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Summary-The binding of )H-labelled androgen-receptor complexes, prepared by (NH.,)*SO, 
precipitation from the 105,000 g supernatant of hypothalamic cytosol, to hypothalamic 
chromatin of neonatal mice covalently coupled to cellulose was measured in vitro. Saturation 
binding was also determined after extraction of histones and the masking of acidic proteins 
with high molarities of guanidine hydrochloride. 

This investigation showed the presence of high-affinity, low-capacity acceptor sites for [‘HI- 
testosterone-receptor complexes in male hypothalamic chromatin (& value = 0.39 x lo-” M 
and binding sites of 41 fmol per mg of DNA). Acceptor activity seems to be associated with 
the acidic protein fraction of chromatin. No specific acceptor sites of similar nature were found 
in chromatin taken from the hypothalami of female mice. On the basis of these results, it is 
suggested that the androgen-unresponsiveness of female mice is related to the absence of 
acceptors for the androgen-receptor in female mice hypothalami. 

INTRODUCTION 

Steroid hormones enter target cells from the vascular 
system and bind to receptors with high-affinity and 
specificity [l-3]. The resulting hormone-receptor 
complex is then believed to be translocated to the 
nucleus where it interacts with the genome and 
subsequently alters the pattern of gene expression 
in target cells [I, 4-61. Such alterations in genetic 
transcription are preceded by high-affinity associ- 
ation of steroid-receptor complexes to chromatin 
binding sites termed “acceptors” [7]. Thus, the 
nuclear-acceptor sites for steroid-receptors are the 
focal point of steroid induced alterations in gene 
expression. 

The most extensive work on chromatin acceptors 
has been performed by Spelsberg and co-workers 
[5,6,8-lo] using the chick oviduct progesterone 
receptor. Other steroid-hormone systems are cur- 
rently under investigation [lO-141. 

Sexual differentiation of rodent brain is believed 
to occur during late foetal and early postnatal life 
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(1 week after birth in rats and mice) under the 
influence of androgens secreted by the testes of the 
developing male [3, 151. Neonatal androgen “imprint- 
ing” is known to occur in the hypothalamus [16, 11. 
One consequence of normal male sexual differenti- 
ation and of neonatal androgenization of females is 
an increased ability of hypothalamic nuclei to bind 
androgens [ 181 and their subsequent greater androgen 
responsiveness [19-211. The higher androgen respon- 
siveness of males and androgenized females could 
have important implications for growth and meat 
quality of domestic animals [22-241. 

It has been demonstrated that target and non- 
target tissues differ in steroid sensitivity, because 
in target-tissues nuclear chromatin accepts more 
hormone-cytosol protein complexes than chromatin 
of tissues refractory to the action of steroid hormones 
[l 1,25,26]. It occurred to us that the observed sex- 
related differences in the nuclear binding of andro- 
gens could be explained by a similar phenomenon. 

Considering the present confusion in the field of 
the mechanism of action of androgen in the neonatal 
rodent brain, we have undertaken an in vitro study 
aimed to find an explanation for the relative andro- 
gen unresponsiveness in female mice. Our approach 
utilized a cell-free system which allowed direct analy- 
sis of androgen-receptor-chromatin binding. 

383 



384 JESUS VENTANAS et al. 

MATERIALS AND METHODS 

Tissue sources and subcellular fractions 

Hypothalami used for preparation of chromatin 
were obtained from male, female and androgenized 
female albino mice strain NMRI. All mice were 7 
days old. Males and females received vehicle alone, 
while androgenized females were injected in the first 
24 h of life with 1 mg testosterone propionate vehicled 
in sesame oil. Immediately after slaughter, brains 
were removed and hypothalami excised over a cold 
surface. The hypothalamus was cut out as a block 
limited anteriorly about 1 mm before the optic 
chiasma, laterally by the hypothalamic fissures and 
posteriorly by a line just behind the mammilary 
bodies. Its depth was about 2 mm from the basal sur- 
face of the hypothalamus. All subsequent operations 
unless otherwise stated were carried out at @4”C. 

