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Construction and Characterization of Camp ylobacter j ej uni
f lhA Mutant Strain

HUI Xingxing, LIYe , WANG Xiae yuan
(State Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi 214122, China)

Abstract: flhA, encoded by the gene f[hA, is an important component of the flagellar export
apparatus of Camp ylobacter jejuni. Here we constructed an f/hA mutant strain HXWO001.
Compared with that of the wild type, the f/hA mutant cell could grow well but lack flagella, the
motility of the mutant cells was lost, and the ability of the mutant cells for the formation of
biofilm and autoagglutination also decreased. In addition, it was found that the expression of the
flagellin gene f laA was affected by flhA. These findings indicated that f/hA was the molecular
basis of flagellar synthesis and motility of Campylobacter jejuni and that flhA was closely
related to pathogenicity of Campylobacter jej uni.
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30l C.jejuni NCTC11168 flhA
, PCR , C.jejuni
,C.jefum AT CC33291 flhA, 2 175bp
,C.jejuni F1: forward primer, 5<CGATT-
s TAGTTTTTCCTTTCTTGG-3 © , Rl: reverse
, primer, 5SGTTCTATCCTAATAATACCCTCG-3
, :PCR 50 BL, EX Tag
o A PCR :94 C
, C. 5min,94 C 305,55 C 305,72 C
jejuni 2. 5 min, 35 ,72 C 10 min, 10
JIhDC, I C
(TTSS) , I PET 28a kan' ,
F2:{forward primer, 5 CAT G CCATGG CTTT-
s C. jejum 11 GATCTTTTCTACGGGGTC-3; R2: reverse primer, 5
el , ~CAT G CCATGG TCAGGTGGCACTTTTCGGGG-3,
C. jeuni Neo | PCR
50 UL, :94°C 5 min, 94 C
s 305,55 C 30s,72 C 1. 5min, 35
, , 72 C 10 min, 10 C
C. jejuni flhA 1 . F A TR OB A 69 M) A A
.. C.jejumi ATCC33291 flhA
1 ##E T T4 DNA PM D- 19T
11 CaCl2 E. coli JM 109
111 HHARE Cjeuni ATCC33291 ’
(ATCC), kan Ncol ,
(Escherichia coli) JM 109 PET 28a E- coli IM109
, PMDB-19T T akaRa ’ ’
11 E%kE ( 1) Neo
1) E. coli: LB ;2) Cjeuni: L flhA ’
MH (BD) 700 bp 1400 bp ,PMD-19T  kan
1
1 .1 34t An B 3% NCBI
Amp Amp
FlhA+
piglgazlglfT ﬂ’ ﬂhA_; PMDI19-T-flh4-kan
Origin Origin Neol kan
1 PMB 19FflhA-kan
Fig. 1 Construction of the recombinant plasmid PMD-19Ff lhA-kan”
1 .3 flhA REARM M2 ., EPB(272 mmol/L 15%
C.jejuu ATCC33291 | 2. 43 mmol/L. K2 HPO4 Q 57 mmol/L. KH2

Miller ! : PO+, pH 7. 4) , , DNA
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10 min( 100 ML, DNA600 ng), 6 , . 9 55
kV/ em, 5 ms, 10 min, MH C 30 min, 1 mL 0. 1%
37°C , , kan MH 5 min, , ddH:20
, , PCR . 96 55 C 15 min,
80% - 20% , 100
1 .4 WETAEK BHE C.jejuni ML 96 ,
ATCC33291  HXWO001 , 570 nm , C.jejuni ATCC33291
HXW001
C jejuni ATCC33291 HXWO001 1 .8 8 &# I M(autoagglutination, AAG)
50 mL MH , ODeo 0 02, Lieke B van Alphen '"
37 °C,200 1/ min , 2 h ., Cjejuni ATCC33291 HXWO00l MH
O Desoo , MH s PBS
, ODsow 0.2~ QO 8 (pH 7.5 , O Dsoo 1. 0, 4mL
ODoo= ODooo X% x 2 ( , , 1h s
Q5 cm), , 1 mL ) )
1.5 & HEHENK 600 nm , 3
C. jejuni ATCC33291 HXWO001 , ,
, 2 5% .1 oD , oD .
g/ dL , (Hitachi H-7000, Ja- AAG
pan) 1 .9 RT-PCR & 75K fLRA 4985 2hak
1 .6 iZHEHER Kalmokoff ' RT-PCR FLRA
: 1 BL ( ODeoo flaA
Q0 5) 04 g/ dL \ FLA(9®) rpoN(0™)
37°C 2d C. jejuni ATCC33291 16srDNA ,
HXWO001 1 RNA WT
1 .7 EARER A Reeser ' HXW001 RNA, , ;
, C. jeum ATCC33291 RNase Free DNase RNA DNA,
HXWO001 C.jejuni DNA RevertAid " First Strand cD-
ATCC33291 HXWO00l MH NA Synthesis Kit ¢DNA,
, ODso 0. 025 1 RT- PCR PCR ,
mL MH 96 ), 3 :94 C 5 min, 94 C 305,55 C
, , .37 ¢, 305,72 C 205,20 .72 C 10 min,
24 48 72h, 10 C 1 g/ dL
1 RFPCR
Tab. 1 RTF-PCR Primers used in this study
flaA RTF 5~ ATGGGATTTCGTATTAACACCAATG- 3
flaA RTR 52 CATTACCATTAGATATAGCTTGACC- 3
fliARTF 5~ ATGAATTCAAAGAAAGACGAAG- 3
FliA RTR 52 ATCATTTCTTCAACGCCT AT G- 3
rpoN RTF 5~ GGAGTTAGATGAAGATATTGATG- 3
rpoN RTR 5~ GGATTGAAATTTCAGGATAATAATC- 37
16srDNA RTF 5~ GTCGAACGATGAAGCTTCTAG- 3°

