
694 

Biochimica et Biophysica Acta, 429 (1976) 694--704 
© Elsevier Scientific Publishing Company, Amsterdam -- Printed in The Netherlands 

BBA 67805 

MITOCHONDRIAL AND NUCLEAR GLUTAMATE DEHYDROGENASES 
IN CHINESE HAMSTER OVARY CELLS IN CULTURE 

GIANFRANCO DI MATTEO, GUIDO DI PRISCO 
and GIOVANNI ROMEO 

International Institute o f  Genetics and Biophysics, CNR, 80125 Naples (Italy) 

(Received November 24th, 1975) 

Summary 

Nuclear glutamate dehydrogenase (EC 1.4.1.3) activity has been demon- 
strated in Chinese hamster ovary cells. Some characteristics of this enzyme 
have been examined and compared with those of the mitochondrial glutamate 
dehydrogenase from the same source. Differences were detected in the extent 
of the activation by inorganic phosphate, in the pH versus activity curves, in 
the affinity of the two enzymes for the cofactor NAD ÷ and in the electropho- 
retic mobility. A different rate of decay of the two enzymes has been observed 
in cells grown in the presence of chloramphenicol. Immunological studies show 
that, as in ox liver, the nuclear enzyme has specific antigenic determinants be- 
sides those in common with mitochondrial glutamate dehydrogenase. 

Finally, experiments of thermal inactivation indicate a higher stability of the 
mitochondrial enzyme. 

Introduction 

Glutamate dehydrogenase (EC 1.4.1.3), an enzyme which occupies a key 
role in metabolism, commonly believed to be localized exclusively in mitochon- 
dria, has been found associated with purified nuclear fractions from rat [1--3], 
pig [4] and ox liver [5,6], Chang's liver cells [7,8], single dorsal root ganglion 
of rabbit [9] and yeast [10]. 

Recently, nuclear glutamate dehydrogenase from ox liver has been obtained 
in homogeneous crystalline form [5,6]. Its structural and kinetic properties 
have been studied in comparison with those of the mitochondrial enzyme, and 
several differences have been detected (refs. 5,6,11--13, di Prisco, G. and Zito, 
R., unpublished observation) thus leading to the hypothesis of the existence of 
two different proteins with similar biological activity. 
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The study of the two activities in a controllable and reproducible environ- 
ment,  such as that  provided, for example, by animal cells grown in culture me- 
dia, in an effort  to understand the metabolic significance of the nuclear activi- 
ty, has been further pursued using Chinese hamster ovary cells as starting ma- 
terial, in which we have demonstrated the existence of activities associated with 
both nuclear and extra-nuclear fractions. 

The experiments reported in this paper have shown that  the two enzymes 
differ in several properties. Nuclear glutamate dehydrogenase was activated by in- 
organic phosphate to a much greater extent  and was more temperature-sensitive 
than mitochondrial  glutamate dehydrogenase, showing also a higher anodic elec- 
trophoretic mobility. The two enzymes showed similar affinity for glutamate, and 
non-linear double reciprocal plots of velocity as a function of NAD + concentra- 
tion; however, different apparent Michaelis constants were calculated from these 
plots. The pH activity curves indicated a maximum at pH 7.4 for mitochondrial 
glutamate dehydrogenase, either in phosphate or Tris • HC1 buffer, nuclear gluta- 
mate dehydrogenase showed the same maximum in phosphate, but exhibited it 
at pH 8.0 in the latter buffer. Moreover, a different rate of decay of the two en- 
zymes was noticed when chloramphenicol was added to the culture medium for 
at least 48 h; such an effect was not  detected with actinomycin D or cyclo- 
heximide. 

Finally, the results of an immunological s tudy demonstrated that  the two en- 
zymes prepared from chinese hamster ovary (CHO) cells behave, as antigens, 
similarly to those purified from ox liver [12,13].  

