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Fkm, RXTR, #EAZ",
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(L KRB B s [ S S s, MR EM R E s, mE M 350002;
2AEIEARMAK S, HIBERS A S RMERE S M E SRR, WE AN 350002)

WE: y THTHE & CA %R EZF %K (C-type lectin receptor, CTLR) B 4 4 % o i, L
BUMKEEEFAREETFAEN—NCTLR £2F—CABE X EMEFX K4 KA E
HE (Clecde) HHARXMNE, HRED TR REPFTMBRERME. £RE R, LeClecde
cDNA 4 & 1546 bp, 7 |7 4E (ORF)771 bp, 445 254 NF % . LeClecde B N 3% 4 —
NEBER, L5k, CwmaH —MEIRA 4 A3 (CRD), H o4 #8448 EPN
WFD DLE 6 N R — i R FHE M AR RAKE MKMW, LcClecde § % F 47 T
B # % Clecde EH BRI EL K Fo KT EPCRERE R, LeClecde Te P M #y 10 Ff
AEFEARB A, HEMETRKERS; LeClecde ERFET RE B LB HLANER
B, B @Bfampr ks, BEESARYREA ERS; EXREHFENH
R W, LeClecde 72 3 Fh o Ik ML P W Rk AWM B F L. R %KAM F 4 LeClecde i 4
F& (recombinant LcClecde-extracellular domain, rLcClecde-ex) B Ca* {k #i I By %t & 7& 1,
THRENR. RAWaElE, UREARERE. THEERE. AENE R KNE %
AFpRFEERNELRAME. D-HEE. D-RE. D-HEH. D-ZF B, oA EMRES
B T W H| theClecde-ex XA E# EE R A EH T MR LM E 5 E1E A, WA LeClecde 7
fEETHBRERFRONELN R E S, LRERET, LeClecde ] fEAE i — FrAE R 7
ZH, BAEARERRONELRREGRE XS TEIARBINRE, 25X EEHAH R
Lo By 5% 5 H

FHEA: k%@, C AWM EE ZR (CTLR); Clecde; L sk; MHGHE

FEDHES: S942

KE A (Larimichthys crocea) {8 PRI AL, &
fifife H (Perciforms) £1 & 4 F} (Sciaenidae) 7% )&
(Larimichthys), F 250 A6 SHE RIS . R 16 FE 0
Ko AL L, e (2021 4 A [ Ol 4 AR
4 ), 2020 4EIRE K M7 K 254 07 t, (5
IKAEFEFE =/ 14.51%, FaE SR FE K fi 2k
ZzEl, ki, KiEmbRmERILE Rmads,
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G S5 FAH R 56 35 B FRAME S e . 98 YR iR A
R, e RBREVE N — B B4 & 54 B AR
FRWS T 4 R 2 1) SR O T A U 32 A
(pattern recognition receptors, PRRs), Ul Toll ¥:5Z
A& (Toll-like receptors, TLRs). NOD ££5Z 1K (nuc-
leotide-binding oligomerization domain-like receptors,
NLRs). RIG-I #£3Z4K (retinoic acid-inducible gene-I-
like receptors, RLRs) DA K BESHE R Z KRS, BEATR
)9 AR AH 5643 F 15 X (pathogen-associated mole-
cular patterns, PAMPs), Ul ZHE . IKRHE . i
BEA . RS, IR R R G0k R
SR N IR AR R, BEAE R AR R —Fh LA
LM AT 45 5 KA P AR B T B0 R
R EEYRERY T R, BA s, e
WESE T Z TR T A AR, S e dE R 2
PRIEF WAy RS C B (Ca™ IRizY) . S Y (X
FREFUBEEEZR) . 18 PRI OE LR IRE Y,
Hodr ) C %t 4E K % K& (C-type lectin receptor,
CTLR) 2 AN Y BERE R Z —, WRELE
REET R R R — D5, B2
PRI RN 45 508 IR A ) R TH A G 220 . IRER B
H TR S SR SRS A Y PAMPs Y0 i 325G
KA, #B5> CTLR %A BB F s, 1 R
ZR LA, #0 CTLR WAl E i E Ak
WAEH . e L, CTLR #iEL 25 ZFi 4
eGSR, BRI R AR BT A AR R
WM PrEE AN T AR BEAERY. T
U L A0 L ) 9 A S AT A H R A G R
R HA RO AMA R D AR

B, C27ehfa i %5 KR CTLR,
JFUESL S5 T 15 EHUA R BRA B . N
(Plecoglossus altivelis)\CTLR—PaCD209L HEWS 45 &
22 [CPRPEFIBAE G, JHPCABE T PaCD209L )5,
BRG0P A A FH R TR e dd 3 AR
IR (Cynoglossus semilaevis) i CTLR (CsCD94)
5 YR B I BEAR T B AR ST R PRI
- fiffi(Sebastes schlegelii) SsLecl EL.A7 #1 il 40 7 B 4L
R oK S B TE (deromonas hydrophila)
JR YL J5 EAf1 (Ctenopharyngodon idella) H #& M 52 7k
geMR FEJIFIE . JBAE . kB R G i 2R84
F BRC FERE A E WA ER CTLR A1 LeNTC
FIl LeDC-SIGN, i 5 & — Tl HL AT T35 200 T e 4 17
PER 70 WA CTLR, AEFFIE . IRE A K P g 3
IR ARV MK (V. parahaemolyticus) Jl 3 5 ¥4
BETHER J5H WA CTLR, AT 21 40 il 5

https://www.china-fishery.cn

S PR UM ) O S, Xk 2 AR R B
W KW #T W (Escherichia coli) #1 W ¥ ZF # FT
(Bacillus cereus) F. AT BEEAE ™, 78 Kot L
ZH B P P BRI CTLR S B IA 20 ZFHEY,
PR T A X6 K8 CTLR (53 TR S D Re it
FTIRAMNSE .

