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Part II 
Native Reaction Centers: 
Electron Transfer Dynamics 



Similarities of the Primary Change Separation 
Process in the Photosynthesis of Rhodobacter 
sphaeroides and Rodopseudomanas viridis 
K . Dressler 1, U . Finkele 1 , C . Lauterwasser 1, P. H a m m 1 , W. Holzapfel 1 , 
S.Buchanan2, W.Kaiser 1 , H . M i c h e P , D.Oesterhelt^, H.Scheer», H . U . S t i l z \ 
and W.Zin th 1 

1 Physik Department Ell,Technische Universität M ü n c h e n , W 8000 München 2, F R G 
2 Max-Planck-Institut für Biophysik, W 6000 Frankfurt a. M . , F R G 
3 Max-Planck-Institut für Biochemie, W 8033 Martinsried, F R G 
4 Botanisches Institut der Ludwig-Maximilians-Universität, W 8000 München 19, F R G 

Photosynthetic conversion of l i g h t i n t o chemical energy S t a r t s v i a a 
s e r i e s of e l e c t r o n t r a n s f e r r e a c t i o n s i n pigment-protein complexes c a l l e d 
r e a c t i o n centers (RC's). The most d i r e c t access to the primary r e a c t i o n 
dynamics o f f e r s time r e s o l v e d o p t i c a l spectroscopy. Düring the past few 
years, t h i s technique has been continuously improved p e r m i t t i n g advanced 
experiments w i t h high temporal and amplitude r e s o l u t i o n . In t h i s paper, we 
show, that RC's from Rhodobacter(Rb.) sphaeroides and Rhodopseudomonas 
(Rps.) v i r i d i s e x h i b i t common fe a t u r e s i n the abs o r p t i o n t r a n s i e n t s . This 
p o i n t s to a s u b s t a n t i a l s i m i l a r i t y of the elementary molecular processes. 
This f a c t i s not s e i f - e v i d e n t , s i n c e d i f f e r e n t Polypeptides and d i f f e r e n t 
types of b a c t e r i o c h l o r o p h y l l s (BChl) and bacteriopheophytins (BPh) are 
present i n v a r i o u s r e a c t i o n centers, e.g. BChl a and BPh a are e s s e n t i a l 
pigments i n the r e a c t i o n centers of Rb. sphaeroides w h i l e BChl b and BPh b 
are a c t i v e i n the RC's of Rps. v i r i d i s . For both r e a c t i o n centers x-ray 
s t r u c t u r e s are now a v a i l a b l e /1-3/. I t was shown that the p r o s t h e t i c 
groups and neighbouring amino a c i d s are i n a very s i m i l a r arrangement: 
most im p o r t a n t l y are two BChl molecules i n c l o s e contact which act as the 
primary e l e c t r o n donor P. The other pigments are arranged i n two branches, 
A and B. S t a r t i n g from the primary donor, the s p e c i a l p a i r P, one f i n d s a 
monomeric b a c t e r i o c h l o r o p h y l l (B), a bacteriopheophytin (H), and a q u i -
none (Q) on each branch. I t was shown that the e l e c t r o n t r a n s f e r occurs 
v i a the A-branch and that a f t e r about 3 - 4 ps a r a d i c a l p a i r P +H^ i s 
formed. Approximately 200 ps l a t e r the e l e c t r o n reaches the quinone Q 

+ - A 

b u i l d i n g the intermediate P . The r o l e of the monomeric b a c t e r i o 
c h l o r o p h y l l B A i s s t i l l i n debate /4,5/. Recent experiments on 
Rb. sphaeroides have proven the exist e n c e of a p r e v i o u s l y undetected 
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Fig.l Transient absorption data for reaction centers from Rb.sphaeroides 
(a,b) and Rps. viridis (c,d). The filled circles represent the experimen-
tal data, the solid lines correspond to model c a l c u l a t i o n s with time 
constants given in the text. The broken lines are calculated without the 
fast (0.9 ps or 0.65 ps, respectively) kinetic. The e x c i t a t i o n wavelengths 
are 860 nm and 955 nm for Rb. sphaeroides and Rps. viridis, respectively. 

