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Summary 

Mitochondrial malic enzyme (L-malate:NADP ÷ oxidoreductase (oxalo- 
acetate-decarboxylating),  EC 1.1.1.40) has been isolated from rat skeletal muscle 
by (NH4)2SO4 fractionation, chromatography on DEAE-cellulose and Ultrogel 
AcA 34. Specific activity of  the purified enzyme was 25 #mol/min per mg of  
protein which corresponds to  about  840-fold purification. 

The enzyme was shown to carboxylate  pyruvate in the presence of  high con- 
centrations of  KHCO3 and pyruvate at about  15% of the rate of  the forward 
reaction. The Km values determined at pH 7.2 for malate, NADP and Mn 2÷ 
were 0.33 mM, 6.8 pM and 7.1 #M, respectively. The Km values for pyruvate,  
NADPH and KHCO3 were 8.3 mM, 19.6 #M and 24.4 mM, respectively. 

Purified enzyme showed allosteric properties at low concentrat ion of  malate 
and this characteristic can be modified by  succinate and fumarate which do not  
affect the maximum velocity of  the reaction. 

The pH opt imum for decarboxylat ion reaction was between 7.2 and 8.4. 
Possible metabolic role of  mitochondrial  malic enzyme in skeletal muscle is 

discussed. 

Introduction 

It is well established that  two  different forms of  malic enzyme (L-malate: 
NADP ÷ oxidoreductase (oxaloacetate<lecarboxylating),  EC 1.1.1.40) are 
present in most  of  the mammalian tissues. One of  these isozymes is located 
within the mitochondrial  matrix, whereas the other  in the cytosol  [1--7].  With 
regard to the activity levels in mitochondria  and cytoplasmic fraction the 



tissues might be divided into two groups [3]. One is represented by liver 
adipose tissue and adrenal medulla in which the bulk of  activity is present in 
the cytoplasmic fraction. The tissues of  the second group as heart, brain, 
kidney and adrenal cortex, exhibit a considerable activity of  malic enzyme in 
mitochondria. Lin and Davis [8] showed that two distinct forms of  malic 
enzyme are present in rabbit  heart. One of  them catalyses the oxidative 
decarboxylat ion of  malate in the presence of  either NAD or NADP, whereas 
the other  is specific for NADP. Malic enzyme which is reactive with NAD was 
also found in the heart mitochondria of  guinea-pig and pigeon [8].  A NADP- 
specific malic enzyme in bovine [4] and pig [5] heart mitochondria was also 
described. Opie and Newsholme [9] found the activities of  malic enzyme in 
homogenates of  skeletal muscle from some species. Nolte et al. [10] showed 
that malic enzyme in different skeletal muscle is present both  in the cytosol 
and mitochondrial  fraction. UnusuaUy high activity of  NAD-linked malic 
enzyme in flight muscle mitochondria of  the Popillia japonica was reported by 
Hansford and Johnson [11]. Hoek et al. [12] found high activity of  NAD- 
linked malic enzyme in mitochondria isolated from flight muscle of the tsetse 
fly and other  insects. 

Recently we have shown high activity of  NADP-linked malic enzyme in 
mitochondria isolated from abdomen muscle of  the crayfish Orconectes 
limosus [13].  The above data indicate that  malic enzyme is widely distributed 
in the skeletal muscle of  different species. However, the metabolic role of  the 
malic enzyme in skeletal muscle is not  yet  clear. Garber et al. [14],  Goldstein 
and Newsholme [15] and Davis and coworkers [8,16] have proposed recently 
that  malic enzyme in skeletal muscle functions in pyruvate production from 
citrate cycle intermediates. 

In the present paper purification and some properties of  mitochondrial  malic 
enzyme from rat skeletal muscle are described. 

Materials and Methods 

Chemicals. L-Malate, sodium pyruvate, NADH, NAD, NADP were obtained 
from Sigma Chem. Co.; NADPH was from Boehringer GmbH, Mannheim; anti- 
mycin A was from Calbiochem; Triton X-100 was from Serva; Ultrogel AcA-34 
was from LKB, Sweden; DEAE-cellulose was from Whatman Biochemicals Ltd. 
All other  chemicals were of  the highest puri ty available commercially. 

Male Wistar rats maintained on a commercial complete  rat diet were used for 
experiments. 

