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SUMMARY 

A study of nuclear-binding of cytosol estradiol-receptor complex in immature rat uteri under in uiuo, 
in vitro and “cell-free” experimental conditions showed that nuclear-binding occurred under different 
forms which were related to the state and molecular form of the receptor present in the cytosol 
fraction. 

Analysis of the KC1 soluble nuclear extracts on 0.3 M KC1 containing sucrose gradients showed 
that under in uiuo conditions a distinct “5s” peak was present unlike under in oitro and “cell-free” 
conditions where both “4s” and “5s” peaks were simultaneously present, incubation at higher tempera- 
ture favoring a higher proportion of “5s”. Under “cell-free” conditions, in the presence of EDTA, 
the KC1 soluble nuclear extract sedimented as a “4s” peak only. 

On treatment with Dextran-coated charcoal no significant difference in the relative stabilities of 
the KC1 soluble extracts obtained under the three experimental conditions was observed. Addition 
of excess unlabeled estradiol under in vitro and “cell-free” conditions resulted in a disappearance of 
the bound Ez3H both in the “4s” and “5s” forms, both in the cytosol and the nuclear extracts, 
demonstrating saturability of these bindings. 

These data would suggest that nuclear binding of estradiol under in vitro and “cell-free” conditions 
involve components other than that observed in uioo. 

Although ia vitro and “cell-free” nuclear bindings differ from that observed in uioo, yet activation 
of the cytosol by temperature promotes nuclear binding in a form approaching that observed under . _ 
in uiuo conditions. 

INTRODUCTION 

The binding of estradiol to the “receptor” protein in 
the cytosol fraction of the uterine cell and a sub- 
sequent translocation and binding of the estradiol- 
receptor complex to the nucleus are believed to be 
mediating steps, leading to the manifestation of the 
biological activity, exerted by the hormone at the 
cellular level[ l-31. 

We have previously reported[4] on some of the 
physicochemical parameters of the cytosol receptor, 
formed under varying experimental conditions. In 
order to establish if any direct and close relationship 
existed between the experimentally induced status of 
the cytosol receptor and the status of the binding to 
the nucleus, the following study was undertaken. 

Crude nuclear pellets from uteri of immature rats, 
either after in uiuo infusion of the hormone or after 
in vitro incubation of whole uteri in the presence of 
EZ3H or after “cell-free” incubation of nuclei with 
cytosol preincubated with EZ3H, were extracted with 
buffer containing 03 M KCl, and the sedimentation 
patterns of the specifically bound EZ3H were com- 
pared on sucrose density gradients. These data were 
then compared in parallel with respective data of the 
corresponding cytosol-receptor complex to assess the 
degree of influence exerted by the state of the cytosol 

receptor on the binding characteristics of estradiol to 
the nucleus. 

MATERIALS AND METHODS 

I. The chemicals and animals utilized were reported 
earlier[4]. 
Buffers (a) Tris-HCl pH 7.4 (Tris, 10 mM + HCl) 

(b) Tris-HCl-KC1 pH 85 (Tris, 10 mM + 
HCl + KC1 03M) 

(c) Tris-EDTA pH 7.4 (Tris, 10 mM + 
EDTA, 15 mM) 

(d) Tris-EDTA-KC1 pH 85 (Tris, 10 mM + 
EDTA, 15 mM + KC1 0.3M) 

II. Preparation of the nucleus bound EZ3H under 
in uiuo, in vitro and “cell-free” experimental condi- 
tions. (a) After in uiuo infusion to 6 animals of 26 rig/h 
of EZ3H for 3 h, the animals were sacrificed and the 
uteri were cleaned of fat and homogenized in Tri- 
HCl buffer. The homogenate was centrifuged at 800 g 
for lOmin, and the pellet remaining after removal of 
the supernatant cytosol was washed in the homogen- 
izing buffer and centrifuged again at 800 g for 19 min. 
This procedure was repeated twice. The washed 
nuclear pellet was then extracted with 0.5 ml of 
Tris-HCl buffer containing 0.3 M KCl. The low-speed 
supernatant of the tissue homogenate was centrifuged 
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at 135,QOOy for 15 min to obtain the high-speed 
cytosol fraction 

(b) After in tlitro incubation of whole uteri from 
10 animals as described earlier[S], in the presence 
of 3 x lo-’ M E13H for l-2 h either at Wl”C or 
at 22°C. the uteri were washed in the homogenizing 
buffer and blotted with filter paper thoroughly. This 
procedure was repeated three times in order to 
remove excess E13H. The washed uteri were then 
homogenized in adequate buffer and homogenate 
treated as in Ha. to obtain the crude nuclear pellet, 
which was extracted with 0~3 M KCI containing 
adequate buffer as in Ha. 

