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Abstract
Background and Aims:  
Helicobacter pylori (H. pylori) is  a Gram-negative pathogenic bacterium that causes gastritis in humans. The 
exact molecular mechanism of most of the non-annotated hypothetical proteins involved in the virulence 
of  H. pylori is yet to be identified. This paper aims to characterize the structure and function of the non-an-
notated hypothetical protein (HP) HPAG1_0137 from the H. pylori bacterium (strain HPAG1) in silic..

Methods: 
We predicted several properties of HPAG1_0137, such as its physicochemical characteristics, second-
ary and tertiary structures, and functional annotation using different computational tools, followed by 
structural validation and quality assessment. We also performed virulence, protein crystallization, and 
active site predictions.

Results: 
The study found that HPAG1_0137 has 242 amino acids and an acidic pI and is thermally stable, 
water-soluble, and distributed in the cytoplasm. Structurally, alpha-helices and random coils are this 
protein’s most prominent structural components. We found structural models to be highly native and 
of decent quality.

Conclusions: 
This study will facilitate a better understanding of the HPAG1_0137 protein molecular mechanism of 
action. In addition, it will provide the basis for additional proteomic, genomic data, and structural and 
pharmacological research for functional and therapeutic potential identification. 

Keywords: 
Helicobacter pylori, hypothetical protein, HPAG1_0137 protein, homology modeling, in sil-
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Introduction:

The existence of hypothetical proteins 
(HPs) has been predicted. However, the 
HPs' in vivo functions have not yet been 

entirely determined.1 In most genomes, 
HPs mostly cover around half of the pro-
tein-coding areas. Despite their functions 
not being thoroughly characterized, they 
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may be essential for providing complete 
genomic and proteomic information.2 Our 
understanding of protein mosaics is still in-
complete. However, appropriate structural 
and functional annotations for a specific 
genome's HPs may result in the discovery 
of novel structures and functions and as-
sist in producing a list of different protein 
pathways and cascades.3 More profound 
knowledge of protein-protein interactions 
and networks in various living forms, in-
cluding plants and microorganisms, may 
unravel the structural and functional mys-
teries of these HPs.4 Several HPs may serve 
as diagnostic markers and pharmacologi-
cal targets for drug design discoveries.5

In recent years, numerous HPs have been 
found in the genomes of multiple crea-
tures. However, complete genome anno-
tations have not yet been attained because 
of drawbacks including the high cost and 
time needed for performing experiments.6 
In addition, it is challenging to study the 
large number of HPs in a genome. Hence, 
bioinformatics methods using various da-
tabases and algorithms to estimate protein 
functions are a promising alternative to 
laboratory-based approaches. Combined 
experimental results are the base of these 
algorithms and databases that are effec-
tively used to assign the functional and 
structural annotations of HPs.3,7-8

Here, we aim to expand the virulent pro-
tein annotation and genome sequence 
information by analyzing the physico-
chemical characteristics, secondary struc-
tural features, generated three-dimen-
sional (3D) protein models, comparative 
genomics analyses, and computational 
functional characteristics of the H. pylori 
HPAG1_0137 hypothetical protein. We se-
lected this HP because the amino acid se-
quence of the protein is available; howev-
er, its structural details are unknown to our 
current knowledge. The outcomes of this 
work will highlight our understanding of 
the mechanisms of pathogenesis and fur-
nish the base for identifying novel thera-
peutic targets against H. pylori.

Materials and Methods

Sequence retrieval 
We retrieved the amino acid sequence of 
H. pylori (strain HPAG1) HPAG1_0137 
from the Uniprot database (http://www.
uniprot.org) using the primary acces-
sion number Q1CV18 and entry name 
Q1CV18_HELPH.

Physiochemical analysis 
We analyzed the primary structures of 
HPAG1_0137 using the ExPASy-ProtPar-
am tool.9 The examined physicochem-
ical characteristics included the amino 
acid composition (AA), molecular weight 
(Mwt), theoretical isoelectric point (pI), 
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instability index (II), number of positive 
residues (+R), number of negative residues 
(-R), extinction coefficient at 280 nm (EC), 
aliphatic index (AI), half-life (in hrs), and 
grand average of hydropathy (GRAVY).

