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Abstract/ Executive Summary

Gastric cancer (GC) is one of the most frequent and deadly cancers worldwide. Helicobacter
pylori (H. pylori), a GC-associated bacterium, is critical to gastric pathogenesis. However, the
specific molecular mechanisms remain partially understood. Here, we analyze 8 samples of
GC transcriptomics of Homo sapiens and 107 samples of the whole genome of H. pylori to
discover any potential connections between uncharacterized proteins and differentially
expressed genes (DEGs) in GC. We identified 11 hypothetical proteins (HPs) that possess
potential pathogenic features. Later, microarray analysis revealed 381 DEGs. Subsequently,
the genes CXCLS, ICAMI, and CXCR2 were identified as hub genes, recognized for their
crucial role in inflammatory pathways in GC. Three HPs of H. pylori, MLLMICFO_ 00840,
CHOJIKGH 00797, and CHKOBBCO 01290, showed strong interactions with hub genes
ICAM1, LFA-1, and CXCLS from the host. The results demonstrate the robust stability and
dynamic behavior of these protein complexes, indicating their possible involvement in
regulating immunological responses and contributing to the development of GC. This work
reveals the linkages between H. pylori and host genes in GC and identifies potential proteins

that could serve as indicators or targets for therapy.

Keywords: GC, Helicobacter pylori, host, Differentially expressed genes, Pathogen
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Chapter 1

Introduction



1.1 Background

GC is one of the most common types of cancer worldwide, accounting for 4.9% of all new
cases and 6.8% of cancers in 2022 [1]. It affects more males than women and is one of the most
common cancers in men [2]. The World Health Organization has established H. pylori as a
class | carcinogen due to its association with the development of GC (GC) and MALT
lymphoma, both of which are serious health risks [3] [4]. This gram-negative and
microaerophilic bacterium resides in the acidic environment of the stomach [5]. H. Pylori
infection is one of the major risk factors for GC. The prevalence of H. pylori infection is
globally noticeable, affecting approximately 50% of the global population. In developing
nations, (30 to 50) % of children acquire H. pylori infection, which increases to 90% by
adulthood [6]. However, the infection rates fluctuate between 30% and 50% in developed

countries [7]. In Bangladesh, H. pylori is the major risk factor for GC [8].

As previously reported, some virulence factors in H. pylori, such as cytotoxin-associated gene
A (CagA) or vacuolating cytotoxin A (VacA) are likely to develop GC [9]. Chronic
inflammation and the presence of these factors result in DNA damage to the host cell and
stimulate certain pathways that aid H. pylori in its survival [5]. The processes frequently
interact and mutually reinforce each other [5]. Furthermore, H. pylori attaches to the lining of
the gastric epithelium using several adhesion factors, such as the blood group antigen-binding
adhesin (BabA), sialic acid-binding adhesin (Sabal), outer inflammatory protein A (Ipe), and
adherence-associated lipoproteins (AlpA/B) [10]. Treatments for H. pylori infections are
available, including a 14-day triple therapy programme, quadruple therapy based on bismuth,
therapy based on levofloxacin, and therapy based on rifabutin; nonetheless, H. pylori
eradication remains difficult. Possible causes of these multiples include the rise in antibiotic
resistance, the prevalence of co-infections, or the interaction between human and H. pylori

proteins. The proteins that are already identified can be accurately predicted within the
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framework of their biological processes. However, the uncharacterized or hypothetical protein

found in H. pylori may have a significant impact on the development of GC.

HPs refer to the large quantities of uncharacterized proteins found in many bacterial genomes
[11]. The scientific community frequently disregards HPs, even though they have great
promise. Possible critical roles for these proteins in bacterial virulence and survival, especially
in H. pylori, have been predicted by genome sequencing but their functions have not been
experimentally demonstrated [12]. Treatment attempts can be further complicated when these
proteins undergo mutations and genetic interactions with hosts, which can enhance virulence
and cause antibiotic resistance. More research into the pathogenicity of H. Pylori and better
ways to fight infections and cancers linked to them could be possible if future studies
characterize HPs functionally; this could lead to the discovery of new therapeutic targets and a
better understanding of the disease physiology [13]. Also, specific HPs can potentially
influence the relationships between bacteria and their hosts [14]. A large number of DEGs have
been linked to complicated disorders, according to recent advances in microarray analysis [15].
This high-throughput approach has helped researchers obtain a greater understanding of the
physiological differences between health and sickness [16]. Specifically, genes with larger fold
changes are more commonly reported in microarray studies than genes with statistically
significant differential expression [17]. By integrating this data with other biological sources,
more accurate assessments may be made, such as disease target landscapes [17]. HPs are
hypothesized proteins that an organism expresses but for which there is no evidence to support
their useful functions; hence, they may provide light on how bacteria endure harsh
environments [18]. Finding the links between RNA-seq genes and unidentified H. pylori
proteins may help shed light on GC. Functional modeling of HPs has helped researchers

comprehend the relationship between sequence, structure, and function [19]. Hence, GC may



be better understood if the connections between RNA-seq genes and uncharacterized H. pylori

proteins are found.

Hence, we identify the most prevalent HPs from the whole genomes of 107 H. pylori isolates
selected from the different countries. We perform the microarray analysis to identify DEGs and
their link to HPs using the protein-protein interaction (PPI) network. We also perform
molecular docking and dynamics to find interaction and their stability between the host and
pathogens. Finally, we provide the biological and molecular insights of the uncharacterized H.

Pylori proteins on DEGs in GC Pathogenesis.



1.2 Objectives

1.

To identify and characterize HPs in Helicobacter pylori that may play critical roles in

GC pathogenesis.

To analyze DEGs associated with severe gastritis and their interactions with H. pylori

hypothetical proteins.

To employ molecular docking and molecular dynamics simulations to investigate the
stability and interaction quality between key proteins in H. pylori and host GC-related

proteins.

To explore the potential therapeutic implications of the interactions between H. pylori
hypothetical proteins and host GC genes, aiming to identify novel targets for drug

development.

To integrate bioinformatics and experimental approaches to provide a comprehensive
understanding of the molecular mechanisms by which H. pylori contributes to GC

development.



Chapter 2

L iterature Review



2.1 Historical Perspectives

Globally, GC, which is also referred to as GC, is a complex malignancy that places a substantial
burden on public health. GC has a complex etiology, and its incidence and mortality rates
exhibit regional variation. Considerable scientific investigation has been devoted to elucidating
the intricacies of GC, resulting in seminal revelations that have profoundly influenced our

comprehension of this neoplasm [20].

Globally, GC (GC) is among the most prevalent malignancies. Due to the low rate of routine
screening and the inconspicuous symptoms of earlier disease, the majority of patients are
diagnosed at advanced stages [21]. In the past few years, systemic treatments for GC, such as
chemotherapy, targeted therapy, and immunotherapy, have advanced substantially [21].
Geographic variations contribute to the variation in GC incidence; Eastern Asia (specifically
Japan and Mongolia) and Eastern Europe exhibit the greatest incidence rates [21]. In recent
years, there has been a gradual increase in the prevalence of GC among young adults (aged
<50 years) in countries classified as both high-risk and low risk [21]. A bacterium that has
infected humans since the early Stone Age, H. pylori, is intricately linked to the development
of GC [22]. H. Pylori was prevalent among the majority of the global population prior to the
twentieth century [22]. The identification of H. pylori thirty years ago represents a triumph of
contemporary medicine [23]. It significantly altered our comprehension of the pathophysiology
of gastroduodenal diseases and resulted in advancements in the management of H. pylori-
associated illnesses [23]. Barry Marshall and Robin Warren established the correlation between
H. pylori and peptic ulcers in 1984 [24]. In recognition of this discovery, they were bestowed
with the Nobel Prize in physiology or medicine in 2005 [24]. Numerous developments in the

treatment of GC and other related conditions have resulted from this discovery.



