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Characterization and isolation of SOB2, a human sperm protein
with a potential role in oocyte membrane binding
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G12 monoclonal antibody (mAb), one of a library of constructed mAb directed against human sperm proteins,

was found by immunoperoxidase staining to label the post-acrosomal and neck regions of fixed human cauda

epididymal and ejaculated spermatozoa. Epithelium and fluid of caput epididymis were strongly labelled

while there was no staining on testis and efferent ducts. Western blot analysis revealed that G12 antibody

reacted with proteins of 17.5, 18 and 19 kDa in human spermatozoa. This pattern seems to be specific for

mature human spermatozoa, as it has not been observed either in other human tissues tested, or in

spermatozoa from different animals. SOB2, the corresponding protein, was isolated from NP40-extracted

human spermatozoa by using preparative electrophoresis, followed by isoelectrofocusing according to its

isoelectric point of 6.4. G12 Fab fragments strongly inhibited binding of human spermatozoa to zona-free

hamster oocytes (up to 86% inhibition at 200 µg/ml). Impairment of binding was dependent on the

concentration of purified G12 immunoglobulin (Ig)G1, and significant even at 10 µg/ml. There was no

inhibitory effect of G12 antibody on sperm motility parameters or triggering of the acrosome reaction and it

did not inhibit binding to human zona pellucida. These results indicate that SOB2 is likely to participate in

membrane oocyte binding, and may be a potential candidate for the development of a contraceptive vaccine.
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Introduction species. In humans, a few antigens have been isolated and
characterized biochemically and immunologically. NotableMammalian fertilization is the result of the successful union
among them are: YWKII related to A4 amyloid protein (Changof the two gametes. This event involves a cascade of cell–cell
Yanet al., 1990), HSAg-5 (Leeet al., 1995), Fertilin, originallyand cell–matrix interactions. First, the spermatozoon has to
named PH30, first identified in guinea pig spermatozoa andcross the cumulus oophorus and make contact with the zona
analogous to snake venom disintegrin (Primakoffet al., 1987;pellucida (ZP) of the ovum. The attachment of spermatozoa
Blobelet al., 1992), CD59, a complementary regulatory proteinto the ZP requires recognition and interaction between comple-
(Fenichelet al., 1994) and FLB1 (Boue´ et al., 1995).mentary molecules present on both gametes (O’Rand, 1988;

Using monoclonal antibodies (mAb) as probes, our labora-Wassarman, 1988). This interaction triggers the acrosome
tory is actively engaged in identifying and characterizing spermreaction which in turn permits spermatozoa to penetrate the
antigens that have a role in human fertilization, (Boue´ et al.,ZP. Then spermatozoa bind to and fuse with the egg plasma
1992, 1995; C.Martin Ruiz, C.Duquenne, D.Tretonet al.,membrane.
unpublished). In a previous communication (Boue´ et al., 1992),For most of the mammals studied, including humans, the
we reported the construction of a library of mAb directedZP consists of three glycoproteins: ZP2 and ZP3 form hetero-
against human sperm proteins as well as the effect of thesedimers which are cross-linked by ZP1. Several sperm molecules
mAb on sperm function and fertilization.The present studyhave been proposed for primary binding to ZP3. These include
describes the properties of G12, one of these mAbs, inFA-1 (Kadamet al., 1995), PH34 (Boue´ et al., 1994), SP17
particular its ability to specifically block human sperm binding(Richardsonet al., 1994) and ZRK (Burkset al., 1995) which
to and penetration of hamster oocytes. The isolation andare expressed in humans. Less is known about secondary
the biochemical characteristics of the complementary antigenbinding to ZP2. A glycoprotein, PH20, primarily found in
designated sperm oocyte binding antigen 2 (SOB2) areguinea pig but also in humans, has been proposed for this role
described.(Lathropet al., 1990). Another protein, SOB3, recently purified

in our laboratory is suspected to participate in this interaction
(C.Martin Ruiz, C.Duquenne, D.Tretonet al., unpublished).

Materials and methodsThe next stage involves sperm contact with, and binding to,
the oocyte plasma membrane. Using hybridoma technology,Production, purification and collection of Fab fragments

