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AR WIER, AIFARACEY & 7 & # 7 @ cypl9alb 3t F cDNA A K /¥ 7|, %k Jfl Real-time
PCRAMMEERR AR EMEEEFE K H B WKL FI, BB FF g
7 Letrozole i F M 2 4 K JE & 7 4T A\ 4% & BE A% 15 IR ¥ & (hCG) 5 cyp19al b1E fii F #y R 34 1
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515 5 A M5 A0 . 78 PRk A B Y R R £ 2
o i B OF T AR N AR R s,
Z 5 MERE A, X ik AR 2 A B
MLEE = AERE ), SR, i 78 0 75 Ak 2 DA 7 1R
P A E Y A 28 b R R B ALY R IR
X, FEATEZE UM DI RE B A id R WL E o
#l(Carassius auratus), #J¥ H (Cypriniformes), il
Bl (Cyprinidae), )& (Carassius), &7 KD
AR AGE N R ORI MO AR R A RE, IR
SRMERX KB =50, J2 A R A 1 4 sl
B2, AHOCHEIERIT, A6 B0 = 1 = PoKG
TS B B -, 2K DK A e R R R
Az A ME AR VTR SR AR (HAH DG Y 23 F BIL I AN
W . B Ao T v ) e 5 41k i A O
AR, ARIFFEMeypl9al bR ATF, FafE T
ZHEH B cDNAS K, J3 B iz 2 R AR S ] AN )
WA, MR KRG & B A R B 0 2 a8 FLAEE
FEAS W 7 5 75 Ak il 410 ] 55 Letrozole s 3 1 ff £ v
M FRIBIE 0L, [FIEHR I T A 2% B R AR 1 R i R
(hCGYX HAE M th RIK 52w, AERA T %
FERTEMEAZ K B (R AR 38 ) f 2B PR S e 5 ik
H AR FH 25 5 Al

1 MRS T

1.1 SEIEHR

VEC YT S0 B R R O 9 R A KT AR A A
AR KN — (21500 g7 A7) WA fikt B it £ i
WUA . . DR DS B E . AR . MRESE
L, 7E BT TN M 2 A 8« LY EL A
FAf, NTHGHE™ R, MERAFTHERS
PEAT WK A, 00 o ) 485 R JR R T ik 22 R
PRATZHKEO, P EMPEEMA T A L, 7Ef#
KA HEAT IR o 0 A AR e IO UL 5% R i
KB, AR LB CRZE . 248,
B RN . MR B OBk
WL DR AR 10, 20, 25, 30, 40,
60 dah(W5 1k Ji5 I H50) %5 i 309 A Mg R 2 ok Mg« 9
1PN JUE F) A B L, A 2 21 AN [R] R 3 45
3N, B TWATP R, % TaKaRa
RNAiso Plus (TaKaRa, K% )i 71 & v B 45 $2 Bt
SRNA, i FIND-20004% 2 & F A0 % RNA MK i
HODfH, BEHIA260/A2807F1.8~2.0, HIFfEHHEE
JB2 H ik A5 52 B B RNAKE i T 5 Se 505
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1.2 HT# cyp19al bE E cDNA S K Y 58 [

H 4 GenBank I € i 18 A9 8 5 £ Hcyp19alb
PRSP RN 6l cyp19al bIE . IR 51 #) (£ 1),
P THL ] 50 i £ fi 2H 2L R RN A A4, $42 HE Prime
Script II 1st Strand cDNA Synthesis Kit (% gDNA
Eraser)(TaKaRa, i )i B 45 & s —#EcDNA,
PLE — 45 cDNA N BRI AT PCRY 1Y . 94 °CHiAE
3 min; 94°C30s, 59°C30s, 72°C 1 min30s,
FL3SAHEIR; 72 °CHEMHI10 min, PCRY™ 3= # 4
1.5%3 I BHEE i s vk ke, alifb e i 3 . §% 4k,
W BE P TR i 326 A o e 4R 8wl HEAT I . FEE AR
B H LA Fi33T3'-RACEFIS'-RACE 145 7
PESIMI(ERD), 4T3 RIS R e 1 o

*1 FASIMFS

Tab.1 The sequences of primers used in the study

514 JFH1(5'—3") i
primer sequence usage
cyp19alb-F AGGTGTGTCTTCA r i) 1 B v
GATGATG partial sequence PCR
cyp19alb-R CATGCGTCCGATG
TTCAGGA
cyp19alb-3' out TGTCGTGGAGGAG 3% 1
CAGATCG 3'.RACE PCR
cyp19alb-3' in CATTCCACGAGCT
CAGAATA
cyp19alb-5' out CAACCCGGACCTG  5%# 1
GGACAC 5'-RACE PCR
cypl9alb-5'in - CTGTGCAGGAGGA
TCAGCAG
UPM-L CTAATACGACTCA Sk
CTATAGGGC universal primer
AAGCAGTGGTATC
AACGCAGAGT
UPM-S CTAATACGACTCA
CTATAGGGC
cyp19alb-real-F  GGTCCTCAAGGGC  E®EPCR
ACGGTAA real-time PCR
cyp19alb-real-R  CAACCCGGACCTG
GGACAC
P-actinF ACCATCTACCCCG 23
GTATTGC housekeeping gene
P-actinR TGGAAGGTGGACA
GGGAAGC

