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ABSTRACT

During fertilization in mammalian species, a sperm-induced intracellular Ca2+ signal ([Ca2+]i) mediates both exit of meiosis

and oocyte activation. Recently, we demonstrated in mouse oocytes that the phosphorylation levels of inositol 1,4,5

trisphosphate receptor type1 (IP3R1), the channel responsible for Ca2+ release and oscillations during fertilization, changed

during maturation and fertilization. Therefore, we examined the expression and phosphorylation of IP3R1 during in vitro

maturation of pig oocytes. Here, our present study shows that expression of IP3R1 protein did not change during

maturation, although the phosphorylation status of the receptor, specifically at an MPM-2 epitope, did. We found that

while at the beginning of maturation IP3R1 lacked MPM-2 immunoreactivity, it became MPM-2 reactive by 24 h and

reached maximal reactivity by 36 h. Interestingly, the acquisition of MPM-2 reactivity coincided with the activation of

p34cdc2 kinase and mitogen-activated protein kinase (MAPK), which are involved in meiotic progression. Following

completion of maturation, inactivation of MAPK by U0126 did not affect IP3R1 phosphorylation, although inactivation of

p34cdc2 kinase by roscovitine dramatically reduced IP3R1 phosphorylation. Neither inhibitor affected total expression of

IP3R1. Altogether, our results show that IP3R1 undergoes dynamic phosphorylation during maturation and this might

underlie the generation of oscillations at fertilization.
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INTRODUCTION

Prior to fertilization in most mammalian species, ovu-
lated oocytes are arrested at the metaphase-II (MII)
stage of meiosis. Following gamete fusion, the sperm
triggers cortical granule exocytosis, inactivation of the
cytostatic factor (CSF) and resumption of meiosis,
extrusion of the second polar body and pronuclear
formation (Ducibella 1998; Kurokawa et al. 2005,
2007; Miyazaki 2006); these phenomena are collec-
tively known as ‘oocyte activation’ (Schultz & Kopf
1995; Ducibella et al. 2002). In all species studied
to date, oocyte activation requires a fertilization-
associated increase in the intracellular concentration
of calcium ([Ca2+]i) (Stricker 1999). In mammals, the

fertilizing [Ca2+]i signal consist of periodical rises,
which are also known as [Ca2+]i oscillations (Miyazaki
et al. 1993). The research shows that the type 1 inositol
1,4,5-trisphosphate receptor (IP3R1) in mammals, or
its homologue in other species, underlies the majority
of Ca2+ release during fertilization (Kume et al. 1993;
Miyazaki et al. 1993; Runft et al. 1999; Iwasaki et al.
2002). Fittingly, the recent discovery of the sperm-
specific phospholipase C zeta 1 (Saunders et al. 2002),
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which in the presence of basal concentrations of [Ca2+]i

effectively hydrolyzes phosphatidylinostitol (4,5)-
bisphosphate into diacylglycerol and inositol 1,4,5-
trisphosphate (IP3) (Rebecchi & Pentyala 2000),
the latter of which is the IP3R1 ligand, supports
the involvement of this pathway in mammalian
fertilization.

It is well established that the capacity of IP3R1s to
mediate Ca2+ release in response to IP3, also referred to
as IP3R1 sensitivity, and the oocytes’ ability to mount
[Ca2+]i oscillations progressively increases during
maturation (Chiba et al. 1990; Fujiwara et al. 1993;
Mehlmann & Kline 1994; Terasaki et al. 2001). At the
germinal vesicle (GV) stage, oocytes of some mouse
strains display spontaneous, low amplitude [Ca2+]i

oscillations (Carroll & Swann 1992; Jones et al. 1995).
Nonetheless, with resumption of meiosis and cell cycle
progression, IP3R1 sensitivity in oocytes increases,
reaching its maximal level at the MII stage (Kume et al.
1997). Remarkably, after fertilization and with pro-
gression into interphase, the sensitivity of IP3R1 sub-
sequently decreases suggesting an association between
IP3R1-mediated [Ca2+]i oscillations and the M-phase
stage of the cell cycle (Jellerette et al. 2004; Lee et al.
2006). While the optimization of several mechanisms
may explain the increase in IP3R1 mediated Ca2+

release during maturation, modifications that affect
the receptor itself may also contribute to enhancing its
function. Previous reports have shown that phospho-
rylation for the most part enhances IP3R1-mediated
Ca2+ release (Patterson et al. 2004). In agreement with
this notion, our previous studies demonstrated that
IP3R1 becomes phosphorylated during maturation
(Lee et al. 2006; Ito et al. 2008). Moreover, results from
in vitro and in vivo studies have shown that p34cdc2

kinase, one of the kinases that regulate oocyte matu-
ration, phosphorylates IP3R1 (Malathi et al. 2003).
Nevertheless, whether during oocyte maturation
IP3R1s of large domestic species undergo phosphory-
lation and the kinases responsible for these changes
remain to be examined.

