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1
Tab.1 Primers used in the experiment

Primer Sequence
/bp

Nucleotide position

Degenerate primers
P1
P2

5 - CGGGTGTGGATCAACGGNGARGARAC-3
5 - CTTCATCATCACCATGGCTATGTGCTT -3  

336 361
1 383 1 409

3 RACE-PCR 
P3
P4

5  - TAG ACG CTG TTG TGG GTG AG -3
5 - TGT TGT GGG TGA GAG ACA GC -3

1 383 1 409
1 079 1 098

5 RACE-PCR 
P5
P6
P7

5 - TGG TGT CCG TGT TCT GTC G -3 1 098 1 116
5 - GCG CAG CAA ATT GAG GAC -3 627 645
5 - GTA TGG AGG AGA CGC AAA CA -3 566 585

Real time PCR for P450aromA
P8
P9
P10

5 - ATGCGTCGAGCCCTGTCTGATGAC -3 1 185 1 208
5 - TGAAAGTAGCGCCGAGGAACATTGT -3 1 348 1 324
5 - GGCCGAATGCACCGCACCGAGTTT -3 1 260 1 283 

Real time PCR for beta-actin
P11
P12
P13

5 - GGAAATCGTGCGTGACATCAAAGA -3 698 722
5 - GGATTCCGCAGGATTCCATACCAA -3 904 880
5 - GCACCGCTGCCTCCTCCTCCTCCCT -3 763 788

1.2

500 g
1.1.2 Trizol Reagent Promega AMV
RnaseH TdT Taq 3 RACE Premix Ex 
TaqTM Perfect Real time Taqman Takara

pUCm-T
JM109

1.1.3 PCR Eppendorf mastercycler 
personal Real time PCR BIO-RAD MJ Mini
1.1.4 1

5 1 P1
P2 P450arom
CodeHop 6 P3 P4 P1
P2 Primer 5.0

P450aromA 3 RACE P5 P6 P7
P1 P2 P450aromA 

5 RACE P8 P9 P10 P450raomA
PCR P11 P12 P13

Oreochromis mossambicus beta-actin
GenBank access. No.AB037865

beta-actin PCR P10
P13 taqman 5 FAM 3

BHQ1 RNA DNA
1 Taq-

man

R=A+G N=A+C+T+G

1.2.1 RNA
Trizol Reagent RNA

P450aromA
28S 18S RNA RNA
P450aromA

RNA 3
P450aromA

3 1 RNA 3
1.2.2 5 g RNA
OligodT-AP 5 -CTGATCTAGAGGTACCGGATC 
C T 16-3 AMV

RT RT 10%
P1 P2 P450aromA 1 000 bp

PCR 25 L 2.5 L 
10 PCR 2 mol/L 200 mol/L 
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1 P450 aromA RT-PCR
M1 EcoR I+Hind  marker M2 DL2000 marker

1 P1 P2 2 3 RACE P4 AP 3 5 RACE P7 AP .
Fig.1 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.

dNTP 0.1 mol/L 0.125 U Taq
94  3 min 94  1 min 58  1 min

72  1 min 30 72  10 min 4 
1.0%

pUCm-T
3 RACE 5

RACE P450aromA 3 5
1.2.3 3 RACE 5 g RNA oligodT-
AP AMV RT

RT 10% AP 5 -
CTGATCTAGAGGTACCGGATCC-3 3 RACE

P3 PCR PCR 25 L
1.2.2 94  3 min 94  

1 min 56  1 min 72  1 min 30
72  10 min 4 

PCR 10 2 L
AP 3 RACE P4

58 1.2%

1.2.4 5 RACE 8 5 g
RNA P5 AMV RT

RnaseH mRNA DNA
cDNA TdT cDNA 3

Poly A Poly A cDNA
P6 oligodT-AP

PCR 1.2.2 PCR 10
2 L P7 AP
57 PCR 1.0%

1.2.5 PCR 
pUCm-T

Dnastar Clustalw Mega
P450aromA

SignalP PROSITE

1.2.6 Real time PCR 500 ng RNA
oligodT-AP AMV

RT 10 L RT
Real time PCR 94  

3 min 94  10 s 62  20 s 45
72  3 min 4 

1.0%
9

2

2.1 P450aromA
RNA RT-PCR

P1 P2 1 000 bp
1 074 bp

P3
P4  RT P3 AP
PCR P4 AP
800 bp 1 2

P450aromA 3 5
RACE P7 AP
500 bp 1 3

P450aromA 5

21 3
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2 P450aromA cDNA 
* 3 Poly A AATAAA . I- I

.

