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SUMMARY 

I. The reduction of added DPN by succinate catalyzed by submitochondrial  
particles from beef hear t  has been studied. 

2. The reduction was endergonic and required specifically the addit ion of ATP. 
3. The reaction had  a l imited specificity for electron acceptors;  six DPN analogues 

tested were reduced a t  the same ra te  or nearly the same rate,  as was DPN.  TPN was 
only reduced a t  a very slow rate.  

4. The ra te  of reduction was influenced by phosphate  and  A D P  and their  effects 
became pronounced if added together.  

5. The effect of D P N H  was marked  only if added ~n a concentrat ion equal to or 
exceeding tha t  of DPN. 

6. Respiratory inhibitors act ing in the flavin region of the respiratory chain 
blocked the reaction. 

INTRODUCTION 

The reversibility of the oxidative phosphorylat ion processes was postulated by DAVIES 
AND KREBS and by KORNBERG AND KREBS 2 in x957. The first experimental  evidence 
for a reversibili ty ,.va~ presented by  CHANCE AND HOLLUNC, ER 8 in x957, who reported 
their  studies in greater  detail  4 in x96o. These first reports  dealt  with a reduction of 
intramitochondrial ly  bound DPN by succinate v i a  the respiratory chain. In t ra -  
mitochondrial ly generated high-energy bonds from the terminal  oxidation of suc- 
cinatc const i tu ted the energy source for this reduction. 

Simultaneously and independent ly  KLINGENBERG et al.5, e and AZZONE et a/fl 
had  made similar findings. KrI~GENBERG et a/.5, e demonst ra ted  a reduction of DPN,  
u~ing a-glycerolphosphate or succinate as the  electron source. ERNSTER s demonst ra ted  
an Amytal-sensi t ive reduction of acetoacetate  by succinate  in I96I .  

All three groups have developed various aspects of these processes in further 
extensive studies 9-~1, and a revei sibility over the entire respiratory chain has been 
demons t ra ted  by the oxidation of reduced cytochrome a by bound DPN in a system 
blocked wi th  cyanide 16. 

These invest igat ions have either been dependent  on a refined spectrophotomet~c 
technique for studies of shifts in the ox ida t ion- reduc t ion  s ta te  of electron carriers on 
the enzyme level, or else more indirect  method.~ have been used such as the reduction 
of acetoacetate,  utilizing the mitochondrial  dehydrogenase to t r ap  the  hydrogen from 
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i n t r a m i t o c h o n d r i a l l y  b o u n d  D P N H .  In  this  l a t t e r  case it  has  been  possible to  d e m o n -  
s t r a t e  r e d u c t i c n  of D P N  in " s u b s t r a t e "  a m o u n t s  w i th  i n t r a m i t o c h o n d r i a l l y  g e n e r a t e d  
h i g h - e n e r g y  b o n d s  as t he  e n e r g y  source  a n d  succ~nate as t h e  e lec t ron  d o n o r  to-~t. 

T h e  p re sen t  p a p e r  descr ibes  some e x p e r i m e n t s  in wh ich  " s u b s t r a t e "  a m o u n t s  of 
a d d e d  D P N  h a v e  been  r educed  by  sl, cc ina te  in  s u b m i t o c h o n d r i a l  par t ic les  u t i l i z ing  
a d d e d  A T P  to  d r ive  the  reac t ion .  

T h e  aspec t s  covered  in the  p resen t  p a p e r  are t h e  specif ici ty of the  source of 
energy ,  t h e  specif ic i ty  of t he  e lec t ron  acceptor ,  t h e  effects  of Mg z+ a n d  Pt, the  effects 
of i nh ib i to r s  of e lec t ron  t r a n s p o r t  a n d  of o, ,ddative p h o s p h o r y l a t i o n ,  a n d  also the  
s to i ch iome t r i c  r e l a t i onsh ip  be tween  the  a m o u n t  of A T P  b r o k e n  down  a n d  the  a m o u n t  
of D P N H  formed.  A de ta i l ed  desc r ip t ion  of the  p r o c e d u r e  for t he  p r e p a r a t i o n  of beef-  
h e a r t  m i t o c h o n d r i a  as well as for t he  s u b m i t o c h o n d r i a l  par t ic les  is g iven.  

A p r e l i m i n a r y  r epor t  on these  f indings has  been  pub l i shed  earl ier  2z. 

MATERIAL AND ,METHODS 

T h e  m e t h o d  f o r  t h e  p r e p a r a t i o n  of  b e e f - h e a r t  m i t o c h o n d r i a  d e s c r i b e d  h e r e  is  a s l i g h t  
v a r i a t i o n  o f  t h e  m e t h o d  o f  CRA,XE, GLEX.X A.~D G R EE~  2a, m o d i f i e d  t o  s u i t  t h e  l o c a l  

c o n d i t i o n s  T h e  s e p a r a t i o n  of  h e a v y  a n d  l i g h t  m i t o c h o n d r i a  w a s  d o n e  a c c o r d i n g  t o  

HATEFI  AND LESTER ~t a n d  t h e  p r e p a r a t i o n  of  p a r t i c l e s ,  E T P r l ,  b y  t h e  m e t h o d  of  

LINNANE AND ZIEGLIER '-'s w i t h  m i n o r  m o d i f i c a t i o n s .  

Preparation of heavy beef-heart mitochondria 
T h e  beef  hea r t s ,  o b t a i n e d  in the  s l augh te r -house  i m m e d i a t e l y  a f te r  kil l ing, were  

