
Meiosis Reinitiation of Mussel Oocytes Involves L-Type
Voltage-Gated Calcium Channel
Martine Tomkowiak, Pierre Guerrier, and Slavica Krantic*
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Abstract In the present work we assessed the involvement of L-type voltage opening Ca21 channels in
KCl-induced meiosis reinitiation of metaphase-arrested blue mussel (Mytilus galloprovincialis) oocytes by performing
binding assays with a tritiated dihydropyridine analog (1)PN 200110. Our data reveal the existence of a single class of
dihydropyridine receptors in plasma membrane-enriched rough microsome preparations of mussel oocytes. The
apparent affinity (Kd) of characterized receptors equals 1.32 6 0.21 µM while their maximal binding capacity (Bmax) is
620 6 150 pmol/mg protein. The comparison of the rank order of potency of analogs tested to: 1) inhibit [(1)-[3H]PN
200110 specific binding and 2) block KCl-induced meiosis reinitiation pointed to the pharmacological profile similar to
but not identical with those previously described for mammalian dihydropyridine receptors. The efficiencies of all
antagonists tested are linearly related (r 5 0.995) in binding- (inhibition of [(1)-[3H]PN 200110 specific binding) and
biological (inhibition of meiosis reinitiation) assays thus arguing for functional involvement of L-type Ca21 channels in
oocyte activation. Reversibility of antagonist actions on meiosis reinitiation and dependence of receptor binding characteristics
on amembrane polarization state further suggested such a role. J. Cell. Biochem. 64:152–160. r 1997Wiley-Liss, Inc.
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Different types of voltage-sensitive Ca21 chan-
nels have been described in neurons and car-
diac and skeletal muscle cells: they were classi-
fied according to the specific biophysical and
pharmacological properties [Tsien et al., 1991].
One of the most studied voltage-sensitive Ca21

channels is that inhibited by 1,4-dihydropyri-
dines known also as a dihydropyridine (DHP)
receptor [Triggle and Rampe, 1989]. Develop-
ment of Ca21 channel blockers that are more
selective than ‘‘classical’’ DHP compounds (ni-
trendipine and nifedipine) such as (1)PN
200110 permitted receptor purification and sub-
sequent cloning [ Jan and Jan, 1989]. Molecular
biology data revealed that the DHP receptor
consists of five subunits (a1, a2, b, g, d) of which
only a1 contains a DHP analog binding site
[Campbell et al., 1988] and serves a dual func-
tion as a voltage sensor and as an L-type Ca21

channel [Nargeot, 1991; Beam et al., 1992].
Calcium channel blockers that are relatively

specific for voltage-opening Ca21 channels in-

hibit fertilization-dependent oocyte activation
in bivalve molluscs [Dubé, 1988; Guerrier et al.,
1993]. In these species, mature oocytes (oocytes
that can be fertilized and are able to initiate
and direct embryonic development after fertil-
ization) are arrested at either prophase (e.g.,
Spisula, Barnea) or metaphase (e.g., Rudi-
tapes, Mytilus) of the first meiotic division. Fer-
tilization leads universally to oocyte activation
and reinitiation and completion of meiosis. The
first visible oocyte response to activation con-
sists in germinal vesicle breakdown (for those
arrested in prophase) or in first polar body
emission (for those arrested in metaphase), fol-
lowed by second polar body extrusion and pro-
nucleus formation. The onset of oocyte activa-
tion depends (entirely or partly according to the
species) on the increase of Ca21 influx and sub-
sequent increase of free Ca21 ions within the
cytoplasm [Dubé and Guerrier, 1982; Dubé,
1988; Krantic et al., 1991; Abdelmajid et al.,
1993]. These ionic events are generally pre-
ceded by rapid depolarization of oocyte plasma
membrane [ Jaffe, 1976; Gould-Sommero et al.,
1979; Cross and Elinson, 1980].
In addition to fertilization, activation of bi-

