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Cytochrome P450c17 (17a-hydroxylase/C17, 20 lyase, CYP17) is a steroidogenic enzyme,
having a central role in the biosynthesis of steroid hormones in both the gonads and adrenal tissue. Its
17a-hydroxylase and C17, 20 lyase activities mediate the synthesis of C18 steroids, while only 170
hydroxylase activity is required for the synthesis of C21 steroids. However, the mechanism underlying
its dual action continues to be a controversy in the field of steroidogenesis in vertebrates including
mammals and fish. In an attempt to resolve this issue, she identified a novel type of P450ci7
(P450c17-II) by an in silico analysis from the genomes of five fish species (fugu, medaka, stickleback,
tetraodon, and zebrafish). Further, she cloned the novel type of P450c17 from tilapia and medaka, and
compared it with the conventional type of P450c17-1. They possess totally different gene structures and
enzymatic activities.

Enzymatic assays by Thin Layer Chromatography (TLC) using both tilapia (Oreochromis
niloticus) and medaka (Oryzias latipes) P450c17-1 and -II revealed that P450c17-II possesses a unique
17a-hydroxylase activity, without any C17, 20 lyase activity, in contrast to P450c17-1, which has both
the 17a-hydroxylase and C17, 20-lyase activities. Tissue distribution analysis by RT-PCR revealed that
P450c17-1 is predominantly expressed in the ovary and testis, while the expression of P450c17-1I is
detectable not only in the ovary and testis, but also in several other tissues including the head kidney. In
situ hybridization (ISH) analysis further showed that in the ovary, P450ci7-1 is expressed in the theca
and granulosa cells, whereas P450c17-11 is expressed in the theca cells only until the oocyte maturation
stage. In the head kidney, only the expression of P450cl7-II, but not P450cl7-1, is detected in the
interrenal cells. Both types of P450c]7 are found in the interstitial cells of the testis. Similarly pattern of
expression is exhibited by the medaka P450c!7-1 and -II also.

Expression analysis during different developmental stages revealed that the expression of tilapia
P450c17-I starts from 5 days after hatching (dah) in both XX and XY gonads and continues to adult
stage with a comparatively higher expression in the XX gonad than in the XY gonad. Unlike P450c17-
I, the expression of tilapia P450cI7-II initiated at around 10 dah in the XX gonad and even more
delayed in the XY gonad, starting only at around 70 dah. On the other hand, the exclusive expression of
P450c17-II is maintained in the interrenal cells of the head kidney throughout the whole life. The
remarkable differences in the expression patterns of the two types of P450ci7 in the tilapia ovary and
head kidney during various stages of development strongly suggest that P450c17-1 is responsible for
the estradiol-17p (E2) synthesis in the ovary, while P450¢17-I1 is required for the production of cortisol
in the head kidney. In addition, the initiation of P450cI7-II expression in the XX and XY gonads is
temporally coincident with the initiation of meiosis in these gonads, suggesting P450c17-II to have a
plausible role in meiosis.

During the reproductive cycle, the expression of tilapia P450c!7-I peaks between days 3-5, tapers
off by day 8, and completely disappears by day 14 of the spawning cycle. On the contrary, though
present in the theca cells throughout the spawning cycle, P450c17-II starts to express in the granulosa
cells also from day 8, culminates by day 12, and then completely disappears by day 14. Consistent with
the ISH results, a temporally controlled switching is observed by real time PCR also in the expression
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of these two genes during the steroidogenic shift from E2 to 17 a, 20B-dihydroxy-4-pregnen-3-one
(17, 20B-DP; maturation-inducing hormone (MIH) of fish oocytes) in the fish ovary. Moreover, the
peak in the expression pattern of Cypl9al on day 5 of the reproductive cycle of tilapia parallels with
that of P450c7-1. Similarly, the peaks observable in the expression of 204-HSD at day 5 and 12 partly
comply with the expression pattern of P450ci7-Il. These data strongly suggest that tilapia P450c17-1
and -II are critical for the production of E2 during oocyte growth and 17a, 20B-DP during oocyte
maturation, respectively. Similar expression patterns for medaka P450c7-I and -II are also detected by
real time PCR during 48 hours before spawning (hbs). Expression of P450c!7-I increases rapidly from
32 hbs and reaches a peak at 26 hbs, finally decreasing to the basal level just before oocyte maturation
(17 hbs). Medaka P450c17-II shows two peaks (23 hbs and 17 hbs) before the initiation of 17, 20B-
DP production. Therefore, in the medaka ovary also P450c17-1 is responsible for the production of E2,
while P450c17-11 is closely related to the production of 17, 20B8-DP. Taken together, the switching in
the expression pattern of these two genes just before the oocytes enter into the maturation stage, at least
in part, might account for the steroidogenic shift from E2 to 17c, 20B-DP in the fish ovarian follicles.

Promoter analysis of medaka P450c17-I and -II by luciferase assays revealed similar modes of
transcriptional regulation by several transcription factors. Ad4BP/SF-1 and Lih-1 alone induced the
transcription of P450c17-1, and FoxI2 further enhances the Ad4BP/SF-1- and Lth-1-induced P450c17-1
transcription. On the contrary, Dmrt1, DMY, and Dax1 repressed the Ad4BP/SF-1- and Lrh-1- induced
P450cl7-I transcription to the basal levels. Furthermore, the expression profiles of these transcription
factors were also examined during the reproductive cycle by real time PCR. Two peaks are apparent in
the expression profiles of 4d4BP/SF1, Lrh-1 and Foxi2, at days 5 and 12, during the reproductive cycle
of tilapia. Taken together, these findings suggest that expression of P450c!7-I and -II can be regulated
by these transcription factors. However, only one peak is observable at day 5 of the spawning cycle in
the case of Daxl expression profile. Dmrt] expression is too low to be detected in the ovary, ruling out
it to have a role in the regulation of P450c7-I and -II in the ovary of tilapia.
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