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Fase, T, A &7, 24, FERE, K B,
AL FE A, B

(1. SNBERICER PO B4 BE, (0T8N 1210005 2. 10744 39 A MR H0E P, J0FH 110001)

WE. [ AW AHR S AR P g Apis cerana cerana FsupEaEE( galectin) 49 L & 2 5 9%
FOMEAEA, [ F kBRI 4 F 369 % RNA AR RT-PCR 3% R K47 Galectin A B, RG] A 4
WAZ B F AT R ) B3 5 RIA R 5 3 e 45 MR AR AT AT BARIE K AT B Escherichia
coli BT 04 eE MExt iz K B B A F 3 AT AL R A R, SR & TME G =5, 8 i Far-western
blotting 3% KA M| 264004 F 41K & 5 464069 P ¥ F Ik 4 & J& 7 ( Chinese sacbrood virus, CSBV) 1% P4
& ¥ Bk S5 9% 7 ( Chronic bee paralysis virus, CBPV) Fo 5% 3 3% 7 ( Deformed wing virus, DWV) #9 25 515
Ro [ER) NP4 BHEP H &35 Galectin £ B, 5+ L & % 4 AcGalectin ( GenBank % % 5 .
MG557559) , 3 cDNA 4% 4 1 473 bp, AcGalectin 5 8] 25 #j lb 45 48 2, 61,4 — /N X 5457 5] 5 4
B, Rkt & Galectin B B 45 A W 55, 4 B E %A B & 49 Galectin 7B i, — A 55, i 4 &
% Galectin % & % — 3., 2% #BF KA 4 AcGalectin 2 B 48 45 £ X W AT # B % A& ie. BL21
(DE3) # ZHzkk ik, shitdy £ 40 AcGalectin & & 7T 5 CSBV #= CBPV 24~ {2 R 5 DWV % 4,
[ 4] % E £ AcGalectin 5¥: % & CSBV #= CBPV H 444 H . KA A AcGalectin £ CSBV
Fo CBPV & i3 A2 P oy h e A0 32 T Al
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Expression, purification and characterization of galectin AcGalectin in

Apis cerana cerana ( Hymenoptera: Apidae)
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Earlier Warning Center, Shenyang 110001, China)

Abstract: [ Aim] This study aims to explore the function of galectin in Apis cerana cerana and its
interaction with the honeybee virus. [ Methods] Galectin gene was amplified from A. cerana ceranas by
RT-PCR using the extracted total RNA as the template, and then the sequence and structural
characteristics of deduced amino acids were analyzed by using bioinformatics tools. The codons of the

galectin gene were optimized based on the codon bias of Escherichia coli, and the recombinant protein was
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produced in E. coli and purified by affinity chromatography. The binding activities of the recombinant

protein with Chinese sacbrood virus ( CSBV') , Chronic bee paralysis virus (CBPV) and Deformed wing

virus (DWV) were analyzed by far-western blotting. [ Results] A galectin gene was cloned from A.

cerana cerana and named AcGalectin ( GenBank accession no: MG557559) , and its full-length ¢cDNA is

1 473 bp in length. AcGalectin has a stable spatial structure containing a Gal-bind_lectin domain. The

phylogenetic tree constructed based on the amino acid sequences from AcGalectin and the previously

reported galectins indicated that galectins form two clusters, one related to galectins from the

Hymenoptera, and the other related to galectins from other insects. The codon-optimized AcGalectin gene

could be highly expressed in host bacteria BL21 ( DE3) , and the purified recombinant AcGalectin protein
could bind with CSBV and CBPV, but not with DWV. [ Conclusion] The results indicate that AcGalectin
can bind with CSBV and CBPV, and this lays a foundation for the further study on the function of
AcGalectin in the process of CSBV and CBPV infections.
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BER R — P AERE AR B TT LU S &
WEECE Z W 5, BA o 7RI, [Rl i 2
APURREMPLEAAEN, BT 5 HIV J8Ese 4 T il
ELAA A b AR PSR, B i) HIV %% 5% DL A
il HIV i #3522 AN RSP AL PRI ) HIV 5 5
B (A HENESS, 2006) o BFSE R, BEEE RAEAEY)
R0 I A ) il R 4558 B AR T, LR
3 3o 240 i B A SROME ) 18] 42 HIL T F )5 10 A 40 0
B, 1M FLIA HA A B A RO DR, KA SR R AT
BEER 0o 3 28, RIS Bt R A e 32 AL
EWBEE R Horh, Sh W BESE R ] 43 C BUBEAR
R BIBHER P RIBHER HRIKE M S BUBESE
RUDEFUEEE R 5 D FERE,

