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A bacterium capable of hydrolyzing raw starch was isolated from soil, which was identified as a
strain of Bacillus. The effects of culture conditions and medium compositions on the enzyme produc-
tion were investigated. Among tested carbon sources, soluble starch and wheat starch were most ef-
fective for the production of the enzyme, and the level of concentration for the optimal enzyme production
was 0.5%. For nitrogen scurces, polypeptone was best for the enzyme production, with the level of
0.5%. The enzyme was maximally produced by cultivating the oerganism at medium of initial pH 6.5,
and temperature of 35°C. The enzyme was partially purified by Sepharose CL-6B gel filtration and DEAE-
Sephacel ion-exchange chromatography. The optimal pH and temperature for the enzyme reaction were
6.5 and 70°C, respectively. The enzyme most stable at pH 8.0, and temperature up to 60°C. In kinetic
studies, the k,, values for corn, wheat, rice and potato starch were 1.7, 1.4, 2.5 and 1.0%, respectively.

A number of enzymes can hydrolyze soluble star-
ch into reducing sugars but most of them are unable
to degrade raw starch. Starch has to be gelatinized
by cooking in conventional saccharification of star-
ch. Therefore the enzymatic hydrolysis of raw starch
without cooking is of considerable industrial impor-
tance (1). Several microorganisms such as Aspergillus
awamori (2, 3), Rhizopus sp. (4, 5), Streptococcus
bovis (6), Bacillus circulans (7), Chalara paradoxa
(8), Aspergillus sp. (9}, Streptomyces sp. (10) and
Corticium rolfsii (1) have been reported to be pro-
ducers of microbial amylases capable of digesting raw
starch. A search for additional enzyme producers from
new sources was needed for effective raw starch
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hydrolysis. Recently we isolated a bacterium which can
digest various raw starches effectively. This paper
describes the production and characterization of raw
starch hydrolyzing enzyme from the bacterium.

Materials and Methods

Materials

Corn, wheat, potato, rice starch and dinitrosalicylic
acid were obtained from Sigma Chemical Co. Solu-
ble starch was purchased from Hayashi Pure Chemical
Co. Sepharose CL-6B and DEAE-Sephacel were from
Pharmacia Fine Chemicals. All other reagents used
were of analytica: grade.

Microorganism and culitivation

Organism used was one of our isolates from soil.
It was cultivated in a basal medium (1) containing, in
g/liter: (NH,), SO,, 1.4; KH,PO,, 2.0; CaCl,, 0.3;
MgSO,-7H,0, 0.3; urea, 0.3; polypeptone, 10.0;
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starch, 20.0; and a mineral solution, 1.0. The mineral
solution contained, in g/liter: FeSO,-7TH,0, 5.0,
MnSO,-H,0, 1.6; ZnS0O,-7H,0, 1.4; and Co(l,, 2.0.
The kinds and concentrations of some components
were changed and the effects of the enzyme produc-
tion was examined.

Enzyme assay

The final concentration of starch was 5% in 0.2 M
Na-phosphate buffer (pH 6.5). The enzymatic reac-
tion was initiated by addition of 0.1 m/ enzyme to the
assay mixture and incubated for 2 hrs at 45°C. The
total volume of the assay mixture was 1 m/. After reac-
tion, it was centrifuged to remove unreacted raw
starch, and reducing sugars liberated into the super-
natant were measured by dinitrosalicylic acid method
(11). One unit of enzyme activity was defined as the
amount of enzyme to produce one x mole of maltose
per hr under the defined conditions.

Analysis of hydrolysis products

The product of the amylase reaction from the
isolated bacterium was investigated by paper
chromatography. The enzyme reaction for product
identification was performed in assay mixture (1 m/)
containing wheat starch (5%), Na-phosphate buffer
(0.2 M, pH 6.0) and enzyme solution (0.1 m/) for
18 hrs at 45°C. Then 20 u/ of reaction mixture,
glucose, maltose and starch was spotted separately on
Whatman No. 1 paper and they were developed in 65%
n-propyl alcohol in H,O for 4 hrs by ascending
method. The spots of reducing sugars were detected
by dipping the paper into reducing sugar specific
reagent,aniline-diphenylamine (12).

