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Chloroacetates as inhibitors of Photosystem II:
Effects on electron acceptor side
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Abstract

The two-electron gate of Photosystem 1I (PSII) is known to function by transferring electrons from the reduced one electron acceptor Qx
(a bound plastosemiquinone) to the oxidized two-electron acceptor Qg (a bound plastoquinone), and then again from Q. to the singly
reduced Qg , producing plastoquinol QgH,. In this article, we have used three chloroacetates (monochloroacetate, MCA; dichloroacetate,
DCA,; and trichloroacetate, TCA), having different geometry and hydrophobicity, to probe the binding environment of the two-electron gate
in spinach thylakoids. We first established that these chloroacetates up to 100 mM act specifically in the Q,Qp region by monitoring partial
reactions of PSII as well as PSI, measuring thermoluminescence, specific for recombination reactions between the donor and acceptor sides
of PSII, and studying chlorophyll (Chl) a fluorescence decay in the micro to millisecond region, specific for electron flow from Q4 to Qg
(Qg ). Further, the site of action was located on the D1-D2 protein through observations on the differential sensitivity of chloroacetates on
specific D1-D2 mutants of the cyanobacterium Synechocystis sp. PCC 6803.

Detailed measurements were then done to characterize the effect of chloroacetates on Q,Qg reactions. Data on the [Q4 ] decay kinetics
led to the following observations: (1) chloroacetates (and acetate) not only increase the time constant of electron flow from Q4 to Qg(Qg ),
but increase the equilibrium [Qj ] both after flash 1 and 2, and the degree of these effects (lowest to highest) is correlated with the geometry
(increased number of chlorine moiety) and increased hydrophobicity of these inhibitors; the hierarchy is: acetate <TCA. (2) In comparison
with flash 1, data after flash 2 (at pH 6) show relatively larger increases in [Q, ] equilibrium with DCA and TCA. At pH 7.5, however, flash
1 effects were larger than flash 2 effects with all chloroacetates. (3) Bicarbonate reverses the inhibitory effect on Q. to Qg(Qg ) reactions
also in a differential manner; the hierarchy for the most reversible (or least irreversible) is: acetate > MCA > DCA > >TCA. (4) The pH
dependence of the inhibitory effects on Q4 to Qg(Qg ) are: the MCA and DCA effects are larger at pH 6 than at pH 7.5, but the TCA effects
are higher at pH 7.5 than at pH 6. The above results, taken together with those in the literature, are in agreement with a picture of the Q, —Fe—
Qg niche in the D1-D2 protein of PS II where quinones, herbicides, chloroacetates, formate as well as bicarbonate bind, but differently with
different overlapping sites. Chloroacetates show effects on the two-electron gate that place them ‘in-between’ the herbicides and the
bicarbonate-reversible formate.
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1. Introduction D2, 4 and 9 kD subunits of Cyt b559 and a 4.5 kD product
of the psb I gene) as well as several electron donors and
acceptors [1]. A two-electron gate mechanism involving

The photosystem II (PS II) reaction center (RC) of plants ) .
primary (Q,) and secondary (Qg) plastoquinone electron

and cyanobacteria consists of, at least, five polypeptides (D1,
tosystem II; Qg: loosely bound plastoquinone, two-electron acceptor of

photosystem II; [Q4 ] equilibrium: refers to equilibrium concentration of
the reduced form with respect to the oxidized form, Q,; SiMo: silicomolyb-

Abbreviations: Chl: chlorophyll; DBMIB: 2,5-dibromo-3-methyl-6—iso-
propyl-p-benzoquinone; DCA: dichloroacetate; DCMU: 3-(3,4-dichloro-

phenyl)-1,1-dimethylurea; DCPIP: 2,6-dichlorophenolindophenol; DPC:
diphenylcarbazide; FeCy: potassium ferrihexacyanate; HEPES: 4-(2-
hydroxyethyl )—1—piperazineethanesulfonic acid; MCA: monochloroace-
tate; MES: 2—(N-morpholino )—ethanesulfonic acid; MV: methy] viologen;
pBQ: 1,4-benzoquinone; PD: p—phenylenediamine; PQ: plastoquinone; PS
H: photosystem II; Q,: bound plastoquinone, one-electron acceptor of pho-

date; TCA: trichloroacetate; Tris: tris (hydroxymethyl)aminomethane
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