The isolation of nuclei, linking of chromatin to 
cellulose (Whatman CC-41) and chemical analyses of 
chromatin-cellulose were carried out as previously 
described [12,27]. Electrophoresis of chromatin 
proteins were performed on 12.5% polyacrylamide 
gels containing 0.1% sodium dodecyl sulfate, after 
the method of Weber and Osborn [28]. 

Preparation of [‘Hjkndrogen-receptor complex 

For cytosolic testosterone-receptor preparation, 
hypothalami were homogenized in a 0.32 M sucrose/ 
10 mM Tris-HCl (pH = 7.4)/100 mM 2-mercapto- 
ethanol buffer, centrifuged at 38,000g for 10 min 
in a Beckman 52 high-speed centrifuge and the 
supernatant was centrifuged at 105,OOOg for 
1 h in a Beckman Spinko L50 ultra-centrifuge. 
[ 1 ,2,6,7,3 HItestosterone, 80 Ci/mmol, was added 
(l-10 nM final concentration) and incubated with 
cytosol (supernatants of the 105,OOOg centrifugation) 
for 90 min with continuous stirring. In some experi- 
ments [ 1 ,2,4,5,6,7-3 H]5c( -dihydrotestosterone (DHT), 
128 Ci/mmol, was used instead of ‘H-labelled test- 
osterone. The [3H]testosterone (code TRK 402) and 
[3H]5a-DHT (code TRK 443) were obtained from the 
Radiochemical Centre, Amersham, Bucks, England. 

Androgen-labelled receptors were precipitated by 
adding cold saturated (NH,)2S0, (pH = 7.2) to 40% 
saturation over a 15 min period. Mixtures were 
stirred for 30 min and then centrifuged in appropriate 
aliquots at 10,OOOg for 15-20 min before storage of 
pellets at -20°C. Before use, pellets were dissolved 
in 0.15 M KC1/0.5 mM EDTAj50 mM 2-mercapto- 
ethanol/5 mM Tris-HCl (pH = 7.5) and dialysed 
against three changes of 500 ml of the same buffer 
over 2.5-3.0 h. The dialyzed solutions were then 
centrifuged briefly (10,OOOg for 5 min) to remove 
any sediment and sampled for protein, measured 
by the method of Bradford [29] and radioactivity. 
The later was counted after addition of 12 ml of 
scintilltor (Ready-solv NA; Beckman Instruments 
Inc., Fullerton, Calif., U.S.A.) in a Beckman LS 1801 
Liquid Scintillation Spectrometer. 

Extraction of chromatin-cellulose, steroid-receptor 
complex binding and radioactivity assay 

Triplicate samples of dry chromatin-cellulose 
were weighed into glass tubes and hydrated with 
2 mM Tri-HCl (pH = 7.5)/0.1 mM EDTAil mM 
NaHSO,/20 mM 2-mercaptoethanol. Samples were 
then extracted twice with at least 20 vol of the solvent 
containing &7 M guanidine hydrochloride (GuHCl) 
in 10 mM Tris-HCl (pH = 8.5)/100 mM 2-mercapto- 
ethanol/5 mM NaHSO,, washed with stirring and 
sedimenting at 1500g during 5 min three times 
with 2 mM Tris-HCl (pH = 7.5)/0.1 mM EDTA 
and then with 5 mM Tri-HCl (pH = 7.5)/0.5 mM 
EDTA/20 mM 2-mercaptoethanol/O.15 M KCl. 
Labelled receptor was then added and samples were 
incubated for 90min with stirring. Unbound radio- 
activity was removed by washing three times with 
2 mM Tris-HCl (pH = 7.5)/0.1 mM EDTA. All 
samples, including cellulose blanks were taken 
through the extraction and binding procedures, then 
were transferred to glass counting vials as follows. 

To the pelleted chromatin-cellulose 1 ml of BTS- 
450 solubilizer (Beckman) was added. Samples were 
then incubated with intermittent mixing at 37°C for 
60 min, after which 110 ~1 of 6 M HCl was added to 
each sample. This mixture was transferred to scintil- 
lation vials with 3 x 4 ml washes of the scintillator 
(Ready-solv NA, Beckman). Samples were counted 
for radioactivity for 10 min, with about 76% 
efficiency, after allowing temperature equilibration. 

Statistics 

Differences between means were tested for signifi- 
cance using the Student’s t-test. 

