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(molecular maker assisted
selection, MAS)

(Dekkers et al, 2002;
Collard et al, 2005; Masoudi et al, 2007) C-
(C-type lectin, CTL)
(McGreal et al, 2004),
(Wang et al, 2013a),

B >

(Wang
et al, 2009a; Wei et al, 2012; Wang et al, 2013b)
CTL DNA ,
4 SNP
, CTL SNP
E4-205 C/T c/CcC Cc/T TM, T
(53%)
(33.3%), T/T 6.1%,
21.2%,
(P=0.022) (Hao et al, 2015) SNP E4-205
C/T T/T
) (ACT-ATT)
(Thr-Ile)
) CcTL  T/T
1
1.1
1.1.1 (Portunus

trituberculatus) (45~60 g)

>

TIANamp Genomic DNA Kit TIANamp Blood
DNA Kit RNAsimple Total RNA kit FastQuant cDNA
RT Kit (with gDNA) SuperReal PreMix Plus (SYBR

Green) ( ) ; SsoFast
EvaGreen supermix Bio-rad ; T-vector pMD19
(Simple) TaKaRa LA Taq BamHI
Xhol T, DNA TaKaRa ;

Trans1-T1 pET-30a(+) BL2I1(DE3)
; Agarose Gel DNA Purification Kit

Axygen ; Ni-Agarose His
; Bradford
1.1.2 Mx3005P PCR
(Stratagene ); Rotor-Gene 6000 PCR
( Qiagen ); Biometra TGradient PCR (
); JY920-1IN (

); SpectraMax 190 ( MD );
Smart Spec 3000 ( Bio-Rad );
Q-Exactive (Thermo Scientific )

1.2 SNP
300 ,
DNA TIANamp

Genomic DNA Kit ,
20~30 ng/puL
HRM (Liew et al, 2004),
CTL
E4-205 C/T , 1
, HRM-124 F: 5'-AAATGCCTACT
GGAGGAGAGAAACA-3" HRM-124 R: 5'-TTTCCT
CGTTACTTC TCACAAATCG-3/, 124 bp
PCR : 10 pL SsoFast EvaGreen supermix
0.8 uL HRM-124F (10 pmol/L) 0.8 pL HRM-124R
(10 umol/L) 1 uL DNA (20 ng/uL)
20 pL HRM Rotor-Gene 6000
PCR PCR , : 98 °C
2 min, 40 (98 °C 55,58 °C 20 s)
HRM ,
90%,

SNP

, SNP , 4
PCR
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1.3 T/T C/C CTL , ,
Buffer A ( 0.1% - )
CTL (GenBank: , A 0.1% - , B 0.1%
JX195096.1), PCR : CTL-BD-F: 5'-CC - ; Trap column  100% A

CATATGACTGGCTTCAGGCTGCTGT-3'( Nde I
), CTL-BD-R: 5-CGGATTCCTCACAAATCG
GACTTACA-3"( BamHI ),
438 bp,
SNP E4-205 T/T C/C cDNA
, CTL-ACT
(ACT-ATT)

(Thr-Ile) PCR : 5 puL 10xEx Taq
buffer 0.5 pL Ex Taq 4 uL ANTP Mixture 1 pL
CTL-BD-F 1 uL CTL-BD-R 1 puL c¢DNA ddH,O

50 uL  PCR : 94 °C 5 min; 94 °C 50 s,
54 °C 50s,72°C 1 min, 33 ;72 °C 10 min, 4 °C
10 min, 1% PCR

Axygen DNA
PCR T )
PCR )
PET-CTL-ATT  PET-CTL-ACT, BL21
) CTL-ATT
CTL-ACT LB
, 1:100 LB

(  Kan 50 pg/mL), 37 °C, 250 r/min

0.6~0.8

CTL-ATT,

OD600

1 mmol/L IPTG

> >

, , SDS-
PAGE , -20 °C
1.4 CTL-ACT CTL-ATT
1~2 mm® s s
(25 mmol/L NH4HCO;, 50% )
( 50% R 100% ) (
10 mmol/L DTT 25 mmol/L NH,HCO; )

( 50 mmol/LTIAM 25 mmol/L NH4HCO;