valve mollusc oocytes can be triggered by vari-
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ous chemical stimuli [Allen, 1953; Dubé and
Guerrier, 1982; Osanai and Kuraishi, 1988;
Dubé and Dufresne, 1990]. In bivalves, a rise in
extracellular potassium (50 to 100 mM KCl) is
commonly used in experimental conditions to
depolarize plasma membrane and activate oo-
cytes via increasingCa21 influx [Dubé andGuer-
rier, 1982; Dubé, 1988; Guerrier et al., 1993;
Abdelmajid et al., 1993]. It has been reported
that in Mytilus oocytes a KCl-induced activa-
tion cannot occur in the absence of extracellular
Ca21 [Abdelmajid et al., 1993]. Moreover, re-
moval of external Ca21 triggers a decrease in
intracellular Ca21 concentrations during meio-
sis reinitiation induced by either KCl or fertil-
ization [Deguchi and Osanai, 1994]. However,
the precise nature of relevant, plasma mem-
brane-associated voltage-opening Ca21 chan-
nels has not yet been examined.
DHP-sensitive or L-type Ca21 channels medi-

ate long-lasting Ca21 currents in response to
membrane depolarization and hence ensure
long-term Ca21 replenishment [Reuter, 1983].
Putative Ca21 channels involved in oocyte acti-
vation should have precisely these characteris-
tics. However, a possible role of DHP-sensitive
Ca21 channels in oocyte activation has not been
assessed as yet.
The aim of the present work was to study the

involvement of DHP receptors in KCl-induced
meiosis reinitiation ofMytilus galloprovincialis
oocytes. Our detailed biochemical and pharma-
cological analysis of specific DHPanalog, (1)PN
200110, binding to oocyte preparations re-
vealed the existence of such receptors on oocyte
membranes. We assessed their functional in-
volvement inmeiosis reinitiation by: 1) compar-
ing the efficiencies of different Ca21 channel
blockers in the inhibition of [(1)-[3H]PN 200110
specific binding with their efficiencies in the
inhibition of meiosis reinitiation triggered by
KCl and 2) studying their regulation in differ-
ent membrane polarization conditions.

METHODS
Materials

[(1)[Methyl-3H]PN 200110 (88 Ci/mmol; 1
Ci 5 3.7 GBq) was purchased from Amersham
(Les Ulis, France). (1)Methyl PN 200110 was a
generous gift from Sandoz Ltd. (Basel, Switzer-
land). Other DHP analogs were ordered from
RBI (Bioblock, Lyon, France). All other chemi-
cals and drugs were obtained from standard
commercial sources.

Handling of Oocytes and Quantification of Their
Response to KCl and DHP Analogs

Adult specimens of the blue mussel Mytilus
galloprovincialis were collected at Roscoff
(France) and kept in running sea water tanks
until used. Animals were induced to spawn in
individual finger bowls filled with warm (35°C)
artificial seawater as previously described [Du-
fresne-Dubé et al., 1983]. Spawn oocytes were
filtered and washed three times with artificial
seawater. The gamete suspensions thus ob-
tained consisted of oocytes arrested in meta-
phase of first meiotic division. They were then
treated for 20 min at room temperature with
either 50 mM KCl added to artificial seawater
(by replacement of NaCl) or with 50 mM KCl
and various Ca21 channel antagonists. All an-
tagonists assayed were freshly prepared as 10
mM solutions in either methanol (nimodipine,
PN 200110, and flunarizine) or DMSO (nitren-
dipine, nifedipine). These stock solutions were
then diluted in artificial seawater and tested at
concentrations ranging from 0.1 to 50–100 µM.
The final concentration of either vehicle (metha-
nol and DMSO) did not exceed 0.05% and had
no effect on spontaneously occurring and KCl-
induced polar body emission.
The inhibition of KCl-induced extrusion of

first polar body by DHP analogs was quantified
on oocyte samples previously fixed and stained
with DNA-specific fluorescent probe (Hoechst
33342). The quantification consisted in determi-
nation of chromosome meiotic stage among 200
randomly chosen oocytes per condition.

Oocytes Membrane Preparations

Whole, intact oocytes were homogenized with
a Potter Teflon homogenizer in 20 volumes of
buffer (320 mM sucrose, 50 mM Tris-HCl, pH
7.5) by 10 hand strokes. To prepare the oocyte
fractions enriched in plasma membranes, ho-
mogenates were centrifuged (450003g, 15 min
at 4°C). Resulting pellets were washed in the
same buffer and centrifuged (450003g, 15 min)
again. The rough microsome preparations ob-
tained were suspended in a small volume of
buffer and either used immediately (for estima-
tion of maximal binding capacity) or frozen in
liquid nitrogen and kept at 280°C until used.
Na/K-ATPase activity was assayed by a

method of Post and Sen [1967] in order to
estimate a quantitative index of plasma mem-
brane content [Lingrel and Kuntzweiler, 1994]
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in oocyte homogenates and rough microsome
preparations as previously described [Krantic
et al., 1993].

