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ABSTRACT

Industrial effluents containing unreacted azo dyes contaminates the water heavily and is one of the major sources of
environmental pollution. Hence bioremediation by removal of dye effluents from water is essential. The aim of this
research is to isolate bacterial strains that can efficiently degrade azo dyes and identify the strains using. Wastewater
samples were collected from five different zones rich with dye Effluents across Tirupur. 9 bacterial strains were isolated
out of which three strains were positive for dye decolorization activity. Biochemical Tests were done for identifying the
characteristics of the positive strains. Quantitative analysis was also done for those strains using magenta dye to find out
the rate of dye decolorization of each strain. Isolates Culture-5 (D-5) and Culture-6(C-6), were among the best dye
degraders. D-8 was efficient enough to degrade magenta dye up to 80% in a week.

Key words: Decolorization, Dye degradation, Wastewater, Bioremediation Bacillus spp., Staphylococcus spp.

Biodegradation is an environment friendly method used
for the degradation of pollutants. In this study, Azo dyes is
degraded by using microorganism, which are isolated from the
textile industry effluent [1]. The biodegradation of synthetic
dyes is an economic, effective, bio friendly, and
environmentally benign process. Bioremediation of xenobiotic
including synthetic dyes by different microbes will hopefully
prove a green solution to the problem of environmental soil and
water. Bacterial oxidoreductive enzymes are the key role in the
degradation of synthetic dyes. This dynamic metabolism of
bacteria able to utilize complex xenobiotic compounds of the
dyestuff as a substrate. In the process, they are broken down to
less complex metabolites [2]. Azo dyes and nitro-aromatic
compounds are considered as potential xenobiotic. They are
extensively used worldwide in textile, paint, printing,
cosmetics, and pharmaceutical industries. A high discharge of
untreated wastewater from these industries is the major source
of azo dyes to enter into the ecosystem. Azo dyes containing
nitro and amine moieties are toxic and mutagenic to biological
systems. Synthetic nitro-aromatic compounds are also potential
mutagenic and carcinogenic to biological system [3]. The
rapidly increasing population and industrial development have
led to the addition of an array of man-made chemicals in the
environment, leading to a tremendous deterioration in
environmental quality [4].
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Contamination of soil, air, water, and food is one of the
major problems in the industrialized world today. Significant
regulatory steps have been taken to eliminate or to reduce the
production or release of these chemicals into the environment.
A major contribution to these categories is azo dyes, most of
which are toxic and hazardous in nature. Application of
microbial processes to decontaminate environmental polluted
with these compounds will require a better understanding of
why and how microorganisms can degrade and utilize for their
own survival as well as for cleaning the environment. Here,
focuses on different anaerobic microbial degradation of azo
dyes and enzymes involved therein are responsible for
degradation [5].

Generally, the wastewater from dye industries contains
different types of dyes. So, the bacterial strain that can
efficiently degrade different types of dyes would be considered
the most effective and powerful strain [6]. This project involves
isolating bacterial strains around Tiruppur textile industrial
areas that can decolorize 3 different colors of Azo dyes. The
strains with maximum efficiency were chosen for further
studies.

A number of researches and project works were carried
on in the field of bioremediation by removal of dye effluents
from water that is cost-effective, produces less sludge and is
less benign to the environment. Siddique and Ahmed [7]
reported that Bacterial strain Brevibacillus centrosporus had a
90% decolorizing rate for Reactive Violet 5R dye, compared to
Paenibacillus azoreducens showed 85% decolorizing rate.
Mishra and Maiti [8] reported that Pseudomonas species can
decolorize reactive Azo, anthraquinone and triphenylmethane
dyes either individually or mixed or with metal ions. Abd El-
Rahim et al. [9] reported that some species of the fungi
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Aspergillus and a single Lichtheimia spp. showed 70- 90%
decolorization rate for violet dye. Bayoumi et al. [10] reported
that Pseudomonas aeruginosa, Pseudomonas putida and
Bacillus cereus showed dye degrading properties and could
decolorize acid red, Sulphur black and drimarene Blue. Shah
[11] reported that Pseudomonas aeruginosa could degrade
Black B dye up to 93%, while Bacillus subtilis showed
maximum degradation of Red RR. Pseudomonas putida,
degraded Blue RR dye up to 95%. Ponraj et al. [6] reported that
Pseudomonas sp. and Bacillus sp. successfully degraded orange
3R dye almost 90%.

