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The interaction between molecular biology and embryology made an
extensive progress in the research on gametogenesis, fertilization and early
embryogenesis in mice. In this article, molecules involving in meiotic
maturation and apoptosis of oocytes, sperm-oocyte interactions and early
cleavage of fertilized embryos in mice are described including our recent
following experiments. 1) Phosphatidylinositol 3-kinase and Akt participate in
the follicle stimulating hormone-induced meiotic maturation of mouse
oocytes. 2) Mos plays a crucial role in normal spindle and chromosome
morphology and the reactivation of maturation promoting factor after first
meiosis. 3) Follicular atresia is caused by apoptosis and the apoptosis
associated with internucleosomal DNA fragmentation is directly regulated by
the Fas-Fas ligand system. 4) Integrin a6B1 is involved in sperm-egg binding
leading to fusion via direct association of the integrin a6 with sperm. 5) MAP
kinase cascade is activated at the M-phase and some MAP kinases other
than ERKs are activated during early cleavage of fertilized eggs.
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Introduction

Recently, molecular basis of gametogenesis,
fertilization and early embryogenesis has
bocome again a subject of interest, because
the technologies developed in molecular
biology, biochemistry and cytochemistry has
been introduced in these field and a number of
regulatory protens and genes has been
identified in the events of these processes. In
this article, recent advances in our study of
meiotic maturation and apoptosis of oocytes,
sperm-oocyte interactions and early cleavage
of fertilized embryos in mice are discussed.

Phosphatidylinositol 3-kinase (PI3K) and Akt in
the meiotic maturation

Fully grown mammalian oocytes are arrested
in ovarian follicles at the diplotene stage of the
first meiotic prophase by meiosis-arresting
factors such as cAMP (1) and purines such as
hypoxanthine (2). The resumption of meiosis,
morphologically identified by germinal vesicle
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breakdown (GVBD), is triggered in healthy
follicles by preovulatory luteinizing hormone
(LH) surge. Progression of meiosis beyond
GVBD involves chromosome condensation
and alignment of the metaphase | spindle,
segregation of homologous chromosomes,
emission of the polar body (PB1), and
metaphase MIl spindle formation. GVBD and
progression of oocytes to metaphase Il is
usually referred to as meiotic maturation. At
the diplotene stage of the first meiotic
prophase, oocytes undergo gonadotropin-
independent spontaneous meiotic maturation
when they are removed from mature follicles
and cultured in vitro in a suitable medium (3).
Oocytes also mature in vitro under the
stimulation of follicle stimulating hormone
(FSH) or other hormones when spontaneous
maturation is prevented by meiotic inhibitors
such as hypoxanthine and cAMP-elevating
agents (2). FSH-induced meiotic maturation
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requires the presence of cumulus cells, which
are thought to be the source of a putative
meiosis-inducing signal (4).

FSH-induced meiotic resumption requires
activation of phosphoinositide metabolism and
release of intracellular free calcium in mouse
cumulus-oocyte complexes (COCs), and both
oocyte and somatic cells are potentially
sensitive to these messengers (5). It is
suggested that following positive stimulation
by gonadotropin, inositol triphosphate and
possibly calcium may be generated in cumulus
cells and subsequently transferred to the
oocyte via intracellular communication. PI3K is
known to play critical roles in signal
transduction processes related to a variety of
cellular activities such as cytoskeletal re-
arrangement, cellular migration, differentiation,
protection against apoptosis and mitogenesis
(6). Akt, also known as protein kinase B, was
identified as a serine-threonine kinase that
functions downstream of PI3K (7). The
activation of Akt is thought to be a critical step
in the PI3K pathway that regulates cell growth
and differentiation. It is also correlated with
cell survival in a wide variety of cells, including
those of epithelial, mesenchymal, and
neuronal origin (8). During meiotic maturation,
the inhibition of PI3K activity by LY294002 in
cumulus cells interferes with the
gonadotoropin-stimulated meiotic resumption
of porcine oocytes (9). In rat granulosa cells,
FSH increases Akt phopshorylation and
activation in a manner that is cAMP-
dependent and PI3K-dependent (10). The
PI3K/Akt pathway also plays a role in the
FSH-stimulated  expression of  X-linked
inhibitor of apoptosis (XIAP), a factor that
which suppresses the induction of apoptosis in
rat granulosa cells (11). In Xenopus oocytes,
PI3K/Akt regulation plays an essential role in
the resumption of meiosis (12). However, the
role of PIBK and Akt in mammalian oocytes
during meiotic maturation is not fully
understood. Then, we examined the role of
PI3K during meiotic maturation in mouse
oocytes, and our results suggest that PI3K
participates  in FSH-induced  cumulus
expansion and meiotic maturation in mouse
oocytes. When FSH-induced COCs were
treated with LY294002, GVBD was inhibited at
100 pM, while PB1 emission was suppressed
in a dose-dependent manner. In vitro, cumulus
expansion occurs when isolated COCs are
treated with FSH (13). We also observed the
inhibition of cumulus cell expansion by
LY294002. The oocyte meiotic maturation
process is initiated by expansion of the
cumulus cells and GVBD. Cumulus expansion
is also required for normal ovulation rates in

vivo (14). The cytoskeletal modification and
loss of gap junctions accompanying cumulus
expansion in COCs are closely related to
oocyte meiotic progression (15). The details of
the signal transduction pathway and
maturational processes are not yet resolved,
but various studies suggest that luteinizing
hormone (LH) promotes an increase in cAMP
levels within the granulosa cell compartment
and a decrease in cAMP in the oocyte, thus
indicating the resumption of meiosis as well as
cumulus expansion (16). Recently, in mouse,
it is reported that gonadotropin induces both
the resumption of meiosis and cumulus
expansion by mechanisms requiring the
activation of mitogen-activated protein kinase
(MAPK) in cumulus cells, but this activation
cannot occur in the absence of oocytes, and is
likely mediated by one or more paracrine
factor (17). Thus, oocytes enable the cumulus
cells to produce, in response to gonadotropin-
induced elevation of granulosa cell cAMP, a
return signal that induces the resumption of
meiosis (17). In porcine COC, PI3K activity in
cumulus cells contributes to the activation of
MAPK, and to meiotic progression beyond Ml
stage (18). Our results suggest that PI3K
activity participates in FSH-induced meiotic
maturation in mouse COCs. Therefore, PI3K
activity in mouse cumulus cells may be
contribute to the activation of MAPK and
meiotic maturation.

We next examined whether LY294002
affects oocytes directly. Several previous
studies have suggested that FSH could
stimulate the cumulus cells to generate a
meiosis-activating factor, e.g. Ca®* (19) or
meiosis-activating sterol (MAS) (20), which
positively overcomes the meiotic arrest
induced by dbcAMP or hypoxanthine and
plays a potent physiological role in triggering
gonadotropin-induced meiotic  resumption.
Since gonadotropin receptors are absent from
oocytes, FSH promotes GVBD via an indirect
mechanism mediated by the cumulus cells
rather than by a direct action on the oocytes
(21). Therefore, we examined the effect of
LY294002 on denuded oocytes (Dos) cultured
in the medium containing FF-MAS. 100 uM
LY294002 treatment of DOs inhibited PB1
emission, but not GVBD. These results
suggest that PI3K activity in cumulus cells
participates in GVBD, while PB1 emission
requires PI3K activity in oocytes. In this
experiment, we addressed whether LY294002
affects oocytes directly. Therefore, it was
necessary to use same culture conditions for
both FSH- and FF-MAS-induced experiments
in the present study, e.g. volume of droplet
overlaid with paraffin liquid, while FF-MAS
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may be absorbed by paraffin liquid. Indeed,
FF-MAS induced PB1 emission rate was not
high (38.0%), while 62.7% of oocytes
underwent GVBD. To just examine the effect
of LY294002 on FF-MAS induced oocyte
meiotic maturation for DO, culture conditions
without layer of paraffin liquid may be better to
evaluate the PI3K function during meiotic
maturation.

Akt was identified as a serine-threonine
kinase that functions downstream of PI3K (7).
The activation of Akt is thought to be a critical
step in the PI3K pathway that regulates cell
growth and differentiation. Akt becomes
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phosphorylated at two residues, Thr*®® and

Ser*”®, and both are required for full activation
(22). Therefore, we examined the distribution
of phosphorylated Akt during meiotic
maturation in mouse oocytes. Confocal
microscopy revealed that Thr*®®
phosphorylated Akt was localized as dots
around chromosomes and in the cytoplasm in
PMI oocytes. At Ml and MII, four intense dots
were observed. Merged figures of staining for
phosphorylated Akt, microtubules and nuclei
showed that Thr*® phosphorylated Akt was
present in the spindle pole (Fig 1).

308

Fig 1: Cellular localization of Thr

phosphorylated Akt during in vitro maturation (A,D,G). COCs were cultured in

FSH-induced culture condition. Qocytes at prometaphase 1 (PMI), MI and MII were collected at 8 to 10 hr, 10 to 12 hr
and 18 hr after the start of culture in respectively. The meiotic stages were prometaphase I (A-C), metaphase I (D-F),
and metaphase 11 (G-1). Nuclear status and microtubules were visualized for counter-staining, (B,E,H) and merged with

308

stainig of Thr

phosphorylated Akt (C,F,I). Green, red and blue show Akt, nuclear status and microtubules,

respectively. The arrow indicates the first polar body. Bar = 10 pum.
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In most animal cells, the microtubule
organizing center (MTOC) is composed of a
pair of centrioles surrounded by an electron
dense material, the PCM, and it is within this
material that the MTOC activity is located (23).
Mouse MII oocytes as well as MI oocytes and
most probably oocytes arrested in meiotic
prophase, do not have centrioles (24).

