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Summary. The pre-penetration contact interactions between eggs and
spermatozoa of the golden hamster were studied in vitro. The spermatozoa
arrive at the surface of the egg and become loosely associated with the
egg (`attachment'). `Binding', the species-specific tight association
between gametes, occurs in two steps. The first (B1) occurs within 2 to 3
min after the spermatozoa and eggs are mixed and is rapidly terminated.
By contrast, binding to the isolated zona pellucida is not terminated.
Termination must therefore involve a factor originating from the vitellus
or perivitelline space. Experiments with the synthetic trypsin inhibitor,
p-aminobenzamidine (pABA), suggest that termination involves a pro-
tease, since B1 was enhanced when eggs were exposed to the inhibitor
during the B1 phase. Following the termination of B1, in the normal
interaction, the spermatozoa remain attached and apparently are con-
ditioned through the action of the vitelline factor to bind a second time.
This binding (B2) occurs about 30 min after B1 termination. The B2
process may involve the acrosomal proteinase of the sperm head, since
B2 was inhibited by treating spermatozoa with pABA. In contrast to the
B2 site, B1 and binding to isolated zonae pellucidae were not blocked by
pABA treatment of spermatozoa. This suggests that the binding phases,
B1 and B2, occur at different sperm sites.

INTRODUCTION

Before penetration of the ovum, hamster spermatozoa become tightly bound to
the zona pellucida (Hartmann & Gwatkin, 1971). This phenomenon is species-
specific and the time required for binding is controlled by the vitellus or egg
cell proper, since spermatozoa require 30 to 40 min to bind to intact eggs, but
need only 10 min to do so when the vitellus is removed (Hartmann, Gwatkin &
Hutchison, 1972). The control is effected through a factor which emanates
from the vitellus while the spermatozoa are loosely and non-species specifically
associated with the zona pellucida, a condition termed 'attachment' (Hartmann
et al, 1972).

In this report, an earlier and transient phase of binding (Bl), analogous to
that which occurs to the isolated zona pellucida, is shown to take place 2 to 3
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min after spermatozoa and eggs are mixed. The Bl phase is rapidly terminated,
apparently through the action of a factor from the vitellus. The spermatozoa
and egg then remain attached for another 30 min, when a second phase of
binding (B2) occurs.

An abstract of these studies has already appeared (Hartmann & Hutchison,
1972).

MATERIALS AND METHODS
As described previously (Gwatkin & Williams, 1970), epididymal spermatozoa
from the golden hamster, Mesocricetus auratus, were collected in Medium 199
(Morgan, Morton & Parker, 1950), modified to contain sodium pyruvate
(30 /ig/ml), crystalline bovine plasma albumin (3 mg/ml) and sodium bicar¬
bonate (2 mg/ml). This medium was designated 199M2 (Gwatkin, Andersen &
Hutchison, 1972). Spermatozoa were capacitated by adding 20 µ sperm
suspension (2  107 motile spermatozoa/ml) under mineral oil to equal volumes
ofmedium containing the contents of an oviduct (17 hr after injection of HCG).
After incubation at 37°C for 5 hr, ova which had been introduced with the
oviduct contents were removed and the drops were pooled. New 20-µ1 drops
were prepared under oil and other ova (20 to 22 hr after HCG) free of cumulus
were added to each drop. Cumulus was removed with hyaluronidase (450 units
per ml in Dulbecco's phosphate-buffered saline containing 1 % polyvinylpyrro-
lidone). Zonae pellucidae were isolated, without damage to the vitellus, by
forcing eggs through a micropipette with an inner diameter of 50 µ  . The zonae
were washed by passing through 3 changes of 199M2. Experiments were usually
conducted on groups of fifteen to twenty eggs or zonae pellucidae except where
noted. Binding was scored after passing eggs or zonae pellucidae through three
washes of 199M2 as previously described (Hartmann & Gwatkin, 1971).

The inhibitor, /»-aminobenzamidine dihydrochloride (/»ABA), a potent syn¬
thetic inhibitor of trypsin (Mares-Guia & Shaw, 1965), was synthesized by
Merck & Co., Inc., Rahway, New Jersey.

RESULTS
Detection of early binding to eggs

Initially, spermatozoa associated loosely with the egg by their heads ('attach¬
ment') but within 2 min, binding could be detected. The binding was transient,
reaching a peak at 3 min involving between 25 and 40 % of the eggs, and
dropping off rapidly by 5 min (Text-fig. 1). Only one or two spermatozoa were
associated with each egg during this early binding step.

No further binding occurred for a further 30 min. Binding between homo¬
logous gametes then resumed and by 40 min all of the eggs had bound from
five to ten spermatozoa. Penetration was usually detected within 40 to 45 min
after mixing of gametes. The early transient interaction was referred to as

Binding 1 (Bl) and the later event as Binding 2 (B2). Possible binding of
hamster spermatozoa to the mouse egg was simultaneously assessed by including
mouse ova, readily distinguishable by their smaller size, in the same drop.
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Text-fig. 1. Binding of hamster spermatozoa to homologous and heterologous eggs. Ten
eggs were used in each microdroplet.

