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1. Introduction

The primary photochemistry of the photosystem
11 reaction centre involves the transfer of an electron
from the primary chlorophyll donor (P680) to the
primary acceptor, Q. The properties of Q, a specialised
plastoquinone [1,2] have been studied in detail using
indirect fluorescence measurements [3—6] and absorb-
ance changes [7-12] but no electron paramagnetic
resonance (EPR) signal was observed to confirm the
suggestion [10,11] that as in bacterial reaction centres,
a transition metal ion (probably Fe?") was complexed
to Q.

When Q is chemically reduced, the photoreduction
of a pheophytin intermediate electron carrier (I) has
been observed [13]. Recent EPR investigations have
identified a signal near g = 2.00 corresponding to I”
[14—17] which, when present in samples containing
Q~, gives rise to an EPR doublet [14,15] with similar
properties to those found in purple photosynthetic
bacterial reaction centres (reviewed in [18]). This and
further work [19] strongly suggested that the interac-
tion producing the doublet involved a semiquinone—
iron complex of the type exhibiting characteristic
EPR signals near g = 1.82 in purple photosynthetic
bacteria {20--23]. Using broken chloroplasts from a
mutant of barley {Hordeum vulgare viridis zb 63)lack-
ing photosystem I [16,17], the photoreduction of 1~
was also observed at 5—77 K indicating the presence
of a fast donor to P680 under these conditions.

In [24] a highly active photosystem H particle was
prepared from a mutant of the green alga Chlamydo-
monas reinhardii, originally isolated by P. Bennoun.
Fluorescence measurements [24] suggest that the par-
ticles lack the secondary quinone acceptor B. Using
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these particles we have observed the chemical and
photochemical reduction of a component attributed
to @~ which has g-value, lineshape and microwave
power characteristics of a semiquinone—iron complex.
The photo-induction of the EPR doublet signal of I~
at 5 K when the signal attributed to Q" is present is
also demonstrated.

2. Materials and methods

Intact particles and the further-purified DEAE par-
ticles were prepared from Chlamydomonas reinhardii
as in [24] and stored at —80°C until used. EPR spec-
trometry was conducted as in [17] using a Jeol Felx
X band EPR spectrometer. Field and g-value scales
used in figures are approximate. Nlumination of sam-
ples was performed using a Barr and Stroud LS 11
150 W fibre-optic light source.

3. Results and discussion

EPR investigation of both intact and DEAE-treated
photosystem 1 particles from C. reinhardii revealed
EPR spectra of all the components associated with the
photosystem Il reaction centre observed in chloroplasts
from the barley mutant zb 63 [16,17]. These were
signal Il and the low temperature light-inducible signal
11, [25],a narrow low temperature light-induced signal
and at low redox potentials a signal attributed to the
pheophytin intermediate. No signals due to photosys-
tem I components were detected in these particles. In
addition to the photosystem II components identified,
changes were observed in the g = 1.82 region of the
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spectrum following low-temperature illumination of
untreated particles or particles oxidised with 300 uM
ferricyanide before freezing. Fig.1ashows theg=1.82
region of untreated intact particles frozen after dark
adaption for 15 min. Fig.1b shows the spectrum of
the same sample after illumination for 30sat 5 K. The
irreversible light-induced signal is shown in the dif-
ference spectrum, fig.1c. The g-value and lineshape of

this signal are very similar to those of the semiquinone—

iron signal of the bacterial primary electron acceptor,
as are the EPR conditions of very low temperature and

high microwave powers required for resolution [20,23].
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Fig.1. EPR spectra of photosystem II particles frozen after
dark adaption for 15 min: (a) dark; (b) after illumination at
5 K; (¢) difference spectrum (b — a); microvave power 25 mW;
time constant 1 s; scan rate 5 mT/min; modulation amplitude
1 mT; gain 5000; temp. 5 K; frequency 9.1 GHz; 1.1 mg chl/
ml.
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Fig.2. EPR spectra of DEAE--photosystem II particles: (a)
frozen in the dark and illuminated at 5 K; (b) chemically
reduced by dithionite at pH 6.0 in the dark then frozen. EPR
conditions as in fig.1;1.15 mg chi/ml.

The g = 1.84 signal was also observed after illumination
of the DEAE-treated photosystem II particles at 5 K
(fig.2a) and also after chemical reduction of DEAE
particles by dithionite at pH 6 in the dark (fig.2b).
This indicates that the signal is due to an acceptor
component of photosystem II. A spectrum showing

a wider field scan of the g=1.82 region (fig.3c) reveals
the broad high-field region of the signal. This spectrum
was obtained by subtraction of the spectra of untreated
particles frozen in the dark, fig.3a and particles frozen
under illumination (fig.3b). When the sample in fig.3
was stored in the dark at 77 K, part of the signal near
g = 1.84 decayed but this could be restored by further
illumination at 5 K. The pattern of behaviour is also
followed by signal II;; [25] in these samples suggesting
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Fig.3. EPR spectra of photosystem II particles: (a) frozen
after dark adaption for 15 min; (b) frozen under continuous
illumination; (c) difference spectrum (b — a). Conditions as
fig.1.

that, at least in this case, signal IIj; is the electron
donor.

Fig.4 shows the g=2.00 region of particles reduced
by dithionite at pH 6.0 in which the g = 1.84 was also
present (fig.2b). After illumination at 5 K (fig.4b) an
increase in signal size is observed with the difference
spectrum (fig.4c) showing the appearance of the dou-
blet attributed to the reduced pheophytin intermediate
acceptor, I~ [14]. At higher temperature and lower
microwave powers the singlet spectrum of I” is ob-
served. The lineshape of the doublet is not as fully
resolved asin [14] but is similar to that shown in [15].
This may be due to the oxidation of a donor to P680
giving rise to a signal near g = 2.00 which distorts the
central region of the doublet. Fig.4d shows a similar

Fig.4. EPR spectra showing light-induced [~ doublet in DEAE -
particles: (a) sample dark frozen after reduction with sodium
dithionite for 30 min at pH 6.0; (b) same sample after illumina-
tionat 5 K; (c) difference spectrum (b — a); microwave power
50 mW; time constant 0.3 s;scan rate 10 mT/min; modulation
amplitude 0.2 mT; gain 4000; temp. 5 K; frequency 9.1 GHz;
1.15 mg chi/mi; (d) sample prepared as (b) with modulation
amplitude 0.63 mT; time constant 1 s; scan rate 5 mT/min.

sample after illumination but with different EPR con-
ditions which increase in size but may also broaden the
doublet.

We conclude from these results, and by analogy to
bacterial reaction centres, that the component giving
rise to the signal near g = 1.82 is the primary acceptor
Q of photosystem II. The spectrum suggests that the
acceptor is a quinone—iron complex with an EPR sig-
nal in the semiquinone state. The semiquinone—iron
signal can be induced by illumination at room or low
temperature and by chemical reduction. When the
signal is chemically reduced, the doublet signal of I”
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can be induced by illumination at low temperature.
This signal is attributed to interaction between the
semiquinone—iron and the pheophytin radical.

Further investigation of the properties of this sig-
nal should allow not only a fuller understanding of the
electron acceptors of the photosystem Il reaction
centre but also progress in elucidating the donor chain
to P680.
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