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Abstract

The textile dyeing industry produces a large volume of waste water from the different steps in the
dyeing process. The discharge from the dyeing industry constituting unfixed dyes, inorganic salts,
heavy metal complexes etc., spoils the surrounding areas of industrial sites. There are 100 different
Bacterial colonies were isolated and screened for Laccase-production using guaiacol drop assay. The
isolated strain 5B and AM produced white on Nutrient agar. Upon gram staining the cells were found to
be gram positive. The biochemical chacterization were done to identify the bacteria at genus level. Two
bacterial laccase positive isolates were identified by molecular identification with 16S rDNA
sequencing. The sequences obtained were analyzed using BLAST search to identify the corresponding
Phylogenetic relatives. Based on the Identity score the Phylogenetic affiliations (Firmicutes) were
confirmed. The whole cells were developed color change in both ABTS and SGZ within 5 minutes at
pH 7.2.The Absorbance spectrum of ABTS and SGZ after oxidation by whole cell shows the
characteristic laccase activity in the solution. The Sodium dodecyl sulphate polyacrylamide gel
electrophoretic analysis of the partially purified laccase enzyme revealed the presence of different
protein bands with molecular weights of 56.4 kDa respectively. The zymogram of the partially purified
laccase enzyme revealed that the enzyme was in its active form which is seen as green color .The
proposed work focused on the isolation and characterization of bacterial laccase from dye polluted
environment.
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a seriously industrialized area and produces
millions of liters of improperly treated
One of the major problems that humans effluents that are released directly without
are facing is the restoration of the giving proper treatment [1].
contaminated environment. The textile dyeing
industry produces large volumes of wastewater
from different steps in the dyeing processes. The
discharge from the dyeing industries constituting
unfixed dyes, inorganic salts, and heavy metal
complexes etc., spoils the surrounding areas of
industrial sites. The recalcitrant, residues of dyes
in the effluent pose a threat to the environment.
Textile dyes contribute as the most important
environment-polluting agents. Several classes of
such contaminants have been synthesized, and
still new products are being synthesized now and
then. The textile industry is a large water
consumer and produces large volumes of
contaminated water. One of such examples is the
Ankleshwar Industrial ~ Estate, Ankleshwar,
Gujarat and Tiruppur Tamilnadu India, which is

Introduction

Synthetic  dyes released into the
environment in the form of effluents by textile,
leather, food, paper and printing industries cause
severe  ecological damages.  Wastewater
resulting from dyeing and finishing processes
has an adverse impact in terms of total
organic carbon, biological oxygen demand
and chemical oxygen demand. Azo dyes are the
main constituents of such pollution because of
their wide applicability and usages and therefore
these are present majorly in textile industrial
effluents. Moreover their toxicity and resistance
to degradation offer great challenge for removal
technologies. In many cases the products formed
after the degradation of the parent azo dye
molecule are more toxic. These products are
mainly in aromatic amine form. Azo dyes have
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been shown to be mutagenic to the human
hepatoma cell line [2].

Material and methods
Isolation of microorganisms

Laccase producing microbes were screened
from various environmental samples taken from
dye polluted water and soil area at Tiruppur.
Bacteria were isolated by standard serial dilution
methods using Nutrient agar. The different
morphological colonies were further tested for
Guaiacol positive by Guaiacol drop assay as
mentioned below.

Bacterial identification

The standard biochemical test were
performed to identify the Bacterial strain along
with 16s rRNA gene sequencing.

Biochemical characterization

The standard biochemical test was
performed to identify the bacterial strains
morphological, physiological and biochemical
characteristics with reference to Bergey’s
manual of systematic Bacteriology. Gram
staining, Indole production test, Methylred test,
voges-proskauer test, Simmons citrate test,
Oxidase, Catalase test, Triple sugar ion test were
performed according to standard protocol.
Gram’s characterstics and cell morphology of
the isolated strain were determined by
microscopy. The strip test was also done to
identify the bacterial strain. In the strip test, the
culture was inoculated with the strip and
incubated at 37°C [3].