Preparations of rat skeletal muscle mitochondria. Rat skeletal muscles (both 
red and white) obtained from the hind legs immediately after decapitation were 
freed of  connective and adipose tissues, minced finely with scissors and rinsed 
thoroughly with isotonic KC1. Mitochondria were prepared as described previ- 
ously [17], except that the last centrifugation was done at 14 000 × g  for 10 
min. In this manner both heavy and light mitochondria were obtained. 

Protein concentrations were determined by the biuret method or after 
extensive purification of  the enzyme by the method of  Spector [18].  

Enzyme assays. The enzyme activities at all purification steps were followed 
spectrophotometrical ly with an Unicam SP800 recording spectrophotometer  



by observing the appearance of  NADPH (for malic enzyme assay) and dis- 
appearance of  NADH (for lactate and malate dehydrogenase assays) at 340 nm 
and 30 ° C. The standard reaction mixture for malic enzyme assay (final volume 
1 ml) contained: 50 mM Tris-HC1 (pH 7.4), 1 mM MnC12, 0 . 5 m M  NADP, 10 
mM L-malate, and the enzyme preparation in amounts  which caused increase of  
absorbance at the range 0.1--0.2. The medium was supplemented with 2 #g/ml 
antimycin A when disrupted mitochondria were used as a source of  malic 
enzyme. 

Lactate dehydrogenase was assayed in the medium containing 50 mM Tris- 
HC1, pH 7.4, 1 mM pyruvate and 0.2 mM NADH. 

Malate dehydrogenase was measured in the medium containing: 50 mM Tris- 
HC1, pH 7.4, 1 mM oxaloacetate and 0.2 mM NADH. 

Results 

Purification o f  mitochondrial malic enzyme  
For purification of  mitochondrial  malic enzyme both  light and heavy mito- 

chondria were used. These mitochondria incubated in the presence of  malate 
and Mn 2+ did not  reduced exogenous NADP. When mitochondria were 
solubilized by the addition of  Triton X-100, NADP started to be reduced in a 
malate-dependent manner if an inhibitor o f  the respiratory chain was present in 
the incubation medium (not  shown). These data suggest that  the enzyme 
activity is located within the intramitochondrial compartment .  Thus first step 
of  purification of  mitochondrial  malic enzyme was solubilization of  mito- 
chondria. It was done by suspending the mitochondria in 10 mM Tris-HC1, pH 
7.8, containing 2 mM EDTA and 2% Triton X-100 (about  2.5 g mitochondrial  
protein in 150 ml of  this buffer).  The pH of  the suspension was adjusted to 7.8 
with concentrated Tris/base and it was centrifuged at 20 000 × g for 60 min. 
The resulting supernatant was used for the purification of  malic enzyme as 
described below. 

( N H J 2 S 0  4 fractionation 
The solution was adjusted to 35% saturation of  (NH4)2SO4 by gradual addi- 

tion of  20.9 g solid (NH4)2SO4/100 ml of  suspension. After stirring for 30 min 
the solution was centrifuged for 20 min at 20 000 × g and the precipitate 
discarded. The supernatant fluid was then brought to 70% saturation of  
(NH4)2SO4 by the gradual addition of  23.8 g of  solid (NH4)2SO4/100 ml of  
solution. During addition of  (NH4)2SO4 the pH was kept  constant  at 7.8 by  the 
addition of  5 M NH4OH. The suspension was stirred for 30 min and subse- 
quent ly centrifuged for 20 min at 20 000 × g. The precipitate was dissolved in a 
solution containing 10 mM Tris-HC1, pH 7.8, and 2 mM EDTA (approx. 0.1 
vol/1 vol. of  the original mitochondrial  suspension). The resulting suspension 
was dialyzed overnight against 200 vols. o f  the same buffer. The dialyzed solu- 
tion was centrifuged at 20 000 × g for 20 min in order to remove insoluble 
material. 

