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Summary 

T h i s c o n t r i b u t i o n d e s c r i b e s w o r k aimed a t u n d e r s t a n d i n g t h e 

d i f f e r e n t p r o p e r t i e s o f t h e s t r u c t u r a l l y v e r y s i m i l a r c h r o m o -

p h o r e s o f t h e a n t e n n a p i g m e n t , C - p h y c o c y a n i n (PC) f r o m 

M a s t i g o c l a d u s l a m i n o s u s , and o f t h e p h o t o m o r p h o g e n e t i c r e a c ­

t i o n c e n t e r p i g m e n t , p h y t o c h r o m e . I n p a r t i c u l a r , t h e ZZZ-ZZE 

p h o t o c o n v e r s i o n o f PC c h r o m o p h o r e s was e x p l o r e d . N a t i v e PC i s 

u n r e a c t i v e e x c e p t f o r a s l o w , i r r e v e r s i b l e b l e a c h i n g . I t 

a t t a i n s p h o t o r e v e r s i b l y p h o t o c h r o m i c p r o p e r t i e s upon p a r t i a l 

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

p r o t e i n s t r u c t u r e . Two t r e a t m e n t s a r e p a r t i c u l a r y e f f e c t i v e : 

a) D e h y d r a t i o n and b) p a r t i a l d e n a t u r a t i o n w i t h m e r c a p t o e t h a -

n o l . The r e s u l t s show t h a t r e l a t i v e l y s m a l l changes o f t h e 

a p o p r o t e i n s t r u c t u r e a r e s u f f i c i e n t t o i n d u c e an e f f i c i e n t 

p h o t o c h e m i s t r y i n PC, w h i c h i s r e m i n e s c e n t o f t h e p h y t o c h r o m e 

p r i m a r y r e a c t i o n s . 

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

The use o f c e r t a i n c o f a c t o r s f o r a v a r i e t y o f f u n c t i o n s i s a 

common mechanism o f a d a p t a t i o n on t h e m o l e c u l a r l e v e l f o r 

w h i c h t h e t e r m " m o l e c u l a r e c o l o g y " seems a p p r o p r i a t e . The 

p l a n t b i l i p r o t e i n s a r e an example f o r s u c h a d a p t a t i o n s . P hyco-

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

t e r i a , r e d and c r y p t o p h y t e a l g a e and t h e p h o t o m o r p h o g e n e t i c 

r e c e p t o r p i g m e n t s , p h y t o c h r o m e and p h y c o c h r o m e ( s ) , b e a r v e r y 

Photosynthetic Light-Harvesting Systems 
© 1988 Walter de Gruyter & Co., Berlin · New York 
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s i m i l a r o p e n - c h a i n t e t r a p y r r o l i c c h r o m o p h o r e s ( 1 ) . I . e , t h e 

c h r o m o p h o r e s o f p h y c o c y a n i n s (PC) and a l l o p h y c o c y a n i n s (APC) 

and t h e c h r o m o p h o r e o f p h y t o c h r o m e i n t h e P r - f o r m , d i f f e r o n l y 

by t h e s u b s t i t u e n t a t C-18. I n a d d i t i o n t o t h e s e s i m i l a r i t i e s 

i n m o l e c u l a r s t r u c t u r e , t h e i r c o v a l e n t bonds t o and t h e i r n o n -

c o v a l e n t i n t e r a c t i o n s w i t h t h e a p o p r o t e i n s a r e v e r y s i m i l a r as 

e v i d e n c e d by t h e i r s p e c t r o s c o p i c p r o p e r t i e s ( 2 ) . 

