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MC-LR M T PUE A8 7 A, &R 30 3 Fh i BRI AH X — By A8 4k, BR
FIXEHTERIH T ,4 h j5880 198, 7 MC-LR Ab34 F 1 FRB BT X
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factors (ALFs) . ‘EAT1H)FRIEBEM B % T A R
JRIRE AR, F B & AR BT B K A3 FE 97 S o A
Pt BURRKAE % A A e h BB —
¥, FEXT IR Z 2 MCs AR maht, HRk B2
BTFARAL, BT 2 T BO AR I HT R RE I R,
PE TS BOGIF ) S R Z 2R, B AT R A

U RPR

1.1 SCIesrst

SE5 I FLGN B R T b 9 T S s 4
XFURFRIE T . BENLPRLEIATE 10 ~ 15 g FYRLAR, &
F+T 50 L I EL KGR REe b, KR % HI 72
18 ~25 C, B FM S5 HAKMMEE. LY HT
12 h {5 | F MR, S B BRI FIFEAR

HBEBEFRER (MC-LR) e B Hi L Alexis
Biochemicals 2 & , #% #E i & 525 ALX-350-012-
C100, SEEGHTHF MC-LR R FE 0 V% T PBS 4%
PR

#8835 ( Vibrio anguillarum) WP B _EI1gREEE
R B GKAE S I PR SR A3t , 8 B SR IR 7E
fEIRBE TR A TY 8
1.2 EBHZE
12,1 [ESE R

MC-LR 7515 & 2% GONCALVES-SOARES
U B S 5 1o ST 06 0 R 2 BT & LDy
AR SLH 25 0K MC-LR 1354 7| B R4 € g T
SEAFEE 100 g ; X B2 1 5 S5 (AR Y PBS K

BB TR R B 2% WANG %1 [ segg,
WAL g 5 R BT & LDy, . ARIE L
SER KB IR TE R B E N 1.0 x 107 cell/
mL, G FEUFTES 20 pL PBS B

TSR [ W SN 0. 025% 4L, 1k
BUEIER R o X HF IR AR SR X vk 2 e
M SERE ATV
1.2.2 S#HEHR

MC-LR 155250 v, AL Bk 18 48 B AR 43y
MC-LR A (M 4) SXHRA(C H) , HH %
50 AR ; B MRS I S 56, BEATL P 32 8 R BT
%50 2,73 5Tk % & MC-LR 5 PBS WK, 5+

8 h J5 X} 2 MR 545 B B DI I PBS K ,2
A5yl A MV 4R CV 41,
1.2.3 FEHRE

fE MC-LR VESF 250, VRS AT RENLBkE 4 B
R, 0503 g R ARAE R A 1.5 mL B .0
HLOETBRATREFSH. 45 1.2.4.6.8,
12.24 48 72 h 73 N & L h BEHL PR & 4 AT
FT TR iR ER o

FEHUEMER IS, RS8N E)F 1.2,
4.6.12.24 h 735 N 4 BENL Bk E 4 RBAF 1T
JHF R FRAE: i B R R o
1.2.4 5 RNA Hhig k)b 5

| RNAiso Plus (TaKaRa) #£T i RNA #i
P2, B A IR UL AT . FhIRIB R B
RNA /] 1% BRARHE SEIL B Ik AT R B K 56 o
fd A K5600 1 & 3 ot B (ALl ) #47
RNA ¥ BEEMIE . M 500 ng RNA fE#
#%, H| B EasyScript Reverse Transcriptase
(TRANSGEN) &5 & #47 )% 5% , & B cDNA
o
1.2.5 5|4itit K qRT-PCR

SEHG BT 6 3 Aok 8 4T B Bk B B GenBank
955> B Penaeidin 3 ( DQ206403. 1) | Crustin
(AY486426.1) F1 ALF (GQ227486.1) , N ZHH
%% GONCALVES-SOARES %' iy sz 56, v
ATP synthase (EU194608. 1) , 3|#¥ i %k
Primer Premier 5.0 SZ 5%, 51 ¥ A T AW T4
(L) &R 5IFFIE 1,

qRT-PCR fif A i 5] & & TransStart Green
qPCR SuperMix ( TRANSGEN), f Kk Xt E &
PCR ¥ 2y C1000 Touch Thermal Cycler ( Bio-
Rad) , MK R A 10 pL, cDNA 47 : SYBR
Green: 3| F: 5| R=8:10:1: 1, RN FEFHN
95 °C 1 min;95 °C 20 s,65 C 30 s,40 ME¥H;
65 ~95 CIX[A]LL 0.5 ClBhRE KA LK o

fiF SPSS 17. 0 34T B[R 3K J5 22 43 7 ((one-
way ANOVA) F1 ¢ #6256, 70 M7 FF 1884 P < 0. 05
hZEREZE . #H GraphPad Prism 5 #47 &KL
il o
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Tab.1 Primer sequences and their annealing temperature