Materials and Methods 

Preparation of subcellular fractions 
CHO cells, purchased from the American Type Culture Collection, were grown 

in Eagle's minimal essential medium containing 10% foetal calf serum as described 
for other animal cells [14] in Roux bottles (165 cm 2 of surface area). Nuclear 
and extra-nuclear components  were fractionated according to a modification of 
a published procedure [15]:  after trypsinization, the cells were suspended in 
potassium phosphate buffer (pH 7.4, 1 mM) containing 0.32 M sucrose, 2 mM 
MgC12, to reach a cell concentration of 2 • 106/ml. Following centrifugation, 
the cell pellet was resuspended in 1 mM potassium phosphate buffer pH 7.4 
containing 0.01 M NaC1, left for 20 rain at 0--4°C, recentrifuged and then dis- 
rupted by homogenization in a Dounce all-glass unit  in the same phosphate buf- 
fer containing 0.32 M sucrose, 1 mM MgC12 and 0.5% Triton {buffer A). Micro- 
scopic examination indicated that  no intact cells remained. The nuclei were 
sedimented by centrifugation for 2 min at 1000 X g, washed twice with the 
same buffer used for the homogenization and then resuspended in 0.1 M potas- 
sium phosphate buffer pH 7.4 (one tenth of the original volume). In a control 
experiment,  the RNA/DNA ratio of the isolated nuclei following the second 
and third washing remained constant,  indicating the absence of significant cyto- 
plasmic contamination.  Enough potassium phosphate, pH 7.4, was added to the 
supernatant to reach a final concentration of 0.1 M. 

Both nuclear and extra-nuclear fractions were disrupted by sonication for 2 
min with a Brownhill Biosonik IV ultrasonic probe and centrifuged for 15 min 
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at 4000 X g. The supernatants contained all activity. The specific activities {for 
ward reaction) were 1.00 and 1.04 nmol NAD ÷ reduced per mg protein for 
mitochondrial  and nuclear preparations, respectively. 

Assay conditions 
The enzymatic activity was assayed fluorometrically at 27°C by following 

the formation of NADH in a Turner fluorimeter (Model 111) coupled to a re- 
corder. The reaction velocity is expressed as nanomoles of NAD ÷ reduced per 
min per ml of enzyme solution, one nanomole representing one activity unit. 
Specific activity was defined as units of activity per mg of protein. The stan- 
dard incubation mixture contained, unless otherwise indicated, 60 pM NAD ÷, 
10 mM sodium glutamate and 100 mM potassium phosphate buffer, pH 7.4 in 
a final volume of 1.2 ml. Protein was measured according to Lowry et al. [16] ; 
DNA and RNA were determined according to published procedures [17,18].  

Electrophoresis on cellulose acetate strips and cellogel 
Electrophoresis was performed at 4 ° C, in 50 mM Tris • HC1 buffer, pH 8.1, 

at 200 V for 150 min. Strips of cellulose acetate (Gelman Instruments, Ann Ar- 
bor, U.S.A.} or sheets of  Cellogel (Chemetron, Milan, Italy} were stained for en- 
zymatic activity [19]. 

Metabolic inhibitors 
Cells were grown in medium containing chloramphenicol (40 pg/ml), cyclo- 

heximide (200 pg/ml) or actinomycin D (0.5 #g/ml), in order to inhibit specif- 
ically the protein synthesis in mitochondria,  in the cytoplasm, or the mRNA 
synthesis, respectively; the medium was changed every other day. 

Preparation of an tisera 
The ~-globulin fraction of the antisera against crystalline ox liver mitochon- 

drial and nuclear glutamate dehydrogenase, prepared as previously described 
[12],  was obtained by ammonium sulphate precipitation [20].  The sera of the 
same rabbits before immunization were used in all experiments as controls. 

Preparation of  immunoadsorbents of mitochondrial and nuclear glutamate de- 
hydrogenase 

2 g of  CNBr-activated Sepharose were suspended in 100 ml of 1 mM HC1. Af- 
ter approximately 30 min, the Sepharose was poured on a Buchner funnel and 
washed [21],  under mild pressure, with 200 ml of 1 mM HC1, followed by 200 
ml of 0.1 M sodium bicarbonate, pH 9.0, containing 0.5 M NaC1. The washed 
Sepharose was then suspended in 20 ml of  0.1 M bicarbonate, pH 9.0/0.5 M NaCl, 
which contained approximately 40 mg of mitochondrial glutamate dehydro- 
genase, previously dialyzed against 0.1 M bicarbonate/0.5 M NaCl. Coupling 
was allowed to proceed for 4 h at room temperature and overnight at 4 ° C. The 
Sepharose was filtered and the absorbance and enzyme activity of the filtrate 
were measured, together with the activity associated to the Sepharose, to assess 
the amount  of enzyme adsorbed. This was usually higher than 90% of the 
added protein. The Sepharose was then washed with 0.1 M bicarbonate/0.5 M 
NaCl and then treated with 100 ml of 1 M ethanolamine, pH 8.0, during 1 h at 
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room temperature. The coupled Sepharose was repeatedly washed alternatively 
with 0.1 M bicarbonate/0.5 M NaC1 and with 0.1 M acetate buffer, pH 4.5/1.0 
M NaC1. A last washing was performed with the equilibration buffer (0.1 M 
phosphate buffer, pH 7.4/0.145 M NaC1). 

