FEILT - |7
hmAWUE

C- LvLec?2

1,2 1 1 1,2 1

(1. , 266071; 2. ,
100049)

WE: LEREFT 5 E I (Fenneropenaeus chinensis)C-type lectin 3 B R 49 C-R 5t &£ & LvLec2 3
B &%), i@ it Real-time PCR #F7% T £ &8 % 4% (lipopolysaccharide, fa]#% LPS). R &AM E
(Micrococcus lysodeikticus)#= & B2 45 &4 % 2 (white spot syndrome virus, & WSSV)## /5 6945 K &
KT, 5 R KA, LvLec2 %?h 157 NRILER, 2H 1 AN4ER 5] 45 # 3% (carbohydrate recognition domain,
] #k CRD), # CRD ##3RF BA kAL 4 F e AF “EPS” (Glu''®-Pro'’-Ser'?) % 7. % %t
AR M & B LvLec2 5 €% & 4 L4 E 3t 5T (Litopenaeus vannamei)C-F 5t 5 % F 4% 483i%, LPS. K&
REERIR A A2 WSSV #UE , LvLec2 3 B AT MRAE F 6945 R AR WA 269 T2 R EAEX KR . LvLec?
T G A A AL KARAN LKA G T 2 HF2 55 R 49125 S5 4.

KBIA: FLLA R ST (Litopenaeus vannamei); C-R B &, AR L%, TR AR, LEEL
PESHES: Q786 XHkFRIRAS: A X EHE: 1000-3096(2010)11-0103-08

, aeus japonicus) (Fenneropenaeus mer-
, guiensis) C- [13~18]
LvLT!™
LvCTL1" LyLec!'” LVLU' - ,
[ C-
LvLec?2 C-
R LPS
Toll C- (21 , LPS WSSV
LPS B-1,3- LvLec2 LPS
[3:4] WSSV ,

[5]

c ’ 1 M7

C CRD 11 SRERXHF
, C- < i ( 125cm + 0.5 cm, 25.5
[6.7] g+0.5g) R

:2010-07-29; :2010-08-15
[8~12] : 973 )
’ (2006CB101804); (2010GB24910700)
s C- , : (1981-), s
(Fenneropenaeus chinensis) s 1 0532-82898571, E-mail: bluelz 2001@163.
com; s R 1 0532-82898568, E-mail: jhxiang@ms.

(Litopenaeus vannamer) (Marsupen- qdio.ac.cn
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7 d, s http://www.expasy.ch
) , RNA
cDNA ProtParam s
12 SAEARZD SingalP , Smart
MEGA 4.0 ,
LPS
WSSV , PBS(phosphate
buffer saline, PBS) , 30 z1 RBEHAENSIMEFT
LPS 10 pL PBS Tab. 1 Oligonucleotide primers used in this study
LPS (5 mg/mL); , (-39
10 WL PBS LvLec2-FI ~ AGGTTAGTAGCCTCGCCGCCA
0.2 g/l . WSSV ’ LvLec2-R1 CGCAGCCTAGTCCTTCCTCATA
(201, LvLec2-F2 AGCGACTGCCTCAACAACA
10 uL WSSV ? LvLec2-R2 CCGTTCAGCCACTTCCAAT
> 10 uL PBS B-actin-F AGTAGCCGCCCTGGTTGTAGA
0 6 12 24 5, B-actin-R ~ TTCTCCATGTCGTCCCAG
) , RNA LVTPI-F GAACAGGCACAAGAAGTCCACG
3, WSSV LvTPI-R GCACTGACAGAGCCACCATAGA
5 R DNA, :F R
WSSV , WSSV
%2 PCRRRN#HR
> > Tab.2 Components and reagents for polymerase chain reaction
18.25 uL
1.3 CcDNA R B & 5% cDNA 1L
10xbuffer 25 uL
NCBI 161075 EST MgCl,(25 mmol/L) 1.5 uL
( ), dNTP(10 mmol/L) 0.5 pL
lectin , 39 (10 pmol/L) 0.5 uL
contigs singletons C- (10 pmol/L) 0.5pL
C-type lectin 3 contig( Taq DNA (5 w/pL) 0.25 pL
LvLec2) Primer premier 5.0 25 uL
LvLec2-F1 LvLec2-R1( 1),
¢DNA . PCR LvLec? 1.5 AENARLH
LvLec? PCR 1 94°C (
4 min, 1 ; 94°C 50 s, 55 50 s, )  RNA,
72°C 1 min, 35 ; 72°C 10 min, 1 cDNA RT-PCR, cDNA 1uL
; 4°C , PCR 2 , p-actin ( 1, 28
14 izl 'jj’&h\#ﬁ LvLec2 , 27 [-actin
LvLec2 mRNA
NCBI (http://www.ncbi. ’ 10 uL PCR 294

