BIEOa L X7 — ) VHISEEIWTEE = (P450scc) cDNAD

7 0—= v 7 I HGEBRE BT B BB OB

= 18 x f#F

¥ oo® 4 F OE

(19 9 2 )
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F¥ i

ZRNEEWOREB T, MMM LR (ORI C A, BIEEI S 2 0.
ORI XN A CA R BRI L B O, fiR0@ o, BESE LB LT
B L 2 B, FAHEBIY THBRO RO SR ozt LR s b,
BREUREOFRTFL (NS aRENICEV L, Hc i E L 2250 1158
BGHEAVEYOERAICL ) | BEGHELEMES ¢, RO MNEIZAT 200 RAH
BRERTRBTRLINE 25, ZOINEMLLGEBIBLHR S N5 F TO—HD BT
PONKER & i 5 8 TH B,

FHBN DRI T3, MR PE O DM & S0k AL 2 & % 2 iR 4% A5 4 8y
FEffle 2 ML h B tr (Nagahama, 1983; Martin, 1985). JUE#IB OB RIEE 52
BEOREMBTER SN OWE, L LA FOA FRLECLBHB IR
Twd, Whillgizs i 2HA N ohdid, BTEES S SN S U2 R E 80k
VEY (GTH) 12 & D IMCHEM SR T, JHRIRO R £ RIS 2%
d, ECRABREACWTHBII L SN TELD, 08 TEMZN, BRESHITFE
(Martin, 1985, Richards, 1979, Richards, et al., 1987) T& 9. INEROEF » HH
THRNEVHERFLHBEL T, 2062 LM ME T2 &) Bz s A bk x
NTWwiwv, WEHTIOSTFOMFASRETH 2 LR AR, WY % B RCHEH
KIMLTWaZ EdhiTons,

AHOIL, FHBYIC BT LIBOEESCHAD RN € S HEEEY BT TARE L
TWORDOREHD L, &I, EL O r BAKOEMANE—EIi—EThH A7
O, R LR OTHANTITEL ML TE Y, SR ONRE R
HEETFLHEML, FETD LI i35 i@ L T 5 (Nagahama, 19872).

ZOEHEFEEE,LT, IRFTIFrBAEYEBNE L LTS 2z s L
CEE, LTFO@ENThL, £, HEREMET AE KA LT VR TR BT ERES
AW ENBEFIREBALE L (CTH) THEZ WS DIZEN, FOIEREN
thse 2 17z (Kawauchi, et al.,1986; Nagahama, 1987a). ¥ 7z. GTHIZBPEEHHAL % HL Y
Mgttt oREMRE ICEEL, MAFo A FRLEOBEEREL, ZokL
EVHPHORERLRALHB T2 LWL pIc SN, S5, WomE (173-



Estradiol) &J&# (174,20 8-dihydroxy-4-pregnen-3-one; 174,203 -DP) % e =
EHANEVPHBES N, £ROMEE ST 5 (Nagahama, 1987a)s % 8174,208
-DPix. TREEEDY THE--[5E 8 AR RV £ TH % (Nagahama, znd Adachi,
1985, Nagahama, 1987b) 7. DRUSMISIEE% HMSHIIR & B REAELRE & |2 40BE L T
BEL, (THOFAL FTOAF O A FEEZSVTHALHELY, NIZRT LS %
2RI B 7 U H3EM S LT v % (Nagahama et al., 1985, 1987b; Young et al.,
1986, Yoshikuni et al., 1989). 17 g-Estradiol BRI L., & OME & 4 5
FUNIETHLIET O OEEREL, NGB O ERL L -0+ (%R
Be) (Wallace, 1981}, WNBERMBMOSETICH &S | BT T & CTHD 282 40 A%
SO BTElA G SR BUE L TR RER ANV E S THD1Ta, 208 -DPREETS
LR, TORVEZOMHE TINERAT S (IIB) (Nagahama, 1987b,
Kanamori et zl.,1988),

Mlicd b L9, WEERIEESRLE D17 g-Estradiol. RUIIRBRER kL £
Y017, 208-DPid, WTFRLILAF I LA LIET A OB L TAERS
NaeEz6N5 (K2) o K2, 2704 FABBBOBEEM I L2700
PHT VLT F )M ~ODERORIGTH D ESbRTwh, ZORIGEiE+ 28513
VAT — L gItI¥sE#E (cholesterol side chain cleavage cytochrome:
P450sce) Th b, TOBEIEF M7 O - LPORIIETLEANLY VIV ATH B, B
T b P450scc i BRIRNLAIIEIZ 31 217 8 -Estradiol ®17 « . 20 3 -DPO A RIS EE 28
ER LTV EHBEINIY, T CIOBEONERARIIBIT A >nwTid
L GO TIHEASRER TRV,

£ I TAMEIE, REOPS0sce D& & IR ARIC B 2R E ST L L Tl
LT HHMTI e o7z, MEMEE L TARMBRORLZ —BofarHwi, =9
< A (Oncorhynchus mykiss) (X4 7 BHACECE L, Si0—NERT 500, HEKD
BRI EEMIZET LB RBUINCH 7)) M2 5% IS D W LRERB D
% IS L TE R, £70, FEATREITH B oK S & ki
MFE & DB RATTRE TS B —7. AFH (Oryzias latipes) 13, HLE L Hdk
HEREETLILCLY, U ERANCERSEEI LA TEL, T4, IFEMICE



SESERERBOWFHFALTED, ~HOKHNTEEBOMNE#B L LA TE2
EVH R DD D,

AL TS, VT ARF AT A L YP450sce cNAR 7 O — 07 L, = U< A4z
PVTHERYELERDRLHDNAE . EOEMLCOS-1MB~D b5 v 27 22
a YERICIYFS ZODNADPLSOsccTH L L F PO, 252, 2 DcDNA
ORI NET I VBEFTETTIDNAF 7 O—2 v FERTWEAABOREILED b
DEWBEL/ e K2, BLDRERKICH LI SmRNATERL, / —F 7oy b
BRATIZ X O L BB MY ) SNBSS TOmRNAD R L Bz, S 60, SREL 703K
AR & BREIORE 2 CTHOFFAL, FEAET CHEEL, BEFOKX MR T B
(7 AP450scc mRNAD R %, / — ¥ 70y MENKIZL DB/, BHEID. whole
mount in situ hybridizationi#iZ & . =< 2K BT B P450scoilt{mT- D4T S
B UVERAL % 47 L 72,



B R

17a, 20B-DP 17a, 20B-dihydroxy-4-pregnen-3-one
170-0H Prog 170-hydroxyprogesterone
BES N, N-bis(2-hydroxyethy!) -2-aminoethane
sulfonic acid
EDTA ethylenediaminetetraacetic acid
GTH gonadot ropic hormone
HSD hydroxysteroid dehydrogenase
Hepes N-2-hydroxyethlpiperazine-N"-2-
ethanesul fonic acid
MOPS 3-{N-morphol ino) propanesul fonic acid
P450arom aromatase
P450c]7 17a-hydroxylase/17, 20-1yase
P450sce cholesterol side-chain cleavége enzyme
PBS phosphate buffered saline
PFA paraformaldehyde
SDS sodium lauryl sulfate
SGA chum salmon partially purified
gonadptropin
Tris Tris(hydroxymethyl) aminomethane




EEEY
=¥ X (Oncorhynchus mykiss) \$#2~44EMH (M) % @RIEE» B K5
KENNEEGEAS (BEE) X BA L, BAK, ARI0Z2COAETHEEL, 1
W LAPIIC ERE I 72,
A A (Oryzias latipes) ($7Ki26 £1°C, 14RFHIIHIH, 1085R B &4 FCTHEB L.

BHERLT R L0k o @4 BB W,

B DML

=V~ ARingerii DL (pH 7.8)

150mM NaCl
3mM KCl

0. 3mM MgS0,
1mM MgCl,
3mM CaCl,
4mM Hepes
6mM glucose

pHiZ, IN HCiTpH 7.8i030%
0.1g/! WilgEA ML T b A Ly, W0TTHE/] $8RZ L VGHY T A AT,

A ¥ HRingeril®@ DR (pH 7.3)

111mM NaCl
5. 4nM KCl
1nM CaCt,

pHiZ. 0. 1N NaHCO, TpH 7.3 3%
0.1g/t WEEA R LS b A2y, 10TTHAL/L RN =) Ch ) ARz 7.



I. PA50sccBIZFDI -2
L. ik

A, VT APAS0scellm D7y a— o
a. M#E
WSRO BER: U< AUHABEFTL, BEAPSRME4T% - /2%, BB L TS
L7z, R % = U= ARinger THRGHH Y >t PR L, KOH % SRS »
S— oML,
BN & BRI o Bl BB L 22 aRRIE 2Ok LA = ¥~ ARinger#i s
wit, BEHRY Yy PTHRBIICRERY. B ABREL. Yoty b OREHRE
b B ARG & & L7
oRNADFRIEH 70 BB L 7ol g = ¥ < ARingerllFICEB L, 50 mlF 2 —7
KRLECRLLE NS RE L, RRICZ V< ARingerl 2 MA . Lifo& b A
A AT THOE)ELNETERE LR, MASERETIERE L, 80Tk L
720

b. mRNAIH
HWARAE SN /- IV £ FastTrack mRNA Isclation Kit {Invitrogen) %\, kit

OFEIE Vv poly A RNARFEARLL 7o,

¢. Northern hybridization

RNAD BEIKENL1% 7 7 90— ZA/MOPS/7Rk )V & 7 W F ke FEMS VTR - 72, Hybond
N (Amersham) +4 T > 2 ¥ 7' L ¥ ~vacuum blotZ& (VacuGene XL,Pharmacia LKB) T
TOY T AT R0l TAy T A YT, AV T LY ERTA — TV TR
ME L7, 70— 7%&F & \vhybridization®H# [5 x SSC (0.75M NaCl/0.075M
sodium citrate), 20%F 7-(330% formamide, 200 p g/mlZEMtherring sperm DNA,S x
Denhardt’s {0.1% polyvinylpyrolidone/0.1% ficoll type 400/0.1% bovine serum

albumin fraction V), 0.2% SDS, 10% dextran sulfate] T42C, 1 ~2RFH®

prehybridization?®#., S~V LA 70— 7 BHBELEE S THh Lhybridizat ioni




WITEIM L, 42°CT16~ 18K hybridization % 477% » 7z, 71— 7ii b FP450sce
cDNA 1.8 kb MI3mpl Ot flAA A, M3~ v 2% v b+ (FHE) $HHL, [a-
P2p] ACTPAHUH AT RcDNAR TV L7zt WL, Yu—7E LTHALZ,
hybridizationif, 6 x SSCTH { T4 iifE, 2 x S5C/1% SDSIF#E Y C42T, 3045
TP 2E B L, B, TIRF v 7N 2 A VTV EREANR, A XD
F7rL—b (BLGHE74L0A) REFSSTHEY MEAR, BXEiT4 o7, BT

. NAFA A =TT+ 74— BAS 2000 (B-tHE 74 LAY RFEFLA,

d. B CDNAS £ 7 5)) —
BB S N EMIHORE L b AL S Rlmpoly AT RNAR W, cDNAZ O~ =2 7L A5
Aoagtl0, 7 78— (Amersham) ZEH LAFB S AcDNAT 4 75 ) — % w7z,

e, AV 4

0 —7 ¥ }FP450sce cDNAIZ., LLT O X A 2 BIBREBEZ KT 23> T b,

P\"Ul I SaudAl

Pvall Sau3Al Sau3al Pvell
Human P450scc + + x . —

T * T 4

T OcDNA% Pvull & SauBATTYIHT L, LB *FIT/RL 72285bp 2 62 2 HIT 2D . €4
% Hincll & BaotlI TEIWE L 7-M13mplOtc Ml A A 7S, M3 — 7 v A% v + (Hili&)
AV [o-*2P] dCTPAINY A tcDNA% 5~V L /:#%, HindI11 & BansHITEI Y th L,
-7 E DT L7z,

Ay =y L Y ARBEANLEONAT £ 75 ) - kD RREH2.4 x 10° T T —
# %Hybond N F 4 2 A > 7 L (Amersham) (278w L7z, hybridization#F#id
[5 x SSC (0.75M NaCl/0.075M sodium citrate), 35% formamide, 200 ug/mlZEf%
herring sperm DNA, 5 x Denhardt’s (0.1% polyvinylpyrolidone/0.1% ficoll type
400/0.1% bovine serum albumin fraction V), 0.2% SDS,10% dextran sulfate] T
42°C . 1¥ i Oprehybridization® %, FNN LIz 70— 72 HEBHBAG S L TH S

hybridization@ M2 RN L, 42°C T16~18BR hybridization% 7% » 72, #hE#Hd.

