
Volume 45, number 1 FEBS LETTERS September 1974 

COMPARISON OF GLUCOCORTICOID CYTOPLASMIC RECEPTORS FROM LIVER, 

ZAJDELA HEPATOMA AND HTC CELLS 

Nicole DEFER, Bernard DASTUGUE and Jacques KRUH 
Institu t de Pathologic Moltculaire *, 24, rue du Faubourg Saint-Jacques, 

75014 - Paris, France 

and 

Jean-Jacques BEFORT and Gidle BECK 
Institut de Biologic Mol&ulaire et Cellulaire, 15, rue Descartes, 67000-Strasbourg. 

Rance 

and 

Jean-Paul BECK 
Institut de Physiologic et de Chimie Biologique, 21, rue Descartes, 6700&Strasbourg, 

France 

Received 3 June 1974 

1. Introduction 

Glucocorticoids induce the synthesis of tyrosine 
amino transferase (EC 2.6.1.5) (TAT) in rat liver cells 
[ 1,2] and in hepatoma tissue culture cells (HTC) [3] . 
Specific glucocorticoid receptors have been described 

in these cells [4-61. Zajdela hepatoma cells, which 
derive from rat liver, did not show any increase in 
TAT activity in response to glucocorticoid and especi- 

ally to dexamethasone; furthermore, the number of 
cytoplasmic receptors was in these cells very much 
reduced (unpublished results). 

In the present study we give further evidence 
demonstrating the impairment of receptor activity in 
Zajdela cells. We have compared the binding in three 
types of cells and the results suggest the existence of 
a regulatory mechanism in the binding of steroid 
hormones in target cells. 
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2. Material and methods 

2.1. PLeparation of cell extracts 
Zajdela hepatoma cells were grown in vivo as describ- 

ed by Zajdela [7] . The cells were harvested and ho- 
mogenized as previously described [8]. HTC cells 

were grown at 37’C in suspension cultures in SWIM’s 
77 medium supplemented with 10% calf serum [9]. 

After harvesting, the cells were treated in the same 
way than the Zajdela cells. Livers from male Wister 
rats were excised after having been perfused in situe 
with 2 X 20 ml of ice-cold 0.9% NaCl and 20 ml of 
ice-cold homogenization buffer. Cytosol from rat 
liver and hepatoma cells were prepared following the 
procedure described by Beato et al. [5]. 

2.2. Steroid binding 
In vitro binding of steroids to cytoplasmic pro- 

teins was performed either at 0°C or at 20°C in incuba- 
tion buffer: 0.05 M Tris-HCl (pH 7.55), 5 mM MgC&, 
1 mM EDTA, 1 mM mercaptoethanol with [3H]- 
dexamethasone (27 Ci/mmole) (Amersham Radio- 
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Fig. 1. Scatchard plots of the dexamethasonc cytosol binding proteins. Cytosol proteins from: (a) rat liver (7.8 mg/ml), (b) HTC 

(2 mslml), (c) Zajdela (98.4 mg/ml) were incubated for 120 min at O”C, or 20 min at 20°C with various concentrations of [‘Hl- 
dexamethasone in the absence and in the presence of unlabelled 10m6 M dexamethasone. After incubation, the bound radioac- 

tivity was measured by Sephadex G75 gel filtration. The results of the specifically bound dexamethasone were plotted according 

to Scatchard. 

chemical Center), either alone or in the presence of 
competing non radioactive dexamethasone in order 
to correct for non specific binding, the final volume 
was 0.5 ml. After incubation, the bound radioactivity 
was assayed either by the charcoal method according 
to Milgrom et al. [lo], or by the gel filtration techni- 
que as previously described [ 111. 

