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RIERINEERA R

gk " A ? EndriHendriansyah' 2 ¥z 2
2 3 — 42 1D
AoOHS FEHES BzzES OB OBFE
(1. P RUIBE R AR 5 TR 1L Rl 210023;
2. WAL I HERA S TR IR HH  266109;
3. MEBA T 2ARE VEAE AW S A S VI JEL 223003)

e I Mk XK 6 (Galectin-6)72 p-H+ I B Z B E R FIRN KR 2 — KRB R 58t
K5 7 F #F(Paralichthys olivaceus) Galectin-6 (PoGalectin-6), o 7 H 4o FHAE R EHER, Fxt
HRBIANK T B HAT T Ko PoGalectin-6 5 [ i FF 7 7 B HEK 4 1089 bp, 3t%5 4 362 2 A,
Hop g 2 M AER J) 4 A E(CRDs), BlJE 7 7 e xt Fn 2 Gt (LA AT 277, PoGalectin-6 5 K % #F
(Scophthalmus maximus) Galectin-4 WA DLE R 80.9%, AL A %R L R, PoGalectin-6 3= F £ %
T B R R iR R ZAE AL K H (Edwardsiella tarda) B4 J& , PoGalectin-6 3 F 75 iy 41 4
MEkZEBEAST, RLE 2h kL EBRE, MEZRHBRKRAKEEEE KT, AHE S LEHIEE,
PoGalectin-6 & 41 % # (rPoGalectin-6) f 4 % & A& & 2 4T ¥ (Bacillus subtilis) . # ¥ 3 # AT @
(Bacillus cereus) . 7 # 5 %}l H (Aderomonas salmonicida) . R % % &4 K & 2 4] 15 9\ & (Vibrio
vulnificus), 1831 %54 58 /N3 F#4T W (Bacillus pumilus), .45, rPoGalectin-6 PL45 % F 1K #i by 77 X,
MENFHAE ., REFHAFE ., AERERFAREZZELRERABARNREER ., XL
¥, PoGalectin-6 #£F %5 7 miR & ZAEL R W R LT RN fE L, X —ZINHEER Galectin-6
EREERFHNRERELT M,

KA WE SRR 6; T8, REZELRE,; AENE

hESEE S917.1  XEERIZE A XEHS  2095-9869(2022)04-0147-11

LGS R (galectins) 2 —FIEESIRSNES G B- A 15 MR ILMEBE R R eg . ST s, HARC
PRGN IA R R HEWR A T4 DIeCAEIr 2 WM ) iz 58, 846 FL I (Butschi
HETT A3 R JERD itk 4 RO RN R IBE 2 B (Thijssen er al, et al, 2010) KL 5h#11 ](Hwang et al, 2010) . B H (Rao
2015), NFUBHBEE R AT, BRi, 3 eral 2016), Zdi(Takeuchi er al, 2016) . # AR 5h¥)(Bai
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et al, 2018), KRN (Yu et al, 2007)FIE K Y
(Vizzini et al, 2012)% , W58 K3, LIBEEESE R A
S/ RENSRAE A ok 7/ B i sl 2 ¢ (=0 A A (1 O
(Ferragut et al, 2019), UMM T (Liu er al, 2011). &
JiE ]2 W (Nita-Lazar et al, 2015)F i 98 %% # (Shatz-
Azoulay et al, 2020)%,

LFUBHBEE R 6 (Galectin-6)2— R LR [ ER 1B
HE R EE R, Galectin-6 TESHYIRIN )T HE
WM AN A, TR A, RPN (dedes aegypti)
RINI) Galectin-6 REFHLIS cryllaa [Jh 24 2Ff0FT
(Bacillus thuringiensis);= £ —F IR TE R, MR K&
DA B 2 PR S I E DR T 1 (ALPT)MIZLIKEE N
(APN2)&S G, R AR E SRS E I (Hu er al,
2020), X/ (Mus musculus) Galectin-6 (Lgals6)iH5%
KB, Lgals6 J&— A {4 Pi B & H (antimicrobial
proteins, AMPs), A BE & 2547 Kz R EF 4E L E
H RG22 He Bk U2 W 4 0 5% i (Natsuga et al,
2016), AL, Gitt ZE(1998)WF5E KB, Lgals6 F/NE,
Galectin-4 (Lgals4) 24 & B [RIRE , 76/ BUH LB
W1, Lgals6 5 Lgals4 (FRIXBAXILFAMIR, H Lgals6
Fl Lgals4 TEALTR KT RV FE TR KT B — 250tk 4 5 =
15 93%1 83%, W7 EATIAE/IN LA A AT BE A5 AR BLAY
ife. WIRERY, Galectin-4 Z55RIERNL . W L E
i 1 fiA (Paclik et al, 2008)Fl izl i ik AZS M AT
TR KT R (Escherichia coli)Z KidFE(Stowell et al,
2010), 1H Galectin-6 Z HALLIINRE, b7 Zik—
HUE, F5E 1, Galectin-6 W BeAH — L 1 R UELHY
WEAEINTE. Houzelstein ZF(2013)#EM, Galectin-6 )
ETEDIREIT A th H R R AR ez 5 R Y, T ) BE
S 1 HURE S PR 5 5B B AR A R 2 L 45 A 5 AR Y

