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Summary—An androgen binding protein (ABP), with an equilibrium dissociation constant of
4.2nM and a molecular weight of about 100 kDa, has been purified from bull epididymal
extracts using a four-step procedure. These preliminary results underline the main difficulties
encountered in the purification of this protein present at a very low concentration (i.e. 50-fold
less than in rat or rabbit epididymides). Ammonium sulfate precipitation is not a suitable step
due to the formation, in presence of salt, of insoluble material leading to 2 loss of ABP. Lipids,
particularly phospholipids, might be implicated in this phenomenon. Several steps, including
anion exchange in batch followed by concentration, affinity chromatography and HPLC gel
filtration allowed us to obtain a 7667-fold purified protein with a 9% yield.

INTRODUCTION

The androgen binding protein (ABP) is a Sertoli cell
protein secreted in the lumen of the seminiferous
tubules and transported to the epididymis. First
described in the rat[1], this protein has since been
found in many other species {2]. Its precise physiolog-
ical role has not been elucidated, but this protein is
probably involved in the maintenance of spermatoge-
nesis by testosterone transfer [3]; indeed, high affinity
binding sites for ABP on rat germ cell surface [4] and
internalization of labelled ABP by rat epithelial epi-
didymal cells {5] have been demonstrated.

Highly purified ABP has been first isolated from
rat epididymis by several authors{6,7] using bio-
specific affinity chromatography with different
ligands. Recently, Gueant er al[8] have purified rat
testicular ABP to the same specific activity (as com-
pared to previous reports[6,7]) with four HPLC
steps and without affinity process. This protein was
also purified from rabbit epididymis and its concen-
tration is approximatively the same than in rat tissue
extracts [9].

In order to (a) investigate an eventual physiological
role of ABP in bull germ cell maturation and to (b)
characterize it biochemically, we decided to purify
this protein. Here we report the first purification of
ABP from bull epididymis where it is present at a
very low concentration compared to other models
previously described [6, 7, 9].

MATERIALS AND METHODS

Chemicals and reagents

5a-Dihydro[l,2,4,6, 7-*H]testosterone (DHT),
6.66 TBq/mmol, was obtained from Amersham and
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radioinert DHT from Sigma chemical Co. (St Louis,
Mo.). N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquino-
line (EEDQ) was from Merck (Darmstadt, F.R.G.).
DEAE-Trisacryl M and HMD-Ultrogel AcA 34
were purchased from IBF (France).

Cytosol preparation

Epididymides were collected from 2 yr-old bulls.
They were carefully dissected from testicular albugi-
nae, trimmed of fat and connective tissues, cut in very
small pieces and homogenized with an Ultra-Turrax
in two volumes of TEG buffer (10 mM Tris, 1.5 mM
EDTA, 10% (v/v) glycerol, 0.02% NaN,, pH = 7.5).
This homogenate was centrifuged 10 min at 1200 g at
4°C and the supernatant was submitted to a 106,000 g
ultracentrifugation for 1 h (4°C). The cytosolic frac-
tion was filtered through glass wool before the first
purification step.

Ammonium sulfate precipitation

Ammonium sulfate (390 g/l) was slowly added to
the cytosol while the pH was maintained with the
addition of NaOH. Following an overnight incu-
bation, the precipitate was recovered by centrifu-
gation at 17,500g for 45min and the pellet
resuspended in TEG buffer. This solution was centri-
fuged again to remove the insoluble material.

Anion exchange step

DEAE-Trisacryl M with high capacity (100 mg
BSA/ml of gel) was added to the cytosol in a ratio
of 1 ml packed gel per 50 mg total protein, then
layered on a Buchner and washed extensively with
TEG buffer. The fraction containing ABP was ob-
tained by eluting the anion matrix with 3 gel volumes
of TEG buffer + 200 mM (NH,); SO, and then con-
centrated using an YM30 Amicon membrane (Model
8400 cell).
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Affinity chromatography

The DHT-hexanoic acid (DHT-HA) ligand syn-
thetized by Musto er al[10] was coupled to the
functional amino groups of HMD-Ultrogel AcA 34
(6-carbon spacer arm) using EEDQ as coupling
agent. The reaction was carried out in 70% dioxane
using 100 ug of DHT-HA and 5 mg of EEDQ/ml of
gel, added twice, 5h apart. The affinity matrix was
washed extensively as previously described [9].

