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Similarities of the Primary Change Separation 
Process in the Photosynthesis of Rhodobacter 
sphaeroides and Rodopseudomanas viridis 
Κ. Dressler1, U. Finkele1, C. Lauterwasser1, P. Hamm1, W. Holzapfel1, 
S.Buchanan?, W. Kaiser1, H.Michel 2, D.Oesterhelt^, H.Scheel, H.U.Stilz\ 
andW.Zinth 1 

1 Physik Department Ell,Technische Univers i tä t M ü n c h e n , W 8000 M ü n c h e n 2, FRG 
2 Max-Planck-Institut für Biophysik, W 6000 Frankfurt a. M . , FRG 
3 Max-Planck-Institut für Biochemie, W 8033 Martinsried, F R G 
4 Botanisches Institut der Ludwig-Maximi l ians-Univers i tä t , W 8000 M ü n c h e n 19, FRG 

P h o t o s y n t h e t i c c o n v e r s i o n o f l i g h t i n t o c h e m i c a l e n e r g y s t a r t s v i a a 

s e r i e s o f 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 p i g m e n t - p r o t e i n complexes c a l l e d 

r e a c t i o n c e n t e r s (RC's). The most d i r e c t access t o t h e p r i m a r y r e a c t i o n 

dynamics o f f e r s t i m e r e s o l v e d o p t i c a l s p e c t r o s c o p y . D u r i n g t h e p a s t few 

y e a r s , t h i s t e c h n i q u e has been c o n t i n u o u s l y i m p r o v e d p e r m i t t i n g advanced 

e x p e r i m e n t s w i t h h i g h t e m p o r a l and a m p l i t u d e r e s o l u t i o n . I n t h i s p a p e r , we 

show, t h a t RC's f r o m R h o d o b a c t e r ( R b . ) s p h a e r o i d e s and Rhodopseudomonas 

(Rps.) v i r i d i s e x h i b i t common f e a t u r e s i n t h e a b s o r p t i o n t r a n s i e n t s . T h i s 

p o i n t s t o a s u b s t a n t i a l s i m i l a r i t y o f t h e e l e m e n t a r y m o l e c u l a r p r o c e s s e s . 

T h i s f a c t i s n o t s e l f - e v i d e n t , s i n c e d i f f e r e n t p o l y p e p t i d e s and d i f f e r e n t 

t y p e s o f b a c t e r i o c h l o r o p h y l l s ( B C h l ) and b a c t e r i o p h e o p h y t i n s (BPh) a r e 

p r e s e n t i n v a r i o u s r e a c t i o n c e n t e r s , e.g. BChl a and BPh a a r e e s s e n t i a l 

p i g m e n t s i n t h e r e a c t i o n c e n t e r s o f Rb. s p h a e r o i d e s w h i l e BChl b and BPh b 

a r e a c t i v e i n t h e RC's o f Rps. v i r i d i s . For b o t h r e a c t i o n c e n t e r s x - r a y 

s t r u c t u r e s a r e now a v a i l a b l e /1-3/. I t was shown t h a t t h e p r o s t h e t i c 

g r o u p s and n e i g h b o u r i n g amino a c i d s a r e i n a v e r y s i m i l a r a r r a n g e m e n t : 

most i m p o r t a n t l y a r e two BChl m o l e c u l e s i n c l o s e c o n t a c t w h i c h a c t as t h e 

p r i m a r y e l e c t r o n d onor P. The o t h e r p i g m e n t s a r e a r r a n g e d i n two b r a n c h e s , 

A and B. S t a r t i n g f r o m t h e p r i m a r y d o n o r , t h e 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 b a c t e r i o p h e o p h y t i n ( H ) , and a q u i -

none (Q) on each b r a n c h . I t was shown t h a t t h e e l e c t r o n t r a n s f e r o c c u r s 

v i a t h e Α - b r a n c h and t h a t a f t e r a b o u t 3 - 4 ps a r a d i c a l p a i r P + H ^ i s 

f o r m e d . A p p r o x i m a t e l y 200 ps l a t e r t h e e l e c t r o n r e a c h e s t h e q u i n o n e Q 

+ - A 

b u i l d i n g t h e i n t e r m e d i a t e Ρ . The r o l e o f t h e monomer i c b a c t e r i o 

c h l o r o p h y l l B^ i s s t i l l i n d e b a t e / 4 , 5 / . R e c e n t e x p e r i m e n t s on 

Rb. s p h a e r o i d e s have p r o v e n t h e e x i s t e n c e o f a p r e v i o u s l y u n d e t e c t e d 
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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 calculations 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 excitation wavelengths 
are 860 nm and 955 nm for Rb. sphaeroides and Rps. viridis, respect ively. 

