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(1. R E K =R 5B 3 KL 5T 0, ML K A s i A% B M R AR S R =, IR K45 214081;
2. B RE a il S AR EE, B 200090)

2. % A RT-PCR #1 B 3% 4~ ¥ ¢cDNA K i (Rapid amplification of cDNA ends, RACE) ¥k 43 85 th 8 | W B 4k &
(Oreochromis aureus) 91 8 75 2 (LB (P450aromA) [ 45 51, 192 1 784 bp ) &= ¥ cDNA, 1,45 38 bp 5" B X,
1 566 bp [ BEHE LL K & Poly (A) 155 (AATAAA) ) 167 bp 3HEBIEX [ AATFE Poly (A) ] [AEMEILSRES 521 MEE
B, SR RS T RN SOKD. RVEYE ST EoR, SR B3k P4S0aromA [EFERSIF51]5 HoAh G ik g 55 & (LB
(P450arom) 2 70% LL_EBIFEIVEYE, 5 HoAh £ 2500 P450arom A 60% A4 RIVRME, B HIS F (B 57 R A IE - 185
X 55 25 AL i S 5F KR 4T 35 25 & X 205 5 Ho i 4125 P450arom [ [RIVEIE 1 % 83%~96% 78%~86% HlI 85%~100% .
REEESWRY, WA T F 24 P450aromA J& T A MERR P450arom, 5 F R Zeil (W 447 45 R SIRYE R B LA S
AR ES 2 REAR B AWER¥H Bor, BRI P 44 P450aromA KR HEIE A TE 5K, THEX
B ChAES W E . FSHE S £ AEE ST R L6725 N- SEEE GO 21 N- R RE B A7 2R R s C
R AL S . EF Tagman #REHEAG T P4SOaromA 7F R F) W & Ik it SR L Rk, 45 R KL, P450aromA H
IR R R, B T A AR AT ST P450aromA HIRIEER, 418 B8, AT T P450aromA fIRIX,

A P450aromA HIRIEE R AR BN 30 5. [ FEKFREE,2008,15(5) : 729-737]

E4A: WA P4 RACE; 3% 1L ; Taqman ZREf
hESES: S917 TEERIRAD: A

75 LS (P450arom) 2 41 ML (1 3 P450 K ik
H— R, MR L R A O MR, R ME R
AYE B I OCEE R RN IR IR, ) AP TR E AL
eI AR A L e R 2 RBm L,
P450arom [ CYP19 SFE N4, {2 ¢ @ HIA I
T 2 FR AR FE B 9D 1) P450arom, R J 7Y 55 A
1Ll (P450aromA) 24 75 & LG (P450aromB) ,
EATLAE AR TR 2 B A T A o 2
R, 5 & (L BE ] LLR2 il LA A 48 5
FRITHREFR G, I N W AVEE DhRE UL R
PEAT R B, 2 5 AR L s b B o A B
1117 FL3d 0 2 £ 288 R P S o AR R Sl s 1

PAME TR H, ik, PEakE. b1
RS, AR, TS B 75, Ik
G FRTE 2 B FEFRTE R b H I A
= R WIS AP, AR ) A=

Igfm HER: 2007 12 17; 81T HEA: 2008 03 22.

TEHS: 1005-8737-(2008) 05-0729-09

KB AR, IRk B S B T RS A = B,
ML T =B meE . Bk, TES
£ 1 e WLHI R DL R R B et e E A R
A, S F P IR R R R B B S R
M E. ABRS BT BANE S HEM (Oreochromis
aureus) YP A A& LRI H, W RS EHAT T LG
B RN 3AT . FF N SEAY 52 B RT-PCR 5T T 1Z3% [
T WA f0 AN [F] 1 2 B 3R 0K LA RN R R B BRI R
ke, A R P AT AL R R R P R A
ST R A FE S DL BRI 9 5 M P 38 R R O
A B S 7] 363 122 5 DR 3R R A2 M B T A

1 RS

1.1 ##
1.1.1 £H¥E BRUZHEAAT (KK 2.5cm
KA, Ak (KRB 12g£4), fifa (KFRE

HEETE: {LHE BREHEEESTE (BK2006029) s H 928 24 4 R B BT 2 AR L % 2% LI E-S T H (2007JBFCO03).
B/ BEAYL (1978, B, BEHR R, TENFAIBEEET MR . E-mail: tangyk@ffrc.cn
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730 O K R

B15%

500 g ity ) WHUAARSEE Y.