FATT T4 DAV 9 I T R ) e 3K Y 2 41
B s A B B A s sk, YR B
CTLR J& A —C BB R 45 M KT 4 I E JE
(C-type lectin domain family 4 member E gene,
Clecde) 1725 B3 1 IH . Clecde X HRE WA i 175
T C R EESE K (the macrophage-inducible C-type
lectin, Mincle), 32275 1 #F B 4% /5 W 40 i 3=
7, L2 Clecde T 94 IF 52 RE 4% U5 41 74
LA A5 S 0, A 2 e L ARGE . I,
AR LK B Clecde ABFFEN S, 7t Hr+
FRIE, R HAEA R H LS e i b iy 2R ik o)
i ARG S KA AR A, OB
b RS SR S MU e TR BT e 7 (VAN U =
CTLR 7555 R A Y A= )27 D RE S JE Al

1R

1.1 SCIg# Rt

ARG T AR B A 1 T AT s KA R
N, K (15£3) em, R E (50£10) g5 /R
(Mus musculus). 3 Wi == H %2 (Oryctolagus cuni-
culus) W B [ {5 L 5% QS50 3h W) B2 5 A BRAS  5
TA4EBR B (Streptococcus agalactiae). ¥ 7K < HL
MO . ASTEAR B . VA BRI L R I S R
WG (V. campbellii) ¥4 0 256 28 AR5 7K 72 9 i
W o AT ARAR T A AR AR R 2 S50 3l 4 LR
iR 2 st o, SCg0 o AR R AR N ™A
TENF AR AR 2 S S A B, 4 B AR
HEAR IR 2 S50 B W 4 BN A AR % D3 il 2
)R = i BEPRAT o

Pfu DNA % & i . Transl1-T1 Phage Resistan
BT AN . Trans BL21(DE3) 4k 27 J8 3% 25 4 i
pEASY®-Basic Seamless Cloning and ASSembly Kit
) 95 o 41 a0 s 3 B o e e A BRI
AR FRIKEAK pET-32a Wl F #EE R 5d 2 11 5
RNA $2BURF & . SO sk ilon & B g 22
WA 7 A RS | SRR b R I [l WA &
kL MR £ Ff OMEGA AW ; DNA Marker,
Protein Marker 4 Fl %% H EAWH AR AL =) HRA
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H; SEAT 9t E B PCR X 2xSYBR Green Mix
W [ B v ME R A R A A R | SRR
FERZERTA B (N A GE A F]; PRGN
e H. 22 v W 3 ThermoFisher 22 F]; BCA & [ H
JEE 0 TR 1 b 3 s R AR R A A BR
o FSE-B-D-GRACE UMY . HE A B i
AL SRR E R R AR By SR 2k BHI, TSB.
2216E 0 A 7 & i AR W H R A BRA F

1.2 5|4
ASISFTIELA LeClecde (B35 ON241310.1)
Ml Lep-actinCs 35 . XP_027140724.1) B9 51 911
e AN B A B R A R A, B B 1.
*z1 5I¥ER

Tab.1 Primers information

web.expasy.org/compute_pi/) T & H FT A9 4> F &
(MW) F1 %5 # &5 (pI), SMART (http://smart.embl-
heidelberg.de/) T I & 1 BT 1 P 57 25 4 55 A H
TMHMMServerv.2.0 (http://www.cbs.dtu.dk/services/
TMHMM/) i 1 #5 £ X 3 #1] F§ DNAMANS.0 i/ 17
BHERZ EIFH AT FIH MEGA 7.0 1 e K
REMERGE R BN . WERGELEW Y
P LR 7 51 1) GenBank %585 UL 2,

#2 KBEBS5HMEZ Clecde HEBFF
Tab.2 The amino acid sequences of L. crocea and
other fish Clecde

EIE/ER S 19751 (5'-3")

primers name primer sequences (5’-3")

LcClecde-F ACCAAAGCCTTTAGGGACCAG

LcClecde-R ACATACACGGCATTTAGCATC

qLcClec4e-F CTACAACTGAAGGGAACAGG

qLcClec4e-R CCATCCATCGGGACACT

LcClec4e-ex-F CTGATATCGGATCCGAATTCTGTCCCGAT
GGATGGATTCATG

LcClec4e-ex-R TCGAGTGCGGCCGUAAGCTTTTACTGGCA
GATCCGTTTATAA

qLcp-actin-F GACCTGACAGACTACCTCATG

qLcp-actin-R AGTTGAAGGTGGTCTCGTGGA

H: 5REVAEES TN TULIRIE, EcoR 1 BV A
(GAATTC)FI Hind 111 FEYIAT 15 (AAGCTT) AR FEFRTE o

Notes: Overlapping sequences with expression vectors are underlined,
EcoR 1 restriction site (GAATTC) and Hind III enzyme restriction site
(AAGCTT) are boxed.

