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Abstract The environment-friendly bacterial strains are used for wastewater treatment due to their

high degrading capability and cost-effectiveness. In the present study, we isolated, identified, char-

acterized, and optimized culture condition ( Temperature 35 �C for both, time up to 96 h, pH 7 and

7.5 respectively) of two dye degrading bacteria from industrial effluents. Morphological, biochem-

ical, and molecular identification confirmed those strains as Bacillus pseudomycoides and Acineto-

bacter haemolyticus. Spectrophotometric methods were used to investigate the dye degradation

(single and mixed dye) capability of these two bacteria. These strains were the potential for degrad-

ing methylene green (MG), basic violet (BV) and acid blue (AB) dyes. In case of MG + BV, B.
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pseudomycoides, and A. haemolyticus showed a degradation rate of 74% and 75%, respectively.

While degradation was found 75% and 82% for MG + AB combination, 73% and 73% for

AB + BV combination, and 80% and 82% for MG + BV + AB combination respectively. Azore-

ductase enzymes from bacteria are essential for breaking down the azo bond in textile azo dyes. In

molecular docking, the binding energy of three docking complexes (protein and MG, protein and

BV, protein and AB) were �6.3, �6.6, and �6.8 Kcal/mol, respectively. The binding stability of

the docked complexes was ensured by the root mean square deviations (RMSD), solvent accessible

surface area (SASA), radius of gyration (Rg) and hydrogen bond in a molecular dynamics simula-

tion study, indicating strong and stable binding. This study revealed that both B. pseudomycoides

and A. haemolyticus could decolorize single and mixed dyes efficiently. As a result, both the strains

could be used in further research to apply their potentiality in large-scale dye degradation in the

future.

� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Environmental pollution is the world’s most serious socio-economic

and health issue, with water pollution being the most pressing concern

today (Deng et al., 2020). The widespread use of dyes contributes to

the environmental challenges associated with textile operations (Zou

et al., 2020). Bangladesh is now the second-largest garment exporter,

and its economy is mostly based on textile industries (Agarwal et al.,

2017). Synthetic dye is widely used in textile printing and dyeing, as

well as cosmetics, plastics, photography, and paper industries

(Leulescu et al., 2018; Manzoor and Sharma, 2019; Swarnkumar

Reddy and Osborne, 2020). The dyes are then released into sewers

and drains, which run into the natural water resources such as rivers

and other water sources, affecting water diversity (Islam et al., 2011;

Joshi et al., 2021; Kanu et al., 2011). More than 10,000 distinct dyes

and pigments are utilized in industry, and over 7 � 105 tons of syn-

thetic dyes are manufactured globally each year (Farhan et. al.,

2019; Gürses et al., 2016; Javaid et al., 2021). The most commonly used

dyes in the textile industry are methylene green, acid blue, and basic

violet. Methylene green is a heterocyclic aromatic chemical compound.

The chemical formula of Methylene green is C16H17ClN4O2S and the

IUPAC name [7-(dimethylamino)-4-nitrophenothiazin-3-ylidene]-dime

thylazanium chloride, with a molecular weight of 364.85 g/mol and a

maximum light wavelength of 614 nm. Acid blue is an acid dye with

water soluble anionic, has the chemical formula C20H13N2NaO5S

and the IUPAC name Sodium 1-amino-4-anilino-9,10-dioxoanthra

cene-2-sulfonate, with a molecular weight of 416.38 g/mol and a max-

imum wavelength of 620 nm. Likewise, basic violet is a basic dye has

the chemical formula C30H35ClN2O3 and the IUPAC designation [6-

(diethylamino)-9-(2-ethoxycarbonylphenyl) xanthen-3-ylidene]. -

diethylazanium; chloride has a molecular weight of 507.1 g/mol and

a wavelength of 590 nm.(See Table 1.).

Every year up to 200,000 tons of these dyes are mixed with effluents

in the textile industry during dyeing and finishing operations due to the

inefficiencies in the dyeing process (Wan et al., 2021) . These dyes are

unreacted up to 50% when released into effluents and difficult to

remove by conventional wastewater treatment due to high water solu-

bility (Moreira et al., 2004; Ogola et al., 2015; Rodrı́guez Couto, 2009).