16srDNA RTR

5~ CTATATAGTCTCATCCTACACCG- 37
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M 1 2
%= X
1 C j ¢ uni ATCC33 91 fIhA -
C.jegunt ATCC33291 2 kb
PET28a , F1/R1, F2/ R2
FIhA(2 175 bp)  kan'(1 032 bp), 1 g/dL
s 1 2 000 2 500
bp ’ 3
1000 1 500 E. coli
M 109 PM B> 19T_flhA M: Marker; 1: 5 2: PCR
PMB-19flhA-kanr  Ncol , 1 g/dL S A
.2 3000 3500 bp - JikA
Fig. -  Construction of f/hA mutant
) ) J ThA 0.9
PM D-19T ; 4 1 000 0.8 |
bp 3000 3500 bp , 0.7
, kan _ 0.6 I
. £05
PM B-191-f [h A : S o4 —— C. Jejuni
(21) , , 03 ATCC33291
C.jejuni ATCC33291  fIhA 0.2 —0— HXW001
) ) F1/R1 0.1
PCR S IhA kan’ ) o 5 10 5 20 25
22 1 2 000 th
2500 , 2 3000 3500 3 Cjejuni ATCC33 91 WI  HXWO001
R flhA-kan' , .
flhA HXWOO] Fig. 3 Growth curve of qu’um' ATCC33 91 and
M 1 2 3 4 HXW001
.3 HXWI01
0.4 ¢/ dL
5kb—
2 kb C. jejunt ATCC33291 HXWO001 s
1kb 4 R 2d ,C jeum ATCC33291
, HXWO001
HXW001 C. jejuni ATCC33291
M: Marker 1:PCR fLhA; 2:Ncol PMD-19T-f lhA;
3: PCR kant; 4:Ncol PMD-19T-f lh A-kan’
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Fig. -1 Construction of the recombinant plasmid

HXW001

4 0.4 g/dL
Fig.4 Motility test on 0. 4 g/ dL semi-solid agar plate
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Fig.5 Transmission eectron micrographs of negatively
stained C j ejuni ATCC33 91(A) and HXW001
(B). Bars present 1-m
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C. jejuni AT CC33291
HXWO001 , 6
24 h 48 h , C jejuni ATCC33291
HXWO001 , HXWO001
Cjeguni ATCC33291, 72 h , C.jejuni
AT CC 33291 ,  HXWO001
1.6
B C. Jejuni
L4t ATCC33291
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2 08
0.6

0.4
0.2
0

t/h

6

Fig.6 Biofilm formation assays

.6 HXW001
AAG 7
(a) , 2h C jeuni ATCC33291
; , HXW001 ,
;5h  Cjejum ATCC33291 ,
, HXW001
600 nm
s s 7( b) s 2 h ’
, 10h
; HXW001
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Fig.7 Autoagglutination assays (A) Autoagglutination at
0, and S5 h of incubation is depicted to illus-
trate the difference in kinetics of pellet formation
between the wildtype and the mutant strain
(B) Kinetics of the autoagglutinationas measured
by the drop in ODg,

.7 fIhA  flaA

RT- PCR SIhA  flaA
fliA rpoN ,
(8) HXWO001 SflaA
C jejuni AT CC33291 ,
; fLIA rpoN C. jejuni
AT CC33291
WT HXWO001
16srDNA =

flad

flid

rpod

8 RFPCR flhA
Fig.8 RTFPCR analysis of regulating function of flhA
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, L6181 , C. jeuni
) AAG , 3
,C. jejuni : (1) AAG ; (1) AAG
, , , (1ii) AAG
FLhA FIhB FLiO FliP FliQ . e .
FIiR FUII FIiF FIIH 9 , flhA C.jejuni ATCC33291 ,
i AAG
, ,  flhA
, C jejumi flh A , AAG ,
HXWO001 , HXWO001 S lhA ,
WT , )
, SflhA C. jejuni
, C.jejum
o7
. HXWO0I 0" ot ([l (f laA)
, flhA , C.jeuni
,0%(rpoN)
, (flaB) ,fLhA
57
' [71
, RT-PCR
, ,f LhA
, flaA ,fLhA , flaA
Costerton' ! 1995 S IhA ,
, ., flhA
, pH | , SLhA
, , flaA , ,
, SLhA , flaA
C. jejuni flaA
o o pocH
ol C. jejuni fLhA . CjguniflhA 0’
, FlgM flaA ,
’ ’ 4 % iF
,  fLhA ,C. jejuni
) SlhA
(AAG) G SlhA HXWO001 ,
, Yersinia enterocolitica enteropathogenic ,

Escherichia coli Vibrio cholera



464 £ % 5 42 H H K F K %30 %

(References):

[ 1] AltekruseS F, Stern N J, Fields P I, et al. Campylobacter jejuni an emerging food borne pathologen[ J|. Emerg Infect
Dis, 1999, 5: 28- 35.

