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Purification and Properties of Wall-bound «-Glucosidase

from Suspension-cultured Sugar-beet Cells
Yoshiki YaMasakl and Haruyoshi KoNnNoO

Wall bound a-glucosidase (EC 3. 2. 1. 20) has been solubilized from
suspension-cultured sugar-beet cells with Sumyzyme C and Pectolyase Y-23
and purified by a procedure including fractionation with ammonium sulfate,
Sephacryl S-200 HR column chromatography, and CM-cellulose colum
chromatography. The enzyme readily hydrolyzed maltose, nigerose,
malto-oligosaccharides, and soluble starch, but hydrolyzed isomaltose more
slowly. The enzyme hydrolyzed malto-oligosaccharides and soluble starch
at a faster rate than maltose. The wall-bound a-glucosidase from sugar-
beet cells is different from the enzymes extracted from the cells and seeds
in substrate specificity.
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INTRODUCTION

In a previous paper'®, we reported that four a-glucosidases are
produced by suspension-cultured sugar-beet cells, grown in Murashige and
Skoog medium® with shaking. The four enzymes can be extracted from the
cells with buffer and NaCl'®. After the solubilization of the four enzymes,
about 40 9% of the a-glucosidases produced by sugar-beet cells remained in
the pellet. Therefore, the properties of the enzyme in the pellet can be
examined. On the other hand, the insoluble a-glucosidases in water have
also been found in sorghum and barley grain!?, and rice cells'®. Water
releases less than 2 9 of the enzyme activity found by the direct incubation
of milled grain with maltose and 22 9% with 1 M NaCl. In rice cells, 89.1 9%
of the enzyme activity remain in the pellet after the incubation with 2 M
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NaCl. About 70 % of a-glucosidase from sorghum grain is liberated using
a combination of 8 M urea and 0.1 M sodium sulfite used to split disulfide
bonds. However, barley grain and rice cells do not respond similarly.
Membrane-bound a-glucosidases have also been reported in animals® * ®.

The fifth a-glucosidase in the pellet obtained after extraction of the
soluble fraction with NaCl can not be solubilized with detergents or a
combination of 8 M urea and 0.1 M sodium sulfite. Therefore, the enzyme
is not a membrane component and is not insolubilized via a S-S-linkage. The
enzyme must be firmly bound to the cell wall. In this study, we solubilized
a-glucosidase from sugar-beet cell wall, purified the enzyme partially, and
investigated some of its properties.

MATERIALS AND METHODS

1. Materials

Maltose (HHH), maltotriose, maltotetraose, maltopentaose, maltohex-
aose, maltoheptaose, and isomaltose (Hayashibara Biochemical Labora-
tories, Inc.), sodium carboxymethyl cellulose (CMC) and soluble starch
(Ishizu Pharmaceutical Co., Ltd.), xylan (Sigma Chemical Co.), Pectolyase
Y-23 (Seishin Pharmaceutical Co. Ltd.), and Sumyzyme C (Shinnihon
Kagaku Kogyo Co Ltd.) were obtained from commercial sources.

2. Cell culture

Sugar-beet cells (ca 0.7 g wet wt) were inoculated into 125 ml of the
medium of Murashige and Skoog in 500 ml conical flasks, and grown with
gentle shaking (88 strokes per min) at 25°C for 20 days in the dark.

3. Enzyme assay

a-Glucosidase activity was determined as follows. The reaction mix-
ture containing 0.1 ml of 1 9% maltose, 0.25 ml of 0.1 M acetate buffer, pH 4.5,
and enzyme solution in a final volume of 0.5 ml was incubated at 37 'C for
1 hr. After incubation, the reaction was stopped by boiling for 5 min. The
amount of glucose formed was measured by the method of Papadopoulos ef
al.”, as modified by Dahlqvist®. One unit of a-glucosidase activity was
defined as the amount of enzyme which liberates 1 gmol/hr of glucose from
maltose under the conditions described above.

