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SUMMARY 

Purified nuclei were prepared from prepubertal male rat pituitaries incubated at 37°C in the presence 
of [1,2-3H]-5a-DHT, and selectively extracted with saline solutions of different ionic strength and 
pH. This extraction process led to the identification of two nuclear Sa-DHT receptor complexes: one 
soluble in the nuclear sap, the other bound to chromatin. Their relative amount and their specific 
activity (362 fmol/mg protein and 38 fmol/mg protein, respectively), were determined after precipitation 
by a protamine sulphate solution. These two kinds of nuclear Sa-DHT receptor complexes were charac- 
terized using sucrose gradient centrifugation and Sephadex G-200 gel chromatography. The soluble 
nuclear sap SWDHT binding component sedimented as a 5.6s entity and was retained on Sephadex 
G-200 gel, whereas the complex bound to chromatin sedimented as a 4.6s entity and appeared in 
the void volume of the Sephadex G-200 gel column. Both are hormone specific proteins, and are 
distinct from the cytosol 5a-DHT complex. The physiological role of these two forms is not yet deter- 
mined. 

INTRODUCTION 

The presence of a specific receptor for Sa-Dihydrotes- 
tosterone (Sa-DHT) in the cytosol from male rat 
pituitary is now well established[l-51. However, there 
is little information concerning the presence and 
properties of a 5x-DHT receptor in pituitary nuclei. 
Kato[4], using ultracentrifugation in linear sucrose 
gradients of nuclear 0.4 M KC1 extracts, provided evi- 
dence for the existence of a 4-6 S receptor complex 
in purified nuclei from pituitaries of castrated adult 
male rats. Lieberburg et aI.[6], using the same tech- 
nique, after injection of tritiated hormone to male 
rats, found only one nuclear complex with a sedimen- 
tation coefficient of 3.6 S. Thus, the characteristics of 
this nuclear receptor remain to be defined. 

Our work on androgen receptors in the male rat 
pituitary, enabled us to confirm the presence of a 

nuclear receptor for Sa-DHT. This paper reports its 

presence in nuclei in two forms: a soluble one in nu- 
cleoplasm, and another bound to chromatin. 

MATERIALS AND METHODS 

Steroids and chemicals 

[1,2-3H]-5adihydrotestosterone (Sa-DHT) (S.A. 48 
Ci/mmol) was purchased from C.E.A. (Saclay, 

France). Radio-inert 5x-DHT, 5x-androstane-3/l. 17/I- 
dial and 17fioestradiol were obtained from Sigma 
Chemical Company. Corticosterone was from Mann 
Research Laboratories (New York, U.S.A.). Prota- 

* To whom requests for reprints should be addressed. 

mine sulphate, pancreatic ribonuclease and pronase 
were purchased from Koch-Light Laboratories (Eng- 
land), and desoxyribonuclease I from Boehringer 
(Mannheim, Germany). Sephadex G-200 and G-25. 
Dextran T 70 were from Pharmacia Fine Chemicals 
(Uppsala, Sweden). 

Animals 

Except where otherwise stated, 36 male rats 33-35 

days old, of the Wistar strain, were used in one assay. 
They were purchased from the “Centre d’Elevage R. 
Janvier” (53680 Le Genes& France). Animals were 

decapitated without anaesthesia, and hypophyses 
were quickly removed and weighed. They were kept 
at 0°C until incubation. 

Tissue incubations 

Anterior pituitaries were incubated at 37°C for 60 

mitt, in 7.5 ml of Krebs Ringer Bicarbonate Glucose 
Buffer (KRBG) pH 7.4 in the presence of tritiated 
Sa-DHT (4 x 10-s M). 

Competitions 

Competition assays were performed by adding un- 

labelled steroid together with the tritiated com- 
pound in the incubation medium. Several unlabelled 
hormones were tested: Sa-DHT (4 x 10m6 M), 
5a-androstane-3/?,17B_diol (2 x 10V6 M), cortico- 
sterone (4 x 10m6 M), 17fi-oestradiol (4 x 10m6 M). 

Preparation of subcellular fractions 

All further operations were performed at 0-4”C; 
(a) Purified nudei. After the incubation period, 
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pituitaries were washed three times with ice-cold 
KRBG. They were then homogenized (25”, w/v) in 
0.32 M sucrose pH 6.5 containing 3 mM MgC12, using 
a Dounce homogenizer. Purified nuclei were prepared 
as previously described[7]. 

