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Summary

Helicobacter pylori infection is associated with various gastroduodenal diseases that
affect half of the world population irrespective of races and geographical regions.
However, the pathogenetic mechanism of H. pylori infection has not been well established.
Among the virulence factors of H. pylori reported, heat shock protein (HSP) has been
identified to play an important role in protein stabilization and bacterial survival.

In this study, a 20kDa protein was identified as a homologue of HslV in the heat shock
protein family and termed as heat shock protein 20 (HSP20). It has been found mainly in
the spiral form of H. pylori. hsp20 gene of H. pylori NCTC 11637 was cloned and
expressed. Expressed His-tag fused recombinant HSP20 (rHSP20) in E. coli was purified
by affinity chromatography and used as antigen to raise antibody in rabbit. HSP20 was
shown to localize on the cell surface of H. pylori as analyzed by Western blotting and
immuno-gold labeled transmission electron microscopy using rabbit anti-rHSP20 antibody.

hsp20-isogenic H. pylori SS1 was genetically engineered by the insertion of kanamycin
cassette. Interestingly, hsp20-isogenic H. pylori retained 75% - 92% adherence ability as
compared to that of the wild type bacteria by in vitro adhesion assay. However, when
introduced separately into BALB/c mice, unlike the wild type H. pylori, hsp20-isogenic
bacteria lost the ability to colonize in the stomach of the animals. This indicates that
HSP20 might be involved in the colonization of H. pylori in mice. However, the role of
HSP20 in bacterial colonization is independent of other known adhesins (e.g., OipA, HopZ
and SabA) in H. pylori.

By co-immunoprecipitation, CagA (cytotoxin associated immuno-dominant protein)
was found to interact with HSP20 in wild type H. pylori but not in the hsp20-isogenic

mutant. Through RT-PCR, Western blotting and ELISA analyses, it was found that HSP20

xiil



Summary

did not affect the expression of cagd in H. pylori but influenced the presentation of CagA
on the surface of H. pylori. These findings may imply that HSP20 could function as a
“chaperon” for the presentation and stabilization of CagA in H. pylori, indicating the
indirect association of HSP20 with pathogenesis of H. pylori through CagA.

The probable contribution of HSP20 in the process of H. pylori infection led to the
DNA analysis of 227 H. pylori isolates which shows that Asp20 gene is conserved in all
strains tested. The phylogram based on the DNA sequences highlighted two geographical
clusters: Asian and non-Asian groups. The distinctive substitution clusters of M-G-G and
F-D-N clusters at 14™ — 16™ amino acid residues exhibited a strong association with these
two geographical groupings as well as “close” association with PUD and NUD,
respectively. The simple and unique 3 amino acid substitutions of HSP20 indicate its
potential of being used as an epidemiological and gastroduodenal disease differentiating
marker for H. pylori infection.

This study shows the novel function of HSP20 as a surface localized protein that
participates in the bacterial colonization and as a chaperonic protein to the surface
presentation of CagA in H. pylori. Furthermore, the uniqueness and simplicity of HSP20
for use in H. pylori epidemiology has also been demonstrated. The information obtained

has thereby enriched our understanding on interactions between H. pylori and host.

X1V



1. INTRODUCTION




Introduction

1.1 Helicobacter pylori and gastroduodenal diseases

Helicobacter pylori is a gram-negative, spiral-shaped microaerophilic bacteria which
colonizes the human gastric mucosa. Since the successful isolation of H. pylori by
Warren and Marshall in 1983, it has provided an opportunity for scientists to study the
association of H. pylori with various gastro-duodenal diseases. Persistent colonization of
H. pylori on human gastric mucosa has been strongly associated with gastric diseases
ranging from gastritis, non-ulcer dyspepsia, and peptic ulcer to the increased risk of
gastric cancer. As one of the human pathogens, H. pylori infection is the most common
gastric bacterial diseases worldwide that has infected half of the world population across
continents, races and age groups (Taylor & Blaser, 1991).

In the past two decades, great effort has been devoted into the study of H. pylori with
respect to its bacteriology, physiology, genetics, pathogenesis and epidemiology of
infection. Based on the studies conducted (Dunn et al., 1997), it is noted that H. pylori is
a unique bacterial species that differs vastly from other bacteria. Some of these unique
features are dimorphism of the bacteria cells, surface localization of cytoplasmic proteins

and high genetic diversity among natural isolates (Moss & Sood, 2003).

1.2 Characteristics of Helicobacter pylori

Two morphological forms of H. pylori cells were observed: spiral form and coccoid
form. Spiral-shaped H. pylori is the active form which is capable of colonization and
infection while the coccoid form is viable but non-culturable and has been considered as
the resting state of bacteria (Benaissa et al., 1996; Ren et al., 1999). Under unfavorable

conditions, morphological conversion from spiral to coccoid can be observed in in vitro
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culture such as depletion of nutrients, addition of antibiotics or stress stimuli (low pH or
high temperature) (Catrenich & Makin, 1991). However, the resuscitation from coccoid
to spiral has not been established in in vitro conditions but recovery had been reported in
mice (Bode et al., 1993; Censini et al., 1996; Wang et al., 1997). Hence, it is a
controversial issue among researchers as some regarded coccoids as dead bacterial cells
(Kusters et al., 1997; Enroth et al., 1999) while others believed that coccoids are viable
but non-culturable (Zheng et al., 1999; Ren et al., 1999; Saito et al., 2003).

The spiral form of H. pylori expresses a great number of proteins, which participate in
various bacterial metabolic activities: e.g. cell survival & proliferation, adhesion,
colonization and transportation of macromolecules. However, in the coccoid form,
protein expression is significantly reduced while DNA and RNA are randomly degraded;
only the basic metabolism (cell respiration, maintaining cellular integrity & DNA
synthesis) is retained (Kusters et al., 1997; Narikawa et al., 1997; Costa et al., 1999).
Therefore, it is widely believed that the dormant coccoid form is involved in the
transmission of H. pylori infection or as in vivo cells responsible for treatment failure
(Hua & Ho, 1996; Zheng et al., 1999; Andersen et al., 2000; Ng et al., 2003) while the

spiral form is responsible for the pathogenesis of H. pylori infection (Dubois, 1995).

1.3 Virulence factors of Helicobacter pylori

Several proteins have been identified to be associated with H. pylori virulence and
pathogenesis in the past decades. The most intensively studied virulence factors are
cytotoxin-associated immuno-dorminant protein (CagA), vacuolating toxin A (VacA),

adhesins, flagella, urease and heat shock proteins (HSPs). They act independently from
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each other in the process of H. pylori infection but are essential for bacterial pathogenesis
(Prinz et al., 2003).

It has been shown that CagA is one of the major virulence factors in H. pylori
(McGee & Mobley, 1999). The gene encoding CagA is located in the “pathogenicity
island (PAI)” of DNA segment that includes a cluster of 31 genes correlated with H.
pylori specific type IV secretion system (Censini et al., 1996). CagA protein can be
translocated into the epithelial cells to trigger a cascade of signal transduction pathways
(Segal et al., 1999). Similarly, other major virulence factors like VacA has been
demonstrated to be associated with tissue damages (Ricci et al., 1996). The best-known
effect of VacA is its ability to induce cytoplasmic vacuoles in various eukaryotic cells
(Telford et al., 1994).

