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BRZE PCP 2885 F A7 P TIE VTG B M aRiE 25 SoEmA My VTG 1 ps3 LR34 i B, 18 S o8t e
H PCR il PCP & f8 W HE K 3RaB A5 . 2553811, 40, 80, 120, 160 pg-L~' PCP ¥ REds 2 EMERS A MG VIG &
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Induction Effects of Pentachlorophenol on Vitellogenin and p53 in Chinese Rare

Minnow ( Gobiocypris rarus)
XIONG Li', MA Yong-peng’, ZHANG Xiao-zheng', JIN Bang-ming', LI Wei', SU Yong-liang', MAO Si-yu',
LIU Yan'

(1. Key Laboratory of Freshwater Fish Reproduction and Development ( Ministry of Education) , Key Laboratory of Eco-environments in
Three Gorges Reservoir Region ( Ministry of Education), Key Laboratory of Aquatic Science of Chongqing, School of Life Science,
Southwest University, Chongqing 400715, China; 2. Clinical Laboratory Center of Chongging, Laboratory of The Third People’s
Hospital of Chongqing, Chongging 400016, China)

Abstract: Taking the Chinese rare minnow ( Gobiocypris rarus) as the test animal, the studies were designed to investigate induction
effects of pentachlorophenol (PCP) on vitellogenin( VTG) protein, VTG gene and tumor suppressor p53 gene in the liver of Gobiocypris
rarus. The endocrine disrupting of PCP was evaluated by detecting VTG, and sensitive biomarkers of PCP were screened at both protein
and mRNA levels. Gobiocypris rarus were exposed to PCP at 1.5, 15, 40, 80, 120, 150, 160 pg-L™" respectively, while setting
blank, solvent control and 17a-ethynylestradiol ( EE2) as positive control. Using sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) , enzyme-linked immunosorbent assay ( ELISA), VTG protein expression differences were detected in the
liver of Gobiocypris rarus after exposure to PCP. Cloning the VTG and p53 gene new fragments of Gobiocypris rarus based on conserved
regions, mRNA expression levels of VTG and p53 gene in the liver of Gobiocypris rarus were determined by quantitative real-time PCR
assay after PCP treatment. The results showed that 40, 80, 120, 160 wg-L™" PCP induced the liver of male and female Gobiocypris
rarus to produce VTG protein, and had a significant concentration effect. VTG and p53 mRNA levels significantly increased in the liver
of Gobiocypris rarus after exposure to 1.5, 15, 150 pg-L™" PCP, and had remarkable concentration and time effects. The studies
suggested that PCP had estrogenic effects, and VTG protein, VTG and p53 gene in the liver of Gobiocypris rarus could be used as
candidate sensitive biomarkers for detecting PCP.

Key words : pentachlorophenol ; Gobiocypris rarus; vitellogenin; p53; molecular biomarker
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WoT T Z —, IR Al g N KRB0 Yl HFIEZHZ %0, SDS-PAGE BX & ELISA DL
Pt mF PpCP BT E Y B R E AR
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S E T PCR EHFSEAR IR EE PCP 2 58 X H:
JFHE VTG &AM VTG p53 FEHAYIE S, dE—HF
W] PCP A MEVL R SO0, I 258 Se 1 i i A fi 6 )
HE VTG 2 VTG p53 e H ] 1 MR 449
By, XTREE PCP V5 Yt A7 47 8500 A 4 W i

VTG e Il R4h f R P i S % AR A, P
R —Fh R A bR S N T 3RS 430 T4
AR e 8 5 7 B2 05 e W i O DA
W T 28R R, 17 o-MfE — 5 (EE2) X
BEIh o FRR A7 )y £ A 520 05 Luo 261 LIAR
A SN VTG A A PrEY, H ELISA ¥
ERRE R 178-MF % (E2) ; Wang &1
RIBEGET LI MER (DES) WU A ( BPA) 230K
MES R I BE S g e R 7 d SERERE I E] VTG
SRR Jung 620K A B0 B 5 T 4- T 3L
(4-NP) B ATKEINF] VTG FEPH Fak I i T+ 5 Zhang
S50 T B W A M B VTG2 ( GenBank % 5t 5,
EF095728 ) FEH T 51, DL VTG2 Jk X U A A
S E f PCR A PR i) NP B2 X
SEREN R P I 2H JE R R R UE W PP ELA
RN 5 Zhao ZEI 1N DL VTG B 1 R MEMGZE IS Y 1Y
A YibR Y, 3 et gh ST A PCP HLA 55
PR RN, SR LA 4t gl JEAR R SR A Y VTG K
AR EY, K PCP B MM ZE . B
Hr, DARA 6 VTG 8 H L B i R I PCP
V1R 35 28800 B L 43 7 A= b 7 A O F 5 1 A DL
EEFER p53 MR AA G, (HFRKZIRT
FLBhY. Zhao S5 HFSE K BABE D4 1Y) pS3 155
3 %5 NI L — 30 Shi % SR R BL
BT £ i iG  5R T B0 Y 2 TE LE R 0T 5 /i pS3
LR FE R BN, Cooper Z1° 9T K B PCP H
BITEMECETE, FA Yin 50 &3 PCP 288 1]
SIEBE S p53 B gL AR, A SCH RIS i A fif
B p53 B A FIL EFHRESMEA PCP A (487 43
THREY. XT PCP WBUEMES 2 ps3 L%
KK R i i it — 2.