FFUBBESE 3R (galectin) 75 BESE 2 5 7 A
I SRR LS Y R B, I RE R e M 2 A 2F
FUMEH M4 . 124 R 1k, TEMFLES Y b 2 kW
15 Fp A [a] 4 2 UM BE S 3R, 1 5 A R U0 45 44 5
( carbohydrate recognition domain, CRD), AJ 4% 54
PO RE R i (1~ UMY, JB T AR R S P T i
[ (Vasta, 2009) . WK, FETCEMESh Y &
G SRR YL ), Galectin 1 A iR 51| 32 & ( pattern
recognition receptors, PRR) , A il i CRD 45 54 #h
58 2 IR, DR SR I, BN, K A
BmGalectin4 X # > [ [ 14 17 | BH M 18] R0 B 1 19 &5
A (EMAE, 2014) ; (I Galectin HATRE 7M1 5
FI- 2 Dt 3 THT A 98 T2 T 22 W% 1 D) 8 ( Kamhawi er
al., 2004 ) ; 4 H T U AT Galectin AJ 45 & IRk %F 1
Perkinsus olseni FNHNE Vibrio 21 0 FLAE M N-2,
P > LW e 7 1 A7 e I A AR ) (Kim e al.,
2008) ; TAE8 Y R Galectin 25 21 i X 25 A= At 1) 411

FEAE F ( Nakamura et al., 2012); K 74 ¥ 5 {4
Galectin-1 FEHEAE M == [QPHPEFNBAPE TR , 2 5 H Ak
Bt 72 ( Rajan et al., 2013) ; RAEGUEE S Eriocheir
sinensis 1Y Galectin X} 22 i 5 b HA $050 O BEAE TG
P, T H 3 b BEAE AT gl D=2 LB AL oL W 410 i
(Wang et al., 2016) , KT HHiA <2 4 Galectin
UIfigie ok WARIE .

e R T @ H ( Hymenoptera ) # 1 Bl
(Apidae) B HUGERR, H i 2 i & Apis 19 2R )7 % i
Apis cerana, V47 B WE Apis mellifera FIEE/NEE W Apis
andreniformis % 9 ANWERS T NG A E T
Sy B AN NET ), AU N R i
77, T ELAE Sy S Rk B L, BRI AE )
A8 e m AR VR 1) 7 B A o i B 3 Tl AR
MTER . PEgeit, A B2 =40 2 — R VEYIIRSE
IR, ek B Bk 1Y 2 5% o (AL O Dy B4R
2 1202 & 70, A S T B Al A= 7 BB 1Y 9. 5%
(Tantillo et al., 2015) , SRIMITHEF, B T YRR
()2 AT AO™ U SR 1 & T EL A
ANV T B T AN ARG . A E BT B
RN N ARSI R R AR Bz
R PRGSO, (A7E R fE v JE R T
MURRSE R A% R e A e ML, AT A L PR 47 F
B2 INEYIRE . R R R E A WA
FUMEBESE R B 1, BBIS 5 e RE AP TE A AR T, BT
M ANTERE . ST I, A B 5 AR 4l P T e A
FERAF R, ) ve e B — A h A8 8 i Apis cerana
cerana - FURHEE R RILH, 7EXT HOF 947 A= )2
fFEAT 25 3 7 T N TS e ik, 718
HAE A, I X% 5 W I T A7 A
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HAEREAT TR
1 #RE5EAZx

L1 gt

BEALER G v i 42 4R 4)) HUK 5 ( Chinese sacbrood
virus, CSBV) 15 55 ] R AB 1E B 55 10 h AR 5 i T
W2l HUT 2016 4 4 U T T A AR BE TR SR
¥ LTI T AR M AR (123.73°F, 41.3°N) 5 Bt
) JE% Ye 12 P 28 0 K 9K 7 ( Chronic bee paralysis
virus, CBPV) [ B K F| & M Apis mellifera ligustica T.
R T 2017 4E 7 IR T T A L B SR
W) L T T A PR (122.7°F, 42°N) s BERUERGY
FRIMIRFE ( deformed wing virus, DWV') B8 72 K | 25
TR T 2017 4F 6 H AR AR THIL T4 B M T A
W5 AT T A PG (121, 15°K, 41, 13°N) ;{5
HAR AR i 2 -3 i T A0y ORI B R R R e T
W P B WA T B M B R RS S0 S IR A S . |
TR W ) iR TR M PR R TR T AL T R R
oK o IR IR AEAS 3 ) FH AR PR K R 25 R T 2%
JR L B T, 22 RT-PCR ¥ i i2 )5, & T
-80°CIRFF# .
1.2 FEiXFILF

