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Abstract
AIM: The genomes of Helicobacter pylori (H. pylori) from
different individuals are different. This project was to
identify the strain specific DNA sequences between two
clinical H. pylori isolates by suppression subtractive
hybridization (SSH).

METHODS: Two clinical H. pylori isolates, one from gastric
ulcer (GU, tester) and the other from non-ulcer dyspepsia
(NUD, driver), were cultured and the genomic DNA was
prepared and submitted to Alu I digestion. Then two different
adaptors were ligated respectively to the 5’-end of two
aliquots of the tester DNA fragments and SSH was made
between the tester and driver DNA. The un-hybridized tester
DNA sequences were amplified by two sequential PCR and
cloned into pGEM-T-Easy Vector. The tester strain specific
inserts were screened and disease related DNA sequences
were identified by dot blotting.

RESULTS: Among the 240 colonies randomly chosen, 50
contained the tester strain specific DNA sequences. Twenty
three inserts were sequenced and the sizes ranged from
261 bp to 1 036 bp. Fifteen inserts belonged to the H.pylori
plasmid pHPO100 that is about 3.5 kb and codes a replication
protein A. Other inserts had patches of homologous to the
genes of H.pylori in GenBank. Various patterns of dot blots
were given and no GU strain unique DNA sequences were
found when 4 inserts were used as probes to screen the
genomic DNA from 27 clinical isolates, 8 from GU, 12 from
duodenum ulcer (DU), 4 from GU-DU, 2 from NUD and 1
from gastric cancer (GC). But a 670 bp DNA fragment (GU198)
that was a bit homologous to the 3’-end of the gene of
thymidylate kinase was positive in 7 GU strains (7/8), 3 GU-
DU strains (3/4) and 3 DU strains (3/12). A 384 bp fragment
(GU79) of the replication gene A (repA) was positive only in
4 H.pylori isolates, 2 from GU and 2 from GU-DU.

CONCLUSION: Differences exist in the genes of different
H.pylori isolates. SSH is very effective to screen H.pylori
strain specific DNA sequences between two clinical isolates,
and some of these sequences may have clinical significance.
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INTRODUCTION
Helicobacter pylori (H. pylori) is a microaerophilic Gram-
negative bacterium that colonizes the stomach in more than
half of the world population. It is the causative agent of chronic
gastritis and contributes to peptic ulcer[1, 2] and also plays an
important role in the pathogenesis of gastric cancer[3-16]. When
one is infected by this bacterium, the clinical outcome depends
on the interaction of virulent effects of the bacterium, the host
response, and the environment[18]. The genomes of H.pylori
from different individuals are quite different and each one
contains about 1 600 genes, among which almost 320 genes
are dispensable and 100 genes are strain unique[17-19]. Genes
that are present in one strain and absent or substantially
different in the others can be of great biological interest[20].
     H. pylori strains with the cag pathogenicity island (PAI)
can induce more severe inflammation, proliferation and
apoptosis in the gerbil mucosa than do the strains partial or
complete lack of the cag PAI[21]. In contrast to the CagA- H. pylori
infection, CagA+ H. pylori infection is associated with a higher
prevalence of p53 mutation in gastric adenocarcinoma[22]. In
addition to the cag island, other polymorphic loci that appear
clinically relevant have to be identified.
     We screened the strain specific DNA sequences between
two clinical isolates and tried further to identify the disease
related sequences. Different methods, such as microarray[19,21],
and subtractive hybridization[18, 23,24] could be used for bacterial
strain specific DNA screening. Suppression subtractive
hybridization (SSH), in which the genomic DNA sample
containing the sequences of interest is called “tester”, and
the reference sample is called “driver”, is a powerful approach
for assessing the DNA sequence differences among the closely
related bacterial strains.