(c) Uteri from 10 animals were homogenized in 
adequate buffer and after subcellular fractionation of 
the homogenate into cytosol and nuclear fractions, 
the nuclear pellet was washed three times in the 
llomogen~zing buffer and conserved in a small volume 
of the same buffer at @4”C. Cytosot was incubated 
in the presence of 3 x 1O-9 M E,“H either at &4”C 
or at 22’C. The nuclear pellet was then incubated 
under “cell-free” condition at @4”C, under constant 
agitation. in the presence of preincubated cytosol for 
I h. At the conclusion of the incubation, the mixture 
was centrifuged at 800 9 for IOmin and the nuclear 
pellet was isolated. It was washed in the homogeniz- 
ing buffer and centrifuged at 800~ twice and 
extracted with adequate buffer containing 0.3 M KCI. 

III. Assu?: ~_f‘specijc binding to the nuclear pellet. 
For whole tissue and “cell-free” incubatiolls, the non- 
specific binding to the nuclear fraction was deter- 
mined in the following manner: 

(a) Non-specific binding to cytosol was determined 
by incubating 2 aliquots in parallel. one in the pres- 
ence of 3 x 10.‘” M EZ3H, and the other in the pres- 
ence of E,“H in which the addition of an excess molar 
(l~fold) unlabeled estradiol prevented EZ3H binding 
to specific receptor proteins with low capacity but 
not to the non-specific high capacity components. 
Specific binding due to the receptor in the cytosol 
was then obtained by subtracting the radioactivity 
remaining in the supernate after charcoal treat- 
ment[4] from that obtained from cytosol containing 
only E,3H, after similar charcoal treatment. 

(b) Two ahquots of the suspension of the nuclear 
pellet were incubated in parallel with either cytosol 
preincubated with E13H alone or with E,‘H contain- 
ing 100 fold excess of unlabeled estradiol. After separ- 
ating the supernate from the nuclear pellets at the 
conclusion of the incubation time, the nuclear pellets 
were washed and extracted with buffer containing 
0.3 M KCl. The total radioactivity in the KC1 soluble 
nuclear extracts was counted. The percent of non- 
specific binding in the KC1 extract was calculated and 
the specific binding was computed as described in the 
appendix. Similar corrections for non-specific binding 
were done for the Dextran-coated charcoa1 treated[4] 
KC1 extract and the residual precipitate (see appen- 
dix). 

IV. Sucrose density gradient analysis. 0.2 ml samples 

of either the charcoal treated cytosol or the charcoal 
treated or untreated nuclear KCI extract was layered 
on top of a 5-200/, linear sucrose density gradient 
containing @3 M KCl. The gradient was centrifuged 
at 135,000 g for 16 h at WC. At the conclusion of 
the centrifugation. the centrifuge tubes were pierced 
at the bottom and 27 fractions were collected directly 
into counting vials and the radioactivity was deter- 
mined after addition of 5 ml “Instagel” (Packard). 

RESULTS 

I. Sucrose density yrudients analysis qf’ the KC1 sol- 
uble nuclear extract and the corresponding cytosol 
estrudiol-receptor. Some typical sedimentation pat- 
terns of the KC1 soluble nuclear extracts obtained 
under in viuo, in vitro and “cell-free” experimental 
conditions are shown in Figs. 1, 2 and 3. The sedi- 
mentation profiles of the corresponding cytosol estra- 
diol-receptor complexes are shown in parallel. Figure 
1 shows that under in vivo conditions a well-defined 
and single “4s” peak was present in the cytosol frac- 
tion. The KCI soluble nuclear extract sedimented as 
a single and distinct “5s’ peak. Figure 2 shows that 
under in vitro conditions, cytosol obtained from uteri 
incubated at WC in the presence of EZ3H showed 
mainly a “4s’” peak and a minor “5s” peak; the KC1 
soluble nuclear extract on the contrary showed a 
major “5s” peak with a shoulder in the “45” region. 
Figure 3 shows that under “cell-free” conditions, cyto- 
sol incubated at @-4”C in the presence of EZ3H 
showed a major “4s” peak and a shoulder in the “5s” 

