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ABSTRACT

The objective was to establish an in vitro system in which
bovine oocytes can be matured, fertilized, and cultured up to
the blastocyst stage without support of serum, BSA, or somatic
cells. Media consisted of modified tissue culture medium 199
(mTCM 199) with ovine LH (oLH) for maturation (IVM), exper-
imental alterations of modified defined medium (mDM) for
sperm selection and insemination (IVF), and citrate + synthetic
oviductal fluid + nonessential amino acids (c-SOF+NEA) for zy-
gote/embryo culture (IVC). Effects of heparin, BSA, polyvinyl
alcohol (PVA), penicillamine (P), Hepes, and sodium bicarbon-
ate (NaHCO,) were studied. Results included proportions of oo-
cytes that cleaved by 48 h and that reached morulae by 120 h,
blastocysts by 168 h, and expanded blastocysts by 216 h postin-
semination (pi). Best results were obtained when the IVF me-
dium included 0.5 mg P + 1.0 mg PVA per milliliter with no
more than 10 mM Hepes, and when 3.0 mg PVA/ml and 10 mM
Hepes were present for IVC. Different concentrations of Na-
HCO,, up to 50 mM from 25 mM, during IVF did not alter
results. Embryos produced in defined conditions yielding the
best results remained viable after vitrification as evidenced by
continued development in vitro for 96 h postthawing. Bovine
oocytes matured in defined medium supplemented with LH
were fertilized and cultured up to the blastocyst stage in chem-
ically defined conditions that afforded results comparable to
those reported earlier after inclusion of serum, BSA, and/or so-
matic cells.

INTRODUCTION

The development of defined bovine embryo culture Sys-
tems holds promise for ongoing efforts in reproductive
physiology and for utility in the embryo transfer industry.
Although a variety of embryo culture systems are employed
for in vitro embryo production, systems that include ovi-
duct epithelial cells [1-3], granulosa cells [4-6], or tropho-
blastic vesicles (2, 7] are lacking adequate definition to as-
sure quality control and repeatability. To eliminate exces-
sive variability, and to lead to better understanding of
preimplantational development, simplified culture systems
have been employed [8—14]. Recent reports on defined in
vitro conditions have assisted the understanding of molec-
ular mechanisms capable ‘of promoting or impeding early
embryonic development [15-17]. Amino acids [8,10, 13,
18-20], energy substrates [21, 22], citrate [13, 23], and vi-
tamins [10, 22, 24] can profoundly influence embryonic de-
velopment in vitro.

Serum and BSA are among the most common compo-
nents of media for mammalian embryo culture. Serum.,
which contains hormones, growth factors, vitamins. chela-
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tors for heavy metal ions, peptides, proteins, and an array
of defined and nondefined molecules [25], is generally in-
cluded as the fixed nitrogen source for the preimplantation
embryo [17]. However, serum was found to have a biphasic
influence on development of bovine embryos, being dele-
terious to the first cleavage division but stimulatory for
blastocyst development [11, 26]. In early mouse embryo
experiments, BSA ameliorated water quality when embryo-
toxicity was a problem [27]. BSA may be contaminated
with several extraneous peptides, energy substrates, and
growth factors [28, 29]. Different batches of commercially
available BSA might inhibit or stimulate embryonic devel-
opment [23, 26]. BSA has been commonly replaced by syn-
thetic macromolecules, polyvinyl alcohol (PVA) or poly-
vinylpyrrolidone (PVP), when chemically defined condi-
tions are desired [13, 30, 31].

Among other components investigated during in vitro
maturation, fertilization, and culture (IVMFC) are sodium
bicarbonate (NaHCO5) [32, 33); insulin, transferrin, and se-
lenium [34]; growth factors [35, 36]; gas atmosphere [37];
glucose [38]; penicillamine (P) [39]; antioxidants [40]; and
water quality [41]. However, completely defined conditions
have been unavailable for definitive testing; either serum
or BSA has been included for one or more of the steps
composing the IVMFC procedure. All incompletely defined
biological additives including heparin treatment for sperm
capacitation should be eliminated for a more accurate as-
sessment of influences of experimental treatments on
IVMFC outcome.

The objectives of this study were to define conditions
for sperm treatment, in vitro fertilization (IVF), and in vitro
culture (IVC) without compromising the quantity and qual-
ity of blastocyst production from immature oocytes via the
entire IVMFC system. Influences of heparin, BSA, PVA, P,
NaHCOj3, and Hepes during IVF and IVC were studied, and
products of IVMFC were challenged by vitrification to as-
sess competency for continuing in vitro development.