Chromatography on DEAE-cellulose 
The dialyzed 35--70% fraction was applied to a column (2 × 30 cm) of  
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Fig. I .  DEAE-cel lu lose  c h r o m a t o g r a p h y  o f  m i t o c h o n d r i a l  mal ic  e n z y m e  f r o m  ra t  skeletal  muscle .  Frac-  
t ions  (5 ml )  were  co l lec ted  f r o m  the  c o l u m n  a t  the  ra te  of  25 mi /h .  Prote in  w a s  m e a s u r e d  s p e c t r o p h o t o -  
me t r i ca l ly  at  280  n m  using Uvicord  II  (Ul t rav io le t  A b s o r p t i o m e t e r  De tec to r ,  LKB) .  The  e n z y m e  a c t i v i t i e s  

w e r e  m e a s u r e d  as  d e s c r i b e d  u n d e r  M a t e r i a l s  a n d  M e t h o d s .  - . . . . .  , a b s o r b a n c e  at  2 8 0  n m ;  o o 
ma la t e  d e h y d r o g e n a s e  ac t iv i ty ;  • • ,  lac ta te  d e h y d r o g e n a s e  ac t iv i ty ,  and  • • ,  mal ic  e n z y m e  
act iv i ty .  

DEAE-cellulose. The DEAE-cellulose (type DE 23) was washed with 20 vols. o f  
1 M Tris/base, and then repeatedly with deionized water and equilibrated by 
washing with a solution containing 10 mM Tris-HC1, pH 7.8, and 2 mM EDTA. 
The elution was started with 10 mM Tris-HC1, pH 7.8, and 2 mM EDTA and 
continued until a protein peak, devoided of  malic enzyme activity, but con- 
taining lactate dehydrogenase and malate dehydrogenase activities, emerged 
from the column (Fig. 1). Malic enzyme activity was eluted by a 30- -400  mM 
KC1 gradient plus 10 mM Tris-HC1 and 2 mM EDTA. As illustrated in Fig. 1 
enzyme activity was eluted as a single symmetrical peak included in a large 
protein fraction. The active fractions from this column were pooled and con- 
centrated with collodion bag apparatus (Schleicher and SchueU). 

T A B L E  I 

P U R I F I C A T I O N  OF M I T O C H O N D R I A L  R A T  S K E L E T A L  M U S C L E  MALIC E N Z Y M E  

E x p e r i m e n t a l  c o n d i t i o n s  s ee  t e x t .  

Step V o l u m e  Tota l  Specific Tota l  Yield Purifi- 
(ml )  p ro te in  ac t iv i ty  ac t iv i ty  (%) ca t ion  

(mg)  (nmo l  • rain -1 • 0zmol  • (-fold) 
m g  -1 ) ra in  -1 ) 

S o l u b i l i z e d  
m i t o c h o n d r i a  150 1 4 2 5  29.7 42 .3  100 1 

Soluble p r o t e i n  
r e cove red  140  840  47 .0  39 .5  93 .4  1 . 6  

( N H 4 ) 2  S O 4  35- -70% 
f r ac t iona t ion  20 200 153 .0  30.6 72.3 5.2 

DEAE-ce l lu lose  
c h r o m a t o g r a p h y  40 8 2 1 1 2 . 5  16.9 40  7 I . I  

AcA-34  
c h r o m a t o g r a p h y  31 0 .44  25 000 .0  11 .0  26 841 .2  



Ultrogel AcA-34 chromatography 
Concentrated eluate from DEAE-cellulose was applied to  a column of  Ultro- 

gel AcA-34 (2 × 90 cm) equilibrated with 10 mM Tris-HC1 (pH 7.8) and 2 mM 
EDTA. Elution was performed with the solution containing 10 mM Tris-HC1 
(pH 7.8) and 2 mM EDTA at the rate of  5 ml/h. The washing procedure was 
continued untiU a protein peak appeared from the column. Malic enzyme 
activity was eluted as a single symmetrical peak (not  shown). 3-ml fractions 
were collected. 

Table I summarizes the purification of  the malic enzyme from rat skeletal 
muscle mitochondria.  At a yield of  about  26% the enzyme was purified 840- 
fold. Specific activity was similar to that  reported by  Bartholome et al. [5] for 
mitochondrial  malic enzyme from pig heart, purified about  1000-fold. The 
enzyme preparation was free of  lactate dehydrogenase, isocitrate dehydro- 
genase (both  NAD and NADP linked) and fumarase activities, but  contained 
traces of  malate dehydrogenase activity, which did not  interfere with the assay 
of  malic enzyme activity. This was confirmed by  the finding that  pyruvate was 
formed stoichiometrically with NADPH. Polyacrylamide gel electrophoresis of  
the purified enzyme in the presence of  sodium dodecyl  sulfate showed one 
main band and three faint bands stained for protein (not  shown). The purified 
enzyme was stable for two weeks when stored at 4°C in the elution medium 
and concentrated to about  1 mg of  protein/1 ml. 

