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Oxidative stress response to MC-LR in the hepatopancreas of juvenile grass carp

WEI Li-1i', HE Li', RUAN Ji-ming', LIU Y1, FU Jian-ping’, ZHONG Qi-wang”

(1.College of Animal Science and Technology, Jiangxi Agricultural University, Nanchang 330045, China; 2.College of Life Sciences, Jiangxi
Normal University, Nanchang 330022, China; 3. College of Bioscience and Bioengineering, Jiangxi Agricultural University, Nanchang
330045, China)

Abstract: To better understand the influence of microcystin—LR (MC—LR) on the oxidative stress response in the hepatopancreas of juve-
nile grass carp ( Ctenopharyngodon idella), the present study was conducted injecting MC—LR intraperitoneally at doses of 25 pg MC-LR -
kg (low—dose group) and 100 pg MC-LR - kg™ (high—dose group). Samples of hepatopancreases from juvenile grass carp were collected at
24, 48, and 72 h after the initial injection. The activities and transcriptional levels of antioxidant enzymes, including superoxide dismutase
(SOD), catalase(CAT), glutathione peroxidase (GPx), and glutathione reductase (GR), were analyzed using spectrophotometry and quanti-
tative real-time PCR, respectively. The enzymatic activity of SOD in the low—dose group was not significantly changed, but its content in the
high—dose group was significantly enhanced at 24 and 48 h(P<0.05), while its content began to decrease at 72 h. The enzymatic activity of
CAT just in the high—dose groups was significantly enhanced at 24 h(P<0.05), but the activities in the low— and high—dose groups all de-
creased at 48 h and 72 h with insignificant differences (P>0.05). The expressions of the SOD, CAT, and GPx genes were all significantly

down-regulated during the whole experiment (P<0.05), but the expressions of the GR gene in the low—dose group were significantly up—
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regulated just at 24 h(P<0.05); another, its expression in two treated group were also up—regulated at 72 h, but the differences were not sig-

nificant (P>0.05). However, the expressions of GR gene in the high dose group were all down—regulated with insignificant differences at 24

h and 48 h. In addition, correlation analysis of the enzymatic activities and gene expressions showed that the enzymatic activities of SOD

and CAT were not correlated with their gene expressions. This study demonstrated that MC-LR could induce oxidative stress in juvenile

grass carp by adjusting enzymatic activity and gene expression, but the mechanism of interaction between these needs to be further studied.
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TE H SRR K 5~ R ST Sl i XCE 52 T, KA
W B SR RE H M E O S 2 ROKAES R
&5 v B T I 114 SR SRR () — & B SR KA T
FHOEBKER R, — L0473 15 B A0 Al 2L T )
KRR R AT RN EERSER T, il o e
#: (Microcysis aeruginosa ) %5 ;= 4= B9 o 2 3% 85 2 (Mi-
crocystins, MCs ) 42 ) U A8 5 iy )7 A | e K 5
BT E R —REERY, P, B R R -LR(MC-
LR) & H H & A s o B9 e 2 19 —Fh MCs.
A BB R W MC-LR A ECaE HLLS 40 ) 22 208/
S BRI 1 (PPL) 1 2A (PP2A) 47 5657, BRILZ
Gk, BN E 22 90 4 ACAT 2 45 43 MCs 7T 35 5 201
7 AR AR AR, DR A5 4 1 2R B AR A
LI MCs BB HILAR] 2 —", FUE MCs Qa7 S 4L
TR LR AR ATI IR BEAT 5 T i A

A= A A BT R 7 A 2R S S AR e i Y
BB R, U R - e 3 A B3 e AR A
{1 (Superoxide dismutase, SOD) , i 51k & i ( Cata-
lase, CAT) , 2 Bt H K1 S84k 97 1 ( Glutathione peroxi-
dase, GPx) F14¢ Bt 1 KA )57 i ( Glutathione reductase,
GR) 55 AT W 15 G 490 i 30 100 A5 b sk o 37121, A= ) 1
N Y X S AR TR TR BR AR A SR A A 8
il B B B R IR G52 A i B A
Jriin A SCHEE A . FUAT, B AR X MC-LR X £
ST AU TR T A AR AT B DR 3R 08 10 52 ) 25 7 T
TFRE TR Z W WT5E, B0, 7 i AR SE ) 1 A [a] iy
[F1 it £ 170 44 Tl 6 P 19 284K, % B SOD  CAT . GST il
GREME 5 22U rp MCs 1Y 5% 2 52 AR OG5 AR 3 e
BT AR BE MC—-LR X3 5 4. ( Danio rerio) 5P S 41
ST R, e BLBR B T Y T (MDA) & 5 A
B ki St CGR) 196 A AR AN (] 9 S5 Ak B 2H v 249 7% A
5T A DE T I S AL W g (GPx) T35 P F1 GR i
T M B K VAR B 2R 2 A0 1S 0 T S22 B 5 Hou 55
WF 5% & B BE T €4 SOD ,CAT . GST ., GPx Fil GSH [ 5
PELL R B R84 5 MC-LR Rl &t o6 . i fa
(Ctenopharygodon idella) VE IR 7K I 58 1) 2 B IR 5 5