1.3 LcClecde BEE R EREWMESEZ 0T

T T 308 o % I JE e ) A Sk A Y
Je 3k B WA A S BT BB Clecde SR %35
L, Hib, ETRE AL EAEIEE T Clecde
FHE BT T —X 57514 LeClecde-F/R (5
1o LK HE Sk B B RNA J 3 5445 2 19 55 — 4%
cDNA NHiM, DA LeClecde-F/R K514, {#i ] Pfu
DNA R & Hf 17 PCRY 34, PCRIKZZ% Pfu
DNA B4 Ui 45, PCRFEF: 95 °C Fi Atk 5
min; 95°C30s, 56°C30s, 72 °C 1 min, 354
¥ ;5 72 °C 5 min, PCR =¥ [ol I J5 55 Blunt
simple b PR IG , Bk T-1 B2 540,
PRI BR A v R AT

ifi i3 BLAST (http://blast.ncbi.nlm.nih.govBlast.
cgi) #4775 AR M He X5 Fl F ExPASYy (http:/

R E K7 2: 2 E /) sponsored by China Society of Fisheries

rf B
species accession no.
K&t L. crocea ON241310.1

ik Nibea albiflora

et Etheostoma spectabile
5 Perca flavescens

VA P. fluviatilis

GBI Plectropomus leopardus
HRWIEE  Sander lucioperca
RWyE  Lates calcarifer

¥R Epinephelus lanceolatus
KPFGFEEE  Salmo salar

W45 Oncorhynchus mykiss

PELf Danio rerio

il Cyprinus carpio

B C idella

J5XS  Gallus gallus

N M. musculus

4 Bos taurus

N Homo sapiens

KAG8009952.1
XP_032374706.1
XP_028436842.1
XP_039661036.1
XP_042345345.1
XP_031155548.1
XP_018527930.1
XP_033496180.1
XP_014055857.1
XP_036803905.1
XP_021327539.1
XP_042628288.1
ACS16044.1

XP_040550438.1
EDK99716.1

XP_015326781.1
NP _055173.1

1.4 LcClecde EXRBEL S HEMBH IR
BT

W fRE w3 B, THEBMKEE, FH
HARNE (PUEE) ST R F IR I, #2121
CR'E . WBE. 88 HE. K. B, B AL
BB ARG ), R AR R A
(primary head kidney macrophages, PKM), JF{t:3k
B Wk B 40 Bl (primary head kidney lymphocytes,
PKL) il J5t £8 3k ' k7 4f Jfd (primary head kidney
granulocytes, PKG) Y43 # 2 B DR SEHiT 1Y 7
BN, H LU 20 M RNA 42 B 75 34 4 i n &
Promega LS1040 #5:/E U B #EAT, S st S i 2 B

https://www.china-fishery.cn
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Eastep® RT Master Mix #/E UL TT . DU G 5% ™
W) AR, qLcClecde-F/IR N5 ¥, qLcp-actin N
WS AT SEA 98 Ot E 7 PCR, VAR ZR: 9.8 uL
cDNA(1 : 100, {&FLL), 0.1 pL qLcClecde-F/qLcp-
actin-F, 0.1 pL qLcClecde-R/qLcf-actin-R, 10 pL
2xqPCR SYBR Green Master Mix, A {A&F1 20 L,
SEHF 9t € i PCR BT : 95 °C 15 min; 95 °C
10s, 58°C20s, 72°C32s, 40 MEH., G
mn 3 MNHEE

BB )5 1) PKM . PKL 1 PKG 433155 32 7
6 fLANfatsFRp, AEFLAMECH 2x10° 4>, 28 °C
RiFESha, i FHZUE N 1x10" CFU/mL #Y K ik
VPN TE BB, Ay ANAE 1, 2, 4. 8 R 16 h e
Y, SEEFPEOEE B PCR Kl LeClecde K2PH 263k
KRR

SRH 2722 iR T LeClecde WA iR HE,
It H1 SPSS17.0 #4741 2% HT o

1.5 #J3E LcClecde B M (LcClecde-ex) BY R
SV SRS

LcClecde-ex 3 B %, 1% Ll LeClec4e ORF
(1) 8 B 38 M . LeClecde-ex-F/IR 514, §-
14 LeClecde-ex, PCR {KZR UL Pfu DNA R A 156
45, PCREEF: 95°C 5 min; 95°C 30s, 62°C
30s, 72°C30s, 35MEH; 72°C 10 min, 1.5%
(A B R R L AR

JRAZ R BAR G KA i/l EcoR15
Hind T BRI 44 9 DI g XS BTRL pET-32a i 47 L)
Vb IE. BEVIIRR: 1 uL EcoR 1, 1 uL Hind
I, 5uL 10xFast Digest Buffer, ki 5 ng, Jot%
FREG/K #h5F S0 uLo BEYIR N 454 : 37°C2h, B
YI5eEe Je i A e MDA & 61T DNA glifk, 4k
A% W, OMEGA D2500-02 368145,

LcClecde-ex E4E & MAL pET-32a #HEX
MAKZR : 5 uL 2xBasic Assembly Mix, 4 pL £kE
1t pET-32a, 1 pL LcClecde-ex, WAAFL 10 uL; 72
J¥: 50 °C 15 min, K§FEH=PIIMA 50 uL W 7R
1) T-1 Bz 400, HFES, BT 0K 30 min,
42 °C # R 45s, SLEPE FPK 1 2 min, fIA 250
uL LB #5353, 37 °C 200 t/min 5535 1 h, HX 200
uL BRI SR IRAE A R hUE R LB BARE 55 I
37 °C iK% o PRI P I (0 A 5 | it A T i
7 PCR, K BAPE BT RN