No of FRACTION 

Fig. 1. Sedimentation profiles of cytosol and KC1 soluble 
nuclear extracts after in uiuo infusion of E,3H. Six imma- 
ture rats were infused for 3 h with Ez31% at a rate of 
26 r&h. After subcellular fractionation in Tris-I-ICI buffer. 
0.2 2 aliquots of the charcoal treated cytosol and the KC1 
soluble nuclear extracts were layered on top of a 5-20”/;;, 
0.3 KC1 containing linear sucrose gradient in TX-HCI 
buffer and centrifuged for 16 h at 135,OOOg. __- char- 
coal treated cytosol. ----charcoal treated KCI soluble 

nuclear extract. 
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Fig. 2. Effect of duration and temperature of in uitro incubation of whole uteri on the subcellular 
bindings. Uteri from 10 immature rats were incubated in the presence of 3 x lO-9 M Ez3H for varying 
times and temperatures. After subcellular fractionation in Tris-HC1 buffer, 0.2 ml aliquots of the char- 
coal treated cytosol fraction and of the charcoal treated KC1 nuclear extract were layered on top 
of 5-20x 0.3 M KC1 containing linear sucrose gradients, and centrifuged for 16 h at 135.000 9, A. 
Uteri incubated at WC for 2 h 15 min (a), or at WC for 2 h, followed by 15min at 30°C (b). 
B. Uteri incubated at WC for 1 h 30min (a), or at G4”C for 1 h, followed by 30 min at 22°C 
(b). C. Uteri incubated at Ck4”C for 2 h 5 min (a), or at WC for 2 h followed by 5 min at 30°C 

(W. ~ charcoal treated cytosol, - -charcoal treated nuclear KC1 extract. 

region. The KC1 soluble nuclear extract of nuclei in- 
cubated with the above cytosol showed similar double 
peaks in the “4s” and “5s” regions. Dextran-coated 
charcoal treatment of both the cytosol and the KC1 
soluble nuclear extracts did not modify qualitatively 
the aspects of the sedimentation profiles, except for 
the unbound EZ3H on top of the gradient which was 
removed by charcoal. 

II. EfSect of activation of the cytosol estradio-recep- 
tor complex by temperature on the subsequent nuclear 
binding. After in vitro incubations of whole uteri with 
E13H at temperature of 22°C or 3O”C, similar but 
reduced “4s” peaks were observed in the cytosol as 
after incubation at WC. The KC1 soluble nuclear 
extract however sedimented as a “5s” peak and was 
more important than that observed at 04°C incuba- 
tion (Fig. 2). After “cell-free” incubation of nuclei at 
WC, with cytosol prepared in Tris-HCl buffer and 
preincubated with EZ3H at 22”C, the KC1 soluble 
nuclear extract showed a diminution of the “4s” peak, 
and a slight increase of the “5s” peak. The corre- 
sponding cytosol showed also a shift of the peak from 
the “4s” to the “5s” region (Fig. 3). 

III. Injuence of Tris-EDTA on the sedimentation 
projle of the KC1 soluble guclear extract under “cell- 
flee” condition. Figure 4 shows that when TrisEDTA 
buffer was utilized instead of Tris-HCl for cytosol 
preparation, the KC1 soluble nuclear extract sedi- 
mented as a distinct “4s” peak only and there was 
a complete absence of the “5s” peak. 

IV. Effect of excess unlabeled estradiol in the cytosol 
on the nuclear binding under “cell-free” condition. 
Figure 5 demonstrates an absence of specific binding 
in the presence of excess (lOO-fold) unlabeled estra- 
diol, both in the charcoal treated cytosol and the 

0.3 M KC1 soluble nuclear extract. Similar observa- 
tions were made when cytosol was prepared either 
in Tris-HCl or in Tris-EDTA buffer. 

V. Stability of the specijically bound E13H in the 
KC1 soluble nuclear extracts in the presence of 
Dextran-coated charcoal at 4°C. In order to compare 
the relative stabilities of the EZ3H binding in the KC1 
soluble nuclear extracts obtained under the three 
experimental conditions, 0.2 ml aliquots of the various 
nuclear extracts were subjected to the Dextran-coated 
charcoal technique at 4”C, as described previously[4]. 
Table 1 shows that there was no significant difference 
in the relative stabilities of the EZ3H binding in the 
KC1 soluble nuclear extracts under the three experi- 
mental conditions. 

