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( Escherichia coli) DH5« . BI21 F1 BL21 ( DE3) . ¥017]
PR AR ITRE AT 235 M 2 ot o 60 2 i 2 o 0 2 Ak
VLI N3 £ 2% 5 S 3 3[R A7, ATCC33560
HVL 5 A B8 K 36 A 5 R 9 R BE AT D B
NCTCI11168 Hy 8 Y B4 Beoh T I # 2 s . i fa
23 25 th AR AP CCDA S5 3558 B IR E s e,
IAGIRT A5, % 3 455 48 h, & E bR 7 vk
YE IR .
L1.2 4Aff R KL shy) . & 568 40 i & SP2/0-
Ag-14 FARZELRAE . MM BALB/c /NER (6 -8 I8,
RN 18 —22 ¢/ H) (ICR /NI A M K5 L
Bty
L 1.3 25 Joki Ak pET-30a( + ) ,pGEX-6p-
1 4% 1K 4 5 W9 B Novagen 7\ &) Al Amersham
Biosciences 23], DNA [N 5 &0 FH £ 5m 2E ) T
PR (1) ABRAF] ; = R EL DNA G BRI 1)
fif Xho 1, BamH 1.T4 DNA % &G IPTG. & H R
Marker DNA ladder W [ K 3% 5 £ 9 TR A R A
PR T i | PR SCOBUP 4 Bt e ) - Fluka 28 ] 5 PEG
(MW4000) 30 [C5E 2451 | 56 IR 58 44/ 7] (HRP
IEFEPUE IgG Al IgM Hif& \HRP 45ic S bt IsG Hi
A FRUR B S B AR 285500 £ L = DMEM 7 8 152
W (H) MR ms i A% (T) VLR (A) \DMSO 4%
K H Sigma 23] 5 HAE MG P o dral
1.2 flaA R 18

K LR 2 DNA il 3 4l fh 150 & il 2 A, AR
P GenBank 75 fiz 25 ph BT A 1 B K (NCTC11168)
SlaA FEHFFH 54 - Primer] (1% BamH T B
Primer2 ( & Xho 1 ff ¥ fif 25 ). 5'- AGACT
CGAGTGTTTATCCTAAAACCCAT -3', 5| ¥y 6] 5 &
1886 bp, § B HN :94°C HIALYE 5 min;94°C AR Pk
1 min,55C 1 90 s,72°C #Effi 105 s,35 PG
72°C 10 min, PCR /¥ 5 pUCm-T #fk#EH: 1k,
Wi BB , P TR U] 2808 , W00 S PP v
R 16 R A TR A W .
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PR R U J5 a0 Stk m e 5 1 R B, o
55 BamH T F11 Xho 1 XY pGEX-6p-1 F K7,
TRFT pET30a ( + ) 33k 04K % £z, 4 2 5 241 it kL
pET-30a( + )-flaA .pGEX-6p-1-flaA . 4 & 41 T ki 4%
5% Ak BL21 (DE3) Fl BL21 J&RAZ A4 1A , F 4 TR i
%% BI21 (DE3) ( pET-30a ( + )-flaA) . BI21
( pGEX-6p-1-flaA ), 3 ik 45 H Ay 44 7y rHis-FlaA |

rGST-FlaA . ¥EH: HeAb ORI FEHR B Uk 1 5 vk 453
M3k
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F4 1 BL21 (pGEX -6p-1-flad) . BL21 ( DE3)
(pET-30a( +)-flaA) et 329 LA 1:100 43 54 Fh
FE MR B A R AR LB K 37 3, IPTG ¥ J
0.5 mmol/L,37C i S % ik 4 h, % S =4 SDS-
PAGE %5 B 45 TR SCR i 7 ik AT o 3R
IR RS B PR Y S BRSOk T s AT
1.5 EHFEHFlaA EYFFEEHETE

Z: B8 SCHR ) J7 ¥ 42 B2 B 4 il TR bR o BR
NCTCI1168 [ RIRMEEHE ", SDS-PAGE % 5E )5 A
RIRMEE R % BALB/c /NRIRAF ZHIMTE . &
%S BL21 (DE3) (pET-30a( + )-flaA ) i 47 SDS-
PAGE J&5 , i % R HIR A A K B L, LIARAS 19 BLUR
ZYUE A—H0, HRP FRiCHEPTR 1g(G + M) Hifk
N3, DAB MY (5, 4 T AR FENSE 40T o
1.6 REAE

