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Molecular modeling describe the generation, manipulation and/or representation of three-dimensional structures of molecules and associated physicochemical properties. As computers are becoming even more powerful, new methods enabling the modeling of molecular realities have been described.

1. 
Molecular structure building

One of the simplest and most reliable ways​​ is to use libraries of typical organic fragments and the Cambridge X-ray Crystallographic Data Base, which contains about

50, 000 structures.Several common building functions were involved in these operations: make-bond, break-bond, fuse-rings, delete-atom, add-atom-hydrogens, invert chiral center, etc. The molecular structures are generated in a 3-step process. First, molecular connectivity’s and atom information is entered using either an interactive computer graphics template program or a user written no graphics program. Second, EMBED, a distance geometry program is used to obtain three-dimensional coordinates. A novel feature of distance geometry is the use of random number generator with a uniform distribution to select the internal distances so that they lie between the upper and lower bound values.Finally, these coordinates are refined with molecular programs MM2 or AMBER.CONCORD has been also used to generate three-dimensional structures from two-dimensional structures stored in large industrial databases to provide conformations for newly developing three-dimensional several techniques.

2. 
Molecular mechanics

Consider a molecule as a collection of atom held together by elastic or harmonic forces. These forces can be described by potential energy functions of structural feature like bond length, bond angles, nonbonded interaction and so on. The combination of these potential energy function is the 'force field.4. The energy, E, of the molecule in the force field arises from deviations from 'ideal' structural features, and can be approximated by a sum of energy contributions.

Etotal = Es+ Eb+ E(w) + Enb + ---------

E is sometimes called as the 'steric energy'. It is the difference in energy between the real molecule and a hypothetical molecule where all the structural values like bond lengths and bond angles are exactly at their 'ideal' or 'natural' values. Es is the energy of a bond being stretched or compressed from its natural bond length, Eb is the energy of bending bond angles from their natural values, E(w) is the torsional energy due to twisting about bonds, and Enb is the energy of the no bonded interaction. If there are other intermolecular mechanisms affecting the energy, such as electrostatic (coulombic) repulsions or H-bonding, these too may be added to force field. The most extensively tested force fields are MM2 (hydrocarbons plus a limited selection of simple heteroatom functional groups), AMBER and CHARMM (peptides and nucleic acids) and ECEPP (peptides) , MM2 is current standard for small-molecule work, AMBER and CHARMM force fields are similar and are the standard for macromolecules.

3. 
Molecular dynamics

I n principle, molecular dynamics simulations can be used to describe many of the kinds of events involved in drug-receptor interactions, including the solvation and conformational changes required for initial complex formation, and any conformational or covalent rearrangements that may occur subsequent to binding. Molecular dynamics is used simply as a powerful method for generating the samples of thermally accessible molecular configurations that are needed in calculations of entropies, enthalpies and other thermodynamic quantities. The molecular dynamics calculations can be used, for example, to predict how changes in the chemical structure of a drug will change the equilibrium constant for binding to a receptor if a high resolution structure of the original drug-receptor complex is available.

4. 
Quantum mechanics

Calculation of electronic properties implicated in physical and chemical reactions of drugs with their biological environment can only be done using quantum mechanical methods. In addition, calculation of energy conformational profiles and intermolecular interactions in a variety of contexts are best done using quantum mechanical methods. In principle, the exact solution of the Schroendinger equation, where H is the Hamiltonian operator, Psi is the wave function and E is the energy of the system, would yield a complete description of a molecular system.

                                              Hpsi = Epsi
                   The Schroendinger equation of a given molecular system can be solved either with no approximations at all (ab initio) or with the introduction of some approximations (semi empirical). In most ab initio methods, all electrons are explicitly included. Ab initio methods have the advantage of not requiring any parameterization and therefore can be used for all type of systems.

It is also much easier to identify failings of these methods and improve them in a conceptually consistent and even-handed way. In Semi empirical method, only valence electrons are explicitly included, some integrals are neglected and others are approximated by parameters derived from experiment. The selection of the most appropriate method depends not only on the size of molecule but also on the type of molecular property (e.g. conformation, electron density, electrostatic potential, frontier or bitals, etc.) that is derived. 

Semi empirical treatments such as AMI, MNDO, CNDO, INDO. EHT, MINDO, PRDDO and PCILO are some of the most popular semi empirical programs, whereas the GAUSSIAN and HONDO series are typical ab initio programs. AMPAC and MOPAC are QCPE packages that include the AMI, MNDO and MI NDO programs. Along with GAUSSIAN series, these are among the most popular programs for quantum mechanical calculations. Quantum chemical calculations can provide detail insight into the electronic nature of the molecular structure.

5. 
Conformational analysis

The energy treatment in this approach6 to QSAR resembles a linear free energy model or Free-Wilson analysis; the added feature is the geometric constraints during the fitting of the data so that the ultimate outcome is a geometric interpretation of the biological activity. In the distance geometry approach, one constructs a geometry of the receptor site from the drug molecular structure and subsequently evaluates the interaction energy matrix so that the given binding mode for each' molecule is its optimal binding mode. The method generally focus on the comparison of chemically similar analogues, where it is clear that a substantial subset of the atoms of one drug molecule match corresponding subsets in the other molecule. In reality, however drug molecules bind in whatever orientation and internal conformation will minimize the free energy of the drug-receptor- solvent system. The distance geometry calculations directly simulate this search for the most favorable binding mode, and rather similar compounds may bind quite differently.

