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Abstract 

The mosaic structure of the cagA gene has been suggested to affect H. pylori CagA associated 

pathogenesis. An improved PCR assay allowed for a rapid and detailed molecular analysis of 

the cagA gene 3’-region in a single amplification step, followed by amplicon sequencing 

using universal M13 and T7 sequencing primers. 

 

 

The Helicobacter pylori cagA gene is commonly used as a molecular virulence marker of 

H. pylori. DNA sequence analysis of the cagA gene has revealed the presence of a conserved 

5’-region and a highly variable 3’-region [1-3]. Previous studies have shown that the CagA 

cytotoxin is directly injected into epithelial cells via a type IV secretion system, encoded by 

genes located in the cag - pathogenicity island (cag-PAI) [1, 4, 5]. In the host cell, CagA 

localises to the inner surface of the plasma membrane and undergoes phosphorylation on 

specific tyrosine residues within repeating penta amino acid Glu-Pro-Ile-Tyr-Ala (EPIYA) 

motifs, and in some cases Glu-Pro-Ile-Tyr-Thr (EPIYT), present at the C-terminus of the 

protein [2, 6, 7]. Tyrosine phosphorylation is carried out by host cell kinases such as Abl and 

Src [6, 8, 9]. The tyrosine phosphorylated CagA binds to a cytoplasmatic Src Homology 2 

(SH2) domain of Src Homology 2 phosphatase 2 (SHP-2). A pre-requisite for CagA-SHP-2 

interaction is CagA multimerisation, which is mediated by a conserved sequence of 16 amino 

acids (FPLXRXXXVXDLSKVG) identified and designated as the CagA multimerisation 

(CM) motif [10, 11]. It is assumed that the CM sequence plays an important role in the 

stabilisation of CagA in gastric epithelial cells [11]. A recent study revealed differences in the 

in vitro biological activity of two H. pylori strains with different CM motifs (one Western and 

one East Asian), both strains from dyspeptic biopsy specimens [12]. 
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Recently, Uchida and co-workers [13] reported on the finding of a pre-EPIYA/T region 

located about 300 bp upstream of the first EPIYA/T motif. They have shown that strains with 

an 18 bp or 39 bp deletion in the pre-EPIYA/T region possessed an EPIYA/T-D segment, 

whereas strains without any deletion commonly had an EPIYA/T-C segment [13]. In this 

study we used DNA isolated from 24 archival Helicobacter pylori strains (HJM1-18, 20-25), 

originally obtained from a routine clinical screening of non-ulcer dyspeptic (NUD) gastric 

biopsy specimens (mixed age and gender) collected at the Department of Clinical 

Microbiology, University Hospital Linköping Sweden [14]. Reference strain H. pylori 26695 

[GenBank:NC_00015] was obtained from the American tissue culture collection (ATCC) 

(http://www.atcc.org/). H. pylori strains were cultured using an established clinical routine 

procedure [15]. Bacterial DNA was extracted [14], followed by multiple displacement 

amplification (MDA) using an Illustra GenomiPhi V2 DNA kit according to the 

manufacturer’s instruction (GE-Healthcare, Uppsala, Sweden). Prior to MDA-amplification, 

the integrity of the bacterial DNA was analysed by 16S rDNA amplification as described 

elsewhere [16]. 

Pre-EPIYA/T (18 bp or 39 bp deletion), EPIYA/T-A, -B, -C or -D segments, and the 

CagA multimerisation motifs were analysed using 2 µl MDA-DNA, 1x HotStarTaq-Master 

mix (Qiagen, Hilden Germany), and 10 pmol of each primer M13-p-EPIY.T5.se 

(TGTAAAACGACGGCCAGTAAGCGTTAGCCGATCTCAAA) and T7-CagA.EPIYA.as 

(TAATACGACTCACTATAGGGTGTGGCTGTTAGTAGCGTAATTGTC) (Fig. 1) in a final 

reaction volume of 25 µl. PCR amplification was performed using a 2720 Thermal Cycler 

