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A ¢DNA clone encoding cholesterol side-chain cleavage cytochrome P450 (P450scc) was isolated from a rainbow trout ovarian follicle cDNA

library. The cDNA contains an open reading frame of 1,542 nucleotides encoding a protein of 514 amino acids. The predicted amino acid sequence

of trout P450scc shows 48% homology with that of human, and 46% homology with that of rat, bovine and pig. P450scc activity was confirmed

by transfected COS-1 monkey kidney tumour cells with an expression vector for trout P450scc cDNA and subsequent detection of conversion from

25-hydroxycholesterol to pregnenolone by radioimmunoassay. The cDNA only hybridized to a single 1.8 kb RNA transcript. The transcript was
not found in early vitellogenic follicles, barely detected in postvitellogenic follicles, and abundant in postovulatory foilicles.

Rainbow trout; Cytochrome P450scc; Expression in COS-1 cells; Steroidogenesis

1. INTRODUCTION

In vertebrates, oocyte growth and maturation are
regulated by pituitary gonadotropins and ovarian ster-
oid hormones. In salmonid fishes, two steroidal media-
tors of oocyte growth and maturation are 178-estradiol
and 17a,208-dihydroxy-4-pregnen-3-one (17¢,208-DP),
respectively [1]. Two major somatic cell types in the
ovary, the thecal cells and granulosa cells, participate in
the synthesis of these two steroids [2,3]. During oocyte
growth, the ovarian follicle layer predominantly pro-
duces 17B-estradiol. Immediately prior to or during
final oocyte maturation, there is a drastic increase in
17a,208-DP production by the follicle layer in response
to the ovulatory surge of plasma gonadotropin [1].

One of the important steroidogenic enzymes involved
in the synthesis of these two steroids is cholesterol side-
chain cleavage cytohrome P450 (P450scc). This enzyme
catalyzes the conversion of cholesterol to pregnenolone,
which is the initial and rate-limiting reaction in the syn-
thesis of steroid hormones. However, the role of
P450scc in differential production of 178-estradiol and
17a,20B-DP during oocyte growth and maturation has
not been determined.
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As a first step to analyze this question in rainbow
trout (Oncorhynchus mykiss), we have isolated and
cloned a full-length ¢cDNA encoding P450scc from a
rainbow trout ovarian thecal cell layer cDNA library.
Comparisons have been made between the deduced
amino acid sequences of rainbow trout and four species
of mammals. Identification of rainbow trout P450scc
was based on expression of the cDNA in transfected
nonsteroidogenic COS-1 monkey kidney tumour cells.
We also analyzed the expression of P450scc transcripts
from rainbow trout ovarian follicles during oocyte
growth and final maturation by Northern hybridiza-
tion.

2. MATERIALS AND METHODS

2.1. Cloning and sequencing

Three-year-old rainbow trout were obtained from Samegai Trout
Hatchery (Shiga Prefecture, Japan). Thecal cell layers were isolated
from ovarian follicles at the mid-vitellogenic stage (oocyte diameter,
3.54 mm) with fine watchmaker’s forceps. A ¢DNA library from
rainbow trout ovarian thecal cell layer poly(A)" RNA was constructed
as described previously [4]. A human P450scc ¢cDNA [5] was digested
at nucleotide position 1,158 and 1,442 with Pvull and Sau3Al to yield
a 285 bp fragment which encompasses the highly conserved steroid-
binding and heme-binding sites. This 284 bp fragment was subcloned
into M13mp19 and labelled with [2-¥P]dCTP as a probe. About
2.4 x 10° plaques were blotted onto Hybond N* membranes, were
prehybridized for 1 h i 5x SSC (0.75 M NaCl/0.075 M sodium cit-
rate), 35% (v/v) formamide, 200 ug/ml of denatured herring sperm
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DNA., 5x Denhardt’s solution (0.1% polyvinylpyrolidone/0.1% Ficoll
type 400/0.1% bovine serum albumin fraction V), 0.2% SDS, 10%
dextran sulfate at 42°C, and then hybridized with 5 x 10° cpm of the
probe at 42°C overnight. The inserts from positive plagues were iso-
lated and digested with EcoRI. The resultant 1.8 kb DNA insert was
subcloned into EcoR1 site of pBluescript KS(+). Deletion clones were
obtained by using Exolll/Mung bean nuclease deletion system and the
single-stranded DNA were prepared using M13K07 an helper phage
[6]. DNA sequencing was carried out by dideoxy chain-termination
method using an MI13 sequencing kit (Takara Shuzo Co.), a 7-
DEAZA sequencing kit (Takara Shuzo Co.) or a Bea BEST Dideoxy
Sequencing kit (Takara Shuzo Co.).

