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Abstract

AIM: Cytotoxin-associated protein (antigen) A (CagA)
plays an important role in Helicobacter pylori (H pylori)
pathogenesis. Our aim was to obtain cag4 mutant strains
by a new mutation method so as to better understand
the mechanism of CagA in epithelial cells.

METHODS: In contrast with the traditional method
using suicide plasmid, we constructed cagA~ mutant
strains directly with PCR products. The constructed mutant
clones grew on selective media and allelic exchange was
confirmed by Southern blot. Furthermore, two different
transformation methods, electroporation, and natural
transformation, were compared with regard to the
efficiency of recombination.

RESULTS: The mutation by PCR products could be
completed within 3-5 d, and the recombination rate by
electroporation and natural transformation was 4.02x108
and 1.03x 10 respectively. Mutation rate by electroporation
(4.02x10®) was far higher than by natural transformation
(1.03x10%) (P = 0.000<0.005).

CONCLUSION: cagA- mutant strains have been constructed,
which is important for further study on the function of
CagA in epithelial cells. A mutation method by directly
using PCR products has been proved successful with a
much higher mutation rate, and is easier, especially when
in combination with electroporation. This method could
be widely used in gene deletion of H pylori.
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INTRODUCTION

Helicobacter pylori (H pylori), a Gram-negative bacterial
pathogen, is highly successful in that it has colonized the
human stomach in at least half of the world population.
Epidemiological studies suggest that H pylori have close
relationship with chronic gastritis, peptic ulcer, gastric
cancer, and gastric mucosa-associated lymphoid tissue
lymphomas and some of them have been confirmed by
animal experiments. H pylori strains are divided into two
categories, type I and type 1P, Clinical isolates of H pylori
from gastric diseases indicate that the pathogenesis of types
T and I strains is different®. Compared with type II strains,
type I strains are more closely associated with duodenitis,
duodenal ulcers, and gastric cancet™. Type I strains express
CagA protein which is encoded by a gene located in the cag
pathogenicity island (cag PAI). The cag PAI is a 40-kb DNA
segment which encodes for type IV secretion apparatus for
delivering virulent proteinst™. In contrast, type II strains lack
the entire cag PAI and do not possess the CagA and have
no cytotoxin 7 vitro"”. It is cleatr that CagA is transferred
into gastric epithelial cells through type IV secretion system
and phosphorylated by src family protein tyrosine kinases
of host cells. Then, the phosphorylated CagA may lead to
cell skeleton rearrangement and hummingbird phenotype
of epithelial cells!"*". Recent studies have shown that the
main difference of CagA of clinical isolates between
different gastric diseases is the amount of EPIYA motif
that can be phosphorylated at C-terminals of CagAl'®'",
Other researches showed that the sequences near the
EPIYA motif also had important functions, which might
affect the function of the EPIYA motif!''¥, Moreover,
some research found that EPIYA motif of CagA had its
own functions".

However, the function of CagA is very complicated
and the roles of CagA in host cells are still unclear. To
better understand the mechanisms involved in the induction
of host cell responses to CagA and the signal transduction,
it is important to construct czg4 mutated strains in an easier
way. Here, we report a simple mutation method by PCR
products to directly construct czg4 knockout strains with a
high recombination rate.

MATERIALS AND METHODS

Bacterial strains

H pylori 26695 was grown on Columbia agar plates, which
contain sheep blood (5%) supplemented with vancomycin
(10 pg/ml), nystatin (1 plg/ml), and trimethoprim (5 pg/mL)
for 2 d at 37 ‘C in an anaerobic jar consisting of 5% O,
100 mL/L CO,, and 85% N,. Chloramphenicol (20 pg/mL.)
was added for the mutated strains selection.
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Polymerase chain reaction (PCR)

The method of one-step deletion of H pylori gene was as
described previoudly with dight modifications®!. Briefly, the
strategy for constructing fragments with chloramphenicol
resistance gene and gene allelic replacement by PCR is shown
in Figure 1. H pylori genomic DNA was extracted by using
BioDev genomic DNA extraction kits (BioDev, China) as
per the manufacturer’s instructions. By use of primers
designated as C1 and C2, chloramphenicol resistance gene
was amplified from plasmid pBSC103, which contained
chloramphenicol resistance gene cassette (Cm"). Two pairs
of primers specific for cag4 gene were designed, P1-P2
and P3-P4, which amplified the up- and downstream regions
of cagA gene respectively. Primers P2 and P3 were designed
with leaders at 5” ends which were complemented with C1
and C2, respectively. In addition, primers B1 and B2 were
designed to detect whether czg4 had been deleted. A pair
of primers of cagl: gene, E1 and E2, was selected as positive
control. All the primers are shown in Table 1.

cagA gene of 26 695

— -— o~ o
P1 P2 Bl B2 p3 P4
PCR PBSCI03Cm"  pep
c1 pCRl c2
P1 PCRl P4
P1-2 C1-2 P3-4

Figure 1 Strategy for constructing fragments with chloramphenicol resistance
gene and gene allelic replacement by PCR. Primers P1-P2, P3-P4 and C1-C2
were amplified and each PCR products were purified. Each three PCR products
were mixed and amplified by primer P1 and P4. Then, the PCR product P1-4
was acquired containing three fragments.

