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ABSTRACT

Genetic variants allowing amino acid substitutions in proteins are termed nonsynonymous single-nucleotide
polymorphisms (nsSNPs). It is possible for nsSNPs to have a large impact on human health due to their effect on
protein structure and function. In the same way, polymorphisms in genes that encode drug targets play a profound
role in drug response, either by directly affecting drug target function or by interfering with drug-target
interaction. Pharmacogenomics explains how polymorphisms can have a significant impact on drug response,
including the ability to produce potentially fatal adverse outcomes as well as equally severe lacks of therapeutic
responses. During this review, deleterious nsSNPs are discussed both at the Protein structure and function are
determined by a number of factors, including their effects on protein-protein interactions. Structure and properties
of amino acids based on physicochemical properties are also used in order to predict how nsSNPs will affect
function. Additionally, Pharmacogenomics in silico, which provides understanding of the phenotypic
characteristics of diseases and individuals susceptibilities, is discussed. Using Our knowledge of these factors will
soon allow us to determine the most effective treatment and drug therapy. In conclusion, this essay discusses how
in silico approaches can be used to assess and develop drugs that are safe and effective.

KEYWORDS: Drug responses, drug-target proteins,
polymorphisms, personalized medicine.
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INTRODUCTION

In principle, pharmacogenomics offers A complete
human genome sequence and a growing understanding of
genetic polymorphisms have resulted in personalized
medicines with reduced side effects.”? ADRs result in
thousands of avoidable deaths every year due to Millions
of people have experienced severe adverse reactions in
their lives.®! It takes a long time and great effort to
discover drugs, however, for a variety of reasons. One of
these reasons is the individual's different reaction to
drugs and unpredictable side effects.**! Polymedication
can result in dangerous drug interactions or adverse drug
reactions (most commonly in geriatric patients) for
certain psychiatric disorders, cardiopulmonary diseases,
and cancer.*®! At present, it is not possible to predict
how a medication will affect a particular individual. In
drug-metabolizing enzymes and transporters, genetic
polymorphisms can affect drug absorption, distribution,
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metabolism, elimination, and toxicity. By doing so,
patients are more likely to be susceptible to treatment
and have adverse reactions if drugs are administered.?*®
The study of pharmacogenomics reveals, an
understanding of how genetic polymorphisms are
associated with medication response to custom-tailor
drugs and therapies to match each person's genetic
response to medications.”® Pharmacogenomics can
improve drug efficacy in several ways, including
discovering new drug targets, overcoming drug
resistance, and optimizing ADMET.*®

To increase Oral bioavailability, efficacy, and potency of
drugs, methods are used to identify hits, optimize them,
and improve their affinity, selectivity, Stability, efficacy,
and potency. The process of drug development begins As
soon as a compound is identified that meets these
requirements. The federal government approves the
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marketing of products after performing molecular testing
and animal trials. A poor ADMET profile is responsible
for the failure of many new chemical entities during drug
development. Computational advances have made it
possible to predict ADMET properties concurrently with
or before experiments, allowing large numbers of
compounds to be evaluated before synthesized and
analyzed.

About one in 1650 base pairs in the human genome is a
single-nucleotide ~ polymorphism  (SNP),  which
constitutes the most common genetic variant. SNPs play
a significant role in many diseases, so the identification
of these genes and the understanding of how they relate
to pathologic conditions will shed light on disease
susceptibility and make targeted treatments more
effective.

Non-synonymous SNPs (nsSNPs) are the most
identifiable type of SNP, which affects the amino-acid
sequence of the protein containing their SNP. A small
percentage (0.1%) of these SNPs occur within coding
regions of genes. Inheritance of susceptibility to disease
is likely to be influenced by nonsynonymous SNPs that
alter protein structure and function. DNA samples from
general populations and the HapMap project have been
used to identify most nsSNPs, which have been shown to
affect disease and drug interaction.

Half of all genetic changes associated with human
diseases are caused by nsSNPs. In light of the phenotypic
consequences of these polymorphisms, they are
considered deleterious nsSNPs. It is important to note
that not all nsSNPs are linked to disease. A major
challenge in medical genetics is to identify the
phenotypes associated with nsSNPs, which are known as
tolerant nsSNPs.'*'2%1 One of the most important
problems today is to determine whether nsSNPs are
disease-related. By distinguishing deleterious and
tolerant nsSNPs, disease susceptibility can be assessed,
as well as a genetic basis for human disease and
pathogenesis.