These effluents are harmful to humans, plants, and living organisms

(Mahbub et al., 2012). To reduce dye toxicity from textile effluents,

industrial effluents containing azo dyes must be processed before dis-

charge into the environment (Bharagava and Chowdhary, 2018). For

the treatment of textile wastewater, distinct physical, chemical, and

biological methods such as adsorption, chemical precipitation, photol-

ysis, chemical oxidation, and reduction are used (Verma, 2021). These

methods are inefficient, expensive, and have limited applicability, as

well as producing trash that is is difficult to dispose of (Dahiya and

Nigam, 2020). So, in order to reduce and eliminate synthetic dyes

within few a hours, environmentally friendly, cost-effective, and new
strategies are required (Fletcher et al., 2021; Lie et al., 1996). Bioreme-

diation is non-hazardous, cost-efficient, environmentally friendly, or

an even more effective alternative to traditional methods for the treat-

ment of textile waste (Fletcher et al., 2021). Bioremediation employing

microbes such as bacteria, fungi, algae, yeast, and mixed culture is a

promising technique (dos Santos et al., 2007; Jørgensen et al., 2017;

Li et al., 2019; Huda et. al., 2021). The bacteria’s ability to adapt

and degrade textile effluents at high concentrations offers them an edge

in the treatment of textile effluents. The employment of bacterial tech-

niques to degrade synthetic dyes, notably azo dyes, may be advanta-

geous (Mishra et al., 2020). Therefore, isolation, identification, and

preservation of different dye degrading bacteria is an essential part

of research and development.

Various oxidoreductive enzymes like peroxidases, laccases,

polyphenol oxidases, and azoreductases have been explored for decol-

orization and degradation of azo dyes (Srinivasan et al., 2017). So,

molecular docking and simulation is an inexpensive method for opti-

mizing the significance and interaction among protein-ligands. This

combinatorial approach of employing bioinformatics tools followed

by wet-lab analysis can be an effective way to screen for possible dye

decolorizing bacterial systems that can then be used in real-time

wastewater treatment in the textile industries. In the present study,

Bacillus pseudomycoides and Acinetobacter haemolyticus, which

degrade mixed dyes, were isolated, identified, and optimized from tex-

tile effluents. Then, employing azoreductase enzymes from Bacillus

spp., bioremediation of three textile azo dyes, methylene green, acid

blue, and basic violet, was explored.

Present study focuses on both single and mixed dye degradation

capability of the isolated bacteria while most of the previous researcher

investigated only the single dye degradation. Furthermore, in silico

binding interaction and stability of the two newly isolated bacterial

strains is also investigated.

2. Materials and methods

2.1. Sample collection and screening of dye degrading bacteria

Textile effluents were collected aseptically in a sterile plastic
bottle from Rana Textile, Kushtia, Bangladesh, and trans-
ported to the Laboratory right away. The bacterial strains

were screened using the Paul et al., (2020) and Schoenborn
et al., (2004) methods. The collected effluents were diluted seri-
ally to obtain a dilution factor of 10�4, 10�5, 10�6, 10�7, and

0.1 ml of the diluted samples were spread onto LB agar
(Oxoid-UK) plates and incubated overnight (16 h) at 35 �C,
pH-7 (Abbas et al., 2014). The chemicals and materials used

in this research were analytical grade and procured following

http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1 The docking interactions between Azoreductase protein and hit ligands molecules where A, PA, PS, PPT, H, indicates the

alkyl, pi-alkyl, pi-sulfur, pi-pi T shaped, and hydrogen bond, respectively.

Complex Amino Acid Residues Bond Type Distance(Å) Docking Energy (Kcal/mol)

Azoreductase-Methylene Green Pro101 A 4.50 �6.3

His10 PA 5.30

Trp103 PA 4.78

Azoreductase-Basic violet Asp116 H 3.38 �6.6

Lys112 H 3.65

Asp116 PA 3.53

Trp60 PPT 5.32

Phe172 PPT 4.84

Ile52 A 3.68

Ile168 A 4.66

Phe57 PA 4.70

Ala119 PA 4.55

Ilu169 PA 5.38

Azoreductase- Acid Blue Asn104 H 2.24 �6.8

His186 PS 4.93

Pro11 A 3.79

His10 PA 4.28

Phe18 PA 5.22
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the rules and regulation of Islamic University, Kushtia-7003,
Bangladesh and the purities of all dyes were confirmed before

purchased.

