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A EF kit galectin-1 FEI ) vl | JR A% IA
MR B Br

=2tk B0, A 0, AT KR
RERMRKRFHIRYFZR RSN ATANAAGEERELAERRE A& 420 350002; *4@
RAKFHMEPFIR, BEELRESEEREET WAE 4N 350002; °F BAF =% LT,
Kok k RERASEMLAREELRE LT 100101; ¥ BAS R A S B P s 6T 100049

A [ H#Y] galectin-1 ZEEL R —Fh, T IZAAE TR DN A KT e )i 19 )7 i i 24
Mo AW SRR IR TIAM L LY galectin-1 85, JF0 07 T & MR RIA &, [k ]sats 19,9
AR L BT galectin-1 FPH i FRUEGYI (4 75 V5% 4% pET-28a # AR H 3L, #4463 K% HF 1 DHSo
JRSZAS AN, T8 B SR s TR IR BE T, A ) ¥ 32 1) e P9 - B-D-BR AR B SLME 1 (IPTG) 153 3R 5,
Western blot #6360 8 [ 323518 40 ; R ] RT-PCR AR B0 W b4 28 U 83 galectin-1 FE R 1 R 3B18 I
(2528 ] th SMART Fll PredictProtein £ MT AT M1 %8 FIAT 2 S5, I H 12 th TG A B T &
P AR A5 BT s BB R LY galectin-1 55 /1N k0T PR 2k RO AR S0 5 5 H A I SR L, 2 U REAR B 3t 2
BAE—A 03 F ., Western blot i 264K 2 F1 R/ A I A28 1120 7 it — 3, RT-qPCR &5 WoR , DUEFHAY 2 { AN bF
LH(L,y) X IR, galectin-1 FENTEZIHIY 3 Wy (L) EFHAL 4 W (L,) Y HOR 3 @ (L ) AP IR 4 % (L ) ARBF e b iy
Foabh e, JUHRAE Ly A B  MERR RO 2 5, [ 4518 1 IAMF R HUY galectin-1 FERITE pET-28a J5iA% 3K
KRG RATENRS EARFR M RIA TR 25, RN LU 2 B galectin-1 BRI B8 E T 3601, AL
BTG S AL BT A

KGR : MM PFUMEBEE R -1 B [R5 RT-qPCR

(0SID 78)

Cloning, prokaryotic expression and expression pattern analysis
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Abstract: [ Aim] Galectins (Gal), a family of lectins, are widely distributed in various organisms and play pivotal roles in many
biological processes, including growth, development and immunity. In the present study, a galectin-coding gene was cloned and i-
dentified from Bursaphelenchus xylophilus (Bx) , and we analyzed its expression patterns in different developmental stages. [ Meth-
od] Primers were designed to amplify the galectin-1 gene of in B. xylophilus, while the pET-28a vector and the target gene were liga-
ted by double enzyme digestion, then transformed into Escherichia coli DH5a competent cells, and positive clones were screened.

The expressioned galectin-1 protein was induced with isopropyl-B-D-thiogalactoside (IPTG) at various temperatures and Western
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blot was used to detect the expression of galectin-1 protein. Quantitative real time-polymerase chain reaction (RT-qPCR) was used
to analyse the expression of this gene in different developmental stages of B. xylophilus. [ Result] The ¢cDNA of BxGal was cloned
(Gen Bank Gene ID;GU130138.1). SMART and PredictProtein softwares indicated that the BxGal had two CRDs and was mainly
composed of random coils and B-sheets. Bioinformatics analysis showed that BxGal was more similar to that in the insect parasitic
nematode Steinernema carpocapsae. The phylogenetic tree indicated that nematodes clustered well, compared to Schistosoma japoni-
cum. Developmental expression profiles revealed that the expression level of BxGal was the highest in the dispersingal third-larval in-
star (L larvae), and lower in propagative larval stages, dispersing fourth-larval stage( Ly ) and in the reproductive adult. There
was no difference between activity in males vs. females. [ Conclusion] The galectin-1 gene of B. xylophilus was soluble expressioned

in the pET-28a prokaryotic expression system, and its expression level varied in the different developmental stages. This study pro-

vides the basis cornerstones for further research of the BxGal and provides a new direction for the control of B. xylophilus.

Key words: Bursaphelenchus xylophilus; galectin-1 gene; prokaryotic expression; RT-qPCR

WA % 28 B Bursaphelenchus xylophilus ( Steiner
and Buhrer) Nickle 3 & 7] H Aphelenchida 73/
W 718} (¥ 71 #}) Parasiaphelenchidae ( Aphelenchi-
dae) A3 71 W Bursaphelenchiae A5 1) (k2
WG A PR, 2004 ) | J& —Ff it B R AR F
A S L P R T ) AR 3, A it) S A I
FIK Y B9 [ %8 ( Futai, 2008; Shinya et al., 2013;
Zhao & Sun,2017) . AR HbHEE HUT 51 ) #4446 1L
FEZEI | S S A o e ELBI IR ) 0 2 — | T
BRI 28 T Pk S IR 8 T U7 36 9 ( Toth,
2011)