473

Fig 2: Cellular localization of Ser
FSH-induced culture condition. Oocytes at prometaphase I (PMI), MI and MII were collected at 8 to 10 hr, 10 to 12 hr
and 18 hr after the start of culture in respectively. The meiotic stages were prometaphase I (A-C), metaphase I (D-F),
and metaphase II (G-1). Nuclear status and microtubules were visualized for counter-staining, (B,E,H) and merged with
staining of Ser’” phosphorylated Akt (C,F,I). Green, red and blue colors show Akt, nuclear status and microtubules,
respectively. The arrow indicates the first polar body. Bar = 10 um.

The poles of the meiotic spindle are composed
of bands of electron dense PCM (24).
Therefore, Thr*® phosphorylated Akt was
located in PCM at Ml and MII. In contrast, the
distribution of Ser*”® phosphorylated Akt was
similar to the localization of microtubules at
prometaphase | (PMI) and the present in
spindle at Ml and MII (Fig 2).

phosphorylated Akt during in vitro maturation (A,D,G). COCs were cultured in

(This figure has also been printed in full-color at the end of the issue.)
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When COCs were treated with LY294002 in
FSH-induced meiotic maturation, the amount
of Thr®® phosphorylated Akt was decreased to
very low to undetectable levels in PMI, Ml and
MIl  oocytes. The distribution of Ser*’®
phosphorylated Akt in LY294002-treated PMI
oocytes was similar to that in normal PMI
oocytes, whereas aberrant distribution and
very low to undetectable levels of expression
were seen in LY294002-treated MI and Mil
oocytes, respectively. These results suggest
that Akt activity participates in FSH-induced
meiotic maturation as a downstream effector
of the PI3K pathway in mouse oocytes (25).
Akt is best known for its anti-apoptotic
effects (26) and plays a role in inhibition of
entry into the S phase (27). However, there is
very limited information regarding the G2/M
phase of the cell cycle. Akt activity is high at
the G2/M phase in MDCK renal epithelial cells
(28), PANC1 cells, pancreatic carcinoma cell
lines, and normal human fibroblasts (29). In
MDCK cells, the inhibition of PI3K induces
apoptosis and decreases M-phase promoting
factor (MPF) activity at G2/M phase (28). In
HEK293 cells, Akt controls G2/M cell cycle
progression, and activation of Akt can
overcome both the p53-independent G2/M cell
cycle checkpoint and apoptosis induced by
DNA damage (30). It was recently reported
that Akt is phosphorylated during mitosis and
Thr*® phosphorylated Akt is present at the
centrosome in Hela cells (31). Akt also
phosphorylates downstream kinase glycogen
synthase kinase-3 (GSK-3), which s
constitutively active in resting cells. Phospho-
GSK-3 is abundant at the centrosome and
spindle pole (31). GSK-3 phosphorylation
occurs concomitantly with the appearance of
phosphorylated and active Akt at the
centrosome. Inhibition of GSK-3 promotes
defects in microtubule length and
chromosomal alignment during prometaphase.
However, as PI3K inhibitors do not appear to
affect the mitosis-specific phosphorylation of
Akt or GSK-3 in Hela cells, it may be that Akt
is activated in a phosphoinositide-independent
manner during mitosis (31). In contrast,
inhibition of mouse oocyte GSK-3 had no
significant influence on viability, morphology,
or development to MIl, whereas the inhibitor
caused abnormal spindle formation and
significantly increased incidence of abnormal
homologue segregation during first meiotic
division (32). These and our present results
suggest that PI3K-Akt-GSK-3 pathway may
have important role in mouse oocyte meiotic
maturation. Furthermore, Akt and GSK-3 are
involved in meiosis and mitosis, whereas
signal transduction pathway of Akt-GSK on
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meiotic maturation in mouse oocytes may be
different from mitotic division in cells. Although
it is unknown whether the localization of
phosphorylated Akt has any role in PCM or the
spindle at MI and MIl during meiotic
maturation in mouse oocytes, LY294002
suppressed meiotic maturation and caused a
decrease in the level and aberrant distribution
of phosphorylated Akt. These results suggest
that the PI3K/Akt pathway functions in mouse
oocytes during FSH-induced meiotic
maturation. In contrast, our results suggest
that PI3K activity in cumulus cells participates
in GVBD and the expansion of cumulus cells.
In cultured rat granulosa cells, FSH increases
Akt phopshorylation and activation in a
manner that is cAMP-dependent and PI3K-
dependent (10). The PI3K/Akt pathway also
plays a role in the expression of FSH-
stimulated XIAP, a factor which suppresses
the induction of apoptosis in rat granulosa
cells (11). Therefore, the PI3K/Akt pathway
may function in mouse cumulus cells during
FSH-induced meiotic maturation.

Taken together, is suggested that

spontaneous meiotic maturation in mouse
oocytes may not require the PISK pathway
(Fig 3).
It has been reported that inhibitions for
phosphoinositide metabolism (5), MAPK (33)
block FSH-induced but not spontaneous
meiotic resumption in mouse oocytes. It also
has been reported that FF-MAS induced
maturation of mouse oocytes appear to use
different  signal transduction  pathways
compared with spontaneous meiotic
maturation (34). These reports suggest that
spontaneous maturation probably occurs
through a different mechanism. Spontaneous
maturation fundamentally involves removal of
the inhibitory influence imposed by the
follicular environment. However, this model
does not reproduce accurately the normal
mechanism operating in vivo, and therefore it
does not appear to be the most appropriate
approach (5). In contrast, systems in which
meiotic maturation is induced by
gonadotropins or other agents under
conditions that prevent spontaneous
maturation offer a more physiological model in
which reinitiation of meiosis, as it presumably
occurs in vivo, is activated by a signal that
requires interaction between the oocyte and
follicle (5). Therefore, our results suggest that
PI3K may be involved in gonadotropin-induced
meiotic maturation in vivo (Fig. 3). Because
the inhibition of meiotic maturation in our
culture condition was not complete by
LY294002, there is a possibility the interaction
of other pathway with PI3K (25).
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Fig 3: Schematic representation of mechanism of the oocyte maturation.

FSH induces GVBD in cumulus cell-enclosed oocytes. PI3K involved in gonadotropin-induced meiotic maturation.
FSH via PI3K also phosphorylates PKB/Akt. Phospho-Akt present in spindle at M-phase and it may be involved in
spindle formation and chromosome alignment. The bottom figure shows that the activity changes mos (blue), MAPK
(green) and MPF (red) in meiotic maturation. Mos has been shown to be required for MAPK activation and to be

involved in microtubule organization.

Mos in meiotic maturation in oocytes in culture
In Xenopus oocytes, the c-mos proto-
oncogene product (Mos) is required for
activation of the maturation promoting factor
(MPF) in G2 arrested oocytes, for reactivation
of MPF after metaphase |, for transition to
metaphase Il without DNA replication, and for
maintaining high MPF activity in metaphase |
oocytes (35). Mos has a serine-threonine
kinase domain (36). In Xenopus oocytes, Mos
activates MAPK kinase by direct
phosphorylation, and subsequently activates
MAPK (37). It has been shown that the above-
mentioned Mos functions in Xenopus oocytes
are mediated by MAPK activity (38).

In contrast, the function of Mos in mouse
oocytes is unclear, although Mos has been
thought to play important roles in oocyte
maturation because of the exclusive
transcription in oocytes (39). When anti-Mos
antibody or antisense oligonucleotide was
microinjected into immature mouse oocytes,
various results were reported. These were: the
inhibition of GVBD, the normal induction of
GVBD but the inhibition of first polar body
emission, and the normal induction of first
polar body emission but entrance into
interphase instead of second meiosis (40).

Recently c-mos knockout mice were
generated by homologous recombination in
embryonic stem cells (41). These mutant mice
have truncated Mos that has no kinase activity.
Oocytes obtained from the c-mos knockout
mice have been reported to undergo GVBD
and mature normally with a frequent
spontaneous  parthenogenetic  activation,
indicating that Mos is not essential for oocyte
maturation in the mouse (41). Recently, Mos
has been shown to be required for MAPK
activation and to be involved in microtubule
organization during meiotic maturation in the
mouse (42).

We used c-mos knockout mouse oocytes and
examined the roles of Mos in mouse oocyte
maturation and fertilization in more detail,
including whether Mos controls MAPK and
MPF activity (43). In sharp contrast to the lack
of an effect of Mos on the progression of first
meiosis in the mouse, the abnormalities of
chromosomes and alpha-tubulin morphologies
in the metaphases of homologous mutant
oocytes indicate that Mos participates in
chromosome condensation and microtubule
reorganization. Zhao et al. (44) reported that
about 90% of oocytes that received an
antibody to Mos did not assemble a meiotic
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spindle. Mos has been implicated in the
reorganization of the microtubules, which
leads to formation of the spindle and the
spindle pole (45). Mos overexpression in
somatic cells induced meiotic-like alterations
in the mitotic spindle (46). Abnormalities in the
organization of the microtubules and
chromatin were recently reported in c-mos
knockout mouse oocytes (42). The
morphological abnormalities induced by the
loss of Mos in our study are consistent with
these previous reports and confirm that Mos
plays an important role in the reorganization of
microtubules and chromosome condensation.

