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Oxidat ive phosphorylation in an enzyme fraction 
from mitochondrial extracts 

I t  has been generally observed tha t  oxidative phosphoryla t ion  with m a x i m u m  efficiency 
occurs only in mitochondria  with relatively intact  morphology.  For  this reason the enzymic 
mechanisms involved in the energy-coupling have been inaccessible to direct s tudy  and remain 
essentially unknown  1. In this paper  we wish to report  tha t  oxidative phosphoryla t ion can be 
demonst ra ted  to occur in a lipoprotein fraction of relatively low particle weight separated from 
extracts  of mitochondria.  The P : O  ratios observed approach the highest values reported with 
intact  mitochondria.  

Washed ra t  liver mitochondria  prepared by  the sucrose method are extracted with cold 
I °/o digitonin. The extracts  are clarified by centrifugation at 75,oo9 x g for 25 minutes.  Cen- 
tr ifugation of the supe rna tan t  solution at  ioo,ooo × g yields a small sediment  which is resuspended 
in o.25 % digitonin and resedimented at ioo,ooo × g. When an aqueous suspension of this pellet 
is supplemented with dl- f l -hydroxybutyrate (BOH), adenosine diphosphate  (ADP), inorganic P 
(Pi), and oxygen, the BOH is oxidized to acetoacetate, which accumulates  quanti tat ively.  
Accompanying the oxidation is net uptake  of Pi, measured by an isotopic method 2. In the absence 
of subst ra te  no phosphoryla t ion  occurs. Typical data  are shown in Table I. The P: O ratios are 
consistently above 1. 5 and many  approach the value 3.o. In  the absence of added ADP rate 
of oxidation is greatly reduced, indicating dependence of respiration on P acceptors. The phos- 
phorylat ion is uncoupled by  dinitrophenol (DNP), gramicidin, and dicumarol. Significantly, the 
phosphoryla t ion does not  require addition of Mg ++ or Mn ++, which are in fact inhibitory;  Ca ++ 
does not  uncouple phosphoryla t ion in this isolated enzyme preparat ion,  al though it is an extremely 
effective uncoupling agent in intact  mitochondria.  

TABLE I 

OXIDATIVE PHOSPHORYLATION IN ISOLATED ENZYME SYSTEM 

Test system (3.0 ml) contained o.oi M Pi, p H  6.0 (I.6. Io 6 c.p.m. 3~p), o.oi M dl-BOH, 0.0024 M 
ADP, and enzyme fraction (I4O ? N); gas phase air; 15 minutes  at 22 °. Data  in #moles. 

Components  + A A cetoacetate - -  A P i  P : 0 

Complete sys tem 0.22 0.53 2. 4 
Complete minus BOH o.oo o.oo - -  
Complete plus 5'  IO-~ M D N P  o.22 o.oo o.o 
Complete plus 60 ? gramicidin o.31 o.oo o.o 
Complete plus 0.o026 M CaC12 o.22 0.50 2. 3 

Using these enzyme prepara t ions  it is also possible to demonst ra te  phosphoryla t ion coupled 
to two well-defined segments  of the respiratory chain. The experiments  described in Table I I  
involved spect rophotometr ic  measurement  of the reduction of ferricytochrome c by  BOH3; re- 
oxidation of ferrocytochrome c was blocked with cyanide. The P/2Fe ++ = P: O ratio was about  
i .o in a large series of experiments .  I t  is seen tha t  the phosphoryla t ion is DNP-sensitive.  Omission 
of either Pi or ADP greatly decreases the rate of reduction. Antimycin A completely blocks 
both  reduction of cytochrome c and phosphorylat ion.  Chemically reduced D P N H  is oxidized in 
these preparat ions,  bu t  by an antimycin-insensitive,  non-phosphoryla t ing pa thway.  The experi- 
ments  in Table I I I  demonst ra te  phosphoryla t ion coupled to oxidation of ferrocytochrome c 4 in 
this enzyme preparat ion.  The P : O  ratios for this segment were as high as o.9, bu t  most  values 
fell in the range o. 4 o.6. 

In  the three different types  of test, 92-99 % of the labeled inorganic phosphate  which dis- 
appeared during respiration was recovered as newly formed ATP following chromatographic  
separat ion of the adenine nucleotides on Dowex-I  columns. No radioactivi ty was found in ADP 
or AMP. The isolated enzyme complex specifically requires ADP as phosphate  acceptor; the 
5 ' -diphosphates  of inosine, guanosine, uridine, thymidine,  and cytidine are essentialiy inactive 
as P acceptors. The inactivity of inosine diphosphate  suggests t ha t  the inosine nucleotide- 
dependent  phospha te  exchanges observed by RAW 5 in digitonin extracts  of mitochondria  were 
not  primari ly associated with oxidative phosphoryla t ion  per se. 