MATERIALS AND METHODS
H.pylori growth and genomic DNA extraction
H. pylori clinical isolates preserved in the brain heart infusion
broth (BHI, Gibco) supplemented with 100 mL/L horse serum
(Gibco) and 200 mL/L glycerol (BDH) were inoculated on the
H.pylori selective chocolate blood agar containing 40 g/L blood
agar base No.2 (Oxoid) and 50 mL/L horse blood (Gibco).
Antibiotics were also used at the following concentrations:
vancomycin (Sigma) 3 mg/L, trimethoprim (Sigma) 5 mg/L,
nalidixic acid (Sigma) 10 mg/L and amphotericin B (Sigma)
2 mg/L. The plates were incubated in microaerobic atmosphere
(50 mL/L CO2) in a CO2 incubator (Forma Scientific) at 37 
for up to 5 days. H.pylori genomic DNA was extracted
following Bow’s method[25].

Driver and tester DNA preparations
The subtractive DNA library was made by using the PCR-
select bacterial genome subtraction kit (Clontech) with
Akopyants NS’s method (Proc Natl Acad Sci U S A. 1998;95:
13108) as reference, but with some change at certain
procedures. Genomic DNA of an H.pylori strain from gastric
ulcer (GU) was used as the tester, and DNA of a strain from
non-ulcer dyspepsia (NUD) was used as the driver. The
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sequences of the adaptors and primers were listed as followings:
adaptor 1, 5’-CTAATACGACTCACTATAGGGCTCGA
GCGGCCGCCCGGGCAGGT-3’, 5’-ACCTGCCCGG-3’, adaptor
2 R ,  5 ’ - C TA ATA C G A C T C A C TATA G G G C A G C
GTGGTCGCGGCCGAGGT-3’, 5’-ACCTCGGCCG-3’, P1, 5’-
CTAATACGACT CACTATA GGGC-3 ’ ,  NP1 ,  5 ’ -
TCGAGCGGCCGCCCGGGCAGGT-3’ ,  NP2,  5’-
AGCGTGGTCGCGGCCGAGGT-3’. In brief, 4 µg of the tester or
driver genomic DNA was digested with 40 units of AluI (New
England Biolabs) in 400 µL reaction volume at 37  for 16
hours. The DNA fragments were then extracted with phenol
and precipitated with ethanol, and resuspended in sterile
distilled water at a final concentration of 300 mg/L. Two aliquots
of tester DNA (120 ng each) were ligated separately to the two
adaptors (2 µmol/L final concentration) at 16  for 16 hours,
each in a total volume of 10 µL, with 1 µL (New Engl and Biolabs,
400 units) of T4 DNA ligase in the buffer supplied by the
manufacturer. After ligation, 1 µL of 0.2 mol/L EDTA was added,
and the sample was heated at 70  for 5 minutes to inactivate
the ligase and then stored at -20 .

Suppression subtractive hybridization
Two microliters of the driver DNA fragments (600 ng) were
added to 1 µL (12 ng) of each adaptor-ligated tester DNA
(50:1 ratio). One microliter of 4×hybridization buffer (2 mol/L
NaCl, 200 mmol/L Hepes, pH 8.0, 0.8 mmol/L EDTA) was
added to each tube, and the solution was overlaid with a drop
of mineral oil. The DNA fragments were then denatured at
98  for 2 minutes, and allowed to anneal at 65  for 1.5 hours.
After the first hybridization, the two samples (one with adaptor
1, the other with adaptor 2R) were combined and 300 ng more
heat-denatured driver DNA dissolved in 2 µL of 1×
hybridization buffer was added. The 10 µL mixture was
allowed to hybridize at 65  for an additional 14 hours. After
being diluted to 200 µL with dilution buffer (50 mmol/L, NaCl,
20 mmol/L Hepes, pH8.3, 0.2 mmol/L EDTA), the sample
was heated at 65  for 10 minutes, and stored at -20 .