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 t h e c o r r e s p o n d i n g 

t r a n s i e n t t o t h e r a d i c a l p a i r P + B ^ > a r e a l i n t e r m e d i a t e f o r m e d p r i o r t o 

P + H A ~ / 6 , 7 / . 
A 

The e x p e r i m e n t s p r e s e n t e d h e r e we re p e r f o r m e d u s i n g t h e e x c i t e and 

p r o b e t e c h n i q u e w i t h weak s u b p i c o s e c o n d p u l s e s ( p u l s e d u r a t i o n b e l o w 

150 f s ) g e n e r a t e d 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 s y s t e m s w i t h r e p e t i t i o n 

r a t e s o f 10 Hz. The s a m p l e s were e x c i t e d i n t h e l o w e s t e n e r g y band o f Ρ 

( a t 860 nm f o r R b . s p h a e r o i d e s and a t 955 nm f o r Rps . v i r i d i s ) . P r o b i n g was 

p e r f o r m e d by a 5 nm t o 20 nm w i d e f r a c t i o n o f a f e m t o s e c o n d w h i t e l i g h t 

c o n t i n u u m . E x c i t i n g and p r o b i n g p u l s e s we re p a r a l l e l p o l a r i z e d . The r e a c 

t i o n c e n t e r s we re p r e p a r e d as d e s c r i b e d i n R e f . / 6 / and / 8 / . They were 

k e p t a t room t e m p e r a t u r e u n d e r s t i r r i n g . 
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T i m e - r e s o l v e d a b s o r p t i o n d a t a f o r b o t h t y p e s o f b a c t e r i a a r e shown i n 

F i g . l f o r d i f f e r e n t p r o b i n g w a v e l e n g t h s . The d e c a y o f t h e e x c i t e d e l e c t r o 

n i c s t a t e o f t h e s p e c i a l p a i r i s s t u d i e d a t λ = 920 nm 
p r 

f o r Rb . s p h a e r o i d e s ( F i g , l a ) and λ ~ 1050 nm f o r Rps . v i r i d i s ( F i g . l c ) . 

B o t h p r o b i n g w a v e l e n g t h s a r e l o c a t e d on t h e l o n g - w a v e l e n g t h s i d e o f t h e Ρ 

a b s o r p t i o n b a n d ( s e e F i g . 2 a and 2 b ) , where t h e p o p u l a t i o n o f t h e f i r s t e x 

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 d e t e c t e d v i a i t s s t i m u l a t e d e m i s s i o n . As 

shown i n F i g . l a and l c t h e r a p i d l y a p p e a r i n g g a i n d e c a y s w i t h a t i m e c o n 

s t a n t a r o u n d 3 . 5 p s . Q u i t e d i f f e r e n t i s t h e s i t u a t i o n a t w a v e l e n g t h s c l o s e 

t o t h e a b s o r p t i o n band o f t h e monomer ic b a c t e r i o c h l o r o p h y l l s . He re an a d 

d i t i o n a l f a s t k i n e t i c component becomes e v i d e n t ( F i g . l b , I d ) . 

I n Rb. s p h a e r o i d e s a t 785 nm ( F i g . l b ) a v e r y f a s t f i r s t a b s o r p t i o n i n 

c r e a s e a t t i m e z e r o 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 d e c r e a s e 

b e f o r e t he a b s o r p t i o n r i s e s a g a i n w i t h 3 . 5 p s . F o r Rps . v i r i d i s one f i n d s 

t h e 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 a t 820 nm n e a r t h e 

peak o f t h e BCh l a b s o r p t i o n band ( F i g . I d ) . E x t e n s i v e s t u d i e s a t more t h a n 

t w e n t y d i f f e r e n t w a v e l e n g t h s gave t h e f o l l o w i n g numbers f o r t h e t i m e c o n 

s t a n t s f o r b o t h R C ' s : t h e f a s t e s t p r o c e s s o c c u r s w i t h 0 . 9 ps + / - 0 . 4 ps i n 

