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Abstract Helicobacter pylori infection plays an important

role in the etiology of various gastroduodenal diseases.

However, pathogenic mechanism of H. pylori is not clear.

More potential pathogenic factors need to be further dis-

covered and studied. In this study, two vectors for gener-

ating double-crossover recombination gene knockout

plasmids in H. pylori were designed based on the backbone

of plasmid pLYL03. Genes on plasmid pLYL03 were

rearranged, and the redundant sequences were reduced.

Erythromycin-resistant gene on pLYL03 was replaced by

aphA or catGC to generate the kanamycin-resistant plas-

mid pSJHK or the chloramphenicol-resistant plasmid

pSJHC. The sizes of pSJHK and pSJHC are 4371 and 3949

bp, respectively. Based on plasmids pSJHK and pSJHC,

double-crossover recombination gene knockout plasmids

targeting hp0169 and hp0788 were constructed, and dele-

tion mutants were achieved by electroporation of the gene-

targeting plasmids. The results indicated that plasmids

pSJHK and pSJHC are efficient for gene deletion in H.

pylori, and the transformation efficiency of pSJHC is

slightly higher than pSJHK. These plasmids provide con-

venient genetic tools for further research of novel patho-

genic factors in H. pylori. Derivative plasmids developed

by changing antibiotic-resistant genes would also provide

valuable tools for the study of functional genes in other

bacteria.

Introduction

Helicobacter pylori is recognized as a pathogen that

chronically infects more than half of the world’s popula-

tion. H. pylori plays an important role in the development

of peptic ulcers, gastric adenocarcinoma, and gastric

mucosa-associated lymphoid tissue lymphoma (MAL-

Toma) [14, 17, 22]. However, only approximately 20 % of

infected individuals developed severe disease [20]. The

mechanism of different outcomes of an infection is not

clear. It is thought to involve an interplay between the

virulence of the infecting strain, host genetics, and envi-

ronmental factors [4, 23, 26].

Many virulence factors of H. pylori have been reported

to play important roles in pathogenesis, which are generally

classified into two categories. One category contains flag-

ellum [15], urease [13], and outer-membrane proteins

(oipA, sabA, sabB, babB, babC, and hopZ) [8, 21, 28],

which are thought to participate in the adhesion and colo-

nization (first step in pathogenesis). The other category

contains vacA [1], CagA [2, 3, 6], and peptidoglycan [10],

which directly take part in pathogenesis. The studies of

these pathogenic virulences enrich the understanding of the

H. pylori pathogenesis; however, the mechanism of dif-

ferent outcomes of an infection has not been solved.

Experiences on other bacterial pathogens studies suggest

that H. pylori-specific factors may exist and influence the

pathogenicity of H. pylori. Several novel pathogenic fac-

tors have been reported to be associated with increased

risks of special clinical outcome, involving duodenal ulcers
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and gastric cancers [11, 12, 15]. In order to better under-

stand the pathogenic mechanism and explain the different

outcomes of an infection in detail, more potential patho-

genic factors need to be further discovered and studied.

Construction of gene deletion mutant is an effective

method for gene functional analysis, among which double-

crossover recombination was the common method to con-

struct the gene deletion. As the establishment of genetic

manipulation, gene knockout was widely used in the studies

of various virulence genes of H. pylori [5, 13, 15, 25].

Plasmid pBluescript II SK was usually used in generation

double-crossover recombination gene knockout cassette in

knockout studies [27], and PCR products-based homolo-

gous recombination has also been used to create gene

knockout in H. pylori [24]. However, the construction of

specific gene knockout cassette was usually time-consum-

ing. In this study, two vectors (pSJHK, pSJHC) for gener-

ating double-crossover recombination gene knockout

plasmids in H. pylori were established. Based on these

vectors, the construction of gene-targeting plasmid was

convenient, and gene deletion in H. pylori was easily

achieved. The construction of these plasmids was valuable

for further research of novel pathogenic factors in H. pylori.

