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ABSTRACT

In a variety of industries, including biotechnology and medicine, bioinformatics is
extremely important. It offers an extensive range of uses in the structural and
sequencing analysis of biological data. Each application has distinct functions in data
interpretation, as database search sequence and alignment are essential tools that are
prerequisites for more advanced applications like modelling, epitope predictions, and
molecular docking. Genome annotation is thought to be the key to decoding the
meaningless sequence data and providing crucial details about the protein-coding genes
and genomic characteristics. Additionally, comparative modelling, fold modelling, and
ab initio modelling are the three main approaches to protein modelling, which is
fundamental for various proteomics applications. Epitopes prediction for B cells and T
cells using MHC I and MHCII is another significant use. This may aid in the development
of novel vaccine candidates for the prevention and management of infectious illnesses.
Software can virtually dock the created 3D model or predicted epitopes with ligand to
construct a new medicine or vaccination quickly and affordably. Using bioinformatics
tools in diagnosis and control of brucellosis has a promising vision to eliminate the
disease.

Keywords: Brucellosis, Comparative analysis, Epitopes Prediction, Molecular docking,
Protein Modelling.

INTRODUCTION

Recently in the era of bioinformatics and
next generation sequencing (NGS); it has
become easy to collect and analysis large
amount of biological data from various
species (Hernandez-Dominguez et al.,
2019). It includes many disciplines:
genomic, proteomic, transcriptomic, and
metabolomic that permitted predictions on
different levels such as regulation of genes
expression, structure, transcription and
translation, and mechanisms of action or

pathway of proteins. Also it can compute
homology, diversion and mutations, as well
as evolution relationship that responsible
for structure and function alterations all
over the time (Oliver et al., 2015). There
are numerous applications in bioinformatics
on sequence and structural analysis for
biological data. In sequence analysis,
database search tools, pairwise and multiple
sequence alignments (MSA), phylogenetic
analysis, genome assembly, genome
annotation and comparative genome
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analysis are considered fundamental tasks.
Likewise, in structure analysis, the main
significant tasks are three-dimensional (3D)
structures prediction of proteins, epitopes
prediction, molecular  docking and
dynamics simulation (Parthasarathy, 2015).
In this review we will discuss some
definitions, approaches and applications in
bioinformatics that help in handling
genomics and proteomics data as well as
emphasized these applications on brucella
pathogen.

Genomic Sequence Analysis

Sequence Database Search, Pairwise and
Multiple Sequence Alignment (MSA)
Sequence databases search algorithms must
fulfill three features: specificity, sensitivity,
and speed. The specificity is the facility to
ignore incorrect hits (false positives), the
sensitivity has the power to catch several
correct hits as possible (true positives),
while the speed is the time it takes to search
out results from databases (Hauser et al.,
2013).The most important  heuristic
databases search tools are BLAST and
FASTA. These algorithms are not ensured
to discover all the homologous sequences,
but they are 50 —100 times quicker than the
dynamic programming techniques (Berger et
al., 2021).

Alignment is essential for comparing and
discovering the evolutionary process of
sequences for organisms. The residues that
preserved during the evolutionary process
known as “conserved regions” are key
structure and have functional roles, while the
other residues that mutate frequently are less
vital for structure and function (Slodkowicz
and Goldman, 2020). DNA and amino acid
(aa)sequences comparison with one another

to find the identical percent or similarity
degree between them is an important step
conducted via pairwise sequence alignment
(Bayat et al., 2019).

A natural addition of pairwise alignment
ismultiple sequence alignment(MSA) that
aligns multiple associated sequences to
obtain the best matching among these
sequences. MSA has the advantage of
disclosing more biological information than
various  pairwise alignments.  Many
conserved amino acids can be recognized in
MSA of proteins. It is also an important
requirement to make a phylogenetic
analysis of sequence families and prediction
of secondary and 3D structures of proteins
(Bawono et al., 2017). CLUSTALW server
is MSA tool that widely used with default
and editable options (Chenna, 2003). The
method used in this server is based on
firstly, originating a phylogenetic tree from
a matrix score that obtained through a quick
pairwise alignment algorithm. Secondly, the
multiple alignment is completed from a
groups of pairwise alignments for
sequences clustering, followed by order the
branches in the tree (Sofi et al., 2022).