1 x SSC/0.2% SDST42C. 1BM$74 o7z, positive” 57— (4ff]) Z HIEEL . EcoRI




Tinsert P H M L. 1.8 kb K X DinsertZpBluescript KS(+) 12414k A 75,
ExollI/Mung bean nuclease deletionF % i\ deletion clone % M8 L, Sk IiZMLI3KOT

helper phage%ffiv single strand DNAZ B L 72,

f. =2y »y

DNAD Y =7 v FE, AT F Lo 20 A0, K13 Sequencing
Kit, 7-DEAZA Sequencing Kit & UFBca BEST Dideoxy Sequencing Kit (Fi#i%) % {5
L8 » 7o HIERT 0T FEHIRZ. AITR L 72,

T ¥ OEFTIE GENETYX  (SDCY 7 b = 7R &tt) 2L 72,

g. COS-IMilE~D 727203 a

TIAT—OER I FRAY TX 2 L FF F% DNA Synthesizer (MODEL 391,
Applied Biosystems) (= & D &Mk, 7 £ 7 TEIH M L55T, 6k um
Dy =5 = WERBEA L VIR L2y 774~ —D5 KU Yhol site %.
3T IE Sacl site TR/,

=% APAS0sceRkcDNAR 88 & L, PCREEIZ L b B DK S DDNA S 580 = 72 (]
7) o BUC+HE DNA Thermal Cycler 480 (PERKIN ELMER CETUS) %M L 7=, iz %
5DNA% Xhol R USSacT THIRT L. RO HIREER CUMT L 72:pSVLEH~ 2 & — |2 fl &k
ATie PI Y AT 22 avORiNR2.2 x 10° cells/plate (bemd ¥ — L) L% 3
KD ITCOS-1M i % el L 72 COS- 1ML 04812 Dulbecco’s Modified FAGLE
MEDIUM (Nissui) % jBEAKFEF MV 7 A CpH7T SIS L CHEA L7, 20850, 14
pg/plate DNA, 504 | CaCl,, 50041 2 x BES (50uM BES/280mM NaCi/l.5mM Na, HPO,
pH 6.96) ,D.D.WEIRG L7500 o |OEHW AL {7 b — MCHIA, SEIZ2090 B L7
. 37°C. S%C0 4 T OREAE L7, HMHIZDE T L — ME2MTDBE L7, 24FE00

B, B AACH L | S S 24FRIERE L. 25-hydroxycholesterol %2 nmol/ml & 7%

BEJITMAFEELFRG 2, SHMBICEER Y Inl ¥ o8BI L., 25 CRES ST,
120WERTRE, B P TR L 72, SRIL U ZZRe e ilid diss e L 7o




h, VAL Ty RIA

ARG L7z 7 (3 2@ L. B0V o~ 7L TN 2 41 o
Tio VIFNIL—F 0 &S S/, Abrahan® @ /g (1973) 1268V BSA-PBS. ¥ifk
(i [EHE4F) . [°Hl-pregnenolone (NEN} % MIZ +40ciify Lz 8, 4°C CL8REMBTLIHL
WERIE %41 o7, RIDHE. FX¥AMT U F v I— L2 ENLFS NG S 274,
4CTIRFMBFE L, BOTTFFA Ty Fyva—- v allse, #0154 /54 70
EYRBL, iy FL—y— A CRMLE, B v FL—varvhyy

F-THEZITR 272

B. X ¥ #P450scclinFHrsra—= 4
a. ME
XY HETAEEE L. MBE L CINE AR L7z, BESKRA L7 A Y Ringer#iic
Wi, BEITHE Yy PTHEEL, ARSI TECHLz, #AFNR] SplF 2 —
TUEANHHAMTORE LE CEL L%, Lisr B U7z, iz X ¥ #Ringerild %
Mz, Lifost e 22 CHMEVELINE L RE LB, B camg
L. 80T L7,

b. mENA &
SBOCHAERE L2E#H X b, FastTrack mRNA Tsolation Kit {(Invitrogen) % Hw

Tpoly A"RNA %% L7,

c. Northern hybridization
ATk (1.A.c) &RIEEOHFHE TR -7z, 72721, hybridization BH#® formamide

1358 T o, T O —T7E =V AP450scc cDNA%Random Primer Extention

Labeling System (NEN) 2k 0 { o -*?PldCTP T~ L THEW,




d. cDNAS A4 75 —DfFEH
AFHPNE L ORI L7zpoly AT RNAD S, cDNAY B— =V &3 A5 4 agtl), 74

7# —t: (Amersham) (Z{Evy, cDNAG A 73U — M A 4T o 77,

e. AV -V FRF—b 10y

7= 73V 7 AP450sce cDNAL TR (B.c) EEEED LT, [o-**PIdCTPTF
RNV LIz DRV, cNAT A 75 ) — L0 #&RHYL x 10° 79 — 2 %Hybond N' 4
O A7V (Amersham) 789y L, =V A0BGEMNBICLTAY Y —= >
L DR S AR

Lo L3 2 50E, Bea BEST Dideoxy Sequencing Kit () #HW., kit®
FEIHE o 7o BLEEAHI DT HEHIBI3. BITR L7z,

7= & OBERTIXCENETYX (SDCV 7 b7 = THEA &AL 248 L7z,

10




2. #F
a./ —Wx 7oy MEF _
t FP450scc cDNAR 7O —F & L/ —HF 7oy MR L D, =< AP450sce
oRNADERIEH].6~1.8 kbTH B Z LR S h 7z (K4.4)
Tz, VT APAS0sce cDNAR 7O =T Lic/ =¥ 7oy VBRI Y, 25 H

P450scc mRNADE L. 7~2.2 kbhTH 2 L #Hl S/ (H4.B) .

b, =¥~ AP450scchicDNACYIE IR Y

[5i2 = ¥ AP450sce cDNADKEHET 4R L 72, £121789 bpT. open reading
framelf1542 bpA HREH , SIMADT 2 VBRI FLTWA LHET SN/, 3 KEBU,
A P TR L7 BB "AATAMY DR 7 FoME Y VI Vdsd o 72,

/2, ¥k Ko o3 A 5 31op (CAGTGATATCATGAAGCCTCTACACAGCAGA) 7 & X
AL P - MRFIZRWE SN, ZOEFIAEEYESRTE Y, 30HE
A B E6FHDTHCI B D> TH Y, 40 HRRHBOMEOEI I 2% h i Twiz, &
DEFNIE L T, homologyRFEL TR - LT AELDER b b7z,

c. X ¥ #1P450scchkcDNA IR 2EACH)

BI642 A ¥ P450scchReDNADIREFEFI & R LAz, B H N /cDNMADERIX1204 bpT
ol 4B/ —HF 7oy M LLHESIN2RIEL7T kbELETH Y, £5
H/zcDNAiX full-length Tid vk Ez L b,

3B, R TIR LA TANTAMT DRY T F vt S it o 7,

A APASOscoRicDNAICIY L TR EKMANC Y A L 7 P Y- FRANER>D L4
iR A

d. == AP450scckicNADCOS-1MIBa~D + F v A 7w a v
=3 APAS0sce cDNADcoding regionETEHL O (P) L., bovineDiLE~RTF F
{(Kumamoto et al.,1989) IZHIMF AZNFIOWA: 2 — F4L2EBEETF b0 (M) &

D, 2BDONARPCRIETHB L., BHARY & —pSVLIZH A3A A, COS-18~F 5 = &

11




Tz vayEEiz, coding reglonBTHFOPE FF A7 22 a5 v 3470051
ML TD25-hydroxycholesterol % #H & LW O S L VA J O v EERIL, ~27 7 —
DHE DT YRAT 2y a v EFzcontrol LML TEL iy, B5N7cDNAA =
PR ADPLEDsce cDNATH B L g Sz (K1) o KT, NESMEOT 3 /s I~ F
TOWMEELLVME P T VAT 27 v a8 L00S-1HKLTIE, X2 ¥ —Da&D
control L AXIZM UM AR L7z,

B84 = % APAS0sccONKM 7 3/ BRECH) & . 4O I T DP450sce DL E <
FFREVOLRTWRHEEO T I/ BREFI AR L7205, MifoREMIZ#H13% (5/39) *
Broiz,

CDERBRTIE, EH L L Ccholesterol Tl < 25-hydroxycholesterol % B v 7= 45,
ZOEHidcholesterol T B & L THEBITHEW L 287 b L T, 25-

hydroxycholesterol @ 25COS1-MBL~ DI O AR NT L2 L 2,

e. 73/ FRECHIOD I

SYRALE AT A OPAS0sceDDNAL DHESE I N B T I BT A, D LT TIDE
SNTVHABEOHAK DOPLS0sceT 2 /BRI & IR L 72884 T3, B, A
T LTI, #5N7P450scecDNAD BB R P S #E ES R DL 7 3 /BRSO

U‘Tlt-s"ff Lf:o

12




3.HER

FTTEBRATZL DI, PAS0sccld A F O FARE Y O SHREHBOS -T2
TVATU=LETSLTF /O RS CAMETH O, IR, B, 8L S oz
THAFRVECEAMBCRLET A, SR T T, PA50sce®DcDNAIL E b (Chung et
al., 1986) . "< (Morohashi et al., 1984) ., 7% (Mulheron er al., 1989} .
7 v} (Oonk et 2l., 1990) O4EOMAMOEHIBECHIEN S 70— 20 7 X0 Tw
A5 MAHLNOFHE Y CR I OMEDRILTE T~/ D~ v FERT WA
Vo AR TI, VYR EAT S OINWBMBECDNAT 1 75 )~ 55, PdS0sce
cME 7Oy L, #0596, VY A CHBASHUROSHEW TII L T
P450scc DeDNAD BT HW] & i S, B O R = U7 A DcDNADPI50sce T 2
XM, ZODNAERVHELBIOCOS-TRIIIZ P T v A 7 222 a v L. & ORI ATEE &
L THPEEMUIC RIS 17225 -hydroxycholesterol & 7L &7 4/ 11 2 il 3 2 il £ o5
T EhLHERE R,

CAFETEWS PIZ SR T BAREONTHAADPLS0sce B T 2 2 BECHIZ(ET0%LL E o
WA S L (F2) o LAL, KPR CHONL DT APAS0scclt, b b & (348%,
VY Tw b, T ERBCTRGARDHIME L AR S otz — 0, ABSREMA Y]
DRSE S N7z A & F OPAS0scohicDNAD HHESE SR B T 3/ BN & = U= AP450scc T
I/ BRECHT & TIEHIBZE DM EATE 0 S L, MIFLETE ORITHEL b L% L <15 7o

PASOICIE T 2 8 8 OB I3HETF7 7 )~ %KL (Gotoh and Fujii-
Kuriyama, 1988, Waterman and Simpson, 1989) . WiFLEI T hiZB T2 25104 F
RVEAUBBROBME-FABEE Con oMb s nTwa, La L, I
DB TOHREFINETZT FYP450cI7 (Ono et al.,1983) . = V< AP450¢c17

(Sakai et al.,1992) . =7 hJP450arom (McPhaul et al.,1988) . = <<% &
P450arom (Tanaka et al.,1992) ¢ Db LDATH L, PSLERIZF 77 2 1) —i2ik, 7
F/BEND ETWLoholiil B LS EAME TW2 (Gotoh and Fujii-
Kuriyama, 1988) DT, =< ADPAS0sceSF N6 DU 2R T 0 <7,

(1) NA~NDEEFICHYG L TR EEI LN TWALIENT I VI3 IRl 5 —

SV AP450sce T X/ BED 149, 394, 4568FH (D) i Arg THo 12,

13




(DEFECMEST 27 3 VB30 Ch ), ZREHET CIUHEshTua 4~
TOPYSOFRSY ¥ N HT—HLTWA — =< AP450sce 7 I / BEBLH D381, 384,
4378 H (@) FF0F0 Glu, Arg. Arg T—H L7,

(3) TP R TIRATAHPAORY PRIV E T ~T-~HT27 3/ (Trp) #F
#HoH -+ 2w APBOsceDHIY T ANE (438 HHE) DT I /84 Trp T—HL
A

E72, PA50sccM T A §5H &, AF T4 MW EEZ L TWE (Picado-
Leonard et al.,1988) U (371-393:[4HI) TIHE70% (16/23) . ~AESrHiR & E 2
HRTvA (Gotoh et al, 1983) MUK (448-467: M 11) TiL71% {15/21) k. w¥h
SAMDHIR L DM R R L, B TOMRENYT L VB ThH L L E LN,

O DR E BHIT, =Y~ AP4S0scc D8-SOFB OMED T 3 /8 (GPIYREK) 13
BOAFEOEW I BV T LB L Tz, ZOHEOHIRME. =~ 2 DP450sce D T
S/VBRENPGBMI I IR LN oMK TH Y, ORI AS
P450sce T SEil 2 & 2 OHBRE R - TV B A HEMASE R SR B,

P450scc & /v 7 BLd, RIRFRMBIOMB AT D118 - KBEILBEE (11 3-
hydroxylase P450n;) kb2, 2 Fay FUTHBIIEAETL2 9 2 HTH L
(Waterman and Simpson, 1989), T & D& w32 P, R L L Tl O R
Ve AT ENE, NEMOT 3 /1% (extension peptide: [EiE~7F FrMTH
A) VS FNELT, 3R P)TARBIFT R BiTiE, LEATF I Faor
FUTFTHTEMES o, Ry 22 ek 2 LE 2 50 Tw2 (Kunanoto et al.,
1989) .