Functional binding sites are often altered by nsSNPs
because they disrupt protein structure and stability.
Drug-receptor or drug-enzyme interactions may be
affected by structural changes in receptors or active
target enzyme sites. It is known that genetic variations in
the genes encoding enzymes and transporters involved in
drug metabolism can affect the ADMET profile of the
drug, resulting in an increased amount of unmetabolized
drugs located near the metabolic pathway. Among
nsSNPs, some are located in voids or pockets (type P)™**
18] some are on convex surfaces (type S), and some are
completely buried in protein structures (type 1). In
general, pathogenic nsSNPs are usually type P, while
type | ones are rarely found. A number of studies have
shown that 70% of disease-associated NnsSNPs are
associated with highly conserved residues within
proteins. By considering physical differences in amino
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acid exchanges, evolution, and structural features, they
are able to affect Functional, structural, and folding
properties of proteins. /9141924

An nsSNP with deleterious function needs to be
identified. Identifying a single nsSNP is not sufficient to
identify a disease or drug response connected to a target
protein. In genome—phenotype analyses, groupings of
genetic variants are particularly useful since they share a
linkage disequilibrium. To identify loci in linkage
disequilibrium across the entire genome, in silico
methodologies are developed by integrating sets of
nsSNPs. Using these approaches, we are more likely to
identify polymorphisms of drug targets, enzymes that
metabolize drugs, transporters for drugs, and genes that
affect drug response, as well as genes and pathways that
contribute  to  chronic  disease  etiology and
pathogenesis.t’2325-29

nsSNP can influence protein function

There are many ways in which nsSNPs affect cellular
functions. It is true that nsSNPs can affect the function of
proteins by altering their stability, protein-protein
interactions, and other features as described below.

Active-site characteristics

A protein's ability to perform its function may be
compromised if an amino acid in its active-site region is
altered, thus leading to a disease phenotype. Catalytic
residues can be critical sites, as can residues involved in
binding ligands or interacting with partner molecules.
These cases can be caused by loss of function or gain of
function, altered binding specificities, or altered affinity
of proteins, while the protein's stability remains
unchanged. The biochemistry will, however, be affected
by an alteration in the conformation of the active sites. A
nsSNP may alter the characteristics of catalytic groups
even if it occurs close to the active site.F°*%

While Adapting a biochemical reaction is not the same as
cancelling it, but altering its kinetics and physiological
environment is the same thing of the cell (pH,
temperature), leading to protein malfunctions. The
Snyder-Robinson syndrome (SRS) is caused by three
missense mutations in the spermine synthase gene
(SMS), which encodes a dimeric protein (G56S, V132G,
1150T). It is at position G56 that a dimer binding
interface is located, at position V132 it is located, and at
position 1150 it is more distant from the dimer interface.
There is almost no doubt that SRS results from mutations
at site 1150, even if there is no direct effect of its binding.
There are mutations that can cause disease at site V132,
or mutations that can be harmless. The hydrogen-bond
effect and monomer stability are quite tolerable at site
G56. It is expected that such mutations will cause disease
since the SMS depends on dimer formation for its
function.®*34
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Accessibility of solvents

In several studies, nsSNPs that disrupt protein
hydrophobic cores have been shown to affect protein
function. It is important for protein stability that
conserved residues are maintained hydrophobically with
other residues in a protein core. If the original and

mutated residues differ in wvolume, mass, and
hydrophobicity, the nsSNP is more likely to be
deleterious. This may cause protein aggregation,

resulting in deleterious phenotypes, if a hydrophobic
residue is introduced. Core hydrogen bonds are formed
by hydrogen side-chains protein, a hydrophilic residue
will destabilize folding processes. A specific nsSSNP may
have an impact on protein solubility, or change
interactions with other molecules, there are different
solvents or interfaces that can be used to interact with
proteins (proteins with other proteins or proteins with
DNA). A potential change to nsSNPs in highly
conserved or charged surface patches should therefore be
considered from a biological perspective. A nsSNP effect
can then be modified by drug binding in cases like
these.*1%?1 Most nsSNPs are found at conserved sites
within proteins, and only a few are completely buried
inside proteins. It is noted that 88% of disease-related
nsSNPs reside in surfaces pockets or interior voids of
proteins, and do not follow a similar pattern.