Properties o f  malic enzyme from rat skeletal muscle mitochondria 
Fig. 2 shows the effect  of  pH on the activity and Michaelis constant  o f  malic 

enzyme from mitochondria in the decarboxylat ion direction. The pH opt imum 
of  this activity was broad, the maximum activity being essentially unchanged 
between pH 7.2 and 8.4. The apparent Michaelis constant  for malate varied 
with pH (Fig. 2), the values calculated from Eadie-Hofstee plots were increasing 
with the raising pH. 
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Fig. 2. Ef fec t  o f  p H  on m i t o c h o n ~  meJ~¢ enzyme act iv i ty  and K m for  malate. Reaction m ~ t u r e  
c o n t ~ e d :  50 mM Tz~-HCI, 20 mM im id~o le -HCl ,  10 mM L - m ~ t e ,  0.5 mM NADP and 1 mM MnCI2. 
F o r  est imat ion o f  K m for  malate the same reaction mix ture was used wi th  malate v~a~ed in concentra t ion .  
K m v a l u e s  w e r e  c a l c u l a t e d  f rom Eadie-Hofstee  plot .  o o ,  e n z y m e  a c t i v i t y ;  • • ,  K m v a l u e s .  



T A B L E  II  

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

R e a c t i o n  ra te  for  d e c a ~ b o x y l a t i o n  was m e a s u r e d  a t  p H  7.2 in a m e d i u m  c o n t a i n i n g :  50 m M  Tris-HC1, 20 

m M  imidazole-HC1,  10  m M  m a l a t e ,  0 .5  m M  N A D P ,  1 m M  MnC12 a n d  0.4  #g  o f  t he  e n z y m e .  The  r a t e  o f  

r e d u c t i v e  c a r b o x y l a t i o n  was  m e a s u r e d  a t  p H  7.2 in a m e d i u m  c o n t a i n i n g :  50 m M  Tris-HCl,  20 m M  imi-  

dazole-HC1, 20 m M  p y r u v a t e ,  0 .15  m M  N A D P H ,  1 m M  MnC12, 50 m M  K H C O  3 and  4 #g  of  the  e n z y m e .  

Fo r  e s t i m a t i o n  o f  K m ,  all c o m p o n e n t s  r e q u i r e d  were  p r e s e n t  in  c o n c e n t r a t i o n  m e n t i o n e d  above ,  w i t h  the  
t e s t ed  c o m p o n e n t  va r ied  in  c o n c e n t r a t i o n .  The  K m va lues  were  ca lcu la ted  f r o m  Ead ie -Hofs t ee  p lo ts .  

D e e a r b o x y l a t i o n  C a r b o x y l a t i o n  

R e a c t i o n  ra te  20.6  p m o l  • ra in  -1 • m g  -1 3 .22  p m o l  • ra in  -1 • m g  -1 

K m (ma la t e )  0 .33  m M  K m ( p y r u v a t e )  8.3 m M  

K m ( N A D P )  6.8  jIM K m ( N A D P H )  1 9 . 6 / I M  
K m (Mn 2+) 7.1 ~tM K m ( K H C O 3 )  24 .4  m M  

It has been reported that  NADP-linked malic enzyme from heart [8] and 
brain [ 19] catalysed the reductive carboxylation of  pyruvate at lower rate than 
the rate of  the reverse reaction. If  the pyruvate concentration was very high (20 
mM) the enzyme isolated from rat skeletal muscle mitochondria catalysed the 
reductive carboxylation of  pyruvate in the presence of  10 mM KHCO3 at the 
rate up to 1/14 of  the reverse reaction and in the presence of  50 mM KHCO3 at 
the rate equal 1/6 of  the malate decarboxylation (Table II). It  has been proved 
that  the true reductive carboxylation was taking place both by following the 
disappearance of  NADPH at 340 nm and by enzymic determination of  malate 
after the reaction had been completed. Every time the oxidation of  NADPH 
was accompanied by an equivalent amount  of  malate produced. 

Kinetic parameters 
To characterize further the malic enzyme from rat skeletal muscle mito- 

chondria, some kinetic measurements were performed at pH 7.2 both for 
carboxylation and decarboxylation reaction. Table II summarizes apparent Km 
values for different substrates. The Km values presented do not  differ essen- 
tially from the Km values reported for mitochondrial malic enzyme from other 
sources [5,7,19]. 