attempts have been made to identify sperm surface moleculesG12 was selected from an mAb library raised against human sperm
proteins as described previously by Boue´ et al. (1992). Antibodiesinvolved in oocyte plasma membrane binding in various
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were selected on the basis of two criteria: firstly, their capacity toEffect on acrosomal reaction triggering
bind to presumed surface proteins on live washed human spermatozoa,The effect of G12 supernatant on the acrosome reaction was tested
using 0.45 mM Multiscreen-HV filtration plates (Pharmacia LKB, through a modified protocol from Garneret al. (1986) and Crosset al.
Uppsala, Sweden), as described by Boue´ et al. (1992); and secondly, (1986). Double staining with propidium iodide andPisum sativum–
their ability to impair human sperm binding to zona-free hamsterfluorescein isothiocyanate (PSA–FITC) permitted stimultaneous
oocytes. G12 was obtained from the supernatant of hybridoma cellsestimation of sperm vitality and percentage of acrosome reaction.
cultured in minimum essential medium (MEM) supplemented withSpermatozoa were selected from a discontinuous Percoll gradient as
15% decomplemented fetal calf serum (FCS) (Gibco Laboratory,described by Lassalle and Testart (1994), diluted in PBS–BSA, divided
Grand Island, NY, USA). It was also produced in fluid ascites frominto two samples and induced or not to acrosome react with 25µM
BALB/c mice previously stimulated by pristane (Sigma Chemical Ca21 ionophore A23187 for 30 min at 37°C under 5% CO2. After three
Co, St Louis, MO, USA). The ability of each hybridoma supernatantwashings in PBS–BSA, both samples were incubated for 1 h at37°C
and ascites fluid to bind to human spermatozoa was tested bywith either G12 supernatant or LB5 supernatant as control and washed
enzyme-linked immunososorbent assay (ELISA) as described byagain. The four sperm suspensions were washed twice and final pellets
Bouéet al. (1992). were resuspended in 100µg/ml PSA–FITC, incubated for 15 min at

G12, which has been shown to be of the immunoglobulin (Ig)G1room temperature and observed by fluorescence microscopy. At the
subclass, was purified using a Protein A Sepharose 4 Fast Flowsame time, in order to evaluate the percentage of live spermatozoa, an
column (Pharmacia Biotech, Uppsala, Sweden). The column wasaliquot of each sample was incubated with 5µg/ml propidium iodide
initially equilibrated by 0.1 M phosphate buffer pH 8. Either for 15 min at room temperature, washed twice and fixed with ethanol
hybridoma supernatant adjusted to pH 8 or ascites fluid 1:2 diluted95° for 30 min at –20°C. A total of 200 spermatozoa were counted
with 0.1 M phosphate buffer pH 8 were loaded onto the column at afor each condition and results were expressed with respect to live
flow rate of 0.4 ml/min. The column was then washed with phosphatespermatozoa only.
buffer. The antibody was eluted with 0.1 M citrate buffer pH 4 and

Zona pellucida binding assay
neutralized with Tris–HCl, pH 9. Dialysis against phosphate-buffered

In order to estimate the effect of G12 mAb on sperm binding to ZP, a
saline (PBS) 0.05% sodium azide or 0.1 M phosphate buffer pH 7.4

modified protocol from Liuet al. (1988) was used. Salt-stored human
was performed at 4°C and the solution was finally concentrated to

oocytes that had failed to fertilize in an in-vitro fertilization (IVF)
3 mg/ml and stored at –80°C. Purity was checked by silver staining

programme were washed twice for 1 h with PBS–BSA and stored
of 12% acrylamide sodium dodecyl sulphate–polyacrylamide gel

in BM1 medium. Live human spermatozoa selected from a Percollelectrophoresis (SDS–PAGE) (Silver Stain Kit; Biorad, Hercules,
gradient as described above were washed three times with PBS–BSA,CA, USA).
divided into two samples and incubated for 1 h at 37°C under 5% CO2Purified G12 IgG1 was papain digested. For a 3 mg/ml antibody
with either G12 supernatant or CA6 supernatant respectively as control.solution in 0.1 M phosphate buffer pH 7.4, the reaction mixture
After two washes, the G12-treated sample was stained with 20 mg/included 1 mg papain/100 mg antibody in 2 mM EDTA (from a
ml FITC (Sigma Chemical Co) while the control was stained with 100.1 M solution in 0.2 N NaOH) and 10 mML-cysteine (from a 0.2 M
mg/ml tetramethyl rhodamine isothiocyanate (TRITC; Sigma Chemicalsolution in 0.1 M phosphate pH 7.4). The reaction was run for 2 h at
Co). This allocation of stains was reversed in some experiments in order37°C and stopped by addition of 0.04 M iodoacetamide in 0.1 M
to eliminate any dye-related artefact. In preliminary experiments, bothphosphate buffer pH 7.4 and incubation for 30 min at 37°C. The solution
dyes were assayed for their efficiency to label spermatozoa and forwas dialysed against 0.1 M phosphate buffer pH 8 and loaded at a flow
absence of toxic effect. The concentration used in this study was therate of 0.5 ml/min onto a protein A Sepharose column previously
lowest one that allowed efficient labelling without toxic effect. A mix-equilibrated with 0.1 M phosphate buffer pH 8. Purified G12 Fab
ture of equal numbers of motile spermatozoa (0.23105 in 500µl BM1fragments were collected directly, dialysed against PBS, concentrated
medium) from both stained sperm samples were incubated with ~20and stored at –80°C.
oocytes in 500µl BM1 at 37°C for 2 h under 5% CO2. The oocytesLB5 and CA6 mAb which bind to sperm antigens were used as
were then carefully washed twice with BM1 to eliminate non-adherentcontrols. They have been shown to specifically inhibit sperm binding
spermatozoa, and FITC- and TRITC-labelled spermatozoa bound toto ZP and zona-free oocytes respectively without altering any other
the ZP were counted by light fluorescence microscopy with excitationsperm or fertilization parameters (Boue´ et al., 1995; C.Martin Ruiz,
at 450–490 and 546 nm respectively.C.Duquenne, D.Tretonet al., unpublished).
Hetero-specific fertilization test