L RNA #2 B0 57 A& . DNase I H 3 [ Promega
3] GST FRAHUAN A A= TAEY) T4 (L) By
HBRAT ; KGR Escherichia coli BL21 ( DE3) J&&
ZAS YA FlyCut BamH T FlyCut Xho T FUE/ T &
HH Marker 14 5 4050 4208 AR Y HORA BRA A 5 5
KB R & B RO & H Axygen 23 W] 5 Tag
DNA Polymerase it 7| &4 H Invitrogen 2\ ) ; GST
HE AT & A A TAY TR EE) B
AP/ E] ;RNA PCR Kit( AMV) Ver 3. 0 57 &5 . [FR
VA UIEE Ex Taq™ DNA R4 T4 DNA 1
S B ORG%E TaKaRa 23 7] 5 2K pGEX6P-1 AR 5256
ERIF

A TAES, - 80°CHE IR VKA , W A v Vg /K
A E] R AR G W R AR, 52 [H Bio-Rad A w7 &
AR LA, ¢ [ Sigma 23 7] 7 fh s PCR A, 9& [
HYBAID 2% &7 i s ARl 2 243, W A F i R BERHY
ABRAH]
1.3 i E i Galectin EERES T

RIETE T2 ¥ Galectin F%[H ( GenBank 5% 5.
XM-392379) #E T () 2 HE MR T 51 48 Blast 43# 5 rh 4
I GAL-A 1Y BLR T 5 AH DAL , i DLt BE P 31

DRI, Bt — %k R A N DI BamH 1 I
Xho TPl U Ao s 09 ¢ 5% £ 51 9, 1F 8] 51 #): 5'-
GCGGATCCATGGGTAAAGTTTCTCCGGACG-3'; ) |n)
5 4¥7:5-GCCTCGAGTTAGTCGTCCAGACCCAGACC-
37, JRIUE R AR e 4 U B RNA R 1T S S
A 1% cDNA , 124 ¢cDNA S5 , i i Ex Taqg DNA B
A HEEFT PCR 2 o 97344 £ .10 x PCR Buffer 2. 5
wh, EFUESI 9 (10 pmol/L) 45 0. 5 uL, dNTP
Mixture (10 mmol/L) 1 L, ExTaq fif#(5 U/pL) 0.25
L, cDNA #ifz 1 pL, ddH,0 19.75 plL, 25 uL &
Zo PSR FASE 94°C 2 min; 94°C 45 s, 58C
45 s, 72°C 1 min, 30 PME¥H; 72°C 10 min;4°C {4
Ffo Y1 AcGalectin B[R - BEFI ] DNA B ik
ISR & (Axygen A 7)) HEAT M ik, ek =
pMDI18-T A, -6 A TAEY TR ( 1ik) KA
R R] 2 w1
1.4 F3aHh

H D e Je B rh AR Galectin K& DY 4 it 2 S T2
Jr 41 5 N NCBI $ifis P T #0 T B du iy 7Lk e 4R
R M (Galectin) [y 31, £ 45 rf 48 % 1% ( GenBank
B5 . PBC26441.1) BRUNHLEEME Bombus terrestris
( GenBank % % 5. XP_003401978. 1) . #f % %
( GenBank & 3 5.
KZC10048. 1), % {k % ¥ FEufriesea mexicana
( GenBank %355 OAD54547. 1) /NEWE Apis florea
(GenBank % 3% 5. XP _003696651. 2) . JG i
( GenBank % ¢ 5.
KOX74850. 1) .35 K isL Aedes aegypti ( GenBank %
k5. XP001656933. 1) . X] kb W % B Anopheles
gambiae ( GenBank %355 . AGAP008844-PA) \FH
Bombyx mori ( GenBank % 5%5 . AK386049) | BEfE L
g Drosophila melanogaster ( GenBank % 3% 5.
NP001162838. 1 ). & T 8 Danaus plexippus
(GenBank %5 . EHJ77864.1) . AMKRE\ Pediculus
humanus corporis ( GenBank % 55 XP002428817. 1) .
ENEEMD i/ Harpegnathos saltator ( GenBank % 5% %5 .
EFN82261. 1) A1 ifF 12 [K 5 ¥ Drosophila hydei
(GenBank Z3%5: XP_023165755. 1) , ffi i Clustal
W HEAT HOX 504, R MEGA4. 0 S04, 45 4B 45 vk
( Neighbor-Joining ) ¥ 2 G0 &K B . il i 7E LR 4K
ff Simple Modular
(SMART) (http: // smart. embl-heidelberg. de/) X}
AcGalectin L~ 45 F4 351 F5U0 A1) 68 73 Hr , [6] 6, 1)
] SWISS-MODEL # {4 ( http; // swissmodel. expasy.