The effect of  divalent cations 
Malic enzyme from various sources requires some divalent cations for 

expressing the activity. We studied the effect of  divalent cations on malic 
enzyme from rat skeltal muscle mitochondria. The order of  effectiveness was as 
follows: Mn 2+ > Mg 2+ > Cd 2+ > Ni 2÷. Ca 2+ was without  effect, Co 2+ and Zn 2+ 
inhibited malic enzyme activity (not shown). 

An interesting feature of  the enzyme investigated revealed the dependence 
of  the reaction rate on the concentration of  malate at three different pH values. 
Double-reciprocal plots of velocity versus malate concentration at pH 7.5 and 
8.0 yielded curves that  were generally concave upwards (Fig. 3). This indicates 
that  malic enzyme from rat skeletal muscle mitochondria showed aUosteric 
properties under these conditions. The allosteric kinetics at pH 7.5 and 8.0 was 
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Fig.  4. E f f e c t  o f  succ ina t e  a n d  f u m a r a t e  o n  the  o x i d a t i v e  d e c a r b o x y l a t i o n  o f  m a l a t e  c a t a l y s e d  by  the  
m i t o c h o n d r i a l  ma l i c  e n z y m e  f r o m  ra t  ske le ta l  musc l e .  T h e  r e a c t i o n s  w e r e  m e a s u r e d  as i n d i c a t e d  in  Fig.  2 
(pH 8.0)  in t he  ab sen ce  o f  a n y  e f f e c t o r  (o o),  in  the  p r e sence  o f  10  m M  s u c c i n a t e  (D Q), a n d  
in the  p r e sence  o f  10  m M  f u m a t a t e  (A A). 



-0.5 

-1,0 

~" :~-I,5 

% 

-2,0 

o5 o/° 

o / : J : /  :y,</:jl/ 
J / /  

/° 

-2,5 / 
o 

-2 -1 0 
Log [ Matate ] 

Fig. 5. Hill plot for the  rat skeletal muscle mitochondrial mal i c  e n z y m e  in  t h e  a b s e n c e  of any effector 
(o o), in t h e  p r e s e n c e  o f  10 mM succinate (o o) and in the  p r e s e n c e  of 10 mM fumarate 
( .  A). Enzyme activity assays as in Fig. 2 (pH 8.0). 

also disclosed by calculating the Hill coefficients which were 1.7 at pH 8.0 and 
1.6 at pH 7.5. At pH 7.0 double-reciprocal plot became a straight line and the 
Hill coefficient  was 1.1. Frenkel has shown that  NADP-linked malic enzyme 
from heart  [20] and brain [7,19] mitochondria  also shows allosteric properties 
and that  this characteristics can be modified by some dicarboxylate anions. 
Therefore  we studied the effect  of  succinate and fumarate on malic enzyme 
activity f rom rat skeletal muscle mitochondria.  Fig. 4 shows the rates of  the 
reaction at low concentrat ions of  malate in the absence o f  effectors and in the 
presence of  10 mM succinate or 10 mM fumarate.  Here again, control  curve 
shows a distinct sigmoidicity. The addition of  succinate or fumarate affects 
considerably the reaction kinetics. At low malate concentrat ions a clear 
stimulation of  the reaction was observed when succinate or fumarate were 
added. It  should be pointed out  that  none of  these dicarboxylic anions caused 
NADP reduct ion in the absence of  malate. At higher concentra t ion of  malate, 
addition of  succinate or fumarate,  showed no effect  on the enzyme activity 
(not  shown). The apparent  activation constants for  succinate and fumarate at 
pH 8.0 in the presence of  0.1 mM malate were 2.2 and 0.5 mM, respectively. As 
succinate and fumarate stimulated malic enzyme activity at low concentrat ions 
of  malate, but  appear to be completely ineffective at higher malate levels, this 
seems to  be the Km type  of  activation. The Hill plots presented on Fig. 5 show 
that  in the absence of  both  succinate and fumarate two different  slopes were 



observed. The Hill coefficient at lower substrate concentrations was 1.7 and 
changed to about  1.0 at higher concentrations of  malate. This may indicate 
that  the allosteric site is able to bind not  only succinate and fumarate but  also 
malate. The addition of  succinate caused a decrease of  the Hill coefficient to 
1.18 whereas in the presence of  fumarate the coefficient was as low as 0.34. 
Thus although fumarate has been shown to be a positive allosteric effector  o f  
skeletal muscle mitochondrial  malic enzyme, in its presence the enzyme seems 
to display negative cooperativity. The results presented above are somewhat  
similar to those reported by Frenkel, who studied malic enzyme from heart 
[20] and from brain [7,19] mitochondrial.  However,  this author did not  
observe any effect o f  fumarate on malic enzyme activity from brain mitochon- 
dria [7]. In our experiments fumarate appears to be more potent  modulator  of  
malic enzyme from rat skeletal muscle mitochondria than succinate. 