2.2. Single dye degradation assay

Each bacterial colony from spread cultured plate was inocu-
lated in one particular dye supplemented with LB agar plate
through spot culture technique. Firstly, eight dye degrading

bacterial isolates were selected by looking the clear zone
around the spot culture. After preliminary selection of dye
degrading bacteria through dye supplemented agar media the
dye degradation was observed in dye supplemented LB liquid

media. The dye degradation rate of eight selected strains was
measured at 614 nm, 620 nm, and 590 nm for methylene green
(MG), acid blue (AB), and basic violet (BV) dye, respectively,

according to (Liu et al., 2021). Briefly, the concentration of dif-
ferent dyes was adjusted to 100 mg/l using LB liquid media
(Oxoid-UK) in a serum bottle where 100 mL of each bacterial

strain was added. Furthermore, the concentration of cells/bio-
mass of bacterial culture ranged from 1.7 � 107 CFU/ml to
3.8 � 107 CFU/ml. In this research, each experiment was per-

formed in triplicate. The optical density was observed every
12 h for the first 96 h where the culture bottles were incubated
at 35 �C. The optical density was measured by using a spec-
trophotometer (Analytic Gena, Germany), and the dye degra-

dation rate was calculated using the following formula
(Agrawal et al., 2014).

Dye Degradation %ð Þ ¼ ðODInitial �ODFinalÞ= ODInitial

� 100Mixed dye degrading assay

For mixed dye degradation, the concentrations were also
adjusted to 100 ppm by using an equal amount of methylene
green, acid blue, and basic violet dyes into the LB medium.

Then, 100 mL of the best two dye degrading isolates (S-11
and S-15) were separately suspended into dyes containing
serum bottles. The culture bottles were kept at 35 �C for
96 h, and optical density was measured every 12 h. The optical
density of different single dyes was measured at their average

maximum wavelength. In supplementary Fig. 7 we have
showed mechanisms of mixed dye degradation schematically.

2.3. Growth parameters optimization of isolated bacteria

Different growth parameters including pH, temperature, car-
bon sources, nitrogen sources, and percentage of salt were

optimized according to Pramanik et al., (2021). The pH gradi-
ents were set to 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, where the tem-
perature were set to 25 �C, 30 �C, 35 �C, 40 �C and 45 �C.
The carbon sources were sucrose (Innovating Science- USA),

glucose (Innovating Science- USA), dextrose (Innovating
Science- USA), glycerol (Innovating Science- USA), the nitro-
gen sources were peptone (Oxoid-UK), yeast extract (Oxoid-

UK), urea and tryptone (Oxoid-UK), and NaCl (Chemall-
India) and the percentage were set to 0.5%, 1%, 2%, 3 %,
5%, and 10%, respectively in LB medium. Data were recorded

at 12 h intervals from 0 h to 72 h.

2.4. Morphological and biochemical characters observation

Different morphological tests such as Gram staining and
motility and biochemical tests like methyl red (Somatco-Saudi)
test, catalase test, macConkey (HiMedia-India) test, mannitol
salt (Oxoid-UK) test, urea hydrolysis (Urease-HiMedia-India)

test, starch (Oxoid-UK) hydrolysis test, triple sugar iron
(HiMedia-India) test, simmon citrate (Merck, India) test, bis-
muth sulfate agar (HiMedia-India) test, eosin methylene blue

agar (Thermo Fisher Scientific-USA) test, and oxidase test
were carried out according to Usta and Demirkan (2018).