Genome Assembly and Annotation

Genome assembly is a process of producing
sequences  after  fragmentation  of
chromosomes and the gained sequences are
collected. According to the sequencing
technology used, the obtained reads have
different size range from 20 and 30,000
bases (Zhang et al., 2022). De novo
assemblers can assemble short reads like
that produced from Illumina (50-200bp)
into longer contigs followed by scaffolds
without using a reference genome (Vaser et
al., 2017).
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Figure (1): Roadmap of common genome assembly steps (Lantz et al., 2018).

For biologists, rawdata of genomic
sequence is without profound value. For
that reason, genome annotation s
considered the decipher for those
meaningless sequences (Ejigu and Jung,
2020). It includes characterizing the most
biological significant features in the
genomic sequence, and the greatest
attention is directed for identifying protein
coding genes. The approach of detecting
the correct structure and location of the
protein coding genes is called gene
prediction. In general, genes prediction has
three major methods: ab initio or intrinsic,
extrinsic as well as the combiners (Mishra
et al, 2019). The intrinsic method
concentrate on data that can be gotten from
the genome sequence like the splice site
prediction and coding potential, while the
extrinsic approach employs resemblance to
other types of sequence (RNA or amino
acid) as amaterial(Lantz et al., 2018).

Comparative Genomics Analysis

Comparative genomics is an extensive
branch of bioinformatics. It studies
variations between genomes and decide
which one of them is reliable for
phenotypical alterations in species (Hu et
al., 2011). Comparing to conventional
genomics research that emphasis on one

genome in study, the comparative genomics
gives much supplementary detailed
information than that from one analyzed
genome (Edwards and Holt, 2013).
Additionally, it allows a good interpretation
of how species have evolved (Karthik et al.,
2021). In this context, pangenome refers to
all genes that are found in the analyzed
dataset in contrast to core genome is the
genes conserved by all analyzed organisms
as well as accessory genome is the
collection of genes that are exist in 2 or
more genomes but not all (Tettelin et al.,
2008).

Proteomic Sequence Alighment

Protein Modeling

Establishing three-dimensional structure of
proteins is essential to create new proteins
and medications. Nowadays, most of the
protein structures are obtained through
nuclear magnetic resonance (NMR)
spectroscopy, X-ray crystallography, or
cryo-EM methods, although the high cost
and longtime it requires (Cheung and Yu,
2018). The atomic structure of proteins has
been modelled through comparison with
identified protein structures “templates”. If
the target protein displayed a homology
with an existing structure, the modelling
become simpler and given model with high
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resolution, unless that the homology
present, the modeling is created from
beginning (Lee et al., 2017). Ab initio
modeling is dependent on protein assembly
with short peptide fragments (less than 100
aa) (Cheung and Yu, 2018).

The 3D protein structure has provided
information at the molecular level,
properties, functions, mechanism, design
and development ligands, and interaction
macro-molecules with proteins (Kuhlman
and Bradley, 2019). Proteins are classified
at various hierarchical levels such as super
family, family, as well as folding structure.

All proteins that are grouped into the same
family have a high similarity percent. It is
recommended that the different families
which preserve functions and structure
show shared ancestor as well as they
clustered into super families. The variance
occurred because of the secondary structure
or folds that having (Kelm et al., 2014).

Protein structure prediction are categorized
into three main lines: comparative
modeling (homology), fold recognition
(threading) and de novo or ab initio
prediction for a given target protein with an
unknown structure (Roy and Zhang, 2012).

| Targel protin sequenaa |

|

| Template library search l

Pnithal mvoddels oy
arly fndtia madleling

Template available?

Initial maodels from
Lraget-temipslate alignment

l

Fill unaligned regions
by b initéo modelling

—"I Structural assemibly simulations |——‘

l

I Fiodel avaluation and selection |

Fimal full-bength at@

Figure(2): A workflow for the commonly used protein modelling approach (Roy and Zhang,

2012).

