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1. Introduction 

All of the enzymes which catalyse the conversion of 
oxaloacetate to glucose 6-phosphate in gluconeogenesis 
of rat liver are known to be predominantly localized in 
the cytosol (for review see ref. [1]). However, the loca- 
lization of pyruvate carboxylase (PC) which converts py- 
ruvate to oxaloacetate is still not clear. B6ttger et al. 
[2] concluded from their cell fractionation study that 
at least 97% of the enzyme was mitochondrial where- 
as the group of Seubert [3, 4],  by using a different 
method, postulated the existence of a physiologically 
significant extramitochondrial enzyme activity. Both 
groups used glutamate dehydrogenase (GDH) as a mi- 
tochondrial marker enzyme. 

The method of Seubert's group involves homoge- 
nization of the liver in various media, centrifugation 
at 70 000 g and measurement of pyruvate carboxy- 
lase and glutamate dehydrogenase activities in the 
supernatants. With this method these authors found 
more than 30% of the total PC activity versus less than 
7% of GDH activity in the 70 000 g supernatants. The 
possibility that a differential release of the two en- 
zymes from the mitochondria could be responsible 
for this result was shown to be unlikely because under 
various conditions of gradual breakage of isolated 
mitochondria always equal relative amounts of  en- 
zyme activities were liberated [4, 5]. Based on these 
results, Seubert's group therefore postulated the ex- 
istence of an extramitochondrial PC activity [3, 4]. 
In a recent paper, Dugal [5] reported that up to 54% 
of PC versus only 11% of GDH can be found in the 
supernatants if the homogenization is prolonged to 
11 min. 

By using the method and homogenization media 
of Seubert's group we also found a higher percentage 
of PC than of GDH activity in the supernatants [6]. 
In addition we reported that equal percentages of 
both enzyme activities are found in the supernatants 
if a phosphate-containing homogenization medium 
is used. In order to explain the effect of phosphate 
we proposed that during homogenization with all 
media equal amounts of both enzymes are released 
into the cytosol due to breakage of mitochondria, 
but that the released GDH is stable only in the pre- 
sence and unstable in the absence of phosphate where- 
as released PC retains its activity in all media. This 
conclusion was supported by the fact that GDH added 
to homogenates could only be recovered in the 70 000 
g supernatants if phosphate was present whereas in the 
absence of phosphate 50% to 95% of GDH activity 
was lost [6]. On the other hand, the recent results 
of  Dugal [5] show that GDH is not destroyed by the 
homogenization procedure in a phosphate-free me- 
dium, because when he added deoxycholate after 
such a prolonged homogenization, 100% of both en- 
zymes were recovered. Therefore the question remains 
unanswered as to why the ratio of  PC:GDH activities 
is different in the supernatants of phosphate-con- 
taining homogenization media as compared to the 
phosphate-free media used by Seubert's group. 

The results of the present study demonstrate that 
in the phosphate-free homogenization media substan- 
tial amounts of GDH were bound by liver fractions 
containing mainly microsomes and nuclei and that 
this GDH activity was released when phosphate was 
added. These results fully explain the differences in 
enzyme activities observed in the media with and 
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Table 1 
The effect of phosphate on the release of glutamate dehydrogenase activity from various liver fractions. 

December 1973 

GDH-activity released 
Homogenization media Liver fraction Control Treated with phosphate 

I 0.24 M sucrose, 1 mM EDTA, 1 mM glutathione, 
20 mM TEA-HC1 pH 7.2 

II 0.28 M sucrose, 1 mM EDTA, 1 mM glutathione, 
50 mM sodium acetate 

(~tmoles/min/g liver) 

