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A method utilizing PCR-restriction fragment length polymorphism (RFLP) in the Helicobacter pylori genes
is widely used to differentiate strains. However, with this typing method only a single base change at a specific
restriction site can be detected. In addition, it is unclear whether the nucleotide base change recognized by
RFLP is related to a substitution of encoded amino acid. To examine the validity of the PCR-RFLP method,
933-bp PCR products were obtained from 41 different clinical H. pylori isolates and were digested with Sau3A
restriction endonuclease. Furthermore, the nucleotides of the same region in the ureB gene were directly
sequenced and compared. PCR-RFLP confirmed that there was genetic diversity within the ureB gene with
three distinct types, one being well conserved and the other two being variations. However, the direct sequenc-
ing method revealed that there was no difference at the nucleotide level among these RFLP types. Base
substitutions recognized by Sau3A occurred in the third-base position and did not change the encoded amino
acid. In addition, many nucleotide mutations, which could not be recognized by Sau3A, were frequently found.
These results suggest that the PCR-RFLP method provides for an easy typing scheme of isolates, but does not
reveal the true extent of genetic diversity. It is proposed that careful observation is required for the interpre-
tation of results when clinical isolates are differentiated.

Helicobacter pylori is a gram-negative, microaerophilic or-
ganism that colonizes the human gastric mucosa. It has been
shown that H. pylori is not only the causative agent of chronic
gastritis and peptic ulcer disease (15) but also a risk factor for
gastric cancer (16, 19), and it has been designated a class I
carcinogen by the World Health Organization (10). Indeed,
the eradication of this organism by antibacterial therapy has
led to the normalization of chronic gastritis and to lower rates
of peptic ulcer relapse (9). H. pylori infection occurs worldwide
at a high prevalence rate, and an accurate method for the
differentiation of H. pylori strains is of great importance for
diagnosis and monitoring after treatment.

To differentiate H. pylori isolates, many approaches have
been presented, but no typing scheme for precise strain iden-
tification is generally available. Several molecular techniques
have been applied to separate clinical isolates from different
patients. PCR-restriction fragment length polymorphism
(RFLP) analysis has been widely developed for the typing of
clinical isolates, with several genes within H. pylori having been
targets for this method (1, 4, 5, 7, 8, 13, 14, 17, 18, 23). How-
ever, this method is limited when it comes to differentiating
isolates because it detects only a single base change at a spe-
cific restriction site. Therefore, it is unable to evaluate the
amino acid alignment and reveal whether the base change
affected the amino acid itself.

Recently, a PCR-direct sequencing method has been applied
for the typing of H. pylori clinical isolates (12, 25). This method
has the clear advantage of revealing not only the full-length

nucleotide sequence but the amino acid sequence, showing the
genomic differentiation among the strains.

In the present study, we tested the validity of PCR-RFLP
analysis of the H. pylori ureB gene by examining whether the
nucleotide variation as determined by PCR-direct sequencing
is related to the restriction sites.

MATERIALS AND METHODS

H. pylori strains and patients. Forty-one H. pylori isolates from 22 patients
were obtained from gastric tissue during gastroduodenal endoscopy in the Third
Department of Internal Medicine, Kyoto Prefectural University of Medicine,
Kyoto, Japan. All patients gave informed consent for the biopsy samples, and this
study was approved by the Human Research Committee of the university. En-
doscopic diagnoses were recorded for all patients by two trained endoscopists.
The diagnosis was classified according to the guidelines of the Sydney System
(24). The endoscopic diagnoses in the patients were as follows: 6 patients had
duodenal ulcer, 3 had gastric ulcer, and 13 had chronic gastritis without peptic
ulcer.

Culture of H. pylori from gastric biopsy specimens. Two biopsy specimens
were taken from both the antrum (pyloric gland area) and the body (fundic gland
area) of the stomach with a sterilized endoscope. The biopsy specimens were
initially spread out with an applicator and placed in a Helicobacter-selective agar
plate (Eiken Chemical Co., Ltd., Tokyo, Japan) containing 7% (vol/vol) horse
serum, vancomycin (10 mg/ml), polymyxin B (2.5 U/ml), trimethoprim (5 mg/ml),
and amphotericin B (2 mg/ml). The plates were incubated at 37°C under mi-
croaerophilic conditions (AnaeroPack Systems; Mitsubishi Gas Chemical Co.,
Inc., Osaka, Japan) for up to 7 days. The organisms were identified as H. pylori
by Gram staining, colony morphology, and positivity for oxidase and catalase.