112 KX F Trizol Reagent ¥ H Promega; AMV,
RnaseH, TdT ®, Tag % ,3’ RACE {75, Premix Ex
Taq™ (Perfect Real time ), Taqman #& %[ 5 Takara;
BECGARIEL, pUCTM-T 34k B B HigEY)
THREA PRA ] KA E IM109 4 48 5556 2 O 17«
1.1.3 {¢# PCR {} Eppendorf mastercycler
personal . Real time PCR 1% 4 BIO-RAD ) MJ Mini !,
114 35|¥ HTERWFAEIIMILEL W
BN E LLF A S i b — AN A “17 th . Pl
P2 IR 4 2 A0 M 28 P450arom I 7 55 )5 41, F)
CodeHop J& # ' % i1 1151 #; P3. P4 £ MR ¥ P1.
P2 438 W i v B, A R A Primer 5.0 0 T

P450aromA 3’ RACE %757 5| #); P5. P6. P7 2R
& P1. P2 5199 38 1) |y BEBCvH Y A T P450aromA
5' RACE #J 5| #; P8+ P9. P10 & P450raomA &
& PCR #J51#); P11, P12, P13 ZARIEHE R w ¥
dE 4 (Oreochromis mossambicus)beta-actin & %)
(GenBank access. No.AB037865) ¥ i1 1) [ T B F]
WP F 4F £ beta-actin & & PCR fJ5[4). H.+, P10,
P13 & taqman FREF, SREFI 5w A FAM 471, 3/ i
1 BHQI #5icd. 24 T & RNA H/#) DNA 15%¢, %
HRI T 20 H 1 45BN F. Bk Tag-
man B4 HE A TFE (O0%) AR A F 5 Rk,
HAbG Y35 B b I A A T RE A BR 2 |16 A, B
H, R=A+G, N=A+C+T+G.

®1 KBPREASY

Tab.1 Primers used in the experiment

5% Primer J#%1  Sequence M%@E /b,p,
Nucleotide position

I3
Degenerate primers

P1 5" - CGGGTGTGGATCAACGGNGARGARAC-3’ 336-361

P2 5" - CTTCATCATCACCATGGCTATGTGCTT -3’ 1383 1409
3’ RACE-PCR

P3 5' - TAG ACG CTG TTG TGG GTG AG -3’ 1 383-1 409

P4 5' - TGT TGT GGG TGA GAG ACA GC -3’ 1079-1 098
5 RACE-PCR

P5 5" - TGG TGT CCG TGT TCT GTC G -3’ 1098 1116

P6 5" - GCG CAG CAA ATT GAG GAC -3’ 627-645

P7 5" - GTATGG AGG AGA CGC AAA CA -3’ 566 585
Real time PCR for P450aromA

P8 5" - ATGCGTCGAGCCCTGTCTGATGAC -3’ 1 185-1 208

P9 5" - TGAAAGTAGCGCCGAGGAACATTGT -3’ 1348 1324

P10 5" - GGCCGAATGCACCGCACCGAGTTT -3’ 1260-1 283
Real time PCR for beta-actin

P11 5" - GGAAATCGTGCGTGACATCAAAGA -3’ 698 722

P12 5" - GGATTCCGCAGGATTCCATACCAA -3’ 904 880

P13 5" - GCACCGCTGCCTCCTCCTCCTCCCT -3' 763 788

1.2 FHiE

12.1 B RNAMHIIE BENLFIEMA kA
5 5, H Trizol Reagent fff 2 & RNA ( H F 4> &
P450aromA) ; FE 25 1 Byt 5 b0 4 1 HEL 9K, VRAL £
5 7 28S A1 18S RNA, #:ll RNA FI5EHEME. A
T ) P4S0aromA 7 %20 21 3R %, BUMERE Rt
TR FFF B o B UL AL ROPE JI 1Y) RNA % 3 MRS
[FE] Bf Aar il P450aromA 75 B AINE % 4F A 6] ) & 1A
(3 ik s B A A b B A R (T

