
277 

Biochimica et Biophysica Acta, 628 (1980) 277--285 
© Elsevier/North-Holland Biomedical Press 

BBA 29191 

REGULATION OF PHOSPHOENOLPYRUVATE CARBOXYKINASE BY 
GLUCAGON AND GLUCOCORTICOIDS IN PRIMARY CULTURES OF RAT 
HEPATOCYTES 

CHRISTIAN SCHUDT 
With technical assistance of PETER BLEY and AVI TOLEDO 

Fachbereich Biologie der Universita't Konstanz, Postfach 7733, D-7750 Konstanz (F.R.G.) 

(Received July 4th, 1979) 

Key words: Phosphoenolpyruvate carboxykinase; Glucagon; Glucocorticoids; Regulation; 
(Rat hepatocy te) 

Summary 

Activity changes of phosphoenolpyruvate carboxykinase (GTP:oxaloacetate 
carboxylase, transphosphorylating, EC 4.1.1.32) were followed in hepatocyte 
cultures under defined hormone conditions. In the absence of hormones a cel- 
lular activity of 10 U/g protein was established. In the continuous presence of 
glucagon (20 nM) or triamcinolone (0.1 pjVl) or glucagon and triamcinolone 
activity levels of 17, 23 and 60 U/g protein were found at the third day of cul- 
ture. After 2 days culture in hormone-free medium, phosphoenolpyruvate car- 
boxykinase activity could be elevated by the respective hormones with initial 
rates of about 2.5, 4.5 or 10 U_/g protein per h. Increase of enzyme activity was 
reduced by simultaneous addition of 50 nM insulin and was completely inhib- 
ited in the presence of 10 pg/ml cycloheximide. Addition of actinomycin D 
(100 ng/ml) inhibited the independent  effects of glucagon and of glucocorti- 
coids on phosphoenolpyruvate carboxykinase activity. Glucagon however, did 
enhance phosphoenolpyruvate carboxykinase activity even in the presence of 
300 ng/ml actinomycin D provided that  hepatocytes had been pretreated with 
a glucocorticoid. Dose~lependent stimulation of (1) phosphoenolpyruvate 
carboxykinase activity, of (2) glucose formation from lactate and of (3) inter- 
conversion of glycogen phosphorylase by glucagon was studied, and half- 
maximal effects were obtained at 50 + 30 pM glucagon. 

The rate of enzyme activity decline was investigated after withdrawal of 
glucagon and triamcinolone from 2<lay-old cultures. Phosphoenolpyruvate 
carboxykinase activity decreased with a constant rate of about 2 U/g protein 
per h for about 16 h. No influence of insulin, of cycloheximide or of glucagon, 
triamcinolone and cycloheximide was observed. 
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Introduction 

Phosphoenolpyruvate carboxykinase in liver can be enhanced by starvation, 
by the action of glucagon or alternatively by cyclic AMP and glucocorticoids 
(for review see refs. 1 and 2). With regard to the mechanism of regulation it was 
demonstrated in Reuber H 35 hepatoma cells [3,4] and perfused rat liver [5] 
that cyclic AMP could increase phosphoenolpyruvate carboxykinase activity 
although RNA synthesis was blocked [3--5]. For the action of glucocorticoids, 
however, RNA synthesis was essential [3,5--7]. Consequently, a posttranscrip- 
tional involvement of cyclic AMP and a 'permissive' effect of glucocorticoids 
on phosphoenolpyruvate carboxykinase regulation was concluded [3--5,7]. At 
variance with this conclusion, cyclic AMP induction of phosphoenolpyruvate 
carboxykinase in fetal rats, organ cultures and hepatocyte cultures has been 
shown to be sensitive to actinomycin D [8,9,12]. Furthermore, it was demon- 
strated recently that cyclic AMP increases the level of mRNA for phospho- 
enolpyruvate carboxykinase in fetal and in adult rat liver [10,11]. These 
conflicting results were difficult to resolve since different model systems have 
been used. However, it is conceivable that both, transcriptional and post- 
transcriptional stimulation by cyclic AMP are involved in phosphoenolpyruvate 
carboxykinase regulation. 