MATERIALS AND METHODS

The materials and laboratory equipment used for this
research work included Falcon tubes, test tubes, petri dishes,
inoculating loop, micropipettes (200uL and 1000uL), ethanol,
tissue paper, conical flasks, distilled water, shaker incubator,
Incubator with temperature controller, horizontal laminar air
flow system, refrigerator, microcentrifuge and microfuge tubes,
laboratory autoclave, laboratory discard autoclave, sterile
cotton plugs, spectrophotometer, 500mL glass jars, laboratory
reagents. Different areas across the Tirupur were identified and
collect untreated effluents from dye industries. Liquid samples
were collected from these areas in a Falcon Tube and then safely
carried to the laboratory.

Dye used
Industrial Grade Clothing dyes were purchased from a
local dye shop. The dye magenta (purple color) was obtained.

Isolation of microorganisms from sample

In order to isolate the bacterial colonies from the dye
effluents a series of steps were followed. At first, the liquid
sample was diluted using 4-fold serial dilution method. After
that, each diluted sample was spread on a petri-plate using
spread plate technique. Mixed bacterial colonies were identified
after 24 hours of incubation at 37 degrees Celsius. Pure colonies
of each of the bacteria were obtained by quadrant Streaking
method. Finally, they were inoculated in LB broth medium to
obtain pure bacterial culture. The result was furnished in Table-
1 and Fig-1.

Serial dilution

Five Test Tubes were thoroughly washed with detergent,
wrapped and autoclaved at 121 degrees Celsius at 15 psi for 15
minutes. After autoclaving, they were brought inside laminar
air flow cabinet and 4.5 ml of autoclaved distilled water was
added to each of the test tubes. Now, 0.5 ml of water sample
was added to the first test tube and mixed thoroughly with the
distilled water to make a 5 ml diluted solution Now, 0.5 ml of
solution from the first test tube was pipetted out and added to
the second test tube and mixed thoroughly. Again, 0.5 ml of
solution from the second test tube was added to the third one,
and so on. At the end, five test tubes were obtained that contain
the diluted samples with a dilution range of 10"-1 to 10"-5.

Spread plating

Four petri dishes were thoroughly washed with
detergent, wrapped and autoclaved at 121 degrees Celsius and
15 psi for 15 minutes. 100 ml of LB agar media was prepared
and autoclaved along with it. After autoclaving, they were
brought inside laminar air flow cabinet and the liquid agar was
poured on each of the petri Dishes. It was allowed to solidify.
100 pl of diluted water samples were pipetted out from each of
the test tubes (104 and 1075) and added to the each of the

corresponding solidified agar plates. An L shaped glass
spreader was sterilized by dipping into 99.9% ethanol followed
by flaming it over Bunsen Burner. The sample was then evenly
spread using the sterilized spreader by rotating the petri dish
carefully. Finally, the petri dishes were incubated at 37 degrees
Celsius for 24 hours. After 24 hours, mixed bacterial growth
was observed on the agar plate and Nine variable bacterial
colonies were identified.

Inoculation into LB Broth

5 ml of LB Broth was poured into Nine (9) Test Tubes
each and autoclaved at 121degrees Celsius and 15 psi for 15
minutes. A discrete bacterial colony from each of the streak
plates was picked up using sterilized Inoculating Loop and
inoculated into each of the five autoclaved Test Tubes inside
Laminar Air Flow Cabinet. The Test Tubes were incubated at
37 degrees Celsius on a shaker for 24 hours. After 24 hours,
bacterial culture growth was observed on the test tubes that are
identified by the turbidity of the broth.

