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Abstract

Helicobacter pylori is a tlagellated corkscrew. slow growing neutrophilic gram negative
ureolytic organism. It has an extraordinary ability to establish infection in human stomach
that can last for years or decades. Its eradication remains an important public health
challenge especially in light of broadening indications and increasing antimicrobial

resistance.

AIM: i) Identification of H. pvlori in UAE patients ii) Determination of the prevalence of
antibiotic resistance genes (mutation in 23S rRNA gene in clarithromycin, and deletion in
RdxA gene in metronidazole) among /1. pvlori strains isolated from U.A.E patients by
using molecular methods, iii) Ascertain whether Cag A- positive H. pvlori strains
correlates with the antibiotic resistance strains or not and iv) Screening for new H. pylori
strains in UAE through the phylogenetic analysis of the 23S rRNA middle region of the

gene.

METHODS: The identification of H. pviori in UAE patients was carried on by primary
screening for H. pvlori using CLO test while the confirmation test were done using PCR
technique. The prevalence of antibiotic resistance genes (mutation in 23S rRNA gene in
clarithromycin, and deletion in RdxA4 gene in metronidazole) among H. pvlori strains
isolated from U.A.E patients and Cag 4 gene relation between this gene and antibiotic
resistant genes were studied by PCR and sequencing technique. Phylogenetic analysis of
the 23S rRNA gene was analyzed by using the software ClustalX. version 2. Reference
sequences used in the alignment was obtained from NCBI data base for all 23s rRNA

from difterent H. pylori strains.



RESULTS: 26 out of 90 biopsy samples were positive for /. pyvlori using PCR whereas
only 22 were positive when tested by CLO test. Resistance to clarithromycin and
metronidazole was detected in 9 and 3 of strains. respectively. Of the clarithromycin
resistant strains, 2 strains had the A2142G mutation in the 23S rRNA gene, S strains in
A2143G. | strain in A2143C and | strain of highly changed in sequence. Of the
metronidazole resistant strains. deletion in rdvd gene was detected in 3 strains which
were negative for CLO test. DNA sequence phylogenetic analysis of the 23S rRNA
middle region of the gene indicates that the strains from UAE harbor a unique 23S rRNA
sequences that is common among isolates from the UAE patients and different than other

strains published in the NCBI database.

CONCLUSION: This study is the tirst time done in the UAE where a significant proportion
of gastric mucosal biopsies obtained in the UAE are positive for Genes associated with
Clarithromycin and Metronidazole resistance (mainly in Clarithromycin). A2143G
remains the most prevalent point mutation involved. thus suggesting that new therapeutic

strategies are needed.

Key Words: H. pvlori: Antibiotic resistant genes; Cug A: Phylogenetic Analysis of 23S
rRNA.
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CHAPTER 1

INTRODUCTION




1.1. Overview

In the early 1980s, Drs. Barry Marshall and Robin Warren from Australia
discovered bacteria in the stomach lining of patients with chronic gastritis and
peptic ulcers (Marshall and Warren, 1984). It was originally named Campylobacter
pyloridis because it was structurally similar to other Campylobacter species. such as
C. jejuni (gut pathogen which has the ability to colonize the gastric mucosa of
animals) (Holeston, 2004). Campyvlobacter pvloridis was renamed Campylobacter
pylori to fit with the names of other enteric pathogens. In 1989. it was finally named
Helicobacter pylori based on functional and enzymatic properties (Holeston, 2004).
This bacterium was flagellated corkscrew, slow growing neutrophilic gram negative
ureolytic organism (Sachs er «l., 2002; Roussos e al., 2003). It has an extraordinary
ability to establish infection in human stomach that can last for years or decades
(Kersulyte er al., 2000). In order to know more about H. pylori, DNA motifs at
several informative loci in more than 500 strains of this bacteria from five
continents were studied by PCR and sequencing, and thus to gain insights into the
evolution of this gastric pathogen. Five types of DNA motifs such as deletion,
insertion, and substitution were found at the right end of H. pylori cag Pathogenicity
Island. As a result of a study, three motifs types were found to be common: type I.

types Il and type 11l (kersulyte er al., 2000).

Walker and Edwards (2003) reported that H. pylori are mostly transmitted by
oral-oral and faecal-oral routes. Many important risk factors are present and can
cause infection by this bacteria; such factor are: low social class. overcrowding and
home environment during childhood (e. g. bed-sharing). The prevalence of H. pyvlori

in developed countries was compared with developing countries, and the result



showed a reduction in the infection with /. pylori in most developed countries. and

is paralleled with low incidence of duodenal ulcer and gastric cancer.

Variety of extra digestive disorders in the past few vears, including
respiratory diseases, cardiovascular, skin rheumatic and liver diseases have been
discovered to be associated with H. pvlori infection. The pathogenetic mechanism
of this bacteria is due to the activation of inflammatory mediators which underlying
the observed associations between H. pyvlori infection and respiratory diseases. A
small number of epidemiological and serological case control studies suggest that
H. pyloriinfection may be associated with the development of chronic bronchitis. A
frequent presence of pulmonary tuberculosis and H. pvlori infection has also been

found (Roussos er al.. 2003).

As it was mentioned before that H. pvlori is an important factor of chronic
gastritis disease (Normark er al., 2003; Rintala er al., 2004). Gastritis is a term
which can be defined as an infiltration of the tissue with lymphocytes and plasma
cells. These bacteria can make infection by secreting large amounts of urease, which
helps it to survive in the highly acidic environment of the stomach. About 50
percent of all strains produce cytotoxins, some of which (e.g.. cag 4 toxin) are
associated with gastritis and ulceration (Fig. 1.1). These cytotoxins cause local
inflammation. resulting in a weakening of the gastric mucosal barrier that can lead

to further tissue injury.



Fig. 1.1: Photograph of an ulcer in the stomach as seen on upper endoscopy.



Decreasing in gastric juice ascorbic acid levels, which are thought to be a
predisposing factor for gastric ulceration and possibly gastric cancer, is also a result

of H. pvlori intection (Kleef et al.. 2003).

H. pyvlori eradication remains an important public health challenge especially
in light of broadening indications and increasing antimicrobial resistance (Cavallaro
et al., 2006). Eradication of the organism play a role in the accelerating the ulcer
healing and also prevents long-term ulcer relapse. Now a day, two antibiotics have
been demonstrated to have a high eradication rates (greater than 90%) based on the
eradication regimens using proton pump inhibitor (PPl). Amoxicillin,
clarithromycin, and metronidazole are the most frequently used antibiotics for the
treatment of H. pviori infection. However, antibiotic resistance frequently causes
failure of eradication of H. pviori (Kato er al.. 2002). The resistance of H. pviori to
the recently available antibiotic treatment regimens has been a growing problem.
About 10% to 15% of the adult infected with H. pvlori has been found in the
developed countries as a metronidazole resistance, whereas virtually all strains have
been found in the developing countries with high rate of resistant for this drug (Kato
et al., 2002). On the other hand, the rates of clarithromycin resistance were
relatively low. ranging from 2% to 15%, where as nowadays clarithromycin

resistance has increased (Kato er al., 2002).

A few studies were done in the United Arab Emirates to study antibiotic
resistance for H. pvlori. One of these studies was done in Zayed Military Hospital
(ZMH) and showed that: 65.5% of H. pvlori were mutated for clarithromycin
anitibiotic by Real time PCR technique, which indicate high percentage of

resistance for this antibiotic (Al-Faresi er al., 2007).



1.2. Pathogenesis of H. pylori

Helicobacter pylori have a unique set of virulence factors that allow it to
colonize the stomach wall (Fig. 1.2). These factors include urease. helicoidal shape,

flagella. adhesion and pro-inflammatory molecules (Bernard er al., 2004).

Helicobacter pylori

= the bacterium causing peptic ulcer disease

infection
Helicopacrer pyian
niects the lower
part of < stomach,
antrum

Helcobar ter pyion

Inftammation
Halcobacar pylor?
causes inflammation
of the gasiric mucasa
Igasteitis:. This is
often asymplomatic

Ulcer

Sastry inflammanon may lead
1o duodenal or gastric uloer
Severa complications mchude
bieseding uicer and parforated
e

Ircreasec
aci] secretion '}

inflammation

Fig. 1.2: Process of H. pvlori pathogenesis



The ability of H. pylori to colonize the human stomach can be attributed to the
production of specific bacterial products such as urease enzyme and several outer
membrane proteins, including BabA, SabA, AlpA. AlpB. and HopZ. Beside these
products flagella factor, permit bacterial motility, which allows bacterial penetration
of the mucus layer (Fig.1.3) (Eaton and Krakowka. 1994; Eaton er al.. 1996) which
lead to the activation of numerous signaling pathways that permit efticient delivery

of toxins or other effector molecules into the cells (Guillemin er al., 2002).

H. pylori has many mechanisms to evade immune system. One of these
mechanisms is antigenic disguise in which bacteria are coated with host protein
(Jonsson er al., 2004), other mechanisms may involve phase variation of surface
components. Membrane proteins and lipopolysaccharide (LPS) antigens has been
reported as phase variation for multiple H. pylori surface components (Appelmelk er
al.. 1999). For example, H. pvilori strains express LPS O antigens that are
structurally related to lewis blood group antigens found in human cells. This
similarity in structure between H. pvlori LPS and lewis blood group antigens may
represent a form of molecular mimicry that allows H. pviori LPS antigens to be
shielded from immune recognition because of similarity to self antigens (Algood

and Cover. 2006).

One of the most important pathogenic factors present in H. pvlori is 40 Kb
region of chromosomal DNA known as cag pathogenicity island (PAl) (Akopyants
et al., 1998). The pathogenicity island contains genes that enable the bacterium to
cause cellular damage (Yang er al., 2004; Zhou et al., 2004). Some strains contain
an incomplete cag PAI (less than 40Kb in size) and in other strains the cag PAl is

completely absent (Censini et al., 1996). From different studies, they found that cag



PAI positive strains have a serious role in the stimulation of gastric epithelial cells

to produce high level of pro inflammatory cytokines (Akopyyant er al. 1998:

Brandt er al., 2005:

CN,H,0 (urea)

Urease +H,0

2NH3 + CO2

Adherence:

Flagella 7
s/ BabA, SabA, AlpA, ,

\ , “#L AlpB, and HopZ

Fig. 1.3: Colonization factors of H. pyvlori. Multiple bacterial factors contribute to
the ability of H. pvlori to colonize the stomach. Urease contributes to the acid
resistance of H. pvlori. Flagella permit bacterial motility, which allows bacterial
penetration of the mucus layer. Several outer membrane proteins, including BabA,
SabA, AlpA. AlpB. and HopZ. can mediate bacterial adherence to gastric epithelial

cells.



