
Citation: Alam, M.M.; Saikat, A.S.M.;

Uddin, M.E. Bioinformatics

Approaches for Structural and

Functional Annotation of an

Uncharacterized Protein of

Helicobacter pylori. Eng. Proc. 2023, 37,

61. https://doi.org/10.3390/

ECP2023-14671

Academic Editor: Chi-Fai Chau

Published: 17 May 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Proceeding Paper

Bioinformatics Approaches for Structural and Functional
Annotation of an Uncharacterized Protein of Helicobacter pylori †

Md. Morshed Alam 1,2, Abu Saim Mohammad Saikat 2,3,* and Md. Ekhlas Uddin 2,4

1 Department of Biochemistry & Molecular Biology, Primeasia University, Dhaka 1213, Bangladesh;
morshedariyan35@gmail.com

2 Department of Computational Biology and Bioinformatics, Advanced Bioscience Center for Collaborative
Research (ABSCCR), Rajshahi 6250, Bangladesh; ekhlasbt03@gmail.com

3 Department of Biochemistry and Molecular Biology, Life Science Faculty, Bangabandhu Sheikh Mujibur
Rahman Science and Technology University, Dhaka 8100, Bangladesh

4 Department of Biochemistry and Molecular Biology, Gono Bishwabidyalay, Dhaka 1344, Bangladesh
* Correspondence: asmsaikat.bmb@gmail.com
† Presented at the 2nd International Electronic Conference on Processes: Process Engineering—Current State

and Future Trends (ECP 2023), 17–31 May 2023; Available online: https://ecp2023.sciforum.net/.

Abstract: Helicobacter pylori (H. pylori) is a Gram-negative, slow-growing bacterium, microaerophilic,
and a unique gastric pathogen that causes chronic inflammation in the gastric mucosa with the
possibility of developing gastric cancer; one-third of its proteins are still uncharacterized. In this
study, computational analysis was performed on the structural, functional, and epitopic charac-
teristics of a hypothetical protein (HP) from H. pylori named HPF63-1454. The model prediction
and primary, secondary, and three-dimensional structures of the chosen HP were built. The newly
created model appeared to have high quality once refinement and structure validation had been
completed. The anticipated tertiary structure was assessed using the Swiss Model assessment. The
best materials were chosen using structural analyses and considering data from the Z scores, Swiss
Interactive Workplace, and Ramachandran plot statistics. This investigation aimed to determine the
importance of the H. pylori protein HPF63-1454. Therefore, this research increased our understanding
of pathophysiology and allowed us to target the protein complex specifically. H. pylori infections are
now treated with readily available antibiotics and acid-suppressing medications, but this species has
established itself as a hardy pest. Long-term and taxing antibiotic therapy for H. pylori infection is
increasingly beginning to fail, necessitating novel and creative therapeutic modalities.
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1. Introduction

Helicobacter pylori (H. pylori) is a microaerophilic, Gram-negative, spiral-shaped, slow-
growing bacterium. This ubiquitous bacterium infects a substantial portion of the global
populace. Australian scientists and doctors Robin Warren and Barry Marshall discovered it
in 1982 [1,2]. It is an etiological agent for peptic ulcer and gastric inflammatory illnesses
and a brand-new genus of bacteria that lives at the mucosa-to-lumen transition in the gut.
It has the characteristics required for the colonization of the juxta-mucosal environment
mucus, including microaerophilia, spiral shape, and urease positivity [3,4].

The primary cause of gastritis, gastroduodenal ulcer disease, adenocarcinoma (gastric),
and mucosa-associated tissue lymphoma is H. pylori infection. H. pylori infection has drawn
attention as an etiological cofactor in this cancerous illness since it is linked to an elevated
risk of gastric adenocarcinoma [4]. It may disrupt a wide range of biological processes
inside and outside the stomach, which could impact or determine the development of
various disorders external to the stomach [5]. The most significant single risk factor for
stomach malignancies is H. pylori-induced gastritis, but only a tiny percentage of infected
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people acquire a malignancy. Host responses, strain-specific bacterial components, and
host–microbe interactions affect cancer risk. In many developing nations, the frequency
among middle-aged adults is over 80%, compared to 20 to 50% in industrialized countries.
The disease is acquired primarily among early childhood families and is brought on by oral
consumption of the bacteria [6–8].