1.6 LcClecde-ex FIEHFTIAS 4L
& 40 LcClecde-ex(rLeClecde-ex) 49 & ik

https://www.china-fishery.cn

B4 7 1 B B LeClecde-ex A% 28 18 #i AR 4k &
Trans BL21(DE3) B2 A4 . PRI #4519 5
PR 75 HEAT P 7% PCR %76, 4 BH P B 11 I #2 7 2
LB/Amp ¥ 1A 5% 3% %, 200 r/min 37 °C 15 3% &
ODggg A 0.4~0.6, JIAZH N 0.1 mmol/L IPTG
W5, 200 t/min 16 °C AT . BOERES
FIRMBER, HBERRERZE bR (PBS) AR 2
W, TEERERE, 4 °C 12 000xg B0 10 min, ¥ I
B RTITYE J3 S T AT - o JoE I M 2R AT s T i
JiZ e,k (SDS-PAGE) 5l

rLcClecde-ex 49 440 v B ARG S Y
T8 PO T S A RRU B S FNZ AT A I (N,
4 °C 4% 20 min fff Ni MR A4 G HMEM
i FIEE S Ni A BTS2 20T PO F s AR R
Ko ) NI A b 2% B 1V R 2% i (Tris 20
mmol/L, NaCl 0.2 mol/L, BK# 100 mmol/L, pH
7.4), DM G250 M R, HE% D
SEWE G250 LA, WIS+ e ke &
e NI AR A B AR IS M (Tris 20
mmol/L, NaCl 0.2 mol/L, Bk 300 mmol/L, pH
7.4), W% O G250 i, HE%D
st i G250 JL TR, BB B 8 H E bk
SEAVEMG . SDS-PAGE #:ill H B 8 4l B . AR
U5 F BCA 75D 2 25 1k B (BCA 2 1 v B
R G, RIS KAV AR A BRA F).

rLcClecde-ex fRa- 4720940 % Fratifbny
H 8 & AT 2 8 Y122 " (20 mmol/L Tris-HCl,
150 mmol/L NaCl, pH 8.0). AR F ik B b Ak
Y AL BE NG 37 CC V) 2 he B AIBIRS
Ni A JREFERFE 20 min, WA HI

17 REXW

Z RO A TR W77k o i FHTERE R I 45T HL
ANERL B 2= AR AR B AN, 2 000xg B0
15 min K BR L2 M3, FH 10 f% 20 40 Jf 1A B i
TBS(20 mmol/L Tris-HCI, 150 mmol/L NaCl, pH
7.4) &, 2000xg B0 5 min, FF FIERINAGE
it TBS FELifil B 2% (AR A 73 Lh) 21 40 B2k

B FLEER A 2 A BHI 5 37 3k 37 °C R 5 1%
Fs WEIKAEAMITE LB B IR, A8 AR B
FH TSB 532 3E, BN . @IV I 9K B A LG5
B 2216E K5 37 3, 28 °CHR & B 9% . T A K
ODygo IEFN#) 0.6 , 6000xg B> 5 min, WHERIA,
TBS PE# 3K, FK 5min, FEEK, $ukEH

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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# 4y 2.0x10° CFU/mL,

LT YNEE AR S0 AE V B 96 FL I BEA T #EAT
20 T BE A S UG TE 96 FLAN ML FRARIEAT . HF rLeC-
lecde-ex (1.2 mg/mL) B FEM B, AFLINA 50 pL,
FEmERALANA 50 pL i 40 /40 0T FE MRS, &
JRICE 40 min, XV #7E TBS-Ca (20 mmol/L Tris-
HCl, 150 mmol/L NaCl, 10 mmol/L CaCl,, pH
7.4) W11 rLcClecde-ex 8 [ HEAT [A]AE (4 Ab 3 LA
M rLcClecde-ex MY &E 4 I P& &y Ca® # i 14 .
[ri) B ] i J32 1) xTex A B 28 2 180K B P00 1
ARG WL I 20 B/ A R B AR RCR i sf/ NBEAR K

1.8 BRI SLI

Rk rLeClecde-ex MR LSS GrRE ST,
DV TE R MG A SR B0 T, SRR D-# A0 . D3R
B D-HEWE . D-Z2200 . D-F3LE . D-IEsenE
o-FLBE . RERERIE 20 o RS, EAT R R
T, TE 96 FLARMIA 25 pL BEEERR R b BEE,
FFIIA 25 uL rLeClecde-ex (Ve B X A8 T2 AR HL M TR
1)/ NEEAR R E) IR G T2 IR H 30 min )5,
JIA 50 uL AT A LA PR A (2.0 10° CFU/mL),
BRARTIRS], FiRWE 1 h, BABFRELER
XPEEEBAMBIEN, JHcsa/ NSk, 5
WA 3K,

