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Expression of L-type Ca2+channel during early
embryogenesis in Xenopus laevis

GERALDINE DREAN, CATHERINE LECLERC. ANNE-MARIE DUPRAT and MARC MOREAU'

Centre de BioJogie du Deve{oppement, UMR 9925 CNRS, Universite Paul Sabatier, Toulouse, France

ABSTRACT The mechanisms involved in the first step of neurogenesis. i.e.neural induction, are
poorly understood. particularly in terms of the signalling pathway. In a recent work it has been
shown that in urodeles the activation of L-type calcium channels is sufficient to trigger neural
induction. In order to substantiate a possible role of this channel in early development in anurans,
we have detailed the kinetics of the expression and the localization of the a, subunit of L-type cal-
cium channel in the early stages of Xenopus laevis embryogenesis using immunological tech-
niques, We observed that the expression of the «, subunit started during blastulation, where a

cytoplasmic labeling was observed. At the onset of gastrulation «, was targeted to the plasma
membrane of the dorsal and the ventral ectoderm, Some labeling was found in the mesoderm but
never in the endoderm, This expression seems to be general. since similar results have been
obtained in anurans (Xenopus) and in urodeles (Pleurodeles). In addition, we found that the ao sub-
unit of the Go protein is expressed simultaneously and strictly co localized with the ex, subunit of
the L-type calcium channel. The role of this channel and its regulation by Go protein during early
neurogenesis is discussed,

KEY WORDS: Ca2+dlalWel. earl)"rmbryogt'lIt's;s, l1t'llrogenes;s, .\f110/JIU {nev;J

The L-type calcium channel is an oligomeric protein, with one
main subunit, 0.1, that serves as both pore and voltage sensor. It
is expressed in a wide variety of cells and mediates voltage-con-
trolled calcium entry Into cells (Hofmann et al., 1994). L-type cal-
cium channels have been shown to playa key role in excitation-
contraction coupling in skeletal muscle (Rios and Brum. 1987)
and to fulfil a pivotal function in coupling synaptic stimulation to
regulation of gene expression thus contributing to neuronal plas-
ticity (Murphy et al., 1991).

Voltage-operated calcium channels also appear to be devel-
opmentaliy significant for the control of neuronal differentiation
(review in Spitzer, 1991, 1994). Furthermore, increasing evi-
dence indicates that L.type calcium channels are also involved
in the commitment of embryonic cells towards the neural path-

ways. Neural induction, which is the initial step in neural devel-
opment, occurs during gastrulation and results from an interac-
tion between the inductive dorsal mesoderm and the responsive
ectoderm which will give rise to neural structures (for review see
Saxen, 1989; Gilbert and Saxen, 1993). The molecular mecha-
nism triggering neural induction is still unclear. However, it is
now well established that inductive molecules interact with
structureslocatedat the plasma membrane(Born et al., 1986)
and that transducing signals connect this binding to nuclear
events, i.e, neural-specific gene expression (Kintner, 1992). In
Pleurodeles waltl embryos functional L-type calcium channels

are transitorily present on ectoderm cell membranes from pre-
gastrula up to the late gastrula stages (Leclerc et al.. 1995).
Furthermore, it has been demonstrated that L-type calcium
channels are directly implicated in the transduction of the neu-
ralizing signal brought about by Concanavalin A (ConA)
(Moreau et al., 1994). Can A is a lectin which has been shown to
have neural inductive properties in the urodele Triturus
pyrrhogaster (Takata et al., 1981) and in Pleurodeles waltl
(Gualandris et al., 1985). Taken together, these data strongly
argue for a determinant role of the L-type calcium channel in the
triggering of neural induction in urodeles.

In the anuran amphibian Xenopus laevis embryos it has also
been shown that ConA binds to competent ectoderm cells and is
able to induce neural structures (Grunz, 1984; Tacke and Grunz,
1986).

Therefore, we wanted to determine whether L-type calcium
channels also play an important role during neural induction in
anurans. In a first approach to this question, we studied the tem-
poral expression of the L-type calcium channels and its location
in Xenopus laevis embryos. For this purpose, we used a mouse
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channel began to be expressed before gastrulation in Xenopus
laevis embryo, and therefore may be involved in the transduction
mechanism of the neuralizing signal in anurans.

MAS 427 is a commercial antibody, and its reactivity was test-
ed using immunoblotting techniques on protein-enriched frac-
tions from rat and Xenopus adult skeletal muscle; a major single
band was found at the same molecular weight in rat and in
Xenopus and MAB 427 recognized transversal structures on the
adult skeletal muscle of Xenopus (data not shown). In rat,
Morton et al. (1988) have clearly demonstrated that MAS 427
recognizes the (.(, subunit of the skeletal L-type calcium channel.
According to these properties, we concluded that MAS 427, had
an immuno-like reactivity against a1 in Xenopus.

