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ABSTRACT 

Conformational behavior of a gel-forming (l-+3)-/3-D-glucan in sodium hydrox- 

ide solution was studied by optical rotatory dispersion, viscosity, and flow birefiin- 

gence measurements, the alkali concentration being changed from 5mbf up to 4.8~. 

In the wavelength range studied (230-500nm), optical rotatory dispersion curves were 
anomalous, except the curve obtained with 4.8~ sodium hydroxide. At longer wave- 
lengths and low alkali concentration, the sign of rotation angle was positive, and at 

shorter wavelengths, it decreased sharply resulting in a broad maximum near 265nm. 
The angle of rotation at a given wavelength fell sharply with alkali concentration in 
the range of 0.19-0.24~. These changes were reversible when the sodium hydroxide 
concentration was varied. Intrinsic viscosity and flow birefringence also showed large 
changes corresponding to the rotation angle change. These observations suggest that, 
in solutions of low sodium hydroxide concentration, the (1+3)-/3-D-glucan takes an 
ordered conformation, whereas it practically behaves as a random coil at high con- 
centration, a conformational transition occurring in th;a region between 0.19 and 
0.24~. When sodium hydroxide was replaced with lithium hydroxide, a similar depen- 
dence of the optical rotation and the viscosity on the alkali concentration was 
observed. 

INTRODUCl-ION 

It has been shownlS2 that the bacterial gel-forming (1-3)~/3-D-glucan, isolated 

by Harada et al.3-5 is soluble in aqueous alkali but not in neutral or acid solution, 
and that it forms a gel when its aqueous suspension (at pHc 12) is heated above 54”. 
In the present paper, the (l-+3)-B-D-glucan was @died in alkaline solution by optical 
rotatory dispersion, viscosity, and flow birefringence measurements. 

EXPERIMENTAL 

Material. - The gel-forming (1+3)-j?-D-glucan, a linear polymer consisting of 
(1+3)-linked /3-D-glucose residues, obtained from the culture filtrate of a mutant 
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DISCUSSION 

Changes in optical rotation and intrinsic viscosity, such as those reported in 
Fig. 3, are known to take place with poly-r.-glutamic acid solution, in a pH range 
where the reversible helix-random coil transition OCCLUS~~. They take place also with 
amylose, at a pH of approximately 12, where the probably stiff, wormlike structure 
(deformed helix) existing in neutral solution changes to a flexible, expanded coi17. 
In the latter case this transition is a consequence of a conformation change caused by 
the interaction of the electrostatic charges resulting from the ionization of the hydroxyl 
groups7. 

On the basis of present and previous results, it can be suggested that the revers- 
ible conformational transition of the (1+3)-P-D-glucan from an ordered to a dis- 
ordered form occurs in a range of sodium hydroxide concentration from 0.19 to 
0.24~. 

Sundaralingaml 5, and Sathyanarayana and Rao16 have suggested that the 
conformation of the chain of (1+3)+~-glucan is similar to that of amylose (helix) 
in the solid state. On this basis and on the similar dependences of the viscosity and 
optical rotation on the alkali concentration of solutions of both amylose and gel- 
forming (1+3)-/?-D-gl ucan, we can assume that the (l-+3)-/I-D-glucan takes a helical 
conformation at low concentration of alkali (below 0.19M for sodium hydroxide and 
0.17M for lithium hydroxide). The axial ratio of rod-like particles was estimated 
with Kuhn’s equation17. Based on Pen-in’s equation for a rod-like particle and on the 
values of the extinction angles, obtained by extrapolation of the glucan concentration 
to zero (x,-. 0), the length of the glucan moIecuIe in sodium hydroxide solution of low 
concentration (0.05-0.19hI) was estimated to be 2800-2400 A. The length, determined 
from the extinction angle measurement under such a high rate of shear, as a rule 
gives the weight average. However, it would be difficult to figure out a pertinent helical 
conformation (single or multistranded model) having this rod length, without any 
informations about the glucan conformation based on such direct observation 
methods as X-ray diffraction measurements. 

The decrease in the value of [q] with the increase of sodium hydroxide concen- 
tration from 0.01 to 0.19M (Fig. 3), may result from a decrease in the stiffness of the 
molecule without destruction of the ordered structure, owing to the gradual increase 
of the amount of ionization of the hydroxyl groups; the fact that, in the present 
experiment, a linear relationship between reduced viscosity and concentration of the 
glucan (an unusual relationship for a normal polyelectrolyte) was observed, was pro- 
bably due to the stiff, rod-like structure of the glucan. 

In the range of sodium hydroxide concentration of 0.19-0.24M, a conformation 
transition occurs because of the breakdown of the rod-like structure, which results in 
an increasing backbone flexibility. At sodium hydroxide concentrations from 0.19 
up to 0.22M, where drastic changes in the rotation angle, the intrinsic viscosity, and 
the extinction angle are observed, the ordered structure of the &can is destroyed by 
the ionization of hydroxyl groups resulting in the elimination of hydrogen bonds. 
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At concentrations of sodium hydroxide above 0.22~~ a further breakdown of the 
ordered structure probably takes place. The increased degree 02 ionization results, 
however, in an increase of the hydrodynamic volume of the molecule owing to the 
electrostatic interaction between the ionized hydroxyl groups. Therefore, the rotation 
angle still decreases, the intrinsic viscosity passes through a minimum at 0.22M sodium 

hydroxide concentration, and the extinction angle cannot be observed because of the 
shortening of the axial length, probably below 1000 A, the shortest length of the rod 
for the measurement of the extinction angle. The presence of a deep minimum in the 
intrinsic viscosity is the result of a conformational transition due to the presence of a 
large amount of sodium ions which sufficiently suppress the expansion of the glucan, 
as a result of the electrostatic interaction of the ionized hydroxyl groups. 

At sodium hydroxide concentrations above 0.24~, the glucan exists practically 
as a random coil. 
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