A L7z k50, EARTF FEED S Y~ AP450sce (pSVL/P) % COS-18K312 k5
AT xH v ayEEBAICE, 25-hydroxychelesterol #8HE LT 2o 7
L7 A/ T YRR O MRS D PAS0sceEMIEFH L (v, LAL, NASIED 7 3
LY T P9 HilEE K (P450sce (pSVLM) % FF R T7 203y 3785
tcontrol & METRBL L LD o7z, JIE ORI, =V XA OP450scc ONFIME
DT I BRI B OPIO0sce & MARICHINEPIDOPA50sce it D FEHIC T E ikl 2 B L
TwaEHfggsns, LAaL, KBUREND LI ENASMAD 7 3/ Bidmslsi o
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PdS0scclil T & (RIES TV AL, = U~ AP450scc & WSO 7 3 /2 B0 A A
BTHE ZOMBEDT I/ BHFEDL) BEREEODS, DAL THL,
B, =V AP4S0scc & FONEISENDRTF F & G L. FAFR OIS gl
HHDT, FHINGOTRETIVE 2 EXTEI UL, PASOD I F a1y Y PO BF

DWW T O ETH B,
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II. BRERGEREIZ BT AP450scc mRNAD 33
1. hik

A, = 3= AP450scec mRNAOFEHL

a. =T vABNOERE

AR T (1.1 A a) TV A% & D by B PSR BUMIL R . ik BRIk bg 4
Wi L7z. 1270ifa ks fi~ L 57—+ (Costar) 12, =¥ < ARingerii %3 ml 3>
AR, BOIANEFRENOHEBE KET D AN, BEESAEL RINEI0L2°CTIF
oz BPERMTE RN Z TR L I L, RIARTEIANEOH » Sk L
P

TIN L7 EE D RARE QLT ol ) Th 5,

forskolin: 1 uM, 17 a -hydroxyprogesterone: 10 ng/m!

b, AF T4 FOTH
FIFALST A RIN) LB TLFR /07, RIFlTa,203-DPOERE -

Abraham® (1973) . K UfYoungb (1983) o FEkicfEev, HERTIZH » 70 (%
#) . BSA-PBS, #hFh itk (AR . [“Hlpregnenoloned 7243 ["H]17¢,208
DPEIMAFAITIEA L, 4CTI6~ 200G 2472 o 72, RIS, FFAL TV F v
T L ERNLASCRA RS E, ACTIHMEE L2, OTFF¥A LT+
T AR, FOLHBESATAECICBL, BEY Y FL—F — %z R
LBy v F -2 ar iy —TELI % > 7
LA LA LT A (EIA) 28 517a,208 DPOEE :

LR (PO F LGy ¥ 1g6; ZYMED) % MBI LABROTA 70845~ T L —
b (Maxisorp; Nunc) 2. > 70, FEEGERHUE ., ABBUEONICNZ . 4TT6~8
REMIBLIR A 477 = 7o BOSH, BMOCH % FE T A EEHEATIN B Lok, b
(T, 0.5 mg/ml & 7% 5 £ 9 {Zo-phenylendiamnine % 0. 008% H,0,/0.2M citrate
buf fer!lCH#MT2) #INA ., S T304~ MBS S, 6N H,50, 2 i A UG %
&g, w4707 L — b — &~ (MIP-120; CORONA ELECTRIC) % fflv:, 492 nmT

D% s L7,
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c. RNASHEA O > 7L ofi i

PRI IE % 0w L IS GE L 20,000 rpm (30,000x g) 30433800 L. I RHILRS 4 & ¢ i)
gy (B416) #MH . =¥ ARingersfi P T3~4Rlscir L 725k, #8 < gl Uik £Ta
WA L -80C TR L 720

d. RNAO &

total RNAUZ, @URAE L7224 > 770 L D Total RNA Extraction Kit (Invitrogen)
MWL LI, kitOHEICHE > Troral RNAZHIN L7, poly A RNAIL.
FastTrack mRNA Isolation Kit (Invitrogen) # 1V Tkit®hEIZHEV BRI L 7
HERA SRR T 2, F 23 tortal RNAX DR8I 7120 = 72

e. THAITHL T OVRNAT O — 7%

70— 7L UCHEH ¢ A0NA% pBluescriptI] KS(+) iCfl A GA A, fhiB#E, CsClEHEE
R THEB L7z, 77 A3 FINARIRMEETUIWI L., 72/ —b, 2007 41 4
MR AT > 72, 8 /- hildc kb L 72,

RNAZ O — 7 @503 DIG RNA Labeling Kit  (Boehringer} % V. kit@ i
o7z 7272 L, RNA polymerase (3T3 RNA polymerase (Stratagene) ##iBlL 77,
THLR. DNase IT7 7L — PONARBRA L7:HE, T8 / —Likiio b ) 70 T3 o4
ST AOLRNAE ML . AR ORI L, BT Ix oy s SN
RNA% 5 oM DTT/40 oM NaHCO;/60 mM Na,CO; S HIH CT60CTME L., Tib 4 ) WL % 47
Brofze NERMIEEITTOKIZHE 7 (Cox et al., 1984) .

T={Lo-L;)/KxL,xL;

THLHES (5) , Lo MEFTORNADRE (kb) , L R#ORNADE S (kb) |, K=0.11
TNA VRIS Y 2~ VR TR L, 30% formamidedHUIZEBE SR, -20T IR
L7z,

f. Northern hybridization
BAREEHER (1.1.A.¢) EMBOHETIT o/, 79— 7% 5 F 4w

hybridizationi#@# [50% formamide, 10 oM Tris-CI{(pH 7.6}, 200 xg/m! tRNA, 1 x
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Denhardt’s solution, 10% dextran sulfate, 0.6 M NaCl, 0.25% SDS) thT65T, 38
Bl Dprehybridizaion®dfk, A LBG S 7« TF V5= U SNUVRNMTO— 7 %90
Z. 65T, 16~18H5M. hybridization®47% 72, hybridization#. 2 x SSC. =i
THROWEE20E, 0.2 x SSC/0.2% SDSTFH I TE5T, 155 OB 204k &L 72,
#HE&H#, DIG Detection Kit (Boehringer) ZJH W, kit® HEICftwv, 4414 -

7s

B. A ¥ #1P450scc mRNADFEH

a. total RNAODIH

FBEINC AT AP LPE LRI L, HEILSBIIHY 2y TR IF-TOK
BEL., KESITL 0ol L, MEIMICAREHIT, 2 5 HRingerli CHOM®ET5Z &
EDEERGRELTHE, FT7 2V VBB L X Thomogenizel, 7=/ — b, #

OO0 7+ VAMEOE, 4705 —Vikhi&iZ L Dtotal RNAZR LN L 7=,

b.Northern hybridization

VR AOHE (ILLAf) LRI L TIT R 27,
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2. &R

a. SV VAMBPT VLT A0 rEORE

SYTAMELI0L LD ATOA FAMI L, Lo 4 /02 BRRIAGIZ L 0 fE
L7ze 720 ZRENOMEITD T, TS IRAIEFICHH & = 9 % ARingerili h ¢ hr i
(Control) . BRUF17a,208-DPONEME T B17 o -hydroxyprogesterone {17 « -OH
Prog) R G L THE L 226 DD1T7 ¢, 20 3-DPEATE L. 170,20 3 -DPUEA: A5k i) =
NG P RIIR LI,

iﬂib\%%&Mﬂﬁﬁ&\%%@@k&&%ui&ﬁijuyﬁ$@m75@m
hh, HRAHOHETOMP TV F 2/ T EF RSN LA 5k o,
S TVTAR/ ORI ., 208 DPEEDIRINERDL L 9%, D). 20 3-HSDAS
HHLEZZLRBIHMN, b L CHBIRMIGEVREOBE TR AT 2 = b popals
F A AN

b, /=¥ 7w MEN

A, 27 AP450scc mRNAY R

HRESOILED, poly A" RNMAABHBL . /-2 70y MR RS T (Y
10} o 71— 7F =< AP450scc cDNA (1.8 kb) RME LTHK LA 71 T4 o
Yo TANVRNATE - T ERER L7,

CORRE D IHMBLMINLRE OP450sce aRNATRZINEEAUN S v L DT L e

REL GBI ORBLEARIT BM0IH 2 2 LA 212 %h -7,

B. X % #1P450scc mRNADFEI

KB total RMARMELL ., / —F > 70y VM %4k 7 (K1) . Yo0—7
X HP450sce cDNA (1.2 kb) gL LTAL2F 1 TF 3422 5 ~LRNAY
U—F%@HL,

ZOFRL D, EINTREHTIZP450sce nRNADSEBLIZ G £ <. DV TEINI4~1 155
W TH BB S NA B FOBIEL LDl FOMOMY TR TES, 24

Z7P450sce mRNAIZSEBLDRIIS & BEIIATIR & T B & & AR S L7s,
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3. B2

BREFHL I B1) 2 B0 BRI IIE, FR Y P L A RIS T 00 91 g s 1 2 it
SHHEATIA FANE OB E TR A (Nagahama, 1987a) . # 4 BaM i
RV 11T B -Estradiol . JBCEAFAL R £ (217 0, 20 8-DP & )% 5 1C
W5 (Nagahama, 1987a) o S B2 R E 3300 b BF 0 40 MENZEZ DT
WLEEXONDIVATO— M bEFRESN D, P450sccd T L 250 — 1 4 7L
TAS VR EEEMETHY, 174 -Estradicl17 e, 203 -DPOHGR O E %
BYDTHE, L L, TORENHERAKCTEDL S BEEL R T05, it
&ﬂﬁﬁ@%ﬁ@%ﬁmmmnﬁ%naNﬁxummm#ewaJmLW@x%n4F
GRRDFERIZPAS0scc A& D & ) LR EFRIT OO THES ZMETH L, L
WL, COLIBAIMLTEHIE (L h, 73, 59 F) TPAS0sce?eDNAAS & 0 — =
CTENTOLHAMTOIREAEHNI SN TV RV E V) OHBIETH 5,

SV AOPASOscck TH— T E LTHG L =y oy MRFIIZL D . e
DINFEHGAFE I B0 D IR NLE DP450sce nRNARE O EBIA 2 U v Tl b A iz LT
%toMmmcMMM%&%&%M#%%%&wwﬁwﬂ%iTi%%ﬁﬁ&%ﬂ%B
DO, FIAFAEL Tz ZOZ L4317 8-Estradiol ®#17a, 20 3-DPAt 0 4 3 L %
TH=VPOLERENDLZEDLHKE WL 2,

CITHIRD B O, SRR O = = AN RIBRS 12 A 6 2L PAS0sec mRNAG
@%@NF—VT%%O?&b%\MWucﬂMEMWﬁ%mM%Kﬁ<‘W%ﬁmﬁ
FHiCE b B> TEDES LA L, MESANIRE otz filL LS s 2. ZURA
DIEBOERE S I EIZUN) & GBI 2 RS T 2 2 e AT E L 4 ORI 2
AT A FARLEYHFR% S (Kagawa et al., 1983; Kanamori et al., 1988). N
T, COTODIEEME L BT BT 2208 -HSD (MRS ALE L TH L.
17a,20 5 -DPODRENE & BUAE 5 B BESE) OTFALOAT B A S L LTSI L7, 20 2 -HSDI
ﬁwﬁ%u\wéw5&W%&ﬁ?'%%%W#%%Hﬁ%%@%ﬁ%L\waJM%
DPOTETERAAT & % 17 o ~hydroxyprogesterone (17 « -0l Prog) OFELL. B R (A F
LT, BRI S 7:174,20 3 DPEERIATIE T 2250k h ko k5 1o H=

L7z (DHRHICHISEE D17 « -0H Prog# ¥ L% { TH. 174,20 3 -DPEEA: Ak Y
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SHARMK —~ 208 -HSDAFEL THB Y, Z2OMBLFAT 2. (2)170 -OH Progh i
MLZZMTD AT o, 20 g -DPABEI S AL I — 20 8 -HSDHL & CITHAE LTy B 45,
EEPTIEL T 5,

DI L IEBEEER D S IEADTE T2 T TONB T, 517 « —0H
Prog# 17 o, 20 8 -DPIZHEHR T 220 8 HSDIZHER T B & DO, MiKE DL AT 53T
7217 a , 20 3 -DPOERIZEI GV ERBEIN L, $4bh | EIOHNES 854.0
ma® IR T, 17 @, 20 § -DPOAEEATT o -OH ProgledfEIBECHLE &4, WMIBETRE 5
Dk, CORNOMEIBMIE I TENSREA F O NSO TR VEE L LS,

SRR AIKLRE 12 33 1) 2 P450sce mRNAR ORI L 72, F 70, ithor 7L o
F /0 ESIBEASEL OV LA 2 £ 55, P4S0scc ¥ » /82 H b mRNAD 1
MCFHE L CHBLT W2 b2 b8, 8- T, SHRBIHEIT 2 5 £ 2 50 i i
& TOP450sce mRNABE DS FHE, BV HAN B8 AT 817 0, 20 8 -DPO 4 B (2 4
EESNAMBWEOMASCEELRBNT R 2T OOLELILNES,

SRS 9 iE ! Rl SR 1) e S < N BN/ B 0 i o8 - N [ o
Ebho ZOZ EIIINED TN E CHHBHL AL DDBNERE L LD, A
57 JEBE % BEON (RUAT) AT2IRER A 5 23RE T £ TR THED . & & O IR SR
%4 DP450sce mRNARE % A & A OPAS0scek 7 — 7 & LT /W70y -
BATG v, BNEBUBAE I BT LIRSS T OP450sce nRNAO BRI 4 B~ 70, F O
A, P450scc mRNAZMMEIL S 072 O BEINLL~ 1T I S 2B O A T dy 72, A X
AN T & FEINTT26BF I TUX §TIC17 8 -Estradiol DA RIEA = - TH b (Sakal et
al., 1988}, 20~26HERTDBHN TP450scenRNAZ TR S L Ao 7 D2, M 7o total
RNADE & /=7y FORBEIEOMETHALEZONL, WTFhIILTLE
IFLL~LTHEMITT D A & 5 S IC P450scomRNA A S8 M2 4t & U7 043 ) 42 Bk o
1212773 & 7 12 (Nagahama et al., 1990), # & 7 BN CEESHHTLL~ 1785 ) 50K 12 i
T TS AFR AL E L THAE1Ta,20 3-DPR AT A& 722, LT,
ATNOEEY =V AOEE LN, SR B ARKRBERLVEL OSSR

