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ABSTRACT
Ethidium Bromide (EtBr) used as a chemogen to improve α-amylase yielding from Bacillus
licheniformis MK90. About 224 mutants were selected after treatment with six different Ethidium
concentrations 1, 2, 3, 4 & 5 and 10mg/ml. Out of 224, two mutants ET-10-4 and ET-4-12 were the
highest enzyme producer mutants. ET-4-12 reached maximum production with 0.5% starch after 72h
with 222.5% (5630 IU/ml) at 65oC and pH8.0 while ET-10-4 reached maximum 166.6% after 24h at
45oC and pH 8.0 with 1.0% starch concentration. ET-10-4 has 18 bands and its α-amylase was 58
KDa while of ET-4-12 had 20 bands and enzyme with 60 KDa in comparison with WT which has 18
bands and α-amylase with 65 KDa. AmyE gene from WT, coding-thermophilic α-amylase, has 99%
similarity with hyperthermophlic α-amylase isolated from Iranian Bacillus licheniformis. It was 1539
bps in the three sequences with some variances among WT and its two mutants.
Kew words: Bacillus licheniformis MK90, Ethidium bromide mutagenesis, thermophilic α-amylase,
SDS-PAGE, and AmyE gene.
Introduction
Enzymes from fungal and bacterial sources have dominated applications in industrial sectors
(Gupta et al., 2003).The microorganism amylases have a broad spectrum of industrial applications as
they are more stable than when prepared from plant and animal (Tanyildizi et al., 2005).
Bacterial amylases have longer shelf life and can be stored for weeks without significant loss of
activity (Bosch et al., (2011). α-Amylases produced from thermophilic microorganisms were the ideal
ones (Raul et al., 2014 and Shafaat et al., 2011) since they are not usually denatured by high
temperatures and are even active at elevated temperatures (De Souza & Magalhães 2010).
bacterial species known with their α-Amylase productivity include Bacillus caldolyticus
DSM405, Bacillus sp. Ferdowsicous, Halomonas meridian, Rhodothermus marinus, Nocardiopsis sp.,
Geobacillus thermoleovorans, Lactobacillus fermentum Ogi E1, Bacillus dipsosauri DD1 and
Lactobacillus manihotivorans LMG 18010T (Coronado et al., 2000; Deutch 2002; Satyanarayana
2007, Paula Monteiro et al., 2010) Production of amylases from bacteria is beneficial for human
population as their starch degrading ability can be exploited for preparation of special food items,
easily digestible for infants, patients and elderly people (Rick and Stegbauer 1974; Vijayabaskar et
al., 2012; Asgher et al., 2007, Fahimeh & Mobini-Dehkordi 2013; and Vengadaramana 2013).
Utilization of bacterial strains specifically from genus Bacillus is gaining momentum because of their
ability to resist and survive under harsh industrial conditions. Bacillus licheniformis, Bacillus subtilis,
and Bacillus pumilus are some of the strains that are associated with food spoilage and with a wide
range of different clinical conditions (Maria et al., 2013).
EtBr is the most common chemical mutagen used. It acts as a mutagen because it intercalates
double stranded DNA and deforms the DNA (McCann & Ames 1975). This insertion causes
"stretching" of the DNA duplex and the DNA polymerase is "fooled" into inserting an extra base
opposite an intercalated molecule. This results in frame shift mutations. This affects DNA biological
processes, like DNA replication and transcription (Suribabu et al., 2014). Although EtBr was known
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as an inhibitor and mutagen; but still used in the molecular biological laboratories as intercalator to
visualize DNA (Hayashi 2007 and James et al., 2013). Most of the strains used for enzyme
production were improved by cloning or mutation methods. Chemicals such as EtBr and others were
found to be suitable mutagens for the improvement of enzyme production by microorganisms (Sidhu
et al., 1997; Singh et al., 1995 and Konishi et al., 1990).
Materials and Methods
Qualitative screening for α-amylase production
Screening of the enzyme productivity has done on starch agar medium composed of 0.5g
peptone, 0.1g KCl, 0.5g MgSO4 .7H2O, 0.1 g (NH4)2SO4 and 0.1g NaH2PO4 (Srivastava and Baruah
1986); 2g starch was added as Sasmita & Niranjan (2008) recommended. The most potent enzyme
producing mutants were selected according to their clear zone diameter after flooded with iodine
reagent.
Amylase production was carried out in production medium containing (w/v; g/1000 ml distilled
water) 6g bacteriological peptone, 0.5g MgSO4.7H2O, 0.5g KCl, 1g starch and adjust the final volume
to 1000 ml with distilled water (Sudha, 2012). The flasks were incubated at 50°C for 24 h under
shaking. Whole broth was centrifuged at 10000 rpm for 15 minutes at 4°C. The clear supernatant
(crude enzyme) was used for estimation of amylase activity. The isolates were routinely maintained
on nutrient agar slants at 4°C.
Amylase assay
The enzyme activity was assayed following the method of Miller (1959) using 3,5dinitrosalicylic acid. An enzyme blank with 3, 5-dinitrosalicylic acid was added before the addition
of the enzyme which was used as control. The amount of reducing sugar released was quantified by
using DNS with maltose as standard at 540 nm with UV/VIS spectrophotometer. One unit of αamylase activity was defined as the amount of enzyme releasing 1 μmol of maltose equivalent per
minute from soluble starch at pH 7.0 when incubated at 50°C.