MATERIALS AND METHODS
Oocyte Recovery and In Vitro Maturation (IVM)

Oocyte collection and IVM were carried out as reported
earlier [13]. Briefly, bovine ovaries were obtained within
15-30 min after slaughter. Follicles 2-5 mm in diameter
were aspirated with a 10-cc syringe fitted with an 18-gauge
needle. Follicular aspirates were collected into a 50-ml
plastic flask (Falcon 3014; Becton Dickinson Labware.
Franklin Lakes, NJ) and then held at 30—-33°C during trans-
port to the laboratory (~2.5 h). Oocyte selection [42] and
all other manipulations were carried out at 39°C. Qocytes
with 3-4 layers of cumulus cells and having homogenous
cytoplasm were washed through PBS with 0.4 mg/ml poly-
vinyl aleohol (P-8136; Sigma Chemical Co., St. Louis,
MO) and transferred into 100-pl drops of mTCM 199
(M-3769, Sigma) with additions for IVM during a 24-h
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ABSTRACT

Boar epididymal antiagglutinin, previously shown to inhibit
sperm head-to-head agglutination, was purified from cauda ep-
ididymal plasma by precipitation with ammonium sulfate, anion-
exchange chromatography, and reverse-phase HPLC, and was
characterized by electrophoretic and membrane blotting tech-
niques. Blotting techniques, using the ECL Glycoprotein Detec-
tion System (Amersham Life Science, Buckinghamshire, UK) and
wheat germ agglutinin (WGA)-peroxidase, established the pres-
ence of sialic acid residues on purified antiagglutinin. Removal
of sialic acid residues from antiagglutinin greatly reduced its
immunoreactivity with the specific antiserum. Further purifica-
tion by two-dimensional PAGE established the presence of one
major and two minor forms that cross-reacted with the antise-
rum, with only the major form reacting with WGA-peroxidase.
Extracts of washed epididymal spermatozoa contained a poly-
peptide with the same electrophoretic mobility as the major
form. Additionally, the antiserum detected cross-reacting ma-
terial in seminal plasma and in extracts from ejaculated sper-
matozoa. When spermatozoa were incubated under conditions
shown to promote capacitation, the cross-reacting material
could not be detected in sperm extracts. These results are con-
sistent with the following conclusions: 1) antiagglutinin contains
sialic acid residues that may be related to its immunoreactivity
and molecular heterogeneity, and 2) either sperm-bound antiag-
glutinin is released or its epitope recognized by the antiserum
is altered after ejaculation and in vitro capacitation.

INTRODUCTION

Boar spermatozoa acquire the capacity for progressive
motility [1, 2], to bind tightly to zona pellucida [3] and to
the egg plasma membrane [1, 4] during epididymal transit.
Most cells acquire fertilizing ability in the distal corpus and
proximal cauda epididymides [5, 6]. In the cauda epididy-
midis, sperm fertilizing ability appears to be temporally re-
duced by the addition of stabilizing factors for effective
storage of spermatozoa. These factors have been identified
in boars [7, 8], but not characterized to the extent to which
the acrosome stabilizing factor of rabbits has been [9, 10].
The epididymal environment, which provides a favorable
environment for sperm to acquire fertilizing ability and for
sperm storage by epithelial secretion and absorption [11-
13]. is established by the interaction between epididymal
proteins and spermatozoa [14]. Russell et al. [15] and Da-
cheux et al. [16] compared SDS-PAGE and two-dimen-
sional PAGE patterns of fluids collected from different
regions of the boar epididymis. However, only limited data
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are available on the detailed characterization of the specific
boar epididymal proteins.

Bostwick et al. [17] identified a 133-kDa protein in cau-
da epididymal fluid whose distribution on spermatozoa
changed during epididymal transit. Dacheux and Dacheux
[18-20] observed the immunohistochemical distribution of
a 250-kDa antiagglutinin and its androgen-dependent se-
cretion. Okamura et al. [2], 22] showed the distribution of
a 135-kDa epididymal fluid protein (mannosidase) and
characterized its interaction with spermatozoa. We previ-
ously reported that a 25-kDa epididymal protein (antiag-
glutinin) effectively reduced head-to-head agglutination of
spermatozoa and maintained sperm progressive motility in
vitro [23]. The aims of this study were to further charac-
terize the 25-kDa epididymal antiagglutinin by refined elec-
trophoretic techniques, to test for the presence and impor-
tance of sialic acid residues on the molecule, and to assess
the effect of ejaculation and in vitro capacitation on its
retention on the spermatozoal surface.

