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WE: RWHLUERIY T AW Ik, BT T B0 B A i i 5590 3k 11 me (LE) 5 I 804 J7 fili (Takifugu: obscures) ]
{7 f4 CYP19A, DMRTL &Rk LA M VERR 212 A5 4k, DU IE—25 1% P450 75 & ALl (P450arom) 7E £ s 1 )
PR B A YE . RT-PCR 45 R, XRG4 CYP19A FIl DMRTL £k Rtk 2, MitERL CYP19A
FEH, HEPEFRILX DMRTL E[E . LE ZEPMAHFEVERN /AL 0], HEPERE T i —3FRIK DMRTL, WA 5 I 5] i 3= 3k
CYP19A #ll DMRTL, qRT-PCR 5 i R: LE AbPHZHMEPE(T 8 CYPLOA JE[NFRIAWE I 2590, HARTE(T il E)5 22
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P450 35 7 1L i (P450arom) e A b B HEsh 45
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WA AT R FA X IR S 457 fili CYP19A . DMRTL 3[Rl 363k M M B 434k 1Y 52 i 69

WEERGZ —, PR, B8R 7 i HEf
FEME B4 ad B CYPLOA ik [H 3 3k & BRI & 1)
PR, MEMEAERELIS 16 d CYP19A L&
R B, T NE 66 d BEESAT E IR,
PEATEE ] CYP19A Ry IKJE 15 REAT A5 42 il il e
Wk oy, PR HErEAL LB, BN TR E
PATENE R BER A B SR . AR T AT
FRIA AT LA 7 A il 1 70 oF o nale (LE) o 1 4
AR5 ATAEf CYPLOA JE[ZRIA | MEMEPR ML
DMRT1 (doublesex and mab-3-related transcrip-
tion Factor 1) LA M MEMRALUAEILR I, LIHN
o P T R S R SR LN B A B, S SR
Jy i by B 5 T SR R

1 Me57*E

1.1 Rsh 5itF

SCIGF 2011 4F 4—9 H AEVLINE B @ T 155
Tl & AT IR R AT o S2 56 F s S04 il
FEMCH N T2 G0 fa, TEEAR 2.2 m AL
BG4 1)

TRIzol i 77| (TaKaRa 2~ F]), SYBR Green As-
say Wi %15 £ (TaKaRa 24 Fl), BitHE#E (Amersco),
SYBR Premix Ex Taq™ i #l £ (TaKaRa 722 Al),
Goldview(TaKaRa %y #® ) . DNA Marker
2000(TakaRa 72y F]), HAth k2= Ry 43 Hr 4t
O i (1- [AL(4-T5UAE 2 ) Y 5E]-1,2,4- =&, LE)
W b B LA BR 2
1.2 LE &bIEFnEE#

SCIRTEELAR 2.2 m AYBE AN AR Rkt T . A
ARG L 500 RBAT A, Ht 4 AN EIAE, 2 R
FPoaia, 2 A RFATXH IR, e A 4a,
TR PR 2 I, TETERN TARDEL, B H 4ok
1/3 . SEBG LA B MR TARDRE s 0 %5 7 Ak il 100 1 751
e (LE), 4R 1.25 gf/(kg-d)[LE/(fa 1 -d)];
POREAE N7y 118

EALI5 9 d(dph)JFafAb#E, Fp2iib3 50 d, 45
25505 K i 3% 2 150 dph 59, 4351 T 9 dph., 22
dph, 35 dph, 55 dph F1 150 dph B, 44~ F1740
B 20 &, ARl i B0 SLHER 80 B, EIRK

fE 0.5 cm LU NB), BUEZA7fa; FIIRKTE 0.5~
1.0 cm Z [ E, 23k REUK T4y, FHRK 1~4
em I, a3k 8 R o0 L RE I AT 1 A 7 K T
ERRK 4 om DLERRECERR . AR
Bouin R [HEGHE R T0%L BERAE; 4> TFEM
PR R B S 2 i — P AR B
1.3 fHAEZE