Among the various virulence factors, outer membrane proteins (OMP) are important
in mediating receptor-ligand recognition between H. pylori and host. Many OMPs have
been identified as “adhesins” of H. pylori that are associated with bacterial adhesion and
colonization. These include blood-group-antigen-binding adhesin (BabA) which is an
adhesin of H. pylori interacting with the blood group antigen — Lewis antigen on gastric
epithelial cells (Ilver ef al., 1998); SabA (sialic acid-binding adhesin) that is responsible
for the binding of H. pylori to sialyl-Lewis x antigens in gastric epithelium in humans
(Mahdavi et al., 2002); OipA (outer inflammatory protein) and HopZ (homologue of
porin) which are associated with the adhesion and colonization of H. pylori in vitro and in
vivo (Yamaoka et al., 2002). The outer membrane associated flagella is responsible for
the motility of H. pylori cells which is necessary for bacterial survival on the viscous

mucus layer (Josenhans ef al., 1995) while surface localized urease is an enzyme needed
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to maintain a neutral pH microenvironment for the survival of H. pylori in the acidic
stomach (Perez-Perez et al., 1992).

Heat shock proteins (HSPs) are another group of virulence factors, which are
important for bacterial survival. HSPs are highly conserved and widely expressed in both
eukaryotes and prokaryotes that are detected in folding, transporting and stabilization of
proteins in cells. As one of the virulence factors, HSPs are indispensable for maintaining
the normal functions of H. pylori proteins, assisting H. pylori in combating against stress

and survival in the stomach (Kamiya et al., 1998).

1.4 Heat shock proteins (HSPs) of Helicobacter pylori

1.4.1 Known species of heat shock proteins in H. pylori

In the study of H. pylori heat shock proteins, several HSPs have been identified.
These include 58.2 kDa - HSP60 (Dunn et al., 1992); 13 kDa - HSPA (Suerbaum et al.,
1994) and 70 kDa - HSP70 (Evans, Jr. ef al., 1992) Among these, most studies have been
carried out on HSP60.

H. pylori HSP60 has been shown to be involved in protein folding as well as
exporting as a chaperonin but also demonstrated immunogenic property in H. pylori
infections. Barton ef al. (1998) detected circulating antibodies against H. pylori HSP60 in
patients with different gastro-duodenal diseases and the seropositivity to H. pylori HSP60
is strongly correlated with the degree of chronic inflammation (Vorobjova et al., 2001).
The study of Gobert et al. (2004) and Yamaguchi ef al. (1999) demonstrated that HSP60
also participates in the induction of various cytokines (interleukin-6; interleukin-8),

enhances T-cell activation and interacts with Toll-like receptors (TLR-2- and TLR-4-). It
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is suggested that H. pylori HSP60 may play a role in triggering the inflammatory process
in gastric mucosa. A cross-reactive epitope was found in H. pylori HSP60 and its
homologue in human by both Kansau & Labigne (1996) and Yamaguchi et al. (2000). It
was speculated that H. pylori HSP60 might be responsible for molecular mimicry causing
autoimmune response in host (Kansau & Labigne, 1996).

In addition, Amini et al. (1996) and Yamaguchi et al. (1996) reported that H. pylori
HSP60 is translocated from cytoplasm onto the bacterial cell surface and associated with
the adhesion of H. pylori to human epithelial cells. Surface localized HSP60 might have
an essential role on the growth of H. pylori (Yamaguchi et al., 1997). It was reported to
participate in the extra-cellular assembly and/or protection of other proteins against the
hostile environment of stomach (Evans, Jr. et al., 1992; Yamaguchi et al., 1998).

The 13 kDa HSPA as described by Suerbaum et al. (1994) was shown to be related to
the host immune response during H. pylori infection (Perez-Perez et al., 1996). Recent
study by Eamranond et al. (2004) reported that the seropositivity for HSPA may be a
consequence of prolonged H. pylori infection and is age-specific. Interestingly, the nickel
binding ability of HSPA might be associated with urease (Kansau et al., 1996).

The other known heat shock protein is HSP70 firstly described by Evans, Jr. et al.
(1992). The expression of HSP70 was induced in the reactive oxygen metabolite-
mediated cell damage in cultured gastric mucosal cells (Hahm et al., 1997) but decreased
upon gastric adaptation to aspirin during H. pylori infection (Konturek et al., 2001). It
was also found that HSP70 might be a stress-induced surface adhesin mediating sulfatide

recognition (Huesca ef al., 1998).
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Based on the knowledge acquired from heat shock proteins in H. pylori, it indicates
that heat shock protein is an important factor that is crucial for survival of the
microorganism. Furthermore, it also modulates the interactions between H. pylori and
host such as the involvement in bacterial adherence to human epithelial cells as well as

initiation of host immune response.

1.4.2 A new member of heat shock protein in Helicobacter pylori

Heat shock protein 20 (HSP20, HP 0515) is a newly identified member of heat shock
protein family based on the open reading frame annotated by Tomb et al. (1997). It was
predicted as a homologue of HslV in E. coli that is proven to be a component of ATP-
dependent protease involving in the degradation of cell division inhibitor, SulA (Seong et
al., 1999). The primary structure of HSP20 shows 49% identity to HslV while 34%
similarity to human B type subunits of 20S proteosome. However, the function of this
protein has not been reported.

The absence of SulA homologue in H. pylori and the < 50% similarity to HslV imply
that HSP20 might function differently in H. pylori. Furthermore, the similarity between
HSP20 and human [ type subunits of 20S proteosome may imply a role of HSP20 in
molecular mimicry of H. pylori infection and host immune response akin to that of
HSP60. Therefore, it is useful to study the unique role of HSP20 as a protein mainly
expressed in the spiral form of H. pylori that might be involved in the process of H.

pylori infection or/and pathogenesis.
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1.5 Objectives of this study
This project aims to characterize HSP20 and its probable function(s) in H. pylor. The

goals of the project were:

¢ To clone and express Asp20;

¢ To raise specific antibody against recombinant HSP20;

¢ To identify the sub-cellular localization of HSP20 in H. pylori,

e To construct Asp20-isogenic H. pylori SS1 mutant;

e To investigate the role of HSP20 in adhesion and colonization;

¢ To examine proteins interacting with HSP20 in H. pylori,

¢ To explore the possibility of using HSP20 as an epidemiological marker.
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2.1 Helicobacter pylori — the organism

2.1.1 Basic features of H. pylori

The isolation of Helicobacter pylori in 1983 opens a new chapter in microbiology
(Marshall, 1983) Helicobacters are a new genus of bacteria, inhabiting the interface
between mucosa and gastric epithelial cells. H. pylori is the first specie of the
helicobacters genus described. It is Gram negative, microaerophilic, spiral shaped,
flagellated and urease positive. It is a nutritionally fastidious microorganism forming
about 1 mm transparent colony on enriched agar plate supplemented with 5 — 10% blood
after 3 —5 days of incubation (Marshall and Warren, 1984). H. pylori is also an oxygen
sensitive microorganism which only grows in the presence of 5 — 10% carbon dioxide (5-
10% CO,, 90-95% O,) at 35 — 37°C under humidified conditions but not in regular
atmosphere or under obligate anaerobic conditions (Goodwin et al., 1986). It is major

pathogenic species in humans (Ormand ef al., 1991).

2.1.2 Nutrition requirement of H. pylori

H. pylori can grow in both non-selective and selective media supplemented with
antibiotics since it possesses different susceptibility to some of the antibiotics (e.g.,
nalidixic acid, cephalothin) (Goodwin et al., 1989). The addition of appropriate
antibiotics developed by Skirrow and Dent (Dent and McNulty, 1988; Hazell et al., 1989)
has improved the growth of H. pylori on the selective media. H. pylori can be cultivated
on solid agar plate or in liquid broth media. The selective solid media containing
antibiotics is widely used for the isolation of H. pylori from biopsy tissues. The growth of

H. pylori in liquid media (generally with the supplementation of yeast extract and serum)
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is relatively slower but is desirable for the studies on physiology and metabolism

(Goodwin et al., 1986; Ho and Vijayakumari, 1993).