i A 2 [ Y i DX A () — N TR AR
2, S5EPR EE SRR DAL, B
FEELA PR R A a7 IR ARIR R 3R
R i [N p e ] P e L S IR N
BEE RS, SCHARAEAS S, Xk i BURR HL S
FEET A SRS AE Y B 5T L B PCP Tl B
s A7 fi 0 110 200 AR F JEF I 0 B 1 DNA B 055, HL AT st
itk THIASEDY LIRA 80 SOD . GSH  HSP70

NHEAERRR, X PCP BRPEVE RIS T T ARG b
EEZE ] FH R L G ARG AR A 2 PCP B
#ha, HFER L 29 A2 S H A, FEkAs A fi )
2t PCP 258 M URY T4 Wb i 400 ) 0 o R 95 I
PR AR B 52 AR A i 8 kg S %o 42, R R ) v 32
(1) PCP 2 G540 /K A B85 v iy 15 YR, 43591 43
BT T PCP BRFE X Hi AT 0l VIG 48 1F1 VTG pS3 4E
A SR, XFF IR PCP AMERERL, I
LU ST T AE W bR A Y o B, X PCP 5 et
TR Wi B Y 2L

1 #RE5FE

1.1 s

o Y H B D ML (B Hettich
ZENTRIFUGEN A #]); 5403066 B3 (H A&
SHMADZU /Y %)) ; Mini-PROTEAN Il % 1, 7k & 48
(2 BIO-RAD /4 #]) ; Chromo 4™ Multicolor Real-
Time PCR Detection System; PRO200 f# & H, 81 2] 3¢
#r (EE PRO) ; BEbRAL(SEE BIO-RAD AH))
1.2 SEEiH)

PCP(4liJF 99% , W4T Chem. Service) ; M [
( 17a-Ethynylestradiol, EE2, 4 & 98% , 4 T
Sigma) ; — H F A ( DMSO) I F Sanland-Chem;
T A iy 60 ) 2 26 P (VTG ) B IE A e ik ) &0 T
Rapidbio( RB) 23 7 ; Total RNA 42 HU® 7] ( RNAiso
Plus) S 545%187) £ ( Prime Seript™ RT reagent kit)
KLt 5E 5 PCR R FH & (SYBR® Premix ExTaq
TM) 4 Takara /A F]; Low Tube Strip WHT A Flat
Cap Strips 1T IEE Bio-Rad; H e il5 ¥4 0 = =43
Hrat.

1.3 SEEsh¥)

i i S £ 0 T i R 2 B UK AR A
GEPT, TEAS SL G 5 i R A, K IR HITE 23 ~
25C, JCHEHIN A B/ BIK =12/12 h. 2FRI SR
A A B S R AR 7 S I8 1 R
4R (1RTE 0.53 g +0.15 g, /KK 36.6 mm +3.7
mm). SCEHTLAELEEE T 24 h I E KK [ pH 7.6 +
1.5, DO>5 mg-L~", RN (7.8 +0.7) [
KR (25 £2) °C T YIEMESE 2 J.

1.4 PCP ZEEAbH

PCP & EAFMMREELL, 7310 1.5, 15, 40,
80, 120, 150, 160 pg-L~"; [A]AFi5 B 25 X HE AL
(BES24 h 19 HRIK) 5 W5RIA REAL (DMSO, 29k
JERTF 0.01% ) 5 FHMEXTHEZH (EE2, 50 ng-L~" ).
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FERRRTE 10 L BEESET b AT, MR LBEHL
B 20 ZAdFR lta (MEREAE ). SR AR K
R, BRI FA R —, LTt
ek,
1.5 SDS-PAGE Fil ELISA il 5 b % 45 (4 )5