2.5. Sensitivity test to antibiotics

A total of 12 (twelve) antibiotics namely kanamycin (30 mg),
tetracycline (30 mg), ampicillin (10 mg), amoxicillin (30 mg),
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ciprofloxacin (5 mg), penicillin-G (10 mg), cefuroxime (30 mg),
doxycycline (30 mg), gentamycin (10 mg), erythromycin
(15 mg), cefixime (5 mg), and ceftazidime (30 mg) were selected

for antibiotic sensitivity test of selected strains. The antibiotic
sensitivity of isolated strains was performed according to Paul
et al. (2020).

2.6. Molecular identification of the selected strains

Molecular identification of the strains was carried out accord-

ing to the method described by Stach et al., (2001). Briefly, the
PCR mixture contains 10 mL Hot Start Green Master Mix,
1 mL of genomic DNA, 1 mL of each primer, and 7 mL of ddH2-

O. The universal forward (27F: 5-AGA GTT TGA TCC TGG
CTC AG-3) and reverse (1492R: 5- CGG TTA CCT TGT
TAC GAC TT �3) primers were used for the PCR amplifica-
tion of DNA. The PCR conditions were as follows: initial

denaturation at 95 �C for 3 min, denaturation at 95 �C for
30 sec, primer annealing at 48 �C for 30 sec, extension at
72 �C for 90 sec and final extension at 72 �C for 5 min. The

PCR products were purified and both strands were sequenced
by a genetic analyzer (Prism 310, USA) and the sequences were
edited using bioinformatics software Chromas. Phylogenetic

trees were constructed using MEGA X software and the basic
local alignment search tool (BLAST) was performed through

the NCBI database (https://www.blast.ncbi.nlm.nih.gov/

Blast.cgi).

2.7. Ligand preparation

The three-dimensional structure of methylene green, acid vio-
let, and acid greens were retrieved from the PubChem database

(Kim et al., 2016). The energy minimization of the ligand mole-
cules was performed by the Avogadro software package by
employing the mmff94 force field (Halgren, 1996a, 1996b).

2.8. Protein preparation

The three-dimensional structure of Azoreductase from Bacillus

sp. (PDB ID:6QU0) was retrieved from the Protein Data Bank
(Berman et al., 2002, , 2000). The water and heteroatoms were
removed from the structure and cleaned in Pymol (Mooers,

2020). The cleaned structure was subjected to energy minimiza-
tion in YASARA (Land and Humble, 2018) using the
AMBER14 force field (Case et al., 2014).

2.9. Molecular docking

The docking study of the target protein and ligand structure
was performed in the Auto Dock Vina software package

(Jaghoori et al., 2016; Trott and Olson, 2009; Vieira and
Sousa, 2019). The ligand molecules were converted to PDBQT
format, which is an Auto Dock Vina-acceptable format.

Therefore, the box size and grid box center were set to (X:-
30.34, Y:-24.18, Z: 9.92), (X: 45.53, Y: 65.82, Z: 38.26), respec-
tively. Finally, the binding interactions were analyzed using
Pymol (Mooers, 2020) and the Discovery Studio software

package (BIOVIA, 2016).
2.10. Molecular dynamics

The molecular dynamics simulation was conducted in the
YASARA dynamics (Land and Humble, 2018) software
package using the AMBER14 force field (Wang et al.,

2004). The complex structure was initially cleaned, optimized
and hydrogen bond network systems were oriented (Krieger
et al., 2012). The cubic simulation cell with periodic bound-
ary conditions was created using the TIP3P solvation model

(Harrach and Drossel, 2014). The simulations cells were
extended by 20 Å at each side of the complexes. The physi-
ological conditions were set to 298 K, pH 7.4, and 0.9%

NaCl (Krieger and Vriend, 2015). The initial energy mini-
mizations of the simulation cell were achieved by steepest
gradient algorithms by the simulated annealing method

(5000 cycles). The time step of the simulations systems was
set to 2.0 fs. The long-range electrostatic interactions were
calculated by the Particle Mesh Ewald (PME) algorithms

by a cut-off radius of 8.0 Å (Essmann et al., 1995; Harvey
and De Fabritiis, 2009; Krieger et al., 2006). The simulation
trajectories were saved after every 100 ps interval. By follow-
ing constant pressure and Berendsen thermostat, the simula-

tion was extended for 100 ns, and trajectories were used to
analyze the root mean square deviations (RMSD), hydrogen
bond, solvent accessible surface area (SASA), and radius of

gyration (Rg) (Dutta et al., 2021; Mahmud et al., 2021a;
Mahmud, et al., 2021b; Mahmud et al., 2021c; Mousavi
et al., 2021).
2.11. Statistical analysis

