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Activation of coupled oxidative phosphorylation in 
bacterial particulates by a soluble factor (s)* 

[n previous commuuicat ions  1, 2 we reported tile existence ilx cell-freo bacterial extracts  of a dinitr, ,- 
phenol (DNP) sensitive systenl which coupled phosphorylat ion to oxidation yielding I ' /O rati(,s 
greater than one. These studies on 3tvcobacleri~tm p]dei extracts  have now been extended to 
include extracts  of Cory*wbacterium crealinovoraT~s. It  has also been noted a tha t  tile act ivi ty o! 
these highly organized systems is dependent  on the presence of particles. These particles have 
now been separated by differential centrifugation and studied in detail, l 'ar t icular  iuterest  centers 
in the demonst ra t ion  tha t  oxidative phosphorylat ion depends not only on the retention of intact 
particles containing cytochromes c, b, and cytochrome oxidase 4, lint also on the critical role of 
a factor (s) found in the superna tan t  which is necessary for both oxidation aud esterification ol 
inorganic phosphate.  

The activities of fractionatcd particles and superna tan t  were tested for coupled oxidative 
phosphorylat ion.  With succinate as electron donor neither the particles nor supe rna tan t  fractions 
showed activity compared to the crude extract.  Recombinat ion of these two fractions, however, 
restores the oxidation and phosphoryla t ion (Table I). The reconst i tuted systems appear  to oxidize 
as well as crude homogenates  al though tile ability to esterify inorganic phosphate  is somewhat  
reduced, resulting in lowered P/O ratios than  those reported for crude extracts.  Similar results 
are also obtained when fumara te  is used as the electron donor. By dialyzing the supernatant ,  
the dependence on the addition of a phosphate  acceptor system call be denlonstrated. Under 
anaerobic conditions inorganic phosphate  is not esterified by the recombined svstem. 

TAI31A£ 1 

T H E  A C T I V I T Y  OF" V A R I O U S  F R A C T I O N S  ON O X I D A T I V E  P H O S P H O R Y L A T I O N  

The sys tem contained 0. 4 ml part iculate fraction (a) obtained from crude extracts  at p H  7.3 a 
by centrifugation for 2 hours  at 14o, ooo × g in the Spinco centrifuge and resuspended in o.15 3l 
KC1, o. 4 ml of the result ing superna tan t  (b), 2o p M  succinate, i6 # M  inorganic phosphate ,  
2.5/~M AMP, 1 mg of dialyzed hexokinase, 2o ~M of mannose,  and H20 to a volume of i. 3 nil. 
The oxygen uptake  was carried out  at 3 °°  for io minutes  after the addition of subs t ra te  and 
then stopped by' the addition of lO% TCA and inorganic phospha te  analyzed by  the method  of 

I ; I S K E  A N D  S U B B A R O \ V  5. 

System 

Crude homogenate  

After fractionation : 
i. Particles (a) 

2. Superna tan t  (b) 

3. a f f b  

4. a + b + D N P ( 8 . 1 o - a ~ / 1 )  

5. D N P  treated particles a 
_L s u p e r n a t a n t  b 

6. D N P  treated superna tan t  a 
-- unt rea ted  particles b 

Protein Oxidation ,1 P.i 
mg,ml ( l* atoms) (1~ moles) t ' :0  

28 5.70 7.6 1.4 

(~. l 1.6 0.9 0.56 

z4.8 o-94 o-5 o.53 

9.1 0.2 6.1 0.98 
14.8 

9.1 6.0 i. 4 0.2 4 
I4.8 

4.5 2-4 1.8 0.75 
32 

9-5 3-94 0.4 o.12 
12. 3 

The effect of D N P  (8. io-SM) on oxidative phosphoryla t ion  is also demonst ra ted  in Table I, 
and is similar to tha t  reported for crude homogenates  from this microorganism. Particles incubated 
with I . I o - 4 M  D N P  for 15 minutes, and then centrifuged and resuspended in o . I 5 M  KCI fail 
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to show any uncoupling effects. Our inability to completely remove D N P  from treated superna tan t  
has made it impossible to demonst ra te  clearly the implication tha t  the superna tan t  factor (s) 
may  be the D N P  sensitive component .  

The ability to reconst i tute  act ivi ty with part iculate prepara t ions  by the additiou of super- 
na tan t  was fur ther  investigated. The effect of various concentrat ions of superna tan t  on both 
oxidation and phosphoryla t ion was demonst ra ted  using a cons tant  concentrat ion of particles 
(Fig. 1 ). Usually both  oxidation and phosphoryla t ion increase in a parallel manner  with increasing 
concentrat ions of superna tant .  High concentrat ions of supe rna tan t  failed to show any inhibition. 
The P/O ratios do not  increase significantly with increasing concentrat ion of supernatant .  

