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B E: [¥x]1%w ff)f“(Campylobacter)ri*ﬁ‘l’i“‘é%éﬁ/‘ﬁ MR R mE, EXME R GKF I,
R AR S S AL AT A AL 5 RAEAT. LB 69 JIRR A R R LB A8 X 6 mRs M sl R4 6% @
(extracellular fatty acid- blndlng protein, Ex-FABP)i# id 45 A M4 &M R £ 174 5 A £ KeyZ i,
H g ERAFER RS Ge AR K sk, [ %] @2 3% KM AF & (Escherichia coli) BL21(DE3)
4 entB L B M2 R 5 IL%#TEJ FiY R ARG EE, R AR AL Ex-FABP &G A AR 45K 6 2
(lipocalin-2, Lcn2), Western blotting %% % A& & 5 MATH Z4F 1446, 2R ES KA REKIZ K
44T, B4E Ex-FABP #= Len2 P K AFE . 70 11 K E (Salmonella) & entB 25 B R T AR 6947 5 7 14,
4k d B 3L SRR IAAT £ % F Ex-FABP #n Len2 3 AR B 2R T @ e94r i &4, [£R]1 AA
M1 T H BL21(DE3)4) entB A A R R#K, M I RE A4l Ex-FABP #= Len2 & &, HRIN4E S
RIEE R B EOTEMAFE LR FHEES. ERKIZHREMN T, Ex-FABP 4= Len2 st it M AF
BEYKAHFEH AN102 LA B EH A KGER, Wt XKBAFEH ATCC 25922, #iT&KH CVCC
1806. CVCC 1800 Zxt 1 # entB £t K #r ¥ K4 4|V A . 3K /& ik 55 Ex-FABP #» Len2 i@ i3 4% e 45
AR EM SHAR B L RROT A HA REITH A RKNGIER. [£44] 2 Ex-FABP & L4
5 Len2 £069 5 48, BP £ FRAKIR ;ﬁﬂ%# W 2E S MAATE &, Bt [T 4@ AR AT BRIk
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Chicken extracellular fatty acid-binding protein specifically binds to
enterobactin to inhibit the growth of Campylobacter

ZHANG Haonan'?, CUI Yifang?, GUO Fangfang?, DING Bao’an"!, XU Fuzhou"

1 College of Agriculture and Animal Husbandry, Qinghai University, Xining 810016, Qinghai, China

2 Beijing Key Laboratory for Prevention and Control of Infectious Diseases in Livestock and Poultry, Institute
of Animal Husbandry and Veterinary Medicine, Beijing Academy of Agriculture and Forestry Sciences,
Beijing 100097, China

Abstract: [Background] Campylobacter is a genus of major foodborne pathogens that colonize
the chicken intestine at high levels. The chicken innate immune response to Campylobacter
colonization remains to be fully elucidated. [Objective] To investigate the activity of extracellular
fatty acid binding protein (Ex-FABP) related to chicken innate immunity in inhibiting the growth
of Campylobacter by specifically binding to enterobactin, providing a theoretical basis for revealing
the function of the host innate immunity against Campylobacter infection. [Methods] We knocked
out the entB gene from Escherichia coli BL21(DE3) to construct a strain that did not secrete
enterobactin. Chicken Ex-FABP and human lipocalin-2 (Lcn2) were expressed in the engineered
strain and purified. Western blotting was employed to examine the binding of the expressed
proteins to enterobactin. The inhibitory activities of Ex-FABP and Lcn2 against E. coli,
Salmonella, and their mutant strains with entB knockout were verified under iron-rich and
iron-limited culture conditions, respectively. Then, the inhibitory activities of Ex-FABP and Lcn2
against Campylobacter derived from different hosts were examined by addition of enterobactin.
[Results] Ex-FABP and Lcn2 were successfully expressed in the constructed BL21(DE3) mutant
with entB knockout. The in vitro binding assays confirmed that the expressed proteins could
specifically bind to enterobactin. Under the iron-limited culture condition, Ex-FABP and Lcn2
significantly inhibited the growth of E. coli AN102 capable of secreting enterobactin but had no
inhibitory effects on E. coli ATCC25922, Salmonella CVCC1806/CVCC1800, and corresponding
mutant strains with entB knockout. Finally, it was confirmed that Ex-FABP and Lcn2 inhibited the
growth of five Campylobacter strains derived from different host species by specifically binding
to enterobactin. [Conclusion] Chicken Ex-FABP has a similar function to Lcn2. Under
iron-limited conditions, it can specifically bind to enterobactin and inhibit bacterial growth by
blocking the enterobactin-mediated iron uptake, thus triggering the host innate immune function.
The findings provide a theoretical basis for developing new approaches to control Campylobacter.
Keywords: extracellular fatty acid binding protein (Ex-FABP); lipocalin-2 (Lcn2); enterobactin;
entB gene; Campylobacter

