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1. INTRODUCTION

The primary photophysical processes of photo-
synthesis are usually subdivided into:

(i) Delivery of excitation from light-harvesting an-

tenna pigments to reaction centers (RCs);
(if) Conversion of excitation in RC into separated
charges.

A portion of excitations (1—10%) is usually lost en
route to RCs giving rise to prompt fluorescence of
antenna pigments. According to currently accepted
ideas the time course of this fluorescence must
reflect the kinetics of excitation delivery to RCs
and the risetime of RC photooxidation. On this
basis, the first picosecond studies of photosynthetic
objects were carried out [1—4]. Later it was demon-
strated that efficient biexcitonic quenching may be
involved in picosecond experiments with powerful
laser pulses (see reviews [5,6]), which may obscure
considerably the real kinetics of fluorescence decay.
Besides, a portion of what was usually considered as
fluorescence may just be short-lived delayed emis-
sions [7—9]. The third difficulty is due to the fact
that some spectral forms of antenna chlorophylls
exhibit fluorescence with a negligible yield and life-
time [10,11]. All these difficulties called for using
the absorbance laser methods for monitoring the
excitation transfer in antenna.

The difference picosecond laser spectrometer of
Vilnius State University [12,13] is adequate now for
these studies. This work reports the first picosecond
absorption data on:

(i) Transfer and disappearance of excitations from
light-harvesting antenna;

(i) Subsequent appearance of RC oxidation in the
native chromatophores, obtained with this
spectrometer.

2. MATERIALS AND METHODS

The chromatophores were isolated from the pur-
ple non-sulphur photosynthetic bacterium Rhodo-
spirillum rubrum as in [14]. For picosecond measu-
rements chromatophore preparations were diluted
so that the absorbance of the sample in a | mm
cuvette at the excitation wavelength (in 890—920
nm range) was < 0.5 4/unit.

Picosecond absorption was measured with a dif-
ference spectrometer described in {12,13]. This
spectrometer allows one to measure photo-induced
absorbance changes down to 2 X 10 ~ % 4 unit with
the time resolution of — 10~ !'s. The wavelengths
of excitation and probing beams are tuned contin-
uously and independently in the 400—1500 nm
spectral range. Excitation pulse energy can be

varied from 10''—10'8 photons . cm ~ 2, pulse ~ .

3. RESULTS AND DISCUSSION

The P870 photooxidation in Rh. rubrum chro-
matophores with picosecond laser pulses was mon-
itored by the P800 band shift, characteristic of the
primary charge separation in reaction centers. The
corresponding kinetic of absorbance changes at 810
nm (in P800 band) induced by 900 nm laser pulses is
shown in fig.1, curve 1). It reflects:

(i) The appearance and subsequent disappearance
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Fig.1. Kinetics of absorbance changes of RhA. rubrum
chromatophores induced by 900 nm picosecond exciting
pulses: curve 1 (o) recorded at 810 nm; curve 2 (s) obtain-
ed near 800 nm in the isobestic point for P800 band shift
of RCs; curve 3 (+) calculated by the point-by-point
subtraction of curve 2 from curve 1. Energy of excitation
was — 5 X 10'3 photons.cm ~2.pulse ~ I, which corre-
sponds to oxidation of ~ 1/3 RCs in chromatophores
(see fig.3, curve 3)

of excitations in antenna pigments, which ma-
nifest themselves as an absorption increase in
this spectral range;

(ii) The shift of P800 band due to the primary
separation of charges in RCs, which in turn re-
sults in some bleaching.

To separate the superimposed signals, the kinetics

were recorded at 802 rim in the isobestic point of

P800 band shift (curve 2). The kinetic at 802 nm

exhibits a very fast absorption increase (< < 107 ),

and this increase relaxes in the time interval
commensurable with the duration of laser pulse
used.