Although attachment occurred between these heterologous gametes, binding did
not.

Specificity of binding
Although hamster spermatozoa were capable ofattaching, they failed to bind

to isolated mouse zonae pellucidae. Thus, Bl and binding to isolated zonae

pellucidae are both species-specific.
Previously, we showed that a factor from the vitellus acted on the sperma¬

tozoa before the B2 phase. This was demonstrated by exposing spermatozoa to
eggs for 25 min, detaching them and exposing the detached spermatozoa to

Table 1. Effect of pre-attachment to eggs on the time required
for spermatozoa to bind

Type of sperm. Minutes of exposure
to second group of

eggs (hamster)

Percentage of eggswith bound sperm.

Exp. 1 Exp. 2

Detached from hamster
eggs after 25 min
Detached from mouse

eggs after 25 min
Untreated

50
100

0
90

0
100

45
90

0
70
0

90

Twenty eggs were used in each microdroplet. The sperm concentration
was 2  107/ml.
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another group of eggs (Hartmann et al., 1972). Detached spermatozoa bound
after only 15 min as opposed to the usual 30 to 40 min, demonstrating that they
must have been 'preconditioned' for B2. A similar experiment was carried out to
determine if mouse eggs could 'precondition' hamster spermatozoa. The results
displayed in Table 1 show that this did not occur. Such manipulation did not
otherwise alter their normal binding (B2), which occurred as usual by 40 min.

C-NH2· 2HCÄ

Text-fig. 2. Structural formula of para-aminobenzamidine (pABA).
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Text-fig. 3. Binding of spermatozoa pretreated with 5x 10 * m-/>ABA for 30 min.
Spermatozoa were washed by centrifugation (600-fold dilution) before combining with
eggs.

Nature of the B2 site
Spermatozoa were exposed to /»ABA (Text-fig. 2) at a concentration of

5 xlO"4 m for 30 min, washed by centrifugation twice in 199M2 (600-fold
final dilution), resuspended in the medium and eggs were added. Control
spermatozoa were treated in an identical manner with the exception that
/»ABA was not included in the medium. Text-figure 3 shows that /»ABA treat¬
ment of spermatozoa had a selective effect on binding; Bl was only delayed
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while B2 was abolished. Sperm motility and attachment were unaffected, but
treated spermatozoa still failed to undergo B2 after 60 min with eggs. Identical
results were obtained in four experiments. Treatment of spermatozoa with
/»ABA at 5  10~5 m and 5  10~~6 m resulted in binding to 10 to 20% of the
eggs after 40 min.

When spermatozoa were treated with /»ABA and were exposed either to eggs
or to isolated zonae pellucidae, inhibition of binding was also highly selective
(Table 2). Treatment with/»ABA over a wide range of concentrations inhibited
binding of the spermatozoa to the intact eggs but did not affect binding to
isolated zonae pellucidae. The differential effect with intact eggs and isolated
zonae pellucidae was dramatic even at 5  10-6 m.

Table 2. Binding of spermatozoa to hamster eggs and
isolated zonae pellucidae after treatment of the sperma¬

tozoa with/»-aminobenzamidine

Concentration
of p-aminobenz-

amidine

Percentage of eggs or zonae with bound sperm.

Spermatozoa in 40-//1 droplets at concentrations of 2 X 107/ml
were exposed to inhibitor for 30 min and washed by centrifugation
(600-fold dilution). Twenty eggs or zonae pellucidae were used
in each experiment. Binding was scored at 40 min.

Nature of Bl termination
Exposure of both gametes to /»ABA (Text-fig. 4) resulted in the binding of

spermatozoa to 60 °/0 and 80 % of the eggs after 10 and 20 min, respectively. At
30 min, binding began to decline and eventually dropped to zero. The results
in three separate experiments, including the shoulder in the decreasing phase of
binding, were reproducible.

Text-figure 5 shows that when the same experiment was conducted with the
isolated zona pellucida instead of the egg there was no decline in binding.
Exposure to /»ABA delayed slightly but did not otherwise affect binding to the
isolated zonae pellucidae. The only variation in three separate experiments
occurred in the vertical part of the /»ABA curve. The results at 20 min and longer
were unvarying.

DISCUSSION
The data in this report reveal that the following series of events occur between
the spermatozoa and egg of the golden hamster in vitro before penetration of the
zona pellucida. The spermatozoa arrive at the surface of the zona pellucida and
form a loose species-non-specific union with it ('attachment'). This is followed
within 2 to 3 min after the gametes are mixed by a firm species-specific binding
(Bl). The spermatozoa rapidly lose their ability to bind. After remaining
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Text-fig. 4. Binding of spermatozoa pretreated with 5  10"* M-pABA to ^ABA-
pretreated eggs (30 min each). Gametes were combined without washing.
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Text-fig. 5. Binding ofspermatozoa pretreated with 5  10"4M-^ABA to pretreated zonae
pellucidae (30 min each). Spermatozoa and zonae pellucidae were combined without
washing.
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attached for 25 to 30 min, the spermatozoa again begin to bind firmly. This
later binding (B2) is also species-specific and appears to depend upon the
presence of the vitellus.

