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(1. BHRGTERYK SAMmY¥ LW 2013065 2. 1 EDKRREADIEB &K BI85 266071;
3. WREBHAFSHAERLRE  Eiil R S ay i amIEknE HH  266237)

BE PA L4 ¥ 3¢t T (Litopenaeus vannamei) # ¥ % #t %, i/ RT-PCR 7 %l & CYP2 3 # M
YE ST B BRI AT, N B FI BB B X LR T R R o CYP2 R & sk fr
I AR-N-JL LB (APND)E M ., AR BT, CYP2 B, &, ke, LA, ®&,
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Yy (7 & CYP450 (Cytochrome CYP450, CYP450)
fitf Z R — R WA ML R E ARG R , |2 1E
FILTFI A AR, 528N IED (R E
FOEAUW W0 e BRI R AN AR R R AE) AL AR R
VI (25%) . BREEEEAE)TEAE Y14 A 19 A5 (Danielson,
2002; Matthias et al, 2008; XI|JRIESE, 2010).7E CYP450
MEZ R FEW A H, L CYP1-CYP4 F ik 5 2594 i
BONAIE, Hidh, CYPL, CYP2 I CYP3 fif 5 ik K 4
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CYP2 FjfjE HRIC M CYP450 FGIEH rh$im f
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DRI B2 400 & FLANBERIF, PR T 1-8 SFAML. 1, 2

B Th B (Enrofloxacin, EF) A A T & LSS =18
METE RS T RSB 24, X 2 oK s M EUE R B A
SRGINEICR , 72 TR s F B ih . S Tk,
ARSI R VD AR R SN BT, W58 O LA i
XTHRFFIERR CYP2 FEDNFRik 5 HAR G B 24 5 LU AR-N-
Jiit F L (APND) I M52, it — 20 T a2k
Y CYP450 SR I DI REFIFE HIFLE], #R3 CYP450
5254 2Z 18] AR ELAR 2 5 A, S 290 HE K 7 525
A B AR P AR A — o Y LR A

1 MR5E%
1.1 SCIe#H

111 %% il B FL 44 T2 6T S 2 1 Ry
(10.5£1.2) g, Mg { LR A HEY B & T EilgEEK™FE
FAABRA T, LA S 7 d, R, WK, KA
(26+£1)C, FHEEH(25+1), pH HK(8.0£0.4), £ HILMEA
MR RRL, SMR ER FLAN X IR E Y 2%
112 %325 Ak Al BRI BRI, 4=
98.5%, W T iU NI IEE PR A R F 5 TaKaRa
Tag™ . PrimerScript® RT Reagent Kit with gDNA
Eraser(Perfect Real Time)fll TaKaRa SYBR® Premix
Ex Tag™ II (Tli RNaseH Plus)#JIJ [ TaKaRa /7 ; &
FEHOARRT 1R 5L -2-Bi Ik (PTU, 98%) . if: Jir 4 il ffg
(NADPHNa,) (& & =99.9%). & M Z M —
(EDTANa,) . o-7& H i i 550 (PMSF) A& 1,4- Zfi 75 4 1t
(DTT) (99.5%)4 FI Sigma /A w]; Trizol Reagent I Fi
F [ Invitrogen /A Al ; — LI B IR TR (DEPC)AL B /K
W4 H Solarbio 24w ; 2 Hy firsd i a7 & W FI R 5t HE
A EAR A R AR X A [ o Hr A

113 FBAE H 37 CF16RX 7 b i o4 VR 5
DAL, B R 2R A AT UL 43 % % B 3t NanoDrop
ND-2000C(H:H A R A 7)), HLUk{X(Bio-Rad), #EME L
1424% (Kodak Gel Logic 212 Imaging System), £ i
FE &) 5T % (Precellys 24 Dual), [if# #75 1% (Tecan) ,
Applied Biosystems 7500 Real-Time %¢ (5 f# PCR Y,

1.2 SEIHigit

121 %%k WR4E Crgmitazy F M) ik,
2005) AR, BT RGE R, . 5 3 AFE
BB . =50 4H (60 mg/kg, HD) . H7 & 2H (30 mg/kg,
MD) AU E 41 (15 mg/kg, LD), Hi 1 AXHIEAH
(CK)o $a BELGNEXT MR R R A T e A E B 20 g 1)
BT, BlREm AR R R R 2, S