Cultured hepatocytes provide a model system, which is tightly related to 
intact liver [12] and which allows discrimination between different hormone 
actions on the same enzyme target [13]. Therefore, experiments with cultured 
hepatocytes could show simultaneously, (1) the additive actions of glucagon 
and glucocorticoids on mRNA synthesis and (2) the permissive actions of 
glucocorticoids for glucagon stimulation of phosphoenolpyruvate carboxy- 
kinase synthesis. 

Materials and Methods 

Hepatocyte cultures were prepared by liver perfusion using fed rats as 
described previously [14]. Isolated parenchymal cells were suspended in cold 
(4--8°C) culture medium containing 5% newborn calf serum at 2.5 • l0  s cells/ 
ml. 2.5 • 106 cells were added to one 10 cm plastic culture dish. 3 h after seed- 
ing, the serum containing culture-medium was removed and 10 ml of fresh 
medium were added. This medium consisted of salts, amino acids and vitamins 
according to Dulbecco's modification of minimal essential medium, plus 
10 mM glucose, 5 mM lactate, 0.1% bovine serum albumin, 40 mM NaHCO3, 
penicillin (50 units/ml), streptomycin (50 pg/ml), and hormones as indicated. 
Medium was exchanged daily. 

For phosphoenolpyruvate carboxykinase synthesis and degradation experi- 
ments, dishes were incubated for 30 rain with 10 ml hormone-free medium in 
order to reduce previously added hormones to below 1 pM. Then fresh 
medium, containing inducers or inhibitors as indicated, was added. The incuba- 
tion was stopped by washing the dishes twice with cold saline (0.9% NaCI/ 
10 mM Tris, pH 7.4). Cultures were frozen on a block cooled by liquid N2 and 
stored at --40°C for subsequent determinations of enzyme activities. 

For the phosphoenolpyruvate carboxykinase assay, 0.5 ml of 0.15 M KC1 
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were added to one dish and the cells were scraped into this solution. The 
suspension was sonicated 2 X 5 s and the enzyme activity was determined 
according to Seubert  and Huth  [15] with the modifications described by  Krone 
et  al. [7]. Determinations were done in the cell homogenates  of  each culture 
dish separately. Data derived from equally treated culture dishes were pooled 
from different  experiments for  statistical evaluation. Protein determination was 
performed fluorimetrically [16].  Phosphorylase a and a + b activity was deter- 
mined according to Stalmans et al. [17].  

For  measurements of  gluconeogenesis, cultures were incubated with 10 ml 
culture medium wi thout  hormones,  glucose or phenol red, bu t  with 5 mM 
lactate (as normal) and 1 mM pyruvate.  After  i h of  preincubation, this 
medium was replaced by  6 ml of  the same medium containing various glucagon 
concentrations.  After  4, 8 and 20 h, glucose content  in the medium and phos- 
phoenolpyruvate carboxykinase activity in the cell layer were determined in 
each dish. For  glucose determination the media were freeze~iried and the 
sediments were again solubflized in 0.6 ml H20. Glucose content  was deter- 
mined as described earlier [14].  