None t h e l e s s a r e t h e f u n c t i o n s o f t h e s e p i g m e n t s i n v i v o and 

many p r o p e r t i e s i n t h e i s o l a t e d s t a t e s v e r y s i m i l a r f o r t h e 

two p i g m e n t c l a s s e s . P h y c o b i l i p r o t e i n s l i k e PC a r e c h e m i c a l l y 

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

i s o l a t e d s t a t e and t r a n s f e r e x c i t a t i o n e n e r g y e f f i c i e n t l y t o 

t h e r e a c t i o n c e n t e r s i n t h e n a t i v e e n v i r o n m e n t ( 1 ) . P h y t o ­

chrome i s by c o n t r a s t p h o t o c h e m i c a l l y v e r y r e a c t i v e , and shows 

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

s t r y i s t h e r e v e r s i b l e ZZZ-ZZE i n t e r c o n v e r s i o n o f t h e c h r o m o ­

p h o r e ( 3 ) , ( F i g . 1 ) . I t s h o u l d be n o t e d , t h a t t h e p r o p e r t i e s 

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

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

w h i c h a r e p h o t o l a b i l e , c h e m i c a l l y r e a c t i v e and have v e r y 

d i f f e r e n t c o n f o r m a t i o n s . 

S-Protein 

Phycocyanin R = C 2 H 5 

Phytochrom R = C 2 H 3 
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I n t h i s c o n t r i b u t i o n , we w i s h t o p r e s e n t r e s u l t s w h i c h e x p l o r e 

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

p h y t o c h r o m e , i n t h e p h y c o b i l i p r o t e i n s . There i s a l a r g e body 

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

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

s u b u n i t s o f t h e "common" a n t e n n a b i l i p r o t e i n s ( 4 , 5 ) . P a r t i a l l y 

d e n a t u r e d b i l i p r o t e i n s a r e known t o e x h i b i t s m a l l , a l b e i t 

d i s t i n c t p h o t o r e v e r s i b l y p h o t o c h r o m i c r e s p o n s e s , w h i c h have i n 

one c a s e b e e n r e l a t e d t o a d i s t i n c t chromophore ( 6 ) . One o f 

t h e c h r o m o p h o r e s i n PC f r o m two d i f f e r e n t s p e c i e s , e.g. ß-155, 

has a l s o been shown by x - r a y c r y s t a l s t r u c t u r e a n a l y s i s t o be 

p r e s e n t i n a s t r o n g l y t w i s t e d c o n f o r m a t i o n i n w h i c h r i n g D i s 

n e a r l y p e r p e n d i c u l a r t o t h e o t h e r r i n g s ( 7 ) . T h i s has been 

r e l a t e d t o t h e p r e s e n c e o f s m a l l amounts of ZZE-chromophores 

b e i n g p r e s e n t i n PC f r o m M a s t i g o c l a d u s l a m i n o s u s a f t e r d e n a t u -

r a t i o n ( 8 ) . The l a r g e v a r i a t i o n s i n t h e amount o f ZZE chromo­

p h o r e s p r o m p t e d us t o c o n d u c t a s y s t e m a t i c s e a r c h f o r t h e 

c o n d i t i o n s u n d e r w h i c h ZZE c h r o m o p h o r e s are f o r m e d , and t o 

s t u d y t h e i r r e a c t i o n s i n t h e n a t i v e and d e n a t u r e d s t a t e o f t h e 

p r o t e i n . I n f o r m a t i o n on p h o t o r e a c t i v i t y i s a l s o i m p o r t a n t w i t h 

r e s p e c t t o a p p l i c a t i o n s o f l a s e r s p e c t r o s c o p i c t e c h n i q u e s t o 

p h y c o b i l i p r o t e i n s . 

M a t e r i a l s and Methods 

PC was p r e p a r e d f r o m f r o z e n c e l l 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 

as p r e v i o u s l y d e s c r i b e d ( 9 ) . S u b u n i t s were p r e p a r e d by i s o ­

e l e c t r i c f o c u s s i n g i n a f l a t - b e d a p a r a t u s on d e x t r a n g e l . The 

s e p a r a t i o n was c a r r i e d o u t i n d e n a t u r e d s t a t i - (7M u r e a ) u n d e r 

a r g o n and i n t h e d a r k . A f t e r e l u t i o n f r o m t h e g e l , t h e s u b -

u n i t s were r e n a t u r e d by d i a l y s i s a g a i n s t 0. IM K - p h o s p h a t e 

b u f f e r pH=7, f i r s t a t room t e m p e r a t u r e and t h e n a t 4C. F u r t h e r 

p u r i f i c a t i o n was done by two s t e p s o f a ammonium s u l p h a t e p r e ­