) ; 25 mmol/L NH,HCO; 10 min,
50% 100%
30 min; s 10 pL (
0.02 pg/pL ) 30 min,
20 uL ,37°C 16 h,
; 50 uL ( 5% , 67%
) ,37°C 20 min

Trap column

> E

s Analysis column S

300 nL/min; 30 min
Q-Exactive (Thermo Scientific)
1.5
T/T C/T C/C

, , 7.8x10°

CFU/mL ( ) 0.2 mL/
O 3 6 12 24 48 72 96h)
, -80 °C
1.6
: JY142-F: 5'-TTTGGCAAGGTCTGT

TTGGTTAC-3’, JY142-R: 5'-GTGGCTTACACGTT

GGAATGATC-3/,
pMD19-JY 142

pMD19-JY 142 DNA,
, : ( : copies/uL) =
(6.02x10"x )/ [(T DNA +
)x660],
10°~10° 8 ,
DNA,
, AQ-PCR (absolute
quantitative PCR) s 3
SuperReal Premix Plus (SYBR Green) PCR
, PCR  Mx3005P ,
1.7
1.7.1
) 4 °C , 3 000 r/min
3 min, 0.85% s
2% (V1Y) 96
, 25ul  TBS-I, 25uL
2 , 25 uL 2%
, 1~2 h,
( , 1983)
1.7.2
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) ODyso / ODysp =2
, 8 000 r/min 5 min;
, TBS s , 1.10 PAMP
, Wang  (2016) ,
TBS-I R ELISA
1.5x10° cell/mL; 20 pL , PAMPs PAMPs
20 pL BSA (1 mg/mL) , 10 pL G
, 45 min 10 pL PAMP 200 pg/mL, 100 puL/ 96
s , 4 °C ; 0.5 mL/L Tween20
1.8 PBS PBST , R 3~5 min,
CTL-ACT 3 200 u.L 3% BSA PBS,
CTL-ATT TSB 37°C 3h, ;
, TSB CTL-ACT  CTL-ATT (64 pg/mL
ODsso  0.001 , 96 2 pg/mL) 100 uL, PBS ,30°C
50 pL 50 pL 2 h, ; 1.8
(64 ng/mL 2 pg/mL);
50 uL 50 uL BSA (64 pg/mL) ; 2
50 uL 50 puL Kana (64 pg/mL) 2.1
100 pL, 3 ; HRM 300
30°C 100 r/min R 0 ( D, C/T 140 46.7%;
1 2 4 6 8 10 12 24h, T/T 49 16.3%; C/C 1,
ODss 37%
1.9 « 1, H,C/T T/T C/C
CTL SNP 81.4% 57.1%  82%, T/T
, ODgoo 1.0 ,
5x10% /mL 100 pL/ (P=0.001)
96 ,4°C , PBST 3, 2.2
3~5min/ ; 200 uL 3% BSA  PBS,
37°C 3 h, 5
CTL-ACT CTL-ATT (16 ug/mL ) Y= -3.691xlIg(X)+41.36,
0.5 pg/mL) 100 pL, PBS ,30°C 2 h, Yy CT X >
; 100 pL His-tag (1: 0.999, ,
1 000, V/V), 37 °C 1 h, ; 100 uL
IgG(H+L) (1 : 250, AQ-PCR s
Viv), 37 °C 1 h, ; 200 pL
TMB , 10~30 min, ( 2) 12h T/T
50 uL 2 mol/L , 450 nm C/C C/T (P<0.01),
F1 =MERREE4205 LSS HRBERFIRNERHETE
Tab.1 Distribution of the three genotypes at the E4-205 locus, and its mortality after infected with V. alginolyticus
(%) (%) (%) x p
C/T 114(81.4) 26(18.6) 140(46.7) 14.233 0.001
E4-205 T/T 28(57.1) 21(42.9) 49(16.3)
c/C 91(82.0) 20(18.0) 111(37)




1438

54

TiIC T
ERH

1 CTL SNP E4-205 C/T

Fig.1 Cumulative mortality of swimming crabs expressing SNP

82% C/C  C/T (P<0.05), 12 h
, 24h T/T
C/C  C/T (P<0.01), 12h

CTL SNP E4-205 C/T
T/T

B

cre 2.3 CTL-ACT  CTL-ATT

PET-30a/CTL-ACT
PET-30a/CTL-ATT

genotypes at the CTL E4-205 locus upon V. alginolyticus IPTG , SDS-PAGE
. infection CTL-ACT  CTL-ATT :
: SNP
(P=0.001) 37 °C 4 h ;
17.6 kDa ( 3) BSA Bradford
; 3h T/T CTL-ACT 0.8 mg/L,
Cc/C C/T (P<0.01);6h T/T CTL-ATT 0.6 mg/L
200 600 b =mCIC

