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Abstract

The stabilization of amylolytic enzyme such as g-amylase of barley, f-amylase of wheat, g-amylase of
sweet potato, a-amylase of Bacillus licheniformis, a-amylase of Aspergiflus sp. and a-glucosidase of Aspergil-
lus awamori was attained by modification with periodate-oxidized soluble starch. The pH stability of mod-
ified enzyme was increased at pH g for g-amylase of sweet potato, pH 3~5 and 8~11 for f-amylase of
barley, pH 2--3 and 7--12 for #g-amylase of wheat and ol 6 for a-glucosidase of dspergilius awameri. Ther-
mal stability increased 17,624 for a-amylase of Aspergilius sp. at 60°C for 10min, 3024 for a-amylase of Ba-
ciflus licheniformis at 100 for 5min and 4,5% for a-amylase of sweet potato at 0% for 10min compared

with those of native enzymes.

Key words © stabilization of amylolvtic enzymes, moedification of amylolytic enzymes, periodate-oxid-

ized soluble starch.

INTRODUCTION

Sweet potate g-amylase (1,4-e-gulcan mal-
tohvdrolase, EC 3.2.1.2} is a tetrameric en-
zyme with a molecular weight of 222,828Y, and
consists of four identical polypeptide chains,
though most
enzyrnes. Also, the enzyme loses activity

f-amylase are monomeric
when it dissociates into the monomers at high
diluticns®. We have reported that the active
monomer of sweet potate fg-amylase was suc-
cessfully isclated by modification with per-
iodate-oxidized soluble starch or maltohexaose,
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and that the tetrameric structure contributed
net to catalytic function but to stabilization of
the enzyme*=, The stabilization of the en-
zyme was attained by modification with per-
iodate-oxidized carbohvdrates, Industrial enzy-
mes need to have high stability against tem-
perature and pH, but conventional and econ-
omically effective methods to give stability to
enzymes are very few. The method of modifi-
cation for enzymes using periodate-oxidized sol-
uhle starch is considered ta be a simple, econ-
cmical and convenient method. We attempted
to apply this method to industrial amyloytic
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enzymes, This paper deals with the method
and results obtained,

MATERIALS AND METHODS

1. Preparation of oxidized soluble starch

Sodium periodate was added to the 2% sus-
pension of soluble starch to give final concen-
tration of 0.2M NalO, and left to stand with
stirring for 24hrs in a cold room {(47), The
oxidized soluble starch was dialyzed agazinst
water, then lyophilized.

2. Enzymes

Enzymes used are presented in Table 1. The
purity of enzymes employed were electropher-
etically homeogenous for sweet potato #&
-amylase and a-gulcosidase from Asp. awamori,
and one peak on HPLC with SynChropak GPC
100 column (1x30cm) running in 0,1M K-phos-
phate buffer containing 0.2M NaCl for wheat
B-amylase and a-amylase {rom Asp. oryzge and
Asp. sp, (Table 1}

3. Activity assay

Enzyme activity was assaved by incubating
a mixture of 0.2ml of enzyme and 0.2ml of 2%
goluble starch dissolved in 0.00M acetate buf-
fer (pH 5.5), at 377 for 10min and determined
the reducing sugar formed by Somogyi-Nelson’
s method”, Enzyme activity was defined as
the amount of enzyme which produced 1ganole
of reducing sugar as maltose or glucose under
the above conditions, except in the case of a-
glucosidase which was assayed using maltot-
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riitol as a substrate (final conc of substrate,
25%).

4. Modification

A 300units of each enzyme (F-amylase of
barley and wheat, a-amylase of Asp. oryzae, Ba-
citlus lickeniformis and Asp. sp.) and 2.4mg of
oxidized soluble starch dissolved in 0.4ml of O,
25M Tris-HCI {pH 8.0) buffer was left to stan-
d at 37 or 40 for 10min or 15min to modify
enzymes. To test the pH-stability, 504 aliquot-
s of the reaction mixture was added to 0,95ml
of 0.1M Britton-Robinsan buffer (of various
pHs) and incubated at 37°¢C for 2hrs. The mix-
ture was added to 0.1M acetate buffer (pH 5.
5) to make a 100-fold dilution, The diluted sol-
ution was subjected to an enzyme activity as-
say. In the case of e-glucosidase from Asp.
awamori, the enzyme (2lunits}) was reacted
with 15ml of oxidized soluble starch in 0.3ml of
0.15M Britton-Robinson buffer (pH 6.0), at
40°C for Iomin. The mixture was then added
to 54 of 50% NaBRH,, and incubated at 40
for 10rmin., for the reduction of modified en-
zyme, The resulting enzyme was added with
water (1.22ml) to make a 5-fold dilution. A
1204 aliquots of the mixture was added to 80
of 0.5M Britton-Robinson buffer, and incub-
ated at 37¢ for 3 hrs, The mixture was then
added toc a 0.1M acetate buffer (pH 5.3) to
make a 10-fold dilution. A 2004 of the diluted
solution in a test tube with cap was heated at
100%, The remaining activity was then meas-
ured at b minute intervals after diluting with
0.1M acetate huffer (pH 5.5). The native

Table 1. Amylolytic enzymes employed for modification with NalQ,

Enzyme Activity (u/ml) Crigin Specification

F-amylase 4,749 Sweet potato Purified from mashed sweet potato?
10,000 Wheat Himaltosin GL (Hankyu Bicindustry)

o 6,810 Barley Biozyme ML (Hankyu Bicindustry)

a-glucosidase 2,471 Asp. awamori Purified from culture®

a-amylase 135,149 Asp. orvzae Fungamyl (Nevonordic Ind. Co.)
12,766 Bacillus licheniformis Teramyl (Novonordic [nd, Co,)

7,500 Asp. sp.