The spectra of absorbance changes (fig.2) suggest
that the first component of curve 1 (fig.1) (transient
absorption increase) should be attributed to the ex-
citation of antenna molecules. Consequently, the
remaining portion of the absorbance changes at 810
nm (long-lived bleaching) may be attributed to the
shift of P800 band induced by charge separation in
RCs. This conclusion was confirmed by similar kin-
etic experiments with either a portion or all RCs
preoxidized by continuous light or chemical sub-
stances — a proportional decrease or complete elim-
ination of the long-lived bleaching was observed.
Contrary to this, the kinetics of antenna bacter-
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iochlorophylls (curve 2 of first component of curve
1, fig.1) were apparently the same when chroma-
tophore RCs were in the reduced or oxidized states.
But the peak height of curve 2 or of first component
of curve 1 rose as did the increase of excitation pulse
energy which also sped up its relaxation.

Some kinetics were recorded at 795 nm. They also
contained both signals, but at this wavelength the
first component (the short-lived absorption increase
due to antenna excitation) turn into some long-lived
intermediate level of increased absorption due to
P800 band instead of long-lived bleaching at 810
nm. This long-lived level was also shown to be pro-
portional to the portion of active RCs and vanished
if they were preoxidized.

To separate the net kinetics of RC oxidation
(curve 3, fig.1) (via P800 band shift) we subtracted
point-by-point curve 2 (the signal of photoexcited
antenna molecules) from curve 1 (the signal of
photoexcited antenna molecules plus the signal of
P800 band shift). In additional experiments the an-
tenna signal was demonstrated to be the same with-
in some 5—10% in 800—810 nm spectral range (see
fig.2).

For moderate picosecond excitation (< 1013
photons . cm ~ 2. pulse ~ 1), the rates of RC photo-
oxidation in chromatophores (i.e., excitation
transfer plus RC oxidation itself) and that of decay
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Fig.2. Difference spectra of absorbance changes of Rh.
rubrum chromatophores, induced by 920 nm excitation
pulses with high (e) and low (o) energies (107 and 10'
photons.cm ~ 2.pulse ~ !, respectively). The probing pulse
coincided in time with the exciting pulse in both cases.
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of photoexcited molecules of antenna bacterio-
chiorophyll were the same within experimental
error and equal to (in monoexponential approxi-

P g
malivlil).

TRC oxidation = Texcitation decay = 60 £ 15 ps

For hxgh pulse energies (> 10'7 photons.
cm <. pulse 1), the risetime TR¢ oxidation had the
same value, but the decay time for singlet excita-

nhy decreased to

o
tions in antenna ua»u.uu»hlunOFu_yuo Gecreased o

the level under our time resolution:

0

TRC oxidation = 6U £ 10 ps

Fig.2 shows the spectra of absorbance changes

induced nd
induced by picosecond laser monopulses in chro-

matophores of Rh. rubrum. One can see a drastic
difference in the position of bleaching peaks
brought about by week and strong pulses. We sug-
gest [15] that the antenna system of Rh. rubrum
contains a small fraction (-~ 5%) of bacteriochior-
ophyll with a long wavelength absorption band

at . 90§ Icppr‘fral form RO0OS. The

maximum at — 905 nm
remaining bulk of pigment comprises the well-
known B880 form. The B905 minor fraction acts
as a trap for singlet excitations in the B880. This
trapping appears to occur via inductive resonance
in a time interval considerably shorter than the dur-
ation of our laser pulse, i.e.. < 25 ps. That is why
Oﬂ‘n_‘y’ B905 form exhibits hlpar\hvng in the case of