In our study, MAPK activity was assayed
throughout mouse oocyte maturation in wild-
type, heterozygous mutant, and homozygous
mutant mice. In heterozygous mutant and
wild-type oocytes, the fluctuation patterns
were in close agreement with those in
previous reports: the activity was significantly
increased at 4 h of culture, and was
maintained at about 5 to 7 times the initial
activity during 4-16 h of culture (47). On the
other hand, MAPK activity of homozygous
mutant oocytes did not significantly fluctuate
throughout maturation and was clearly lower
than that of wild-type oocytes. It has been
shown by SDS-PAGE that mouse MAPK was
present as 42- and 44-kDa bands, and the
migration rate was decreased when MAPK
was activated by phosphorylation (42). The
two bands at 42 and 44 kDa were detected in
all three genotypes in our study, and a band
shift was also observed at 8 h of maturation
when MAPK activity was high in heterozygous
mutant and wild-type oocytes. In homozygous
mutant oocytes, however, no decrease in the
migration rate was detected at 8 h of culture
when the oocytes were at the first metaphase.
Recently, the same result has been reported
in a different strain of c-mos knockout mouse
oocytes (42). These results indicate that Mos
physiologically  stimulates MAPK  during
maturation of murine oocytes as in Xenopus
oocytes. MAPK activation is a prerequisite for
GVBD in Xenopus oocytes (38). Our results
suggest, however, that in murine oocytes,
MAPK activation is not essential for GVBD
and first polar body emission. In mouse
oocytes, MAPK is localized in microtubule-
organizing centers (47). Verlhac et al. (48)
reported that microtubule and chromatin
behavior was controlled by MAPK activity
during meiosis in mouse oocytes. We
therefore considered that the morphological
abnormalities in homozygous mutant oocytes
referred to above contributed to this low MAPK
activity caused by the loss of Mos. In our study,
MPF activity was low in the G2 arresting
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oocytes and high in the first and the second
metaphase oocytes, with a transient decrease
at first polar body emission.

There was almost no difference among the
oocytes of wild-type, heterozygous mutant,
and homozygous mutant mice until first polar
body emission, indicating that Mos does not
stimulate MPF activity directly and that MPF
and MAPK activities are regulated
independently. These data suggest that the
normal fluctuation in MPF activity can cause
the normal process of oocyte maturation in
spite of the loss of Mos and MAPK activity,
confirming the importance of MPF in oocyte
maturation in the mouse. One of the most
drastic abnormalities in c-mos knockout
mouse oocytes was their entrance into the
interphase instead of second meiosis after first
polar body emission. In these oocytes, MPF
was inactivated to the basal level instead of
being reactivated after the decrease in polar
body emission. Furuno et al. (49) have
reported that suppression of DNA replication
during meiotic divisions in Xenopus oocytes is
accomplished by the Mos-mediated premature
reactivation of cdc2 kinase. Oocytes injected
with  antisense  c-mos  oligonucleotides
completed the first meiotic division but failed to
initiate second meiosis and reformed a
nucleus (40). Our results are consistent with
these reports, and suggest also that in the
mouse Mos plays a crucial role in the
reactivation of MPF after the first polar body
emission. In our study, however, 56% of
oocytes in the homozygous mutant were not
activated after first meiosis and reached the
second metaphase in spite of the loss of Mos.
This indicates that c-mos deletion induces
some compensatory factors that reactivate
MPF after first meiosis, although there are
wide variations in the compensatory efficiency
of the oocytes. Verlhac et al. (42) reported that
their c-mos knockout oocyte did not require
Mos for MPF reactivation after the first meiosis,
prompting us to think of the high
compensatory activity in their mice. Details of
these factors are still unknown, but our results
indicate that a compensatory action other than
the MAPK cascade may be at work, since
MAPK in homozygous mutant oocytes was
maintained in an inactive form throughout
maturation (50). When matured c¢-mos
knockout oocytes were activated by
fertilization or ethanol stimulation, some
oocytes were transformed into metaphase Il
instead of interphase. The phenomenon of
metaphase Il has already been reported by
Kubiak (51). These studies demonstrated that
metaphase Il frequently appeared at 11-13 h
after gonadotropin injection, due to ethanol
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stimulation and fertilization, but our and his
experimental conditions were different,
because all heterozygous oocytes entered the
interphase after activation. Under normal
conditions in Xenopus oocytes, the stimulus of
fertilization destroys cyclin B by the ubiquitin
pathway and Mos by calmodulin-dependent
protein kinase Il or the N-terminal proline-
dependent ubiquitin pathway (52), so that the
MPF activity is decreased and the cell cycle
progresses into the interphase. Under the
conditions of our study, however, the MPF
activity was maintained not by Mos but
presumably by compensatory factors. We
therefore  present here the following
hypothesis to account for metaphase Il in c-
mos knockout mice. When the metaphase Il
arrested, the oocytes were penetrated by
sperm, degradation of cyclin B and a transient
decrease in MPF activity occurred and the cell

cycle progressed into the anaphase-telophase.

In these oocytes, however, since unknown
compensatory factors other than Mos may not
be degraded even if sperm penetrate the
oocyte, the decreased MPF activity may be
restored and the cell cycle then progresses
into metaphase Ill. Verlhac et al. (42) also
reported the appearance of metaphase lll in
their c-mos knockout mice, confirming the
presence of Mos-compensatory factors that
were not degraded after metaphase Il in the c-
mos knockout oocytes.

Fas-Fas ligand in apoptosis of cumulus-oocyte
complex

The majority of ovarian follicles including
oocytes have been revealed to undergo
atresia through a mechanism involving
apoptotic cell death, but the molecular
mechanisms underlying atresia remain to be
clarified. Previous studies have reported
several physiological markers associated with
follicular atresia, including detachment and
degeneration of the granulosa cell layer,
fragmentation of the basal lamina, reduced
DNA synthesis, invariably decreased estrogen
production, and decreased gonadotropin
binding in ovarian follicles (53). Zeleznik et al.
(54) showed the presence of an endonuclease
activity in rat granulosa and luteal cells that is
modified by the changes in gonadotropin
levels and is capable of inducing
internucleosomal DNA cleavage. Further
evidence has recently been reported indicating
that granulosa and thecal cells collected from
ovarian  atretic  follicles  display the
internucleosomal cleavage of DNA
characteristics of cells undergoing apoptosis
or programmed cell death (55). It has
therefore been clarified that apoptosis is the

underlying mechanism of ovarian follicular
degeneration during atresia (48). Fas
molecule, which is broadly expressed in
lymphoid and not-lymphoid tissues, is a
member of the tumor necrosis factor/nerve
growth factor receptor family inducing the
apoptotic cell death (56). On the other hand,
Fas ligand (FaslL) is a type Il transmembrane
protein highly homologous to tumor necrosis
factor to induce apoptosis in Fas-expressing
target cells. Although the expression of FasL
has been reported to be restricted
predominantly in the activated T cells and in
several tissues such as testis, kidney, small
intestine and lung (57), further studies have
recently shown the expression of FasL in other
tissues including ovary. In the immune system,
Fas and Fas L are involved in the reduction of
immune reactions as well as in T-cell-
mediated cytotoxicity (57). In the reproductive
system, Fas is expressed not only in the
mouse and human oocytes but also in the
mouse and human granulosa cells (58). We
also examined the contribution of Fas and its
ligand (FasL) in the process of follicular atresia
by using mouse intraovarian follicles and
gonadotropin-hyperovulated eggs (59).
Reverse  transcriptase/polymerase  chain
reaction-Southern blot hybridization
demonstrated positive expression of Fas in
both intraovarian oocytes and hyperovulated
eggs. In contrast, expression of FasL was only
detected in granulosa cells. These finding
were histologically confirmed by in situ
hybridization with Fas- and FasL-specific
probes. A time-course study showed that Fas
MRNA was positive in atretic follicles through
day 0 and day 2 of gonadotropin stimulation
and negative thereafter. Levels of FasL mRNA
were the highest on day 1 and tapered off
toward day5 of gonadotropin stimulation.
Levels of elongation factor | a mRNA, a
constitutive  element, were  constantly
maintained throughout the experimental period.
Co-culture of ovulated eggs, intact and zona-
free, and granulosa cells demonstrated
positive  TUNEL staining only in zona-free
eggs. Our findings indicate that follicular
atresia is caused by apoptosis. This apoptosis,
associated with internucleosomal DNA
fragmentation, is directly regulated by the
Fas/FasL system (50). It is possible that the
cell death in the ovarian atresia is modified by
other factors, such as Bcl-2 and related
proteins (60), acting as the primary regulators
of the Fas and FasL system. In fact it has
been reported that Fas-induced cell death is
partially inhibited by the overexpression of the
Bcl-2 gene, and it is completely inhibited by
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the coexpression of Bcl-2 and its binding
protein BAG-1 (61).

Nevertheless, taken together with our studies,
we propose that the system of Fas in oocytes
and FasL in granulosa cells is likely to be the
direct regulator of undergoing atresia in the
diverse species. Furthermore, morphological
observations (62) have shown that the zona
matrix in mammalian oocytes becomes denser
and wider during the development towards
tertiary follicles, being traversed by numerous
microfilaments with channel-like cytoplasmic
protrusions of the follicular granulosa cells.

In the preovulatory stage, the follicular
granulosa cells are gradually separated and
retracted from zona pellucida. It was therefore
strongly suggested that the molecular
interactions between Fas in oocytes and FasL
in granulosa cells could be interrupted by the
mature zona pellucida and the ovulatory
oocytes would be freed from follicular atresia
through the apoptotic mechanism.

