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B ASHR4E B InternalinA BYFRIL. 4k
X % s bR RuHIl &

X HER ZWKk E-% HaF
U AR A SR TR S SRR TP L R T 510632)

OE: [88) AL EMFERBELATES InternalinA (InlA), £ %95 K R IK1F
% EEIK, RS HE ARG BN FiEE g ek, (7% A8 A% 44E5t
B AEMAFR inlA KR 9314, @i PCR ¥ 3 inlA AR, ¥ L A% 2 pET28a(+) R
MEE B, K AATH BL21 #A7Mmb Rk, SRS AL F 4, Ritb T Taxd,
ELISA 57 L £z R tt. ZER R, #l&L % LEHik, A3 ELISA AR % 4069 2 A
R, RAKRGIS G LG EHFRAARESGF . [ER] RIELZET InlA
O, EREFMyTEN N 92KD, RiELEEZLAY INIA TG, LAERK RKF b
AN 1:100 000, AR5 4FH EHHKEA Y 20%6 X XsF, Halaailf S L e RREH
AR, ZARAIEFEIZ S A MES TR SRR AT, HRAEGRRE
WA IRES. (48] RPN ET LB EHMBFRAFFHO RS LEIR, H3238 S04
W %R REIR 'S kA ke L B R T A,

KB BIEMEF, INIA, S LKA
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Abstract: [Objective] To clone and express protein InternalinA (InlA) from Listeria monocy-
togenes (Lm) and prepare the polyclonal antibody against InlA. To provide basis for preparing
the immunomagnetic beads which separated Lm efficiently and specifically. [Methods] Use
biological software to design the primers of inlA gene, amplify the inlA gene from Lm by PCR
and construct the gene into prokaryotic expression vector PET28a(+), then transform the gene
into Escherichia coli BL21 and express optimally; purify the recombinant product InlA by
nickel affinity chromatography, identify the recombinant protein by mass spectrometry analysis,
and test the immunogenicity by ELISA. The purified protein is used as antigen for immunization
of rabbit to prepare polyclonal antibody and the binding affinity between polyclonal antibody
and Lm is determined. [Results] The recombinant InlA protein with relatively molecular mass of
92 kD was over-expressed in E.coli BL21. The InlA antiserum were obtained with a titer as high
as 1:100 000. The antibodies had no cross reaction with other pathogenic microorganisms except
Staphylococcus aureus. Immunofluorescent staining showed that it only binds to the cell surface
of Lm but not L. welshimeri. [Conclusion] The polyclonal antibodies which binds to the cell
surface of Lm specifically are prepared successfully. These results would provide basis for pre-

2012, Vol.39, No.4

paring the immunomagnetic beads which separated Lm efficiently and specifically.

Keywords: Listeria monocytogenes, InlA, Polyclonal antibody

2 R TR AL B 2 T RF TR (L. monocyto-
genes Lm) . P ERZEHMRER (L. ivanovii) . S w28
Wik B (L. innocua) . BRI 28 R BT (L. wel-
shimeri) . PH/RZ=HHRER (L. seeligeri) . #% FC2=H
FETR (L. grayi). BRECZEHPREEE (L. murrayi) 7 4
Fofr, B A TR TR AT 5 R N ZE A MR AREAE . I
iE P OB A ) LB AR . BT Lm TE F AR
W AR, N EHLREFE AR T B, ik SR
S R RV VR A BRI B A ) ST X
0 AR, Lm 5IE YRR ERKSE E R 2
W AR i HAE TR E = e 5 A Sh
K, 2010 4F 1 H, KA RT— R
)l R PR o AT T, SR R B AT AT R
PSSR AR RS e R R S AR SR I R
IS, ©A 10 20 NH& 2220
G NMAET:, X2KE 10 4R H
FEY RS, FICESLPRGE . R 5k gy
IR PRIE B A A 2 4 TN R B TR AR s T )
BFE
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InIA (N1EZ A)Hh 800 MR FEFRFRIELLL N, M
Lm AR LB by, HAZ IR R E-E5KG R .
InIA Y C %ifu & Leu-Pro-X-Thr-Gly (LPXTG)#:
JC, R LUMIZEAS S B MEE o InlA i
FLUE 0 5 AR R AR A, ik
BUEA AT LT, & Lm iREE, AEToE
e TR R A SO M TR R R 1,
I, BT LA Lm A — MRS, 3%
WFsEi It AR IR InA TR, Hil s a2 kbt
T, LU Lm S mieR s SRy i it~y 58
FEFEA