cu t  u p  r ad i a l l y  to  r e m o v e  the  blood.  T h e y  were t r a n s p o r t e d  in ice c o n t a i n e r s  to  tile 
l a b o r a t o r y  cold room,  where  c o n n e c t i v e  t issue,  fat  a n d  coagu l a t ed  blood was t r i m m e d  
off. T h e  pieces  were  cu t  r ad ia l ly  a n d  pa s sed  t h r o u g h  a precooled  electr ic  m e a t  g r inder .  
T h e  g r o u n d  m e a t  was  fed in to  a b e a k e r  c o n t a i n i n g  o.25 M sucrose  a n d  the  p H  was 
c o n t i n u o u s l y  a d j u s t e d  to  a b o u t  7-5 w i th  x M Tris.  T h e  suspens ion  was  d r a i n e d  on 
a d o u b l e  layer  of cheese-c lo th ,  a n d  the  m a t e r i a l  was  t h e n  we ighed  in ice-cooled beake r s  
i n t o  5oo-g a l iquo t s ,  each  of wh ich  was  r e s u s p e n d e d  in xooo ml  of a 0.25 M sucrose 
so lu t ion ,  o.ox5 M w i t h  respec t  to  E D T A .  T h e  suspens ion  was  s t i r r ed  a n d  s a t u r a t e d  
w i t h  n i t r o g e n  a n d  t h e  p H  was  a d j u s t e d  to  7.4 w i t h  I M Tris .  T h e  m a t e r i a l  was f u r t h e r  
d i s i n t e g r a t e d  b y  us ing  a n  U l t r a - T u r r a x *  h o m o g e n i z e r  for i min ,  t h e  p H  be ing  con-  
t i n u o u s l y  ad ju s t ed .  T h e  h o m o g e n a t e  was  cen t r i fuged  a t  x55o r e v . / m i n  for zo rain 
in  x-I c o n t a i n e r s  in r o t o r  No.  ~56 in an  I n t e r n g t i o n a l  cen t r i fuge  m o d e l  PR-2 .  T h e  d a r k  
r e d  s u p e r n a t a n t  w a s  d e c a n t e d  t h r o u g h  a doub l e  l ayer  of cheese-c lo th  a n d  then  
c e n t r i f u g e d  in a Se rva l l  m o d e l  RC 2 cent r i fuge .  This  c e n t r i f u g a t i o n  was  e i the r  done  by  
c o n t i n u o u s  flow in r o t o r  No. SS-34 a t  30 ooo ::< g, w i th  the  s y s t e m  in i t i a l ly  filled wi th  
0.25 M sucrose,  or  M t e r n a t i v e l y ,  a r o t o r  No. GSA w i t h  25o-rnl p las t i c  c o n t a i n e r s  w a s  
used ,  c e n t r i f u g i n g  a t  IOOOO y g for I5  rain. T h e  red  browaa s e d i m e n t  was  suspended  
in 0.25 M sucrose ,  o . o i  M wi th  respec t  to  Tr is -HC1,  a t  p H  7-4, a n d  h o m o g e n i z e d  in a 
P o t t e r -  E l v e h j e m  glass- tef lon h o m o g e n i z e r  

T h e  n e x t  c e n t r i f u g a l i o n  was  done  in p las t ic  t u b e s  in No. SS-34 r o t o r  for zo ra in  

" An  Ul t ra -Turra~  T P  x8/2 ( Jankc  und Kunkel  KG., Staufen in Breisgau, West  Germany) ,  
is ¢aoentialIy a stainless-steel tube,  the  end of which is silt radial ly-  a head with two knives  ro t a t e s  
in th is  end a t  a speed of 24ooo rev. /min.  

Biochim. Bioptlys. ,4eta, 69 (t963) 36t-3,7~ 



SUCCINATE-LINKED D P N  REDUCTION 363 

at  17000 ~-: g. The two upper  layers  of l ight  mi tochondr i a  were discarded and  the  
lower da rk  layer  of heavy  mi tochondr i a  was re-homogenized in a glass-teflon h o m o -  
genizer in suc rose -Tr i s  solut ion and recentr i fuged a t  17 ooo × g. If  l ight  mi tochondr i a  
were still remaining,  t h e y  were discarded and  the  h e a v y  mi tochondr i a  were finally 
homogenized in o.25 M sucrose. The mi tochondr ia l  suspension was ad jus t ed  to conta in  
2o m g  prote in  per  mI. 

The  prepara t ion  has  usual ly  starteci"with 4 beef hear t s  which,  depending  on size, 
gave 30o0-400o g of minced  mea t .  The  yield of h e a v y  mi tochondr i a  vat led be tween 
iooo and  23oo mg  of prote in .  

Preparatio,n of  s, tbmitochondrial particles (ETPH)  

The h e a v y  beef-hear t  m i tochondr i a  suspended in o.25 M sucrose were s tored at  
~ I O  ° overnight .  The suspension was  t h a w e d  under  the  cold wa te r  t a p  and  given a 
final concent ra t ion  of o.oI  5 M Mg 2+ and  o.oo1 M ATP.  When  s a t u r a t e d  wi th  ni t rogen,  
25-mi a l iquots  wele  exposed to sonic oscillation for z min  in a IO kC R a y t h e o n  Sonic 
Osci l lator  cooled wi th  runn ing  t a p - w a t e r  (4-8 °). A m a x i m u m  effect of z.z5 A was used.  
The  ent ire  t r ea t ed  b a t c h  was cent r i fuged  at  15 ooo × g in the  Serval l  centr i fuge,  head  
No. SS-34, for 6 min.  The  s u p e r n a t a n t  fluid was t hen  centr i fuged at  zooooo × g for 
40 rain in a Spinco mode l -L  u l t racent r i fuge .  The sed iment  was resuspended  in abou t  
ten  t imes  its vo lume  of 0.25 M sucrose m a d e  o .o i  M wi th  respect  to Mg ~+, a n d  homo-  
genized. This suspension,  cent r i fuged at  IOOOOO x g for 40 min  gave  a final sed iment  
of par t ic les  which was homogenized  and,  af ter  prote in  d e t e r m i n a t i o n ,  ad jus ted  to a 
final concen t ra t ion  of 2o mg  of prote in  per  ml  b y  add ing  s u c r o s e - M g  2+ solution.  

The  yield of par t ic les  was 250-400 nag pro te in ,  which  cor responded  to 17-22 % of 
the  prote in  in the  isolated mi tochondr ia .  

The un i fo rmi ty  of the  part ic les  was control led b y  electron microscopy* using two 
different techniques :  (a), o smium fixat ion,  E p o n  embedd ing  and  sect ioning;  (b), the. 
nega t ive-s ta in ing  technique  according to  BRENNER et al. ~. Both  techniques  confirmed 
the  un i fo rmi ty  of the  part icles.  On the  sections the  par t ic les  appea red  spherical  and  
de l imi ted  b y  a single m e m b r a n e .  On the  nega t ive ly  s ta ined  p repa ra t ions  the  m e m b r a n e  
was  visible as a th in  line t h a t  on i ts  ou te r  surface was  s t udded  bv  t i n y  par t ic les  each of 
abou t  7o A in d iameter )  a t t a c h e d  b y  ve ry  th in  f i laments .  

Assays  

The fo rmat ion  of D P N H  was s tud ied  by  the  change of ab so rbancy  at  340 mt~ in a 
B e c k m a n  D K - 2  spec t ropho tomete r .  The cuve t t e  c h a m b e r  was  m a i n t a i n e d  a t  3o °. 
The react ion m i x t u r e  conta ined"  50 mM Tris-HC1 at  p H  7.5, 6 mM MgCI,,  o.25 M 
sucrose, io  mM succinate ,  I mM KCN and  I mM D P N .  Par t ic les  were added  to  a 
concen t ra t ion  of o.15 m g  of pro te in  per  m!. This  m i x t u r e  was p re incuba ted  for abou t  
6o sec in order  to ob ta in  a zero-line and  the  reac t ion  was  s t a r t ed  b y  the  addi t ion  of 
ATP,  i mM, giving a final vo lume  of 3 ml.  A homogeneous  d is t r ibu t ion  of the  reagen t s  
in the  cuve t t e  was a t t a i n e d  b y  bubb l ing  n i t rogen  t h r o u g h  the  react ion m i x t u r e  in a 
short  per iod of t ime.  

