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Abstract

Analysis of mutations affecting the androgen receptor protein
in human cells has been limited because of the low abundance
and lability of these proteins in target tissues. All methods
used to date have been based on the noncovalent interaction of
radiolabeled androgens with the receptor's ligand binding site.
Wereport here synthesis and use of the electrophilic affinity
label dihydrotestosterone 17,-bromoacetate. This ligand, pre-
pared as a radioactive compound of high specific activity, rap-
idly and covalently binds to a protein of 58,000 daltons in
cytosol from normal genital skin fibroblasts. This protein is a
high affinity, saturable specific binding site for the ligand and
was not detectable in cultured cells from a subject with andro-
gen resistance or in receptor-negative nongenital fibroblasts.
The efficiency of incorporation of the covalent radiolabel into
the 58-kD protein is greater than 80% based on estimates of
receptor content using noncovalent ligands in intact cell assays.
These studies demonstrate that dihydrotestosterone 17ft-bro-
moacetate is useful for high efficiency covalent labeling of the
human androgen receptor in crude cytosolic extracts from cul-
tured cells.

Introduction

The human syndromes of androgen resistance are a class of
apparent single gene mutations that result in impairment of
the action of androgenic hormones on their target tissues (1).
These disorders are thought to be due in most instances to
defects in the intracellular receptor protein that binds these
hormones. Such receptors are present in only trace amounts
even in classic androgen target tissues, they are extremely la-
bile under cell-free conditions, and they bind their ligands
noncovalently. Despite these limitations, it has been possible
to use cultured human genital skin fibroblasts as a source of
the protein for analysis by a variety of methods based on the
noncovalent binding of radiolabeled androgens (2, 3). As a
consequence of such studies several classes of molecular de-
fects in the androgen receptor have been described (1-3).
These include subjects whose cells contain no detectable an-
drogen binding activity ("receptor-negative") as well as those
with diminished amounts of apparently normal receptor or
subtle qualitative defects of the androgen receptor such as
thermolability (4), instability on sucrose density gradients (5),
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and ligand specificity alterations (6). Finally, there exist sub-
jects with clear genetic, clinical, and endocrinologic evidence
for androgen resistance whose cultured cells demonstrate no
detectable quantitative or qualitative abnormality of the an-
drogen receptor. Analysis in vitro of all the subclasses of an-
drogen resistance with detectable androgen binding would be
greatly facilitated by a radiolabel covalently attached to the
receptor's steroid binding site. For this and other reasons a
number of laboratories have sought to develop methods for
photoaffinity labeling androgen receptors (7-12). The results
have been uniformly disappointing either because of the very
low efficiency of covalently labeling, because of extensive puri-
fication of receptors necessary prior to introduction of the
affinity label, or because of lability of the receptor protein itself
under conditions of photolysis. Recently Chang et al. (7, 8, 13,
14) have reported evidence that the electrophilic affinity label
173-bromoacetyl oxy-5a androstane-3-one (dihydrotestoster-
one 173-bromoacetate)' originally synthesized by Le Gaillard
and Dautreavaux (15) and tested by Mainwaring (16), binds
covalently to purified androgen receptors from rat prostate,
from a transplantable prostatic tumor and from bovine semi-
nal vesicle.

Wereport here that this compound binds covalently with
high affinity to a saturable 58,000-D protein from human
genital skin fibroblasts. The binding site is specific for andro-
genic hormones. This 58,000-D binding protein is not detect-
able in cytosolic extracts of androgen receptor-negative cells
from a patient with androgen resistance or in cytosol of non-
genital fibroblasts from normal individuals.

Methods

Cell culture. Genital fibroblast stains were established from explants of
skin obtained from normal circumcisions, or, in the case of androgen
resistance subjects, from biopsies. Nongenital fibroblast strains used
were established from explants of normal thymic tissue obtained at
open heart surgery. Explants were placed in 25 cm2 flasks and bathed
in 20% FCS in minimum essential medium. When fibroblasts had
grown out from the tissue fragment the cells were passaged by trypsin-
ization and sequential reseeding in new flasks. The cells were then
grown in minimum essential medium supplemented with 10% FCS
and were used before passage number 20. Stocks of strains were stored
frozen in liquid nitrogen at low transfer numbers. For experiments, the
cells were grown in medium with 10%FCS. 24 h before the experiment
the medium was aspirated, the plates washed with Dulbecco's PBSand
medium without serum with 500 ug/ml sterile BSAwas added.

