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ABSTRACT

Computer-aided drug design (CADD) is a developing field of study
with numerous facets. In the interesting and varied field of computer-
aided drug design (CADD), several facets of Basic and applied
research converge and inspire one another. Quantum mechanics and
molecular modeling research, including structure-based drug design,
ligand- based drug design, database searching, and binding affinity
based on knowledge of a biological target, are the theoretical
underpinnings of CADD. We outline the areas where CADD tools
enhance the drug discovery process in this review.

KEYWORDS: Computer-aided drug design, Molecular modeling,

L LR Biological target, Drug discoveryprocess.

INTRODUCTION

The field of computer-assisted drug design (CADD) is a rapidly expanding one that covers a
wide range of topics. The interesting and diversified field of computer-aided drug design
(CADD) combines a variety of Fundamental and applied research interact and inspire one
another. Theoretically, CADD is based on quantum mechanics and molecular modeling
research such as structure-based drug design, ligand-based drug design, database searching,
and bindingaffinity based on an understanding of a biological target. We discuss the areas in
which CADD technologies assist the drug discovery process in this review. effectiveness and
security of recently created medications. The major pharmaceutical corporations have made
significant investments in the routine Ultra-High Throughput Screening (UHTS) of several

compounds that are "drug-like."*

Parallel to this, computer-based virtual screening is being used more and more in medication
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design and optimization.®™ The ability to conduct DNA microarray tests that examine
thousands of illness-related genes has recently advanced our understanding of the disease
targets, metabolic pathways, and medication toxicity.®® Empirical molecular mechanics,
quantum mechanics, and, more recently, statistical mechanics are some of the theoretical
techniques available. This most recent development hasmade it possible to integrate explicit
solvent effects. All of this work is made possible by the accessibility of high-quality

computer graphics, which are primarily supported on workstations."!

Two distinct categories of research are clearly distinguishable

1) Crystallography, NMR, or homology modeling are three examples. The target
macromolecule, the drug receptor, has a precise molecular structure that has been
determined by x-ray.

2) The inconsistent activity of otherwise comparable substances.

Only by understanding both of these methods of approach will one be able to deduce the

characteristicsof the target receptor binding site.

Drug Discovery Process

The process of finding new therapeutic molecules for the treatment or control of disease
targets is known as drug discovery. To begin, many chemical compounds are screened to find
the best disease targets. In order for the drug molecules to be adjusted to the binding site, it is

necessary to have insightand knowledge about the structure of the drug receptor.

Combinatorial Virtual
Chemistry [ HTS Screening

Lead Discovery

Lead Selection and
Optimization

Fig. 1: Drug disecovery process.

Figure 1: Drug discovery process
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Drug discovery process starts with understanding the disease for which the drug to be

designed. Itconsists of the following steps.

1. Candidate Drug Discovery

e Selection of Therapeutic Target

e Lead Discovery

e Lead Optimization

2. Preclinical and clinical trials to evaluate the safety, efficacy, and adverse effects of
the drug

e Animal studies

e Clinical trials

3. FDA approval process for the newly discovered drug and bringing the drug to
market for public use.

e Additional post-marketing testing

o Further improvement of the drug

Pre-clinical development and the discovery of novel drugs often take 3-6 years. Before a
product is sold on the market, it may take up to 10 years for the clinical trials to be
completed.’? A successful drug's market entry typically takes 12-15 years and more than
$1.3 billion™ About 250 of the 5000-10000 evaluated compounds on average are chosen for
preclinical studies.Only 5 of them make it into clinical trials, and only one is approved by the

FDA following a rigorous examination of the newly discovered medicine.

CADD Strategies in the Drug Discovery Process

Depending on the amount of structural and other information that is known about the target
(enzyme/receptor) and the ligands, several CADD strategies are used. The two main
modeling approaches utilized nowadays in the drug design process are direct and indirect
design. The design in the indirect approach is based on a comparison of the structural
characteristics of well-known active and inactive compounds. The target (enzyme/receptor-

dimensional)'s characteristics are immediately taken into account in the direct design.