TER 2= M2 B0 2 0% 3 1 4 % N
BB B, o B R (L, —L,) o BIBRCRE,
PARFER 2538 B Bl B PR 25 3 5 R 4%
AFIPREE 3 I FAAF 2k dy 2 o S5 J) ) A9 1
JildH . AP R s SR LY B 3 R (Ly ), 208
FIREFELEA LA IR K AR W 1Y K A &y Hu g B bt
Rl Ly B STE Y HOR 4 5 (Ly ), Ly IR R
TRRA I AE N G KA PUE R BB Y 2 32
b fEE A AR, A RAERS B KA Monocha-
mus alternatus Hope & A , P& 0] & 77k
% HAE(Zhou et al. ,2018) , WG, HEAT7FAS
2 AN BE R miR-14 \miR279 # miR-312 3
KR TR, I RER 248 m AU Sy 55 07
T (T4, 2018)

BEGE ZR I S R A ML A4 DG B 2H 1R oy, D)
REAL AR WO £ 8 7 WA R 20 B P 3340 1 15 5 1%
SR A, AR e A WV FH R 2% B T e Jit A
A AMA AL B AT AMA R 42 ( Vasta et al. ,2007) , 2
FLEER (galectin) S HEHE K W —FF, #8 T —1> B-
TS558 50, FURMEAE T 2005 A B 2k L

45535 ( carbohydrate recognition domain, CRD) J¥
FIIEFT | galectin-1 S fe PR B FLEER ik
— 5% A SRR AL AT e B AR W 26 e v
JZAEE SRS HIIRE R F RS H5AEK LT .
R T 45 45 Rl A BRI BE ( Rabinovich, 2007 ) . J&
TEARHE W FLSh Y- FUREBE LR Ry 3 Fhk
Y CJRAL” AR A BRECEE” (TR) ( Coop-
er,2002) . Ji R FUBE G A 3RO KO L 1 3L A
HEAE AR T RAR S A A CRD, i A LB
BEEREA T TIHERMHZMR I N-Amsh a5,
TEAS ) CR U XA A CRD, TR FFLBHEEER
A2 At DI REEREK IR 49 CRD

HFLBEER S LB A LR R
I3 AR ZRVE AL RE NG 5 A2 AT T ZRRE PRI
] S TN IE R SRR A A O, LA ORI G 1 A
T PR AR SR AR AE T T S OGB4 H ( Blidner
et al. ,2015; Craig et al.,2010; Feng et al.,2015;
Hill et al.,2010; Liu et al.,2012; Pejnovic et al.,
2013; Rabinovich et al.,2012; Vasta et al.,2004;
Yang et al. ,2011) . galectin BtZ 5 %74 iYL &4
R AR R SR, S HA A T ENAATE &
GBEJE A T BEA 5 (Hao et al.,2007; Kiel et al.,
2007 ; Kim et al. ,2010; Wang et al. ,2007; Young et
al. ,2004) ,BLCAE Z Fh 27 A P2 b & B, Inda %
M7 2 . Haemonchus contortus Rud. . ZhK 22 W, Bru-
gia malayi ( Brug) Buckley , 22tk W F& 2k U Dictyo-
caulus filaria Rudolphi, f 7 15 & A 4k M An-
giostrongylus costaricensis Morera and Cespedes ) M
EIRZ H Angiostrongylus cantonensis Chen

FARTER LY galectin-1 FEPRAE 2011 4E 1 R &
P (Lee et al. ,2011) , F 254 RO I BE A B 5245 & 45
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{7 225 . MR L galectin-1 SR TERE A% 3638 R R IR 40 Ar - 101 -

Ho AL Lk T galectin-1 & H, IF X H 1T T
NG BT IR T LA A e AU [R] #3 1
IR, ik — DRI L R LT g S
P NE O (S el

1 MRS5FE

1.1 k&R

Fabh 2 dUsh 220k B R E BV | 578 50 56 2 1] 5%
THEUR, RS EHEREBNE (PDA) PR35 57
JRAA IRBE 25 °C 0GR, 7 d A4 KA A A
AR S IR, 5 AR 2 500 &b 4l 78
FIRESAE TR IRk By, 8 d 22 A5 WA 48 Hus i 4 4
funz 58, HH A B AR 0 B R ok 28 bR
(PBST) ¥t hiohils

BRI IRAT WA B 2 A B, HE 7K TP
IR 24 h, KRB W2 WA HL(L,) s 2 B4R 2 Fb
FJRA A E R 24 b A5 B[R BAE Y 3 1A
MR (L) ;2 W2 M K 2540 1 3555 48 h,
1B [P AL A 4 WA (L) 8 2 14k il
FERD R KI5 I 49 00 PDA P |, 5555 72 h, 15
B[ B AA AT LR ] DLJR 2 i S R R A%
ML L, PO 3 i (Ly ) ok A 2 80E X R
ACHDUR S s sk by, $ ot 4 82 (Ly) 2R A
ENRFET,

