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In mammalian fertilization, a haploid sperm and an
unfertilized egg (oocyte) unite. The result is truly re-
markable; the formation soon afterwards of a transiently
triploid cell that rapidly undergoes a profound transfor-
mation. Whereas its sperm and oocyte progenitors were
unable to divide productively, the newly-formed one-cell
embryo — a state from which we all developed — is able
to divide to give rise to an entire individual. In a literal
sense, the one-cell embryo is the ultimate stem cell — the
cell from which all others derive. The first moments in
the life of this remarkable cell are known as oocyte ac-
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tivation. Oocyte activation includes the establishment of
a network of signals that tell the oocyte that a fertilizing
sperm has arrived and initiate the developmental program.
But although this is a profoundly important process, acti-
vation and many of the other processes that occur during
very early development are poorly understood. To address
some of the many mysteries of the mammalian organism
in a single cell state, we combine molecular and cellular
biology with piezo-actuated micromanipulation of mouse
(Mus musculus) gametes and embryos.

Functional gametic engagement within the
oocyte

The compartment of the sperm head that lies beneath
its membranes is sufficient to support full development.
This compartment includes the sperm nucleus and a com-
plex layer of surrounding proteins known as the perinuclear
matrix (PNM). The other components of the sperm seem
to be required to ensure its delivery to the oocyte, but if
a sperm head is injected into an oocyte, these components
are unnecessary. We are systematically elucidating inter-
actions between sub-membrane sperm head components
and the oocyte at fertilization, particularly during the mo-
ments soon after the sperm has entered the oocyte. What
are the crucial interactions that enable the transformation
from gamete to embryo? The interests of the lab center on
attributing molecular identities to the proteins involved in
these interactions and characterizing them functionally.

This task is conceptually trivial, but experimentally
ambitious, because beneath the membrane of a sperm head
reside not only multi-component macromolecular com-
plexes of the nucleus but some 230 protein species com-
prising the PNM. Since it is juxtaposed to the inner leaflet
of enshrouding sperm head membranes, the PNM rapidly
comes into contact with the oocyte cytoplasm at fertiliza-
tion and is an immediate source of paternally-contributed
molecules that might modulate development. However,
owing in part to its size and complexity, the excoriation
and disassembly of the PNM takes hours to complete dur-
ing oocyte activation. During this time, it is likely to re-
lease molecules that may be placed in one of several cat-
egories, according to whether they (1) have an immediate
function in embryogenesis, (2) are stored for later use, or
(3) are targeted for rapid proteolytic degradation. Each
category implies an intimate series of interactions with the
surrounding cytoplasm. To date, few proteins of the PNM
have been described, and the function of almost none of
them is known. This represents an extraordinary gap in
the understanding of a conserved biological structure.

How might one describe critical gametic interactions at
fertilization? Analysis of sperm-oocyte interactions at fer-
tilization by the lab begins with sperm whose membranes
have artificially been removed by mild detergent treatment.
Such sperm heads can be shown electron-microscopically
to resemble sperm heads that enter the oocyte, and they
are subsequently exposed to standardized conditions that
reproduce the reducing environment of the oocyte cyto-
plasm. When treated in this way, sperm proteins become
solubilized — rather like they do at fertilization — and can
be introduced into eggs by piezo-actuated microinjection.
This allows us to probe their function. Such functional
analysis is coupled to molecular analyses that span several
disciplines, starting with protein purification and identifi-
cation; the lab employs chromatographic and state-of-the
art 2D electrophoretic methods. Antibodies raised against
recombinant versions of proteins identified in this way are
used to localize the proteins before, during and after fer-
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tilization. We restrict the use of frogs (eg Xenopus) in our
work because of fundamental differences between frog and
mouse fertilization. Using recombinant assays for protein-
protein interactions, we are able to identify interactions
even when they involve proteins that are present at low
concentrations within oocytes and embryos. Collectively,
these studies promise the identification of oocyte signaling
pathways and processes that become operational at fertil-
ization and establish what roles they play in subsequent
development. Such roles may not be restricted to short-
term development, as a growing body of evidence indicates
that they have far-reaching consequences, even after the
resulting adult is in old age.

Hijacking oocyte machinery for transgenesis

Studies in the lab provide an opportunity for genome
manipulation, both by applying what is learned and the
techniques employed to learn it. We have developed a novel
method of genome manipulation known as metaphase 11
(mlII) transgenesis. This efficient method of transgenesis
works when oocytes (normally arrested at mll) are co-
injected with a nucleus and transgene (tg) DNA. Typ-
ically, sperm heads are depleted of their membranes by
detergent extraction prior to mixing with tg DNA and
co-injection. This has several advantages over lentiviral
methods of tg introduction; cloning and propagation in vi-
ral vectors is not required and the method lends itself to
tgs in the megabase range, which is too large for lentivi-
ral delivery. The lab is adapting the method to facili-
tate high throughput targeted knock-out and -down phe-
notypes. Developing these approaches is an important sup-
plementary part of their work to facilitate the molecular
dissection of sperm protein function in the context of em-
bryos and whole animals.

Research Subjects

1. To determine interactions between gamete cytoplasms
during oocyte activation.

2. To establish novel methods of genetic modulation us-
ing gametes.
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