The  succinic oxidase was  measu red  at  3 °o for 30 rain in W'arburg vessels con 
ta in ing  i mM ATP,  2 " ~ z  u ,~N , ~  ~, _._ r,~ . . . . . . . . .  e,'-..~,, I-°-5 . . . . . . .  ,, n 05 _._ sucrose, IO mM succinate ,  50 m2d 

" V~'e are indebted to Dr. 13. AFZELIUS for performing the electron-microscopy. 
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g l y c y l - g l y c i n  buffer,  60 mM glucose a n d  1.5 m g  h e x o k i n a s e  ( type  3)- The  a m o u n t  of 
pa r t i c l e s  a d d e d  c o r r e s p o n d e d  to i m g  of p ro t e in  a n d  the  final wf lume  was  I ml. 
T h e  cen t r e  well  c o n t a i n e d  o.x ml  of 2 M K O H .  

. P r o t e i n  w a s  d e t e r m i n e d  b y  t h e  m e t h o d  of  GORXALL et a l p  a n d  p h o s p h a t e  acco rd -  
i n g  to  M a r t i n  a n d  D o r y  as  d e s c r i b e d  b y  LINDBERG AND ERNSTER 28. 

RESULTS 

P h o s p h o r y l a t i n g  s u b m i t o c h o n d r i a !  p_-.rticles were  c a p a b l e  of r e d u c i n g  a d d e d  D P N  
w i t h  s u c c i n a t e  as  t h e  e l e c t r o n  donor .  T h e  r e d u c t i o n  w a s  e n d e r g o n i c  a n d  r e q u i r e d  t h e  
a d d i t i o n  of  A T P .  In  t h e  e x p e r i m e n t  i l l u s t r a t e d  in  F ig .  x, t h e  p a r t i c l e s  were  i n c u b a t e d  
w i t h  s u c c i n a t e  a n d  D P N  in  t h e  p r e s e n c e  of c y a n i d e .  T h e  a d d i t i o n  of A T P  a t  zero  t i m e  

i n i t i a t e d  t h e  r e d u c t i o n  of D P N .  
F u m a r a t e ,  a d d e d  i n  t h e  s a m e  c o n c e n t r a t i o n s  as  s u c c i n a t e ,  a n d  in  t h e  p r e s e n c e  or 

a b s e n c e  of A T P ,  d i d  no t  r e su l t  in  a n y  r e d u c t i o n  of  D P N .  T h i s  ru l e s  ou t  t h e  p o s s i b i l i t y  
of a r e d u c t i o n  b y  m e a n s  of D P N - c o u p l e d  d e h y d r o g e n a s e s ,  a n d  c lass i f ies  t h e  r e d u c t i o n  
as  a " r e v e r s a l "  of  t e r m i n a l  e l e c t r o n  t r a n s p o r t .  O v e r  t h e  r a n g e  u s e d  in  t h e  a s s a y s  t h e  
r a t e  of  D P N - r e d u c t i o n  was  p r o p o r t i o n a l  to  e n z y m e  c o n c e n t r a t i o n  (Fig.  9). 
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m i n u t e s  

Fig. x. Reduction of DPN by succinate on the 
addit ion of ATP. The cuvette contained in a 
final volume of 3 ml, 50 mM Tris-HC1 buffer 
(pH 7-5), 6 mM MgCI 2, o.z5 M sucrose, xo mM 
socliumsnccinate, t m M  DPN and i mM KCN. 
Enzyme particles were added corrcspon~'.~ng to 

/°  
4o 

g 2o 
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m g  p r o t e i n  I m l  

Fig.  2. The  effect of v a ~ ' i n g  concen t ra t i ons  of  
e n z y m e  par t i c les  on the ra te  of r educ t i on  of  
D P N .  E x p e r i m e n t a l  cond i t i ons  were  the  same 
as in  Fig.  z. E n z y m e  concen t ra t i ons  as i nd i ca ted  

in the figure. 

a protein concentration of o.15 mg/ml,  the baseline was recorded for about 6o sec before the 
addition of [ mM ATP. The figure shows the DPN-reduction upon the addition of ATP recorded as 
an increase in absorption at  a wavelength of 34o m/,. The temperature of the incubation was 3o °. 

T h e  reduct ion  w a s  c o m p l e t e l y  d e p e n d e n t  on the  add i t i on  of  Mg 2+. Max imal  
s t i m u l a t i o n  w a s  o b t a i n e d  at  a b o u t  5 - 6  mM of Mg z+, as s h o w n  in Table  Ia. T h e  addi t ion  
of E D T A  i n h i b i t e d  t h e  r e d u c t i o n  (Table  Ib)  to  an  e x t e n t  g r e a t e r  t h a n  c~-aid be e x p e c t e d  
f r o m  t h e  b i n d i n g  of  t h e  a d d e d  Mg z+. T h i s  is t a k e n  as  a n  i n d i c a t i o n  of  t h e  i n v G l v e m e n t  
o f  o t h e r  s i t e s  w i t h  f u n c t i o n a l  b i v a l e n t  m e t a l  i ons  t h a n  t h e  s i t e  d e p e n d i n g  on  t h e  a d d e d  
~Ig2"i '°  

Biochim. Biophys. Aaa.  69 (x963) 36t-374 
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Specificity for A T P  

The reduction was d6pendent  on ATP. No other  nucleotide tes ted was in the 
present  sys tem capable to  supply  energy for the reaction (Table IIa) .  The reduction 
obtained upon the addit ion of A D P  was mos t  l ikely ~ue to an adenyla te  kinase 

TABLE Ia 

THE EFFECT OF ~ g | +  ON THE REDUCTION OF DPN 

Experimental conditions as in Fig. z. MgCI 2 concentrations as indicated 
in the table. 

D P N  
Mg  ~ + reduced 
(raM) (mtamolcsl 

rain/rag of  
protein 

o o 

x 55 
3 63 
5 79 
6 79 
9 7 ° 

TABLE Ib 
THE E F F E C T  OF EDTA ON THE REDUCTION OF DPN 

Experimental conditions as in Fig. t. EDTA concentration as indicated in the table. 

E D T A  Inhibi t ion 
CraM) (%) 

i 34 
z.5 49 
5 7 x 
7.5 too 

ac t iv i ty  in the particle. In the presence of hexokinase and glucose to t r ap  ATP,  A D P  
was no longer able to drive the reduction.  The addi t ion of phosphoeno lpyruva te  and 
p y r u v a t e  kinase had  no effect on the ra te  of reduction.  This was somewhat  unexpec ted  
in view of the finding of PENEESKY et al.m, z° t ha t  an increase in the  ATPase  ra te  of a 
similar  prepara t ion  occurred when phosphoeno lpyruva te  and  pyxnavate kinase were 
used ~,.s a feed-in sys t em of high-energy phosphate .  These au thors  have  also repor ted  a 
po ten t  ITPase  ac t iv i ty  in their  purified prepara t ion .  The particles used in the present  
invest igat ion also possessed an ITPase  act iv i ty ,  which was about  half  of tha t  of the  
ATPase.  

A D P  has li t t le,  or no, effect on the  reduct ion of D P N  if added together  with the  
ATP. If added in equimolar  concentra t ion no inhibi t ion could be observed, compared  
with  an inhibi t ion of about  I5 % when the molar  ratio of ATP to A D P  was i /5  
(Table I!a) .  

