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SVA/SVDF Inhibit PAF-Induced Mouse Sperm Capacitation and

Protein Tyrosine Phosphorylation

INTRODUCTION

Platelet-activating factor, 1-O-alkyl-2-O-acetyl-sn-glycero-3-phosphorylcholine,
is a novel potent signaling phospholipid, it was first described to trigger platelet
activation (1), and PAF has a significant role in reproduction, including ovulation,
fertilization, preimplantation embryo development, implantation and parturition (2).
The presence of PAF in spermatozoa has been reported in various mammalian
species including mouse, rabbit, cattle, and human (3-6), and PAF receptor is
localized in the midpiece and proximal head of human and mouse spermatozoa by
immunofluorescence (7,8). It has been reported that addition of exogenous PAF
could induce sperm capacitation, acrosome reaction (AR), and in vitro fertilization in
mouse, rabbit and human (9-12), and further increase the motility of fresh and
cryopreserved human spermatozoa (13,14); however, it was blocked by PAF receptor
antagonist (15).
It was well known that semina vesicle contains decapacitation activity (16), and

removal of semina plasma is required for capacitation. It was proposed that



lipid-dense vescles within the seminal plasma denote cholesterol to the sperm
membrane, preventing capacitation, and our previoue report a protein in seminal
plasma, we named as semina vesicle autoantigen (SVA), now we rename it as
seminal vesicle decapacitation factor (SVDF), play the decapacitation effect to
inhibit BSA induced mouse sperm capacitation in vitro. Here, we demonstrated
SVDF is a decapacitation factor again by: First, SVDF could bind to PAF, and the
apparent Kd of SVDF-PAF complex was estimated as around 10°M. Second, SVDF
could suppress the PAF-induced sperm capacitation and protein tyrosine

phosphorylation.

MATERIALSAND METHODS

Materials

Aluminum-backed silica gel-thin layer chromatogram (TLC) plates were
purchased from Whatman (Maidstone, England). Bovine serum albumin (BSA)
free from fatty acid, chlortetracycline (CTC), phosphatidylcholine (PtdCho),
lysophosphatidylcholine, phosphatidylethanolamine (PtdEtn) from egg yolk
lectin; Ptdins from pig liver, phosphatidylserine (PtdSer) and sphingomyelin
(SPM), platel et-activating factor (PAF,
1-O-akyl-2-0-acetyl-sn-glycero-3-phosphorylcholinge), lyso-PAF,
polyvinylalcohol, phosphomolybdic acid spray and Dragendorff reagent were
purchased from Sigma Chemica Co.(St. Louis, MO). Anti-mouse 19G
horseradish peroxidase (HRP) conjugate was purchased from Promega
Antiphosphotyrosine monoclonal antibody (clone 4G10) was from UBI Co.
(Lake Placid, NJ). Chemiluminescence detection ECL plus and Percoll were
from Amersham Pharmacia biotech. (Buckinghamshire, UK ). PD-10 columns

were obtained from Pharmacia (Uppsala, Sweden). Poly(isobutyl methacrylate)



was obtained from Aldrich (Milwaukee, WI, U.S.A). All chemicals were of

reagent grade.

Preparation of Spermatozoa

The culture medium used throughout these studies was the modified HM
which contained 120.0 mM NaCl, 2.0 mM KCI, 1.20 mM MgSO,. 7H,0, 0.36
mM NaH,PO,4, 15 mM NaHCO;, 10 mM HEPES, 5.60 mM Glucose, 1.1 mM
sodium pyruvate, 1.7 mM CaCl,, 1mg/ml polyvinylalcohol, 100 [.U./ml
penicillin, 100 pg/ml streptomycin. In accordance with a previous method [6],
the pH of culture medium was adjusted to 7.3 ~ 7.4 by aeration with humidified
air/ CO, (19 : 1) in an incubator at 37 °C for 48 h before use. Polyvinyla cohol
was added to serve as a sperm protectant [7].

Adult male mice (12~16 wk) were killed by cervica dislocation. The
epididymides were removed and immersed in HM medium. After they were
carefully dissected away from the connective tissues, spermatozoa were extruded
from the distal portion of the tissues at 37 °C for 10 min. The cells were gently
filtered through two layers of nylon gauze, layered on top of alinear gradient of
20 ~ 80 % Percoll, and centrifuged at 275 xg at room temperature for 30 min
[8,9]. Three distinct cell layers were formed. The lowest layer, which contained
more than 95 % viable cells with progressive motility, was diluted with three
volumes of the medium and centrifuged at 60 xg for 10 min at room temperature.
The cell pellets were resuspended and centrifuged by the same way for two more

times. The cell pellets were resuspended in HM medium for further study.