HELR F19F5I(5° -37) B/ C
Penaeidin 3 F:GTTGACGGAGAACACGATGAA 61.09
R:CATTCCACAAGCCAGAGTAAGA 59.38
Crustin F:AGTAGGTGTTGGTGGTGGTTTC 60. 19
R:CAGTCGCTTGTGCCAGTTC 60.61
ALF F:CACCGTCAAACCTTACATCAAG 59.53
R:GTTAGTTCAGCCACCGCTTAG 59.05
ATP synthase F:TCCCTGAAGCAGCAACTC 53.50
R:TGGCAATAAATGGCTAAAC 51.50

2 4%

2.1 MC-LR FHERERERRIEE

Bl 1 fish MC-LR {355 /5 A [ i 1] B 9 L
AEXTHMA N 3 Fi¥71 5 K ( Penaeidin 3 . Crustin Fl
ALF) R FIXREREIED

@ M4
o C4

Penaeidin 3
AHXT ik
[\

Crustin
O NW ™ OO N ®

—
O N

ALF
AR RIER
IS CITNC -

4 6 8 12 2 48 T
fFiA /h

1 MC-LR E S EAE R E B Penacidin 3.
Crustin #1 ALF EFHIHEN RIEE
Fig.1 Expression profiles of Penaeidin 3, Crustin
and ALF after being injected with MC-LR
M 4103 MC-LR 15441 ;C 1A% PBS {44 « " SR%
M 45 C HnfFE R EM2ER (P <0.05),
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MC-LR 1 41)5 , Penaeidin 3 3:H7E6 h #18 h
BRI R B E S TX A, MAEENERMN 24 h B
FERT XA, 725 51ESF MC-LR # PBS J5,
Crustin Z5R7E M \C B2 480 5 A, SR T 9 4 (8]
HFRIR B Z B2, {UE 6 h if M K
Crustin 2R FE BB ELTF C 4,

ALF FERTE2, 8, 12 h [FRIEKFLux R4
L, AR FE B RREERME(P <0.05),
£ 8 ~ 12 h B[a] By Py, MC-LR F 540 ALF B3
KR E S TR, 76 8 h B IR B KAH ; 7Bl
JG#9 24 ~72 h BRI, R4 HH R A B i T4
P, EREESR
2.2 BREBNEXR

P2 B g 88 YRR 1 2 5 A [) e Ji) B A L
AEXTHMA P 3 #3755 K ( Penaeidin 3 . Crustin Fll
ALF) B R FRR B E L .

e8I 1 5t )5 , Penaeidin 3 F:[RFE MV 24
M CV A R B B2 IF A 2, Wi 4 (8] i 3R
BEREZEFAR, EBINEESE 2 h i (B MC-
LR F54/5 10 h i) @& T, 5 CV AFERE
MR Crusin FERTEESBINEZ 5 RIL &
AN, N FEREEESR . ALF R
BEINTE S S 4 h if(BP MC-LR :44/5 12 h i)
MV 45 CV HIRB B D E 25, AR ME
BMARZRABE. WHH, NREEHITH
By, A4S S MV 232 AP IR T X FRA B i

3 iWig

BFFE W], MCs A % 5 Wi MR8 45K 4 A 4
BRI T SR A AT L B R . MCs 1]
DS 25 1 240 5 2R B 20, 4 Ik R ) O
53, POD  SOD %4 A AL B H AW HI° ' . MCs
AL I GST #1 CAT 3k R 3 1% B SR SL B X
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Fig.2 Expression profiles of Penaeidin 3, Crustin
and ALF after being injected with V. anguillarum
MV 4 AR Fe 8 I 18 S AT 5 MC-LR 415 CV 4R R MR 1
SIRTTEST PBS 415¢ « " SREE MV 45 CV 4 [AlfE 1 B 3 1k

