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SUMMARY

Specific affinity of the prostate cytosol receptor for Sa-dihydrotestosterone was demonstrated by com-
petitive experiment between testosterone and Sa-dihydrotestosterone. The binding of [1,2-3H]-54-dihyd-
rotestosterone to the cytosol receptor of rat ventral prostate was not affected by simultaneous
administration of nonradioactive testosterone, whereas the binding of [ 1,2-*H]-testosterone to the recep-
tor was severely suppressed by non-radicactive Sa-dihydrotestosterone. Binding capacity of the cytosol
receptor for the tritiated Sa-dihydrotestosterone and testosterone was somewhat greater at 37°C than
4°C. The involvement of the cytosol receptor in retention of Sa-dihydrotestosterone by the nuclei
of rat prostate was confirmed at 4° and 37°C. A 3«-hydroxysteroid dehydrogenase fraction which
contained no 9S receptor was prepared from the prostate cytosol by precipitation with ammonium
sulphate at 60-100%; saturation. When [*H]-labeled 5a-dihydrotestosterone bound to the cytosol recep-
tor (9S) was incubated with the 3x-hydroxysteroid dehydrogenase fraction in the presence of NADPH,
a remarkable dissociation of the radioactivity from the receptor complex was observed. According
to the analysis of the liberated steroids, the major radioactive steroid was identified as Sz-androstane-
30,17B-diol, which bound to the receptor to a very limited extent. On the contrary, the remaining
radioactivity bound to the receptor after incubation was principally due to Se-dihydrotestosterone.
The degradation of the androgen—receptor complex by the 3x-hydroxysteroid dehydrogenase in the
cytosol suggests a possible process of intracellular decomposition of the complex, in relation to excretion

of the steroid metabolite from the prostatic cells.

INTRODUCTION

Testosterone is rapidly converted to Sa-dihydrotestos-
terone in androgen-dependent tissues such as ventral
prostate and seminal vesicle of rat [1-3]. The selective
uptake of androgen by rat ventral prostate is prob-
ably due to the specific interaction of 5a-dihydrotes-
tosterone with androgen-binding proteins or recep-
tors. Androgen receptors are intracellularly located
in the cytosol fraction [4-6] and in the nuclei [7, 8]
of the prostate. We previously reported [9] that the
cytosol receptor labeled with [1*'1] was incorporated
into the prostatic nuclei in the form of the complex
with Sa-dihydrotestosterone and subsequently asso-
ciated with non-histone protein and DNA of the
chromatin. It is postulated [10, 11] that the stimu-
lation of the synthesis of RNA and protein by
androgen is a consequence of the above intranuclear
binding of the Sa-dihydrotestosterone—receptor com-
plex. The cytosol receptor is therefore of primary im-
portance in the mediation of androgenic actions in
the cell. According to our previous experiment {127,
there are two types of cytosol receptors in rat ventral
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dihydrotestosterone, 17f8-hydroxy-Se-androstan-3-one.

T Visiting scientist from the Research Laboratory,
Kaken-yaku Kako Co. Ltd., Otsu-shi 520-21, Japan.

1 To whom reprint requests and enquiries should be
addressed.

prostate, one is a macromolecule with sedimentation
coefficient of 9S, and the other with sedimentation
coefficient of 58. Of these two cytosol receptors, only
95 receptor is involved in the transport of Sx-dihydro-
testosterone into the nucleus [12]. In this paper, we
attempted to reveal a decomposition of 5a-dihydro-
testosterone-cytosol receptor (9S) complex by an
endogenous enzyme, after formation of the androgen-
receptor complex and its nuclear incorporation were
established.

MATERIALS AND METHODS

Tissue preparation

Male rats of the Wistar strain, aged 10 weeks, were
used in this experiment. Animals were killed by decapi-
tation. The ventral prostates were isolated and dis-
sected free of their capsules. The ventral prostates
were homogenized in an ice-cold 0-25 M sucrose solu-
tion (pH 7-4) by a Polytron homogenizer {Kinematica,
Luzern, Switzerland) and then by a tight-fitting glass
homogenizer with a Teflon pestle. The homogenates
were filtered through four layers of Nylon net (200
mesh} and centrifuged at 800 g for 20 min. After cen-
trifugation of the supernatant fluid at 105,000¢ for
60 min, the supernatant fluid was used as the cytosol
fraction. For preparation of the purified nuclei, the
800 g precipitate was suspended in 2 0-88 M sucrose
solution confaining 1-5mM CaCl, and layered over
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a discontinuous sucrose gradient. as described by
Maggio et al.[13]. After centrifugation of the above
at 36,000 g for 90 min, the nuclear pellet was resus-
pended in a 0-25 M sucrose solution (pH 7-4) contain-
ing 0-5 mM CaCl..