Extraction of genomic DNA from clinical isolates. Chromosomal DNA was
extracted and purified from the H. pylori strains with the use of Instagene Matrix
(Bio-Rad Laboratories, Richmond, Calif.). Briefly, the isolated bacterial colony
was suspended in 1 ml of distilled water. The suspension was centrifuged at
10,000 3 g for 1 min, and the supernatant was removed. The Instagene Matrix
was added to the pellets and boiled for 8 min after preincubation at 56°C. The
supernatants were stored at 220°C until used as PCR templates.

PCR amplification. Oligonucleotide primers were synthesized by using a DNA
synthesizer. The oligonucleotides used as PCR primers were derived from the
known sequence of ureB, which encodes the urease structural gene (3). The
amplification product of the forward (59-GAACATGACTACACCAT-39) and
reverse (59-TGGTTTGAGGGCGAATC-39) primers was a 933-bp nucleotide.
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Bacterial DNA (5 ml) was added to 50-ml reaction mixtures containing 5 ml 103
PCR buffer, which consisted of 100 mmol of KCl, 20 mmol of Tris-HCl (pH 7.5),
15 mmol of MgCl2, 1 mmol of dithiothreitol, and 0.1 mmol of EDTA per liter,
200 ml of each deoxynucleotide (Pharmacia Biotech AB), 200 nmol of each
primer per liter, 1.0 U of Taq DNA polymerase (included in the Expand High
Fidelity PCR System; (Boehringer Mannheim, Mannheim, Germany), and H2O.
The PCR was performed with an automatic thermal cycler (TP-3000; Takara
Biomedicals, Otsu, Japan). The amplification cycle consisted of an initial dena-
turation of target DNA at 95°C for 5 min and then denaturation at 94°C for 1
min, annealing at 45°C for 1 min, and extension at 72°C for 1 min. The final cycle
included an extension step for 5 min at 72°C to ensure full extension of the
product. Samples were amplified through 35 consecutive cycles.

Enzymatic digestion of amplified DNA. We selected Sau3A (Takara Biomedi-
cals, Otsu, Japan) as a representative restriction enzyme, which has been widely
used to differentiate H. pylori strains, and whose usefulness has been indicated (4,
5, 23). The site recognized by this enzyme is GATC. A 10-ml sample of the PCR
product was digested with 10 U of Sau3A for 3 h at 37°C in buffer recommended
by the manufacturer. The digested samples were analyzed by electrophoresis by
using 5% NuSieve agarose (3:1; NuSieve; FMC BioProducts, Rockland, Maine)
containing ethidium bromide. The restriction fragments were separated at 50 V
in 13 Tris-borate-EDTA buffer for 60 min and examined by transillumination
before being photographed. A 100-bp DNA ladder (Takara Biomedicals) was
used as the standard for the molecular size marker.

Nucleotide sequencing. The PCR products were purified with Centricon-100
Concentrator columns (Amicon, Beverly, Mass.). DNA sequencing was per-
formed by the dideoxynucleotide primer method with a Thermo Sequenase
premixed cycle sequencing kit (Amersham Pharmacia Biotech) in an automated
DNA sequencer, model SQ-5500 (Hitachi Co., Ltd., Tokyo, Japan). According to
the manufacturer’s protocol, reagent mixtures containing 1 ml of purified PCR
product, 1 pmol of primer labeled by Texas Red, 6 ml of Thermo Sequenase
reagent, and 22 ml of sterilized distilled water were prepared. Reaction tubes
were placed in the thermal cycler, and the thermal sequencing cycle was started
under the following conditions: first heating at 94°C for 5 min and then 25 cycles
consisting of 94°C for 30 s and 60°C for 30 s. Cycle sequencing reactions were
performed for both DNA strands by using two primers (sense, 59-GAACATG
ACTACACCAT-39; antisense, 59-TGGTTTGAGGGCGAATC-39) and the
933-bp product as a template. Any sequences that were difficult to read were also
resequenced.

Sequence data analysis. The nucleotide sequence and the deduced amino acid
sequence within the ureB gene were analyzed with Genetyx-Mac, version 9.0,
software (Software Development Co., Ltd., Tokyo, Japan). The sequence of one
H. pylori strain (85P) previously reported was used as a reference. The sequence
was taken from the GenBank sequence data library (accession number M60398).
The nucleotide and the deduced amino acid sequence identities between each
strain were determined as the mean 6 the standard deviation (SD). The recog-
nition sites of the enzyme within the sequence region were analyzed with the
same software.

Nucleotide sequence accession numbers. The nucleotide sequence of KP48a,
KP48b (strain from a duodenal ulcer patient), KP72b (from a chronic gastritis
patient), KP96a, and KP96b (from a chronic gastritis patient) are in the DDBJ,
EMBL, and GenBank nucleotide sequence databases under the accession num-
bers AB028034, AB028035, AB028036, AB028037, and AB028038.

