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Summary. Rabbit zonae pellucidae were isolated using a modified technique of Dunbar
et al (1980). Zonae pellucidae were solubilized in saline phosphate buffer (pH 7.8) for
30 min at 70 °C. One dimensional SDS-PAGE analysis showed that zona pellucida is

essentially composed of three major proteins with apparent molecular weights of 200
(275-165) kd, 100 (135-96) kd and 75 (96-51 ) kd.

Preincubation of sperm with heat-solubilized zonae pellucidae (SZP) (5 to 8 SZP/pl)
did not reduce sperm binding ability. By contrast, it significantly decreased the percentage
of penetrated eggs (20 versus 73 % for the control) and significantly reduced the
fertilization rate (10 versus 55 % for the control).

Ultrastructural analysis of several oocytes in the two groups demonstrated that
inhibition of fertilization was not due to the inhibition of sperm-zona binding ability but
essentially resulted from the impairment of sperm penetration through the zona pellucida.

Introduction.

In order to fertilize eggs, mammalian spermatozoa must firmly attach to the
zona pellucida (ZP), an extracellular membrane which surrounds the oocyte. Two
types of interaction between the sperm and the zona have been described

(Hartmann et al., 1972 ; Bleil and Wassarman, 1983; Saling et al., 1979). Firstly,
spermatozoa adhere loosely to the zona pellucida ; this « attachment is a
reversible and unspecific adhesion. The second interaction or « binding » is a
species-specific tighter adhesion which occurs only with capacitated spermato-
zoa. Several attempts have been made to identify and isolate the specific receptors
involved in the process of sperm-zona binding in invertebrates as well as in

mammals. Evidence shows that in mammals sperm-zona binding is mediated by
a sperm receptor in the zona pellucida. In hamsters, cattle (Gwatkin and Williams,
1978) and mice (Bleil and Wassarman, 1980) pretreatment of capacitated
spermatozoa with solubilized zonae pellucidae (SZP) reduces sperm binding
ability and further penetration of the zona pellucida. In the mouse, one

glycoprotein (ZP3, 83 kd) isolated from the zona is particularly involved in

sperm-zona binding and induces the acrosome reaction of capacitated sperma-
tozoa.



The present study indicates that preincubation of in vivo-capacitated rabbit
spermatozoa with heat-solubilized homologous zonae pellucidae inhibited their
fertilizing ability. However, this effect apparently was not consecutive to the
inhibition of sperm-zona binding capacity, but rather to the impairment of zona
penetration by the bound sperm, thus differentiating sperm-zona binding from
sperm penetration processes.

Materials and methods.

Oocyte and sperm collection. - Three-month old New-Zealand or Californian
rabbit does were used. Ovulated eggs were collected from females superovulated
with 2 mg of FSH (p-FSH, Burns-Biotec) and 0.33 mg of LH (Y. Combarnous,
I.N.R.A. Nouzilly, France). The does were slaughtered 14 h post-coitum with a
vasectomised buck, and the eggs were flushed from the oviducts with warm
saline solution within 15 min after slaughter. The oocytes were rapidly denuded
of the cumulus with hyaluronidase (150 UI/ml), and the corona cells were

mechanically removed using small glass micropipettes. The oocytes were then
rinsed three times in the fertilization medium (DM medium, Brackett and

Oliphant, 1975).
In vivo capacited spermatozoa were collected by flushing each uterin horn 13 3

to 15 h post-coitum with 2 ml of B3 medium (Menezo, I.N.R.A., France) or DM
medium (Brackett and Oliphant, 1975).