Effect of phosphate 

Phospha te  had  a l imited inhibi tory effect on the reaction when added alone. 
I t  s t a r ted  to inhibit  in concentra t ions  above xo mM (Table I Ib) ,  However ,  if A D P  was 

Biochim Biophys  Acta. 69 (t963) 36x-374 
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present ,  t h e  Pt effect  was  more  pronounced .  T h e  inhib i t ion  b y  phosphate reported 
earlier a2 m i g h t  h a v e  been  due  to  the  presence  of a higher  unspeci f ic  A T P a s e  ac t iv i ty ,  
w h i c h  b r o u g h t  up  the  A D P  level .  The  earlier e x p e r i m e n t s  reported  b y  LOw et al.--°° 
s h o w e d  a l inear reduct ion  dur ing  a shorter  t i m e  interval  and  a lower  eff ic iency as 
expres sed  b y  the  ratio of  D P N - r e d u c e d  to A T P  added .  

"I'A )~.LE l l a  

THJ~ E F F E C T  O F  V h R I O U S  N U C L E O T I D E S  O N  T H E  R E D U C T I O N  O F  I)I 'N" 

E x p e r i m e n t a l  c o n d i t i o n s  a s  i n  F i g .  t .  A T P  is s u b s t i t u t e d  b y  o t h e r  n u c l e o t i d e s  w h e r e  i n d i c a t t . ( i .  
H e x o k i n a s e  a n d  p y r u v a t e  k i n a s e  w h e r e  i n d i c a t e d ,  w e r e  a d d e d  in  g r e a t  e x c e s s .  

Concvntration DPN reduced  
Nucltot ide addit ion (raM) (ml~mOleslmin] 

m~" of protein) 

E x p t .  t 

E x p t .  z 

E x p t .  3 

ATP t. o 
ATP 2 .o  
CTP I.o 
GTP i.o 
ITP t.o 
AMP t .o 
A D P  t . o  

A l ) t '  -b h e x o k i n a s e  t . o  

4 6 

5~ 
o 

o 

o 

o 

:3 
O 

A T P  0 . 0 7  14 
A T P  o. I o  z3 
A T P  o. x 7 42 
A T P  ~.o 7 ° 

A T t '  + p h o s p h o e n o l  
p y r u v a t e  + p y r u -  
r a t e  k i n a s e  l . o  + I . o  03 

A T I  ) t . o  69 
ATI > -f- AI)I' i.o + t.o 0 7 

.kT P o.  2 46 
A T P  + A D t "  o . z  + t . o  39 

A D P  l .o  z3 

TABLE Iib 

THE EFFECT OF INORGANIC PHOSPHATE ON THE RI~DUCTION OF DPN 

Experimental conditions as in Fig. I. SVherc indicated, ADP was added together~with the ATP to a 
final concentration of x raM. Pi concentrations as indicated in the table. 

DPN reduced 

Pt + ADP 
froM) (mtJmol~l (m~molesl 

rain~rag of min/mg of 
protein) protein 

E x p t .  t 

E x p t .  z 

- -  7 9  8 0  
° - 3 3  7 9  7 0  
z .66  69  39 
3 .33  72 25 

' 6 8  
i 7:$ 
z 7 9  
5 79 

zo 5x 

Bitwhim.  Biophys .  Acta,  09 (x963)  3 0 x - 3 7 4  
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717tw.~,ffmaiffba'~ of the electron acceptor 

llthe.~mflitieity for DPN as an electron acceptor is relatively small (Table I l ia ) .  
~ i~  IlklP3g anal~gttes were tested. Four  of the analogues were subst i tuted in different 
~ 3 .  ~iin tflw3~position of the pyridine ring, one had the  adenine moiety converted to 
iim~-m:,andtt~,o,were altered both  in the adenine moiety  and in the 3-position of the 
_.ff~ittim~ ningz. "lYttey were all less good electron acceptors than DPN, but  in no case 
~ ~ r~tt~, ofl reduction lower than  about  60 % of that  ot DPN.  

"I]IP3K. om t t ie  other hand,  was only reduced with a rate ot about  x5 % of that  of 
[l~[[~,'andtiffl]resent together with DPN, caused a lower rate of reduction as measured 
lix3,dt~iinmease in absorption at 340 mt~ (Table IIIb).  Under  the present conditions 
a t h i ~ ~ m ~  was not greatly influenced by change of the DPN/TPN ratio. 

~ead t a t~nn~  of D P N H  together with DPN did not drastically influence the rate 
, ,ffn~thttt~m.A~ equimolar concentrations of D P N H  and DPN the rate of reduction 
~wa~,,rr~.-z~% lower than  in the control (Table IIIb).  

" F A B L E  I I I a  

R I ~ D U C T I O N  O F  D P N  A N D  S O M E  D P N  A N A L O G U E S  B't" $ U C C I N A T E  

~ - ~ W x f i n v n t ~ l o o n d i t i o n s  a s  i n  F i g .  i ,  w i t h  s u b s t i t u t i o n  o f  D P N  b y  t h e  v a r i o u s  a n a l o g u e s  t e s t e d .  
• ht-~rvvthSp~u~ w e r e  p u r c h a s e d  f r o m  P a b s t  L a b o r a t o r i e s ,  M i l w a u k e e ,  W i s . ,  a n d  t h e  s p e c t r a l  

l ~ r o p e r t i e s  o f  t h e  a n a l o g u e s  w e r e  q u o t e d  f r o m  t h e i r  c i r c u l a r  O R - 1 8 .  

Absorption Extinction 
change at coe~cicnt used Ezpt.  x 
wavelength 

( mt~ ) (raM) ( ml, molcslmin i 
mg of protein) 

.,l~¢ptor ~'¢.duced 

£xpt .  a 
(mt ,mo~slminl  
mg of protein) 

~3-. kkt~mb, q t~.yxridine - D P N  
B 4~_~y~iklJat~tlltidiyde-D P N 
~ t i i m i ~ , t a i i a a m i d e -  D P N  
L l ~ e a n i n ~ l ~ 8 ~  
~ - ~ a t % y t ~ y ~ d i n e - d e a m i n o - D l ' N  
~3 q].~.~ii t in t  ~dt t ia t iyde-  do  a m in  o - D P N  

34 ° 6 . z  69  65 
363  9 . [  61 6 i  
358 9 .3  4~ 37 
395 t l . 3  56  57 
338  6 .2  54 53 
36 I  9 . 0  43 44 
356 0 .4  42 43 

T A B L E  l l l b  

r n ~ - -  ~-:t--FEt:'r O F  D P N H  A N D  T P N  o ~  T H E  R E D U C T I O N  O F  ] ~ P N  

C o n d i t i o n s  a s  i n  F i g .  I.  