R TETE EARNARKMER S RY, TE  FRAERKSE T, 41055 W AR R XL 2
SO ZI AL IR, Heandn i AR KT ek HA R A T Bk 2k A (siderophore), AT
B, AR EMIE PR 107 mol/L, R ERARTE 4N 1R A B 1E AN A R R G B AR
MR A KTF e 10°-107 mol/L, M U2, I #T 7 (enterobactin, Ent)J& T &
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F} (Enter obacteriaceae) 21 1 4 i 1) — F /N o3 F
BREAK (4> T-HE 670 Da), £ Bk E M X} Fe*
HA T i 56 77 (Ke=107 mol/L) , 7E4H & #fi 35
BRE AR AR R A T A SR,

MY HEATE EIRN G, AT S 2 b el
L 5N Toll FEZARZES, #iE MyD88 it
NF-xB {5538 1, 7 8 2 40 MR Bz 4 i
S ib—Fh g iz 2 1 lipocalin 2 (Len2)*),
Len2 RSP RN 0 W ) A i &=, Sl 2
PR AR BT, PR3 i JEHCPT A P SR g 1 s 1)
i3, 718 £ 8 9% (nutritional immunity)4b
FHEZEHA EERAERERNEET —F 5
Len2 Z5 AN RERAA R & H——R MR T R 45
4 %5 M (extracellular fatty acid binding protein,
Ex-FABP), nlfEFHEL SRR, KNI
E ST VP 1] FC T (Salmonella) iy A= K 7. ik
ZEFIYMT R, Ex-FABP SEkEUIAZ AR =
WP, MEAESEATE R, B 4550
FACBM AR R, #E S Ex-FABP & #4 47
Sk IR e A R

5 i B (Campylobacter ) & f & UL 4 £ 54
WA Z —, BN REEERR, 5%
Tl 1 B B g2 P 5 s anAs bR - T R 255 5 AIE S5 %% VDA
KPR K& B e N ) BRI,
ageit N B GYR B 50%-80% 5K & H
FEARSCUON, SR H HiAE 7 JC P SE AT AT
e i 2 i R Y, TR AR SR S AT AR
K EWIBNEEIR R A EEE L. 5
NSNS B N ieis a0/ 778 & BN (SIS 3 W72
(Escherichia coli)4y- s i I AT B 25 i i L7 ik
WA KIS HFER & IE N, Ex-FABP fifi
AR TR 2R X 25 Y 1 L P 52 i 1 A T

AR5 LA Ex-FABP 2 F M54, Bk
Ex-FABP & 10 KM AT s Avb 1 FG i A K 52
Wi, %5E Ex-FABP 5 HF 1 &R 45 & X AN R 15 &

TR TR A R RS, LU O I 42 R 4 4
TEAE M A RS

1S

1.1 &

AR A TR RN SRS BN SR 1 PR .
2 R P AR SR T MH R A EER, B 42 °C—
SHEFH(5% 02, 10% CO,. 85% No)is 7017,
KIGFEFD T IREE R T LB Wime
M, T 37 cCH AT BEFR A rh Ui InyiA Rk
JEh: ANERR 100 pg/mL, RIFHER
50 ng/mL, FEFE XK 25 pg/mL., LK sh¥ A1
SRR B AS S A m A ARG IRAF . i
S AR AT b T RAR 2 B A R BE 5 I S
W s P P A 2 DL os b, Seaesh e B
E9i5: THVM11-2405-73
1.2 EFEMEEIRF X8

P LB 53 3(g/L): EAM 10.0, BELE
¥ 5.0, NaCl 10.0; 4HE MH };37#3E, BD Difco
/5l 5 T-medium PREEREFEHE(g/L): NaCl 5.800,
KCI 3.700, CaCl, 0.133, MgCl,-6H,0 0.100,
NH4Cl 1.100, KH,PO; 0.272, Tris 12.100,
Na,SO4 0.142, MnCl,-4H,0 0.000 2, &% 144
HEBR 0.500, ZL4MR 0.050, FHZAR 0.050, {04
% 0.005, 442 B10.005, #jZik 2.000,

BRLIPE S BT, NEB 23 ] 5 JBokr 2 B0 £
RNA $2 B0 G A S 5 s ian] , ma st v e e A )
BH R A RA s HFFREZR A L-FTRA8,
Sigma-Aldrich 23 F]; HRP #Ric 6xHis bR,
BBI =B F A R E] AT R ST A 5L
=18, HRP-FPUR 31, Abcam 247 ; BCA
A=A £, Thermo Fisher 23 F] .

