


METAGENOMICS: A NOVEL TOOL TO UNRAVEL THE SECRETS OF NATURE


ABSTRACT

	Metagenomics is the biotechnological tool which helps to know the genetic makeup of the wide variety of  uncultivable microorganisms. This helps us to understand the diversity of the ecosystem. This genomic analysis tool provides information about the unknown biocatalysts  and biomolecules produce by the microorganisms which may be helpful in various biotechnological approaches. This review also highlights various screening methods in metagenomics to unravel the genetic make of the uncultivable microorganisms. This will later help in the engineering of these newly reported biocatalysts and biomolecules for specific processes. The expansion of metagenomic techniques with the development of various sophisticated methods will offer the way to find out even more valuable information about the microbial world.
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INTRODUCTION

	Prokaryotes represent the largest proportion of life forms on earth, which comprises 106 to 108 different genotypes (Sleator et al., 2008). These microorganisms are responsible for most of the chemical cycles on earth, which are essential for our existence. In addition, microorganisms serve human beings by maintaining our health, fermenting food and producing drugs (Backhed et al., 2005). Most of these microorganisms live in communities, many of those communities are complex with high magnitude of diversity with thousands of interacting members (DeLong, 2002) where they will compete for basic needs like space, air, etc. For the better understanding of life, it is essential to understand the diversity of these microorganisms in the community (Tyson et al., 2004). Most of the researches on microorganisms are based on culturing organisms in the laboratory. Major difficulty encountered by researchers in the field of microbial study was, how to study those organisms which do not grow under standard culturing conditions (Handelsman, 2004). 

	The term metagenomics was first coined by Handelsman in 1998, for habitat based investigation of mixed microbial population at the DNA level (Steele and Streit, 2005). Metagenomics provides a culture-independent way to access unculturable microorganisms and is now possible to study the genome of all those organisms. Thus metagenomics revolutionized the field of microbiology which offers a window to understand previously unknown and uncultivable microorganisms. 

MICROBIAL ARMY
	Life on earth was flourished due to a transition from the anaerobic to aerobic forms of photosynthetic bacteria. Due to this transition oxygen began to accumulate in the atmosphere until it was sufficient to support the life of aerobic organisms. Once oxygen concentration reached at a very high concentration, oxygen molecule began to collide and produced ozone. Later this ozone gas accumulated in the stratosphere and protected the life forms on earth from ultraviolet light (Handelsman et al., 1998). Yet another group of microorganisms evolved are nitrogen fixers. These bacteria could break triple bonded nitrogen molecule and fix atmospheric nitrogen for the usage of terrestrial living beings. Human health is under constant check by human microbiome such as gut microflora, when the balance of gut microbial community is compromised, many diseases like colon cancer, inflammatory bowel disease, obesity and diabetes may occur. All these microbes coevolved with the human species, produces an intertwined web of dependency and communication (Turnbaugh et al., 2006). A large proportion of the drugs available today are synthesized from bacteria and fungi. The discovery of antibiotics has transformed human existence by providing an outstanding about the treatment of infectious diseases. In addition microorganisms play an important role in providing industrial enzymes and polymers, cleaning up toxic wastes products and can be employed in the process of fermentation etc. 

METAGENOMICS- A NOVEL TOOL FOR MICROBIOLOGICAL INVESTIGATIONS

	The main practice in bacteriology for identifying microorganisms for years was by culturing. Culturing techniques brought a gap in our knowledge about the wide variety of microorganisms that cannot be cultured. In 1980s, before the advent of metagenomics, another method was available to assess the uncultured microorganisms. This was by the nucleotide sequence analysis of small subunit ribosomal ribonucleic acid genes (rRNA, 16Sr RNA for prokaryotes and 18S rRNA for eukaryotes) (Schmidt et al., 1991). Analysis of these signature sequences helped to generate awareness about the amazing diversity of the microbial community, but provided little insight into the functional role of those organisms. Under these circumstances there was an urgent need among researchers for new tools to discover and analyze the function of these uncultivable microbes. This lead to the discovery of Metagenomics- the genomic analysis of microbial communities (Schneider and Riedel, 2010).