Secondary structure prediction 
To predict secondary structural compo-
nents, we used the default parameters of 
three web servers: SOPMA10, GOR IV11, 
and XtalPred-RF.12 The servers use avail-
able x-ray crystallographic protein struc-
tures as templates to analyze the relative 
frequencies for each amino acid in the he-
lixes, sheets, and coils to predict the per-
centages of secondary structural compo-
nents (helixes, sheets, and coils).

Homology modeling 
We constructed a 3D structural mod-
el of HPAG1_0137 using the homology 
modeling servers SWISS-MODEL13 and 
Phyre214 with the complete amino acid 
sequence of the protein in FASTA format, 
again employing the available default op-
tions. We checked the initial structural 
model for errors in the 3D structure using 
the ERRAT15 and Verify3D16 programs in-
cluded in the structural analysis and verifi-
cation SAVES server (http://nihserver.mbi.
ucla.edu/SAVES/).

Model quality and verification assessment 
We verified the 3D models using the Ra-
machandran plot17 and ProSA-web18 serv-

ers. Generally, the Ramachandran plots for 
the best models reveal a high percentage 
of residues positioned in the most favored 
allowed regions and a lower percentage of 
residues positioned in the outlier or disal-
lowed regions. The model quality assess-
ment server ProSA-web is a z-scoring 
system generated using protein structures 
from the Protein Data Bank (PDB) based 
on the z-scoring system. We visualized 
the models using the PyMOL molecular 
graphics system (Version 2.0; Schrödinger 
LLC, New York, USA).

Protein crystallization prediction using the 
XtalPred-RF server
We used the online server XtalPred-RF12 to 
predict protein crystallization. The server 
combines individual crystallization proba-
bilities calculated for several protein fea-
tures into a single crystallization score. 
Then, the protein is assigned to one of 
five crystallization classes based on this 
score. Based on the sequence length, isoe-
lectric point, predicted structural disorder, 
GRAVY index, instability index, predict-
ed coiled secondary structure, predicted 
coiled-coil structure and insertion score, 
hydrophobicity, side-chain entropy of sur-
face residues, predicted surface rugged-
ness, and amino acid composition of the 
predicted protein surface, each class rep-
resents a different crystallization success 
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rate. 
Active Site and Ligand Prediction 
We predicted the active site of the protein 
using the PrankWeb server.19 PrankWeb is 
a machine-learning web server that pre-
dicts ligand-binding sites based on a pro-
tein’s combined sequence, 3D structures, 
immediate visual analysis, and binding 
pocket lists. It works directly with multid-
omain protein structures.

Subcellular localization and virulence pre-
diction 
We predicted the subcellular localiza-
tion of HPAG1_0137 using CELLO ver-
sion 2.520,21 and PSORTb version 3.0.2.22 

For virulence prediction, we used the 
MP3 server (http://metagenomics. iiserb.
ac.in/ mp3/).23 It uses support vector ma-
chines (SVMs) or hidden Markov models 
(HMMs) utilizing algorithms to predict the 
pathogenesis of a query protein. 

Functional annotation 
We analyzed the presence of conserved do-
mains in the H. pylori HPAG1_0137 pro-
tein based on a sequence similarity search 
of closely orthologous family members. 
We used three bioinformatics tools and 
databases, including the Protein Families 
Database (Pfam)24, InterProScan25, and the 
NCBI Conserved Domains Database (NC-
BI-CDD)26 for this purpose.
We employed the Pfam (https://pfam.

xfam.org/)24 and NCBI-CDD search serv-
ers26 to predict the likely domain or fam-
ily of the query protein. This can provide 
insight into a query protein’s possible role 
and interactions by considering the func-
tions and structures of similar proteins.

