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ABSTRACT. Helicobacter pylori is a class | carcinogen responsible for 90% of gastrointestinal and gastroduodenal
disorders, including gastric cancer and peptic ulcer disease. The virulence and pathogenicity peculiar to H. pylori
have been associated with several genes, including cytotoxin associated gene (cagA), vacuolating cytotoxin A
(vacA), outer inflammatory protein A (0ipA), and duodenal ulcer promoting (dupA). This study explored the
relationship between African-generated vacA genes with genes from other regions with high gastrointestinal
disorder prevalence. Nucleotide sequences of 228 vacA genes of H. pylori were retrieved from the National
Centre for Biotechnology Information (NCBI). Pairwise and multiple sequence alignment was carried out on
228 vacA nucleotide sequences using MEGA 10.2.4 software to identify regions of similarities. Phylogenetic
analysis, also using MEGA software, was carried out to establish the evolutionary relationships between all
extracted sequences. Analysis for conserved domain was also performed on the NCBI Conserved Domain
Database to better understand each geographical data's properties. After the evolutionary analysis, it was
observed that South African vacA genes were more closely related to genes from Mexico, Italy, Spain, and
Germany—with Italy having the highest occurring relationship. Conserved domain analysis showed 2 highly
conserved superfamilies, c120029 and cl22877, and 2 protein family models, pfam02691 and pfam03797.
The results demonstrate relatedness of vacA genes from the African region to the European region; Italy,
Mexico, and Spain. The study shows the biogeographical diversity among vacA genes and emphasizes the
degree of domain conservation across each gene. It also shows the need for a holistic assessment of the
virulent genes in H. pylori.
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INTRODUCTION

The Helicobacter genus is a group of bacterial
species that affect the mucosa lining of the
gastrointestinal system in humans and other
mammals. Helicobacter pylori is a gram-negative
bacterium and the causative agent of several
gastrointestinal disorders, including gastritis, peptic
ulcer disease, and gastric cancer (van Duynhoven
and de Jonge 2001). In 1994, the World Health
Organization categorized H. pylori as a class 1
carcinogen (Dong et al. 2009) as it affects about
50% of adults in developed countries and almost
90% in the developing world (van Duynhoven and
de Jonge 2001). The variations in the occurrence
rates could be attributed to the difference in public

health measures practiced in both worlds. H. pylori
pathogenesis involves the ability of the organism
to survive in the acidic stomach environment,
release its toxins, and cause tissue damage to the
host. The process is facilitated by biochemical
activities such as regulating urease activity (Kao et
al. 2016), elevating gastrin level to regulate gastric
acid secretion (Makola et al. 2007), and inducing
inflammation by producing reactive oxygen species
which overwhelms the protective mucosal layerand
dysregulates glutathione availability (Bhattacharyya
et al. 2014). H. pylori has several genes associated
with its virulence and pathogenicity, including
the cytotoxin associated gene (cagA), which is
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an oncogenic gene responsible for gastric cancer
(Jiménez-Soto and Haas 2016); urease, which
plays an active role in the development of gastric
carcinoma (Olivera-Severo et al. 2017); and
vacuolating cytotoxin A, vacA, which constitutes
an increased risk to peptic ulcer and gastric cancer
(Kauser et al. 2005; Gangwer et al. 2007). Other
virulent genes of H. pylori are the blood group
antigen binding adhesion (babA2) gene, duodenal
ulcer promoting (dupA) gene, outer inflammatory
protein A (0ipA) gene, and sialic acid-binding
adhesion (sabA) gene (Sterbenc et al. 2019).

VacA is a pore-forming toxin secreted by an
autotransporter pathway that causes multiple
alterationsin human cells. Itderivesits name fromiits
ability to produce vacuoles within eukaryotic cells,
which is dependent on the presence of weak bases
like ammonia and the toxin internalization. The
expression of the vacA gene in H. pylori causes the
release of toxins that affects human cells by causing
alterations and increasing the occurrence of gastric
ulcers and cancers. Some other cellular activities of
the vacA gene include modulation of autophagy
and cellular destruction, gastric epithelial cell
apoptosis, disruption of endocytosis, and activation
of mitogen-activated protein kinases (Cover et al.
2003; Sterbenc et al. 2019). The vacA gene has
varying vacuolating capacities, which are dependent
on the variations that occur in one or more of
the following genetic regions: s-region, i-region,
m-region, d-region, and c-region. The prevalence
of each region is often dependent on geographical
locations, with the i, m, and s regions having higher
occurrences than the d and ¢ regions. Its mode of
action includes decreasing the intracellular levels of
the enzyme glutathione and promoting apoptosis
of host cells through severe levels of oxidative stress
(Sterbenc et al. 2019).