RESULTS 

Eflect of guanidine hydrochloride extraction of chroma- 
tin on its chemical composition and [‘HJestosterone- 
receptor binding 

Chromatin isolated from hypothalamic nuclei was 
analysed for DNA and for total, acidic and histone 
protein (Table 1). The mean protein/DNA ratios 
were: total proteins, 2.4; acidic proteins, 1.5; histones, 
0.9. These relationships are consistent with results 
obtained by other authors [14,30] and confirms 
the purity of the nuclei used for the chromatin 
preparation. 

As shown in Fig. 1 we were able to reproduce the 
protocol of Spelsberg et al. [8], that by sequential 
removal of histone and acidic proteins with increas- 
ing concentrations from 0 to 8 M of guanidine 
hydrochloride, allowed unmasking of the chromatin- 
acceptors for the [3H]progesterone-receptors. 

Figure la indicates the efficiency of extracting 
chromatin-bound proteins from hypothalamic chro- 
matin-cellulose resins with various concentrations of 
GuHCl. The bulk of histones were extracted by 1 M 
GuHCl, these concentrations being less efficient in 
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Table I. Chemical composition of chromatin-cellulose preparations studied 

pg/mg chromatin-cellulose 

Preparation 
No. 

I 
2 

Sex 

M 
M 

Total 
protein 

5.81 
19.22 

Hirtone 
protein 

1.82 
5.42 

Acidic 
protein 

3.13 
10.20 

DNA 

1 .I3 
6.20 

3 M 13.81 4.73 8.44 5.45 
4 M 7.61 2.62 4.82 2.25 
5 M 11.73 4.21 7.11 4.05 
6 M 11.81 5.96 6.70 5.93 
7 F 7.80 2.41 4.53 1.86 
8 F 16.01 5.30 7.03 5.53 
9 F 3.21 0.65 1.81 1.00 

IO F 5.20 1.53 2.61 I .65 
I1 F 9.10 3.31 4.80 3.75 
12 F 8.42 3.21 5.03 3.61 
13 A 16.80 - - 9.50 
14 A 15.55 - - 6.11 

Data are mean values for three replicates. Abbreviations used M, male; A, 
androgenized female; F, female. 

the removal of acidic proteins. Increasing the concen- 
tration of GuHCl over this value up to 5 M allows the 
complete removal of the histones, whereas approxi- 
mately 11% of the acidic proteins remained in the 
chromatin-cellulose. An additional 6% of the acidic 
proteins were removed from the chromatin by 5-7 M 
GuHCl. In contrast to the complete removal of the 
histones, GuHCl was unable to extract all the acidic 

proteins. No changes in the DNA content were 
observed during guanidine hydrochloride extraction 
proving that chromatin linkage to cellulose under U.V. 
irradiation was satisfactory. 

The binding of the [3 HItestosterone-receptor 
complex to hypothalamic chromatin previously de- 
proteinized with guanidine hydrochloride is shown in 
Fig. lb. After extraction of chromatin-cellulose with 

0.6 
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Fig. 1. Binding of [3H]testosterone-receptor complex to guanidine hydrochloride extracted chromatin- 
cellulose. In (a) the effect of GuHCl extraction on the histone (Cl), acidic proteins (A) and DNA (m) 
content of hypothalamic chromatin-cellulose is shown. Samples of hypothalamic chromatin (approxi- 
mately 10 mg each) were hydrated in 2 mM Tris-HCl @H = 7.5)/0.1 mM EDTA/l mM NaHS0,/20 mM 
2-mercaptoethanol, extracted twice with guanidine hydrochloride in 10 mM Tris-HCl (pH = S.S)/lOO mM 
2-mercaptoethanol/5 mM sodium bisulphite (or buffer only) and washed three times with 2 mM Tris-HCl 
@H = 7.5)/0.1 mM EDTA before analysis. Values are means for triplicate samples. In (b) the binding of 
[“HItestosterone-receptor complex to hypothalamic chromatin previously extracted with increasing 
concentrations of GuHCl is represented. Samples of hypothalamic chromatin from male and female mice 
were partially deproteinized with different concentrations of GuHCl and assayed in 800 ~1 final volume 
with samples of the androgen-receptor solution (sample 1, see Table 2). The means of estimates for 
triplicate samples are shown as (M) (male) and (0) (female). Assay precision is represented by bars 
showing the range in triplicate observations. The points without bars are means of two replicates. The 
binding of [3H]testosterone-receptor complexes to washed cellulose was routinely subtracted from their 

binding to chromatin-cellulose. 
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GuHCl, [‘HItestosterone-receptor complexes bound 
more extensively to hypothalamic chromatin from 
male mice. There was a slight but consistent increased 
binding to chromatin previously extracted with 1 M 

