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Introduction

Abstract

Many amino acids remain undiscovered and have not yet been associated with specific
genome sequences. Modules of ambiguous activity are proteins detected through
experimental methods that have not yet been assigned specific geometric annotations. In
our study, the potential regulatory properties of the unidentified peptides from Aeromonas
veronii (accession no. PXV57966.1) were explored and analyzed using several
computational approaches and tools. From this in silico approach, the physical properties,
cell position, 3-D arrangement, interactions among proteins, and functionality insights of
the amino acid have all been determined. Protein-protein interactions were analyzed using
STRING software, which revealed that E2102 protein interacts strongly with the peptidyl-
tRNA hydrolase. The in-silico analysis indicated that the protein is hydrophilic, with its
secondary structure mainly composed of alpha (a) helices. According to the result, the
protein contains Ribosome-binding ATPase YchF domain, which suggests it may bind to
ribosomal subunits. In addition, Aeromonas veronii is an opportunistic pathogen capable of
causing various infections in humans, including gastroenteritis, soft tissue infections, and
bacteremia. Thus, the study will contribute to the creation of novel antimicrobial
treatments for treating severe intestinal tract infections by enhancing our understanding of
the role of the E2102 domain.

activity. The conventional approach to determining
function relies on similarities in sequences, utilizing

A significant portion of mammalian proteomes
consists of hypothetical proteins, which are identified
solely through nucleic acid sequence predictions and
protein sequences with unknown functions (Lubec et al.,
2005). Scientists have developed several techniques to
predict protein function by employing various
computational tools. This has been achieved through
the utilization of information from similarities in
sequence, the study of phylogenetics, protein-protein
relationships, interactions among various proteins, the
site of activity residue similarities, homologous
categories, regulatory sites, and variation of gene
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tools like BLAST, FASTA, and PSI-BLAST (Bharat Siva
Varma et al.,, 2015; Pearson, 2013). Hypothetical
proteins are predicted proteins determined by
sequences of nucleic acid, but they are not supported by
research chemical data. Moreover, these proteins are
distinguished by a low degree of identity to known,
annotated proteins (Lubec et al.,, 2005). Some
hypothetical proteins are common and can be identified
in lifeforms from different evolutionary lineages.
Hypothetical proteins account for a significant portion of
the genes in the sequenced genomes of organisms.
However, they have not been functionally characterized
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or described at the protein chemical level (Galperin &
Koonin, 2004; Reichart et al., 2020). Two types of
hypothetical proteins exist. One group comprises
uncharacterized protein families (UPFs), while the
second includes domains with unknown functions
(DUFs). Unidentified proteins have experimentally
determined structures but remain uncharacterized and
unlinked to any identified genes. DUFs are
experimentally identified proteins that do not have any
known functionality or anatomical domains. They may
contain coiled-coil features or intracellular areas that
make it difficult to ascribe their function. Moreover,
studying the purpose of molecules with unknown roles
provides several benefits, including the capability to
identify novel helical configurations of 3-D
constructions, which enables the evaluation of
distinctive categories and designs, along with the
discovery of novel amino acid processes and also
sequences. Such emerging domains can serve as
potential targets for medicine in the next generations.
Furthermore, phylogenetic profiling of proteins across
different genomes can be utilized to predict their
functions (Basu et al., 2011), and utilizing advanced
techniques, such as mass spectrometry for identifying
protein complexes and microarray analysis for profiling
gene expression (Brown et al.,, 2000), and also
systematic synthetic lethal analysis (Goehring et al.,
2003) are useful. The concept behind clustering gene-
expression patterns is that genes with related functions
are more likely to be co-expressed (Yuan et al., 2008). To
identify the function, researchers used the neighbor-
counting method (Hu et al., 2010). They determined the
function of an uncharacterized protein by analyzing the
occurrence of neighboring proteins with particular
activity. Instead of searching for a straightforward
match between the roles of the interacting members,
and a Bayesian technique was used to assess the
probability of a hypothetical protein exhibiting the
annotated function (Deng et al., 2002). A large number
of protein domains have functions that are still
unknown; nevertheless, these domains are involved in
the chemical reactions of living things, which may lead
to harmful effects. In certain instances, mutations,
including additions, eliminations, and replacements, can
alter the role of a protein. For instance, identification
and functional annotation of hypothetical proteins in
Providencia rettgeri strain MRSN845308 (Pal et al.,
2024) Vibrio parahaemolyticus strain VP 128 (Mou et al.,
2021), Neisseria gonorrhoeae (Lakhanpal et al., 2024),
and Neisseria meningitidis (Asha et al., 2024) toward
designing therapeutic targets.