Aggregation, folding, and flexibility of proteins

An amino-acid side-chain's intramolecular interactions
and burial inside a molecule dictate the way proteins
fold. As a result of protein folding, in this structure,
helices, strands, turns, and coils comprise the main
structural domains in an energetically favorable manner
through the protein's secondary structure. In order for the
tertiary structure of proteins to be stable, hydrogen bonds
are formed between the polar groups of the main chains
and hydrogen bonds between the side chains. It is
possible for properties of residues at critical folding
positions to change due to a 38 nsSNP that changes their
biophysical properties. As a result, alterations in the
folding parameters are possible. Mutants are often less
stable even if they are correctly folded, or even if they
are structurally stable, the protein's function may be
compromised in some cases. In addition to disulfide
bonds? and van der Waals®®, electrostatic
interactions'? may also be affected by the nsSNP™®, due
to the disruption of the most important conformational
stabilizing forces. Protein flexibility can also be altered
by nsSNPs. B0

It is common for proteins to undergo slight
conformational changes when they perform a particular
function. Mutations can alter protein flexibility, which
governs protein conformational changes required for
protein function. Conformational flexibility has a
significant influence on protein aggregation. Inactivation
results from breaking up and destabilizing native protein
structures, revealing aggregation-prone  regions.®
Protein activation results from disruption and opening of
native protein structures. Protein molecules are

www.ejbpscom | Vol 10, Issue 10, 2023.

European Journal of Biomedical and Pharmaceutical Sciences

irreversibly interacting during aggregation. Even minor
alterations such as nsSNPs may affect the solubility and
aggregation propensity of proteins because proteins'
sequences are a major factor in their aggregation
propensity, at least in part. There are more alternate
hydrophilic/hydrophobic stretches in disease-related
proteins than in average proteins and more foldability
and isoelectric point as compared to average proteins.
The molecular mechanism of protein aggregation linked
to neurodegenerative disorders like Alzheimer's disease
is implicated in Protein aggregation is triggered by
mutations. In a variant protein, the required quantities of
secretion are not achieved at the cell membrane during
cystic fibrosis because it can't fold correctly in the
endoplasmic reticulum. Mutations can also lead to
disorders such as emphysema that occur when proteins
are improperly transported.

Amino acid substitutions

It has been estimated that half of the mutated sites
interact strongly with amino acids; contact energies of
residues are similar, except for allosteric residues.
Remainders with special characteristics can cause a
different class of mutations because of their unique
characteristics. Protein secondary structures commonly
contain glycine and proline residues, and their
substitution leads to destabilization or a refolding of the
protein. There are 39 most commonly modified amino
acids in secondary structures, including arginine and
glycine. There is an increased likelihood of disease-
related nsSNPs in patients with tryptophan, tyrosine, and
cysteine residues.*" 4!

Interactions between proteins, proteins and DNA,
and proteins and membranes

Interactions between proteins and DNA are involved in
most cellular processes, including transcription, signal
transduction, and transport. In many cases, changes in
amino acids at the interface can influence binding,
affecting  phenotypes and  increasing  disease
susceptibility.[*"!

Residue substitutions affect binding recognition and
specificity when they are used in networking processes.
Small side-chains replaced by bulky side-chains in a
narrow binding pocket may completely or partially block
the entrance of a partner group to the binding pocket. A
large proportion of residues in proteins with a limited
number of interactions are involved in their function
because proteins with a limited number of interactions
evolve slowly. The conservation of nsSNPs associated
with disease is therefore more probable. There are often
binding hot spots at protein—protein interfaces, which are
polar or charged residues surrounding water, blocking
hydrophobic residues that play the biggest role in
binding. Several mutations that alter the electrostatic
properties of protein surfaces can result in alterations in
the folding or stability of the protein, as well as
alterations in the affinity and specificity of its binding to
its partners or ligands and, ultimately, the functionality

ISO 9001:2015 Certified Journal | 93



Sathishkumar et al.

of the protein. As well, nsSNPs located near protein—
DNA interfaces can affect DNA regulation54. Finally,
nsSNPs located near protein-membrane interfaces can
affect signal-processing across membranes, channels and
pumps, and cellular adhesion.