GuHCl. However, maximal binding capacity occurs 
after extraction of all the histone and most of the 
acidic proteins by 5 M GuHCl. Further extraction of 
the chromatin-cellulose with 5-7 M guanidine hydro- 
chloride removes the majority of the acceptor activity 
from the resin. The decrease of chromatin binding 
capacity when GuHCl is increased from 5 to 7 M is 
considered to be due to the selective removal of some 
acidic protein fractions essential for chromatin- 

acceptor activity. This is a similar effect to that 
observed by Spelsberg et al. [8] for progesterone 
binding in chicken oviduct and more recently shown 
by Ruh and Spelsberg [lo] for oestrogen binding in 
the same tissue. This protein fraction that co-elutes 
with acceptors represents less than 5% of the acidic 
proteins and its electrophoretic heterogeneity is 
shown in Fig. 2. Multiple bands are seen in the 5-7 M 

a b 

-66.200 oa 

- 45.000 Da 

- 31.000 oa 

_ 21.500 oo 

- 14.400 Da 

Fig. 2. Polyacrylamide-SDS gel electrophoregram of the 
protein fractions extracted from the chrdmatin by GuHCI. 
The eels renresent the orotein nattern of: (a) c-5 M GuHCl 
extract, (b) 5-7 M GuHCl extract and (c) standard mole- 
cualr weight proteins whose molecular weight distribution is 
shown. Approximately 180 jog of protein was applied to the 
gels (a) and (c) while only 50 pg of protein was applied to 
gel (b). The gels formed with 12.5% acrylamide were run 

from the top to bottom. 

GuHCl extract. However one major band is observed 
in gel b with a molecular weight of 14. 

In contrast, [‘HItestosterone-receptor binding to 
hypothalamic chromatin of female mice was not 
significantly altered by the removal of histones and 
masking acidic proteins. As shown in Fig. 1 b the 
binding of the [‘HItestosterone-receptor complex to 
female chromatin was consistently lower than to male 

chromatin. After removal of histones and masking 
acidic proteins by 5 M GuHCl, the residual 
chromatin of male mice exhibited a receptor affinity 
approximately 2-fold higher than that of the 

extracted female chromatin. 

Saturation binding of [j HItestosterone-receptor corn - 
plex to acceptor sites on mice hypothalamic chromatin 

It is generally recognized that the binding of 
steroid-receptor complexes to nuclear acceptor sites is 
saturable and of high-affinity [5,6,9]. Thus, the 
ability of the [3H]testosterone-receptor complex to 
saturate the acceptor capacity of the hypothalamic 
chromatin was investigated and the binding par- 
ameters of this interaction calculated. 

The acceptor-site assay was performed by varying 
the amount of androgen-labelled receptor complex 
added to a constant amount of chromatin-cellulose 
(Fig. 3). Appropriate samples of male chromatin 
(10 mg) were previously extracted with 5 M GuHCl 
to allow the complete unmasking of acceptors 
and the residual chromatin was then titrated with 
the [‘HItestosterone-receptor complex over a 
20-fold range (from 100 to 2,084 PP ~1 of solution). 

Chromatin-cellulose resins lacking the male specific 
acceptors (extracted with 7 M GuHCl) were also used 
in the [3H]testosterone-receptor complex binding 

assay. 
The unmasked chromatin binding saturated 

between 600 and 800 p 1 of [3 HItestosterone-receptor, 
whereas the binding to chromatin extracted with 7 M 
GuHCl remained linear throughout and never dis- 

played a tendency toward saturable binding. When 
the binding to chromatin extracted with 7 M GuHCl 
were subtracted from the unmasked chromatin 
binding values, a saturable binding curve was 
evident (Fig. 3). From this binding curve a Scatchard 
plot [31] gave an estimate of the quantity of binding 
(4 1 fmol of [‘HItestosterone-receptor complex/mg of 
DNA) and of the binding affinity (& approx. 

