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Sammary--The binding of [3H]A~-testosterone photoaflinity-labelled rat androgen-binding 
protein (rABP) has been studied in an enriched fraction of plasma membranes of  epithelial 
epididymal ceUs in immature (15 days) and adult rats (40 days). The binding was maximal in 
< 30 min and more rapid at 4°C than at 34°C. It was calcium and pH dependent. Scatchard 
plots of  the binding data gave curvilinear plots with two types of  binding sites corresponding 
to a K_, of  18.2 nM -~ and Kin2 of 1.6 nM -~ (2.2 x 10 H sites/mg protein and 5.4 x 10 n sites/mg 
protein, respectively). In adult rats, only one type of  binding site was found, with a K,,  of 
3.7 nM -~ (4.5 x 10 H sites/mg protein). The number of receptors was 5-fold lower in the cauda 
than in the caput of the epididymis. The pretreatment of the isolated intact cells with 
streptozotocin induced a 45% reduction of  the binding. Only unlabelled rABP and hSBP 
(human sex steroid-binding protein) but not other proteins (lactotransferdn, serotransferdn, 
asialofetuine, fetuine and bovine serum albumin) competed with the labelled ligand to bind 
plasma membranes. The membrane fraction was solubilized by triton X-100. Its incubation 
with labelled rABP and hSBP provoked the elution of the tracer as an aggregate into the void 
volume fraction of  superose 6B mini-gel filtration columns. Structural homology between 
hSBP and rABP could be responsible for the common behaviour of  the steroid-carder 
molecules for the ABP receptor of  rat epididymal epithelial cells. 

INTRODUCTION 

Rat androgen-binding protein (rABP) is syn- 
thesized in the testis by Sertoli cells. A transient 
synthesis has also been demonstrated in fetal 
liver [1]. ABP production by the testis proceeded 
from undetectable levels in 10-day-old rats to 
reach 80-90 #g/testis in 30-day-old rats [2]. The 
extracellular ABP may play a role in the intralu- 
minal transport of androgens in the male repro- 
ductive tract and in the sexual differentiation [3]. 
A single gene encodes ABP and SBP (sex 
steroid-binding protein) and the coding region 
of the gene has been cloned and character- 
ized [4-6]. Recent evidence suggests that rABP 
and human SBP (hSBP) interact with target cells 
via membrane receptors[7, 8]. For example, 
ABP binding to a receptor has been demon- 
strated in rat epididymal epithelial cells [9]. 
The receptor-mediated endocytosis of labelled 

*To whom correspondence should be addressed. 

rat ABP and labelled human SBP has been 
observed by autoradiography respectively in 
epididymal epithelial cells of the rat [10] and 
monkey [1 I]. 

In a first study, we have demonstrated in vitro 
that internalization of ABP is receptor-mediated 
in isolated epithelial cells of rat epididymis [9]. 
The present work confirms this hypothesis by 
studying the binding of labelled rABP and hSBP 
to an enriched fraction of plasma membranes 
from epithelial epididymal cells of immature 
and adult rats. 

EXPERIMENTAL 

Chemicals and reagents 

Mannitol, phenyl methyl sulphonyl fluoride 
(PMSF) and soya-bean trypsin inhibitor (SBTI) 
were all purchased from Sigma (St Louis, MO, 
U.S.A.). Collagenase dispase, DNase (Type I) 
were supplied by Boehringer Mannheim 
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(Indianapolis, IN, U.S.A.). All other reagents 
were obtained as described previously [9, 12]. 