Comparative genomics analysis 
We performed a comparative genom-
ics analysis of HPAG1_0137 by con-
ducting a BLASTp search (https://blast.
ncbi.nlm.nih.gov/Blast.cgi?PAGE=Pro-
teins) of homo sapiens proteomes and 
HPAG1_0137 to test the resemblance of 
HPAG1_0137 to humans. We filtered hits 
based on the expectation value (e-value), 
using the inclusion threshold set at 0.005 
and a minimum bit score of 100. 

Results and Discussion

Physicochemical characteristics 
Although there is a large amount of 
genomic and proteomic data generated 
from the low-cost sequencing technolo-
gies, the number of research studies on 
HPs is scarce.27 Characterizing HPs helps 
better understand bacterial metabolic path-
ways, disease progression, disease control 
strategies, and drug development.27 Here, 
we used the ExPASy-ProtParam tool9 to 
analyze the physicochemical properties 
of HPAG1_0137 HP protein (Table 1). Of 
the 20 amino acids, leucine and lysine had 
the highest percentages, and tryptophan 
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had the lowest (Table 1). The protein pri-
mary sequence was computed to contain 
242 amino acids (Table 2). The molecular 
weight was estimated to be 27.493 kDa 
(Table 2). The computed pI value of the 
HPAG1_0137 protein was 6.53 (Table 2). 
The calculated pI value is practical when 
purifying a protein of interest, and it helps 
in screening for a suitable buffering sys-
tem, ensuring the stability of the purified 
protein.9,28 Table 2 shows the total number 
of +R residues (Arg + Lys) and -R residues 
(Asp + Glu). There were 32 negatively 
charged residues and 31 positively charged 
residues. Estimating the protein’s charged 
residue composition may facilitate under-
stating the nature of the protein’s intercel-
lular protein-protein interactions.28,29 The 
extinction coefficient (EC) at a wavelength 
of 280 nm was 22,390 concerning the con-
centrations of Trp, Tyr, and cystine amino 
acids. Knowing the EC value of a protein 
can help researchers optimize the purifica-
tion protocols for their protein of interest.28 
The AI for the protein is estimated to be 
87.40. The protein is predicted to be hy-
drophobic in nature and thermally stable. 
This comes to a high hydrophobic ami-
no acid composition, including Met, Gly, 
Leu, Ala, Phe, Pro, Val, Trp and Ile.28 The 
instability index (II) value is computed 
to be 40.36. Studies showed that proteins 
are estimated to be unstable in a test tube 

when the computed II values are above 40 
and vice versa.9,28

Amino Acid Number %
Ala 14 5.8
Arg 7 2.9
Asn 13 5.4
Asp 11 4.5
Cys 9 3.7
Gln 6 2.5
Glu 21 8.7
Gly 13 5.4
His 5 2.1
Ile 14 5.8
Leu 24 9.9
Lys 24 9.9
Met 9 3.7
Phe 11 4.5
Pro 6 2.5
Ser 18 7.4
Thr 8 3.3
Trp 1 0.4
Tyr 11 4.5
Val 17 7.0

Table 1: Numbers and percentages of amino acids present in 
HPAG1_0137 estimated using the ExPASy-ProtParam tool.

The ExpPASy-ProtParam tool predicts the 
time taken for half the amount of a pro-
tein in a cell to be degraded post-synthesis 
(known as protein’s half-life).30 It predicts 
the half-life of proteins in yeast, humans, 
Escherichia coli, and other similar organ-
isms.9,28 Here, the half-life of the protein is 
predicted to be more than 20 hrs in yeast (in 
vivo), 30 hrs in mammalian reticulocytes 
(in vitro), and ˃ 10 hrs in Escherichia coli 
(in vivo). A standard bacterial protein has a 
half-life of 20 hrs.31 Hence, further in vivo, 
and in vitro investigations are needed to 
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determine the exact half-life. The protein’s 
GRAVY value is computed to be –0.200. It 
was reported that when the GRAVY value 

is high, this reflects the protein’s hydro-
philic nature and the possibility of better 
interaction with water molecules.9,28

Table 2: Physiochemical characteristics of HPAG1_0137 predicted using the ExPASy-ProtParam tool.

