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SUMMARY

An androgen binding protein (called ABP) s present in 105,000 g,, supernatants of rabbit testis and caput
epididymidis but not in cauda. Testicular efferent duct fluid contains ABP in a concentration of
1-5 x 1077 M, assuming one binding site per molecule of protein. Ligation of the efferent ducts causes
ABP to increase in testis supernatant and disappear from supernatant of caput epididymidis. An androgen
binding protein similar to ABP is present in rabbit serum; however, the concentrations of ABP per mg
protein are much higher in efferent duct fluid and caput supernatant than in serum. These findings indicate
that ABP is secreted in the testicular efferent duct fluid and may serve as a carrier of androgen from testis

to epididymis.

INTRODUCTION

It has been demonstrated recently that a high affinity
androgen binding protein (ABP?) is secreted in the
efferent duct fluid of rat testis and carried into the epi-
didymis [ 1-5]. The concentration of ABP binding sites
in rat efferent duct fluid approximates that of testoster-
one and it has been suggested that the protein may
serve as a carrier of androgen from testis to epididymis.
Rabbit testis has also been found to contain a similar
androgen binding protein and the studies reported
herein demonstrate its presence in rabbit efferent duct
fluid and passage into caput epididymidis.

MATERIALS AND METHODS

Adult male rabbits weighing 35004500 g were anes-
thesized with phenobarbital (30-50 mg/kg), and the
efferent ducts were ligated 2-3mm from the testis.
Eighteen to 24 h later, the rabbits were killed by cervi-
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(dihydrotestosterone); PAGE = polyacrylamide gel electro-
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cal concussion, the efferent ducts were incised, and the
fluid suctioned into Pasteur pipettes; 0-05 to 0-15 ml
fluid could be collected from each testis by this tech-
nique. Fluid was collected in test tubes on ice, centri-
fuged to remove spermatozoa and frozen at —20°C. In
some experiments, testis and epididymis on one side
were perfused with 30-40 ml ice-cold saline prior to
removal. The perfusion was performed via a catheter
in the abdominal aorta, after clamping the renal, the
mesenteric and the iliac arteries. One testis and epidi-
dymis was removed before the perfusion. Testis and
epididymis were homogenized in 3 vol. 10 mM Tris-
HCI buffer, pH 74, containing 1-'5mM EDTA and
1'0mM 2-mercaptoethanol (TEM buffer) Homo-
genates were centrifuged at 105,000 g,, for 1 hr at 0°C.
Glycerol was added to the supernatants to 109, v/v.
Steroids contained in the supernatants were adsorbed
on charcoal, 1 mg/mg protein for 10 h at 0°C and the
charcoal was removed by centrifugation. Polyacryla-
mide gel electrophoresis (PAGE) was performed on
nonlabelled [6] and on prelabelled gels [3]. By the lat-
ter method, labelled steroid was dissolved in the acry-
lamide solution prior to polymerization. Stacking gels
were omitted and unlabelled samples were applied di-
rectly to the running gels. The labelled steroid was dis-
tributed uniformly in the gel and was bound by the
protein as it moved through the gel. Sample size and
steroid concentration within the gel were adjusted to
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enable bound and free steroid to reach cquilibrium.
Equilibrium between bound and free steroid was
obtained when the concentration of free radioactivity
remaining behind the peak of bound radioactivity
equalled the concentration of free steroid in front of
the peak. (Fig. 2a). Under equilibrium conditions it
was possible to compare quantitatively the amount of
ABP in different samples [3]. A full description of this
technique is being published elsewhere [13]. All other
materials and methods were as previously described
[3.6]. [1.2-*H]-Dihydrotestosterone (1 7f-hydroxy-52-
androstan-3-one) and other steroids were obtained
from New England Nuclear.

RESULTS

Binding of *H-DHT to ABP after cquilibration in
vitro with charcoal adsorbed supernatant fractions of
rabbit testis, caput and cauda epididymis is shown in
Fig. 1. Larger amounts of ABP were present in caput
than in testis, and ABP could not be demonstrated in
cauda.