HAl, AKX Galectin-6 W#iE £ 2L T L3N
Yyeb, TAERE B S R = AHOCHESE . AWFSRAE 2 B
(Paralichthys olivaceus) H & ¥ — F  Galectin-6
(PoGalectin-6), %} PoGalectin-6 13 [ ¥ 31| Fl & F TR
AT T %58, M PoGalectin-6 5 B B 42 7l
galectins (Galectin-6 . Galectin-4 . Galectin-8 Hl
Galectin-9)) ZGEHAMR , BUE PoGalectin-6 155
WA MREB KT, Rikaifh EH
PoGalectin-6 [ TH RS & MBS g0, 7] My
— 5T PoGalectin-6 [ AH ) E 25 € e LA

1 HMMEFE
11 KEHH
FHE LA, PR (120£10) g, F

IR M (2243) om. @R A GFAE 15°CoK i KGR
T ARG IR 7 do BREEEILRE (Edwardsiella
tarda) AR EARAF AN, 4 16S rRNA P HEfT
PERIAEE o

12 HEHRMEIIIRE

BEALEL O A% fa B oF B E 1 T AL SUIURE , 45 3 4l
JECOREL B B BB M. RIRFIILN A SUR G E N
1 NMEYHRER, HMERATIRER RE R E
—80°CH-fF, T & RNA 21,

SR FHIGE 0 5 %o i e 2 6 0 47 3R 2% % FE AR G R
(6 x 107 CFU/mL)J& YL L85, J& YL 2 h Ji5 5 A KGR
FRHE R G T FR08 o TR Z /T, BEALIER 9 4% fdt Bl
TBE )l 4 AE R 6 BR (0 b, PR RIS 110 2. 8. 12
24, 48 F1 72 h Ay 9 s A fip e, ¥ Lk ik
BRI, BB SEI 9Ok E 2 PCR(QRT-PCR)/MHT -

1.3 RNA #2EF0 cDNA #l&

H34E TRIzol 7] & (Invitrogen, 32 ENAULIIAS,
HATLHZUR) G RNA $2HL, FIIHT 1% BEHEEE A F Uk A
AT EHL RNA (58860 8 i 436G BT H(Thermo
Scientific, H )R 46 A1k o PrimeScript™
RT reagent kit (TaKaRa, HA)# 534G M cDNA, Jx
MAKZ : 2 uL 5% PrimeScript Buffer, 0.5 pL PrimeScript
RT Enzyme Mix I, 0.5 uL Oligo dT Primer, 0.5 pL
Random 6 mers, Total RNA & 4 500 pg, #h 7& RNase
Free dH,O % 10 pL, bR NIARRTE 37°CHEMT R
Bk 15 min, SRJ5, T 85CRNL 5s, [ 5tk
o ¥ cDNA 7E-20°CvKFEIRAF4

1.4 PoGalectin-6 & & 554

I H NCBI M %4 Blast 727 (https://blast.ncbi.nlm.
nih.gov/Blast.cgi)X} PoGalectin-6 F:FFH) I TZATTR
[W] 5 4 He X%t 5 Fl I Open Reading Frame Finder
(https://www. ncbi.nlm.nih.gov/orffinder/)#r & ORF ; fifi
H SMART (simple modular architecture research tool)
TELE KA 43 BT PoGalectin-6 £ 445 F4 35K

1.5 PoGalectin-6 EiRFEFI L35 RE i BitgE

FIF NCBI M 3k 25 1) AS [] 49 B ) e 156 25 42 7Y
galectins (Galectin-6 . Galectin-4 | Galectin-8 #I
Galectin-9) & L2 )7 51 . R A DNAMAN $ 4 %)
PoGalectin-6 (XP_019943943.1)5 i 5 1112 Galectin-6
Fl Galectin-4 (W2 JEIR T 51T 2 H 75 LU, AFEEE
TR 1 (Maylandia zebra) Galectin-6 (XP_023009370.
2). FABES . (Esox lucius) Galectin-6 (XP_019900129.1)
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75 b (Poecilia formosa) Galectin-6 (XP_016527155.
1) . K 2 8} (Scophthalmus maximus) Galectin-4
(AXR99075.1) . 5 f# (Channa argus) Galectin-4
(KAF3693285.1) i1 Je B ¥ 3k ff1 (Oreochromis niloticus)
Galectin-4 (XP_025753881.1),

FIH MEGA 5.0 {4 ) Neighbor-joining %14
@ PoGalectin-6 5 HABAE 15 25 FRBX F & AU galectins
R GEIAR, R FR M 3 Galectin-6 Fll
Galectin-4 I K 2 ¥ % 8 (Cynoglossus semilaevis)
Galectin-4 (XP_008307038.1). HRBEXU4E 1 (Amphiprion
ocellaris) Galectin-8 (XP_023152887.1) . %% f1
(Oplegnathus fasciatus) Galectin-8 (ANN46245.1). Bt
LU AN f8 Galectin-8 (XP_004561164.1) . K 74 7 fif
(Salmo salar) Galectin-8 (NP_001133778.1) . M. fi§
(Oncorhynchus mykiss) Galectin-9 (ACO08221.1), 5.
N Ictalurus punctatus) Galectin-9 (NP_001187343.1)
KEfa(Larimichthys crocea) Galectin-9 (XP_010754381.2)
F115fi# Galectin-9 (KAF3692519.1),