2 4R

2.1 LcClecde BIFFI 4 h

LcClecde 1) cDNA 2K 1 546 bp, % —
A~ 309 bp 1 5'-9F HHl 3% X (untranslated region,
UTR), —~~ 771 bp [ FF 5L 5 32 4E (ORF), — A~
466 bp 1Y 3'-UTR. LcClec4e ORF 4 fith 254 A& Jk
PR AR L B T, T00I A 43 2 RN EEE S5 L A
S 24.3 ku Fl1 4.99, HEWTHY LeClecde 2 AL —
A5 JIE X 35, (transmembrane region, 47-69 {if % %k
PR ) I — A Wi 531 25 #4) 38 (carbohydrate recognition
domain, CRD, 117~249 {3 &FEMR)(E 1), LA LeC-
lecde Z MR 5 1F LA £ d % h iE4T BLASTP H
XF, GEHB IR, LeClecde 51T Il 0 45 fifiE H 402
Clecde J7 4 1) —BUME 3R, 2970 81.89%~92.58%
ZIFH SR R, AP 5 E) HLAT 55w ) A B
P, LcClecde HA CTLR HLAIF 51 WIGL, 61~/
FER ST Y2 B & R AR 5, BROK AL & IR B &y
EPN fll WED DA} 2 4~ Ca¥ &5 A0 (K1 2) R4

R E K7 2: 2 E /) sponsored by China Society of Fisheries

AL BN, a2 Clecde B —5%, B2k
0 LIS R 1 43 37, Hirp LeClecde 5 ¥ 4fi a1
Clecde HZEZ R R (K 3).

2.2 LcClecde fE KE B AR RILA LA TN 5 % 4 AR
P FRIAFIE

LeClecde TEFTFEINAY 10 FhéH 20 h3yF £ ik,
HPfEFREh Rk iem . D Ris D (B 4-a),
B}, LeClecde T8 R A6 Y 3 A AR S0 05 40 i vpr
WH L, AL E EVEANE (PKM) ik
B, HUOR AL B E gl (PKL), 7EJRAL
KE RN (PKG) H RIS EAR (K] 4-b). KA
W RIS , LeClecde 15 3 b4 28 20 g v 1) 3¢
KRR B, fE PKG 5 PKM AT R ik 2
TE 4R 8 hik By, BEEH ML T IS,
7E PKL H I Hp2 ik Bl (K 5),

2.3 LcClecde-ex HI[E1ZFTRIA

PCR §" 1 H B 4Bt LeClecde-ex, WIWCHBY A
Br, 195129 400 bp 9 Bt, HWMIR/D—8. &
20 JFUKE pET-32a-rLcClecde-ex 5 53 iA Malifb iy 45
RER, AAEEAMKNG 28 ku (F0Fith
11.8 ku /Y TrxA ARZ5 48 1), 76 & B HUH RN
(28.6 ku)(&l 6), ik Wbk &5 S 5 M 6,
SDS-PAGE 43 5l 4 I F 3% W 5 UCVE . & B rLeC-
lecde-ex KEEAAAE LIGWH, DRAAETIED . K
5T TR U A 1 R L VE VRGHEAT N AR SR N2
trafifba, B4 b i) ricClecde-ex W fl-G bR )
bR, PR Ni R M)ZHraifb)5, SDS-PAGE £l
JLFTeZ%4 .
2.4 rLcClecde-ex HIEEEE R

4lifb 1Y) rLcClec4e-ex 7+ TBS-Ca HHREEELE /D R,
FIUHPE 22 R LT AN, X R BE £ 21 40 i TE e 4
YEH (IR T ); AR SR S50 7R, rLeClecde-ex
REBEEFE K A . IR BRI . P N
FIERECHNEA, X R i I pA RN G LA 2K B o e 4
YERT (LI ); ERA Ca> MYTEIL R, rLcClecde-ex
Xt 25 b 21 200 R AR 2 O BESE AT, AT DL X AT
21 Y R A0 TR Y R SR R Ca™ KA AL . [RIRY, AE
rTrxA 202X R iR A S BB NS o tLcC-
lecde-ex XoJ £T 24 Jf R 240 BT 11 e /IR AR TR B2 L6 3

2.5 rLcClecde-ex FIPERLESIFFM
BRI SC4E R BN, DA . D-RBE . D-

https://www.china-fishery.cn
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aaaatgaagaaagaacctcccagtttggagtttttgagtttcctgtttttcagagacaaa

61 aaattctttagttgtaggtacgggatagtttaactacatagtgcttctctgagcacattt
121 gttatagaactgcagccgttttgtaagcagggcgacgtgecctcgataaatcaaccagcag
181 ggacaaatttaatttcaaggagaaatattgctgcttgagagaggagataccaaagccttt
241 agggaccagaggaggtgcggtggagagagagacaaagtgagaaagtgtgttaacaaggac
301 atcacagccATGGAGGAGAGAGAAAACTACACCAGCCTACAGGAGCTCACGGACCAGTCT