WA R, YRR 6 pm, HE Je i, S
BB I L%
1.4 CYP19A #1 DMRT1 E R 5] 4i% it

CYP19A JE[N 5| 15 IR A A 480 mE 2 40y
fili £ it DMRT1 J:[H RT-PCR 5l#¥%it: #H¥s
GenBank H' LA Y216 4 Jy fili (BAF93506.1), %k
Ji] fifi (Tetraodon nigroviridis, CAF99837), %' Jffa
(XP_003444528), 1§ (Acanthopagrus schlegelii,
AAP84972), 7 fli(AAL02165)%5 4/ DMRT1
DI R S SR 751, 76 DM LRSFE5 A3 N 15
1t DMRTL JEHRIIF5 19, LARESUR T fii g fh P
Ji% %) cDNA AR, PCR 3 k£ 257 P — T B
1 B 3L R B, i B TAEY TRER
e 55 A BR 2 v ve B e, e )7 31 5 GenBank 1%
MR B 4 P v Y & P 51 4T Blastx [R1JEPE 734
R A S TSR HC T 1 X335 |91 T RT-PCR
ik, 519F % CAGGATGCCCAAGTGCT
(5'-3"), CGCT AAAGATGGGTGGG(5"-3"),
1.5 SEREE PCR il

2 IR 2 9 i 242 BV fty W P B 480 4R fili CYPL9A
PRSI, [RIEAR S H R PCR 15 2 W RS 804 7
fili DMRT1 /&%) i B¢, W FH Primer Premier 5 #%{4
BT DMRTLA RI17HY Real-time PCR 5|4y, H
H MEST JERE NS (3% 1),

XFEE—AFE R IR T RNA 4%, F 1.2% ¢
JI HL KR A TR ARAGTIN, 0 RNA BVRE, B L g
& RNA, Wi E4 W cDNA, /3% M. SR
Real-time PCR 4 J5 O 53147 (9 5 | Wk A 74 4
%3 DR BRI D 5 o e SR A A 270
ST RO AT Bl BEA T 0T . AR

MRNA HIx} £ ik =22,



70 o K 7 R 5520 %
% 1 real-time PCR 3|19 RS
Tab.1 Primers and paramenters of real-time PCR
. 7 B vE e
51414 Bk primer 51 ¥1)¥ 41 (5'-3") sequence (5'-3") FE%J&E/_ I8 i
bp product size anneal temp
MEST -F TCGCTCTTGAGCTGCTTT 109 53C
MEST -R CGTGGATGATGCGTTTCT 54°C
CYP19A-F CCGAGGCTACTTCACCAA 185 53C
CYP19A-R GTCCACCTGAGCCAAATC 52°C
DMRT1A-F CGGCAGGCTCAAGAGGAGGA 156 60°C
DMRT1A-R TGGGACCACAGAAGAAGACGT 60°C
H J AAC=[C{CYP19A)-C(MEST)] & w « —[C¢ 22 dph B} X} BEZH 3 50%FE i i) CYP19A KL ik

(CYP19A)—-C(MEST)]xsmsi o
1.6 FHIFEH:

SERLSE AR ER (X BSSE)ATEF R . R
FH SPSS18.0 b F v A £t . R 2y 22 43 B it
17531, P<0.05 2257 8.3, P<0.01 NZERR w2

2 ERE5HMH

2.1 LE &IEXHFA CYP19A E A FTiLEHIF N
LI MEST /RN S 3L, LA 9 dph FE AL K% HA,
FH#E 58 7t PCR(QRT-PCR)AG 1l %o BE 152 36 20
ESUA Dy AT v otk it #R e CYPL9A JE[H 3
kAR B (] 1). 9 dph B, AIEIF) CYP19A %
kIR, TEAARNL Z R B 25 57 (P>0.05),

Sf Bf @O
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w EF
= C-M
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n=20; xxSD
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FEIM MR I relative expression level

=]

9 22 35 55 150
H R (8] /dph days post-hatching
BI1 Rt ab BRI SCA Ty AT #4 )5 CYP19A JE[AI Y
AR eIk 5
C-F Fn Xt B HEfA; E-F Rn SR 2 M C-M Fm xR
Mefa, R R/NG SRR S [F) 20 0] 22 5 2 7 (P<0.05).
Fig. 1 The relative expression level of CYP19A gene in
Takifugu obscurus larva treated with letrozole (LE)
C-F: control female; E-F: female treated with LE; C-M: male

treated with LE. Different letters mean significant
difference(P<0.05).