Comparative Modeling

Comparative modeling (CM) also named
“homology”, produces information about
many numbers of proteins structural. One
of the requisites for building a model is the
presence of one template at least has
significant similarity of aa sequence against
the target sequence (Haddad et al., 2020).
The main steps mandatory to build a
homology-based model summarized (1)
searching for the template; (2) alignment
between target sequence and template; (3)
alignment results help in designing the
model; 4) modeling assessment

(Muhammed and Aki-Yalcin, 2019).

Root-Mean-Square Deviation (RMSD) is
used to model evaluation. It measures the
mean distance between the corresponding
atoms in  two  structures  after
superimposing. When the target proteins
have templates with identity less than 50%
are public in the protein data bank (PDB),
the homologous templates are identified
easily during the alignment step. The
accuracy of the backbone models created
using the CM approach is up to 1-2 A°
RMSD from the original configuration
(Kufareva and Abagyan, 2011). On the
other hand, the alignment
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accuracy decreases for target proteins with
templates whose identity varies between 30
and 50%, although the models contain 85%
of their conserved elements with RMSD of
2 to 4 A’ from the natural structure, with
some errors occurring often in the loop
areas. Nevertheless, when the identity falls
under 30%, the accuracy of modelling by
CM sharply declines due to alignment
errors and absence of important template
hits. For these modelling steps, structural
biology knowledge and specialized
computer tools are necessary (Trindade
Maia et al., 2021).

Protein Threading (Fold Recognition)
Threading (fold recognition) indicates
identifying templates for target protein in
the PDB with fold or motif similarity.
Folding approaches are effective and
extensively used due to there are few
number of protein folds in native structure
because of evolution and also due to
limited imposed with the physics and
chemistry of polypeptide chains, that verify
the resulting protein structure by this
technique (Outeiral et al., 2022). Fold
recognition is applied by the following
steps: (1) Template building. (2) Evaluate
the quality of  sequences-template
alignment by designing of scoring function
“the lowest value of the scoring function
relates to the optimal alignment”. (3)
Optimizing the scoring function to attain
the best alignment. (4) Choosing the best
template for the target sequence “fold
recognition or template selection”. (5)
Building the 3D structure for the target
protein concentrate on the alignment
(Kumar et al., 2012).

De Novo Or Ab Initio Modeling

Also, is identified as free modelling. In
case of lacking templates from the PDB,
the models demand to be created from
scratch. It is regarded as the type of protein
structure prediction that is the most
complicated. The modulation phase space
of sampling rises as protein size increases,
making the Ab initio modelling of larger
proteins particularly challenging.
Understanding the physicochemical theory
of how proteins folding in nature is one of
its benefits (Kong et al., 2020). At present,
Ab initio modeling's precision is poor, and
it can only be used for tiny proteins. Less
than 100 aa until one decade ago. With the
advances in pipelines, trRosetta, I-TASSER
and QUARK servers generate correct folds
for targets with lengths above 100 aa in
CASP 11 (Zhang et al., 2016).

General to all Ab Initio approaches that: (1)
Protein  representation and  protein
conformation space in that representation
suitably. 2 Energy functions
corresponding to the protein representation.
(3) Effective and trustworthy algorithms to
explore the conformational space to reduce
the  energy  function, and  these
conformations are guided to be the
structures that the protein is approved at
native conditions. The quality of the
models is still low and it is challenging to
specify which parts of which model are
correct. Also, the Ab-initio methods are
quite challenging to use and need expertise
to explain the results into biologically
meaningful predictions (Pearce and Zhang,
2021).
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Table (1): List of Tools for predicting protein structure that are freely available (Roy and Zhang,

2012).
Name Web address Methods“
On-line protein structure prediction servers
[-TASSER http://zhanglab.ccmb.med.umich.edu/I-TASSER/ TBM +FM
Robetta http://robetta.bakerlab.org/ FM
ModWeb https://modbase.compbio.ucsf.edu/scgi/modweb.cgi TBM
SwissModel http://swissmodel.expasy.org/ TBM
HHpred http://hhpred.tuebingen.mpg.de/hhpred TBM
chunk-TASSER http://cssb.biology.gatech.edu/skolnick/webservice/chunk- TBM +FM

