Ordered conformation of xanthan in solutions and 
"weak gels": single helix, double helix – or both?
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It is well established that the anionic bacterial exopolysaccharide xanthan converts from a disordered chain conformation to an ordered structure on cooling and/or addition of salt. 
The transition is fully reversible, with no thermal hysteresis. It is also well established that 
the characteristic "weak gel" properties of xanthan, which are central to most of its practical applications, arise from tenuous association of the ordered structures to give a continuous gel-like network. There is, however, some apparent conflict of experimental evidence on the nature of these ordered structures. Some investigations have found no change in molecular weight over the temperature range of the disorder–order and order–disorder transitions, and salt-induced conformational ordering follows first-order kinetics, indicating an intramolecular process. Other studies, however, have shown an approximate doubling of molecular weight and, more importantly, mass per unit length on cooling, arguing that the ordered form is an intermolecular dimer. X-ray fibre diffraction showed conclusively that the ordered structure 
is a 5-fold helix with a pitch of 4.7 nm. Computer modelling, using these parameters in conjunction with known constraints of ring geometry and required separation between 
atoms, suggested a 51 single helix stabilised by ordered association between the cellulosic backbone and the charged trisaccharide sidechains that are attached at O(3) of alternate glucose residues. In a subsequent re-analysis by the same group, prompted largely 
by evidence of a double-helix structure from electron microscopy and hydrodynamic measurements of mass per unit length, however, it was concluded that coaxial arrangements are also sterically feasible and that the most likely of these is an antiparallel 51 double helix.

The nature of the ordered structure has been the subject of heated debate, including the comment that "no clear thinking person can consider the ordered xanthan conformation 
as anything other than a double helix". However, the single helix and double helix proposals may both be correct. In an investigation1 in which the temperature-course of changes in optical rotation and light scattering were compared, it was found that approximate doubling of molecular weight occurred only in the final stages of conformational ordering. Similarly, when cadoxen was used to denature the ordered structure the observed decrease in molecular weight occurred at substantially lower concentration of cadoxen than loss of conformational order. The proposed interpretation was that ordering of xanthan is a two-stage process, comprising (i) formation of single helices (giving first-order kinetics) and (ii) dimerisation. 
The dimers envisaged were side-by-side assemblies, analogous to the highly-stable 
dimeric "egg-box" junctions in calcium alginate and calcium pectinate gels. However, 
coaxial dimerisation would be more favourable enthalpically, by allowing more extensive 
non-covalent bonding between the two strands, with little, if any, greater loss of entropy. Recent evidence2 from atomic force microscopy (AFM) is indeed more consistent with a coaxial double-helix structure than with non-coaxial dimers of single helices, and the presence of "hairpin loops" in some of the micrographs strongly favours the antiparallel arrangement that emerged as the most likely double-helix structure from re-analysis of 
X-ray fibre diffraction data.
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