Investigations of the heterogeneity of enzymatically synthesized α-glucans
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Many lactic acid bacteria have the ability to produce α-glucans which can be applied as hydrocolloids in various food products. The synthesis of the corresponding polysaccharides is carried out by extracellular glucansucrases which hydrolyse sucrose and use the glucose residue to form polymers. Most glucansucrases catalyse the formation of dextrans. These polysaccharides are composed of an α-1,6-linked backbone which may be branched at position O2, O3, and/or O4. In addition, some glucansucrases form α-glucans such as mutan or reuteran which contain 1,3- or 1,4-linkages within the backbone. However, detailed information on the structural architecture (e.g. side chain distribution and length) is scarce. Therefore, we investigated the α‑glucans formed by several recombinant glucansucrases in detail by using various approaches. Besides established analytical tools such as methylation analysis and NMR spectroscopy, partial enzymatic hydrolysis was applied to obtain detailed structural information. For example, dextrans were specifically hydrolysed with endo-dextranase which endolytically cleaves the unbranched, α-1,6-linked dextran backbone. This leads to the formation of isomaltose and branched oligosaccharides which were isolated by a combination of chromatographic techniques and characterized by MS and two-dimensional NMR spectroscopy. The abundance of the oligosaccharides (analysed by HPAEC-PAD) yielded information on side chain length and distribution of different dextrans as well as of insoluble or gel-like α-glucans.1 The analysis of enzymatically liberated oligosaccharides was, besides other techniques, also applied to characterize the α-glucans produced by four different glucansucrases encoded by Leuconostoc citreum TMW 2.1194.2 Furthermore, the polysaccharides formed by several mutants of a recombinant glucansucrase from Limosilactobacillus reuteri TMW 1.106 were characterised in detail.3 These polysaccharides contained 1,6- and 1,4-linkages as well as, in part, a very high degree of branching. Therefore, additional α-glucan hydrolysing enzymes such as pullulanase and isoamylase were used. The structural characterization of the liberated oligosaccharides demonstrated that the corresponding glucans are composed of very complex structural elements with alternating backbone linkages as well as complex side chains. Overall, enzymatically synthesized α-glucans have a high heterogeneity and complexity as well as a high potential due to the possibility to tailor their structure by using recombinant glucansucrases.
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