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JERAERFEHRBRAFRAIEERFARPOEL, REFEAFTEZ2AaRENVERLER, F
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$BE, NHERENITERFTEAT TR BRI EENZAK L5504 %2 B8 L H R A0
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By 10 [ B R S R HY Th e
AR®, B #, FEEK, B W, FRE, a4
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J7RAB KR RIEE AR L, TR M 510631)
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MAH, OnRBL-1 E4&Z A B AT HEE S SAM R ER TN XL, BFELENHEY
Wty il-6. il-8 fu tnf-o Wy R IK, R 3Eil-10 Fo tgf-f By Rk ko WA, 3T A 48 il A AR T HE
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53 Arisn, % R P ARM0 RZERRESE R (RBL-1) 78Il 5 0 200 M 55 40555 e 1 g P A T e 731

DA ARYRZE A A ER KA G Es 5 BF R AL
SIWEEE R T LI N 2R, fdE R SRR
# (rthamnose-binding lectins, RBLs), C-HIJEHEZE |
PFUMEBEE R | F-HUBEAE R | [HUBEAE R | P-HUKE
LREMIEHREAF,

RBLs &% i — 8 2 kK46 A 2300 X
2§45 38 (carbohydrate-recognition domain, CRD) 41
A, aE it H CRD 45 A8 s iR 51 A2 A 2 R ik
A, R R L-BUZE R D=2k FLRE
RBLs 715 3= B o A 4 s 2 A I R R pIFSE
FE RSP RY BRI BE S rp Sy BT i RBLs, A%
M8 (Anthocidaris crassispina), W85 (Oncorhynchus
mykiss). %14 (Ctenopharyngodon idella), F KMy
1 (0. keta) %", WFFE K&, RBLs FZETEN
R AN REA M R G, BT AT TR
WE . M. SEASNE I AELH AU R Jr AR FETE
Z i frh MY E T RBLs, 4 1 (Pleco-
glossus altivelis), 5 XM (Ictalurus punctatus)
WA (Dicentrarchus labrax) F1 KZZE (Scophthal-
mus maximus) %1 I &K P A RBL B A 4L
F A0 B B (Glugea plecoglossi) W I REM, g fif
RBL AHA BEAEHR I 116 1, 8 B R E
IV 4 B WG P P DB, SR, H AT IX SRS
FEAET bl WYE . AWE B AT A SUE &
PRI, WA D RE R FTR AR

Je B % Ak f (Oreochromis niloticus) &t -3
Rl N 32 40 A0 B 2R 0 SR 0 a Flr i v D 2 BR %
R FRFHE — K E . TR, TEEAMK IR
AR, B AR R S B R K, X R
L FRFATIE B E R by, Btk, PR R
B hud B B AIL R I 502 K™ R A8 R B M Y 3
PIFsk. Ail, WAIC@Ne P B 4 i
— P L-FZE MR 42 5 (OnRBL-1), & 769 )5 14
N R R R B, I HEA S MEE
o I B R DI RENS, SR, AR A0 R A MR BEAE R
RBL Z: 5 BRI A0 i B e i s AR ARe i,
HIRTEAR R R M B A Th AR, M ANIE 2
A5 FEH 5L € 3 PCR (qQRT-PCR) Fljii =X
I AR 25 B R X OnRBL-17E J& % % 4 a1 5%/ v
M S RE S L A W TR TG 1 L IR AR R 7K
PR BRI T AR FH AT T BFSE, @ AT OnRBL-
1 78 e % % 4 f0 A 4 5 1 A At 977 0803 it o Jg e vh
PIVERT, o Je 20 A oo 4 TR 0 1 7 48 £ AL
WA
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1 MESTHE

1.1 SCIg# Rt

RE DML REY AR Mg, Jf
T35 TAE R BTG R AR ) Rk 7 19 2F A 3h % 3k
AR RGN o SR, DR IE W AR
MR TE AR BYTA R SRR BT, S P R JC L BE
R (Streptococcus agalactiae, ZQ0910) 3k H T~
IRUGEER:, WE/K SRR (Aderomonas hydrophila,
BYK00810) >k A T~ LIl K5,