3% FH(P<0.05), ¥R EHEZAH 9 dph BFY
4 113 1%, SR HMEEMARR R RS, 54 50%
FEALAY CYPL9A FEFE AN A S i, BR
HH P AR B 2 TR0 A o LE AR PRZE AR Bt B b
R HEYE SIS, FMEENAR CYPLOA 1
FRKEALEE 9 dph EE 189 £%, Mlal H it BE [
2.11%, SERe HAfE], XtHAZH CYPL19A KikAT i,
35 dph B} FF% % 22 dph A9 50%, 55 dph B 4k: T
R4 22 dph () 18%; LS 4ERFE K BT
1M LE Zb#HZH CYP19A A3 3A7E 35 dph. 55 dph.
150 dph & &2 L, IR B K53 5
k219, 187, 200, (R348 KT [H] H (4% B4
2.2 LE & IEXH{FHA DMRT1 EEFiAEHIZ 0
WS 45 )y fliff-f DMRT1 B[Rk 4t
P B B P S (B 2). EiA CYP19A R

1200 - a . CM
ool . - e EF

=20; x£8D
tooo | 20 . CF  a
900 | .
800 - a |

HEPHAH AT ik i relative expression level

9 22 35 55 150
iy B E]/dph days post-hatching

Pl 2 ket me b BRI S0/ J5 4 T-#E €2 DMRTL JE[A]
LEDOE SN
C-F F7n X ML M £, E-F SRR AL B, C-M 37 X K 2 M
. RIE/ NG 7 2R 7R [ 41 7] 22 53 4 3% (P<0.05).
Fig. 2 The relative expression level of DMRT1 in Takifugu
obscures larva treated with letrozole (LE)
C-F: female in control; E-F: female treated with LE; C-M: male

treated with LE. Different letters mean significant
difference(P<0.05).
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R A MEPERE AL, DMRTL 3 R 26 35 B MG (7 2,
C-F), 1fi CYP19A F At (KA HEMEAE M (K] 2, C-M)
DMRTL SR RE M, B 2 haf A, 59
dph #H L, 22 dph XFREZEFEShH, B DMRTL 3t
Rk 2 B, SERikah 9 dph Bf(% 635
3 HJ5 1Y 35 dph. 55 dph. 150 dph B, S48
B, (H AR AR X — K o X FROME PR A
DMRT1 &4 L, (HFERKEWRAL, mET7E 55
dph Bt A R X BEBEYE ) 5.9% . LE Zb 2 DMRT1
LRIk S CYP19A 1EAH R . 22 dph. 35 dph.
55 dph. 150 dph iy DMRT1 4 [A it 25 ik 40 1) /2
9 dph ik Ay 189, 219, 321 F1 763 1%, B&E
T4 K & By Bow) HR 41 i £ (P<0.05) . & 150 dph i,
SEISZAAE N Y DMRTL 2355 X B8 i I #3201 TG
#5(P>0.05),
2.3 LE AEX{F£A CYP19A, DMRT1 EERiLR)
A

&l 3 & 35 dph I IFSUA Jy v i CYP19A Fi
DMRTL L[ R K1 . MBI AT LUE S, Xf B
(& 3-A)a MREAR R 1, 2 PN FE S DMRTL JE R 4%
WA, T 3.4 PIMAESL CYPL9A JER 4447 B &,
AT AR, 5 A 2 R A
. LE ZbFRZ (B 3B)HR, 5. 7 BANREAE AT LB 2
) DMRTL LR 2717, B nMEMEERS, 6. 8 W
AL CYPL9A FIJE R 457 HH @, [R] A
AI ULE DMRTL P 254t B, B 2 Fb i 5 a9 45 i
FEFE [ — MR R 2Rk

CYPI94

1 2 3 4 5 6 7 8
- -
DMRTI
MEST

Kl 3 IS4 i il CYPL9A Fil DMRTL JE[H f) 53k
A. XTHE4; B, Sk fhmkab .
Fig. 3 The expression of CYP19A and DMRTL1 genes of Taki-

fugu obscures
A. control group; B. LE treatment group.

