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PR KT 3 A8 bR, 55T Cd X PLAN I X B 1l 41
ML S Bt . TR A E Tz N 2K 7 3
SRl R I N O/ 3 < s e . o G iR
Cd BN i LGRS XTI I 40 ML ) ROS & &A1k
AN T3, N SE A9 e i PCR AL 4
AL BEIE A (Cu-Zn SOD . CAT ¥l GPx)., 4 @i EH
FEH(MT) . AR SE 8 A 5K (HSP60 . HSP70 Fil
HSP90)F caspase-3 FEK ) FRIEZL .

1 HRET%

1.1 SEIg AR

ARSI BT FH B9 FLAA T X6 MR 0 YT T e R A
Y, V¥R (10.22+£0.47) g, F¥EK (11.00+
0.53) cm, SLIRHTAEFRIA LB = N7 2 s, Phit
Rtafghe . R/ — . Joe . I 1R H AL Tt
B )30 (A% M FH T Jiip s SE 6 o 900 5 0 1) 6 B2 Ry 24,
pH 7.9~8.0, IRJEF(26+2) C, KKK AIEHF 1tk
R SERE SR K, VAR ER E Ol 5.8~6.2 mg/L
BFRFLI(6:00 FT 18:00)F M 2 Yk k.
1.2 CdBMEXIE

S5 SCHR S TS E, A A4S B AR S8R
¥R 24h LCso Cd & 10.5 mg/L, LA CdCl,-2.5H,0
g Cd R, BRI 10.5 mg/L Cd B4, FA
SCYRAI 3 ANEE M, BTN 1 N EE Y,
FEARICEE 20 EEXTUE, SCO0 (A PRI, SCHHET
1545 24 h, HABSR SRR —2 5 0FE
JBOh, 3h, 12h, 24 h F11 48 h PEATHUEE, A&
TR 3 B
1.3 #HmilE

L 40 8 38 1) 4 2 2 58 R A POV Oy ik 1k AT
BAEZAMMMKEIRSE, HF ROS FI4H i
TR I, S0 o A A R S5 E BD
(Becton Dickinson)\ Fl 4= =) FAC Verse, 43k
BRI 43 AT 8k 44 Cell Quest (Becton Dickinson
Immunocytometry Systems, San Jose, CA), 4% FHY
MANMefE 800 g, 4 CE.L> 2 min, 7 L, A
Trizol &, —80 CLRAE, FHTILH LR,
1.4 IMm#AAEFEMEE(ROS)EEME

S AP )5, L DCFH-DA
FRICEREF I PR (ROS) & it . &5 5R LA DCF %¢

JCHOAREARAR . A ECE S AR AR B S T
K2R, s DCF 150,
1.5 mM#ABAEATER

S 25 Wi P 45 PR B 5 D i G 0 240 i
T-. LA Annexin V-FITC %¢ Gk B AR AL bR, PT 2%
DGR B NP AR BRAE S B IE, B+5-T14) 4y
Y0 ZEHE: 1 40 M (Annexin  V-FITC—/PI-){ii T 22
THIR, #4008 (Annexin  V-FITC+/PI-){ii
FTA T LR, J5 808 T 40 F1 28 40 g (Annexin
V-FITCHPI T4 LR R s &2 My e
B, PR ORI T I T AT g0 A T
dT R, BTN GRS R FR AR & % He B
1.6 EHEFRIZE

I 20 5 RNA Y42 2 IR Trizol (Invitrogen)
Ui PEFT, cDNA HIS AE IR TaKaRa 2% A K
Prime-Script RT reagent Kit with gDNA Eraser
(Perfect Real Time)idHf & U Bk T S sk
73 cDNA JFBH R 10 55 FH T S 5t i &
PCR., 5I¥F ¥k B 56 E B 2 AW HE ARG B
.L>(National Center for Biotechnology Information,
NCBD)%u#E %, F|H Primer Premier 5.0 %1159
SR AR BT ST BT TR 518, 5194 PR A
JFHIE 1.

x1 EIMEHXEEPCRIIY
Tab.1 Real-timequantitative PCR primers

P
g!% R J¥51(5'-3") sequence (5'-3")
primer GenBank no.
B-actin  AF300705 F: CATCAAGGAGAAACTGTGCTACG

