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TIME-RESOLVED FLUORESCENCE DEPOLARISATION OF PHYCOCYANINS 
IN DIFFERENT STATES OF AGGREGATION 

S i e g f r i e d Schneider, Peter G e i s e l h a r t , Toni Mindl, 
Peter H e f f e r l e and F r i e d r i c h Dörr 
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D 8046 Garching, FRG 

Wolfhart John and Hugo Scheer 
Botanisches I n s t i t u t der Universität 
Menzingerstr.67, D 8000 München, FRG 

I n t r o d u c t i o n 

B i l i p r o t e i n s are the main p h o t o s y n t h e t i c l i g h t h a r v e s t i n g 
pigments i n c y a n o b a c t e r i a , red algae and cryptophytes (1-4). 
In the former two organisms, they are present as h i g h l y o r
ganized s t r u c t u r e s , the phycobilisomes, which are not an 
i n t e g r a l p a r t of the p h o t o s y n t h e t i c membrane, but r a t h e r 
attached to i t s s u r f a c e (2,3,5,6). They c o n t a i n up to s e v e r a l 
hundred b i l i p r o t e i n s c a r r y i n g up to 2000 chromophores i n 
a s i n g l e f u n c t i o n a l u n i t , but a l s o a number of so c a l l e d 
l i n k e r p e p t i d e s which are probably r e s p o n s i b l e f o r the a t 
tachment and i n t e r n a l o r g a n i z a t i o n of the phycobilisomes 
(7-10). E x c i t a t i o n energy i s captured e f f i c i e n t l y by the 
phycobilisomes and t r a n s f e r e d with a high quantum y i e l d v i a 
s e v e r a l i n t e r m e d i a t e acceptors to the c h l o r o p h y l l o u s r e a c t i o n 
c e n t e r s w i t h i n the p h o t o s y n t h e t i c membrane. This energy 
t r a n s f e r has been the s u b j e c t of a c t i v e r e s e a r c h over the 
past decade, i n v o l v i n g both the i n v e s t i g a t i o n of e n t i r e 
p h y c obilisomes and of fragments thereof (11-19). In view 
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o f t h e c o m p l e x s t r u c t u r e o f t h e f o r m e r , we have f o c u s e d 
m a i n l y on a s i n g l e b i l i p r o t e i n , C - p h y c o c y a n i n ( P C ) , w h i c h 
i s g e n e r a l l y t h e m a j o r p i g m e n t o f c y a n o b a c t e r i a l p h y c o b i l i 
somes ( 1 7 , 1 9 ) . PC h a s a p r o n o u n c e d t e n d e n c y f o r a g g r e g a t i o n 
( 4 ) , w h i c h i s a l s o s t r o n g l y i n f l u e n c e d by t h e d i f f e r e n t 
l i n k e r p e p t i d e s ( 1 0 ) . These l i n k e r p e p t i d e s a l s o seem t o 
be i m p o r t a n t i n f i n e - t u n i n g o f t h e a b s o r p t i o n o f b i l i p r o -
t e i n s . I n t h i s p a p e r we want t o r e p o r t on t h e p h o t o p h y s i c a l 
p r o p e r t i e s o f s u c h a c o m p l e x b e t w e e n PC and l i n k e r p e p t i d e s , 
v i z . PC 636, w h i c h has been i s o l a t e d f r o m g r e e n - l i g h t a d a p t e d 
c u l t u r e s o f t h e c y a n o b a c t e r i u m M a s t i q o c l a d u s l a m i n o s u s . The 
t i m e r e s o l v e d f l u o r e s c e n c e i s c o m p a r e d t o t h a t o f common 
PC 618, w h i c h i s f r e e o f a d d i t i o n a l l i n k e r s . 