The expression of the a1 subunit of the L-type calcium chan-
nel was first investigated on sections of the whole embryo from
the 16-cell stage up to the beginning of gastrulation. At stage 5
(16.cell embryos), no labeling was found other than that due to
non-specific trapping of antibodies by the vitelline membrane
(Fig. la,b). We can assess that this labeling is not specific since

similar staining is obtained when the secondary antibody was
applied alone.

At stage 7 (early blastula stage), the embryo is composed of
the presumptive ectoderm, consisting of small cells, and the pre.
sumptive endoderm, constituted by large rounded cells. At the
site of contact between ectoderm and endoderm, namely the
marginal zone, mesodermal induction is taking place (for review
see Woodland, 1989; Slack, 1994). The (.(, labeling was
observed in the whole presumptive ectoderm (Fig. 2a) and in
small cells of the whole marginal zone (Fig. 2b,c), whereas
endoderm was unlabeled (Fig. 2d). In the area between ecto-
derm and endoderm, we noted some bigger positively stained
cells, which were probably induced mesodermal cells (Fig. 2b,c).

At stage 101/4, the morphogenetic movements of gastrula.
lion begin and appearance of the blastopore lip allows the dor-

Fig. 1. In situ immunofluores.

cence analysis of MAB 427 on
paraffin-embedded Xenopus
embryo sections. Stage 5
embryos were fixed as previ-
ously described (Levi et al..
1987) and immunohistochemisrry was carried our on 70 jJn1 serial sec-
tions. No labeling was observed in the animal (a) or rhe vegeral (bl half
of the embryo. Bar, 50 jJm.

anti-dihydropyridine binding complex monoclonal immunoglobu-
lin (MAS 427) directed against the (.(, subunit of the L-type calci-

um channel extracted from transverse tubules of rabbit skeletal
muscle (Morton et al., 1988). We showed that the L-type calcium

Fig. 2. Immunohistochemistry on seri.
al sections of a stage 7 embryo. In
stage 7 embryos (treated as for Fig. 1J.
mesectoderm is positIVe. whereas endo-
derm is not labeled. (al Ectoderm; (b.cl
marginal zone; (dl endoderm. Bar, 50
jJm.
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sal and ventral sides of the embryo to be distinguished. The
ectoderm is composed of two cell layers. Whereas the meso-
derm is localized at the marginal zone and begins its invagi-
nation, the endoderm still occupies the vegetal half of the
embryo.

Like at stage 7, the endoderm of stage 101/4 embryos
remained unlabeled (Fig. 3c). On the other hand, immunoreac-
tivity was observed throughout the ectoderm (Fig. 3a) and at the
marginal zone (Fig. 3b,d). At the marginal zone, we observed a
clear boundary between positive cells and negative endodermal
ones. At the dorsal marginal zone, positive cells were localized
above the blastopore lip, the region corresponding to the invagi-
nating marginal zone as described in the fate map (Dale and
Slack, 1987). It should be underlined that there was no differ-
ence in labeling between dorsal and ventral sides of the margin-
al zone (Fig. 3b vs d).

In addition, as clearly seen on sections of stage 7 embryos
(Fig. 2), the protein was expressed both at the plasma mem-

brane and around the nucleus, the nucleus itself being negative.
In order to study more precisely the distribution of the [11subunit
of L-type calcium channel at the cellular level, additional obser-
vations were performed on isolated cells obtained after dissoci-
ation of the presumptive ectoderm dissected from stage 7, stage
8 and stage 10'/4 embryos. Confocal microscopy analysis of iso-
lated cells allowed us to clearly visualize the cytoplasmic label-
ing (Fig. 4).
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Fig. 3.lmmunolabeling at stage 10'/4 Stage-l01/4 embryos were treated as
described in Fig. 1. Ectoderm and mesoderm are labeled, whereas endoderm
is negative. There is no difference between the dorsal and ventral sides of
the embryo. (a) Ectoderm; (b) ventral marginal zone; (e) endoderm; (d) dor-
sal marginal zone. Note the appearance of the blastopore lip (bl). Bar. 50/..lm.

When embryos were dissected at stage 7 (mid-blastula stage,
i.e. before the beginning of zygotic gene expression), the cyto-
plasm was heterogeneously labeled. Different positive domains
deep in the cytoplasm were observed. A faint immunoreactivity
was also found at the plasma membrane level (Fig. 4a).

