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S e v e r a l b i l i p r o t e i n c r y s t a l s a r e composed o f o l i g o m e r i c 
a g g r e g a t e s w h i c h most p r o b a b l y c l o s e l y r e s e m b l e t h e t r i m e r i c 
and h e x a m e r i c d i s c s of n a t i v e p h y c o b i l i s o m e s ( 1 - 3 ) . T h e r e f o r e , 
X - r a y a n a l y s i s o f t h e s e c r y s t a l s y i e l d s n ot o n l y i n f o r m a t i o n 
about t h e monomeric s t r u c t u r e , but about t h e i n t e r a c t i o n of t h e 
monomers and r e l a t i v e geometry of t h e i r chromophores as w e l l . 
P a r t i c u l a r l y , t h e s t r u c t u r e o f C - p h y c o c y a n i n (C-PC) hexamers 
from Agmenellum quadruplicatum (2, 4) shows t h a t t h e r e i s a 
m u l t i t u d e o f p a t h s f o r i n t r a - h e x a m e r i c e n e r g y t r a n s f e r . 
Chromophore (X84 and ß84 o f t h e n e i g h b o u r i n g monomer (same 
t r i m e r ) have t h e most f a v o u r a b l e r e l a t i v e p o s i t i o n , whereas (X84 
- 0C84 and ßl55 - ßl55 seem t o r e p r e s e n t t h e main p a t h s f o r 
i n t e r - t r i m e r i c e n e r g y t r a n s f e r . E n e r g y t r a n s f e r a c r o s s t h e 
i n t e r f a c e o f hexamers i n t h e p h y c o b i l i s o m e r o d s most p r o b a b l y 
p r o c e e d s from ß84 t o ß84. 
The c r y s t a l s t r u c t u r e o f C-PC from Mastigocladus laminosus has 
r e c e n t l y been r e f i n e d ( 4 ) . The h i g h r e s o l u t i o n (2.1 A) of t h i s 
s t r u c t u r e a l l o w e d an a c c u r a t e d e t e r m i n a t i o n of t h e geometry of 
a l l t h r e e chromophores. A l l chromophores a r e d e f i n e d i n t h e i r 
e n t i r e t y a n d e x h i b i t v e r y s i m i l a r g e o m e t r y i n t h e i r 
t e t r a p y r r o l e p a r t . The s t r u c t u r e o f a p h y c o c y a n o b i l i n 
chromophore r e s e m b l e s a c l e a v e d p o r p h y r i n w h i c h has been 
u n f o l d e d by a t w i s t o f r o u g h l y 180° a r o u n d t h e C5-C6 and 
C14-C15 bonds. A c c o r d i n g l y , t h e c o n f i g u r a t i o n / c o n f o r m a t i o n of 

*) p r e s e n t a d d r e s s : L a b o r a t o r y of M o l e c u l a r B i o l o g y , M.R.C., 
Cambridge CB2 2QH, U.K. 
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F i g , Ι; 
a) S t e r e o s c o p i c v i e w o f chromophore ß84, t h e s i d e - c h a i n 
a s p a r t a t e ß87 and the COC-backbone ( p a r t of h e l i x E) . 
b) Same model, r o t a t e d by a p p r o x i m a t e l y 90 d e g r e e around 
v e r t i c a l d i r e c t i o n . 
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F i g . 2; 
a) S t e r e o s c o p i c v i e w of chromophore ßl55, t h e s i d e - c h a i n o f 
a s p a r t a t e ß3 9 and t h e COC-backbone (G-H loop and p a r t o f h e l i x 
A) . 

