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PURIFICATION OF 45KDA ESTRAMUSTINE
BINDING PROTEIN (EMBP) AND
PREPARATION OF ITS ANTIBODY

Hisako Yuasa, Hidetoshi Yamanaka,

Kyoichi Imai and Tohru Mashimo

From the Department of Urology, Gunma University School of Medicine

Hideki Kohno
From the Mitsubishi Chemical Industries Ltd. Research Center

The purification of 4$5KDa EMBP and the production of monospecific anti-serum is described.
45KDa EMBP was purified by relatively simple methods using ion exchange HPLC (TSK-GEL
DEAE-5PW column) and size exclusion HPLC (TSK-GEL G3000SW column). The results clearly
demonstrated the speed and simplicity of the method using these columns, compared to previously-
described methods for purification of 45KDa EMBP,
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INTRODUCTION

Estramustine binding protein (EMBP)
was discovered during investigation of
estramustine phosphate (Estracyt, estra-
diol-3N-bis- (2-chloroethyl) carbamate-174-
phosphate), a drug used for the treatment
of prostate cancer'™®, This protein may
be identical to a protein studied by several
investigators, called a-protein by Liao et
al.¥, prostatic binding protein by Heyns
et al.5® and prostatein by Lea et al?,
Although the biological function of this
protein is not clear, it can bind non-polar
steroids!'®, cholesterol®, proline-rich po-
lypeptides®” and chemical carcinogens!®.
Study of this specific protein in detail
requires purification of 45KDa EMBP and
production of a monospecific anti-serum.

MATERIALS AND METHODS

Chemicals and radiochemical com-
pounds: 3H-estramustine (2, 4,6, 7-3H (N)-
estradiol-17 3-3N-bis- (2-chloroethyl) carba-
mate: 105Ci/mmole] and estramustine
were kindly supplied by AB Leo, Hel-
singborg, Sweden.

Animals: Male Sprague-Dawley strain
rats were purchased from Japan Charles
River Co. at 9-10 weeks of age.

Purification of 45KDa EMBP : The
prostates of 9-to 10-week-old rats were
removed, immediately frozen in liquid
nitrogen and stored at —80°C until use.
The frozen prostates were pulverized and
homogenized in about 3 volumes of a
buffer containing 10 mM Tris-HCl (pH 7.
2), 1mM EDTA, 0.1mM dithiothreitol
and 10% glycerol (TEDG bufler), using
a Polytron PT (Kinematica Switzerland).
The homogenate was centrifuged for 60
min at 105000¢ in a Hitachi RP 80T
rotor and the supernatant (cytosol) was
carefully separated. The supernatant was
applied to an ion exchange HPLC (TSK-
GEL DEAE-5PW column). The elution
was performed at 1 ml per minute with a
30-minute linear gradient from 50 mM
Tris-HC! (pH 7.2) buffer to 0.4M sodium
chloride-containing 50 mM Tris-HCl (pH
7.2) buffer. The fractions containing a
sharp radioactive peak were combined
and injected into a size exclusion HPLC
(TSK-GEL G3000SW). The elution was
performed at 1ml per minute using 0.075
M phosphate buffer (pH 7.2).

Immunization: Two rabbits were im-
munized with the purified 45KDa EMBP.
The protein, 1 mg in 0.5ml of phosphate
buffer solution, was mixed with 0.6 ml of
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Freund complete adjuvant and injected
intradermaly at multiple sites. Booster
injections were given twice a month
after the first injection. The rabbits were
bled from an ear vein 6 weeks after the
first injection and bled out 8 weeks later.
IgG was purified from rabbit anti-rat 45-
KDa EMBP serum using an ion exchange
HPLC (TSK-GEL DEAE-5PW column).

Polyacrylamide gel electrophoresis: Elec-
trophoresis was performed in 7 % acryl-
amide gel, without 8SDS, in system No. 3
of Maurer & Allen!® or in 15 % gel con-
taining 0.1% SDS, as described by Laem-
mli!», Before SDS polyacrylamide gel
electrophoresis, the samples were boiled
with 2% SDS, with or without S-mercap-
toethanol. The gels were stained for
protein with Coomassie Brilliant Blue R
250.

Analysis of amino acid composition :
About 200 g of purified 45KDa EMBP
was hydrolysed with 12N HCI and analyzed
for amino acid composition at Yanaco
Laboratory, Kyoto, Japan.

Protein and carbohydrate measurement:
Protein was measured wusing the method
of Lowry et al1®, with BSA as a standard.
Carbohydrate was measured by the
orcinol-sulfuric acid method!#.
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RESULTS

Purification of 456KDa EMBP from the
rat ventral prostate: Fig. 1-(1) shows the
elution profile of rat ventral prostate
cytosol incubated with *H-estramustine on
an ion exchange HPLC, which is the first
step of 45KDa EMBP purification. Two
radioactive peaks were seen (peak A and
peak B). Peak B corresponded to the
sharp protein peak at 280nm. The
fractions corresponding to peak B were
combined, and were applied to a TSK-
GEL G3000SW column (the second step
of purification). In the eluate of the size
exclusion HPLC there was a striking cor-
relation between the binding activity and
the protein peak (Fig. 1-(2)). This main
radioactive peak corresponded to the
protein peak with a molecular weight of
45,000. The top fractions of this peak
were combined and used for immuniza-
tion.