Fig. i. The effect of superna tan t  concentrat ion 
(m oxidative phosphorylat ion.  Same conditions 
as Table I. (a) Effects of concentrat ion of super- 
na tan t  on oxidation. O . . . .  O indicates 1~ atoms 
oxygen uptake per io minutes using constant  
concentrat ion of particles (o. 4 ml containing 
24.2 mg protein/ml).  The superna tan t  used con- 
tained 33.3 mg protein per ml, the amoun t  used 
in each system is indicated in figure. (b) The 
effects of concentrat ion of superna tan t  on phos- 
phorylat ion ×---  × indicates A / tmoles of Pi 

per IO minutes.  
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By preparing similar fractions from C. crea l inovorans  it is possible to activate both M .  phle i  and 
C. crea t inovorans  particles with the supe rna tan t  obtained from either organism. 

At tempts  to replace the supe rna t an t  factor (s) with either DPN, TPN, cytochrome c or 
Kochsaf t  have been unsuccessful.  The factor (s) was also found to be nondialyzable and heat  
labile, indicating tha t  at  least one component  is protein in nature.  The superna tan t  material  
could be lyophilized and stored at  - - 2  ° wi thout  loss of activity. Fur thermore ,  t r ea tmen t  of the 
supe rna t an t  with act ivated norit  does not lower its activity. The part iculate  preparat ions,  
however, were found to be more labile, requiring isotonicity, and were destroyed by  freezing 
and resonication. 

Recent  work by  NASON ° indicates tha t  menadione reductase is unique in its sensit ivity 
to D N P  and other  uncoupling agents, while MARTIUS ? has presented evidence of the role of this 
enzyme in oxidative phosphorylat ion.  Since the esterification of inorganic phosphate  is inhibited 
5o ~o by  i .  io-4,~/I dicumarol, the menadione reductase activity of the supe rna tan t  was fur ther  
fractionated by  the medlod of NASON 8. This partially purified fraction of greatly increased 
menadione reductase activity is capable of reactivating the oxidation and phosphoryla t ion  of 
the resuspended particles (Table II) .  Fur thermore ,  in the presence of D N P  the reoxidation of 
D P N H  in the presence of menadione is inhibited. Al though both  activities can be fract ionated 
together, direct involvment  of menadione reductase as a factor for oxidative phosphoryla t ion  
mus t  await  fur ther  fractionation and analysis. 

TABLE I I  

EFFECTS OF FRACTIONATED SUPERNATANT (CONTAINING MENADIONE REDUCTASE) ON PARTICLES 

System similar to Table I ;  the supe rna tan t  was fractionated according to NASON s, and o. 4 ml 
used containing 6.6 mg  protein/ml.  The fractionated superna tan t  reoxidized 4 ° #g  of D P N H /  

rain/rag protein in the presence of menadione, 

Oxygen A Pi P/O 
System (l* atoms) (IL moles) 

Particles 1.52 o.6 o.39 
Superna tan t  o.8 o o 
Particles + supe rna t an t  4.92 3.8 o.77 
Particles + fract ionated 5.6 3.9 o.7o 

supe rna t an t  

Since prepara t ion  of this manuscr ip t  a repor t  by  TISSIERES AND SLATER 9 provided evidence 
of a similar act ivation between particles and superna tan t  of Azotobac ter  v i n land i i .  At tempt s  in 
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the  pas t  to r econs t i t u t e  the M. phlei par t ic les  wi th  ~4zotobacler s u p e r n a t a n t  were unsuccessful  
by  our me thods  of p repara t ion .  This m a y  also reflect on the  differences in D N P  s e n s i t i v i t y  of 
these var ious  supe rna t an t s .  

\Ve should  l ike to express  our apprec ia t ion  to Dr. ONCLEY of the  Phys ica l  Chemis t ry  Labora-  
tories  for t i le  use of the Spinco p r e p a r a t i v e  centr i fuge,  and  to Mr. ROBERT THOMAS and Miss 
SARAH BOND for the i r  t echn ica l  ass is tance.  
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Demonstration of direct effects of insulin on the 
isolated perfused diabetic rat liver* 

A l t h o u g h  a d m i n i s t r a t i o n  of insul in  to  a d iabe t ic  a n i m a l  is followed by  correc t ion  of the  charac-  
te r i s t ic  defects  in hepa t i c  l ipogenesis  and  glycogenesis,  l iver  slices from d iabe t i c  r a t s  are no t  
inf luenced by  insul in  which is added  in vitro 1,2. Fur thermore ,  no di rect  effect of insul in  on ne t  
glucose u p t a k e  by  isola ted no rma l  or d iabe t ic  l iver  t issue has  ye t  been repor ted.  LUNDSGAARD, 
in whose l abo ra to ry  l iver  perfusions  of shor t  du ra t i on  (three hours  or less) were per formed  3,4, 
s t a tes  in a recent  sympos ium,  " I  am not  convinced t h a t  i t  has ever  been proved  t h a t  insul in  
has  a d i rect  effect on l iver  t i ssue  ''5. 