KA B3 4l 1 ANFEAR )RNA & 3 MEA

122 RIFFEMSE B Spg BUE S RNA, L
OligodT-AP[5' -CTGATCTAGAGGTACCGGATC
C(D) 3" 1 K314, AR5 AMV 187 & A 35 B
TR RT) O, 2R 5 H RT B AR 10%,
{# F 5149 P1 A1 P2 ¥ 3 P450aromA 1 000 bp £
IPRSFFS) . PCR R IVARZ A 25 uL, b 2.5 uL
10X PCR W22, 2 pmol/L & AV 48, 200 pmol/L
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dNTP, 3|#1 & 0.1 umol/L,0.125 U Taq B§. Jz 5 %%
£ 5: 94 °C 3 min; 2XJ5,94 C 1 min, 58 C 1 min,
72 °C 1 min, 30 XM&H; HJ5 72 C 10 min, 4 C f#
150 4 AW 1.0% [ 5 REBE Rt IR FEL K 0 25, DIV IRE
A5 F s (B0 B[R, Y pUCm-T #4483 B, %
M. MR PG IX 2 7 51 B 75 7 11 3’ RACE A5’
RACE 3|4, #1# P450aromA ' 3' F1 5' 3% %1
123 3 ' RACE H 5pg & RNA, Lk oligodT-
AP Jy 51 ¥, W ¥ AMV 4 [ 6 B # 4T RT
N, #R J& H RT ¥ & 48 # 1) 10%, BL AP[5' -
CTGATCTAGAGGTACCGGATCC-3' ] 1 3' RACE
¥ 5549 P3 #:47 PCR, PCR SAKAR 25 uL, e 4k
Al 122, N4 H:94 °C 3 min; 885,94 C
1 min,56 C 1 min,72 ‘C 1 min,30 X ffi ¥; & J5
72 °C 10 min, 4 CORAF. K3 I0Y 38342 Ky 3861
R PE, 8 Ei& PCR MR RE 10 £, B 2 pL fERER,
F 519 AP F1 3’ RACE % % 514 P4 #4744,
IBKIRPE R 58 °C, 389 M 1.2% I BEARBE BE e H
VKA B, B AW .

124 5' RACE 53R Z W CEk 8], H Spg &
RNA, LA P54 5|4, iR ¥z AMV 1§ A 13 B JE 4T RT
K. 4R JG B0 RnaseH 43 fif mRNA, fl DNA [A] i
RF & A cDNA. 5 TdT 8§ 7E cDNA 3’ ¥ i1
Poly (A) , A i 51 & [A1 & i Poly (A) J2 ) cDNA.
DL b KB, FH P6 K oligodT-AP Ky 51 4, # 4T
PCR, [ JWVAA R R A 1.2.2. PCR A F: 10 1%, BY
2 uL KRR, B P7 J AP SIMITEY 1, B KRS
57 ‘C, PCR ¥ FH 1.0% 135 G0 B e L9k 40 5, [
I, va s, EWIT .

125 MEMES o H PCR 724 w % 3
pUCTM-T #oAd )5, 2% g 5 B A ) THEAG B A =1
/7. M Dnastar. Clustalw. Mega #5453 ¥ B FI\F 2
£ P450aromA 751, UL 5 HAMGERRGE R A
% %. i SignalP 1 PROSITE 7£ 4 T B 1 &
JRIZ5K o

1.2.6 Real time PCR ] 500 ng .t RNA. LA
oligodT-AP 4 514, 1R ¥E AMV 3% 71 & 4F F 15 B 3k
AT RT RNV, Y S ARFA A 10 ul. 2R 5 DA RT
WA BEAR 4T Real time PCR. [ 4 4. 94 °C
3 min, 27,94 C 105,62 'C 205,45 RIGH: &5
72 °C 3 min,4 CIRAF. NG RN ) 4e Fe 1k, 38
PP 1.0% M B AR AR B F vk . oF BT e
sl Y AT T

2 BR549H

2.1 BEFIEFIEE P450aromA I 5 B

HY 8 R 7 % 4E f B 35 5 RNA, 34T RT-PCR.
519 P1 AN P2 3879 5 1 000 bp £ A 1454, W,
L4 1, & 507, 53] 1074 bp B2,
WA B 9 7 51 ¥t & i T 3'RACE 19514 P3.
P4, fEFH RT y H B4 P3. AP ¥ 3. 4R 518 F %
PCR =% B AE AR I 514 P4 AP 1, 15 3
800 bp A& 47 fI4&A R, ULEE 1 HR 4% 2, va b fa il e
183 B B JEf P450aromA 3 5. LR 5
RACE 256 F8 )7, S 5 514 P7. AP ¥ 38 4k 4%
500 bp A A7 47, WL 1 HR A 3, ol fE I sk g
) B HE £ P450aromA 5 i FE 1)

Ml 1

M2 2 Ml 3

1 BF F e P450 aromA ZE[RF RT-PCR 3 H# =4 &l
M1: ADNA/EcoR 1+Hind III marker ; M2: DL2000 marker

1: 514 P1, P2 47 364445 2: 3 RACE 514 P4, AP 4 3847 3: 5 RACE 514 P7, AP /1§ 44k
Fig.1 The result of RT-PCR amplification of P450 aromA gene in Oreochromis aureus