Egg integrins in sperm-egg binding and fusion

The molecular events of sperm-egg binding
and fusion have been studied for decades.
Several investigators have reported
candidates for a ligand on the sperm plasma
membrane in mammals; for example, CD46
(63), DE (64), OBF-13 (65), MH61 (66), M29
and M37 (67). These studies were based on
immunological assays; a monoclonal or
polyclonal antibody inhibited sperm-egg
binding and/or fusion. Several lines of
evidence support the contention that a
candidate ligand on sperm is fertilin o/f. This
protein complex, originally called PH-30
antigen, was identified using the monoclonal
antibody, PH-30: Fertilin is localized to the
postacrosomal region, including the equatorial
region, in acrosome-reacted sperm from
guinea pigs, bulls and mice (68). The fertilin a
and B subunits were characterized as the first
members of a novel gene family, the ADAMs
(69). The ADAMSs contain a disintegrin domain
and a metalloproteinase domain (70). Peptide
analogs of the disintegrin loop of fertilin
inhibit sperm-egg binding, indicating that
fertilin is possibly involved in sperm-egg
binding (71). Recently, strong evidence for an
involvement of fertilin B in sperm-egg binding
was provided by Cho et al (72); mutant sperm
lacking fertilin B were found to be severely
impaired in binding to zona-free eggs although
they could fuse with approximately 50%
efficiency. Another possible candidate for a
ligand is the ADAM protein, cyritestin. Peptide
analogs of the disintegrin domain of cyritestin
also strongly inhibit sperm-egg binding (68).
These findings led us to propose that integrins
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are expressed on the egg surface and an egg
integrin can function as a sperm receptor. The
reason for this assumption is that the
disintegrin  domains of snake venom
metalloproteases bind to the integrin allb B 3
(GP lib/llla) (73). By analogy, it is likely that
fertilin and cyritestin are recognized by integrin
receptors through their disintegrin domains.
Many integrin receptors, such as a2, a3, a5,
a6, av, B 1, B 3and B 5, have been reported to
be expressed in mammalian oocytes at either
the mRNA or protein levels (74). The tripeptide,
RGD, derived from fibronectin, which is known
to be an integrin ligand, has been reported to
inhibit sperm-egg binding in hamsters and
humans (75). Echistatin, a snake venom
disintegrin loop that contains an RGD
sequence in its disintegrin loop, was also
shown to inhibit sperm-egg binding in
hamsters (76). These findings supported the
hypothesis that an egg integrin can function as
a sperm receptor. Another possible molecular
interaction between sperm and eggs was
presented by Anderson et al. (63). Human
acrosome-reacted sperm express a
membrane cofactor protein (MCP), which is a
complement component 3-binding and
regulatory protein. CR3 (complement receptor
3), which is also referred to as aM B 2 integrin,
is expressed on human oocytes. Anderson et
al. proposed a model in which the complement
component 3 fragment (C3b) mediates
gamete membrane apposition and fusion via
binding to MCP and CR83. But, this hypothesis
has not yet been proven. Mouse egg integrin
a6B1 was reported to be a strong candidate
for a sperm receptor by the following evidence:
1) The major integrins found to date on the
mouse oolemma are a6 $ 1 and av3. 2) A
function blocking antibody against integrin 6
inhibits sperm-egg binding. 3) A peptide
analog of the fertilin 8 disintegrin loop as well
as a function blocking anti-a6 antibody inhibits
binding of sperm to a6 transfected cells (77).
Evans et al (78) reported that the integrin 3 1
is responsible for sperm (fertilin B) binding to
eggs based on the observation that an
antibody that is reactive with several (1
integrins inhibited binding of sperm or
recombinant fertilin protein made in E. coli to
the surface of eggs. However, Evans et al.
concluded that the a6 subunit was not
involved as the anti a6 mAb GoH3 did not
inhibit binding of their construct. Conversely,
two recent studies have demonstrated that
both a disintegrin loop peptide (79) and fertilin
B purified from sperm (80) interact with the
egg integrin a6B1. Nevertheless, it remains
unsolved if egg integrin a6B1 binds directly to
a protein (e.g., fertilin B) on the surface of
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intact sperm and, if so, in which event the a6 3
1 participates.

We first identified egg molecules with binding-
affinity for sperm. The strongest candidate
was a protein with an apparent molecular
mass of 135 kDa on reducing gels. This
protein was identified as integrin a6 subunit by
an immunodepletion experiment using the
anti-a6 mA (GoH3). Furthermore, when eggs
were fertilized, the integrin a6 and 31 subunits
were accumulated at the sperm-binding site at
an early stage of fertilization. These findings
provide the first evidence that the egg integrin
a6 binds to the sperm surface and that sperm
binding results in clustering of a6p1 integrins
on the egg. Zona removal of mouse eggs with
proteases results in loss of egg fertilizability
(81). Some proteins are reported to be very
sensitive to protease treatment, such as with
chymotrypsin and trypsin. A 94 kDa protein
was modified by both a-chymotrypsin and
trypsin (82), and the recovery of a 94-kDa
protein after egg incubation coincided with the
recovery of egg fertilizability (83). Calarco (84)
demonstrated that 97-kDa and 66-kDa
proteins were also modified by protease. As
well as proteases, the egg surface proteins
are thought to be damaged by acid.
Interestingly, = more  biotinylated  bands
appeared on a gel of acid-treated eggs than of
chymotrypsin-treated eggs, although we
previously showed that the fertilizability of
acid-treated eggs was less than that of
chymotrypsin-treated eggs just after zona
removal (63). This suggests that the strongest
band in chymotrypsin-treated eggs, including
135-kDa protein is a candidate for a sperm
receptor. From our previous report, the
fertilizability of acidtreated eggs reaches that
of chymotrypsin-treated eggs if they are
allowed to recover for 3 hr after zona removal
(81). Consistent with this result, some bands,
including a 135-kDa band, were increased.
Therefore, these proteins were assumed to be
candidates for a sperm receptor (85).

It has been reported by some laboratories
that the integrin a6B1 is involved in sperm-egg
interactions (80). However, it is still unclear
whether the integrin a6B1 can bind directly to
the surface of intact sperm. Therefore, we
examined egg molecules with specific affinity
for intact sperm. The specific binding of egg-

derived molecule(s) is localized at sperm head.

This evidence suggests the possible
participation of the bound molecule(s) in
sperm-egg binding. Only a 135-kDa egg
surface protein showed a strong association
with sperm, although other molecules were

abundantly expressed on the “recovered” eggs.

No egg surface proteins bound to sperm when

pronase-treated eggs were used. The 135 kDa
protein that bound to intact sperm was
specifically depleted with the anti-integrin a6
mAb GoH3. Furthermore, GoH3 precipitated a
comigrating 135-kDa band from biotinylated
egg lysates. These results strongly suggested
that the sperm-associated 135-kDa molecule
is the integrin a6 subunit, and also that it can
adhere specifically to intact sperm. The fact
that the a6 integrin subunit appears to be the
major egg surface protein that binds to intact
sperm suggests that it may be the major
sperm receptor on the egg plasma membrane.
Involvement of the integrin B1 subunit in
binding was reported since a rabbit polyclonal
antibody that interacts with the 1 subunit
inhibited sperm-egg binding (78). Under our
experimental conditions the anti 31 mAb 9EG7
did not precipitate the integrin 31 subunit. And,
9EG?7 recognizes its epitope more readily in
Mn?*-containing  buffers than in Ca*-
containing buffers (86). Therefore, we
concluded that 9EG7 could not deplete the
integrin a6 1 effectively.

Integrins are the major cell surface
components associated with focal adhesion
plaques, which are thought to be centers for
the interaction of integrins and cytoskeletal
proteins and for transmembrane signaling (87).
Most of the integrins involved in formation of
focal adhesions are members of the 1 and
3 families (88). Therefore, if the integrin 1 is
functional as a sperm receptor, we could
hypothesize that focal adhesion-like structures
are formed at the site of sperm-egg binding
and fusion. The integrin a6 and 1 assembled
at the sperm-binding sites. The staining was
generally seen on one sperm per egg (data
not shown) and the frequency of cluster
formation correlated with the extent of sperm-
egg fusion, although three or more sperm
could bind to an egg. These findings suggest
that the integrin a6B1 assembled at the sites
where sperm-egg fusion occurred. One
possibility is that the integrins clustered only at
the sites where sperm binding was mediated
via the integrin a6B1. Several proteins are
known to mediate the interaction between
sperm and eggs (89). Therefore, sperm that
did not bind through the integrin a6f1 might
not be able to induce the clustering. The other
possibility is that modification of sperm
proteins during capacitation or acrosome
reaction, including pattern of localization,
changes in epitope  expression or
posttranslational modifications, might be
necessary to induce clustering even if sperm
binding was mediated by the integrin a6f1.
Only capacitated sperm could induce
aggregation of the integrin a6p1. Some sperm
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proteins that trigger integrin clustering may be
modified during capacitation and/or acrosome
reaction so that they can induce the integrin
clustering.

Our immunofluorescence data strongly
suggest that not only integrin a6 but also
integrin B1 participate in sperm-egg binding
and fusion (85). Other integrin molecules or
other proteins may also cluster at the sperm-
binding sites at the same time. In fact, in our
preliminary experiments vinculin, which is an
integrin-associated molecule, also assembled
at sperm-binding sites. Interestingly, integrin
a6B1 disappeared from the site of sperm
penetration. These molecules were completely
dislocated from the region lying over
fertilization cones at 60 min postinsemination
or later. According to analysis by scanning
electron microscopy, fertilizing sperm are
trapped in microvilli (83) and microvilli are
dislocated out of the region overlying the
fertilization cone (90). Taken together, the
distributions of integrin a6 and 31 appear to be
related to the distribution of microvilli, and our
results strongly suggest that the integrin a6p1
plays an integral role at an early, perhaps only
at an early stage of sperm-egg binding and
fusion. Both a6 and (1 null mutations in mice
are lethal, though the stages at which lethality
appear are quite different. The 1 null
mutation results in the deformation of the inner
cell mass at the early blastocyst stage (91),
while a6 null mutants develop to term, but die
of severe blistering of the skin (epidermolysis
bullosa) and other epithelia (92). Hence, the
questions of whether the a6B1 integrin is
essential for sperm-egg binding and fusion or
whether other integrins or other proteins could
serve these functions could not be addressed
by the a6 and 1 null mice. Rather, the direct
binding of the integrin a6 to intact sperm using
a biochemical approach and for the
localization of the integrin a6 and 1 subunits
at the sperm-binding site using an
immunocytochemical approach strongly
support the notion that the integrin a6f1 can
function as a sperm receptor in mice.

