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Nuclei from fertilized mouse embryos have calcium-releasing activity
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SUMMARY

Duringmammalian fertilization, thesperm triggersa series
of intracellular Ca?* oscillations which initiate oocyte acti-
vation and the formation of pronuclei. Oocyte activation
can be induced artificially by a variety of chemical and
physical stimuli which elevate intracellular calcium. We
show that thetransfer of nuclei from 1- and 2-cell-stagefer-
tilized mouse embryosto unfertilized oocytes stimulatesthe
completion of meiosis and the formation of pronuclei.
Nuclei from embryosthat had developed to the 4-cell stage
did not stimulate meiotic resumption. The ability to cause
oocyte activation was specific to nuclei transferred from
fertilized embryos as nuclel from parthenogenetic embryos
or cytoplasts from fertilized or parthenogenetic embryos
did not induce activation. Nucleus-induced oocyte activa-
tion was associated with the generation of intracellular
Ca?* transients, which were seen after nuclear envelope
breakdown of the transferred nuclei. Treatment of the

oocyte with the intracellular Ca2* chelator, BAPTA, prior
to nuclear transfer inhibited intracellular Ca?* transients
and oocyte activation. The specific Ca2*-releasing activity
of the nucleus was not caused by sperm-induced protein
synthesis since similar activity was present in nuclei origi-
nating from embryos exposed to cycloheximide throughout
fertilization. The specific ability of nuclel from fertilized
embryosto stimulate Ca?* transients and oocyte activation
was also found in nuclei from embryos parthenogenetically
activated by the injection of a partially purified cytosolic
sperm factor. The results suggest that the fertilizing sperm
introduces Ca2*-releasing activity which becomes associ-
ated with the nucleus of early mammalian embryos.
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INTRODUCTION

In most mammalian species, the mature oocyte is arrested at
metaphase of the second meictic division (MI1). The arrest at
MII is maintained by high levels of maturation promoting
factor (MPF) (Hashimoto and Kishimoto, 1988; Choi et al.,
1991) which is stabilized by cytostatic factor (CSF) (Sagata et
al., 1989; Masui, 1991). Progression beyond metaphase |1
requires destruction of MPF activity which is thought to be
stimulated by a Ca?*-mediated activation of Ca2*-dependent
protein kinase 1l (Lorca et a., 1993). Oocyte activation and
cell-cycle resumption at fertilization is, therefore, triggered by
an increase in the concentration of intracellular Ca2* (Jaffe,
1983). In mammals the sperm initiates a series of Ca2* oscil-
lations that continue for several hours (Cuthbertson and
Cobbold, 1985; Miyazaki et a., 1986; Taylor et a., 1993;
Swann and Ozil, 1994). Oocyte activation can also be stimu-
lated artificially by chemical (ethanol, Ca2* ionophore,
strontium) or mechanical (electric field pulse) treatments that
cause an increase in Ca2* (Whittingham, 1980; Cuthbertson,
1983; Ozil, 1990; Vincent et al., 1992). The increase in [Ca2*];
at fertilization or parthenogenetic activation is essential since

intracellular Ca2* buffers inhibit the resumption of the cell
cycle and cortical granule exocytosis (Kline and Kline, 1992).

It isstill unclear how the sperm triggers the release of intra-
cellular Ca2* at fertilization. Two main hypotheses have been
proposed. (1) The sperm binds to an oocyte receptor on the
plasma membrane which is coupled to phosphoinositide
turnover leading to arise in inositol trisphosphate (InsPs) and
the mobilization of intracellular Ca2* (Jaffe, 1990; Miyazaki et
al., 1993). (2) At gamete fusion, the sperm introduces a soluble
factor that stimulates the release of Ca2* from intracellular
Ca?* stores (Dale et al., 1985; Stice and Robl, 1990; Swann,
1990). This is based on the observation that the injection of a
cytosolic sperm extract stimulates Ca2* oscillations and oocyte
activation similar to normal fertilization (Swann, 1990).

