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ABSTRACT

Human epididymal sperm protein ARP, a member of the cys-
teine-rich secretory proteins (CRISP) family, exhibits significant
homology with rat epididymal protein DE, a candidate molecule
for mediating sperm-egg fusion in rodents. The aim of this study
was to investigate the involvement of ARP in human gamete
fusion. Sequential extraction of proteins from ejaculated human
sperm revealed the existence of a population of ARP that is tight-
ly associated with the sperm surface and thus, potentially ca-
pable of participating in gamete interaction. Exposure of capac-
itated human sperm to a polyclonal antibody against recombi-
nant ARP (anti-ARP) produced a significant and concentration-
dependent inhibition in the ability of human sperm to penetrate
zona-free hamster eggs. This inhibition was not due to a dele-
terious effect on the gametes because anti-ARP affected neither
sperm viability or motility, nor egg penetrability. The antibody
did not inhibit the occurrence of spontaneous or Ca21 iono-
phore-induced acrosome reaction, nor did it inhibit the ability
of sperm to bind to the oolema, supporting a specific inhibition
of the antibody at the sperm-egg fusion level. As a relevant ev-
idence for a role of ARP in gamete fusion, the existence of com-
plementary sites for this protein on the surface of human eggs
was investigated. Experiments in which zona-free human oo-
cytes discarded from in vitro fertilization programs were ex-
posed to ARP, fixed, and subjected to indirect immunofluores-
cence revealed the presence of specific ARP-binding sites on the
entire surface of the human egg, in agreement with the fuso-
genic properties of the human oolema. Together, these results
strongly support the participation of ARP in the sperm-egg fu-
sion process, suggesting that this protein would be the function-
al homologue of DE in humans.

epididymis, fertilization, gamete biology, ovum, sperm

INTRODUCTION

Fertilization in mammals consists of a sequence of spe-
cific cell-cell and cell-matrix interactions that culminates in
sperm-egg membrane fusion. Evidence suggests that the
recognition between sperm and egg plasma membranes oc-
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curs through a multistep process involving different cell
adhesion molecules on the surfaces of both gametes [1, 2].

In the rat, the epididymal sperm protein DE is a candi-
date molecule to mediate gamete membrane fusion [3]. DE
is synthesized in an androgen-dependent manner by the
proximal segments of the epididymis, and associates to the
sperm plasma membrane during epididymal transit [4, 5].
Originally localized on the dorsal region of the sperm head,
DE migrates to the equatorial segment concomitantly with
the occurrence of the acrosome reaction [6]. Sequential ex-
traction of proteins from epididymal sperm has revealed the
existence of two populations of DE bound to sperm: a ma-
jor population removable by ionic strength and loosely as-
sociated to the cells; and another one, resistant to this treat-
ment, which behaves as an intrinsic protein [7]. Experi-
ments performed in order to associate these two populations
with functional events undergone by sperm, indicated that
whereas the loosely bound population is released from
sperm during capacitation, the tightly associated protein re-
mains after capacitation and migrates to the equatorial seg-
ment [7].

The relocation of DE to the equatorial segment, the re-
gion through which the sperm fuses with the egg [8, 9],
together with experiments showing that the polyclonal an-
tibody against DE significantly inhibited the percentage of
penetrated zona-free rat eggs, supported a role for this pro-
tein in sperm-egg fusion [10]. Subsequent studies in which
the exposure of zona-free eggs to purified protein DE sig-
nificantly reduced the percentage of penetrated eggs with-
out affecting sperm-egg binding confirmed the involvement
of this protein in gamete fusion through DE-complementary
sites on the egg surface. Indirect immunofluorescence (IIF)
studies showed that these DE-binding sites are localized
over the fusogenic region of the egg surface [3, 11].

Sequence analysis of rat DE revealed that the protein
belongs to the CRISP (cysteine-rich secretory proteins)
family, and exhibits significant homology with two other
epididymal proteins: mouse protein AEG-1/CRISP-1 (70%)
[12, 13] and human protein ARP/hCRISP-1 (40%) [14, 15].
Recently, we have described the participation of the mouse
homologue of DE in sperm-egg fusion through binding
sites on the surface of mouse eggs [16].