SHIEMWIE AT RA, 3. 4 SHhEFEH, 5. 65
JprbRlEA, 7. 8 SOMIRRIEAL, BIE 7d. LT
BEMLEC 10 B LA EXTER, BUFEER . . S5 . IR
LT R BRI, ORISR A RN
B . SEI A o B A R ) BT B2, X
HEZH PR AR BERIRDRE, B R P AR 1 IR,
HEEAEME 7 d,
122 BHG ik ST R — IR RS 1. 3,
6. 9. 12, 24, 48, 96 h JUkE, AEAH}E] 5 BEHLECL
YIEXTER 6 B, M BUF AR 2 Tl A h AR AR o
T 10 R A X RG] FLARIEXT IR, $hH 0.3 ml
Mk B8 T e e A AR BE R s, T
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Ma, A Trizol PRAF&H, [HIEF, BUFBEAE . 85, AL
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Bt S5 L 498 5 % R 4% 21 2 (Lt &40 i B A1) T R
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T T FHE R 25 A0 vT U 43 516 0% FE 31 (NanoDrop
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#RJ5 H PrimerScript RT Reagent Kit with gDNA Eraser
R & BRI 24 DNA J5 & 5 —4E cDNA. ¥
T—40°C kAR PR AT

1.4 CYP2EE mRNA Real Time RT-PCR E £

T LA XS UR G S 2 (45 : SRR346404)15 5]
CYP2 FEHFRAFH, WitFe s HF RT-PCR
ERHT, B f-actin ISR GE 1),

W45 21 LA X R TR AR 79 cDNA ] DEPC Ab 3
JKHBEZ 200 ng/ul, 73 B A SYBR Premix Ex Tag™
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KEK 6w, Bl 20 pl 45 SOV 962 & PCR
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F1 AAEE CYP2 BREREEN AT AW
Tab.1 Primers used in the analysis of CYP2 gene mRNA
expression in Litopenaeus vannamei

51%))¥ % Primer sequence(5'-3")

5|4 Primer

CYP2-F GCAGTTTGCACAGACGTGTT
CYP2-R CCATGCTGGGAAAACGATTA
B-actin-F TGGACTTCGAGCAGGAGATG
B-actin-R GGAATGAGGGCTGGAACAGG

TEREAT o IS S e i AR 1 I (M st
AP SE AT SE AL AU R E

HIRLIES S

K 27 M u e B EUE, F SPSS 17.0
BRA X S 06 4 SRR AT B R R 22 00T (24 P<0.05
SR E, P<0.01 H2ESEE).

2 #BR

2.1 CYP2ERARIEZEME

1.6

Jor . B MREL . WL B D IERTHR AR A ik
DL L LR ik i WS IR, CYP2 e TR &
e, HWOEE, TEMKE S REEMKE 1),
212 REF & & E X G IE RS SF AR P
CYP2 R 4,k 6y &) om FIFH RT-PCR A& FL4K I
Xof W 5 WA ] 351 1) B V0 L O PR v C Y2 3k
PRIIR B BB (B 2). SRR, EEAR
YR 745, BB 1h, 24 h F196 h b, SCb 2 &%t
MR 2 F TR B 1) 0 2 R (P<0.05), 487 & 20 A5 BURE
B 9 h ik T IR B e R H 3 (KT X IR 4
(P<0.01); BRI 96 h 4b, JCABHURE S p 325k
PImk B A T3 B4 (P<0.01) o KT [R]— 3 2 s fi]
BV BT CYP2 5 R A ) 7R FH AR 52 B 4%
7, B 3R e 2> Hp R e > IR A