1.3 Himtflcyp19al bE E cDNAF T K R Gt i
ot

4 1 T 15 cyp19a1 b3 cDNAJF 51 F DNA-
starfX (AT PR, R NCBLZE 47 Blastn @] 5 14
kb Xt (http://blast.ncbi.nlm.nih.gov/), ExPASy#FEf¥
(http://www.expasy.ch/tools/) i 5 HL T il 5] 52 4E
ity FEFR T F1E L, HISMART (http:/smart.em-
blheidelberg.de/)it 1715 5 15 31 FI 26 4 25 44 38 4
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http://smart.emblheidelberg.de/
http://smart.emblheidelberg.de/
http://smart.emblheidelberg.de/
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8 10 2N, A AT cyp19al bk R Y 5T R TA K 5 A T 590 00 HC 235 14 5 i 1171

Bro FIHMEGA 6.0%k 1 48 i #H i% 1 Neighbor-
Joining (bootstrap values>A 1 000)14 & 43 T & G it
1B o

1.4 HA cyp19al bR LA 5 %0

SRR cyp19al b T BLRT YA [ 2H U
FBB, PoE R . LA . O E .
GREL . BNE. RFME . WUESFHZL, FRR I b
B F T R ERRNA, DLERNA g REAR , H# 1
Prime Script RT reagent Kit with gDNA Eraser
(TaKaRa, JK3%)4 A U0 W] 47 300 e 5k &
cDNA, Hf cDNAF B 1015 1F JyReal-time PCRAE
Mo ) 7 B A5 3 B cyp19a 1 bFE PR T L A HE 15
TERPCRTIY), IF LD A N K JBORL 104
b 85 s TR A A T R 7 5 ) A G A8 BT R Y
Real-time PCRJ% i & & (20 pL): 2xSYBR Premix
Ex Taq (TaKaRa, Ki#)10 uL, . FH5I94%
0.5 uL, cDNAMHR2 uL, ddH,O 7 pL; JZ 2 F
KHIPIA L 95 °CHIAEME30s; 95°C5s, 60°C
20 s, HH40MEH . A T fR1EReal-time PCRAYAJ
SEME, BAELU R A3 KM, R3S PATAE
i, Llp-actinh NS, A 27220141 cppl9alb
Xk, DimeantSEX /R, i I SPSSH1F
105 22 M2 H i, W MoK P& P<0.05,

1.5 GEM & cyp19al bE E 7E AR HIR RIZER

BAF LB ORZHG . 28 . BRI, 5
eI . MR o R OB )
ERFRIF (10, 20, 25, 30, 40, 60 dah)£-H]HH
(18 1 B 25 3 M B R P 8 SR AR A R, AN TR
A O3S PATAE B, FRERNA, Jf i s
cDNA, K:illcypl9albFibH .,

1.6 Letrozole&tIE

% Letrozole 200 mg/kgit ¥ 25 W% T oK &
Pt i TR A AH I o A AERE, TRAT . 37 cCHt T 4
M. HLetrozoleib ¥ AL J5 5 dRy L il (2002),
FRe b P60 d, SRS IEH 1R 57 22210 dah, [A] A H]
SUVR AT RS 1) 1 5 G Ak ] % g L T 80 3 4R 4 oy
Xof R ZE o A il Ok HE AL A B A L T AR
PRI EE, AW, YA, HEREG, W
S Qb F2H R0 XoF 8 4 L v o i e R IR T-
PCRK I cyp19al b7 b B 2H F1 X BE 21 g v 3¢ 3k 2=
5o RNAJRIC, iS00 “Sigphkl” Fn <
W cyp19albFE N cDNAS K I TEHE” . PCRA

. 94 °C 3 min; 94°C30s, 59°C30s, 72°C
20s, HH28MEFR; 72 °CIEH10 min, PCR™Y)
HEAT S NE WEEE E FEL UK, A BT Ak B AT R R 4 A%
W .
1.7 FEBR 7 SThCGxE A 8 i 5 cyp19al b3k iE
oA

] — 40 | fdRR . AT/ — T
TP, AbERALIE I ESThCG (1 000 TU/Kg),
Xof FECZH 7 S5 A2 B ER K (0.65%)Y . FEIESTE O, 8.
12, 24 hEURNAH 2L, FRHURNA, Fa ik cyp19alb
My #RIEAEL . RNAREL . %% 5% | Real-time
PCRF L] “SEggphgl” F “B i #llcyp19a1b4
L7

2 4R

21 GHAHRE S EFLBEERCDNAZ KIS
BEBRF5I5H

By G s il iy . BEE, 15 B
flcyp19albF N cDNAJFF], K2 984 bp
(MF926270), H 5 dE45 X 132 bp, 3'dE4ifH
[X.1 319 bp (£33 M i) AATAARE 2 T INATE
), JFHGERSAEL 533 bp, Zifi5 5104 & LR 5%
F(E 1), FUMARRX 5> BT 58.11 ku, & HSEH
R7.57, AN AT RBL, W Cyp19alb i A 4
Jif €8 2 p4SOZ IR SAS BL R () G5 F ek . BE AR IX | I-
PEHEIX | FF SRR IFHILIX . Ozol’sIX DL K I 41
A X (E2),