In regard to the human protein, several characteristics
such as its epididymal origin, secretory nature, molecular
weight, and localization on the sperm head [14] suggest
that it could correspond to the human molecule that per-
forms a function equivalent to that of DE in rodents. How-
ever, the involvement of this protein in gamete fusion has
not yet been investigated. In the present study we provide
evidence supporting the participation of the human epidid-
ymal protein in gamete fusion through complementary sites
localized on the surface of the human egg.
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MATERIALS AND METHODS

Preparation of Sperm Extracts and Tissue Cytosols
Ejaculates were obtained from healthy donors whose initial semen

characteristics fell within the World Health Organization (WHO) criteria
for normality [17]. Semen samples were washed three times in PBS con-
taining 0.2 mM PMSF (PBS-PMSF) (Sigma Chemical Co., St. Louis,
MO), and then incubated for 30 min in 2 M NaCl PBS. The suspension
was centrifuged 10 min at 700 3 g and the supernatant was centrifuged
at 13 000 3 g, dialyzed against deionized water at 48C, and lyophilized.
The sperm pellet was incubated once again with 2 M NaCl as described
above and after centrifugation at 700 3 g, sperm were incubated for 30
min with 1% Triton X-100 (Sigma) in PBS. Following this incubation, the
suspension was centrifuged for 10 min at 13 000 3 g, and the supernatant
was precipitated at 2208C with 10 volumes of acetone.

Human testes and epididymides were obtained from patients (aged 50–
80 yr) undergoing orchidectomy as treatment for prostatic carcinoma and
who had not received radiation, hormonal, or chemotherapy treatments.
Testicular and epididymal cytosols were prepared as previously described
[16].

Western Blots
Samples were separated in nonreducing 12% SDS-polyacrylamide

gels, according to the method of Laemmli [18], and proteins were electro-
transferred to nitrocellulose [19]. The membranes were blocked for 1 h
with powdered skim milk (2% in PBS) and incubated for 3 h with a 1:
1000 dilution of rabbit polyclonal antibodies raised against either the hu-
man recombinant ARP molecule coupled to maltose binding protein
(MBP; anti-ARP) [14], MBP (anti-MBP; New England BioLabs, Inc.,
Beverly, MA), or human recombinant testicular TPX-1 protein also cou-
pled to MBP (anti-TPX-1) [20]. Anti-TPX-1 antibody was prepared as
previously described for anti-ARP [14]. Membranes were washed thor-
oughly before incubation for 1 h with biotin-conjugated anti-rabbit im-
munoglobulin G (IgG; 1:500 dilution, Sigma). After extensive washing,
the membranes were incubated for 1 h with ExtrAvidin-horseradish-per-
oxidase (1:1000 dilution, Sigma), and reactive bands were visualized with
3,39-diaminobenzidine (40 mg/ml [Sigma] in Tris 0.1 M [Sigma] pH 7.5,
and 0.01% v/v H2O2). All incubations were carried out at room tempera-
ture.

Human Sperm Capacitation
After complete liquefaction, the semen was diluted with six volumes

of Biggers, Whitten, Whittingham (BWW) solution [21], centrifuged (10
min at 300 3 g), and washed again with 1 ml of BWW containing 3.5%
HSA (Sigma; BWW-HSA [human serum albumin]). Sperm samples were
then allowed to swim up for 1 h at 378C in 1 ml of BWW-HSA, and
motile selected spermatozoa were diluted to a final concentration of 5–10
3 106 cells/ml, and incubated 18 h at 378C in BWW-HSA in an atmo-
sphere of 5% CO2.

Sperm Viability and Computer-Assisted Semen Analysis
Semen samples from normal donors were capacitated as previously

described. After 18 h of capacitation, 100 ml of the sperm suspension were
incubated for 30 min in BWW-HSA alone or containing anti-ARP or anti-
MBP (1:50 dilution), and sperm viability and motility were evaluated. For
viability assessment, 40 ml of sperm suspension was stained with prewar-
med 0.5% eosin (yellowish; Sigma) in saline solution, and the incorpo-
ration of the dye was evaluated by light microscopy. The percentage of
viability was calculated as the number of sperm that did not incorporate
the dye over the total number of sperm counted.