A C £ C j ~  

DPN FPN DPNH reduced 
(m2tI) (m3t) (m31) (mi~molcs] 

minlmg of 
t~otein) 

E x p t .  I i . o  - -  - -  5 ~  

z . o  - -  - -  51 
t . o  t . o  - -  4 2  

I . o  ~ 7 

E x p t .  z o . z  - -  - -  59  
o , z  - -  o . i  54-5 
o . z  - -  o . z  46  
o . - z  - -  0 . 3  . - 8  

o.  i ~ ~ 5 4 . 5  
o. i - -  o .  ! 54-5 

B i o c l d m .  B i o p h y s .  H e r a ,  6 9  (~963) 36 t .  374  
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Relation between D P N H  formed  and A T P  added 

T h e  r e d u c t i o n  of D P N  p roceeded  w i t h  a l inea r  r a t e  for a b o u t  I o - I s r n ~  ~ i d ~ .  
p r e s e n t  condi t ions ,  a t  wh ich  t i m e  i t  s t a r t e d  to  level  off a n d  f inal ly r e a c h e d  e L r ~ t ~ ~  
(cf. Fig.  I).  T h e  A T P  r e m a i n i n g  w a s  d e t e r m i n e d  a f t e r  t h e  r e d u c t i o n  h a d  c ~ t t .  
2 .8 /~moles  of t h e  in i t i a l ly  a d d e d  3 . o / , m o l e s  of A T P  h a d  d i s a p p e a r e d . ~ 2 : 8 4 ; ~ , ~ J  
p h o s p h a t e  were  l i b e r a t e d  d u r i n g  t h e  s a m e  e x p e r i m e n t .  T h e  r ~  ~o~:~gm6&, 
(0.o7 mM) was  on ly  able  to  d r ive  the  r e d u c t i o n  a t  a r e l a t ive ly  low ra t e ,  prov~t~l t~t~ .  
A D P  a n d  Pt  concentration~o were  low (as in T a b l e  I Ia ) .  F u r t h e r  a d c l i t i o n , o f _ ~ '  
r e s u l t e d  in a f u r t h e r  r e d u c t i o n  of D P N  a l t h o u g h  a t  a lower  r a t e  a n d ~ t , ~ : a ~ ~ -  
e x t e n t .  U p o n  a s econd  a d d i t i o n  t h e  r eac t ion  leve led  off well  before  the  A T ~ a . ~ a e k l  
up.  T h e  e x t e n t  of r e d u c t i o n  s e e m e d  to  be g r e a t l y  in f luenced  b y  the  concent~x±:~-~-~! 
i n o r g a n i c  p h o s p h a t e  a n d  A D P  (cf. T a b l e  i Ib ) .  Aga in  the  r a t io  of D P N H  t ~ i D ~ N - ~ t  
to  p l a y  a smal l  role.  

A t  equi!ibrhL.r~, i~ t h e  a b o v e  e x p e r i m e n t  2.8 /~moles of A T P  c o r r e ~ l t t ~ ,  
o . 6 / , m o l e  of D P N  reduced ,  g iv ing  an  A T P / D P N H  q u o t i e n t  of 4.7/ I .  

T h e  A T P / D P N H  q u o t i e n t  was  also m e a s u r e d  u n d e r  s o m e w h a t  di f ferent  , : c~ -  
d i t ions .  T h e  i n c u b a t i o n  was  s t o p p e d  b y  t h e  a d d i t i o n  of perchlor ic  a c i d  ~ d ~ .  
l i nea r  p o r t i o n  of t h e  reac t ion .  As seen  in t h e  T a b l e  IV the  A T P / D P N H  q~ot,ien~m~_k~cT 
these  cond i t i ons  v a r i e d  b e t w e e n  3.2 a n d  3.5- T h e  A T P  wh ich  was  used  u p  i l r t ] ~ ¢ i ~  
was  a s s u m e d  to  be  equa l  to  t h e  Pt l i be ra t ed .  I n  t h e  s a m e  t ab l e  t h e  Pt  l i b e r a t e i d : ~ -  
t h e  s a m e  cond i t i ons  b u t  w h e n  no  D P N  was  a d d e d ,  is also g iven.  In  a l l t t r r e e , ~ x ~ 4 -  
m e n t s  t h e  p r e s e n c e  of D P N  i n c r e a s e d  the  a m o u n t  of Pt  l ibe ra ted .  I f  th i s  increa~o ~fl]?~ 
c a u s e d  b y  D P N  is t a k e n  as t h e  basis  for t h e  ca Icu la t ion  of t h e  A T P / D P N H ~  ~qmot~ent. 
v a l u e s  f r o m  o. 7 to  o.3 are  o b t a i n e d .  I t  s eems  l ikely  t h a t  an  e s t i m a t i o n  of t h e  A~[~P~XI-H 
q u o t i e n t  b a s e d  on t h e  gross  b r e a k - d o w n  of A T P  d u r i n g  t h e  r educ t ion  of  D P N  :~,v~i-~s,~m~ 
o v e r e s t i m a t i o n  of t h e  A T P  r e q u i r e m e n t  due  t o  t h e  unspecif ic  A T P a s e  activi tyYOia~t~.  
o t h e r  h a n d ,  if t h e  inc rease  in t h e  l i be ra t i on  of Pt  is t a k e n  as a basis  for the: e s p y .  
t h e  q u o t i e n t  is p r o b a b l y  u n d e r e s t i m a t e d ,  due  to  a c o m p e t i t i o n  b e t w e e n  D P N - r ~ t ~  
a n d  non-specif ic  h y d r o l y t i c  sp l i t t i ng  for t h e  p r i m a r y  h igh-energ  3" in te rmed£a te .~ i~h~  
the  p r e s e n t  d a t a  can on ly  i n d i c a t e  t h a t  t he  q u o t i e n t  is lower t h a n  3-4 a n f l i ~ e y  

t h a n  o.3. 

T A B L E  I V  

D E T E R M I N A T I O N  O F  T H F .  A T P / D P N H  9 U O T t ~ N T  

E x p e r i m e n t a l  c o n d i t i o n s  w e r e  t h e  s a m e  a s  t h o s e  i n  F i g .  ! w i t h  t h e  e x c e p t i o n  t h a t  t_qe: re~e~tme:-  
c u v e t t e  c o n t a i n e d  a c o m p l e t e  r e a c t i o n  m i x t u r e  m i n u s  D P N .  T h e  P i  l i b e r a t e d  w a s  . d e t e a m m m ~ t N a -  
takiLg out an aliquot for analysis simultaneously from each of the two cuvettes. DPNrre~e~.~¢~, 
the referencecuvette,, + DPN to the sample cuvette. APi refers to the stimulation o f ~ ~ x e ~ ,  
liboration caused by DPN. Pt /DPNH refers to total amour of DPN reduced during t h ~ t - [ ~ p v ~ d  
~P t /DPNH refers to the increase in phosphate liberation caused by the presence of i D ~ N . ~  

the incubation period over the amount of DPN reduced during the same per$o~ 

En~trae DPN H Pi libera~ol 
AP~ 

protein formed - -  DPN + D e N  (pmoles) 
(,nglml) (~ moles) (# w.olcs) (#w, otes) 