2.1.3 Differentiated forms of H. pylori

The ultrastructure of H. pylori is of particular interest to researchers as these features
would reveal the unique structure of this pathogen and provide vital information on the
correlation with pathogenesis. Based on electron microscopy study, two major
morphological forms were observed: spiral and coccoid. In an early study of Benaissa et
al. (1996), the conversion of spiral to coccoid via U-shaped transition form is clearly
observed under the transmission electron microscopy. Thereafter, similar observations of
morphological conversion were demonstrated in the later study by other researchers
(Kusters et al., 1997; Costa et al., 1999).

The spiral shaped H. pylori possesses 4 — 6 polar-sheathed flagella and is highly
motile (Goodwin et al., 1985). These basic characters (spiral shape and flagella) favor the
motility of the bacteria in the viscous gastric mucus layer. The ultrathin sections of H.
pylori under electron microscope also exhibited the typical cell wall structure of gram-
negative bacterium that consists of outer and inner membrane, condensed cytoplasm
containing nucleoid material and ribosome (Costa et al., 1999). Among the many proteins
that are found to be associated with outer membrane, urease was the first identified
surface located protein (Bode ef al., 1989; Hawtin et al., 1990) followed by the
identification of other outer membrane proteins e.g., HSP60 (Doig et al., 1992; Austin et

al., 1992; Doig and Trust, 1994).
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However, the round shaped coccoid form of H. pylori is believed to be degenerative
and dead cells (Kusters ef al., 1997). There is another group of researchers suggested that
the coccoid from is viable but non-culturable (Hua and Ho, 1996; Aleljung et al., 1996;
Saito et al., 2003). Substantial modifications in cell wall, surface protein profile and
DNA contents were detected during the transition of coccoid (Benaissa et al., 1996;
Costa et al., 1999). This phenomenon may indicate that the two forms of H. pylori cells

may have different roles in H. pylori infections.

2.1.4 Morphological structure of H. pylori

Cell surface is an important component of extra cellular pathogenic bacteria like H.
pylori. There are various virulence factors involving in the bacterial infection that are
located or associated with the cell surface structure of H. pylori (Moran, 1995). Among
these factors, there are two major groups that are related to adhesion and colonization as
well as cell damage and bacterial survival, respectively.

A group of bacterial factors involving in the adhesion & colonization of H. pylori
includes flagella that are responsible for motility (Jones ef al., 1997; Clyne et al., 2000),
urease (Tsuda et al., 1994, Karita et al., 1995), catalase & various oxidases (Harris et al.,
2003) which are enzymes responsible for different biochemical degradation; outer
membrane proteins with or without known function (Yamaoka et al., 2002);
phospholipase (Dorrell, 1999) and adhesins (BabA) (Boren ef al., 1993). Mutations in
these genes in H. pylori have been reported to reduce the adherence capability or

colonization ability of bacteria onto the gastric mucoca in animals.

10
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The other major group of factors functioning in tissue damages includes vacuolating
cytotoxin A (VacA); cag pathogenicity island (PAI) which have been shown to be related
with peptic ulcer and the immune response of host (Appelmelk et al., 1996; Cover, 1998;
Pai et al., 1999; Pelicic et al., 1999; Le’Negrate et al., 2001; Choi et al., 2001). Besides
the above factors, there are some other proteins that are related to the bacterial survival,
such as heat shock proteins (e.g., HSP60, HSPA, HSPR, HSP70) that are necessary for
the bacteria in combating against the hostile environments (Kansau et al., 1996;
Kawahara et al., 1999; Konturek et al., 2001; Spohn et al., 2002).

The findings on studying the bacterial structure revealed that H. pylori possesses a
number of unique features necessary for colonization onto the human gastric mucus layer
and survival in the hostile acid environment. Successful attachment of H. pylori ensures
the persistence of H. pylori infection in gastroduodenal track. H. pylori infection would
incite various extents of immune responses of host that is attributed to the cross-talk of

factors between host and bacteria.

2.1.5 H. pylori and gastroduodenal diseases

H. pylori infections are closely associated with the induction of wvarious
gastroduodenal diseases such as gastritis, non-ulcer dyspepsia, gastric ulcer, duodenal
ulcer and increased risk of gastric cancer. About 90% of chronic gastritis is caused by H.
pylori (Dixon and Sobala, 1992). The association of non-ulcer dyspepsia (NUD) and H.
pylori infection has been controversial among researchers (Pieramico et al., 1993).
However, dyspepsia symptoms correlated with the infection of virulent H. pylori strains

(Treiber et al., 2004). H. pylori remains the main etiological agent of peptic ulcer
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including gastric ulcer (GU) and duodenal ulcer (DU) (Moss and Calam, 1993; Mauch et
al., 1993). The eradication of H. pylori enhances the healing process of a bleeding peptic
ulcer (Arkkila et al., 2003). Interestingly, the prevalence of H. pylori increased in patients
with gastric cancer (De Koster et al., 1994). Thus, it signifies that the infection of H.
pylori and related diseases is complicated, which challenges the progress of research

work.

2.2 Epidemiology of H. pylori infection

It is reported that about 50% of the world population is infected with H. pylori
(Taylor & Blaser, 1991). The prevalence of H. pylori infection varies with different
regions, races, and age groups. There is a significant difference in the prevalence of H.
pylori infection between developing and developed countries. For example, the infection
rate in developing countries could be as high as 70 — 90% whereas the prevalence in the
developed countries would be as low as 20 — 40% (Bardhan, 1997). In a multiethnic,
Singapore, a Southeast Asian nation, it was noted that the infection rate of H. pylori in
Chinese and Indian is higher than the other races i.e., Malay or Eurasian (Committee on
Epidemic Diseases 1996; Goh, 1997; Kang et al., 1997), which suggests that racial
differences, genetic predisposition and other environmental factors (e.g., diet) may be
involved in H. pylori infection.

A prospective study from infancy to adulthood (Malaty et al., 2002) demonstrated
that H. pylori infection could happen at the early stage of life before age 10. This
indicates that the acquisition of H. pylori is possible during the childhood and transmitted

vertically through the intrafamilial route (e.g., from parents to children). This is supported

12
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by the findings of several studies (Taneike et al., 2001; Roma-Giannikou et al; 2003; Ng,

et al.,2003).

2.3 Genetics of Helicobacter pylori

The prevalence of H. pylori infection varies in different graphical regions, ethnic
background, socioeconomic conditions and age groups (Covacci et al., 1999), which
could possibly be contributed by the diversified bacterial genotypes of the natural
isolates. Although H. pylori is regarded as a big homogenous group of microorganism,
the heterogeneity is widely observed among the genotype of clinical isolates and bacterial
populations within the infected hosts (Blaser, 1997). The genotypic variation among H.
pylori strains includes point mutations in conserved genes, differences in gene
organization, mosaicism of conserved genes and integration of different transposable
elements. The variation in bacterial population can be observed in individuals infected
with more than one H. pylori strains ((Blaser, 1997). The formation of genotypic
diversity in H. pylori may be related to the presence of multiple strains within one host as

plural cohabitation favors the occurrence of free intraspecies recombination.