Purification and photoaffinity labelling of rABP 

The testes were removed from 200-250g 
adult Wistar rats; rABP was purified by HPLC 
as described in detail previously[12, 13]. The 
photoaffinity-labelled rABP was prepared as 
described previously [12] according to Taylor et 
al. [14]. Testicular extract (10 ml) was incubated 
with 1 nmolA6 [3H]testosterone ([1.2-3H]17fl - 
hydroxy-4,6-androstadien-3-one: 48.6 Ci/mmol, 
New England Nuclear Corp., Boston, MA, 
U.S.A.) overnight at 4°C, under rotary agita- 
tion. The sample was photolysed in a reactor 
using a u.v. light (345nm), for four 15rain 
periods under controlled temperature and was 
injected in preparative HPLC (column Diol 
Lichroprep 200, 25 × 2.5 cm) to separate the 
covalently bound A6 [3H]testosterone from the 
remaining free. The peak of photoaffinity- 
labelled rABP was eluted with a retention 
time of 7 rain and was stored in aliquots at 

- 80°C. Each aliquot was filtered by fast protein 
liquid chromatography superose 6 gel filtration 
(Pharmacia, Uppsala, Sweden) prior to use. 
The peak of dimeric photoaflinity-labelled ABP 
was eluted with a retention time of 32min 
corresponding to a Mr of 90kDa. It was 
collected and stored at -80°C, in aliquots, 
before use. 

Purification and photoaffinity labelling of hSBP 

The hSBP has been purified from human 
late-pregnancy serum using a modification of 
the method described previously [15]. Four steps 
were performed, including ammonium sulphate 
precipitation, carboxymethyl cellulose chroma- 
tography, DEAE-cellulose chromatography 
and gel filtration. Purity of hSBP was checked 
by polyacrylamide gel electrophoresis. Quanti- 
tative estimation of hSBP was performed by 
electroimmunodiffusion using a polyclonal rab- 
bit anti-hSBP serum [11]. The photoaffinity lab- 
elling of hSBP was performed as described 
above for rABP [11]. 

Iodination of hSBP and of rABP was pre- 
pared as described previously for rABP[13] 
according to Marckwell[16]. Two iodobeads 
were washed in Tris-HC1 buffer (20mmol/l 
Tris, 150 mmol/l NaCl, pH 7.4), and incubated 
for 5rain with 0.1 mCi ~2sI in 0.2ml Tris--HCl 
buffer. Then, 20/~g of purified protein was 
added. After 15 rain, the iodinated molecule was 
poured onto a Sephadex G-25 column 

(2.5 x 10era, Pharrnacia) and eluted in the 
presence of dextran blue 2000. 

Isolation of epididymal epithelial cells and 
preparation of membrane fractions 

Epididymal cells were isolated from testes of 
2- and 6-week-old Wistar rats as described in 
detail previously [9], using collagenase dispase 
(500mg/l) and DNase (type I) for cellular 
dissociation. 

The plasma membrane-enriched preparations 
were obtained from isolated epididymal epi- 
thelial cells. About 10 x 106 cells/nil were dis- 
rupted in ice-cold buffer (20 mM Tris-HCl/1, 
pH 7.4 containing 0.4 mM PMSF, 0.1% aprot- 
inin, 0.01% bacitracin, 1 mM CaC12 and 1 mM 
MgCI2), with a mixer (ultraturax IKA®), three 
times for 5 rain at 4°C. The homogenate was 
centrifuged for 10min at 1000g and the pellet 
was discarded. The supernatant was further 
centrifuged for 30 rain at 27,000 g for 30 rain at 
4°C. The pellet was resuspended in the Tris-HC1 
buffer described above in the presence of 
300 mM mannitol and centrifuged for a second 
period in the same conditions. The pellet was 
homogenized in the Tris-HC1 buffer described 
above and was stored at -80°C, in aliquots 
before use. Protein concentration was measured 
according to the method of Lowry [17] using 
bovine serum albumin as standard. Compared 
to the initial homogenized tissue, the specific 
activity of 5'nucleotidase (a standard marker for 
plasma membranes) vs protein concentration 
was increased 5 times in the plasma membrane 
fraction. The enriched fractions were also 
controlled by electron microscopy. 