During the purification process, the sample was
applied on the affinity gel at a low flow rate (12 ml/h)
at 22°C and the column then washed with 10 bed
volumes (Vt) of TDK buffer (20 mM Tris, 10% (v/v)
dimethylformamide, | M KCl, pH = 7.5) at a 50 ml/h
flow rate. The specific elution was run at 4°C with
TDK buffer containing DHT (20 pg/ml), sequen-
tially: two Vt elution—16h incubation—two Vt
elution—12 h incubation—and finally one Vt elution.
The eluate was dialyzed against TEG buffer over-
night and then concentrated on an Amicon YM 30
membrane.

Gel filtration

The molecular weight was determined using an
Ultrogel AcA 34 column (1.5 x 77 cm) after loading
a cytosolic sample and bABP was measured in each
fraction (2.5 ml).

The gel filtration of the last purification step was
realized on a TSK-SW-3000 (7.5 x 600 mm) column
with a LKB HPLC system in a cold room at a 0.5 ml
flow rate.

ABP assay

The androgen binding protein was quantified by
measuring its binding capacity according to a method
that we have recently described [11]. Briefly, samples
are applied on a mini-column system, each column
containing 500 u1 packed DEAE-Biogel A. An exten-
sive washing allows the removal of endogenous an-
drogens. An incubation with tritiated S¢-DHT with
(non specific) or without (total binding) a 500-fold
excess of cold DHT was carried out inside the
mini-columns. “Free” DHT was eluted in 1 min using
a peristaltic pump with TEG buffer; “bound” DHT
was collected after layering 3 x 200 u! of TEG buffer
containing 200 mM NaCl and counted.

Lipid analysis

Lipids were extracted by the procedure of Foich
et al[12]. The phospholipid concentration was esti-
mated by a modification of the Bartlett method {13].
The fatty acid methyl esters were obtained by trans-
esterification of lipids with methanol-H,SO, at
70°C [14]. After extraction with heptane, they were
separated and identified by gas liquid chromatog-
raphy using a capillary column Carbowax 20 M
(50m) with a temperature programmation
(150-210°C at 1.5°C/min). Nonadecanoic acid was
used as internal standard.
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Fig. 1. Scatchard plot analysis of PHJDHT/ABP complex

from rat (A) or bull (B) epididymis. Samples of 10 ul or

250 ul respectively for rat (A) and bull (B) epididymal

cytosol were layered on the mini-columns (see Material and

Methods) and then incubated for 2h with increasing -

[PH)DHT concentrations (1.25-20 nM) in presence or ab-
sence of a 500-fold excess of cold DHT.
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Protein measurement

Protein concentration was measured by the dye
binding method of Bradford[15] using bovine serum
albumin as standard.

RESULTS AND DISCUSSION

Partial characterization of cytosolic bABP

Scatchard analysis of bull cytosolic epididymal
samples demonstrated the presence of a binding
protein with a high affinity for labelled 5¢-DHT.
The equilibrium dissociation constant(K, = 4.12 nM)
gives the same value than that obtained, using
the same technique, for epididymal rat ABP
(K;= 4.2 nM) (Fig. 1A and B). Repeated experiments
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Fig. 2. Molecular weight determination of the cytosolic bull
Androgen Binding Protein using an Ultrogel AcA 34
column (1.5 x 77cm). The column was equilibrated and
eluted with TEG bufier at a 26 ml/h flowrate in a cold room
and ABP was measured in each 2.5 ml fraction. Standard
proteins used for the column calibration were: catalase (C;
232,000), aldolase (A; 158,000), transferrin (T; 77,000),
Chymotrypsinogen (Ch; 25,000) and ribonuclease (R;
13,700). Tritiated water and dextran blue were used to
determine Vt and Vo respectively.
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Fig. 3. The affinity matrix. Two types of ligand were successively used: (a) Sxz-dihydrotestosierone,