The enzyme prepara t ions  contain slight ATPase activity which is s t imulated by  D N P  and 
Mg ++. The prepara t ions  catalyze incorporation of a2P i into ATP in the absence of electron flux 8. 
However,  the rate  and extent  of this exchange relative to the rate of oxidative phosphory la t ion  
of ADP are very much different from those observed in intact  mitochondria.  
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Test  sys t em (l .o II11)cont:aine<l o.ot .11 <11 I~C)tt, o.oo24 31 .\1)I', o.oo 5 31 l '  i (p l l  o 5 ;  l . l t )  ~ 
c.p.m. 32p), o.oo 5 M KCN and enzyme  (5o?, N). Ferricytochr<mae c t i t r a t ed  into med i um:  

5 minu te s  a t  25 , da ta  in n W m o l e s  

co,,,~ . . . . . .  ,~ ! ,/-, t e / ~  7~;;i l ~ : ¢) 

I. Comple te  48.2 40.5 <>x)l, 
Comple te  minus  BO H  o.o o.o 
Comple te  plus  D N I '  t o() i , 2 0 . 0  I 

Comple te  plus  o. 1 7 a n t i m y c i n  ,\ o.o o.o 
2. Conlple te  3 (~. 2 32.~, < ~.<>~ 

Comple te  minus  .\ DP ~ 8.0 o.o o.o 
Comple te  n i inus  l ' l  i7. 5 o.o o.o 

T A B L E  111 

P H O S P H O R ' Y L A T I O N  C O U P L E D  TO O X I D A T I O N  OF F E R R O C Y T O C H R O M E  C 

Test  sy s t em (3.0 ml) con t a ined  o.oi  ,,~I Pi (pH 5.5; ] .3" I°°  c.p.nl, a2p), o.o[ .1,l ascorbate ,  4 '  ro ,5 ~1l 
cy toch rome  c, o.oo24:1I ADP, and  enzyme  (25o y N);  '5  minu te s  a t  23:. Da ta  in t ta toms.  

Component~ 0,, uptake - ,I  Pi t': 0 

i.  Comple te  sys t em 1.28 0.84 o.~,(, 
Comple te  ni inus ascort)ate  o.oo o.oo 
Comple te  plus  D N P  t.42 o.oo o.o0 

The  enzyme  p repa r a t i ons  have  an average  par t ic le  we igh t  of abou t  5o,ooo,ooo as j udged  
by  s e d i m e n t a t i o n  ra te  ( equ iva len t  to  less t h a n  i /2 ,ooo of the  "pa r t i c l e  w e i g h t "  of the  ra t  l iver  
mi tochondr ion) .  Cons iderable  func t iona l  and ster ic  o rgan iza t ion  is st i l l  re ta ined  in these par t ic les  : 
for ins tance ,  i t  has  l)een found t h a t  added  D P N  and cy toch romc  c do not  " m i x "  freely with 
the  D P N  and cy tochron ie  c p re sen t  in the  par t ic les .  

Ttlese p r e p a r a t i o n s  have  a l r eady  revea led  s igni f icant  new in format ion  on ox ida t i ve  phos- 
p h o r y l a t i o n  no t  heretofl)re app roachab le  wi th  i n t ac t  nf i tochondr ia  ; comple te  expe r i men t a l  deta i ls  
wil l  be p resen ted  for pub l i ca t ion  shor t ly .  This i uves t iga t ion  was suppor ted  by gran t s  from the  
U.S. Publ ic  Hea l th  Service and the N u t r i t i o n  Fomldati<m, hic.  
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Oxidative degradation of uric acid by cell extracts of a Pseudomonas 

Tim aerobic  deg rada t ion  of ur ic  acid by  bac te r i a  has  been repor ted  by L I E B E R T  1, KREBS AND 
EGGLESTON 2, and  DI FONZO a. Whi le  th is  w o r k  was  in progress,  F R A N K E  AND H A H N  ~ r epor t ed  t h a t  
g rowing  cells and  washed  cell suspensions  of Pseudomonas aeruginosa oxidize uric acid to oxal ic  acid, 
a m m o n i a  and ca rbon  dioxide.  Al lantoin ,  a l l an to ic  acid, g lyoxy l i c  acid and urea were ident if ied as 
i n t e r m e d i a t e s  in tlae b r eakdown .  


