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B E: [F%] £%7% ¥ H (Campylobacter jgjuni) 2 FSE B AR EZHRBRERRAZ—, EXE
BEMREFE AT, RABRFANGEIZRE, BT ZALERSMEN G TANG HAEN. [B 9]
RREME HE TR KK GO LESLFEWAZ M E R i, %95 mIBogcE K mia B -+ 945 A,
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R4tk R TAR; AciaD R TARAE MR s 4e H 1%, AciaC. AciaD A=Acial R E 4k f & st & 48 /)38 5%,
AciaB R T ¥REEM A2 £ Caco-2 4mfitLfe /3% 3%, mAciaC. AciaD #=Acial & & #REEM1Z % Caco-2 VA BAZ
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AciaC AnAciaD % E Ak B F AR E LM EF RAKF, MmAcal RE D FIEE AR XHEFREAK
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TR W IR AL T B ReAT.
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Campylobacter jejuni Cia effectors are involved in adhesion and
invasion of host cells and activation of inflammatory cytokines

WU Jinliang"?, CUI Yifang?, GUO Fangfang?, HU Ge"!, XU Fuzhou"

1 Animal Science and Technology College, Beijing University of Agriculture, Beijing 102206, 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 jejuni, one of the major foodborne pathogens
worldwide, can colonize the cecum of poultry, becoming the main source of infection in
humans. Currently, the mechanism of C. jejuni colonization in avian intestine has not been
elucidated. [Objective] To investigate the roles of different Cia effectors of C. jgjuni in the
adhesion and invasion of intestinal epithelial cells and immune cells, as well as the activation of
inflammatory cytokines, thus elucidating the mechanism of C. jgjuni colonization in chicken
intestine and providing potential targets for the prevention and control of this pathogen.
[Methods] Firstly, homologous recombination was employed to construct gene knockout
mutants of different effectors (CiaB, CiaC, CiaD, and Cial) of the wild-type strain (WT, C. jgjuni
NCTC 11168). The effects of cia knockout on the biofilm formation and autoagglutination were
determined. Subsequently, the adhesion and invasion of cia mutants on intestinal epithelial cell
line Caco-2, as well as their invasion in the chicken macrophage line HD11, were determined.
Finally, RT-qPCR was employed to determine the expression levels of inflammatory cytokines
in HD11 cells infected by the mutants. [Results] The cia gene knockout mutants of C. jejuni
were successfully constructed. Compared with WT, AciaD showed reduced biofilm formation,
while AciaC, AciaD, and Acial demonstrated enhanced autoagglutination. The mutant AciaB
showcased enhanced adhesion and invasion of Caco-2 cells, while AciaC, AciaD, and Acial
exhibited reduced abilities to adhere and invade Caco-2 cells and invade HD11 cells. The
infection of HDI11 cells by C. jejuni WT significantly up-regulated the expression levels of
different inflammatory cytokines, while AciaB, AciaC, and AciaD showed down-regulated
expression levels of different inflammatory cytokines. In contrast, Acial presented up-regulated
expression levels of different inflammatory cytokines. [Conclusion] Different Cia effectors of
C. jgjuni play different roles in the adhesion and invasion of intestinal epithelial cells and
immune cells, as well as the activation of inflammatory cytokine expression. The findings
provided a theoretical basis for understanding the interaction mechanism between C. jgjuni and
host intestinal epithelium, and mining potential targets for the prevention and control of this
bacterium.

Keywords: Campylobacter jejuni; Cia effector; adhesion; invasion; inflammatory cytokine

25 B4 45 Wi B (Campylobacter jejuni) 2w AT, ZEERIRREHIIES . BERTE
D EIRIERG R ME Z —, EIREENT 2 RRERY,; RER &SR E N4 Em,
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AN 2 G ERAT TG ACREAR , 3 5 5 & sl il b
GRRALHE, MO NG R EORIEDT; Ry
N5l kR ARYES s . 815, ERALHR, H
AR B B e 5% i Guillain-Barré 3451k
LGP, R R B N B XU, 38
WO BEAR & N 8 N TR R A R IR
7, BRI | PUIA . SRA T . WETE IR
AR . KRG EY) o5 Z s is, HEp AR
B A Al A R R RS, HATACY, =
W5 R TR K8 I i PN A R R E B AL AR 1 AN
B, R R TR S iE N B R S s A i
Vi S JRE G2 KN A ML 1 A A A 1,
JC R A 977 48 R s ) SR RS, DRI A T i
PTE 28 8 i 18 PN 2 B R BRI X6 JHE o 4 HL A i
=&

