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ABSTRACT : 17 ¢ -hydroxylase/17,20-lyase(P450c17) is the key enzyme mediating the conversion of progesterone to 17 ¢
-hydroxyprogesterone, ultimately to androstenedione during steroidogenesis. R. dybowskii's ovarian P450ci; cDNA was
cloned to understand the regulatory mechanism of ovarian steroidogenic pathway at the molecular level in amphibian. A
2.5kb ¢cDNA clone encoding a single open-reading frame with a 519 deduced amino acid was isolated with the screening
of ovarian ¢cDNA library. This sequence contained the three highly conserved domains as seen in P450c17 of other species.
The comparison of amino acid sequence of Rana P450c;; with other animal's P450c;; showed relatively high identity with
76% in Xenopus, 63% in chicken, 60% in rainbow trout, and 45% in human. Phylogenic analysis also indicated that Rana
P450c17 gene was evolutionary well conserved among vertebrate. Northern analysis indicated that the two different sizes
of P450cy7 transcripts with approximately 2.5 and 3.6kb were detected in ovary tissue, but not in other tissues. The
expression vector of Rana P450c17 clearly showed the 17 @ -hydroxylase activity converting the exogenous progesterone into
17 @ -hydroxyprogesterone in the nonsteroidogenic COS-1 cells. Therefore, Rana P450c17 cDNA is very useful to investigate
the molecular mechanism of the ovarian steroidogenesis in amphibian.
Key words : P450.17, Steroidogenesis, Ovary, Amphibian.
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INTRODUCTION

In amphibian, it has been well established that the oocyte

growth and maturation are regulated by the steroids produced by

ovarian follicles under the control of gonadotropins(Schuetz, 1985).
Many studies indicate that the estradiol(E,) produced by follicle

cells stimulate the synthesis of yolk protein in liver of female
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frogs(Wallace and Bergink, 1974; Schuetz, 1985) and the fol-
licular progesterone(P4) is also very important to stimulate the
meiotic resumption before ovulation in Xenopus and Rana(Masui
and Clarke, 1979; Maller, 1985; Kwon et al., 1989). Thus, inves-
tigators have believed that two ovarian steroids are physiologi-
cally important to ovarian function in the frogs. In Xenopus, the
steroidogenic shift in follicle was in first reported by Fortune
(1983) that the medium-sized follicles mainly produced E, but
thé\\large follicles only secreted testosterone(T) and Py4. Steroido-
genesis in Rana has been studied that E; was mainly produced

by the medium-sized vitellogenic follicles, T by the intermediate-
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sized follicles, and P4 by the fully grown follicles(Kwon et al.,
1991). During the development of follicles in Rana ovary, it ap-
peared that the steroidogenic shift is closely related to the
changes of specific steroidogenic enzyme activity(Kwon ef al,
1993, Kwon & Ahn, 1994 Ahn et al., 1996).

Steroid 17a-hydroxylase converts pregnenolone to 17a-hydroxy-
pregnenolone and converts progesterone to 17a-hydroxyproges-
terone. These hydroxylated steroids may then be converted to de-
hydroepiandrosterone and androstenedione. These two enzyme ac-
tivities are carried out by a single enzyme called cytochrome
P450c;7 in all species revealed the nucleotide sequence of its
¢DNA until now(Hinshellwood et al, 1993). In amphibian, the
change of steroidogenesis enzyme activity during the development
of ovarian follicleswas reported(Kwon et al., 1993; Kwon & Ahn,
1994) and the steroidogenic shift in the cultured ovarian follicle
at breeding season was also studied(Ahn et al,, 1993; 1996). It is
thus strongly suggested that the increase of P4 concentration at
breeding season, which is a pivotal role in the induction of mei-
otic maturation, be closely related to the decrease of P450ci7 gene
expression in frogs. To completely elucidate the steroidogenic
shift during amphibian follicle development, it needs to examine
the expression of gene encoding steroidogenic enzymes.

Thus, afull-length of cDNA encoding frog P450¢;7 from theo-
varian ¢cDNA library of Rana dybowskii has been cloned and the

result has been reported in this paper.