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 and heme-binding 

region respectively.

2.2
DNAStar

P450aromA GenBank access. 
No.DQ279891 cDNA 1 784 bp

1 566 bp 521 3

167 bp poly A 5 38 bp 2
59 kD pI

7.47 191 149
48 48
2

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.com.cn

http://www.fineprint.com.cn


5  733

2.3
SignalP

4 a TMHMM

4 b PROSITE

5

5-8aa 54-57aa 204-207aa
233-236aa 515-518aa 5 N-

125-128aa 151-154aa 286-289aa 304-307aa
485-488aa 7 N- 34-39aa
8 3 - 8 8 a a 8 5 - 90 a a 12 4 - 12 9 a a 1 31 - 1 36 a a
145-150aa 419-424aa 6 C

56-58aa 127-129aa 209-211aa 382-384aa
407-409aa 515-517aa
 

GenBank
AAK00642

CAC84574 AAG18458
AAP83449  AAP83132
AAR97602  AAR97601

 AAK00643  1806325A
 AAB16814

DQ279891 Q92087
 AAP83133 AAP23236

Clustalw P450arom
P450aromA

P450arom
70% P450arom

60% P450arom I-

P450arom 83%~96%
78%~86%  85%~100% P450arom

AAA48738 BAA00551 P450arom
Mega Neighbor-Joinging

1000 3
P450arom P450arom

P450arom
P450arom P450arom

P450arom
P450arom

3 NJ

Fig.3 Phylogenetic tree of P450aromA in Oreochromis aureus and P450arom in other organisms based on NJ method
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4 P450 aromA
a b

Fig 4 Prediction of signal peptide and transmembrane region of P450aromA in Oreochromis aureus
a signal peptide prediction b transmembrane region prediction

2.4 P450armoA

RNA cDNA
cDNA Real time PCR

P450armoA 5

1 166 bp
beta-actin

1 206 bp

5 Beta-actin A P450aromA B

Fig.5 Amplifyication curve of beta-actin A  and P450aromA B  in Oreochromis aureus

P450armoA

RNA cDNA Real time PCR

P450aromA

P450aromA 30 2
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2 P450aromA
Tab.2 Relative P450aromA expression in Oreochromis aureus at different development stage

Development stage Serial number 
of sample

Relatively initial amount of gene 
template

Average
Relative amount of gene 

transciption

Juvenile

1 0.0012
2 0.00084 0.00094   1
3 0.00077
1 0.036
2 0.022 0.028 30
3 0.025

3

CYP19

10 11

 12 13

2 CYP19
P450aromA P450aromB

100~1 000 14

1 784 bp P450arom cDNA
521

P450arom
P450arom

P450aromA P450arom
I-

P450aromA 
P450arom

1
P450

P450
Translation-coupled 

translocation system N
Signal recognition particle SRP

P450

Hsp70 Heat shock protein 70 15

P450
N

P450aromA

N
C

P450arom

PCR Real time PCR

16 Taqman
Sybergreen Taqman

P450aromA

P450aromA
3
P450aroamA

30 P450aromA

P450arom
Tchoudakova 17 RT-PCR
P450aromA

18 RT-PCR P450aromA
Epinephelus akaara

Kishida 19 Northern
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P450aromA Danio rerio
Adriana 20 P450aromA

Anti-Müllerian hormone
AMH
P450aromA AMH
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Cloning and expression of P450arom from Oreochromis aureus ovary

TANG Yong-kai1 LI Jian-lin1 CHEN Wen-hua2 YU Ju-hua1

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. Taqman 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. 
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