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ABSTRACT: Semenogelin | and Il (Sg | and Il) are the major com-
ponents of human semen coagulum. The protein is rapidly cleaved
after ejaculation by the chymotrypsin-like protease prostate-specific
antigen (PSA), which results in the liquefaction of the semen coag-
ulum and the progressive release of motile spermatozoa. One of the
cleavage products of the protein, a 14-kDa protein, is a sperm mo-
tility inhibitor (seminal plasma motility inhibitor [SPMI]). We devel-
oped a monoclonal antibody (mAb) that is specific to the fragment
of Sgs, SPMI, and a sandwich enzyme-linked immunosorbent assay
(ELISA) system for the quantification of Sgs using this mAb. Then,
we measured SPMI/Sg levels in human seminal plasma from healthy

male volunteers (n = 100, aged 18-24 years). The mean level of
SPMI/Sg in seminal plasma was 19 = 13 mg/mL (range, 4-68 mg/
mL). Log-transformed SPMI/Sg levels were negatively correlated
with the sperm motility (r = —0.229, P = .0220) and positively cor-
related with the total protein concentration (r = 0.793, P < .0001).
This result supports that SPMI, one of the fragments of Sg, has its
inhibitory effect on ejaculated spermatozoa in liqguefied semen under
physiological conditions.
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he mgjor structural components of human semen co-

agulum have been described as a disulfide-linked
complex of the 52-kDa protein, known as semenogelin |
(Sg 1), and 2 forms of an Sg |-related protein of 71 and
76 kDa (semenogelin 11 [Sg I1]), al originating from sem-
inal vesicle secretions (Chaistitvanich and Boonsaeng,
1983; Lilja and Laurell, 1984, 1985). The fragmentation
of Sg that occurs after gjaculation has been associated
mainly with the proteolytic activity of prostate-specific
antigen (PSA) (Lilja, 1985; Lilja et al, 1987, 1989;
McGee and Herr, 1988). One of the fragments, which is
known as a semina plasma motility inhibitor (SPMI)
(lwamoto and Gagnon, 1988b), inhibits the sperm motil-
ity of demembranated spermatozoa and of intact sper-
matozoa when concentrations are 1000-fold higher than
demembranated spermatozoa (Iwamoto and Gagnon,
19884). Previously, we observed the SPMI activity on
demembranated spermatozoa in human seminal plasma
did not correlate with sperm motility (Iwamoto, 1999).
Recently, Koistinen et al (2002) developed an immuno-
fluorometric assay for Sg using an anti-Sg monoclonal
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antibody (mAb) to measure Sg levels in seminal plasma.
They found no correlation between the Sg concentration
and the volume of the gaculate, sperm concentration,
sperm motility, or in vitro fertilization rate. There is an-
other fragment of Sg, the antigen recognized by the
monoclonal mouse anti-human sperm antibody 5 (MHS-
5). This antibody was originally raised against whole
spermatozoa but was found to recognize a sperm-coating
antigen originating from the seminal vesicles (Herr et al,
1986; McGee and Herr, 1987, 1988) and was used for
MHS-5-enzyme-linked immunosorbent assay (ELISA) to
detect human semen in forensic samples (Herr and Wood-
ward, 1987; Kell et al, 1996). However, no study has re-
ported on the quantification of Sg in seminal plasma with
the MHS-5-ELISA system.

To evaluate the Sg quantity in liquefied semina plas-
ma, it isimportant that the stable antigen fragment is used
to raise the antibody. Moreover, it is suggested that the
criteria used when targeting the sperm motility region of
the Sg antigen also focus on clarifying the role that it
plays after the liquefaction of spermatozoa. Previously,
we demonstrated that recombinant Sg | (rSg 1) that lacks
the SPMI region lost its inhibitory activity on demem-
branated spermatozoa (Miyano et a, 2003). Therefore, we
produced an mAb that recognized the SPMI fragment of
Sg and developed a sandwich ELISA system to quantify
the original Sg concentration in semina plasma. In the
present study, the relationship between Sg levels in sem-
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inal plasma and semen parameters, which were obtained
from semen analysis, was examined to elucidate the func-
tion of SPMI under physiological conditions.