(Applied Biosystems AB, Stockholm, Sweden) and the following amplification conditions: 

initial denaturation at 95 °C for15 min; 30 cycles of 95 °C for30 s; 55 °C for 30 s; 72 °C for 

90 s; and a final extension at 72 °C for 10 min.  Prior to sequencing, amplicons were analysed 

by automated capillary gel electrophoresis (CGE) using a QIAxcel system and a QIAxcel 

http://www.atcc.org/
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DNA Screening kit following the manufacturer’s instructions (Qiagen, Hilden, Germany). Bi-

directional amplicon sequencing was carried out using M13 uni (-21) and T7 sequencing 

primers and a custom sequencing service (Eurofins MWG Operon, Ebersberg, Germany). The 

obtained DNA sequences were translated into amino acid sequences, aligned and compared 

with the H. pylori 26695 [GenBank:NC_000915] sequence using the CLC DNA workbench 

software version 4.0. 

Sixteen of the 24 H. pylori strains analysed revealed EPIYA/T-ABC genotypes (Table 1, 

supplement S1). Moreover, alignment of the deduced amino acid sequences revealed frequent 

single amino acid mutations in the EPIYA/T segments (Supplement S1). H. pylori strain 

HJM6 and HJM12 possess an EPIYA/T-AABC genotype, whereas H. pylori strain HJM11 

has an EPIYA/T-ABD genotype corresponding to the East Asian type (Supplement S1), 

including and a 39 bp-deletion in the pre-EPIYA/T region. H. pylori strain HJM1 has an 

EPIYA-ABCC genotype (Table 1, supplement S1). Three H. pylori strains (HJM16, HJM18 

and HJM20) generated overlapping sequence-chromatograms that indicates the presence of 

multiple amplicons and no EPIYA genotypes could be established. DNA isolated from H. 

pylori strains HJM7 and HJM21 generated no amplicons, indicating either the absence of a 

functional cag-PAI or nucleotide mutations in the primer target sequence. 

Amino acid sequence alignment revealed that the N-terminal and C-terminal sides of the 

EPIYA/T-C segments are flanked by Western CM motifs (Fig. 1B) in all cultured H. pylori 

strains with the exception of HJM11 (Supplement S1). The C-terminal CM motif flanking the 

EPIYA/T-D segment (Fig. 1C) present in strain HJM11 resembles amino acid sequences 

corresponding to the East Asian CM motif (Fig. 1; Supplement S1). Three H. pylori strains 

(HJM16, HJM18 and HJM20) generated overlapping sequence chromatograms that indicate 

the presence of multiple amplicons. Therefore, CM motifs could not be fully established. 
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Mixed amplicons derived from a randomly selected H. pylori strain MDA-DNA (HJM18) 

were cloned to establish the cagA EPIYA segment types as described elsewhere [17]. Eleven 

white colonies were picked and used directly in a confirmatory cagA EPIYA/T amplification 

assay as described above. Re-sequencing and CGE of the cloned amplicons revealed the 

presence of EPIYA/T -AB, -ABC, -ABCC and -ABCCC genotypes (Fig. 2). Amplicon 

sequencing and CGE analysis also revealed a bias of amplicons observed before (Fig. 2, lane 

18) and after cloning (Fig. 2, lane 18a and 18h) which might be due to the fact that only 

highly abundant amplicons, present in the initial amplification derived from H. pylori HJM18-

MDA-DNA, were detectable by CGE. 