Some studies have highlighted the differences
in vacA gene sequences obtained from different
geographical locations, including Europe, China,
and Japan (Kauser et al. 2005; Sterbenc et al.
2019). The current study aims to explore and
identify the evolutionary relationship between
the vacA genes obtained and sequenced in African
regions and those obtained from other regions
with a predominance of peptic ulcer disease and
other gastrointestinal disorders. It also compared
the conserved regions of genes and superfamilies
across the analyzed vacA genes.
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MATERIALS AND METHODS

Data Assembly and Sequence Alignment

A rtotal of 228 randomly selected nucleotide
sequences of the H. pylori vacA gene were
downloaded from the National Centre of
Biotechnology Information (NCBI) database
(February 2022). Source countries of the extracted
genes were South Africa (25), India (20), United
States (3), Spain (20), Mexico (18), Germany (20),
Thailand (20), South Korea (37), Japan (20), Italy
(17), Canada (20), and Pakistan (8). Multiple
sequence alignmentwas performed on the retrieved

sequences using MEGA 10.2.4.

Phylogenetic Analysis and Detection of
Conserved Domains in vacA Gene of H. pylori
The phylogenetic relationship of the vacA gene
sequences from NCBI was determined using a
maximum likelihood tree model. Bootstrap analysis
of 500 replications was used to determine the
reliability of the inferred phylogenetic tree.
EMBOSS transeq (Madeira et al. 2024) was used
to translate the sequences to their corresponding
protein codes to identify the conserved domain
regions of the nucleotide sequences. The protein
sequences from each region were uploaded to the
Conserved Domain Database in NCBI for analysis
(Marchler-Bauer and Bryant 2004; Marchler-Bauer
etal. 2011, 2015, 2017; Lu et al. 2020). Displayed
results were recorded in tabular and pictorial formats.

RESULTS

Phylogenetic Analysis of vacA Genes

Pairwise and multiple sequence alignment was
carried out for the sequences, and the aligned were
directly used to construct a phylogenetic tree.
The evolutionary history was inferred using the
maximum likelihood method and Tamura-Nei
model (Tamura and Nei 1993). The tree with
the highest log likelihood (-50344.71) is shown
in Fig. 1. Initial trees for the heuristic search were
obtained automatically by applying neighbor-join
and BIONYJ algorithms to a matrix of pairwise
distances estimated using the Tamura-Nei model
and then selecting the topology with a superior
log-likelihood value. The tree is drawn to scale,
with branch lengths measured in the number of
substitutions per site. There were a total of 5,455

positionsin the final dataset. Evolutionary analyses
were conducted in MEGA 10 (Kumaretal. 2018).
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The phylogenetic tree demonstrates the ancestral
relationships between the vacA genes of 12 countries.
The plot consists of the 11 major clades and is
rooted at vacA HMO047722.1, which originated
from South Korea. Fig. 1 shows African-derived
sequences in the color red. Of the 25 sequences from
Africa, 6 (HQ650802, HQ650801, HQG650806,
HQ650805, HQ650804, HQ650803) were closely
related to sequences which originated from Italy.
Sequences HQ709111, HQ709114, HQ709109,

HQ709110, HQ709113, and HQ709112 have
close ancestry with sequences DQG61144, which
originated from Mexico. Eleven sequences show
a close relationship with Spain-derived wvacA.
The African vacA gene that appears to be isolated
from other sequences shows close relations with
Germany-derived sequences.