Effect of G12 mAb on sperm fertilizing ability Sperm fertilizing ability was evaluated using a hetero IVF procedure
modified from Lassalle and Testart (1988). Virgin golden hamstersSperm motility analysis
were stimulated to ovulate by an i.p. injection of 30 IU pregnant mare’sFour different spermsamples from four donors of known fertility, whose
serum gonadotrophin (PMSG; Intervet, Angers, France) followed byinitial semen characteristics fell within the World Health Organization
30 IU human chorionic gonadotrophin (HCG; Serono, Roma, Italy)criteria for normality were analysed. Spermatozoa were washed twice
72 h later. They were then killed by cervical dislocation 20 h afterwith PBS containing Ca21 and Mg21, 0.4% bovine serum albumin
the HCG injection. After dispersion of cumulus cells with 0.05%(BSA) and incubated for 50 min with either G12 supernatant or LB5
hyaluronidase (bovine testis, type I; Sigma Chemical Co) in M16supernatantascontrol.Afterwashing twicewithPBS–BSA, thesamples
medium (Whittingham, 1971), ZP were removed with 0.05% trypsinwere diluted in 500µl of BM1 medium (Ellios Biomedia, Igny, France)
in M16 medium. Zona-free oocytes were rinsed in BM1 and finallyand parameters of sperm motility were measured using a computerized
placed in BM1 at 37°C in a 5% CO2 atmosphere.sperm analyser (Hamilton Thorn Motility Analyzer 2000; Hamilton-

At the same time, frozen ejaculates from three donors were thawedThorn, Danvers, MA, USA). For each sample the mean value of nine
and washed with PBS–BSA. The pellets were resuspended withmeasurements was calculated, each for a different field. The following
either 200µg/ml G12 Fab fragments diluted in 0.5 ml of BM1 orparameters were measured: motility (%), progressive motility (%),
200µg/ml LB5 Fab fragments as control. For dose–response analysis,curvilinear velocity (µ/s), rectilinear velocity (µ/s), amplitude of lateral

head displacement (µm) and beat cross frequency (Hz). spermatozoa were treated with either 10–200µg/ml G12 purified
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IgG1, or 200µg/ml LB5 IgG1 as control, for 1 h at 37°C under were washed twice in PBS–Tween, treated for 2 h with a 1:600
dilution of goat anti-mouse IgG horseradish peroxidase conjugate5% CO2. After two washes with PBS–BSA, spermatozoa were

resuspended in BM1. Finally, 25–30 zona-free oocytes were incubated (Biosys, Compie`gne, France) and washed again with PBS–Tween.
Immunostaining was revealed by 1.5 mM diaminobenzidine (DAB)with 43104 motile spermatozoa for each condition for 1 h 30 min

at 37°C with CO2. Oocytes were rinsed to remove non-adherent in PBS with 0.1% H2O2. Alternatively, a chemiluminescence protocol
(ECL) was used to enhance sensitivity (Amersham,spermatozoa, stained with Syto 15 (Molecular Probes, Eugene, OR,

USA) and observed 5 h later. Fluorescent analysis was performed Buckinghamshire, UK). After mAb treatment, membranes were incub-
ated for 1 h with 1:3000 sheep anti-mouse IgG horseradish peroxidasewith a Nikon Diaphot inverted microscope interfaced with a Bio-

Rad MRC600 confocal laser scanning imaging system (Bio-Rad conjugate (Amersham). Visualization was carried out with Hyperfilm-
ECL (Amersham).Laboratories). The number of spermatozoa bound per egg was

estimated and ova were considered as penetrated when at least one
SOB2 purificationswollen sperm nucleus or male pronucleus was discernable in the

egg ooplasm. Preparative SDS electrophoresis
A NP40 sperm extract obtained as described above and containing

Organ and sperm immunostaining 10 mg of proteins was diluted 1:2 in 23 SDS reducing buffer, heated
for 5 min at 95°C and loaded onto a 4% acrylamide stacking gel andHuman testis and epididymides obtained from a transplant programme
a 12% acrylamide separating gel. Both were polymerized in thewere removed from three subjects; none of them had received
37 mm diameter tube of the preparative gel apparatus Model 491hormonal treatment. Epididymides were dissected into three regions,
Prep Cell (Bio-Rad). The electrophoresis was run for 48 h at 4°Ccaput, corpus, and cauda. Tissue fragments were immediately frozen
with a 40 mA constant current. Proteins were recovered in elutionin liquid nitrogen, embedded at –30°C in Tissue Tek II medium
buffer (2 mM Tris, 30 mM NaCl, pH 7.2) as 24034 ml fractions.(Miles, Elkhart, IN, USA) and stored at –80°C. Sections (5µm thick)
The first tube containing Bromophenol Blue marker dye was referredwere cut with a cryotome and placed on slides which were air-dried,
to as fraction number one. Fractions were tested by SDS–PAGE andfixed with methanol at –20°C for 10 min and stored at –20°C. Antigen
Western blotting with the ECL procedure in order to detect thelocalization was performed by an avidin–biotin peroxidase staining
presence of SOB2. Positive fractions were pooled, 103 concentratedprocedure (Vectastain ABC kit; Vector Laboratories, Burlingame, CA,
to ~80µg/ml and stored at –80°C with 0.2% azide.USA). After incubation for 20 min with 10% goat serum in PBS to