0.39 x 10~‘” M), which indicated a very high-affinity 
binding of the [3H]testosterone-receptor complex for 
the acceptor sites on hypothalamic chromatin from 
male mice (Fig. 4). 

Specificity of androgen-receptor complex-chromatin 
interaction effect of sex and neonatal androgenization 

Next we examined the binding specificity of 
labelled androgen-receptor complex to chromatins 
listed in Table 1 derived from mice hypothalamus of 
male, female and androgenized female. The chro- 
matins. either hydrated with buffer or dehistonized 
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Fig. 3. Saturation binding of [3H]testosterone-receptor com- 
plex to hypothalamic chromatin of male mice. In (a) tripli- 
cate samples (10 mg each) of male chromatin-cellulose were 
extracted with 5 M GuHCl or with 7 M GuHCl and the resi- 
dual chromatin was then incubated with increasing amounts 
of [3H]testosterone-receptor complex (sample 2, see Table 2) 
in 0.15 M KCl/O.S mM EDTA/SO mM 2-mercaptoethanol/ 
5 mM Tris-HCl (PH = 7.5) for 90 min at 4°C. After incu- 
bation the samples were washed and the bound radioactivity 
was counted and expressed as cpm/mg of DNA. Symbol 
(0) refers to samples of 5 M GuHCl extracted chromatin 
and (m) to samples extracted with 7 M GuHCl. In (b) the 
specific binding to acceptor sites (B) was calculated as the 

difference between the values of both binding curves. 

and unmasked with 5 M GuHCl, were incubated with 
enough [‘HItestosterone-receptor. In the assays the 
testosterone-receptor complex was used in quantities 
above 800 pg of receptor-protein (Table 2), higher 
than required to saturate the chromatin binding 
(Fig. 3). The binding of [3H]testosterone-receptor to 
cellulose blanks was routinely subtracted from the 
values obtained with the binding to chromatins. 

As shown in Fig. 5, the binding of [‘Hltestosterone- 
receptor complexes to hypothalamic chromatin 
occurred in the order male > androgenized female > 
female. The binding of hydrated female mice chro- 

0.10 
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0.02 
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Bound[3~] testosterone-receptor 
(fmol/mg of DNA) 

Fig. 4. Scatchard analysis of testosterone-receptor binding 
to acceptor proteins of male hypothalamic chromatin. The 

plots were constructed from the data in Fig. 3. 

matin was increased by neonatal androgenization 
(although not significantly) and by physiological 
masculinization (P < 0.05). When the samples of 
hypothalamic chromatin were previously extracted 
with 5 M GuHCl, both male and androgenized 
female chromatin exhibited significantly higher 
binding capacity (P c 0.01) for the [3 Hltestosterone- 
receptor complex than female chromatin. Unmasked 
chromatin had a much higher binding capacity than 
hydrated chromatin, but this increased binding 
capacity is limited to chromatin of male and andro- 
genized female. 

In order to test the hormonal receptor specificity of 
the chromatin-acceptor sites, the same conditions 
were used to study the binding of DHT-labelled 
receptor complexes to male and female hypothalamic 
chromatin (Table 3). The results of the [3H]DHT- 
receptor-complex binding to male and female chro- 
matin showed a similar pattern to [3H]testosterone- 
receptor binding. In contrast to male chromatin, no 
increased binding of the DHT-receptor could be 
detected in female hypothalamic chromatin after 
unmasking by 5 M GuHCl. 

It might appear that the number of acceptor sites 
is greater for the DHT-receptor complex than for 
the testosterone-receptor complex. However, the 
difference in radioactive marking between [‘H]DHT 
(128 Ci/mmol) and [3H]testosterone (80 Ci/mmol) 
and consequently the higher specific radioactivity of 
the [3H]DHT-receptor complex (see Table 3) could 
account for the fact that the bound radioactivity was 
greater with [’ H]DHT-receptor complex than with 
[‘HItestosterone-receptor complex. 