Aeromonas veronii is a Gram-negative, rod-like,
facultative anaerobic microorganism that can lead to
infections in people. This organism is frequently found
in various freshwater fish, surface water, and domestic
animals. The most common diseases caused by
Aeromonas veronii in humans include gastroenteritis,
soft-tissue infections, and bacteremia (Liu et al., 2022).
The primary goal of the research is to determine and

characterize the E2102 protein domain from Aeromonas
veronii, which has an unidentified function utilizing
bioinformatics techniques.

Materials and Methods
Screening of Hypothetical Proteins (HP)

Hypothetical proteins were identified by searching
term ‘hypothetical protein’ in the National Center for
Biotechnology Information (NCBI) protein database, and
matches were selected randomly to investigate their
homologs applying BLAST tools. To determine the
potential purposes of the hypothetical protein, a
matching query was conducted utilizing NCBI blast
software to detect genes with possible physical or
functional homology (https://www.ncbi.nlm.nih.gov).

Physicochemical Characterization of the Hypothetical
Proteins

The physicochemical properties of the raw
hypothetical protein sequence were evaluated using the
ProtParam tool available through the ExPASy service
(Rahman et al., 2022). The software calculates and also
delivers various metrics, including the molecular weight,
theoretical isoelectric point (pl), amino acid
composition, counts of positively and negatively
charged residues, extinction coefficient, instability
index, aliphatic index, and the grand average of
hydropathicity (GRAVY), among others. Molar
absorptivity of a molecule reflects the amount of
electromagnetic radiation it receives at a certain
frequency. The instability index provides an estimate of
the protein's conformational integrity under laboratory
conditions. An instability index below 40 suggests a
stable, while a number more than 40 expresses
instability. Aliphatic index represents the proportion of
the area filled by aliphatic side of molecules, which
contributes to protein thermostability. The GRAVY score
is determined by dividing the sum of the hydropathy
values of all amino acids by the number of residues in
the sequence (https://web.expasy.org/protparam/).

Sequence Similarity

The fundamental step in predicting a protein's
function involves identifying its sequence homologs
within various genomic and proteomic databases. For
this purpose, the widely used bioinformatics tool
BLASTp was employed (Mahram & Herbordt, 2010).

Domain Identification and Gene Ontology Prediction

Firstly, various widely accessible computational
resources and repositories, including Pfam, InterPro,
CATH, SUPERFAMILY, SMART, SCANPROSITE, and CDD-
BLAST, were utilized. Such computational platforms and
biological data facilitate to identification of preserved
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areas, enabling the classification of proteins based on
their structural and functional properties. The functional
roles of the hypothetical protein were interpreted based
on similarity using Pfam (Mistry et al., 2021), InterPro
(Blum et al., 2021), SUPERFAMILY (Gough et al., 2001),
and SCANPROSITE (de Castro et al., 2006). Additionally,
SMART and CATH were employed to identify the
functions of our hypothetical proteins by analyzing their
domain architecture and categorizing the domains
within the structural hierarchy (Letunic et al., 2021;
Sillitoe et al., 2015). The Conserved Domain Database
(CDD) was used to identify conserved domains (Lu et al.,
2020). Moreover, the gene ontology resource offers a
structured and computable  framework  for
understanding the functions of genes and their
associated products. In this study, we also predicted the
gene ontology of the hypothetical protein using
Argot?5(Annotation Retrieval of Gene Ontology Terms)
(Lavezzo et al., 2016).

Assessment of Secondary Structure

The secondary structural elements of the
hypothetical protein (accession no. PXV57966.1) were
predicted using the SOPMA tool (Combet et al., 2000)
with default parameters, including a window width of
17, four states, and a similarity threshold of 8.