MAP kinase cascade during early cleavage

MAP kinase cascade is one of the main
signal transduction pathways expressed
ubiquitously in somatic cells, and it
transduces many extracellular signals into
the nucleus (93). Mitogen stimulations and
subsequent activation of the MAP kinase
cascade are essential for the proliferation of
somatic cells and the removal of mitogens
from somatic cell cultures results in their
G1/S arrest followed by entrance into the
GO-phase (94). The signal transduction
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pathway of the MAP kinase cascade is
thought to be as follows (95). Binding of
mitogens, such as insulin and growth factors,
to their receptors results in the activation of
Ras, a membrane-associated 21-kDa
protein belonging to the small GTP-binding
protein family, by its dissociation from GDP
and association with GTP. Raf-1 protein, a
75-kDa cytosolic serine-threonine kinase, is
then activated by transport to the membrane
and the subsequent interaction of RasGTP.
This process is suggested to involve 14-3-3
(96). The activated Raf-1 phosphorylates
serine residues of MAP kinase kinase and
activates it. Then the activated MAP kinase
kinase  activates MAP  kinase by
phosphorylation of its tyrosine and threonine
residues. Phosphorylated MAP kinase
translocates into the nucleus and
phosphorylates several substrates such as
DNA-binding proteins and other protein
kinases (95). In mammalian cells, 44-kDa
ERK-1 and 42-kDa ERK-2 are known as
MAP kinases activated by mitogen signals
(97) and 45-kDa MEK-1 and 47-kDa MEK-2
are reported to be MAPkinase kinases
locate upstream of the ERKs (98).

In Xenopus oocytes, the activation of
ERKs triggers the resumption of meiotic
maturation (99). This ERK activation is,
however, stimulated not by the Ras/Raf
pathway described above but by the c-mos
protooncogene product, Mos (100). In
mammals, ERK activation during meiosis
has also been reported for mouse (47), pig
(101), goat (102), rat (103), and bovine (104)
oocytes. The Mos-dependent regulation of
this ERK activity has been shown in c-mos
knockout mouse oocytes (42) and has been
suggested in bovine oocytes (105). These
studies indicate that the meiotic activation of
the MAP kinase cascade depends on
meiosis specific Mos production in oocytes.
After fertilization, the oocytes escape from
meiosis and enter into mitosis. In contrast to
somatic cells, mitosis in early embryos is
independent of exogenous mitogens, and
embryos can undergo cleavage in vitro
without the addition of any growth factors or
serum. The absence of phosphorylated
ERKs during early cleavage has been
shown in clam (105) and mouse (106)
embryos. Although these reports imply that
the MAP kinase cascade is inactivated
during embryonic mitosis, at present, the
presence and the activation state during
early cleavage of the molecules in the
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cascade described above has never been
reported. In our study, we determined
whether these molecules are present and
activated in mouse early embryos. The
results suggest that M phase-specific
activation of the MAP kinase cascade, from
Ras to MEK but not the ERKs, occurs
during mitosis of mouse early embryos.

We have shown the presence of
molecules involved in the MAP kinase
cascade--Ras, Raf-1, 14-3-3, MEK-1, and
ERKs--in  mouse early embryos by
immunoblotting. It is well known that
exogenous mitogens are not necessary for
early embryo culturing, whereas the addition
of a mitogen is a prerequisite for cell
proliferation in somatic cell cultures.
Moreover, the absence of activated ERKs
has been reported during early embryo
development (107). It seems, therefore, to
be widely accepted that the MAP kinase
cascade is not activated during early
embryo development. Surprisingly, however,
a clear shift up of the Raf-1 band in SDS-
PAGE was observed at the M-phase of the
first and second cleavages, but not at the
G2/M phase, in our study. Because a shift
up of the Raf-1 band after activation by
phosphorylation has been reported (41), our
result might show the M-phase-specific
activation of Raf-1 during early mouse
cleavage (Fig 4) (108).

‘ Early cleavage of embryos ‘

Fig 4: Model for the MAP kinase cascade
during early cleavage of embryo.
Ras-Raf-1-MAPK cascade activates during
early cleavage of embryo. However, the
activation of ERK is not necessary.

Recent studies have shown that 14-3-3
associates with inactive Raf-1 in vitro (109)
and in NIH3T3 cells (96). It has been
suggested that 14-3-3 mediates Ras effects
on Raf-1 activation after mitogen stimulation
by transferring or anchoring Raf-1 to the
membrane and that 14-3-3 dissociates from
Raf-1 after its activation (96). Association of
14-3-3 with inactive Raf-1 was shown in
G2/M- and M-phase mouse early embryos,
and, furthermore, dissociation of 14-3-3
from activated Raf-1 was also detected in
the M-phase embryos. These results
strongly suggest a role for 14-3-3 in early
embryos as a mediator of Ras activity, as in
somatic cells, and imply that Ras is also
activated at the M-phase in mouse early
embryos. Activated Raf-1 phosphorylates
and activates MEK in somatic cells (94).
This phos-phorylated and activated MEK
can be detected by a shift up of the MEK
band in SDS-PAGE (110). In our study, as
was expected, a shift up of the MEK band
was also observed during the period of Raf-
1 activation. This indicates that the M-
phase-specific activation of the MAP kinase
cascade from Ras to MEK occurs in mouse
early embryos. In somatic cells, the absence
of mitogens results in G1 arrest of the cell
cycle, and the cells finally enter into the GO-
phase (94). Many studies of the MAP kinase
cascade in somatic cells focused on its roles
at the GO/G1-phase, and the activation of
the MAP kinase cascade at the M-phase
has not been reported, although MBP
kinase activity has been reported to be
higher in the M-phase than in the G1- and
S-phases (111). Therefore, the present
study might be the first report showing the
M-phase-specific activation of the MAP
kinase cascade during mitosis. Why the
embryonic MAP kinase cascade is activated
without mitogen stimulation is unclear. The
MAP kinase cascade was activated during
the meiotic maturation of mouse oocytes
(47), and this activation is regulated not by
the mitogen-stimulated Ras/Raf-1 pathway
but by the mos proto-oncogene product,
Mos, which is synthesized within the
oocytes (100). The MAP kinase cascade of
the mos-knockout mouse is not activated
during oocyte maturation (42). Mos s,
however, degraded after fertilization (100),
and, therefore, the embryonic MAP kinase
cascade should not be regulated by Mos. In
fact, Raf-1 was already activated at the
meiotic metaphase in our study, as reported
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previously (41). It has been reported that
early embryos contain mRNAs for many
mitogens and their receptors (112) and that
the addition of mitogens to the embryo
culture improves their developmental rates
(113). Embryonic autocrine/paracrine
secretion of mitogens has also been
suggested (114). It is probable, therefore,
that embryos stimulate their own MAP
kinase cascade at M-phase by their
autocrine/paracrine secretion of mitogens.

It should be noted that phosphorylated
forms of ERKSs, reported to be active ERKs
(47), were not detected at all during early
cleavage despite MEK activation. The
absence of active ERKs was not due to the
failure of the detection methods because the
phosphorylated active forms of ERKs were
detected in meiotic metaphase oocytes in
our study. The absence of active ERKs has
been suggested in early cleavage of clam
(106) and mouse (107) embryos and also in
M-phase-arrested HelLa cells (111),
although the activation of upstream
molecules of the MAP kinase cascade was
not examined in these reports. At present, it
is generally believed that ERKs are the only
physiological substrate of MEK and
conversely that MEK is the only kinase that
can phosphorylate both the tyrosine and
threonine residues of ERKs physiologically
(115). To the best of our knowledge, the
activities of MEK and the ERKSs follow the
same pattern in all reported studies, and our
study might be the only report showing the
dissociation of MEK and ERK activities (Fig.
4).

In the present study, MBP kinase activity,
which reflects the MAP kinase activity (116),
was assayed in early embryos; a relatively
low but significant activity was detected
during the M-phases in early cleavage
despite the absence of active ERKs. The
high MBP kinase activity at meiotic
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metaphase may reflect the active ERKs
present during this period. The origin of the
MBP kinase activity during early cleavage is
obscure because MBP can be
phosphorylated by kinases other than MAP
kinases (106). Heider et al. (111) reported
that the MBP kinase activity in the M-phase
was high in cultured HelLa cells, although
ERKs were not activated during the M-
phase. They showed the presence of a 40-
kDa novel MBP kinase and suggested that it
is a new member of the MAP kinase family.
It is well known that the synthesis of many
new proteins begins after the fertilization
stimulus in mammalian oocytes (117).
Therefore, it is probable that the new MAP
kinase, which can be activated by the
Ras/Raf-1 pathway, is synthesized in early
embryos and acts instead of ERKSs.

