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Microbial decolourization of textile dyes is cost effective and eco-friendly method. Two bacterial species
(Bacillus cereus and Bacillus flexus) and one fungal species Aspergillus niger were isolated from the dye
spilled soil and identified through biochemical and molecular characterization by gene sequencing.
Phylogenetic tree was constructed with blast result of closely related sequences using Mega X software
with 500 bootstrap. The phylogenetic tree of isolated species showed great diversity with Bacillus and
Aspergillus species. A. niger showed 98% of dye degradation capacity, B. cereus has very poor ability to
degrade dye when compared with B. flexus. The sequences of B. cereus (MH299975), B. Flexus
(MH299976) and A. niger (MH299977) were submitted to NCBI gene bank for global retrieval.
� 2019 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the NANOSMATAFRICA-
2018.
1. Introduction

Environmental pollution due to dye has been recognized as one
of the most serious problem because of 200,000 tons of textile dyes
are discharged as industrial effluents every year [1]. The environ-
mental management of dye effluents posing a major global thrust
towards protection of biodiversity and health of the ecosystem [2].
The subsequent discharge of textile effluent accumulate mainly in
water bodies and leads to adverse effects in terms of dissolved oxy-
gen (DO), Biological Oxygen Demand (BOD), Chemical Oxygen
Demand (COD), colour, etc., [3]. However, in developing nations,
the problem converts severe due to poor environmental legislation,
substandard work conditions, and inefficient waste treatment sys-
tems [4]. In textile industries azo dyes make up approximately 70%
of altogether dye stuffs during dye processing Unit [5,6].

Microorganisms have developed enzyme system for the decol-
orization and mineralization of azo dyes under certain environ-
mental conditions [7]. Several Bacteria and white rot fungi like
Phanerochaete chrysosporium and Trametes versicolor, due to their
efficient lignolytic enzymatic systems, have been reported to
degrade or sequester azo, heterocyclic, reactive or polymeric dyes
[8]. Hence, the present study focused on the isolation of textile
dye degrading bacteria and fungi from a dye contaminated envi-
ronment, molecular characterization and analysis of their ability
to degrade textile dyes into non-toxic product.
2. Materials and methods

2.1. Sample collection and isolation of microorganism

The soil samples were collected from dye spilled areas of textile
industry in Tirupur, Tamil Nadu, India. Acid red textile dye used in
this experiment was purchased from local suppliers. Soil samples
were serial diluted (10�1 to 10�9); inoculated on the petriplate
and kept for 24–48 h at 37 �C for the growth [9]. The bacteria
and fungal colonies were isolated from the soil samples using
nutrient agar and potato dextrose agar media respectively.
Selected isolates were characterized by colony morphology on
nutrient agar, Gram staining, and morphological characteristics
described by Bergey’s manual [10] and biochemical tests viz.,
indole test, starch hydrolysis, citrate test, catalase test and oxidase
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Fig. 1. Dye contaminated soil collected from Tirupur.

Table 1
Biochemical test for bacterial identification.

Isolated species Bacillus cereus Bacillus flexus

Colony shape Rod Lobate
Colony morphology Smooth White
Gram stain + –
Motility + –
Catalase test + +
Oxidase test – –
Citrate utilization + +
Indole test – +
Starch hydrolysis + +
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test were performed with isolated dye utilizing bacteria [11]. The
macroscopic features of the hyphal mass, morphology of cells
and spores, were used for identification of fungi [12].

2.2. Molecular identification of the isolates

The molecular characterization of isolates was done using DNA
sequencing and Phylogenetic analysis. Sequencing reactions were
performed using an ABI PRISM� BigDyeTM Terminator Cycle
Sequencing Kits with AmpliTaq� DNA polymerase (FS enzyme).
Single-pass sequencing was performed on each template using
below 16 s rRNA universal primers (8F-50AGAGTTTGATCCTGGCTC
AG30and1541R 50AAGGAGGTGATCCAGCCGCA30) and 18 s rRNA
universal primers (50-GTAGT CATAT GCTTG TCTC-30) and NS8 (50-
TCCGC AGGTT CACCT ACGGA-30). The samples were resuspended
in distilled water and subjected to electrophoresis in an ABI
3730xl sequencer. Sequences from the 16S rRNA and 18S rRNA of
bacteria and fungi respectively were used to construct the Phyloge-
netic tree analysis.