nlm.nih.gov) BLAST , Quantity one 4.4

, cDNA
(open reading frame, ORF) Bioedit
Genbank LvLec2 16 %AH ff?‘if&ﬁﬁ/ﬂ‘]
C- CRD , LPS
ClustalW cDNA WSSV PBS 0 6 12 24
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cDNA, Real-time PCR
, LvLec2-F2  LvLec2-R2( 1) LvLec2
Real-time PCR , 173 bp
Wang!?"! , p-actin
WSSV ,
TPI(triosephosphate isomerase, TPI)
, WSSV
LvTPI-F LVvTPI-R( 1)
TPI , 107 bp LPS
PBS S-actin ,
B-actin-F B-actin-R , 240
bp Real-time PCR Eppendorf
Mastercycler ep realplex 4S PCR ,
Blend Tag-Plus- PCR ( 3,
SYBR Green cDNA PCR,
s LvLec?2,
3 LvLec2 1 94°C
2 min, 1 ; 94°C 20,57 °C 20s,
72°C 20s, 40 S-actin TPI
Real-time PCR LvLec2 s
58 60°C

% 3 Real-time PCR K&
Tab. 3 Components and reagents for real-time poly-
merase chain reaction

15.73 uL
cDNA 0.5 puL
10xbuffer for Blend Taq 2.5ulL
dNTP(2 mmol/L) 2.5yl
(10 umol/L) 0.5 pL
(10 umol/L) 0.5uL
SYBR Green 1.25 pL
1.27 uL
Blend Taq (2.5 uw/pl) 0.25 uL
25 uL
9-AACt [22]
SPSS 11.5
2 &R
2.1 CcDNA K Bty e
LvLec2 1 474 bp ORF
157 ORF
1 17.96
ku, 4.35 SMART R

'M@Ammw

N 1 17 , C
1 CRD BLAST , LvLec2
C-
LvLec2 FcLec3
(ACJ06431.1), 76% (Metapena-

eus ensis)MeLT(ABV58637.1) 47%,
(Eriocheir sinensis)ESLT(ADB10837.1)

37% , C- LvLT

(ABI97374.1) 27%

22 HEwTEHY C-REEE CRD 2
7 pe st ot

LvLec2 C- CRD
, LvLec2
CRD 4
, . Cys*!, Cys*?, Cys"
Cys'", C- LvLec2 CRD

““EPS”*(Glu'"*-Pro'"-
Ser'™)  ( 2)

| RTACAGTCGTTCGTTTCGTTCGTCOTGGCTTIGCTTGCOGTCRCCAGGGCGCAAGATTAC 60
1 M @ S FVSFVVaALLAVARSARQDY 20

61 TGTCCATCTOCCTTCGTCACAATTGGCAACGGGTGTTACTGGTTTTCGAGTGAGARAGCC 120
21 CPSPFVTIGNT GCYTWFSSETE KA A 40

121 ACATGGGGGTACGCGCOGAGCGACTGCCTCAACAACACGATCGGCCTCRAGACGGACCTG 180
4] T % 6 Y ARSDCLNNTITIGLETDL 60

181 GCCATGATCACOGACTGCGAGGAGCACCACCACTTCTGGAATTACGTCACGTACACCCTC 240
6] AMITDCEEHHHFWNYVIYTL §

241 GGCCAGACAGCGGAGTACTGGCTGGGTGGCTACGACGTCCTCGAGGAGGGCCATTGGAAG 300
8] G QT AEYWLGGYDVLEESGHTW¥EK 100

301 T66CTGAACGEEOGTGACGTGCCCATGGGCGTGOCCTTCTGGTACCCCGGCGAGCCGAGC 360
10] "L X6 RDVPMNGVPFT®YPGETPS S 12

361 GGCACGLGAACGAGGACTTCCTGOCATTCACGAGCGAGGGTTACTICOGCGACCARAAT - 420
121l 6 DANEDFLAFTSEGTYFGDGA@QN (40

421 G.*J\A.’\CG(C(T(L’TGT:\(T.i(GC(TG(C:\GGTGGTGTATATGAGG:‘L"\GGA 474
141 EN AL LYY ACRQVYVYYMBRIEKTD =

1 LvLec? ORF
Fig. 1 The ORF and deduced amino acid sequence of
LvLec2 from L. vannamei
ATG. , TAG. ;
, CRD,

ATG: sttrart codon; TAG: stop codon; the signal peptide sequence is
underlined; the CRD of LvLec?2 is shaded by gray; and the potential
glycosylation sites are indicated by curve

2.3 Ao
MEGA4.0

s C- LvLec?
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Lvlectin2
Felec3
MeLl. T

.