Materials and Methods

Bacterial Strains, Plasmids, and Growth Conditions

Bacterial strains, plasmids, and primers used in this study

are listed in Table 1 and Table S1. Helicobacter strains

were cultivated under microaerobic conditions (85 % N2,

10 % CO2, 5 % O2) at 37 �C as described previously [9].

For selection of H. pylori mutant strains carrying the catGC

resistance marker or the aphA cassette, serum plates were

supplemented with chloramphenicol (10 mg/l) or kana-

mycin (15 mg/l). All cloning procedures were performed in

Escherichia coli, and E. coli strains were grown at 37 �C in

Luria-Bertani medium supplemented with chloramphenicol

(30 mg/l) or ampicillin (100 mg/l) when needed.

Construction of the Double-Crossover Template

Plasmids pSJHK and pSJHC

Plasmid pLYL03, which could not replicate in H. pylori,

was used as the backbone for generating double-crossover

recombination template plasmid. Plasmid pLYL03 was

digested with ScaI and EcoRI, and the 2.5-kbp fragment

containing oriT and a partial bla gene was collected. The

remaining portion of bla was amplified using primers bla-1

and bla-2, digested with ScaI and EcoRI, and then ligated

with the 2.5-kbp fragment, yielding plasmid pSJH. The

DNA fragment containing erythromycin-resistant gene

(ermf) was amplified from pLYL03 by PCR with primers

ermf-1 and ermf-2, digested with BamHI and SphI, and

inserted into the corresponding sites of pSJH to create

pSJHE. Meanwhile, several restriction sites (multiple

cloning site) were designed on the flanks of ermf for

insertion of the homologous arms.

Kanamycin-resistant gene (aphA) amplified from pHi-

marEm1 by PCR with primers km-1 and km-2 was

digested with KpnI and SacI. The digested fragment

replaced ermf on pSJHE to generate kanamycin-resistant

plasmid pSJHK. Chloramphenicol-resistant plasmid

pSJHC was constructed from the same method, and chlo-

ramphenicol-resistant gene (catGC) was amplified from

pTnMax9 by PCR with primers cm-1 and cm-2.

Construction of Gene-Targeting Plasmids pSJHK-

1069, pSJHC-0169, pSJHK-0788, and pSJHC-0788

A 844-bp fragment spanning the last 69 bp of hp0169 and

downstream sequence was amplified with primers 0169-3

and 0169-4, which was used as the downstream homologous

arm for double-crossover recombination. The fragment was

ligated into the corresponding sites of pSJHK or pSJHC after

digested by SacI and XbaI. Then, upstream homologous arm

(a 898-bp fragment spanning the first 130 bp of hp0169 and

upstream sequence) amplified with primers 0169-1 and

0169-2 was also inserted into plasmids, yielding plasmids

pSJHK-0169 or pSJHC-0169, respectively.

Plasmids pSJHK-0788 and pSJHC-0788 were con-

structed with the same procedure. Upstream homologous

arm was amplified with primers 0788-1 and 0788-2, and

downstream homologous arm was amplified with primers

0788-3 and 0788-4.

Electrotransformation of H. pylori cells

Helicobacter pylori cells were transformed with plasmids

(pSJHK-1069, pSJHC-0169, pSJHK-0788, or pSJHC-

0788) by electroporation with the procedure similar to that

described by Clayton et al. [17]. Briefly, H. pylori cultured

on plates was scraped and suspended in 20 ml ice-cold

double-distilled water. After harvested by centrifugation at

43609g for 5 min, the pellet was washed using 20 ml ice-

cold 10 % glycerol twice and resuspended in 1 ml 10 %

glycerol. Plasmid DNA (1 lg in 5 ll TE buffer) was mixed

with 0.2-ml cell suspension. The mixture was added to a

cooled 0.2-cm electroporation cuvette (Bio-Rad), and

subjected to single-pulse electroporation (2.5 kV, 25 mF,

200 X). The sample was then transferred onto a serum

plate and incubated for 24 h at 37 �C. Finally, the cells

were inoculated onto selective media with 15 mg/ml

kanamycin or 10 mg/ml chloramphenicol for 5 days to

allow the growth of transformants.
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Identification of Gene Deletion Mutant