2.3.1 Genetic diversity of H. pylori

With the development of DNA recombination technology, the genetic diversity of H.
pylori isolates in nature is uncovered. Upon the analyses, the comparison of DNA
sequences of the same gene between H. pylori strains reveals that it is rare for
orthologous genes from different H. pylori isolates to have the same sequences

(panmictic structure). This finding was based on the studies of different H. pylori
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essential genes (ured, ureB, flaA, flab), virulence factor genes (cagA, vacA) and
transposable elements (IS605) (Salaun et al., 1998; Suerbaum et al., 1998; Falush et al.,
2001). Similar findings were also observed in the studies of other housekeeping genes of
H. pylori such as atpA, efp, mutY, ppa, trpC, urel, yphC, atpD, ginA, scoB, recA
(Achtman et al., 1999; Maggi et al., 2001) or antibiotic resistance gene [rdxA -
metronidazole resistance (Solca et al., 2000); gyr4 - Ciprofloxacin resistance (Glocker &
Kist, 2004)]. The detection of nucleotide diversity among different genes from different
isolates indicates the existence of high level of genetic diversity in H. pylori.

With the availability of two complete genomes of H. pylori, 26695 and J99 (Tomb et
al., 1997; Alm et al., 1999), it was found that the two genomes are highly similar to each
other at the gene size and gene order with a limited number of discrete regions that are
organized differently. When viewed in a genome wide manner, there was about 6 — 7% of
the annotated genes which are strain specific but are absent from each other with no
identifiable homologue in the databases (Alm ez al., 1999).

As a major virulence factor, vacuolating cytotoxin (vacA) alleles show mosaic
features among H. pylori isolates (Atherton et al., 1995). About 60% of H. pylori isolates
harbor vacA gene, among which there are at least four different families of signal
sequences (sla, s1b, slc and s2) and two different families of middle-region alleles (m1
and m2) (Van Doorn ef al., 1999). Different combinations between s and m regions were
identified in H. pylori strains isolates worldwide.

Another important virulence factor is cag pathogenicity island (cag PAI) that is a ~40
kb long chromosomal region including 31 open reading frames which encode type IV

secretion system (Rohde et al., 2003). There is only a part of H. pylori isolates having
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cag PAI (Mobley, 1997). The genetic diversities of both vac4 and cag PAI indicate that
genetic recombination and transfer may occur spontaneously among H. pylori strains
(Atherton et al., 1999; Kersulyte ef al., 1999).

The existence of different insertion sequences (IS) in genome can be the best
evidence of interspecies DNA recombination and is thus valuable in bacterial taxonomy
(Mahillon & Chandler, 1998). Kersulyte et al. (1998; 2000; 2002) and Hook-Nikanne et
al. (1998) reported four types of insertion sequences in H. pylori isolates in the last few
years. These insertion sequences are IS605, IS606, IS607 and IS608. The function,
genetic organization and distribution of these insertion sequences have been well studied
in H. pylori strains from different geographical regions. IS605 is the prevalent insertion
sequence in H. pylori strains (~ 30%). The remaining types (IS606, 607 & 608) are only
retained by 10 — 20% H. pylori isolates. Among these, IS 605 has also been reported to be
involved in the deletion and insertion of cag PAI in bacterial genome (Bereswill, et al.,

2000).

2.3.2 The affiliation of genetic diversity and geographical origins

Since the existence of high level of genetic polymorphism among H. pylori
population, it is found that the clusters of H. pylori strains are likely to link with the
status of gastroduodenal diseases, such as the presence of cag PAI and vacA alleles or
other virulence factor genes that are closely associated with peptic ulcer diseases
(Stephens et al., 1998; Arents et al., 2001).

Besides the association with gastroduodenal diseases, the genetic diversity of

virulence factor genes, transposable elements and some of the housekeeping genes of H.
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pylori also show distinctive affiliation with geographical origins. Falush et al. (2003)
distinguished five major H. pylori populations: East Asian; Europe 1; Europe 2; African 1
and African 2, among which several subgroups were observed. Similar observations have
been consecutively found in several studies carried out by different researchers around
the world. Achtman ef al. (1999) reported the existence of two weakly clonal groupings
in H. pylori strains: Asian & Western. Ji ef al. (2002) demonstrated a separate clustering
of Chinese and Western isolates. All these findings were based on the phylogenetic
analysis of a few housekeeping genes, virulence factors genes (cag4 and vacA alleles).
Apart from the housekeeping genes and the virulence factor genes, transposable elements
(IS605, IS606 & IS608) are also a powerful marker to differentiate H. pylori strains from
different geographical regions. Kersulyte et al. (2000; 2002) explored the use of IS606
and IS608 to examine the geographical distribution of H. pylori isolates respectively.
Meanwhile, Maggi Solca ef al. (2001) used IS605 combined with other genes found the
geographical clusters of H. pylori strains (USA/Europe, East Asian and South African).
Hence, based on these findings, it is presumed that free recombination at different gene
loci has masked the evolution relationship among H. pylori strains.

Furthermore, Ando et al. (2002) found that an outer membrane protein HP0638 also
exhibited geographical polymorphism and correlated with the presence of cagA. The
geographical clusters of East Asian and Western H. pylori strains are able to be
delineated by the in-frame & out-of-frame status that is determined by the CT
dinucleotide repeat patterns of HP0638. The status is also strongly correlated with the

presence of cagA in H. pylori strains. This indicates that as a surface protein, HP0638
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could serve as a new genotyping system to distinguish H. pylori strains for

epidemiological purposes.

2.3.3 Approaches for the detection of genetic diversity of H. pylori

Different approaches have been developed over the past decades to detect the
genomic diversity of H. pylori isolates. The ultimate goal of these different techniques is
to attempt in generating the physical maps of bacterial genome and demonstrate the
extent of genetic diversity between different genomes. However, different methods have
shown different sensitivity and limitation.

Before the completion of genomic DNA sequencing, several methods based on
nuclease digestion were developed simultaneously for detecting the genetic diversity of
bacterial genome. For example, ribotyping is a method used for analyzing the restriction
enzyme digestion patterns of rRNA genes of H. pylori (16s & 23s tRNA) (Tee et al.,
1992). Another enzyme-digest based method is pulsed-field gel electrophoresis (PFGE).
It is used to examine the macrorestriction patterns and study the DNA homology of H.
pylori genomic DNA (Takami et al., 1994; Smith et al., 2003).

Other than the enzyme-digest based methods, various PCR based methods were used
to effectively and efficiently differentiating H. pylori strains. Such methods include PCR
based randomly amplified polymorphic DNA (RAPD) and restriction fragment length
polymorphism (RFLP). In PCR-RAPD analysis, the display of strain-specific arrays of
DNA products is amplified using the arbitrarily chosen oligonucleotide primers based on
genomic DNA of different H. pylori isolates (Marshall et al., 1995; Han et al., 2003).

PCR-RFLP is to assess the restriction fragment length polymorphisms (RFLPs) in several
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PCR-amplified gene segments (Akopyanz et al., 1992; Clayton et al., 1993; Fujimoto et
al., 1994). Both methods are sensitive and useful detection approaches for analyzing a
large number of H. pylori strains.

With the completion of H. pylori genome in 1997, sequencing the representative
DNA segments of H. pylori genome is the most extensively used techniques to analyze
the genetic diversity between strains accurately. This is because sequencing can provide
the detailed and additional information for each DNA fragment that makes the analysis of
polymorphism more rapid, direct and accurate. It is therefore the most reliable technique.
A number of phylogenetic studies of H. pylori strains have been carried out based on
different gene fragments such as housekeeping genes; virulence factor genes (cagA,
vacA) and transposable elements (Kersulyte et al., 1999; Atherton et al., 1999; Achtman
et al., 1999; Maggi et al., 2001; Falush et al., 2003).

