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(Galectin) , ,
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, cDNA (rapid amplication of cDNA ends,

RACE) cDNA ( SbGal) , cDNA 3120bp,
554 , 4 (CRD) ;

(Mw)  63.3158 kDa, () 4.99 , SbGal
galectin 70% 65% 46%, SbGal CRD
36%—41% PCR(qRT-PCR) : SbGal mRNA
, , SbGal mRNA
(P<0.01), ,
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(lectin) >
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) Domain, CRD)
, (Dumic et al, 2006; ,2013) ,
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et al, 2000; ,2001; , 2005) (Perkinsus) (Vibrio)
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(Rajan et al, 2013) ,
(Pattern Recognition Molecular, PRR)

Galectin ,

E

galectin (Colnot et al, 1996) ,

quadruple-galectin (Tasumi et al, 2007; Song et al, 2010;
Zhang et al, 2011),

galectin s
quadruple-galectin
(Crassostrea viginica),
(Perkinsus marinus)(Tasumi et al, 2007);
PoGal (Zhang et al,
AiGal2 (Song et al,

quadruple-galectin
2011) AiGall (Song et al, 2010)

2011), , galectin
(Scapharca broughtonii)
( , 2013, 2014)
( , 2010, 2012; , 2011;
, 2012; , 2012) ,
(Vibrio anguillarum)
, RACE cDNA
1
1.1
55mm , , 20°C
1.2
1.2.1 RNA RNA:
Solution D (4mol/L , 17mmol/L

46
, 25mmol/L ) B-
, / (241 1)
) , 15%
, DNase(Progema)
DNA, (2012) 1.0%
RNA s (Eppendorf)
1.2.2 cDNA
, Primer Premier 5.0
3'RACE  5'RACE , SMART"
RACE Amplication Kit ~ Advantage 2 PCR Kit 3
5 3'RACE SbGal-3F
UPM, 5'RACE SbGal-5R
UPM( 1) :
50uL, 3'(5"RACE cDNA 2.5uL, PCR-Grade

water 34.5ul, 10x Advantage2 PCR buffer 5.0uL,
dANTP Mix(10mmol/L)1.0uL, UPM 5.0uL, SbGal-3F
(SbGal-5R) 1.0uL; :94°C30s, 68 °C 30 s,

72 °C 2 min, 25 PCR 1.2%
, PMD18-T
s Top10 s
1.2.3
GenBank blast
; DNAStar cDNA
; ProtParam tool (http:

/Iweb.expasy.org/protparam/)
(Mw) pl ; SignallP 4.0 Server (http:
/Iwww.cbs.dtu.dk/services/SignalP/)

; TargetP 1.1 (http: //www.cbs.dtu.dk/services/
TargetP/) ; TMHMM

Server v.2.0 (http: //www.cbs.dtu.dk/servicessTMHMMY/)
; SMART (http: //www.expasy.

ch/SMART) NCBI
Blastp (http: //blast.ncbi.nlm.nih.gov/)
s DNA man8.0
, MEGA
5.0
1.3
1.3.1



5 : (Scapharca broughtonii) (ShGal) ~ cDNA 1063
2216E ., PBS  ABI7500 PCR PrimeScript ™
ODgo=0.4 (10D=5x10* bacteria/mL) RT reagent Kit (TaKaRa)
50uL cDNA,
, Oh 4h 8h 16h 24h -20°C qRT-PCR
32h  64h 3 (4°C, 20uL, : SYBR Premix Ex Taq™ (2x), 10uL;
800r/minlSmin ) PCR Forward Primer(10pmol/L), 0.8uL; PCR Reverse
, RNA Primer (10umol/L), 0.8uL; ROX Reference Dye (50x),
PBS(0.1 mol/L, pH 7.4) 0.4uL; cDNA ,2.0uL; DEPC , 6.0uL
1.3.2 PCR(qRT-PCR) 95°C 30s; 95°C 55, 60°C 34 s, 40 ,95°C 15 s,
qRT-PCR 60°C 1 min, 95°C 15s 3
1.3.3 Cr,
cDNA , Primer Premier 5.0 p-AACT (Livak et al, 2001)
qRT-PCR qSbGal-F  qSbGal-R( 1), 3
B-actin (Li et al, 2012),
*1 LBEASIYF
Tab.1 The primers used in the experiment
5'—3'
10xUniversal Primer Long, 5'-CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT-3'
A Mix (UPM) Short, 5'-CTAATACGACTCACTATAGGGC-3'
SbGal-3F 5'-TTTGCCTGTGACTGTGAGAACGAGA-3'
SbGal-5R 5'-GCTGATCTCTCTCCTCATCCTGCCA-3'
B-actin-F 5'-GGTTACACTTTCACCACCACAG-3'
B-actin-R 5'-ACCGGAAGTTTCCATACCTAAGA-3'
qSbGal-F 5'-GGATGGCAGGATGAG-3'
qSbGal-R 5'-AAGCACCACCAAAGC-3'
137 218 278 279 382
2 ,279 382 388 526bp
2.1 SbGal c¢cDNA , 225
3'RACE  5'RACE , 374 C
) , 218 ;
cDNA , SbGal(GenBank ShGal
KP123598) SbGal cDNA 3120bp, (CRD), 6
213 bp  5'- (5'-UTR), 1342 bp , CRD ,
3'-UTR 1565 bp (ORF); CRD 132
ATG, TGA, Poly(A) 4 (12—143, 286—417, 424—555), CRD 130
AATAAA, , cDNA (150—279) ,
D cDNA
, SbGal 2.2 SbGal
554 , : SbGal
63.3158kDa, 4.99 , ,
, , Crassostrea viginica 70%,
; ) Pinctada fucata 65%, Argopectehs
186 NETC 319 NGTD ; irradiaas  46%;