Duncan’s multiple range test (DMRT) was used to analyze the
significance of each group data at a p < 0.05 level of signifi-

cance in a one-way analysis of variance in SPSS Statistics 26
software. Graph Pad Prism 8.0.2.263 was used for preparing
all figures.
3. Results

3.1. Screening of dye degrading bacteria

Among the 22 (twenty-two) isolated strains, only 8 (eight)

strains were capable of dye degradation (supplementary
figure-1). These strains were designated as S-1, S-2, S-3, S-5,
S-9, S-11, S-15, and S-17.

3.2. Single dye degradation

The dye degradation rates by the selected eight bacterial

strains are shown in supplementary table-1 and from the table
it is seen that the selected strains, S-1, S-2, S-3, S-5, S-9, S-11,
S-15 and S-17 had a degradation rate of 81%, 79%, 84%,
89%, 89%, 94%, 91%, and 88%, respectively (Fig. 1). S-11

and S-15 were chosen for further investigations due to their
significant degradation capability where the S-11 was the best
for MG, AB and BV dye degrading bacteria (Fig. 1-f) among

the isolates in this study.

https://www.blast.ncbi.nlm.nih.gov/Blast.cgi
https://www.blast.ncbi.nlm.nih.gov/Blast.cgi


Fig. 1 Single dye degradation rates of different isolated strains. Here (a), (b), (c), (d), (e), (f), (g), (h) indicate the degradation rate of S-1,

S-2, S-3, S-5, S-9, S-11, S-15, and S-17, respectively. MG, AB, and BV indicate methylene green, acid blue, and basic violet dye,

respectively. Different letters indicate the significance differences at a p < 0.05 significance level.
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3.3. Bacterial growth optimizations

The optimum pH for S-11 and S-15 growth was 7.0 and
7.5, respectively, while the optimum temperature was

35 �C for both of the isolates (Fig. 2). In terms of carbon
sources, S-11 performed best on dextrose, and S-15 per-
formed best on glucose (Fig. 3). Both the strains performed
best when yeast extract was used as a nitrogen source.

(Fig. 3). S-11exhibitted better performance at 0.5% NaCl
concentration and S-15 was best at 1.0% concentration
(Fig. 3).

3.4. Mixed dyes degradation

In the case of mixed dyes like MG + BV, the degradation rate

was 74% for S-11 and 75% for S-15, with MG + AB, it was
75% for S-11 and 82% for S-15, with AB + BV, the degrada-
tion rate was 73% for S-11 and 73% for S-15, and finally, with
a triple combination of MG+ BV+AB, the degradation rate

was 80% for S-11 and 82% for S-15 (Fig. 4 and supplementary
Table-2 ). Isolate S-15 can degrade more frequently when the
mixture of dyes remain MG + BV +AB and MG +AB than

S-11 and others combinations of dyes.
3.5. Morphological, biochemical, and antibiotic sensitivity test

The morphological and biochemical tests results of the isolated
S-11 and S-15 are shown in supplementary Table-3 and the

antibiotic sensitivity was shown in supplementary Table-4
and supplementary Fig. 2. Among twelve antibiotics S-11
showed resistance to five antibiotics and S-15 showed resis-
tance to six antibiotics.

3.6. Molecular identification

The isolates S-11 and S-15 shared a 96.99% similarity with

Bacillus pseudomycoides and a 98.28% similarity with Acineto-
bacter haemolyticus, respectively in molecular identification.
These strains were also used to build a phylogenetic tree (Sup-

plementary Fig 7).