HERRD 72T, P450sce nRNADRHAWETHL2 b0 EEZ LR S,
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[II. KIVEANTL D=~ AR REFMTLE T DP450scc D FIE
1. Wik

a. Blalasla o Kidg

IREE AT 3mm D KL O A O SR SRR & R BRI £ 40 L. 2R FRoME s
Bl 44 = = ARingerlHUl AL, 1pg/ml DERSIHERLE 72 2 0 7 2 g ) 8k v
%2 (partially purified chum salmon gonadotropin, SGA; Syndell. Canada) % &
L., 16K, 1242 C TR 2477 - 720 SCAITSSREMUC B2 L 70, HeElh . ML
FIL ., MRS R TR L-80C THRIEL 2.

b. mRNAO L
HESIRAE S AR (SelEANNLRg & MU BT ) A2 5. FastTrack mRNA Isolation

Kit (Invitrogen) #Av . nRNA%ZHHE L7,

c. Northern hybridization

Al (1.1.A.c) ENBED ) THie o7z, 7275 L, hybridization ##iz [5 x SSC,
5 x Denhardt’s seolution, 200 . g/mlZthherring sperm DN&, 50% formamide, 1%
SDSY v, 7O — 7 =¥ < AP450scc c¢DNA%Random Primer Extention

Labeling System (NEN} {2 X 9 [4a-2*PldCTPTF <)V L THW7:,

d. whole mount in situ hybridization

SV AWM 2 U~ ARinger iz A, forskol indEin. RN O LT TR
TETL o7 HEREHR. BNE K L724% PFA/0.75 x PBSIZRE L., 4CTHIE L. EEH.
BT 4 v a e B L, MR LZFITZ Y~ AP450sce cONA% $6H1 & L T4
LT TxF 7y 5 NURMT -7 %Bv T, whole nount in situ
hybridization® 1% »72, ¥/, 2= A38-HSD(Sakai et al., 1993) i 2>WT L E
BROEBRE 117 072,
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a./ —¥ 7oy bR

=HrTay MBI LD RSB0 = U~ 28812 54 26TH (S6A) 12 X A
P450scc mRNAD B &~/ (H13) o 408 L 7o AR & Wikl B i lg %, 42
NCTHO IR, BRI ORISR 2172 v BRI S EBRE O MU 5 nRNA
b L Aze BOISIRE &5 00, GTHIERRINNE Tk, SBRRHL RS (2 13P450sce nRNAD3E
ﬁﬁ&%htﬁ\%ﬁﬁﬂ%%ﬁ@ﬁthf&%n&@ot;~ﬁxcmﬁwﬁ?a,
P450scc mRNADZEBLII K MEAURLIE . B IANHLIE DTl 7 Tited S hrz,

A LT, =V ADactin mRNADEBIZ DWW TR UEA Y 7L Y 2 HlwT 2 —F
Ty MEATE T o 7o A%, actin mRNAD B IICTHIC X A B R S 2 o 1oy
(B413) o

b. whole mount (n situ hybridization

INEOE R D = = A IZ B4 AP450sce nRNADEEH] # whole mount in situ
hybridizationiZ & W AT L7245 B4 151278 L 7:, forskolin RO Cit, &
RBIZHR D LB AR EE S /s, —iforskolin WMIBETIE, F0 L FFad
e LTERL, VT VOFLEEZIRTHRAONS S LN E D or, $70, FfEoHE
Bt =7 A38 HSD mRNAKZDWT & 7% o 7o K%, forskolin OIS L b 740
RIS B A LB AR,

23




3. EE:

ZHE THIE TIIPA50sceDINAD & B — = 2 7 BITHETIEE S A 7-cDNAE v 7+
S =TT 0y MR X L BERBLAR I BT 2 I ARG OP450sce nRNARE O S8
ORI OVTEE Lz, BITNE T, IBERAKNEIC BT 2 R 7 o4 FUHEEE
EMEHIE 2 8 E 2 5RTWAGTHE forskolink Al VT, T8 s O#EFIZL 2
P450scc nRNAD ZEBHEE DR % / — W 7o v FEAT & whole mount in situ
hybridization G L 72,

BRI O 7 ~ T % . GTHR WHKMILIN D 1 2 0) » 7 AMP (cAMP) 24 LR %
ALY LA L HITHET L L, NEERAE RV E L TH 1T 5 -Estradiol 1K
HAEYINT S (Kagawa et al., 1983; Kanamori and Nagahama, 1988 Kanamori et al.,
1988) o GTHOMH T, Hr FeEHI OB TL17 3 Estradiol Bk S LB 0iE, £ G6TH
HRBER BV THBAEOF A P AF T o084 L, ZOF A FRAF O LA
MREANEBCRY . CoMRBIIRATAL EE2 bh 2 FLME (P450aron) 2 &
h17 p-Estradiol (s S 5, BB 517 3 -Estradiol D2 0 & 5 % R #giis
2RI A E 70 & T b (Adachi et al., 1990; Kagawa et al., 1982,1985; Shulz,
1986) . BRI MFLEOIR T L Z 4 & L 2RI BT 7 L ATEM S T w2 (Falek,
1859; Dorrington and Armstrong, 1979, Gore-Langton and Armstrong, 1988). BN
RO = 2~ AN & v 7 2 =2 7y N S . GTHE S o
EREE T3, P450sce mRNAVESEIEAMINGIE (ZI3E e & AL 7z A%, SRR NG (212 2 5 dU9°,
N F TOP4S0sceld FRIEAMIAR 12 2 1 v 9 & 2 (Kagawa et al., 1983) & 4T 585
RTholz, LU, CTHERINT 5 & RIERIE TOP4S0sce D BB 31T & A K&1L
WERH LR A, PURIEARE TS BT s L, T bt GTHIC L -
TR MRS © OP450 nRNAORIAMER BN 7- 2 k12 5,

CHE T SNINEEIR O+ & B 0045 RERERI Ao s o) B ALKS BE sk B T
BRA@UPICCTHE I L T H 17 8 -Estradiol MERE R Z Z 3o s, L L, ¥
BEWPIWEMEAT O N (FAMATOY) RENL CHEBANE L 5%T5 &,
174 -Estradiol IR E 0B, @ &5 BAERNH L 7 BHAKN O Wk RN B 30T

B 2 7 ur of R iiC S E L PASOsce VR L TW B Tt w22 607, L
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L R TR E RGTHIZ & 5 BRI RS T OP450sce mRNA ) 5 BIL HE &5 42 12
CORHEZR T HLOTE R, RHOMEEME S L CoRBIt ST,
Sy U 7o HEIB ARG & BRI RIS & RV e &k & GRS L 2 I ORI R SR
Wb ERIATIE L7224 @ (Kagawa et al., 1983) Ch 2, ZOBOEBETL
ATHRA NFVEVGHMEOFRMT WS LCB Y, T, AHETLP450sccy v
PN BDGCTHE TR L 2 R B RS (AT 2 Oh 2 N2 VBN H LD RES 3T
bRWIET, ZOMIIE L TIRBAABR O = U~ RP450sce DL & W TRAT
LRLEFHL,

b L. GTHRLEE L 7= Ok L4k TP450sce nRNADSBLIZ RS . BE Y » 3o B 05%
LCAERESR, TOMEBERBORBL TV L LABSINE, YOLihoEis
NLZDTHAL S0, - 2O E L€, SRR~ DT OGO EAE 2 5
oo GTHALEH K 0 Sk BB T OP450sce D MERIRE D R B A3+ 2 T v 2 45,
BHE LDV 270 MFASERR S RAB WD AT O NAVE Y DR
HLWEEZBILNTEL,

TTLMAL LY, SRETOF 7 FHAROS BRI & B B % o
IERE B ERR A &3, BN R TUEP450arom = 20 8 -HSDARAL T B K #F 2 ST & 7
#*(Nagahama, 1987a,b). AW TCTHOMBM THOR 7174 FRb® o {LMBEDEH
R Z BTREME AT M E L. SR IEP4S0sccld A Y T, BETFOrO— 2L s
DT TITSET LTV 53 8 -HSDRP450c 17, Pd50aron’s & D5 DT & [lkE 24 Tk %
HAWTOM 21T ) LEF S L,

T URARORIEE, IEREA OIS, SRR L R 0 4
&L BB BV BRI & RN S ORI 2B T 272013 3 b TERY:
FER & BT B (Nagahama, 1983,1987a), LA L 2O, BHATKEITH 2 720 Sk
PWICZEOMNEITERENTBY, 2O LB TORETORE % U L CRAT L
L) ETAMIIKEALEE L L L, TITAMETIE., AOMKE T LS Twhole
mount in situ hybridizationkT k&7 2 A, R LHERLBL LA TEL, L
L. ERHEET CRET Y Tid ¥ 7 3 L 259 0 DeBIBLIE 12 & 2 0 2 Sk eS8
KBIZH B DM OVTIEHPTE RV E VI RED S »7 (M15) « hit =T 2
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P2z, SERBUOSHE. AEPERIG IS L 2 WM A A AT, AEMAT I THE L A S
Z. BYLRETRL STV BT LETE o,

COL) MBS L EF Y LT, whole mount in situ
hybridizat ion®& A FEFT 5, KISIZRET LS00, SR O8I ¢t forskol in
BRI A2 LIk 5 T2 U< AP450sce aRNAD SO NHE RS & Nt hoeate, o o
TNDIDIDDRHNE N L LB H 20, GLAGKE LTAD LA L
TWAH LRI, ZOFBE, $TUMAS )~ 70y MK L 2CTHOR
REQPSPIIRE B,

ZITC2oDMBENSH D, Bl INED2ODESTIE, mRNAO B ELE O 701"
GTHE forskolinz WA BB ZEANETHWT WA L Chd, B2, /—F 27Ty
P BT T 72 oRNALE BE SR L6REB] O S MR ST L 72 b O Td 5 45, whole mount in
situ hybridizatlonTTH36REHDOREFEBEDO S D Tirh - T B, AR BEES .o fH & A5,
CRLGIDDEWIERTLOMMRL TR o v, 7277, EEEMEIC L 28
DEZ, AT WNREORB AL AT EZ DI LD PP L DMATAE (BRI
ROTWEZLDE, MPVERIZE > TW2b D eSS D, RIROY 7 F L IHRD 4
DERARRLLWAHER L T A LRGN, bbb DA, RERKE & EE R
KL 3ER LT a0 TERERMBE CEMMICHIT2 227 C& v, LaL, &L
WIREALRD Y 7 F VPR EMBR IS 2 425206, Mko L 7+ 1
forskol inBERINMF TA L (. IFMETIHIDI OO L FF LI/ S vt - & b i
ahiziod, forskolind & b BATIBANNRE CP450sce mRNADFEBASE R S /e b8 2
HBIENTEDL, /o, KEMKE CORBBOM A IIREE IR THL I &
ERELTWA O HR LW,

CHOOWHEMIZ oW T OKGIES. £ ToRNAD & 7 F b S AN - Wik B
DELOIIRAETLDPE2EMICHRET LI EFRRTH), SOOI T, 555
Zwhole mount in situ hybridizationfE# M $5 & & b2, WEOUBUH LEY
CEAEBL TR LIWwWEEZ TS,

FEFETH L < BI% S A o5 T R A WA+ 2 /22> Dwhole mount in situ

hybridizationtd, SARERICBITERBETF - ¥ NV ERBOSHELH L £ v B
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THELEBNLFETHY, SHRML AT 04 FhLE v RBMERE L - 550

DIFEBCAR TDEBOLH e BT § 2WOE NG T T O —F L b D E£L 50D,
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V.3t (FE)

ABGEIE . BEUPE B 2B BALHOR L £ > (17 3 -Estradiol) & BUaE#t ksl
VEY (170 208-DP) DAEFHEIZEMIZWH L 27 01 F{LCHEETH 2PI50sce
(TVAFO—RDLREAT T A FAEMR SN D 2O DIRDORIE & i+ 2 8
%)KEELT\%mﬁﬁTmﬁD%Lyﬁ&UW%&@ﬁ?®WﬁwM% L8BiT3
BELZU O L2O00THDLR, BOREHEYL N0,

(1) =V AL AT HOWBIANIBINAT 4 75 ) — QB 22 b= Ve 24t
b MP450sce cDNA% 7 — 7L LT, A ¥ HIZZ U~ AP450sce cDNAR 70— 7 & LT
AT N =S T &1 wv, HEOPAS0sceDeNAE 7 T ~Z v X L1z, 2035 6= =
ADcINABERETH, 7 3 /L AL TS OPAS0sce & 1246~ 48%, A ¥ 4 & 134y
BORD M VED A & L7z,

(2) 2 D= U< AP450scekfcDNA R . MELAIDCOS- 1M F 5> 2 722 2 2 54 2
&, COS-1#MIZ 25-hydroxycholesterol % 7L # % / 012 (o firds = & AP450scc R IE
AP L. CoZEhb, ZOTHLADNAE = Vv AP450sce DeDNA & [F5E L
FA

(3) P450sccDNRIMADT 2 /% 7 — F+ 244 K C cDNARFB L, =44 C05-1
RRUIZ P v AT 220 a v 82, GREVBEFEALLYWA L EE LY . oM
BLiZPA50sceiftEIR BB L o570, SHL DL L | PAS0sceDIEMEBINEKT 3
SHRPEE LB AR LT WA LR o,