Dufourea  novaeangliae

Melipona  quadrifasciata
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org) Xif H = HEGE I HEA T - AAE L AT SignalP 4. 1
Server ( http: // www. cbs. dtu. dk/services/SignalP/ )
HEATE S IR 0T, P SRR PR B BOAA .
1.5 e Galectin ERMED TN

AL 7E LA AL AT (hitp: / www. jeat. de/Fl
http: // genomes. urv. es/OPTIM- 1ZER/) , #2 45 K
A RET 0T 25 Ml W 2, T DR A5 e ) B R e 47 1) T
$ET, [A] e BT GC & &, X v [ 4R B 1Y rp 48 2 i
AcGalectin ZER FEA 78S T4k, #4751k 246 0, IF
HIAKH R () B34 47 &5 BamH T F1 Xho 1 3845 opti-
AcGalectin F:[H
1.6 REEE Galectin EAWEA. KX 4S5
7

% 1% 5 Pt AL J5 (4 opti-AcGalectin JE [H 28
BamH 1 1l Xho | UEGY) FilE Z pGEXOP-1 #fA, #)
7 2H JFOkL pGEX6P-1-opti-AcGalectin, 9% Ji , ¥ 5
2H Jii B pGEX6P-1-opti-AcGalectin ¥4 4, 3] K 7 #1 &
BL21 (DE3) o 4R HUTURL , 28 fig V) %08 IR 8 )i, 45
T LB {ﬁﬁii%?%%, FTI3ICHERE ODgy =0.6 ~
0.8,/ fmA 0.1, 0.25, 0.5 F1 0 mmol/L Y
IPTG, 7 30°C 220 r/min 24 FiES 8 h, B.O0 ks
WK, I PMSF, 28 8 75 B4 5 0, o il W4 1
THMYLE, 4T SDS-PAGE HIVKUEE . W% E R
FIREH M GST HA K A alifbiln & [ 4 T4
WA (Bl By A RA A ] 2ifk, 3545 GST-
AcGalectin filt &8 M, 7EICHEA -, DL $T GST 45
SR (1:2 000 i) AE S —$T, HRP FRic 1l -4t
/N (125 000) 15y — 40, % #2028 H 4T Western
blot K
1.7 ®E MRS RT-PCR £7E

Z: i Hu %5 (2016 ) 42 38 1) 2 464k J7 ¥, B 50
ST CSBV (14 A 5 e SR T3 &0y SR B
A LS AR KK 5800 0P S , 24T CSBV s fe 4,
B EIHRAEIE 2 0.45 um 5 0,22 pm JE A8 )8
BRTA , B XT HE (50 Sk et B rh AR 2 e T8 &0y o) SR
[FIAE T AT Ab 3, 2 B SCA5 iR B B 27
BBl LA, 2016 ), 43 5B S0 Sk g DWV Al
CBPV (1) fift 5% 55 R %85 e £ T M 0, AL 10 mL
(1) PBS F1 2 mL 1 DU Ak S 2 mL £ Bk TRk
P , SR FH B E B 00 B2 4 DWV I CBPV, HL3E H
&Y STE H8, it 0.22 pum FLAR U8 4% U84 BR
T 5 () UACARE SO Sk i o R DR 2 e T e ol e 1Ay [
PEXSBR SR F IR RE D7 ik R AT AL B, 2 400 1) o 2
T - 80C IR

XoP i 4l J5 196 7, A TRIzol Reagent 32 B i
RNA, i@+ RNA PCR Kit( AMV) Ver 3. 0 15 & )2 %
SEA % cDNA, ] CSBV, DWV H1 CBPV {455k
19 #E4T PCR &0, 5149750 40T : CSBV-F: 5'-
GATAAACCGAAGGATATAAGT-3'; CSBV-R: 5'-
TTGTACGCGCGGTAAATAAAC-3', CBPV-F: 5'-
AGTTGTCATGGTTAACAGGATACGAG-3'; CBPV-R:
5'-TCTAATCTTAGCACGAAAGCCGAG-3', DWV-F;
5'-ATCAGCGCTTAGTGGAGGAA-3'; DWV-R: 5'-
TCGACAATTTTCGGACATCA-3', JZ I & % 10 x
PCR Buffer 2.5 pL, FTF#F5 4 (10 pmol/L) £ 0.5
pL, dNTPs Mixture (10 mmol/L) 1 wlL, ExTaq (5
U/pL)0. 25 pL, ¢DNA £ 1 pL, ddH,0 19.75
pLo ZMFRF : AR M 94°C 2 min; 94°C 45 s, 55°C
45 s, 72°C 1 min, 30 MEFF; 72°C 10 min, X} PCR
P T 1% (%) By B W 568 I 326 4 L Dk IR0 se 0 P A
BLAST H.#% .,