Isolation of zonae pellucidae. - Zonae pellucidae were isolated using the

procedure of Dunbar et al. (1980) with some modifications. Isolation of oocytes
was carried out at 4 °C. Ovaries collected within 15 min after slaughter of the does
were placed in a 130 mM NaCl solution containing 10 mM sodium phosphate,
1.5 mM potassium phosphate, 2 mM EGTA, 11 mM sodium citrate, 25 mM
PVP 40 and 11 mM benzamidin, at pH 7.0. Ovarian follicles were ruptured with
a vegetable-chopper. The released oocytes were washed through a series of nylon
screens with meshes of 1 600, 217, 153, 106 and 83 pm, respectively. The
oocytes retained on the 106 and 83-pm screens were separated from the

remaining cells by centrifugation through a percoll gradient (at 5, 20 and 50 %).
Oocytes removed from the 0 to 20 % fractions of the percoll gradient were

gently homogenized in a potter in the same buffer. The zonae pellucidae were
then collected on a 50-pm screen, washed three times with a phosphate saline
solution (pH 7.8) and lyophilized or directly frozen in the buffer at - 20 °C. Some
isolated zonae pellucidae were fixed for electron microscopy.

Solubilization and composition of the zona pellucida. - Zonae pellucidae were
dissolved in saline phosphate buffer (pH 7.8) at 70 °C for 30 min.

The protein composition of this solution was analysed by sodium dodecyl
sulphate polyacrylamide gel electrophoresis according to the method of Laemmli
(1970). We used a 2.5 % acrylamide stacking gel and a separating gel which was
a sigmoidal acrylamide gradient at 8 to 20 % acrylamide concentration. Electro-



phoresis was carried out at room temperature. The proteins migrated in the

stacking gel for 20 min at a constant current of 20 mA per gel and in the

separating gel for 5.5 h at a constant current of 30 mA per gel. The gels were
stained using the silver staining method of Morrissey (1981 ).

ln vitro fertilization. - Two hundred and fifty pl of in vivo-capacitated
spermatozoa at a final concentration of 105 spz/ml were incubated alone

(control) or with solubilized zonae pellucidae (SZP) at a final concentration of 5
to 8 SZP/pl for 1 to 1.5 h. Ovulated eggs were then added to the different samples
of sperm. After 6 h of incubation at 38 °C under 5 % COz, the eggs were examined
for pronucleus formation and transferred to 400 pl of B2 medium (Ménézo,
I.N.R.A., France) containing 10 % heat-inactivated rabbit serum. After 18 h of
incubation, the eggs were examined under an inverted microscope for cleavage
evaluation.

ln vitro binding assay. - In this experiment, we used ovulated oocytes denuded
of the cumulus and corona cells or follicular oocytes obtained during the isolation
of the zonae pellucidae. These oocytes were able to bind spermatozoa in vitro
(unpublished data).

Two hundred and fifty pl of in vivo-capacitated spermatozoa at a final
concentration of 105 spz/ml were incubated alone (control) or with solubilized
zonae pellucidae at a final concentration of 5 to 5.5 SPZ/pl for 1 to 1.5 h. Oocytes
were then added and the gametes incubated for 1.5 h at 38 °C under 5 % C02. At
the end of the incubation period, the number of penetrated eggs (with at least one
spermatozoon in the perivitelline space) was evaluated. The oocytes were washed
several times by pipetting them with a small glass micropipette to remove loosely
attached sperm at the zona surface. The number of spermatozoa tightly bound to
the zona surface was evaluated under interference microscope.

Some of these oocytes were fixed for electron microscopy to assess more
precisely the acrosomal status.

Electron microscopy. - Cytological procedures were as previously described
(Crozet and Dumont, 1984).

Results.

lsolated zonae pellucidae. - Using the present procedure, an average
number of 38 ± 3 ZP per ovary was recovered. Figure 1 shows whole rabbit
zonae pellucidae after isolation as viewed with interference optics. To assess the
purity of zona preparations, both electron microscopy and SDS-PAGE electro-
phoresis were used. At the ultrastructural level, only a very discrete contamina-
tion, probably originating from corona cell processes, was noticed on both the
external and internal surfaces of the zonae (fig. 2). Monodimensional SDS-PAGE E
indicated that heat-solubilized zonae pellucidae were essentially composed of
three major glycoproteins corresponding to apparent molecular weights of 200