>
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SbGal

1 AMTAACCGAMATGAGATAACATTCCTTTCAMAGTAMGATACG TGTGGATAARAAGGTG TG TAAATACAATCACATGG TTG TCAGTATGGTT TAT TAGATATCTTAG
111 TCGGCCTACATATCATATATAAGCTTTAATATCCGAGCACACACCCCTACCAGATAACAGCACAAGACTGGCCATACGACG TCOAGGAGGAGGARACACTGCTCGTCCAC
MSYQISRVYTPVSYYIPNGLEHE
221 AGTTCCGTACAGTTTAAATAGAAGGTTGCTAAAACAGGEATAAGATG TOCTACCAAATTAGCAGAG TTTATACCCCTGTCTCTTATTACATCCCAMTGGACTCCATCCA
GKHIILRGRVYTWGTEAFAINLO QEAADAGDG GCVYAFHEFLN
331 GGAAMACACATCATCCTCAGAGGEAGAGTCACATGGGGTACAGAAGCATTTGCCATAAATTTACAAGAAGCAGCAGATGCTGGAGATGEG TG TGTTGCCTTCCATTTTAA
PRPSEGVY CVRNHCDGDOWGGEERDG GQPHEFPEFDDEGRSFLL
441 CCCTCOCOCTAGTGAAGGAGTGTE TG TCCGTAATCACTGCGACGOAGACTEGG0AGETCAGGAACGTGATCAACCACATTTOCCG TTTGATGACGGAAGAAGTTTCCTGE
R1EVYVTDSEFRTYVYHGEKPYITIDFGHRYDLSRVYHYLHLT
551 TC0GTATTGAGGTCACAGATAGTGAATTTAGGACATATG TCCATGGAAAACCATACATAGATTTTGOCCACAGAGTGGACC TTAGCCGTGTCCATTATCTOCACTTGACT
DGAEVYYDITF QDRYSLPYRTETILPNGMQVGKAVRITG GA
661 GATGEAGCAGAATACTATGACATCACATTCCAGGACAGATATAGTCTACCATACAGAACAGAAATCCCTAATGG TATGCAGGTTGG TAAAGCTGTCCG TATCACTGGTGE
AQDNDGFSINFACDCENETCAFHFNPRPNEGVYVIRNA
771 TGCACAGGACAATGATGEATTCAGCATTAACTTTGCC TG TGACTGTGAGAACGAGACCTGTGCTTTCCATTTTAACCCOCGTCCTAATGAGGGAGTTG TTATCAGGAATG
NLGGWNGEEERDVYDAEFPFSPGNFFDALFVCTDDQYC
881 CTAACTTAGGAGGTTGOGGTGAAGAAGAACGGGATTATGATGCAGAGTTCCCATTTTCTCCAGGAAATTTCTTTGATGCCCTGTTTGTATGTACTGATGACCAGTATTGT
VY INEKYFANFNHRCGYSDVNHNFHVYQGNMDIRSVETVYHY
991 GTTTACATTAATGAGAAATATTTTGCCAACTTCAACCATCGTTGTGGTGTATCAGATGTCAACCATTTCCATGTCCAGGGCAACATGGACATAAGAAGTGTGGAGTATTA
EPMDDDFYEKPIPSGLEEKGDVYLLFEKGFMERPGGDTTEFSTIN
1101 TEANCCAATGEATEATEATTTTGTTAMCCTATCCCATCAGGCTTAGAGAMGGTGATGTTCTTCTGTTTAMGGATTEATGAGACCTOEAGGAGATACATTTTCCATCA