PiIDPNtd iA~I '~ ' l z~ t  

E x p t .  x 0 . 4 5  o. z4 0 . 6 8  o . 8 t  o. t 3 3- - '~  "-'~:.~-~ 

E, x p t .  z 0 . 4 5  o. z 6  0 . 6 6  0 . 8 3  o .  t 7  3 -22  , o ~ 5  

E x p t .  3 0 . 6 7  o . 2 7  0 . 8 5  o . 9 2  0 . 0 7  3 - 4 5  " ~ - ' ~ '  

B i o c h i m .  B i o p h y s .  . 4 c ~ ,  69  1I~o~3) ~ , ~ 0 ~ 3 4  
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Effect of inhibitors 
To e luc ida t e  t h e  e lec t ron  p a t h  f rom succ ina t e  to  D P N ,  a series of inh ib i to r s  of 

e lec t ron  t r a n s p o r t  were  t e s t ed .  As seen in T a b l e  V, inh ib i to r s  k n o w n  to  ac t  in the  
f lavin region i nh ib i t ed  the  r e d u c t i o n  of D P N .  4 ,4 ,4-Tr i f luoro- I - (z - th ienyl ) - I ,3 -  
b u t a n e d i o n e ,  r e p o r t e d  to  ac t  as an  i nh ib i t o r  of t h e  succinic-CoQ r e d u c t a s e  a* i nh ib i t ed  
the  reac t ion .  A m y t a l ,  k n o w n  to  ac t  in t h e  d i a p h o r a s e  f lavin region a~, was  :t p o t e n t  
i nh ib i to r  of t h e  r e d u c t i o n  in c o n c e n t r a t i o n s  even  lower  t h a n  n e e d e d  for c o m p l e t e  
inh ib i t ion  of t h e  D P N H  oxidase .  R o t e n o n e ,  wh ich  l ike A m y t a l  is r e p o r t e d  to  inh ib i t  
t h e  D P N H  oxidaseaa, a4 b y  t i t r a t i n g  a s i te  in  t h e  f l a v o e n z y m e  an also p r o v e d  to be a 
powerfu l  i nh ib i t o r  of t h e  r e d u c t i o n  of D P N  (Table  V). 

T A I 3 L E  V 

E F F E C T S  O F  A M Y T A L ,  I { O T E N O N E  A N D  4 , 4 , 4 - T R I F L U O R O - I - ( 2 - T H I E N Y ' L ) - I , 3 - B U T A N E D I O N E  
O N  T H E  R E D U C T I O N  O F  DPlXI 

Condit ior~.~ w e r e  a s  in  F i g .  I.  R o t e n o n e  a n d  4 , 4 , 4 - t r i f l u o r o - x - ( 2 - t b i e n y l ) - 1 , 3 - b u t a n e d i o n e  w e r e  e a c h  
a d d e d  d i s s o l v e d  in  2 p l  o f  e t h a n o l .  

Inhibitor Cotlcottral ion Inhibition 
OhM) (%) 

4 , 4 , 4 - T r i f l  u o r o -  x - ( 2 - t  h i e n y l  ) - ~, 3 - b u t a n e d i o n e  

A m v t a l  

0 . 0 2 7  37 
0 -054  45 
o . x l  74 
o.22 83 
o.  i z  t 3 
0 . 2 4  32 
0 . 4 8  87 
0-72 93 

R o t e n o n e  

(mpmolzslmg 
of protein) 

o . o 1 4  3 :  
0 . 0 2 6  45 
0 . 0 5 5  68  
o. t l  87 
0 . 2 2  I 0 0  

For  a n t i m y c i n  A m a n d  2N-non-fl-hydroxyquinoiine-N-oxide ~, i nh ib i to r s  of 
e lec t ron  "~"¢'~"~*~"-',ov---- a c t i n g  in the  c y t o c h r o m e  region,  t h e  p i c t u r e  is m o r e  complex .  
As d e m o n s t r a t e d  in T a b l e  VI b o t h  a n t i m y c i n  A a n d  2 N - n o n y l - h y d r o x y q u i n o l i n e - N -  
oxide,  w h e n  in h igh  c o n c e n t r a t i o n ,  i n h i b i t e d  t h e  r e d u c t i o n  of D P N .  In  t h e  case of 
a n t i m y c i n  A, however ,  th is  i nh ib i t i on  occu r r ed  a t  levels  wh ich  exceeded ,  b y  t en -  to  a 
hundred - fo ld ,  t h e  level  n e e d e d ' t o  g ive  the  s a m e  inh ib i t i on  of t h e  o x i d a t i o n  of s u c c i n a t e  
when  oxygen  was  used  as  an  e l ec t ron  a c c e p t o r  (Table  VI I ) .  I t  has  been  a r g u e d  t h a t  
" i t  is no t  to  be  e x p e c t e d  t h a t  t he  q u a n t i t a t i v e  effect  of i nh ib i to r s  of r e v e r s e d  e lec t ron  
t r a n s f e r  w o u l d  be  iden t i ca l  w i th  t h a t  on fo rward  e lec t ron  t r a n s f e r  s ince  t h e  r a t e s  of 
e lec t ron  flow differ b y  a b o u t  ten-fold"a .  D u r i n g  th i s  i n v e s t i g a t i o n  t h e  r a t e  of o x i d a t i o n  
"* . . . . .  : - " ^  i ~ n x ,  .~_ t h e  t . . . . . .  p t  *.-. . . . . . . . . . . .  .~ . . . . . . .  1.. i a= -- 

ra in / rag  of p r o t e i n  ; the  s a m e  r a t e  us ing  o x y g e n  as t h e  e lec t ron  a c c e p t o r  was  o .2o-o .30  
~ a t o m / m i n / m g  of p ro te in .  T h e  a n t i m y c i n  A inh ib i t i on  w' :s  also t e s t e d  u n d e r  con-  
d i t i ons  whe re  t h e  r a t e  of e lec t ron  flow was  m a d e  s imi la r  b y  pa r t i a l l y  b lock ing  t h e  

Biochim.  Bioph.w.  Ac, la, 69 (~963) 361- -374  
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succinic  d e h y d r o g e n a s e  wi th  mail~u~:.-ff!Itm,, when  the  r a t e  of ox ida t ion  of succ ina t c  
was  b r o u g h t  d o w n  to  o.xo ~ m d l e m i m m c g  of~ ~ pro te in ,  t he  a m o u n t  of a n t i m y c i n  A 
n e e d e d  to  i nh ib i t  t h e  reac t ion  wa~rlihe-~m'm.a~needed when  the  e n z y m e  w o r k e d  a t  full 
c a p a c i t y  (Table  VI I ) .  

EFFECTS OF ANTIM'VCIN A 'r~ND -2~¥='~h%~I~.-H~DROXYQUINOLINE-.~r-OXIDE, ON TtiE 
;~_t~t-mt~r,x o ~  DPN 

Conditions were as in Fig. x. The ~iritilhix,r~ xt~re ~ each added dissolved i~i -" /tl of ethanol. 