Results 

Phosphoenolpyruvate carboxykinase activities in hepatocyte cultures 
When hepatocytes  were cultured in a hormone-free medium, specific activity 

of phosphoenolpyruvate carboxykinase declined rapidly and stable activity 
levels in the range of  10 U/g protein were established (Fig. 1). When 20 nM 
glucagon or a synthetic glucocorticoid such as triamcinolone (0.1 plVl) were 
added to the culture medium from 3 h after seeding, the initial activity 
decreased bu t  the stable activity level was 2.5- or 1.8-fold higher than under 
control  conditions. In the presence of  both  hormones,  phosphoenolpyruvate 
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Fig. 1. P h o s p h o e n o l p y r u v a t e  c a r b o x y k i n a s e  (PEP c a r b o x y k i n a s e )  ac t iv i ty  in cu l t u r ed  hepatocytes.  
Hepatoeytes  were  c u l t u r e d  u n d e r  de f i ne d  h o r m o n e  c o n c e n t r a t i o n s  f r o m  3 h a f t e r  seeding:  o, n o  a d d i t i o n  
( con t ro l ) ;  m, 0.1 #M t r i a m c i n o l o n e ;  e ,  20  nM g iucagon;  0, g iucagon  an d  t r i a m c l n o l o n e .  Af t e r  1, 2 an d  3 
d a y s  th ree  dishes Per  p o i n t  we re  ha rves t ed  a n d  s t o r e d  a t  ---40°C un t i l  e n z y m e  d e t e r m i n a t i o n .  E n z y m e  
ac t iv i ty  was  m e a s u r e d  in each  dish sepa ra t e ly .  D a t a  are  d r a w n  f r o m  f o u r  e x p e r l m e n t s a n d  are  given as 
m e a n  + S.D. (n = 12) .  
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carboxykinase activity rose and specific activities exceeded that of  the initial 
suspension by about 2-fold after 3 days in culture (Fig. 1). The activity 
observed with the hormone combination was always higher than the sum of the 
activities found with glucagon or triamcinolone separately (Fig. 1). 

When glucagon and triarncinolone were withdrawn from cultures previously 
kept in the presence of this hormone combination, phosphoenolpyruvate 
earboxykinase declined as shown in Fig. 2. After an initial delay enzyme activ- 
ity decreased with a constant rate of  about 2 U/g protein per h. This rate 
was not influenced by either insulin (20 v_M), or cycloheximide (10/~g/ml), or 
glucagon and triamcinolone in the absence of  protein synthesis (Fig. 2). After 
16 h the rate of  decline slowed down and stable activity levels were approached 
(Fig. 2). 

The low phosphoenolpyruvate carboxykinase activity found in hepatocytes 
cultivated for 2 days in hormone free medium could be elevated by addition of  
either glucagon or triamcinolone, or the combination of both hormones 
(Fig. 3). Maximum activity levels were reached after 8 h and remained stable up 
to 24 h, except in the presence of  glucagon. Fig. 3 demonstrates that the 
simultaneous presence of  glucagon and triamcinolone evoked a 500% increase 
in specific activity. This rise exceeded the sum of  increases observed in the 
presence of  either glucagon (200%) Or triamcinolone (100%) alone. Incubation 
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Fig. 2. Decl ine  o f  phosphoenolpyruvate (PEP) carboxyk inase  activity.  Hepatocy te s  were cultured in the 
absence  (o)  or  in the presence  (e )  o f  20 nM g lucagon  a n d  0.1 pM t r i a m c i n o l o n c  f r o m  3 h after seeding.  At  
day  1 or  day  2 cultures were washed for  30 rain in h o r m o n e - f r e e  m e d i u m  and  were  then incubated in 
m e d i a  containing the indicated additives: (o)  no  h o r m o n e ,  (A) 20 nM insulin,  (0)  10 /~g /ml  c y c l o h e x -  
imide ,  ( , )  c y e l o h e x i m i d e ,  g lucagon and  t r i amc ino lone .  A t  the indicated t ime points  three dishes were 
harvested per exper iment  and  e n z y m e  activity was  d e t e r m i n e d  in each dish separately.  Date  are d r a w n  
f r o m  three exper iments  and  are given as m e a n  -+ S.D. (n ffi 9). 