Determination of the Sub-cellular Localization

Determination of the intracellular localization of an
amino acid provides crucial insights into its potential
function. Proteins can localize to the outer membrane,
inner membrane, periplasm, extracellular space, and
cytoplasm depending on their functions and structure
(Gazi et al., 2016). In this study, PSORTb (Yu et al., 2010)
and CELLO (Sanchez, 2013) were used to predict the
subcellular localization of the proteins. Furthermore,
SOSUI (Hirokawa et al., 1998), HMMTOP (Tushady &
Simon, 2001), TMHMM (Krogh et al., 2001), and SignalP
(Nielsen et al.,, 2019) were employed to predict
transmembrane helices and identify signal peptide
cleavage sites.

Protein-Protein Interaction Analysis

The role of proteins is determined by the
interactions among their amino acid residues. These
interactions influence the protein’s structure, stability,
and function, enabling it to carry out specific biological
processes. In our study, we utilized the STRING database
(http://string-db.org/), which integrates physical and
functional associations to analyze and predict known
and potential protein interactions (Szklarczyk et al.,
2021). This relied on genetic environment, excellent
efficiency of analyses, combination, and existing
information. This database combines interaction data
from the following sources in a quantitative manner
(Franceschini et al., 2013).

Homology-based Protein Modeling Using HHPred

Traditional sequence query techniques explore
sequence resources, like UniProt or unique datasets.
HHpred (Soding et al., 2006) explores multiple
databases, such as PDB, SCOP, Pfam, SMART, COGs, and
CDD, to facilitate homology detection and protein
structure prediction. HHpred is a high-performance
platform that employs hidden Markov models (HMM:s)
pairing features to identify, predict distant peptide
similarity and shape.

Results and Discussion
The Retrieval of Protein Sequences

The protein E2102 from Aeromonas veronii, whose
function is unknown, was retrieved from the National
Center for Biotechnology Information (NCBI) with the
accession number PXV57966.1. The 3D structure of this
protein is not contained in the Protein Data Bank (PDB).
Therefore, a BLASTp analysis was conducted using the
NCBI database to obtain initial information on the
secondary and tertiary structures of the 363-amino-acid
protein PXV57966.1 identified in Aeromonas veronii.
The sequence of proteins PXV57966.1 was identified
from the result using various computational approaches
and tools to determine its prospective properties in use.
The FASTA format of this sequence is shown in Figure 1.

Physicochemical Characterization

Comprehensive physicochemical analysis helps
characterize a protein’s structural and functional
properties, including potential outer regions involved in
biological activity. The amino acid sequence of
Aeromonas veronii (accession no. PXV57966.1) was
obtained in FASTA format and used as the sequence of
queries for determining the physical and chemical
parameters. PXV57966.1 has an instability index of
27.61, suggesting that the protein is stable (Guruprasad
et al., 1990). The protein exhibits a molecular weight of
39.47 kDa and an isoelectric point (pl) of 4.81, indicating
it is acidic. The GRAVY is a numerical scale used to
estimate the overall hydrophobicity or hydrophilicity
based on its amino acid composition (Jaspard et al.,
2012). PXV57966.1 exhibited negative values,
suggesting that it might be hydrophilic. The physical and
chemical profile of the PXV57966.1 protein is provided
in Table 1.

Sequence Analogy Assessment

The E2102 domain sequence (accession number
PXV57966.1) was analyzed for sequence similarity using
the BLASTp structural protein data file against a unique
dataset. The percentage identity, common features, and
corresponding E-values are presented in Table 2.
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Analysis of Secondary Structures

The structure and function of proteins are closely
associated. The secondary structure elements, including
helix, coil, sheet, and turn, are crucial in determining a
protein's structure, function, and interactions. The
SOPMA tool predicted the protein's secondary structure
to consist of 178 residues (49.04%) in the alpha helix
(Hh), 59 residues (16.25%) in the extended strand (Ee),
and 126 residues (34.71%) in the random coil (Cc)
(Figure 2). The result showed the absence of other
secondary structures such as 310 helix, Pi helix, Beta
bridge, Beta turn, Bend region, and ambiguous
conditions (Figure 2).

