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fitho [ 73 ] MRS E A ARG fliD SLR W HH A TE 2848 #k NCTC11168AfliD, Fff 1 5 ¥ A4k b
B, XF fliD RAMARKEAE . B3y, B AR E T E A Y R T . [ S5 ] SRR
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fit o AT IE 3 [ P8 o A B ARG T 2 2 i A
fliD AR, FFXTRARA AP Rtk 1T T
Fo ZMFENIRAT A fliD JEEIIRE, s
5 AT PR B0 MBI B SR, O 2 R 8 TS
HEEHR AU

L AR

11 #K

111 PEkR. BORL K AMIRR: KT DH50 H
ARy E R AE, 2l E NCTC11168 i B
FHEPNT FRAAZ G, FopEEIA pMD-20T (Simple)
A TaKaRa A, KW -5 125 M & 5 8
ki pRY 107 f Z farfe Ml K2 Qijing Zhang #i#2 2
I ST AN ZR Ol Caco-2, HIASIIR A7
112 EERA . BREIMANYIE BamH T | Sac [
FIAFIIL, 38 Taq B, =R EHE, & ORE ANTPs,
PCR buffer, dNTPs mixture, DNA marker, T4 DNA
BN, RO E, WA TaKaRa sl ; 4R
SE D2 $E O £ 3 KA AL (A6 5T) A B
]y B AT R R U N (SR0204) , A5 A
AHE LA (CCDA) B g i 2 2Ll B Oxoid 22 7l 5
Mueller Hinton (MH)R A 72360 5 BD A Al 5 &
B DMEM #5553, JR4-1iE (FBS)W A Gibco
NF] HEEERRWHE Solabio /Al ; BRI KT
Z, TritonX-100 I B Sigma /2y al . FHAH i
49y [l 7wk 11 A3 Ml B

1.2 fliD RARRAIHE

1.21 BIYRITF5E 8 WA GenBank /A1
()25 725 #h B NCTC11168 4 FE K4 741, DL K
Ki pRY 107 &3, i FHE A Primer 5.0 #1514 (3%
D)o 519 R R a4 g A FRA R A .

519 fliD-F/R FH T4 3425 I 25 i & fliD JE A
51 kan'-FIR FT9 38 Foki pRY 107 H-RARE R
i &

1.2.2 FEHFRAME: D2 iR NCTC11168
FLH 4] DNA M5, PCR k¥ 14 fliD £,
PUFHE pRY 107 R84, PCR J5 ik 47 3 Hip 4318
RPN £ (kan'), PCR [N &4 : 95 °C
3min; 95°C30s, 60°C30s, 72°C2min, 354
PR 72 °C 10 min, PCR 7=4 DNA JiZ B 5]
el JEEUD R RO A T SR R
HL SRR o ARSI IE 5K fliD JE PR &% kan' Btk
[ 5 pMD-20T (Simple)#ifki&$%, Ik DH5a
JRAZ SN, K A BETR eSS, PRICH M RVE Y
KEESE, JREBURRZETT PCR MBI % E . %2 IE
1 10 PR P e a6 Bt 4 BT B 2 w0, DY T A
14 Jo s 43 Wiy 44 S pMD20T-fliD 1 pMD20T-kan',
1.2.3 HR#HMK pMD20T-fliD-kan" L : Afl 11
J fiD FEPRI N —EF) 5, T HAE pMD-20T
(Simple)Z& (A UL B 5 SR YIS RO
15 pMD20T-kan' /41 i) kan' i A pMD20T-fliD %
P fliD BERINER, M8 B R EIAE. B
ABRA BRI 1 PR

%= 1. PCR3|41FE%

Tablel. Primersused for PCR
Genes Primers Primer sequences(5'—3’) Amplicon size/lbp  Note
fliD fliD-F TAGGATCCATGGCATTTGGTAGTC 1929 BamH [
fliD-R GCGGAGCTCTTAATTATTAGAATTGTT Sac |
kan kan'-F GACTTAAGGATAATGCTAAGACAATCACTAAA 1021 Afl 11
kan-R AGCTTAAGCGCTTATCAATATATCTATAGAATG Afl 11
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pMD20T-kan kan
3757 bp

R

Amp

lacZ
pMD20T-fliD D kan”
|
s665bp PN

ori

lac? BamH |

ATl
pMD-fliD-kan
5686 bp |
) MCs Afl
ori Sac 11

Bl 1. BFE K pMD20T-fliD-kan" #Z i F2
Figure 1. The construction process of the suicide
plasmid pMD20T-fliD-kan'.