2.2 Global Burden of GC

GC (GC) is a prevalent malignancy that contributes substantially to the overall cancer burden
on a global scale [25]. In 2022, the incidence of GC among both sexes varied across different
regions. Africa, with a population of 903 million, reported 33,352 cases. Latin America and the
Caribbean, with a population of 904 million, had 74,379 cases. Northern America, with a
population of 905 million, documented 29,675 cases. Europe, with a population of 908 million,
recorded 135,610 cases. Oceania, with a population of 909 million, reported 3,977 cases. Asia,
with a population of 935 million, had the highest number of cases at 691,791. In total, the
global incidence of GC was 968,784 cases [26]. International Agency for Research on Cancer
(IARC) researchers estimate that from 2022 to 2045, the estimated global mortality due to GC
for both sexes across all age groups (0-85+) is projected to rise significantly. The world's
population is expected to increase from approximately 7.89 billion in 2022 to 9.47 billion in
2045 [26]. Correspondingly, the number of deaths from GC is anticipated to increase from
660,175 in 2022 to 1,170,708 in 2045, reflecting a 77.3% increase [26]. This rise is attributed

entirely to population growth, as the change in the number of cases due to risk remains constant.

2.3 Geographical Disparities

The incidence and mortality rates of GC exhibit substantial regional variations, highlighting
notable geographical disparities [27]. In the Southeastern United States, for instance, the
municipalities with the highest 5% mortality rates for GC were preponderant [28]. The
considerable diversity observed in mortality rates may be attributed to an extensive array of
determinants, such as socioeconomic standing, healthcare accessibility, and behavioral patterns
[27]. The state of affairs in Asia is especially disconcerting. GC has historically exhibited a
disproportionate impact on East Asian populations in comparison to Western nations [28].
China is home to fifty percent of all GC cases reported globally, and among men in Japan, this

disease is the most prevalent [28]. Eastern Asia bears the greatest burden of GC, which is also
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the most prevalent form of cancer in China, Bhutan, Cabo Verde, and Tajikistan [2]. Asian
populations, residing in the United States, are especially susceptible to developing GC [29].
GC is significantly more prevalent among the Korean, Vietnamese, Japanese, and Chinese
populations in California [29]. According to the latest World Health Organization (WHO) data
published in 2020, GC accounted for 6,799 deaths in Bangladesh, representing 0.95% of the
total deaths in the country [30]. The age-adjusted death rate for GC in Bangladesh is 5.45 per
100,000 population, placing the country at rank 100 globally in terms of stomach cancer

mortality [30].

2.4 GC and H. pylori Association

The global burden of GC is well-documented, with H. pylori identified as a major risk factor
for its development. H. pylori infection contributes significantly to the incidence of GC,
particularly in regions with high infection rates, such as East Asia and developing countries.
The bacterium's role in chronic inflammation and its progression to malignancy has been
extensively studied, emphasizing the need for ongoing research into the molecular mechanisms
underlying this relationship [31] [32]. Historical perspectives on H. pylori research have laid a
strong foundation for current studies, particularly the identification of H. pylori as a Group 1
carcinogen by the World Health Organization (WHO) [33]. The understanding of how H. pylori
influence gastric carcinogenesis is crucial for developing targeted therapeutic strategies aimed

at reducing the global burden of this disease.

2.5 Significance of Hypothetical Proteins in H. pylori

Hypothetical proteins (HPs) constitute a significant portion of bacterial genomes, yet their
functions remain largely uncharacterized. In H. pylori, HPs are increasingly recognized for
their potential roles in virulence, antibiotic resistance, and immune evasion, which are critical

factors in the bacterium’s ability to persist within the host and contribute to disease [11] [12].



These proteins, despite being labeled as 'hypothetical,’ may play key roles in the complex
interactions between H. pylori and the gastric epithelium, influencing the progression of
chronic gastritis to GC. Understanding these proteins is essential for identifying new
therapeutic targets and developing strategies to mitigate the impact of H. pylori infection on

global health.

2.6 Bioinformatics in H. pylori Protein Analysis

The integration of bioinformatics tools into the study of H. pylori HPs has proven invaluable
for predicting protein functions, identifying differentially expressed genes (DEGs), and
constructing protein-protein interaction (PPI) networks. These tools facilitate the systematic
analysis of large datasets, enabling researchers to generate hypotheses about the roles of
uncharacterized proteins in bacterial pathogenesis [34] [35]. In the context of H. pylori,
bioinformatics has been instrumental in identifying novel interactions between HPs and host
cellular mechanisms, providing insights into the molecular underpinnings of gastric
carcinogenesis [36]. The use of such computational approaches is essential for advancing our

understanding of microbial genomics and for guiding experimental validation efforts.

2.7 Contextualizing H. pylori in Microbial Research

Previous research has established a foundation for understanding the role of uncharacterized
proteins in bacterial pathogenesis. For example, studies on Escherichia coli have demonstrated
how hypothetical proteins can be integral to bacterial survival, virulence, and host interaction
[37]. These findings highlight the broader significance of studying HPs across different
bacterial species, providing a comparative perspective that enriches the current understanding
of H. pylori. Moreover, research utilizing molecular docking to explore protein-protein

interactions has further validated the roles of HPs in pathogenesis, underscoring the need for
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continued investigation in this area [38]. Such studies are critical for contextualizing new

research and for identifying areas where significant knowledge gaps remain.

2.8 H. pylori Infection

Infection with H. pylori is a significant risk factor in the pathogenesis of GC [39]. In 2018,
Helicobacter pylori infection was significantly associated with a substantial number of cancer
cases [40]. Specifically, non-cardia GC presented 850,000 new incidences, with 760,000
attributable to the infection, demonstrating a higher prevalence in males (490,000) compared
to females (270,000) [40]. Cardia GC exhibited 180,000 new cases, with 36,000 linked to the
infection, predominantly affecting males (27,000) over females (8,900) [40]. Furthermore, non-
Hodgkin lymphoma of gastric location accounted for 22,000 new cases, with 16,000 due to the

infection, showing a slight male predominance (8,700) relative to females (7,600) [40].

Cancer cases (all infectious agents) among both sexes in 2020 attributable to infections, in the world, shown by infectious agents

Other agents
(8.9%)

Hepatitis C virus
(7.4%)

Helicobacter pylori
(36.3%)

Hepatitis B virus
(16.4%)

L

HPV
(31.1%)

Total attributable cases: 2 300 000

Figure 1: In 2020, the distribution of cancer cases attributable to infections among both sexes globally is
illustrated in the pie chart. The proportions of cancer cases linked to specific infectious agents are as follows:
Helicobacter pylori accounts for 36.3% of cases, Human Papillomavirus (HPV) for 31.1%, Hepatitis B Virus for
16.4%, Hepatitis C Virus for 7.4%, and other infectious agents collectively for 8.9% [40] [26].
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H. pylori cause the majority of gastrointestinal ulcers. Additionally, specific strains may
increase the tumor risk in the gastric [41]. "The entire process by which H. pylori increases the
risk of GC is characterized by inflammation," explains Lynch. "H. pylori causes an infection
that progresses from inflammation to healing to further inflammation." This cycle of constant
cell regeneration can eventually lead to errors that develop into cancer [41]. Research indicates
that individuals who have contracted H. pylori are at a significantly increased risk, up to eight
times greater, of developing a specific type of GC [42]. This bacterium, however, is not the
only potential cause of GC. Additionally, a history of gastric operations, smoking, and a diet

limited in fruits and vegetables can all increase the risk [42].

2.9 Recent Advances and Gaps in Research

Recent advancements in sequencing technologies and bioinformatics have significantly
expanded our knowledge of H. pylori and its role in GC. These technologies have enabled the
identification of novel virulence factors and provided deeper insights into the bacterium's
genomic diversity and its interactions with the host [43] [44]. Despite these advancements,
there are still considerable gaps in our understanding of the specific functions of many
hypothetical proteins within the H. pylori genome. Addressing these gaps is essential for
developing a comprehensive understanding of H. pylori pathogenesis and for identifying new
targets for therapeutic intervention. Continued research in this area is crucial for closing these

gaps and for advancing the field of microbial pathogenesis.

2.10 Incorporation of Related Pathogens

The study of hypothetical proteins in H. pylori can be informed by research on other pathogens
where uncharacterized proteins have been implicated in virulence. For example, Salmonella
spp. and Staphylococcus aureus have been shown to utilize HPs in mechanisms critical for

infection and survival within the host [45] [46]. These findings suggest that HPs play a
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universal role in bacterial pathogenesis, making them important targets for study across a range
of infectious diseases. By drawing parallels between H. pylori and these other pathogens,
researchers can better understand the potential roles of HPs and their contributions to disease,

thereby broadening the scope of current research.