1.6 PoGalectin-6 & qRT-PCR 431

KA PoGalectin-6 21X /%51 , #] F Primer Premier
50 ) M & it PoGalectin-6 % % 1t 5|1 W
(PoGalectin-6-qF Fl PoGalectin-6-qR), LAF &} EFla
HEHEEANZ, S59FFFE 1. [/ TB Green®
Premix Ex Tag™ Il (TaKaRa, HZA)i{#| &, qRT-PCR
¥ IBULHI T BioRad CFX96 #¢ % & & PCR ¥ i
7o RMAKRZR A 10 pL: 5 pL TB Green Premix Ex Tag
M (2x), 0.4 uL FIF5197, 0.4 L FUHF514, 0.8 uL
# ¢cDNA, 3.4 uL ddH,0, KT : FilZePE 95°C 30 s;
95°C 5's, 65C 1 min, 34 35 MEH; Mtk 95
C 10s, 65C 5s, 95C 0.5C/eycle, K 2744 J5 ik
58 PoGalectin-6 ¥R X ik im, BRI E
34EE ., i SigmaPlot 11.0 BAFERIVI N BN E
243 Hr(one-way ANOVA), P<0.05 N EA BIEMELE R,

1.7 T4 PoGalectin-6 By ik it

WY PoGalectin-6 F:H F ¥ & W — %51 ¥
PoGalectin-6-eF 1 PoGalectin-6-eF (3% 1), FHT 4 1%
PoGalectin-6 %X, PCR ¥ 381K FR K 25 uL: 12.5 uL
2xTag PCR Mix, 0.5 uL #5141, 0.5 uL FiE514,
2 uL B4 cDNA, 9.5 uL ddH,O., W FERE: TRtk
94°C 5min; Z8ME 94°C 30s, Bk 55°C 30s, ZEff
72°C 1 min, 34 34 NMEH; ZEM 72°C 1 min, 4CH
Ho R 1%3 IR HEEERS HL 3k PCR &5 5B T4
K25 BIGIRIG , % PCR P=#ylalll, I e
A3 HG ARG JFL 40 88 i 15 ol R ) 178 B 42 P
VI (EcoR 1 Fl Hand )%t PCR F=#) Ml pet32a [Tk it
FTAbFE, ffiff] T4 DNA #EZEE PCR =45 pet32a
kL, ¥ pet32a-PoGalectin-6 B4 kL, B EH
H TR AL E. coli BL21 (DE3) 363k B2 A8 4a i, i JT]
0.5 mmol/L IPTG F 37 C &M P13 4 h iESHEAR
ik, [EEE, LA IPTG 75 S M4 MafE X R, st
R BRI PoGalectin-6 140 8 F (rPoGalectin-6) .
P E S B I T 12 000 r/min, 4°C B5.0> 10 min J5 ,
WA DTTE HEA T AR ME M SR 5 48 Ni-NTA W g 4tifk,
FEFRIF 12% + ot F5 B 1R B 3 V3 M 9 i ¢ e P Uk
(SDS-PAGE) % % . rPoGalectin-6 & [ ¥ Ji& i i
Bradford 3£ TN 5E o

1.8 rPoGalectin-6 54 ¥R 3= F0 7148

3 1 IR 0 95 W BRI rPoGalectin-6 X 3 B
22 [ PH M T [ B 2 F 4T B8 (Bacillus subtilis) . WEREZF
TP (Bacillus cereus) N /N ZE T 1 (Bacillus
pumilus)] e 3 B % G FH M B [ A o PR i
(Aeromonas salmonicida) . IR 2% 7 542 QTR A 75 &
(Vibrio vulnificus) | ZEF ] o L iRAHTRFH A AL LG %=
TRAFTRN, A LR TR IR ZE MR (PBS) H B 2
1x10° CFU/mL, £ 100 pL BY407# 2 E T 96 fL
EIA/RIA #R (BT, HH), 4°CF i iEsR. RIaEfL

#& 1 PoGalectin-6 BEEEEFRLEZN A5
Tab.1 Primers for PCR and qRT-PCR of PoGalectin-6 gene

5% Primer J¥%1 Sequence (5'~3") & Application
PoGalectin-6-qF ATCAGCCCGTCTATGGACCT qRT-PCR /"1
PoGalectin-6-qR ACTTTGTCCCAGCCGTCAAA qRT-PCR /"1
PoEFIa -qF CATGGTCGTGACCTTCGCTC qRT-PCR 2
PoEFIa-qR CTCGGGCATAGACTCGTGGT qRT-PCR 2

PoGalectin-6-eF
PoGalectin-6-eR

CCGGAATTCATGACCTTTGTTGCTCCTCCTG
CCCAAGCTTGAAGTGGATGTACGAGATCTGC

PCR 1%
PCR 1%
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JA 250 pL P 22 b i (5% B BE W5 k3 %5 T PBST), 4k
SETE 4°CMF TN EM 1 he F PBS # rPoGalectin-6 Fi
BB LRBES 0 0.1, 1 A1 5 pg/mL, LA PBS 7E i e,
£ 100 pL rPoGalectin-6 N AFLA, FF7E 22°C T 85
1 h, BAOEARESBREE 3 NPT, BEEEDR
Pt His Prik(e=N4, S EHFEI 1 : 2000 1Y L4173 B
2 5%WAET B, A3l e BRI 100 pL /NPT
His Pifk, J#7E 37°C FIHHE 1 he 5, ¥EHR 1gG
(x4, TEHRE 14000 B ILBIREZR 5%
Wk, sl LR A 100 pL 7 HRP AR2s 1)
PRl 1gG, HT 37CTFHE | he 75 Lidg— 2R
fF, #4H 300 uL PBST ki 3 IR LA ERMWEE RS,
Ay dEfLAInA 100 pL TMB %W B (4 5 min, )5
BEFLIIA 100 uL ¥R 1 mol/L BRIk i, 1E
450 nm Ab P 5E W G1E .