Bacillus strain improvement by EtBr mutagenesis
Bacillus licheniformis MK90 was grown on the production medium at 55oC, pH 7.0 for 24h.
About 500ul of the bacterial suspension was transferred on agar medium plates and spreaded by glass
rod. Different Ethidium bromide concentrations 1, 2, 3, 4, 5 and 10mg/ml were loaded on disc paper
(10ul V). Disc papers were placed on the surface of starch agar medium then the plates incubated at
55oC for 24h. The surviving colonies around the disc's inhibition zone were picked up with sterile
toothpicks and inoculated in new starch agar medium plates then incubated for 24h. Single colonies
from starch plates were tested for their enzyme productivity in 250ml conical flasks contain the the
production medium at 150 r.p.m., 55oC, and pH 7.0 for 72h of incubation.
Partial purification of α-amylase
Partial purification of α-amylase was carried out using a modified method of Singh et al.
(2011); in which 4:1 cold acetone to sample added with constant stirring. The mixture was allowed to
stand for 1h at 4°C and the enzyme fraction was dried over anhydrous calcium chloride under
decreased pressure at room temperature. The fraction tested for enzyme activity and used for SDS
step.
SDS-PAGE
Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) was performed as
described by Laemmli (1970), Harlow & Lane (1988) and Sambrook & Russell (2001).
Electrophoresis was performed at the constant current of 20 mA, using a 12 % separating gel (pH=
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8.8) and 4 % stacking gel (pH=6.8) to determine α-amylase molecular weight and compare between
parental strain and its two mutants at level of total cellular proteins.
Effect of substrate concentration on α-amylase production
Different substrate concentrations (0.5, 1.0 and 1.5%) added to conical flasks containing 150 ml
of medium composed of (w/v) 3g yeast extract, 3g peptone, 0.5g MgSO4.7H2O and 0.5g KCl. The
conical flasks incubated for 24 hours at optimal pH and temperature for each mutant.
Effect of temperature and pH
The temperature and pH activity profiles for amylase of EtBr-mutants was studied in the pH
range of 6.0 to 9.0 by mixing the enzyme with sodium phosphate buffer (pH 6.0 and 7.0), Tris buffer
(pH 8.0), and glycine-NaOH (pH 9.0 and 10.0) in the ratio 1:1 at different temperatures (35-75°C)
using optimal concentration starch for each mutant.
Genomic DNA extraction
Genomic DNA was isolated by using Alkaline Method Kit (Khalil, 2011). In an eppendorf, 1.5
ml from overnight culture were taken, centrifuged at 8,000 x g for 1 min, pellet was kept and 250 µl
of solution A was added, mixed by pipetting. Then 250 µl of solution B was added and mixed by
moving up and down three times. Then 250 µl of solution C was added and centrifuged at 13,000 x g
for 5 min. Finally, the upper phase was removed into new eppendorf. After extraction of the DNA
samples, an appropriate amount was transferred (about 25 µl) of each sample to a fresh eppendorf and
5µl of loading buffer was added.
Amplification and sequencing of α-amylase (AmyE) gene
Thermo cycler PCR used to amplify α-amylase coding gene (AmyE) with two primers. Forward
was MK-am.F (5' ATGAAACAACAAAAACG GCTTT-3') and Reverse MK-am.R (5'CTATCTTTGAACATAAATTGAA ACCG-3'). Bacillus licheniformis MK90 beside its best two
mutants ET-4-12 and ET-10-4 were used as DNA template for amplification.
PCR cycle profile
The PCR performed with the following cycling profile: initial denaturation at 94◦C for
5minutes, followed by 35 cycles of 1minute denaturation at 94◦C, annealing at 52◦C for 1 minute, and
extension at 72◦C for 3minutes. The time for the final extension step was extended to 15 minutes.
The PCR product was electrophoresed in 1% agarose horizontal slab gels. Gels were run at 112 V,
and stained with Ethidium bromide for 30 minutes.
DNA sequence analysis
The sequencing reactions were carried out by Sanger Sequencing Technology on Applied Biosystems automated DNA sequencer, model ABI 3730XL DNA Analyzer (Applied Bio-systems, USA;
service provided by Macrogen Inc., South Korea). The sequence analyses and alignments were
performed by NCBI-BLAST programs of the National Center for Biotechnology Information
(Altschul et al., 1990, Stultz et al., 1993; Hobohm & Sander, 1995 and Altschul et al., 1997) and
DNA alignment was performed to compare between DNA of wild isolate and the selected mutants
which show the best α-amylase productivity using Cluster W online software.
Results and Discussion
Parental strain Bacillus licheniformis MK 90 was treated with different concentrations of EtBr
1, 2, 3, 4, 5 & 10 mg/ml. These concentrations were loaded to 6mm Whattman disc on the surface of
nutrient agar plates inoculated with this strain.
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About 224 isolates transferred to the new plates isolated after treatment with six different
concentration of EtBr. Out of 224 isolates, 40 isolates picked after 1mg/ml treatment followed by 55
from 2mg/ml. The number of isolated colonies was mentioned in (Figure 1).
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Fig. 1: Number of isolated colonies around discs loaded with different EtBr concentrations.
After EtBr treatment, active and inactive mutants were resulted;
isolates) and 82.5% inactive enzyme mutants were (Figure 2).