DISCUSSION 

Results reported here for the binding of ‘H- 
labelled androgen-receptor complexes to mice 
hypothalamic chromatin accord with the works of 
Spelsberg et al. [6] and Webster et al. [5] on avian 
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Table 2. Protem concentrations, specific radioactivities and volumes of[‘H]testosterone- 
receptor complexes used in bindinn assavs 

Sample 
NO. 

I 
2 
3 
4 
5 
6 
7 
8 

Final vol. 
prepared 

(ml) 

9.0 
12.0 
9.0 
9.0 

12.0 
12.0 
I I.0 

9.5 

Sample vol. 
used 
(p 1) 

800 1.10 0.40 
800 I.10 0 67 
700 I .20 0.32 

IO00 2.80 0.18 
900 I.20 0.94 
900 2.00 0.56 
600 I.20 0.20 
650 3.10 0.22 

2.0 

b 
‘5 - 1.6 
‘3 a 

1. 

COllC” 

(mg!ml) 

oviduct chromatin. These authors showed that 
increased acceptor activity for the progesterone- 
receptor complex could be made available by 
guanidine hydrochloride extraction. The same occurs 
for oestrogen-receptor binding to hen oviduct chro- 
matin [lo]. Similarly, it has been also demonstrated 
[l l] that the ability of rat testicular and prostatic 
chromatin to bind the [3H]DHT-receptor complex 
increases after removal of histones and some non- 
histone chromosomal proteins. 

Although the precise nature of the chromatin- 
acceptors is still a matter of controversy, it is 
becoming widely accepted that the acceptor sites are 
associated with a fraction of chromosomal non- 
histone proteins. This fraction has been chemically 
characterized as acidic low molecular weight proteins 
tightly bound to the DNA [S, 7,8, lo]. Although the 
acceptor sites have also been identified as a group of 
basic proteins of 70 kDa [32-341. Other acceptor 
localization studies have considered DNA [35], RNA 
[36, 371 and the nuclear matrix [38] as nuclear binding 

L 
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(c.p.m./mg of protem) 

t 

Hydratqd 
ChrOnwtRs and unmaskad 

chromatlnr 

Fig. 5. Binding of [3H]testosterone-receptor complex to 
male, female and androgenized female hypothalamic chro- 
matins. Hypothalamic testosterone-receptor (preparations 
3-8, see Table 2) was incubated with native (hydrated) or 
dehistonized and unmasked (extracted with 5 M GuHCl) 
chromatin from male (IJ), female (ISI) and androgenized 
female (a) mice. The [3H]testosterone-receptor bound 
to chromatin was determined after extensive washing to 
remove 3H-labelled unbound steroid-receptor complexes. 
Results are means f SEM (indicated by the half-bars) of at 
least 3 separate experiments with triplicate samples each. 

Cellulose blank binding was subtracted from all values. 

sites. The results obtained in our work support 
the acidic protein hypothesis. The data from the 
various binding experiments indicates that maximal 
[‘HItestosterone-receptor binding occurs when a 
major fraction of acidic proteins and all the histones 
were removed from the chromatin-cellulose prep- 
aration by 5 M GuHCl. Increasing molarities of the 
chaotropic agent up to 5 M appear to change only 
slightly the protein content of chromatin, although 
selected species of acidic proteins were removed. Only 
when this acidic protein fraction was eluted from the 
DNA, was a loss in acceptor activity measured, which 
argues in favour of these proteins being implicated in 
the binding reaction. The acidic protein fraction that 
co-elutes with the acceptor activity was represented in 
the electrophoretic analysis mostly by one band with 
a molecular weight of about 14,000. This molecular 
weight is in close agreement with that estimated for 
purified acceptor protein from rat androgenic tissue 
chromatin [39]. 