HL6 -8 JEW A 18 —20 o/ HIHE: BALB/c
ANER, 1 il % B B S rHis-flaA 25 (-5 SRR G
SEMFNRE, TR, &% F £ A g,
FE A 100 wg, LUG R 2 J8, LS — %25
T ) SRR T RN S IR B B il [RS8 AR e 4y LA
B TSR G, s L 2 Y, B AR 3 d
P 5 AR R R KR AT, SR AR S 1 IR,
1.7 ZFLBARGESTE

PAZE S PRl ) rGST-flaA 8 (AR R TR
FHIE 2 ELISA J7 b 47 2% 30 988 40 0 2 , 7 B4 S 56
iff o A 0 et ) e A MR B 0. 1 g/ AL, (] 42
ELISA J W 25 /440 : 40 3% 50 wl/fL,37°C 1k
FH 2 hy PBST 36 3 J5 A A T 4E W BE 00 B A — Bt
50 pL/FL,37°CHEMI 1 h 5Pk, OPD &4 10 min,
OD oo BUE R T 1. 0 H15E R FAVEAL, FRVEFLA0 L LA
BRAR Bk AT oL
1.8 HmIRERFE

P BT PR 5 & i I AT
1.9 BEHAEIKEH & RN NE

R PR PR AR st A T3 ELISA &30
SEPURRMN , %%, —TOCH-TE S
1.10 Western blot 5%t

2455 (1) BL21 (DE3) (pET-30a( +)) K 4lifk
T 11 rHis-FlaA #£47 SDS-PAGE J5 , B 565 B R IR AT
HEZRE L, 43 I AIRAS ) SRS T — 4T, FA TR
FIENIZE 43 #T o
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1.11 Dot-ELISA 447

433 Wg B BI21 ( DE3) ( pET) . BI21 ( DE3)
(pET-30a( + )-flaA) ,BL21 (6p-1-flaA) [ IPTG i 5
Je B L3 DL B A U0 T T IR A FE VDT T IR TR
R KA A e S S e
¥k FrdERE NCTC11168 F1 ATCC33560 itk I 1%
S NCTC11168 $221HEEHE 1145 pl £ NC i I,
37°C 30 min THEE , & 10% /N L35 9 PBST £}
PIETR 5 43 501 LA AR A5 1) SR 5 B 0 4R — T, HRP A
IEEPUR Ig(G + M) Fiikh —41, DAB A 53#7 .

2 X

2.1 flaA EE 18

PCR =W 25 1% BrRMEBERC LUK B — 2 K &Y
ML 2 M2

1.9 kb iR S 4540, Jo 550l , 5 U B0 v B
FONFEAE CEELT-A) 0 e 45 23R 7R ik K R
1886 bp , H1Xf 73154 59 kDa,
2.2 wEEHMAEE

e H AL 5 pUCH-T S04 3% 2 5 15 3 5 20 ot
i pUCM-T-flaA , Fiki 2 Xho 1 Fl BamH 1 XLEFY] 5
SRR /N 2.6 Kb (i 8R4 4 R /N Ry
1.9 kb H A 25717 (&1 1-B) , fig U1 4 58 A J 245
1EHf .
2.3 FEiZRIEBRHRERE

H2H k7 pET-30a ( + ) -flaA | pGEX-6p-1-flaA
2 Xho 1 #1 BamH 1 XURGYI I 73531 th AR 2675 A
RN 1886 bp [ H YA (& 1-C) , 5 BUBAHST, &
A 2 oA ) TE

1886bp — =

E1 BrERNY G RNEEEETE
Fig.1  Amplification of gene and analysis of plasmids with restriction enzyme. MI1. DNA Marker
DL2000; M2. \-EcoT 14 I digest Marker; 1. flaA PCR product; 2. pUCm-T-flaA/BamH I + Xho 1; 3.
pGEX-6p-1-flaA/BamH 1 + Xho 1; 4. pET-30a( + )-flaA/BamH 1 + Xho 1.