1.9 rPoGalectin-6 54 1 rYy g & 5 RN

FIH 2 AR5 2% PG BHAE B /N 2R B R 7 2 1
FFREN)FI 2 B8 22 PRI (% e B o FT10R 2 2 1A
FCEDAN rPoGalectin-6 AYANEBEAETE T, FIRANHE
B A 200 2 AR AT B R o B B 1 35 B ) s R
T Tris ZZop LA TR(TBS) LK K 1x10° CFU/mL.
SEUSAH AN PR 7« B 25 pl rPoGalectin-6 25 (60 pug/mL)
525 uL WM ER FIRAYA, JFMA S uL ik
B£° 0.1 mol/L () CaCl, %3, & F 200 r/min 2K
K-35 1 ho [ABF, ¥ rPoGalectin-6 & A FIAN IR A 1555
YERNXTIRL, BiFJC Ca> fEERITE ML T rPoGalectin-6
FEARHE DB RS T, AR AR
A B B 2 1L 4 1 (BSA)UEF rPoGalectin-6 £
YER 28 PO IR, T B AR S 00 25 SR Al 1o 1

B EAE3),
2 #R

2.1 PoGalectin-6 & F 54 #1045 #4351

3 NCBI Wi % PoGalectin-6 HIA% IR FF 5 E4T
Y KIL, PoGalectin-6 1] ORF £ 1089 bp, 4%
362 N IR (aa), FINHS>FHEH 39.11 kDa, Hig
ZEH i (pD)M 5.89. FIFH SMART H %t H & L iR Iy
S43HT, 7R PoGalectin-6 2 —~ £ B 5 &5 Al 26 Bk
EEEZ 76 L ORF Wit 4541 1 MR B 45 # 38(CRD),
KBESP 91N 127 aa #1126 aa, 2 P CRD ZJa)i# it —
MK 65 aa 1Y E & H 2R 1Y i 4 X a4 . it b
PoGalectin-6 /1] 2~ CRD ¥ & 47 — A~ BLAL Y p->F 2L b
454G I FHXNPR, X ACETATEILR) (F 1),

2.2 PoGalectin-6 B[] & Lb 34 51 R Gk L 53 7

4 PoGalectin-6 5 H AL 5 11254 Galectin-6 Fl1
Galectin-4 FFATRIVE LR, S HAHRIE S 58.10%~
80.90%. HH1, PoGalectin-6 5 K326 Galectin-4 1Y
MRIERE, A 80.90%; S P IEf Galectin-4
MAH IS, o 58.10%. #% PoGalectin-6 5 1134 6
FhEREREE R galectins #EATZHIFHI LN, 455K E
7N, ANEEE @I Galectin-6 Hl Galectin-4 fY 2 4>
CRD J-APRSF, HYEEEAS CRD L ARAFAE— B i B R
SPHYE FERR L HXNPR (X ACEATATEIRmR) (A 2).

FIFl MEGA 5.0 2%} PoGalectin-6 5 HAt fifi 5
1 ) FR I B &2 7Y galectins (Galectin-6 . Galectin-4
Galectin-8 I Galectin-9)f) & IR /7 F Fb X, T
R AR (K 3). RGBT K LAk,
Galectin-6 F1 Galectin-4 b — 37, Galectin-8 #l
Galectin-9 % — 3% . PoGalectin-6 fE#H 1k | 5 R ZE 6]
Galectin-4 (L& X RZRI NHY, 5L MY
Galectin-8 F1 Galectin-9 - %% RIRik .

2.3 PoGalectin-6 FIZHA %

FIH qRT-PCR J5iL43 7 PoGalectin-6 AR ZH
AU, WL B B, B 8L RRTILAD i ER IR
K. @5RE/R, PoGalectin-6 TELHA P RIFEILESR
IR W 4 S5 () 4), PoGalectin-6 F B TE A 6L0 i 4l
AUy K aRik . X TS ry Rk &, 7EM .
KR DL LR B A Rk AR AR, miAE . M. H
R AP PR RIE

24 REZELERBBLG PoGalectin-6 7EiH4H A
R RIE

iR 2% 2 (A8 [C 5 R T EBES 155 PoGalectin-6
TEMA LU FRIBAE . FEEGL 0. 2, 8. 12, 24,
48, 72 h, PoGalectin-6 TE 2 ) 33K KF-an &l 5
fIi7R , PoGalectin-6 2 ¥ o T i i FRAIR RO R B
HEREACETEREYL G 12 h 2R E M, JFkag
fH, J&0h RikEM 4.2 £5, BYL)S 48 h iKFI5E 2 4
EH, &0 hFIAEM 2.4 4%, BE)G PoGalectin-6 %
R T R, IR S 72 h IRE 2 1EH KT,

2.5 E4H PoGalectin-6 & QBRI F L4

VL pet32a FyFik#ik , E4H PoGalectin-6 £ H £
B aifk, 4ifkn) rPoGalectin-6 M &k H
pet32a BAKTRIZ) 15 kDa HIARZEE M 39.11 kDa
) PoGalectin-6 & [, HZHH 14 12% SDS-PAGE H
WKAHT(E 6), 7E 55 kDa AbF 45445, SHIIN H 454147
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FNFEAR —F, BT BB A VS P 2k & B0 H B9 4% fli7~, rPoGalectin-6 S5HUAEYI IS GHE I SR M
H, USRI B ik T rPoGalectin-6 & o K, HX R ZEAIFTE . BERE 2R AT I . R R R
. , MTA | AR 2% 22 fm AR EG T AN A0 9 T 28 2 9 A ik 19 45
2.6 PoGalectin-6 EH SAEME SN
rromalectn " GRES . HLE IR ER S, HOAE AR B T
rPoGalectin-6 & H- ST EWES & SLE 5 UE T X4 rPoGalectin-6 # H 55 /N EF AT I RA £ HE W
MR A 2 R YR RS S RE . g5 R mE 7 BREERES.