1.2 B1%/ENEZMBERY 43 BSR40 E N SR8

Je % BHE A S B A B AR M ) S B S
HEC A SCERU™ R i iy Je B % 9E £ Sk A
LR, DI MR GBI MR, B
JnAE $E AT BB 51% Fl 34% Percoll 41 it 4355
(Sigma, FEE) L., Ll 500 x g B.0> 40 min, 2.0
ZETT S INEE 54% 5 31% Percoll 1 I AC T AL R ZM
JIA 1640 JERlIE TG VE 3 Ik, MR 5
Ji B 4 MR B 2 5 < 10° CFU/mL, 96 fL 40 i1 37
Br (Thermo, 3% [E) #EATHIMR, &ALINA 100 pL,
Widi 3 d 5 RBRAENGRELRAL, FH 1640 ELfil 4% 5 5L
VR 3 UK, e fol 35 3 B0 200 e J32 A e ] o
% 1% 10° CFU/mL, #fLANA 100 pL, & T 41
FRFRAEN, TRk 25 °C K5 5%,

RGP  JE B B A R B AN i
T Onrbl-1 F3EHEMIFE M, 52 5038 o8 4 A 44 4 hif
BB AT A3 0T o S50 v TG FLAE BR TR R K AR
JHL AT A TSR 1% B O YRR TG A BB oAb R
J 1496 BT LA 10 mmol/L TG T4 B R $h 28 vh s W
(PBS) 15Ut 4 K, HZHMiBEZR 110" CFU/mL, M
A B PR/ B E AR TR AR N, 100 uL/AL (1 % 107
CFU), XFHRZH A PBS. 2 BIFE R U5 BES 3
6. 12, 24 | 48 Fll 72 /AT ICAEAN AL, I
TWAPRIR, RIEFHEHEE-80 °C KNI .
1.3 qRT-PCR #&

B LR AE T80 °C VKA N Je & % JE fa 4
Jitd BE 5 % B TRIzol (Thermo, 35 [H ) Z4 i 1 2 B
RNA, 21U RNA i NanoDrop 2000 # 3 i 73
S BE VA I 4 B ANk . 4% B8 PrimeSeript™RT
S SRR & (TaKaRa,  H AS) 18 B 5K £2 B
RNA AT cDNA G o AT cDNAR AR AT 1E
—20°C %M.
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732 KopE OE R 46 45

FIFH ABI 7500 SEHF 285 2 2 PCR &4t (Life
Technologies, 32 ) A5 Il 4 B W 34 B A% /L 0 44 i
J& Onrbl-1 ik w BB B . VKRR : 10 uL
2 x SYBR Premix fiil i &5 #{ (TaKaRa, H 7).
qRBL-1-F | Fi#5I ¥4 2 uL (3% 1), 0.4 pL Rox
reference Dye 1l %% ¥} (TaKaRa, H &), 2 uL
cDNA AR Fl 3.6 uL TR B K o RV FRIT
95 °C FiiAE 1 3 min; 95 °C 15s, 60 °C 1 min, 40
AMER . LU B AR p-actin FE NS L, F]
FH 27889 J7 et AT U o MY B DT B (A b
#EZ (meantSD) HHTHEIR

®1 FARERNSY

Tab.1 Primers used in this study

ElE] 31 (5'-3") H

primers sequences (5'-3") purpose
p-actin-F CGAGAGGGAAATCGTGCGTGACA gRT-PCR
f-actin-R  AGGAAGGAAGGCTGGAAGAGGGC gRT-PCR
gRBL-1-F  AGCAGCACGCTCTTGTTGGC gRT-PCR
qRBL-1-R  GACTCCTGGACACGAATCACT qRT-PCR
IL-6-F ACAGAGGAGGCGGAGATG gRT-PCR
IL-6-R GCAGTGCTTCGGGATAGAG qRT-PCR
IL-8-F GATAAGCAACAGAATCATTGTCAGC RT-PCR
IL-8-R CCTCGCAGTGGGAGTTGG qRT-PCR
TNF-0-F GCTGAGGCTCCTGGACAAAA gqRT-PCR
TNF-a-R TCTGCCATTCCACTGAGGTCTT qRT-PCR
IL-10-F TGGAGGGCTTCCCCGTCAG gRT-PCR
IL-10-R CTGTCGGCAGAACCGTGTCC qRT-PCR
TGE-p-F CAAACACGCTGAAGGACAAATG gqRT-PCR
TGE-f-R~ CGTTATTGCCGCATTCACAG gRT-PCR