2.11 Molecular and Genetic Aspects

GC i1s a group of malignant epithelial tumors that are clinically, biologically, genetically, and
microscopically heterogeneous [47]. These tumors arise from a multitude of environmental and
genetic factors. Inhereditary GC genes harbor pathogenic variants that are accountable for an
estimated 15% to 20% of gastric malignancies [48] [49]. CDHI and CTNNAI are two alleles

that may increase an individual's susceptibility to hereditary diffuse GC (HDGC) [50] [51].

Hereditary cancer syndromes have the potential to induce additional subtypes of GC. Lynch
syndrome, which is induced by pathogenic variants in MLH1, MSH2, MSH6, PMS2, and
EPCAM, is among these syndromes [52]. Proximal polyposis of the gastric (GAPPS) and
familial adenomatous polyposis (FAP)/gastric adenocarcinoma are both induced by pathogenic
variants in APC [53]. Additional syndromes, including Juvenile polyposis syndrome (JPS) and
Peutz-Jeghers syndrome (PJS), are attributed to pathogenic variants in SMAD4 and BMPRIA,

respectively [54].

The oncogenesis and progression of these malignancies are caused by spurious or inherited
mutations in a number of crucial genes that encode the mechanisms accountable for DNA repair
and regulate cell growth and differentiation [55]. Chemoresistance induction is a frequent
consequence of mutations; this resistance ultimately leads to the failure of therapeutic
interventions and the recurrence of tumors [56]. The gastric epithelial cells are eliminated and

substituted with cells exhibiting characteristics of the intestines as a result of consecutive
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mutations. These cells gradually acquire independence, which promotes the progression of

malignant alterations (intraepithelial neoplasia) and carcinoma [57].

GC continues to pose a substantial global concern, exhibiting diverse incidence rates and risk
factors across distinct geographical areas. Significant advancements have been achieved in the
identification of primary causative agents, including H. pylori infection and genetic variables,
in relation to GC. However, due to the complex and intricate characteristics of this disease,
continuous research endeavors are imperative to formulate efficacious approaches for
prevention and therapy. The incorporation of molecular insights into therapeutic practice shows
potential for tailored methods, presenting a promising opportunity for enhanced results in the

battle against GC.

2.12 Molecular Dynamics in Protein Interactions

Molecular dynamics (MD) simulations have become a pivotal tool in the study of protein-
protein interactions, offering detailed insights into the stability, flexibility, and dynamics of
molecular complexes. In the context of H. pylori, MD simulations have been used to validate
the interactions between hypothetical proteins and host cellular receptors, providing a
molecular-level understanding of how these proteins may contribute to disease progression
[58] [59]. The application of MD in this research is particularly valuable for predicting the
behavior of uncharacterized proteins under physiological conditions, thus complementing
experimental data and guiding the development of therapeutic strategies. This approach
enhances the robustness of research findings and underscores the importance of combining

computational and experimental methodologies in the study of microbial pathogenesis.

2.13 Therapeutic Potential of H. pylori Proteins

The identification of hypothetical proteins as potential virulence factors in H. pylori has

significant implications for the development of new therapeutic strategies. As antibiotic
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resistance becomes an increasing concern, alternative approaches that target the underlying
mechanisms of bacterial virulence are urgently needed. Studies have shown that targeting
bacterial proteins involved in key interactions with the host can be an effective strategy for
limiting infection and preventing disease progression [60] [61]. By focusing on the therapeutic
potential of HPs, this research contributes to the broader effort to develop innovative treatments
for H. pylori-associated diseases, including GC. The translational potential of these findings
highlights the importance of continued research into the roles of hypothetical proteins in

bacterial pathogenesis.
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Chapter 3

Methodology



3.1 Microarray data

The gene expression profile of GSE60662 was obtained from the Gene Expression Omnibus
database [62]. The GPL13497 platform was used for gene expression profiles. In this study, 8
samples were selected for analysis, comprising 4 control samples (GSM1159807: Control rep1,
GSM1159808: Control rep2, GSM1159809: Control rep3, GSM1159810: Control rep4) and 4
severe gastritis samples (GSM1159815: Severe gastritis repl, GSM1159816: Severe gastritis

rep2, GSM1159817: Severe gastritis rep3, GSM1159818: Severe gastritis rep4).

3.2 ldentification of differential gene expressions (DEGS)

GEOZ2R [62] is an interactive web tool for identifying DEGs from the GEO series. Here, the
LIMMA package [63] in R software was used to identify up-regulated and down-regulated
DEGs between control and severe gastritis groups. Adjustments to P-values were made using
the Benjamini & Hochberg method. Auto-detection was applied for the log transformation of
the data, while limma precision weights (vooma) were utilized to enhance the precision of the
analysis. Normalization was forced. A significant level cut-off of 0.05 was set, with a log2 fold

change threshold of 2.

3.3 Protein-Protein Interaction (PPI) network construction and module

selection

The PPI network was constructed using the STRING database [64] which identified
relationships between proteins encoded by the DEGs. The search was set to the highest
confidence score (0.900) to ensure robust and reliable identification of interactions. The PPI
network was visualized using the plugin Cytohubba in Cytoscape software [35], which
facilitated the identification of genes with high degrees of connectivity, known as hub genes,

and bottlenecks genes.
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3.4 Functional annotations and pathway enrichment analysis of DEGs

GeneCards is an online database offering researchers a comprehensive set of tools and
resources to explore the biological significance of a vast number of human genes [65].
GeneCards integrates data from various sources, such as Gene Ontology (GO), which
categorizes genes according to their involvement in biological processes (BP), cellular
components (CC), and molecular functions (MF). Additionally, the database provides insights
into the Kyoto Encyclopedia of Genes and Genomes (KEGG), facilitating the exploration of
gene function annotation in the context of biological pathways and molecular interactions [66].
The hub and bottleneck genes identified and characterized through STRING and Cytoscape

analyses were subsequently subjected to functional annotation using GeneCards.

3.5 Retrieval of Whole Genome Sequence (WGS) data

The genomic sequences of 107 H. pylori isolates were retrieved from the National Center for
Biotechnology Information (NCBI) database [67]. Concerning the Asian continent, a total of
five samples were obtained from each of the countries, namely Vietnam (PRJIDB3403), Japan
(PRIJDB4296), China (PRINA378317), and India (PRINA419585). In the context of the
African continent, a total of nine samples were procured and distributed across Nigeria
(PRJEB33903), Egypt (PRINA689250), and Morocco (PRINA362473). Data were collected
from three European countries, including Denmark (PRJEB37266) (5), Germany
(PRINA490474) (10), and Portugal (PRINA445654) (5). The North American continent
provided a total of 18 samples, consisting of five samples from the United States
(PRINAG622860), five from Nicaragua (PRINA242766), three from Mexico (PRINA203445),
and five from Canada (PRIJNA800058). Samples were exclusively obtained from Colombia

(PRINAG56306), resulting in a total of 20 samples from the South American continent
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Lastly, the Oceania continent was represented by 20 samples obtained from Australia

(PRINA374603).

3.6 Quality control, genome assembly and genome assessment

The Hllumina reads were assessed using FastQC to ensure the quality of the samples [68].
Further, the Trimmomatic web tool was used to remove the adapter sequences, and low-quality
reads by using a"HEADCROP" value of 15. Simultaneously, throughout the reads, low-quality
sections were eliminated by using "SLIDING WINDOW" trimming with a window size of 4
and a threshold of 25 [69]. Unicycler was then used to assemble the bacterial genomes using
a mix of short and long reads, producing accurate, comprehensive, and cost-effective
assembled reads [70]. The genome of H. pylori was annotated using Rapid Prokaryotic Genome

Annotation (Prokka) [71].

3.7 ldentification of non-paralogous sequences

The paralogous or duplicate HP sequences of H. pylori were identified using CD-HIT with a
sequence identity cutoff of 0.8 (i.e., 0.8 equivalent to 80%) [72]. CD-HIT is a well-known web
tool for clustering and comparing large sets of protein or nucleotide sequences. Among all the
proteins, only non-paralogous proteins with a size of >300 amino acids are considered for

further analysis.

3.8 Identification of bacterial virulence factor

A customized bash script was used to identify the virulent proteins in H. pylori. A new list of
virulence proteins was filtered and determined from the Virulence Factor Database (VFDB)
[73]. An e-value of 107 was applied to determine the proteins that exhibited the strongest
association with virulence factor. The method assessed possible virulence factors in H. pylori

and identified proteins that contribute to bacterial pathogenicity. Virulent proteins, as opposed
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to non-virulent ones, play an important role in initiating serious infection pathways in the body.
This results in a wide range of proteome profiles that affect survival, host-pathogen

interactions, and virulence levels.

