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Modern industrialization causes major environmental pollution and degradation. The
Environmental changes results the genomic instability in human cells, bacterial cells and
yeast cells. Due to high rate of genetic instability, mutation rate has become high and it
induces the potential to adaptevolution for living cells. There are several physical and
chemical mutagenic agents are available which can induce mutation in genetic materials.
This paper exposed to isolate azo dye degradation bacteria from dye-contaminated soil and
induction of mutation using X-rays, ultraviolet (UV) radiation and ethidium bromide to
determine the highest dye-degrading mutant with higher dye degrading potentials, which
could be employed in the bioremediation of industrial dyes. In this study, mutation was
performed on the Bacillus species through physical (UV, X-rays) and chemical (ethidium
bromide) mutagenic agents. The results revealed that, mutagenesis of bacteria by UV
radiation increases the degradation ability of native bacterial isolates. It reflected that, gene
specific mutation enhanced the degradation ability of bacteria and can be used for the
development of novel remediation strategies. The growth and azo dye degradation capacity
of the isolated strain was examined and compared with the mutated strain. The major
purpose of this study was to demonstrate the effectiveness and the pathway used for dye
degradation in the isolated strain and its mutant variant. The present study can be
applicable to enhance the industrial dye degradation by using the mutated strain of
bacillus.

Introduction
Rapid industrialization leads to environmental
pollution. Early studies have been proved that
environmental stress results in the induction

of genomic instability in bacteria, yeast, and
also human cells that genomic instability in
organisms can able to cause mutation and this
is how the organism gains the potential to
adaptive evolution (Galhardo et al., 2007).In
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many research fields, the mutation has been
practiced very often as a strain improvement
technique since the late 1930s because of its
specificity, cost-effectiveness, and can be
applied directly (Rowlands, 1984). It was
proved that, the efficiency of bacterial and
fungal strains has been improved extensively
by mutation using physical and chemical
agents (Baltz, 1986). There is a range of
mutagenic agents and they are selected based
on their availability, simplicity of technique.
Mutagens are highly toxic, so safety from the
mutagen is another essential factors, which
are to be considered while selecting a
mutagen (Hopwoods, 1970;Okafor, 1987). In
the biodegradation of azo dyes, mutants play
an essential role in enhancing the required
potential for degradation. Mutations can be
induced in genetic material by exposure to
physical or chemical mutagens.

Feinendegen et al., 2014; Robertson et al.,
2012; Ristow et al., 2011).

Ultraviolet (UV) irradiation is one of the
physical mutagens, which is frequently used
to generate mutant strains by forming
pyrimidine dimerization and cross-links in
DNA because its wavelengths were
preferentially absorbed by nucleotides of
DNA and by aromatic amino acids of
proteins, so it has significant biological and
genetic effects (Saghatchi, 2016).

Materials and Methods

X-ray is one among the physical mutagens
and is electromagnetic waves with short
wavelength and high energy (AlsNielsen et
al., 2011). The radiation energy is transferred
through the atoms and leads to ionisation in
matter. Ionising radiation has many shortterm and late hazardous effects (Hall et al.,
2006). Several studies have demonstrated
metabolism promotion in microorganisms,
plants, invertebrates and laboratory animals
by low-level ionising radiation. X-rays being
ionising irradiation, cause ionisation in the
molecule of DNA, thereby producing reactive
radicals that cause changes in the DNA or out
precisely kill the cells (Okafor, 1987;

Ethidium bromide (EtBr) is still the most
widely used chemical mutagen in the
laboratories because of its higher sensitivity
in nucleic acid detection. EtBr is a robust
potent mutagen that can cause a high
frequency of frame-shift mutation to the
microorganisms when it is processed by rat
liver extract (Singer et al., 1999; Ohta et al.,
2001; MacGregor and Johnson, 1977).This
research was thus aimed to isolate azo dye
degrading bacteria from dye-contaminated
soil, initiating mutation using X-rays,
ultraviolet (UV) radiation and ethidium
bromide determining the mutant with higher
dye degrading potentials, which could be
employed in the bioremediation of industrial
dyes.