weak excitation pulses. Fig.3 shows the light de-
pendences for the amplitudes of B905 and B&80
bleachmg as well as for RC photooxidation (again
via the P800 spectral shift). One can see that RC
photooxidation correlates linearly with the ampli-
tude of B905 bleaching. The bleaching of B&80O
starts only after saturation of the B905 band blea-
ching and RC photooxidation. This seems to mean
that each B905 complex of molecules, on having
received one excitation cannot have others induced
in B880 by a strong excitation pulse. Besides the
excitation transfer from B880 to B905 molccules
there are two quenchmg processes of Sngo + SngO
and Shgso + Shoos types [15], where S! is the first
singlet exc1ted state. But at intensities of — 10'6
photons.cm ~ 2 pulse ~ ! all these channels of B880
deactivation become overloaded. Therefore the
concentration of excitations in B880 increases dras-
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Fm 3. Dependence of absorbance r_hqnge_s, of Rh. rubrum
chromalophores on the energy of 900 nm excitation pul-
ses (light curves): curve 1 (s) measured at 880 nm; curve 2
(o) measured at 905 nm; probing pulse coincided in time
with exciting pulse in both cases: curve 3 (-), correspon-
ding to P800 band shift due to RC oxidation. was recor-
ded at 810 nm with 450 ps time delay for probing puise

relative to exciting pulse.

tically which develops itself into the profound
bleaching of 880 nm band.

The above experimental data lead us to the fol-
lowing conclusions:

(l The longer wavelength position of the B905

............
pears to be due to strong mteracuon of more than
two BChl molecules. This interaction may be not
only of dipole—dipole but also of exchange type ata
very short distance. It may well be that, say, 3—5
BChi molecuies/RC form such a tightly bound
complex [15].

(2) These B905 complexes are located in the im-
mediate proximity of RCs. The fact of the identical
decay times of the excitation population in B905
and the risetime of RC photooxidation proves that
RC traps excitations from B905 which thus acts as
an efficient coupling arrangement between the bulk
of antenna pigment and RCs. It must be fluore-
scence of the B905 form that is observed around
910—915 nm with a lifetime of 7y, = 50 ps (1]
approximately equal to the above mentioned decay
and risetime.
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(3) The energy gap formed between B880 and B905
amounts to 39 meV which means that the downhill
and uphill migration rates relate as 5:1. But bearing
in mind that in Rh. rubrum we have some 50—80
B880 molecules/3—5 B905 molecules, we arrive at
the conclusion that the ratio of the quasi steady state
concentrations in B880 and B905 should be pro-
portional to 3:1 (in favour of B880) provided these
forms can freely exchange their excitations via an
inductive resonance mechanism. But this is not the
case. The bulk of excitations is localized in B905
(fig.2, weak excitation). To explain this discrepancy,
we suggest that the strong electron-exchange inter-
action in B905 complexes leads to formation in
them of singlet excitations mixed with charge
transfer complexes (like in associations of dye
molecules). This phenomenon eliminates the back-
ward transfer of excitation quanta to the B880 bulk
pigment.

The energy scheme of the primary processes is
shown in fig.4. The solid arrow represents a very
fast (= 5 ps) excitation migration from the B880
antenna to the B905 complexes leading to forma-
tion of the mixed state

B905*
B905 *B90S ~

54 meV

38meV

B905 mp &

intermediate
state
light-
harvesting reaction
antenna center

Fig4. Energy scheme for energy transfer between
light-harvesting antenna and reaction center in Rh.
rubrum chromatophores (details in text).
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The dashed arrows represent the excitation mi-
gration from B905 back to B880 and to the RC
dimer (P870); via an inductive resonance mechan-
ism. One can see that the energy gap between B905
and (P870), (-~ 55 meV) must reduce this rate con-
stant — 10-fold at room temperature and much
stronger at low temperatures. But we do not believe
that this mechanism plays the key role in the energy
transfer from B905 to (P870), of RC.

We suggest the ‘tunnelling of charge transfer
state’ from the above-mentioned B905 mixed state
(presumably, a charge transfer complex) just to
some state of RC with separated charges or with
charge transfer complex without formation of
(P870), singlet excited state. This process is indica-
ted in fig.4 by a thick arrow. In this case the energy
transfer would require no activation energy, be-
cause the corresponding energy levels are nearly
coincident with those of Rh. rubrum.

Now we are investigating the temperature de-
pendence of RC photooxidation in chromatophores
in order to discriminate between two alternatives in
energy transfer from B905 to RCs.
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