c i p i t a t i o n ( 4 5 % ) . 
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PC and s u b u n i t s w i t h ZZE-chromophores w e r e p r e p a r e d i n 8M u r e a 

b u f f e r , c o n t a i n i n g 0.1M K - p h o s p h a t e , pH=7 . The s o l u t i o n was 

t r e a t e d i n t h e d a r k w i t h 15 v o l % m e r c a p t o e t h a n o l and t h e n 

i r r a d i a t e d i n an i c e b a t h u n d e r n i t r o g e n f o r t e n m i n u t e s w i t h 

w h i t e l i g h t . The f o l l o w i n g s t e p s w e r e c a r r i e d o u t u n d e r g r e e n 

s a f e t y l i g h t . A f t e r e l i m i n a t i o n o f t h e t h i o l a t pH=2 ( a d d i t i o n 

o f h y d r o c h l o r i c a c i d ) , t h e e q u i l i b r i u m m i x t u r e o f ZZZ/ZZE-

p r o d u c t s was c l e a n e d up i n two s t e p s w i t h a d e s a l t i n g g e l t o 

remove m e r c a p t o e t h a n o l and t o keep t h e p h o t o i s o m e r i s a t i o n p r o ­

d u c t s i n a c i d i c d e n a t u r e d s t a t e , o r i n n e u t r a l K - p h o s p h a t e 

b u f f e r . The c o n t e n t o f m o d i f i e d Z Z E-chromophores was d e t e r ­

m i n e d a g a i n by s a t u r a t i n g i r r a d i a t i o n w i t h w h i t e l i g h t . D e t e r ­

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

ZZE/ZZZ i n t e r c o n v e r s i o n o f a p u r e ZZE P C - c h r o m o p e p t i d e ( 3 ) . 

A b s o r p t i o n d i f f e r e n c e s p e c t r a were r e c o r d e d w i t h a ZWS I I -

s p e c t r o p h o t o m e t e r ( B i o c h e m , Puchheim) i n s p l i t beam mode w i t h 

t h e r m o s t a t e d (12C) c e l l h o l d e r s . One o f t h e c u v e t t e s c a n be 

i r r a d i a t e d i n t h e p h o t o m e t e r by a L u m i l u x 150 W a t t l i g h t 

s o u r c e ( V o l p i , D e n z l i n g e n ) . The l i g h t g u i d e f r o m l i g h t s o u r c e 

t o t h e sample can be e q u i p p e d w i t h s u i t a b l e i n t e r f e r e n c e 

f i l t e r s . A n a l o g d a t a were d i g i t i z e d w i t h a T e c h n o s y s t e m (Darm­

s t a d t ) model 1203A A- t o -D c o n v e r t e r and f e d t o a m i c r o ­

c o m p u t e r ( A p p l e l i e ) . D i f f e r e n c e s p e c t r a a g a i n s t t h e u n i r r a ­

d i a t e d sample were r e c o r d e d b e f o r e and a f t e r i r r a d i a t i o n . 

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

Assay f o r p r e s e n c e o f Z Z E - c o n f i g u r a t e d c h r o m o p h o r e s 

PC and i t s s u b u n i t s c o n t a i n i n g a p a r t o f t h e c h r o m o p h o r e s i n 

t h e ZZE c o n f i g u r a t i o n ( t a b l e 1) were p r e p a r e d f r o m n a t i v e PC 

by a sequence o f r e a c t i o n s w h i c h a r e w e l l e s t a b l i s h e d . They 

i n v o l v e d e n a t u r a t i o n o f t h e p r o t e i n , a d d i t i o n o f t h i o l s a t 

C-10, i r r a d i a t i o n , e l i m i n a t i o n o f t h i o l and r e n a t u r a t i o n . The 
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1 5 E - i s o m e r i s f o r m e d r e g i o s e l e c t i v e l y , i f t h i s same se q u e n c e , 

w i t h t h e o m i s s i o n o f p r o t e i n d e n a t u r a t i o n / r e n a t u r a t i o n s t e p s , 

a r e a p p l i e d t o A - d i h y d r o b i l i n s ( 1 0 ) . The r a t i o o f ZZZ-to-ZZE 

i n t h e p r o d u c t m i x t u r e was d e t e r m i n e d by d e n a t u r a t i o n o f t h e 