Radioactive steroids and other chemicals

[1.2-3H]-5a-Dihydrotestosterone (S.A. 44 Ci/mmol)
and [1.2-*H]}-testosterone (S.A. 45 Ci/mmol) were
obtained from New England Nuclear, Boston, Mass.
Non-radioactive steroids used in this experiment were
purchased from Steraloids. Pawling, New York. Their
radiochemical purities were carefully checked by tlc.,
just before use. NADPH was purchased from Boeh-
ringer, Mannheim, Germany.

Gel filtration

Separation of the steroid-macromolecule complex
from the incubation mixture was performed with a
column (25cm. x 390cm.) of Sephadex G-100
(Pharmacia Fine Chemicals, Uppsala, Sweden). The
gel was equilibrated and eluted with 0-01 M Tris-HCl
buffer (pH 7-4) containing 0-05mM EDTA, 0-5mM
2-mercaptoethanol and 01 M NaCl. Samples were
eluted with the same buffer as described above at a
flow rate of 0-5ml per min. Every 5ml of the eluate
was collected, unless otherwise indicated. Void
volume of the column was calibrated with Blue Dex-
tran 2000 (Pharmacia Fine Chemicals).

Preparation of 3x-hydroxysteroid dehydrogenase frac-
tion

3a-Hydroxysteroid dehydrogenase (E.C. [.1.1.50)
fraction was prepared from the prostate cytosol frac-
tion by precipitation with 60-100% saturation of
ammonium sulphate, as the dehydrogenase activity
was exclusively localized in the cytosol [14]. This sub-
fraction was found to be devoid of appreciable
androgen receptor (9S) [12].

Analysis of steroids

Radioactive steroids in each fraction obtained by
the gel filtration were extracted with methylene chlor-
ide. The extract was dried with anhydrous Na,SO,
and evaporated to dryness under reduced pressure.
Extracted steroids were subjected to tlc., after addi-
tion of unlabeled Su-dihydrotestosterone and 5a-
androstane-3a,178-diol. Spots of the carrier steroids
detected by iodine vapour were scraped off and
exhaustively extracted with methylene chloride. Iden-
tification of the metabolites was carried out by the
methods as described previously by Nozu and
Tamaoki[ 15]. The solvent of the extract in the count-
ing vial was evaporated off and radioactivity in the
residue was measured.

Measurements of radioactivity and protein content

Extracted radioactive steroids were dissolved in 11
ml of a regular toluene scintillator containing 0-4%,
(w/v) 2,5-diphenyloxazole and 0-01% (w/v) 14-bis-2-
(5-phenyloxazolyl)-benzene. Radioactivity of the
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sample was measured in a liquid scintillation
spectrometer (Beckman LS-250, Fullerton, Califor-
nia). For counting of aqueous samples. a mixture of
Triton X-100 and the normal liquid scintillator (1:3,
v/v) was used as a scintillator. Counting efficiency of
tritium was about 35%,. Corrections for quenching
samples were made with external standardization,
where necessary. Protein content in tissue preparation
was determined by the biuret method [16]. using
bovine serum albumin as the standard.

RESULTS

Specific binding of cytosol receptor to Sa-dihydrotestos-
terone

The cytosol fraction of the rat ventral prostates was
incubated with [*H]-5a-dihydrotestosterone at 37°C
for 20 min. Then the incubation mixture was put on
a column of Sephadex G-100 and eluted with the 0-01
M Tris-HCI buffer (pH 7-4). In the elution profile,
two radioactive peaks which bound to macromole-
cules were observed (Fig. la). One corresponding to
the 9S receptor was eluted immediately after the void
volume, whereas the other or 58 receptor was retained
by the gel for some time, and then eluted at the posi-
tion close to BSA. When non-radioactive testos-
terone was added together with the [*H]-5x-dihydro-
testosterone into the medium (100 times more than
the So-dihydrotestosterone), the sizes of these two
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Fig. 1. Competitive binding of testosterone and 5x-dihyd-
rotestosterone to the cytosol receptors of rat prostate. The
cytosol fraction (25 mg of protein) of rat ventral prostates
was incubated at 37° for 20 min as follows: (a) with [1.2-
3H]-5«-dihydrotestosterone (35 pmol) alone, (b) together
with non-radioactive testosterone (3-5 nmol), (c) with [1.2-
3H]-testosterone (35 pmol) alone, and (d) together with
non-radioactive Sa-dihydrotestosterone (3-5 nmol). After
the incubation, the mixtures were chromatographed on a
column of Sephadex G-100 with 0-01 M Tris-HCl buffer
(pH 7-4), containing 0:05 mM EDTA, 0-5 mM 2-mercapto-
ethanol and 0-1 M NaCl
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peaks due to the radioactive Sa-dihydrotestosterone—
receptor complex were hardly affected, as shown in
Fig. 1b. After incubation of the [3H]-testosterone
alone with the cytosol fraction, the radioactive peaks
similar to those above were observed, but the amounts
of the radioactivity bound to the receptors were rela-
tively smaller than those in the case of the tritiated So-
dihydrotestosterone (Fig. Ic). By addition of non-
radioactive Se-dihydrotestosterone, the binding of the
tritiated testosterone to the receptors was severely
suppressed (Fig. 1d).

