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Subpicosecond Emission Studies of Bacterial Reaction Centers

P. Hamm and W. Zinth

Institut fiir medizinische Optik der Ludwig-Maximilians-Universitdt Miinchen,
Barbarastr. 16, W-8000 Miinchen, Fed. Rep. of Germany

The emission of the electronically excited state of the special pair in the reaction
centers of the photosynthetic bacterium Rhodobacter (Rb.) sphaeroides R26.1 and
several mutants was observed by upconversion. In all samples, a biexponential decay of
the fluorescence emission was observed.

In the primary photosynthetic reaction energy is stored by a charge transfer across a
membrane bound pigment protein complex called reaction center (RC). The x-ray
structure analysis of RC’s from Rb. sphaeroides has shown that the electron carrying
pigments are arranged in two branches (A and B) related by an approximate C2-
symmetry. It is known that the electron uses predominantly the A branch. By transient
absorbance measurements 3 kinetic components were found which could be associated
with a sequential reaction model. After electronical excitation of the special pair (P) by
a photon the electron is transfered via a bacteriochlorophyll monomer (BA) in 3.5 ps to
a bacteriopheophytin (HA) in 0.9 ps, and finally to a quinone (QA) in 200 ps.

In order to get new and independent information on the first reaction step we
investigated fluorescence emission of the electronically excited state P'. We present data
on native RC’s from Rb. sphaeroides and from mutants where the tyrosine at position
M210 and the phenylalanine L181 were exchanged. In detail, we have investigated
(YM210~F), (FL181~Y), and (YM210-F,FL181-Y). The mutations were at symmetry
related positions between the special pair and chlorophyll monomer on each branch.

The experiments were based on a femtosecond near infrared laser-amplifier system
operating at a repetition rate of 10 Hz. Exitation was performed at a wavelength of
865nm. The fluorescence light at a wavelength of 920 nm was upconverted in a Imm
thick BBO crystal. Uncritical collinear Type II phasematching was used. The time
resolution was approximately 400 fs.

The transient absorbance measurements on native RC’s in the spectral region of
stimulated emission indicated that P decays monoexponentially with a time constant of
3.5ps. The results of the emission experiments are plotted in Fig. 1. No data trace follows
a monoexponential decay. However, the measurements can be explained well by a
biexponential model function with time constants of 2ps-6ps for a faster component and
7ps-26ps for the slower component. The values of the time constants (71, 72) and the
amplitude ratios (A2/A1) are summarized in Table 1.

No other fast time constant is required to explain the experimental data; e.g. the 0.9
ps kinetic component which was observed by transient absorbance measurements in the
spectral region of the absorption bands of BA is not observed in the emission experiment.
On the other hand one would expect the 0.9 ps kinetic if it reflects an energy relaxation
process within P*, Therefore our finding supports the stepwise electron transfer model
where the 0.9 ps kinetic is related to the transfer step from BA to HA.

Within the scope of nonadiabatic electron transfer theory the observation of an
additional time constant (the 3.5ps kinetic splits into two kinetics) indicates that a new
intermediate state has to be considered. Although we can not finally rule out other
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Fig.1: The emission experiments on RC’s of R26.1 and of the mutants (YM210-F),
(FL181~Y), and (YM210-F FL181-Y).

Table 1:
T1 Ty | Ay/A /o, | 1/on | /oy
[ps] | [ps] [ps] | [ps] | [ps]
R26.1 23 |7 0.25 32 13 48
YM210-F 6.1 |26 1.37 18 29 9.0
FL181-Y 21 [ 15 |0.06 2.8 10 11
YM210~F,FL181-Y |35 |18 | 0.59 8.8 11 7.1

reaction models we want to focus on the model which is shown as an insert in Fig 1. The
model contains a "parking state” N coupled to P*. The reaction rates g, INy and oy’ can
be evaluated directly from the measured time constants and amplitude ratios and are
summarized in Table 1. It can be seen, that a replacement of a phenylalanine by a
tyrosine tends to speed up the reaction into the direction of the branch where the
tyrosine is introduced.

A reevaluation of our former absorbance measurements taking into account the time
constants given above allows us to compute the spectral properties of state N to be
similar to those expected for a P*B- state. This leads to the conclusion, that the "parking
state" N may be P*BB" were the electron is transiently brought on the inactive, the B
branch.
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