6. 
Physical properties

Theoretical calculations can provide a number of indices that may not be directly related to experimental data but that can be very useful since they carry high physical information content. For example, electron densities are useful because they provide a good basis for the stereo electronic properties of either isolated or interacting molecules. Molecular electrostatic potentials are usually generated from the partial atomic charges derived from a quantum mechanical calculation. Other properties can be calculated by empirical methods; the most popular are the prediction of log P (octanol / water partition coefficient) and Molar Refractivity .

Modeling Drug-Receptor interactions

The interactions of macromolecular receptors and their small molecule ligands is an essential step in many biological process: regulatory mechanisms, the pharmacological action of drugs, the toxic effect of certain chemicals, etc. Drug-receptor 'docking' is typically done interactively with molecular surface displays (e.g. 'extra radius' surface) used to guide the fit, based on hydrophobic or electrostatic potential color-coding. 

      While detailed structural information about the receptor is not available, a model must be deduced from the ligands that bind it. A number of statistical methods like Hansch analysis and distance geometry, are commonly used to predict characteristics of a site by relating the selected structural properties of active compounds to their biological activities. For example, the shape of a binding site on a macromolecular receptor is represented as a set of overlapping spheres. Each ligand is divided into small set of large rigid fragments that are docked separately into the binding site and then rejoined later in the calculation. The division of ligands into separate fragments allows a degree of flexibility at the position that joins them. The rejoined fragments are then energy minimized in the receptor site. In addition, free energy perturbation methods offer the exciting possibility of calculating accurate differences in binding free energies between related ligands, which could make it possible to predict the binding affinity of new compounds prior to synthesis.

Designing ligands to fit a specific macromolecule site

As far as direct drug design is concerned, full interactive control over the position (translation and rotation along the x, y and z coordinate axes) and conformation (adjustment of torsion angles) in both the macromolecule and the ligand (s) should be simultaneously available. Good torsion angle adjustments are essential, since this is usually where most of the time is spent in interactive modeling. The system should be capable of handling several molecules simultaneously to enable the comparison of different ligands in the binding site or different fits of the same ligand. The system should also include the option to calculate fast Vander Walls surfaces, which are useful for surfacing small molecules and small portions of a macromolecule. The other approach is usually to design and build the developing the ligand piece by piece in the binding site by combining three-dimensional fragments from a library. Small molecules can be built very rapidly in this way, and the resulting structures are usually accurate enough for initial fitting or 'docking' into the site model. Computer graphics enables us to qualitatively visualize drug receptor-interactions and molecular mechanics can provide rough estimates of the interaction energy, which allows to design molecules that are apparently complementary to a bind site.

Hardware

Computers

For chemical information, systems5 the choice of a computer is generally larger and many packages run on VAX, IBM or PRIME machines. Generally, IBM proves to have larger disk spaces and faster input/output (I/O) operations on disks. The response time is a key point hence to avoid bad response times due to computer overload there is tendency to use dedicated computers. This is the case with molecular modeling, which needs batch runs for several hours (if not days) with few I/O interruptions, for which fast response time is must. Stand alone workstations (SUN, APOLLO, SILICON GRAPHICS) running with the UNIX operating systems, are now providing impressive graphics possibilities and computational power. 

Molecular Modeling Software 

	S.No.
	Program 
	Supplier and / or author 
	Function

	1.
	Amber 
	Prof. Koliman, University of California, Deptt. of Pharmacuetical Chemistry, San Francisco, CA 94143, USA. 
	M, MM, MD, FE.

	2.
	Biograf 
	Biodesign Inc., 199, St. Los Robles Avenue, Suite 660, Pasadena, CA 91101, USA. 
	G, S, M, CA, MM, MD, Mo

	3.
	Chem-X
	Chemical Design, Unite 12, 7 West Way Oxford O x 2 OJB, UK.
	G, S, M, CA, MM, STAT, MO.

	4.
	Discover 
	Biosym Technologies  Inc., 9605 Scranton Raod, Suite 101, San Diego, CA 92121. USA.
	M, MM, MD, FE.

	5.
	Macro Model
	Prof. W.C. Still, Colombia University, Deptt. of Chemistry, New York, NY 10027, USA.
	G, S, M, CA, MM, MD, MO.

	6.
	Mogli
	Evans and Sutherland 
	G, S, M, 

	7.
	Charmm
	Polygen Corporation, 200, Fifth Avenue, Waltham, MA 02154, USA.
	G, S, M, CA, MM, MD, FE, PR, STAT, MO.

	8.
	Sybyl 
	Tripos Associate Inc., 6548 Clayton Road, Saint Louis, Mo 63117, USA.
	G, S, M, CA, MM, MD, STAT.


	G
	Graphic display and manipulation. 
	STAT
	Statistical tools

	S
	Small molecule structure building 
	PR
	Probe interaction energies

	M
	Macromolecule structure building 
	DG
	Distance geometry.

	CA
	Conformational anaysis facilities 
	FE
	Free energy perturbation methods.

	MM
	Molecular mechanics 
	MD
	Molecular dynamics.

	MO
	Molecular orbital methods from QCPE.
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