TASSER /index.html

QUARK http://zhanglab.ccmb.med.umich.edu/QUARK/ FM
Phyre http://www.sbg.bio.ic.ac.uk/phyre2/html/page.cgi?id =index TBM
SAM-TO08 http://compbio.soe.ucsc.edu/SAM_TO08/T08-query.html TBM
3D-Jury http://meta.bioinfo.pl TBM (meta—server)
LOMETS http://zhanglab.ccmb.med.umich.edu/LOMETS/ TBM (meta—server)
PSIpred http://bioinf.cs.ucl.ac.uk/psipred/ TBM +SS
Freely downloadable software for protein structure prediction
Modeller http://salilab.org/modeller/ TBM
[-TASSER http://zhanglab.ccmb.med.umich.edu/I-TASSER /download/ TBM +FM
Rosetta http://www.rosettacommons.org/software/ FM
HHsearch ftp://toolkit.Imb.uni-muenchen.de/HHsearch/ TBM
Scwrl4 http://dunbrack.fccc.edu/scwrld/ SC

“TBM, template-based modelling; FM, free modelling; SS, secondary structure prediction; SC, Side-chain structure modelling.

Epitopes Prediction

Immunoinformatics is a discipline that
assists  in  establishing  considerable
information of immunity via bioinformatics
software as well as servers. From its main
significant applications is prediction a
collection of specific B and T cells epitopes
via MHC class | and Il (Tarrahimofrad et
al., 2022). Compared to laboratory tests,
this procedure is less expensive and time-
consuming. With that method,
immunogenic regions from the genomes of
pathogens can be chosen. The optimal
locations could be created as possible
vaccination candidates to stimulate the
hosts' protective immune responses (Raoufi
et al., 2020). B cell epitopes can be either
linear  (continuous) or  conformational

(discontinuous). The target protein's amino
acid sequence is used as an epitope in linear
epitopes, and there are various criteria to
choose the best epitope (Sharon et al.,
2014). X-ray crystallographic and NMR
procedures are the two practices for
verifying the count of B cell epitopes which
are time-consuming and very expensive.
These days, epitopes prediction of B cell
becomes more accurate. Most antigenic
epitopes are 3D structures made up of
several protein parts rather than linear
amino acid sequences. As a result, their
bioinformatics modelling is necessary for
the proper creation of antigenic regions
when predicting the B cell epitopes
(Potocnakova et al., 2016).
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Table (2): Prediction of B-cell epitopes are using different servers.

Server Link Type of prediction
ABCPred http://www.imtech.res.in/raghava/abcpred/ continuous
BepiPred http://www.cbs.dtu.dk/services/BepiPred/ continuous
Bcepred http://www.imtech.res.in/raghava/bcepred/ continuous
BEST http://biomine.ece.ualberta.ca/BEST/ continuous
MIMOX http://immunet.cn/mimox/ discontinuous
EpiSearch http://curie.utmb.edu/episearch.html discontinuous
Discotope http://www.cbs.dtu.dk/services/DiscoTope/ discontinuous
SEPPA http://lifecenter.sgst.cn/seppa/index.php discontinuous
MimoPro http://informatics.nenu.edu.cn/MimoPro discontinuous
BEPro http://pepito.proteomics.ics.uci.edu/ discontinuous
(PEPITO)
Pep-3D-Search | http://kyc.nenu.edu.cn/Pep3DSearch discontinuous
ElliPro http://tools.immuneepitope.org/tools/ElliPro/iedb_input | continuous and
discontinuous
PepSurf http://pepitope.tau.ac.il Continuous and
discontinuous
Epitopia http://epitopia.tau.ac.il/ continuous and
discontinuous

Molecular Docking

Virtual Screening In Structure-Based
Drug Discovery (SBDD)

Without knowing in advance, the chemical
composition of other target modulators,
molecular docking promotes the discovery
of  novel therapeutically  relevant
compounds and the molecular prediction
of ligand-target interactions. Furthermore,
Understanding how small and large
molecules recognize one another is helpful
(Pinzi and Rastelli, 2019).