2.2, COS-1 cell expression

A 1,580 bp cDNA containing the entire codon region (nucleotide
position 30-1609:P) and a 1,433 bp ¢cDNA lacking the 5 region encod-
ing the putative extension {mitochondrial leader) peptide (nucleotide
position 177-1609:M} were amplified by Polymerase Chain Reaction
using synthetic primers with Xhol and Sacl sites. The amplified DNA
fragments were cloned into an expression vector, pSVL {Pharmacia
LKB) at XAol and Sacl sites. The two recombinant plasmids, pSVL/P
and pSVL/M, and pSVL (no insert) were transfected to 2.2 x 10°
COS-1 cells as previously described [4]. On the next day, 25-hy-
droxycholesterol (Sigma) was added to the medium to 2 nmol/ml. The
cells were cultured for 48 or 120 h. Pregnenolone was extracted from
the culture medium with diethylether. P430scc activity was deduced
by measuring levels of pregnenolone by radioimmunoassay as de-
scribed previously [7]. The anti-pregnenoclone-3-Succ-BSA serum
(Tetkoku Zoki Co.) crossreacts with pregnenolone, progesterone, and
deoxycorticosterone at 100%, 15.6% and 0.1%, respectively. This an-
tiserum crossreacts less than 0.1% with most of ovarian steroids and
corticosteroids tested, such as 17a-hydroxypregnenolone, 17a-hy-
droxyprogesterone, 178-estradiol, and cortisol.

2.3. Northern blot analysis

Northern blot analysis was carried out as described previously [4].
The 1.789 bp cDNA fragment was labelled with [o-**PJdCTP using the
Random Primer Plus Extention Labelling System (NEN} as a probe,
and hybridized in 5% SSC, 5x Denhardt’s solution, 0.2% SDS, 200
ug/ml denatured herring sperm DNA with 5 x 10° cpm of the probe
at 45°C overnight.

3. RESULTS AND DISCUSSION

To isolate the cDNA encoding P450scc, we used a
cDNA library that was constructed from rainbow trout
ovarian thecal cell poly(A)* RNA. Four positive clones
were found by screening approximately 2.4 x 10° pla-
ques using a human 284 bp Pvull/Sau3Al fragment as
a probe. The longest of these clones, 1.8 kb-long insert,
was chosen and sequenced by the strategy shown in Fig.
1. The nucleotide sequence of rainbow trout P450scc 1.8
kb-long insert contains an 1,542 bp open reading frame
starting from the first ATG codon and terminating at

1 500 1000 1500 1789 bp
1 ——
[P -—_— PN
—

Fig. 1. Sequencing strategy for the 1.8 kb insert. Location of the open
reading frame is shown by an open box. Each arrow indicates the
direction and extent of sequencing.
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a TGA stop codon. The predicted protein contains 514
amino acids (Fig. 2). There are direct repeats (4 times.
core sequence: CAGTGATATCATGAAGCCTCTA-
CACAGCAGA) starting from 3 bp upstream from the