(b) Cytosol. Incubated pituitaries were homogen- 
ized as described above, and the homogenate was cen- 

trifuged at 6009 for 10 min. The supernatant was 
then centrifuged at 105,OOOg for 60 min in a Beckman 
SW 50 or SW 65 type rotor. In some experiments, 
cytosol was prepared from non incubated pituitaries. 
in 0.05 M phosphate buffer pH 7.4. It was then incu- 
bated at 0 C for 5 h with 4 x 10m9 M tritiated 
Sa-DHT. 

Extruction ofnuclear hormone-receptor complexes with 

saline buffers 

(a) Direct I M NaCI extract. The pellet of purified 
nuclei was extracted with 1 ml of 0.005 M tris-HCl 
buffer pH 8.0 containing 1 M NaCl; at O’C for 
18-19 h, with gentle magnetic stirring. The soluble 
fraction was then separated by centrifugation at 
42,000g for 20 min in the SS-34 Rotor of a Sorvall 
superspeed RC 2B. The supernatant was called direct 
NaCl extract. 

(b) Selectice extractions[8]. (i) STM exwact. The 
pellet of purified nuclei was covered with 5 ml of 
0.01 M Tris-HCl buffer pH 7.2 containing 0.14 M 
NaCl and 0.005 M MgCl, (STM buffer). It was sub- 
mitted to gentle magnetic stirring at 0°C for 15 min- 
utes. This extraction was repeated twice again and 
each time, nuclei were pelleted by centrifugation at 
600g. Successive supernatants were considered as 

STMi, STM,. STM, extracts. 
(ii) ! M NaC/ extract. Following the previous 

extractions, the nuclear pellet was then extracted with 
either 1 ml or 800~1 of 0.005 M Tris-HCI buffer pH 
8.0 containing 1 M NaCl, with gentle magnetic stir- 
ring. at 0°C for 18-19 h. The soluble fraction was iso- 

lated as described above (a). The supernatant was 
considered as 1 M NaCl extract. and the insoluble 
fraction as residual pellet. 

(iii) DNA precipitation: 0.4 M NaC/ extract. DNA 
precipitation from the 1 M NaCl extract was accom- 
plished by lowering the buffer molarity to 0.4 M in 
NaCI, by water addition[9]. Following centrifugation 
at 3,650g for 10 min, the supernatant was considered 
as 0.4 M NaCl extract. 

Precipitation of nuclear hormone-receptor complexes 

by protamine su/phate[9-lo] 

The hormone-receptor complex was precipitated 
from STM, extract by addition of an equal volume 
of a protamine sulphate solution in STM buffer (0.04 
mg/ml). The protein concentration of STM, extract 
was 0.050 i 0.007 mg/ml. (mean t_ S.E.M. 9 deter- 
minations). It was precipitated from 0.4 M NaCl 
extract under the same conditions: respective concen- 

trations were for protamine sulphate 0.166 mg/ml, 
and for proteins 0.249 rfr 0.015 mg/ml. (mean + 

S.E.M. 12 determinations). In both cases. the mixture 

was kept at 0 C for 15 min. then it was filtered 
through Whatman Gf;C filters (2.5 cm diameter) 
under slight vacuum. The precipitate was washed four 
times with 10ml of buffer. Filters were then put into 
counting vials and radioactivity was estimated. 

f?fect of .some enrj~mes 

Aliquots of STM, extract and of 0.4 M NaCl 
extract were incubated at 37°C for 30 min in the 
presence of various enzymes at a final concentration 
of 50 pg/ml. Pancreatic RNAse, pronase and DNAse 
I were studied. For assays with DNAse 1. the buffer 
concentration in MgCI, was brought up to 
5 mM[ll]. After incubation. bound radioactivity was 

precipitated by adding protamine sulphate solution, 
and it was then counted. Corrections were made with 
respect to controls submitted to the same incubation 
conditions without enzymes. 