MATERIALS AND METHODS
Sample Preparation

Boar epididymal fluid was recovered from 11 cauda ep-
ididymides by retrograde displacement with gentle air pres-
sure after a needle attached to a syringe was inserted into
the epididymal duct [4]. Most of the fluid was centrifuged
at 10 000 X g for 15 min at 4°C to obtain epididymal plas-
ma. Epididymal spermatozoa were recovered from the bal-
ance of the fluid by a fourfold dilution with PBS (136.9
mM NaCl, 2.7 mM KCl, 8.1 mM Na,HPO,12H,0, and 1.5
mM KH,PO,) containing 0.2 mM PMSF (Sigma Chemical
Co., St. Louis, MO; PBSp [24]) followed by centrifugation
at 400 X g for 5 min at room temperature. After removal
of the supernatant, epididymal spermatozoa were washed
twice (5 min each) in PBSp by centrifugation at 400 X g
at room temperature. In addition, they were rewashed on a
discontinuous gradient of Percoll (Pharmacia LKB Bio-
technology AB, Uppsala, Sweden) [25] prepared with
PBSp. The resulting sperm pellets were resuspended in ice-
cold PBS containing 1 pg/ml antipain, 1 pg/ml leupeptin,
1 pg/ml pepstatin, 1 pg/ml phosphoramidon, 1 mM EDTA
disodium salt, 1 mM PMSE and 1% Nonidet P-40 (NP-40)
(8.0 X 108 cells/ml:; all protease inhibitors and NP-40 were
from Sigma) and were then incubated in ice for 2 h. After
the incubation, the sperm suspensions were centrifuged at
10000 X g for 15 min at 4°C to obtain the supernatants
(sperm extracts).

Sperm-rich fractions from ejaculates obtained from 5
mature boars by the manual method were centrifuged at
400 X g for 5 min at room temperature. The supernatants
were recentrifuged at 10000 X g for 15 min at 4°C to
obtain seminal plasma. The spermatozoa after the first cen-
trifugation were washed twice (5 min each) in PBS con-
taining 0.1% polyvinyl alcohol (M, 30 000-70 000, Sigma)
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by centrifugation at 400 X g. Some of the cells were re-
washed on a discontinuous gradient of Percoll and then
resuspended in ice-cold PBSp (8.0 X 10% cells/ml). The
remaining cells were resuspended (2.0 X 10% cells/ml) in
tissue culture medium 199 (TCM 199; Nissui, Tokyo, Ja-
pan) containing 100 pg/ml sodium pyruvate, 550 pg/ml
glucose, 900 pg/m] calcium lactate, 50 pg/ml streptomycin
(Meiji Seika, Tokyo, Japan), 100 wg/ml penicillin (Meiji
Seika, Tokyo, Japan), 3.87 mg/ml sodium bicarbonate, and
10% (v/v) fetal calf serum (Gibco BRL, Gaithersburg, MD)
(pH 7.8) and incubated in the sealed tube for 4 h at 37°C
to induce capacitation [26, 27]. After incubation, sperma-
tozoa were removed from the medium by centrifugation
and then resuspended in ice-cold PBSp, as described above.

Electrophoresis and Electrotransfer

For one-dimensional SDS-PAGE, each sample was di-
luted with an equal volume of double-strength sample buff-
er (pH 6.8) composed of 125 mM Tris-HCl, 4% SDS, 10%
2-mercaptoethanol, 20% glycerol, and 0.02% bromophenol
blue [28], and then heated for 3 min in a boiling water
bath. Samples of ejaculated spermatozoa were clarified af-
ter this treatment by centrifugation at 10 000 X g for 15
min at 4°C to remove sperm debris. For two-dimensional
PAGE, the samples containing 9 M urea (Pharmacia) were
mixed with an equal volume of O’Farrel lysis buffer [29]
composed of 9.5 M urea, 2% NP-40, 2% Ampholine (pH
3.5-10) (Pharmacia), and 4% 2-mercaptoethanol. For the
Multiphor II Electrophoresis System (Pharmacia), which
was used to confirm the exact isoelectric point (pl) of the
purified antiagglutinin, the samples containing 9 M urea
were mixed with an equal volume of the buffer composed
of 9 M urea, 2% 3-[(3-cholamidopropyl)-dimethylammo-
nio]-1-propane-sulfonate (CHAPS; Sigma), 1% Pharmalyte
(pH 3-10) (Pharmacia), 65 mM dithiothreitol (Sigma), and
0.1% bromophenol blue.

