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ABSTRACT 

Immobilized potato phosphorylase has been prepared both by adsorption onto 
colloidal silica and also by attachment to porous gIass. Enzyme loading on the silica 
derivative was greater than with porous glass, but the glass derivative had superior 
physical properties for flow-through operations. Each of the immobilized preparations 
could synthesize polysaccharide over a wide molecular-weight range up to the limit 
of solubility of the polysaccharide product. The porous-glass derivative was used in 
continuous operation at 45” and had an observed half-life of 28 days. 

INTRODUCTION 

Immobilized enzymes, such as trypsin’ and chymotrypsin2, which act on 
macromoIecular substrates, have been widely studied. However, relatively littie is 
known regarding the use of immobilized enzymes to produce a macromolecular 
product. We have examined a system for producing polysaccharide from D-glucose 
by using immobilized enzymes. The key enzyme in this system is phosphorylase, 
which catalyzes the reversible formation or degradation of polysaccharide as shown. 

x D-gkICOSy1 phosphate + (D-ghxose), + (D-glUCOSe).+x + xPt 

The equilibrium position, although pH-dependent, can be adjusted in favor of polysac- 
charide synthesis. This report describes the immobilization of phosphorylase by two 
different techniques and its use in the synthesis of polysaccharide. 

EXPERIMENTAL 

Purification and assay of potato phosphorylase. - Phosphor&se was purified 
from potatoes according to the procedure of Lee3. The assay was based on the appear- 
ance of phosphate, which was determined by a modified Fiske-Subbarow method4. 
The enzyme solution to be assayed was added to 0.8 ml of a citrate-amylopectin 
solution (1% amylopectin in 0.125~ citrate, pH 6.3) and enough water to make a total 
volume of 0.9 ml. After a 5-min incubation period at 30”, 0.1 ml of D-glucosyl 
phosphate (0.1~) was added and the reaction was timed for 5 min. At the end of 5 min, 
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After several days of operation, the glass, which was brown initially, became white. 
A sample of the glass was removed from the column and stained with the KHz 
reagent. The entire glass particle became dark blue, suggesting that it was coated 
with polysaccharide. A second sample of the glass was allowed to remain in contact 
with glucoamylase for an hour in an effort to digest this coating enzymically. After 
this treatment, very little blue-staining material could be observed. Therefore, when 
the activity of the column had decreased to near 50% of the starting activity, a 
solution of glucoamylase was passed through the column for 1 h. After thorough 
washing with citrate buffer, the substrate solution was again passed through the 
column. As seen in Fig. 2, the activity was restored almost to the starting value by 
this treatment. A similar treatment with glucoamylase had little effect on the other 
column. The longer half-life of the column that produced higher-moiecular-weight 
product may be due to a decrease in the solubility of the glass as a result of the polysac- 
charide coating that forms on the glass surface. Solubility of the glass support during 
continuous operation has been cited as one of the major factors leading to a decrease 
in activity of enzymes immobilized on porous glass’ ‘. Modified glass supports have 
recently been prepared1 ’ that have improved solubility characteristics and corre- 
spondingly longer half-lives. It will be of interest to examine the phosphorylase system 
with these newer supports. 
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