HLZEFLAY, Bio-Rad 2\ Fl 5 AZ BRI & (LAl =
S 53546, Thermo Fisher 24w ; 4 H oA K
2853811, Oy Growth Curves Ab 23] .
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Table 1 Bacterial strains and plasmids used in this study

B R B8R

Strain or plasmid

HHE

Description

KBS SRR

Source or reference

Campylobacter
NCTC 11168

ChC;j3
DuC;j2
BoCj2
PoCc5

E. coli
BL21(DE3)

BL21(DE3)AentB

AN102

AN102AentB

ATCC 25922
ATCC 25922AentB

Salmonella
CVCC 1806

CVCC 1806AentB

CVCC 1800

CVCC 1800AentB

Plasmid
pKD3
pKD46
pCP20
pCE2 TA/Blunt-Zero vector
pET32a
pCE-ExFABP

pCE-Lcn2

pET-ExFABP

pET-Lcen2

NIRZS 75 2 % Wbk NCTC 11168

Human C. jgjuni reference strain NCTC 11168

X 52 S i B 43 Bk Chicken C. jejuni isolate
S5 25 5 i B 43 5 #% Duck C. jejuni isolate
A5 25 5 5 i T8 43 25 Pk Bovine C. jejuni isolate
TGRS I B 4> B8k Porcine C. coli isolate

PN 7L RS ]

E. coli expression strain

BRI RE entB BRI K k18

The entB knockout E. coli expression strain
G0 1 TR 2R ) R M R T R
Ent-secreting E. coli strain AN102

BRI AL entB JE RS 300 g T 2R TR R

The entB knockout E. coli strain AN102 without Ent secretion
KIGH H 2% H bk E. coli reference strain ATCC25922

BRIGTAL entB KN A7 WA A T 1 2 14 Pk

The entB knockout E. coli strain ATCC25922 without Ent secretion

A TEWD T IR S % W bk
S. typhimurium reference strain

B TRAE entB F KA 43I i A 1 25 T Ak

The entB knockout S. typhimurium strain without Ent secretion

X VR T ] IRIE 2 2% T bk
S pullorum reference strain

BRARGEAE entB BE LR N 7300 g FF 1 2R TR B

The entB knockout S. pullorum strain without Ent secretion

ARed 20 & 4t it H JBOR:

Plasmids used in the ARed recombination system

FE IR 7 R 2% K Gene cloning vector

JE % 223K BURL 3R Prokaryotic expression vector
7ol Ex-FABP T4 JFo ki

Recombinant plasmid of cloning Ex-FABP

TERE Len2 540 ik

Recombinant plasmid of cloning Len2

ik Ex-FABP H 4 itk

Recombinant plasmid of expressing Ex-FABP
F2IK Len2 B4 Tk

Recombinant plasmid of expressing Len2

[16]

[17]
[17]
[17]
[17]

VEMERE N T
Vazyme
A5
This study
[14]

[12]

[12]
[12]

ARSI AR AT
Our laboratory
AR

This study
Our laboratory
This study

[12]

[12]

[12]
Vazyme
Novagen
This study
A
This study
ENWL
This study
A5
This study
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1.3 5|41t

AMRed 2 R G0 k% E 5| W0 A K M A T
entB L[N 278 it 5 11275 SCik[12]; VDTTIR
B entB L [F 28 A8 Fir FH 5 1 4 UL 2% 25 #29 GenBank
i Ex-FABP Z:[H ¥ 51(AF121346)F1 A\ Len2
FEHFHI(NM_005564), B3t 2 NEEH A BLR
R 2. 518 2R T AR TR () Ky
ARRA A
1.4 ZHE entB EFERAVKIIIAE

ZMSCHR[12]0 7775, R ARed [m] 5 25 41
R4 H 4 BL21(DE3) . YT CVCC 1800 F
CVCC 1806 1) entB JE [F Hlt 2k 2 A8 bk . 1 5 LA
PR U £ L H pKD3 TR DNA MR,
Pl EC-KZ-F/R . Sal-KZ-F/R (¥ 2) 55141, PCR
I entB LR Y [R5, rhalh
HRYUM I (Co) B, PCR N K R -
2xPhanta Flash Master Mix DNA & 12.5 uL,
pKD3 ik 1 uL, . FiE514(10 pmol/L)4%
1 uL, ddH,O %M 25 pL. PCR J I 45174 95 °C

x2 5IMER
Table 2  Primers used in this study

3min; 95°C 15s., 50°C 15s, 72°C 50 s, 4k
35 MEFR; 72 °C 5 min. 4737945 Dpn 174
fBJE [N, [ 2 e s 5 A& pKD46 Jit
Hif) BL21(DE3)H, ik Co &5i entB JEK )
RASKR, FEE A pCP20 Fiki, THER Cm 2L,
439135715 BL21(DE3)AentB. CVCC 1800AentB
HI CVCC 1806AentB it P ik 4 58 25 bk .
1.5 #%%3% PCR

