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

P h o t o s y n t h e t i c organisms cover most of t h e i r energy needs w i t h 
s u n l i g h t . They have c o n s e q u e n t l y developed a v a r i e t y of a d a p t a t i o n 
mechanisms t o compete e f f i c i e n t l y f o r i t . In h i g h e r p l a n t s , a dominant 
mechanism i s the growth towards t h e l i g h t . A q u a t i c and microorganisms 
adapt commonly by chr o m a t i c a d a p t a t i o n of the p h o t o s y n t h e t i c antenna. The 
C h l o r o p h y l l s â  and b are r a t h e r i n e f f i c i e n t i n c o l l e c t i n g green 
l i g h t , and s e v e r a l a d d i t i o n a l pigment Systems have ev o l v e d t o f i l l t h i s 
h ole i n the a c t i o n spectrum. 

The p h y c o b i l i p r o t e i n s comprise one such group of antenna pigments. They 
are used i n c y a n o b a c t e r i a , r ed a l g a and c r y p t o p h y t e s ( 1 ) . In the former 
two, they are h i g h l y aggregated t o g e t h e r w i t h c o l o r l e s s l i n k e r 
P o l y p e p t i d e s ( 2 ) , i n t h e p h y c o b i l i s o m e s ( 3 ) . These are m i c r o s c o p i c 
s t r u c t u r e s s i t u a t e d at the o u t e r s u r f a c e o f the t h y l a k o i d membrane, 
which t r a n s f e r t h e i r e x c i t a t i o n energy e f f i c i e n t l y (quantum y i e l d 
£95%) t o 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 membrane. In 

Cooperation w i t h the group of S. SCHNEIDER ( G a r c h i n g ) , we have r e c e n t l y 
begun t o study the f l u o r e s c e n c e p r o p e r t i e s of small aggregates and 
s u b u n i t s of phycocyanins ( 4 ) . The aim o f t h i s work i s an understanding 
of t h e energy t r a n s f e r i n th e s e pigments i n r e l a t i o n t o t h e s i z e and 
s t r u c t u r e of the assembly. T h i s r e p o r t i s concerned w i t h the s t a b i l i t y 
and the photochemical r e a c t i v i t y o f C- phycocyanin (PC) and i t s s u b u n i t s 
from M. laminosus. Time- r e s o l v e d p o l a r i z e d f l u o r e s c e n c e data are 
presented i n the accompanying r e p o r t of the Gar c h i n g group. 

2. M a t e r i a l s and Methods 

M. laminosus was grown i n Suspension c u l t u r e i n CASTENHOLZ medium 
T5"). C- PC was i s o l a t e d as r e p o r t e d e a r l i e r ( 4 ) . The s u b u n i t s were 
i s o l a t e d by p r e p a r a t i v e e l e c t r o f o c u s i n g on Agarose g e l s (Pharmacia, 
München) i n 8M urea, and r e n a t u r e d w i t h o u t d e l a y on a d e s a l t i n g column 
( B i o g e l P6, B i o r a d ) . 

A b s o r p t i o n s p e c t r a were re c o r d e d on a model 320 ( P e r k i n Elmer, 
U e b e r l i n g e n ) spectrophotometer. The c e l l h o l d e r was the r m o s t a t e d , and 
temperatures measured i n t h e c u v e t t e s w i t h a Pt 100 r e s i s t o r . 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 w i t h a ZWS I I d u a l - wavelength 
photometer (Sigma, B e r l i n ) i n s p l i t - beam mode. The data were d i g i t i z e d 
and s t o r e d w i t h model 11+ Computer (Ap p l e , München) u s i n g a s e i f - made 
program, which was developed f o r o b t a i n i n g high wavelength accuracy. 

