTA, 00paIlle HHOMI
B CTOPOHY BEPXHEro aruaepMuca. belio mpoBeaeHoO
HECKOJIBKO Cepuil IJUTEIbHBIX AKCIIEPUMEHTOB MO
aKKJIMMalUY UISI Pa3IMYHBIX ITOCAI0K pacTeHUI B
Be€CeHHe-JIeTHe-0oCeHHuiT ce30Hbl 2015—2022 r1r.
OO011re 3aKOHOMEPHOCTHM AWMHAMHUMKUA W3MEHEHUI
Onopu3NIECKUX IT0Ka3aTesieil JTUCTheB ABYX BUIOB
Tpageckanuuu, 1. fluminenesis w 1. sillamontana,
U3Yy4YEHHBbIC B pa3Hble CE30HbBI, ObLIM ONMHAKOBBIMU.
B Hacroseit paborte o1 WUTIOCTpallii 3THX 3aKO-
HOMEPHOCTEN MBI IIPUBOAUM PE3YIAbTaThl UCCIEI0-
BaHUi1, mpoBeaeHHbIX B 2019—2021 rr.

HN3mepenus dayopecuenmmm, onpeneieane HDT.
Dnyopecuennuio X1 a in vivo U3MEPSUTA C TTOMOIIBIO
PAM-dnyopumerpa monenn FluorPen FP100 (Pho-
ton Systems Instruments, Yemickast pecrny0Jiuka),
Kak ommcaHo paHee [32—37, 54]. CriekTpBl Helpe-
PBIBHOTO AeicTByIomero (“aKTMHUYHOIO”) CBETa U
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CJIabOro MMITYJIbCHOTO M3MEPUTEIbHOIO CBETa, BO3-
oyxparoliero giayopecueHInu0 X1 a, UMeJId MaKCU-
MyM 1pH 475 HM U TIOJIyIIMPUHY CIIEKTpaJbHOI IO~
nocel AN, = 25 um. Ilepen Havasom M3MepeHUit
JIMCT TIPEABAPUTEIBHO OCBEIAJIIM AKTUHUYHBIM CBE-
TOM B TeueHHe 1 MUH (U151 cCTaHIAPTU3ALIMU YCIOBUIA
OMBITA), a 3aTE€M BBIICPKMBAJIM B TEMHOTE B TEUCHNE
10 muH. ITapamMeTpbl KPpMBBIX MHAYKLMN (diayopec-
LHeHUUU XJ1 a U HeOTOXUMUYESCKOTO TYLICHUS Iy~
OpECLEeHIINH OIIPEALIISIIN COINIACHO TPAAULIMOHHBIM
IIPOTOKOJIaM, OITMCAHHBIM B paboTax [46—48].

XapakTepHble KMHETMYECKUE KPUBBIC OBICTPOI
nHAyKuu duayopectuenunu (BU®) Xir a mucteeB y
nByx BunoB pacteHuii (1. fluminensis w T. sillamon-
tana), TIpOU3paCTaBIIMX B TeUueHHEe 2 MecslieB Ha
cuibHOM (CC) unu ymepeHHoM cBety (YC ), mokaza-
Hbl Ha puc. 1. U3 kuHetnyeckux kpusBbix BU® BugHO,
KaK M3MEHSIETCSI ypOBEHb (hJIyOpECIICHIIMU BO BpeMs
JIeCTBUST HAChIIAIOIIEH BCIBIIIKA CBETa IJIUTENb-
HOCThIO 2 ¢ (cBeToBOI MOTOK 3000 MKMOJIB (POTO-
HOB M2 ¢ ). Bce 5TH KpUBBIE UMEIOT XapaKTEPHBIE
0COOEHHOCTH (Ieperuobl WM JIOKAJbHBIE 3KCTPEMY-
MHb1), o6o3HaueHHBIe cuMmBoamu O, J, I u P. ITapa-
MeTp F, — HayaJbHbII YpOBEHb (hiiyopeclieHLIMr X @
JIMCThEB, aJaNITUPOBAHHBIX K TEMHOTE. F,, — MakCH-
MaJIbHBI1 YPOBEHb (DIIyOopecleHIIMU, U3MEPEHHOU B
OTBET Ha JeMCTBUE HACHIIIAIOIIEro UMITYJIbca CBeTa.
IMapameTp BapuabenbHOIT (iryopeciieHIN (OTHOLIIE-
Hue F,/F, = (F, — Fy)/F,,) SBIseTCs1 Mepoii MaKCu-
MaJibHOI ¢hoToxMmuueckoil akTuBHoctu @C2 (oT-
HOCUTEIbHBIM KBAHTOBBIM BBIXOJIOM) B JIMCThSIX,
aJanTUPOBaHHBIX K TEeMHOTE [46—48].

Ha puc. 2 nokazaHa TUITMYHAsl KUHETUKA MEIJICH -
Hoit mHaykuuu gayopecuenuun (MU D) X a, BHI-
3BaHHOM JeiCTBMEM HEIPEPhIBHOTO CBeTa (4acTo
Ha3bIBAEMOTO B JUTEpaType aKTUHUYHBIM CBETOM,
actinic light) n mogmaBaeMbIMU Ha ero (POHE KOPOTKM-
mu (1 ¢) Bcrblmkamu cBeta (A, = 475 HM) BBICOKOI

vHTeHcUuBHOCTH (3000 MKMOJIB OTOHOB M 2 ¢ 1),

3uauenust F, u F,, — ypoBHU dilyopecUeHUUN MTPU
JIefiCTBUM MHTEHCUBHBIX BCHBILIEK Ha oOpasell JIN-
CTa, alaliTupoBaHHOTO K TeMHOTe (F},) niau Bo BpeMs

€ro OCBELIEHUSI aKTUHUYHBIM cBeToM (F ). F(f) —
MHTEHCUBHOCTb (pJyopecueHluu, U3MEepeHHOH
HEMOCPEACTBEHHO TIepen MNoaadyeil WHTEHCUBHOM

senbiky. [apamerpsl pg; = 1 — F(1)/F. n qnpQ =

= F;j / F,;l — 1 xapakTepu3yroT TaK Ha3bIBAEMYIO OITe-
panmnoHHy0 3P(EeKTUBHOCTh cpabaTbIBaHUS (HOTO-
xuMmnueckux HeHTpoB P C2 (Ppg ) U k03D GULUEHT
HOT (gnpg), cOOTBETCTBEHHO [46—48].

DJIeKTPOHHDbIN MapaMarHUTHbIA pe3oHanc. HaGio-
Jasi 3a xapaKTepHbIM curHaJIoM DI1P oT oKMCIeHHBIX

LHEeHTPOB Py, MOXHO CIEIUTb 33 3IEKTPOHHBIM
TpaHCIIOPTOM B XJIOpoOIUIacTax in situ [54, 55]. O6pa-
3el] (CBeXeCcpe3aHHbIl KycoueK JIMCTa pa3MepaMu
Ne 2
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Puc. 1. Kuneruka 6picTpoii unaykimu guyopecterHunu (bBUP) xnopodbwina a B iuctbsx 1. fluminensis (a) v T. sillamontana (6),
BBIpALLIEHHbIX B TeueHUe 2 MecsiLeB B yciaoBusix cuiibHoro (CC) u ymepenHoro (YC) ocBelenusi. Mi3mepeHust BBITIOJHEHbI B CO-
OTBETCTBUM C ITPOTOKOJIOM, OIMCAaHHBIM B pa3zaesie MaTtepuaibl M MeToabl. Hauany usmepeHuii npeniiecTBoBaia agantauus oo-
pa3LoB K TeMHOTe B TeueHue 10 MuH. Bee kpuBbie BU® HopMupoBaHb! HA MAKCUMAaJIbHYI0 MHTEHCUBHOCTD (DIyOpeCLIeHINN F .