MATERIALS AND METHODS

1. Construction of Rana dybowskii Ovarian Follicle
Cell Layer cDNA Library

All other molecular biology techniques except the indicated
method used in this experiment were performed as described
previously(Maniatis et al., 1989). The adult female frogs, Rana
dybowskii, during hibernation were collected under a rock of
mountain stream in area of Kwangju, Korea and kept at 4C
before use. After injection of frog pituitary homogenate(0.05 ar-
bitrary unit, FPH) to stimulate steroidogenesis(Kwon et al,
1989), the follicles of different stage were obtained from the
ovaries. The follicular cell layers were prepared by squeezing
out the yolk part of follicles and rinsed three times with phos-
phate-buffered saline (PBS, pH 7.4). Total and poly(A)'RNA

were isolated by guanidium thiocyanate-CsCl gradient ultra-
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centrifugation and oligo d(T) chromatography method, respec-
tively. About 5mg of poly(A)+ RNA was converted into a dou-
ble-stranded ¢cDNA with ¢cDNA synthesis kit(Pharmacia) and li-
gated with EcoRI-Nofl linker. Linker ligated-cDNA was in-
serted into lambda ZAP II vector(Stratagene) and added into
phage lysate according to supplier's protocols. The average
number of cDNA insert efficiency ligated with lambda phage
DNA was~1x10%ug and the average size of cDNA insertwas
~1.8kb. The constructed cDNA library was amplified and used
for the screening of frog P450ci7 ¢cDNA.

2. Probe Preparation

From the conserved domain of the deduced amino acid of
P450c17 cDNA known in other species, two sets of degenerated
oligomers were designed for polymerase-chain reaction(PCR).
Primer set 1 is 5-GACATMTTTGGGGCHG GNGTGGAGACC-
3" and 5-SCCNGCCCCAAAVGGCARGTARCT-3'. Primer set 2
is 5-GGIGGIGGNVINGARAC-3' and 5-IATIAGIRKNGMNACNGG-
3'. PCR reaction with Rana dybowskii follicular cell ¢cDNA li-
brary was done with thermal cycler and AmpliTaq polymerase
(Perkin-Elmer). Primer set 1 and 2 was produced about 420bp
and 220bp DNA fragments, respectively, as expected. In the pri-
mer set 2, EcoRI site was tagged and used for the cloning of 220
bp of PCR product into pBluescript vector(Stratagene). The se-
quencing of 220bp of PCR product indicated that it encoded the
highly homologue sequence with P450c¢;; of other species(data is
not shown). The PCR cloned 220bp fragment was labeled with
2P by random primed method(Feinberg and Vogestein, 1983)
and used with probe for isolating frog P450ci7 cDNA.

3. Screening, DNA Sequencing and Analysis

Approximately 2.0x10° colonies of Rana dybowskii follicular
cell ¢cDNA library were plated and transferred to nylon mem-
brane(Hybond-N, Amersham). Plaque hybridization and the con-
version of positive phage clone to plasmid vector were done ac-
cording to manufacture's protocol(Stratagene).

The ¢cDNA sequence was commercially determined with an
Applied Biosystems DNA sequencer(Prism 877 model). All nu-
cleotide sequence analysis, including primer design, finding of
open-reading frame, the sequence comparison and phylogenic
analysis using ClustalW algorithm, was performed with Mac-

Vector 8.0 program(Accelyrs).
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4. Northern Blot Analysis

Total RNAs were isolated from various tissues of the adult
frogs captured in spring by guanidium thiocyanate-phenol-chloro-
form extraction method(Chomezynski and Sacchi, 1987). Thirty
mg of total RNAs were separated on 1.5% formaldehyde dena-
tured agarose gel and transferred to nylon membrane. A full size
of frog P450ci7 cDNA was used as a probe. Northern filters were
hybridized with probe, and then the washed filters were exposed
to X-ray film(Kodak) for 2 days.

5. Enzymatic Activity of Rana P450¢+7

A 1.9 kb of Rana P450c17; cDNA, including a complete open-
reading frame and a poly(A)™ additional site was inserted into
Hindll and Psfl site of pCDM8 expression vector(GIBCO-
BRL). The resulted recombinant expression vector was purified
by CsCl-ultracentifugation. COS-1 cells were cultured onto a 35
mm dish with DMEM(GIBCO-BRL) plus 10% fetal calf serum.
Transfection of Rana P450c1; expression vector into COS-1 cell
was carried out by using Lipofectamine(GIBCO-BRL) according
to manufacture's protocol. After 48hr culture, 1 #mCi of “C la-
beled-progesterone(98Ci/mol, Amersham) was added. After in-
cubation for 7 and 14hr, the steroids containing into media were
extracted. The steroid metabolites were analyzed with thin-layer

chromatography(TLC) as described previously(Sakai ef al., 1992).