In order to examine more closely the Ca?*-releasing activity
in the fertilized oocyte, we have transplanted cytoplasts and
nuclei from fertilized and parthenogenetically activated
embryos into unfertilized oocytes. Due to the high levels of
MPF activity in mature oocytes (Hashimoto and Kishimoto,
1988; Choi et al., 1991), nuclei undergo nuclear envelope
break down (NEBD), chromosome condensation and the
formation of an additional metaphase spindle (Czolowska et
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al., 1984; Tsunoda et al., 1989; Kono et al., 1991). In this
report, we show that nuclei transferred from fertilized 1-and 2-
cell embryos to unfertilized oocytes initiates Ca2* oscillations
and oocyte activation. This activity was not found in nuclei
from parthenogenetic embryos or in cytoplasts from fertilized
or parthenogenetic embryos. Finally, we show that nuclei from
oocytes activated by the injection of a cytosolic sperm extract
also stimulate Ca2* transients and oocyte activation.

MATERIALS AND METHODS

Preparation of oocytes and embryos

B6CBF1 (C57BI/6JLacxCBA/Calac) and CD-1 female mice were
superovulated by injections of pregnant mare’s serum gonadotrophin
(PMSG) and human chorionic gonadotrophin (hCG) 48 hours apart.
Oocytes were collected from B6CBF1 females 15-16 hours post hCG
injection. Fertilized 1-, 2- and 4-cell embryos and cells from the inner
cell mass of blastocysts were obtained from homologous matings of
B6CBF1 or CD-1 females. All oocytes and embryos were collected
and manipulated in M2 medium (Fulton and Whittingham, 1978).
When required, cumulus cells were removed by treatment with 300
units hyaluronidase/ml in M2 medium. M16 medium (Whittingham,
1971) was used for culture at 37°C in an atmosphere 5% COzin air.

Parthenogenetic embryos were produced by exposure of oocytes to
7% ethanol in M2 medium for 7 minutes at room temperature (Cuth-
bertson, 1983) or by a90 minuteincubation in Ca2*-free M 16 medium
supplemented with 10 mM Sr2* (Kline and Kline, 1992; Bos-Mikich
et al., 1995). To produce diploid parthenogenones, the oocytes were
cultured for a further 4 hours in M16 medium containing 5 pg/ml
cytochalasin B.

Androgenetic embryos were produced by in vitro fertilization of
enucleated oocytes as described previoudly (Kono et a., 1993). After
treatment with cytochalasin B (5 pg/ml) for 10 minutes, the metaphase
Il chromosomes were visualized using Nomarski optics and were
removed using an enucleation pipette. The enucleated oocytes were
transferred into a 100 pl drop of TYH medium (Toyoda et al., 1971)
in which the sperm concentration was adjusted to 50-100x10%ml.
Gynogenetic embryos were produced by removal of the male pronu-
cleus that was identified by its location in the cytoplasm and larger
size (Surani et a., 1986).

For inhibition of protein synthesis after fertilization, oocytes were
incubated for 4 hours with capacitated sperm in vitro (Kono et a.,
1993) in TYH medium containing 10 g cycloheximide/ml (Siracusa
et a., 1978). The fertilized embryos were transferred to M16 medium
containing the same concentration of cycloheximide and maintained
in this medium during al subsegquent manipulations.

Chelation of intracellular calcium

Intracellular Ca2* was chelated by incubation of reconstructed
embryos with the acetoxymethyl ester of the Ca?*-chelator 1,2-bis
(2-aminophenoxy) ethane N',N’,N',N'-tetraacetic acid (10 pM)
(BAPTA-AM, Molecular Prabes) in M2 medium for 30 minutes at
37°C.