4 X 25 MM) 3aKpeIuISUTA B XOPOIIIO BEHTWINPYEMOM
JiepxKaTese U TIOMeIIaIn B MPSIMOYTOJbHBIN pe30oHa-
Top cnekrpoMerpa BI1P monemm E-4 (Varian, CILIA).
MouHOCTh MUKPOBOJTHOBOTO U3JIyY€HUS COCTaBJIS-
jga 10 MmBTt, ammuintyga BU-Monynssumu O6b11a paBHa
0.4 MT. O6pasunl ocBemanu 6enpiMm cBeToM (BC,
320 Bt M%), 3(pdeKTUBHO BO30yXIaomumM obe do-
TOCHUCTEMBI, WJIM JAJILHUM KpacHbIM cBeToMm (AKC,
Ayaxe = 707 HM, 8 BT M%), BO3OYKIAIOLINM TIPEUMY-
miectBeHHO @ C1. 3a KWUHETUKOM pegoKC-IIpeBpallie-
HuUii Py, cienuiu no u3sMeHEeHUsIM BeJIMYMHbI HU3-
KOTIOJIEBOTO B3KCTpeMyMa IepBOil MPOU3BOAHOIM

curnana DIIP ot Pyy,. YcIoBUS OCBEIEHUS U OCO-
OeHHOCTU perucTpauuu curHajo BIIP B aucThsx
pacTeHul MoaApoOHO oMucaHbl B padote [54].

PE3VJIBTATBI 1 OBCYKJIEHUE
Nunykunusa duayopecuenmyn xiaopodpuina a

bovicmpas unoyxuusa payopecuenyuu. IloxazanHoie
Ha puc. | KUHETUYeCKUe KPUBBIE ObLIM MOJTYYSHBI Ha
BbIC€UKAX U3 JIMCTHEB PACTEHUIT, aKKIIMMUPOBaHHBIX
K YCIOBUSAM “CHIBHOIO” MM “yMEepeHHOro” ocBe-
meHwus. [lepen HayanmoM M3MepeHUit Kaxkablit oopa-
3ell aIarTupoBaiu K TeMHoTe B TeueHue 10 muH. Bee
kpuBble BU® HopMUpOBaHbI HA MAaKCUMAJILHYIO Be-
JIMYMHY curHana F,,. OTu KpuBble UMEIOT ODOIIIME 3a-
KOHOMEPHOCTH: B OTBET Ha KOPOTKYIO BCITBIIIKY MH-
TEHCHUBHOTO CBETA C A, = 475 HM (hJIyopecLeHIs
XJ1 a OBICTPO AOCTUTAET YPOBHSA Fj), a 3aT€M pacTeT 0
MaKCHMMaJILHOTO YPOBHsI P, XxapakTepusyemoro mapa-
MeTpoM F,,, IpoXois TIPU 3TOM Yepe3 TOUKHU Meperu-
0a Wi JIOKaJIbHbIE SKCTPEMYMbI, OTMEYEHHbIE CUM-

BUOJIOTUYECKHUE MEMBPAHBI

oM 40  Ne 2

Bosamu J u 1. ITocioe mocTmkeHUST MaKCUMAaJIbHOTO
ypoBHs1 P HabmonaeTcss HEKOTOPHIN criafd ¢Jiiyopec-
neHnuu. ComracHO OOIIECTIPUHSTOM TOYKE 3pEeHUS,
cragust pocta O—J oTrpaxkaeT BOCCTAaHOBJICHUE MEp-

HemnpepriBHBIN CBET (A = 475 HM)
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Puc. 2. KuHeTuka MHAYKUUU (IYOPECUSHLIMN XJIOPO-
duna a B muctesx 1. fluminensis, BBIpallleHHBIX B yCJIOBU-
SIX OCBELIEHUsI pacTeHU “cuiibHBIM” cBeTOM. M3MepeHust
BBITMOJHEHBI B COOTBETCTBUU C IIPOTOKOJIOM, ONMCAHHBIM
B pasneie “Matepualibl U MeTOObl”. 3Ur3arooopa3HbIMU
CTpeJIKaMM TTOKa3aHbl MOMEHTBI ITOJJa4Yl KOPOTKUX Ha-
CBILIAIOIIMX BCIIBIIIEK CBeTa. BepTUKanbHOI CTpEIKOM
MoKa3aH MOMEHT BKJIIOUEHUsSI HEINpPepbIBHOTO (aKTU-
HUYHOTO) cBeTa. KMHeTMUYecKast KpyBass HOpMUpPOBaHa
Ha BeJIMYUHY F,, omIpelessieMylo YpOBHEM (uiyopec-
LEHLIMM Ha TMepBYI0 HACBIIIAIOIIYIO BCIIBIIIKY, MTOIaBae-
MYIO0 TIOCJIe aanTalyy JUCTa K TeMHOTE B TeueHue 10 MUuH.
Fr — cTauuoHapHbIA YpOBEHb (IyOpeCLeHLUU, yCTa-
HaBJIMBAIOIIUIACS TTocie muutenbHoro (~10 MuH) ocBe-
LLIEHUSI TUCThEB AKTUHUYHBIM CBETOM MHTEHCUBHOCTBIO
800 MKMOIb (POTOHOB em2¢
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Puc. 3. lunamuKa u3MeHeHuit napameTpa F{y KprBoii GbICTPOit MHIYKLNY (IIyOpECLIEHIIMM, U3MEPEHHOTO B JIUCTbX 1. flumi-
nensis u T. sillamontana, Ipon3pacTaBIINX B YCIOBUSIX OCBEIICHUS “CHJIBHBIM” U “yMepeHHBIM” CBeTOM. BepTuKaibHbIe M-

HHNHN — CTAaHIAPTHOEC OTKJIOHCHUE OT CPECOAHUX 3HAUYEHUM, TIOJIYYEHHBIX 0JI1 1 = 4—-8 I/ISMCpBHI/IfI.

BUYHOTO MJ1aCTOXMHOHA PQ,, TPOYHO CBSI3aHHOTO C
dC2 [45—48]. Cnenymouiasg ¢aza pocra curHajia
(yaactok J—I—P), Ha3piBaeMas “teruioBoii a3oir”
dayopecueHuuun [56, 57], oTpaxaeT BOCCTaHOBJIE-
HUE BTOPUYHOro IuIacToxuHoHa PQp (mepeHoc
anekTtpoHa PQ, — PQp) U nanpHeiunil nepeHoc
s51eKTpoHOB B LIDT Mexxay @C2 n DC1, a Takke ne-
pepacnpene/ieHUe MOIJIOLIEHHOU SHEePrUuu MeXIy
DC2 u OC1 [58]. CpaBHuBast KuHeTuKy BU® B -
CThSIX TeHEBBIHOCIMBOTO BUna 7. fluminensis njist pac-
TeHUI, aKKJIMMUPOBAHHBIX B TEUEHUE 2 MECSLEB K
CUJIBHOMY WJIM K YMEPEHHOMY CBETY, MOXHO 3aMe-
TUTb, YTO B TIEPBOM Cjyyae HadyajJbHbIli YPOBEHb
dnyopecueHuuu Fy ObUI BbIIIE, YEM Y JTUCTHEB TOTO
e BUIa, aKKJIMMUPOBAHHBIX K “yMEepeHHOI”’ WH-
TEHCUBHOCTU CBETa. YUUTHIBas1, YTO MapaMeTp F, oT-
paxaeT 3((HEKTUBHOCTh NEpEeHOca YHEPTUN OT CBe-
TocoOuparolleil aHTeHHBI K PEaKLIMOHHOMY LIEHTPY
Pggo [48], MOXXHO MIPETIONOXNUTH, YTO HAOIIOAaEMOE
pazjinyuve SBISIETCS CJIEICTBMEM IMOBPEXIEHUS aH-
TeHHbI @ C2 npu 3KCcro3uuuu TuctbeB 1. fluminensis
K CUJIbHOMY CBeTy (CBETOBOIi cTpecc). DTOro He
MPOMCXOJUIIO B ClTyyae JIMCThEB CBETOJIOOMBOTO BU-
na 7. sillamontana, 9T0O MOXET CBUIIETEILCTBOBAThH O
CPaBHUTENILHO ¢J1ab0ii BOCIIPUMUMUYMBOCTH pacTEeHU
9TOTO BUIA K YCUJIEHWIO MHTEHCUBHOCTHU CBETa TpPU
aKKJIMMAalIUU.