R: CATGATGGAGTTGTAGGTGGTCT

Cu-Zn HM371157  F: TTGGCAACTCTGCTGGCTG
SOD R: GGATGTGGAACCCGTGCTT

CAT AY518322  F: TCAGCGTTTGGTGGAGAA
R: GCCTGGCTCATCTTTATC

GPx AY973252  F: AGGGACTTCCACCAGATG
R: CAACAACTCCCCTTCGGTA
MT KJ701600.1 F: CTGATCCATGCTGTAACGAG

R: CATCTTGTTGCACACTCCTC

F: GGTGGACAAAGGCGTGAGTA
R: GTTCTTGAGGTTCTCGGCCA

caspase-3 EU421939

HSP60  FJ710169 F: ATTGTCCGCAAGGCTATC
R: ATCTCCAGACGCTTCCAT
HSP70  AY645906  F: CCTCCAGGACTTCTTCAACG
R: GGTCACGTCCAACAGCAAC
HSP90  HQO008268.1 F: GCACGAAGGAGAACCAGAAGCACA

R: TGAACGCAGTATTCGTCGATGCGT

7GER PCR flifi] TaKaRa A FIAY SYBR
Premix EX Taq i) &, #uiH-F2 R 7805, %
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% 0 3 12 24 48 22 0 3
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Fi5}jE]/h time

IRIKPAENE 3~48 h B3 FE(P<0.05), 3 12 h
IRF B RIE(P<0.01), CAT 3 FEK/KFEAE 3 h
F TR (P<0.05), £ 12 h #¢ & 3 T+ (P<0.01),
24~48 h K52 B 1EH /K- (P>0.05), 5% FREHAH L,
GPx R FRAKFAEMHE 3 h B BEA kP>
0.05), 7F 12 148 h It} & 4= (P<0.05), £ 24 h i
H R F(P<0.05),

2000

[ = 0mg/L
} == 10.5 mg/L %
-8 15001 n=3; x+SD
2
o
a E2 3
7]
1000~
2
&
2 500 - **
=4
gl—r== J J
0 3 12 24 48
fifE]/h time
B 1 Cd Z 580 LY i e 85 1 40 i 7% 1 %0 (ROS)
i

**LIRTEAS I IB] 5 Cd 5% I 2H 22 S5 3% (P<0.01).
Fig. 1 Effect of Cd exposure on reactive oxygen species
(ROS) production in hemocytes of Litopenaeus vannamei
** indicates extremely significant difference between Cd ex-
posure group and control group at different time (P<0.01).
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GPxAEXTRIBKT-
Relative expression level of GPx
[\%)

12
B} E]/h time

Bl 2 CdZEX LA IF M40 Cu-Zn SOD (A). CAT (B)FI GPx (C)%EH 23k 5400
*a S G B R AE A% IR Cd 530 B2 5 .35 (P<0.05) U i 3 (P<0.01).
Fig.2 Effect of Cd exposure on relative expression levels of Cu-Zn SOD (A), CAT (B) and GPx (C) in hemocytes of Litopenaeus vannamei
* or ** indicates significant (P<0.05) or extremely significant (P<0.01) difference between
the Cd exposure group and control group at different time.
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170

[ R

%28 %

F 5 KAH (P<0.01), 7EMriH 24~48 h &I+ &
(P<0.05). HSP70 F:HFiK/KF-TEM A 3~24 h 1
Jo i AP > 0.05), 7F 48 h 3 [H(P<0.05).
HSP90 AR X 2235 5 78 Wi 3 h i 25 T F#(P<0.05)
7 12 h KR & 3 1E % 7K (P>0.05), 7F 24~48 h &t %
FHES (P<0.05), 7E 24 h s 5 AAE (P<0.01),
2.5 Cd X Ifn 28 BeURE 1= B9 52

Cd X it 2 A8 T B s e A 5 R o i A
MASCRCHE WS, TR AN E B TR E S N A, Eha
3~48 h, FHI(A N LRI E R T4
FIFET- AN W3 £ . R TR —Fh IR 1A
PREE G, ST HRZH AT T30 5.10% . 5 X% Bt
FEE, AT R AE A 3 h R ETHE(P<0.01),
IR KA 87.99%, 1E 12~48 h & T (P<0.05).
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Fig. 3 Effect of Cd exposure on relative expression level
of MT gene in hemocytes of Litopenaeus vannamei
* or ** indicates significant (P<0.05) or extremely significant

