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Summary. Fusion of capacitated spermatozoa with the vitelline membrane, but not
actual penetration, appears to initiate the cortical reaction in hamster eggs. The
reaction can be artificially induced by the application of positively charged particles
to the vitelline surface, a situation which may normally be prevented by the zona

pellucida. Exposure of hamster eggs to neuraminidase, to lectins (concanavalin A and
phytohaemagglutinin-P), to a monovalent ionophore (boromycin) and to 1,3-bis(4-
chlorocinnamylideneamino)guanidine elicits a cortical granule discharge resulting in
a block to fertilization. These agents all appear to act by inducing depolarization of
the vitelline membrane.

Introduction

Some of the mechanisms involved in protecting the mammalian egg against polyspermy are being
elucidated. Studies with golden hamster gametes in vitro have shown that incubation of eggs or
isolated zonae pellucidae in cortical granule material will prevent spermatozoa from binding to
them (Barros & Yanagimachi, 1971, 1972). The active agent in the cortical granule exúdate is heat-
labile (Gwatkin & Williams, 1974) and appears to be a trypsin-like protease, since its action is
blocked by specific trypsin inhibitors (Gwatkin, Williams, Hartmann & Kniazuk, 1973). Other
experiments have shown that the receptor for spermatozoa in the zona pellucida is sensitive to
trypsin and chymotrypsin (Hartmann & Gwatkin, 1971), but not to glycosidases or upases (Gwatkin,
Williams & Andersen, 1973).

The process by which the cortical granule contents are discharged appears to involve fusion
and vesiculation of the cortical granule membranes with the plasma membrane of the vitellus (Szol¬
losi, 1967; Pikó, 1969), but it is unclear whether this process is initiated by gamete contact, by fusion
of the sperm and vitelline membranes or by penetration of the spermatozoon into the vitellus.
To explore the mechanisms involved, we have measured the response of golden hamster vitelli and
eggs /'// vitro to a variety of treatments.

Materials and Methods

Golden hamsters (Mesocricetus attratus) 6-8 weeks old were induced to superovulate by treatment
with 25 i.u. PMSG and 40 i.u. HCG. Eggs were collected from the ampullae approximately 20 hr
after the HCG injection and freed of the cumulus oophorus by incubation for 5 min in hyaluronidase
as described by Gwatkin, Andersen & Hutchison (1972). The vitellus and zona pellucida of each
egg were removed by forcing the eggs through a micropipette with an inner diameter of 50 µ   .

The induction of a cortical reaction by various types of spermatozoa and charged polystyrene
microbeads (10-30 pm diameter, MFA-6 and MFC-6: Baker Chemical Co., Phillipsburg, New
Jersey) was studied by depositing 10 isolated vitelli in a 5 pi drop of Medium 199M2 (Gwatkin &
Andersen, 1973) on a microscope slide. A Vaseline-edged coverslip was then compressed slightly
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over the drop and the culture was incubated on the stage of a phase-contrast microscope, under a

flow of air maintained at 37-5°C by means of a thermistor-controlled air-curtain incubator. An equal
volume of sperm suspension (approximately 107 motile cells/ml) or of a suspension of the beads
was then added to the drop through a finely-drawn micropipette passed through the Vaseline seal.
During the next 30 min the vitelli were examined for sperm penetration and cortical granule dis¬
charge. The latter was determined by estimating, with a calibrated ocular micrometer, the mean

number of granules per 10 pm2 of vitelline surface. The minimum number of cortical granules per
10 pm2 that could be determined in this way was 5.

The effect of neuraminidase {Clostridium perfringens, 0-8 units/mg: Worthington Biochemical
Corp., Freehold, New Jersey), concanavalin A (thrice crystallized: Miles Laboratories, Elkhardt,
Indiana), phytohaemagglutinin-P (Difco Laboratories, Detroit, Michigan), boromycin and 1,3-
bis(4-chlorocinnamylideneamino)guanidine (both from the Department of Synthetic Chemical
Research, Merck Sharp & Dohme Research Laboratories, Rahway, New Jersey) on eggs and
egg components was determined by incubation in 20 pi drops of Medium 199M2 under a layer of
mineral oil. Because of limited aqueous solubility, boromycin and the guanidine were first dissolved
at 100 times their final concentration in dimethylsulphoxide and 1 % of this solution was then added
to the medium. After incubation, the eggs and egg components were washed in Medium 199M2.
Discharge of cortical granules was determined by mounting groups of 5 eggs or vitelli in 1-2 pi
drops of Medium 199M2 on a microscope slide and recording the mean number of surface granules
per 10 µ  2. Other groups of treated and control eggs and egg components were incubated in 40 pi
drops of cumulus-capacitated spermatozoa so that sperm-binding and penetration could be recorded
as described previously (Gwatkin et al, 1972).

