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[ Abstract] Objective: To construct a knockout mutant strain of helicobacter pylori ( Hp) virulence
protein cagA by gene targeting and identify it. Methods; Gene targeting technology was used to
amplify the cagA gene’s upstream and downstream homologous recombination arm sequences from the
Hp1004 genome, and the chloramphenicol ( Cm) sequence was amplified from the pACYC184
plasmid. The cagA gene knockout target fragment was obtained by fusion PCR technology and cloning.
The vector pUCmT was inserted to obtain the target vector pUCmT-AcagA ; : Cm; and then the pUCmT-
AcagA ;. Cm plasmid was directly transferred into Hp1004 by electroporation. The chloramphenicol-
resistant plate was screened for the cagA gene knockout strain and named Hp/AcagA: :Cm; PCR was
used to identify it, Hp/AcagA:: Cm and infection of Hp/cagA original generation of gastric cancer
cells were used to detect the expression of intracellular cagA and effect on the cell morphology.
Results: Fusion PCR was used to construct the target fragment with a length of 1 794 bp. After the
target vector was transformed into Hp and screened, Hp/AcagA::Cm and wild-type Hp/cagA were
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amplified by the cagA lateral primer PCR, the product lengths were 2 150 bp and 5 014 bp
respectively. After Hp/AcagA:: Cm and Hp/cagA infected cells respectively, cell deaths were more
than Hp infection/A cagA:: Cm mutant strains, and the difference was statistically significant
( compared with WZKHp/cagA, YHDHp/cagA group P <0.01; compared with HZMHp/cagA group P
<0.05) ; The expression level of cagA protein in wild-type Hp/cagA strain and its infected cells was
significantly lower than that of Hp/AcagA : : Cm mutant strain and its infected cells, and the difference
was statistically significant. (P < 0. 01 compared with each Hp/AcagA:: Cm infection group ).
Conclusion; The Hp/AcagA::Cm mutant is successfully constructed and verified in infected cells,
indicating that the cagA protein has a certain toxic effect on the cells.
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EERATI A ORNE R , ABK B 00 ko R e
IR Y2 6 o FET- SR 5S 5 A T I, B R &
I RIFE T 2 43 00 o 4 BB R B 25 4 AL RS 2
B R R R R R A Ty i, A
T F st A% 5 BT R 3R R0 A T TSR AT 19 ( Helicobacter
pylori, Hp) &Y' Hp Jt-— PR RAR FE 24 B P
T A, EE TR NI B /IR R 2y R E %
THAEY D B R R E 2 N . Hp B9 & BUIE 1
NN PR IR | A RE TS i =2 R) ¢ & I,
1994 4E {5 T A 20 804 Hp % 1 28 80m K
T AR A B Hp (R B s
R B, SRR B g £ 5B RS, Hp
cagA T ) RIB 2 FECHLEYL 5 AN A R &S JR i Al
BEJFIR . 40 H 2 AR SESE I A 2 5 (cytotoxin
associated gene A, cagA ) &/ Hp cagA BUK 5 4mtS
f5—F 120 ~ 145 kDa (R [ 38 IV 04000 5
4i (type IV secretion system, TFSS) ¥ A B I 7 ZH
M, 25 B KA & e, i B AP RT ME— 3 Hp
TEAE b B2 AT REAC S0 M N 2 3 R FE AR Y
“JEEE " (oncoprotein ) , {HILEUREALE] IE A 7 421
2700, JEDIHTHE (gene targeting) J 20 4 80 4F
PR A (1) — I 2L 1Y) 3 T A WA R 2R T
SRSy ok S DNA J3 31 S AR 20 i ), 3l
it AN DNA J7 41 5 80 246 i py 4 (244 L[] DNA
Fe A Al B ZH 4 SRR DNA SE f 85 A 4 it 55
PRI b et i 7 A, BN i — T i o OS2
SUEAT 58 USRS, DT RS A0 i 5t A% R M 1
PO ERTE N AT R R TR A i A
BB AR IF AR R A5 0 5 IhRE SRk S
AR, WFFT AN A A= T A SO R 4R AL ] 35t % e ) L A
WBITAEZ T, Rk — D BIH cagA 78 Hp BUH
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1.1.1 #F pACYCI84 Jirki,pUCHT {4 K 4
B DNA $EBGORG & ( FifEA LAY A ), IR
FFTE HP1004 K 5 9 I A2 B ( 5N BB K22 0 F
AWy R AR o