The first and second PCRs
The first PCR mixture (25 µL) containing 1 µL of the above
diluted DNA, 1 µL of 10 µmol/L PCR primer P1, 2 µL of 2.5
mmol/L dNTPs, 2.5 µL of 10×PCR reaction buffer, and 5 µL
of the Advantage 2 Polymerase Mix (Clontech) was incubated
in a thermal cycler (Perkin-Elmer 2400) at 72  for 2 minutes
and subjected to 25 cycles at 94  for 30 s, at 66  for 30 s,
and at 72  for 1.5 minutes. Seven microliters of the PCR
products were analyzed by 15 g/L agarose gel electrophoresis.
The products were then diluted 40-fold in 10 mmol/L Tris·HCl
(pH 7.5). The second PCR mixture (25 µL) contained 1 µL of
the diluted first PCR products, 1 µL of the nest PCR primers
(NP1 and NP2, 10 µmol/L each), 2 µL of 2.5 mmol/L dNTPs,
2.5 µL of 10×PCR reaction buffer, and 5 µL of the Advantage 2

Polymerase Mix. The cycling program was 12 cycles at 94 
for 30 s, at 68  for 30 s, and at 72  for 1.5 minutes, followed
by further extension at 72  for 5 minutes. The PCR products
were analyzed by 15 g/L agarose gel electrophoresis, purified
by using the Quaquick Spin PCR Purification Kit (Qiagen) and
cloned into the pGEM- T Easy Vector (Promega) following the
protocols. The recombinant plasmids were transformed into E.
 coli Top10, which was then cultured overnight on the selective
agar plates containing 20 µL of 50 g/L ampicillin, 35 µL of 100
mmol/L IPTG and 40 µL of 20 g/L X-gal. White colonies were
randomly picked and suspended in 100 µL of Luria-Bertani
medium containing ampicillin in an eppendorf tube and cultured
at 37  for 2 hours. One microliter of the cell suspension, after
being frozen and thawed three times, was used as templates and
the inserts were amplified under condition as in the second PCR
except for 25 cycles. The sizes of the inserts were identified by
agarose gel electrophoresis.

Strain specific insert screening and disease related DNA
sequence identification
One microliter of each PCR product (10 ng) was dotted on the
Hybond N+ membrane (Amersham) in duplicating forms and
DNA fixation was carried out by irradiation under a UV
transilluminator (Vilber Lourmat) for 5 minutes. The AluI-
digested DNA fragments of the tester and driver H.pylori were
used as probes and dot blotting was preformed using the ECL
direct nucleic acid labeling and detection system (Amersham
Phamacia Biotech). The pre-hybridization and hybridization
were carried out in the hybridization oven (Amersham) at 42 
for 1 hour and 12 hours respectively. After stringently washing
the Hybond N+ membrane (twice for 20 minutes in 6 mol/L
Urea, 4 g/L SDS and 0.1×SSC, and twice for 5 minutes in 2×
SSC), the chemiluminenscence signals were detected by
exposure of the Hyperfilm to the membrane for 5 to 30 minutes.
The inserts that gave positive results to the tester probes and
negative to the driver probes were sequenced using a Big Dye
Terminator DNA sequencing kit (Perkin-Elmer) and ABI
automated sequencer. The sequences were then submitted to
gene and protein homologous analysis. In the same way, by
dotting 100 ng of each genomic DNA from different H.pylori
isolates on the membrane and using the inserts interested as
probes, the disease related DNA sequences were identified. In
the above cases, 1 ng of each probe DNA was dotted on the
membrane to be used as positive control.

