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The activity and the mRNA content of cytosolic aspartate
aminotransferase (EC 2.6.1.1) were examined in cultured rat
hepatocytes. Addition of glucagon (1 x 10"’M) in the presence
of dexamethasone (1 x 10°7M) caused about 2-fold increase in
the activity and mRNA content. Dibutyryl cAMP (1 x 10~*M) could
replace glucagon for this effect. Maximal induction of cytosolic
aspartate aminotransferase mRNA was observed 8 h after their
additions. 1Insulin (1 x 10°7M) did not inbibit the enzyme induc-
tion by glucagon or dibutyryl cAMP. These results suggest that
the cytosolic aspartate aminotransferase gdene is regulated by
cAMP, and not by insulin. © 1988 academic Press, Inc.

Recently we found that cytosolic aspartate amino-
transferase (cAspAT) of rat liver was induced in the
gluconeogenic state in vivo, that is, a high-protein diet, starva-
tion or administration of glucagon increased the cAspAT activity
and cAspAT mRNA about 2-fold in vivo (1,2). The physiological
significance of induction of cAspAT is considered to be to in-
crease the supply of oxaloacetate as a substrate for cytosolic
phosphoenolpyruvate carboxykinase (cPEPCK; EC 4.1.1.32), which
is also induced 2- to 3-fold by starvation or injection of
glucagon (3,4). In this work, we studied the effects of vari-
ous hormones and inducers on the cAspAT activity and the content

of cAspAT mRNA in primary cultures of adult rat hepatocytes.

Abbreviations used : AspAT, aspartate aminotransferase (EC
2.6.1.1); cAspAT and mAspAT, cytosolic and mitochondrial isozyme,
respectively; cPEPCK, cytosolic phosphoenolpyruvate carboxykinase
(EC 4.1.1.32); BtchMP, dibutyryl cyclic AMP.
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Results showed that cAspAT was induced by glucagon and dibutyryl

cAMP and that this induction was not suppressed by insulin.
MATERIALS AND METHODS

Cell Culture and Assay of Enzyme Activity --- Adult Male Wistar

rats weighing around 200 g were used. Parenchymal hepatocytes

were obtained by perfusion of the liver with collagenase, and
the cells were cultured as monolayers as reported by Tanaka et

al. (5). Hepatocytoes were seeded at a density of 1 x 10°
cells/cm? cultured in Williams medium E with 10% fetal bovine
serum, 1 x 10" ®M dexamethasone, and 1 x 10°’M insulin. After

8 h, the medium was replaced by hormone-free medium. Inducers
were added 14 h later and the cells were cultured further for
24 h. In time-course experiments, the cells were harvested
at the indicated times. The cells were washed with ice-cold
phosphate-buffered saline, and harvested. Samples of 5 x 10°

cells in 0.2 ml of 50 mM potassium phosphate, pH 6.0, containing
50 mM potassium succinate, 0.5 mM 2-oxoglutarate, 0.2 mM EDTA,
0.1 mM dithiothreitol, 0.1 mM phenylmethylsulfonyl fluoride,
0.1% Triton X-100 and 0.05 mM pyridoxal §5'-phosphate were
sonicated for three 30 sec periods at 0°C. The sonicate was
centrifuged at 10,000 x g for 10 min and AspAT activity in the
supernatant was assayed. AspAT isozymes were assayed separately

with their antisera as described previously (6). Protein was
determined by the method of Lowry et al. (7).

Isolation of RNA and gquantification of cAspAT mRNA --- Total
RNA was isolated by the method of Chirgwin et al. (8). Samples

(5 ng) of total RNA were subjected to dot blot analysis using
rat cAspAT cDNA (9) labelled with [w-32P] ACTP as described previ-
ously (2). The specific activity of the probe was about 1 x
10® cpm/ug DNA. Quantification of cAspAT mRNA was performed
by densitometry after autoradiography.