m o d i f i e d p i g m e n t i n a c i d i c u r e a and i l l u m i n a t i o n w i t h w h i t e 

l i g h t t o s a t u r a t i o n . Under t h e s e c o n d i t i o n s , t h e ZZE f o r m i s 

q u a n t i t a t i v e l y c o n v e r t e d t o ZZZ ( 1 1 ) , and t h e a m p l i t u d e o f t h e 

d i f f e r e n c e s p e c t r u m (δΑ, minimum - t o - maximum, see f i g . l ) i s 

p r o p o r t i o n a l t o t h e amount o f ZZE i n t h e o r i g i n a l m i x t u r e 

[ f r o m t h e d i f f e r e n t i a l e x t i n c t i o n c o e f f i c i e n t δ ε = 3 5 100, t a k e n 

f r o m t h e s p e c t r a o f P C - p e p t i d e s ( 3 ) and t h e m o l a r e x t i n c t i o n 

c o e f f i c i e n t o f t h e d e n a t u r e d ZZZ-chromophore c a t i o n o f PC 

ε=30300 ( 1 2 ) ; t h i s amount can be c a l c u l a t e d by t h e e q u a t i o n 

Qz ?. f = 86 * δΑ / A ) ] . The same a s s a y has been u s e d t h r o u g h o u t 

t h e f u r t h e r s t u d i e s , and t h e o c c u r e n c e o f such l i g h t i n d u c e d 

d i f f e r e n c e s p e c t r a has been t a k e n as e v i d e n c e f o r a ZZE-ZZZ 

c o n v e r s i o n . 

3.S00E-2 ι ι ι . 

-3.500E-2 1 — , , , , , , , , , , , , , , ι ι , 

3S0.0 430.0 SJO.O S90.0 670.0 HH 

F i g . 1 : ZZZ-ZZE d i f f e r e n c e s p e c t r u m o f PC a f t e r d e n a t u r a t i o n 

(8M u r e a , 0.1M K-phosphate, pK=1.9) and i r r a d i a t i o n 

w i t h w h i t e l i g h t t o s a t u r a t i o n 
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T a b l e 1 : P h o t o i s o m e r i s a t i o n o f ZZE-PC and i t s S u b u n i t s t o ZZZ 

i n D e n a t u r e d S t a t e (8M U r e a , 0.1M K - P hosphate, 

pH=1.9) by I r r a d i a t i o n w i t h W h i t e L i g h t ( 6 0 / 1 2 0 s e c ) . 

ZZE- p r e p a r a t i o n - | 

method | 

I 

sample c o n t e n t o f ZZE-

i s o m e r s ( % ) 

1 
d e n a t u r e d , v i a C-10 r u b i - ] PC 12.0 

n o i d a d d i t i o n p r o d u c t ] a - s u b u n i t 15.5 

(see t e x t ) ! 
ι 
I 

ß-subunit 9.5 

! 

p a r t i a l l y d e n a t u r e d (4M 1 

u r e a , 0.1M K - p h o s p h a t e , j PC 2.4 

pH=7.1, i r r a d i a t i o n : j a - s u b u n i t -
180sec a t 630nm) j 

I 

ß-subunit 5.9 

1 
i 

p a r t i a l l y d e n a t u r e d (0.1M j 
K - p h o s p h a t e , pH=7.4, 2 0 v o l % | 

m e r c a p t o e t h a n o l , i r r a d i a - | a - s u b u n i t 13.8 

t i o n : 300sec a t 600nm) I ß-subunit 60.2 

P h o t o c o n v e r s i o n o f ZZE-chromophores i n n a t i v e p r o t e i n 

To o b t a i n t h e ZZZ/ZZE d i f f e r e n c e s p e c t r u m o f a c h r o m o p h o r e i n 

a q u a s i - n a t i v e e n v i r o n m e n t , t h e PC m o d i f i e d as d e s c r i b e d above 

was i r r a d i a t e d i n t h e n a t i v e s t a t e ( f i g . 2 ) . I t i s d o m i n a t e d by 

a b r o a d d e c r e a s e i n a b s o r p t i o n a t 575 nm, and a more i n t e n s e , 