3.9 Validation of H. pylori proteins

To confirm that the highly infectious HPs are from H. pylori, the proteins were subjected to
BLASTp [74] analysis against the reference genome of the H. pylori 26695 strain in the NCBI
database [67]. In this analysis, a threshold (cutoff value: E-value <le-5) was applied to identify
the most significant matches in each protein sequence. The H. pylori proteins that had the

highest number of matches as HPs were selected for further analysis.

3.10 Determination of Physicochemical Properties

The physicochemical properties of HPs were analyzed using ProtParam, an online tool
provided by the EXPASy server [34]. This tool calculates various physicochemical parameters
of proteins, including molecular weight, theoretical isoelectric point (pl), amino acid
composition, and estimated half-life, among others. The analysis aimed to gain insights into

the properties of the HPs and their potential roles in biological processes.

3.11 Subcellular Localization

Predicting the location of proteins within cells is vital for genome annotation and the study of
bacterial infections since these proteins can be utilized as therapeutic or vaccination targets
[75]. The subcellular localization of HPs was predicted using CELLO, an online tool [76] that
classifies proteins into different cellular compartments based on their sequence features. This
classification helps identify the potential functions of the proteins in specific cellular

environments.
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3.12 Homology modeling

The three-dimensional (3D) structures of the selected HPs were constructed using the SWISS-
MODEL server [77]. To ensure the accuracy and quality of these protein structures, they were
evaluated using the PROCHECK [78] and SAVES 6.0 web servers [79], with each structure's
integrity being assessed through the generation of a Ramachandran plot. The gene associated
with GC that exhibited the highest significance, identified through hub and bottleneck gene
analysis via Cytoscape software [35], was chosen for further study. The corresponding ligand,

best suited for this gene, was subsequently obtained from the RCSB PDB server. [80].

3.13 Molecular Docking and Molecular Dynamics

Molecular docking analyses were conducted between the top hub and bottleneck genes, CXCL8
and ICAM1, with each HP respectively. This analysis also included the docking of ICAM1
receptors, such as LAF-1, with the HPs. The docking procedures were executed using the
GalaxyTongDock server [81], enabling a comprehensive evaluation of interactions between
the ligand and each HP separately. Following successful docking, the protein-ligand
interactions were visualized utilizing the BIOVIA Discovery Studio Visualizer, which
provided detailed insights into the interaction dynamics. For the CXCL8 and LFA-1 complexes,
100 ns Molecular dynamics simulation was carried out using the GROningen Machine for
Chemical Simulations aka GROMACS (version 2023) [82] for the protein-protein complexes.
The large and complex system went under coarse-grained solution simulation using the Martini
force field using CHARMM-GUI [83]. Martini3.0.0 model was implemented to conduct the
simulation [84]. The protein complex was embedded in a Rectangular box. The water box had
edges at a 12 nm distance from the protein surface with 0.15 M NaCl. Following energy
minimization, isothermal-isochoric (NVT) equilibration, and Isobaric (NPT) equilibration of
the system, a 100 ns molecular dynamic simulation. For the protein complex with ICAM1, the

protein complexes ICAM1_ MLLMICFO_00840, ICAM1 CHOJIKGH_ 00797, and
21



ICAM1_CHKOBBCO 01290 were embedded in 1-palmitoyl-2-oleoyl-sn-glycero-3-
phosphocholine (POPC) bilayer using Chemistry at Harvard Macromolecular Mechanics
(CHARMM)-Graphical user interface (GUI) [83]. The bilayer system was energetically
minimized using CHARMM36m force field [85]. Water box with 11.0 nm length was created
on the bilayer surfaces with the TIP3 water model. K+ and CI- ions were used to neutralize the
systems. The results of the simulations were analyzed via the Root Mean Square Deviation
(RMSD), Root Mean Square Fluctuation (RMSF), Radius of gyration (Rg), and Solvent
Accessible Surface Area (SASA). The plots for each of these studies were produced using the
ggplot2 package (https://ggplot2.tidyverse.org/) in R Studio (https://posit.co/). Upon
completion of the simulation, the rmsd, rmsf, gyrate, and sasa modules integrated within the
GROMACS software were used for the root mean square deviation (RMSD), root mean square
fluctuation (RMSF), radius of gyration (Rg), and solvent accessible surface area (SASA)
analysis. The ggplot2 package in RStudio was utilized for generating the graphs for each of
these analyses. All MD simulations were performed in the high-performance simulation
stations running on the Ubuntu 24.04 LTS operating system located at the Bioinformatics

Division, National Institute of Biotechnology.
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Figure 2: Schematic Representation of the work. This figure illustrates the workflow and major findings of the
current study. The process begins with the selection and annotation of the whole genomes of 107 Helicobacter
pyloriisolated from various regions. The hypothetical proteins (HPs) were identified and subjected to subcellular
localization prediction using CELLO. The differentially expressed genes (DEGs) in GC samples were then
identified through microarray analysis. The PPl network was constructed using the STRING database and
visualized with Cytoscape to identify key hub and bottleneck genes. Molecular docking and molecular dynamics
simulations were conducted between these key genes (CXCL8 and ICAM1) and the HPs, along with ICAM1
receptors like LAF-1. The interactions were visualized using BIOVIA Discovery Studio Visualizer, providing
insights into the binding affinities and interaction mechanisms.

4.1 Annotation and assembly lead to high-quality genome sequences

To gain knowledge about the genetic makeup of H. pylori, a thorough study was carried out in
many steps to create a refined dataset of HP sequences that could have effects on the bacteria’s
ability to infect others. The data from Prokka [71], showed that 72,268 HPs were found
(Supplementary File 1). Strict criteria were used to ensure the quality and usefulness of our
dataset. This led to a collection of 61,477 HP sequences (Supplementary File 2). After that, to
further optimize the dataset and identify unique sequences, the sequences were clustered into

5,863 effectively (Supplementary File 3).
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4.2 Meticulous screening identifies the Putative Virulence Proteins

Virulence factors are the primary cause of bacterial infections. The virulent proteins contribute
to the survival of the microbes by facilitating the invasion of the host and the manipulation of
the host’s immune system [86]. Utilizing the VFDB database [73], we performed a
comprehensive analysis that yielded 746 HP sequences with putative virulence traits,

suggesting the necessity for further investigation (Supplementary File 4).

To ensure that Helicobacter pylori was accurately represented as our target species, a rigorous
BLASTp analysis was conducted, resulting in a final dataset containing 11 putative protein
sequences [74]. This meticulous screening process resulted in a final dataset containing 11
putative protein sequences that met our stringent criteria as 100% HPs and held substantial
promise for further investigation within the context of H. pylori virulence (Table 1) and their

protein sequences are given in supplementary file 5.

Table 1. Top Hypothetical proteins

1. JGMOFNOI 01064 2. PLLHEGBO 01468
3. FMINBOFJ 00132 4. ANOHMNDP 00326
5. JALKEJKI 01468 6. PCGEIBGP_00353

7. CHOJIKGH_ 00797 8. BLHMJINDD 00173
9. CHKOBBCO 01290 10. MLLMICFO_00840
11. LBHCEKMO 01418
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4.3 Physicochemical properties among the HPs suggest diverse potential
roles

The ProtParam tool [34] was used to analyze the physicochemical properties of the HPs,
providing insights into their characteristics and potential roles in cellular processes (Table 2).
The proteins varied in terms of amino acid length, molecular weight, isoelectric point (pl),
instability index (1), and grand average of hydropathicity (GRAVY). The molecular weights
of the HPs ranged from 55,050.91 to 83,015.61 Daltons. Notably, proteins with higher
molecular weights included MLLMICFO_00840 (83,015.61 Da), CHKOBBCO_01290
(79,482.71 Da), and BLHMJNDD _00173 (74,425.31 Da), while the lowest molecular weight
was observed in JGMOFNOI_01064 (55,050.91 Da). The theoretical isoelectric points (pl)
varied significantly, ranging from 4.25 to 9.07. The protein load is determined by the pl. When
a direct current passes through the protein at this pH, it has no charge and does not move in the
electric field [87]. When conducting in vivo experiments, MW and pl values are crucial for
crystallization and purification. The half-life of all the proteins was consistent at 30 hours,
indicating similar protein turnover rates across the dataset. The instability index (Il) varied
among the proteins, with scores ranging from 25.33 to 65.67. A protein is considered stable if
its instability index value is less than 40, and unstable if it is greater than 40 [88].
JGMOFNOI_01064, CHOJIKGH_00797, CHKOBBCO_01290, and MLLMICFO_00840
were the most stable proteins. The grand average of hydropathicity (GRAVY) ranged from -
0.417 to -1.378, reflecting the proteins' overall hydrophobicity or hydrophilicity. These
variations in physicochemical properties among the HPs suggest diverse potential roles and
functions within cellular environments, which may have implications for their biological

activity and interactions.
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Table 2. Physicochemical Properties of Hypothetical Proteins