CMC- and xylan-hydrolyzing activities were determined by measuring
the amount of reducing sugar liberated from the respective substrates
according to the method of Somogyi'®. One unit of enzyme activity was
defined as the amount of enzyme liberating 1 gmol/hr of glucose from the
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respective substrate under the conditions described above.

4. Determination of protein

Protein was determined by the method of Warburg et a/.'”. The protein
profiles in column chromatography were followed by measuring the absor-
bance of eluates at 280 nm.

RESULTS AND DISCUSSION

1. Isolation of wall-bound a-glucosidase

When sugar-beet cells were treated with the mixture of Sumyzyme C
and Pectolyase Y-23, the wall-bound a-glucosidase was solubilized from the
cells with the production of protoplasts. However, the mixture of Sum-
yzyme C and Pectolyase Y-23 has several forms of a-glucosidase and one of
them emerged in the same position as the wall-bound a-glucosidase on
Sephacryl S-200 HR column chromatography. Therefore, the a-glucosidases
must be removed from the mixture of Sumyzyme C and Pectolyase Y-23.

Sumyzyme C (5 g) and Pectolyase Y-23 (150 mg) were dissolved in 25 ml
of 0.1 M acetate buffer, pH 5.0, and the insoluble material was removed by
centrifugation at 8,000 xg for 10 min. The solution was put on a Sephadex
G-25 column (3.2 X 45 cm) to remove ammonium sulfate. The protein
fractions were passed through a DEAE-Sephadex A-50 column (12.5 X 8 cm)
equilibrated with 0.1 M acetate buffer, pH 5.0. The unadsorbed protein
fraction was concentrated to 12 ml using a Bio-Engineering ultrafiltration
device (G-05 T membrane; Bio-engineering Co.). The concentrate was
filtered on a Sephadex G-100 gel column (1.8 X 146 cm) equilibrated with 0.1
M acetate buffer, pH 5.0. Protoplast-forming enzymes (Nos. 40~50) were
separated from «-glucosidases (Fig. 1).

Sugar-beet cells (310 g) were suspended in 500 ml of 30 mM acetate
buffer, pH 5.3, containing 0.5 M mannitol, 2 % sucrose, and the purified
protoplast-forming enzymes (CMC-hydrolyzing activity ; 2,400 gmol/min as
glucose). The enzymic digestion was done at 30 C with gentle stirring.
After 2 hr, the formation of protoplasts was completed and 17.3 % of the
enzyme activity in sugar-beet cells was solubilized (Fig. 2). The activity was
measured after partial purification of the enzyme by fractionation with
ammonium sulfate and Sephacryl S-200 HR column chromatography. Thus,
considerable «-glucosidase activity must be lost during the digestion of the
cells and the purification of the enzyme. Therefore, «-glucosidase in the cell
wall pellet may be located in the wall and most of the enzyme may be
liberated by the digestion of the wall that produces protoplasts.
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Fig. 1. Sephadex G-100 column chromatography of mixture of Sumyzyme C and Pectolyase
Y-23.

The column was eluted with 20 mM acetate buffer, pH 5.0. The eluate was collected
in 4.0 ml fractions. @——@, Absorbance at 280 nm ; O ----O, a-glucosidase activity ;
A——A, xylan-hydrolyzing activity ; /x----A, CMC-hydrolyzing activity.
The solubilized a-glucosidase solution was brought to 0.9 saturation
with ammonium sulfate. The precipitate was collected by centrifugation at