When the dissection was carried out at stage 8 (late-blastula
stage, i.e., onset of midblastula transition, Gerhart, 1980;
Newport and Kirschner, 1982a,b), a strong labeling was seen to
be localized at the level of the plasma membrane and in the cyto.
plasm beneath (Fig. 4b). We noted that the labeling was local-
ized in patches in the cell and at the plasma membrane.

At stage 101/4 (early gastrula), the ectoderm is composed of
two cell layers which possess some difference in neural compe-
tence (Grunz, 1984). We therefore decided to study them inde-
pendently. The two sheets of ectodermal cells can be easily sep-
arated and the cells dissociated when placed in Ca2+/Mg2+-free
medium. We did not observe any difference in the location or in
the intensity of the labeling of cells from these two layers (Fig.
4c,d). The immunoreactivity was seen, like at stage 8, at the
plasma membrane and in the cytoplasm just beneath. Only part
of the cell was labeled, suggesting an eventual capping of the
channels triggered by the dissociation, as previously described
by Gualandris et a/. (1983).

The transducing GTP-binding protein Go has been described
to regulate L-type calcium channei activity (Sweeney and
Dolphin, 1992). In addition, a previous study indicates that the fJ.



1030 G. DreGIl et al.

subunit of the Go protein (GaD) is expressed in the ectoderm
cells of P/eurode/es walt! embryos and that its expression is cor-
related with the ability of the ectoderm cells to respond to neur-
al inducing signal (called neural competence) (Pituello et al.,
1991). Consequently, it was important to study the respective
localizations of the aJ subunit of the L-type calcium channel and
the 0:0 subunit of the Go protein. Double immunolabeling wa~ .
thus carried out on isolated ectoderm cells and visualized under
epifluorescence microscopy (Fig. 5).

At each stage tested (7, 8 and 10), we found that 80% of the
ai-positive cells were also CI.opositive. Furthermore, the pattern
of a, and !10 immunoreactivity was found identical, resfricted to
patches on the plasma membrane and strictly colocalized (Fig.
5). However, in a few cells 0.1 immunostaining was not found
colocalized with !10one (Fig. 5b and c).

The data obtained both on sections and with isolated cells
indicate that in Xenopus laevis while at early blastula (stage 7)
the labeling for a, is mostly observed in the cytoplasm of the pre-
sumptive ectoderm cells, from midblastula (stage 8) the a, sub-
unit of the L-type calcium channel is present both in the plasma
membrane of ectodermal and mesodermal cells and in the cyto-
plasm just beneath the membrane. These observations suggest
that the ex]subunit of the L-type calcium channel is targeted to
cell membranes in a progressive manner from early blastula

Fig. 4. Immunocytochemistry on
dissociated cells. Ectoderms were
dissected at the precise stages indi-
cated and incubated in a Ca2+jMg2+-
free medium before fixing.
/mmunodetectlon was carried out
as described. (a) Dissection was
earned out at stage 7. Only part of a
cell is shown. The apparently very
large diameter observed is due to
compression between two cover-
s/ips dunng the mounting proce-
dure. Labeling is seen deep in the
cytoplasm (asterisk) and at the plas-
ma membrane (arrow); (b) ecto-
derm dissected at stage 8. No label-
ing remains deep in the cytoplasm.

aJ is at the plasma membrane
(arrows) and in the cytoplasm near it
(asterisk); (e) stage 10114(external
layer of ectoderm); (d! stage 10114
(internal/ayer of ectoderm). At this
stage, for both cell layers. labeling is
at the plasma membrane (arrow)
and in the cytoplasm just beneath
{asterisk}. Bar, 50 ~m for a; 25 ;Jm
for b.G and d.

through to the beginning of gastrulation and is therefore
expressed at the right time and place during early development
to be a good candidate for a role in the triggering of neural induc-
tion. Several observations further emphasize the above hypoth-
esis. (i) Both dorsal and ventral sides of stage 10 ectoderm dis-
play immunoreactivity for a]. Indeed, graft experiments of dorsal

mesoderm onto ventral ectoderm of Xenopus gastrula indicate
that ventral ectodermal cells have the ability to respond to neur-
al stimuli (Gimlich and Cooke, 1983; Smith and Slack, 1983). (ii)
The immunostaining pattern that we observed for Gao in
Xenopus ectoderm is in agreement with that found by Pituello et
al. (1991) at equivalent stages in P/eurode/es embryos. This
suggests that like in Pleurodeles, in Xenopus the acquisition of
the state of neural competence by the ectoderm is under the
control of the expression of the L-type calcium channel in the
plasma membrane and/or the Go protein which has certainly a
determinant role in the L-type calcium channel regulation.