ZE 21 d B, 4rBIEES R L 40,80, 120,
160 pg-L~" PCP EE2 4% 41 M 1 #5 A5 fif 8, kI bk
fixs, MR BUFAEZSY, FRE. #RIFE () EAH
fER (mL) A 1: 10 1Y H 5 2 1 S e VK 4518
TIHBFS S I BT )38 . S)3IAE 4°C T 13 000
remin~' B> 15 min. B JE IR ISR, A
PRIt Ja - 20°C PR A7 & . W& AR b i 4
SDS-PAGE #:. [RIAsHFH ELISA J5 i 22 JF AR &
VTG He .
1.6 AP VTG F1 p53 FER H BeAY 5a ke K b

HUR A AT 21 12 50 ~ 100 mg, HNAGHE &
RNAiso Plus ]3¢ 42U RNA. LHE4A L cDNA 5
—HE. ATk GenBank I S5HiA fEIAHIT M FF 1 VTG
Al pS3 HE A P 51 it A7 e X, AR 8 £ <7 e 3 R
Primer Premier 5.0 i35 514) (#£ 1), RT-PCR

RN Y3 H R 3 N 4ifk PCR 7= 9 JF % % 3
pMDI19-T #ifk || e A2 AR DH,, 55
FRIFE H BHPE v, DT, SR ClustalX 3R {44
P25 R AR 7 51 5 GenBank 23 A7 ) BE 55
S VTG Fl p53 19 & HUFFN AT H6 20 By 2 4R O <F
751
1.7 SERZOLE = RT-PCR Jrik

MY s e Y VTG Al p53 LK ¢DNA 551
PRy Bovcit 9o 980 5E B PCR MR M54,
[FJAF 2 M GenBank /A7 IO FR AT i)l B-actin JE
WITHNZ5IY(ER D). 40T 7,14, 21 dEH,
L 1.5, 15, 150 wg-L~" PCP . EE2 4% 40 Fi A fif
BEDRAE AR BT AE. FEEUE RNA J5 #5155 cDNA 45—
HEME J 52 58O 5E B PCR ORI, R AR E 52 I ¢
JERE R PCR &5 R EnftE, M E 3 N E
8, T 3 IRE R SLI. SR FH XUbR o il 2 3 Ak B
SEF G E f PCR B, BRIV A — Xt 5149 5 4B
PRUEHIZE, SRIARE M T RE. SR 5 HR A A I 25
(CTAH) Fbs o £ 7 F2, 3K 2% JE IR %) A0 X 3=

Ly o

&1 PCREI4FFI
Table 1 PCR primers sequence

I H FEH PCR 519141 7791/ bp
VTG F 5'-TTGAGTA( C/T) GC(A/G/C/T)AA(C/T)GGTGT-3' 16
e R 5"-AGT(A/G/C/T)GC(A/G)AA(C/T)TC(A/G)TA(C/T)TG-3
P53 F 5'-AAG(C/T)T(C/G) TTCTGCCAGTTGG-3’ 380
R 5'-CAG(A/G)GTGA(G/T) GATGGTGAGGAT-3’
VTG F 5'-AACTGCAAGAGGCTGGAGTTCA-3’ 190
S i R 5'-ATCAGACTCTTGACCCTCTCTGTGC-3'
PCR #5519 P53 F 5'-CCACCATGAGAGAACACCTGAT-3’ 144
R 5'-GCTGAGGAGCTTCATAGAGAACC-3’
B-actin F 5'-CAGGGCGTGATGGTGGGGAT-3' 6
R 5'-GGTTGGCTTTGGGGTTGA-3'

1.8 Zitsrth

iz Origin 7.5 #f42z &, A SPSS 13.0 k{4
YRR AR B, AE D7 25 55 E BB LN H one-way
ANOVA Fl Tukey 25 T Hb 55 3 K 56 AH 56 250 45 1) 22
.M P <005 IAVHZERRE, P<0.01 #RE
SR, AR LI+ bR 22 R,

2 HRE5HMH

2.1 PCP XFifg i VTG % H 15T

SDS-PAGE 5% @ /x4l 1, PCP Ab B4 A i
O 2 A R S v A A R, 5 A MEfa R EE2
WM VTG e R — g (B 1 hart
ik iR ), ULHH PCP W] LAZs S MV AR A i 6 24 i