900 g Sediment 0.68 5.44 
900 g Supernatant 0.81 10.93 

15 000 g Sediment 0.40 2.73 
15 000 g Supernatant 0.65 8.24 

100 000 g Supernatant 0.65 0.70 
900 g Supernatant 0.60 12.53 

100 000g Supernatant 0.60 0.61 

Rat livers were homogenized in the media used by Seubert et aL [4] and indicated in the table and then centrifuged at 900 g for 
8 rain. Part of the resulting supernatant was then centrifuged at 15 000 g for 10 rain. Probes were retained of each liver fraction 
and their GDH activity was measured as follows: a) controls: All 900 g and 15 000 g 'supernatant' fractions were centrifuged at 
100 000 g and the GDH activities were then assayed in the resulting supernatants: 'sediment' fractions were resuspended in 10 ml 
of the respective homogenization media per original gram of liver, then centrifuged at 100 000 g and the GDH activities deter- 
mined in the resulting supernatants; b) treated with phosphate: the procedure was the same as with the controls, except that here 
potassium phosphate solution of pH 7.2 was added to all the respective media (final concentration 50 mM) in which the probes 
were resuspended. In the case of the liver fractions marked as '100 000 g supernatants'~ no recentrffugations were carried out be- 
cause these solutions were always clear. The control GDH values of the 15 000 g supernatant and 100 000 g supernatant there- 
fore always represent the same measurement. When phosphate was added to the 100 000 g supernatant, the solution was thor- 
oughly mixed. Times of centrifugation were 8 min for 900 g, 10 min for 15 000 g and 60 min for 100 000 g. 

without phosphate and thereby strongly support the 
concept of an exclusive intramitochondrial localiza- 

tion of PC in rat liver. Furthermore, evidence is pre- 
sented that cortisol treatment of the rat does not 
lead to an induction of extramitochondrial PC as has 

been reported by others [3]. 

2. Materials and methods 

Fed male rats (CFN COBS) from the Tierzucht 

Institut of the University of Zurich weighing 190 - 
240 g were used. PC activity was measured according 
to Henning et al. [7] except that citrate was deter- 
mined enzymatically [8]. GDH activity was measured 
according to Schmidt [9] in the presence of ADP [10]. 

3. Results and discussion 

In the experiments of table 1, two of the phosphate- 
free homogenization media used by Seubert's group 
[4] were employed. As can be seen, GDH activity was 
released from subcellular fractions upon addition of 
phosphate. The experiments with the triethanolamine 

buffer-containing medium furthermore show that most 

GDH activity was bound to the fraction containing 
mainly microsomes (15 000 g supernatant) or nuclei 
(900 g sediment) whereas little enzyme activity was 
released from the mitochondrial fraction (15 000 g 

sediment). If livers were homogenized in a sucrose- 

g luta thione-EDTA medium, GDH was also released 
by added phosphate (table 2, expt. 3). On the other 
hand if acetate was added, even more GDH disappeared 
whereas the addition of triethanolamine buffer caused 

no further loss of GDH (table 2). PC activity either 
remained constant or slightly increased upon addition 
of the various salts in these experiments. 

These results are in good agreement with those 
published earlier [6] in which soluble GDH and PC 
were added to homogenate in various media and where 
the recovery of these enzymes was measured in the re- 
suiting supernatants. It was found that about 50% of 
GDH activity was lost in the presence of triethanola- 
mine buffer and about 95% when sodium acetate was 
present whereas in the phosphate-containing" medium 
all of the added enzyme activity was recovered. On 
the other hand none of the added PC disappeared in 
the various media tested. 
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Table 2 
Effe0ts of various additions to the 900 g supernatant fraction 
on the enzyme activities in the high speed supernatants. 