1: Product of amplification with primer 1 and 2; 2: product of amplification with 3’ RACE primer 4 and AP, 3: product of amplification with 5 RACE

primer 7 and AP.
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22 FIHHES SR 167 bp[ ANEH poly (A) 1, 5" IERHEFIX 38 bp (K 2) -

{# F DNAStar & {4F 48 134 7 91 $F 8 15 3 31 T & A R TR S9KD, Big S S (D) A
KV % 4k f1 P450aromA 4 7 %) (GenBank access. 7.47, F K EILEE 191 D, e E AT 149 4, B8
No.DQ279891) . 1% cDNA 4= K 1784 bp, H P AR 48 N, T Z AR 48 . HWIDE LR
[ 2 HE 1566 bp, BIF 521 AR 8, 37 IEH 1% X A 2 s

1 CGA GTC TGT GCA GGC TGT TCT ACA TCA TCA CCC TTC TCATGG ATC TGA TCT CTG CTT GTG 60
1 M D L T S A C E 8
61 AAC AGG CGATGA GTC CTG TAG GCT TAG ACG CCG TGG TGG CAGATC TGT CTG TGA CCT CAA 120
9 Q A M S P V G L D A V vV A D L S v T S N 28
121 ATG CCATCC AAT CGC ATG GGA TAT CAATGG CAACCAGAACGCTGATACTGCTCGTCT GTC 180
29 A1 Q S H G 1 S M A T R T L 1 L L v C L 48
181 TGC TGT TGG TTG CCT GGA GTC ACA CGG ACAAGAAAATTG TGC CAG GTCCTTCTT TCT GTT 240
49 L L V A W S H T D K K I v P G P S F C L 68
241 TGG GTT TGG GCC CAC TTC TGT CAT ATC TGA GAT TTATCT GGA CTG GCA TAG GCA CAG CCA 300
69 G L G P L L S Y L R F I W T G I G T A S 88
301 GCAACT ACT ACAATAACAAGT ATG GAGACATTG TTA GAG TCT GGATCAACG GAG AAG AAA 360
8% N Y Y N N K Y G D 1 vV R VvV W T N G E E T 108
361 CGC TCATAC TAAGCA GAT CTT CAG CAG TGC ACCATG TGC TGAAGAACG GAAACTATACTT 420
109 L I L S R S S AV H H V L K N G N Y T S 128
421 CACGTTTTG GGA GCATCCAGG GACTCA GCT GCC TCG GCATGAACG AGA GAG GCATCA TAT 480
129 R F G S 1 Q G L s ¢ L G M N E R G I I F 148
481 TCAACAACAACGTAACTC TGT GGAAAAAGA TAC GCACCTATTTTG CTAAAG CTC TGA CAG 540
149 N N N V. T L W K K I R T Y F A K A L T G 168
541 GCC CAAATT TGC AGC AGA CGG TGG ATG TTT GCG TCT CCT CCA TAC AGG CTC ACC TGG ACC 600
160 P N L Q Q T v D VvV C V S S I Q A H L D H 188
601 ACC TGG ACA GCC TGG GAC ACG TTG ATG TCC TCAATT TGC TGC GCT GCA CCG TGC TGG ACA 660
189 L D S L G H Vv D vV L N L L R C T V L D I 208
661 TCT CTAACA GACTCTTCC TGAACG TAC CTC TCAATG AGAAAGAGC TGATGC TGAAGATTC 720
2098 N R L F L N v P L N E K E L M L K 1 Q 228
721 AAAAGTATT TTC ACA CAT GGC AGG ATG TGC TTA TCAAAC CTGACATCTACT TCAAGTTCG 780
229 K Y F H T W Q D V L I K P D 1 Y F K F G 248