1 MRENE

1.1 #sl

1.1.1 SKISEEFK: FRIGZEHrRAR 54002 (Listeria
monocytogenes 54002) , Heifs re AT (L. innocua) |
Ja R 2 W RE TR (L. welshimerd) . K 3% % T8
0157:H7 8099 (Escherichia coli 0157: H7 8099) .
B IM3NE ATCC 17802 (Vibrio parahaemolyticus
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ATCC 17802) A= 2l kT & ATCC 9372 (Bacillus
subtilis ATCC 9372) . ##£2F i1 75 CMCC 63303
(Bacillus cereus CMCC 63303) . i 2 {15 2 i 1

ATCC 15442 (Pseudomonas aeruginosa ATCC
15442) . 4 E 0% EKE ATCC 6538 (Staphylo-

coccus aureus ATCC 6538), H11) A& A= ¥k
G

1.1.2 Kz Bvut ki, W ER
KSR B

1.1.3 FZE2&#f: 4800 plus MALDI-TOF/TOF,
ABI AF]; FGEIE BHEE, HA OLYMPUS &
Al JREJL Dynal-MIX1, £E Invitrogen 2AF];
UV-2550 £4Mr 6t HAY SHIMADZU A
Fl; WEFRL Multiskan MK, Thermo Labsystem 2
Al B IRALT, Sigma AR BRE TR AZEHTEE,
GE A+,

12 FH%

1.21 inlA EE#Y PCR ¥ 18R sk F M
Bt inlA R 519 F R 51& A BamH |
F1 Xho I BYIfL . Lii#514): 5'-CGGGATCCT
TAGTATTTGGCAGTGG-3', Fiif5¥: 5-CCG
CTCGAGTTAGTAAGAGCCATTGCAGTTCC-3',,
DISREAY B A=A B DNA AR ARGIEF T PCR 97
4,8 PCR =#yllis, 5 pMD18-T #if4k 16 °C
AW, EEY L E. coli DH5a, Fi
Axygen 2\ F) Y BURLF B 050 G b4 ok, AT
PCR %5& K BamH [ . Xho I RG] % 5 Fill 5
1.2.2 FRiEFIKRBIME: K A EEMREL
JORLFN pET28a(+) Bk #4AH BamH T . Xho T XX
Y, aiAk IS ] T4 DNA 242 14 e Ah
PET28a(+)-inlA H 4 Kk Tk, Wit
E. coli BL21, &% RIREE RN LB bk, #k
TE AL DA 75 BEIUTOR I I 57 o

123 E InlA EAMNBERERTIETY
RS M. B4 TE A Y 4 B TR AR R L
1:1 000 £zFhF 5 mL & FHAREE ZE 1 LB Wik
FHedp, 37 °C. 270 r/min B335 5378 . MBI
FHC 1 mL, 4R 100 mL 2xYT B 52 5,
37 °C.220 r/min }535% 2 h Z:47, ODgoo {1 0.5 B, Jil
A 1 mol/L IPTG i Ak FE >4 1 mmol/L; 28 °C,
160 r/min 53¢ 8 h.4 °C.8 500 r/min Z5.0> 10 min,
WL TR, TN PBS 28 M (pH 7.4) BB A, 1K
B A IR 4 °C .8 500 r/min B0 30 min, 43
B R AL RDTRE L 5y, F 12%0) 50 B e itk
17 SDS-PAGE 437