1.2.1. Cag A (Cytotoxin Associated Gene A)

Cytotoxin associated gene A (Cag A) is one of the most virulent product of
40kb DNA fragment corresponding to 25 genes in some strains and 27 genes in
others, where these genes called the cag pathogenicity island (PAI). This bacterial
eftector protein (Cug A) which is encoded by Cuag A gene (one gene of the Cug PAI)
translocate into the gastric epithelial cells and induces numerous alterations in
cellular signaling (Asahi er «l.. 2000: Higashi er al.. 2002). Multiple other products
of cag PAI have been found to play a role in secretion of cag A and in alteration of
gene transcription in gastric epithelial cells, for example the cag PAl in H. pviori
26695 strain is consists of 27 putative genes. Seventeen out of 27 genes were found
to be absolutely essential for translocation of Cag A into host cells (Fischer er al.,

2001).

Many researchers investigating cag A gene have shown that infection with
positive cag A H. pvlori strain increases the virulence of the bacterium. Striking
evidence shows that 88% - 100% of patients with ulcers were infected by cag A
positive strains; and about 50% - 60% patients infected by cag 4 negative strains
developed ulcers. Also they found that patients with cag 4 antibodies, had the

ability to develope gastric cancer (Holeston, 2004).

Although the actual role of the cag 4 gene is unknown, many studies currently
show an increased risk for developing ulcers and gastric cancer associated with cag

A-positive strains (Holeston, 2004).



1.3. Clinical Aspects of H. pylori Associated Disease

As a fact colonization with /1. pvlori is not considered as a disease, however,
conditions that affect the relative risk of developing various clinical disorders of the
upper gastrointestinal tract is a disease (Kusters et al.. 2006).

Even though gastric colonization with H. pvlori induces histologic gastritis in
all infected individuals, only very few people develop any apparent clinical signs of
this colonization. About 10% to 20% lifetime risk of developing ulcer disease and a
1% to 2% risk of developing distal gastric cancer have been estimated in H. pylori-
positive patients (Kuipers er al.. 1995; Kuipers, 1999: Ernst and Gold. 2000). The
risk of development of these disorders in the presence of H. pylori infection depends
on a variety of bacterial strains, host, and environmental factors that mostly relate to

the pattern and severity of gastritis (Fig.1.4) (Kusters et al., 2006).
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Fig. 1.4: Schematic representation of the factors contributing to gastric pathology and

disease outcome in H. pylori infection.



Acute and chronic gastritis: gastritis can be defined as infiltration of the
gastric mucosa in both antrum and corpus with neutrophilic and mononuclear cells
as a result of H. pylori colonization (Kusters et al.. 2006).

Peptic ulcer disease: gastric or duodenal ulcers (commonly referred to as
peptic ulcers) are defined as mucosal defects with a diameter of at least 0.5 ¢cm
penetrating through the muscularis mucosa. Gastric ulcers mostly occur along the
lesser curvature of the stomach, in particular, at the transition from corpus to antrum
mucosa (Veldhuyzen van Zantener al/.. 1999). Duodenal ulcers usually occur in the
duodenal bulb, which is the area most exposed to gastric acid (Kusters et al.. 2006).

Non-ulcer dyspepsia: functional dyspepsia is defined as the presence of
symptoms of upper gastrointestinal distress without any identifiable structural
abnormality during diagnostic work-up, in particular including upper
gastrointestinal endoscopy. Dyspeptic symptoms may have a reflux-like character,
with heartburn and regurgitation as predominant signs: may appear dysmotility-like,
with early satiety and nausea: or may be ulcer-like, with pain and vomiting (Kusters
etal., 2006).

Atrophic gastritis, intestinal metaplasia, and gastric cancer: loss of the
normal gastric mucosal architecture, with destruction of gastric glands and
replacement by fibrosis and intestinal- type epithelium are the results of chronic
inflammation induced by H. pylori. This process of atrophic gastritis and intestinal
metaplasia occurs in approximately half of the H. pvlori-colonized population, first
in those subjects and at those sites where inflammation is most severe (Kuipers ef
al., 1995b). The risk for atrophic gastritis depends on the distribution and pattern of

chronic active inflammation. As such, subjects with decreased acid output show a
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more rapid progression towards atrophy (Kuipers er al., 1996) (Fig. 1.5). Areas of
gland loss and intestinal metaplasia extend with time; they increase the risk for
gastric cancer by 5- to 90-fold depending on the extent and severity of atrophy

(Sipponen et al., 1985).

Pattern of Gastric Duodenal Acid Clinical
gastritls histology histology secretion condition
* Chronic
inlammation * Normal * Reduced * Gastric uicer
* Atrophy * Gastric cancer
* [ntestinal
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* Chronic * Gastric "
W metaplasia increased Duodenal uicer
* Polymorph aclivity * Active
chronic
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Fig. 1.5: Acid secretion and the associated pattern of gastritis play an important
role in disease outcome in H. pylori infection. The figure displays the correlations
between the pattern of H. pylori colonization, inflammation, acid secretion, gastric

and duodenal histology, and clinical outcome.
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Gastroesophageal reflux disease (GERD): has long been considered to
occur independently of H. pylori colonization, i.e., to occur with the same frequency
and severity in H. pvlori-positive and H. pvlori-negative subjects. This opinion was
based on cross-sectional observations which suggested that the prevalence of H.
pylori among GERD patients was similar to that among controls (Werdmuller and
Lofteld. 1997). However, further studies suggested that H. pvlori might protect
against the development of GERD and as such also be of benefit to their hosts
(Kusters et al.. 2006).

Gastric MALT lymphoma. The gastric mucosa does not normally contain
Ivmphoid tissue. but MALT nearly always appears in response to colonization with
H. pylori. In rare cases. a monoclonal population of B cells may arise from this

tissue and slowly proliferate to form a MALT lymphoma (Kusters et al.. 2006).

1.4. Diagnosis of H .pylori

H. pvlori infection can be diagnosed by invasive techniques requiring
endoscopy and biopsy (Ex: histological examination, culture. polymerase chain
reaction) and by non-invasive techniques such as serology. urea breath test.
urine/blood test, or detection of H .pylori antigen in stool specimen (Nakata et al.,

2004).
1.4.1. Non-Invasive Tests

A number of noninvasive tests have been developed to establish the presence
of H. pylori infection. Although polyclonal antibody-based stool antigen testing has
a good sensitivity and specificity, it is less accurate than urea breath testing.

Recently, a monoclonal antibody-based stool antigen test demonstrated an excellent
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performance in diagnosing H. pvlori infection in adults and in pediatric populations
(Dore e al., 2004). The two main techniques for this diagnosis are serology and

urea breath test.
1.4.2. Invasive Tests

Invasive diagnosis requires endoscopy of a patient, during which biopsies are
taken from multiple sites in the esophagus, stomach, and duodenum. The most
popular test is the biopsy urease test. This test checks for the presence of the
enzyme urease in the biopsy tissue sample. A Gram stain of a biopsy sample can be
made. The Giemsa stain can also be used for detection of the organism. A biopsy
also allows for a bacteriological culture of the sample. A culture allows for the
determination of antibiotic sensitivity. Also we can use histology. bacterial culture
as invasive test Giemsa stain demonstrating colonization of the gastric mucosa by H.

pylori (Kim et al., 2004: Nimish ez al., 2004).
1.4.2.1. Rapid Urease Test

It is a widely used test in endoscopy room for rapid detection of H. pviori
infection (Hazell et al., 1987). The mode of action of this test is as follow: A gastric
biopsy samples from antrum are placed in urea broth (5% urea solutions with phenol
red). If there is any urease produced by H. pylori in biopsy specimen, the urease will
then hydrolyze urea in broth to ammonium ion. This will raise the pH which can be
detected by the color change from yellow to red due to the presence of the phenol
red as indicator. In true positive results, 75% of the broth will turned red in 20

minutes and 90% within 3 hours. Commercial rapid urease test are available, the
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first one known as CLO test (CLO= Campylobacter Like Organism) (Wong et dl..

1997).

Rapid urease test has a limited sensitivity (70-90%), this sensitivity reduced
after eradication therapy. False positives may occur after 24 hours due to other
urease positive organisms in the gastric biopsy. As a result this test should be read
within 24 hours. Also false negative have been reported in patients with recent
intake of proton pump inhibitors, bismuth, H2 receptor antagonists or antibiotics

days before the test (Wong et al., 1997).
1.4.2.2. Polymerase Chain Reaction

Polymerase chain reaction (PCR) can be defined as an enzymatic process in
which specific region of DNA is replicated over and over again to yield many
copies of a particular sequence. This molecular technique involves heating and
cooling samples in specific thermal cycling pattern over 30 cycles (Fig. 1.6). During
each cycle, a copy of the target DNA sequence is generated for every molecule
containing the target sequence. After 30 cycles billions copies of the target region
on the DNA template have been generated and this was calculated theoretically

(Table 1.1) (Butler, 2005).
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Fig. 1.6: PCR Process. A) Thermal cycling temperature profile for PCR: Thermal cycling involves
three different temperatures that repeated over and over again 25-30 times. At 94°C, the DNA
strands separate, or denature, At 60°C primers bind or anneal to the DNA template and target the
region to be amplified. At 72°C, The DNA polymerase extends the primers by copying the target
region using the deoxynucleotide triphosphate building block. B) DNA amplification process
within the polymerase chain reaction: In each cycle, the two DNA template strands are first
separated by heat. The sample is then cooled to an appropriate temperature to bind “anneal” the
oligonucleotide primers. Finally the temperature of the sample is raised to optimal temperature for
the DNA polymerase and it extends the primers to produce a copy of each DNA template strand.

For each cycle, the number of DNA molecules doubles.
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Table 1.1: Number of target DNA molecules created by PCR amplification.

