


for kinematic and energy computations is 
associated with each of the atoms and bonds. 
Each atom carries standard information, 
such as its Van Der Waals radius. Molecular 
modeling is calculating the energy of 
conformations and interactions. This energy 
can be calculated with a wide rang of 
methods ranging form quantum mechanics 
to purely empirical energy functions. In the 
context of docking, energy evaluations are 
usually carried out with the help of a scoring 
function and developing these is a major 
challenge facing structure based drug 
design. 
 
 
2  How molecular docking works 
In all living organisms molecules such as 
proteins interact with each other, and with 
other large molecules like nucleic acids or 
small ones like hormones and sugars, to 
make larger molecules. Disruption of the 
essential molecular interactions is a 
hallmark of many diseases, and the ability to 
cause such disruption is often the reason 
why toxic substances are toxic. Thus we 
could potentially intervene in disease by 
modifying inappropriate interactions or 
enhancing normal interactions. In the study 
of molecular docking, then, researchers 
strive to develop the physical understanding 
and analytical tools needed to identify 
probable configurations in which two 
molecules interact, and the molecular design 
capabilities needed to make drugs that 
interact with predetermined molecular sites. 
 
 

 
Fig.2   Docking of a ligand to a receptor. 

Shading indicates schematically the 
energetically most favourable 
interactions. 

 
 

3  Molecular Modeling 
Molecular modeling methodology combines 
computational chemistry and computer 
graphics. With multifaceted modeling 
software packages, scientists can model and 
visualize small and macromolecules as 
representative 3D structures. They can 
further analyze the structures by various 
techniques including energy evaluation and 
minimizations, conformational analysis, and 
dynamic simulations. Empirical molecular 
mechanics force elds have been developed 
to expedite the energy assessments. 
However, with the increase in computer 
speeds, semiempirical and ab initio quantum 
mechanics approaches are now also being 
applied to increasingly larger molecules and 
substructures. Compounds that are predicted 
to bind at a particular protein binding region 
can be modeled and superimposed on one 
another to create a consensus-binding mode. 
Common polar and nonpolar sites evidence 
in the alignment create a pharmacophore 



map or model of potential binding contacts 
with the protein target. Newly proposed 
compounds are evaluated by assessing their 
compatibility with the pharmacophore 
model; thus, researchers can use the map as 
a guide for molecular design as well as for 
the prioritization of compound synthesis. 
 
 
4  Docking programs  
To illustrate the methodology used by these 
methods we will briefly discuss three of the 
most common programs used for docking: 
Autodock, Dock and FlexX. Auto-dock used 
a kinematic model for the ligand similar to 
the one illustrated in Figure 2. The ligand 
begins the search process randomly outside 
the binding site and by exploring the values 
for translations, rotations and its internal 
degress of freedom, it will eventually reach 
the bound conformation. Distinction 
between good and bad docked 
conformations is carried out by the scoring 
function. FlexX and Dock both use an 
incremental construction algorithm which 
attempts to reconstruct the bound ligand by 
first placing a rigid anchor in the binding 
site and later using a greedy algorithm to 
add fragments and complete the ligand 
structure. 
One of the earliest reports of using select 
degrees of freedom from the protein was 
described by Jones et al and was 
implemented in the program GOLD 
(Genetic Optimization for Ligand 
Docking ).GOLD selects the degrees of 
freedom in the binding site that correspond 
to reorientations of hydrogen bond donor 

and acceptor groups. These degrees of 
freedom represent only a very small fraction 
of the total conformational space that is 
available but should account for a 
significant difference in binding energy 
values.    
 
 
5  The protein folding problem 
A statistical mechanical approach to the 
protein folding problem is devel-oped based 
on computer simulations. The properties of 
proteins related to conformation and folding 
are determined from the density of states of 
the protein. Determining the mechanism by 
which the amino acid sequence of a protein 
directs the rapid and efficient folding to the 
native, functional conformation is one of the 
most challenging problems in molecular 
biophysics. Development of a folding code 
that specifies the three-dimensional structure 
adopted by a given sequence would 
complement the genetic code and complete 
the central dogma of molecular biology 
(DNA ->RNA-> Amino Acid Sequence -> 
Functional Protein). Advances in genetic 
engineering, peptide synthesis and 
spectroscopy provide new insight into the 
structure and stability of folding 
intermediates, i.e., partially folded forms 
that contain essential clues on the 
mechanism. Knowing the structure of a 
protein sequence enables us to probe the 
function of the protein, understand substrate 
and ligand binding, devise intelligent 
mutagenesis and biochemical protein 
engineering experiments that improve 
specificity and stability, perform rational 



drug design, and design novel proteins. 
Understanding structure has potential 
applications in the various genome projects 
being undertaken, such as mapping the 
functions of proteins in metabolic pathways 
for whole genomes and deducing 
evolutionary relationships. The protein 
folding problem is therefore one of the most 
fundamental unsolved problems in 
computational molecular biology today. 
Protein folding involves a biased downhill 
search on an effective energy surface in 
which native-like interactions between 
residues are on average more stabilizing 
than non-native ones. Folding of different 
molecules involves different trajectories on 
this surface, as the myriad of weak but 
stabilizing interactions between atoms that 
are characteristic of the native state can be 
formed in many different orders. The energy 
surface for folding is said to resemble a 
'funnel' in that the number of conformational 
states accessible to a given sequence 
becomes progressively narrower as the 
number of native-like contacts increases, i.e. 
as the protein folds. A protein molecule can 
therefore get to the lowest point on the 
surface far more rapidly than a calculation 
based on the total number of possible 
locations on the surface would suggest. 
Proteins are long chain molecules which are 
of central importance for all of biological 
machinery. Typical proteins are about 50 to 
500 monomer units (amino acids) long. It is 
well established that as polymers in general 
(and proteins in particular) are submerged in 
a liquid solvent, they can be viewed as 
classical string-like objects undergoing 