TR B FE A B (L, ) Ly T Ly e A B
L2(5000 r + min~',5 min) , BR A Z AR 1 PBST, iIMA
1 mL 35% M RERE 6000 r - min~' B5.0 6 min, ¥ )2
2 RS BRI B0 H A | mL A BiE
Z 1Y PBST, 7000 r + min~' &0 7 min, Bk 2% PBST, Y&
R AR RNA,

1.2 ZH 5 RNA BI3REY, cDNA &K

ARHE Trizol X F & (Thermo Fisher N H) ) i B
P BRI IS I BHE AL (L) Ly AT Ly A5 AF
2k i) RNA, ffi Fil ¢cDNAFast Quant RT Kit ( with
gDNase) (TIANGEN 723w ) [ 55457 & & B ¢DNA,
IAERDEIERE 7 PCR AR,

1.3 galectin-1 EE R 1EF00 5

HRAE NCBI b #AM 2 . galectin-1 5 F ) mR-
NA 58 8 25 15 % %1 ( GenBank % 3% 5. GU130138) ,
Wit A& W S 518 Galee-F; CCCGAATTCGG-
GATGACTGAGGAAAAGAAAAC FlI Galec-R ; CCCAA
GCTTGGGTTAATGGATCTGGATGCCAG ( B R Rl 2%

HEEVINL 5 EcoR1 Hl Hind3) , {3 ] Phusion High—
Fidelity PCR Kit 514 E DNA -4 ( NEB A #)) i
AR PCR A1 H 925 7 B PCR, )UK & : cDNA
Bidl 1 L, b RS I#04 1 ul, INTP 5% 0.4
wl, Taq i 0.2 pL,Taq ZE /P 4 pl, 478 ddH,0 &
20 pL, PCR W 25fF:95 C 1 min ;94 °C30 s,60
C 305,72 °C 30 s, fEFF 40 K372 C 5 min, PCR
P EE 1% B AR B8 e R VK 45 7, 3% TR I AR R L A
PHEA FRA w NP 4E5E
14 EFENEMEEFESW

ProtParam ( http: // www. expasy. ch/tools/prot-
param. html ) I 25 5T A4 43 1 A1 45 45, Clustal
Wprogram ( http: // www. clustal. org/clustal2/) ¥ 47
B TUTS) HXE, TMHMM 4387 85 11T 5 58 25 g 35
(http: // www. cbs. dtu. dk/services/ TMH-MM/ ) ,
SMART #k 4 (http: // smart. embl-heidel berg. de/)
M 2B A I 2 BE 45 44 38, PredictProtein ( https: //
ppopen. Informatik. tu-muenchen. de/ ) FiUM — 2% 25 4 |
SWISS-MODEL % 4 ( https: // swissmodel. expasy.
org/ ) TN = R 45 K AR JEEARE , 75 NCBI £k e v
XA LR HUY galectin AT 2 EE R T 51 ) [m] 1 L
XF, N EE Y galectin B Z 3L R T 41, IF H] MEGA
7 (neighbor-joining, NJ 7%) #K{F7E 1000 ¥X bootstrap
Horil f5 A R AR
1.5 E4AHI pET-28a-galectin-1 FIHE

FHXURG B 2 40 B H B £ K 5 244 pET-28a, [}
HlPE N VI8 A EcoR1 il Hind3, f# J] DNA Ligation
Kit Ver. 2.1 (TaKaRa) 1807 & 6 4% H 19 5 [N 5 2%
A TR = B AL 2 R AT I DHS o JERSZ 2540
ML, AEA0 Y A0 A 7 RIIR R (100 pg -
mL™") (9 LB P4 I, G 6 BH P 5 B, BH R TR TR
DIHE I PRI A BRZA ) 7 %€
1.6 E4H galectin-1 EAMIF S RIAFL1L

FEANZS 2 0 R RN B 58 % pET-28a-galectin-1
YRR R 7 A F S mL (1) LB 85553k ( Fra N i &
50 pg - mL7) W FEIRE 37 °C FEEE 200 1 -
min” (RFFEF PSR 12 b, WA SR H-B-D-FRAR
EFUMEE (IPTG) =AW ES35°0 0,0.1,0.5 F11.0
mmol - L™, 43 $I7E 16 .37 C S 16 h, 5000 r -
min B0 20 min,?ﬁﬁﬁﬁ 100 pL. PBS 1RA) ,ﬁfﬁg‘ﬁ
)5, 12000 1+ min™' #5.0> 10 min, WCHE F 7 FIT
UE, SDS HEHLHLIK R, 7% 3¢ 30 min, Jid 03 4, 45 U
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R, SRAVEH ERZNHE i E A, K LEM
DLVE 1 8 I SE 1 western blot, T 5% % 25 H 1
SDS-PAGE HLIK , UK ZE S , 7% I buffer 3231 20
min , % 2| i FR £F 4 & B ( PVDF membrane ) |, 7F
TBST #7f% 10 min , fiff FH 38 34 P W AT 10 min, —
UM BB His 4725, HUKEE N 1 ¢ 5000,4 C |, 17008
H M TBST Ve 5 min, ¥k 3 W B8 B B,
HWERER 12 10000, 2 B P 2RI T 2 h, B