1 M E E R E N Y T S L Q E L T D Q S
361 ACAACTGAAGGGAACAGGCCCATTCTGGAACACAGCAACGGCTCCCAGGGACTGAAGCGG

I8 T TE GNRP I L EHSNGS QG L K R
421 GGTGTTGAGTGTTTGAGGAGTCAGACTGTTCTCCTGATGGTTATTGGCTTTTTGGCCTCC

383 ¢ v E c . rR s o T v NN
481 ATCTGCGCCAACATCGTACTGACTGTGCTCTTGATTGGCAAGCCGGTGCCAGGTGCAGCT

BT C A N I V L T V L L I|NcEENY V P G A
541 GTAGACTCTTCACCTCTGGGTTTGAAATTAACCTCAATGCGCAGACGTTACATCCAGCTA

7% v Do s s P L GL K LT SMU RU RTU RY I QL
601 TGCGAGGACTACACCGCCCTGGGACAGGACTGTTCAAAGACAGTTAAGCAGTGCAGGGAG

9 ¢ E DY TALGOQDTGCSI KTUVZ KO QTCT RE
661 TGTCCCGATGGATGGATTCATGTCGGAGATCAGTGTTACAGCTTCAGCGGGGACAAGCAG
S ¢ P DG w1 vVeEDOQCYSFSGDEKEOQ
721  GACTGGCTGAAGAGCAGAGACAGCTGTGAAGAGATGGGCAGCCATCTTGCCATCTTGCAC
%D W L K s R DS CE B MG S HLATLH
781 ACTATGGAGGCGCATGACGCTCTGGAAAAAGAAGCCAAGAAAATTGGAGGATTTGATTAC
IS T M E A M DALEKERAEKE KTIGGEDY
841 CACTTCTGGATTGGCCTGTCTGACATAGAGACGGAAGGAGATTGGAGATGGGTGGACAAC
1 W F W IGLSDIETEGDWERHWLYDHN
901  ACAACATTGCAACATAAATATTGGGATCAGTGGAGCTCAGAGCCAAATAACCACCAGTCA
9 T T 10 KYWDOWSSEPNNGHQS
961  GGAGGCGAACACGGAGAAGACTGTGCCGTCTTAGACAGCCACGCAAAGACATGGTTTGAT
29 6 6 EHGEDCAVILDSHAKTRFD

1021  GTTCCTTGTGAACACATTTATAAACGGATCTGCCAGATGGACACCATCCAGCTCAACTGA

233 ECEENRIEe v > T T o 1 N ¢
1081 taatactacacaggtggaaagtctggaaactacacagggttatgacagaaaacataacat
1141 ggtaaaatgtttgggattacagaaaggtaattcttgtgacatacaacatatgcagaggag
1201 atattgatgctaaatgccgtgtatgtgttgatttatcgcttattggaagaaataggaagt
1261 actaatacaagtcctgtgatggacagccatcgagaagtatgtacgtttcataaatctaaa
1321 aggaaaaaaacaaaacaaaagatgcattgtagtattgcactgatatcaagtttttgtgtg
1381 tccaattatgattcattttttcatttacttgattatttttttcttattgcaatgccatga
1 441 atgctgtgactgtgtccgagaagtttgggcataaatattgtaactgtgtagactcacaac
1501

ttaaaactgagctgcaaataattcagaaatgtattagtaaatttta
1 LcClecde FF5 53 #f

B DX SRR 50 45 K 20 30 R RIORR 20 (0 R M R s TP AR B RIX s N R e m R U A M

Fig. 1 Sequence analysis of LcClecde

Transmembrane region and carbohydrate recognition domain are shown in blue and pink, respectively; transmembrane region is shown with square

frame; carbohydrate recognition domain is shown with underline.
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K&ty L. crocea Clecde 1 : MEERE\MTELOELTDOSTTEENEPILE e AREVEMLIEEOTVL.LMV T 70
UGt N. albiflora Clecde 1 : MEERENMTELQELIDHSTAEGNEPILE QELIREVKELEOTVLIMY T 70
SLUEAT P leopardus Clecde 1 : -MERDINTELQELSEEPTAGES): LILEHSDEC 0L REVEHTNRTATLLLT 69
HRWIS S lucioperca Clecde 1 : MEEREESLQEFTEEPTPG LILE DQLER VELQTALLILI 70
5 P flavescens Clecde 1 : MEERE\WMSHLOEFTEEPTPGENEPILEHEDEHOELAREVENLEEOT SLLILT 70
WS P fluviatilis Clec4 1 : MEEREMSHLOEFTEEPTPGENEL T LEHIDES0ELAREVENLEEOTSLLILT ;70
%4Ulifi M. saxatilis Clecde 1 : --MEENMTELQELTDQPTPGENEPFIEQHNIERELEREIENLNEQTALLMV IAF ;68
FRET  Seriola dumerili Clecde 1 : MEEGE\MSHLOEFNEEPTPGE - PTLEHS DE-QERARE I EYLASOTALLMLT ;70
M E. spectabile Clecde 1 : MEEIENNSSLQEFTEELTPGEN:LIREHEEPEL (RETENLAOTATLILT : 70
Foi A B E. lanceolatus Clec4 1 : -MDRDLMTELOEFTEEP-TGENLTHEHEEQETEQEVE|LESRTALLLLT ;68
N H. sapiens Clecde 1 - MNSEESE TQC TERGEFESOMFLWTVASTPTTLFLS 45
/INE M. musculus Clecde S 5
transemembrane region
co C‘O’

Kt L. crocea Clecde 71 - EeveaviRe Ll : 140
Hllifh N albiflora Clecde 71 : APAPEARVIREEIPTELAT : 140
GBS P leopardus Clecde 70 : iPVP‘PLSL FlAL s 139
HMI5 S, lucioperca Clecde 71 - BeyoepepEsTera, : 140
Hhfi P flavescens Clecde 71 : SPVOERPLEEEISLEFNL : 140
Wl P fluviatilis Clec4d 71 : FPVOSHPLEEPSL FFL : 140
%4Ulifi M. saxatilis Clecde 69 : I’SVPPSETL LA ;138
iRt Seriola dumerili Clecde 71 : HPOPELS SP QgL : 140
PEImET  E. spectabile Clecde 71 : I'PVPSL SLEFELE‘D:I E 140
AT E. lanceolatus Clecd 69 @ EPVPERPLESSSTEFAL : 138