Determination of protein concentration

Protein concentration was measured by the method
of Lowry et al. (13) using bovine serum albumin as
a standard protein.

Results and Discussion

Identification of the isolated organism

The isolated bacterium is aerobic, rod-shaped,
Gram positive, and spore former. It also produces
catalase. Therefore it seems to be Bacillus sp.

Product identification
It was confirmed by paper chromatography that
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Table 1. Effect of carbon sources on production of raw
starch hydrolyzing enzyme

Carbon source Enzyme aCthity

(unit/m?’
Corn starch 26.0
Rice starch 20.5
Potato starch 18.7
Soluble starch 30.5
Wheat starch 30.2
Amylopectin 20.5
Lactose 18.7
Ribose 21.0
Maltose 20.5
Dextrose 17.5
Galactose 8.5
Fructose 17.5
Sucrose 16.5
None 12.3

The concentration of each carbon source was 0.5%. The in-
itial pH of medium was adjusted to 6.5. Cultivation was car-
ried out for 48 hrs at 35°C.

the products of the amylase reaction from the isolated
bacterium were maltose, maltotriose, and other oli-
gosaccharides when assayed for 2 hrs, but maltose
mainly when assayed for 18 hrs. Therefore, the
amylase produced from the organism seems to be a -
amylase.

Effect of carbon sources on production of the enzyme

Production of raw starch hydrolyzing enzyme from
the isolated Bacillus strain was examined by replacing
starch in basal medium with various carbon sources,
As shown in Table 1, soluble starch and wheat starch
showed the highest enzyme productivity, Therefore,
soluble storch or wheat starch was used as carbon
source for maximum production of the enzyme from
the isolated strain. Table 2 demonstrates that the effect of
varying concentration of starch on production of the en-
zyme. The enzyme was maximally produced when 0.5%
carbon source was used in the medium. This result seems
to be identical with that from fungal enzyme (14).

Effect of nigrogen sources on production of the en-
zZyme

Various nitrogen sources were replaced with
polypeptone to investigate the effect of nitrogen
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Table 2. Effect of carbon source concentration on pro-
duction of raw starch hydrolyzing enzyme

Concentration Reducing sugar Enzyme activity
(%) (mM) (Unit/ml)
0 0.15 18.0
0.1 0.30 20.5
0.5 0.60 27.0
1.0 1.25 24.0
1.5 1.80 17.5
2.0 3.60 4.5

Wheat starch was used as a carbon source. Cultivation was
performed for 48 hrs at 35°C. Initial pH of the media was
adjusted to 6.5.

Table 3. Effect of nitrogen sources on production of
raw starch hydrolyzing enzyme

Nitrogen source Unit/m!
Asparagine 13.5
Gelatin 11.5
Albumin 13.5
Ammonium sulfate 3.3
Peptone 16.5
Polypeptone 20.5
Yeast extract 19.5
Urea 7.8
Potassium nitrate 5.5
Tyrosine 6.0
Cysteine 4.0
Glycine 5.5
Sodium nitrate 5.5
Ammonium molybdate 4.0
None (0.8

Cultivation was carried out for 48 hrs at 35°C. Initial pH
of the medium was adjusted to 6.5. The carbon source us-
ed was wheat starch (0.5%), and the concentration of
‘nitrogen sources used was 0.3%.

sources on the enzyme production. As shown in Table
3, polypeptone was most suitable for the enzyme pro-
duction among tested nitrogen sources. The inorganic
nitrogen sources are generally ineffective for the
organism to produce the enzyme. The concentration
of polypeptone was varied from 0 to 2.0% to examine
concentration effect on the enzyme production. The
optimal polypeptone concentration for the enzyme
production was 0.5% as shown in Table 4.
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Table 4. Effect of polypeptone concentration on pro-
duction of raw starch hydrolyzing enzyme

Concentration (%) Unit/m{

0 0

0.05 3.3
0.1 8.5
0.3 25.5
0.5 31.5
0.75 25.5
1 25.5
2 22.5

Carbon source used was wheat starch (0.5%). Cultivation
was peformed for 48 hrs at 35°C. The initial pH of the

medium was 6.5.