2.2 GEHEICypl9alb R G UM ERER
FHIEIEM L3R

i FHMegAlignB 4 A7 7 F0 LEXT, 458
AL Cyp19alb 4 £ [A] P54 51K 99%, 56
(Cyprinus carpio). ¥l (Danio rerio)%F 5}
KA I H87%~95%, 5 B IE i (Oreo-
chromis niloticus). & W (Oryzias latipes)35 AF R}
i AR L S 50%~63%, SR . T2
o S HE B 0 AR BL M R 51%~52%(F2) . AT
MEGA 6.015 # R LB, A 73 S P52,
RPN —, WFLIE . BRI AP
BN —F, H I Cypl9albfi T —
IFH 5B aRER /N, 5K, g2y
JF £ SR ERL 0 2R RO — R 3, X 5 T
I3 A7 A — B (#13),
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1 alelegggeeplealgee lealgegasaalglzal leacalacgacgaac Lalagaacggeacal L Lasaaaas Lganpeggalgcagale lanagage Lsca
106 caagelgteteitcagateatetegt ATCOACCAGGTCCTCAAGGOCACCOTAAACT TCOCCOCAACCGTGCACGTAACCTTCATGGCAT TCACACGCACGTTA
1 MEEY LEGTYNIFAATVQ VYT LWYALTGTL
211 CTGCTGATCCTCCTGCACAGAATATTTACAGCCAAGAAT TGGAGGAACCAATCAGCTGTCOCAGCTCCOGOTTOOT TG T TGO TCTCGOCCCCATCATCAGCTAC
27 LL 1 L L HR T FTAMENWRNQGS GV PGPPGEWLLGLGPET WS Y
316 AGCAGGTTCCTETGOATCOCCATCCCCTCCOCATCCAACTACTACAA TCAAAAA TATCCCAGUATTCCTCCROTCTCGATCACCOGAGAACACACCTTTATACTT
62 S RFL¥MGI &3S AMOCNYVYNEKYGS I ARY W I 56 EETEFE T L
421 AGCAAGTCCTCTGCGGTOTATCATGTTCTGAAGAGCAATAATTACACTGGCAGG T TTGUCAGTAAMAMAGG TCTOCAGTGCATTGGTATC TTTGAACAAGGCATT
97 S KESs35AVYHVYLKESNNYTGRPFASEKEKGLOQCTIGMTFEH® GQ®GTI
526 ATCTTCAACAGCAACATCOCGT TG TOOAAGAAGTGCCTACATATT TCACCAAAGCTCTTACAGCACCAGG TCTCCAGAAATCAGTAGATOTOTGTOTCAGCGCG
132 NS NMALYEEREYRTY FPTEALTGPGLOQKESY DY OV S5 A
631 ACCAACAACAGCTTAACGTCCTGCAGGAGT TCACAGACCACTCOGCACATGTGOATGTACT CAATCTGCTGOGCTGTATTOTTOTGGATGTTTCCAATAGACTC
167 TNEQLNVY LGEFTBIHSGHVYDYLNILILROCIEY Y DV S NIRL
736 TTCCTAACAATCCCTCTCAATGACAAAGACTTCCTGATAAAGATCCACCGE TATTTCACTACCTCOCACGUGO T TCTCATACAGCCAGACOTTTTCTTCACACTA
202 FLREEIPLNEEDLILIEKEIHAREY FSTWYQAY LI QPDVFEFERL
841 AACTTTOTETACAAAAMATACCACCTOGCAGCAAMAGAGCTGCAGGATCAAA TGEGAAGC T TG TGEAGCAAMAGCCACAGGUCATCAATAACATGGAGAAGC TG
237 NFVYKEKVYHLAAMNMEETLG® GDEMGETLVYEQEKRG GQGATINNMEEKTL
946 GATGAGACACACTTCOCAACGGAGCTCATATT TG TCAGAACCACGATCAGCTGTC TG TAGACGACC TCAGGCACTOTOTOCTGOAGATCOTCATCOCTGETCCA
272 T AT B L AN D E LS YDDY RGOV LEMY 1A AP
1051 CACACTCTTTCCATCAGTCTGT TCT TCATGCTTCTCCTGCTGAAGCAGAACTCTOTCO TGO AGGAGCAGATCOTCCAGGACA TACAGTCTCAGATAGGCGAGCGE
307 pT LS 1S L FFMLLLILERQNSVYYEEQI YQE I @51 &G ER
1156 GATCTAGAGTOGCCCCACCTCUAGAAACTCAACCTTCTACAGCGCT T TATCAAACAGTCTTICAGE TTCCATCCOG TGO TORACTTCATCATCAGACGOGCTCTE
342 Dy Es A DL QKELNY LERFIEESLREEHRPVYYDE I MREAL
1261 GAGGACCACGAGATCGATGGCTACCGAGTGECCAAGGGEACGAACCTCATCCTGAACATCOGACGCATOCACAAGTCTCAGT TCTTCCAAMMANCCCAACGAATTC
377 EDDEIDGY RV AKGTNLTILNTITICGHREMHEIKSETFFOQKTPNETF
1366 AACTTGOACAACTTCCAGAACACCOTTCCCAGTCOTTACTTCCAGCCOTTCGGCTOTGOCOCGCOGLCCTOCOTCGOGAAGCACATAGCCATGGTCATCACGAAG
412 NLENTF ENTY PSS RY PGP GCGCPRACY GIEN T AWMV WTEK
1471 GCCATCCTGOTCACCCTGTTOTCGAGG T TCACGGTTTGTCCTCGTCACGGCTGCACAGTCAGCACCATCAAGCACACCAACAATCTCTCCATGCAGLCGGTGRAA
447 Al LY TLLSREETY CPRHAHGCT Y S TI1IHKEKEQTNNILISMYQRPVE
1576 GAGGATCCCCACTCCCTOCOCCATRCOCTTCATTCCACGATCTCAGAA TATCTGTCCAGACCCACACCTCGRCOAAAARACACAGOAATAGaaccgt taageTtca
482 EDPrDdOCLAMMEBEERE D PRSQGNITCGDPHILGEERKET®QE *®

