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version of phenylglyoxal to ~o-aminoacetophenone has been observed after incubation 
at the opt imum pH for approx. 3 h at 37 °. By varying the amount of enzyme used, 
and measuring the conversion of substrate which occurs during incubation for times 
of this order, a linear relation was obtained between the reciprocals of percentage 
conversion and enzyme concentration. Extrapolation of these results suggested that  
75% conversion would occur at an infinitely high enzyme concentration. Values 
of 56 and 27% conversion were obtained for relative alanine concentrations of IO- 
and 3.33-fold, respectively. Chromatographic evidence has been obtained for the 
formation of alanine during incubation of pyruvate  with oJ-aminoacetophenone. 
Alanine formation was dependent on the presence of enzyme preparation, and on 
the concentration of aminoketone. These results suggest that  at equimolar alanine 
and phenylglyoxal concentrations, the equilibrium position would be unfavourable 
for o~-aminoacetophenone formation. 

An examination of the effect of substrate concentrations on phenylglyoxal 
transaminase activity, gave values of 12.o and 0.6 mM for the apparent Michaelis 
constants of alanine and phenylglyoxal, respectively. These results are similar to 
those obtained for the alanine-dioxovalerate system 1. 
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PN 10081 
A coupling factor in photophosphorylation 

Several reports have recently appeared which described the isolation from mito- 
chondria of factors which were necessary for phosphorylation but not for electron 
transport  in oxidative phosphorylation z-s. The experiments reported herewith will 
demonstrate the isolation of a similar factor from chloroplasts. I t  is required for 
photophosphorylation but not for photoreduction. 
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Fig. I. Uncoupling of chloroplast  f ragments  by p re t r ea tmen t  with EDTA. The reaction mixture  
contained in a total  volume of 3.o ml in /*moles: Tris, (pH 7.8), 45; NaC1, 60; MgCI v 12; Na, K 
phosphate  (pH 7.8), 12; asp, ~ × io~counts /min ;  ADI' ,  4; E D T A  (pH 7.8), 1.5; chloroplast  
f ragments  containing 35/*g of  chlorophyll;  and where indicated, phenazine methosulfate,  o . i ;  
and potass ium ferricyanide, 1. 5. Reaction time, 2 min; light intensity,  16o ooo lux; tempera ture ,  
2o°; chloroplast  f ragments  were prepared as previously described 7, suspended at  o ° with E D T A  
to give a final concentrat ion of 3 ° #g of chlorophyll  per ml and lO -3 M EDTA. Samples were 
removed at  the t imes indicated wi thout  any  fur ther  t rea tment ,  for an immediate  assay in the 
various photoreactions.  The final concentrat ion of E D T A  in the reaction cuvet tes  was identical 
in all cases. Control activities in /*moles per mg chlorophyll  per h: phenazine methosulfate-de- 
pendent  photophosphoryla t ion ,  37 o; ferr icyanide-dependent  photophosphoryla t ion ,  74; ferri- 

cyanide photoreduct ion,  275; ferricyanide photoreduct ion (no Mg, ADP, Pi), 2o6, 

Fig. I shows the effect of pretreating chloroplast fragments in EDTA on their 
ability to perform sevelal photoreactions. It  is clear that the pretreatment uncoupled 
the chloroplasts. It  completely inhibited their ability to perform cyclic or non-cyclic 
photophosphorylation, while stinmlating their capacity for photoreduction. In all 
experiments of this type performed, ferricyanide-dependent phosphorylation was more 
sensitive than the phenazine methosulphate-dependent one. 

Table I illustrates that such chloroplast fragments (pretreated with EDTA 
following by centrifugation) which lost essentially all their capacity to catalyze photo- 
phosphorylation, could be partially reactivated. Reactivation occurred only following 
the incubation of the pretreated chloroplast fragments in the presence of magnesium 
ions and the supernatant fraction obtained during the centrifugation of the EDTA- 
treated chloroplasts. Only 15-4o% of the activity of non-EDTA-treated chloroplasts 
could be restored in different experiments. The restored activity was sensitive to the 
uncoupling action of ammonium ions 8. 

Some properties of the coupling factor (i.e., the factor present in the supernatant), 
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T A B L E I  

C O M P O N E N T S  R E Q U I R E D  F O R  R E A C T I V A T I O N  OF E D T A - T R E A T E D  C H L O R O P L A S T S  

Reaction conditions as described under Fig. I, with phenazine methosulfate. Chloroplast frag- 
ments containing 16/~g chlorophyll per ml. Chloroplast fragments were suspended at o ° with 
EDTA to give a final concentration of 3 ° #g of chlorophyll per ml and 5 × lO-4 M EDTA. The 
suspension was centrifuged at 20 ooo × g for 3 ° rain. The clear supernatant was separated 
(-- supernatant  in table), and the pellet was suspended in a small volume of lO -4 M EDTA, 
1.5- lO4 MgC12 (-- EDTA-treated fragments). A similar sample treated in the identical manner 
but in the absence of EDTA served as a control ( untreated fragments). The components 
indicated were preincubated for 20 rain at o ° before assay. The chloroplast fragments, EDTA 
and MgC12 concentration were adjusted to be identical in all the reaction cuvettes. Control 

activity corresponded to 430 ~,moles of ATP formed per mg chlorophyll per rain. 