The coupling of nuclear glutamate dehydrogenase to activated Sepharose was 
performed essentially according to the same procedure, except that  10 mg of 
the nuclear enzyme were coupled to 1 g of Sepharose. 

Chromatography of antisera 
An aliquot of 0.25--0.5 ml of the antiserum of ~/-globulin fraction was 

passed through the antigen-Sepharose column (0.5 X 4 or 0.5 X 8 cm), which 
was then washed with 0.1 M phosphate buffer pH 7.4/0.145 M NaC1, at a flow 
rate of 10--20 ml/h. The fractions containing the unadsorbed protein were as- 
sayed for adsorbance at 280 nm and for immunoprecipitat ion (see below). Elu- 
tion of adsorbed antibodies was carried out  with 0.145 M NaC1, adjusted at pH 
3.0 with acetic acid or 11.0 with ammonia. The fractions containing these anti- 
bodies were immediately neutralized, pooled and concentrated by ultra-filtra- 
tion. 

Imrnunoprecipitation 
The two enzymatically active subcellular fractions were diluted in phos- 

phate-saline buffer, pH 7 .4 .50  pl of each were incubated at 37°C with the indi- 
cated volumes of antiserum or 7-globulin fraction (at the indicated concentra- 
tion) for 20 min and overnight at 0 ° C. After incubation, the reaction mixtures 
were centrifuged at 25 000 X g for 1 h. Supernatants were assayed for enzyme 
activity. 

Results 

Kinetics of the forward reaction 
When the reaction velocity was followed as a function of concentration of 

glutamate, essentially the same apparent Km was found with the two enzymes 
(Table I). Double reciprocal plots of velocity as a function of concentration of 
the cofactor NAD ÷ were non-linear, similar to the findings with ox and rat liver 
and Chang's liver cells [1,6,7,22]. From these plots (Fig. 1), two apparent Km 
values were calculated for each enzyme, one at low and the other at high NAD ÷ 
concentration. These values (Table I) indicate that  nuclear and mitochondrial  
glutamate dehydrogenase have similar apparent Km values in the low concen- 
tration range; at concentrations of cofactor higher than 0.3 mM, the nuclear 
enzyme shows a higher affinity for NADS 

Effect of pH on activity 
The response of activity to pH variations is illustrated in Fig. 2. Measure- 

ments were carried out  in phosphate buffer up to pH 8.0, then Tris • HC1 buffer 
was used for determinations at higher values. Although ox liver glutamate dehy- 
drogenase is unstable in the latter buffer [23] ,  it can be safely used in the assay 
mixture in initial velocity measurements, since the reaction substrates afford a 
100% protection. Both enzymes showed higher activity in phosphate, with an 
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T A B L E  1 

A P P A R E N T  M I C H A E L I S  C O N S T A N T S  O F  N U C L E A R  A N D  M I T O C H O N D R I A L  G L U T A M A T E  DI: 
H Y D R O G E N A S E  F O R  G L U T A M A T E  A N D  N A D  ~ 

When used at f ixed  c o n c e n t r a t i o n ,  g lu tam ate  w a s  10  m M  a n d  N A D  + 50  p M .  Potass ium pho spha te  b u f f e r  
0 .1  M p H  7 .4 .  

Substrate  G l u t a m a t e  d e h y d r o g e n a s e  ( r a M )  

N u c l e a r  Mitochondr ia l  

G l u t a m a t e  0 . 5 9  0 . 6 1  

N A D  + ~ 0 . 0 2 7  0 . 0 2 1  

0 . 4 9  1 . 2 5  

opt imum at pH 7.4. The measurements carried out  in Tris • HCt buffer, how- 
ever, indicated that the activity of  mitochondrial glutamate dehydrogenase de- 
creased while increasing the pH, whereas that of  the nuclear enzyme had an- 
other maximum at pH 8.0. 