WS BN, AT AT AN R 2R B 40 0 R 5
BN 2 H (bacterial effector), B 451 AfE 1
AHMLN R A ARRE AN SR T e, AR E AN TS
TEfE FRNAERK A, w5 E /RS
P R RIS, ShSMEA SRE
II1 7433 Z2 5t (type 111 secretion system, T3SS),
B A] i R A #E S T R0 2R i (flagella
type III secretion system, FT3SS)Z st &,
HEATE RN, 2 51%00 518 R4 EAE,
H 48 192 1 2 il o 800 A R s S Hh i A
2Pt (Campylobacter invasion antigen, Cia), #f
IR YE T (flagellar co-expressed determinants,
Feds). &£ [1(flagellin-like protein, FlaC)
DA S i B 43 WA 25 [ (flagellar secreted protein A,
FspA)SEJLARNUS, Horbr Cia J2 25 W 25 il o v fie
BRENSNEN, EEAE CiaB, CiaC, CiaD
I Cial 55 4 Fr, HATHESE R XL 0 E H 2
HHEAR . WA S1E S g3 EHE .
J 1 PN A B A5 22 Rl el

75 M 25 o TR R A N e e FT3SS TEAK

IR [ 25 A LR, TR 22 A0 Y BE ) 32 Bk
BEASMMNEEASS. REE LS. F
SN M1 5 HE AT — R A IR S A R i 201
HRETHFSE B, CiaB Bk ARG 25 17 25 h 12
7% INT-407 4l i /Y fiE 1 8RR FlaC Bk
AR5 23 s i T 12 78 Hep-2 4N RE J1th i
FREARRY, R H AT B S E A S S
TR AN 6 B 42 58 S G R E R G 928 S N7 1 A
DL IE .

ARG A @A S T Cia %0W &
SRR AR, YA Cia 800 8K FTESRE
B 4= 2% T 5 A M LA R 380G 4 1 IR 7 2 ik Hh (9 1
R, AR AT 23 W s il R 7E 8 W 1 b e il
AL P L BRI AR B -

1 MR5r%

1.1 #m

25 S W B 2% W R NTCT 11168, H %
o T o 4 il w6 4 1R G 5 X 4
Z HDI11, bt AR 2% B & S T E
mntEA e . A% A0l & Caco-2 HHARSEER
FARAF; Bkl pCE2 TA/Blunt-Zero W [ B 524
MEBE A BB I A R T
1.2 EFEMEERF X8

25 i R 5 22 B Mueller-Hinton (MH) 1% 5%
e, Oxoid A Fl; 4R 5= H DMEM H5 55 2 Al
1640 35373 K 4= 17 , Gibeo /A ] . DNA/RNA
PO G R SR & o T AR 2E R
M MERE R B A IRA A . AR R
FERA ML, Thermo Fisher 24wl HL X
M7 e PCR L, Bio-Rad 2A+]; ZINEE
Frill 24, Bio-Tek 2] .
1.3 HHEIEFF

75 25 TR 8 97 5 2 SCRR (22100 7 vk, 4 Fp
MH RmsS B, T 42 cC=REHRM (5%
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02. 10% CO, Fll 85% No)H 555 .