Bacterial Strain identification by 16s rRNA
gene sequencing

Bacterial DNA was extracted using CTAB
method. The quality of extracted DNA was
determined on 1% agarose gel electrophoresis.
The 16s rRNA gene sequencing was amplified
using universal 16s rDNA polymerase chain
reaction. All PCR amplification was carried out
in a thermal cycler. Negative control (PCR
Mixture without template DNA) was included.
DNA was amplified during 30 cycles sequencing
results of 16s rRNA gene sequencing were
analysed [4].

Phylogenetic analysis of the isolates

The sequences obtained were analyzed
with NCBI (National centre for biotechnology
information) online nucleotide BLAST tool to
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identify the taxonomic hierarchy of the
sequences. Taxonomically related 16S rRNA
gene sequences were obtained from the NCBI
nucleotide database The collected sequences
were aligned using Muscle multiple sequence
alignment algorithm. The Phylogenetic tree was
constructed and inferred using the Neighbor-
Joining method. The constructed tree was
validated with bootstrap method (1000
replication) to validate. The evolutionary
distances were computed using the Maximum
Composite Likelihood method and are in the
units of the number of base substitutions per site.
All positions containing gaps and missing data
were eliminated. All analysis was performed
with MEGA 6 [5].

Qualitative assay for laccase

Guaiacol Drop assay Indicator compound
Guaiacol 0.001% (v/v) used in the screening was
added on the colony only the agar media plates
in order to detect microbes that produce laccase
enzymes. The positive strains produces
Orange/brown colour upon guaiacol oxidation.
The syringaldazine (SGZ) assay were carried out
by mixing the single colony in the solution
containig 50 uM SGZ, 10 pM CuSOQ,. The
positive strain develops pink color. The (ABTS)
assay was carried out by mixing the single
colony in the solution containing 0.4 mM ABTS,
10puM CuSO,. The positive strain develops green
color [6].

Preparation of crude extract

The positive bacteria were grown on
Nutrient agar plates. The two day culture was
collected from plate and dispensed in the Tris
lysis buffer (pH 8) contains 1% Triton x-100,
100 mM NaCl. The suspented cells lyzed by
Ultra sonication at 50 W for 8 min with cooling
in an ice bath. Total cell extracts were incubated
for 1 h at 48°C under gentle agitation in the
presence of 1% (v/v, final concentration) Triton
X-100. Homogenates from 3 to 4 g bacterial
cells treated as above were pooled and used for
further analysis of the enzyme [7].

SDS PAGE and Zymogram assay

Prior to SDS PAGE and Native PAGE
assay. The crude bacterial isolate was
precipitated with 90% acetone. The proteins
were precipitated by centrifugation. After air
drying, the precipitates were suspended in 50 ml
1 mM Na-phosphate (pH 7.2) after thorough
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mixing; the solution was centrifuged for 10 min
at 12,000 g. The pelleted material was re-
suspended in 50 ml phosphate buffer and washed
four times in the same buffer in order to
eliminate the detergent and any non-bound
proteins.

The final pellet was then solubilised in 50
ml solublization buffer containing 1 mM Na-
phosphate (pH 7.2), 5 Murea, 2 M NaCl and
centrifuged at 20,000 g for20 min to
undissolved debris remaining. Laccase molecular
weight was identified by Zymogram followed by
SDS PAGE (Laemmli 1970). SDS PAGE of the
cell extract was performed on a 10% separating
gel and 5% stacking gel. Prior to gel application,
the samples were precipitated with TCA and
then denatured by boiling them for 5 min.
Samples were run with pre-stained standard
molecular weight marker in Tris-glycine buffer
(pH 9.5) at room temperature and a constant
current of  for 60 min. Protein bands were
visualized by coomassie brilliant blue R230
staining. To detect laccase activity Native PAGE
was used. The procedure used was the cell
extract without TCA treatment and without
boiling the sample (to preserve laccase activity),
no SDS was added and then trying an ABTS
Staining to detect specifically the band with
laccase activity. The gel was rinsed with water
and subsequently submerged in 10 mM succinic
buffer with 5 mM ABTS where the laccase
active bands were highlighted in dark green [8].