Effect of phosphate on activity 
Inorganic phosphate is known to activate mitochondrial glutamate dehydro- 

genase [24] at a pH higher than 8.0. This effect was shown to occur with nu- 
clear glutamate dehydrogenase, to a much higher extent  [1 ,6 ,7] .  Experiments 
carried out  with the enzyme fractions from CHO cells showed a similar situa- 
tion (Fig. 3). A 3--4 fold activation of  the extra-nuclear activity was brought 
about  by 0.2 M phosphate pH 8.3; the same concentration activated nuclear 
glutamate dehydrogenase almost 10-fold. The phosphate concentrations re- 
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Fig. 1 .  D o u b l e  rec iproca l  p lots  o f  v e l o c i t y  as a f u n c t i o n  o f  N A D  + c o n c e n t r a t i o n ,  at  pH 7 .4 ,  1 0 0  m M  po -  
tas s ium p h o s p h a t e  buf f e r ,  2 5  m M  g l u t a m a t e .  ( o ) ,  m i t o c h o n d r i a l  and ( o ) ,  nuc lear  g l u t a m a t e  d e h y d r o g e n -  
ase.  

Fig. 2.  E f f e c t  o f  pH o n  act iv i t ies  o f  nuc lear  ( A )  and  m i t o c h o n d r i a l  (B)  g l u t a m a t e  d e h y d r o g e n a s e .  1 0  m M  
g l u t a m a t e ,  0 . 4  m M  N A D  + and 1 0 0  m M  p o t a s s i u m  p h o s p h a t e  buf fer  (sol id curve)  or Trls • C1 b u f f e r  (do t -  
t ed  curve) .  
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Fig.  3 .  E f f e c t  o f  p h o s p h a t e  o n  ac t iv i t i e s  o f  n u c l e a r  (e )  a n d  m i t o c h o n d r i a l  (o)  g l u t a m a t e  d e h y d r o g e n a s e .  
2 5  m M  g l u t a m a t e ,  5 0  p M  N A D ,  p H  8 .3 .  T h e  i n s e r t  s h o w s  these  r e su l t s ,  r e p l o t t e d  in  d o u b l e  r e c i p r o c a l  
f o r m .  

Fig .  4. CeUogel  e l e c t r o p h o r e s i s  o f  f r a c t i o n s  c o n t a i n i n g :  1 ,  n u c l e a r  g l u t a m a t e  d e h y d r o g e n a s e ;  2,  a m i x t u r e  
o f  n u c l e a r  a n d  m i t o c h o n d r i a l  g l u t a m a t e  d e h y d r o g e n a s e ;  3 ,  m i t o c h o n d r i a l  g l u t a m a t e  d e h y d r o g e n a s e .  2 pl  
w e r e  a p p l i e d  t o  t h e  p l a t e ,  w h i c h  w a s  t h e n  s t a i n e d  f o r  a c t i v i t y  [ 1 9 ] .  

quired for half-maximal velocity were 43 mM and 140 mM, respectively, as cal- 
culated from the corresponding double reciprocal plots (see insert in Fig. 3). 

Electrophoretic mobility 
The electrophoretic mobil i ty of each enzyme was investigated on Cellogel 

and cellulose acetate, in 50 mM Tris • HC1 buffer,  pH 8.1. Under these condi- 
tions, both  proteins appear to be negatively charged, nuclear glutamate dehy- 
drogenase showing a higher anodic mobil i ty (Fig. 4), so that  a mixture of  the 
two fractions was resolved into two enzymatically active bands. 