An important aspect of acceptor studies is the 
specificity of binding in terms of limited binding sites, 
high-affinity binding and target tissue specificity. In 
our system, the cell-free binding of [‘Hltestosterone- 
receptor to unmasked hypothalamic chromatin was 
saturable. The binding of testosterone-receptor- 
complexes to the chromatin preparation with 
unmasked acceptors demonstrated high affinity with 
an estimated Kd of 3.9 x lo-” M. These results are in 
agreement with other reports that demonstrated high 
affinity saturable interactions of receptor complexes 
with acceptors [5, 13, 141). Also, Spelsberg et al. [8], 
only observed a saturable, high-affinity binding of 
steroid-receptors with chromatin when the ionic 
strength of the binding assay is increased in 0.15 M, 
the same conditions used in this study. In addition, 
the [‘HItestosterone-receptor complex interacts in a 
saturable manner with hypothalamic chromatin of 
male mice. The binding increases after extraction of 
chromatin by 5 M GuHCl, whereas neither binding 
saturation nor binding peaks were demonstrated in 
non-target tissue (female chromatin). Finally, the 
high-affinity acceptor sites show specificity with 
respect to the retention of cytoplasmic androgen- 
receptor complexes. The interaction of hypothalamic 
chromatin of male and female mice and the DHT- 
receptor complexes was very similar to that exhibited 
with the testosterone-receptor (Table 3). 
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Table 3. Binding of [‘HItestosterone-receptor and [‘HIDHT-receptor to hypothalamic chromatin 

3H-labelled IO-’ x Specific 
steroid-receptor radioactivity 

IO-’ x Bound radioactivity 
(c.p.m./mg of DNA) 

Hydrated De-histonized 
complex assayed (c.p.m./mg of protein) Sex chromatin unmasked chromatin 

[‘HItestosterone-receptor 0.44 M 0.47 1.33 (2.83) 
A 0.32 0.67 (2.09) 
F 0.23 0.29 (1.26) 

[‘HIDHT-receptor 0.52 M 1.11 1.87 (1.68) 
F 0.75 0.85 (1.13) 

Data are means of at least 3 separate experiments with triplicated samples. Values in brackets are expressed 
as proportions of hydrated chromatin values. Abbreviations used: M, male; A, androgenized female; F, 
feiale. 

The main aim of this study was to examine mice 
chromatin for sex-related differences in available 
acceptor sites for [3H]testosterone-receptor com- 
plexes which could support higher nuclear androgen 
binding and greater androgen responsiveness in males 
and neonatally androgenized females than in un- 
androgenized females. The present investigation has 
demonstrated a marked increase in the concentration 
of acceptor sites available for testosterone-receptor 
interaction as a result of neonatal “imprinting” 
by testicular hormones. Also, the binding of 
[3H]testosterone-receptor complexes to 5 M GuHCl 
extracted chromatins from male and androgenized 
female mice displayed a marked increase in com- 
parison to their respective hydrated chromatins, indi- 
cating unmasking of high-affinity and low-capacity 
acceptor sites (Figs 3 and 4). This specific acceptor 
activity for the testosterone-receptor is limited to 
chromatins from male and androgenized female, 
being absent from unresponsive tissue chromatin 
(female hypothalamus), suggesting target tissue spe- 
cificity for its presence. Most of the tissue specificity 
for the receptor binding to chromatin can be elimi- 
nated at higher GuHCl concentrations from 5 to 7 M. 
The [‘HItestosterone-receptor binding to these de- 
proteinized chromatins from male and androgenized 
female is linear and reaches a level that is very similar 
to that found in the hypothalamic chromatin prepa- 
rations from female mice. Apparently, these non- 
saturable and non-specific binding sites for the 
androgen-receptor complex are present in both, 
target and non-target hypothalamic chromatin. 

These results offer one possible explanation for the 
relative unresponsiveness of female hypothalamus 
from rats [19,40] and mice [21,24] to negative 
feed-back of androgens on gonadotropin release. 
According to current concepts of the mechanisms of 
action of steroid hormones, absence of receptors or 
acceptors from a tissue is associated with unrespon- 
siveness to the hormone in question. In a previous 
study, Gustafsson et al. [19] showed the presence of 
a receptor protein for testosterone in hypothalamus 
from male rats 8 weeks old, whereas it was not 
possible to detect a macromolecule of similar nature 
in this brain region from the adult female rat. The 
specific binding of the t3 HItestosterone-receptor 
complexes to male and androgenized female, but not 
to female hypothalamic chromatin as shown in the 

present work, provides additional insight into this 
phenomenon. Since these high-affinity binding sites 
are the ones with a physiological function [5], 
the hypothalamic cells of female mice may be un- 
responsive to testosterone because their genomes 
cannot bind specifically the androgen-receptor 
complexes. 
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