Cycle Number Number of Double Stranded
Target Molecules (Specific PCR
Product)

1 0

2 0

3 2

4 4

5 8

6 16

7 82

8 64

9 128

10 256

11 512

12 1024

13 2048

14 4096

15 8192

16 16384

17 32768

18 65536

19 131072
20 262144
21 524288
22 1048576
23 2097152
24 4194304
25 8388608
26 16777216
37 33554432
28 67108864
29 134217728
30 268435456
31 536870912
32 1073741824




PCR has been known for its high sensitivity and specificity. It was used as
diagnostic tools in clinical field. For example PCR is used nowadays for the
detection ot H. pvlori DNA in bodily materials such as biopsies. feces and saliva. A
specific segment of DNA from H .pylori can be amplified. The primers used
routinely are derived from 26 KDa antigen gene, Urease C gene (Labigne et al.,

1991). Other may use Cag 4 gene for PCR (Wong er al., 1997).
H. pylori Eradication

Many antimicrobial agents have been studied for their efficacy in eradicating
H. pvlori infection either as a single agent or as a combination therapy. In fact single
antimicrobial agent treatment schedules have not been sufticiently effective with
eradication rates ranging from only 23% for amoxicillin to 54% of clarithromycin
(Chiba er al., 1992: Peterson et «l., 1993). Single drug regimens are not advocated
due to potential for the development of antimicrobial resistance especially to
macrolides and nitroimidazoles, which are the key agents in multi drug regimens for
H. pylori (Kate. V and Ananthakrisshnan. N, 2001). Dual treatment combining a
proton pump inhibitors (PPls) with either clarithromycin or amoxicillin were
popular a few years ago (Kate. V and Ananthakrisshnan. N, 2001). PPIs are drugs
that covalently bind and irreversibly inhibit the H*/K* adenosine triphosphatase
(ATPase) pump. effectively inhibiting acid release. Omeprazole (Prilosec),
lansoprazole (Prevacid). rabeprazole (Aciphex), and pantoprazole (Protonix) given
in daily or twice-daily doses for 4 weeks heal 80-100% of gastric ulcers if H pviori

infection is not present or has been eradicated (Walker. R and Edwards. C, 2003).
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A lot of triple drug therapy had been used (Table 1.2) and the recent one is
consist of giving ranitidine bismuth citrate (RBC). clarithromycin and

metronidazole. These combination produce less acid suppression but provide the

additional antimicrobial action of bismuth (McColm er al. . 1996).

Ettorts have been made to achieve 100% eradication of H. pvlori by using
Quadruple therapy by addition of anti secretory agent to the classic bismuth based

triple therapy (Table 1.2) (Kate. V and Ananthakrisshnan. N, 2001).
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Table 1.2: Regimens for eradication of H. pvlori

Duration

Regimens Dosage H.pylori
eradication

Omeprazole 20mg, bid 2 weeks 60-80%

Clarithromycin 500 b.i.d.

Colloidal Bismuth Subcitrate (CBS) 120 mg, q.i.d. 2 weeks 30-95%

Tetracycline 500mg, qid

Metronidazole 400 g.id

Omeprazole’ 40 mg, od 1-2 weeks 75-90%

Amoxicillin 500 mg, ti.d.

Metronidazole 400 mg, t.1.d.

Omeprazole* 40 mg, 0.d or 20 mg, b.i.d. 1-2 weeks 85-95%

Clarithromycin 250 mg, b.id.

Metronidazole 400 mg, bid/tid.

Omeprazole* 40 mg, 0d. or 20 mg, b.1.d. 1-2 weeks 85-95%

Amoxicillin 1gbid

Clarithromycin 250-500 mg, b.id.

Omeprazole 20mg, o.d or bid. 1 week 86-98%

CBS 120 mg, q.1d.

Tetracycline 500 mg, g.1d.

Metronidazole 400-500 mg, g.1d. or tid.

Ranitidine bismuth citrate 400 mg, b.i.d 7-14 days > 90%

Clartthromycin 500 mg, bi.d

Metronidazole 500 mg, b.idftid
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1.6. Antibiotic Resistance

1.6.1. Metronidazole Mode of Action

Nitroimidazole (NI) such as metronidazole is widely used tor H. pylori and
other anaerobic bacteria treatment (Jenks and Edwards, 2002). It enter the cell by
passive diffusion (Jenks and Edwards, 2002; Van Der Wouden er al., 2000 ). The
antimicrobial toxicity of this drug is dependent on the reduction of nitro moiety to
other compounds like nitro anion radical, nitroso and hydroxyl amine derivates
(Lindmark and Muller, 1976; Moreno er al., 1983). These reduction products will
cause DNA degradation and also it damaging other macromolecules (Jenks and

Edwards, 2002).

Jenks and Edwards (2002) reported that the selective toxicity of metronidazole
in anaerobic bacteria is due to the redox potential of the electron transport chain
components which are negative to reduce the nitro group of this drug. Within these
microorganisms electron can be produced by decarboxylation of pyruvate which
passed on to terredoxin or tflavodoxin. (Smith and Edwards, 1995). these low redox
electron carrier proteins will then reduce another component, mostly a proton,
which work as terminal electron acceptor (Jenks and Edwards, 2002). In fact
metronidazole has very low redox potential and was reduced by accepting electrons
from reduced ferredoxin or tflavodoxin (Edwards er al., 1973; Edwards. 1993a). The
continuing reduction of this drug maintains a favorable transmembrane
metronidazole concentration gradient facilitating further diffusion of the drug to the

cell (Ignseral., 1974).
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Mainly Metronidazole can be metabolized in anaerobic bacteria by two
mechanisms: The first one known as oxygen-insensitive nitoreductase (Fig.1.7)

(Van Der Wouden et al., 2000 ).
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Fig.1.7: Metabolism of a nitroimidazole (NI) by an oxygen-insensitive
nitroreductase.R represents the electron donor, e represents an electron.
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Oxygen- insensitive denotes the reduction of metronidazole results in a nitroso
derivates by simultaneous transfer of two electrons (Van Der Wouden er «l., 2000).
The products which resulted from this step can’t be reoxidized by molecular oxygen
and the nitroreductase facilitating the two electron transfer step. therefore, called

oxygen insensitive (Van Der Wouden er «l., 2000).

The second mechanism of action were it is considered as an alternative
mechanism when anaerobic bacteria are exposed to aerobic atmosphere conditions

is through oxygen sensitive nitroreductase (Fig. 1.8) (Jenks and Edwards. 2002).
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Fig. 1.8: Metabolism of a nitroimidazole (NI) by an oxygen-sensitive
nitroreductase. R represents the electron donor, e represents an electron. SOD
represents superoxide dismutase.
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In this process metronidazole is reduced by one electron transfer step to toxic
free radical anion that can be metabolized by one of the following two ways: 1) Free
radical anion can be reoxidized to the original compound by molecular oxygen with
production of superoxide. Thereby, molecular oxygen reverts the reduction step and
these nitroreductase are therefore called oxygen-sensitive (Van Der Wouden er al..
2000). This process of reduction and reoxidation is repeated endlessly and called
“futile cycling™ (Docampo and Moreno, 1986). Although this cycle results in the
detoxification of the drug, it also generates superoxide radical anion that maybe
toxic to the microorganisms. (Docampo and Moreno, 1986). The superoxide
produced during this cyvcle can be eliminated by the action of superoxide dismutase
which generates hydrogen peroxide which is further reduced to water by the
catalase enzyme. (Edwards. 1993a). The second way to metabolize the toxic free
radical anion is another electron transfer step in the presence of transition element
such as iron and copper which convert the free radical anion to more toxic

substances which lead to DNA damages (Van Der Wouden er al., 2000).

Anaerobic bacteria develop resistance to metronidazole by reducing activity of
element of this series of electron transport reaction POR and ferredoxin with
appropriate modification of the normal fermentative pathway (Narikawa, 1986;
Quon et al., 1992: Edwards. 1993b; Townson er al., 1996; Wassamann er al., 1999).
On the other hand the very low redox potential of metronidazole prevents its
reduction by aerobic bacteria and this explains their intrinsic resistance to this drug

(Jenks and Edwards, 2002).
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1.6.2. Metronidazole Resistance in H. pylori

It was proposed that the reactive oxygen species generated by futile cycling
were responsible for cell death in H. pviori and this is due to the environment
conditions where these bacteria live (Lacey et al., 1993). A lot of research were
devoted to demonstrate the presence of this process in H. pyvlori but all these eftorts
failed because no successful results were found (Smith and Edwards, 1995:
Jorgensen et al.. 1998), where they found that superoxide dismutase and catalase
(which are enzymes produced during oxygen sensitive process) are not induced by
metronidazole and there is no correlation between enzyme levels and resistance
patterns (Smith and Edwards. 1995). Therefore, little evidence that futile cycling
contributes to the mode of action in H. pvlori. On the other hand the observation of
the pre-exposure of many metronidazole-resistant strains to anaerobic conditions
which resulted in the loss of the resistant phenotype was the early indication that the
activity of metronidazole in H. pvlori dependent on reductive activation (Smith and
Edwards. 1995: Cederbrant er a/.. 1992). This means that the susceptibility to
metronidazole may be restored at lower oxygen tensions through the activation of
lower redox potential anaerobic reduction pathways which function less. or not at all
under microaerobic environment. Furthermore, It was found that metronidazole
resistant H. pylori have reduced activity of NADH oxidase (Smith and Edwards,
1997) which is thought to act as an oxygen scavenger, reducing the intracellular
oxygen tension and maintaining a low redox status at the site of metronidazole
reduction. Low level of NADH oxidase activity in resistant strains may compromise
oxygen scavenging. allowing the redox potential to rise sutficiently to prevent

activation of metronidazole (Jenks and Edwards, 2002).
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Several studies on fresh clinical isolates indicated that metronidazole resistant
mostly results from point mutation in the rdxA gene, a gene that encodes an oxygen-
insensitive. NADPH nitroreductase. High level of resistance to metronidazole is
attributable to mutational inactivation of rdxA gene (Debets-Ossenkopp er al.. 1999).
Although the knock out of the enzyme encoded by this gene results in resistance, the
activity of other enzymes, as well as the ability of the strains to neutralize the toxic
metabolites and repair DNA Damage may result in background variation in
susceptibility. It is therefore, not unexpected that large variation in the minimal
inhibitory concentration (MIC) are seen both in any susceptible and resistant
isolates (Graham, 1998: Van Der Wouden er al., 1999a; Van Der Wouden er dal..

1999b).

Finally it was found that the absence of functional rdv4 encoded
nitroreductase causes no survival disadvantage of microorganisms in the absence of
this antibiotic (Goodwin er al., 1998). So resistant mutants may persist for decades,

often coexisting with susceptible organisms (Taylor er al., 1995).

1.6.3. Clarithromycin Mode of Action
Macrolides mechanism of action has been studied for more than 30 years but
is still unclear. All macrolides inhibit bacterial protein synthesis to varying extents
(Mazzei et al.. 1993). One of these macrolides is clarithromycin which is active
intracellularly, and its action is static or bactericidal, depending on the organism and
antimicrobial agent concentration (Anderson ef al., 1993).
1.6.4. Clarithromycin Resistance in H. plori
Point mutation from adenine (A) to guanine (G) in the 23S rRNA gene is the

main reason for clarithromycin resistance in H. pylori (Fig. 1.9). An adenine (A) to
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guanine (G) transition mutation within a conserved loop of 23S yRNA of H. pviori
and its association with clarithromycin resistance was first identified by Versalovic
et al, (Versalovic ¢t al., 1996).