Results and discussion
Isolation and screening of bacteria

There are 100 different Bacterial colonies
were isolated and screened for Laccase-
production using guaiacol drop assay. The
bacterial colonies from nutrient agar plates
develops the brown colour on the margin of the
colonies by addition of guaiacol further assayed
for activity against Syringaldazine (SGZ) and
ABTS. There were 5 strains shows positive
reaction against guaiacol but out of 5 only 2
shown positive reaction against SGZ and ABTS.
The activity of laccase was assayed both in
extracellualar supernatant and whole cells
prepared from nutrient broth cuture. Laccase
activity on biofilm was also assayed. The
colonies growing on the Agar plates were only
given positive against guaiacol [9]. The results
were given in the Table 1.
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Table 1. Laccase activity assay

Strains Plate Broth culture Biofilm
cells Supernatant CELLS
5B+ - - -

AM + - - -

Identification of bacteria

The isolated strain 5B and AM produced
white colonies on nutrient agar (Fig. 1 and 2).
Upon gram staining the cells were found to be
gram positive. The biochemical chacterization
were done to identify the bacteria at genus level.
The results of biochemical test were given in the
Table 2. The strain 5B shown to be grown on
Bacillus differentiation agar and produced
yellow colony by fermenting bacteria. The strain
AM produced white colony on Bacillus

differentiation agar. Based on the biochemical
test and strip test observation it predicted to be
belongs to Bacillus genus [10].

Fig. 1. Growth of strain 5B on Bacillus
differentiation agar

Fig. 2. Growth of strain AM on Bacillus
differentiation agar
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Table 2. Biochemical characteristics for strain 5B and AM

Strain No. Biochemical Test Identification Results
Gram staining Purple color Gram positive
Oxidase Changes to Dark purple color Positive
Catalase Bubble formation Positive
Methyl Red No change Negative
5B Voges Proskauer | Changes to red color Positive
Motility No change Negative
TSIA Changes to orange color in butt Positive
changes to yellow color in slant
Citrate utilization | Changes to dark blue color Positive
Indole No change Negative
Strain No Biochemical Test | Identification Results
Gram staining Purple colour Gram positive
Oxidase Changes to Dark purple colour Positive
Catalase Bubble formation Positive
AM Methyl Red No change Negative
Voges Proskauer | Changes to red colour Positive
Motility No change Negative
TSIA Changes to orange colour in butt Positive
changes to yellow colour in slant
Citrate utilization | Changes to dark blue colour Positive
Indole No change Negative
Table 3. Strip test | for strain 5B and AM
Sl\tlrip Test Rgg%zgtzftfe rbe Principle Original Posit_ive Nega’give
0. i : colour reaction reaction
incubation
1 | ONPG - Detects beta- Colourless - Colourless
galactosidase
activity
2 | Lysine - Detects lysine | Olive green to | purple -
utilization decarboxylation | light purple
3 | Ornithine - Detects Olive green to | purple -
utilization ornithine light purple
decarboxylation
4 | Urease - Detects urease | Orangish Pink -
activity activity yellow
5 | Phenylalanine | 2-3 drops of Detects Colourless - colourless
daamination | TDA reagent phenylalanine
deamination
activity
6 | HS - Detects H,S Orangish black -
production production yellow
7 | Malonate - Detects Light green Blue -
utilization capability of
organism to
utilize sodium
malonate as a
sole carbon
sources
©2017 The Authors. Published by G J Publications under the CC BY license. 195



Jayabarath et al., 2017.

