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ABSTRACT
Alkaliphilic and thermophilic bacillus sp. KH1-29 which was isolated from Caspian Lake of Iran,
produced thermostable α-Amylase at 55°C, pH 8.0. The molecular weight of the enzyme was
estimated 45 kilodallton using sodium dodecyl sulphate-polyacrylamide gel electrophoresis. The
enzyme showed working pH range of 7-8 with an optimum pH of 8.0. The temperature optimum of the
enzyme was found at 90°C. α-Amylase production by Thermophilic bacillus sp. strain reached to
maximum quantity at 36h after cultivation analyzed according to the Lowry method. According to
Lowry method with levels of 0.63 mmol protein/min, the a-amylase production in the mentioned strain
reached to maximum levels at 36 h after cultivation with levels of 0.63 mmol protein/min. As a result,
according to information obtained by the enzyme it is qualified for use in biotechnological applications
and all its properties make it a useful tool for bio-bleaching in pulp and paper industry.
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INTRODUCTION

The main advantages of using microorganisms for
amylases production are theirs high economical
production capacity and their easy manipulation to
obtain enzymes whit desired characteristics (14).
Thermophilic microorganisms are adapted to
thrive at temperatures above 60°C. They are a
source of interesting enzymes such as thermoactive
and thermostable (22). Among the microorganisms,
Bacillus species are good secretors of extracellular
enzymes such as amylase, arabinase, cellulase,
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lipase, protease, and xylanase which play important
roles in many biotechnological processes (10).The
use of microbial enzymes in industrial areas has
been increasing because of its economical
production and immobilization of unsolvable
materials in water and durable use in respect to
biotechnological activities (7).
Amylases are the most important enzymes and
also, nowadays, they have a great significance in
biotechnology. They are used in the sugar, baking,
brewing, paper, textile, distilling industries (9).
Amylases include a class of industrial enzymes
having approximately 25% of the enzyme market
(24).
α-amylase(endo-1,4-a-D-glycan glucanohydrolase
EC 3.2.1.1) are one of the most important groups of
industrial enzymes which hydrolyze starch molecules
to give diverse products including dextrins and
progressively smaller polymers composed of glucose
units (23,4). Amylases can be categorize into two
groups such as, endoamylases and exoamylases.
Endoamylases catalyse hydrolysis the interior of the
starch molecule randomly. This action lead to the
formation of linear and branched oligosaccharides of
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various chain lengths. Exoamylases hydrolyse from
the non-reducing end, successively resulting in short
end products. Today, a large number of enzymes are
known which hydrolyse starch molecule into different
products and a combined action of various enzymes
is required to hydrolyse starch completely.
The key advantages of using microorganisms for
production of amylases are theirs economical huge
production capacity. Also, these microbes easily
manipulate to obtain enzymes of desired
characteristics (23). α-Amylases have been
developed from several fungi, yeasts, bacteria and
actinomycetes, however, enzymes from fungal and
bacterial sources have important applications in
industrial areas (4). Nevertheless, bacterial αamylases particularly Bacillus amylases are more
desirable according to fungal α-amylases because of
their heat stability (29).
The most used bacterial α-amylases were derived
from B. amyloliquefaciens, B. licheniformis and B.
stearothermophilus (14, 30, and 31). It is desirable
that a-amylases should be active at the high
temperatures of gelatinization (100–110 -C) and
liquefaction (80–90 -C) to economize processes;
therefore, there has been a need and continual
search for more thermophile and thermostable aamylases. For applications in industrial processes,
the enzymes should be stable at high temperature,
pH, presence of salts, solvents, toxicants etc. (12).
The aim of present study was identification and
isolation of new Bacillus sp. and also evaluation of
the produced amylase properties by thermophile and
alkaliphilic Bacillus sp. isolate KH1-29.

