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Globulin with Plasma Membranes from the
Rat Epididymis and other Tissues

Sergey A. Krupenko,! Natalia I. Krupenko!* and Benjamin J. Danzo!3*

Departments of 'Obstetrics and Gynecology and *Biochemistry and *The Center for Reproductive Biology Research,
Vanderbilt University School of Medicine, Nashville, TN 37232-2633, U.S.A. and *The Institute of Bioorganic
Chemistry, Byelorussian Academy of Sciences, Minsk, 220600 Belarus

The binding of human sex hormone-binding globulin (hSHBG) to plasma membranes prepared
from the adult rat epididymis and other potential target and non-target tissues was examined.
Specific binding sites were detected in the epididymis, testis, prostate, skeletal muscle and liver. The
first three organs exhibited a higher (K, approx. 0.1 nM; B, ., approx. 0.05-0.10 pmol/mg membrane
protein, Site I) and a lower (K}, approx. 5 nM; B,,,, approx. 1.0-2.5 pmol/mg membrane protein, Site
IT) affinity binding site. Only Site I was detected in muscle membranes and only Site II was detected
in membranes isolated from liver. Specific binding was not detectable in either spleen or brain.
Regional distribution of hASHBG binding sites occurred in the epididymis. Both Site I and Site Il were
present in the proximal caput and distal cauda. The distal caput and proximal cauda contained only
Site II; no specific binding was detected in the corpus. Binding of hSHBG to epididymal membranes
was time- and temperature-dependent. The presence of Ca’* did not affect binding. Non-liganded
['*I]-labeled hNSHBG can bind to both sites in epididymal membranes. The affinity of hSHBG for
Site I increased 2-fold when it was complexed with S« -dihyg;otestosterone, testosterone or estradiol.
The hSHBG-androgen complex had little effect on Site Ii»i{ersus steroid-free SHBG. However, the
affinity of the hSHBG-estradiol complex for these sites was increased 10-fold. Cortisol, which has
a low affinity for hSHBG, did not influence its binding to either the higher or lower affinity
membrane sites.
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INTRODUCTION

In human and animal blood plasma, sex steroid hor-
mones are largely bound to a specific glycoprotein—
SHBG (sex hormone-binding globulin) [1, 2]. Recent
studies reveal that recognition systems exist for this
protein in plasma membrane preparations of several
steroid target tissues [see, for review, Refs 3—-5]. These
studies suggest the involvement of SHBG in
transmembrane transport of steroids and/or signal
transduction mechanisms. Another sex steroid binding
protein, ABP (androgen-binding protein), a product of
the Sertoli cells of the testis [6, 7], has been described
in several species including man [8-11]. ABP and
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SHBG are products of the same gene [12-14],
the primary difference between the proteins is post-
translational modification due to glycosylation [15].
Comparison of the amino acid sequences of these
proteins from human and animal species revealed a
high degree of conservation of primary structure
{14, 16-17]. ABP is thought to be involved in regulat-
ing various aspects of male reproductive function such
as spermatogenesis and/or the acquisition of fertilizing
ability by sperm. Immunocytochemical [18, 19], auto-
radiographic [20, 21] and other evidence [22] indicate
that ABP is taken up by specific cells in specific regions
of the epididymis.

A recent paper by Felden ez al. [23] presents data
indicating that ABP and SHBG labeled with the photo-
affinity ligand A®testosterone bind to specific sites in the
plasma membrane-enriched fraction of rat epididymal
epithelial cells. In our study, we have investigated the
binding of SHBG to rat epididymal membranes and to
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membranes of other potential target and non-target
tissues. The influence of steroid on the interaction of
SHBG with plasma membranes was also examined
because of the possibility that the binding of liganded
versus unliganded protein may effect different biologi-
cal responses. Since ABP and SHBG are evolutionar-
ily conserved molecules, we considered it likely
that the ABP-receptor is similar to the SHBG-recep-
tor, or that the same receptor binds both proteins.
The fact that a decapeptide, amino acids 48-57, which
appears to be responsible for receptor binding, is
present in both human SHBG and rat ABP [24]
supports our contention. Further support is provided
by the work of Felden er al. [23] who observed that
the binding characteristics of both of these proteins to
rat epididymal membranes were identical. Therefore,
because of the greater availability of human SHBG,
we used it as the ligand for studying ABP/SHBG
binding components in the rat epididymis and other
tissues.