Total DNA of the transformant was isolated using a bacterial

DNA kit (Omega), which was used as the template to do

diagnostic PCR. For kanamycin-resistant transformants in

the disruption of hp0169, primers located upstream of 0169-1

(0169test-1) and inside of aphA (km-test-2) were designed to

analyze if homologous recombination had occurred in the

upstream homologous arm. Primers located inside of aphA

(km-test-3) and downstream of 0169-4 (0169test-4) were

designed to analyze if homologous recombination had

occurred in downstream homologous arm. If homologous

recombination had occurred both in upstream and down-

stream homologous arms, gene deletion of hp0169 could be

confirmed. Wild-type strain was used as the negative control.

To analyze the gene deletion of hp0788, primers design

and diagnostic PCR were carried out with the same

method. For chloramphenicol-resistant transformants, pri-

mers cm-test-2 and cm-test-3 were designed inside of

catGC. All the primers are shown in Table S1.

Results

Construction of the Template Plasmids pSJHK

and pSJHC for Gene Deletion in H. pylori

Plasmid pLYL03 could not be directly used in knockout

studies in H. pylori because of the improper antibiotic

marker. The derivative plasmids pSJHK and pSJHC suit-

able for gene knockout in H. pylori were generated based

on the backbone of pLYL03. The modification was made

as previously described. First, genes on pLYL03 plasmid

were rearranged, and the redundant sequences were

reduced to generate pSJHE, which includes erythromycin-

resistant gene and multiple cloning sites on the flanks of

antibiotic-resistant gene. Then, erythromycin-resistant gene

on pSJHE was replaced by aphA or catGC, yielding tem-

plate plasmids pSJHK (kanamycin-resistant) and pSJHC

(chloramphenicol-resistant), respectively. The sizes of

pSJHK and pSJHC are 4371 and 3949 bp, respectively.

The construction process of the plasmids is illustrated in

Fig. 1. The upstream and downstream homologous arms

would be inserted into multiple cloning sites when gener-

ating the double-crossover gene-targeting plasmid.

Gene Targeting in H. pylori

Genes hp0169 and hp0788 were selected as targeted genes

to test the efficiency of the template plasmids pSJHK and

pSJHC. Double-crossover recombination gene knockout

plasmids (pSJHK-1069, pSJHC-0169, pSJHK-0788,

pSJHC-0788) were constructed according to the procedure

described in ‘‘Materials and Methods’’ section. Schematic

figures of pSJHK-1069 and pSJHC-0169 are shown in

Fig. 2. These plasmids containing the double-crossover

Table 1 Stains and plasmids used in this study

Strain or plasmid Description Reference or source

Strains

H. pylori 26695 H. pylori wild strain containing cagA, vacA, and ureB

H. pylori 26695 D0169km H. pylori 26695, hp0169 knockout, Kmr This study

H. pylori 26695 D0169cm H. pylori 26695, hp0169 knockout, Cmr This study

H. pylori 26695 D0788km H. pylori 26695, hp0788 knockout, Kmr This study

H. pylori 26695 D0788cm H. pylori 26695, hp0788 knockout, Cmr This study

E. coli-DH5a Strain used for gene cloning Clontech

Plasmids

pLYL03 pUC ori, Apr (Emr) [19]

pHimarEm1 Plasmid carrying HimarEm1, Kmr (Emr) [7]

pTnMax9 Plasmid carrying mini-Tn, Apr (Cmr) [16]

pSJH pUC ori, Apr This study

pSJHE pUC ori, Apr (Emr) This study

pSJHK Gene-targeting template plasmid, Apr (Kmr) This study

pSJHC Gene-targeting template plasmid, Apr (Cmr) This study

pSJHK-0169 A hp0169 recombinant vector, Apr (Kmr) This study

pSJHC-0169 A hp0169 recombinant vector Apr (Cmr) This study

pSJHK-0788 A hp0788 recombinant vector Apr (Kmr) This study

pSJHC-0788 A hp0788 recombinant vector Apr (Cmr) This study

Ap ampicillin, Km kanamycin, Em erythromycin, Cm chloramphenicol
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cassettes were transformed into H. pylori cells by

electroporation.

