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Prenylquinones and pheophytin @ in a preparation of photosynthetic reaction center II from spinach
chloroplasts were chemically determined. Each reaction center II had two molecules, each of plastoquinone-9
and pheophytin a, but practically no phylloquinone, a-tocopherylquinone or a-tocopherol.

Spectrophotometric studies [1-3] have sug-
gested that the primary electron acceptor, Q, and
the secondary electron acceptor, B, of the photo-
chemical reaction center Il are both plas-
toquinones. The secondary electron donor, Z (or
D)), next to P-680, has also been suggested to be a
plastoquinone {4]. An intermediate electron accep-
tor before Q has been demonstrated to be
pheophytin a [5]. To characterize the reaction
center in more detail, chemical analysis is neces-
sary to identify these electron carrier components.
A highly purified preparation of the photochemi-
cal reaction center II from higher plant chloro-
plasts [6,7] is suitable for such study. Spectropho-
tometric analysis [8] indicates that this preparation
contains one molecule each of P-680, Z (D,), and
Q per about 50 chlorophyll molecules. In this
work, the reaction center Il preparation was em-
ployed for the chemical determination of quinones
and pheophytins.

The photochemical reaction center 11 was pre-
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pared from spinach chloroplasts using digitonin as
described previously {7]. The chlorophyll a-to-b
ratio in this preparation was 11:1, suggesting in-
significant contamination by the light-harvesting
chlorophyll a/b protein [9]. For the determination
of prenylquinones, total lipids were extracted from
the preparation according to Bligh and Dyer [10].
The quinones were analyzed by HPLC on a col-
umn of Lichrosorb SI 60, 5 um (Merck) according
to Lichtenthaler and Prenzel [11], using a high
performance liquid chromatograph (Waters,
6000A) equipped with an ultraviolet detector
(Shimadzu, SPD-2A). Elution of the quinones was
monitored at 260 nm for plastoquinone-9, phyllo-
quinone and a-tocopherylquinone, and at 290 nm
for a-tocopherol. The amounts of the quinones
were determined by measuring the areas under the
elution bands and comparing them with those of
standards. The chromatographic standards, such
as phylloquinone, a-tocopherol, a-tocopheryl-
quinone and plastoquinone-9, were obtained as
described previously [12]. Concentrations of the
standard solutions were determined using absorp-
tion coefficients of E!® =210 at 255 nm for
plastoquinone-9 in ethanol [13], 419 at 248 nm for
phylloquinone in isooctane [14], 414 at 262 nm for
a-tocopherylquinone in ethanol [13], and 74.7 at
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TABLE I

QUINONE AND PIGMENT CONTENTS OF REACTION
CENTER II PREPARATION

Values with deviations were obtained from three separate ex-
tractions from the same preparation.

Molar ratio
Component /50 chlorophyll

Component

Plastoquinone-9 1.85+0.05
Phylloquinone 0.04+0.02
a-Tocopherylquinone 0.04+0.02
a-Tocopherol 0.02+0.01
Pheophytin a 2.1 +0.1
Carotenoids 10 +0.5

292 nm for a-tocopherol in ethanol [15].

For the determination of pheophytin and caro-
tenoids, total pigments were extracted with ace-
tone/water (85:15, v/v). The pigments were
transferred to ethyl ether [16], leaving digitonin in
the aqueous layer, and the ether solution was
evaporated to dryness under reduced pressure. The
pigments were dissolved in acetone and subjected
to column chromatography with DEAE-Sepharose
CL-6B [17]. Pheophytin a and carotenoids were
eluted with acetone, and determined spectrophoto-
metrically, using absorption coefficients, E}%  of
587 at 675 nm for pheophytin a [18] and 2500 at
450 nm for carotenoids [19]. The molecular weight
of the carotenoids was assumed to be 540. Chloro-
phylls were eluted from the column with
acetone/water (80:20, v/v), and spectrophoto-
metrically determined according to Arnon [20}.

Table I shows the contents of the pre-
nylquinones and pigments in the reaction center 11
preparation. For 50 chlorophyll molecules, there
were two molecules of plastoquinone-9, but virtu-
ally no phylloquinone, a-tocopherylquinone, nor
a-tocopherol. One of the two plastoquinone-9
molecules is ascribed to Q and the other possibly
to Z (or D,). No plastoquinone-9 seems to be left
for the secondary electron acceptor, B. In previous
studies [21], the electron transport reaction from
DPC to DCIP in the reaction center Il preparation
was little inhibited by a Photosystem II herbicide,
atrazine, although the herbicide-binding protein,
the apoprotein of B, was present [7]. These ob-
servations seem to suggest that the herbicide-bind-
ing protein had lost a major portion of the
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Fig. 1. Absorption spectra of a fraction eluted with acetone
from DEAE-Sepharose CL-6B column chromatography. (A)
Spectrum with no addition; (B) Spectrum measured 30 min
after addition of 0.25 mg-ml~! tetracyanoethylene. The con-
centrations of pheophytin a and carotenoids were determined
to be 0.78 and 2.3 pg-ml ™!, respectively.

plastoquinone during preparation of the reaction
center II, and therefore the electron transport be-
came insensitive to the herbicides. Another possi-
ble attribution of plastoquinone-9 is that the two
molecules are ascribed to Q and B, provided that
Z (or D,) differs from plastoquinone-9.

Pigments extracted from the reaction center 11
preparation were divided into two fractions by
column chromatography with DEAE-Sepharose
CL-6B; the one eluted with acetone contained
carotenoids plus pheophytin a and the other eluted
with acetone/water (80:20, v/v) contained chlo-
rophylls. Fig. 1 shows the absorption spectra of
the former fraction. Major peaks at 450 and 473
nm and a shoulder at 408 nm are ascribable to
carotenoids, and peaks at 533, 607 and 665 nm to
pheophytin a. Tetracyanoethylene, which removed
the absorption bands of carotenoids in the blue
region [18], disclosed absorption peaks at 500 and
533 nm (Fig. 1B). Absorption bands at
500, 533, 607 and 665 nm in Fig. 1B are character-
istic of pheophytin a.



Quantitative analysis of the pigments indicated
that there were about two molecules of pheophytin
a and 10 molecules of carotenoids per 50 chloro-
phyll molecules in the reaction center II prepara-
tion (Table I). Since the ratio of chlorophyll to
reaction center I is about 50 : 1 in this preparation
[8,21], these findings suggest that two molecules of
pheophytin a and 10 molecules of carotenoids are
involved in the reaction center 11 complex. Klimov
et al. [5] observed in their spectrophotometric
analysis that one molecule of pheophytin a can be
reduced by light per reaction center II. Probably,
only one of the two pheophytin molecules is
photo-reducible. It is noteworthy that the bacterial
reaction center contains two molecules of
bacteriopheophytin a, one of which can be re-
duced by light [22].
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