(4) =V AP HIAMA G 1. 1.8 kbDmRNADSEESS & 72, = DuRNAIY . S s 1]
AL To P~ AR H I L T, EORBEEINEK O EIT 12 1E - T8
L. BHEBIII R L o fz, F 72, A Y 7 INPENARRLRS M T DPA50sce RNAG ST
W BR AR ) BEBHTT L L ~ LTRE I OB 2B S AL 72y T D & 9 7 BHME S LT 3541 2
P450scc mRNADSEBE R R, ISR 2 6 N A BB R ok L £ & 00t i g
BRAFOA FHADEBRICECN LTV E i 2Rz,

(S) MM > = = 2 DFBAES I IE, SRV E Y (GTH) IS A7 407 7 {5
2P450sce mRNADSEW AT A 6 7z, 7, SRR CIIGTHD RIS % bl % 7284010

Pd50sce mRNADFEBIAHE L 5 720 & OEIR L T OGTHIZ & 2 P450sce mRNAGYET 7= 7
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S, SHRBENC B 2170 .20 3 -DPAEIKE QAN AL EE XA 2704 N
HIBE D PEAGIZ, P450sce mRNAZSEE B 2 4 L T w2 E s 2 2

(6)whole mount in situ hybridizationfid . G COMILFRBOBLE T CoTE
R 52802 Bsopsllo = < 2 90 ARL I PA50sce mRNAAYHS S0484S 504
LI ENBIGE LT, COTREBMTOR T 04 FMAMNBER(E FRBOZ -
AbOTHHTHLEELLRS,

BLLEL RTRGEZ 00 SUBOPA50sccDDNAR 7 O~ =V 7 F B 2 b 55T & . #0)
CcDNA% F v > T O3RN MBI P450sce OmRNAD %5 Bl i ) BW I BB FE T O ) £ 8] & 2042+
ALENTET B0II, FOMUETOMBHAR B 2RM. AL E2 (0 L 258
LTS, W ohDBRSH MRS HE SRz, 216 ORI, 4553
B YA L DR I T OB &S L RV TR T 2o DR E %
A0
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A. Trout mRNA

B.Medaka mRNA

X4, /—Hr7oav MENR

A & Pd50scc cDNAR PP~ L, 7O—FL LTV, HL—-Yilik, =V~
2 BRI ARLRE L ) i LAz] e g®poly A RNA% BB L 720 hybridization® i o
formamideiJ¥ % 20% & 30%D2FIZ DV TIT R 2720

1. formamide 20%, 2. formamide 30%

B. = ¥~¥ AP450scc cDNAR??PF NNV L, TO—F L LTHWA, HL— ik, A
& A ISRLRIIERE £ D M L7221 2 g®poly AT RNAZ 3kE) L7z, hybridizationiifirh @
formamidedF % 20% & 30% D2 iC oW T 5 72,

1. formamide 20%, 2. formamide 30%
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10 20 30 40 50 60
AAAAGAAACAGACAGAAGAAGAGTTGCGAAGAACTGAGGTAGGATAGAGACGCTGCTATGA
M M

70 80 90 100 110 120
TGGTGAGC TCGAG TG TG TG TCGCAGT TCCUTGGCTC TGCCAGCATGTGGAC TACCCAGTS
v S W s VvV CR S S L AL P ACGTL P 8 &
130 140 150 160 170 180
CCCGCCACAACTCCAGTATGCCGGTGGTGCGCCAGGCTC TG TCCCCAGACAACAGCAGTA
R H N S § M PV V R Q &L S P DN S S T
130 200 210 220 230 240
CGETCCAGAACTTCACTGAGATC CCAGGTCTCTCGAGAAACGGACTCECCAACCTCTACA
v ¢ N F 5 E I P G L WURNG L A N L Y §
250 260 270 280 290 300
GTTTCTGGAAACTAGACGGATTCAGGAACATCCACAGAGTCATGGTGCACAACTTCAACA
F W K L DG P RNTI HRV MV HNUF FNT
310 320 330 340 350 350
CCTTCGGTCCAATATACAGGGAGAAGATAGGCTACTATGATAGTGTAAACATTATAAAGC
¥ 66 P I YR EIK I G Y Y D S V N I I K p
370 380 380 400 410 420
CGGAGATGCCAGCCATCTTGTTCAAGGCAGAAGGACAC TACCCCAAGAGGTTAACGGTCS
E M P A I L F K A E G K Y P KR L T V E
430 440 450 450 470 480
AGGCATGGACCTCATACAGAGACTACAGGAACAGGAAATATGGAGTCCTGC TCAAGAATC
A°W T 8 Y R D Y R N R K Y 6 V L L. X N G
490 500 510 520 530 540
GGGAGGACTGGCGGTCCAACAGGGTGAT TCTGAATAGAGAGSTGATCTCTCCCAAGETGT
E D WR S NURV I L NREUV I & P X V L
550 560 570 580 5390 600
TGGGGAACTTTGTTCCTC TGT TGGATGAGGTTGGGCAGGACTTTGTGECCCGAGTACATA
G N F V P L L DEV G QD F ¥ AR V H X
610 620 630 640 650 660
AGAAGATAGAAAGGAGTGGACAGGACARATGGACCACCGATCTTTCTC AAGAACTCTTCA
K I ER $§ G Q@ DX W T TDUIL S Q E L F K
€70 €80 690 700 710 720
AATACGCTCTGGAATCGGTGGGTTCAGTTCTGTATGGGGAACGTCTGCGCCTSATATTCG
Y AL E SV 66 %5 V L Y 66 EQRUL G L M L D
730 740 750 760 770 780
ACTACATCAACCCTGAGGCCCAACACTTCATTGACTGCATC TCTCTGATSTTCAAGACTA
Y I N P E A QHVF I D CI S8 L MU F KT T
790 800 810 820 830 840
CCTCTCCCATGCTGTACATCCCCCCGGCCATGCTGAGGAGGETAGCAGCCAAGATCTGGA
S P M L Y I P P A M L R RV G A KTI WER
850 860 870 880 890 900
GAGATCACGTAGAGGCCTGGGATGGCATCTTCAACCAGGCGGACCGCTCCATCCAGAACA
D HV E AWUDG I F N Q ADUZ RGCTIONTI
910 920 930 940 950 960
TCTACAGGACGATGCGTCAGGACACTAACACCCACGGEAAGTATCCAGCACTCCTGGCCA
¥ R T M R ¢ DTN TTH G K Y P ¢ V L A S
970 980 99¢ 1000 1010 1020
GCCTTCTGATGTTAGACAAGCTGTCTATAGAGGATATC AAGGCCAGCGTCACTGAACTGA
L L. ML D X L & I E D I K a 38 Vv T E L M
1030 1040 1050 1060 1070 1080
TGGCTGGAGGGGTAGACACGACATCTATCACCL TECTGTGCACTCTATATCAGCTTCOCA
A G G VvV DT T S I T L L W T L ¥ E L A R
1080 1100 1ilo 1120 1130 1140
GACACCCTGACCTCCAGGAAGAGTTCAGGGC TGAGGTGGC TG TAGCCAGACACTCTACCC
H p DL Q E E L R A E V A VYV A R Q S T Q



1150 1160 1170 1180 1180 1200
AGGGAGACATGCTACAGATGCTCAAGATGATACCGCTGGTCAAAGGAGCGCTGAAGGAAA
G bM L Q0 M L KM I P L V K G AL K E T
1210 1220 1230 1240 1250 1260
CGCTGAGGCTTCATCCAGTTGCAGTCAGTTTACAGAGATACATTACAGAGCAAATCSTCA
L R L H PV AV S L QR Y I TEETI V I
1270 1280 1290 1300 1310 1320
TTCAGAACTATCACATACCTTGTGGGACTCTGGTCCAGTTGGGTCTCTATGCGATGGGTA
Q N ¥ H I P C G T L VvV Q L G L Y A M G R
1330 1340 1350 1360 1370 1380
GAGACCCAGATGTGTTCCCCAGACCTGAGAAGTACCTCCCGTCCCGCTGGCTGUGGACAG
b P DV F P R P E K Y L P S R W L R T E
13180 1400 1410 1420 1430 1440
AGAACCAGTACTTCAGGAGCTTGGGCTTCEGATTTGGACCCAGACAGTGTCTTGGACGGC
N Q ¥ F R SL GPF G F G PR QUCUL G R R
14590 1460 1470 1480 1490 15¢0
GCATAGCTGAGACGGAGATGCAGCTCTTCCTTATACATATGC TGGAGAACTTCAGAGTAG
I A E T EMOCQ¢QIL F L I B M L ENF R V D
1519 1520 1530 1540 1550 1560
ATAAACAGCGTCAGGTGCGAGGTGCACAGTACCTTCGAGTTCATCTTGTTGCCAGAGAAAC
X ¢ R Q VEV H ST VF E L I L L P E K P
1570 1580 1590 1600 1610 1620
CCATTCTTCTGACCCTGAAGCCTCTAAAGAGCGGCCAGTGATATCATGAAGCCTCTACAC
I L L T L K P L K S G Q *
1630 1640 1650 1660 1870 1680
AGCAGACAGTGATATCATGAAGCCTCTACACAGCAGACAGTGACATCATGAAGCCTCTAC
1650 17Q0C 1710 1720 1730 1740
ACAGCAGACAGTGACATCATGAAGCCTCTACTCTGTAAGGTCAAAGCGTAAGAAAAATTC
1750 1760 1770 1780
TAACATTGTTTTAATAAAMACAATAATATAACTTGAARAAAAARAANADD

B5.

=TV AP450scekicDNAD IS EE S| F HE XN A T I / BRELS

open reading frame? HEEEINLT I /BOESN L+ EERFIOT (T FroRyOE
EDOTF) IKFRL,
BT FoNL L 7" AATAAM I THE TR L7z,
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10 20 30 40 50 60
GAGACAGGAACCTCTGAGAAATACCCAGGAGTCCTGGCTAGCCTCCTGATGTTGGACAAG
E T G T S E K Y P G V L a S L L M L D K

70 80 90 100 110 120
CTGTCCATTGAAGACATTAAGGCCAGCATCACTGAGCTAATGGCTGGAGGAGTAGATACA
L 8 I ¥ DI K A S I T ETL M A G G VvV DT

130 140 150 160 170 180
ACTTCCATAACACTCCTATGGACTTTGTATGAATTAGCCAGACACCCCAGCCTCCAGGAG
T 8 I "™ L L W T L Y E L A R H P S L @ E

190 200 210 220 230 240
GAACTGAGGTTGGAGGTGGCTGCAGCTCGAGCTGCAAGTCAGGGAGACATGATGGAGATG
E L R L E V A A A R A A & O G DM M E M

250 260 270 280 290 300
CTGAAGCGGGTTCCTTTGATCAAAGGGGCTATAAAAGAAACATTAAGGTTACATCCTGTT
L XK RV P L I X 6 A I K E T 1L R L H P Vv

310 320 330 340 350 Je0
GCCGTGAGTCTGCAAAGATACATTACAGAGGATATAGTGATTCAAAACTACCACATCCCG
AV S L 0O R Y I T ED I V I Q N Y H I P

370 380 330 400 410 420
GCTGGGACTTTGGTCCAGTTGGGATTGTATGCAATGGGAAGGGACCCTAAGGTGTTCTTT
A G T L V Q L 6 L YA MTGT RTTD P K v F F

430 440 450 460 470 480
CGTCCAGAGCAGTATCAGCCCTCCCGCTGGCTGAGGACAGAGACACACTACTTCAGAAGC
R P E QY Q P S R WL RTET®TUH Y F R 5

490 500 510 520 530 540
TTAGGATTCGGCTTTGGCCCTCGCCAGTGTTTAGGACGCAGAATAGCTGAGACAGAGATG
L GF 6 F G P R QOCULGEZRTE R I A E T E M

550 560 570 580 590 600
CAGATCTTCCTCATCCACATGCTTGAGAACTTCAGAGTGGAGAAACAGCGACACATTGAA
Q I F L I H ¥ L E N F R V E K Q R H I E

610 620 630 640 650 660
GTGCAGAGTACCTTTGAGCTTATTCTCTTACCAGACAAACCAATAATACTGACTTTGAAA
v 8 T F E L I L L P DK P I I L T L K

670 680 630 700 710 720
CCACTACAAGCTAATCCCTAGCATCAAGCTGGAAGATTTGTGGTGTGCGGTAAGTAAAGA
P L Q A N P *

730 740 750 760 770 780
TGAATTCTGTTGCCCTGTTTCCTCCCATTCAATTGTAAAGGGCTTCACCAAACACCACTT

790 800 810 820 830 840
TAAAAAGGTTGGAAAATCTTCCAAAACGTCAACAGGGAGTGACAAAACATTAGGAAAGGA

850 B&O 870 B8O 890 900
AAAAAGAGCTGCAATGGACATCAAGGACCTCATTGATTGACTATCTAATTTAGAAAGCAC

910 920 930 940 950 960
TTATATATACTGTACATACTTTATTTAGAGATTTGACTAGCTTTAAAAGTGTAATGTACA

970 980 930 1000 1010 1020
ATGTGTTGAAAAACTGGAATGTACATGCAGATAAAAAAGATGTATTTATATAAGCTTAAT

1030 1040 1050 1060 1070 1080
AAAGAATAGAAATGATGTTAAAATGTAATTATTTTGCATTTTATATGAAAATTAAGACAG
1090 1100 1110 1120 1130 1140
TTTTGTTTATCAAGAATGACTGTGAAGGTTCTGACGCTTACTCCGTTTGCAAAAAACATT
1150 1160 1170 1180 1150 1200
TTTTTCCCCATTAGAATTTATTTTGACATGAACAAEAIAAAGGCATGTTCCTAAAACAAA

AAAR

B16. X 3 HP450scchEcDNADIERECT| L #z R D 7 3 ./ BEAEH)

WESNDLT 3/ BOBRGNEEERIIOT (3 F Y 0BHOEEDT) 1GREL,
BN T T2 NALY 773 LT AATAM W F TR L A,
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Trout PA50scc —EZ2r -

P

L

7. COS-1HifE~D I > A7 22 ¥ 3 ViV /:DNADSES:
Trout P450scc cDNA®open reading frame % box Cik L7z, bovine®DWEE R 7+ K %
= F35MBICHINT LA 8 TR L7,

Bovine {MLARGLP KACPPIISTVGEGWGHHRVGTGEGAG
Human :MLAKGLP KGYQT APREGLGRLRVPTGEGAG
Rat (IMILAKGLC KSCQP PVWQGPGLA - - -TGNGAG
Pig J(MUARGLA KGCQP APRECPGHPRVGTGEGAC
Trout : SWSV LP-AC SARHNSSMPVVRQALSPD

[X8. P450sccNA w7 3 / BED L8

MERTF FELTHES ATV A Y T,
BmENT - LTI A THA,

43




Hurman
ey

2t
Fuyg
Trut

Hiu—an
Boavine
PaL
g
Troat

Homan
Nevsine
Hat
%]
Trout

Human
Howine
Rat
PLg
Tro.t

Pat
Pig
Trout

Huran
Bovine
Paz
eig
Trouc

Humran
Bavine
Rat
Pig
Trout
Medaka

KCYQTI!

