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Isolation of a-Amylase Hyperproducing Strain HG4
from Bacillus sp. and Some Properties of the Enzyme
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Abstract — An a-amylase producing bacterium, strain 2B, was isolated from soil and identified
to genus Bactllus. To enhance a-amylase productivity, strain 2B was mutagenized successively
with nitrosoguanidine. For an efficient selection of a-amylase hyperproducers, mutants which
produced a-amylase in the presence of glucose were isolated. The resultant mutant HG4, which
was classified as constitutive and catabolite derepressed hyperproducer of a-amylase, produced
about 30 folds more a-amylase than parental strain in medium containing lactose as carbon
source. The strain HG4 grew rapidly and produced enzyme in parallel with cell growth. Moreo-
ver, its cell lysis did not occur until time of maximal yield of enzyme, which was considered
to be a favorable characteristic for the production and purificiation of enzyme in industrial
scale. The enzymatic properties of parental strain 2B and mutant strain HG4 were almost
the same. The optimal temperature and pH for enzyme reaction was 70C and pH 6.0, respecti-

vely, in ‘the presence of 0.6 mM Ca®*

a-Amylase (EC 3.2.1.1) from bacteria is one of
the most widely used commerical enzymes, but
high productivity of the enzyme is strongly required
for the production of industrial scale. Many efforts
have been made to isolate amylase hyperproducing
strains and to elucidate the control mechanisms of
the amylase synthesis (1-3). However, there are di-
verse reports and some disagreement about patte-
rns of enzyme synthesis even in the same species
of bacteria. a-Amylase synthesis may be constitu-
tive, constitutive but catabolite repressible, or indu-
cible but catabolite repressible according to indivi-
dual strain of bacteria (3-5). The secretion patterns
of the enzyme are also variable for the strains and
environmental factors (3,6,7). From this point of
view, the enzyme productivity of a bacterium could
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as an effective stabilizer.

be enhanced effectively by controlling or changing
the patterns of enzyme production in the bacterial
strain.

In present paper, we described the isolation of
o-amylase producing bacterium, the enhancement
of the enzyme productivity through mutation and
effective selection method, and some properties of
the enzyme.

Materials and Methods

Isolation of c-amylase producing bacteria

Soil samples were plated on BY agar media (8)
containing 2% starch, and a-amylase producers
were selected by clear zone formation with iodine
solution on the plates as described in previous pa-
per (8). Selected strains were cultivated in 500 m/
of sakaguchi flasks containing 50 m/ of ABY media
(8) with 5% starch at 37C for 48-96 hrs and the
culture broths were used for assay of a-amylase
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at 40C.

Identification of bacterial strain 2B

The highest a-amylase producing strain 2B was
tested for its morphological and physiological cha-
racteristics, and identified based on “Bergey's Ma-
nual of Determinative Bacteriology” (9).

Mutation and selection method

Cells of Bacillus sp. 2B in logarithmic growth
phase were treated with N-methyl-N’-nitro-N-nitro-
soguanidine (NTG, 50 ug/m/) by the same method
described in previous paper (8). For isolation of
mutants producing a-amylases in the presence of
glucose, mutagenized cells were plated on BY agar
media containing 0.4% glucose and 1.6% starch. Af-
ter mncubation for 12 hrs at 37C, iodine solution
was sprayed on the plates and colonies forming
clear zone were selected. For further isolation of
mutants not repressed a-amylase production in the
presence of higher concentration of glucose, NTG-
treated cells of strain G17 were plated on BY media
containing 1% glucose and 1% strach. Selected st-
rains were investigated their patterns of enzyme
production and enzyme productivities in BY media
and ABY media, respectively.

Cultivation in 30/ jar fermenter

Effect of lactose concentration and time course
of a-amylase production were investigated in 30/
jar fermenter (Marubishi Model MS]J-U3) containing
187 of ABY medium. The cultivation temperature
was 37C and initial pH was adjusted to be 7.0 with
0.1 N NaGCH. The aeration rate was maintained at
0.5vvm and the agitation speed was kept at 300

rpm.