MATERIALS AND METHODS
Materials

Steroids, salts, Bolton-Hunter reagent, charcoal,
phenylmethylsulphonyl fluoride (PMSF), leupeptin,
pepstatin and EDTA were purchased from Sigma (St
Louis, MO, U.S.A.). Iodo-Gen was obtained from
Pierce (Rockford, IL), sodium ['*IJiodide was pur-
chased from New England Nuclear (Bostg)r}, MA).
Bio-Gel P-6DG and electrophoresis supp\ﬁies were
purchased from Bio-Rad (Richmond, CA).

SHBG preparation

Human SHBG (hSHBG) was isolated from post-
partum serum by affinity chromatography on immobi-
lized cortisol [25]. The hSHBG preparation was
further purified by chromatography on Superose 12
using an FPLC system (Pharmacia, Piscataway,
NJ). The purified SHBG preparation was tested
for its ability to bind steroids [7] and was character-
ized by electrophoresis under native [26] and denatur-
ing [27] conditions. These analyses indicated that
the hSHBG preparation was highly purified (greater
than 989%,) and exhibited the physicochemical charac-
teristics typical of the protein [15]. hSHBG was
modified using the Bolton—-Hunter method [28].
Excess of unreacted Bolton—Hunter reagent was
removed by filtration through Bio-Gel P-6DG.
Modified hSHBG was tested for its ability to bind
steroids and was labeled with sodium ['*I]iodide
and Iodo-Gen [29]. Labeled hSHBG had a specific
activity of 15-20 uCi/ug and a radiochemical purity of
989, as determined by electrophoresis under native
and denaturing conditions and by precipitation
with an hSHBG specific antiserum. To obtain
labeled and unlabeled hSHBG devoid of steroid,
treatment with a 19, dextran-coated charcoal suspen-
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sion at 37°C for 30min was performed.
[*H]testosterone was added to unlabeled SHBG before
charcoal treatment to determine the efficiency of ster-
oid removal.

Membrane isolation

An enriched fraction of epididymal membranes was
obtained from whole epididymides of adult rats using
differential centrifugation. Frozen (—70°C) epi-
didymides were pulverized in a blender (Warring) and
suspended in Krebs-Ringer buffer containing PMSF
(0.5 mM), pepstatin (0.1 mM) and leupeptin (0.1 mM)
for 4h at 4°C with stirring to remove endogenous
ABP. The washed tissue fragments were sedimented
by centrifugation at 10,000 g for 15 min. Afterwards,
the epididymal preparation was homogenized in
Krebs—Ringer buffer using a teflon—glass homogen-
izer. Nuclear and mitochondrial fractions of the epi-
didymal cells were removed by successive
centrifugations at 1000 g for 15min and at 18,000 g
for 20 min. The membrane enriched fraction was
obtained by centrifugation of the 18,000 g supernatant
at 100,000 g for 1 h. The 100,000 g membrane pellet
was suspended in Krebs—Ringer buffer and kept in
40%, glycerol at —20°C until used. Membranes from
epididymal segments and from other tissues were
prepared in the same manner except that the tissues
were minced with scissors prior to homogenization.
Examination of the membrane enriched fraction by
electron microscopy revealed closed membrane ves-
icles to be a major component of the preparations.
The concentration of protein in membrane prep-
arations was determined using Lowry’s method [30].

Binding assay

Details of the binding studies are given in the text
and Figure legends. In brief, ['*TJhSHBG, alone or
together with unlabeled hSHBG, was incubated with
membrane preparations. The incubations were con-
ducted for various times at 4 or 37°C. To study the
steroid-dependency of the binding reactions, hSHBG
was incubated with testosterone, Sa-dihydrotestos-
terone, estradiol (each 5 x 10-"M) or cortisol
(5 x 107> M) and in the absence of steroid prior to its
addition to the membrane preparations. After incu-
bation, the membranes were precipitated by centrifu-
gation at 12,000 g at 4°C for 10 min. Radioactivity in
the pellets was counted using a Beckman gamma
counter. In all experiments, samples were assayed in
triplicate, the replicates did not differ by more than
109%,.