124 F4H InNA EEMSBESCREE: Kk
A ZSER FRERE S, 8 500 r/min B5.0> 30 min, ¥ -
IS _EAE 2 FP 22 v (NaCl 500 mmol/L,
PB 20 mmol/L, Bk 5 mmol/L, pH 8.0) %7
B EMBENT . BRI 30, 50, 75
mmol/L 1K M ) 1% 1 2% v i (NaCl 500 mmol/L,
PB 20 mmol/L, pH 7.4)#E4 150 M Bee e, U4
B Bl il o B4 B Bl i ik 41 SDS-PAGE Hi,
WKAHT . KL b R A DI Ul T, 420
EAMGRGYIG, 53000 IKEBHR & P 200 5 5 B
TOCAR N Eb 8 BRI RATISF ) S AT 2 e . JF
Xob e 7 B 25 SRR Mascot 48 % 5| %576 NCBInr %k
PR L TR

1.25 InNIAZBHIRREEMES T 20l X
TR Lm BEARRRE R AN, il i i,
HT InlA ZE B RBE S E . 4ifki) InlA &
1, DM B2 Ml (IR R 22 M, pH 9.6)FR e 2
el 1 mo/L, WEHL 100 pl f38% ELISA HRAL.

43990 38 I e i 35 R B A /D BRIV A Sk —
Pi, MBS, B4 ELISA WM, 43#r
HA ek

126 ®ETERKRSIE: B2 KA R
Mg —H, 2.0 kg AA7)iE ni PR SR — s, Hf
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kR 1.0-1.5 mL, fEREAVEMTE . Haifbiy
INIA & FE N RE i, T9a0 R T 2 s, Mk
PP 1 mL, el &l 600 pg; 55—k AT
R sE e, Ve AARTE kR, iK%
PENRIFRIGJE o BR S BERT— Ji B iR i, 18]
2 ELISA J5 i Mg o 55 5 W 7d )
FBNKR AR TR, WAL, 5380/ AF
1.2.7 AN BN ERERZ X D #: g4
TS HES I e TS S I AW TR TS TSI
s A T O157: HT7 | RV ISR | Ak R 28 AT 14
BEREZFMOAT I . A AP . B (A A Bk T
ZMARKINGJG, FH 22 TG EE o B (A ok 3 &2
10° AN /mL, B E3R T A 100 pL fu6% ELISA #ifL,
Gl B BN BREE IS, [B14% ELISA MR o
128 HRERAMBEZMES Lm BARNFRIELE
B IBUINAIGE K Lm AR L. welshimeri
B (10°4~/mL) 500 pL F EP 45+, 12 000xg &L
WCAE TR, A 500 pL EHEA W (& 5%BSA 1)
0.015 mol/L, pH 7.4 ) PBST ZZhifk) & TR 1Y
FIRAIEAT 1 ho A 1:100 f556 B 2241 500 pl
FIIRAIRUN 1 h, PBST %k 2 3 . /il A 250 pL (100
RS FITC FRic il =Edi e —bt, RN
1h, PBST %k 33, FJ 100 uL pH 9.0 AYZEmrH el
PR A, HU 20 pL RINFESE A b, B, Bk,

2 HiR

2.1 inlA E£REH PCR #1845 R
P I Y2 1% 35 B WE R IS F TR A, UL %%
F] 2300 bp ZEA B 1S B, 5 inlA BRI
BR/N—E(F 1),
2.2 pET28a(+)-inlA BB & E
PET28a(+)-inlA 4354 BamH 1 | Xho I Hifif
VI #R3A32) 8 000 bp AYF=#), H BamH I Ail
Xho 1 XU 7] #5455 400 bp F1 2 300 bp K4
(1 2), P2, JPHaHriESciZ DNA B

http://journals.im.ac.cn/wswxtbcn

K/ 2 333 bp, FIGEZHESLIES . 5 GenBank %
A7) Lm EGD #k inlA ZER P HIAH 0L, HAX TR
FEH RS 98%, HET: HI A Z LM 741 [l PPk
7 99%. UERH inlA JE K 2l hid A pET28a(+) 7=
IR

1 inlA Z£F#9 PCR ¥ 18 7= 4 Bk ]
Fig. 1 Agarose gel electrophoresis of PCR amplification
Note: M: DNA marker DL2000; 1: PCR product of inlA.