MATERIAL AND METHODS
Microorganisms and culture conditions:
Bacillus sp. KH1-29 was isolated from coast
sediment samples collected from Caspian Lake, Iran.
To select the Gram-positive spore-forming bacteria
Bacillus sp., soil sample was incubated at 80 °C for
10 min (8). The isolates were cultivated in LB
medium (10 g tryptone, 5 g yeast extract, 10 g NaCl,
pH 9.0) for 24 h at 55 °C with shaking at 200 rpm.
The isolates screened for α-amylase activity on LBagar-starch plates containing (g L-1) tryptone 10,
yeast extract 5, NaCl 10, starch 5, agar 15 (pH 9.0)
at 55°C (13). α -Amylase positive colonies were
selected with iodine staining.

Enzyme production:
The organisms was propagated at 55 °C for 24 h
in 100 ml of a LB medium, containing 1% soluble
starch (Merck), placed in 1000-ml flasks, with
shaking on a shaker (200 rpm/min). The initial pH of
the medium was about 9.0. After removal of cells by
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centrifugation (10 000_/g, 20 min) at 4 8C, the
supernatant was used for partial purification.

Enzyme assay
The relative amylase activity was assayed by
adding 1 ml of enzyme to 1 ml soluble starch (1%
v/v) in 50 mM Tris buffer pH 9.0, and incubating at 55
°C for 30 min. The reaction was stopped by the
addition of 3 ml of 3, 5-dinitrosalicylic acid reagents.
A550nm was measured in a Cecil 5500
spectrophotometer. One unit of amylase activity was
defined as the amount of enzyme that released one
micromole of reducing sugar equivalent to glucose
per minute under the assay condition (22).

Protein determination
Proteins of wild type and mutant variants were
estimated as described by Lowry et al. (17) using
bovine serum albumin as the standard.

Effect of incubation period
The effect of incubation period was determined by
assaying the enzyme activity in different incubation
periods (12, 24, 36, 48, 60, and 72 h).

Effect of pH and temperature on activity and
stability:
Temperature and pH effects on enzyme activity
were assayed at various temperatures ranging from
30-100 C and pH values ranging from 6-12 for 30
min. following buffers were used in the reactions:
100mM Na-phosphate (pH 6-7) and 100 mM Tris
(pH7-12) (3).

SDS–PAGE and zymogram analysis
SDS- Starch-PAGE (0.2% Starch) were done as
described by laemmli (13) with slab gels (12% w/v
acrylamide). For visualizing of total proteins, SDSPAGE was stained for 1 h with the solution of 0.1%
Coomassie blue R250-40% methanol-10% glacial
acetic acid and then destained overnight in the same
solution without dye. For activity staining (zymogram)
of Starch by SDS- Starch-PAGE, SDS was removed
by washing the gel at room temperature in solution-A
(50 mM Na2HPO4, 50 mM NaH2PO4 (pH 7.2),
isopropanol) for 1 h and solution-B (50 mM
Na2HPO4, 50 mM NaH2PO4 (pH 7.2) for 1 h,
respectively.
The gel was kept overnight in solution-C (50 mM
Na2HPO4, 50 mM NaH2PO4 (pH 7.2), 5 mM βmercaptoethanol, 1 mM EDTA) at 4°C for
renaturation of the enzyme. It was then sealed with
film and incubated at 55°C for 4 h. Gel was stained in
a solution of iodine (iodine 5 g/l, KI 50 g/l), for 30 min,
clear band indicate the presence of amylase activity
(8, 3). The molecular mass of the enzyme was finally
estimated from the position of standard proteins.
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RESULTS
The isolated alkaline, halophilic and thermophilic
strain Bacillus sp. KH1-29 from Caspian Lake in Iran
was gram positive, rod shaped, aerobic, catalase
positive and spore forming. According to the basis of
various morphological and biochemical characteristic,
it was identified as Bacillus sp. Enzyme synthesis of
Bacillus sp. KH1-29 occurred at temperatures
between 30 and 100 °C with an optimum of 90 °C.
There was a variation in amylase synthesis within the
pH range 6.0 and 12.0 with an optimum pH 8.0, while
KH1-29 Bacillus sp. grew well at between 7.0 and 8
pH on starch agar medium in presence of NaCl (5%
wt/v) and occurred up to 55 °C.

