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In FY2023, | conducted the following experiments to investigate the relationship between second
messenger and metamorphosis.

1. Elucidation of metamorphosis initiation signal resources

Previous research has found that mesenchymal cells cross the epidermis and spill out of the body
during ascidian metamorphosis. This extravasation phenomenon is similar to the invasion of blood
cells and cancer cells in vertebrates, and allows us to understand the evolutionarily conserved
mechanism of cell migration (Totsuka et al., 2023). In order to clarify the second messenger
resource that triggers this extravasation phenomenon, | performed a time inverse analysis of Ca2+
propagation, which suggested that Ca2+ propagation starts from the epidermis near the nerve cells
(aATEN) directly above the ocellus. Therefore, | am carrying out experiments to verify that aATEN
is an important neuron that triggers metamorphosis through functional destruction experiments
using optogenetics and artificial stimulation experiments. To examine the possibility that
extravasation induction is mediated by cAMP, | performed live imaging using a cCAMP sensor.

2. Elucidation of the dynamics of cAMP in the initiation of metamorphosis

Although drug addition has suggested that cAMP is involved in driving metamorphosis, there have
been no spatiotemporal analysis reports showing that cAMP is directly involved in metamorphosis.
Therefore, | clarified the relationship between the increase in Ca2+ concentration and cAMP
dynamics in the epidermal cells of the appressorium. In order to visualize the dynamics of cCAMP, |
introduced the cAMP genetic sensor pinkFlamindo into ascidian larvae and investigated the
dynamics in the palp before and after metamorphosis. It was found that, surprisingly, immediately
after applying mechanical stimulation to induce metamorphosis, cAMP concentration decreased
temporarily and then gradually increased. Ascidian larvae detect mechanical stimulation caused by
attachment in a suitable place for metamorphosis and undergo metamorphosis in natural
conditions, but in the natural world they must have a mechanism that prevents them from
metamorphosing when exposed to running water or temporary contact stimulation. So it is thought
that these mechanical stimuli are recognized separately by a mechanism that activates a switch for
metamorphosis when cAMP accumulation in the palp reaches a certain concentration (in
preparation).
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In FY2023, | conducted the following experiments to investigate the relationship between second messenger
and metamorphosis.
1. Elucidation of metamorphosis initiation signal resources
Previous research has found that mesenchymal cells cross the epidermis and spill out of the body during
ascidian metamorphosis. This extravasation phenomenon is similar to the invasion of blood cells and cancer
cells in vertebrates, and allows us to understand the evolutionarily conserved mechanism of cell migration
(Totsuka et al., 2023). In order to clarify the second messenger resource that triggers this extravasation
phenomenon, | performed a time inverse analysis of Ca2+ propagation, which suggested that Ca2+
propagation starts from the epidermis near the nerve cells (aATEN) directly above the ocellus. Therefore, | am
carrying out experiments to verify that aATEN is an important neuron that triggers metamorphosis through
functional destruction experiments using optogenetics and artificial stimulation experiments. To examine the
possibility that extravasation induction is mediated by cAMP, | performed live imaging using a cAMP sensor.
2. Elucidation of the dynamics of cAMP in the initiation of metamorphosis
Although drug addition has suggested that cAMP is involved in driving metamorphosis, there have been no
spatiotemporal analysis reports showing that cAMP is directly involved in metamorphosis. Therefore, | clarified
the relationship between the increase in Ca2+ concentration and cAMP dynamics in the epidermal cells of the
appressorium. In order to visualize the dynamics of cAMP, | introduced the cAMP genetic sensor pinkFlamindo
into ascidian larvae and investigated the dynamics in the palp before and after metamorphosis. It was found
that, surprisingly, immediately after applying mechanical stimulation to induce metamorphosis, cAMP
concentration decreased temporarily and then gradually increased. Ascidian larvae detect mechanical
stimulation caused by attachment in a suitable place for metamorphosis and undergo metamorphosis in natural
conditions, but in the natural world they must have a mechanism that prevents them from metamorphosing
when exposed to running water or temporary contact stimulation. So it is thought that these mechanical stimuli
are recognized separately by a mechanism that activates a switch for metamorphosis when cAMP accumulation
in the palp reaches a certain concentration (in preparation).
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