2.4 MHFFERRAE L ERHE
55 dph B, XJ B b g SR Jy il v i 20 21 2
%’f‘tagﬁéét;’i(m 4)0 }J\gﬂz/l_{iﬂtj]}}l‘qjﬁfbjﬁgl“!

R NS i R T AN = N OV
Ji A ARG S 4t M (Sc) 2 T kG SRS AR, fh SRR A
i P TR J0KE /N i T (18] 4-A) o BB S v e B S
JiE (Oc) B &2, B AL 41 ift (Og) Bl 2 B £ fis HE B, 4
MR H BT, MR, 53 50 A i Ak F 43
Z4RH O SRE ) i PRI UM o LE AR R
a0 A LR RS SURRAE, (AR DL
T BB s B AL 2URE 2 509%FE S AN E A — B 4
MIAZ K . AT B RS IR B, D Sk S E
2, L ) D o /N B[] P v 8 S A ke B
14 BT SR s BB Ak 1 B9 D 24 (181 4-C), SR )P A
FRAE . 150 dph B, LE 40 BRLARE AL Rk 4120
SRR 4-D): IR /INRBCR IS N, HEZTERS
S PRGN ) N HE D B S RS /N, Ok

ZAT AR HRT LA o 55 % MR 20K 88 0 ]
IX%]JO
3 it

FE M b s AR s FE rh, MEPR He
B PR E R IINVE NI B 1) () OB, R i A
{68 1) B9 8504k, 82 8 o 1 A S A R T
AP e IR BUME IR 175 3 A SR B L IR B
TR — WA A Sl oA T R (E2) A 11
SLE2TR (11-KT) ¥ i S2 06 (AT) e 401 il . P40 J5
AL (P450arom)fiEfk AT S AL 25 19-F1 JL54
i E2, CYP11B 4wty P45011p ¥4k [F(P45011B)
WAL AT # A0 11-KT (/). PRt P450arom
T2 AR P BB AR A 6 e T
P450arom 1% 1 Y R 20 A5 g 4 PN U5 0 U8 3R A9 A
R fE K 8% K T4 £ (Oncorhynchus  tshawy-
tscha)™ | Je % %4k B g1 6 (Oncorhynchus
mykiss) ' gL M T (Paralichthys oliva-
ceus) M8 L B4 A1 (Siganus guttatus ) £ 6
%)yt ¥ #(Cyprinus carpio) 24 Fh 2k £ F L,
N AR ATk, A SER S5 SRR T AERS
YUR 7 il HAT [RIRE 15 S ROR

i 25 E e R g PA50arom A LD, HI
CYP19A Fl CYP19B, CYP19A T B4 eIt &
ik, SIEARTRREY, KRB EAEVEH
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55 20 &

ALY I

AL BB %T B 55 dph RURGELFIBRIE; C 2 LE 4bFRZ 55 dph AR A AR, D 2 LE 4bFHZH 150 dph RUAE &
Og IR ANE; Oc S URHLIE; Sc g 40 M SI K Hks 4 4. F7R =500 pm.
Fig. 4 Section of gonad in Takifugu obscures

A, B. Testes and ovary in control at 55 dph, reapectively; C. Inter-sexual gonads in LE-treated T. obscures at 55 dph; D. Testes in
LE-treated T. obscures at 150 dph. Og: oogonia; Oc: ovarian cavity; Sc: spermatogonium; Sl: seminal lobule. Scale bar=500 um.

PERZE S, WA MEM AR EIE N, CYP19B F- 22
Gy AT TR K, HER RS AT B B A
S ORTE ALRE P, CYPL1OA 25 H 2 ik R
AN5E4L—5, 100 pg/L DL FWeEERY LE 403 72 h
A SEEF O CYPI9A BHE B KEREST
X B2 RSz v LE Kb B A I 4 4R il AT fa
CYP19A Hik B N A, 785 4b PRI ] 4 2L
FRE K, BT XM, 57D R,
BEThfa | 20 6 A< fil S R S A A O R 8 — B
CYP19A (XA [a] B, Al RE 5 MK BT AL Y
S BB BELL K A BRI A A . Sun S Sz
6 SR FH A 2 77 B R A, Ah TR R B, B R4
L& B LA A BB #2814 A P B T
IO B M R i o AL B PR (A P e i 2% e R
SR W, JEITIE N CYP19A kKPR i nl ik
SRR R PR BN o 7 S b 3L 1] 22 B9 B