1681 tlieelileac Llacaaal Lileaglegggellleltalgleasgac lge L ie L UL L ULgac U Lae Lalacacanac Lg L Lgaac Llace leaasac Leag Lgaage
1786 alaceagleageelgegalglalalalacalccccanceananacacagacalalegleac L lgg Lpaac UL Lganggea lagl Lealecaaagg Lgpegat Le
1891 tliteatigetigeteattetegtgtegttecanaccegtgatacettigttcat titeagaacacaaatgaagatatttitgatgaaatceaagagettteteac
1996 cetecanagacageaatgeaacegacactiicaaggaacagasacgtagtaagegacattgetaaaatagttgttegeatteititetttgeacacasaatictceg
2101 tagcttcataaaattatgettgaaccactgttetcacatggactatttaaacgatactecgttictgtectttgategt et tageaaaaaatatettaattigte
2206 ttetgacgatEangegtottgcggetttggagegacetegeeetgagtagttegtgacagagt tateotttitggatganctatecct ttaatgtttetanctcog
2311 ceteaaaacaaaaanaagttigtagtttatgetgacataaggecaatgacaacaaaaattgteacatatattaatetaatetanagtgattatttactgtagtet
2416 Aagatoctitagtgetgeanattanceaactagtanattaacat tagatgacatccacaacceal titacticeataatglgacgt i ttaaat tacat Lgagtaa
2521 gaaclllalllaclggaal Lgaclglaacgigaal galgge laccagaalegagalgananalgag lgalegle L lgelealg Leaalcananaagza lgualgal
2626 gelpnaglganpeange el iaca UL UL Lalgaaagn Laacgaagacanacal L Le L Ulgaaa laalglgege LU L Lasanan Llaaalgggele LD LL L Leal
2731 tltgatgliitataaanaataatctacactagiotgtligagetigacigtatlacelagt lgagagaalal (laaaagaatasatactatzgaatlatgtactaga
2836 cactigaaatatttitaatattatgasaataacgrasatatttgattatgeasaactactotgetttttpetoganataaagtgtacegatasctaactacaptea

2941 atasaatgacalll  iiRASGaEEdEACHaE Aaa e

B 1 ET# cypl9al bE E DNAS K FFI 5 S HEE 55
NEFRFRSFIEHDK, KEFRERFEKE, FURFREEEDT, *FR& LE0T, BE7ERRNLLESESETF
B, IR £ 91 B 43 T R I B 4 1E T AL 5 B B polyA 2

Fig. 1 Full sequence of cDNA and deduced amino acid sequences of cyp19alb in C. auratus

The lowercase indicates 5’ and 3’ UTR, and the ORF is presented in capital letters, initiation codon is underlined and the termina-
tion codon is indicated by an asterisk, the black box is the consensus sequence of Heme-binding region, polyadenylation signal is

underlined by dotted line and the polyA signals is shaded in gray

2.3 HiA#)cyp19alb mRNAH AR AR EM IR A BT . 25 BT (P<0.05)(B15);

Real-time PCRE: M eyp19a1b mRNATER ity HHCHIUR . B A T HEAT . copl9albTE
TR R 4L I R, SR R eypl9alp  AGSTEE DT, (RAR AR T 0k A A
2 L G PR A S, B T BUKR(P<0.05)(F6).

HAU(P<0.05)(1%14). 2.5 Letrozole&l FE 5] ] /5 14 AR 4H 40 52 W 22 0
2.4 HiW#lcyp19alb mRNAZEFRE R BB B cypl9albiRiA
HFRIBR LI 6y SR MR B AR L O A

WG ES Wl cyp19a1b mRNARIEZE R B R B Rt iy, BTl TR cyp19al b7 i 3%
EMMAEE . cyplal bR RIX BB L, IR AAAENE R 22 5%, {8 F Letrozolekb B R 734k
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8 4 RN, A T B eyp19at bk R A B R I8 K 07 A A T ) 7008 H 28 A 52 1173

AN Momusculus

3% G.gallus
AR X laevis
LR C.auratus

127
126
125
126

B

i

) C.auratus giLst
i C.carpio _ i " 126
§if C.carpio ETRILSH 126
B0 D.rerio !: . 127
VU )12 6 S kozlovi i 127
Je %' F AE 1 O.niloticus i 125
Tl O.latipes Biisi 124
/N Momusculus 257
53 G.gallus 256
TS X laevis 255
LRI C.auratus 256
) C.auratus 256
i C.carpio 256
1 C.carpio 256
L D.rerio 257
VYIS B0 S kozlovi 257
Je® B AE 4 O.niloticus 255
Tl O.latipes 254
N Momusculus 387
J&1 G.gallus 386
AT X laevis 385
YL C.auratus 385
) C.auratus 185
il C.carpio 385
i C.carpio 385
L D.rerio 386
VU 11240 60 S kozlovi 386
Je%' W Ak £ O.niloticus 185
il O.latipes LN E A IFATEL TF AGNHES 384

pecific region

NE Momusculus | slcR i N FIBLE |
i3S G.gallus g I 18t PN %

AR X Laevis

LA C.auratus

) C.auratus

% C.carpio

i C.carpio

W D.rerio

VY1125 60 S kozlovi

Je%' % Ak £ O.niloticus

Tl O.latipes

1 RS ON TCGDPHLGERTQE
(< ON TCGDPHLGEKTQE

E 2 HA#Cyp19alb5 H b Cyp19albE EE 7 51 LL 3F
{4 F Clustal X 47 £ P SIS, METERRIRTF LN HERX . Ozol'sX .\ fm 75 F X UL R ML R L& X
Fig.2 Alignment of Cyp19alb in C. auratus with those of other vertebrates

The program ClustalX is used to align the Cypl19alb sequences. The conserved domains (I-helix region, aromatase specific region

Ozol’s petide region, and Heme-binding region) are boxed

BUMEY60 d, JFIER MR E210d, ML
7~ , Letrozole&h # n] LLAH L AKE: & 5 S B 5L (1) 1
WA BR 2 B RS S(E 7). F 5 S PCRESH i
N, SXFERAMEE, cypl9al brEAb B4 ik ek
0 FRAR(P<0.05)(1%18).

