Metagenomic DNA from soil samples as a source for novel chitin and chitosan modifying enzymes
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Chitin belongs to the most abundant polysaccharides worldwide, and its de-acetylated derivative chitosan is among the most promising and thus extensively investigated bio-active biopolymers. However, the term chitosan actually refers to a family of oligo- and polymers differing in their degree of polymerisation (DP), degree of acetylation (DA), as well as their pattern of acetylation (PA). Based on such structural diversity, different chitosans possess different bio-activities but a detailed understanding of the molecular processes is still missing. In addition, chemical production of chitosan leads to a rather ill-defined mixture of ill-defined molecules. However, chitin and chitosan modifying enzymes (CCME) provide promising tools for industrial production of chitosans with more defined DP, DA, and PA. In this project, we used a metagenomic sequencing approach to identify and characterize genes encoding novel CCME.

A promising source for microorganisms providing novel CCME are soils with long exposures to chitin and chitosans. Hence, soil was collected from a chitosan production site at the Mahtani Chitosan company in Gujarat, India. The soil, sampled during the dry season, was slightly watered, additional alpha-chitin was added, and the sample incubated at room temperature for approximately four weeks to further enrich a microbial chitin and chitosan modifying consortium. Metagenomic DNA was extracted and sequenced on a Genome Sequencer FLX platform from Roche applying Titanium chemistry. Management and analysis of the sequences were performed within the MetaSAMS platform (1) and by using GenDB, a genome annotation system for prokaryotic genomes (2).
The analysis of the dataset revealed potentially new coding sequences for chitin and chitosan modifying enzymes. Amongst others, one novel full length chitinase gene was discovered by homology searches in various data bases. In a first step, gene synthesis, cloning, and expression of the putative chitinase gene (chiA01) using the E. coli Rosetta 2 (DE3) [pLysSRARE2] / pET-22b(+) vector system was performed. The corresponding protein was purified via affinity chromatography which yielded about 5 mg of highly pure enzyme. Dot blot experiments indeed demonstrated chitinase activity, establishing proof-of-principle that metagenomic sequencing can be used to identify potentially novel genes encoding chitin and chitosan modifying enzymes.
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