Materials and Methods

Sample Preparations

Semen samples were collected from human male volunteers (n
= 100, aged 18-24 years) by masturbation in a sterile container
after at least 48 hours of abstinence. Each semen sample was
liquefied for 15-30 minutes at 37°C before assessment of sperm
parameters. After an assessment of sperm parameters according
to World Health Organization guidelines (1999) for seminal plas-
ma preparations, liquefied semen was centrifuged to eliminate
the solid materials. The supernatants as seminal plasma were
placed in aliquots and frozen at —80°C until analysis.

The tissue specimens of the seminal vesicle and prostate were
obtained from patients (n = 2) who were undergoing a prosta-
tectomy for prostate cancer. The epididymis and testis were from
a patient who was undergoing an orchiectomy for a testicular
tumor. These specimens were fixed with 10% formalin in phos-
phate-buffered saline (PBS) for 12 hours at 25°C and embedded
in paraffin. The 5- to 7-um-thick sections were cut with a mi-
crotome and mounted on glass slides (Mitsubishi Biochemical
Laboratory, Tokyo, Japan). These sections were provided for im-
munohistochemistry after deparaffinization and dehydration.

Anti-Sg polyclonal antibody (pAb) was prepared by immu-
nizing rabbits with human rSg 11 and purified by affinity-column
chromatography with protein G-sepharose (HiTrap Protein G,
Amersham Biosciences, Uppsala, Sweden). Mice were also im-
munized with human rSg Il to produce an mAb. The mAb F11
was purified from mouse ascitic fluid by affinity-column chro-
matography with protein G-sepharose (HiTrap Protein G, Amer-
sham).

The Ethical Committee/Institutional Review Board of St Mar-
ianna University approved the study. Informed consent was ob-
tained from volunteers before the use of their tissue or semen
for research.

Western Blotting

rSg proteins rSg | (aa 23-462), rSg |, which lacks the SPMI
region (aa 108-159 were deleted from rSg I; rSg | [—SPMI]),
and rSg |, which lacks the repeat region (aa 320-379 were de-
leted from rSg I; rSg | [—repeat]) were produced by the bacu-
lovirus system in Spodoptera frugiperda (Sf21) cells. A recom-
binant SPMI fragment (aa 108-159; rSPMI) was produced by
Escherichia coli. Then, these recombinant proteins were purified
with the QIA express Ni-NTA Protein Purification System (QIA-
GEN, Hilden, Germany) as previously reported (Murakami et al,
1998; Miyano et al, 2003). Seminal plasma and purified recom-
binant protein samples were solubilized in sodium dodecyl sul-
fate (SDS) sample buffer (62.5 mM Tris-HCI, pH 6.8, 10% glyc-
erol, 2% SDS, 5% B-mercaptoethanol, and 0.0125% bromo-
phenol blue), after the measurement of each protein concentra-
tion by the bicinchoninic acid assay (Smith et al, 1985) using
bovine serum albumin (BSA) as a standard. Molecul ar-mass sep-
arations were carried out on 10%—20% (wt/vol) gradient poly-
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Figure 1. A typical standard curve (circles) and the mean *+ standard
deviation of the coefficient of variation (n = 5) (squares) obtained with
the enzyme-linked immunosorbent assay (ELISA) system of seminal
plasma motility inhibitor/semenogelin (SPMI/Sg).

acrylamide SDS gels. These gels were electroblotted onto po-
lyvinylidene difluoride membranes, and the membranes were
stained with Coomassie brilliant blue R-250 or blocked for 1
hour at 37°C with a solution of 5% (wt/vol) nonfat dried milk
in Tris-buffered saline (20 mM, pH 7.8) supplemented with
Tween 20 (0.05%; TBS-T). The membranes were incubated ei-
ther with anti-human rSg mAb (F11) or with mouse normal im-
munoglobulin G (IgG) at 1 wg/mL in TBS-T containing 5% (wt/
vol) nonfat dried milk for 1 hour at 37°C. After 3 washes in
TBS-T for 5 minutes, the membranes were incubated with goat
anti-mouse 1gG conjugated with akaline phosphatase (BioRad,
Richmond, Calif) at a dilution of 1:3000 in TBS-T for 30 min-
utes at 37°C. Following several washes in TBS-T, detection was
performed with 5-bromo-4-chloro-3-indolylphosphate/nitro blue
tetrazolium (BCIP/NBT; Sigma Chemical Co, St Louis, Mo).

