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SUMMARY:

Stomach infection with Helicobacter pylori (H. pylori) isthe second most common infectious disease of
humans.

The severe pathological consequences of thisinfection include gastric and duodenal ulcer disease, the
development of gastric mucosal atrophy, gastric carcinoma, and, more rarely, malignant tumors of the
lymphoma. H. pylori infections cause very high morbidity and mortality and are of particular concernin
developing countries, where H. pylori prevalences as high as 90% have been reported.

The population of H. pylori shows a high genomic variability among isolates. And the polymor phism of
repeat-units of genomics had participated the important process of evolution. A variety of molecular typing
tools have been developed to access genetic relatednessin H. pylori isolates. However, thereis still no
standar d genotyping system of thisbacterium.
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The MLVA (Multi-Locus of Variable number of tandem repeat Analysis) method is useful for performing
phylogenetic analysis and iswidely used in bacteria genotyping; however, there'slittle application in H.
pylori analysis.

Thisarticleisthefirst application of the MLV A method to investigate H. pylori isolatesin Russia. MLVA of
4 VNTR loci with high discrimination power based on 10 candidates wer e performed on a collection of 22
strainsof H. pylori which originated from Rostov region of Russia. This method provides a starting point
on which improvementsto the method and comparisonsto other techniques can be made.

KEYWORDS: Helicobacter pylori. VNTR genotyping. Cluster analysis

RESUMEN: DESARROLLO DE UN"MULTIPLE-LOCUSVARIABLE NUMBER OF TANDEM
REPEAT ANALYSIS' (MLVA) PARA HELICOBACTER PYLORI Y SU APLICACION AL
HELICOBACTER PYLORI AISLADO EN LA REGION DE ROSTOV, EN RUSSIA.

Lainfeccién del estémago por Helicobacter pylori (H. pylori) esla segundo mas comun de las enfer medades
infecciosas humanas.

L as graves consecuencias patoldgicas de esta infeccion incluyen Ulcera gastricay Ulcera duodenal, €l
desarrollo de atrofia dela mucosa gastrica, cancer gastrico, y, masraramente, tumores malignos detipo
linfoma. Debido ala muy elevada morbilidad y mortalidad del H. pylori es de especial preocupacion en los
paises en desarrollo, donde se han reportado prevalenciasde H. pylori de hasta el 90%.

Lapoblacion de H. pylori muestra una alta variabilidad genémica entre las diver sas cepas. El polimorfismo
de repeticion en las unidades gendmicas ha participado en el importante proceso de evolucién. Una
variedad de herramientas de caracterizacion molecular se han desarrollado para acceder ala

car acterizacion genética de cepas aisladas de H.pylori. Sin embar go, existe todavia ninglin sistema estandar
de deter minacion del genotipo de esta bacteria.

El método MLVA (Multi-Locus of Variable number of tandem repeat Analysis) es (til parallevar a cabo
analisisfilogenéticosy se utiliza ampliamente en € procedo de genotipado de bacterias, sin embargo, es
escasa su aplicacion en andlisisde H. pylori.

Estearticulo describela primera aplicacion del método ML VA parainvestigar muestrasdeH. pylori
aisladasen Rusia. MLVA decuatro VNTR loci, con alto poder dediscriminacién basado en 10 candidatos
serealizd en una coleccion de 22 cepasde H. pylori procedentes delaregién de Rostov de Rusia. Este
método proporciona un punto de partida susceptible de mejoray comparacion con otrastecnicas.

PALABRAS CLAVE: Helicobacter pylori. Genotipado VNTR. Analisisde cluster.

INTRODUCTION

H. pylori isolates obtained from different individuals and ethnic groupsin the world exhibit substantial
genomic diver sity due to synonymous substitutions, insertion-deletion (indel)polymor phisms, and mobility
of repetitive elements. This diversity could be further enhanced by chromosomal rearrangementsdueto a
high level of interstrain recombination. Geographical partitioning of the gene pool exists within H. pylori,
and sequences are less related between isolates from different populations than between isolates from
familiest.

Several molecular typing toolsweretried for strain typing and identification of H. pylori isolates. These
include pulsed-field gel electrophoresis?, random fragment length polymor phism3, randomly amplified
polymor phic DNA4, 5, amplified fragment length polymor phism®,7, and PCR-based genotyping of
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repetitive sequences, namely, repetitive extragenic palindromes3? and enter obacterial repetitive inter genic
consensus elementsto,

All these techniquesindicate that the H. pylori population genetic structureis panmictic, and a high level of
DNA diversity isfound within strains. However, all of these methods suffer from one or more significant
drawbacks, including insuficient discriminatory power, poor reproducibility between laboratories, and
dificulties with the comparison and accumulation of results by different laboratories.