Efferent duct fluid contained an abundance of sper-
matozoa and was completely free of blood contamina-
tion. After centrifugation, supernatants were clear and
contained about 2-5 mg/ml total protein. Gel electro-
phoresis of efferent duct fluid revealed the presence of
an androgen binding protein with a mobility identical
to the ABPs in testis and epididymis (Fig. 2a). The con-
centration of ABP in efferent duct fluid measured by
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Fig. 1. Binding of *H-DHT in 105000g, supernatants
from rabbit testis and epididymis. Supernatants containing
7-0-7-5 mg/mi total protein were charcoal extracted and
0-6 ml aliquots were equilibrated with SH-DHT (015 uCi,
1-0 ng) for 2 h, and layered over 6:5% polyacrylamide gels.
The electrophoresis was run at 5 mA/tube for 3 h, in Tris-
glycine buffer, 0-2°C, pH &6. Gels were sliced and the
radioactivity counted in a triton: toluene 1:2 scintillation
mixture [6].
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Fig. 2. Binding of *H-DHT in rabbit efferent duct fluid. The
fluid was diluted 1:10 with TEMG buffer and shaken with
I vol. TEMG buffer containing 0-5% charcoal and 0-5%;
gelatin (final dilution 1:20). Charcoal was removed by cen-
trifugation and aliquots were applied to 6:5% gels (4 ml) and
run at 4 mA/tube for 2-5 h. The gels were then transversely
sliced into 2-4 mm slices, and the radioactivity in each slice
measured. (a) Gel contains *H-DHT (01 uCi, 0-67 ng) and
100 pl diluted fluid was applied. A single binding com-
ponent (ABP) is shown by the peak of radioactivity. (b)
Saturation curves of binding to ABP. Gels contain 3H-DHT
(01 uCi, 067 ng) and 0, 05, 10, 20, 3-0, 60O ng amounts of
unlabelled DHT. 100 ul diluted efferent duct fluid was
applied to each gel. Total binding in each gel was calculated
from radioactivity in the peak after subtraction of “back-
ground” radioactivity and divided by the specific radioacti-
vity of DHT in each gel.

saturation analysis using prelabelled gels (Fig. 2b) was
60 pmol/mg protein or 13 x 107'M.

Thus, ABP was present in the fluid that normally
enters the epididymis. To establish further that ABP is
secreted in efferent duct fluid and passes through the
epididymis, efferent ducts were ligated unilaterally and
the amounts of ABP in supernatants of testis and caput
epididymidis were compared on the ligated and nonli-
gated sides using PAGE in prelabelled gels (Fig. 3).
Within 16 h after efferent duct ligation, ABP was mark-
edly increased in testis supernatant and almost disap-
peared from caput supernatant.

Rabbit serum when fractionated by PAGE on gels
prelabelled with *H-DHT formed a peak of radioacti-
vity with mobility identical to ABP (Fig. 4). However,
there was a much larger amount of ABP in caput
supernatant than in serum diluted to contain an equal
concentration of total protein. Binding to albumin in
epididymis was negligible in comparison with albumin
binding in serum.