1 GTTCCGGCTTTGGAAAAGTTGTTTTCCTCGAACAGACAAGGAATGTTAAGATAAGTTTAACTTAGTCACTCAAGTATAG
80 TACTTAAGTACAAATTAAAGGTTAATTTGCTTCTAGGGCCGCCAAAGTAAATATGGTGATGCATGCCTGGGTTTGTTCC
159 CTGACCAAGCCCCTACCTCATCACTGGTATAAAACCAGGCTTCCAGCAGAGATCATCTCCTGACACAAGCCTCCTGTTT
238 CTGTCCGTGCATCCGTCTCACAACTGCTGTCATGACCTTTGTTGCTCCTCCTGGCTATCAGCCCGTCTATGGACCTAGC
1 M TFVAPPGY QPVYGTPS
317 ATTCCTTACCTGGGGCCCATTTATGGAGGCCTGAGGGAGGGGACGTCCATCTACCTGCAGGGCTCCATCCCCGAGAACA
7 I PYL 6GPIVYGGLZRETSGTSTITYLG QGSTITPTEN
396 TAACCAGATTCTTTATCAACCTGCTGTGCGGCGAGTCCGAGTCCAGCGATGTCGCCCTCCACTTCAACCCTCGATTTGA
44 1 T RFFINLLCGESESSDVALMENTPRTF
475 CGGCTGGGACAAAGTGGTCTTCAACACTTGTCAGAATGGATCCTGGGAATCGGAGGAGAAGATCCGCAGCATGCCCTTC
0D G WDKVVFNTC QNG GSTWESTETETZ KTRSMEPTF
554 TGCAAAGGAGAGOCCTTTGAGATGGTCATTATGAGCACGTCACAAGGCTACCAGATCAAAGTCAATGGAAACGACTTCC
% C K GEPTFEMYTIMSTSQGYQIZKVNGNTDTF
633 ACACCTTTGAACACCGTATTCCTCTGCAGAGAGTTTGTGCGATGCAGATCGCTGGAGATGTTTCAATCCAGACCATCAA

12 HTFEHRTIPLG QRVCAM® Q@IAGDUVSTIQTI
712 CGTCATTGGGGGTGGAATGGGAGGAGGCATGCGAGGAGGCATGGGAGGAGAATATCCAGGAGGTGGCATGGGGGGAGGA

SNV 16 GG MGG GMGGGMGGEYPGGGMGGG

791 TACCCAGGAGGATACCCGGGAGGAGGCATGGGAGGAGGCATGGGAGGAGGATATCCTGGAGGCGAAATGGGGGGTGGCT

870 ATCCAGGAGGCATGGGAGGTGGAATGGGGGGAGGATACCCAGGGTCGAACCTGCCGGGTATGGGTGGGCAGCCAGTCTA
201 [EENECHCINCRCRCNCCCINNENE s « . r c MGG QP V
949 CAACCCTCCTGTGCCCTTCGCCAACATGATCCCAGGAGGGATGTTCCCAAAGAAGACCCTCATCATCCGAGGCATGGTG
27Y NP P VPFANMTIPGGMTPFTPTEKTEKTTLTITIRGMYV
1028 CCCTATGGTGCAGACAGAATGTCCATCAACTTTGTGGCTAGCAGATCGCGGGACATCGTTTTCCACATGAACCCCAGAG
24 P Y GADRMSTINTFVASRSRDTIUVFHEMNFP R
1107 TGAGGGAAGGGGTTGTGGTGAGGAACAGCATGATTGGAGGAACCTGGGGTCAGGAGGACCGAGAGCTCACCATGAACCC
220V REGV VVRNSMTIGGTTWG QETDTERETLTMN
1186 CTTCATGGAGGGACAGTACTTTGACATGTCGATTCGCTGTGGGAACCAGAGGTTTAAGGTGTTTGTGAACGGGCAGCAC
36P FMEG QY FDMSTITRCGNG QRTFTEKVYVTEFVNG G2 QH
1265 CTGTTTGACTTCTTCCACCGCTTCCAGTCCTTCAATGAGATCGACAAGCTGGAGATCGATGGCGACGTGCAGATCTCGT
333 L FDFFHRTFI QSFNETDIEKTLTETTDGDTVSA QTS
1344 ACATCCACTTCTGAGAAGCACTGATGTATAAATCCTATGTTTCATGCATGTGTCAGTGTTGTTCAATAATCCTGCTGTA
350 Y I H F*

1423 TGAACACAAATCTAAATAAGACAAATGGTTACCTCAT

1 F6F Galectin-6 ORF J§:51 A (1) 4 St 1751
Fig.1 The ORF and deduced amino acid sequences of PoGalectin-6

Ze il BT R IR AN DN ) LR T o 2L FIR RN IG5 T T (ATG)MIZ E %S 7(TGA) . 8 (L FTE R & AR
HAFE 24> CRD., ZLEBIE M RIEIR PR X . BAEALR CRD PG IR ST 2L HXNPR(X USRI EIER) .
The numbers on the left represent the nucleotide and deduced amino acid sequences. Red font indicates the start codon (ATG) and
the stop codon (TGA). The yellow shaded amino acid sequence represents two CRDs. The red shaded amino acid sequence
represents the linker. The black boxes represent the conserved motifs HXNPR (X represents any amino acid) in the CRD.
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P Paralichthys olivaceus PoGalectin-6_
BEDL AN £ Maylandia_zebra_Galectin-6_
E A Esox_lucius_Galectin-6_