Fig. 3. Increase  o f  phosPhoenolpyruvate (PEP) carboxyk inase  act ivi ty  in 2-day-old  hepatocy te s .  Hepato-  
cy tes  were cult ivated for  2 days  in h o r m o n e  free media .  M e d i u m  was then changed and cultures were  
incubated  in the  presence  o f  various  additives:  v,  no  h o r m o n e ;  O, 1 / ~ M t r i a m c i n o l o n e ;  o, 20 nM g lucagon;  
e ,  g lucagon  a n d  t r i a m c i n o l o n e ;  a 50 nM insul in,  t r iameino lone  and glucagon; s 10 # g / m l  c y c l o h e x i m i d e ,  
t r i a m c i n o l o n e  and  g lucagon.  A t  the indicated t ime points  three dishes per exPer iment  were  harvested a n d  
s tored  at  - -40°C .  E n z y m e  act ivi ty  was  d e t e r m i n e d  in each dish separately.  Data  are  d r a w n  f r o m  four  
exper iments  a n d  are given as m e a n  + S.D. (n = 12).  
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with the natural glucocorticoids cortisol (1 pM) or corticosterone (1 /~VI) 
revealed the same effect on phosphoenolpyruvate carboxykinase activity during 
4 h incubation as triamcinolone (1 p_M) (data not shown). 

Addition o'f insulin (50 nM) to the medium together with glucagon and 
triamcinolone reduced the inducing effect of  the latter hormones from 500% to 
80% (Fig. 3). If cycloheximide (10 pg/ml) was present in the medium, the basal 
activity of phosphoenolpyruvate carboxykinase was slightly depressed and no 
elevation of  phosphoenolpyruvate carboxykinase activity could be observed in 
the presence of hormones (Fig. 3). 

Dose-response relationship between glucagon and enzyme activities and 
gluconeogenesis 

Fig. 4 shows parallel glucagon dependence in 2~lay-old hepatocytes for (1) 
phosphoenolpyruvate carboxykinase induction, (2) Stimulation of gluconeo- 
genesis and (3) phosphorylase interconversion (Fig. 4). Half-maximal effects 
were evoked for all at 50 -+ 30 pM glucagon. The amount of gluconeogenesis as 
described in Fig. 4 was probably due to glucose formation from lactate and 
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Fig. 4. E n h a n c e m e n t  o f  p h o s p h o e n o | p y r u v a t e  (PEP) carboxyk inase  content ,  g luconeogenes i s  and g lycogen  
p h o s p h o r y l a l e  a b y  glueagon,  H e p a t o c y t e s  were  precultured for  2 days  under  contro l  condi t ions .  Phos-  
p h o e n o | p y r u v a t e  carboxy lase  act ivi ty  and glucose  format ion  were  de termined  in the  same cultures after 
4 h incubat ion  in a glucose-free m e d i u m  conta in ing  the  indicated g lucagon concentra t ion  (see Methods) .  
For  m e a s u r e m e n t  o f  g lycogen  phosphorYlase  interconver~flon, cells  were  changed to  10  m l  h o r t n o n e - ~ e e  
m e d i u m  conta in ing  20 mM glucose ,  3 0  rain later the respect ive  a m o u n t  o f  g lucagon was  added in 1 0 0  #I 
m e d i u m .  2 0  min after glucagon addi t ion ,  m e d i u m  was  r e m o v e d  and cultures were  i m m e d i a t e l y  f rozen  and 
s tored  at - -40°C unti l  the  de terminat ion  of  the e n z y m a t i c  act ivity .  Each curve was  repeated  in fouz 
experL~ents  wi th  four  dishes per po int .  G l y c o g e n  phosphory lase  a and a + b was  meastwed in each dish 
separate ly .  Data are given as mean  + S .D.  (n = 16).  
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pyruvate since the initial glycogen content  of about 100 nM glucose/dish did 
no t  change during the experiment, whereas the glucose content  of the medium 
increased linearly during 20 h (data not  shown). Similar changes in phospho- 
rylase a and of phosphoenolpyruvate carboxykinase activity as observed with 
op t imum glucagon concentrations could be induced by 0.5 mM cyclic AMP 
(data not  shown). 