Why do embryos, and perhaps also M-
phase somatic cells, have to inhibit the
activation of ERKs? The activation of ERKs
in the M-phase was reported during meiotic
oocyte maturation (103). High ERK activities
have been shown to mediate the actions of
Mos on oocytes (100): the inhibition of DNA
replication between two consecutive meiotic
metaphases (118) and the prevention of
parthenogenetic activation as cytostatic
factor by arresting oocytes at the second
metaphase until fertilization (119).
Prevention of these inhibitory ERK actions
might be one explanation of the suppression
of ERKs in the mitotic M-phase. During
maturation, MAP kinases are present at the
microtubule-organizing center (120) and
affect spindle and cytoskeletal functions
(121) in addition to their above-mentioned
inhibitory actions. Therefore, one possible
explanation is a requirement for a new MAP
kinase that acts only on the cytoskeletal
functions, such as spindle formation, but not
as an inhibitor of DNA replication and
cytostatic factor during mitosis.

i

References

1. Dekel N, Beers WH: Rat oocyte maturation in vitro:
relief of cyclic AMP inhibition by gonadotropins. Proc
Natl Acad Sci U S A 1978; 75: 4369-4373

2. Downs SM: Factors affecting the resumption of
meiotic  maturation in  mammalian  oocytes.
Theriogenology 1993; 39: 65-79

3. Downs SM: Ovulation 2: Control of the resumption
of meiotic maturation in mammalian oocytes. In Yovich
JL, editor. Gametes: the Oocyte. Cambridge:

Yal\htehK\1 10

Yakhteh Medical Journal, Vol 7, No 2, Summer 2005

Cambridge Univ. Press. 1995; 150-192

4. Downs SM, Daniel SA, Eppig JJ: Induction of
maturation in cumulus cell-enclosed mouse oocytes by
follicle-stimulating hormone and epidermal growth
factor: evidence for a positive stimulus of somatic cell
origin. J Exp Zool 1988; 245: 86-96

5. Coticchio G, Fleming S: Inhibition of
phosphoinositide  metabolism  or  chelation  of
intracellular calcium blocks FSH-induced but not




Hoshino et al .

spontaneous meiotic resumption in mouse oocytes.
Dev Biol 1998; 203: 201-209

6. Vanhaesebroeck B, Leevers SJ, Panayotou G,
Waterfield MD: Phosphoinositide 3-kinases: a
conserved family of signal transducers. Trends
Biochem Sci 1997; 22: 267-272

7. Cantley LC: The phosphoinositide 3-kinase pathway.

Science 2002; 296:1655-1657.

8. Neri LM, Borgatti P, Capitani S, Martelli AM: The
nuclear phosphoinositide 3-kinase/AKT pathway: a
new second messenger system. Biochim Biophys Acta
2002; 1584: 73-80

9. Shimada M, Maeda T, Terada T: Dynamic changes
of connexin-43, gap junctional protein, in outer layers
of cumulus cells are regulated by PKC and PI 3-kinase
during meiotic resumption in porcine oocytes. Biol
Reprod 2001; 64: 1255-1263

10. Gonzalez-Robayna IJ, Falender AE, Ochsner S,
Firestone GL, Richards JS: Follicle-Stimulating
hormone (FSH) stimulates phosphorylation and
activation of protein kinase B (PKB/Akt) and serum
and glucocorticoid-Induced kinase (Sgk): evidence for
A kinase-independent signaling by FSH in granulosa
cells. Mol Endocrinol 2000; 14: 1283-1300

11. Wang Y, Chan S, Tsang BK: Involvement of
inhibitory nuclear factor-kB (NFkB)-independent NFkB
activation in the gonadotropic regulation of X-linked
inhibitor of apoptosis expression during ovarian
follicular development in vitro. Endocrinology 2002;
143: 2732-2740

12. Andersen CB, Sakaue H, Nedachi T, Kovacina KS,
Clayberger C, Conti M, Roth RA: Protein kinase B/Akt
is essential for the insulin- but not progesterone-
stimulated resumption of meiosis in Xenopus oocytes.
Biochem J 2003; 369: 227-238

13. Buccione R, Vanderhyden BC, Caron PJ, Eppig JJ:
FSH-induced expansion of the mouse cumulus
oophorus in vitro is dependent upon a specific factor(s)
secreted by the oocyte. Dev Biol 1990; 138: 16-25

14. Hess KA, Chen L, Larsen WJ: Inter-alpha-inhibitor
binding to hyaluronan in the cumulus extracellular
matrix is required for optimal ovulation and
development of mouse oocytes. Biol Reprod 1999; 61:
436-443

15. Allworth AE, Albertini DF: Meiotic maturation in
cultured bovine oocytes is accompanied by remodeling
of the cumulus cell cytoskeleton. Dev Biol 1993; 158:
101-112

16. Tsafriri A, Chun SY, Zhang R, Hsueh AJ, Conti M:
Oocyte maturation involves compartmentalization and
opposing changes of cAMP levels in follicular somatic

and germ cells: studies using  selective
phosphodiesterase inhibitors. Dev Biol 1996; 178: 393-
402

17. Su YQ, Denegre JM, Wigglesworth K, Pendola FL,
O'Brien MJ, Eppig JJ: Oocyte-dependent activation of
mitogen-activated protein kinase (ERK1/2) in cumulus
cells is required for the maturation of the mouse
oocyte-cumulus cell complex. Dev Biol 2003; 263: 126-
138

18. Shimada M, Terada T: Phosphatidylinositol 3-
kinase in cumulus cells and oocytes is responsible for
activation of oocyte mitogen-activated protein kinase
during meiotic progression beyond the meiosis | stage
in pigs. Biol Reprod 2001; 64: 1106-1114

19. He CL, Damiani P, Parys JB, Fissore RA: Calcium,
calcium release receptors, and meiotic resumption in
bovine oocytes. Biol Reprod 1997; 57: 1245-1255

20. Leonardsen L, Stromstedt M, Jacobsen D,
Kristensen KS, Baltsen M, Andersen CY, Byskov AG:

Effect of inhibition of sterol delta 14-reductase on
accumulation of meiosis-activating sterol and meiotic
resumption in cumulus-enclosed mouse oocytes in
vitro. J Reprod Fertil 2000; 118: 171-179

21. Eppig JJ, Downs SM: The effect of hypoxanthine
on mouse oocyte growth and development in vitro:
maintenance of meiotic arrest and gonadotropin-
induced oocyte maturation. Dev Biol 1987; 119: 313-
321

22. Alessi DR, Andjelkovic M, Caudwell B, Cron P,
Morrice N, Cohen P, Hemmings BA: Mechanism of
activation of protein kinase B by insulin and IGF-1.
EMBO J 1996; 15: 6541-6551

23. Gould RR, Borisy GG: The pericentriolar material
in Chinese hamster ovary cells nucleates microtubule
formation. J Cell Biol 1977; 73: 601-615

24. Szollosi D, Calarco P, Donahue RP: Absence of
centrioles in the first and second meiotic spindles of
mouse oocytes. J Cell Sci 1972; 11: 521-541

25. Hoshino Y, Yokoo M, Yoshida N, Sasada H,
Matsumoto H, Sato E: Phosphatidylinositol 3-kinase
and Akt participate in the FSH-induced meiotic
maturation of mouse oocytes. Mol Reprod Dev 2004;
69: 77-86.

26. Vanhaesebroeck B, Alessi DR: The PI3K-PDK1
connection: more than just a road to PKB. Biochem J
2000; 346 Pt 3: 561-576

27. Datta SR, Brunet A, Greenberg ME: Cellular
survival: a play in three Akts. Genes Dev 1999; 13:
2905-2927

28. Shtivelman E, Sussman J, Stokoe D: A role for PI
3-kinase and PKB activity in the G2/M phase of the cell
cycle. Curr Biol 2002; 12: 919-924

29. Cheng JQ, Altomare DA, Klein MA, Lee WC, Kruh
GD, Lissy NA, Testa JR: Transforming activity and
mitosis-related expression of the AKT2 oncogene:
evidence suggesting a link between cell cycle
regulation and oncogenesis. Oncogene 1997; 14:
2793-2801

30. Kandel ES, Skeen J, Majewski N, Di Cristofano A,
Pandolfi PP, Feliciano CS, Gartel A, Hay N: Activation
of Akt/protein kinase B overcomes a G./M cell cycle
checkpoint induced by DNA damage. Mol Cell Biol
2002; 22: 7831-7841

31. Wakefield JG, Stephens DJ, Tavare JM: A role for
glycogen synthase kinase-3 in mitotic spindle
dynamics and chromosome alignment. J Cell Sci 2003;
116 Pt 4: 637-646

32. Wang X, Liu X, Dunn R, Ohl DA, Smith GD:
Glycogen synthase kinase-3 regulates mouse oocyte
homologue segregation. Mol Reprod Dev 2003; 64:
96-105

33. Leonardsen L, Wiersma A, Baltsen M, Byskov AG,
Andersen CY: Regulation of spontaneous and induced
resumption of meiosis in mouse oocytes by different
intracellular pathways. J Reprod Fertil 2000; 120: 377-
383

34. Faerge |, Terry B, Kalous J, Wahl P, Lessl M,
Ottesen JL, Hyttel P, Grgndahl C: Resumption of
meiosis induced by meiosis-activating sterol has a
different  signal  transduction pathway  than
spontaneous resumption of meiosis in denuded mouse
oocytes cultured in vitro. Biol Reprod 2001; 65: 1751-
1758

35. Sagata N, Watanabe N, Vande Woude GF and
lkawa Y: The c-mos protooncogene product is a
cytostatic factor responsible for meiotic arrest in
vertebrate eggs. Nature 1989; 342: 512-518

36. Hanks SK, Quinn AM, and Hunter T: The protein
kinase family: conserved features and deduced
phytogeny of the catalytic domain. Science 1988; 241:

111/ vakbteh




42-52

37. Nebreda AR., and Hunt T: The c-mos proto-
oncogene protein kinase turns on and maintains the
activity of MAP kinase, but not MPF, in cell-free
extracts of Xenopus oocytes and eggs. EMBO J 1993;
12: 1979-1986