For motility assessment, aliquots of 5 ml of sperm were placed in a
Mackler chamber (Sefi-Medical Instruments, Rehovot, Israel) and motility
parameters were measured in a computerized sperm analyzer (Hamilton
Thorn IVOS/09279/V10.8s; Hamilton Thorn, Danvers, MA). For each
sample the mean value of more than 200 cells (from at least eight different
fields) was calculated. The following parameters were measured: motility
(percentage), progressive motility (percentage), path velocity (VAP, mm/
sec), track speed (VCL, mm/sec), lateral head displacement (LHD, mm),
and linearity (LIN, percentage).

Acrosome Reaction Induction
Capacitated sperm incubated in medium alone or in medium containing

either anti-ARP or anti-MBP (1:50) were incubated with Ca21 ionophore

A23187 (final concentration 5 mM; Sigma) at 378C. After 1 h, sperm
suspensions were washed, fixed for 10 min with 2% paraformaldehyde in
PBS, washed again, placed on polylysine-coated slides, and air-dried.
Slides were immersed for 5 min in methanol at 48C for cell permeabili-
zation [22]. Acrosome reaction was evaluated by sperm staining with 50
mg/ml of fluorescein isothiocyanate (FITC)-labeled Pisum sativum aglutin-
in (PSA, Sigma) [23]. Sperm were scored as acrosome intact when a bright
staining was observed on the acrosome, or as acrosome reacted when
either fluorescent staining was restricted to the equatorial segment or no
labeling was observed.

Zona-Free Hamster Oocyte Penetration Test
This test was performed as described in the WHO Laboratory Manual

for the Examination of Human Semen and Sperm-Cervical Mucus Inter-
action [17]. Immature (4- to 6-wk-old) hamster (Mesocricetus auratus)
females were superovulated by an i.p. injection of 25 IU of eCG (Syntex,
Buenos Aires, Argentina), followed by the i.p. administration of 25 IU of
hCG (Sigma) 48 h later. Eggs were recovered from the oviducts of super-
ovulated animals 14–16 h after hCG administration. Cumulus cells were
dispersed with 0.1% hyaluronidase (Sigma, type IV) prepared in 4 mg/ml
BSA (Sigma) in PBS. After washing in BWW, the zona pellucidae were
removed by treatment with 0.1% trypsin (Sigma) in BWW. Finally, zona-
free oocytes were thoroughly washed in capacitation medium and distrib-
uted among treatment groups.

Only those human sperm samples presenting more than 70% motile
sperm after capacitation were used for insemination. Aliquots containing
3.5 3 105 motile cells were diluted to 100 ml with BWW-HSA, and in-
cubated with anti-ARP (1:5 to 1:500), anti-MBP (1:50), or medium alone
at 378C under paraffin oil (saybolt viscosity 125/135; Fisher Scientific Co.,
Pittsburgh, PA). After 30 min, 15–20 zona-free hamster eggs were added
to each drop, and gametes were coincubated for 2–3 h at 378C in an
atmosphere of 5% CO2. The oocytes were then freed from unbound and
loosely bound spermatozoa by serial aspiration through a finely drawn
pipette, fixed in 2.5% glutaraldehyde, mounted on slides, and observed
under the microscope (4003) after staining with 1% aceto-carmine solu-
tion. The number of eggs presenting decondensing sperm heads or pro-
nuclei and sperm tails in the egg cytoplasm, as well as the number of
spermatozoa bound per egg were recorded.

Indirect Immunofluorescence of Human Oocytes
Human unfertilized oocytes, identified by the absence of two pronuclei

and failure to divide 48 h after conventional in vitro fertilization (IVF) or
intracytoplasmatic sperm injection (ICSI) attempts, as well as noninsemi-
nated surplus oocytes discarded from an IVF program with patients’ in-
formed consent were used for these experiments. Cumulus cells were dis-
persed by treatment with 0.1% hyaluronidase in BWW, and the zona pel-
lucidae were removed with acid Tyrode solution (pH 2.5) [24]. Zona-free
human oocytes incubated for 30 min at 378C in medium alone, or medium
containing 6 mM of either recombinant ARP, MBP (expressed in the same
system as ARP), or rat epididymal protein DE, were fixed for 1 h in 1 ml
of 2% paraformaldehyde at room temperature. After washing with PBS
containing 10 mg/ml BSA (PBS-BSA10; Sigma), oocytes were incubated
for 30 min at 378C in 100 ml of 5% normal goat serum (NGS) in PBS-
BSA10. Eggs were then exposed to anti-ARP, anti-MBP, or anti-DE (1:
50) for 2 h at 378C. After washing in PBS-BSA10 containing 0.02% v/v
Tween 20, eggs were incubated for 30 min at 378C in FITC-conjugated
goat-anti-rabbit IgG (1:50 in PBS-BSA10; Sigma), washed, mounted in
90% glycerol in PBS, and finally examined with a Nikon Optiphot micro-
scope (Nikon, Tokyo, Japan) equipped with epifluorescence optics.