Isolation of bound radioactire fractions 

Two methods were used: STM, extract and 1 M 
NaCl extract were submitted to gel filtration through 
Sephadex G-25 columns (28 cm x 1.5 cm) equili- 
brated respectively with STM buffer and 1 M NaCl 
buffer. In cytosol, free hormone was discarded by 
Dextran Coated Charcoal (DCC) treatment: Norit 
charcoal (0.5 g) and Dextran T 70 (0.05 g) were sus- 
pended in lOOmI of 0.01 M Tris-HCl buffer pH 7.5 
containing 0.0015 M EDTA and 0.01 M Dithiothrei- 
tol. A volume of this suspension equal to the volume 

of cytosol was centrifuged at 3.650 g for IO min. Cyto- 
sol was then added and mixed with the DCC pellet. 
The mixture was left at O-C for 2-3 min and then 
centrifuged at 3,650~ for 10 min. The supernatant 
was undiluted cytosol devoided of free radioactive 
hormone. 

Steroids extraction and identi$cation 

Steroids were extracted from bound fractions of 
STM, extract and 1 M NaCl extract according to the 
method of Folch et a/.[121 modified by Bruchovsky 
et 0/.[13]. The residual pellet was suspended in 1 ml 
of distilled water and then submitted to the same 
extraction procedure. Steroids were separated by 
chromatography on Whatman No. 1 paper 
(45 cm x 2.5 cm) in the solvent system of Kochakian 
and Stidworthy[14]. Development at 3o’C was 
achieved within 6-7 hours. Chromatograms were then 
cut into strips (2.5 cm x 1 cm), the radioactivity of 
which was estimated by liquid scintillation counting. 

Gel chromatography on Sephadex G-?OO 

Fractionation of the nuclear hormone-receptor 
complexes found in STM,, 1 M NaCI, 0.4 M NaCl 
extracts and in cytosol was carried out by gel fil- 
tration through a column of Sephadex G-200 
(77.5 cm x 1.5 cm) equilibrated with 1 M NaCI. 
Working pressure was 7.5 cm, and 2 ml fractions were 
collected. In each fraction proteins and radioactivity 
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were measured. Sometimes, the optical density of the 
eluates, at 260 nm and at 280 nm was estimated. 

Centrifugation in linear sucrose density gradients 

In all assays, s~imentation coefficients were calcu- 
lated according to the method of Martin and 
Ames[l5], using bovine serum albumin (BSA) as stan- 
dard. STM, extracts were layered on 5-20x linear 
sucrose gradients prepared in STM or in 1 M NaCl 
buffers. 1 M NaCl extracts were layered on the same 
gradients prepared in 1 M NaCl buffer containing tri- 
tiated Sa-DHT (0.5 x lo-” M)[l6]. 0.4 M NaCl 
extracts were analyzed successively in 5-20x gra- 
dients prepared in 0.4 M NaCl, 1 M NaCl or STM 
buffers, and bays containing labelled Sa-DHT 
(OS x 10-i’ M). 

Cytosol was first treated by DCC as previously de- 
scribed. Then the hormon~re~ptor complex was 
precipitated by addition of ammonium sulphate (30% 
w/v). After 30 min at 0°C. the pellet was recovered 
by centrifugation (3,650g) for 10 min, and dissolved 
either in 0.05 M phosphate buffer or in STM buffer. 
It was then layered on 520% sucrose gradients pre- 
pared in the corresponding buffer. 

Centrifugations were carried out at 4°C for 14 h 
either at 39,000 rev./min in a Beckman SW 50 type 
rotor. or at 42,500 rev./min in a SW 65 type rotor. 
Gradients were fractionated using an ISCO appar- 
atus. Fractions (6 drops) were collected directly into 
counting vials. 

Other techniques 

Proteins were determined according to the method 
of Lowry et a/.[171 using BSA as a standard. DNA 
was submitted to acid ‘hydrolysis according to the 
method of Valotaire and DuvaI[18]. It was then esti- 
mated by s~ctrophotomet~ at 260 nm. Radioactivity 
was estimated by liquid scintillation counting using 
an Isocap 300 counter (Nuclear Chicago). Solvents 
were Instagel for aqueous samples, and Bray’s solu- 
tion[19] for glass fiber filters. Chromatogram strips 

were put into a scintillation counting system contain- 
ing PPO (5 g), dimethyl POPOP (0.1 g), and toluene 
1,OOOml. Quenching was corrected by the channel 
ratio method. 