Results

Spermatozoa and beads

Table 1 shows that the addition of capacitated hamster spermatozoa to the slide cultures resulted
in penetration of 70% of the vitelli within 2-3 min and cortical reaction within 5 min. None of the
other sperm preparations resulted in penetration during the 30-min observation time. Frozen-thawed
capacitated hamster spermatozoa and capacitated mouse spermatozoa induced a cortical reaction,
but uncapacitated hamster spermatozoa did not. The positively and negatively charged beads
attached to the vitelli, but only the former induced a cortical reaction.

Table 1. Effect of spermatozoa and charged microbeads on the cortical reaction of hamster
vitelli (10/treatment)

Mean no. of cortical granules/10 µ   2
of vitelline surface at:

Material to which vitelli were exposed 5 min 15 min 30 min

Medium only 50-100 50-100 50-100
Capacitated hamster spermatozoa* <5

— —Frozen-thawed capacitated hamster spermatozoa 30-40 10-20 10-20
Uncapacitated hamster spermatozoa 50-100 50-100 50-100
Capacitated mouse spermatozoa 50-100 30-40 10-20
Anionic microbeads (MFC-6)t

—

<5
—Cationic microbeads (MFC-6)t

—

50-100 50-100

* After 2-3 min 70 % ofvitelli were penetrated ; other sperm preparations did not penetrate even

by 30 min.
t An equal number of both types of beads bound (6-7/vitellus).
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Neuraminidase

Pretreatment of whole eggs or vitelli with this enzyme for 30 min induced a cortical reaction and
prevented sperm binding and penetration (Table 2). Exposure of isolated zonae pellucidae to the
enzyme had relatively little effect on their ability to bind spermatozoa, indicating that neuraminidase
did not directly affect sperm-binding sites on the zona.

Table 2. Effect of neuraminidase on hamster eggs and egg components (10 eggs or components/
treatment)

% Eggs or egg components

Neuraminidase
cone, (units/ml)

Eggs and
components

With intact
cortical With Penetrated by
granules bound sperm. sperm.

10

2-0

Egg
Vitellus
Zona
Egg
Vitellus
Zona
Egg
Vitellus
Zona

100
100

20
20

0
0

90
90

100
0

10
70
0
0

50

90
70

0
0

0
0

Lectins

A 60-min exposure of eggs to concanavalin A (10 pg/ml) and to phytohaemagglutinin-P (100
pg/ml) induced a cortical reaction and prevented spermatozoa from binding to or penetrating the
eggs (Table 3). In the presence of the specific binding sugars, the effect of the lectins was partly
blocked. The lectins had no effect on the isolated zonae pellucidae, indicating that a direct masking
of sperm-binding sites on the zona pellucida did not take place.
Table 3. Effect of concanavalin A and phytohaemagglutinin-P on hamster eggs and zonae pellucidae (10/treatment)

%

Treatment (for 60 min)

Eggs with Isolated
intact Eggs with Eggs zonae pellucidae

cortical bound penetrated with
granules sperm. by sperm. bound sperm.

Medium only
Concanavalin A, 1 µg/ml
Concanavalin A, 10 µg/ml
Concanavalin A, 10 µg/ml

4- a-methylmannoside
Phytohaemagglutinin-P, 10 µg/ml
Phytohaemagglutinin-P, 100 µg/ml
Phytohaemagglutinin-P, 100 µg/ml

+ JV-acetyl-D-galactosamine

100

0

50

0

50

100
100

0

80
90

0

50

100
100

0

30
80
0

30

100

100

100

Boromycin and a guanidine derivative
A 60-min exposure of eggs to these compounds induced a cortical reaction and a block to sperm

penetration (Table 4). Boromycin was fully effective at 01 pg/ml (1-1  10~7 m). The guanidine
derivative was less active, but at 30 pg/ml (7-7  10~5 m) a cortical reaction was produced, leading
to a complete block to sperm entry.
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Table 4. Effect of the monovalent ionophore, boromycin, and the
guanidine derivative, 1,3-bis(4-chlorocinnamylideneamino)guanidine,

on hamster eggs (10/treatment)
No. of % Eggs

cortical granules penetrated by
Treatment (for 60 min) per 10 µ  2 sperm.

