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The identity of TPN-linked isocitric dehydrogenase 
and oxalosuccinic carboxylase 

The ox ida t i ve  deca rboxy la t i on  of z.socitric acid to a -ke tog lu t a r i c  acid can occur by two mecha- 
nisms.  One is c a t a ly sed  by  an isocitric dehydrogenase  which requires DPN as co-enzyme. 

d isoeitric acid I)PN ÷ ~ l - k e t o g l u t a r i c  acid D P N . 2 H  ] CO 2 

There is no evidem:e t h a t  oxalosuccinic  acid is an i n t e rmed i a t e  and the react ion is not  reversibleL~. 
The o ther  mechan i sm occurs in two steps, the first being ca t a lysed  by a TPN- l inked  isocitric 

deh ydr()gen a se a. 4. 
d-isocitric acid TPN ~ oxah>succinic acid i '1"PN.211 

Oxah>succinic acid is then d e c a r b o x y l a t e d  by oxalosnccinic  carboxylaseY, (; 

oxalosuccinic  a c i d ~ - k e t o g l u t a r i c  acid ] ('()~ 

130th these s teps  are revers ib le  T, but it was not  cer ta in  whe t he r  (me enzyme  or two are responsible.  
The ques t ion  is of pa r t i cu l a r  in t e res t  in view of cer ta in  s imi la r i t ies  be tween  the i soc i t ra te-a-keto-  
g l u t a r a t e  sy s t em and the  ma la te -pyrux  ate  sys tem ~. In  the case of mala te ,  a DPN-specif ic  dehydro-  
genase  causes  the  ox ida t i on  to oxa loace t a t e  which is then  d e c a r b o x y l a t e d  by  oxa loace t ic  carboxylase ,  
t h e s e  two reac t ions  being ca t a lvsed  by two d i s t inc t  and  separable  enzymes :  never the less  a TPN-  
l inked  " m a l i c "  enzyme  h a s  been shown to br ing  abou t  the  whole process, poss ibly  with enzyme-  
bound oxa loace t a t e  as an in t e rmed ia t e .  %ix-reid pur i f ica t ion  of the  TPN- l inked  isocitric dehydro-  
genase and  oxah)snccinic  ca rboxy lase  from pig hear t  by GRAt,'FLIN AND OCtfOA 9 did not  sepa ra te  
the two ac t iv i t i e s  bu t  it was possible  t h a t  fu r the r  pur i f ica t ion  migh t  do so. 

The enzymes  have  11o'~" been ob ta ined  in a high s t a t e  of p u r i t y  and the resul ts  of the present  
work  show t h a t  one prote in  is responsible  for both enzymic  act iv i t ies .  

Pfeparatio~ ()/e~zy*ne. An acetone powder  of pig hear t s  was prepared  according to the  me thod  
of  STRAUB TM as used by  CTRAFFLIN AND OCI~OA u. The d ry  powder  was ex t r ac t ed  a t  room t e m p e r a t u r e  
with o.o 5 M phospha t e  buffer a t  pH 7.3 con ta in ing  o.J 5 31 Na(' l .  The e x t r a c t  was f r ac t iona ted  by 
p rec ip i t a t ion  with a l n m o n i u m  su lpha t e  followed by adsorp t ion  on ca lc ium phospha t e  gel a t  pH  7.3. 
A fraction of high specific act ivi ty '  was (~btained which represen ted  15 "5 % of the or iginal  a c t i v i t y  
and  which behaved  la rge ly  as a s ingle c o m p o n e n t  in several  physical  tests. 1)etai/s of pur i f icat ion 
of the enzyme  and  its proper t ies  will be p resen ted  elsewhere.  

E~;y~ue aclivity tests. (a) lsocit~ic dehydrogeJzase. Reduc t ion  of TPN in the presence of excess 
i soci t ra te  a t  : 4  ° was measured  in the  Be c km a n  model  DU spec t ropho to ine t e r  a t  a w a v e l e n g t h  of 
34 ° m #  us ing  cuve t t e s  of i em l igh t  pa th .  The react ion m i x t u r e  (3 ml) was the  same as t h a t  of 
G~ArFLI~" AND OCHOA ~ excep t  t h a t  " t r i s "  ( t r i s (hydroxy  m e t h y l ) a m i n o  methane)  buffer pH  7.3 a t  
a final concen t ra t ion  o f  o . o l  _, .~l was used in place of g lycy l -g lyc ine  buffer. One d e h y d r o g e n a s e  u n i t  
was defined as the  a m o u n t  of enzyme  caus ing  an increase in opt ica l  dens i ty  of o .o io  in i rain. Prote in  
w a s  e s t i m a t e d  by  opt ica l  dens i ty  a t  :8o  m i d  1. The specific a c t i v i t y  (&'ID) was  defined as the n u m b e r  
of un i t s  per  mg protein.  

(b) Oxalos~cciJzic earboxylase, l>roduction of carbon d ioxide  from oxa losucc ina te  a t  pH 5.0 in 
c i t r a t e  buffer a t  18: was measured  in \Varburg  manomete r s .  S imul t aneous  d e t e r m i n a t i o n s  of the  
spon taneous  deca rbox y l a t i on  of oxa losucc ina te  were made,  and these values  s u b s t r a c t e d  from to ta l  
carbon dioxide  p roduc t ion  in presence of enzyme.  The reac t ion  m i x t u r e  was iden t i ca l  wi th  t h a t  
of  OCHOA AND WEISZ-TABOR112. One ea rboxy lase  un i t  was defined as the a m o u n t  of enzyme  produc ing  
i /~I CO2/5 rain, and  specific a c t i v i t y  (.%4~) as the n u m b e r  of un i t s / r ag  protein.  