C onu:e~rd r a t  ior~ 
Inhibitor (#g/mg of Inhibition 

protein) (o/ ) 

A n t i m y c i n  A ! 

2 

4 
[ 2  

z N - N o n y l - h  y d r o x y q u i n  61in~-2~X:, ~x-~dh o. O 

-'.5 
3.8 
5.1 
7.5 

13 

37 
()3 

8 

" 7  
43 
63 
84 

l O O  

A l t h o u g h  it m i g h t  be  x.he " ' ~ " "  e .~?lanat ion to  a t t r i b u t e  t h e  inh ib i t ion  ot 
a n t i m y c i n  A to  i ts  classical  e f fec t . ,  w~v xw~uti~, p re fe r  to  r ega rd  it as a secondaD,  un-  
coup l ing  effect  r e su l t i ng  in an~f f l~a~e~mt~d~ ,  a ~ d e s c r i b e d  by  MYERS AXD SLATV-R ~. 

2N-Nonyl-hydroxyquin01in(~%0~qii[~.  im tiigh c o n c e n t r a t i o n s  also i nh ib i t ed  the  
r e d u c t i o n  oi  D P N .  To  block~Che~ o~iiih~im.~ ~fi-suecinate wi th  D P N  or oxygen  as e lec t ron  
accep to r s  respec t ive ly ,  requiref l  r~en ~ lt~a~ ~ V - n o n y I - h y d r o x y q u i n o l i n e - N - o x i d e  
in the  l a t e r  case. W e  are inctinefl too, ~hdii~x~e, t~iat t he  a r g u m e n t  used  f(~r the  m o d e  of 

I]A',,I~R~-; V H! 

I I g H [ B I T I O N  (}F aq[r( ' . tdh 'q~l~-l- .~OX'lD~qr ' I lY}N B Y  A N T I . ~ I Y ( ' I N  :~ A N D  

E x p e r i m e n t a l  c o n d i t i o n s  a r e  g i v e n  ~ m - ~ t r ~ m ~  q31ie i n h i b i t o r s  w e r e  d i s s o l v v d  in  e t h a n o l  a n d  
~dded ~n ~ w i h m t ~  of~ ' -  I~| e a c h .  

Co~¢LWT~Iio~ Inhibition 

Inhibitor (teSting of - -  + malmmte 
InmCeirO (%)  (%)  

A n t i m y c i n  A o , o 5  6-9 o 
o . i  34 .0  IS 
o , x ~  4 E . 4  35 
o.x 3 8~. 7 8o 
0 .  I .~  I O O  I O O  

" N -  N o n  y l - h  y d r o x  y q  u in f  i l m ~ A \ : ,  mdi~. o. r5 ; . S  t 9  

0 .3  44-3 32 
0, 4 07. z 00  
o , o  80 .9  68 
o.  65 0o.  2 '~3 

H i . c h i m .  B iophy .~ .  A c t a ,  ¢.~ (x9¢,3) 361 371 
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action of ant imycin A above might  also be applied to the action of zN-nonyl-hydroxy-  
quinoline on the succinate-linked reduction of DPN.  

Agents blocking t ransphosphorylat ion such as oligomycin, or which uncouple 
t ransphosphorylat ion from electron t ransport  such as DNP or dicoumarol were potent  
inhibitors of the reduction of DPN (Table VIII) .  Oligomycin~, *° gave a 50 % in- 
hibition at about  o.o7 pg/mg of protein. D N P  and dicoumarol gave a 5o % inhibition 
at 3" Io-a M and 5" xo-7 M respectively, indicating that  any interference with the 
energy supply had a severe consequence on the reaction. 

T A B L E  V I I I  

E F F E C T S  O F  DNI' ,  I . ) I C O U M A R O L  A N D  O L I G O M Y C I N  O N  T H E  R E D U C T I O N  O F  D P N  

( '~,n0itions as in Fig. I. O l igomyc in  and  d i c o u m a r o l  were  d issolved in e t h a n o l  and  added  in 
v o l u m e s  of z/~1 each. 

Conccnttatio~J inhibition 
1 n bib ilor (pg/mg ol protein) (%)  

Ol igomyc in  0.043 29 
0.063 44 
0.08 09 
o. x3 93 

(raM) 

D N I '  

D icoumaro l  

I o  - 3  1 7  

2 • I O -a 40 
3" Io-a 5 I 
5" Io-S 72 
()" t o  -~  90 

1o -4 13  
2 .~" 1o -1 22 

7" IO-4 54 

DISCUSSION 

The results of the present investigation agree with earlier findings of a reversal of 
oxidative phosphorylation.  The simplicity of the system: the reduction of substrate 
amounts  ol adue~ DPN by succinate made energetically possible by the addition of 
ATP, dismisses some of the doubts  tha t  have been raised 41 about  the significance of the 
involvement  of the respiratory chain in the reduction of DPN by  succinate. 

Substantial  oxidation of succinate by  DPN has in earlier reports been coupled to 
19 21 a t rapping of hydrogen by e.g. acetoacetate - thus involving a mitochondrial  

dehydrogenase. KREBS AXI) EGGLESTON 41 have argued tha t  most of the acetoacetate 
reduction involves only the mitochondrial  dehydrogenases, and tha t  the reduction 
via  the respiratory chain is of little significance. They point out tha t  the reduction of 
DPN via  the respiratory chain might  be of significance only during short- t ime in- 
cubations (T--2 m l n )  w h e r e a s ,  i n  t h e i r  e x p e r i m e n t s ,  w i t h  a n  i n c u b a t i o n  t i m e  o f  3 o - 6 o  

r a i n ,  t h i s  p a t h w a y  w a s  o f  m i n o r  i m p o r t a n c e .  

I n  t h e  p r e s e n t  i n v e s t i g a t i o n  a n  e n z y m i c  p r e p a r a t i o n  h a s  b e e n  u s e d  w h i c h  is  t o  a 

l a r g e  e x t e n t  d e f i c i e n t  i n  m i t o c h o n d r i a l  d e h y d r o g e n a s e s .  T h u s  t h e  a d d i t i o n  o f  f u m a r a t e  
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does not  cause reduct ion of DPN under  any circumstances,  showing tha t ,  in these 
experiments ,  the only possible p a t h w a y  for electron t ransfer  is via the  respira tory  
dminm. The reduct iGnis  l inear wi th  t ime for approx.  I5 rain and  proceeds fur ther  in a 
m~m-~a~ear fashion for periods up to 3o min under  the  condit ions used. I t  is therefore 
¢~fftctt[t to  see how the objections raised by  KREBS AND EGGLESTON 41 against  the 
m~-o~ement  of the respira tory chain in the reduct ion of DPN by succinate  could apply 
minter t he  present  conditions.  

T h e  condit ions used in this invest igat ions  also seem to rule out  another  objection 
~ h  has  been raised in connection with  exper iments  which show only the reduction 
oa int~__mitochondrially bound DPN.  I t  has been argued 42 tha t  it is difficult to  distin- 

between the  possibilities of whether  succinate,  as such, is the  source of electrons, 
a r  ~ e t h e r  succinate  ac t iva tes  some in terna l  source of electrons which in turn  reduce 
DIP~. The amoun t  of DPN reduced in the  present  exper iments  by  far exceeds the 
ammmmt of endogenous subs t ra te  present .  

