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1. Summary 

The a c t i o n spectrum f o r l i g h t - i n d u c e d p r o t o n uptake by B u m i l l e r i -
o p s i s c h l o r o p l a s t s i s s h i f t e d towards l o n g e r wavelengths i n the 
presence of pyocyanine. For measuring the a c t i o n s p e c t r a c h l o r o ­
p l a s t s were i l l u m i n a t e d w i t h a l t e r n a t i n g beams of a r e f e r e n c e and a 
v a r i a b l e wavelength y i e l d i n g equal a c t i o n as judged from the ab­
sence o f any modulated pH s i g n a l . The r e l a t i v e a c t i o n was o b t a i n e d 
from the i n t e n s i t y r a t i o o f r e f e r e n c e to v a r i a b l e wavelength. 

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

A c t i o n s p e c t r a f o r p r o t o n uptake are r e p o r t e d to have r e l a t i v e 
h i g h a c t i v i t y i n the f a r r e d r e g i o n , i n d i c a t i n g a predominant a c t i o n 
o f photosystem I ' . The r e d r i s e of the quantum y i e l d f o r pr o t o n 
uptake p o i n t s i n the same d i r e c t i o n . However, evidence has a l s o 
been p r e s e n t e d f o r the p a r t i c i p a t i o n of both pigment systems, based 
on the agreement of a c t i o n s p e c t r a f o r p r o t o n uptake and NADP reduc­
t i o n w i t h water as e l e c t r o n donor whereas a g r e a t e r a c t i v i t y i n the 
f a r r e d has been found o n l y f o r NADP r e d u c t i o n w i t h DCIP/ascorbate 

4 4 (+DCMU) as e l e c t r o n donor . I t was suggested p r e v i o u s l y t h a t m 
the cases where a photosystem I a c t i v i t y f o r p r o t o n uptake had been 
observed, t h i s might have been due to the r o u t i n e l y added pyocyanine. 
To t e s t t h i s e x p l a n a t i o n , a c t i o n s p e c t r a f o r l i g h t d r i v e n p r o t o n up­
ta k e were measured i n the presence and absence of pyocyanine. 

3. M a t e r i a l and methods 

Growth c o n d i t i o n s f o r B u m i l l e r i o p s i s and the procedure f o r i s o -
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l a t i n g c h l o r o p l a s t s were as d e s c r i b e d p r e v i o u s l y ' . The c h l o r o -
4 

p l a s t s were suspended i n the same r e a c t i o n m i x t u r e as used e a r l i e r ; 
s t i r r i n g d u r i n g the measurements, however, was o m i t t e d . D e t a i l s on 



l i g h t sources and the g l a s s e l e c t r o d e used f o r pH measurements are 
to be found elsewhere . 

4. R e s u l t s and d i s c u s s i o n 

A. E x p e r i m e n t a l procedure 

For o b t a i n i n g a c t i o n s p e c t r a f o r p r o t o n uptake the f o l l o w i n g 
p r i n c i p l e was employed: The c h l o r o p l a s t s were i l l u m i n a t e d w i t h 
a l t e r n a t i n g beams of a f i x e d r e f e r e n c e wavelength and a v a r i a b l e 
wavelength. I f the e f f e c t o f the two beams i s une q u a l , a modulated 
pH s i g n a l r e s u l t s , which was d e t e c t e d by a l o c k - i n a m p l i f i e r . The 
i n t e n s i t i e s o f the beams were a d j u s t e d f o r equal a c t i o n , i . e . f o r 
zero output o f the l o c k - i n a m p l i f i e r . The r e l a t i v e a c t i o n o f v a r i ­
a b l e / r e f e r e n c e wavelength then i s g i v e n by the i n t e n s i t y r a t i o o f 
r e f e r e n c e / v a r i a b l e beam. 