Preparation e¢f enzyme

Crude enzyme solution was prepared to investi-
gate the properties of a-amylase by the same me-
thod described in previous paper (8).

Analytical procedures

a-Amylase was assayed by starch-iodine color
reaction as described in previous paper (8). One
unit of enzyme activity was defined as the quanti-
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ties of enzyme that cause 1% reduction of blue co-
lor intensity of starch-iodine solution at 40C per
1 min. Glucose concentration was enzymatically de-
termined by hexokinase-glucose-6-phosphate dehy-
drogenase method (10). Total sugar content was
measured by phenol-H,SO; method (11) and cell
growth was estimated by measuring optical density
at 625 nm.

Results and Discussion

Identification of bacterial strain 2B

The characteristics of isolated strain 2B were
shown in Table 1 and Fig. 1. The 1solate was Gram
positive, spore forming, motile and rod shaped bac-

terium that belonged to genus Bacillus.

Table 1. Characteristics of strain 2B

Characteristics Studied Results
Gram Reaction Positive
Form Rods
Size (um) 0.5~0.7X25~5.5
Spore Shape and Position Ellipsoidal, Central
Motility Positive
Growth in
7% NaCl Positive
pH of Medium pH 5.0~85
Maximum Temperature 45C
0.001% Lysozyme Negative
Anaerobic Growth Negative
Catalase Positive
Hydrolysis of
Starch Positive
Casein Positive
Gelatine Positive
Degradation of Tyrosine Negative
Egg Yolk Lecithinase Negative
Use of Citrate Postive
Use of Propionate Positive
Reduction of Nitrate to Nitrite Positive
Methyl Red Test Negative
Voges-Proskauer Test Postitive
Sugar Fermentation of
D-Glucose Acid, Gas
D-Mannitol Acid
L-Arabinose Acid
D-Xylose Acid
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Fig. 1. Phase contrast microphotograph of Bacillus sp.
2B.
One scale indicates 2 ym.
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Fig. 2. a-Amylase production of parental and mutant
strains according to various carbon sources.

A: BY media containing 2% strach

B: BY media containing 0.4% glucose and 1.6% sta-
rch

C: BY media containing 2% glucose

Symbols: Ao—2 Strain 2B, O—O Strain G17, @ —@®
Starin HGA4.

Isolation of a-amylase hyperproducing strains

In general, syntheses of amylases are repressed
by low molecular weight substrates, such as glu-
cose, and many attempts have been made to over-
come the repression for increase of enzyme produ-
ctivities (12, 13). The a-amylase of Bacillus sp. 2B
was produced from log phase and reached at maxi-
mum on stationary phase in medium containing 2%
starch as sole carbon source, but the production
was much retarded in medium containing 0.4% glu-
cose and 1.6% starch (Fig. 2). Furthermore, no @-
amylase was measured in medium containing glu-
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Table 2. a-Amylase productivities and characteristics
of isolated strains

Strain a-Amylase Pattern of a-amylase
productivity (U/mi) production

2B 145 Inducible, cataholite repressed

G17 594 Inducible, catabolite derepressed

HG4 1885 Partially constitutive,

catabolite derepressed

cose alone as carbon source. These meant that the
a-amylase synthesis of strain 2B was not constitu-
tive, but might be inducible and catabolite repressi-
ble. To obtain mutants relieved from glucose repre-
ssion, strain 2B was mutagenized with NTG and
colonies which produced a-amylase on media con-
taining 0.4% glucose and 1.6% starch were selected.
Among 19 isolated mutants, strain G17 produced
4 folds more a-amylase than parental strain 2B In
ABY-5% strach medium (Table 2). Although a-amy-
lase synthesis of strain G17 was not repressed by
0.4% glucose, high cencentration of glucose above
0.8% still repressed the enzyme synthesis. For fur-
ther increase of enzyme productivity, strain G17
was mutagenized again and mutants which pro-
duced w-amylase on media containing 1% glucose
and 1% starch were isolated. As results, 5 strains
were selected and the highest o-amylase producing
strain HG4 which produced 3 times as much a-am-
ylase as G17 in ABY-5% starch medium was isola-
ted (Table 2).