Preparation of SVA derivative

Outbred ICR mice were purchased from Charles River Laboratories
(Wilmington, MA. U.S.A.). They were bred in the animal center at the College of
Medicine, National Taiwan University. Animals were in accordance with the

institutional guidelines for the care and use of experimental animals. They were



kept under controlled lighting (14 h light/10 h dark) at 21~22  with the supply
of water and NIH 31 laboratory mouse chow ad libitum. SVA | and SVA |l were
purified from mouse SVS as described previoudly [5]; they were collected from
mature male mice (8~12 wk). SVA | was used throughout the study.

Biotinylated SVA was prepared as described previously [9]. To 490 ul of
20.4 uM SVA in 0.1 M NaHCO;3 containing 0.2 M NaCl at pH 8.3, 10 ul of 20
mM BNHS in DMF was added; the molar ratio of reagent to protein was 20.
The mixture was stirred gently at room temperature for 2 h. This reaction was
stopped by the addition of 50 ul of ethanolamine. The biotinylated SVA was
separated through a PD-10 column that had been preequilibrated with the same
buffer. The protein peak was collected, dialyzed against distilled water,

freeze-dried and stored at -70  before use.

Cytological observation

CTC staining method of Ward and Storey [10] was exploited to score
the population of mouse spermatozoa in the uncapacitated, capacitated and
acrosome-reacted stages under a fluorescence microscope.

Coomassie blue staining was performed with the method as described
before (). Briefly, sperm suspension was washed in PBS twice by a
briefly centrifugation (2000 rpm, 10 min) and smear on dlides, fixed in
methanol and air dry. The sperm smear was stained with 0.22 % Coomassie
blue G250 in 50 % methanol and 10 % glacial acetic acid for 5 min, and
wash in dH;O. The spermatozoa with dark blue band over the acrosome
region were acrosome-intacted, while the ones without blue bands were
acrosome-reacted. The percentage of acrosome-reacted spermatozoa (AR %)

in at least 200 spermatozoa was scored.

Detection of protein tyrosine phosphorylation in spermatozoa

After spermatozoa in the modified HM had been incubated at a



specified condition, we followed the previous procedures of Visconti et al
[12] to prepare the soluble fraction of cell lysate. Resolution of the protein
components in the soluble extract was performed on a 10 % polyacrylamide
gel (12 x 10 x 0.075 cm) by the method of Laemmli [13]. The proteins on
the gel was transferred to a nitrocellulose membrane by an electrophoretic
method of Towbin et a [14], conducting at 30 V for 6 h at 4 °C. After
transfer, protein blots were immunodetected by Western blot procedure,
using a monoclonal antibody against phosphotyrosine as the primary
antibody and anti-mouse 1gG conjugated with horseradish peroxidase as the
secondary antibody. The enzyme activity staining bands were enhanced by
chemiluminescence detection using an ECL kit according to the

manufacture's instructions.

Fluorescence Spectra
The fluorescence intensity of SVA in Trisbuffered saline (TBYS),
expressed in arbitrary units, was measured at room temperature with a Hitachi
F-4500 fluorescence spectrophotometer. Both the excitation and the emission
dlit-widths were 10 nm. Raman emission due to the scattering of solvent was
minimized by adjusting the intensity scale. It took no more than 5 min to scan a
spectrum, avoiding protein denaturation. The fluorescence intensity at
wavelength A, (nm) when the fluorophore was excited at wavelength A; (nm) id
denoted by F,1"%. A modified Scatchard plot [22] was constructed to analyze the
fluorescence data of a complex formed by SVA and phosphatidylcholine :
IAF| / [Lltree = Fo./l Ky - IAF| /| Kg
1)
where AF is the change in protein fluorescence on the adding of ligand, L, F- is
the protein fluorescence in the absence of ligand, and K4 is the dissociation
constant of the complex. Throughout the titration, |AF|/[L]:wta Was plotted against