1.4 HERTHRETA S8 T

BEXE 4 4> Cia #5008 H £ [M (ciaBIC/DI),
B —XT 5 ) (FU/RD A T4 B 1% 5 ) K L
U RS R B, 28 X 514 (F2/R2)F F s 1)
PCR §"#, RiBRHMIEN . SI¥FFaF% 1
N, AT AEY TR )R AR BRA WA
1.5 MEERERRLRTIK

25 J s i TR Cia 800 B 1 JE DRI 2R 28 AR A4
HRARME 1 Fras. B\ CHIH FastPure Bacteria
DNA Isolation Mini Kit-BOX2 &7 & fili#2
NCTC 11168 2[R 4] DNA Rt , #5455t

* 1 19 Cia INEBERERKIRERESIY

=

(=¥
Table 1 Primers information for construction of
Cia effectors mutant

5149 ¥4

Primer Sequence (5'—3')
CiaBFl ATCCCTTGGTGGGACTTTCT

CiaBR1 TCCCAAATCTGCACAAATCA

CiaBF2 AACTCGAGTGTAAGTTCTAAGGCGGGCA
CiaBR2 AGGTCGACTCGCCCACATCTTCTTTGTC
CiaCFl GTTGTGGGGCTCAATTTGTT

CiaCRl GGCTTCCGCAAAATCCTATT

CiaCF2 AACTCGAGTATACAAATCAATCAAAACTC
CiaCR2 AGGTCGACTTTCTCCTCCTTTATTTAAC
CiaDF1 AGTGGCGCAATAGAAACGAT

CiaDR1 CTCTCAAAGCCGAAAACCTG

CiaD F2 AACTCGAGTCCCGATTTACAGTTTATCG
CiaDR2 AGGTCGACCATATTTTTATCAACCACCTT
Cial F1  CATAGGCTCCCCAACTACCC

Cial R1 CCCAAAACGAATCTTCTCCA

Cial F2 AACTCGAGTCTTTACGCTTAAATCATATAAT
Cial R2 AGGTCGACTTCTTCCCCTTATATTTATAGT
ChlF TGCTCGAGTTTAAGGGCACCAATAAC
ChIR AGGTCGACAAATACCTGTGACGGAAGA

AT R R A Xho 11 Sal 1 BEI47 5 .

The underlined sequences indicates the added restriction
enzymes of Xho I and Sal I.

IS VA L T A = B S N ol N A i A S
38 R B ya e A ikl pCE2 TA/Blunt-Zero H,
DLEH BTk DNA AR, FH B 5] 4 %t
F2/R2 ##47 PCR #3402, B H A EER, 434
P2 Xho T A Sal T YIS, 5 )RR XU )
MR R PRI % . S ROCRR22 5%,
PR AERPUERLFEL R DNA 15 pg, U
2.5 kV., 200 Q. 25 uF H i &M% LA NCTC
11168 JEZAWH, WA TIhit: MH Biflg
Pk, SARIEFRFETPEEIE S h, VNIRRT
AR (6 ng/mL)AY MH AR |, =S54
H 42 °CIEFE 2-4 d JEPRIUR V% 1T PCR Al
Dy %55 o
1.6  HEHIBR AL Rk e i 58

22 SCHR[23] 7 77 32 00 7 25 i 25 Tl AN [
BN B R R 98 A8 X A 1 BTV 1 R T 1 5 )
25 25 Mo WT FIRASRE T 42 °C =R I FR4H
(5% 02, 10% CO,. 85% No)H 55751 1 2= X %k
ARG, % ODeoo 2 0.1, JIIA 200 pL
WT 96 FLEROR CImIE Tt , & =S IEF4A T
42 °CH: 3% 24 h, 7+ LW S 1 PBS £, 100 pL
FH 2 ] 52 5 A 100 pl 1%4% f 88 YL (0,0 , e £,
PE R EI T, A 100 uL 33%0K 2 BRI
VSR 4h 28, A 2 D BB AR I 5 {3GI %€ ODsoo
W AR
1.7 #AEBEFREAR

2 HESCHR [24] 7 77 3 0 7 25 i 25 1l O AN [
ROV R R R SR AT H B BEAERE T RS .
A I WT AR fR B R B XA K G
1, % ODgoo £ 0.1, HU2 mL WEFRINA
BFRRE T, 42 CHFEASKHTHE 24 h,
WHC 1 mL b2 IR G I %E ODesoo fH . %
Ja TSR B R ODeoo {E i WT B £ ODeoo “F-
BUE M)A 5 L, B 4 B 0 B AR 3RR BE S fig
158 .
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C. jejuni mutant

— 77—

1 ZREHEYNNEBEFRRERERGERE

Diagram for construction of Cia effectors gene knockout mutants of C. jejuni.

