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1. INTRODUCTION

The primary charge-separation act in isolated bacterial reaction
center (RC) complex occurs in 2.8 ps at room temperature and 0.7-1.2 ps
at 10K [see refs. in 1]. Because of simllarities between the bacte.ial
and photosystem II (PSII) RC's, it is of considerable interest to obtain
analogous cnarge-separation rates in tne higher plant system. Altnough
the original isolation of -the PSII RC was an important advance [2], the
complex was too unstable [3-5] for femtosecond transient absorption
spectroscopy. Recently, we have reported several procedures that
stabilize the PSII RC complex in both the dark and the light [3,6]. One
of these procedures produces material that is sufficiently stable to
survive tne extensive signal averaging required to measure the primary
charge-separation act [1,7].

2. PROCEDURES

The PSII RC complex was isolated from market spinach by the Nanba
Satoh procedure [2]. This material was subsequently stabilized by
adding a polyethyiene glycol (PEG) precipitation step [3,6] and removing
O, from the sample material with an enzymatic O,-scrubbing system {6].
Femtosecond transient absorption tecnniques and equipment have been
described elsewnere [1,7].

3. RESULTS AND DISCUSSION

Ground state absorption spectra and electron transport rates
indicate that the PSII RC material was sufficiently active to attempt
fast kinetic studies [1,3,6,7]. Figure 1 shows transient absorption
difference spectra of isolated PSII RC complex at both 277 and .15K.
Solid curves represent open RC's (Pheo in the oxidized state) and dashed
curves represent closed RC's (Pheo pre-reduced with dithionite and lignt
prior to a flash). Note that closing the RC's results in Loss of tne
500-550 nm and 750-850 nm transient absorption features characteristic
of P630%-Pneo”.

The kinetics at 820 nm (Fig. 2) are representative of the oniy
unambiguous spectral region in which the formation of P680"~Pheo” is not
convoluted with %he appearance and decay of the lowest excited singlet
state of P680 (' P680) or other pigments. A monophasic exponential
increase is observed with a best fit of 7 = 3.0 + 0.6 ps (277K) and 1 =
1.4 £ 0.2 ps (15K).
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FIGURE 1. Transient absorption
spectra of open PSII RC's (solid
curve) or of closed PSII RC's
pre-treated with 1.5 mM sodium
dithionite and 15 uM methyl vio-
logen (dashed curve). All traces
occur 10 ps following a 100-uJd,
500-fs laser flash at 610 mm.
Filters needed to reject residual
o5 610-nm Light following continuum
] probe light generation block the
o0 570- to 620-nmm wavelength range.
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In examining the kinetics of the absorption cnanges across the
transient absorption difference spectra of P680"-Pheo” at 277K, we found
that 650 nm is a near isosbestic point for the difference between the
absorbances of P680°-Pheo” and P680-Pheo. At this wavelength (data not
snown), the absorption rises sharply within the time resolution of the
instrument and decays with a 1 = 2.6 + 0.6 ps. We ascribe this
absorption increase to 1*p580 based on spectral arguments [1, 7] and the
fact that its decay time agrgea well with the rise time of P680 -Pheo’”
(Fig. 2). The lifetime of P680 can also be obtained by measuring the
decay of its stimulated emission. t 15K stimulated emission arising
from the Q (0,1) vibronic band of 1%p680 can be observed at 750 nm (data
not shown). The appearance of the bleach is instrument limited foilowed
by a single decay with v = 1,2 + 0.4 ps. Again the decay of 1¥p680
(i.e., its stimulated emission) is in good agreement with the appearance
of P680%-Pheo” at 15K (Fig. 2B). These data are also in agreement witn
hoie-burning data on PSII RC complexes [8].
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FIGURE 2. Transisnt absorption changes at 820 nm for PSII RC's after a
100-ud, 500-fs laser flash at 610 nm. A. 277K B. 15K, (After {_1] and
7.

Kinetics at other wavelengths (450-770 nm) reflect mixtures of both
the above mentioned components. Since at 15K we observe partial
resolution of two peaks in the Q, bands of the PSII RC pigments, Figs. 3
and 4 focus on the Kinetics of t%e bleach and recovery in this region.
Fig. 3 shows tne spectral cnanges that occur immediately after the laser
flash, The 672 _nm bleach is instrument limited while the 682 nm bleach
refiects both ' P630 and P680°-Pneo” formation. Figs. 4A and 4B show
the recovery of the bleacn in open and closed PSII RC's, respectively.
Recovery 1s wavelength dependent, and, in the case of pre-reduced RC's
(Fig. 4B), the long recovery component on this time scale is ' P680.

The fact that the 672 nm bleach recovers quickly regardless of the
oxidation state of Pheo suggests that this component is not associated
with primary charge separation or recombination processes. Similar
wavelength-dependent recovery is not observed at 277K.

In summary the absorption data suggest that both P680 and photo-
active Pheo in PSII RC's contribute to absorption near 682 nm and as
such P680 is a shallow trap for excitation energy from the other
pizments contributing to absorption at 672 nm. Furthermore, primary
cnarge separation in PSIL is represented by the following reactions:

P680-Pheo -5-L¥z-z-- > '*P680-Pheo ~z-7-z-=-- > P680" -Pheo.

< 500 fs 1.4-3.0 ps :

No evidence for an intermediate acceptor, such as Chl™, was obtained at
times > 500 fs. The rate of charge separation increases by a factor of
two when the temperature is lowered from 277 to 15K, similar to results
observed previcusly with bacterial RC's. Finally, the apparent rapid
recovery of the 672 nm band (t -~ 25 ps) suggests the presence of a
second photophysical process in PSIL RC's at 15K (but not 277K) that is
not coupled to primary charge separation.,
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FIGURE 3. Transient absorption
spectra for untreated PSII RC's at
0.25 ps intervals at 15K. (After
(7.

FIGURE 4. Transient absorption
changes at 665, 670, 675, and 680 nm
foliowing a laser flash. A. Open
PSII RC's. B. Closed PSII RC's.
Temperature, 15K. (After [7]).
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