120
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Fig.2 Copies of V. alginolyticus in different genotype P. trituberculatus infected by V. alginolyticus
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Fig.3 Purification of the target fusion protein
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MALDI- TOF/ 6
TOF ( 4), 2.5
C PtLP
(GenBank ACC86854.1), ODs;5 , Kana
R BSA 64 pg/mL R
s 7, Kana
) , 0.2 ;
2.4 BSA 4h
,  6h ,
, BSA R
, CTL-ATT  CTL-ACT R CTL-ATT CTL-ACT
, , 2! ( 5) SPSS 19.0
24 h 5
, Ca®* (P<0.01), 24h  CTL-ATT
s R CTL-ACT
100 - 1780.8635 1984.9075 sir0
%+ '
80
= 70r |
% sol 529.3648
=2 50 |-
2 40
i o peree | JHEe
10 p
0 P PYPTISR N L
9.0 453.6 898.2 1342.8 1787.4 2232.0
[Bafartt, (miz)
4 PtLP
Fig.4 Characteristic spectrum of the matched peptide fragments recombinant protein with PtLP
2.6
ELISA
( 8, ,
CTL-ATT CTL-ACT
2.7 PAMPs
PAMPs 5
ELISA 9, CTL-ATT
PAMPs CTL-ACT
> : PAMPs
Fig5 H lutinati tivity of two kinds of binant
1g emagglutinating a}c;rlovti3 1}; ;) wo kinds of recombinan LPS>GLU>LTA>PGN: PAMPs
1 4 CTL-ATT;2 5 CTL-ACT;3 6
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6 (400x%)
Fig.6 The agglutination activity of V. alginolyticus induced by two kinds of recombinant proteins
:a. CTL-ATT; b. CTL-ACT
16 (Dekkers et
141 —o— CTL-ACT .
12 —a— CTL-ATT al, 2002; Masoudi et al, 2007)
m | — Kana
EN —=— BSA ’
'3; >
g
o
C-
SNP E4-205 C/T R PCR-HRM
AN ’
7 )
Fig.7 Antibacterial activity of two kinds of recombinant
proteins in different hours ’
T/T C/T
35
—&— CTL-ATT Cc/C ; SNP E4-205 C/T
30r —m crLACT
fm 2.5 F —A— BSA
=§ 2.0 AQ-PCR , 12h  T/T
8 1.5
a
o 1.0 351 o LPS+CTL-ATT
0.5 —— LPS+CTL-ACT
: 3.0 F - PGN+CTL-ATT
0 —-— PGN+CTL-ACT
2 4 8 16 32 64 25} -+ GLU+CTL-ATT
SREE/(ug/mL) fud - GLU+CTL-ACT
R 20| — LTA+CTL-ATT
g — LTA+CTL-ACT
8 g 15
Fig.8 ELISA analysis of the binding activity between two kinds o
of recombinant proteins and V. alginolyticus 1.0
PAMPs SPSS 19.0 T 054
0
PAMP 2 4 8 16 32 64
, (P<0.01), CTL-ATT FRE/(ug/mL)
PAMPs CTL-ACT 9 PAMPs

Fig.9 ELISA analysis of the binding activity of two kinds of
recombinant proteins and four kinds of PAMPs
CTL-ATT PAMPs s