H. sapiens Clecde 46 @?QTCD 1102
/N M. musculus Clecde 10 : SQISG 65
K L. crocea Clecde 141 : . 210
ikt N. albiflora Clecde 141 : 210
LRI P leopardus Clecde 140 : 200
H#MI5 S, lucioperca Clecde 141 : . 210
Hifii P flavescens Clecde 141 : 210
Wl P fluviatilis Clec4 141 : 210
28 M. saxatilis Clecde 139 : . 208
AL Seriola dumerili Clecde 141 : 210
EIET  E. spectabile Clecde 141 : 210
¥ AP E. lanceolatus Clecd 139 : . 208

H. sapiens Clecde 103 : 167
/N M. musculus Clecde 66 : . 130
K&ty L. crocea Clecde 211 :
Uk N albiflora Clecde 211 :

LT P leopardus Clecde 210 :
ARVt S lucioperca Clecde 211 :

#ififi P flavescens Clecde 211 -
WS P fluviatilis Clec4d 211 =
885 M. saxatilis Clecde 209 :

Al Seriola dumerili Clecde 211 :
T E. spectabile Clecde 211 :
A A3 E. lanceolatus Clecd 209 :
N H. sapiens Clecde 168 :
/INEL M. musculus Clecde 131 :

&2 Clecde REEEFFINZELLXS
6 /N 1 P R 5T 1 2 Jpk G R TR B FH 457 3k 77 (€0, €07, C1-C4); WIGL y CTLR B EE RSP 37 Bk A6 & iR 51355 EPN B WED 76 T 4 4l

AL LA RN Ca g & 1 St LERIRL; Cashia

fir i 2 0 HARL .

Fig. 2 Multiple alignments of amino acid sequences of Clec4e

The six highly conserved cysteine residues are indicated by arrows (C0, C0’, C1-C4); WIGL is a highly conserved motif for CTLR; EPN motif

and WFD motif are indicated with solid and hollow cycles below, respectively; Ca** binding site 1 is marked with solid diamond; Ca’* binding site 2

is marked with hollow diamond.
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CTLR P57 3L 7 ] Al 2F Ak 22 53 76 R [R) 4 i
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flb 6.2 Clecde 4bF W] —43 32, RBIABIGE wi b
15 2| B LeClecde i 52K Clecde RIRF R, H
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gy il P flavescens Clec4e [XP_028436842.1]

W P fluviatilis Clec4 [XP_039661036.1]

FRR WIS S, lucioperca Clecde [XP_031155548.1]
FEMEEt  E. spectabile Clecde [XP_032374706.1]
K3 L crocea Clecde [ON241310.1] ]

Wikt N. albiflora Clecde [KAG8009952.1]
LB P leopardus Clecde [XP_042345345.1]

TT—sswpt 1. calcarifer Clecde [XP_018527930.1]

99

W AP E. lanceolatus Clecd [XP_033496180.1]

KPGPERE S, salar Clecde [XP_014055857.1]
100 100,

W% O. mykiss Clecde [XP_036803905.1]

i C. carpio Clecde [XP_042628288.1]

100 PEEfh D. rerio Clecde [XP_021327539.1]

7 it C. idella Clec4e [ACS16044.1]

J53Y G, gallus Clecde [XP_040550438.1]

/NEL M. musculus Clec4e [EDK99716.1]

100 _:\ H. sapiens Clecde [NP_055173.1]
70

£ B. taurus Clecde [XP_015326781.1]

3 BARMUAREMIEZR Clecde RE LB
FRJR(0.1) ARFBALIERS ;17 AT AL 1372 F bootstrapping BVEHEAT 1000 X E & 1HE H I H RE (%)-
Fig.3 Maximum likelihood phylogenetic tree constructed based on Clec4e amino acid sequences

The scale bar (0.1) represents the genetic distance; Numbers beside the internal branches indicate bootstrap values based on 1 000 replications.

400 300
o) ©
3 300 5 200 - T
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Bl 4 LcClecde fE XA EL (a) MHEIEHAE (b) PAIRIEKIE
(@ 1.7, 2.6, 3.8, 4 Wbk, 5 .68, 6.3k, 7.0 8 LA, 9. Kk, 10.JFAE, (=3); (b) 1. AL E R4, 2. JF AL Sk E 40,
3.5 AL B BRI (n=3).

Fig. 4 Expression profiles of LcClec4e in tissues and immune cells

(a) 1. intestine, 2. brain, 3. stomach, 4. spleen, 5. gills, 6. head kidney, 7. heart, 8. muscle, 9. skin, 10. liver (n=3); (b) 1. primary head kidney granulo-
cytes, 2. primary head kidney lymphocytes, 3. primary head kidney macrophages (n=3).
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WY V. alginolyticus

5 KERENERBEREMMP LeClecde HIFRIAK L
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Fig. 5 Expression changes of LcClec4e in immune cells after stimulation with inactivated V. alginolyticus

(a) primary head kidney granulocytes, (b) primary head kidney macrophages, (c) primary head kidney lymphocytes; n=3, * P <0.05 and ** P <0.01.

WA BEARL (E. coioides)™ . A} (Paralichthys oli-
vaceus)"" Fl K 22 ®F (Scophthalmus maximus)™ [
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AR, R E R CsCTL 76 B Wk rh 3R 35 B
=™, i PaCTL FE i h R ib i om ™,  Rikgs
JRZRW] CTLR 7EA [F] #6026 o (1% 3R IR 15 A7 78 W] i 22
S, ATRER T AR 22 S Bl AR RO [ I S B
(o AN, LeClecde B HTE K B 0 JF AL B B g
200 (PKM) . J5USK BRLAH I (PKG) SR L2
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35 rLcClecde-ex-TrxA
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JEHIEH.