Asan alternativeto the above methods, investigation of Variable Number of Tandem Repeats (VNTR) has
been described for various organisms. These include Salmonella entericall, Staphylococcus aureus!?,
Yersinia pestis!3, Mycobacterium tuber culosis!4, Francisella tularensis!® and others.

VNTR arerepeated DNA sequences of varying copy number. They are caused by slipped strand mispairing
during DNA replication16.17. VNTRs can provide infor mation relating to both the evolutionary and
functional areas of bacterial diversityl6. The ability to detect VNTRsin microor ganisms has been greatly
enhanced by the availability of whole genomic sequences and softwar e that can search for VNTR loci from
these sequences!8. Once these polymor phisms ar e located, flanking primers can then be designed to amplify
these variable length regionsthus allowing differentiation of copy numbersusing the size of the resultant
amplicon. This can be done using standar d agar ose gel electrophoresisand if a higher resolution is
required, polyacrylamide gel electrophoresis.

VNTR istherefore applicable to a wide range of laboratories, including those which may have simple
equipment such asthermal cyclersand agar ose/ polyacrylamide gel electrophoresis but do not have access
to sophisticated equipment such as DNA sequencers.

Furthermorewhen VNTR isapplied to multipleloci as a typing scheme such asin Multiple LocusVNTR
Analysis (MLVA) greater discriminatory power and mor e accur ate deter mination of genetic relatednessis
achieved13.15.19,20,

In this paper, wereport on the development of aMLVA schemeusing novel VNTR loci selected from the
sequences of a published H. pylori genome and evaluate its usefulness as a typing method using reference
strain and clinical isolates from Rostov region of Russia.

MATERIAL AND METHODS

Bacterial strainsand DNA isolation.

Reference strain H.pylori NCTC 11637(Russia) was used in this study. Twenty-two H. pylori isolates were
recovered from antral gastric biopsies of patients. For culture, biopsy samples were homogenized and
inoculated onto Trypticase soy agar plates supplemented with 7.5% sheep blood. Cultureswereidentified
by urease, catalase, and oxidase tests and Gram staining. Genomic DNA was extracted from bacterial
isolatesusing a QlAamp DNAM ni Kit (Qiagen), according to the manufacturer'sinstructions. DNA was
eluted in 200 pL of elution buffer and 5 pL of each DNA solution was used in the PCR.

VNTR primer design.

DNA sequences of three H. pylori strains (26695, J99 and G27) deposited in GenBank under accession
numbers, NC000915, NC000921 and NC011333 wer e used to detect the VNTR loci. Analysisusing the
Tandem Repeat Finder (TRF) program http://tandem.bu.edu/18 was used to identify potential VNTR loci.
Primer Premier 5.0 (Premier Biosoft) was used to design PCR primersfor amplifying theloci. Primers
wer e designed within the flanking regions, with a theor etical melting temperature of 57°C to 60°C.

VNTR PCR amplification.

A PCR reaction mixture (30 pL) containing 5 pL of DNA template, 10 pmol of each primer, 1 unit of Taq
DNA polymerase, 200 uM of dNTPsand 10 x PCR buffer (500 mM KCI, 100 mM TrisHCI (pH 8.3) 25 mM
MgCl,) was utilized. Amplification was carried out in a DNA thermocycler Tercyc (DNA-Technology,
Russia) with denaturation at 94°C for 5min, followed by 30 cycles of denaturation at 94°C for 45,
annealing at 58°C for 45 sand elongation at 72°C for 1 min.

A 5-min elongation at 72°C was performed after thelast cycleto ensure complete extension of the
amplicons. Each PCR product (5 pL) wasresolved by 5-8% polyacrylamide gel electrophoresiswith 1X
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TBE (90 mM Tris-borate, 1 mM EDTA, pH 8). Allelic sizeswer e estimated using a pBlueScript DNA /
Mspl (MBI Fermentas, Vilnius, Lithuania) asa size marker. Gelswere visualised using UV
transillumination and the images captured using the ChemiDoc XRS System (BioRad).

DNA sequence analysis.

The PCR products from reference strain wer e sequenced using the same primer s used to amplify the
products. Sequencing reactions wer e performed using the BigDye terminator technology according to the
manufacturer'srecommendation (Applied Biosystems), and products wer e analyzed in an ABI 3130
capillary electrophoresis system equipped with the POP 4 matrix (Applied Biosystems). Data obtained with
forward and rever se sequencing primer swer e combined, and sequences were manually aligned.

Data Analysis.

Using the Quantity One 1D Analysis softwar e package (BioRad), the polyacrylamide gel images were
analysed and allelic sizes estimated. Allelic sizes were then converted into repeat copy numbersusing the
formula: Number of Repeats (bp) = [Fragment size (bp) - Flanking regions (bp)] / Repeat size (bp). The
repeat copy numberswerethen rounded down to form whole numbers. When repeat number s were less
than one, they wererounded down to zero, whilst no amplification was represented by the number ninety-
nine. Thiscreated a numerical profile which was analysed as a character dataset using Statistica software
package version 6.0. Clustering analysis was done using the categorical parameter and the Ward
coefficient. Nei's Diversity Index of the VNTR loci was calculated from the range of alleles generated from
the strainsused utilising the formula;

D =1- z (alldle frequency)? (Weir, 199021).