1.8 Far-western blotting #& ] Galectin EZHE H
54k 3= CSBV, CBPV 1 DWV {44

B 1.7 4R CSBV, CBPV Fll DWV 55
FBA XS BELH A BB 5 x SDS - RE 28 i il B
17 SDS-PAGE HLyk, I H % S 2 i F 7 gL o,
AR 44 IR EE 5 BT 45 SDS-PAGE HLIK 5 , 7EHL R
21 V,20 min £/ T %% % PVDF Ji, %% PES5 R 5%
PVDF A 2% BSA W, % T AR IR -
G218 4R 2 h, P THE A . SRJEH PVDF BRTE & 3=
ikalifk 1 B 2H 55 H pGEX6P-1-AcGalectin ) TBST
Fr(aifbE A pGEX6P-1-AcGalectin 45 [H: TBST =1:
100, v/v), EREEIRG S TIEM 2 h, HUH
PVDF i, F TBST i PEH 5 . 1% PVDF ik
Z YT GST AR Hiik (1:2 000 i ) VE N —Hi i)
TBST ¥k, 4°C i %, SR 5 FH TBST I35 W e % 5
Ko P44 PVDF Bt HRP f5ic 1t 3EH /MR (1
5 000) 12 — 40y TBST # i, =iRAEH 1 h J5H
TBST R PES S U, R ECL &G T R CRE

2 #R

2.1 % Galectin £ FE 8 5 FI4S4E

A A S W v v R AS Galectin &[], K Ho iy
%K AcGalectin, 31 I /£ %] GenBank ( GenBank %% 3
5. MG557559) ,AcGalectin 41 1 473 bp, Fif—14
401 NMEEREN, HAS T EAN 54.5 kD, %
HL Sk 4. 86, RV B R L 151 Ry 10. 4%, g 2 2
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TR L ) S 8.8% , &% M M A A L AT & Bk R
(GSTCYNQ)43.2% , & AEMe e EHR ( AVLIPFWM )
37.5% )T H A ZUBEEESE K |, AcGalectin AT
{55 K, (A — AN VB AE B N-BE I 4k 07 45 ( Asn™-
His*'-Ser*?) , SMART 43#7 .7 , AcGalectin & —
AEFUBHRSIZE L, G T N 5555 17 - 144 G030
B2 AFTE 5 5 21 LSS 6 Fe VA DG 10 OC S 21 B 2

H59, R63, N72, W79 Fl ES2([& 1) .fii F C 37 4
A 2B X 40340 182 =222, 247 267, 291 —
315, 335 - 349, 384 — 420 [z 469 — 480 v & H: R
(K2), REIHMEERFZH,IETEREK Galectin
AH 520 A A, S e ) S HR TE e | DR b
B FERRIE 22 A0S Y Galectin il 57 B B — 7%, 1M
HAMhFE H Galectin JE %55 —#& (I 3) o

I QGKVS PDAVRFAI NYQLGP- LNPRDDI Al HVNPRFPEGFI VRNHI VS MTWGI EENTGP
T T T T T

150 160

DmGalectin
DuGalectm
EmGalectin
HsGalectm
DhGalectm
MgqGalectin
PhGalectm
AcGalectm
AaGalectm
AgGalectm
AcGalectm-4
AfGalectm
BtGalectin
Bm Galectm

DpGalectm

170 180 190

RRRG

4T KR HD K i§]

BT AcGalectin 15 HoAt B R FUBEBEGE 3 8 VSRR 5 91 X

Fig. 1

Amino acid sequence alignment between AcGalectin and galectin proteins from other insect species