14 RERETFEERERD

AT 5% OnRBL-1 S48 1% e B & R
%/ W 4 i v A 0 PR PR ek (s, SC
i it qQRT-PCR 470 I R F 3L R AR I 404 . e
% A A0 3 B B/ WA A A 4 B S IR B/ B
IV £00 P 0 25 A R R S B T A B L K e
%44 OnRBL-1 & [(r)OnRBL-1, 5 pg/mL],
HRARE 1 Trx-pET-32a (Trx, 5 pg/mL) F1 PBS 4351
S4B E 30 min, SRJ5 A KIE B JG 7L AE Bk
T K S B MU (1 x 10" CFU/mL), 7E 25 °C 4
LB FE 40 N R 5 24 b, AR 2B T T RNA
SR IBORI R e sk o oy, SRaEAT AR o7 A 4 149 200 i
eSO XA . BeJm il qRT-PCR kil 4 A
KT~ il-6 (LOC102077017) . il-8 (XM_019359413.2)
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imfoa (XM_025902124.1). il-10 (XM _003441366.3)
N tgf-p (NM_001311325.1) i9E A=, ATHSIYE
& FH Primer premier 5.0 A5G (6 1), kBRI
KR AR A A G B ASZge i Y (r)OnRBL-1
A Trx 25 0 9250 % Hi B ks alifb feqs 2

1.5 FEEEMRIHE N

S} T #R5% (r)OnRBL-1 %} Jg % % 4kt Fp i /B
WV 240 6 s DA A B T A s, S 6 5 =
LA T AT ARG 0 43 A U520 K A g ) A/ I 4
(1 x 10° CFU/mL) Y5 PBS. Trx (20 pg/mL) Al
(r)OnRBL-1 (20 ug/mL) 3£ 200 uL & F 1.5 mL JoH
B, TEIREDEEE 30 min, 2854 FITC tr
0 G L BE Bk T R RE K KRR (1 x 107
CFU/mL) 43 5 A WU B A, BRIES,
FIRIEE 1 h, 5 10 min B85 5% IR 40 H T
K. JCTE PBS (% 3% BSA Fl1 4.5% D-74j 25 0%) vk
W3, 100x g &0y, BIK 10min. &5, B
anfOn 1 L B E (REE R 0.4%, AT it
e 1 O i v ol ) O = W1 0 VG RE T R a1 B v

1.6 PREIRELFEMS (ROS) BYHEN

i 3 3t =X 4 AR A I 43 A (r)OnRBL-1 %t Jé
% 0 B/ W A T U s R K-S . 2
FEC A SCHR™Y,  Fe BT W AR & e 1 i 4 )
abs50002 (Absin Bioscience, H[E) Ui B 45 #1745
Yo B4 B ) A% /E WE AT (1 % 107 CFU/mL) 43
S5 PBS. Trx (20 ug/mL) F1 (r)OnRBL-1 (20 pug/mL)
BE, ZIRMEF 1he REHA 50 pl 3 551 6 5
fif PMA (100 pg/mL). S5 15min J5, FHHIA 250l
T A 49 DHR (10 mg/mL), #OGHEH 5 min,
) PBS WU 3 W, WA b A TR AT

i 1 ROS #6385 A& S0033S (Beyotime, 7
) 43 #H (r)OnRBL-1 X} J& & % 4 £ 242 /15 105 241 Jfd
ROS B K- B 520 o 4 43 25 %) A% /I W 200 i
(1 x 10" CFU/mL) 5#%56#%F DCFH-DA (2 pmol/L)
BEE 20 min, VRS 4 WRJG, BEEERE 09 4053
5 PBS. Trx (20 pg/mL) Al (r)OnRBL-1 (20 pg/mL)
RA, FRFF 30 min, Fi40H 0 BEF7 A
53T
1.7 BB TS

BT AT SEBS RS RE A ST TR 3 K, IR SE R
BTG F oW, BdEiE L SPSS 17.0 1T
7 24 ¥1 (One-way ANOVA), [7] B 1 b#
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Tukey WIRAH ¢+ K550 o B s Ry V- S +hr o 22
(SD). ZEitiEMEVAF/NG FEE (P <0.05) &,
Jir A B 234 i GraphPad 17.0 B4l .