Binding of labelled rABP and of labelled hSBP to 
the membrane fractions 

Generalprotocol. Photoaffmity-labelled rABP 
and hSBP binding to membrane fractions was 
studied by incubating increasing amounts (0.05 
to 2.5 pmol) of labelled rABP or hSBP with 
membrane fraction aliquots corresponding to 
l0 s cells per test tube, in duplicate and in the 
presence or absence of a 100-fold excess of 
unlabelled rABP. After 1 h incubation at 4°C 
while shaking, separation of bound from free 
ligand was achieved by centrifugation at 
20,000 g for 15 rain at 4°C. The supernatant was 
discarded and the pellet washed 3 times in 
20raM Tris-HC1 buffer (pH 7.4) containing 
0.15M NaC1, l m M  CaC12, l m M  MgCI 2, 
0.01% bacitracin and 1 nM benzamidine/l. The 
radioactivity of the supernatant and of the pellet 
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was measured by addition of 3 ml of scintil- 
lation liquid (Scintran ®) to 50/zl aliquots. The 
data were analysed using Scatchard plots of 
the specific binding (difference between total 
binding and non-specific binding). 

Kinetics of association-dissociation 

The time-course of the uptake of labelled 
rABP by plasma enriched membrane prep- 
arations was studied by incubating 2.5 mg pro- 
tein material (aliquots corresponding to 
10 x 106 cells) with 100 fmol of photoaffinity- 
labelled rABP, in triplicate, in a final volume of 
10ml. 1 ml aliquots of the suspension were 
collected after shaking at incubation times rang- 
ing from 2 to 120 min, at 4 and at 34°C. The 
bound ABP was separated from free form by 
centrifugation and washing of the pellet as 
described above. A second experiment was 
performed in the same way except that a 100- 
fold excess of unlabelled rABP was added 
15 min after incubating the membrane fractions 
with the tracer at 4°C, in order to study the 
dissociation of labelled rABP. 

Inhibition of rABP binding to plasma membrane 
fractions 

The binding of rABP to plasma cell mem- 
branes was studied in the presence of either 
15 mM EDTA or of trypsin (10 mg/ml). Specifi- 
city of the binding was studied by incubating 
the membrane fraction for 1 h at 4°C with 
0.1 nmol of human lactotransferrin, serotrans- 
ferrin, asialofetuin, fetuin and bovine serum 
albumin prior to the addition of 1 pmol of 
labelled rABP. The binding was also studied 
as a function of pH. The membrane fraction 
aliquots were incubated with labelled rABP for 
2 h in the presence of various buffer solutions 
(0.02 M Tris-HCl buffer pH 8.0; 0.1 M sodium 
phosphate buffer pH 7; 0.1 M sodium phos- 
phate buffer pH 6; 0.05 M sodium acetate buffer 
pH5; 0.05M acetate buffer pH4; 0.02M 
citrate--HCl buffer pH 3; 0.02 M citrate--HCl 
buffer pH 2). The pH of the incubation mixture 
was adjusted to the pH of the corresponding 
buffer. 

Effect of streptozotocin 

Intact epididymal epithelial cells (from 15- 
day-old rats) were exposed for 2 h at 4°C with 
10/zg/ml of streptozotocin (Sigma). rABP 
labelled binding was then performed at different 
concentrations (0.5 to 1.4 pmol). 

Gel filtration of  Triton X- 100 solubilized rABP 
and hSBP receptor 

Membrane fractions of epididymal epithelial 
cells were extracted with 20 ml Tris-HCl buffer 
(pH7.4) containing 1% Triton X-100, 1 mM 
MgCI 2, 1 mM CaCI2 and 0.4 mM PMSF and 
0.1% aprotinin. 0.5 ml of membrane fractions 
was incubated 1 h with 1.5 pmol of labelled 
rABP or hSBP. The same protocol was repeated 
at pH5  instead of pH7.5 and also in the 
presence of 15 mM EDTA instead of CaC12. 
The samples were poured onto a superose 6B 
mini-gel filtration column 0.46 x 20 cm (Merck, 
Germany). The eluate was collected in 0.2 ml 
fractions using a Frac-100 fraction collector 
(Pharmacia). The non-specific binding was stud- 
ied by preincubating the membrane extract with 
a 100-fold excess of unlabelled rABP. 