Influence of glucocorticoid pretreatment of hepatocytes on phosphoenol- 
pyruvate carboxykinase induction 

1-Day-old cultures were incubated for a further 24 h various triamcino- 
lone concentrations resulting in phosphoenolpyruvate carboxykinase activities 
between 10 and 20 U/g protein (Table I, t = 0). The amount  of protein was 
about 4 rag/dish regardless of the pretreatment.  These 2-day-old hepatocytes 
pretreated with different triamcinolone concentrations were further incubated 
for 4 h at various hormone conditions. The following increases of phosphoenol- 
pyruvate carboxykinase activity were observed (Table I): (1) If triamcinolone 
(1 pM) was added to cultures without triamcinolone pretreatment,  a net  
increase of  7.5 U/g protein was obtained. (2) The addition of glucagon 
(20 nM) evoked a phosphoenolpyruvate carboxykinase increment of 20 U/g 
protein in untreated, but 35 U/g protein in triamcinolone pretreated (1 pM) 
cultures. (3) Addition of glucagon plus triamcinolone revealed a net  increase of 
about 45 U/g protein in untreated as well as in pretreated hepatocytes. Thus, 
an extra additive enzyme activity of 15 U/g protein was observed in the 
simultaneous presence of both hormones or by glucagon separately, provided 
the cells had been pretreated by triamcinolone. 

Hormone induced phosphoenolpyruvate carboxykinase increases were 
inhibited by various concentrations of actinomycin D (Fig. 5). A concentration 
of  100 ng/ml actinomycin D was found to suppress completely activity eleva- 
tion in control cultures exposed to either glucagon, triamcinolone or both 
hormones simultaneously. However, in cultures pretreated with triamcinolone, 

T A B L E  I 

I N F L U E N C E  OF H E P A T O C Y T E  P R E T R E A T M E N T  W I T H  T R I A M C I N O L O N E  ON PHOSPHOENOL- 
P Y R U V A T E  C A R B O X Y K I N A S E  I N D U C T I O N  

24 h a f t e r  seeding h e p a t o c y t e s  were  i n c u b a t e d  for  a n o t h e r  24 h a t  the  i nd i ca t ed  t r i a m c i n o l o n e  concentza-  
t ions.  A f t e r  this  pe r iod  o f  p r e t x e a t m e n t  fou r  dishes pe r  c ond i t i o n  were  co l lec ted  an d  phosphoenolpyru- 
r a t e  carboxy ldnase  act ivi ty  was d e t e r m i n e d  ( t  ffi 0).  The  r e m a i n i n g  dishes were  i n c u b a t e d  for  4 h at 
de f ined  h o r m o n e  concen t r a t i ons .  Resul t s  are  d r a w n  f r o m  three exper iments  an d  e n z y m e  ac t iv i ty  was  
d e t e r m i n e d  in a t  least  t h ree  dishes per e x p e r i m e n t  sepa ra te ly  (n = 9) .  n .d . ,  n o t  d e t e r m i n e d .  

A d d i t i o n  dur ing  4 h 
i n c u b a t i o n  

Phosphoenolpyruvate c a r b o x y k i n a s e  ac t iv i ty  (U/g  p ro t e in )  

C *: 0 0.1 nM 10 nM 1 /~M 

t = 0 9.6 ± 1 .2  12 .5  ± 1.3 17 .2  ± 1.7 19 .4  ± 2.3 
1/~M T r i a m c i n o l o n e  17.1 ± 1.1 n .d .  n .d .  n .d .  
20 nM Glucagon  29 .5  ± 1.6 34.1 ± 2.9 52.2 ± 3.3 55 .6  ± 3.3 
T r i a m c t n o l o n e  + g incagon  53.2 ± 2 .5  54 .5  ± 3.0 64.1 ± 3.5 67 .5  ± 3.1 