The mutation was performed on the identified
Bacillus species (Pushpa et al., 2019)through
physical (UV, X-rays) and chemical
(ethidium bromide) mutagenesis process.
Mutagenesis with UV radiation
Mutation with ultraviolet (UV) radiation of
wavelength ranging from 230–270nm was
carried out in a UV chamber. Bacillus
colonies were spread on LB agar plates and
exposed to UV radiation for different time
intervals such as 5, 10, 15 20 and 25 minutes
keeping at a distance of 40cm and incubated
at 37°C. After incubation, the colonies were
transferred to 100 mL of M9 media with red
and blue dye and incubated at 35C for 48 h
for the growth of mutants. Degradation was
assessed at every 24 h time intervals upto 5
days and degradation activity was measured
spectrophotometrically at 580 nm for red dye
and 540 nm for blue dye.
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Mutagenesis with X-rays
Using a modified method of Lederberg and
Lederberg (1952), 100 mL of LB agar plates
with pure colonies of Bacillus species were
exposed to different intensities of X-rays such
as R1, R2, R3, R4 and R5. After the exposure,
the cultured colonies were transferred to 100
mL of M9 media with red and blue dye and
incubated 35C for 48 hours for the growth of
mutants. Degradation activity was measured
spectrophotometrically at every 24 h time
intervals upto 5 days and at 580 nm for red
dye and 540 nm for blue dye.
Mutagenesis
treatment

with

ethidium

bromide

Bacillus suspension was inoculated in 1mL of
LB broth with different concentrations of
ethidium bromide ranging from 10-50µg/mL
and incubated at 37°C for 24 h. After the
incubation, the mutated organisms were
inoculated in M9 broth along with the azo
dyes
and
assessed
for
degradation
spectrophotometrically at 580 nm for red dye
and 540 nm for blue dye.
High
performance
of
chromatography (HPLC) Analysis

liquid

The obtained decolorization was estimated by
using HPLC (MA 01757 US). Water 510, C18 column (4.6 diameter, 250mm length).
Mobile phase (acetonitrile: water, 70:30),
flow rate 1ml/min, pressure 1200psi, injection
volume 20μL, UV detector 282 nm was used
for analysis. Qualitative analysis was done
based on RT value, and quantitative analysis
was done based on the area.
Results and Discussion
Improvement of microbial strains for the
overproduction of industrial products has
been the need of all industrial fermentation

process. Those improved strains have the
advantage of the reduction in the cost of the
process, and also they possess some desirable
characteristics, which result in a significant
increase in productivity.
Effectiveness of mutagens on Bacillus species
such as physical mutagen including UV
radiation showed 38% of degradation on
exposure of 15 min (Fig. 1) and X-rays
showed 39% with R4 exposure (Fig. 2) and
chemical mutagen and chemical mutagenethidium bromide showed 40% of degradation
with 20 min of exposure time (Fig. 3) for red
dye and for blue dye 34% in 5 min of UV
exposure, 35% in 25 RT X-ray exposure and
36% in 40 min EtBr exposure. Hence in the
present investigation, it was demonstrated
that, the mutation has improved degradation
ability of Bacillus species. We can have a
hope that, high yielding mutant strain of the
Bacillus
species
can
be
exploited
commercially for large-scale industrial usage
in the reduction of pollution. In support of this
statement, many workers reported the
enhanced activity of the microorganisms in
case of mutation.
Mandalaywala and Trivedi, (2016) reported
that, petroleum degradation ability was
enhanced by UV radiation among 5 mutant
strains of Pseudomonas aeruginosa strain JQ41 has the highest potential to degrade
petroleum products. Alsulami et al., (2014)
mutated 4 bacterial species Aeromona
shydrophila, Bacillus subtilis, Pseudomonas
aeruginosa and Pseudomonas fluorescens by
exposing bacteria to Millard reaction
products.
These
mutants
showed
enhanced
biodegradability potential of crude oil.
Bacillus
subtilis
mutants
increased
biodegradation from 60.6% to 92.5% and an
increase in the degradation of crude oil by the
other three mutant species ranged from 37 to
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72.3%. Chaudhari and Fulekar, (2013)
reported that, UV mutated Pseudomonas
pseudoalcaligenes MHF ENV mutant
enhanced degradation of dibutyl phosphate
from 30 to 90% over 6 days. Bacillus
amyloliquefaciens were exposed to doses of
gamma radiation with an increase in radiation
dose, the viable count of these bacteria
decreased. Mutant did not show increase
growth on naphthalene than the parent strain
but
showed
enhanced
growth
on
phenanthracene, anthracene, pyrene and
benzo-anthracene (Partila, 2013).

dye was degraded and also it is confirmed by
spectrophotometric reading (Fig. 4, 5).
Similar to our results, Madhuri et al., (2018)
identified the dye degradation by comparison
of the retention time in samples with the
standard the degraded sample Bacillus cereus
confirming the degradation of remazol red
RB. The significant absence of the peaks
found in the dye (control) sample and the
presence of new peaks in the degraded
metabolites with new retention times support
the biotransformation of parent dye into
molecules.