3.7. Molecular docking

The docking study was conducted to explore the binding inter-
actions of the azoreductase and three different dyes. The
methylene green, basic violet, and acid blue had binding energy
of �6.3, �6.6, and �6.8 Kcal/mol, respectively while interact-



Fig. 2 Effect of pH and temperature on the growth of isolated strains. Here, (a) and (b) indicate the effect of pH on the growth of S-11

and S-15, respectively. (c) and (d) indicates the effect of temperature on the growth of S-11and S-15, respectively. Different letters indicate

the significance differences at a p < 0.05 significance level.
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ing with the azoreductase (Table-1 and Fig. 5). The methylene

blue and azoreductase protein form one alkyl bond at Pro101,
and two pi-alkyl bonds at His10 and Trp103. This compound
made two contacts at active sites of the Azoreductase protein;

His10, and Trp103. The Basic violet and azoreductase protein
were stabilized by the interactions of two hydrogen bonds at
Asp116, Lys112, while four pi-alkyl bonds at Asp116, Phe57,
Ala119, and Ilu169 residues and two alkyl bond at Ile52,

Ile168, and two pi-pi-T shaped interactions at Trp60 (active
site) and Phe172 residues. The acid blue and target protein
was stabilized by the interactions of one hydrogen bond at

Asn104 (active site), one pi-sulfur at His186 (active site), one
alkyl bond at Pro11, and two pi-alkyl interactions at His10
and Phe18.

3.8. Molecular dynamics

The molecular dynamics study was conducted to understand

the stable behavior of the docked complexes. The root means
square deviations of the complexes were explored to under-
stand the flexibility of the complexes across the simulation
trajectories.

Fig. 6(a) indicated that the RMSD of acid blue, methylene
green, basic violet had the upper trend in the very beginning of
simulation periods, which might be responsible for the flexible

nature of the complexes. Therefore, the three complexes had
reached the steady-state after 20 ns and maintained the lower
degree of deviations, which defines the structural integrity of

the complexes. Moreover, The RMSD of all three complexes
was<2.5 Å, indicating that the complexes were structurally
stiff.

Aside from the solvent-accessible surface area of the com-
plexes, the SASA of the complexes was also analyzed, with a
higher SASA indicating a large surface area and a lower SASA
indicating a truncated nature of the complexes. Fig. 6(b) indi-

cated that the basic violet complexes had increased SASA after
interaction with the protein, which corresponded to the expan-
sion of the surface area. The other two complexes had lower

and stable SASA profiles, indicating the stable nature of the
complexes.

Therefore, the radius of gyrations of the systems was also

explored, with higher Rg indicating a more mobile nature
and lower Rg indicating a more steady nature of the com-
plexes. According to Fig. 6(c), the complexes had a stable

Rg profile throughout the simulated trajectories and did not
fluctuate substantially. The hydrogen bond pattern of the three
systems was stable and had a lower degree of deviations, indi-
cating that the complexes were stable [Fig. 6(d)].

4. Discussion

Textile dyes utilize a lot of water, which results in effluents.

This effluent contaminates the water surface in the vicinity of
the city. When dyes are exposed to light and washed, these col-



Fig. 3 Effect of nitrogen, NaCl concentration, and carbon, on isolated bacterial growth. Here, (a) and (b) indicates the effect of nitrogen

sources on growth of S-1 and S-15, respectively; (c) and (d) indicates the effect of NaCl concentrations on the growth of S-11and S-15,

respectively; (e) and (f) indicates the effect of carbon source on the growth of S-11and S-15, respectively. Different letters indicate the

significance differences at a p < 0.05 significance level.
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ors remain exceedingly stable. As a result, they maintain their

color and structural integrity in the environment for a long
period (Sun et al., 2020). The bright hue of discharged dyes
has a tremendous impact on the aquatic ecosystem, even at

extremely low concentrations. Light penetration and photo-
synthesis are reduced as a result, and the release of such com-
pounds has a long-term impact on the system’s ecological
balance. On plants and wildlife, certain dyes and their degra-

dation compounds are poisonous and mutagenic (Pinheiro
et al., 2004). To eliminate the dye toxicity from textile effluent,
industrial effluents containing azo dyes must be treated before

being discharged into the environment (Kishor et al., 2021). As
a result, the textiles sector relies heavily on the isolation, char-
acterization, and degrading capabilities of different bacterial

strains. According to the reports, various microorganisms
can degrade dyes, but only a few strains can withstand the
conditions of dyeing effluents, suggesting that effluent-adapted

