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ME: HH T 1Ta-F 2 % B (17a-methyltestosteron, MT ) xt 4 K & 7 3 4] By #f 1 & 50 & A& 4k

MR B AR ERE N, IR R
iR G S
A MT IR E e e 8 4 & %

#RK (BL) kit & (BW) \%%Tﬁi%& # (CF) L K& %
gwwhmammAm%Lm%om%iT‘ﬂﬂ”ﬁ%&%&%@%%MdF

5 AL

H# R % R B (ARa) mRNA %k 3k K-FAE 4 i Wl 5
ﬁx%%ﬁﬁé%%ﬁﬁ%T
F,UAEXNXEAf T4, %ﬁ%??\ﬁfﬁ 210d, = EMZE T %

M fE 32 3 L 0.5 .5 .50 #2500 nmol/L 4

8 % K B (FL) (2 #(FJ) Ao

BL.CF 3% /1 % % & {t, R # & WK 4 (50 41 500 nmol/L) & & & # BW & § ¥ T [# (P <

0.05) ;8 M 4 & B i % 3

0.05) MMk % %% F MT 21 d % & .ARx mRNA % #
MTHWHZEREL AR, SRS AL KA T LRI H AL SEMEN; AR £ E
5 g M AR A A AR T

AN BHY &

0.05),
mRNA 5% 35 K F 7 AE 7 W 25 78 K R M g & 2%
KEIF: A, 1Ta-FHEH,; ARe £ F
hESES: Q786; S917.4

A, A i AR AR K HETS 1R i K S8 £ i
LT R LR A MR A AR 3 3R I 1 40 K HE
IR R A R R R Y R
YRR A KRS 2 M — 5 A K S Y R T
Py S5 b A T K KR A A s fE
B XFACE T A TR AL L) AR5 R W TR
FFA R K b HESCR S T o A R R R
el ik 96% I AE T K AR v MV 3R 269 T o5
P R R B L BITS RE IR 3] 60% |, HL U I 48
F Ak 24% PRI IL 16%

HEMER Y (KRR 5 H W) & — KA
SRR T o BB R A AR M
A5 A MMM ER, RAEHREHEEH
(testosterone ) [k Jz H:AF A ) k[ ( androsterone ) |
T 4% — Wi ( androstenedione ) 4%, PR A% ME I = T
IKA AW E T N 20 I R GE, 5| e e K AR A W) I

%5 H #5:2012-06-17 &8 B #§:2012-09-23

# 4 FI B m FLM2ZZEK,F#HFW AL FHF(P<

AKFEREGHREMKE LA (P<

MERFR SR A

PE LG 00 e HE £ LD B HE PR 55 —PEAE RIS B
IR I A2 I RS RE D TR R
Sen IR Sl W BUMEPE AR AR M R
%ﬁfﬂi}% BT lE] BB R T B AR R 175
YL BB T BE XS A 2 BR B AL U™ E U, PR,
TF Je IR 55 I 330 35 28900 I % K ZE s i A 2 i B
[0/ S s AT
17 o-F %E 22 Wi ( 17 a-methyltestosteron, MT ) ,
PEAE T ST LR T PN PR N
P B L 0 2 T R RO B M R L AR
SR WA A, B BRI R R R M R A
A AR BB A ZE R . B AE 20 22 70 4
L2228 WO X MT T IR A RIS, &
UERH AN [R) v BE 9 MT XA ] £ 288 AN [\ 19 AR )
SRR L ARHE I MT A4 k£ 2 2k K, AR T
We BE MT W) 5 500 28 i WHE NSt T o 4 5%
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TIZALG W N o3 1 T PR ) BIF 5 45 Rk ke B
MT B8 0.3 P ), S S0 f ek Ak

B ( Gambusia affinis) J5 7= T AL LW, J&
# % W oH Rl
(Poeciliidae) , & I 1 J& ( Gambusia) , £ W AP
PEPER I, Bt BLAT A9 S IC 2 ol B R AL
JIG, T -5 £8P Pl HORERS 1 A ME FRLAR P 32
KEORTEAR N & & A = b, O iR A a2k, &
LGN =4 ¢ E | E O N S NN R P -
WRL R R W H TR AR S R G 2 A R
Ay B 2 IZ A A FE AR X
TRIK KB, ORI 2 R 2 1 28 A0 A 0 o 1 3
e, i TARZ MBI MLIm YR, HRC 8
HF AW m L% sy .