The positive antibiotic-resistant transformants of

Dhp0169km were subjected to PCR assay with the diag-

nostic primers 0169test-1 and km-test-2. As shown in

Fig. 3, an amplicon of 1.68 kbp for the mutant strain was

absent from the wild-type strain, which suggested that

homologous recombination had occurred in the upstream

homologous arm. An amplicon of 1.53 kbp from diagnostic

PCR with primers km-test-3 and 0169test-4 was also only

for the mutant indicated that homologous recombination

had occurred in the downstream homologous arm. These

results suggested that homologous recombination replace-

ment had occurred at the hp0169 locus. Finally, PCR

products from the amplification with primers 0169-1 and

0169-4 were sequenced for further verification of the

disruption.

The results of diagnostic PCR assay for other mutants

were not shown.

The Efficiency Detection of Plasmids pSJHK

and pSJHC for Gene Deletion in H. pylori

Usually, electroporation of the gene-targeting plasmid

would lead to both single-crossover and double-crossover

gene deletions. In this study, we tested 160 positive

antibiotic-resistant transformants in the disruption of genes

hp0169 and hp0788. For the disruption of gene hp0169,

there were 84 double-crossover transformants and 6 single-

crossover transformants in 90 tested transformants, and for

the disruption of gene hp0788, there were 65 double-

crossover transformants and 5 single-crossover transfor-

mants in 70 tested transformants. Almost all the transfor-

mants were double-crossover gene deletions. Therefore, in

calculation of the efficiency of plasmids pSJHK and pSJHC

for gene deletion in H. pylori, the amount of positive

antibiotic-resistant transformants was regarded as double-

crossover gene deletions.

Fig. 1 Schematic representations of plasmids pSJHK and pSJHC
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For the same gene with the same homologous arms, the

efficiency to generate the transformants was not same

between pSJHK and pSJHC. For plasmids pSJHK-0169

and pSJHK-0788, the efficiency is 0.6 9 102 and

0.9 9 102 transformants per microgram plasmid DNA,

respectively. For the plasmids pSJHC-0169 and pSJHC-

0788, the efficiency is 1.3 9 102 and 1.5 9 102 transfor-

mants per microgram plasmid DNA, respectively. There-

fore, the efficiency of plasmids pSJHC is a little higher

than pSJHK in gene deletion in H. pylori (Fig. 4).

We found that the transformation of 1 lg plasmid with

800-bp homologous sequence for each arm to approxi-

mately 109 electrocompetent cells was sufficient for

obtaining transformants. In fact, 400 bp of homologous

sequence for each arm was adequate for recombination

after trying different fragment sizes of homologous arms

(data not shown).

Discussion

Although many virulence genes of H. pylori have been

deeply studied, what determines the different outcomes of

an infection was still an unsolved mystery. Studies on other

bacterial pathogens suggested that H. pylori-specific fac-

tors may exist and influence the pathogenicity of H. pylori.

Several novel pathogenic properties associated with

increased risks of special clinical outcomes were reported

recently that confirmed this speculation. The jhp0947 gene

was reported to be associated with an increased risk of both

Fig. 2 Schematic

representations of plasmids

pSJHK-0169 and pSJHC-0169

(black lines indicate

homologous arms)