2£5(P<0.05),

UFR R e RIS , SBURE T, T
PUREBRAE AR K AR BE R G D EE N —IF,
MCs J& 75 20 Hoid s 4, B Al E NS TC A # 1
ESE . M DAFE WS R R E , 3 Fhvb v BRTE L
XEAER R R IA B RS AHF 4
FESRFEIFIE A LPS B, LA EXTEF AN Pen 2.
Pen 3 Pen 4 1 Crustin ZHAY X TFH, BEA
FIRARKMIE " . 25 WSSV e, FLAEERT R
APy Pen 3 Al Crustin 3[R ik 8 ¥ EAM
ANTONY 1 ] % 30 BF 45 XF #F ( Penaeus
monodon ) &K ALF FE K ik B HF4E E A, 1 Pen
3 Fl Pen 5 FEHANFERTH B A, Crustin 3 K {LFE
JEEA LR 4 FRE 4 RIREE (V. harveyi) fE R
FIE T, LA X B A ALF 55 1R, B30T
WG 8 L ; Crusiin F54E i ; Pen 2 55 EiA,
JEEE T, 18 h J§ L ;Pen 3 7£ 6 ~ 18 h B} |k

J;Pen 4 7E 18 h J5 B3 FE™ . WANG %1
S0 158 B 22 B FH P B (B BR B, Micrococcus
lysodeikticus ) F1 5 2= PGB 1 B8 (489B ) X wb [ %
W ( Fenneropenaeus chinensis) 3¢ 1715 5T, 4558 &
Pen 3 FEFESIHIRE)G 1 h B, (HAEE S INE 1
h GBS T8, 1M Pen 5 Crustin #1 ALF 7E 155+
INEE 1 h j5 23 L& S G0 5 ok ek
WG ,Pen 5 Fl Crustin (%% 5% /KF-F B Tl ,ALF
WA B, ZEES IR IR 12 h Al
24 h J5, Crustin 1 ALF B2 b8 AR XF YL, Pen
3 I Pen 5 W 2B F M

FEARPEFR o, FATE L qRT-PCR £ AR Xt
MC-LR fEF T LI XTEF 3 Ffbi & K ( Penaeidin
3 Crustin 1 ALF ) B R K B R EL ST T
P#, &K MC-LR {351)5 3 Ml KRR IX 22
HEFEFHA—3, HH Penaeidin 3 5 ALF F:[H
M5 B2 3 MC-LR 5 i) R0 8K, Crustin
HEEMRBMAR I B EEN, £ MC-LR 5
J& ,Penaeidin 3 AT FBELERTHAH I T, 7T
AEJE A& MC-LR 3 LAAE X IFMA N Y ROS H
AR, &R T 4N DNA B 315, Penaeidin 3
FIEZH Y . MC-LR £ 304 4 Py AT AR 1 Bk
RSN AR GG 6 ~ 8 h B X AR A Py
MC-LR ¥ BE T B, X 40 Jfa 3& AR #9528 551,
Penaeidin 3 FXBEBH IR FF. &% H T MC-LR
WRNRIEER , Penaeidin 3 RiKZBEBE T, Bl T
At R A BVE T X A T Crustin 72
M AR CHPH—ERFERHREE. 5%
HEAA EL, MC-LR Xt Crustin #9358 Z WA L
= AR EBFENRLEKAS Crustin F)FRIER
TEBEASL B AR 1 R 20 i TR A T % R AL
A RESZ T MC-LR 5|72 B 40 M 33 4 , ) B3 A T
HREXBERNWMNE, ALF V5 —FEFTEE %
JTHIBTRE K, FT AR 40 B R RS 2 R MR
BT R, ZEESE 2 h 9, HRRET
Z| LR A PR E T A R R B A B
ik, )G BT MC-LR 3& M K ROS EJtb, HE
KEWHETFE., 758 ~12 h it FHURERR T
4+ MC-LR,ALF RFBEHREE LA, X85
Penaeidin 3 {7254 HAELL

MC-LR % 3 FhU Ik B AR HF A —2K,
EREFHEERR LR PRI L — & —H
Mo AWFFR LI, 2R ) FLAIEE T MR 568 51
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WE,3 M ERER S Z2HAT2 h TiH,4~6h
JE T LA A ¥, OKUMURAY B 5% % 31,
ST AT 3 LA B ) RNA B, B Crustin 5541
R AREE R B R GK B T B, 5 AR IR SE B WA 3 ) 3
R—B, [FnF,3 Fho B RTE 5 68 N J5 , MV
MM CV HZAfFERIA R BEEERNEOIF
A%, Penacidin 3 TERBINEESTG 2 h RILH W
BT BG4 MC-LR 45 10 h, e
Penaeidin 3 W) FRZEIEGFMN 8 h HIEEFIHT
WE, ALF EER7ESBINE TN 4 h BB R4 8
Z T8, MAE MC-LR 545256+ MC-LR yE5F 12
h i ALF RN B3% B, AL P RIEER
72 5 F] BB 1 T 88 I B 1 S AT, MC-LR {5 JLAA I
Xf #F f& Py ROS F+ &, S B4 M2 N DNA #}
B2 g T AR AR R Rk, S MV 4
rhRIXBA TR