43 B SPF WY I b R A 4LRIEE 37 R A
Caco-2 4iijig, F| ] RNA $REGAF & fhi A RNA,
PETI A A HiScript 11T 1st Strand ¢cDNA Synthesis
Kit 2550 cDNA., Ll cDNA i, 4351H]
FABP-F/R Fl Len2-F/R 5 #1% (3 2) 4% Ex-FABP
Al Len2 JEK FBE PCR JZ Wi {A £ : 2xPhanta Flash
Master Mix DNA & 25 uL, ¢cDNA 2 uL, I,
TS 14110 pmol/L)4% 2 uL, ddH,0 #M 2 50 plL.
PCR [ % £51F: 95 °C 3 min; 94 °C 30's, 55 °C
30s, 72°C 30s, 335 MFE#; 72 °C 10 min,
PCR 387 25 F Uk I 5 1E A s Ak 45 F

514 Fr5

Primer Sequence (5'—3")

PRI FHIE
Product
size (bp)

Description

Sal-YZ-F  GAGATGGCAATCCCGAAAC
Sal-YZ-R GTCGCTCCCATACGCAAA

Sal-KZ-F ATGGCAATCCCGAAACTACAGTCTTACGCGCTGCCCA 1168

1132 VPITIT entB LN BRI IES | 9
Primers for Salmonella entB gene knockout
PR S VT T R RV A THE 7 BL

CCGCACTGGATATCCCGACCAACAGATTGCAGCATTA

CACGTC

Sal-KZ-R  CGCCCACCAGGCGTCAATGGTCGGGTTTTTCGCCAGC

(FRIZ A [ 7510
Amplifying the target fragment containing
Salmonella homologous arms (the

ATCACGAAGTCGATATCGCCGTCATATGAATATCCTC

CTTAGTT

EC-KZ-F TTATTTCACCTCGCGGGAGAGTAGCTTCCACCAGGCG 1163
TCGATGGTCGGGTAGATTGCAGCATTACACGTC

EC-KZ-R ATGGCTATTCCAAAATTACAGGCTTACGCACTGCCGG
AGTCTCACGATATCATATGAATATCCTCCTTAGTT

sequences of homologous arms were
underlined)

PGS R R ) PR A TR A B (R
RN TR IR e 41))

Amplifying the target fragment containing
E. coli homologous arms (the sequences of

FABP-F
FABP-R
Lcen2-F
Lcen2-R

CGGGATCCGCCACAGTGCCGGACAGG (BamH I)
CCCTCGAGCCCACTTCATCAACGCTGCATTC (Xho )
CGGGATCCGCCCAGGACTCCACCTCAGACCT (BamHI) 553
CCCTCGAGCCGCCGTCGATACACTGGTCGAT (Xho I)

homologous arms were underlined)
487 P i Ex-FABP JEH
Amplification of Ex-FABP gene
P4 Len2 FEH
Amplification of Len2 gene

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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1.6 EiHRNAEE

¥ ik PCR #lifky=4#) 5 pCE2 TA/Blunt-Zero
TElE A RE, #51k DHSa Bz S TE R ST
F (100 pg/mL)FIRABE R (50 pg/mL)BHTHF-
M b e R ve k% , 533l 4ir44 4 pCE-ExFABP FiI
pCE-Len2. BTk HGAT £ 428 pCE-ExFABP
Al pCE-Len2 ki) DNA, 4 BamH I Al Xho I
MGV JE WA A R B, 5 R UG DT Y
pET32a F£ikFiki DNA #E17i44%, # 1k DH5a
JERAZ 25 20 LR BT S Al 0 5 B ek, 43l
fir % & pET-ExFABP 1 pET-Lcn2.
1.7 BE#ziRES5&84¢K

¥4 5 41 5k pET-ExFABP. pET-Lcn2 128
AR pET32a 23 %4 4k BL21(DE3) AentB J&=% &
YR, O A S AR T T RS W e B T
PR o AR R RE 5 3R 0 5 e 2% ) el i i 1
50 mL LB+Amp (100 pg/mL), 37 °C. 200 r/min £%
3£ K ODgoo fE. 2 0.6—-0.8, /il A 1 mmol/L IPTG
AT R, 4R2L555% 6 h, 4 °C., 12 000 r/min
B0 1 min BUSIA, 185 SDS-PAGE %5E H 5
PRI 3k 7K P, T R R P R A (300 W,
4°C, THE2s, [P 3s, 3t 40 min)ZLff Ik,
4°C, 10 000 r/min %[> 20 min Bt 3%, Fi His
P& R g2tk H &, stk
FHBIERE KRR IRk 4n , BCA R &
AR S R H
1.8 REEASHHTERESHE