Effect of temperature on the binding of testosterone and
Sa-dihydrotestosterone to the receptor

[*H]-Testosterone and [*H]-Sa-dihydrotestoster-
one were individually incubated with the cytosol frac-
tion of the rat ventral prostate at 4° and 37°C for
20 min. Thereafter, they were subjected to a gel
filtration of Sephadex G-100. Each gel filtration was
carried out at the same temperature as that of the
incubation. In both cases of tritiated testosterone and
Sa-dihydrotestosterone, the cytosol receptor showed
a somewhat larger capacity to binding to these ster-
oids at 37°C than at 4°C. but the binding at 4°C
was still not negligible. As compared with the binding
affinity of the cytosol receptors between [>H]-testos-
terone and [*H]-5a-dihydrotestosterone at the same
temperature, the cytosol receptors exhibited an ex-
tremely high specific affinity toward Se-dihydrotestos-
terone at the both temperatures (Fig. 2).

Involvement of the cytosol receptor in the incorporation
of Sa-dihydrotestosterone into the nuclei of prostate

After incubation of the cytosol fraction with [*H]-
Sa-dihydrotestosterone, the Sa-dihydrotestosterone—
cytosol receptor complex was obtained by the
Sephadex G-100 column chromatography. The cyto-
sol receptor complex with [*H]-5a-dihydrotestoster-
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Fig. 2. Effect of temperature on the complex formation
of testosterone and Sa-dihydrotestosterone with the cytosol
receptor of rat prostate. The cytosol fraction (55 mg of
protein) was individually mixed with [1,2-3H]-testosterone
and [1,2-*H]-5a-dihydrotestosterone (35 pmol, each). Incu-
bations were carried out at 4° and 37°C for 20 min. The
incubated mixtures were subjected to chromatography on
a Sephadex G-100 gel filtration of the same temperature
as the incubation.
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Table 1. Incorporation of Sa-dihydrotestosterone into the
prostatic nuclei. The cytosol 98 receptor-[*H]-Sa-dihydro-
testosterone complex (1-4 mg of protein, 14,000 d.p.m. of
the tritium) obtained by the gel filtration and also free
[*H]-5a-dihydrotestosterone (14,000d.p.m.) were incu-
bated separately with the purified nuclei (29 mg of protein)
at 4° and 37°C for 20 min. Immediately after the incuba-
tions, the nuclei were sedimented at 10,000 g for 5 min and
washed twice with 0-25M sucrose solution containing
0-5mM Ca(l,. The radioactivity in the nuclei was mea-
sured and expressed as d.p.m. and ratio (%) relative to
the total radioactivity administered

Radioactivity in nuclei
Temperature of

incubation ratio*
Fraction (] (d.p.m.) VA
[*H]-52-Dihydrotestosterone 4 153 11
alone 37 151 141
[*H]-52-Dihydrotestosterone
bound to cytosol receptor ¥ 2,540 182
37 2.500 179

* Ratio of the radioactivity incorporated into the nuclei
to the administered radioactivity.

one was incubated with the purified nuclei of rat ven-
tral prostate to study the participitation of the cytosol
receptor in the retention of the 5x-dihydrotestosterone
by the nuclei. As control, free tritiated Sx-dihydrotes-
tosterone alone was incubated with the nuclei under
the same condition. As shown in Table 1, [*H]-5a-
dihydrotestosterone which bound to the cytosol
receptor was significantly incorporated into the nu-
clei. The ratio of the radioactivity bound to the nuclei
was found to be 182 and 17-9% of the total radioacti-
vity at 4° and 37°C, respectively. Meanwhile, binding
of free [*H]-5x-dihydrotestosterone to the nuclei was
observed only in about 19 of the total radioactivity.
No influence of temperature upon the incorporation
of [*H]-5¢-dihydrotestosterone into the nuclei was
observed between 4° and 37°C.

