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as DNA, RNA, and protein databases. These databases are growing at an astonishing rate, and their analysis plays a crucial role in answering many problems in biology. Information science and technology thus becomes indispensable to modern biology. Tasks such as finding genes from genomes, identifying genetic mutations, analyzing gene interactions and expressions, predicting protein structures and interactions, and comparing sequences for evolving phylogenetic trees are all tackled by computational methods. Insilico is the new catch word in biology, a reference to computational simulations of biological problems that rhymes with in vivo and in vitro, traditional references in biology to experiments in the body and in the test tube. Insilico biology as a field of study is what is popularly referred to as bioinformatics.
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Diseases and drugs: A three-minute primer



COMBATTING DISEASE WITH COMPUTER-AIDED DRUG DESIGN ACHUTHSANKAR S. NAIR



BIOLOGY IS CURRENTLY UNDERGOING a transformation from its traditional ethos to that of an information science. Currently, a lot of work in life sciences is centered around biological databases, mainly genomic and proteomic. Many of the tools and techniques of biology have been reborn with an informational flavor. A typical
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example is that of phylogenetics. The classification of species based on phenotype (external characteristics) is now recognized as being highly subjective. Its place has been taken by a classification that is based on genotype (genetic makeup). Such transformations are aided by a large number of databases deployed over the Web such
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One of the major offshoots of bioinformatics is computer-aided drug design. A large class of diseases arise out of an unwelcome molecule, possibly a protein produced from the gene of a pathogen, an intruder organism. Combating disease is centered around inhibiting such unwelcome molecules. A drug is a substance used in the prevention of a disease, a vast majority of them being small molecules designed to bind, interact, inhibit, or modulate the activity of unwelcome molecules. The cell of every living organism can be looked upon as a protein factory. Proteins are one of the key workhorse molecules that make us what we are. A simplified picture of diseases could be given based on “good” and “bad” proteins. The human body can be assumed to be producing proteins A, B, C, … that are useful and required for the human body. When a pathogen, a virus or a bacteria, enters the human body, it could produce its own protein, say X, which is possibly harmful. How exactly is it harmful? X could interact and form a complex, in which two molecules are bound together into a new one, with one of the good proteins thereby inhibiting it from its routine activities and causing the onset of a disease. The strategy to combat the disease is to introduce a new molecule, say Y, into the body such that X is more attracted to Y than to A, thereby freeing A to get back to
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routine work as show in this model Good Bad Protein X Drug Y Proteins inhibits A inhibits X A AX XY B C D E F … It must be noted that all diseases do not fit into this model. Sometimes, our own protein-making machinery can go wrong and produce Aˆ instead of A, causing disease. Though this is an oversimplified model, it will suffice in the present context. Not any such molecule that goes and locks up the troublesome molecule can be a drug. They need to have some other properties too. The Lipinski “rule of five” states that drugs should have a molecular weight of less than 500, no more than five hydrogen bond donors, and no more than ten N and O atoms in the molecule. A drug should be a small molecule, easily carried to its site of action, which does not bind to any molecule other than that to which it is targeted (i.e., it should not have any side effects), and should reach the site of action in reasonable time. A criteria that addresses such issues is the wellknown absorption, distribution, metabolism, and excretion (ADME) test. Drug discovery and clinical trials are involved, lengthy, and costly experiments, with no assurance of success. Identifying a disease to bringing out an effective drug into the market could take anywhere from 10–15 years, cost up to US$800 million, and involve testing of up to 30,000 candidate molecules. The economic significance of the activity thus needs no special emphasis. This costly, time-consuming activity has been traditionally based on a blind search for molecules, termed as serendipitous discovery. Serendipity—the faculty of making fortunate discoveries by accident, from the characters in the Persian fairy tale The Three Princes of Serendip (Sri Lanka), who made such discoveries. The scenario has drastically changed with the introduction of computers. Computeraided drug discovery or rational-drug discovery has cut the cost and time of drug discovery with great effect.



The drug discovery process The process of drug discovery can be clearly divided into various phases as follows. The phases that involve the
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heavy use of computers are indicated with a +: • identifying the disease • identifying a molecule responsible for the disease (target molecule) • determining/predicting structure of the target molecule + • identifying active sites (sticky spots) of the target molecule + • choosing candidate molecules (lead) from small molecule databases + • Docking the candidate molecules with target molecules + • selecting best-docking candidates + • optimizing best-candidate molecules + • wet lab synthesis and testing of best candidates • animal clinical trials • human clinical trials • approval • release. Some of the above phases are discussed below briefly to give an overall picture of computer-aided drug discovery.



Seeing is believing: Molecular visualization and modeling One of the major approaches in modern medicine is to analyze drug action at the molecular level. For this determination, the structure of the involved molecules is required. Determining the structure of the target molecule involves X-ray crystallography and nuclear magnet and resonance (NMR) imaging. The results are usually stored in text files known as PDB files, which indicate in standard format the x, y, and z coordinates of atoms and the bonds between them. An example of a PDB file for sulphuric acid is found in Table 1.