$2H pMD20T-fliD [fi ki A1 pMD20T-kan' i ki ,
DL AfL T BR 4 D) Wl AT iU sy, )
Y2t 1.0%F0) SR WHBE I HEA T LT o M InD AT i) 2
[l pMD20T-fliD Bukifigvl e iy 4.7 kb Bl
pMD20T-kan' Boki i U] 5 19 1 kb FrBe, Ffif47i%
B, Bk REErm ik DHGa B2 A0, 78 Kan
(50 po/mL)Fit LB Pl ik, PRI mopEy™
KEEFR, ARG HRIUBDR AT PCR MG E, LA
BSUF kan' 74 A fliD FER . %85 TE 6 1) SOk
K/NZY R 5.7 kb, 44 pMD20T-fliD-kan',
1.2.4 =ZSfpEEE fliD RASRRE LS : A HA
PG T A 2 i S M v fliD 28245 Bk . pMD20T
B REE I M s b A2, Il pMD20T
YER B AR, FAL kan' AT ARG 4 H

Ak pMD20T-fliD-kan' Hi 4% 1k 3 23 % 25 il B
NCTC11168 &~z A2l , i@t Rl F A1 A R 3
P 1 fliD-kan" i B2 25 i B fliD JL [ F Bt
RARWEAS e, N3G fliD LR KGR 2 S
M fliD 28748 kk, Wb s 1Y/ 25 g i Aty
Kan (50 pg/mL)#itk CCDA [l 35 5E kA7 i
k. I fliD-F #1 fliD-R 5149 %3 ¥4k 14T PCR
HrAE, B UEIE R B AR R =S 2 il fliD SRR
# NCTC11168AfliD.
1.3 MEEEE

N A i, HRh T CCDA AR IR 3,
42 °C T Aok TR 9% 18 h J5 FI ] VITEK 2 7Y
HEhR e S A, @it NH B8 R(EREBH . g
T TR 458 R )% 25 i 25 il B P A= k. NCTC11168
K57 bk NCTC11168AfliD HEATAE AL S g . Wi
fliD 3 R 2 37 2 15 X0 25 i 2 i 17 6 AR 2F B A Ab Ry
PEIE RS
14 AR MENE

ZIESCHR[6] 1 7k, 7E CCDA [ ARK: 773k I
IR, T 42 *CRTRE A TR 24 h 5
MH WA 3E F2 BB A0TR, 9% ODeoo N 0.7;
BRI 1:10 Fi B (ODeo HZI M 0.07), FLU
1 mL BRALGr%ET 24 FLAR D, AR R 4328 101415
1 24 FLAVE T PAAURE 5805 37 °C. 180 r/min
AP NRRIRIR G IG5 I G, 8 3 h B
24 £LH 1K, BRINE 1AL B ODeoo fH
H AR ERE KM 1] SRR T &
] B 1) ODegoo TE 23 il AR A M2k, LA AR MR I 5%
YL ST
1.5 3R

ZROCER[TIM s, oz ipaihin, 8D
F CCDA AR, F 42 CHR AKX T 1
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7+ 18 h; LA MH AR5 35 BRI fif 15 57 4 T
FH 95 ODeoofE N 0.8; L) JC T o7 Ml £ 1l Hi /D =k
W, T E FERRER T 0.4%E0IE Y MH 2 [ {4
BRI B PARATE 42 °C Tl A k1 T B E 1 5F 48 h
Ji WL 240 AT DN 0 it 1) D R O O, DT B R
HY A= AR RIS BhRE ] o
1.6 Caco-2 4UfaZLkt . RFELEK

ZIOCER[BI Y ik, LI TRy XA 5 R
1) Caco-2 A MIHEAT AN ML 4k, J1 24 FLAR AL
Bl 1x10° 440 ; AJGHT DMEM 55 % S04 it
B R4, JFI ODeoo fH W 1.0 (AHEIELZ N
10°CFU/mL), ik 10 5 =452k 10° CFU/mL ;
FECHWHZ Caco-2 MR 24 fLAR P HEE 5
B, MKW PBSUE 2 UK, BHLANA 1 mL ¥
10° CFU/mL (AR BT CORFMIHI T,
{2 B REAS 7053 BB T 20 i R 5 (R85 40 PR