17.5% active (about forty

Fig. 2: Active and inactive percentage of EtBr mutants.
Out of 40 active mutants; thirty were higher than WT so they tested on starch agar medium to
compare their productivity according to clear zone diameter after flooded with iodine reagent. The
highest producer mutants were ET-3-32, ET-4-12, and ET-10-4 (Figure 3).

Fig. 3: α-amylase productivity by higher EtBr-mutants on starch agar plates after 24h.
Eighteen mutants selected as the best and inoculated in production liquid medium at 55oC for
three days. Although the all eighteen were higher in their productivity than WT; only seven out of
eighteen were the best producer, while mutant ET-10-4 was the higher producer mutant than parental
strain when tested in starch agar medium, it was the second higher producing mutant in the production
medium. The second higher producing mutant ET-4-12 in starch agar medium, prove to be the best
producer when production broth medium was used, it produces about 50% more than WT (Figure 4).
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Fig. 4: α-amylase productivity by the best eighteen EtBr mutants and their parental strain using
production medium and after 72h of incubation
Interaction between mutants' genomic and different environmental conditions for higher αamylase production
Optimization enzyme productivity by the selected mutants
In order to identify the optimum conditions for α-amylase production by the selected mutants
and studying the interaction between the mutants as new genomics with the environmental conditions,
all possible factors interfering and affecting on α-amylase production were studied.
Effect of incubation period in α-amylase production
Seven mutants resulted from EtBr treatment were selected to improve their enzyme
productivity; four mutants proved their higher productivity than parental strain after 24h, ET-10-4,
ET-4-7, ET-4-12 and ET-5-18. Their productivity was 5500 (117%), 4850 (103.1%), 6100 (129.78%)
and 5100 (108.5%) IU/ml respectively. Two of them showed slightly decreasing productivity after
48h till the end of incubation, mutant ET-4-7 increased α-amylase productivity till the end of
incubation and mutant ET-4-12 was the highest producer mutant at the long of fermentation period
(Figure5).