Discussion 

The activity of  malic enzyme in the mitochondria from rat skeletal muscle is 
about  30 nmol/min per mg of  mitochondrial  protein, which may be compared 
with the activity of  25 nmol/min per mg of  mitochondrial  protein reported by 
Bartholome et al. [5] in pig heart mitochondria,  with the range 4--21 nmol! 
min per mg of  mitochondrial  protein (depending on the presence of  divalent 
cations and coenzyme) reported by Lin and Davis [8] in rabbit  heart mito- 
chondria and with the activity of  17.6 nmol/min per mg of  mitochondrial  
proteins as reported by  Saner [21] in adrenal cortex mitochondria.  The 
purification procedure employed for mitochondrial  malic enzyme, the general 
outline of  which is that  used for isolation of  this enzyme from other  tissues, 
yields specific activity about  25 pmol/min per mg of  protein. This is compa- 
rable with the activity of  28 /~mol/min per mg of  protein reported by 
Bartholome et al. [5] for mitochondrial  malic enzyme from pig heart. 

The data reported in this paper indicate that  malic enzyme from rat skeletal 
muscle mitochondria shows allosteric properties and this characteristic can be 
modified by succinate and fumarate. These regulatory properties are similar to 
those described for the mitochondrial  malic enzyme obtained from bovine 
heart [20] and bovine brain [7 ,19] .  It is likely, therefore, that  the NADP- 
linked mitochondrial  malic enzyme displays regulatory kinetic properties. It is 
worth noting at this point  that sigmoid kinetics were also observed by  Sauer 
and coworkers with NADP malic enzyme from adrenal cortex mitochondria 
[22,23] and mouse ascites tumor  mitochondria  [24].  

At present t ime the precise physiological role of  mitochondrial  malic enzyme 
in skeletal muscle is unknown.  Chang and Goldberg [25] have shown that 
about  50% of  the carbon chains of  the aspartic acid, asparagine, glutamic acid, 
isoleucine and valine enter the tricarboxylic and cycle in skeletal muscle and 
are converted to CO2 (less than 20%) or to  lactate (less than 30%) and alanine 
(less than 2%) which are released from the muscle. The complete  degradation 
of  tricarboxylic acid cycle intermediates requires their conversion to pyruvate 
and then to acetyl-CoA. Tricarboxylic acid cycle intermediates are converted to 
lactate or  alanine also via pyruvate.  Conversion of  tricarboxylic acid cycle inter- 
mediates to pyruvate requires either phosphoenolpyruvate carboxykinase 
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which catalyses the conversion o f  oxaloacetate to phosphoenolpyruvate, or 
malic enzyme catalysing the conversion of  malate to pyruvate. High specific 
activity of  malic enzyme in rat skeletal muscle mitochondria and relatively low 
Km for malate and NADP suggest that malic enzyme may play an essential role 
in the conversion of  tricarboxylic acid cycle intermediates to pyruvate. The 
activation of  malic enzyme by succinate and fumarate is consistent with this 
suggestion. Taking into consideration that succinate and fumarate are 
metabolites present in the mitochondrial matrix, the activity of  malic enzyme 
may increase rapidly under conditions which would favor accumulation of  tri- 
carboxylic and cycle intermediates. 

The suggestion of  Brdiczka and Pette [3] that one function of  the mito- 
chondrial malic enzyme might be replenishing the dicarboxylic acid pool  in 
order to maintain the operation of  the citric acid cycle during fatty acid oxida- 
tion does not  appear to be likely, in view of  the very low activity o f  this 
enzyme for reductive carboxylation of  pyruvate even at very high pyruvate 
concentration. A precise definition of  the physiological role of  malic enzyme in 
skeletal muscle mitochondria requires further investigation. 
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