Galectin 75 [13€ I Fl M GenBank %5%5 Origin species of Galectin proteins and their GenBank accession numbers: AcGalectin: H1 %W Apis cerana
cerana, MG557559; AcGalectin4; HAE% W Apis cerana cerana, PBC26441. 1; BtGalectin; EX PN i BE 8 Bombus terrestris, XP_003401978. 1;
DnGalectin ; #LJ%¥ Dufourea novaeangliae, KZC10048. 1; EmGalectin: 2L %W Eufriesea mexicana, OAD54547.1; AfGalectin: /N8 Apis florae,
XP_003696651.2; MqGalectin: JCHi|#§ Melipona quadrifasciata, KOX74850. 1; AaGalectin: 38 KAt Aedes aegypti, XP001656933. 1; AgGalectin;
X HE V. 442 W Anopheles gambiae, AGAP008844-PA; BmGalectin: % 4% Bombyx mori, AK386049; DmGalectin: B J§ H 0 Drosophila melanogaster,
NP001162838. 1; DpGalectin: 7 FE 1 Danaus plexippus, EHJ77864. 1 ; PhGalectin; AR FE\ Pediculus humanus corporis, XP002428817. 1 ; HsGalectin;
E[ MY Y. Harpegnathos saltator, EFN82261. 1; DhGalectin; 1% [C X8 Drosophila hydei , XP_023165755.1. & 3 [fi] The same for Fig. 3.

Gal-bind
) I = . ] ]
lectin
0 100 aa 200 aa 300aa 400 aa

&2 SMART il AcGalectin 75 [ Y 4544 &l
Fig. 2 Structure of the predicated AcGalectin protein by SMART
Gal-bind lectin f{ZEAELE A X e, B0, X I (I A2 24 X 3k, B A0 kB K )& . Gal-bind lectin represents the sugar-binding region, the black area is

the low-complexity region, and the number represents the peptide chain length.

2.2 AcGalectin f = 4414

FIH SWISS-MODEL 7EZ: 347 — 4 2 ] 25 #4) il
(& 4), i A AcGalectin 1485 173 5 & LT 51
53K ) % 1Y Galectin-8 48 JL 1R ¥ 91 — Bk Ky
35.17% , Z-Score < 1, i [C K T~ 95% 12 FE R 1E
AHLX I, & B Galectin (125 [0 2544 HL B0 Fa e o R
P& SMART #%/4: ( http ; // smart. embl-heidelberg. de/)

TR AT 73 MR W, AcGalectin 5 P 2 £ 114 28 BE TR
TESS 11 — 145 3 28 FE R b A7 78— B Unl 45 4 5
(CRD) , %54 H = 4E 2 150, 3l i 21> o SR e F
B I Ln it M 254, BAT SRS ) 2 FUME BESE R
WERUIN Z5 K 580 (CRD ) BYFRRAE . 3 2 X HAF 5 ikt
FrHU , H SignalP (B 0. 107, 3550 e fIL{E 0. 1, 58]
AcGalectin AREE5 K,
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AaGikctin  (XP001656933.1)
100

[
=

L AgGakctin (AGAPO0SS44-PA)

DmGalectin  ( NP001162838.1)

6l

41

WOl DhGalectin (XP_(23163755.1)

HsGalectin (EFNS2261.1)

I3
Group I

100

PhGalectin ( XP002428817.1)

DpGalectin ¢ EELIT7864.1)

BmGalectin { AK386049)

@ AcGalectin  { ME37359)

20

100 || AcCGalectin4 ¢ PBC26441.1)

AfGalectin  (XP_003696631.2)
DnGakctin (KZC10048.1) M
Group I
EmGalectin ( QOAD34347.1)

MgGalectin (KOX74850.1)

9‘ BtGalectin (XP_003401978.1)

3 FET IR 9 H i B B FUMEE SR 2 A LRy
Fig. 3 Phylogenetic tree based on the amino acid sequences of insect galectins
5 30T Galectin 2 1 GenBank 5%, FIJ Clustal Omega BEATIFHI LLRT , SRJGAGHE NJ RATHEAME . G 255332 LT Bootstrap
{H, 3/~ 1 000 RAIGHKH AT E (5B . GenBank accession numbers of Galectin proteins are in brackets. The sequences were aligned by Clustal Omega

and then a phylogenetic tree was constructed by NJ method. Bootstrap values (% ) based on 1 000 replicates are indicated on the branches.

4 AcGalectin [{) =4E45 44
Fig. 4 Three-dimensional structure of AcGalectin
F1 —F4 FI 82 - S5 FJZ SN At i wal, ST A S6 B2l 1M1 i
JEE#S, Convex surface is formed by FI - F4 and S2 - S5, and
convex bottom is formed by S1 and S6.