38. Kosako H, Gotoh Y, and Nishida E: Requirement
for the MAP kinase kinase/MAP kinase cascade in
Xenopus oocyte maturation. EMBO J 1994; 13: 2131-
2138

39. Mutter GL, and Wolgemuth DJ: Distinct
developmental patterns of c¢-mos protooncogene
expression in female and male mouse germ cells. Proc
Natl Acad Sci USA 1987; 86: 5395-5399

40. O'Keefe SJ, Wolfes H, Kiessling AA, and Cooper
GM: The c-mos gene product is required for cyclin B
accumulation during meiosis of mouse eggs. Proc Natl
Acad Sci USA 1991; 88: 7869-7872

41. Hashimoto N, Watanabe N, Furuta Y, Tamemoto H,
Sagata N, Yokoyama M, Okazaki K, Nagayoshi M,
Takeda N, lkawa Y, Aizamwa S: Parthenogenetic
activation of oocytes in c-mos-deficient mice. Nature
1994; 370: 68-71

42. Verlhac MH, Kubiak JZ, Weber M, Geraud G,
Colledge WH, Evans MJ, Maro B. Mos is required for
MAP kinase activation and is involved in microtubule
organization during meiotic maturation in the mouse.
Development 1996; 122: 815-822

43. Araki K, Naito K Haraguchi S, Suzuki R, Yokoyama
M, Inoue M, Aizawa S, Toyoda Y, Sato E: Meiotic
abnormalities of c-mos knockout mouse oocytes:
activation after first meiosis or entrance into third
meiotic metaphase. Biol Reprod 1996; 55: 1315-1324
44. Zhao X, Singh B, and Batten BE: Requirement
ofthe c-mos protein kinase for murine meiotic
maturation. Oncogene 1987; 5: 1727-1730

45. Fukasawa K, Murakami MS, Blair DG, Kuriyama R,
Hunt T, Fischinger P, Vande Woude GF: Similarities
between somatic cells overexpressing the mos
oncogene and oocytes during meiotic interphase. Cell
Growth Differ 1994; 5: 1093-1103

46. Fukasawa K, Vande Woude GF: Mos
overexpression in Swiss 3T3 cells induces meiotic-like
alterations of the mitotic spindle. Proc Natl Acad Sci
USA 1995; 92: 3430-3434

47. Sobajima T, Aoki F, and Kohmoto K: Activation of
mitogen-activated protein kinase during meiotic
maturation in mouse oocytes. J. Reprod. Fertil. 1993;
97: 389-394

48. Verlhac MH, Kubiak JZ, Clarke HJ, and Maro B:
Microtubule and chromatin behavior follow MAP kinase
activity but not MPF activity during meiosis in mouse
oocytes. Development 1994; 120: 1017-1025

49. Furuno N, Nishizawa M, Okazaki K, Tanaka H,
Iwashita J, Nakajo N, Ogawa Y, and Sagata N:
Suppression of DNA replication via Mos function
during meiotic divisions in Xenopus oocytes. EMBO J
1994; 13: 2399-2410

50. Sato E: morphological dynamics of cumulus-oocyte
complex during oocyte maturation. It J Anat Embryol
1998; 103: 103-118

51. Kubiak JZ: Mouse oocytes gradually develop the
capacity for activation during the met- aphase Il arrest.
Dev Biol 1989; 136: 537-545

52. Nishizawa M, Furuno N, Okazaki K, Tanaka H, and
Ogawa Y, Sagata N: Degradation of Mos by the N-
terminal proline (Pro2)-dependent ubiquitin pathway on
fertilization of Xenopus eggs: possible significance of
natural selection for Pro2 in Mos. EMBO J 1993; 12:
4021-4027

53. Carson RS, Findlay JK, Burger HG, and Trounson

Yal\htehK\1 12

Yakhteh Medical Journal, Vol 7, No 2, Summer 2005

PI3-kinase, Mos, Fas-FasL, Integrin and MAPK

AO: Gonadotropin receptors of the ovine ovarian
follicle during follicular growth and atresia. Biol. Reprod.
1979; 21: 75-87

54. Zeleznik AJ, Ilhrig LL, and Bassett SG:
Developmental expression of Ca**/Mg*"-dependent
endonuclease activity in rat granulosa and luteal cells.
Endocrinology 1989; 125: 2218-2220

55. Tilly JL, Kowalski KI, Johnson AL, and Hsueh AJ:
Involvement of apoptosis in ovarian follicular atresia
and postovulatory regression. Endocrinology 1991;
129: 2799-2801

56. Smith CA, Farrah T, and Goodwin RG: The TNF-
receptor superfamily of cellular and viral proteins:
activation, costimulation, and death. Cell 1994; 76:
959-962

57. Nagata S, and Golstein P: The Fas death factor.
Science 1995; 267: 1449-1456

58. Guo MW, Xu JP, Mori E, Sato E, Saito S, and Mori
T: Expression of Fas ligand in murine ovary. Am. J.
Reprod Immunol 1997; 37: 391-398

59. Mori T, Xu JP, Mori E, Sato E, Saito S, and Guo
MW: Expression of Fas-Fas ligand system associated
with atresia through apoptosis in murine ovary. Horm
Res 1997; 48 suppl 3: 11-19

60. Tilly JL, Tilly KI, Kenton MX, and Johnson AL:
Expression of members of the bcl-2 gene family in the
immature rat ovary: equine chorionic gonadotropin-
mediated inhibition of granulosa cell apoptosis is
associated with decreased bax and constitutive bcl-2
and bcl-x long messenger ribonucleic acid levels.
Endocrinology 1995; 136: 232-234

61. Takayama S, Sato T, Krajewski S, Kochel K, Irie S,
Millan JA, Reed JC: Cloning and functional analysis of
BAG-1: A novel Bcl-2-binding protein with anti-cell
death activity. Cell 1995; 80: 279-284

62. Dietl J: Ultrastructural aspects of the developing
mammalian zona pellucida. In: Died J: The Mammalian
Egg Coat; Berling, Springer 1989; 49-60

63. Anderson DJ, Abbott AF, Jack RM: The role of
complement component C3b and its receptors in
sperm-oocyte interaction. Proc Natl Acad Sci USA
1993; 90: 10051-10055

64. Cuasnicu PS, Echeverria FG, Piazza AD, Cameo
MS, Blaquier JA: Antibodies against epididymal
glycoproteins block fertilizing ability in rat. J Reprod
Fertil 1984; 72: 467-471

65. Okabe M, Yagasaki M, Oda H, Matzuno S,
Kohama Y, Mimura T: Effect of a monoclonal anti-
mouse sperm antibody (OBF13) on the interaction of
mouse sperm with zona-free mouse and hamster eggs.
J Reprod Immunol 1988; 13: 211-219

66. Okabe M, Nagira M, Kawai Y, Matzuno S, Mimura
T, Mayumi T: A human sperm antigen possibly
involved in binding and/or fusion with zona-free
hamster eggs. Fertil Steril 1990; 54: 1121-1126

67. Saling PM, Irons G, Waibel R: Mouse sperm
antigens that participate in fertilization. 1. Inhibition of
sperm fusion with the egg plasma membrane using
monoclonal antibodies. Biol Reprod 1985; 33: 515-526
68. Yuan R, Primakoff P, Myles DG: Arole for the
disintegrin domain of cyritestin, a sperm surface
protein belonging to theADAM family, in mouse sperm-
egg plasma membrane adhesion and fusion. J Cell
Biol 1997; 137: 105-112

69. Blobel CP, Wolfsberg TG, Turck CW, Myles DG,
Primakoff P, White JM: A potential fusion peptide and
an integrin ligand domain in a protein active in sperm-
egg fusion. Nature 1992; 356: 248-252

70. Black RA, White JM: ADAMs: focus on the
protease domain. Curr Opin Cell Biol 1988; 10: 654-
659




Hoshino et al .

71. Evans JP, Schultz RM, Kopf GS: Mouse sperm-
egg plasma membrane interactions: analysis of roles
of egg integrins and the mouse sperm homologue of
PH-30 (fertilin) B. J Cell Sci 1995; 108: 3267-3278

72. Cho C, Bunch DO, Faure J-E, Goulding EH, Eddy
EM, Primakoff P, Myles DG: Fertilization defects in
sperm from mice lacking fertilin B. Science 1998; 281:
1857-1859

73. Adler M, Lazarus RA, Dennis MS,Wagner G:
Solution structure of kistrin, a potent platelet
aggregation inhibitor and GP llb-llla antagonist.
Science 1991; 253: 445-448

74. Evans JP, Schultz RM, Kopf GS: Identification and
localization of integrin subunits in oocytes and eggs of
the mouse. Mol Reprod Dev 1995; 40: 211-220

75. Fusi FM, Vignali M, Busacca M, Bronson RA:
Evidence for the presence of an integrin cell adhesion
receptor on the oolemma of unfertilized human
oocytes. Mol Reprod Dev 1992; 31: 215-222

76. Bronson RA, Gailit J, Bronson S, Oula L: Echistatin,
a disintegrin, inhibits sperm-oolemmal adhesion but
not oocyte penetration. Fertil Steril 1995; 64: 414-420
77. Almeida ECA, Huovila A-PJ, Sutherland AE,
Stephens LE, Calarco PG, Shaw LM, Mercurio AM,
Sonnenberg A, Primakoff P, Myles DG, White JM:
Mouse egg integrin a6 B 1 functions as a sperm
receptor. Cell 1995; 81: 1095-1104

78. Evans JP, Kopf GS, Schultz RM: Characterization
of the binding of recombinant mouse sperm fertilin
subunit to mouse eggs: Evidence for adhesive activity
via an egg B1 integrin-mediated interaction. Dev Biol
1997; 187: 79-93

