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WME. CAREZRZ —XC R EUNBEL ENEEN LR AT RELFEEEA,
KA RT-PCR X RACE A B AR m BT HFmWMEd CABREXRKk4NEE(EnCTL-1,
EmCTL-2 .[EmCTL-3 EmCTL-4) #§ cDNA 4K, %X 4 4 C % & & H F By cDNA 42 ¥ 454 %
13901 119 .1 364 1 1 299 bp, 4 ] 4 996 969 .1 026 F1 1 044 bp t FF % [ L AE , & 4 # 332,
322341 Fu 34T NEAXBWNE G, HAXRFHNEZ KRBT EE C BB E F A 025
K 40% 37% 69% 1 T3% , 55 H Al it K T 2 09 A0 LM A 30% ~41% = 8 o FH 1 2 A AT
DrHENCAREZFAFN AR NIRRT E THMEERZE, M2 EA, FWANH C
AEEEFAFNETPRBINEL X FARL,FELBRENCTLA BT+ EXCARERZTH A
S HMHE TR C, ARKK M EKNA,EmCTL-1 £ F & ik # k3K ,EmCTL-2 £ % &
Pf o A g A & 7 k3K, T EmCTL-3 #n EmCTL-4 | * EEKE Y k%, ARXWA,FW
BN CARERARNEARKWH ML AN XEERERTELZRTE T LFNRT
AEABRKRARTBEFEAMLA BEMODRZFMaNCAREZHXETENRELRE.
KW AN, CARER; wk; A8 04; MHEEEF

hE4SES: Q785; S966.12

EEREZR (lectin) S 45 AT SE B b R 50 0 b FL28
GV H Z A AT B 5 0 — 28Rl AR SR
VR o 1988 AF U BURRRD £k
BLOK, CUEM B I A TR 5 A R
A BT A AR B shy an i im0 o sh e
LEA N CHLS AL L A P AR AT AL
AFED Y, C B4 2 (C-type lectins, CTLs ) J&
—X Ca’ KB EMBEE A, TS A B — R
SRR U 25 H B (CRD) , W] & — M 5 e ) 3k
TR 5 P B i 245 5 5 TR BAF L B8 4R S5 ), DA T i 2 AL
RIERR Y o AR B IR T S S
FERIIRA , T UEW] C BY R AR 2 A0 IR 28 1Y) e i By
M s T E AR, AL B AR R PO
AL 2R G BLE F R VR R T
EL 75 0 [ B X iR ( Fenneropenaeus chinensis) ' J,
Yl N BF ( Litopenaeus vannamei ) ™ BE 5 % #F

%5 B #5:2013-07-12 &8 B #§:2013-09-13

XA ER A

( Penaeus monodon)"® | A A3 X} iR ( Marsupenaeus
japonicus) " BT XFHR (F. merguiensis)''" % K
TR ( Macrobrachium rosenbergii) "> v 4& by #5 &
( Eriocheir sinensis) %525 3o lF i vh g o s e
750 [ ¥R ( Exopalaemon modestus) 3 Jg T &
R iR Rl ( Palaemonidae ) [ 1F & ( Exopalaemon) , 1E
F [ p b A b 1) K BT R oy ATz, Kb R
A R TE VL I35 R ) K S8 75 T AR S O A 4 H A
SRR RSTEL L ING STER S P "SI TR N
WM=H"2Z— AR, FuHEH IR N TEH &
FRIHHAR TR R WOF B AR, H B A=Y ot
FE RS Z AT R C UG T i e H
HB AR B S Or A R S AL B 5 U A
M . 84 Ik, O HRE R F5 I E AR R R T
AL A 16SrRNA ( GenBank J¥ %I 5 EU493144 |
DQ194971 .DQ647672) .28SrRNA ( GenBank J5: 1]
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5 e B 1633

5 EUO08718) Fl 4 il 4 R A ALl WAL 1 (Co 1)
JE[H ( GenBank 5415 AB235307)3 Fb, Ifii 4 % 75
[ERSEORZI: e A SR SR O I Ry & B X 3 AT
FIER C A B 4R 2% i DA it 9F 5 AT = HC R TR 5L
g e — 5 W 5 G 5 TR A g o g AL A R b S it B
AT S W5 A 22 TR R 2R e ol 2 AR R b
BT L B2 LA 2

A58 AR 5256 25 75 T 10 e S 20 0 T 1) 2
P YE T I E AR C B EE S R B I A T
%), # H PCR F1 RACE ( rapid amplification of
cDNA ends) i R 5wl 1 75w HIF C BEEE R K
o4 4 Kt ( EmCTL-1, EmCTL-2, EmCTL-3 .
EmCTL-4) 1) cDNA 4, % H AR 1 5T 45 14 F1 7T BE
MY T REZEAT 1 WU 23 B, WF T 13X 4 AL R AH
SR IR R AR A5t A% Ak, LU Oy 75 T 1 1 35t 1%
T ST 5 e B 328~ F 5 4 BE AR 4 o

1 MRSk

1.1 SEI##

5% B ¥F 7500 F R T 2012 £ 5 A W A I8
MITTORIIA I B, (R B it 1. 915 ~3.723 g, (A K
4.3 ~6.8 cm, {EFENZREIMAKKTEF3d
J5 PRI BRI Tk 1 AR 36 F2 1 AR ik ) R 1
3N A NN R S s AN 70 SN i NS S A
T HEFRIRIR TR ( DEPC) Ab B K IC i Ay B R 2% v
W(pH 7. 4) HiEVE, & WA R HE, LT
-80 CI#7E, M T 5 RNA 32 H, I 10 R4
T2 A K B HTEE R 9 T S s 2 2 KoK
Vo VR BRI > 1A 11 5 — 20 L R Rl IR, 1l VR S Bt
BERN AR R 12 1,4 C 10 000 r/min &
10 min J5 T TTE , HEAT & RNA 42,

EX SEwl DHS5o K7 1 T 2% 52 25 40 1 L 35
e B Invitrogen /A ) ; DEPC W B i T.A4Y)
/A ;PrimeScript ™ RTase ¥ %% 54 iff . RNAiso Plus &
#) .DNA B4 1.T, DNA %4 RNA i | |
dNTP pMDIO-T # /& iy i TaKaRa 4% &; DNA
Marker g [ 4t 50 4 204 A W H R A 7], SMART™
RACE c¢DNA #3835 & W) 5 Clontech 22 F]

1.2 SKWAHE

% RNA # 32 3 f= cDNA # & & H
RNAiso Plus £ 4% 41 21 19 & RNA, | DNA i
DNase I( RNase Free) jifk 5, T 20 pL RNase
Free Y 7K v, 28 58 Hh 73 606 BE 114G I RNA 19

T2 1% 135 Wl 58 e v Dk G TN RNA Y 52 B M
B3 pg & RNA #% B PrimeScript™ 1st strand
cDNA Synthesis Kit i B 45 & % ¢cDNA 5 — %,
-20 CHRAFE .

F W @ ¥ lectin & B | B-actin Fk B # s F 7
% R 4 A% 52 55 28 55 W 1 W A s 2H 00 ) 1 45
W BT %8 52 W) lectin FE R | B-actin H: [F] ¢cDNA J#
it 51 % EmCTL-1-F EmCTL-1-R . EmCTL-2-
F. EmCTL-2-R, EmCTL-3-F, EmCTL-3-R,
EmCTL-4-F, EmCTL-4-R, Em-ActinF Hl Em-
ActinR( £ 1), LAF5 N HEF OGP §1 cDNA S Bt ,
25 wL SN Z & R 43 - 10 x PCR buffer 2.5
wL .25 mmol/L {4 MgCl, 2 pL, 10 mmol/L ]
dNTPO.5 pL. F Fiigl ¥4 1 pL.rTag [i
0.3 pL . JCH# 7k 17.7 pL, PCR $" 3 &y 94 C
4 min;94 € 1 min .58 C 1 min.72 C 1 min, 3£ 30
AMEFR,72 CHEM 7 min, PCR “H)4 1. 0% 3
I W e s Pl Dk e | [l Wi 4k Ak IS e B % pMID19-
T A, 56 1L 2] &% % 45 DHS o, #E47 W5 11 B 0 2%
PV PCR A FF 7 5 B % B S (2 AR W HOR A
FRZA ®EATI0 7, BT 75 /9 ¢cDNA J Bt 5 GenBank
B e v iy 2 A 51 64T BLAST [] I 23 B

lectin A B 4 Kk cDNA 57 84 3K 13 k H
SMART™ RACE cDNA ¥ B8 7 £ 43 3| 3 18 75 i
FIUR lectin JE DAY 3" AR 3w A1 5" AR U0 1 Ul ] 45 1
0.2 mL 804 K I A B RNA 1 pg 5'-CDS
primer 1 pL,SMART II A oligo 1 uL.5 X First-
Strand buffer 2 pL,20 mmol/L DTT 1 pL. 10
mmol/L dNTP Mix 1 pL, MMLV Reverse
Transcriptase 1 uL F§ F & A 5’ -RACE-Ready
cDNA; Il A & RNA 1 pg.3'-CDS primer 1 pL,
sterile H, O 1 wL .5 x First-Strand buffer 2 L 20
mmol/L DTT 1 pL 10 mmol/L dNTP Mix 1 pL,
MMLYV Reverse Transcriptase 1 pL F F & i 3’ -
RACE-Ready cDNA, #fs I ik we Iy C 4845 1)
FEWH Ay EmCTL-1 . EmCTL-2 .EmCTL-3 . EmCTL-4
FERIA cDNA B34, 43011 3'Fl 5'RACE 5|
M) (F 1), 4> LA 5'-RACE-Ready cDNA #il 3’ -
RACE-Ready ¢cDNA mi&E i, % F 81 PCR #1472
P, LR HAY ™ ¥ 1 % PCR [N ik R 40
J{ % : RACE-Ready c¢cDNA 2.5 pL .10 x Advantage
2 PCR buffe 5 pL 10 mol/L dNTP Mix 1 pL 10 x
UPM 5 uL .10 wmol/L FK %545 25| #) 1 uL .50 x
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O 37 %