1.2 FZG s XSt (€ E HyClone 23
A]) , R BY RPMI - 1640 557 LA 4 13 (3E
Gibco N7l , 5% & ( chloramphenicol , Cm, /7 [H
Beyotime 24 ]) , AHE HOT I B AR 55 % 56 (9% 5] Ox-
oid /A ] ) ,Taq DNA R4 EFAT T4 DNA ligase ( H A
TAKARA 7\ 7] ), anti-cagAantibody F1 anti-GAP-
DHantibody ( 32 [# CST /A ] ) ; B 54464 Electropora-
tor 2510 (H1[E Eppendorf) , 4 sk & G & 53
A (P BHERAERHL A H]) s PrimerS. 0 3375
WE T BT, WER L,

L2 Jrik

1.2.1  cagA BEPARY b VR IFFIIREAE Y &
TR E PCR i)\ Hp JEHH 41 cagA FEP ) |
TR IR E LR, RNAR R S0 wL[ Hp BE R4
DNA 0.5 uL.10 x pfu buffer 5 pL,dNTP (2.5 x
1072 mol/L) 0.5 wlL.cagA-5F/3F J cagA-5R/3R
(5%x10° mol/L) 4% 0.5 pL,pfu DNA polymerase (5
x107° U/L) 0.5 pL,DMSO(5% ) 2.5 pl,ddH,0
N RARFL] s B A Bl £ 2 5 W ( polymerase chain re-
action, PCR) ¥ 274 95 °C .5 min,95 °C .30 s,
60 °C 30 5,72 C .60 s,5 MEER,72 C ZE{H 7 min,
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Tab.1 Primer sequence
m
20| EIE7 2 IS5 -3") e
K/Vbp
b, MRV EAES Y F cagA-S5F CATGTGCATTCCCTAAAGTGGAATTTC 245
cagA-3F TGTTTCTCCTTACTAACCTAATTTGGTATCAAAG
b, IR FREAHES Y R cagA-5R AGGATCGAGGAATATTAGAAGCACCC 509
cagA-3R GCGTTTCCTTTCAAATTGAAATAACGGT
RPN Y 151 cagA-Cm-F GGGTGCTTCTAATATTCCTCGATCCTTTACGCCCCGCCCTGCCACTC 660
cagA-Cm-R CTTTGATACCAAATTAGGTTAGTAAGGAGAAACAATGGAGAAAAAAA
TCACTGGATATACCACCGTTGATATATCCC
AMIEEE S ) cagA-outF CTGAAGTGGTTATTTTAGGTTGCACGC 5014
cagA-outR TAGTCTCAGTAACGCCTGTTGCAG
AmBEH LB NI CmSeqF GACGGTGAGCTGGTGATATGGGATAGTG 2 150

54 CmSeqR

CACTATCCCATATCACCAGCTCACCGTC

1.2.2 Cm [UFRHEFH Y1 M pACYC184 Ji
LY Cm Y RIBHEF A, Cm HUPEIER 11
AR Z K 50 pL:pACYC184 [fiki DNA 0.5 plL,
10 x pfu buffer 5 plL, dNTP (2.5 x 10> mol/L)
0.5 pL, cagA-Cm-F FI cagA-Cm-R (5 x 10~ mol/
L)# 0.5 ulL,pfu DNA polymerase (5 x 10 ~° U/L)
0.5 wL,ddH,0 %k 2 ; PCR JEHFLFR T EE 1. 2.1,
1.2.3 @iy PCRAGEFTH B cagAd B |
TUEFEEE A 2 it 5 Cm Hrik iR p 914
Sy EE, lEL PCR HIEMA AR 2K M TH R
Bto RNEMAZR 100 wL: | FiiF[AJEE 4 PCR
P Cm HIVEHE A PCR 74 5% DMSO £ 5 L,
10 x pfu buffer 10 L . dNTP(2.5 x 10 > mol/L) .ca-
gA-5F | cagA-3R (5 x 10 ° mol/L) % pfu DNA poly-
merase (5 x 10 7° U/L) %& 1 ulL,dH,0 % ; PCR 7§
WP [F 5 1. 2. 1, E 50k 25 IR,