S a m p l e P r e p a r a t i o n 

C u l t u r e s o f M a s t i g o c l a d u s l a m i n o s u s were grown as d e s c r i b e d 
e a r l i e r w i t h f l u o r e s c e n t t u b e s p r o d u c i n g o n l y s m a l l amounts 
o f r e d l i g h t . Monomers and t r i m e r s o f PC were p r e p a r e d a s 
r e p o r t e d e a r l i e r ( 1 9 ) . PC 636 was e l u t e d f r o m t h e DEAE c o l 
umns b e t w e e n p h y c o e r y t h r o c y a n i n , a s e c o n d p i g m e n t f o r m e d 
i n g r e e n l i g h t , and t h e m a j o r PC. I t was d i a l y s e d a g a i n s t 
p h o s p h a t e b u f f e r (80 mM, pH 6.0) and u s e d w i t h o u t d e l a y a n d 
w i t h o u t s t o r a g e i n t h e f r e e z e r . 

The c h r o m a t o g r a p h y o f a c r u d e e x t r a c t o f M. l a m i n o s u s on 
DEAE c e l l u l o s e p r o d u c e s g e n e r a l l y APC I , PC and APC I I i n 
o r d e r o f i n c r e a s i n g s a l t c o n c e n t r a t i o n . When t h e c e l l s a r e 
g r o w n u n d e r l i g h t o f r e d u c e d i n t e n s i t y a t ^ ^ 6 0 0 n m , two a d d i 
t i o n a l p i g m e n t s a r e f o r m e d i n s m a l l a m o unts. One i s t h e w e l l 
known p h y c o e r y t h r o c y a n i n (24) e l u t i n g f i r s t f r o m t h e c o l u m n , 
w h i c h i s f o l l o w e d by a p h y c o c y a n i n named PC 636 a c c o r d i n g 
t o i t s e x t r e m l y r e d s h i f t e d a b s o r p t i o n s p e c t r u m . The m a i n 
a n a l y t i c a l d i f f e r e n c e o f t h i s p i g m e n t seems t o be t h e p r e -
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s e n c e o f two c o l o r l e s s p e p t i d e s i n a d d i t i o n t o t h e common 
PC s u b u n i t s . 
I t has a s l i g h t l y h i g h e r b u o y a n t d e n s i t y on a s u c r o s e g r a 
d i e n t , and d i s s o c i a t e s upon p r o l o n g e d s t a n d i n g o r f r e e z i n g 
i n b u f f e r o f l o w i o n i c s t r e n g t h . D e t a i l s o f t h e p r e p a r a t i o n 
and i t s p r o p e r t i e s a r e t o be p u b l i s h e d s e p a r a t e l y . 

M e a s u r e m e n t s and d a t a a n a l y s i s 

The f l u o r e s c e n c e d e c a y c u r v e s w ere m e a s u r e d u s i n g a s y n c h r o 
n o u s l y pumped m o d e - l o c k e d r i n g dye l a s e r ( r h o d a m i n e 6G, 80 
MHz r e p e t i t i o n r a t e , p u l s e w i d t h ss 1 p s ) i n c o n j u n c t i o n w i t h 
a r e p e t i t i v e l y w o r k i n g s t r e a k c a m e r a ( f o r d e t a i l s s ee e.g. 
( 1 6 ) ) . The a p p a r e n t t i m e r e s o l u t i o n o f t h i s s y s t e m i s a p p r o 
x i m a t e l y 25 ps w i t h o u t d e c o n v o l u t i o n p r o c e d u r e ; i t a l l o w s 

1 3 
m e a s u r e m e n t s w i t h l o w e x c i t a t i o n i n t e n s i t i e s (10 p h o t o n s 

2 
p e r p u l s e and cm ). The f l u o r e s c e n c e d e c a y c u r v e s m e a s u r e d 
w i t h t h e a n a l y z e r p a r a l l e l , ( I ( t ) ) , and o r t h o g o n a l , ( I ( t ) ) , 