Fig. 6 Expression and purification of
rLcClec4e-ex protein

M. protein marker; 1. total protein in the supernatant; 2. the purified pro-

tein; 3. protein after enzyme digestion.
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Plate II Agglutination of r LcClecde-ex against bacteria
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%3 rLcClecde-ex T4 4RA/4AR A S /VERRE TR B
Tab.3 The minimal agglutinating concentration of [2]

rLcClec4e-ex against RBCs/bacteria

S /INEEEVR E (pug/mL)

20 B/ 40 B minimal
RBCs/bacteria agglutinating
concentration
T AR O. cuniculus RBCs 1.25
INRAMME M. musculus RBCs 2.5 [3]
WEKS PR A. hydrophila 15
BARBIME  P. plecoglossicida 30
WK V. alginolyticus 30
WIKIKE V. campbellii 30

=4 FELET rLcClecde-ex RETHBEMERN
BANEIRE

Tab.4 Minimal inhibition concentration of sugar on the

agglutination of rLcClec4e-ex toward P. plecoglossicida

R ES SR/ AR B
sugar minimal inhibition concentration
D% ¥E  D-glucose 50.0 mmol/L
D-X¥E  D-fructose 12.5 mmol/L [5]
D-H ¥ D-mannose 100.0 mmol/L
D-Z# i D-maltose 100.0 mmol/L
o-FLH  a-lactose 100.0 mmol/L
&£ ¥k lipopolysaccharide 25 pg/mL [6]
MEHE  sucrose NI*
D->PF W D-galactose NI
D-if§#:¥% D-trehalose NI* [7]

W NEZRR 3200 mmol/LI 75 4 AL il .

Note: NI” represented no inhibition at 200 mmol/L.

WbE, Hob Ca® KR, Beah, IBUESCE Y] LeC-

lecde X 4t F 58 S 55 T H 5 & Rk (5 1) 19 45

Ao AL EERYEIR, LeClecde M BEME —Fp [8]
PRR 8 i 5 T 4 2 18 (19 B 2% PAMPs 25 & ok 4Hjl]
IR, IS5 K AN B e N
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Molecular identification and agglutination characteristics of C-type lectin
receptor Clec4e in large yellow croaker (Larimichthys crocea)

ZHANG Xinluo', WANG Yongyang’, WU Ziliang', HUANG Xiaohong '*,
CHEN Xinhua', ZHANG Weini "*'

(1. State Key Laboratory of Mariculture Breeding, Key Laboratory of Marine Biotechnology of Fujian Province,
Fujian Agriculture and Forestry University, Fuzhou 350002, China,
2. University Key Laboratory for Integrated Chinese Traditional and Western Veterinary Medicine and Animal Healthcare in
Fujian Province, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: C-type lectin receptor (CTLR) is a kind of pattern recognition receptors that can specifically bind to car-
bohydrates pathogen-associated molecular patterns (PAMPs) and plays an important role in innate immunity. In
order to elucidate the biological function of CTLR in teleost fish, a CTLR gene-Clec4e (C-type lectin domain fam-
ily 4 member E gene, Clec4e), which was screened from the transcriptome database of large yellow croaker (Lar-
imichthys crocea), was taken as the object of the present study, and its molecular features, expression distribution
and agglutination characteristics were studied. The results showed that the full-length cDNA of LcClecde was 1
546 bp, with an open reading frame (ORF) of 771 bp, encoding 254 amino acids. The N-terminus of LcClec4e had
a transmembrane region without a signal peptide, and the C-terminus had a carbohydrate recognition domain
(CRD), which contained carbohydrate-binding sites EPN and WFD and 6 conserved cysteines what could form
disulfide bonds. Phylogenetic analysis showed that LcClecde was closely related to CTLRs of a variety of fishes of
the order Perciformes. The results of real-time quantitative PCR showed that LcClec4e was constitutively distrib-
uted in the 10 tissues tested, and the expression level was the highest in the liver; LcClecde was expressed in
primary macrophages, lymphocytes and granulocytes from the head kidney tissues of L. crocea, and the expres-
sion level was the highest in macrophages; the expression levels of LcClec4e in these 3 kinds of immune cells were
significantly upregulated after stimulation by inactivated Vibrio alginolyticus. The extracellular segment of LcC-
lecde (rLcClecde-extracellular domain, rLcClecde-ex) expressed in Escherichia coli BL21 had Ca*-dependent
agglutination activity and could agglutinate mouse, rabbit erythrocytes and 4 Gram-negative bacteria common in
aquaculture, such as Aeromonas hydrophila, Pseudomonas plecoglossicida, V. alginolyticus, V. campbellii. D-
glucose, D-fructose, D-mannose, D-maltose, o-lactose, and lipopolysaccharide all had inhibitory effects on the
agglutination of rLcClecde-ex toward P. plecoglossicida, suggesting that LcClec4e could bind to carbohydrates of
P. plecoglossicida. The results above indicated that LcClec4e might be an PPR which could recognize bacteria by
binding to carbohydrates PAMPs, thus involved in the immune defense of L. crocea against bacterial infection.
Key words: Larimichthys crocea; C-type lectin receptor (CTLR); Clecde; hemagglutination; bacterial agglutina-
tion
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