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ABSTRACT 
Synthetic dyes are extensively used in textile industry, paper printing and color photography and 
as additives in petroleum products. In the textile industry, up to 50% of the dyes are lost after the 
dyeing process and 10–15% of dye is discharged in the effluent. Among the synthetic dyes 
released in effluents, azo dyes is one of the most detrimental class because it is highly persistent 
in the aquatic environment, due to its chemical compositions, involving aromatic rings, azoic 
linkages and amino groups. The removal of hazardous compounds from the industrial effluents 
is one of the growing needs of the current issues. The present study deals with an application of 
a potent laccase producer Basidiomycota sp. for its effective remediation towards azo dyes. The 
isolate is able to decolorize three different azo dyes in mineral medium. Among the three azo 
dyes, acid orange 52 was only 34% decolorized, while acid red 2 and direct red 28 were 
decolorized to 100% and 90%, respectively. In addition, the laccase produced by the isolate also 
potently decolorized and degraded all three azo dyes. Noticeable effect of 1-
hydroxybenzotriazole as mediator, on the decolourization was recorded. Fourier transform infra-
red spectral analysis of products indicated degradation of the azo dyes. This evidently suggests 
that laccase produced by this fungus serves as a promising candidate with bioremediation 
prospects. 
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INTRODUCTION 
The removal of hazardous compounds from 
the industrial effluents is one of the growing 
needs of the present time. In last few decades, 
the fungal laccases have attracted considerable 
scientific interest due to both, their broad 
substrate range and ability to use molecular 
oxygen as final electron acceptor during 
oxidation reaction.1 The potential applications 
of laccase range from bioremediation to novel 
green process including degradation of 
xenobiotic compounds such as pesticides, 
industrial dyes, polyaromatic hydrocarbons 
etc. 2,3 Synthetic dyes are extensively used in 
textile industry, paper printing and color 
photography and as additives in petroleum 
products. In the textile industry, considerable 
amount of the dyes are lost after the dyeing 
process and five to seven per cent of dye is 
discharged in the effluent.4,5 The textile 
industries release million liters of untreated 
effluent daily into public drains that eventually  

enter into rivers. This not only imparts intense 
coloration but also changes the pH, increases 
the Biochemical Oxygen Demand (BOD) and 
Chemical Oxygen Demand (COD) thereby, 
adversely affecting the entire ecosystem.6 The 
high color content of textile waste water 
inhibits photosynthetic aquatic plants and algae 
by absorption of light. Therefore, for many 
years dye decolorization has been a primary 
goal of wastewater treatment. However, 
besides color, the presence of these dyes in 
ecosystem lead to serious environmental and 
health concerns as a result of the toxicity of the 
free dyes themselves and possibly their 
transformation into toxic, mutagenic and 
carcinogenic amines.5 

Dyes as a result of their complex aromatic 
structure may exhibit toxicity to living forms 
and thereby hinder the biological treatment of 
these wastes.7 The commonly used physical 
and chemical methods have different color 
removal capabilities, capital costs and 
operating speed, however, these create huge 
amounts of sludge which become a pollutant 
on its own creating disposal problems.8 *Author for correspondence 
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One of the largest classes of commercially 
produced dyes is azo dyes. The azo linkage can 
be split either by reduction (anaerobically by 
bacteria) or by oxidation (by white rot fungi). 
However, as reduction of azo dyes results in 
accumulation of toxic aromatic amines, 
oxidative decolorization is attracting more 
attention.9,10 Furthermore, azo reductases have 
been shown to be very specific enzymes, thus 
cleaving only azo bonds of selected dyes. In 
contrast, laccases act oxidatively and less 
specifically on aromatic rings, therefore, having 
potential to degrade a wider range of 
compounds. The use of mediator has been 
reported to further extend the substrate 
specificity of laccases. In view of this, the 
present study reports the potential of both, a 
fungal isolate and its laccase, for biodegradation 
of azo dyes. The role of mediator is also 
evaluated. The significance of this study is that 
biodegradation is demonstrated by both 
chemical and biological analysis along with 
fourier transform infra-red spectral analysis. 
Furthermore, phytotoxicity analysis confirmed 
the nontoxic nature of biodegradation products. 

MATERIAL AND METHODS 
Fungal strain, media and culture conditions 
The fungus used in the present work was the 
white rot basidiomycete screened and isolated 
from the rotten wood samples collected from 
several provinces in Jalgaon district, 
Maharashtra, India. A combination of 
traditional and recent screening strategies was 
implemented to isolate a potent laccase 
producer. The fungal strain was maintained on 
Potato Dextrose Agar (PDA) at 4oC. 
For laccase production, the following mineral 
medium was used (gm per litre) : maltose + 
mannitol (1:1) 3, KH2PO4 1, NaH2PO4 0.26, 
yeast extract 1, MgSO4, 7H2O 0.5, CuSO4, 5 
H2O 0.075, 2’2 dimethyl succinic acid 4, CaCl2 
0.074, ZnSO4.7 H2O 0.006, FeSO4.7H2O 
0.005, MnSO4.4H2O 0.005, CoCl2 0.001, 
vitamin solution 500 µl, xylidine 2mM (added 
on 3rd day of incubation). The medium was 
supplemented with 2% wheat bran as 
lignocellulosic support. The pH of the solution 
was adjusted to 5.0. Four mycelial plugs of 1 
cm diameter, cut from the growing edge          
of   PDA culture were used to inoculate 250 ml  