The existence of high-level genetic polymorphism among H. pylori population and its
affiliation with geographical origins or disease outcomes provide useful information for

studying the evolution of H. pylori and epidemiology of H. pylori infection.

2.3.4 Evolutionary change of DNA sequences

2.3.4.1 Synonymous and non-synonymous substitutions

Synonymous substitution is the change of nucleotide that does not result in the
change of amino acid encoded, whereas if the encoded amino acid is changed by the
nucleotide substitution, this nucleotide substitution is termed non-synonymous. To
evaluate the evolution of nucleotide sequences, it is necessary to calculate the rates of

synonymous (Ks) and non-synonymous (Ka) substitutions (Nei & Kumar, 2000). The
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ratio of Ka/Ks is an indicator to test the different selection on genes during evolution. If
Ka/Ks = 1, gene is under the neutral selection; if Ka/Ks < 1 (or Ks/Ka > 1), gene is under
negative selection and conserved; if Ka/Ks > 1 (or Ks/Ka < 1), gene is under positive
selection and diverged (Hurst, 2002).

Calculation of Ks and Ka of genes has been extensively used in analyzing the
phylogenetic relationship of H. pylori strains. In the study by Achtman ef al. (1999) and
Maggi et al. (2001), the Ks, Ka and ratio of Ks/Ka of some housekeeping genes from
different H. pylori strains were employed. The Ks of these genes studied showed a broad
range from 0% to 43% while Ka was in a narrow range of below 10%. The ratio of Ks/Ka
varies among different housekeeping genes and the values were greater than 1. This
implies that different housekeeping genes are under different negative selection pressures
and well conserved in H. pylori strains.

Besides the housekeeping genes, other virulence factor genes of H. pylori were also
studied for the rate of nucleotide substitutions. For example, cagAd gene of different H.
pylori strains showed high level of non-synonymous substitution rate (Ka) that was as
high as 13% (Achtmen et al., 1999). Hence, the Ks/Ka ratio was considerably lower for
this gene than that for the housekeeping genes. The other virulence factors gene is vacA.
Atherton et al. (1999) examined the Ks, Ka and Ka/Ks of vacA alleles m1 and m2. The
results showed that the greatest difference was present in the comparison between m1 and
m2 but not within m1 or m2. Since the greatest Ks value between ml and m2, this

suggested that divergence of m1 from m2 was the most ancient.
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2.3.4.2 Nucleotide divergence between populations

The estimation of DNA divergence/difference is used to evaluate the influence of
DNA polymorphism between populations (Nei & Kumar, 2000). This has been
extensively used in the study of H. pylori populations. van der Ende et al. (1998) utilized
cagA gene as a marker to study the geographical groupings of H. pylori. Based on the
calculated divergence of cagA4 at the nucleotide level (average 13.3%) and amino acids
level (average 17.9%), it showed that the average differences between the Dutch and
Chinese isolates was the highest. They therefore concluded that cagA-positive H. pylori
populations in China and the Netherlands are distinct. Similarly, in the study of vac4
alleles by Atherton et al. (1999), it was shown that the nucleotide differences between m1
and m2 clusters was 24.9% - 25.9% which was significantly higher than that within ml
or m2 cluster (both of which were below 10%). Hence, calculated nucleotide divergence

is a useful parameter in analyzing different H. pylori populations.

2.4 Pathogenesis of Helicobacter pylori infection

Great diversity of H. pylori infections exists among different geographical regions
around the world. Acquired from childhood (Malaty et al., 2002), H. pylori would be
remained in the human stomach for many years as a “commensal” or an “opportunistic”
pathogen. Several studies reported that only a small number of people who carries H.
pylori would finally develop clinical symptoms. It is believed that the pivotal feature of
H. pylori might be its capability to persist within the host rather than to damage the host
tissue (Mobley, 1997; Marshall, 2002; Lamarque & Peek, 2003; Blaser & Atherton,

2004).
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In the past ten years, much effort has been devoted into the study of H. pylori
pathogenesis. The identification of potential virulence factors is intriguing. The identified
virulence factors can be sorted into different groups mediating different biochemical
reactions. This includes the outer membrane proteins: adhesins (e.g., BabA) (Boren et al.,
1993), immunogenic antigens (CagA, urease, LPS) (Tummuru et al., 1993; Tsuda et al.,
1994; Karita et al., 1995; Appelmelk et al., 1996) proteins involved in adherence and
colonization (HP0638; phospholipase A) (Dorrell et al., 1999; Yamaoka et al., 2002);
cytotoxins (CagA, VacA, NAP) (Evans, Jr. et al., 1995; Pelicic et al., 1999; Choi et al.,
2001; Le’Negrate et al., 2001); motility machinery (flagella) (Jones et al., 1997; Clyne et
al., 2000); anti-oxidant related proteins (catalase, SOD) (Seyler, Jr. et al., 2001; Harris et
al., 2003) and others cytoplasmic proteins, e.g., heat shock proteins (Kansau et al., 1996;

Kawabhara et al., 1999).

2.4.1 Adherence and colonization of H. pylori

Prior to the expression of disease by H. pylori, adhesion and colonization of the bacteria
on the gastric mucus layer is essential. Hence, bacterial adherence and colonization
become the prerequisite for the persistence of H. pylori on the gastric epithelial cells and
the subsequent immune responses of the host. To begin with, adherence of H. pylori on
the gastric epithelium is the initial step before colonization. In fact, H. pylori possesses
different apparatus to cope with the intricate structure of the gastric mucus. It has been
reported that the flagella help to “swim’ in the viscous gastric environment (Luke et al.,
1990). Urease hydrolyzes urea to create a neutralized microenvironment in the acid-pH

conditions (Labigne et al., 1991). Adhesins mediate receptor-ligand recognition to
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facilitate the attachment of bacteria onto the gastric epithelium (Tomb et al., 1997).
Beside the adhesins, there are other factors e.g., phospholipase A, SOD, catalase to join
the stabilization of bacteria on gastric epithelia (Langton & Cesareo, 1992; Mori et al.,

1997; Figura & Valassina, 1999).

2.4.1.1 Role of flagella

H. pylori is endowed with 4 — 6 polar based sheathed flagella. Luke et al. (1990)
showed that flagellum is a complex of outer membrane polypeptides of various molecular
weights (MW) under electron microscopy and SDS-PAGE. Two major flagellin species,
FlaA and FlaB with MW of 56 kDa and 57 kDa respectively were found in the flagellar
filaments (Kostrzynska et al., 1991). It was shown that fla4 and/or flaB —disrupted H.
pylori mutants demonstrated the loss of motility function and failure of such bacterial
mutant to colonize in animal stomach (Josenhans et al., 1995; Andrutis et al., 1997).
Another study conducted on examining the antibody against H. pylori showed that there
was a cross-reaction of monoclonal antibody against flagella and human tissue. This
implies the possible involvement of flagella proteins in autoimmune responses of host

during H. pylori infections (Ko et al., 1997).

2.4.1.2 Role of Urease

Urease is one of the most extensively studied proteins in H. pylori. Two urease
subunits genes were initially cloned in 1990 by Clayton et al. (1990) that encode 26 kDa
(subunits A) and 60 kDa (subunit B), respectively. The urease gene cluster of H. pylori

was revealed by the complete sequenced bacterial genome in 1997 (Tomb et al., 1997).
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Study by Voland et al. (2003) summarizes the functional elements of urease gene cluster:
encoding catalytic subunits (ureA/B), an acid-gated urea channel (urel) and accessory
assembly proteins (ureE-H).