In fact, in silico methods today use virtual
screening for millions of molecules in a
short amount of time, lowering the initial
expenses of hit detection and increasing
chances of discovering the desired drug
candidates. Presently, structure-based and
ligand-based methods have two categories
into which various molecular docking
methods for drug discovery activities are
divided (Cheng et al., 2012). Structure-
based drug discovery (SBDD) begins with
modelling the 3D structure of the target
protein. Finding ligand receptors on targets
in biology is becoming more and more
crucial. Following receptor and library

setup, every molecule in the library is
virtually docked into binding receptor of
the target via a docking software (Yu and
Mackerell, 2017).

By identifying the conformational space of
the ligands within the binding position of
the candidate protein, docking attempts to
anticipate the structure of the ligand
protein interaction. The energy binding
between the ligand and the protein for each
docking pose is then roughly calculated
using a scoring algorithm. Chemical
diversity, binding scores, lead-likeness,
and the validity of the produced pose,
metabolic liabilities, unwanted chemical
moieties, and score-producing ranked
compounds are all calculated after docking
and ranking the compounds. Further
processing results of the selected
compounds are exposed to experimental
trials (Nitulescu et al., 2023).

Protein Preparation For SBVS

The target protein's and the ligand's
designed architectures determine whether
SBVS will be successful. Only heavy
atoms compose a traditional PDB structure
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file, which may also contain water
molecules, ligands, cofactors, metal ions,
activating agents, and different protein
subunits (Lionta et al., 2014). The overall
steps for protein preparation involve;
firstly, determining the protonation
conditions of the aa in the target protein
via  accessible  software.  Secondly,
assigning and optimizing hydrogen atoms
and bonds in protein. Finally, To reduce
steric conflicts, the protein structure is
minimized, partial charges are assigned,
residues are capped, metals are treated,
lacking loops and side chains are filled in,
and metals are treated (Madhavi Sastry et
al., 2013).

Compound Dataset Preparation

The next important stage in the
development of the SBVS is the
generation of compound  datasets.
Databases for SBVS contain drug-like
small molecules such as ZINC database
and Drug Bank database, often free or
purchase available or even synthesis, that
have  desirable  characteristics like
solubility and stability, presence of proper
functional sets to cooperate with targets
and lack of toxic and unwanted
moiety(Maia et al., 2020). The molecular
weight (MW) of drug-like compounds
should be less than 500, the lipophilicity
(logP) value should be less than 5, and
there should be less than five and ten
hydrogen bond donors and acceptors,
respectively. It should be emphasized that
most commercial substances identified in
chemical libraries are more hydrophobic
and have higher molecular weights than
orally accessible medications (Roskoski,
2023).

Bioinformatics _ Applications _ Applied _in
Brucellosis.

Brucellosis is one from the top listed
zoonotic infectious diseases that cause
huge economic losses all over the world
(Mousa et al., 2022). Brucella is immune
evasion organism that escape from the
immune system and has the ability to
intracellular replication and survival in the

host cells (Elrashedy et al., 2022). The
application of protein modelling and
molecular docking were used in Brucella.
The BvrR/BvrR system is associated with
genes responsible for virulence factors,
membrane transport and metabolism. In
study conducted by Ramirez-Gonzélez et
al., they performed 3D structure prediction
of BvrR protein using I-TASSER server,
one of the best servers in 3D stuructre
prediction according to CASP15, and
knew the mechanism of interaction
between BvrR protein and DNA through

molecular  docking and  molecular
dynamics  simulation  (MD)(Ramirez-
Gonzalez et al., 2019).

Moreover, Proteomic  annotation is

employed on B. suis to decode the
sequence, discover new proteins can be
used as a drug candidate. It displayed
different features including exclusive
metabolic  pathway, essential,  non-
homologous, virulence, drug like and
resistance  proteins.  Through this
information and previous prior art, they
selected isocitratelyase as a powerful drug
candidate and collected around 18,000
Zinc compound for docking virtually, then
they selected few compounds from the
ranked dataset and examine them for the
absorption, distribution, metabolism, and
excretion (ADMET) properties (Khan et
al., 2022).