DISCUSSION 

These comparative experimental data on the KCl 
soluble nuclear receptors from rat uteri, obtained un- 
der in vivo, in vitro and “cell-free” experimental condi- 
tions show that specific nuclear binding of EZ3H may 
appear under different forms which are related to the 
state and molecular form of the receptor present in 
the cytosol fraction. Nuclear binding under in vivo 
condition which is most physiological of the three 
conditions, gave rise to a single and well defined “5s” 
peak in the KC1 soluble nuclear extract, irrespective 
of the buffer utilized to process the subcellular frac- 
tionation[5]. Under these conditions, the cytosol 
receptor appeared as a single “4s” peak[4,5]. Under 
in vitro experimental conditions, the presence of both 
“4s” and “5s” peaks were observed in the KC1 sol- 
uble extract; the relative proportion of the two peaks 
depended on the activation by temperature, which in- 
creased the “5s” at the expense of the “4s” forms. 
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Fig. 3. Efluct of activation by temperature on “cell-free” 
cytosol and nuclear binding. Uteri from 10 immature rats 
were homogenized in Tris-HCl buffer, and after subcellular 
fractionation, cytosol was incubated either at O-PC (---) 
or at 22°C (----) for 1 h in the presence of 3 x IO-‘M 
EZ3H. The cytosol was then incubated at WC for 1 h 
in the presence of the nuclear pellet. After the incubation 
time, cytosol and nuclear fractions were separated and the 
nuclear pellet extracted with 0.3 M KC1 containing 
Tris-HC1 buffer. 0.2ml aliquots of the charcoal treated 
cytosol and charcoal untreated KC1 soluble nuclear extract 
were layered on top of 5-20% 0.3 M KC1 containing linear 
sucrose gradients and centrifuged for 16 h at 135,000 g. The 
figure shows the results from three such experiments. 
Upper part left. charcoal treated cytosol and right, KC1 
soluble extract of the corresponding experiment. Lower 
part left, charcoal treated cytosol and right, KC1 soluble 

extract of separate experiments. 

Under in vitro conditions “4s” and a minor “5s” peak 
were found in the cytosol at both temperatures[4]. 
After “cell-free” incubation at 4°C of nuclei with cyto- 
sol labeled with Ez3H at 4”C, both “4s” and “5s” 
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Fig. 4. Influence of EDTA on the nuclear binding. Uteri 
from 6 immature rats were homogenized either in 
Tris-HCl, or Tris-EDTA buffer, and after subcellular frac- 
tionation, the cytosols were incubated in the presence of 
3 x 10m9 M EZ3H at @-4°C for 2 h followed by incubation 
at 22°C for 1 h. The nuclear pellets were then incubated 
for 1 h at WC in the presence of corresponding labeled 
cytosols. At the conclusion of the incubation time, nuclear 
fractions were isolated, and extracted with the correspond- 
ing buffers containing 0.3 M KCl. After Dextran-coated 
charcoal treatment 0.2ml aliquots were layered on top of 
5-20x 0.3 M KC1 containing linear sucrose gradients, and 
centrifuged for 16 h at 135,0009. ~~- charcoal treated 
KC1 soluble nuclear extract: Tris-HCl buffer, ----char- 
coal treated KC1 soluble nuclear extract: 

Tris-EDTA- buffer. 

peaks were present in the nuclear KC1 soluble 
extracts. The temperature activation of the cytosol in- 
duced the expected shift of the “4s” to the “5s” form 
of the cytosol receptor, both of them being then pres- 
ent in the incubation medium[1,4,6,7]. Similarly, in 
the extracts of nuclei incubated with temperature acti- 
vated cytosol the “4s” peak was decreased and there 
was a net although not equivalent increase in the “5s” 
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In-Vitro 
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Table 1. Binding stability of Ej3H to the nuclear KC1 extract 
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Fig. 5. “Cell-free” incubation of nuclear pellet with cytosol 
preincubated with Ez3H alone or with Ez3H containing 
excess unlabeled estradiol. Cytosol prepared in TrisEDTA 
buffer, from 8 immature rat uteri were incubated with 
either 2 x 10m9 M E,jH (a) or 2 x 10e9M Ez3H contain- 
ing lOO-fold excess of unlabeled estradiol (b) for 1 h at 
22°C. These cytosols were then incubated with the nuclear 
pellets for 1 h at 0-4”C. At the conclusion of the incuba- 
tion, the nuclear pellets were isolated and extracted with 
0.3 M KC1 containing Tris-EDTA buffer. 0.2 ml aliquots 
of the cytosols and of the KC1 extracts were layered on 
top of 520% 0.3 M KC1 containing linear sucrose 
gradients and centrifuged for 16h at 135,OOOg. 
__ charcoal treated cytosol, ~~~~ charcoal treated 