Polyacrylamide gel electrophoresis and
amino acid composition of the purified
45KDa EMBP Polyacrylamide gel
electrophoresis of the purified 45KDa
EMBP, in the absence of sodium dode-
cylsulphate and disulfide bridge reducing
agent in system No. 3 of Maurer & Allen,
showed a single protein band, indicating
a homogeneous preparation of the protein

(2)Second step
Size exclusion HPLC
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Fig. 1. Purification of 45KDa EMBP from the rat ventral prostate
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Fig. 2. Polyacrylamide gel electrophoresis of the purified 45KDa EMBP.
Gels A and B were composed of purified 46KDa EMBP analyzed in
the absence and presence, respectively, of SDS (samples were not

treated with B-mercaptoethanol).

Gel C contained SDS and the

sample was treated with SDS and B-mercaptoethanol. The indicated
molecular weights corresponded to the following marker proteins:
bovine serum albumin (68,000), egg albumin (45,000), chymotryp-
sinogen A (25,000), cytochrome C (12,500) and aprotinin (6,500).

Proteins migrated from the top of the gels toward the anode at the

bottom of the gels.

(Fig. 2-A). Analysis by SDS-polyacryl-
amide gel electrophoresis showed that
45KDa EMBP dissociated into two well-
separated bands, corresponding to the S
(slow) and F (fast) subunits (Fig. 2-B).
The molecular weights were about 20,000
for subunit S and 18,000 for subunit F.
After reduction, these bands disappeared
and were replaced by three bands (com-
ponents 1, 2 and 3) (Fig. 2-C). The molec-
ular weights of components 1, 2 and 3
were about 6,000, 10,000 and 13,000, res-
pectively. Table 1 shows the amino acid
composition of the purified 45KDa EMBP.
Sulfur-containing amino acids accounted
for about 3% (molar basis) and about 26
9% of the acidic amino acids. The presence
of about 5% carbohydrate indicated that
45K Da EMBP was a glycoprotein.

The reaction between the purified 45
KDa EMBP and the IgG fraction of
rabbit anti-45KDa EMBP serum: Fig. 3
shows the elution profile of purified 45K Da
EMBP labelled with 3H-estramustine on
an ion exchange HPLC after incubation
with normal rabbit serum (control) or an
IgG fraction of rabbit anti-45KDa EMBP
serum. Incubation with normal rabbit

serum did not change the radioactive
peak. After incubation with the IgG frac-
tion of rabbit anti-45KDa EMBP serum,
the radioactive peak at 45KDa EMBP
disappeared, indicating an immunoreac-
tion between the purified 45KDa EMBP
and the rabbit anti-45KDa EMBP serum.

DISCUSSION

The present investigation demonstrated
that 45KDa EMBP from the rat ventral
prostate was purified using relatively
simple procedures. The present results of
polyacrylamide gel electrophoresis coin-
cided with the results of Heyns et al.®.
They reported that this protein was a het-
erodimer consisting of S and F subunits,
each subunit contained two disulfide
linked polypeptides C3-C2 and C3-Cl,
respectively. The amino acid composition
of the 45KDa EMBP (Table 1) coincided
with that described by Gustafsson et al.1®,
Fig. 3 also indicates that the purified
45KDa EMBP has a reliable binding
ability for estramustine. These results
clearly demonstrate that the usage of the
TSK-GEL DEAE-5PW and TSK-GEL
G3000SW columns' offered a faster and
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The reaction between the purified 45
KDa EMBP with IgG fraction of rabbit
anti-45KDa EMBP serum. 10ug of
purified 45KDa EMBP dissolved in
TEDG buffer was incubated for 3 hours
at 0°C with 1 x108M 3H-estramustine.
Various amounts of IgG fraction of
rabbit anti-45KDa EMBP serum were
then added to the incubated solution
containing 3 pg of the 3H-estramustine
labelled 45KDa EMBP. The fixed
amounts of the incubated solution were
injected into the ion exchange HPLC
on the TSK-GEL DEAE-5PW column.
The elution was performed at 1ml per
minute with a 30 minute linear elution
gradient from 50 mM Tris-HCI (pH 7.2)
buffer to 0.4M sodium chloride-contain-
ing 50 mM Tris-HCl (pH 7.2) buffer.
O—Q: 3 ug of purified 45 KDa EMBP
labelled with ?H-estramustine

3 pg of purified 45KDa EMBP
labelled with *H-estramustine +
rabbit serum

3 pg of purified 45 KDa EMBP
labelled with ?H-estramustine +
3375 ug of IgG fraction of
rabbit anti-45KDa EMBP serum

O

x—x: 3 pg of purified 45 KDa EMBP
labelled with 3H-estramustine +
33.8 pg of 1gG fraction of rabbit
anti-45KDa EMBP serum

A—A: 3 pg of purified 45 KDa EMBP

labelled with 3H-estramustine +
6.75 g of IgG fraction of rab-
bit anti-45KDa EMBP serum

Table 1. The amino acid composition of the
purified 45KDa EMBP. About 200 pg
of purified 46KDa EMBP was hydro-
lyzed with I2N HCl and analyzed
for amino acid composition at Yanaco
Laboratory, Kyoto,

Amino acid mole %
Aspartic acid 10.17 (2)
Threonine 6.17
Serine 6.69
Glutamic acid 15.57 (1)
Proline 3.66
Glycine 4.45
Alanine 5.93
Cystine 0.27
Valine 8.76 (4)
Methionine 2.48
Isoleucine 5.562
Leucine 9.44 (3)
Tyrosine 3.47
Phenylalanine 5.04
Lysine 7.77
Histidine 1.60
Arginine 3.01

100.00

simpler method for purification of 45KDa
EMBP than the method previously de-
scribed by other investigatorsi:57,
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