3. Results 

3.1. Interuction of [ 3HJdexamethasone with the 

cytosol proteins at O”Cand 20°C 

The amount of bound labelled dexamethasone to 
cytosol proteins from the three types of cells was 

determined as a function of the free steroid concen- 
tration present in the incubation medium, at 0°C and 
20°C. Specifically bound hormone was determined 
after equilibrium had been reached in each condition. 
The data was plotted according to Scatchard [ 121 

(fig. 1). For each experiment, the Scatchard plot was 
linear and it was analyzed as representing an homoge- 
neous class of binding sites. Several independent 
experiments were performed with different prepara- 
tions of Zajdela cytosol, the protein concentration 
ranged from 4 to 10 mg per ml. 
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The apparent association constant of HTC and 
liver cytosols at 0°C were 1.6 X lo8 M-’ and 2 X 
IO8 M-’ respectively. These values were similar to 

those given by Baxter and Tomkins [4] and by Beato 
et al. [ 131. The constant of Zajdela cell cytosol was 
2.5 X IO8 M-’ at 0°C; it was higher at 20°C (1.3 10’ 

M-’ ) as compared to the results obtained from the 
cytosol of the HTC and liver cells (l-O.7 lo8 M-l). 
Furthermore, the binding activity was the same at 0°C 
and 20°C for both liver and HTC cell cytosols but 
there was a diminution of 64% in the concentration 
of the binding sites at 20°C for the Zajdela cells. 

The kinetics of association and dissociation of 
dexamethasone confirmed these results. The associa- 
tion of dexamethasone to Zajdela cells cytosol was 
completed in 90- 120 min at 0°C and in 20 min at 
2O”C, using 2.10e8 M [3H]dexamethasone. The asso- 
ciation followed second order kinetics (fig. 2a). The 
association constants for liver and Zajdela cell cytosol 
were respectively: at 0°C: 5.4 and 7.5 lo5 M-’ 
min- ’ ; at 20°C: 4.3 and 7.3 lo6 M-’ min-’ . The 
dissociation of dexamethasone from Zajdela cells and 
liver cytosols followed first order kinetics. At 0°C 
the rate of dissociation was identical in both cytosols 
and the fl,2 was 215 min. At 20°C a two step graph 
was observed. Only 15% of the Zajdela complexes 
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Fig. 2. Kinetics of dexamethasone association and dissociation with the cytoplasmic receptors from Zajdela and liver cells. (a) Rate 
of association: at zero time, 2.10-’ M [3H]dexamethasone was added to cytoplasmic extracts (final concentrations: 10 mg/ml for 
liver cytosol, and 8.4 mg/ml for Zajdela cytosol). At the indrcated times specifically bound dexamethasone was determined by 
the Sephadex procedure. Since the reaction follows second order kinetics, the rate constant of association, k, was calculated 
from the equation: 

2.303 
t = k, (Do-Ro) 

Ro Dt 
or log, 0 - 

Do Rt 
where the initial concentration of dexamethasone, Do, was,2.10-’ M; the concentration of dexamethasone binding sites, Ro, was 
3.6 lo-“’ M in liver cytosol and 0.6 10-r” M in Zajdela cytosol. R, is the concentration of free binding sites and Dt the concen- 
tration of free steroid at the given time. (b) Rate of dissociation: aliquots of the same cytosol preparation were incubated for 1.5 hr 
at 0°C. At the end of the incubation, the free steroid was removed by the charcoal procedure to determine the zero time. Dissocia- 
tion was performed either at 0°C or at 20°C. At various times, the specifically bound dexamethasone was determined. The data 
were calculated as per cent of initial binding. Liver: (- - -); Zajdela: (---). 

behaved similarly to the liver complexes. The major 
part of Zajdela complexes had a much slower rate of 
dissociation than the liver, giving tl I2 of 45 min and 

2 10 min respectively (fig. 2b). 
The ratio of the rate constants of association and 

dissociation was used to calculate the equilibrium 

association constant. The results were in good agree- 
ment with those obtained from Scatchard plots (table 

1). 