FH DM SO ¥ i #F 7 28 46 5 %% 8 1 mmol/L
T, M PBS ¥ L AL 100 pmol/L 1
FAZE , BC500 pL 5 [FIAE R Y 46k Ex-FABP .
Len2 8¢ 6xHis ir&E HIRE, ZEWRAEM 2 h,
FIH 5 kDa #BIEE B OALIREY), 4 PBS Ut
BEBRREGHITER, BUEALNIESY,
#1717 SDS-PAGE HLIK, FFHRZE G AITHE R MY
HEEAMERMIR, ARG, 7255 HRP iR

iC His P25 A HUAR:10 000)5 3 7T 5 K
Pr(1:8 000)"UFI HRP #ric 40 B Hi(1:8 000)
VEAT N, i3 Western blotting % 52 4lifb 25 11
SRR R RS 1E D
1.9 FREEBIEIKE

5 B R W SCHRS, 1914 E AR Ex-FABP
M Len2 & FUARSMIE] K FF 5 AT IR AE
KutEM . %A LB WmiE R KB rE
AN102. ATCC 25922 VB[ KB CVCC 1806,
CVCC 1800, DIJiXSETRPRAY entB A Hl 2k 58
ASRE(FE 1), 5000 r/min 250> 3 min PCEEFE A,
F T-medium BRREF=FESIPRR IR, A
it T-medium FREKSE I3 Hrh 55 72 00 7% AL B
BHWE ODeoo (7] 1.0, PL 1%3ERR 3 A pT it
T-medium FREEEEFREE, ¥ Ex-FABP. Lcn2 5
6xHis #RZHE (5 pmol/L), [RIFFA Nl AES N
FeCls (10 pmol/L), FIF4 A shA: K 253 il
E 24 h AARKAE DL, 2HIR R R AR L .

Y E FIK M Ex-FABP il Len2 & (RSN
il 25 i TR A A TR I AL MH I35 95 NCTC
11168 B #E 2 ODeoo M 0.1, ¥ He i fif MH A7,
I E A7 DFO (20 pmol/L) i #1 B &
(20 umol/L), #RJ5 N A Ex-FABP ,Lcn2 5, 6xHis
FR&&E (S pmol/L), B =AIGHFRMEPAK, &
4 h I ODeoo B, II5FE 36 h, [FASFIH MH
SRR IS R RG 5% 5544 T 25 M A0 TR A i
FIFAS TR SR IR 43 B S M T A s ik, 7 Bk
BEFR A N RERP S, B 4 h JI%E ODeoo {ELINE A
[Fl 3 B R AE AR O, AR bR AR e
1.10 REZBSHET DB TFER
ZFEIE

Z 08 1.9 HBE 55 A T-medium PR 37
IR FF R # AN102, ATCC 25922 Fiivb
TG CVCC 1806, CVCC 1800, L) M i Stk
) entB JERIERGIEARRR(FR 1), THREPTA TR PR
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ODgoo fEL 3] 1.0, DA 1%$2 & 4 A B 6 T-medium
RS IR0 7E RS SR W S I Ex-FABP 5 Len2
(5 umol/L), 12 h J5 B WAL 5 mL, 4 °C,
12 000 r/min 25.0> 3 min B F3#, £ 0.22 pm 3§
B g SE A 5 kDa HBIEE B L4k i, &
PBS VIR L BRAZ G R, IR IR
H4), 47 SDS-PAGE Hik, FENEA TR %=
FA4T(1:8 000)F1 HRP FRic -t B —471(1:8 000)f2
N, S sl B (5 R R B T R S i
A R A S A O
1.11 FItESHR

| GraphPad Prism 8.0 {431 74011 2%
SRR, SRR R I 22504, P<0.05 3%
NESEE,

2 ZR5M

2.1 YE entB EEHEAKEELER
FIH ARed [R5 4 22 55 53 50l 44 A 2l K
WFF R BL21(DE3). ¥ TIKE CVCC 1800 Al
CVCC 1806 T #EM entB Jt A il 2 28 25k, PCR
g R, KRIBAF BL21(DE3) (K 1A)FITR]
[CH CVCC 1800/1806 (& 1B)AY AR . 7
Cun R RASKE I 2Bk Co FE R R ASRR K P38

1 ZHE entB EFERAKEELER

PR INEE 5 TR A5 AR AT
22 E#ZREREBGHER

A RT-PCR 435 A X H M b e 4H 2L AN
Caco-2 4IHAE i 474 Y Ex-FABP (487 bp)#l
Len2 (553 bp)JE [ R B, HLF 25 5 A7
TEHS 2 AR B ol A S B AR R gk AR
5, 7EIPTG 5% T, H4H KA iUk pET-EXFABP
pET-Len2 FIZs 444 pET32a 43 #6152 38, 40
120 kDa FY 25 1 4571 (K 2A) , 15 TR SS RAHFT 5
FKIFEAZL His brZEAEMENE4iflfs i
VKRN 2B Bk .
23 RIEEHSHHTRZRESHEER