2.4 FlaA EHERMNRIEATE 4L

Frfif R 0 B A K AT BL21 (pGEX -6p-1-
flaA) \BL21 ( DE3) ( pET-30a( + )-flaA) £ IPTG i
TR P RE S, AR AR R S A T
TEHEAT SDS-PAGE 4341 , 45 2R 1078 16 24 5 i v vh
AR RAERRIA N B R A (E2), 5
{H 63 kDa ( rHis-FlaA ), 84 kDa ( xGST-FlaA ) #H £,
FWFHE [ rHis-FlaA , rGST-FlaA 715 3| I i ik,
AR AR B P 2870 A I A L I A ) A v ) T
B, 40606 BRI Wk BE A3 ol 154 ¢/L
(rHis-FlaA) ,2. 03 ¢/L(rGST-FlaA) ,
2.5 FlaA EHAERAMNEYFEHETE

B3 /Y A Bk A A o, 2 Al Ak Y
NCTC11168 ¥ £ 8 11 f 2 /N LS 21 19 2 B 1ML 7 fg
Halifb A rHis-flaA J ), AN 515 £ % BL21(DE3)
(pET-30a( +)) RWHE AN, 450KV, KW
FlaA £ I BA e B WG v

M 1 2 3 4 5 6 7 8
kDa
116.0— " 84kDa
- == kD = ;
66.2— va——" —— —
jr— \‘- -
- -
45.0— - o g — é
35.0 — - —
meay |
250 — — ‘

B2 E4H KB E BL21 ( pGEX-6p-1-flaA ) | BL21
(DE3) (pET-30a( + )-flaA) #) SDS-PAGE %R

Fig. 2 SDS-PAGE analysis of expressed product. M. Protein
marker; 1. BL21 (DE3) ( pET-30a( + )) induced by IPTG; 2.
BL21 ( DE3) ( pET-30a ( + )-flaA ) induced without IPTG; 3.
Cracked supematant of BL21 ( DE3) ( pET-30a( + )-flaA) induced
by IPTG; 4. Cracked deposit of BL21 ( DE3) (pET-30a( + )-flaA)
induced by IPTG; 5. BL21 ( pGEX-6p-1) induced by IPTG; 6.
BI21 ( pGEX-6p-1-flaA ) induced without IPTG; 7. Cracked
supematant of BL21 ( pGEX-6p-1-flaA ) induced by IPTG; 8.
Cracked deposit of BL21 ( pGEX-6p-1-flaA) induced by IPTG.
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2.6 BREREHEYFEFENE

282 WA, LI vEAS 3 3 BRI BB A2
TEANMIRE , 43Sl i 44 2D12 SE12 FI6A9, KR4
TETA 1gG2a 1gGl IgGl, 283 S 4 /K ELISA
SR 1: 102400, 1: 102400 F1 1: 51200, 7E
Dot-ELISA 0 v, 3 #f B 5w B BT A4 5 JL RN 8 20 1 K&
A I ST I A 2 SR DL AR 1, NEE SR mT L B
3 BRE SO RE BT AR e 5 B 41 A BL21 (DE3) (pET-
30a( + )-flaA ), BL.21 ( pGEX-6p-1-flaA ) [ Jif , 5 =5
1925 i BRI s v AR B Sl R B 11 A A B R I
VARINRSEEE = AN | Ry 7Rl N Rl & SY SO VA S d VA4
M E S5 R, 3 bk FlaA B REdi ik BA R IF
R
2.7 Western blot 43 #f

H L 4 (9 5 BN 43 A B 7S, 3 R R B B BT AR
Bfig 5 ol Ak & 1 rHis-FlaA [, ¥4 5 15 £ W
BI21(DE3) (pET-30a( +) ) RWHE MM, 45iRE
W, 1K1Y FlaA B BA R EY) 161, TRl gk

M
kDa
116.0— "——
66.2— -

so—

B 3 rHis-FlaA & B #J Western blot Z&5

Fig.3  Western blot analysis of rHis-FlaA. M. protein marker; 1.
BL21(DE3 ) ( pET-30a ( + ) ) whole protein; 2. BIL21 ( DE3)
(pET-30a( + )-flaA ) whole protein

kDa M 1 2 3 4 5 6
116.0—
66.2— o — s
45.0—

35.0—
2D12 SE12 6A9

B4 Z=HRETEFEHEE Western blot 45§

Fig.4  Western blot analysis of mAbs. M. protein marker; 1,3,
5. Purified fusion protein rHis-FlaA; 2,4 ,6. B1.21 (DE3) (pET-30a( +)

whole protein.