* C, t r i a m c i n o l o n e  c o n c e n t r a t i o n  dur ing  24oh p r e t r e a t m e n t .  
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Fig.  5. I n f l u e n c e  o f  phosphoenolpyruvate (PEP)  c a r b o x y k i n a s e  i n d u c t i o n  b y  a c t i n o m y c i n  D in  h e p a t o -  
c y t e s  p r e t r e a t e d  in  t h e  a b s e n c e  o r  p r e s e n c e  o f  t r i a m c i n u l o n e .  2 4  h a f t e r  s eed ing  c u l t u r e s  we re  i n c u b a t e d  
for  a f u r t h e r  2 4  h e i t h e r  in  t h e  a b s e n c e  ( o p e n  s y m b o l s )  o r  t h e  p r e s e n c e  ( f i l led  s y m b o l s )  o f  1 ~M t r l a m -  
c i n o l o n e .  A f t e r  t h i s  p r e t r e a t m e n t  c u l t u r e s  w e r e  i n c u b a t e d  f o r  3 0  m i n  in  h o r m o n e - f r e e  m e d i u m  a n d  w e r e  
t h e n  e x p o s e d  f o r  4 h t o  t h e  i n d i c a t e d  c o n c e n t r a t i o n s  o f  a c t i n o m y c i n  D a n d  h o r m o n e s :  0,  1 ~M t r l a m -  
c i n o l o n e ;  Ix 2 0  n M  g l u c a g o n ;  [], g l u c a g o n  a n d  t r i a m c i n o l o n e .  Resu l t s  we re  d r a w n  f r o m  t h r e e  e x p e r i m e n t s  
and e n z y m e  a c t i v i t y  w a s  d e t e r m i n e d  in  a t  l eas t  t h r e e  d i shes  p e r  e x p e r i m e n t  s e p a r a t e l y  (n = 9) .  

a net increase of 15 U/g protein was induced by either glucagon or glucagon 
and triamcinolone even though RNA synthesis was blocked by actinomycin D. 

Discussion 

Minimum and maximum phosphoenolpyruvate carboxykinase activities 
found in cultured hepatocytes (Fig. 1) did not differ more than 2-fold from 
those measured in intact liver or in Reuber H 35 hepatoma cells under 
comparable conditions [3]. Elevations of phosphoenolpyruvate carboxykinase 
activity after hormonal treatment depended on protein synthesis (Fig. 3) and 
therefore seem to be related to de novo synthesis of enzyme protein. Concern- 
ing the decrease of specific phosphoenolpyruvate carboxykinase activity it has 
been shown by Hopgood et al. [18] that activity decline in liver corresponds to 
enzyme degradation. Therefore, we discuss changes in enzyme activity as altera- 
tions of enzyme concentration. 

In the absence of hormones, cellular activities were low (Fig. 1) and break- 
down of phosphoenolpyruvate carboxykinase in the presence of cycloheximide 
was hardly detectable (Fig. 3). A fast degradation rate was observed if glucagon 
and triamcinolone were withdrawn from cultures previously treated by  these 
hormones (Fig. 2). Initiation of breakdown was independent of protein syn- 
thesis, indicating that the degrading enzymes should have been present during 
the period of active enzyme synthesis. The degradation proceeded with a 



284 

constant rate of  about  2 U/g protein per h and this rate decreased until reach- 
ing a basal level of  activity (Fig. 2). This suggests that at phosphoenolpyruvate 
carboxykinase activities above 15 U/g protein the maximal activity of 
degrading enzymes limited the degradation rates, while below 15 U/g protein 
the substrate concentration became rate limiting. Enzyme breakdown was not  
influenced by insulin or glucagon and triamcinolone in the absence of protein 
synthesis (Fig. 2). The observed rate of degradation was apparently slower as 
compared with intact liver [2], indicating that phosphoenolpyruvate carboxy- 
kinase degradation in vivo may be accelerated by hormones which are not  
applied in this study. 