Fig. 5: Enzyme productivity by the best selected EtBr mutants and parental strain for 96h of
incubation.
This Mutagenic technique was done for α-amylase production by exposing the cultures with
chemicals like Ethidium bromide (EtBr), which commonly used as a mutagen bacterial strain. The
mutant Bacillus sp. KH13- M3 gave 5.35 U ml/ml α-amylase which was around 1.22 fold higher than
the parental strain (Fakhraddin et al., 2014).
Bacillus cereus mutant No.15, it remained a stable mutant after multiple culture cycles, gave
maximum enzyme production (14.92±0.83 U/ml/min); Its productivity showed more than two fold
increase compared to the parental strain from 7.46- 14.84 U/ml/min. This enhancement occurred due
to increase in gene copy number and amplification of the DNA region (Venkata & Naga Raju 2013).
Effect of temperature and pH in α-amylase production
Five different temperatures were applied for maximum activity of α-amylase production, 35,
45, 55, 65, and 75 oC.
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Out of seven mutants, one mutant ET-10-4, reached its maximum productivity at 45 oC, while
at 55 C, four mutants reached their maximum productivity, ET-3-15, ET-4-7, ET-5-18, and ET-10-26.
Mutant ET-4-12 beside parental strain proved their maximum productivity when incubated at 65 oC
(Figure 6).
o

Fig. 6: Effect of the five different temperature degrees on enzyme productivity by the selected
mutants.
Fakhraddin et al., (2014) reported that, the optimum temperature for α-amylases of alkaline and
thermophilic Bacillus sp. strain KH-13 (WT) and its mutant KH13-M3 was 40 and 50 °C,
respectively. Haq et al., (2010) noted that, the better activity of α-amylase enzyme by mutant Bacillus
amyloliquefaciens EMS-6 was at 37ºC for 24 to 72h incubation times. The enzyme activity was
increased with fermentation period increased. The maximum α-amylase production (60.9 U/ml/min)
was at 37ºC in 48 h. When the temperature was increased up to 43ºC, the enzyme activity markedly
declined.
The α-amylase production by the Streptomyces clavifer AM-7-1-4 mutant was affected by
different environmental factors. Mahmoud & Hani (2012) observed that the optimum condition was
pH 6 and 60°C. Sufficient activity (≥ 86%) was also observed at pH range 5.5 to 6.5 and reaction
temperature ranged from 50 to 65°C, respectively. On the other hand, Yang & Wang (1999) reported
that the optimum temperature of α- amylase enzyme activity from Streptomyces rimosus ranges
between 35 and 45°C.
UV Mutant number 17 of Bacillus mojavenis PTCC 1723 produces 330.56 IU/ml xylanase. It
was 3.45 times more enzyme than the wild strain with 95.73 IU/ml. Optimization resulted 575 IU/ml
xylanase, with wheat bran as the best carbon source, corn steep liquor as the best nitrogen source
accompanied with natural bakery yeast powder, in a medium with pH 7, after 48 hr incubation at
37°C, and the shaking rate of 230 rpm (Ghazi et al., 2014).
Effect of different pH (6, 7, 8, & 9) on the enzyme productivity by the selected seven mutants
was studied. Mutant ET-10-4 proved its maximum productivity at pH7.0 beside WT, it recorded