One-dimensional SDS-PAGE was performed by use of
a 10-15% liner acrylamide gradient gel with Laemmli’s
buffer system [28]. Two-dimensional PAGE was performed
as described by O’Farrel [29] with minor modifications, as
follows. Briefly, the samples were applied on the gel rods.
Isoelectric focusing (IEF) using final concentrations of 2%
Ampholine (pH 3.5-10) and 0.5% Ampholine (pH 4-6)
(Pharmacia) were carried out at 300 V for 18 h and then
at 450 V for 1 h. The pH profile calibration in IEF gel was
done by slicing a blank gel and eluting the 0.5-mm sections
in distilled water for 2 h. After IEE the gels were equili-
brated in single-strength sample buffer of SDS-PAGE for
20 min and then loaded on a 10-15% linear acrylamide
gel. The second run was carried out at 20 mA for 30 min
and then at 40 mA for 3—4 h. For the Multiphor II Elec-
trophoresis System, purified antiagglutinin (2 pg), treated
as described above, was loaded on a Drystrip (Pharmacia)
that had been rehydrated with a buffer composed of 8 M
urea, 5% glycerol, 0.5% CHAPS, 1% Pharmalyte (pH 3—
10), and 0.001% orange G. The first run was carried out at
150 V for 45 min and then at 1900 V for 18 h. After
equilibration in a buffer (50 mM Tris-HCI [pH 6.8], 6 M
urea. 30% glycerol, and 1% SDS) containing 16.2 mM di-
thiothreitol for 20 min and then in the same buffer con-
taining 143 mM iodoacetamide for 10 min, the stnp was
loaded on the 12.5% acrylamide gel. The second run was
carried out at 20 mA for 2-3 h.

Colorless or prestained SDS-PAGE standards (Bio-Rad
Laboratories, Hercules, CA; Promega, Madison, WI; Gibco

BRL) were used as molecular weight standards. For the
Multiphor 1l Electrophoresis System, carbonic anhydrase
(Pharmacia) was used as a standard of pl (4.8-6.7).

The gels for staining were fixed in 15% ethanol-25%
methanol-10% acetic acid fixative for 1-2 h, and then were
silver-stained. In the gels for Western blotting, detection of
sialic acids, and lectin blotting, proteins were transferred to
a nitrocellulose membrane (Hybond-C super; Amersham
Life Science, Buckinghamshire, UK) or a polyvinylidene
difluoride (PVDF) membrane (Hybond-PVDE Amersham)
in a semi-dry transfer cell for 1 h at 2.0 mA/cm? in the
transfer buffer [30].

Preparation of Antiserum against the Antiagglutinin

The antiagglutinin for immunization was purified from
epididymal plasma as described previously [23]. A rabbit
was immunized with an injection (s.c.) of 30 pg of purified
antiagglutinin emulsified in Freund’s complete adjuvant
(Wako Pure Chemical Industries LTD, Osaka, Japan), fol-
lowed by a second injection (s.c.) of 15 pg antigen emul-
sified in Freund’s incomplete adjuvant (Wako) 4 wk later.
Blood was collected 1 wk after the second injection, and
an antiserum was prepared for the following experiments.

Western Blotting

The blotted membrane was blocked with 5% skim milk
(Carnation, Glendale, CA) in PBS containing 0.1% Tween
20 (Sigma) (PBS-Tween) for 1 h. The antiserum against the
antiagglutinin was diluted (1:250'000) with PBS-Tween
containing 1% skim milk and was incubated with the mem-
brane for 2 h. After being washed three times in PBS-
Tween for 10 min each, the membrane was blocked in PBS-
Tween containing 5% skim milk for 30 min and then treat-
ed with horseradish peroxidase-labeled donkey anti-rabbit
immunoglobulins (1:1000; Amersham) in the blocking
buffer for 1 h. After the membrane was washed three times,
peroxidase activity was visualized by means of the ECL
Western Blotting Detection System (Amersham).

Lectin Blotting

Lectin staining was performed as described by Kijimoto-
Ochiai et al. [31, 32], with some modifications. In brief, the
blotted nitrocellulose membrane was washed twice (10 min
each) in Tris-Tween-saline (pH 7.4) composed of 10 mM
Tris-HCL, 0.05% Tween 20, and 0.15 M NaCl, and blocked
with 1% BSA (Fraction V, Seikagakukogyo, Tokyo, Japan)
in Tris-Tween-saline for 1 h. Wheat germ agglutinin
(WGA)-peroxidase reagent (Honen Co., Tokyo, Japan) was
diluted with Tris-Tween-saline to a final concentration of
0.5 pg protein/ml. The membrane was incubated with the
diluted lectin for 1 h at 4°C, and then washed four times
(15 min each) in Tris-Tween-saline. The reactive spots were
visualized by use of the ECL Western Blotting Detection
System.