PAMPs
PAMP

CTL-ACT

s
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c/C C/T ,12h CTL-ATT PAMPs
R R CTL-ACT PAMPs ELISA
s (13 2 ( s
, 2006; ,2007) T/T s
R CTL-ATT CTL-ACT,
SNP E4-205 C/T
CTL SNP E4-205 C/T R R
> T/T
SNP E4-205 C/T
R (ACT-ATT) R
(Thr-Ile)
’ 4
R CTL-ATT CTL-ACT 5 C- CTL
SNP E4-205 C/T (ACT-ATT)
C- , C- (Thr-1Ile)
EsCTLDcp EsCTL1 EsCTL2 G+ R CTL T/T
S. aureus, G- A. hydrophila , T/T
V. parahaemolyticus (Huang et al, c/C ,
2014a);, FcLec2 Fclec4, T/T
PjLec, LvLec
(Wang et al, 2009b; Zhang et al, 2009)
, R N R , 2006. (Portunus
trituberculatus) [1].
, 37(4): 297-303.
R , CTL-ATT CTL-ACT , , ., 2007.
[J1. 9): 1-3.
CTL T , 1983. [M]. : .
COLLARD B C Y, JAHUFER M Z Z, BROUWER 1 B, et al,
2005. An introduction to markers, quantitative trait loci (QTL)
C- 5 mapping and marker-assisted selection for crop improvement:
the basic concepts [J]. Euphytica, 142(1): 169-196.
PAMP . C- DEKKER.S J.C M, .HOSPITAL F, 2002.. The use of m.olecular
genetics in the improvement of agricultural populations [J].
(Guo et al, 2011; Zhang et al, 2013; Nature Reviews Genetics, 3(1): 22-32.
Huang et al, 2014b) R GUOH Z,ZOUPF, FUJP, et al, 2011. Characterization of two
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A the cDNA library of Chinese mitten crab Eriocheir sinensis
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SNP SITE E4-205 C/T OF CTL GENE AND ITS ASSOCIATION WITH VIBRIO
ALGINOLYTICUS RESISTANCE IN PORTUNUS TRITUBERCULATUS

HAO Gui-Jie"?, LIN Feng’, MU Chang-Kao®, LEI Ning?, HUANG Ai-Xia?>, CUI Yan-Na?,
SHEN Ya-Fang?, ZHANG Hai-Qi’, WEN Jing'

(1. Life Science and Technology School, Lingnan Normal University, Zhanjiang 524048, China; 2. Key Laboratory of Healthy
Freshwater Aquaculture, Ministry of Agriculture and Rural Affairs, Key Laboratory of Fish Health and Nutrition of Zhejiang Province,
Huzhou Key Laboratory of Aquatic Product Quality Improvement and Processing Technology, Zhejiang Institute of Freshwater Fisheries,
Huzhou 313001, China; 3. Key Laboratory of Applied Marine Biotechnology of Ministry of Education, Ningbo University, Ningbo
315211, China)

Abstract C-type lectin (CTL) is one of the important immune factors in humoral immunity of crustaceans. However,
the expression of the CTL gene and its anti-disease mechanism in Portunus trituberculatus infected by Vibrio alginolyticus
are not clear. To understand the molecular mechanism against V. alginolyticus infection at the site of CTL gene SNP
E4-205 C/T, different genotypes of P. trituberculatus were infected with V. alginolyticus and the replication of V.
alginolyticus in hepatopancreas and muscle tissues of P. trituberculatus were analyzed by absolute quantitative method.
Results show that the number of bacteria in group C/C in hepatopancreas and muscle tissues in 12 h after infection was
significantly greater than that in group T/T. The anti-infection ability of P. trituberculatus in group T/T was significantly
higher than that in group C/C. Furthermore, the two proteins of one amino acid change (Thr-Ile) caused by
non-synonymous mutation (ACT-ATT) at this site were recombinantly expressed and purified in vitro, and the activities of
the two recombinant proteins CTL-ATT and CTL-ACT were analyzed. Results show that the two recombinant proteins
inhibited the growth of V. alginolyticus, and the antibacterial activity of CTL-ATT was significantly higher than that of
CTL-ACT. The binding activities of PAMPs and V. alginolyticus of recombinant protein CTL-ATT were higher than those
of CTL-ACT, and those of two proteins to PAMPs and V. alginolyticus were concentration-dependent. This study indicate
that the CTL gene of P. trituberculatus was involved in the immune response process after being infected by V.
alginolyticus, and its polymorphism had a certain correlation with anti-V. alginolyticus infection. When the site of SNP
E4-205 of the CTL gene was the T/T genotype, the anti-V. alginolyticus infection ability of P. trituberculatus was higher
than that of C/C type.

Key words Portunus trituberculatus; Vibrio alginolyticus,  single nucleotide polymorphism; lectins;
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