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Androgen-binding protein (ABP) was purified from
caput epididymis of the rat by sequential chroma-
tography on DEAE-Sepharose, hydroxylapatite, dihy-
drotestosterone-178-hemisuccinyl-1,6-diaminohexane-
Sepharose, and Sephadex G-150. The final product mi-
grated as a single band corresponding to a peak of
protein-bound [*H]dihydrotestosterone on polyacryl-
amide gel electrophoresis. A molecular weight of
100,000 was estimated by sedimentation equilibrium.
On sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis, subunits of M, = 47,000 and 41,000 were ob-
served. Amino acid analysis indicated ABP to be rich
in leucine while nonpolar aminoacids totaled only 51%.
Its carbohydrate content is 25%. Antibodies to purified
ABP were raised in a rabbit and evaluated by immu-
nodiffusion, immunoelectrophoresis, binding inhibi-
tion, radioimmunoassay, and immunocytochemistry.
Immunoperoxidase staining localized ABP in the basal
and adluminal regions of seminiferous tubules of rat
testis and in secretory granules of cultured Sertoli cells.
In principal cells of caput epididymis, ABP is concen-
trated in the supranuclear region known to contain
morphological specializations for absorption. These im-
munocytochemical results confirm that ABP synthe-
sized and secreted by Sertoli cells in the testis is trans-
ported to the epididymal duct via testicular fluid and is
taken up by epithelial cells of the proximal segments.

The discovery of androgen-binding protein in epididymis
and testicular fluid (1-3) and its subsequent identification as
a specific Sertoli cell secretory protein (4-6) has provided a
valuable marker for studies on the hormonal regulation of
Sertoli cell function (7-11). Until recently, however, ABP! was
identified solely by its androgen-binding activity.

We have purified ABP from rat epididymis.” The purified
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protein has been characterized and antiserum has been raised
in rabbits. Immunocytochemical studies show specific staining
of Sertoli cells, the site of ABP production, and of epithelial
cells in the caput epididymis, where ABP is absorbed from
the testicular fluid.

METHODS

Chemical Analysis—Protein (100 ug) was hydrolyzed in 6 N HCl in
evacuated, sealed tubes for 24 h. Hydrolysate was analyzed in a Bio-
Cal BC 200 automatic amino acid analyzer equipped with an Auto-
lab integrator. Cystine was also determined as cysteic acid in an
independent run following performic acid oxidation. Tryptophan was
not analyzed. Carbohydrate composition was determined by gas-liq-
uid chromatography (12).

Analytical Ultracentrifugation—Equilibrium sedimentation was
carried out at 20 °C for 22 h at 15,000 rpm in an MSE Centriscan 75
centrifuge equipped with UV scanning optics. Sample consisted of a
0.04% solution of ABP in 50 mm Tris-HCI buffer, pH 7.4, containing
1m KCl, 10% glycerol, and 0.01% sodium azide.

SDS-Polyacrylamide Gel Electrophoresis—Cylindrical gels (5 x
60 mm) were prepared according to Laemmli (13) with the exception
that gels contained 4 M urea and 1 mM EDTA. Stacking and running
gels were 3.6 and 8% acrylamide, respectively. Electrophoresis buffer
contained 0.096 M glycine, 0.025 M Tris, and 0.1% SDS. Protein
samples were suspended in 1% sodium dodecyl sulfate, 2.5 mm EDTA,
2.75 M urea, 50 mM Tris-HCI, pH 6.7, 3% B-mercaptoethanol, 0.05%
bromphenol blue and solubilized by heating 10 min at 60 °C. Samples
were electrophoresed for 2 h at 1.5 mA/tube. Protein was stained
with 0.256% Coomassie blue in 50% methanol, 10% acetic acid and
destained with 20% methanol, 10% acetic acid.

Preparation of Antiserum—Lyophilized antigen (100 pg) was dis-
solved in 2 ml of saline (0.9% NaCl solution) and emulsified with an
equal volume of Freund’s complete adjuvant and 10 mg of mycobac-
terium butyricum. A New Zealand white rabbit was immunized as
described by Vaitukaitis et al. (14). Booster injections of antigen (100
ug) were given 2 and 4 months following the primary immunization,
and the rabbit was bled 10 days following each booster.

Evaluation of Antiserum—ABP antibodies were detected by dou-
ble immunodiffusion (15) against purified ABP. Specificity was fur-
ther examined by crossed immunoelectrophoresis according to Laurell
(16) and by inhibition of ABP binding of [°’H]dihydrotestosterone on
polyacrylamide gel electrophoresis (17).

