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Functional analysis of G protein—coupled receptors Flopl
and Flop2 in Xenopus development
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Summary of thesis contents

Neural development and morphogenesis are accomplished through several
molecular processes in which activities of growth factors are tightly regulated. The
neural ectoderm induced by the inhibition of bone morphogenetic protein (BMP)
signaling is then patterned along the anterior—posterior (A-P) axis as well as the
dorsal-ventral (D-V) axis. Particularly during the A-P patterning, Wnt/B-catenin
signaling is required for the posterior specification. Although recent studies especially
with Xenopus laevis as a model revealed that the gradient of Wnt/p-catenin signaling
formed by secreted Wnt antagonists is essential for the proper A—P patterning, the
precise molecular mechanism is largely unknown. Therefore, | explored possible
regulators of A-P patterning focusing on the head formation and found that
seven-transmembrane receptors Flopl and Flop2 are important regulators of head
formation. In this thesis, | describe that Flopl and Flop2 (Flopl/2) contribute to the
head formation through anteriorization of the neural ectoderm by inhibiting
Wnt/B-catenin signaling in Xenopus embryos.

First, | examined spatiotemporal expression pattern of Flopl/2 by
whole-mount in situ hybridization (WISH) and found that Flopl is expressed in neural
ectoderm, endoderm, and bottle cells in early embryos and hindbrain, somites and lens
in later embryos. Flop2 is expressed in similar pattern to Flopl in early embryos and
mouth primordium and somites in later embryos. Although their expression domains
were relatively broad, the strong expression of Flopl/2 in the presumptive neural
ectoderm of early gastrulae implied that they may play important roles in the neural
development, in addition to early embryogenesis including gastrulation.

Next, | functionally characterized Flopl/2. Flopl and Flop2 are G
protein-coupled receptors (GPCRs) related to Gpr4, which is a proton-sensing receptor,
and were previously identified as an FGF-responsive gene product and a regulator of
cortical actin assembly, respectively. As both over- and under-expression of Flopl or
Flop2 led to gastrulation defects, these GPCRs were thought to be involved in the
regulation of gastrulation cell movements. However, by the local over- and
under-expression of Flopl/2 restricted to the head region, abnormal head morphology
was observed with a significant reduction of head marker gene expression. These data
indicated that Flop1/2 are required for the normal head development.

I then investigated how Flops regulate head formation. | confirmed that each
Flop can activate RhoA and regulate cortical actin assembly, as reported previously
for Flop2. Interestingly, RhoA was previously reported to have a capacity to induce
head structures when BMP signal is simultaneously inhibited; the inhibition of BMP
signaling at the ventral side is not sufficient to induce complete secondary dorsal axis
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with head structures. This effect is reminiscent of secreted Wnt antagonists such as
Dkk and Frzb that can induce head structures together with BMP antagonists or the
inhibition of BMP signaling, and further suggested that Flops that can activate RhoA
may also have a capacity to induce head structures. As expected, either Flop could
induce a complete secondary axis similar to RhoA. To further address the molecular
mechanism, | examined whether they serve as Wnt antagonists by performing
TOP-flash assay that monitors the transcriptional activity of P-catenin triggered by
Whnt. | injected an mRNA of the TOP-flash reporter and then measured the luciferase
activity of excised animal caps that contribute to head structures. As a result, Flops or
RhoA inhibited Wnt/B-catenin signaling in a dose-dependent manner. Next, |
examined whether Flops or RhoA inhibit Wnt/B-catenin signaling in
non-cell-autonomously by inducing secreted Wnt antagonists. However, | did not
observe any suppression of Wnt signaling when Flops/RhoA and the reporter mMRNAs
were injected into separate blastomeres, confirming that Flops/RhoA inhibited
Wnt/B-catenin signaling cell-autonomously.

Finally, 1 investigated which step(s) of Wnt/B-catenin signaling were
inhibited by Flops and RhoA, and performed TOP-flash assay using the intracellular
components of Wnt, Dvl and B-catenin. Flops suppressed Wnt/B-catenin signaling
enhanced by Dvl or B-catenin expression, suggesting that Flops inhibits Wnt/fB-catenin
signaling downstream of B-catenin, while no suppressive activity was observed when
RhoA was co-injected. | also found that Flops overexpression reduced the B-catenin
protein levels and suppressed Wnt/B-catenin signaling but failed to do against a
constitutively active B-catenin, which resists to phosphorylation. These data suggested
that Flops inhibited Wnt/B-catenin signaling by promoting p-catenin's phosphorylation
and degradation.

In this study, | demonstrated that Flopl and Flop2 have essential roles in
Xenopus head development by inhibiting Wnt/B-catenin signaling and suggested a
previously unidentified pathway that triggers the G-protein coupled receptors in early
development.
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Summary of the results of the doctoral thesis screening
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