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THE REVERSIBLE PHOTOCHEMISTRY OF PHYCOERYTHROCYANIN 

SIEBZEHNRÜBL, S., LIPP, G., FISCHER, R., SCHEER, H. B o t a n i s c h e s I n s t i t u t 
der Universität, Menzinger S t r . 67, D-8000 MÜNCHEN 19, FRG 

1. INTRODUCTION 
P l a n t and a l g a l b i l i p r o t e i n s have two major f u n c t i o n s : The p h y c o b i l i -

p r o t e i n s a r e l i g h t - h a r v e s t i n g pigraents f o r p h o t o s y n t h e s i s ( 1 ) ; the 
phytochromes are the p h o t o r e c e p t o r s of p l a n t photomorphogenesis. Many 
c y a n o b a c t e r i a a l s o show resp o n s e s s u g g e s t i n g p h o t o r e v e r s i b l y photo-
chromic pigraents as p h o t o r e c e p t o r s (see 2,3,4,5). The p u t a t i v e pigraents 
have been termed adaptochromes and phycomorphochromes. I s o l a t i o n 
atterapts ( r e v i e w i n 2) r e s u l t e d i n the s p e c t r a l c h a r a c t e r i z a t i o n of a t 
l e a s t f o u r d i f f e r e n t f r a c t i o n s terraed phycochromes a-d; but i n no case 
has t h e r e been c o n c l u s i v e e v i d e n c e , t h a t t h e s e are the p u t a t i v e photo­
r e c e p t o r s . 

The a b s o r p t i o n s p e c t r a o f a l l phycochromes suggest t h a t they are 
b i l i p r o t e i n s , t o o . These pigments may t h e n combine b o t h f u n c t i o n s of 
l i g h t h a r v e s t i n g and photomorphogenesis i n d u c t i o n i n one mo l e c u l e . 
Phycochrome b has i n d e e d been shown t o be most l i k e l y t h e a - s u b u n i t of 
the antenna pigment p h y c o e r y t h r o c y a n i n (PEC) ( 6 ) . PEC i s p r e s e n t i n 
s e v e r a l s p e c i e s of c y a n o b a c t e r i a ( 7 ) . I t c a r r i e s an u n u s u a l p h y c o v i o l o -
b i l i n chromophore on i t s a - s u b u n i t ( F i g . 1) ( 8 ) , which i s r e s p o n s i b l e 
f o r i t s photochromic r e s p o n s e . Here we want t o g i v e f u r t h e r (9) r e s u l t s 
on the p h o t o c h e m i s t r y o f PEC from two c y a n o b a c t e r i a , e.g. M a s t i g o c l a d u s 
(M) . l a m i n o s u s and C h r o o c o c c i d i o p s i s ( C h . ) s p e c . . We have c h a r a c t e r i z e d 
the p h o t o c h e m i s t r y of the pigment i n d i f f e r e n t s t a t e s o f a g g r e g a t i o n , 
and the mutual i n t e r d e p e n d e n c e of i t s p h o t o t r a n s f o r m a t i o n and aggre­
g a t i o n . 

2. MATERIALS AND METHODS 
P h y c o e r y t h r o c y a n i n (PEC) of M. l a m i n o s u s and C h . s p e c . were prepared 

by the method of Füglistaller et a l . ( 1 0 ) . The s u b u n i t s o f PEC were 
o b t a i n e d by i s o e l e c t r i c f o c u s i n g (11) under a n a e r o b i c c o n d i t i o n s . 
A b s o r p t i o n and 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 measured 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 c e l l h o l d e r s . I r r a d i a t i o n was done i n the photo-
meter (150 W, l i g h t g u i d e and 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 ) . The aggre­
g a t i o n S t a t e of PEC was s t u d i e d by s u c r o s e - d e n s i t y g r a d i e n t c e n t r i f u -
g a t i o n a t 238,000 x g ( 1 2 ) . I n the r e a c t i o n s r e l a t i n g i r r a d i a t i o n ^ w i t h 
a g g r e g a t i o n , a PEC (M. l a m i n o s u s ) s t o c k S o l u t i o n (A 570 = 0 . 6 cm" ) was 
i r r a d i a t e d a l t e r n a t e l y w i t h g r e e n and orange l i g h t . B e f o r e the f i r s t and 
a f t e r each subsequent i l l u m i n a t i o n an a l i q u o t (0.2 ml) was a p p l i e d t o 
the s u c r o s e g r a d i e n t (5 ml, 7 t o 17 % w/w). 