Protein Identifier

Subcellular Localization

Determining a protein's subcellular location is
crucial for identifying potential therapeutic and
vaccination targets (Acharya & Garg, 2016). Proteins
located in the cytoplasmic matrix could serve as
potential drug targets, whereas proteins in the inner and
outer membranes could be used as vaccination targets
(Prabhu et al., 2020). Analyzing the distribution of
proteins is fundamental to uncovering their functions.
Based on the knowledge of trained data sets, the
hypothetical protein was expected to be found in
various cellular locations. The protein was anticipated to
be found in the cytoplasm. Due to its localization in the

>PXV57966.1, hypothetical protein DFO51_101539 [Aeromonas veronii|

Amino Acid number: 363

Protein sequence

MGFKCGIVGLPNVGKSTLFNALTKAGIEAANFPFCTIEPNTGVVPMPDPRLDQLAAIINPQRVVPTTMEFVDIA
GLVAGASKGEGLGNQFLANIRETEAIGHVVRCFDDENIIHVAGKVSPADDIEVINTELALSDLDACERAIHRQSK
RAKGGDKDAKLEVETLEKIKVALENGOMIRGMKLDKEELAAVSHLNFLTLKPTMYIANVAEDGFENNPYLDKV
REIAAAENAVVVVVCCAIEADIAELDDEDRAEFMADLGIEEPGLNRVIRSGYQLLNLQTYFTAGVKEVRAWTIP

VGATAPQAAGKIHTDFEKGFIRAQTIAFEDFINYKGEQGAKEAGKMRAEGKDYIVKDGDIMNFLFNV

Figure 1. Hypothetical protein amino acid sequence in FASTA format.

Table 1. Physical and chemical profile of PXV57966.1 protein

Property Value
Number of amino acids 363
Molecular weight 39473.11
Theoretical Pl 4.81
Total number of negatively charged residues 56
Total number of positively charged residues 38
Ext. Coefficient 14815
Instability index 27.61
Aliphatic index 94.10
Grand average of hydropathicity (GRAVY) -0.075

Table 2. The BLASTp screening results reveal homologous E2102 sequences in comparison with various distinct counterparts

Protein ID Protein Organism Identity Similarity Score E-value
WP_244776409.1 redox-regulated ATPase YchF Aeromonas veronii 99.72% 100% 739 0.0
MFM5578876.1 redox-regulated ATPase YchF Aeromonas veronii 99.45% 100% 739 0.0
MFM5433166.1 redox-regulated ATPase YchF Aeromonas veronii 99.17% 100% 736 0.0
WP_033137132.1 redox-regulated ATPase YchF Aeromonas finlandensis 99.17% 100% 735 0.0
WP_219271086.1 redox-regulated ATPase YchF Aeromonas jandaei 99.45% 100% 735 0.0
WP_040098811.1 redox-regulated ATPase YchF Aeromonas australiensis 99.17% 100% 735 0.0
WP_411662536.1 redox-regulated ATPase YchF Aeromonas enteropelogenes 99.17% 100% 734 0.0
WP_411625073.1 redox-regulated ATPase YchF Aeromonas allosaccharophila 98.90% 100% 734 0.0
WP_336288886.1 redox-regulated ATPase YchF Aeromonas dhakensis 98.07% 100% 727 0.0
WP_042011576.1 redox-regulated ATPase YchF Aeromonas fluvialis 97.80% 100% 727 0.0
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cytoplasm, no results were obtained from TMHMM,
HMMTOP, and SignalP servers. Predicting membrane
proteins is crucial for understanding potential drug
targets and designing effective therapeutic compounds
(Mou et al., 2021).

Domain Identification and Gene Ontology Prediction

We determined the domain of the Hypothetical
protein, that represents fundamental, useful, and
genetic components of a molecule, thereby offering
insight into its functional role. In our study, the protein
sequence PXV57966.1 belongs to the Ribosome-binding
ATPase YchF. Moreover, the Ribosome-binding ATPase

YchF domain is essential for ribosome biogenesis and
translational control, ensuring proper ribosome
assembly and regulating protein synthesis. Its ATPase
activity aids ribosomal function, supporting cellular
homeostasis and stress adaptation by modulating
translation (Landwehr et al., 2022). Furthermore, Gene
Ontology (GO) plays a crucial role in understanding
protein function by categorizing genes and their
products based on biological processes, molecular
functions, and cellular components. Gene ontology was
used to examine and categorize the functional aspects
of the biological process ontology (Table 3), molecular
function ontology (Table 4), and cellular component
ontology (Table 5).

