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1. Introduction 

Cytoplasmic estrogen [ 1-3],  glucocorticoid [3,4] 
and androgen receptors [3,5,6] have been detected in 
the rat pituitary. But, evidence for specific progesterone 
receptor has been conflicting [3,7]. Recently, progestin 
binding sites were detected in the rat anterior pituitary 
[8,9]. Previously, it was shown that progestins mod- 
ulate according to their biological potency LH-RH- 
stimulated gonadotropin release in vivo [ 10]. In addi- 
tion, progesterone was observed to influence LH-RH- 
stimulated LH and FSH release in vitro [11,12] and 
suppression of gonadotropin release is a well-acknowl- 
edged mechanism of action of hormonal contraceptives. 
These observations combine to suggest that proges- 
terone acts at least partially at the pituitary level in 
regulating gonadotropin release. 

Whether or not specific progesterone receptors are 
present in the hypophysis is essential for the under- 
standing of the mechanism of action of progesterone 
on the brain. Since estrogen was reported to induce 
cytoplasmic progesterone receptors in the animal 
uterus [ 13,14] it is likely that a progesterone receptor 
is detectable in neural tissues containing estrogen 
receptors. Ontogeny of the rat anterior pituitary 
estrogen-binding protein was described [15] and 
nuclear translocation of the estrogen receptor was 
reported [16]. 

The aim of the present investigation was to study 
the association of a progestin with the cytosol recep- 
tor in the rat anterior hypophysis and the transforma- 
tion of the receptor complex in vitro. In addition, 
experiments were designed to investigate the nuclear 

translocation of the cytosol receptor complex in vitro. 
We were prompted to report these data since they 
add further evidence that receptor translocation is a 
primary step in the molecular events of progesterone 
action. 

2. Materials and methods 

Female rats of the Sprague Dawley strain (Him: 
OFA (SD) SPF, Research Institute of Animal Breeding, 
University of Vienna) were used throughout this 
study. The animals were 60-100 days old and were 
bilaterally ovariectomized at least 7 days prior to each 
experiment unless otherwise stated. The animals were 
housed in a temperature-controlled room illuminated 
12 h/day and unrestricted access was provided to 
food and water. Prior to each experiment, rats were 
injected subcutaneously each day with 7.5/.tg estradiol- 
17~-benzoate dissolved in a mixture of castor oil and 
benzyl benzoate (95:5) for various lengths of time, 
and were killed 24 h after the last injection. Animals 
were anesthetized by ether and killed by decapitation. 
Pituitaries were placed in chilled TEGD buffer 
(10 mM Tris, 1.5 rnM EDTA, 6 mM dithiothreitol, 
10% glycerol, pH 7.4), the posterior lobes were 
removed and discarded. All further procedures were 
done at 0-4°C. Anterior pituitaries 12/ml TEGD 

buffer were homogenized by 10 strokes at 500 rev./ 
min in a glass-Teflon Potter Elvehjem type homog- 
enizer. The homogenate was centrifuged at 800 × g 
for 10 min. The pellet which contained the nuclear 
fraction was washed 3 times by resuspension in 3 ml 

Elsevier/North-Holland Biomedical Press 269 



Volume 97, number 2 FEBS LETTERS January 1979 

TEGD buffer and recentrifugation. Nuclei were resus- 
pended in TEGD buffer. The yield of crude nuclei 
was 75% as judged by DNA [17]: protein ratio [18]. 
The purity of the preparation was checked by phase- 
contrast, fluorescence and electron microscopy, which 
revealed intact nuclei with only little contamination. 
The supernatant of the 800 X g centrifugation of the 
total homogenate was spun in a Beckmann Spinco 
LS2-65B preparative ultracentrifuge at 110 000 X g 
(av.) for 60 rain in order to obtain the cytosol frac- 
tion. 

All experiments described here were carried out 
with [3H]RS020(17o~, 21-di [6, 7-3H]methyl - 19-nor- 
pregna-4,9-diene-3,20-dione), obtained from 
New England Nuclear, Boston, at spec. act. 86 Ci/ 
mmol. All incubations were performed in the presence 
and absence of unlabeled R5020 to account for 
unspecific binding. Results are given as specific binding, 
which is calculated by subtracting radioactivity data 
obtained from experiments in the presence of unla- 
beled progestin from radioactivity data recorded in 
the absence of unlabeled progestin. 

2.1. The time course o f  in vitro association o f  [3H] - 
R5020 {6 X 10 -9 M) with the pituitary proges- 
terone receptor 

This was studied by incubation of 0.2 ml cytosol 
samples for various lengths of time. Steroid not 
bound to binding protein was removed by addition of 
the incubation mixture to a pellet obtained by centri- 
fugation of 0.2 ml dextran-coated charcoal suspension 
(0.6% charcoal, 0.06% Dextran T-70 in TEGD buffer). 
After mixing the suspension was incubated for 20 min 
and centrifuged at 3000 × g for 15 rain. The super- 
natant was added to a scintillation cocktail (Instagel, 
Packard) and the radioactivity was measured in a 
Packard liquid scintillation counter, model 2450 at 
~40% efficiency. 