n a r r o w - b a n d 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 630 nm. Even a f t e r 

s a t u r a t i n g i r r a d i a t i o n , o n l y p a r t ( a p p x . 3 0 - 40%) o f t h e ZZE 

c h r o m o p h o r e s a r e p h o t o t r a n s f o r m e d as e v i d e n c e d by t h e f u r t h e r 

t r a n s f o r m a t i o n a f t e r d e n a t u r a t i o n . T h i s i n d i c a t e s a d i f f e r e n ­

t i a l r e a c t i v i t y o f t h e c h r o m o p h o r e s i n t h e n a t i v e p r o t e i n , by 

s t e r i c h i n d r a n c e o r t h e l i k e . 
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F i g . 2: ZZZ-ZZE d i f f e r e n c e s p e c t r u m o f PC c h r o m o p h o r e s w i t h 

n a t i v e a p o p r o t e i n (0.1M K - p h o s p h a t e . p H = 7 ) . The s p e c ­

t r u m has been o b t a i n e d a f t e r s a t u r a t i n g i r r a d i a t i o n 

w i t h w h i t e l i g h t . 

1.700E-2 

-S.OOOE-3 1 , , , , , , , , , , , , , , , , , , 
400.0 4?0.0 S40.0 610.0 680.0 NM 

PC i s p h o t o c h r o m i c i n t h e d e h y d r a t e d s t a t e 

By m e a s u r i n g t h e l i g h t i n d u c e d d i f f e r e n c e s p e c t r a o b t a i n e d 

a f t e r a c i d u r e a d e n a t u r a t i o n o f d i f f e r e n t PC p r e p a r a t i o n s , i t 

had b e e n o b s e r v e d t h a t many PC-samples, c o n t a i n e d s m a l l and 

v a r y i n g amounts o f ZZE c h r o m o p h o r e s . A s y s t e m a t i c i n v e s t i g a ­

t i o n showed d e h y d r a t i o n t o be most e f f e c t i v e i n i n d u c i n g t h e 

f o r m a t i o n o f ZZE c h r o m o p h o r e s , and t h a t t h i s f o r m a t i o n i s 

l i g h t d e p e n d e n t ( t a b l e 2 ) . ZZE c h r o m o p h o r e s were f o u n d i n p a r ­

t i c u l a r i n sampl e s w h i c h had u n d e r g o n e a l y o p h i l i s a t i o n p r o ­

c e ss i n t h e l i g h t . T h e r e i s no d e t e c t a b l e ZZE c o n t e n t i f 

f r e s h l y i s o l a t e d PC i s l y o p h i l i s e d i n t h e d a r k , w h e r e a s i r r a ­

d i a t i o n d u r i n g l y o p h i l i s a t i o n o r o f t h e l y o p h i l i s e d m a t e r i a l 

r e s u l t e d i n ZZE c o n t e n t s up t o 5%. One p o s s i b i l i t y f o r p h o t o -
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i s o m e r i s a t i o n w o u l d be t h e f o r m a t i o n o f r u b i n o i d a d d i t i o n p r o ­

d u c t s a t C-10, w h i c h a r e known t o p h o t o i s o m e r i s e ( s e e p r e v i o u s 

s e c t i o n ) . S e v e r a l amino a c i d s i d e c h a i n s w o u l d p r i n c i p a l l y 

a l l o w s u c h a r e a c t i o n . However, t h i s p o s s i b i l i t y i s r u l e d o u t 

by m o n o c h r o m a t i c i r r a d i a t i o n . Red l i g h t a b s o r b e d by t h e PC 

c h r o m o p h o r e i s more e f f e c t i v e t h a n b l u e l i g h t ( t a b l e 2 ) . To­

g e t h e r w i t h t h e r e s u l t s o f t h e p r e v i o u s s e c t i o n , t h i s i n d i ­

c a t e s t h a t PC becomes p h o t o c h r o m i c i n t h e d e h y d r a t e d s t a t e . 