Immunohistochemistry

The tissue sections were blocked for endogenous peroxidase ac-
tivity with 3% hydrogen peroxide in methanol for 15 minutes.
Nonspecific antibody binding was blocked in PBS containing
10% normal goat serum for 1 hour at room temperature. The
sections were incubated with the mAb F11 at 5 pg/mL or with
norma mouse 1gG as a negative control at 5 wg/mL in PBS
containing 10% normal goat serum for 1 hour at 37°C. Each
section was treated with peroxidase-conjugated anti-mouse 1gG
(Histofine Simple Stain MAX PO, Nichirei, Tokyo) for 30 min-
utes at room temperature and developed with 3-amino-n-ethyl-
carbazole (Nichirel) for visualization. Sections were counter-
stained with Mayer hematoxylin for 10 seconds and mounted in
aqueous permanent mounting solution (Nichirei).

The Quartz-Crystal Microbalance

The fragment peptides of SPMI that were chemically synthesized
and purified by reverse-phase high-pressure liquid chromatog-
raphy (HPLC) were purchased from the manufacturer (QIAGEN
K. K., Tokyo, Japan). Detection of peptides binding to the mAb
F11 was carried out using a quartz-crystal microbalance (QCM)
technique. A QCM is a very sensitive mass-measuring device.
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Figure 2. Western immunoblot analysis of seminal plasma motility inhib-
itor/semenogelin (SPMI/Sg). The left panel shows the membrane stained
with a Cbbr protein, and the right panel shows the membrane stained
with anti-Sg F11 monoclonal antibody (mAb). Lane 1: rSg |. Lane 2: rSg
I (—SPMI). Lane 3: rSg | (—repeat). Lane 4: SPMI fragment. Lane 5:
urea-treated seminal plasma. Lane 6: liquefied seminal plasma.

Its resonance frequency decreases linearly upon the increase of
the mass on the QCM electrode at nanogram levels (Okahata et
al, 1999). Previoudly, this technique was applied for protein—
DNA interactions using a 27-MHz QCM (Okahata et al, 1998);
however, there has been no study of protein—protein interactions.
First, the mAb F11 (0.8 wg) was immobilized on agold electrode
surface of a 27-MHz QCM with hydrophobic interactions, and
the frequency of the electrode was detected and recorded with a
frequency counter—equipped computer (Affinix Q System, Ini-
tium Inc, Tokyo, Japan) in the mixing chamber containing PBS
at 25°C. After stabilization, each peptide or rSPMI was added to
the chamber at 10 pg/mL, and the changes in frequency were
recorded. We confirmed the QCM result with Western blotting
as described above. Purified Sg proteins were separated using
10% SDS gel. For immunoblot, mAb F11 (0.3 pg/mL) and
mMADbF11 (0.3 pg/mL) preabsorbed with each peptide (5 pg/mL)
were used.

