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Summary 

Sedoheptulose 1,7-diphosphatase activity of isolated spinach chloroplasts 
shows a requirement for (i) reduced ferredoxin and (ii) a protein factor. Activa- 
tion by ferredoxin, reduced photochemically by chloroplast fragments, was 
optimal at pH 7.8 and at a Mg 2÷ concentration of 5 mM. The protein factor 
needed for activation appears to be the same as that  required by the chloro- 
plast fructose-l,6-diphosphatase that  is activated by reduced ferredoxin. The 
results indicate that  sedoheptulose-l,7-diphosphatase, like fructose-l,6-di- 
phosphatase, is a regulatory enzyme whose activity in chloroplasts is controlled 
via ferredoxin by light. 

We have previously reported that  fructose-l,6-diphosphatase (FDPase), 
a key enzyme of carbon dioxide assimilation in chloroplasts, is activated 
photochemically by reduced ferredoxin in the presence of  a protein factor 
in accordance with Eqns 1--3 [1,2]. 
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This discovery led to the finding that Fru-6-P formed in the fructose-l,6- 
diphosphatase reaction activates another enzyme of chloroplasts, ribulose-l,5- 
diphosphate carboxylase, the enzyme that catalyzes the fixation of carbon 
dioxide into ribulose-l,5~iiphusphate to yield 3-phosphoglycerate [3]. 
Evidence was also presented that the carboxylase is deactivated b y t h e  substrate 
of the fructose-l,6~iphosphatase reaction, Fru-l,6-P2 • These findings led to 
the proposal of a regulatory mechanism in chloroplasts by which light, via 
ferredoxin, controls the activity of the regulatory enzymes of photosynthetic 
carbon dioxide assimilation [ 3 ] .  

We now report that another enzyme of carbon dioxide assimilation in 
chloroplasts, sedoheptulose-l,7-diphosphatase (SDPase) is activated by 
reduced fe~edoxin and that, like the fructose-l,6-diphosphatase, its activity 
is dependent on a protein factor (Eqns 4,5). The results 

protein 
Fexredoxinreduced + SDPaseinactive ~ SDPaseactive + Ferredoxinoxidized 

factor 
(4) 

active SDPase 
Sed-l,7-P2 + H20 -- Sed-7-P+ Pi (5) 

Mg ~+ 

further indicate that the protein factor required to activate the sedoheptulose- 
1,7-diphosphatase enzyme is identical to the one that is needed in the ferre- 
doxin-fructose-l,6-diphosphatase reaction. 

Table I shows the requirements for the release of inorganic phosphate 
from Sed-l,7-P2 in a system derived from chloroplasts that contained, in addition 
to ferredoxin~ chloroplast extract (the aqueous chloroplast fraction containing 
soluble enzymes)and chloroplast fragments (the chlorophyllous fraction 
containing components needed to photochemieally reduce ferredoxin). The 
release of Pi in ~his system was strictly dependent on reduced ferredoxin as 
well as on Sed-l,%P2 and Mg 2+. The reaction was proportional to the ferre- 
doxin concentratiovrup to 50 ~g of ferredoxin and showed an optimal pH 
of 7.8. In confirmation of the results of Anderson [4], we observed that the 
nonphysiological sulfhydryl reagent, dithiothreitol, could activate the sedo- 
heptulose-l,7-diphosphatase in the absence of reduced ferredoxin. The products 
formed by the sedoheptulose-l,7-diphosphatase activated by either reduced 
ferredoxin or dithiothreitol were shown by thin-layer electrophoresis- 
chromatography to consist of Sed-l,7-P2 and Pi [5]. 