Purification of the Antiagglutinin

A new method for purification of antiagglutinin is de-
scribed here. Briefly, the proteins of epididymal plasma (10
ml) were precipitated with 65% ammonium sulfate solution
at 4°C and separated from the supernatant by centrifugation
at 17 210 X g for 20 min at 4°C. After resuspension in 100
ml of 5 mM Tris-HCI (pH 7.4), the protein solution was
dialyzed against 20 mM Tris-HCI (pH 8.0) for 12 h and
then against 40 mM Tris-HCI (pH 9.0) for 24 h, concen-
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trated by use of an ultrafilter (Cenrifio Membrane Cone
Type CF25; Amicon, Beverly, MA), and applied to a
DEAE-Sephacel column (2.6 cm X 10 cm Pharmacia)
equilibrated in 40 mM Tris-HCl. Proteins were eluted with
a linear gradient obtained with 200 ml 40 mM Tris-HCl
and 200 ml 40 mM Tris-HCI containing 1 M NaCl at a
flow rate of 14.5 ml/h. Fractions (3.0 ml) were collected,
and a portion of each fraction was used for SDS-PAGE and
subsequent Western blotting. The fractions containing the
antiagglutinin were pooled, concentrated as described
above, divided into 10-15 samples (0.5 mg protein each),
and stored at —20°C until further purification. Each of the
samples was loaded on a reverse-phase HPLC C-18 column
(1.0 em X 25 cm, Vydac 201TP C,g Specialty Reverse
Phase Column, The Separation Group, Hesperia, CA) equil-
ibrated in 0.1% trifluoroacetic acid (TFA, Sigma) in water.
Proteins were eluted at 1.0 ml/min with a gradient of 0.1%
TFA in water and acetonitrile (ACN; Fisher Scientific, Fair
Lawn, NI), first isocratically (0% ACN) for 30 min, then
at 0=70% ACN for 70 min. Fractions (1.0 ml) were col-
lected, and a portion of each fraction was used for SDS-
PAGE and subsequent Western blotting. The fraction con-
taining the antiagglutinin (usually one fraction) was sepa-
rated from the solvent by freeze-drying and then was load-
ed on another reverse-phase HPLC C-18 column (0.48 cm
® 25 cm, Spherical Dynamax-300A C18; Rainin Instru-
ment Co. Ins., Woburn, MA) and eluted at 0.7 ml/min with
a gradient of 0.1% TFA in water and ACN, first isocrati-
cally (0% ACN) for 15 min, then at 0-30% ACN for 30
min. and at 30-50% ACN for 40 min. The fractions of the
antiagglutinin were concentrated by use of an ultrafilter
(Centricon-SR3, Amicon).

Detection of Sialic Acid Residues in the Antiagglutinin
Transferred to the Membrane

Sialic acid residues of the antiagglutinin were detected
by using the ECL Glycoprotein Detection System (Amer-
sham). In brief, the blotted PVDF membrane was incubated
in phosphate buffer (pH 7.0) composed of 42.9 mM
Na,HPO, 7H,0, 21.5 mM NaH,PO, H0, and 100 mM
NaCl for 10 min at 0°C (in wet ice) and then in ice-cold
100 mM acetate buffer (pH 5.5) containing 1 mM sodium
metaperiodate for 20 min at 0°C in the dark. In control
experiments, sodium metaperiodate-free acetate buffer was
used. After three 10-min washes in the phosphate buffer
0°C, the membrane was incubated in 20 ml acetate buffer
containing 4 pl of 5.0 M biotin hydrazide stock solution
for 1 h at room temperature. The membrane was washed
three times and blocked with 5% blocking agent in the
phosphate buffer. Horseradish peroxidase-labeled streptav-
idin was added to the phosphate buffer (1:1000) and then
incubated with the membrane for 30 min. After three
washes, peroxidase activity was visualized by the ECL
Western Blotting Detection System.

Chemical Removal of Sialic Acid Residues from Proteins
Transferred to the Membrane
The blotted PVDF membrane was treated in 25 mM

H,SO, for 1 h at 80°C [31]. After this treatment, the mem-
brane was washed three times (10 min each) in PBS.

Enzymatic Removal of Sialic Acid Residues from the
Proteins

Epididymal plasma was diluted with 100 mM citrate
buffer (pH 5.0) to a protein concentration of 5 mg/ml.

