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Pedepar:

1. luceprauisg nprucsga4eHa BU3BHAYEHHIO YMOB IHOYKLiI aJIbTEPHATUBHYX OKMCHO-BiJHOBHUX PEaKLiil Ha
akuentopHomy 6oui potocucremu II (PC II). 3 gornomororo 2-n-HoHiN-4-rigpokcuxinonin-N-okcuny (NQNO) i 2-
fono-6-izonpormnin-3-metun-2'4,4'-rpunirpogudeniny (DNP-INT) - inri6iTopiB nepeHeceHHs enekTpoHiB MK PC
I1i poTocucremoro I (OC I) - mokasaHo, 1o 3a 3pocTanHs pH abo 3HMKeHHs pH Hkye 3a 5,0 aKTUBY€ETbCS
aZbTEPHATHMBHUI LIUISIX TPAHCIIOPTYBAHHS €JIEKTPOHIB, B IKOMY He 3ainydyeHo OC 1. AnbTepHaTUBHI OKMCHO-BiJHOBHI
peakuii y ®C Il iHIyKylO0TbCSI TAKOXK 3a JOJIJAaBAaHHS IOHIB BAKKMAX MeTaJiB. [OHM LIMHKY Ta KyIpyMy €(pEeKTUBHO
3HWKYBAJIM BEJIMYMHY CBITJIO3aJI€;KHOTO 3B'SI3yBaHHS IIPOTOHIB, IKUM CYIIPOBOIKYETHCS BiTHOBJIEHHSI BTOPUHHOIO
xiHOHOBOTO akuenrtopa OC II, mo cBiguMTh NpO iX iHrGITOPHUI BIJIMB HA IEPEHECEHHS IPOTOHIB Ta €JIEKTPOHIB Ha
akuentopHomy 6oui OC II. ¥V Toii e yac, e1eKTPOHHUI TPAHCIIOPT He IIPUTHivyBaBcs Gisblie HiK Ha 25%. B

pe3yJbTaTi aHaJIi3y BIJIMBY BAXXKUX METaJIiB Ha BiTHOCHY KibKicTb QB-HeBinHOBm0M0UNX 1eHTpiB OC II



BCTAHOBJIEHO, 1[0 NOHU LIMHKY i IIOMOYMY iHIi6yI0Th TpAHCIIOPTYBaHHS e1eKTPoHiB y OC I 3HaUHO 6isbIIOI0
Mipo10, HX ioHM Kynipymy, MepKypiio Ta Kagmiio. MeTomoMm JociiipkeHHs pesiakcaliii BapiabenpHoi guyopecienii
xJ10podiy TaKoX I10Ka3aHOo, 1110 MOHU KyIIPyMy Ta MEPKYPil0 MOXYTb aklenTysatu ejaekrponu 3 @C II. Bucynyto
IPUIYLIEHHS, WO iHAYKList nepeHeceHHs eseKTPoHiB i3 OC Il Ha eK30reHHUI aKLeNnTop 32 YMOB IIPUTHiYeHHS

BiZJHOBJIEHHSI BTOPUHHOTO XiHOHOBOTO akuenTopa QB € poTonpoTEeKTOPHUM MEXaHi3MOM

2. This study was aimed to get deeper insights into the conditions that induce electron transfer from photosystem
IT (PS II) to exogenous acceptor in thylakoids isolated from leaves of spinach (Spinacia oleracea L. cv. Matador)
plants. The pH-dependent effect of the b6 /f-cytochrome complex inhibitors NQNO (2-n-nonyl-4-
hydroxyquinoline-N-oxide) and DNP-INT (2,4-dinitrophenyl ether of 2-iodo-4-nitrothymol) on linear electron flow
was studied in pH range from 4.5 to 8.0. It was shown that the extent of the inhibition positively correlates with pH
value and at pH lower than 5.0 the inhibitors decrease the rate of light-dependent oxygen evolution in chloroplasts
by 50% only. It is inferred that significant increase of the transmembrane proton gradient or decrease of pH lower
than 5.0 induces alternative terminal acceptor reduction reaction at the level of PS II, without the participance of
photosystem I. Photosynthetic photon flux density of actinic light also influenced this reaction: while saturating
light conditions stimulated, limiting light suppressed this autonomous functioning mode of PS II. Similar redox
reactions in PS II complex are also induced in the presence of some heavy metal ions in chloroplasts suspension
medium. So, zinc and copper ions at sub-millimolar concentrations inhibited total linear electron transfer by no
more than 25%, while light-dependent proton uptake, indicative of plastoquinone reduction at the QB-site of
photosystem II, was inhibited by 90 % in the presence of 80 mikroM of copper (II) ions and by 70 % in the presence
of 200 mikroM of zinc (II) ions. At the same time, about 50% of control value of transmembrane proton gradient
and up to 75 % of control value of light-dependent oxygen evolution remained. This indicates that linear electron
flow took place which was not accompanied by plastoquinone reduction, that is, exogenous acceptor was being
reduced at the level of PS II, before the QB-site. In order to test the binding capability and effect of different heavy
metals at the acceptor side of PS II, we studied changes in variable chlorophyll fluorescence relaxation kinetics
after excitation of photosystems by white multiple-turnover saturating flash (600 ms), which reflects dark
oxidation of the primary quinone acceptor in PS II - QA. Three components of the fluorescence decay were
revealed, that indicate different ways /mechanisms of QA oxidation. Addition of copper (II), zinc (II), cadmium (II),
or lead (II) ions in concentrations of 50 and 200 ?M, or mercury (II) ions in concentrations of 5 and 20 ?M into
suspension medium led to changes in all components. Copper ions affected fluorescence decay in a similar manner
to mercury ions, accelerating electron transfer at the Fe-QA level, probably by accepting electrons, in contrast to
zinc, cadmium and lead ions, which inhibited electron transfer at the acceptor side of PS II by no more than 30 %.
In addition, the relative content of QB-non-reducing PS II reaction centers was determined by analysis of
fluorescence induction data, and weak inhibitory effect of the heavy metal ions at the acceptor side of PS II was
confirmed. These results suggest that induction of alternative redox reactions in PS II, when QB reduction is
suppressed due to overreduction of the photosynthetic electron-transport chain or binding of copper (II) or zinc
(1) ions, is one of the possible mechanisms that play an important role in photoprotection
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