Monolayer androgen binding assays. Intact cell binding assays were
carried out by the method of Griffin et al. (17). Cells for monolayer
binding assays were grown in 6-cm diam wells. On the day of the

1. Abbreviations used in this paper: dihydrotestosterone 17(#-bromo-
acetate, l7ft-bromoacetyl oxy-5 androstane-3-one; RBA, relative bind-
ing affinity; TEGSH, 10 mMTris, pH 7.4, with 1 mMEDTA, 10%
glycerol, 12 mMmonothioglycerol.
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experiment the wells were rinsed with 2 ml of medium without serum
and incubated at 37°C for 60 min with medium containing various
concentrations (0.05-2.5 nM) of the synthetic androgen [ 17a methyl
3H]methyltrienolone (specific activity = 90 Ci/mmol). Parallel wells
contained a 500-fold excess of nonradioactive methyltrienolone. The
monolayers were washed five times with 50 mMTris pH 7.4 with 0.9%
NaCl (Tris-saline) and 2 g/liter fraction V BSA. The cells were washed
twice more with Tris-saline and harvested by trypsinization. The cells
were pelleted by centrifugation, washed twice more with Tris-saline
and the pellets suspended in 1 ml of water. The samples were sonicated
and 0.5 ml taken for quantitation of bound radioactivity. An aliquot
(0.1 ml) of the sonicate was used for measurement of protein concen-
tration by the method of Lowry (18).

Dihydrotestosterone 17j3-bromoacetate synthesis. Nonradioactive
dihydrotestosterone 17fl-bromoacetate was synthesized by the method
described by Le Gaillard and Dautrevaux (15). 80 mg of dihydrotes-
tosterone (5a-androstane-3-one) and 35 mgof bromoacetic acid were
dissolved in 2 ml of tetrahydrofuran. The samples was chilled to
-200C and 55 mgof dicyclohexylcarbodiimide and 18 y1 of pyridine
were added. The sample was incubated at 4°C for 4.5 h. Progress of the
reaction was monitored on mini thin-layer chromatography plates (10
cm) spotted with reaction mixture and developed in 9:1 parts chloro-
form/acetone. The reaction mixture was filtered through glass wool to
remove precipitated dicyclohexylurea, and dried under a nitrogen
stream. The residue was dissolved in 2 ml of chloroform and chroma-
tographed through a silica gel column equilibrated in chloroform. The
eluted peak of dihydrotestosterone 17,3-bromoacetate was dried under
a nitrogen stream. Approximately 40 mgof pure product was obtained.
The nonradioactive compound was analyzed by nuclear magnetic res-
onance spectroscopy.

Radioactive dihydrotestosterone 177#-bromoacetate was synthe-
sized by the method described by Chang et al. (13). 1 nmol (180 AI of a
stock of 5.56 MM) of [1,2,4,5,6,7-3H]dihydrotestosterone (180 Ci/
mmol) was transferred to a test tube and the solvent removed by
evaporation under a nitrogen stream. 50 Ml of bromoacetyl bromide
(2.31 Mg/Al in toluene) and 50 MI of diisopropylethylamine (1.44 ,g/Ml
in toluene) were added and the reaction carried out at room tempera-
ture. After 4.5 h the solvent was evaporated and 50 Ml of each stock was
again added. After 18 h the solvent was evaporated, the residue dis-
solved in hexane/ether (6:4) and applied to a silica gel column equili-
brated in the same system. The dihydrotestosterone 17,B-bromoacetate
eluted in the first three fractions from the column. Eluted radiolabel
was further purified on thin-layer chromatography plates developed in
chloroform/acetone (9:1). The resulting compound was 95% pure as
determined by thin-layer chromatography with purified dihydrotes-
tosterone 17,B-bromoacetate as an internal marker.