Figure 1

1.8 FMHZZE AN 0

S M WT I Cla R0 25 P KL R B g
RASKEE 1228 Caco-2 -z 40 i A3 36 2 IR S
Mk[2313251 7, BB K R4 Caco-2 4 3EFR
F 6 fLANfEMR, HisE BMMPIZY 0%},
Ab T3 R K12 108 CFU/mL) G 23 115 25 i
RERWR A B0 (B R, 12 000 t/min, 2 min)PE%
J&, EETH 1% FBS i) DMEM 532, #%
HE MOI Z5°8 100 #:F0 4L, 37 °C. 5% CO, 5557
FEPIIEE 3 h, £ PBS PEIKAI Triton X-100 2467
J& , WA MH PAR(WT)EK & 6 pg/mL 544 % MH
AR (FEASRE) , A TR B, R R G I AR 2
ZH. AN EAR R, TERIFES AT 4 R kg

Amp!

Digest and ligate

VY277 Chl*
Kan'

Caco-2 #iiffiJf- 28 PBS Y5, FIH 250 pg/mL
IRK &R AR KA, #E1M A Triton
X-100 ZLfEAMML, PO B R 2R i
HFASERAM AR HD11 F8 PR B
FEAE, PR AR 25 i 25 il i 2 B2 28 HD11
YRR, AR IR LR Ty R R 2
1.9 RT-qPCR

S E AN A] Cia 500 A PR 4 P R e XS
W A1 S D 11 5 40 4 4 200 it DX 7 858 ) 52
AR R I F qPCR B1#1(F 2), FIH
RT-qPCR M 5 AN [7] 4 P4 4 Jig 5]+ 3% 3 i 1 A8
1k, B AR K R ARG HD11 40060, 2400314k
JE A MOI 2528 100 F25 I35 #iER , 37 °C. 5%
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Table 2 Primer information for inflammatory
cytokines

Primer Sequence (5'—3")

iNOS F TTGAGCATTTTGGCCAAGGC
iNOS R AAACTGCACAGACTGTTGGC
IL-1B F GTGAGGCTCAACATTGCGCTGTA
IL-1B R TGTCCAGGCGGTAGAAGATGAAG
IL-6 F AAATGCCTGACGAAGCTCTC

IL-6 R ACTCGACGTTCTGCTTTTCG
CxCLil F ACCTCACTGCAAGAATGTGG
CxCLil R TCTGCCTTGTCCAGAATTGC
CxCLi2 F ATGGAAGAGAGGTGTGCTTGG
CxCLi2 R GTGGTGCATCAGAATTGAGCTG
IL-10 F AGTCATCAGCAGAGCATGGG
IL-10 R TCTGCTTGATGGCTTTGCTC
GAPDH F TGCTGGCATTGCACTGAATG
GAPDH R TCAAGTCCACAACACGGTTG

CO REFRANIFT 4 h, PRGN, FIH
FastPure Cell/Tissue Total RNA Isolation Kit ffi#2
4015 RNA, 2R Ji5 Fi] HiScript ITII RT SuperMix for
qPCR #f RNA J#%3% )y cDNA, DL cDNA Sy
He, 735 F ] gPCR 517G o qPCR SUWAK 5 -
2xTaq Pro Universal SYBR qgPCR Master Mix 10 pL,
cDNA 1 pL, ANFERMEMEEF LTS5t
F/R (10 pmoL/L) 0.4 pL (% 2), Ml ddH,0 #h 2
20 pL. W A% : 95 °C 3 min; 95 °C 10's., 60 °C
30 s, 3t 40 NME . FIHTFER 27 H L
RO AR R R R WT Z 255 .
AN EIANER, FEE 3K,
1.10 SitZEah

F A GraphPad Prism 8.0 {41148 112%
G, s L SRR ME 22 i T g, SR t
g s34, P<0.05 £oR2EF W%, P<0.01 £R
2

