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Stoicheiometry of oxidative phosphorylation with tetramethyl-p-phenylene- 
diamine in rat-liver mitochondria 

JACOBS z introduced the use of tetramethyl-p-phenylenediamine (TMPD) as a 
substrate for the study of oxidative phosphorylation in the cytochrome c oxidase 
region of the respiratory chain. With catalytic amounts of TMPD, kept reduced by 
ascorbate, P:O ratios of approx. I.O could sometimes be obtained with rat-liver 
mitochondria. P:O ratios equal to or exceeding i.o were subsequently reported by 
other investigators 2-6. 

MINNAERT AND VAN KAMMEN-WERTHEIM 7 first pointed out the errors that could 
be caused by  neglecting the contribution of endogenous substrate in estimating the 
P:O ratio associated with terminal electron transport. HOWLAND 3 considered that  
endogenous substrate played no role under his experimental conditions in which he 
obtained P:O ratios with TMPD exceeding I.O, and suggested that  two phospho- 
rylation sites, one of which is antimycin-sensitive, may occur in the span TMPD-  
oxygen. Other investigators4-~, s have contested this and have proposed that  the high 
P :O  ratios measured are due to the simultaneous oxidation of endogenous substrate, 
either directly via all the components of the respiratory chain~,6, 8, or, in the presence 
of antimycin, via a TMPD shunt by-passing the antimycin block4, ~. 

However, no detailed study of the P:O ratio associated with the oxidation of 
TMPD, in the absence of oxidation of endogenous substrate, has been reported. For 
this reason, we have carried out measurements in the presence of arsenite or rotenone 
to minimize any contribution from endogenous substrate. In order to estimate directly 
any residual contribution, we have measured not only oxygen uptake and phosphate 
esterification, but also the disappearance of the ascorbate used to keep the TMPD 
in the reduced state (Table I). 

In each experiment, parallel incubations were carried out with heart-muscle 
preparation. Since heart-muscle preparation contains no endogenous substrate, a 
AO : Aascorbate ratio of I.OO would be expected. The mean value of 1.o 4 i o.o2 (S.E.) 
obtained is a measure of the intrinsic analytical errors*. Since with rat-liver mito- 
chondria a mean AO:Aascorbate ratio of 1.o5 ~ o.o2 was obtained, it may be con- 
cluded that  under our experimental conditions there is no contribution of endogenous 
substrate to the oxygen uptake in the presence of TMPD-ascorbate.  The mean P:O 
ratio of o.94 ~ o.o2 (or P:Aascorbate of o.99 ), therefore, must represent the phos- 
phorylation coupled with the oxidation of TMPD. Several investigators 3, a, o, 14, 15 have 
indicated that  TMPD reacts with the respiratory chain at the level of cytochrome c. 
On the other hand, it is believed that  only one phosphorylation site is involved in 
the cytochrome c oxidase region of the respiratory chain *". The value of o.94 for the 
P :O ratio obtained in our experiments, although less than those (I . iO-I .I8)  reported 
by HOWLAND 3, is therefore unexpectedly high in view of the relatively poor respir- 
a tory control measured with this substrate. Our results suggest that  although there 
is only one phosphorylation site in the terminal region of the respiratory chain, 

A b b r e v i a t i o n :  T M P D ,  t e t r a m e t h y l - p - p h e n y l e n e d i a m i n e .  
* I n  t h e  r e a c t i o n  m i x t u r e  used,  no  o x y g e n  u p t a k e  or  a s c o r b a t e  d i s a p p e a r a n c e  was  o b s e r v e d  

in  t h e  a b s e n c e  of m i t o c h o n d r i a  or i n  h e a r t - m u s c l e  p r e p a r a t i o n .  
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another reaction leading to the synthesis of ATP occurs under our experimental con- 
ditions, as originally proposed by HOWLAND a. 
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