Advantage 2 Polymerase Mix 1 uL #l PCR-Grade
Water 34.5 pL, PCR JZ Jij & 1f 4 94 C 4 min;94
C 1 min .68 C 30 5,72 T 3 min 3 25 MEH ;72
CAE A 10 min, J 1. 2% 35005 4% B B AL Tk A6
PCR =4, #5 PCR =¥ ffi B¢ 50 1) 147 515X PCR
BN, SRR 28 21 A80h - 6 B O 19 1 fE PCR 24 5
pwL .10 x Advantage 2 PCR buffer 5 pL .10 mmol/L

dNTP Mix 1 pL.10 pmol/L NUP 1 pL .10 wmol/L
Kk 2514 1 pL.50 x Advantage 2 Polymerase
Mix 1 uL ,PCR-Grade Water 36 uL, H#i:; PCR Jx
MR 94 C 4 min; 94 C 1 min 68 T 30 s,
72 € 3 min 3t 20 445 ;72 C ZE ff 10 min,
RACE =¥y 4lift v b Ay 5 2z [ |

®1 SMEREFT

Tab.1 Parameters of primer pairs used in this study

SIPFH(5-3")

primer sequence(5'-3")

EIRZE
primer

EmCTL-1-F GCATAGTTGCTGCTGGGACA
EmCTL-1-R CTCGGTTGGTAAATCTTAGTAGTG
EmCTL-2-F ACTTGGGACAGCGTTCGTCA
EmCTL-2-R GTGGAAATAGAAGAAATCAACCG
EmCTL-3-F GTGCGGCGTCAGTTACTC
EmCTL-3-R CTACAACATCGTATTAGATAGATTA
EmCTL-4-F AAGAACCCACGCAGAACG
EmCTL-4-R CTGGAGGATTTAGCATAGTTTA
Em-ActinF TGGTGGTCATGGGTGAGAGG
Em-ActinR TCGCTAGGCGGTGCTCGT

EmCTL-1-3outer
EmCTL-1-3inner
EmCTL-1-5outer
EmCTL-1-5inner
EmCTL-2-3outer
EmCTL-2-3inner
EmCTL-2-5outer
EmCTL-2-5inner
EmCTL-3-3outer
EmCTL-3-3inner
EmCTL-3-5outer
EmCTL-3-5inner
EmCTL-4-3outer
EmCTL-4-3inner
EmCTL-4-5outer
EmCTL-4-5inner

AAGGGAGGGAAGTTGGGTTTGGA
TCTTCAGGAGGGCACTTGGCTTTG
CCAAAGCCAAGTGCCCTCCTGAA
CATCTGGTACGGGACTGGGCATT
ATGGATGGGCGGCTCTGACCTTA
CTGAAGCCCAGCCAGAAGAGGAA
TCAGAGCCGCCCATCCATAGGTC
TCGGTTCCTGGTGCCCTGATTGT
GACGACCACCAAGAAGGGCAATG
CTGGCACGACGGAAGCAGGGTAA
CATCCTTACCCTGCTTCCGTCGTG
CATTGCCCTTCTTGGTGGTCGTC
AGTTGCCCCCCATTTTTCGTTGA
CACCGTTTTGGGGGAACAGTATCA
CGAGAAATGCTGTTCGCAGTCCA
CGCCCTCAAGAGAATGGCACACC

SMART II A Oligonucleotide
3’-RACE CDS Primer A
5’-RACE CDS Primer

UPM (Long)

UPM ( Short)

NUP( Nested Universal Primer A)

AAGCAGTGGTATCAACGCAGAGTACGCGGGXXXXX
AAGCAGTGGTATCAACGCAGAGTAC(T)30VN(N =A,C,G,or T;V =A,G,or C)
(T),s VN(N=A,C,G,or T;V=A,G,or C)
CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT
CTAATACGACTCACTATAGGGC

AAGCAGTGGTATCAACGCAGAGT

T X U3 SMART 519 )5 51 45 A7 9 A W 1k

Notes: X means undisclosed base in the proprietary SMARTer oligo sequence

lectin 3k B # F) IR M2 b 37 4 %k cDNA J3 7| 4
JE 57 B AR M) 3 @ 1 Vector NTI Suite %%
X345 B cDNA J¥ 5] 47 PF 4% . FI AT NCBI /iy
ORF Finder 2 [y %t B 15 J7 51 /F 755 15 12 4E 53 A
(http: / www. ncbi. nlm. nih. gov/projects/ gorf/
orfig. cgi) , T I 4 i 24 FE 1R )77 9l o {5 5 KRN 25 44

B3 843 3 2% I SignalP 3.0 #£ )% (http: / www.
cbs. dtu. dk/services/SignalP/) Fl Motif-Scan f2 %
(http: // hits. isb-sib. ch/cgi-bin/PFSCAN) , #|
SWISS MODEL # [ 5 45 ¥4 [] I i 45 T H. (htep - //
www.  expasy. ch/swissmod/SWISS-MODEL.
html) , 7000 B 4% F 500 09 5 B = 4E &5 0, OF H
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ik 5k b 1635

PyMOL {4 M4 53 #r o 751 [ 4R C 7 Lectin 53
Py 2 B R 7 51 1Y) B R ) Clustal W 27471 L
AR A (http: // www. ebi. ac. uk/Tools/ clustalw2/
index. html) #l BioEdit #4743 #7 ; B MEGA 5.0 %k
L 4B 2 1: (neighbour-joining , NI ) #4) i 22 4 #E fb
B, F 1% (bootstrap ) #E47 1 000 ¥ 8 52 46 5

SFHASA EIEA 2 4 CRD 2544 55
(1) lectin JE A, A1 45 v [ B X} iF (EU834290. 1) | JL
IR (DQ871245. 1) 857 X AR (FI751773. 1) |
TE 6 i (DQ871244. 1) | % [K T HF (JQ349148 Fil
JQ349150) LA Jo A< it 93 3K 45 19 55 Wi (= o 1 4 4
lectin JEH 731 R 45 5 5 XA HES 25 31 L3 4 7
B MO M3 Mla M2a M7 Fl M8 ki 4
AP F I o (0 =dN/dS) ™ SR MO M3,
Mla M2a, fl M7, M8 # i 17 ji %t b 4%, H
PAML 4.0 #{43 ff) CODEML F2 5 %} Lectin &
3 4 B BRI B e R 05 LR K B
(LRT) Rl 4 750 [7)] 22 S 2 5 et 7 S0, B
AR ) T R

TR P lectin 3 F 45 mRNA & i& JE
i B3R U7 R RS B AS [ 4L 211 cDNA HE A, L)
EmCTL-1-F/R, EmCTL-2-F/R, EmCTL-3-F/R .
EmCTL-4-F/R Jy RT-PCR $5: 35| ¥y, LAA BF 58 35

1

509 75 0 R B B-actin 3£ [H ( GenBank i} 5
KC568294) &5k it N2 54 Em-Actin-RTF(5'-
CTGGCACCACACTATCTACATCG-3') 1 Em-
Actin-RTR ( 5'-TGATGTGGGTCATCATTTCGC-
3') . PCR RN Z A I, PCR &3 514k 94 C
4 min;94 C 1 min.58 C 1 min.72 C 1 min, 3t
25 AMEFR,72 THEAR 7 min, R 3 IR,

2 gk

2.1 FWAM4MCEREZEFRNTE
PLF5 W E MR OP S cDNA Oy B A, g3 i K
ECTL-1-F EmCTL-1-R; EmCTL-2-F , EmCTL-2-R;
EmCTL-3-F . EmCTL-3-R 1 EmCTL-4-F EmCTL-
4R N5|4¥,7E 1 116 bp.768 bp.602 bp . 1 022
bp Kb &3 AS — M SR, WD P JE L 45 R &
BlastX 73 A i & 4 75 W0 1 #F C B &E 4 % 5k A
lectinl (lectin2 lectin3 F lectind H 1 B, 4 94
% Em-CTLl .Em-CTL2 .Em-CTL3 fl Em-CTLA4
3" 9 F1 S i 43 ) 28 53X PCR 47 34 153 ] 5 5 M 4%
P 4 R AT PR IS BRI I 4 DL R 4
K cDNA J¥% ([ 1). Em-CTL1 .Em-CTL2 .Em-
CTL3 il Em-CTL4 ) cDNA &K 4354 1 390,
1 119.1 364 #1 1 299 bp,

acatggggatagaacggigaaacgccagaggatgggagecatctettetttgetacaggtagacctgetttecactccacaccatcaca