t h e chromophores i s Z - a n t i , Z-syn, Z - a n t i ( w i t h t h e e x c e p t i o n 
of t h e " c o n f i g u r a t i o n " of C14-C15 of chromophore ßl55, which i s 
almost midway between Ζ and E ) . 
A l l t h r e e chromophores show a common p r i n c i p l e o f 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 . They a r c h around a s p a r t a t e r e s i d u e s (0t87, 
β87, β39), the n i t r o g e n atoms of p y r r o l e s Β and C b e i n g w i t h i n 
hydrogen-bonding d i s t a n c e t o one o f t h e c a r b o x y l a t e oxygens 
( F i g s . 1 and 2) . Most o f t h e p r o p i o n i c s i d e - c h a i n s o f t h e 
chromophores form s a l t - b r i d g e s w i t h a r g i n i n e and l y s i n e 
r e s i d u e s . I n v i e w of t h e l o c a l symmetry between t h e a - and 
ß-subunit ( 1 ) , the s i m i l a r i t y of t h e s t r u c t u r e s o f Ot84 and ß84 
i s not s u r p r i s i n g , a l t h o u g h i t has t o be c o n s i d e r e d t h a t t h e y 
occupy q u i t e d i f f e r e n t p o s i t i o n s i n the t r i m e r i c a g g r e g a t e . cc84 
i s s h i e l d e d by the n e i g h b o u r i n g monomer, whereas ß84 i s l o c a t e d 
a t t h e i n n e r s i d e of t h e c e n t r a l c h a n n e l . I t i s s t r i k i n g , 
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however, t h a t a l s o ßl55 e x h i b i t s a v e r y s i m i l a r geometry, 
d e s p i t e i t s d i s t i n c t p o s i t i o n i n t h e s u b u n i t a t t h e G-H loop. 
Moreover, t h e same c h r o m o p h o r e - a s p a r t a t e i n t e r a c t i o n i s 
observed, t h e i n t e r a c t i n g a s p a r t a t e ß39 b e i n g p r o v i d e d by h e l i x 
Β ( F i g . 2 ) . 

The t h r e e chromophores of C-PC d i f f e r i n t h e i r s p e c t r a l 
p r o p e r t i e s ( s e e e.g. r e f . 5 ) . To a s s i g n t h e d i f f e r e n t s p e c t r a 
to t h e i n d i v i d u a l chromophores, p o l a r i z e d o p t i c a l s p e c t r o s c o p y 
on s i n g l e c r y s t a l s t o g e t h e r w i t h t h e knowledge o f t h e 
chromophore p o s i t i o n s and o r i e n t a t i o n s p r o v i d e s a p o w e r f u l 
method. 
P o l a r i z e d a b s o r p t i o n and f l u o r e s c e n c e s p e c t r a o f s i n g l e C-PC 
c r y s t a l s from Mastigocladus laminosus have been r e c o r d e d ( 6 ) . 
The c r y s t a l s show d i c h r o i s m . The p o s i t i o n o f t h e a b s o r p t i o n 
maximum s h i f t s from 612 nm (E p a r a l l e l t o t h e o p t i c a l a x i s c) 
t o 62 6 nm (E p e r p e n d i c u l a r t o c) . The p o l a r i z e d a b s o r p t i o n 
s p e c t r a can be s i m u l a t e d w e l l o n l y - u s i n g t h e d e c o n v o l u t e d 
s o l u t i o n s p e c t r a o f t h e i n d i v i d u a l chromophores (5) and t h e 
o r i e n t a t i o n s o f t h e chromophores (4) - i f t h e s h o r t and long 
w a v e l e n g t h component s p e c t r a o f t h e ß-subunit (ß s and ß f , 
r e s p e c t i v e l y ) a r e a s s i g n e d t o chromophores ßl55 and ß84, 
r e s p e c t i v e l y . 
The p o l a r i z a t i o n component of t h e f l u o r e s c e n c e from s i n g l e 
c r y s t a l s i s about 2.9 t i m e s more i n t e n s e p e r p e n d i c u l a r t o the 
t h r e e - f o l d t r i m e r a x i s t h a n p a r a l l e l t o i t . From t h e known 
i n c l i n a t i o n o f t h e chromophores t o w a r d s t h e t r i m e r a x i s 
i n t e n s i t y r a t i o s o f 11.0, 1.6 and 0.25 would be e x p e c t e d , i f 
one of t h e chromophores <X84, ß84 and ßl55, r e s p e c t i v e l y , would 
f l u o r e s c e s o l e l y . F l u o r e s c e n s e o r i g i n a t i n g f r o m b o t h 
chromophores 0C84 and ß84, however, would y i e l d an i n t e n s i t y 
r a t i o o f 3.0, comparing f a v o u r a b l e w i t h t h e o b s e r v e d r a t i o . I t 
can be e x c l u d e d t h a t ßl55 c o n t r i b u t e s a s u b s t a n t i a l p a r t t o the 
o b s e r v e d f l u o r e s c e n s e . T h i s g i v e s f u r t h e r d i r e c t e v i d e n c e t h a t 
ßl55 i s the ß s~chromophore. I t can be deduced, t h e r e f o r e , t h a t 
t h e n e t energy flow i n t h e t r i m e r s (and hexamers) i s d i r e c t e d 
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from t h e p e r i p h e r a l ßl55 chromophores t o t h e 0C84 - ß84 p a i r . 
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