Statistical Analysis
Results are expressed as mean values 6 SEM for each series of ex-

periments. Statistical significance of the data were analyzed using a one-
way ANOVA for the number of bound sperm per egg and sperm motility
values, and a chi-square test for the percentages of both oocytes with
bound or fused sperm, and acrosome reacted sperm, with significant dif-
ferences being defined by a P value of less than 0.05.

RESULTS

Interaction of Human Epididymal Protein ARP
with the Sperm Surface

The fact that in the rat, the population of DE protein
tightly bound to the sperm surface would be the one finally
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FIG. 1. Sequential extraction of ARP from human ejaculated sperm. Hu-
man testicular (T) and epididymal (E) cytosols as well as protein extracts
obtained by either sequential exposure of ejaculated human sperm to 2
M NaCl (NaCl) and 1% Triton X-100 (TX-100), or direct extraction with
1% Triton X-100 (S) were subjected to electrophoresis on nonreducing
12% SDS-polyacrylamide gels, transferred to nitrocellulose, and analyzed
by Western blot using anti-ARP (1:1000) (A), anti-MBP (1:1000) (B), or
anti-TPX-1 (1:1000) (C) as primary antibodies.

FIG. 2. Effect of anti-ARP on the ability of human sperm to penetrate
zona-free hamster eggs. Capacitated human sperm were incubated for 30
min in medium alone (C), or medium containing either different concen-
trations of anti-ARP (1:5 to 1:500) or anti-MBP (1:50). Zona-free hamster
eggs were then added to sperm and, after 3 h of gamete coincubation,
eggs were recovered, fixed, stained with 1% aceto-carmine, and the per-
centage of penetrated eggs evaluated. The average number of sperm pen-
etrated per egg as well as the total number of eggs observed (in paren-
thesis) are shown on the top of each bar. Results represent the mean value
6 SEM of five independent experiments. *P , 0.05 vs. controls.

TABLE 1. Effect of anti-ARP on human sperm viability and motility. Re-
sults represent the mean value 6 SEM of four independent experiments.

Parameters analyzed Medium alone Anti-MBP Anti-ARP

Viability (%)
Motility (%)
Progressive motility (%)
VAP (mm/sec)
VCL (mm/sec)
LHD (mm)
LIN (%)

91 6 4
76 6 3
55 6 7
54 6 3
85 6 7
5.1 6 0.3
55 6 2

89 6 5
74 6 5
49 6 7
51 6 3
82 6 6
4.9 6 0.4
53 6 3

88 6 7a

79 6 4a

56 6 10a

56 6 2a

89 6 3a

5.2 6 0.4a

55 6 4a

a No significant differences were observed among groups (ANOVA test).

involved in gamete fusion [7], led us to first explore the
existence of a firmly bound population of the human epi-
didymal protein on sperm. For this purpose, ejaculated hu-
man sperm were subjected to sequential extraction of pro-
teins with 2 M NaCl and 1% Triton X-100, and the pres-
ence of the protein in the sperm extracts was evaluated by
Western blot using a polyclonal antibody against recombi-
nant protein ARP (anti-ARP) as primary antibody. Because
this antibody was raised against ARP expressed as a fusion
protein with MBP, an antibody against MBP (anti-MBP)
was used as a control. Human epididymal cytosol was in-
cluded among the samples as a positive control. Results
indicated that whereas treatment of sperm with 2 M NaCl
was able to remove a substantial amount of ARP (detected
as a strong band of ;30 kDa and a faint band of ;26 kDa,
corresponding to the deglycosylated form of the protein
[14]; Fig. 1A, lane 2), a population of ARP remained on
sperm after this treatment as judged by the presence of the
protein in a Triton X-100 extract obtained after two con-
secutive extractions with 2 M NaCl (Fig. 1A, lane 3). No
bands were detected when the membranes were incubated
with anti-MBP as primary antibody (Fig. 1B).