F l u o r e s c e n c e s p e c t r a were reco r d e d on a OMR 22 ( Z e i s s , Oberkochen) 
s p e c t r o f 1 u o r i m e t e r . The c e l l h o l d e r s were t h e r m o s t a t e d , and the 
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temperatures recorded i n the c u v e t t e s w i t h a Pt 100 r e s i s t o r . The 
s p e c t r a are u n c o r r e c t e d f o r the s p e c t r a l response f u n c t i o n o f t h e 
apparatus. C i r c u l a r d i c h r o i s m s p e c t r a were r e c o r d e d on a model Mark V 
d i c h r o g r a p h ( J o b i n - Yvon ISA, München) equipped w i t h a s i l e x Computer 
(Leanord, L i l l e ) and a m o d i f i e d Software. S e d i m e n t a t i o n c o e f f i c i e n t s 
were o b t a i n e d i n a model E u l t r a c e n t r i f u g e (Beckman, München) at 20 aC 
w i t h the Scanner wavelength set at 620nm. 

Chemicals and s o l v e n t s were reagent grade u n l e s s o t h e r w i s e s t a t e d . Sodium 
dodecyl s u l f a t e - P o l y a c r y l a m i d e e l e c t r o p h o r e s i s was done by t h e method 
of LAEMMLI ( 6 ) . 

3. R e s u l t s 

3.1 O p t i c a ! S p e c t r a 

A l l s t u d i e s were done i n potassium phosphate b u f f e r (50 o r lOOmM) at 
pH7.5. Under th e s e c o n d i t i o n s , PC i s i s o l a t e d as a t r i m e r 
(heterohexamer, (<*ß ), Sedimentation c o e f f i c i e n t **4.8S). I t can be 
d i s s o c i a t e d r e v e r s i b l y i n t o the monomer ( h e t e r o d i m e r , («K/3 )* * 2.8S) 
by i n c u b a t i o n w i t h potassium t h i o c y a n a t e . The a b s o r p t i o n spectrum of t h e 
monomer i s s l i g h t l y b l u e - s h i f t e d as compared t o the t r i m e r , but 
o t h e r w i s e very s i m i l a r ( f i g . 1 ) . 

The s p e c t r a shown i n f i g . 1 correspond t o p r e p a r a t i o n s , which are f r e e 
of c o l o r l e s s l i n k e r - p e p t i d e s . I f the l a t t e r are p r e s e n t , t h e s p e c t r a o f 
monomers ( o b t a i n e d by t h e same d i s s o c i a t i o n method) remain unchanged. 
The t r i m e r s p e c t r a are more s t r o n g l y r e d - s h i f t e d , however, and a s e r i e s 
of s l i g h t l y d i f f e r e n t s p e c i e s a b s o r b i n g between 620 and 638nm can be 
i s o l a t e d . T h e i r Sedimentation c o e f f i c i e n t s are o n l y s l i g h t l y h i g h e r 
H5-6S) than t h a t o f the t r i m e r . T h i s i s due t o t h e presence o f 
v a r y i n g amounts of s e v e r a l c o l o r l e s s l i n k e r - p e p t i d e s . The e x a c t 
s t o i c h i o m e t r y i s s t i l l under i n v e s t i g a t i o n . An i n c r e a s e d chromophore-
chromophore c o u p l i n g i n t h e s e r e d - s h i f t e d complexes i s suggested from 
t h e i r c i r c u l a r d i c h r o i s m (CD) s p e c t r a . S i m u l t a n e o u s l y w i t h the r e d - s h i f t 
i n t he a b s o r p t i o n maximum, t h e r e develops a pronounced r e d - s h i f t e d 
f e a t u r e i n the CD- spectrum, which i n c r e a s e s w i t h an i n c r e a s i n g r e d -
s h i f t ( f i g . 2 ) . I t has been r a t i o n a l i z e d as an S- shaped e x c i t o n c o u p l e t 
( p o s i t i v e at l o n g e r w a v e l e n g t h s ) , which i s superimposed on t h e 
a b s o r p t i o n - t y p e CD- spectrum o f the monomer. 