F2I5 1) Ex-FABP #l Len2 25 1375 A 6xHis
WEERH, HimMteSWHEREGSE, 1
HRP #ric His /328 8 U4 T Western blotting,
PR MR NL(E 3A); H S HBFFAR RhEtT
Western blotting, H A 5 FF R 455 1) Len2 Fl
Ex-FABP 2 AP, 1 His Fr28 8 A
RE S AT R R A A5G (K 3B) . RIIFRIARY
Ex-FABP fil Len2 WA FE R SRR S A .
24 RIEBEAMNABARFMDIIKE
IFIE KSR

TEE R FEF AN 10 pumol/L FeCls)ks

A: KB BL21(DE3); B: ¥ KB CVCC 1800/1806, M:

DL2000 DNA Marker; 1: EAHR; 2: #H Co PUPERENIRAL R 3. THER Co PUMERE RAL R

Figure 1

Identification of the entB gene deleted bacterial mutants. A: E. coli BL21(DE3); B: Salmonella

CVCC1800/1806. M: DL2000 DNA Marker; 1: Parental strain; 2: Mutant strain carrying the Cp, resistance

gene; 3: Mutant strain deleting the Cy, resistance gene.
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A B

kba M 1 2 3 4 5 6 kDa M 1 2 3
—
i 4 — - ———
70—l 70—
55— - 55— e
aua - 40 .
35— - 35— —
25— - 25— -
15— .. 15—

El2 ERFEREASGHCETELER  A: SDS-PAGE il FHi 5 E XK EBLE. M: & marker;
1: Sl pET-Len2; 2: 535 pET-Len2; 3: 35S pET-EXFABP; 4: 5% )5 pET-EXFABP; 5: if§
S pET32a; 6: 55 )5 pET32a. B: SDS-PAGE il fE (A 4alifbas . M. 1 marker; 1. 4ifbAy
Len2; 2: 4ifki) Ex-FABP; 3: Ziifkiy 6xHis tr2E i .

Figure 2 Identification of the prokaryotic expression and protein purification. A: Detection of protein
expression before and after induction using SDS-PAGE. M: Protein marker; 1: Uninduced pET-Lcn2; 2:
Induced pET-Lcn2; 3: Uninduced pET-ExFABP; 4: Induced pET-ExFABP; 5: Uninduced pET32a; 6:
Induced pET32a. B: Detection of the purified proteins using SDS-PAGE. M: Protein marker; 1: Purified
Lcn2; 2: Purified Ex-FABP; 3: Purified 6xHis tagged protein.

3 REBAEBHERGEEINELSR  A: HRP Fric His #Z  EIPUAKI 1) Western blotting £5 5 ;
B: T 2 PRI ) Western blotting 255, M: #5 [ marker; 1: Len2; 2: MFTE R4S Y Len2;
3. Ex-FABP; 4: TR L G Ex-FABP; 5: His bR ; 6: MFFRERLS G His bR,

Figure 3 Binding results of expressed protein and enterobactin. A: Western blotting results using the
HRP-labelled His tagged protein antibody. B: Western blotting results using the monoclonal antibody against

enterobactin. M: Protein marker; 1: Len2; 2: Len2-Ent; 3: Ex-FABP; 4: Ex-FABP-Ent; 5: His-tagged protein;
6: His-tagged protein-Ent.

FEMT, KIGFFE AN102, ATCC 25922 Fivbl] A RKMEE RB¥ TR EES(E 4, B 5).

FC# CVCC 1806, CVCC 1800, LAKkSLi#kI 7E T-medium FREZIGFREIE TR AT dhn
entB JL [N Bl A RAEKR, BiFE3L NN Ex-FABP,  Ex-FABP { Len2 RAE A KHITE AN102
Len2., His P28 ek PBS XF R, OR[EIEFE) &0 SEARRAE KRR B KTU N His bR M8k
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PBS Xt HR (& 4A), 1M AN102AentB 7828 kRIS N
ANRIA s TC R % 225, (HARKBRBIKTHEA
PR 4B); ATCC 25922 SEAKEFN entB 3 K it 2k
FRASKRUS A [ 20 43 Al JE i 2 22 &%, (HR
R AE KRB IR TSR AR (A 4C . 4D), VPTTIRTA
CVCC 1806 FI CVCC 1800 LA K entB it [Kl 2k 58
AR INAS [R) 40 4 [l T 2. 3 22 (/] 5), CVCC
1806 RASHRAEK ML T EAK(E 5A. 5B),
I CVCC 1800 RARMRAE KBS SR AT %
ZR(® 5C. 5D),
25 RREASHEESDNBITEE
FHEREER

FEREFD I A R sl D 1] TR 1) B Ak 45 7 2
W, W Ex-FABP 5 Len2 ik 4L 75,

0 4 8 12 16 20 24
Time (h)

M 1 1 1 1 1 J
0'OO 4 8 12 16 20 24
Time (h)