RESULTS 

Determination of radioactivity, proteins and DNA 
contents in nuclear extracts 

Using an extraction process which implied buffers 
of different ionic strength and different pH: STM 
buffer pH 7.2 and 1 M NaCl pH 8.0, the nuclear 
materials were fractionated into five fractions, of 
which four were soluble fractions. Their radioactivity, 
proteins and DNA contents are summarized in Table 1. 
It was noticed that only a small amount of DNA 
(1.4% f 0.8%) and of proteins (12.5% f 5.9%) was 
extracted with STM buffer. On the other hand, most 
of the radioactivity (67.8% + 3.9%) was found in 
STM, extract. 

Precipitation of hormone-recepfor complexes by 
protamine suiphate 

(a) STM, extract. Bound radioactivity was isolated 
by protamine sulphate precipitation as described in 
the materials and methods section. It was an impor- 
tant part of the entire STMi extract: 19.7% + 1.1% 
(mean + S.E.M. five determinations) and specific ac- 
tivity of the binding was 362 2 22.2 fmol per mg pro- 
teins (mean f S.E.M. five determinations). 

(b) 0.4 M NaCl extract. DNA was precipitated by 
lowering the NaCl concentration from 1 to 0.4 M as 
previously described, and bound radioactivity was 
isolated from the supernatant by the protamine sul- 
phate method. Under these conditions, 85.6% + 7.3% 
(mean 5 S.E.M. five dete~inations) of the radioac- 
tivity present in 1 M NaCl extract were found in the 
0.4 M NaCl extract, and the bound part represented 
40.4% + 2.1% (mean + S.E.M. three determinations) 
of this amount. Its specific binding activity was 

Table 1. Thirty-six anterior pituitaries from prepubertat male rats were incu- 
bated at 37°C for 60 mitt in the presence of [1,2-3H]-Scl-DHT (4 x 10e8 M). 
Purified nuclei were isolated and extracted with STM buffer pH 7.2 (three 
times) then by 1 M NaCl buffer (once); in every nuclear extract, radioactivity, 
proteins, and DNA were estimated. Their amounts were expressed as 

% + S.E.M. of total radioactivity, proteins and DNA respectively 

Extract Proteins* DNAt 

Radioactivity 
Total 

radioactivityj Bound 

STM, 12.4 + 5.9 1.3 f 0.8 67.8 + 3.9 14 + 0.g 
STM, N.D. N.D. 11.8 k 2.8 N.D. 
STMs N.D. N.D. 4.2 f 0.5 N.D. 
1 M NaCI 54.7 * 7.5 44.7 * 8.3 4.3 + 0.8 
0.4 M NaCl - - 2.3 i: 0.2t 
Residual pellet 32.7 + 7.5 55 & 8.2 9.9 + 1.8 - 

* Mean of nine determinations. t Mean of three determinations. $ Mean of 
six determinations. P Mean of five determinations. N.D. Not detectable. 
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Fig. 1. Sephadex G-200 chromatography of the “direct 1 M NaCl extract”. Purified nuclei were prepared 
from 18 pituitaries incubated at 37°C in the presence of [1.2-3H]-5a-DHT and extracted overnight 
at 0°C with 1 ml of 1 M NaCl pH 8.0 solution. A 750~1 aliquot of the direct 1 M NaCl extract 
was then chromatographed on a Sephadex G-200 column (1.5 x 77.5 cm) equilibrated with 1 M NaCl 
solution. Results are corrected to the entire volume of the extract (1 ml). ~ Radioactivity 

Protein ------ O.D. at 260nm. 

38 f 4.3 fmol per mg proteins (mean + S.E.M. Three 
determinations). 

Gel chromatography on Sephadex G-2011 

(a) Direct 1 M NaCI extract. The different Sa-DHT 

macromolecular bindings previously found in STM, 
and in 0.4 M NaCl extracts corresponded in fact, with 
two kinds of nuclear binding forms which were 
present in direct 1 M NaCl extract, and which were 
distinguishable from bne another on a Sephadex 
G-200 column (Fig. 1). Indeed one radioactive peak 
was eluted together with DNA (max 50”‘/ml), and a 
second apart from DNA fraction (max 62”‘/ml). There 
was also a third peak of radioactivity (between 100”’ 
and 14O”‘/ml) which corresponded with free hormone. 