Toll {5538 & 1 IMD {5 538 % 2 X #F 7K 4
EA SRR PS5 7% Sl PR, BRI IR A SRR IR
IR PIRBKR L . WANG & BTt %9,
2 LoToll R R IG , FLANEERT MR A 5T B R R
REREAR, BURTE T B, 14 P9 40 T B 3 i, 3
TR B IR 78 WANG % jBF g o, 2446 A
RNA THEEARXS IMD 3@ % F ) Relish B X 1) 3R
KHATINEE , B XS SR K A ALF | Crustin ,Pen 3
Ml Pen 5 FEZMBIEIKERWRBEERZB TR
W, BT 0E MR B, FE A BFR P, Crusiin F
Penaeidin 3 FEABZEFHARFI B F MC-LR
EHAEH BN ERBENE R R, &6 A6
A& MC-LR i@ 38 T Toll i@ P E IMD i % FAH
REHWEFERE, HEMENE TP KRR R
K, X RARRSH PR

B2k
[1] ZHANG D, XIE P, CHEN ], et al. Determination of microcystin-
LR and its metabolites in snail ( Bellamya aeruginosa) ,
shrimp ( Macrobrachium nipponensis ) and silver carp
( Hypophthalmichthys molitrix) from Lake Taihu, China[ J].
Chemosphere, 2009, 76(7) : 974 - 981.

[2] CHEN J, ZHANG D, XIE P, et al. Simultaneous determination
of microcystin contaminations in various vertebrates ( fish,
turtle, duck and water bird) from a large eutrophic Chinese
lake, Lake Taihu, with toxic Microcystis blooms [ J ].
Science of the Total Environment, 2009, 407(10) ; 3317 -
3322.

[3] CHEN J, XIE P, LI L, et al. First identification of the

http: //www. shhydxxb. com

(4]

(5]

(6]

(7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

hepatotoxic microcystins in the serum of a chronically exposed
human population together with indication of hepatocellular
damage[ J]. Toxicological Sciences, 2009, 108 (1) 81 —
89.

CODD G A. Cyanobacterial toxins, the perception of water
quality, and the prioritisation of eutrophication control[ J].
Ecological Engineering, 2000, 16(1) : 51 -60.

DAWSON R. The toxicology of microcystins[ J]. Toxicon,
1998, 36(7) : 953 —962.

DIETRICH D, HOEGER S. Guidance values for microcystins in
water and cyanobacterial supplement products ( blue-green
algal supplements): a reasonable or misguided approach
[J]. Toxicology and Applied Pharmacology, 2005, 203
(3):273 -289.

HUA, HEW, Bt SRR X FLY I X IR R
HEFMMEEIRI]. FIlRFEEM: ARPER,
2007, 46(2) : 64 -67.

GALANTI L N, AME M V, WUNDERLIN D A. Accumulation
and detoxification dynamic of cyanotoxins in the freshwater
shrimp Palaemonetes argentinus[ J]. Harmful Algae, 2013,
27. 88 -97.

IR, XURIF, 24, 45 GARRIEBEN ve (R JFUE T4l
UFAEG BRAT LR R e [ ]. /K7™ 244), 2011, 35
(8): 1158 -1165.

IR, SRIEEE, XA R T 3N T IR SRR A 4
M uERE S BT ], AR R, 2013, 40(11) .
115 -118.

GONCALVES-SOARES D, ZANETTE J, YUNES J S, et al.
Expression and activity of glutathione S-transferases and
catalase in the shrimp Litopenaeus vannamei inoculated with a
[J].
Environmental Research, 2012, 75 54 -61.
DESTOUMIEUX D, BULET P, LOEW D, et al. Penaeidins,

toxic  Microcystis  aeruginosa  strain Marine

a new family of antimicrobial peptides isolated from the
shrimp Penaeus vannamei ( Decapoda) [ J]. Joumnal of
Biological Chemistry, 1997, 272(45) : 28398 -28406.

LI L, WANG J X, ZHAO X F, et al. High level expression,
purification, and characterization of the shrimp antimicrobial
peptide, Ch-penaeidin, in Pichia pastoris [ J]. Protein
Expression and Purification, 2005, 39(2) : 144 - 151.
ZHANG J, LI F, WANG Z, et al. Cloning and recombinant
expression of a crustin-like gene from Chinese shrimp,
Fenneropenaeus chinensis [ J]. Joumnal of Biotechnology,
2007,127(4) : 605 -614.