The constructed H. pylori isogenic urease mutant demonstrated that urease may
protect H. pylori against acidic environment of stomach (Segal et al., 1992). Later studies
found that urease would affect the colonization of H. pylori in nude mice (Tsuda et al.,
1994; Karita et al., 1995) but did not act as an adhesin (Clyne & Drumm, 1996).

The antigenicity of urease in bacterial infection and host immune response has been
well documented. It was found that urease protein is an immunodorminant antigen in H.
pylori (Stacey et al., 1990). The antigenic epitope of urease was identified by Hirota et al.
in 2001, which showed its capability of enticing the production of neutralizing antibody

in host.

2.4.1.3 Role of adhesins

Adhesins play a vital role in H. pylori infection and the development of
gastroduodenal diseases as they are integrated components of bacterial adherence. Many
adhesins have been identified or predicted by the annotation of ORF (open reading
frame) in H. pylori genome (Tomb et al., 1997). Adhesins are mainly outer membrane
proteins that mediate receptor-ligand interaction between bacteria and host escorting the
adhesion of H. pylori on the mucus layer. Among which, blood group A antigen-binding
adhesin (BabA) is extensively studied. BabA is involved in the binding to the blood
group antigen Lewis b surface epitopes of host and encoded by allelic babA2 gene (Boren

et al., 1993; Ilver et al., 1998).
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Another newly identified adhesin is SabA (sialic acid-binding adhesin) for binding to
sialyl-Lewis x antigens in gastric epithelium in humans (Mahdavi et al., 2002). The
adherence of H. pylori to sialylated glycoconjugates expressed during chronic
inflammation thereby contributing to the virulence and the extraordinary chronicity of H.
pylori infection (Mahdavi et al., 2002).

Besides the two adhesins described above, the other adhesins reported to be involved
in the adherence of H. pylori onto the gastric epithelium are OipA (outer inflammatory
protein, HP0638) (Yamaoka et al., 2000); HopZ (homologue of porin) (Peck et al.,
1999). It is noted that there are different number of CT dinucleotide repeats in the signal
sequences of these adhesins genes (oipA, hopZ and sabA) which determine the functional
status of genes. It was reported that when the CT dinucleotide repeats are in frame, the
function of expressing the adhesins is turned “on”. However, upon insertion or deletion
would have caused these repeats out of frame, the function is then turned “off” (Yamaoka
et al., 2000). This functional status (“on” / “off”) of 0ipA, hopZ and sabA were found to

affect the adherence and colonization of H. pylori (Yamaoka et al., 2000).

2.4.1.4 Other factors related to the colonization of H. pylori

The additional crucial steps after adhering to the gastric epithelium for bacterial
establishment would be colonization so as to facilitate the proliferation of H. pylori in the
host. Other than the adhesive proteins identified, some other proteins have also shown
their relevance to colonization of H. pylori in stomach, like pospholipase A (Dorrell et
al., 1999), SOD, catalase (Seyler, Jr. et al., 2001), y-glutamyl transpeptidase (GGT)

(Chevalier et al., 1999).
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Phospholipase A (PIdA) of H. pylori is an enzyme capable of hydrolysing gastric
mucosal phospholipids that is believed to be involved in the mucus damage and
ulceration (Langton & Cesareo, 1992). The mutagenesis study of H. pylori PldA
(phospholipases A) demonstrated that phospholipase plays a role in bacterial colonization
in terms of damaging the gastric mucus and tissue but not the host immune responses in
mice (Dorrell et al., 1999).

Superoxide dismutase (SOD), a major defense mechanism against oxidative damage,
catalyzes the breakdown of superoxide radicals while catalase catalyzes the reaction to
decompose the hydrogen peroxide. Both enzymes are strictly cytoplasmic localized
proteins in other bacteria. However, it was found that these two enzymes are secreted
onto the cell surface of H. pylori (Mori et al., 1997). The isogenic H. pylori mutants of
these two proteins and the absence of the capability of colonization in mice suggest that
the ability of the anti-oxidative agent might affect the bacterial colonization and bacterial
survival (Seyler, Jr. et al., 2001; Harris et al., 2003).

The study of Chevalier et al. (1999) showed that y-glutamyl transpeptidase (GGT) is
essential for bacterial colonization in mice. However, its role is controversial as shown in
a later study carried out by McGovern et al. (2001) where GGT was reported to affect the
H. pylori load in colonized piglet and mice but not colonization. Other enzymes (e.g.,
alcohol dehydrogenase, neuraminidase) could promote tissue erosion and ulceration by
destroying the integrity of mucus, inducing lipid peroxidation and the like, which might
be also closely related to bacterial adhesion and colonization (Figura, 1997).

Host factor like secretory IgA has been reported to inhibit the adhesion of H. pylori

(Falk et al., 1993). Similarly, host super oxide dismutase (SOD) had shown to be
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depleted significantly in the ulcer edge of peptic ulcer patients (Klinowski et al., 1996).
In the process of H. pylori adhesion and colonization, chemotaxins (e.g. IL-8) are also
involved in host tissue damage (Mobley 1997). In addition, H. pylori promote PMN
adhesion to endothelial cells in gastrointestinal track (Yoshida et al., 1993) while gastric
epithelial cells acted as antigen presenting cells in activating proinflammatory cytokines

(Maekawa et al., 1997). These two factors may play important roles in the humoral immune
response of host during H. pylori infection.

Based on the knowledge obtained, it is noted that a number of factors are involved in
the adhesion and colonization of H. pylori. It further addresses that the successful
establishment of H. pylori on gastric mucus is the prerequisite for the persistence of H.

pylori infection.

2.4.2 Major virulence factors of H. pylori

2.4.2.1 cag Pathogenicity Island (cag PAI)

It is a pathogenicity island (PAI) of approximately 40 kb encoding 31 genes and
present in a subset of H. pylori (Mobley, 1997). cag PAI is associated with the virulence
of H. pylori since it encodes a putative secretory system — type IV secretion system that is
responsible for translocating proteins (e.g., CagA) from H. pylori into the host cell
(Censini et al., 1996). The strains containing the PAI are more virulent than those without
and it has shown a positive association with peptic ulcer and gastric cancer (Covacci et al.,
1993; Blaser et al., 1995; Akopyants et al., 1998; Figura & Valassina, 1999). cag PAI is
likely to have acquired horizontally and integrated into the chromosomal of H. pylori that
is involved in the activation of cell signal transduction cascade of host including the

induction of the transcription factor NF-kB with the consequent secretion of
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proinflammatory cytokine IL-8; in addition, to inducing the rearrangement of
cytoskeleton with pedestal formation (Segal ef al., 1996, 1997).

cagA gene product was the first identified protein of cag PAI which encodes a
cytotoxicity associated immunodorminant antigen with MW of about 128 kDa
(Tummuru et al., 1993). As a cytotoxin associated protein and major virulence factor, the
remarkable feature of CagA is its immunogenicity that elicits strong immune response in
the host during H. pylori infection. High titer antibody against CagA could be detected in
the patients with various gastroduodenal diseases, especially those with peptic ulcer
disease (DU & GU) and gastric cancer patients (Klaamas et al., 1996; Ching et al., 1996;
Matsukura et al., 1997; Miehlke et al., 1998; Vaucher et al., 2000). It suggests the
importance of CagA in the pathogenesis of H. pylori infection.