D e v e l o p m e n t  of a m e t h o d  in th is  l abo ra to ry  for m a i n t a i n i n g  the i so la ted  perfused r a t  l iver  
for a t  leas t  6 hours  e has  p e r m i t t e d  us to  r e inves t iga t e  hepa t i c  m e t a b o l i s m  in d iabe tes  wi th  special  
reference to  the  ac t ion  of insulin.  

R a t s  of the  W i s t a r  s t ra in ,  fas ted  48 hours  and  weighing  be tween  175 and 225 grams,  were 
m a d e  d iabe t ic  b y  a s ingle subcu t aneous  in jec t ion  of 5 % al loxan,  14o mg per  kg, one hour  af ter  
an in jec t ion  of i u n i t / k g  of insul in  7. They  were then  m a i n t a i n e d  on da i ly  in jec t ions  of p r o t a m i n e  
zinc insul in  for a t  l eas t  th ree  weeks  before use as l iver  donors, wi th  no insul in  being given t h e m  
for 4 ° hours  p reced ing  an exper iment .  Norma l  and  d iabe t i c  ra t s  were al lowed to ea t  a s tock 
P u r i n a  pe l le t  r a t ion  un t i l  sacrifice. 

L iver  perfusion a p p a r a t u s  and  ope ra t ive  t echn ique  were essen t ia l ly  as descr ibed in previous  
repor t s  from th is  l abo ra to ry  6,s. Pr ior  to incision of the  abdomen,  a specimen of ta i l  blood was 
removed  for d e t e r m i n a t i o n  of blood sugar  content .  Ke tonu r i a  was e s t ima ted  s e m i - q u a n t i t a t i v e l y  
t h rough  the  use of Acetes t  t a b l e t s  (Ames Co., E lkha r t ,  Indiana) .  The in i t ia l  l iver  g lycogen was 
de t e rmined  from the  r i gh t  l a te ra l  lobe which was l iga ted  and removed  dur ing  the  operat ion.  
At  the  end of the  perfus ion  two pieces of t issue weighing a b o u t  3oo mg each were removed  from 
different  lobes of the  l iver  for e s t ima t ion  of the  final g lycogen con ten t  °. The NELSON m e t h o d  TM 
was used for all  glucose de te rmina t ions .  

Tota l  l iver  f a t t y  acids were i so la ted  by  the  usua l  m e t hods  and the i r  r a d i o a c t i v i t y  measured  
wi th  a d y n a m i c  vane  e lec t romete r  af ter  ox ida t ion  to carbon d ioxide  11. 

In  all  expe r imen t s  c i ted in the  a c c o m p a n y i n g  table,  l ivers  from ra t s  weighing  be tween  2oo 
and 33 ° g r ams  were perfused wi th  a p p r o x i m a t e l y  14o ml of r a t  blood d i lu ted  one- th i rd  wi th  
R inger ' s  so lu t ion  and con ta in ing  a t o t a l  of 6o mg  of hepar in .  To the  perfus ing  blood were added 
5oo m g  of glucose and 35 mg  of sod ium acetate-I-14C which had  a to ta l  r a d i o a c t i v i t y  of 22oo 
a r b i t r a r y  units**.  In  e xpe r im e n t s  No. 173, 197 and 274 the  ent i re  label led subs t r a t e  was  added  

These s tudies  were per formed  under  con t r ac t  wi th  the  Uni ted  S ta tes  Atomic  E n e r g y  Com- 
mission a t  the Un ive r s i t y  of Roches te r  Atomic  Ene rgy  Project ,  Rochester ,  New York,  and  were 
suppor t ed  in p a r t  by  a research  g r a n t  from the  Medical  Research  and D e v e l o p m e n t  Board  Office 
of the  Surgeon General  D e p a r t m e n t  of the  A r m y  under  Con t rac t  No. DA-49-oo7-MD-45I.  

* E a c h  u n i t  is e q u i v a l e n t  to 2.2. lO 4 d i s i n t eg ra t i ons /minu t e .  