The mutation occurs commonly at two positions 2058 and 2059 in Escherichia
coli-23§ rRNA, while in H. pvlori the mutation occurs at position 2142/ 2143
formerly known as position 2143/2144 (Fig 1.10) (Megraud, 1998: Taylor er al.,
1997). Point mutations may occur at other positions, and can be a transition (A G) or
a transversion (A C). but the transition is far more frequent (Megraud. 1998;
Versalovic er al.. 1997: Hulten er al., 1997). Furthermore, A2142G mutation was
associated with a high level of resistance (MIC>64 mg/L) than the A2143G

mutation as Versalovic er al., 1997 found.
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These observations are supported by others studies (Stone ef al., 1997: Wang
and Taylor, 1998). Additionally, macrolide-resistance has been reported as unstable
in some strains of H. pvlori in vitro and in vivo where strains developed resistance
post-treatment and then reverted to being susceptible after a period of follow up
(Xia et al., 1996; Versalovic er al., 1996). Cross-resistance between macrolides in /.
pylori has been observed (Midolo er al.. 1997; Xia er al., 1996. Versalovic er al.,
1996). Commonly. H. pvlori strains resistant to clarithromycin are also resistant to
ervthromycin and azithromycin (Wang and Taylor, 1998).

New approach for diagnosing macrolide resistant H. pylori strains have been
started through the association between point mutations on the 23S rRNA gene and
macrolide resistance in H. pvlori. Cycle DNA sequencing of the 23S rRNA gene
amplicons is considered as the reterence method. however, simpler techniques have
been developed (Megraud, 1997). These include polymerase chain reaction based
restriction fragment length polymorphism (PCR-RFLP). an oligonucleotide ligation
assay (PCR-OLA), a DNA enzyme immunoassay (PCR-DEIA), a reverse
hybridisation line probe assay (PCR-LiPA). and a preferential homoduplex
formation assay (PCR-PHFA) (Versalovic et al., 1996; Taylor et al.. 1997; Stone et
al.. 1997: Pinaer ul., 1998: Maeda el ul., 1998). Molecular techniques such as PCR
are quicker than micro biological susceptibility testing, and more importantly. they
can be performed directly on gastric biopsies and gastric Juice (Maeda er al., 1998;

Bjorkholm er al., 1998; Sevin er al., 1998).
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1.7 Objectives

The Objectives of the present study are:

Ve

4-

Screening of peptic ulcer patients in UAE and testing for the presence of H.
pvlori.

Determination of the prevalence of antibiotic resistance genes (mutation in
23S rRNA gene in clarithromycin, and deletion in Rdx4 gene in
metronidazole) among H. pvlori strains isolated from U.A.E patients by
using molecular methods (PCR and sequencing).

To ascertain whether Cag A- positive H. pylori strains correlates with the
antibiotic resistance strains or not.

We also screened for new H. pylori strains in UAE through the phylogenetic

analysis of the 235 rRNA middle region of the gene.
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CHAPTER 11

MATERIALS AND
METHODS




2. Material and Methods
2.1. Sample Collection

From July 2008 to January 2009, a total of 90 Gastric biopsy samples were
obtained from dyspeptic patients referred for endoscopy departments in Zayed
Military Hospital (ZMH) in Abu Dhabi. UAE (mean age 40 years [range 19- 80]; 64
male [71.1%], 26 female [28.9%]). For each patient. one endoscopic biopsy
specimen taken from antrum of stomach and directly frozen at -20°C for further
processing. The research were conducted according to appropriate ethical guidelines
and approved by Deputy Commander at ZMH.

2.2. DNA Isolation

DNA was isolated from 25-50 mg thawed biopsy tissue using QlAamp DNA
Mini kit (QIAGEN, Cat No: 51306) according to the manufacture’s direction. The
isolated DNA was eluted in 60 pL elution buffer and stored at — 20°C until further
analysis.

2.3. Identification of H. pylori in Biopsy Samples

All samples were initially tested for H. pylori infection with CLO test at the
endoscopy unit in ZMH. To confirm CLO test results, PCR identification was
carried out using species-specific antigen gene. The following primer pair was used:
antigen specific forward and antigen specific reverse (Table 2.1), primers were
obtained from Operon. The amplification of DNA was done in 0.2 ml reaction tubes
by PCR using a thermal cycler (PERKIN ELMER 2400). 50 pl reaction mixtures
consisted 1 x PCR master mix (QIAGENE, Cat No: 201445), forward and reverse
primer each at a concentration of 0.1 M and 2 pl from extracted DNA as a template

where the best bands resolution were at the concentration range from 100-200ng/pl.
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Each reaction mixture was amplified as tollows (Table 2.2) : denaturation at 94°C

for 5 and then the sample was allowed to undergo 40 cycle which consisted in
denaturation of DNA for | min at 94°C. annealing of primer for 1 min at 68°C and
extension of primer for | min at 72°C. A final extension of DNA was carried out for

10 min at 72'C to ensure complete amplification. Sequenced sample from positive
amplified PCR products served as positive control (Fig. 2.1). where as. distilled
water served as a negative control during the amplification. The amplified DNA
product was analyzed by electrophoresis using agarose (Invitrogen, Cat No: 10975-
035) prepared in TBE (Tris Borate-EDTA) butter (1.5 g/ 100 ml). The size of the
gel was 10 x 7 cm with a thickness of 0.3 cm. Samples were loaded on the gel and a
voltage of 100V was applied. 100bp DNA ladder (Invitrogen, Cat No: 10488-058)
was used as marker to know the size ot the PCR product. The sample was allowed
to run for | hr and the gel was stained with 0.5 mg /ml ethidium bromide for 30 min.

The band was seen by illumination with UV light in a gel documentation system.
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Table 2.1: Primers sequences used in this study

Gene

Sspecies-Sspecific
Aantigen Gene

rdx4 Gene

23S rRNA Gene

Cag A Gene _

Forward primer Reverse primer
§-TGGCGTGTCTATTGACGACGAGC-3" §-CCTGCTGCGCATTCACCATG-3'
S-AATTTGAGCATGGGGCAGA-3' §-GAAACGCTTGAAAACACCCCT-3'
5"AGTCGGGACCTAAGGCGAG-3° STTCCCGCTTAGATGCTTTCAG-3'
§-ATAATGCTAAATTAGACAACTTGAGCGA-3' §'-AGAAACAAAAGCAATACGATCATTC-3

Table 2.2: PCR programs to amplify different genes

Gene PCR Program (followed by a 10-min extension step at product
72°C) size
Sspecies-Sspecific 40 cycles, denatured at 94 °C for 5 min , 94°C for 1 min, 68°C for | 298-bp
Aantigen Gene min, 72°C for | min
rdvA gene 35 cycles, denatured at 94 °C for 5 min , 94°C for 30's, 55°C for 30s, 850-pb
72°C for 30 s
23S rRNA gene 40 cycles. denatured at 94 °C for 6 min , 94°C for 30 s, 50°C for 1 min, | 1400-bp
72°C for 3 min
Cag A gene 50 cycles, denatured at 95 °C for 3 min . 94°C for |1 min, 48°C for4Ss, | 128-bp

72°C for 45 s

.
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Fig. 2.1: Sequencing chromatogram for positive control used in the Identification of H.

pylori by PCR.
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2.4. Detection of Cytotoxin Associated gene A (Cag A)

Cug A gene was screened by PCR technique. Primers for PCR amplifications
were designed based on published sequences for cag 4 gene (Table 2.1). Each PCR
was performed with a volume of 50 pl containing | x PCR master mix. forward and
reverse primer each at a concentration of 0.1 uM and 2 ul from extracted DNA at a
suitable concentration (15 to 20 ng). Each reaction mixture for Cug A gene was
amplified as follows (Table 2.2) : denaturation at 95°C for 3 min and then 50 cycles

of 94°C for | min, 48°C for 45 s. and 72°C for 45 s . A final extension of DNA was

carried out for 10 min at 72°C to ensure complete amplification. Sequenced sample
from positive amplified PCR products served as positive control (Fig. 2.2), where as,
distilled water served as a negative control during the amplification. The amplified
DNA product was analyzed by electrophoresis using agarose prepared in TBE (Tris
Borate -EDTA) bufter (1.5 g/ 100 ml). The gel size was 10 x 7 cm with a thickness
of 0.3 cm. Samples were loaded on the gel and a voltage of 100V was applied.
100bp DNA ladder was used as marker to know the size of the PCR product. The
sample was allowed to run for 1 hr and the gel was stained with 0.5 mg /ml
ethidium bromide for 30 min. The band was seen by illumination with UV light in a

gel documentation system.
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Fig. 2.2: Sequencing chromatogram for positive control used in the amplification of Cag

A gene.
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2.5. Detection of Deletion in rdx4 Gene of H .pylori

For the detection of metronidazole resistant strains, deletion in the rdx4 were
screened, where the native gene yielded a 850-bp PCR product and its deletion
resulted in a 650-bp fragment.

PCR was performed in an automated thermal cycler (PERKIN ELMER 2400),
Each PCR was performed with a volume of 25 pl containing 1 x PCR master mix,
forward and reverse primer each at a concentration of | puM and 2 pl from
approximately 20 ng of template genomic DNA. Each reaction mixture for rdvA
gene was amplified as follows (Table 2.2) : denaturation at 94°C for S min and then

35 cycles of 94°C for 30 s, 55°C for 30 s, and 72°C for 30 s ., A final extension of

DNA was carried out for 10 min at 72°C to ensure complete amplification. The size
of the PCR products was evaluated by electrophoresis on a 1.5% agarose— Tris-
borate-EDTA gel containing 0.5 mg of ethidium bromide per ml. PCR amplification

result was compared to the public database.
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2.6. Detection of Point Mutations in the 23S rRNA Gene of H .pylori by
Sequencing

Point mutations at two position in 23S rRNA gene (2142 and 2143) were
identified by amplifying 1400 bp of the target gene encoding 23S rRNA and then
sequence it.

