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Intra- and extramitochondrial isocitrate dehydrogenases 

In  the course of invest igat ing the funct ion of the extramitochondr ia l  enzymes of the 
citric acid cycle 1, we observed that  the intra-  and extramitochondr ia l  isocitrate de- 
hydrogenase activities of rat  liver do not  result from identical  enzymes. This report 
presents evidence for the heterogeneity of intra-  and extramitochondr ia l  isocitrate 
dehydrogenases of rat  and  chicken liver. 

Rabbi t s  were injected in t ravenous ly  with 4-6  mg of in t ra-  or extramitochondri~ 1 
rat  enzyme preparat ions  twice a week for a period of 6 months .  Serum was then taken 
from the rabbits ,  was heated at 56 ° for 3 ° min,  and  was stored frozen. Serum from 
a rabbi t  which had  received the mitochondrial  enzyme preparat ion was found to 
inhibi t  in t rami tochondr ia l  isocitrate dehydrogenase ac t iv i ty  bu t  no t  extramito-  
chondrial  isocitrate dehydrogenase activity.  Table I demonstra tes  the immunological  
differences of the two enzymes. Sera from four rabbi t s  injected with the extra-  
mitochondria l  enzyme preparat ion were without  effect on in t ra-  or extrarni tochondrial  
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T A B L E  1 

I M M U N O L O G I C A L  D I F F E R E N C E S  B E T X V E E N  I N T R A -  ANI)  E X T R A M I T O C H O N D R I A L  

I S O C I T R A T E  D E H Y D R O G E N A S E S  OF RAT L I V E R  

Mitochondr i a  of r a t  l iver  were p repa red  in  o.25 ~r sucrose accord ing  to the  n lc thod  of HO~BOOM ~ 
as modif ied b y  MYERS AND S L A T E R  3, The m i t o c h o n d r i a  f rom one ra t  were suspended in a b o u t  
4 ml  d is t i l l ed  w a t e r  and  sub jec ted  to sonic osc i l l a t ion  in  a R a y t h e o n  Sonic Osc i l la tor  (Model DF  1 o i, 
25o W) a t  a b o u t  o ° for i o  min.  The suspens ion  of b roken  m i t o c h o n d r i a  so ob t a ined  was cen t r i fuged  
a t  3oooo r e v . / m i n  in  ro to r  n u m b e r  3 ° of a Spinco p r e p a r a t i v e  u l t r acen t r i fuge  for 3 ° rain. The 
s u p e r n a t a n t  con t a ined  v i r t u a l l y  al l  of the  mi tochondr i a l  i soc i t ra te  dehydrog , '~asc  a c t i , i t y .  This  
m a t e r i a l  is cal led " i n t r a m i t o c h o n d r i a l  enzyme  p r e p a r a t i o n " .  E x t r a m i t o c h o n d r i a l  h igh-speed 
s u p e r n a t a n t  was  p repa red  f rom the  first  s u p e r n a t a n t  r e m a i n i n g  a f te r  cen t r i fug ing  down the m i t e  
c h o n d r i a  b y  c e n t r i f u g a t i o n  a t  3000o r e v . / m i n  in  ro to r  n u m b e r  3 ° of the  Spineo p r e p a r a t i v e  ul t ra-  
cen t r i fuge  for 3 ° min.  I t  was  d ia lyzed  a g a i n s t  0.05 31 p o t a s s i u m  p h o s p h a t e  buffer a t  o" for 14 h. 
This  m a t e r i a l  is cal led " e x t r a m i t o c h o n d r i a l  enzyme  p r e p a r a t i o n " .  An a m o u n t  of in t ra -  or ex t ra -  
m i t o c h o n d r i a l  enzyme  p r e p a r a t i o n  which  gave  a change  in  a b s o r b a n e y  a t  34 ° m #  of be tween  
0.o5 and  o. 1 /min in  t he  i soc i t r a t e  dehydrogenase  a s say  4 was i n c u b a t e d  wi th  abcnlt t ml  of hea t ed  
r a b b i t  s e rum a t  o ° for 14 h. The i n c u b a t i o n  m i x t u r e  was  t h e n  cen t r i fuged  in r .  J 4 ° of the  Spinco 
p r e p a r a t i v e  u l t r acen t r i fuge  a t  38 ooo r ev . /min  for 2 h, and  the  s u p e r n a t a n t  so o b t a i n e d  was assayed  
for TPN-specif ic  i soc i t r a t e  dehydrogenase .  The resu l t s  shown  were o b t a i n e d  w i t h  se rum ob ta ined  
from a r a b b i t  which  ha d  been i m m u n i z e d  w i t h  the  i n t r a m i t o c h o n d r i a l  enzyme  p repa ra t i on .  