781 GCT GGA TTC ACC ACA GGC ACA AGA CAG CAA CCC AGG AGT TAC AAG ATG CCA TTAAAC GTC 840
29 W I H H R H K T A T Q E L Q D A I K R L 268
841 TTG TAG ATC AAA AGA GGA AAA ATA TGG AGC AGG CAG ATAAGC TGG ACAACATCAACT TCA 900
2609 V D Q K R K N M E Q A D K L D N I N F T 288
901 CGG CAG AGC TCA TAT TTG CAC AAAACC ACG GTG AGC TGT CTG CTG AGA ATG TGA CGC AGT 960
260 A E L I F A Q N H G E L S A E N V T Q C 308
961 GCG CGC TGG AGA TGG TGA TCG CAG CTC CGG ACA CTC TGT CCC TCA GTC TCT TCT TCATGC 1020
309 A LIE M V 1 A A P D T L S L S L F FE M L 328
1021 TTC TGC TCC TCAAAC AAAACC CGTACG TGGAGC CGC AGC TGC TAC AGG AGA TAG ACG CTG 1080
329 L L L K Q N P Y V E P Q L L Q E 1 D A V 348
1081 TTG TGG GTG AGA GAC AGC TTC AGAACC AGG ATC TTC ACAAGC TGC AGG TGA TGG AGA GCT 1140
3499 V. G E R Q L Q N Q D L H K L Q V M E S F 368
1141 TCATCT ACG AAT GCT TGC GCT TCC ACC CAG TGG TGG GCT TCA CCA TGC GTC GAG CCC TGT 1200
39 T 'Y E ¢ L R F H P V V G F T M R R A L S 388
1201 CTG ATG ACATCA TAG AAG GCT ACA GGATCT CGAAGG GCA CAAACATCATTC TGAACA CAG 1260
390 llb D 1 1 E G Y R 1 8§ K G T N I 1 L N T G 408
1261 GCC GAA TGC ACC GCA CCG AGT TTT TCC TCA AAG GCA ATC AAT TTA ATC TGG AAC ACT TTG 1320
409 R._ M H R T E F F L K G N Q F N L E H F E 428
1321 AAAACA ATG TTC CTC GGC GCTACT TTC AGC CGT TCG GTT CAG GCC CTC GCG CAT GCA TTG 1380
429 N N V P R R Y F QIIp F G S G P R A C I G 448
1381 GCAAGC ACATGG CCATGG TGA TGA TGA AAT CCATTT TGG TGA CAC TGC TGT CTC AGT ACT 1440
49 K H M A M V M M K s I L V T L L S Q Y S 468
1441 CTG TTT GTA CTC ACG AGG GCC CGA TCC TGG ACT GCC TCC CAC AAACCAACAACCTTT CCC 1500
49 V ¢ T H E G P I L D C L P Q T N N L S Q 488
1501 AGC AGC CTG TAG AGC ACC AGC AGG CGG AGA CTG AAC ATC TCC ACATGA GGT TCT TAC CCA 1560
489 Q P V E H Q Q A E T E H L H M R F L P R 508
1561 GGC AGG GAA GCA GCT GTC AAA CCC TCAAAGACC CGAACC TTTAGC TGTACC TGTACT TTT 1620
509 Q G S S cC Q T L K D P N L *

1621 GTA TAC TTA ATT TGT ATA ATC TTA TAA CGA CAC ACC TAG CCT TTA TAT TTT GAT ATA CGC 1680
1681 AAA GAT TGT ATT TGT ACT CAA ACT GTA TGC ATG ATG TGA AAT GTA CAT TTAAAC CTG CTA 1740
1741 ACACTGAAATAAATG TAAATTATT GTG TCACAAAAAAAAAAAAA 1784

2 BR|FAEf P450aromA cDNA K R R ER P75
* R IETF, 33 Poly (A) 155 (AATAAA) AEBAHEL . BEAFSATEERTHA BT YEER, RICh - 83X (D, 5 E R
MRFEX (1) Mg FREEX (11).

Fig.2 The cDNA and deduced amino acid sequences of P450aromA in Oreochromis aurus
Stop code is marked with asterisk (*). The polyadenylation signals (AATAAA) in the 3’ -untranslated regions are shown as bold letters. Regions of
high homology are underlined and indicated by Roman numerals which are I-helix (I) , aromatase-specific conserved region ( II ) and heme-binding

region ( III ), respectively.
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¥ 3% GenBank A O % 5% () — S 2K 1) 55 &
TR EFBRIT5): BE A (AAK00642) , 1T fir
(CACR4574), JE % %' 4k i i (AAG18458), &
i (AAP83449), % fili (AAP83132), R # 11 Bf fa
i (AAR97602) , &} i 44 BE f 14 It (AAR97601) ,
B IR (AAKO00643) , BLASHE IR (1806325A) ,
Je B B Ak 1 Il (AAB16814), B F . 2 I fa
P B (DQ279891), & M 4 I (Q92087), &% 1%
it (AAP83133), & I it (AAP23236). fF H]
Clustalw B %} BL 2% F 1 1 P450arom FY % 55 BR
FE BT O o3 T R 3L, BRI 2 E 1 P450aromA
(2 LR 7 51) 5 HoAth 1 B P4SOarom [ Z5ER T
BIEA 70% LA E Ry E YR, 5 H A % P45S0arom
A1 60% 2545 [F1E s {2 P450arom =R SF X (RLFE I-