Screening and characterization of bacterial laccase for aromatic compound degradation

Table 4. Strip test 1l for 5B and AM

- Reagents to - . .
Strip Test Principle be added after Original P05|t.|ve Negapve
No. . : colour reaction reaction
incubation
1 | Esculin Esculin - Colourless | Black -

hydrolysis hydrolysis
utilization

2 | Arabinose Arabinose - Colourless - Red /pink
utilization

3 | Xylose Xylose - Colourless - Red /pink
utilization

4 | Adonitol Adonitol - Colourless - Red /pink
utilization

5 | Rhamnose Rhamnose - Colourless - Red /pink
utilization

6 | Cellobiose Cellobiose - Colourless - Red /pink
utilization

7 | Mellibiose Mellibiose - Colourless - Red /pink
utilization

8 | Saccahrose | Saccahrose - Colourless - Red /pink
utilization

9 | Raffinose Raffinose - Colourless - Red /pink
utilization

10 | Trehalose Trehalose - Colourless - Red /pink
utilization

11 | Glucose Glucose - Colourless - Red /pink

12 | Lactose Lactose - Colourless - Red /pink
utilization

To identify the bacterial species based on
16s rRNA sequencing. Genomic DNA was
isolated using CTAB DNA extraction method.
The isolated DNA was shown in fig. 3(a). The
16s rRNA amplified using bacterial universal
primers 27S and 1492 DbP. The amplified
sequences were shown in fig. 3(b) [11].

() (b)

= 1400 bp

Fig 3. (a) Genomic DNA isolation (b) 16s rRNA
gene amplification (Strain: 5B and AM; M —
Marker; bp - Base pair)

Phylogenetic analysis of the isolates

Two bacterial laccase positive isolates were
identified by molecular identification with 16S
rDNA sequencing. The sequences obtained were
analyzed using BLAST search to identify the
corresponding Phylogenetic relatives. Based on
the identity score the Phylogenetic affiliations
(Firmicutes) were confirmed. The related
sequences were obtained from NCBI nucleotide
database and Phylogenetic tree was constructed
using Neighbor-Joining method. The
relationships among the sequence of related
organisms computed using Maximum Composite
Likelihood method. The isolates AM strain
exhibited a high nucleotide sequence identity
with B. tequilensis (99%), B. subtilis (99%), B.
mojavensis (99%) and B. axarquinensis (98%) in
the Blast analysis and 5B strain exhibited 99%
identity with B. subtilis and B. tequilensis. The
phylogenetic tree analysis revealed the AM
strain close relation with B. tequilensis (99%)
and 5B strain exhibited a close relation with
Bacillus subtilis. E. coli 16s rRNA gene
sequence was used as out group. Further the
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Biochemical and morphological observation
confirms the strain AM is B. tequilensis and
strain 5B is B. subtilis [11]. The optimal tree
with the sum of branch length = 0.26186748 is
shown fig. 4. The analysis involved 15
nucleotide sequences. All positions containing
gaps and missing data were eliminated. There
were a total of 1386 positions in the final dataset.
Evolutionary analyses were conducted in MEGA
6.

o Bacillus axarquiensis strain LNXM37 (GUS68196.1)

“— Bacillus axarquiensis stran LMG 22476 (DQA93671.1)
Bacilus subtifs sirain 570 (JX406826 1)
Bacitus mojavensis strain (KC519442 1)
Baolius subbiis straln amyP2Z16(KF496886.1 |
Bacilus mojavensis (AM348970.1)
2 Bacillus tequilensis AM Lac

& Bacilus sp. FIAD2 1(EU306281.1)
1w — Bacilus taquilensis strain km16 (JF411303.1)

~ Bacibus sequilensis strain KM30 (JF411311.1)
7 o~ Bacillus subtilis strain BAB-2441(KC443084 1)