TBST ¥ 5 min, ¥& 3 K ; H ECL % (35 51 R PR 1E
PVDF fi§ I 76 B P 1k 5 min, FEHIEE ] X 4K
R, BT R AAW 2 min, K%, €W 2 min,
il RO
1.7 W& HENEEL galectin-1 EEEERIE
i FH Peimer premier 5.0 5T galectin-1 & [F (1)
P E & PCR 5L K B-actin FEHBI519), 75
k1 i

®1 59ER

Table 1 Primers used in this study

5|H) Primers

S1¥IF41 (5'-3") Primer sequences (5'-3")

BIY & Use of primers

galectin-F
galectin-R
B-actin-F GTCATCACCGTCGGAAAC
B-actin-R GAGCCTCCAATCCAGACG

CCCGAATTCGGGATGACTGAGGAAAAGAAAAC
CCCAAGCTTGGGTTAATGGATCTGGATGCCAG

RT-qPCR

MWK AR : SybGreen 10 wL,Rox 0.4 uL, I F
5144 0.8 pL,ddH,0 6 pL, 5t 2 pL, S A%
95 °C 3 min;95 °C 5 5;56 °C 30 s;72 °C 30 s;40
T, DL L, FE R X R BB A £ He L Ath 45 4 i
WG e B SR 270 SR R R T A
ikt fHH SPASS B BB, 3B 0 R L
PIHR R T 2%,

2 ZRESHH
2.1 A& BB galectin-1 EEF 5 K455

PR Y galectin-1 &R FE 354700 43
Mr, % ¥ %1 5 NCBI b Ar 42 28 /9 % A % 3
(GU130138.1) — 3k, A M 2k . galectin-1 ) Gen-
bank %i*5 i ACZ13331.1, & FLFRFE FLECN 278, H
ProtParam ¢ 18] 7 11 25 FH A FRIS 431 JFi i 431.87
ku, %5 HL 5 6.27
2.2 A%k H galectin-1 E AR ThEE L HE ST

H SMART %4440 B AT 1, #8126 . galectin-1
EHMIIRELSHIRA 2 4, BIEE 10~ 141 TR
AL GLECT 5448 ( CRD ) A% 147 ~ 276 fi B AR
AbHY GLECT #5838 (CRD) |, l1 5 4> & B R 5k B 114
JIREERE (K1)

10 141
| |
1 GLECT [T GLECT |
I ! |
1 147 276

1 ## %A galectin-1 & {4518 R F il
Fig.1 Predicted domains in galectin-1 of B. xylophilus

2.3 ¥AbHZkH galectin-1 EE ZH =KL

i PredictProtein 4443 #7711 , galectin-1 HHA
M s H T TR s 54.35%, B T &N
45.65% , %A o B8, fi ] SWISS-MODEL #% {4 %}
galectin-1 & [ R PRAAEL, Bon Hiz&E A E2 oM
Bth A B PrBdnk, 45 -5 Predict Protein #( 4 —
., BAEILEER T, 2 4> CRD BIE5 AL, A~
CRD FAT MBI ) 3L BE RIS 1% Wk SO AT Y
B-Ir &M, B-Ir & B-—WINGEA A A, AT
fil o-BRE (Kl 2)

B2 #HE&HR galectin-1 T QK =& TN
Fig.2 Predicted tertiary structures of galectin-1 of B. xylophilus

2.4 #HZ&H galectin-1 BIRF N L R RGER
B

MR XAAFF R L galectin-1 25 P A Y blast 5
WRERR AR B (8 3) , KB R 5 /N6 1k
K 2k W Steinernema  carpocapsae  ( Weiser )
(TMS35925.1) BIARUIEBe s, o 84.36% 5 5 K [R]
2kl Strongyloides ratti Sandground ( XP_024498502.
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1ETT 2245 MM L galectin-1 FER B SERE J5A% I FIR IR S04
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1) AHRIHE N 82.01% , LA HASIIL M Schistosoma ja-
ponicum Katsurada )M, F§ MAGE 7.0 #:37 JR 48
KEW(E 4) , LAEREAE— KIS i/

BT Q2 Hy | BRI J8 £ R 55 T AT 2R IR Cae-
norhabditis elegans TEIF]—1~/N332 I, 5 blast 1945
R—,

