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Characterisation of two malic dehydrogenases from rat live+" 

Differential  cen t r i fuga t ion  of a ra t - l iver  homogena te  has shown tha t  malic dehydro-  
genase ac t i v i t y  is loca ted  in bo th  the mi tochondr ia l  and  supe rna t an t  fract ionsL The 
mi tochondr ia l  and  supe rna t an t  enzymes have been shown to differ in thei r  oxalo-  
ace ta te - reduc t ion  kinet ics  2, and  in thei r  e lec t rophoret ic  mobil i t ies  a. In  the  present  
work a separa t ion  and pa r t i a l  pur i f icat ion of the  two enzymes has been achieved,  and  
some fur ther  compar isons  made.  

The ra t  l ivers were homogenised in (>.25 M sucrose and  centr ifuged.  The  6oo-  
3,ooo < g (15 min) p rec ip i t a te  and  the IO,OOO ;~ g (3 ° min) supe rna t an t  were re- 
ta ined,  as "mi tochondr i a l "  and  " s u p e r n a t a n t "  fract ions respect ively.  To release 
malic  dehydrogenase  from the mi tochondr ia ,  an acetone powder  was made,  and  this  
powder  ex t r ac t ed  with  o.o 5 M sodium phosphate ,  p H  7.o. Use of (NH,t)~SO4 fract io-  
nat ion,  calcium phospha te  adsorp t ion  and elution, and  c h r o m a t o g r a p h y  on Amber l i t e  
IRC 5o resin and DRAE-cel lu lose  effected a Ioo-fold  purif icat ion of the  mi tochondr ia l  
and  a 25o-fold purif icat ion of the  supe rna t an t  enzyme.  The two enzymes differ 
s ignif icant ly in their  ch romatograph ic  behaviour .  The mi tochondr ia l  enzyme is 
re ta rded ,  and  the supe rna t an t  enzyme un re t a rded  by  the Amber l i t e  resin, whereas  
the reverse is t rue of the  DEAE-ce l lu lose  (Fig. I).  The elution pa t t e rn s  are repro-  
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Fig. [ .  Chromatography of rat-liver malic dehydrogenases on Amberlite IRC 5 ° and on DEAE- 
cellulose. Open circles, supernatant enzyme; solid circles, mitochondrial enzyme; broken line, 
molarity of etuting buffer (sodium phosphate, pH 7.o for Amberlite; tris(hydroxymethyl)- 

aminomethane, pH 8.2 for DEAE-cellulose). 

ducible  and  character is t ic ,  whether  the  enzymes are run sepa ra te ly  or as a mixture ,  or 
when a crude ra t - l iver  homogena te  is tested.  P ig-hear t  mi tochondr ia l  malic dehydro-  
genase, p repa red  b y  a modif icat ion of the  method  of WOLFE AND NEILANI)S 4, showed 
the :same elut ion p a t t e r n s  as the  ra t - l iver  mi tochondr ia l  enzyme.  

The subs t r a t e  specificities of the  enzymes were de te rmined  by  compar ing  the 
ra tes  of ox ida t ion  of ma la te  and  t a r t r a t e ,  and  the  ra tes  of reduct ion of D P N  and some 
of i ts analogues  (a gift  from Prof. N. O. KAPLAN) (Table I). 

Bo th  ra t - l iver  enzymes reduce oxa loace ta te ,  the  ra te  of reduct ion being affected 
b y  ~he inhibi t ion  due to high subs t r a t e  concentra t ion.  A plot  of reac t ion  veloci ty  
agains t  oxa loace ta te  concent ra t ion  gives a curve wi th  a m a x i m u m  at  a concentra t ion  
which depends  on bo th  the  p H  and  the na tu re  of the  buffer used. The posi t ion of 
the  m a x i m u m ,  under  defined condit ions,  dis t inguishes  be tween the two enzymes;  

