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JL6stract

Predicting the binding affinities o f candidate molecules to proteins is an 

essential step in structure-based drug design for discovering new drug leads. After a 

validated target is chosen and its structure determined, new leads can be designed based 

on physico-chemical principles or chosen from a subset o f small molecules that score 

well when docked in silico against the target. Available computational approaches are 

able to dock small molecules satisfactorily in the drug target but predicting accurate 

binding affinities still remains a major challenge for virtual screening in drug design. A 

multitude o f methods at various levels o f rigor and speed are available today for 

estimating binding affinities. Simple and fast methods employing severe 

approximations although useful may neglect important components to the binding free 

energy. More sophisticated methods are time consuming because they rely on sampling 

o f the entire conformational and configurational space o f the complex with the solvent, 

which in turn requires accurate force fields and simulation protocols. A good agreement 

/ correlation with the experiment on a diverse set o f systems can only be achieved if the 

methodology integrates all the vital components involved in the thermodynamics o f 

binding.

The aim o f this thesis work has been to develop atomic level computational 

protocols for predicting accurately affinities o f ligands binding to non-metallo and zinc 

containing metalloproteins. This is achieved through development o f an all atom energy
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based empirical scoring function. The empirical free energy function developed 

comprises contributions from electrostatics with a sigmoidal dielectric function, van der 

Waals, hydrophobic and loss in conformational entropy of protein side chains. The 

protocols have been validated on a diverse set o f 161 non-metallo protein-ligand 

complexes and 90 zinc containing metalloprotein-ligand complexes comprising 60 

unique protein targets like; HIV-1 protease, alpha thrombin, carbonic anhydrase, matrix 

metalloproteinase, alcohol dehydrogenase etc. A high correlation o f (R2 = 0.85) r = 0.92 

and (R2 = 0.77) r = 0.88 for the predicted against the experimental binding affinities for 

non-metallo and zinc containing metalloprotein-ligand complexes respectively shows 

the robustness o f the methodologies. Model validation, various statistical tests (R2, q2, 

Spress) and parameter analysis studies have been performed to test the predictive ability 

o f the scoring function. All the results obtained are within acceptable limits, suggesting 

the utility o f the methodology in structure-based drug design to develop and predict 

affinities o f ligands binding to proteins. Heterogenity o f the dataset on which the 

protocols have been validated and parameters obtained promises transferability to 

protein-ligand systems from different families o f proteins, with different active sites and 

a variety o f  ligand architectures. The scoring functions have been web enabled as 

BAPPL and BAPPL-Z servers for free access to the scientific community to aid in the

design o f novel new molecular entities/leads for various therapeutic targets.

The thesis is divided into six chapters. Chapter 1 gives an introduction to 

structure-based drug design and the many roles o f computation in drug discovery. A 

brief overview o f virtual screening (docking and scoring), de novo design and
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computational ADME/T prediction is presented. The chapter then deals with the various 

computational approaches for predicting binding affinities o f protein-ligand complexes. 

Chapter 2 explains the theory o f  the binding process from a thermodynamic perspective. 

The empirical energy based scoring function developed in this study is then described. 

A general methodology for preparing a protein-ligand complex in a force field 

compatible manner is presented. In Chapter 3, the results o f the scoring function in 

predicting the binding affinities o f 161 non-metallo protein-ligand complexes are 

presented and discussed. This chapter describes in detail, the protein-ligand complex 

dataset, computational protocol, various model validation and parameter analysis 

studies used in this work. Chapter 4 describes the results o f  the computational 

methodology and the scoring function developed for predicting the binding affinities of 

90 zinc containing metalloprotein-ligand complexes. The different computational 

approaches adopted to examine the sensitivity o f results to the choice o f force field 

parameters and dielectric treatments applied for system preparation and scoring are 

discussed. The web enabling o f the scoring function for predicting the binding affinities 

o f non-metallo and zinc containing metalloprotein-ligand complexes is presented in 

Chapter 5. Finally in Chapter 6, a summary and some perspectives emerging from this 

thesis work on drug design in silico are provided.
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