Myelin protein zero monomers can break down when
they are no longer able to interact with one another,
causing Charcot-Marie-Tooth neuropathy. Allosteric
regulation may also occur when Binding occurs between
proteins. Mutations in the binding interface of
pantothenate kinase can lead to inherited pantothenate
kinase-associated neurodegeneration. Proteins can also
be altered through mutations, causing them to interact
differently. Mutations in the crystallin family of genes
have altered the affinity of human crystallins for
partners. These erroneous interactions result in
congenital cataracts.

Localization within the cell

Proteins function and interact with their biological
partners in a specific environment provided by
subcellular localization. If a protein is located in the
wrong subcellular location, it can damage DNA
transcription factors can be interfered with by other
proteins there. Altering protein expression will disrupt
the normal cell cycle and lead to disease. A protein
subcellular delocalization causes the disease in 1% of
cases. There is evidence that some nsSNPs within the
signaling peptide have the potential to cause a different
subcellular localization for the native protein than the
nsSNP within the signaling peptide would provide.
Families  with  Deficits in factor X and
hypoparathyroidism often have nsSNPs in their signal
peptides.

PTMs (post-translation modifications)

After translation, PTMs modify protein side chains
covalently. Amino acids are citrullinated, which alters
their chemical properties or adds functional groups
(phosphorylation) to them. PTMs alter the structure,
localization, and function of proteins by creating or
disrupting covalent bonds, a process critical to almost all
cell signalling and cellular plasticity and dynamics. In
some cases, nsSNPs cause the destabilization of proteins,
changes in their interactions, or changes in their catalytic
properties when substituting residues that cannot be
modified. A number of cancer60 and immune
deficiency61 phenotypes have been associated with
detrimental nsSNPs in PTM sites.

Therefore, any change in these features caused by an
nsSNP is likely to have an effect on the structure and
stability of the protein, which in turn may affect the
protein's function, increasing disease susceptibility. It is
therefore crucial to improve Predicting functional nsSNP
effects to facilitate drug discovery and development and
their consequences.
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Identifying functional nsSNPs and predicting their
effects

There have been many nsSNPs identified in proteins that
cause diseases. In silico methods are being developed to
an approach to predicting how a set of proteins will react
to deleterious mutations on databases combined with
biochemical data on nsSNPs. An evolutionary sequence
conservation analysis, Amino acid structure and
physicochemical properties are the most common
methods behind the development of these techniques.

Methods can be developed using compounds with
physicochemical properties

Size, flexibility, and polarity of side chains influence
protein folding, stability, function, and protein—protein
interactions. Due to these distinct amino-acid properties,
a substitution can be predicted for its impact and deleted
mutations can be identified based on their compatibility.
In addition, nsSNPs can alter the physicochemical
properties of the original residue, disrupt the interacting
interface, or affect protein stability and dynamics.®

Methods based on structure

Protein structure databases are used to match input
sequences with protein structures. A number of
predictive  structure-based methods can  model
substitutions Since they do not require detailed
information at the atomic level, they use the structure of
a homologous protein rather than the input sequence's
exact structure. In addition to solvent accessibility,
secondary structure, active sites, and free energy
differences between amino acids, these methods are used
for investigating a number of structural properties.
Substituting the nsSNP site may stabilize, enhance
affinity, maintain residue-residue contacts, and enhance
flexibility of the receptor ligand complex. Mutations and
disease phenotypes must be fully understood with
structural information. In order to determine if a specific
nsSNP  will When comparing a protein's three-
dimensional (3D) structure with its normal folding or
structure, mapping it can have a significant impact on the
protein's normal folding or structure performed. Whether
the amino-acid replacement destroys essential contacts
that maintain  structure, destabilizes electrostatic
interactions, or interacts with ligands can be determined
by mapping the nsSNP into the known three-dimensional
(3D) structure [9]. In order to predict functional nsSNP
effects on structure, in silico approaches have been
useful due to the difficulty in eliciting 3D structures
experimentally.