2.3 AcGalectin WEH . KA AUEEE

5 opti-AcGalectin K& [H 5 # /& pGEX6P-1 fiff 1]
JE AT IERE  Fe AL R AF 1A BL21 (DE3) i, BRIBCEH
PESEREHATREY) S, 45 R 5 e — 2 e H A
ik pGEX6P-1-opti-AcGalectin ¥ 13, B & &
BRI BL21 (DE3) fEM A& LB B Fp fkh By 32 2
0Dy, =0.6 ~0.8, IPTG 5535 , 3117 SDS-PAGE H1
WK(ES: A) o Z5RFM 7 0.5 mmol/L IPTG ¥ &
T HMEAPAEL R, BRI EA DR
IEAAFTE, HAE A TE GST R AFE it 4lifl
AR I A B H KR 33 mmol/L B, AT A AK
VR H A GST-AcGalectin fil 58 FI (&1 5: B)
i ] GST Hi{& % GST-AcGalectin @il & & H E 17
Western blot £l , 255 7R 7E 75 kD Bz A7 R 5
ot B (&S C), 5 AR 45 R — 8, R
AcGalectin B:H133) T Kk,
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5 GST-AcGalectin {55333k (A) (FERHLIM(B) 555 (C)
Fig. 5 Expression (A), purification (B) and identification (C) of GST-AcGalectin fused protein
M. 43T FRHE Protein molecular weight marker; P: JLIE Sediment; S: ¥ Supernatant; 1 —4; 4 85 1 AcGalectin 437 0.1, 0.25,
0.5 F1 0 mmol/L ff) IPTG “F #4715 5235 Recombinant AcGalectin after induction with 0.1, 0.25, 0.5 and 0 mmol/L IPTG, respectively. 5: /551
7€ Induced sediment; 6, 7 4fifLJ5 1Y AcGalectin 4K [ Purified AcGalectin protein; 8: Western blotting ¥ il 4li 1k 5 i) AcGalectin K [ Purified

AcGalectin protein detected by Western blotting.

2.4 #LHEH RT-PCR £%

X DN BEAL J 2 e vh 4l £k 3R 45 19 CSBV, DWV
F1 CBPV 9 8 IGE 1 15 5 M5 | 1 1647 RT-PCR £
W, 28 3 1 A 6 e FL T, &5 5% Wk s 20 il 7E 455, 711
1945 bp 4bHEL CBPYV, DWV 1 CSBV (4R 4
H (K 6) . P45 R4 BLAST kW], CSBV 5
HE 4 B Bk CSBV-LNQY VP1 3£ [H ( GenBank % 53
71 JX854440. 1) )P 5] —EtE 97% ,DWV HE K
F5r Btk DWV TC1 28 13 M ( GenBank % 5% 5 .
EU375531) 1) /37 51 — 2P 96% , CBPV 5 5§ 353

M 1 2 3
bp

2000

K6 JREEhE 1

Fig. 6 PCR amplification of virus gene
M: DNA 43712 #5E DNA molecular weight marker; 1: 4B 4li{k
) CBPV EE §h 9" 48 45 5 Amplification product of isolated and
purified CBPV sample; 2. 43 & 4lifk i) DWV £ 5§ 4 25 3
Amplification product of isolated and purified DWV sample; 3. 4355
2lifk ity CSBV £ 1 45 5 Amplification product of isolated and
purified CSBV sample.

Btk CBPV VSRNA & #fi ¥ RNA X & Jg 5
(GenBank % 5% 5. AY763287. 1) [y )¢ 3 — B 14
100% , 45 R B A SE AL G o A vb Jol) ]C 3 23 25 4
1k 3| CSBV, DWV 1 CBPV,
2.5 AcGalectin EH 5 4i{Lfm = CSBY, DWV 1
CBPV Z HHHEEER

280k 2% S i ) G e 25 R o, it e s A
pn 24k 5 , 5% Far-western blotting Kiil 3K . 28
Far-western blotting A&l , 2li{k % & CSBV, DWV A
CBPV 5 AcGalectin fE F 45 & i 7~, £ CSBV Hl
CBPV S5 ¥4 8 1143 5 R /NAL H BUARR S5 M 2507, Tl
4 DWV Sk 25 B R ({5 v A0 2 e T 40y
A R R ORI B T A ) O R S M O
H, 728 AcGalectin fgf25 CSBV #1 CBPV f£1E45E
YER ABS DWV B RS EERI (8 7)o