Influence of the 3o-hydroxysteroid dehydrogenase upon
the So-dihydrotestosterone—receptor complex

A series of experiments was carried out to examine
the metabolism of the Sa-dihydrotestosterone-recep-
tor complex by the cytosol 3x-hydroxysteroid dehyd-
rogenase fraction, and the binding capacity of the
consequent metabolite to the cytosol receptor. The
whole cytosol fraction of rat ventral prostate incu-
bated with [3H]-5q-dihydrotestosterone at 0°C was
filtered through Sephadex G-100 column and then the
fractions corresponding to the radioactive peak of 9S
receptor which was eluted immediately after the void
volume were collected. This preparation was used as
the cytosol receptor-[*H]-5a-dihydrotestosterone
complex. The androgen-receptor complex was incu-
bated with the 3a-hydroxysteroid dehydrogenase frac-
tion in the presence of NADPH, and as a control,
in the absence of the cofactor. The incubations were
performed at 37°C for 5, 10 and 30min. After the
incubations, the mixtures were immediately cooled
down to 0°C in an ice-water bath and subjected to
the Sephadex G-100 gel filtration chromatography.
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Fig.3. Influence of the 3a-hydroxysteroid dehydrogenase
upon the complex of Sa-dihydrotestosterone with the cyto-
sol receptors of rat prostate. After incubation of the cytosol
fraction with [1,2-*H]-5a-dihydrotestosterone, the cytosol
9S-receptor-[*H]-5a-dihydrotestosterone complex which
was eluted just after the void volume of the Sephadex G-
100 gel filtration was separated. The complex (14 mg of
protein, 60,000 d.p.m. of the tritium) was mixed with the
3a-hydroxysteroid dehydrogenase fraction (0-5 mg of pro-
tein, see in Materials of the text). Incubations were carried
out at 37°C for several time intervals in the presence or
absence of NADPH (1-27 umol/2 ml). After the incubation,
the mixtures were cooled at 0°C and then subjected to
the gel filtration chromatography at 4°C.

When NADPH was added into the incubation
medium, apparent disappearance of the radioactivity
which had bound to the receptor was observed, as
shown in Fig. 3. The decreased portion of the radioac-
tivity bound to the receptor was detected in the free
steroid region (Fraction Nos. 43-48). With the elapsed
time of incubation, the radioactivity in the free steroid
region increased gradually, and simultaneously
marked disappearance of the radioactivity in the form
of the complex with the receptor (Fraction Nos. 12—
14) was observed. In the absence of NADPH, how-
ever, the radioactive peak bound to the receptor was
left almost unchanged, and the radioactivity re-
covered as free steroid was negligible, even after
30min of incubation. According to tlc. analysis of
the radioactive steroids obtained by the incubation,

Table 2. Conversion of the complex of Sx-dihydrotestos-
terone with the cytosol receptor to Sa-androstane-
3a,178-diol by the 3a-hydroxysteroid dehydrogenase. The
steroids associated with the cytosol 95 receptor and in the
free steroid regions shown in Fig. 3 were analyzed by t.lc.,
after extraction of steroids with methylene chloride

Ratio of Sx-androstane-3z.
17f8-diol; Sx-dihydrotesterone

Time of incubation

{min) Bound to the receptor Free
5 with NADPH o6 441
10 with NADPH 028 490
30 with NADPH 037 685
30 without NADPH 007 ¥

* Neither Sx-androstane-3o,17f-diol nor 5x-dihydrotes-
tosterone were detectable.
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the radioactivity associated with the receptor was
essentially identified as S5x-dihydrotestosterone in
each case, as shown in Table 2. In the region which
corresponded to free steroids, the major steroid was
identified as Sa-androstane-3x.174-diol, but the quan-
tity of free 5x-dihydrotestosterone in the medium was
very small. In the absence of NADPH, conversion
of [*H]-52-dihydrotestosterone to Sx-androstane-
3a,176-diol was restricted to a very small extent and
dissociation of the radioactivity from the receptor
complex was also insignificant.