Chen et al., (2011) observed that, in the soil
contaminated with viscous oil, the microbial
consortium degraded oil by about 49.22%
within a week; however UV mutant single
strain enhanced degradation of viscous oil
from 41.83% to 52.42% for 1 week. Kumar et
al., (2010) reported that, mutagenesis of
bacteria inducted an increase in petroleum
degradation activity in 3 bacteria Micrococcus
species,
Staphylococcus
species
and
Pseudomonas species mutant. Pseudomonas
species mutant was the most promising for
petroleum oil-degrading activity.

Rajeshwari et al., (2011) monitored the
biodegradation using HPLC appearance of
new peaks and disappearances of specific
peaks were observed which showed that
either
there
is
biodegradation
or
biotransformation of the azo dye. The sample
treated with Hafiaalvei obtained the peak with
the shortest RT of 1.98.

High performance liquid chromatography
(HPLC) analysis
Based on the HPLC graph, retention time
(RT) of the control was 2.07 and the
decolourised sample was 2.08. RT of the
sample also resembles with the RT of control.
The area of the standard is 57.14mV, and the
decolourised sample is 40.77. Based on the
area percentage of degradation shows 40% for
red dye.
Based on the HPLC graphical representation,
control (without degradation) showed RT
(2.5) and the area was 47.221mV. After
degradation sample was analyzed RT was the
same (2.5), but the area was 30.21mV. It is
indicating that approximately 36% of blue

Pearson’s correlation interpretation red
dye
Pearson correlation coefficient was tested for
the correlation of the different factors to the
rate of degradation. In the case of red dye, the
concentration of dye, pH and RPM are
strongly correlated with incubation time for
the degradation of dye (Table 1; Table 2).
However, metal ion and ethidium bromide did
not correlate with incubation time. Pearson’s
correlation analysis also suggested the
concentration of the dye does not correlate
with any other parameters studied. It indicated
that only one parameter did not influence dye
degradation, but all other parameters were
also important.
Rate of dye degradation is strongly correlated
for RPM and pH. Optimum pH and RPM can
increases the degradation rate and pH are
correlated positively in all the parameters
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except metal ion and ethidium bromide.
Temperature was also one of the critical
parameters that are positively correlated with
all the parameters except metal ion and
ethidium bromide. The correlation coefficient
indicated that metal ion does not correlate
with any parameter positively. Furthermore, it
showed that metal ion concentration does not
influence the rate of degradation. It showed a
negative correlation with all parameters
studied. Nitrogen and carbon sources
positively correlated with all parameters
except metal ions. Treating with X-ray is
positively correlated with all except the
concentration of dye. Time of UV exposure
was positively correlated with all parameters
except the concentration.

time and RPM are positively correlated and
negative correlation showed with pH,
temperature and concentration of dye. Supply
of metal ions strongly influenced the dye
degradation with carbon and nitrogen source
and was negatively correlated with
temperature and pH.

Blue dye

At the same time, incubation time plays
important role in dye degradation in both red
and blue dyes. RPM plays important role in
red dye but not in blue dye. Carbon and
nitrogen source in both the cases not so much
influenced the degradation. Treatment with
mutagens like UV, X-ray and ethidium
bromide increases the rate of degradation in
blue dye, and it does not show much
significance in red dye. The result showed
that mutation studies on Bacillus species in
the present study influenced the rate of
degradation in blue dye but not on red dye.
The possible reason behind this was the
chemical nature of both the dyes. The same
mutation cannot influence the degradation of
chemically different dyes.

Similar to red dye, Pearson’s correlation was
also tested for blue dye. Incubation time is
strongly correlated with the concentration of
dye, pH, temperature and mutation treatment
with UV, X-ray and ethidium bromide (Table
2). Nevertheless, it was not strongly
correlated with RPM, carbon and nitrogen
source and metal ion.
The concentration of dye is strongly
correlated with all parameters except carbon
and nitrogen source that was negatively
correlated and metal ion and RPM are not
much correlated. Temperature was strongly
correlated with pH but it did not correlated
with carbon and nitrogen source and metal
ion.
But pH was negatively correlated with RPM
and carbon and nitrogen source and positively
correlated with other parameters. RPM has
strongly influenced the rate of degradation
with carbon, nitrogen source, metal ions and
slightly influenced mutation parameters.
When carbon and nitrogen source were
correlated with other parameters, incubation

Interestingly, mutation with mutagens like
UV light, X-ray and ethidium bromide
strongly correlate with the degradation,
except carbon and nitrogen source. When red
and blue dye degradation is considered
together, metal ion concentration does not
play an important role in dye degradation in
case of red dye. But metal ion concentration
influences the dye degradation in blue dye.