Binding Assays

Binding assays were performed by amodifica-
tion of the isotopic dilution method [Borsotto et
al., 1984; Pinçon-Raymond et al., 1985]. For
equilibrium binding studies, oocyte prepara-
tions (100 µl containing 50–100 µg of protein)
were incubated for 20 min in 50 mM Tris-HCl
pH 7.5 with increasing concentrations of [(1)-
[3H] PN 200110 in a final volume of 1 ml. The
non-specific component of total binding was
measured in the presence of 100 µM nonradio-
active (1)PN 200110.
The incubation of [(1)-[3H]PN 200110 with

homogenates of Mytilus oocytes gave a weak
(20%) specific binding signal (data not shown).
In contrast, in rough microsome preparations,
the specific binding represented about 50% of
total binding at [(1)-[3H]PN 200110 concentra-

tions approaching Kd (Fig. 1). Analysis of mem-
brane-associated Na/K-ATPase activity showed
the two-fold enrichment of this marker in the
latter preparations (Table I) when compared to
oocyte homogenates.
Membrane-enriched roughmicrosome prepa-

rationswere incubatedwith [(1)-[3H]PN200110
at 4°C and at room temperature. Signal-to-
noise ratio was better (data not shown) when
the incubation was performed at 4°C: this tem-
perature was chosen for further experiments.
Specific [(1)-[3H]PN200110 binding increased

with increasing incubation time: the steady-
state equilibrium was reached between 10–15
min and maintained for up to 30 min (data not
shown). A 20-min period was therefore chosen
for further binding assays.
After the end of incubation, bound and free

ligands were separated by filtration of the incu-
bation mixture over Whatman GF/C glass fiber
filters (presoaked for 2 h at room temperature
in 50 mM Tris-HCl buffer, pH 5 7.5). Filters

Fig. 1. Saturation of [(1)-3H]PN 200110-specific binding by
increasing concentration of free [(1)-3H]PN 200110 in rough
microsome preparations. Specific binding (‘‘S,’’ closed triangles)
has been determined by subtraction of non-specific binding
(‘‘NS,’’ open squares) from total binding (‘‘T,’’ open triangles).

Inset represents the Scatchard linearization of specific binding
data. Each value is the mean of triplicate determinations (SEM
values were less than 5%) from one representative experiment
in which Kd and Bmax were respectively, 1.14 µM and 780
pmol/mg of protein.
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were rapidly washed with 15 ml (3 3 5 ml) of
ice-cold 50 mM Tris-HCl pH 7.5, dropped into 6
ml of Non Aqueous Biodegradable Counting
Scintillant (Amersham) and shaken vigorously.
After at least 2 h, radioactivity was assayed by
liquid scintillation counting with 60% effi-
ciency.
In competition experiments, oocyte roughmi-

crosome preparations were incubated with 0.6
µM of [(1)-[3H]PN 200110 in the presence of
various concentrations of different calcium
channel ligands. Experiments were carried out
in duplicate and repeated at least three times
independently. Stock solutions of analogs tested
in binding experiments were prepared as indi-
cated for polar body emission assays except
that they were diluted in 50 mM Tris-HCl, pH
7.5 buffer. The final concentration of either ve-
hicle (methanol and DMSO) did not exceed
0.05% and had no effect on [(1)-[3H]PN 200110
specific binding.
Binding data were expressed in picomoles of

[(1)-[3H]PN 200110 bound per mg of protein.
Protein concentration was measured according
to the method of Lowry et al. [1951].

Data Analysis

Equilibrium saturation and drug competi-
tion data were treated by iterative curve-fitting
using Lundon computer program based on non-
linear least squares regression analysis (Lun-
don Software Inc.). Hill coefficients (nH ) were
determined by using McPherson’s modified
EBDA-LIGAND program [McPherson, 1983].
Differences between data were statistically as-
sessed using one-way analysis of variance
(ANOVA) and considered significant at P ,
0.05.

RESULTS
Characterisation of [(1)-[3H]PN 200110

Binding Sites

The specific component of the [(1)-[3H]PN
200110 binding was saturable (Fig. 1).
Scatchard plots of equilibrium binding data

were linear and yielded Kd of 1.32 6 0.21 µM
and Bmax of 620 6 150 pmol/mg of protein.
Non-linear regression analysis (Lundon Soft-
ware Inc.) of experimental versus computed
data for experimental points showed that they
fit better to a one- rather than to a two-site
model (P , 0.05). Hill coefficients (nH) were
close to unity (nH 5 0.93 6 0.10).