Nuclear transfer

Nuclear transfer was carried out by standard micromanipulation tech-
niques (Tsunoda et a., 1989; Kono et al., 1991). Before transfer of
nuclel the zonae pellucidae of the oocytes and embryos was dlit with
aglass needle. Nuclear transfer was performed in a small drop of M2
medium containing cytochalasin B (5 pg/ml) and colcemid (0.1
pg/ml). Nuclei were removed from donor embryos and transferred to
the peri-vitelline space of unfertilized oocytes with inactivated Sendai
virus (HVJ, 2700 haemagglutinating activity unit/ml) to induce
fusion, which occurred within 20 minutes.

Microinjection

Cytosolic sperm extracts were made from gjaculated boar or epididy-
mal hamster sperm as described previously. The extracts were
partially purified using a Cibacron Blue dye affinity column (Swann,
1994). The fractions from the column were stored at —70°C and
thawed just prior to microinjection. The protein concentration of the
active injected fraction was about 20 mg/ml in a buffer of 120 mM
KCl, 20 mM Hepes, 1 mM EDTA, pH 7.5. Microinjection was
performed on zona-intact unfertilized mouse oocyte using broken
tipped micropipettes. The injection volume was 5-10 pl, estimated
from the oocyte volume which is taken as 200 pl (Swann, 1990).

Measurement of intracellular calcium

Cytosolic Ca?* levels were recorded using the Ca?*-sensitive dyes
indo-1 (Sigma) and fluo-3 (Sigma). For loading of the dyes, oocytes
were incubated for 20-30 minutes at 37°C with 50 pM of the
acetoxymethyl ester form of one of the two dyesin M2 medium con-
taining 0.02% pluronic F127. After loading, oocytes were manipu-
lated for nuclear transfer and cultured in M 16 medium until the donor
nucleus had fused with the oocyte. To record fluorescence, a single
oocyte was placed in a 25 pl drop of M2 medium under paraffin oil
in a heated chamber (32-34°C). Fluorescence was monitored with
photomultiplier tubes and signals were recorded on computer using
the UMANS system (Carroll and Swann, 1992). Indo-1 records are
presented as the ratio of the 405 and 490 nm emission wavelength
while fluo-3 signals are presented with an arbitary fluorescence scale.

Visualization of nuclei and microtubules

The oocytes were mounted on a polylysine-coated glass slide after
fixation and treatment with Tween-20 (Schatten et al., 1985). For
detection of tubulin, the oocytes were incubated with mouse anti-
chicken a-tubulin antibody (Amersham, Bucks, UK) followed by an
FITC-conjugated goat anti-mouse 1gG (TAGO Inc., Burlingame, CA,
USA). The chromatin was stained by incubation for 10 minutesin the
DNA-specific dye, Hoechst 33258 (10 pg/ml) (Calbiochem-Behring)
and observed using a Nikon Diaphot with epi-fluorescence.

RESULTS

Oocyte activation after nuclear transfer

Nuclei from fertilized 1-cell embryosweretransferred to unfer-
tilized oocytes using Sendai virus. The high levels of MPF in
the intact unfertilized oocyte caused rapid NEBD and chro-
mosome condensation of the transferred nucleus and the chro-
mosomes became organized on a second microtubular spindle.
After further culture, both sets of chromatin had resumed
meiosis as shown by the formation of two separate polar bodies
(2-3 hours after fusion) and two pronuclei (5-6 hours after
fusion)(Fig. 1A,B). This suggested that the transplanted
nucleus stimulated oocyte activation.

To investigate this phenomenon further, we transferred
nuclei and cytoplasts from fertilized and parthenogenetic
embryos at different stage of development (Table 1). The
ability to initiate oocyte activation was specific to nuclei from
fertilized 1- and 2-cell embryos. Oocyte activation was not
seen after the transfer of cytoplasts from any source or after
the transfer of one or two nuclei from embryos at the 4-cell
stage or from cells of theinner cell mass (ICM) (Table 1). The
ability to trigger oocyte activation was a property of both male
and female pronuclei from fertilized 1-cell embryos. However,
male pronuclei were more active since haploid nuclei from 2-
cell-stage androgenetic embryos activated 86% of the recipient
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Fig. 1. The effect of transferred nuclei from fertilized and
parthenogenetic embryos on chromosome and microtubule
organization of unfertilized oocytes. (A) An oocyte, 6 hours after
transfer of a nucleus from afertilized 2-cell stage embryo. Note the
presence of two polar bodies and two nuclei indicating oocyte
activation has occurred. The larger of the two nuclei isthe diploid
donor, while the smaller is the haploid oocyte nucleus.