LM N GTHPITGSDIAFHINPRVGEGQVYVNNCCMDGEGNGE

1211 ATCTGATGAATGGECACAGACATTOGATCTRACATTOECTTOCACATCAACCC TOG TG TTGRGGAGGGACAGG TG TTATGAACTGC TG TATGOACGEAGGATOOGG TGAA
EEREDTIPSPFTDRYPFEVYEKIVTEKRNEKFEVYYVNGEKEKSYHM
1321 GAGGAAGAGAAGACATCCCATCACCCTTTACAGACAGAGTACCAT TTGAGGTCAAGATCG TAACCAAGAGAAACAAGTTCAAGGTCTATGTCAATGGAAARAAATACAT
KFRARGNYEDTIEK®GVYNVYEKGDAFTIYQTEKLLEREKLDEFPVUWE
1431 GAAGTTCCGTGCCAGGOGAMACETAGAAGACATCAAAGGTGTTAATG TTAMGGAGACGCTTTTATC TATCAGACAAAACTGETCAGAAME TAGATAAACCAGTCTGGG
RI1PGNFREG G GWYVYSGCIPEKEKES® GGFAILNFRCADDDD
1541 AMGAATTCCAGGAA TTTTCOTAAGGTOEATGOGTTGTTGTTTCAGGAATTCCAAMGAAAGAATC TGGAGGTTTTGCCATCAATTTCCGTTGTGCTGATGATGATGAC
SDIAFHFNPRLNEGDTVYRNACYGGGWQDETETRDG QEPCEFTEP
1651 AGTGACATTGCCTTCCATTTTAACCCACGTTTAATGAGGGTEACACCGTACG TAATGCATG TG TGO TGO TCOATEECAGGATGAGGAGAGAGATCAGECTTECTTOCE
FEEEKDTFEVYATINAWPDEKFTITYVNGEKHYTIDYNHRLEPVD
1761 ATTCGAAGAMAAAGACACATTTGAAGTAGCCATCAATGCCTGGOUAGATAM T TTATTACATATG TAAATGGTAAACATTACATAGATTACAACCACAGACTTCCTGTAG
SVCHIQLTGDADFTFETPETFTF*
1871 ACAGTGTGTGTCACATACAGCTGACGGGAGATGCTGATTTCTT TGAACCAGAATTCTTCTGAAMCCTTTGTTTAAT TAATGAACTGCTAGTGGATAGTTAATTCCTAGT
1981 TETGTAACTGTATTTATATAACTAGCAATATTAAGAGAT TATTGCTTTGGTGGTGCTTG TATTAAATTAAGACAATCAGCATTTCTGTGATTTTAAATTAATCAATGATC
2091 MTGATTTTTACGCATTTATATTTTAATATGATTGAMACGACTTAATG TGCACCAMATGECTGACACAGTTGACAGATTTTTCAGTTTTTARTAAARTTTTAACCGTC
2201 GATTACAAGATTAGCAACGAAGACGTTCAAGTTCAATGTACACATATATGTT TG TATT TG TTTTTCAAAMCGGATTAAAMMAAG TTCATTTCAATGGGAACAGATTTT

2311 GAGTTTTGAGAAMAATTCTTTAGAAACATACAAGAGAACAAGAAAGTTCCAAGATTTAAAATATTTATGAGAATTCTAAMATGATTTGAAAA TGGACTAACTTGGA

2421 TGTTTITATATTGGAMTGTACATAGTGATACT |/ AYCCATCATTCAGATACATTGACT TTTAAGTTTGTGACTCTGTTAACTTATTTTAAATATTAAGAATACTACA
2531 TTTTGACACTAGATAGATTTTTTGAAATTACAGTTGCAATTCC TGATAACATATCAACAT TAATTTGTTACATCTTCGCTGTTGTGATATTAATC TAGTCAGACAAATTC
2641 TAGCCAAACAGTTCATACAGGAGAATTTTGAATCAAGAAATCAGCAACTACTATTGAACATATCACTTTCTATGACAATATTACAATTGTCATCTGTCACTTTAGTAACG
2751 ATGATCAACAGCAGTGATTGTAAATGATTCTGGATTCATTTTGAAAGAG TTATGGCAAACCATAGG TATTTC TGO TAAMCAGCATTTGAATATAATGTATTGTCAGCAAA
2861 AMCACTTGTAACATATGGAGTTTACTGTAGCATGGTATCATCATGCATECAAACATEACT TCGAAAAAACACATAGATCOGGC TGCCGACTGAAMGG TAGAAACACATG
2971 .v\.\TGC'TGCTGGAA.‘.MTTGTCTH.C.-\C.‘.MCTGCT('-ATGT.-lCTMTCT.\T&-\M.AM;\AT.\TTATGTMﬁGCTTTCMGTTanﬂTMTTG.&TGCATTT.\TA
3081 TTTTATAGTTTATGTATAAMACAACAATTTATGTGATATAATCTTAGCAATATTTTACATGTACCCTGRTACAATGTGATGTATGTATTTACGTAAC AATAAATTTACT