AFSLPHRA Y

ris SPIYREF
TriF IPIYREF
L& IPTYREY
(& SEIYREF
HE SPTYREF]

LM OTPE

YTQUEY

YTEIF[E L
YTOHEN L
YTOQHE- P 9

CIoNTY

SAPREGLGRIRVPTGEGAGT
S TVOEGWOHHAVG TORCAGT
FPVMQGPG - - - LATCHGAG T
GAPRECPGHPRVGTGEGACT
CEARHUSSMPVVROALSPON

RESFICHE HOV
REMHEQR Y RIN
REHTTHR B HHM
AREHJTQK i HHY
riKLL RH VMY

f D SEEDTHA

1 SHFHLLEDYHAH

(L IGCHFL PERH TGN
A NI LSEDVHA
o LTF).51EDI

I LIF).SIEDI 3

40
an
37
40
39

A
79
rr
19
17

113
11%
7
119
117

159
159
157
159
157

19%
19%
191
19%
197

239
239
237
239
217

279
2179
247
279
21

319
Y]
116
118
317

29

Human
Bovine

Hedaka

Human
Bovine
Rat
Pig
Trour
HMedaka

nurman
Bovine
Rag
Pig
Trout
Medaka

Haman
Bovine
Rac
Pig
Trout
Medaka

Human
Bavine
Rat
Piyg
Trout
Hedaka

Human
Bovine
Rat
Pig
Trout
Hedaka

AR AT HPAS0sce T 2 /R 5 IR,

3se

IRL]

I

451 g ; 134

TITH Y N IES

HHEST . e 2% LN
@D

FETLRLAE T1F . y3a

HETLRLH 13 R E bR

WETLHLH WA : s

KETLRLHI i v 198

I ETLHLHHY TR 1

EETLRI HiY. A ; -7 1iia

R

T

114

418

137

ST 5
S~ E]
L GANP - 2

== -ATQQ- - 5
-~ -PPQA--- 5
STMPRECLTY 3
~--PLQA--- 5
ffffffffff 5

2

9. P450sceT 3 / ERELYY

HIEFCilfiishTtwadae b, 2, 7% BU5 v FP450sce 7 3/ BERCH & =

alignmentiXGene Works (IntelliGenetics, Inc.)® 704 5 A{l{t~ /7,

BB TR L7 2 VAR THATR L, A704 FESHE (1) &AL

AR (1) # 2N FRFHETRLE. @, @, @l onwTidATER
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®10. =V~ AMERARICBITL ./, —F 7oy MER

Z V2 AP450sce cDNAZSERIE L TR ST TX V7= FANVRNAR 70—
TELTHW,

FLV—VIRUTIOGRT ER TR OMEOINON MR L ik Lpoly A7
RNA% 1.5 p gikB) L7z,

1:5P4%1. 8mm, Z2:9BFE2. 8mm, 3:5P4E3.5mm, 4:80%8E4. Tmm, 5:HEEREIRIE
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11, AF AR BIECBITL =¥ 7oy MEF
AT HPAS0sce cONARSRIL LCEK S NAFT 1 T334 2 S~NARNAE Va0 —T
ELTHW,

Bl 20, TREROBIICINEMLIRE 2 & i L7z total RNA% 6 4 gikih L
fu:o B%ﬂ;ﬂi\ Egﬂﬁﬁ@ﬁ@’&ﬁ[,fio

1, 28R, 27 SBSR, 3; 8RER], 4; LIB¥/, 5; L4BEMI, 6; 17BERY, 7; 20B%[N, 8; 2385,
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K13, =< AIEARLE . FRILMIE TR I BT 5
P450scc mRNADGTHIZ L 5 i

=V AON NS ¢ RN L SRS SR L, R EGTH
(SGA) MEFIIRURIMTIZT., 1688 L7,

REEOFRMBOSoRNAZ I L, £ -2, 1.52¢Dpoly AY RNAR BB L 72,
LB, 7O0-7E LT, =V AP450scc cDNAZ P 2PCI RV LTHW:, FB
u\mtxy%vy%&%b\7U—7£LT;971mnmcwmﬁﬁvi&er
Fvi7e, P450sce, actin® FREADEENIE bIC#1.8 kb RT, |
LIREMBEE GTH(-), 2:3REMME GTH(+),
IFEAIERE  GTH(-), 4:BOREMINRE GTH(+)
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X14. Whole mount in situ hybridization?® )ik

SLE 2 HICE L. k¥ L7d% PRA/D. 75¢ PBSIC AL, 4C—BpBL LB L7z,
0.75x lJ;BS’C‘%ﬁ*

Mmhm;,SﬁZZE

PBST (3.75}( PBS+0.1% Tween) , iR, 54, 2[

4% PFA}O.75XPBS, Fim, 205r

PBSTT;E@

1.25% iriethanolamine/(). 27% acetic anhydride, i, 104
PBST’C‘;}’&@

prehybiidization, BqiE, 1480

hybridiization, 65°C, 12~ 18KE[H]

5x SSC%T‘?‘(“

2x SSC}SO% formamide, 65T, 1B¥H

2x SSC,l 37C, 104r, 3M

RNaseﬁ&tﬂﬁ'.ZO pg/ml RNase A, 37°C, W]

2x SSC, 37°C, 104F, 3[

2x SSCjSO% formamide, 65C, 1#§[H]
2x SSC} 55T, 154

2x SSC,l 55C, 1547

0.2x SéC, 55°C, 1547

PBST'(‘;H%

Blockiig solution, Fil, 1EERH
anti~D%G antibody, 4C, overnight
Blockiig solution, Fim, 304, 3[
0.1 M ’#ris—Cl (pH 9.5)/0.05M MgCl2 /0. 1M NaCl/0.1% Tween 20, iR, 105%,
%ﬁfi;ﬁ

TE Buf%er??ﬁ@’&‘f%lt
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control forskolin
Trout P450scc

sense

anti-sense

Trout 38-HSD

sense

anti-sense

[XI15.  whole mount in situ hybridization
F14i b~/ BT Cwhole mount in éitu hybridization% 3% - 7=,
L2BUI = U= AP450sce cDNA% S4B L L TR S R 5 4 X525 XARNAY
Tu—7E LTV, T2BIE =< A3 8 -HSD cDNA% &5 & LTl shisms T
XTI URNAE T T E LT,
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#1. COS-1MEiz BT A =< AP450sccDIEME

Pregnenolone ( ng/plate )

48h 120h
pSVL 2.8 3.0
pSVL/P 12.9 23.2
pSVL/M 2.5 3.1

=37 AP450sceRicDNA & pSVLIC ML A A . COS-1MIMLIC b 5 > A
Ty oavadick EOPS0sceDIHMEETRT, .

pSVL/P: = V< AP450scchicDNADP (H£MH) O % pSVLICHL A
AATZSLD

pSVL/M: = = AP450sccifcDNADM (I 1) o Sk % pSVLIZ L &
BAELD

pSVLI Ny & — D
FHENRCOS- 1A TTF A7z ardd, BEE LT25-
hydroxycholesterol # 1z, P450sceDBHEN THAH TV FH /1
v OEER R RIAETHIE L. P4SOscedifME % <720
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#2. P450scc 7 I JEBEERHIOFHEM:

human bovine rat pig trout medaka
human
bovine 72
rat 77 70
pig 79 83 75
trout 48 46 46 46
medaka 57 55 57 56 82

FHMERTOT 2 BOMEEE % TR,

B, —BLATI/Bo(@M-08LA7 I/ BOBEEX100] (%) LT

HMULA, A AEBEHE IR TVR26BI oWTIEB L 248 4 T4,
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3., ZURAMHP TV R/ arvgl
MR OB\ C BT 517 o, 20 B -DPREAE

4% (am) pregnenolone | 17 «,20 8 -DPEEH:
(pg/ml) control 17« -OH Prog
0.9 F R 186 — —
1.5 7 15 24 101 — —
2.5 F IR 306 — —
3.4 AR 390 — —
3.8 E D% ) 630 - +
4.0 A 770 — +
4.5 H B 703 -+ +

M7 L5 3 7 a0y B RIAMC X il Ui,

PR  WEE L. = = ARingeril i b huz v (control). 17 a -
O Prog@RIO@y&lET . PR IEAINL % 102 2°C-C36RF MR E L 22i%. BEiih o
174,20 3-DPOEXEIALTHE L. EEOIEL TR LI,
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A ¢DNA clone encoding cholesterol side-chain cleavage cytochrome P450 (P450sce) was isolated from a rainbow Lrout ovarian follicle cDNA

iibrary. The eDNA centains an open reading franie of 1,542 nucleotides encoding a protein of 514 amino acids. The predicted amino acid sequence

of trout P450sce shows 48% homology with that of human, and 46% homology with that of rat, bovine and pig. P450sec activity was confirmed

by transfected COS-1 monkey kidney tumour cells with an expression vector for trout P450sce cDNA and subsequent detection of conversion from

25-hydraxychelesterol 1o pregnenolone by radioimmunouassiy, The cDNA only hybridized to a single 1.8 kb RNA transeript. The transcript wis
not found in early vitellogenic follicles. barely detected in postvitellogenic follicles. and abundant in postovulatory follicles

Rambow trout; Cvtochrome PAMIec Fxpression in COS-1 cells: Stereidogenesys

1. INTRODUCTION As a first step to analyze this question in rainbow

In vertcbrates. 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 arc 17f-estradiol
and 17a.208-dihydroxy-4-pregnen-3-one (1 7a.205-DP),
respectively [1]. Twe 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 17f8-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 chelesterol side-
chain cleavage cytohrome P430 (P450sce). This enzyme
catalyzes the conversion of cholesterol te pregnenolonc,
which 1s the initial and rate-limiting reaction in the syn-

thesis of steroid hormones. However, the role of

P450sce in differential production of 17f-estradiol and
172,206-DP during oocyte growih and maturation has
not been determined.

Correspondence addresy: Y . Nagahama. Laboratory of Reproductive
Biology, National Institute for Basic Biology, Okazaki 444, Japan.
Fax: (81) (364) 53-7400.

Published by Elscvier Science Publishers BV

trout (Onacorhynelis mykiss), we have isolated and
cloned a full-length ¢DNA enceding P450sce from a
rainbow trout ovarian thecal cell layer cDNA library.
Comparisons hiave been made berween the deduced
amino acid sequences of rainbow trout and four species
of mammals. ldentification of rainbow trout P430scc
was based on expression of the cDNA in transfected
nonsteroidogenic COS-1 monkey kidney tumour cells.
We also analyzed the expression of P450sce transcripts
from rainbow trout ovarian follicles during oocyle
growth and final maturation by Northern hybridiza-
tion.