(B) Distribution of tubulin in the same oocyte. The transferred
nucleus underwent NEBD and premature chromosome condensation
between 10 and 30 minutes after fusion with the unfertilized oocyte.
Between 2 and 3 hours after fusion the second polar bodies were
formed and pronuclei were visible after 6 hours. (C) An oocyte, 6
hours after transfer of a nucleus from a ethanol activated diploid
parthenogenetic 2-cell embryo. Note the absence of polar bodies and
nuclei, indicating oocyte activation has not been stimulated. (D) The
same oocyte with two spindles. The scale bar in panel A is
equivaent to 20 um. All photomicrographs were taken at the same
magnification.

oocytes compared to haploid nuclei from gynogenetic embryos
which activated only 38% of oocytes (x2(1=10.05; P<0.01).

While nuclei from fertilized 1- and 2-cell embryos consis-
tently caused oocyte activation, nuclei from similar stage
parthenogenetic embryos failed to do so irrespective of
whether they originated from oocyte activated by ethanol,
which causes a monotonic Ca2* increase (Cuthbertson et al.,
1981), or strontium, which causes a series of Ca2* oscillations
similar to fertilization (Kline and Kline, 1992) (Table 1, Fig.
1C,D). This shows clearly that the ability of nuclei to activate
the oocyte is unique to nuclei from fertilized embryos sug-
gesting that the sperm confers Ca?*-releasing activity on the
nuclei of early embryos.

The role of intracellular Ca2* transients in oocyte
activation after nuclear transfer

Since oocyte activation is normally caused by an increase in
Ca?*, we investigated the possibility that nucleus-induced acti-
vation occurred by a similar mechanism. Chelation of intra-
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Table 1. The ability of nuclei and cytoplasts from various
sourcesto initiate activation and Ca2* transients after
transfer to unfertilized oocytes

No. oocytes showing
Ce?* transients/

Source of nucleus No. oocytes activated/

or cytoplast Total examined Total examined
Fertilized embryos
Male pronuclei 41/41 4/4
Female pronuclei 41/41 4/4
2-cell nuclei 126/141 5/6
4-cell nuclei 0/36 (0/12)* 0/5
ICM cells 0/34 -
1-cell cytoplasts 0/31 -
2-cell cytoplasts 0/36 -
Cycloheximide-treated embryos
Pronuclel 24/24 4/4
Cytoplasts 0/12 -
Androgenetic embryos
2-cell nuclei (haploid) 18/21 -
2-céll nuclei (diploid) 14/14 -
Gynogenetic embryos
2-cell nuclei (haploid) 13/34 -
Parthenogenetic embryos
Ethanol activated
Pronuclel 0/58 0/10
2-cell nuclei (diploid) 0/102 -
Cytoplasts 0/14 -
Strontium activated
Pronuclel 0/30 0/4
Cytoplasts 0/8 -
Cytosolic sperm extract activated
Pronuclel 12/12 8/9
Cytoplasts 6/14 -

*The number of oocytes receiving 2 nuclel from 4-cell embryosin
parenthesis.

cellular Ca2* with the specific Ca2*-chelator, BAPTA, imme-
diately after nuclear transfer, inhibited nucleus-induced oocyte
activation in all cases (n=23), thereby implicating Ca?* tran-
sients in nucleus-induced oocyte activation.