AAAAGAAACAGACAGCAAGAAGAGTTGGARGAAGTGAGGTAGGATAGAGACGC TGC TATGA 60
M

TGGTGAGCTGCAG TG TG TUTCGCAGTTCCCTGGCTC TGCCAGCATG TGGACTACCCAGTG 120
M V S WSV CRS SL ALPAGCGCGTLUP S

CCCGCCACAACTCCAGTATGCCGGTGGTGCGCCAGGC TC TG TCCCCAGACAACAGCAGTA 180
A R H N B8 8§ M PV VR QAL § P DN S s

CGGTCCAGAACTTCAGTCAGATCCCAGCTC TC TGGAGAAACGGAC TCGCCAACCTC TACA 2490
T vV ¢ N F § E 1 P G L W R NG L A NTL Y

CGTTTCTGGAAACTAGACGCATICAGGARCATCCACAGAGTCATGGTGCACAACTTCAACA 300
S F W K L D G F R N I H R VYV MV HNTF N

CCTTCGGTCCAATATACAGGGAGAAGATAGGC TACTATGATAG TG TARACATTATARAGT 360
T F G P I ¥R EIKTIG Y Y DSV HNTITIK

CGGAGATGCCAGCCATCTTGTTCAAGGCAGAAGGACAC TACCCCAMGAGG TTAACGGTGG 420
P E M P A I L F KA EGHY P X RL TV

AGGCATGGACCTCATACAGAGACTACAGGAACAGGAAATATGGAGTCCTGC TCAAGAATG 480
E AW T S Y RDYRNUZ RIEKYG V L L KN

GGGAGGACTGGCGGTCCAACAGGGTGATTC TGAATAGAGAGG TCGATC TC TCCCAAGGTGT $40
G E D W 8 8 N R V I L NRE V I 5 P K V

TGCCGAACTTTO T ICCTCTOTTGGATCAGG TTGCGCAGGAC TT TG TCGCCCGAGTACATA 608
L ¢ N F VP L L B EVYVY G QD F V ARV H

AGAAGATAGAAAGCAGTCGACAGGACAAATGGACCACCOATCTTICTCAAGAACTCTTCA 6§60
K K I ER § G Q DKW TTDIL S Q E L F

AATACGC TCTGGAATCGGTGGG TTCAGTTC TG TATGGGGAAL G T TCGGCC TGATG TTGG 720
XK ¥ AL E S$§ V G S VL Y GERILGTLML

ACTACATCAACCCTCAGCCCCAACACTTCATTGACTGCATC TCTC TGATGTTCAAGACTA 780
DY I N P E AMQHF I DCI &L MFIKT

CCTCTCCCATGC TG TACATCCCCCCGGCTCATGC TCAGGAGGG TAGGAGCCAAGATC TGGA 840
T § P M L ¥ I P P AM L RRUV G A K I W

GAGATCACCTAGAGGCC TOGGATOCCATCTTCARCCAGCCGGACCGUTGCATCCAGAACA 900
R DH V E A W DG I FNQADRZRTZICTIOQH

TCTACAGGACGA TGCGTCAGGACAC TAACACTCACGGGAAGTATCCAGGAGTCCTGGCCA 3560
J] YR TM R Q DTNTHGI K Y P GV L A

GCCTTCTGATGTTAGACAAGC TGTC TATAGAGGATATCAAGGCCAGCGTCACTGAACTGA 1020
§ L L M L D K L § 1 E DI KAZS V TE L

TOGCTGGAGGGG TAGACACGACATCTATCACCCTGC TG TGGAC TCTATATGAGCTTGCCA 1080
M A GGV DTTTS I TULULWTIL Y EL A

GACACCCTGACC TCCAGGAAGAGTTGAGGGC TGAGGTGGC TG TAGCCAGACAGTCTACCC 1140
R H P DL Q E E L RAMEUV AV A RUOQST

AGGGAGACATGCTACAGATGT TGAAGATGATACCGC TGOTCARAGGAGCGCTCAAGGAAR 1200
g 6 O M L ¢ M L XK ¥ I PL V KOG ATILZKE

CGCTGAGGC TTCATCCAGTTIGCAGTCAGTTTACAGAGATACATTACAGACGAAATCGTCA 1260
T LR L H P V AV S L QQRY I TEZETIV

TTCAGAACTATCACATACCTTGTGGGACTCTGGTCCAGTTGGGTC TC TATGCGATGGGTA 1320
1 9N Y HI PCGTULUV QLGILYAMG