% 4 REEZFEBNKBHEIGEKPHER
25922; D: HFE ATCC 25922AentB.
Figure 4

FHIGFF B R BB 1G5 LI 1T Western blotting
T, 4551 R, KIBAFH# AN102 Fl ATCC 25922
SEAKE, I VPT TR CVCC 1806 F1 CVCC 1800
AR ]I R, 5 Ex-FABP B Len2
FREAFEFHELS, MENW entB JLHE Gk
RARH TS WA HEE, KW 5ERE
B AGA R FIEF (K 6),
26 REEANTEHRENINESER

£ MH 7% DFO B BR#k 8 3% 41k
T, Zmas il NCTC 11168 £E K 584w,
MR ARG TR E IR w A KM FE
BSR4 F , %0 Ex-FABP 8 Len2 #6358 1Y
NCTC 11168 }555% 20-36 h 1/ KAE ) BEE T4
hn His b2 & A5 PBS X 08, B 7550l SR

1 1 )

4 8 12 16 20 24
Time (h)

X
0.00

12 16 20 24
Time (h)

oo |

4

A: HEEE AN102; B: HEik AN102AentB; C: HH#E ATCC

Inhibiting the growth of Escherichia coli by the expressed proteins. A: Strain AN102; B: Strain

AN102AentB; C: Strain ATCC 25922; D: Strain ATCC 25922 AentB.
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fo il ! 1 ! 1 1 ) OOW-Q‘W 1 L 1 )
0'00 4 8 12 16 20 24 0 4 8 12 16 20 24
Time (h) Time (h)
OO = uh 1 L 1 L | OOW T 1 Il 1 1 J
0 4 8 12 16 20 24 0 4 8 12 16 20 24
Time (h) Time (h)

5 RIAFEAXNDITKEMFIEKNER A HHk CVCC 1806; B: ik CVCC 1806AentB; C: Hikk
CVCC 1800; D: HH#k CVCC 1800AentB.

Figure 5 Inhibiting the growth of Salmonella by the expressed proteins. A: Strain CVCC 1806; B: Strain
CVCC 1806AentB; C: Strain CVCC 1800; D: Strain CVCC 1800AentB.

A B
kDa M 1 2 3 4 5 6 7 8 kDa M 1 2 3 4 5 6 7 8
70— 70— v -
55— .. 55—
40— 40— A - &
- .-
— . . ‘
25— 25— -

Ee6 REBEBSHEMIVLHWBTEREASRELER A: Ex-FABP &5 M B ZE 1 Western blotting
259 B: Len2 456 WA ZE 1) Western blotting Z55 . M: #E[1 marker; 1: W#E ATCC 259225 2:
¥k ATCC 25922AentB; 3: HkE AN102; 4: Ak AN102AentB; 5: [k CVCC 1800; 6: itk CVCC
1800AentB; 7: Hikk CVCC 1806; 8: Hikk CVCC 1806AentB.

Figure 6 Results of expressed proteins binding to enterobactin secreted by bacteria. A: Western blotting
results of Ex-FABP binding to enterobactin. B: Western blotting results of Lcn2 binding to enterobactin. M:
Protein marker; 1: Strain ATCC 25922; 2: Strain ATCC 25922AentB; 3: Strain AN102; 4: Strain AN102AentB;
5: Strain CVCC 1800; 6: Strain CVCC 1800AentB; 7: Strain CVCC 1806; 8: Strain CVCC 1806AentB.
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R EE SR (B 7)o E— 2R AR FoRIERE 1B TUIN His /73258 13 PBS X HE(E 8).
B ek, 75 FREFRAMF, W Ex-FABP %] Ex-FABP il Len2 il i 4 Stk 45 & AP A &=
of Len2 RIKE A S IR IR 12-36 hp9AEKaE XA TE S i B w Rk 38 I A= K O sUR

A 030 o bBs B 4x10'r _ppg LR
: = 6xHis I
© 6xHis 2v1Nn8 o Tee VAN * Hi Hi ”i

7 REEAIEIZHEHE NCTC 11168 £KHILER  A: ODeoo EEIMIMEE R B: WKt
K IR0 T 2

Figure 7 Inhibiting the growth of C. jejuni NCTC 11168 by the expressed proteins. A: Antibacterial results
presented by ODggo value; B: Antibacterial results presented by colony counting. *: P<0.05.