2 R

2.1 Onrbl1 FEFRIRE R T BIESNRIE 5347

it 3 qRT-PCR A6 3 A7 A S J5E 1 N2 3880
B/ EWEAN L Onrbl-1 Fih R AR fL#EHA . 45

g 10 [ PBS
i % ] _|:| TFLEEFRTE S, agalactiae
=& OF
z 3
— % 4 r be
35 ﬂb ﬂb
S o 2t , a a a
Q .z a d a a
g 00O
3 6 12 24 48 72
{1 Fi R 1] /b
time post-infection
(a)

RN, TE K By JCFLAE BR TR A1 7K PR A B R
W5, WM Onrbl-1 B F2 A H 2 I B3 1
(1), Hrr, JCRLEEBKE NS, Onrbl-1 13
IKHETE 48 h ik BNEMEH , LM T 6.77 4% (K 1-a).
e K SRR TR N B . Onrbl-1 YRk B TG L A
BRE R IEOE 2L, {5 EEAIRESE, fE 48 h b
P T 3.29 7% (I 1-b), 2 Bl L U5 19 Onrbl-
1 FEZR A rp i Rk U BB BT L R TR
RN ER:

T O roess
g S = RV A hydrophila
9 2
e 4r
= g ) b ab
Q =

S

50

3 6 12 24 48 72
& FH T /h
time post-infection
(b)

1 THHEIKE (a) K SBEIRE (b) NGRS 2%/ERMEM T OnrbFl FEXNRIAE
Fig.1 The mRNA expression of Onrbl-1 in head kidney monocytes/macrophages (MO/M®) after
treated with S. agalactiae (a) and A. hydrophila (b)

2.2 (r)OnRBL-1 X #HHP EIF S REREF
FRIKHIFZ N

AT #R5% OnRBL-1 2 577 KIE, A5
i# 3 qRT-PCR 3 #fF T (r)OnRBL-1 % 4 1% 175 5 4
¥ /B W 40 v ARE TR T 3B g . S5 BoR
TETCFLAEBK B g /K SR 5 (r)OnRBL-1 FlIZH
MR E 24 h )5, (r)OnRBL-1 A%} T PBS4H fit
% B E MR R R L i1-6. il-8 FIl tnfoo IR,
F I e HEAN A R FE IR i1-10 I 1gf-f BYFIE (P <
0.05, ¥l 2), #RW, %54 Trx HAHX T PBS
X RAE P F I FGE T B E VR (P> 0.05, & 2),

2.3 (r)OnRBL-1 % B %/ Ik 20 B 7 L % B AN

A0

3 3 378 X 240 B ASCAG ) 8 — 25 43 MF (r)OnRBL-
1 5% A% /B W A B W T 1 R . 25 R R
(r)OnRBL-1 556 41 Hh U /[ 05 240 it 7 e JC L 4 ok
A I 7K A ) A I 43 L (%) RT3k
S8 (MFI) #8 2 m F A& 4 (P < 0.05, K 3).
Trx 20 1 5%/ I3 200 A I 3 2 o B 110 4 I T
e (%) FISE-E58 55 B (MFT) 5 PBS 4140 H G

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

VR (P> 0.05, [&3), AU, (r)OnRBL-1 figf%
A R B,/ L I 20 A M B

2.4 (r)OnRBL-1 X B #%/ [ Wik 40 R P OR; 0% 4% B9

el

J T HE— ST ()OnRBL-1 X} 84% /5 W 2
MG VE R RE I, AR5 38 3k Uit =X 40 A SO0t 4
L IR 3 S K T SEA TR 3 T . SR EOR, A
(r)OnRBL-L J& B 4% /5 W5 20 Y 1) 7€ Y6 40 M 11 4t
(%) Fl MFI #B {2 2 75 T PBS 44l Trx £ (P < 0.05,
l 4), B (r)OnRBL-L 1] 3 5 5 A% /6 20 g 1)
WP AR K o BEAR, Trx AN 52 M B A%/ 05 24 i 1 B
WA & (P> 0.05, [K4),