Because the existence of TPX-1, a testicular homologue
of ARP, has also been described in humans [20], the pos-
sibility that the population released by Triton X-100 could
correspond to this intra-acrosomal testicular protein was
evaluated. For this purpose, human testicular and epididy-
mal cytosols as well as a sperm protein extract were ana-
lyzed by Western blot using either anti-ARP or anti-human
TPX-1 as primary antibodies. Results shown in Figure 1C
indicated that whereas anti-ARP did not cross-react with
testicular cytosol, anti-TPX-1 was able to detect a band of
a different molecular weight (25 kDa) in both testicular and
epididymal cytosols as well as in the sperm protein extract.

Participation of ARP in Sperm-Egg Fusion

The involvement of ARP in sperm-egg fusion was stud-
ied by the use of the hamster oocyte penetration test, which
evaluates the ability of human sperm to fuse with the plas-
ma membrane of hamster eggs [25]. Capacitated human
sperm were exposed to zona-free hamster eggs in the pres-
ence of different dilutions of the specific antibody anti-ARP.

Sperm incubated in medium alone or medium containing
anti-MBP were used as controls. Results indicated that ex-
posure of sperm to a dilution #1:50 of anti-ARP produced
a significant inhibition in both the percentage of penetrated
eggs and the average number of sperm penetrated per egg
compared with controls (Fig. 2). In view of these results,
subsequent experiments were performed using a 1:50 di-
lution of anti-ARP.

To investigate whether the inhibition observed was due
to a deleterious effect of anti-ARP on sperm cells, the oc-
currence of agglutination, or a decrease in the viability or
motility of antibody-treated capacitated sperm were exam-
ined. Motility was objectively analyzed using a computer-
assisted semen analysis (CASA) system. Determinations
were performed immediately before addition of the eggs.
Results indicated that anti-ARP neither induced sperm ag-
glutination nor affected sperm viability or any of the mo-
tility parameters analyzed compared with controls incubat-
ed in either medium alone or medium containing anti-MBP
antibody (Table 1).
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FIG. 3. Effect of anti-ARP on the occurrence of spontaneous and in-
duced acrosome reaction. Capacitated sperm were incubated in medium
alone (C) or medium containing anti-MBP (1:50) or anti-ARP (1:50), in
either the absence (solid bars) or presence (hatched bars) of 5 mM calcium
ionophore A23187. After 1 h, sperm were washed and the occurrence of
the acrosome reaction was evaluated by staining sperm with FITC-PSA.
Results represent the mean value 6 SEM of three independent experi-
ments. No significant differences were observed among groups (chi-
square test).

TABLE 2. Effect of anti-ARP on the ability of human sperm to bind to
zona-free hamster eggs. Values represent the mean value 6 SEM of four
independent experiments. No significant differences were observed
among groups (chi-square test and ANOVA).

Treatment No. of eggs
Eggs with bound

sperm (%)
No. of sperm

bound/egg

Control
Anti-MBP
Anti-ARP

86
70
61

100
88 6 9

100

13 6 2
14 6 2
11 6 3

FIG. 4. Immunofluorescent localization of ARP-complementary sites on
the surface of the human egg. a) Zona-free human eggs were incubated
with recombinant ARP (6 mM) for 30 min, fixed, and exposed to anti-
MBP/FITC-anti-rabbit IgG. A patchy distribution of fluorescence over the
entire egg surface is observed. b) Zona-free human eggs were fixed and
then exposed to anti-MBP/FITC-anti-rabbit IgG. Note the absence of la-
beling on the egg surface. Identical results were obtained for eggs incu-
bated with DE/anti-DE (magnification 3250).

To exclude the possibility that the observed inhibition
were due to an effect of anti-ARP on egg penetrability,
zona-free hamster eggs were incubated 30 min with anti-
ARP or anti-MBP (1:50), washed, and then inseminated
with capacitated human sperm. Results indicated that none
of these treatments produced a significant effect in the per-
centage of penetrated eggs compared with controls (anti-
ARP, 78% 6 1%; anti-MBP, 86% 6 19%; medium alone,
91% 6 12%).