(P<0.01) difference between the Cd exposure
group and control group at different time.
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Bl 4 Cd BN LGNEXIF 40 HSP60 (A). HSP70 (B)FI HSP90 (C)3k [ 221k M52
*al ko) I SRR TE 45 I [B) . Cd 50 IR 20 22 57 1 28 (P<0.05) B IR I 35 (P<0.01).
Fig. 4 Effect of Cd exposure on relative expression level of HSP60 (A), HSP70 (B) and HSP90 (C) in hemocytes of Litopenaeus vannamei

* or ** indicates significant (P<0.05) or extremely significant (P<0.01) difference
between the Cd exposure group and control group at different time.
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At rf ROS &t Bt 5 it B () 4 K 2 5 T Y, 5
ARAIF 5T LA T2 Kot 0 o 40 i ) 245 SR — B, Cd AU
Wi HT AL A M, R P LR R Rk, £
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AR 2 Cu-Zn SOD 1 A A AL B Y 55
—IA PR, ML O AL AR Ho0,, ST
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5 Cd B8R0 FLAE T 0 1 200 6 5 12 64 52 g
a3 I IR AE A I E) A Cd 5% IR 2H 25 B W38 (P<0.05) B MR 1 35 (P<0.01).
Fig. 5 Effect of Cd exposure on apoptosis of haemocytes in Litopenaeus vannamei
* or ** indicates significant (P<0.05) or extremely significant (P<0.01) difference
between the Cd exposure group and control group at different time.
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r 3 Omg/L
== 10.5 mg/L
n=3; x+SD
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caspase-3FXT FIAK I
)

relative expression level of caspase-3
.
T

@ﬁlﬂ@

At E]/h time

Bl 6 Cd Z5 A LA iz X o i 40 i
caspase-3 2 K 3 35 By 1
el B R IR AE A I ] AL Cd 550 I 4
53 5 3 (P<0.05)8 K . 3 (P<0.01).
Fig. 6 Effect of Cd exposure on relative expression level of
caspase-3 gene in haemocytes of Litopenaeus vannamei
* or ** indicates significant (P<0.05) or extremely significant

(P<0.01) difference between the Cd exposure group and control
group at different time.
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4 J& i £ F (metallothioneins, MTs)j&—2JSHE
S5&RBETSEAWEAR, X cd BAEFEMT,
ZH5HEeEMELSHRP, FEENE, A4
R BT AR F1, R4 A0 i T 32 200 i 25 1 0
PSRRI Y RIS & B, MT 3k DR ek /K g 42
B BT ERR E ROSEY od ihia BaE R
AR I8 BTVR H A S X HF (Marsupenaeus japonicus)
f MT R ek B8 ARRSE o PRI % if 40
Jil MT 3R ik B AE A 24 h A48 h 25 7,
e 45 R 516 50 pg/L F1 500 pg/L Cd frif H A4
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5 15 05 2 S0 28 S 10 A 22 b R85 1 s i 1Y, A
SIS FEMFGE HSP60 . HSP70 Fl HSP90 K&K ik
X Cd SEEZM N . HSP60 Wi 7 A~ [7] (1) B4 55 R 2%
JofbaE, R MRS ) 56 R G siE 2R 48 RN R T R 4
AR M, HSP70 i 7EH AL B R i i & A
HEARVE R (R, R4 A0 B e 2 IR B 1 3, T
K HSP70 RELRI ATz miR . &, WAHRER
TR 42 J@ e S ma 84 sk R S @ o A 9
(Vibrio parahaemolyticus))5i , HSP90 FE K 3% ik /K-
Je BIIE T, B 5% 0 7E 10.5 mg/L Cd
B R, HSP60 F HSP90 K& DH it AH XF 22 15 43 )
f£ 12~48 h Fll 24~48 h PR ERIM, SR HSP70
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HUR, 1 HSP70 F1 HSP90 ] EAE it i ) & FE 4
Mo Qian ST % BLLANEEXTER HSP60 X Cd
oy 36 e B FURR, AR SEEGABUESE HSP60 W R Cd i
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1) E AR AR o
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SR R KOk YT A AR L A B FiE B
Cd 51 ROS, (HANM I T4 Al 57 40 i
FATR—MIE R AR AR, R ER . 2/
B9 IRFERY ST A fG B R A, caspase-3 & H L
AT 20 7, AR Sz, caspase-3 BYFEIAF ik
HTE 12~24 h BF 535 BiH, 500 pg/L Cd 55 H A
PEXTHF caspase-3 7E 24~96 h i 42 58 Wit 4