Pigs are animals of great agricultural value and ones
in which assisted reproductive techniques are com-
monly used to accelerate genetic selection. One of the
techniques that could gain widespread use in the pig
industry is intracytoplasmic sperm injection (ICSI),
although the application of ICSI has been hampered
by the poor success of this technique in this species
(Nakai et al. 2003). Seemingly, in the porcine and in
the bovine ICSI fails because the injected sperm is
unable to induce high rates of activation, and conse-

quently the in vitro developmental rates to the blasto-
cyst stage are low (Nakai et al. 2003; Malcuit et al.
2006). In the pig, most of the oocytes available for
assisted reproductive technologies are in vitro matured.
While these procedures appear highly efficient in this
species, given that most oocytes release the first polar
body and reach the MII stage (Ito et al. 2004a,b), the
high rates of polyspermy following in vitro fertilization
suggest subtle defects during maturation. It is there-
fore possible that the low activation rates of these
oocytes following ICSI may reflect abnormal matura-
tion of the Ca2+ release mechanism, including absence
of IP3R1 phosphorylation or distribution. Therefore,
the aim of the present study was to investigate in pig
oocytes whether IP3R1 become phosphorylated during
maturation, the possible kinetics, as well the kinases
that might participate in its regulation.

MATERIALS AND METHODS

All chemicals and reagents were purchased from Sigma-
Aldrich Corporation (St. Louis, MO, USA) unless otherwise
stated. All procedures for the handling and treatment of
the animals were conducted according to the guidelines
established by the Animal Research Committee of Azabu
University.

Reagents
To inhibit p34cdc2 kinase and MAPK, roscovitine and U0126
were used, respectively. Roscovitine (R), an inhibitor of
p34cdc2 kinase, was prepared in dimethyl sulfoxide (DMSO)
and used 50 mmol/L for all experiments. U0126 (U), a specific
inhibitor of both MAPK kinase 1 (MEK1) and MEK2 was
prepared in DMSO and routinely used at 50 mmol /L.

Collection of porcine COCs and in vitro
maturation
Isolation of porcine cumulus oocytes complexes (COCs) was
described previously (Nakai et al. 2003) with some modifica-
tions. In brief, porcine ovaries were collected from prepuber-
tal cross-bred gilts at a local slaughterhouse and transported
to the laboratory at 35°C. COCs were collected from intact
healthy antral follicles having 2–6 mm in diameter. Oocytes
having evenly granulated cytoplasm with at least 4 layers of
unexpanded cumulus cells were selected and were washed 3
times with maturation medium. About 40 COCs were cul-
tured for 20–22 h in 4-well dishes (Nunclon Multidishes;
Nalge Nunc International), each containing 500 mL of matu-
ration medium. The maturation medium was a modified
version of North Carolina State University (NCSU)-37
medium (Petters & Wells 1993) supplemented with 10%
(v/v) porcine follicular fluid, 0.6 mmol/L cystein, 50 mmol/L
b-mercaptoethanol, 10 IU/mL equine chorionic gonado-
tropin (eCG; Nippon Zenyaku Kogyo Co., Tokyo, Japan)
and 10 IU/mL human chorionic gonadotropin (hCG; Asuka
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Pharmaceutical Co., Tokyo, Japan). The COCs were subse-
quently cultured for 24 h in maturation medium without
hormones. Maturation culture was carried out at 39°C in a
humidified incubator (95% air, 5% CO2). At each culture
period depending on the subsequent experimental designs,
cumulus cells were removed from the oocytes by gently
pipetting. After maturation culture, cumulus cells were
removed and the denuded oocytes with a polar body were
defined as MII. The MII oocytes were further cultured for 4,
8 or 12 h in NCSU37 medium supplemented with U0126 or
roscovitine. The same volume of DMSO was added to the
medium as control. At each culture period, oocytes were
collected and used for following assays.