Using homology-based sequence analysis

Phylogenetic trees and sequence homology are used as
evolutionary properties in sequence homology-based
methods. Based on multiple sequence alignments, these
methods determine the probability of substitutions and
differentiate between tolerant mutations and disease-
causing mutations. In natural selection, amino acids that
are critical to protein function, stability, and interaction
are retained among species. It is therefore expected that
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highly conserved residues will evolve under strong
selective pressure among homologous proteins.[”! The
representative structure of such evolutionary conserved
residues will be mapped. Using these methods, active
sites and functional interfaces of proteins can be
identified by extracting functionally important residues.
It has been found that disease-related mutations are often
targeted at Residues with high conservation and
functional importance, including those that are found in
enzyme active centres and those which play a key role in
maintaining protein stability, especially those located in
buried positions. There has been a finding Positions that
are evolutionarily conserved are more prone to
deleterious nsSNPs based on disease-associated mutation
data and phylogenetic data across multiple species.
Genes have a selective effect on organisms, neutral
effects on organisms, and deleterious effects on
organisms, which can all be repaired during evolution.
Mutations are predicted to have an effect on protein
function in about 26%-32% of cases.*!

Sequential or structural features are commonly used to
predict functional nsSNPs. The measurement of
sequence similarity does not directly correlate with
protein function, so methods based on sequence
homology can result in incorrect annotations. It has been
demonstrated that structural analyses are more accurate.
However, studies based solely on structural comparisons
have also produced ambiguous results.®*? Some
proteins catalyze chemical reactions that are distinct
from each other, but others catalyze similar reactions that
are the same. If more than 70% of a protein's sequence is
identical, sequence analysis can provide an accurate
functional indication. In the case of a structural
homology and a direct comparison of active sites, there
is a greater probability of functional assignment by using
structure. Binding and/or catalysis of a protein are
commonly associated with a particular 3-D arrangement
of residues. Understanding protein 3D structure provides
valuable insights into how the protein functions and
interacts. Only 1% of sequences have been
experimentally analyzed for structure. Numerous studies
have demonstrated that combining multiple sequence
alignments with structural information of proteins can
predict Protein function and deleterious nsSNPs. 122134

There are In silico approaches are becoming more
prevalent being implemented into web servers to
distinguish between deleterious nsSNPs that cause
protein disorders and neutral polymorphisms that don't
affect phenotypes. Nine, thirteen, seventeen, twenty-
three,[#"-2°1 64681 3re the most representative.

1. In order to identify phenotypic changes associated
with amino acid substitutions, Using sequence
homology, SIFT sorts intolerants from tolerants.

2. Multiple sequence alignment is performed by
Polymorphism Phenotyping (PolyPhen). Based on
sequence  analysis, the substitution site was
characterized, two amino-acid variants were calculated
for the position-specific independent count profile, and
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structural parameters and contacts were calculated. In
this model, sequence information, evolutionary
properties, and 3D structural information are used to
predict whether an nsSNP will affect protein function,
and it is optimized when structural information is
available. This web server provides annotations for more
than 11,000 nsSNPs. As PolyPhen maps amino-acid
substitutions to proteins' 3D structures, it analyzes
whether the substitution might destroy a protein's
hydrophobic core, electrostatic interactions, ligand
interactions, or other important features. The study
analyses several structural parameters as well as several
contact parameters in order to determine whether the
substitution may destroy these features.

3. Based on the structure and sequence analysis of
nsSNPs, SNPs3D assigns molecular functional effects.
Models of gene-pathway-disease interaction are provided
at the molecular level as well as various disease/gene
relationships. Using this server, you can identify the
genes that are likely to contribute to a specific disease,
correlate the sets of candidate genes, and analyze how
nsSNPs might affect the function of normal proteins.

4. The SNPeffect 4.0 tool analyzes the human proteome
for disease variants and polymorphisms by means of
molecular characterization and annotation. This
technique improves the accuracy of the prediction of the
functional role of local nsSNPs by combining sequence-
based and structure-based bioinformatics tools.