Effect of initial pH on production of the enzyme

The initial pH of the medium was adjusted to
various pH values from 3.0 to 9.0 and cultivation was
carried out for 3 days at 35°C. The medium was com-
posed of 0.5% soluble starch, 0.5% polypeptone and
same salts as described in Methods. As shown in Fig.
1, maximal yield of raw starch hydrolyzing activity was
achieved when initial pH of the medium was 6.5. In
case of Rhizopus oryzae, the maximal enzyme produc-
tion was achieved when initial pH of the medium us-
ed was adjusted to 4.0 (13).

Effect of culture temperature on production of the
enzyme

For determining the optimal temperature for the
production of the enzyme by the isolated Bacillus,
cultivation was carried out at various temperatures
ranging from 25 to 45°C. The optimal temperature for
the enzyme production was 35°C as shown in Fig. 2.

Effect of inorganic salts on production of the enzyme

Various metal salts affect the production of the en-
zyme. As shown in Table §, Cu++, Zn++, Fe+ +, and
Hg+ + ions inhibited the production of the e¢nzyme
completely.

Enzyme purification

Crude enzyme was loaded to Sepharose CL-6B col-
umn (2.5 X 58 cm), which was equilibrated with 10 mM
Tris/HCI buffer (pH 8.0). The elution was carried out
with the buffer, and the active fractions were pooled
(Fig. 3). Then they were loaded to DEAE-Sephacel ion
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Fig. 1. Effect of initial pH on production of raw starch
hydrolyzing enzyme.
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Fig, 2. Effect of temperature on produetion of raw

starch hydrolyzing enzyme.
The cultivation was carried out for 48 hrs, and initial pH
of the medium used was 6.5.

exchange column (2.5x15 cm), which was pree-
quilibrated with the 10 mM Tris/HCI buffer (pH 8.0).
The column was washed with the same buffer and
eluted with 300 m/ of linear gradient of 0-0.5 M NaC(l
in the buffer. The enzyme was eluted by washing the
column with linear gradient of 0-0.5 M NadCl in the
equilibration buffer (Fig. 4). The purification pro-
cedures of the enzyme is summarized in Table 6. The
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Fig. 3. Sepharose CL-6B gel filtration pattern of raw
starch hydrolyzing enzyme,

5 m! of erude extract was loaded to the column, and frac-
tions of 5.6 m{ were collected at a flow rate of 9.5 mi/hr.
Enzyme activity, (@); protein (Q).

Table 5. Effect of added metal salts on production of
raw starch hydrolyzing enzyme

Metal salts (1 mM) Relative activity (%)
Complete 100.0
None 40.1
Calcium chloride 77.3
Cupric acetate 0
Sodium tungstate 54.5
Sodium arsenate 11.1
Zinc sulfate 0
Ammonium molybdate 10.0
Silver nitrate 13.6
Barium hydroxide 27.3
Ferric chloride 13.6
Lithium carbonate 66.8
Lead acetate 36.4
Ferrous sulfate 0
Manganese chloride 2.7
Mercuric chloride 0

The cultivation was carried out for 48 hrs at 35°C. The
medium was composed of 0.5% soluble starch, 0.5%
polypeptone and each metal salts described above. Com-
plete contained all metal salts of basal medium described
in Materials and Methods except carbon and nitrogen
sources, and none contains no metals salts.

enzyme was partially purified about 19.2- fold with
an overall vield of 57.6%.
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Fig. 4. DEAE-Sephacel ion exchange chromatography
of raw starch hydrolyzing enzyme.

The active fractions after Sepharose CL-6B column were
pooled and loaded to DEAE-Sephacel ion exchange columm.
Fractions of 5.6 ml were collected. Enzyme activity, (@);
protein (O); NaCl cone. (---).
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Fig. 5. Effect of temperature on activity of raw starch
hydrolyzing enzyme.

Effect of temperature on activity and stability of the
enzyme

The effect of temperature on activity of raw starch
hvdrolyzing enzyme was Iinvestigated at various

Table 6. Summary of purification procedure
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Fig. 6. Thermostability of raw starch hydrolyzing en-
zyme at various temperatures.

