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A cDNA clone encoding cytochrome P-450,; (17a-hydroxyluse/ 17,20-lyase) was isolated Irom a rainbow troul ovarian follicle cDNA library, The
c¢DNA contained an open reading frame ol' 1,542 nucleotides encoding a protein of 514 umino acid residues. The amino acid sequence of trout
P-450,,, shows & much greater homology with chicken P-450,; than with that of human, bovine and rat, The trout P-450.,, expressed in
non-steroidogenic mammalian COS-1 cells showed both 17a-hydroxyluse and 17,20-lyase activilies, The cDNA only hybridized 10 a single species
of MRNA (2.4 kb) isolated from rainbow trout ovaries: the 2.4 kb trunscripts were abundunt in troul ovaries during the Juter stages of oogenesis,

Rainbow (rout; Cytochrome P-450,,,: ¢DNA cloning; Expression in COS-1 ccl

1. INTRODUCTION

In vertebrates, the actions of gonadotropins on regu-
lating germ cell development and maturation are con-
sidered to be mediated predominantly by gonadal ster-
oid hormones. In salmonid fishes, two biologically im-
portant steroidal mediators of oocyte growth (estradiol-
178) and maturation (17,208-dihydroxy-4-pregnen-3-
one; 17,20-DP) have been identified. It is now estab-
lished that ovarian granulosa cells are the site of pro-
duction of these two steroidal mediators, but produc-
tion by the ovarian follicle depends on the provision of
precursor steroids by the thecal cell (two-cell type
model) [1-4]. A dramatic switch in the salmonid ster-
oidogenesis from testosterone to 17a-hydroxypro-
gesterone occurs only in the thecal cell layers immedi-
ately prior to oocyte maturation [5]. The formation of
testosterone requires the activities of both 17a-hydrox-
ylase and 17,20-lyase, whereas 17a-hydroxyprogesier-
one requires only 17a-hydroxylase. Recent studies of
mammalian cytochrome P-459_, have shown thai P-
450, is a single enzyme mediating both 17a-hydrox-
ylase and 17,20-lyase activities in the synthesis of steroid
hormones [6-11]. Therefore, it is of great interest to
investigate the molecular mechanisms responsible for
the differential regulation of these two enzymatic activ-

Correspondence adedress: Y. Nugahama, Laboralory of Reproductive
Biology, National Institute for Basic Biology, Okuzaki 444, Jupun.
Fax: (81) (564) 53-7400

60

ities of P-450,,; in thecal cell layers immediately prior
to oocyte maturation.

To initiate these studies in salmonid fish, we cloned
a full-lengih cDNA encoding ¢ytochrome P-450,4 from
a rainbow trout (Oncorliynchus mykiss) ovarian thecal
cell layer cDNA library, The enzymatic activities cata-
lyzed by rainbow trout P-450,, were determined by
expressing the cDNA in transiently transfected non-
steroidogenic COS-1 cells. The expression of P-450,;,
MRNA was also examined in trout ovarian follicles at
different stages in oogenesis.

2. MATERIALS AND METHODS

2.1, Cloning it seguencing

Three-yeur-old rainbow Lrout were obtained rom Sumegai Trout
Hatchery in 1990. Thecal cell layers were isolated from ovarian folli-
cles ut the mid-vitellogenic stage (oocyte dinmeter, 3.54 mm) with fine
watchmaker's forceps. A ¢cDNA library from ovarian thecul cell layer
poly(A)" BN/ was constructed as described previously [12]. A human
cylochrome P-4350,,, cDNA [13] was digested ul bases 828 and 1,458
with Nspl and Pyrll Lo yield 4 630 bp (ragment which was subcloned
inlo M13mp19. The humitn cDNA waus labeled as described previously
[12) and used 1o sereen the ovarian ihecal cell cDNA library of rain-
bow trout under the following conditions: §x SSC(0.75 M NaCl/6.075
M sodium citrate), 35% (v/v) formamide, 200 wg/ml of denatured
herring sperm DNA, 5x Denhardl's solution (0.1% polyvinyl-
pyrrolidone/0.1% ficoll type 400/0.1% bovine serum albumin lraction
V3, 0,2% SDS. 10% dextran sulfuie at 42°C. The cDNA inserts from
posilively hybridizing clones, were jsolated and digesied with Kpul.
The Kpnl fragments were rendered blunt-ended with Klenow polymer-
ase, then cloned into the Sl site of pBluescript K8(~). DNA se-
quencing wus performed by using Exolll/Mung bean nuclease dele-
tion system (Tukara Co.) [14] und a 373A DNA sequencer with Dye
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primer or Dye Deoxy Terminator thermal circular sequencing systems
(Applied Biosysiems Co.).