Fifr, JC A 1 5 A LA FRFE G 0T it 3 AR A
Sy MCs 75 5%, Qe i) e sl it P K AR MCs MR B2 IR 3] T
3.69 pg- Lk T HEAR DA HZU(WHO ) B Tk H
JKHMC-LR & 5 1% 445 FE (1.0 pg-LH™, (A3
FEIM AR AT G 4y 40 4 A R S8 X% MC-LR a6 i
I B i, BRI, AR SORF LUIR K FRBH 5 UL ——
AT G, BT A AR B 1 R IR 3Rk AR Ak ok
PR MC—LR X 5 £ &)y JHF I 420 F0 1 2 18 i 1

1 #R5EFE

1.1 #R5iF

S P R AR SR R 4, F B AR Dy
22.13+2.17 ¢, W A VL P9 44 B B e il 2wl 57 58 J
Hi o S HIMC-LR (263 >95%) , 1 H Taiwan Algal
Science Inc A H] , [] 24 2 2% B 2 & g W Joc Tt 1R 5
(MS-222) Jy Sigma 22 a7 i , RNA $2& B 7] &
TRIzol reagent W4 H Invitrogen o] R SRR B Re-
vertAid™ First Strand ¢cDNA Synthesis Kit 1 SYBR
Green Real—time PCR Master Mix 4 H Promega NI
PRI A ) 1) D T v U AR A FR A D
1.2 L& p AR B

N5 375 W) 35 592 36 s £ )y £ 7 S0 38 5% 2
Ji1 %2 % S ) g H 2 B A BT 4 2.09% 5 M o 1]
A, K AT 48 h 45 1E SR IR R A8 BEATL 7 D SR 2 R
XFREA L B E 3N ERE . ST SRR
S 2H LA {3 5 R A R 25 g MC-LR - kg (I 5]
) 1100 g MC-LR - kg™ (= 74 ) o X R dE T4
BE AT, AL U 45 YRR MC-LROB AT A A 1 g -
L R A8V, T B T 0.8% A= B R AK A R 8T T
W R AATES 0.1 mL MC-LR ¥, % R4 45 2 2t
1 DUV S5 45 5 11 0.8% 1Y AR JER K, ELARERAE I i
W22 SCHR[17) 4% 5296 2H ARG B 2H 75 £ 4 ) 7 Ak 3
24,48 hF1 72 h 5 & HL6 & fa, fi il MS—-222 IR B )5
A 4 T s AR R T, S TG 73 8 50 mg 2 A5 JH i
JE , BT J0 RNA B PR A 208 1 D JRECRNA [
ity , B 50 BRI B TF B A K2 (9 PBS (0.01 mol -



46

URIEIRCX ity 53855 1 3

L7, pH 7.2) HEEGE PR BR 25 LR, DR AR TR AR
A BB, HTIRFL 5 T Pk 5y e 2 21, 4 R4
TEVOK IR T o B ARG S TR P IR &
1.3 BEEMERNE 2

VB R TP DR R A A TS A 0 BT 18 IR A
Fe it (g) AR (mL)=1:9 A9 LL GBI 9 5 IR R A
HUER K, UKOK IR 2T 219K, 2500 e min, B0 10
min, WA FIE DN A8 BEE PE . SOD I CAT ¥ 14 e il
SE I FL AR AR 20 TR P AR AR et A ) R 5 BT
PRt pyiaR S U] B T, SOD ¥ Pk FH v s 4 Ak
it 0 2, AE A R 550 nm &b B2 00 7 I (R 5
FE Ty, 16 1 B e SO A 22 ye 4 8V A ROV
SOD Ml IKF 509% TR Y SOD 54 14~ S0D i
1 (U-mg ™ prot) o CATIEMEE A5 405 nm T
SE Ha00 /0 I 500 2 |, 16 ) B 3 SO B2 e 2 2
PR 1 wmol 1Y HO, Y 5/ 14> CAT G
i (U- mg ' prot) . 1E H &k % S ik, U
U A ) T RIS BT A 3R] b A bR
IPRIEEE 1, [R) R BRI - 2R T €
1.4 #ZEREIIREX .cDNA BRI & A K qRT-PCR 427
S