AT ARG 55 05 2 A N7 Y A 28 S 0 3 ) LB
55 N 53 06 TP A AS PR BE PRSI 7 125 RSEALL AR R
Bi 6 N LA B A1 BT 17 o= FE S2 TR 44T 9 43
A AR I A PR M A I, B RS #2808 25
i AR e o I N TS0 07 =0, R SL g = 4%
PETT R oA S 2 fE £ 40 (R R R A 35 A 17 - HY
S K A AN SRR A K R F A R
BETL A A= 10 78 Al B B 0 2% e Vi R 2 AR R
ARa mRNA LKV AEH GO 2K Ao
VI RS ST TIDIEER 7/ it/ i28 B 2 i M g
AR B IR B AR AR A AR Ay M K B 5 A R
RS G A U A AL B AT REE .

1 MRSk

1.1 =il

2 &R 170-H FE 221 (MT) iy H Dr.
Ehtentorfer 23 7] . T A /K H 10 7 fifk 3 A A
b 75 2/ & 46 B r9 — B 3 W7 1 ( dimethyl
sulfoxide,DMSO 99. 8% , sigma ) [t il & 1% 1% & -
DMSO 7 A 52 5 vb FAE X B, 5l Hi A% 392 36 2 ik
HHY RS 512 36 45 R A B IR AR 52

2 F X A RNAiso Plus( TaKaRa, Dalian,
China) ,Dnase ( RQ1 Rnase-Free DNase, Promega,
Madison, WI, USA ), TaKaRa First Strand cDNA
Synthesis Kit ( TaKaRa, Dalian, China ), SYBR
Premix Ex Tag Kit( TaKaRa,Dalian, China)
1.2 XKAA

iy T 2011 455 R AT Ml ERH
U R 2 A AR DX K I, 327K 30 2 430 DN Sk B %

( Cyprinodontiformes ) ,

A 32 HE HERCR IS W TS P o £ B0 ER &)y f TR K
R ISR — Ja o P e £33 A S 40 d 3%
TR B BETE AR S 45 ~ 50 d 3K F R L
B MEAOT PR 35 mm, HAT AR B B (S
) B b HB A P AR IR AN BB R R OR
SR AR CHEE TR 4l f0) o M f8 R R, IR K
35 ~60 mm, A H A 5 5 S5 4, B AT G BE R S 1
BAIVAEA R A B By MEVE S 1 o A S0 ok
WCE A 0l o3 A B R 2 A D SE R sh . B
Wt 18 d i AT LA O R AR o B I i
RO OHE P 4 0 5 AR S AR R, T d Sl AR E IS
R SR G AR 1 25 FRSEgR fh, SLua i BE AL
e AL T O R R RS G A 50 B
1.3 iRt

& HE 0.5.5.50 F1 500 nmol/L MT 55 24 I
= AR, 73 it DMSO (0.01% , V/V) #x il 4,
P SR AR — AP AT AL RS s (7 S R
2525 d) 43R AN 10 L f K e pifh 47 2
B LU, SR K BB B LA N R A
Ty W A, 53 56 24 00 5 K T A — U, AR R o 52
56 33 18], 2 A AR 3 A 28 0 B Ry R K, K i 4
FETE(25 £2) C 608 14 he 10 h B, R
WEE 2 Y, 43 HIAE 10:00 F1016:00, 7 ] 0 1l B
J7 N AE 5 T 3, 28 A I R TR 5 E A 9B
FRP T BRI RS 21 do
1.4 HIFEFTE