[ 2] Ryan M M. Guillain-Barre syndrome in childhood[ J]. J Paediater Child Health, 20- 05, 41: 237- 24.

[ 3] Wassenaar T M, Bleumink-Pluym N M, van der Zeijst B A. Inactivation of Camp y& obacter jejuni flagellin genes by he-
mologous recombination demonstrates that f/aA but not flaB is required for invasion[ J]. EMBO J, 1991, 10: 2055-
2061.

[ 4] Grant C C, Konkel M E, Cieplak Jr W, et al. Role of flagellar in adherence, internalization and translocation of Campy-
lobacter jejuni in nonpolarized and pot arized epithelial cell cultures[]J]. Infect Immun, 1993, 61: 1764- 1771.

[ 5] Yao R, Burr D H, Doig P, TrustT J, et al. Isolation of motile and normotile insertional mutants of Campy lobacter je-
juni: the role of motility in adherence and invasion of eukaryotic cells[ J| . Mol. Microbiol, 1994, 14: 883- 893.

[ 6] Lee A, ORourke J L, Barrington P J, et al. Mucus colonization as a determinant of pat hogenicity in intestinal infection by
Campylobacter jejuni: a mouse cecal m odell J]. Infect. Immun, 1986, 51: 536- 546.

[ 7] Catherine D Carrillo, Eduardo T aboada, John HE Nash, et al. Genomewide expr ession analyses of Campylobacter je-
juni NCTC11168 reveals coordinate regulation of motility and virulence by flhA[ J] . The Journal Of Biological Chemistry,
20~ 04, 279: 20327- 20338.

[ 8] Konkel M E, Klena J D, Rivera Amill V, et al. Secretion of virulence proteins from Camp ylobacter jejuni is dependent
on a functional flagellar export apparatus| J|. J Bacteriol, 2004, 186: 3296- 3303.

[ 9] Jeff F Miller, William J Dower, Lucy S Tompkins. High voltage electroporation of bacteria: Genetic transformation of
Campylobacter jefuni with plasmid DNA[ J] . Proc Nati Acad Sci USA, 1988, 85: 856— 860.

[ 10] M artin Kalmokoff, Patricia Lanthier, Tamm y Lynn T remblay, et al. Proteomic analysis of Campylobacter jejuni 11168
biofilms reveals a role for the motility complex in biofilm Formation[ J] . J Bacteriol, 2006, 188: 4312- 4320.

[ 11] Ryan J Resser, Robert T Medler, Stephen J Billington, et al. Characterization of Camp ylobacter je uni biofilms under
defined growth conditions[ J] . Applied and environmental microbiology, 2007, 73: 1908- 1913.

[ 12] Lieke B van Alphen, Manfred Wuhrer, Nancy MC Bleumink Pluym, etal. A functional Campylobacterjejuni maf4 gene
results in novel glycoforms on flagellin and altered autoagglutination behavior[ J]. Microbiology, 2008, 154: 3385- 3397.

[ 13] Robert M Macnab. Typelllflagellar protein export and flagellar assembly[J]. Biochimica et Biophysica Acta, 2004, 1694:
207- 217.

[ 14] Costerton J W, LewandowskiZ, Caldwell DE, et al. Microbial biofilms[J]. Annu Rev Microbio, 1995, 149: 711- 745.

[ 15] O’ Toole G. A and R Kolter. Flagellar and twitching motility are necessary for Pseudomonas aeruginosa biofilm develop-
ment|J]. Mol. Microbiol, 1998, 30: 295- 304.

[ 16] Chiang S L, Taylor R K, Koomey M, et al. Single amino acid substitutions in the N-terminus of Vibrio cholerae TcpA
affect colonization, autoagglutination, and s- erum resistance[ J|. Mol. Microbiol, 1995, 17: 1131- 1142.

[ 17] Knutton S, Shaw R K, AnanthaR P, etal. ThetypelV bundle-forming pilus of enteropathogenic Escherichia coli under-
goes dramatic alterations in structure associated with bacterial adherence, aggregation and dispersal[J]. Mol. Microbiol,
1999, 31:499- 509.

[ 18] Roggenkamp A, Neuberger H R, Flugel A, et al. Substitution of two histidine residues in YadA protein of Yersinia en-
terocolitica abrogates collagen binding, cell alherence and mouse virulence. Mol[ J]. Microbiol, 1995, 16: 1207- 1219.

[ 19] Misawa N, Blaser M J. Detection and characterization of autoagglutination activity by Campylobacter jejuni| J]. Infect.
Immun, 2000, 68: 6168- 6175.