Isolating dye degrading microorganism

5ml of LB broth was put into nine test tubes each. Then
5.5 mg (0.01%) of Manjatta Dye was added to each of the test
and they were Autoclaved at 121 degrees Celsius and 15 psi for
15 minutes. 100 pl of each of the bacterial culture is added to
the respective test tubes inside laminar air flow cabinet. The
tubes were incubated at 37 degrees Celsius for 48 hours. After
48 hours, the Tubes were taken out and were checked for potent
dye degrading bacterial colonies on the basis of decolorization
of the azo dye. The samples showed high rate of decolorization
were identified for further tests.

Dye decolorization assay

Dye decolorization experiments were performed to find
out which bacteria is most efficient in degrading dyes. A Test
Tube was washed thoroughly and labelled as ‘Control’ The
samples were taken into microcentrifuge tubes each and
centrifuged at 5000 rpm for 5 minutes. Now, optical density of
the supernatant was measured at 520 nm using a
spectrophotometer keeping the control solution as reference the
OD of the control solution was also measured at 520 nm
keeping distilled water as reference, to find out the initial
absorbance of the control.

Quadrant streaking

Three agar plates were prepared. An inoculating loop
was sterilized by flaming it over Bunsen burner until it is red
hot and then allowed to cool down. Each of the three isolated
bacterial strains with the best dye degrading (D-5, D-6, D-7)
were picked from the liquid culture using the inoculating loop
and Quadrant Streaking was done on the respective agar plates.
The inoculating loop was flamed after streaking of each
quadrant of the agar plate. Finally, agar plates were incubated
at 37 degrees Celsius for 24 hours. After 24 hours, discrete
colonies were identified from each of the Streak Plates.

Bacteria identification

Test After the positive dye degrading bacterial colonies
were identified, biochemical tests were performed to identify
the isolated bacterial colonies. The following biochemical test
were performed.

Morphological screening

Gram staining: A glass slide was sterilized with ethanol
and bacterial culture was smeared on it using inoculating loop
inside the laminar air flow. It was heat fixed. Crystal Violet was
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flooded over the smear for 1 minute and gently washed with
water. Now, Gram’s Iodine was flooded over the smear for 1
minute and again gently washed with water. Now 70% ethanol
was flooded over the smear for about 15 seconds and gently
washed. Finally, safranin was flooded over the smear for 1.5
minute and gently washed with water. The slide was allowed to
dry and observed under microscope. Helical or cocci Shape was
also observed under the Microscope (Fig 6-8).

Biochemical test

Azo reductase test: Three Conical Flask was washed and
sterilize with ethanol. 150ml of nutrient broth was prepared and
separated in the three conical flasks in equal volume and
autoclaved at 121 degrees Celsius and 15 psi for 15 minutes.
1ml of bacterial culture was added to each flask (D-5, D-6, D-
7) respectively and incubated at 37 degrees Celsius till
decolorization process is confirmed. After keeping it in water
bath at 60 degrees Celsius for 20 minutes. Cells from the mid
log phase culture were harvested by centrifugation at 10000
rpm for 10 minutes at 4°C. Pellet were disrupted by sonication
at 40% power for 6 minutes. The cell lysate (supernatant) was
subjected to fractionated ammonium sulfate of 70% saturation
in a second step to precipitate the azoreductase. After 24 hours,
the precipitated protein is centrifuged for 10 minutes at 10000
rpm at 4°C and the pellet was dissolved in equal volume of
50mM potassium phosphate buffer (pH 7.2).