Humanfibroblast cytosol preparation. Cultured human fibroblasts
were withdrawn from serum for 24 h before experiments. Onthe day of
the experiment the monolayers (20-30 plates 10 cm in diameter) were
washed three times with Tris-saline and harvested by scraping. The
cells were washed again in Tris saline, and once in TESHbuffer (10
mMTris, pH 7.4, 1 mMEDTA, 12 mMmonothioglycerol) with 10
mMNa2 MoO4and 10MMleupeptin. The cell pellet was homogenized
in a glass Dounce homogenizer in an equal volume of TEGSH(10 mM
Tris pH 7.4, with 1 mMEDTA, 10% glycerol, and 12 mMmono-
thioglycerol) with 10 mMNa2 MoO4and 10 MAMleupeptin. The ho-
mogenate was centrifuged at 100,000 g for 60 min at 4°C. The super-
natant is referred to as cytosol.

[3H] Dihydrotestosterone competition assay. Normal human geni-
tal skin fibroblast cytosol was incubated in 200-Ml aliquots with 3 nM
[3H]dihydrotestosterone (180 Ci/mmol) in the presence of increasing
(0-300 nM) concentrations of nonradioactive dihydrotestosterone or
dihydrotestosterone 17,B-bromoacetate. After an overnight incubation
at 0°C bound hormone was separated from free hormone by the hy-
droxylapatite method (19). Bound radioactivity was measured by liq-
uid scintillation counting. Relative binding affinity of dihydrotestos-
terone 17,B-bromoacetate was calculated from the amount of nonra-

dioactive hormone required to displace 50% of the labeled
dihydrotestosterone.

[3H] Dihydrotestosterone 17f3-bromoacetate binding reaction. Cy-
tosol from normal or mutant human genital skin fibroblasts or recep-
tor negative nongenital fibroblasts was prepared as described. Aliquots
of cytosol (1.5-2.0 ml) were added to tubes containing a l-ml pellet of
phosphocellulose (Whatman Ltd., Maidstone, Kent, England) washed
and equilibrated in TEGSHand Na2MoO4. The slurry was incubated
for 15 min at 0°C, the phosphocellulose pelleted by centrifugation at
800 g for 5 min and the supernatant cytosol recovered. 0.5 ml of
TEGSHwith 10 mMNa2 MoO4and 10 ,gM leupeptin was used to
wash the phosphocellulose pellet. This wash was added to the cytosol.

The phosphocellulose-treated cytosol was incubated for various
times with various concentrations of [3H]dihydrotestosterone 17,B-
bromoacetate at 0°C. The radiolabeled proteins were then applied to
DEAE-cellulose columns (l-ml bed volume) equilibrated in TEGSH
with Na2 MoO4and leupeptin. The columns were washed with 10 bed
volumes of TEGSHwith Na2 MoO4and the bound proteins eluted
with 3 ml of TEGSH-MoO4with 0.2 MNaCl. Noncovalently labeled
androgen receptors in cytosol treated by the above methods are puri-
fied approximately two- to fourfold. The column eluates were dialyzed
overnight in TESH. The next morning the proteins were precipitated
with 10% trichloroacetic acid and washed with 2 ml of 1:1 ether/ace-
tone. The pellets were dissolved in 100 ul of 8 Murea and an equal
volume of double concentrated SDS sample buffer (20) was added.

.I

DHT
BA

DHT

Figure 1. Thin-layer chromatogra-
phy of synthesized dihydrotestos-
terone 17#-bromoacetAte. Ali-
quots of stock solutions (50 Mg
total weight) of dihydrotestoster-
one (DHT) or dihydrotestosterone
17(1-bromoacetate (DHT BA) dis-
solved in chloroform were spotted
on silica gel thin layer chromatog-
raphy plates and developed in a
solvent system of 9:1 chloroform/
acetone. The steroids were visual-
ized by spraying the plates with
10% phosphomolybdate in ace-
tone and heating the plates for 10
min.
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Figure 2. Proton magnetic reso-

nance spectrum of dihydrotestoster-
one 17f0-bromoacetate. 30 mgof di-
hydrotestosterone 17f.-bromoace-
tate in chloroform were analyzed by
proton magnetic resonance with tet-
ramethyl silane as a reference. The
far downfield peak (5 = 7.269) is
due to a solvent proton. (Inset)
Structural formula of dihydrotestos-
terone 17f,-bromoacetate.

Samples were stored frozen in liquid nitrogen until analysis by dena-
turing PAGE.