Thermal inactivation 
Experiments performed with homogeneous preparations of the two enzymes 

purified from ox liver consistently showed greater thermostabil i ty of  the mito- 
chondrial enzyme at 40, 45 and 51°C (Di Matteo, G., Romeo,  G. and di Prisco, 
G., unpublished observation). The two enzymes prepared from the subcellular 
fractionation of  CHO cells showed a pat tern of  thermal inactivation at 51°C 
comparable to that  of  the ox liver enzymes (Fig. 5). The mitochondrial  enzyme 
{curve A), in the presence of  the buffer  containing sucrose (buffer A), was 
more thermostable than after dialysis against 0.1 M phosphate buffer  pH 7.4 
(curve C), whereas such protect ion effect  was no t  observed for the nuclear en- 
zyme (curve B in phosphate  buffer;  curve D in buffer  A, see Methods).  
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Fig. 5. Kinetics of heat  inact ivat ion of glutamate dehydrogenase from the two subcellular fractions of 
6 CHO cells. (A) mi tochondr ia l  (85 units for 106 cells) and (B) nuclear (16 units  per 10 cells) enzyme, (C) 

mitochondr ia l  enzyme dialyzed against 0.1 M phosphate  buffer pH 7.4 and (D) nuclear enzyme,  added 
with buffer  A. The protein concentra t ion of the nuclear and mitochondr ia l  preparat ions incubated at the 
indicated temperatures  was 0.6 and 0.7 mg/ml,  respectively. 

Fig. 6. Time course of mi tochondr ia l  (o) and nuclear (0) glutamate dehydrogenase,  expressed as specific 
activity during the exponent ia l  phase of growth in Cl iO cells. 

The dialyzed mitochondrial  enzyme plus buffer A showed a curve of inac- 
tivation superimposable to that  of  the enzyme before dialysis. Sucrose, a com- 
ponent  of  buffer  A, reproduced this protective effect  only partially. 

The time course of  heat inactivation of mixtures of the two enzymes, pre- 
pared as described under Methods, was the arithmetic mean of  those of the two 
separate enzyme preparations. 

Effect of metabolic inhibitors 
Under the conditions used in these experiments,  an exponential  rate of  

growth took  place up to a concentrat ion of  108 cells/bottle. The specific activ- 
ity of  mitochondrial  glutamate dehydrogenase increased to about  75% above 
the initial value during a 48 h period, starting from an inoculum of 107 cells; 
after 48 h, the specific activity of  nuclear glutamate dehydrogenase was 250% 
of the initial value, as shown in Fig. 6. During this period, the percentage of  nu- 
clear glutamate dehydrogenase showed  slight variations, ranging between 15 
and 25% of  the total glutamate dehydrogenase activity. 

Experiments were performed with several metabolic inhibitors. In cells 
grown with actinomycin D (inhibitor of mRNA synthesis) and with cyclohexi- 
mide {inhibitor of  protein synthesis in the cytoplasm),  the two enzymes main- 
tained similar activity levels, keeping fairly close to the control  values; it should 
be pointed ou t  that  the toxicity of  these two drugs on CHO cells is high, so 
that  t reatment  for periods of  time longer than 48 and 72 h, respectively, was 
not  feasible. On the contrary,  in experiments performed with chloramphenicol 
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Fig. 7. T i m e  course  of  the  e f fec t  of  c h l o r a m p h e n i c o l .  Mi tochondr i a l  g l u t a m a t e  d e h ~ d t o g e n a s e :  (o)  activ- 
6 . . . . . . .  

i t y / 1 0  cells, (~) spec lhc  ac t iv i ty ;  nuc lea r  g l u t a m a t e  d e h y d r o g e n a s e :  (o)  a c t l v l t y ]1 0  cell, (m) spec lhc  ac- 
t iv i ty .  C y t op l a sm i c  (A) a nd  nuc lea r  (A) p ro t e in  are also r ep re sen t ed .  Each  po in t  is expressed  as the  per-  
cen tage  of  its con t ro l .  

(inhibitor of  protein synthesis in mitochondria) the growth of cells resembled 
that of  controls. In the latter experiments,  a consistent difference of  55% in 
specific activities between the levels of  mitochondrial and nuclear glutamate 
dehydrogenase after 48 and 72 h of  treatment was obtained (Fig. 7), probably 
as a consequence of  the effect of  the antimetabolite on protein biosynthesis in 
mitochondria rather than on the enzymes themselves. The nuclear activity 
(both in terms of  specific activity and per 106 cells) steadily decreased during 

TABLE II 

EFFECT OF ANTI-NUCLEAR (AND ANTI-MITOCHONDRIAL) GLUTAMATE DEHYDROGENASE 
SERA, BEFORE AND AFTER CHROMATOGRAPHY ON MITOCHONDRIAL (AND NUCLEAR) 
GLUTAMATE DEHYDROGENASE SEPHAROSE 

Assay cond i t i ons  as in Mater ia ls  a n d  Methods .  50/~1 of  e n z y m e  so lu t ion  were  i n c u b a t e d  wi th  25 and  50 pl 
s e r u m  ( A ~ n  m = 5.5) ,  as desc r ibed  in Materials  a nd  Methods .  25  pl were  used  for  the  assay.  