3.2. Effects of mixing cytosols on the bindingacti- 
vity 
The number of hormone binding sites was calculat- 

ed from the Scatchard plots: 8.50 have been found for 
Zajdela cells, 8000 for liver cells and 16 000 for HTC 
cells. The difference in the binding activity for each 
cytosol could simply be due to the difference in ap- 
parent binding sites. An alternative hypothesis might 
be that the binding activity could be affected by the 

Table 1 
Constants for dexamethasone binding to cytoplasmic receptors 

Liver cytosol Zajdela cytosol 

(0°C) (20°C) (0°C) (20°C) 

k, (M-’ min-‘) 5.4 x lo5 4.3 x lo6 7.5 x lo5 7.35 x lo6 
k, (min-’ ) 3.7 x 1O-3 1.6 x lo-’ 3.7 X 1O-3 4.2 X lo-’ 
k, lK_, (M-’ ) 1.46 X 10” 2.7 X 10” 2 x10’ 1.8 x lo9 
kA (M-’ ) 2 x lo* 1 x lo* 2.5 x 108 1.3 x lo9 
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Fig. 3. Cross experiments. Increasing amounts of cytoplasmic 
protein from one type of cells were incubated in the presence 
of a constant amount of cytoplasmic proteins from another 
type of cell and with 2 X lo-* [$H]dexamethasone. The 
curves reprtkent the bound radioactivity after substraction 
of the binding by each cytoplasmic receptor incubated separa- 
tely. (a) liver cytosol added to Zajdela cytosol(2.2 mg). (b) 
Zajdela cytosol added to liver cytosol(2.4 mg). (c) Zajdela 
cytosol added to HTC cell cytosol(l.8 mg). (d) HTC cell 
cytosol added to Zajdela cytosol(2.2 mg). (e) Liver cytosol 
added to HTC cell cytosol(l.8 mg). (f) HTC cell cytosol 
added to liver cytosol(2.4 mg). 

presence or absence of various modulators. 
In order to test this hypothesis we added liver 

cytosol to Zajdela or to HTC cytosol, HTC cytosol to 
Zajdela or to HTC cytosol, HTC cytosol to Zajdela or 
liver cytosol and Zajdela cytosol to HTC or liver cy- 
tosol (fig. 3). The experiments were performed in a 
range of proteins concentration in which the binding 
to each cytosol was linear. The following results were 
obtained: the addition of liver cytosol to Zajdela 

cytosol increased the binding of dexamethasone. 
Conversely Zajdela cytosol inhibited the steroid 
binding when added to liver cytosol. The Zajdela cy- 
tosol had no effect on the binding by HTC cytosol, 
but the HTC cytosol, when added to Zajdela or liver 

cytosol, inhibited the binding. The liver cytosol in- 
creased the binding by HTC cytosol. 

4. Discussion 

Dexamethasone has been shown to induce TAT 
activity in liver and in HTC cells [l-3] . But we found 
that it failed to induce this activity in Zajdela cells. 
We have, therefore, itivestigated the characteristics of 
dexamethasone binding. Whereas the kinetic constants 
were found to be identical in liver and HTC cells, 
Zajdela cytosol binding was different in several ways. 
First, the number of binding sites was only 850 at 
0°C. Second. we have ohserved that the Zaidela bind- 
ing sites were decreased by 64% when studied at 2O”C, 
compared to liver or HTC cells. Third, at 20°C, the 
K, of Zajdela cell cytosol was higher than at 0°C; 
this could partly be explained by a much lower rate 
of dissociation of the steroid receptor complex. 