Preparation of a Target Structure
The quality and quantity of structural data that is known about the target and the small
molecules thatare being docked are key factors in the success of virtual screening. Checking

for an acceptable bindingpocket on the target is the first step.l*#*!
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This is typically accomplished by analyzing existing target-ligand co-crystal structures or by

employing in-silico techniques to locate brand-new binding sites.[**

The optimal starting point for docking is a target structure empirically established by X-ray
crystallography or NMR methods and placed in the PDB. The process of identifying target
structures has sped up thanks to structural genomics. Several effective virtual screening
campaigns based on comparison models of target proteins have been described in the absence

of empirically confirmed structures.[*>*"]

Molecular dynamics-based detection

Utilizing a single static structure to predict potential binding sites is occasionally insufficient
due to the dynamic nature of biomolecules. Targets' structural dynamics are frequently
accounted for by using a variety of target conformations. An ensemble of target
conformations can be obtained starting from a single structure using traditional molecular

dynamic (MD) simulations.

The MD technique calculates a protein's trajectory of conformations as a function of time
using the lawsof Newtonian mechanics. Traditional MD techniques frequently become stuck

in local energy minima.

For traversing numerous minimum energy surfaces of proteins, improved MD algorithms
have beenconstructed. These include targeted MD!%, conformational folding simulations®,

temperature-accelerated MD simulations®?, and replica exchange MD.!*]
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Figure 1.4: Steps involved in homology model building process.3!
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Monte Carlo Search with Metropolis Criterion (MCM) Simulations

MCM samples conformational space more quickly than molecular dynamics since it only
needs to evaluate the energy functions, not their derivatives. The randomness introduced by
Monte Carlo permits hopping across the energy barriers, avoiding the system from becoming
stuck in local energy minima, even when standard MD drives a system toward a local energy
minimum. For flexible docking applications like MCDOCK, MCM simulations have been

employed.?"

Genetic Algorithms

Molecular flexibility is added by genetic algorithms through the recombination of parent and
child conformations. The "fittest” or highest-scoring conformations in this artificial
evolutionary process are preserved for a subsequent round of recombination. In this way, by
preserving advantageous qualities from one generation to the next, the best collection of
solutions can evolve. State variables in docking are a collection of values that describe the

position of the ligand within the protein.

A set of values describing translation, orientation, conformation, amount of hydrogen bonds,
etc. may be included in a state variable. The state is equivalent to the genotype, the ligand's
resulting structural model in the protein is equivalent to the phenotype, and binding energy is
equivalent to an individual'sfitness. Gene operators may randomly exchange huge portions of

a parent's genes.

Empirical Scoring Functions

Experimental data are fitted with parameters by empirical scoring functions. As an
illustration, consider binding energy, which is calculated by weighing explicit hydrogen bond
interactions. Entropy, desolvation effects, and hydrophobic contract terms. Empirical
function terms are based on approximations and are easy to assess. Regression analysis
employing experimental data derived from molecular data is used to determine the weights

for various parameters.

Several commercially available docking suits, including LUDI®® FLEXXPY and
SUPERFLEX have utilized empirical functions.*”

Knowledge-Based Scoring Function

The data in experimentally generated scoring functions are used to create knowledge-based
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scoring complicated structures that are determined. They are developed on the basis of the
notion that interatomic Distances that occur more frequently than usual distances signify
beneficial connections. Conversely, interactions that are observed to occur less frequently are
probably to become less frequent. affinity. To forecast binding affinity, several knowledge-

based potentials have been devised.similar to PO.

CONCLUSION

The multidisciplinary discipline of computer-aided drug design (CADD) draws researchers
from pharmacology, medicine, and other fields to develop new tools and techniques or
improve those already in use to aid in the drug development process. These strategies
outperformed more traditional approaches in terms of efficiency at various phases of the drug
discovery process, which decreased the cost and length of time needed to produce medicine.

There are several CADD tools available that help with the drug development process.
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