IMapamerpsl kpuBoit BU®D 3aBucaT OT mIUTEIb-
HOCTU aKKJIMMallMd PAcTeHUU B YCIOBUSX pa3jivy-
Hoii ocBelleHHOCTU (puc. 3). Hamu 6bu1u ipoBene-
HbI HaOIIOeHUS 32 (DIIyOpEeCLIeHTHBIMM MOKa3aTeis -
MU JIUCTBEB in vivo (0e3 OTphIBa JIUCTHEB OT CTEOJIsI)
MpU JUIUTEIbHOM KYJbTUBUPOBAHUU pacTeHuit (60-
Jiee 4 MecsilIeB), HAUMHAs C IBYXHEAEIbHOTO BO3pac-
Ta JJUCThEB, KOTAA Y PACTEHU yxke cDOPMUPOBATIUCH

BUOJOIT'MYECKME MEMBPAHBI

JIMCTOBBIC TIacTUHKU. Ha puc. 3a moka3aHbI pe3yiib-
TaTBHl U3MEPEHUI B OMBITE, KOTIa cCHavyaja B TeUeHUE
80 cyTOK pacTeHUsI pOC/IM Ha yMepeHHOM cBeTy (50—
125 MxMonb GOTOHOB M 2 ¢~ 1), a 3aTeM MX Havyaau
ocBelaTh CJILHEIM cBeToM (850—1000 Mmkmomb ho-
TOHOB M2 ¢~ !) TOro e CHEKTPabHOIO COCTaBa.
BunHO, 4TO TIpM BEIpAIIMBAaHUN PAaCTEHW Ha CBETY
YMEPEHHOU MHTEHCUBHOCTU 3HAaYeHUsI TTapameTpa F
y 000MX BUIOB TPaIeCKaHIIMN OCTABAJINCh MPAKTH-
YeCcKM Hen3MeHHBIMU. [lociie cymecTBeHHOTO (Ha
MOPSIIOK) YCUIEHUSI CBETOBOTO ITOTOKA 3aBUCUMOCTH
F, OT BpeMeHU aKKJIMMaluu JUcTheB 1. fluminensis u
T. sillamontana namennnuck. B muctosax T, fluminensis
rmapameTp £, ctajg Bo3pacrarh 10 Mepe yBeITUIeHUsI
IJIUTEILHOCTU akkauMauuu. B otnuuue ot 7. flumi-
nensis, B iuctThax 1. sillamontana CTaTUCTUYECKH 3HA-
yuMoro pocta Fy, He Habonanoch (puc. 3a).

Ha puc. 36 mpuBeneHsl pe3yabTaThl IPYroii cepun
W3MEPEHMI, B KOTOPOI MOCJIeI0OBATEIBHOCTD YCIIO-
BUIT OCBellleHU s Oblla MPOTUBOMOJIOXKHON!: pacTeHUS
CHavaja poCiM Ha CHWJIBHBIM CBETY, a 3aT€M MHTEH-
CHUBHOCTb CBeTa ObLla ocjabieHa. Y TeHEBbIHOCIIU-
BbIX pacteHuil (7. fluminensis) B TeueHUE TMEPBBIX
50 cyTOK pocTa Ha CUJILHOM CBETY lapameTp Fy uzme-
HsUJICSI, HO He3HauuTeabHO. 3ateM mapamerp F, Ha-
yajl 3aMeTHO yBenuuyuBarbcd. Poct F,, Habmonas-
IIMIACS MPU OCBELIEHUU PACTEHUI CUJIBHBIM CBE-
TOM, OBLT oOpaTuMBIM. Ilocie ocnabneHns cBeTa Ha
80-e cyTku BenuuuHa Fj, craja yMeHbLIATHCS, BO3-
Bpallasich K UCXOOAHOMY YpOBHIO F,. B cityuae cBeTo-
mobwuBoro Buna 1. sillamontana, BeIpalimBaeMoro Ha
CUJIBHOM CBETYy, BHadajle HaOII0IaloCh HEKOTOPOE
yMeHblueHue Fy. MoXHO a1ymMaTh, UTO 9TO MPOUCXO-
JIUT MOTOMY, UTO IIpU U30BITKE CBETA B YCIOBHUSIX aK-
Ne 2
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Puc. 4. lunamuka uaMeHeHUit mapameTpa BapuabdenbHoil piyopecuenunu F,/F,, KpUBoit 6bICTPOil MHAYKLIUY QITyopeclieH-
LIMU, U3MEPEHHOTO B IUCThsIX pacteHuit 7. fluminensis v T. sillamontana, npouspactaBlInX B yCIOBUSIX OCBEIIEHUS “CUIIbHBIM
U “yMepeHHBbIM” CBETOM. BepTHKaabHble TUHUU — CTAHAaPTHOE OTKJIOHEHHWE OT CPEIHMX 3HAYSHUIA, TTOJTYYSHHBIX 1T 1 = 4—

8 u3mepeHmii.

KJIMMallMd K CUJIbHOMY CBETY pacTEHUSIM XBaTaeT
KBaHTOB CBeTa JJ1s1 ONTUMAIBLHOTO (bYyHKIIMOHUPOBA-
HUSI, TIO3TOMY UM “BBITOJHO” YMEHBIIUTh YMCIIO
MATMEHT-0EJIKOBBIX KOMIIJIEKCOB, UTOOBI U30€XaTh
HETaTUBHBIX TIOCJIEACTBUII OT CBETOBOIO CTpecca.
ITocne ocnabneHust cBeTa, MO Mepe aKKJIMMAaLUU
pacteHuii 3HayeHue [, Bo3pacraeT, BO3Bpallasich K
HUCXOMHOMY YpOBHIO F,. OnucaHHble U3MEHEHUS Ma-
pametpa F, oTpaxarT NPOLeCChl CTPYKTYPHO-(hYHK-
nroHanbHOM peopranmuzaiuu @ CA, nmpoucxonsiie
B X0oj/ie aKKJIuMaluu pacteHuit. [Ipu aTom, Kak mo-
KazaJiu pe3yJbTaTbl 00euX Cepuil 3KCIIEpUMEHTOB
(puc. 3a n 36), B TUCThSIX TEHEBBIHOCIMBOTO pacTe-
Hus 1. fluminensis ¢dayopeclueHTHbI# napameTp F
oKasbIBaeTcsl 0oJiee YyBCTBUTEIbHBIM K BapuallUsIM
WHTEHCUBHOCTHY CBETa IMPU aKKJIMMAILIMU, YeM B JIU-
CTbsIX CBeTOM00MBOTO Buna 7. sillamontana.