GAGACCCAGATGTGTTCCCCAGACC TGAGAAGTACCTCCCGTCCCGOTGGCTGCGGACAG 1380
R b P DV F¥ PRPETI KTYULU®PSRWLRT

AGAACCAGTACTTCAGGAGC TTGGGC TTCGGATTTGGACCUACACAGTGTCTIGGACGGE 1440
E N QY F R $§ LG F G F G PR QCL G R

GCATAGCTGAGACGGAGATGCAGCTCTTCCTTATACATATGC TGGAGAACTTCAGAGTAG 1500
R I A E T E M g L F L I HM L ENTF RV

ATAAACAGCCTCAGGTGGAGG TGCACAGTACCTTCGAGTTCATCTTGTTGCCAGAGAAAT 1560
D K Q R Q VEV H STV FELTITLUZLPE K

CCATTCTTCTCACCCTGAAGCC TCTAAAGAGCGGCCAGTGATATCATGAAGCCTCTACAC 1620
P I L L T LK PULK S G Q

AGCAGACAGTGATATCATGAAGCCTC TACACAGCAGACAGTGACATCATGAAGCCTCTAC 1680
ACAGCAGACAGTGACATCATGAAGCC TCTACTC TGTAACG TCAAAGUGTAAGARAAATTC 1740

TAACATTGTTTTAATAAAACAATAATATAACTTGAAAAAAAAAAAAAAR 178%

Fig. 2. Nucleotide and deduced amino acid sequence of rainbow trout

P450scc. Amino acid sequence deduced from an open reading frame

is shown below the nucleotide sequence. The AATAAA polyadenyla-
tion signal is underlined.
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Trout SWSV LP-AC SARHNSSMPVVRQALSPDI
Human KGLP KGYQT APREGLGRLRVPTGEGAG
Bovine RCGLP KACPP TVGEGWGHRHRVGTGEGAG
Pig RGLA KGCQP APRECPGHPRVGTGEGAC
Rat XGLC KSCQP PVWQGPG- - - LATGNGAG
Trout IIﬂEEM
Human IEﬁEDV
Bovine II
Pig II1QPEDV
Rat IL[JPKDA
Trout ERSGQDKWT
Human KKAGSGNYS!
Bovine [(QQGSGKFV
Pig QQGSGKF S
Rat TKQQNSGKFS
Trout RCIQNIYRT!
Human EIYTun YWE
Bovine EXYTE THYRD
Pig KYTQNFYWD
Rat EYTQNFY]
U
Trout L KM
Human QL'
Bovine s Q!
Pig SHMLQL
Rat QL
Trout Q
Human Q!
Bovine Q
Pig Q
Rat Q

March 1993

RN HRVMY fnv 87

HKHLHHV KYGP1Y 89

RIHFRHI KYGPIY 89

K JHY HHV KYGPI 89

R IHIY HHM KYGPI 87
DYRNRKY 4 : 177
QYYQRPT] a AV 179
RYYQKP]] i I 4 179
QHYQKP ) 179
QYYQRPIGVLEK ' \ 177
MLDYI :i; idi 267
LEEV :.o, 4 269
LEETVNPEP I 269
LEEIVP 4 H 269
LEEIVHPEEGH 4DHR 267
SIEDI HLRHE 357
SFEDI i 359
LLED i RE 358
LSEDV] i 358
PFKNT 1 356

TENQYFR 447
KDKNITY 449
KDKDLIH 448
GKERDLIH 448
WLEKSQNTTH 446

----------- 514
----- ATQQ--- 521
----- PPQA--- 520
----- PLOA--- 520

KQDLGSTMPRKGDTV 526

Fig. 3. Comparison of deduced amino acid sequence of rainbow trout (Trout), human, bovine, pig and rat P450scc. Alignment was made using
Gene Works (IntelliGenetics, Inc.). Identical amino acids between five species are indicated as a box.

stop codon. A polyadenylation signal, AATAAA, was
found 16 bp upstream from the poly(A)* track.