On the other hand, CagA has been reported to disrupt the tight junction proteins of
host cells, which occurs at the site of H. pylori attachment (Amieva et al., 2003). Hence,
as a cytotoxin associated antigen, the vital role of CagA in H. pylori is highly significant

in the pathogenesis of H. pylori infection.

2.4.2.2 Vacuolating cytotoxin (VacA)

Vacuolating cytotoxin is another extensively studied virulence factor in H. pylori
which induces cytoplasmic vacuolation in eukaryotic cells. The mature cytotoxin is
88kDa which is further cleaved into two subunits: p33 and p55. The subunit p55 is
important in binding of VacA to host cells (Reyrat ef al., 1999). Two receptor tyrosine
phosphatases RPTP alpha and RPTP beta identified as the receptors of VacA in gastric

cell lines (Padilla er al., 2000; Yahiro et al., 2003). VacA also can be translocated
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through the “IgA protease-type of exoprotein similar system” from bacterial membrane
into the infected host cell cytosol. This causes a lesion of the late endosomal/lysosomal
compartments by altering the protein trafficking (Schmitt & Haas, 1994; Fischer et al.,
2001). However, vacA isogenic H. pylori mutant did not show deficiency of bacterial
colonization in animals (Eaton ef al., 1997; Wirth et al., 1998). Interestingly, the antibody
level against VacA was shown to be higher in patients with peptic ulcer (Donati ef al.,
1997). The latest study shows that VacA will inhibit the activation of T lymphocytes by
mimicking the activity of the immunosuppressive drug FK506 thereby inducing the local
immune suppression during the chronic inflammation of H. pylori infection (Gebert et
al., 2003). These results showed that VacA is one of the major virulence factors related to

the tissue damage during H. pylori infection.

2.4.2.3 Other virulence factors

Other factors involved in the pathophysiological processes of H. pylori infection are
neutrophil-activating protein (NAP) that plays an important role in inducing gastric
inflammatory response of H. pylori (Evans, Jr. et al., 1995) and alkyl hydroperoxide
reductase (AhpC), a protein catalyzing the reduction of organic peroxides, functions to
assist the microaerophilic pathogen to survive oxidative and aerobic stress (Baillon et al.,
1999). Besides these, other probable virulence factors like mucinase (homologue of Hap
of V. cholerae), Lewis antigens and LPS have been reported (Moran, 1996; Figura,
1997).

Based on the findings obtained, it is apparent that the progression of H. pylori

infection is a complicated but elaborately regulated process where multiple factors are
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involved. Although great effort has been incessantly dedicated in the study H. pylori, the

pathogenic mechanism of H. pylori infection remains a mystery.

2.5 Surface localized proteins of Helicobacter pylori

As an extracellular pathogen, the communication between H. pylori and host cells is
vital. During the process of H. pylori infection, the interactions between bacteria and host
are throughout the entire progress and directly related to the severity of inflammation
induced. In this process, surface structures of H. pylori and host are the core components.
A great variety of bio-molecules are present on the cell surface of H. pylori. These
include small phospholipid components forming the double layer membrane scaffold,
proteins with various sizes inserted into the double layer or protruded facing internally or
externally and carbohydrates coat for protection. Generally, protein molecules faced
internally would be coupled with other molecules to trigger the signal cascade while the
proteins faced externally would receive the stimuli and pass down the information.
Therefore, the surface proteins of pathogens are crucial messengers in transferring the
information between microorganism and host during the infection.

In essence, surface proteins of H. pylori are important for the implementation of
pathogenesis. The surface proteins of H. pylori are unique among bacterial species, where
the surface localized cytoplasmic proteins is an unusual phenomenon restricted within H.
pylori strains. There are a number of proteins which are strictly distributed in cytoplamsic
regions in other bacterial species but found localized on the surface in H. pylori
bacterium cells (Hawtin et al., 1990; Evans, Jr. et al., 1992; Mori et al., 1997). It is

widely believed that this is functionally significant and important for H. pylori.
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Urease is one such protein that was first found to be surface associated in H. pylori
cells. The surface localized urease was identified by Hawtin et al. (1990) using indirect
immunogold electron microscopy labeling technique. Due to the urease enzyme activity,
it was demonstrated that generation of ammonia from urea hydrolyzed by urease in the
stomach would cause damages to the gastric mucosa (Murakami et al., 1990). Further
study has shown that surface localized urease possesses capability of activating
monocytes for stimulation of IL-8 production in epithelial cell lines (Harris et al., 1996).

HSP60 homologue was later found to be associated with urease enzyme in the crude
preparation of bacterial surface fraction (Evans, Jr. et al., 1992). Urease-associated
HSP60 was believed to participate in the extracellular assembly and/or protection of
urease against inactivation in the hostile environment of the stomach. Surface localized
HSP60 also showed its ability to entice the antibody and cytokines responses (Sharma et
al., 1997). In addition, further study showed that cell surface HSP60 would mediate
sulfatide recognition by H. pylori under the stress conditions (Huesca ef al., 1996).

Many cell surface associated proteins, e.g., catalase and SOD (Mori et al., 1997) are
important for the bacterial survival under the stressed conditions (acidic and/or
oxidative). The surface localized proteins are not only related to the bacterial survival and
resistant against the hostile environment, but also closely corelated with the host immune
responses (antibody and/or cytokines productions).

The importance of surface localized proteins signifies a particular “hiding”
mechanism for the translocation of proteins from cytoplasm to cell surface in H. pylori.
Phadnis et al. (1996) found that urease and HSP60 became outer-membrane-associated

after the autolysis of bacteria cells as revealed by cryo-immunoelectron microscopy.
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They also found that H. pylori underwent spontaneous autolysis during in vitro
cultivation suggesting that the surface structure of H. pylori must be unique for the
absorption of cytoplasmic proteins. The bacterial autolysis and surface associated urease
& HSP60 were also demonstrated in human gastric biopsies (Dunn et al., 1997) thereby
further strengthening the possible programmed bacterial autolysis process in vivo.

The proposed altruistic autolysis model of H. pylori was prevailing for a period of
time until 1998 when Vanet and Labigne (1998) showed the evidence for the existence of
specific secretion mechanism. In their study, urease and HSP60 homologue were utilized
for the analysis. Relying on the subcellular fractionation approach associated with
quantitative Western blot analyses, Vanet and Labigne showed that the releasing process
of cytoplamic proteins is selective. Some cytoplasmic proteins (beta-galactosidase
homolog) were strictly present in the cytoplasmic fraction but not urease & HSP60,
which were present in both cytoplasmic and surface factions. Hence, they suggested that
a specific selective mechanism(s) is involved in the secretion of some H. pylori antigens
while bacterial autolysis does not seem to make a major contribution.

However, many researchers observed that both mechanisms would exist for this
particular process in H. pylori cells: non-selective (autolysis, spontaneously occurred
during bacterial cultivation in vitro) and selective (by specific secretory system).
Whichever mechanism is involved in the surface associated cytoplasmic proteins,
releasing proteins extracellularly by H. pylori would be an important adaptation that
facilitates the persistence of H. pylori in the human gastric mucus layer. The entry of
these proinflammatory proteins from H. pylori into the gastric mucosa may contribute to

the induction of a mucosal inflammatory response (Cao ef al., 1998; Schraw et al., 1999).
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2.6 Immuno-labeled transmission electron microscopy (TEM) and protein
localization in Helicobacter pylori

With the development of antibody techniques and electron microscope, immuno-
labeled electron microscopy becomes a useful tool to display the ultrastructure location of
protein molecules in cells or tissues. It is widely used in studying the localization of
proteins in eukaryotes and prokaryotes (Herrera, 1992). Immunolabeling TEM is the
most commonly used technique to visualize the precise localization of molecules in cells.
Protein A-gold conjugates are generally used as a probe for immuno-staining where the
gold particles can be easily seen under electron microscopy (EM).