These results show a wide diversity in the
ancestral relationship of vacA genes of African
sources to that of other regions.
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FIGURE 1. Circular view of phylogenetic tree showing the evolutionary relationship of vacA gene of H. pylori using maximum
likelihood method. Samples are colored by region: red represents samples from Africa (South Africa), blue represents samples
from Europe (Spain, Germany, Italy), green represents samples from North America (United States, Mexico, Canada), and black

represents samples from Asia (Thailand, India, South Korea, Japan, Pakistan).
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Conserved Domain Analysis

NCBI’s Conserved Domain Database (CDD)
(https://www.ncbi.nlm.nih.gov/Structure/cdd/
wrpsb.cgi) provides protein sequence annotation
based on the functional sites inferred from the
conserved domain footprints. CDD analysis (Table
1) showed that the majority of the sequences
belonged to the superfamily c120029 with no specific
domain hits. One of the Japan sequences had a
specific domain pfam02691, the only member of
the superfamily mentioned earlier, which belongs
to clan Pec_lyase-like characterized by a right-
handed beta-helix. The pfam02691 is a group of
autotransporter proteins that induces cytoplasmic
vacuolation in mammalian cells and is specific to
the vacA protein in H.pylori (Atherton et al. 1995;
Marchler-Bauer et al. 2013). The other observed
specific protein family model is the pfam03797,
located in 3 of the Japan-retrieved sequences and 2
sequences sourced from the United States. Itbelongs
to the superfamily c122877 and is a member of the
protein clan MBB, which stands for membrane
beta-barrel that mediates the transfer and secretion
of proteins across the outer membranes of cells. The
pfam03797 is present across different categories of
organisms, including archaea, bacteria, and fungi.
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DISCUSSION

H. pylori is a widely-spread pathogenic
microorganism that co-exists with humans and
accounts for the death of millions, especially
in developing and underdeveloped nations. It
has a vast collection of genes that influence and
contribute to its virulence and pathogenicity,
including vacA (Kauser et al. 2005). H. pylori has
a symbiotic relationship with humans, such that
it has evolved to a level as robust and complicated
as humans (Linz et al. 2007). This evolution has
resulted in distinct genetic characteristics based on
geographical regions. Hence, understanding the
evolutionary relationship across regions is essential.
The current study focused on the evolution of
African-derived vacA sequences by comparing
them against 11 other countries across the Asian,
American, and European regions.

Phylogenetic analysis outlines the ancestral
relationship between genes. It allows for a unique
understanding of the behavior of these genes and,
to an extent, predicts behavioral patterns for further
analysis. Of the 11 countries compared to the
African-sequenced vacA genes, 3 (Mexico, Italy,
and Spain) had the closest relationship, which may
suggesta high evolutionary connection between the

Table 1
Summary of conserved domain analysis across vacA sequences by country

Sample source

VacA superfamily accession

No. of specific domain hits

South Africa cl20029
Canada cl20029
Germany cl20029
India cl20029
[taly cl20029
Japan cl20029
South Korea cl20029
Mexico cl20029
Pakistan cl20029
Spain cl20029
Thailand cl20029
United States cl20029

4 (1 pfam02691, 3 pfam03797)

2 (pfam03797)
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European and African infectious agent. However,
all sequences point to an origin in Asia, specifically
South Korea. Perhaps the high prevalence of H.
pylori infection in the Asian region (Kauser et al.
2005) or the enormous amount of /. Pylorirelated
data from Asiaand Europe (Hooietal. 2017) would
account for the observed pattern of ancestry.

Domainsare recurring units in a group of protein
sequences that are related by descent. CDD houses
over a hundred domain superfamilies curated from
the NCBI domain model (Marchler-Bauer et al.
2013). The currentstudy employed the standardized
alignment and clustering methodologies of CDD
to analyze query sequences by country and provide
relevant annotations subject to interpretation.
Since only 2 protein domains were identified
among over 200 protein sequences, it may indicate
that—regardless of geographical differences—
the vacA genes of H. pylori have utilized similar
building blocks or sequence patterns to maintain
their virulence activities. The vacA gene has about
7 allelic variations across the signal, intermediate,
and middle regions, all of which contribute to
gastrointestinal infections, either in terms of
occurrence or severity (Kauser et al. 2005; Qumar
et al. 2021). The identification of only 2 domains
could also indicate that the known allelic diversity
is, to a great extent, uniform despite the continuous
evolution.

Conclusions

The results of this study show the biogeographical
diversity among vacA genes and emphasize the
degree of domain conservation across each gene.
Continuous and holistic analysis of H. pylori's
virulentgenes is necessary to evaluate the burden of
gastrointestinal infectionsand generate an effective
strategy for managing each infection. Further
analysis could involve comparing the vacA genes
with similar genes from other Helicobacter species
to further explore its evolution and investigating
the correlation between gene expression level,
geographical differences, and clinical outcomes.
These analyses could contribute to a deeper
understanding of the role of vacA genes in H. pylori
infection and its clinical implication in different
geographic regions.
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