1.2, COS-1 cell expressivin

The rainbow trout P-450,,, expression vector was construcied by
ligating the 2,081 bp cDNA [rugment which was cut from the Kpnl
[ragment by digestion with Suel into pSVL., an expression vector using
the 3V40 late promoter (Phurmueia LKB). 15 g of the recombinant
plusmid were transfected to 3 x 10* COS-1 cells plated onto 4 60 min
lissue culture dish in 3 ml culture medium according to Tunaka et al.
[12]. Thin layer chromalogriphy (TLC) unalysis of catalytic properties
of lrout P-450,,, was carried out using “C-labelled pregnenolone or
progesierone as substrate as deseribed previously [15].

2.3, Northern blot unalysis

Northern blot analysis was curried owt as deseribed previously [12].
The 2,081 bp cDNA fragment us u probe was lubelled by Multiprime
DNA lubelling systems (Amersham), and hybridization wis per-
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Fig. 1. Sequencing strategy for Ath3-7. Locution of the open reading
frume is shown by un open box, Each arrow indicites thedirection and
extent of sequencing.

formed under the following conditions: 5x SSC, 50% formumide. 200

He/miof denatured herring sperm DNA, 3x Denhardt’s solution, 0.2%
SDS ut 42°C.

GTGACACTCTGATAACGACICCAGCCCCTCTCGGCCCAACATACAGCATCGCGTAGTTITTGTGCATGTCTGTATTCTCTGTGGTCHLGA

M A W F L C M CV F 8 V V G
CTGGGTCTACTGCTCTTGCAGGTGAAACTTCGARGGTCCCTGGAGACCAGAGGGGECCCTCCGAGCCTGCCCGTGTTCCCACTCATCGGG
L @ L L L L QV RLRUZRUSULTETRUGT GGT?P?P P S L P YV F P L <]
AQCCT@TTGAGCCTECAAAGCAATCAGGCACCGCATGTCCTCTTCCAGAAGCTGCAGCAGAAATATGEACATACSTATTCTCTAATGATG
8 L L 8 L RS NGQAUPHUVILUPOQIEKILUGQQZEXKY GG H T Y 8 L MM
GGCCCACACACAGTCATCCTTGTCAACCACCACCAGCACGCCAAAGAGGTCCTCCTTAAAAAGCAGAAAATCTTTGCAGGAAGACCCAGA
¢ P H TV IUL V NHHAO QHATREEUVILTLIZ KU KT GIZ KTIUPAGTRPR
ACAGTAACCACAGACCTATTGACCAGCGACGGTAAAGATATTGCCTTTGCAGACTACGGTGCCACTTGGASATTTCATCGTAAAACAGTG
T vV T T D L L TR DGKDTIAPFADYG AT W RPHURI KTV
CATGGAGCCTTGTGTATCTTTAGTCAGBECTCTGCCTCCATCCAGAAGATTATCTGTAGGCAAGCTC TCTCCCTGTGTGACACTCTGCCA
H 6 AL CMUP G EBEG S8 A 8 I EZXKTITI G CRD®2ALGBSTULCDTTLR
GAGTCAGGAAGTGCATCGTTGOACTTGTCCCCAGAGCTGACAAGAGCTGTCACCAACGTGGTCTGCTCTCTCTGCTTCAGCTCCTCCTAT
E 8 @ 8 A 8 L DL S8 P EL T RAV TNV Y CSLCPFZS8 S8 8 Y