(b) STMl extract. The major part of the nuclear 
bound Sa-DHT was found in this extract, as pre- 
viously demonstrated with protamine sulphate pre- 
cipitation. During gel filtration through Sephadex 
G-200 column only one bound radioactive peak was 
eluted (max 64”’ ml) (Fig. 2). It seemed to correspond 
with the second radioactive peak (max 621h ml) of 
the direct 1 M NaCl extract, and also to be selectively 
and entirely extracted with STM buffer pH 7.2. A 
fraction of free hormone was also eluted from 100”’ 
to 150”’ ml. It was found that, when the gel was equi- 
librated with either STM buffer (not represented) or 
1 M NaCl buffer (Fig. 2), the elution patterns were 
identical. 

(c) I M NaCI extracf and 0.4 M NaCl extract. The 
nuclear pellet was extracted three times with STM 
buffer and then with 1 M NaCl pH 8.0 as described 
in the materials and methods section. The latter 
extract was then filtered through Sephadex G-200 
column (Fig. 3a). Three radioactive peaks were eluted: 

the first one (max 56”’ ml) was eluted with DNA, 
it could represent one form of the Sa-DHT nuclear 
receptor, which was bound to chromatin and extract- 
ible with 1 M NaCI. The second peak (max 64”’ ml) 
had the same elution pattern as the STM, extract 
and could result from the dissociation, during gel fil- 
tration, of a part of the receptor bound to chromatin. 
The third peak represented free hormone (from llOlh 
to 1501h ml). 

When the 0.4 M NaCl extract was anal&d on 
Se’phadex G-200 column, one radioactive peak was 
recovered (max 641h ml) with the same elution volume 
as STM, extract (Fig. 3b). It represented 72.494 of 
the hormone bound in 0.4 M NaCl extract. Free hor- 
mone was not collected in this assay. 

Ultracentrijiigation in S-209, sucrose linear gradients 

The analysis of nuclear extracts by sedimentation 
in sucrose gradients led to the identification of two 
nuclear binding forms for Sa-DHT. 

(a) STM, extract. The sedimentation coefficient of 
the hormone-receptor complex was 5.6 S when gradi- 
ents were prepared in STM buffer (Fig. 4). This 5.6 S 
form was however converted into a 4.6s one, when 
gradients were prepared in 1 M NaCl. 

(b) 1 M NaC’l extract and 0.4 M NaCl extract. The 
1 M NaCl complex had a sedimentation coefficient 
of 4.6 S in a gradient containing 1 M NaCl (Fig. 5a). 
Unlike G-200 filtration, it was not converted into a 
5.6s form (identical to STM extract) when DNA 
was pelleted from the 1 M NaCl extract. The complex 
found in 0.4 M NaCl extract always had the same 
sedimentation coefficient (4.6 S), whether gradi- 
ents were prepared in STM buffer or in 1 M NaCl 
(Fig. 5b). 
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Fig. 2. Sephadex G-200 chromatography of the STM, extract. Purified nuclei were prepared from 
36 pituitaries incubated at 37°C in the presence of [l,2-3H]-5a-DHT. They were then extracted with 
5 ml of STM buffer pH 7.2. A 2 ml aliquot of the STM, extract was chromatographed on a Sephadex 
G-200 column (1.5 x 77.5 cm) equilibrated with 1 M NaCl solution. Results are corrected to the entire 

volume of STMt extract (5 ml). 

S’O lb0 lb0 ml 

Fig. 3. Sephadex G-200 chromatography of: (a) an 800~1 aliquot of 1 M NaCl extract; (b) a 1.5ml 
aliquot of 0.4 M NaCl extract. After three successive washings with STM buffer, purified nuclei obtained 
as outlined in the legend of Fig. 2, were then extracted overnight with 1 ml of 1 M NaCl solution 
pH 8.0. This 1 M NaCl extract was either directly filtered through a G-200 Sephadex column 
(1.5 x 77.5 cm) (a) or diluted with water to a 0.4 M NaCl concentration and then filtered (b) (for 

further details, see materials and methods). 
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Fig. 4. Sucrose gradient analysis of the STM, extract. Ali- 
quo& (500~1) were subjected to centrifugation for 14 h at 
39.000 rev./min in a S-204’, linear sucrose gradient pre- 
pared with STM buffer pH 7.2 A---A. or with 1 M NaCl 

solution pH 8.0 l +. 

Action of enzymes 

When STM, extract or 0.4 M NaCl extract was 
incubated in the presence of pronase, the binding of 
Sa-DHT was completely abolished. On the other 
hand, no decrease of binding was observed in the 
presence of RNAse or DNAse. 