F i g . 1 shows the set-up used to r e a l i z e t h i s p r i n c i p l e . The beam 
of v a r i a b l e wavelength i s chopped at 0.15 Hz and causes - when given 
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F i g . 1. Diagram o f s e t ­
up f o r measuring a c t i o n 
s p e c t r a . The r e f e r e n c e 
beam was passed through 
a h e a t - r e f l e c t i n g f i l t e r , 
a r e d f i l t e r ( S c h o t t RG 
665) and a 6 cm l a y e r o f 
water. The phase was 
a d j u s t e d by s l i d i n g the 
l a m p - p h o t o r e s i s t o r u n i t 
a l o n g a c i r c u l a r t r a c k 
c o a x i a l w i t h the r o t a ­
t i n g h a l f d i s c . 
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alone - a m o d u l a t i o n i n / j pH to which the output of the l o c k - i n 
a m p l i f i e r c orresponds. I f the r e f e r e n c e beam i s a l t e r n a t e d w i t h the 
f i r s t beam, the average l i g h t i n t e n s i t y i n c r e a s e s and w i t h i t the 
/ f p H . The modulated s i g n a l , however, decreases to zero i f the two 
beams are equal i n a c t i o n (zero output of l o c k - i n a m p l i f i e r ) , o r , 
i t r e a p p e a r s , p h a s e - s h i f t e d by 180° i f the r e f e r e n c e beam i s s t r o n ­
ger i n a c t i o n ( n e g a t i v e output o f l o c k - i n a m p l i f i e r ) . The exact 
matching of the beams i s time consuming because of the r e l a t i v e 
l o n g damping time of the l o c k - i n a m p l i f i e r ( T = 15 s e c ) . For 
p r a c t i c a l purposes, s u f f i c i e n t l y a c c u r a t e r e s u l t s are o b t a i n e d by 
i n t e r p o l a t i n g from two i n t e n s i t y s e t t i n g s y i e l d i n g s i g n a l s on each 
s i d e o f the zero l i n e and c l o s e to i t . 

During t h e measurements the c h l o r o p l a s t s are kept under c o n t i n o u s 
i l l u m i n a t i o n ; i . e . , one gets an a c t i o n spectrum f o r proton uptake i n 
the steady s t a t e when proton i n f l u x equals proton e f f l u x . G e n e r a l l y , 
the method s h o u l d be a p p l i c a b l e to any li g h t - d e p e n d e n t process which 
i s r e v e r s e d i n the dark. 

The a c c u r a c y of the method depends on the s i g n a l to n o i s e r a t i o 
when the s i g n a l r e s u l t s from any s i n g l e beam. The amplitude of the 
s i g n a l i s determined w i t h i n a c e r t a i n range by the chopping frequen­
cy and the decay constant of the process i n q u e s t i o n . I n the best 
cases here the s i g n a l to n o i s e r a t i o was around 30, c o r r e s p o n d i n g 
to an e s t i m a t e d accuracy o f + 1 .7 %. By matching a r e f e r e n c e and a 
v a r i a b l e wavelength beam no c o r r e c t i o n s need be made f o r slow changes 
i n c h l o r o p l a s t a c t i v i t y . T h i s f a c t was r e a l i z e d a l r e a d y p r e v i o u s l y . 
A c t i o n s p e c t r a were a c c o r d i n g l y measured f o r H i l l r e a c t i o n s l e a d i n g 
to n o n r e v e r s i b l e t r a n s m i s s i o n changes^. I n t h a t case, however, two 
co n t i n o u s l i g h t beams had to be used and w i t h them two separate 
samples. 

B. A c t i o n s p e c t r a 

The a c t i o n spectrum f o r the l i g h t - i n d u c e d pH change i s s h i f t e d 
towards l o n g e r wavelengths i n the presence of pyocyanine ( f i g . 2 ) . 
I t i s concluded from t h i s s h i f t t h a t photosystem I I i s i n v o l v e d i n 
the p r o t o n pump w i t h no c o f a c t o r added, the e f f e c t o f pyocyanine i s 
to c a t a l y z e an e l e c t r o n t r a n s p o r t through photosystem I coupled 
w i t h p r o t o n t r a n s l o c a t i o n . 

T h i s work was supported by Deutsche Forschungsgemeinschaft. 



F i g . 2. A c t i o n s p e c t r a f o r the l i g h t - i n d u c e d pH change; 
w i t h o u t pyocyanine ( c i r c l e s , f u l l l i n e ) and w i t h 10 uM 
pyocyanine ( c r o s s e s , broken l i n e ) . 

5. References 

1. D i l l e y , R.A., 1967, i n : Energy c o n v e r s i o n by t h e p h o t o s y n t h e t i 
a p p a r a t u s . Brookhaven Symp. B i o l . 19, 258. 

2. Heath, R.L., 1972, B i o c h i m . b i o p h y s . A c t a 256, 645. 
3. D i l l e y , R.A. and Vernon, L.P., 1967, P r o c . n a t . Acad. S c i . 

U.S.A. 57, 395. 

4 . Loos, E., 1974, P h o t o s y n t h e t i c a 8, 109. 

5. Boger, P., 1969, Z. P f l a n z e n p h y s i o l . 61, 85. 

6. H a l l d a l , P., French, C.S. and Lawrence, M., 1971, i n : Carnegie 
I n s t i t u t i o n Yearbook 69, 670. 