WRE X T E R R ORI MM AT RS G 1X )
HoAth £ P450arom AH L RV 43 51 =7k 83%~96%
78%~86% Al 85%~100%. ¥ I iA f P450arom /7
FIRAAG (AAA48738) [ (BAA00551) [ P450arom
JF7F1 % FH Mega {4, & H Neighbor-Joinging %, #
21000 KIERSEW (E3) . WRGH EFEH
P450arom .7 5 K2, —2 4628 P450arom,
T — 2GR 2O ok RIE RS [ P450arom.
i 8 25 P450arom X A] 43y fixi P45S0arom A fit
P450arom PI/MANR] 43 3, BN AT &
oy B 5 B AR TR P450arom 433, o F
RGN b 4 R EIRBIES LA ZMEN
RRIE 7 R R A — 5.

64 RIATT fm 154 Y Gonad of Epinephelus coioides
46"_|: M Gonad of Acanthopagrus schlegelii
= o= ) X P
100 |—}E T % A f £ Gonad of Oreochromis niloticus

100

96

L TLF W T s M Gonad of Oreochromis aureus
W B MM Gonad of Oryzias latipes
M &% 4% Gonad of Oncorhynchus mykiss
BT T 4 1 B Gonad of Danio rerio

5 M Gonad of Silurus meridionalis

2t 2 B Brain of Danio rerio

99

#2004 Brain of Silurus meridionalis
KL 585 Brain of Oncorhynchus mykiss

VT 4 it 0 i Brain of Epinephelus coioides

99 _|:}E T |- ® }i§ Brain of Oreochromis niloticus
97 ¥ 88 Brain of Oryzias latipes

[
1001

X5 Gallus gallus

. Mus musculus

e |
0.05

30 T NT SRR B S B A U0 AL A A B H AR 5 L R R B M

Fig.3 Phylogenetic tree of P450aromA in Oreochromis aureus and P450arom in other organisms based on NJ method

2.3 EBIEETN

I SignalP % B 7. 2 £ O 355 FH AL lG &
HFFITE i &R, S5 5 kP8, R E A 7
TEAE SRR AR, AN 5 KB UM A, 2
— PR (Bl 4-2) . EBRETESHT (TMHMM)
o, BRI B AR 0 05 A A O B R TR X (
4-b) . FFH PROSITE #F4k T B4 MTiZ iR 1 £5pe 3k,
BRIV A B4 A B R 4 i, (5 & 05 &
LB SRR IE . R E IR B IR S M EE O

R 11 B R 1k 47 A (5-8aa, 54-57aa,204-207aa,
233-236aa,515-518aa) ,5 4> N- ¥ F& ¥ 1k A7
(125-128aa, 151-154aa,286-289aa,304-307aa.
485-488aa) , 7 1 N- P & 7 Bt 1L A7 55 (34-39aa,
83-88aa,85-90aa, 124-129aa,131-136aa,
145-150aa,419-424aa) 1 6 & M C B R 1L
7 A (56-58aa,127-129aa,209-211aa,382-384aa,
407-409aa, 515-517aa) »
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734 o K A BI15%
Signal P-HMM prediction (cuk modcls) : TMHMM posterior probabilities for 1
1.2 ' . : .
Clcavage prob. [
1.0° n-region prob.
h-region prob.
c-region prob. 1.0
08|
| 0.8
0.6
z
2 3
S | = 0.6
A 04 E
=%
o2t 0.4
0.0! 0.2
VDLISACEQAMSPVGLDAVVADLSVTSNATIQSHGISMATRTLILLVCLLLVAWSHTDKKIVPGPSFCLGL:
| ) ) ) I ) ) | 0.0 b T— i bbb ) ——]
0 10 20 30 40 50 60 70 0 100 200 300 400 500
Position transmembrane inside outside
a b

4 BFE A PAS0 aromA HI1E S AT AN 25 5 X 13 Tt

a {5 KT b BRI F

Fig4 Prediction of signal peptide and transmembrane region of P450aromA in Oreochromis aureus

2.4 P450armoAHIFRIASTHT

a: signal peptide prediction b: transmembrane region prediction

FEEIK G R BoR, LG MG E A 1 4% 166 bp

H B A0 25 A e A £ IR S B S0 Zit, T BT ARRr S M4 . [T beta-actin ALK
WU RS SEADDR S RNA, ek cDNA J&, Dtk 45 R Eor, BANE S - & AR A 1 4 206 bp
cDNA A BER 11T Real time PCR. 45 R E7R, X g, TR AT CRETR ).