A 03[ opBS B 03[ pps
© 6xHis © 6xHis
4 Ov DADD -+ Fx-FABP

e an s e SR
0 4 8 12 16 20 24 28 32 36 0 4 8 12 16 20 24 28 32 36

- Time (h) “ Time (h)
0.0&ﬂ 1 1 1 1 1 1 ) OO*’T 1 1 1 L L 1 1 J
0 4 8 12 16 20 24 28 32 36 0 4 8 12 16 20 24 28 32 36

Time (h) Time (h)

8 RIEEBEPWFITRBEREHEERKNER A WESHEME; B: MESHEME; C: 4
BB, D: B S e

Figure 8 Inhibiting the growth of different host-derived Campylobacter strains by the expressed proteins. A:
Ch(;3; B: DuCj2; C: BoCj2; D: PoCc5. *: P<0.05.
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3 W

H A 2 WF 75 IE 52 3% Ex-FABP & [ 7] 45 5
PEZE S W AT TR 2R AR AA, ARSI ] 2 AR
WA AER TSP 52 Len2 HA KM
RYITHEE . 14N, Correnti Z£BF]FH M9 Rk L 7
FEAF ST B 7~ #2511 Ex-FABP 1] il il K iz 4 B Al
i B2 F0 T 1 (Bacillus subtilis)iy2E K, {HAS
001 B 2% {18 5 it T4 (Pseudomonas aer uginosa)
B4 K 5 Garénaux Z8UVF] ] RPMI 1640 55557 5
(¥ HEPES Z& th 1 10% i 24 L35 ) UFE 5 26 15
Ex-FABP Al #lii| KT K-12 BIER . Abf
FHAA T-medium FREEE R ILUEE T Ex-FABP
FIANER TGP, AEISTE T Ex-FABP X KT A
VDT IR A BTG 2, 1 B R A 3 i i
T 2R 1Y 978 T R A 43 B ] R s 1A R 1Y
W AR, E—2PUESE T XY Ex-FABP HRE
% 38 0 e S ESS S AT R R IR A R AR K

F Al Ex-FABP 1l & 1 HI B BIF5E 32 224 vh 1
7R BRI AT R R AN TR . Rk AL Al
K SR EE R BT 878, Ex-FABP BETT 45 & W4 FF
W, i8] 454 BBk # 2 (parabactin) . JLASED
Y W 4% K (bacillibactin) . B4 3L AL I F1 # R
(monoglucosylated enterobactin)ZF k4R 4A, 1M H.
I H A W] 25 4 VP 17T R &K (salmochelin) >k & #
W2 AP EEES, B )5 R IE S Ex-FABP
AEELE S salmochelin, S AT % (aerobactin) |
HR/R ZRAT & (yersiniabactin) 3228 AAK 711 Julien
SRR S AR SE , TERRER ST, Ex-FABP
AL ) PR TR I AT T R AR, (B
TR salmochelin (1) A= 4 U] JG #0 £
Mo Ama Lo, 7EREFMET M
Ex-FABP Rl 7320 g A 1 28 00 R A v ) A=
Ko, XA 53 WA AT 1 2R 1) 588 B vk DG 3 il
F5 1 H Ex-FABP X} REAE 43 1A HADAR ZAAR 7 K

WA ATCC 25922 VBT ERE CVCC 1806,
CVCC 1800 ¥y cshilfEM; tesl, Ex-FABP fE
% 38 o F AR AT B SR MBI S I W AR, X
E— - UE 52 Ex-FABP il il 45 S VE 45 A AT i =
i 20 T A A K

R RIB TR, AR IE Ex-FABP
1 Len2 28 [ 19 BL2 1(DE3 ) 8% BT 23 WA 04 7 1 B
R ERE O ERESHES @ AW
JAFF DA 2R 19 58 48 PR AT S 2RB TRV, 4 Garénaux
ML Wang S5 entD [ RASKRIE N R
IKBERR, T Julien 2515 Correnti ZEB1 % F entB
BN GEARRAE R RIB WM, BT entD F1 entB
DRI B Sl A BRI AT T 2R A OB IR, LT
AHFZE A BL21(DE3) entB JE [K ke Ak 1
B EWE, R EREREGHITFERLS AW
Ex-FABP Fl Len2 1, MMPREFHSS & AT
R HITEE

Ex-FABP fiRZ5# /3t ios,, HEA 24
SEAmeRmEE, Hh 2 —255 A R Sk
&, 73— 4545 1 W5 I8 B2 (lysophosphatidic
acid, LPA), LPA &—F4ijif5 57+, B
Ex-FABP BRE5 G 8RR KA TR TG R, FIRETE
PAS T A PR T e A5 TR [RIAE R A
VEF®, BFSE R/, Len2 KPR mBR /N U i
BRI AF B S B 200 4%, I B2 H B
B E R AR, R, $R
Ex-FABP 7£4E 45X iz 18 D A1 11 R & 45
YEM .

ST M B H BN RE W A AT R R Sk
A, AT P H Al 200 T S 0 %) B A T R A i
FEAE BORNAE R AUEGE, DR AR 3 T
R R O A S AR i T A AR KR
FBs, FHFEK Len2 & A0 AR ILEK H
(Lactococcus lactis)fal M /N, 7] & 3 K i
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T
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A 5T I R S P45 5 AT B R 3G
Ex-FABP &1, fEMRERIGIRAMET, AR5
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