RESULTS

ABP was purified by column chromatography on DEAE-
Sepharose, hydroxylapatite, [*H]dihydrotestosterone hemi-
succinate coupled to 1,6-diaminohexane Sepharose, and Seph-
adex G-150 (Fig. 1). Purified ABP formed a single band (RF
= 0.5 relative to bromphenol blue) on polyacrylamide gel
electrophoresis and corresponded to a peak of bound radio-
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follicle-stimulating hormone and androgens. The biological
function of ABP remains to be determined; however, it could
have local effects in the germinal epithelium associated with
androgen action on spermatogenesis and more distal effects
on epithelial cells in the caput epididymis. It has been sug-
gested that ABP taken up by epithelial cells of the caput
epididymis might serve to transport androgen from the testic-
ular fluid to the cytoplasmic androgen receptor protein (1, 40).
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This section describes the purification of ABP from rat epididymis.

Materials [1,2,4,5,6,73H] dihydrotestosterone [H] DHT (123 Ci/mmole) was purchased from New
EngTand Ruclear, and checked for purity by thin layer chromatography. All chromatographic
matrices (Sephadex G-25, Sephadex G-150 fime, DEAE-Sepharose, and AH-Sepharose 4B) were pur-
chased from Pharmacia, with the exception of Bio-Gel HTP (hydroxylapatite} obtained from Bio-
Rad Labs. 5 z-dihydrotestosterone {DHT) and succinic anhydride were from Sigma Chemical Co. as
were bovine serum albumin, ovalbumin, and chymotrypsinogen A which were used as protein markers
Tri-n-butylamine and isobutyichlorocarbonate were pyrchased from Aldrich Chemical Co. Toluene,
ether, dioxane {spectra) grade), pyridine, and N, Nl-dinethylformamide (99 Mol nure) were from
Fisher.

Synthesis of [3H] DHT-173-hemisuccinate DHT (1450 mg), [3H] OHT (25 wCi; 120 Ci/mmole) and 6
mmote succinic anhydride were dissolved in 10 ml toluene and vrefluxed overnioht. The solution
was partitioned between 250 ml each of ether and 0.01 N HC1 (pH =2). The water phase was re-
moved, and the ether re-equilibrated with an equal volume of 0.01 N HC1. The ether phase con-
taining DHT-hemisuccinate was equilibrated with 500 ml of 0.8 M NaHCN,. DHT-hemisuccinate is
extracted into the NaHC03 solution, whereas free DHT remains in the E%hev phase. The aqueous
phase was collected, and the ether phase equilibrated with NaHCO3 in equal volume. The NaHCO3
extracts were pooled and acidified with concentrated HC1 to a pH of =2. This suspension was
equilibrated with 250 m1 of ether; the ether extract was collected and the ether evaporated.
The residue was checked for purity against a DHT-hemisuccinate standard by thin layer chromato-
graphy on silica-gel F-254 in benzena; ethyl acetate (1:1) containing 1% acetic acid. Product
yield was about 76%.

Coupling of [3H} DHT-hemisuccinate to 1,6-diaminohexane-Sepharase (AH-Sepharose 4B} The mixed
anhydride procedure (1,2} was adapted (Fig. 1). [SH] THT-hemisuccinate (430 mg, 16,000 cpm/mq
was dissolved in dioxane, 10 ml, and tri-n-butylamine 0.24 ml was added. The solution was
cooled to 11°C, and D.130 m) isobutylchlorocarbonate was added. The reaction was allowed to
proceed for at least 20 minutes and mixed with 15 g AH-Sepharose in a volyme of 100 ml of 1:1
dioxane/water plus 2 ml IN NaOH (rasulting pH 9.5). After 15 min, the pH fell and an addition-
al 0.7 ml of IN NaOH was added to bring the pH back to 8.5. Small amounts of IN HaOH were
added (0.2 m1, after a 30 min interval, and 0.05 ml after another 45 min) to maintain an alka-
Tine pH. The reaction was allowed to proceed overnight and the AH-Sepharose was washed with
dioxane on a sintered glass filter, unti) no radicactivity was detected in the eluate (at least
1 Jiter of dioxane). This was followed by washing with 80% methanol (1 liter) and finally dis-
tilled water {500 ml). The extent of steroid coupling was estimated by hydrolvzing D.4 m) ali-
quots of the washed gel with 0.4 ml of T N NaOH at 37°C overnight followed bv addition of 0.4
ml of IN HC1. The gel was allowed to settle, and aliauots of subernatant counted in a liquid
scintillation spectrophotometer. Knowing the specific activity of the steroid, moles of ster-
oid/m] AH-Sepharose is easily calculated, Theoretical capacity for AH-Serharose is 7-10
umoles/ml.
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Figure 1

Figure 1  Mixed anhydride coupling of dihydrotestosterone-172 (DHT) hemisuccinate
to 1,6 diaminohexane-Sepharose 48.