2 EXRE54M

2.1 ciafRERTHINEE
F A RO & SRR 5 91%F F1/R1 FIE

HEPPERFE Y% ChIF/R (E D49 25 15
B WT RO 8 5 N ik R A pR R A T
PCR 43, sty 3G P s =k, 45
N, R 2 A5 195% 530317 PCR 4738 25 11
S (E 2), BIg1%%F FI/R1 H WT $1¥”
WAL RN R SRR R B, TS AR R T
8 R B3R P R R 0 AR R
Bt 519X ChlF/R B WT Hcy 3874y, Mo
SRR Y I AR D R B, ESE A
11725 i B 0% 2B 1 AciaB . AciaC ., AciaD FlAcial
2 DRI 9 A8 MR ) B )

2.2 cia BRI ME E YIIE R AL A
S-S0

A= MR R RE T FL A S IR B, AciaD St
PR G 28 A8 R WT S5 FRAIG, 1 HoAth 58 AR Ak
5 WT MG R E 257K 3A). 401 A S BEE
g BN AciaC. AciaD FllAcial [ Bhdk 258
ARk A SBEERE i WT B 5158, AciaB 3
PG 28 A8 fk 5 WT A TG 2 3 25 57 (] 3B).
2.3 clafRRTITHEFMIRZMERY
A

A WT FIASE cia Bk 28 A8 kXt
Caco-2 JHMIFEMHZ B4 R R, WT Fiffl Az
ZE %9k 107 CFU/mL A1 10* CFU/mL; AciaB
ARG MR AR 22 /0 2928 1077 CFU/mL
fl 10° CFU/mL, W& T WT; fiAciaC.
AciaD FlAcial FAEKRFERE FIRZE T 73 M 29°h
10° CFU/mL #1 10° CFU/mL, B #M&T WT
(K 4A . 4B).

M WT R cia Bl 58 28 bRt
HD11 40 R 78 5l 2 BRI &5 5, Bl WT
FAciaB ZRAEMIZZE LN 10° CFU/mL, Wi
ZH LR EES, MAciaC. AciaD FilAcial &
R EZ N 10° CFU/mL, W#FEET WT
(K 40),
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o

B2 ciaEREREETHPCREELER A ciaB; B: ciaC; C: ciaD; D: cial, M: DNA marker;
1AI3: WT Jgfit; 2 Fl 4. S7EMRN. 1 F12: 519X FI/RL 98200 & FE R Be; 3 Ml 4: 5]
Pyxt ChIF/R 93 S 5 R PSR

Figure 2 PCR amplification for identifying cia gene knockout mutants of C. jejuni. A: ciaB; B: ciaC; C: ciaD,;
D: cial. M: DNA marker; 1 and 3: Parental strain using as PCR template; 2 and 4: Mutant strains using as
PCR template. 1 and 2: The cia gene fragments amplified by primer pairs F1/R1; 3 and 4: The chloramphenicol
resistant gene fragment amplified by primer pairs ChlF/R.

TC 111¢
S
S
S
*
R

T = -

[ | L | L | L | (I | | [ | [ 1 [ | |
WT AciaB  AciaC AciaD  Acial 0 WT  AciaB AciaC AciaD Acial

l

0.00

3 ciaTREREF MM E £ VIR (AR B S EEB)RNELER

Figure 3 Effects of cia deletion mutants on biofilm formation (A) and autoagglutination (B). *: P<0.05; **:
P<0.01.

2.4 ciafRERT I HD11 FRIiE K4 4 K2R, LAAEYE HD11 4UAEAE 5T iE,
BE T R BT 5 41 6 P P T MR 1K 2 57
25 B o WT AR [A] cia ik 28 28 #k Ja% fEEOT RS RN 5 s, 458 8RN, WT

e HD11 200 , A6 DA [R] 22 1 240 DX 5 5 RIS HD11 J5 AR R A R 13 ik K P-4 (2%
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(o)}
T
(o)}
T

o *k k%
P

N
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T
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The amounts of Campylobacter )
dhesion to Caco-2 cells (log,, CF
The amounts of Campylobacter
nvasion in Caco-2 cells (log,, CF
The amounts of Campylobacter )
invasion in HD11 cells (log,, CFU

>

ko *k
sk [ ]

4 ciaBREARTEMARFTMIRZE Caco-2 F1 HD11 RN ELER A 40 XS Caco-2 2 M Zh
EMESTR; B: ME X Caco-2 MR RENELR; C: X HD11 20 12 285 I E 45
Figure 4 Effects of cia deletion mutants on adhesion and invasion of Caco-2 and HD11 cells. A: Adhesion

results of Caco-2 by C. jejuni; B: Invasion results of Caco-2 by C. jejuni; C: Invasion results of HD11 by
C.jejuni. **: P<0.01.