SDS PAGE. Frozen samples were thawed, heated for 3 min at

100°C, and aliquots analyzed by denaturing PAGEby the method of
Laemmli (20). The concentration of acrylamide was 3%in the stacking
gel and 7.5% in the resolving gel. Gels were run at constant voltage (120
V) until samples entered the resolving gel; the voltage was then in-
creased to 200 V. Total running times averaged 4 h. After electrophore-
sis gels were fixed overnight in 50% methanol and 10% acetic acid.
They were transferred the next morning to 5%methanol with 7%acetic
acid for 1 h and rinsed twice in cold tap water. The gels were then
soaked for 1 h in Enhance (New England Nuclear, Boston, MA) and 1

h in 2%glycerol. The gels were dried under a vacuum and exposed to
Kodak XARfilm for 48 h at -70°C before developing.

Results

Synthesis of the nonradioactive dihydrotestosterone 1713-bro-
moacetate yielded 40 mgof pure product. Thin-layer chroma-
tography of the material revealed a rapidly migrating spot
clearly distinct from authentic dihydrotestosterone in the sol-
vent system used (Fig. 1). Proton magnetic resonance spectros-
copy of the pure compound was consistent with the postulated
structure (Fig. 2). The C18 methyl group produced a sharp
singlet at a = 0.8440; the C1g methyl singlet appeared at a
= 1.0225. The bromoacetate methylene singlet was at 6

= 3.8251 while the Cl7a-hydrogen produced a triplet with
peaks at a = 4.5906, 4.66, and 4.767. This spectrum is identical
to the published spectrum of the compound (13).

Analysis of the radioactive form of the synthesized com-

pound (specific activity = 180 Ci/mmol) by thin-layer chro-
matography showed > 95% of the radioactivity comigrating
with authentic pure dihydrotestosterone 17j3-bromoacetate.

The nonradioactive compound was first tested to deter-
mine whether it could interact with the androgen binding site
of the human receptor, and to determine a binding affinity of
the compound relative to authentic dihydrotestosterone (Fig.
3). Under equilibrium conditions the bromoacetate derivative
competed for the high affinity dihydrotestosterone binding site
in cytosol with an apparent relative affinity only about 2.3-fold

lower than dihydrotestosterone (relative binding affinity,
RBA, of dihydrotestosterone = 1; RBAof dihydrotestosterone
1 7f3-bromoacetate = 0.43).

[1 ,2,4,5,6,7-3H]Dihydrotestosterone 1 7,B-bromoacetate la-
beled a single protein of 58 kD from normal genital skin fibro-
blast cytosol (Fig. 4, lane 3). The radiolabel associated with this
protein was resistant to denaturation with trichloroacetic acid,
organic extraction with ether and acetone, and denaturation
with 8 M urea and SDS containing buffer under reducing
conditions at 100°C. Radioactive dihydrotestosterone binding
is not resistant to these conditions, and no detectable radiola-
beled protein band could be seen when authentic dihydrotes-
tosterone was used as the radioligand (Fig. 4, lane 1). The time
course of covalent incorporation of radioactive steroid into the
58-kD protein was extremely rapid. After 10 min of incuba-
tion at 4°C with the radioactive ligand a clearly labeled 58-kD
band was visible on SDSPAGE. By 30 min the intensity of the
band was > 80% maximal. By 60 min, incorporation of label

Figure 3. Competition of dihy-
0.6 - drotestosterone and dihydro-

DHT 17,l testosterone 17f,-bromoacetate
BrAc for human androgen receptor

0
0.5 binding site. Aliquots (200 Ml)

of human fibroblast cytosol
m /\ \ were incubated with 3 nM

0.4 [3H]dihydrotestosterone in the

DHT presence of increasing concen-

0.3 \ trations of nonradioactive di-

, b hydrotestosterone or dihydro-
4 3 6 10o testosterone 17(#-bromoacetate.