Molecular weight estimation by SDS — PAGE

The molecular weight of the azo reductase was estimated
by sodium dodecyl sulphate — polyacrylamide agarose gel
electrophoresis (SDS — PAGE) Technique. To be able to
estimate the molecular weight of proteins on the SDS - PAGE,
proteins of known molecular weight need to be run
simultaneously on the gel. A mixture of these proteins is called
protein standards or protein molecular weight markers. 10%
SEPARATING GEL: 4 ml distilled water, 3.6ml Acrylamide,
2.5ml Tris HCL (pH 8.8), 0.1ml 10%APS, 0.1ml 10%SDS,
0.004ml TEMED; STACKING GEL:

3.4ml distilled water 0.83ml Acrylamide, 0.63ml Tris
HCL (pH 6.8), 0.05ml 10% APS, 0.05ml 10% SDS, 0.004ml
TEMED. Place all microcentrifuge tubes containing samples
for SDS - PAGE into a water bath for 15min. Load all samples
into gel lanes starting with the molecular weight standards.
Sample loading volumes should be dependent on gel. Load
100ul of staining dye then all the loading samples range from
50ul.Connect both the anode and the cathode and set the voltage
on the electrophoresis power supply to a constant voltage of 150
V. Allow the gel to electrophorese for 3 hours and after proceed
the desired direction method. The result was captured in (Fig
11).

Quantification of proteins by Lowry’s method

Different dilutions of BSA solutions are prepared by
making stock BSA solution (1mg/ml) and water in the test tube
as given in the table. The final volume in each of the test tubes
is 5ml. The BSA range is 0.05 to 1 mg /ml. From these different
dilutions, pipette out 0.2 ml protein solution to different test
tubes and add 2ml of alkaline copper sulphate reagent. Mix the
solutions well. This solution is incubated at room temperature
for 10 mins. Then add 0.2 ml of reagent folin ciocalteau solution
to each tube and incubate for 30 minutes. Zero the colorimeter
with blank and take the optical density at 660 nm. Plot the
absorbance against protein concentration to get a standard
calibration curve. Check the absorbance of unknown sample
and determine the concentration of the unknown sample using
the standard curve plotted.

RESULTS AND DISCUSSION

Spread plating technique

After 24 hours, mixed bacterial growth was observed on
the agar plate and Nine variable bacterial colonies were
identified. Bacterial colonies were successfully isolated.

Fig 1 Isolation and enumeration of microorganisms in a mixed
sample by spread plating

Dye degrading bacterial colonies

A total of nine bacterial colonies were isolated from the
water samples, that were named from D-1 to D-9 respectively,
out of which only six were positive samples that could degrade
dyes, namely, D-3, D-4, D- 5, D-6, D-7, and D-8.

Table 1 Screening positive dye degrading bacteria strains

Colony Dye degraded
D-1 NO
D-2 NO
D-3 YES
D-4 YES
D-5 YES
D-6 YES
D-7 YES
D-8 YES
D-9 NO

Fig 2 Before dye decolorization process incubated@ 37 degrees
Celsius
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Quadrant streaking

Jal‘l« ‘k.:)

alSty

Fig 3 After decolorization period of 48 hours, D-4, D-5, D-6, D-7,
D-8 Shows a visible decolorization

Quantitative assay
The optical densities for Manjatta dye are given below:

Color: Manjatta (5.5 mg / 55 ml), Absorbance at 520 nm

Inoculation Date: 2™ December 2021, Control Absorbance: Fig 5 Quadrant streaking of the three strains to obtain pure
1.47. culture
Table 2 OD and % reduction of magenta dye over 48 hours Identification of isolated bacterial sample
Colony Absorbance Percent of reduction Morphological test
D-1 1.41 4.000 . .
D-2 138 6.100 Table 3 Morphological test of the three selected strain

Test D-5 D-6 D-7

D-3 0.56 62.000 Gram staining - - -
D-4 0.55 62.500 Helical shape + + _
D-5 0.35 76.200 Rod shape - - -
D-6 0.32 78.200 Coccal shape + - +
D-7 0.27 80.000
D-8 0.35 76.200
D-9 1.35 8.200

Control OD = 1.47nm Blank (water) = 0.00nm

Percentage Control OD — Test OD
reduction = Control OD

x 100% ......... (1)

Top three strain (D-5, D-6, D-7) were selected for further
analysis.