S m a l l amounts o f ZZE c h r o m o p h o r e s were a l s o p r e s e n t i n t h e 

i s o l a t e d , n o t l y o p h i l i s e d , s u b u n i t s . The f a c t o r s l e a d i n g t o 

t h e i r f o r m a t i o n w ere n o t f u r t h e r i n v e s t i g a t e d , b u t t h e y a r e 

f o r m e d most l i k e l y i n t h e d e n a t u r a t i o n - r e n a t u r a t i o n c y c l e a t 

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

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

T a b l e 2: P h o t o i s o m e r i s a t i o n o f PC and i t s ß-Subunit d u r i n g 

D e h y d r a t i o n ( L y o p h i l i s a t i o n ) 

i r r a d i a t i o n o f PC d u r i n g 

l y o p h i l i s a t i o n a t nm: 

] c o n t e n t o f ZZE-

1 i s o m e r s % 
1 

d a r k c o n t r o l 
j 
! 0.3 
1 

370 1 
1 

430 1 2.4 
1 

530 1 3.4 

630 ; 4.6 

660 1 3.8 

w h i t e l i g h t ( 4 0 0 - 7 0 0 ) j 5.3 

ι 

i r r a d i a t i o n o f t h e ß-subunit | 

d u r i n g l y o p h i l i s a t i o n a t nm: | 

d a r k c o n t r o l 

w h i t e l i g h t ( 4 0 0 - 7 0 0 ) 

1.7 

5.2 
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i n d u c e d i s o m e r i s a t i o n s i m i l a r t o t h e one d e s c r i b e d f o r p a r ­

t i a l l y d e n a t u r e d PC (6 ) may w e l l be r e s p o n s i b l e . 

PC i s p h o t o c h r o m i c upon p a r t i a l d e n a t u r a t i o n o f t h e a p o p r o t e i n 

V a r i o u s d e n a t u r i n g a g e n t s i n c l u d i n g a c i d ( 1 3 ) , g u a n i d i n i u m 

c h l o r i d e ( 1 4 ) and e t h y l e n e g l y c o l ( 15) have been shown e a r l i e r 

t o i n d u c e p h o t o c h r o m i c p r o p e r t i e s o f PC c h r o m o p h o r e s . I n a 

p r e v i o u s s t u d y w i t h u r e a ( 6 ) , i t c o u l d be shown t h a t 

" t i c k l i n g " w i t h u r e a r e s u l t e d i n a s p e c i f i c a c t i v a t i o n o f o n l y 

one o f i t s t h r e e c h r o m o p h o r e s , e.g. (3-84. The maximum amount 

o f ZZE r e m a i n e d w e l l b e l o w 10% i n a l l p r e v i o u s s t u d i e s , how­

e v e r . I n an e x t e n s i o n o f t h e w o r k w i t h e t h y l e n e g l y c o l , t h e 

t h i o l a n a l o g u e m e r c a p t o e t h a n o l now p r o v e d much more e f f i c i e n t 

( t a b l e 1 ) . 

T h i s was o r i g i n a l l y a chance - o b s e r v a t i o n d u r i n g a t t e m p t s t o 

o m i t u r e a f r o m t h e p r e p a r a t i o n o f t h i o l a d d u c t s a t C-10. I f 

l a r g e amounts o f m e r c a p t o e t h a n o l (£25 v o l % ) a r e added t o 

n a t i v e PC, t h e r u b i n o i d a d d i t i o n p r o d u c t s a r e f o r m e d n e a r l y 

q u a n t i t a t i v e l y e ven i n t h e a b sence o f any u r e a . T i t r a t i o n w i t h 

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

t w o s t e p s . The f i r s t one i s a d e n a t u r a t i o n o f t h e p r o t e i n , as 

e v i d e n c e d by t h e d e c r e a s e o f t h e 620nm a b s o r p t i o n o f t h e c h r o ­

m o p h o r e s , and an i n c r e a s e a r o u n d 350nm. T h i s i s f o l l o w e d by 

t h e n u c l e o p h i l i c a d d i t i o n o f m e r c a p t o e t h a n o l a t C-10 and t h e 

c o n c o m i t a n t a b s o r p t i o n i n c r e a s e a r o u n d 415nm. I t was t h u s n o t 

s u r p r i s i n g t o f i n d ZZE c h r o m o p h o r e s i n p r e p a r a t i o n s o f PC, 

