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Two kinds of antenna complexes LH2 of Rhodobacter sphaeroides, wild type RS601 and the removal of B800
pigments (B800-released), were used in our experiment. These two LH2 complexes show quite different behaviour

in absorption and femtosecond dynamics. By using the femtosecond pump—probe technique, the energy transfer

processes occurring in two complexes were studied. Because of removing the B800 pigment from the LH2 in

B800-released LH2 complex, the energy transfer between the B800 to B850 pigment was completely eliminated,

while the pure internal energy transfer within the exciton states of B850 pigment could be carefully investigated.
The results show that, at BS800 absorption band, B800-released LHZ2 obviously shows a dominated transient
absorption different from the photobleaching observed in RS601; while at the B850 band, these two complexes

show similar photobleaching behaviour.

PACS: 34.30.+h, 42.65. Re, 78.47. +p

The primary process in the photosynthesis starts
from the absorption of the light by the peripheral an-
tenna complexes and creates excited states that then
proceed to the core complexes containing reaction cen-
tre. The Rhodobacter sphaeroides LH2 complex acts
as pigment antennas to absorb sunlight and transfer
the excitation energy to the reaction centres efficiently.
It has a nonametric ring structure with ninefold sym-
metry, each monomeric unit contains an a-apoprotein,
a (-apoprotein and carotenoid (Rhodopin glucoside)
molecules.!'?] The complex has its longest wavelength
electronic transitions in the near-infrared region with
two absorption bands located around 800 and 850 nm,
respectively. The 18 BChl molecules are sandwiched
between the a- and [(-apoprotein helices and form
a continuous overlapping ring. These molecules ab-
sorb mainly at about 850 nm and are called the BChl-
B850 molecules. Another nine BChl molecules are lo-
cated more peripherally in the complex and are situ-
ated between the (-apoproteins. These molecules ab-
sorb light at about 800 nm and are correspondingly
denoted as the BChIl-B800 molecules. In addition,
the carotenoids span the membrane, making van der
Waals contact with both the BChl-B800 and B850
molecules.

The research on the ultrafast energy transfer dy-
namic processes in intra/inter B800 pigments, B80O
to B850 and in the intra/inter B850 has been car-
ried out by different techniques, which include fem-

tosecond pump-probe,[? 5] femtosecond transient ab-
sorption (TA),[6’7] fluorescence up conversion,® and
transient grating technique.[’’ The study of the pho-
todynamic process in the bacterial antenna complex
at different wavelengths for excitation of B800 and/or
B850 band has resulted in a good understanding on
the energy transfer happening in this complex. It is
reported that the light energy absorbed by B800 pig-
ments can be rapidly transferred to the B850 ring on
a time scale of 0.7ps at room temperature. There
are many theoretical works intended to account for
these dynamics,!1%11] but perfect agreement has not
yet been obtained. From many experimental studies
and theoretical calculations, it was suggested that the
B800-B850 interband transfer and the B850 intraband
transfer could be strongly affected by high lying exci-
ton levels of the B850 band. The electronic coupling
among these states may accelerate the transfer pro-
cess between B800 and B850 pigments. However, no
experimental result on the ultrafast energy transfer
process from the high lying exciton levels has been re-
ported.

Recently, it was reported that B800 molecules
within the LH2 protein for Rhodobacter sphaeroides
and Rps acidophila can be selectively released, which
provides useful samples for studying the energy trans-
fer process in the antenna system. In fact, the up-
per exciton components in the exciton state of the
B850 pigment, which were supposed to be extended
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to around 750 nm,[*2! are in the vicinity of the absorp-
tion band of B800 pigments. The absorption of B850
to these high lying exciton levels is hidden under the
B800 Q,, absorption and it even has about 20% contri-
bution to the absorption around 800 nm. By using the
B800-released samples, we are in a position to study
the excitation and related energy transfer processes of
upper exciton levels of B850 near the B800 absorption
peak.

LH2 of Rhodobacter sphaeroides is an ideal system
to study the physical mechanism of energy transfer.
It has been demonstrated recently that its pigment
arrangement is similar to that of Rps acidophila.!X!
In order to study the mechanism of energy transfer
within LH2, two kinds of Rhodobacter sphaeroides
LH2 were used in the measurement. One was the
B800-released LH2 obtained by releasing B800-BChl
from LH2 of RS601. The other was wild type of
Rhodobacter sphaeroides 601 (RS601). A dynamical
evolution of high lying exciton levels in B850 rings
around 790 nm was first measured in this study. The
research results offer a new insight into the investiga-
tion of the energy transfer mechanism in the LH2.