88 atgattttcaaatccaatttcatacttccttcactattcataggcatagttgctgetgggacaategacaccaacactaaggaaacetat
M I F K S NF I L P SLFTI G IV 4 4 GTTIDTUNTIETETY
178 gaatgtccatctecttaccagectgttgggecagacaattactgettactcatcgacgategtateggaggcacatgggatgacatgaga
ECPSPYQPYGPEDUNTYCLLIDDTERTICGT GCTW¥DDIHNTER
268 aaattctgcaaggaatggaatggcegacttggecttettececgacgeaaacctcetttacgaggtgztgcagtacatcaacaagaacgga
K F C KE W N GDIL A F F P D A& NL L Y EV ¥V @9 ¥ I NEKEUNZG
3598 ctzaacgactctagcttctggattgzagcagagzatattgaaagggagggaagttgggt ttggaccaataaccacaaagacgtecgaaty
L ND S SF W¥I G4 EDTIETRETG S WY V¥ ¥ TNDNUHETDVTERDN
443 cacactcccctetgggetectteccgatatgaacaggagecaacaggaggact cagtcagaact gtgeatcccteaacaaggataaatat
H TP L ¥ &4 P S R Y EQFEPTGGL S Q NC4& S L N EDEK ¥
538 ttcttegtagatgatggctactgteaagacegetteggagttatttgegatccactaat teacgcgaagaaaaaatcaagt gaaatacet
F F VY DDGYCQD®REFGY I CDPLTIHSEZEKTEKET SSETITFP
628 gacgaggtcgtcgaagaggagattecagtageaggagaatgeccagteccgtaccagatgateggtzacggctgettecttattgatgte
DEVVYEEETIPVY AL&GECPVYPYQMNIGDCGCEFTILTITDTYW
718 gtcaagaccaatacctggtatgactcgaaaaatctatgcgaagetettggtsgaaaact ggctaaaattgatgacgccaatttattggga
Y E T N T ¥ ¥ D 5 KNI CE & L 6 G E L A4 KT DDA NTILTLG
B08 gatctttatgaatacttctcaaataggagtatccatgtttoctttatggatczstegttcagatgatcttcaggaggscacttgzctttgg
D L Y EY F S NRSTHY S L ¥I GG S DDILQEGTWIL W
£898 gaagacatgtcactcgtcaaaatgggaacacccttctggggcttcaacatgtacgagzaacaagaaceggatgsccataacagggagaac
E DM S L V KENGTUPF WG F NHNTYTYETEQ E P D G HNZREN
988 tgcoctttegetgcatagezacaattactttttettcaatgatcttcogtgtaacaacctagetggtgttgcatgtcagtatgatatgcgg
c L S L HSDNTYEFEF E N DL PCNNILACGY ALACQTYDHNR
1078 ctatzattaccttcgtttttatatcagtgataaagatcttgtaatzaagaacategtettattagttatgcctgatgetttottegtagt
L *

1168 atcaattattcttatgagcticcaaagcatactgcagttcaatcaaatatcatatcactactaagatttaccaaccgagacaggatttat

1258 tttatttcatacaaaatttattatattaaggcttcacaatgttggtcttgttatactggttatectgttaatccattataattttaaata

1348 caaaccatgcccattaaaaaaaaanaaanaaaaaiaaiaaaaaa
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1636 Ko7 OF IR 37 %

1 acatggggacattatcctcaagcatatagtcaagtgegtgegtgtgcagacggtaaacaatt
63 atgzagctztccagggttacgttgctgcttttcctgacctetectetgggsttegcegttgcagaaaatgtgzatagcaatattgtitac
¥ EL SRV TLLLFTLTZSPLCGIL SV LE&ENVYDSNTIVC 30
153 gatccacctttccgagatattggacgtcattgettggtgattgacacgtecatcattggtacttgggacagegttegtcagttetgecge
DPPFRDIGRHCTL®YTIDTSTITIGTW¥DSV RER®@FTCZR 60
243 aacctgggaggagaattagtgaacatgcacgatgcaaacatectoccatgacattttcagcttcatcaaggaaaatcctattctagactee
N L GG FEL YV N MW HD S NTILHDTIFSFTIEEIHNPTITLDZS %0
333 gagagctactggattggagcatacgacatactagatgaggscaaatgggtttggtottacaacaacacccatgttcgaatgaacactect
E 5 Y W I G & Y D I L DEG K W ¥V ¥ 5 ¥ NNTHVYERMNNTFP 120
423 ctatggggcgtacaatcagggcaccaggaaccgaccggaggegtctacgaaaactgtgecatgettaacaaagat tatcattat tacgte
L ¥ G vag S G HQFEPTGCGC VY E NC 4 N L NEDYHY ¥ ¥ 15
513 tttgatgacaactgtgatcaaccaaatgccgttatttgcgct tegaccaaaaaaatggctgaagcccagccagaagaggaagagaaagat
FDDNCDOQEPDNLYICA4S5TIEKTEKDNSALAEHUSALOQPETETETETEKTD 180
603 aataccccaagacgagagtgcccttegeectteatcatgateggtaatgtatgtetettggtcgacgcactzaaagaaaacccttggtet
NTPRRECPFSPFTIMNIGDHNTYCTILTIL VDAL ETEUNPUW¥S 210
693 gaacaacagatgatctgcagtgccctiggaggtcacatggcaagaatagagzatgccaacgact tgggcgatctctacgactatctcata
Eog g N T C S 4L GG HMNALARTITETDSNDTILGDTILYDYL I 240
T83 gcaaacgacgtcagaatggacctatggatgggegectetgaccttagaatggaagacgattgggtat ggganaacaacgcaaaggt ccce
4 N DV ERMNDTIL YWY MGG S DL RMNETDTDUVWV ¥ ENNALAEKETYP 270
873 atggscacgccattttgggstcaagaaactcgeggcatgcaggagcotgcaggaggcct ctatgagaact gectetecoctotectoggtt
B GTPF WG QFETERCGHNQ E P ﬂ G G L ¥ ENCIL S5 L 5 5 ¥ 300
963 gatttcttctatttccacgatzacgagtgtcagegaatgaaaggcgttgtttgccagtatzacatttaaatttctatgatttcatateat
D F F ¥ E H ﬂ D EC@QZRMNETGTWYVYC@Q ¥ D I * 322

1053 aataatagataaatattgtaccaaataaaggaagsaattaaactgaaaaaaaaaaaaaaaaaaaaaa

1 acatgggggtcacaacaatta

22 ggtacttggagsaactacagagttcaactttctagtctttaacgaggcacccatctttaatttgccacttoggattttgaatcaacgaaa
112 atgaaaagtatcgtcgttctettotgecttittetaggaatetgtaceggtacct gggccaaggeageatetaaateggacgactacceg
M K S I v v L F CLFTLGTICTTGTUYW 4& K4 A& S KSDDTYP 30
202 tataccggctattgggattegaccacaacacctggatcaagatgeacaggegtcttcgaagagzteggaagecat tgtatt ttcgtagac
¥y T¢Y¥DSTTTPGSRCTGVYFEETVCGSHCTIFTYD 60
292 aaagatctctctgggacctggcaggacatgagggatgtetgoccacgtecttgggszagatetagtaaacctacaggatgcaaattttttg
KDL S G T W QD MNRDYCHVY L GG DIL V NIL QDAL NF L 90
382 gcagatatcaaagattacttacatatttatggecataccggegtzact tactgggtgggaagcaacgaccaggtgacggagggagtctag
4 D T KDY L HI Y GHTGUWVYTY W VG S NDQVTETGTY ¥ 120
472 cagtggattaacgaccattogcaagtgaaagtagzaacgccgetttgggecgacct cococgacaggagacaacggocgacaggagegtot
Q ¥ I N DH S Q ¥V EV G TP L W¥ G DILPDERIERIGOERPTG GG 5 150
962 gcggaaaactgeggtatactttattatgaagatcactattteatgcacgatactcagtgeggegteagttactcacttatttgcgaacaa
4 E N CG T L ¥ ¥ EDHVYFMNHDTQCGY S5 Y S5 L I CE @ 18
652 tacaatttccaaggaatagaagttacgegagctaacgccagtaggacggatattgtgcaagaagattctecaaataactgeccateeces
YT "NFQGIEVYT®RANSAZSERETDTIUVVQEDSPDNDNCPSP 210
742 tacgtcatcgtagetggaagatgeatottcatcaacaccetggetaaaaat tecatggcagtctecacaagacctcttgegagagectegga
T ¥V I v 4 G RCTIF I NTIL 4 KNGS W § S HET S CE S L G 240
832 gsttacatggtcaagctggatgatgctaacttecteggegetattttegactatetgacacagt caggcataagecatgagttetggate
G ¥ M ¥ K L DD A& NF L G A T FDVYTLT®SGT S HEFWTI 270
922 ggcgoctotgacgaccaccaagaagggcaatggttetggcacgacggaagcagggtaaggat gggcactcect tetggggagacaacgsc
G A S DDHQEGQQVWEF v H ﬂ G S R VR MNGTEPF WG DN G 300
1012 aatatcactcagaatcctgacggaggagtcaccgaaaattgeggtatgatcaactacgacgatcattacttettegatgatgaggaatge
N ITQMNPDCGGYTEWNTCCGMNTIDNTYUDDHTYF E D ﬂ E E C 330
1102 agtgccagtcattacgtcatttgegaaaccacctagtagccagtggcagagaagctaattatcacaggataaaagtcttgtaaaatgttt
S 4 S H ¥ ¥V I CETT # 341
1192 gtttaatctatctaatacgatgtigtagagacttcattctatagattettgtattattcategggtatataagatctgtttgtaagattt