Results. A compar i son  of isocitric dehydr()geuase  and oxalosuccinic  ca rboxy lase  a c t i v i t y  of the 
differeut  f rac t ions  showed t h a t  no sepa ra t ion  of the  two enzymes  took place dur ing  the  Imrif icat ion 
(Table 1). A s imi la r  compar i son  of a c t i v i t y  in f ract ions  undergo ing  i nac t i va t i on  gave  the same result ,  
t h a t  is to say any  i na c t i va t i on  of ()lie e l lzylne \vas accompan ied  by  i nac t i va t i on  of the  o ther  to the 
same degree, t ; ract ions  D;1 and I,'-' (Table I) \\'ere samples  e l  the or ig inal  e x t r a c t  which had been 
al lowed to auto lyse .  Over  a 2oo-fold range of specific a c t i \ i t y  the  ra t io  of the two  enzymic  ac t iv i t i e s  
r ema ined  c o n s t a n t  w i th in  e x p e r i m e n t a l  error. 

The pures t  f rac t ions  (eorresp()nding in specilic a c t i v i t y  t() t<~ e l  Tal)le 1) were sub jec ted  to 
several  phys ica l  tests.  Sed imen ta t i on  in the  Spinco Model E Ul t racen t r i fuge  showed a s ingle com- 
p o n e n t  r ep re sen t ing  9(> 95 % el  the to ta l  pro te in  (Fig. J ). The s e d i m e n t a t i o n  c o n s t a n t  \\,as ca lcu la ted  
a s suming  a pa r t i a l  specific \~olmne for the solute  of o.73, and  found to l>e 

.W .S20 ~ 4 . 8 o ' ) o  la cmU,,'sec ( ex t r apo la t ed  to zero pro te in  concent ra t ion)  

A va lue  <)f 04,ooo was ob ta ined  for the molecular  we igh t  of the enzyme,  using u diffusion c o n s t a n t  
ca lcu la ted  from the  spread of the  s e d im e n t ing  1)oundary 14. E lec t rophores i s  was carr ied  out  a t  pH 5.6, 
7.3 and  8.0 and showed one major  componen t  (see Fig. ~) of xe ry  low mobi l i ty .  Some diff icul ty w a s  
exper ienced  because  of the i n s t a b i l i t y  ~f the enzyme  af ter  p rohmged dialysis ,  and a cer ta in  a m o u n t  
of inac t iva t i ( )n  and p rec ip i t a t ion  occurred.  
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T A B L E  I 

P'raction Y zehl aCllvtty qA I~ "~A ~. .~.4 [1 
% ,';.4 c 

E x t r a c t  ~ oo i 9o 58 3.3 

P u r i f i c a t i o n  

F 2 58 690 183 3.8 
H 2 41 t ooo 300 3.3 
I(  t 2o [500 480 3.1 

I n a c t i v a t i o n  

E I 12 ()o 23 2.() 
E 2 t o  8.6 2. 4 3-5 

T A B L E  I f  

SAD 
Fraction , ' ,A o .SA c 

SA c 

a b 

Fig.  i .  S e d i m e n t a t i o n  in 0.05 .,ll "Tris" buffer  
p H  7-3 tit  56 loo  r . p .m.  E x p o s u r e s  a t  16 a n d  

96 n l ins .  
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A 2 700 220 3.2 
A 3 ~ooo 344 2.9 
D ]  o o 
D2  5 ° 0  15° 3-3 
D3 42o ~97 2.2 
D 4  293 132 2.2 
D 5 I [2o 363 3.1 
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Fig .  2. E l e c t r o p h o r e s i s  in  o.o 5 .11 " T r i s "  b u t l e r  
p H  7.3 c o n t a i n i n g  o.oo2 M MnC12. Af t e r  5 h. 
(a) d e s c e n d i n g  b o u n d a r y ;  (b) a s c e n d i n g  b o u n -  
d a r y .  I n i t i a l  p o s i t i o n  of b o u n d a r i e s  m a r k e d  ~. 

13y m a k i n g  use  of t h e  e l e g a n t  a p p a r a t u s  of CROOK et al. la i t  was  p o s s i b l e  to  f r a c t i o n a t e  t he  p u r e s t  
m a t e r i a l  a f t e r  p r o l o n g e d  e l e c t r o p h o r e s i s  a n d  s e p a r a t e  t h e  m a j o r  c o m p o n e n t  (x) f r o m  t h e  f a s t e r  
m o v i n g ,  s m a l l  c o m p o n e n t  (y). F r a c t i o n s  w e r e  c o l l e c t e d  as i n d i c a t e d  in  Fig .  2. The  r a t i o  of t h e  t w o  
e n z y m i c  a c t i v i t i e s  r e m a i n e d  c o n s t a n t  o v e r  t h e  w h o l e  b o u n d a r y ,  a n d  i t  w a s  t h e  m a j o r  c o m p o n e n t  (x) 
w h i c h  w a s  a c t i v e  a n d  n o t  t h e  s m a l l  c o m p o n e n t  (y) (Tab le  I I ) .  I t  is c l ea r  t h a t  e l e c t r o p h o r e s i s  c a u s e s  
no  s e p a r a t i o n  w h a t s o e v e r  of t h e  t w o  a c t i v i t i e s .  I t  m u s t  t h e r e f o r e  be  c o n c l u d e d  t h a t  b o t h  isocitric 
d e h y d r o g e n a s e  a c t i v i t y  a n d  o x a l o s u c c i n i c  c a r b o x y l a s e  a c t i v i t y  a re  p o s s e s s e d  b y  a s ing le  p r o t e i n  
w h i c h  h a s  b e e n  o b t a i n e d ,  on  t h e  e v i d e n c e  so far  a v a i l a b l e ,  9 o - 9 5  c}~ pure .  
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