Control
(kDa)

T4~

54-

33-

a b c d

FIG. 1. SDS-PAGE of epididymal plasma (5 pg protein each, lanes a and
¢) and purified antiagglutinin (1 p.g protein each, lanes b and d) immu-
nodetected by antiserum against antiagglutinin (1 :250 000; left) or preim-
mune serum (1:10 000; control; right).

Neuraminidase (from Vibrio cholerae; Boehringer Mann-
heim Co., Indianapolis, IN) was added to the diluted epi-
didymal plasma and then incubated for 20 h at 37°C. The
final concentration of neuraminidase was 0.5 U/ml. In the
control experiment, enzyme was added after an incubation
in a boiling water bath for 15 min. After the treatment, the
samples were frozen at —20°C until used.

Protein Concentrations

Protein concentrations were determined according to a
dye-binding assay, with BSA used as a standard (Bio-Rad
protein assay kit, Bio-Rad).

RESULTS

As shown in Figure 1, the diluted antiserum (1:250 000)
recognized a single band of epididymal plasma that had the
same electrophoretic mobility as the antiagglutinin. Addi-
tionally, no antigen of epididymal plasma reacted with the
diluted preimmune serum (1 :10 000).

The antiagglutinin was purified more effectively by the
procedures described in Materials and Methods than by the
procedure previously used [23]. More than 300 pg of the
antiagglutinin was obtained from 10 ml of epididymal plas-
ma in this study (data not shown).

As shown in Figure 2, a positive reaction of sialic acid
residues was detected in the antiagglutinin. However, no
reaction was observed in the samples treated chemically to
remove sialic acid residues.

Figure 3 shows the reactivity of the antiagglutinin with
the specific antiserum after the chemical treatment 1o re-
move sialic acid residues. In neither the antiagglutinin in-
cluded in epididymal plasma nor the purified antiagglutinin
was a reaction with the specific antiserum observed after
the chemical treatment. Similarly, the reactivity of the an-
tiagglutinin included in epididymal plasma with the specific
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(kDa)

c d

FIG. 2. Detection of sialic acid residues in antiagglutinin. Lane a: anti-
agglutinin (1.5 ug protein) silver-stained after SDS-PAGE. Lanes b—d: anti-
agglutinin (1.5 ug protein each) transblotted to PVDF membrane after
SD5-PAGE and then used for detection of sialic acid residues. Lane b:
incubated with T mM sodium metaperiodate. Lane c: incubated withaut
sodium metaperiodate (control). Lane d: incubated with 1 mM sodium
metaperiodate after chemical removal of sialic acid residues {control).
Lane s: molecular mass standards.

s . a b

antiserum was greatly reduced by the treatment with neur-
aminidase (Fig. 4).

As shown in Figure 5, the antiagglutinin was separated
into one major (pI 5.8) and two minor forms (pl 5.6 and
pl 5.95) in the two-dimensional PAGE pattern. A pattern
corresponding to that of the purified antiagglutinin was also
obtained in the Western blotting of epididymal plasma (Fig.
6). Furthermore, the major form of the antiagglutinin (pI
5.8) had affinity to the WGA-peroxidase reagent (Fig. 7).
However, no binding of the WGA-peroxidase reagent to the
minor forms was observed. Additionally. the preimmune
serum (1:10 000) recognized no spot of epididymal plasma
(Fig. 6).

a b C d

FIG. 3. Effects of chemical removal of sialic acid residues on immuno-
reactivity of antiagglutinin. Lanes a and b: epididymal plasma (5 Kg pro-
tein each). Lanes c and d: purified antiagglutinin (1 pg protein each).
Before immunodetection by antiserum (1:250 000), blotted membranes
were treated in 25 mM H,50, for 1 h at 80°C and then washed three
times (lanes a and c). In control experiments (lanes b and d), this treatment
was omitted.

(kDa)

66.2-—” 8 6.8 i,
s sl - -
A5-23 = aT.8
33.3-
28. 6=
ST
20.7=

N C

FIG. 4. Effects of enzymatic removal of sialic acid residues on immuno-
reactivity of antiagglutinin. Samples were epididymal plasma (5 WEg pro-
tein each). Before SDS-PAGE, epididymal plasma was treated with neur-
aminidase (lane N) or with inactivated neuraminidase (lane C, control)
for 20 h at 37°C. Left and right panels show patterns silver-stained and
immunodetected by antiserum (1:250 000), respectively.