Erlenmeyer flasks containing 20 ml of 
medium. The cultures were incubated 
stationary at 30oC. Laccase from 7-day-old 
liquid culture was partially purified and stored 
at -20oC for further studies. 
Chemicals 
Unless otherwise stated, chemicals were 
purchased from M/s Hi-Media Limited, 
Mumbai and were of the highest purity 
available. 2,2’-Azinobis (3-ethylbenzthiazol 
ine-6-sulfonicacid)  (ABTS) was obtained 
from Sigma, while 2,5-xylidine  was procured 
from Merck India Ltd. 
Laccase assay 
The oxidation of 1 mmol l-1nonphenolic dye 
2,2’-azino-bis-(3-ethylbenzthiazolinesulphonat 
e) (ABTS) buffered with 50 mM phosphate 
buffer (pH 4.0) was monitored at 420 nm (�mM 
= 36 mM-1cm-1) using a Shimadzu UV-1800 
spectrophotometer with UV probe software. 
Enzyme activity was expressed as International 
Units (IU) where 1 IU is defined as the amount 
of enzyme forming 1 µmole of product per 
minute.11,12 The reaction mixture contained 
2.0ml phosphate buffer (pH 4.0; 30 °C), 50 µl 
of substrate and 10 µl of enzyme.  
Decolorization of different azo dyes 
Decolorization of three different azo dyes, 
methyl orange, methyl red and congo red, by the 
isolate was studied in 100 ml Erlenmeyer flasks 
with 20 ml of mineral medium. The medium was 
inoculated with four plugs of one cm diameter 
cut from the growing edge of PDA cultures and 
incubated stationary at 30oC. The shallow static 
cultures were grown for 3 days before the 
addition of filter sterilized dye solution to a final 
concentration of 200 mg/L. Each cultivation 
experiment was carried out in triplicate with 
respective dye containing uninoculated medium 
as control. After incubation, the mycelium was 
separated by filtration through Whatman filter 
paper No. 1, followed by centrifugation for 10 
minutes at 10,000 rpm. Dye disappearance was 
determined spectrophotometrically at the 
respective wavelength of maximum absorption 
of the dye. The decolorization efficiency of the 
isolate was expressed as percentage 
decolorization.13 
The ability of fungal laccase to decolorize all 
three azodyes was also examined. The reaction 
mixture contained 4ml 0.1 M Britton Robinson 
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(BR) buffer of pH 4 dye to a final 
concentration of 200 mg/L and enzyme to the 
final concentration of 2IU/ml. The reaction 
was initiated with enzyme addition and the 
reaction mixture was incubated at 35± 2 oC. 
Samples were withdrawn at regular intervals 
and subsequently analyzed. Reaction mixtures 
containing dyes, without the enzyme were used 
as control. The decolorization efficiency of the 
enzyme was expressed as percentage 
decolorization. 

Effect of mediator on enzymatic decolorize-
tion 
To increase the oxidative effect of the enzyme, 
the decolorization of three azo by laccase was 
also tested in the presence of 1 mmol–l1-
hydroxybenzotriazole (HBT), a common 
laccase mediator. 
Biodegradation analysis and toxicity assay 
The culture supernatant obtained after 
decolorization was used for UV–visible spectro-
scopic analysis. The UV-visible spectra of native 
and treated dyes were recorded between 200 and 
800 nm using a Shimadzu UV-1800 spectro-
photometer equipped with UV probe software. 
The FTIR spectra were obtained in the mid IR 
region (400–4000 cm-1) by using Shimadzu Affi-
nity 1 Spectrophotometer with 16-scan speed. 
The sample was mixed with KBr (1:99) and ana-
lyzed by fixing the pellet in the sample holder. 
The phytotoxicity of the dye and its degradation 
products was carried out at room temperature (27 
± 30C) for Sorghum vulgare and Phaseolus 
mungo as described by Parshetti et al.14 

RESULTS AND DISCUSSION 
Fungal strain, media and culture conditions 
The white rot samples were first screened 
forphenol tolerant isolates using a medium 
containing O-phenyl phenol. A combination of 
traditional (oxidation of gallic acid, tannic acid 
and guaiacol) and recent (dye decolorization 
and enzyme assay) screening strategies 
resulted in isolation of the potent laccase 
producer. The isolate was identified using 
molecular and bioinformatics techniques as 
Basidiomycota sp. 
Decolorization of different azo dyes  
During the last 2 to 3 decades, textile 
bioremediation has primarily focused on dye 
decolorization with only a few studies demo-
nstrating the degradation/ biotransformation 
along with decolorization. None the less, 
degradation studies are important as decol-
orizetion may be simply due to the breaking up 
of conjugation in the particular dye molecule and 
gives no further information on degradation.15In 
the present study, along with decolorization, the 
possible degradation was also analyzed using 
FTIR, UV-visible spectroscopic analysis. Azo 
dyes account for about one-half of all dyes 
produced and are the most commonly used 
synthetic dyes in textiles, food, paper making, 
color paper printing, leather and cosmetic 
industries. The wavelength of maximum 
absorption of each dye was determined by 
spectral scan. The names in parentheses indicate 
the common synonyms of the dyes (Table 1). 