FRRX - [im

-SEKA NNTIGLET [
S SPA SSPIELE

EsLT
LvLT-CRDI
LvLT-CRD2
PsLT-CRDI1
PsLT-CRD2
FmLT-CRDI
FmLT-CRD2
PmLT-CRDI
PmLT-CRD2
FclLec5-CRD1
FclLec5-CRD2

Lvlectin2 80
Felec3 80
MelL.T 39
EsLT 78
LvLT-CRD1 77
LvLT-CRD2 77
PsLT-CRD1 77
PsLT-CRD2 77
FmLT-CRD1 77
FmLT-CRD2 77
PmLT-CRD1 77
PmLT-CRD2 77
FelLec5-CRD1 77
FcLec5-CRD2 77

2 LvLec2?

PmLT(ABI97373.1) LvLec (ABU62825.1)
A,

CRD Cys

LTS ‘FE.:’P‘MTF’F‘-! HFDYHQQP

CRD C-

FcLecS(ACJ06428.1);

VLRTVYL RSk
Dygl #L\]!L
_ aLgE

CRD

Fig. 2 Alignment of the CRD sequence of the LvLec2 from L. vannamei with C-type lectin CRD sequences from other crusta-
ceans
: FcLec3(ACJ06431.1) MeLT (ABV58637.1) EsLT(ADB10837.1) LvLT (ABI97374.1) PsLT(ABI97372.1) FmLT(ACR56805.1)

5

> 50%;

Amino acid residues that are conserved in at least 50% sequences are shaded in dark, and similar amino acids are shaded in grey. Conserved
cysteine residues are marked with A, whereas motifs determining ligand binding specificity are boxed

C-
3 , LvLec2
, FcLec3

>

LvLT LvLec LvCTLI1

2.4 HALEHH

RT-PCR
mRNA
LvLec2
25 RERBZE LvLec2 X
FF A& éﬁ%%ﬁﬁ

Real-time PCR

106

C-
. )
LvLec?2
( 4
B A FL 44 3R AT

LPS

/2010 /

WSSV , LvLec2
( 3
251 LPS
LPS LvLec2 mRNA
5-A , LvLec2
PBS , LPS
6 , 12 h )
24 h LvLec2 mRNA ,
(P<0.01)
2.5.2
5-B, , LvLec2
6 12h , 24h
(P<0.01)
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it
51 FmLT
5 Fclecs
97 PmLT
94 PsLT
99 LvLT
50 ——FcLec2
FelLecl
100 LcLec
31 T00/LvCTLI
PMAYV
LvCLec-1
L MelL.T
A [vlec2
100 Felec3
EsLT
FeClec-1
PmLec
Fclec4
99 FclLec6
0.2
3 C-

Fig. 3 Phylogenetic analysis of C-type lectins from
crustacean

N-J ,  MEGA4.0 , 0.2;

LvLec2 A ; : FcCLec- 1(AAX63905.1)
FcLec1(ABA54612.1) FcLec2 (ACJ06429.1) FcLec3(ACJ06431.1)
FcLec4(ACJ06432.1) FcLec5(ACJ06428.1) FcLec6(ACJ06430.1)
LvLT(ABI97374.1) LvLec(ABU62825.1) LvCTL1(DQ858900.1)
LvCLec-1(DQ858899.1) PmLT(ABI97373.1) PmLec(AAZ29608.1)
PMAV(AAQ75589.1) ESLT(ADB10837.1) MeLT(ABV58637.1)
PsLT(ABI97372.1) FmLT(ACR56805.1)
Neighbor-joining trees were generated from multiple sequence
alignments using the software of molecular evolution genetic
analyses MEGA (version 4.0), LvLec2 was marked with A. The bar
(0.2) indicates genetic distance

4 RT-PCR

Fig. 4 Detection of LvLec?2 transcripts by RT-PCR
1. ;2. ;3. ;4. ;5. ; 6. 5 7. ;
8.

1. epidermis; 2. hepatopancreas; 3. gill; 4. stomach; 5. intestine;
6. heart; 7. hemocytes; 8. muscle

2.5.3 WSSV
WSSV LvLec2 mRNA
5-C LvLec2 WSSV
6 b b
12h ,24h
(P<0.05)
3 ik
C-

' ﬂlﬂpART/CLE

, C
CRD , C-
CRD PmAV 2%
FcLec1P¥ CRD,
Fclectin'?! LvLT! PmLT!!
2 CRD C-
LvLec2, C 1 CRD
31 A oxfEsgl
@ LPSii 5l sk
B2l
2
oy *
91 = %
0 6 12 24
TSR E] /M
3rs
® JOE ROk AL
E; 21 ok
# | |_-_‘ i '
0 ’_l . .
0 6 12 24
- TR /M
1€ oxfmam
BWSSVidijuy] *F
B2t
o3
i3
# 4 ‘ *
0
0 6 12 24
TS ) /h
5 LPS (A) (B) WSSV
(©) LvLec?2
mRNA