RESULTS AND DISCUSSION

To isolate the cDNA encoding P450¢7 in frog, the cDNA Li-
brary from poly(A)” RNA isolated in the ovarian follicle cell lay-
ers of hibernated frogs, Rana dybowskii, was constructed. The hi-
bernated frog's ovary substantially contained a very small amount
of total RNA and poly(A)" RNA(data is not shown). It scems to
be reflected on a lower cellular activity during hibernation. So,
FPH was injected into the female frogs to stimulate the steroido-
genesis and then placed at room temperature for a certain period.
The sufficient poly(A)" RNA from the follicle cell layer of ova-
ries was isolated, pooled, and constructed cDNA library as de-
scribed in Materials and Methods. It suggests that ovarian func-
tion and steroidogenesis may be directly controlled by gonado-
tropin at even the hibernation period in frog.

Ten positive clones were identified by screening approx-

imately 2x10° plaques using a PCR cloned partial cDNA frag-
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ment of P450¢,; as a probe(Details see Materials and Methods).
The longest clone with approximately 2.5 kb insertwas chosen
and sequenced. The complete nucleotide sequence of frog
P450cy7, as shown in Fig. 1, contains a single open reading frame
of 1557 bp encoding 519 amino acid, a relatively long 5'-un-
translated region of about 800 bp and 183 nucleotides of 3'-un-
translated region. A putative poly(A)” addition signal(ATTAAA)
is found 163 nucleotides downstream from the stop codon and 14
nucleotides upstream from the poly(A) track. The sequence of
Rana P450¢17 cDNA has been deposited with the GenBank data
library under Accession number AF042278.

The deduced amino acid sequence of the Rana P450ci; was
compared with that of Xenopus(AAG42003), chicken(P12394),
trout(P30437), human(P05093), and rat(P11715). The result of
comparison with ClustalW algorithm is shown in Fig. 2. The
identity of amino acid sequence is greatest between frog and
Xenopus PA450c17(76%), closely followed by chicken P450¢;
(625%). There is a significant drop in homology when compar-
ing frog enzyme to human and rat P450c7(45 and 44%, re-

spectively). As expected, the two highly conserved sequences
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Fig. 1. The nucleotide sequence and deduced amino acid
sequence of Rana P450¢;. The amino acid sequence
deduced from an open reading frame is shown below
the nucleotide sequence. Numbers in left indicate the
position of nucleotide. The putative poly(A)” addition
signal, ATTAAA, is undertined. The sequence has
been deposited in the GenBank as accession number
AF042278.