Hypothetica  No. of Molecular Half Life pl Instability Index  Grand average
| proteins Amino Weight ) of
acid hydropathicity
(GRAVY)
JGMOFNOI 481 55050.91 30h 9.07 32.16 -0.790
_01064
PLLHEGBO 504 58726.49 30h 4.25 65.67 -1.315
_01468
FMJINBOFJ 551 64247.54 30h 4.29 63.16 -1.378
_00132
ANOHMND 481 55589.24 30h 4.32 58.19 -1.273
P_00326
JALKEJKI_ 528 61143.02 30h 4.25 63.73 -1.341
01468
PCGEIBGP_ 484 56195.87 30h 4.31 55.25 -1.294
00353
CHOJIKGH 662 73650.44 30h 8.58 25.33 -0.417
_00797
BLHMJIND 672 7442531 30h 7.56 26.70 -0.357
D_00173
CHKOBBC 711 79482.71 30h 5.39 28.45 -0.399
0_01290
MLLMICFO 751 83015.61 30h 5.47 32.00 -0.380
_00840
LBHCEKM 484 55717.50 30h 8.91 42.21 -0.909
0_01418

4.4 Subcellular Localization of identified proteins confer bacterial survival

and pathogenicity

The subcellular localization of the HPs was predicted using CELLO [76]. The predicted protein

localizations suggested that most of the proteins were located in the outer membrane (45%)

and cytoplasm (45%) and had diverse functional roles in different cellular compartments.

Proteins

JGMOFNOI_01064,

CHOJIKGH_00797,
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CHKOBBCO_01290 were predicted to localize to the outer membrane with localization scores
ranging from 1.698 to 3.581. The localization to the outer membrane suggests roles in cell-cell
communication, environmental sensing, and interactions with external factors, which are vital
for bacterial survival and pathogenicity. Another subset of the proteins was localized to the
cytoplasm (Table 3), including PLLHEGBO_01468, FMJNBOFJ_00132,
ANOHMNDP_00326, JALKEJKI_ 01468, and PCGEIBGP_00353, with localization scores
ranging from 1.413 to 2.068. Cytoplasmic proteins are likely involved in essential intracellular
processes such as metabolic pathways, signaling cascades, and structural functions,
highlighting their importance in maintaining cellular homeostasis. Additionally, the HP
LBHCEKMO_01418 was predicted to localize to the periplasmic space (Table 3), with a
localization score of 1.818. Periplasmic proteins often play roles in nutrient transport, enzyme

activity, and stress response, which could be critical for bacterial survival and pathogenicity.

Table 3. Subcellular Localization

Hypothetical Proteins Localization Localization Score
JGMOFNOI 01064 OuterMembrane 1.698
PLLHEGBO 01468 Cytoplasmic 1.655
FMINBOFJ 00132 Cytoplasmic 1.413

ANOHMNDP 00326 Cytoplasmic 2.068

JALKEJKI 01468 Cytoplasmic 1.463
PCGEIBGP_00353 Cytoplasmic 1.755
CHOJIKGH_00797 OuterMembrane 3.354
BLHMINDD 00173 OuterMembrane 3.581
CHKOBBCO 01290 OuterMembrane 3.562
MLLMICFO 00840 OuterMembrane 3.069
LBHCEKMO 01418 Periplasmic 1.818
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4.5 DEGs analysis identifies 381 dysregulated genes

A total of 381 DEGs were identified out of 33746 genes between the control and severe gastritis
groups. The analysis revealed distinct patterns of gene expression changes between the two
groups. Of the 381 DEGs, 20 were upregulated, while 361 were downregulated in the severe
gastritis samples compared to the control samples. The complete list of DEGs is presented in
Supplementary File 6. Based on the analysis between the control and test groups, the

differences between the groups are shown in Figures 3 and 4.

GSE60662: Severe gastritis vs Control
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Figure 3: Volcano Plot of DEGs. The volcano plot presents the relationship between the log2 fold change and
the significance (p-value) of each gene. Genes that were significantly upregulated or downregulated in severe
gastritis samples compared to control samples are shown as points on the plot. Genes with a log2 fold change
threshold of 2 and a p-value cut-off of 0.05 are highlighted, providing a clear visual representation of the most

differentially expressed genes.
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Figure 4: The mean-difference plot. Also known as an MA plot, it displays the average expression levels (mean)
against the fold change (difference) for each gene. This plot helps identify trends in gene expression changes and
highlights any genes with particularly high or low expression differences between the groups. The DEGs of
interest, determined by the significance and fold change criteria, are emphasized in the plot.

4.6 PPI Network refers to significant hub genes and bottleneck genes in

dysregulated genes

PPI explores complex relationships within the gene set and provides insights into potential
regulatory mechanisms in severe gastritis and GC. Hub genes were determined based on their
high degrees of connectivity, indicating their central roles in the network (Figure 5 and Table
4). The top 10 hub genes identified were CXCL8, CXCR2, CCL20, CD74, CCR1, CXCL1, HLA-
DMA, CCR7, CCL3 and HLA-DPA1. CXCL8 emerged as the top hub gene with a connectivity
score of 12, followed by CXCR2, CCL20, and CD74 with a score of 11 each. Bottleneck genes
were identified based on their high betweenness centrality, which highlights their critical role
in maintaining network connectivity (Figure 6 and Table 5). The top 10 bottleneck genes
include CXCL8, CD19, ICAM1, VAV1, CXCR2, CD74, RAC2, PTPRC, SELL and ITGB2.
CXCL8 was the most critical bottleneck gene with a score of 37. A summary of the 10 hub

genes and 10 bottleneck genes are provided in tables 4 and 5 respectively.
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Figure 5: Identification of the hub genes from host. This figure illustrates the hub genes network identified
through the PPI analysis using the STRING database and visualized in Cytoscape. The top 10 hub genes, including
CXCL8, CXCR2, and CCL20, are shown with their connectivity scores, highlighting their central roles in the
network.

Table 4. Top 10 Hub Genes and their functions

Rank Name Score Full name Function

1 CXCLS 12 C-X-C Motif Plays a significant role in immune

Chemokine Ligand 8 = regulation and cellular signaling.

2 CXCR2 11 C-X-C Motif Activates phosphatidylinositol-calcium
Chemokine Receptor = signaling pathways.

2
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Involves in the recruitment of IL-17
producing Th17 cells and regulatory T-cells

to sites of inflammation.

Plays a crucial role in MHC class Il antigen

processing.

Affects stem cell proliferation.

Plays a role in inflammatory processes

linked to tumorigenesis.

Plays a critical role in catalyzing the release
of class Il-associated invariant chain peptide

(CLIP) from MHC class Il molecules.

Mediates immune cell trafficking and
inflammation within the tumor

microenvironment.

Binds to CCR1, CCR4, and CCR5
receptors, suggesting a potential role in

modulating immune responses.
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Figure 6: lIdentification of the Bottleneck Genes from host. Network figure displays the identified bottleneck
genes based on their high centrality, indicating their critical role in maintaining network connectivity. The top 10
bottleneck genes, such as CXCL8, ICAM1, and CD19 are shown. These genes are crucial for understanding the
regulatory mechanisms in severe gastritis and gastric cancer.

Table 5. Top 10 Bottleneck Genes and their functions

Rank Name Score  Full name Function

1 cxcrLs 37 C-X-C Motif Attracts neutrophils and activates them,
Chemokine Ligand 8 playing a significant role in immune

regulation and cellular signaling.

2 CDI9 34 CD19 Molecule Activates and differentiates B-cells,

crucial processes for immune responses.
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signaling pathways.
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to the endosomal/lysosomal system for

MHC class II antigen processing.
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epithelial cell polarization and reactive

oxygen species production.