Fig.5 Relative LvLec2 mRNA expression levels in hepato-
pancreas at different time intervals post LPS (A),
M.lysodeikticus (B) and WSSV injection (C)

P<0.05, * ; P<0.01, ** ,3

* (P < 0.05) or ** (P < 0.01) indicates significant difference be-
tween challenged shrimps and unchallenged controls. Data are pre-
sented as mean +SD of three independent PCR amplifications and
quantifications
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(2]

9 C_
““QPD”?(GIn-Pro-Asp) ,
““EPN”7(Glu-Pro-Asn),
, ““EPN~~ ““EPD””(Glu-Pro-Asp) ““EPS~~
(Glu-Pro-Ser) , FcLec3
(Chlamys farreri)  CfLec-2"!  LvLec2

CRD ““EPS”*(Glu'"®-Pro'"’-Ser'?®)
C-
LvLT!' 2h ,4h
Zhao ['® LvCTL1 ““EPN”” |
WSSV VP95 VP28 VP26 VP24 VP19
VP14 rLvCTLI1 WSSV
, , Zhang U7
LvLec ~ ““EPN”” ., (Ca*
IM109, EDTA
SMART LvLec?2
C- 4
, C-
BLAST ,
LvLec?2 C- FcLec3
, C- LvLT
LvCTL1 LvLec S R
C-
C-
, LvLec2
FcLec32! , FcLec3
PCR ,
F
, LvLec2
LvLec2
FcLec3 ¢, (Vibrio an-
guillarum) 2 s s
12 ; WSSV 2~6 h
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, , 24
, LPS
, LvLec2 WSSV
, WSSV 6 ,
Fclec3 WSSV 2~6h ,
6~24 h LvLec2 s
FcLec3 >
LvLec2  FcLlec3 , C-
FcLec3 WSSV VP28
s LvLec2 WSSV
LvLec? ,
LvLec?,
WSSV
, 7 C-
C-
ESTs contigs 39
C-
32 C- e,
C- )
C- s
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Cloning of a novel C-type lectin LvLec2 from the shrimp Li-
topenaeus vannamei and its immune response to different
challenges

LUO Zhan'?, ZHANG Ji-quan®, LI Fu-hua', LIU Cheng-zhang'?, XIANG Jian-hai’

(1. Key Laboratory of Experimental Marine Biology, Institute of Oceanology, Chinese Academy of Sciences,
Qingdao 266071, China; 2. Graduate University, Chinese Academy of Sciences, Beijing 100049, China)

Received: Jul, 29, 2010
Key words: Litopenaeus vannamei; C-type lectin; gene cloning; different challenge; immune response

Abstract: A novel C-type lectin gene LvLec2 was cloned from Litopenaeus vannamei. LvLec2 shared high identity
with C-type lectin 3 from Fenneropenaeus chinensis. The deduced amino acid sequence of LvLec2 contained 157
amino acid residues and a carbohydrate recognition domain (CRD) at the C-terminal. There was a potential carbo-
hydrate-bingding motif “EPS” (Glu'"®-Pro'"’-Ser'*’) in the CRD, and it might bind mannose-type sugars. BLAST
search and phylogenetic analysis showed LvLec?2 shared far evolutionary relationship with other C-type lectins from
L. vannamei. In healthy shrimp L. vannamei, LvLec2 was mainly expressed in hepatopancreas. Real-time PCR
analysis indicated that LvLec?2 transcripts level showed significant change in hepatopancreas after the shrimp were
artificially challenged with LPS, inactived Micrococcus lysodeikticus, and white spot syndrome virus (WSSV). The
results suggested that LvLec2 might be involved in the immune response against WSSV infection, and might con-
tribute to non-self recognition by functioning as a pattern recognition receptor in the innate immune system of
shrimp L.vannamei.
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Numerical simulation for ocean wave in sea areas by Ryukyu

MAO Ke-feng!, CHEN Xi*, LI Yan!, XIAO Zhong-le?

(1. Institute of Meteorology. PLA University of Science and Technology, Nanjing 211101,China;2. No.96631 army
of PLA,Beijing 102208,China)

Received: Mar., 19, 2009
Key words: ocean wave; Ryukyu area; sub-grid; numerical modeling

Abstract: In order to describe complex multi-island terrain and coastlines adequately for modeling ocean wave in
sea areas by Ryukyu, an algorithm based on high-resolution bathymetry and coastline data was developed to opti-
mize the design of wave computation grid and introduce sub-grid terrain effect into wave computation.
WAVEWATCH-III was used to carry on continuous numerical simulation for a month. It was validated that the
impact of complex coastline and multi-island on the wave propagation, computation grid resolution, and sub-grid
effect of the multi-island effect was adequately address. Application of this algorithm led to much improved com-
putational results.
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