(270-165) kd, 100 (135-96) kd and 75 (96-51 ) kd respectively. These results are
in agreement with those reported by Dunbar et al. (1981 ). Zonae were recovered
from oocytes ranging between 75 to 125 pm in diameter. In an attempt to assess
whether the ZP of these oocytes was able to bind spermatozoa, oocytes of 75, 100
and 125 Nm in diameter were inseminated with in vivo-capacitated
spermatozoa and processed for electron microscopy. All the oocytes were
penetrated and acrosome-reacted spermatozoa were observed at their zona
surface (data not shown).

ln vitro fertilization by spermatozoa preincubated in the presence of heat SZP.
- The results of in vitro fertilization are shown in table 1. When spermatozoa were

preincubated in the fertilization medium alone, 67 % of oocytes were fertilized and
underwent cleavage. By contrast, when spermatozoa were preincubated in the
fertilization medium containing 5-B SZP/pl, only 10% of cleaved eggs was
obtained. Therefore, the addition of SZP significantly reduced the rate of
fertilization. The presence of the phosphate buffer in which the zonae pellucidae
were solubilized cannot be taken into account because this addition to the

preincubation medium did not significantly reduce the cleavage rate (55 versus
67 % ; p > 0.05). Ova treated with SZP prior to the addition of capacitated
spermatozoa were fertilized to the same extent as the control (table 2). The
presence of SZP in the medium did not apparently decrease sperm motility. At the
end of the incubation period (sperm preincubation and fertilization) 70 to 80 %
of highly motile spermatozoa were observed in the medium.



Several oocytes from the two groups were analysed by electron microscopy
(table 4). In the control group (n = 9), 8 spermatozoa (sectioned at the acrosome
level) were observed at the zona surface : 6 were acrosome-reacted while 2 did
not present any sign of acrosome reaction. Moreover, 16 spermatozoa were
penetrating through the ZP and 5 were already in the perivitelline space. In

oocytes inseminated with spermatozoa preincubated in the presence of SZP

(n = 8), 12 spermatozoa were observed at the zona surface : 8 acrosome-reacted
and 4 with an intact acrosome. Eight spermatozoa were found in the outer part
of the zona, but no further penetration was observed (fig. 3).

Discussion.

The present results clearly demonstrate that exposure of in vivo-capacitated
rabbit spermatozoa to homologous heat-solubilized zonae pellucidae (5-8 SZP/pl)



significantly reduced their fertilizing ability. Similarly it was previously reported
that SZP inhibited in vitro fertilization in hamster (Gwatkin and Williams, 1977 ;
Ahuja and Tzartos, 1981 ). Exposure of spermatozoa to SZP had no detectable
effect on their motility, but blocked their ability to fertilize eggs in vitro ; therefore
it may be assumed that the interaction of zona components with spermatozoa
inhibits further zona binding and/or penetration. It was previously shown in mice
(Bleil and Wassarman, 1980), hamster and cattle (Gwatkin and Williams, 1978)
that SZP dramatically reduced the binding of capacitated spermatozoa to eggs. In
the mouse, exposure to 0-linked oligosaccharides from ZP3, one of the 3 major
glycoproteins of the ZP, prevented sperm binding to ovulated eggs (Florman and
Wassarman, 1985). The present data, however, indicate that in the rabbit, a rather
large number of SZP-treated spermatozoa were able to bind to the zona of
oocytes and ovulated eggs. By contrast, the number of penetrated and fertilized
eggs was lower than in control when the eggs were inseminated with sperm

exposed to SZP. Therefore, in our conditions the interaction of SZP components
with spermatozoa apparently blocked sperm-zona penetration rather than sperm-
zona binding and acrosome reaction. Ultrastructural analysis of several eggs
confirms these results. It indicates that exposure of spermatozoa to SZP prevented
the sperm from penetrating further than the outer part of the zona pellucida. In no
instance were such spermatozoa found in the perivitelline space, as was the case
for untreated sperm. The number of sperm bound to the zona surface was not

significantly different between the experiment and the control, and thus confirmed
the evaluation at light microscopic level. However a higher number of sperma-
tozoa inside the zona were observed by electron microscopy in the control than
in eggs inseminated with SZP-preincubated sperm ; therefore it appears that

during the in vitro fertilization time lapse more spermatozoa effectively bound to
eggs in the control than in experimental conditions ; this indicated that exposure
of sperm to SZP did not abolish their binding ability but partially decreased it.