x 20 x 40 x 60 x 80

Bx: ESQRFTVNIHSKEADFSGNDVPLHISVRFDEGKIVLNSFSNGE : 80
Sc : BV P SQLQEKEEPGQTLIVKGSTIESQRFTVNHS ADFSGNDVPLHISVRFDEGKIVLNSFSNGE : 79
Sr : ¥ : 80
Mae2Kk3Yp6PY SQLQEKfEPGCGTLIVKGSTIeESQRFTVN1HSKSADFSGNDVPLHISVRFDEGKIVLN3FSNGeWGK
* 100 * 120 * 140 * 160
1 M FFRKSNPIKRGEPFDIRVRAHDDKFQIIVDQKEFK3YEHRLPLSSISHESVDGDL Y izl VEWGGKYYPVPYESGIASGF CRREI!]
Sc EERK..OPIKKGEPFDIRVRAHDDRFQIIVDQKEFK"qYEHRLPLSSVSI- SVDGDLYLI»QWGGKYYPVPYESGIASGF : 159
[ FRKSNPIKKGEPFDIRIRAHDDRFQIMIDQKEFKEYEHRLPLSSITHESVDGDIY LN IHWGGKYYPVPYESGIASGE Cie ]
EERKSnPIK4GEPFDIR6RAHDD4FQI66DCKeFKAYEERLPLSS63H£SVDGD6YLnt 6hWGGKYYPVPYESGIASGFP
* 180 * 200 * 220 * 240
Bx : VxﬁLVI TPEKKARRFNINLLRKNGDIA}JHFNPRFDE VVRNLQA: EWGNEEREGKIPFEKGVGFDLY IVNEjgy= FIREIPRIY
Sc : N xLLIE‘@TPEKKAKRENINLLRKNGDIA%HFNPRFDEoVVRNLQA‘EWGNEEKEGKIPFEKGVGFDWIVNE;'IQ{: 5239
NS V)3 KE LL I YAT PEKKAKRFNINLLRKNGD I ARHFNPRFDEKEVVRNYLQABEWGNEEREGKMPFEKGVGFDLIA I VNEQER FIEIPL ]
V KXKL6ISaTPEKKA4RFNINLLRKNGDIAlHFNPRFDEK VVRNaLGANEWGNEE4EGK6PFEKGVGFDLVIVNEG F
* 260 *
IS M QVIE VB Q3 FRsSFAH ?DI§GLQICGDVEITGIQI 1 278
Sc : [oh vnﬁsﬁﬁmwa@ HeDIAGLQIQGDIELTGIQI{olENpy
R 1Y VNGER G TFAHRSH PN D IEGLQIQGDLELTGIQINEEEPMES

C6 VNg2rFc3FAHRsSAP DIaGLCICGDGEGTGIQI

3 MME&HRSHEHMYFN T galectin-1 T A KEEF 5 bk 3t
Fig.3 Alignment of galectin-1 amino acid sequences of B. xylophilus with other species
Bx: AL (B 55 ACZ13331.1) 3 Se o /INE IR [RZL 1 (855 %5 . TMS35925.1) 5 Sr: RS ZL L (%5575 : XP_024498502.1)
Bx: B. xylophilus( GenBank accession numbers: ACZ13331.1) ; Sc: Steinernema carpocapsae ( GenBank accession

numbers: TMS35925.1) ; Sr: Strongyloides ratti( GenBank accession numbers: XP_024498502.1).

Ancylostoma ceylanicum EPB76192.1
Ancylostoma caninum RCN48112.1

AAF63405.1

is VDL82863.1
is AEK98123.1
pacificus PDM82392.1
Ci itis elegans NP 496801.2
ratti XP 024498502.1
TMS35925.1

34 ilus ACZ13331.1%
Toxocara canis VDM48758.1
Thelazia VDN08019.1

Onchocerca ochengi VDK73141.1

Loaloa XP 003139211.1
99 — Wuchereria bancrofti VOM08497.1
Brugia malayi XP 001900812.1

i TNN17292.1

100
81

0.10

B 4 galectin-1 SEEREEREE TRERFFIAENHLR (BIEE)

Fig.4 Phylogenetic tree of galectin-1 and its homologues based on amino acid sequences ( neighbor-joining method )

2.5 tA#Z R galectin-1 B RIFE#ZFK AT West-
ern blot

AR FENT4lifb 2 ) Western blot 25235
BT E A 7R E 8, Wi galectin-1/
pET-28a M 2H RIKBUA , IF 4L F) DHS o 1 T,
AR BE Y IPTG, 43I 7E 37 .16 C 5 4F T 5
T 16 h FRIXHEHAE (K 5) 45 R R, 78 37 C4%
BT, Ik galectin-1 FE AR Z  UUETT E A&
W FE L, B PTG 55, %5 galec-
tin-1 FHEASEZ

2.6 BN REHRME R galectin-1 EERNEERIE
SR 2k LA AN I Y cDNA |, 8 galectin-1
LY RT-qPCR, 45 R 3R B AR S0 1Y 2 %, 00
A3 BHEAL 4 0% PO 3 IR 4 R
galectin-1 JERFR K THR m I HE B EZEF (n=3,
P>0.05,¢ K 46) , 5l RO 2 25 s YK
R3PS B 3 IR RIEER B E (n=3,P>
0.05, K5) , P8t 4 05 B A 4 WA B 3%
225 M R 2 (R B 2 (B 6) s P
3 i galectin-1 FEF A FRIEF i E
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8 9 10 11 12