MexBUI0BOE pa3inyve NUHAMUKU W3MEHEHUM
napameTrpa F, Ipu akKKJIMMaIM1 XapakKTepHO U IJIS
BapuadOenbHOI GiiyopeclieHIUU XJI a, omnpenesisie-
Moii kak otHoiuenue F,/F,, = (F,, — F,)/F,. 13 puc. 4
BHUIHO, YTO B TUCTBAX 1. sillamontana 3170 OTHOIIIEHUE
COXpaHsIeTCsl Ha OMHOM 1 ToM e ypoBHe (F,/F,, = 0.78)
HEe3aBUCHUMO OT YCJIOBUI Mpou3pacTaHUsl pacTeHUM
(CUNIbHBIN WA YMEPEHHBII CBET). DTO yKa3bIBaeT Ha
TO, YTO MAaKCUMaJIbHbII1 KBAHTOBBIU BbIXO/ (hyopec-
LeHuMu X7 a B xjaoporuiactax 7. sillamontana octaert-
Csl BBICOKMM Kak TpU YMEPEHHOM, TaK U MPU BbICO-
KOii MHTeHCUBHOCTU cBeTa. B ciayuae 7. fluminensis
HabJonanach aApyrasi KapTuHa: BbIpalllMBaHUE 3THUX
pacTeHUit Ha CUJIBHOM CBETY IIPUBOJIUT K HEKOTOPO-
My TnafieHuIo BapuabenbHoii diyopeciieHuu F,/F,,
YTO OTpaxkaeT yMeHbllleHUuEe (POTOXMMHUUYECKON aK-
tuBHOCTU D C2. YMeHblleHue oTHomeHus F,/F,, 06-

BUOJOTUYECKUE MEMBPAHBI  tom 40  Ne 2

paTUMO, MOCJIe OCIabIeHUsI UHTEHCUBHOCTU CBETa
npu akkauMauuu 1. fluminensis 3TOT ImapamMeTp BO3-
BpalllaeTcs K ucxogHomy 3Hauenuto F,/F,, = 0.78, xa-
pakTepHOMY IJIsl paCTeHU, pacTyIIMX MPU YMEPEH-
HBIX MHTEHCUBHOCTSIX cBeTa (puc. 46). O6paTu-
MocTb 3 dekra ocnabnenus F,/F,,, nporcxoasiiero
npu BeipaluBaHuu 1. fluminensis Ha CUIbHOM CBe-
TY, MOXXET CBUIETEIBbCTBOBATh O (DYHKIMOHATLHOI
“ruokoctn” MCA 3THX pacTeHUI — QPOTOXMMUYECKas
aKTUBHOCTb XJIOPOILIACTOB CPaBHUTEJIbHO OBICTPO
(B TeUeHHE HECKOJIbKUX CYTOK) BOCCTAHABIUBAECTCSI
rocJie ocinabieHUsI OCBEIIEHHOCTH.

Heghomoxumuuecxoe mywenue gpayopecuenuuu. O6-
patumMocTb napametrpoB BU® B muctesix 1. fluminen-
SIS, MPOUCXOASIINX MPU aKKJIMMallMU PaCcTEHUM K
CBETYy pa3InYHON MHTeHCUBHOCTH (puc. 3 u 4), CBU-
JIETEAbCTBYET O PYHKLMOHANbHOM “Tnokoctn” ®CA
9TUX pacTeHMi, KOTopasi mo3BoJsieT 3auinate DCA
oT cBeToBOTO cTpecca. 3amuTta @CA oT TIoBpexae-
HUI IpU M30BITOYHOM OCBEIIEHUM (CUJIBHBINA CBET)
MPOSIBIISIETCS] B YCUJIEHUU HE(DOTOXUMHUYECKOTO TY-
IIEHUST BO30YXXICHUS MOJIEKYJI XJI @ B CBETOCOOMpa-
foueit aHteHHe PC2. KoadduimeHT HeHOTOXMMU-
yeckoro tyuieHus (BeauunHa HOT) moxHo onpene-
JINTh U3 TTApaMeTPOB KPUBOM MeIJICHHON MHAYKIINU
dayopecueHunu (MU D), mokazaHHBIX HA pUC. 2.

Ha puc. 5 nokasaHO KakK MeHsIETCS TapameTp
NPQ B xone ocBelieHus auctheB 1. fluminensis He-
MPEePLIBHBIM (AKTUHUYHBLIM) CBETOM, Y PACTeHWUIA,
AKKJIIMMUPOBAHHBIX B TCUEHUE PA3HOTO BpEMEHMU TTPU
BoeIcOKOI (CC, puc. 5a) unu ymepeHHoii (YC, puc. 56)
MHTEHCUBHOCTHU cBeTa. MHTEeHCUBHOCTh aKTUHUYHOTO
CBeTa, UCITOIb3yeMOTo IpH peructpauv MUD, 6b1a
JOCTATOYHO BBHICOKOM, 800 MKMOJIBL (POTOHOB M™% ¢,
YTO IO TOPSAKY BEJIVUYMHBI COOTBETCTBYET MHTEH-
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Puc. 5. BnusiHue IMTENIbHOCTU aKKJIMMALIMKM PacTeHU I
T. fluminensis, BpipalinBaeMbIX Ha cBeTy cwibHOM (CC) u
ymepeHHo# (YC) MHTEeHCUBHOCTH, Ha KUHETUKY CBETO-
VHAYUMPOBAHHBIX U3MEHEHUI KoaddulimeHTa HehOoTo-
xummndeckoro tyueHus: dayopecueHuuu (NPQ). Kpu-
Bble /, 21 3 TOJy4eHbl sl pacCTeHUI, aKKJIMMUPOBaH-
HBIX K “cuiibHOMY” cBeTy B TeueHue 8, 20 u 40 cyTok.
Kpusble 4 1 5 mony4eHbI 1JIsl TUCTbEB PACTEHUIM, aKKIIM-
MMPOBaHHBIX K “YMEpeHHOMY” CBETY B TeueHUe 8 u 45 cy-
TOK. MHTEHCUBHOCTb HEMPEPbHIBHOTO (AKTMHUYHOTO)
CBETa, AEUCTBYIOLLETO HA I/IBMEgﬂe_I\{lblff'l obpasell, cocTaB-
ssia 800 MKMOJTb (POTOHOB M “ ¢

CUBHOCTM CUJIBHOTO CBETa, MCIIOJb3yeMOro Mpu aK-
KJIMMallMy pacTeHuii. B KkuHeTuke pocra mapaMmeTpa
NPQ, nmokazaHHOIT Ha puc. 5, MOXHO BbIICIUTDb He-
CKOJIbKO KOMTIIOHEHT, KOTOpbhIE OTpaXkalioT pa3HbIe
MeXaHU3MBbI PETYJISILIMY CBETOBBIX CTaauii (POTOCUH-
te3a. ObpatuMas koMrioHneHta H®T, o6o3Hauaemas
Kak g (Tak Ha3blBaeMasi dHepreTu4eckasi CocTaBisi-
ol1ast), XapakKTepu3yeTcsi CPaBHUTEIBHO OBICTPBHIM
poctoMm (~0.5—2 MuH). DTa KOMIIOHEHTa 00YCJIOBIIE-
Ha CO3MaHWEM mpaHc-TUIAKOUIHOU pazHocTu pH
(ApH), xorna B pe3yibTare 3aKUCICHUS] BHYyTPUTUIA-
KOWIHOTO IpOCTpaHCTBa (JIOMEHa) aKTUBUPYETCS
peryasaTopHbiii 6enok PsbS, ycunmBaromuiit HOT
[59]. Cauraercs, uyro Gemok PsbS BeimonHseT poib