P s 
t o t h e p o l a r i z a t i o n o f t h e e x c i t i n g beam a r e t r a n s f e r e d t o 
a m i n i c o m p u t e r w h e r e , a f t e r p r o p e r c o r r e c t i o n f o r t h e s y s t e m s 
r e s p o n s e , t h e e x p r e s s i o n s I ( t ) = I p ( t ) + 2 I g ( t ) and 
D ( t )= I ( t ) - I ( t ) a r e c a l c u l a t e d . I ( t ) m e a s u r e s t h e d e c a y p s 
o f t h e e x c i t e d s t a t e p o p u l a t i o n ( e l e c t r o n i c l i f e t i m e ) and 
D ( t ) t h e p r o d u c t o f t h e f o r m e r w i t h t h e c o r r e l a t i o n f u n c 
t i o n o f t h e a b s o r p t i o n a n d e m i s s i o n d i p o l e s ( 1 7 , 2 0 ) . I n 
c o n t r a s t t o t h e a n i s o t r o p y f u n c t i o n R ( t ) t h e d i f f e r e n c e 
f u n c t i o n D ( t ) i s a d d i t i v e and c a n be e v a l u a t e d i f more t h a n 
one e m i t t i n g s p e c i e s i s p r e s e n t . L a c k i n g b e t t e r i n f o r m a t i o n , 
we a p p r o x i m a t e t h e c o r r e l a t i o n f u n c t i o n by an e x p o n e n t i a l . 
The b e s t f i t s f o r b o t h f u n c t i o n s ( I and D) a r e d e t e r m i n e d 
u n d e r t h e a s s u m p t i o n o f a b i e x p o n e n t i a l r e s p o n s e f u n c t i o n 
(two e m i t t i n g s p e c i e s ) by means o f a M a r q u a r d t a l g o r i t h m . 
D e p e n d i n g on t h e S/N r a t i o o f t h e r e c o r d e d f l u o r e s c e n c e d e 
c a y c u r v e s and t h e i r r e l a t i v e m a g n i t u d e , t h e f i t p a r a m e t e r s 
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d e r i v e d may be s u b j e c t t o c o n s i d e r a b l e e r r o r . We w i l l , t h e r e 
f o r e , d i s c u s s t h e i r t r e n d s r a t h e r t h a n t h e i r a b s o l u t e m a g n i 
t u d e . 

R e s u l t s and D i s c u s s i o n 

I t i s f o u n d t h a t i n a l l c a s e s t h e d e c a y c u r v e s c a n be f i t t e d 
s u f f i c i e n t l y w e l l as c o n v o l u t i o n s o f b i e x p o n e n t i a l s . The 
f i t p a r a m e t e r s , e.g. t h e d e c a y t i m e s ( T ^ , T ^ i n p s e c ) 
a n d t h e r e l a t i v e a m p l i t u d e s ( A ^ , i n %) o f t h e s h o r t - and 
l o n g - l i v e d c o m p o n e n t , r e s p . , a r e g i v e n i n t h e i n s e r t s i n 
f i g u r e 1. The m e a s u r e m e n t s were p e r f o r m e d a t t h r e e d i f f e r 
e n t t e m p e r a t u r e s , n a m e l y a t 18°C ( A ) , a t 36°C ( B ) , t h e 
t e m p e r a t u r e t h e a l g a e a r e grown, and a t 52°C (C) where i r r e 
v e r s i b l e t h e r m a l d e n a t u r a t i o n s t a r t s t o become e f f e c t i v e . 
P a r t i a l d e n a t u r a t i o n a l r e a d y t a k e s p l a c e ' a t l o w e r t e m p e r a 
t u r e s . S t a t i c m e a s u r e m e n t s show a d r a s t i c l o s s i n f l u o r e s 
c e n c e y i e l d (up t o f o u r o r d e r s of m a g n i t u d e ) , w h i c h i s much 
l a r g e r t h a n t h e d e c r e a s e i n a b s o r p t i o n c o n n e c t e d w i t h a c o n 
f o r m a t i o n a l c h a n g e o f t h e chromophore ( 2 1 ) . The t i m e - i n t e 
g r a t e d f l u o r e s c e n c e i n t e n s i t i e s e x p r e s s e d as A^T^+A^^T^ 
a l s o c o n f i r m t h e r e d u c t i o n a t h i g h e r t e m p e r a t u r e . I t i s f o u n d 
a s a g e n e r a l r u l e t h a t t h e d e c r e a s e i s more p r o n o u n c e d i n 
t h e a l p h a t h a n i n t h e b e t a s u b u n i t and l a r g e r f o r t h e mono
mer t h a n f o r t h e t r i m e r . The n o r m a l i z e d f l u o r e s c e n c e d e c a y 
c u r v e s a l s o show s m a l l b u t d i s t i n c t v a r i a t i o n s w i t h t e m p e r a 
t u r e . T h e r e f o r e t h e r e s u l t s p r e s e n t e d i n f i g u r e 1 must be 
t a k e n a s e v i d e n c e f o r an i n t e r m e d i a t e s t a t e b e i n g p r e s e n t 
d u r i n g t h e p r o c e s s o f t h e r m a l d e n a t u r a t i o n . 