Fig. 1 Molecule visualization of H2SO4 in Rasmol software



Molecular visualization software such as Rasmol, Swiss PDB Viewer, and Pymol can open PDB files and display 3-D structures with virtual reality, enabling us to study molecular structures with great ease. The PDB file shown in Table 1 will open up in Rasmol as shown in Fig. 1. X-ray crystallography is a technique in crystallography in which the pattern produced by the diffraction of X rays through the closely spaced lattice of atoms in a crystal is recorded and then analyzed to reveal the nature of that lattice. To perform x-ray crystallography on protein molecules, it is necessary to grow crystals with edges around 0.1–0.3 mm. Crystals are formed when the conditions in a supersaturated solution slowly change. Unfortunately, crystallizing an identified target molecule is something close to black magic, which can take years and end in failure. NMR does not require crystallization but presently can work with only small molecules. However, when the amino acid sequence of target proteins is known and their homologues (found from



Table 1. HEADER REMARK HETATM HETATM HETATM HETATM HETATM HETATM HETATM CONECT CONECT CONECT CONECT CONECT CONECT CONECT END



H2SO4 1 2 3 4 5 6 7 1 2 3 4 5 6 7



S O O O O H H 2 1 1 1 1 2 5



3 6 0 0 7 0 0



1 1 1 1 1 1 1 4 0 0 0 0 0 0



−0.105 0.202 −1.414 0.034 1.300 0.433 0.970



0.181 1.612 −0.670 0.674 −0.724 2.319 −1.462



−0.189 0.714 0.584 −1.855 0.213 0.018 0.833



5 0 0 0 0 0 0
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the BLAST Web site, for instance) have known structures, then computer software can be helpful in building a homology model of the molecule. The sequence of the protein with an unknown structure is aligned with that of the similar sequences in such a way as to highlight their similarity, known as multiple sequence alignment (MSA), which is done using software such as Clustal X; such software are the beginning points of Homology modeling. From the MSA, the structures of highly aligned portions are copied as the structure of the corresponding portions of the so-called query sequence and the rest of it needs to be threaded by hand, with the help of software that predicts physical/chemical appropriateness such as folding energy. When an actual structure is unavailable, it might be useful to always go in for a homology model rather than waiting endlessly for the correct structure.



Docking software such as Hex, Argus Lab, and Autodock are capable of docking the small molecules to selected active sites of target molecules and give a relative score for the binding. Physico-chemical properties are considered by docking software to arrive at docking scores. The figure below is from the work carried out by Vipin Thomas, an MPhil scholar of Centre for Bioinformatics, University of Kerala, and shows the binding of Dolichyl Phosphate molecule inhibiting HDAC-8, a molecule involved in cancer. Once docking produces positive results, the best lead compounds are optimized, again using software. Software is also available to do the ADME test mentioned earlier. The small number of (a few dozen) of molecules virtually screened reduce the time and cost and increase the success rate of later



ing the binding site is mapped to identify the possible anchor points for functional groups. These groups are then linked together and form a complete molecule.



Conclusions Almost all drugs in the pipeline of global pharmaceutical giants have a computational component. Anti-influenza and anti-HIV drugs have been tapping computational drug design. Researchers at a university in Sweden have used bioinformatics software alone to develop new potential drug candidates against an essential enzyme of the Malaria-inducing parasite, plasmodium falciparum. It is obvious that computational drug design has come to stay. What is very exciting is that a domain exclusive to biologists, chemists, doctors, and physicists now lays open to engineers and computer scientists.



Read more about it • R. Ng, Drugs: From Discovery to Approval. New York: Wiley, 2004. • M.R. Reddy and M.D. Erion, Free Energy Calculations in Rational Drug Design. New York: Plenum, 2001. • T.J. Perun and C.L. Propst, Eds., Computer-Aided Drug Design: Methods and Applications. New York: Marcel Dekker, 1989. • J. Gasteiger and T. Engel, Eds., Chemoinformatics: A Textbook. New York: Wiley, 2003. • P. Krogsgaard-Larsen, T. Liljefors, and U. Madsen, Eds., Textbook of Drug Design and Discovery. New York: Taylor and Francis, 2002.



About the author Fig. 2 HDAC-8, a molecule involved in cancer bound with a drug molecule in its active site cavity



The docking tests Once the target molecule structure is known (either determined or approximately predicted), the active sites of such molecules need to be discovered. These are the preferred sites on the target molecule where a small molecule can bind effectively. Again, this is possible to determine computationally. The next task is to select a lead molecule from huge available databases such that it can bind to the active site of the target molecule. Many popular databases are available for this, http://ligand-depot.rutgers.edu is an example.
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biological trials when information about them is passed on to the wet lab for synthesis, animal, and clinical trials. Thus, we see that computers can be used to drastically cut down the time and cost traditionally involved in going for wet-lab tests, while helping the drug researches to quickly zoom in on the best candidate drug molecules. In addition to the above procedure based on systematic reduction of candidate molecules with known structures, there is also the denovo approach in which a molecule is designed atom by atom/group, to fit into the active site cavity. In the fragment, placing and link-
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