Phosphoenolpyruvate carboxykinase levels were increased and synthesis rates 
were accelerated independently by glucagon and triamcinolone (Figs. 1, 3). The 
combination of both hormones enhanced cellular activities and synthesis rate in 
a non-additive way (see below). Insulin inhibited hormone induced phospho- 
enolpyruvate carboxykinase synthesis (Fig. 3 ) i n  accordance with results 
obtained in vivo [3]. 

The results presented in Figs. 1, 2 and 3 coincide with the data of phospho- 
enolpyruvate carboxykinase regulation derived from different experimental 
systems [2,3,18]. Taken together, these results and those of the present investi- 
gation support  the idea that  actual phosphoenolpyruvate carboxykinase activi- 
ties are balanced by enzyme breakdown and synthesis, and that glucagon, 
glucocorticoids and insulin interfere primarily with enzyme synthesis. 

Three different effects of glucagon revealed the same dose-response relation- 
ship in 2-day-old hepatocytes (Fig. 4). Half-maximal effects were evoked at 
glucagon concentrations of  about one order of magnitude below those found in 
analogous experiments on hepatocyte suspensions [19--22], but were similar 
to those reported for peffused liver [23]. It  is conceivable, that  in cultured 
hepatocytes the intrinsic sensitivity of liver tissue towards glucagon was 
reestablished. This sensitivity is lowered in vivo by insulin [23,24] and in vitro 
possibly by enzymatic treatment during preparation of hepatocytes. In this 
respect it is of interest that  sensitivity of glycogenesis towards insulin was 
reduced in hepatocyte suspensions [25], but was reestablished in hepatocyte 
cultures [14]. 

Glucagon and glucocorticoids both independently increased phosphoenol- 
pyruvate carboxykinase activity and synthesis (Figs. 1, 3). Since these separate 
effects were both suppressed by actinomycin D (Fig. 5) it may be assumed that 
both hormone actions depend on synthesis of new mRNA. This assumption is 
in accordance with results of Inedjian and Hanson [10] and Ruiz et al. [11] 
who demonstrated an increase of phosphoenolpyruvate carboxykinase mRNA 
in liver due to the influence of  external cyclic AMP. It may therefore be con- 
cluded that  two different fractions of  mRNA were provided by glucagon and 
triamcinolone in an additive fashion. 

A more than additive increase of enzyme activity and of synthesis rate was 
observed if both hormones were present simultaneously (Figs. 1, 3). Thus, with 
regard to enzyme synthesis, three fractions of  phosphoenolpyruvate carboxy- 
kinase might be distinguished in Table I: the fraction due, (1) to corticoid 
(7.5 U/g protein), (2) to glucagon (20 U/g protein) and (3) an extra additive 
effect of glucagon and triamcinolone together (15 U/g protein). The  same 
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amount of enzyme as in fraction 3 could be synthesized by glucagon even 
in the actual absence of triamcinolone in glucocorticoid pretreated ceils, 
and furthermore, synthesis of this fraction did not depend on RNA synthesis 
(Fig. 5). Thus, it is likely that fraction 3 is synthesized in the presence of 
glucagon, using the mRNA produced during the precedent glucocorticoid treat- 
ment. This indicates an accelerating function of glucagon at the translational 
level. Similar effects have been observed in different experimental systems 
[4--7] and have been explained as 'permissive' effects of glucocorticoids for 
glucagon action. Thus, the present data of  phosphoenolpyruvate carboxykinase 
regulation in cultured hepatocytes may be explained by the simultaneous 
influence of hormones on transcription and translation: (1) additive increase of 
phosphoenolpyruvate carboxykinase mRNA by glucagon and glucocorticoids 
and (2) the glucagon dependent acceleration of phosphoenolpyruvate carboxy- 
kinase mRNA translation. 
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