A molecular modeling approach to understand the structure and conformation relationship of (GlcA)Xylan
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A heteropolysaccharide glucuronoxylan as one type of hemicellulose has been previously detected from hardwoods such aspen, beech and birch. The backbone of this hemicellulose consists of β-(1-4)-D-xylp residues substituted with one 4-O-methyl-D-Glcp per approximately every 10th such residue through 1-2 linked glycosidic bond 1[]
. Similar structure have been reported on chia seed gum 2[]
 with the β-(1-4)-D-xylp to 4-O-methyl-D-Glcp ratio of around 2:1. Most recently, a water soluble heteropolysaccharides from seed of Artemisia sphaerocephala Krasch (ASK) has been reported to have a similar structure, only the ratio of β-(1-4)-D-xylp to 4-O-methyl-D-Glcp was about 3:1. ASK polysaccharides have attracted growing attention over the past few years due to the reported effects on hyperglycemia, hyperlipemia, and insulin resistance in streptozotocin-induced type 2 diabetic rats as well as the significant antioxidant effects on diabetic rats 
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[3-9]
. Since (GlcA)Xylan samples differ according to their 4-O-methyl-D-Glcp content and distribution, and their fine structure seems to depend on their botanical source, which provide a challenging and complex topic for investigation.
In the present study, conformational properties of (glcA)xylan in terms of various molecular weights, branching ratios and distributions were investigated using molecular modeling method. The structure and conformation relationships in terms of various molecular weights, Xylp/GlcpA ratio and the distribution of GlcpA along xylan chain were established. The adiabatic contour maps of xylobiose, XylXyl(GlcpA) and  (GlcpA)XylXyl(GlcpA) indicated that the insertion of the side group (GlcpA) could influence the accessible conformational space of xylobiose molecule. RIS-Metropolis Monte Carlo method indicated that insertion of GlcA side chain induced an obvious lowering of the calculated chain extension at low GlcA:Xyl ratio (GlcA: Xyl = 1:3). The chain however, became extended once more at high degree of substitution. (GlcA: Xyl ratio above 2/3). It has also been shown that the spatial extension of the polymer chains is dependent on the distribution of side chain. Such studies provide a unique insight into the dependence of these two factors on the stiffness and flexibility of various (GlcA)Xylan chains.
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