155.5% at pH7 more than WT and nearly 110.5% when compared with WT at pH8 (Figure
7). At pH 8.0, six mutants reached their maximum enzyme productivity which higher than
WT. Mutant ET-10-4 was the highest producer mutant with 6330 IU/ml (119.4%) followed
by mutant ET-4-7 with 5930 IU/ml (111.8%).
α-amylase production by the mutant strain of Bacillus amyloliquefaciens EMS-6 was
found less (15.5 U/ml/min) at pH 6.0 and 24 h after incubation which increased at 48 h of
fermentation when the pH was further increased. The maximum α-amylase activity (62.3
U/ml/min) obtained at pH 7.0 and 48 h after the inoculation. Enzyme activity by this mutant
recorded 47.3 U/ml/min at pH 7.5 when fermentation was run for 72 h. The pH 7.0 was
optimum for α-amylase production by the selected mutant (Haq et al., 2010).
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Fig. 7: The effect of different pH on the enzyme productivity by the selected mutants and WT
Mahmoud & Hani (2012) observed that, the α-amylase production by the Streptomyces
clavifer AM-7-1-4 mutant was affected by different environmental factors, such as pH and
temperature. It was observed that the optimum condition was pH 6 and 60°C. Sufficient activity (≥
86%) was also observed at pH range 5.5 to 6.5 and reaction temperature ranged from 50 to 65°C,
respectively.
Optimum xylanase activity was assayed at pH 7 and 40°C. Enzyme stability pattern shows it
retains 62% of its initial activity at pH 9 after 3 hr. It also maintains up to 66% and 59% of its initial
activity after 1 hr of pre-incubation at 70°C and 80°C (Ghazi et al., 2014).
Effect of starch concentration in α-amylase production
Different starch concentrations (0.5, 1.0, and 1.5%) were used for study the effect of starch on
enzyme productivity by WT and its selected mutants.
Only one mutant ET-4-12 showed its maximum productivity at starch concentration 0.5% after
72h of incubation with 5630 IU/ml (222.5%). At 1% starch concentration, one mutant reached its
maximum productivity after 24h of fermentation, ET-10-4 with 5900 (173%) IU/ml. Two mutants
reached their maximum productivity after 24h of fermentation in 1.5% starch concentration and ET10-4 was the highest producing one with 5460 IU/ml (145.9%) (Table 1).
From the previous results; authors concluded that mutant ET-4-12 was the highest producer
mutant at 0.5% starch concentration with 222.5% productivity when compared with WT productivity
followed by ET-10-4 at 1.0 and 1.5% with productivity 173% and 145.9% respectively.
SDS-PAGE analysis
Total cellular protein extracted from the two higher enzyme producing mutants (ET-10-4, and
ET-4-12), besides the parental strain. Total protein bands of mutants and parental strain on SDSPAGE were analyzed by Gel Analyzer 2010 software. A high variance was notice between the two
mutants and WT; the mutant ET-4-12 showed 20 bands on gel and ET-10-4 showed 18 bands, while
WT showed 18 bands. Molecular weight of WT α-amylase recorded 65 KDa similar to Murakami et
al., (2007) results as they describe Amylase as a single band with 65 kDa by SDS polyacrylamide gel
electrophoresis, while ET-4-12 amylase was 60 KDa, but ET-10-4 was 58 KDa which nearly close to
Haq et al., (2010); who reported that α-amylase from Bacillus licheniformis EMS-6 was a single band
with 55 kDa molecular weight when purified and measured by FPLC. In addition, α-amylases from
Bacillus subtilis and mutant U 2-6 strain were 56 kDa molecular weight (Elif 2011) (Figure 8).
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Table 1: The effect of different maize starch concentration on the enzyme productivity by the selected mutants
for 72h of incubation.
0.50% Starch

Mutants
24h
ET-3-15
ET-3-28
ET-10-4
ET-4-7
ET-4-12
ET-5-18
ET-10-26
WT

48h

1% Starch
72h

24h

3320
3510
3750
3740
(97.6%)
(121%) (148.2%) (105.6%)
3000
2830
2740
3600
(88%)
(97.5%) (108.3%) (101.6%)
3900
4300
4200
5900
(114.7%) (148.2%) (166%) (166.6%)
3620
3570
3700
4560
(106.4%) (123.1%) (146.2%) (128.8%)
5100
5310
5630
4200
(150%) (183.1%) (222.5%) (118.6%)
2400
2710
2640
4020
(70.5%) (93.4%)
(104.3%) (113.5%)
3600
3100
2640
3410
(105.8%) (106.8%) (104.3%) (96.3%)
3400
2900
2530
3540
(100%)
(100%)
(100%)
(100%)

1.50% Starch

48h

72h

24h

48h

72h

3800
(94.2%)
3670
(91%)
5670
(140.6%)
4700
(116.6%)
4500
(116.5%)
4060
(100.7%)
3800
(94.2%)
4030
(100%)