Regulates  T-cell  activation  and
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of leukocytes in endothelial cells.
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4.7 Molecular Docking

Among all the eleven virulent HPs, only three MLLMICFO_00840, CHOJIKGH_00797, and
CHKOBBCO_01290 interacted with the CXCL8, ICAM1 and the LFA-1 provided in Table 6.
The protein-ligand interactions are represented in Figure 7. The binding affinity data between
the hypothetical proteins and GC-related genes, specifically CXCL8, ICAM1, and LFA-1,
provide insightful comparisons. For CXCL8, the MLLMICFO_00840 protein exhibits the
highest binding affinity (1131.364) with a cluster size of 12, indicating a strong interaction,
followed by CHKOBBCO 01290 (1071.229) with a cluster size of 7, and CHOJIKGH_00797
(1014.701) with a cluster size of 5. When examining ICAM1, CHOJIKGH_00797 stands out
with the highest binding affinity (1257.955) and a cluster size of 7, marginally surpassing
MLLMICFO_00840 (1250.112) and CHKOBBCO_01290 (1246.485), both of which also
show considerable binding affinity with cluster sizes of 9. In the case of LFA-1,
CHOJIKGH_00797 again demonstrates the strongest interaction with a binding affinity of
1146.776 and a cluster size of 10, followed by CHKOBBCO 01290 (1084.333) with a cluster
size of 6, and MLLMICFO _00840 (1031.181) with a cluster size of 7. This analysis highlights
the consistent performance of CHOJIKGH_00797 across different interactions, particularly

with ICAML1 and LFA-1, while MLLMICFO_00840 shows a notable affinity with CXCLS8.

Table 6. Binding affinity between the hypothetical proteins and GC genes

Ligand Hypothetical proteins Binding affinity Cluster size

CXCLS CHKOBBCO_01290 1071.229 7
CHOJIKGH_00797 1014.701 5
MLLMICFO 00840 1131.364 12
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Figure 7: Interacting complexes between host and pathogen. Interaction between the HPs in H. pylori and
CXCL8(a), ICAM1(b) and its receptor, LAF1(c). CXCL8 with CHKOBBCO_01290 (al), CXCL8 with
CHOJIKGH_00797 (a2), CXCL8 with MLLMICFO_00840 (a3). ICAM1 with CHKOBBCO_01290 (b1), ICAM1
with CHOJIKGH_00797 (b2), ICAM1 with MLLMICFO_00840 (b3). LAF1 with CHKOBBCO_01290 (c1), LAF1

with CHOJIKGH_00797 (c2), LAF1 with MLLMICFO_00840 (c3).
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4.8 Molecular Dynamic Simulation
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Figure 8: Molecular Dynamics Simulations of CXCL8 Complexed with Hypothetical Proteins. (A) RMSD
profiles of CXCL8 complexes with hypothetical proteins CHKOBBCO_01290, CHOJIKGH_00797, and
MLLMICFO_00840, demonstrating the stability of these complexes over the simulation period. (B) RMSF
analysis indicating the flexibility of the CXCL8 residues within the protein complexes. (C) Radius of gyration (Rg)
showing the compactness of the CXCL8 complexes, reflecting changes in structural integrity. (D) Solvent
Accessible Surface Area (SASA) indicating the extent of solvent exposure of the protein surfaces during the

simulation.
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Figure 9: Molecular Dynamics Simulations of ICAM1 Complexed with Hypothetical Proteins. (A) RMSD, (B)
RMSF, (C) Rg, and (D) SASA profiles for Intercellular Adhesion Molecule 1 (ICAM1) in association with
hypothetical proteins CHKOBBCO_01290, CHOJIKGH_00797, and MLLMICFO_00840. The data highlight
varying degrees of structural stability, flexibility, compactness, and solvent exposure within the ICAM1 complexes

throughout the simulation.
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Figure 10: Molecular Dynamics Simulations of LFA-1 Complexed with Hypothetical Proteins. (A) Root Mean
Square Deviation (RMSD), (B) Root Mean Square Fluctuation (RMSF), (C) Radius of Gyration (Rg), and (D)
Solvent Accessible Surface Area (SASA) profiles for Lymphocyte Function-Associated Antigen 1 (LFA-1) in
complex with hypothetical proteins CHKOBBCO_01290, CHOJIKGH_00797, and MLLMICFO_00840. The
figure reveals differences in structural stability, regional flexibility, compactness, and solvent exposure among
the complexes.

The RMSD profile of C-X-C Motif Chemokine Ligand 8 (CXCL8) with hypothetical proteins
CHKOBBCO_01290 (spring green), CHOJIKGH_00797 (purple), and MLLMICFO_00840
(brown) has been demonstrated in Figure 8 (A). The RMSD values for all three protein
complexes are initially increasing, showing that the molecules are deviating from their initial
structures. After that, the molecules reached a plateau, indicating that they had reached a stable
structure. The RMSD value for CXCL8_MLLMICFO_00840 was the highest compared to
CXCL8_CHOJIKGH_00797 and CXCL8_CHKOBBCO_01290, suggesting larger structural
fluctuations in CXCL8_MLLMICFO_00840. The RMSF profiles of C-X-C Motif Chemokine
Ligand 8 (CXCL8) with hypothetical proteins CHKOBBCO_01290 (spring green),
CHOJIKGH_00797 (purple), and MLLMICFO_00840 (brown) have been demonstrated in

Figure 8 (B). The RMSF profile demonstrated several peaks throughout the simulation. It did

39



not show any specific patterns. The RMSF graph displays many peaks, which signify areas of
increased flexibility, often located on the protein's surface or inside loop regions. The majority
of the protein has low RMSF values, indicating a very stable structure, often associated with
alpha-helices and beta-sheets. The Rg profile of C-X-C Motif Chemokine Ligand 8 (CXCLS8)
with hypothetical proteins CHKOBBCO 01290 (spring green), CHOJIKGH_00797 (purple),
and MLLMICFO_00840 (brown) has been demonstrated in Figure 8 (C). Rg value increased
throughout the simulation. The Rg value of the MLLMICFO_00840 and CXCL8 complex is
gradually increasing, which means the complexes are unfolding over time. The compactness
of the CXCL8 CHKOBBCO_01290 complex shows a dynamic system with both increasing
and decreasing trends. The CXCL8 CHOJIKGH_00797 complex exhibits a stable behavior
with relatively minor fluctuations. The SASA profile of C-X-C Motif Chemokine Ligand 8
(CXCL8) with hypothetical proteins CHKOBBCO 01290 (spring green), CHOJIKGH_00797
(purple), and MLLMICFO_00840 (brown) has been shown in Figure 8 (D). According to the
SASA analysis, all six complexes exhibit variations, suggesting that conformational changes
in the molecules impact their exposure to the solvent. Throughout the simulation, the LFA-
1 MLLMICFO_00840 and CXCL8 MLLMICFO _00840 show the greatest SASA values,
indicating that they have the most solvent-exposed surface area. The LFA-
1 CHKOBBCO_ 01290, LFA-1_CHOJIKGH_00797, CXCL8 CHKOBBCO_01290, and
CXCL8_CHOJIKGH_00797, on the other hand, show smaller solvent-accessible surfaces due

to their lower SASA values.