2.5 (r)OnRBL-1 % B #%/E Bk 40 Bl 5E 14 SRR A
oA

T 40 Hr (r)OnRBL-1 X5 B A% /15 W5 210 Jfd WP 1%
H 2 b R R T R IOK - B S, S 56 3 3
A AN AEA TR /34T . 455 B/R, (OnRBL-L
RE A% B A1 TE BRLA% /WG A PR M SR e, IR L
1% 2 ()T 2 9 6 3R B MFIL 35 55 T PBS41 I Trx
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3
20 14
ﬂﬂ%ﬂ“& 12 .
=g 10
]
£z s
= £ 6
e 3 b b
s 5
NI
=R v . .
s 1 2 3 4
NG
different groups

)
[E 2 (r)OnRBL-1 #2003 %/ EREMEHHRREREFSKERFRENREE
(@)~(e). TABEERE, (D~(). "EKEE; 1. ZAXMKA, 2.PBS4, 3. Trx 4, 4. (OnRBL-1 41
Fig. 2 Relative expression of pathogen-induced inflammatory factors in MO/M® effected by (r)OnRBL-1
(a)-(e). S. agalactiae, (f)-(j). A. hydrophila; 1. control group, 2. PBS group, 3. Trx group, 4. (r)OnRBL-1 group
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53 Kapzn, 4. PP RAMESEE (RBL-1)

TE AR AR S 200 By 0 S e P ) T 735

4 (P<0.05, ES5), AN, Trx ANEZMERAZ/ E VAR
JL A s SR BRI (P > 0.05, 8] 5).

it

BEAE Z A O ST K e A GE Y A
TE i ZE AR AR oA TR 1) 25— B B 2k A4
HEAEY. RS I HES Y b, BEE
RHA TG ZAENE, XK T ok
EaYBCRBER , HE— 0 sR T H IR A )
ZREPER AR R B, JE X B R £ OnRBL-1
HATE5 5 BRI i T RE , 18 o JsU A AR
JEYL 285 % I OnRBL-1 R 7T fES: 5 BIHLIR A S K
FPERTE" . ALY HE— 2P % OnRBL-1 HY I REHY

3

MEHEATIRGE, KBRS 5 RAE N T %
I8 SR A W P AT R A A A R S 2 240 M B
1. Z5 1] OnRBL-1 7E15 3255 K 52 B 1 )it
R AP AR AT R A5 B A o
TERUARIRAE o S A R e ) s R, A
240 M Y B R A W ) — 2R B A,
FE PR AR A/ BRI . SR E AR,
7 W A0 1t B A% b e 1, 2 RE RS L R
A W R AT A AT WA, AT AE S R i o
EEHEEIEH ., H, BV ERA, Gl
I A VR 2230 A 94 S o P P T R Vs S S S A
e E AR AN, AEE TR R R G AR
FHE, WRTE A B, i Hp A B e 24

| macrophages S. agalactiae A. hydrophila
400 0.82 300 ¢ 99.6 300 r 99.5
m 8| 300 t
= g 200 200 t
= =] 200 H
B3
° | 100 100 100
0 . = o 0 = 0w . -
0 10> 10° 10* 10° 0 10> 10° 10* 10° 0 10> 10° 10* 10°
PP i iibL|
fluorescence channel
(a)
100 100 100
PBS Trx (r) OnRBL-1
80 | 54.0 80 | 51.8 80 72.4
60
40
20
0
. 0 10> 10° 10* 10° 0 10> 10° 10* 10° 0 10> 10° 10* 10°
5] - e
%%I E TEHLBEK R S. agalactiae
= 2
== 100 100 100
g PBS Trx (r) OnRBL-1
80 | 394 ) 39.3 80 61.2
60
40
20
0
0 10> 10° 10* 10° 0 10> 10° 10* 10? 0 10> 10° 10* 10°
W& KSR A. hydrophila

fluorescence channel
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(b) (B3 Fig.3)
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3 (r)OnRBL-1 X 5 4%/E It 40 B &5 1% J2 B A9 220
(a)~(b). ANEARFE T B, (0)~(d). A 7] 2H o 5 A% / 5 ik 240 i 7 Wk T FLBE BR T (o) I /K R B (d) MIFRIREE, (e)~(). AR H /B
e 200 P 7 s TE FLAE BR 1A (e) FIME /K LI ER (f) HO-P X598 65 E; 1.PBS 4, 2. Trx 41, 3. (r)OnRBL-141; T