RESULTS 

The kinetics of specific binding reached a 
maximum after 20-30min of incubation of 
labelled rABP with the plasma membrane-en- 
riched fraction of epididymai epithelial cells 
from 2-week-old rats, at 4°C (Fig. 1). Bound 
labelled rABP was displaced by an excess of 
radioinert rABP, demonstrating that the uptake 
was reversible (Fig. 1). The kinetics of the 
binding of labelled rABP was more rapid at 4 
than at 34°C (Fig. 2). All subsequent incu- 
bations were therefore performed at 4°C for 1 h. 
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Fig. 1. Time course of  association (1"7) and dissociation (ms) 
of  labelled rABP to membrane fractions of epididymal 
epithefial cells (15 days) at 4°C. Maximum binding was 
observed after 30 rain of  incubation. The dissociation was 
studied by adding a 100-fold excess of  non-labelled rABP 
after 15 min incubation of  the tracer with the membrane 
fractions. The results are expressed as the percentage of 
maximum binding of  labelled rABP (mean + SD of  tripli. 

cate incubation). 
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Fig. 2. Effect of time and temperature on specific binding. 
Membrane fractions of epididymal epithelial cells from 
15-day-old rats were incubated with 100 fmol of labelled 
rABP, in triplicate, at 4 (O) and 34°C (O). The kinetics of 
the binding was lower at 34 than at 4°C. The specific binding 
was determined as described in Experimental (each value 

represents the mean + SD of different experiments). 

The binding of labelled rABP was pH-depen- 
dent and was maximal of pH 6-8 with a sharp 
decline at a more acidic pH (Fig. 3). 

Scatchard analysis[18] of the binding to 
membrane fractions was performed with rABP 
and hSBP at 15 and 40 days old. We found 
curvilinear plots for immature rats, indicating a 
double class of binding sites, with 
Ka,~= 18.2riM -1 and K ,  s2= 1.6riM -1 and a 
number of binding sites of 2.2 x l0 I] and 
5.4 x l0 ]1 sites/mg protein, respectively [Fig. 
4(A)]. With ageing, labelled rABP binding sites 
in 40-day-old rats showed a single class of 
binding sites with a K,,  of 3.7nM -m and 
4.5 x 10 ]~ sites/mg protein [Fig. 4(B)]. The level 
of non-specific binding ranged between l0 and 
20%. Under the same experimental conditions, 
the binding of hSBP was plotted with a K,,  of 
2.6rim -1 and 3.8 x 10 H sites/mg [Fig. 4(C)]. 
The number or rABP binding sites of membrane 
fractions from immature rats (15 days) was 
higher than that obtained with fractions from 
mature rats (40 days). 
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Fig. 3. Effect of pH on the binding of 100 fmol of labellad 
rABP to membrane fractions of epididymal epithelial cells 
from 15-day-old rats. Specific binding was pH dependent 

and maximal at pH 6-8. 

EDTA and trypsin pretreatment [Fig. 5(A)] 
abolished the specific binding (65 and 42%, 
respectively), indicating that labelled rABP 
bound to a membrane protein and that the 
binding was calcium-dependent. 

We noted a 38.7_ 2.4% inhibition of the 
binding after preincubation of the intact epi- 
thelial cells with streptozotocin [Fig. 5(B)]. The 
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Fig. 4. Saturation curves of photoaffinity-labeiled rABP to 
epididymal cell membrane fractions from (A) 15-day.old 
rats, (B) 40-day-old rats and of photoaffmity-labelled hSBP 
(C) to membrane fractions of immature rats 0 5  days). 
Binding was studied by incubating 0.05 to 2.5 pmol of 
labelled rABP or hSBP with membrane fraction aliquots 
(corresponding to I06 cells per test tube) for 1 h at 4°C. 
Affinity constants (Kin) estimated from Scatchard plots 
w e r e :  18.2 and 1.6 nM -t  for plot A, 3.7 nM -t  for plot B and 
2.6 nM -~ for plot C. The curvilinear scatchard plot A was 
calculated using the graphic analysis of Rosenthal [23]. 
Non-specific binding was determined to be approx, 15% by 
duplicating experiments in the presence of a 100-fold excess 
ofcold rABP. The data are shown as the mean of tr/plicated 
separate experiments, using a different membrane extract, 
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Fig. 5. Inhibiting effect of binding of labelled rABP to membrane fractions of epithelial cells (15 days) 
by either trypsin (A2) or EDTA (A3) and to intact epithelial cells (15 days) by streptozotocin (B2). Specific 
binding was evaluated as described in Experimental. Untreated samples represented 100% specific binding 
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binding of rABP to membrane fractions was 
5-fold lower with enriched preparation of 
plasma membranes from the cauda than with 
plasma membranes from the caput of immature 
rat epididymis (data not shown). 