RESULTS

The effect of incubation time and temperature on SHBG
binding to rat epididymal membranes

When ['*1]hSHBG was incubated with rat epididy-
mal membranes at two temperatures (4 and 37°C) for
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various lengths of time, we noted that time- and
temperature-dependent binding equilibrium was
achieved. The binding reaction reached equilibrium
after about 30 min when the incubation was conducted
at 37°C [Fig. 1(A)] and between 1 and 3 h when the
incubation was conducted at 4°C [Fig. 1(B)]. Maxi-
mum binding obtained at both incubation temperatures
was similar. Figure 1, curve 1 indicates binding that
occurred when membranes were incubated with
['*11hSHBG alone (total binding); curve 2 indicates
binding that occurred in the presence of ['*I] hNSHBG
and a 500-fold excess of unlabeled hSHBG (‘“‘non-
specific’’ binding); curve 3 is the difference between
curves 1 and 2 (specific-binding).

The effect of Ca’* on binding of hSHBG to epididymal
membranes

To study the influence of Ca’* on binding of
hSHBG to rat epididymal membranes, incubation of
iodinated hSHBG with membrane preparations was
performed in the presence and absence of Ca’*. In
addition, incubations were performed in the absence of
Ca’* and in the presence of 20 mM EDTA to chelate
divalent cations. Two concentrations of hNSHBG were
used in these studies so that both Site I and Site II (see
below) could be estimated. Our data (Fig. 2) indicated
no Ca’*-dependence for binding to either site.
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Steroid dependence of SHBG binding to epididymal
membranes

Further studies on the binding of hSHBG to rat
epididymal membranes were performed at 4°C. This
temperature was selected to avoid potential compli-
cations from protease activity, transport of hSHBG
into membrane vesicles, or from receptor-ligand in-
ternalization that might occur at 37°C. Steroid-free
hSHBG and hSHBG complexed with steroids that
might be present in the epididymis were used as
ligands. In initial experiments, steroid-free labeled/
unlabeled SHBG and labeled/unlabeled SHBG com-
plexed with testosterone or estradiol were used. In all
cases saturation of a limited number of binding sites
occurred [Fig. 3(A-C)]. However, another component
that was not saturated by the amount of labeled
hSHBG added was also present [Fig. 3(A~C)]. These
data indicated that hSHBG was interacting with two
classes of binding sites: one of low capacity (Site I) and
the other of high capacity (Site II). Scatchard [31]
analysis of the low capacity portion of the saturation
curves indicated that binding to a high affinity com-
ponent had occurred [Fig. 3(D) and Table 1]. The
binding component in the membranes had a greater
affinity for the hSHBG-steroid complexes than for
steroid-free hSHBG [Table 1, Fig. 3(D)].
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Fig. 1. Time-dependence of SHBG binding to epididymal cell membranes. SHBG, labeled SHBG and
epididymal plasma membranes were prepared as described in Materials and Methods. ["*I]SHBG
(500,000 cpm or 5 x 10-'° M) was incubated with epididymal plasma membranes (about 0.2 mg membrane
protein) suspended in Krebs-Ringer buffer for 2, 10, 30, 60 and 180 min at 37°C (A) or for 3, 20, 60, 180 min
and 15h at 4°C (B). In parallel, the control samples were incubated in the presence of ["**I]SHBG and
2.5 x 107" M unlabeled SHBG. After incubation, membranes were precipitated by centrifugation (12,000 g,
10 min). All samples were in triplicate. Curve 1, binding in the absence of unlabeled SHBG (total binding);
curve 2, binding in the presence of unlabeled SHBG (non-specific binding); curve 3, specific binding calculated
by subtracting curve 2 from total binding. The results of a typical experiment are shown.
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Fig. 2. Influence of Ca’* on binding of SHBG to epididymal cell membranes. Labeled hSHBG (500,000 cpm

for the estimation of Site II binding and 50,000 cpm for the estimation of Site I binding) was incubated with

epididymal membranes in the absence (total binding) and in the presence (non-specific binding) of 5 x 10’ M

unlabeled SHBG (See Materials and Methods for details). This experiment was performed in the absence of

Ca’* (bar 1); in the presence of 2 mM CaCl, (bar 2); and in the absence of Ca’*, but in the presence of 20 mM
EDTA (bar 3). The bars represent only specific binding.