eliminate non-specific binding, sections were treated with either G12
Isoelectric focusing (IEF)or a non-secreting supernatant for 1 h at room temperature. They
Proteins of pooled fractions recovered from preparative electro-were washed three times with PBS, incubated for 30 min with
phoresis were treated with acetone in order to remove SDS beforea 1:5000 dilution of goat biotinylated anti-mouse IgG (Jackson
focusing. Samples were diluted 1:5 by dropping on acetone at –60°CImmunoresearch Laboratories, West Grove, PE, USA), washed again
and incubated for 2 h at –60°C. After centrifugation at 10 000g forthree times with PBS and then incubated for 30 min with Vectastain
20 min at 4°C, pellets were washed in acetone, then with ether.ABC reagent. After three washes in PBS, the reaction was revealed
Protein pellets were resuspended with lysis buffer containing 9.5 Mwith 118 mM amino ethyl carbazol (AEC; Sigma Chemical Co)
urea, 8% CHAPS (Sigma Chemical Co), 5%β-mercaptoethanol andand 0.02% H2O2. Finally, sections were rinsed, stained by Harris
2% ampholine 3.5–9.5 (Pharmacia) in H2O, and incubated 1 h athaematoxylin (Orto Diagnostic Systems, Loudwater, UK) and
37°C before being loaded on gels. IEF was run into a vertical Minimounted with glycergel solution (Dako, Carpinteria, CA, USA).
Protean II Dual Slab Cell (Bio-Rad) with 4% acrylamide gelsSperm samples were washed three times with PBS and resuspended
containing 9.5 M urea, 2% CHAPS, 12.5% Readysol IEF (Pharmacia),to 503106 spermatozoa/ml. A 20µl sample of suspension was
10% glycerol and 7.5% ampholine 3.5–9.5. IEF was carried out withsmeared, air-dried, fixed for 10 min with methanol at –20°C, and
0.02 M NaOH as cathode solution in the upper chamber and 0.01 Mstored at –20°C. Slides were further submitted to the avidin–biotin
H3PO4 as anode solution in the lower chamber and proteins wereperoxidase staining procedure as described above.
loaded at the basic pole. Running conditions were 200 V for 20 h at
4°C (4000 volt hours).SDS–PAGE and Western blotting

Gel silver staining was performed according to a modified protocolProtein samples were obtained from washed spermatozoa and homo-
from Morrissey (1981) with initial fixation in a 20% trichloroaceticgenized tissues by treatment with NP40 extraction buffer (0.1 M
acid solution. Gels were washed for 1 h in H2O, treated for 15 minTris–HCl pH 8.0, 0.14 M NaCl, 10% Glycerol and 1% Nonidet
with 5 mg/l dithiothreitol (DTT) and then with 2.04 g/l AgNO3 forP-40). After sonication, samples were submitted to rotatory agitation
1 h. After 2 min washing with H2O, staining was developed withfor 45 min at 4°C, centrifuged at 11 000g for 15 min at 4°C and
34.72 g/l Na2CO3, 0.025% formaldehyde and stopped by a 1% acetictheir protein concentration evaluated.
acid solution. For Western blotting, proteins were transferred withFor SDS–PAGE, protein samples were diluted with SDS reducing
0.7% acetic acid buffer and inversed polarity, then treated andbuffer (10% glycerol, 5%β-mercaptoethanol, 62.5 mM Tris–HCl pH
immunostained by ECL as described above.6.8, 2% SDS and 0.005% bromophenol) according to Laemmli (1970),

heated at 95°C for 5 min and finally separated on 12% acrylamide
Statistical analysisgels. Silver staining was performed using the Silver Staining Kit
Means are expressed6 SEM. Significance of differences was(Sigma Chemical Co) after fixation of the gels for 1 h at room
calculated using Student’st-test for unpaired samples.temperature in an aqueous solution containing 10% acetic acid and

30% ethanol.
After migration, proteins were transferred to nitrocellulose Results

membranes according to Towbinet al. (1979). Blots were saturated
G12 mAb had been selected previously on account of itswith 10% non-fat-milk in PBS for 2 h at room temperature, washed
binding to live human spermatozoa and its effect on humanwith PBS, 0.05% Tween (PBS–Tween) and incubated for 2 h with

either G12 or a non-secreting hybridoma supernatant. Membranessperm-binding to zona-free oocytes. It has been shown to

509



A.Lefe
`
vre et al.