[Competitor] (nM) After an overnight incubation

at 0°C bound hormone was

separated from free hormone by the hydroxylapatite method. The
percentage of [3H]dihydrotestosterone bound is plotted as a function
of the concentration of nonradioactive competitor (on a logarithmic
scale) present in the assay. 50% of the radiolabel was displaced by 3
nMnonradioactive dihydrotestosterone and by - 7 nMdihydrotes-
tosterone 17fl-bromoacetate. Displacement data are shown only for
the linear portion of the respective curves.
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Figure 4. Covalent la-
beling of 58 kD molec-

Mr(xl ~3)ular weight fibroblast
cytosolic protein by di-

92.5 hydrotestosterone 17#-
,~~~~AVNi'N~~~bromoacetate. [3HJDi-

hydrotestosterone 1 7j-
69 bromoacetate was used

to covalently label nor-
mal human genital skin
fibroblast cytosolic pro-

46 teins as described. The
products were analyzed
by denaturing poly-

.___4; acrylamide gel electro-
30 phoresis. (Lane 1) Con-

trol sample incubated
with 5 nM [3HJdihydro-
testosterone. (Lane 2)

1 2 3 4 Control sample incu-
bated with 5 nM [3HI

dihydrotestosterone plus a 500-fold excess of nonradioactive dihy-
drotestosterone. (Lane 3) Sample covalently labeled with 5 nM
[3H]dihydrotestosterone 17fl-bromoacetate. (Lane 4) Sample incu-
bated with 5 nM [3H]dihydrotestosterone 17,B-bromoacetate plus a
500-fold excess of nonradioactive dihydrotestosterone 1 7j3-bromoa-
cetate. Molecular weight standards are marked at the left.

into three other faint bands was seen. These faint bands ap-
peared at - 62,000, 44,000, and 32,000 D. Elevation of reac-
tion temperature to 25°C for 30 min after maximal labeling at
0°C did not result in increased incorporation into the 58-kD
protein. Prior treatment of the cytosol with dimethylsuberimi-
date (to cross-link subunits) prevented all binding of the ligand
(data not shown).

The 58-kD protein is a saturable binding protein. In the
presence of 2.5 gM nonradioactive dihydrotestosterone 17(3-
bromoacetate the radiolabel was displaced (Fig. 4, lane 4). In
the presence of excess nonradioactive ligand the 62,000- and
44,000-D bands were clearly visible, indicating that they repre-
sent nonsaturating interactions of the ligand with other pro-
teins. While a Coomassie Blue-stained lane of the labeled cel-
lular extract showed a vast number of protein bands (and a
major species at molecular weight = 44,000), there was no
visible Coomassie stainable band in the vicinity of the radiola-
bel. Further evidence for the saturability of the 58-kD protein's
ligand binding site is shown in Figs. 5 and 6. Near-maximal
band intensity is achieved by 30 min incubation with 5 nM
[3H]dihydrotestosterone 17,B-bromoacetate. Half-maximal
band intensity is achieved at 1.75 nM concentration, con-
sistent with the observed binding affinity relative to dihydro-
testosterone shown above.

The specificity of [3H]dihydrotestosterone 17(3-bromoace-
tate binding to the 58-kD protein was evaluated in competi-
tion experiments using nonradioactive steroids. While prein-
cubation with a 500-fold excess of dihydrotestosterone 17,3-
bromoacetate could completely (> 95%) prevent binding of
the radioligand, competition by noncovalently reacting ligands
was less dramatic. Only dihydrotestosterone was capable of
competing for the binding site with the 3H affinity label. A
500-fold excess of dihydrotestosterone was capable of dimin-
ishing the covalent binding of dihydrotestosterone 17f3-bro-

Mr(x lC-3)
200 -

92.5 -

69-

46-

30-

0.1 0.2 0.5 110 2.05.0 '10.0
[DHT 17,I-Bromoacetate] (nM)

Figure 5. Saturation of 58-kD binding protein by [3HJdihydrotestos-
terone l7,B-bromoacetate. Denaturing SDS-PAGEof normal genital
skin fibroblast cytosolic proteins covalently labeled with [3H]dihy-
drotestosterone 17,B-bromoacetate. Samples in lanes 1-7 were incu-
bated with 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, and 10.0 nMconcentrations of
[3H] ligand, respectively, and processed as described.

moacetate to the 58-kD protein by 23-36% in these experi-
ments. Other steroids in similar quantities (testosterone, estra-
diol, triamcinolone acetonide) were not effective as
competitors (data not shown).

