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I n t r o d u c t i o n 
The p h y c o b i l i s o m e s a r e l i g h t - h a r v e s t i n g complexes of blue-green 
and r e d a l g a e . They a r e h i g h l y o r g a n i z e d a s s e m b l i e s of t h e b i l i -
p r o t e i n s a l l o p h y c o c y a n i n and phycocyanin (PC), o f t e n c o n t a i n i n g 
a l s o p h y c o e r y t h r i n o r ph y c o e r y t h r o c y a n i n [ 1 , 2 ] . The pigments of 
t h e s e b i l i p r o t e i n s a r e t e t r a p y r r o l chromophores bound c o v a l e n t l y 
t o t h e p o l y p e p t i d e c h a i n s . 
I n c a s e of PC, which i s d i s c u s s e d i n t h i s c o n t r i b u t i o n , t he mono-
me r i c u n i t c o n s i s t s of t h e α-polypeptide c h a i n w i t h one phyco-
c y a n o b i l i n chromophore (a84) and the /?-chain w i t h t o chromophores 
(/?84 and 0155) [ 3 , 4 ] . From X-ray a n a l y s i s of c r y s t a l l i z e d PC the 
s t r u c t u r e of t h e chromoprotein, the conformations, d i s t a n c e s and 
approximate r e l a t i v e o r i e n t a t i o n s of the chromophores have become 
known [ 5 , 6 ] . 

M a t e r i a l s and Meti. 
P r e p a r a t i o n o f t h e PC-samples i n d i f f e r e n t s t a t e s of aggr e g a t i o n 
a r e d i s c r i b e d elsewhere [ 7 , 8 ] . The samples were e x c i t e d a t low 
i n t e n s i t y ( « 1 0 1 3 photons/pulse) by the output of a mode-locked 
p i c o s e c o n d d y e - l a s e r a t a r e p e t i t i o n r a t e of 82 MHz. The f l u o r e s 
cence decay was recorded w i t h a Hamamatsu s y n c h r o s c a n s t r e a k 
camera. 
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R e s u l t s and D i s c u s s i o n 

A) g-subunit 
I n f i g . 1 t h e f l u o r e s c e n c e decay c u r v e s of t h e α-subunit c o n t a i 
n i n g o n l y one chromcphore ( X m a x

 = 6 1 6 n m ) a r e shown f o r d i f f e r e n t 
d e t e c t i o n wavelengths. They a r e c l e a r l y dominated by a component 
w i t h a decay time of 1.1-1.2 ns, which must be a s s i g n e d t o t h e 
n a t i v e chromophore-protein arrangement. A second component w i t h 
l i f e t i m e o f o n l y 30 ps and a s m a l l r e l a t i v e amplitude (< 10%) 
was found. I t must be a s s i g n e d t o non-native chromophore c o n f o r 
mations. These c o u l d be i n h e r e n t t o n a t i v e α-subunits or due t o 
s l i g h t d e t e r i o r a t i o n s by t h e sample p r e p a r a t i o n procedures. 

B) θ-subunit 
The jfl'-subunit c o n t a i n s two chromophores, /384 ( Χ ^ ν « 624 nm) 

max 
and ßl$5 ( X m a 3 ^ ~ 5 9 5 nm) [ 9 ] . E x c i t a t i o n wavelength was chosen 

tirne[ps] 

F i g . l : Time r e s o l v e d f l u o r e s c e n c e o f PC α-subunits a t d i f f e r e n t 
d e t e c t i o n wavelengths (X = 6 2 0 nm) 
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F i g . 2 : Time r e s o l v e d f l u o r e s c e n c e o f PC 0 - s u b u n i t s a t d i f f e r e n t 
d e t e c t i o n wavelengths (\ = 580 ran) 

exc 

F i g . 3 : Time r e s o l v e d f l u o r e s c e n c e o f PC monomers a t d i f f e r e n t 
d e t e c t i o n wavelengths ( X e x c

 s 580 ran) 