2. MATERIALS AND METHQODS

2.1, Cloning and sequencing

Three-year-old rainbow trout were obtained from Samegai Trout
Hatchery (Shiga Prefecture, Japan). Thecal cell lavers were tsolated
Irom ovarian folliclkes at the mid-vitellogenic stage (vocyle diameler.
3154 mm) with fine walchmaker's forceps. A ¢cDNA library from
rainbow trout ovarian thecal cell layer polv(A)" RNA was constructed
as described previously [4]. A human P450sce ¢DNA [5] was digested
at nueleotide position 1,158 and 1,442 with Prell and Sa3AT to yield
a 285 bp fragment which encompasses the highly conserved steroid-
binding and heme-binding sites. This 284 bp fragment was subcloned
into MI13mpl9 and labelled with [2-7PJdCTP as a probe. About
24 x 10" plaques were blotted anto Hybond N* membranes, were
prehybridized for 1 hin 3% SSC{0.75 M NaCl/0.075 M sodium cit-
rate), 35% (v/v) formamide. 200 gg/ml of denatured herring sperm
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DNA, 5x Denhard(’s solution (0.1% polyvinylpyrolidene/(. 1% Ficoll
type 400/0.1% bovine serum albumin fraction V), 02% SDS, t0%
dextran sulfate at 42°C, and then hybridized with S 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 Exelll/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 M13 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-I 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 exiension {mitocchondrial leader) peptide (nuclectide
position 177-1609:M) were amplified by Polymerase Chain Reaction
using synthetic primers with Xhel 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 (o insert) were transfected to 2.2 x 10°
COS-! cells as previously described [4]. On the next day, 25-hy-
droxycholesterol (Sigma) was added to the medium to 2 amol/ml. The
cells were cultured for 48 or 120 h. Pregnenolone was extracted from
the culture medium with diethylether. P450scc activity was deduced
by measuring levels of pregnenolone by radicimmunoassay as de-
scribed previously {7]. The anti-pregnenofone-3-Succ-BSA serum
{Teikoku Zoki Co.} crossreacts with pregnenolone, progesterone, and
deoxyeorticosterone at 100%. 13.6% and 0.1%. respectively. This an-
tiserum crossreacts less than 0.19% with most of ovarian sterods and
corticosteroids tested, such as 1 7a-hvdroxypregnenolone, 17a-hy-
droxyprogesterone, 17f8-csiradiol, and cortisol.

2.3, Northern blot anafysis

Northern blot analysis was carried out as described previously [4].
The 1,789 bp cDNA fragment was labelled with [z-“P]dCTP using the
Random Primer Plus Extention Labelling Systemn (NEN) as a probe,
and hybridized in 5x $8C, 5x Denhardt’s solution, 0.2% SDS, 200
ugiml denatured herring sperm DNA with 5 x 10° cpm of the probe
at 45°C overnight.

3. RESULTS AND DISCUSSION

To 1sclate the cDNA encoding P4530scc, 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 1 1500
J 000 1788 bp

Fig. 1. Sequencing strategy for the 1.8 kb mnsert. 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

AAAAGARACACAC AGAAGAAGAGTTGOAACARCTCACC TAGCATAGAGACGCTGU TATGA 31
M

TGOTGAGCTGGAGTO TG TCTCCCAGTTCCOTCCC TC THCCACCATG TGGAC TACCCAGTG 120
M v 5 w & V CR S S§ L AL P A C G L P &

CCCGCCACAAC TCCAGTATGCCGOTCG TGU GCUAGGETC TG TCCCCAGAC AACAGC AGTA 180
A R H K &8 &§ M P v v R 0 A L 5§ P DN § 58

CGGTCCAGAAC TTCAGTGAGATCCCAGGTC TC TGGAGARAC GGAC TCGUCAACCTCTACA 249
T v o N F & E I P G L W R N G L A N L Y

GTTTCTCGAAAL TAGACGGATTC AGGAACATCCACAGAGTCATGG TGCACAACTTCAACA Ao
S F w ¥k L. b G F R N 1 H AR Y MV HNTFN

CCTTCCCTCCAATATAC AGGGAGAAGATACCC TAC TATCATAGTG TAAAC ATTATARAGC 360
T F G P 1 Y REX TG Y Y DO 5 v N1 I K

CGGAGATGCCAGCCATCTTC TTCAAGGC AGAAGGAC AL TACCCCAAGAGG TTAACCC TG 4240
P E M P A 1 L F K A E G H ¥ F K R L T V

AGGCATGOAC CTCATACAGAGAC TACAGGAACACGARATATGCACTC CTCC TCARGAATG 480
E A w T § ¥ R D ¥ R N R X ¥ G V L L K N

GGGAGGACTGLCCGTCCARC AGGH TGATTC TCAATAGAGAGG TGATC TCTCCCAAGGTGT 540
G E D w R S N R YV I L N REV I 8 P K V

TCGGGAAC TTTGT TCC TC TG T TGGA TCAGG TTGCGC AGCAL TTTGTGGC CCGAGTACATA 600
H C N F VM P L L IDE V GC Q D F ¥V A R V H

AGAAGATACAAAGGAC TCGACAGGAC AAATGGACCACCCGA T TTTC TCAAGAALTCTTCA BEQ
K ¥ ¢ F R 5 G D ¥ W T T DL &  E L F

ARTAUCGE TCIGDAR T
" roA L R

GUGTICAG TIC TG TATGGGGANC GTC GGG C TGATG TIYE0 20
s vV L Y G F R L G L M I

ACTACATUAACCCTGACCO CCAAUAC T ICATTOCAC TOCATC TC TCTOATGTTCAAGACTA 780
DY I N P F A QD H F I DC I S L M F K T

COTCTCCCATGC TOTACATCCCCCOGGCUATCOC TCAGGACGE TAGCAGC CAAGATC TGGA B4D
T § P M I ¥ I P P A ML R R YV G A K I W

GAGATCACCTAGAGCCCTOGGATGCCATC T ICAAC CAGGCCGACCGUTCCATC CAGAACA 00
R D H V¥V E A WDOGTI F N QA DRCTIT QN

TCTACAGGACGATGUGTC AGGAC ACTAACAC CCACGGGAAGTATC CAGGAGTCCTGGCCA 960
I ¥R T MM R 0 DTN THGI K Y P G V L A

GCCTTCTGATG TTAGAC AAGE TGTC TATAGAGGATATCAAGGCCAGCGTCACTCAACTGRA 1020
S L L M L DKL ST ED 1T X A SV TE L

TCGUTGGAGOGGG TAGACACGACATC TATCACCC TGCTGTGGACTCTATATGAGCTTGECA 1080
M A G ¢ v DTTS I TULILWTTULY EL A

GACACCCTGACC TOCAGGAMGAG TTGAGGE C TGAGGTGGC TGTAGCCAGACAGTCTACCC 1140
R W P DL % EETLZRMDMEWV AV A RDQSE T

RAGGGAGACATGC TACAGATGC TCAAGATGATACCGCTGOTCAAAGGAGCGC TGAAGGAAL 1200
Q G D M L Qg M L K M I P L ¥V K G A L K E

COOTGAGGCTTCATCCAGTTGCAGTCAG TTTACAGAGATACATTACAGAGGARATCGTCA 1260
T L R L H P VvV A VvV §8 L gRY I T EZETI V

TTCAGAAC TATC ACATACCTTIG TOGCAC TC TG TCCAGTTUGG TC TC TATGCGATGSGTA 1120
1 g ¥ Y HI P CCGTLVYV QLG L Y A MG

GAGACCCAGATGTGTTCCCCAGACCTGAGAAGTACCTCCCOTCCCGUTONCTCCGGACAG 1180
R D P DY F PR PEZEK Y L P S RWILRT

AGAACCAGTAC TTCAGGAGE TTGGGC TTCGGATTTGGACCCACACAGTCTC TIGGACCG 1440
E ¥ QY FR L GPFGF G PR QCLGR

GCATAGC TGACACOOAGATOCAGCTC TTCCTTATACATATGC TGGAGAAC TTCAGAGTAG 1500
R I A E T E M Q L F L I H M L ENF R V¥

ATAMACAGCCTC ACSTOGAGG TGCACAGTACCTTCGAGTTCATC TTG TICC CAGAGARRC 1560
D K ¢Q R Q V E V H S TFEL I L L P E K

CCATTCTTCTGACCC TGARGCC TCTAAAGAGEGGCCAGTGATATCATCANGCCTCTACAC 1620
P I L L T UL X P LK SGQ*

ACCAGACAGTGATATCATCAAGC CTC TACACAGCAGACAGTGACATCATCAAGCCTCTAC 1680
ACACCAGACAGTGACATCATGARGC CTCTACTC TG TAACGTCAARGCGTRAGAARBATTC 1740

TAACATTGTTTTAATEABACAATAATATARCTTGAARAAANAAAAMARN 1789

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 1s underlined.
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Trout SWSY LP-AC
Human AKGLP KGYQT
Bovine RGLP KACPP
Pig ARGLA KGCQP
Rat AKGLCI K5CQP

Trout
Human
Bovine
Pig
Rat

SARHNSSMPVVRQALSPDI
APREGLGRLRVPTGEGAG
TVGEGWGHHRVGTGECAG
APRECPGHPRVGTGEGAC
PVWQG PG - - - LATGNGAG

Trout
Human
Bovine
Pig
Rat

KAGSGNYS

Trout
Human
Bovine
Pig
Rat

Trout
Human
Rovine
Pig
Rat

Trout
Human
Bovine
Pig
Rat

-
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177
179
179
179
177

267
269
269
269
267

387
359
358
358
356

447
449
448
148
446

KEGQ= - wm e e e 514
NQE---—- ATQQ: - - 521
NOD- - - - PPQA- -~ 520
NQD----- PLOA-- - 520
KQDLGSTMPREGRTY 526

Fig. 3. Comparison of deduced amino acid sequence of rainbow trout {Trout). human, bovine, pig and rat P450sce. Alignment was made using
Gene Works (IntelliGenetics, Inc)). Identical amino acids between five species arc indicated as a box.

stop codon. A polyadenylation signal, AATAAA, was
found i6 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 P450sce [5]. The rat
[8]. bovine [9] and pig [10] P450sce ammino 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 P450ci? (17a-hydroxylase/17,20-1yase 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 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 P450scc sequences, a recombinant expression
vector containing either pSVEL/P or pSVL/M was intro-

duced into COS-1 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 P430scc ¢DNA, 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-

[able 1

Activities of rainbow trout P450sce in COS-1 cells

Pregnenolone (ng/plate)

48 h 120 h
pSVL 28 30
pSVL/P 12.9 232
pSVL/M 25

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

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

hydroxycholesterol was added and 48 or 120 hlater, pregnenolone was

extracted. P450sce activity was deduced by measuring levels of pregne-
nolene by radioimmunoassay.
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stages of follicles. (A) 1.8 mum diameter follicle; (B) 2.4 mm diameter

follicte; {C) 2.9 mm diameter follicle; (D) 4.7 mm diameter follicie

{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), indicatimg that N-termmal 39 amino acids
play an important part in expression of activity of trout
P450sce. 1t 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 P450sce 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 fellicles and abundant in postovulatory fol-
licles {Fig. 4). The increased amounts of P450scc tran-
script during final cocyte maturation may be responsi-
ble for the rapid increase in the follicular production of
maturation-inducing hormone of this species, 17¢,205-
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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ABSTRACT

A distinct shift in steroidogenesis from testosterone 1o I 7o-hydroxyprogesterone occurs in the
salmonid ovarian thecal cell layers immediately prior 1o oocyte maturation, and is a prerequisite
for the production of l7a,2OB-dihydroxy—tt—prcgncn-3-onc (lnaluralion-inducixlg hormone of
salmonid fishes) by granulosa cells during oocyte maturation. 17(1-Hydr0xylase/17,20-lyase
cytochrome P-450 (P-450, ) and 3B-hydroxysteroid dehydrogenase/A’*-isomerase (3B-HSD)
are the two major steroidogenic enzymes involved in the production of 17a-
hydroxyprogesterone and testosterone. Using mammalian cDNA probes, we isolated and
characterized full-length cDNAs encoding these two enzymes from a rainbow trout
(Oncorhynchus mykiss) ovarian thecal cell cDNA library. The cloning of 2.4-kilobase ¢cDNA
encoding p'45017a and transient expression of this clone in nonsteroidogenic monkey kidney
tumor COS-1 cells havev recently been reported (Sakai et al. 1992). We have isolated a 1.4-
kilobase cDNA which is hybridized to the mammalian 33-HSD cDNAs. Expression of this
cDNA in COS-1 cells led to the production of an enzyme which is capable of converting

dehydroepiandrosterone to androstenedione. In this study, enzymalic activities and ex pression of

rainbow trout ovarian P-450,., and 38-HSD are discussed in relation of the steroidogenic shifi

occurring in the ovarian follicle layers.




1. INTRODUCTION

Oocyte growth and meiotic maturation in teleosts, like those in other vertebrates, are
reguiated by gonadotropins (Nagahama et al. 1992). However, these actions of gonadotropins
are considered to be mediated predominantly by ovarian steroid hormones. In salmonid fishes,
fwo ovarian steroid hormones have been implicated in the regulation of these two important
processes of cogenesis: estradiol- 178 for oocyte growth and 170,20p- -dihydroxy-4- pregnen-3-
one (17a,20B-DP) for oucyte maturation (Nagahama and Adachj 1985; Nagahama 1987b). It is
now established that ovarian granulosa cells are the site of production of these two steroidal
mediators, but production by the ovarian folticle depends on the provision of precursor steroids
by the thecal cells (two-cell type model) (Nagahama 1987a)(Fig. 1). During oocyle growth, the
thecal cell layers synthesize testosterone, which is converted into estradiol-17f by aromatase
activity in the granulosa cell tayers. During oocyte maturation, however, the thecal cel] layers
synthesize I7a-hydroxyprogesterone, which is converted into 17c,20B-DP by 20P-
hydroxysteroid dehydrogenase in the granulosa cell layers. Thus, a distinct shift in the salmonid
steroidogenesis from testosterone to I7a-hydroxyprogesterone oceurs only in the thecal cell
layers immediately prior to 0ocyle maturation, and is a prerequisite for the growing oocyles to
enler the final stage of maturation (Kanamori et af. 1988; Nagahama 1987a).