TGCCECEGCGACCCCGACTTTGAGACCATGCTGCAGTTCAGCCAGGGCATCGTGGATACGGTCACTAAGCGACAGTCTGGTGGACATCTTC
¢ R G D P E F E A ML QF 8 Q 66 I VDTV AKDSTLWVDTITF
CCATGGCTACAGQGTCTTCCCCAACGCAGACCTGCATCTCCTAAACCAGTATGTGTCAATCAGAGACAAGCTCCTTCAGAAAAAATACCAG
P WL QV FPNADTULU RTILTLIEKA QU CV S8 I RDIZEKTLTLELUGQIEKIZ KTYE
GAACACAAGTCGGACTACAGCGATCATGAACAGAGAGACCTOCTGGACGCCCTGCTAAGGGCCAAACACAGTGCTGAGAACAACAACACT
E H XK 8 D Y 8 DH B Q R DILULUDATLTUDLRWAMAMERGSBAENINNT
GCCGAGATCACCATGGAGACCGTGGOCCTTAGTGAAGACCACCTGC TCATGACCGTGAGTGACATATTIGGACGCCGGAGTGGAAMCCACG
A'E I TMETV 6 L 8 EDHILTILMTVYVYOG DTIUFGAGV ET ?
TCAACAGTCCTAAAATGGGCAATTACCTACCTCATCCACCATCCACAGGTACAACACGCGAATTCAGGAGCAACTGGACAGTAGTAGTGGGO
8 T VL R WATIAZTYULIHHPAGOQVQQQRTIOGQEETLDSTVYVGC
GGAGACAGARCCCCCCAGCTCAGTGACAGGGGGAGCCTGCCCTACCTAOAGGCCACCATTAGAGAGETGCTACGCATCCGGCCTGTTACC
6 DR TP QUL S8 DR G 8L P Y L EATTIREUVULRTIEIRUPWVA
CCTCTACTCATCCCCCATATAGCCCAMACAGACACCAGTATTGACAAGTTCACTGTTAGGAAAGGTGCTCGCATCATCATCAACTTGTGG
P L L I PHYV AQTD T B8 I 6 K F TV R K G ARITI I NTILW
TCCCTACATCACGATGAGAAGGAGTGCAAGAACCCAGAGATGTTTGACCCTAGTCECTTCCTGAACSAGGAGUGGACAGGTCTGTGCATC
S L H HDE2 K EWXNUPUEMTFDUPGRPF L NZEEUGTG UL CTI
CCCTCACCCAGCTACTTGCCGTTTGEEGACAGCEUTEAGAGTATGTCTGCGGCAGAECACTCEGCTAAGATEGAGATCTTCCTCTTCCTCTCC
P 8 P B ¥ L P F G A GV RV CLGG@EBATLAIEMETIUVFTLTFULS
TGEATCCTTCAGCATTTAACTATGACCGTGTCCCCBEACCAGCCACTAECCCAGCCTGGAAGGAAACT ITGGGETAGTCCTCCAGCCGEGTC
W I L QR L T M TV 8 P @ Q P L P S L E G EKEVFG VY VYV L QP V
AMATACAAGGTCAATGCCACACCAAGAGCAGGCTGGGAGAAGAGCCATCTCCAGACCTCTTAGACCCCCCCCCCCCTCCACCCTTAACGA
E Y KR VN AT PR AMGWEI K SHTLGQTBS *

ATGACATGCATGGGTATTAATGTTTAAACACTAATAGTGGTGCATTTGAATTGACCTTGGAATCTCATAGCTCCAGTTGGTCAAGTTGTG
AAGATGATATAAATGCGTTCTAGTGCTTTTGAGATTGGTACAACTCTACAATGAATTAGATTTTTAGCTAGAGCGCTAAGCAAGATAGTG
TTGCTAATAATAAGTTGGTTAACTAGCTGACAATGTCTCAAACCATAGACTGTATTGCTCAAAGTAGCTTCTTTATCCACATAGCTAAAG
GCATTGTTTTACCATCTTTTGGTCGCARAGATGACAGGTCATTGATGAAACGTCAGAACTCGATGATACTCAGCTATCATCATTICTGGCC
TQGAGTTTTTCACTTGOAACTTAGAGGCCATTGACTIGGACGGCATTGTACTCGACTATT T TGGAGTCGGGAACTCGTATTTCCACATTTCA
CAGAGCTCTCGAATGCACCATAGAACATGAGAAACAGGCGTCAACTAAGGTTGTGATACATTACGCAGAGACAGCCCTTGTAATCACTGCT
ATTTTPCACTGTATTGATGTTCAACAATGCTGTATATTT TTTTGCCTTAATGAGCTGTACTAATGTATTCCGT TR CTACAGTTTTACATA
ATACTGTCTITCAGTUATGARTADDAAATCATATGGCAAAAARAAAAARAR