No competitive inhibition was observed 
in excess of lactotransferrin, serotransferrin, 
fetuin, asialofetuin and bovine serum albumin. 
On the contrary, hSBP was as efficient as cold 
rABP in inhibiting the binding of labelled rABP 
to the membrane fraction of epididymal 
epithelial cells (Fig. 6). 

Labelled rABP incubated with Triton X-100 
solubilized membranes was eluted as a high 
molecular mass peak (retention time of 8 min) in 
Superose 6B mini-gel filtration. The same 
elution profile was obtained when labelled hSBP 
was incubated with the solubilized membrane 
extract (Fig. 7). The 8 min peak was largely 
abolished in the presence of a 100-fold excess of 
unlabelled rABP (Fig. 7) or in the presence of 
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Fig. 6. Inhibition of the binding of labelled rABP to 
membrane fractions by other proteins. Membrane fractions 
of epididymal epithelial cells (15 days) were preincubated for 
60 rain at 4°C in the presence of 0.1 nmol of either hSBP (2), 
human lactotransferrin (3), serotransferrin (4), fetuin (5), 
aslalofetuin (6) or bovine serum albumin (7) before adding 
I pmol of labelled rABP. Untreated samples (1) represent~ 
100% of specific binding: each determination is the mean of 
triplicate experiments (bm-s indicate the standard deviation). 

EDTA instead of calcium (data not shown). 
This peak was not observed when the tracer and 
the extract were incubated and filtered at pH 5 
(data not shown). 

DISCUSSION 

We have previously demonstrated the pres- 
ence of a receptor for rABP in epididymal 
homogenates and in isolated epididymal cells 
from immature rats [9]. In the present work, we 
studied the binding of labelled rABP to an 
enriched fraction of membranes from epididy- 
mal epithelial cells of mature and immature rats. 
The kinetics of binding and dissociation of the 
tracer in excess of cold rABP were similar to 
those observed for isolated cells. The binding 
between the ligand and the receptor was found 
to be more rapid at 4 than at 34°C. This result 
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Fig. 7. Elution profile from Superose 6B mini-gel filtration 
of [3 H]A~-testosterone-rABP (ABP-A~T) incubated with the 
triton X-100 s o l u ~  membrane fractions of rat epklidy- 
mal epithelial cells (15 days). The ABP-receptor complex 
was eluted with a retention time of 8 rain (1"]). This peak was 
largely abolished when the membrane extract was preincu- 
bated for I h with a 100-fold excess of radioinert rABP ( I ) .  
ABP-AsT and ~ T  were eiuted in a retention time of 12 and 
17rain, respectively ( - - - ) .  Dextran blue 2000 (DB) was 

