Insights into the enzymatic production of specific chitosans with non-random patterns of acetylation
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Chitosan is one of the most versatile and most promising functional biopolymers, and it is commercially derived from chitin, one of the most abundant biopolymers on earth and, thus, an almost inexhaustible renewable resource. However, the commercial exploitation of chitosan still lags behind initial expectations, and this is mostly due to poor reproducibility of many of its alleged biological activities. We have argued that this is at least in part brought about by a lack of detailed understanding of structure/function relationships of partially acetylated chitosans at the molecular or nano-level. In fact, the term chitosan truly refers to a family of polysaccharides differing in their degree of polymerization (DP), degree of acetylation (DA), and pattern of acetylation (PA). The past decade has seen remarkable progress in understanding the roles of DP and DA of chitosans in defining their physico-chemical properties and their biological activities. In contrast, the role of PA has not yet been studied, mostly due to a lack of analytical methods to determine PA, and to the non-availability of chitosans with non-random PA. Based on theoretical considerations on the specificity of enzyme/substrate and receptor/ligand interactions, we have, however, hypothesized that the PA of a partially acetylated chitosan will play a crucial role in determining their biological activities, especially if a sequence-specific chitosan hydrolase such as human chitotriosidase is present in a target tissue.

We here describe how chitin and chitosan modifying enzymes, such as chitin deacetylases and chitosan hydrolases, can be used for analysis and synthesis of chitosans with non-random PA. Chitin deacetylases can convert fully acetylated chitin oligomers or highly acetylated chitosan polymers with random PA into chitosan oligomers or less acetylated chitosan polymers with defined, non-random PAs. Sequence specific chitosan hydrolases can then be used in enzymatic/mass-spectrometric fingerprinting assays to determine the PA of chitosan polymers, while the PA of chitosan oligomers even in complex mixtures can be determined using quantitative mass spectrometric sequencing techniques. Thus, bio-engineering of designer chitosans with known structures and defined functions becomes feasible, as a prerequisite for the development of reliable chitosan-based products, e.g. for plant disease protection or scar-free wound healing.