B 5 =4 galectin-l EAFFRIESEQLNL
Fig.5 Recombinant galectin-1 protein induced expression and protein purification
A TLTE M galectin-1/pET-28a 52380 BATE 37 °C 55 T ik ;1 ~4, TEALE T galectin-1/pet-28a 43 HI7E 1.0.5.0.1.0 mmol - L™ IPTG
AN IIERRIE 5~ 6. 45 FAKFE 1 A0 mmol - L7'IPTG &4 F A F:3R3K;7~ 10 A galectin-1/pet-28a 43 HI7E 1,0.5.0.1,0
mmol + L™ IPTG £ F MBS 335 11~ 12, 25 2ALE 1 A1 0 mmol - L7'IPTG 444 F 1935 5335 B LA E 1 galectin-1/pET-28a
AN RAE 16 C 4T 8385 1~2 25 BRAKLE 0 Al 1 mmol - L7'IPTG 41T 5% S48 3~ 6. KA galectin-1/pET-28a
SRAIEE 0,0.1,0.5,1 mmol - L™ IPTG 451 F (15 S5k 7~ 8 25 #IKTE 0 1 1 mmol + L™'IPTG 5 44F PSR,
9~ 12 L EH galectin-1/pet-28a Z3-5I7E 1,0.5.0.1.0 mmol - L' IPTG 54 FHiHEFHEE, M EASTEIRHE,
A The recombinant protein galectin-1/pET-28a was expressed at 37 °C with an empty control; 1-4: The recombinant protein galectin-1/pET-28a

was induced at 1, 0.5, 0.1, 0 mmol + L' IPTG, respectively; 5-6: Empty vector was induced at 1 and 0 mmol + L' IPTG; 7-10; Recombinant

protein galectin-1/pET-28a was induced at 1, 0.5, 0.1, 0 mmol - L™ IPTG, respectively; 11-12: Empty vector was induced at 1 and 0 mmol - L™"

IPTG; B: The recombinant protein galectin-1/pET-28a was expressed at 16 °C with an empty control; 1-2; Induced expression of empty vector

at 0 and 1 mmol - L™' IPTG; 3-6: The recombinant protein galectin-1/pET-28a was induced to express under the conditions of 0, 0.1, 0.5

and 1 mmol - L™ IPTG, respectively; 7-8: Induced expression of empty vector at 0 and 1 mmol + L™' IPTG; 9-12: The recombinant protein

galectin-1/pET-28a was induced at 1, 0.5, 0.1, 0 mmol - L™" IPTG, respectively; M: Protein molecular weight marker.

59 a
4_

3 A

AR k5

Relative of expression level

L. Ls L. Lu
WA Age

6 MMERZTMRBHBEXNRIEIEE

Fig.6 Quantitative expression of relative expression of

Lv Female Male

B. xylophilus at various ages
RRVNG FREFORTE 0.05 KT FEFBE,
The different letters indicate significant difference (P<0.05).

3 Wit5%iR

ARSI FAL R IR R AR AN B 2k iy
galectin-1 (& [, JEFIN &R (1 2540, i 5 () U
SRS T R85BT B AR AR 2 Ha AN [m] He i
Rk WA BRI B 26 B galecctin-1 F& K] ) AT
REAEFRIRE

AR 28 1LY galectin-1 25 16 2 4~ GLECT
(CRD) ZE#b3a, 3% 2 S5 H3 AT 25 5 Bk K AL &5 40
MITEHFEA KK T s A A PRI fE . FAMF 2R
HUg— Y 27 A ey, HAL R 5 2 S A B2 KA A

HAEA, Mg blast DA KGR FH LY, RGE A
W ER TR, MM 2k L5 g A AR 2 O 2
AT R R B ML P AR 2 /N I TR 2k e T AL
P Gal-1 BYIRE AT RELE 5 KA AHELAE I & 4%
PR, G XA B 2 HL A% A % 30D Al S s 25 Ol 5 4
PCR, &3 L, L, L, Al Ly [ galectin-1 FEF {1 ik
AR, PTRE S MM R A A RO B A K Ly
Ly RiBEEFEE, Ly 1Y galectin-1 FEH & &y
i, P RE - KA A S 1 S R PR A OC BRR Ly,
38R A 4y B A B AR A B | T SR AR AR R
2F 062 J5] [l ( Zhao et al. ;2007 ) , 11 2 056 5 JH FL A5
VIZ HL AN , P55 A%, 2 d AT 7 A BE 22 110
galectin-1 $&F 551, 1M Ly galectin-1 &R Rk &
AU/ P RE5 T2 118 B 928 36 3R AH OG5 e i H 3508
B 25, USROG,

M 2011 4R IFA AL U galectin-1 FE [, {
T HAHGE . ABFTESERE TS 2 1 galectin-
13 IFX AR AT T A (5 o 20 B F s A 1 30
i RT-qPCR, 8 i3 A% R B R 7 AR K I E H , i
2 SN R () =R 0K -4 = IS RO SR U/ /o v = 8 )
galectin-1 £ [ SIS KA Z BB BAERHE T2%
AR R BIIR R BE TR T



1T 2245 ISP L galectin-1 FER B SERE J5A% IR FIFRIKAE A S04

- 105 -

S 3k

T, KT, R, BN, IR, BFE, 2018. i
SRS L R A AR 2R R A miRNA K31 L4 AT
A e R, 27(1) : 20-30.