Table I. Effect of G12 Fab fragments on human sperm binding and penetration of zona-free hamster oocytes. Figures in parentheses show numbers of oocytes
examined

Sperm binding Fertilization

Mean no. Binding Penetration Fertilization
spermatozoa/oocyte inhibition ratea inhibition

Sperm Control Treated % Control Treated %

A 14.6 (38) 4.4 (24) 69.8 30.0 8.3 72.3
A 12.06 (31) 3.4 (19) 71.8 35.2 23.8 32.4
B 5.8 (22) 0.8 (36) 86.2 ND ND ND
C 19.4 (38) 11.7 (43) 39.7 36.8 18.3 50.3

Four experiments were performed with four different sperm samples from three donors (A, B and C). Spermatozoa were incubated with either LB5 (control)
or G12 Fab fragments (200µg/ml).
aPercentages of oocytes inseminated with one or more swollen heads
Mean binding inhibition5 66.8%.
Mean fertilization inhibition5 51.6%.

belong to the IgG1 subclass. These preliminary results led us
to purify the mAb and prepare Fab fragments in order to study
its physiogical impact as well as to characterize and purify the
corresponding protein, SOB2.

Effect of G12 mAb on sperm–egg interaction

Hybridoma supernatants were used in studies of sperm motion
parameters, induction of acrosomal reaction and sperm binding
to ZP while the hamster egg penetration test was performed
after incubation with Fab fragments.

Hamster egg penetration test

Preliminary studies had shown that G12 supernatant inhibited
human sperm binding to zona-free oocytes. To exclude an
artefactual effect via the egg Fcγ receptor, Fab fragments of
purified G12 mAb were utilized and their effect was compared
with that of LB5 Fab fragments. Table I and Figure 1 show
that binding of spermatozoa from frozen ejaculates of three
donors to zona-free hamster oocytes was inhibited by incuba-
tion with G12 Fab fragments as compared with those incubated
with LB5 Fab fragments. Inhibition varied from 39.7–86.2%,
depending on the sperm sample analysed. The oocyte penetra-
tion rates were also reduced and the percentages of fertilization
inhibition observed were consistent with those of spermFigure 1. Confocal image of human sperm binding to hamster

zona-free oocytes. Spermatozoa were treated with either (a)attachment inhibition. Furthermore, the effect was dependent
100 µg/ml LB5 Fab fragments or (b) 100 µg/ml G12 Fabon the concentration of purified G12 mAb in the incubation
fragments. (Original magnification3100).milieu, and significant even at 10µg/ml G12 mAb (Figure 2).

the effect of G12 mAb on sperm binding is linked with spermZP binding assay
motility, various parameters were studied. LB5 served as

To demonstrate that the sites on spermatozoa which interactcontrol because it was previously shown to have no influence
with G12 mAb have a specificity of binding restricted to the on these parameters (C.Martin Ruiz, C.Duquenne, D.Treton
oocyte plasma membrane, the ability of the mAb to impairet al., unpublished). Four sperm samples from four donors
binding to ZP was evaluated. The numbers of human spermato-who exhibited normal semen characteristics, according to the
zoa bound to human zonae pellucidae after treatment by G12WHO criteria, were analysed. As can be seen in Table III,
versus CA6 supernatant as control were compared. Table IIG12 supernatant had no significant effect on either motility,
shows that, as expected, G12 mAb did not significantly inhibitprogressive motility, rectilinear velocity, curvilinear velocity,
sperm binding to ZP. amplitude of lateral head displacement or beat cross frequency.

Sperm motility parameter analysis Acrosome reaction triggering

G12 mAb did not cause any perceptible agglutination orTo rule out the possibility that G12 mAb could influence the
onset of the acrosome reaction, the effect of G12 supernatantimmobilization of spermatozoa. To investigate further whether
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Table IV. Effect of G12 mAb on spontaneous and induced acrosome
reaction. Three experiments were performed with three sperm samples from
three donors. Sperm samples were preincubated without (–) or with (1)
A23187 and treated with either LB5 supernatant as control or G12
supernatant. Results are given as mean6 SEM

Percentage of reacted spermatozoa

Control Treated

A23187 2 1 2 1

Sperm sample 1 76 0.8 256 3.2 6 6 0.5a 23 6 2.7a

Sperm sample 2 66 0.6 136 1.5 8 6 0.9a 14 6 1.8a

Sperm sample 3 36 0.5 9 6 1.1 3 6 0.2a 8 6 0.8a

aNot significantly different from controls (P .0.05).

Organ and sperm localization of SOB2
Figure 2. Dose–response effect of G12 purified immunoglobulin We tried to determine at what stage of sperm development the
(Ig)G1 on human sperm binding to hamster zona-free oocytes.

antigenic determinant of G12 appeared. As can be seen inNumbers inside the bars are the number of oocytes used in each
Figure 3a and b, testis and efferent ducts displayed no staining.test. Values are mean6 SE of three separate experiments. *Values
In contrast, the mAb strongly labelled the epithelium andsignificantly different from control (P ,0.05).
spermatozoa of the caput and corpus epididymis (Figure 3e)
while no staining was observed in control slides (Figure 3c).
Spermatozoa in the lumen of the caput epididymis showed aTable II. Effect of G12 mAb on human sperm binding to human zona

pellucida. Three experiments were performed with three samples from threediffuse labelling (Figure 3d) which was progressively restricted
donors. Results are given as mean6 SEM. Figures in parentheses show to the post-acrosomal and neck regions in the corpus epididymis
number of zona pellucida examined