To study the interaction of hSHBG with Site II,
assays were performed using a fixed concentration of
labeled hSHBG and increasing concentrations of un-
labeled hNSHBG. Specific, saturable binding of steroid
free hSHBG and hSHBG complexed with testosterone
or estradiol occurred [Fig. 4(A-C)]. Binding to these
sites was also of high affinity [Fig. 4(D), Table 1], but the
affinity constant was one to two orders of magnitude less
than that of Site I. The affinity of Site II for the
estradiol-hSHBG complex was 6-fold higher than that
for the testosterone—hSHBG complex and 10-fold
higher than that for steroid-free hSHBG [Fig. 4(D),
Table 1].

We also studied the binding of hSHBG complexed
with 5S¢ -dihydrotestosterone and cortisol to epididymal
membranes. The hSHBG-5a-dihydrotestosterone
complex exhibited the same affinity as the hSHBG-
testosterone complex for both binding sites (Table 1).
The hSHBG—cortisol complex interacted with Site
I with a 10-fold lower affinity than testosterone,
estradiol or S5a-dihydrotestosterone complexes. Its
binding to Site II was similar to the binding of steroid-
free h\SHBG (Table 1). In all experiments, using differ-
ent epididymal membrane preparations, the
concentration of binding sites estimated from Scatchard
plots was about 0.05-0.1 pmol/mg membrane protein
for Site I and about 1.0~2.5 pmol/mg membrane protein
for Site I1.

Distribution of hSHBG binding sites in the epididymis

Since the epididymis is divided into structurally and
functionally distinct regions [32] and since uptake of
ABP is restricted to specific portions of the duct [18-22],
we performed studies to determine whether
ABP/SHBG binding sites were topographically dis-

tributed. Our experiments showed that Site I and Site 11
for androgen-liganded hSHBG are differentially dis-
tributed in the rat epididymis (Fig. 5). The proximal
caput and distal cauda contained both sites at similar
concentrations (Site I, approx. 0.07 pmol/mg mem-
brane protein; Site I1, approx 0.8 pmol/mg membrane
protein). Only Site II could be detected in the distal
caput and proximal cauda; no specific binding of
hSHBG occurred to membranes isolated from the cor-
pus. When binding data were analyzed according to
Scatchard [31], Site I in the proximal caput and distal
cauda had essentially the same apparent equilibrium
dissociation constant (K 0.08 x 1072 M, proximal ca-
put; 0.09 x 10~° M, distal cauda). Site II in these seg-
ments had a K, of approx. 2 x 107° M.

Presence of hRSHBG binding sites in other rat tissues

The binding of unliganded hSHBG to plasma mem-
branes isolated from the testis, prostate, skeletal muscle,
liver, brain and spleen was examined. As in the epi-
didymis, both Site I and Site II were present in testis and
prostate plasma membranes (Fig. 6). The dissociation
constants of the interaction of h\SHBG with these tissues
were similar (Table 2). Only Site I was detected in
muscle and only Site II was detected in liver plasma
membranes (Fig. 6, Table 2). Muscle had the greatest
concentration of Site I and the prostate had the highest
concentration of Site II (Fig. 6). No specific binding of
hSHBG to rat spleen or brain membranes over the
concentration range of 0.01-100 nM was detected.