S A, B IS I R AT R AL B . 23 i)
5 HAR e (BL, mm ) AR 5T & (BW, mg) |

B A S RO LR A S CF (% ) =%Vx

100, JH T8U% & ARe mRNA K3k {4 H & i
25 HB A7 HE A0 B, DU gE O R g A KO
(FL) 3719 % (FI) | 5 98 Ak 98 2 (FW) 55 48 #5 o
S bR A /R T 1% KOH k47 4L B
WRELL BT 6 2% L0 fa AT 4y F A W 22 S 0,
FHBY T 5 WSk BA AL A T I AL T S R
A B 2 A % S (Axygen, Inc. , Silicon
Valley, USA) tr, &7 B # A W A W, B J5 A
~80 C i AR vk A = P A T o
1.5 RNA ZEHRE R

5] 4y 3%+t %t NCBI ity | 48 1) £ i 1)
ARa cDNA [ JF% %1, F] i Primer 3 %k {4 (http: //
frodo. -wi. mit.edw/) , 144 TR ( BE) A F &
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BTG BRI S o AR A G 2R R 3 51 ) 24 B
LI I 1,

*1 ATHBERBE ARa FB45> cDNA F &
MR X FKiZ=H DNA 5|9 F 5|
Tab.1 DNA sequences of primers used to isolate
ARa partial cDNA fragments and quantify their
relative expression in G. affinis

FL A gene 5|¥) ¥4 primer sequence
AB295655 F 5'-CAACTCTGGTGCGTTTTCTTTCT-3’
AR« R 5'-ATGTACTGAGCAGGCAGCGAAG-3'
AB182330 F 5'-CGTGACCCATATCGGTTCAAG-3’
B-actin R 5'-AGATGAACTGTCCGGTGTGGA-3’
RNA #1468 S 0T U R, A2y

1 mL [ Isoplus RNA ( RNAiso Plus) #2 HU &
(TaKaRa) #E47 & RNA #2Ht, RNA 42 U5 k17
LK ZH DNA B 2B, JF A RNA Y B K H ¢
P PRIE Aygy /Ay I LLIEFE 1.8 ~2.1(TaKaRa) .

RNA & # & s cDNA A SE g fd
TaKaRa Code: DRR037 PrimeScript™ RT reagents
Kit( Perfect Real Time) ;= . RT Sz i #% Bt & U0
F .5 x PrimeScript Buffer(2 wL) ,PrimeScript RT
Enzyme Mix 1(0.5 pL), Random 6 mers ( 100
pmol/L) (0.5 wL),Oligo dT Primer(50 wmol/L)
(0.5 uwL),Total RNA (1 nL),RNase Free dH,O
(5.5 pL) ,Total (10 pL) o S SR 2 F U0 T
37 C 15 min(cDNA &%) ,85 C 5 s(fFRIE) .
1.6 IHRELEE

A S # i F| TaKaRa Code:DRR0O81A SYBR®
Premix Ex Tag™ II( Perfect Real Time) ™, PCR
S W B 40 :SYBR® Premix Ex Tag™ 11(2 x )
10.0 pL, PCR Forward Primer (10 pmol/L) 0. 8
pwL,PCR Reverse Primer(10 pmol/L)0.8 pL,ROX
References Dye (50 x ) or ROX References Dye II
(50 x)0.4 L, cDNA &4y 2.0 wL,dH,O0 ( KB

7K)6.0 wL,Total 20.0 pL, %8 # 4 9: PCR §" 1
PrRUEREF #5417 RT PCR ) o

RT PCR 4" 5 45 5 80408 (1) b 1R FHAH X €
B, NS B WK B-actin, 38 3 5 1fE il 4 6 % B]
FE b IR i 1 B 2 R B A G TR AT A
SR 5 AR B AR A5 AR BRI Ry A A e 3k 5o

KAEAE = H 5 F i 45 /8 KO R e &
£

AEXH A = 1o TR 5 18 A LE B/ X BRAE 5 1 2
EfH

F=2(Tehen — wmen ) (vsea - wsed )