4300
(104.8%)
3710
(90.4%)
5520
(134.6%)
4820
(117.5%)
4510
(110%)
4100
(100%)
4100
(100%)
4100
(100%)

4580
(122.4%)
4390
(117.3%)
5460
(145.9%)
5410
(144.6%)
4170
(111.4%)
4210
(112.5%)
3950
(105.6%)
3740
(100%)

4610
(115.8%)
4670
(117.3%)
5310
(133.4%)
5200
(130.6%)
4300
(108%)
4290
(107.7%)
4230
(106.2%)
3980
(100%)

4660
(109.5%)
4600
(109.5%)
5250
(125%)
5020
(119.5%)
4320
(102.8%)
4420
(105.2%)
4400
(105.2%)
4200
(100%)

Fig. 8: SDS-PAGE for total extracted proteins of WT and the best two EtBr mutants; Lane 1: marker
broad range, Bio-Rad); Lane 2: ET-4-12, Lane 3: ET-10-4 and Lane 4: parental strain.
AmyE gene amplification
In this study, parental strain Bacillus licheniformis MK90 and the best two mutants resulted
after EtBr treatment, were used for sequencing of AmyE gene coding for α-amylase enzyme. PCR
products loaded in agarose gel with DNA ladder. Gel analysis showed that, the amplified fragments
have about 1539 bps (Figure 9).
The alignment of three sequences showed in (Figure 10). These amplified three fragments
were submitted to NCBI site with accession numbers; KY498645, KY498648, and KY498649. The
AmyA gene from thermophilic Halothermothrix orenii was 1545 bps long, and encoded a 515 residue
protein composed of a 25 amino acid putative signal peptide and a 490 amino acid mature protein. It
possessed the five consensus regions characteristic of the α-amylase family and showed the greatest
homology to the Bacillus megaterium group of a-amylases (Benjamin & Bharat, 2002).
The nucleotide sequence of DNA fragment of gene coding heat-stable and pH-stable αamylase of Bacillus licheniformis 584 (ATCC 27811) was 1948 bps containing the entire amylase
gene was determined. As inferred from the DNA sequence, the B. licheniformis α-amylase had a
signal peptide of 29 amino acid residues and the mature enzyme comprised 483 amino acid residues,
giving a molecular weight of 55,2 kDa. The amino acid sequence of B. licheniformis α-amylase
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showed 65.4% and 80.3% homology with those of heat-stable Bacillus stearothermophilus α-amylase
and relatively heat-unstable Bacillus amyloliquefaciens α-amylase, respectively (Yuuki et al., 1985).

Fig. 9: Agarose gel electrophoresis showed PCR product of amyE gene (1500-1600 bps) using
specific Forward (MK-am.F) and Reverse primers (MK-am.R). Lan 1: WT, Lan 2: ET-mutant10-4, Lan 3: ET-mutant-4-12 and Lan 4: DNA marker.
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Fig. 10: Multiple alignments of nucleotide sequence for parental strain and the best two EtBr mutants.
AmyE gene sequence analysis
Online BLAST analysis through NCBI site revealed that, 99 % homology between PCR
products and standard α-amylase gene. The lowest identity was Bacillus licheniformis strain ATCC
27811, it showed 93% identity, followed by strain Bacillus licheniformis AR1 with identity equal
94%; while the other seven strains were the most closely related sequences with identity reached 99%
to the parental strain and the two mutants under study. It's very important to mention that strain
Bacillus licheniformis, with accession number AF438149.1, has identity 99% in AmyE gene coded for
thermostable α-amylase enzyme sequence with the two mutants and their parental stain sequences,
like the gene sequences under study (Table 2).
Table 2: Top 10 hits description on the query of Sanger sequence for α-amylase gene (AmyE) of Bacillus
licheniformis MR90 on BLAST
Descriptiona