*H Invitrogen INEVH Trizol I & 2 HU S RNA,
BRSO EZ 2 N G Ul B 1T . cDNA #%
RevertAid™ First Strand ¢cDNA Synthesis Kit #/F i
1T A .. Real-time quantitative PCR (qRT-PCR) JZ
N AEAA 2R 2> F] CFX96 Touch™ Real—time PCR Detec-
tion System |5 i S BT A 51903 1, Hrh g9
22 T CHR[18]. T2 W K R AR #if Promega 23 F] Y
SYBR Green Real-time PCR Master Mix [9 15 BH fic il ,
20 wL, FW 451 94 C7AEME 5 min, 94 °C 10 5,58 °C
155,72 °C 20 5,45 DMEHR, 72 CIEMH 5 min, FGE
it PCR B4 R ] 272 2 A T3

1.5 RS

SCE RS B D B R i 22 ROR R Z R
7 22T T e T2 AR 56 (SPSS 16.0) , e it g 1
IKFBEE P<0.05 TR R B

2 HREQH

2.1 MC-LR X & fa%h & TR A 1 | AL B iE 1R 22 M

Z W FR 7 225 Hr s R W], A [ MC-LR 175 3 Bt
] (24,48 h #1172 h) %f SOD B 1% kA B & 5w (F=
8.161,P=0.001) , A~ [R] 4175 5 1) s o L0 1 tho A i
S (F=5.053, P=0.010) , VF FH s} [A] A% 5 5] 1 2 1]
A2 HAEH (F=3.397,P=0.016) . H1 & 1A a] %1, {5
4] B 4 A0 IF IR SOD 35 P 7E 3 i 1) B s Ak 2
AN, TS24 L (P>0.05) . il s gt
JiF BB E SOD 3% PE 76 24 h #1148 h 39 B & F TF (P<
0.05), H7E 24 h J5 ik 3 =, 4 778.97 U-mg™' prot,
B J5 N B ZE T2 h T PE R B 252.29 U= mg™' prot,
25 AN (P>0.05).

X CAT W& PRI T Z2 R 3 5 22 /3 B & B, MC-LR
B S A 6] B JE] J5 %) CAT Bl 3% P A B 35 52 i (F=
19.642, P<0.001) , A [m] 14 375 5 551) 4 6k HL 9 1 5% W O
B3 2 5 (F=0.925, P=0.404) , /f F i8] #1355 5 50 2
Z a4 32 HAEH (F=5.607,P=0.001) ., H & 1B Al %1,
TE 24 h, = 500 5 2 AT B o CAT 6 PR 7E 24 h T, 3k
F]43.99 U-mg" prot, 5 X M2 AH [ 22 57 B 2 (P<
0.05) , Bifi 5 16 1 [ 5 AR FR) et 4L AP R AE o CATT 3 44
7 24 h3g 5, (H 5% A AH 22 58 B35 (P>0.05) .
SR, AP 7] 22t 20 =y 790 4 4 BRI CATT 36 14 7E 48 h
172 h ¥R B 5 x5 IR ZH A e 22 SR B2 (P>
0.05)
2.2 MC-LR X & fa 4 £ BT A 31 | 40 2 E B 320

K H qRT-PCR #:3l T MC-LR fp i F &% £ 4y £

F1 WREEPCRYIBHISIY

Table 1 The primers of genes used for quantitative real-time PCR analysis

LA K Gene name 5% GenBank NO. 59175 (5'-3") Primers (5'-3") 44 BBt Amplicon size/bp
SOD GU901214 Forward: CGCACTTCAACCCTTACA 218
Reverse: ACTTTCCTCATTGCCTCC
GPx EU828796 Forward: GGGCTGGTTATTCTGGGC 278
Reverse : AGGCGATGTCATTCCTGTTC
CAT FJ560431 Forward : GAAGTTCTACACCGATGAGG 158
Reverse: CCAGAAATCCCAAACCAT
GR JX854448 Forward: CATCGTCATCAGACAAGGCG 7
Reverse: CCCAGAGCAGACAGTCCACC
B-actin M25013.1 Forward : GGCTGTGCTGTCCCTGTA

101

Reverse: GGGCATAACCCTCGTAGAT
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Marked with different letters in figure indicate significant differences among groups (P<0.05). The same below
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Figure 1 The effects of MC-LR on the enzymatic activities of SOD and CAT in the hepatopancreas of grass carp
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Figure 2 The effects of MC~LR on the expression of antioxidative genes in hepatopancreas of grass carp
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Table 2 Correlation analysis of oxidative enzymatic activities and gene expression under MC—LR stress

Eiztan SOD it CAT i 1 SOD KN £ ik CAT IRk GPxJLH ik GRIERH b
SOD i P 0.607* -0.261 0.027* 0.067 0.218
CAT &M 0.607 0.061 -0.085 0.054 0.030

SOD BE[H 3R ik -0.261 0.061 0.801* 0.967* -0.085
CATHE N &k -0.027% -0.085 -0.261 0.834%* -0.023
GPx JE[H 3k -0.251 0.054 0.967* 0.834%* -0.072
GR LR £k 0.218 0.030 -0.085 -0.023 -0.072
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