Materials --- All materials used were standard commercial prod-
ucts.

RESULTS
Isolated hepatocytes were first cultured for 8 h with insulin
and dexamethasone, which are necessary for attachment of the
cells to the culture dishes and their spreading (5). After fur-
ther culture without hormones for 14 h, various hormones were
added, and cAspAT activity was determined 24 h later. As shown

in Table 1, neither dexamethasone (1 x 10_6M) nor insulin (1

b4 10—7M) had any effect on the enzyme activity but glucagon (1

x 10" 'M) increased the activity. In the presence of

dexamethasone, glucagon increased the activity to about twice

4

that of control cells. Dibutyryl cyclic AMP (Bt,cAMP,1 x 107 M)

was as effective as glucagon in the presence of dexamethasone.

On the other hand, glucagon and Bt,cAMP did not affect the activ-

2
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Table 1. Effects of various hormones on cAspAT activity in cul-
tured hepatocytes. The cells were incubated for 24 h with vari-
ous inducers. Values are mean activities (mU/10 % cells) * S.D.
for those in 4 experiments. *Significant difference from value
for control (p<0.005) by Student's t-test.

Addition Concentration CAsSpAT activity Relative
(mU/lO5 cells) activity
None - 5.0 £ 0.5 .
Dexamethasone (D) 1 x 10 %y 5.5 ¢ 0.4 1.1
Insulin (I) 1 x 107 'm 6.1 + 0.6 1.2
Glucagon (G) 1 x 107'M 6.9 t 0.5%
(G)+(I) 6.9 ¢ 1.2 1.4
(G)+(D) 9.3 £ 1.3% 1.9
(G)+(D)+(I) 9.7 £ 1.7*% )
Bt,CAMP (B) 1 x 1074 6.8 + 0.7 1.4
(B)+(D) 9.0 & 1.1% 1.8
(B)+(D)+(I) 10.0 £ 2.9 2.0
(B)+{D)+(G) 10.5 & 2.1% 2.1
(B)+(D)+(G)+(1I) 13.4 + 2.5% 2.7
8-Bromo-cGMP 1 x 1073M 4.3 + 0.3 0.9
TPA x 107 M 4.0 £ 0.7 0.8
A-23187 2 x 10”7% 2.2 £ 0.6 0.4

ity of mitochondrial aspartate aminotransferase (mAspAT) (data
not shown). Insulin did not suppress the increase of cAspAT

activity by glucagon and Bt,cAMP. 8-Bromo-cGMP (1 x 10—3M),

12-0-tetradecanoyl phorbol-13 acetate (TPA, 1 x 10—7M) and

A23187 (calcium ionophore, 2 x 10_6M) did not increase cAspAT
activity. Fig. 1 shows the dose dependences of the increases

of cAspAT activity induced by glucagon and BtchMP. Maximal

Ty glucagon and 107°M Bt.,CAMP.

Fig. 2 shows that cycloheximide (10 ug/ml) prevented the induc-

effects were observed with 10~

tions of cAspAT by glucagon and BtchMP, suggesting that the
enzyme induction was dependent on the synthesis of new protein.
Fig. 3 shows the time-course of enzyme induction by BtchMP.

In the presence of 1 x 10_4M BtchMP and 1 x 10_6M dexamethasone,
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Fig. 1 Dose-response curves of cAspAT activity to glucagon and
Bt,cAMP in the presence of dexamethasone. The cells were incu-
bated for 24 h with 1 x 10” ®M dexamethasone and various concentra-
tions of glucagon or Bt,CcAMP. Values are means (U/mg protein)
+ S.D. for 6 experiments. *Significant difference from value
for control (p<0.005) by Student's t-test.