3. RESULTS AND DISCUSSION 
3.1. C h a r a c t e r i z a t i o n o f p h o t o c h e m i s t r y 

When PEC or i t s a - s u b u n i t i s o l a t e d from t h e b l u e - g r e e n a l g a e M. 
l a m i n o s u s or C h . s p e c . were i r r a d i a t e d e i t h e r w i t h orange (600 nm; 575 
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nra f o r C h . s p e c . - a - s u b u n i t ) or green l i g h t (500 nm), a t y p i c a l photo­
c h e m i s t r y was observed. I r r a d i a t i o n w i t h orange l i g h t l e a d s t o an 
a b s o r p t i o n d i f f e r e n c e spectrum w i t h a maximum a t 502-504 nm and a nega­
t i v e extremum at 565-570 nm. I l l u m i n a t i n g the sample w i t h green l i g h t 
r e v e r t s the spectrum f u l l y t o the o r i g i n a l . The am p l i t u d e s of the d i f f ­
erence s p e c t r a are s t r o n g l y dependent on the S t a t e of the pigment (Table 
1 ) . I t i s maximum i n the presence of 4 M u r e a , whereas i t i s lower i n 
the f u l l y denatured pigment (8 M urea) and v e r y s m a l l i n h i g h aggregates 
and p h y c o b i l i s o m e s . Upon a d d i t i o n of i n c r e a s i n g amounts of u r e a , the 
d i f f e r e n c e extrema of the r e v e r s i b l e r e a c t i o n remain s t a t i o n a r y up t o 
denaturant c o n c e n t r a t i o n s of 4 M (Table 1 ) . At the same time, the a m p l i ­
tudes i n c r e a s e . At h i g h e r u r e a c o n c e n t r a t i o n s , the am p l i t u d e s decrease 
a g a i n , and the extrema s h i f t g r a d u a l l y t o 510 and 600 nm. R e v e r s i b l e 
p h o t o c h e m i s t r y i s r e t a i n e d up to 8 M u r e a , when the P o l y p e p t i d e c h a i n s 
are f u l l y u n f o l d e d . The photochemistry i s v e r y s i m i l a r i n PEG i s o l a t e d 
from the two d i f f e r e n t organisms, e.g. M. l a m i n o s u s and C h . s p e c . . 
R e v e r s i b l e photochemistry i s a l s o r e t a i n e d i n denatured PEC a t low pH. 

COO" C00" C00" COO" 

Fig. 1: S t r u c t u r e s of p h y c o v i o l o b i l i n chromophores i n t h e i r 10Z,15Z 
( l e f t ) and 1 0 Z , 1 5 E - c o n f i g u r a t i o n ( r i g h t ) . Schematic, n a t i v e 
chromophores have extended geometries. 

The ß-subunit of PEC shows no r e v e r s i b l e photochemical e f f e c t s . 
However the two p h y c o c y a n o b i l i n chromophors of t h i s s u b u n i t are v e r y 
s e n s i t i v e a g a i n s t i r r a d i a t i o n , and b l e a c h r a p i d l y t o c o l o r l e s s pro­
d u c t a ) ( v i z . by 60 - 70 % w i t h i n 12 min). T h i s r a p i d b l e a c h i n g con-
t r a s t s w i t h the r e l a t i v e s t a b i l i t y of the phycocyanin ß-subunit (11). 

The r e v e r s i b l e p h o t o c h e m i s t r y of PEC and i t s a - s u b u n i t i s p r o b a b l y 
r e l a t e d t o a Z^E i s o m e r i s a t i o n of the p h y c o v i o l o b i l i n chromophore 
( F i g . l ) . Of the d i f f e r e n t chromophore types of p h y c o b i l i p r o t e i n s , i t i s 
the o n l y one which shows a r e v e r s i b l e p h o t o c h e m i s t r y i n i t s n a t i v e and 
denatured S t a t e . We suggest t h a t i s o m e r i z a t i o n takes p l a c e i n the 
a-su b u n i t of PEC a t the A15-double bond, s i m i l a r t o the phytochrome 
prima r y r e a c t i o n . 