A W £ Y SR A P450armoA KA (K 5) . ¥ id
0275
0.250 ] 0.30 |
0225
025]
0.200 ]
0175 020
53 54
2 0.150] g
2 2
£ 0.1251 2 0.15]
E E
= el
0.100]
0.10]
0.075
0.050 0051 - i
0025 -
0.000 —— i . - 0.00 . , . . . .
5 10 15 20 25 300 35 40 45 5 10 15 20 25 30 35 40
A Cycle B Cycle

K5

B8R B 4E /1 Beta-actin (A) F1 P450aromA (B) [Fj47 1% gh £k

Fig.5 Amplifyication curve of beta-actin (A) and P450aromA (B) in Oreochromis aureus
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FIPE i RNA ¥ ) # 35 hk cDNA. Real time PCR 45 £ P450aromA IR E A AT 30 % (£ 2).
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*2 BAEFTIEE P450aromA EAFE L B HINE RIEX RIZE

Tab.2 Relative P450aromA expression in Oreochromis aureus at different development stage

\ BB SRR § Ik
B , , *ﬁﬁ@ﬁuﬁﬁig T v?FHXﬁ% £
Serial number ~ Relatively initial amount of gene Relative amount of gene
Development stage Average .
of sample template transciption
1 0.0012
ek
. 2 0.00084 0.00094 1
Juvenile
3 0.00077
1 0.036
P 2 0.022 0.028 30
Adult fish ’ ’
3 0.025
3 iig BRIz . TR AL TR R B AR B B P450

i EAEE B CYPI9 B R 4 b5, JLFAFAE T
BRSNS . BREFZHF D)
Wy eb B B % IR e L sh g 1O g 2 B
ivasha Y & g mRR, AL
Mg 42 /b i 2 M CYP19 KRR 4 B, R R 05 7 AL B
(P450aromA) FHfi%i 75 & 1L B (P450aromB), Jf H.f1
Kwrh R IE =R &, IR B NS
HRALFIA B 100~1 000 13 "o AWEFT M EA T B
JEE B E 4 2% T 1784 bp [ P450arom cDNA,
oo 521 MEER. FEES TR RE S5 M
£ 1) P B P4SOarom [F]Y5 1 #5 i, 5 L Ath fir 255 fig 21
P450arom [FIJE B, BT LA IR T 8P iR 05 5 44
Wt , [ B AR BB 5 A LR AR AL Hh BRI R 5T
PE. RN BRI T AN O ik
B J& TP ANF I 2E, Rk i 4 b 25 3R SR 4E
RGPS A IR 73 R R A A — 5. |
RV Z 4 1 P450aromA HA P450arom A 1 {1 57
X - W X 05 AL B IR SF X ML AT R4 &
R = E oy b U e MR EAEE s R 7R I RA R IE S ) el
SER I, X 3R B A B JE f1 P450aromA 1] B 5
A P4S0arom ZHAEFHIAL

TEEZEYH ER MRS SGEA, 41
3% PASO 43 A7 75 41 I 1 P JoT 94 s R 2R 4 Y JIE
b, TEEEE A GBS AR AR E AL
TN FR 40 b g L 2 PASO MR T A M B
B8 BB R X 2 A R 48 (Translation-coupled
translocation system) , i i N ¥ {5 5 Ik 15 5 1R 51
Wikl (Signal recognition particle, SRP) Az P 5t i
bR EA - F S IRAIROR AR 2 B E R, 4%
HBOZE A R RSB R A IR b, HEAT I

I 40 M T o 5 GBI, AR 5 TR Ze b AA I B R
1R A A Bl HE N R R, 1K — I FE TR B FER
Hsp70 (Heat shock protein 70) FIHRED ™. vz 4n
Hfl 55 P4S0 (1) B AR L LAk IR R IR RS,
FEKFT N5 575 Gl 55 R L&
FIEEREE R 34T, A P 4B P45S0aromA 25 [ LA
SRR A 3, TR S IRBT 5, k5 i 2
B, A TSR NI B SRR 4
L E TR, ZEEGEZ MRS N R
SR SRR S C BEER LAY AT, IR LAY 1T
F] s P450arom 78 e H AR BRI R I 3 240 B
IS