Decolorization graph

Fig 6 Gram negative (red to purple) bacterial strain (D-5), helical
A 100% and cocci shape identified
2 80%
= 60%
&
& 40%
W 20%
[m]
E‘e O% m Il [ |
D-1 D-2 D-3 D-4 D-5 D-6 D-7 D-8 D-9
STRAIN NAME
Fig 4 % decolorization of magenta dye by respective bacterial Fig 7 Gram negative (red to purple) bacterial strain (D-6), only
strain helical shape present
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Fig 8 Gram negative (red to purple) bacterial strain (D-7), only
cocci shape identified

Protein estimation
The protein concentration of Azoreductase was
estimated by following the method of Lowry et al. [13].

Table 3 Optical densities and protein concentration of
standard solution
Protein conc.

Standard sample Optical density

(ug/mg) @ 660nm

Blank 000 0.00
Standard 1 100 0.09
Standard 2 200 0.32
Standard 3 300 0.38
Standard 4 400 0.41
Standard 5 500 0.54
Standard 6 600 0.61
Standard 7 700 0.70
Standard 8 800 0.68
Standard 9 900 0.82
Standard 10 1000 0.94

1

038

£ 07

g 06

; 0.5

E 04

T 03

0.2

01

0

a 200 400 600 800 1000 1200

Fig 9 Standard curve of protein concentration (ug/ml)

Table 4 Optical densities and protein concentration of
unknown samples
OD reading at

Concentration of
Unknown sample

660nm protein Jug/ml]
Sample 1 (supernatant) 0.46 441.63
Sample 2 (pellet) 0.69 744.13
Sample 3 (supernatant) 0.65 694.13

Fig 10 Quantification of protein by Lowry’s method

SDS PAGE for Azoreductase Expression
M D5 D6 D7

7

o

M — Molecular weight marker; D — Purified Azoreductase enzyme
Fig 11 SDS PAGE of Azoreductase activity

Dye decolorization strain

From the 9 Bacterial Strains obtained, only three of the
strains D-5, D-6 and D-7, showed maximum dye degrading
properties [14-18]. Hence, only those strains were considered
for the quantitative assay.

While analyzing the performance of the bacterial strains
on their ability to degrade dyes, we got the following results.

Magenta dye

The Bacterial Inoculation was done on 12th December
2021 (Day 0) and the Control Absorbance was measured at 627
nm. OD was taken on 14th December (Day 2), and from the
data obtained, the rate of decolorization by each strain is found
out. D-5 decolorized around 57% of the dye on Day 1, and
finally decolorized up to 76.2% on Day 2. D-6 was initially
faster in decolorizing the dye, starting with 64% decolorization
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on Day 1, and showed tremendous decolorizing potential with
up to 79% decolorization on Day 2 [19-22]. D-7 was the fastest
of all three strains in decolorizing the dye initially, starting with
68% on Day 1, and finally decolorized up to 80% on Day 2 [23].

CONCLUSION

From the observations of quantitative assay, we conclude
that the Bacterial Strains D-5 could degrade Magenta Dye
around 76% within 48 hours. The Strains D-6 degraded 78%
Dye within 48 hours. D-7 degraded the most, around 80%. All
of the Strains degraded dye above 70% within 48 hours. From

this research, it can be concluded that industrial wastewater
contaminated with dye effluents are the best source for
obtaining dye degrading bacterial species. The isolated bacteria
showed a dye degrading activity and can be utilized for
bioremediation It can degrade the dye mixed with water before
the water mixes with bigger water canals and rivers. The future
prospects for this project will involve isolation of genomic
DNA from dye degrading bacteria and using rDNA
technologies to prepare a competent cell having dye degrading
potential. It is also a challenge to build a recombinant dye
degrading bacteria that can survive extreme climatic conditions,
and even work with equal efficiency.
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