RESULTS
Tester strain specific DNA sequencing and homologous
analysis
After SSH between the tester and driver DNA fragments, about
900 colonies grew on the ampicillin plates and two thirds of
them were white in color. Two hundred and forty white colonies

Table 1  Homologous analysis of some strain specific DNA sequences

Inserts GenBank accesion No. Homolog/genes or proteins DNA matches

GU79 AF056496 H.pylori plasmid pHPO100/ RepA, 2e-53 1882-2265

GU150 AE000629 Carbamoyl-phosphate synthetase, 3e-29 1029-1229

GU185 AE000595 Putative outer membrane p1, 7e-24 2993-3177

GU198 AE001560 Thymidylate kinase, 2e-10   640-717

GU210 AE000590 Hypothetical protein , 3e-33   789-396

GU212 AE000531 Type II restriction enzyme R protein, 4e-26       1-597

GU223 AE000647 Hypothetical protein, 4e-16 7724-8193

GU234 AE000650 Site specific DNA-methyltransferase, 3e-54 9070-8752

GU235 AE000547 Toxin-like outer membrane protein, 2e-64 13943-14494



were randomly chosen and the inserts were amplified using the
primers as in the nest PCR. By dotting and fixing the equal
amount of each PCR product in replica form on the membrane,
dot blotting was carried out using the AluI digested DNA
fragments as probes (Figure 1). Fifty tester strain specific DNA
sequences were screened and 23 of them were sequenced. The
sizes of the inserts ranged from 261 to 1 036 bp. Blast analysis
showed that, of the 23 inserts sequenced, 15 belonged to parts
of the H.pylori plasmid pHPO100 (Table1 only shows GU79)
and 2 of them contained the same fragment. The size of this
plasmid is 3 520 bp, which codes a replication protein A (RepA,
1 842-2 765) and an unknown protein (2 762-3 520). The other
8 inserts were homologous to genes of H.pylori in GenBank
to different extent (Table1).

Figure 1  Dot blotting to screen the tester strain specific inserts
by using the Alu I digested tester DNA (A) and driver DNA (B)
as probes. The arrowheads indicate the spots of positive
controls.

Figure 2  Dot blotting for identification the disease related DNA
sequences in 27 different clinical isolates by using GU210 (A),
GU79 (B), GU198 (C) and GU235 (D) as probes. The arrow-
heads indicate the spots of positive controls.

Disease related DNA sequence screening
We next chose 4 tester strain specific DNA sequences as probes
to screen the genomic DNA of H.pylori with different clinical
background, 8 from GU, 12 from duodenum ulcer (DU), 4
from GU-DU, 2 from NUD and 1 from gastric cancer (GC), to

know if some of them were specific for the GU isolates. We
found that the 4 different inserts gave 4 different dot blotting
profiles (Figure 2) and there were no GU strain unique
sequences. But a DNA fragment GU198 (670 bp) that was a
bit (78 bp) homologous to the 3’-end of the gene of hymidylate
kinase was positive in 7 of the 8 GU strains, 3 of the 4 GU-DU
strains, and 3 of the 12 DU strains. It was also positive in one
of the 2 NUD strains and the GC strain. The replication gene
A fragment GU79 (384 bp) was positive in 4 H.pylori isolates,
2 from GU and 2 from GU-DU.

