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Analysis of intracellular calcium dynamics and its functional
implication at the leading edge mesoderm during Xenopus

gastrulation
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Summary (Abstract) of doctoral thesis contents

Gastrulation is one of the most dynamic events in early development. In

vertebrates, gastrulation movements direct coordinately regulated remodeling of
three germ layers (ectoderm, mesoderm and endoderm) through cell shape change
as well as cellular migration and then precisely determine the position of the
layers for future organ formation. Therefore, clarification of cellular dynamics and
its control mechanism are essential for the understanding of gastrulation.
The process of gastrulation consists of several kinds of cell movements such as
emboly, epiboly and convergent extension. It is initiated by emboly, the vegetal
rotation of mesodermal sheet. During vegetal rotation, leading edge mesoderm
(LEM), the most vegetal region of mesoderm, attaches to the inner side of
blastocoel roof (BCR) by bottle cell formation of endoderm. After LEM touches to
BCR, the mesodermal sheet starts collective migration toward the anterior end on
the fibronectin-rich surface of BCR. Following LEM, axial mesoderm shows
convergent extension movement that elongates body length along anterior-posterior
axis by mediolateral intercalation of axial mesoderm. LEM cells have a unique
property showing higher motilities compared to axial mesoderm cells when they are
isolated in culture, which suggest specific roles of LEM in mesodermal migration.
Interestingly, this LEM migration is thought to be controlled by at least two
distinct mechanisms. First is the chemoattractant system in which LEM senses a
chemoattractant (SDF-1) via its receptor (CXCR-4). Second is the mechanical
system in which pulling forces by cell-cell interaction confer LEM cells a
directional cue for the migration.

Recently, Ca2?+ signaling has been shown to be important for mesodermal
movement during gastrulation based on the finding that Ca2* signaling inhibitors
arrested mesodermal migration including LEM. This notion shed new light on the
cellular mechanisms of LEM migration. Generally, Ca2+ signaling is regulated by
intracellular Ca2* concentration. To understand the physiological significance of
Ca?2+* signaling in LEM migration, characterization of intracellular Ca2+ dynamics is
essential. However, the detail of Ca2* dynamics in migrating mesoderm was totally
unknown. In this study, I revealed the Ca2* dynamics in migrating LEM by using a
high sensitive Ca2* indicator, YC-nano and elucidated the Ca2+ function in LEM
migration.

Firstly, I tried to observe Ca2* dynamics of migrating LEM by using explants
with a semi-in-vivo condition. In this observation, I discovered transiently elevated
intracellular Ca2+ (Ca2* transient) in LEM. A subset of LEM cells showed Ca2*
transients with propagative patterns at the sub-cellular level over 3 min.

Secondly, I analyzed the spatial localization of Ca2* transients within tissue.
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Interestingly, the Ca2* transients displayed specific patterns. The frequency of
Ca?2+* transients at leader cells showed the highest frequency in LEM sheet. I also
observed its calcium frequency and LEM migrations. The frequency of Ca2+
transients was reduced after cell migration stopping, which results indicate that
Ca2+* transients at leader cells is closely linked to cellular migration mechanism.

Thirdly, to test the function of Ca2+ transients, I depleted Ca2+* transients by
the treatment of intracellular Ca2* specific chelator, BAPTA-AM. The result
showed that LEM treated with BAPTA-AM hardly displayed calcium transients at
leader cells and reduced their migratory activity. These results suggest that Ca2+
signaling is required for LEM migration. I also induced Ca2* elevation by the
treatment with an ionophore, Ionomycin. As expected, this treatment increased the
migratory activity of LEM cells. In addition, Ionomycin-treated whole embryos
showed an enhanced advancement of mesodermal sheet toward the anterior side,
which again indicated that LEM’s migratory activity was accelerated. Together,
these results demonstrate that intracellular Ca2* signaling positively regulates
LEM migration.

Lastly, I addressed the question of how Ca2?+ transients regulate cell
migratory activity. Generally, cell migration is driven by repeated cycling of the
protrusion formation and tail retraction. I observed reduced protrusion activities in
LEM cells treated with BAPTA-AM. This result further indicates that Ca2+
signaling regulates cell protrusion formation. I also analyzed the activity of Racl,
an upstream regulator of protrusion formation, after the Ca2?* elevation by
Ionomycin treatment. After Ca2* elevation, Racl activity was significantly
upregulated. These results suggest that Ca2* transient correlate to cellular
protrusion formation via Racl.

Most studies on Ca2+* signaling during Xenopus gastrulation so far published
focused on ectoderm and axial mesoderm. This study is the first description of a
unique profile of Ca2* transients showing a biased distribution only to a few front
rows of LEM sheet which is implicated in the regulation for the collective

migration of LEM cells.
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Summary of the results of the doctoral thesis screening
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