Determination of SPMI/Sg in Seminal Plasma

Semina plasma levels of Sg were measured using a sandwich
ELISA system that we developed for this study. This was an
ELISA system with a quantitative sandwich technique using mi-
crotiter plates. A human seminal plasma sample diluted with a
dilution buffer (0.1 M phosphate buffer, pH 7.5, containing 0.9%
NaCl, 0.1% Tween 20, and 1% BSA) was placed into the wells
of amicrotiter plate precoated with the mAb F11 at 400 ng/well.
As the detecting antibody, the anti-Sg pAb was added to the
wells at 100 ng/well in the dilution buffer. The secondary anti-
body, horseradish peroxidase—conjugated goat anti-rabbit 1gG
(Zymed Laboratories Inc, San Francisco, Calif), was added to
the wells at 1:4000 diluted with the dilution buffer. The resulting
absorbance with o-phenylendiamine was proportional to the
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amount of bound Sg, and was measured at 492 nm; concentra-
tions were estimated using a standard curve. HPL C-purified Sg
Il was prepared by a modified method previously reported (Rob-
ert and Gagnon, 1996) and was used as the standard. Briefly,
semen samples treated with 8 M urea were reduced with dithio-
threitol and treated with iodoacetamide; then, the centrifuged
supernatant was loaded onto an SP-Sepharose column (Amer-
sham Biosciences, Tokyo, Japan). Among the fractions of Sg that
were eluted with a linear gradient of NaCl (0—400 mM), the
former fractions containing Sg Il were pooled and loaded onto
an HPLC column (Vydac C4, The Separation Group, Hesperia,
Cdif). The eluate containing purified Sg Il was lyophilized and
stored at —80°C until use. Protein concentration was measured
by the bicinchoninic acid assay (Smith et al, 1985) using BSA
as a standard. All measurements were performed in duplicate,
and the mean was taken. The minimum detectable concentration
was 15 ng/mL, and intra- and interassay coefficients of variation
were 6.3% and less than 10%, respectively. A typical standard
curve for HPLC-purified native Sg Il and the mean = standard
deviation of the coefficient of variation (%) (n = 5) are shown
in Figure 1. We used the linear segment of the standard curve
that ranged from 31 to 250 ng/mL for our measurements. The
dilutions of seminal plasma samples were selected from 3 values
[1) 1.6 X 105 2) 3.2 X 10° or 3) 6.4 X 107 in order that the
measured Sg level was within the range.

Statistical Analysis

Statistical analysis was conducted using the Mann-Whitney U
test for unpaired values and Spearman rank correlation coeffi-
cients for paired values, a P-value <.05 was considered signif-
icant. Simple linear regression analysis was evaluated between
the log-transformed Sg concentrations, sperm motility, and total
protein concentrations. A log transformation was used to obtain
a normal distribution of Sg concentrations.

Results

Immunoreactivity of the mAb F11

According to the Western blot analysis, the mAb F11 rec-
ognized the full-length rSg | (52 kd), rSg | (—repeat), and
rSPMI but did not recognize rSg | (—SPMI). The anti-
body also recognized the 14- and 18-kDa polypeptides
among Sg fragments in liquefied semen as well as the
full-length Sg | (52 kDa) and Sg Il (71 and 75 kDa) in
semina plasma when fragmentation was prevented with
8 M urea before liquefaction (Figure 2). Immunohisto-
chemical staining with this antibody showed reactivity in
glandular epithelial cells of the seminal vesicles (Figure
3A through C). No staining was observed in the prostate,
epididymis, or testis (data not shown). Figure 3E shows
typical frequency changes as a function of the mAb F11
immobilized on the QCM electrode with the addition of
peptide fragments EP1-3 of SPMI (Figure 3D) in PBS.
After the EP3 peptide fragment was injected at 10 pg/
mL, the frequency decreased (the mass increased) grad-
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Figure 3. Localization of seminal plasma motility inhibitor/'semenogelin
(SPMI/Sg) in seminal vesicles by immunohistochemical staining using
anti-Sg F11 monoclonal antibody (mAb) (A, C). The negative control is
a nonspecific mouse immunoglobulin that has replaced the Sg antibody
(B). Bar = 20 wm. (D—F) Determination of the epitope of anti-Sg F11
mADb by synthesized peptides and QCM. Amino acid sequenes of SPMI
fragments region in Sg | and Sg Il (D). For epitope determination, EP1,
EP2, and EP3 peptides ere used. Typical time courses of frequency
changes of the anti-sg F11 mAb immobilized ACM, responding to the
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Table 1. Spearman correlation coefficients (p) and P-values for
correlations between Sg concentration and semen quality in
healthy male volunteers*