3.2. I n t e r r e l a t i o n s of ph o t o c h e m i s t r y and a g g r e g a t i o n 
A g g r e g a t i o n not o n l y s t r o n g l y i n f l u e n c e s the photochemical a c t i v i t y 

of PEC (Table 1 ) , but the i n v e r s e i s a l s o t r u e , e.g. p r e - i r r a d i a t i o n 
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Table 1 : A b s o r p t i o n d i f f e r e n c e extrema and ampl i t u d e s of d i f f e r e n t PEC 

samples or samples s u b j e c t e d t o d i f f e r e n t p r e - t r e a t m e n t s . 

Sample C C pH D i f f e r e n c e extrema [nm] AAA Sample 
bvif fei-
[mM] [8T" 

ÖL orange green [%] 

PEC 100 0 7.0 570 503 18 
PEC 100 1 7.1 569 503 32 
PEC 100 4 7.3 567 502 35 
PEC 100 6 7.5 600 510 12 
PEC 100 8 7.0 599 515 6 
PEC 100 8 3.0 598 507 13 
PEC-monomer 100 c) 7.0 565 504 36 
a-Subunit 100 0 7.0 569 504 50 

a> Buffer — potassii am ph osphate h>u i f f e r . 

»> Amplit ud« C Min- i o f d i f f e r e mce spectra. 

Table 2 : Comparison of ph o t o c h e m i s t r y of PEC between M a s t i g o c l a d u s 
l a m i n o s u s and C h r o o c o c c i d i o p s i s spec. 

Pigment M a s t i g o c l a d u s l a m i n o s u s C h r o o c o c c i d i o p s i s spec. 
native Pigment*0 

X 573 574 
A m Ä " (+) 503 / (-) 570 b > ( + ) 507 / (-) 576 b > 

AAA [%] 18 % 26 % 

denatured Pigment*0 

X 603 / 661 *° 604 / 661 *° 
A m Ä " (+) 507 / (-) 598 *° (+) 506 / (-) 597 b > 

AAA [%] 13 % 10.4 % 

denatured Pigment*0 

A 587 597 
A m ~ ~ (+) 515 / (-) 600 b ) (+) 507 / (-) 595 b > 

AAA [%] 6 % 2.4 % 

a-Subunit (native)*° 
X 562 561 
A m Ä " (+) 504 / (-) 569 b > (+) 501 / (-) 563 b > 

AAA [%] 50 % 15 % 
a ) Green i r r a d t a t e d form i n lOO mM phosphate buffer, pH 7. 
t>) Ol f f erence extrema < orange i r r a d i a t e d \rm . green i r r a d i a t e d sample), 

C-»-> — positi-ve, <-) — negative, 
c) Green i r r a d i a t e d form i n 8 M urea, XOO mM phosphate buffer 

a c i d i f i e d with HCl to pH 2. 
ci ) Green Ir r a d i a t e d form i n 8 M urea -+- lOO mM phosphate buffer , pH 7.4-. 
e) Doubl« maximum i n the a c i d i f i e d State. 
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w i t h d i f f e r e n t l i g h t q u a l i t i e s i n f l u e n c e s the a g g r e g a t i o n of PEC ( 9 ) . 
A sample of PEC was i r r a d i a t e d a l t e r n a t e l y w i t h orange and green l i g h t . 
A l i q u o t s of the o r i g i n a l sample were then a n a l y z e d f o r aggregate d i s -
t r i b u t i o n by u l t r a c e n t r i f u g a t i o n . In every case, the sample i s a mix-
t u r e of mono- and t r i m e r i c PEC, but the amount of h i g h e r aggregates i s 
always i n c r e a s e d a f t e r i r r a d i a t i o n w i t h green l i g h t , and decreased a f -
t e r i r r a d i a t i o n w i t h orange l i g h t . A r e v e r s i b l e d i s s o c i a t i o n as 
response t o d i f f e r e n t l i g h t q u a l i t i e s would p r i n c i p a l l y o f f e r i n d i r e c t 
r o u t e s f o r s i g n a l t r a n s d u c t i o n , s i n c e a d i r e c t e f f e c t of the p h y c o b i l i -
p r o t e i n s may be q u e s t i o n e d on the b a s i s of the s m a l l s i z e of the PEC 
molecule p r i m a r i l y ( ? ) o p t i m i z e d f o r l i g h t - h a r v e s t i n g . 

An i n d i r e c t r o u t e c o u l d be based on e.g. photodynamic e f f e c t s of f r e e 
b i l i p r o t e i n s (13) or the r e l e a s e of l i n k e r p e p t i d e s (14-16). 
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