The RMSD profile of the Intercellular Adhesion Molecule 1 (ICAM1) with hypothetical
proteins CHKOBBCO_ 01290 (spring green), CHOJIKGH_00797 (purple), and
MLLMICFO_00840 (brown) is depicted in Figure 9 (A). The RMSD values indicate the

structural stability of the protein complexes over time. The ICAM1_MLLMICFO_00840

40



complex (brown) shows a significant increase in RMSD value from 200 ns to 850 ns, indicating
substantial conformational changes and instability during this period, followed by a plateau,
suggesting that the structure stabilized in the later stages of the simulation. The
ICAM1_CHKOBBCO_01290 complex (spring green) demonstrates a relatively stable RMSD
throughout the simulation, indicating that the structure of this complex remained consistent
with only minor fluctuations. On the other hand, the ICAM1_CHOJIKGH_00797 complex
(purple) shows moderate RMSD fluctuations, suggesting that while there were some structural
changes, the overall conformation remained relatively stable. The RMSF profile of ICAM1
with hypothetical proteins CHKOBBCO_01290, CHOJIKGH_00797, and
MLLMICFO_00840, as shown in Figure 9 (B), provides insight into the flexibility of different
regions within the protein complexes. The RMSF values for the ICAM1_MLLMICFO_00840
complex (brown) are higher at several points along the residue positions, indicating regions
with increased flexibility, especially at the terminal regions. The ICAM1_CHKOBBCO 01290
complex (spring green) exhibits relatively lower RMSF values, suggesting a more stable
structure with less flexible regions. The ICAM1_CHOJIKGH_00797 complex (purple) shows
moderate flexibility, with some peaks corresponding to loop regions or areas of structural
variation. The overall RMSF trends suggest that the ICAM1_MLLMICFO_00840 complex is
the most flexible, with ICAM1_CHKOBBCO 01290 being the most stable among the three
complexes. The Rg profile of ICAML1 in complex with the three hypothetical proteins, as
illustrated in Figure 9 (C), shows the degree of compactness of the structures. The
ICAM1_MLLMICFO_00840 complex (brown) demonstrates notable fluctuations in the Rg
values, indicating periodic changes in the compactness of the structure, possibly due to
unfolding and refolding events during the simulation. The ICAM1 _CHKOBBCO 01290
complex (spring green) exhibits a relatively stable Rg value, suggesting a consistently compact

structure with minor variations. Meanwhile, the ICAM1_CHOJIKGH_00797 complex (purple)
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shows a gradual increase in the Rg value, indicating a slight unfolding trend over time. These
Rg profiles suggest that while ICAM1_MLLMICFO_00840 underwent significant structural
changes, ICAM1_CHKOBBCO_01290 maintained a more compact and stable conformation.
The SASA profile, depicted in Figure 9 (D), reveals the extent to which the protein complexes
are exposed to the solvent, which is critical for understanding protein stability and interaction
with the surrounding environment. The ICAM1 _MLLMICFO _00840 complex (brown)
displays the highest SASA values, suggesting that this complex has the most exposed surface
area, which correlates with its higher flexibility and larger conformational changes. The
ICAM1_CHKOBBCO 01290 complex (spring green) shows the lowest SASA values,
indicating that much of the protein is buried within the structure, which aligns with its stable
and compact conformation as indicated by the Rg and RMSD results. The
ICAM1_CHOJIKGH_00797 complex (purple) has moderate SASA values, suggesting a
balance between exposure and compactness. The SASA profiles highlight that
ICAM1_MLLMICFO_00840 is the most solvent-exposed and potentially the least stable

complex, while ICAM1_CHKOBBCO 01290 is more stable and less exposed to the solvent.

The RMSD profile of Lymphocyte function-associated antigen 1 (LFA-1) with hypothetical
proteins CHKOBBCO 01290 (spring green), CHOJIKGH_00797 (purple), and
MLLMICFO_00840 (brown) has been demonstrated in Figure 10 (A). The RMSD value of the
protein complex (LFA-1) MLLMICFO_00840 (brown) increased rapidly from 635ns to 875ns.
After 875 ns, the RMSD value fluctuates, eventually reaching a relatively stable state. The
RMSD value of the protein complex LFA-1 and CHKOBBCO_01290 (spring green) gradually
increased. The conformation of the protein complex LFA-1 with CHOJIKGH_00797 (purple)
was relatively stable. The RMSF profiles of Lymphocyte function-associated antigen 1 (LFA-

1) with hypothetical proteins CHKOBBCO_ 01290 (spring green), CHOJIKGH_00797
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(purple), and MLLMICFO_00840 (brown) have been demonstrated in Figure 10 (B). The C-
terminal of CHKOBBCO_01290 is more mobile than the other two complexes. The N-terminal
of MLLMICFO_00840 is the most mobile among the two complexes. The Rg profile of
Lymphocyte function-associated antigen 1 (LFA-1) with hypothetical proteins
CHKOBBCO_01290 (spring green), CHOJIKGH_00797 (purple), and MLLMICFO_00840
(brown) has been demonstrated in Figure 10 (C). The Rg profile of the protein complex LFA-
1 MLLMICFO_00840 (brown) showed fluctuations in compactness. The compactness
increased and then decreased throughout the simulation. The compactness of the complex LFA-
1 CHKOBBCO_01290 was gradually decreasing. The compactness for the complex LFA-
1 CHOJIKGH_00797 was relatively the same. The SASA profile Lymphocyte function-
associated antigen 1 (LFA-1) with hypothetical proteins CHKOBBCO_01290 (spring green),
CHOJIKGH_00797 (purple), and MLLMICFO_00840 (brown) has been shown in Figure 10
(D). The SASA value insignificantly differed between all three complexes. According to the
SASA analysis, all three complexes exhibit variations, suggesting that conformational changes
in the molecules impact their exposure to the solvent. Throughout the simulation, the LFA-
1 MLLMICFO_00840 shows the greatest SASA values, indicating that it has the most solvent-
exposed surface area. The LFA-1_CHKOBBCO 01290, and LFA-1_CHOJIKGH_00797, on

the other hand, show smaller solvent-accessible surfaces due to their lower SASA values.
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Chapter 5

Discussion



Here, we study the role and functions of uncharacterized proteins and their relationship with
DEGs in GC pathogenesis via subtractive genome analysis, transcriptomics, and systems
biology to investigate potential drug targets for therapeutics. We identified 381 DEG genes to
establish the interactions with 11 HPs, which may shed light on GC pathogenesis. Furthermore,
gene ontology supported the biological validity of the genetic interactions. Molecular docking
and molecular dynamics provide strong support in terms of their stable interactions. Previous
studies identified the DEG genes and also characterized the HPs, however no direct link to the
development of GC has been discovered [9]. Our study extended the previous findings and

established the genetic interactions between GC and HP proteins.

In the present study, 381 genes were identified as differentially expressed out of the 33746
genes that were analyzed. Among them, 361 genes were found to be upregulated, while 20
genes were observed to be downregulated in severe gastritis samples. The PPI network
identified that top 10 hub genes CXCL8, CXCR2, CCL20, CD74, CCR1, CXCL1, HLA-DMA,
CCR7, CCL3 and HLA-DPAL and bottleneck genes CXCL8, CD19, ICAM1, VAV1, CXCR2,
CD74,RAC2, PTPRC, SELL and ITGB2. CXCL8 was the most prevalent gene among both hub
genes and bottleneck genes. Previously, it was proved that CXCL8 was a potential biomarker
for cancer progression in GC patients [89]. Also, H. pylori infection enhances the production
of this protein. CXCL8 proteins generally increase the movement of myeloid-derived
suppressor cells which stops the immune system from attacking the cancer in its immediate

surroundings [90].

11 HPs were identified which had a size of > 300 amino acids and have potential virulence
features. It is important to determine the subcellular localization of a protein since there is a
strong relationship between the protein's function and its position within the cell [91], [92]. In
addition, it offers valuable information on identifying possible therapeutic or vaccine targets

among the virulent proteins. Several proteins, such as JGMOFNOI_ 01064,
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CHOJIKGH_00797, BLHMJNDD_00173, MLLMICFO_00840, and CHKOBBCO_01290,
are likely to be found in the outer membrane. These proteins may play a role in communication
between cells and interactions with the environment [93], [94]. Conversely, proteins present in
the cytoplasm are as follows PLLHEGBO 01468, FMINBOFJ_00132, ANOHMNDP_00326,
JALKEJKI_ 01468, and PCGEIBGP_00353, indicating their involvement in various cellular
processes like metabolism and signaling [95]. Furthermore, LBHCEKMO 01418 is predicted
to be located in the periplasmic space which suggests its potential role in transporting nutrients
and responding to stress [96], [97]. These findings show that the HPs are quite complex and
have a wide range of functions. Therefore, they may play a role in various cellular processes

and disease-causing mechanisms.

Furthermore, all eleven HPs were docked against the top interacting CXCL8. Only the HP
MLLMICFO_00840, CHOJIKGH_00797, and CHKOBBCO_01290 interacted with the
protein CXCL8. Although these CXCL8 have been considered an important target for cancer
therapy [98], their interactions with these uncharacterized proteins were not taken into account.
This may also occur due to the mutation in these HPs. Therefore, these HPs might play a

potential role in the progression of GC.