RESULTSAND DISCUSSION

Earlier, we have described a ML VA typing scheme based on 3 VNTR loci for differentiation of H. pylori
clinical isolates?2. The disadvantage of previous scheme was inability to detect any amplicons for several H.
pylori strains.

Therepeat sequence of loci from 7 to 12 bp and consistency of repeat unit > 90% wer e selected for this
resear ch to apply polyacrylamide gel electrophoresisfor more accurate determination of bands size. In this
study, 10 VNTR loci wer e candidated from the H. pylori database.

And wefinally identified 4 VNTR highly polymorphic loci and designed primersfor their detection (Table
1).
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Table 1: PCR primers used in Stud

Primer

i Direction Sequence (5'-3")
R TGGGGAACAAAACGAAGTTAAAAGG
HpA . TCTTATTCGCCCATTTTCCAACG
Reverse
T Forward CGTTTCTATCAACGCCCCTATTTC
P Reverse AAAAGGCGAAATACTGGGATAGCTT
fimes Forward ACCGCTCAAATCCCACCAACC
P Reverse ATGATGCTATAATCACTAATCACT
s Forward | GGTAATATTCATATTGCTTTTTGCGCG
P Reverse AGATCGTTAAGATTTTGGACGCTTTC

Theremaining 6 loci either failed to amplify any DNA or were amplified but were monomorphic. The main
characteristicsof the4 VNTR loci arelisted in Table 2, including the diversity index of each locus.

Table 2: Characteristic of the 4 VNTR loci

Repeat f:[':llj::] :; s L Diversity(D)
o R 9 6 0.76
HpD AAATACAT 8 15 0.92
HpE TAATCAC 7 9 0.88
HpF | AATTCTGTGTTT 12 6 0.57

Clustering analysisrevealed two major clustersand allowed to obtaine 24 individual genotypes, including
reference strain and predicted data for H. pylori J99 (data not shown). In addition, we tested possibility to
detect VNTR,sdirectly in biopsies and observed positiveresultsin 10 from 15 samples studied.

Thispreliminary investigation validates a first set of markersfor MLVA investigation of H. pylori clinical
isolates. Theloci used in this study provided high discriminatory power and suc- cessfully separated closely
related isolates of different strains from Rostov region of Russia.

Thelimitation of the most MLVA assays described isthe use of agarose gel electrophoresisto separate
fragmentsfor allelic sizing, dueto inherent inaccuracies of this method to size bands of close molecular
weights. So, we used polyacrylamide gel electrophoresisto receive a higher resolution and accurate
determination of repeats number.

In contrast with other genotyping methods, therelatively low cost and moder ate expertise required for
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MLVA typing would allow the systematic typing of any new isolate directly by clinical laboratories. All
markers proposed here are easy to type with no sophisticated equipment and software.

The usefulness of the ML VA typing scheme proposed here must be further determined by investigating a
larger population of isolates from Russia and other countries.

Further improvements need to be made to the method so that ML VA can be applied directly to biological
(biopsies, faeces) and environmental samples, thus avoiding culturing of the pathogen. Thiswould allow
epidemiological studiesin developing countrieswhereit is not always possibleto cultureH. pylori .
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H. pylori infections cause very high morbidity and mortality and are of particular concern in developing
countries, whose importance need not be emphasized.

In the present paper Sorokin et al first described the MLV A method to investigate H. pylori isolatesin
Russia. As noteworthy contributions MLVA of 4 VNTR loci with high discrimination power based on 10
candidates wer e performed on a collection of 22 strains of H. pylori which originated from Rostov Region.

Thismethod provides a starting point on which improvementsto the method and comparisonsto other
techniques can be made. Further improvements need to be made to the method so that MLV A can be
applied directly to biological and environmental samples, thus avoiding culturing of the bacteria.
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Comment of thereviewer Dra. Maria Angeles Mantecon, PhD. Department of Microbiology. Hospital
Universitario de Burgos. Burgos. Espafia

H. pylori infection is common in humans. Clinical manifestations range from asymptomatic infection,
peptic ulcer, gastritisor gastric cancer. The bacterium is characterized by high genetic diversity. Thisfact
hasamajor rolein its pathogenesisand virulence.

Sorokin et al present in this paper thefirst resultsin the typing of H. pylori by molecular technique
MELVA. The aspectsto be highlighted in this paper arethe high power of discrimination obtained and
future applicationsin the detection of the organism in biological samplesaswell as a better under standing
of the epidemiology of the circulating strainsof H. pylori. Another advantage to be considered isthe ease of
implementation and low cost of the technique studied.
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