ATP 
Present during preincubation formed 

C%) 

Non-treated fragments ioo 
Non-treated fragments + supernatant  + MgC12 IiO 
EDTA-treated fragments 2 
EDTA-treated fragments + MgC12 (o.oi M) 8 
EDTA-treated fragments + supernatant 3 
Supernatant + MgC12 (o.oi M) 2 
EDTA-treated fragments + supernatant  + MgC12 (o.oi M) 35 
EDTA-treated fragments + supernatant + MgC12 + NH4C1 (3 x io a M) o 

are  d e s c r i b e d  in Tab le  I I .  I t  was  h e a t  labile ,  n o n - d i a l y s a b l e  a n d  i ts  a c t i v i t y  was  r a p i d l y  

los t  w i t h  s to rage .  T h e  f ac to r  was  r e q u i r e d  in a q u a n t i t a t i v e  m a n n e r ,  s a t u r a t i n g  ~ i t h  

excess .  A na ly s i s  o f  t h e  p r o t e i n  a n d  nucle ic  ac id  c o n t e n t  o f  t h e  s u p e r n a t a n t  r e l ea sed  

u p o n  E D T A  t r e a t m e n t  of  w a s h e d  c h l o r o p l a s t  f r a g m e n t s  r e v e a l e d  a r o u n d  0. 5 a n d  o . I  

# g  p e r  m g  ch lo rophy l l ,  r e spec t i ve ly .  

T h e  spec i f i c i ty  of  t h e  coup l i ng  f a c t o r  in  r e s t o r i n g  t h e  a c t i v i t y  o f  d i f f e r en t  t y p e s  

of  p h o t o p h o s p h o r y l a t i o n  r e a c t i o n s  is de3c r ibed  in Tab le  I I I .  P h e n a z i n e  m e t h o s u l f a t e -  

d e p e n d e n t  p h o s p h o r y l a t i o n  was  in all e x p e r i m e n t s  r e s t o r e d  to  a h i g h e r  degree  t h a n  

was  f e r r i c y a n i d e - d e p e n d e n t  p h o s p h o r y ] a t i o n ,  b u t  b o t h  were  c o n s i s t e n t l y  r e s to r ed .  

F M N -  or  m e n a d i o n e - d e p e n d e n t  p h o s p h o r y l a t i o n s  were  n o t  r e s t o r e d  to  a n y  s ign i f ican t  

e x t e n t  in  s eve ra l  e x p e r i m e n t s .  

TABLE II 

P R O P E R T I E S  OF T H E  C O U P L I N G  F A C T O R  

Reaction conditions as described under Table I, but  with I9/*g chlorophyll per ml. Control 
activity corresponds to 320/~moles of ATP formed per mg chlorophyll per h. 

Present during preincubation* A TP formed (%) 

Non-treated fragments ioo 
EDTA-treated fragments o 
EDTA-treated fragments + factor 27 
EDTA-treated fragments + boiled factor (3 rain, IOO °) o 
EDTA-treated fragments -[- dialysed factor (24 h, o °) 13 
EDTA-treated fragments + stored factor (24 h, o °) 15 

* All contained 0.008 M MgCIo. 
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TABLE i l I  

SPECIFICITY OF THE COUPLING FACTOR 

Reaction conditions as described under Table 1, but with lO #g of chlorophyll per ml. Control 
activities are indicated in brackets. 

Present during preincubation* 

Non-treated fragments 
Non-treated fragments + factor 
EDTA-treated fragments 
EDTA-treated fragments + factor 

Phosphorylation dependent upon 

Phenazine 
methosulfate Ferricyanide FMN Menadione 

(%) (%) (%) (%) 

I o o  (536) I o o  (59) 1 o o  (54) IOO (5 2) 
97 lO3 9 ° 93 

l i 4 3 

15 6 4 1 

* All contained 0.002 M MgC1 v 

The effect of E D T A  in releasing a factor  which is necessary for coupled phosphor-  
y la t ion  has also been found in mi tochondr ia l  p repara t ions  1-4. JAGENDORF AND SMITH 9 
repor ted  earl ier  t ha t  t r e a t m e n t  of chloroplasts  wi th  E D T A  caused r ap id  uncoupl ing  
of the  p repara t ion .  Pre incuba t ion  in the  presence of magnes ium ions, the  phosphor-  
y la t ing  part icles ,  and  the coupling factor  has also been repor ted  to be essential  for 
recoupling mi tochondr ia  1. I t  seems, therefore,  t ha t  the  coupling factor  repoxted here- 
wi th  m a y  be s imilar  in proper t ies  and  funct ion to at  least  one of the coupling factors 
r epor t ed  for ox ida t ive  phosphoryla t ion .  F u r t h e r  detai ls  will be publ i shed  elsewherO °. 

The research repor ted  in this  documents  has been suppor ted ,  in par t ,  b y  Air  
Force  Office Scientific Research,  OAR,  th rough  the European  ()ffice, Aerospace 
Research,  Uni ted  S ta te  Air  Force ;  and,  in par t ,  b y  a g ran t  from the C. F. Ke t t e r ing  
Founda t ion .  The excel lent  technical  assis tance of Mrs. F. ITSFIAK is gra tefu l ly  ac- 
knowledged.  
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