Out of 1865 persons, 51 persons were found
suffering from disease. The disease rate was 2.73%.
The enzyme had a broad temperature range between
30-100 °C and the optimum activity was observed at
90 °C. The relative enzyme activities were 31, 41, 55,
54, 58, 82 and 100 % at 30, 40, 50, 60, 70, 80 and 90
respectively, whereas only 12% activity was retained
at 100°C for 30 min (Figure-2). The enzyme also
showed a significant relative activity between 7 and
8.5 pH. Effects on enzyme activity was assayed at
values ranging from 6-12 for 30 min. optimum activity
was observed at pH 8. Following buffers were used
in the reactions: 100mM Na-phosphate (pH 6-7) and
100 mM Tris (pH7-12) (Figure-3).
Figure-3. The effect of pH on α-amylases activity

Enzyme properties
Productions of α-amylases at various time
courses were investigated. The Bacillus sp. KH1-29
culture was incubated at 55 °C for 12, 24, 36, 48 and
60 hours. Maximum enzyme production was
recorded after 36 h at 55 °C (Figure-1).
Figure-1. Productions of α-amylases at different
time by Bacillus sp. isolate KH1-29

Determination of molecular weight
Molecular weights of wild type and mutant αamylases
determined
by
SDS-Starch-PAGE
electrophoresis revealed single bands showing αamylase activity in gel using BioCapt MW software.
The molecular mass of bands was 45kDa (Figure-4).

Figure-2. The effect of temperature on αamylases activity
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Figure-4. Zymogram analysis of α-amylases on
SDS-PAGE. The gel was cut into two pieces, the
marker and total proteins were visualized with
Coomassiebrillant blue staining and the activity of
enzyme revealed by iodine (1: Marker, 2: SDSPAGE, 3: Zymogram).
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Specific Activities
Total protein from Isolate Bacillus sp. KH1-29 was
analyzed according to the Lowry (1951) method. One
mg of protein in a minute was to break 0.63 mmol of
substrate.

DISCUSSION
In the present study, water and soil samples were
collected from Caspian Lake of Iran and used for
isolation of Gram (+), spore forming, and aerobic
bacterial strains. About 120 strains were isolated and
screened for α-amylase activity. Among these
isolates, 36 bacteria showed amylolytic activity on
LB-agar plate containing starch. The Bacillus sp.
isolate KH1-29 selected for further studies because
of its maximum amylolytic hollow zone around the
colony. α-mylases from alkaline and thermophilic
Bacillus species were reported previously (21, 9, 11,
15, 3, 5).
Most of the Bacillus strains used commercially for
the production of α-amylases have an optimum pH
between 6.0 and 9.0 for growth and enzyme
production [3, 25]. The strain Bacillus sp. KH1-29
was improved for α-amylase production. Bacillus sp.
isolate KH1-29 Maximum enzyme production was
recorded after 36 h at 55 °C. The optimum pH values
for native amylases were 8.0. The optimal
temperature values for enzyme activity were 90°C.
These pH and temperature values are similar to
Bacillus licheniformis and Gracilibacillus (6), Bacillus
sp. GUF8 (18), Halomonas sp. AAD21 (29), Bacillus
cereus MS6 (20) enzymes.

CONCLUSION
The bacillus sp. KH1-29 strain produced high
levels of thermostable α-amylases. The KH1-29 αamylases is the thermostable (90 ºC) and slightly
alkaline with wide range of pH (7-8). Hence, it is
qualified for use in biotechnological applications and
all its properties make it a useful tool for biobleaching
in pulp and paper industry. The KH1-29 α-amylases
production process can be commercialized after
further optimization for enhanced enzyme production.
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