2.3. Dye degradation assay

The biodegradation assay was performed with 1.0% concentra-
tion of commercial dye in 100 ml of nutrient broth containing
3 ml (about 2 � 108 cells/ml) of the each isolate was inoculated
[13]. Each isolate was subjected for biodegradation assay including
one control without addition of an inoculum. The level of dye
degradation was determined using the gravimetric analysis.

3. Results and discussion

From the soil sample (Fig. 1), the isolated colonies were identi-
fied based on the morphology and biochemical characteristics.
Based on biochemical test (Table 1), the isolated bacterial S1, S2,
and fungal F1 were confirmed as B. cereus, B. flexus and A. niger
respectively (Fig. 2).

3.1. Phylogenetic analysis for isolated bacteria and fungi

The phylogenetic dendrogram of 16S rRNA implies the genetic
diversity of Bacillus species in the contaminated soil and used to
distinguish closely related species. The Bacillus cereus clustered
with 10 different species and Bacillus flexus clustered with 9 differ-
ent species by neighbour joining construction using Mega X soft-
ware using 500 bootstraps. The Bacillus cereus was closely related
to B. paramycoides, B. wiedmannii, B. thuringiensis and distantly
related to B. toyonensis. The Bacillus flexus was closely related to
B. paraflexus, B. megaterium and distantly related to B. oceanisedi-
minis and B. depressus. The phylogenetic topography showed the
Bacillus cereus and Bacillus flexus are out grouped each other indi-
cates the highly diverse of Bacillus species. The Phylogenetic den-
drogram of 18S rRNA of Aspergillus niger was closely related to
Aspergillus carbonarius, Aspergillus cremeus and distantly related
to Aspergillu scervinus and Aspergillus candidus. The sequences of
B. cereus (MH299975), B. Flexus (MH299976) and A. niger
(MH299977) were submitted to NCBI gene bank. Already identifi-
cation work was carried out by gene sequencing and the work
has been reported [14].

3.2. Biodegradation of dye by gravimetric method

Degradation of dye using Bacillus cereus, Bacillus flexus and
Aspergillus niger were analysed by gravimetric method (Fig. 3).
The reduction of dye colour was observed after 7th day of incuba-
tion. The reductive decolourisation efficiency of block B and congo
red dyes by Bacillus sp.,and Pseudomonas sp., under aerobic condi-
tions in the presence of additional carbon sources has also been
reported [15]. Among the isolates, Aspergillus niger has 98% dye



Fig. 2. Isolated microorganism from dye contaminated soil.

Fig. 3. Reduction of acid red dye by S1- Bacilus cereus, S2- Bacillus flexus F1 –
Aspergillus niger and C- control (without culture) for 7 days. Colour reduction was
observed in A) before degradation B) after degradation. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of
this article.)
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degrading capacity whereas the Bacillus cereus has very poor capac-
ity to degrade dye in the contaminated soil. The Bacillus flexus has
33% of degrading efficiency is represented in Fig. 4. Likewise, the
Fig. 4. Dye degrading efficiency of isolates in percentage o
Pseudomonas sp. was found to be more efficient in dye decoloriza-
tion and facile conditions showed the potential for this bacterial
strain to be used in the biological treatment of dyeing mill effluents
and to degrade the toxic chemicals present in textile wastewater
before releasing it into the nearby local environment [16,17].
4. Conclusion

From these result it is concluded that Aspergillus niger have high
ability to degrade the textile dye. Bacillus cereus has very less
capacity of degradation when compared to other species. Moreover
it is determined that the closely related species for isolates using
phylogenetic analysis. Finally the sequence of isolated species
was submitted to gene bank with the accession number of
MH299975 for Bacillus cereus, MH299976 for Bacillus flexus and
MH299977 for Aspergillus niger and may be used for further univer-
sal retrieval.
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