s u b j e c t e d t o t r e a t m e n t w i t h m e r c a p t o e t h a n o l and s u b s e q u e n t 

i r r a d i a t i o n , s i n c e t h e p h o t o r e a c t i v i t y o f b i l i r u b i n s i s w e l l 

d o c u m e n t e d ( 1 1 , 1 6 ) . The amounts o f ZZE c h r o m o p h o r e s i n s u c h 

p r e p a r a t i o n s w ere u n u s u a l l y l a r g e , h owever, and t h e y peaked 

u n d e r c o n d i t i o n s where p a r t o f t h e p h y c o c y a n o b i l i n chromopho­

r e s w ere s t i l l u n r e a c t e d w i t h t h e r e a g e n t . 

To f u r t h e r i n v e s t i g a t e t h i s r e a c t i o n , m e r c a p t o e t h a n o l was 

added t o t h e ß-subunit o f PC i n an amount s u f f i c i e n t t o t r a n s -
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f o r m a p p x.50% o f t h e c h r o m o p h o r e s t o t h e y e l l o w a d d i t i o n p r o ­

d u c t . T h i s m i x t u r e was t h e n s u b j e c t e d t o i r r a d i a t i o n w i t h 

l i g h t . The a b s o r p t i o n a t 604nm d e c r e a s e d r a p i d l y w i t h o n l y 

l i t t l e change i n o t h e r r e g i o n s o f t h e s p e c t r u m above 300nm 

( f i g . 3 ) . An a n a l y s i s o f t h e m i x t u r e g a v e a ZZE y i e l d o f 60%, 

4.000E-2 ι . t , . • , ι 

-2.600E-1 1 , , , . , , , , , , , , , , , , , , , , , , , , 
350.0 430.0 510.0 590.0 S70.0 NM 

F i g . 3: P h o t o r e a c t i o n o f PC i n t h e p r e s e n c e o f m e r c a p t o e t h a n o l 

( 2 0 % ) w i t h w h i t e l i g h t . The a b s o r p t i o n a t 620nm c o r r e ­

sponds t o t h e p h y c o c y a n o b i l i n c h r o m o p h o r e p a r t i a l l y 

u n c o u p l e d f r o m t h e a p o p r o t e i n , t h a t a r o u n d 425nm t o 

i t s a d d i t i o n p r o d u c t w i t h m e r c a p t o e t h a n o l . 

w h i c h i s f o u r t i m e s t h e amount f o u n d a f t e r i r r a d i a t i o n o f t h e 

r u b i n o i d p i g m e n t . M o n o c h r o m a t i c i r r a d i a t i o n f u r t h e r m o r e gave 

maximum y i e l d s o f ZZE c h r o m o p h o r e s w i t h r e d l i g h t , a b s o r b e d by 

t h e PC c h r o m o p h o r e , r a t h e r t h a n w i t h b l u e l i g h t a b s o r b e d by 

t h e t h i o l a d d i t i o n p r o d u c t ( t a b l e 1 ) . T h i s shows c l e a r l y , t h a t 

t h e p h o t o r e a c t i o n i s n o t due t o t h e w e l l known i s o m e r i z a t i o n 

o f t h e y e l l o w a d d i t i o n p r o d u c t , b u t r a t h e r t o a v e r y e f f i c i e n t 
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p h o t o c h e m i s t r y o f t h e p h y c o c y a n o b i l i n chomophore i t s e l f . I t i s 

n o t e w o r h y , t h a t t h e p r o p o r t i o n o f ZZE i s much l a r g e r i n t h r ß-

t h a n i n t h e α - s u b u n i t . T h i s i s s i m i l a r t o t h e r e a c t i v i t y i n 

t h e p r e s e n t o f 4M u r e a (6) and i n d i c a t e s a s e l e c t i v e a c t i v i t y 

o f ( o n e o f ) t h e ß-chromophores. 

C o n c l u s i o n s 

P h o t o r e v e r s i b l y p h o t o c h r o m i c p r o p e r t i e s can be i n d u c e d i n PC 

b y s e v e r a l k i n d s o f p e r t u r b a t i o n o f t h e p r o t e i n s t r u c t u r e . The 

r e a c t i o n s i n v o l v e most l i k e l y Z-E i n t e r c o n v e r s i o n s o f t h e 

c h r o m o p h o r e s a t t h e 15,16 d o u b l e - b o n d between r i n g s C and D. 

