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On the reversibility of succinic dehydrogenase* 

In  1937 ];[SCHEI~ AND I"~YSENBACtl 1 descr ibed an enzyme in yeas t  p r cpa ra t i ous  which catalyz(-d 
the  reduc t ion  of f u m a r a t e  to  sncc ina te  in the presence of su i tab le  reduced dyes, such as leuco- 
m e t h y l e n e  violet  and  l eucod ie thy l sa f ran in  °. In the in t e rven ing  years  there  has  been cons iderable  
specu la t ion  on the possible  i d e n t i t y  of FlSCHH~'S " fumar ic  hyd rogenase"  and succinic dehydro-  
genase, lint,  p r o b a b l y  because  of the use of unsu i t ab l e  e lec t ron acceptor  dyes, succinic dehydro-  
genase a c t i v i t y  was not  demons t r ab l e  in purified prepara t i (ms  of the [;ISCHER enzylue.  More 
recent ly ,  " fumar i c  hyd roge na s e "  a c t i v i t y  was also observed  in pa r t i cu l a t e  3 as well as soluble 4 
p r epa ra t i ons  from hea r t  muscle.  The a va i l a b i l i t y  of a re l iable  assay  and of essen t ia l ly  homogeneous  
p r epa ra t i ons  of succinic dehydrogenase  from an ima l  t issues  '5 afforded an o p p o r t u n i t y  to tes t  
whe the r  succinic dehydrogenase  can reduce fumara te .  

Fig. 1. The reox ida t ion  of reduced succinic E45 c 
dehydrogenase  by  fumara te .  Condi t ions :  the  
main  c o m p a r t m e n t  of a Thunberg  tube  which 
f i t ted t i le  B e c k m a n  s p e c t r o p h o t o m e t e r  con- 
t a ined  9.4 ing succinic dehydrogenase  (about  
7 ° % pure), loo t,sll t r i s ( h y d r o x y m e t h y l )  02 
a m i n o m e t h a n e  bufler  p H  8. 3, and  15o /z~4 
phospha te ,  pH  7.6, in a vo lume  of 3 ml. The 
side a rm con ta ined  i o o / , M  neu t ra l  dr ied  
fumara te .  Hydrosu l f i t e  (HS) was added  in 
concen t r a t ed  solut ion in ve ry  s l ight  excess 0.1 
over  t h a t  needed for reduc t ion  of the  enzyme,  
then  the  tube  was  twice e v a c u a t e d  and filled 
wi th  pure  N 2. F u m a r a t e  (FUM) was added  
a t  the  po in t  ind ica ted  by  the  arrow. The E4~ o 
va lues  shown are corrected for the  s l ight  dilu- 
t ion caused by  the  add i t ion  of hydrosulf i te .  
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I t  has been shown 6 t h a t  the  dehydrogenase  isola ted from beef hea r t  is in the  form of the  
ferroflavoprotein, and t h a t  the  color due to the  f lavin componen t  m a y  be b leached  by  hydrosulf i te .  
This  appears  to  be a t rue  reduc t ion  of the  f lavin i n a s m u c h  as ae ra t ion  causes  r e tu rn  of the  or ig inal  
a m b e r  color. In  the  absence of excess hydrosul f i te  and  under  anaerobic  cond i t ions  the  leucoferro- 
f lavoprote in  is s table,  bu t  if f u m a r a t e  is t i pped  in, an i m m e d i a t e  r eox ida t ion  occurs, w i th  an 
e v e n t u a l  r e tu rn  of t i le  no rma l  absorp t ion  spec t rum of the  oxid ized  enzyme.  The in i t i a l  r ap id  
recolor iza t ion (Fig. I), as measured  at  45o m u, does not  a lways  reach comple t ion :  i t  is fol lowed 
by  a slow secondary  react ion.  Since the  enzyme  used in these  expe r imen t s  had  lost  some a c t i v i t y  
on s tanding ,  the  slower secondary  reac t ion  m a y  be due to a reac t ion  be tween  ac t ive  succinic 
dehydrogenase  and  i ts  inac t ive  leuco form, an e x p l a n a t i o n  offered by  MORELL for the  s imi la r  
behav io r  of x a n t h i n e  oxidaseL 

The revers ib i l i ty  of succinic dehydrogenase  has also been d e m o n s t r a t e d  by  the  use of th i s  
enzyme  as a c a t a l y s t  for the  ox ida t ion  of l eucod ie thy l sa f ran in  by  fumara te .  The reac t ion  was 
followed in special  T h u n b e r g  tubes  which f i t ted a spec t ropho tomete r .  Under  s u i t a b l y  anaerobic  
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Fig. 2. Re la t ion  of enzvme concen t r a t i on  to  fumar ic  
hydrogenase  ac t iv i ty .  Abscissa, enzyme  added  (o.17 
m g / m l  solut ion) ;  ordinate ,  reciprocal  t ime  (min 1) for 
r eox ida t ion  of the  l eucodie thy l sa f ran in .  The l a t t e r  is the  
t ime  requi red  for the  t r ans i t i on  from opt ica l  dens i t y  
= o.o5 (92 % reduct ion)  to op t ica l  dens i ty  = o.3o (54 % 
reduct ion)  in the  K l e t t  colorimeter ,  equ ipped  wi th  a 
green filter. Condi t ions :  as in Fig. i excep t  t h a t  phos- 
p h a t e  was the  only  buffer p resen t ;  l eucod ie thy l sa f ran in  
concen t ra t ion  = 3.6. Io-SM. The tubes  were evacua t ed  
prior  to add i t ion  of j u s t  sufficient hydrosu l f i t e  to  dec()- 
lorize the  dye. Tempera tu re ,  3 o°. The b l a n k  w i t h o u t  en- 
zyme was zero and  the  in i t i a l  r a te  was l inear  in each case. 