Medium +1 % DMSO 50-100 100
Boromycin

0-01 µg/ml 30-40 60
0-03 µg/ml 10-20 20
0-1 µg/ml <5 0
0-3 µg/ml <5 0

Guanidine derivative
3-0 µg/ml 30-40 70
10^g/ml 10-20 10
30-0 µg/ml <5 0

Discussion

These studies indicate that sperm penetration is not needed to elicit a cortical reaction, since frozen-
thawed hamster spermatozoa and mouse spermatozoa, which did not penetrate the vitelli, induced
a cortical response. Fusion, not simple contact, appears to be required, since uncapacitated sperma¬
tozoa, which are incapable of fusing with the vitellus (Yanagimachi & Noda, 1970), failed to produce
a cortical reaction. Gamete fusion is not species-specific (Hanada & Chang, 1972), which could
explain why capacitated mouse spermatozoa were effective.

Induction of the cortical and zona reactions by capacitated spermatozoa and the other membrane-
active agents may be explained by assuming that the cortical granules, like other intracellular organ¬
elles (Poste & Allison, 1973), carry a net negative charge which would normally keep them out of
contact with the negatively charged inner surface of the vitelline membrane (Steinhardt, Lundin &
Mazia, 1971). The attachment of a positively charged microbead to the outside of the membrane
might attract the cortical granules, reducing the distance between them and the vitelline membrane
to less than the critical 10 Â required for membrane fusion (Poste & Allison, 1973). This possibility
has already been proposed by Millonig (1969) to explain the induction of a cortical reaction in sea
urchin eggs by electrical stimulation. However, an alternative and, we believe, more likely explan¬
ation is that the beads act indirectly by inducing a propagated wave of depolarization in the vitelline
membrane. Steinhardt et al (1971) have recorded such a depolarization following the fertilization of
sea urchin eggs. Depolarization would be expected to cause a loss of electrostatic repulsion between
the cortical granules and the vitelline membrane, leading to their fusion. Perhaps an important func¬
tion of the zona pellucida is to protect the vitellus from positively charged particles in the oviduct
before fertilization.

Neuraminidase is known to reduce the net negative charge on the outside of cell membranes by
removing terminal sialic acid residues (Weiss, 1969) and this also would cause membrane depolariz¬
ation. It appears likely that the block to fertilization observed by Soupart & Clewe (1965), following
exposure of rabbit eggs to neuraminidase may have been due to the induction of a cortical reaction
rather than to the removal of sperm-binding sites on the zona as these authors proposed.

Lectins are thought to cross-link the integral proteins of cell membranes, pulling them into
clusters (Singer & Nicolson, 1972). This reorganization might alter the charge on the inside of the
membrane via transmembrane linkages (Ji & Nicolson, 1974). Failure to affect the binding ofsperma¬
tozoa to the isolated zona pellucida indicates that neither concanavalin A nor phytohaemagglutinin-
P directly mask sperm-binding sites on the zona surface. Oikawa, Nicolson & Yanagimachi (1974)
have also observed that concanavalin A blocks the fertilization of hamster eggs in vitro, but could
not demonstrate by light-scattering the binding of this lectin to the zona pellucida of the eggs. It
seems likely that the cortical and zona reactions may have also been'induced.
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Boromycin is a monovalent ionophore which binds to cell membranes and specifically induces
loss ofK+ from the cell (Pache, 1975). The effect on the hamster egg would probably be depolarization
leading to a cortical reaction. Thus, ionophore action is not restricted to those substances which
transport Ca++, such as A23187. Steinhardt, Epel, Carroll & Yanagimachi (1974) have shown that
A23187 will induce a cortical reaction in sea urchin, toad and hamster eggs. Biguanides and guanidines
are known to bind to membrane lipids, altering the potential of the membrane (Schaeffer, 1974)
and this property could explain the induction ofa cortical reaction by 1,3-bis(4-chlorocinnamylidene-
amino)guanidine.

The potent action of boromycin in inducing the cortical reaction of mammalian eggs should
prove valuable in further studies of this fusion process and its products.
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