Rb. s p h a e r o i d e s and w i t h 0 . 6 5 ps + / - 0 . 3 ps i n Rps . v i r i d i s . The o t h e r 

t i m e c o n s t a n t s a r e 3 . 5 ps + / - 0 . 4 p s , 220 ps + / - 50 ps and i n f i n i t y i n 

b o t h R C ' s . The t r a n s i e n t a b s o r p t i o n measuremen ts a l s o s u p p l y a m p l i t u d e s o f 

t h e v a r i o u s k i n e t i c componen ts w h i c h a l l o w t o 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 

o f t h e c r o s s - s e c t i o n s o f t h e i n t e r m e d i a t e 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 mode l s / 7 , 9 / . 

The e x p e r i m e n t s c l e a r l y show, t h a t t h e a b s o r p t i o n c u r v e s c a n be d e 

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 min imum o f f o u r t i m e 

c o n s t a n t s . As a c o n s e q u e n c e , t h e r e a c t i o n mode l c o m p r i s e s a t l e a s t f o u r 

i n t e r m e d i a t e s t a t e s . However , t h e r e a c t i o n scheme c a n n o t be deduced 

u n i q u e l y f r o m t h e t r a n s i e n t a b s o r p t i o n d a t a . A c e r t a i n r e a c t i o n mode l can 

o n l y be a c c e p t e d i f t h e deduced s p e c t r a o f a l l i n t e r m e d i a t e s t a t e s a r e n o t 

i n c o n t r a d i c t i o n w i t h any o t h e r i n f o r m a t i o n . I n t h e f o l l o w i n g , we d i s c u s s 

two l i n e a r m o d e l s , w h i c h a r e 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 o r d e r o f t h e 

e a r l y i n t e r m e d i a t e s : 

3 . 5 p s 0 . 9 p s 220ps 00 

Ρ 
1 

-> I 
3 

(mode l A) 
0 . 6 5 p s 

Ρ 
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hv 
0 . 9 p s 3 . 5 p s 220ps 

-> I 
1 0 . 6 5 p s 2 

(mode l Β) 

P
+
H T 

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 o f i n t e r m e d i a t e s 1 ^ , and 1 ^ do n o t 

depend on t h e s p e c i f i c model A o r B. The s p e c t r u m o f i n t e r m e d i a t e 1^ i s 

d e p i c t e d i n F i g . 2c (Rb. s p h a e r o i d e s ) and F i g . 2d (Rps . v i r i d i s ) . I n t e r m e 

d i a t e 1^ e x h i b i t s a p r o n o u n c e d a b s o r p t i o n d e c r e a s e on t h e l o n g - w a v e l e n g t h 
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Fig.2 Spectral data for Rb. sphaeroides (a,c,e) and Rps. viridis (b,d,f). 
(a,b) give the absorption spectra, (c,d,e,f) show difference spectra cal
culated according to model A for the intermediates 
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2 2 
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Ο 

I (σ - σ ) and 
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s i d e o f t h e Ρ a b s o r p t i o n b a n d , w h i c h i s due t o o p t i c a l g a i n f r o m t h e 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 s t r o n g 

a r o u n d 800 nm. The s p e c t r a o f t h e i n t e r m e d i a t e I ^ d i f f e r s i g n i f i c a n t l y f o r 

t h e two r e a c t i o n m o d e l s . I n mode l Β t h e i n t e r m e d i a t e I ^ d i s p l a y s t h e same 

s a l i e n t s p e c t r a l f e a t u r e s ( n o t shown h e r e ) as 1 ^ . However , i t s g a i n i s 

r e d u c e d b y 30%, a r e l a t i v e a b s o r p t i o n d e c r e a s e o c c u r s i n t h e Q^ band o f 

t h e BCh l and a n i n c r e a s e d a b s o r p t i o n i s f o u n d a r o u n d 660 nm ( i n t h e a n i o n 

band o f t h e t e t r a p y r o l s ) . These o b s e r v a t i o n s i n d i c a t e , t h a t i n t e r m e d i a t e 

I ^ ( i n mode l B) c o n t a i n s 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 b e t w e e n 1^ and I ^ may be e x p l a i n e d b y an e x c i t e d s t a t e 

r e l a x a t i o n p r o c e s s o r by a m i x i n g o f 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 . A c c o r d i n g t o mode l Β t h e b a c t e r i o p h e o p h y t i n Η w o u l d be t h e p r i m a r y 
A A 

e l e c t r o n a c c e p t o r . 