strains may be stronger candidates for bioremediation applica-
tions (Thangaraj et al., 2022). Current finding proves that bacte-
ria are naturally adaptable in textile effluents and capable of

degrading various kinds of dyes of textile industry wastewaters.
In this study, the isolated B. pseudomycoides and A. haemolyticus
demonstrated significant methylene green, acid blue, and basic
violet dye degradation. Abrar Ahmed et al., (2009), reported that

cultures of Bacillus odysseyi SUK3, Morganella morganii SUK5,
Proteus sp. SUK7, could decolorize 50 mg/l of reactive blue 59
by 82%, 90%, and 89%, at 24, 30, and 60 h respectively.

Bhattacharya et al., (2017) also reported that Nesterenkonia
lacusekhoensis EMLA3 showed 83% of dye removal in alkaline
and salt-rich dyeing effluent after 120 h of treatment under static

conditions. The dye can be degraded successfully by single micro-
bial culture was reported by Kapoor et al., (2021).



Fig. 4 Mixed dye degradation rate of isolated bacterial strains. Here, (a) and (b) indicate the degradation rate of mixed dyes (double and

triple) by S-11 and-15, respectively. M�G, A-B, and B-V indicate methylene green, acid blue, and basic violet dye, respectively. Different

letters indicate the significance differences at a p < 0.05 significance level.
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Single dye degradation by bacteria is a well-known study in
biodegradation, where mixed dye degradation has gotten sig-

nificantly less attention. In this study, significant result was
observed in case of mixed dye degradation for both B. pseu-
domycoides and A. haemolyticus strains. Rajeswari et al.,

(2013) found that the five most efficient strains (TU57,
TR26, VP9, KP27, and KP23) out of 112 were capable of
decolourizing 2700 ppm mixed dyes during 13 days of incuba-

tion and KP23 was able to degrade 100 ppm mixed dyes within
24 h of incubation. Bacterial growth patterns differ greatly
across the species (Yuan et al., 2021). In this investigation,
B. pseudomycoides and A. haemolyticus were found to vary

in concentrations and conditions of nutrient sources which
was similar to a previous study reported by del Rio et al.
(2016). Our findings are also slightly closer to the previous

studies by Buthelezi et al. (2012) and Lalnunhlimi &
Veenagayathri (2016).

Antibiotic-resistant bacteria and genes are abundant in

wastewater treatment plants, which can be passed on to other
bacteria in the environment (Osińska et al., 2020). Therefore,
the detection of the antibiotic resistance profile of the chosen

bacteria is pivotal for large-scale implementation of these bac-
teria in treatment plants. Current study showed that, B. pseu-
domycoides was resistant to penicillin, amoxicillin, cefuroxime,
cefixime & Ceftazidime and A. haemolyticus resistant to peni-

cillin, amoxicillin, cefuroxime, ampicillin cefixime & cef-
tazidime. Roy et al. (2020) isolated antibiotic-resistant
Enterobacter spp. CV-S1 and CM-S1 from textile effluents,

where both the strains were resistant to bacitracin, cephradine,
and erythromycin (Roy et al., 2020).

Moreover, the docking study was conducted to explore the

binding interactions between the bacterial azoreductase pro-
tein and the three dyes. The bacterial azoreductase protein is
responsible for breaking down the azo bond fund in the textile

azo dyes. Consequently, bacteria would be aided in degrading
the dyes. Computational approaches could help by predicting
the toxicity and nature of the interacting target receptor pro-
tein with the ligand. Molecular docking is extensively used in

all sectors of applied biological sciences in optimizing the inter-
action and significance among protein-ligands (Sridhar and
Helan Chandra, 2014).

Integrating homology modeling, molecular docking and
protein-protein interaction studies can be performed to screen
and elucidate the structure and function of enzymes (de Ruyck
et al., 2016). Molecular docking aids bioremediation strategies
by forecasting various parameters such as ligand and protein

nature, interaction, theoretical mechanisms, and toxicity for
an efficient technology transfer to real time set-up (Sridhar
and Helan Chandra, 2014). It can be used to be predict and

screen pollutants for their proclivity for the bioremediation
by available enzymes (Suresh et al., 2008). The in-silico
approach can predict the chemical nature of a contaminant,

novel xenobiotic biodegradation pathways, and microorgan-
isms capabilities of biotransformation at the environmental
levels (Sarkar et al., 2012).