DISCUSSION

This study was performed using human hSHBG that
was labeled on phenyl rings created by modification of
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Fig. 3. High affinity (Site I) binding of SHBG to epididymal membranes. Increasing concentrations
(5~500 x 10~ M) of [**I]hSHBG were incubated with membrane preparations in the absence and in the
presence of an excess (2.5 X 10-7 M) of unlabeled hSHBG. Labeled and unlabeled hSHBG preparations were
stripped of possible endogenous steroid by treatment with charcoal. Equilibration of steroid with hSHBG was
done prior to the addition of the membrane suspension to the samples. Saturation curves show low (Site I)
and high (Site II) capacity binding of the hSHBG-testosterone complex (A), hSHBG-estradiol complex (B)
and steroid-free hSHBG (C) to membranes. (D) Scatchard plots [31] were calculated from the saturation data.
The molar concentration of hNSHBG added at each point was determined as was the concentration of hNSHBG
that was bound. The amount of bound hSHBG at each point was subtracted from the total hSHBG added to
obtain the concentration of free hSHBG. The bound/free (B/F) ratio was calculated and plotted against the
concentration of bound hSHBG to yield to Scatchard plot. A least squares regression line was fitted to the data
points. The K, was obtained by dividing 1 by the slope of the line. Curve 1, ASHBG~testosterone complex; curve
2, hSHBG-estradiol complex; and curve 3, steroid-free hSHBG. The last point of each saturation curve was
not used to calculate the Scatchard plots since it does not represent binding to the same site. The data from
a typical experiment are shown.
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Table 1. Influence of steroid on the affinity of SHBG -membrane
interactions

Dissociation constant (nM)

Steroid Site 1 Site 1T
None 0.13 +0.02 11.0+1.4
Testosterone 0.07 +0.01 62+1.2
Estradiol 0.06 +0.01 0.97 +0.09
Sa-Dihydrotestosterone* 0.08 5.0
Cortisol* 0.67 14

*Data from a single experiment are presented for these complexes.

Affinity constants were calculated from Scatchard plots [31], ob-
tained as described in Figs 3 and 4 (analogous experiments were
performed for SHBG-5a-dihydrotestosterone and SHBG-
cortisol complexes, saturation curves and Scatchard plots for
these experiments are not shown). Reported values are
mean +£ SEM from 3 experiments with different membrane
preparations.

hSHBG with the Bolton—Hunter reagent [29]. Modified
hSHBG has the same affinity for steroids as native
hSHBG and reacts with a specific monoclonal
antibody [33] (data not shown). Thus, we inferred that
modified hSHBG should behave like the native protein
in our studies. The association of hRSHBG with epididy-
mal membranes occurred rapidly at both 37 and at 4°C.
These results are similar to those of Felden et al. who
showed that the binding of photoaffinity-labeled ABP
[34] to rat germ cells [35] and epididymal [23] mem-
branes reaches a maximum in 3040 min at both 4 and
37°C. In contrast to the rapid association of
hSHBG/ABP to epididymal membranes, Rosner et al.
[36] have shown that association with the solubilized
receptor from human prostate occurs slowly and they
noted little binding at 4°C. The reasons for the differ-
ences observed are not obvious, but tissue differences in
the receptor kinetics cannot be excluded.

We did not observe Ca’* dependence for binding of
hSHBG to either the high (Site I) or lower (Site IT)
affinity binding sites of rat epididymal membranes. Our
experiments were conducted in both Ca?* -free medium
and in medium containing EDTA to chelate potential
Ca’* ions. Felden et al. [23] reported that binding of
ABP to epididymal membranes was Ca’*-dependent,
but they did not show a direct influence of Ca’* on
binding, but, rather, showed that binding was inhibited
in the presence of EDTA.

When the binding of ['*I]hSHBG was examined, we
noted that 60—~709%, of the binding was not inhibited by a
large excess of unlabeled hSHBG. An explanation for
this high degree of non-specific binding is not readily
available, however, this phenomenon has also been ob-
served by others [37]. When specific binding was ana-
lyzed by the method of Scatchard [31] we determined
that two classes of sites for ['I]hSHBG were present in
membrane preparations: Site I had a K of approx.
0.1 nM and Site II had a K, of approx. 5nM. Site I
binds both steroid liganded and unliganded hSHBG;,
but liganded hSHBG consistently binds with a 2-fold
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higher affinity than unliganded hSHBG. hSHBG lig-
anded with its natural ligands testosterone, dihy-
drotestosterone or estradiol binds to Site I with the same
affinity. Therefore, if this system is responsible for
steroid uptake by cells, uptake would be dependent on
the androgen/estrogen ratio outside of the cell. If the
recognition system is part of a signal transduction mech-
anism, specificity may be conferred by local steroid
concentration as well as post receptor events that are
specified by the nature of the target cell. Since the
concentration of androgens in the epididymis is high, we
presume that androgen-complexed ABP is the biologi-
cally active form in that organ. The possibility that
unliganded ABP competes for the same binding site as
liganded ABP could provide an additional regulatory
mechanism.