1.2.4 FTHLEA (pUCmT-AcagA : : Cm) G
TEATHE iy Bt PCR Py rh 42 Taq DNA S5
(5%x10°° U/L),F 72 °C ) 30 min HL 3k 4 i
a5 5985 5 50 mg/L pUCHT A AT i 42 [
N, WA ZR 10 wL; pUCMT (5 x 107 ng/L) 2 pl,
T4 BZ (5 x 10" ng/L) 6 wl,10 x T4 buffer 1 wL.,
T4 DNA ligase (5 x 10™° U/L) 1 pL;16 C JZ )i
1.2.5 JTHEARMBEL B4 mL B IKE 57
(A RPN 10% BG4 1035 ) #) Hp 4336 T2 mL ¢
B Ep & ,4 °C .6 000 r/min B.[> 5 min l&%[ﬂ
A SRR TC R 2 B K B R AT e %, 4

6 000 r/minZ.0> 5 min YA F A, 4 Hﬁ/ﬁii{ﬁ%
B UG 100 pL JCH 10% HimR 2 B E iR,

BL40 pL A2 EHIA R 0.5 mL JCE Ep & Ep AT
FATEHREEAL AN, B 500 ng FilvA (94T ¥ ORIMA
40 WL ek i 25 00 F e A i, 4 °C UL 2 min, 7%
A 2 mm Eppendorf B 4% AR , A L% L
1%,2 500 V HLE T T4 A Hp $55% 1 mL
BIF R 50 mL TG AR B, AR A
B S mL,2.5 L JREREPN 37 °C 100 t/min 72

TR
1.2.6  cagh SPGB bR Hp/AcagA: : Cm {07

Ve WIBCS00 L FTHEA A L B AL IS A A0 TR B TR IR
A 5 mL BAER IR (& Cm 2 x 1077 pg/L) , F
FORFRE IR R ARSI IR 3 ~ 4 A, H R B SR IRE
e 5 TR B V2 et 5% % VR ) e 22 A ] A 8% 57 5 ( Kar-
mali K5 F53E, I 109% BT 45 43 2 1R 2 x 10 72 pg/
L Cm) , Tl AR AAURE N B 5% 2 v BT T

1.2.7  cagA B FE R Hp/ AcagA ; . Cm f) PCR
YoE BEPLPkERT T BAYEERE, 434 3 mL A [
W (5 10% Jin 4= 1L ) , PRAAHE S5 17 T 37 °C

100 v/ mindf 57 2 TR (4 B 1 V48 i, B0 i R AT
PCR 434 ; F cagA SMUS I HE I, 41 cagA B
ARG, PCR YIS 5 014 bp; T 4T #E A4
A S, 7 Wy A B W) 46 B 2 150 bp s AR
% 50 wL:FE K40 DNA 0.5 ul, 10 x TagPlus buffer
5 pL,dNTP(2.5 x 10 > mol/L) 0.5 pL, cagA-outF
J cagA-outR(5 x 10 ™° mol/L) £ 0.5 nl,5% DM-
SO 2.5 pL,Taq Plus DNA polymerase (5 x 10~ U/
L) 0.5 uL % ddH,0 #b A2 s PCR 76 SR I7) 07 1%
L2, 1A 35 UK, 1% 35 IR A 58 i v, Uk A 1)

LR
1.2.8 X B i d% % M Hp/AcagA: . Cm Hp/
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cag A SR JFAC I AN 5 1.0 x 10°/FL 40 g %k
T DMEM 5841 55 56 (10% FBS)6 fLik
H1,37 CHJ 5% CO, JEF A B I% , UL AT Hs 6
UM H e 5 TG WL PiE 7% Gibeo Il 35 15 7% %% Hp/
AcagA: :Cm F1 Hp/cagA™ 3% 3 d, &Y & ¥ ( muti-
plicity of infection, MOI) 30 : 11 k451 43 5 JB& 4L IR
A JE A M, 24 h 5 {58 9O RO WL S 41
TEA, I A 45 A A i, i ek F 5ot 14
1.2.9 Western blot £l J5i At & FE 4L A cagA £7
TE $%AE IO G T 40 M 4 2 R I, 4%
BCA 5 H & &k 0 12050 & 217 3 3 € &, 10%
PAGE 4rg 8 H, DR AT 20 wl, MUk, W 4%
PVDF Ji&,5% JiRg4- W53t i4,4 CHFE cagA —Hi
(1:1.000/4 000) 3%, —Hi(1:10 000) % 55 FH
2 h, TBST #5333 Ik, #& Ak~ KOG IR Wil & 1y
JE, RO CEER AR RGBT 5 S b o
L3 gitaabr

fdi ] SPSS 17. 0 #4748 112 73 BT , Graph-
pad Prism 7. 0 3422 [&], 21 [a] LA (o FH Ak 7 AR A 1
i, DL P <0.05 h2EmAgiitsm L,

2 #R

2.1 @iy PCRAEEATHE T B E

cagA JE b R IFRIEEREAE £ Cm 4t
PEILIH P A R > H &, nldad PCR B, 3R
R B RN 1794 bp, WK 1.