Fig. 3 Effects of (r)YOnRBL-1 on phagocytosis of MO/M®
(a)-(b). the flow histogram of different groups, (c)-(d). the phagocytosis percentage of MO/M® phagocytic S. agalactiae (c) and A. hydrophila (d) in dif-

ferent groups, (e)-(f). the mean fluorescence intensity of MO/M® phagocytic S. agalactiae (e) and A. hydrophila (f) in different groups; 1. PBS group, 2.

Trx group, 3. (r)OnRBL-1 group; the same below

AT LURRE 2351 2 A =00 32 AR Fn B 4 R 122077,
AW e ¥ B AR 2 R E A EURE JCFLEE
BR A A 7K TR ) X B /1 I A0 Y A T AR A
N, 4R ER Onrbl-1 BRI TEN )5 3%
P X FH Onrbl-1 ReE1E B/ B EAN I rh 2Rk
JH 2R WRREAES, TS5 EX W
TR B

A4 S 1 200 o A2 B SR S R B R 4
P B N ER Sy, EEAFERAE .. T . LA
AVIEEER], W S A . W A L RIDRE 26 i
R A ™, Horb ) BB AR S SR
G RE B A B S EEA A, RS T Kk RAE
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(a) the histogram of flow cytometric analyses of the MO/M® respiratory burst pre-incubated with PBS, Trx or (r)OnRBL-L, respectively, (b) fluores-

cence percentage in different groups, (c) the mean fluorescence intensity of MO/M® in different groups
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(a) the flow cytometric histogram of ROS release levels in MO/M®, (b) the mean fluorescence intensity of MO/M® in different groups
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Functional characterization of RBL-1 from Nile tilapia (Oreochromis niloticus)
in non-specific cell defense against pathogen infection

MU Liangliang, BAIHao, LlIJiadong, QIULi, YIN Xiaoxue , YE Jianmin"

(Guangdong Key Laboratory of Aquaculture Health and Safety, Guangdong Provincial Engineering Technology Research
Center for Environmentally-Friendly Aquaculture, School of Life Sciences,
South China Normal University, Guangzhou 510631, China)

Abstract: In order to explore the role of rhamnose-binding lectin (RBL) in the non-specific cell defense of bony
fishes against pathogen infection. The head kidney monocytes/macrophages from Nile tilapia (Oreochromis niloti-
cus) were isolated to conduct a bacterial stimulation experiment in vitro. The expression of Onrbl-1 was signific-
antly up-regulated following challenges with two important pathogens, Streptococcus agalactiae and Aeromonas
hydrophila. Meanwhile, OnRBL-1 recombinant protein could participate in the regulation of the expression of
pathogen-induced cell inflammatory factors by quantitative real-time PCR (qRT-PCR), including significantly
inhibiting the expression of il-6, i/-8 and tnf-a, and promoting the expression of i/-10 and fgf-5. In addition, the
results showed that OnRBL-1 could promote the phagocytosis, enhance the level of respiratory burst and the
release of reactive oxygen species in monocytes/macrophages through flow cytometry analysis. Taken together,
the results indicated that OnRBL-1 plays an important regulatory role in the non-specific cellular defense of
monocytes/macrophages from O. niloticus. This study provides a reference for exploring the function of RBL-1 in
host defense against pathogen infection, which helps to explain the action mechanism of bony fish RBL in the
defense against pathogen infection and improve the basic theoretical system of its participation in immune
response, with great significance in science.
Key words: Oreochromis niloticus; L-rhamnose-binding lectin; pathogen bacteria; monocytes/macrophages;
phagocytosis
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