0.9 ps k i n e t i c . A s t r a i g h t f o r w a r d i n t e r p r e t a t i o n r e l a t e s the corresponding 
t r a n s i e n t to the r a d i c a l p a i r P +B^ » a r e a l intermediate formed p r i o r to 
P +H A~ /6,7/. A 

The experiments presented here were performed using the e x c i t e and 
probe technique w i t h weak subpicosecond pulses (pulse d u r a t i o n below 
150 f s ) generated by two d i f f e r e n t l a s e r - a m p l i f i e r Systems w i t h r e p e t i t i o n 
r a t e s of 10 Hz. The samples were e x c i t e d i n the lowest energy band of P 
(at 860 nm f o r Rb.sphaeroides and at 955 nm f o r Rps. v i r i d i s ) . Probing was 
performed by a 5 nm to 20 nm wide f r a c t i o n of a femtosecond white l i g h t 
continuum. E x c i t i n g and probing pulses were p a r a l l e l p o l a r i z e d . The reac
t i o n centers were prepared as described i n Ref. /6/ and /8/. They were 
kept at room temperature under s t i r r i n g . 
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Time-resolved a b s o r p t i o n data f o r both types of b a c t e r i a are shown i n 
Fig.1 f o r d i f f e r e n t probing wavelengths. The decay of the e x c i t e d e l e c t r o 
n i c s t a t e of the s p e c i a l p a i r i s s t u d i e d at X = 920 nm 

pr 
f o r Rb. sphaeroides ( F i g . l a ) and * p r

= 1050 n m f o r Rps. v i r i d i s ( F i g . l c ) . 
Both probing wavelengths are l o c a t e d on the long-wavelength s i d e of the P 
absorption band (see Fig.2a and 2b), where the p o p u l a t i o n of the f i r s t ex
c i t e d e l e c t r o n i c s t a t e i s r e a d i l y detected v i a i t s s t i m u l a t e d emission. As 
shown i n F i g . l a and l c the r a p i d l y appearing g a i n decays w i t h a time con-
stant around 3.5 ps. Quite d i f f e r e n t i s the S i t u a t i o n at wavelengths c l o s e 
to the a b s o r p t i o n band of the monomeric b a c t e r i o c h l o r o p h y l l s . Here an ad-
d i t i o n a l f a s t k i n e t i c component becomes evident ( F i g . l b , l d ) . 
In Rb. sphaeroides at 785 nm ( F i g . l b ) a very f a s t f i r s t a b s o r p t i o n i n -
crease at time zero i s f o l l o w e d by a b r i e f r e l a t i v e a b s o r p t i o n decrease 
before the a b s o r p t i o n r i s e s again w i t h 3.5 ps. For Rps. v i r i d i s one f i n d s 
the a d d i t i o n a l f a s t k i n e t i c component q u i t e c l e a r l y at 820 nm near the 
peak of the BChl absor p t i o n band ( F i g . l d ) . Extensive s t u d i e s at more than 
twenty d i f f e r e n t wavelengths gave the f o l l o w i n g numbers f o r the time con-
s t a n t s f o r both RC's: the f a s t e s t process occurs w i t h 0.9 ps +/- 0.4 ps i n 
Rb. sphaeroides and w i t h 0.65 ps +/- 0.3 ps i n Rps. v i r i d i s . The other 

time constants are 3.5 ps +/- 0.4 ps, 220 ps +/- 50 ps and i n f i n i t y i n 
both RC's. The t r a n s i e n t absorption measurements a l s o supply amplitudes of 
the v a r i o u s k i n e t i c components which all o w to c a l c u l a t e d i f f e r e n c e s p e c t r a 
of the c r o s s - s e c t i o n s of the intermediate s t a t e s f o r s p e c i f i c s e q u e n t i a l 
r e a c t i o n models /7,9/. 

The experiments c l e a r l y show, that the a b s o r p t i o n curves can be de-
s c r i b e d w e l l by a m u l t i e x p o n e n t i a l f u n c t i o n w i t h a minimum of four time 
constants. As a consequence, the r e a c t i o n model comprises at l e a s t four 
intermediate s t a t e s . However, the r e a c t i o n scheme cannot be deduced 
uniquely from the t r a n s i e n t absorption data. A c e r t a i n r e a c t i o n model can 
only be accepted i f the deduced spectra of a l l intermediate s t a t e s are not 
i n c o n t r a d i c t i o n w i t h any other Information. In the f o l l o w i n g , we d i s c u s s 
two l i n e a r models, which are d i s t i n g u i s h e d by t h e i r d i f f e r e n t order of the 
e a r l y intermediates: 

3.5ps 0.9ps 220ps 00 

p •» I 1 •> I 4 (model A) 
0.65ps 

* P 
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hv 0.9ps 

0.65ps 

3.5ps 220ps 
-> I 

P + H : 

(model B) 