The amounts of ABP in testis and caput epididy-
midis supernatants were only slightly influenced by
perfusion of tissues to remove intravascular serum pro-
teins (Fig. 5). ABP was measured as the amount of
bound steroid in prelabelled gels containing *H-DHT
and additional unlabelled DHT in amounts sufficient
to saturate ABP binding sites. ABP concentrations
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Fig 3. Effect of unilateral efferent duct ligation on ABP in
supernatants of testis and caput epididymidis. Testes and
epididymides from ligated and nonligated sides were
removed 16 h after ligation. Testes were homogenized in 3
vol. TEMG buffer and endogenous steroids in the superna-
tants were extracted with dry charcoal 1 mg/mg protein.
Caputs were homogenized in 6 vol. buffer and the steroids in
the supernatants were extracted with equal vol. TEMG
buffer containing 0-5% charcoal and 0-5% gelatin. Testis
supernatants (0-2 ml) were run in 4 ml gels containing
1'1 x 1078 M 3H-DHT, caput supernatants (0:05 ml) were
run in gels containing 202 x 10~° M H-DHT.
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Fig. 4. Binding of *H-DHT to ABP in caput epididymis
supernatant in comparison with the androgen binding pro-
teins in rabbit serum. Samples were extracted overnight in
I-5vol. 0-5% charcoal in TEMG buffer containing 0-5%
gelatin. Charcoal was removed by centrifugation and 0-2 ml
aliquots were fractionated by PAGE on 4 ml prelabelled
gels containing *H-DHT and unlabelled DHT, Total ster-
oid concentrations in the gels: Serum 07 x 1078 M (A—A),
14 x 1078 M (O—0O) and 2:8 x 1078 M (G—3), epidi-
dymis supernatant 20 x 10"*M (@—®). The serum
androgen binding pratein corresponding to caput ABP was
saturated at those steroid concentrations, while serum albu-
min showed no saturation. Protein concentration in caput
supernatant was 7-37 mg/ml; and in serum diluted 1:10 with
TEM buffer containing 109 giycerol (TEMG) it was
8 mg/ml.
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Fig. 5. Binding of *H-DHT in supernatants from perfused
and nonperfused rabbit testis and epididymis. Supernatants
were charcoal extracted and 0-2 ml aliquots were layered
over 6:5% gels containing saturating amounts of *H-DHT
and unlabelled DHT (total concentration 1-8 x 10~% M for
testis and 30 x 1078 M for epididymis). The electrophor-
esis was run for 2 h as indicated under Fig. 1. ABP concen-
trations were calculated from the radioactivity in the ABP
peak divided by the specificactivity of > H-DHT, assuming one
binding site per molecule. Total protein concentrations
(mg/ml) in the supernatants were: testis perfused 6-67, non-
perfused 7-15; caput perfused 6-18, nonperfused 7-37.

(pmol/mg protein) in supernatants were: testis per-
fused 0-54, nonperfused 0-52, caput perfused 5-84, non-
perfused 6-71.

DISCUSSION

These studies show that rabbit efferent duct fluid
contains an androgen binding protein which passes
through the efferent ducts and into the caput epididy-
midis. It has been shown previously that the produc-
tion of testicular fluid is unimpaired by efferent duct
ligation and that the ligation does not interfere with
testicular blood flow or lymphatic drainage [7].
Neither is epididymal blood flow changed within the
first several days after efferent duct ligation [8]. Since
efferent duct fluid is produced largely by the semini-
ferous tubules, tubular epithelium would appear to be
the most likely source of ABP. It secems unlikely that
ABP in rabbit efferent duct fluid could be derived from
serum because its concentration is so much higher
than the androgen binding protein in serum, and large
molecules have difficulty passing the blood testis bar-
rier [9]. Furthermore, Hansson et al. [10] have been
able to separate the rabbit serum androgen binding
protein from ABP using either isoelectric focusing in
acrylamide gels or chromatography on DEAE cellu-
lose and have shown that the serum protein is not pres-
ent in efferent duct fluid. The failure to remove ABP
from epididymis by perfusion, the much higher
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amount of ABP in caput epididymis supernatant than
in serum and its absence in the cauda epididymis
clearly establish that the ABP measured in caput
supernatant does not resuit from serum contamina-
tion.

Studies on the characterization of rabbit ABP indi-
cate that it is a specific androgen binding protein with
a high affinity for dihydrotestosterone (Kd =
14 x 1077 M) and lesser affinities for testosterone
and Sx-androstane-3x,17f-diol. It has a sedimentation
coefficient of 4-5 S, Stokes radius of 43A, mol. wt. of
70,000~ 80.000, and isoelectric pH of 45-30[10, 111

Danzo et al. have demonstrated a 48 androgen
binding protein in supernatant of caput epididymidis
from noncastrated rabbits. Although it has been de-
scribed as a cytoplasmic Sx-dihydrotestosterone recep-
tor [12] of rabbit epididymis, this protein has a bind-
ing affinity for dihydrotestosterone and testosterone
which is similar to the rabbit testis ABP, and, like
ABP, it is also found in caput but not in cauda epididy-
midis.

It scems likely that rabbit testis ABP is a carrier of
androgen from testis to epididymis. Studies in the rat
have indicated that a major portion of ABP is either
destroved in the lumen as if passes through the caput
or is taken up by the epithelium [21. Failure to find
ABP in rabbit cauda suggests that in the rabbit ABP
may be degraded or taken up even more rapidly as it
flows through the lumen of caput epididymidis.
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