1 M

5000 bp
3,000 bp

2000 bp
1 500 bp

1794 bp

1 000 bp
800 bp
400 bp

200 bp

100 bp

T 1 OATH R BE, MO ARIE T 52 I (DNA Maker) .
1 dr# kB s PCREXR
Fig.1 Target fragment fusion PCR map
2.2  Hp/AcagA: .Cm 75k PCR %K 5E
PCR P34 5 E LR /R, Hp/ AcagA « : Cm FHTE
SEREY I )0 2 150 bp, BFAE R Hp/cagA RIARY
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S92 5 014 bp, LW KA Hp/ AcagA: : Cm
m SRR R, DLIAL 2

o 5 000 bp
4000 bp

"l 3 000 bp
" > 000 bp

1 000 bp
750 bp

1 HEFE Hp/cagh TKE 2 9 Hp/AcagA; : Cm
AR, M Ol DNA 73 F#ArifE
K2 Hp/AcagA..Cm Rk PCR L& 4 %
Fig.2  Hp/AcagA:: Cm mutant PCR
identification map

2.3 Hp/AcagA: :Cm 1 Hp/cagA JEHL 1 J5UAR B
YIRS

Hp/ AcagA: :Cm H Hp/cagA 73 3] i& s 3 ¥k H
ARG, 24 h )5 2GR T WL EE 4
TEASUUE P WIR YL A= Y Hp/ cagA (15 AR 15 Js 20
L A B A 00 BT S ek el A [ A S K AR E
i A HLNE, 40 i 58 T 8 s £, s Hp/
AcagA': : Cm 7S Bk 1) 4 UL 5 28 /N, SE T 4
Mg, H2E R A L (P <0.05 3 P <
0.01), ILIA 3,
2.4 JFRH AN cagA HEH RIS

Western blot #5:il cagA 25 [ (43 F & 135 kDa)
FARNG O, 25 R R EF A= R Hp/ cagA TRR SIL IS
3 BRIGACHIL N cagA B RIBIKF4E Hp/ AcagA «
Cm G RATAME S HR G 3 4k IS A 41 i B S A1
ZrAGIFEX(P<0.01) , WA 4,

3 i

RBRL) 50% NIAFTE Hp JE&Ge , ZRURGL &
HITAIERE R, PR RN ZRIEE RERH
i cagA g HP JEY TR AR RN (Y B B A0
EHL W Hp TEAE LRI cagh KAEBERRIL,
BERRALIY cagA FI Ser [FRIX 2 455 G Ser [A] 5
DX AR R PTG 1, DA T 5| 2 938 A X Py BB S 5
T T A A T e 5 R 2 4™ H A A
B, 25 8RN EBGER  cagA AT 51 B
AN AR T AN T2 EL Y o I PR A Hh 1 Hp A0 4%
cagA FHPEFN cagA BT 2 FH2ETL; cagA [ Hp J&
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Hpl A cagA::Cm 8 :

Hplcagh W%

A IEHZM
B 250
200 -

150 4

EUA

100

R A YHL

FE: AN Hp/AcagA: : Cm Fl Hp/cagA J&Y 3 Bk B JEACANML, B S AN IECR 19 46 8] 15 WZKHp/ cagA,
YHDHp/ cagA 4 1135, P <0.01;® 5 HZMHp/ cagA 20 1145, P <0. 05,
B3 Hp/AcagA::Cm #1 Hp/cagA B4 40 o % A 2% (100 x )
Fig.3 Hp/AcagA:: Cm and Hp/cagA infected cell morphology changes (100 x )

YerH K H IR 5 T cagh BITEEZ . B
HWFFEINH cagA 5 Hp 5| RSB 1™ AR BEAH G
Hp/ cagA + BB PT 5 [ 5 7 55 (1) RORE N, A5 5
51 1 25 45 A IR AR 0 & AR, & Hp/ cagA-FR R 1Y)
2.0 ~28. 4 fF" I cagA T B 0 KA K R
R EHEREEEH ., AT EG TS Hp H ca-
gA BRI, T8 1 3 DT HE A [R] U B 4R
BEFIHEE T HpAcagA SE R AR R, S R GEHE ST
cagA JEH DRI T 444, th Ry iE—25 i B Hp 5
S AL 25 St