S %2 B PCR (Real time PCR) & )5 [H %
KB R ITE, R R I F R, Y
o W00 B R D)o AR BN 2 0T R A R
DRI B 5 L R 5 IR R 5 56 U T A 3 22 1 B T Ay
8 ", T Tagman #8558 00 T £ 8RB R,
Lt Sybergreen f4F PR EE & AR S# ] Tagman
TREFEWT ST T P450aromA 7E B8RV B fh A £
B HRMFRIE, SRR, BT 71 B S A ) 2
P450aromA [R50, HABLH I ARIE  MAEF T
R RIS 3 NANFRIR G BB, SAE E PR B
AR $ P4S0aroamA [0k, Ml R L B M
R 30 £, IXFEHA P450aromA HAT UL R IA4Hr 1
T HIL R BB & H W B i 1 A 38 s .
TN oAt #8257 P450arom 76 &4 4R IR TET 9T
H 18 T AR 45 B Tchoudakova 25 "7 ff f} RT-PCR
TE S TP 5 3] P450aromA TSR IE, 2 T
2t U8 38 5o o 2 B RT-PCR #4JJ% P450aromA 7E 77
FUA B8 (Epinephelus akaara) (/)36 A%, ¥ g A 25
7 Fik, 1M Kishida 25 " @i Northern 2458 Ik &
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B15%

L P450aromA A BL T (Danio rerio) i H & ik,
Adriana 25 P i 57 2448 & B P450aromA £ BT
Ly £ VAR RO R R AN 3R IA LT R OR £
B SR A, 1 H ot T () Rk B m TR b R
A, B2 K EEFE (Anti-Miillerian hormone,
AMH) MRIE TR R T %, X5 A5 2RS4
P450aromA. AMH 45 R —8 CRKREK ) . IEHA
ARG RAE R R TR S5 et i i R G
RS AR A WU 77 25 1 SR R R e A G
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Cloning and expression of P450arom from Oreochromis aureus ovary

TANG Yong-kai', LI Jian-lin', CHEN Wen-hua’, YU Ju-hua'

(1. Key Laboratory for Genetic Breeding of Aquatic Animals and Aquaculture Biology, Ministry of Agriculture; Freshwater
Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China; 2. College of Aqua-life Science and
Technology, Shanghai Ocean University, Shanghai 200090, China)

Abstract: Cytochrome P450 aromatase is an enzyme complex responsible for synthesis of estrogens by
aromatization of androgens. In majority of tetrapods examined so far, aromatase is the product of CYP19
gene. However, in teleosts there are two isoforms of aromatase gene, which encode two structurally different
proteins, P450aromA and P450aromB, with similar catalytic activities. Studies show that aromatase can control
sex differentiation and sex transformation in many kinds of fishes. Tilapia are now one of the most widely
cultured fish in the world. This study investigated cloning and tissue expression of aromatase gene in blue tilapia
(Oreochromis aureus) aiming to further study the function of P450arom during sex formation and to provide
basic data for artificial sex control of tilapia.

The ¢cDNA encoding ovarian P450arom (P450aromA) was isolated from ovary of O. aureus using RT-PCR
and RACE (Rapid amplification of cDNA ends) methods. The ¢cDNA is 1 784 bp long with 38 bp 5 ' UTR, 167
bp 3’ UTR [excluding poly (A) | and 1 566 bp open reading frame (ORF) , which encode 521 amino acids with a
calculated molecular weight of 59 kD. For phylogenetic analysis the deduced amino acid sequence of O. aureus
P450aromA, together with P450arom sequence reported for other vertebrate species, were aligned by ClustalW.
The results show that the O. aureus ovarian P450arom shares above 70% identity with ovarian P450arom of other
fishes, and higher than 60% identity with brain P450arom of other fishes. But the percentage of similarity in the
regions of high homology. including the I-helix, aromatase-specific conserved region, and heme-binding region.,
are 83%-96%,78%-86% and 85%-100% respectively. Phylogenetic analysis of the P450arom gene family
indicate that O. aureus P450aromA is clustered with fish P450aromA, which is consistent with conventional
classification system. The bio-information analysis through SignalP and PROSITE web database online reveals
that the predicted protein has no signal peptide and notable transmembrane region. It contains many casein
kinase II phosphorylation sites, N-myristoylation sites, protein kinase C phosphorylation sites, N-glycosylation
sites. These sites may be essential for P450arom catalytic function. Tagman probe method was used to detect the
P450aromA expression in different tissues including brain, liver, kidney, muscle, testis and ovary in adult fish.
The results show that P450aromA is only expressed in adult fish ovary. Comparing the P450aromA expression
level in ovary of larval. juvenile and adult fish, we can conclude that P450aromA is only expressed in juvenile
and adult fish, and the amount of gene transcripts is 30 times in adult fish than in juvenile.
[Journal of Fishery Sciences of China, 2008, 15(5) : 729 737
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