2.6 BERZIESThCGXTBX H cyp19al b3RiE R

Ii] B A4S 00 T s 1 B hCG X I P eyp19a1 b3
KW, 45 R, hCGAbBEAE S W 25 L it
cyp19al bTEMGTh 3k, FFHREE 224 h(P<0.05)(K19).
3 e

AW 5T 78 B A9 ) ] il cyp 19a 1 b FE K cDNA
P, HA TR R EEAHER 1 533 bp, 4efi%5101

IR, W Ecyp19al pFEIH 5 4 A S5 MR
ARG R, MRS ; Cypl9albz
M F 5 BA B X . IBHEX . R F ik
X . Ozol’sIX, [W]HHA RE A HL 41 L (5 K p4S0FK
TAARRAIE (4 121 28 45 6 07 ~F 55 7 F-X-X-G-X-R-X-C-
X-G ([ 2 F-G-C-G-P-R-A-C-V-G, 5%k
IML£T 3 & A A FH B ~F I 20 1R 4% 35 3R B 1 468 %o 1Y
PRAFIE), DL 25 JRUE B A 5% v v B A5 31 1Y 7
B 2 il cyp19al bFEH

Rif B I B ) G DA s 5 A A O A AR
(EZEFR T I 78 05 A5 Ab il 3 IR vy 2R 087 MG
W R, OF T A0 G AE £ 288 i v i) 37 M bb At
A HESI Y P9 5 1 100~1 000155, X 2 5 rh
FEA B M TR R 2 A B R AT AT . EBE
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2 Cypl9albREELF 58I [ER M
Tab.2 GenBank accession numbers and
the identity of Cyp19alb
MR CERT)

R/ %

species (accession no.) identity
/N Mus musculus (NP_031836.1) 51
JR3S  Gallus gallus (NP_001001761.2) 53
SR Anolis carolinensis (XP_016852003.1) 54
AEITEE  Xenopus laevis (NP_001079122.1) 52
U Dasyatis sabina (AAF04617.1) 50
B Oryzias latipes (AAP83449.1) 63
JeB B 4Ef Oreochromis niloticus (AAG49480.2) 63
WLt Danio rerio (AAG12245.1) 87
VU NIZRE . Schizothorax kozlovi (ANW82316.1) 91
ill1  Cyprinus carpio (ACB13198.1) 95
2  Cyprinus carpio (ACC95443.1) 95
4t Carassius auratus (BAA23757.1) 99
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Fig. 3 Phylogenetic tree of Cyp19al from vertebrates

Accession number of Cypl19ala: O.latipes (NP_001265808.1), O. niloticus (NP_001266515.1), D. rerio (NP_571229.3), C. auratus (AEX97168.1), C.
carpio (ACB13197.1/ABF82249.1), S. kozlovi (ANW08806.1); accession numbers of Cyp19alb are listed in table 2
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Real-time PCR
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Fig. 5 Expression of cypl19alb in different embryonic

development stages of C. auratus

1. unfertilized eggs; 2. fertilized egg; 3. blastula stage; 4. gastrula stage;
5. neurula stage; 6. tail-bud; 7. heart-beating; 8. hatching stage. Differ-

ent lowercases indicate significant difference (P<0.05), the same below
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Fig. 7 Morphological observation of gonad in female fish treated with Letrozole for 60 days

(a) XX control, ovary with oocytes at different phases; (b) Letrozole treated fish, no oocytes, the gonads are filled with spermatocytes
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Fig. 8 RT-PCR analysis of the expression of
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female C. auratus

Control:Cxx-1, Cxx-2, Cxx-3; Letrozole treatment: L-1, L-2, L-3; M. DL
2000 DNA Marker

AEBEATE L, (EANID P 5955 A AR T 12
PR E Letrozoleifs 5 A MR 8 106 5%, cyp19ald
SR Y R A R AR, Ui cyp19al HIETLT
G Rk B I 2E S, R T O A AL R E—
AL REAC R e AL I MEBCR BT, oyp19alb
T €828 il v 8 M 031 22 5 % TS T BE g D AR )
WEIZR e oR N [R) A DG o TR 0 ol £ R IS U S
hCGFHcypl9al bR K TH i, I HA I E] KR
P, X5 )R S 865 (Heteropneustes fossilis)H 1)
W4 R — 50, WEoR R N IR R K 1y 22 4k
X £ 2l 70 A AL R LB R, hCGARE kY
A A A 2208 5 02 VR IR AT DL 3R 07 A (L g
TP FME B3R 230 7K BT R S,

A 5T W 2D v [ B UL i eyp 19a 1 b3 A ()
cDNA® KA, #AT T RGBT, JEXH
EARFHL KNFEKE BB R KT TR

http://www.scxuebao.cn

< [ st control c c
. 3 120 B nco
N9
P
g b
Fy g 80
Z-z
=
Q0 1
= a 2 a a a
= |
Qo
2 'l
0
1 2 3 4
VRIS (A

time after injection

B9 BEARIEST A G E BEAR 1 BR B X B
cypl19al b3k HI S0
LS R0 h: 20E 458 h: 30E4JR12h: 47E4)R24h
Fig. 9 Expression profile of cypl19alb in the brain after
hCG injection by Real-time PCR

1. 0 h after injection; 2. 8 h after injection; 3. 12 h after injection; 4. 24 h

after injection

W, [R) B ARG 0 LetrozoleAh P 5 E0 M 3 4% ok 72 L K.
2 I S hCGXT R H eyp19al b SR IE 284, it
— T eyp19al bIE N AE MEAZ & B P e
5ok i Ve FHAIL ) 29 0 LA o

SE R

[1] Diotel N, Le Page Y, Mouriec K, ef al. Aromatase in the
brain of teleost fish: expression, regulation and putative
functions[J]. Frontiers in Neuroendocrinology, 2010,
31(2): 172-192.