Characterization of g-amylase hyperproducing st-
rains

The course of a-amylase production of strain G17
in glucose-strach medium was similar to that in
starch medium, but the enzyme was not produced
in glucose medium (Fig. 2). These meant that the
a-amylase synthesis of strain G17 was inducible
but catabolite derepressed. The level of glucose co-
nsumption in strain G117 was low compared to that
in parental strain 2B, while cell growth was similar
in both strains (Table 3). Therefore it might be
suggested that the high productivity of a-amylase
in G17 be due to the low cytoplasmic concentration
of glucose, which made the cell relieved from cata-
bolite repression.
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Table 3. Comparison of some features of parental and
mutant strains after cultivation

Strain Cell growth  a-Amvylase activity  Residual glucose
{625 nm) (U/md) concentration
(mg/mi)
2B 34 45 0.30
G17 3.3 148 1.20
HG4 4.4 440 0.38

Each strain was cultivated in BY medium containing
0.4% glucose and 1.6% starch.

Like strain G17, the course of a-amylse produc-
tion of strain HG4 in glucose-starch medium was
similar to that in starch medium. But strain HG4
also produced the enzyme in glucose medium, al-
though the amounts of the enzyme was about half
of that in starch medium (Fig.2). These results
meant that the a-amylase synthesis of HG4 might
be partially constitutive and catabolite derepressed.
The glucose consumption of strain HG4 was similar
to that of parental strain 2B, but cell growth of
HG4 was greater than that of 2B or G17 after culti-
vation (Table 3). These results indicated that the
high enzyme productivity of strain HG4 was not
related to glucose transport into the cell, but ano-
ther regulational change in a-amylase production
and some metabolic alternation might occur in this
strain.

Effects of carbon sources of c-amylase produc-
tion

As shown in Table 4, the parental and mutant
strains could produce a-amylase not only on starch
or maltose but also on other carbon sources which
did not have a-1,4-glucosidic linkage. Unlike other
bacilly, lactose was the most effective carbon source
for a-amylase production in parental and mutant
strains. These meant that starch or starch-break-
down product was not the specific inducer of a-am-
ylase in this Bacillus sp., but another intracellular
turn-on mechanisms of a-amylase synthesis might
be exist in this bacterial species.

Effect of lactose concentration on production of
a-amylase in fermentor
Effect of lactose concentration on enzyme produ-
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Fig. 3. Effect of lactose concentfration on c-amylase
production.

Each strains were cultivated in 18! of ABY medium
contatning lactose as carbon source using 30/ jar fer-
mentor,

Symbols: B—M Strain 2B, 0—0 Strain Gl17, ®—@
Strain HG4
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Fig. 4. Coures of c-amylase production in fermentor.

Cells of Bacillus sp. HG4 were cultivated in 18! of
ABY medium containing 6% lactose using 30/ jar fer-
nmentor.

Culture conditions were as follows: temperature 37C,
initial pH 7.0, agitation speed 300 rpm, aeration rate
0.5 vvim.

Symbols; ®—8 a-Amylase activity, OJ—0 pH, O—C
Cell growth, @ — @ Total sugar content.
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ction of parental and mutant strains were investiga-
ted using 30/ jar fermenter. The optimal concentra-
tion of lactose was 6% for strain HG5, while it was
4% for both strain G17 and 2B (Fig. 3). The maxi-
mal vield of a-amylase in strain HG4 was 5850 U
/m{ at 45 hrs cultivation while it was 1470 U/m!
at 55 hrs cultivation in strain G17 and 200 U/m/
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Fig. 5. Effect of temperature on enzyme activity and
stability.