Toinvestigate directly therole of changesin[Ca2*]i in oocyte
activation, we used the cal cium-sensitive fluorescent dyesindo-
1 and fluo-3 to monitor Ca2* after nuclear transfer. Ca2* tran-
sients were seen in all oocytes that received nuclei from fertil-
ized 1- and 2-cell embryos (Table 1; Fig. 2A,B). The first Ca2*
transient occurred 40 to 70 minutes after NEBD. This was fre-
quently followed by one to three Ca2* transients at an interval
of 60 to 80 minutes. Although we have not calibrated the indo-
1 fluorescence recordings the CaZ* transients seen after nuclear
transfer were similar in magnitude and shape to Ca2* transients
seen at fertilization (datanot shown). Consistent with the cocyte
activation data, no Ca2* transients were seen after the transfer
of nuclel from parthenogenetic embryos (Fig. 2C), cytoplasts
from any source, or after treatment of recipient oocytes with
BAPTA (Fig. 2D). These experiments suggest that the Ca?*-
releasing activity is associated with the nucleus of fertilized
embryos. To examine whether the small amount of cytoplasm
transferred with the nucleus was capable of stimulating Ca?*
transients, pronuclei from fertilized embryos were transferred
into similar stage one-cell embryos. In this case, the recipient
embryos contain low amounts of MPF and the donor nucleus
does not undergo NEBD. In the absence of NEBD, no Ca2*
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transients were seen after nuclear transfer (n=8), suggesting that
NEBD is necessary for the generation of Ca2* oscillations.

Pronuclei from oocytes activated by cytosolic
sperm extract have Ca?*-releasing activity

The finding that oocyte activation and Ca2*-releasing activity
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Fig. 2. Ca?* transients in oocytes after the transfer of pronuclei from
fertilized or parthenogenetic 1-cell embryos. The records were
started 5 minutes after fusion of the oocyte and nucleus.

(A,B) Measurement of intracellular Ca2* transients in an oocyte after
the transfer of anucleus from afertilized 1-cell embryo. Similar
transients are seen in oocytes after the transfer of nuclei from
fertilized 2-cell embryos (see Table 1). (C) Records of cytoplasmic
Ca2* levelsin oocytes that received a pronucleus from a
parthenogenetic 1-cell embryo. Note the absence of any Ca?*
transients. (D) Theinhibition of Ca2* transients after the transfer of a
pronucleus from afertilized 1-cell embryo by incubation in
BAPTA/AM immediately after fusion. (E) Measurement of Ca2*
transients in an oocyte after transfer of a pronucleus from fertilized
1-cell embryo where protein synthesis had been inhibited
continuously. Where the record has been broken, the minutes left out
areindicated at each breakpoint.

is specific to nuclel from fertilized embryos suggests that the
activity is a paternal contribution from the fertilizing sperm.
One possible origin of the activity is a Ca2*-releasing factor
that has been described previously in sperm cytosol (Swann,
1990, 1994). To investigate whether the Ca2*-releasing sperm
factor is similar to the nucleus derived Ca?*-releasing activity,
pronuclei from oocytes activated by microinjection of semi-
purified sperm extracts (Swann, 1994) were transferred to
unfertilized oocytes. We found that pronuclei from oocytes
activated with the sperm factor triggered Ca?* transients and
oocyte activation similar to transfer of pronuclei from fertil-
ized embryos (Table 1, Fig. 3). We also observed that some of
the cytoplasts from sperm-factor-injected oocytes caused
oocyte activation. This effect was never seen after the transfer
of cytoplasts from fertilized embryos suggesting that excess
sperm factor was retained in a potentialy active form in the
cytoplasm of some of the microinjected oocytes.

