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Analyses of regulative strategies of moulting, reproduction

and embryo development by ecdysteroids in a crustacean
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Arthropods are the most diverse animal group on the planet. Their ability to
dynamically adjust to varying environments support their successful resource
exploitation and reproduction. Ecdysteroids (ecdysone and 20-hydroxyecdysone, 20E)
are known moulting hormones in arthropods. Insect species exploit ecdysteroids for
various functions such as the regulation of reproduction and homeostasis. However,
the functions and biosynthetic pathway(s) of ecdysteroids remain largely unclear in
non-decapod crustaceans. A freshwater microcrustacean, Daphnia magna, commonly
known as the water flea, exhibits characteristic features suitable for the analysis of
ecdysteroids’ roles in reproduction, development and the life cycle. Daphnids
reproduce parthenogenetically by producing diploid females without fertilization. The
reproductive cycle spans approximately three days and is precisely synchronized with
the moulting cycle. Cuticle deposition and egg yolk production also occur
simultaneously. Because of this association of the reproductive cycle with moulting,
and the fact that ecdysteroids are known as moulting hormones in other arthropods, |
hypothesized that ecdysteroids regulate the coordinated reproduction and moulting in
D. magna. The management of embryogenesis is also critical for successful
reproduction. A previous study indicated the importance of ecdysteroids in D. magna
embryogenesis, and the fluctuation of ecdysteroids titre in decapods and daphnia
species. Nonetheless, no molecular studies have yet been performed to interactively
analyze the ecdysteroids titre during moults, reproduction and development.

In chapter I, I analyzed the roles of ecdysteroids in adult D. magna. | cloned
genes known for the synthesis or inactivation of ecdysteroids (neverland: nvd and
shade: shd, and Cypl8al, respectively) that are conserved in other arthropods. A
phylogenetic analysis revealed that these genes were also evolutionary conserved in D.
magna, suggesting that these genes appeared in arthropods before insects radiated.
The phylogenetic analysis further showed that a daphnids-specific gene duplication
occurred generating nvdl and nvd2. To understand the contribution of these genes to
fluctuations in the ecdysteroids titre, | measured the titre by enzyme-linked
immunosorbent assay (ELISA) and analyzed spatio-temporal gene expression during
the reproductive cycle. The ecdysteroids titre showed a peak in the mid-reproductive
cycle, and the fluctuation pattern counteracted the gene expression pattern of Cypl8al.
Thus, Cyp18al might be responsible for lowering the ecdysteroids titre to a basal
level through inactivation. Finally, | conducted a 20E treatment to analyze a role of
the ecdysteroids titre during moulting and reproduction. The 20E treatment, when the
ecdysteroids titre was at the basal level, inhibited moults and/or oviposition and the
meiotic process in the eggs inside the ovary. This suggests that the ecdysteroids titre
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was kept low for reproduction and moulting to progress.

In chapter I, I examined the activities of ecdysteroids during D. magna
embryogenesis. First, tissue-specific gene expression analyses of nvdl and nvd2 were
performed in the embryo and adult to estimate possible ecdysteroids synthetic tissue,
and to compare differential expression patterns between the embryo and adult, and the
two paralogues. The nvd enzyme acts in the ecdysteroidogenic pathway, and is
expressed exclusively in the ecdysteroidogenic gland in insects. However,
ecdysteroidogenic tissue is unknown in non-decapod crustaceans. The results showed
that gut cells expressed nvdl in both the embryo and adult whereas the germ cells in
the adult expressed nvd2. These results suggest that the gut cells were possible sites
for ecdysteroidogenesis. The expression analyses of nvd indicated that the embryo
exploited nvdl but not nvd2. To understand the roles of nvdl in developing embryos,
nvdl was knocked down by RNAI. The nvd1l-dsRNA-injected embryos could not moult,
and eventually died. In addition, the ecdysteroids titre measured in the
nvdl-dsRNA-injected embryos seemed to decrease. These results suggest that nvdl
was critical for embryo development. The ecdysteroids titre was also measured in
series during embryogenesis, and showed two different peaks. The titre declined after
each peak, which coincided with the embryonic moults. Therefore, the ecdysteroids
titre peaked precisely when there was a high demand of ecdysteroids for cuticle
deposition, then decreased, signaling the onset of moulting. The expression of nvd and
shd began to increase before the ecdysteroids titre peaked, which indicates that the
embryos likely started de novo synthesis of ecdysteroids at this time.

In conclusion, the ecdysteroids in D. magna play crucial roles in the adult and
embryo. The ecdysteroids titre was controlled to designated levels at specific timings
to regulate the onset of moults, reproduction and embryo development.
Ecdysteroidogenesis likely takes place in the gut cells of the embryo and adult. These
results provide valuable insight in our understanding of the endocrine system
underlying unique and fascinating features of the daphnid lifecycle.
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