Numerous PCR amplification assays have been described for the identification of the 

CagA EPIYA/T phosphorylation motif, including multiple PCR amplification steps and 

ethidium-bromide stained agarose gel electrophoresis (summarised in ref [18]). Commonly, 

amplicons are sequenced using a battery of gene specific primers (often the PCR primers). In 

a recent study, we described an improved strategy using M13 and T7 sequence tagged primers 

in PCR amplification covering the cagA EPIYA motifs. Tagging of the PCR primers enables 

rapid sequencing using universal M13 and T7 sequencing primers [18]. The result of our 

study are in agreement with recent studies where it has been shown that single amino acid 

sequence mutations, as well as CagA structural variants such as duplication and deletions, 

mediated by recombination events involving CM and EPIYA motifs, and recombination 

between short similar DNA sequences, frequently occur in the cagA gene 3’ region[19]. 

In conclusion, we believe that the PCR based assay presented herein is a simple and rapid 

means to assess the Helicobacter pylori cagA gene 3’-region mosaic structure. Moreover, the 

methodological approach allowed a rapid detection of mixed H. pylori strains present in the 

same culture. 
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FIG. LEGENDS 

Fig. 1 

A) Schematic drawing of the cagA gene. M13- and T7-sequence tagged primers M13-p-

EPIY.T5.SE and T7-CagA.EPIYA.AS used in amplification of the pre-EPIYA/T and 

EPIYA/T motifs. B) Amino acids flanking the EPIYA/T motifs present in Western EPIYA/T-

A, EPIYA/T-B and EPIYA/T-C segments of H. pylori 26695. CagA multimerisation (CM) 

amino acids are underlined and in italics. C) Amino acids flanking the EPIYA/T motif present 

in the East Asian EPIYA/T-D segment. CM amino acids are underlined and in italics. 

 

Fig. 2 

CGE analysis of re-amplified cloned amplicons derived from H. pylori-strain HJM18. Primers 

M13-CagA.EPIYA.SE and T7-CagA.EPIYA.AS were used in PCR amplification (Fig. 1; 

Table 1). The position of amplicon sizes corresponding to EPIYA/T-AB, -ABC, -ABCC, and 

-ABCCC compositions are indicated. Lane 18 represents the original amplification using 

DNA derived from H. pylori strain No. 18. Lane 18a - 18k represent amplicons derived from 

plasmid DNA re-amplification of 11 randomly selected clones. NTC, non-template control. A 

virtual internal reference marker is indicated in the left margin.
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Table 1  H. pylori cagA genotyping 

 

Strain 
CagA EPIYA/T 

genotype
a 

pre-EPIYA/T 

genotype
b 

HJM1 ABCC ndt 

HJM2 ABC ndt 

HJM3 ABC ndt 

HJM4 ABC ndt 

HJM5 ABC ndt 

HJM6 AABC
 

ndt 

HJM7 no amplicon
c 

ndt 

HJM8, corpus
d 

ABC ndt 

HJM9, antrum
d
 ABC ndt 

HJM10 ABC ndt 

HJM11 ABD 39 bp 

HJM12 AABC
 

ndt 

HJM13 ABC ndt 

HJM14 ABC ndt 

HJM15, antrum
d
 ABC ndt 

HJM16, corpus
d
 mixed

e 
ndt 

HJM17 ABC ndt 

HJM18 mixed
e 

ndt 

HJM20 mixed
e 

ndt 

HJM21 no amplicon
c 

ndt 

HJM22 ABC ndt 

HJM23 ABC ndt 

HJM24 ABC
 

ndt 

HJM25 ABC ndt 

HP 26695
f 

ABC ndt 

 
a
based on amplicon sequencing. 

 
b
cagA pre-EPIYA/T nomenclature according to Uchida et al. [13]. ndt: non-deletion type; 39 

bp: 39 bp deletion type. 

 
c 
no sequences generated due to lack of EPIYA/T specific amplicons. 

 
d
H. pylori strain HJM8 (corpus) and HJM9 (antrum) and strains HJM15 (antrum) and HJM16 

(corpus) originate from the same two patients. 

 
e 
mixed templates generating mixed DNA sequences 

 
f
reference strain H. pylori 26695 [GeneBank:NC_000915] 
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