79. Chen H, Sampson NH: Mediation of sperm-egg
fusion: evidence that mouse egg a6B1 integrin is the
receptor for sperm fertilin 3. Chem Biol 1999; 6: 1-10
80. Chen MS, Almeida ECA, Huovila A-PJ, Takahashi
Y, Shaw LM, Mercurio AM, White JM: Evidence that
distinct states of the integrin a6@1 interact with laminin
and an ADAM. J Cell Biol 1999; 144: 549-561

81. Takahashi Y, Meno C, Sato E, Toyoda, Y:
Synchronous sperm penetration of zona-free mouse
eggs in vitro. Biol Reprod 1995; 53: 424-430

82. Boldt J, Howe AM, Preble J: Enzymatic alteration
of the ability of mouse egg plasma membrane to
interact with sperm. Biol Reprod 1988; 39: 19-27

83. Kellom T, Vick A, Boldt J: Recovery of penetration
ability in protease-treated zona-free mouse eggs
occurs coincident with recovery of a cell surface 94 kD
protein. Mol Reprod Dev 1992; 33: 46-52

84. Calarco PG: Fertilization of the mouse oocyte. J
Electron Microsc Tech 1991; 17: 401-411

85. Takahashi Y, Yamakawa N, Matsumoto K, Toyoda
Y, Furukawa K, Sato E: Analysis of the role of egg
integrins in sperm-egg binding and fusion. Mol Reprod
Dev 2000; 56: 412-23

86. Bazzoni G, Shih D-T, Buck CA, Hemler ME:
Monoclonal antibody 9EG7 defines a novel $1 integrin
epitope induced by soluble ligand and manganese, but
inhibited by calcium. J Biol Chem 1995; 270: 25570-
25577

87. Miyamoto S, Akiyama S, Yamada KM: Synergistic
roles for receptor occupancy and aggregation in
integrin transmembrane function. Science 1995; 267:
883-885

88. Burridge K, Chrzanowska-Wodnicka M: Focal
adhesions, contractility, and signaling. Ann Rev Cell
Dev Biol 1996; 12: 463-519

89. McLeskey SB, Dowds C, Carballada R, White RR,
Saling PM: Molecules involved in mammalian sperm-
egg interaction. Int Rev Cytol 1998; 177: 57-113

90. Lopata A, Sathananthan AH, MacBain JC,
Johnston WIH, Speirs AL: The ultrastructure of the
preovulatory human egg fertilized in vitro. Fertil Steril
1980; 33: 12-20

91. Stephens LE, Sutherland AE, Klimanskaya 1V,
Andriuex A, Meneses J, Pederson RA, Damsky CH:
Deletion of B1 integrin in mice results in inner cell
mass failure and peri-implantation lethality. Gene Dev
1995; 9: 1883-1895

92. Georges-Labouesse E, Messaddeq N, Yehia G,
Cadalbert L, Dierich A, LeMeur M: Absence of integrin
a6 leads to epidermolysis bullosa and neonatal death
in mice. Nature Genet 1996; 13: 370-373

93. Marshall CJ: MAP kinase kinase kinase, MAP
kinase kinase and MAP kinase. Curr Opin Genet Dev
1994; 4: 82-89

94. Pardee AB: G1 events and refulation of cell
proliferation. Science 1989; 246: 603-608

95. Sugden PH, Clerk A: Regulation of the ERK
subgroup of MAP kinase cascades through G protein-
coupled receptors. Cell Signal 1997; 9: 337-351.

96. Li S, Janosch P, Tanji M, Rosenfeld GC, Waymire
JC, Mischak H, Kolch W, Sedivy JM: Regulation of
Raf-1 kinase activity by the 14-3-3 family of proteins.
EMBO J 1995; 14: 685-696

97. Gotoh Y, Nishida E, Yamashita T, Hoshi M,
Kawasaki M, Sakai H: Microtuble-associated protein
(MAP) kinase activated by nerve growth factor and
epidermal growth factor in PC12 cells. Eur J Biochem
1990; 193: 661-669

98. Otsu M, Terada Y, Okayama H: Isolation of two
members of the rat MAP kinase kinase gene family.
FEBS Lett 1993; 320: 246-250

99. Gotoh Y, Masuyama N, Dell K, Shirakabe K,
Nishida E: Initiation of Xenopus oocyte maturation by
activation of the mitogenactivated protein kinase
cascade. J Biol Chem 1995; 270: 25898-25904

100. Sagata N: What does Mos do in oocytes and
somatic cells? BioEssays 1997; 19: 13-21

101. Inoue M, Naito K, Aoki F, Toyoda Y, Sato E:
Activation of mitogen-activated protein kinase during
meiotic maturation in porcine oocytes. Zygote 3: 265-
271

102. Dedieu T, Gall L, Crozet N, Sevellec C, Ruffini S:
Mitogenactivated protein kinase activity during goat
oocyte maturation and the acquisition of meiotic
competence. Mol Reprod Dev 1996; 45: 351-358

103. Zernicka-Goetz M, Verlhac M, Geraud G, Kubiak
JZ: Protein phosphatases control MAP kinase
activation and microtubule organization during rat
oocyte maturation. Eur J Cell Biol 1997; 72: 30-38

104. Fissore RA, He CL, Van de Woude GF: Potential
role of mitogen-activated protein kinase during meiosis
resumption in bovine oocytes. Biol Reprod 1996; 55:
1261-1270

105. Tatemoto H, Terada T: On the c-mos proto-
oncogene product during meiotic maturation in bovine
oocyte cultured in vitro. J Exp Zool 1995; 272: 159-162
106. Shibuya EK, Boulton TG, Cobb MH, Ruderman
JV: Activation of p42 MAP kinase and the release of
oocytes from cell cycle arrest. EMBO J 1992; 11:
3963-3975

107. Kalab P, Kubiak JZ, Verlhac M, Colledge WH,
Maro B: Activation of p90rsk during meiotic maturation
and first mitosis in mouse oocytes and eggs: MAP
kinase-independent and —dependent activation.
Development 1996; 122: 1957-1964

108. Haraguchi S, Naito K, Sato E: MAP kinase
cascade, but not ERKs, activated during early
cleavage of mouse embryos. Mol Reprod Dev 1998;

113 /" Vakpeeh




51: 148-55

109. Irie K, GotohY,Yashar BM, Errede B, Nishida E,
Matsumoto K: Stimulatory effects of yeast and
mammalian 14-3-3 proteins on the raf protein kinase.
Science 1994; 265: 1716-1719

110. Pages G, Brunee A, L’Allemai G, Pouyssegur J:
Constitutive mutant and putative regulation serine
phosphorylation site of mammalian MAP kinase kinase
(MEK1): EMBO J 1994; 13: 3003-3010

111. Heider H, Hug C, Lucocq JM: A 40-kDa myelin
basic protein kinase, distinct from erk1 and erk2, is
activated in mitotic Hela cells. Eur J Biochem 1994;
219: 513-520

112. Doherty AS, Temeles GL, Schultz RM: Temporal
pattern of IGF-l expression during mouse
preimplantation embryogenesis. Mol Reprod Dev 1994;
37:21-26

113. Terada A, Minoura H, Toyoda N: Effects of
epidermal growth factor on preimplantation mouse
embryos. J Assist Reprod Genet 1997; 14: 404-411
114. Schultz GA, Heyner S: Growth factor in
preimplantation mammalian embryos. Oxf Rev Reprod
Biol 1993; 15: 43-81

115. Kosako H, Gotoh Y, Matsuda S, Ishikawa M,
Nishida E: Xenopus MAP kinase activator is a
serine/threonine/tyrosine kinase activated by threonine
phosphorylation. EMBO J 1992; 11: 2903-2908

116. Erickson AK, Payne DM, Martino PA, Rossomand
AJ, Shabanowitz J, Weber MJ, Hunt DF, Sturgill TW:

PI3-kinase, Mos, Fas-FasL, Integrin and MAPK

Identification by mass spectrometry of threonine 97 in
bovine myelin basic protein as a speccific
phosphorylation site for mitogen-activated protein
kinase. J Biol Chem 1990; 265: 19728-19735

117. Endo Y, Kopf GS, Schultz RM: Stage-specific
changes in protein phosphorylation accompanying
meiotic maturation of mouse oocytes and fertilizaiton
of mouse eggs. J Exp Zool 1986; 239: 401-409

118. Furuno N, Nishizawa M, Okazaki K, Tanaka H,
Iwashita J, Nakajo N, Ogawa Y, Sagata N:
Suppression of DNA replication via Mos function
during meiotic divisions in Xenopus oocytes. EMBO J
1994; 13: 2399-2410

119. Haccard O, Sarcevic B, Lewellyn A, Hartley R,
Roy L, Izumi T, Erikson E, Maller JL: Induction of
metaphase arrest in cleaving Xenopus embryos by
MAP kinase. Science 1993; 262: 1262-1265

120. Verlhac M, Pennart H, Maro B, Cobb MH, Clarke
HJ: MAP kinase becomes stably activated at
metaphase and is associated with microtuble-
organizing centers during meiotic maturation of mouse
oocytes. Dev Biol 1993; 158: 330-340

121. Choi T, Fukasawa K, Zhou R, Tessarollo L,
Borror K, Resau J, Van deWoude GF: The
mos/mitogen-activated protein kinase (MAPK) pathway
regulates the size and degradation of the first polar
body in maturing mouse oocytes. Proc Natl Acad Sci
USA 1996; 93: 7032-7035

Nalatatataials

Yal\htehK\1 14

Yakhteh Medical Journal, Vol 7, No 2, Summer 2005





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