|AF|, because [L]free Was close to [ L ]iota-



TLC-overlay technique

Binding of SVA-biotin to phospholipids on a TLC plate generaly
modified the method of Desnoyers and Manjunath [19]. Purified lipids were
chromatographed on auminum-backed silica gel TLC plates in
chloroform/methanol/H,O (65 : 25 : 4, by vol.). The plates were air-dried and
immersed in 0.1 % poly(isobutyl methacrylate) in hexane for 1 min. The
chromatograms were dried and blocked for 1 h at room temperature in PBS
containing 5 % (v/v) non-fat skim milk. Plates were overlaid with SVA-biotin (2
ng/ml) in the blocking buffer (100ul/cm?), incubated for 90 min at 25 , washed
five times, each 1~2 min, with cold PBS, and then further treated with
horseradish phosphotase conjugated streptavidin diluted 1: 1000 in the blocking
solution for 1 h. The TLC plate was agitated gently in three changes of cold PBS
for 10 min each. The phospholipids associated with the biotinylated SVA that
bound to horseradish phosphatase conjugated streptavidin were then subjected to
enzyme activity staining by ECL system. The lipids on triplicate plates were also
detected by spraying the plates with phosphomolybdic acid solution [20] or
Dragendorff reagent [21].

Satistical Analysis
All of the previously mentioned treatments were repeated at least three
times on three different pooled spermatozoa from 4 ~ 5 male mice. The analysis

was performed by one-way ANOVA.

RESULTS
SVA-biotin binding to PAF by TLC overlay technique

TLC overlay technique was used to identify the PAF/phospholipid
interacted with SVA protein. SVA-biotin derivates was prepared as
described in Material and Methods. Several authetic phospholipids, such as



PC, SPM, lysoPC, PAF, PA and lyso PAF were applied on the TLC plate,
developed by the organic solvent system and stained with phosphomoybid
acid to indicate the phospholipid character as described in our previous
report (7). Aswe expect in Fig.1, PC, SPM, lysoPC shows strong binding to
SVA-biotin, and PA was used as the negative control since it does not bind
to SVA (). PAF and lysoPAF show positive interaction with SV A-biotin,
the binding intensity between PAF and lysoPAF are not many differences,
indicate that the choline group on the C-2 fatty acid chain of the
phospholipid is more important than the C-2 fatty acid chain only in

PAF/lysoPAF binding characteristics according the Dragondorf reagent
Spray.

Fluorescence analysis

Fluorescence spectra disturb analysis was used to estimate the binding
constant of SVA and PAF. Fig. 2 display the emission of 1.6 uM SVA in
the absence and/or in the presence of PAF. Excitation was at 295 nm to
excite the fluorescence of the two tryptophan residues ( ). SVA contain
two tryptophan residues on the protein surface; therefore, SVA exhibits a
peak at 345 nm in TBS (Fig. 2, solid line). The presence of 5.0 % (v/v)
ethanol in the protein solution did not change the protein fluorescence in
either spectral profile or emission intensity (compare the solid and broken
lines in Fig. 2), indicating a lack of effect of the organic solvent in the
protein solution on the tryptophan status. In contrast, the addition of PAF
dissolved in ethanol to final concentration of 40 uM PAF and 0.5 % (v/v)
ethanol in the protein solution considerably enhanced the protein
fluorescence intensity but the emission peak did not shift (compare the
dot-dashed and solid line in Fig. 2). Apparently, PAF interacted with SVA
to change the protein’s fluorescence. Therefore PAF-SVA binding was

probed by the ability of PAF to perturb the protein fluorescence. We fitted



the F345/295 values, obtained by titrating 1.6 uM SVA protein solution
with PAF to equ (1). As shown in the inset of Fig. 2, the modified Scatchard
plot is curvature, supporting that there are two types of PAF-binding sites on
the protein molecule. The apparent K4 of PAF-SVA binding was estimated
as( + )x10°Mtand ( + ) x 10*°M*t.

SVA suppress the PAF-induced sperm capacitation and acrosome reaction
To determine the effect of SVA on PAF-induced sperm capacitation,
sperm (10° cells/ml) were suspended in modified Tyrode solution either
aone or in the presence of 10°M PAF and 0 %, 0.003 %, 0.03 %, 0.1 %,
0.3 % SVA. More than 85 % of the freshly prepared sperm remained
uncapacitated (F form), and nearly no acrosome-reacted cells appeared after
incubation at 37 for 80 min (Fig. 3A, column 1), the population of
capacitated cells is increasing after incubation in Tyrode's solution in the
dose dependent of PAF (Fig. 3A, column 2 ~ 4). Approximately 54 % of the
2 x 10°M PAF-treated cells were capacitated, but acrosome-reacted cells
(AR form) constituted less than 5 % of the total according the CTC staining
results. (Fig. 3A, column 4). Addition of SVA to the incubation medium
inhibited PAF-induced sperm capacitation in a dose dependent mannner.
The decapacitation effect of SVA became detectable at a concentration
greater than 0.3 % in the cell incubation medium. The greater the SVA
concentration in the medium, the greater its inhibition of PAF-induced
sperm capacitation (Fig. 3A, column 5 ~ 8). Approximately 25 % of the
induced cells remained in the uncapacitated stage (F form) after incubation
with 10°M PAF and 0.3 % SVA together (Fig. 3A, column 8), suggesting
that SVA can inhibit the PAF induced sperm capacitation. The addition of
CAMP agonist recovered the inhibition effect of 0.3 % SVA to 60 %
capacitated form (B form).