178 -hemisuccinate (DHT-HS) and (b) Sx-dihydrotestosterone, 17x-hexanoic acid (DHT-HA). These

affinity sorbents are coupled to diaminohexane-Ultrogel (HMD-Ultrogel) with a dihydroquinoline
(EEDQ) as coupling agent,
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yielded K, values always ranging from 4 to 4.5nM
and from 3.9 to 4.7 nM, respectively, for rat and bull
ABP. Molecular weight determination was per-
formed on an AcA 34 gel filtration column and
exhibited binding around 100 kDa (Fig. 2) in agree-
ment with rat ABP data {16}, Furthermore, no loss of
binding capacity was observed when the cytosolic
sample was preincubated at 50°C for 30 min, which
is a good criteria to distinguish ABP from a steroid
receptor.

Specific activity

The first difficulty encountered in the purification
of bull ABP is due to its very low concentration in
this species. Our data for ABP specific activity in bull
epididymis were around 40fmols/mg of proteins
and over 1600 fmols/mg of proteins in rat epi-
didymis [11, 17]. Related values around 2000 fmols/
mg of proteins were reported by authors in rat [6, 7]
or rabbit [9] epididymis. So, there is about 50-fold less
ABP in bull epididymal tissue when compared to
other mammals. This interspecies variation appears
more important when expressed as ABP content per
gram of tissue, i.e. 368 and 40,600 fmols ABP/g of
epididymis respectively in bull and rat, corresponding
to a 110 ratio.

Affinity chromatography

Due to such a low concentration, a biospecific
affinity step seemed essential. In preliminary experi-
ments, an affinity matrix was prepared by synthetiz-
ing a Sea-dihydrotestosterone 17f-hemisuccinate
(DHT-HS) ligand according to the Mickelson proce-
dure[18)], then coupled to diaminohexane-Ultrogel
using EEDQ as described in Materials and Methods
(Fig. 3); but the recovery was poor, not reproducible
and decreased rapidly during repeated separations. A
second affinity matrix has been prepared using a new
ligand, 5«-dihydrotestosterone 17a-hexanoic acid
(DHT-HA)[10] (Fig. 3), which gave better resuits
(25-30% purification yield for this step) and could be
used again.

SB 35/2—K

Hemisuccinate steroid derivatives have been
largely used for purification of vitamin D[19] or
androgen [20] receptors, testosterone-estradiol bind-
ing globulin [18, 21] and also for rat ABP {4},

In fact, two hypotheses can be proposed to explain
this second difficulty (a) steroids linked through
hemisuccinate ester bond to the matrix can be cleaved
by non specific esterases present in epididymal ex-
tracts [6, 10}, and (b) linking DHT to an arm spacer
at a 17x-position allows to keep “free” the 178-
hydroxy group which could play a role in a high
affinity protein binding [22].

Ammonium salt precipitation

Ammonium sulfate was added to bull epididymal
cytosol to a 60% saturation and the solubilized
precipitate layered on the affinity column, Results
presented in Table 1 underline the third difficulty:
only about 40% of the ABP binding capacity was
recovered after the ammonium sulfate step whereasin
other models the yield was 77-95% [6, 9]

In order to localize the ABP precipitation peak,
fractions of an epididymal cytosol were treated with
increasing ammonium sulfate concentration from
30 to 80%. Surprisingly, except for the lowest concen-
trations, there was always proportionally less precip-
itated ABP than total proteins leading to a
purification factor constantly < 1. In fact, the missing
ABP was only partially recovered in the supernatant
fraction (from 50 to 80%) and thus is mainly included

Table . Purification of bull epididymal ABP: fiirst

procedure

Specific Yield Purification
Step activity® {%) factor
Cytosol 325 100 i
(NH4), S04 26.4 40 0.8
ppt (60% sat}
Affinity 46,264 10 1400
Chromatography 247" (1750

“Specific activity is expressed as fmols of [PHJDHT
bound/mg protein; ®results in parentheses are refated to
the previous step.
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Table 2. Lipid distribution after salt precipitation