These results suggest that the nuclear binding 
macromolecules, which were extracted by STM buffer 
pH 7.2 or by 1 M NaCl pH 8.0 were proteins. 

Identification of the steroid bound in nuclear extracts 

In STM, and NaCl extracts, the steroid bound to 

proteins was quite exclusively Sa-DHT as demon- 

strated by paper chromatography: respectively 91.6% 
(Fig. 6a) and 80.2% (Fig. 6b) of the total chromato- 

d ,m BSA 

fraction n” 

b) 1M NaCl extract 

1 c) residual pellet 

Fig. 6. Analysis by paper chromatography of chloroform- 
methanol extractable radioactivity from nuclear bound salt 
soluble fractions, and from the residual pellet (salt resis- 
tant-fraction) obtained after incubation at 37°C of male 

rat pituitaries in the presence of [1,2-3H]-5~-DHT. 

gram radioactivity were Sr-DHT. In the residual pel- 
let, only a small amount of %DHT was recovered 
(33.1%). The major radioactive part (59.9%) was found 
as apolar compounds at the front 
gram (Fig. 6~). 

dpm BSA 

(b) 
+ 

of the chromato- 

Fig. 5. Sucrose gradient analysis of (a) 1 M NaCl extract, (b) 0.4 M NaCl extract. Samples (500 ~1) 
were subjected to centrifugation for 14 h at 39,000 rev./min. on a S-20% linear sucrose gradients pre- 
pared with 1 M NaCl solution pH 8.0 M, or with STM buffer pH 7.2 A---A. both containing 

[1.2-‘HI-5a DHT (0.5 x lo-” M). 
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Fig. 7. Sedimentation pattern of nuclear Sa-DHT binding components obtained from pituitaries incu- 
bated in the presence of [1,2-3H]-5a-DHT (4 x 10-s M) alone A-A, or in the presence of a 100 
fold excess of unlabelled Sa-DHT (4 x 10e6 M) +---o. Aliquots (500 ~1) of STMr extract were layered 
on 5-20”/, sucrose gradients prepared with STM buffer (a). Aliquots (5004) of 1 M NaCl extract 

were layered on 5-20x sucrose gradients prepared with 1 M NaCl (b). 

Binding specificity Sa-DHT was competitive, since its nuclear binding 

Some competition assays were carried out by addi- was entirely abolished, as shown by sucrose gradients 

tion of unlabelled steroids together with tritiated analysis of STMr extract (Fig. 7a) and 1 M NaCl 

5x-DHT to the incubation medium. Only unlabelled extract (Fig. 7b). 

S.R. IO/4 

dpm x 10m3 

10.0 

7.5 

5.C 

2.5 

50 100 150 ml 

Fig. 8. Sephadex G-200 chromatography of cytosol obtained from pituitaries incubated at 37°C in 
the presence of [1,2-3H]-5a-DHT (4 x 10-s M). An ahquot (1 ml) of the 105,000g supernatant was 
chromatographed on a Sephadex G-200 column (1.5 x 77.5 cm) equilibrated with 1 M NaCI solution. 

I 
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Fig. 9. Sedimentation analysis of cytosol Sa-DHT binding component. (a): cytosol was obtained from 
pituitaries incubated at 37°C in the presence of [1,2-3H]-5a-DHT (4 x 10-s M). (b): cytosol was directly 
incubated at 0°C for 5 hours with [1,2-3H]-5a-DHT (4 x 10e9 M). In both cases, aliquots of the 
105,OOOg supernatant were first treated with dextran coated charcoal, then the hormone receptor 
complex was precipitated with ammonium sulphate (30% w/v) for 30 min. The precipitates were re- 
covered by centrifugation at 2,OOOg. and were dissolved either in 500~1 STM buffer (a) or in 0.05 M 
phosphate buffer (b) before centrifugation in sucrose gradients respectively prepared with the same 

buffers (STM or 0.05 M phosphate buffer). 

Comparative study of cytosol 

In some experiments, the cytosol binding of 

51x-DHT was compared with its nuclear binding. 