Immunoblotting
A polyclonal antibody, Rbt03 raised against the peptide
sequence on the C-terminal end of the molecule was used to
detect IP3R1 (Parys et al. 1995). The MPM-2 monoclonal
antibody (Upstate, Lake Placid, NY, USA) was used to ascer-
tain IP3R1 phosphorylation as previously reported (Jellerette
et al. 2004). Fifty mouse or porcine oocytes were mixed with
Laemmli sample buffer (Bio-Rad Laboratories, Hercules, CA,
USA), boiled and loaded onto NuPAGE Novex 3–8% Tris-
Acetate gels (Invitrogen, Carlsbad, CA, USA). After electro-
phoresis, proteins were transferred onto nitrocellulose
membranes (GE Healthcare, Buckinghamshire, UK) and suc-
cessive probing of both MPM-2/IP3R1 was performed as
described by our previous report (Ito et al. 2008). Species-
specific horseradish peroxidase-labeled secondary antibodies
(Cell Signaling Technology, Danvers, MA, USA) and the ECL
Plus western blotting detection system (GE Healthcare) were
used according to the manufacturer’s instructions.

In vitro p34cdc2 kinase assay
The p34cdc2 kinase assay was performed according to the
method described in our previous report (Ito et al. 2001). Five
microliters of oocyte extract (containing 10 oocytes) were
mixed with 45 mL kinase assay buffer A (composed of
25 mmol/L Hepes buffer (pH 7.5; MBL, Nagoya, Japan),
10 mmol/L MgCl2 (MBL), 10% (v/v) mouse vimentin
peptide solution (SLYSSPGGAYC; MBL), and 0.1 mmol/L
ATP (Sigma)). The mixture was incubated for 30 min at
30°C. The reaction was terminated by the addition of 200 mL
PBS containing 50 mmol/L EGTA (MBL). The phosphoryla-
tion of mouse vimentin peptides was detected using an
ELISA MESACUP cdc2 kinase assay kit (MBL, code no.
5234). Data were expressed in terms of the strength of p34cdc2

kinase activity in oocytes collected at 0 h as 100.

In vitro MAPK assay
A p44/42 MAPK assay kit (Cell Signaling Technology) was
used for measuring MAPK activity. The methods used for the
MAPK assay were based on the previous report (Ito et al.
2003). Five microliters of oocyte extract (containing 10
oocytes) was mixed with 25 mL kinase assay buffer B,
25 mmol/L Tris (pH 7.5), 5 mmol/L b-glycerophosphate,
2 mmol/L dithiothreitol, 0.1 mmol/L MgCl2 with 0.1 mmol/L
ATP, and 2 mg Elk 1 fusion protein, and the mixture was
incubated for 30 min at 30°C. The reaction was terminated

by the addition of 10 mL Laemmli sample buffer (4 x). The
samples were boiled at 99.5°C for 5 min and then subjected
to 12.5% SDS-PAGE. The phosphorylation of Elk 1 fusion
protein was detected by immunoblot analysis and chemilu-
minescence detection using antiphospho-specific Elk 1
antibody.

Statistical analysis
Values from three or more experiments performed on differ-
ent batches of oocytes were analyzed by one-way ANOVA
followed by Fisher’s protected least significant difference test
using the STATVIEW (Abacus Concepts, Inc., Berkeley, CA,
USA) program. Differences were considered significant at
P < 0.05. Values were given as means � SEM.

RESULTS

We previously reported that IP3R1 becomes phospho-
rylated during mouse oocyte maturation (Lee et al.
2006). In the present investigation, we sought to
extend those findings by examining IP3R1 MPM-2
phosphorylation in porcine oocytes. In these oocytes,
MPM-2 immunoreactivity of a protein of ~270 kDa
molecular mass, which is thought to correspond to
IP3R1 (Jellerette et al. 2004), was undetectable at the
GV stage, although it was easily detectable in oocytes
matured to the MII stage (Fig. 1); similar stage-specific
phosphorylation was detectable in mouse oocytes
(Fig. 1). In porcine oocytes, the changes in MPM-2
reactivity were not due to changes in IP3R1 mass, as
stripping of the blots followed by re-probing with an
anti-IP3R1 antibody showed no such changes (Fig. 1,
lower panel).