Max
scoreb

Total
scorec

Query
coverd

E
valuee

Identitiyf

Accessiong

Bacillus licheniformis from Iran
hyperthermostable α- amylase gene,
2721
2721
100%
0.0
99%
AF438149.1
complete cds
Bacillus licheniformis strain UTM118 α2
2771
2771
100%
0.0
99%
KP893116.1
amylase gene, complete cds
Bacillus licheniformis α- amylase (amy)
3
2771
2771
100%
0.0
99%
JX897677.1
gene, complete cds
Bacillus licheniformis strain 3TB2 α4
2760
2760
100%
0.0
99%
GQ284655.1
amylase (bla) gene, complete cds
Bacillus licheniformis strain NH1 α5
2754
2754
100%
0.0
99%
EF125542.1
amylase gene, complete cds
Bacillus licheniformis strain MSG α6
2726
2726
100%
0.0
99%
GQ262779.1
amylase precursor, gene, complete cds
Bacillus licheniformis gh13A gene for α7
2809
2809
100%
0.0
99%
AB643493.1
amylase , complete cds
Bacillus licheniformis strain SHG10 α8
2676
2676
100%
0.0
98%
JN853583.1
amylase gene, complete cds
Bacillus licheniformis strain AR1 α9
2289
2289
100%
0.0
94%
KJ508878.1
amylase (amyL) gene, complete cds
Bacillus licheniformis strain ATCC
10 27811 α- amylase (amyA) gene,
2283
2283
100%
0.0
93%
AY630336.1
complete cds
(a)
the description/title of matched database, (b) the highest alignment score (Max score) from that database sequence, (c)
the total alignment scores(Total score) from all alignment segments, (d) the percentage of query covered by alignment to
the database sequence, (e) the best (the lowest) Expect value (E value) of all alignments from that database sequence, (f)
the highest percent identity (Max identity) of all query-subject alignments and (g) the accession of the matched database
sequence.
1
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Differences between sequence of parental strain and its two mutants' sequences were analyzed
by Jalview software and the results showed many nucleotide substitutions present in each mutant and
these substitutions (Table 3) the substitutions reached 15 nucleotides in mutant ET-4-12 ranging
between 430 and 1482, and the Mutant ET-10-4 showed 18 substitutions between 546 and 1037 when
compared with WT.
Snapgene viewer version 3.1.2. software was used to obtain amino acid sequence from
nucleotide sequence. The 1539 bps codes 513 amino acids. Several substitutions in the sequences of
two mutants were recorded when compared to parental one. Substitutions in ET-10-4, reached 8
amino acids between amino acid number 150 and 494. The highest number of substitutions was in
mutant ET-4-12, it reached ten amino acids ranging between amino acid number 189 and 346 (Table
3).
An explanation for the higher productivity of the four selected mutants may be back to the
change or mutation happened in the nucleotide sequence coded for amino acid responsible for enzyme
active site or binding site.
Table 3: Amino acid change in AmyE gene sequence between two mutants ET-4-12 and ET-10-4) and parental
sequence (Bacillus licheniformis MK90)
Amino acid No
WT
ET-10-4
ET-4-12
150
P
D
P
189
F
N
N
279
K
T
T
280
K
P
P
300
K
I
I
301
T
P
P
310
H
G
G
320
Q
Q
E
326
T
T
I
329
G
G
A
346
P
P
L
494
E
W
E
P: Proline, D: Aspartic acid, F: Phenyl alanine, N: Asparagine, K: Lysine, I: Isoleucine, H: Histidine, T: Threonine, G:
Glycine, Q: Glutamine, L: Leucine, A: Alanine, E: Glutamic acid and W: Tryptophan.

Conclusion
The present study noted that, two mutants ET-4-12 and ET-10-4 were the best amylase
producer mutant. Productivity of these two mutants was enhanced and optimized through adjusting
various factors (incubation period, temperature, pH, and substrate concentration). ET-10-4 reached its
maximum productivity 166.6 % after 24h of incubation at 45oC, pH 8.0 and 1% starch concentration,
while ET-4-12 reached maximum enzyme productivity with 222.5% after incubation for 48h at 65oC,
pH 8.0 and 0.5% starch concentration. Molecular weight of α-amylase determined through SDSPAGE analysis, it was 58 KDa in ET-10-4 while recorded 60 KDa in ET-4-12 when compared with
WT which was 65 KDa. In addition; SDS-PAGE analysis noted 18 bands from WT and ET-10-4
while it was 20 bands from ET-4-12. AmyE gene for α-amylase was isolated, amplified, and
analyzed. It was 1539 bps in the three sequences with some variances among WT and its two
mutants.
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