BUOJOIT'MYECKME MEMBPAHBI

ceHcopa, oOecleuyuBampIlIero YyBCTBUTEIbHOCTh K
CBETOMHIYLIMPOBAHHOMY CHWXXE€HUIO BHYTpPUTHUJIA-
kougHoro pH (pH;,). Bcrnen 3a ObicTphiM pocTOM
H®T (koMmoHeHTa gg) YacTO HAOIIODAETCS CPaBHU -
TeJIbHO MemieHHoe yBennyeHue HDT (obo3Hauae-
MO€ KaK KOMIIOHEHTa g5 [50—52]). Ota cranus pocra
H®T moxeTr 6bITh 00yca0BIeHA IBYMSI OCHOBHBIMU
npuIrHaMu: 1) peakusIMu KCaHTO(hMIOBOTO IIMKJIIA
(muBIIoKCUaaUsl BUOJAKCAHTUHA U MOSIBJIEHUE 3e-
aKkcaHTWMHA) W 2) TepepaclipelnesieHueM 3SHEpruu
Mexny @C2 u DPCI1 (mepexonbl cocTossHHe “17 <>
<> cocTtostHue “27) [24, 29]. 3eakcaHTUH yCUJIMBaeT
CBSI3b perysiTopHoro 6enka PsbS co cBetocobupato-
meit anrenHoit @C2 (LHCII). DTo BeI3BIBAET arpe-
raluio ceetocoouparoimx komruiekcos @C2 (LHCII),
yTo npuBoauT K pocty HOT — ycunupaercst auccu-
rnalusi SHEPruu BO3OYXKIEHHBIX MUTMEHTOB aHTEH-
Hbl PC2 u yMeHbInaeTcs: 3PpPeKTUBHOCTb (POTOXU-
Muyeckux npoueccoB B @PC2 (cM. moapoOHee 0030p
[29]). Ha ocHOBaHMM HAIIMX IIPEObIAYIINX UCCIEI0-
BaHU [34], MOXHO 3aKJIIOUUTh, UYTO B JIUCThSIX Tpa-
neckaHuuu poct H®OT cBsizaH ¢ ycujieHUEeM 3KcC-
npeccuu 6enka PsbS.

IMocne BuIK/TIOUEHNSI aKTUHUYHOTO CBETa HaOJII0-
naercs cnag HDT. [Manenue HOT B TeMHOTE 0Opa-
TUMO, HO HE TIOJIHOCTBIO — JOCTaTOYHO JA0JITO (je-
CATKM MHWHYT) COXpPaHSIETCSI OCTaTOYHBII YPOBEHbB
H®T, xapakTepusyemslit mapaMeTpom ¢q; (puc. 5).
BenuuuHa g; oTpaxaet, 1o KpaliHeid Mepe 4acTuy-
HO, CTeIIEHb MHAKTUBALMU YaCTU (POTOXUMUICCKUX
HeHTpoB @C2 B peadynbraTe OeHCTBUS JOCTATOUYHO
MHTEHCUBHOTO akKTWHMYHoro csera [30, 48—53].
NurunoupoBanne @C2 MpouCXOIUT B OCHOBHOM 13-
3a ToBpexXneHus oenka D1 B pesynbraTe ero poto-
OKMWCJICHUS IPU JeMCTBUM CUIILHOTO cBeTa. Pemapa-
st @C2 ocylLIeCTBASIETCS 32 CYET TOTO, YTO MOBpE-
XKaeHHbI 0eok D1 ymanserca n3z ®C2, a Ha ero
MECTO BCTPAMBAaETCsI 3aHOBO CUHTE3UPOBAHHBIN aK-
THBHBIH 6estok D1 [60].

Crnoco6HoCTb pacTeHuit K ycuneHuo HOT 3aBu-
CUT OT YCJIOBUI OCBElIEHUS NMPU KyJTbTUBUPOBAHUU
pacTeHuit, a TakxXe OT BpeMEHM akkjiaumaluu. M3
pMc. 5a BUAHO, UTO C YBEJIUYEHUEM IJIUTEIbHOCTU
akkiauMauuu pacreHuii 1. fluminensis, ipouspacra-
IOIIMX Ha CUJIBHOM CBeTy, HaOJII0JaeTcsl CpaBHU-
TeIbHO HEOOJIbIIOE YBEIUYEeHE oOpaTUMoOit (“aHep-
reTUueckoi”) coctapisolleit gg. CiienyeT oopaTuTh
BHUMaHHE Ha TO, YTO IO MEPE CTApEeHUs] pacTeHUA
CTAaHOBUTCSI Bce 0oJiee 3aMETHBIM BKJIaJ BTOpOit
(MemneHHoit) koMnoHeHTbl HDT (g,). D10 no3poJisi-
€T MIPEIIO0JIOXKUTh, UTO TTI0 Mepe CO3pEeBaHUS JIUCThEB
T. fluminensis ux ®CA npuobperaeT TONOITHUTEIb-
HYIO CITOCOOHOCTbD 3allUIIATHCSI OT CBETOBOTO CTPeC-
ca. 3aMeTuM, UTO Y paCTeHU i, MPOU3PaACTABIIUX MTPU
YMEPEHHOM OCBEIIEHUU, TakXKe HaOJI0JaluCh N1BE
da3znl pocta HOT (puc. 56), Ho 3HaYeHUs NapaMeT-
DPOB gg U g7, OTpaXKawIIUX JBa MeXaHU3Ma reHepa-
nun HOT, y HUX ObUIM HECKOJIBKO HUXKE, YEM Y pac-
Ne 2

TOoM 40 2023



BIIEKTPOHHBIM TPAHCIIOPT B MEMBPAHAX XJIOPOIIJIACTOB 99

TEeHUIA, BRIPAIIMBABIIMXCS Ha CWUIBHBIM CBETY (pHC. 5a).
OueBUIHO, YTO Y pacTeHUIi, Mpou3pacTaBIINX IIpU
YMEPEHHOM OCBEIICHUHN, YCUJICHUE 3alllUTHOM peak-
1y, odyciaosiaeHHoe poctoM HPT, BeipaxeHo ciia-
Oee, YeM y paCcTeHU TOro e BUIa, IIPOU3pacTaBIINX
Ha CHWJIbHOM cBeTy. EcTecTBEHHO, 4TO Ha CUJIILHOM
CBETY PaCTeHUs He UCHBITHIBAIOT AeduinTa B 3HEP-
UM 1151 POTOCUHTE3a, HO ITPU 3TOM OHU JOJIKHBI 3a-
IIMIIAThCS OT CBETOBOTO CTpECCa.