Ovarian steroidogenesis is regulated through changes in the relative activity of individual
steroidogenic enzymes. 17q- Hydroxylase/17,20-lyase Cytochrome P-450 (P- -450 ) and 3f3-
hydroxysteroid dehydrogenase/A*-isomerase (3B-HSD) are the two major steroidogenic
enzymes involved in the production of 17a-hydroxyprogesterone and lestosterone. Thus, il is
most likely that the steroidogenic shift in the salmonid thecal cell layers occurring prior 10 oocyle
maturation is regulated by changes in the relative activity of these two enzymes. As a first step
lo address this question at the molecular level, we have utilized the techniques of molecular
geneltics 1o first isolate and characterize the cDNAs specific (or salimonid ovarian P-450,, and
33-HSD. We have previously reported the trout P'45017a c¢DNA cloning and enzymalic

properties in nonsteroidogenic monkey kidney tumour COS-1 cells (Sakai ef al. 1992),

However, the cloning of cDNA encoding 3B3-HSD has not been reported for nonmammalian




vertebrates. This article describes the isolation of rainbow trout (Oncorhynchus mykiss) 3B-HSD
CDNA and expression of the cDNA in COS-1 cell. These results, together with our earlier
findings on the molecular cloning of rainbow trout P'45017a CDNA, are discussed in relation to

the steroidogenic shifi occurring in the ovarian follicle layer prior to cocyte maturation.

2. MATERIALS AND METIHODS

Mammalian 3B-HSD ¢cDNA probes were kindly provided by Dr. J.I. Mason (U.5.A Xrat testis
3B-HSD, Lorence et al. 1991: rat liver 3B-HSD, Naville et af. 1991; human placental 38-HSD.
Lorence er al. 1990). Three cDNA fragments containing the majority of the open reading frame
encoding 33-HSD were prepared: 1.1-kilobase cDNA fragment from rat testis 3B-HSD c¢DNA by
digestion of EcoR}I and HindllIl, 1.1-kilobase cDNA fragment from rai liver 3B3-HSD by
digestion of £coR1 and Hindlll, and 1.0-kilobase cDNA fragment from human 3B-HSD by
digestion of EcoRl and Pvull. Each cDNA fragment was labeled by Muliiprime DNA labeling
systems (Amersham) and used to screen the ovarian thecal cell cDNA library of rainbow trout
under the same conditions as described by Sakai et al, (1992). ¢DNA inserts were isolated from
positively hybridizing clones, and digested with EcoRI or Kpnl, then cloned into pBluescript
KS(-). DNA sequencing was performed using a 373A DNA sequencer with Dye primer thermal
circular sequencing systems (Applied Biosystems Co.).

Expression of the cDNA in nonsteroidogenic monkey kidney tumour COS-1 cells was
performed according to Tanaka er al. (1992).  Metabolites from 'C-labeled
dehydroepiandrosterone by the cDNA transfected COS-1 cells were separated by thin layer

chromatography and identified by recrystallization (Sakai et al. 1989). Northern blot analysis

was carried oul as described previously (Sakai ef al. 1992).

3. RESULTS

Approximately 1.0 X 10° plaques from the ovarian thecal cell cDNA library of rainbow trout

were screened with each of the mammalian 3B-HSD cDNA probes. Sixty-four positive clones



from rat testis 3B-HSD, 49 positive clones from rat liver 3B-HSD, and 71 positive clones from
human placental 3B-HSD were identified. Twelve positive clones were randomly selected from
184 positive clones, the cDNA inserts were identifiecd by southern blot analysis using rat testis
33-HSD cDNA probe. Three different cDNA inserts in length (1.4-kilobase, t.7-kilobase, and
2.2-kilobase) were found. Restriction maps of three cDNA inserts are different as shown in Fig.
2. The cDNA inserts were ligated into pBluescript KS(-) and partially sequenced from each end.
The nucleotide sequence of 300 base from 5’-end in three cDNA inserls were almost the same,
but that from 3’-end in three cDNA inserts were different (data not shown). Poly (A)* RNA was
not found in the 1.7-kilobase ¢cDNA insert. By northern blot analysis using 5’-end cDNA
fragment (Kpnl-fiincll fragment) and 3’-end cDNA fragment (£coR1-Kpnl fragment) of the 2.2-
kilobase ¢cDNA insert, two different transcripts were found in poly (A)* RNA of trout post-
ovulatory follicles. Therefore, it appears that the 2.2-kilobase ¢cDNA insert is an artifact of two
different cDNA connected when the c¢DNA library was constructed. The second cDNA in 2.2-
kilobase cDNA did not bear any resumblance to 3B-HSD in partial scquence analysis (data not
shown). The 1.4-kilobase cDNA insert, designated 3Bth2-10, was éelected for further
characterization. The complete nucleotide sequence of 3Bth2-10 and its deduced amino acid
sequence will be described elsewhere. |

To determine whether the 3Bth2-10 cDNA clone encodes a protein exhibiting 3p-
hydroxysteroid dehydrogenase/A>*-isomerase activity, the insert ligated into PSVL was used to
transfect COS-1 cells. When “C-labeled dehydroepiandrosterone was used as substrate and the
products were analyzed by thin layer chromatography, the major product identified as
androstenedione by recrystallization (Table 1) was found in the COS-1 cell cultures with the
recombinant trout 33-HSD expression vector, but not in the cultures with PSVL only (Fig. 3).

Northern blot analysis of ovarian follicular poly (A)* RNA at three stages of cogenesis with
the trout 3(3-HSD cDNA probe revealed the presence of a 1.4-kilobase mRNA species. To
compare changes in the 2.4-kilobase transcript of P450,. . rainbow trout P450,, ., ¢cDNA also
hybridized (Fig. 4). We confirmed the mRNA specific for rainbow trout 3B-HSD to be a single

species in another experiment. Signals of the 1.4-kilobase transcripts were barely detected



during vitellogenesis, markedly increased during oocyle maturation, and decreased after ovulation,

4. DISCUSSION

Using the corresponding mammalian 33-HSD ¢cDNA probes, we have isolated and expressed,
for the first time in any nonmammalian vertebrates, cDNAs specific for rainbow trout 3B-HSD.
In our laboratory, three more cDNAs encoding rainbow trout ovarian steroidogenic enzymes, P-
450”01, dromatase cylochrome P-450 (P-450 o) {TaNaka et al. 1992) and cholesterol side-chain
cleavage cytochrome P-450 (P—4SOSCC) {Takahashi ef al. 1993) have also been characterized.
Comparison of the nucleotide sequences of these three P-450 enzymes of rainbow trout with
those of mammals indicates that the fish enzymes arc approximately 55% homologous to those
of mammals. It is of interest (o know whether a similar sequence homology also exists between
fish HSDs and mammalian HSDs. We are currently determining the complete nucleotide
sequence of the rainbow trout 3-HSD c¢DNA clone. Our observations demonstrate that
mammalian cDNA probes can be used to clone gonadal and adrenal steroidogenic enzymes of
various nonmammalian species.

We have used a eukaryotic expression vector system to transfect COS-1 monkey kidney
tumor cells and thereby characterized the rainbow trout P-450 . (Sakai ef al. 1992) and 3B-
HSD and their associated activities in cells that normally do not exhibit these steroidogenic
functions. We also expressed the rainbow trout P-450mom (Tanaka er al. 1992) and P-450,..
(Takahashi er al. 1993). Thus, these studies have also shown that the mammalian CQOS-1 cell
system is useful for enzymalic studies of various fish steroidogenic enzymes,

Biosynthesis of testosterone requires both 17a-hydroxylase and }7,20-lyase activities, where-
as that of 17a-hydroxyprogesterone requires only 17a-hydroxylase activity. It has long been
thought from many physiological studies that 17a-hydroxylase and 17,20-lyase are distinct
enzymes. However, purification of mammalian testis and adrenal P'45017a showed that a single

protein mediated both activities (Nakajin and Hall, 1981; Kominami et al. 1982; Nakajin er al.

1983). This was confirmed by recent findings that expression of mammalian P-450,,, cDNAs




in COS-1 cells (Zuber et al. 19864, Namiki et al., 1988; Fovold et al. 1989; Lin et al. 1991),
bacteria (Barnes er al. 1991) and yeast (Sakaki ef al. 1989) led to production of a steroid
hydroxylase which had both I7a-hydroxylase and 17,20-lyase activitics. Thus, one important
quesion is whether the fish 170-hydroxylase and 17,20-lyase activities are calalyzed by the same
protein. Molecular cloning and characterization of rainbow trout P-450 ., ¢cDNA shows that the
[7a-hydroxylase and 17,20-lyase activities reside within the same rainbow trout P-450,,

polypeptide chain (Sakai et al. 1992). Expression of trout P'45017a in COS-1 cells indicates that

the trout P-450,, has more 17,20-lyase activity catalyzing 17o-hydroxypregnenolone 10

dehydroepiandrosterone than that catalyzing 17a-hydroxyprogestrone to androstenedione., This
characteristic may be important to explain for the synthesis of 170-hydroxyprogesterone in irout
ovarian thecal cells. Further studies on the substrate specificity of trout P-450”a will be
necessary using trout ovarian follicle homogenates.

The enzyme, 33-HSD is a key enzyme which regulates the formation of A%-3-ketosteroids
from A5-3B-hydroxysteroids, i.e., the synthesis of the potent steroid hormones progesterone, 17a-
hydroxyprogesterone, and androstenedione from their much less hormonally active precursors,
pregnenolone, 17a-hydroxypregnenolone, and dehydroepiandrosterone, respectively. It has not
yet been determined whether the synthesis of testosterone during oocyte growth and 17a-
hydroxyprogesterone during oocyte maturation by the salmonid ovarian thecal cell layers
involves either the A*-steroid or the AS-steroid pathway. This question is important in relation to
the difference in substrate preference observed in rainbow trout P-450 . . (Sakai er al. 1992). It
is possible that 3-HSD may play a critical role in determining the steroidogenic pathway in the
salmonid thecal cell layers, In this study, we demonstrated that the rainbow trout 3B-HSD cDNA
was capable of converting dehydroepiandrosterone to androstenedione, We are currently
determining whether the recombinant rainbow trout 3B-HSD can also catalyze the conversion of
other A’-steroids pregnenolone and 17a-hydroxypregnenolone to their corresponding A*-
steroids, progesterone and 17u-hydroxyprogesterone, respectively,

Isolation of ¢cDNA clones specific for rainbow trout P-450,., and 3B-HSD has made it possi-

ble to determine changes in mRNA levels during follicular development and maturation in rain-




bow trout. The levels of P-450 , 4 and 3B-HSD were barely detectable during vitellogenesis,
dramatically increased during oocyte maturation, and decreased markedly after ovulation. The
dramatic increases in ovarian P-450,,, and 3B-HSD mRNA levels may be directly associated
with the increased production of 17a-hydroxyprogesterone and [70,20B-DP during oocyte
maturation. The hormonal factor(s) responsible for the increased expression of P-450,, and 3p-
HSD during oocyte maturation remained to be determined. It is also interesting to determine
whether other forms of P-450,,, and 3B-HSD mRNAs are expressed in the ovaries during
vitellogenesis, a stage when testosterone and estradiol-17f are the major steroid hormones
produced by ovaries.

The isolation and characterization of rainbow trout P—450”a and 3B-HSD cDNAs will greatly
facilitate further investigations of the molecular basis of the steroidogenic shift in the salmonid
thecal cell layers. Resolution of the molecular events regulating this shift may provide new
insight into the intracellular events regulating follicular development and malurauon Further-
more, the availability of cDNA clones specific for rainbow trout ovarian steroidogenic enzymes
also provides the necessary probes for identification of steroidogenic enzyme genes of other fish

species and for subsequent investigations on the molecular evolution of vertebrale steroidogenic

enzymes.
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FIGURE LEGEND
Figure 1. Two-cell type model and possible pathways for ovarian steroidogenesis of rainbow
trout. 1 P-450,,, (17a-hydroxylase/17,20-1yase), > - 3B-hydroxysteroid
dehydrogenase/A>“-isomerase (3B-HSD), ® :17B3-hydroxysteroid dehydrogenase
(173-HSD), ---» :20P-hydroxysteroid dehydrogenase (20B-HSD), —~ : P-450

Aromalase L

Figure 2. Restriction map of the 1.4-kilobase cDNA insert, 1.7-kilobase cDNA insert and 2.2-

kilobase cDNA insert. Restriction sites of Kpnl shown in 2.2-kilobase cDNA insert are in

adaptor ligated into 2.2-kilobase ¢cDNA insert, and were used for the preparation of Kpnl-Hincli

fragment and EcoRI-Kpnl fragment,

Figure 3. Thin layer chromatographs showing 3B-Hydroxysteroid dehydrogenase (3B-HSD)
activity in COS-1 cells transfected with pSVL only (A) and the rainbow trout 3B-HSD expres-
sion vector (B). “C-Labeled dehydroepiandrosterone (1.0 X 10° cpm) was added to a COS-1 cell
culture, and metabolites were extracted and separated on TLC. The bands corresponding (o

dehydroepiandrosterone (1) and androstenedione (2) are indicated.

Figure 4. Northern hybridization of rainbow trout P-450,, (2.4-kilobase) and 33-HSD (1.5-
kilobase) to poly (A)* RNA (2 jg) from three stages of ovarian follicles (V, vitellogenic folli-

cles; M, follicles at the migrated nucleus stage; P, post-ovulatory follicies).
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Table 1. Recrystallization of the radioactive metabolite with the

authentic androstenedione for identification

Specific activity before crystallization {cpm/mg) 101
Specific activity of crystal (cpm/mg) lst 97
2nd 102
3rd 98
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