* These s tudies  were a ided by  a con t r ac t  be tween the  Office of N a v a l  Research,  D e p a r t m e n t  
of t i le Navy,  and  the  Edse l  B. Ford  I n s t i t u t e  for Medical  Research,  Nonr-I656(oo),  and  by  g ran t s  
from the Amer ican  H e a r t  Associa t ion and the  Na t iona l  H e a r t  I n s t i t u t e ,  U.S. Publ ic  H e a l t h  
Service. 
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cond i t ions  the  reox ida t ion  of the  dye was negl igible  in the  absence of subs t r a t e  du r iug  the  ex- 
p e r i m e n t a l  per iod;  w i th  the  subs t r a t e  p resen t  the  in i t ia l  r a te  of recolor iza t ion was p ropor t iona l  
to the  concen t r a t i on  of the  dehydrogenase  (Fig. 2). At  pH 7.6 and 3 °o in the  presence of the  
dehydrogenase  the  ra te  of r educ t ion  of f u m a r a t e  by  l eucod ie thy l sa f ran in  was abou t  i / 2o th  as fas t  
as the  ox ida t i on  of succ ina te  by  phenaz ine  methosu l fa te .  I t  m u s t  be emphas ized  t h a t  these ra tes  
h a v e  been de t e rmined  wi th  different  dyes and  thus  m a y  not  reflect the  t rue  ra tes  of the  respec t ive  
p r i m a r y  enzymic  react ions .  Like  the  ox ida t ion  of succinate ,  the  reduc t ion  of f u m a r a t e  is inh ib i t ed  
by  m a l o n a t e  and  p -ch lo romercur ibenzoa te  a t  the expec ted  coucent ra t ions .  \Vith the  hea r t  
enzyme,  ne i ther  the  forward nor  the  reverse  reac t ion  is accelera ted  by  the  add i t ion  of FAD or 
of ferrous iron. Thus  we are unable  to confirm HARRISON'S f inding 3 t h a t  " fumar ic  h y d r o g e n a s e "  
ac t ion  in d ia lyzed  Ke i l in -Har t r ee  p r epa ra t i ons  requires  ac t i va t i on  by added  iron. We have,  
however ,  observed a non-enzymic  side reac t ion  inw) lv ing  the  acce lera ted  r eox ida t ion  of the  leuco 
dye by  res idual  O 2 in the  presence of Fe .2, which was poss ib ly  not  noted  by  HARRISON under  
his e x p e r i m e n t a l  condi t ions.  

i t  appears  clear  f rom th is  d a t a  t h a t  the  act ion of succinic dehydrogenase  is read i ly  revers ib le  
and t h u s  there  is no fu r the r  reason to assume the  exis tence  of a sepa ra te  fumar ic  hydrogenase ,  
a t  leas t  in an ima l  t issues.  
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II s ' ag i t  ici d ' un  g rand  sujet ,  t ra i t6  dans  un  pe t i t  livre. Aussi l ' a u t e u r  a-t-i l  choisi ce r ta ius  
s e u l e m e n t  des aspects  du mdtabo l i sme  des prot~ines  chez les a n i m a u x  sup6rieurs,  pour  y con- 
cen t re r  plus  pa r t i cu l i~ remen t  son a t t en t ion .  Le th6me au tour  duquel  est cons t ru i t  l ' ouvrage  en 
ques t ion  est  que le m6tabo l i sme  des protdines  consis te  essen t ie l l ement  en la d6pendance  les uns 
des au t res  des m6tabo l i smes  des acides amin6s  qui  les cons t i tuen t ,  p lu t6 t  qu ' en  les m6tabo l i smes  
ind iv idue l s  de chacun  de ces acides aminds considdrds ind6pendan lmen t .  , \prhs un  p remie r  
chap i t r e  conce rnan t  la d igest ion et  l ' absorp t ion  des prot6ines,  l ' au teu r  donne un aperqu g6n6ral 
du m6tabo l i sme  de l 'azote .  I1 6tudie  eusui te  les r6act ions de d6samina t ion  et  ile t r an sami na t i on ,  
ainsi  que celles qui conduisen t  5~ la fo rmat ion  de l 'urde;  il passe & la descr ip t ion  des aspec ts  
gdndraux  du m6tabo l i sme  des acides aminds;  puis consacre  un chap i t r e  ~ l ' u t i l i s a t ion  (los isotopes 
dans  les recherches conce rnan t  le n ldtabol isnie  des prot6ines ;  apr6s l 'd tude des ac t ions  hormona les  
sur ce mdtabo l i sme ,  il t e rmine  pa r  une discussion de la va leur  n u t r i t i v e  des protdines .  Chaque  
chap i t r e  es t  su iv i  d ' une  l is te  de rdfdrences jud ic i eusemen t  choisies. I1 est  r e m a r q u a b l e ,  combien,  
en un  nonlbre  r e s t r e in t  de pages, l ' a u t e u r  ,% pu grouper  a u t a n t  de donndes exp~r in len ta l e s  et  
d'aper~ms personnels .  II est  ce r ta in  que ce pe t i t  vo lume  sera lu avee profit  p a r  tous ceux  qui  
d6si rent  avoir,  prdsent6 d 'une  faqon ~t la fois originale,  sugges t ive  et  claire,  l ' essent ie l  des con- 
naissauces  ac tue l les  sur  le mdtabo l i sme  des  protdincs.  
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