The a l p h a s u b u n i t o f PC c o n t a i n s o n l y one c h r o m o p h o r e . I f 
i t i s s t a b i l i z e d by n o n c o v a l e n t i n t e r a c t i o n w i t h t h e p r o t e i n 
t o a d o p t o n l y one c o n f o r m a t i o n , a s i n g l e e x p o n e n t i a l d e c a y 
i s e x p e c t e d w i t h a l i f e t i m e o f 1.5 t o 2.5 ns ( l i f e t i m e o f 



Fluorescence D e p o l a r i z a t i o n 387 

I. MONOMFR 

A) 4 3 3 / 1 8 7 0 ( 5 7 / 4 3 ) 
8) 3 6 7 / 2 4 7 8 ( 5 9 / 4 1 ) 
C) 2 8 9 / 1 7 8 5 ( 6 S / 3 S ) 

1 . MONOMER 

P ) 2 4 8 / 1 8 1 1 ( 5 5 / 4 5 ) 
B) 2 2 2 / 1 7 6 3 1 5 4 / 4 8 ) 
C ) 7 0 0 / 1 3 7 8 1 6 1 / 3 9 ) 

2 1 , T R I M E R 

P ) 5 5 8 / 1 3 9 2 ( 8 6 / 1 4 ) 

B ) 2 9 6 / 1 5 0 7 ( 5 1 / 4 9 ) 

C ) 2 3 5 / 1 6 3 3 ( 6 1 / 3 9 ) 

I i TRIMER 

n) 62/ 260(77/2il 

B) 64/ 856(72/2aJ 
C ) 95/1138(75/25J 

2 1 . RLGE 

P ) 1 1 2 / 7 0 5 ( 8 6 / 1 4 ) 

B) 1 2 7 / 5 6 1 ( 8 3 / 1 7 ) 

C ) 1 5 5 / 

1000 2000 Hps) 

1000 2000 Mps) 

Fig.1 : Dependence of f l u o r e s 
cence decay of PC 618 on 
aggregation and temperature 
(T=18°(A),36°(B),52 Ö(C)) 
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t h e c h r o m o p h o r e i n a n a t i v e e n v i r o n m e n t ) . I n s t e a d , an a d d i 
t i o n a l s h o r t - l i v e d component i s f o u n d , whose l i f e t i m e v a r i e s 
w i t h t e m p e r a t u r e b e t w e e n 690 and 1060 p s e c . A s i m i l a r be
h a v i o u r was v e r i f i e d f o r t h e a l p h a s u b u n i t o f S p i r u l i n a 
p l a t e n s i s (17) and A n a baena v a r i a b i l i s ( 2 2 ) . S i n c e a g g r e 
g a t i o n o f t h e s u b u n i t s i s u n l i k e l y , one must assume a t l e a s t 
two d i f f e r e n t s e t s o f e m i t t i n g s p e c i e s ( c h r o m o p h o r e - p r o t e i n -
a r r a n g e m e n t s ) . The l o n g - l i v e d s p e c i e s must be c l o s e t o t h a t 
i n n a t i v e e n v i r o n m e n t , w h i l s t t h e s h o r t - l i v e d f o r m s h o u l d 
be c l o s e r t o t h e d e n a t u r e d , l e s s i n t e r a c t i n g s p e c i e s . The 
f a s t e r d e c a y i n t h e d i f f e r e n c e f u n c t i o n D ( t ) , f u r t h e r m o r e , 
s i g n a l s t h a t t h e f a s t e r component i s s u b j e c t t o a d e p o l a r i z a 
t i o n m e c hanism w i t h T 1500 p s e c . S i n c e no a c c e p t o r m o l e c u l e s 
a r e p r e s e n t , t h e d e p o l a r i s a t i o n s h o u l d be due t o o r i e n t a -
t i o n a l r e l a x a t i o n o f t h e l e s s r i g i d l y bound c h r o m o p h o r e s . 

