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Abstract
Bacillus species is considered as most appropriate bacterial specie for extracellular production of
alpha amylase at commercial level. The alpha amylase is in high demand in a lot of food, beverage, and textile industries. In recent years, researchers have made many attempts to scale up the
production of alpha amylase by using various strategies. The current study deals with the isolation, identification of Bacillus species and evaluation of their alpha amylase activity by random
mutagenesis. Amylase producing bacteria were isolated from soil sample and further categorized
via 16S rRNA technique. Random mutagenesis technique (MNNG and UV radiation) was employed to enhance the production of an enzyme. Mutants were then assessed for alpha amylase
production via solid state fermentation using different agro-industrial waste, i.e. potato peels, apple peels, banana peels, wheat bran and rice husk. Different parameters such as incubation temperature, incubation period and pH were optimized to obtain maximum yield. Optimum amylase
production (207.84U/ml) was obtained after 48 hours of incubation at 37°C by using MNNG
mutant and potato peels. This study reveals that Bacillus cereus has the potential of alpha amylase production. It further suggests that secretion of alpha amylase can further be maximized by
improving the strain genetically and optimizing the fermentation conditions.
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animals, plants and microorganisms [3]. MiIntroduction
Alpha amylase (endo-1,4-a-D-glucan glucocroorganisms have become the organism of
hydrolase) is a secretory enzyme responsible
choice for amylase production due to adfor the cleavage of 1,4-a-D-glucosidic bonds
vantages like high availability, ease of hanthat link the glucose molecules in a linear
dling and manipulation, cheap nutrient reamylase chain [1]. This enzyme, contributes
quirement and favorable growth conditions
to approximately 25% of the global enzyme
over other production methods [1, 4]. Severmarket owing to its significant utilization in
al Bacillus species like B. stearothermophifood, textile, brewing, paper and pulp induslus [5], B. subtilis [6], B. licheniformis [7]
tries [2]. Alpha amylase can be isolated from
and B. amyloliquefaciens [8] are renowned
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alpha amylase producers, and have been exploited widely due to their rapid growth
rates, their capability to secrete prolific
amount of proteins and general handling
safety [9-11]. Several mutation studies have
been carried out to achieve higher production of the enzyme as compared to the wild
bacterial strains [12-14]. Many researches
are now being carried out to cut the cost and
time for enzyme production. Utilization of
agro-industrial waste as substrates in solid
state fermentation offers an alternative value-addition process for alpha amylase production [15, 16]. A number of wastes like
coffee waste [16], gram husk, mustard
oilseed cake, wheat bran, and rice bran [10]
have been utilized as substrates in this respect. This study investigates the effect of
UV and MNNG induced mutation in Bacillus cerus on the α-amylase production.
Moreover, the current work studies the effect of potato peel, apple peel, wheat bran ,
banana peel, and rice husk as a substrates
in case of alpha amylase production by using the mutant strains.
Materials and methods
Sample collection, isolation and screening
of bacterial isolates
Soil samples of various origins were collected from starchy fields of Lahore, Pakistan.
Alpha amylase producing bacteria were
screened from the local soil habitat by plating the samples on Luria Bertani agar containing starch as a source of substrate [1719]. One gram of the soil sample was added
in 10 ml of sterilized distilled water, followed by shaking and incubation 15 min at
80oC. 50µl from above sample was then
plated on the agar medium supplemented
with starch. Afterwards, the plates were incubated for 48 hours at 37oC. Positive colonies formed clear zones of substrate degradation in the region of them were selected
and stored for further processing.