B f% %k (Folds) =2 %4 =

9 = [(CA=CA actin) -~ (CB - CB actin) ]

o, A VIR BALRE A, B O & S IR AL RE A
C, BN BIE 6 EL
1.7 HBAEMFEITHH

A BB LAE- 446+ #5 1fE 25 (mean + SD)
LR FER . KK (BL) FHA ST & (BW ) ; B 5 55
3 fif 5 K % (FL) | 43 735 % (FY) o 98 Ak 98 B
(FW) ;ARa mRNA 1) 3 3k /K P Fl J5 22 43 B %
R g, T B O fg B4 %5 (CF) i P 77 2240 B0 T
A G IR (5 ] SPSS 17. 0 B4k 47

2 %

2.1 1To-MT ZEBXNEREFK. ERE. HGF
ik =0k

X HRZH A A AR (BL) (MR BT i (BW) Fl1 B {4
fat B 45 %% (CF) %4 43 51 7 (20. 46 + 1. 44) mm,
(79.5 £17.2) mg f(7.98% +1.43% )., & T
50,500 nmol/L i 3 2H £ I 1) 1A o7 S % B 2
AR LG 2 B B 9 T [ (P < 0.05) LAAh, HE
P ER SR (MT ) Z% 75 1 52 50 25 A3 BR 20 22 (1] 78
A 0 B A i A B HE A R T AT R PR B
Mz (£2),

®2 1To-BEEM(MT)RE2l d EXHEERWEMEK (BL) fFRE (BW) JERIEH(CF) B

Tab.2 The effects of 17 a-methyltestosterone( MT ) on the body length ( BL) ,body weight( BW ) and
physical health index( CF)in female G. affinis after exposed for 21 d

17 - I B 52 7 %/ (nmol/L) BEREARR (FETH) A/ mm A& it/ mg L P fl B 15 80/ %
MT concentration total samples( dead) BL BW CF
Xf B84 control 50(2) 20.46 +1.44 79.5 +17.2 7.98 £1.43
0.5 50(5) 20.66 +1.78 74.2 £21.3 7.32+£1.56
5 50(4) 20.50 £0.86 72.9 +11.4 7.38 +1.09
50 50(8) 19.68 £2.20 68.49 £16.2" 7.36 £1.36
500 50(6) 19.31 £1.29 67.1+11.2" 7.17 +0.89

Notes: * P <0.05.
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22 MTHEXMNBREIBEZKE.2TH. R
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MEPEZ R B B8R T MT 21 d Z )5, B i
55 3 RSB BB S R AR IR, 5
25 DR RRAL AR T, S Ik B2 2H (0. 5 nmol/L) 34 i
225 3% (P <0.05), T HoAth ¥ B2 20 (5.50 A
500 nmol/L) 2% (P <0.01) FF (K 1), £
MT X e #8118 285 M A F4 185 S A D 2

6.00 - Sk

ok
5.00 T

}_,

4.00 -

3.00 F —L

2.00 -

I EEAKE / mm

anal fin 3rd fin of the section length

1.00 |

0 L 1 1 L 1
1 2 3 4 5

2851 group

1 To-FEEMER21 d GEHHEERNSE
BEEE 3 EELKE(FL)MZ M
125X R4 2.0.5 nmol/L MT % # 4; 3.5 nmol/L MT
@4 ; 4.50 nmol/L MT B # 4l ; 5. 500 nmol/L MT # &
M o+ RREEAXNIRHAMLZ R BE (P <0.05); = £R
55 M B AR L 22 R R (P <0.01) , R I,

Fig.1 The effects of 17 a-methyltestosterone( MT ) on
the anal fin 3rd fin of the section length ( FL ) in
female G. affinis after exposed for 21 days
1. control group; 2.0.5 nmol/L MT exposure group; 3.5 nmol/
L MT exposure group; 4. 50 nmol/L MT exposure group;
5.500 nmol/L MT exposure group; #* indicates significantly
different( P < 0.05); == indicates very significantly different

(P<0.01).

