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Thermally Induced Conformational Transitions of
Multi-stranded Polysaccharides in Solutions
— Differential Scanning Calorimetric Studies —

Shinichi Kitamura
(Received May 6,1993)

This review describes the application of high sensitivity DSC to the study of the conformational
transitions of polysaccharides in solution. Multi-stranded structures, which have been found for certain
polysaccharides, are stabilized by cooperation of numerous non-bonded interactions between sugar
molecules often involving solvent molecules. Since these cooperative structures undergo conformational
transitions with changing temperature, information concerning these structures can be obtained by DSC.
One of major advantages of the calorimetric method as compared with optical methods is that it gives
values both for the apparent, or van’t Hoff, enthalpy, the quantity derived from optical experiments,
and for calorimetric enthalpy. The ratio of van’t Hoff enthalpy to calorimetric enthalpy can be
employed to obtain an estimate of size of the cooperative unit for the process under study. As
current examples of the application, studies of the conformational transitions of triple helical

polysaccharide schizophyllan and of double helical polysaccharide xanthan are presented.
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Fig.1 The
schizophyllan.

structure of the repeating unit of
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2.57nm -+

Fig.2 Triple stranded-helix stranded-helix structure of
schizophyllan. (after Takahashi, et al'®)
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Fig.3 Tracings of DSC curves for schizophyllan obtained
at the solvent composition indicated in the figure.
WH denotes the weight fraction of water in
water-DMSO  mixtures. Scanning calorimeter,
DASM-4; polysaccharide concentrations, 9.2-18.0
mg mL™!; scan rate, 0.5 K min™'. No significant

noise was visible in the original recordings.
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Fig.5 Computer fit to the DSC curve observed at lower

temperature with a solution of schzophyllan. The
polysaccharide at a concentration 9.2 mg mL™!

was dissolved in a water-DMSO  mixture at
WH=0.4969. Observed data (o), calculated curve
and baseline(—).

Fig.6 Electron micrographs of vacuum-dried aqueous

solutions of schizophyllan prepared by (A)
dissolution in pure water, (B) dissolution at 1.0
mg mL™' in DMSO and subsequent renaturation
by exhaustive dialysis against distilled walter
followed by annealing at 120°C for 2 h and slow

cooling to room temperature. Scale bar = 200 nm.
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Fig.7 The structure of the repeating units of xanthan.

The degree of pyruvate and acetate substitutions may vary widely from

sample to sample.

Fig.8 Electron micrographs of xanthan samples; NX(A),
SX-15(B), and SX-80 (C). Scale bar= 200 nm.
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47 nm- %} _9 repeating units

double
stranded-helix of xanthan. Helix pitch, 4.7 nm;

Fig.9 Schematic  representation of 51

Average charge per repeating unit, 3.0.
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Fig.10 Tracing of DSC curves for xanthan(SX-15) in
aqueous NaCl at the salt cancentration indicated
in the figure. Scanning calorimeter, DASM-4;
polysaccharide concentrations, 5.3-5.8 mg mL7}
scan rate, 0.5 K min™. No significant noise was
visible in the original recordings.
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