In the rabbit, O’Rand and coworkers isolated and characterized a sperm
membrane autoantigen (RSA-1 ) which plays a role in sperm-zona penetration.
This antigen was mainly localized over the postacrosomal region of the sperm
head (O’Rand, 1981 ) ; antibody access was blocked when sperm were preincu-



bated with SZP. The RSA-1 anti-serum highly decreased the ability of sperm to
penetrate and fertilize the eggs although it did not inhibit sperm-zona binding.
The author (O’Rand, 1981) concluded that « penetration and binding are

independent events which involve different but perhaps overlapping subsets of
sperm surface components ». Our present results are in agreement with those
reported by O’Rand. In the rabbit, however, it is difficult to explain why SZP did
not inhibit sperm-zona binding as it did in hamster and cattle (Gwatkin and
Williams, 1978) and mice (Bleil and Wassarman, 1980). It is possible that some
alteration of the molecules involved in sperm-zona binding occurred during
solubilization of the zonae pellucidae or that the factor was too much diluted (5
to 8 ZP/pl) to be efficient.

One aim of our ultrastructural study was to assess the acrosomal status of
spermatozoa bound to the zona pellucida. We found that both acrosome-intact
and acrosome-reacted spermatozoa were able to bind to the zona pellucida ;
however most of them were acrosome-reacted in the control as well as in

experimental conditions. These results may suggest that the acrosome reaction of
untreated spermatozoa occurs at the zona surface as reported in other species
(Saling and Storey, 1979; Bleil and Wassarman, 1983; Crozet and Dumont,
1984). They also suggest that when spermatozoa were preincubated with SZP,
they underwent acrosome reaction in this medium as demonstrated in mice (Bleil
and Wassarman, 1983), hamster (Cherr et al., 1986) and rabbit (O’Rand et al.,
1987). According to Kuzan et al. (1984) acrosome-reacted spermatozoa were
able to bind to the zona pellucida of eggs. Indeed acrosome-reacted spermatozoa
released from the perivitelline space of fertilized eggs not only bind to the zona,
but also repenetrate freshly ovulated eggs with a success rate of 24 %. Moreover,
pretreatment of in vivo-capacitated rabbit spermatozoa with an antibody to the
inner acrosomal membrane completely inhibits in vitro fertilization of rabbit ova
(Srivastava et a/., 1986). These data suggest that acrosome-reacted rabbit

spermatozoa are able to bind to the zona pellucida. In the mouse several studies
demonstrated that only acrosome-intact spermatozoa bind to the zona, while in
the rabbit both acrosome-intact and acrosome-reacted sperm do this. In mice,
two glycoproteins of the zona, ZP3 and ZP2, are involved in this process, but the
mechanisms of sperm-zona binding in the rabbit remain to be clarified.

The site of the acrosome reaction of fertilizing sperm is not completely
elucidated in this species. The results reported by O’Rand (1987) and the present
data suggest that the acrosome reaction may occur at the zona surface. However,
according to Kuzan etal. (1984) spermatozoa that have completed the acrosome
reaction before reaching the zona surface do not lose their fertilizing ability. Some
discrepancy exists between Kuzan’s results and the present ones ; indeed

spermatozoa incubated with SZP that were presumably acrosome-reacted failed
to give high rates of fertilization. Further experiments are needed to explain these
contradictory observations and clearly demonstrate whether or not the acrosome
reaction of the fertilizing sperm occurs at the zona surface in rabbit.

Recu en mai 1988.
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