50 

to be 580 ran i n o r d e r t o e x c i t e p r e d o m i n a n t l y t h e " s e n s i t i z i n g " 
chromophore 0155. To f i t t h e decay c u r v e s i n f i g . 2, t h r e e com
ponents w i t h l i f e t i m e s o f 25-30 ps, «200 ps and «800 ps, r e s p . , 
were n e c e s s a r y . The s h o r t l i f e t i m e o f 25-30 ps w i t h l a r g e a m p l i 
tudes under s h o r t w a v e l e n g t h d e t e c t i o n i s a s s i g n e d t o t h e energy 
t r a n s f e r time from t h e 0155 t o t h e 084 chromophore. The l o n g e s t 
l i f e t i m e o f »800 ps, whicty i s s i g n i f i c a n t l y s h o r t e r t h a n t h e 
l i f e t i m e o f t h e α-subunit, must be t h e c h a r c t e r i s t i c l i f e t i m e 
of t h e t e r m i n a l 084 chromophore-protein arrangement. The i n t e r 
mediate component («200 ps) i s pr e d o m i n a n t l y o b s e r v e d under 
long-wavelength d e t e c t i o n c o n d i t i o n s and must t h e r e f o r e be con
nected w i t h another 084-conformation. T h i s chromophore c o u l d be 
l e s s s t a b i l i z e d by t h e s u r r o u n d i n g p o l y p e p t i d e i n t h e i s o l a t e d 
0 - s u b u n i t t h a n i t i s i n t h e complete monomeric u n i t and t h e r e f o r e 
adopt a d i f f e r e n t c o n f o r m a t i o n w i t h a c h a r a c t e r i s t i c l i f e t i m e 
of about 200 p s . 

q) Monomer (aß) 
S i n c e t h e monomer i s a system o f t h r e e c o u p l e d chromophores, 
t h r e e e x p o n e n t i a l s s h o u l d be n e c e s s a r y and s u f f i c i e n t t o " d e s c r i b e 
the time c o u r s e o f t h e observ e d f l u o r e s c e n c e . The f i t s based on 
a 3 - e x p o n e n t i a l decay-law ( f i g . 3 ) , a r e i n v e r y good agreement 
w i t h t h e e x p e r i m e n t a l t r a c e s . The deduced l i f e t i m e s a r e 20-30 ps, 
« 200 ps and 800-900 p s , r e s p . . T h e r e a r e no f a s t e r energy t r a n s 
f e r p r o c e s s e s than i n t h e 0 - s u b u n i t , t h a t c o u l d be c o r r e l a t e d 
w i t h t h e a d d i t i o n o f t h e t h i r d chromophore (a84) ; t h e long l i f e 
time i s a l s o comparable t o t h a t o f t h e 0 - s u b u n i t . But a t long 
wavelength d e t e c t i o n a -delayed r i s e o f t h e f l u o r e s c e n c e ( n e g a t i v e 
amplitude o f t h e e x p o n e n t i a l i n t h e f i t ) w i t h t i m e - c o n s t a n t of 
about 30 ps i s observed. S i n c e t h i s d e l a y e d r i s e i s not observed 
i n t h e 0 - s u b u n i t ( d i r e c t l y e v i d e n t i n comparison of f i g . 2 and 
f i g . 3) i t proves t h a t t h e cr84 chromophore i n t h e monomer a c t s 
as an a d d i t i o n a l a c c e p t o r f o r t h e energy t r a n s f e r from t h e " s e n 
s i t i z i n g " chromophor 0155. 
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C o n c l u s i o n s 
We b e l i e v e t h a t t h e observed h e t e r o g e n e i t i e s i n chromophore-
p r o t e i n arrangement a r e t y p i c a l f o r b i l i p r o t e i n s , independent 
of t h e s t a t e o f a g r e g a t i o n . T h e r e f o r e i n t r i m e r i c and hexameric 
u n i t s a d i s t r i b u t i o n of energy t r a n s f e r r a t e s and l i f e t i m e s of 
t e r m i n a l a c c e p t o r s must be e x p e c t e d . T h i s d i s t r i b u t i o n e x p l a i n s 
why i n t h e l a r g e r a g g r e g a t e s s y s t e m a t i c v a r i a t i o n s w i t h e x c i t a 
t i o n and d e t e c t i o n waveleng%k a r e o b s e r v e d f o r the l i f e t i m e s 
deduced from 3 - e x p o n e n t i a l f i t s [ 1 0 ] . 
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