E x c i t o n c o u p l i n g s are absent i n l i n k e r - p e p t i d e - f r e e p r e p a r a t i o n s o f PC 
from M. laminosus, but have been d i s c u s s e d e a r l i e r i n PC from S. 
p r a t e n s i s (7) and i n p a r t i c u l a r i n a l l o p h y c o c y a n i n s ( 8 ) . The i n c l u c t i o n 
o f e x c i t o n c o u p l i n g would r e q u i r e a changed geometry of t h e 
chromophores, which can be c o n s i d e r e d on t h e b a s i s of t h e x - r a y 
s t r u c t u r e o f t r i m e r i c PC from the same organism (9; see a l s o SCHIRMER et 
a l . , t h i s monograph). The c l o s e s t chromophore c o n t a c t s i n t h e l i n k e r -
p e p t i d e - f r e e t r i m e r are between the x - chromophore o f t h e monomeric 
u n i t and t h e /31- chromophore of t h e a d j a c e n t one. The c e n t e r - t o -
c e n t e r d i s t a n c e (22A) i s j u s t t o o l a r g e f o r e x c i t o n i n t e r a c t i o n s . 
Changes by o n l y a few Angström may, however, be s u f f i c i e n t t o a l l o w f o r 
s t r o n g c o u p l i n g s , and i t i s p o s s i b l e t h a t such changes are induced 
by the l i n k e r - p e p t i d e s . Unless t h e r e i s a g r o s s s t r u c t u r a l change 
i n v o l v e d , t h e r e d - s h i f t e d s p e c i e s are then most l i k e l y due t o a changed 
geometry i n t h e c o n t a c t r e g i o n of t h e monomeric u n i t s . 
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F i g . 1: Ab s o r p t i o n s p e c t r a o f monomeric (<xß, — ) and t r i m e r i c 
((<*/3 )• ; ) PC from PL laminosus (50mM phosphate 
b u f f e r , pH 7.5) 
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F i g . 2: C i r c u l a r d i c h r o i s m s p e c t r a o f t r i m e r i c phycocyanin c o n t a i n i n g 
l i n k e r p e p t i d e s : aggregates w i t h i n c r e a s i n g wavelength of the red 
a b s o r p t i o n band.Amax see i n s e r t s . 
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F i g . 3: A b s o r p t i o n s p e c t r a of the i s o l a t e d s u b u n i t s of PC from 
M. laminosus (oc:—;#:---). The e m i s s i o n maxima are 
i n d i c a t e d by the l a b e l s i n t h e upper r i g h t . 
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The a b s o r p t i o n s p e c t r a o f the i s o l a t e d s u b u n i t s ( f i g . 3 ) show 
c o n s i d e r a b l e d i f f e r e n c e s both w i t h r e s p e c t t o t h e p o s i t i o n and t h e shape 
of the l o n g - wavelength band. The <x - s u b u n i t ( A max= 616nm) has a 
narrow band s i m i l a r i n shape t o t h a t of i n t e g r a l PC, whereas t h e 
ß-subunit has a b l u e - s h i f t e d ( Amax= 605nm) and broadened band. The 
weighed sum of the two a b s o r p t i o n s p e c t r a i s very s i m i l a r t o t h a t o f 
monomeric PC (not shown). In s p i t e of t h i s b l u e - s h i f t e d a b s o r p t i o n , t h e 
f l u o r e s c e n c e maxima are almost at the same p o s i t i o n ( f i g . 3 ) . The 
<*-subunit c a r r i e s one chromophore, the ß - s u b u n i t two chromophores 
(/31, /32) at d i f f e r e n t b i n d i n g s i t e s of t h e a p o p r o t e i n ( 1 0 ) , t h e 
broadening should then r e f l e c t a s l i g h t d i f f e r e n c e i n t h e e x c i t a t i o n 
e n e r g i e s of t h e two chromophores. T h i s i s indeed supported by t h e 
c i r c u l a r d i c h r o i s m s p e c t r a ( f i g . 4 ) . The a n i s o t r o p y o f t h e ß - s u b u n i t 
i s o n l y & 6 0 % as compared t o the a - s u b u n i t . The p o s i t i v e extremum i s 
c o n s i d e r a b l y b l u e - s h i f t e d w i t h r e s p e c t t o t h e a b s o r p t i o n maximum, and 
t h e r e i s a l o w - i n t e n s i t y red-wing i n t h e CD-spectrum. I t i s suggested 
t h a t the /2>-subunit c a r r i e s one o p t i c a l l y a c t i v e ( Amax **595nm) 
and one much l e s s a c t i v e ( p l a n a r ?) chromophore (Amax **615nm). 
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F i g . 4: CD of the i s o l a t e d s u b u n i t s shown i n F i g . 2 (<*:—sßr — ) . The 
s p e c t r a are n o r m a l i z e d t o equal a b s o r p t i o n s i n the l o n g -
wavelength maximum. 