For preparation of the B800-released LH2, LH2 of
RS601 was changed from suspension in TL buffer to
LM buffer (10 mmol/L Tris-HCl, 0.9% n-dodecyl-S-
maltosid, pH8.0) on a DEAE-cellulose column. Then
LM buffer containing ascorbic acid (5mmol/L) was
acidified with acetic acid to pH4.8. B800 was released
after 90 min incubation at 25°C. Conditions for the
release of the B800 molecules were optimized as in
Ref. [12].

Femtosecond (fs) pump—probe experiments were
carried out by using a Spectra Physics Ti:sapphire
laser at room temperature. The output from the os-
cillation stage of the laser was used as the laser source
for pump and probe beams, with pulse duration of
about 120fs, repetition rate of 8 MHz and average
power of about 500 mW. The wavelength of the laser
beam could be tuned from 760 nm to 850 nm by mov-
ing the slit in the laser system, while the group ve-
locity dispersion was also adjusted to keep the better
The
pump—probe set-up was similar to that described in
Ref. [5].

Figure 1 shows the absorption spectra of
Rhodobacter sphaeroides for RS601 (curve a) and
B800-released LH2 (curve b) at room temperature.
For native RS601, there are the carotenoid absorption
peaks at 451, 479 and 512nm, one @, band absorp-
tion peak at 590 nm, and the typical B800 and B850
absorption bands of RS601 located at 800 and 848 nm,
respectively. For the B800-released complex, the ab-
sorption peak of the B850 band is red-shifted about
1.5nm relative to that for native RS601. Absorption

mode-locked condition of the laser oscillation.

spectrum of B800-released LH2 also shows that the
absorption band of B800 pigments completely disap-
pears due to the fact that B800 were removed. In com-
parison with the absorption peaks of carotenoids in
RS601, those of B800-released LH2 were blue shifted
6 nm, which might be caused by the loss of the interac-
tion between carotenoids and B800.'4] The absorption
spectra of two samples obviously confirm the fact that
there is a large difference in the complex structure be-
tween them and the feature of B850 in B800-released
is maintained as in RS601.
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Fig. 1. Absorption spectra of LH2 of Rhodobacter

sphaeroides: (a) RS601 and (b) B800-released at room
temperature. The spectrum b is magnified and the spec-
tra are vertically shifted for clarity.

By using the tunable fs laser beams from 795 nm
to 850 nm, very interesting results were observed. At
BR800 absorption band, the fs dynamics for two LH2
complexes show quite different behaviour in this re-
gion, which would be helpful to understand the real
photosensitive primary processes of these two differ-
ent complexes under light absorption.

When the excitation wavelength was tuned at
795nm, which is near the peak absorption peak of
B800 pigments, for RS601 (Fig. 2(a)) the transient be-
haviour is dominated by photobleaching (PB) caused
by the saturated absorption (SA) in the B800 band,
which was followed by a transient absorption tail
about 2ps later caused by the B850 pigments. The
ultrafast decay time of PB signal, which results from
the energy transfer from B800 to B850 and the inter-
nal conversion in B800 band, is about 550fs, while
the measurement taken around 795nm for B800-
released, as shown in Fig.2(b), obviously shows that
there is a dominated transient absorption coming from
B850 pigments instead of the dominated PB signal in
RS601. As the concentration of B800-released LH2 is
about six times lower than that of RS601 and the ab-
sorption of B850 pigments is weaker than that of B800
pigments at 795 nm, its fs pump—probe signal is much
weaker than that of RS601. As seen from Fig. 1, when
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all B800 pigments were removed from the antenna
complexes LH2, no strong absorption around 800 nm
exists, while the remaining absorption is from the tail
of B850 absorption band, which is weak in this wave-
length region. The nonlinear absorption measurement
for the B800-released complex reveals that the nonlin-
ear absorption at 795 nm is related to a transition from
B850 rings to an upper level in the manifold. Our mea-
surement also confirms that the B850 pigments can
be excited to the high lying one-exciton levels with a
800 nm beam.
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Fig. 2. Femotsecond pump—probe dynamics of Rhodobac-
ter sphaeroides: (a) RS601 and (b) B800-released samples
at 795 nm. The dots represent the experimental data and
the solid lines are the fitting results with the eight-level
model.

