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Short Communications and Preliminary Notes 

Oxidative phosphorylation with ferricyanide as terminal electron accepter 

Previous a t t empt s  to localize the steps of oxidative phosphoryla t ion  in mitochon/lr ia  have 
shown phosphory la t ion  to occur dur ing the t ransfer  of electrons to either added cytochronle cl, 2 
or ferricyanide a. Rates  obtainable  in the presence of cytochrome c Call be greatly accelerated by 
hypotonic  p re t r ea tmen t  of the mitochondria2, 4 or addit ion of DPN a and inhibited by  ant imvcin  A. 
Values as high as i .6 llave been reported for the l P/~J 2v ratio of the DL-/J-hydroxybutyrate to cyto- 
chrome c electron t ransfer  2 and 0.8 for the corresponding t ransfer  to ferricyanilte, the latter being 
insensitive to ant inlycin A a. 

\Ve have been able to confirm the findings reported for ferricyanide under  condit ions similar 
to those used by  the previous workers. \\"hen the ferricyanide sys tem was adapted for spectro- 
photometr ic  nleasurenlents however, as shown in Table I, . lP/ . l - 'e  rat ios approaching _, resulted 
and the sys tem was now found sensitive to ant imycin  A inhibition. Exact ly  where the critical 
difference between these two sys tems lies has not  been ascertained bu t  the ferricyanide concentrat ion 
and versene have been eliminated as the source of the discrepancy. The subs t ra te  oxidation can be 
uncoupled from phosphory la t ion  by  2,4-dinitrophenol and the Iat ter  does not  occur in the absence 
of either subs t ra te  or ferricyanide. Fumara te ,  L-glutamate and L-malate, a l though oxidized at 
wiclely differing rates, gave similar :|P/~12v rat ios while as expected the ratio with succinate was 
lower by about  i. Py ruva te  or a-ketoglutarate  could not  be tested in this systenl since a-keto acids 
remove the cyanide, required for inhibit ion of the cytochrome nxidase, from the reaction nlixture. 
This effect, also recently observed by SLATER n, is apparent ly  not  due to simple cyanohydr in  formation 
since the ability of cyanide to form a compound  to which the a-keto acid assay 7 does not  respond 
is dependent  on prior incubat ion with the mitochondria .  

T A B L E  I 

P R O P E R T I E S  O F  F E R R I C Y A N I D E  A C C E P T O R  S Y S T E M S  

. ';uhstrate Af t  eq.  PO-I /g  l iver  I l l  eq • e '~ l iver  
2 

DL-fl-Hydroxybutyrate 15-4 7-9 
less ferricyanide o.o - -  
less subs t ra te  o.o o. 4 
ant imycin  A added o.o o. 3 
(2 y/g liver) 
2,4-dinitrophenol o.o 8.2 
allded (0.03 i tM/ml )  
DPN added 16.6 9.4 
(o.2 it~ll/ml) 

L-Glutamate 17.3 9.0 
Fumara t e  2.5 1.45 
L-Malate 1.9 i .o6 
Succinate 15. 3 2o. 4 

,:1t ) J 2 e  

1 " 9 5  

1.7 6 

1.92 
I. 7 
1.8 
o.75 

Rat  liver mitochondria,  prepared essentially according to the method of S C H N E I D E R  9, with 
o.25 M sucrose containing o.ooi M versene, and represent ing 4 ° mg liver/cuvette,  were incubated 
in a final volume of 3.2 ml conta ining/ml  the following: 37.5 I~ M DL-fl-hydroxybutyrate or 19 i~,'lI 
of other  subs t ra te ;  o.95 t,tM ferricyanide; o.37 # M  KCN; 31 /121I KF;  o.9 i, t M  versene; 1.25 I,.TI 
AMP; o.62 # M  ATP; 156 # M  TRIS ;  46/~M MgC12; o.18 m 3 I  sucrose; 7.3 Ii '-~'I phospha te  labeled 
with 32p; 15/~M glucose; o.63 mg crystalline serum albumin;  and excess yeast  hexokinase;  final pH, 
7.4. Cells were incubated at  22 ° and samples wi thdrawn for phospha te  analysis at 5.75 and 15.75 
minutes.  Values expressed in the above table apply to the ten minute  interm. Tile reduction of 
ferricyanide, as followed by decrease of 420 mlt absorpt ion,  (light pa th  I CIll),  proceeded linearly. 
The reaction was s tar ted by  adding the enzyme, suspended in 2 ml with all other components ,  to 
cuvet tes  containing the phosphate ,  substrate ,  hexokinase and ferricyanide. 
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In T a b l e  I I t he  f c r r i c y a n i d e  a m l  c y t o t l u ' o m e  ¢" a c c e p t e r  s y s t e m s  are  c m n p a r e d  w i t h  r e spec t  
to t i le  e l t ec t s  of a t w o  i l l i l l u t e  hyl>~,tonie t r e a t m e n t  of t h e  mi toehondr i ;~  (o.o- 5 .1/ suc rose  a t  (3) Hlld 
a d d e d  1)I 'N.  The  s m n e \ v h a t  low I1'/ l ' r  r a t i o s  a f t  p o s s i b l y  due  in p a r t  to  the  l ower  ph,Tsphate  
c o n c e n t r a t i o n s  found  d e s i r a b l e  to  i n c r e a s e  t he  s e n s i t i v i t y  of t he  a n a l y t i c a l  m e t h o d  s used  for m e a s u r i n g  
t he  r e l a t i \  e ly  Sill;ill p h o s p h o r y l a t i o n s  I)CctllTillg ill t he  cyt(icJllTOllle t sv s t e ln s .  \Vhen the  n l i t o c h o n d r i a  
were  n o t  p r e t r e a t e d ,  low r a t e s  of c y t ( ~ e h n m w  c r e d u e t i o n  r e s u l t e d  m : c o m p a n i e d  hv  such hl rge  
e n d o g e n o u s  ineorpora t io l~S  of a21' i n t o  the  o r g a n i c  phase ,  e \ c n  in l h e  al>sence of s u b s t r a t e ,  that 