130 Hae-Mook Kang Lo W B
0.169 :
Rans mu.trm.xrmsru.mu)a.vanmnmamsmnmx:m:mm:Lun.nmmu.rcmomw 0.015 chicken
ZXezopus 813 IAGALLLAT CLAL IJWGHEAL- -XHEG AKYRNSLPC LPT1G SLLKI WIGLPPHILTCHLOEKYLS :
Thicken ALLC AIRL3 Y3 (0GP - TETE 0.119
Trow Hammwr:vmumwms -LETRGG- - --PPSLPVFPLIG SLLSLRSNQAPHVLEQKLQ QHYGH 0.051 Xenopus
Faman MUELVALLLLTLAYLIUPKRECPG- - - - - - AXYPKSLL3 LFLVG SLPTL PRHGHUHHSFFKLQKKYGP =091 i
Rat Hmvnmxuvrmmxmo ------ AXLFRSLP3 LPFL MLQEKYGP 0.119
TR * £ 22 Rana
0.091
30 120 150 0.108 .
Reme  LZITVEG GGRPRTVTTD ILTHD GKDI AFADY SPTUK THNMMVESALIMEG EGTVA 0.021 zebra fish
Xemopes LY STROGIHYIVI DILTRRAKDI AFANY SPUKE LSMEGECTVA -
Chicken LYGLE v ACRPRTUTTDLLYRG GKDI AFASY GPLUKT (RKL VHAALIMFGEGSUA 0.092 .
Trovt  TZSLPMEPHTVILVNHH QMAYEVLLKKGKIT ACRPRTVITDLLTRD GKDT AFADY GATURFHRKTVHGALCHEGECAT minnow
Human 1P SVEMCTKTTVIVGHH QLAKEVLIKKGKIF SCRPQBATLD IASHNRKGT AFADS GAHJQLHRRL AMATFALFX DGDQK 0.044 0.084
Bat w:m.urmvxxr,m‘utmm.xxxr.msnwuwrum.snunxwarm\nsxwﬂumvrﬂr:mcm ® 0.115
P DR AR xrar £ 2kaL 2 * axx x, * x B eel
Rana u:oxunmn.cmnrumPl.wmxmmwc:x.tmmv mnmmu?xxuwmms LuDIT 0147 trout
Xemopws 1EXITSREATSLUQSLI STQDNPL X UPEF] VITVAKDS - LVDIT
Chicken mxumm;umnuumumm’rmmwc:Ltmx:? mnmmuvmuwmms -LVDIF 0.153 X
Trewe  IEXIICREALSLCDTLRESGSASLDL SPELTRAVINVUCSL UF333 Y- (R (IPEFEAMLOTS QG VDTUAKDS - LUDIF - bovine
Human  LEXIICQEISTLUDHLATHNGQS IDI STEVFVAVTHVISLI CTHTS Y- KN GOPEL KV QRYNEGT IDHL SKDS - LVDLY 0.024
Rat LEKLITQEAKSLCT#HLAHDKE SIDL STPIFMVTRT IEAT CFRI 3 YEKN -DPKL TATKTFTEG] VDAT 6~ IRNLVDIT — 0137
ALxa an T e, e e e e, 0.001 : human

240 0 300

Ranaz FULOIFPXXDLD ILRQS VAARD QLLOKK I HE HKDAF ( GETVKDLVD ALLK AKLMYEHIN- - - 334 3 QDV GLTED KILMT

Xeropus PWULQIFPRKDLD ILKRS VAIRDKLLQKXKLXEHKEAF CHEEV NOLLDALLK AKLIMENMH- - - 301 3 QEV GLTDDHLLMT

Chicken PWLQIFPEROLALLKRC LXVRD QLLQ QXETEHKEAF € CITV RILMDALLQVRLRA LN - - - - 3PLEPGL ELTIDHLIMT

Trowt  PULQVFPBABLRLLKGCVSIRDXLL ALLRANRSAEIT - AEIT

Human PWLXIFPRXTLEXLX SHUKIRNDLLNXILENYKEKT R3D3 I TRALD TLMQAKMNE INGH- -ACPD QDIELLIDMHILTT

Rat WLT!X'PW(HIV[KEYMMTGII'D([W'DSQSI 33LTD ILIQAKMNS DWS CEGRDPD- - VFSDRHILAT
Farery

ara axt % Lxoa

260 390
Rar2 VG DITGA GVETT STVLKWAVAY LLHY PEVQK KT QEELDVKY T 7RY PLLS DRKILKYTEAAISEVLRIRPUSPLLIFEV
Xemopus VGDITVAGUETT TTVLKWIMAY LLHY PEVQTKI QEELDFKV GFGRHPVLS DRRIL PYLDA TI SEVLRIRPVAPLLIPHV
Chicken VGDIFGAGVETT TIVLXWAVLY LLHY PEVQK X1 QEEMDQKI FLARHPHLS DRPLL PYLEATI SEGLRIRFVSFLLIFHV

Trowt  VGDIFGAGVETT IAYLI ;DRT PQL3 DIRGSL PYLEATIREVLRIRPUAPLLIPHV
Moman  1GDIFGAGVETTTSWWKWTLAF LLEPQUXK XLYEE IDQHR? GEIRT PT1 5 DRMRL LLLEA TIREVLELE PUAFLIPHK
Rat VEDIPGA GIETTTTVLRUILAT LVHH PERK L OKE 1DV GF YT LMLEATIREVLEL TPHX
LKRES AR ARR_ A RK L AR A& L AR A B 3 Ak 8 2 %% 8% KA A ARAE