Table 1 Primers for amplifying Cm" and up- and downstream regions
of cagA

Primer Sequence (5'-3") Expected product size

C1 GAT ATA GAT TGA AAA GTG GAT™! 742

2 TTA TCA GTGCGA CAA ACT GGG™!

P1 GCCACTACTACCACCGACAT 364

P2 ATCCACTITTCA ATCTATATCTATGACT
AAGCCACTGCCGT

P3 CCCAGTTIGTCGCACTGATAATCAAATA 484
CACCAACGCCT

P4 GCATCCCTATTAGCCTCTT

B1 ATT AGA CAACTTGAGCGAG 276

B2 ACAAACATCACGCCATC

E1l ATG CGA GCCTAT AATGAGAAGC 841

E2 GAA GCGTGATAA AAGAGCAATGTIT

Lineated sequences are complementary to C1 and C2. E1, E2 are positive controls
for cagE gene.

Each PCR product was purified by DNA purification
system (Promega, USA). Templates mixture containing 1 pg
each of three purified PCR products (P1-2, P3-4, C1-2)

were then amplified using primers P1 and P4 in a single
reaction to generate the linear product with Cm". The hot-
start PCR conditions are as follows: the templates mixture
were amplified five cycles without primers P1 and P4, at
94 °C for 1 min, 45 C for 1 min, and 72 ‘C for 5 min,
followed by 40 cycles with primers P1 and P4, at 94 C for
455,40 C for 1 min, and 72 ‘C for 3 min. Then, the PCR
products were extracted by Qiagen gel extraction kits (Qiagen,
Germany).

H pylori DNA transformation by electroporation and natural
transformation

H pylori were harvested after 2 d” cultivation and washed
thrice by deionized water with 12% glycerol. They were
then suspended in 0.1 mL deionized water with 12%
glycerol and 0.5 pg PCR product was added and mixed
well. To calculate the transformation rate, 9.7X10° H pylori
were used. For electroporation, the mixture was added into
electroporation cuvette (Equibio, USA) and after that
subjected to two-pulse electroporation and scraped onto
Columbia agar plates. The condition is as follows: first pulse:
2500 V, 25 pF, delay 10 s; second pulse: 120 V, 150 pF.
For natural transformation, the mixture was spotted onto
Columbia agar plates directly. After incubated for 24 h,
cells were scraped onto selective Columbia agar plates
containing 20 pg/ml. chloramphenicol and incubated for
3-5d.

Southern blot

The transformants were harvested from selective Columbia
agar plates and genomic DNA was extracted. In order to
confirm that the correct chromosome rearrangement
occurred, transformants were initially screened by diagnostic
PCR using primers B1 and B2. To prepare the blot probes,
the PCR products of C1-2 were purified and labeled using
DIG DNA labeling and detection kits (Roche, Germany).
The genomic DNA of transformants was digested by EwRI
for 4 h. The protocol of Southern blot was performed
following instructions of DIG DNA labeling and detection
kits.

Statistical analysis
¥? test was used to calculate the difference of two mutation
methods. P<0.05 was taken as significant.

RESULTS

PCR products with chloramphenicol resistance gene

PCR products C1-2, P1-2, P3-4 and the mixture products
P1-4 are shown in Figure 2. The 1.6-kb PCR products
suggested that the three parts of PCR products C1-2, P1-
2, P3-4 were linked by primers P1 and P4.