Figure 8 shows two-dimensional PAGE patterns of ex-
tracts from the cauda epididymal spermatozoa. In the silver-
stained pattern, a spot of 25 kDa and pl 5.8 (the same
electrophoretic mobility as the major form of the antiag-
glutinin) was observed, though no spot was detected of the
same mobility as the minor forms. Moreover, the spot (25
kDa, pI 5.8) was recognized .by the antiserum against the
antiagglutinin.

As shown in Figure 9, the antiserum recognized a single
band with almost the same mobility as the antiagglutinin
in seminal plasma, although the reaction in seminal plasma
was weaker than that in epididymal plasma. The single

4.8 6.7 IEF
(pH) | I .

31-

21.5-
14. 4-

FIG. 5. Two-dimensional PAGE pattern of purified antiagglutinin (2 pg
protein) silver-stained. Electrophoresis was performed with Multiphor 11
Electrophoresis Svstem. Arrowheads indicate spots of antiagglutinin.
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27.5*
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FIG. 6. Two-dimensional PAGE patterns of epididymal plasma (30 pg
protein each), silver-stained (top), and immunodetected by antiserum
(1:250 000; center) or preimmune serum (1:10 000; control; bottom).
Electrophoresis was performed as described by O’Farrel [29], with mi-
nor modifications (see Materials and Methods).

139.
86.

47.

33.3-

FIG. 7. Two-dimensional PAGE pattern of epididymal plasma (30 pg pro-
tein) detected by WGA-peroxidase reagent (0.5 pg protein/ml). Electro-
phoresis was performed as described by Q'Farrel [29], with minor mod-
ifications (see Materials and Methods). Arrow indicates major spot of anti-
agglutinin.

band was detected in extracts from ejaculated spermatozoa
(Fig. 10). However, the band was not detected in extracts
from spermatozoa after the incubation for capacitation (Fig.
10).

DISCUSSION

Standard purification techniques, using the antiserum
(see Materials and Methods) to monitor the presence of
antiagglutinin, were used to prepare a purified preparation
of the molecule(s) from boar epididymal plasma. The anti-
agglutinin, apparently homogenous in one-dimensional
PAGE analysis, was separated (Figs. 5 and 6) into one ma-
jor form (25 kDa; pl 5.8) and two minor forms after two-
dimensional PAGE separation and detection with the anti-
serum.

Sialic acid residues linked to glycoproteins can be de-
tected with WGA lectin, although that lectin also recogniz-
es N-acetyl-D-glucosamine. Since only the major compo-
nent of epididymal antiagglutinin (25 kDa; pl 5.8) reacted
under those conditions (Fig. 7), we conclude that this mo-
lecular species, and not the minor components, is a sialic
acid/N-acetyl-p-glucosamine-containing protein. That con-
clusion is further refined by the observation (Fig. 2) that
preferential labeling of sialic acid residues by controlled
oxidation [33] was eliminated by the chemical removal of
sialic acids; this confirms the presence of sialic acid resi-
dues.

Many studies, including our results reported here (Figs.
3 and 4), have established the importance of sialic acid
residues in antibody recognition. For example, in one case
[34], sialic aetd residues can mask the antigenic epitope of
a sperm antigen (54-kDa rat sperm maturation sialoglyco-
protein); removal of sialic acids exposes critical epitopes
on the core protein. In another case [35. 36], the monoclo-
nal antibody T305 antigen and surface antigens of the
erythrocyte contain sialic acid residues that constitute the
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FIG. 8. Two-dimensional PAGE patterns of extracts from epididymal sper-
matozoa (4.0 X 107 cells each), silver-stained (top) and immunodetected
by antiserum (1:250 000; bottom). Electrophoresis was performed as de-
scribed by O‘Farrel [29], with minor modifications (see Materials and
Methods). Arrowhead indicates the spot with the same mobility as the
major spot of antiagglutinin.

unique epitope; removal of those residues destroys antibody
recognition.

The observed molecular heterogeneity of the antiagglu-
tinin is not unique. Similar molecular heterogeneity of male
reproductive tract fluid proteins has been reported in bovine
seminal plasma proteins [37] and a 135-kDa boar epidid-
ymal plasma protein [21]. Those examples of molecular
heterogeneity appear to be due to the modifications after
translation [37] and/or alternative splicing of mRNA [38].
Data for this protein suggest that posttranslational differ-
ences in sialylation and/or glycosylation may account for
the microheterogeneity between the major and minor forms
of the antiagglutinin.