K7 Far-western blotting 434 AcGalectin 2 H 5
4fifk%#E CSBV, DWV Fil CBPV 2[RI AH T AE
Fig. 7 Interaction of AcGalectin with purified viruses CSBV,
DWYV and CBPV detected by Far-western blotting
1. iR v A 25 e T 8 4 it Healthy larval worker of Apis mellifera
ligustica; 2; CSBV; 3 f{dt )} %k F 8 W T 0% i #% Healthy adult
worker of A. mellifera ligustica; 4: DWV; 5 CBPV.
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3 it

Galectin J& T s W BER R, |2 A 1E Tl 313
Y 52 WS s 2 R R AR AE iR
HEA m BRI (Gray et al., 2004) 7244 1k,
EMFLRIYIRN B LB 15 FoASTE )2 ZLBEEE
RE TR A S U HE SN rh L RS2 A 1
T Galectin, £ I X LI REHEAT T 4387 ABHFFEIN
rh e gE e R F AcGalectin FE[H, K8 1 473 bp,
I3Hr 78 AcGalectin (1) CRD fy 135 N2 BERR 4H %,
AcGalectin HA — N TETE 9 N-BEFEAL A7 15 (Asn*™-
His™'-Ser™) il o BRBEAN B 7 &I 1 A9 ™ U1 45
KR REAE M A B I ThRe sl pFE R, 2
FLBHBEEE R B A AT T (Xue et al., 2017) |
1 PEYE T ( Advedissian et al., 2017 ) Fp5 R ok b 15 £
B SEVEM (Lu et al., 2017) ZET6E , W] RE Tl AR 2%
e (1) AcGalectin 7 #4955 B B4 Gy | G2 8 2 FIAE i 1
TGN T T A BRI A
XF AcGalectin J K ¥ 371 JO%E 2 4548 1) 0 By A& 91
AcGalectin %A 15 5 KT H H 5 A S0 7Y 1 2 2L b EE
LR, 5 CWE 1 3 W 308 45 14 A8 L
( Almkvist and Karlsson, 2002 ; #SH|IE4E, 2015; 7B
BN, 2016) M AcGalectin 1] §8 i 3 4F 28 8
(R 430 7 2B A G ML A1, 75 AcGalectin 5 FHL LK
TEAMUEIE BAE, R IHE

CSBV, DWV #il CBPV J& H #i 3% [ 3= 2 i 17 3
AU 5 1, CSBV X oy 42 6 i B AT 55 1 300 Pk
(Cavigli et al., 2016) , FZRYL L) WALT, 5 NG
AR AL T AE T, IR G AR 1 e 3 e A i A, A g
JIREAR, CBPV 235 | i B e it 25 T L (A Rl 22 27
A DCHAZ B B AS7 , 5 DRI LD I S PR AR
TR RATRE ST, R CAT B G, AR T e ol e T e
Yoy Ak TCHENR” . DWV R Bl W B i 5t 25 &
JiE (colony collapse disorder, CCD)” fi{) =2 @i i A 1
Z—(Wilfert et al., 2016) , T LA H E I RSE,
oI i e p ik, B G T T, ASBF ST FHAlifk
¥] GST-AcGalectin g5 & 4 5 4lifb iy CSBV, DWV
M CBPV #1745 A1 40, 45 5 & B AcGalectin 5
CSBV Fl CBPV Z [AIfF1ELE & [0, 5 DWV Z[A%
HehG ., BEAWFsE £ Gal-l vl 5 e HIV-1,
AW T 41555 (HTLV ) ( Gauthier et al., 2008 ) Fil
B 1 (Okumura et al., 2008 ) X 75 3 2 i Ay Wz B 4R
FHR S AL Je i | {HJE7E Nipah g 5 B W58 &
L, Gal-1 AT #1055 5 5 19 £ 40 M B fl &, {2 iF DC

A IME R 4RI X7 ( Levroney et al., 2005) , AT
FER I AR e 2f FURE BELE R A 1 AcGalectin 5
CSBV 1 CBPV % A= 4545 K 7, X #i W CSBV Al
CBPV g #EbL 7R L% P USRS H 8 F v
S B, 75 CSBY Al CBPV Ji 8 kL 15
Galectin KH4:254 . Chevin 25 (2015) F| 5% 50 4
X CBPV 2546 25 A TR e R A5 F 2  AF 7E A R
et , ELWE B AL 3 B 2 7 2 5 AR AF 98 WL 4¢3 A
AcGalectin 4545 (18 H 1Y 73 F 2 K/h—3, X i —
AAER T ER O34 B S AL AR A ARG W A
(BB S BEE FE LS M T S AcGalectin 255 X7
(R A A5 LA B S e 1) 997 A S g 22 (B AT A G R I 5
BT
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