Th i s i n t e r p r e t a t i o n i s supported by s i m i l a r CD d a t a and a d d i t i o n a l 
f l u o r e s c e n c e P o l a r i s a t i o n r e s u l t s of MIMURO et a l . ( t h i s volume). An 
assignment of t h e i n d i v i d u a l chromophores on t h e ß-subunit t o t h e 
such d e f i n e d a b s o r p t i o n s i s not y e t p o s s i b l e . Based on t h e amino-acid 
sequence and che x-ray s t r u c t u r e (9,10), ß 1 i s s i m i l a r t o c t . The 
a b s o r p t i o n maxima would then r e l a t e /31 t o t h e chromophore a b s o r b i n g at 
<*615nm. S i n c e these chromophores come c l o s e s t i n the t r i m e r , t h e 
e x c i t o n s p l i t at the red wing o f the main CD-band i n 1 i n k e r - a s s o c i a t e d 
t r i m e r s ( v i d e supra) would support t h i s assignment. However, t h e CD-data 
suggest a r a t h e r d i f f e r e n t c o n f o r m a t i o n f o r the ß- chromophore 
(Amax<*615nm) and the oc- chromophore, and b i o c h e m i c a l l a b e l i n g 
w i l l be necessary t o d e c i d e t h i s p o i n t c o n c l u s i v e l y . 

3.2 S t a b i i i t i e s 

The chromophores of PC are h e l d r i g i d l y i n an e n e r g e t i c a l l y u n f a v o r a b l e , 
extended co n f o r m a t i o n ( 1 , 9 ) . T h i s c o n f o r m a t i o n i s due t o n o n - c o v a l e n t 
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F i g . 5: A b s o r p t i o n (bottom) and CD- s p e c t r a ( t o p ) o f a b i I i p r o t e i n from 
P i e r i s b r a s s i c a ( 1 3 ) . The pigment c o n t a i n s b i l i v e r d i n 
IXy^bound non- c o v a l e n t l y t o an a p o p r o t e i n o f MW**25kDa. 

protein-chromophore i n t e r a c t i o n s , which are r e v e r s i b l e - l o s t upon u n f o l d i n g of 
che p r o t e i n , e.g. w i t h urea ( 1 1 ) . T h i s type of i n t e r a c t i o n i s p r o b a b l y 
c h a r a c t e r i s t i c f o r a l l p h y c o b i 1 i p r o t e i n s and c r u c i a l t o t h e i r f u n c t i o n as 
antenna pigments, because they i n c r e a s e the o s c i l l a t o r s t r e n g t h of the 
v i s i b l e band by almost one o r d e r o f magnitude, and decrease the r a d i a t i o n l e s s 
decay o f e x c i t e d s t a t e s by more than t h r e e o r d e r s of magnitude ( 1 ) . The 
s p e c i f i c i t y of t h e s e i n t e r a c t i o n s can be seen by comparison w i t h o t h e r 
b i 1 i p r o t e i n s , e.g. the b i l i v e r d i n I X a - s e r u m albumin complex ( 1 2 ) , or t h e 
b i l i v e r d i n I X y - p r o t e i n from P i e r i s b r a s s i c a (13, see f i g . 5 ) . In both the 
l a t t e r pigments i s che c y c l i c - h e l i c a l c o n f o r m a t i o n of t h e chromophores 
p r e s e r v e d , which i s c h a r a c t e r i s t i c f o r t h e r e s p e c t i v e chromophores i n 
S o l u t i o n (14,15). They have, a c c o r d i n g l y , low f l u o r e s c e n c e y i e l d s and weak 
a b s o r p t i o n s i n t h e v i s i b l e ränge. Here, t h e major i n f l u e n c e of the a p o p r o t e i n 
i s a p r e f e r e n t i a l b i n d i n g of one o f the two h e l i c a l enantiomers, which l e a d s 
t o i n t e n s e induced C D - s i g n a l s . 

