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Meiotic maturation of the oocyte (oocyte maturation) occurs prior to ovulation
and is a prerequisite for successful fertilization. Oocyte maturation has been studied
in various animal species, but its endocrine regulation has been investigated most
extensively in fishes. It is now established that three major mediators, gonadotropin
(GTH), in particular luteinizing hormone (LH, GTH-II in fish), maturation-inducing
hormone (MIH), and maturation-promoting factor (MPF) are involved in the induction
of oocyte maturation. 17a,20B-dihydroxy-4-pregnen-3-one (17a,20B8-DP) was
identified as the MIH of several teleost fishes including salmonid fishes. The
interaction of two ovarian follicle cell layers, the thecal and granulosa cell layers, is
required for the synthesis of 17a,20B-DP. The thecal layer produces 17a-
hydroxyprogesterone (17a-HP) that is converted to 17a,208-DP in granulosa cells by
the action of 20B-hydroxysteroid dehydrogenase (203-HSD). In this study, as a first
step to investigate the molecular mechanism of GTH-regulated MIH production by fish
ovarian follicles, 208-HSD ¢cDNAs were cloned from postvitellogenic ovarian follicles of
a salmonid fish, the rainbow trout, Oncorhynchus mykiss (Chapter I). A series of
studies employing site-directed mutagenesis were conducted to characterize the
coenzyme NADPH-binding of rainbow trout 20B8-HSD (Chapter II). Finally, dynamic
changes in mRNA levels of 20B-HSD in ovarian follicles during oocyte growth and
maturation were determined and compared with those of 3B-hydroxysteroid
dehydrogenase (3B-HSD) and cytochrome P450 aromatase (P450arom) with a
particular emphasis on GTH regulation of 20B-HSD gene expression in ovarian
granulosa cells (Chapter III).

Two closely related 20B-HSD ¢cDNAs were cloned from rainbow trout ovarian
follicles. Both ¢cDNAs belong to the short-chain dehydrogenase/reductase (SDR)
family, with approximately 60% homology to mammalian carbonyl reductases (CRs)
and termed rainbow trout CR/20B-HSD c¢DNA type A and type B. Type A and type B
share high homology of 99% at the nucleotide level and 98.7% at the amino acid level
within their open reading frames. Using the type B ¢cDNA fragment, two clones,
termed CR/208-HSD genes I and II, were obtained from the ADASH genomic library of
rainbow trout. The sequences of the cDNAs deduced from CR/20B-HSD genes I and II
matched with CR/20B-HSD cDNA type A and type B, respectively. Genomic DNA
analysis showed that the two CR/20B8-HSD ¢cDNAs are derived from two different genes.
Both rainbow trout CR/20B-HSD genes consist of four exons. The structural
organization of the genes is very similar, with the introns interrupting the genes at the
same locations. Genes I and II sequences share 53% identity in the 5 upstream
regions up to —700 bp from the initiation site. Comparison of the amino acid
sequences of rainbow trout CR/20B-HSD with mammalian CRs reveals that the

Rossmann fold, GlyXXXGlyXGly, which is the co-factor binding site, is well conserved.
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Although the functional significance of the two genes remains unresolved, these
results clearly demonstrate the presence of two distinct CR/20B-HSD transcripts in the
trout ovary,

Recombinant CR/20B-HSD proteins produced in E. coli were incubated with
[*H]-17a-HP in the presence of NADPH and resulting steroids were separated by thin
layer chromatograpy. A band which comigrated with authentic 170,20B-DP was
obtained from incubations of CR/20B-HSD type A, indicating that CR/208-HSD type A
cDNA encodes a protein with 20B-HSD activity. Recombinant CR/203-HSD type A
also catalyzed the reduction of a number of characteristic substrates of CR with
efficient catalyzation of the reduction of quinones, or menadione, whereas
prostaglandins and steroids including 17a-HP were reduced at lower rates.
Recombinant protein derived from CR/208-HSD type B ¢cDNA did not recognize any of
these substrates.

Northern blot analysis demonstrated that trout CR/20B-HSDs are expressed in
various tissues, of greatest abundance in liver and gill, followed by brain, ovary and
testis, adipose tissue, and kidney. Results of RT-PCR employing primers specific for
CR/20B-HSD ¢cDNA A and B was consistent with that of Northern blot, showing that
CR20B-HSD ¢DNAs type A and type B were expressed in most tissues, but only the
expression of CR/20B8-HSD type A could be detected in liver.

As described above, trout CR/20B-HSD type B does not possess either CR or
20B-HSD activity. Among their three distinct amino acids, Ile15 in trout CR/208-HSD
type A was found to be well converted among many CRs. It is substituted to Thr in
CR/208-HSD type B. To test if this mutation is responsible for abolishing the stability
of enzyme and co-enzyme complex, several mutations of CR/20B-HSD were created by
site-directed mutagenesis and the enzyme activity of their recombinants expressed in
E. coli were determined. Mutation of I15T in type A abolished enzyme activity with
different substrates, and mutation of T15I in type B resulted in the acquisition of
enzyme activity. Furthermore, by fluorescence titration assay, it was found that 115
is crucial in permitting the formation of the CR/208-HSD - co-enzyme (NADPH)
complex. Mutation of A/I15T abolished the ability of the trout CR/208-HSD type A
enzyme to bind with NADPH and further caused the enzyme to lose its activity.
Taken together, these data provide evidence that Ile is critical in the GlyXXXGlyXGly
co-factor binding structure.