40 450
Rama ALKEISI GEVTI PKEARVUINLWSL PDRIL PSFLPFGAGI R7CL GEALY XMEVE
Xemopus AL(ESSIAEYTI PUDARVVINLUSL WPERE QSYLPTGAGI RUCL GEALA KMEVE

THSPSPIYLPTHAGI RVCL GEVIAXMELY
TP RILNELGTGLC IPS PSYLPTGALWRVIL CEALAXMEIF
LMPAGTQLI 3PS VSYLPTGAGPRIC I GEILA RQELF
EALARQELT

Chicken SLADTSIGEYSIPKGARV
Trout AQTDTI I GKFTVRKGARTIIHL
Bhornan ARVDS3I EVIIHLUAL

Rat ANVDISIGEF LIPTGESHLITPT Q3YLPEGAGPRICI G

LORR L L L LLUARALRR 22 % R £ KRR R R % ARARAR A R A% AR A2

480 510 Identity(h)
Rare LFLSWIL QRETLEVPEG D-PLPDLEG KF GV I QVKPFXVTAKLEEVUKNI EIVT
Zeropus IILSWILWTLH—PADD SLPDLDG KF GV LYVKK FRVTTKLREA (XMI DLTT 6.0
Chicken "LANNL QRFTLECPQ- DW!I&E)&'GWLWW(!WWMHBGEM 65.2
Trout D"’ SWIL P SLEL KT LV LQPVK TPRAGIEKI HLOTS 51.9
Human LIMANLL QRFDLEVPD- DEQLP SLEG I PKWFLIDI FKUKI KVRQAUWREA QALLS T 4.9
Rat VITALLL QRFDLIVSD- m(mmnmn!mnmxmmmmn 43.6

Fig. 2. The comparison of the deduced amino acid sequence
of Rana P450¢,; with other vertebrate P450ci7. The
aligned sequences of P450ci; are Xenopus(AAG42003),
chicken(P12394), trout(P30437), human(P05093), and rat
(P11715). The sequence alignment was performed with
ClustalW algorithm. The three conserved domain iden-
tified in P450c1; gene family, the conserved P450ci;
sequence, the conserved Ozol's tridecapeptide region,
and the conserved heme biding domain are located at
amino acids 325-348, amino acid 374-401 and amino
acid 464-483, respectively. These parts are highlighted
with box. The gap indicates sites where the comparable
amino acids are not present. The identical sequence is
marked with asterisk and the homologous sequence is
marked with dot below the amino acid sequence. The
percentage of amino acid identity between frog and
other species P450c¢i7 is noted in the end of sequence

alignment.

of different P450c17 gene families, the putative heme binding do-
main(Gotoh et al, 1983) and Ozols tridecapeptide sequence
(Ozols et al., 1985) show high degree homology within P450¢;
from these six species. Also the highly homologous P450¢7 se-
quence noted by Ono et al(1988) is present in Rana P450cys.
This comparison suggested that the cloned Rana P450c;; ¢cDNA
is well conserved the feature of P450ci7 enzyme among verte-

brate.

002 [y
0.073 rat

Fig. 3. Phylogenic relationship among vertebrate P450¢,;. The
tree was constructed by MacVector program(ver. 8.0),
using the neighbor-joining method. GenBank accession
numbers of P450c); enzymes are followed; bovine,
P05185; chicken, P12394; eel, AAR88432; human,
P05093; minnow, CAC38768; mouse, P27786 rat,
P11715; trout, P30437; zebra fish, XP092837; Xenopus,
AAG42003. The number marked in phylogram indi-
cates the distance between nodes shown in phyloge-
netic units. A value 0.1 corresponds to a difference of
10% between two species.

For a detailed analysis of the relationship between vertebrate
P450¢i7 enzymes, a phylogenic analysis was performed. The ami-
no acid sequences of 11 well-characterized vertebrate P450c;
were aligned using the neighbor-joining method(Fig. 3). The re-
sult was generally consistent with the previous analysis(Sakai et

, 1992; Arlt et al., 2002). The frog P450c7 is evolved from
fish P450¢;7 and diverged according to the divergence of frog
species.