Due t o the pronounced chromophore-protein i n t e r a c t i o n s , t h e chromophores o f 
PC can be used as very s e n s i t i v e probes t o monitor the S t a t e of the p r o t e i n 
( 1 , 1 1 ) . Small a g g r e g a t i o n - i n d u c e d changes have been d i s c u s s e d i n the f i r s t 
p a r t . Much l a r g e r changes o c c u r , i f the p r o t e i n i s p a r t i c a l l y or f u l l y 
u n f o l d e d , e.g. wich urea o r heat. A f t e r a p r e v i o u s study w i t h PC from S. 
p l a t e n s i s , t h i s method has now been used t o i n v e s t i g a t e the s t a b i l i t i e s of 
t h e PC and i t s s u b u n i t s from NL_ laminosus. 

The n o r m a l i z e d a b s o r p t i o n changes upon u r e a - d e n a t u r a t i o n are shown i n f i g . 6 
(see legend f o r d e t a i l s ) . The g r o s s changes are s i m i l a r f o r the i n t e g r a l 
pigment ( t r i m e r ) and i t s s u b u n i t s . Small d i f f e r e n c e s i n t h e f i n a l (= 8M urea) 
a b s o r p t i o n s are i n d i c a t i v e o f s l i g h t l y d i f f e r e n t c o n f o r m a t i o n s o f n a t i v e 
chromophores, because the chromophores have t h e same m o l e c u l a r s t r u c t u r e and 
are expected t o have i d e n t i c a l s p e c t r a i n the denatured s t a t e s . The most 
n o t a b l e d i f f e r e n c e i s the i n c r e a s e d s t a b i l i t y of the i n t e g r a l pigment, as 
compared t o both s u b u n i t s . At 4M u r e a , the a b s o r p t i o n o f the i n t e g r a l pigment 
i s decreased by l e s s than 4%, whereas the decrease o f the s u b u n i t s i s 12% 
(cx) and 15% ( ß). The urea c o n c e n t r a t i o n s n e c e s s a r y t o induce a 50% decrease 
o f t h e long-wavelength a b s o r p t i o n s are 6.1, 5.6, 5.4M, r e s p e c t i v e l y . In 
c o n c r a s t t o the r e s u l t s w i t h PC from S. p l a t e n s i s , t h e r e are no 
i n d i c a t i o n s f o r a s t e p w i s e u n f o l d i n g e v i d e n t from the a b s o r p t i o n s p e c t r a . 
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F i g . 6: D e n a t u r a t i o n o f t r i m e r i c PC ( — ) and i t s s u b u n i t s («: — ; 
ß:...) from M. laminosus w i t h u r e a . R e l a t i v e 
a b s o r p t i o n s at the l o n g - wavelength ( t o p ) and near-UV maxima 
(bottom), n o r m a l i z e d t o the a b s o r p t i o n s i n t h e absence o f u r e a . 
A l l s p e c t r a were recorded from s t o c k samples t r e a t e d s e p a r a t e l y b e f o r e 
the measurement w i t h the a p p r o p r i a t e amount o f u r e a , e i t h e r as 8M 
S o l u t i o n or as s o l i d . A l l S o l u t i o n s i n lOOmM phosphate b u f f e r , pH 7.5, 
T= 25°C. 