Coomassie blue staining was used to determine the effect of SVA on



the PAF-induced sperm acrosome reaction. Spermatozoa was prepared as
described in capacitation assay. In the absence of A23187 ionophore, the
control cells remained around 23 % acrosome-reacted (AR %), and the SVA
| SVA-cCAMP anadog treated cells were 30 % and 38 % represently.
Addition of PAF from 2 x 10”M to 2 x 10° M increase the percentage of
acrosome reaction from 21 % to 32 %. SVA inhibit the PAF-induced sperm
acrosome reaction in a dose dependent manner (Figure 3B, lane ),
approximately 20 % of the treated cells remained acrosome-reacted in the
presence of 2 x 10°M PAF and 3 mg/ml SVA. The addition of cCAMP
agonist recovered the inhibition effect of 0.3 % SVA from 20 % to 48 %
acrosome-reacted form, suggesting that involved a cAMP dependent

pathway.

SVA Suppress the PAF-induced the capacitation associated protein tyrosine
phosphorylation

Figure 4 displays the protein tyrosine phosphorylation patterns of
epdidymal spermatozoa after incubation with 107 ~ 10°M PAF or/and 0 %
~ 0.3 % SVA in the modified HM at 37 for 90 min. In the control cells,
phosphorylation was mainly restricted to a protein band with a molecular
mass of approximately 120 kDa, as described by Kalab et a () to be the
p95/106 hexokinase (Fig. 4, lane 1). In addition, as described in our
previous report (), several weak phosphorylated bands appeared in a
group of proteins in the range of Mr 40,000 ~ 100,000, and SV A-treated
cells appear no other phosphorylated protein except the p95/106 hexokinase
(Fig. 4, lane 1 and lane ?). Relative to the protein tyrosine phosphorylation
of the control cells, phosphorylation of proteinsin the range of Mr 40,000 ~
100,000 was greatly enhanced in the PAF-treated cells (Fig. 4, lane 2 ~ 4).
This was similar to the effect of BSA on the cells reported by Visconti et a

(). The extent of PAF-induced protein tyrosine phosphorylation was



gradually suppressed as a function of the concentration of SVA (Figure 4,
lane 5 ~ 8). Only the p95/106 hexokinase was phosphorylated in the cells
incubated with 10° M PAF and 0.3 % SVA together (Fig. 4, lane 8).
Apparently, the protein tyrosine phosphorylation associated with
PAF-induced sperm capacitation could be suppressed by the presence of
SVA. However, the addition of docAMP plus IBMX to the culture medium
in the presence of 10°M PAF and 0.3 % SVA, recovered the suppression
effect of SVA on PAF induced protein tyrosine phosphorylation (Fig. 4,

lane 9).

SVA suppress the PAF induced mouse sperm capacitation and protein
tyrosine phosphorylation by a cAMP-dependent pathway

Since it has been demonstrated that CAMP analog, dibutyryl cAMP
could accelerate capacitation and protein tyrosine phosphorylation in vitro
in mouse sperm ( , ), we examined whether the addition of docAMP
plus IBMX influenced the time-dependent onset of protein tyrosine
phosphorylation that occurs during the normal time course of capacitation in
vitro. As shown in Fig. 5, adding of 1mM dbcAMP and 100 uM IBMX to
the culture medium significantly reduced the time which needed to induced
the capcitation-associated protein tyrosine phosphorylation when compared
to controls (Fig. 5A and 5B). The addition of SVA to the culture medium in
the presence of 10°M PAF and dbcAMP plus IBMX, delay the time course
of protein tyrosine phosphorylation induced by 10°M PAF and dbcAMP
plus IBMX (Fig. 5C). In contrast to PAF, lysoPAF did not show any
capacitation and the capacitation associated protein  tyrosine
phosphorylation patterns of spermatozoa (Fig 5D).