75 XA Poecilia_formosa_Galectin-6_
KZEMF Scophthalmus_maximus_Galectin-4_
L4 Channa_argus_Galectin-4

Je% B Ikta Oreochromis_niloticus_Galectin-4_
Consensus

¥ Paralichthys olivaceus PoGalectin-6_
BELL TR £ Maylandia_zebra_Galectin-6_
HPES# Esox_lucius_Galectin-6_

7 XM Poecilia_formosa_Galectin-6_
KEEHT Scophthalmus_maximus_Galectin-4_
4 Channa_argus_Galectin-4

Je% B IE4h Oreochromis_niloticus_Galectin-4_
Consensus

FFF Paralichthys olivaceus PoGalectin-6_
B LN £ Maylandia_zebra_Galectin-6_
FBEfI i Esox_lucius_Galectin-6_

F XM Poecilia_formosa_Galectin-6_
KZEtF Scophthalmus_maximus_Galectin-4_
48 Channa_argus_Galectin-4_

Je % B4 Oreochromis_niloticus_Galectin-4_
Consensus

FFF: Paralichthys olivaceus PoGalectin-6_
BE LN £, Maylandia_zebra_Galectin-6_
HPESIfa Esox_lucius_Galectin-6_

F XA Poecilia_formosa_Galectin-6_
KEET Scophthalmus_maximus_Galectin-4_
48 Channa_argus_Galectin-4

Je%® B Ik4h Oreochromis_niloticus_Galectin-4_
Consensus

¥ Paralichthys olivaceus PoGalectin-6_
REL A 42 Maylandia_zebra_Galectin-6_
HBESI A Esox_lucius_Galectin-6_
FEAL# Poecilia_formosa_Galectin-6_
KZE6T Scophthalmus _maximus_Galectin-4_
4% Channa_argus_Galectin-4

Je%® B Ik4n Oreochromis_niloticus_Galectin-4_
Consensus

T Paralichthys olivaceus PoGalectin-6_
RELUN 4 Maylandia_zebra_Galectin-6_
H RS 4A Esox_lucius_Galectin-6_

FE AL Poecilia_formosa_Galectin-6_
KRZE6F Scophthalmus _maximus_Galectin-4_
4 Channa_argus_Galectin-4_

Je%® B3Ik Oreochromis_niloticus_Galectin-4_
Consensus

FFF: Paralichthys olivaceus PoGalectin-6_
BE LN £, Maylandia_zebra_Galectin-6_
HPESIfa Esox_lucius_Galectin-6_

F XA Poecilia_formosa_Galectin-6_
KEET Scophthalmus_maximus_Galectin-4_
48 Channa_argus_Galectin-4_

JEB WL Oreochromis_niloticus_Galectin-4_
Consensus

.............. EYPGGGMGGGYPGGYPG. . . GGMGGGMG.

IMSTS
IIVTL
IIVNQE]

IMITS
ﬁalwss
IPMIVTS
MEIIVNF

fe v

El

I D <m@DDD

gq vng f

GGMGGGMGGGMGG . « v v v v v v e v e v annnns
GGMGGGMGGGYPGGGMGGGYPG. . v v v unw s
GGGEMGGGNMAGGY PAGGYPGDOMGGG. . . .
AAGGGGALPGGTGGGYPGGNMGQGG. . . . ..
GGMGGGMGGGMGGGMGGGMGGGMGGGMGGGM

gdvs q in ig

164
172
177
191
182
158
214

206

. GMGGGMGPGGYPGGGMGVCYPGGMGGGMG
YPGDMGGGMGGCYPGGPGGYPGGPGGYPGG
. YPGGSMGGGYPDGMGGGMGQGGYPGGHMG

219
222
238

GGGMGGGMGGGMEGGY PGGGMGGGY PGGMGGGMGGGMGGGMG

DRELTMNIX
[EREMSMNjg
EKQVTLN)4

242
188
227

261

278

grfkvfvngg

df hr

Kl 2 PoGalectin-6 233 L X}
Fig.2 Multiple sequence alignment of PoGalectin-6
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The amino acid sequence alignment was constructed by the DNAMAN. Red boxes represent two CRDs.
The yellow boxes represent the conserved motifs HXNPR (X represents any amino acid) in CRDs.
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Fig.3 The phylogenetic tree showing the relationship between PoGalectin-6 with tandem repeat galectins of other teleost

ffi FH MEGA 5.0 H' ) neighbor-joining ik RGBT, WH T PoGalectin-6 1 Galectin-4. Galectin-6.,
Galectin-8 M Galectin-9 % B IR EH & AY galectins 1 RAEIEILM o

Phylogenetic tree was constructed using a neighbor-joining algorithm in MEGA 5.0. The phylogenetic trees of
PoGalectin-6 and other tandem repeats galectin was constructed, including Galectin-4, Galectin-6, Galectin-8, and Galectin-9.
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Fig.4 The relative expression of PoGalectin-6 gene in
normal tissues of P. olivaceus
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Fig.5 Expression level of PoGalectin-6 in the intestine
of P. olivaceus infected E. tarda
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24, 48 A 72 h)Y Rk E i@ qRT-PCR k15,
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The data determined by qRT-PCR at different time points