Expt. Treatment 
Enzyme activities in 
70 000 g supernatant 
PC GDH 

Ozmoles/min/g liver) 

None 0.58 1.39 
1 Rehomogenized 0.59 1.59 

Rehomogenized after addi- 
tion of 20 mM TEA-HC1 
pH 7.2 0.59 1.19 
None 0.35 2.14 

2 Rehomogenized 0.43 2.22 
Rehomogenized after addi- 
tion of 50 mM sodium 
acetate 0.56 0.43 
None 0.30 2.53 

3 Rehomogenized 0.34 2.63 
Rehomogenized after addi- 
tion of 50 mM potassium 
phosphate pH 7.2 0.47 15.95 

The 900 g supernatant fractions were prepared according to 
Henning et al. [3] in a medium containing 0.3 M sucrose, 
1 mM EDTA and 1 mM glutathione. When indicated reho- 
mogenization was carried out in a Potter type homogenizer 
for 1 min at ice temperature. The supernatant fractions were 
obtained by centrifugation at 70 000 g for 15 min. 

The original observation of Seubert's group that a 
higher percentage of total PC than of GDH activity 
appears in their supernatant can now be fully explain- 
ed by the fact that part of the GDH released by the 
mitochondria during homogenization is bound to sub- 
cellular fractions containing mainly microsomes and 
nuclei. Furthermore the finding that equal relative per- 
centages of PC and GDH activities are found in the 
supernatants of phosphate-containing homogenates 
[6] provide strong evidence for an exclusive mito- 
chondrial localization of PC in rat liver and argue 
against the concept of an extramitochondrial PC ac- 
tivity. 

In table 3 some results with cortisol-treated rats 

are summarized. In agreement with Hennlng et al. [3] 

and Stormer et al. [11], 20 -40% increases in cyto- 
sol-PC activity could be observed in livers of cortisol- 
treated rats when the enzyme activities were measur- 

ed in the supernatants of phosphate-free homogenates 
In the phosphate-containing medium, however, the 

increases were smaller, and equal relative percentages 

of GDH and of PC were found in the respective cyto- 
sols. On the basis of these results, an induction of an 

extramitochondrial PC as has been postulated earlier 
[3] seems unlikely. 

After this work was completed, it was shown by 

Table 3 
Effect of cortisol treatment on the activities of glutamate dehydrogenase and pyruvate carboxylase in rat liver. 

Enzyme activities 

Expt. Homogenization Treatment of animal Total homogenate Cytosol 
medium PC GDH PC GDH 

/~moles/min/g liver 
I Fasted (control) 7.6 238 0.87 (12%) 6.36 (3%) 

Fasted + cortisol 8.5 257 1.24 (15%) 6.60 (3%) 

III Fasted (control) 7.5 250 0.68 (9%) 29.4 (10%) 
Fasted + cortisol 9.0 304 0.78 (9%) 31.8 (12%) 

I Fasted (control) 7.3 250 0.86 (12%) 4.15 (2%) 
Fasted + cortisol 8.1 278 1.05 (13%) 6.60 (2%) 

III Fasted (control) 7.7 258 0.62 (9%) 24.5 (9%) 
Fasted + cortisol 7.8 309 0.71 (8%) 30.0 (10%) 

Food was taken away at 10 p.m. and animals were killed at 10 a.m. the following day. When indicated, 5 mg of cortisol (crystal- 
line suspension) per 100 g of body weight was administered i.p. at 4 a.m.; controls received the same volume of physiological 
saline. For composition of medium I see table 1 ; medium III contained 0.14 M sucrose and 50 mM potassium phosphate pH 7.2. 
Extracts of liver homogenates were prepared according to BiSttger et al. [2]. Numbers in brackets refer to % of activity of the 
respective enzymes in the total homogenate. 
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Godinot and Lardy [12] that labelled glutamate de- 
hydrogenase added to liver homogenates preferential- 
ly binds to microsomes, which is in full agreement with 
our findings. Evidence was also presented showing that 
a small ((6%) fraction of  the total GDH activity which 
does not originate from broken mitochondria is bound 
to microsomes. It was proposed that this microsomal 
enzyme activity represents newly synthesized enzyme 
which is to be transported into the mitochondria. I f  
a similar pathway exists for the biosynthesis o f  PC, the 
non-mitochondrial fraction should amount to less than 
3% according to BtSttger et al. [2].  
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