Pharmacological Profile of [(1)-[3H]PN 200110
Binding Sites

All Ca21 channel blockers of DHP type tested
were able to inhibit [(1)-[3H]PN 200110 specific
binding (Fig. 2A). All non-related compounds
(dopamine, norepinephrine, serotonin) had no
effect on [(1)-[3H]PN 200110 specific binding
when tested in concentration range from 0.1 to
50 µM (data not shown). The class IV Ca21

channel antagonist of the piperazine type such
as flunarizine was completely inefficient (Fig.
2A).
The inhibition curves obtained for all effi-

cient compounds were monophasic and did not
extend over more than two orders of magnitude
(Fig. 2A). All efficient compounds were able to
inhibit [(1)-[3H]PN200110 specific binding com-
pletely (Fig. 2A).
The rank order of potency of active analogs

for inhibition of [(1)-[3H]PN 200110 specific
binding was determined by comparison of their
IC50 concentrations (pharmacologically defined
as the analog concentration necessary to in-
hibit 50% of [(1)-[3H]PN 200110 specific bind-
ing). It was: nimodipine 5 nitrendipine 5

(1)PN200110.nifedipine.

Oocyte Response to DHP Analogs In Vivo

All DHP analogs tested inhibited KCl-in-
duced polar body emission in a dose-dependent
manner (Fig. 2B). The inhibition was total with
IC50 (pharmacologically defined as the analog
concentration necessary to inhibit 50% of KCl-

TABLE I. Na/K-ATPaseActivity inMytilusOocyte Preparations

Total ATPase
(A)

(µmol Pi/mg prot/h)

Total ATPase 1
Ouabain (B)

(µmol Pi/mg prot/h)

Na/K-ATPase
(A–B)

(µmol Pi/mg prot/h) Fa

Homogenate 3.55 6 0.10 1.70 6 0.20 1.85 6 0.25 1
‘‘Mb’’ Fractionb 10.52 6 0.60 7.05 6 0.15 3.53 6 0.70 1.89 6 0.38

aF 5 enrichment factor.
b‘‘Mb’’ fraction corresponds to the plasma membrane enriched rough microsome preparations (for details, see Methods).
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Fig. 2. DHP-related compounds inhibit both [(1)-3H]PN
200110 specific binding in oocyte rough microsome prepara-
tions (A) and polar body emission in Mytilus oocytes (B). The
DHP inhibition is expressed as a % of maximal response, i.e.,
[(1)-3H]PN 200110 specific binding in (A) and polar body
emission in (B) determined in the absence of DHP compounds.
In experiments presented in A, the reference 100% value for
specific binding is 484 6 26 pmol/mg of protein (corresponding

total- and non-specific binding are respectively 735 6 49
pmol/mg and 250 6 26 pmol/mg of protein; non-specific bind-
ing corresponds therefore to 34 6 2% of total binding). For
experiments presented in B, 100% value corresponds to 170–
200 oocytes with extruded polar body out of 200 oocytes
examined per condition. Each value in A and B corresponds to
the mean 6 SEM of five independent experiments each done in
triplicate.
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induced response) concentrations of 11 6 6 µM,
1.27 6 0.54 µM, 0.74 6 0.34 µM, and 0.52 6
0.14 µM for nifedipine, nitrendipine, (1)PN
200110, and nimodipine, respectively. Neither
of these compounds could trigger meiosis reini-
tiation when tested in the absence of KCl thus
excluding any partial agonist effect (data not
shown). In contrast, flunarizine was inefficient
even at the highest (50 µM) concentration tested
(Fig. 2B).
Comparisons between the efficiencies (as de-

termined by respective IC50 values) of active
compounds in the inhibition of [(1)-[3H]PN
200110 specific binding and their efficiencies to
inhibit polar body extrusion revealed the exis-
tence of a linear relation (r 5 0.995) between
these two parameters (Fig. 3).

Regulation of [(1)-[3H]PN 200110 Binding Sites

The affinity of [(1)-[3H]PN 200110 binding
sites increased significantly (P , 0.05) with

membrane polarization. It was 0.49 6 0.20 µM
for depolarized state (50 mM KCl added to
artificial seawater) versus 1.06 6 0.08 µM and
1.14 6 0.14 µM for polarized state (0 and 5 mM
KCl added to artificial seawater, respectively).
In contrast, in depolarized conditions, Bmax val-
ues were not significantly different from the
values determined for polarized conditions
(Table II). Non-linear regression analysis (Lun-
don Software Inc.) revealed a single population
of receptors in both polarized and depolarized
conditions.