MBI TTOKa3anu, 4to fuHaMukKa nameHeHnii HOT B
XOJie OCBElIEeHUS JIUCThEB TPaleCKaHIIUU, alanThu-
POBaHHBIX K TEMHOTE, 3aBUCUT OT JJIUTEIbHOCTHU
aKKJMMalMU pacTeHUI K CBETY BBICOKOI MU yMe-
PEHHOIl MHTEHCUBHOCTU. DTO OCOOEHHO HAIJISIAHO
MPOSIBISIETCS B OMNbITaXx C TEHEJIOOUBBIM BUIOM
T. fluminensis. Y pacTeHMii, TpouspacTallInX Ha
CWJIBHOM CBETY, 3HaAU€HUE ¢ 3aMETHO BO3PACTaET 10
Mepe akkiauMauuu (puc. 5a). I1pu 3ToM cTaHOBUTCS
OoJiee BBIPAXKEHHON MeUIEHHAs KOMITIOHEHTA g7. OTO
MOHSTHO, pacTeHUsl TeHeatoouBoro Buaa 1. flumin-
ensis, pacTylllero Ha CUJIbHOM CBETY, MPUOOPETAIOT B
XO[I¢ aKKJIMMAlMU JOMOJHUTEIbHYIO CIIOCOOHOCTH
3alllMIIaThCcsl OT CBETOBOTO cTpecca. [1o Mepe yBeu-
YeHUs] BpeMEeHM aKKiIMMalnu Takas peakmus OCA
pacTeHuii cTaHOBUTCS OoJjiee BbIpaxkeHHOU. B To ke
BpeMsI TIpU JJIMTEJIbHOM HaXOXIEHUU pacTeHUM Ha
CBETY YMEPEHHOU MHTEHCHMBHOCTU 3TOTO HE MPOUC-
XOJIUT, HaOJonaeTcsd axe HeOOJbIIOK cnal gp IO
Mepe akKJIMMallMU pacTeHuii. MOXHO Mpenmnoso-
JKWTb, UTO CIaJ g BbI3BaH U3MEHEHUSIMU XJIOpOILIa-
CTOB 10 MEpE CTAPEHUSI PACTEHUI, YTO MOXET ObITh
00yCJIOBJIEHO, HAIIpUMEP, YMEHbIIIeHUEM OMOCUHTe-
3a U/UIW yCUJIEHWEeM Jerpalallud HEKOTOPBIX Oell-
xoB ®CA.

DIeKTPOHHDII IAPAMATHUTHBINA Pe30HAHC

Paznuuust Bo (hiyopeciieHTHBIX XapaKTepUCTUKAX
JIMCThEB PACTEHUIA, BBIPAILICHHBIX IMPU CUJIBHOM U
YMEPEHHOM OCBEIIEHUU, IIPOSIBIISIOTCS TAKXKe B KM~
HETUKe pemokc-mpeBpaiieHuit P,,, — mepBUIHOTO
JIOHOpa dJIEKTpOHAa B peaklMoHHOM LieHTpe PCI.
Ha puc. 6 mokazaHbl TUITMYHbIE KPUBbIE (DOTOMHIY-
LUPOBAHHBIX W3MEHEHWII MHTEHCUBHOCTH CHUTHAJIa

BIIP ot Py, B IUCTBAX PACTEHMIA, alaNITUPOBAHHBIX
K TeMHoTe B TeueHue 10 muH. [IpoTokon usmepeHunit

Py, GbLI TAKMM Xe, KaK B HAILMX IPEIbLIyLINIX pabo-
Tax [54, 55]: mocne TpeaBapuUTEIHFHOTO OCBEIICHUS
oesbiM cBeToM (BC) B TeyeHue 1 MuH (U1s1 cTaHaap-
TU3aLMH YCIIOBUIA SKCIIEpUMEHTa) 00pa3libl adalTH -
poBai K TeMHOTe B TedeHne 10 MuH. BnoHo, 4TOo B
oTBeT Ha BKiIoueHue bC, Bo30yxnaromiero ooe ¢o-

TocucTeMmbl, curnai DI1P ot Py, BospacTaeT, 10cTH-
rasi CTallMOHapHOTO YPOBH#A. B JIMCTBAX, amanTtupo-
BaHHBIX K TEMHOTE, HabI04aeTcss MHOroasHast K-
HeTHKa pocTa curHaia. Cpasy nocie BkimodeHus bC
TPOUCXOOUT HEOOJIBIION CKA4YOK CUTHalIa, MOTOM
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Puc. 6. Kunetuka poTOMHIYIIMPOBAHHBIX M3MEHECHUI
BemuuHbl curHana 1P ot Py, B uctesx T, fluminensis
u T sillamontana, BbIpallleHHBIX IIPU OCBEIIEHUU “CUJIb-
HeM” (CC) mm “ymepeHHsiM” (YC) cBetoM. [lepen Ha-
yajioM BKJItoueHwust 6esoro ceeta (BC) o6pasiibl aganTu-
poBaJii K TeMHOTe B TeueHue 10 MuH.

HaOII0JaeTCsT €T0 CPaBHUTEIBHO MEIJICHHBIN POCT K
CTallMOHAPHOMY YPOBHIO Agc. 3amepkKa pocTa CUT-
HaJla, XapaKTepusyemasi MapaMeTpoM T, 00yCI0B-
JIEHa TeM, YTO IpU aJallTallidM JIMCTAa K TEMHOTE pe-
akuuu IIKb nHakKTUBUPYIOTCS, II03TOMY BCJIEACTBHE
nepen30biTKa NADPH 3aTpymHsieTcst oTTOK 3JIeK-
tpoHoB oTr @C1 Kk NADP™* [10, 61]. ITo Mepe ocBelle-
HUS XJIOPOIUIACTOB akKTUBUpYIoTCs peakunu LIKB n
OTTOK 2JIeKTpOoHOB 0T DC1 ycKkopsieTcs; KpoMe 3TO-
ro, YMEHBIIIAETCS CKOPOCTh IMPUTOKA 3JIEKTPOHOB OT

dC2 Kk P;), B pe3y/bTaTe 3aKUCIEHUs TIOMEHA, a TaK-
Xe ocrabnsieTcst akTuBHOCTE D C2 BCaeACTBUE TeHE-
paunu HOT. Hapsiny ¢ 5TUM NPOUCXOAUT Tiepepac-
npeaeaecHe SHePTUU TTOMIOIIAEMOI0 CBETa B MOJIb3Y
DdCI1 (nepexon cocrosgHue “1” — cocrosiHue “27),
M HACTyIIaeT IepepacnpeneicHUe JIEKTPOHHBIX IO~
TOKOB (HELIMKIIMYECKUM/IIUKINIECKUI TPaHCITOPT
BJIEKTPOHOB) B MOJIb3y HELIMKJIUYECKOTO MOTOKA [61].
Bce 3T0 momkHO crmocoOCTBOBaTh POCTY CHUTHaja

BIIP ot Py, .
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N3 puc. 6 Takke BUTHO, YTO CKOPOCTH OKUCIIEHUS
P, ipu neiictBuu BC 3aBUCcUT OT yCIOBUIA IPOU3-
pacTaHus pacTeHuii. Y o00ouxX BUIOB TpadeCKaHLIUU,
AKKJIMMUPOBAHHBIX K CUJIBHOMY CBETY, (POTOOKUC-
jenue P,y MpoucxoauT 3aMeTHO ObICTpee, YeM y
pacTeHuii, Mpou3pacTaBIlIuX IPU YMEPEHHOM OCBe-
LIEHUM.