MLASCECHE B, I A0 R AR TR R A 1, AT
8 3~48 h, FIHCH T LR). B L2 BR)E T
YR AIZE T AN EH 3 2 . SR AH L, i 4
MR TR AW 3~48 h WERN, IESL T Cd
PRI T (B caspase-3 BLPH Fik B 7RG
3 h H148 h Joi s, HIF KA R} 5 Sttt
—HE . Wi 3 h AR TR A B R KM
87.99%, FIfiEfe T Cu-Zn SOD . MT . CAT. HSP60
1 HSP90 Wy HE K A7k 3 TR, (23F 1 40
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F1 HSP9O JEPR FR ik K T-AE e )5 W i 2 4 g, %
fIRE L 05, IS MhaE 3 h A, 12~48 h A940
i85 mee E T A Y 1 8
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ROS, HZAEHAMMIIT- . Cu-Zn SOD FI HSP60
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Effects of Cd on reactive oxygen species production, apoptosis rate,
and expression of stress genesin hemocytes of Litopenaeus vannamel

LI Ling, WU Fangzhou, LIANG Jinrong, CHEN Lifen, GUO Hui, SHEN Yuchun
College of Fisheries, Guangdong Ocean University, Zhanjiang 524000, China

Abstract: In this study, we aimed to explore the effects of Cd on the reactive oxygen species (ROS) production,
apoptosis rate, and gene expression of stress responses in the hemocytes of Litopenaeus vannamei. L. vannamei,
with mean weights of (10.22+0.47) g, were cultured at a salinity of 24, pH of 7.9-8.0, and temperature of (26+2)
C for 2 weeks with aeration. Shrimp of similar size and body color were then transferred into culture buckets for
stress testing. Based on the results of a preliminary investigation and previous studies, two concentrations of Cd, 0
and 10.5 mg/L, were tested. Twenty shrimps were placed in each bucket and each treatment was conducted in three
replicates. At 0 h, 3 h, 12 h, 24 h, and 48 h of exposure, three shrimp in each bucket were sampled. The ROS pro-
duction and cell apoptosis rate in the hemocytes of the shrimp were evaluated using flow cytometry, and the ex-
pression profiles of metallothionein (MT); antioxidant genes including copper zinc superoxide dismutase (Cu-Zn
SOD), glutathione peroxidase (GPx), and catalase (CAT); caspase-3; and heat shock protein genes (HSPs) includ-
ing HSP60, HSP70, and HSP90 were detected by quantitative reverse-transcription PCR. Compared to the control
group, ROS production significantly increased at 3—48 h (P<0.01) and peaked at 24 h. The apoptosis rate peaked
to 87.99% at 3 h (P<0.01) and significantly increased at 12—48 h (P<0.05). The expression levels of Cu-Zn SOD
and HSP60 significantly increased at 3—48 h and 12—48 h, respectively (P<0.05). The expression of GPx was sig-
nificantly upregulated at 12 h and 48 h (P<0.05). The expression profiles of CAT, MT, HSP60, and HSP90 sig-
nificantly decreased at 3 h (P<0.05), while CAT increased significantly at 12 h (P<0.05), and MT, HSP60 and
HSP90 increased at 24-48 h (P<0.05). The expression of HSP70 showed no significant differences at 3-24 h
(P>0.05), whereas it increased significantly at 48 h (P<0.05). Caspase-3 expression increased significantly at
12-24 h (P<0.05). This research found that Cd promoted excessive ROS production, significantly affected the
expression of stress response genes, and finally triggered apoptosis.
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