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Abstract

Development of gonad-stimulating substance-like peptide (GSSL) system during larval
development and its dynamic change of spatiotemporal expression pattern and molecular conformation
in adult organs in relation to the breeding season were examined using immunochemistry in the sea
cucumber, Apostichopus japonicus. GSSL has been isolated and identified in the radial nerve extract
and promotes egg maturation in vitro (Katow et al. 2009). However, its developmental origin and
potential occurrence of dynamic change of GSSL expression property during breeding season have
been remained unknown. The present study was aimed to disclose the answers to these questions.

According to the present immunohistochemistry GSSL was first detected in 2-day
post-fertilization (-dpf) auricularia larvae at both posterior and anterior tip regions being exclusively
associated with cells that resemble morula cells (GSSL cells) along the ciliary bands. In 7-dpf
auricularia, GSSL cells were increased in number and more extensively distributed along the ciliary
bands, except along the post-oral transverse ciliary band that has no GSSL cells. According to
whole-mount immunohistochemistry with anti-serotonin antibodies, the serotonergic nerve cells
appeared only in the anterior region of the ciliary band (pre-oral ciliary band). Furthermore, the
nervous system stained by anti-synaptotagmin monoclonal antibody (a pan nervous cell marker in
echinoderm) was not associated with GSSL distribution in larvae. GABAergic cells also were not
associated with GSSL distribution. Thus, GSSL system is distinctive from known nervous systems to
date.

However, in 45-dpf doliolaria larvae, GSSL cells spread to inter-ciliary bands region on the body
surface in addition to the area along the ciliary band. By 70-dpf pentactula larva stage, GSSL cells
disappeared from the body surface, and localized exclusively to the tips of the primary podia and
primary (buccal) tentacles through 3-month post-fertilization (-mpf) juvenile stage. Since these organs
are not involved in reproductive activity, it is suggested that GSSL may have another function in
addition to promoting egg maturation.

According to the immunoblotting anti-GSSL antiserum bound to a single faint band at 17 kDa
region in 20-hpf gastrulae and as two bands at 30 kDa and 17 kDa regions in auriculariae. In 45-dpf
doliolariae, GSSL-containing polypeptide (GSSLP) was detected as two faint broad bands at 30 kDa

and 18 kDa regions. On the other hand, GSSLP was detected only at 18 kDa region in 70-dpf



pentactula larva stage. In adult organs, GSSLP was detected in the gonads from shortly before
empirical breeding season (May and June) to July. In the gonads GSSLP showed considerable
polymorphism, which was associated with N-glycosylation and the occurrence of intra-molecular
disulfide bonds. In the ovary, GSSLP was expressed from March to June and corresponded to two
bands at 113 and 100 kDa regions. In July, only the larger band remained weakly. In the testis, GSSLP
was detected first in April as two bands at 245 kDa and 190 kDa regions. The number of bands
increased to five in June but decreased to three smeared bands in July. The GSSLP in the radial nerve
and circumoral nerve ring corresponded to a single peptide of 170 kDa with little N-glycosylation and
its expression level remained unchanged throughout a year with no correlation with the breeding
season.

According to immunohistochemistry, like in larvae, GSSL was detected mainly in the morula cells
in all the adult organs examined in the present study. However, in addition to these cells, it was
detected in the follicle cells of the ovary and, for a brief period, in the jelly space on the oocytes as
well, but never in the ooplasm. In the testis, the morula cells were localized at the place close to the
invaginated inner epithelium, but never in the male gametes. In July animals, gonadal morula cells
were rarely observed. The GSSLP was also examined in other adult organs and according to
immunoblotting analysis it was detected as a single band at approximately 170 kDa region in the tube
feet and tentacles. However, it was not detected in the respiratory trees, stomach or intestine.
According to immunohistochemistry analysis using Polywax sections, consistent with above
immunoblotting results, GSSL-positive cells were detected only in the tube feet and tentacles. Overall,
these observations suggested that GSSL system is distinctive from known nervous systems and plays

an important role in the spawning of sea cucumber.
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