When cytosol was prepared from pituitaries pre- 

viously incubated at 37°C with tritiated hormone, and 
then filtered through Sephadex G-200 column, one 
radioactive peak was found (max 82”’ ml) (Fig. 8). 
It was different from those observed during gel filtra- 
tion of STM, or of 1 M NaCl nuclear extracts 
(Figs 1, 2 and 3). In 5-20x sucrose gradients, this 
cytosol macromolecular complex sediments as a 3s 

dpm x 10e3 

2.c 

1.5 

1.0 

0.5 

t Ill- I 
1111 , DWI A4 front 

Fig. 10. Analysis by paper chromatography of chloroform- 
methanol extractable radioactivity from the cytosol 3s 

Sa-DHT-receptor complex. 

entity {Fig. 9a). When cytosol was directly prepared 
from pituitaries not exposed to hormone, and then 
incubated at 0°C with tritiated Sa-DHT, the complex 
had a sedimentation coefficient of 6.3 S (Fig. 9b). In 
both cases, these values differed from those found for 

‘STMi and NaCl 1 M complexes (Figs 4 and 5). Chro- 
matographic analysis of steroids extracted from the 
3 S complex showed that SC+DHT itself stood for only 
58% of the total chromatogram radioactivity, and 
that it was partially metabolized into Sa-androstane- 

dials (39%) (Fig. 10). 

DlSCLiSSlON 

We have previously shown[20] that testosterone 
and Sa-DHT were bound to macromolecules in puri- 
fied nuclei from male rat pituitaries. In 1976, Kato[S] 
working on castrated male rat pituitaries incubated 
in the presence of tritiated Sa-DHT, found a 4-6s 
receptor complex in 0.4 M KC1 extract from purified 
nuclei. In 1977, Lieberburg et a/.[61 confirmed the 
presence of a ,nuclear receptor complex for Sa-DHT, 
but found that its sedimentation coefficient was 3.6s. 
Thus some differences appeared concerning the sedi- 
mentation coefficient of the pituitary nuclear receptor 
complex. 

The present report indicates the presence of two 
binding forms for Sa-DHT in purified nuclei from 
male rat pituitary. The first one is soluble in the “nu- 
clear sap” and can be extracted with a buffer of low 
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ionic strength (STM buffer), the second is bound to 
chromatin and is extractible with a high ionic 
strength solution (1 M NaCI). 

General properties 

These two forms of binding represent nuclear 
receptors for Sa-DHT. Both are hormone specific, 
since among the steroids tested only unlabelled 
Sa-DHT is able to completely abolish these two 
nuclear bindings. Furthermore, there is no metab- 
olism of the bound hormone. These two kinds of 
receptors are proteins, since only pronase destroys the 
hormone-receptor complex. Moreover, they are acid 
proteins, since they are both precipitable by prota- 
mine sulphate. 

Special properties 

(a) ~~tr~~uc~eur ~ucu~izuti~~. One of the two recep- 
tors is soluble in the nucleoplasm, since it can be 
extracted with a buffer of low ionic strength (STM 
pH 7.2). A similar extraction process has been used 
by several authors [S, 21,221 in order to prepare puri- 
fied chromatin fractions. The washing of nuclei with 
buffers of low ionic strength leads to the extraction 
of proteins from the nuclear sap, (which appear to 
be quite distinct from the chromosomal non histone 
proteins and histones, and also from cytoplasmic pro- 
teins), and ribonucleoprotein particles. The chromatin 
components are then extracted with 1 M or 2 M NaCl 
solution, leaving behind nuclear membranes and nu- 
cleolar material [S]. 

As an extensive washing of nuclei with STM buffer 
does not permit any further extraction, it seems that 
the second receptor is strongly bound to chromatin. 
The extraction of this complex together with a signifi- 
cant amount of DNA can be performed only with 
a solution of high ionic strength (1 M NaCl). It is 
then possible to dissociate it from DNA. By lowering 
the NaCl concentration from 1 M to 0.4 M, DNA is 
precipitated and can be pelleted by centrifugation, 
whereas the receptor remains in the 0.4 M NaCl 
supernatant. 

Clark and Peck[23] have demonstrated that two 
kinds of oestradiol receptor are found in uterine nu- 
clei undergoing a differential salt extraction by KCI: 
SO-90% of the nuclear receptor complexes are extract- 
able from their binding sites with KCl, whereas 
I@-20% are non extractable. These results have been 
discussed by Miiller et af.[24] who argued that discri- 
mination between these two forms is founded only 
on their extractibility with KC1 and that their physi- 
cal properties are not taken into account. Neverthe- 
less, these studies raise the problem of the existence 
of two forms of nuclear binding. 