SOPMA
Alpha helix (Hh) : 178 is 49.04%
3,p helix (Gg) : @ is ©.00%
Pi helix (Ii) : @ is ©.00%
Beta bridge (Bb) @ is ©.00%
Extended strand (Ee) 59 is 16.25%
Beta turn (Tt) @ is ©0.00%
Bend region (52) @ is ©0.00%
Random coil (Co) 126 is 34.71%
Ambiguous states (?) : ® is ©0.00%
Other states : @ is ©.00%
Figure 2. SOPMA analysis results for secondary structure elements.
Table 3. Biological process ontology
GO ID GO Term
G0:0055114 oxidation-reduction process
G0:0090502 RNA phosphodiester bond hydrolysis, endonucleolytic
G0:0006414 translational elongation

Table 4. Molecular function ontology

GO ID GO Term
G0:0043023 ribosomal large subunit binding
G0:0016887 ATPase activity
G0:0043022 ribosome binding
G0:0005525 GTP binding
G0:0000166 nucleotide binding
G0:0005524 ATP binding
G0:0016787 hydrolase activity
G0:0016491 oxidoreductase activity
G0:0003676 nucleotide binding

Table 5. Component of the cell ontology

GO ID GO Term
G0:0005737 cytoplasm
G0:0044444 cytoplasmic part
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Study of Protein-Protein Relationships

In our study, PXV57966.1 interacts with peptidyl-
tRNA hydrolase with a high confidence score of 0.957.
Moreover, peptidyl-tRNA hydrolase is essential for
maintaining efficient and accurate protein synthesis. It
resolves stalled ribosomes by removing incomplete
polypeptides attached to tRNA, preventing toxic
accumulation and ensuring the proper functioning of
the translation machinery. The protein-protein
interaction of the hypothetical protein is illustrated in
Figure 3.

Determination of Homology

To create a remote homolog model, HHpred was
utilized. The HHpred result (Figure 4), new similar
sequence to the E2102 protein was identified, including
GTP-binding protein, YchF protein, GTPase family
protein, YchF GTP-binding protein, Ferrous iron
transport protein B, hydrogenase expression/formation
protein. A homology-derived model was generated from
HHpred at the Modeler server using 7Y9l (a known
structure from PDB) as the template. The reliability of
the model was evaluated using the VERIFY3D and ProSA-
web server tools. The overall quality factor determined
by ERRAT was 97.27%. Additionally, two reference lines
are displayed on the error graph to indicate the
confidence thresholds beyond which regions can be
considered unreliable. The percentage represents the
portion of the protein with an estimated error value
below the 95% rejection limit. High-resolution protein
structures generally show values around 95% or higher,

whereas those with lower resolution (between 2.5 and
3 A) usually yield values close to 91% (Figure 5).
Furthermore, the ProSA-web server is employed to
evaluate the confirmation efficiency and identify
possible errors in a fundamental tertiary structure
model. The final E2102 protein model was validated
with a Z-score of -8.04, indicating that the model is
significant (Figure 6). The 7Y9I template model was
visualized using ChimeraX 1.9 (Figure 7).

Conclusion

The analysis indicated that the Ribosome-binding
ATPase YchF domain is an essential to pharmaceutical
goal due to its ability to bind to ribosomal subunits. It
was also discovered that E2102 is a soluble protein with
a single exposed domain. The presence and distribution
of E2102 domains across a wide variety of bacteria and
diseases suggest the potential for developing new
antibacterial drugs. Ongoing studies aim to identify the
active site region of the modeled protein, with protein-
ligand docking analyses being carried out to determine
the specific amino acid residues involved in ligand
binding.

Ethical Statement

The authors confirm that no animal experiments
were carried out as part of this research.

Funding Information

No external funding was provided for this study.

Figure 3. Protein interaction analysis of hypothetical analysis using the String database, represented as ychF.
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Figure 4. HHpred output displaying probable similarities with PXV57966.1.
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Figure 5. ERRAT evaluates the accuracy of the model.
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Figure 6. The model quality obtained by the ProSA-web server.

Figure 7. Visualization of the 7Y9I template model.
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