Cross-experiments between the cytosols of the 
three types of cells suggested a regulatory mechanism 
of hormone binding which is impaired in the liver 
derived cells. Zajdela cytosol inhibited liver cytosol 
dexamethasone binding. HTC cytosol had the same 
effect on liver and Zajdela cytosols, whereas Zajdela 
cytosol had no effect on HTC cytosol. To explain 
these observations, we would like to suggest the fol- 
lowing hypothesis (fig. 4): in rat liver cells an equili- 

+=$ (3NM 
Active state 

Fig. 4. Model of regulation of hormone binding to the cytosol 
receptor. The receptor molecule (R) contains two binding 
sites: a binding site for the hormone (H) and a binding site 
for the positive modulator (PM). The positive modulator can 
bind to a negative modulator (NM) which prevents its 
binding to the receptor. 
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brium exists between three components: (a) the re- 
ceptor, (b) a positive modulator (PM) and (c) a 
negative modulator (NM). The binding of a positive 
modulator to the receptor molecule may induce a 
change of conformation of the molecule: it may be 
able to bind to, and later on, to dissociate the steroid. 
Under physiological conditions, the translocation into 
the nucleus would occur before the dissociation step. 
A negative modulator (NM) when associated to free 
PM could prevent the binding of PM to the receptor. 

Therefore, in cytosol, the receptor activity may partly 
be dependent on PM and PM-NM equilibrium. 

In rat liver cells, the three types of molecules may 
be present in equilibrium, but free PM would be in 

excess. In HTC cells, the binding of NM to PM may 
be impaired, which allows a large increase of steroid 

binding resulting in an excess of free NM. In Zajdela 
cells, the number of PM would be reduced, which 
explains the low level of binding sites and also the 
reduction of the dissociation rate. 

If this hypothesis is correct, we can assume that 
the hormone-receptor-PM complex is translocated 
into the nucleus. Within the nucleus, the dissociation 

of this complex begins with the release of the PM 
which becomes available for use again in the cytosol. 

Acknowledgements 

The authors are grateful to Dr J. P. Ebel for help- 
ful discussions, and to Dr F. Zajdela for the gift of 
hepatoma cells. 

This work was financially supported by the ‘Institut 
National de la Sante et de la Recherche Medicale’, the 
‘Centre National de la Recherche Scientifique’ (ATP: 
Mecanisme d’action des hormones), the ‘Delegation 

GCnCrale a la Recherche Scientifique et Technique’ 

and the ‘Ligue Nationale Francaise contre le Cancer’. 

References 

[l] Lin, E. C. and Knox, W. E. (1958) J. Biol. Chem. 233, 
1186-1189. 

[2] Kenney, F. T. (1962) J. Biol. Chem. 237, 1605-1609. 
[3] Thompson, E. B., Tomkins, G. M. and Curran, J. F. 

(1966) Proc. Natl. Acad. Sci. U.S. 56, 296-303. 
[4] Baxter, J. D. and Tomkins, G. M. (1971) Proc. Natl. 

Acad. Sci. U.S. 68, 932-937. 
[S] Beato, M. and Feigelson, P. (1972) J. Biol. Chem. 247, 

7890-7896. 
[6] Litwack, G., Filler, R., Rosenfeld, S. A., Lichtash, N., 

Wishman, C. A. and Singer, S. (1973) J. Biol. Chem. 
248,7481-7486. 

[ 71 Zajdela, F. (1964) Colloque France-Sovietique, ‘Quel- 
ques probltmes posh par la cellule can&reuse’, 
Gauthier-Villars, Paris. 

[8] Mercier, J., Befort, N., Beck, J. P., Ebel, J. P. and 
Befort, J. J. (1972) Biochimie 54, 1319-1326. 

[ 91 Hershko, A. and Tomkins, G. M. (197 1) J. Biol. Chem. 
246, 710-714. 

[lo] Milgrom, E. and Baulieu, E. E. (1969) Biochim. Biophys. 
Acta 194, 602-605. 

[ 111 Defer, N., Dastugue, B. and Kruh, J., Biochimie (in 
press). 

1121 Scatchard, G. (1949) Ann. N.Y. Acad. Sci 51, 660- 
672. 

[ 131 Beato, M., Kalimi, M. and Feigelson, P. (1972) Biochem. 
Biophys. Res. Comm. 47, 1464-1472. 

183 