(Figure 3e). G12 mAb also stained the postacrosomal and
No. spermatozoa bound/zona pellucida neck regions of.90% of ejaculated spermatozoa (Figure 3f5

control; Figure 3g5 stained with G12).
Control Treated

SOB2 biochemical characterizationExperiment 1 446 5.3 466 4.9a (26)
Experiment 2 296 2.9 306 2.9a (29) Western blotting of human sperm extracts separated by electro-
Experiment 3 366 4.2 346 4.4a (19)

phoresis under reducing conditions and incubated with G12
Sperm samples were incubated with either CA6 supernatant as control or supernatant displayed three immunoreactive bands of apparent
G12 supernatant. molecular weights 17.5, 18 and 19 kDa (Figure 4I). The sameaNot significantly different from control (P .0.05).

pattern was observed under non-reducing conditions, indicating
that these are not components linked by disulphide bonds (data
not shown). No staining was observed in testis extracts of up

Table III. Effect of G12 mAb on sperm motility parameters to 200µg proteins. G12 blotting revealed two major bands of
37 and 47 kDa in caput epididymis and in deferent duct whileMotion parameters Controla Treateda

no staining was observed in the 17.5–20 kDa area even for
Percentage motility 66.86 13.4 69.76 6.4b

loads of up to 400µg/well for epididymal proteins (Figure 4).Percentage progressive motility 50.86 7.3 54.96 8.9b

One band of 53 kDa and one band of 33 kDa were observedRectilinear velocityµ/s 51.76 4.8 47.86 6.0b

Curvilinear velocityµ/s 76.16 6.8 70.66 7.1b in ovary and placenta extracts respectively (Figure 4II). By
Amplitude of lateral head displacementµ/s 3.86 0.2 3.96 0.2b

contrast, blots of both male and female liver, spleen and skinBeat cross frequency Hz 16.56 0.4 18.06 0.2b

displayed no immunoreactivity.
Sperm samples were treated with either LB5 supernatant as control or G12 As can be seen in Figure 5, in samples of rabbit, ram,
supernatant. hamster, mouse and rat spermatozoa, G12 mAb did not reactaMean measure6 SEM of four sperm samples from four donors;

with protein bands of molecular size similar to those withpercentage motility varied from 50.1 to 89.1 and 59.7 to 88.5 for control
and treated spermatozoa respectively. which it reacted in humans. Bands of 26, 28 and 50 kDa were
bNot significantly different from controls (P .0.02). detected in rat, hamster and rabbit extracts respectively.

SOB2 purificationwas assessed. LB5 supernatant had previously been shown to
have no effect on either the spontaneous- or A23187-induced NP40 extracts of human spermatozoa were submitted to

preparative electrophoresis on a 12% acrylamide gel. Fractionsacrosome reaction of fresh human spermatozoa (C.Martin
Ruiz, C.Duquenne, D.Tretonet al., unpublished). As can be 50 to 67 with higher SOB2 content were selected, pooled and

concentrated to ~80µg/ml. This pool was thereafter referredseen in Table IV, G12 supernatant had no significant effect on
the percentages of either spontaneous or induced acrosome- to as Fraction D. Figure 6 shows the comparison between

silver stained SDS–PAGE of total spermatozoa and Fractionreacted spermatozoa when compared with LB5 supernatant.
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Figure 3. Immunoperoxidase staining localization of the antigen defined by G12 mAb of methanol-fixed human testis, epididymis and
spermatozoa. Controls were performed with a negative hybridoma supernatant. (a) G12-treated testis tubules (original magnification3300);
(b) G12-treated vasa efferentia (original magnification3300); (c) control corpus epididymis (original magnification31200); (d) G12-treated
spermatozoa in caput epididymis (original magnification3750); (e) G12-treated corpus epididymis (original magnification3750); (f)
control (original magnification31200) and (g) G12-treated ejaculated spermatozoa (original magnification31200). Arrowheads indicate
G12 labelling of post-acrosomal and neck regions.

D protein extracts with G12 Western blotting and illustrates plasma membrane oocyte via itsβ andα subunit respectively,
is located in this region (Primakoffet al., 1987; Blobelthe relative purification of SOB2. Fraction D submitted to IEF
et al., 1992).and Western blotting showed that SOB2 immobilized at its

As fertilizing capacity develops during the transit of sperm-iselectric point (pI) of 6.4 in an area where no other protein
atozoa through the epididymis, we established at what stagewas detected by silver staining (Figure 7).
of sperm development SOB2 first appears. While G12 mAb
did not bind testis or efferent ducts, it strongly labelled the