Table 3: Protein secondary structural prediction for HPAG1_0137 using the SOPMA, GOR IV, and XtalPred-RF servers.

Parameters Value
Number of amino acids 242

Mwt 27.493 kDa
pI 6.53

Number of -R residues (Asp + Glu)

Number of +R residues (Arg + Lys)

32

31
Extinction coefficient 22,390 (Abs 0.1 % (= 1 g/l) 0.814, assuming all pairs of Cys 

residues formed cystines)

21890 (Abs 0.1 % (= 1 g/l) 0.796, assuming all Cys residues 
were reduced)

Half-life 30 hrs (in vitro - mammalian reticulocytes)

> 20 hrs (in vivo - yeast)

> 10 hrs (in vivo - Escherichia coli).
II 40.36
AI 87.40

GRAVY -0.200

Secondary structural prediction 
We use the SOPMA10, GOR IV11, and 
XtalPred-RF12 servers to predict the 
HPAG1_0137 secondary structure. The 
alpha helix was the most predominant 
(SOPMA = 50.83%, GOR IV = 36.36%, 

XtalPred – RF = 58%), followed by ran-
dom coil (SOPMA = 32.23%, GOR IV = 
40.91%, XtalPred – RF = 30%) and be-
ta-sheet (SOPMA = 16.95%, GOR IV = 
22.73%, XtalPred – RF = 12%; Table 3). 

 Secondary structure % Secondary structure prediction server
Alpha helix 50.83 SOPMA

36.36 GOR IV
58 XtalPred-RF

Beta Sheet 16.95 SOPMA
22.73 GOR IV

12 XtalPred-RF
Random coil 32.23 SOPMA

40.91 GOR IV
30 XtalPred-RF
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Homology modeling, quality assessment, 
and structural validation 
The 3D structure of HPAG1_0137 has 
not yet been determined. In this study, we 
constructed full-length HPAG1_0137 pro-
tein models using two homology mode-
ling servers: Phyre214 and SWISS-MOD-
EL.13 The servers produced similar 
HPAG1_0137 protein models (Figure 1) 
and predicted globular structures contain-
ing many alpha helices. Intriguingly, this 
was consistent with the secondary struc-
ture prediction for this protein, which 
was predicted to have a higher alpha he-
lix content than other secondary structures 
(see Table 3). To validate the constructed 
HPAG1_0137 3D models, the Ramachan-
dran plot server was employed.17 The serv-
er uses Ramachandran plots to present the 
backbone conformations of proteins based 
on phi/psi distribution in the model and 
the position of the non-Gly residue in the 
disallowed regions.17 The generated scores 
estimate the quality of the protein model 
by comparing the model to similar-sized 
experimentally identified reference struc-
tures deposited in the PDB. The Ram-
achandran plots of the HPAG1_0137 mod-
els revealed that most of the residues were 
positioned in the favored and allowed re-
gions. The Ramachandran plot calculation 
for the HPAG1_0137 SWISS-MODEL is 
94.118% residues in the favored regions, 

3.167% residues in the allowed region and 
2.715% residues in the disallowed region. 
The Ramachandran plot calculation for the 
HPAG1_0137 Phyre2 model is 95.475% 
residues in the favored regions, 3.167% 
residues in the allowed region and 1.357% 
residues in the disallowed region. This in-
dicates the decent quality of the models 
generated using the two modeling servers. 
We validated the structural models of 
HPAG1_0137 using the ProSA-web 
server.18 A ProSA-web score (called the 
z-score) determines the modeled protein’s 
degree of nativeness.18 ProSA is used 
to confirm the quality of a modeled pro-
tein structure, where significant negative 
z-scores indicate nativeness. However, 
positive z-scores indicating erroneous or 
problematic models.18 Here, the z-scores 
for the two SWISS-MODEL  and Phyre2 
HPAG1_0137 models were highly neg-
ative, -6.87 and -6.12, respectively. Indi-
cating reasonable quality models with a 
high degree of nativeness. More structural 
studies on bacterial proteins are needed to 
be performed to advance computational 
structural modeling tools. This will pro-
duce quality protein models that can high-
light the molecular functional mechanisms 
bacterial proteins.
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Figure 1: (A) Schematic representation of the HPAG1_0137 model generated by the SWISS_MODEL server. (B) Schematic 
representation of the HPAG1_0137 model generated by the Phyre2 server. The Pymol tool was used to produce the figure.