used as a marker eluted into the void volume position. 
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was not explained but the same difference has 
also been observed for the binding of 1-25 
dihydroxyvitamin D 3 to its receptor, in human 
testis [19]. The specific capacity of rABP recep- 
tor was estimated to be 7.6 x 10 lm sites per mg 
protein. Since the isolated fraction of mem- 
branes was prepared from aliquots of 107 cells, 
it was therefore calculated that about 12,000 
receptor sites were present per epididymal cell 
from the immature rat. This capacity was very 
close to that previously determined with isolated 
cells in suspension [9]. In addition we also ob- 
served two affinity types of binding sites with 
respective Kass of 1.6 and 18.2 nM-t and a lower 
receptor activity in the cauda than in the caput 
epididymis. The binding of labelled hSBP to the 
plasma membranes was similar to that of 
labelled rABP. In addition, a 100-fold excess 
of cold hSBP was able to inhibit the binding of 
labelled rABP to the membrane fractions. This 
showed that the receptor binding site binds both 
molecules. This is not surprising since the two 
molecules have a high percentage of homology 
for their aminoacid sequence [20]. The binding 
site of the membrane fraction is a protein since 
we observed that trypsin treatment of the mem- 
brane and streptozotocin treatment of the cells 
decreased the receptor activity by 42 and 38%, 
respectively. The receptor activity of membrane 
fractions from mature rats was about 1.7-fold 
lower than that obtained with fractions from 
immature rats. It has been shown that the 
concentration of rABP in testis is higher in 
mature rats (40 days) than in immature rats (15 
days) [21]. In addition, Danzo et al. [2] observed 
that all hormonal treatments that increased 
testicular content of rABP also increased its 
transport into the epididymis. One may there- 
fore assume that the decrease of specific activity 
of rABP epididymal receptor which was ob- 
served as a function of age corresponded to a 
higher in situ saturation of the receptor by 
rABP. The binding of rABP to the receptor 
could be associated with a down regulation [22]. 
The fact that only one single affinity type of 
receptor was found in 40-day-old rats was in 
favour of such an hypothesis, since a high level 
of rABP in the epididymis of 40-day-old rats 
could be responsible for a high level of recycling 
of the receptor. On the contrary, the low con- 
centration of rABP in the epididymis of 15-day- 
old rats can explain that two affinity types of 
rABP receptor were observed at this age. 

In conclusion, our data demonstrated the 
presence of a receptor for rABP and hSBP in 

an enriched fraction of plasma membranes 
from rat epididymal cells. The receptor activity 
was higher in immature rats than in 40-day-old 
rats. 

REFERENCES 

1. Joseph D. R., Sullivan P. M., Fenstermacher D. A., 
Behrendsen M. E. and Zahnow C. A.: Alternate pro- 
cessed androgen-binding protein mRNAs; identification 
of a fusion transcript with a dopa decarboxylase-like 
RNA. 71st A. Meet. Endocr. Soc., Seattle, WA (1989) 
p. 71 (Abstr.). 

2. Danzo B. J., Pavlou S. N. and Anthony H. L.: Hor- 
monal regulation of androgen-binding protein in the 
rat. Endocrinology 127 (1990) 2829-2838. 

3. Campo S., Cigorraga S., Belgorosky A., Chaler E. and 
Rivarola M. A.: Variations in soluble and particulate 
ABP of rat testis during sexual development. Acta 
Physiol. Pharmac. Latinoam. 37 (1987) 331-341. 

4. Joseph D. R., Hall S. H., Conti M. and French F. S.: 
The gene structure of rat androgen-binding protein: 
identification of potential regulatory deoxyribonucleic 
acid elements of a fonicle-stimulating hormone- 
regulated protein Molec. Endocr. 2 (1988) 3-13. 

5. Hammon G. L., UnderhiU D. A., Rykse H. M. and 
Smith C. L.: The human sex hormone-binding globulin 
gene contains exons for androgen-binding protein and 
two other testicular messenger RNAs. Molec. Endocr. 3 
(1989) 1869-1876. 

6. Gershagen S., Lundwall A. and Ferlund P.: Character- 
ization of the human sex hormone-binding globulin 
(SHBG) gene and demonstration of two transcripts in 
both liver and testis. Nucleic Acids Res. 17 (1989) 
9245-9258. 

7. Gutant J. L., Frtmont S., Khanfri J., ~ r d  A., 
Grignon G., Nicolas J. P. and G~rard H.: Biochemical 
evidence for a receptor mediated uptake of rat androgen 
binding protein by epididymis. Steroids 52 (1988) 
347-349. 