22 AEFERiHDEX APND &R 22 0H

A& 3 A, 3 A B D X PG R I T
JHEAR APND 3% 5 BLAH S AR VE T, 7 BURE I ]
12 h, %5740 APND 6 P4 23k 2 S MR (8 HL A b 1%

211 CYP2 RRAEFNIEMIFE AL P o RE TXFHRZH(P<0.01)0 9 h J&, ISR ok 2 R0 v 551 o 2 T 0
FH RT-PCR Kzl CYP2 JEPHAE FLAN I R 2H 21 i) B P R E AT X IR (P<0.05), =iflE4HRR 3 h4h, H
SRRIRNEN . SR N, CYP2 FETENFIRMR . e, AR s B S M R T X B (P<0.01), X T
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L4 o LD JMEAR Low-dose roup 2 FH A4 Gonzalez (1993)BF58 & B, CYP2A1
ngggiggﬁﬁﬁggﬂﬁ RAEFL S PIAITIE 223K 5 Brown 42 (1998)WF5E T
I Pt A CYP4S0 fE s M AUP RN, KB CYP4SO 1
27,0 L 7 ; WA e K s KRS Q01DBISEAH, CYP3A
Rl BT | 125 7 S A £ 0 b e K P B . Matsuo %
N S e | i | (2008) %5 XF £ K G f1(Oncorhynchus kisutch) CYP1A |
Sg M A || CYP2K1. CYP2MI il CYP3A27 ik HEAT THFSE,
© 02 : b | KB CYPIA ,CYP2MI Fil CYP3A27 1E4- 414 54y
oHARL LS L &k, 17 CYP2K1 R RIS 2 v 43k, h 1

AfiE] Time/h

* P<0.05; ** P<0.01
B2 N[ e 3 BB v B 5%k PL A Y el R e i
CYP2 B FIR R0
Fig.2 The expression of CYP2 gene in L. vannamei
hepatopancreas after enrofloxacin administration
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Fig.3 The APND activity in L. vannamei hepatopancreas
after enrofloxacin administration
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29I, AR TCE MESh P IR AR T
I R vE B 5 D RE AT T o ARHIF 5% 1 R N LA Y2 X B
SRR CYP2 B R By, il id RT-PCR Jr ik fF
SEHAHB TR TSN, S5RER, CYP2 SHTEMNL
YR B A N R A R A A, FE R R ) ek

LARGE AT, CYP FE PRIFEAS [R) R A 4 o 1) 28 55 L
AHLEERE, FFIE 25 E e, kR
ISR T HALES B, XM RIAMB R AR E
Y RE S D BB A2 1Y

H 72 3 W0 1 A2 0 PR R I R iR 1 S A B 2
HPRPIT, A PR R ) B i R 32 B e S &R
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KWL, 2 S HE RSN K EE, 2009),
[ B, CYP450 1% sk 3Rk 45 5y 2 BN SN IR Y JoL i 52 ]
AN B AT LA S el i CYP450, MR IRIA YT
RCR BT AETERIE N . XIS (2006) 43, HEZG T
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CYP2 ik a#s, L IIZLy Y nl i 90 il FLAy e Xy
HMAN CYP2 mRNA Y35, 522 B H — 5 (1957 3400
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BGE T B LTI APND I PRSI I 2 30 T
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Effects of Enrofloxacin on the Expression Analysis of CYP2 and
Activity of APND in Litopenaeus vannamei

WANG Ying'?, LI Jian>*", GE Qianqian®, ZHAI Qiangian®, LI Dongli’, GE Hongxing®

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306; 2. Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, 3. Function Laboratory for Marine Fisheries Science and
Food Production Processes, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266200)

Abstract The cytochrome P450 is an important group of multi-functional oxidases engaged in the
metabolism of exogenous substances. In this study we investigated the effects of enrofloxacin on the
expression of CYP2 and activity of APND enzyme in hepatopancreas of Litopenaeus vannamei. Real-time
PCR analysis revealed that CYP2 in L. vannamei was expressed in all tested tissues, including hepatopancreas,
gills, hemolymph, muscle, carapace, intestine, stomach, heart and eyestalk. The expression level was the
highest in hepatopancreas, and the lowest in hemolymph. After oral administration of enrofloxacin at
different concentrations including 15 mg/kg (low-dose group), 30 mg/kg (middle-dose group), and 60
mg/kg (high-dose group), the level of CYP2 transcript in hepatopancreas decreased significantly (P<0.05)
especially at 9 h (P<0.01), however exceptions occurred at 1 h, 24 h, and 96 h. The activity of APND that
indicated the activity of CYP2 was measured with ELIASA. The result showed that the activity of APND
was lower in the experimental groups than in the control group. APND activity in the high-dose group
was lower than that in the low-dose group. All three experimental groups, especially the high-dose group
(P<0.01), showed a significant decrease in APND activity (P<0.05) after 9 h, but an exception occurred at
3 h. The enzyme activity in all experimental groups was reduced (P<0.01) and reached the minimum level
at 12 h. Changes in both the enzyme activity and the expression level displayed the same pattern. These
results indicated that the expression of CYP2 could be impacted by enrofloxacin. Therefore, when
administrating drugs in combination, the cumulative effects should be carefully evaluated.

Key words Litopenaeus vannamei; CYP2; Tissue distribution; Enrofloxacin; Enzyme activity of
APND
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