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Drug discovery is a time-consuming, high-risk and costly process and on an average, takes about 15 years for the transformation of

lead molecules to approved drugs. Over the last three decades, computer-aided drug design (CADD) has become an invaluable tool for
studying relation between structure and pharmacological properties of chemical compounds as well as their adverse effects. CADD is

mostly used to filter the most promising molecules from a large number of candidate molecules, for further experiments in wet lab. The
application of computational methods as a means to identify and design novel drugs started in the 1980’s when first report explaining

relation between specific physicochemical properties and potency of known inhibitors was published [1]. The impact of CADD on the
overall process of drug discovery has been quite huge over the last three decades [2,3]. Application of CADD along with high throughput

synthesis and screening has resulted in significant reduction of the cost as well as time of drug discovery. While impacting the drug discovery process the computational methods themselves have evolved at immense pace and newer and more accurate methods have come

up. Traditionally computational methods have been classified into structure based drug design (SBDD) methods and ligands based drug
design (LBDD) methods [3]. Structure based methods like docking based virtual screening (VS) has been used for new lead identification,
while ligand based methods such as quantitative structure activity relationships (QSAR) have been mostly used for lead optimisation

[4-7]. However, ligand based methods such as pharmacophore development has played important role in many lead discovery programs.

Structure based methods like docking and molecular dynamics (MD) simulations have been used to study the binding of PDE inhibitors

with the enzymes, receptors and other drug targets. While the information derived from these methods have been used to optimise the
structure of inhibitors [8-12].

The advent of high performance computing (HPC) and modern parallel accelerator architectures along with selected parallel pro-

gramming models such as OpenMP, OpenCL, MPI and HPX have allowed CADD in general and structure based methods in particular to be

implemented on a large-scale drug discovery projects [13]. This allows accelerated drug discovery projects by applying heterogeneous
systems equipped with parallel computing devices. Virtual screening of large databases of compounds using docking based VS programs
has become significantly faster due to the evolution of HPC and the computational cost has also become significantly cheaper.

HPC also allows the study of intricate molecular mechanisms such as allostery using computational methods, this was previously un-

heard of. Molecular Dynamics has been applied recently to study allostery, a long-range macromolecular mechanism of internal regulation

[14,15]. This phenomenon can be exploited to achieve important therapeutic effects, since specific ligands able to bind allosteric sites can
be designed. From the drug design point of view, it’s important to characterize the allosteric mechanisms behind long-range interactions.

These interactions have been characterised by exploiting HPC and accelerated approaches to perform simulations able to describe these
mechanisms. Indeed, development of HPC and soft computing techniques have provided solution to problems with extreme computa-

tional costs which were previously not easy to solve. One such example is the protein folding problem which falls under the ambit of
structure based drug design itself.
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As clearly illustrated by the numerous and wide-ranging application of SBDD, it has clearly brought about a revolution in the field of

drug design/discovery. However, it should be borne in mind that the cases of successful application of SBDD that are reported are fewer
than the ones that have led to failure. The reasons for failure are many and cannot be always attributed to the shortcomings of SBDD,

rather they are mostly related to the incorrect approach to the application of SBDD. Despite all these challenges, SBDD has shown its
immense potential in the discovery of novel drugs and it is believed that SBDD will make a difference in the future as well. The continu-

ing development and evolution of biochemical technology, as well as the software/algorithms and hardware will accentuate the success
stories of SBDD in future.
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