- Bacillus subtilis strain VITNV-1 (JQ398853.1)
77 — Bacillus sublilis strain BPRISTO09 (JF414762.1)

Bacillus subtilis 5B Lac

Escherichia col (AB269763.1)

Fig 4. The Phylogenetic relationship inferred
using the Neighbor-Joining method

Whole cell laccase activity assay
The laccase activity of isolated strains

The bacterial cultures were grown on
Nutrient agar plates grown at 37°C used to
confirm the laccase activity and to study the
substrate range of the enzyme. The whole cells
were used in the assay against ABTS and SGZ at
pH 7.2 Phosphate buffer. The whole cells were
developed color change in both ABTS and SGZ
within 5 min at pH 7.2. The Absorbance
spectrum of ABTS and SGZ after oxidation by
whole cell shows the characteristic laccase
activity in the solution [12]. Guaiacol test brown
color appeared after oxidation, SGZ assay pink
color develops after oxidation, ABTS assay
green color develops after oxidation as shown in
fig. 5.

Guaiacol test brown color appeared after
oxidation, SGZ assay pink color develops after
Oxidation, ABTS assay green color develops
after oxidation as shown in fig. 6.

Laccase activity using SGZ

Laccase activity determination using
syringaldazine. The specific activity of laccase
was  assayed  spectrophotometrically by
monitoring the  absorbance increase  from
oxidation of syringaldazine at 530 nm (Fig. 7).
SGZ assay develops pink colour after oxidation
[12].
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Fig. 5. Whole cell laccase activity assay,
Oxidation by 5B strain grown on nutrient agar
(a) Guaiacol drop assay (b) SGZ assay (c) ABTS
assay

Fig. 6. Oxidation by AM strain grown on
nutrient agar (a) Guaiacol drop assay  (b) SGZ
assay (c) ABTS assay
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Laccase activity using ABTS

Laccase activity was determined by the
oxidation of ABTS method. The ABTS is
oxidized by laccase to the cation radical. The
concentration of the cation radical responsible
for the green colour and that indicates the

e 5GZ After axdized with Baallus Sp. 58 srain
—— CONTROL

Apearbance (au)

AAMnm

avelengih inm

Dl e
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enzyme activity [13]. Oxidation of ABTS was
monitored by determining the increase in 420
nm. Absorbance was read at 420 nm in a
spectrophotometer against a suitable blank (Fig.
8).

------- CONTROL
SG Z Afer cxidized with  strain AL

Fig. 7. Confirmation of laccase activity by isolated strains using UV absorbance spectrum of SGZ

oxidized with (a) 5B and (b) strain AM

e CONED
—— HETE ooxidatized with Bacillus Sp. 5B strain

B
—— ABTE culdafized with strain Al

Fig. 8. Confirmation of laccase activity by isolated strains by UV absorbance spectrum of ABTS

oxidized with (a) Strain 5B and (b) strain AM
SDS PAGE

The Sodium dodecyl sulphate
polyacrylamide gel electrophoretic analysis of
the partially purified laccase enzyme revealed
the presence of different protein bands with
molecular weights of 56.4 kDa respectively. The
presence of two separate bands could be
attributed to the fact that co-precipitation at 80%
(NH4),SO, saturation could have occurred (Fig.
9).

Zymogram

The zymogram of the partially purified

laccase enzyme revealed that the enzyme was in

its active form which is seen as green color in
fig. 10 [14].
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Fig. 10. Native page
Conclusions

From the present study it can be concluded that
the ability of laccase to catalyze the oxidation of
aromatic compound was investigated. Laccases
are ubiquitious in nature, being produced by
wide variety of plants, bacteria and also fungi.
The function of enzyme differs from organism to
organism. Laccase play an important role in
carbon cycle and could also help in degrading a
wide range of aromatic compound. Laccases
have become important industrially relevant
enzymes that can be used for a number of
diverse applications such as delignification of
lignocelluloses’, bioremediation application such
as  waste  detoxification, textile  dye
transformation, food technologic uses, personal
and medical care application. The present
protocol used for large production of bacterial
laccases to degrade the aromatic compound and
can be used without any problems.