[2] Simpson E R, Mahendroo M S, Means G D, et al. Aro-


http://www.scxuebao.cn

8

ok, G

AT 6 cyp19a 1 b3k R 1 5 I e 3k K 5 7 Al AT 1 750 e HC 235 14 52 i 1177

[8]

[10]

(1]

matase cytochrome P450, the enzyme responsible for es-
trogen biosynthesis[J]. Endocrine Reviews, 1994, 15(3):
342-355.

Simpson E R, Clyne C, Rubin G, ef al. Aromatase—a
brief overview[J]. Annual Review of Physiology, 2002,
64(1): 93-127.

Gabriel W N, Blumberg B, Sutton S, ef al. Alligator aro-
matase cDNA sequence and its expression in embryos at
male and female incubation temperatures[J]. Journal of
Experimental Zoology, 2001, 290(5): 439-448.

Ijiri S, Berard C, Trant J] M. Characterization of gonadal
and extra-gonadal forms of the cDNA encoding the At-
lantic stingray (Dasyatis sabina), cytochrome P450 aro-
matase (CYP19)[J]. Molecular and Cellular Endocrino-
logy, 2000, 164(1-2): 169-181.

Mcphaul M J, Noble J F, Simpson E R, et al. The ex-
pression of a functional cDNA encoding the chicken
cytochrome P-450arom (aromatase) that catalyzes the
formation of estrogen from androgen[J]. The Journal of
Biological Chemistry, 1988, 263(31): 16358-16363.
Miyashita K, Shimizu N, Osanai S, et al. Sequence ana-
lysis and expression of the P450 aromatase and estrogen
receptor genes in the Xenopus ovary[J]. The Journal of
Steroid Biochemistry and Molecular Biology, 2000,
75(2-3): 101-107.

Corbin C J, Hughes A L, Heffelfinger J R, et al. Evolu-
tion of suiform aromatases: ancestral duplication with
conservation of tissue-specific expression in the collared
peccary (Pecari tayassu)[J]. Journal of Molecular Evolu-
tion, 2007, 65(4): 403-412.

Graddy L G, Kowalski A A, Simmen F A, et al. Mul-
tiple isoforms of porcine aromatase are encoded by three
distinct genes[J]. The Journal of Steroid Biochemistry
and Molecular Biology, 2000, 73(1-2): 49-57.

Blazquez M, Piferrer F. Cloning, sequence analysis, tis-
sue distribution, and sex-specific expression of the neur-
al form of P450 aromatase in juvenile sea bass
(Dicentrarchus labrax)[J]. Molecular and Cellular Endo-
crinology, 2004, 219(1-2): 83-94.

Chang X T, Kobayashi T, Senthilkumaran B, et al. Two
types of aromatase with different encoding genes, tissue
distribution and developmental expression in Nile tilapia
(Oreochromis niloticus)[J]. General and Comparative

Endocrinology, 2005, 141(2): 101-115.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Kazeto Y, Trant ] M. Molecular biology of channel cat-
fish brain cytochrome P450 aromatase (CYP19A2):
cloning, preovulatory induction of gene expression, hor-
monal gene regulation and analysis of promoter
region[J]. Journal of Molecular Endocrinology, 2005,
35(3): 571-583.

Kishida M, Callard G V. Distinct cytochrome P450 aro-
matase isoforms in zebrafish (Danio rerio) brain and
ovary are differentially programmed and estrogen regu-
lated during early development[J]. Endocrinology, 2001,
142(2): 740-750.

Kwon J Y, McAndrew B J, Penman D J. Cloning of
brain aromatase gene and expression of brain and ovari-
an aromatase genes during sexual differentiation in ge-
netic male and female Nile tilapia Oreochromis nilotic-
us[J]. Molecular Reproduction and Development, 2001,
59(4): 359-370.

Halm S, Rand-Weaver M, Sumpter J P, ef al. Cloning
and molecular characterization of an ovarian-derived
(brain-like) P450 aromatase cDNA and development of a
competitive RT-PCR assay to quantify its expression in
the fathead minnow (Pimephales promelas)[J]. Fish
Physiology and Biochemistry, 2001, 24(1): 49-62.
Tchoudakova A, Callard G V. Identification of multiple
CYP19 genes encoding different cytochrome P450 aro-
matase isozymes in brain and ovary[J]. Endocrinology,
1998, 139(4): 2179-2189.

Valle D L, Ramina A, Vianello S, et al. Cloning of two
mRNA variants of brain aromatase cytochrome P450 in
rainbow trout (Oncorhynchus mykiss Walbaum)[J]. The
Journal of Steroid Biochemistry and Molecular Biology,
2002, 82(1): 19-32.

Zhang Y, Zhang S, Zhou W L, ef al. Androgen rather
than estrogen up-regulates brain-type cytochrome P450
aromatase (cyp19alb) gene via tissue-specific pro-
moters in the hermaphrodite teleost ricefield eel Monop-
terus albus[J]. Molecular and Cellular Endocrinology,
2012, 350(1): 125-135.

