Interactions of mucin and polysaccharides in solution as probed by several biophysical techniques
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Mucin (MUC) is the major constituent glycoprotein of mucus and plays key biological functions such as, i.a., modulation of water and electrolyte absorption and protection of the underlying epithelium of mucosa against mechanical and chemical stress. MUC is known to undergo a sol-to-gel transition as a function of pH and to exhibit a critical overlap concentration1,2. We have revisited the interaction of the soluble fraction of pig´s stomach MUC with a library of polysaccharides of relevance in food and biomedical applications, including positively charged chitosans (CS) of varying Mw and degree of acetylation (DA), polyanions (namely alginate, dextran sulfate, CMC, xanthan, hyaluronic acid, pectin, mesquite gum) and neutral ones (dextran and a exopolysaccharide sourced from youghurt bacterium Streptococcus thermophilus). To this end, we have adopted a microviscosimetric approach that allowed screening the magnitude of the interaction of each polysaccharide-MUC system as a function of varying composition given by the difference in viscosity with respect to the additivity line. Chitosan interacts with MUC via electrostatic and other forces dictated by the degree of acetylation (DA) and Mw of the polymer. This leads to turbid complexes with a zeta potential and ITC profiles directly dependent on the composition of the system. By contrast, polyanions interact with MUC in a much weaker way by virtue of ionic interactions, involving presumably the positively charged aminoacids at the protein globular domains of MUC and the negatively charged residues of the polysaccharides, as probed by DLS, synchrotron SAXS or fluorescence spectroscopy. The capacity to interact and influence either the large- (bulk) or the small-lenghtscale properties of MUC depends on the structural characteristics of the polysaccharides, namely the Mw and the chain flexibility. Indeed, flexible chains (e.g. dextran sulphate, CS of high DA and high Mw) are found to interact more favourably. Neither neutral (e.g. dextran), highly branched (e.g. mesquite gum) nor highly stiff (e.g. CMC, xanthan) polysaccharides show capacity for interaction with MUC.  Based on these results, we have proposed a general model that could account for the observed phenomena. We believe that this work will aid in the selection of mucoadhesive polysaccharides for pharmaceutical or food formulations in a more rational way. 
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