Site II has a similar affinity for unliganded hSHBG
and for h(SHBG complexed with cortisol or androgens,
however, its affinity for hSHBG complexed with estra-
diol is 5-10-fold higher. Existence of this site may be
related to a special role for estradiol in epididymal cells
or, in contrast, may serve as a mechanism protecting
cells from high estradiol concentrations and be a clear-
ance mechanism for this steroid. Although referred to as
a lower affinity site, Site II has an affinity for complexed
and uncomplexed hSHBG that is in the nanomolar
range and, therefore, is likely to be physiologically
relevant. Two binding sites for ABP/hSHBG have been
identified in membrane preparations from the human
prostate [36], epididymis [ 23] and other tissues [38]. The
significance of two high affinity binding sites for hRSHBG
in rat epididymal membranes and in other tissues is not
clear, but it is possible that each site exists in a different
population of cells and subserves a separate physiologi-
cal role. For example, Site I may constitute the receptor
of a signal transduction system and Site II may be
involved in steroid transport and/or metabolism.

Rosner’s group has provided evidence that only unli-
ganded hSHBG binds to solubilized human prostatic
membranes and that steroid subsequently binds to the
hSHBG-receptor complex [39]. In contrast, we show
that steroid-liganded hSHBG can bind to receptor in rat
epididymal membranes. This observation is supported
by data from other laboratories. For example, liganded
ABP clearly binds to epididymal [23] and germ cell [35]
membranes since the probe used to identify the binding
sites was made by covalently linking a steroid to the
binding site of ABP. Studies from Strel’chyonok’s
group [40—41] indicate that the prior interaction of
estrogens with hSHBG is required to enable it to bind to
endometrial membranes. They also showed that the
hSHBG-testosterone complex binds to placental mem-
branes [42]. In other studies [43—44], binding of steroid
transport proteins to cell membranes in the apparent
absence of steroid was shown. Our principal conclusion
from this survey is that both liganded and unliganded
hSHBG can bind to sites in non-solubilized membranes
from various tissues. Solubilization of the binding sites
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may interfere with binding of liganded hSHBG to the
sites. This latter supposition is supported by the data
of Fortunati et al. [38] who showed that estradiol
inhibits the binding of hSHBG to sclubilized sites in
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the endometrium while it had no effect on membrane
bound sites.

Our demonstration of hSHBG binding sites in the
proximal caput of the epididymis correlates well with
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Fig. 4. Lower affinity (Site II) binding of hSHBG to epididymal membranes. ['*IThASHBG (500,000 cpm,
S x 1071 M) was incubated with the membranes in the presence of increasing concentrations of unlabeled
hSHBG (0-2 x 10~ M). The saturation data were plotted according to the method of Scatchard [31] and the
affinity constants were determined graphically using the procedure of Rosenthal [51]. Steroid-free hSHBG or
hSHBG complexed with one of the steroids studied was used in this experiment. Saturation curves for the
interaction of the hSHBG-testosterone complex (A), hNSHBG-estradiol complex (B) and steroid-free hSHBG
(C) with epididymal membranes are shown. For the experimental set with steroid-free hSHBG, a 2-fold higher
concentration of membranes was used. (D) Scatchard plots [31] calculated from the saturation data (for details
see Fig. 3): hSHBG-testosterone complex (A), hSHBG-estradiol complex ( 4+ ) and steroid-free hNSHBG ([10).
Results of a typical experiment are plotted.
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Fig. 5. Distribution of hSHBG binding sites in the epididymis. The epididymides of 10 adult (300-350 g) rats

were divided into proximal caput (PCP), distal caput (DCP), corpus (CR), proximal cauda (PCD) and distal

cauda (DCD) and plasma membranes were isolated from the pooled segments. The membranes were

incubated with 1 x 107"-5x 10~°M ['**I]hSHBG which had been equilibrated with 1 x 10-’M S$«-dihy-

drotestosterone in the presence or absence of 5x 1077 M unlabeled hSHBG. Binding was determined as

indicated in Methods. Dissociation constants and binding site concentrations were determined from Scatchard
plots [31].