ITocne mepexmouenuss bBC Ha Oomee ciaObIit
nanbHuii KpacHblit cBeT (AKC, A, . = 707 HM), BO3-
oyxnmaromuii mpenMyinectBeHHO P C1, KOHIIEHTpa-

uus Py, cHauana mamaer, a 3aTeM MOHOTOHHO BO3-
pactaeT. beicTpoe mnajgeHuWe cUrHajga mnocjie mnepe-
kmoueHuss bC Ha JIKC oObsicHSIeTCSI MPUTOKOM

3JEKTPOHOB K P7, OT MyJ1a BOCCTAHOBJIEHHBIX MEpe-
HOCYMKOB (3TO B OCHOBHOM MOJIEKYJIbI IIJIACTOXUHO-
na), HakoruBLmxcsa B DT mexny ®C2 u ®C1 Bo
BpeMs neiictBus BC. XapakTepHoe BpeMsI cIiaja CUT-

HaJia oT P;OO nocine oTkmoyenust bC cocrasnsieT ¢, ~
~5-30 Mc (B 3aBUCUMOCTU OT IJIUTEILHOCTU mIeii-
crBus bC, maHHbIe He MPUBEAEHBI), YTO COOTBETCTBY -
€T BpeMEHH ITepeHOoca 3JIEKTPOHOB OT IJIACTOXMHOJIA

K Py, [1, 4—6, 62—64]. B nanbHeiimem, nocie peo-
kucieHus nepeHocurukoB LIDT mexny PC2 u OCI
3a cueT padboTel P C1, Bo30yKHaeMoii pu AeiCTBUU

JKC, curnan ot Py, cHoBa BospacTaer. I1ocje Bbl-

+
xmoveHns JJKC okucnennsie neHtpel P;,, Boccra-
HaBJIMBAIOTCS 34 CYET SHIOTEHHBIX TOHOPOB 3JIEK-

TpoHa [48, 49]. BoccraHoBNeHUE P;oo TOCJIe BBIKITIO-
yeHUs JIKC TponcxomuT Ha HECKOIBKO TOPSIIKOB
MemIeHHee (7, ~ 2—5 ¢), YeM IoCIie BBIKIIOUEHUS
bC (cM. mogpobHee pe3yabTaThl HALIMX MCCIIEA0Ba-
HUI1, oMcaHHbIe B pabote [64]).

OnucaHHas Bbillle 3aKOHOMEPHOCTb — YCKOPEHUE
dorookucnenus: P,y B JUCTbSIX pacTeHUIii, BbIpa-
IIIEHHBIX TIpU BBICOKOW WHTEHCUBHOCTU CBeTa,
0OBIYHO MposBisdeT cedst u B kKuHetuke MUD nu-
ctbeB 1. fluminensis v T. sillamontana. Panee, usyyas
BJIMSIHUE YCJIOBUI1 TTpouspacTaHusi (MHTEHCUBHOCTD
cBeTa) Ha KUHeTUKYy MU ®, MBI yCTAaHOBUJIU, YTO B
JIMCTBSIX BTUX PACTeHMId, BBIPOCIIMX Ha CUJIBbHOM
cBety, MUD crianaet ObICTpee, YEM B JIMCThSIX pac-
TEHU, BBIPOCIIIMX TPU YMEPEHHOU MHTEHCUBHOCTHU
cBera [65]. YckopeHue cnaga duyopecueHu X a
BO BpeMsl MHAYKIMOHHOTO MepuoIa MOXET ObITh
00yCJIOBJIEHO TEMMU XK€ PEryJSITOPHBIMU MeXaHU3Ma-
MU, YTO U ycKopeHue portookucnenus Py, npu neii-
ctBuu bC: cBeTOMHAYIIMPOBAaHHON aKTUBaIUEi pe-
akuuit HKB, ycunennem HOT, noHHoI perynsuuei
3JIEKTpOHHOTO TpaHcnoprta Mexay ®C2 u dCl1, ne-
pexogaMM TUIIA COCTosiHUe “1” <> cocTosiHue “2”
U 1ap. (cM. 0630pHI [66—68]). O4eBUAHO, YTO 3aKOHO-
MEPHOCTH, XapakKTepHble IS KUHETUKU PEeIOKC-
npespateHuil P,y u ayist MU®D B TUCTBSX pacTeHUI,
aKKJIMMUPOBAHHbBIX K CUJIbHOMY U yMEpEHHOMY”
CBETY, OTpaxaeT TO, UTO B pe3yjbTare aKKJIMMalluu
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pacteHuii K cuiabHOMY cBeTy ux @CA GbIcTpee pea-
rUpyeT Ha (QIYKTyalluM OCBEIEHUS, a IIOTOMY 3THU
pacTeHUsTI MOTYT YCHEIIHO ITPOTUBOCTOSITH CBETOBO-
MY CTpeccy.

Crenyet o6paTuTh BHUMaHME Ha TO, YTO OTHOILLIE-
HUEe aMTuInTya curHamoB DITP oT OKMCIeHHBIX 1IeH-

TPOB P;[)O, WHAYyLUUpPOBaHHBIX Tipu nelictBuu bC u
AKC (mapametpbl Agc U A7y7), 32aBUCUT OT BUIA pac-
TeHU U YCIOBUM ux rnpouspactaHusi. OTHoOIllIeHUE
Agc/A7q7 OBLIO HECKOIBKO BbILIE I TUCTbeB 1. flu-
minensis, BbIpallleHHbIX HA CWJIBHOM CBETY, T10 CpaB-
HEHUIO C PAacTEeHUSIMU, BbIpallleHHbIMU Ha cjlabom
cBety (puc. 6a). Kak MbI ipearoioxuiu paHee [65],
9TO MOXET yKa3bIBaTh HA TO, YTO B MUCThIX 1. flumi-
nensis, aKKJIMMHAPOBAHHBIX K CUJILHOMY CBETY, BO3-
pacTraeT BKJIaJl HUKJIMYECKOTO TPaHCIIOpTa 3JEKTPO-
HOB BOKpyr @CI1, 9To MpOSBIseTCs TIPpU IeHCTBUN
JKC, Bo3z0yxnatoiiero npeumyinectsBeHHo DCI.
B cnygae mucteeB 7. sillamontana mogoOHOTO pa3inn-
yusi He Haboaanoch. TouyHble MPUUYMHBI 3TOTO MOKa
OCTalOTCSl HEU3BECTHBIMU.

Takmm o06pa3oM, TMCTBST 000MX N3YUYCHHBIX HAMU
BUJIOB TPaAeCKaHIINM, KYJIbTUBHUPYEMBIX ITPU Pa3HBIX
WHTEHCUBHOCTSX CBETa, OOHAPYKMBAIOT Pa3IUIMS B
KUHETUKE (POTOMHIYLMPOBAHHBIX U3MEHEHUI Ps.
OCHOBHOE pa3Inyre KacaeTcsl CKOPOCTH OKUCIICHUS
P,y non neiictBuem bC. Tak, Hampumep, o Mepe
CTapeHMs JINCTbeB TeHeBBIHOCIMBOTO BUaa 1. flumi-
nenesis, TIPON3PACTAIONIECTO TIPU YMEPEHHOM OCBE-
MIEHWH, TTPOUCXOAUT 3aMeIeHUe OKUCIeHUs P,
uHayuupyemoro npu aeiicteuu bC (puc. 7). Ilpu
5TOM JINCThS 3TOTO XXe BUIA PacTeHUI, BHIpaIllnBae-
MBbIe Ha CHJIBHOM CBETY, ITOKa3bIBaIOT OoJjiee OBICT-
PYIO CKOPOCTH (DOTOOKMCIEHUS P4 TTO cpaBHEHUIO C
pacTeHUSIMU, aKKJIUMUPOBAaHHBIMU K YMEpPEHHOMY
cBetry. Oto 3HauuT, yto ®CI1 pacTteHwmii, BrIpallleH-
HBIX Ha CUJIBHOM CBeETY, ObICTpee “pearupyer’ Ha
BkodeHue bC, 4To coracyercst ¢ mJaHHBIMU (IIyo-
PECIIEHTHBIX NUCCIIeTOBaHUIA.