Fig.2 Effect of cycloheximide on c¢AspAT activity in cultured
hepatocytes. Cells were incubated for 24 h with 1 x 107"M
glucagon or 1 x 10™*M Bt,cAMP in the presence of 1 x 107°M
dexamethasone with (+) or without (-) cycloheximide (10 ug/ml).
Values are means (U/mg protein) * S.D. for 4 samples. *Signifi-
cant difference from value for control (without cycloheximide)(p<
0.005) by Student's t-test.

2001 cAspAT

CAspAT
mRNA

100f= —amASpAT

o, of control

i 4

¥ 8 3

' 1
013 5 8 16 24 h 0 1 5 8 24 h

Fig. 3 Time-courses of change in cAspAT activity, cAspAT mRNA,
and mAspAT activity in response to Bt,cAMP (1 x 10" “*M)and
dexamethasone (1 x 107 °M). cAspAT and mAspAT activity were as-

sayed at the indicated times. Activities are expressed as
percentages of the control value % S.D. of means in six separate
experiments. The specific activites of cAspAT and mAspAT of
the control were 0.338 x 0.042 and 1.327 ¢+ 0.115 U/mg protein,
respectively. Total RNA was also extracted at the indicated
times and cAspAT mRNA was analyzed by dot blot analysis using
nick-translated rat cAspAT cDNA with [a-32p]dCTP. Relative

amounts of cAspAT mRNA are indicated as percentages of the con-
trol value of means in two separate experiments.
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the increase of cAspAT activity was evident after 3 h and
reached a plateau after 8 h. On the other hand, the cAspAT mRNA
level was significantly higher than that in wuninduced control
cells, as early as 1 h after the addition of BtchMP, and reached
a maximum of about 2.2-fold the wuninduced control level after
8 h. The time-course of the induction of cAspAT activity by
glucagon was similar to that by BtchMP (data not shown). Addi-

7

tion of 1 x 10 'M insulin did not affect the time-course of

cAspAT induction by glucagon or Bt,cAMP (data not shown). The

2
mAspAT activity was not changed 24 h after the addition of
BtchMP, indicating that the wviability of the cells was not
changed.
DISCUSSION
In the present study we showed that glucagon and BtchMP
induced cAspAT activity with elevation of its mRNA. These data

are consistent with our previous in vive findings (1,2).

Bt.,cAMP was as effective as glucagon in inducing cAspAT.

2
The response was slower than that of c¢cPEPCK (10) or tyrosine
aminotransferase (11), the mRNA levels of which reached maxima
within 2 or 3 h. The induction of ornithine aminotransferase
by BtchMP was also slow (12). This slow induction suggests
that BtchMP regulates the expression of an intermediate gene
product(s) required for cAMP stimulation of expression of the

cAspAT gene.

Glucagon and insulin are known to have opposite effects on
metabolism and to affect the expressions of the genes of many
enzymes. Transcription of the cPEPCK gene is increased by CcAMP,
and insulin inphibits its induction (10). However, the induction
of cAspAT by glucagon and BtchMP was not affected by insulin.

This result supports previous findings on cPEPCK, which showed
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that the mechanism of action of insulin was independent of that
of glucagon (13).

Although dexamethasone did not induce cAspAT activity, 1
x 10—6M dexamethasone greatly enhanced the inductions by glucagon
and BtchMP, so the effect of dexamethasone on cAspAT induction
cannot be neglected. Glucagon is reported to induce serine
dehydratase(EC 4,2,1,13) and tryptophan oxygenase{EC 1,13,11,11)
in cultured rat hepatocytes only in the presence of dexamethasone
(14,15). But dexamethasone is thought to be essential for mainte-
nance of hepatocytes (5), so, the low inducibility of cAspAT
activity by glucagon in the absence of dexamethasone may be attrib-
uted to the low responsiveness of the cells to the hormone.

The precise role of regulation of the cAspAT gene is not
known, but primary cultures of hepatocytes are useful for explor-
ing the mode of action of factors affecting the expression of
liver genes. These cultures will be of great value for further
studies on expression of the cAspAT gene.
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