T h i s r e a c t i v i t y i s r e m i n e s c e n t o f t h e p r i m a r y p h o t o c h e m i s t r y 

o f p h y t o c h r o m e . T h e r e i s a d i f f e r e n t i a l r e a c t i v i t y o f t h e 

c h r o m o p h o r e s . 

A c k n o w l e d g e m e n t 

T h i s w o r k was s u p p o r t e d by t h e D e u t s c h e F o r s c h u n g s g e m e i n ­

s c h a f t , Bonn (SFB 143 and F o r s c h e r g r u p p e " P f l a n z l i c h e T e t r a -

p y r r o l e " ) . 

We t h a n k G.Reng ( G e s e l l s c h a f t für B i o t e c h n o l o g i s c h e F o r s c h u n g , 

D-3301 Stöckheim) f o r mass c u l t u r e o f M . l a m i n o s u s . 

R e f e r e n c e s 

1 . S c h e e r , H.. 1982. I n : M o l e c u l a r B i o l o q y , B i o c h e m i s t r y and 
B i o p h y s i c s , V o l 35 (F.K. Fong, e d . ) . S p r i n g e r - V e r l a g B e r ­
l i n , p p . 7-45. 

2. R ü d i g e r , W.f H. Schee r . 1983. I n : E n c y c l o p e d i a o f P l a n t 
P h y s i o l o g y , New S e r i e s , V o l . 16 (w. S h r o p s h i r e , J r . , H. 
Mohr, e d s . ) . S p r i n g e r - V e r l a g B e r l i n . 



88 

3. Thümmler, F., W. Rü d i g e r . 1 9 8 1 . T e t r a h e d r o n 39, 1 9 4 3 - 1 9 5 1 

4. B j ö r n , L.O. 1979. Q u a r t . Rev. B i o p h y s . 12, 1-23. 

5. K u f e r , W. t h i s b ook. 

6. J o h n , W., R. F i s c h e r , S. S i e b z e h n r ü b l , H. S c h e e r . 1985 
I n : A n t e n n a s and R e a c t i o n C e n t e r s o f P h o t o s y n t h e t i c Bac 
t e r i a : S t r u c t u r e , I n t e r a c t i o n and Dyna m i c s (Μ.Ε. M i c h e l 
B e y e r l e , e d . ) , S p r i n g e r V e r l a g B e r l i n , p p . 1 7 - 3 5 . 

7. S c h i r m e r , T. 1987. J. M o l . B i o l . 196, 677-695. 

8. S c h m i d t , G.r S. Si e b z e h n r ü b l , R. F i s c h e r , H. S c h e e r , Τ 
S c h i r m e r , W. Bode, R. Huber. 1987. Z. N a t u r f o r s c h . 42c 
845-848. 

9. Füglistaller, P., Η . Widmer, G. F r a n k , H. Z u b e r . 1 9 8 1 
A r c h . M i c r o b i o l . 129, 268-274. 

10. K u f e r , W., H. S c h e e r . 1982. Z. N a t u r f o r s c h . 37c, 179-192. 

1 1 . F a l k , Η ., K. Grubmayr. 1979. M o n a t s h e f t e für Chemie 110, 
1237-1242. 

12. K u f e r , W., H. S c h e e r . 1 9 8 1 . H o p p e - S e y l e r ' s Z. P h y s i o l 
Chem. 360, 935-956. 

13. Ohad, I . , H.-J. S c h n e i d e r , S. G e n d e l , L. B o g o r a d . 1980. 
P l a n t P h y s i o l . 65, 6-12. 

14. O h k i , Κ., Y. F u j i t a . 1979. P l a n t C e l l P h y s i o l . 20, 483 
490. 

15. de Kok, J. 1983. P r i v a t e p u b l i c a t i o n . 

16. Mc Donagh, Α., D. L i g h t n e r , T. W o o l d r i d g e . 1979. J o u r n . ο 
t h e Chem. Soc., 109-112. 


