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Note 

Thermally induced conformational transition of xanthan polyelectrolyte 
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Xanthan, the polysaccharide elaborated by Xunthomonas campestris, has a 
pentasaccharide repeating-unit (1) and is a (1 +4)-P-D-gluCan having a trisac- 

charide side-chain attached on alternate D-glUCOSyl residueslP3. Xanthan solutions 
exhibit a distinctive, non-linear behavior in several physicochemical properties 
when heated in the range &lOO”. These changes can be reconciled with a thermally 
induced, cooperative transition. Two models have been proposed to describe the 
secondary (and the tertiary) structure of xanthan. Model 1 assumes that the funda- 
mental conformations in the ordered and in the disordered states are a single- 
stranded helix, stabilised by alignment and packing of the side chains along the 
polymer backbone, and a disordered, stretched, worm-like chain, respectively4. 
Support for this model mainly derives from the first-order kinetics of the disorder- 
order transition. Model 2 postulates the transition to a single-stranded, disordered 
chain from a multistranded helix on the basis of electron microscopy’, sedimenta- 
tion, viscosity’, and light-scattering data’- ’ ‘. 
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where 3H$,, is the value of the enthalpy of transition [in cal.(mol of charge)-‘. 

i.e., cal.equivalent- ‘1 determined c:~lorimctricnlly. _lH,hl,,,, i\ r~lppowd to 1x2 es- 

szntially due tu non-ionic contributions and largely independent of I. 





the pyruvate groups affects only the electrostatic part of the total free-energy. 
Experimental values of the enthalpy of transition have been determined by 

differential scanning calorimetry (d.s.c.) of solutions in I()mM NeCI al three 

polymer concentrations in the range 1.4552.89% (w/w). Three diffcrcnt amounts of 
solution (from 30 to 80 mg) were used routinely for each polymer concentration. 
The experiments were normally carried out at a scan rate of 10 K.min I, with occa- 
sional confirmatory runs at 2.5. 5. and XI K.min ‘. Many samples were analysed 
twice or more after storage overnight at 4” in order to cheek the reversibility of the 
transition. A Ieprescntative example: uf a thermograru showing a rather broad. but 
well defined, endothermic peak is shown in Fig. 1. The experimenlal Iwal ol’ tranxi- 

tion. determined under these various conditions, was randomly dependent on scan 
rate, concentration of polysaccharide, and amount of xanthan sc>lution. The aver- 
age value of the enthalpy of transition is 2 47 +Cl 37 kral (r-rpratirrp unit) ’ for 
sample A (4 measurements; -ts.e.) and 2.66 510.13 kcal.(repeating unit)-’ foraam- 

pie R (32 measurements; -+s.e.). respectively. They have to lx compared with the 
AHM mol values calculated for the two processes outlined above (see ‘Table I). 

The predicted AffM values for process 1 (an PTC/II.F~I,P~~ Intramolecular con- 
formational transition) clearly fall short of the cxperimcntal result. ,rnd no specs- 
lation can reconcile this discrepancy. On the other hand, the agrccmcnt bctwccn 
the experimental AHM value and that predicted by process 7 also appears not to be 

fully satisfactory. However, should the fraction of the ordered, initial state be tl. 
the agreement between prediction and experiment imprcwcs for process 2. and the 

disagreement for process 1 increases. The prescncc of an additional equilibrium be- 
tween the dimeric and the monomer-ic forms of the S-fold helix cannot he excluded 
for a given fraction of the total ordered form. (To say whether such monomerr and 
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dimers are isolated molecular species or parts of branched structures is beyond the 
limitations of the polyelectrolyte theory.) The experimental AH:,, would then be 
an average of the two entries of the last column of Table I, depending on the posi- 
tion of equilibrium. The occurrence and extent of the described phenomena cannot 
be assessed at present. However, the reported polyelectrolytic features of the ther- 
mal transition of xanthan seem to exclude the possibility that, at low temperature, 
the single S-fold helix is the only ordered conformation present. 

This conclusion is apparently contradicted by the kinetic study of Norton ef 
~1.~ and by scattering data of Rees”. Indeed, the correct interpretation4 that “the 
rate-limiting process in conformational ordering of disordered chains is helix nucle- 
ation” by no means precludes “furlher association into larger molecular as- 
semblies”. Rees” has presented the changes with lemperature in the optical rota- 

tion and in the Rayleigh ratio measured by LALLS. This latter parameter can be 
considered approximately proportional to the inverse of molecular weight. A 
distinctive halving of the molecular weight occurred upon increasing the tempera- 
ture, with a trend which parallelled the change in the optical rotation but displaced 
to slightly lower temperatures. 

Rinaudo and Milas’ and Paradossi and Brant’ ’ reported linear mass-density 
(MJL) data from classical light-scattering measurements. The former authors 
found M&L values which varied, with the ionic strength, from 1320 to 2020 daltoni 
nm in the range IIIM to M of I. For the hypothetical single-stranded conformation, 
the same authors gave 934 dalton/nm. Paradossi and Brant ” worked on a series of 
fractions of xanthan polysaccharide in O.lM NaCl. From the angular dependence of 
the scattering intensity of samples of different M w, they obtained convergent evi- 
dence to provide the value of -2000 dalton/nm for Mw/L, which corresponds to 
that of a double-stranded helical chain. 

In our opinion, the following behavior of xanthan in aqueous solution can be 
tentatively proposed. At high temperature and low ionic strength, a disordered, 
single-stranded chain preponderates. Upon cooling and/or increasing I, an intra- 
molecular “freeze-out” of the linkage conformations occurs, probably involving the 
side chains. Chain ordering is thereafter followed by chain dimerisation. The di- 
meric helical conformation could therefore be the preponderant ordered form at 
equilibrium, at low temperatures and moderate-to-high ionic strength. However, 
none of the above results indicates whether a side-by-side or an intertwined dimeri- 
sation-process occurs. 
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