PCR amplifications were done by using oligonucleotide primers 18 and 21
(Table 2.1) complementary to conserved regions of the gene encoding 23S rRNA.
Each PCR was performed with a volume of 50 pl containing 1 x PCR master mix,
forward and reverse primer each at a concentration of | uM and 2 pl from extracted
DNA. Each reaction mixture was amplified as follows (Table 2.2) : denaturation at

94°C for 6 min and then 40 cycles of 94°C for 30 s, S0°C for 1 min, and 72°C for 3

min, A final extension of DNA was carried out for 10 min at 72°C to ensure
complete amplification.

PCR product was purified with Qiaquik purification kit (Qiagen) and a cycle
sequencing reaction was performed with the same primers. DNA sequencing was
performed In Macrogen Inc (Korea) under standard conditions. DNA sequence
editing and analysis were performed by ClustalX, version 2 (Larkin,M.A et al.,
2007) softwear.

2.7. Phylogenetic Analysis of 235 rRNA

2.7.1. Analysis of the nucleotide sequence. The nucleotide sequence reported in this
study was analyzed by using the software ClustalX, version 2 (Larkin,M.A et al..
2007). Reference sequences used in the alignment was obtained from NCBI data

base for all 23S rRNA from different Helicobacter pylori Strains.
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2.7.2. Nucleotide Sequence Accession Numbers. The partial 23S rRNA gene sequences
obtained in this study were deposited in GenBank. The accession numbers are

shown in Table 2.3. For comparison, published 23S rRNA gene sequences were

downloaded from GenBank (Table 2.3).

2.7.3. Phylogenetic Tree. Tree view program was used to draw the phylogenetic tree.
This program dose not creates those trees, it simply uses files created by clustalX to
display and print the trees.

2.8. Statistical Analysis
SPSS software were used to calculate Chi-square which used to test for difterences

proportions between different groups. P value less than 0.05 was reported as

statistically significant.
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Table 2.3: Sequence accession numbers of the strains included in the study

strain Source GenBank accession
no.
23S rRNA gene
Helicobacter pyvlori J99 | Reference NC 00092i.1
strain -
Helicobacter pylori Reference NC_000915.1
26695 strain )
Helicobacter pyvlori Reference NC _011333.1
G27 strain -
Helicobacter pylori Reference NC_010698.2
Shi470 strain
Helicobacter pvlori P12 | Reference NC_011498.1
strain
Helicobacter pylori Reference NC_008086.1
HPAG] strain
Helicobacter pvilori Reference | NZ_ABJP01000007.1
HPRKYX 438 CA4CI strain
Helicobacter pyvlori Reference | NZ_ABJO01000217.1
HPKX 438 AGOCI strain
Helicobacter pylori Reference | NZ_ABJP01003236.1
HPKY 438 CA4CI strain
Helicobacter pylori Patient, FJ527516
Hpuae-1 UAE
Helicobacter pylori Patient, FJ1527508
Hpuae-2 UAE
Helicobacter pyvlori Patient, E1527521
Hpuae-3 UAE
Helicobacter pvlori Patient, FJ527524
Hpuae-4 UAE
Helicobacter pylori Patient, FJ527509
Hpuae-5 UAE
Helicobacter pvlori Patient, FJ527514
Hpuae-6 | UAE
Helicobuacter pylori Patient, FI527511
Hpuae-7 UAE
Helicobacter pylori Patient, FJ527520
Hpuae-8 | UAE
Helicobacter pylori | Patient, EI527513
Hpuae-9 ‘ UAE
Helicobacter pylori Patient, FJ1527506
Hpuae-10 UAE
Helicobacter pylori Patient, FJ527515
Hpuae-11 UAE
Helicobacter pylori ~ Patient, F1527510
Hpuae-12 UAE
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strain Source GenBank accession
no.
Helicobacter pyvlori Patient, FJ527512
Hpuae-13 UAE
Helicobacter pylori Patient, KIS21523
Hpuae-14 ~ UAE
Helicobacter pylori Patient, EI527519
Hpuae-15 UAE
Helicobacter pylori Patient, Fl1527517
Hpuae-16 UAE
Helicobacter pylori Patient, F1527505
Hpuae-17 UAE
Helicobacter pylori Patient, F1527518
Hpuae-18 UAE
Helicobacter pylori Patient. Fl1527522
Hpuae-19 UAE
Helicobacter pylori Patient, F1527507
Hpuae-20 UAE

Continued Table 2.3: Sequence accession numbers of the strains included in the study
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CHAPTER 111

RESULTS AND
DISCUSSIONS




3. Results and Discussion

3.1. Sample collection

From July 2008 to January 2009, a total of 90 Gastric biopsy samples
were obtained from dyspeptic patients referred for endoscopy departments in
Zayed Military Hospital (ZMH) in Abu Dhabi. UAE. The mean age were 40
years [range 19- 80] (Fig. 3.1); 64 male [71.1%)], 26 female [28.9%]). Within
the patients population 67 [74.4%)] were UAE nationals and the rest are non
locals (Fig. 3.2). Presences of H. pylori are not linked to certain age group

and not concern for locals only: it is randomly distributed within groups.

5=

Number
of
patients

0—

Mean = 40.47
Std. Dev. = 16.71
N =90

Fig. 3.1: Mean age of patients and range of distribution.
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Nationality
B No Data

@ British
O Egypt
@ Filipno
O India

B Lebanon
@ Morocco
O Nepal
O Pakistan
B philipin
@ Philipin
O Sudan
B Syria

0O UAE

B Yamen

Fig. 3.2: Difterent nationality of the patients.
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3.2. Detection of H. pylori in Gastric Biopsy Samples.

Ninety antral biopsy samples were collected from patients suffering from
dyspeptic symptoms. Primary screening was done using CLO test while
conformation were done by PCR method. The present study has indicated that
among the 90 patients. 22 [24.4%)] showed the presence of H. pviori by CLO test
while 26 [28.9%] by PCR method with a band size of 298bp (Fig. 3.3). As the
primer derived from the DNA sequence of a species-specific protein antigen has
been shown to be present only in H. pviori, this what makes PCR technique more
sensitive in detecting H. pyvlori compared to CLO test and this is why 7 samples
where positive by PCR and negative by CLO test (Table 3.1). These finding
correlates very well with many other published results regarding the high sensitivity
of PCR in comparing to other methods such as CLO test and Urea breath test
(Murugesan et al., 2005). Although our results also shows that there are 7 other
samples which were positive by CLO test and negative by PCR. which might
contradict with our earlier comment, we believe that the absence of H. pviori in the
7 samples could be due to the region from where the samples were collected
probably not infected with this microorganism, as it is known that this microbe is
present in patches in these patients. At the same time, it should be noted that the
samples analyzed by PCR and CLO test were collected from the same regions and
thus the absence of H. pvlori in 7 out of 22 patients as analyzed by CLO test could
be due to the poor sensitivity of detection and not due to the region of sample

collection.
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13 14 15 16

Fig. 3.3: 1.5 % Agarose gel electrophoresis of amplitied 298-bp PCR
product from cloned target sequence of species- specific antigen (SSA)
gene (p26KDa): lane | shows 100bp marker. Lane 16: positive control ;
lane 15: negative control, lanes 4, 5, 8, and 12 show positive PCR assay

performed on a gastric biopsy sample.

Table 3.1: PCR and CLO test results

CLO Test PCR Total
positive negative
positive 15 7 22
no data 4 i 11
negative 7 50 O
Total 26 64 90
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3.3. Detection of Cyrotoxin Associated Gene A (C. ag 4)

H. pylori intection is the major causative agent of chronic active gastritis.
which plays a central role in the etiology of peptic ulcer disease and is a risk
factor for development of gastric cancer. One of the most virulent factors that
is thought to play a role in development of gastric cancer is cyrotoxin
associated gene A (Cag A). Cag A gene was present in 16 (61.54%) of the 26
samples that was positive for H. pylori by PCR (Fig. 3.4) with a band size of
128bp (Fig. 3.5). Several studies have shown that the prevalence of Cug A4
gene in H. pvlori isolates range from 80% to 100% (Cover et al.. 1990; weel et
al.. 1996: Uemura et al., 2001), where geographical difterences in the
prevalence have been found, as it has been reported in western countries that
Cag A gene is present in 95% of H. pylori infected patients. The same
observation was published for eastern countries, where Cag A gene expressing
H. pyvlori was found in 89.3% of the 28 isolates (Cover et al.. 1990; weel et al.,
1996: Uemura et al.. 2001). Although our positive rate of Cug A gene (61.5%)
is lower than published reports from other nation (Cover et al.. 1990; weel et
al.. 1996: Uemura et al., 2001). our results is acceptable as this might be due to
strain variation and geographical differences as it was mentioned before. By
comparing with data published earlier in the UAE, our finding is similar to
previous studies showing the presence of H. pylori strains in UAE with lower

percentage of having Cag A gene.

o



CagA
B positive

@ negative

Fig. 3.4: Percentage of Cug A positive and negative in the 26 H. pviori strains
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'

Cag A gene

Fig. 3.5: 1.5 % Agarose gel electrophoresis of amplified 128-bp PCR product
from cloned target sequence of Cag A4 gene: lane | shows 100bp marker, Lane 14:
positive control ; lane 15: negative control. lanes 2, 3,4, 6,7, 8 10, 11,12 and 13

show positive PCR assay performed on a gastric biopsy sample.
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3.4. Detection of Deletion in rdx4 Gene of H .pylori

In recent ycars, rdvd gene analysis of the fresh samples showed that the
metronidazole resistance is mainly attributed to the mutations in this gene including
gene deletion (Debets-Ossenkopp et al., 1999). In this study only 3 (11.5% of total)
strains out of 26 were found to carry a 200 bp deletion in the rdx4 gene. All three
samples were negative for identification by CLO test (Table 3.2) and also are
characterized by the absence of Cug A gene (Table 3.3). This absence of functional
rdx4 encoding for nitroreductase causes no survival disadvantage to
microorganisms in the absence of this antibiotic (Goodwin er al., 1998). So,
resistant mutants may persist for decades, often co-existence with susceptible
organisms and this is what we found in some of the samples where two band sizes
expressed in the same strain (Fig 3.6D). There is a strong association between the
presence of Cug A gene and the deletion in the rdvA gene (p = 0.02). Relation
between Cag A and rdxA 200bp deletion are not clear. Further researches with more

samples are needed to confirm these results.
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Table 3.2: CLO test results and its relation to metronidazole susceptible and

resistant strains

rdxA gene CLO Test Total
positive no data negative
Resistant 0 0 3 3
Susceptible 16 2 < 23
Total 16 2 8 26

Table 3.3: Presence of Cug A gene among metronidazole (rdx.4) susceptible and

resistant strains

rdxA gene Cag A gene Total
positive negative
Resistant 0 3 5
Susceptible 16 T 23
Total 16 10 26

B
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Fig. 3.6: 1.5 % Agarose gel electrophoresis of amplified PCR product from
cloned target sequence of rdx.4 gene: (A) and (B) shows susceptible strains (S)
for metronidazole with a band size of 850bp, While (C) and (D) Shows

resistant strains (R) with a band size of 650bp and susceptible one (850bp).
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3.5. Detection of Point Mutations in the 23S rRNA Gene of H .pylori by
Sequencing

The prevalence of clarithromycin resistance varies from 1% in Norway to
65.5% in United Arab Emirates as Al-Faresi reported (2007). Recent data from
Western Europe indicate that greater than 60% of failed clarithromycin based
treatments are associated with clarithromycin resistant /. pylori isolates (Blaser.
1997: Cover et al., 1990: Van Doorn et al., 1998, Arents er al, 2001;
Mukhopadhyay et al., 2000).

