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Efficient generation of viable porcine embryos will contribute to research in
reproductive physiology, agriculture and biotechnology, including cloning and transgenesis
in pigs, and the establishment of pigs as laboratory animals for human disease models.
However, polyspermy still occurs with high frequency during in vitro fertilization (IVF) in
pigs and polyspermy is considered to be a very troublesome obstacle to efficient production
of normal porcine embryos. The zona pellucida (ZP) is considered to be important for
prevention of polyspermy in mammalian oocytes. After sperm penetratration into ooplasm,
contents of the cortical granules were released to the perivitelline space (PVS), they act on
the ZP, and cause biochemical and structural changes of ZP that make ZP lost sperm
ability to bind ZP and penetration ability of sperm previously bound to the ZP (zona
reaction). However, the function(s) with regard to sperm penetration or prevention of
polyspermy is not well understood in pigs.

In the present study, the first series of experiments was conducted to investigate the
effects of the ZP on sperm penetration during IVF. I collected in vitro matured oocytes with
a first polar body (ZP+ oocytes). Some of them were freed from the ZP (ZP— oocytes) by two
treatments (pronase and mechanical pipetting), and the effects of these treatments on
sperm penetration parameters (sperm penetration rate and numbers of penetrated sperm
per oocyte) were evaluated. There was no significant difference in the parameters between
the two groups. Secondly, I compared the sperm penetration parameters of ZP+ and ZP—
oocytes using frozen-thawed epididymal spermatozoa from four boars. Sperm penetration
into ZP+ oocytes was found to be accelerated relative to ZP— oocytes. Thirdly, I evaluated
the sperm penetration of ZP+ and ZP— oocytes at 1-10 h after IVF (co-incubation of
gametes for 3 h). The proportions of oocytes penetrated by sperm increased significantly
with time in both groups; however, the number of penetrated sperm per oocyte did not
increase in ZP— oocytes. Finally, I performed IVF using ZP— oocytes divided into control (3
h) and prolonged gamete co-incubation (5 h) groups. Significantly greater numbers of
sperm penetrated in the 5 h group than in the control group. These results suggest that the
ZP and oolemma are not competent factors for prevention of polyspermy in the porcine IVF

system using in our laboratory. Furthermore, the presence of the ZP accelerates sperm
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penetration into the ooplasm.

The second series of experiments was conducted to evaluate the detail functions of the
ZP for sperm penetration. Firstly, I investigated the effects of the ZP on sperm binding and
acrosomal status. I evaluated the numbers of sperm bound to the ZP in ZP+ oocytes and
oolemma in ZP— oocytes. Acrosomal statuses of these binding sperm were also evaluated.
Furthermore, I evaluated the numbers and acrosomal statuses of sperm presenting in the
ZP and perivitelline space (PVS) using ZP+ and ZP— oocytes. More sperm bound to the ZP
than to the oolemma. The average number of sperm present in the PVS was 0.44—0.51 per
oocyte, and all sperm had lost their acrosomes. I found that the sperm in the PVS, in other
words, the sperm passing through the ZP can fuse with oolemma with high efficiency. It
may be considered that the sperm are induced some kind of factors involved in
sperm-oolemma fusion by passing through the ZP. So in the second experiment, I focused
on IZUMO, a critical factor involved in sperm-oolemma fusion, and investigated the effects
of the ZP on immunological detection of IZUMO. The proportion of sperm that were
immunopositive for anti-IZUMO antibody was significantly higher after they were passing
or had passed through the ZP. Furthermore, I performed IVF in the medium supplemented
anti-IZUMO antibody to investigate the importance of IZUMO to sperm penetration in
pigs. Addition of anti-IZUMO antibody to the fertilization medium significantly inhibited
the penetration of sperm into ZP— oocytes. Finally, I investigated whether the ZP induces
the synthesis of IZUMO in sperm using two kinds of protein synthesis inhibitors,
chloramphenicol (CP) and cycloheximide (CH). It has been reported that eukaryotic cells
including spermatozoa have two kinds of ribosomes, mitochondrial 55S and cytoplasmic
80S ribosomes. I hypothesized that CP and CH inhibits 55S and 80S ribosomes,
respectively, resulting in inhibition of mRNA translation in sperm. Addition of CP and CH
to fertilization medium had no effect on immunological detection of IZUMO during IVF.
These results indicate that the ZP induces the acrosome reaction, which is associated with
the functional exposure of IZUMO, resulting in completion of fertilization in pigs. It is
suggested that IZUMO may not be synthesized during IVF and undergoes some
modifications resulting in exposure of IZUMO during passing through the ZP.

In the present study, I elucidated the ZP, accelerates functional exposure of IZUMO
resulting successful fertilization. The ZP supports success of normal fertilization not only
by being barrier to extra sperm penetration, but also by preparing the condition of sperm
for fusing with oolemma. Research of mechanisms controlling fertilization in pigs, such as
preventing polyspermy and sperm-oolemma fusion, are expected to contribute improving

IVP system in pigs and also to the research of biotechnology in other species.
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Study of Zona Pellucida Function During In Vitro Fertilization in
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