Fig. 2. Nucleotide arid dedured amino acid sequences of rainbow trout ovariun P-430,,. Amino acid sequence deduced from an open reading frume

is shown below the nucleotide sequence, The *AATAAA’ polyadenylation signal is underlined.
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Tr MAWFLCMCVFSVVGLGLLLLQVKL-RRELETRGG-=-=~-= PPSLPVFPLIGSLLSLRSNQAPHVLFQKLOQKYGHTYSILMMOPHTVILY
Ch MPP~LAVLLLALALLCAWRLSYSQGPTGTGTGRPRSLPALPLVGSLLOQLAGHPQLHLRLWRLQGRYGS LYGLWMGSHYVVVV
Bv MWLLLAVFLLTLAYLE -WPRTKHBGAKY - =« =~ PRSLPELPLVGSLPFLPRRGQQHRNFFKLOQEKYGPIYSFRLGSKTTVMI
Rt MWELVGLLLLILAYFF-WVKSKTPGAKL- =~~~ PRSLPSLPLVGSLPFLPRRGHMHVNFFRLQERYGPIYSLRLGTTTTVII
Hu MWELVALLLLTLAYLF-WPKRRCPGAKY - - - ~ -PKSLLSLPLVGSLPFLERHGHMHNNFFKLQRKYGP IY SVRHGTKTTVIV
i72
Tr NHHQHAREVLLKKGKIFAGRPRTVTTDLLTRDGKDIAFADYGATWRFHRRTVHGALCMFPGEGSASIEKIICREALSLCDTLRESGSASLD
Ch NSYQHAREVLLRRGRAFAGRPRTVITDLLORGGKDIAFASYGP LWKFQRKLVHAALSMFGEGSVALERI ICREAASLCETLGAAQDMALD
Bv GHHQLAREVLLRRGREFSGRPKVATLDILSDNQRGIAFADHGAHWQLHRKLALNAFALFKDGNLKLERI INQEANVLCDFLATQHGEAID
Rt GHYQLAREVLIRRGREFSGRPOMVTQSLLIDQGRGVAFADAGS SWHLHRKLVFSTFS LFKDG~QKLEKLICQEAKSLCDMMLAHDKESID
Hu GHHQLAKEVLIKKGKDFSGRPQT‘PLD IABNNRKGIAFADSGAHWQLHRRLAMA‘I'FALFKDGDQKLEKI{CQEISTLCDMLATHNGQSID
262
Tr LSPELTRAVINVVCSLCFSSSYCRGDPEFEAMLQFSQGIVDTVARDSLVDIFPHWLQVFPNADLRLLRQCVSIRDRLLOKKYEEHRSDYSD
Ch MAPELTRAVINVVCSLCPNSSYRRGDPEFEAMLEYSQGIVDTVAKESLVDIFPHLQIFPNRDLALLRRCLRVRDQLLQQRKFTEHKEAFCG
Bv LSEPLSLAVINIISFICFNPSFKNEDPALKAIQNVNDGILEVLSKEVLLDIFPVLRI FPSKAMERMKGCVQTRNELLNEILEKCQENFSS
Rt  LSTPIFMSVTINIICAICFNISYEKNDPKLTAIKTFTEGIVDATGDRNLVDIFPWLIIFPNKGLEVIKGYARVRNEVLTGIFERCREKFDS
Hu ISFPVFVAVINVISLICFNTSYRNGDPELNVIQNYNEGI IDNLSRDSLVDLVPWLKAI I‘PNKTLEKLKSHVKIRNDLLNKILENYIXEKFRS
352
e HEQRDLLDALLRAKRSAENNNTAEITMETVGLSEDHLLMTVGDIFGAGVETTSTVIKWAIAYLIHHPQVQQRIQERLDSVVGGDRTPQLS
ch DTVRDLMDALLQVRLNAENNSPLEPGLE~ - -LTDDHLLMTVGDIFGAGVETTTIVIRHAVLY LLHYPEVRQKRIQEEMDQRIGLARHPHLS
Bv DSITNLLHILIQAKVNADNNNAGPDQDS ~KLLSNRHMLATIGDIFGAGVETTTSYIRWIVAYLLHHPSLERKRIQDDIDQIIGFNRTRPTIS
Rt QSISSLTDILIQARMNSDNNNSCEGRDP«-DVFSDRHILATVGDIFGAGIETTTTVLRKWI LAFLVHNPEVKRKRIQREIDQYVGFSRTRPTFN
Hu  DSITNMLDTLMQARMNSDNGNAGPDQDS -ELLSDNHIL'I"I'IGDIFGAGVET‘I‘TSWKWPLAFLLHNPQXKKKLYEEIDQNVGFBRTPTI S
442
I DRGSLPYLEATIREVLRIRPVAPLLIPHVAQIDTSIGRFTVRKGARIIINLWSLHHDEREWKNPEMFDPGRFLNEEGTGLCIPSPSYLPF
Cch DRPLLPYLEATISEGLRIRPVSPLLIPHVSLADTSIGEYSIPKGARVVINLWSVHIDEKEWDKPEEFNPGRFLDEQGQHIHSFSPSYLPE
Bv DRNRLVLLEATIREVLRIRPVAPTLIPHKAVIDSSIGDLTIDKGTDVVVNLWALHHSEREWQHPDLFMPERFLDPTGTQLISPSLESYLPF
Rt DRSHLIMLEATIREVLRIRPVAPMLIPHRANVDSS IGEFTVPRDTHVVVNLWALHHDENEWDOPDQFMPERFLDPTGSHLITPTQSYLEF
Hu