Finally, Kumar et al. (2019) reported that B. pseudomy-

coides was able to degrade azo dye acid black 24 promisingly
in a study of decolorization. In another study found that A.
haemolyticus degraded textile industrial dyes using a mixture

of gold nanocatalysts (Wadhwani et al., 2018). Both the studies
together with most of the previously cited studies concentrated
on single dye degradation only and focus on mixed dyes degra-

dation was neglected.

5. Strengths and limitations of this study

Most of the previous research showed only single dye degrada-
tion, but our study focuses on both single and mixed dye
degradation capability with in silico binding interaction and

stability. We have identified two bacterial strains which are
able to degrade single dye as well as mix dyes with high effi-
cacy. Furthermore, molecular docking and simulation was
conducted to explore the binding interactions and stability

between the bacterial azo reductase protein and the three dyes
which provide significance values in this research study. Deter-
mination of the end products of degraded dye compounds and

the bacterial gene/genes responsible for degradation were not
considered, that could be the limitation of current study.
6. Conclusion

Bioremediation is now a promising technology for removing contam-

inants from the environment that is eco-friendly, cost-effective, and

simple to implement that help to improve the quality of the water

ecosystem. In this research, all eight isolated bacterial strains were able

to degrade MG, AB, and BV dyes where Bacillus pseudomycoides, and

Acinetobacter haemolyticus exhibited remarkable single and mixed dye

decolorization capacity. As a result, these two strains can be employed



Fig. 5 Docking simulation between Azoreductase proteins with the different dyes. Here, (a), (b), (c) indicates the Cartoon, 3D, surface

view of the protein and Methylene Green dye complex; (d), (e), (f) indicates the Cartoon, 3D, surface view of the protein and basic violet

dye complex; (g), (h), (i) indicates the Cartoon, 3D, surface view of the protein and acid blue dye complex.
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Fig. 6 The molecular dynamics simulation of the docked complexes. Here (a) Root mean square deviation of the three docked

complexes, (b) solvent accessible surface area, (c) radius of gyration, and (d) hydrogen bond of the docked complexes.
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as a bioremediation agent in the treatment of textile dye polluted

wastewater and soils to achieve biodegradation and reduce the toxicity

of textile dyes. The ability of these bacteria can be used to extract resid-

ual dyes from the sources of wastewater for environmental cleanup and

ecosystem restoration. Many textiles industry discharge their waste dye

effluents into the environment which remain in the environment for

longer period and do not degrade because of their stuck aromatic

structure. So, presence of azo dye in the environment creates several

difficulties that endanger aquatic and terrestrial life. These effluents

are usually treated using through physical, chemical, and biological

methods before being discharged. The employment of these methods

to treat dye effluents is insufficient since, in most cases, partial degra-

dation occurs, resulting in the production of many hazardous metabo-

lites and also costly and not eco-friendly. The findings of molecular

docking and dynamic simulations were also satisfactory, predicting

the molecular level mechanism. The toxicity of degraded products is

being investigated. However, further research is needed to detect the

end products of the dye compounds as well as discover the genes

responsible for the decolorization of textile azo dyes.
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2017, San Diego: DassaultSystèmes, 2016. Adres http//accelrys.

com/products/collaborative-science/biovia-discoverystudio/visual-

ization download. php.

Buthelezi, S.P., Olaniran, A.O., Pillay, B., 2012. Textile dye removal

from wastewater effluents using bioflocculants produced by

indigenous bacterial isolates. Molecules 17, 14260–14274. https://

doi.org/10.3390/molecules171214260.

Case, D.A., Babin, V., Berryman, J.T., Betz, R.M., Cai, Q., Cerutti, D.

S., Cheatham III, T.E., Darden, T.A., Duke, R.E., Gohlke, H.,

Goetz, A.W., Gusarov, S., Homeyer, N., Janowski, P., Kaus, J.,
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