Enzyme solutions were heated at various temperatures.
The remaining activities were determined under the stan-
dard assay conditions immediately after heating. 55°C (@ -
@), 60°C (0O—0), 656°C (a—a), 70°C ( ~—n), 80°C (m—m).

temperatures ranging from 20 to 80°C. The enzyme
exhibited maximal activity at 70°C when it was assayed
using wheat starch as a substrate. Above that
temperature, the enzyme activity decreased, indicating
inactivation of the enzyme (Fig. 5). Fig. 6 exhibited
the thermoinactivation of the enzyme at various
temperatures ranging from 55°C to 80°Cin 0.2 M Na-
phosphate buffer (pH 7.0). The enzyme was stable
below 60°C, but it was completely inactivated at 80°C
in 5 min. In case of fungal enzymes, the stability of the
enzyme decreased sharply above 50°C (8). Table 7
demonstrates that effect of calcium chloride on ther-
mostability of the enzyme. Calcium chioride protected
the enzyme from thermoinactivation drastically. This
result coincides well with other amylases reported (15).

Effect of pH on activity and stability of the enzyme
The effect of pH on activity of the enzyme was ex-

Fraction Total activity Total protein Specific activity Yield Purification
(unit) (mg) (unit/mg) (%) fold
Crude extract 225.0 23.0 9.8 100.0 1.0
Sepharose CL-6B gel filtration 176.6 3.5 b0.5 78.5 5.2
DEAE-Sephace! ion exchange 159.6 0.85 187.8 57.6 19.2

Chromatography
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Table 7. Effect of CaCl, concentration on stability of
raw starch hydrolyzing enzyme

Cone. (mM) Relative activity (%)
0 8.0
0.1 9.3
1.0 8.0
10.0 39.6
100.0 60.6

The enzyme was incubated at 70°C for 5 min, and residual
activity was measured under the standard assay conditions.
The relative activity of the enzyme was determined as %
activity remained after heat treatment compared with the
enzyme activity before heat treatment.
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Fig. 7. Effect of pH on activity of raw starch hydrolyz-
ing enzyme.

The relative activity was expressed as % activities at
various pH values compared to the enzyme activity at
pH 6.5. The buffers (0.2 M) used were as follow: pH 2.0-
2.5, glycine; pH 2.5-3.5, citric acid; pH 4.0-5.5, Na-acetate;
pH 6.0-7.5, Na-phosphate; pH 8.0-8.5, Tris/HCI; pH 9.0-10.0,
boric acid; pH 10.5, carbonic acid.

amined over pH 2.0to 10.5 (Fig. 7). The enzyme show-
ed maximal activities at neutral pH from 6.0 to 8.0,
therefore it seems to be neutral amylase. Most fungal
enzymes exhibited the pH optima at acidic pH (8). The
pH stability of the enzyme was measured by standard
assay conditions after preincubation of the enzyme at
various pH values at 70°C for 5 min (Fig. 8). The en-
zyme was maximally stable at pH 8.0.

Effect of inorganic salts on activity of the enzyme
The effect of various metal salts on enzyme activi-
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Fig. 8. Effect of pH on stability of raw starch hydrolyz-
ing enzyme.
The enzymes of various pH values were preincubated for
5 min at 70°C. The residual activities were assayed under

the standard assay conditions. The relative activity of the
enzyme was measured as described in Table 7.

Table 8. Effect of metal salts on relative activity of raw
starch hydrolyzing enzyme

Metal salts (10 mM) Relative activity (%)

None 100

Calcium chloride 77.4
Cupric acetate 40.2
Sodium tungetate 71.8
Sodium arsenate 86.4
Zinc sulfate 47.4
Magmnesium chloride 95.0
Silver nitrate 0

Ferric chloride 76.2
Lithium carbonate 777
Lead acetate 83.9
Ferrous sulfate 0

Manganese chloride 73.9
Mercuric chloride 0

ty was determined by adding 10 mM metal salts to the
standard assay mixtures. The enzyme activity was com-
pletely inhibited by addition of Ag+, Fe++ and
Hg+ + ions (Table 8). This result was similar to that
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Table 9. Kinetic parameters using variable substrates

Substrate Vo (unit/mi) K, (%)
Corn starch 70.5 1.7
Wheat starch 30.0 1.4
Rice starch 70.5 2.5
Potato starch 21.7 1.0

of the enzyme from Bacillus circulans (16).