1282 caagaaaatttggatttttcattaagtttgtaataaaatttattgaaatattaaaaaaasaaaaaaaaaaaaaaaaaaaaaaa
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[::} 1 acatgggggcattacccatigtataacttttcaagaacagcaaaatcctgaccggocaacagea

65 atgggstatcaaatcctgtaccttctactgacaattgeggtestzacatcaaaggettecectcagtcatatgaagaaattatatcacaa
e v g 1 L ¥ L L L T T & V¥V VTS EMASPQSYETETITIZS®Q 30
attatgaaggagtctgcagaagaagaacccacgcagaacggaacagectgtectcegatgttcagttigataggagzcaaatgtctitac

I MEKEES&AEEEPTOQDNGTACPPNFSLICGSGETCTL Y 60
ttegectectttgtgcaacaaaaccaagttgectgcaggeaggtgtgccat tetettgagggcgaat tggcagecatecgtact gogact

F 4 S F VvV O 0 N Q V 4 CR Q V CHSLETGETL 4 4 I RT 4 T 90
gaactccaggaaataatacgagagat taaaaggagaggactegtegaaatgggettttggatagacggaacct ttgatggcaaagaacat
E L Q@ FETI T RETEKZRERGILUVEMNCGEFUWTIDGTTFTDTGETEH
tggaacttctcaaatacagacctagttccactgggaacgeccctictggtacgecagecgaagataataacccaagtccgacaaatgatece
¥ W F S N TDIL¥YPILGT®PF W ¥ & A FEDUNINPGSPTIHNTDEP
ctacttaaatgtgcaagcattaataatgagtccggattcttaatgaaagacatggactgegaacageatttetoegecgettigt gaacat
L L EC 4 5 T NNEGSGFTL MKDMNDTCET®QHFSPILCEH
gagceggetagtcttgacgaaagcgaagaagatcaagaagaggaacceggaccatet ggaggetgagaacattagt tgccccecatttite
EPA4LSLDESEEDOQEEEPDHLEUSZEDNTIZSCPFPTFTF
gttgacatatcgggcaattgtatagcattcataacttggtctgaaatcecttggat tgcagcaaagcagacgt gcaatgccatcactagt
¥y DI S 6 N CT 4 F T T VW S ET P W T & & K@ TZCHNATTS
ggcgcagagcttctaatgactaaagacatagagetactgegacatctttacaactattttcacgaggaaggactagatggacataattte
G 4 E L L M T K DI ETLLZRHILTYNYFHETETGTILTDGHUNTF
tggataggtgccacagatgttactgaagaaggegtatggacatacaatggtataaaagtagatatagaggcaccgtit tgggzzaacagt
¥ I ¢ 4 T D V & E E G V ¥ T Y NG I KV DTIEA4LPF WG NS
atcactctaggtgtcatggagectgatggcaatgatgetgaaaattgtetggeget gacatccgcaggtcaacactacticagggacaaa
ITLGVMEPHGNDAENCLALTSAGQHYERaK
agttgcgatgaaccttacaacccaatatgcacagcaaaaccgtigtctitgtagaaacaataaacggagtcccticgttcatigttticts
S CDEPY NPICTAZEKPTLZSTL *
gtacgctggtactgtacacgttttatcagagttatctacctgttaataataaactatgctaaatcctecagcatttgtacagtcagggaa

155

245

335
120

425
150

515
180

605
210
635
240

785
270

875
300

965
330

1055
347

1145

1235 aacctctcatttgatasataaaacaaatataaaaacaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

1 FWEM4FH CERERER DNA RESHIAERFTI
CRD %5 UM T IR R, 15 5 KT 510 A BT %I 4% 05, R A5 5 MBI %ok, Ca® " 45 & 0 2 P iE%R /R . A:EmCTL-1; B
EmCTL-2;C:EmCTL-3;D:EmCTL-4
Fig.1 Nucleotides and deduced amino acids sequence of 4 C-lectin full-length ¢cDNA in E. modestus
Single underlines indicate the CRD domains, the cleavage site of the putative signal peptide are double underlined, shadows indicate the

poly ( A) signals, the motif of ca’* binding sites 2 are boxed. A;EmCTL-1;B:EmCTL-2;C;EmCTL-3;D:EmCTL-4

F2 FWAUR C B lectin EFEWZE KR JI 45T
Tab.2 Characteristics of nucleotide sequences of Em-CTL1 ,Em-CTL2 ,Em-CTL3 and Em-CTL4 in E. modestus
Em-CTL1 Em-CTL2 Em-CTL3 Em-CTLA
GenBank (/15 accession number KC568290 KC568291 KC568292 KC568293
c¢DNA 4= K /bp ¢cDNA full length 1390 1119 1 364 1299
I Jik [ 32 HE /bp ORF 996 969 1026 1 044
I i 24 L R %X number of amino acids 332 322 341 347
U 2K H 43 T /ku molecular weight 37.78 36.68 38.31 38.82
T 2K 45 s, isoelectric point 4.23 4.21 4.38 4.20
5'9E 4 X /bp 5'UTR 87 62 111 64
3'9E 4 X /bp 3'UTR 307 88 227 191
poly (A) K J& /bp poly( A) length 28 22 31 29

22 FWER4ATHCERERTEEANEKEFT
FHE S

Em-CTL3 Hl Em-CTLA Y484 2 4~ CRD £k (
3-a) ,9f H 2 4> CRD #84 6 >R 5T 1 2F bk & iR ik

F50 H AR 4 Fh C B BESE R S K Em-CTLI |
Em-CTL2 .Em-CTL3 F| Em-CTLA W% R E 5 5
fEANZR 2 s o 4ol gt 332,322 341 1 347 4>
FARWEE ,7E N w33 A 19.21.20 # 17
MREBERWE 5 IKTF 5 . A 5B )T 5 [ SMART
TELR B 23, 45 9 %k B Em-CTL1 , Em-CTL2 |

3 (E 3-b), Em-CTL2 $l Em-CTL3 ffj CRDI f
128 A4 LR 5% L 41 ik, Em-CTL1 Fl Em-CTLA )
CRD1 &M% B 43514 127 1126 ; Em-CTL2 il
Em-CTL3 {f) CRD1 f& = ) C-X10-C-X17-C-X79-
C-X15-C-X7-C,Em-CTL1 f1 Em-CTLA W] 4 % K
C-X12-C-X17-C-X78-C-X15-C-X7-C il C-X10-C-
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o 37 %

X17-C-X77-C-X15-C-X7-C, Em-CTL1 #H1 Em-
CTL3 ) CRD2 i 127 4~ % 3k /R 4% 3k 41 A%, Em-
CTL2 #1 Em-CTLA f¢) CRD2 R KM% H 7 9l A
129 #1130 ; [7l iy Em-CTL1 .Em-CTL2 §l Em-CTL3
) CRD2 i ¥ / C-X10-C-X17-C-X77-C-X15-
C-X7-C; i Em-CTLA W]} C-X10-C-X17-C-X80-

(a) Em-CTL1

(¢c) Em-CTL3

C-X15-C-X7-C,

HE 2 AT, Bl AR 4 Fh C B BER K I
Ca’ " 4412 KA, Em-CTL1 1) Ca’ ™ 454 1}
2 J 4 H W 4% 3 EPD HI END, ifii Em-CTL2 . Em-
CTL3 #1 Em-CTLA 1) I 45 #4 W] 3 %1 2y EPA FiI
FHD WHD #1 FDD .EPD F1 FRD (& 2) .