The ability of nuclei to stimulate CaZ* oscillations is
not affected by inhibition of protein synthesis

The above results suggest that the Ca?*-releasing activity may
be similar to the previously described sperm factor; however,
it is also possible that the sperm specifically modifies protein
synthesis in the oocyte to produce an oocyte-derived calcium-
releasing agent. To investigate this possibility, protein
synthesis was inhibited by incubating oocytes in cyclohex-
imide throughout fertilization, pronuclear formation and
embryo manipulation. This treatment was sufficient to inhibit
the incorporation of [3H]leucine into protein by over 90%
(Siracusaet d., 1978; Bos-Mikich et al., 1995). However, there
was no effect on the ability of nuclei from cycloheximide-
treated embryos to activate and trigger Ca?* oscillations in
recipient oocytes that had al so been treated with cycloheximide
(Table 1, Fig. 2E). These data suggest that oocyte activation
and Ca?* oscillations seen after nuclear transfer do not depend
upon sperm-induced specific protein synthesis in the oocyte.
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Fig. 3. Ca2* transients in oocytes after the transfer of a pronucleus
from a 1-cell embryo activated by the injection of a cytosolic sperm
extract. (A,B) Two records from two different oocytes showing Ca2*
transients after the transfer of nuclei from embryos activated by
injection of sperm extract.



DISCUSSION

The results of the present study show that nuclei from fertil-
ized 1- and 2-cell embryos have Ca2*-releasing activity that is
sufficient to cause parthenogenetic activation after nuclear
transfer. In contrast, nuclel from oocytes activated with ethanol
or strontium, or cytoplasts from fertilized or parthenogenetic
embryos do not stimulate Ca?* oscillations or oocyte activa-
tion. However, nuclei from oocytes activated by microinjec-
tion of a Ca?*-releasing cytosolic sperm extract trigger both
Ca?* transients and oocyte activation. These data suggest that
the nuclel of fertilized 1- and 2-cell-stage embryos have a
Ca?*-releasing activity which is provided by the sperm at fer-
tilization.

The origin of the Ca2*-releasing activity

Our results suggest that the Ca?*-releasing activity is associ-
ated with the nucleus since the transfer of similar volumes of
cytoplasm fail to trigger Ca?* oscillations or oocyte activation.
Also a degree of nuclear reorganization appeared to be
necessary for the generation of the Ca2* transients since the
first transient always occurred after NEBD and chromatin con-
densation. We cannot rule out completely the possibility that
the Ca?* transients seen after nuclear transfer were triggered
by the associated cytoplasm rather than the components of the
nucleusitself. However, we consider that thisis unlikely since,
in the absence of NEBD, no Ca2* transients were generated
and there appeared to be no obvious correlation between the
Ca?*-releasing activity and the size of the karyoplast trans-
ferred.

The Ca%* oscillations seen after nuclear transfer have alower
frequency, but are of similar amplitude and duration to Ca2*
transients seen at fertilization or after sperm factor injection
(Swann and Ozil, 1994; unpublished observations). A wide
range of frequencies have been reported for Ca2* oscillations
at fertilization (Kline and Kline, 1992; Cuthbertson and
Cobbold, 1985) and this variation is also seen when oocytes
are fertilized in exactly the same conditions (Swann and Ozil,
1994; unpublished observations). In contrast, Ca?* oscillations
generated in oocytes in response to G-protein stimulation or
low doses of InsP3 do not show variationsin frequency but are
smaller in amplitude and duration (Swann, 1992, 1994). This
pattern of Ca?* oscillations was never observed after nuclear
transfer suggesting that Ca2* transients at NEBD and at fertil-
ization are generated by a similar mechanism.

