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Fig. 1. Column Chromatography of the Precipitate with Acetone from Ungerminated

Rice on CM-Celluloose.

O—O0: optical density at 280 my; column (3.5X20 cm), equilibrated with 1/20 M
acetate buffer {(pH 6.2); gradient elution (1/20 M—1/2 M); each fraction, 15 m/.
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Fig. 2. Rechromatography of Peak III on CM-Celluose.
O—O: optical density at 280 myg; ®---@®: amylase activity ; @—@: a-glucosidase
activity.
Gradient elution (1/5M—1/2 M) was carried out with acetate buffer {pH 5.0); each
fraction, 10 mé.

Table 1. Purification of Amylase

Powder of polished rice, 5 kg
{ extracted with 154 of 1/15 M phosphate buffer (pH 7.6) at room temperature for 18
} hrs., filtered through Celite.
Extract, ca. 124
l adjusted to pH 6.8~7.2 with 5 N ammonia, added with amm. sulfate to 0.7 saturation,
} stood still overnight.
Precipitate
dissolved in 1.5¢ of water, centrifuged (8,000 rpm); resulting supernatant was treated
J with amm. sulfate (0.2~0.4 saturation) at pH 6.8~7.2, centrifuged.
Precipitate
} dissolved in 500 mé of water, treated with amm. sulfate in the same way as above.
Precipitate
| dissolved in 150 mé of water, dialyzed against acetate buffer (pH 4.8) at 4°C for 2
} days, centrifuged.
Supernatant
] adjusted to pH 6.8, added with acetone to 30~45% concentration below 0°C,
} centrifuged (10,000 rpm) at —5°C

Precipitate
| dissolved in 70 m#¢ of 0.05 M acetate buffer (pH 6.2), dialyzed against the same buffer
l  at 4°C.

Dialyzate

adsorbed on CM-Cellulose column at pH 6.2, eluted with acetate buffer gradiently
I (0.05M—05M).
Active Fraction, Peak IIl
dissolved in minimum amount of 0.05M buffer (pH 5.0}, treated with amm. sulfate

(0.75 saturation), centrifuged, rechromatographed in the same way with acetate buffer
v (pH 5.0) (0.2 M—0.5M).

Enzyme Solution
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Table 2. Progress of Enzymic and Specific Activity

Specific Activity

Purification Step l\(itl(:lll}n?:“]::)c A/M* as .:\m.\’];\.\‘c

. ) (unit/mg-N)
Precipitate at 0.7 Saturation 54,600 [ 1.0 ! 30
Precipitate at 0.2~0.4 Saturation ‘ 43,500 ‘ 0.95 1 60
Supernatny st ding agtinst | gqq0 o0 |
Precipitate after Acetone Treatment | 27,800 0.79 ‘ 330
Peak III after Chromatography — | 0.74 ‘ 676
Peak III after Rechromatography ‘ 12,000 0.75 743

| : |
* unit as amylase per m{/unit as a-glucosidase per m¢; value found with precipitate at 0.7

saturation was taken as 1.0,

1’ min. 24 min. 36 min.

B

4 min. 8 min. 12 min
Fig. 3. Sedimentation Patterns of Purified Amylase.

A: protein concentration, 0.92% in acetate buffer (»=0.1) of pH 5.0; B: 0.46%
in the same buffer. The photographs were taken after final speed rum]u'(] 56,100

rpm. Temperature, 20°C.
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Fig. 4. Electrophoretic Diagram on
Cellulose Acetate Strip.
Acetate buffer, pH 5.0; ionic strength, 0.1;
1.5mA/em; 120 min..
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Fig. 5. pH-Activity Curve of Amylase-and
a-Glucosidase-Activity.
®—e®: Amylase activity; O—0: a-Glucosidase
activity. Reaction condition, see text.
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Fig. 6. Temperature-Activity Curve of Amylase-
and a-Glucosidase-Activity.

e—®: Amylase activity; 0—O:

activity.

Experimental condition, see text,

a-glucosidase
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Residual Activity (2
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[

9 4 5 55 60 65
Jemperature, °C

Fig. 7. Temperature-Stability Curve of Each
Enzymic Activity.

Expressions are the same as in Fig. 6.
Reaction condition, see text.
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Fig. 8. pH-Stability Curve of Each Enzymic
Activity. :

Expressions are the same as in Fig. 7.
Reaction condition, see text.
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Fig. 9. Hydrolysis Degree of Various Poly-
saccharides by Present Enzyme.

(a) denotes glycogen; (b), A-limit dextrin; (c),
soluble starch; (d), amylose; (e), amylopectin.
Reaction mixture: 1mé of enzyme (60 units), 2
mé of each substrate soln. (0.1%), 1 m¢ of 1/2M
acetate buffer soln. (pH 4.6). Temperature, 40°C.
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Fig. 10. Initial Velocity on Starch and Maltose.

One m4 of enzyme (0.087 units), 2 mé of 1% soluble
starch or of 10-2M maltose, 1 mé of 1/2M acetate
buffer, pH 4.6. Temperature, 40°C.
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Summary

Amylase preparation purified from ungerminated
rice (SHINSETSU), which was ultracentrifugally and
paper-electrophoretically homogeneous, produced
only glucose upon hydrolysis of starch and at the
same time showed strong a-glucosidase activity.
Any attempt to separate these two enzymic activities
into respective single activity by acid- or heat-
treatment was unsuccessful and the same optimal
pH (4.6) and optimal temperature (55°C) were ohserved
for both amylase- and a-glucosidase-activities. These
experimental results show that both enzymic activ-
ities are due to a single enzyme, that is, so-called
glucoamylase.

The paper-chromatographical examination of the
behavior of present enzyme toward oligosaccharides
containing a-1. 6 glucosidic linkage indicated the
cleavage of isomaltose to glucose, isomaltotriose to
glucose and isomaltose, and panose to glucose via
the most probable formation of maltose. Under the
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experimental conditions adopted, complete hydro-
lysis of soluble starch, amylose, amylopectin, g-limit
dextrin and glycogen was not attained. The degree
of hydrolysis is as follows: soluble stach, 80.3%;
amylose, 70.9% ; amylopectin, 82.8% ; g-limit dextrin,
68.4% ; glycogen, 68.4%. The initial rate of hydro-
lysis of polysaccharides decreased in following order:
amlyose, soluble starch, amylopectin, glycogen and
B-limit dextrin.

Km value for maltose, maltotriose and malto-

tetraose was 5.2X1073, 16x10-3 and 5.0x10-3
respectively.

Transglucosidation action was observed when pre.
sent enzyme was incubated in 2.5% maltose solution,
As transglucosidation product, maltotriose and pan-
ose were clearly detected in the initial stage of
reaction and isomaltose and panose, in the latter
stage.

Inhibition experiments with PCMB showed that
present amylase is sulfhydryl enzyme.