This uncharacterized protein could be helpful as a pharmacological target and marker
if annotated. According to the findings of various bioinformatic tools, software, and
databases, the selected protein plays a significant part in the pathogenesis of H. pylori.

2. Materials and Methods
2.1. Protein Sequence Retrieval

The selected protein’s amino acid (aa) sequence was obtained with the accession
number BAW58640 (version: BAW58640.1) in the FASTA format from the NCBI [9,10].

2.2. Protein Characterization

Protein characterization was performed using the ExPASy server to measure the aa
sequence composition, instability index, aliphatic index, GRAVY, and extinction coeffi-
cients. Moreover, we used the elevation of the theoretical isoelectric point (pI) for the
HPF63_1454 protein [11,12].

2.3. Functional Annotation Anticipation

We utilized a conserved domain (CD) prediction in the protein of HPF63_1454. We
predicted protein motif determination using the CD search functionality on the NCBI
platform and the ScanProsite tool of the ExPASy server, respectively [13–15].

2.4. Prediction of Secondary Structure

The prediction of the secondary structure of the selected protein HPF63_1454 was
anticipated using SPIPRED V.4.0 software (server-based), and the SOPMA framework was
used for element anticipation [16,17].

2.5. Three-Dimensional Structure Prediction and Validation

The tertiary (3D) structure of the protein predicted by the SWISS-MODEL and the
structural quality assessment studies was performed using the PROCHECK Sever of the
(SAVES v.6.0) [18–20].

3. Results and Discussion
3.1. Protein Sequence Retrieval

Protein sequences determine the fundamental components of biological structure and
function. The NCBI protein sequence database is a protein sequence database that is col-
lected from multiple sources, including RefSeq and Gene-Bank. The protein obtained from
the NCBI protein database with the accession number BAW58640 (version: BAW41740.1)
was present in the locus BAW58640 containing 451 aa.

3.2. Protein Characterization

The physicochemical characteristics of the selected protein were demonstrated using
the ProtParam tool. The protein HPF63_1454 contains a 451 aa long sequence with the
protein that has a molecular weight (MW) of 53125.98 Da. This protein consists of 451 aa,
where Leu (56) was the most abundant amino acid, followed by Lys (54), Glu (41), Asp (34),
Ile (29), Ser (29), Asn (23), Thr (23), Tyr (21), Ala (20), Phe (18), Val (16), Arg (15), Pro (13),
Gln (12), Gly (11), His (11), Met (10), Trp (8), and Cys (7) (Table 1).
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Table 1. Amino acid composition of the selected protein.

Amino Acid Quantity Percentage

Ala (A) 20 4.4%
Arg (R) 15 3.3%
Asn (N) 23 5.1%
Asp (D) 34 7.5%
Cys (C) 7 1.6%
Gln (Q) 12 2.7%
Glu (E) 41 9.1%
Gly (G) 11 2.4%
His (H) 11 2.4%
Ile (I) 29 6.4%
Leu (L) 56 12.4%
Lys (K) 54 12.0%
Met (M) 10 2.2%
Phe (F) 18 4.0%
Pro (P) 13 2.9%
Ser (S) 29 6.4%
Thr (T) 23 5.1%
Trp (W) 8 1.8%
Tyr (Y) 21 4.7%

3.3. Functional Annotation Prediction

The NCBI CDD tool anticipated two different domains, including DUF1524 and
COG1479. The DUF1524 domain is predicted to have a conserved HXXP motif that can
be associated with endonuclease activities (Pfam accession: pfam07510; interval: 290–444;
E-value: 2.17 × 10−18). Endonucleases cleave the phosphodiester bond that is present in
nucleotide monomers. When cutting DNA, some do not care about the sequence, while
others only conduct this at particular nucleotide sequences [21,22].