Discussion epithelium and spermatozoa in caput and corpus epididymis.
The G12 mAb had previously been selected from a collectionSperm labelling which was diffuse in the caput appeared
of mAbs to human sperm antigens for its capacity to bind toclearly restricted to the post-acrosome and the neck in corpus
presumed surface proteins on live spermatozoa, as assessedepididymis.
by ELISA using filtration plates, as well as for its potent G12 mAb revealed three bands of 17.5, 18 and 19 kDa on
inhibition of sperm–oocyte binding (Boue´ et al., 1992). G12 reducing or non-reducing SDS–PAGE of sperm extracts. Rather
mAb, which is of the IgG1 subclass, bound to the post-than multiple gene products, this heterogeneity of the peptides
acrosomal region and the neck of epididymal and ejaculatedidentified by Western blotting may reflect post-translational
spermatozoa. The role of the post-acrosome region in spermmodifications of the same protein, such as glycosylations, or
binding and fusion is implicit in the fact that PH 30 antigen, proteolytic processing as well as alternative splicing as shown

for SP10, an intra-acrosomal antigen (Herret al., 1992;shown to play a role in both binding to and fusion with the egg
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Figure 6. SDS–PAGE of preparative electrophoresis purified SOB2:
comparison of NP40 sperm extracts and Fraction D protein patterns
after silver staining and G12 immunoblotting. Silver staining of (A)
NP40 sperm extracts and (B) Fraction D. (C1) G12 Western
blotting of Fraction D; (C2) control (incubated with a negative
hybridoma supernatant). The amounts of protein applied were

Figure 4. Western blotting of (I) human spermatozoa and male 20 µg and 2.5µg/lane for NP40 extracts and Fraction D
genital tract organs, (II) tissue from other organs. Protein extracts respectively. The molecular masses of standards are indicated in the
were submitted to SDS–PAGE and incubated with either G12 middle.
supernatant or a negative hybridoma supernatant as control. The
amount of protein applied per lane was 20µg. (IA, B) control and
G12-treated spermatozoa; (IC) G12-treated testis; (ID, E) control
and G12-treated epididymis; (IF, G) control and G12-treated
deferent duct; (11A, B) control and G12-treated spermatozoa;
(11C, D) G12-treated male and female liver; (II E) G12-treated
spleen; (II F) G12-treated skin; (IIG, H) control and G12-treated
ovary; (11I, J) control and G12-treated placenta. The molecular
weights of standards are indicated on the left.

Figure 7. Isoelectric focusing of Fraction D. The amount of protein
applied was 2.5µg/lane. (A) silver staining. (B1) G12 Western
blotting; (B2) control (incubated with a negative hybridoma
supernatant). The isoelectric points of standards are indicated on
the left.Figure 5. Comparison of SDS–PAGE Western blotting of human

and animal spermatozoa. The amount of protein applied per lane
was 20µg. The blots were incubated with either G12 supernatant question of the origin of SOB2. Whether SOB2 derives from
or a negative hybridoma supernatant as control. (A, B) control and

the epididymal fluid and binds to spermatozoa in the courseG12-treated human spermatozoa; (C, D) control and treated
of its epididymal transit or whether the antigen pre-exists inhamster spermatozoa; (E, F) control and G12-treated rat
testicular germ cells, in a conformation that does not allowspermatozoa; (G, H) G12-control and treated rabbit spermatozoa;

(I , J) G12-treated ram and mouse spermatozoa. The molecular G12 mAb recognition, will be resolved with microsequencing
weights of standards are indicated on the left. of the purified SOB2, and subsequent cloning of its gene.

Interestingly, PH30 was first detected on spermatozoa in the
proximal cauda epididymis on the basis of immunostainingFreemermanet al., 1995). The mAb did not reveal any protein

in this molecular weight area in the human tissues tested. The analysis (Primakoffet al., 1987), while it was later cloned
after PCR amplification of guinea pig testis cDNA (Blobelabsence of signal in testis and epididymis as well raises the
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et al., 1992), suggesting a belated appearance of its antigenicity. direct involvement of SOB2 in sperm–egg plasma membrane
binding.In fact, as in the caput epididymis spermatozoa were already

With respect to its potential to inhibit fertilization, SOB2labelled by G12, the absence of signal in the epididymis
mAb is not alone. The Vic-1 mAb was effective in inhibitingextracts may reflect the paucity of epididymal fluid in sperm
human sperm penetration of zona-free hamster oocytes, but itcells prior to protein extraction. The presence of two major
also inhibited the acrosome reaction and several parametersstaining bands of 37 and 47 kDa in caput epididymis and
accounting for sperm hyperactivation (Nazet al., 1993).deferent ducts is intriguing. Even though one can postulate
Therefore, the corresponding FA-2 antigen is likely to bethat SOB2 is secreted in the epididymis in an immature form,
involved in some step that is vital for human sperm capacitationand integrates with the spermatozoa after proteolysis, it would
and/or the acrosome reaction rather than in oocyte plasmabe difficult to understand why the same protein would also be
membrane binding.secreted by deferent ducts, while spermatozoa are already

