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Steroidogenic Enzyme Activity Associated with
Estrogen Production during Ovarian
Differentiation, Growth and Maturation in the

Tilapia (Oreochromis nilotcus)
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WXHNBENEE

Estradiol-17p, a major estrogen, is essential for normal ovarian
development in vertebrates. In fishes, as in other oviparous vertebrates,
estradiol-17 8 is thought to be the main vitellogenic estrogen and to stimulate
hepatic production of vitellogenic, the precursor of egg proteins. Plasma
levels of estradiol-17 p are high during active vitellogenic growth of oocytes,
but low as the oocytes approach maturity. Likewise, the ability of ovarian
follicles to produce estrogens is high in follicles during active vitellogenesis
and low in those collected during postvitellogenesis and final oocyte maturation.
Another important role of estrogens in fish female reproduction is their
involvement in ovarian differentiation.

The cytochrome P450 aromatase is an important steroid-metabolizing
enzyme responsible for the conversion of androgens to estrogens. The enzyme
localizes in the membranes of the agranular endoplasmic reticulum of several
steroidogenic cells including the ovary and testis. Other steroidogenic
enzymes required for estradiol-17 g8 production are cholesterol side-chain
cleavage (P450scc), 33 -hydroxysteroid dehydrogenase (3 2-HSD), cytochrome P450
17 « -hydroxylase/C17,20-1yase( P450c17), and 17 g ~hydroxysteroid dehydrogenase
(17 p -HSD) .

Tilapia (Oreochromis niloticus) were reared under natural light in
laboratory glass aquaria with aerated water at 24°C until use. Tilapia ovaries
contain a large number of ovarian follicles at different stages of development.
In the Chapter I, he isolated, sequenced, and inserted a cDNA encoding tilapia
ovarian P450arom into a eukaryotic expression vector. This vector system was
used to transfect non-steroidogenic C0S-7 cells. Furthermore, he developed a
polyclonal antibody against tilapia P450arom. These tilapia P450arom cDNA and
antibody were used to compare, for the first time in any fish species, the
contents of P450arom mRNA and protein with enzyme activity in tilapia ovarian
follicles during oogenesis.

A cDNA clone encoding the complete tilapia P450arom was isolated from
an ovarian follicle cDNA library. The deduced amino acid sequence (522 amino
acid residues) had 72.2% and 59.5% homology with rainbow trout and catfish P-450
arom, respectively, and about 50% homology with mammalian and avian P-450arom.
Expression of this cDNA in C0S-7 cells produced a protein that converted
exogenous testosterone to estrogens. Northern blots using a tilapia P-450arom
¢DNA fragment and Western blots using an antiserum against a tilapia P-450arom
polypeptide fragment revealed a single P-450arom mRNA (2.6 kb) and a single
protein (59 kDa) in tilapia ovarian tissue, respectively. These analyses also

revealed that the levels of both P-450arom mRNA and protein were low in early
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vitellogenic follicles (0.8-1 mm in diameter), increased_in midvitellogenic
follicles (1.5-1.8 mm), and declined to non-detectable levels in post-vitel-
logenic follicles (2.0-2.1 mm). Changes in the ability of follicles to
convert exogenous testosterone to estrogens (aromatase activity) were similar to
those of P-450arom mRNA and protein. These observations indicated that the
capacity of tilapia ovarian follicles to synthesize estradiol-178 is closely
related to the contents of P-450arom mRNA and protein within them.

In the Chapter II, he investigated the immunocytochemical localization
of four kinds of steroidogenic enzymes (P450scc, 3 4 -HSD, P450cl7, and P450€rom)
in the tilapia ovary and testis throughout the entire process of gonadal
differentiation, development and maturation. In addition to the P450arom
antibody described above, polychronal antibodies were raised against the C-
terminal peptides of rainbow trout P450scc, 3 8-HSD, and P450cl7.
Immunoreaction for four steroidogenic enzymes initially appeared in gonads
collected at 20 days after hatching (prior to sex differentiation). In gonads
of tilapia fry at 23-26 days after hatching, ovarian differentiation became
morphologically evident by the differentiation of stromal aggregations in the
proximal and distal region of the gonad on the side facing the lateral wall.
This represents the initial formation of the ovarian cavity. At the same time
as ovarian differentiation, a few large cells appeared initially in the vicinity
of blood vessels. These cells were intensely stained with all of the antibodies
tested in this study. Thereafter, by 30-50 days after hatching, these
immunoreactive cells increased gradually in number in the area enclosing the
blood vessels of ovaries.

By 70-80 days after hatching, the number of immtnoreactive in the area
near blood vessel was increased, and the capillaries spread among the developing
perinucleolar stage oocytes, and into the ovarian tunica. Clusters of
immunoreactive cells also migrated into the interstitial region and into the
tunica along with these capillaries. In the ovary 100 days after hatching, some
immunoreactive cells could be found in the thecal layer enclosing vitellogenic
oocytes. Moreover, masses of the cells could now be observed infiltrating the
thecal layer of the oocyte. During these periods, there were no P450arom
immunostaing cells in the testes. Furthermore, immunoreaction for P450scc,
3 3 -HSD, and P450cl7 was also found to be rare.