Sg
p P
Total protein 754 <.0001
Age .009 .9316
Volume 471 .8890
Sperm concentration .058 .5629
% progressive sperm cells -.178 .0772

* Sg indicates semenogelin.

ually for approximately 5 minutes at —AF = 9 Hz as a
result of the binding of the peptide fragment EP3 onto
the mAb F11 (Figure 3E and F). The addition of rSPMI
also showed the binding to the mAb F11 (Figure 3E). For
the Western blot analysis with preabsorbed mAb F11 with
EP1-3, the incubations with mAb F11 preabsorbed with
excess EP3 peptides showed no immunological staining
to purified Sg | and Il (Figure 3G) and the fragments of
Sg in seminal plasma (data not shown).

Correlation of Sg Levels With Sperm Parameters

The average Sg concentration in liquefied seminal plasma
was 19 = 13 mg/mL (range, 4—68 mg/mL, n = 100). The
SPMI/Sg concentrations were correlated with the total
protein concentrations but not with any other semen pa-
rameters (Table 1). However, after log transformation, the
SPMI/Sg concentrations were correlated positively with
the total protein concentrations (r = 0.793, P < .0001)
and negatively with the percentages of sperm with for-
ward progression (r = —0.229, P = .0220) (Figure 4).
No significant difference in the mean of SPMI/Sg con-
centration was found between the oligozoospermic group
(sperm concentration =20 X 10%mL) and the group with
the normal sperm concentration (sperm concentration
>20 X 10/mL) or between the asthenozoospermic group
(sperm motility =50%) and the group with normal sperm
progression (sperm motility >50%) (Table 2).

Discussion
We generated an mAb recognizing the consensus amino

acid sequence in the SPMI fragment of Sg | and IlI. In
Western immunoblotting, the antibody reacted with the 52-

P

addition of EP1, EP2, and EP3 peptides (E). When the EP3 peptide was
added, the QCM frequency decreased. The blue line and the red line
show the predicted regression curve after adding EP2 and EP3 (F).
Western blot analysis with preabsorbed mAfF11l with EP1-3. The
mAbF11 perabsorbed by excess EP3 peptides shows no immunological
staining to purified Sg proteins (G).
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Figure 4. Seminal plasma motility inhibitor/semenogelin (SPMI/Sg) lev-

els in relation to sperm motility (A) or to total protein concentration of
seminal plasma (B) in healthy male volunteers (n = 100).

kDa band for the Sg | band, with the 71- and 76-kDa bands
for Sg Il in semina plasma before liquefaction, and with
2 low-molecular-mass bands of 14 and 18 kDa in seminal
plasma after liquefaction. The antibody also recognized rSg
I, r1Sg | (—repeat), and rSPMI but did not react with rSg |
(=SPMI). The higher-molecular-weight forms in the re-
combinant preparations were contaminated proteins, and
the higher-molecular-weight immunoreactive form in rSg |
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may be due to the accumulation of rSg |. The specificity
of the antibody was confirmed using QCM. Thisis a new
method for epitope mapping; however, there have been
many studies for detecting molecular interactions without
any labeling (eg, protein-DNA interaction) (Okahata et al,
1998). The antibody recognized a peptide with the se-
guence GTQNPSQDQGNSPSGKG (aa 138-154), which
exists in the carboxyl position of the SPMI fragment (aa
108-159) in both Sg | and II. This result was confirmed
by Western blotting with the preabsorbed antibody. The
antibody also interacted with whole rSPMI. The decrease
of frequency of the QCM electrode after adding rSPMI
was larger than the decrease caused by adding the peptide
E3 because the molecular mass of rSPMI is larger than
that of E3. Immunohistochemical staining with this anti-
body showed reactivity in glandular epithelia cells of the
semina vesicles, while it showed no reactivity in the nor-
mal region of the prostate, epididymis, and testis. These
immunohistochemical localizations were similar to staining
with other anti-Sg mAbs reported previously (Evans and
Herr, 1986; Bjartell et a, 1996; Koistinen et a, 2002).
The mAb F11 was found suitable for the quantification
of Sg in semina plasma after liquefaction, because frag-
ments of 14 and 18 kDa can be found that react with this
antibody in seminal plasma after liquefaction. Sg is the
physiological substrate of PSA, but the SPMI fragment
region appears to be resistant to its protease activity (Rob-
ert et al, 1997). The detection antibody in this ELISA
system, anti-Sg pAb, was demonstrated to be a suitable
antibody for the detection of Sg fragments as a marker
for human semen identification in forensic samples be-
cause of its high sensitivity and broad detection range of
Sg fragments (Sato et al, 2001). Therefore, this ELISA
system is suitable for the quantification of Sg as the pre-
cursor protein of SPMI in seminal plasma after liquefac-
tion. The estimated Sg | concentration in seminal plasma
immediately after gaculation was 7-11 mg/mL (Robert
and Gagnon, 1996). The present study showed that the
mean Sg concentration, 19 = 13 mg/mL, was the sum of
Sg | and II. Analysis of the gene structure of Sg indicates
that an equal number of molecules of both Sg | and Il
are expressed, so that the total Sg present was estimated
to be twice that of Sg I, 14-22 mg/mL. This estimated
value was within the range of the results from the present
study. Another quantification of Sg in seminal plasma us-

