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A cDNA clone encoding cholesterol side-chain cleavage cytochrome P450 (P45Oscc) 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 5 14 amino acids. The predicted amino acid sequence 
of trout P45Oscc shows 48% homology with that of human, and 46% homology with that of rat, bovine and pig. P45Oscc activity was confirmed 
by transfected COS-I monkey kidney tumour cells with an expression vector for trout P45Oscc 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 follicles. 

Rainbow trout; Cytochrome P45Oscc; 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 17p-estradiol 
and 17~,2O~-dihydroxy-4-pre~en-3-one (17u,20~-DP), 
respectively [I]. 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 17/?-estradiol. Immediately prior to or during 
final oocyte maturation, there is a drastic increase in 
17a,20/3-DP production by the follicle layer in response 
to the ovulatory surge of plasma gonadotropin Cl]. 

One of the important steroidogenic enzymes involved 
in the synthesis of these two steroids is cholesterol side- 
chain cleavage cytohrome P450 (P45Oscc). 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 
P45Oscc in differential production of 17&estradiol and 
17u,2O/%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 P45Oscc 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 P45Oscc 
was based on expression of the cDNA in transfected 
nonsteroidogenic COS-1 monkey kidney tumour cells. 
We also analyzed the expression of P45Oscc transcripts 
from rainbow trout ovarian follicles during oocyte 
growth and final maturation by Northern hybridiza- 
tion. 

2. MATERIALS AND METHODS 

2. I. 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 cDNA library from 
rainbow trout ovarian thecal cell layer poly(A)’ RNA was constructed 
as described previously 143. A human P45Osec cDNA 151 was digested 
at nucleotide position 1,158 and 1,442 with PvuII and Sau3AI 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 [a-‘*P]dCTP as a probe. About 
2.4 x 10’ plaques were blotted onto Hybond N’ membranes, were 
prehybridized for 1 h m 5x SSC (0.75 M NaCV0.075 M sodium Clt- 
rate), 35% (v/v) formamide, 200 &g/ml of denatured herring sperm 
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DNA, 5x Denhardt’s solution (0.1% polyvinylpyrolidone/O. 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 plaques were iso- 
lated and digested with EcoRI. The resultant 1.8 kb DNA insert was 
subcloned into EcoRI site of pBluescript KS(+). Deletion clones were 
obtained by using ~xoIII/Mung bean nuclease deletion system and the 
single-stranded DNA were prepared using M13K07 an helper phage 
161. DNA sequencing was carried out by dideoxy chain-termination 
method using an Ml3 sequencing kit (Takara Shuzo Co.), a 7- 
DEAZA sequencing kit (Takara Shuzo Co.) or a Eta BEST Dideoxy 
Sequencing kit (Takara Shuzo Co.). 

2.2. COS-I cell expression 
A 1.580 bp cDNA containing the entire codon region (nucleotide 

position 30-l 609:P) and a 1,433 bp cDNA lacking the 5’ region encod- 
ing the putative extension (mitochond~al leader) peptide (nucleotide 
position 177-1~~M) were amplified by Polymerase Chain Reaction 
using synthetic primers with XhoI and Sac1 sites. The amplified DNA 
fragments were cloned into an expression vector. pSVL (Pharmacia 
LKB) at X/z01 and Sac1 sites. The two recombinant plasmids, pSVL/P 
and pSVL/M, and pSVL (no insert) were transfected to 2.2 x lo5 
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. P4SOscc activity was deduced 
by measuring levels of pre~enolone by radioImmunoassay as de- 
scribed previously [7]. The anti-pregnenoione-3-Succ-BSA serum 
(Teikoku Zoki Co.) crossreacts with pregnenolone, progesterone, and 
deoxycorticosterone at lOO%, 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, 17b-estradiol, and cortisol. 

2.3. Northern bfor analysis 
Northern blot analysis was carried out as described previously [4]. 

The 1.789 bp cDNA fragment was labelled with [a-3’P]dCTP using the 
Random Primer Plus Extention Labelling System (NEN) as a probe, 
and hybridized in 5x SSC, 5x Denhardt’s solution, 0.2% SDS, 200 
&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 P45Oscc, 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 PvuIIISuu3AI 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 P45Oscc 1.8 
kb-long insert contains an 1,542 bp open reading frame 
starting from the first ATG codon and terminating at 

- -- 
-- 

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 5 14 
amino acids (Fig. 2). There are direct repeats (4 times, 
core sequence: CAGTGATATCATGAAGCCTCTA- 
CACAGCAGA) starting from 3 bp upstream from the 

240 

300 

360 

420 

480 

54c 

600 

660 

720 

780 

840 

900 

960 

,020 

LOB0 

,140 

2200 

1260 

1320 

1380 

1140 

1500 

1560 

1620 

1680 

,740 

,789 

Fig. 2. Nucleotide and deduced amino acid sequence of rainbow trout 
P45Oscc. 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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Fig. 3. Comparison of deduced amino acid sequence of rainbow trout (Trout), human, bovine, pig and rat P45Oscc. 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 P45Oscc in a non- 
mammalian vertebrate. Therefore, we compared the de- 
duced amino acid sequence of rainbow trout P45Oscc 
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 P45Oscc [5]. The rat 
[8], bovine [9] and pig [lo] P45Oscc 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 P45Ocl7 (17a-hydroxylasell7,20-lyase cyto- 
chrome, 4648%) and in cytochrome P450arom (aro- 
matase, 52%) [4,11]. The regions of greatest similarity 
between rainbow trout and mammalian P45Oscc were in 
the heme-binding region [12] at residues 451471 (71%, 
15 identical/2 1 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 P45Oscc sequences, a recombinant expression 
vector containing either pSVL/P or pSVL/M was intro- 

duced into COS-l, 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 P45Oscc 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 r-&plate) 
than did pSVL/M (2.6 &plate), pSVL (no insert, 3.0 
ng/plate) or no vector (2.6 &plate) (Table I). This re- 

Table I 

Activities of rainbow trout P45Oscc in COS-I cells 

Pregnenolone (@plate) 

48 h 120 h 

pSVL 2.8 3.0 
pSVUP 12.9 23.2 
pSVWM 2.5 3.1 

The recombinant plasmids, pSVL/P, pSVL/M, pSVL (no insert) were 
transfected to 2.2 x 10’ COS-I cells. After 24 h. 2 nmol/ml of 25 
hydroxycholesterol was added and 48 or 120 h later, pregnenolone was 
extracted. P45Oscc activity was deduced by measuring levels of pregne- 

nolone by radioimmunoassay. 
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ABCDEF 

Fig. 4. Northern hybridization of poly(A)* RNA (2 pg) 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 (rmmature); (F) postovula- 

tory follicle. 

suit clearly indicates that the 1,580 bp insert codes for 
rainbow trout P45Oscc. 

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 
P45Oscc. 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 P45Oscc 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 P45Oscc 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, 1701,2Op- 
DP. The factors involved in increasing the abundance 
of P45Oscc transcript remain to be determined, although 
CAMP and several nuclear proteins have been impli- 
cated in mammalian systems [14-l 93. 
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