2

Fig. 2. Protoplasts from suspension-cultured sugar-beet cells.
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8,000 xg for 10 min and dissolved in 50 mM acetate buffer, pH 4.5. The
solution was put on a Sephacryl S-200 HR column (2.8 X 98 cm) equilibrated
with 20 mM acetate buffer, pH 4.5, containing 150 mM NaCl (Fig. 3). The
eluate with a-glucosidase activity was dialyzed overnight against 20 mM
acetate buffer, pH 4.5. The dialyzed solution was put on a CM-cellulose
column (1.6 X 10 cm) equilibrated with 20 mM acetate buffer, pH 4.5. The
column was first eluted with the same buffer to wash off the unadsorbed
protein, and then with a linear gradient of 0 ~ 1.0 M NaCl, also in the same
buffer. The eluate with a-glucosidase activity was concentrated to 3 ml
using an Amicon ultrafiltration device (PM-10 membrane; Amicon Co.).
The concentrate was dialyzed overnight against 20 mM acetate buffer, pH
4.5, and used as an a-glucosidase preparation to determine the enzymatic
properties. Table 1 shows a summary of the purification procedures.

2. General properties of wall-bound a-glucosidase

The pH optimum of the enzyme was 5.0. After 20 hr preincubation at
30 ‘C with 50 mM Mcllvaine’s buffer, the enzyme was stable in the pH range
4.5-7.0. The temperature optimum for the activity of the enzyme was 55 C

Activity (units/ml)

Absorbance at 280nm

Fraction Number

Fig. 3. Sephacryl S-200 HR column chromatography of wall-bound «-glucosidase from
sugar-beet cells. The column was eluted with 20 mM acetate buffer, pH 4.5, contain-
ing 150 mM sodium chloride. The eluate was collected in 5.7 ml fractions. @——@,
Absorbance at 280 nm; O ---O, a-glucosidase activity.
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after a 60-min incubation. After a 15-min preincubation with 50 mM acetate
buffer, pH 4.5, the enzyme was stable up to 50 ‘C. The thermostability of the

Table 1. Summary of purification of wall-bound «-glucosidase from suspension-
cultured sugar-beet cells

a-Glucosidase activity

Procedure Total Total Specific Yield
protein activity  activity
(mg) (V) (U/protein, mg) (%)
Sephacryl S-200 HR
chromatography 240 738.0 3.1 100
CM-cellulose
chromatography 17.7 407.0 23.0 55.1

wall-bound enzyme was similar to those of the others of sugar-beet cells'®,
as in rice cells'®, although a greater thermostability of wall-bound enzymes
was reported for invertases” ¥ and g-galactosidase®.

3. Substrate specificity

The activity of the enzyme on various substrates was examined. Table
2 shows the relative rates of hydrolysis. The enzyme readily hydrolyzed
maltose, nigerose, malto-oligosaccharides, and soluble starch, but hydrol-
yzed isomaltose weakly. For enzyme assays, we measured the amount of
glucose liberated from the substrate as described in MATERIALS AND
METHODS ; that is, the hydrolysis values of maltose, nigerose and
isomaltose were twice as high as those of the other substrate for the same
degree of hydrolysis. Therefore, the result shows that the enzyme has higher
substrate specificity for malto-oligosaccharide and soluble starch than

Table 2. Substrate specificity of wall-bound «-glucosidase from
suspension-cultured sugar-beet cells

Relative rate of hydrolysis (%)

Maltose 100

Isomaltose 14.1
Nigerose 70.6
Maltotriose 84.8
Maltotetraose 87.1
Maltopentaose 87.1
Maltoheptaose 110.9
Soluble starch 74.4

maltose. The four a-glucosidases from sugar-beet cells are divisible into
two groups in terms of soluble starch and isomaltose hydrolyzing
activities!®. One group readily hydrolyzes soluble starch and isomaltose.
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It hydrolyzes soluble starch at a faster rate than maltose as does the
wall-bound enzyme from sugar-beet cells. Two a-glucosidases from sugar-
beet seeds also exhibit very different properties in their soluble starch and
isomaltose hydrolyzing activities as described above'®. Therefore, the
wall-bound enzyme from sugar-beet cells is similar to the enzymes extracted
from the cells and seeds with buffer and NaCl in soluble starch-hydrolyzing
activity, but is different from them in isomaltose-hydrolyzing activity.
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