VTG # . K% PCP MREEHE N, VTG 8 454
BB VIG A A RSO, Fit,
PCP EATMEH R RO

ELISA 7: & ARk BE /Y PCP 2% 58 X # A fif)
) VTG & RN E 2. E 2 (a) halIE
PCP 1 EE2 %75 4L #1125 5 AT o ) I £ JiF
R VTG E A P54 (P <0.01). P& PCP ¥ J¥
AIXE NN, VTG 2 [ 5 5 8000t B . 40, 80,
120, 160 pg-L~" 1) PCP BEE4 PG VTG 355
Bk 84, 140, 186, 277 pg-g~ ', EE2 #FEAH
Mefa R VTG & it , P E 3 54 357
pgeg~ . E2(b)H, PCP Fl EE2 %% 55 % i A fifl 4
MR VTG B (A W = At A 35 800, JF R
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AR, 40, 80 peg-L~" B PCP %78 41 PGl w
HE A I T VTG SE3 65k 384, 401 pg-g ', _ (a) Hfa )
FHESRUY B E (P <0.05). 120, 160 pg-L~" Yy PCP § | I
FIEE2 55 4 PGy g TP b VTG P-4 35 - o
J3452, 627, 7701 pgeg ™', HFMMMEE (P < -, . [l
o]
0.01 ) . [:; L . X
5 =
200X 10° o =
130X10° s
9TX10° Sl 0 = ,—-—lB . . g . _
66X 10° W war -
3R g % 22’; (b) Hfa ) I
2 T
g or |
® 5k %
M E 51 * F
>
M RETFRBRIEE 1 A 25 IAUME G B %8 FI4THR £ g 2
C: DMSO ZH/fEff; D, 40 pg-L~" PCP 41Mffa; 1k
0

E: 80 ug-L-! PCP #4lMfiff; F. 120 pg-L-' PCP 41kfifa; A B c D E F G

G: 160 pg-L~' PCP 41Mfifa; A5
H: 50 ng-L~' EE2 #MfEfl; —. VTG & A A. ZSERIAL B: DMSO HHIAL: C: 40 pg-L-! PCP;
1 SDS-PAGE #&ill PCP 2BX#HFWHFEEZEL NI M D 80 pgeL-! PCPs B 120 pgeL-! PCP;

Fig. 1 SDS-PAGE analysis of liver protein of o .
F: 160 pg-L™' PCP; G: 50 ng-L ™' EE2;

Gobiocypris rarus exposure to PCP & o7 1575 1 BRALAT L P <0.05;
2.2 FRAEN VTG Fl ps3 BK T4 i 5 ke 55017 * x JOR G2 FORIBALALL, P < 0.01, FIF
FIFIAEIES 190 A0 RT-PCR A o5 e 6 45 iy M2 DA LR
VTG LK1 546 ANH8IE( 151 3) , Fif 182 & PRI VIG S AR

Fig. 2 VTG concentrations in liver samples of male

0 = N >
R s E GenBank /L\\%ﬁ E/‘Jr?yljﬁj‘j JN004056. %ﬁﬁ and female Gobiocypris rarus in each treated group by ELISA
M ps3 ps3 M VTG VTG

2000 bp

1 000 bp

750 bp
500 bp

250 bp

100 bp

B3 %A VTG f1 ps3 EEEKE
Fig. 3 Electrophoresis of VTG and p53 gene of Gobiocypris rarus by RT-PCR

R 0% A i 8 VTG 3L PR 2 5L 12 )7 9] 43 5l 5 i £ ABN13867) Mt ( Carassius auratus, ABG22139) #H
( Cyprinus carpio, BAF73406) Bt & 11 ( Danio rerio, IS, 9 94% . 92% , 88% . 88% . il
CAK03614 ). J§ fa ( Tanichthys  albonubes, — fIfIfNE L pS3 1 3k ¥ 51 4 380 A6k 3 (&
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B 33 %

3), it 126 NEIEEER, 7E GenBank A A7 (1751 5
 IN004057. 3 v b i) A A il pS3 KL s B2 Iy
51355 BE 5 411 ( Danio rerio, AAO85406) | B i f
( Pelteobagrus fulvidraco, AEB72290 ) | A fh
(Ictalurus punctatus, AAC26824 ) BIARIMESRST, A
86% . 16% | 76% . L Xt 7w, vd b 1 A i
BIHT VTG F1 pS3 LR | BLIE#A, fRSFIHEREE &
WAL 5862 & PCR 514, L Fix 63 H R B,
AWFFEHEST T H VTG il pS3 JE R 23k 1Y 52 i ¢ 5
FEH PCR k. VIG JEHAREM &L T fE N, y =
-3.263x +33.23, PHERE R 1.025, MK R
1.0; p53 FEHARAEM L T FE R y = - 3.456x +
37.00, PR 0.947, FIXEFE%0.997; NZ
B-actin FRiERRZE T FE . y = —3.377x +36.38, §~
HERCR N 0.977, FHEFR %R 0. 999.
2.3 PCP XA HIEN VTG 1 p53 HePH Fik 120
SE PO E B PCR J7 AN PCP 5 S A fifl
B 6 I T VTG JE R ek v an ] 4. 528 [ X
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