I n  one respect  the present  findings are a t  var iance with  those of other  workers. 
i t  ires been repor ted  by others  x°.16 t h a t  when externa l ly  added ATP is used to drive 
t ~  react ion,  added Mg z+ is found to be inhibi tory,  and  reduct ion is facil i tated by the 
additiott  of EDTA.  When  the  reduct ion is ca ta lyzed by  submitochondr ia l  hear t  
~ . f f e s .  as in the  present  case, Mg z+ is a prerequisi te  for the  reduct ion (Table Ia). 
[ : [FFA tT£able Ib) s t rongly inhibits  the reaction,  even to a greater  ex ten t  t han  could be 
~ q ~ t e d  from its b inding of the  added Mg 2+. This  may  mean  t h a t  the  previously 
m~lm~ed effects of Mg "-+ and  E D T A  are due to an  interference of Mg z+ on some t ransfer  
mmdmmisms ~ connected wi th  the in tac t  mitochondria l  membrane  s t ruc ture  which are 

pL~ent  ~ sub.~.dtochondxial prepara t ions  of this  type.  
T h e  invest igat ion of the  ac~'.'-~n of respira tory inhibi tors  in the  present  system 

am idea about  the  electron p a t h w a y  which may  be involved. Inhibi tors  ac t ing 
¢mi t ~  t ~ - i n  level such as Amyta l  and  Ro~enone ~-as, which block the electron t rans-  

~ h  the  diaphora.se flavin, are inhibi tory;  this  is in agreement  wi th  what  has  
been  repor ted  by  others.  4,4,4-Trifluoro-I-(2-thienyl)-I ,3-butanedione,  act ing on the 
nc~-heme  iron cons t i tuen t  of the  succinic-CoQ reductase,  also inhibi ts  the  reduct ion s*. 

t he  specificity of this  inhibi tor  might  be questioned,  its inhib i tory  effect 
the  possibili ty of a direct t ransfer  of the  electrons from the  succinic dehydro-  

gtmm~ flavin to  the  diaphorase flavin. 
inhibi t ion caused by ant~mycin A repor ted  in this paper  is not  a t t r i bu t ed  to 

t ! ~  eff~o, sieM abi l i ty  of an t imycin  A to block the  electron t ranspor t  in the  cytochrome 
between cytochrome b and  cytochrome e, bu t  i t  is a t t r i bu ted  to i ts  capac i ty  a t  
eo~¢etitrations to  affect the coupling system. The concent ra t ion  needed for 5o % 

of succinate  oxidat ion wi th  D P N  as the  electron acceptor  is about  a hundred  
grea te r  t h a n  t h a t  needed ~_o give the same inhibit ion when oxygen is used as 

~a : t l~o r ,  
present  in te rp re ta t ion  conforms wi th  t h a t  of KLX~'GENBERG AND SCHOLL- 

~ a n d  also with  t h a t  of Em~ST~R et a2.11. I t  is a t  var iance  with  the in te rpre ta t ion  
o4[ C~m~cE AND HOLLUNGFR a, who repor ted  a decrease in the  ra te  of reduct ion of 
~ o c h o n d r i a l l y  bound DPN wi th  approx imate ly  the  same concentra t ions  of 

A as used here. KLINGENBERG:AND SCHOLLMI~YER found tha t ,  upon the  
of amtimycin A, the  endogenous source of energy could no longer be used for 

~ ~ i ~ : ; ~  t h e  reductio,1 of bound DPN,  Thei r  source of electrons was glycezol z-phos- 
• .. i .  

: . , :  .i " , ,  • - ~ - : :  .. " .  . " " 
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phate. Added ATP, however, could be used as the energy source~o,/txiia~etlt~~t~ibn~ 
of DPN in the presence of ant imycin A also. Em~STER et al. m, w'ho ~ h . ~  tlm~ma tmin~ 
internally generated high-energy intermediates to drive the reduetien,eff~am~,a~emt~ 
from succinate, also demonstra ted an ant imycin A i n s e n s i t i ~  tin ~ s~s~am~ 
Since they were dependent  on the terminal  electron-transport  s y ~ e m  flora tire ~ t p t ~  
of energy, ant imycin A alone could not be used to demonstra te  W h ~ h e r t ~ e  .~4i~offin~ 
hibition of this drug was involved or not. However, by the add2tien ,~ff ~ a n i ~  
together with ant imycin A, they were able to bring about the reduetfien,gffa~tu~mmtnre 
with energy supplied by the ant imycin A-insensitive oxidation ,eft ffmnii _.t33anii~ t~n~ 
demonstra t ing the ant imycin A insensit ivi ty of the pa thway  from .~ue6inn~ttroa~et~o- 
acetate. 

It  has been suggested tha t  the ATPase act ivi ty of s t ruetura~y~mugl~m~ rrri~.)- 
chondria is par t  of the enzymic machinery of oxidative phosphor~ln~ienm.allIti~xie~ 
is further  stressed by the ATP-dependent  DPN reduction. The . ~ ~  w~l~., and: 
varying, s t imulat ion by DPN of the rate  of liberation of Pt ine id~e~,  a~ ~ d 3  
earlier 4n, tha t  hydrolysis of the high-energy linkage might  occur s o m e ~ ~ a t b n g z t ~ e  
line to the point of the functional energy utilization. 

From the present da ta  it might  be possible to go one step ~ e r i i m ~ t t i e  
relation between the oxidative machinery and the nucleoside ~ ' h o ~ i l n t S m ~  am~iilay. 
The finding tha t  ATP is the only nucleoside t r iphosphate  tes ted  .~f l~a ~ ~ .  t~, 
accomplish the reduction of DPN indicates tha t  only the A q T P ~ 6 t ~  amdtmsii~__ 
t r iphosphatase ac t iv i ty  might  be regarded as a par t  of the c o u p l i n g ~ . ~ d i ~ i i ~ i n  
accordance with the finding tha t  only ADP may  be used as ~he ~ h ~  ammpt~g 
for the electron-coupled phosphorylat ion in sub_rnitochondrial ~__m~dles a~ w~lll a~ in  
intact  mitochondria .  

The present system opens possibilities to prove or disprove tt[he ~ ofla~ 
high-energy intermediate  of D P N H  ~ I or DPN ~ I type ~. ~tfJaex!~a riffle ~a~_~_r 
investigation adds no convincing evidence as to whether  the  ~ ~ t ~ - y ,  
bond is connected to the pyridine nucleotide side or to the ~ ~ii[i~_, ~ l t m J k o ~  
specificity both  in the subst i tuents  of the pyridine ring and Jn ~he a a ~  ~ of 
DPN demonst ra ted  here, argues against  the concept of the form~r~ion ,~ff :a ~ r g y  
bond in connection with pyridine nucleotide. 
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