FEPIATH A 3 P D) RE A R, T
LT RESE , R R — S R 1 4
FEFATRE, )z 0 AR AR S B 2R T
A SEDRFTHE R R DR U 2 O B LA

v 5% B AL A i 0 A% A ) PP sl A7 A, S PR
TEMI A8 % 15 B AR 2 M A 2 A A 1 — i B AL
T AT R B B i A ) 5 AT L 5[] U
FA N AN R HE AL, X R AT 4y b
et A 0 A DRI GE A T cagA
BIEPFBR I H pylori ZEA8 4k AR B 53 FI
iR E PCR i\ Hp FEN AL L1 cagd BRI Y
bR AR B TFE 5 I pACYC184 Ok by 4
Cm FRIXMEFFH o il @l PCR FoARRAT cagh %
PR T BT 1 B (L 307 [R) U - S R It
PEHE DR — 1 U ) U)o G e A 2 A
pUCHT , RAFFTHE A pUCmT-AcagA : : Cm . SR J5
1L HUFAL K pUCMT-AcagA : - Cm FORLE 4G A
Hp JEPUER TR IR, T4 5 BOR B R 2 [
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GAPDH (el es P S e 3 ).

&gbxvg"@\vg&g&
gv%va O
SN AN NG

< R S S Q

S & 9 ®

N é\) o

By ~

- 135 kDa

cagA TR 138315 (%)

& ch' _d‘“

o& C“
S & *g&\ @05” Q&\ ORI

%?' ,G

w Q‘&

\
&
&EF g

1 : A 35 Western blot #5{ cagA 8 [ 550, B 4 cagA & R B E ;Y 5 HZMHp/ AcagA ; : Cm 21 HL#,P <0.01; 5
WZKHp/ AcagA : : Cm 2 HL3E, P <0.01;® 5 YHDHp/ AcagA : : Cm 41 H3%, P <0.01;Y 55 Hp/AcagA : :Cm 41035, P <0. 01,
W4 W KEREEEN cagh X FN

Fig.4 CagA expression in bacteria and infected cells

R A TR IR A, i S R UM T 15 20 A T
PEARIC R EE 4 04, Bl 5 R 58 22 B8R AN REFE Hp1004
TR N A RSN TT 2K

Kl 28 A8 Bk Hp/ AcagA « : Cm JE 75 I8AF- cagA F&
P, JE 85 a AIE cagA F& R i 2k 28 A0 k44 4
S e AWFTEX Hp/AcagA: . Cm R7Z
TR Pk A1 BT A B Hp/cagA T MR 1) 2 D 2H 3047 T
PCR %5E , 1] cagA SMM5 )4 Sy, B AR R AT LAY
BRI cagA KRR AR 4 i P 4 B K 2 5 014
bp, i cagA 2 T ALk cagA K& PRI T 4L 4K 5
e, 7P W 4 %k 2 150 bp, 73 AMARWTSE
Hp/AcagA ; : Cm 2377 BB R ALY A= B0 Hp/cagA TR
BRGS0, Western blot 526 3 g M BT
H: Y Hp/ cagA TEIR S H G A0 MO A ) cagA 21T,
1M Hp/ AcagA ; : Cm 572 FUTR R S I g% 4 i N )
ARERLH cagA HH, N7 H/KF FUESE T |
RSB 25 R, R W AR cagA ik 2k 5L Bk Hp/
AcagA: : Cm A EIN I o [R]IASBIEFE AL S BB B
AR Hp/ cagA 119 J5AX B i 200 0 4 26 1) 2 1% 240 i OB
SR, RS N RARIE (D5 ERIE S AN RLIE , 40

JUBET- 2 2, MEYY Hp/ AcagA : : Cm ZR7ZERE A4
iR O G A 3 N A 2 1 O G = A B 57 s 2 1 )

cagA # Hp FEAANMEIG XA A — e PEAE R o
25 LT ARSI R T Hp/ AcagA: : Cm
RASPR , HAE B2 M s D) S6E , HAIESE cagA R
X AR — R B EAE L, Stk — 2B 59T Hp vh
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