Construction and identification of transformants

H pylori transformed by the 1.6-kb PCR products P1-4 were
cultivated on selective Columbia agar plates. After 3-5 d,
single clones were isolated. In comparison between the two
different mutation methods, 39 clones were isolated by
electroporation and one clone was isolated by natural
transformation from 9.7X10° bactetia. The mutation rates by
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Figure 2 PCR amplification for constructing fragments with chloramphenicol
resistance gene and gene allelic replacements. The length of cagA/P1-4, a 1.7-kb
fragment, is equal to the sum of the length of cagA/P1-2, cagA/P3-4, and cam.
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Figure 3 A: Result of PCR amplified for diagnosing homologous recombination
strains of cagA gene. Lanes 1-12 are 12 clones selected from chloramphenicol-
resistant plates. Control is 26695 wild type. Twelve clones were all negative for
diagnostic primers B1-2 while control is positive, suggesting that the flanking region
of cagA gene of all the selected clones was deleted; B: Result of PCR amplified for
positive control of homologous recombination strains of cagE gene. Lanes 1-12 are
12 clones selected from chloramphenicol-resistant plates. Control is 26695 wild
type. Twelve clones were all positive of cagE gene; C: Result of Southern blot for
diagnosing homologous recombination strains of cagA gene. Lanes 1-12 are 12
clones selected from chloramphenicol-resistant plates. Control is 26695 wild
type. All the 12 clones except 3, 5, and 9 were positive hybridization with
probes of chloramphenicol-resistant gene while control was negative.

electroporation and natural transformation were 4.02X10°®
and 1.03x107, respectively (x> test: P = 0.000<0.005). All
clones (26695 /\cagA) were diagnosed by primers B1, B2
and E1, E2 as positive control (Figures 3A and B). The
results suggested that the flanking region of cagA gene, we
designed to delete in all the clones, had been replaced.
Southern blot using probes labeled with chloramphenicol
resistance gene further confirmed that the chloramphenicol
resistance gene had only one copy in the genomic DNA of
H pylori except clones 3, 5, and 9 (Figure 3C). Consequently,
the allelic exchange occurred only in the czg4 gene just as
we designed in all clones except clones 3, 5, and 9.

DISCUSSION

The correlation between the expression of CagA and H pylori
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Figure 4 Mechanism of allelic fragments recombination used by suicide
plasmid. The recombination consists of two steps. In the first step, suicide
plasmid with PCR products to be exchanged recombined with one allelic

fragment and formed a loop. Then, the suicide plasmid recombined with another
allelic fragment.

virulence was described long time ago. Early studies
found that a 145-ku host protein was phosphorylated in
epithelial cells after being infected by H pylor#*. Recent
investigations demonstrated that the phosphorylated 145-ku
protein was CagA which was delivered by type IV secretion
system™?, Then, the phosphorylated CagA, binding with
SHP-2, led to rearrangements of the actin cytoskeleton
and hummingbird phenotype?9. The further consequence
of phosphorylated CagA is tyrosine dephosphorylation of
several cell proteins of 120 and 85 ku®**), However,
the precise function of this protein is still not understood
well. To study the mechanism of CagA, we constructed
CagA mutant strains.

Because H pylori has higher mutation ratio than other
bacteria, it is suitable to use PCR products as the allelic
fragments to disrupt genes. The normal method for gene
mutation is by suicide plasmid?” or PCR products with
plasmid expressing recombinase™. Compated with these
techniques, our method was much more simple and efficient.
Suicide plasmid has potential disadvantage in that it may
have many false clones without mutation. The mechanism
is as shown in Figure 4. The suicide plasmid with PCR
products to be exchanged firstly recombines with one allelic
fragment and then recombines with another allelic fragment.
If the second recombination does not occut, it would form
a loop without flanking regions deletion. Thus, some
investigations disrupting genes with suicide plasmid normally
use two screening markers to confirm the flanking regions
deletion. Another method, by recombination of PCR
products with plasmid expressing recombinase, requites the
phage A Red recombinase, which is synthesized under the
control of an inducible promoter of an easily curable, low
copy number plasmid. In this way, allelic fragments of PCR
products ate very short, less than 50 bp. However, phage A
Red recombinase may lead to other unwanted recombination
of events which can hardly be under control. Moreover,
phage A Red recombinase system is mainly used in E.co/.
Its application in other bacteria still needs to be proved.
Allelic exchange directly by PCR products has no such
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problems because it is linear DNA and cannot form the
loop. In our study, we successfully deleted v7rB4, virB10,
virB11, and cag PAI (data not shown). To confirm whether
the flanking regions were replaced, the detective PCR was
used and results proved that the flanking fragment we wanted
to replace by resistant gene was disrupted. On the other
hand, PCR for detecting chloramphenicol resistance gene
indicated that all the mutated strains contained the resistant
gene except the control. In addition, Southern blot using
probes for resistant gene further confirmed that no other
gene replacement occurred except in our designed region.
However, the results of Southern blot suggested that gene
replacement of clones 3, 5, and 9 did not happen in our
designed region. This could suggest that unwanted
replacement also occurred.