FhBFSEE: . E 3 h EFERFRE, ALK
PBS ¥t 34K, LABEMEARZEM VAT s Z S5 A 1 mL
0.01% Triton X-100 2@ 2L, WoakZH, LA
i PBS AT LR RS, Uil T-JC4T CCDA [ {4k
FrEk, RN 4H AL

{225 W E 3h 5k 24 fLIR NG TR,
DIJCH PBS ¥k 3k, ZJEIIA® 100 mg/mL Jk
KEZN DMEM }iFkk, T CO, 355746 Fibg
F 1h, DORIERGME TR M4 ; ZEmA
1 mL 0.01% Triton X-100 Z4f# 20, WAk MM,
LIJCTIE PBS #4145 i E, T4l T-Jcht CCDA
R FRAL, AR B AT AL

2 R FaH
2.1 RARMWE
211 EARMMHWESEE: USHESihE
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NCTC11168 X 2H DNA itk , H5[4 fliD-FIR
PrHa KN K 1929 bp Y fliD 2K, LUK pRY 107
AR, FEY kan'-FIR 3K/ A 1021 bp #Y
kan' JER, HLUKEE R S B/ IMERE (R 2); fliD
FERIF kan' BR[N] 5 e AR pMD-20T A% 5,
Pl BamH T 1 Sac I X 541 Jfikr pMD20T-fliD i#£47
1, 155 1.9 kb F1 2.7 kb R/ H- B LA Afl 1T
X} 5 40 Ji ki pMD20T-kan' #E4 7] , 153 1 kb 1
2.7 kb K/N R B, SRS HUMARSF (& 3), T
455 GenBank H A 1Y HIAH—L, TESLE
4 R A R L)

2.1.2 HZA#EMA& pMD20T-fliD-kan' BIHE: HAR
#H A& pMD20T-fliD-kan" £¢ Afl 11 Y] )5, HIk H
B 4.7 kb Fi1 1.0 kb K/ 24 B 455 R 3% 570
WIS (K 4), 68 kan" BRI A 21 8 20 ok
pMD20T-fliD H fliD J Bl Afl TTEFDIf A2
], 15 LS e B 484k pMD20T-fliD-kan' .
213 ZHHEME fliD RABKRNFESEE: &
[ A5k pMD20T-fliD-kan" HL 4% 4k 23 iz 25 i 7 ek
TS, ARSI ER fliD-kan' i BORIAs
il o fliD HE N A BOR AR R AC e . X 2325
BB fliD FERRTE , (R AL0E 2s B 2 ih e  A

bp M 1 2
2000 1929 bp
1000 1021 bp

750
500

250

100

2. fliD #0 kan" EE #Y PCR ¥ 1&
Figure2. PCR amplification of fliD and kan' gene. M:
DL 2000 DNA marker; lane 1. The PCR product of fliD.
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bp

2000

1000
750
500

250
100

2736 bp
1929 bp

— 2736 bp

1021 bp

3. EHRNHIEEYIETE
Figure 3. Analysis of recombinant plasmid with restriction enzyme. M1: DL2000 DNA marker; M2: A-EcoT 14 1
digest marker; lane 1: pMD20T-fliD/BamH I +Sac I ; 2: pMD20T-kan'/ Afl 1I.

bp MI 1

19329

7743
6223

4254
3472

2690

1882
1489

4665 bp

1021 bp
925

4, BFREHAK pMD20T-fliD-kan" BIEGH) L E
Figure 4. Anaysis of suicide plasmid
pMD20T-fliD-kan" with restriction enzyme. M1:
AEcoT 141 digest marker; lane 1: pMD20T-fliD-
kan'/Afl 11 .

RABEE R Pt 251 245l o8 B A Ak T A1 h
1.9 kb 45175 17 fliD ZEAE KRS 14 H 2.95 Kb (1)
45 (8 5), x5 fliD-kan' F BeHU I/ MASE, B
B kan' £ BRI A% a5 i B fliD L .
22 HEAKEE

FIH A S AL S e VITEK2, i
NH %56 R (EEH . B MAT R %08 R )2 s ih
PR A KR LA I fliD 2R RRIA T T Ak . AR
SEGRANZR 2 R, fliD AR E LTSRS

25 s il A AR RRAR ], B fliD 3[R 4 15 IR X
25 J s i TR 194 1 A B A LA AR
2.3 MEAKMENE