LIUF, LIUY, LI F, et al. Molecular cloning and expression
profile of putative antilipopolysaccharide factor in Chinese
chinensis ) [ J ]. Marine
Biotechnology, 2005, 7(6) ;: 600 —608.

WANG D, LI F, LI S, et al. Expression profiles of

antimicrobial peptides ( AMPs) and their regulation by

shrimp ( Fenneropenaeus

Relish[ J]. Chinese Journal of Oceanology and Limnology,
2012, 30(4): 611 -619.



6 B E NENINEMBERS R (MC-LR) B S T 3 Pt Ik H A= T 847

[17] OKUMURA T. Effects of lipopolysaccharide on gene expression Developmental & Comparative Immunology, 2010, 34(1):
of antimicrobial peptides ( penaeidins and crustin), serine 49 -58.
proteinase and prophenoloxidase in haemocytes of the Pacific [21] ZEGURA B, GAJSKI G, STRASER A, et al. Microcystin-
white shrimp, Litopenaeus vannamei[ J]. Fish & Shellfish LR induced DNA damage in human peripheral blood
Immunology, 2007, 22(1) : 68 -76. lymphocytes[ J]. Mutation Research/Genetic Toxicology and
[18] GARCIA J C, REYES A, SALAZAR M, et al. Differential Environmental Mutagenesis, 2011, 726(2) : 116 —122.
gene expression in White Spot Syndrome Virus ( WSSV )- [22] 7RBEBH, XUFIE, BEpkE, 2. 4ia ey RANE 3
infected naive and previously challenged Pacific white shrimp MR FEAEAN BEFMEROPR[C]. hEK™2E
Penaeus ( Litopenaeus vannamei) [ J]. Aquaculture, 2009, S ARSI SO B4R ,2012.
289(3) : 253 -258. [23] DE LA VEGA E, O’ LEARY N A, SHOCKEY J E, et al.
[19] ANTONY S P, PHILIP R, JOSEPH V, et al. Anti- Anti-lipopolysaccharide factor in Litopenaeus vannamei
lipopolysaccharide factor and crustin-III, the anti-white spot (LvALF) ; A broad spectrum antimicrobial peptide essential
virus peptides in Penaeus monodon; Control of viral infection for shrimp immunity against bacterial and fungal infection
by up-regulation[ J]. Aquaculture, 2011, 319(1); 11 - [J]. Molecular Immunology, 2008, 45(7) : 1916 —1925.
17. [24] GAUDIN J, HUET S, JARRY G, et al. In vivo DNA damage
[20] WANG K H, TSENG C W, LIN H Y, et al. RNAi knock- induced by the cyanotoxin microcystin-LR ; Comparison of
down of the Litopenaeus vannamei Toll gene ( LvToll ) intra-peritoneal and oral administrations by use of the comet
significantly increases mortality and reduces bacterial assay [ J ]. Mutation Research/Genetic Toxicology and
clearance after challenge with Vibrio harveyi [ J ]. Environmental Mutagenesis, 2008, 652(1) : 65 -71.

Expression profiles of three antimicrobial peptide genes in Litopenaeus
vannamei induced by microcystin (MC-LR)

LI Zhi', FU Yi-ming', LI Xiang®, LIU Feng-song’, LIU Li-ping'
(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Shanghai Ocean University, Ministry of
Education ,Shanghai 201306 ,China; 2. College of Life Sciences, Hebei University, Baoding 071002, Hebei,China)

Abstract: Microcystins (MCs) are a kind of cyanobacterial toxins produced by cyanobacterial bloom. They
can affect the growth and reproduction of a variety of aquatic organisms, such as shrimp. In this study, the
expression profiles of three antimicrobial peptide genes ( Penaeidin 3, Crustin and ALF) in Litopenaeus
vannamei were detected via real-time fluorescent quantitative PCR ( qRT-PCR) method post MC-LR injection.
The results show that MCs can significantly affect the expression of Penaeidin 3 and ALF but cannot affect that
of Crustin. In order to understand the impact of MC-LR on the response of the three peptides to bacteria,
Vibrio anguillarum was injected into the shrimps after MC-LR injection. The relative expressions of three
antimicrobial peptide genes were all down-regulated in the early stage and up-regulated after 4 h post Vibrio
anguillarum challenge. Expressions of three genes in MC-LR injected group were all down-regulated compared
with the control group. The results suggest that MC-LR could affect the expressions of antimicrobial peptide
genes in unkown ways and impact the shrimp immune system.

Key words: Litopenaeus vannamei; microcystins; humoral immunity; antimicrobial peptides
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