Northern blotting revealed that 33-HSD mRNA levels steadily increased during
the vitellogenic stage, was further enhanced at oocyte maturation stage, and kept in
high levels in postovulatory follicles. P450arom mRNA levels were high during active
vitellogenesis, but rapidly decreased before oocyte maturation with undetectable levels
at oocyte maturation and in postovulatory follicles. In contrast to the change in
P450arom gene expression, CR/20B-HSD mRNA levels were low in follicles during

active vitellogenesis, but markedly increased during oocyte maturation and remained
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high during the postovulatory stage.

A major finding in this study is that CR/20B-HSD gene expression was markedly
enhanced when granulosa cells isolated from postvitellogenic follicles were incubated
with GTH. Furthermore, there was an increase in CR/20B-HSD enzyme content after
GTH stimulation. It is also of importance to note that CR/208-HSD type A gene, but
not type B gene, is inducible in granulosa cells by GTH stimulation. Since CR/208-
HSD type A exhibits 20B-HSD activity, the enhanced expression of CR/20B8-HSD type A
gene increases the conversion of 17a-HP to 170,208-DP. These data provide
information on dynamic molecular changes during oocyte growth and maturation, and
also demonstrate that the expression of 20B-HSD gene is controlled by GTH. The
effects of GTH on the promoter regions of CR/20B-HSD genes will provide further

understanding of steroid and protein hormone modulation of steroidogenic enzymes.
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MYDEEFBRORE

DIRREGE., IRICHBB A EEZRL, ZBEZESI T IEELEBETH 5, MR, &
FEERHYEAVTHEINTE 20, PNHBARIZ SO TIREICREE BV M
MENEDLN, WABWOEEKEAK RNV E Y (LH) iz#E GTHII, SIR#AFEERT

(maturation-inducing hormone, MIH), 0k & {2 % K+ (maturation-promoting factor,
MPF) 28, SRR OB ETICEELLREEBE L WS I e 8HM6NTWVWS, &<,
o EEtrAETIE., 174,208 -dihydroxyl-4-pregnen-3-one (17,20 8-DP) »¢ MIH
THHIEPHELPIZTENT WS, 17a,208-DP &R EN D - DIZid, IIRERMEREE
OREMIE: BANREMEE OHEERAFISLE T VWb TED, RKEMETERKEN
7= 17 a -hydroxyprogesterone (17 o -HP) #% 55 %[ B #8 B2 T 20 B -hydroxysteroid
dehydrogenese (208-HSD)fiZiz & - T, 17a¢,2083-DP B ENDZ I &b - T
W3, BEEOBE HEEEZ. AEMETO GTHIZ &% 17¢,208-DP o pE 4 A #E %
5T B0, =Y < R (Oncorhynchus mykiss) 75 17a,208-HSD ¢cDNA % 2~
O—=rZ 0L, TOBEFEECHEEEHMAE, GTH iz X 5 REFAESREZ BT L1,

U AEKHEMBEDO cDNAS A4 735 —X v, 17a,208-HSD type A 35 X U type B,
2EDCDNAZEBEEEL, MEDT I /VBEINF/LBOTEIIBTNWD I &R L, ik,
PEEBEETFSATS) %A -7 952 8I2L0, type AB LU type BEin
ENOMI L -BEFIFEET DI ER L, £, T LRBOBEERED &
{ﬁ?%iﬁ%%gﬁ‘bl L. WEHEDA Y O/ dF Y VEBREIRFEINTVWDILDD, type B
W type AICHRTREWVWA Y POV ABASINTWS Z g &% R Lk, 172,208-HSD
type AX type BO3 207 I VBOBE VDD B, Ve ODRBRERICLHLADHMERMES
VYA rFD e »o Thr "7 I VBREBRTH -7z, MES VN7 EZRBETRASE
2L, type AlZ208-HSD #F 9548, type Btz 2 oEHRNTWI 2R LT,
Xz, type BOBEBEEREATA FVIIERESZEAL, type AREICle N\BEBRT S5 &IZ
& ->7T, NADPH o#Eater vz, 208-HSD EH2EEB T2 2L 02 L,

7. 208-HSD BEFOREFATRBEHL NI 572012, BREMBEE AW
BERBRETWVW, GTHIZ X > T208-HSD EHEOBMARD SN E Z &, TODOEEIZ type A
RUPRHAFBEINTVWDE I 2R L, AFRIE. BEIZHIT S 208-HSD 0#ETF#
EEHALPIZLEE DT, ZOBEEHEHEBESIUCRAFAHBEBCIE TSI EEE
R THO, BEINE» D ThJNKABE - ROMEICKESEMRT 2 & HBE N,
BEEZASIEABLIIAILTABOHELET L,

AR L TREBEINIEHRERIZOWVWTIR., OHEERIELE, BEEZAEIRXA
BIZOWTERB L, &5, BFFZOHEME S TFO—RABI IVZTOERE 25 E
BOHBIZOWTH, DEAMIZEIOEERE L, TNO0RMIIXT 2HBEEHEDICE .
WENLWETH > 7o T, BREENEFZMA/LIEEFTEINTEI O, EFZOEDIZ
DWTLHEBETHBEEXLNT, T 5T, 3MNO—MITEREZ TdH % Biochem. Biophys.
Res. Commun.iZzZEEIN T3, INLOEREL LW, BEEZESTIHFBEEZEDOL OH
RETBLUENR., ZARBIZET 2 L0 LHEL .
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