F i g . 7: D e n a t u r a t i o n of PC from M. laminosus and i t s 
s u b u n i t s w i t h urea. R e l a t i v e f l u o r e s c e n c e i n t e n s i t i e s c o r r e c t e d 
f o r a b s o r p t i o n . Xmax, exc.= 600nm;Amax, em. *652nm, 
d e c r e a s i n g w i t h m c r e a s i n g urea c o n c e n t r a t i o n . L a b e l s and 
d e t a i l s as i n f i g . 5. 

The r e l a t i v e f l u o r e s c e n c e y i e l d s d u r i n g the same t i t r a t i o n e xperiment are showi 
i n f i g . 7. There i s a l r e a d y a l a r g e d i f f e r e n c e between the t h r e e s p e c i e s i n 
t h e i r n a t i v e s t a t e s . The da t a f o r the i n t e g r a l pigment i n d i c a t e a s t e p w i s e 
u n f o l d i n g , w i t h the f i r s t s tep being p o s s i b l y r e l a t e d t o t h e d i s a g g r e g a t i o n 
of t he t r i m e r i n t o monomers. The/3- s u b u n i t i s l e a s t s t a b l e (50% decrease at 
3.5M u r e a ) , whereas oc and t h e i n t e g r a l pigment have a 50% d e c r e a s e at 5.3M 
urea. Although t h e curve s o f t h e l a s t two s p e c i e s c r o s s - over t w i c e i n t h e 
i n t e r m e d i a t e r e g i o n , t h e sum o f t h e s u b u n i t s i s always l e s s than t h a t of t h e 
i n t e g r a l pigment. 

The d i f f e r e n c e s of the thermal d e n a t u r a t i o n are even more pronounced among the 
t h r e e s p e c i e s ( f i g . 8 ) . The " m e l t i n g p o i n t s " (50% dec r e a s e o f t h e l o n g -
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F i g . 8: Heat d e n a t u r a t i o n o f PC. A l l 
s p e c t r a were rec o r d e d 5min a f -
t e r t he sample had reached the 
temperature i n d i c a t e d . A l l mea-
surements were done w i t h f r e s h 
samples. Other d e t a i l s as i n 
F i g . 5. 
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F i g . 9: D i f f e r e n c e s p e c t r a f o r the p h o t o r e a c t i o n of PC i n the 
presence of urea (5M). Top: I r r a d i a t i o n w i t h 606nm l i g h t 
( i n t e r f e r e n c e f i l t e r ) . P o s i t i v e bands correspond t o b l e a c h i n g . 
Bottom: I r r a d i a t i o n o f the sample w i t h 525nm l i g h t a f t e r 
s a t u r i n g p r e - i r r a d i a t i o n a t 606nm. P o s i t i v e peaks correspond 
t o i n c r e a s e d a b s o r p t i o n s . 
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wavelength a b s o r p t i o n ) i s at 67° (PC), 61° iß) and 58° («). The i n c r e a s e 
o f thermal s t a b i l i t y by almost 10° i s s i g n i f i c a n t w i t h r e g a r d t o the 
t h e r m o p h i 1 i c i t y of M. laminosus, which grows w e l l at temperatures as 
h i g h as 55°C. At t h i s temperature, t h e a b s o r p t i o n o f t h e i / i t e g r a l pigment has 
decreased by o n l y 10%. The " m e l t i n g p o i n t " f o r PC from t h e m e s o p h i l i c 
S. p l a t e n s i s i s 52°C ( 1 1 ) , i . e . 15°C below t h a t o f t h e t h e r m o p h i 1 i c 
pigment. 