Disrupting H pylori chromosome gene by PCR products
was firstly desctibed by Chalker e a/*”. However, details
were improved by which electroporation was used in this
study. Normally, bacteria can take up free DNA directly
from their environment. This process is called transformation.
However, natural transformation rate is far lower. One
factor that affects the efficiency of transformation rate is
the size of DNA to be transformed. Natural transformation
is more sensitive to the size of DNA. Compared with
natural transformation, electroporation can increase the
transformation rate by high electric shock opening the cell
membrane, through which DNA can move into cells. During
this process, the size of DNA has minor effects on its
movement. Moreover, another advantage of electroporation
is that it can transform not only the linear DNA such as
PCR products, but also circular plasmids or phage DNA.
Natural transformation cannot transform circular DNA
efficiently because natural transformation requires breakage
of the double-stranded DNA and degradation of one of
the two strands so that a linear single strand can enter the
cells. So, natural transformation is more suitable for up-
taking PCR products which are linear. Our data indicated
that, in H pylori, at least in 26695, the efficiency of
transformation rate of electroporation was 4.02X10,
far higher than natural transformation, 1.03x10? (y* test:
P = 0.000<0.005).

In conclusion, we have successfully constructed the
260695 cagA strain which is very important for investigation
of mechanism of CagA. Moreover, we have developed a
new mutation method which can be wildly used in gene
mutation of H pylori.

REFERENCES

1 Covacci A, Telford JL, Del Giudice G, Parsonnet J, Rappuoli R.
Helicobacter pylori virulence and genetic geography. Science 1999;
284: 1328-1333

2 Marchetti M, Arico B, Burroni D, Figura N, Rappuoli R,
Ghiara P. Development of a mouse model of Helicobacter py-
lori infection that mimics human disease. Science 1995; 267:
1655-1658

3 Rossi G, Fortuna D, Pancotto L, Renzoni G, Taccini E, Ghiara
P, Rappuoli R, Del Giudice G. Immunohistochemical study
of lymphocyte populations infiltrating the gastric mucosa of
beagle dogs experimentally infected with Helicobacter pylori.
Infect Immun 2000; 68: 4769-4772

4 Euler AR, Zurenko GE, Moe JB, Ulrich RG, Yagi Y. Evalua-
tion of two monkey species (Macaca mulatta and Macaca

10

11

12

13

14

15

16

17

18

19

20

21

fascicularis) as possible models for human Helicobacter pylori
disease. | Clin Microbiol 1990; 28: 2285-2290

Censini S, Lange C, Xiang Z, Crabtree JE, Ghiara P,
Borodovsky M, Rappuoli R, Covacci A. cag, a pathogenicity
island of Helicobacter pylori, encodes type I-specific and dis-
ease-associated virulence factors. Proc Natl Acad Sci USA
1996; 93: 14648-14653

Xiang Z, Censini S, Bayeli PF, Telford JL, Figura N, Rappuoli
R, Covacci A. Analysis of expression of CagA and VacA
virulence factors in 43 strains of Helicobacter pylori reveals that
clinical isolates can be divided into two major types and that
CagA is not necessary for expression of the vacuolating
cytotoxin. Infect Immun 1995; 63: 94-98

Covacci A, Censini S, Bugnoli M, Petracca R, Burroni D, Macchia
G, Massone A, Papini E, Xiang Z, Figura N. Molecular charac-
terization of the 128-kDa immunodominant antigen of
Helicobacter pylori associated with cytotoxicity and duode-
nal ulcer. Proc Natl Acad Sci USA 1993; 90: 5791-5795
Segal ED, Cha ], Lo ], Falkow S, Tompkins LS. Altered states:
involvement of phosphorylated CagA in the induction of host
cellular growth changes by Helicobacter pylori. Proc Natl Acad
Sci USA 1999; 96: 14559-14564

Censini S, Stein M, Covacci A. Cellular responses induced
after contact with Helicobacter pylori. Curr Opin Microbiol 2001;
4: 41-46

Stein M, Rappuoli R, Covacci A. Tyrosine phosphoryla-
tion of the Helicobacter pylori CagA antigen after cag-driven
host cell translocation. Proc Natl Acad Sci USA 2000; 97:
1263-1268

Backert S, Moese S, Selbach M, Brinkmann V, Meyer TF.
Phosphorylation of tyrosine 972 of the Helicobacter pylori CagA
protein is essential for induction of a scattering phenotype in
gastric epithelial cells. Mol Microbiol 2001; 42: 631-644
Selbach M, Moese S, Hurwitz R, Hauck CR, Meyer TF, Backert
S. The Helicobacter pylori CagA protein induces cortactin de-
phosphorylation and actin rearrangement by c-Src inactivation.
EMBO ] 2003; 22: 515-528