DISCUSSION

In the present competitive experiment between tes-
tosterone and Sz-dihydrotestosterone, it was shown
that the receptors in the cytosol fraction of the rat
ventral prostate had specific affinities for S¢-dihydro-
testosterone. It was reported [4] that, when [*H]-
testosterone was injected into rats, Sx-dihydrotestos-
terone which was formed from the tritiated testoster-
one was the major component associated with the
receptors in the cytosol fraction of the ventral pro-
state. The present result obtained by experiment in
vitro was essentially in agreement with the finding
in vivo. In this experiment, relatively large amount of
added testosterone did not effect formation of S5a-
dihydrotestosterone—cytosol receptor complex, while
Sa-dihydrotestosterone severely inhibited formation of
testosterone-receptor complex. In the case of rat epidi-
dymis [17], testosterone did not suppress binding of
5x-dihydrotestosterone to the cytosol receptor in
vitro, either. Furthermore, it was previously found
[12] that, when the mixture of [3H]-testosterone and
[*H]-54-dihydrotestosterone was incubated with the
cytosol fraction of rat ventral prostate, the radioacti-
vity bound to the receptors was mainly due to [*H]-
Sx-dihydrotestosterone, and the binding of the testos-
terone was found to a far less extent. Strong inhibi-
tion of binding of [*H]-testosterone to the cytosol
receptors by non-radioactive Sx-dihydrotestosterone
was suggested as being caused by a competitive bind-
ing of these two steroids to the same receptor protein
at its same site. In this regard., however, it should
be noted [18] that the testosterone-bound protein in
the cytosol fraction appeared to migrate more slowly
than the Sa-dihydrotestosterone-bound protein in the
sucrose density gradient centrifugation, indicating
that the different receptor protein with the different
grade of the affinity to the steroids were present in
the cytosol fraction.

In the present experiment. no clear temperature-
dependency on formation of the androgen—cytosol
receptor complex could be demonstrated, but attach-
ing process of the androgen—nuclear receptor to nuc-
lear acceptor sites was reported as temperature-
dependent [19, 20].

In agreement with the results on distribution of
3a-hydroxysteroid dehydrogenase activity {14], the
dehydrogenase activity was detected in different frac-
tions from the cytosol receptors according to the gel
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filtration of the cytosol [21]. In the present study,
the complex of Sa-dihydrotestosterone with the cyto-
sol receptor was markedly decomposed by the pres-
ence of the 3a-hydroxysteroid dehydrogenase. This
result implies that Sx-dihydrotestosterone bound to
the cytosol receptor was converted to Sa-androstane-
3a,17B-diol by the dehydrogenase in the presence of
NADPH, and the Sa-androstanediol became free from
the complex. In fact, the cytosol receptor possessed
markedly smaller affinity for Sa-androstane-3o,178-
diol than Sa-dihydrotestosterone [12,22]. This
enzyme reaction was therefore suggested as being in-
volved as a step of androgen excretion from the pros-
tatic cells as follows: Sa-dihydrotestosterone which
was formed from testosterone by Sx-reductase in the
endoplasmic reticula or nuclear outer membrane of
the prostate [23] formed a complex with the cytosol
9S receptor. If the complex was present in the cyto-
plasm, the 3a-hydroxysteroid dehydrogenase in the
cytosol fraction would convert the complex to free
Sa-androstane-3a,178-diol, in the presence of
NADPH. The Se«-androstanediol was excreted from
the cell membrane, as macromolecules in the cell
showed little affinity to this metabolite. In this way,
the 3a-hydroxysteroid dehydrogenase might be in-
volved in a regulatory mechanism of the action of
the androgens. With regard to Sxz-androstane-3a,178-
diol, this metabolite was reported as not being
retained by the nuclei [1,2], and only Sa-dihydrotes-
tosterone bound to the cytosol receptor was effec-
tively transferred into the nuclei (Table 2).

In the present experiments, evidence presented con-
firmed that [*H]-5a-dihydrotestosterone was incor-
porated into the nuclei in the form of the complex
with the cytosol receptor, but not in its free form. This
clear contrast of the complex with the free steroid
seems to be a result of the specific permeability of
the nuclear membrane to the androgen-receptor com-
plex. The complex incorporated into the nuclei was
probably bound to a specific acceptor site in the nuc-
lei. The nuclear acceptor site for the complex of Sx-
dihydrotestosterone with the cytosol receptor was
localized in the chromatin [24]. Recently, we found
using [1*!I]-labeled cytosol receptor [9] that the cyto-
sol receptor was incorporated into the nuclei as the
complex with Sg¢-dihydrotestosterone and that the
nuclear receptor was associated with both non-his-
tone protein and DNA of the chromatin. The non-
histone proteins of the chromatin appeared to be im-
portant in tissue-specific retention of Sa-dihydrotes-
tosterone, since non-histone proteins are sufficiently
tissue-specific and heterogeneous [25]. The binding
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of Sa-dihydrotestosterone-receptor complex to these
acceptor sites of the chromatin is possibly a step of
initiation of RNA synthesis in vivo [26] and in vitro

[27].
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