RESULTS

Isolation of H. pylori from biopsy specimens. A total of 41
strains were isolated from biopsy specimens: 12 strains from
patients with duodenal ulcer, 6 strains from patients with gas-
tric ulcer, and 23 strains from patients with chronic gastritis. In
19 of the 22 patients, two isolates were obtained from both the
antrum and the body of the stomach.

PCR amplification and RFLP types. PCR was performed for
each of the 41 strains. In all strains, the PCR products were
successfully amplified to the expected 933-bp fragment within
ureB gene (corresponding to nucleotides 96 to 1,029 of strain
85P).

FIG. 1. Restriction digest types of the 933-bp PCR product from the H. pylori
ureB gene of six representative clinical isolates. Amplified DNA was digested
with Sau3A and separated by electrophoresis on a 5% gel. Lane M is the
molecular mass standard of 100 bp. Lanes show type A (A), type B (B), and type
C (C) by PCR-RFLP analysis. The B and C types were considered variants.

FIG. 2. The region of the H. pylori ureB gene PCR was amplified and se-
quenced. The PCR-amplified region corresponding to nucleotides 96 to 1029 of
strain 85P is indicated as a hatched bar. The sequenced region corresponding to
nucleotides 226 to 886 is indicated as a black bar. White arrowheads show the
recognition sites for Sau3A. Closed circles indicate the nucleotide mutation site
found by Sau3A. The B and C PCR-RFLP types were considered to be variants.

TABLE 1. Typing by PCR-RFLP and comparison of the fragments
by nucleotide sequencing

Strain group
(no. of strains)

RFLP
type

Fragment lengths
(bp)

Sum
(bp)

Calculated
froma:

Reference strain 85P 389, 281, 246, 17 933 Nuc Seq
1 (24) A 390, 280, 250 920 Gel
2 (3) B 530, 390 920 Gel
3 (14) C 390, 250, 170, 110 920 Gel

a Nuc Seq, nucleotide sequence; Gel, gel electrophoresis.

TABLE 2. PCR-RFLP types from the different
gastroduodenal diseases

Strain group
(no. of strains)

RFLP
type

No. of isolates from
gastroduodenal diseasea

DU GU CG

1 (24) A 10 6 8
2 (3) B 0 0 3
3 (14) C 2 0 12

a DU, duodenal ulcer; GU, gastric ulcer; CG, chronic gastritis.
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We examined whether PCR-RFLP analysis could differen-
tiate H. pylori strains. The digestion fragments of the PCR
products obtained with restriction endonuclease indicated that
the H. pylori strains could be separated into three types (types
A, B, and C) on the basis of the presence of two, one, and three
recognition sites for the enzyme, respectively (Table 1 and Fig.
1). The precise fragment size was determined by using the
known locations of Sau3A sites in a linear map of previously
reported H. pylori ureB gene sequence (3), which was classified
as type A, in spite of the presence of three Sau3A sites. The B
and C types were considered variants.

As shown in Table 1, the results of RFLP analysis resolved
by agarose gel electrophoresis were nearly identical to the

predicted fragments based on the nucleotide sequence data.
However, the 17-bp Sau3A DNA fragment predicted from the
nucleotide sequence was too small to be detected by the PCR-
RFLP method as used here (Fig. 1).

Most of the strains isolated from the patients with duodenal
ulcer or gastric ulcer were type A, with ratios of 10/12 (83.3%)
and 6/6 (100%), respectively. In contrast, 15 of 23 (65.2%)
strains isolated from patients with chronic gastritis were of the
B or C type, each of which was considered a variant (Table 2).

Comparison of RFLP types by nucleotide and deduced
amino acid sequence determined by PCR-direct sequencing.
To examine the nature of PCR-RFLP analysis, the 933-bp
PCR products were directly sequenced. From the primary se-
quencing data, the nucleotide sequences of the 660-bp ureB
gene (corresponding to nucleotides 226 to 886 of strain 85P)
were determined. No insertions or deletions were found within
this 660-bp ureB region, and the deduced amino acid se-
quences could be determined without a stop codon (Fig. 2).

Analysis of the nucleotide sequences indicated that the base
substitution events within the ureB gene did not relate to the
observed PCR-RFLP types (Table 3). Although the B and C
types were judged as variants by PCR-RFLP, their nucleotide
sequence identities were the same as for type A. There was no
difference in the nucleotide and the amino acid sequences
among the three RFLP types.

FIG. 3. Partial nucleotide sequences of the 933-bp ureB gene PCR product obtained from five H. pylori strains representing two different PCR-RFLP types and one
reference strain (85P), as previously reported. PCR-RFLP of KP48a and KP48b strains showed them to be type A. KP72b, KP96a, and KP96b were considered to be
variant strains showing type B by PCR-RFLP. Numbers on the left indicate the base positions corresponding to nucleotides 316 to 765 of strain 85P. Bases included
in the Sau3A restriction site (GATC) are double underlined. Asterisks indicate complete identity of the nucleotides, and dots indicate base mutations. The positions
of the encoded amino acid substitution are underlined.