The b e t a s u b u n i t c o n t a i n s two c h r o m o p h o r e s i n d i f f e r e n t p r o 
t e i n e n v i r o n m e n t . The r e s p e c t i v e a b s o r p t i o n maxima a r e s e p a 
r a t e d by a b o u t 20 nm. The s t a t i o n a r y f l u o r e s c e n c e s p e c t r a 
o f b o t h s u b u n i t s a r e e s s e n t i a l l y e q u a l , w h i c h i n d i c a t e s an 
e f f i c i e n t e n e r g y t r a n s f e r f r o m t h e " s e n s i t i z i n g " t o t h e 
" f l u o r e s c i n g " c h r o m o p h o r e . The e n e r g y t r a n s f e r i s a l s o m a n i 
f e s t e d i n t h e f l u o r e s c e n c e d e c a y c u r v e s . The s h o r t - l i v e d 
c o mponent (T^ 300ps) i s i n t e r p r e t e d as " l e a k a g e " f l u o r e s 
c e n c e f r o m t h e s - c h r o m o p h o r e , whose l i f e t i m e i s s h o r t e n e d 
due t o e n e r g y t r a n s f e r t o t h e f - c h r o m o p h o r e i n t h e same s u b -
u n i t . The d e p o l a r i s a t i o n t i m e o f t h e f a s t component i s much 
s h o r t e r t h a n t h a t o f t h e a l p h a s u b u n i t and d e c r e a s e s w i t h 
i n c r e a s i n g t e m p e r a t u r e f r o m 400 t o 150 p s e c . The l o n g e r l i f e 
t i m e i s c l o s e t o t h e s h o r t e r one i n t h e a l p h a s u b u n i t ; a 
l i f e t i m e o f 2 n s , w h i c h w o u l d be e x p e c t e d f o r t h e f - c h r o m o -
p h o r e i n a n a t i v e e n v i r o n m e n t i s n o t d e t e c t e d , p o s s i b l y f o r 
e x p e r i m e n t a l r e a s o n s . An u n a m b i g u o u s i n t e r p r e t a t i o n i s p r e 
s e n t l y n o t p o s s i b l e , b e c a u s e d i f f e r e n t s u b s e t s o f chromo-
p h o r e - p r o t e i n - a r r a n g e m e n t s c a n n o t be e x c l u d e d i n v i e w o f 
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0̂0 500 600 X/nm m 

Fig.2 : A b s o r p t i o n and e m i s s i o n s p e c t r a of t r i m e r s of 
PC-618 ( ) and PC-636 ( ) 

the p r e p a r a t i o n sequence, which i n v o l v e s a d e n a t u r a t i o n -
r e n a t u r a t i o n sequence. 

The i s o t r o p i c decay curves of monomers and t r i m e r s are s i m i 
l a r to each o t h e r . The s h o r t l i f e t i m e i s i n the range of 
200-500 psec and r e p r e s e n t s the l i f e t i m e of the s-chromo-
phores, which are quenched by energy t r a n s f e r . The longer 
one between 1600 and 2500 psec c h a r a c t e r i z e s the t e r m i n a l 
acceptor, i . e . the f-chromophore i n the n a t i v e environement. 
Chromophores e x c i t e d v i a energy t r a n s f e r r a t h e r than d i r e c t l y 
by photon a b s o r p t i o n should emit a l e s s p o l a r i z e d f l u o r e s 
cence. Only the s h o r t - l i v e d leakage f l u o r e s c e n c e i s p a r t l y 
p o l a r i z e d , but the d e p o l a r i z a t i o n times are moderately s h o r t . 
In c o n t r a s t to S p i r u l i n a p l a t e n s i s (17) we observe f o r PC 
from the t h e r m o p h i l i c algae no lengthening of the d e p o l a r i 
z a t i o n time with temperature. 
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H 