	The first step in Metagenomics involves extraction of DNA directly from an environmental samples eg; soil, (Voget et al., 2006 and Waschkowitz et al., 2009) seawater (Stein et al., 1996), ground water (Uchiyama et al., 2005), antarctic desert soil (Heath et al., 2009), human microbiome etc. Microbial DNA isolation from extreme environment is still a technological challenge because many a times the DNA extraction procedure standardized for mesophilic sample may not be applicable for the samples isolated from extreme conditions. Hence various methods have been developed for the isolation of high quality of DNA from a variety of extreme environments (Hardeman and Sjoling, 2007). The extracted DNA can contain a pool of genomes from different organisms. Second step is to insert these DNAs into a surrogate host, such as Escherichia coli. These inserted DNAs could then be studied either in sequence driven analysis or function based analysis (Pathak et al., 2009).
	Metagenomics was adopted by the scientific community in the 1990s with various goals (Handelsman et al., 1998). It was the first and foremost method to learn about the functional contributions to the biosphere made by the members of the microbial community that could not be cultured. To map microbial communities that are associated with the human gut, mouth, skin and vagina Human Microbiome Project was founded in 2009. 

METAGENOMIC SCREENING METHODS
	
	Metagenomics was designed with several practical gains, such as the discovery of new genes and gene products that would lead to agricultural innovations, medicinal chemistry and industrial processes (Handelsman, 2004., Riesenfeld et al., 2004). These goals were achieved by two parallel methodological approaches like sequence-driven metagenomics and function- driven metagenomics. In the sequence-driven metagenomics approach the DNA from the environment of interest is sequenced and analyzed. This requires the designing of DNA probe or primers which are driven from conserved regions of already-known genes (Simon and Daniel, 2011). Metagenomics sequences are then compared to the sequence data available in publicly available database such as GENBANK. Sequenced genes can then be grouped into groups of similar predicted functions. This approach led to the successful identification of some novel enzymes like catalogs, DNA polymerases etc. (Knietsch et al., 2003).

	In function- driven metagenomics the DNA extracted from the environment is captured and stored in a surrogate host. Instead of sequencing, the scientists will screen the captured fragments of DNA for functional analysis. Isolation of genes encoding novel biomolecules are based on the metabolic activities of metagenomic-library-containing clones (Simon and Daniel, 2011). Novel biomolecules are recovered by three different approaches in function-driven metagenomics: phenotypical detection of the desired activity of microorganisms, heterologous complementation of host strains or mutants and by induced gene expression. Phenotypical detection is by using chemical dyes and chromophore-bearing derivatives of enzyme substrate incorporated into the growth medium, where they register the specific metabolic products produced by the individual clones (Simon and Daniel, 2009). A second category of function- driven metagenomic analysis is based on heterologous complementation of host strains or mutants of host strains which require the targeted gene for growth under selective conditions (Simon and Daniel, 2010). This approach is highly selective for the targeted genes. Third type of activity-driven screening termed as substrate-induced gene expression screening (SIGEX) (Uchiyama et al., 2005). This high-throughput screening method employs a GFP (Green Fluorescent Protein) expression vector in combination with fluorescence-activated cell sorting. Later on a similar type of screening method, designated as metabolite-regulated expression (MATREX) has been published to identify metagenomic clones producing small molecules like biosensors.

	Even though these approaches are effective enough to inform us about the diversity of the microbial world they have limitations also. In sequence-driven metagenomics if a metagenomic gene does not show a sequence similarity to any of the gene of known function deposited in public database, then little can be learned about the gene or its gene product. In function- driven metagenomics the major drawback is that most genes from organisms in wild communities may not be expressed easily by a given surrogate host. 

Later the development of next-generation sequencing techniques and other affordable methods allowing large-scale analysis of microbial communities resulted in novel applications in the field of metagenomics, such as community metagenomics, metatranscriptomics (Sorek and Cossart, 2010) and metaproteomics (Wilmes et al., 2008). Introduction of next-generation sequencing platforms, such as Genome Analyzer of Illumina (Bentley, 2006), Roche 454 sequencer and the SOLiD system of Applied Biosystems had a big impact on metagenomic research (Metzker, 2010). Increased sequencing efficiency and reduction in cost by way of these emerging techniques led to the increase in size and number of metagenomic sequencing projects.

CONCLUSION

	Metagenomics is one of the fastest growing research field of biology with full of promises. It provides a window to the researcher which was unseen before. It promises to provide a more complete understanding of global biological cycles that keeps biosphere in balance, organism responsible for production of enzymes, proteins, antibiotics etc. The development of new improved methods of DNA isolation, cloning techniques and screening strategies allowed assessment and exploiting of microbes from extreme and inhospitable environments such as hot springs, glaciers, hypersaline basins etc. Advent of next-generation sequencing and advanced bioinformatics tools helped in analysis and comparison of the metagenomic data sets with respect to phylogenetic and metabolic diversity. 
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