SREE, WA IR, 2004, P B ARKE R AHRE. JLEt: P
FE AR H A

BLIDNER A G, MENDEZ-HUERGO S P, CAGNONI A J,
RABINOVICH G A, 2015. Rewiring regulatory cell networks
in immunity by galectin-glycan interactions. FEBS Letters,
589: 3407-3418.

COOPER D N W, 2002. Galectinomics: finding themes in
complexity. Biochimica Biophysica Acta General Subjects,
1572(2/3) : 209-231.

CRAIG S E L, THUMMEL R, AHMED H, VASTA G R,
HYDE D R, HITCHCOCK P F, 2010. The zebrafish galec-
tin Drgall-12 is expressed by proliferating muller glia and
photoreceptor progenitors and regulates the regeneration of
rod photoreceptors. Investigative Opthalmology & Visual Sci-
ence, 51(6) : 3244-3252.

FENG C G, NITA-LAZAR M, NURIA GONZALEZ-MONTAL-
BAN, WANG J Y, MANCINI J, RAVINDRAN C, AHMED
H, VASTA G R, 2015. Manipulating galectin expression in
zebrafish ( Danio rerio ). Methods in Molecular Biology,
1207 327-341.

FUTALI K, 2008. Pine wilt disease. Tokyo: Springer.

HAO L, WU K, CHEN X G, WANG Q, 2007. Cloning, pro-
karyotic expression and immunoreactivity evaluation of An-
glostrongylus cantonensis galectin. Journal of Southern Medi-
cal University, 27(5) . 584-587.

HILL M, MAZAL D,BIRON V A, PEREIRA L, UBILLOS L,
BERRIEL E, AHMED H, FREIRE T, RONDAN M, VAS-
TA GR, LIU F T, IGLESIAS M M, OSAGA E, 2010. A
novel clinically relevant animal model for studying galectin-3
its ligands during colon carcinogenesis. The Journal of Histo-
chemistry and Cytochemistry; Official Lournal of the Histo-
chemistry Society, 58(6) : 553-565.

KIELI M, JOSH P, JONES A, JONES A, WINDON R, HUNT
P, KONGSUWAN K, 2007. Identification of immuno-reac-
tive proteins from a sheep gastrointestinal nematode, Tricho-

strongylus colubriformis, using two-dimensional electrophore-
sis and mass spectrometry. International Journal for Parasi-
iology, 37(13) : 1419-1429.

KIMJY, CHOM K, CHOI S H, LEE K H, AHN S C, KIM
D H, YU H S, 2010. Inhibition of dextran sulfate sodium

(DSS) -induced intestinal inflammation via enhanced IL-10
and TGF-B production by galectin-9 homologues isolated from
intestinal parasites. Molecular and Biochemical Parasitology,
174(1) . 53-61.

LEE D W, SEO J B, NAM M H, KANG J S, KIM SY, KIM
AY,KIMWT, CHOI J K, UM Y, LEE Y, MOON I S,
HANHR, KOHSH, JEY H, LIM K J, LEE S H, KOH
Y H, 2011. A combination of biochemical and proteomic an-
alyses reveals Bx-LEC-1 as an antigenic target for the mono-
clonal antibody 3-2A7-2H5-D9-F10 specific to the pine wood
nematode. Molecular & Cellular Proteomics, 10 (2 ):
M900521-MCP200.

LIU F T, YANG RY, HSU D K, 2012. Galectins in acute and
chronic inflammation. Annals of the Now York Acadamy of Sci-
ences, 1253. 80-91.

PANG J B, RHODES D H, PINI M, AKASHEH R T, CAS-
TELLANOS K J, CABAY R J, COOPER D, PERRETTI,
M, FANTUZZI G, 2013. Increased adiposity, dysregulated
glucose metabolism and systemic inflammation in Galectin-3
KO mice. PLoS ONE, 8(2) : e57915.

PEJNOVIC N N, PANTIC J] M, JOVANOVIC I P, RADOSAV-
LJEVIC G D, DJUKIC A L, ARSENIJEVIC N N, LUKIC M
L, 2013. Galectin-3 is a regulator of metaflammation in adi-
pose tissue and pancreatic islets. Adipocyte, 2(4) : 266-271.

RABINOVICH G A, VAN KOOYK B, COBB B A, 2012. Gly-
cobiology of immune responses. Annals of the Now York Ac-
adamy of Sciences, 1253. 1-15.

RABINOVICH G A, TOSCANO M A, JACKSON S S, VASTA G
R, 2007. Functions of cell surface galectin-glycoprotein lattices.
Current Opinion in Structural Biology, 17(5) ; 513-520.

SHINYA R, MORISAKA H, TAKEUCHI Y, FUTAI K, UEDA
M, 2013. Making headway in understanding pine wilt dis-
ease: what do we perceive in the postgenomic era? Journal
of Bioscience and Bioengineering, 116(1): 1-8.