Se rum  p resen t  dur ing  i n c u b a t i o n  Pe rcen t  of  con t ro l  ac t iv i ty  in s u p e r n a t a n t s  

Mi tochondr i a l  g l u t a m a t e  
d e h y d r o g e n a s e  

Nuc lea r  g l u t a m a t e  
d e h y d r o g e n a s e  

Ant i -nuc lea r  g l u t a m a t e  d e h y d r o g e n a s e  

Ant i -nuc lea r  g l u t a m a t e  d e h y d r o g e n a s e ,  a f te r  
m i t o c h o n d r i a l  g l u t a m a t e  d e h y d r o g e n a s e -  
Sepharose  
A n t i - m i t o c h o n d r i a l  g l u t a m a t e  d e h y d r o g e n a s e  

A n t i - m i t o c h o n d r i a l  g l u t a m a t e  d e h y d r o g e n a s e  
a f te r  nuc lea r  g l u t a m a t e  d e h y d r o g e n a s e -  
Sepharose  

(25  pl)  43 0 
(50 pl) 0 0 
(25  pl)  100 46 
(50 pl)  89 12 

(25  pl) 0 11 
(50  pl)  0 0 
(25  pl) 95  98  
(50 pl)  92  96 
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the 72 h period, whereas the mitochondrial one was increased. Protein from the, 
two subcellular fractions closely followed this course. 

In control experiments, it was shown that  the concentration of chloramphe- 
nicol used inhibited the amino acid incorporating activity insensitive to inhibi- 
tors of the cytoplasmic protein synthesis [25]. Similarly, the concentration of 
cycloheximide used inhibited more than 98% of the protein synthesis and that  
of actinomycin D inhibited 99% of the incorporation of ['4Ct!~ridine into 
RNA. 

Immunological studies 
The immunological properties of the two enzymes from CHO cells were 

comparable to those of the purified ox liver enzymes [12,13].  A typical set of 
results is shown in Table II. These data show that  the antisera against crystal- 
line ox liver nuclear and mitochondrial glutamate dehydrogenase precipitated 
both CHO enzymes. After passage on a Sepharose column coupled to ox liver 
mitochondrial enzyme,the anti-nuclear glutamate dehydrogenase serum precip- 
itated only the nuclear glutamate dehydrogenase, indicating that  the latter en- 
zyme had some specific antigenic determinants. On the contrary, the antimito- 
chondrial glutamate dehydrogenase serum passed through Sepharose, coupled 
to the ox liver nuclear antigen, was no longer able to precipitate the enzymes 
in either subcellular fractions. These data suggest that  the mitochondrial an- 
tigen contains only determinants which are also present in nuclear glutamate 
dehydrogenase, and no determinants of its own. 

Discussion 

The existence of structural differences between nuclear and mitochondrial 
glutamate dehydrogenase has been confirmed by the present study on CHO 
cells. The higher anodic electrophoretic mobility of the nuclear enzyme con- 
stitutes a clear indication of a difference in the net  charge of the two proteins. 
Such characteristic confirms findings with glutamate dehydrogenase from ox 
liver and yeast [6,10] : in both these cases, nuclear glutamate dehydrogenase 
showed higher anodic mobility than the mitochondrial  enzyme. Moreover, the 
experiments on the kinetics of thermal inactivation showed that  nuclear glu- 
tamate dehydrogenase is less thermostable than the mitochondrial enzyme; 
these results are also indicative of some differences in structure between the 
two enzymes. 

Further indications that  also in these cells glutamate dehydrogenase activity 
is associated to two different proteins come from the experiments on the re- 
sponse of the reaction velocity to variations of pH, NAD ÷ and phosphate con- 
centration. In particular, the higher activation brought about  by phosphate at 
pH 8.3 on nuclear glutamate dehydrogenase closely parallels previous findings 
with the enzyme extracted from nuclei of other tissues [1,6,7,10].  