0 4 0 0 8 0 0 1 2 0 0 1 6 0 0 2 0 0 0 

TIME (ps) 

Fiq.3 : Fluorescence decay of PC-636 e x c i t e d at 580 nm and 
recorded with i n t e r f e r e n c e f i l t e r s /j. =614 nm (A), 
2 • = 635 nm (B) and = 654 nm ( O ^ S o l i d l i n e s are 
c a l c u l a t e d f i t curves with parameters T<|/T2 i - n P s e c a n ^ 
A-/A 9 i n % i n p a r e n t h e s i s . 
(A) 1 72/ 1700 (75/25) 
(B) 609/ 4200 (66/34) 
(C) 610/10100 (64/36) 

In the i n t a c t a l g a , the energy i s e f f i c i e n t l y t r a n s f e r e d 
to the n o n f l u o r e s c i n g r e a c t i o n c e n t e r . The observed e m i s s i o n 
i s only leakage f l u o r e s c e n c e from PC ( f a s t component with 
l i f e t i m e of approx. 130 psec) and All o p h y c o c y a n i n (slow com
ponent) . Since the f r a c t i o n of emission from d i r e c t l y ex
c i t e d chromophores i s sm a l l , the emission i s e s s e n t i a l l y 
u n p o l a r i z e d . Furthermore, i t i s found t h a t an i n c r e a s e i n 
temperature does not r e s u l t i n a l o n g - l i v e d component, 
which would i n d i c a t e a pr e v e n t i o n of energy t r a n s f e r . 

In PC-618, the d i f f e r e n c e i n e x c i t a t i o n energy of s- and 
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0. 16 

0. 12 

J / 0.08 

0.04 

1600 2000 
TIME ( p s ) 

Fig.4 : C a l c u l a t e d d i f f e r e n c e f u n c t i o n s I -I normalized with 
r e s p e c t to the maximum of the i s o t r o p i c @ecly curve I ( t ) . 
The f l u o r e s c e n c e was recorded with c u t - o f f f i l t e r s , whose 
c u t - o f f wavelength i s 20 nm l a r g e r than the e x c i t a t i o n wave
le n g t h . S o l i d l i n e s are c a l c u l a t e d f i t curves w i t h parameters 

V 
(B) 36/1 1 30 ( 86/1 4 ) = 600 nm 
(C) 42/1 165 ( 85/1 5 ) = 590 nm 

[\/T7 i n ps and A 1/A 9 i n % i n p a r e n t h e s i s . 
[À) 3 5/ 760 ( 8 6 / U r 2 = 610 nm 

(D) 53/1290 (69/31) /I 
exc 
exc = 580 nm 

f-chromphores, res p . , i s small (^20 nm). S e l e c t i v e e x c i t a 
t i o n of both chromophores i s more d i f f i c u l t than i n PC-636, 
i n which the a b s o r p t i o n of the f-chromophores i s s h i f t e d 
b a t h o c h r o m i c a l l y due to i n t e r a c t i o n with two c o l o r l e s s pro
t e i n s ( f i g . 2 ) . The f l u o r e s c e n c e decay curves of t r i m e r i c 
PC-636 prove to be s t r o n g l y dependent on the r e c o r d i n g wave
le n g t h ( f i g . 3 ) . Upon short-wavelength e x c i t a t i o n (580 nm) 
the longer wavelength emission (both from s- and f-chromo-
phores) i s dominated by a f a s t component ( T ^ 600 psec) as 
i n the case of PC-618. I t s l i f e t i m e c o u l d be r e l a t e d to the 
energy t r a n s f e r time from s- to f-chromophores. 
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Fiq.5 : I s o t r o p i c f l u o r e s c e n c e decay of t r i m e r s of PC-636. 
The f l u o r e s c e n c e was recorded with c u t - o f f f i l t e r s , whose 
c u t - o f f wavelength was 20 nm l a r g e r than the e x c i t a t i o n wave
le n g t h . S o l i d l i n e s are f i t curves c a l c u l a t e d with parame
t e r s T./T 9 i n ps and A /A i n % i n p a r e n t h e s i s . 
(A) 61 0/3200 (63/37) ^ ~ v r = 6 1 0 n m 