VASTA G R, AHMED H, DU S J, HENRIKSON D, 2004. Galec-
tins in teleost fish; zebrafish (Danio rerio) as a model species
to address their biological roles in development and innate im-
munity. Glycoconjugate Journal, 21(8/9) ; 503-521.

VASTA G R, AHMED H, TASUMI S, ODOM E W, SAITO
K, 2007. Biological roles of lectins in innate immunity ; mo-
lecular and structural basis for diversity in self/non-self rec-
ognition. Advances Experimental Medicine and Biology, 598 .
389-406.

(F#% 122 W)



- 122 - YRR Journal of Biosafety

#29 %

LEE Y, KIM S, LEE S, 2018. A first record of three aphid
pests ( Aphididae: Calaphidinae) on walnut in Korea. Jour-
nal of Asia-Pacific Biodiversity, 11(4) . 531-537.

MACE K C, MILLS N J, 2017. Connecting natural enemy met-
rics to biological control activity for aphids in California wal-
nuts. Biological Control, 106: 16-26.

MARTINEZ M L, LABUCKAS D O, LAMARQUE A L, MAE-
STRI D M, 2010. Walnut ( Juglans regia L.) : genetic re-
sources, chemistry, by-products. Journal of the Science of
Food and Agriculture, 90(12) ; 1959-1967.

OLSON W, 1974. Dusky-veined walnut aphid studies. Califor-
nia Agriculture, 28(7) : 18-19.

PAULSEN C M, COTTRELL T E, RUBERSON J R, 2013.
Distribution of the black pecan aphid, Melanocallis caryaefo-
liae, on the upper and lower surface of pecan foliage. Ento-
mologia Experimentalis et Applicata, 146(2) ; 252-260.

POLLEGIONI P, WOEXTE K E, CHIOCCHINI F, DEL LUN-
GO S, OLIMPERI I, TORTOLANO V, MAVOLTI M E,
2015. Ancient humans influenced the current spatial genetic
structure of common walnut populations in Asia. PLoS ONE,
10(9) : €0135980.

POUTSMA J, LOOMANS A J M, AUKEMA B, HEIJERMAN
T, 2008. Predicting the potential geographical distribution of
the harlequin ladybird, Harmonia axyridis, using the CLIM-
EX model. Biological Control, 53 103-105.

ROSEHEIM J A, 1998. Higher-order predators and the regula-
tion of insect herbivore populations. Annual Review of Ento-
mology, 43( 1) ; 421-447.

SLUSS R R, 1967. Population dynamics of the walnut aphid,
Chromaphis juglandicola ( Kalt.) in Northern California.
Ecology, 48( 1) : 41-58.

SUTHERST R W, BOURNE A S, 2009. Modelling non-equi-
librium distributions of invasive species: a tale of two model-
ling paradigms. Biological Invasions, 11(6) ; 1231-1237.

VAN DEN BOSH R, HOM R, MATTESON P, FRAZER B,
MESSENGER P, DAVIIS C, 1979. Biological control of the
walnut aphid in California: impact of the parasite, Trioxys
pallidus. Hilgardia, 47(1) ; 1-13.

WOODWARD F I, 1987. Climate and plant distribution. New
York: Cambridge University Press.

WILKINSON K N, GASPARIAN B, PINHASI R, AVETISY-
AN P, HOVSPYAN R, ZARDARYAN D, SMITH A, 2012.
Areni-1 cave, armenia: a chalcolithic-early bronze age set-
tlement and ritual site in the southern Caucasus. Journal of
Field Archaeology, 37(1) . 20-33.

XIRT, 1989. Discussion on the origin of walnut in China. Acta
Horticulturae, 284, 353-362.

(FIE% 5 Frmam 372

(L35 105 ®)
WANG J, YANR F, XU L X, LI X G, 2007. The second glu-

tamic acid in the C-terminal CRD affects the carbohydrate-
binding properties of recombinant galectins of Haemonchus
contortus. Veterinary Parasitology, 148(3/4) . 247-255.

YOUNG A R, MEEUSEN E N, 2004. Galectins in parasite in-
fection and allergic inflammation. Glycoconj Journal, 19 (7/
8/9) : 601-606.

ZHAO L L, SUN J H, 2017. Pinewood nematode Bursaphelen-
chus xylophilus ( Steiner and Buhrer) Nickle / Biological in-
vasions and its management in China. Singapore: Springer;

3-21.

ZHAO L L, WEI W, KANG L, SUN J H, 2007. Chemotaxis of
the pinewood nematode, Bursaphelenchus xylophilus, to vola-
tiles associated with host pine, Pinus massoniana, and its
vector Monochamus alternatus. Journal of Chemical Ecology,
33(6): 12071216.

ZHOU J, ZHAO L L,YU H'Y, ZAHNG W, HU S N, ZHOU
7, SUN J H, 2018. Immune tolerance of vector beetle to its
partner plant parasitic nmatode modulated by its insect para-
sitic nematode. The FASEB Journal, 32 (9) . 4862—-4877.

=

(IIE% . TR E)