Northern analysis showed that the total RNA of ovary tissue
only hybridized with the frog P450ci; cDNA probe, but other tis-
sues such as liver, brain and kidney did not transcribe the mRNA
of frog P450ci,(Fig. 4). Two mRNAs of P450¢;; with 2.5 and
3.6kb were detected in the ovary tissues. The smaller size, 2.5
kb of mRNA, may be a final transcript for the translation of frog
P450c; and 3.6kb mRNA may be a primary transcript of
P450c)7. Alternatively, it is possible that two forms of frog
P450¢7 gene transcripts may be produced by an alternative splic-
ing or the use of two polyadenylation signal, as well established
other steroidogenic enzyme genes such as aromatase in human
(Dooby et al., 1990) and rat(Dooby et al., 1991; Leophart et al.,
1990). And it seems to be reflected on a different transcriptional

regulation in frog P450c1; gene expression unlike other species.
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Fig. 4. Northern blot analysis of Rana P450¢1; gene expression.
Total RNAs were isolated from muscle, kidney, liver,
heart, stomach, brain, and ovary of the adult frog
captured at spring and probed as described in the
Materials and Methods. Numbers in the right panel
indicate the position of ribosomal RNAs. Arrows mark
the position of 2.5kb and 3.6kb transcripts. M: muscle,
K: kidney, L: liver, H: heart, S: stomach, B: brain, O:
ovary.

After insertion of the full-length Rana P450c; ¢cDNA into
pCDM8 expression vector, this plasmid was transfected into
COS-1 cells. The activity of the expressed P450c;; enzyme was
examined by adding the exogenous progesterone. As shown in
Fig. 5, the exogenous progesterone was converted to 17a-hydro-
xyprogesterone at 7hr-culture group and its amount is clearly in-
creased in a 14hr-culture group. In addition, the androstenedione
band was appeared with very weak intensity in a 14hr-culture ex-

tract(Data is not shown). The same result was confirmed by

7 hr 14 hr

e« P,

€ 170-OH-P,

A B Cc D A B C D

Fig. 5. 17 a-hydroxylase and 17,20-lyase activity of the cloned
Rana P450¢;7 in COS-1 cells. The expression vector
was transfected into COS-1 cell and incubated with
"C-progesterone. After culture for 7 and 14hr, steroids
were extracted from media. The steroid metabolites
were separated onto thin-layer chromatography and
exposed onto BAS reader(Fuji). A: COS-1 cell only, no
transfection; B: pCDMS vector only, no P450¢c17 cDNA
insert; C and D: Rana P450¢i7 expression vector. The
arrows in left panel indicate the position of P4 and 17 &
-hydroxyprogesterone.
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the steroid radioimmunoassay(Data is not shown). Thus, it means
that the cloned ¢cDNA has not only 17a-hydroxylase but also
17,20-lyase enzyme activity. The same enzymatic activity of
P450cs7 expressed in COS-1 cells has already been reported in
other species, human(Lin et al., 1991), rat(Fevold et al., 1989),
and trout(Sakai ef al, 1992). It thus indicates that the cloned
cDNA encodes the frog P450c17 enzyme.

Therefore, the cDNA encoding frog P450c1; in Rana dybow-
skii has been successfully identified and characterized. It is very
valuable to study the mechanism and regulation of amphibian
steroid synthesis related to amphibian reproduction cycle at mo-
lecular level. This work will ultimately be elucidated the mecha-
nism of steroidogenic shift occurred during follicle growth and
the control mechanism of the plasma progesterone level involved
in the meiotic resumption of oocyte maturation in amphibian.

Ovarian progesteronc is the natural trigger of amphibian oo-
cyte maturation, known to the resumption of meiosis arrested at
diplotene stage(Masui & Clarke, 1979). It has been well estab-
lished that progesterone induced the activation of maturation pro-
moting factor(MPF) via membrane-bound progesterone receptor,
but not nuclear progesterone receptor(Maller, 1985). However,
the recent evidence has strongly indicated that androgens, rather
progesterone, are the dominant physiological mediators of oocyte
maturation in Xenopus(Lutz ef al., 2001). Progesterone is rapidly
converted to androstenedione in the isolated oocyte, indicating
the involvement of P450¢;7 as the primary enzyme mediating this
process. It has suggested that P450c1; might be expressed in the
oocyte themselves, but rather than in follicular cells. Therefore,
it needs to examine the expression of P450¢i7 in Rana oocyte be-
cause it has been well established that the oocyte maturation of

Rana species is also mediated by progesterone.
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