5.By mapping nsSNPs onto protein sequences,
functional pathways, and comparative protein structure
models, the large-scale annotation of coding nsSNPs
(LS-SNP) predicts where nsSNPs are causing the effect.
SNPs can be detected within genes, haplotypes, and
pathways using the results.

6. As part of Structure SNP (StSNP), nsSNPs are
mapped and modeled on protein structures and linked to
metabolic pathways in a web server. By examining
possible disease-related pathways resulting from a
particular nsSNP and comparing them with current
molecular structure data, diseases can be linked to the
current molecular structure information.

7. In AUTO-MUTE, nsSNPs are analyzed based on their
disease potential using knowledge-based computational
mutagenesis.

In these methods, the variant taken into account is
different in terms of its nature and properties.
Evolutionary information is sometimes used to support
them. Various parameters relate to protein structure
and/or function. Prediction performance would be
enhanced by knowing the 3D structure of proteins.
Methods that rely solely on sequence-level information
often perform poorly, while others that incorporate
structural and functional information perform well.
Several studies have compared amino acid residue types,
protein structures, and environments of amino acid
substitution and examined whether they affect prediction
performance. The best method could not be determined
based on all of the evaluation measures.
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Discovering new drugs in modern times

It is important that after identifying disease-associated
nsSNPs, functional analyses are performed, the
molecular mechanisms of disease phenotyping are
understood, and drugs that target these mutants are
developed. It has been shown that certain nsSNPs can
affect the effectiveness and disposition of drugs. This
type of nsSNP can have an impact on drug response and
whether drugs cause adverse reactions if they occur
within candidate drug-target proteins.

An ADMET profile, target potency, and selectivity
determine the success of a drug. Historically, drugs were
discovered by synthesizing compounds and screening
them against a battery of in vivo biological screens,
followed by further testing for ADMET properties of the
candidates. It takes years of rigorous preclinical testing
for new compounds to make it to clinical trials, but only
about 8%."% According to estimates, 30% of active
compounds do not show efficacy, and 50% are
withdrawn from the pipeline because of toxicity.!™ In
order to increase the success of clinical trials, ADMET
properties must be evaluated early. Several factors
prevent early determination of these factors, such as a
lack of high-throughput in vitro assays, excessive
amounts of compound needed for in vivo studies, and
inability to predict some human toxicity by animal
models. With the use of efficient technologies such as
high-throughput screening, virtual screening, de novo
design, ADMET screening in silico, structure-based drug
design, and ADMET screening in silico, bioinformatics,
genomics, proteomics, and combinatorial chemistry have
revolutionized drug discovery in the 21st century.

To selectively treat diseases without producing side
effects, drugs are developed targeting specific genes and
molecular mechanisms in order to use a target-based
approach to drug discovery. Simulating a chemical
compound in silico and designing chemicals that may
interfere with it is done using in silico techniques.
Modern drug design can be accomplished with the help
of these tools at any stage of the process.

1. Identification of targets. A potential drug target must
be identified, along with its role in the disease, before
drug discovery can begin. A drug target is a molecule
involved in a signaling pathway that is specific to a
particular disease condition, such as a gene or protein.
Inhibiting an active region with a drug or promoting a
molecule altered by a disease is one way of inhibiting or
enhancing it with a drug. By using bioinformatics
methods, such as homology-based analyses, ligand-based
analyses, structures-based analyses, and HTS analyses,
specific molecular targets and patient groups are
identified.

2. Validation of targets. In order to demonstrate the
benefit of a drug target, it must first show that it will
improve or eliminate a particular phenotype. A wide
range of approaches may be used for in silico
characterization, including genetic pathway mapping,
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protein-protein interactions, disease locus mapping, and
subcellular localization prediction.[’

3. By identifying drugs from hit to lead, we ensure that
they possess desirable ADMET properties, higher
potency, physiochemical/metabolic properties suggestive
of reasonable in vivo pharmacokinetics, and desirable
adverse activities. Hit-to-lead analysis can be conducted
using high-throughput biochemical, cellular, and natural
product assays, structure-based design, and virtual HTS
(VHTS).