0, 2, 8,12, 24, 48, and 72 h) compared with the 0 h time
point respectively. The symbol * represent P<0.05.
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Fig. 6 SDS-PAGE analysis of purified rPoGalectin-6
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Lane M: Molecular weight marker; Lane 1: Total soluble
cellular extract from negative control; Lane 2: Total
precipitation cellular extract from negative control;

Lane 3: total supernatant cellular extract from negative
control; Lane 4: Total soluble cellular extract from the
experimental group; Lane 5: Total precipitation cellular
extract from the experimental group;
Lane 6: Total supernatant cellular extract from the
experimental group; Lane 7: Concentrated purified
recombinant PoGalectin-6
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Fig.7 Verification of bacterial binding capacity
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* indicates a significant difference
compared with PBS (P<0.05).

B.pumilus B.subtilis A.salmonicida E.tarda

BSA+Ca?*

rPoGalectin-6 2 FH 5 1 A5 Wy 114 B 45 1% 14

F1g.8 Agglutinating activity of rPoGalectin-6 with
microorganisms

IR R 2 — M HARSF CRD BT A 5E
£ER, BN ZAFET ALY M R Bkl , JRZEL
g it BB R RS EAE ] . MR R IR, TEELEh Y
R, ERUBEEE R 2 S SR B . AR IR T A
Yo 5 R R U HAE Y B 45 55 0 TS 31 G B
J(Oyanadel et al, 2018; Rao et al, 2016; Wdowiak et al,
2018), BIRTEMFLEIY P C &UE W Galectin-6, {HTE
il P ¥ TG Galectin-6 WAHCHESY, L, H X
20 T R G 1Y B 9 D) RE R TE AE o A B 9 o g3 by
PoGalectin-6 53 FFEE, PRI HAER N B I
Uige, B MBI Galectin-6 (N IIRENFIT 25 ¢
el

AT NI N SR N 53 BT 4E5E T Galectin-6,
AT 2R, PoGalectin-6 J&— M bRiERY R I B &
RUEZUBREEE R, BIA 2 MEBR ST &
BE[ CRD, &4~ CRD F#REL& — A HEH PR SF B4
B HJF(HXNPR, X fARMEMEAIER), CRD Z[HJE
M 65 2B IR S i (1w & H 2R 10 45 & IR ZH Wi i) i
P, [REF R M2, PoGalectin-6 5k
8T Galectin-4 MM (80.90%), 1ERGLilk LA
I, PoGalectin-6 Fl Galectin-4 53 A {E[Rl—43 32, [A)
5 | I AP O i Al o R T O 1 s M
PoGalectin-6 5 KZZ6} Galectin-4 3% F F LRI,
X5 Gitt Z5(1998a) % H Lgals4 M Lgals6 = FEFAI
LS IR —5, Gitt Z5(1998b) 2 EMF ST /N Lgals4
Fad A B AN R I — A 8 AR FaE  BA 2 4
CRD 7Y AR B 52 RIS UM BE AR R, I Lgals6.
bfife, K Lgals6 5 Lgals4 JE47 X400 8L, — &
FUR IR R &, AFEZAATET, Lgals6 1) 2 4~ CRD
Z AN A AT Lgals4 /b 24 NIRRT
I, Gitt 5 (1998b)HEM , % 4% X Sl B2 119 22 5 T g2
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20 CRD [B]ZSHRFACAR B D BG4, HE i3 8Uh B
Lgals6 M Lgals4 fA{EDIRE LAY 2E 5 o X R0 5 7 H
FLEWIH) Galectin-9 W E AT 5B, Wnndi FL 9 g i
1 Galectin-9 HA AR XL, 1 HANH L0y
Galectin-9 W HAT 850G W) XK, X 8 BH 3 32 X 3
B K B 2% T RE S EUR R 2L Galectin-9 BT REZE
S (Wada et al, 1997),

J T Bl PoGalectin-6 J& 75 15 4 BEALAK G 28 1 72
HORIEVER, FERE B EAR G IR A 6F 72 h 1Y,
Xt PoGalectin-6 W LH L 0 A 15 I EA T 0BT o 25 R s
PoGalectin-6 FEAEFBEHA L P K ERIE, 7EHAD
HA PR ILEIRFIRBEEA AR KIL, iX 5 Houzelstein
55(2013) K B/ INEUA N Lgals6 (UAEN 8 oA £IK
SR B, KT R A R N BRI R
P HE R Y 3 ORG JRAH Gk I 4 2L (MALT) Z —
(Fermino et al, 2011), H. PoGalectin-6 5 Lgals6 ¥J1¢ %
EHL P BAT R R IR /30, I, X PoGalectin-6
SR A SR I ABAE A BT B LA e h R A
A TIHE—2P B . W Sime R, IR 2 2 e [T ok
YABESS 12 h N, BEH N PoGalectin-6 FZ38 w34
T 4 5L E, B PoGalectin-6 1FiR 2% Z{EAE [ A
RIGS5 T HURINFRERE -