The present study did not examine cultured isolates of H. pylori from biopsies.
Rather it examined the biopsies directly using molecular techniques Depending on
the published data, clarithromycin binding site located in the V domain of
peptidvitransferase-encoding region of the 23S rRNA gene (Uemura er al., 2001).
(Fig 3.7). Mutations at this site alter the mechanism of binding making the bacteria
resistant to the antibiotic. Three point mutations in two positions of the binding site
have been described in which an adenine residue is replaced by guanine or a

cytocine residue at adjacent positions: A2142C, A2142G and A2143G.
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Clarithromycin binding site

Fig. 3.7: Clarithromycin binding site.
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All DNA samples were positive by the PCR assay for the amplification of the
1400bp of 23S rRNA gene (Fig. 3.8). Sequencing analysis showed that 9 out of 26
(34.6%) strains were mutated (susceptible strains showed in Fig. 3.9). In this group
2 strains [22.22%] had the A2142G (Fig. 3.10), S strains [55.56%)] A2143G (Fig.
3.11), | strain [11.11 %] A2143C and | strain [11.11%] with highly changed in
sequence (Fig. 3.12). The prevalence of the point mutation A2142/43G among our
patients is higher than what other countries reported (29% in Japan (Kato er al.,
2002)). and still lower than 65%, what Al-Faresi reported (2007). In addition there
was no relation between the presence of Cag A gene and the clarithromycin

resistance (P =0.07) (Table 3.4).
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Table 3.4: Presence of Cag 4 gene among Clarithromycin (23S rRNA) susceptible

and resistant strains

23S rRNA gene Cag A gene Total
positive negative
: Resistant 8 1 9
Susceptible 8 9 17
Total 16 10 26

Fig. 3.8: 1.5 % Agarose gel electrophoresis of amplified 1400bp PCR
product from cloned target sequence of 23S rRNA gene: lane | shows
100bp marker, lane 5: negative control, lanes 1, 2, 3 and 4 show positive

PCR assay performed on a gastric biopsy sample.
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Fig. 3.9: Sequencing chromatogram for clarithromycin susceptible strain

isolated from UAE patients
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Fig. 3.10: Sequencing chromatograms for clarithromycin resistant
strain with nucleotide alterations from A to G at 2142 position isolated

from UAE patient.
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Fig. 3.11: Sequencing chromatograms for clarithromycin resistant strain with

nucleotide alterations from A to G at 2143 position.
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clarithromycin binding site (2142 and 2143).
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3.6. Phylogenetic Analysis of 235 rRNA

H. pvlori strains from UAE were studied to gain new insight into the
population genetic structure of the pathogen and to study the implication of
genotype in disease. Although H. pviori infection occurs worldwide. there are

significant differences in its prevalence within and between countries.

DNA sequence phylogenetic analysis of the 23S rRNA middle region of the
gene indicates that the strains from UAE harbor a unique 23S rRNA sequences
(TTGGTTATATTCCA) that is common among isolates from the UAE patients and
different from other strains (Fig 3.13). The 23S rRNA gene sequence data are
significantly more reliable than 16S rRNA gene sequence data for identification.
classification, and phylogenetic analysis of helicobacters primarily because of the
threefold-higher number of informative bases (Dewhirst er al., 2005; Mikkonen er

al., 2004: Hanninen et al.. 2003; Vandamme et al.,2000).

Genomic Comparison between H. pvlori strains were done by software
ClustalX, version 2. Reference sequences used in the alignment was obtained from
NCBI data base for all 23s rRNA from difterent Helicobacter pvilori Strains. The H.
pvlori J99 (GenBank accession no. NC_000921.1)., H. pylori 26695 (GenBank
accession no. NC_000915.1), H. pvlori G27 (GenBank accession no. NC_011333.1),
H. pviori P12 (GenBank accession no. NC_011498.1), H. pylori Shi470 (GenBank
accession no. NC_010698.2), H. pyvlori HPAGI (GenBank accession no.
NC _008086.1) and H. pyvlori HPKX_438 genomes were downloaded. Homology
searches were conducted against the genomes sequences of H. pvlori on the

nucleotide level by using the BLAST software package. The BLAST output was
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processed further to determine syntenic regions between two genomes (Fig 3.14,

3.15 and 3.16).

) 30 40 50
TTG GTTATAT T CCW TACC GACTAT G GAGC GTGAT G G

a0 30 40

o

G GITATAT TCCATACC GACTAT G GAGCGT GLT 3G

20 30
ToGETTATATTCC £

Fig. 3.13: H. pylori sequences from different strains isolated from UAE patients’ shows
the unique position (TTGGTTATATTCCA) for this strains which differentiate them

from other H. pylori strains.
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Helicobacter pylori J99

Identities = 669/671 (99%). Gaps = 1/671 (0%)

H. pyvlori Hpuae-5 1
Hpylor1J99 1059039

H pylori Hpuae-5 60
H.pvlori J99 1058979

H. pylori Hpuae-5 120
Hpylor1 J99 1058919

H. pvlort Hpuae-5 180
H.pvior1 J99 1058859

H. pylori Hpuae-5 240
H pvior1J99 1058799

H. pvlori Hpuae-5 300
H.pvlori J99 1058739

H. pplori Hpuae-5 360
H.pvior1 J99 1058679

H. pvlori Hpuae-5 420
H.pvlor1 J99 1058619

H. pplori Hpuae-5 480
HpvoriJ99 1058559

H. pvlori Hpuae-5 540
H.pylor1J99 1058499

H. pvlori Hpuae-5 600
H.pvior1J99 1058439

H. pvlori Hpuae-5 660
H milor1 J99 1058379

TGGTT-ATATTCCAATACCGACTATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGAG

CGTGGACCTTT 670
1058369

59
1058980

119
1058920

179
1058860

239
1058800

299
1058740

359
1058680

419
1058620

479
1058560

539
1058500

599
1058440

659
1058380

Fig. 3.14: Alignment of the DNA sequences of partial 23S rRNA gene (670bp). Reference

strain is H. Pylori J99 (Red Color) and isolated strain from UAE patient is H. pviori

Hpuae-5. Differences in sequences are shown with red color. Gaps in the DNA sequence

are marked with dashes. and identical nucleotides are indicated by dots.
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Helicobacter pylori 26695

Identities = 668/671 (99%). Gaps = 1/671 (0%)

H pylori Hpuae-5 | TGGTT-ATATTCCAATACCGACTATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGAG  §9

H prior1 26695 446742 ... .. B Boooonoo00066000000miatacns o o0 dubans 146801

H pvior: Hpuae-S 60 CTAGCTGATGGAAGCGCTAGTCTAAGGGCGTAGATTGGAGGGAAGGCAAATCCACCTCTG |19

Hipwlor 266951 BA60D | aratale sl avie e e s e YRSt e s s s h e e e ee s W ae e 416861

H pyvlori Hpuae-5 120 TATTTGAAACCCAAACAGGCTCTTTGAGTCCTTTTAGGACAAAGGGAGAATCGCTGATAC |79

H. prOrs 26695 436862 o oottt it e e e e e e e e e e 136921

H pvlori Hpuae-5 180 CGTCGTGCCAAGAAAAGCCTCTAAGCATATCCATAGTCGTCCGTACCGCAAACCGACACA 239

H pviori 26695 446922 ... ... ..... S 116981

H. pvlort Hpuae-5 240 GGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGTTAAGGAACTCTGCAAA 299

i DVIoT T 2600 MBGOBD | .\ e T Te e s e o 37 i s w6 4 447041

H. pvlor Hpuae-5 300 CTAGCACCGTAAGTTCGCGATAAGGTGTGCCACAGCGATGTGGTCTCAGCAAAGAGTCCC 359

H pvlors 26695 437092 L oo e e e e e e e e e et e s 447101

H. prlort Hpuae-5 360 TCCCGACTGTTTACCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGTGT 419

Hopylort 26695 397102 o oo ittt e e et e e e e e e et e e e e e i 147161

H. pvior: Hpuae-5 420 GACGCCTGCCCGGTGCTCGAAGGTTAAGAGGATGCGTCAGTCGCAAGATGAAGCGTTGAA 479

H O pOrI 26695 447162 Lo ottt it e e e e e e e e e e e e e e e ey 147221

H. pvlor: Hpuae-5 480 TTGAAGCCCGAGTAAACGGCGGCCGTAACTATAACGGTCCTAAGGTAGCGAAATTCCTTG 539

Ho PVIors 26695 397222 o e e e e e e e e e e e e e e e e e 147281

H. p\'lon Ilpuae-5 540 TCGGTTAAATACCGACCTGCATGAATGGCGTAACGAGATGGGAGCTGTCTCAACCAGAGA 599

H. pvlori 26695 387282 o e e e e e e e e e e e 147341

H pylori Hpuae-5 600 TTCAGTGAAATTGTAGTGGAGGTGAAAATTCCTCCTACCCGCGGCAAGACGGAAAGACCC 659
447401

H pvlor1 26695 447342

H. pvlori Hpuae-5 660
H. pvlor1 26695 47402

CGTGGACCTTT 670
447412

Fig. 3.15: Alignment of the DNA sequences of partial 23S rRNA gene (670bp). Reference
strain is H. Pylori 26695 (Red Color) and isolated strain from UAE patient is H. pylori
Hpuae-5. Differences in sequences are shown with red color. Gaps in the DNA sequence

are marked with dashes. and identical nucleotides are indicated by dots.
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Helicobacter pylori HPRKX_438_AGOC! NZ_ABJOO1 000217

H pylor Hpuae-5
H pylon HPKX

Il pylori Hpuae-5
H pyvlon HPKX

H pylori Hpuae-5
H pvylon HPKX

H pyvlort Hpuae-5
H pylort HPKX

H pyvlor Hpuae-5
H pylort HPKX

H psyon Hpuae-5
H pylort HPKX

H pylor Hpuae-5
H pyvlort HPKX
H pylon Hpuae-5

H pylori HPKX

H pslori Hpuae-S
H pylort HPKX

H pylon Hpuae-3
H pylort HPRX

H pylor Hpuae-5
H pylornt HPKX

H pylon Hpuae-5
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TGGTT-ATATTCCAATACCGACTATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGAG

TCCCGACTGTTTA 372

Gaps about 2bp

AAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGTGTGACGCCTGCCCGGTG

GTGGAGGTGAAAATTCCTCCTACCCGCGGCAAGACGGAAAGACCCCGTGGACCTTT 670
1206

59
314

119
254

179
194

239
134

359
14

434
1442

1382

Fig. 3.16: Alignment of the DNA sequences of partial 23S rRNA gene (670bp).