Proteins Phospholipids Fatty acids
Sample (%) (ug/mg Protein) (%)  (ug/mg Protein) (%)
Cytosol 100 274 100 28.8 100
Supernatant 16 1.4 1 28.1 16
Precipitate 74 6.9 19 9.5 24
(free of insoluble material)
Insoluble material® 10 221 80 173 60
*Values in this fraction were deducted from calculation.
Table 3. Purification of bull epididymal ABP: second procedure
Protein ABP Specific Yield Purification
Step (mg) (fmols) activity” (%) factor
Cytosol 10,622 403,636 38 100 1
DEAE-Trisacryl 3515 276,750 78.8 68.5 2.07
Affinity chromatography 0.694 77,490 111,697 19.2 2940
(28)° (1420
GP-HPLC 0.125 36,420 291,360 9 7667
@ne (2.6)°

*Specific activity is expressed as fmols of PHIDHT bound/mg protein; ®results in parentheses are related to

the previous step.

in the insoluble material that was formed in presence
of salt and was eliminated during the second centri-
fugation. This material is heterogeneous and partly
represented by lipid components: diethylether extrac-
tion produces a gelatinous pack inside the organic
phase. To get more precision on the nature of these
components, total fatty acids (esterified and non
esterified) and phospholipids were assayed in cytosol
and in parts of salt fractionation, but also in rat
epididymal cytosol. Results demonstrate (a) that the
fatty acid concentration was 2-fold higher in bull than
in rat cytosol (respectively 28.8 and 14.2 ug/mg
proteins), (b) that the phospholipid concentration
was 3-fold higher in bull than in rat cytosol (respec-
tively 27.4 and 9.5 ug/mg proteins), (c) after salt
fractionation, only 40% of fatty acid and 20% of
phospholipids were present in the supernatant and
in the solubilized pellet free of insoluble material
(Table 2).

Probably ABP, known to exhibit non polar proper-
ties due to its amino acid composition {7], was partly
carried by hydrophobic interactions with components
(mainly phospholipids, quantitatively more impor-
tant in bull than in rat cytosol and largely concen-
trated in the insoluble material fraction) which
floculated in presence of salt. Such affinity between
steroid binding proteins (plasma globulins or recep-
tors) and lipids (fatty acids) have been demonstrated
by Nunez et al.[23] and Vallette et al.[24].

Purification process

A second procedure, in which the ammonium
sulfate precipitation has been replaced by an anion
exchange step in batch, allowed a better ABP recov-
ery (near 70%) and a 2-fold increase in specific
activity (Table 3). After concentration and affinity
chromatography, a 2940 purification factor was ob-
tained versus 1400 in the original procedure and a
2-fold better ABP recovery. HPLC gel filtration
yielded a 7667-fold purified protein by collecting only

U.V. abs. (206 nm)
10 3fmoles ABP

10 20 3'0

fraction number
Fig. 4. Fourth purification step by HPLC-gel filtration.
After salt and cold DHT removal by dialysis against TEG
buffer and concentration on YM30 Amicon membrane,
proteins collected from affinity chromatography were
layered on a TSK-SW-3000 column (600 x 7.5 mm)—
1000-300,000 MW range—and eluted at a 0.5 ml/min flow
rate. 1 ml fractions were collected and ABP was measured
in each of them (hatched columns). For the purification
process, aggregative forms (in the void volume) and fraction
17 were eliminated.

fractions 15 and 16 [Fig. 4]. Compared to ABP
purification in other species, our purification factor is
2.5-fold higher [7] or in the same order [6, 9] but the
final specific activity was different related to the initial
concentration in tissue extracts.

In conclusion, the present data described the main
difficulties in purifying bull epididymal ABP (a) a
very low concentration in tissue extracts, (b) the
choice of ligand for more reliable affinity step, and (c)
the presence of cytosolic components which makes
ammonium sulfate precipitation not suitable. Never-
theless, bull androgen binding protein was nearly
7700-fold purified with a 9% yield.
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