4. The process of lead optimization involves refining a
confirmed hit's chemical structure to improve its drug
properties. Target affinity and selectivity are optimized
in lead structures. Structure-based ADMET is currently
aided by docking techniques.t’

5. Whenever an active substance is to be used as a
human medicine, preclinical studies with and without
animals are required to limit risks. Pharmaceuticals,
toxicologies, preformulation, formulation analyses, and
pharmacokinetics all play a role in preclinical testing.["™!

6. Finding treatments that work in humans is made faster
and safer through clinical trials. A defined period of time
is set for collecting health data on patients with
predetermined characteristics. Preventive, screening,
diagnostic, and treatment trials are categorized as
prevention, screening, diagnostic, treatment, and quality
of life trials.

7. An NDA must be submitted and FDA approval must
be obtained. Moreover, the purpose of the NDA is to
demonstrate that the medicine is safe and effective for
humans by offering information from previous years of
research and making manufacturing and labeling
proposals.

In silico Drug discovery

A variety of nsSNPs affect drug-target protein functions
including G-protein-coupled receptors, enzymes, ion
channels, and functions associated with detoxification
pathways, which contribute to a variety of responses to
therapeutic agents. Polymorphisms of various genes can
be identified using in silico methods such as SIFT and
PolyPhen. Computational approaches can be used to
investigate potential therapeutic targets for diseases
caused by nsSNPs. It is also possible to identify future
targets by studying current therapeutic targets of drugs.
With the use of bioinformatics tools, it is possible to
identify new therapeutic targets and discover novel
drugs. The goal of this is to improve the efficacy and
safety profiles of drugs, both during the drug discovery
and development process. In silico approaches such as
ligand- and structure-based drug design, de novo design,
and homology modeling can be employed for the
identification of new selective, effective, and safe
compounds to the development of drug candidates for
clinical trials, depending on the availability of
information about the drug target and potential drug.[’®"”?

Designing from scratch and screening virtually
By using computer algorithms, new ligands are selected
based on their structures predicted to have biological
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activity on a given target. The ligand-based approach
assumes that similar structures have similar biological
activities.”®™ It is divided into structural- and ligand-
based methods. It is adequate to use these methods when
the structure of a protein is not known since they operate
only on known active ligands. Protein-ligand interactions
and binding affinities can be predicted using docking, a
computational tool for structure-based drug design. The
docking patterns identified will be used to identify
suitable conformations, and the scores will determine the
affinity of those conformations. An important docking
program is AutoDock, which can be found on pages 81
and 82. In Budapest, Hungary, Virtua Drug Ltd provides
DockingServer, a complete web server.

Methods of design from scratch

A genetic algorithm is used to enhance the specified
properties of a molecule to create new molecules with
drug-like properties. The de novo design method, which
is complementary to HTS83, creates chemical structures
from scratch by assembling molecular fragments instead
of searching in large collections of physically available
compounds for bioactive molecules. A de novo design
approach typically involves assembling molecules from
fragments, evaluating their biological activity using
computational functions, and optimizing the resulting
compound. A de novo design method can either be based
on the 3D structure of a ligand-binding cavity (ligand-
based method) or on some comparison between
candidate compounds and known reference ligands
(ligand-based method). Docking programs can be used to
build combinatorial libraries of molecules and perform
virtual screenings in order to synthesize combinatorial
libraries in drug discovery. The pharmacophore is a
spatial arrangement of the features necessary for a
molecule to interact with a specific drug target receptor
in a specific manner, as an alternative to docking
methods and as a complementary modeling method to
3D structures at the atomic level. In the PharmMapper
webserver, potential drug targets are identified by
annotating all target information from TargetBank,
BindingDB, DrugBank, and potential drug target
databases (namely PharmTargetDB) with the help of an
annotated pharmacophore database. There are databases
that contain information about genes associated with
diseases, genetic variations, drugs, and 3D structures of
pharmaceuticals.