The s u b u n i t s d i f f e r a l s o by t h e i r photochemical a c t i v i t i e s . PC i s a 
l i g h t - h a r v e s t i n g pigment and i t s major d e e x c i t a t i o n p r o c e s s i n the i s o l a t e d 
S t a t e i s f l u o r e s c e n c e . Another b i l i p r o t e i n , e.g. phytochrom, s e r v e s as 
" r e a c t i o n c e n t e r " pigment f o r photomorphogenesis i n h i g h e r p l a n t s . Here, a 
s t r u c t u r a l l y c l o s e l y r e l a t e d chromophore i s p h o t o c h e m i c a l l y h i g h l y a c t i v e . 
S e v e r a l groups have r e p o r t e d r e c e n t l y t h a t PC can undergo photochemical 
r e a c t i o n s , t o o , i f i t i s p a r t l y denatured by a v a r i e t y of r e a g e n t s (see r e f . 
1 f o r l e a d i n g r e f e r e n c e s ) . T h i s process i s of p o t e n t i a l s i g n i f i c a n c e a l s o 
from a p h y s i o l o g i c a l p o i n t of view, because the r e a c t i o n s are s i m i l a r t o 
t h o s e o f so- c a l l e d phycochromes, which are thought be sensory p h o t o r e c e p t o r s 
i n b l u e - green a l g a . We have s t u d i e d the p h o t o c h e m i s t r y o f PC and i t s 
s u b u n i t s i n t h e presence o f i n c r e a s i n g amounts o f u r e a . The t y p i c a l response 
o f the sample i s shown i n f i g . 7. Upon i r r a d i a t i o n at 606nm, t h e r e i s a 
b l e a c h i n g of t h e long-wavelength maximum, which s a t u r a t e s r a p i d l y . T h i s 
b l e a c h i n g i s p a r t i a l l y r e v e r s e d upon i r r a d i a t i o n at 525nm, but about t h e 
f i v e - f o l d time i s r e q u i r e d f o r the back r e a c t i o n . 

In i n t e g r a l PC, t h i s photochemical r e a c t i o n i s n e g l i g i b l e i n t h e absence 
o f urea. I t i n c r e a s e s up t o 4.5M of t h e d e n a t u r a n t , and then decreases a g a i n . 
The b e h a v i o r can be r a t i o n a l i z e d by a model, i n which t h e n a t i v e chromophore 
i s so t i g h t l y bound t o t h e P o l y p e p t i d e c h a i n , t h a t i t i s unable t o r e a c t 
p h o t o c h e m i c a l l y . A p a r t i a l d e n a t u r a t i o n o f the P o l y p e p t i d e l o o s e n s t h e s e 
i n t e r a c t i o n s s u f f i c i e n t l y t o a l l o w f o r photochemical r e a c t i o n s , whereas a 
complete u n f o l d i n q opens t h e Channel f o r e f f i c i e n t r a d i a t i o n l e s s d e a c t i v a t i o n 
and p r o h i b i t s p h o t o c h e m i s t r y as i s t y p i c a l f o r f r e e b i l i v e r d i n s . T h e ß - subuni' 
shows a s i m i l a r , but much more pronounced response, and t h e maximum r e a c t i o n 
i s again i n the same r e g i o n . Theoc- s u b u n i t i s , by c o n t r a s t , almost i n a c t i v e 
and shows an i r r e v e r s i b l e b l e a c h i n g at urea c o n c e n t r a t i o n s ^5M. T h i s 
i n d i c a t e s again a r a t h e r s p e c i f i c environment o f t h e d i f f e r e n t PC 
chromophores, w i t h t h e photochemical a c t i v i t y b e i n g m o s t l y l o c a t e d on t h e / 3 -
s u b u n i t . 

The PC System i s w e l l s u i t e d f o r a d e t a i l e d study o f s p e c i f i c non-
c o v a l e n t chromophore p r o t e i n i n t e r a c t i o n s , which are c r u c i a l f o r the f u n t i o n 
o f many chromoproteins. In combination w i t h s e n s i t i v e and s e l e c t i v e 
s p e c t r o s c o p i c methods, and t h e r e c e n t advances i n s t r u c t u r e a n a l y s i s , a 
d e t a i l e d p i c t u r e of t h e s e i n t e r a c t i o n s i s expected i n the near f u t u r e . 
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