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A brief review is given on how ultrafast laser spectroscopy has been recently applied to the research of
photosynthetic reaction center, which achieves the most essential energy conversion from light to chemical
(physiological) energy. Photosystem I reaction center (PSIRC) is one of the several types of photosynthetic
reaction center, and it is working in plants and some photosynthetic bacteria. Light-illuminated PSIRC
generates the highest reducing capability among all biological systems, which is necessary for the reduction
of carbon dioxide, the most controversial greenhouse effect gas. The understanding on PSIRC has been
relatively delayed due to its stoichiometric and spectroscopic complexity. Thanks to the advance of ultrafast
laser spectroscopy and the finely determined crystal structure in 2001, very detailed picture is being rapidly
constructed on the mechanism of the electronic excitation transfer and the primary charge separation
processes among the constituent chlorophylls in PSIRC.
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Fig. 1 Molecular structure of chlorophyll a.
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Fig. 2 Arrangement of chlorophyll molecules (Chl) in the crystal
structure of photosystem | reaction center complex. Proteins
and other cofactor molecules are not shown. The view
directions in the upper panel is along the normal of the
photosynthetic membrane. The view direction in the lower
panel is parallel to the membrane plane. The Chls in the
electron transfer and antenna systems are shown by atomic
spheres and sticks, respectively. The structural data were
downloaded from the Protein data bank (1JBO0).
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Fig. 3 The molecular arrangement of the electron transfer
cofactors of photosystem | reaction center. There are 6 Chls, 2
phylloquinones (PhyQ), 3 iron-sulfur centers (Fx, Fa, Fg).
P700 is a heterodimer, which consists of Chl and its structural
isomer (epimer, Chl’). The structural data were downloaded
from the Protein data bank (1JBO0).
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Fig. 4 Absorption spectra of isolated photosytem |
reaction center. The one isolated from spinach contains about
150 Chls per P700 (PSI with 150 Chl/P700), and the one treated
with diethyl-ether contains only 13 Chls per P700
(antenna-removed PSI). The absorption spectrum of monomer
Chl in diethylether is also shown.
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Fig. 5 Time- and polarization-resolved fluorescence of

photosystem | reaction center (from a cyanobacterium) that
contain about 100 Chl/P700. The excitation and detection
wavelengths were 650 and 725 nm, respectively.  The
repetition rate of the laser was 250 kHz. The lower graph
shows the polarization anisotropy calculated from the parallel
and perpendicular components. The upper graph is reproduced
with permission from ref. 4 (© American Chemical Society).
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Fig. 6 Spectra of transient absorbance changes of photosystem
I reaction center that contains about 150 Chls/P700. The
excitation wavelengths was 630 nm. Femtosecond white
continuum pulses were used as the probe beam. The repetition
rate of the laser was 1 kHz.
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Fig. 7 Decay-associated spectra obtained by the global curve
fitting of the transient absorbance changes as shown in Fig. 6.
Three exponentially decaying components and one
non-decaying component were necessary and sufficient for the
signal-to-noise ratio in the time window from -1 ps to 300 ps.
See main text for the definition.
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Fig. 8 Temporal profiles of the transient absorbance changes
of antenna-removed photosystem | reaction center. Excitation
and probe wavelengths are 699 nm and 738 nm, respectively.
Repetition rate of the laser was 1 kHz. Two chemical
conditions were employed.  Under the P700-prereduced
conditions, P700 was chemically reduced at a rate much faster
than the photooxidation rate. Under the P700-preoxidized
conditions, P700 was chemically oxidized in the ground state.
The two panels show the same data on different time scales.
Reproduced with permission from ref. 9 (© American Chemical
Society).
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