The effect of Mg 2+ concentration on the ferredoxin-activated sedohep- 
tulose-l,7~iiphosphatase of chloroplasts is shown in Fig. 1. The Mg 2+ con- 
centration required for maximum enzyme activity was about 5 raM. Higher 
concentrations of Mg 2+ were inhibitory. It is noteworthy that the sedohep- 
tulose-l,7-diphosphatase was not significantly active at any Mg 2+ concentration 
tested in the absence of reduced ferredoxin or dithiothreitol. Such a re- 
quirement distinguishes the sedoheptulose-l,7-diphosphatase from the fructose- 
1,6<liphosphatase enzyme which could be activated at a Mg 2+ concentration 
of 2 mM or greater in the absence of other activating agents [2]. 
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T A B L E  I 

R E Q U I R E M E N T S  F O R  F E R R E D O X I N - A C T I V A T E D  SEDOHEPTULOSE-1,7-DIPHOSPH~A, T A S E  
IN I S O L A T E D  S P I N A C H  C H L O R O P L A S T S  

The c o m p l e t e  s y s t e m  c o n t a i n e d  0 .5  m l  of  ch lo rp l a s t  e x t r a c t  ( equ iva l en t  to  0 .5  mg  c h l o r o p h y l l ,  see 
ref.  1),  ch lo rop l a s t  f r a g m e n t s  (0 .05  mg  c h l o r o p h y l l )  h e a t e d  for  5 r a in  a t  55°C  to  de s t roy  t h e ~ o x y g e n -  
evolving capac i ty ,  sp inach  f e r r e d o x i n  (0.1 rag),  and  the  fo l l owing  (# too l ) :  Tris  • H C l b u f f c r  (lSH 7.8),  
100 ;  n e u t r a l i z e d  r e d u c e d  g l u t a t h i o n e ,  2 .5 ;  Sed- l ,7 -P~ ( s o d i u m  sal t )  ( o b t a i n e d  f r o m  S igma  Chemica l  
Co.,  St. Lou i s  Mo.) ,  1.5;  s o d i u m  asco rba te ,  10 ;  2 , 6 - d i e h l o r o p h e n o l  i n d o p h e n o l ,  0.1.  F ina l  v o l u m e ,  
1.5 nil;  gas phase ,  n i t rogen ;  l igh t  i n t e n s i t y ,  20 0 0 0  lux .  The  r e a c t i o n s  were  car r ied  o u t  a t  2 0 ° C  in War- 
b u r g  vessels c o n t a i n i n g  t he  Sed - l , 7 -P  2 in  t he  s idearm.  Af t e r  5-rain e q u i l i b r a t i o n  w i t h  n i t r ogen ,  t he  
vessels  were  p r e i l l u m i n a t e d  for 20  rain.  Sed - l , 7 -P  2 was  a d d e d  f r o m  the  s idearm,  and  the  r e a c t i o n  
c o n t i n u e d  for  20 min .  In  t he  l as t  t r e a t m e n t  (dark ,  c o m p l e t e ,  f c r r e d o x i n  n o t  r educed) ,  t he  ves~el was  
k e p t  in  t he  d a r k  t h r o u g h o u t  the  p r e i l l u m i n a t i o n  a n d  r e a c t i o n  per iods .  The  r e a c t i o n  was  s t o p p e d  w i t h  
0 .2  m l  of  3 M HC104 , t he  p r e c i p i t a t e d  p r o t e i n  was  c e n t r i f u g e d  off ,  and  a n  a l i q u o t  was  used  for  t he  
Pi d e t e r m i n a t i o n  [ 2 ] .  A n o t h e r  a l i q u o t  was  n e u t r a l i z e d  w i t h  3 M K 2 CO s a n d  app l i ed  t o  th in - l~yer  
p l a t e s  for  s e p a r a t i o n  a n d  i d e n t i f i c a t i o n  [5 ] .  Resu l t s  s imi la r  t o  t he  above  were  o b t a i n e d  w i t h  f resh ly  
p repa red  u n h e a t e d  ch lo rop l a s t s  in  w h i c h  w a t e r  r a t h e r  t h a n  a sco rba t e  2 , 6 - d i c h l o r o p h e n o l  i n d o p ~ e n o l  
served  as  e l e c t r o n  donor .  