(b) i~tru~~c~ear concentration. 5x-DHT bound to 
the soluble nuclear complex represents the major frac- 
tion of the total radioactivity bound in nuclei (362 
fmol/mg proteins) whereas the fraction bound to 
chromatin is lower (38 fmol/mg proteins). When 
17/l-oestradiol is studied, under the same conditions, 

the amount and distribution of the bound radioac- 
tivity are different: most of the bound radioactivity 
is recovered in the 1 M NaCl extract [25]. These 
results seem to be in good agreement with those of 
Sar and Stumpc26). Follo~ng oestradiol administra- 
tion to male rats, they found a uniform distribution 
of the hormone in nuclei of all pituitary cell types. 
On the contrary, when testosterone was administered 
to animals, it was exclusively located into gonado- 
trophs nuclei. Gonadotrophs standing only for 
~OXJO/, of the total pituitary cells, it could be inferred 
that, in male rat pituitary, the number of binding sites 
for oestradiol is higher than that for Sa-DHT. The 
higher amount of oestradiol bound to chromatin 
could confirm this hypothesis [25]. 

(c) Sedimentarion coefficients. Does the nuclear 
receptor exist in one or two forms? The sedimentation 
coefficient of STM complex is 5.6s when gradients 
are prepared in STM buffer. It changes to 4.6 S when 
gradients are prepared in 1 M NaCl solution. On the 
other hand, the complex found in 1 M NaCl extract 
or in 0.4 M NaCl extract is 4.6 S, whether gradients 
are prepared in STM or in NaCl buffers. These facts 
suggest that the two forms of the nuclear binding are 
a unique 5.6s entity, which is converted non revers- 
ibly into a 4.6s form in a medium of high ionic 
strength (1 M NaCl). 

The 4.6s complex found in 1 M NaCl extract is 
unstable, and only observed in sucrose gradients con- 
taining tritiated Sa-DHT (0.5 x 10-r’ M), whereas 
the 5.6s form remains stable even when converted 
into a 4.6s form by increasing the ionic strength 
throughout the gradient. These results are not in good 
agreement with the hypothesis of a unique form of 
nuclear receptor. 

(d) ~e~utio~ship between cytosoi and nuciear recep 

tars. The cytosol Sa-DHT receptor is 6.3 S when bind- 
ing experiments are performed at 0°C in a buffer of 
low ionic strength (0.05 M phosphate buffer pH 7.4), 
whereas it is 3s at 37°C. The conversion of a 6.3s 
entity into a 3s entity results probably from the trans- 
formation of an inactive oligomeric form into an 
active one. S~~entation coefficients and G-200 elu- 
tion patterns of the active and the inactive forms are 
markedly different. These differences could be due to 
the association of the cytosol 3s receptor and another 
macromolecule in the nucleus, rather than to a con- 
formational change. 

The presence of phosphorylated acid proteins in 
0.14 M NaCl, 0.01 M Tris-HCl (pH 7.4) extracts from 
mouse liver and brain nuclei has been demonstrated 
by McGillivray[22]. These results raise the possibility 
that the 5.6s nuclear receptor complex could result 
from association of the cytosol 3s complex and a 
phosphorylat~ acid protein. Considering the primor- 
dial role of these phosphorylated proteins in the gen- 
etic regulation of eukaryotic cells [27], it would be 
necessary to know whether the 5.6s receptor complex 
really results from association of such a protein and 
the 3s cytosol receptor. 
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(e) Biologica/ sign$icance of two 5g-DHT nuclear 

receptor complexes. In the present state of our work, 
it is difficult to explain the biological role of these 

two nuclear complexes. Nevertheless, it may be sug- 
gested that the 5.6s complex results from association 
of the cytosol 3s receptor and nuclear proteins. Its 
stability and also its localization in the nuclear sap 
suggest that it represents either the nuclear stock of 

Sa-DHT receptor, or a form for its transit to chromo- 
somes and nucleoli. On the other hand, the 4.6’S 
nuclear complex bound to chromatin may be the 
active form of the SWDHT receptor. Further studies 

concerning the action of these two nuclear complexes 
on RNA polymerases activity would make it possible 
to specify their respective functions. Such research is 
now in progress in our laboratory. 
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