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Groupers change sex from female-to-male when they attain a certain bedy size, but it is poorly understood how a fully functional
female becomes an active male within 2 limited timeframe. I used endocrinological, histological, immunohistochemical, and
molecular approaches to assess the role of the male-specific androgen (11-ketotestosterone, 11-KT) and the sex-dimorphic marker
genes in sex change. Here, the Epinephelus merra grouper is used as a model animal. During the investigation of natural sex change,
I first time reported that clusters of specia} cells in tunica near BV is a site of 11-KT biosynthesis in E, merra gonads. During sex
change, this site possibly produces 11-KT in female that may cause oocyte degeneration and Jaunch sex change. In this study, we
also evidenced that in fransitional gonads, Leydig cells are derived from estrogenic theca cells. The raises of 11-KT level with the
increases of nucleus diameter of steroid producing cell (SPC) during mid to late phases of sex change suggest that efferent duct
(ED) differentiation, proliferation of spermatogonial germ cells and subsequent spermatogenesis could be depend on the 11-KT
biosynthesis in new site. Natural sex' change mechanism clearly evidence that when estrogen (E2) decreases at early phase of sex
change, that time 11-KT takes over the gonads and initiates spermatogenesis which restructures an ovary into a testis. Therefore, the
restructuring of the gonads during female-to-male sex change is largely depends on 11-XT, : ) '

In order to verify the results of natural sex change, we conducted time-course study and induced sex change by aromatase inhibitor
{(AD. Here; I have demonstrated how and when androgen producing cells appear first time in the restructuring gonads and how
correlates with the plasma level of 11-KT during female-to-male sex change in E. merra. First appearance of androgen observed in
the restructuring gonads at early transitional (ET) phase when for the first time, plasma level of 11-KT goes up, ococytes degenerate
and, gonial germ cells proliferate into spermatogonia. These results suggested that the appearance of androgen producing cells
closely communicate with the plasma levels of 11-KT and initiation of spermatogenesis during sex change. The differentiation of
ED and its relation with sharp increases of 11-KT evidenced that androgen'may has important function for ED differentiation during
sex change. These results further suggested that the initiation of spermatogenesis, ED differentiation and initiation of sex change
largely depend on the elevated levels of 11-KT as described in natural process of sex change, Furthermore, here I again verified that

the androgenic cells are derived from estrogenic theca cells during sex change.

By considering the critical role of 11-KT in female-to-male sex change, I examined how 11-KT biosynthesis occurs in E. merra
gonads. It’s generally known that the gonadotropin-releasing hormone (GnRH), gonadotropic hormones (Follicle stimulating
hormone, FSH; Luteinizing hormone, LH), and their receptors (FSH receptor, FSHR; LH receptor, LHR) coordinately control
steroid biosynthesis in vertebrates. In order to understand the process of 11-XT biosynthesis in £. merra gonads, here I cloned and
quantified the FSHR and LHR during sex change. Quantitative analyses evidence that FSHR transcripts rise around the time of
onset of sex change and significantly elevated levels were detected in [ate transitional (LT) and in sex changed male. However, LHR
transeripts remained constant throughout the 2ll phases of sex change. The differential expression pattern of FSHR transcripts
during the process of sex change is well corresponded to the previously studied FSH transcripts, 1-KT level, P450118 activity and
histological differentiation of sex change. Together ‘with all findings, here 1 have proposed a model for 11-KT biosynthesis in E.
merra gonads. On the basis of the model, during the initiation of sex thange at ET phase, brair gives signal to the pituitary to release
FSH that travels ‘through blood and binds to FSHR in the gonads and actives intraceilular signaling pathways which in tum induce
11-KT synthesis via direct transcriptional activation of 11-KT producing enzymes.

To vnderstand the role of sex specific marker genes in sex change, here I cloned and-quantified an ovarian specific marker gene
called, Forkhead box 12 (Fox!2) and a testis specific marker gene called Doublesex and mab-3 related transcription factor 1 (Dmrtl)
during sex change. Quantitative expression analyses suggested that Fox12 mRNA expression down regulates from the LT phase to
the completion of natural sex change. Conversely, during patural sex change, Dmrtl expression increases with the progression of
spermatogenesis and continued until the formation of the testis, The expression profiles of these two genes corresponded closely
with the plasma level of 11-KT and progress of sex change. Therefore, the data suggest that the elevated Teve] of 11-KT during the
early phase of sex change turns off or inactive the FoxI2 gene, which facilitates oocytes degeneration, and at the same time turns on
Drmrtl, which promotes the differentiation of gonial germ cells into spermatogoniz and initiates sex change. This result is further
clarified by androgen (17 alpha-methyltestosterone, MT) induced sex change. When I treated matured fernales with MT, females
changed into males with the sharp increases of Dmrti transeripts. But the FoxI2 transeript levels remain constant during the progress
of sex change. These data, suggested that androgen treatment possibly directly upregulates the Dmrt] which lead to induce sex
change. The high and constant transcript Jevels of FoxI2 during the process of sex change indicates that when Dmrt] upregulates by
androgen treatment, even high levels of Fox]2 wanscripts can not keep the ovary into function. It is most likely that Dmt]
upregulation is critical for testis formation during sex change.

If T account zll findings together, we can see how 11-KT pushing the female into the male direction rather than remain in female sex
without caring the female specific gene. Therefore, present results reveal that 11-KT is one of the important endpcring eJement
which induces the sex ¢hange by tarning off or inactivates the female specific gene while tarn on the male specific gene during sex
change. )

By applying present understanding of protogynous sex change, I first time performed artificial sex change by short-term treatment
of Al during breeding season. I also conducted successful mating of sex-changed male with natural normal female and obtained
healthy larvae. Therefore, shori-term sex change in E. merra induced by Al implantation is considered to be the key step to the
success of artificial sex change and captive reproduction of grouper during breeding season.
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