This is the first cDNA cloning of P450scc in a non-
mammalian vertebrate. Therefore, we compared the de-
duced amino acid sequence of rainbow trout P450scc
with that known from four species of mammals (human,
rat, bovine and pig) (Fig. 3). An overall homology of
48% was found between the amino acid sequence of
rainbow trout and that of human P450scc [5]. The rat
[8], bovine [9] and pig [10] P450scc amino acid sequences
share 46% homology with that of rainbow trout. A
similar degree of amino acid sequence homology be-
tween rainbow trout and mammals was found in cyto-
chrome P450cl7 (17a-hydroxylase/17,20-lyase cyto-
chrome, 46-48%) and in cytochrome P450arom (aro-
matase, 52%) [4,11]. The regions of greatest similarity
between rainbow trout and mammalian P450scc were in
the heme-binding region [12] at residues 451-471 (71%,
15 identical/21 amino acids), and in the steroid-binding
region [13] at residues 373-395 (70%, 16 identical/23
amino acids).

Since the deduced amino acid sequence had a low
homology compared with that of four mammalian cyto-
chrome P450scc sequences, a recombinant expression
vector containing either pSVL/P or pSVL/M was intro-

duced into COS-|, cells to confirm that the cloned se-
quence encodes a polypeptide having the ability to con-
vert 25-hydroxycholesterol to pregnenolone. The 1,580
bp sequence contains the entire open reading frame of
rainbow trout P450scc ¢cDNA, while the 1,433 bp
cDNA lacks 5’ region containing N-terminal 39 amino
acids. COS-1 cells transfected with the pSVL/P pro-
duced significantly more pregnenolone (23 ng/plate)
than did pSVL/M (2.6 ng/plate), pSVL (no insert, 3.0
ng/plate) or no vector (2.6 ng/plate) (Table I). This re-

Table 1
Activities of rainbow trout P450scc in COS-1 cells

Pregnenolone (ng/plate)

48 h 120 h
pSVL 28 3.0
pSVL/P 12.9 232
pSVL/M 2.5 3.1

The recombinant plasmids, pSVL/P, pSVL/M, pSVL (no insert) were

transfected to 2.2 x 10° COS-1 cells. After 24 h, 2 nmol/ml of 25-

hydroxycholesterol was added and 48 or 120 h later, pregnenolone was

extracted. P450scc activity was deduced by measuring levels of pregne-
nolone by radioimmunoassay.
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A B CDEF

= 1.8 kb

Fig. 4. Northern hybridization of poly(A)* RNA (2 ug) from various

stages of follicles. (A) 1.8 mm diameter follicle; (B) 2.4 mm diameter

follicle; (C) 2.9 mm diameter follicle; (D) 4.7 mm diameter follicle

(immature); (E) 4.8 mm diameter follicle (immature); (F) postovula-
tory follicle.

sult clearly indicates that the 1,580 bp insert codes for
rainbow trout P450scc.

pSVL/M did not significantly convert exogenous 25-
hydroxycholesterol into pregnenolone in COS-1 cells
(Table I), indicating that N-terminal 39 amino acids
play an important part in expression of activity of trout
P450scc. It is likely that the N-terminal region functions
as a mitochondrial targeting peptide, although no sig-
nificant homology could not be found between the trout
N-terminal 39 amino acid sequence and the correspond-
ing sequences of four mammalian P450scc enzymes
(Fig. 3).

Northern hybridization analysis showed a single 1.8
kb long transcript. The 1.8 kb transcript was not found
in early vitellogenic follicles, barely detected in post-
vitellogenic follicles and abundant in postovulatory fol-
licles (Fig. 4). The increased amounts of P450scc tran-
script during final oocyte maturation may be responsi-
ble for the rapid increase in the follicular production of
maturation-inducing hormone of this species, 17a,208-
DP. The factors involved in increasing the abundance
of P450scc transcript remain to be determined, although
cAMP and several nuclear proteins have been impli-
cated in mammalian systems [14-19].
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