Fig. 3 Schematic representation of the deletion of hp0169 and

verification of genetic recombination by PCR. a Schematic represen-

tation of the deletion of hp0169. Two homologous arms of hp0169

(H1 and H2) were amplified from the genome of H. pylori with two

sets of primers 0169-1/0169-2 and 0169-3/0169-4, digested, and

ligated into the template plasmid pSJHK. The gene-targeting plasmid

was transformed into H. pylori by electroporation, and transformants

were selected by kanamycin resistance. Black arrows show approx-

imate locations and orientations of primers; black-filled boxes indicate

homologous arms; open arrowheads show arrangements and orien-

tations of genes; open boxes indicate residual genes. b Verification of

genetic recombination by PCR. Lane M DNA molecular weight

standard (DL10000), Lane 1 PCR products from WT using primers

0169test-1 and km-test-2, Lane 2 PCR products from mutant using

primers 0169test-1 and km-test-2, Lane 3 PCR products from WT

using primers km-test-3 and 0169test-4, Lane 4 PCR products from

mutant using primers km-test-3 and 0169test-4
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duodenal ulcers and gastric cancers [11], while the dupA

gene was reported to be associated with an increased risk of

duodenal ulcers and protection against gastric cancers [12].

Therefore, more potential pathogenic genes need to be

discovered for better understanding of the pathogenic

mechanism and illustrating the different outcomes of the

infection by H. pylori.

Plasmid pLYL03 could not be directly used for knock-

out in H. pylori because of the improper antibiotic marker.

The derivative plasmids pSJHK and pSJHC in this study

were generated based on the backbone of pLYL03 and

carrying kanamycin-resistant gene (aphA) and chloram-

phenicol-resistant gene (catGC), respectively, which are

suitable for gene knockout in H. pylori. Compared to

pLYL03, the sizes of pSJHK and pSJHC are 4371 and

3949 bp, respectively (smaller than pLYL03, 5998 bp).

Compared with other gene knockout plasmids for H. pylori,

like pBluescript II SK, pSJHK and pSJHC provide two

optional antibiotic markers, which would improve selec-

tivity in generation of gene knockout cassette. Moreover,

multiple cloning sites were designed on the flanks of

antibiotic-resistant gene in pSJHK and pSJHC, which was

more beneficial to insert the upstream and downstream

homologous arms when generating the double-crossover

gene-targeting plasmid.

Based on these plasmids, we have disrupted genes

hp0169, hp0788, and several other genes (data not shown),

indicating that these plasmids were efficient tools for gene

deletion in H. pylori. The efficiency of plasmids pSJHC is a

little higher than pSJHK in gene deletion in H. pylori with

unknown reason. We speculated that it may be related to

the different efficiency of promoters before the antibiotic-

resistant genes. Anyway, plasmids pSJHK and pSJHC

provide convenient genetic tools for further research of

novel pathogenic factors in H. pylori.

By replacement of the antibiotic-resistant genes, several

plasmids with different antibiotic resistance could be

obtained, such as pSJHE (erythromycin resistance,

mentioned in the methods and results), pSJHT (tetracycline

resistance), and pSJHCF (cefoxitin resistance). Plasmids

pSJHT and pSJHCF were not shown in this paper. These

derivative plasmids will also provide effective tools in gene

deletion in other strains and be valuable for the study of

their functional genes.

Both hp0169 and hp0788 genes were reported to be

essential for H. pylori to colonize in the gerbil stomach by

Kavermann [18]. Gene hp0169 encodes a putative colla-

genase (HP0169, PrtC), which is noted as a protease in U32

protein family by sequence homology. Most proteases in

this family are identified as pathogenic factors in destroy-

ing host tissues. Therefore, HP0169 is speculated to be

associated with gastric or duodena tissue injury and delay

in the healing process. Gene hp0788 encodes an outer-

membrane protein (HP0788), which might have a function

of adhesion, just as AlpAB, BabA, HopZ, and other outer-

membrane proteins described before. Otherwise, it might

play an essential role in stabilizing the integrity of the outer

membrane to resist the harsh conditions in the gastric

mucus. However, the detail functions of hp0169 and

hp0788 are not clear, and gene deletion strains developed

in this study would be used in the further study to clarify

the pathogenic mechanisms of these genes.
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