W 25 B s il AR AR L R liD 28 AR kA4S
R} 1] B T B T ODeoo T, 221l A 1 4R 3 HL AR T Fk
AR R, 25 6 R, TLAEH fliD
AR A B 5 BP A ¥k NCTC11168 AH F G
B 225, KM fliD LR R TG H AR x4 I 25 i
TR A T 3 AR R 3 Y] 5

bp M 1

2950 bp

5. fliD RZ#kAI PCR £FE

Figure5. PCR identification of fliD mutant strain. M:
250 bp DNA ladder marker; lane 1: PCR identification
of fliD mutant strain with fliD-F/R.
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*2 ZTHETHEMELFEHELETE
Table 2. Biochemica characteristics of Campylobacter
jejuni
Biological characteristics NCTC11168 fliD mutant strain
ArgA - -
GGT - -
LysA - -
DGAL
LeuA + +
ELLM - -
PheA - -
ProA - -
PyrA + +
TyrA - -
APPA - -
dGLU - -
GLYG - -
dMNE - -
dMAL - -
SAC - -
NAG - -
URE
BGALI
oDC
AARA
PVATE
PHC
dMLT
MTE
IGLM
PHOS -
DRIB2 - -
OPS + +
dXLy - -
+: Positive; — Negative.

+ I+ 1+
+ I+ 1+ |

+
+

L.57 - NCTCI11168
-& Flid mutant strain

1.0

ODgy,

0 s 10 15 20 25

t/h
6. NCTC11168, fliD SRATHRIAR FFEMRRTE 4%
Figure 6. Growth curves of NCTC11168 and fliD
mutant strain.
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2.4 YB3

W25 S M P AR R DL B fliD 2828k 2 il 42
Flr MH RREASEFRES , BPARTE 42 °C flFT &
AT BIE R IR U AN 2 50 )1, K595 48 h
B PO S, 45580l 7 irr, NCTC11168 B
Az R AT DA AL o U B AE G, R U S Y
[ BB ; fliD 288 bk HRBEHERP b A= K, R ILY™
Bz, a8l s .
25 Caco-2 JUHIZEM . RRLH

1 Caco-2 AL 25, LA 100 MOI (19 =
FEFh 2 s il DA AR MR AT FliD 5 AR Rk LIS 0 20 15
AR An L RE Sy R VE ] 3 h, {RZ81EM 3 h,
gEE N 8 s . BYAE R NCTC11168 #il fliD 28748
PREELB 4> 31k 295.17+29.66., 164.00+19.49, fliD
8 78 Bk 1Y O6F A0 MY R RN R 35 IR T B AR B
NCTC11168 (0<P<0.01); #fA4:fk NCTC11168 #lI
fliD ZAERA IR ZE2 53]k 160.67+8.22,55.00+6.09,
fliD 28 722k 1) XoF 24 i 1 42 28 232 I 2 1% T WP A
NCTC11168 (0<P<0.01).,

7. NCTC11168 %F 4 #k 0 fliD RISk HIE 5h S 48N
Figure 7. Matility assay of NCTC11168 and fliD mutant
strain.
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fan]

|

1 2
Strains

(B) -2 2001

150+
100+
l l
0
| 2
Strains

Percent of adherent bacteria/%

8. NCTC11168 #1 NCT C11168AfliD X Caco-2 ZH
R R ZAB (A)FRIR 2 (B)

Figure 8. Adherence (A) and invasion (B) assary of
NCTC11168 and NCTC11168AfliD to Caco-2.
1: NCTC11168; 2: NCTC11168AfliD. P<0.01.

3 it
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Y1 PR SR e A B L fliD PR MBI R RE
S 00 FE2s s i vh3E S A U B 24 0
T AW o5 25 M) (1 FIiD £ H, FliD 8 R (i
EBWHRARE RN E, =S wEE
A& R R R R AR . H HATRA TN

T fliD B B IETHLEI IEATE R . A5 1 [H]
VR I T 2 A i fliD 2848 kk,
Iam it — R AN SLE X fliD 58 bR il A o ik 1
1T WY, DABS BT f# fliD SRR A/ FIALA