In mouse oocytes, we found that IP3R1 MPM-2
phosphorylation was first detectable around the GV
breakdown (GVBD) stage (Lee et al. 2006), which
is this species occurs approximately 2 h after the
initiation of maturation. To identify at what stage of
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Figure 1 Expression of IP3R1 in pig and mouse oocytes.
Immunoblots of oocytes lysates were probed with the
MPM-2 antibody (upper panel) and, after stripping of the
blot, with the IP3R1 antibody (lower panel).
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maturation IP3R1 MPM-2 phosphorylation was first
detectable in porcine oocytes, we examined IP3R1
MPM-2 reactivity at the different stage of maturation.
As shown before (Fig. 1), IP3R1 MPM-2 phosphoryla-
tion was not detectable in GV oocytes and remained
undetectable for the first 12 h of maturation (Fig. 2).
Importantly, a marked increase in IP3R1 MPM-2 reac-
tivity was observed after 24 h of maturation, a time
that corresponds to the GVBD stage, and IP3R1 reac-
tivity remained high until 48 h of maturation, which
corresponded to the MII stage (Fig. 2). Once again,
IP3R1 mass was unchanged during these stages (Fig. 2,
lower panel). It is worth noting that the temporal
pattern of IP3R1 MPM-2 phosphorylation observed in
porcine oocytes is reminiscent of the GVBD-associated
phosphorylation of IP3R1 observed in mouse MII
oocytes.

The MPM-2 antibody recognizes more than 50 pro-
teins phosphorylated during the M-phase stage of the
cell cycle (Westendorf et al. 1994). Although the
kinase(s) responsible for IP3R1 MPM-2 phosphoryla-
tion remains to be identified, the preferred MPM-2
epitope sequence comprising S/T-P motifs coincides
with the minimal phosphorylation motif for p34cdc2

kinase and MAPK, both of which are proline-targeted
kinases. To ascertain whether p34cdc2 kinase and MAPK
activities are associated with IP3R1 MPM-2 phospho-
rylation during oocyte maturation, using in vitro kinase
assays we determined the temporal activation of these
kinases during porcine oocyte maturation. Both p34cdc2

kinase and MAPK activities were at basal levels for the
first 12 h of maturation, but their activities increased
by 24 h of maturation, the approximate time of GVBD,
and reached peak levels after 48 h of maturation
(Fig. 3A,B). Thus, the presence and persistence of
IP3R1 MPM-2 phosphorylation during oocyte matura-
tion coincides with the activation of p34cdc2 kinase and

MAPK activities. Next, to determine what kinases are
crucial for IP3R1 MPM-2 phosphorylation, we used
U0126, a specific inhibitor of MEK1/MEK2, and ros-
covitine, selective inhibitor of p34cdc2 kinase, the cata-
lytic subunit of MPF. Treatment of MII oocytes with
50 mmol/L roscovitine for 8 h significantly decreased
IP3R1 MPM-2 phosphorylation (Fig. 4), while expo-
sure to 50 mmol/L U0126 had a smaller effect
(Fig. 4A). In control and U0126 treatment groups,
p34cdc2 kinase activity was gradually decreased in a
time-dependent manner (Fig. 3B). However, the activ-
ity of roscovitine-treated oocytes was dramatically
decreased at 4 h. This activity was significantly lower
than those of control and U0126 treatment groups.
The activity was gradually decreased until 12 h. In
control group, MAPK activity was maintained at high
levels until 12 h (Fig. 4C). Although MAPK activity
was not affected by roscovitine treatment until 8 h, the
activity was slightly decreased at 12 h. On the other
hand, MAPK activity in U0126 group was dramatically
downregulated to basal level at 4 h and maintained at
low levels until 12 h. These results show that although
IP3R1 MPM-2 phosphorylation corresponds to the
increase of both p34cdc2 kinase and MAPK activities
during oocyte maturation, the presence and loss of this
reactivity in MII oocytes are more closely associated
with p34cdc2 kinase than with MAPK.
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Figure 2 The kinetics of IP3R1 expression during in vitro
maturation in pig oocytes. Immunoblots of oocytes lysates
during different stages of oocyte maturation were probed
with the MPM-2 antibody (upper panel) and, after stripping
of the blot, with the IP3R1 antibody (lower panel).
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Figure 3 Time-dependent changes of p34cdc2 kinase (A) and
MAPK activities (B) during in vitro maturation in pig
oocytes. Different superscripts denote significant difference
(P < 0.05). †Data were expressed in terms of the strength of
p34cdc2 kinase activity in oocytes collected at 0 h as 100.
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DISCUSSION

In the present study, we have analyzed IP3R1 phos-
phorylation at the MPM-2 epitope in porcine oocytes.
The MPM-2 is a target of M-phase kinases that phos-
phorylate it in a mitosis and/or metaphase-specific
manner. Our results show that in porcine oocytes,
IP3R1 MPM-2 phosphorylation occurs around the
GVBD stage, an event that corresponds with the acti-
vation of p34cdc2 kinase and MAPK, which are the
kinases responsible for the initiation and progression
of oocyte maturation. Pharmacological inhibitors
studies demonstrate that p34cdc2 kinase activity has a
seemingly more important role in the regulation of
IP3R1 MPM-2 phosphorylation.