>

FhE, Hod IL-1B .CxCli-1 Fll CxCli-2 FHE 19.4,  AfE R4, S5%ZE AR, S411E0
11.4 F1 9.5 f%, 1 iNOS. IL-6 F1 IL-10 {{JtE  HEAZE . BIGE 5@ . T2 Mg 4L s HE
2-3 5 ARV E AR R, Rk RN, S0 TE N A K e a0,
PRk KE R E2 Mk, AciaB. AciaC il HEIZE W E Mz & s F2ETTH5A
AciaD HikkS WT #HI, BRASIETFAMGNOS Wilg bR 4l A B AR, mifE T & 4i i
HWT 4 2.3 1%, MiAciaB oy 3.0 fi%5), B£HEE  MHFREKRRE, ARERAZNEASS
FEAR RS ML, R0 & AciaB FlAciaD HFR 258 P 40 i 1= 28 OIS R 1k 4 i I8 - 19 e
IL-1B. CxCli-1 Fl CxCli-2 # WT # B ZFRARn  Bi, XTERASMENTIZ R XS [ 18 N 1) 58 G AL R
IL-1B. AciaB #llAciaD HtkH WT 9 19.4 fi5f%  BAHEZEE X,

Z 245 1.5 4%); FHAh, Acial kK-S ARGt 23 s i e A PO S B SRR, T
FRARLL, BN PR BT E R e, B R EDE MR, ke fid T JORE A o S
B IL-1B.CxCli-1 Fl CxCli-2 23575 70.5 4%, D, IR TE Tl oA FE ) T SR 12200,

44.8 f5F01 22.0 %, HETWFIE N R, BEARJEE)Y (quorum sensing, QS)
b HH Ok A 2 52 Wi 2% A ) TR R B B e 4
3 A R R, BRI

T L R R SRS I R G ALY B T6SS RN Hepl 2 54W IR, H
H, EREAE RN, SHRAEALS, i AR DL Cia B0 8K 25 25 i 25 i 1 AR ) IR
VOS AM A S, I REGR M R AE e i TR A BB AR . RIS R 2R, Cia
IO, AR A8 A K A B B T R A PR 2 ROV AR R LE W) B R /0N, A ciaD gk
WA R FT3SS &, Wk FEAEYIRIEINEE ST ; i ciaC. ciaD # cial &k
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ok ok
L [] 7, - E
% vv k% _:: 20 .{::j 4
=]
g4 E g T
= = 10 2
* ¥ k%
L Aemel] Bl lesel] Z2O00

5 RT-qPCR # cia FRELRLF M HD11 ik KA EFRIZER
Figure 5 Effects of cia deletion mutants on inflammatory cytokines expression of HD11 by RT-qPCR. A:
iNOS; B: IL-1B; C: IL-6; D: CxCli-1; E: CxCli-2; F: IL-10. *: P<0.05; **: P<0.01.

AT MG SR H B EEER AR Ty, HEARSZ i B AL R
NERE

23 25 it O 3 2o HE R 2 2l S e o A
fil, FRIKFHBE CadF Ml FlpA 5400 f 4 % 42
H F(fibronectin)Zh 5, FEM 2 WS EF,
5 A LA 5 i, 5| A 4 - 2R o R R s 4
e 1 20 1R 1 2 25120 BF9E S, ciaB il ciaC it
RIABRE N INT4A07 - Bz 40 i r) b B JC s, {5
Al E R ZERE 1Y) CiaD [FIFES 512284
JfL, VEFHALHI R HAT U RacGAPL 518 £ 1
IQGAPI Fisthdhis, FEUEAREH, fedt=
LR RZEY; Cial /523 W ES M BT L& 25 i
142 1{1,(Campyl obacter -containing vacuole, CCV),
PRI EEM BN AAERE T, AR 45 R B
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