DRNRLLLLEATIREVLRLRPVAPMLIPHKANVD z IGEFAVDRGTEVI INLWALHHNEKEWHQFDQFMPERFLNPPAGTQLISPSVSYLP_F_

Tr  GAGVRVCLGEALARMEIFLFLSWILQRLIMTVSPGRPLPSLEGRFGVVLQPVRYRVNATPRAGWEKSHLQTS
Ch  GAGIRVCLGEVLAKMELFLFLAWYVLQRFTLECPQDQPLPSLEGKFGVVLQVQRFRVRARLREAWRGEMVR

Bv  GAGPRSCVGEMLARQELFLFMSRLLQRFNLEIPDDGKLPSLEGHASLVLQIKPFRVKIEVRQAWKEAQAEGSTP
Rt GAGPRSCIGEALARQELFVFTALLLGRFDLDVSDDRQLPRLEGDPRVVEFLIDPFKVKITVRQAWMDAQAEVST
Hu  GAGPRSCIGEILARQELFLIMAWLLORFDLEVPDDGQLPSLEGIPKVVFLIDSFKVRKIKVRQAWREAQAEGST

Fig. 3. Comparison of deduced amino ucid sequences ol rainbow (rout (Tr), chicken (Ch) [18], bovine (Bv) [17], rat (R1) [19] and human (Hu) [13)

P-430,,,. The N-terminal hydrophobic sequence, the conserved P-450,,, sequence (amino acids 311-335) identified by Ono et al. [15], the conserved

{amino ucids 361-383) Ocols tridecapeptide region [25], und the conserved (amino acids 449-470) heme binding region [26] are highlighted by both
overlining und underlining. Triangles indicate the location of the introns reported in the human P-430,,; gene {20],

3. RESULTS AND DISCUSSION

Screening of approximately 2.2 x 10° plaques from a
rainbow trout ovarian thecal cell library yielded 30 pos-
itive clones. The longest of these, Ath3—7, was chosen
and sequenced by the strategy shown in Fig. 1. The
nucleotide sequence of rainbow trout P-450,,, contains
an open reading frame of 1,542 nucleotides, starting
from the first ATG codon and terminating at a TAG
stop codon, which is predicted to encode 514 amino acid
residues (Fig. 2). A second in a frame ATG codon is 18
bp downstream from the first. Although the CAG-
CATGG sequence surrounding the first ATG codon is
similar to the consensus sequence proposed by Kozak
[16], the ATG codon that initiates translation has not
been proven. A typical poly-adenylation signal,
AATAAA, was found 13 bp upstream from the poly(A)
track.

