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At fertilization, one sperm and one egg combine to form
an embryo; if two or more sperm fertilize an egg, the em-
bryo fails to develop. The problem of polyspermy pre-
vention has been solved in diverse ways in different orga-
nisms." One common mechanism is the electrical block

to polyspermy.

Since the cellular events of fertilization were first ob-
served over 100 years ago, it was clear that one compo-
nent of the block to polyspermy in organisms such as sea
urchins, starfish, and frogs is the elevation of a protective
envelope around the egg, the fertilization envelope. How-
ever, there was controversy as to whether this relatively
slow process, which takes about one minute, was fast
enough to block polyspermy completely. There was spec-
ulation that since fast events in nerve and muscle were
electrically mediated, an electrical mechanism might pro-
vide a fast block to polyspermy, before the fertilization
envelope is fully elevated. The tools to make electrical
measurements in eggs were not available until the 1950s,
when an electrical change at fertilization—now called the
fertilization potential —was first measured, in the egg of
a starfish.” At this time, the fertilization potential was de-
scribed, but its function was not explored further.

The discovery of the electrical polyspermy block is a
story of serendipity; it began with a project having noth-
ing to do with polyspermy. I was a graduate student in
the laboratory of Dr. Susumu Hagiwara at UCLA, and at
that time, there was great interest in the idea that an in-
flux of calcium might activate the egg at fertilization.
With this in mind, Dr. Hagiwara suggested that I try to
block egg activation at fertilization by clamping the volt-
age of the sea urchin egg membrane at a very positive

potential, so that positively charged calcium ions could
not enter the egg. This experiment was based on an ear-
lier experiment? which showed that holding the voltage
across the nerve terminal membrane at about 4200 mV
blocked calcium entry and therefore blocked synaptic
transmission. Could fertilization also be blocked?

Using a fine microelectrode inserted through the egg
membrane to pass current, I held the voltage of the egg
membrane at about + 200 mV. When sperm were added,
the neighboring eggs fertilized, but the voltage-clamped
egg did not! Was this because calcium entry was blocked?
To test this, I held the voltage of the egg membrane at
successively less positive potentials, to determine the
threshold required to block fertilization. In the nerve ter-
minal, potentials greater than about + 100 mV are re-
quired before inhibitory effects on calcium entry are seen.
However, in the sea urchin egg, potentials as small as
+5 mV inhibited fertilization. The work with nerves had
shown that calcium entry would not be significantly
blocked at +5 mV, so the result that I was seeing was
clearly unrelated to what I had set out to find originally.

At this point it occurred to me that my findings
might be related to the old idea of an electrically me-
diated polyspermy block. 4+5 mV was approximately the
voltage attained during the fertilization potential. Could it
be that by holding the egg’s membrane potential at
+5 mV, | was mimicking the fertilization potential and
that the natural function of the fertilization potential was
to block polyspermy?

If this was so, [ realized that it should be possible to
induce polyspermy by suppressing the positive potential
shift. After observing the rise of the fertilization potential.
I applied current to bring the egg’s membrane potential
back to —30 mV. When such eggs were observed 2
hours later, they were seen to have cleaved into 3 cells, a
clear indicator of polyspermy.

These findings* opened up many new questions. Did
this mechanism operate in other organisms as well? How
was the positive potential suppressing fertilization? In the
past 15 years we have partially answered these questions.

The electrical polyspermy block functions in many
but not all species; it even operates in at least one plant
species, the sea weed Fucus.” In most cases, a positive
shift in potential accounts for the block, but in crabs, the
block occurs as a result of a negative shift in potential.’
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Figure A Two models of how the egg’s membrane po-
tential might regulate sperm-egg fusion. Parallel lines
represent the sperm (s) and egg (e) plasma mem-
branes; the solid figures represent membrane mole-
cules important in fusion. (a, b) Potential-controlled
conformational change in an egg membrane molecule.
When the egg’s membrane potential is negative (a) the
successful interaction of egg and sperm molecules
leads to membrane fusion. Positive potential (b) pre-
vents fusion. (¢, d) Potential-controlled insertion of a
sperm membrane molecule into the egg plasma mem-
brane. When the egg’s membrane potential is negative
(c) the positively charged portion of the sperm molecule
inserts fully and fusion follows. Positive potential (d) in-
hibits full insertion and prevents fusion. Redrawn from
Ann. Rev. Physiol. 48:191 (1986).

The evidence so far indicates that electrical polyspermy
blocks do not occur in mammals; sperm access to mam-
malian eggs may occur slowly enough that a fast electri-
cal mechanism for polyspermy prevention is not needed.
As for the mechanism by which membrane potential
regulates the fusion of the sperm with the egg, we have
made two important findings.” First, the block to fertiliza-
tion is due to the voltage change itself and not to the
accompanying ion movements. Second, and surprisingly,
the “voltage sensor” appears to be in sperm rather than
the egg. In principle, the voltage sensitivity of fertilization
could result from a receptor molecule in the egg mem-
brane that undergoes a conformational change from recep-
tive to nonreceptive in response to a change in
transmembrane electrical potential (Fig. Aa, b). lon chan-
nels in cell membranes open and close by this means.
However, this does not seem to be the case for fertiliza-
tion. Instead, it appears that the voltage-sensitivity of fer-
tilization results from a voltage sensor in the sperm,
perhaps a positively charged region of a sperm membrane
protein that must insert in the egg membrane to initiate

sperm-egg fusion (Fig. Ac, d). The idea is that membrane
insertion of such a positively charged peptide would be
favored if the potential on the inside of the egg mem-
brane is negative and opposed if it is positive.

Evidence for this model came from a series of cross-
fertilization experiments between different animal species
that showed differing degrees of voltage-dependence in
fertilization. In some species, fertilization occurs with the
same probability regardless of the voltage across the egg
membrane; an example is the Japanese salamander Cynops.
Cynops eggs can, in the laboratory, be fertilized with
sperm from another Japanese salamander Hynobius. Unlike
Cynops, Hynobius fertilization is blocked by a positive egg
membrane potential.

During a visit to Yamaguchi University in Japan, I
collaborated with Dr. Yasuhiro Iwao to find out whether
the cross-fertilization of Cynops eggs by Hynobius sperm
was voltage-dependent.” We voltage-clamped Cynops egg
at positive potentials and then added Hynobius sperm; we
found that positive but not negative potentials inhibited
Hynobius sperm entry. Since fertilization of Cynops eggs
by Cynops sperm is voltage-independent, we concluded
that the voltage-sensitivity could only have come from
the Hynobius sperm. Together with earlier work showing
that fertilization of a voltage-sensitive egg species by a
voltage-insensitive sperm species is voltage insensitive, this
result demonstrated that the voltage sensor must be in
the sperm.

The challenge now is to identify this voltage-sensi-
tive molecule. Perhaps it will be a fusion protein like the
fusion proteins that mediate virus-host cell fusion.” Viral
fusion proteins have a hydrophobic region that inserts in
the host cell membrane. If this hydrophobic region in-
cluded some positively charged amino acids such as argi-
nine or lysine, its insertion into a membrane would be
voltage-dependent. The presence or absence of these
charged amino acids could determine whether fertilization
in a particular species was or was not voltage-dependent.
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