Because the occurrence of the acrosome reaction is a
requisite for fusion of human sperm with hamster oolema
[26], the inhibition in egg penetration observed in the pres-
ence of anti-ARP could be due to an effect of the antibody
on this exocytotic event. To explore this possibility, human
sperm were incubated under capacitating conditions, and
both the spontaneous and Ca21 ionophore (A23187)-in-
duced acrosome reaction were evaluated by the PSA tech-
nique. As shown in Figure 3, spermatozoa exposed to anti-
ARP exhibited percentages of spontaneous or induced ac-
rosome reaction not significantly different from those cor-
responding to sperm incubated under control conditions.

Considering that binding of sperm to the oolema is a
necessary step for sperm-egg fusion, the effect of anti-ARP
on the sperm ability to bind to zona-free hamster eggs was
also evaluated. Results shown in Table 2 indicated that nei-
ther the percentage of zona-free eggs with bound sperm,
nor the number of sperm bound per egg were significantly
different from controls.

Complementary Sites for ARP on the Human Egg Surface

As another approach toward the study of the participa-
tion of ARP in human sperm-egg fusion, the existence of
ARP-binding sites on the surface of the human egg was
examined. For this purpose, zona-free human oocytes dis-
carded from IVF programs were incubated with 6 mM re-
combinant ARP (recARP), fixed, and finally subjected to

IIF using anti-ARP or anti-MBP as primary antibodies.
Zona-free oocytes incubated under the following different
conditions were used as controls: 1) eggs incubated with
MBP and anti-MBP, 2) eggs incubated in medium alone
and then exposed to anti-ARP or anti-MBP, and 3) eggs
incubated with epididymal protein DE and anti-DE. From
a total of 95 oocytes analyzed, 34 corresponded to eggs
that failed to form two pronuclei by conventional IVF or
ICSI procedures, and 61 corresponded to oocytes that had
not been exposed to sperm. Results showed that all oocytes
incubated with recARP, followed by either anti-ARP or
anti-MBP (n 5 60), presented a patchy fluorescence over
the entire egg surface (Fig. 4a). The same fluorescent pat-
tern was observed in eggs exposed or unexposed to sperm.
In contrast, eggs incubated with MBP and anti-MBP ex-
hibited occasional small patches of fluorescence with the
majority of the plasma membrane being very sparsely la-
beled, whereas those exposed only to anti-ARP or anti-
MBP, or to DE/anti-DE were completely negative (Fig. 4b).

DISCUSSION

Previous results from our laboratory reported the partic-
ipation of sperm epididymal protein DE in both rat and
mouse sperm-egg fusion [3, 16]. In the present study we
provide evidence supporting the involvement of the human
epididymal homologue ARP in gamete fusion.

The analysis of successive extractions of proteins from
human sperm revealed the existence of two populations of
ARP associated to sperm; one population removable by
ionic strength, and another one that remains on sperm even
after exposure to 2 M NaCl, and which was released by
detergent treatment. The possibility that this tightly bound
protein could correspond to TPX-1, an intra-acrosomal, tes-
ticular member of the CRISP family, was considered. How-
ever, the lack of cross-reaction of anti-ARP with testicular
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cytosol, and the finding that anti-TPX-1 recognized a band
in testicular tissue and sperm protein extract with a molec-
ular weight different from that corresponding to ARP, sup-
ported the epididymal origin of both populations of ARP.
Our results differ from those of Kratzschmar and colleagues
[15] who reported the complete release of the human pro-
tein by detergent-free solutions. Considering that these in-
vestigators used approximately two to three times less pro-
tein in their SDS-PAGE studies, and that the tightly bound
protein represents a minor population according to densi-
tometry analysis (data not shown), their results might be
attributed to a lack of detection of the tightly bound pop-
ulation. In view of our observations in the rat indicating
that the tightly associated protein would correspond to the
one finally involved in gamete fusion [7], the existence of
such a population of ARP supports a role for this protein
in sperm-egg interaction.

The participation of ARP in gamete fusion was then
evaluated by studying the effect of an antibody against
recARP [14] on the ability of capacitated human sperm to
penetrate zona free-hamster eggs. Results showed that ex-
posure of capacitated human sperm to anti-ARP signifi-
cantly decreases their ability to penetrate hamster eggs un-
der standardized conditions. Several lines of evidence sup-
port the specificity of this inhibition: 1) the effect was con-
centration-dependent and was not observed in either the
absence of antibody or the presence of a control antibody
(anti-MBP); 2) anti-ARP did not produce sperm aggluti-
nation, and did not affect sperm viability or a series of
sperm motility parameters analyzed objectively; 3) anti-
ARP did not affect egg penetrability, as judged by the fact
that those oocytes exposed to anti-ARP and washed, could
then be normally penetrated.