Reversibility of DHP Analog Action on Inhibition
of Meiosis Reinitiation

The inhibitory effect of dihydropyridine ana-
logs on KCl-induced polar body emission was
reversible: after a wash of Ca21 channel block-
ers, 50 mM KCl could still induce polar body
emission (Fig. 4). However, this reversibility
was partial for (1)PN 200110 actions (Fig. 4).

Fig. 3. Linear relationship (r 5 0.995) existing between the efficiencies (as determined by evaluation of IC50 values)
of DHP-related compounds to: 1) inhibit polar body emission (y-axis) and 2) inhibit [(1)-3H]PN 200110-specific
binding (x-axis). IC50 values were taken from the data presented in Figure 2.
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DISCUSSION

The present study provided biochemical and
pharmacological data strongly suggesting that
plasma membrane DHP receptors of Mytilus
galloprovincialis oocytes involved in meiosis
reinitiation are L-type Ca21 channels.
The equilibrium binding analysis of Mytilus

oocyte binding sites based on monolinear
Scatchard plot and non-linear regression analy-
sis favorizing the one-site model (Lundon Soft-

ware Inc.), revealed that the oocyte membrane
fractions studied contain a single class of DHP
receptors. Moreover, the monophasic inhibition
curves that did not extend over more than two
orders of magnitude, obtained for competition
between active compounds and [(1)-[3H]PN
200110 and Hill coefficients (nH) close to unity,
further confirmed the homogeneity of DHP re-
ceptors in oocyte preparations. Our data agree
with results obtained for DHP-related inhibi-
tion of specific binding measured with some
[nitrendipine: Schmid et al., 1984] but not all
[DMBodipyDHP: Schmid et al., 1984] DHP li-
gands in muscle cells. By contrast, in other
excitable cells (neurons, skeletal, and cardiac
muscle cells) DHP binding to homogenates or
purified fractions appears more complex than
simple interaction with a single binding site
[for review, see Triggle and Rampe, 1989].
The pharmacological profile of DHP recep-

tors reported here is very similar to those de-
scribed for plasma membranes of mammalian
muscle cells in pharmacological [Schmid et al.,
1984; Galizzi et al., 1986; Knaus et al., 1992]
and electrophysiological [Hess et al., 1984] stud-
ies. However, all efficient compounds were 100-
to 1000-fold less potent onMytilus oocyte DHP
receptors. Hence, these receptors appear simi-
lar but are not identical to mammalian DHP
receptors. Besides, it has been reported that,
despite structural analogies with mammalian
receptors, Drosophila DHP receptors have par-
ticular pharmacological and immunological
properties [Pauron et al., 1987].
Our biochemical data raised the question of

the functional role ofMytilusDHP receptors, in
particular because it has been reported that
low affinity and high capacity DHP binding
sites may not be related to Ca21 channel func-
tions [for review, see Triggle and Rampe, 1989;
Janis and Triggle, 1991]. However, the Kd value
of [(1)-[3H]PN 200110 binding sites in Mytilus
oocyte membrane estimated as 1.32 6 0.21 µM
is a value consistent with the (1)PN 200110
concentration that is effective in inhibition of
KCl-induced meiosis reinitiation in this spe-
cies. Moreover, as we reported in the present
study, the pharmacological profile of [(1)-[3H]PN
200110 binding sites was almost identical to
the pharmacological profile obtained for inhibi-
tion of meiosis reinitiation via DHP-sensitive
Ca21 channels: the efficiencies of compounds
tested upon inhibition of meiosis reinitiation
are linearly related (r 5 0.995) with their effi-
ciencies in the inhibition of [(1)-[3H]PN 200110

TABLE II. Equilibrium Binding Constants of
[(1)-[3H]PN 200110 Binding Sites Depend on

Membrane Polarization State

KCl concentration (mM) Kd (µM)
Bmax

(pmol/mg)

0 1.06 6 0.08 741 6 73
5a 1.14 6 0.14 674 6 62
50a 0.49 6 0.20b 461 6 33

aOocyte suspensions were exposed to KCl for 2 h, then
washed twice with artificial seawater and processed for
rough microsome preparation as described in Methods.
bP , 0.05 versus 0 mM KCl (F 5 18.58 for table F value of
10.13).