Enzyme was diluted with 0.01 M acetate buffer solution
(pH 6.0) containing 7 mM CaCl..

For the experiment of enzyme stability, Five m/ of
enzyme solution was preincubated for 60 min at diffe-
rent temperature.

Symbols: B~ ® Optimal temperature, [J— Tempera-
ture stahlity.
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Fig. 6. Effect of pH on enzyme activity and stability.

Enzyme was diluted with buffer solution containing
7 mM CﬂClg.

For the experiment of enzyme stability, Five m/ of
enzyme solution was preincubated for 24 hrs at 25€C.
Following buffer systems were used; 0.1 M acetate bu-
ffer for pH 4~6, 0.1 M Tris-maleate buffer for pH 6~9,
0.1 M glycine-NaOH buffer for pH 9~11

at 60 hrs cultivation in strain 2B. The a-amylase
production of HG4 was about 30 folds high compa-
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Table 4. Effects of carbon sources on a-amylase produ-
ction.

a-Amylase activity (U/m/)

Carbon Sources

Strain 2B Strain G17  Strain HG4
Citrate 70 184 W
Glucose 0 9] 888
Fructose 0 0 225
Galactose 19 55 680
Maltose 105 455 1700
Lactose 145 728 2925
Cellobiose 52 202 1085
Sucrose 0 0 289
Soluble Starch 145 594 1885

Each strain was cultivated in ABY medium containing
5% of carbon source,
*Cell growth was not observed.

Table 5. Effects of various metal ions and reagent on
a-amylase activities

Metal ions Concentration Relative
or reagent (mM) activites (%)
None 100
Na’ 10 105
Ag* 1 31
Ca*? 1 127
Mg+ 1 95
Mn?* 1 105
Cu®” 1 38
Co** 1 82
Zn*t 1 94
Ba** 1 88
Fe?* 1 80
Pb** 1 42
EDTA 5 9

EDTA: Ethylenediaminetetraacetic acid

red to that of parental strain 2B. As shown in Fig. 4,
strain HG4 grew rapidly and produced enzyme in
parallel with cell growth, moreover, its cell lysis
did not occur until the time of maximal yield of
enzyme. These could be considered to be favorable
characteristics for the production and purification
of enzyme in industrial scale.

Properties of the enzyme
As shown in Fig. 5, the a-amylase exhibited ma-



Vol. 19, No. 5

100
75
ey
2
&
— H0F
=
3
o
o
~
25F
~0 a
0 J [ . § '} .

10 20 30 40 50 60
Reaction time (min)

Fig. 7. Effect of Ca** on enzyme stability

Five milliliters of enzyme solution (pH 6.9, 0.01 M ace-
tate buffer) with or without CaCl, was princubated at
70C for given time.

Symbols; m— M with 7 mM CaCl,, 00— without CaCl;

ximum activity at 70C, but its stability decreased
sharply at temperature above 50C after being incu-
bated for 60 min. The optimal pH for the enzyme
reaction was 6.0, but the enzyme stability was mai-
ntained between pH 5.0~9.5 at 25C for 24 hrs (Fig.
6). The thermal and pH stabilites of the enzymes
in parental strain 2B and mutant strain HG4 were
almost the same (data not shown). Table 4 summe-
rized the effects of various metal ions on enzyme
activity. Pb**, Ag™, Cu®" exhibited inhibitory effects
while Ca** activated the enzyme. EDTA inhibited
the enzyme reaction slightly, however, the enzyme
dialyzed against 10 mM EDTA for 24 hrs retained
38% of its original activity. After washing EDTA,
the enzyme recovered its activity by addition of
Ca®*. These indicate that the a-amylase require Ca®*
for its structual stability and full activity. The mini-
mum concentration of Ca*" for enzyme stability was
0.6 mM. Fig. 7 showed the marked effect of Ca’"
for enzyme stability at high temperature.
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