On the other hand, the protein DE, which has been describedcoated with SOB2 in corpus epididymis. Therefore, it is likely
in the mouse, has been shown to almost completely abolishthat these two bands represent unrelated proteins, sharing a
sperm penetration at a concentration of 200µg/ml, withoutcommon epitope with SOB2, rather than immature forms of
affecting the number of bound spermatozoa per eggSOB2. The 53 and 33 kDa bands observed respectively in
(Rochwergeret al., 1992). The authors showed that transferovary and placenta are also likely to be unrelated proteins.
of oocytes with bound spermatozoa to DE-free medium restoredG12 mAb failed to detect the three bands of 17.5, 18 and 19
a quasi normal fertilization rate. On the other hand, theykDa in any other mammalian spermatozoa tested, including
observed that when sperm–egg binding assays were conductedrodents, attesting to the specificity of the epitope revealed in
in the absence of Ca21, a condition in which binding but nothumans. However, based solely on molecular weight analysis,
fusion occurs, the number of bound spermatozoa per egg didit cannot be concluded that the bands stained by G12 in
not differ from that obtained in the presence of Ca21. Theextracts from rabbit, hamster and rat are unrelated to the three
authors conclude that DE participates in an event subsequentprotein species comprising human sperm SOB2. Only protein
to binding, probably membrane fusion. In the same way, resultssequence analysis will reliably establish whether or not these
obtained in guinea pig with fertilin, previously named PH30,proteins are related.
were in favour of fertilization being a multiphasic event.To accede to the status of potential candidate for binding to
Fertilin has been cloned in guinea pig, and the deduced aminothe oocyte membrane, a protein has to fulfil specific conditions,
acid sequence showed its organization into two subunits,αand before reaching the plasma membrane, the spermatozoon
andβ (Blobel et al., 1992). Theβ subunit contains an integrin-

expressing that protein must succeed in several trials, i.e. it
binding disintegrin domain, with sequence homology with the

has to cross the cumulus oophorus, bind to a first receptor on
snake venom disintegrin, and would probably mediate sperm–

the ZP, undergo the acrosome reaction, bind to a second
egg binding (Blobelet al., 1992; Myleset al., 1994). Theα

receptor and only then can it approach the plasma membrane.
subunit contains a region that fulfils all the criteria for a fusion

The successful molecular candidate for this last connection is
peptide (Blobelet al. 1992; Mugaet al., 1994). The role of

likely to remain uninvolved in any of the previous steps of theα subunit has been lately called into question in the human,
the fertilization process listed above. Therefore, any proposedas Jury et al. (1997) have demonstrated the absence of a
protein should be examined according to this hypothesis. Thisfunctional human fertilinα, as well as the absence of a fertilin
was our procedure with SOB2. Before claiming that SOB2 isα–β complex in macaque. On the other hand, human fertilin
specifically involved in oocyte plasma membrane binding, weβ subunit has been recently cloned (Guptaet al., 1996). Its
evaluated the ability of its corresponding mAb to modify sequence is 59% identical to guinea pig fertilinβ protein and
the parameters of sperm motility, to block zona pellucidashows a disintegrin domain. As a matter of fact, the involvment
recognition, or to trigger the acrosome reaction. Neither theof integrins in adhesive mechanisms in the fertilization process
percentage of motile spermatozoa, nor the different parametersis further supported by several recent findings. Bronson and
that account for sperm movement, were affected by theFurst (1990) demonstrated that the RGD (Arg-Gly-Asp)
presence of G12 mAb. G12 supernatant did not modify thesequence, which is a ligand recognition motif for integrins,
occurrence of either spontaneous or A23187- induced acrosomewas involved in the binding of human spermatozoa to zona-
reaction. The percentage of spermatozoa bound to human ZPfree hamster oocytes and in their subsequent penetration.
was not perturbed by the presence of G12 mAb in the medium.Furthermore, RGD binding receptors were detected on the
By contrast, G12 Fab fragments drastically reduced the numbersurface of zona-free eggs from human and several other
of human spermatozoa bound to zona-free hamster oocytesmammals (Fusiet al., 1992). Additionally, integrin subunits
(by up to 86% for a concentration of 200µg/ml) and, α2, α5 and α6 were shown to be expressed by human and
subsequently, inhibited fertilization, whereas LB5 Fab, whichhamster oocytes (Fusiet al., 1993) while human testicular
has been shown to inhibit binding to human ZP (Martin Ruiz,germ cells expressedα3, α5 and α6 chains ofβ1 integrin as
C.Duquenne, D.Tretonet al., unpublished), had no effect. well as fibronectin which is known to contain an RGD sequence
Furthermore, the inhibition of sperm binding was dose depend-(Schalleret al., 1993). The positive correlation observed by
ent. That these effects were provoked by Fab fragments, whichKlentzeriset al. (1995) between expression ofβ1 integrin and
excludes sperm binding through egg Fcγ receptors, argues for fertilizing ability of human spermatozoain vitro, together with

the fact that ejaculated spermatozoa contain mRNA transcriptsthe specificity of the effect of G12 mAb, and therefore, the
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(Hopital Cochin, Paris) for providing human testis and epididymisof β1 integrins (Rohwedderet al., 1996) strengthen the hypo-
samples. We specially acknowledge the participation of Carol Goutelthesis of the role played by integrins in the gamete recogni-
in performing the experiments shown in Figure 2. Carmen Martin-

tion process. Ruiz was supported by a Doctoral Research Fellowship from the
Taken together, these results are in favour of a multistepEuropean Community (Bio2-CT-94).

This work was supported by a grant from MENESR (ACC SV).phenomenon occurring in sperm–egg fusion which implies
that several proteins may be implicated prior to egg activation,
SOB2 appears to be a serious candidate for a role in the
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