Moreover, The COG1479 domain contained differences between two nucleases (HNH
nuclease and ParB nuclease), which was (Pfam accession: COG1479; interval: 33–188;
E-value: 1.35 × 10−6). Its identical motif can be noticed in protein families and its rules as
endonucleases. The actual severing of DNA strands by the nuclease domain can result in
single-stranded or double-stranded breaks.

3.4. Secondary Structure Prediction

The secondary structure decisiveness of the chosen protein consensus projection from
multiple alignments significantly improved the protein’s secondary structure prediction.
The secondary-structural component of the protein (HPF63_1454) was a prediction made
by the SOPMA software where the alpha helix (Hh), extended strand (Ee), beta-turn (Tt),
random coil (Cc) was 287 (63.64%), 35 (7.76%), 7 (1.55%), and 122 (27.05%), respectively.

3.5. Three-Dimentional Structure Prediction and Validation of the Selected Protein

The three-dimensional architecture of the desired protein was anticipated using the
SWISS-Model program [23,24]. Moreover, the PROCHECK program of the SAVES method
was utilized for the structural quality assessment of the modeled protein, where the ar-
rangement of the ψ angle and the ϕ angle was shown. The protein’s modeled tertiary
structure was validated by the residues in the most preferred areas, which were swallowed
by 92.0% of the protein (BAW58640.1) (Figure 1).
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Figure 1. (a) Three-dimensional structure modeled by the SWISS-Model tool, and (b) The 
PROCHECK tool, which validated the Ramachandran plot statistics of the modeled protein struc-
ture. The most favored locations are shown in red, while the other permitted zones are shown in 
yellow. 

4. Conclusions 
The bacterium Helicobacter pylori can increase the risk of developing gastric cancer. 

Although it is a highly deadly condition, the development of malignancy allows for a 
method to detect those at an increased risk daily. However, gastric infection with this 
bacterium is widespread, and most infected people do not proceed to catch the disease. 
This study used the anticipated ligand-binding active sites in Helicobacter pylori to 
demonstrate the structural and functional annotation of HPF63-1454. The analysis of the 
protein structure led to the placement of amino acid sequences in the desired location. The 
physicochemical characteristics and available enrichment estimation were steady in com-
prehending the protein operations. In most arrangements, alpha-helix, random coils, ex-
tended strands, and beta twists were found to predominate, as confirmed by the second-
ary assumption and assessment structures. The findings of this study may contribute to 
the modulation of new target identification and drug discoveries against the protein strain 
to reduce infections caused by the bacterium. 
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Figure 1. (a) Three-dimensional structure modeled by the SWISS-Model tool, and (b) The PROCHECK
tool, which validated the Ramachandran plot statistics of the modeled protein structure. The most
favored locations are shown in red, while the other permitted zones are shown in yellow.

4. Conclusions

The bacterium Helicobacter pylori can increase the risk of developing gastric cancer.
Although it is a highly deadly condition, the development of malignancy allows for a
method to detect those at an increased risk daily. However, gastric infection with this
bacterium is widespread, and most infected people do not proceed to catch the disease. This
study used the anticipated ligand-binding active sites in Helicobacter pylori to demonstrate
the structural and functional annotation of HPF63-1454. The analysis of the protein structure
led to the placement of amino acid sequences in the desired location. The physicochemical
characteristics and available enrichment estimation were steady in comprehending the
protein operations. In most arrangements, alpha-helix, random coils, extended strands,
and beta twists were found to predominate, as confirmed by the secondary assumption and
assessment structures. The findings of this study may contribute to the modulation of new
target identification and drug discoveries against the protein strain to reduce infections
caused by the bacterium.
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