Although the obstacles of S19 and RB51
vaccines strains in B. abortus and REV1
vaccine in B. melitensis, they are widely
used, also there is no recombinant vaccine
used against more than one species
(Heidary et al., 2022). Therefore, it is vital
to design new candidate vaccine that
trigger the immune response with the
advanced bioinformatics tools.
Comparative genomic analysis between
the isolated field strains and vaccine
strains of Brucella gives new insights on
the level of the genome feature to detect
the evolutionary relationship between
these strains and discover new target
vaccine candidates (Wang et al., 2020,
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2022). They reveled that OMP2b protein
c;arified three epitopes forB cell, three
epitopes for CD4+ T cell, and five CD8+
T cell epitopes, P39 protein recognized
three epitopes for linear B cell, two

epitopes for CD4+ T cell and two epitopes
for CD8+ T cell, and BLS protein detect
one B cell epitope, two CD4+ T cell
epitopes and one CD8+ T cell epitope (Sha
et al., 2020).
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Table (3): Prediction of T-cell epitopes are using different servers.

Server Link Predictive
for method
nHLAPred http://www.imtech.res.in/raghava/nhlapred | MHC | Artificial Neural
/ Networks
EpiJen http://www.ddgpharmfac.net/epijen/EpiJe | MHC | Multi-step algorithm
n/EpiJen.htm
NetCTL http://www.cbs.dtu.dk/services/NetCTL MHC | ANN-regression
NetMHC http://www.cbs.dtu.dk/services/NetMHC/ | MHC | ANN based method
KISS http://cbio.ensmp.fr/Kiss/ MHC | SVM based method
BIMAS http://www- MHC | Published coefficient
bimas.cit.nih.gov/molbio/hla_bind/ tables
MMBPred http://www.imtech.res.in/raghava/mmbpre | MHC | Quantitative matrix
d/
PREDEP http://margalit.huji.ac.il/Teppred/mhc- MHC | Published coefficient
bind/index.html tables
ANNPRED http://www.imtech.res.in/raghava/nhlapred | MHC | ANN-regression
/neural.html
ProPred | http://www.imtech.res.in/raghava/propred | MHC | Quantitative matrix
1/
ProPred http://www.imtech.res.in/raghava/propred/ | MHC 11 Quantitative matrix
IMTECH http://www.imtech.res.in/raghava/mhc MHC Il Quantitative matrix
MHC2Pred http://www.imtech.res.in/raghava/mhc2pre | MHC Il SVM-based method
d/
IMTECH http://www.imtech.res.in/raghava/mhc MHC Il Quantitative matrix
IEDB https://www.iedb.org/ MHC | and | ANN and SMM method
]
SVRMHC http://svrmhc.biolead.org/ MHC | and | SVM-based method
]
SYFPEITHI http://www.syfpeithi.de/bin/MHCServer.d | MHC | and | Published motifs
[l/EpitopePrediction.htm I
SVMHC http://abi.inf.uni- MHC | and | SVM-based method
tuebingen.de/Services/SVMHC I
MHCPred http://www.ddg- MHC | and | Additive method
pharmfac.net/mhcpred/MHCPred/ I
EpiVax http://www.epivax.com/ MHC | and | Epimatrix algorithm
I
RANKPEP http://bio.dfci.harvard.edu/RANKPEP/ MHC | and | PSSM
I
SVM: support vector machine, ANN: artificial neural networks, PSSM: position-specific scoring
matrix.
many applications on sequence and structural
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search sequence and alignment are the
fundamental tools that prerequisite for further
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applications such as modelling, epitope
predictions and molecular docking. Genome
annotation is considered the decipher to
understand the meaningless information of
sequences and give valuable information of
the protein coding genes and genomic
features. Moreover, protein modelling is
cornerstone for other proteomics applications,
and it has three different approaches:
comparative modelling, fold modelling and Ab
initio modelling. Another one important
application is epitopes prediction for B cells
and T cells through MHC I and MHCII. This
can help for generate new candidate vaccine
for preventing and controlling infectious
diseases. The produced 3D model or the
predicted epitopes can be docked virtually
with ligand by software to design new drug or
vaccine with low cost and short time. In last
years, there were great attention to use these
applications (comparative genomic analysis,
annotation, protein  modelling, epitopes
prediction, and molecular docking) in
diagnosis and control of brucellosis.
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