Fig. 4. DHP analogs inhibition of meiosis reinitiation is revers-
ible. The same oocyte suspension was divided into different
batches which were then treated with either KCl (50 mM added
to artificial seawater) alone (control) or simultaneously with KCl
(50 mM) and various DHP compounds at 10 µM concentration.
An aliquot of every batch was fixed and stained for polar body
quantification (empty columns). The rest was washed twice and
restimulated with artificial seawater containing 50 mM KCl for
20 min. Polar body scores after second stimulation with KCl are
given by hatched columns. Values represent the means of
duplicate determinations (SEM values were less than 5%) ob-
tained in one out of three different experiments in which similar
results were obtained. Indicated percentages of polar body
emission have been normalized against control values taken as
100%. According to the experiment, 100% corresponded to
170–200 out of 200 oocytes examined per condition.
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specific binding. This confirms and further ex-
tends the previous observations concerning the
absolute dependence of KCl-induced meiosis
reinitiation on extracellular Ca21 that have ini-
tially pointed to the involvement of plasma
membrane Ca21 channels [Abdelmajid et al.,
1993; Deguchi and Osanai, 1994]. Moreover,
our data show that KCl-induced oocyte activa-
tion is the most suitable model for the study of
L-type Ca21 channels involvement in meiosis
reinitiation. Indeed, in this model system, a
perfect correlation exists between the inhibi-
tion of plasma membrane L-type Ca21 channels
and inhibition of meiosis. Such a correlation
cannot be found during fertilization-triggered
meiosis reinitiation since this latter requires
both membrane Ca21 channels and internal
Ca21 stores for the increase of intracellular
Ca21 concentrations [Deguchi and Osanai,
1994].
The additional argument for the functional

involvement ofMytilus oocyte DHP receptors in
meiosis reinitiation came from our data about
their regulation. Binding parameters of func-
tional DHP receptors depend on membrane po-
tential: numerous biochemical and electrophysi-
ological studies have reported that in different
cell types, membrane depolarization triggers
two- to twenty-fold increases in DHP receptor
affinity; maximal binding capacity is either un-
altered or decreased [for review, see Triggle and
Rampe, 1989; see also Liu et al., 1994]. As
expected for functional DHP receptors, our data
revealed two- to three-fold increase in ligand
affinity in depolarized conditions.
Finally, if characterized DHP receptors act as

functional Ca21 channels in oocyte plasmamem-
brane, then after the wash of DHP antagonist
which allows membrane repolarization, re-
stimulation by KCl (50 mM) should depolarize
oocyte membrane and consequently trigger
meiosis reinitiation. Such a reversible effect of
the DHP antagonists on the oocyte Ca21 chan-
nel was exactly what we observed. However, it
remains unclear why (1)PN 200110-dependent
inhibition of KCl-induced first polar body emis-
sion was not totally reversible. Indeed, the rea-
son cannot be the residual presence of (1)PN
200110 since an analogous wash in nimodipine
experiments prior to secondary KCl application
led to the complete recovery of the polar body
emission.
In conclusion, our data strongly suggest the

presence of a single class of DHP receptors in
membrane-enriched fractions prepared from

Mytilus oocytes. They apparently act as func-
tional Ca21 channels involved in oocyte activa-
tion bymediating the activation-associated first
transient [Ca21]i increase. Relevantly, this tran-
sient increase does not occur if KCl is applied in
the absence of the external Ca21 [Deguchi and
Osanai, 1994]. In addition, the Ca21 channels
described in this study appear essential for
polar body emission where they are probably
mediating the sustained elevation of [Ca21]i.
Indeed, the withdrawal of extracellular Ca21

only 30 seconds after KCl-induced Mytilus
plasma membrane depolarization completely
blocked the elevation of [Ca21]i and prevented
the polar body emission [Deguchi and Osanai,
1994]. Further studies combining pharmacologi-
cal and electrophysiological approaches are
needed in order to definitively demonstrate that
the Ca21 channels assessed by Deguchi and
Osanai and those characterized in our study
represent identical functional entities. How-
ever, since meiosis reinitiation triggered either
by fertilization or by KCl displays similar sensi-
tivity to removal of external Ca21 [Deguchi and
Osanai, 1994] and DHP inhibition (present
study) and since our pharmacological data re-
vealed the existence of a single class of DHP
receptors, the same L-type Ca21 channels ap-
pear to be involved in meiosis resumption of
Mytilus oocytes induced by both stimuli.
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