Morphological identification of bacterial
isolates
Morphological identification, gram staining,
endospore staining, motility test and biochemical test of isolated bacteria were performed in a similar way as mentioned in
“Bergey’s manual of systemic bacteriology–
(2004) [20].
Molecular characterization
Molecular characterization of isolates showing maximum amylolytic prospective was
performed with the 16S rRNA primers technique [21] for the further confirmation bacterial strains. From fresh bacterial culture
the genomic DNA was extracted, according
to the method described by [22, 23]. For
amplification of the 16S rRNA region, universal primers were used and confirm the
sequence by sequencing the product.
Culture improvement by chemical
mutagenesis
Overnight grown culture of Bacillus species
was treated with MNNG. The stock solution
of MNNG was prepared as 7.5mg/ml. 1ml
of the bacterial cells were shifted to twelve
sterile eppendorf tubes. Two of them were
taken as control while the remaining tubes
were treated with different concentrations
(7µl, 14µl, 21µl, 28µl and 35µl) of MNNG
from stock. Incubation was done at 37oC for
1 and 2 hours, respectively, followed by
centrifugation at 13000rpm for 7min. The
cell pellet was resuspended in 1ml LB media
and centrifuged at 13000 RPM for 7min.
This step was repeated twice, followed by
resuspension of cells in LB media.
UV mutagenesis
UV chamber was used to carry out mutations using the method adopted by [24, 25].
Vegetative culture of Bacillus cereus was
centrifuged at 8000rpm for 10 min. The supernatant was discarded and cell pellet was
resuspended in autoclaved phosphate buffer
saline pH: 7. Resuspended cell solution
(10ml) was then exposed to UV irradiation
for 30-90 minutes with constant interval of
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10min. 0.2 ml of the irradiated culture was
spread on starch agar plates. The plates were
subjected to incubation at 37°C for 24-48 h.
Screening of mutants
Colonies that showed largest starch hydrolysis zones were selected from UV and
MNNG treated culture and were named as
BCU1 and BCM1 respectively. These two
colonies were preserved further for fermentation studies.
Vegetative inoculum preparation
LB (Luria-Bertani) medium was prepared
using Tryptone1%, NaCl 0.5%, and yeast
extract 0.5% in Erlenmeyer flasks of 250ml
adjusted the pH 7.0 and autoclave the media.
Culture from the fresh slants of BCU1,
BCM1 and wild strains of Bacillus subtilis
was inoculate in the media and Incubated in
shaking incubator at 37oC for 18 hours, at
200RMP.
Solid-state fermentation
Optimization of amylase enzyme production
was carried out using solid state fermentation in 250ml Erlenmeyer flask. In this study
five different fermentation media were prepared using agro-industrial wastes such as
apple peel, banana peel, potato peel, rice
husk and wheat bran. Following fermentation media (g/l) were evaluated alpha amylase for production: M1: Apple peel,
Na2HPO4 (18g/L), KH2PO4 (9g/L), NaCl
(1.5g/L), NH4Cl (3g/L) M2: Banana peel,
Na2HPO4 (18g/L), KH2PO4 (9g/L), NaCl
(1.5g/L), NH4Cl (3g/L) M3: Potato peels,
Na2HPO4 (18g/L), KH2PO4 (9g/L), NaCl
(1.5g/L), NH4Cl (3g/L) M4: Rice husk,
Na2HPO4 (18g/L), KH2PO4 (9g/L), NaCl
(1.5g/L), NH4Cl (3g/L) M5: Wheat bran,
Na2HPO4 (18g/L), KH2PO4 (9g/L), NaCl
(1.5g/L), NH4Cl (3g/L). 1 % (v/v) vegetative
culture of BCU1, BCM1 and wild strains of
Bacillus was inoculated in each fermentation
medium under aseptic conditions. All the
cultures were incubated in shaking incubator
at 37oC for 18 hours, at 200RMP. After in-