Bokhabhyoso (Taepyongyang Co.)
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unmodified enzyme was treated in the same
method in the absence of oxidized soluble star-
ch as in the control, In the case of g-amylase
of sweet potato, the enzyme (30units) was
reacted with 12.5mg of oxidized soluble starch
in 0.25ml of 0.15M Brittion-Robinsen buffer
(pH 5.0) at 40C for 10min. The 10mg of
NaBH, was then added to the mixture and
incubated at 40% for 15min. The mixture was
added to a 0,2M phosphate buffer (pH 6.8) to
make 10-fold dilution. A 2004 of the diluted
solution was left to stand at various temper-
atures for 30min, the remsining activity was
then assayed.

RESULTS

1. Modification

In HPLC analysis using SynChropak GPC
100 column (1x30cm), retention time of modi-
fied enzyme was shifted to a higher molecule
than the original enzyme, However the ac-
tivity of the medified enzyme (g-amylase of
sweet potato) was decreased to 91.3% of the
original enzyme, All enzymes were modified
under a pH range from 2 to 12, The activity of
a-glucosidase from Asp. awwnori treated {con-
trol) was reduced to 5% of the original ac-
tivity, but the activity of the modified en-
zyme, in the presence of oxidized soluble star-
ch still had & 100%4, 95% and 58% for the mod-
ification at pH 8, pH 9 and pH 10, respect-
ively. In the results, the highest activities
obtained after treatment were pH 8 for «
-amylase of Asp. sp,, pH 8 for a-amylase of Ba-
cillus licheniformis, pH 3.5 for g-amylase of
sweet potato, pH & for g-amylase of wheat and
pH 6~9 for a-glucosidase of Asp. awarmori.

2. pH stability

The pH-stahility of a-glucosidase from Asp,
awamori increased when it modified at pH 6.
The stahility of other enzymes also increased
in stahility at pH 3 and between 7 and 12 for 8
-amylase from barley, and i1ts optimal pH was
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changed from pH 5 to 7 by the modification,
The pH stability of the enzyme increased at
pH 9 forg-amylase of sweet potato, pll 3~5
and 8~11 for f-amylase of barley and 2~3 and
7~12 for f-amylase of wheat, However, the
stability of a-amylase of Asp. sp. and a-amy-
lase of Bacillus kicheniformis did not changed,
(Fig. 1)

3. Thermal stability

The thermal stability was increased for «
-amyvlase of Asp. sp. and Bacillus licheniformis as
well as f-amylase of sweet potato compared to
the siabilities of the original enzymes, Es-
pecially, a-amylase of Asp. sp. was still stable
after 30min at 607 as shown in Fig 1. It is rep-
orted that the reduction of enzyme with
NaBH, after modification with I10,-oxidized

Aspergilfus
awamorf
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Aspergifius
sp.
t-amylase
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Fig. 1. pH- and thermal-stahilities of amylo-
Iytic enzymes medified with I0;-oxidized soluble
starch. Conditicns, see the text. (O, native en-
zyme . @, modified enzyme.
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soluble starch, It was observed that stability
increased for g-amylase from barley and wheat
when it was subjected to the treatment hoth
with and without reduction, whereas a-gluc-
osidase from Asp. awamori increased only when
it was subjected to reduction with NaBH,, It
was observed that the thermal stability of «
-amylase of Asp. sp. and Bacillus Iicheniformis
increased hoth cases of both treatment, with
and without reduction. However stability of
sweet potato F-amvylase increased when the
modified enzyme was reduced with NaBH,.
(Fig. 1)

DISCUSSION

The stabilization of enzyme by modification
with 10;-oxidized carbohydrate is considered
due to the introduction of carbohydrate to the
surface of enzyme, by formation of Schiff
base, as reported previcusly®, There are sev-
eral methods that enable the producer of a
more stable enzyme such as immohilization,
chemical modification, and screening of the
enzyme producer, In this paper, we have sug-
gested that IQ-oxidized soluble starch can be
used for modification of many enzymes. The
modification procedure is simple and easy to
complete in a short time at low temperatures
(25 to 407T). Furthermore scluble starch, a
material for modification, is considered one of
the cheapest raw materials available, As well,
the method may be used to modify some phy-
sicochemical properties such as, digestahbility,
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stahility, solubility, viscosity, etc., to obtain a
desired properties of protein in the food, the
medicine and the cosmetic industry.
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