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Studies on Plant Starch Granule-degrading Enzyme

I. Activation of Azuki Seed (Phaseolus angularis
W.F. Wight) Enzyme by Inorganic Phosphate

Susumu Hizukurit and Nobuyuki NAKAMURA

(Laboratory of Chemistry and Technology of Agricultural Products)
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Fig. 1. Effect of inorganic phosphate on
the digestion of starch granule
by azuki seed extract,

Reaction mixture (pH 6.5) contained 150
mg of native azuki starch, 100 ug strepto-
mycin, 2.7ml of dialyzed azuki seed ex-
tract and 0.3ml of 0.5 M phosphate (@)
or glass distilled water ((O). The mixture
was incubated at 37°C,

1-

5 10

Incubation time (h)

Fig. 2. Time-course of the formation of
solubilized products in the ab-
sence of phosphate,

The experimental conditions were the
same as in Fig. 1,
@ —@: Total carbohydrate
O—0: Dextrin
W-—M: Glucose
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Fig. 3. Time-courses of the formations
of solubilized products in the
presence of phosphate,

The experimental conditions were the
saame as in Fig. 1,

@ —@: Total carbohydrates

O-—0: Dextrin

A —— A : Glucose 6-phosphate

H —MN: Glucose

[]— []: Total ketoses

A——/: Glucose 1-phosphate
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Fig. 4. Solubilized products in the pre-

sence of phosphate (4-Pi) or ar-
senate (-+As).

Reaction mixture (pH 6.5) was compos-
ed of 1g native potato starch, 600 ug
streptomycin, 18ml azuki seed extract and
2ml 1 M sodium phosphate (pH 6.5) or
1 M sodium arsenate (pH 6.5)., The mix-
ture was incubated at 37°C for 5 A,

Phosphorylase activities of azuki
seed and white potato tuber

Table 1.

Materials ]U/g Wet tissue |U/g Dry tissue

Azuki 1

7 18.3
White potato 0

6.
3. 18.8
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Fig. 5. participation of phosphorylase in
the digestion of starch granule by azuki
seed extract,

A: Extract; B: Phosphorylase inactivat-
ed extract; C: Phosphorylase inactivated
enzyme -+ Phosphorylase; D: Phosphory-
lase

Reaction mixture contained 150 mg native
azuki starch, 100 xg streptomycin, 50 mM
phosphate when added (Pi) and 3ml ap-
propriately diluted enzyme solution, pH
6.5 (218 units «-amylase and 8.4 units
phosphorylase), The mixture was in-
cubated at 37°C for 15#A.
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Starch solubilized (mg/ml)

Incubation time (h)

Fig. 6. Digestions of various native starches
by azuki seed extract.

A Rice O: Azuki
@ : Sweet potato []: White potato

Reaction mixture contained 200mg native
starch, 200 ug streptomycin and 4.0 ml azu-
ki seed extract (235 units a-amylase). The
mixture was incubated at 37°C,
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Fig. 7. Digestions of various native starch-
es by Bacillus subtilis a-amylase,

Symbols: see Fig. 6,

Experimental conditions were the same as
in Fig. 7 but Bacillus subtilis a-amylase
(249 units) was used with 5mM CaCl, in-
stead of azuki extract
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Summary

A raw starch-degrading activity was found in the water extract of ungerminated azuki
seeds. After dialyzing the extract against maleate-NaOH buffer, pH 6.8, the activity was
enhanced about two folds by the addition of inorganic phosphate. The main degradation
products of raw starch with the extract were determined to be oligosaccharides or dextrins
(80 % and 40 % of the total solubilzied products both in the absence and in the presence of
inorganic phosphate, respectively). Strong phosphorylase activity was found in the extract,
but it appeared to be not involved in the starch-degrading activity since the crystalline
phosphorylase purified from the extract was incapable of degrading raw starch by itself or
cooperatively with a-amylase in the extract. In the absence of inorganic phosphate, the
degradation was accompanied by a lag period which was to be overcome by the addition of
inorganic phosphate. The degradation activity was labile, and was lost by beeing incubated
at 45°C for 10 min at pH 4.8. From the properties of the activity, it was inferred to be a
sort of new amylase.