The possibility that the inhibition observed resulted from
an effect of the antibody on the occurrence of functional
events required for gamete fusion was then investigated.
Results indicated however, that anti-ARP affected neither
the spontaneous or ionophore-induced acrosome reaction
nor the binding of sperm to the egg surface. Although a
possible inhibition of sperm penetration due to steric hin-
drance by the antibody cannot be completely excluded, the
observation that the first stage of sperm-egg binding was
not affected supports a specific effect of anti-ARP in an
event subsequent to sperm-egg binding and leading to fu-
sion.

Considering that these studies involved the use of a het-
erologous system (human sperm and hamster eggs), the ex-
istence of ARP binding sites on the surface of human eggs
represented a strong indication in favor of the participation
of ARP in human gamete fusion. IIF experiments showed
that all eggs incubated with ARP and then with either anti-
ARP or anti-MBP presented fluorescent labeling on the egg
surface. This labeling was specific for ARP as judged by
the absence of fluorescence on those eggs exposed to an-
tibodies only, or to other proteins and their corresponding
antibodies (MBP/anti-MBP; DE/anti-DE). The same fluo-
rescent pattern was observed in eggs that had not been ex-
posed to sperm, or those that failed to be fertilized after
IVF or ICSI, indicating that perturbation of the egg plasma
membrane by these techniques does not affect the distri-
bution of ARP-binding sites on the egg surface. The phys-
iological significance of these observations remains to be
established.

ARP-incubated human eggs exhibited a patchy fluores-
cent labeling over the entire egg surface, which was dif-
ferent from our observations in DE-incubated rodent eggs,

which presented a nonlabeled area corresponding to the
plasma membrane overlying the meiotic spindle [3, 16].
This result is consistent with previous observations indi-
cating that, in contrast to eggs from other mammals, human
oocytes do not exhibit a microvillus-free area or other in-
dications of polarization, and appear to be functionally ho-
mogeneous with respect to sperm entry sites [27, 28]. Thus,
the distribution of ARP-binding sites on the egg surface is
in agreement with the fusogenic properties of the human
oolema. To our knowledge, this is the first report on the
existence and localization of specific binding sites for a
sperm protein on the surface of the human egg.

In the last few years, significant progress has been made
toward the identification of molecules that mediate sperm-
egg interaction. Two of the best characterized candidates
are fertilin, a testicular heterodimer of a and b subunits
[29], which mediates sperm-oolema binding through its in-
teraction with an integrin on the egg surface [30, 31], and
protein DE [3, 16], which participates in a subsequent event
leading to fusion through a mechanism not involving the
disintegrin-integrin interaction [3, 16]. In humans, recent
evidence indicating that fertilin b [32, 33] would mediate
sperm-egg binding through an integrin receptor on the hu-
man egg [34], together with our findings supporting a role
for ARP in gamete fusion, suggest that the molecular mech-
anisms involved in human sperm-egg fusion might be anal-
ogous to those operating in other mammalian species.

Although many epididymal proteins have been identified
and characterized, the function of most of them remains
unknown, particularly in humans. In fact, the controversy
of the role of the epididymis in men [35, 36] is still unre-
solved partly due to the paucity of this information. Thus,
the present results may contribute to a better understanding
of both the molecular mechanisms involved in human
sperm maturation and the role of the epididymis in human
physiology.

The strict tissue specificity of ARP makes our findings
also of considerable interest to the study of immunocontra-
ception. This possibility is strongly supported by previous
results from our laboratory indicating that immunization of
rats with protein DE produces a significant and reversible
reduction in male and female fertility by a specific inhibi-
tion of sperm fertilizing ability [10, 37, 38].

The existence of infertile patients, whose sperm are able
to penetrate the zona pellucida in vitro but are unable to
fuse with the oolema, has been reported [39]. Therefore,
the identification of ARP as a molecule involved in human
gamete fusion might contribute to the development of new
methods of diagnosis and treatment of male infertility. The
relevance of ARP for human fertility is currently under in-
vestigation.
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