In order to analyse the data, rate equations based
on eight energy levels model were utilized to describe
the energy transfer in the LH2 complex (Fig.3). In
this energy level scheme, four levels on the left (a;—
ay) are related to B800, while the other four levels
(b1—bs) on the right represent the excitation and en-
ergy relaxation in B850. The initial values of the pa-
rameters used in the calculation were taken from our
measurement and other papers, and were finally ob-
tained from the fitting procedure. The laser pulse du-
ration at sample position was determined to be 120 fs
from the autocorrelation measurement and the power
density at the sample was of 100 MW /cm?. When
the excitation wavelength is near the B800 band, for
RS601, the B800 pigment was effectively excited. As
the absorption cross section o,; of the excited state

level is less than o, of the ground state, the photo-
dynamic is a distinct photobleaching. However, for
B800-released, only B850 pigments are excited. This
leads to an excited state absorption in contrast to the
strong bleaching observed from the RS601 LH2 com-
plex due to the fact that the absorption cross sections
op11 and op12 of one-exciton level are larger than o, of
the ground state. The solid line in Fig. 2 is the sim-
ulated result using this model. Some parameters at
795 nm obtained from the fitting are: absorption cross
section o, of 3.8 x 10715 cm?, o3, of 7x 10~ ecm?, op14
of 7x 10718 cm?, op19 of 1.2 x 1071% cm?, decay rates
kpi1 of 2.1 x 1083571, Ky of 2.5 x 1013571 and kpy; of
3.1x10*s~!. Some data obtained from the fitting are
in agreement with those obtained from the absorption
and published values, but the values of o517 and kpe
are obtained from our work.
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Fig. 3. Eight levels for RS601. The left four levels belong
to the B800 pigments (a1, a2, as,as) and the right part is
related to B850 (b1, ba, b3, ba).

The fs pump—probe measurement with the wave-
length tuned between 800nm and 850nm was also
carried out. From 800 nm to about 815 nm, the B800-
released complex shows a similar evolution of transient
absorption as that at 795 nm, but the TA signal de-
creases with the increase of the wavelength of the fs
pulse. When the wavelength was tuned to the fur-
ther red side of the B800 band, these two complexes
have similar photodynamic behaviour mainly coming
from the B850 pigments. Figure 4 shows the dynamics
processes of two complexes excited at 850 nm, where
the transient response is from B850 pigments. B800-
released LH2 shows a distinct photobleaching similar
to RS601, which has two components in the decay of
the photobleaching. By using the deconvolution treat-
ment, the decay time of the ultrafast component was
determined to be 375fs for RS601 and 290fs for the
B800-released complex, respectively. Based on the en-
ergy level model and the simulation procedure, this
ultrafast photobleaching signal was attributed to the
population in the two-exciton state (level by) of the
B850,[15] whose absorption cross section is much less
than that from the exciton level, op12. Due to the
large absorption cross section of the ground state in
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B850 and the intense pump laser beam, the exciton
in B850 can be effectively excited to the two-exciton
state, leading to this ultrafast PB signal. The fast
rise of PB signal reflects the rapidly increased popu-
lation in the two-exciton state and the decay of this
ultrafast PB signal reflects the fast depopulation from
two-exciton state to the one-exciton states. The slow
decay component comes from the stimulated emission
from the exciton state by the probe beam due to the
large fluorescence emission cross section of B850 in
this wavelength region. The decay time of this slow
component gives an indication of the decay of the pop-
ulation in the exciton state of B850.
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Fig.4. Femotsecond pump—probe dynamics of LH2 of
Rhodobacter sphaeroides at 850 nm: (a) RS601 and (b)
B800-released. The dots represent the experimental data
and the solid lines are the fitting results.

In conclusion, the optical absorption properties
and the femtosecond dynamics of the B800-released
LH2 sample were measured at room temperature in
comparison with that for native RS601. The mu-
tant B800-released LH2 shows a distinct difference
in the absorption spectrum and the fs dynamics at
the wavelength near the B800 band from the RS601.
This result shows that the high lying exciton states in
B850 can be excited by 800 nm pulse and has a large
upward absorption probability, leading to a distinct
photoabsorption dynamics. However, near the peak
of the B850 absorption band, two LH2 samples show
the similar photodynamic behaviour with two photo-
bleaching decay components, which are caused by the
two-exciton state excitation and the efficient stimu-
lated emission from the exciton state in B850, respec-
tively. From the simulation based on the rate equa-
tions and the calculation of the differential transmit-
tance, these measured dynamics were found in good
agreement with the simulated results.
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