(d) Em-CTLA4

2 FWEM4ATC-ERERN-HENELR

o FER o BE, Ca2 457K Ca® " LI 2

Fig.2 3D structure models of C-Lectin in E. modestus

« indicates alpha helix and Ca-2 indicates Ca’* binding sites 2

DL 75 Wi (¥R Em-CTL1 (Em-CTL2 .Em-CTL3 Fl
Em-CTLA JE R %55 1Y) 2 518 )5 51 55 GenBank % 4jx
JE R © P 814 BlastP 3 A, 4528 /R Em-CTLI
5% [RIHERAY Lectinl i) AR Dy 40% , 55 BE 5 %
U PLZEE X I 28 55 68 SR A0 [ Xk R FY Lectin
FIAE AR 2353 R 31% 31% 32% #11 30% ; Em-CTL2
X RIBEFAY Lectin2 B AHRIYE R 73% , 5 [E B
XU 25T ORI | ML 44 V5 X8 B R H AR 3% X6 R %) A AR
P43 3R 33% 30% 32% 1 38% ; Em-CTL3 5%
[RIAEFAY Lectin3 AYAHAME g 69% , 55 85 35 X HF (B
J£ W X R ( Fenneropenaeus indicus) . H A< 5% X R I

v ] B O6F S 68 AR BL A 23 S S 30% (41% (35% Fi
31% ; Em-CTLA 5 % [RIH AR 1Y Lectind AR {1
37% , 5 FL 40 B X oF b = WYX EE R X EE
( Penaeus semisulcatus) B3 X UF F1 88 35 Xt ¥R i AR
L5350 R 39% 37% 37% 36% F136% , 5% K
AR NN = O A NN EE I DO TN R D I N O
Lectin {2 5 ¢ 51| LX) 4 B, Lectin 2 F 76 75 0 H
SRAHAB SRS M) 72 CRD Z544 ek - B AT — & A fR~F
PE, SR R RE AR (C) R (W) K
ZH R (D) SFRIE(1813) .
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a
.

b 100
PmCTL-1 ---MLLJYENR [ILTCSLFVGE ADGRVTW[JRT NLT-------
FcCTL-5-1 MLTCSLFVGE ADGRVT -
FmCTL SLTCSLFVGE ADGRVT -
LvCTL-2 NFTCALFAGK VEGRVT RT KLESFQPGV-
MrLectin-4 MWHSRG|Z WY [SCAVQLLLPC SAATSDWELQ MDSP------
EmCTL-4 TIAVVTSKAS PQSYEEII1SQ IMKES-- -
MrLectin-2

EmCTL-2 -MELSRVT[HN [RFLTSPLGLA VAENVDS
EmCTL-1 ---MIFKSNF WALPSLFIGIV AAGTIDTQITK -------
MrLectin-1 ~-MNKNC[JSPY [JCGTMKLLAY WYHFLLVPIL ----------
MrLectin-3 -MERAA] qFL----- AF ASAAPNSEITS PYYTTWPATD
EmCTL-3 -MKSIVV JFLGICTGTW AKAASKS[@EDY PYTGYWDS--

PmCTL-1 SEQHEFARYF
FcCTL-5-1 SEYHE[SA[INF
FmCTL LHDARN L
LvCTL-2  AePjclEAldaF
MrLectin-4 PTDKSA4QF
EmCTL-4 QaNQVAC[lav
MrLectin-2 1 GPJDEV[dQ F

PFLTFSVGLA LAEsstﬁAA __________

DAK[EEEVA IITTETD F K8
TTEITD FK| 18
TTETD FK Y

TTIAD FKT

EmCTL-2 16 SV[daF HDEIN I L
EmCTL-1 GG EMAK F FPDEINLL
tin-1 RG QMSAV MKDEIN I L
MrLectin-3 SG MRD Vv IBQDEINF L A
EmCTL-3  sg| M[3D v BQDEINF LA
PmCTL-1 QEIPDNALGN[E
FceCTL-5-1 Q@IPDNS LGN|Z
FmCTL QIPDNS LGN|4
LvCTL2 Q@PDNAHEN[
MrLectin-4 YI3- PNNDTEA
NPSPTNDPLL
REIEPTGGTY)|
HEPTGGVY
EREPTGGLS
of#lp EGWD ED|

MrLectin-3 HESRQPTGGSA|
EmCTL-3 REIRPTGGSA

*
PmCTL-1  TWARVTJEDE GQVEAGMESG-
FcCTL-5-1 TWF[AD T\E NEY MEAGTSS -
FmCTL TwARe T\ V] L{@AGs s -
LvCTL-2  TWAAET\JED[Y [IRA[MAGASA-
MrLectin-4 1WERVVIJEEL] N1 P[®I GJEG-
EmCTL-4  Tws[d1 1 ALY TENATSG
MrLectin-2 AVK[ANPISDQ [o]L I [@NATNGG -
EmCTL-2  ALK[EANPIS EQ 1[dsAIGG-
EmCTL-1  VVKTNTJYD NL[MEA[NGG-
MrLectin-1 VENAYNJTD EL[@YGHHT -
MrLectin-3 TLAQTSIMESH [ATs[@es{lce-
EmCTL-3  TLAfNS{osH [ATs[des[lce-
*

E[RGASIDAERT
FIRGALREDAENT

PmCTL-1 DMSAP--5Q [3IG- -[UFEUNE RE]Y S@GSVFY
FeCTL-5-1 [N8G--[UFiUN[] Rrp]Ys@GcSKkFF
FmCTL [N8G- -[UFiUN[] Rrp]Ys@cskFF
LvCTL-2 INITGEGY[INI R[JYS@ASKFN
MrLectin-4 [NETSEGH[YL R[EJKD@SELLS
EmCTL-4 [NETsAGQIYRE R[EJks@DEPYN
MrLectin-2 [NEFrRNEY[EFI] HBloR[@DRMKG
EmCTL- s svpIF[Y[§ HlED E[darRMKG
EmCTL-1 HAHSDRY[FF[ NBlLPENNLAG
MrLectin-1 FIUFYGKT|YH[§ GPIoPANNTRG
MrLectin-3 MIATASEH\4F[] DEJED[EMGAAHY
EmCTL-3 GNITQ----N

MUINYD[sJH\{F[§ DPJEE[§SASHY
*

200 300

----LGSQD[@ PGG -K IFA 54

----LASQD® PGG -K 54

----LTSQD[® PGG -K 54

TTSTPPEQD[® PGG -K 66

—————— KLT[d PAF -Qj 56

EEPTQNGTA[d PPM) -K 65

——————— VV[d EAP -R 42

~~~~~~~ IV DPP -H 48

~~~~~ ETYE[M PSP NY 52

————— CEAA[8 QPP -H 52

YETTTPGSR{® TDI -H 72

--TTTPGSR[4 TGV H 63

*
GR-EDGR LT 132
GR-UJDGR LT 132
GY-uIDGR T 132
GT-EIUED G S T 144
ES-EAQIDGS RD 133
EM- GIUBAD G - N F 142
DSTERAYSGAY W 121
DSEERAVMNGAY W 127
DS-ENAWNGAE W 130
DV- NJARIGAT W 129
GP-ERAYUGSN W 151
GV-IRANNIGSN 4 142
iy iy

QTQE[JAASEAA LVPFGPSAVG 212
QTQE|JAASINA LAPLGPSAVG 212
QRQE[4JAAGIMAA LAPVGPSAVG 212
R--K[STASI\A LAPFGPSAVG 222
ATVE|dSVDE- -------- EK 202
ASLD|4SEEDQ EEEP-DHLEA 221
-ATGNSVARNK PADEEEKISP 197
-STK[EMAELQ PE-EEEKDNT 202
I HAK[{KSSEI PDEVVEEEIP 209
——————— SDS DNEEMVTGSL 200
FQGT[ZAEQLID |ISRTDVVKPV 231
FQGI[3VTREIN ASRTDIVQED 222
TNG[ESGlIT T| [AMGT P FWG| iy 290
ANG|ED GlIT T [AMGT P F WG| . i=li]
SNGBAGLIT T [AMGT P FWG|[RY 290
QDN|ES S|ZIA| Ti [AMGT P FWG|[RY 300
DHEWY EJS E UMGS PWWG[3Y 280
E EG|8D G[3|N Vi DINEALERVIEN S 300
SNEWJI - 1DL T [4dGT PFWGEYS 274
ANDJUR - MD L] D [qMGT P FWG[e}3 279
NRSIAH-VS L] T [AMGT P FWG|ZJ] 286
DKGUUIN-TS L] Hi G RINREAAVINY L 277
QSGUUA-[IN G [JE4GT PFWG[AY 308
QSGHS - FUUHD[4S RYY RIRAAA{¢D N 299

A A

3 FWEM C-lectin BEEHBFIHEMRESERF 5 L3
a. C RIEELE R ILNAY 2 4> CRD Bibit; b. C BIBESE R A IR 751 (1 2 & LX)
BH 5 227 A ) AR (B0 28 B R L 5 3270 2 4> CRD S5 M3 b R <1 19 2 Db A BR A% A , A 3278 2 1> CRD S5 My 38 p fR <1 19 10 20 1R ok ik

Fig.3 The structure and alignment of the deduced amino acid sequences of C-Lectin in E. modestus

a. CRD1 and CRD2 domains of C-Lectin in E. modestus; b. Alignment of the deduced amino acid sequence of C-Lectin