8. Hryb D. J., Khan M. S., Romas N. A. and Rusner W.: 
Solubilization and partial characterization of the sex 
hormone-binding globulin receptor from human 
prostate. J. Biol. Chem. 264 (1989) 5378-5383. 

9. Gutant J. L., Frtmont S., Felden F., Nicolas J. P., 
Gtrard A., Leheup B., C~rard H. and Grignon G.: 
Evidence that androgen-binding protein endocytosis 
in vitro is receptor mediated in principal cells of the rat 
epididymis. J. Molec. Endocr. 7 (1991) 113-122. 

10. G~rard A., Khanfri J., Gutant J. L., Frtmont S., 
Nicolas J. P., Grignon G. and C~rard H.: Electron 
microscope radioautographic evidence of in vivo 
androgen-binding protein internalization in the rat 
epididymis principal cells. Endocrinology 122 (1988) 
1297-1307. 

11. G~rard A., Egloff M., ~ d  H., E1 Harate A., 
Domingo M., Gutant J. L., Dang C. D. and Degrelle 
H.: Internalization of human sex steroid-binding pro- 
tein in the monkey epididymis. J. Molec. Endocr. 5 
(1990) 239-251. 

12. Frtmont S., Gutant J. L., Felden F., EgloffM., ~ r d  
A. and Nicolas J. P.: Dihydrotestosterone binding ca- 
pacity of androgen binding protein (ABP) in tissue 
extract using high performance size exclusion chroma- 
tography. J. Chromat. 57,6 (1990) 186-193. 

13. G ~ a n t  J. L., Khanfri J., G~rard H., Fr/nnont S., 
G~rard A., Grisnon G. and Nicolas J. P.: Purification 
of androgen binding protein from rat testis using high- 
performance liquid chromatography and physico- 
chemical properties of the iodinated molecule. FEBS 
Lett. 207 (1986) 280-286. 



Receptor of ABP in epididymal epithelial cells 285 

14. Taylor C. A., Smith H. E. and Danzo B. J.: Photoaffm- 
ity labeling of rat androgen binding protein. Proc. Natn. 
Aead. Sci. U.S.A. 77 (1980) 234-238. 

15. Egloff M., Vranckx R., Tardivel-Lacombe J. and De- 
grelle H.: Immunochemical characterization and 
quantification of haman sex steroid-binding plasma 
protein. Steroids 37 (1981) 455--462. 

16. MarkweU M. A. K.: A new solid-state reagent to 
iodinate proteins. Conditions for the efficient labelling 
of antiserum. Analyt. Biochem. 125 (1982) 427--430. 

17. Lowry O. H., Rosenbrough N. J., Farr A. L. 
and Randall R. J.: Protein measurements with the 
pholin phenol reagent. J. Biol. Chem. 193 (1951) 
265-275. 

18. Scatchard G.: The attraction of proteins for small 
molecules and ions. Ann. N.Y. Acad. S¢i. 51 (1949) 
660-672. 

19. Habib F. K., Maddy S. Q. and Gelly K. J.: Character. 
ization of receptor for 1.25-dihydroxyvitamin D3 in the 
human testis. ,I. Steroid Biochem. 35 (1990) 195-199. 

20. Joseph D. R., Hall S. H. and French F. S.: Rat 
androgen-binding protein: evidence for identical sub- 
units and amino acid sequence homology with human 
sex hormone-binding globulin. Proc. Natn. Acad. Sci. 
U.S.A. 84 (1987) 339-343. 

21. Danzo B. J. and EUer B. C.: The ontogeny of biologi- 
cally active androgen binding protein in rat plasma, 
testis and epididymis. Endocrinology 117 (1985) 
1380-1388. 

22. Carpentier J. L.: Internalisation et recyclage du 
teur de l'insuline. M~d. Sci. 4 (1988) 83-89. 

23. Rosenthal H. E.: A Graphic method for the determi- 
nation and presentation of binding parameters in a 
complex system. Analyt. Biochem. 20 (1967) 525-532. 