Moreover, the second most interacting protein found was ICAM1. ICAML is also recognized
as the regulator of GC and a potential biomarker, especially in the early stages of GC [99].
Molecular docking was also conducted between the ICAM1, its receptor Lymphocyte function-
associated antigen 1 (LFA-1) with the HPs respectively. LFA-1 is an integrin protein present
on the surface of the leukocytes and lymphocytes, that helps the leukocytes to move from the
circulation to the tissues. Leukocytes are also arrested via this protein [100]. This protein also
participates in cytotoxic T-cell and antibody-mediated granulocyte and monocyte death [101].

So, if these adhesion proteins are not present, leukocyte adhesion deficiency (LAD) occurs.
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Hence, if the HP of H. pylori act as an antagonist, then it might hamper neutrophil, cytotoxic

T cell-mediated killing, and antibody-dependent cellular cytotoxicity.

The molecular dynamics simulations conducted on the protein-protein complexes involving
Lymphocyte function-associated antigen 1 (LFA-1) and C-X-C Motif Chemokine Ligand 8
(CXCL8) with the hypothetical proteins CHKOBBCO_ 01290, CHOJIKGH_00797, and
MLLMICFO_00840 have yielded insightful data regarding the stability and structural
dynamics of these interactions. Through this analysis, the interaction quality between these
proteins has been elucidated, offering a comprehensive understanding of their behaviour under

simulated physiological conditions.

5.1 Interaction Quality Between LFA-1 and Hypothetical Proteins

The interaction of LFA-1 with the three hypothetical proteins, CHKOBBCO 01290,
CHOJIKGH_00797, and MLLMICFO_00840, revealed distinct patterns of stability and
conformational changes. The LFA-1_MLLMICFO_00840 complex exhibited an intriguing
stability pattern, characterized by initial structural fluctuations followed by a stabilization
phase. The substantial fluctuations observed initially in the RMSD values suggest that the LFA-
1 MLLMICFO_00840 complex undergoes significant conformational adjustments before
reaching a stable state. This indicates a potentially dynamic binding interface that may be
crucial for functional interactions in a biological context. In contrast, the LFA-
1 CHKOBBCO_01290 complex displayed a more progressive increase in RMSD, indicating
a gradual adjustment to a stable conformation. This suggests a more controlled and steady
interaction, potentially reflecting a binding interface that is less prone to dramatic
conformational shifts. The steady nature of this interaction might imply a stable and specific
binding mode, which could be crucial for maintaining the functional integrity of the complex.

The LFA-1_CHOJIKGH_00797 complex, on the other hand, remained relatively stable
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throughout the simulation. The minimal fluctuations observed in RMSD indicate a highly
stable interaction, suggesting that CHOJIKGH_00797 may have a particularly strong and
consistent binding affinity with LFA-1. This stability could be indicative of a highly
complementary binding interface, which is less susceptible to conformational changes, thus

maintaining the structural integrity of the complex.

5.2 Interaction Quality Between CXCL8 and Hypothetical Proteins

Similarly, the interactions between CXCL8 and the hypothetical proteins presented diverse
stability profiles. The CXCL8 MLLMICFO _00840 complex exhibited the highest RMSD
values, indicating significant structural fluctuations. This suggests that the interaction between
CXCL8 and MLLMICFO 00840 is more dynamic, potentially involving multiple
conformational states before achieving stability. The higher degree of flexibility and structural
variation in this complex could point to a more transient or regulatory interaction, where
conformational flexibility is key to its functional role. The CXCL8 CHKOBBCO_01290
complex showed a different pattern, with RMSD values suggesting a relatively stable
interaction, though with a gradual increase over time. This could indicate that the binding
interface between CXCL8 and CHKOBBCO_ 01290 undergoes slight conformational
adjustments as the complex stabilizes, reflecting a binding mode that allows for some flexibility
while maintaining overall structural integrity. The CXCL8 CHOJIKGH_00797 complex,
much like its LFA-1 counterpart, demonstrated remarkable stability, with minimal RMSD
fluctuations throughout the simulation. This stability suggests a strong and consistent
interaction between CXCL8 and CHOJIKGH_00797, potentially indicating a highly specific
binding interface that is well-matched to CXCLS’s structural features. The minor fluctuations
in this complex could imply that once the interaction is established, it remains robust, likely

contributing to a sustained biological function.
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5.3 Structural Flexibility and Compactness

Further insight into the interaction quality was gained through RMSF and Rg analyses. The
LFA-1_ MLLMICFO _00840 complex displayed significant fluctuations in the C-terminal
region of MLLMICFO_00840, which might be indicative of a flexible tail that plays a role in
the dynamic interaction with LFA-1. In contrast, the N-terminal region of CHKOBBCO 01290
in the LFA-1 complex showed less mobility, hinting at a more rigid and possibly more
structurally integral role in the binding interface. The compactness of these complexes, as
evaluated by Rg analysis, further underscored the differences in interaction quality. The LFA-
1 MLLMICFO_00840 complex showed fluctuations in compactness, suggesting phases of
structural rearrangement, which could correlate with the initial RMSD fluctuations.
Conversely, the LFA-1 CHKOBBCO 01290 and LFA-1 CHOJIKGH_00797 complexes
exhibited more stable compactness, indicative of a well-formed and consistent interaction

interface.

Similarly, the CXCL8 complexes showed varied compactness patterns, with
CXCL8_MLLMICFO 00840 and CXCL8 CHKOBBCO 01290 complexes exhibiting
increased Rg values over time. This suggests that these complexes may undergo a degree of
unfolding or loss of compactness, reflecting a dynamic and potentially flexible interaction. In
contrast, the CXCL8 CHOJIKGH_00797 complex remained relatively compact, further

supporting the notion of a stable and consistent interaction.

5.4 Solvent Exposure and Surface Accessibility

The SASA analysis provided additional evidence of the interaction quality. The higher SASA
values observed for the LFA-1 MLLMICFO 00840 and CXCL8 MLLMICFO_00840
complexes suggest that these interactions expose more surface area to the solvent, which could

be indicative of less tightly packed complexes. This might correlate with the observed
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structural fluctuations and dynamic nature of these interactions. On the other hand, the lower
SASA values for the LFA-1 CHKOBBCO 01290, LFA-1 CHOJIKGH_00797, and
CXCL8_CHOJIKGH_00797 complexes suggest a more deeply embedded hydrophobic core,

which is often associated with more stable and energetically favourable interactions.

The molecular dynamics simulations have revealed a spectrum of interaction qualities between
LFA-1 and CXCL8 with the hypothetical proteins CHKOBBCO_ 01290, CHOJIKGH_00797,
and MLLMICFO_00840. The stability, flexibility, compactness, and solvent exposure analyses
have provided a detailed understanding of these interactions, highlighting the diverse structural
dynamics and potential functional implications. The differences observed in the interaction
patterns are likely reflective of the unique structural features of each hypothetical protein and
their specific binding affinities with LFA-1 and CXCL8. These findings pave the way for further
experimental validation and functional studies to explore the biological significance of these

interactions, potentially informing therapeutic strategies or protein engineering efforts.

5.5 Limitations of the study

While this study has provided significant insights into the roles of hypothetical proteins in
H. pylori and their interactions with host genes in GC pathogenesis, several areas warrant
further investigation. First, expanding the characterization of additional hypothetical proteins
not covered in this study could reveal new molecular mechanisms of H. pylori pathogenicity.
High-throughput functional assays combined with advanced bioinformatics could identify

novel therapeutic targets within these uncharacterized proteins.

Moreover, the in vivo validation of the molecular interactions identified through molecular
dynamics simulations could substantiate the potential of these hypothetical proteins as

therapeutic targets. Animal models of H. pylori-induced GC could be employed to assess the
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biological relevance of these interactions in a physiological context, providing a deeper

understanding of the pathogen-host dynamics.
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Chapter 6

Conclusion



Helicobacter pylori infection has long been linked to GC. Transcriptomics and genomes were
used to discover H. pylori HPs that cause GC pathogenesis. Host genes CXCL8, ICAM1, and
CXCR2 substantially interacted with H. pylori putative proteins, supporting the present study
statement. The stability of these interacting complexes suggests they may regulate immune
responses and cause GC. This study sheds light on the complex relationship between H. pylori
infection and GC, offering a new avenue to targeting the drug targets. Thus, studying the host
proteins and their interactions with hypothetical H. pylori proteins may lead to new diagnostic

biomarkers and therapies for this cancer.
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