&1 FlaA BREHESHEEEN R ML

Table 1 The reactivities of monoclonal antibodies with different bacteria

Strain Sources and number of strain 2D12 5E12 6A9

BL21(DE3) (pET-30a( + )-flad)
BL21(6p-1-flad)

Recombinant bacteria
Recombinant bacteria

BI21(DE3) (pET) Recombinant bacteria
C. jeuni NCTC11168

C. jeuni ATCC33560

C. jejuni isolate Human, po-4-17
C. jejuni isolate Human, po-6-9
C. jejuni isolate Human, po-19-3
C. jejuni isolate Human, po-33-5
C. jejuni isolate Human, po-61-9
C. jejuni isolate Avian, AND-45
C. jejuni isolate Avian, 3-11

C. jejuni isolate Avian, HQHL4
C. jejuni isolate Avian, HQHL-5
C. jejuni isolate Avian, SHAJ-3
C. jejuni isolate Cow, TZDN-16
C. jejuni isolate Cow, TZXN-53
C. jejuni isolate Cow, YZDN-18
C. coli isolate Human, PO-3-15
C. coli isolate Avian, d-2-12
C. coli isolate Cow, XNSC4-1
Escherichia. coli C191

S. paratyphi A CMCC 50507

S. paratyphi A CMCC 50002

S. typhimurium CMCC 50708

S. enteritidis SCDC

S. enteritidis CMCC 50041

S. newington CMCC 50049

L. monocytogenes LM751521

L. monocytogenes LM1/2a

Staphylococcus aureus

Bacillus subtilis

Proteus mirabilis 49005
Lactic acid bacillus -

C. jejuni purified flagellin

+ 4+ + + o+ o+ + 4+
+ 4+ + + 4+ + 4+
+ 4+ + + o+
+ 4+ + + + o+ o+
+ + + + o+
+ 4+ + + + o+
+ + + + + o+
+ 4+ + + 4+
+ 4+ + + o+ o+
+ 4+ + o+ + 4+
+ 4+ + + + o+
+ 4+ + + 4+
+ 4+ + o+ + o+ o+
+ + + + o+
+ 4+ + o+ + 4+
+ 4+ + + 4+
+ 4+ + + o+ + 4+
+ + + + + + o+ +

Negative( — ) ; Positive( + ).



A I T FlaA B BT S 5 5 E ./ AE Y441 (2010)50(8)

1113

—© ST RTARAR I 3 BR 5T BE B AR X R B X
FlaA 55 5 e BEBT A
3 it

25 Ji S T B 5 Al AR B M AR S Y TR
I JEL AT, B R (R I B Vs £ R A I O B B 1R
ZREA A ELEAEH, MR E R 22 FlaA
Al FlaB & 4L, 535 i 2 S AEEB AL flaA flaB
G flad DL 2 0 25 ol B A
Wassenaar 25> R I, flaB He R 1) 5848 ATy 4R B AT
BBk, M flaA B R AB VRTS8 2Pk, HARERS
WA 206 E Mt 40 . Nurjten 255 fi B DNA
WA TCBBNTERY flaA PR 5728 bR A H: 4 i HiE
B A B E A7 X #EFT DNA F4, il Hiz
Sk AR TTFER T o

FEARDE S, AP 3G T 25 1 25 il 1 flaA 3
I A% Rk RGARAT T AR & 1 rHis-
FlaA rGST-FlaA , 7F S 40 b A B, FRAT T 220 Rl 9
VIR 15 SRR BE 5 S I 0] 45, (H & 0 AR 4
T HEAMRRE, HEHEAMTEEAR
AHEN , PRl b e Ak el T A TR AR B A T AR Sk
alifk,

Raymond 5" 76 73 7 A [ [6 52 . A [ i 3 75
GBS 3525 25 M i 4 BRI, e UL HEE flad S
PR R ()R A AR AR S5, PR SF X T R AR R 22
BT IR ARk . ABFFEH Dot-ELISA 55545
RWIR 3 MR EREDUAR BA R A SOV, (XA
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SRR ST P2 W YA A EUR AL B T SR AL T
e

(1] Bapk, Vibsle, 2208, MR, ok 5 S0, XI55 4L,
FERLE. 2N il B Ik 3 B FL UK A3 A T i
A EE ST Ky A . A W27 4R (Acta Microbiologica
Sinica) ,2009,49( 4) . 126-130.

[ 2] Ang CW, Jacobs BC, Laman JD. The Guillain - Barré

syndrome: a true case of molecular mimicry. Trends in

[3]

(4]

(9]

[10]

[11]

[12]

[13]

immunology, 2004, 25(2) ; 61-66.