conformational uctuations governed by 
interactions not only along the chain, but 
also throughout the volume of the system, 
i.e. between monomeric units approaching 
each other in the course of uctuations. 
The specic feature of proteins as polymers is 
they are hetero polymers: they consists of 
twenty dierent species of monomeric units 
(called amino acid residues). For each 
particular protein, monomers are connected 
along the chain in a strictly dened 
nonuniform sequence, also called primary 
structure. To perform biochemical functions, 
a protein chain must attain a particular, 
well-defined three-dimensional 
conformation. In this native fold, the spatial 
positions of heavy (non hydrogen) atoms 
are determined with the accuracy on the 
order of 0.5 A. There is a well established 
experimental fact that many proteins 
(although not all of them) are able to find 
their native fold spontaneously, without 
assistance of any kinetic mechanisms of the 
living cell. The phenomenon of correct 
spontaneous folding of proteins represents 
an outstanding challenge for physicists, as it 
is independent from the consideration of the 
following two paradoxes, "which we 
describe below. 
 
 
6  Molecular Mechanics and 

Dynamics (MM and MD) 
The mechanical molecular model was 
developed out of a need to describe 
molecular structures and properties in as 
practical a manner as possible. The range of 
applicability of molecular mechanics (MM) 



includes: Molecules containing thousands of 
atoms Organics, oligonucleotides, peptides, 
and saccharides Vacuum, implicit, or 
explicit solvent environments. Ground state 
only Thermodynamic and kinetic properties. 
The object of MM is to predict the energy 
associated with a given conformation of a 
molecule. However, MM energies have no 
meaning as absolute quantities. Only 
differences in energy between two or more 
conformations have meaning. A simple MM 
energy equation is given by: 
Energy (E) = E Stretch + E Bending + 

ETorsion + E Non-bonded Interactions (1)     

These equations together with the data 
(parameters) required to describe the 
behavior of different kinds of atoms and 
bonds, is called a force-field. Many different 
kinds of force-fields have been developed 
over the years. Some include additional 
energy terms that describe other kinds of 
deformations. Some force-fields account for 
coupling between bending and stretching in 
adjacent bonds in order to improve the 
accuracy of the mechanical model. All of 
the potential energy functions are illustrated 
in the graph below: 

 

Fig.3   potential energy function 

 

 
Fig.4   Ligand-protein docking: Modeling 

Procedure 

 
7  Drug-likeness Prediction 

Drug-likeness may be defined as a complex 
balance of various molecular properties and 
structure features which determine whether 
particular molecule is drug or non-drug. 
These properties, mainly hydrophobicity, 
electronic distribution, hydrogen bonding 
characteristics, molecule size and flexibility 
and presence of various pharmacophoric 
features influence the behavior of molecule 
in a living organism, including 
characteristics such as transport, affinity to 
proteins, reactivity, toxicity, metabolic 
stability and many others. The diversity of 
possible drug targets (of which each requires 
a different combination of matching 
molecular characteristics) is so enormous, 
that we do not believe it is possible to find a 
common denominator for all of them and to 
express molecule drug-likeness by a single 
magic number. Simple count criteria (based 
for example on the limits for molecular 



weight, logP, or number of hydrogen bond 
donors or acceptors) have also quite limited 
applicability and are useful only to discard 
obvious non-drugs. At Molinspiration we 
believe that the strategy which leads to 
success here is not an universal 
drug-likeness score, but focus on particular 
drug classes and development of specific 
activity score for these classes. The method 
we implemented uses sophisticated 
Bayesian statistics to compare structures of 
representative ligands active on the 
particular target with structures of inactive 
molecules and to identify substructure 
features (which in turn determine 
physicochemical properties) typical for 
active molecules.  

Step 1: Draw the molecule 
 

 

Step 2: Press Calculate Properties button 

 

Step 3: Press Predict Drugability button 

 
 
 
8  Conclusion 
DRUG was founded to demonstrate that 
high performance computing computer 
assisted drug design (CADD) not only 
dramatically improves the process of 
discovering new drugs, but also is an 
affordable tool for CADD industries. This 
study proposed a novel minimum energy 
scheme for drug docking applications. The 
proposed scheme preserves the important 
advantages inherent in a protein folding 
process and ligand become locked key. 
Computers have provided scientists with an 
experimentally based view into the 
molecular level of drug discovery. We can 
model, characterize, manipulate, and 
analyze drug candidates and target receptors. 
Although consistent prediction of binding 
energies on a quantitative level is not yet 
occurring, approaches that tackle this 
challenge continue to advance. On a 
qualitative level, the ability to visualize and 
evaluate a protein and ligand complex can 
provide tremendous insight as well as 
produce novel and creative ideas. On the 



most elementary level, building a 3D 
representation of a small molecule that can 
be easily rotated and conformationally 
analyzed enables a thought process almost 
impossible to achieve from a 2D drawing. 
This is the first giant step in rational design 
that can play an important role in expediting 
the drug discovery process. 
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