While the 58-kD protein that binds dihydrotestosterone
17,B-bromoacetate is easily detectable in normal genital skin
fibroblasts, the functional protein appears to be absent from
androgen receptor-negative cells (Fig. 7). Neither cells cultured
from genital skin of a patient with clinical evidence of andro-
gen resistance and no detectable androgen receptor by con-
ventional monolayer binding assay nor nongenital fibroblasts
with similar receptor-negative characteristics demonstrate the
58-kD protein binding of the radioligand. Even when incuba-
tions were extended to 60 min, radiolabel was incorporated in
small amounts into the nonsaturable bands at 62,000 and
44,000 Dbut only faint traces of radioactivity were detected at
58,000 D.

Wehave attempted to estimate the efficiency of covalent
incorporation of dihydrotestosterone 17#3-bromoacetate into
the androgen receptor protein. Based on measurement of ra-

Q, a,

CL) 0

a)
O~

0-

0D a

a 0

2 4 6 8 10
[DHT-17,e-Bromoacetate] (nM)

Figure 6. Saturation of
58-kD binding protein by
[3H]dihydrotestosterone
17fl-bromoacetate. Inte-
grated peak areas of the la-
beled 58-kD proteins
shown in Fig. 5 were deter-
mined by scanning densi-
tometry. Peak area (as per-
centage of maximal) is ex-
pressed as a function of
radioligand concentration
in the incubation mixtures.
Molecular weight standards
are marked at the left.
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Figure 7. [3H]Dihydrotestosterone 17f3-bromoacetate labeling of cy-
tosolic proteins from control and androgen receptor-negative cells.
(A-C) Cultured fibroblasts from normal genital skin (A), from geni-
tal skin of a subject with complete androgen resistance (B), and from
nongenital tissues from a subject with no evidence of androgen resis-
tance (C) were analyzed for androgen receptor content by the intact
cell monolayer binding assay. Total (e) and nonspecific (o) binding
of [3H]methyltrienolone (in femtomoles steroid bound per milligram
cellular protein) is plotted as a function of radioactive steroid con-
centrations. Lower panels: cytosolic proteins from these same cell
lines were labeled with [3H]dihydrotestosterone 17fl-bromoacetate,
electrophoresed on denaturing polyacrylamide gels, and visualized by
fluorography. (A) Control genital fibroblasts; (B) receptor-negative
genital fibroblasts from a subject with androgen resistance; (C) an-
drogen-receptor negative cells from nongenital tissue. Total protein
loaded onto gels was 490 jtg (A) and 360 ,ug (B and C). Molecular
weight standards are marked at the left.

diolabel incorporation into the 58-kD protein, and estimates
of androgen receptor content of these human cells using stan-
dard assays with noncovalent ligands, the efficiency of cova-
lent labeling appears to be > 80%.

Discussion

These experiments demonstrate that dihydrotestosterone 173-
bromoacetate forms a covalent bond with the steroid binding
site of the human androgen receptor in crude fibroblast cyto-
solic preparations. Nonradioactive dihydrotestosterone 173-
bromoacetate competes with relatively high affinity for the
[3H]dihydrotestosterone binding protein in human fibroblast
cytosol. Binding of the synthetic radioligand is rapid and spe-
cific for a 58,000-D protein in normal human genital skin
fibroblast cytosol. This protein is a saturable high affinity re-
ceptor for the ligand and its binding site demonstrates andro-
genic specificity. The protein is not detectable in preparations
of cytosol from androgen receptor-negative genital skin fibro-
blasts from a subject with androgen resistance or androgen
receptor-negative fibroblasts from normal human thymus.
These data strongly suggest this protein is a component (i.e., a

steroid binding subunit or a proteolytic fragment) of the native
human androgen receptor.

Attempts to covalently link steroid molecules to their re-
spective receptors have generally utilized two types of probes:
photoreactive steroids that are excited to form reactive moi-
eties when irradiated with ultraviolet light and electrophilic
steroid affinity labels that utilize strong leaving groups to gen-
erate intermediates that react with nucleophilic residues within
the steroid binding site of the receptor. Both the progesterone
receptor (21, 22) and the glucocorticoid receptor (23) have
been covalently linked with the photoreactive synthetic pro-
gestin 17a,21-dimethyl- 19-nor-pregna-4,9diene-3,20-dione
(R5020). The electrophilic steroid derivatives Tamoxifen azir-
idine and dexamethasone mesylate have been used to cova-
lently label the estrogen and glucocorticoid receptors, respec-
tively (24, 25).