2P FUBREESE A AR IR 32 1K (pattern recognition
receptor, PRR), A] L 42 5 4l i F 25 A= SR TR 2 5%
WA EAE R, AEHCPT A a8 e 1 2 A v e 1) R 5 e
BEI AR (Shi et al, 2018) . WUEM 454 5246 K,
rPoGalectin-6 f8) 1Z U - 25 & = 2= [ PH A 1 R
2 RBAYET , B8 PoGalectin-6 T fig 2 5 5 E 4 41
YL ) e R AR ZERT AL . LAh, rPoGalectin-6 X7
e A Re A WA, R AR
rPoGalectin-6  X| 4 & 1Y 45 & 6 5 B 5 . MR
rPoGalectin-6 5 41l 1 [ 45 & BE J1 €& Wk 52, (B
rPoGalectin-6 540 FIVEFINLHI M ASTEZRE . Galectin-6
CHIE I EAT p-2F 2U0E 1 45 G 15 1 (Gitt et al, 1998a),
SRIM, rPoGalectin-6 J& 7518 1 45 & 4 i £ 10 1Y p-FF
BEE I 1M J B0 5 40 v B SR R A R — B EAY .
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VA3 3k 45 65 20 i 2 TH 0 S 2R L ROBE 52 5 W R B 2
JL o AR BESE SIS R, rPoGalectin-6 X522 [T
PP T RN B 22 QB R s 2 A B I 1, X R
rPoGalectin-6 AJ BEAE A —FioRGE A OCHY 2 1 T, dl i
PO 255 DL RBESEUEY), T8 6T S8 Rk G B
AR R EEH . FEXTEEE R B E R,
IR Ca*'J& C RIS sE g 3 & 5 R4 T 1 1) )
#(Su et al, 2020), M, PIREEER G AR Z

AT Ca® 11 S BB YEEER (Hughes, 2001). &
M7, — 26 FUMEEE AR R SC R BN Ca” KM Yk 42
T, Filan, AR B (Eriocheir sinensis) - FLIHEE
£ Galectin (EsGal) (Wang et al, 2016)F1 K& i
Galectin-9 (LcGal9) (Zhang et al, 2016), iXLegh g
B, Al Ca™ MK A BESE TG ME T REAS I 2 UM BE R RO
Al B B R AE . Ca? FE rPoGalectin-6 $E4E i F i /E
FHBL 7T £ % w20 M H 68 B S2 4R 5% 4 > CRD
(CRD-4) 5 g i) 28 & ALl (Mullin et al, 1997).
CRD-4 5HEMMNLAH 2 4 Ca¥ 2, Hp—4
Ca® " (\GRFEMAEM, 55— Ca®' M5 CRD-4 il
1) AR i I I BC o 5, AR5 5 T BRI R 2 3 B,
4 BRI =0 EY, E CRD-4 5HE 4,
Ao I, Ca™ i Ca IRl RIBESE K RS A 25 5k
KGR —DEENER, XWHERE TERA
Ca TETERYIH ML T, rPoGalectin-6 A 23 H FRAH Y
A T R AR T R

ARFFARINIFYEE T PoGalectin-6, © EEIEW
A PR EFRIR, I HAWMEWRIPS , PoGalectin-6
e LU ) IR7KF B TR . FE S A Y BAESE
1o &I, rPoGalectin-6 E A #5814 A 45 A BE 1 A1
BEEETEM: . 2 LRTR, PoGalectin-6 25 7T iR %
TEAL QIR T R SRR N, HIRE Galectin-6
TERE-H b i S e DI REZEE T A
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Cloning, Expression and Function of Galectin-6 from Paralichthys olivaceus

LIU Xiaofei'?, ZHANG Shuangshuang’, HENDRIANSYAH Endri', LI Yingrui'?,
SU Lin’, LI Xianggian’, XIU Yunii’, GU Wei'"

(1. College of Marine Science and Engineering, Nanjing Normal University, Nanjing, Jiangsu 210023, China;
2. School of Marine Science and Engineering, Qingdao Agricultural University, Qingdao, Shandong 266109, China;
3. Jiangsu Provincial Key Construction Laboratory of Probiotics Preparation,
Huaiyin Institute of Technology, Huaian, Jiangsu 223003, China)

Abstract Galectin-6 is a member of the B-galactoside-binding lectin family, which has been widely
studied in mammals (e.g., Lgals6). Galectin-6 has been cloned from several teleost fishes, such as
Maylandia zebra, Esox lucius, and Poecilia formosa, but there are few studies on its function. In this study,
we analyzed the molecular characteristics of Galectin-6 extracted from Paralichthys olivaceus
(PoGalectin-6) and studied its immune-related functions. The full length of the open reading frame (ORF)
of PoGalectin-6 cDNA is 1089 bp, encoding 362 amino acids containing two carbohydrate recognition
domains (CRDs). Multiple sequence alignment and phylogenetic tree analysis showed that PoGalectin-6
is highly similar to Scophthalmus maximus Galectin-4 (approximately 80.9%). Tissue distribution
experiments demonstrated that PoGalectin-6 is specifically expressed in intestinal tissues. The expression
level of PoGalectin-6 in the intestine significantly increased after Edwardsiella tarda stimulation, and the
highest expression level was observed at 12 h after infection. Recombinant PoGalectin-6 (rPoGalectin-6)
exhibited binding ability to gram-positive (Bacillus subtilis, and B. cereus) and gram-negative
(Aeromonas salmonicida, E. tarda, and Vibrio vulnificus) bacteria. rPoGalectin-6 showed Ca*"-dependent
agglutination activity against B. pumilus, B. subtilis, A. salmonicida, and E. tarda. This study suggests that
PoGalectin-6 may play an important role in the immune response against E. tarda infection, laying the
foundation for exploring the immune functions of Galectin-6 in teleosts.

Key words Galectin-6; Paralichthys olivaceus; Edwardsiella tarda; Immune response
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