Immuno-gold labeled TEM was widely used in studying the proteins localization in
H. pylori. In 1990, Hawtin et al. used the monoclonal antibodies of urease to image the
localization of urease in H. pylori. Later, Drouet et al. (1991) and Drouet et al. (1993)
demonstrated the surface localization of 19 kDa outer membrane protein and
polysaccharide of H. pylori. The localization of various proteins of H. pylori was
resolved by different researchers using immuno-gold labeling TEM techniques (Lelwala-
Guruge et al., 1993; O’Toole et al., 1994; Jones et al., 1997; Chirica et al., 2002).
Phadnis ef al. (1996) improved on the immuno-gold electron microscopy by using cryo-
immuno-electron microscopy show the surface association of cytoplasmic proteins in H.
pylori where urease and HSP60 of H. pylori were found to localize on the bacterial cell
surface and cytoplamsic regions.

It can be shown that the immuno-labeling TEM is a powerful tool in studying the

localization of proteins in H. pylori. With this technique, it can clearly visualize the exact
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location of macromolecules in H. pylori. The localization of molecules provides

important information on their possible functions in H. pylori infection.

2.7 Homology modeling of protein structure

Homology modeling is also called comparative protein modeling or knowledge-based
modeling. It is the process where a 3D model of a target protein sequence is built based
on a homologue (preferably with at lest 30% similarity) with experimentally resolved
protein structure (by X-ray crystallography or nuclear magnetic resonance, NMR) (Baker
& Sali, 2001). With the development of computer (and or information) technology,
availability of protein database (PDB) and experimentally resolved protein structures, it is
possible for researchers to carry out the prediction of protein structure based on the
similarity between homologues to facilitate the study of function of proteins.

In recent years, homology modeling of protein structure in H. pylori has been carried
out. In the study carried out by Marsich ef al. (2002), a gene encoding an autolytic
enzyme was cloned and its structure was predicted by molecular modeling. This gene was
almost identical to the HP0339 of H. pylori 26695. It is a homologue of bacterial
bacteriophage T4 lysozyme showing >95% identity to each other. The protein structure
encoded by this gene was predicted using molecular modeling based on the resolved
structure of bacteriophage T4 lysozyme. Through the modeling, this novel protein of H.
pylori showed typical lysozyme folding and catalytic cleft suggesting that this protein
belongs to the bacterial lysozyme family.

Similarly, DnaA of H. pylori has been identified to be involved in the initiation of H.

pylori chromosome replication. Although DnaA of H. pylori is a homologue of DnaA in
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E. coli, it showed lower DNA binding specificity. Through the comparative molecular
modeling of DnaA (36% identify to DnaA of Aquifex aeolicus), it showed that there are 9
residues within the binding domain of this protein that are possible determinants for the

reduced H. pylori DnaA binding specificity (Zawilak et al., 2003).

2.8 Gene mutagenesis study in Helicobacter pylori

The advance development of molecular biological techniques in early 1990°s has
made it possible to study and understand the function of protein in H. pylori with the
construction of specific isogenic gene mutant. The isogenic urease-negaitve H. pylori
mutants were initially constructed by Ferrero ef al. (1992) through allelic replacement. In
the targeting vector, cloned urease genes (ured & ureB) were disrupted by the insertion
of a mini-Tn3-Km transposon where the kanamycin resistant gene (Km) was derived
from Campylobacter. The allelic exchange occurred between targeting vector and
chromosome of H. pylori at urease gene loci after electrotransformation. The mutant was
resistance to kanamycin and identified using Southern hybridization and immunoblot. It
was noted from this study that only part of H. pylori isolates were competent for
transformation. This genetic engineered urease mutant was helpful in the study on the
role of urease in the pathegnesis of H. pylori infection.

It was reported that aflagellated mutants of H. pylori were generated using transposon
shuttle mutagenesis (Haas et al., 1993). In their study, it was found that some of H. pylori
clinical isolates were naturally competent for genetic transformation with the
transformation frequency of 5 x 10~ and 4 x 10°. The targeting vector contained the

cloned fla4 gene that was interrupted by insertion of TnMax1, a mini-Tn1721 transposon
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carrying a modified chloramphenicol-acetyltransferase gene (catGC cassette). Similarly,
the mutant was obtained after natural transformation and identified using Southern
blotting and immunoblotting. The phenotypical characterization was further
demonstrated under the electron microscopy. From this study, it provides the opportunity
to construct transposon shuttle mutagenesis for H. pylori based on natural competence.
Over the past decade, various isogenic genes mutants of H. pylori through allelic
exchange mediated by electroporation or natural transformation have been constructed.
These included nixA isogenic mutant which has reduced nickel transport and urease
activity (Bauerfeind et al., 1996); ABC transporter gene mutant which affects production
of a catalytically active urease (Hendricks & Mobley, 1997); aliphatic amidase gene
mutant which reveals the role of amidase in intracellular ammonia production of H.
pylori (Skouloubris et al., 1997); cdrA gene mutant was shown to be related to the cell
division of H. pylori (Takeuchi et al., 1998); rpoN (encoding RNA-polymerase sigma54
subunit in H. pylori) gene mutant (Fujinaga ef al., 2001) and catalase gene mutant (Harris
et al., 2002). From these studies, it is noted that allelic exchange is a primary yet only
method in constructing the isogenic mutant of H. pylori. The selection markers
commonly used are kanamycin resistant and chloramphenicol-acetyltransferase (catGC

cassette) genes.

2.9 Animal model of Helicobacter pylori
As a human pathogen, the study of H. pylori in animals is helpful in the
understanding on/of the pathogenesis of H. pylori infection in vivo. Therefore, the

establishment of animal models for H. pylori infection is important. Pig model was
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initially established to study the gastritis type B induced by H. pylori by Engstrand et al.
(1990). In this study, the pigs were intragastrically inoculated with suspensions of 10’ to
10'° CFU of H. pylori. The infected pigs were examined for H. pylori infection up to 12
weeks. H. pylori and antibody against H. pylori was detected in 11 out of 15 pigs infected
throughout the observation time. Furthermore, the superficial, focal gastritis was
developed in the infected pigs observed immunohistologically. This indicates the
usefulness of animal model in studying H. pylori related human diseases.

Meanwhile, the ferrets infected with H. mustelae became an animal model for H.
pylori induced gastritis in humans (Fox et al., 1990). The colonization of H. mustelae on
gastric mucosa in ferrets was 100% and heavily at the duodenum and antrum. Significant
immune response to this organism was detected. Superficial gastritis was noted.
However, ferrets lack the polymorphonuclear-cell response that is generally seen in the
active chronic gastritis typically described with H. pylori gastritis in humans. The lesion
in ferrets does closely resemble the diffuse antral gastritis seen in human with H. pylori
induced gastritis. The ferret model provides the possibility to study multiple host and
environmental variables during H. pylori colonization and the progression of
gastroduodenal diseases.

Mice infected with H. felis, a microorganism isolated from cat and found to be closely
related to H. pylori became a small animal model for H. pylori (Lee et al., 1990).
Similarly, significant histopathology was seen in H. felis infected mice. During the period
of infection, infected mice showed progression from acute inflammation to persistent
acute on chronic inflammation (active chronic) that is similar as seen in human infection

with H. pylori. Since then, H. mustelae infected gnotobiotic rats (Fox et al., 1991); H.

36



Li