Shadowed letters represent conserved amino acid in these proteins. Conserved cysteine residues in CRD1 and CRD2 were indicated with

asterisk. Conserved tryptophane residues in CRD1 and CRD2 were indicated with triangle. MrLectin-1, MrLectin-2 , MrLectin-3 , MrLectin-4
(Macrobrachium rosenbergii, AFN20597. 1; AFN20598. 1; AFN20599 ; AFN20600. 1) ; FcCTL-5-1 ( Fenneropenaeus chinensis, EU834289.
1) ;FmCTL ( F. merguiensis ,FI751773. 1) ;PmCTL-1 ( Penaeus monodon ,DQ871244.1) ; LvCTL-2( Litopenaeus vannamei ,DQ871245.1)

2.3 FWANF CRRERERNHLSF

Fe b ik B 5 T 20 PN XS 5 S KO
J& , 1 PAMLA. 0 734 1% 2 /1> CRD 5 f el it R 2
lectin FEPR () FAPEE R IGO0, 45 R o, a5t b B
2 /> CRD 45t B Y R 26 lectin B K AR #E AL i F2 vp

207 7 HPEESRE . 450 LRT 5%, M2a M3 il M8
BEAL L Mla MO F1 M7 B B3 5 lectin BE A,
TERAL M2a 47 3.8% (w =15.35) A7 s J& T FH
PEVEPEOL L AR M8 1 5 5.6% (o =6.32) 1)
P A8 T PR AT
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¥R

37 %

FABALs A Al T A 2 C-
Lectin [ LRI 2 (9 DL NT iR & T R LI, 45
RanfE 4 fros . 7500 AR EmCTL-2 . EmCTL-3 |
EmCTL-4 5 5 2 7 5 % K 18 #F #Y Lectin-2 |
Lectin-3 \Lectin-4 28, TR K 5 H A IR R A
ANTE R 2K B C-Lectin 7] 43 B¢ 4 S EHE (A B,
C.D),fEC R 5l I EF 4 Ff C BUBESE K,
EmCTL-1 . EmCTL-2 . EmCTL-3 #} Jg§ F W #£ C,
EmCTL-4 M| J& T W #F A, & 4 o] W, W #F A
o BRBE T X UR A BEAR R 1 (PmCTL-1) (U & A —
A~ CRD g5t oh , HAW AR K # 5 F 2 4> CRD 25
P35 SR B H | Bk o [ B 6 IR ( FeCTL ) A, HiAlh

FcCTL-5-1
PmCTL-1
FmCTL
LvCTL-2
FcCTL-5-2 A
MrLectin-4
EmCTL-4
EsCTL
FcCTL
PmCTL2
MjLectin-E
FcCTL-1 B
LvCTL-1
MrLectin-1
EmCTL-1
MrLectin-2
EmCTL-2 C
MrLectin-3
EmCTL-3
PmAV
PpMBP
99 PcMBP
PIMBP
83 FcCTL-6
57 FcCTL-4
10 SpCTL

57,

100

B4 ARE+REZE C-Lectin iy NJ R & i L &
75T R 4 Bl C-Lectin T &l 4k A5 i
Fig.4 Phylogenetic tree constructed from the amino acid
sequence of shrimp C-Lectin by neighbour-joining

Lectins from E. modestus are marked in underline FcCTL-5-1,
FcCTL-52, FcCTL-1, FcCTL, FcCTL4, FcCTL-6
( Fenneropenaeus chinensis, EU834289. 1; EU834290. 1;
DQI167572. 1; AY871270. 1; EU834293. 1; EU834291. 1),
PmCTL-1,PmAV ,PmCTL-2 ( Penaeus monodon ,DQ871244. 1,

AY302750. 1, DQO078266. 1 ), MrLectin-1, MrLectin-2,
MrLectin-3,  MrLectin-4  ( Macrobrachium rosenbergii,
AFN20597. 1; AFN20598. 1; AFN20599; AFN20600. 1),

FmCTL ( F. merguiensis, FJ751773. 1 ), LvCTL-2, LvCTL-1
DQ871245. 1; EF583939. 1),
MjLectin-E ( Marsupenaeus japonicus) , PcMBP ( Procambarus
clarkii, FJ410911. 1 ), PIMBP ( Pacifastacus leniusculus,
AY861653. 1), EsSCTL ( Eriocheir sinensis, AGC31447. 1),
AGC96521. 1 ), PpMBP

( Litopenaeus vannamei,

SpCTL ( Scylla paramamosain ,
(Portunus pelagicus , ABM65756.1)

HRIE K ERIL 5 1 4~ CRD Z5# 3 ; WRE C T A
Fp2K 48 B A 2 4~ CRD 54 dak, 1 SF. & D iy e
AR, HEEREDHIHAA — 1 CRD %4
I
24 FEWANRIMCRERESEANALSH
LA B-actin 3N 2,2 it RT-PCR 45 iR,
EmCTL-1 F2 5276 75 0 (H HF 0 I3 R 550 9 3 o 3%
i, v I R R ) 2R TR R e e A R A 2 R R
i Hpr e 3k R G AR, A 0 I R B 55 e 3k, FE SR RN
WU R GR . EmCTL-2 FEAEGREE Ok 5L 1M
iy oft 2745 0 U PP 3k, 76 BT IR R v 2R3 A X 4R
R AENLA R SRt AN KGR . EmCTL-3 FEAEAE &
GRS IR AR L I 9 o JUE R i T v R ik, o
FERG S 1) 3258 i fe M o EmCTL-4 32 %25 g 51
BIEL GO E i 2 R R B rh 258, TR IR 3R
IR AR R, R S b ek B g (81 5) o

1 2 3 4 5 6 7 8 9

5 4 F C-lectin mRNA & F W
BT EERAFHERERIE
Loils 20 LA s 3.0 ik 4. B pl 227955 5. 6 6. AT BRAR
TOOE; 8 KGHL 9. [ XS IR
Fig.5 The significance expression of 4 C-lectin mRNA in
different tissues of E. modestus by RT-PCR
1. hemolymph; 2. muscle; 3. heart; 4. thoracic ganglion; 5. gill;

6. hepatopancreas; 7. ovary; 8. testis; 9. a negative control

3 1HiE
3.1 FEWAWNCEREZERMEHIFIT

CRIBFERNE TR THEF= 541
PR KA & P BCAR OB B 45 & 3R A KR, (B F
HE BN v i BE DR ST, T AE TG HE 3 4 vh ) 3R 30 S
— IR AU L 18 B AR X IR B
RIE R C-lectin H, ¥ H A& — 4~ CRD 45 #4) 5§,
B IRHIFCARE 1 4 A C-lectin JE L HA 2 4
CRD Z5#g 3>, T v [ 1 ok R A R 494 328 o i B
T C-lectin S BEA W 1 4> CRD [y, XA &
2 /> CRD i7" o AW 5 00 e 4R 75 14 75 T
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FLIR I 4 A C-lectin JEF, #8542 A S 51 )
CRD Z5 4 J5 , ix — 5 15 % [ 98 0F & 5 AL JF:
HEX4 M CRBEREAD, BITAH 2D
Ca’ " 25488 2, iR AL 45 45 67 A, OOl B 5
KAWL BIAG 5. CRD g5 My v, 238y 2
AEET 5 5 B SR AE 58 O b 2 A i &
AL 8 — IR B 5L P EPN 5% QPD, 2 — A4 il
Iy 37y WND, EPN I EPD A] %) H §& b it 17
WU, QPD Ul AT L5 o FLBE 0 L AR B,
7= W B3 %F EmCTL-1, EmCTL-2, EmCTL-3 HiI
EmCTL-4 [ ¥ 3 45 4+ 7 &5 4> % & EPD/FND |
EPA/FHD, WHD/FDD #HiI EPD/FRD, #* Hj
EmCTL-1 EmCTL-2 1 EmCTL-4 r] f¢ Xf H 5% b
HEATGE Ao FEIRR T, X 2 N REFIAE—ENZE
&4 ,4A EPD .EPN ‘WTD  QPD .EPS .LND FRD
VND ,QPT FRD % X" . [RE, 75 i (4 UF
4 Fiy C-lectin KR AR S5 G0 SR AT — &
RS, i JEmCTL-2 [ EmCTL-3 f H 5k 4%
B S5y 5 %R T I Y Lectin2 | Lectin3 —
" 7 EmCTL-1 .EmCTL-4 W 55 FL44 35 X 4F )
— B UM AE R T RIS A B AR E
{AAE LR RE B b R AR — R IR SF 1