Conflicts of Interest
Authors declare no conflict of interest.
References

[1] Alexandre G, Zhulin IB. Laccases are
widespread in bacteria. Trends in
Biotechnology. 2000;18:41-42.

[2] Asgher M, Bhatti HN, Ashraf M, Legge,
RL. Recent development in biodegradation
of industrial pollutants by white rot fungi
and their enzyme system. Biodegradation.
2008;19:771-783.

[3] Ayed L, Mahdhi A, Cheref A, Bakhrouf
A. Decolorization and degradation of azo
dye Methyl Red by an isolated
Sphingomonas paucimobilis: Biotoxicity

Screening and characterization of bacterial laccase for aromatic compound degradation

and metabolites characterization.
Desalination. 2011;274:272-277.

[4] Baldrian P. Fungal laccases occurrence and
properties. FEMS Microbiol. 2006;30:215-
242.

[5] Ben MH, Ayed AY, Mosrati R, Corroler D,
Ghedira K, Barillier D, Chekir GL. Acid
violet 7 and its biodegradation products
induce chromosome aberration, lipid
peroxidation, cholinesterase inhibition in
mouse bone marrow. Environ Sci pollutant
Res Int. 2010;17:1371-1378.

[6] Burton SG. Laccases and phenol oxidases
in organic synthesis - A Review. Curr Org
Chem. 2003;7:1317-1331.

[7] Chequer FM, Angeli JP, Ferraz ER,
Tsuboy MS, Marcarini JC, Mantovani MS,
De-oliveira DP. The azodyes Disperse
Redland Disperse Orangel increase the
micronuclei  frequencies in  human
lymphocytes and in HepG2 cells. Mutant
Res. 2009;676:83-86.

[8] Claus H. Laccases and their occurrence in
prokaryotes. Arch Microbiol.
2003;179:145-150.

[9] Mulamattathil SG, Bezuidenhout
C, Mbewe, Ateba CN. Isolation  of
environmental bacteria from surface and
drinking water in mafikeng, South Africa,
and characterization using their antibiotic
resistance profiles. Journal of Pathogens.
2014:2014:Acrticle ID 371208.
http://dx.doi.org/10.1155/2014/371208.

[10] Suganya S, Judia Harriet Sumathy V.
Isolation and identification of bacteria from
covered and uncovered mobile phones
International Journal of Environmental
Science. 2012;3:44-54.

[11] Sahu SK, Thangaraj M, Kathiresan K.
DNA Extraction Protocol for Plants with
High Levels of Secondary Metabolites and
Polysaccharides without Using Liquid
Nitrogen and Phenol. ISRN molecular
Biology. 2012;2012:Article 1D 205049.
http://dx.doi.org/10.5402/2012/205049.

[12] Zhou X, Cao P, Tian Y, Zhu J. Expressed
Peptide Assay for DNA Detection. Journal
of American Chemical Society.
2010;132(12):4161-4168

[13] Shrestha P, Joshi B, Joshi J, Malla R,
Sreerama L. Isolation and physicochemical
characterization of laccase
from Ganoderma lucidum-CDBT1 isolated
from its native habitat in Nepal. BioMed

©2017 The Authors. Published by G J Publications under the CC BY license. 199



Jayabarath et al., 2017. Screening and characterization of bacterial laccase for aromatic compound degradation

Research International. 2016;2016:Article solid state fermentation. Biochemistry

ID 32389009. Research International. 2014;2014:Article
[14] Raul D, Biswas T, Mukhopadhyay S, Das ID 568141.

SK, and Suvroma Gupta. Production and http://dx.doi.org/10.1155/2014/568141.

partial purification of Alpha Amylase
from Bacillus subtilis (MTCC 121) using
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