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How and why spermatozoa cause
calcium oscillations in mammalian
oocytes
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A prolonged series of transients, or oscillations, in the intracyto-
plasmic free Ca2+ ion concentration (Ca2+j) have been observed
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at fertilization in all types of mammalian oocytes studied to
date (Miyazaki et al. 1993a; Swann and Ozil, 1994). More
recently Ca2+, oscillations have been detected after intracyto-
plasmic sperm injection (ICSI) in human oocytes (Tesarik
et al, 1994). Whilst other articles in this debate discuss Ca2+

stores and Ca2+ release channels, we would like to concentrate
our attention on two aspects of Ca2+j oscillations that are
exemplified by the story of fertilization. The two outstanding
questions for fertilization concern how the spermatozoa initiate
the Ca2+j oscillations, and why mammalian fertilization
involves a repetitive Ca2+i signal.

The first question concerns the signal transduction system
that the spermatozoa use to trigger these Ca2+| oscillations in
the oocyte. One hypothesis that has been outlined in many
textbooks, is that the spermatozoa interact with surface recep-
tors which then couple to intracellular proteins that lead to the
generation of the Ca2+ mobilizing second messenger inositol
1,4,5-trisphosphate (InsP3) (Jaffe, 1990; Foltz and Shilling,
1993; Miyazaki et al, 1993a). This idea lacks direct support
because the molecules that have been identified on the surface
of mammalian spermatozoa that bind them to oocytes fail
to cause Ca2+ release or oocyte activation (Myles, 1993).
Furthermore, experiments in hamster and mouse oocytes show
that Ca2+ oscillations triggered by receptor activation, or even
by direct InsP3 injection, have different dynamics to those
triggered by the spermatozoa at fertilization (Miyazaki et al,
1990; Swann, 1991, 1992, 1994; Galione et al, 1994). The
most specific inhibition experiment that has been used to
support the receptor-InsP3 hypothesis involves injecting a
monoclonal antibody raised against the InsP3 receptor. Injecting
this monoclonal antibody blocks all forms of Ca2+j oscillations
and activation in mouse and hamster oocytes (Miyazaki et al,
1992b, 1993a). The InsP3 receptor is also the Ca2+ release
channel and the antibody acts on the channel portion of the
molecule and not on the InsP3 binding site (Nakade et al,
1991). Injecting heparin, which directly competes with InsP3

at its binding site, does not block Ca2+j oscillations at fertiliza-
tion in hamster oocytes (Miyazaki et al, 1993b). These results,
therefore, show that the InsP3 receptor/channel is involved in
Ca2+ release at fertilization, but they do not prove that InsP3

is the molecule that the spermatozoa use to activate this
channel. As we shall explain, the character of the block to
Ca2+ release caused by the InsP3-receptor antibody is consistent
with the alternative explanation of signalling at fertilization.

The alternative view of fertilization is that the interaction
between receptors on the spermatozoon and oocyte are simply
the prelude to fusion and that it is after sperm-oocyte fusion
that activation is achieved. Since gamete fusion appears to
occur before Ca2+ release it is possible that the spermatozoa
contain a soluble factor that diffuses into the oocyte and causes
Ca2+ release after gamete fusion (Swann, 1993; Whitaker and
Swann, 1993). Direct evidence for this hypothesis is the finding
that injecting cytosolic extracts from mammalian spermatozoa
causes Ca2+; oscillations and oocyte activation in mouse,
hamster and human oocytes (Stice and Robl, 1990; Swann,
1990; Swann, 1992, 1994; Homa and Swann, 1994; Dozortsev
et al, 1995a). The factor has been shown to be protein-based
and only effective when injected into the oocyte cytoplasm
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