Similarly, Pant et al., (2008) observed a
highly significant correlation (r = 0.78,
p<0.001) between color and COD of dye
solutions was recorded. Thus, a readily
available carbon and nitrogen source was
imperative to enhance the bioremediation
activity of this fungus, which has been the
most suitable for synthetic dyes and textile
industry wastewater treatment.
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Table.1 Pearson’s correlation interpretation of red dye
Conc. Incubation
Treatments
Incubation Time 1
Conc. (mg)
pH
Temp (°C)
RPM
Carbon source
Nitrogen source
Metal ions
UV exposure time
X ray
Exposure
Ethidium bromide

Conc. (mg)

pH

Temp
(oC)

1
1
-0.67
-0.09
-4.70
-0.35
-0.02
-0.23
-0.35
-0.16
-0.74

1

1

0.14
1
0.57
0.34
-0.74
0.20
0.54
-0.55

1
1
0.57
0.34
-0.23
-0.35
-0.16
-0.74

time
1
1
1
0.14
1
0.57
0.34
-0.75
0.20
0.54
-0.55

RPM

Carbon
source

Nitrogen
source

Metal
ions

1
0.41
-0.74
0.52
0.72
0.04

1
-0.74
0.52
0.72
0.04

1
0.52
0.72
0.04

1
1
0.78
0.41
-0.74
0.52
0.72
0.04

UV
exposure
time

1
0.54
-0.55

x-rays
exposure

1
-0.55

Ethidium
bromide
exposure

1

Table.2 Pearson’s correlation interpretation of blue dye
Conc. (mg)

Incubation Time 1
Conc.(mg)
pH
Temp (°C)

Conc.
Incubation
time
1
0.98
0.92
0.92

1
0.96
0.96

1
0.99

RPM
Carbon source
Nitrogen source
Metal ions
UV exposure time
X ray
Exposure Ethydium bromide

0.14
0.13
0.14
0.18
0.99
0.99
0.999

0.00
-0.00
-0.00
0.04
0.98
0.98
0.98

-0.25
-0.25
-0.25
-0.20
0.91
0.91
0.91

Treatments

pH

Temp
(oC)

RPM

Carbon
source

Nitrogen
source

Metal
ions

1
0.99
0.99
0.14
0.14
0.15

1
0.99
0.15
0.15
0.16

1
0.19
0.19
0.21

UV
exposur
e time

x-rays
exposure

Ethidium
bromide
exposure

1
-0.25
-0.26
-0.25
-0.20
0.91
0.91
0.91

1
0.99
0.99
0.99
0.15
0.15
0.16

1992

1
0.99
0.99

1
0.99
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(A)

(B)

Fig.1 Mutagenesis with UV radiation in (A) red dye and (B) blue dye
‘Bars’ represent the mean±SE from three independent experiments, ‘star’ indicates significant difference at p<0.05*,
p<0.005**, p<0.0005***

(A)
(B)
Fig.2 Mutagenesis with X-rays (A) red dye and (B) blue dye
‘Bars’ represent the mean±SE from three independent experiments, ‘star’ indicates significant difference at p<0.05*,
p<0.005**, p<0.0005***

(A)
(B)
Fig.3 Mutagenesis with ethidium bromide treatment(A) red dye and (B) blue dye
‘Bars’ represent the mean±SE from three independent experiments, ‘star’ indicates significant difference at p<0.05*,
p<0.005**, p<0.0005***

1993

Int.J.Curr.Microbiol.App.Sci (2020) 9(3): 1987-1997

(A)

(B)
Fig.4 High performance liquid chromatography (HPLC) analysis Red dye (A) control (B) sample
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(A)

(B)
Fig.5 High performance liquid chromatography (HPLC) analysis Bluedye (A) control (B) sample
The present study showed that, mutagenesis
of bacteria by UV radiation increases the
degradation ability of native bacterial isolates.
In this present study, the mutant strains of
Bacillus species exhibited higher degradation
than its wild strains.
This study reflected that, gene specific
mutation enhanced the degradation ability of
bacteria and can be used for the development

of novel remediation strategies. The growth
and azo dye degradation capacity of the
isolated strain was examined and compared
with the mutated strain.
The overall purpose of this study was to
demonstrate the effectiveness of and the
pathway used for dye degradation in the
isolated strain and its mutant variant.
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