Table 2. SPMI/Sg concentrations (mg/mL) in different sperm concentrations or sperm motility groups in healthy male volunteers*

Group Mean (SD) Median (range)
Sperm concentration =20 X 10° (n = 84) 18.6 (12.0) 15.7 (4.2-67.9)
Sperm concentration <20 X 10° (n = 16) 20.2 (15.7) 14.6 (3.6-55.3)
Sperm motility =50% (n = 69) 17.5 (10.8) 15.0 (3.6-59.2)
Sperm motility <50% (n = 31) 21.8 (15.5) 14.9 (5.2-67.9)

* SPMI indicates seminal plasma motility inhibitor; Sg, semenogelin.
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ing an immunofluorometric assay showed that the con-
centration of Sg was 153 + 61 uM (20-350 uM) (Kois-
tinen et al, 2002). If the calculation was performed as the
sum of Sg | and I, the concentration of Sg is estimated
at 9.6 = 3.8 mg/mL (1.3-2.2 mg/mL). The use of differ-
ent methods and standards as well as dilutions of seminal
plasma may cause such a difference.

In this study, we showed that the SPMI activity of Sg
in liquefied human seminal plasma was estimated as the
quantity of the SPMI fragment of Sg and that the log-
transformed SPMI/Sg levels were negatively correlated
with the sperm motility (r = —0.23, P = .0213). As pre-
viously reported, both Sg and fragmented Sg inhibit
sperm motility; however, this effect on intact spermatozoa
is less than on demembranated-reactivated spermatozoa
(lwamoto and Gagnon, 1988a). Previously, levels of
SPMI activity in liquefied human semina plasma mea-
sured by a biological assay using demembranated sper-
matozoa were not correlated with sperm motility (Iwa-
moto, 1999). The assay system was sensitive for detecting
SPMI activity but not under physiological conditions. An
immunofluorometric assay using ah mAb, which was de-
veloped recently by another group, did not show a cor-
relation between Sg levels and sperm motility (Koistinen
et al, 2002). The antibody they used may be specific to
the Sg region except for the SPMI fragment, but they did
not show the epitope of the antibody. Moreover, these 2
previous studies were concerned with infertile patients.
The use of healthy male volunteers was one reason we
detected the correlation between SPMI/Sg levels and
sperm motility.

There was no significant difference in the mean of the
SPMI/Sg concentration between the asthenozoospermic
group (=50%) and the group with normal sperm pro-
gression (>50%) (Table 2). The results from this study
suggest that the cause-and-effect relationship between
SPMI/Sg and asthenozoospermia depends on the condi-
tion of the spermatozoa; therefore, the receptor and sig-
naling mechanism of SPMI must be elucidated before fur-
ther discussion about the relationship between the levels
of SPMI/Sg and asthenozoospermia can occur.
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