A relationship between epididymal plasma protein and
spermatozoal bound protein was established by the obser-
vation (Fig. 8) that the major form of epididymal plasma

Control
(kDa)

NEEIINT

16~

a b C d

FIG. 9. SDS-PAGE of seminal (20 pg protein each, lanes a and ¢) and
epididymal plasma (20 pg protein each, lanes b and d) immunodetected
by antiserum (1:250 000; left) or preimmune serum (1:10 000; control;
right).

Control

33.3=

28. 6=

20.7=~

W C W C

FIC. 10. SDS-PAGE of extracts from ejaculated spermatozoa (8.0 % 10°
cells each) immunodetected by antiserum (1:250 D00; left) or preimmune
serum (1:10 000; control; rightl. Samples used in the lanes marked W
were washed spermatozoa and in the lanes marked C were spermatozoa
incubated for capacitation in vitro after washing, respectively.
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antiagglutinin was found in extracts from washed epididy-
mal spermatozoa. Likewise, a cross-reacting material was
found in seminal plasma (Fig. 9), with an apparently de-
creased concentration of the antiagglutinin at ejaculation
due to factors such as dilution by secretions from accessory
genital glands.

Evidence for changes in amounts of the cross-reacting
material was also obtained in experiments (Fig. 10) testing
for the effect of incubation under conditions known to in-
duce in vitro capacitation. The cross-reacting material dis-
appeared from ejaculated spermatozoa under these condi-
tions, consistent with the suggestion of either loss of the
antiagglutinin from the sperm surface or structural changes
in the epitope of the antiagglutinin during the incubation.
Additionally, it has been observed that most spermatozoa
are agglutinated at the head with each other after incubation
(personal communication of Dr. Kano, Kobe University).

Epididymal sialoproteins have been detected in a variety
of species and are associated with maturation-dependent
modifications of the sperm surface in the epididymis [39].
In rats, SP sialoprotein (37.5 kDa, pl 4.7) is secreted from
the ¢aput and corpus epididymides and binds to luminal
spermatozoa (40]. Moreover, during transit through the ep-
ididymis, the amount of one 31-kDa sialoprotein on the
spermatozoa increases, the amount of another (48-kDa)
form remains constant, and amounts of several others de-
crease [41]. In mice, sperm maturation sialoprotein (called
antigen 4 or T21 antigen) is secreted from the distal caput
and proximal corpus epididymides and is absorbed by sper-
matozoa [39]. This antigen functions to prevent spermato-
zoa from tail-to-tail agglutination [42], and its sialic acid
residues appear to be related to function since desialylation
by neuraminidase treatment causes rapid sperm agglutina-
tion [34]. Our previous results [43] revealed that the anti-
serum against the antiagglutinin first reacts with the 25-kDa
band of extracts from the corpus epididymal spermatozoa,
and then reacts more strongly with the same band of ex-
tracts from the cauda epididymal spermatozoa. Taking these
previous results together with results presented here, we
suggest that the 25-kDa sialoprotein (antiagglutinin) grad-
ually increases on luminal spermatozoa during epididymal
maturation. This is supported by other reports that a 14—
36-kDa sialoprotein family appears in boar spermatozoa
during their transit through the epididymis [16].

Functions of sialic acids on the sperm surface still re-
main unclear. Holt [44] discussed the role of spermatozoal
sialic acids in masking antigens of the sperm surface and
keeping certain spermatozoa from phagocytosis by leuko-
cytes and vaginal epithelial cells. In addition, it has been
generally considered that sialic acid residues linked to gly-
coproteins are involved directly or indirectly in cell-to-cell
interactions, including agglutination and disagglutination
[35, 45]. It seems that the increase of the 25-kDa sialopro-
tein (antiagglutinin) on boar spermatozoa occurs in coin-
cidence with reduction of the sperm agglutinability [1] and
development of the sperm capacity to bind tightly to zona
pellucida [3] and to egg plasma membrane [1]. Data for
hamsters [46] are consistent with a conclusion that sperm
surface sialoprotein appears to play an important role in
sperm interaction with the epithelia of the isthmus of-the
oviduct. This part of the oviduct has been considered to be
a sperm reservoir [47], from which spermatozoa are re-
leased, due to loss of or structural changes in the sperm
surface sialoprotein that coincide with sperm capacitation,
to reach the site of fertilization.

Since this antiagglutinin (sialoprotein) was lost from the

sperm surface or changed in structure during sperm capac-
itation in vitro, we are very interested in the relationship
between the antiagglutinin and sperm interaction with ovi-
ductal epithelia. Research directed toward elucidation of the
relationships between the maturation-dependent appearance
of the sialoprotein (antiagglutinin) on the spermatozoa and
either sperm agglutinability or capacity to interact with an
egg 1s also in progress.
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