3191 GGGCGGTTTTTANGETTGETTTTACTTATTCAM

1 SbGal
Fig.1 Nucleotide and deduced amino acid sequence of SbGal

> > s
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Biompalaria glabrata His”, Asn”, Arg®, Asn’, Trp’, Glu”  Arg®',
30% 29%,; CRD
CRD 36%—41% 5 GenBank
CDR1 CDR4 41% R Mega5.0 NJ
DNAMANS.O SbGal 3, 4 s galectin
1 2 , quadruple-galectin
( 2), SbGal CRD s galectin 1 ;
, galectin quadruple-galectin , S. broughtonii C.
,  SbGal CRD virginica P. fucata
S.broughtonii Hs#§1srvvTy 70
A.irradians Briz1cvHirce. 67
C.virginica ISEKISCH 70
Pfucata AR ] 70
Airradiians RIEVHELGG 67
CRD1
S.broughtonii 141
A.irradians 138
C.virginica 142
Pfucata 141
A.irradiians 138
S.broughtonii 212
A.irradians 207
C.virginica 213 CRD2
Pfucata 212
A.irradiians = =i 207
afhfnprp g v
. AAA
S.broughtonii Vioba =145 D 284
A.irradians Vielofd a5 D 278
C.virginica Viod 285
Pfucata &S 4 284
Airradiians EERY 4 S F E F[€ B e F D2y e | 278
ee fpf p fda
A A
S.broughtonii 356
A.irradians 349
C.virginica 357 CRD3
FPfucata 356
Airradiians 349
S.broughtonii 427
A.irradians 421
C.virginica 427
Pfucata 427
A.irradiians 421 CRD4
S.broughtonii 499
A.irradians 493
C.virginica 499
Pfucata i :gg
A.irradiians ~~ el
ag eer gqp fp
A
S.broughtonii ba 554
A.irradians 548
L 554
C.virginica 554
Ffucata 548
A.irradiians

s

(ACS72240, FJ469998);

Galectin
Fig.2 Multiple sequence alignment by DNAman 8.0

>

C. virginica (ABG75998);

GenBank :
P. fucata (ACO36044)

A. irradians
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Fig.3 Phylogenetic tree of CRDs from 21 galectins

: A. irradians (ACS72240, FJ469998); C. virginica (ABG75998);

1-9, Caenorhabditis elegans-1-9 (AAB87718, BAB11968, BAB11969, BAB11970,

Caenorhabditis elegans-10 (BAB11966, BAB11967);
Biomphalaria glabrata

galectin GenBank

P fucata (ACO36044);

BAB11971, BAA09794, NP-509650, BAB11964, BAB11965);
, Brugia malayi (AF237486-1); Haemonchus contortus (AA88823, CAB71314);

(ABS28869, ABQ09359)

2.3 SbGal SbGal mRNA

B-actin SbGal mRNA ,

( 4, , ShbGal
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, 87.05 (P<0.01), s 2009) s
72.86 (P<0.01) ,
(Vasta,
100 .
d 2009) , galectin ,
80 quadruple-galectin , AiGall
o PfGal AiGal2
¥ 60
#
@ 40 RACE galectin cDNA;
mRNA
20
0 Ha .
galectin ,
4 ShGal (Almkvist et al, 2002)
Fig.4 Distribution of ShGal gene in different tissues of S. SbGal N s
broughtonii SbGal >
£8.D. (n=3) ShGal cDNA  3'-UTR
SbGal (P<0.01) F. ;G oM lecti
; He. P AL ; Ha. galeetin
2.4 SbGal galectin ¢cDNA 3-UTR 3
, SbGal ( ,2007)
6 ShGal
5, , 6 ,
SbGal 4h ,
> (Kasai et al, 1996; Leffler, 2001)
) ) ; NJ SbGal quadruple-
1430.48 (P<0.01) 1038.23 (P<0.01); galectin galectin , ,
8h ) SbGal quadruple- galectin
128.21 (P<0.01) 1502.70 (P<0.01); , ShGal
16h , ,
361.56  (P<0.01) 354.87 (P<0.01) ,
) ) ( , 2009)
; SbGal ShGal
32h , ,
261.72  (P<0.01) s
, SbGal , ,
3 qRT-PCR SbGal
galectin (Tasumi
B- et al, 2007; Song et al, 2010, 2011; Zhang et al, 2011),
PRR , SbGal