Preparation of Cytosal Epididymis obtained from intact Sprague-Dawley rats was stored at
-7ﬁ§c. Caputs were separated from caudas and homogenized in 3 volumes 50 mM Tris, 10% glycer-
o1 pH 7.5 at 229C (TG buffer) using an Dmnimixer, 2 bursts of 40 sec each with 1 min periods
of cooling between bursts, A batch of 350-400 g of caput was used in each purification and
homogenized in 50g aliquots {150 m1 TG buffer/aliquot). The homagenate was cen&rifuqed in a
type 35 rotor at 100,000 g for 70 min at 20C. Supernatant was incubated with [°H] DHT 0.2
nM for Th. Protein concentration was measured by the method of Lowry et a) (31. ABP binding
activity was determined by polyacrylamide gel electrophoresis on 6.5% gels under steady state
binding conditions as described by Ritzen et al (4). Cytosol preparations contained 10-14 g
total protein and approximately 2 pmoles ABP/mg protein giving a total of 2-3 mq ABP as esti-
mated from binding activity (4)
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Purification of ABP Purification steps were carried out at 0-4°C. UV absorbance from calumn
effluent was monitored at 280 nm using an ISCO UA-5 absorbance monitor equipned with a 5 mm
flow cell.

Ion exchange chromatography was carried out on a DEAE Sepharose column {68 x 5 cm} equil-
ibrated with 1G buffer. gﬁ OHT labeled cytosol {1050 m1) was applied at a flow rate of 100
ml/h, Following application of the sample, the column was washed with TG buffer until the
optical density of the eluate reached a constant baseline level. Absorbed proteins were
eluted on a linear 0-0.6 M KC1 gradient in 4000 ml TG buffer. Chloride ion was measured with
a chloride ion electrode (Orion model 94-17)]. Fractions of 20 ml each were collected and
aliguots removed to measure protein bound [3H] DHT by Tiguid scintillation counting. A single
peak of bound radioactivity eluted in 0.2-0.28 M XC1 in TG buffer (Fig. 2). In this and
subsequent purification steps the presence of ABP in radicactive peak fractions was corfirmed
by polyacrylamide gel electrophoresis (4).
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Figure 2 Ion exchange chromatograghy of rat epididymis cytosol on DEAE Sepharose after
incubation with 0,2 nM [°H] dihydrotestosterone, Labeled cytosol (1050 ml)
was applied at a flow rate of 100 ml/h to a 68 x 5 cm column. The column was
washed with 50 m¥ Tris, 10% glycero) pH 7.5 at 22°C (TG buffer) and adsorbed
proteins eluted on a linear D-0.6 M gradient in 4000 ml TG buffer. Protein
was monitored by absorbance at 280 nm. Fractions of 20 ml were collected and
aliquots removed for measurement of chloride ion and radicactivity.

Hydroxylapatite chromatography was performed in a column {15 x 7 cm) of Bio-Gel HTP (Bio-
Rad Taboratories) and equilibrated with TG buffer. Fractions from DEAE-Sepharose containing
ABP {780 m1) were pooled and applied by gravitational flow at a column height of 15-30 cm.
The top of the column was stirred gently 2-3 times during sample application to increase the
flow rate. Following application of the sample the column was washed with TG buffer until the
optical density reached a constant baseline. Adsorbed psoteins were eluted with 0.2M KHpPO,/
NazHP04 pH 7.0. Fractions of 20 m) were collected and [’H] DHT-ABP detected by 1iguid scin-
tillation counting, ABP eluted in the fall-through fractions (Fig. 3). However, elution of
ABP varied somewhat with different lots of hydroxylapatite. ABP sometimes adsorbed to the
column along with bulk proteins but could be eluted in low concentrations of phosphate buffer
(5-10 mM) ahead of the major protein peak. This elution pattern was more often obtained when
the sample was dialysed to remove salt prior to the hydroxylapatite step.
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Figure 3 Elution profile on hydroxylapatite of protein and [3H] dihydrotestosterone
bound ABP. Fractions containing ABP from DEAE-Sepharose were pooled (790
m1) and applied to a 15 x 7 cm column of Bio-Gel HTP. Following sample
application, the column was washed with TG buffer. Adsorbed proteins
were eluted in 0.2 M KHyP0,/Na HPO, pH 7.0. Fractions of 20 ml were
collected and aliguots removed for measurement of radioactivity.