T AT 08 i R TR 28 AR k2 H i
A5 35 LR T e fRT BTG R s, Xy L [
FEIE T2 s M o 4 A RIS 2t 1K
PG O N1 A s S U .3 = B SR
TR A DR B SRR PR A ik
Bhrict? M, ARkt kan' HrpEsE N &k ik
pric, A fliD BRI RS, o R e H
Ve B2 TROZ AR A= W e 4k o

fliD B& A 7E A [F] 40 1 i WF 58 2 A il
Tasteyre 252 ] Dot blot FICHHEARIC v,
Dingle 2R % G 5848 Bk 14K 45 FIiD 252
RERIEDE, [RIRFR NN FIiD 75 A [F) AR e B T ik
FIBEFRE I ANSE, AN R )1 &4 T A8k
Koji Yonekura 21 F] e - 5 {0 A1 Bk R 1520 B
BARMR T TFEA-MELE G IRNEER, Wik
THEENE T8 AR FliD MER: 3y AR TEAT o
B ARAUESRES) Ty, Tk /N e S5 T8 5 by E 4 T
ki, 1ERIBFFRETFEIL FID &, IEAESHS
& FIiD 2 (P HA R A5t ot
fliD JE R A= W F R MR R i Fe v, AT LU H T
25 s M A RS SR A EEAE A . R AR R
SIS R AR D LR 2RI 2 B BRI A i il
Wizl 115 fliD RALFRXT Caco-2 4i il il 2k k=22
FH IR FREBE/R T fliD R T2 H
T AR S, $s fliD D AVE AL AT B
e A R S TR A T 12 B T . A
M TR TESh A 21 b i) 285 B R e SR g s Sy 1)
BOPUR . VPR SERIRIIRAH R A, R 3
23 s i T AR AR R i 45 SR B
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DATERE R 229250 b, FRATT3E$R Caco-2 At i siry
—FP N TERELE A B AN, S5 RN BEZR AT
FRI /NG 1 B2 A, A DAASE LS il T 3 s e ik
P, MIMERFE fliD BRI AR 226 ). fliD
RAFMRBEHZ 2 0 R, RAOUE/R T fliD
SRR IERAR T Wi iz shae f1, &k
FIID 2 [ AT AE 2 o5y PR/ e 4 ok o v ) S 2
B FHAE T S 510, R 25 i B
KGR R—FF, fliD 2848 A1z 3l 1 B i 55 , X4
LA B2 28 00 AR . N, B B AEXTZS
P2 A fInA RPN R R , fInA 22
i B A N2 Bh e A oy TR, 55
125 i B BOR TR DA L0, Murat 25 % B2
B B fINF S AR MRS RRTE JHEE , DA T X 2 [ i
ShVEPE R, R A e L B
Wassenaar 25 %P1, flaB LK (1) 58 K459k B i
shitk, T flaA SEFE R RAEMETCIE st AORBEZS
W A2 2818 EmaE AP, B i oeiE i 25 i 25
A EZIB%SEN FID MU S E1E 3
J1, WP E R AR e m el k—45e
W5 ABEGE (25 RANRF 5

AHIFFENS fliD FEASRA: WP F RIS, S
S E s fliD FEE M PResie 7R, H fliD
S R ELAAR (1 T RE RVE T AL A 5 2 i — 25 0 5 F
W1, 4 fliD 2 a2 525 s M i B e 40 1R s 50
71 FRTIRe e FIiD & AR A il DA B A ot
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Construction and characterization of a Campylobacter jejuni
fliD mutant

Hong Tang, Xiaoyan Zhang, Xueging Du, Zhaojun Song, Xin’an Jiao, Jinlin Huang’

Key Laboratory of Zoonoses of Jiangsu Province, Co-Innovation Center for Prevention and Control of Important Animal
Infection Diseases and Zoonoses of Jiangsu Province, Yangzhou University, Yangzhou 225009, Jiangsu Province, China

Abstract: [Objective] We studied the biological characteristics of the fliD mutant strain to clarify the function and
mechanism of fliD gene. [Methods] The fliD mutant was constructed through homologous recombination, and
biological characteristics of the fliD mutant were identified in comparison with the wild type of Campylobacter
jejuni. [Results] Mutant NCTC11168/\ fliD presented the same biochemical indexes and similar growth curves of
the wild type. After being inoculated into semisolid Mueller Hinton ager plate, the wild strain presented diffusion
growth phenotype, but fliD mutant could only grow in the site inoculated, indicating that its motility was
significantly reduced. The adhesion rate and invasion rate of fliD mutant were 164.00+19.49 and 55.00+6.09
respectively, which means that the mutation of fliD gene significantly reduced the rates of adhesion and invasion.
[Conclusion] fliD gene was not only an important molecular basis for bacterial motility but also necessary for the
adhesion and invasion of Campylobacter jejuni infection cells.

Keywords: Campylobacter jejuni, fliD gene, mutant, biological characteristics
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