Simulation of homology

Based on a related homologous protein's experimental
3D structure and its amino-acid sequence, an atomic-
resolution model of the target protein is constructed.
Sequences that fall below a 20% sequence identity can
have very different structures when they have no
similarity in their structure.’®" 8 Protein structures appear
to be more conserved than protein sequences among
homologues.
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The DNA microarray

This method measures thousands of genes in parallel,
allowing for identification of potential targets for
therapeutic intervention by generating clues to how they
function. A change in gene expression can also be
monitored following treatment with drugs.®

VHTS

As part of the VvHTS application, small molecule
compounds are compared against databases of protein
targets to determine which compounds bind very
strongly. An extract of a specific compound from the
database can be used for further testing if there is a "hit"
with it.[83]

Optimizing drug leads

Modifying the sequence and secondary structure of the
potential drug is the purpose of this process. The
exploration of related compounds to the lead candidate
can be enhanced using software tools. Based on the
available data on known ligands and the 3D structure of
the target, various ligand- and structure-based methods
are used to estimate the activity.”®"®!

Biological activity and bioavailability of drugs
(Profile of ADMET)

Drugs are characterized by these characteristics. To
understand how the ADMET drug profile is influenced
by molecular features, quantitative structure—activity
relationships (QSARs) have been traditionally used. A
complex biological process can be modeled using
statistical approaches based on experimental data and
statistical approaches. It is possible to complement
QSAR studies with structure-based methods as a result
of the availability of the 3D structures of ADMET
proteins. There have been several recent studies that
demonstrate that in silico ADMET predictions can
greatly reduce the number of compounds that need to be
synthesized to achieve a drug's desired biochemical
and/or physicochemical profiles.*

In drug discovery, genomic advances have led to a shift
away from analyzing single-target interactions and
toward analyzing multi-target interactions. It has been
demonstrated that in silico methods offer the advantage
of delivering new drug candidates more quickly and at a
lower cost, according to a number of researches
studies.’29292 | the pharmaceutical industry and other
industries, such as the consumer goods industry, there is
great potential for the use of non-animal alternatives to
ensure the safety of drugs.

Future developments and conclusions

Protein sequences and functions are primarily affected by
nsSNPs. While nsSNPs constitute a small fraction of
coding SNPs (8-12%), their impact on gene function is
profound. The nsSNPs associated with disease
predisposition compose about 30% of the whole. It is
known to cause diseases most commonly when nsSNPs
affect catalytic and regulatory sites and ligand-binding
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areas in proteins with 3D structures. As a result of
structural mutations, buried amino-acid residues,
hydrogen bonds, salt bridges, and S-S bonds change
sizes and charges in the protein core. Protein aggregation
and aberrant folding occur as a result of these changes.

Drug efficacy and disposition are known to be affected
by certain nsSNPs. The presence of these nsSNPs could
influence drug response and whether they cause adverse
reactions because these polymorphisms can be found in
candidate drug-target proteins. Pharmacog-enomic
studies comparing gene expression between normal and
affected individuals can be performed to gain a better
understanding of drug response, which can be attributed
to multiple genes rather than a single-gene mutation. A
pharmacogenomic screening of selected polymorphisms
in clinical trial subjects would also reduce the size,
speed, and cost of clinical trials because the subjects may
have genetic profiles that would result in adverse
reactions to a drug under evaluation or ineffective
responses. Drug action mechanisms and novel
therapeutic targets are already being identified by in
silico pharmacogenomics. The genetics of chronic pain is
a powerful tool for identifying relationships between the
two. Among the results is the discovery that inward
rectifying potassium channels are able to modulate
analgesic responses to multiple drugs, which have been
linked to opioid-induced hyperalgesia. Drug therapy
benefitted from pharmacogenomics in the sense that it
could be used to develop individualized medicines,
develop new drugs, and regulate them. This challenge is
not easy and is a complex one, as pharmacogenomics
itself needs to deal with individual variations in drug
therapy. However, we are only just getting started.

Functional nsSNPs could therefore be used to optimize
drug therapy by improving effectiveness, diagnostics,
and reducing toxicity. The most challenging aspect of
future drug development will be determining genetic-
environmental relationships, ethnicity, and inheritance
patterns. Medications can be prescribed based on the
genetic profile of each patient group if the goals of
pharmacogenomics are satisfied, so that each group
receives treatment based on its genetic profile, achieving
maximum therapeutic benefit with minimal, tolerable
adverse effects through appropriate medication targeting
the right target at the right dose.
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