The d i f f e r e n c e c r o s s - s e c t i o n s p e c t r a of intermediates 1^, and 1^ do not 
depend on the s p e c i f i c model A or B. The spectrum of intermediate 1^ i s 
depicted i n F i g . 2c (Rb. sphaeroides) and F i g . 2d (Rps. v i r i d i s ) . Interme
d i a t e 1^ e x h i b i t s a pronounced absorption decrease on the long-wavelength 
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s i d e of the P a b s o r p t i o n band, which i s due to o p t i c a l g a i n from the e l e c -
t r o n i c a l l y e x c i t e d s p e c i a l p a i r P*. E x c i t e d s t a t e a b s o r p t i o n i s strong 
around 800 nm. The s p e c t r a of the intermediate d i f f e r s i g n i f i c a n t l y f o r 
the two r e a c t i o n models. In model B the intermediate d i s p l a y s the same 
s a l i e n t s p e c t r a l f e a t u r e s (not shown here) as 1^. However, i t s g a i n i s 
reduced by 30%, a r e l a t i v e absorption decrease occurs i n the band of 
the BChl and an increased absorption i s found around 660 nm ( i n the anion 
band of the t e t r a p y r o l s ) . These observations i n d i c a t e , that intermediate 
I ^ ( i n model B) contains an e l e c t r o n i c a l l y e x c i t e d s p e c i a l p a i r . The 
s p e c t r a l d i f f e r e n c e between 1^ and I ^ may be explained by an e x c i t e d s t a t e 
r e l a x a t i o n process or by a mixing of P* w i t h a c h a r g e - t r a n s f e r s t a t e 
P +B^ . According to model B the bacteriopheophytin would be the primary 
e l e c t r o n acceptor. 

Quite d i f f e r e n t i s the S i t u a t i o n i n model A where the 3.5 ps decay pre-
cedes the 0.9 ps (0.65 ps) process. F i g . 2e, 2f show the d i f f e r e n c e spec
t r a of intermediate I ^ f o r model A. The s a l i e n t f e a t u r e s are: ( i ) d i s -
appearance of the a b s o r p t i o n of the s p e c i a l p a i r P , ( i i ) a b s o r p t i o n chan-
ges c h a r a c t e r i s t i c f o r P +, ( i i i ) strong absorption decrease i n the Q band 
of the monomeric b a c t e r i o c h l o r o p h y l l s (at 800 nm f o r Rb. sphaeroides, at 
820 nm f o r Rps. v i r i d i s ) , ( i v ) pronounced absorption increase around 
660 nm i n the BChl and BPh anion bands. (v) Furthermore t r a n s i e n t d i -
chroism experiments f o r Rb. sphaeroides i n d i c a t e that the t r a n s i t i o n 
moment of the 660 nm band of I ^ i s p a r a l l e l to the d i r e c t i o n expected f o r 
the BChl anion B /6/. I t i s remarkable that a l l f i v e p o i n t s support the 
assignment of I ^ being the r a d i c a l p a i r P +B A- Thus the monomeric b a c t e r i o -
c h l o r o p h y l l B^ should be the primary e l e c t r o n acceptor. 

In c o nclusion: We have shown that the primary e l e c t r o n t r a n s f e r i n the 
b a c t e r i a l r e a c t i o n centers from Rb. sphaeroides and Rps. v i r i d i s proceeds 
according to a common r e a c t i o n scheme, where a subpicosecond r e a c t i o n i s 
involved. We discussed two l i n e a r r e a c t i o n models. So f a r the experiments 
cannot decide c o n c l u s i v e l y between the two. Model B leads to an a d d i t i o n a l 
e x c i t e d e l e c t r o n i c s t a t e (I^) of which the f u n c t i o n a l relevance i s un-
known. On the other hand the s t r u c t u r a l arrangement of the chromophors i n 
the RC's and a l l the s p e c t r a l f e a t u r e s ( i ) to (v) of intermediate I i n 
model A favour the r a d i c a l p a i r P B^ as a r e a l t r a n s i e n t i n the e l e c t r o n 
t r a n s f e r process. According to t h i s model the e l e c t r o n t r a n s f e r proceedes 
as f o l l o w s : From the e x c i t e d e l e c t r o n i c s t a t e of the s p e c i a l p a i r P* an 
e l e c t r o n moves to the monomeric b a c t e r i o c h l o r o p h y l l B. w i t h i n 3.5 ps f o r -
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ming the r a d i c a l p a i r s t a t e P +B , which decays more r a p i d l y w i t h 0.9 ps 
(0.65 ps) to the r a d i c a l p a i r s t a t e P H.. 
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