XTI U 4 R C B 4 2 PR i 45 5 Ik
BT R A4 A TENEAEAE 17 ~ 21 AR IER ik
ff S IR, DLW 4 F C U R 6 2 4 Sy 40 W0 0 2
Mo 76 R e, 20 S S IR 9 AL = 18 M BIF 5T 3iE B
51 v A 7 R ST 10 e R L (5 S PR R i, )
E RGBS EREEEEHEN D AP L
P B HXE KB, 75T AR 4 A4S C g4 R O
AT v 30 77 A 6 0 < 11 24 o 2 1 0 5 1R ok 2 ([
3) RREHHA —E MM IhAE. C&iFs,C
TSRS 3 A S8 B R & R BR AR B A7 AR, XS
Ca WG B REE" AW 4 A F
1 AF C R 6 4 2% 6 DR B9 5L A 57 1 R &R R
5%, ELHREA 5 5k, DRLEG AT A 254 4 0 5k
4 4> C HUgESE % 3 B AT DAAE I 6 B PR B AR 1Y
WY, A — 5 W T TR, 24 SR LB 1 Th fiE
N 220 TR — 28 1 S e S SR AIE 5
3.2 FWANCAREREZEERNHELI N

ZFFFI Xt W], BR T EmCTL-2 5 % [T 6F
B Lectin2 4 73% () A L) ¥ 45, 75 00 (1 4R 19 C-
Lectin 5 J At 3F 2 (9 9 40004 31% ~ 38% , Al
UFLRE AR E AR AR . 757 S IIBFSE b, LA 38 X

IR C RIEEAE 2R 2 5 M iy 9 ALl 31% ~
34% , % [RIH AR 4 A4~ C AU BE 4 2 A LTk
30% ~38% "I L C B BE4E K R — A LB bR
1R, 35X 5 TC A HE 2l ) f 9 A0 DG BE R LA B
AR SRR A A [, 3T PAML RF
Mo HT 45 B0, A0 H i 1 0F 4 4> C BIBEE &R
FEFTEN B EA 2 A~ CRD S5 51 lectin FE P 24
J3T BHPERERE o BH A 38 0 2 S i A DG L R i) — >
B S RAE MR 26 B AT 2 4 CRD 45 4 38 1) 8 42
FPAAERE R, X — SR g C RIBERE
32 B 480 TP R A R T B B P B8 R S R B 9 AR
RAKRN Z R — DUl T BEE R AR
THCEE Wy 0 S R B B A RE 1T AR T A 4 R
TR T AR 4 A lectin L 5
92 ) R AH G 1 At 2 o

Wang % 3 F C-lectin S [N 40 3£ 12 ¥ 5] #
IR BN, R C-lectin JE P W] 43 1 4
4,5 2 A CRD S5 ig Fh 28 73 kg i 1 2 4
WAECA FIC), & 1A~ CRD 25 358 114 i 288 I 4 1
TH—WHE (D), ASCE A 45 58 A A — B, 1]
Dl CRD Z5 #4381 0 H 0 H R Ge i Aule T 8 2 A%
FHo F5uN A RS %R I A8 T KR O R,
IR g MW s T i fk X &, EmCTL-2 |
EmCTL-3 [EmCTL-4 43 5| 5 %' [C 7/ #F 1) Lectin2 |
Lectin3 Lectind .78 T ficif B4 LR, A,
RGN L TR WTERE) C RIBEE R &
1 4~5( 2 4~ CRD Z5 38, LIRS N LA 5% 2 4~ CRD
SR UL MR 28 M 2R W FEZE L& 1A
CRD Z5#38h £ (E 4,D 41)
3.3 FWANR CERERERNALARIEHE

EH R GE R T RJE C B EEE R
o R A AR AN AR R 2 R Sk AR AL, 491 4 e
[ W16 R (Y Felectin B P AYCAE 1L bk B ob 4 S 6
3512 Fe-hsL, Fe-Lec2 , Fe-lec5 1 8 75 % U (1
FmLC W 7E JIF o Ji o i S e a7 2 70 i A
W76 AN 5] ) 2 20 v #8336, 40 I TR IR Y
MrLec3 W] 16 JIT J It 68 55 Ml b a8, Ll
EXER Y 2 Bl C B BESE R FE I LvLectin-1
LvLectin-2 WIFE JFFJgE A% ULPR A= FE B 36 8 v
#EEF L . KRBT LA B-actin Jg N S 12 5E i
RT-PCR 5L KW, FH5 i (AT 4 A C BUEELE R A
B MR 57 R B R al, TR E AR B A A
AR F R, Hp EmCTL-1 16 1M i Hh 3%

http : // www. scxuebao. cn



1642

Ko7

¥R

37 %

ik, EmCTL-2 7 5P 55 vh 3¢ 3K it fe @, 76 I
W A s B AR B, T EmCTL-3 Fl EmCTL-4
HRIE AR B ) 3R 35 & &, [ B, EmCTL-2 il
EmCTL-4 7 i pft 2675 vh & B A 48 i 1 335 i
XA A G S LA X R Y C Y RS R T
FELE R — B, P AR B R 1Y) EsLecA T BE7E K 510
Jg #2275 v 235, T EsLecG W) 3 2 7E g # 22745
H Rk FLANERTUR A 2 A C TR g4 R LN
LcCTLD I LvLec fEM 2Py Rk e’ " .
F5 W0 AR 4 Rl C 70 R 4 28 3L R Y 3 [ 4 R A
5L AR A B 0 25K 5 LR TE I R IR A A R
I8 A B I A R L 30k i e 1 2L 2L FE LA
FERH A PR FRIR , ARG R BR, FiH
BRARE 2 C ARUBEAR RN M — D EE R KL
WL XA R EEIRR TR SR T AT RN
HFEDIRESN A —FB o G e T RE i A R, BH
R ERG S P 8 C RIS R I M, 1
A By X5 I B A B 40 0 DE R A R T — Y B B
PEFR 3 — p 1 5 TE VR A BB 58 R AIE 5 B 988 A
S 11 3 P[] B S 3 L — 52 114 A= A T B L 3K 7E IR AL
O A AHCHE , an K B 22 b Ry R IE W Bin
1b JE g — A 5 4 FH LI KR b i Ik &
PR A T I s R I L AR R TR 3 4h
BT 98 I 52, Toll-like receptors ( TLRs) 7E 4 58
RGh S 5 2 P04 35 0 B R R UHE M 1
A5 2 G5 R B A W A B T RO 0 T EL A
P O S R 5 ATl I RE 7E 00 U A
i g BB AL B DR AT A R R S T 4
it A5 255 1 B R G G TR R B AR
C I R o H R p i e — L AR B 5 2
— I HA TS R B ORI REFE R, o T KOS
SE DI RESE IR WF 58 C AU Bk 45 R 78 75 Wi 1 0 A= 5
o AR TS IR A R W, T AT O F
FUUN A BE 2R G 0 3 B By 18 R — 2 9 3 5,
RIS 35 15 B AR AL AT RE 19 2> F AR, IF R
IRZGE AL B R IR R AR R SRR A
A LR

SH WK
(1] o gt . C MBER R[], B Rl2%,2011,
23(6) :555 -562.
Sharon N, Lis

lectins: from

[2] H. History of
hemagglutinins to biological recognition molecules

[J]. Glycobiology,2004,14(11) ;53R - 62R.

[3]

[4]

[5]

[7]

[9]

[10]

[13]

Drickamer K, Taylor M E. Biology of animal lectins
[J]. Annual Review of Cell Biology, 1993,9(2):
237 -264.

Varki A,Cummings R D,Esko J D, et al. Essentials
of Glycobiology ( 2nd edition) [ M ]. 2nd ed.
NewYork: Cold Spring Harbor Laboratory Press,
2009:100 - 180.

Wang X W, Wang J X. Diversity and multiple
functions of lectins in shrimp immunity [ J ].
Developmental & Comparative Immunology,2013,39
(1-2).27 -38.

Sun J, Wang L, Wang B, et al. Purification and
characterization of a natural lectin from the plasma of
the shrimp Fenneropenaeus chinensis [ J]. Fish &
Shellfish Immunology. 2008 ,25(3) :290 —297.
Junkunlo K, Prachumwat A, Tangprasittipap A, et al.
A novel lectin domain-containing protein( LvCTLD)
associated with response of the whiteleg shrimp
Penaeus ( Litopenaeus) vannamei to yellow head virus
(YHV) [JT].
Immunology,2012,37(3 -4) :334 —-341.
Zhang Y, Qiu

Developmental and Comparative

L, Song L, etal. Cloning and
characterization of a novel C-type lectin gene from
shrimp Litopenaeus vannamei [ J]. Fish & Shellfish
Immunology,2009,26(1) ;183 - 192.

Ma T H,Benzie ] A,He J G,et al. PmLT,a C-type
lectin specific to hepatopancreas is involved in the
innate defense of the shrimp Penaeus monodon[J].
Journal of Invertebrate Pathology, 2008, 99 (3 ).
332 -341.

Yang H, Luvo T, Li F,

et al. Purification and

characterisation of a calcium-independent lectin
(PjLec) from the haemolymph of the shrimp Penaeus
Jjaponicus[ J]. Fish & Shellfish Immunology,2007 ,22
(1-2).88-97.

Rattanaporn O, Utarabhand P. Molecular cloning of a
C-type lectin wirh two CRD domains from the
banana shrimp Fenneropenaeus merguiensis; Early
gene up-regulation after Vibrio harveyi infection[ J].
Journal of Invertebrate Pathology, 2011, 106 (2):
196 -204.