Bl 2 PET28a(+)-inlA BB L E

Fig. 2 ldentification of recombinant plasmid
PET28a(+)-inlA

Note: M: DNA marker; 1: Recombinant plasmid
PET28a(+)-inlA digested with BamH 1 ; 2: Recombinant plas-
mid PET28a(+)-inlA digested with Xho I ; 3: Recombinant
plasmid PET28a(+)-inlA digested with BamH I and Xho I .

23 E InlA EENIESRIERKIEFYD
LA

HALJG Y E. coli BL21 £ IPTG %5, 18
92 kD ZE47 A7 BRI AT R R (& 3), 5 1991 4F
Gaillard JL 7 E. coli H13ik11 InlA 8 K/MH
B ULHATE IPTG HUVEAF, H4 InlA EHiES
TRk, AR H A ERIR SN 28 °C.
0.1 mmol/L IPTG %5 8 h,

HRRIBWRL S, 8 500 r/min &
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L 30 min, 43HIHEEFULREDE T SDS-PAGE 43
Mro W 4 FIrzR, VKGE 11 2 435 Bk s BT
VER L, ATOLHE & E AT LT, Ul
AH B 21 B 0 22 38 7= LA T M 20 7R, X
SEAUZNTAifE H 8 [ B8 T At
24 BHEEMAEURETE

R InlA A 2SR RZ VT ai b i fe
MR A 50 mmol/L BRI ) e 2% i 1 A
ZRFE T, PR 75 mmol/L bR Y e I 22 vk vk
WEMEA, XFEETLUAAEI InlA B ALELE
98%L I (& 5)

3 PET28a(+)-inlA # E. coli BL21 i S RiLH
SDS-PAGE 4t

Fig. 3 SDS-PAGE analysis of PET28a(+)-inlA expres-
sion products in E. coli BL21 induced with IPTG

Note: M: Protein weight marker; 1: PET28a(+)-inlA expression
products in E. coli BL21; 2: pET28a(+) expression products in
E. coli BL21.

B4 FSREAGZBERKERR SDS-PAGE 7747
Fig. 4 SDS-PAGE analysis of the sonicated bacterial

cells
Note: M: Protein weight marker; 1: SDS-PAGE of the pellet; 2:
SDS-PAGE of the supernatant.

5 FFEME InIA ERH SDS-PAGE 531
Fig. 5 SDS-PAGE analysis of the purified InlA by af-
finity chromatography purification

W 5 IEASHEYIT, SR aire
HoH InlA EH (K 6).

6 RIEETEANUER
Fig. 6 Protein identification by MS-MS/MS
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25 InlIA BB EERES T

ME 7 FTLE Y EARER InA EH 5%
MLV BB AR AT A S NE, #4frik 1:10 000, 15/
BRI 22 B P SO o 10 IR 6 T e 84
G S, R TN B pee St A 2
35
3.0 |
25
20 r
1.5
1.0 |

—o— Rabbit serum
—x— Mice serum

OD s

~

K———x

U T x
0.0

K—x X

X

1000 2 000 4 000 8 000 16 000 32 000 64 000

Serum diluted times

7 InlA EAMRERES

Fig. 7 Analysis of immunoreactivity of InlA

26 ZIE Lm HEERBBUNNERERZ XS
o

SUSER R, Hil &R Z P Lm R
#r> 1:100 000, 5 P9 I5Ei# se A= ke 18- 5 LR
W reRr s S SUSONE, 5 B IR | A 2