Tsutsumi R, Higashi H, Higuchi M, Okada M, Hatakeyama
M. Attenuation of Helicobacter pylori CagA x SHP-2 signaling
by interaction between CagA and C-terminal Src kinase. | Biol
Chem 2003; 278: 3664-3670

Stein M, Bagnoli F, Halenbeck R, Rappuoli R, Fantl W],
Covacci A. c-Src/Lyn kinases activate Helicobacter pylori CagA
through tyrosine phosphorylation of the EPIYA motifs. Mol
Microbiol 2002; 43: 971-980

Selbach M, Moese S, Hauck CR, Meyer TF, Backert S. Src is
the kinase of the Helicobacter pylori CagA protein in vitro and
in vivo. | Biol Chem 2002; 277: 6775-6778

Yamaoka Y, Kodama T, Kashima K, Graham DY, Sepulveda
AR. Variants of the 3" region of the cagA gene in Helicobacter
pylori isolates from patients with different H pylori-associ-
ated diseases. | Clin Microbiol 1998; 36: 2258-2263

Higashi H, Tsutsumi R, Fujita A, Yamazaki S, Asaka M,
Azuma T, Hatakeyama M. Biological activity of the Helicobacter
pylori virulence factor CagA is determined by variation in the
tyrosine phosphorylation sites. Proc Natl Acad Sci USA 2002;
99: 14428-14433

Asahi M, Tanaka Y, Izumi T, Ito Y, Naiki H, Kersulyte D,
Tsujikawa K, Saito M, Sada K, Yanagi S, Fujikawa A, Noda
M, Itokawa Y. Helicobacter pylori CagA containing ITAM-like
sequences localized to lipid rafts negatively regulates VacA-
induced signaling in vivo. Helicobacter 2003; 8: 1-14

Mimuro H, Suzuki T, Tanaka J, Asahi M, Haas R, Sasakawa
C. Grb2 is a key mediator of helicobacter pylori CagA protein
activities. Mol Cell 2002; 10: 745-755

Chalker AF, Minehart HW, Hughes NJ, Koretke KK, Lonetto
MA, Brinkman KK, Warren PV, Lupas A, Stanhope M],
Brown JR, Hoffman PS. Systematic identification of selective
essential genes in Helicobacter pylori by genome prioritization
and allelic replacement mutagenesis. | Bacteriol 2001; 183:
1259-1268

Telford JL, Covacci A, Rappuoli R, Chiara P. Immunobiology



Zeng X et al. Gene deletion of H pylori by PCR products

3259

22

23

24

25

of Helicobacter pylori infection. Curr Opin Immunol 1997; 9:
498-503

Segal ED, Lange C, Covacci A, Tompkins LS, Falkow S.
Induction of host signal transduction pathways by Helicobacter
pylori. Proc Natl Acad Sci USA 1997; 94: 7595-7599
Odenbreit S, Puls J, Sedlmaier B, Gerland E, Fischer W,
Haas R. Translocation of Helicobacter pylori CagA into gas-
tric epithelial cells by type IV secretion. Science 2000; 287:
1497-1500

Selbach M, Moese S, Meyer TF, Backert S. Functional analy-
sis of the Helicobacter pylori cag pathogenicity island reveals
both VirD4-CagA-dependent and VirD4-CagA-independent
mechanisms. Infect Immun 2002; 70: 665-671

Higashi H, Tsutsumi R, Muto S, Sugiyama T, Azuma T,
Asaka M, Hatakeyama M. SHP-2 tyrosine phosphatase as an

26

27

28

29

intracellular target of Helicobacter pylori CagA protein. Science
2002; 295: 683-686

Tsutsumi R, Higashi H, Higuchi M, Okada M, Hatakeyama
M. Attenuation of Helicobacter pylori CagA x SHP-2 signaling
by interaction between CagA and C-terminal Src kinase. | Biol
Chem 2003; 278: 3664-3670

Selbach M, Moese S, Backert S, Jungblut PR, Meyer TF. The
Helicobacter pylori CagA protein induces tyrosine dephospho-
rylation of ezrin. Proteomics 2004; 4: 2961-2968

Puls J, Fischer W, Haas R. Activation of Helicobacter pylori
CagA by tyrosine phosphorylation is essential for dephos-
phorylation of host cell proteins in gastric epithelial cells. Mol
Microbiol 2002; 43: 961-969

Datsenko KA, Wanner BL. One-step inactivation of chromo-
somal genes in Escherichia coli K-12 using PCR products.
Proc Natl Acad Sci USA 2000; 97: 6640-6645

Science Editor Zhu LH and Guo SY Language Editor Elsevier HK