Huang JL, Xu HY, Bao GY, Zhou XH, Ji DJ, Zhang
G, Liu PH, Jiang F, Pan ZM, Liu XF, Jiao XA.
Epidemiological surveillance of Campylobacter jejuni in
chicken, dairy cattle and diarrhoea patients.
Epidemiology and infection, 2009, 137(8) . 1111-1120.
Mohran ZS, Guerry P, Lior H, Murphy JR, el-Gendy
AM, Mikhail MM, Oyofo BA. Restriction fragment
length polymorphism of flagellin genes of Campylobacter
Jejuni and/or C. coli isolates from Egypt. Journal of
clinical microbiology, 1996, 34(5) . 1216-1219.

Nuijten PJ, Berg AJ, Formentini I, van der Zeijst BA,
Jacobs AA. DNA rearrangements in the flagellin locus of
an flaA mutant of Campylobacter jejuni  during
colonization of chicken ceca. Infection and immunity,
2000, 68(12) . 7137-7140.

AR N R R R SR v A TR A A
B—o S A %K. GB/T 4789.9-2008 : 59-66.
Sambrook J, Russell DW. 4> 77L& sC i 8/, 5 =
R BEHEE P Jbat BleE L, 2002.

sRAAE. Ay TR M A 3R 4 By IR A 3R
I KL TR UG, M K 2B 250118 3,
2008.

SCRE. ROV ] T R P R /N B 7 A Y
B N B M 3 AR R RN B B 5. R
2R 3, 2009.

XIFAE. HrepET Al RN . R L BORE
FHOR R, 1994,

Galkin VE, Yu X, Bielnicki J, Heuser J, Ewing CP,
Guerry P, Egelman EH. Divergence of Quaternary
Structures Among Bacterial Flagellar Filaments. Science,
2008, 320(5874) . 382-385.

Wassenaar TM, Bleumink-Pluym NM, Newel DG,
Nuijten PJ, van der Zeijst BA. Differential flagellin
expression in a flaA /flaB* mutant of Campylobacter
Jejuni. Infection and immunity, 1994, 62 (9). 3901-
3906.

Owen RJ, Fayos A, Hernandez J, Lastovica A. PCR-
based restrietion fragment length Polymorphism analysis
of DNA of flagellin genes of

sequence diversity

Campylobaeter jejuni and allied species. Molecular and
cellular probes, 1993, 7(6) ; 471-480.



1114 Jinlin Huang et al. /Acta Microbiologica Sinica(2010)50(8)

Preparation and characterization of monoclonal antibodies
specific for FlaA protein of Campylobacter jejuni

Jinlin Huang, Yanxin Yin, Dexia Mei, Gong Zhang, Zhiming Pan, Xiufan Liu,
Xin'an Jiao
(Jiangsu Key Lab of Zoonosis, Yangzhou University, Yangzhou 225009, China)

Abstract; [ Objective ] We xpressed and purified Campylobacter jejuni flagellin FlaA protein to develop monoclonal
antibodies ( mAbs) against this protein. [ Methods ] The C. jejuni flaA gene was amplified and inserted into the
expression plasmids, pET30a ( + ) and pGEX-6p-1. The purified rHis-FlaA protein was used as an immunogen in 8-
week-old BALB/¢ mice, and injected subcutaneously. The purified rGST-FlaA protein used as a detecting antigen for
screening mAbs against FlaA was prepared by using a denaturation and renaturation technique. The specificity of mAbs
was characterized by Dot-ELISA and Western blot assays. [ Results ] The recombinant expression plasmids, pET30a
( +)-flaA and pGEX-6p-1-flaA were obtained. The sizes of the recombinant proteins, rHis-FlaA and rGST-FlaA, were
consistent with their predicted size. Specific reaction was found between FlaA positive serum and expressed protein by
Western-blot assay, confirming its identification as a Campylobacter jejuni immunogen. Three hybridoma cell lines,
designated 2D12, 5A12 and 6A9, secreting mAbs against FlaA were obtained. Their immunoglobulin subclasses were
IgG2a, IgGl and IgGl, respectively. The ELISA titers of the ascites fluid were 1;102 400, 1:102 400 and 151 200,
respectively. Western blot analysis confirmed that the three mAbs reacted with the rHis-FlaA fusion protein but not the His
tag. The Dot-ELISA results demonstrated that the three mAbs only with FlaA and not the tags for the expression vectors.
[ Conclusion | The successful preparation of three mAbs specific for the FlaA protein lays the foundation for further study
regarding the biological characteristics of FlaA and the pathogenesis of C. jejuni.

Keywords; flagellin FlaA; Campylobacter jejuni; monoclonal antibodies
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