BIOINFORMATICS 

The Next Big Thing


Bioinformatics is an integration of mathematical, statistical and computer methods to analyze biological, biochemical and biophysical data. Roughly, bioinformatics describes any use of computers to handle biological information. In practice the definition used by most people is narrower; bioinformatics to them is a synonym for "computational molecular biology"--- the use of computers to characterize the molecular components of living things. It is the science of developing computer databases and algorithms for the purpose of speeding up and enhancing biological research. Bioinformatics is being used most noticeably in the Human Genome Project, the effort to identify the 80,000 genes in human DNA . New academic programs are training students in Bioinformatics by providing them with backgrounds in molecular biology and in computer science, including database design and analytical approaches.

The use computers to store, retrieve, analyze or predict the composition or the structure of biomolecules. These molecules include your genetic material---nucleic acids---and the products of your genes: proteins. These activities are referred  to as "classical" bioinformatics, dealing primarily with sequence analysis. 

It is a mathematically interesting property of most large biological molecules that they are polymers; ordered chains of simpler molecular modules called monomers. Think of them as beads or building blocks which, despite having different colors and shapes, all have the same thickness and the same way of connecting to one another. Each monomer molecule is of the same general class, but each kind of monomer has its own well-defined set of characteristics. Many monomer molecules can be joined together to form a single, far larger, macromolecule which has exquisitely specific informational content and/or chemical properties. 

According to this scheme, the monomers in a given macromolecule of DNA or protein can be treated computationally as letters of an alphabet, put together in pre-programmed arrangements to carry messages or do work in a cell. 

The greatest achievement of bioinformatics methods, the Human Genome Project, is currently being completed. Because of this the nature and priorities of bioinformatics research and applications are changing. People often talk portentously of our living in the "post-genomic" era, and that this will affect bioinformatics in several ways: 

· Now we possess multiple whole genomes we can look for differences and similarities between all the genes of multiple species. From such studies we can draw particular conclusions about species and general ones about evolution. This kind of science is often referred to as comparative genomics. 

· There are now technologies designed to measure the relative number of copies of a genetic message (levels of gene expression) at different stages in development or disease or in different tissues. Such technologies, such as DNA micro arrays will grow in importance. 

· Other, more direct, large-scale ways of identifying gene functions and associations (for example yeast two-hybrid methods) will grow in significance and with them the accompanying bioinformatics of functional genomics. 

· There will be a general shift in emphasis (of sequence analysis especially) from genes themselves to gene products. This will lead to: 

· attempts to catalogue the activities and characterize interactions between all gene products (in humans): proteomics ). 

· attempts to crystallize and or predict the structures of all proteins (in humans): structural genomics. 

· fewer DNA double-helices in bad sci-fi movies. 

· What some people refer to as research or medical informatics, the management of all biomedical experimental data associated with particular molecules---from mass spectroscopy, to in vitro assays to clinical side-effects---will move from the concern of those working in drug company and hospital I.T. (information technology) into the mainstream of cell and molecular biology and migrate from the commercial and clinical to academic sectors. 

The Story About  Genes

The hype around biotech is not new. Biotech was heralded as the glamour industry in the late 1980s in the US. Then the dream soured. Of the more then 1,000  companies in the US, less then quarter were actually profitable. But with the coming of Internet age, the tech battering, the decoding of the genome and the coming of proteomics, the tide turned again.

IN February 2001, one of the most gargantuan scientific endeavors of our time concluded. Two rival molecular biologist published the entire human genome, the cumulative efforts of some of the finest minds and fastest computers of our times. Ever since the human genome was mapped, there is soaring interest in Bioinformatics, the union of infotech and biology.

GENOMICS - It is the study of the human genome, the sum of total around 30,000 human genes. Genetic permutations and combinations run into the trillions. To be useful in creation of new drugs, the gene sequences have to be converted into databases. Each gene, made from bits of DNA, has just four chemical alphabets strung together on a double helix in various forms.

PROTEOMICS – It studies the proteins that genes make. Proteins are built from 29 different amino acids. That means hugely more combinations. Plus proteins have complex structures determined not just by their amino-acid building blocks, but how they fold together with other molecules that attach to them after they form, like sugars and phosphates.

Running through genetic variations and the incredibly difficult task of deciphering proteins is impossible without infotech. Hardware companies provide equipment to handle the vast quantities of data. Software tools capture, manage and analyze that data. That is what BIOINFORMATICS  is.

Currently, a lot of bioinformatics work is concerned with the technology of databases. These databases include both "public" repositories of gene data like GenBank or the Protein DataBank (the PDB), and private databases like those used by research groups involved in gene mapping projects or those held by biotech companies. Making such databases accessible via open standards like the Web is very important since consumers of bioinformatics data use a range of computer platforms: from the more powerful and forbidding UNIX boxes favoured by the developers and curators to the far friendlier Macs often found populating the labs of computer-wary biologists. 

Databases of existing sequencing data can be used to identify homologues of new molecules that have been amplified and sequenced in the lab. The property of sharing a common ancestor, homology, can be a very powerful indicator in bioinformatics

The Other Areas of Bioinformatics

Molecular biology 

"MoBi" was the bioinformatics of its day; desperately fashionable, the province of new, higher-paid practitioners and considered with slight suspicion by more traditional biologists. It was once a great achievement to sequence a modest stretch of DNA, now it's a job for robots. Today we the technology is very well established. Scientists can buy molecular biology kits to perform the sort of genetic manipulations that would make your  jaws drop. 

Despite the profusion of commercial kits, there is still a requirement for real skill in molecular biology and the general level of scientific understanding required to be a good biological scientist---rather than just completing a practical class---doesn't come easy. Living matter, the stuff you have to work with is unpredictable and responds slowly---except when it's dying. Even supposedly fast-growing bacteria can take a long time to yield up their secrets. 

Even now, as the focus of biomedical research shifts from molecular biology back to cell biology and protein biochemistry, The term is now more often used to refer to the technological tools it provides biology in general rather than to fundamental research in the field itself. Those tools are common to a vast array of different kinds of research, from archaeology to zoology. 

Protein (bio)chemistry 

Protein (bio)chemistry is experiencing a revival. Proteins are still more delicate and fussy than nucleic acids. The same advice that applies to molecular biology applies to protein biochemistry. That stuff bioinformatics people refer to as "wet lab science" is much harder than it looks. 

The Bioinformatics Industry Worldwide

The opportunities from Bioinformatics are so vast that they are presenting themselves to IT companies, doing even lesser-known niche applications seemingly unrelated to biotech. Bioinformatics worldwide is, in actual terms, probably no more than $ billion industry (and about $50 million in INDIA. It will spiral upwards, this much is certain. It is already booming today with a percent of 30. Indian biotech is  fast and could one day rack up export figures like the software industry does.

 There is a growing number of US drugs companies that would like to send the banks of genomics and proteomics data for analysis to India. And as it happened with software, there are lots of Western biotech companies that would happily subcontract the enormous work of sequencing genes and building proteins catalogues.

Thus BIOINFORMATICS holds a great promise for FUTURE.
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