iBfk, CYP19A (3R AIAE FIH. CYP19A Hi
CYP11B 4575 M B A4 1R 4H g v 22 35 5 AH 1 A
il o AN SIS DL R LA AN S Y AL b 3T T 2 A
SIS AE A A 0 R B, PR AR AL T4 A
1. CYP19A “F#P Z7EVEME AR A AL rh 2238, PRtk
PERR oAb BT e R R R R A B A T ok o SUEPE
LRI AT CYPL9A @ik, i FMEig £ K
AR fith 2 A 240 L 1) B9 A0 B 53 Ab T L2,
[vi) Fsf -, 15 2 4 3 bR S A R R DG BB . 7/ )L
DMRTL & A B BR A 22 P UESE, = A S R K 2
RN A A A0 R N M = <R
FAWAKI, WEUR Jfilifff CYP19A fIRIA R T
PR B 212 0B B AL b B AT 40
P450arom s, S EUA N MER K T RE, SEi
o MEPE IR 4 B 201k . CYP19A ik i Al RE il
SR A 0 P A ey 4 SR T
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BEUESE T O AR AR R 70 X I8 S04 7 fili CYPL9A . DMRTL ik [R5k M Mk AR 43 Ak 1 5% iy 73

7E PA50arom Z il A [ BF, 11-KT & Al A9 i
P& FTREAS B0 I, AR 093G A AT R0 R R
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HRILAT I 5 M AR DG JE I . ARSI 25 R R,
X HRLAAIEYEAT DMRTL 263k, X 5EHM . B
ot BARta . ABEAE . SR AILL6E Ayt Pa
LR 2 78 45 R —32L, DMRTL {UFERE 80 0 F5
2 B RS AN b Rk, BB R . Bk
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R A MEVEA e, B B DRE RIS &L X B
CYP19A L[ 215 I 1 A1 DMRTL ik i 2 I
T30 AR A
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Effect of aromatase inhibitor on expression of CYP19A, DMRT1, and
gonadal sex differentiation in Takifugu obscures

HUANG Bo', YANG Xiaoyu?®, DAI Qi', WANG Qi', YUN Dan', ZHOU Zhongliang*

1. School of Life Science, East China Normal University, Shanghai 200062,China;
2. Jang Su Zhong Run Agricultural Development Co., Ltd., Nantong 226634, China

Abstract: As in all other lower vertebrates, sex differentiation in fish is susceptible to environmental and steroi-
dogenic stimulation or inhibition. Alteration of the sex differentiation process is possible in many fishes through
the manipulation of the environment and steroid function. Some chemicals, which have androgenic or estrogenic
function, are known to alter the gonadal sex in fish from female to male or vice versa if administered during the
period of gonadal sex differentiation. Other than direct androgenic or estrogenic effects, there are chemicals which
are capable of disrupting the enzymatic pathway of natural androgenic-estrogenic balance in fish. Among the
non-steroidal aromatase inhibitors (Al), letrozole is typically used as an effective human drug in the treatment of
estrogen-dependent disease, including breast cancer, and was found to be effective in suppression of all estrogens
after oral administration.

To assess the involvement of aromatase during gonadal sex differentiation in Takifugu obscures, we fed fry of
this species with letrozole [1.25¢/(kg €)]. Gonadal development was observed histologically using a microscope,
and the expression of CYP19A and DMRT1 was measured during the period of sex differentiation. The results of
RT-PCR revealed that there was a sexually dimorphic expression pattern of CYP19A and DMRT1 in the T. ob-
scures fry during gonad differentiation. CYP19A was expressed in female, and DMRT1 was expressed in male
control fish. In fry treated with LE, both of CYP19A gene and DMRT1 gene expression were observed in female,
but only the DMRT1 gene was expressed in male fry. A quantitative real-time PCR analysis revealed that the expres-
sion of the CYP19A gene in female was significantly inhibited after treatment with LE. Though expression of
CYP19A was higher at 22 days post hatch (dph) than at 9 dph, it was only 2.11% the level of the control female.
DMRT1 gene expression was up-regulated gradually in LE treated female fry during sex differentiation, and reached
the same level as control males at 150 dph. In LE treated female fry, degeneration of the ovarian cavity and primary
spermatocytes were observed in sections of the gonad. The functional testes were developed at 150 dph. Our research
demonstrates that aromatase activity is necessary for ovarian formation and development during sex differentiation in
T. obscures. Masculinization can be induced by LE treatment in T. obscures during sex differentiation.
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