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ABSTRACT 

 

Drug discovery and development is a very time consuming as well as expensive 

process. There are a number of issues, such as new molecule design, synthesis, testing 

and evaluation of drug effects, which are responsible for escalating time and cost. Any 

improvement in the area of in silico drug design which can reduce the time involved at 

any stage of lead generation and optimization while keeping the accuracy high with 

respect to experiment, is in great demand. However the most crucial bottleneck with in 

silico lead generation methods is the computational time for scanning millions of 

molecules in order to identify good candidates for a target protein. A rapid yet reliable 

method for scanning large libraries of small molecules against a target protein is the 

need of the hour. 

Apart from the design leads, drug design softwares must have a feature which 

can predict the ADME (absorption, distribution, metabolism, and excretion) profile of 

the molecule of interest. Most of the drugs undergo metabolic transformations in the 

human liver mainly caused by Cytochrome P450 (CYPs). Such biotransformation 

reactions alter the ability of drugs to find their way to the site of action. Absorption and 

distribution can be predicted by Lipinski's rule of five. Finding experimentally the sites 

of metabolism and the biotransformation products of each candidate molecule is an 

expensive process. Hence there is a need for a computational approach to predict the 

metabolic fate of a molecule.  
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The aim of this thesis work is to address the above concerns and offer solutions 

which are validated against experiment wherever available. The thesis is divided into 

six chapters. Chapter I gives a brief introduction to structure-based drug design and 

merits and limitations of the methodologies used in computer aided drug design. 

 Chapter II explains the transferable partial atomic charge derivation scheme 

named as TPACM4 for use in protein / DNA-ligand docking and scoring. The main 

idea of TPACM4 is based on a look-up table of molecular fragments consisting of 4-

bond paths around the atom being assigned charges. A look-up table of 5302 atom types 

to cover the chemical space of C, H, O, N, S, P, F, Cl and Br atoms in small molecules 

together with their quantum mechanical RESP fit charges has been created. The partial 

charge on any atom in a given molecule is then assigned by a reference to the look-up 

table. The method takes on the order of milliseconds on a single processor machine to 

assign partial atomic charges for any organic small molecule while several minutes to 

hours are required, depending on the size of the molecule, by other methods. 

Next chapter of this thesis deals with development of a computationally fast 

protocol (RASPD) for identifying good candidates in terms of novelty of the structure, 

high affinity for any target protein from a molecule / million molecule database. In the 

RASPD methodology a QSAR type equation sets up the extent of complementarity of 

the physico-chemical properties of the target protein and the candidate molecule and an 

estimate of the binding energy is generated. The most interesting feature of this 

methodology is that it takes only a fraction of a second for predicting the binding 

energy of any ligand without docking in the active site of the target protein as opposed 
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to several minutes for regular docking and scoring method, while the accuracy in 

sorting good candidates remains comparable to that of conventional techniques. An 

entire million compound library, a (~105 compound) natural product library and a (~105 

compound) NCI database can be scanned against a specified target protein within few 

minutes for bracketing hit molecules. 

Chapter IV of this thesis deals with prediction of sites of metabolism of any 

organic molecule. Once hit molecules are generated, the next step is the docking and 

scoring followed by experimental validation to confirm the bioactivity of the molecule 

and further optimization of the hit molecule to maximize the interaction energy with its 

target. Apart from these studies, it is also required to verify the metabolic stability of the 

molecule. This chapter begins with the development of a scoring function which can 

consider the heme-containing protein for predicting binding free energies of a ligand. 

This is integrated with the in-house docking software, ParDOCK. Next part is a new 

methodology based on a combination of docking followed by molecular orbital (MO) 

calculations and knowledge-based methods to predict the potential metabolic sites of a 

molecule. The accuracy of the present approach is close to 90% in identifying the 

experimentally verified sites of metabolism within top three unique docking poses. 

In Chapter V an application of Sanjeevini server in identifying hits against 

Familial amyloidosis, a neurodegenerative disease is discussed. 

Finally in Chapter VI, a summary and some perspectives emerging from this 

thesis work in the field of in silico drug design are provided. 
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