T r e a t m e n t  Pi r e leased  
(Dmol) 

Light ,  c o m p l e t e  0 .29  
Light ,  f c r r e d o x i n  o m i t t e d  0 . 0 5  
Light ,  Sed- l , 7 -P  2 o m i t t e d  0 .0  
Light ,  c h l o r o p l a s t  e x t r a c t  o m i t t e d  0 .0  
Light ,  ch lo rop l a s t  f r a g m e n t s  o m i t t e d  0 .01  
Light ,  MgC12 o m i t t e d  0 .01  
Dark ,  c o m p l e t e  ( f c r r e d o x i n  n o t  r e d u c e d )  0 .01 
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Fig.1.  E f f e c t  of  MgCI 2 c o n c e n t r a t i o n  o n  fezTedoxin-ae t iva ted  s e d o h e p t u l o s e - l , 7 - d i p h o s p h a t a s e .  E x c e p t  
for va ry ing  t he  MgCl 2 c o n c e n t r a t i o n ,  c o n d i t i o n s  were  as desc r ibed  in  Table  I. 

However, the sedoheptulose-l ,7.diphosphatase resembles the fructose- 
1,6-diphosphatase enzyme in the requirement for a protein factor for activa- 
tion by reduced ferredoxin. Addit ion of  a partly purified preparation (that 
showed high protein-factor activity in the  ferredoxin-fructose-l,6-diphos- 
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T A B L E  II 

E F F E C T  O F  P A R T L Y  P U R I F I E D  F E R R E D O X I N - F R U C T O S E - I , 6 - D I P H O S P H A T A S E  P R O T E I N  
F A C T O R  O N  A C T I V A T I O N  O F  S E D O H E P T U L O S E - 1 , 7 - D I P H O S P H A T A S E  BY P H O T O R E D U C E D  
F E R R E D O X I N  

Experimental  condit ions  were as given in Table I. 

Treatment  Pi released 
( # m o l )  

Chloroplast extract ,  0 . 2 5  m l  
( I )  C o n t r o l  0 . 0 6  
(2) + f~uctose- l ,6-diphosphatase  protein factor 0 . 4 0  
(3)  + f ~ m c t o s e - l , 6 - d i p h o s p h a t a s e  prote in  factor,  - 

f e r r e d o x i n  0 . 0 4  

Chloroplast extract ,  0 . 5 0  m l  
(1)  C o n t r o l  0 . 9 5  
(2)  + fructose- l ,6-diphosphatase  protein factor 1 . 3 2  
(3)  + fructose- l ,6-diphosphatase  prote in  factor - 

f e r r e d o x i n  0 .11  

phatase system) increased the activity of the sedoheptulose-l,7-diphosphatase 
at low levels of  chloroplast extract up to 6-fold (Table II). It seems likely, 
therefore, that the ferredoxin-linked activation of  the fructose-l,6-diphos- 
phatase and sedoheptulose-l,7-diphosphatase enzymes may involve similar 
mechanisms. 

In sum, these results provide evidence that the sedoheptulose-l,7-di- 
phosphatase enzyme of chloroplasts, like its fructose-l,6<liphosphatase 
counterpart, is a regulatory enzyme activated by reduced ferredoxin (cf. refs 
4,6). Activation of the sedoheptulose-l,7-diphosphatase is dependent on a 
protein factor that appears to be the same as that required to activate the 
fructose-l,6-diphosphatase enzyme. The relationship of the sedoheptulose- 
1,7-diphosphatase enzyme of  chloroplasts that is activated by reduced ferre- 
doxin to the sedoheptulose-l,7-diphosphatase enzyme detected in spinach 
leaves by Racker and Schroeder [7] remains to be determined. 

This research was supported in part by NIH grant GM-20579 to one of 
us (B.B.B.) 
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