Zhang S, Zhang Y, Chen W P, ef al. Aromatase
(Cyp19alb) in the pituitary is dynamically involved in
the upregulation of /4b but not fshb in the vitellogenic fe-
male ricefield eel Monopterus albus[J]. Endocrinology,
2014, 155(11): 4531-4541.

Nagahama Y. Molecular mechanisms of sex determina-

http://www.scxuebao.cn


http://www.scxuebao.cn

1178 Ko kAR 2%
tion and gonadal sex differentiation in fish[J]. Fish [30] Pasmanik M, Schlinger B A, Callard G V. In vivo ster-
Physiology & Biochemistry, 2005, 31(2-3): 105-109. oid regulation of aromatase and Sa-reductase in goldfish

[21]  Piferrer F, Zanuy S, Carrillo M, ef al. Brief treatment brain and pituitary[J]. General and Comparative Endo-
with an aromatase inhibitor during sex differentiation crinology, 1988, 71(1): 175-182.
causes chromosomally female salmon to develop as nor- [31] Chiang EF, YanY L, Tong S K, et al. Characterization
mal, functional males[J]. Journal of Experimental Zo- of duplicated zebrafish cyp19 genes[J]. Journal of Exper-
ology, 2010, 270(3): 255-262. imental Zoology, 2001, 290(7): 709-714.

[22]  Tzchori I, Degani G, Hurvitz A, et al. Cloning and de- [32] Tchoudakova A, Kishida M, Wood E, et al. Promoter
velopmental expression of the cytochrome P450 aro- characteristics of two cyp/9 genes differentially ex-
matase gene (CYP19) in the European eel (Anguilla an- pressed in the brain and ovary of teleost fish[J]. The
guilla)[J]. General and Comparative Endocrinology, Journal of Steroid Biochemistry and Molecular Biology,
2004, 138(3): 271-280. 2001, 78(5): 427-439.

[23] Kitano T, Takamune K, Nagahama Y, ef al. Aromatase [33] Lephart E D. A review of brain aromatase cytochrome
inhibitor and 17alpha-methyltestosterone cause sex-re- P450[J]. Brain Research Reviews, 1996, 22(1): 1-26.
versal from genetical females to phenotypic males and [34] TrantJ M, Gavasso S, Ackers J, et al. Developmental
suppression of P450 aromatase gene expression in Japan- expression of cytochrome P450 aromatase genes
ese flounder (Paralichthys olivaceus)[J]. Molecular Re- (CYP19a and CYP19b) in zebrafish fry (Danio rerio)[J].
production and Development, 2000, 56(1): 1-5. Journal of Experimental Zoology, 2001, 290(5): 475-

[24] SunL W, Zha J M, Spear P A, et al. Toxicity of the aro- 483.
matase inhibitor letrozole to Japanese medaka (Oryzias [35] Gelinas D, Pitoc G A, Callard G V. Isolation of a gold-
latipes) eggs, larvae and breeding adults[J]. Comparat- fish brain cytochrome P450 aromatase cDNA: mRNA
ive Biochemistry and Physiology Part C: Toxicology & expression during the seasonal cycle and after steroid
Pharmacology, 2007, 145(4): 533-541. treatment[J]. Molecular and Cellular Endocrinology,

[25] Lau E S W, Zhang Z W, Qin M M, et al. Knockout of 1998, 138(1-2): 81-93.
zebrafish ovarian aromatase gene (cyp/9ala) by TALEN [36] Okubo K, Takeuchi A, Chaube R, et al. Sex differences
and CRISPR/Cas9 leads to all-male offspring due to in aromatase gene expression in the medaka brain[J].
failed ovarian differentiation[J]. Scientific Reports, Journal of Neuroendocrinology, 2011, 23(5): 412-423.
2016, 6: 37357. 370 WAV, BEE, [0, 5. WA 660 07 & i

[26]  Guiguen Y, Fostier A, Piferrer F, et al. Ovarian aromata- cDNA F Bt T 5 218 3 (0], 7K AE A4, 2009,
se and estrogens: a pivotal role for gonadal sex differen- 33(4): 748-755.
tiation and sex change in fish[J]. General and Comparat- CaoM X, Yang Y H, Jiang W B, et al. Cloning and ex-
ive Endocrinology, 2010, 165(3): 352-366. pressional analysis of Cyp19b gene fragment in Gobi-

[27]1  Zhang J, Sun M, Zhou L, et al. Meiosis completion and ocypris rarus[J]. Acta Hydrobiologica Sinica, 2009,
various sperm responses lead to unisexual and sexual re- 33(4): 748-755(in Chinese).
production modes in one clone of polyploid Carassius [38] Barney M L, Patil J G, Gunasekera R M, et al. Distinct
gibelio[J]. Scientific Reports, 2015, 5: 10898. cytochrome P450 aromatase isoforms in the common

[28]  Vischer H F, Bogerd J. Cloning and functional character- carp (Cyprinus carpio): sexual dimorphism and onset of
ization of a testicular TSH receptor cDNA from the ontogenic expression[J]. General and Comparative En-
African catfish (Clarias gariepinus)[J]. Journal of Mo- docrinology, 2008, 156(3): 499-508.
lecular Endocrinology, 2003, 30(2): 227-238. [39] Patil J G, Gunasekera R M. Tissue and sexually di-

[29] Pasmanik M, Callard G V. Aromatase and Sa-reductase morphic expression of ovarian and brain aromatase

in the teleost brain, spinal cord, and pituitary gland[J].
General and Comparative Endocrinology, 1985, 60(2):
244-251.

http://www.scxuebao.cn

mRNA in the Japanese medaka (Oryzias latipes): implic-
ations for their preferential roles in ovarian and neural

differentiation and development[J]. General and Com-


http://www.scxuebao.cn

8

ok, G

AT 6 cyp19a 1 b3k R 1 5 I e 3k K 5 7 Al AT 1 750 e HC 235 14 52 i 1179

[40]

[41]

[42]

[43]

[44]

parative Endocrinology, 2008, 158(1): 131-137.