(Vasta,



46

1068

V.anguillarum
3 PBS

1504 b
100
504

BBy

V.anguillarum
CIPBS

BB

t(h)

th)

:
3
3
g 9
o
> 2
N O
® AR
R RS
LI SRRARRNRARRY
-
_d_““ T T
cooogo (=1 =
[=N === (=] (=}
o 0w M o~ —
o — — —
BV xBE
E
5
= SRRRNNRRRNR
g
> m L SRR
N
N 0
BRI
SRRRRTNRRRAR
PR OIS
T SN
(&)
____““ T T
[=l=l=l=l= )= (=1 (=
(===l =] (=3 =
CERCEL
BB

t(h)

th)

E
2
s
3
=]
S o
N TS
N
N [
S R £
B R
__““ T
o o oo (=]
o o ow o
D ¥ o 2
BB
£
=
=
B,
o]
s &
M
N [
IRy SS £
§ — ISy
@
T T T T
o o o (=]
(== = N = ] o
w =+ oM o~

BERXE

SbGal

6
Fig.5 SbGal mRNA expression level after V. anguillarum challenge in five tissues

(P<0.01),

Oh

(P<0.05)

SbGal

Branchiostoma

oyster(Zhang et al, 2011)

, 2007),

, 2007) Meretrix meretrix (

lanceolatum(

, 2010; Prokhorova et al,

(Kong et al

2010)

mRNA

(Micrococcus luteus)

(Kim et al, 2008)

, ShGal

>

2010; Zhao et al

, AiGall mRNA

SbGal

(Song

>

et al, 2010);

SbGal

(Vibrio

PoGal2
alginolyticus)
et al, 2011)

(Zhang

, SbGal

, 2012.
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CLONING AND EXPRESSION ANALYSIS OF GALECTIN FROM SCAPHARCA
BROUGHTONII (SbGal)

ZHENG Li-Bing"?, WU Biao', LIU Zhi-Hong', ZHOU Li-Qing', SUN Xiu-Jun',
TIAN Ji-Teng', YANG Ai-Guo', ZHENG Yan-Xin?

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071, China; 2. College of Fisheries and Life Science, Shanghai Ocean University,
Shanghai 201306, China)

Abstract Galectins are a family of B-galactoside-binding lectins that play important roles in innate immunity of both
vertebrates and invertebrates. In the present study, the cDNA of a galectin with multiple carbohydrate recognition domains
(CRDs) was cloned from ark shell Scapharca broughtonii (designated ShGal) by partial cDNA sequence selected from the
transcriptome library by rapid amplification of cDNA ends (RACE) technique. The full length ¢cDNA of ShGal, another
specific galectin in bivalve, was 3120 bp in length encoding a polypeptide of 554 amino acids, and contained four
carbohydrate-recognition domains. The predicted molecular weight was 63.3158 kDa and the theoretical isoelectric point
was 4.99. The results of multiple sequences alignment and phylogeny analysis show that the identity of ShGal shared with
Crassostrea viginica, Pinctada fucata, and Argopecten irradians was 70%, 65%, and 46%, respectively. And the four
domains of ShGal shared 36%—41% identities with each other. Quantitative Real-time PCR (qQRT-PCR) was used to assess
the mRNA distribution in all tested tissues, including hemocytes, foot, adductor muscle, mantle, gill, and hepatopancreas.
The highest expression level was observed in hemocytes, while the lowest in hepatopancreas. After being challenged by
Vibrio anguillarum, the relative mRNA expression level of SbGal was up-regulated significantly (P<0.01). The timing of
maximum expression occurrence and returning to the initial level were different among the tissues. Therefore, ShGal
expression is of obvious time dependence and instantaneous expression pattern, and it could function as a pattern
recognition receptor in immune defense of ark shells.

Key words Scapharca broughtonii; galectin; gene expression; immune response