Research shows that the oocytes’ [Ca2+]i release
mechanisms are modified during oocyte maturation in
preparation for fertilization. For example, it was first
noticed in starfish oocytes that the sperm-induced
[Ca2+]i transient increased in amplitude during matu-
ration (Chiba et al. 1990). In mammals, while fertili-
zation does not normally occur at the GV stage,
experimental fertilization at this stage results in mul-
tiple [Ca2+]i transients, although the first Ca2+]i tran-
sient is of lower amplitude and shorter duration
(Mehlmann & Kline 1994). In addition, the para-
meters of each individual [Ca2+]i rise also seemed
reduced in oocytes that have not completed matura-
tion (Jones et al. 1995). Importantly, and despite the
different stages of meiosis at which fertilization takes
place in these species, maximal [Ca2+]i release in
response to fertilization is attained only in the final
stages of oocyte maturation, just before the expected
time for fertilization. The precise nature of the molecu-
lar mechanisms underlying the enhanced sensitivity of
[Ca2+]i release during oocyte maturation remains to be
elucidated, and there are several cellular changes that
individually or simultaneously can contribute to this
optimization. In this study, we have focused on deter-
mining whether IP3R1 phosphorylation takes place
in porcine oocytes. Previous reports in somatic cells
have shown that by the most part phosphorylation
enhances IP3R1-mediated Ca2+ release (Patterson et al.
2004), which raises the possibility that phosphoryla-
tion might be one of the mechanisms that enhances
the function of the IP3R1 channel during oocyte matu-
ration. In agreement with this notion, our previous
studies using mouse oocytes demonstrated that IP3R1
becomes phosphorylated at the MPM-2 epitope during
maturation (Lee et al. 2006; Ito et al. 2008). In the
present study, we also show that IP3R1s of porcine
oocytes undergo phosphorylation during meiotic
resumption and that despite the different time courses
of oocyte maturation in these species, 12 vs 40 h
respectively, the initiation of IP3R1 MPM-2 phospho-
rylation is first detected at the GVBD stage in both
species. The temporal association of this phosphoryla-
tion with the cell cycle, and the presence of this modi-
fication in mammalian species as well as in Xenopus
eggs, suggest that IP3R1 MPM-2 phosphorylation is
underpinned by well conserved cell cycle-associated
kinases.

Although the identities of many of the proteins
phosphorylated at the MPM-2 epitope are known, the
responsible kinases, for the most part, are not (Che
et al. 1997). In keeping with this, the kinase(s) respon-
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Figure 4 Effects of U0126 and roscovitine treatments on
IP3R1 phosphorylation (A), p34cdc2 kinase (B) and MAPK
activities (C) in matured pig oocytes. Pig oocytes were
cultured for 48 h and further cultured for 4, 8, or 12 h in
the medium supplemented with 50 mmol/L U0126 (U) or
roscovitine (R). As control, same volume of DMSO was
added. (A) Lower immunoblot is the stripped blot reprobed
with anti IP3R1 antibody. †Data were expressed in terms of
the strength of p34cdc2 kinase activity in oocytes collected at
0 h as 100.
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sible for IP3R1 MPM-2 phosphorylation in porcine
oocytes remains to be identified. Importantly, in
porcine oocytes as in oocytes of other species, the
activation of a number of M-phase kinases coincides
with oocyte maturation and the resumption of
meiosis. Among these kinases are p34cdc2 kinase and
MAPK, both of which are proline-targeted kinases,
meaning that these kinases phosphorylate serine or
threonine residues followed by a proline residue; this
basic consensus motif closely overlaps the phosphory-
lation motif recognized by the MPM-2 antibody (Davis
et al. 1983; Westendorf et al. 1994). It is therefore rea-
sonable to raise the possibility that p34cdc2 kinase
and/or ERK may be involved in the MPM-2 IP3R1
phosphorylation. Nonetheless, because GVBD and
activation of p34cdc2 kinase and MAPK in porcine
oocytes occurs approximately 24 h of maturation
(Naito & Toyoda 1991; Kubelka et al. 1995; Ito et al.
2001); our data here), and given that in these oocytes
the nucleus is not readily visible in live cells due to the
high content of cytoplasmic lipids droplets, the precise
timing of IP3R1 MPM-2 phosphorylation and its rela-
tionship with GVBD needs to be ascertained more
thoroughly. Importantly, in mouse oocytes, our recent
study (Ito et al. 2008) demonstrated that another
MPM-2-epitope generating kinase (review in Liu &
Maller 2005), polo-like kinase-1 (Plk1) (Kumagai &
Dunphy 1996; do Carmo Avides et al. 2001), which is
activated at the time of meiosis resumption, may also
be involved in IP3R1 phosphorylation. Inactivation of
Plk1 with several pharmacological and/or molecular
inhibitors greatly reduced IP3R1 MPM-2 phosphoryla-
tion. Appropriately, Plk1 becomes activated immedi-
ately before GVBD and remains active throughout
maturation declining only after zygotes have pro-
ceeded into interphase (Pahlavan et al. 2000). This
profile of Plk1 activity is also observed in porcine
oocytes (Anger et al. 2003), and remarkably, it coin-
cides with the profile of IP3R1 MPM-2 reactivity
observed in mouse oocytes and/or eggs and zygotes
(Lee et al. 2006). Therefore, there are several impor-
tant M-phase kinases that could be responsible for the
phosphorylation of IP3R1 during maturation in
porcine oocytes.