(B) 535/4700 (55/45) J ^ = 580 nm 

The l i f e t i m e of the slow component (emission from t e r m i n a l 
f-chromophores) v a r i e s somewhat with o b s e r v a t i o n wavelength, 
a f a c t , which could again be i n d i c a t i v e f o r a nonuniform 
chromophore-protein-arrangement. If the recorded f l u o r e s c e n c e 
i s r e s t r i c t e d to near-resonant emission (614 nm), a much 
f a s t e r component dominates the decay curve. We presume t h a t 
t h i s i s i n part a consequence of resonant energy t r a n s f e r 
w i t h i n the s-chromophore ma n i f o l d . The l a t t e r can be v e r i f i e d 
by i n s p e c t i o n of the normalized d i f f e r e n c e curves d i s p l a y e d 
i n f i g . 4. Upon sh o r t wavelength e x c i t a t i o n (s-chromophore 
e x c i t a t i o n ) a pronounced f r a c t i o n of the s h o r t - l i v e d emission 
i s p o l a r i z e d . The decay time of ^40 ps i s r e l a t e d to the 
energy t r a n s f e r time w i t h i n the s-chromophore manifold 
(homo-transfer). Such a t r a n s f e r does not change the number 
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of e x c i t e d molecules of t h i s s p e c i e s . A c c o r d i n g l y , i n the 
i s o t r o p i c decay f u n c t i o n 1=1^+2 I g no such extremely s h o r t 
l i v e d component can be d e t e c t e d ( f i g . 5). 

Keeping the r e s u l t s f o r the alp h a - and the beta-subunits 
i n mind, one c o u l d of course argue t h a t the f a s t component 
observed i n the decay curves of monomers and t r i m e r s i s due 
to a second chromophore-protein arrangement, which d i f f e r s 
s i g n i f i c a n t l y from t h a t i n the n a t i v e s p e c i e s . We b e l i e v e , 
however, t h a t an a r t e f a c t i a l m i croheterogeneity can be e x c l u 
ded i n the case of PC 636, because i t r e q u i r e s much mi l d e r 
m a n i p u l a t i o n s than those a p p l i e d i n the p r e p a r a t i o n s of 
PC-subunits. Any h e t e r o g e n e i t y i s then expected to be i n h e r 
ent to the b i l i p r o t e i n . 

From the l a r g e body of measurements denoted to the study 
of f l u o r e s c e n c e decay and energy t r a n s f e r w i t h i n f u n c t i o n a l l y 
i n t a c t p h y c o b i l i s o m e s and i t s c o n s t i t u e n t aggregated b i l i -
p r o t e i n s one may conclude t h a t the t r a n s f e r times are g r e a t 
l y reduced when the s i z e of the aggregate, i . e . the number 
of chromophores i s i n c r e a s e d . I t might be that i n a monomeric 
u n i t the d i s t a n c e between the chromophores i s l a r g e r than 
between chromophores of a t r i m e r belonging to d i f f e r e n t mono
mers. T h i s c o u l d a l s o imply t h a t i n hexamers (and higher 
aggregates) the important " v e r t i c a l " energy t r a n s f e r between 
adjacent t r i m e r s i s f a s t e r than the " h o r i z o n t a l " t r a n s f e r 
w i t h i n one t r i m e r , which c a r r i e s no energy i n the d i r e c t i o n 
of the r e a c t i o n c e n t e r (23). 

F i n a n c i a l support by the Deutsche Forschungsgemeinschaft 
i s g r a t e f u l l y acknowledged. 
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