2.2. Analysis o f  cytosol receptor complexes 
This was performed on a 5-20% linear sucrose 

gradient prepared with TEGD buffer in polyallomer 
tubes and spun in a SW-65 rotor at 145 000 × gay in 
a Beckmann ultracentrifuge for 18 h. Fractionation 
of density gradients was done by puncturing the 
bottom of the centrifuge tubes in a Beckmann Frac- 
tion Recovery System. The effluents were collected 

manually. Sedimentation coefficients were determined 
by methods in [19]. 

2.3. Number o f  binding sites o f  material sedimenting 
in the 6 -  7 S and 4 - 5  S regions 

These were determined by Scatchard plot analysis 
[20] of areas under the corresponding peaks obtained 
by sucrose gradient analysis of cytosol samples, which 
were labeled with 6 increasing concentrations (0 .9-  
14 nM) of [3H]R5020. 

2.4. Transformation o f  the progesterone-receptor 
complex 

This was performed by incubation of cytosol 
samples with [3H]R5020 (6 × 10 -9 M) in the presence 
of  0.4 M KC1 at 4°C for 2 h. Again, sedimentation 
patterns of transformation products were analysed 
by sucrose gradients in the presence and absence of 
0.4 M KC1. 

The specificity of the binding proteins observed in 
4 - 5  S and 6 - 7  S region, respectively, was determined 
by sucrose gradient analysis subsequent to incubation 
of cytosol samples labeled with [3H]R5020 in the 
presence of competing steroids. 

2.5. Experiments on the nuclear translocation o f  the 
cytosol receptor 

These were performed in vitro. Day 28 female rats 
were injected daily with 7.5 #g estradiol-17/3-benzoate 
through 10 days and 40 anterior pituitaries of these 
animals were incubated in 3 ml medium 199 containing 
Earle's salts (Flow Lab, Bonn) with 1 X 10 -s M [3H]- 
R5020 in the presence and absence of 1000-fold 
excess of unlabeled steroid under an atmosphere of 
95% air and 5% CO2. The incubations were carried out 
at 37°C for 15 min and at 4°C for 60 min, respectively. 
Crude nuclei were prepared as above, but using TGMD 
buffer (10 mM Tris, 3 mM MgC12, 1 mM dithiotreitol, 
10% glycerol, pH 7.4) instead of TEGD buffer. The 
nuclear preparation was treated with 0.5 ml TGMDK 
buffer (TGMD buffer containing 0.4 M KC1) at 4°C 
for 1 h. Analysis of sedimentation behaviour of nuclear 
extracts was done on sucrose gradients according to 
the above protocol. In addition, cytosol samples 
prepared with TEGD buffer from pituitaries incubated 
at 0°C for 1 h and at 37°C for 0.5 and 1 h, respectively, 
were analyzed on sucrose gradients (section 2.2). 
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3. Results and discussion 2000 cpm # R P 6  

Tritiated R5020 (17a,21-dimethyl- 19-nor-pregna- 
4,9-diene-3,20-dione), a synthetic progestin has been 
found to be very useful for direction of  specific 
progesterone-binding receptors in the presence of  
contaminating plasma corticosteroid binding globulin, 
which tightly binds progesterone [21 ]. In addition, 
the R5020- recep to r  complex dissociates at a slower 
rate than the progesterone-receptor  complex [22]. 
The association of [3H]R5020 with cytosol-binding 
proteins was found to be a rapid process (fig.l).  
Saturation was observed within 4 h and all further 
experiments were done by using this incubation time. 
It is of  interest to note that no degradation of  R 5 0 2 0 -  
receptor complex occurred during prolonged incuba- 
tion at 4°C. 

Pituitary progesterone receptor was found to be 
stimulated by treatment of rats with estrogen. This 
process was observed to be time dependent (fig.2). 
Sucrose gradient analysis of  [~H]R5020 labeled 
cytosol obtained from untreated animals revealed a 
single broad peak in the 4 - 5  S region. This peak 
increased with duration of estrogen treatment.  
Furthermore,  a new species sedimenting in the 6 - 7  S 
region was noted. Again, this moiety increased with 
time (fig.2). In addition, an increase in the ratio of  
6 - 7  S / 4 - 5  S peak areas was noted (table 1). Recently, 
a specific 7 S binding component  was found in the 
cytosol of  pituitaries derived from immature estrogen- 
treated rats, but  no binding in the 4 S region was 
recorded [8]. In contrast, a 4 - 5  S peak was noted in 
all present experiments (fig.2), which revealed mostly 
specific binding in this region as derived from com- 