TABLE 3. Comparison of PCR-RFLP types by nucleotide and
deduced amino acid sequence by PCR-direct sequencing

Strain group
(no. of strains)

RFLP
type

% Identity of
nucleotide sequencea

% Identity of amino
acid sequencea

1 (24) A 94.4 6 2.6 97.7 6 3.2
2 (3) B 95.2 6 0.4 98.3 6 0.5
3 (14) C 95.3 6 0.3 99.3 6 0.4

a Nucleotide and amino acid sequence identities were calculated by compar-
ison with that of 85P, as previously reported. The results are given as the mean 6
the SD.
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Mutational events of the ureB gene explained by PCR-RFLP
analysis. Two regions were recognized by Sau3A within the
nucleotide sequence data obtained in the present study (Fig.
2). In the sequence data, the base substitutions were detected
at one position in three strains of type B. These mutations
included one G-to-A transition and two C-to-T transitions.
They occurred in the third-base position and did not change
the encoded amino acid. Furthermore, nucleotide mutations of
the third-base position were frequently found at other sites,
which could not be recognized by Sau3A. Most of the nucle-
otide mutations did not affect the encoded amino acid align-
ment (Fig. 3).

DISCUSSION

In recent years, many investigators applying the molecular
techniques have revealed that H. pylori possesses a remarkable
degree of genetic diversity, which closely relates with its epi-
demiological and pathological characteristics and dynamics of
transmission. Various typing methods have been tried, includ-
ing PCR-based randomly amplified polymorphic DNA finger-
printing (6), pulsed-field gel electrophoresis (PFGE) (21), and
hybridization with specific probes (20).

In addition to the above techniques, a PCR-RFLP analysis
has been widely developed for the typing and the differentia-
tion of H. pylori strains from clinical isolates. This method has
been used to analyze H. pylori genes, especially those encoding
urease structural and accessory proteins (1, 4, 7, 8, 13, 14, 17,
18, 23). These results have indicated that PCR-RFLP method
was an effective tool and that a diversity of H. pylori urease
genes existed among clinical isolates. However, its use in iden-
tification is limited because the method detects mutations only
at the restriction sites of the enzymes even if many other
regions differed throughout the entire genome.

On the other hand, the sequencing method has provided a
means of examining the nucleotide alignment within a gene
and thus has advantages over other methods that examine only
restriction site changes in a single gene, such as PFGE and
PCR-RFLP. Therefore, we examined the nucleotide sequence
of H. pylori ureB genes with different RFLP types and com-
pared the results.

Seventeen strains were judged as variants by RFLP analysis,
but their ureB gene sequences were shown to be well conserved
by direct sequencing (.95% identity at the nucleotide level
and .98% identity at the deduced amino acid level). In addi-
tion, small fragments (17 bp) were not detected by the RFLP
method, as supported by another study (5). The present study
confirmed that there is diversity in the ureB genes of isolates (1,
4, 7, 11, 18). However, the nucleotide mutations within the
ureB gene occurred randomly and were unrelated to the re-
striction sites used here. By comparing the direct sequencing
results to the results obtained by PCR-RFLP, it was concluded
that the nucleotide sequence variations detected in this gene
were base substitutions that conserve the amino acid align-
ment. It could be speculated that the nucleotide sequence of a
virulence factor as important as urease should be conserved
among strains (22), a notion supported by our findings.

The present study showed that there is a relation between
the RFLP type of the ureB gene and the clinical outcome, a
finding in agreement with a previous report (11). However, this
association seems doubtful given that the sequencing method
indicated there was no difference at the nucleotide level among
the RFLP types. The differences in RFLP types are due mainly
to the silent nucleotide variation within the gene. Thus, the
results obtained with lower-resolution techniques, such as

PCR-RFLP or PFGE, have probably led to an overestimation
of the true extent of genetic diversity in H. pylori (2).

Versalovic et al. recently reported that an A-to-G mutation
at position 2143 or 2144 in domain V of the 23S rRNA gene of
H. pylori was closely associated with resistance to clarithromy-
cin (26). In addition, they also established a PCR-RFLP system
to detect these base mutations precisely. In this case, RFLP
analysis was useful for identifying the mutations, because the
assay was able to catch the nucleotide mutation directly, and
these mutations were closely related to the amino acid associ-
ated with antimicrobial resistance.

In conclusion, the present study suggests that PCR-RFLP
analysis of a portion of the H. pylori ureB gene does not provide
for an accurate identification of bacteria. Although the PCR-
RFLP technique will continue to be useful for simple strain
typing, a more careful examination may be required when
differentiating clinical isolates of H. pylori.
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