H-89,
N-[ 2-(p-bromocinnamylamino)ethyl]-5-isoquinolinesulfonamide, is a highly

selective and cell permeable inhibitor of PKA (Chijiwa et a,1990). Fig. 6



show that H-89 inhibited the PAF-induced protein tyrosine phosphorylation
of sperm in a concentration-dependent manner with a maximal effect at 10
uM. In contrast, the protein tyrosine phosphorylation of the p95/116
hexokinase was unaffected by H-89 at all concentration tested.



Figurel Biotin-SVA/SVDF TLC-Overlay technique
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Figure2 Fluor escence Spectra disturb analysis
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SVA/SVDF suppress the PAF-induced mouse sperm
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Figure 4A SVA/SVDF suppress the PAF-induced mouse sperm
capacitation associated  protein  tyrosine

phosphorylation

L '

Figure 4B H-89, a PKA inhibitor, suppress the PAF-induced
mouse sperm capacitation associated protein tyrosine
phosphorylation




Figure 5 SVA/SVDF suppress the PAF-induced mouse sperm
capacitation and protein tyrosine phosphorylation by a
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Figure6 Hydrophobicity of SYA/SVDF protein
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L egends

Fig. 1 Binding of biotin-SVA/SVDF to PAF separated by TLC

30 ug of each of the purified phospholipids were spotted and chromatographed

on silica-gel TLC platesin chloroform/methanol/water (65 : 25: 4, by vol.). (A)
Phospholipids detected with phosphomolybdic acid spray. (B)

Choline-containing phospholipids detected with Dragendorff reagent spray. (C)
Binding of biotin-labelled SVA/SVDF to separated phospholipids obtained after
aTLC-overlay binding technique described in the text. Abbreviations : lyso PA,
lysophosphatidic acid ; lyso PC, lysophosphatidylcholine ; PA, phosphatidic acid ;
PC, PtdCho ; PE, PtdEtn ; PAF, platelet activating factor; |ysoPAF, lyso-
platel et activating factor.

Fig. 2 Effect of PAF on the fluorescence of SVA/SVDF

The emission spectra were scanned with excitation wavelength at 275 nm (Fig.
2A) or 295 nm (Fig. 2B). The SVA/SVDF protein was a 6.5 uM in TBS, pH 7.4.
Protein alone, broken line, 5 % (v/v)ethanol in the protein solution; dot-dashed
line, 40 uM PAF and 1 % (v/v) ethanol in the protein solution. The modified
Scatchard plot for the binding of PAF to SVA/SVDF isgiven

in the inset. The data of from adding PAF to the protein solution were analyzed
by using Eq. 1 with linear-regression fitting. The correlation coefficient was
calculated to be more than ?.

Fig. 3 Suppression of PAF-induced sperm capacitation by SVA/SVDF
Fresh spermatozoa in modified Tyrode solution (10 ®cdl |s/ml) were incubated
with 107 ~ 10> M PAF in the presence of SVA/SVDF at afinal concentration of
0 ~ 3 mg/ml and cCAMP agonist. Incubation was conducted in 5% CO; in an
incubator at 37°C for 80 min. The CTC fluorescence method described in the text



was exploited to score the population of unca-pacitation cells (F form, open bars),
capacitation cells and acrosome-reacted cells (B + AR form, solid bars). Data
represent the means of five individual trials counting 200 cells/treatment per trial,
and error bars represent the SD. *, P, 0.05; **, P, 0.01; and ***, P, 0.001 in the
paired statistical comparison with the corresponding control values being
evaluated using one-way ANOVA.

Fig. 4 Suppression of PAF-induced sperm capacitation-related protein
tyrosine phosphorylation by SVA

Thecdls(5 10 ® cells/ml) in modified HM were incubated in the presence of
PAF and/ or SVA/SVDF and cAMP agonist at 37  for 90 min (Fig. 4A), and
H-89, aprotein kinase A inhibitor, (Fig.4B). The soluble fraction of the cell lysate
was resolved by SDS-PAGE on a 10% gel slab. The phosphotyrosine of a protein
on the gel was immunodetected by a Western blot procedure as described in the
text.

Fig. 5. SVA/SVDF suppress the PAF-induced mouse sperm
capacitation and protein tyrosine phosphorylation by a
cAM P-dependent pathway

Fig. 6 Hydrophobicity of SYA/SVDF Protein