4" x 10-4 dpm # RP 28 

Fig. 1. Association of [ 3H JR5020 with pituitary cytosol 
binding pro reins. Pituitaries were obtained from rats pretreated 
with a daily dose of 7.5 ug estradiol-17~-benzoate for 3 days. 
Incubation of cytosol samples was done as in section 2.1. 
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Fig.2. Sucrose gradient analysis of cytosol progesterone- 
binding protein in rats anterior pituitaries subsequent to 
estrogen treatment of animals for different periods of time. 
Experimental details are in section 2.2. 

petition experiments with unlabeled steroids (our 
own unpublished data). This discrepancy between 
results reported [8] and data recorded in the present 
experiments may be due to animals used at different 
ages. Similarly, Scatchard plot analysis o f  binding 
data (fig.3) revealed two populations of  binding sites, 

Table 1 
Ratios of 6-7 S/4-5 S regions calculated for results of 

experiments shown in fig.2 

Days of estrogen 6-7 S/4-5 S ratio 
treatment of peak areas 

0 

1 0.41 
3 0.90 
7 0.87 
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binding protein. Such a reversible transformation 
process of an 8 S species into an 4 - 5  S moiety was 
reported for the cytosol estrogen receptor of the 
uterus [23] and the anterior pituitary [24]. Transfor- 
mation of cytosol receptors is an acknowledged 
process prior to nuclear translocation [25], but no 
definite mechanism of the transformation of the 
cytosol progesterone receptor may be derived from 
the present experiment. 

In vivo translocation of the progesterone-receptor 
was reported [9]. Maximal nuclear uptake was found 
30 rain after injection of R5020 in estrogen-primed 
rats. Analysis by sucrose gradients of nuclear extracts 
obtained subsequent to incubation of whole pituitaries 
in vitro revealed a nuclear receptor sedimenting in the 
3 S region (fig.5). Similarly, translocation of the 
cytosol receptor was achieved by incubation of [3H]- 
R5020-1abeled cytosol with crude nuclei (data not 

0.01. 

160 5()0 1000 B (pM) 1500 

Fig.3. Scatchard plot analysis of binding data obtained by 
incubation of anterior pituitary cytosol samples with 0 .9 -  
14 X 10 -9 M [3H]R5020 prior to sucrose gradient analysis 
(section 2.3). 

and K d 3 X 10 -8 M and 3 × 10 -9 M was found for 
the progesterone binding protein in the 4 - 5  S and 
6 -7  S region, respectively. Additionally, 198 and 
56 fmol progesterone-binding sites/rag cytosol protein, 
respectively, were calculated from Scatchard plots 
(fig.3). These data are in agreement with earlier obser- 
vations on the binding protein sedimenting in the 
6 - 7  S region [8]. 

Treatment of [3H]R5020-1abeled cytosol with 
0.4 M KC1 and analysis of sedimentation behaviour 
on a sucrose gradient containing 0.4 M KC1 resulted 
in a radioactive peak in the 4 -5  S region (fig.4). On 
the other hand, a moiety sedimenting in the 6 - 7  S 
region was observed, when the labeled cytosol treated 
with 0.4 M KC1 was analyzed on a sucrose gradient 
prepared without 0.4 M KC1. These data suggest a 
reversible transformation of the cytosol progesterone- 
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Fig.4. Transformation by 0.4 M KC1 of the 6 - 7  S progesterone 
receptor into a 4 - 5  S species (section 2.4). 
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Fig.5. Nuclear translocation of  the progesterone receptor in 
vitro as done by the me thods  in section 2.4. Nuclear extracts  
(TGMDK buffer) were analyzed on sucrose gradients ( -  
total bindings, - . . . .  unspecific binding, _ , specific 
binding).  

shown). In addition, translocation was found to be a 
temperature-dependent process, since no nuclear 
receptor complex could be extracted when the in 
vitro experiment was performed at 4°C. Furthermore, 
analysis on sucrose gradients of cytosol samples 
obtained from pituitaries incubated in vitro at 37°C 
for various lengths of time shows a rapid decrease of 
cytosol progesterone receptor sedimenting in the 
6 -7  S region and of 4 - 5  S material (fig.6). These 
data and those shown in fig.5 combine to suggest 
nuclear translocation of the pituitary cytosol receptor 
of progesterone. The present results are similar to 
those for the pituitary cytosol estrogen receptor [ 16]. 

Since estrogen priming of animals is a prerequisite 
for the stimulation of the progestin receptor its 
presence can be closely related to the estrogen recep- 
tor. In addition, a concomitant increase of DNA- 
dependent RNA polymerase was recorded (our 
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Fig.6. Analysis  of  cytosol  samples on sucrose gradients  (sec- 
tion 2.2.) obtained from pituitaries incubated in vitro (sec- 
tion 2.5) at 0°C and 37°C for various lengths o f  t ime. 

unpublished data) during the rise of progesterone 
receptor levels depicted in fig.2. 

Data of the present experiment combine to suggest 
that translocation of the progesterone-receptor com- 
plex from the cytosol to the nucleus may be one of 
the primary steps of progesterone action at the 
pituitary level. 
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