The results of this work were obtained with rather unpure enzyme prepara- 
tions. However, experiments performed with ox liver and yeast nuclear and 
mitochondrial  preparations, at comparable stages of purity,  showed that  sub- 
sequent purification affected neither the electrophoretic mobility nor the ki- 
netic properties, among which the activity response to phosphate concentra- 
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tion. Nuclear and mitochondrial  glutamate dehydrogenase,  extracted from 
several sources, could always be differentiated with respect to these two charac- 
teristics [1,6,7] .  Heat inactivation experiments,  to be reported elsewhere ( di 
Metteo,  G., Romeo ,  G. and di Prisco, G., unpublished observation), carried 
out  on ox liver preparations, have shown that the presence of contaminant  pro- 
tein can increase the enzyme thermal stability only slightly (not  over 10%), 
probably as a result of protein-protein interaction. Nuclear glutamate dehydro- 
genase has consistently been found to be less resistant to heat inactivation; the 
present evidence confirms this peculiarity, and it is therefore safe to conclude 
that,  in CHO cells also, nuclear glutamate dehydrogenase is less thermostable 
than the mitochondrial  enzyme. 

The immunological data suggest that  the nuclear enzyme possesses some 
specific antigenic determinants besides those in common with the mitochon- 
drial enzyme, which, in its turn, does not  seem to possess determinants other  
than the common ones. The structural relationship between the two enzymes,  
based on the immunological evidence, appears therefore to parallel that  recent- 
ly demonstra ted for the ox liver enzymes [12 ,13] .  These data clearly indicate 
that  the antisera prepared against the ox liver enzyme react with the antigens 
present in a phylogenetically distant mammal like the hamster. The same kind 
of interspecies cross reactivity has been noticed with the enzymes from rat, pig, 
sheep and pigeon liver [26] .  The occurrence of  two distinct structural genetic 
loci codifying nuclear and mitochondrial  glutamate dehydrogenase can now be 
hypothesized in different mammalian organisms; it would thus be interesting to 
investigate the possible origin of  one of  these enzymes from the other  by gene 
duplication in some common ancestor. Unfortunately,  the immunological assay 
developed in this s tudy cannot  be applied as a routine screening of a mixture of  
the two enzymes, as it would be desirable, since the antiserum which is non 
cross-reactive after affinity chromatography is that  against the nuclear enzyme,  
and this componen t  has constantly been found to represent only about  15% of 
the total glutamate dehydrogenase activity. 

The differential rates of  increase of  the nuclear and mitochondrial  glutamate 
dehydrogenase in relation to cell growth have already been noticed in human 
Chang's liver cells [7] and consti tute a further p roof  of  the different localiza- 
tion of  these two enzymes in the cell. With regard to the response to antimetab- 
olites the resistance of CHO cells to chloramphenicol t reatment,  which contrasts 
with the higher sensitivity to this drug reported for HeLa cells grown in suspen- 
sion [25] must  be underlined. 

The increase in specific activity and activity per cell of  mitochondrial  gluta- 
mate dehydrogenase is similar to that  reported for mitochondrial  malate dehy- 
drogenase in HeLa cells following a three-day exposure to chloramphenicol 
[25] ,  as well as that  of  two enzymes of  bacterial specificity involved in mito- 
chondrial protein synthesis in Neurospora crassa [27] .  In accord with the latter 
findings, we have also shown, in the presence of chloramphenicol,  an increase 
in the total  mitochondrial  protein. Our results are therefore in keeping with the 
hypothesis  of  synthesis of  most  mitochondrial  enzymes on cytoplasmic ribo- 
somes, followed by incorporation in the mitochondria.  This process seems to 
be controlled by a repressor-like mitochondrial  gene product  [27] .  On the 
other hand, the enhanced decay of  nuclear glutamate dehydrogenase,  as well as 
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the decrease in total nuclear protein in chloramphenicol-treated cells, has 11o~ 
been previously observed. Although this effect remains unexplained at this 
stage, a possible involvement of signals of protein nature of mitochondrial ori- 
gin in the control of the level (or tile stability) of the nuclear enzyme seem, a 
reasonable working hypothesis. 
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