In a previous study (Hartmann et al., 1972), it was reported that the vitellus
delayed binding of attached spermatozoa to eggs. During this delay, sperma¬
tozoa were conditioned by a vitelline factor to bind. Sperm binding to the egg
was not looked for earlier than 10 min after mixture ofthe eggs and spermatozoa.
In the present report, an early transient binding was detected which occurs at
about the same time that binding to the isolated zona pellucida begins. Thus,
in the new context of Bl and B2, the vitelline factor either directly or indirectly
(i) terminates Bl and (ii) conditions spermatozoa to bind through B2. It is
possible that the vitelline factor's effect on the spermatozoon is essential for
penetration to occur since bound spermatozoa do not appear to penetrate the
isolated zona pellucida.

It is now well established that mammalian spermatozoa contain a trypsin-
like enzyme which may actually comprise more than one enzyme (Srivastava,
Adams & Hartree, 1965; Stambaugh & Buckley, 1968, 1970; Zaneveld, Sriva¬
stava & Williams, 1969; Stambaugh, Brackett & Mastroianni, 1969; Polakoski,
Zaneveld & Williams, 1972). The enzyme has been officially designated
'acrosomal proteinase' (Stambaugh & Buckley, 1972a). It has been suggested
that acrosomal proteinase may aid spermatozoa to penetrate the zona pellucida
(Srivastava etal., 1965; Stambaugh & Buckley, 1968). The inhibition of binding
with /»ABA of the sperm B2 site suggests that acrosomal proteinase may be
involved in the binding by this site. The inhibitor data must be interpreted
with caution since possible non-specific effects on living gametes cannot be
unequivocally ruled out at this time.

The striking enhancement of Bl observed by exposing both gametes to the
inhibitor probably reflects the involvement of the vitelline factor, since we have
shown that treatment of the spermatozoa alone does not enhance Bl. Induction
of non-specific stickiness is ruled out by the fact that /»ABA did not cause
hamster spermatozoa to bind to mouse eggs (J. F. Hartmann and C. F. Hutchi¬
son, unpublished data). The results are consistent with the possibility that
/»ABA is blocking a  1-terminating step which involves the vitelline factor. In
other words, termination of Bl may involve a protease.

If the enhancement of  1 is the result of neutralization of the effect of the
vitelline factor by the inhibitor, why does binding eventually decline ? Binding
loss was not caused by the zona reaction (Braden, Austin & David, 1954)
possibly induced by the inhibitor. This was determined by observing that fresh
untreated spermatozoa bound readily to washed ova previously exposed for
60 min to inhibitor or inhibitor-treated spermatozoa. A likely reason for the
decline is that the /»ABA-sensitive  1-terminating step, which involves the
vitelline factor, is incompletely inhibited. As a consequence of this, Bl is
eventually terminated and because of the presence of/»ABA, B2 is blocked. This
interpretation is supported by the binding experiments conducted with sperma¬
tozoa and isolated zonae pellucidae in the presence of /»ABA in which no
decline was observed.

Further study must be undertaken to confirm whether the termination of Bl
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involves a protease and whether the /»ABA-sensitive B2 site involves acrosomal
proteinase. With regard to the latter, our preliminary results have demon¬
strated the presence of /»ABA-sensitive protease activity in acid extracts of
spermatozoa. Stambaugh & Buckley (1972b) have recently shown that/»ABA
has a greater affinity for rabbit acrosomal proteinase than for bovine pan¬
creatic trypsin.

The effect of the vitellus on the morphology of the sperm surface during its
interaction with the zona pellucida is not known. There is disagreement
regarding the state of the acrosome during its association with the ovum

(Stefanini, Oura & Zamboni, 1969; Yanagimachi & Noda, 1972; Zamboni,
1971) and further speculation would only add to the controversy.

Evidence from this laboratory has demonstrated that the receptors for
spermatozoa on the surface of the zona pellucida are extremely sensitive to
trypsin. Subsequently, we showed that the cortical granules of hamster eggs
release a trypsin-like enzyme (Gwatkin, Williams, Hartmann & Kniazuk, 1973).
Thus, the inactivation of surface receptors by a cortical granule protease
appears to be responsible for the zona reaction, a major component of the
block to polyspermy. Major cortical granule rupture occurs only after the
spermatozoon traverses the zona pellucida and enters the vitellus (Pikó, 1969),
so it seems unlikely that the vitelline factor comes from the cortical granules.
The factor could be located at the surface of the vitellus or in the perivitelline
space, not unlike the periplasmic enzymes of bacteria (Wetzel, Spicer, Dvorak
& Heppel, 1970).
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