Sera f rom r a b b i t s  which  had  no t  been  i m m u n i z e d  were used as controls .  

Source of en,~ym~ activity Expt. 

Percent of original isocitrate dehydrogenasc 
activity remaining in supernatant after 

incubation with serum of rabbit injected with 

(a) (b) intramitochondrial c:mtrol enzyme preparation 

I n t r a m i t o c h o n d r i a l  I 4 Ioo 
e n z y m e  p r e p a r a t i o n  2 29 77 

3 6 86 

E x t r a m i t o e h o n d r i M  i 1 oo ioo  
e n z y m e  p r e p a r a t i o n  z 9 ° ~oo 

3 94 77 

isocitrate dehydrogenase. Although the attempts to produce antibody to the extra- 
mitochondrial enzyme have so far been unsuccessful, the results with the antiserum 
to the intramitochondrial enzyme are sufficient to demonstrate that the intramito- 
chondrial enzyme differs from the extramitochondrial enzyme. Attempts to produce 
rabbit antibodies to the extramitochondrial isocitrate dehydrogenase of chicken liver 
are in progress. The major components of the intra- and the extramitochondrial 
isocitrate dehydrogenase activities of both rat and chicken liver have electrophoretic 
mobilities which differ strikingly. These electrophoretic differences are shown in 
Table II. In addition to a major component,  the extramitochondrial enzyme activity 
of chicken liver also shows a minor component with isocitrate dehydrogenase activity. 
Visual comparison of the fluorescent bands on the starch block showed that the minor 
component is much weaker than the major components.  Moreover, the weak band 
took much longer to appear than the major bands, which appeared in a matter of 
minutes. It is concluded that the isocitrate dehydrogenase of mitochondria differs 
from that found extramitochondrially. 

The heterogeneity of intra- and extramitochondrial malate dehydrogenases has 
also been demonstrated by a number of authors e-s. The occurrence of enzymes in 
different compartments of the cell which catalyze the same reaction, but which differ 
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T A B L E  I I  

ELECTROPHORESIS OF  I N T R ~ . -  AND EXTRAMITOCHONDRIAL 
LIVER PREPARATIONS ON STARCH BLOCKS ~ 

T h e  r a t d i v e r  p r e p a r a t i o n s  were m a d e  as  descr ibed in  Tab le  I. The  ch icken- l iver  p r e p a r a t i o n s  
were  m a d e  b y  t h e  s am e  me t hod .  I n t r a -  a n d  e x t r m n i t o c h o n d r i a l  p r e p a r a t i o n s  f rom t h e  s a m e  species 
were r u n  side b y  side on  t he  s a m e  block.  TKe s u s p e n d i n g  m e d i u m  for t h e  s t a r c h  was  o.o5 M 
T r i s - H C l  buf fe r  (pH 8.1o). T h e  electTophoresis was  run  a t  4 V/cm for  I7. 5 h, t h e  cu r r en t  was  
swi t ched  off, t h e  s t a r ch  block was  b lo t t ed  tho rough ly ,  and  deve lop ing  a g e n t  was  sp r ayed  a long 
t h e  block f rom a vaporizer .  T he  deve lop ing  r eagen t  cons is ted  of a so lu t ion  con t a in ing  20 m M  
t r i s o d i u m  isoc i t ra te  (synthet ic) ,  5 m M  MnClt ,  and  2 m g / m l  T P N  +, a d j u s t e d  to  p H  7.5 w i th  Tris .  
Af te r  a l lowing t h e  r eac t ion  to  proceed for a su i t ab le  in terval ,  t h e  b lock  was  v iewed u n d e r  u l t ra -  
v iole t  l ight ,  a n d  t h e  f luorescence due  to  T P N H  fo rmed  in  t h e  i soc i t ra te  d e h y d r o g e n a s e  reac t ion  
was  marked .  T h e  resu l t s  are  expressed  as  t h e  m e a n  d i s t ance  in  c m  t h a t  each b a n d  mig ra t ed  
towards  t he  ca thode  f rom t he  l ine of appl ica t ion .  T h e  words  " s t r o n g "  and  " f a i n t "  refer  to  a v isual  

e s t i m a t e  of  t h e  f luorescence in tens i ty .  

Distance o/#uorescent band from origin in era 

Intraraitochondrial Extraraitochondrial 
earyme #reparation enxyme preparagion 

R a t  - -  0. 5 s t r o n g  
6.8 s t r o n g  

Chicken  - -  2.1 s t r o n g  
9.7 s t r ong  9.0 f a in t  

from one another in physical, chemical, and kinetic behavior is presumably a re- 
flection of the different properties which each particular enzyme must have in order 
to function efficiently in the environment of its cellular compartment. 
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