M. TN T A BEIcDNAWE . JBE 78
G TERRTE[D]. MR TR R, 2009,
Dong D M. Brain aromatase from grass carp (Ctenopha-
ryngodon idella): cDNA cloning, promoter isolation and
brain expression[D]. Chengdu: University of Electronic
Science and Technology of China, 2009 (in Chinese).
ZHan. Je B B JE A PR 5 B 1L EE(Cypl9alafiCyp-
19a1b)#1% 5 PIREHIRIA I JE[D). EIK: PR, 2014,
Li M R. Preliminary studies on expression and function
of Cypl19ala and Cyp19alb in Nile tilapia (Oreochromis
niloticus)[D]. Chongqing: Southwest University, 2014
(in Chinese).

Lassiter C S, Linney E. Embryonic expression and ster-
oid regulation of brain aromatase cyp19alb in zebrafish
(Danio rerio)[J]. Zebrafish, 2007, 4(1): 49-57.

VW, KT, IR, S 5 A T ) 77 Sk H 1o
BT B B 2 A R R SR TR 3 ik B S IR (D], o [ K
R}, 2013, 20(5): 911-917.

Li G L, Deng S P, Sun J, ef al. Effects of aromatase in-
hibitor letrozole on sex differentiation and related gene
expression in Clarias fuscus[J]. Journal of Fishery Sci-
ences of China, 2013, 20(5): 911-917(in Chinese).
Kazeto Y, Place A R, Trant ] M. Effects of endocrine

[43]

[46]

[47]

(48]

disrupting chemicals on the expression of CYP19 genes
in zebrafish (Danio reio) juveniles[J]. Aquatic Toxico-
logy, 2004, 69(1): 25-34.

Lee Y H, DuJ L, Yen F P, ef al. Regulation of plasma
gonadotropin II secretion by sex steroids, aromatase in-
hibitors, and antiestrogens in the protandrous black
porgy, Acanthopagrus schlegeli Bleeker[J]. Comparat-
ive Biochemistry and Physiology Part B: Biochemistry
and Molecular Biology, 2001, 129(2-3): 399-406.
Chourasia T K, Joy K P. Estrogen-2/4-hydroxylase activ-
ity is stimulated during germinal vesicle breakdown in-
duced by hCG, IGF-1, GH and insulin in the catfish Het-
eropneustes fossilis[J]. General and Comparative Endo-
crinology, 2008, 155(2): 413-421.

Mishra A, Joy K P. Effects of gonadotrophin in vivo and
2-hydroxyoestradiol-17f in vitro on follicular steroid
hormone profile associated with oocyte maturation in the
catfish Heteropneustes fossilis[J]. Journal of Endocrino-
logy, 2006, 189(2): 341-353.

Chaube R, Singh R K, Joy K P. Changes in vasotocin
levels in relation to ovarian development in the catfish
Heteropneustes fossilis, exposed to altered photoperiod
and temperature[J]. Fish Physiology and Biochemistry,
2015, 41(5): 1173-118e.

http://www.scxuebao.cn


http://www.scxuebao.cn

1180 KopE o R 245

Molecular cloning and characterization of cyp19alb gene and the effect of
Letrozole on its expression in Carassius auratus

LI Yongjing, WU Limin, WANG Lei, MA Xiao, LI Xuejun"
(College of Fisheries, Henan Normal University, Xinxiang 453007, China)

Abstract: In the present study, brain aromatase gene (cyp19alb) was cloned by using reverse transcription-poly-
merase chain reaction (RT-PCR) and rapid amplification of cDNA 5’ and 3’ ends (RACE) in Qihe crucian carp
(Carassius auratus). We also examined the expression level of cyp19a1b in different development stages and dif-
ferent tissues by real-time PCR, and at the same time, expression profile of cyp19alb after hCG injection and sex
reversal induced by Letrozole treatment was also examined. The results showed that the full-length cDNA of
cyp19alb was 2 894 bp, including a 132 bp 5'- untranslated region (UTR), a 1 319 bp 3'UTR, and a 1 533 bp open
reading frame (ORF) encoding a deduced protein with 510 amino acids. Sequence analysis revealed that Cyp19alb
from C. auratus showed the highest amino acid similarity with Cyprinidae fish, while has low similarity with oth-
er vertebrates include mammalian and reptiles. Tissue distribution by real-time PCR revealed that cyp19a1b was
abundantly expressed in the brain, while barely detectable in other tissues. The expression of cyp19alb was gradu-
ally upregulated from blastula stage, and peaked at neurula stage, then declined during the embryonic develop-
ment stage. Ontogenic analysis demonstrated that cyp19alb was expressed abundantly from 30 days after hatching
(dah) in the brain, but kept a low level in the trunks. However, cyp19a1b decreased in the brain of sex-reversed
males by Letrozole treatment. Intraperitoneal injection of human chorionic gonadotropin experiments showed that
expression of cyp19a1b was significantly elevated at 8 h and persisted until 24 h after injection in the brain. These
results suggested that cyp19alb might be involved in the course of nervous system formation, gonad development
and sex determination in C. auratus.

Key words: Qihe crucian carp (Carassius auratus); cyp19alb; cloning; expression; inhibitor
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