Abbreviations: DEAE, diethylaminoethyl-; DPN, DPNH, oxidized and reduced diphospho- 
pyridine nucleotide; TPN, triphosphopyridine nucleotide; APDPN, acetylpyridine analogue of 
DPN; TNDPN, thionicotinamide analogue of DPN; DeDPN, deamino analogue of DPN. 
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TABI.I~ 1 

O X I I ) A T I O N  O F  M A L A T # 2  A N D  " I ' A R T I { A T E ,  A N D  I { I £ I ) U C T I O N  O F  ] ) P N  A N D  I T S  A N A L O G U E S  B Y  

I v I A L I C  D E H Y D R O G E N A S E S  F R O M  D I F F E R E N T  S O U R C E S  

Reaction rates expressed as percentages of the rates with L malate (2o raM) and DPN (1.2 mg/ml 
or o. 3 mg/ml, as  shown); o.I .1l glycine Na(/H buffer ,  pH 1o.o (c/. ref. 4) used throughout. 

P'.ttzymc sourcc 

,qubstrate Coenzymc Rat=liver Rat-l iver Pig-heart 
supernatanl  milochondria m itochondria 

(t.2 mg/ml) 

L-malate 2o mM DPN i oo too loo 
L-tartrate 1 oo mM I)PN o. i 6 i .54 1.79 
meso-tartrate 5 ° mA@ I)PN o. E 5 i .o 5 ~ .o 

(0. 3 mg/ml) 
L-malate 2o mM DPN ~ oo i oo i oo 
L-malate i33 In:If I)PN 8(i io 4 ~o 3 
L-malate 2o mM : \PI)I 'N 83 io 5 9o 
L-malate 133 in .,lJ .\I>I)PN 38 6(> 50 
t-malate  20 m.,l/ I)eI)PN 41 05 09 
L-m alate 2o m ~ , l  T N  1 ) 1 ' N 42 ~ ~ ~ 0 

L-malate 20 m31 TI'N o o o 

in o . I  M s o d i u m  p h o s p h a t e ,  p H  7.5, e t h y l e n e d i a m i n e t e t r a a c e t a t e  2 ' I o  a M,  a n d  

D P N H  o. I  m g / m l ,  it  lies a t  5 '  ~o- t  M o x a l o a c e t a t e  for t h e  s u p e r n a t a n t  e n z y m e ,  a n d  

a t  2"IO 4 M o x a l o a e e t a t e  for t he  m i t o c h o n d r i a l  e n z y m e .  On s u b s t i t u t i n g  o . I  M 

t r i s ( h y d r o x y m e t h y l ) a m i n o m e t h a n e  chlor ide ,  p H  7.6, for t h e  p h o s p h a t e  buffer ,  t h e  

va lues  b e c o m e  5" IO 4 M a n d  6- IO a M re spec t ive ly .  

P a p e r  e l e e t ropho re s i s  of t h e  two  e n z y m e s ,  in 0.06 M verona l ,  p H  8.6, for 12 h 

a t  Io  V /cm,  4 °, c o n f i r m e d  (see ref. 3) t h a t  t h e  s u p e r n a t a n t  e n z y m e  m o v e s  t o w a r d  the  

a n o d e  (5 c m  u n d e r  t h e  c o n d i t i o n s  used) ,  w h e r e a s  the  m i t o c h o n d r i a l  e n z y m e  r e m a i n s  

a t  t h e  origin.  P i g - h e a r t  m i t o c h o n d r i a l  mal ie  dehydroge .nase  also r e m a i n s  a t  t h e  origin.  

The  mal ic  d e h y d r o g e n a s e s  of t he  r a t - l i ve r  s u p e r n a t a n t  a n d  of r a t - l i ve r  m i t o -  

c h o n d r i a  differ,  t h e n ,  in a n u m b e r  of r e spec t s ,  t h e  l a t t e r  r e s e m b l i n g  c lose ly  t h e  e n z y m e  

of p i g - h e a r t  m i t o c h o n d r i a .  Malic d e h y d r o g e n a s e s  f rom o t h e r  sources  are  c u r r e n t l y  

b e i n g  i n v e s t i g a t e d .  
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