Kinetic properties

Table 9 shows the effect of varying substrates on
kinetic parameters of raw starch hydrolyzing enzyme.
From double reciprocal plots for substrates, the K,,,
values of the enzyme for the substrates were measured
at pH 6.5 and 45°C. The enzyme seems to weak in
digesting raw potato starch, whcih is often resistant
to amylases of microbial, plant and animal origin.
However, it seems to hydrolyze wheat starch most
among tested raw starches, which is identical with the
enzyme from Bacillus polymyxa (13).

2 o

goko v e AAEL FHske HdE T

=2 Bczcziﬂzfes 5p = 5""4“”1—03 v}, Fe]g Ao 2 b

b 2H271S RS
9 e wheat % C;oluble starch &, A4
polypcptone-—* AEE o] Zo] EAEAE AE
“’DJA EFAR]S 059%, AA4YUd 05% ¢
A AAZ :“KH ghalodct, 2ol
vl x| 2] &7 pH'ﬁ“ 6.5, ¥WHoFEEE 35CE AP+
FAMAAe] #tl, Sepharose CL-6B A o3}
DEAE-Sephacel o]&a34-R]%
A48 2HHEZALE pHESL +% 70CHC E4a<c
stelen], 60°C olatellr] E84fs)
slgdc}, Fett, Hgtt % Aghre Alffe 258 a4 A4

::E.

Abgahel HaA Al

i

F

Kor. J. Appl Microbiol. Biotech.

& oAslglen], olge HATMHE sbds] A TIY
o}, FTAe 7o 3 KLk, 1.79%(corn starch),
1.49 (wheat starch), 2.5% {rice starch) % 1.0%
(potato starch) %4

Acknowledgement

This work was supported by a grant from Korea
Research Foundation (1988).

References

1. Takao, S., H. Sasaki, K. Kurosawa and Y. Kamagata:
Agric. Biol. Chem. 50, 1979 (1986).

2. Yamasaki, 1. and S. Ueda: J. Agric. Chem. Soc. Jpn.

24, 181 (1951).

. Ueda, S.: Bull. Agric. Chem. Soc. Jpn. 21, 284 (1957).

. Ueda, S. and S. Kano: Die Starke 27, 123 (1975).

. Saha, B. and S. Ueda: J. Ferment. Technol. 61, 67 (1983).

. Mizokami, K., M. Kozaki and K. Kitahara: J. Jap. Soc.

Starch Sci. 25, 132 (1978).

7. Taniguchi, H., F. Odashima, M. Igarashi, Y. Murugami
and M. Nakamura: Agric. Biol. Chem. 46, 2107 (1982).

8. Kainuma, K., H. Ishigami and S. Kobayashi: J. Jpn. Soc.
Starch Sci. 32, 136 (1985).

9. Abe, J., F. Bergmann, K. Obata and S. Hizukuri; J. Jpn.
Soc. Starch Sci. 32, 128 (1985).

10. Choi, S., C. Kim, M. Oh and J. Lee: Kor. J. Appi.
Microbiol. Bieong. 16, 457 (1988).

11. Dernfeld, P.: Method in Enzymol. 1, 149 (1953).

12. Stahl, E.: Thin Layer Chromatography, Springer-Verlag,
New York, 2nd ed., (1973).

13. Lowry, O., N. Rosebrough, A. Farr and R. Randall;
J. Biol, Chem. 193, 265 (1951).

14. Kim, C., J. Man and J. Lee: Kor. J. Appl. Microbiol.
Bioeng. 13, 329 (1985).

15. Itkor, P., O. Shida, N. Tsukaoshi and S. Ueda: Agric.
Biol. Chem. 53, 53 (19389).

16. Chung, M., H. Taniguchi, Y. Maruyama and M. Lee:
Kor. J. Appl. Microbiol. Bioeng. 10, 123 (1982).

(Received April 2, 1990)

O WU e W2