KC1 soluble nuclear extract. 

peak. Hence, under “cell-free” conditions some paral- 
lelism was found between the physical state of the 
receptor in the cytosol and in the KC1 nuclear extract, 
depending on the experimental conditions of “activa- 
tion” of the cytosol receptor. The importance of these 
conditions were further stressed by the observation 
that temperature activated cytosol, prepared in 
EDTA containing buffer, gave rise to only a “4s” 
peak in the KC1 extractable nuclear fraction after 
“cell-free” incubation. EDTA has been shown to 
inhibit the temperature activation of the cytosol 
receptor[7] and the binding of the cytosol estradiol- 
receptor complex to uterine chromatin[8]. 

On treatment by Dextran-coated charcoal, no sig- 
nificant difference was observed in the relative stabili- 
ties of the KC1 extracts under the three experimental 
conditions. Chase experiments in uivo had shown 
earlier that bound estradiol in cytosol and nucleus 
was exchangeable[5,9]. Similarly addition of excess 
unlabeled estradiol under in vitro (unpublished) and 
“cell-free” conditions resulted in a disappearance of 
the bound Ez3H both in the “4s” and “5s” form in 
the cytosol and nuclear extracts. Hence, both the “4s” 
and the “5s” nuclear KC1 soluble binding com- 
ponents, which are present in “cell-free” or in vitro 
experimental situations, disclosed similar character- 

istics of low capacity and high affinity. The exact 
status of the nuclear binding under these conditions 
would not appear either from a simple KC1 extract, 
eventually corrected for non-specific binding, as 
described in the appendix, or after removal of the 
loosely bound ligand with charcoal. Sucrose density 
gradient however would permit to character& the 
form of the nuclear binding under a particular experi- 
mental situation. 

These data indeed suggest that nuclear binding of 
estradiol under in vitro and “cell-free” experimental 
conditions involve components other than the ones 
observed in oiuo. Musliner et al.[lO] who also 
observed a simultaneous presence of “4s” and “5s” 
components in the nuclear extracts after “cell-free” 
incubation and Rochefort et al.[ll] have advanced 
that in a “cell-free” system, part of the hormone accu- 
mulated by the nuclear fraction may be bound in a 
fashion different from that observed in nuclei of uteri 
exposed to estrogens in viva. The experiments 
reported by Shepherd et al.[l2] show that the amount 
of estradiol-receptor complex bound in vitro after 
preliminary in vioo binding is not affected by the 
latter, suggesting a large excess of nuclear acceptor 
sites over the cytosol receptor sites. However, the 
acceptor sites could be different in these two experi- 
mental conditions, as proposed by Higgins et al.[ 131. 

It can be concluded that although “cell-free” and 
in vitro nuclear bindings differ from that observed in 
uivo, nevertheless, activation of the cytosol receptor 
by temperature promotes conformational modifica- 
tion of the receptor, and enhances binding to the 
nuclear component(s) in a form which approaches 
that observed under physiological conditions of in 

uiuo infusion of the hormone. 
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APPENDIX 

E,“H E13H + Ez 

d.p.m. Numerical example d.p.m. Numerical example 

Total A 189839 A’ 189839 
Charcoal treated supernate B 83298 B’ 9520 
Specific Binding B ~ B’ 13778 
Non-specific Binding [A - (B - B’)] 116061 _ 

Nuclear 

K CI 7btrrl 

“,, Non-specitic Binding 

c 26688 C’ 14449 

C’ x 100 

D = m-T7 
7.6 

Non-specific Binding 
E = “ox IA - (B - WI 

100 
8834 

Specific Binding F=C‘-E I7855 

Charcoal treated KC1 extract 

Total 

01, Non-specific Binding 

Non-specific Binding 

Specific Binding 

G 4810 G’ 3x9 

H = “?$!! 2.69 

1 = !A?; 237 

J=G-1 4572 

Nuclear precipitate 

Total 

“<, Non-specitic Binding 

Non-specific Binding 

L 9455 L’ 7932 

M = L$!!! 4.18 ._ 

N = M x CA - (B - B’)l 
100 

485 1 

Specific Binding O=L-N 4603 


