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The phosphate potential generated by membrane fragments 
of Azotobacter vinelandii 

Respiring rat-liver mitochondria 1-3 and illuminated chloroplasts 4 in State 4 are 
able to maintain in the suspending medium a 'phosphate potential '  of i7 .o-i7.  5 
kcal/mole*. The phosphate potential is defined as AG'  = AG'  o + 1.36 log EATPl/ 
[ADPl [Pij, where AG'  o is the standard free-energy change of the reaction ADP + Pi 
~-ATP.  As is to be expected, submitochondrial particles, that  show no respiratory 
control and a substantial ATPase activity, are unable to maintain these high phos- 
phate potentials (E. C. SLATER AND E.A. LEM-HEGGELUND, unpublished experiments). 

Membrane fragments prepared from Azotobacter vinelandii  resemble sub-mito- 
chondrial particles in having a low P: O ratio (o.4-o.6 with NADH) and showing only 
a slight stimulation of respiration by ADP s, but differ in possessing a very low ATPase 
activity. I t  therefore became of interest to determine the phosphate potential that  
can be generated by these poorly phosphorylating preparations. 

Incubations were carried out in centrifuge tubes containing 2.o ml of a reaction 
mixture consisting of 25 mM Tris-HC1 buffer, i mM EDTA, lO-15 mM substrate, 
and MgC12, ADP, ATP and Pl (as Na2HP04) as given in the legends to the figures 
and tables. The final pH was 8.1. Air was bubbled through the solution during the 
incubation. The reaction was started by addition of O.l-O.2 mg (protein) phosphor- 
ylating particles ° and stopped at various times by addition of HC104 to 3 %. After 
removal of protein by centrifugation, and neutralization and precipitation of per- 
chlorate with KOH, ADP and Pi were determined in the supernatant  as described 
in refs. IO and I I ,  respectively. The concentration of ATP was measured with the 
method described in ref. 12, except in Expt.  2 of Table I, where it was assumed to 
be equal to the initial concentration plus  the disappearance of ADP (which was close 
to the disappearance of Pl). The calculated AG'  is not sensitive to small errors in the 
ATP concentration. Corrections were made for the slight hydrolysis of ATP between 
acidification and neutralization, as determined in a control experiment. 

Fig. i shows that  within about 15 min with NADH as substrate, a steady state 
is reached with a very low concentration of ADP. The results of this and of experi- 
ments with other substrates are summarized in Table I. In previous measurements 
with rat-liver mitochondria l-3, no allowance had to be made for binding of ATP, 
ADP or Pi to Mg 2+, since Mg 2+ was not added. Azotobacter membranes, however, 
do not catalyse oxidative phosphorylation in the absence of added Mg 2+. The concen- 
trations of unbound Mg 2+ were calculated from the concentrations of ATP, ADP and 
Pi, by making use of the binding constants reported by PHILLIPS et al. 7. 

The last line of Table I shows that, despite their low P:O ratio, Azotobacter 
membranes are able to generate a phosphate potential of about 17 kcal/mole, of the 
same order as that  found with respiring mitochondria or illuminated chloroplasts, 
and much higher than in submitochondrial particles. The potential is the same with 

* Previously published values were based on a value for A G '  o at  p H  7.5 and 25 ° of 9.i kcal 
per mole (ref. 5), and the variat ion of AG'  o with p H  given by  GSORGE AND RUTMAN e. These values 
have now been recalculated, OH the basis of a new value for AG" o (lO.8 at p H  7.5 and 25 °) published 
by  PHILLIPS el al. 7. 
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l a c t a t e  as  s u b s t r a t e  a s  w i t h  m a l a t e  o r  N A D H ,  e v e n  t h o u g h  l a c t a t e  is o x i d i z e d  m u c h  

m o r e  s l o w l y  t h a n  m a l a t e  o r  N A D H  13,14. 
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Fig. i. Time-course of phosphoryla t ion  of ADP by  Pt after  addition of Azotobacter  particles 
(0.26 rag) to 25 mM Tris-HC1 buffer, i mM EDTA,  7.5 mM NADH,  5 mM MgCI 2, 3.8 mM AT]?, 
o.55 mY[ A D P  and I.O mM ]?1 at  25 °. The final p H  was 8.1. 

T A B L E  I 

M E A S U R E M E N T  O F  P H O S P H A T E  P O T E N T I A L  W I T H  D I F F E R E N T  S U B S T R A T E S  

The incubat ions were carried out  as described in the text .  The t empera tu re  was 25 °. In  Expt .  2 
the  final concentrat ion of AT]? and in Expt .  3 the final concentrat ion of ]?1 were calculated from 
the  initial concentrat ions,  and the disappearance of AD]?. 

Expt. 

I 2 3 

Subst ra te  N A D H  L(+)-Malate  D ( - - ) -Lacta te  
MgCla added (mM) 5.0 6.0 6.0 
pMg* 4.5 2.8 3-5 

Initial concentrations (mM) 
ATP 3.80 2.86 4.4 ° 
A D P  0.55 o.17 o.21 
]?1 I.OO 1.o 7 0.9 ° 

Final concentrations (raM) 
AT]? 4 .20 3 .0o 4.59 
AD]? o.o45 0.03 o.o2 
Pl 0-45 o.91 o-71 

"K'** X lO -5 (M -I) 2.07 i . i o  3.23 
AG" o (kcal/mole) *** lO. 3 IO.I 9.9 
zJG" (kcal/mole) 17.6 17.o I7. 4 

* Calculated f rom binding constants  of Mg ~+ with  ADP, AT]? and Pl given in Table I of 
PHILLIPS et aLL 

** [ATPtot]/[ADPtot] '  [Pl tot]. 
*** Calculated by  interpolation from Fig. 2 of PHILLIPS et alfl. 

The phosphate potential found with mitochondria is consistent with the known 
P: O ratios and the conclusion that State 4 is close to thermodynamic equilibrium. 
The high values found with Azotobacter membranes, despite the low P: 0 ratios, may, 
at first sight, seem surprising. If, however, we assume that the low P: 0 ratios are 
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due  to  t he  presence  in these  m e m b r a n e  f r a g m e n t s  of a n o n - p h o s p h o r y l a t i n g  respir-  
a t o r y  p a t h w a y ,  o p e r a t i n g  i n d e p e n d e n t l y  of a c o n v e n t i o n a l  p h o s p h o r y l a t i n g  p a t h -  

w a y  15, t h e  h igh  p h o s p h a t e  p o t e n t i a l  sugges ts  t h a t  also in A z o t o b a c t e r  m e m b r a n e s  

t h e r m o d y n a m i c  equ i l i b r i um is app roached ,  c o m p a r a b l e  w i t h  S t a t e  4 in m i t o c h o n d r i a .  

W e  wish  to  t h a n k  Dr .  H.  G. P a n d i t - H o v e n k a m p  for he r  advice .  Th i s  w o r k  was  
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f rom the  N e t h e r l a n d s  O r g a n i z a t i o n  for t he  A d v a n c e m e n t  of P u r e  Resea rch  (Z.W.O.)  

u n d e r  t he  auspices  of t h e  N e t h e r l a n d s  F o u n d a t i o n  for Chemica l  R e s e a r c h  (S.O.N.) .  
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