m e a n i n g f u l  [l~/ lee-' r a t i o s  cou ld  no t  17<' e s t i m a t e d .  I t  s eems  s i g n i f i c a n t  t i ro l  t h i s  incorp~>rat ion is 
g r e a t l y  s u p p r e s s e d  b y  a n t i m y e i n  A. \ V h e t h e r  or  n(~t m i t o c h o m l r i a  a re  h y p o t o n i c a l l y  p r e t r e a t e d ,  
a d d e d  I ) P N  g r e a t l y  a c c e l e r a t e s  the  r e d u c t i o n  of c y t o c h r o m e  c, b u t  t h i s  is n o t  a c c o m p a n i e d  b y  
i n c r e a s e d  phosph~>ry la t ion .  The  e fh 'c t s  o[ I ) I 'N  on t i le  f e r r i c y a n i d c  s y s t e m s  a re  e t m l p a r a t i v e l y  s l igh t .  
F r o m  the  f e r r i c y a n i d e  d a t a  (~f T a b l e  11 i t  a p p e a r s  t h a t  t he  h y p o t o n i c i t y  t r e a t m e n t ,  s{~ n e c e s s a r y  for 
d e m o n s t r a t i n g  s u b s t r 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  ill t h e  cvt()c]/1-Olll0 ( s}'Stell/S, is c apa l ) l e  o[ 

i n d u c i n g  s o m e  loss in  t he  p o t e n t i a l  a b i l i t y  ,7t m i t o e h o n d r i a ,  t(~ o x i d i z e  s u b s t r a t e  a n d  l o w e r i n g  the  
p h o s t ) h o r y l a t i o n  e l i i c i ency .  

"1".\ l ' l l , l :  I I  

(?OMIL\RIS(IN ()l e I"ERI{ICV.\NII)E AND C~,"FO('IIR()ME ( ACCI'~IrIX)R h;~'S'I'I';MS 
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l : x p e r i m e n t a I  c o n d i t i o n s  were  Lilt' S;tllle its ill Tal f le  I e x c e p t  t h a t  the  t>hospha te  was  [(~wered 
t o  1 . 8 / ~ . l [ / m l .  \Vhcn f e r r i e y a n i d e  was  r e p h l e e d  by  tyro>chrome ( (o.o(~ 7 / ; . l l / m l )  e u z y m e  c o n c e n t r a t i o n s  
were  a d j u s t e d  w h e n  r e q u i r e d  to g i v e  s u i t a b l e  r e a c t i o n  r a t e s ;  s a m p l e s  I<)r p h o s p h a t e  a n a l y s i s  were  
t h e n  w i t h d r a w n  a t  I. 5 a n d  13. 5 m i n u t e s ,  \ a l u e s  ill t h e  a b o v e  t a b l e  h a \ i n g  been  c o r r e c t e d  to  t he  
e q u i v a l e n t  r a t e s / I o  m i n u t e  i n t e r v a l .  The  r e d u c t i o n  (,17 e y t o c h r o n / e  c was  fo l l owed  as  i n c r e a s e  ill 
55 ° m / ,  abso rb t io l~  w i t h  a l i g h t  p a t h  of (7. 3 em ( to ta l  v o l u m e ,  I . i n  ml).  

it is c , m e l u d e d  t h a t  [cr i - ieyal l ide  is c a p a b l e  ot  ; w c e p t i n ~  e l c c t r o u s  h-ore m i t o c h o n d r i a  at a s i t e  
v e r y  c lose  to  t h a t  a t  wh ich  c y t o c h r o m e  c does ;  t h i s  s i t e  cou ld  i n d e e d  be b o u n d  c y t o c h r o m e  c i tse[[  
in b o t h  cases .  [gee;ruse i t  ellCOUllters less d i f l k u l t y  in r e a c h i n g  i t s  p o i n t  of a c t i o n  t h a n  does  a d d e d  
c y t o c h r o m e  c, f e r r i c y a n i d e  o i l e r s  c e r t a i n  a d v a n t a g e s  in s t u d y i n g  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  a u t h o r  is dee | f l y  i n d e b t e d  to I~roless~w C. me ])tTVE o[ the  { ' n i v e r s i t y  of I . ouva in ,  ]~elgiuln, 
in w h o s e  l a b o r a t o r y  c e r t a i n  p h a s e s  of t h i s  w o r k  were  begS(ill, for h is  c o n t h l u e d  i n t e r e s t  in t he  pro l f lem.  
Also  to be g r a t e f u l l y  a ( k n o w l e d g e d  are  the  heIpfu l  ([ iscussi t )ns ;tilt[ l ab t ) r a fo ry  space  p r o v i d e d  by  
])rs.  (). IANI)BERG ANI) 1.. I']RN,qTI';I ). e l  the  \Vel l l le r - ( ; re l lS  I n s t i t u t e  ;111(1 t he  v a l m d A e  t e c h n i c a l  as-  
s i s t a n c e  of Bliss MARIANNE ['I.I~STRANI>. T h i s  w o r k  was  s u p p o r t e d  by  g r a n t s  f rom the  Swed i sh  
R e s e a r c h  Counc i l  a l ld  t he  ['.H. I 'ul>lie I i e a l t h  Serv ice .  
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