WEPEAI A It R 88 T MT 21 d Z )5, B i
553 B S5 20 B B L 5 7 R G 1 38 i
TR (E 2) . 555 A AL, £ E 4l
SLE A 3 BE A 4 1 RO B Ak B3 (P <.
01). BLAk, = (X B 41 it DMSO Xf B& 4 2 [a] A~
FrEZS (K 3),

MEPEAIA B BB R EE T MT 21 d Z )5, B ik
HE KRG IE RS A=A ET
P, A PR A, S AR 4 (0.5 nmol/
L) %A 51 2225, M 5 nmol/L A1 50 nmol/L
Y RE A HL 9T B 1 fn 3 (P < 0..05) T ey vk A
(500 nmol/L) H 5 FE 3 n 2= 5 i B 2% (P <0.01)
(E3).

=2 i1 37 %

203,
g skk
=]

ﬂ-g * T

802t T

ez T

=5

%&mfo.l- T

®E
=
ER . . . . .

1 2 3 4 5

45 group

B2 1To-REEMEE21 dEHEETNE
BEEE 3L TH(F]) B
Fig.2 The effects of 17 a-methyltestosterone( MT ) on
the anal fin 3rd fin of the section number(FJ)in

female G. affinis after exposed for 21 d

40 1
2 k%
L
ﬁg‘gﬁ- oo
BS 2
=520
*SE S|
g5
3101
®E 5¢
<
o L s s
1 2 3 4 5 6

5] group

B3 1To-FEZMBE 21 d EXHEEENE
BREFIEEZRELTE(FW)HFIE
Fig.3 The effects of 17 a-methyltestosterone( MT ) on
the anal fin 3rd fin of the widest department width
(FW)in female G. affinis after exposed for 21 d

2.3 MT ZZEX R EEE ARe mRNA KX
A

MEPES R U B EE T MT 21 d Z )5, T
T 8 25 M B0 2 Z /K ARa mRNA 3R 3K K- #f 2
P SRR T, WAL %S P IR
2R 8% (P <0.01) (|8 4), Hohfg i
J# 41 (500 nmol/L) mRNA & ik /K V- & X e 441 i)
3.2 1,
3 dhe

AR5 R FH 8 265 0 K B 7 3K, B R ) 1A 4
S221 d, HEVE IS 4 R 22 SR R (MT) b3
21 d Jo xR L, oA KOR F R LR R
(BL) i B A fdt B 45 % (CF) ¥ At B0 e i 22
S {H vk BE 4 (50 F1500 nmol/L) %t 52 A4 i
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100

ok
Kok
Kok
0
1 2 3 4

05| group

*%

1

FEHEAR e mMRNAZK XK
levels of AR mRNA expression
in anal fin

S

4 1Te-REEMEE21 d FHEERNE
B ARa mRNA RiEKFE
Fig.4 The effects of 17 a-methyltestosterone( MT ) on
the levels of ARa mRNA expression in

female G. affinis after exposed for 21 d

(BW) &/ B fg iR e — RO D36, A £ I £
R HEfA /N, Ry 14 ~27.5 mm, HE f{R K 16 ~
45 mm, ARMFFRLER DR, BRBHFEAHERK 5
HELAH bE JE B 8822 5 (P > 0. 05) , fH {4 7 o 0 2
R, RO A B S R R T B
NN

FE A GENIRES 3 (e RPN R T R Y T
VA FA AT 25 P A 1) — 350 55 B4 A, L v 6
S50 1 BOR A W AR Sl SR AR A R R IR 2
S M MG A o 3 R R e £ s Y
HOE 10 kB8 A AL R, A A A T
A A (A 1 B A e R 6 O AR
2 BE AL (OB AR AR TE ) 4 M B e
WK T, —SHF ST B R, AR T L TR R RN
ST R ph e A P R 3R e 1 U & R
A £ A G SR 2 R T AR 8 3R 2 R B
SEFHRRAF R T AN, A )
S5 03 TBCEG I VR A /0 (E R 2 M R SR R TR R
Py B 1 R O A K B B TR 43 B
B, 9 L8 i 4% 1) e S A R L S i
PRI, 1) P 2 I R 0 2% A K B8 L 1 L J i A
B A R 46 7 e 3R e R 1 AR AR A A T 43 UK
S o ASHIE G 25 5 3 B, o 2 e g AR 7 22
MT 4b 3 21 d Z )5, AR K A& F o f b g 6 21
R B G B, 0 AR B R A S Y B
T, H5 B A T R A BRGS0 BE W] MT BE 53K
WE BT A HEME AL, — Rl R R Y T