DISCUSSION
A remarkable feature of H.pylori is the high diversity of its
genomic DNA[26-29]. Clinical isolates of H.pylori from different
individuals show enormous variations in their genomes or
genes[30-33]. The genetic diversity is represented in many forms,
including point mutations and inserted sequences[34]. Such
variation has given rise to the notion that H. pylori has a very
plastic genome, and that such plasticity confers a selective
advantage on a bacterium that must co-evolve with its host
over the course of decades[17]. Based on this, it is conceivable
that there are different DNA sequences between two genomes
of H.pylori with different clinical background.
     SSH is a powerful technique that has been applied to
research in many different fields. In studies of eukaryotic
systems, application of subtraction techniques typically
focuses on differential gene expression between two cDNA
populations rather than differences between genomes
(Diatchenko L. Proc Natl Acad Sci U S A 1996; 93: 6025). This
is because eukaryotic genomes are too complex for existing
subtraction technologies. In contrast, bacterial genomes are
considerably smaller, and are even less complex than many
eukaryotic cDNA populations. Thus, subtraction methods can
be used to identify sequences that are present in one bacterial
genome, but absent in another. It requires only about several
micrograms of genomic DNA, takes only several days, and
does not involve the physical separation of single strain and
double strain molecules. Furthermore, the suppression PCR
prevents undesirable amplification while enrichment of target
molecules proceeds. Even so, the conditions of the SSH were
carefully optimized in this experiment. By comparing the
genomic DNA digestion efficiency of Hae III, Rsa I and Alu I,
Alu I was finally selected. The time of the adaptor ligation
should be within 16 hours to avoid ligation between the DNA
fragments. The ratio of tester and driver DNA was 1:50 in the
first hybridization. In this way, we established a GU strain
specific DNA sequence library.
     When we used the tester and driver DNA fragments as
probes to hybridize separately with different PCR products of
the subtracted inserts, the tester specific DNA sequences were
screened. Of the 23 sequenced DNA fragments, 15 were
homologous to the H.pylori plasmid pHPO100. The size of
this plasmid is about 3.5 kb and codes a replication protein A,
which appears to be the predominant plasmid replication
protein of H. pylori and has the highly conserved (76-96 %)
amino acid sequence and may play an important role in the
DNA sequence exchange between plasmid and the
chromosome[35]. Thus the protein may increase the gene
diversity and have the pathogenic significance. Other inserts
had patches of homologous to the genes of different H.pylori
proteins in GenBank. The results indicate that SSH can be used
to screen the strain specific DNA sequences between clinical
isolates even though the dominant subtracted fragments come
from the plasmid of the tester strain.
      When we tried to find out if some of the tester strain specific
DNA sequences were unique to GU strains, no such DNA
sequences were identified. Whereas a DNA fragment GU198
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that is partly homologous to the gene of thymidylate kinase
was positive in 7 of the 8 GU strains, 3 of the 4 GU-DU strains,
and only 3 of the 12 DU strains. This is also of clinical
significance. Study on identification of this DNA fragment is
still going on.
     Several aspects regarding the identification of disease
related DNA sequences need to be discussed. First, the tester
strain specific DNA sequences mean that, comparing with the
driver strain, these sequences are unique to the tester strain,
other strains from GU patients may share or may not share
these sequences. Second, since the strain specific genes account
for about 6 % of the whole genes of a given H.pylori strain[19],
more colonies should be screened and more DNA fragments
be used to identify the disease specific DNA sequences. Third,
dot blotting can be used as a primary screening method, and,
if possible, Southern blotting be employed for further
identification. Fourth, it is better to choose the plasmid free H.
pylori for the strain specific DNA sequence screening. Since
the copies of a plasmid in the bacterium are often more than
that of a gene in its genome, amplification of the subtracted
gene sequences coming from the genome would be suppressed
in the PCR and, as a result, the dominant strain specific DNA
sequences would belong to the plasmid. Although about 50 %
of H. pylori strains carry cryptic plasmids ranging in size from
2 to about 100 kb[35,36], the role of these plasmids is not well
understood. In this investigation, the repA gene was positive
in 4 H.pylori strains, 2 from GU (2/8), and 2 from GU-DU (2/
4). This may be due to the homologous of the genomic DNA
to the repA or the insertion of the repA fragment into the
genome (De Ungria MC. Plasmid 1999; 41: 97) or the plasmid
DNA being not eliminated during genomic DNA preparation.
Study on the relationship between repA gene and the disease
state of the patients is also necessary.
     Anyway, we have successfully screened some tester strain
specific DNA sequences by SSH, and this study is one of the
few attempts trying to identify the disease specific genes using
H.pylori clinical isolates[23]. Though we failed to get the disease
specific DNA sequences, we believe that, at least, some tester
strain specific sequences may have significantly high positive
rates in strains with similar background to the tester strain.
This may aid in the effective diagnosis and treatment of H.
pylori infection and have the potential value for pathogenic
investigation of this bacterium.
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