cubation supernatant of the culture was used
to observe the of alpha amylase production.
Enzyme assay
The activity of amylase was determined by
the method described [26]. 500µl of 20mM
phosphate buffer (pH: 6.0) along with 1%
starch solution was added to 500µl of enzyme solution. The tubes were incubated at
37oC for 30 min. 0.5 ml of DNS reagent was
added to 500µl of the reaction mixture in
order to stop the reaction. The tubes were
again incubated in water bath at 100oC for 5
minutes. 4ml of water was added in each
tube. Amount of reducing sugar produced
was calculated to measure the absorbance at
540nm, with reference to the glucose standard. Assays were performed in triplicate and
average values of all assays were reported.
“One unit (U) of amylase is described as the
amount of enzyme that releases 1 µmol of
glucose as reducing sugar per minute under
the assay conditions.”
Results and discussion
Isolation, identification and screening of
amylase producer
Selection of an appropriate strain is imperative for enhanced production of alpha amylase. In current research work soil samples
were obtained from diverse starchy fields of
Lahore. Screening of potent strains was
done by spotting them on nutrient starch
medium and the diameter of starch hydrolysis zones was measured that were formed
around the colonies. Isolates showing a large
zone of hydrolysis were selected for further
study. Morphological and biochemical characteristics of the isolate are summarized in
(Table 1).
Molecular characterization
In this study, 10 isolates were selected for
sequencing with16S RNA to validate their
molecular properties. To confirm the exact
sequence blast all the sequence results in the
gene databank with BLASTN2 software.
Among the selected isolates, the isolate with
the highest zone of hydrolysis shows a simi-
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larity index of 94% with Bacillus cereus
strain
A65
(sequence
ID:
gi|1114444182|KX057546.1), and thus used
further in mutation and fermentation studies.
While the other isolates that were selected
for 16S sequencing based on their hydrolytic
activity against starch were found to be different strains of Bacillus subtilis. The sequencing results revealed that isolate with
the highest zone of hydrolysis was the
member of the genus Bacillus. The reason
behind it might be due to highly prevalent
these bacillus species in soil samples [27].
Anto et al. Also reported that Bacillus cereus has the ability to produce alpha amylase
[28].
Mutagenesis
Amylase is a commercially valuable enzyme
which is used in a lot of industrial processes.
Mutations are thus induced to hyper activate
the enzyme production in bacteria. Studies
have proved that mutations not only increase
the rate of cell growth, but they also augment the enzyme production ability of bacte-

ria [29]. In this study maximum zone of hydrolysis with MNNG treatment was obtained when cells of bacterial strain Bacillus
cereus strain A65 were treated with 7 µl of
MNNG for 2hours.In (Table 2 & Figure 1)
represents the zone of hydrolysis shown by
the MNNG mutants. When Bacillus cereus
A65 was exposed to UV treatment from 30
to 90 minutes, highest zone was observed in
a culture that was treated for 80 min shown
in (Table 3 & Figure 2). After that, growth
of culture decreases drastically along with
reduction in starch hydrolysis shown in
(Figure 2: plate 7, 8 & 9). Both the UV and
MNNG mutant strain show a considerable
amount of increase in starch hydrolysis zone
as compared to wild strain. Bacillus cereus
was observed to have (157.45 U/ml) of amylase activity, whereas BCM1 and BCU1
were found to produce 207.84 U/ml and
196.8U/ml of amylase activity respectively.
From these studies, we found MNNG as a
better mutagenic compound.

Table 1. Microscopic, macroscopic and biochemical properties of bacillus cereus
Morphological and biochemical characteristics of Bacillus cereus
Characteristics
Results
Gram stain
Positive
Shape
Bacilli, rods
Sporulation
Positive
Growth in nutrient broth
Flocculent
Growth on nutrient agar
Abundant, cream to off-white color
Catalase test
Positive with effervescence
Starch hydrolysis
Positive
Casein hydrolysis
Positive
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Table 2. Zone of starch hydrolysis shown by MNNG treated cells after 1 and 2 hours of incubation
MNNG conc. (µl)

Zone (mm)

0 µl

15

7 µl

16

14 µl

17

21 µl

17

28 µl

17

35 µl

17

7 µl

18

14 µl

16

2 hour

1 hour

0 hour

Incubation time

Figure 1. Zone of hydrolysis by selected colonies from 1 and 2 hours treated MNNG culture
plates labeled as 1, 2, 3, 4 and 7 shows colonies selected from 1 hr treated culture and plates
labeled as 9 and 10 are colonies from 2 hr treated cultures. No: 8 is untreated culture
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Table 3. Data representing the zone of measurement and O.D of UV treated cultures
zone (mm)
wet mass (g)

O.D. (595nm)
after 15 hrs

after 24 hrs

0 min

0.03

0.674

13

15

30 min

0.05

0.691

15

16

40 min

0.05

0.697

15

16

50 min

0.06

0.737

15

16.5

60 min

0.06

0.746

15.5

16.5

70 min

0.06

0.757

16

17

80 min

0.08

0.947

16

18

90 min

0.02

0.651

12

14

Figure 2. Plates representing zone of hydrolysis after UV treatment from 30 to 90 min
Screening of fermentation media
The choice of an appropriate medium plays
a major task in the production of enzymes.
Different fermentation media (M1–M5)
were evaluated for the production of αamylase by Bacillus cereus A65. Among all
used media, M3 medium comprised of potato peels, Na2HPO4, KH2PO4, NaCl, and
NH4Cl gave the highest amylase production
(207.84 U/ml), as compared to other media
shown in (Table 4 & Figure 3). It may be
due to the fact that potatoes are rich in