£ I £0 B B B % IR ) AR FI ARB WA T3
RN O 2P 5w B T ik, B 6 19 A )

DX 3 Y 2 5 A B TR 14 2 08 T T 0 119 T i it i o
RYEBETE B dfe £ itk 9 32 B M %
EAEH], B 68 ARa S I 235 LB LK T
T TR0 L L B 245 T O R B 8 S K B4 A
15 A B FE 1) 14 043 2 4R i ARe mRNA 2 3k 7k
e T AR 25 R 5 FAR — 5, F B X e T
SR AL F 1) 2 B S 1R B T ARa mRNA 3
BAKEH BT, O 2T R, 15 fr i a5 i
F ARe mRNA ) % ik K V-2 ARB 11 5 1,
BLTEAHT S 1 K6 ) AR« mRNA () 3 3% i ok
PR MT (19 b 30 2% A 8k 17, o3 R+ 4 W o
HEPE £ I f ) ARe mRNA 2 35 7K - 1 55 Hb 6 1
W (MT) T S 9F b8, 36 W 7 00 oy o 38 2%
2 7 R JRE 4, T A R A
Y. a4 ARe mRNA 23k K F 19 43 7 1
M, % B ARe mRNA 23k /K 52 570 i A6 19 1
FHta# . H L HEWT, ARa 3] mRNA 3 % K 7]
A g 0 3% B K R B S 2R 2 9 e W BR AR A
PRiC
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Target gene expression and morphological masculinization in mosquitofish
( Gambusia affinis ) exposed to 17 a-methyltestosterone

FAN Junjie', XU Shaoqun', FANG Zhangiang'* , WEN Rushu’
(1. Key Laboratory of Ecology and Environmental Science in Guangdong Higher Education ,
College of Life Science ,South China Normal University , Guangzhou 510631, China;
2. College of Life Sciences, Jiaying University ,Meizhou 514015, China)

Abstract. The effects of 17a-methyltestosterone ( MT ) on target gene expression and morphological
masculinization in female mosquitofish ( Gambusia affinis) during the growth and development is studied in
order to test if the level of ARe mRNA expression in mosquitofish can be considered a valid biomarker for
aquaculture androgen POPs. With juvenile female mosquitofish exposed to MT with 0. 5,5,50 and 500
nmol/L for 21 d,the body length( BL) ,body weight( BW ) ,body health index (CF) ,and the anal fin 3rd fin
section length ( FL) , the section number( FJ) ,and the most wide department width( FW ) ,as well as the level
of ARe mRNA and VTGa mRNA expression were quantitatively determined by morphology and in vitro
methods, and set the control group and the parallel groups. The results showed that the BL and CF in female
juvenile exposed to different concentrations of MT for 21 d were not significantly different,only the BW in
fish exposed to 50 and 500 nmol/L of high-dose groups was significantly decreased ( P < 0.05) when
compared with the control group;the FJ in 3rd fin of anal fin showed a significant increase, FL was along
with extending and FW also showed a significant increase in width ( P < 0. 05) ; Female juveniles were
exposed to different concentrations of MT after 21 d,ARa mRNA expression level was displayed dose-related
increase significantly ( P < 0. 05 ). The results indicated that the androgenic effects of MT was very
significant, resulting in the morphological masculinization in female mosquitofish during the growth and
development process;ARa mRNA expression levels could be used as the ideal biomarkers for monitoring the
aquaculture water androgen pollutants.

Key words: Gambusia affinis; 17a-methyltestosterone; ARa gene; morphological masculinization;
female juveniles
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