Affinity chromatography was perfgrmed on an AH-Sepharose 4B column containing approximately
4 umoles/mT of covalently iinked [3H] DHT-172-hemisuccinate. The column was equilibrated in
T6 buffer containing 1M KCl. Pooled ABP fractions (750 ml) from the hydroxylapatite column
were made to contain 1M KC1 and applied at a flow rate of 75 ml/h following which the column
was washed with TG buffer containing IM KC1 and 10% dimethylformamide {TGKD) {5) until a con-
stant zero baseline level of absorbance was reached with UV monitor setting of 0.05 absor-
bance unit full scale {~ 20 column volumes of buffer). ABP was eluted in 2-4 volumes of TGKD
buffer containing 100 uM DHT {Fig. 4). Ouring chromatography of the sample, there was no
10ss of covalently linked [3H] DHT-178-hemisuccinate suggesting that any esterase activity
capable of cleaving the hemisuccinate linkage (5) was removed by the preceding purification
steps.
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figure 4  Affinity chromatoqraphy of ABP on a 1.6 x 25 cm column of [3H] dihydrotestos-
terone~17g-succinyi-1,6-diaminohexane-Sepharose. Fractions from hydroxylapa-
tite containing ABP were pooled {750 ml} and applied at a flow rate of 75 ml/h
following which the column was washed with TG buffer containing 1M KC1 and 107
dimethylformamide (TGKD). ABP was eluted in TGKD buffer containing 100 uM di-
hydrotestosterone and fractions of 5 m) were collected.

Protein eluting from the affinity column in TGKO buffer containing DHT was desalted on a
Sephadex G-25 column (35 x 2.6 ¢m) equilibrated with TG buffer. Fall-through protein was con-
centrated on a small DEAE-Sepharose column (3 x 0.9 cm) equilibrated with TG buffer. Adsorbed
protein was step eluted with a small volumne {=4 ml) TG buffer containing 1% KC1

Gel filtration chromatography was perfom\sd on Sephadex G-150. The concentrated protein
from DEAF-Sepharose was incubated with 10 nM{H] DHT for 1 h at D°C and chromatographed on a
Sephadex G-150 column {95 x 1.6 cm) equilibrated with TG buffer. Fractions of 4.5 ml were
monitored for protein and radioaciivity (Fig. 5). ABP eluted in a symmetrical peak corres-
ponding to a Stokes radius of 48 A. The void peak contained aggreqated ABP as judged by SDS-
polyacrylamide gel electrophoresis. It was found that the amount of agaregated ABP was in-
creased by lyophilization of the sample prior to gel filtration chromatography. The small
peak eluting behind ABP had an electrophoretic mobility identical to albumin on SDS-polyacryl-
amide gels.

In a purification carried out suhsequent to obtaining ABP antiserum, immunoreactive ABP was
measured by radioimmuncassay {6}. Recovery of immunoreactive ABP is shown in Table 1. The
weight of final product is 1ikely underestimated by the Lowry assay due to the low tyrosine
content of ABP,
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Figure 5 Gel filtration of partially purified ABP on Sephadex G-150. Peak fractions
from the affinity column were pooled, desalted on Sephadex G-25 and concen-
trated_on a small DEAE Sephadex column. The sample (4 m1) was labeled with
10 nM[3K] dinydrotestosterone for 1h at 0°C and applied to a Sephadex G-150
column {95 x 1.6 cm) equilibrated with TG buffer. Fractions of 4.5 m] were
collected and aliquots removed for measurement of radicactivity.

Table I

ABP Purification from Rat €pididymis

(a) (b)
A B
Step Volume Total ABP
Protein >
{m1) (mg) {mg)
Cytosol 1200 14,400 £.5 0.0004 100
CEAE Sepharose 780 6,240 3.9 0.0006 7
Hydroxylapatite 750 2,400 3.2 0.0013 5%
Affinity
Chromatography 120 0.71 0.65 0.9200 12
6-150 Sephadex 27 D.41 0.49 1.2000 9

a.) Measured by the method of Lowry et. al. (3) using bovine serum albumin as the reference
standard.

b.) Measured by radioimmunoassay (6).
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