localization and uptake studies demonstrating the pres-
ence of ABP within cells of this region of the epi-
didymis [18-22]. Our finding that the distal cauda had
an equivalent concentration of binding sites was unex-
pected since none of the above studies reported uptake
of ABP by this epididymal segment. A physiological
relevance for hSHBG binding sites in the cauda, how-

ever, cannot be excluded since ABP is present through-
out the epididymis in the rat [45] and other species [46].
The highly specific distribution of binding sites along
the epididymis supports the contention that these bind-
ing sites are involved in mediating specific biological
functions along the duct. Our inability to detect
hSHBG binding sites in the corpus may be owing to
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Fig. 6. Distribution of hSHBG binding sites in various rat tissues. Plasma membranes isolated from the

epididymis (EP), testis (TE), prostate (PR), liver (LI), muscle (MU), spleen (SP) and brain (BR). Membranes

were incubated with 1 x 107'-2 x 10~° M ['*IJhSHBG alone and in presence of 5 x 10~ M unlabeled hSHBG.

Binding was determined as indicated in Methods. Dissociation constants and binding site concentrations were
determined from Scatchard plots [31].
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Table 2. Affinity of membranes isolated from vari-
ous tissues for SHBG

Dissociation constant (nM)

Tissue Site 1 Site 11
Epididymis 0.14 49
Testis 0.09 4.0
Prostate 0.21 6.7
Muscle 0.30 —
Liver — 29

Affinity constants were calculated as described in Figs
3 and 4.

the absence of such sites (and consequently a lack of a
physiological role in ABP in this segment of the duct)
or to a much lower concentration of sites than in the
other segments.

The rat prostate, like that of the human [38-39]
contains high and lower affinity plasma membrane
binding sites for hSHBG. However, the affinities of
these sites for hkSHBG in the rat prostate are about 10
and 30 times, respectively, greater than those reported
for human prostate. The concentrations of high and
lower affinity binding sites in the rat prostate are about
one-fiftieth those in the human prostate. In contrast to
the work of Porto et al. [44], we find two classes of
hSHBG binding sites in rat testis plasma membranes
having affinities 500 and 10 times greater, respectively,
than that which they report. Felden et al. [35] reported
the existence of one type of binding site for hSHBG in
rat germ cells with a dissociation constant of 1.72 nM.
This is similar to Site II we describe in the testis.
Absence of Site I in their experiments may be due to
the use of isolated germ cells versus the whole organ.

In our study, skeletal muscle exhibited Site I binding
sites for hSHBG, but lacked the Site IT binding site.
These data are in contrast to those of Frairia er al. [47]
who noted no specific hSHBG binding to muscle.
Androgens have positive anabolic and other effects on
muscle [48]. Although most of these effects are prob-
ably mediated through the androgen receptor in muscle
(48], it is possible that the hSHBG binding site may be
involved in mediating some androgenic effects in this
tissue. The Site I present in liver is not the asialogly-
coprotein receptor [49] since binding of desialylated
hSHBG to liver membranes has a dissociation constant
estimated at 1-10 u M (data not shown). Since the liver
is the site of SHBG synthesis, it is not surprising that
receptors for the protein would be present in the organ.

The distribution of Sites I and II among the rat
tissues does not appear to be related to differential
recovery of membrane components from the tissues.
Electron microscopic analysis of the preparations used
indicated that the predominant component in them was
plasma membranes. Membrane preparations from the
cauda of the epididymis and from muscle, had the
lowest level of non-plasma membrane components.
Nevertheless, the cauda showed the presence of both
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binding sites while the muscle exhibited only the
higher affinity site. These data would suggest that the
presence of two sites is not related to binding to
different membrane components within the prep-
arations. Further studies, however, are required to
clarify this issue.

The concentration of androgen-binding proteins in
the blood of adult rats is low [50], while during early
postnatal development ABP levels in the circulation are
high [50]. Whether the ABP/SHBG binding sites in
peripheral tissues of the adult rat are functionally active
or whether they only function during early develop-
ment remains to be elucidated. However, in animals
that have androgen-binding proteins in the general
circulation throughout life, such peripheral tissues
could clearly be targets for ABP/SHBG.
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