Q u i t e d i f f e r e n t i s t h e s i t u a t i o n i n mode l A whe re t h e 3 . 5 ps d e c a y p r e 

cedes t h e 0 . 9 ps ( 0 . 6 5 p s ) p r o c e s s . F i g . 2 e , 2 f show t h e d i f f e r e n c e s p e c 

t r a o f i n t e r m e d i a t e I ^ f o r mode l A. The s a l i e n t f e a t u r e s a r e : ( i ) d i s 

a p p e a r a n c e o f t h e a b s o r p t i o n o f t h e s p e c i a l p a i r Ρ , ( i i ) a b s o r p t i o n c h a n 

ges c h a r a c t e r i s t i c f o r P + , ( i i i ) s t r o n g a b s o r p t i o n d e c r e a s e i n t h e Q^ band 

o f t h e m o n o m e r i c b a c t e r i o c h l o r o p h y l l s ( a t 800 nm f o r Rb. s p h a e r o i d e s , a t 

820 nm f o r Rps . v i r i d i s ) , ( i v ) p r o n o u n c e d a b s o r p t i o n i n c r e a s e a r o u n d 

660 nm i n t h e BChl and BPh a n i o n b a n d s , ( v ) F u r t h e r m o r e t r a n s i e n t d i -

c h r o i s m e x p e r i m e n t s f o r Rb. s p h a e r o i d e s i n d i c a t e t h a t t h e t r a n s i t i o n 

moment o f t h e 660 nm band o f I ^ i s p a r a l l e l t o t h e d i r e c t i o n e x p e c t e d f o r 

t h e BCh l a n i o n Β / 6 / . I t i s r e m a r k a b l e t h a t a l l f i v e p o i n t s s u p p o r t t h e 

a s s i g n m e n t o f b e i n g t h e r a d i c a l p a i r P + B

A - Thus t h e monomer i c b a c t e r i o -

c h l o r o p h y l l B^ s h o u l d be t h e p r i m a r y e l e c t r o n a c c e p t o r . 

I n c o n c l u s i o n : We have shown t h a t t h e p r i m a r y e l e c t r o n t r a n s f e r i n t h e 

b a c t e r i a l r e a c t i o n c e n t e r s f r o m Rb. s p h a e r o i d e s and Rps . v i r i d i s p r o c e e d s 

a c c o r d i n g t o a common r e a c t i o n scheme, whe re a s u b p i c o s e c o n d r e a c t i o n i s 

i n v o l v e d . We d i s c u s s e d two l i n e a r r e a c t i o n m o d e l s . So f a r t h e e x p e r i m e n t s 

c a n n o t d e c i d e c o n c l u s i v e l y b e t w e e n t h e t w o . Mode l Β l e a d s t o 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 ) o f w h i c h t h e f u n c t i o n a l r e l e v a n c e i s u n 

known . On t h e o t h e r hand t h e s t r u c t u r a l a r r a n g e m e n t o f t h e c h r o m o p h o r s i n 

t h e R C ' s and a l l t h e s p e c t r a l f e a t u r e s ( i ) t o ( v ) o f i n t e r m e d i a t e I i n 

mode l A f a v o u r t h e r a d i c a l p a i r Ρ B t as a r e a l t r a n s i e n t i n t h e e l e c t r o n 
A 

t r a n s f e r p r o c e s s . A c c o r d i n g t o t h i s mode l t h e e l e c t r o n t r a n s f e r p r o c e e d e s 

as f o l l o w s : From t h e e x c i t e d e l e c t r o n i c s t a t e o f t h e s p e c i a l p a i r P* an 

e l e c t r o n moves t o t h e monomer i c b a c t e r i o c h l o r o p h y l l Β w i t h i n 3 . 5 ps f o r -
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m i n g t h e r a d i c a l p a i r s t a t e P + B , w h i c h d e c a y s more r a p i d l y w i t h 0 . 9 
A + _ 

( 0 . 6 5 p s ) t o t h e r a d i c a l p a i r s t a t e Ρ Η . 
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