Reference strain is H. pylori HPKX 438 AGOC] (Red Color) and isolated strain

from UAE patient is H. pvlori Hpuae-5. Differences in sequences are shown with

red color. Gaps in the DNA sequence are marked with dashes. and identical

nucleotides are indicated by dots.
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The 23S rRNA sequences for the twenty strains listed in Fig 3.17 was
determined by using sequencing methods. Sequences were entered in 23S
rRNA databases and aligned based on secondary structure. Phylogenetic trees
were constructed using the neighbor-joining method. The neighbor-joining
tree constructed from the partial 23S rRNA gene sequences is shown in Fig.
3.18 and Fig. 3.19. The more detailed similarity analysis of the partial 23S
rRNA gene sequences among Helicobacter pylori strains is shown in Table 3.5
and 3.6. The similarities of the 23S rRNA sequences of H. pvilori strains
isolated from UAE patients to those other published sequences were 99%
except for H. pyvlori HPRKX 438 CA4C1 strain (NZ_ABJP01003236.1) (Table
3.5).

Two main strains are found in UAE patients, one is closely related to
Helicobacter pyvlori G27 and the other one to Helicohacter pvlori J99 just the
difterences in two or three nucleotides (Fig. 3.17). H. pvilori Hpuae-5 (Fig.
3.20) is an example of one group of strains which is closely related to H.
pvlori J99. where it has two nucleotides difference (Fig. 3.14); Also it is
similar to H. pvlori 26695 with three nucleotides difference (Fig 3.15). H.
pvlori HPKX 438 AGOCI strain is excluded from this study because of
missing nucleotides (Fig 3.16) On the other hand H. pylori Hpuae-20 (Fig.
3.21) is an example of second group which is closely related to H. pylori G27
but different in two nucleotides. All isolated strains sequences showed in

APPENDIX 2.
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CLUSTAL 2.0.10 multiple sequence alignment

Pylori
Pylori
Pylori
Pylori
Pylori
Pyleori
. Pylori
Hpuae-1
Hpuae-2
Hpuae~ 3
Hpuae-4
Hpuae-5
Hpuae-6
Hpuae-7
Hpuae-8
Hpuae-9
Hpuae-10
Hpuae-11
Hpuae-12
Hpuae-13
Hpuae-14
Hpuae-15
Hpuae-16
Hpuae-17
Hpuae-18
Hpuae-19
Hpuae-20

EEEEEE

26695
HPAGI
G27
Shi470
P12
J99
HPKX

TGGTTAATATTCCAATACCGACT-GTGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTAATATTCCAATACCGACT-ATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTAATATTCCAATACCGACT-ATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGT TAATATTCCAATACCGACTCATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTAATATTCCAATACCGACT -ATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTAATATTCCAATACCGACT-ATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTAATATTCCAATACCGACT-ATGGAGCGTGATGGGGGGACGCATAGGGTTAARGCGA
TGGTTA-TATTCC-ATACCGACT-ATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTA-TATCC--ATACCGACT-ATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTA-TATTCCAATACCGACT-GTGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTA-T-TTCC-ATACCGACT-ATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTA-TATTCCAATACCGACT-ATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTA-TATTCC-ATACCGACT-ATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTA-TATTCC-ATACCGACT-ATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTA-TATTCC-ATACCGACT-ATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTA-TATTCC-ATACCGACT-ATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTA--ATTCC-ATACCGACT-ATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTA-TATTCC-ATACCGACT -ATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTA--ATTCC-ATACCGACTTATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTA-TATTCC-ATACCGACT-ATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTA~-ATTCC-ATACCGACT -ATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTA-TATTCTG-TACCGACT-ATGGAGCGTGGAGGGGGGACGCGTAGGGTTAAGCGA
TGGTTA-TATTCC-ATACCGACT-ATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTA-TATTCCAATACCGACT-ATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTA-TATTCC-ATACCGACTTATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTA-TATTCC-ATACCGACTTATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTA-TATTCC-ATACCGACT -ATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA

* ok kE kA *hk ok ok ok k ok k R R R R RS *hkkhkhkhk k¥ hkd dhkhkhkhdhkdhkhhK

Fig. 3.17: Alignment of the DNA sequences of partial 23S rRN.4 gene (670bp). Reference

strains used in the alignment are in Red Color (H. Pvlori 26695, H. Pylori HPAGI, H.

Pylori G27. H. Pylori Shi470, H. Pylori P12. H. Pylori J99, H. Pylori HPRX). while the

sequences of strains isolated from UAE patient are in black color with H. pvlori Hpuae

name. The differences in sequences are shown with diftferent colors with boldface. Gaps

in the DNA sequence are marked with dashes. and identical nucleotides are indicated by

stars. See Appendix 1.

-64 -



r Hp J99

Hpuae-3
Hp 26695
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Fig. 3.18: Neighbor-joining tree based on partial 670-bp 23S rRNA gene sequences. The
tree was rooted with H. pylori J99. The number at each branch point represents the
percentage of bootstrap support calculated from 1,000 trees. The scale bar represents the
sequence divergence.
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Fig. 3.19: Neighbor-joining tree based on partial 670-bp 23S rRNA gene sequences. The
tree was rooted with H. pviori G27. The number at each branch point represents the
percentage of bootstrap support calculated from 1,000 trees. The scale bar represents the
sequence divergence.
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Table 3.5: Similarity of the partial 23S rRNA gene sequence isolated from H.

pylori Hpuae-5 among other Helicobacter pylori strains.

Accession Description Max ident
NC _000921.1 Helicobacter pylori 199 99%
NC_000915.1 Helicobacter pylori 26695 99%

NZ_ABJP01000007.1 Helicobacter pylori HPKX 438 CA4CI 999,
NZ_ABJO01000217.1 Helicobacter pylori HPKX_438_ AGOC] 99%
NZ_ABJP01003236.1  llelicobacter pylori HPRKX_ 438 CA4CI 89%

Table 3.6: Similarity of the partial 23S rRNA gene sequence isolated from H.

pvlori Hpuae-20 among Helicobacter pylori strains

Accession Description Max ident
NC 011333.1 Helicobacter pylori G27 99%
NC 011498.1 Helicobacter pylori P12 99%
NC _010698.2 Helicobacter pylori Shi470 99%
NC_008086.1 Helicobacter pylori HPAG 99%
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Continued Fig. 3.21: Sequencing chromatogram of the 23S rRN'A gene

isolated from H. pylori Hpuae-20
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CHAPTER IV

CONCULSIONS




4. Conclusions

Several conclusions could be drawn from the presented study are as follow:

(i)

(i1)

The relationship between deletion of 200bp in rdx4 gene (gene which is
responsible for highly resistance for metronidazole) and Cag 4 gene needs
further researches at the molecular fields with high number of samples to
make the relation more clear.

The finding of a high rate of resistance to clarithromycin. which is most
likely due to the vast consumption of erythromycin in cases of upper
respiratory infections, calls for an effective eradication program and
disqualifies clarithromycin as an effective regimen. These results further
confirm the essence of continuous monitoring of antibiotic resistance
patterns in order to reduce the rate of eradication failure in UAE or any
other target population. These data may provide the basis for treatment

recommendations for H. pylori eradication in UAE.

From this study: full genomic sequencing for the new H. pvlori strains which have been

found in the UAE patients (locals and non locals) with unique sequences in the 235 rRNA.

i1s recommended.

Also 1 highly recommend using PCR technique in all clinical laboratories and hospitals in

UAE for detecting H. pylori, and this is due to the sensitivity of PCR more than other

methods in the identification of this bacteria, beside the ability of the PCR assay which

has the advantage of detecting low numbers of bacteria after successful or unsuccessful

therapy or prior to relapse.
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CLUSTAL 2.0.10 multiple sequence alignment

Pylori
Pylori
Pylori
Pylori
Pylori
Pylori
. Pylorl
Hpuae-1
Hpuae-2
Hpuae-3
Hpuae-4
Hpuae-5
Hpuae-6
Hpuae-7
Hpuae-8
Hpuae-9
Hpuae-10
Hpuae-11
Hpuae-12
Hpuae-13
Hpuae-14
Hpuae-15
Hpuae-16
Hpuae-17
Hpuae-18
Hpuae-19
Hpuae-20

EEEE Y

Pylori
Pylori
Pylori
Pylori
Pylori
Pylori
. Pylori
Hpuae-1
Hpuae-2
Hpuae-3
Hpuae-4
Hpuae-5
Hpuae-6
Hpuae-7
Hpuae-8
Hpuae-9
Hpuae-10
Hpuae-11
Hpuae-12
Hpuae-13
Hpuae-14
Hpuae-15
Hpuae-16
Hpuae-17
Hpuae-18
Hpuae-19
Hpuae-20