starch. Figure:4 shows the results of SDSPAGE analysis of different fermentation
medium with wild, UV and MNNG mutant
of Bacillus cereus.
Impact of incubation period
The effect of time of incubation on the production of alpha amylase was investigated
(Figure 5). Fermentation medium was incubated for a total time period of 72 hrs at
37oC and culture was drawn after every 12
hrs to determine the time period at which
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amylase production got highest. Results depict that maximum amylase (207 U/ml) was
produced at 48 hours of incubation. After
that amylase production decreases. Decrease
in activity after a particular time may be due
to the reason that media run lack of nutri-

ents. It was described by Reese et al. that
after a particular time soluble substrate in
the medium was completely consumed by
microbes and the left over was crystalline
portion, due to which the production decreases [30].

Table 4. Alpha amylase activity of Bacillus cereus and its UV and MNNG mutant (BCU1
and BCM1), using different substrates
Amylase activity (U/ml/min)
Apple

Potato

Banana

Rice husk

Wheat bran

Wild

86.4

157.45

59.78

55.2

87.5

UV

92.45

196.8

110.59

59.74

92.43

MNNG

110.4

207.84

111.32

63.21

98.70

Figure 3. Effect of different substrates on wild and mutant strains of Bacillus cereus
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Figure 4. SDS PAGE analysis of different fermentation medium with wild UV and MNNG
mutant of Bacillus cereus, Lane M is protein marker; Lane1- M1 media with BCM1;
Lane2- M1 media with BCU1;Lane3- M1 media with wild Bacillus cereus; Lane 4- M2 media with wild Bacillus cereus; Lane 5-M2 media with BCM1; Lane 6- M2 media with
BCU1; Lane7- M3 media with UV mutant; Lane 8- M3 media with wild Bacillus cereus;
Lane 9- M3 media with MNNG mutant; Lane10-M5 media with MNNG mutant; Lane 11M5 media with UV mutant; Lane 12-M5 media with wild Bacillus cereus; Lane 13-M4 media with wild Bacillus cereus; Lane 14-M4 media with UV mutant; Lane 15- M4 media
with MNNG mutant

Figure 5. Effect of duration of incubation on amylase activity

1796

Pure Appl. Biol., 8(2): 1789-1800, June, 2019
http://dx.doi.org/10.19045/bspab.2019.80122

results matched with Raul et al. who also
reported maximum α-amylase production at
37 °C for 48 h of incubation [31]. At high
incubation temperature enzyme production
decreases mainly due to the fact that bacterial growth got suppressed due to elevated
temperature, and finally, inhibit enzyme
production [32].

Effect of incubation temperature
Temperature is one of the most important
factors which not only maintains the microbial growth but also affects the enzyme production. In the current research, the effect of
incubation at different temperature (1757°C) was investigated (Figure 6).Maximum
amylase production was obtained as 210
U/ml, during the incubation at 37oC. Our

Figure 6. Effect of incubation temperature on amylase production
are identical with Pavithra et al who reported that the enhanced activity of alpha amylase was observed at pH 7.0 [33]. At high pH
enzyme production decreases because due to
the high concentration of hydrogen ions in
the bacterial cell growth suppresses which
results in the decrease of enzyme production
[34].

Effect of pH of fermentation medium
During culturing process pH of culturing
medium is one of the most vital parameter
because it can bring changes in culture as
well as in secretion of enzymes. The influence of different pH (5–10) on the biosynthesis of amylase was studied (Figure 7).
The maximum amylase production (205.4
U/ml) was observed at pH 7. These results
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Figure 7. Effect of pH on production of alpha amylase
2.

Conclusion
The present study suggests Bacillus cereus
as a promising and economical organism for
industrial utilization in the field of alpha
amylase production. However, studies
should be conducted to extract enzymes
from thermophiles by using different genetic
engineering techniques because amylase
used in industrial process should be temperature stable. Moreover, scale-up studies
are also needed for the establishment of a
cost-effective bioprocess for commercial
utilization of this organism for alpha amylase production.
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