Ren Q,Li M, Du J, et al. Immune response of four
dual-CRD C-type lectins to microbial challenges in
giant freshwater prawn Macrobrachium rosenbergii
[J]. Fish & Shellfish Immunology, 2012,33 (2):
155 - 167.

Jin X K,Li W W Cheng L, ef al. ,Two novel short

C-type lectin from Chinese mitten crab, Eriocheir

http : // www. scxuebao. cn



11 FoOMGEE I F I AR 4 R C BB R AL Y s B AU SR8 S BRIk A 1643
sinensis, are induced in response to LPS challenged Immunology,2007,23(2) ;430 —437.
[J]. Fish & Shellfish Immunology, 2012,33 (5): (23] #/NE8. Wk 4t 25 (Aspidistra elatior Bulme ) ¥ 42
1149 - 1158. ENIUP SN 8 it/ AR S U DI R DL N 2
[14] Yang Z, Nielsen R, Goldman N, et al. Codon- fir Bl 22 BE ,2007.
substitution models for heterogeneous selection [24] Hayes M L,Eytan R I, Hellberg M E. High amino
pressure at amino acid sites[ J]. Genetics, 2000, 155 acid diversity and positive selection at a putative
(1) :431 —449. coral immunity gene ( tachylectin-2) [ J]. BMC
[15] Yang Z. PAML 4. phylogenetic analysis by Evolutionary Biology,2010,10(5) ;150 — 164.
maximum likelihood [ J ]. Molecular Biology and [25] LiuY C,Li F H,Dong B, et al. Molecular cloning,
Evolution, 2007 ,24(8) :1586 — 1591. characterization and expression analysis of a putative
[16] Anisimova M,Bielawski J P, Yang Z. Accuracy and C-type lectin ( Fclectin ) gene in Chinese shrimp
power of the likelihood ratio test in detecting Fenneropenaeus  chinensis [ J ].  Molecular
adaptive molecular evolution[ J ]. Molecular Biology Immunology,2007 ,44(4) ;598 - 607.
and Evolution,2001,18(8) ;1585 - 1592. [26] Zhang X W ,Xu W T,Wang X W et al. A novel C-
[17] Sun Y D,Fu L D,Jia Y P,et al. A hepatopancreas- type lectin with two CRD domains from Chinese
specific C-type lectin from the Chinese shrimp shrimp Fenneropenaeus chinensis functions as a
Fenneropenaeus chinensis exhibits antimicrobial pattern  recognition protein [ J ]. Molecular
activity[ J]. Molecular Immunology, 2008,45 (2) . Immunology,2009,46(8 -9) :1626 — 1637.
348 - 361. [27] Xu W T,Wang X W,Zhang X W, et al. A new C-
[18] LiuY C,Li F H,Dong B, et al. Molecular cloning, type lectin ( FcLec5 ) from the Chinese white shrimp
characterization and expression analysis of a putative Fenneropenaeus chinensis [ J]. Amino Acids, 2010,
C-type lectin ( Fclectin ) gene in Chinese shrimp 39(5) 1227 - 1239.
Fenneropenaeus  chinensis [ J ].  Molecular [28] Wei X,Liu X,Yang J,et al. Two C-type lectins from
Immunology,2007 ,44(4) ;598 - 607. shrimp Litopenaeus vannamei that might be involved
[19] Wei X, Liu X, Yang J, ef al. , Two C-type lectins in immune response against bacteria and virus[J].
from shrimp Litopenaeus vannamei that might be Fish & Shellfish Immunology, 2012, 32 (1 ).
involved in immune response against bacteria and 132 - 140.
virus[ J]. Fish & Shellfish Immunology, 2012, 32 [29] LiP, Chan H C, He B, efal. An antimicrobial
(1):132 - 140. peptide gene found in the male reproductive system
[20] Drickamer K. Engineering galactose-binding activity of rats[ J]. Science,2001,291(5509) :1783 - 1785.
into a C-type mannose-binding protein [ J ]. Nature, [30] Wang T,Zhang X, Chen Q, et al. Toll-like receptor
1992,360(6400) ;183 - 186. 3-initiated antiviral responses in mouse male germ
[21] Kolatkar A R, Weis W 1. Structural basis of galactose cells in vitro[ J]. Biology of Reproduction,2012,86
recognition by C-type animal lectins[ J]. The Journal (4):1-10.
of Biological Chemistry, 1996, 271 ( 12 ). 6679 [31] Girling J E,Hedger M P. Toll-like receptors in the
- 6685. gonads and reproductive tract; emerging roles in
[22] MaTH,Tiu S H,He J G, et al. Molecular cloning reproductive  physiology and pathology [ J ].

of a C-type lectin ( LVLT ) from the shrimp

Litopenaeus vannamei: early gene down-regulation
WSSV Fish & Shellfish

after infection [ J ].

Immunology and Cell Biology, 2007, 85 (6 ):
481 - 489.

http : // www. scxuebao. cn



1644 Ko7 OF IR 37 %

Molecular cloning, expression characterization and phylogenetic analysis of
four novel C-type lectin genes in white shrimp ( Exopalaemon modestus )

WANG Min, WU Ping”, YE Yuantu, SHI Taodan, WEI Yuhong
(School of Biology and Basic Medical Sciences,Soochow University ,Suzhou 215123, China)

Abstract. Exopalaemon modestus is one of the main shrimps which has high economic value. But its genetic
information and functional gene background are rarely known so far. In this study,the cDNAs of four novel C-
type lectins(designated as EmCTL-1,EmCTL-2, EmCTL-3 and EmCTL-4) were cloned from the ovary of white
shrimp , E. modestus ,by means of PCR and 5’ and 3’ rapid amplification of cDNA ends(RACE). The full-length
cDNAs consist of 1 390,1 119,1 364 and 1 299 bp with one open reading frame consisting of 996,969,1 026 and
1 044 bp,encoding 332,322,341 and 347 amino acids respectively. Their deduced amino acid sequences contained
a putative signal peptide of 19,21,20 and 17 amino acid residues respectively. The four C-type lectin genes all
contained two carbohydrate recognition domains, CRD1 and CRD2. The CRD1 was composed of 128 residues in
EmCTL-2 and EmCTL-3,127 residues in EmCTL-1 and 126 residues in EmCTL-4. And the CRD2 was composed
of 127 residues in EmCTL-1 and EmCTL-3,129 residues in EmCTL-2 and 130 residues in EmCTL-4. Both the
CRDI1 and CRD2 had 6 conserved cysteine residues and 3 conserved tryptophane residues. The motif of Ca’”
binding sites 2 were EPA and FND in EmCTL-1,EPA and FHD in EmCTL-2,WHD and FDD in EmCTL-3 and
EPD and FRD in EmCTL-4. So EmCTL-1, EmCTL-2 and EmCTL-4 can be deduced binding with mannose in
immune reactions. And the four C-type lectin genes shared 40% ,37% ,69% and 73% identity with the parallel C-
type lectin genes in Macrobrachium rosenbergii ,existing in Palaemonidae. The CODEML program implemented in
the PAML package was used to test for variations in selective pressures of shrimp and prawns C-type lectin genes
with two CRDs, included the four genes acquired in this study. The result showed that the shrime and prawns
lectin genes with two CRDs had undergone positive selection. According to the LTR test,3.8% of the sites were
driven by positive selection in the M2a model ,while 5.6% of the sites were driven by positive selection in the M8
model. Phylogenetic analysis showed that the lectins from the decapods could be divided into four clear clusters.
Cluster C included the dual-CRD lectins while cluster D includ the single-CRD lectins,and cluster A included the
dual-CRD lectins except the PmCTL-1 in tiger shrimp, cluster B included the single-CRD lectins except the
FcCTL in Chinese shrimp. It indicated that the numbers of CRD played a key role in phyletic evolution. The
results showed that EmCTL-1, EmCTL-2, EmCTL-3 belonged to cluster C and EmCTL-4 belonged to cluster A.
Four novel C-type lectin genes in E. modestus had a close evolutionary relationship to the C-type lectins of giant
freshwater prawn. Tissue distribution analysis using semi-quantitative RT-PCR methods showed that EmCTL-1 was
main expressed in hemolymph ,testis and ovary. EmCTL-3 and EmCTL-4 could be detected main in testis,ovary,
hepatopancreas ,hemolymph ,heart and thoracic ganglion while EmCTL-2 was mainly expressed in ovary, testis,
hemolymph ,thoracic ganglion and heart. The results showed that the hemolymph was the mainly expression tissue
of four C-type lectin genes in E. modestus. Interestingly ,and the testis was the organ with highest expression level
of C-type lectin transcripts in this study. It can be speculated that the C-type lectins in E. modestus may
agglutinate microorganisms in the hemolymph for possessing signal peptides, conserved cysteine residues,
conserved tryptophane residues,high expression level in hemolymph and observed positive selection.

Key words: Exopalaemon modestus; C-type lectin; cloning; tissue expression pattern; positive selection

Corresponding author: WU Ping. E-mail ; suzhou_wuping@ 163. com

http : // www. scxuebao. cn