Experimental Procedures

Embryos
Eggs, obtained by injecting female Xenopus laevis with 750 U.I. human

chorionic gonadotrophin 15 h before laying, were fertilized with dilacerat-
ed testis in vitro. Embryos were dejellied with 2% cysteine hydrochloride



a

b

c

1 mm

and raised in 0.1 X NAM (Normal Amphibian Medium: O.1X is 11 mM NaCl,

0.2 mM KCI. 0.1 mM NaHCO,. 0.1 mM MgSO,. 0.1 mM CaCI,. 0.01 mM
Na, EDTA. 0.16 mM Na,HPO,. 0.04 mM NaH,PO,. pH 7.4) at 22°C.
Embryos were staged according to Nieuwkoop and Faber (1967).

Embryos of different stages were dissected in 1X NAM. Tissues were

dissociated in Ca2+/Mg2+ free Barth's medium (88 mM NaCI, 1 mM KCI,
2.4 mM NaHCOJ. 2 mM Na2HP04, 0.1 mM KH2P04. 0.5 mM EDTA, pH
8.5) as previously described (Barth and Barth, 1959) before cells were

fixed in 3.5% formaldehyde in 1X NAM.
Alternatively, embryos of different stages were fixed as previously

described (Levi et al.. 1987). Briefly, embryos were rapidly immersed in
isopentane (-ao°G) and transferred into methanol at -aOoG for 60 h. They

were then incubated successively in methanol at -20°C, +4°e and at
room temperature for 2 h each. After 2 baths of 15 min in toluene, they
were paraffin embedded and sectioned (10 mm),
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Immunological techniques

Fig. 5. Co localization
of a, subunit of L-type
Ca2+ channel and a
subunit of Go protein.
Animal cap of stage 7
(a), stage 8 (bl and
stage 10 Ic) were dis-
sected and ceffs disso-
ciated in a Ca2+/Mg2+
free medium before fix-
ing. Double labeling on
the same cell was car-
ried out as described in
Experimental proce-
dures. Left panel: a,
immunolabeling; right
panel: GaD immunola-
beling. Note that the

two different antibodies
labeled the same region
of the plasma mem-
brane. However some
slight differences may
exit in the colocaliza-
tion. Arrowhead in fb)
poinrs to a I positive and

GaD negative domains.
Conversely arrow in (c)

poinrs to aJ negative
and GaD positive
domains_ Bar. 35 pm.

Primary antibodies
Commercial mouse anti-dihydropyridine binding complex monoclonal

immunoglobulins (MAS 427, Chemicon. Temecula, USA): this antibody
is directedagainstthe (tJ subunit of L-type Ca2;-channel extracted fcom
transverse tubules of rabbit skeletal muscle. It is described to cross-react
with rat, human, and murine L-type ea2;- channels (Morton et al.. 1988).
It was used at 1/100 dilution for immunocytochemistry and 1/30 for
immunohistochemistry. Polyclonal immunoglobulins directed against the
G-protein subunit Gao (Go, a gift of Dr. Hamburger) was used at 1/30
dilution (Pituello et al., 1991).

Secondary antibodies
Fluorescein (FITC)-conjugated goat anti-mouse immunoglobulins

--
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(Nordic, France) were used at 1/100 dilution. Rhodamine (TRITC)-con-
jugated goat anti-rabbit immunoglobulins (Immunotech) were used at
1/50 dilution. Goat anti-mouse-biotinylated immunoglobulins
(Amersham) were used at 1/50 dilution. FITC-conjugated streptavidin
(Amersham) was used at 1/50 dilution.

Immunolabeling

Dissociated cells were incubated with the primary antibodies for 30
min. After washing as described below, they were incubated with the
appropriate secondary antibodies for 30 min. After each incubation step,
3.5 min washes were necessary to eliminate unfixed antibodies. After

each washing step, the cells were gently centrifuged for 2 min (5 g). After
washing, covers lips were mounted in Mowiol 4-88 and viewed using an
epifluorescence confocal microscope (Zeiss), illuminated by an Argon
laser. For double-labeled samples, the observations were carried out
using a Leitz Dialux epifluorescence microscope equipped with rho-

damine and fluorescein filter sets; photographs were taken on color
Ektachrome 160 film (160 ASA). Sections were immunolabeled as
described for dissociated cells except that they were incubated for 60
min with the different antibodies. Moreover, the secondary antibody used
was biotinylated. The presence of antigen-antibody complex was detect-
ed after incubation with streptavidin-FITC for 15 min.
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