Comparison of the amino acid sequence of trout P-
450,,, with that of human [13}, bovine [1 7], chicken [18],
and rat {19] P-450,, is shown in Fig. 3. We found
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considerable amino acid identity between trout and
chicken P-450,,, (649%, 318 residues identical in 500 res-
idues), whereas 48% (243/505), 46% (233/505) and 47%
(239/504) identity was found when trout P-450,,, was
compared with human, bovine and rat P-450,,,, respec-
tively. Residues 152-228 of trout P-450,,, which corre-
spond 1o the amino acid sequence encoded by exon 111
of the human P-450_, [20], show an extremely high
hcmology with chicken (79%, 61/77), although much
lesser homology was found between trout and human
(45%, 35/77), bovine (39%. 30/77), rat (47%, 36/77).
When the amino acid sequence of exon I in human
P-450,,, wus compared with that of other mammalian
P-459,,4, the least homology (38%, 29/77) was found in
exons from I to VIII. Residues 106-15] corresponding
to exon [l of the human P-450,, are also more conser-
vative between trout and chicken (72%, 33/46) than be-
tween trout and human (39%, 18/46), bovine (46%, 21/
46), rat (44%, 20/45),

It has been reported that the P-450,,, and P-450_,,
genes are evolutionarily more closely related to each
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Fig. 4. Activities of | 7a-hydroxyluse and 17.20-lyasc of troul P-450,,, in COS-1 cells, H“C-Labelled pregnenolone (1.4 x 10* ¢pm) or progesierone
(1.3 x 10* epm) were udded 1o COS-1 cells, und metuboliles from each substrate were sepurated by TLC und identified by recrysiallization. The
vertical lines represent the meuns + S.E.M. of duplicale measures.

other [20]. When residues 237-265 of trout P-450,,,.
which correspond 1o exon IV of the human P-450_,,
were used to search the Swiss Plot data base, the com-
puter detected the amino acid sequence of exon VI of
human P-450,,, (41%. 12/29) [21,22] as well as the exon
IV of human P-450,,, (48%, 14/29) [20]. In bovine, exon
1V of P-450,,, (41%, 12/29) [23.24] rather than the exon
IV of P-450., (31%, 9/29) is similar to the region of
trout P-450,,.

With introduction of the trout P-450.,, ¢cDNA ex-
pression vector into COS-1 cells, exogenous pregne-
nolone was converted to 17a-hydroxypregnenclone and
dehydroepiandrosterone, and exogenous progesterone
was converted to |1 7a-hydroxyprogesterone and andros-
tenedione (Fig. 4). The trout £-450,,, favors conversion

A BCDE

(kb)

7.46 »
4.40»
237 > i T
1.35»

0.24»

Fig. 5. Northern hybridization of polv(A)” RNA (2 y#g) from various

slages of ovarian follicles und isolated thecal cells. A, 1.81 mm diam-

eler of follicle; B, 2,84 mm diameter of follicie; C, 4.68 mm diameter

of follicle Gmmuture); D, post-ovulited follicle; E, ovarian thecal cells
isolated from 3.54 mm diameler of lollicle,

of progesterone to 17a-hydroxyprogesterone over the
conversion ol pregnenolone to 17a-hydroxypregnenol-
one. However, conversion of pregnenolone to dehy-
droepiandrosterone and that of progesterone to andros-
tenedione are almost the same. These results indicate
that the trout P-450,,, has more 17,20- lyase activity
catalyzing 17a-hydroxypregnenolone to dehydroepian-
drosterone than that catalyzing 17a-hydroxyprogester-
one to androstenedione. Activities of P-450,,, expressed
in COS-1 cells or yeast have been reported in bovine
[9.10], human [11] and rat [19]. The 17,20-lyase activily
of bovine and human P-450,, is greater with 17a-hy-
droxypregnenolone than with 17a- hydroxyprogester-
one, whereas rat P-450,,, has more 17,20-lyase activity
catalyzing 17a-hydroxyprogesierone to androstenedi-
one than that catalyzing 17a-hydroxypregnenolone to
dehydroepiandrosterone. It seems that each P-450,,,
has a slightly different activity in terms of substrate
specificity, Thus, it is interesting to determine whether
different forms of P-450,, express in the trout thecal
cell layers during vitellogenesis and oocyte maturation.

By Northern hybridization analysis using a 2,081 bp
Ath3-7 ¢cDNA fragment which had excluded 270 bp of
3’-region as a probe, we found the mRNA specific for
rainbow trout P-450,,, to be a single species, approxi-
mately 2.4 kb in length. The 2.4 kb transcripts were not
found in ovaries during the carly vitellogenic stage,
barely detected during the mid-vitellogenic stage, and
abundant during the post-vitellogenic stage and after
ovulation (Fig. §). These results are consistent with the
increasing production of steroid hormones by salmonid
ovarian follicles towards the end of the reproductive
cycle [5].
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