Bormpoc o ToMm, Kak B Xo/1e IJIMTEIbHOM aKKIMMa-
UM TpaaeCKaHIMK K CBETY pa3nuYHONl MHTEHCUB-
HOCTU M3MEHSIETCSI KOJMYSCTBEHHBI COCTaB 3JIEK-
TPOH-TPAHCHOPTHBIX KOMIIJIEKCOB M IIMTMEHTOB
cBetocobuparmommux aiteHH P®PC1 u PC2 tpebyer
crenMagbHOro aHanusa. 1o HammM mpeaBapuTeIb-
HBIM HAaHHBIM, Y 000OMX BUIOB TpaAeCKaHIIWI, aK-
KJIMMUPOBAHHBIX K CUJIBHOMY CBETY, CYMMapHO€ CO-
nepxkaHue XJ1 a U X7 b, OTHeCEHHOE K IMHUIIC MacChl
3€JICHOTO JIMCTa, YMEHBIIAETCS (IaHHbIE HE IIPUBE-
JIEHBI, OyIyT IIpeACcTaBIeHBI B HAIIIEH cienyronieit pa-
0oTe). DTO HAOJIOJEHNE XOPOIIIO COMIACYeTCS C M3-
BECTHBIMU JIMTEPATYPHBIMU JAaHHBIMU O TOM, YTO B
JIMCTBIX NPYTUX BUAOB PACTEHUN OTHOCUTEIbHBIE
pa3Mepbl cBeTocobuparonieii anteHHbl @PC2 yMeHb-
IarTCd MnpUu akKKJIMMalnu paCTeHI/Iﬁ K CHJIBbHOMY
cBeTy [25—-27, 33, 40, 66].
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Puc. 7. 3aBUcMMOCTb KHUHETUUYECKOTO IIapaMeTpa Ty /2> Xa-
paKTepU3YIOLIETO CKOpOCTh (oTookuciaeHust P;, moxn
IieiicTBreM 6€eJI0To CBeTa (CM. OIpeliesIeHUE Ty /2 Ha puc. 6)
B UCTHIX 1. fluminensis, B 3aBUCUMOCTH OT JUTUTETLHOCTH
aKKJIMMaIlMA PacTeHUIl K CBETY “CHJIBHOU” M “yMepeH-
HOI” MHTEHCUBHOCTHU. 3aKPbIThle U OTKPBITbIE CUMBOJIbI
COOTBETCTBYIOT IJAaHHBIM, TTOJTy4YEHHBIM TSI PA3HBIX CEpUiA
9KCIEPUMEHTOB.

3AKJIIOYEHHME

CpaBHUTENIBHOE HCCIIENOBAaHUE IBYX “KOHTPAaCT-
HBIX” BUIOB TpadeCKaHIIMM ITOKAa3aJI0 3aMeTHOE pa3-
JINYMe B IMHAMUKE U3MEHEHUI (DOTOCUHTETUYECKIX
nokaszareyneii TeHeBBIHOCIUBBIX (7. fluminenesis) nu
cBeToioouBwIX (7. sillamontana) BUIOB TpadecKaH-
LU IPU JJIUTSIBHON aKKJIMMAIMU 3TUX PACTEHUI K
CBEeTy CWJIbHOM WM YMEPEHHON WMHTEHCHUBHOCTH.
BrigBiaeHo 3amMeTHoOe paznnyue B GYHKIIMOHHUPOBA-
Huu @CA 3TUX BUAOB, IIPOSBIISIONICECS MPU IJIN-
TEeJIbHOM aKKIMMAallMM pacTeHuil (1o 5 mecsdies).
V cBetoBeIiHOCHUBOTO BUma 7. sillamontana doto-
cunretTndeckue mnokazarenu MOCA cpaBHUTEIBHO
cJ1ab0 M3MEHSIOTCS MpHM aKKIMMalldM PacTeHU K
CBETY Pa3NIHON MHTEHCUBHOCTU. DOoTOCUHTETHYE-
CKHM€ MOKa3aTelIr XJIOPOIUIACTOB TEHEBBIHOCIUBOTO
Buna 1. fluminenesis 0OGHapyX1BalOT 00Jiee BHICOKYIO
JnabunsHOCTh. “IToBpexnaeMocTth” nx MCA 1pu no-
BBIIIICHUY WHTEHCUBHOCTU CBETa COIIPOBOXIACTCS
ycunenueM HDT, uro nposBisieTcsl Mo Mepe yBeJTH-
YEeHUSI JJIATEILHOCTH DKCIIO3UIIMHY JIMCThEB (pHC. 6).
OnHuM u3 Haubojee 3(P@PEKTUBHBIX MEXaHU3MOB
ycunnenus 3amuThl @CA TUCThEB TpadeCKaHLIUU OT
CBETOBOIO CTpecca SIBJISIETCSl yCUJIEHHUE DKCIIPECCUu
peryasaTopHoro 6enka PsbS, mpuBoasiiiee K 10M0-
HUTenbHOMY pocty HDT [33].

Baarogapuoctu. ABTOophI NpusHareabHbl B.B. T1Ty-
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Bkuaan aBropos. 1.C. CycinmyeHKO — IIpOBeAeHHE
dJiryopecClLieHTHBIX U3MEPEHUIT U MoJydeHe JTaHHbBIX
metogom DIIP. M.A. Bennkos, J.A. KoBanmuinuHa,
M.O. IleTpoBa — yyacTue B JOJTOCPOYHEIX OMBITAX
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Electron Transport in Chloroplast Membranes
of Shade-Tolerant and Light-Loving Tradescantia Species

I. S. Suslichenko!, M. A. Benkov!, D. A. Kovalishina',
M. O. Petrova!, B. V. Trubitsin!, A. N. Tikhonov" *

11 omonosov Moscow State University, Faculty of Physics, Moscow, 119991 Russia
*e-mail: an_tikhonov@mail.ru

In this work we investigated the electron transport processes in chloroplasts of two contrasting species of
Tradescantia, the shade-tolerant species 7. fluminenesis and the light-loving species 1. sillamontana, grown
under moderate or strong light conditions. Plants were acclimated to a moderate or high intensity of photo-
synthetically active radiation. Photochemical activity of Photosystem 2 (PS2) was assayed by measuring chlo-
rophyll a (Chl a) fluorescence, using the OJIP test, and by monitoring a slow induction of Chl a fluores-
cence (SIF) in Tradescantia leaves in vivo and in situ. The coefficient of non-photochemical quenching
(NPQ) of Chl a fluorescence was determined from the SIF kinetics. Photochemical activity of photosys-
tem 1 (PS1) was determined by electron paramagnetic resonance from the light-induced redox transients of
P700, photoreaction center of PS1. Shade-tolerant (7. fluminenesis) and light-loving (7. sillamontana) species
showed clear differences in their photosynthetic characteristics depending on long-term (up to 5 months) ac-
climatization to moderate (50—125 umol photons m—2s~!) or strong (850—1000 pmol photons m—2s~!) irra-
diation with photosynthetically active white light. In the leaves of light-loving species 7. sillamontana, the
photosynthetic characteristics changed only slightly upon variations of light intensity. Leaves of the shade-
tolerant species 7. fluminenesis exhibited a pronounced sensitivity to changes in light intensity during accli-
matization, showing a reversible increase in NPQ accompanied by an attenuation of PS2 photochemistry. Af-
ter the reduction of light intensity, photochemical activity of PS2 recovered.

Keywords: Tradescantia, shade tolerant and light loving species, acclimation, chlorophyll fluorescence induc-
tion, EPR
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