In vitellogenic follicles, in addition to the P450arom immuno-
localization in thecal cell layer, P450arom also was present in granulosa cells.
The P450arom immunoreaction increased as vitellogenesis proceeded. Immuno-
localization of P450scc, 3 p-HSD, and P450cl7 were still restricted to the
thecal cell layer. Towards the end of vitellogenesis, the P450arom

immunoreaction in both thecal and granulosa cell layers drastically declined.
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In contrast, immunoreaction for other three enzymes were still very strong in
the thecal layer. These results suggest that a distinct shift in steroido-
genesis from estradiol-178 to maturation-inducing hormone (probably 17«, 207 -
hydroxy-4-pregnen-3-one or its closely related steroid) occurs in ovarian
follicle cells immediately prior to oocyte maturation. This suggestion was also
confirmed by the immunocytochemical observations on young postovulatory
follicles which had very strong immunoreaction for P450scc, 3 g -HSD, and P450cl7,
but not P450arom.

A novel finding presented in this study is that all of the
steroidogenic enzyme proteins, except for 17 8-HSD, required for the production
of estradiol-17 4 were already present in gonads several days prior to ovarian
differentiation. This finding strongly suggeéts that estradiol-17p is

responsible for ovarian differentiation in tilapia.
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TAMITTVF—N-178. I VASTO—VEIWSHORTFO AL FABHEE (P450sce. 3
B -HSD. P450c17. 17 g -HSD, P450arom) DERIC LV ER I N AMBEIVEL TH Y,
WEOHSERLHBOER, RBCEELRRILZRELTEEZOATVWE, LEL, 20
ITANT VA —NV-1TR 0 ETHY - HEFRNCER I IBHBITHEHLZEZIS W,
AFRTIE, WEABEDOTAJETEHAWVWT, (1) TAMIVF—V-1T8DERICE L
THICEELZH X 27 52P450aron®cDNAD 7 0 — =V F L EH., RO (2) B0 4516,
BE, RARICBT24BO0A7 0l FRBBZEORBERHV L ZAZhoBERAAEZHA W
7o R MARAL FE TR L 2,

70—V LcDNARCOS-THIM I BB EE, FAIAFO Y2 HMT A LIRS
VA —N-1TBEHRENET RS, D20 —V 25 45 ¥ 7P450aronk 2 — F¥ 3
CUEERMER LN, cDNAD S FHENDE T 1 5 ¥ 7P450aronid 522D 7 I VB 5% b,
FIAEHR B L T H50%. MOAEL IZ60-70%DFET T —2 R LAz, E5I12, FA Y
TIRTF FPE2HBEELTT 45 ETP450aromD FEWIMEE/ER Lize TIN5 DcDNAL BT
. RUMBSREY AT, MHBEORE. Bl (BH) . £ OIS 5 P450
aron®nRNA, &EH. HHErHARL, TORKRE. TAL=ZFRIELI—KL. WEKEHIC
RRFL, P (B KEBLELEY. BRBCEAERLAL, oz, F4FETH
BUIZBUTAZAINI VA —N-1Tp ORHHFENEBIZ, P450aronBEFOEE, RO %
OBFRIZIVHEHBIAhTwEEEZLNRS,

AR U 72P450aromPi &2 2 T, P450scc, 3 8 -HSD. P450cl7d k2 fERK L, T4 F
Y7 OEFBERO G, RUMRBOBRRELBEARICBIL2I b A70 FRFEBRZEOR
T ERNTZ, ZORE, TAMNFTVF—NV-1T8DERILELRBEORAT O L FRASH
BMERPEMMEFECIERNOBCEZE0E0NEOMEFLOKEME (A Mo —<iifa)
RO N, —FH, WERPOMBICBITAIZA NI IF—N-1TDERITKIEMI
CHEMEMABCAS NN, 22 TOBEMEMBEIEINE R ICE Y P450aront F L. Z DO
BWIZBI2ZA IS VF—NV-1TpDETELAERBM L EZ L R,

CNODHKRIT, FHEBWONECBI AR ISV —V-1Tp 0B - MilERW
ERBBICETIMRICEELMR Y5 XL, ¥NRLLLTEFTLZHNEE2ELLOTH S
LHWF S oz,

KBERICODVWTER, AR ELTREBENAEFRBRBEZCOVWTOEEER S 2,
FEREFHBXHABILODVWTHEM LA, S50, HEZOHEENESFO—HKaEB L U
TOEZELRLERBOABIOVTOIORBMCIVEELL, ChOLDFEMICH TS H
BEOLBRITRIBYTHol, T4, BEESNALENFLRIEXTEI»RLTBY,
EEORDIEODVWTHIHETH I EEZONL, ChOoDRERZ DL, BEEELRH
FBEOROMERNIBIUENREMNBICET S L 0L HETFL
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