In this study we also examined whether p34cdc2

kinase and/or MAPK were required to maintain IP3R1
MPM-2 phosphorylation in these porcine MII oocytes.
Previous studies in starfish eggs showed that both of
these kinases were required to maintain Plk1 activity
(Okano-Uchida et al. 2003). Therefore, we used phar-
macological reagents to selectively inactivate the

MAPK pathway or MPF activity in porcine MII
oocytes. MII oocytes exposed to 50 mmol/L U0126, a
selective MEK inhibitor, (Shimada et al. 2001; Ito et al.
2004b), failed to markedly affect the MPM-2 phospho-
rylation status of IP3R1. On the other hand, treatment
of oocytes with 50 mmol/L roscovitine greatly reduced
IP3R1 MPM-2 phosphorylation. These results indicate
that although IP3R1 MPM-2 phosphorylation coin-
cides with the increase of both p34cdc2 kinase and
MAPK activities during oocyte maturation, the pres-
ence and loss of this reactivity in MII oocytes are more
closely dependent on p34cdc2 kinase activity. Whether
the effects of roscovitine reflect a direct effect on
p34cdc2 kinase on IP3R1, or if instead they are the result
of MPF on the regulation of Plk1 activity or the main-
tenance of MII arrest remains to be determined.

Recent advances in in vitro culture conditions and
production of mammalian embryos have allowed the
generation of transgenic animals in many species
including the pig. The production of transgenic pigs
may facilitate the development of animals for use in
biomedical applications, such as xenotransplantation
and animal models for human diseases. A limiting
factor in the in vitro production of transgenic pigs is the
low developmental competence of the oocytes used for
embryo production. Oocytes used for the production
of pig embryos are obtained mostly from slaughter-
houses, and are then matured in vitro. This approach
provides an abundant number of oocytes, although
in vitro maturated oocytes are notoriously limited in
their ability to support development. Importantly,
the factors that underlie the ooplasmic incompetence
of these in vitro matured porcine oocytes are mostly
unknown (Nagashima et al. 1996). Therefore, our
study, which was designed to characterize some of
molecular targets of critical kinases involved in the
regulation of oocyte maturation, may provide, for the
first time, adequate markers to assess developmental
competence in these oocytes. Future studies should
evaluate whether differences in MPM-2 IP3R1 phos-
phorylation between in vitro and in vivo matured
oocytes can be detected.

In summary, the present study shows that IP3R1, a
widespread Ca2+ channel responsible for the majority
of [Ca2+]i release during fertilization, is differentially
phosphorylated at the MPM-2 epitope during matura-
tion of porcine oocytes. We propose that IP3R1 MPM-2
phosphorylation by M-phase kinases contributes to
optimize the Ca2+ release mechanisms in preparation
for fertilization. It is possible that IP3R1 phosphoryla-
tion may serve as a marker of complete oocyte matu-
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ration in the porcine oocytes, which might be used to
select oocytes with more developmental competence.
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