The specificity of the nuclear associated Ca?*-releasing
activity to nuclei from fertilized but not parthenogenetically
activated oocytes suggests that the activity is of paternal origin.
There are a number of possible mechanismsthat might explain
how the sperm confers Ca?*-releasing activity upon the
nucleus. Firstly, the oscillatory pattern of Ca2* transients
generated by the sperm at fertilization may be a necessary
requirement for the Ca2*-releasing activity to develop in the
nucleus. Although we cannot rule out this possibility, we think
itisunlikely. Ethanol triggers only a monotonic Ca?* increase,
but strontium-containing medium stimulates a series of repet-
itive transients similar to fertilization (Kline and Kline, 1992;
Bos-Mikich et al., 1995). Strontium-containing medium is the
most efficient means of stimulating the activation and subse-
guent development of freshly ovulated mouse oocytes (Bos-
Mikich et a., 1995) suggesting that the activating transients
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aso mimic the function of those seen at fertilization.
Therefore, it seems unlikely that the difference in the Ca*-
releasing activity between nuclei from fertilized and artificially
activated embryos can be explained simply by the pattern of
Ca2* transients seen at fertilization.

A second possibility is that the sperm causes a factor or
activity in the oocyte to associate with the developing nuclei
which at NEBD is activated and stimulates Ca?* release. If this
isthe case, it is unlikely to involve a sperm-induced effect on
protein synthesis since inhibition of protein synthesis through-
out fertilization had no effect on the Ca2*-releasing activity of
nuclei from fertilized embryos. Alternatively, the sperm might
introduce an activity (e.g. a kinase) which modifies a maternal
substrate that has Ca?*-releasing activity and then becomes
associated with the nucleus. In this case, it would be necessary
for the proposed kinase to co-purify with the Ca2*-releasing
fraction of sperm cytosol since nuclei from oocytes activated
by a microinjection of this extract also have Ca?*-releasing
activity.

A third possible mechanism is that the sperm directly intro-
duces a Ca*-releasing factor at fertilization and that this factor
becomes associated with the developing nuclei. This idea is
supported by the presence of a Ca?*-releasing activity in
extracts of sperm cytosol (Swann, 1990, 1994). On microin-
jection into oocytes, these extracts mimic Ca2* oscillations
seen at fertilization. The Ca2*-releasing factor appears to be a
protein since it is trypsin and heat sensitive, binds to various
affinity columns and has a relative molecular mass of greater
than 30x103 (My) (Swann, 1990, 1994). Thus one model for
explaining the ability of nuclei from early mammalian embryos
to stimulate Ca2* release and oocyte activation is that a protein
from sperm, either directly, or through a maternal intermedi-
ary, causes the release of intracellular Ca2* and then associates
with the nucleus. After nuclear transfer and NEBD the active
factor is released and stimulates Ca2* transients and oocyte
activation. Further work is required to obtain direct evidence,
other than activity profiles, that the Ca2*-releasing activity is
localized in the nucleus. However, a number of other proteins
are known to be localized to the nucleus during interphase and
become cytoplasmic after NEBD. These include the cell-cycle
control proteins p55CPC25 (Millar et al., 1991), p34cdc2-cyclin
B (Ookata et a., 1992) and p13scl (Hepler et al., 1994).

Another prediction of this model is that Ca2* transients
would be generated at NEBD of the first mitotic cell cycle of
fertilized mouse embryos. Such NEBD Ca?* transients have
been reported recently (Tombes et al., 1992) and we have made
similar observations (T. K. and J. C., unpublished data). Ca?*
transients are also seen during mitosis in the early embryonic
cell cycles of mouse (Tombes et a., 1992), Xenopus (Kubota
et al., 1993) and sea urchin embryos (Poenie et al., 1985;
Whitaker and Patel, 1990) as well as in fibroblasts and other
somatic cells (Kao et a., 1990). Furthermore, in the sea-urchin
embryo, there is evidence that the NEBD Ca2* transient is
influenced by sperm. In polyspermic sea-urchin embryos, the
Ca?* transient at NEBD is larger than that seen in monosper-
mic embryos (Whitaker and Patel, 1990). Also, cell fusion
experiments in sea urchins suggest that a Ca2*-releasing factor
is generated after NEBD in the fertilized egg (Bennett and
Mazia, 1981). It is possible that a paternally derived factor
from sperm plays a role in the generation of embryonic cell
cycle related Ca2* transients in evolutionary divergent species.
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