Table 4: Subcellular localization scores were predicted using 
the CELLO and PSORTb servers.

Protein crystallization prediction 
Obtaining diffraction-quality protein crys-
tals is vital for producing high-resolution 
x-ray protein structures.32,33 We used the 
online server XtalPred-RF12 to predict pro-
tein crystallization. The lower the score, 
the more promising a protein is for crystal-
lization, and the protein in this study was 
unpromising for crystallization (Random 
forest crystallization class = 10). Hence, 
the protein should be subjected to exper-
imental laboratory crystallization trials to 
confirm the prediction. Using truncated 
versions of proteins may result in promis-
ing soluble proteins and better crystalliza-
tion behavior.34 

Subcellular localization and virulence pre-
diction
The unknown proteins’ subcellular local-
ization prediction is performed to provide 
information about their cellular functions. 
Both servers; CELLO20,21 and PSORTb22, 
predicted from subcellular localization that 
the query protein was cytoplasmic (Table 

4). The MP3 server23 predicted that the 
protein was pathogenic. This data can help 
in understanding disease mechanisms and 
establish drug discovery investigations.35

Server Result 
CELLO Localization scores

Cytoplasmic                    3.766
Periplasmic                     0.728
Inner membrane              0.047
Outer membrane             0.116
Extracellular                   0.343

PSORTb Localization scores

Cytoplasmic                    2.11
Cytoplasmic membrane  7.88
Periplasmic                     0.00
Outer membrane.            0.00
Extracellular                   0.00

Functional annotation and comparative 
genomic analysis 
The function of HPAG1_0137 has not yet 
been confirmed. Here, we used three web 
tools including InterProScan25, Pfam24, 
and NCBI-CDD26 to investigate conserved 
domains and potential functions of the 
HPAG1_0137 protein. HPAG1_0137 was 
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indicated to contain cysteine-rich domains. 
NCBI-CDD predicted that this protein was 
a FeS-binding protein. FeS-binding pro-
teins are found in all living organisms and 
are essential for their cellular processes, 
including gene regulation, RNA modifica-
tion, DNA repair and replication, central 
metabolism, and respiration.36 
We further applied a comparative genom-
ics approach to characterize HPAG1_0137. 
The BLASTp (https://blast.ncbi.nlm.nih.
gov/Blast.cgi?PAGE=Proteins) search 
against human proteomes was performed 
to identify whether HPAG1_0137 protein 
had any human homologs. HPAG1_0137 
protein was identified as a unique protein 
of H. pylori. It has no homology to any 
human proteins. Previous studies showed 
that targeting bacterial proteins that are 
non-homologous to human proteins for 
pharmacological drug discoveries is an 
effective and safe alternative in terms of 
producing side effects.7 

Conclusion
The present study aims to generate three-di-
mensional structure models and investi-
gate possible functions of H. pylori hypo-
thetical protein HPAG1_0137. Homology 
modeling generated good quality structur-
al models for the protein. Then those mod-
els were refined using several structural as-
sessment methods, and the outcomes were 

suitable subjects for further structural and 
functional studies. Here, using prediction 
tools, we found that HPAG1_0137 is a sta-
ble cytoplasmic protein with a probable 
FeS-binding nature. HPAG1_0137 protein 
was found to be essential for H. pylori vir-
ulence action. The protein is non-homol-
ogous to human proteins; hence, it may 
be used as a potential candidate for drug 
design studies. The outcome of the study 
will be the basis of future drug discovery 
research aims to characterize putative drug 
targets against H. pylori and other clinical-
ly significant pathogens.

Conflicts of interest
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