EEEEEE

26695
HPAGI1
G27
Shi470
Piz
J99
HPKX

26695
HPAGI
G27
Shiq470
P12
J99
HPKX

TGGTTAATATTCCAATACCGACT-GTGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTAATATTCCAATACCGACT-ATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
TGGTTAATATTCCAATACCGACT-ATGGAGCGTGATGGGGGGACGCATAGGGTTAAGCGA
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GCTAGETGATGGAAGCGCTAGTCTAAGGGCGTAGATTGGAGGGAAGGCAAATCCACCTCT
GCTAGCTGATGGAAGCGCTAGTCTAAGGGCGTAGATTGGAGGGAAGGCAAATCCACCTCT
GCTAGCTGATGGAAGCGCTAGTCTAAGGGCGTAGATTGGAGGGAAGGCAAATCCACCTCT
GCTAGCTGATGGAAGCGCTAGTCTAAGGGCGTAGATTGGAGGGAAGGCAAATCCACCTCT
GCTAGCTGATGGAATAGCTAGTCTAAGGGCGTAGATTGGAGGGAAGGCAAATCCACCTCT
GCTAGCTGATGGAAGCGCTAGTCTAAGGGCGTAGATTGGAGGGAAGGCAAATCCACCTCT
GCTAGCTGATGGAAGCGCTAGTCTAAGGGCGTAGATTGGAGGGAAGGCAAATCCACCTCT
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GTATTTGAAACCCAAACAGGCTCTTTGAGTCCTTTTAGGAC-AAAGGIAGAATCGCTGAT
GTATTTGAAACCCAAACAGGCTCTTTGAGTCCTTTTAGGAC-AAGAGGAGAATCGCTGAT
GTATTTGAAACCCAAACAGGCTCTTTGAGTCCTTTTAGGAC-ARAGGGAGAATCGCTGAT
GTATTTGAAACCCAAACAGGCTCTTTGAGTCCTTTCAGGAC-AAAGGGAGAATCGCTGAT
GTATTTGAAACCCAAACAGGCTCTTTGAGTCCTTTTAGGAC-AAAGGGAGAATCGCTGAT
GTATTTGAAACCCAAACAGGCTCTTTGAGTCCTTTTAGGAC-AAAGGGAGAATCGCTGAT
GTATTTGAAACCCAAACAGGCTCTTTGAGTCCTTTTAGGAC-AAAGGGAGAATCGCTGAT
GTATTTGAAACCCAAACAGGCTCTTTGAGTCCTTTTAGGAC-AAAGGGAGAATCGCTGAT
GTATTTGAAACCCAAACAGGCTCTTTGAGTCCTTTTAGGAC-AAAGGGAGAATCGCTGAT
GTATTTGAAACCCAAACAGGCTCTTTGAGTCCTTTCAGGAC-AAAGGGAGAATCGCTGAT
GTATTTGAAACCCAAACAGGCTCTTTGAGTCCTTTTAGGAC-AAAGGGAGAATCGCTGAT
GTATTTGAAACCCAAACAGGCTCTTTGAGTCCTTTTAGGAC-AAAGGGAGAATCGCTGAT
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ACCGTCGTGCCAAGAAAAGCCTCTAAGCATATCCATAGTCGTCCGTACCGCAAACCGACA
ACCGTCGTGCCAAGAAAAGCCTCTAAGCATATCCATAGTCGTCCGTACCGCAAACCGACA
ACCGTCGTGCCAAGAAAAGCCTCTAAGCATATCCATAGTCGTCCGTACCGCAAACCGACA
ACCGTCGTGCCAAGAAAAGCCTCTAAGCATATCCATAGTCGTCCGTACCGCAAACCGACA
ACCGTCGTGCCAAGAAAAGCCTCTAAGCATATCCATAGTCGTCCGTACCGCAAACCGACA
ACCGTCGTGCCAAGAAAAGCCTCTAAGCATATCCATAGTCGTCCGTACCGCAAACCGACA
ACCGTCGTGCCAAGAAAAGCCTCTAAGCATATCCATAGTCGTCCGTACCGCAAACCGACA
ACCGTCGTGCCAAGAAAAGCCTCTAAGCATATCCATAGTCGTCCGTACCGCAAACCGACA
ACCGTCGTGCCAAGAAAAGCCTCTAAGCATATCCATAGTCGTCCGTACCGCAAACCGACA
ACCGTCGTGCCAAGAAAAGCCTCTAAGCATATCCATAGTCGTCCGTACCGCAAACCGACA
ACCGTCGTGCCAAGAAAAGCCTCTAAGCATATCCATAGTCGTCCGTACCGCAAACCGACA
ACCGTCGTGCCAAGAAAAGCCTCTAAGCATATCCATAGTCGTCCGTACCGCAAACCGACA
ACCGTCGTGCCAAGAAAAGCCTCTAAGCATATCCATAGTCGTCCGTACCGCAAACCGACA
ACCGTCGTGCCAAGAAAAGCCTCTAAGCATATCCATAGTCGTCCGTACCGCAAACCGACA
ACCGTCGTGCCAAGAAAAGCCTCTAAGCATATCCATAGTTGTCCGTACCGCAAACCGACA
ACCGTCGTGCCAAGAAAAGCCTCTAAATATATCCATAGTCGTCCGTACCGCAAACCGACA
ACCGTCGTGCCAAGAAAAGCCTCTAAGCATATCCATAGTCGTCCGTACCGCAAACCGACA
ACCGTCGTGCCAAGAAAAGCCTCTAAGCATATCCATAGTCGTCCGTACCGCAAACCGACA

EEEE R RS EEEE SRR R R R L R S S S A LB RS S AR S NELEEEEE RS SRR R SRS E S
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Hpuae-6

Hpuae-7

Hpuae-8

Hpuae-9

Hpuae-10
Hpuae-11
Hpuae-12
Hpuae-13
Hpuae-14
Hpuae-15
Hpuae-16
Hpuae-17
Hpuae-18
Hpuae-19
Hpuae-20

Pylori
Pylori
Pylori
Pylori
Pylori
Rydord
" By lori
Hpuae-1
Hpuae-2
Hpuae-3
Hpuae-4
Hpuae-5
Hpuae-6
Hpuae-7
Hpuae-8
Hpuae-9
Hpuae-10
Hpuae-11
Hpuae-12
Hpuae-13
Hpuae-14
Hpuae-15
Hpuae-16
Hpuae-17
Hpuae-18
Hpuae-19
Hpuae-20

R

26695
HPAGI
G27

i Shi4d70

P12
J99
HPKX

26695
HPAG1
G27
Shi470
P12
J99
HPKX

CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAARAGAACTCTGGTTAAGGAACTCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGTTAAGGAARCTCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGTTAAGGAACTLCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGT TAAGGAACTCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGARAGAACTCTGGTTAAGGAACTCTGCA
CAGGTAGATGGGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGTTAAGGAACTCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAARAGAACTCTGGTTAAGGAACTCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGTTAAGGAACTCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGTTAAGGAACTCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGTTAAGGAACTCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGTTAAGGAACTCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGT TAAGGAACTCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGT TAAGGAACTCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGTTAAGGAACTCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGTTAAGGAACTCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGTTAAGGAACTCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGTTAAGGAACTCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGTTAAGGAACTCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGTTAAGGAACTCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGTTAAGGAACTCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGTTAAGGAACTCTGCA
CGGGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGTTAAGGAACTCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGTTAAGGAACTCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGTTAAGGAACTCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGTTAAGGAACTCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGTTAAGGAACTCTGCA
CAGGTAGATGAGATGAGTATTCTAAGGCGCGTGAAAGAACTCTGGTTAAGGAACTCTGCA

LR S S R R R R R R RS R R R SRS

AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCACAGCGATGTGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCGCAGCAATGCGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCGCAGCAATGCGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCGCAGCAATGCGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCGCAGCAATGCGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCACAGCGATGTGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCACAGCGATGTGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCGCAGCAATGCGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCGCAGCAATGCGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCACAGCGATGTGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCACAGCGATGTGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCACAGCGATGTGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCGCAGCAATGCGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCACAGCGATGTGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCACAGCGATGTGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCGCAGCAATGCGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCACAGCGATGTGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCGCAGCAATGCGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCACAGCGATGTGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCGCAGCAATGCGGTTTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCACAGCGATGTGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCGCAACAATGCGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCGCAGCAATGCGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCGCAGCAATGCGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCGCAGCAATGCGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCACAGCGATGTGGTCTCAGCAAAGAGTC
AACTAGCACCGTAAGTTCGCGATAAGGTGTGCCGCAGCAATGCGGTCTCAGCAAAGAGTC

B L L R T A S22 R R RS SR N R N L L N L L B SRS At
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Pylor:
Pylori
Pylori
Pylori
pleA ri
Pylori
. Pylori
Hpuae-1
Hpuae-2
Hpuae-3
Hpuae-4
Hpuae-5
Hpuae- 6
Hpuae-7
Hpuae-8
Hpuae-9
Hpuae-10
Hpuae-11
Hpuae-12
Hpuae-13
Hpuae-14
Hpuae-15
Hpuae-16
Hpuae-17
Hpuae-18
Hpuae-19
Hpuae-20

EEEEEE

2¢695
HPAG1
27
5hid70
P12
J99
HPKX

CCTCCCGACTGTTTACCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGT
CCTCCCGACTGTTTACCAAAAACACAGCACTTTGCCARCTCGTAAGAGGARGTATAAGGT
CCTCCCGACTGTTTACCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGT
CCTCCCGACTGTTTACCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGT
CCTCCCGACTGTTTACCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGT
CCTCCCGACTGTTTACCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGT
N SACTEIITI A == — e c oo e e me oo o oo Cooe S e S X
CCTCCCGACTGTTTACCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGT
CCTCCCGACTGTTTACCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGT
CCTCCCGACTGTTTACCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGT
CCTCCCGACTGTTTACCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGT
CCTCCCGACTGTTTACCAARAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGT
CCTCCCGACTGTTTACCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGT
CCTCCCGACTGTTTACCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGT
CCTCCCGACTGTTTACCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGT
CCTCCCGACTGTTTACCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGT
CCTCCCGACTGTTTACCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGT
CCTCCCGACTGTTTACCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGT
CCTCCCGACTGTTTACCAAAAACACAGCACTTTGCCAACTCGTAAGAGGARGTATAAGGT
CCTCCCGACTGTTTACCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGT
CCTCCCGACTGTTTACCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGT
CCTCCCGACTGTTTACCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGT
CCTCCCGACTGTTTACCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGT
CCTCCCGACTGTTTACCAAARAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGT
CCTCCCGACTGTTTACCAAAAACACAGCACCTTGCCAACTCGTAAGAGGAAGTATAAGGG
CCTCCCGACTGTTTACCARAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGT
CCTCCCGACTGTTTACCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGT

Fhrhkhkhhd ok kF ok k Kk

Alignment of the DNA sequences of partial 23S rRNA gene (670bp). Reference strains

used in the alignment are in Red Color (H. Pylori 26695. H. Pviori HPAGI, H. Pylori

G27. H. Pylori Shi470. H. Pvlori P12, H. Pylori J99. H. Pyvlori HPKY), while the

sequences of strains isolated from UAE patient are in black color with H. pyvlori Hpuae

name. The differences in sequences are shown with different colors with boldface. Gaps

in the DNA sequence are marked with dashes, and identical nucleotides are indicated by

stars.
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