FRUAT P 25 DL D R AN A E A8 XU (H R 5 4
O R ER B A7 1E 2 20%11)38 L (& 8).
27 GRRANMBEZME LmEAKRRENER
HEE

FHHZZE Lm IR A, W
ZH4 5 Lm BRI L. welshimeri A S 5,
FH FITC #RCHIEPI R P B, SRS 1EPEE
e T AR B IR R G . 2558 (B 9) B, 1ER
i R T RETE RIS R Lm B & 4k A
56, M L. welshimeri 3G WIS R506, (HEALE
TG I E R A R R IR, SR ZhT
FRMEEEAT Lm BRE .,
3 it

PSSR TR 1) BOR P R DU LA
T RrdeE: ZErre iy mimg O, & ActA,
B ismE C. NALZ(InIA F1 InIB). [ CwhA
M4 @ A i, InlA 0 Lm FiEf, A
FETE TAEBUR TR R v o AR LT C il
LPXTG HIcHELE GEm AR, miHITeA K
SRAF UM EAR, K EE VRRAEAE — E MR R

—6—Lm

\

—=— Staphylococcus aureus
—o— [ welshimeri

[\

L. innut,uu
—X— Escherichia coli

—o— Vibrio parahaemolyticus

1.5

~

OD,s,

N

—+— Bacillus cereus
—O— Pseudomonas aeruginosa

\\ Bacillus subtilis

.

051 \A\A\ﬁ\\/:
& — et

=

5000 10000 20000

40 000

80000 160 000 320 000

Serum diluted times

El8 Zmziask
Fig. 8 Titer cure of the polyclonal antibody
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9 HRERAMBEZMES Lm BAREMFSIELE
&(200%)

Fig. 9 Combination of the polyclonal antibody with Lm
and L. welshimeri (200x)

Note: A: Fluorescent images; B: Phase-contrast images of bac-
terial cells in the same field.

Christine Jacquet Z#ifF 5t 21, HA FRIATEHE InlA
FEAR Lm B4 BAS0EE, FrelizE [ nT L
YER Lm 3 1 — PR 70, DL, il
BCR Lm RS 2B R RIA T InlA &
HIffl g 7R SRS UA, (BRI iz i
SRR Stephen Hearty 23] Lm (1/2a)
SR TRE /N, AR BB v AR R S 2
PRI THERRIT 1E, 58] T —#k Lm RS et
“MADb2B3”, Jf- 4% i BB T U B L ol
INIA %5 fql2 14
ARWFFEEINFEE ML T InA T H, Bk
E T TR IR IERRTE . [5]4% ELISA 7347 InlA
FEARRBERER, EARIRN INAEAXT
KA ARG 0 e i, (ER XS+ B o I
PR ZE . Bz A B s DRI R B, S5 3R

Wl: S/ NI IS 5 Lm 2R R HEAR S
GERARLIR); e Rl & r g 5 InlAE A
Bk 1:1 600 000, 5 Lm 2B LA
1:100 000, Zr#r L IR REA: AR AP Aoxt T
[vi] — 2 1 A e S AR TR AR G 2
i L T P %) S SR, 7 St & BN A
K B IARAT R T2 se PR SRR R, 75
Hb, JFRRBEAEE TS SRR
I RARE A TTREAAAE2E . T Lm 5430
R BR A SR T R v A5 ) B S A A A
S XHEDL LA 5 2P 4 W O AR
FEFEZY 20%28 X, AR 5T 1 5w 1 M ity
e S5 7] J S P B AR ASAEAE S XN o

i — L SR 2P 5 INAIGE R Lm,
K IG Y L DARe Lm 36 R S5 AR 1 J b
I ZZ il 1T Lm iR 5% . BERT T
ELISA  fos&bric; Wnl Tl remisk, XI5
SRR i o BT TR A DR e ) e A AL RO,
2, ABEGER Lm P R AR SR AR
[T B T A

2 % X w
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