Studies involving proteins with specific androgen binding
sites have used similar strategies. Taylor et al. (26, 27) first
showed the feasibility of designing photoreactive steroids as
probes for androgen binding proteins. Several laboratories
have attempted to exploit such a strategy for labeling androgen
receptors using the synthetic, commercially available radioli-
gand methyltrienolone (7-12). These reports are noteworthy
for the necessity of prior purification of the receptor protein in
order to detect "specific" (i.e., displaceable by excess nonra-
dioactive ligand) binding and for the large amount of starting
material necessary for the experiments. Estimated efficiency of
the covalent linking of these receptor-ligand complexes ranged
from 0.2 to a maximum of 6.8%.

Because of these extreme limitations of photoaffinity label-
ing with methyltrienolone we have studied the electrophilic
affinity label dihydrotestosterone 17f3-bromoacetate. Using
methods originally described for attempts to covalently label
abundant secretory proteins (15), Mainwaring and Johnson
(16) found difficulty in producing radioligand of sufficiently
high specific activity with the bromoacetate moiety as the car-
rier of the radiolabel. The commercial availability of high spe-
cific activity radiolabeled dihydrotestosterone has now ob-
viated those difficulties. Chang et al. (13) synthesized high
specific activity [3H]dihydrotestosterone 17,3-bromoacetate
from [1,2,4,5,6,7,16,17-3H]dihydrotestosterone and used it to
covalently label highly purified rat prostate cytosolic androgen
receptors (8, 13, 14), as well as purified androgen receptors
from bovine seminal vesicle (7). Wereport here the first appli-
cation of such methodology to human cells, and the crucial
demonstration that the protein labeled by dihydrotestosterone
1 7f3-bromoacetate is absent from receptor negative cell strains.

The protein specifically radiolabeled in human cells in our
experiments had an average molecular mass of 58,000 D. Not
surprisingly, a number of other molecular weights have been
reported for putative androgen receptors linked with affinity
labels. The apparent molecular weight of the rat prostate an-
drogen receptor has been reported from photoaffinity labeling
studies with methyltrienolone as 46,000-50,000 D (7, 8) as
well as 86,000 D (8, 13). In bovine seminal vesicle a radiola-
beled band of 60,000 Dwas reported. Rowley et al. (14) found
an apparent molecular mass of 117,000 D for the Dunning
R3327 prostate tumor. Using human foreskin, Gyorki et al.
have published data showing broad bands of methyltrienolone
binding centered around molecular masses of - 85,000 and
40,000 D (12). In a single experiment using human genital skin
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fibroblasts these authors also found similar sized peaks of ra-
dioactivity. The nature of these differences in reported molec-
ular weight is, of course, not known. Our findings could reflect
labeling of an intact receptor subunit or could be the result of
some uncontrolled proteolytic activity in fibroblast cytosol.

Two other groups of investigators have reported findings of
relevance to this report. Risbridger et al. reported that normal
genital skin fibroblasts contained two constitutively expressed
proteins (85,000 and 45,000 D) that were absent from cells of
subjects with complete testicular feminization (28). Rosen-
mann et al. (29) and Thompson et al. (30) reported a 56,000-D
protein that appeared in genital skin fibroblasts but was absent
from nongenital fibroblasts. Most recently, these investigators
have made a preliminary report that this 56,000-D protein can
be photolabeled with methyltrienolone (31). The nature of all
these protein products, and their relationship to the androgen
receptor is not established.

Our data demonstrate that dihydrotestosterone 17j3-bro-
moacetate is a highly effective affinity label for the human
fibroblast androgen receptor. This will provide a tool for direct
structural analysis on two-dimensional polyacrylamide gels of
putatively mutant androgen receptors from subjects with "re-
ceptor-positive" androgen resistance. In addition, receptors
with intact androgen binding sites but presumed qualitative
abnormalities will be amenable to analysis by such technique.
Finally, this affinity label should be a tool of considerable
importance for detailed studies of the steroid binding site of
the normal human androgen receptor and should facilitate
purification of these trace and labile proteins.
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