Table 1 : The chemical profile of azo dyes 

S\N Dye CAS no C.I. no. Class max 
1 Acid orange 52 (Methylorange) 547-58-0 13025 Azo 462 
2 Acid red 2 (Methyl  red) 493-52-7 13020 Monoazo 525 

3 Direct red 28 (Congo red) 573-58-0 22120 Diazo 494 
CAS- Chemical Abstracts Service; CI- Color Index  

Fig. 1 illustrates the ability of the isolate to 
decolorize three different azo dyes in the 
mineral medium which ranges from 23% to 
98% decolorization. Unexpectedly, the 
isolate showed the ability to decolorize a 
variety of azo dyes. The maximum of 100% 
and 90% decolorization of Acid Red 2 
(monoazo) and Direct Red 28 respectively 

resulted in 9 days of incubation respectively. 
Among the three azo dyes, acid orange 52 
was only 34% decolorized. The laccase 
enzyme could able to decolorize acid orange 
52, acid red 2 and direct red 28 were 
decolorized to 28, 75 and 40%, respectively 
(Fig. 1) within 2h. During further incubation 
up to 24 h, the enzyme action resulted in 40, 
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90 and 64% decolorization, respectively.          
Fig. 1 shows that laccase had different effects 
on different dyes and is time dependent. The 

enzyme laccase is unable to cause maximum 
effect (100%) upto 24h of treatment in case 
of Acid Orange 52 and Direct Red 28. 

 
Fig. 1 : A comparison of decolorization of three different azo dyes with fungal and enzymatic 

treatment 

A number of researchers have reported the 
decolorization of a variety of azo dyes by 
various enzymes of fungal origin.  Selvam et 
al.16 demonstrated the degradation of azo dyes 
such as orange G, Congo red and amido black 
by a white rot fungus Thelephora sp. as well as 
by its ligninolytic enzymes. 
Several azo dyes are reported to be mutagenic as 
well as carcinogenic.16,17 Moreover, many azo 
dyes are recalcitrant to decolorization or could be 
decolorized only to a limited extent18. However, 
about 65% decolorization of methyl orange (a 
monoazo dye) was attained with laccase from 
Trametes hirsuta.18 In contrast, in the present 
study, the fungal treatment resulted in 100%, 
90% and 34% decolorization of three azo dyes 
namely methyl red, Congo red and methyl 
orange, respectively. Selvam et al.16 reported, 
97.1% decolorization of congo red by 
Thelephora sp. whereas its laccase exhibited a 
maximum decolorization of only 12.0%. In 
comparison, in the present case, a maximum 
decolorization   of   90   and 64% was attained by  

fungal and laccase treatment, respectively. 
Similarly, a number of white rot fungi are 
reported to have efficacy to  decolorize of azo 
dyes such as Congo red. Jaya singh et al.19, 
demonstrated decolorization of Congo red to 
more than 90% by Pycnoporus cinnabarinus and 
Ganoderma lucidum, about 80% decolorization 
by Coriolus versicolor and Pleurotus 
pulmonarius while 60% decolorization by  
species such as Trametes suaveolens and 
Stereumo strea. Thus, this indicating that dye 
decolourization efficacy is depend on type of 
enzyme and chemical nature of dye. 
The effect of mediators on decolorization 
The effect of mediator HBT (1mM) on 
decolorization of the dyes using laccase is 
summarized in Table 2. In comparison to the 
decolorization achieved in the control (no 
mediator), the decolorization of Direct Red 28 
was enhanced by 1.3 fold in presence of 
mediator. On the other hand, decolorization of 
acid orange 52 and acid red 2 was found to be 
inhibited in presence of HBT (Table 2). 

Table 2 : Effect of mediators on decolorization of azo dyes by laccase from BspL-168 

S/N Dye % Decolorization 
No mediator HBT 1 mM Fold increase 

1 Acid orange 52 40.56 77.70 1 
2 Acid red 2 90.23 66.05 1 
3 Direct red 28 64.22 83.49 1.30 

I= Inhibition of decolorization in presence of mediator, The results are averages of triplicate experiments with SD 
within 15% of the mean 
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Biodegradation analysis  
Changes in UV visible absorption spectra (200 
to 800 nm) of acid orange 52 during 
decolorization is shown in Fig. 2. The inset 
shows the dye solution before (labeled tubes) 
and after (unlabeled tubes) the fungal 
treatment where significant color removal can 
be observed. 
The peak responsible for absorption maxima of 
parent dye (462 nm) was found to be almost 
completely disappeared in the sample obtained 
after dye decolorization. Remarkable variations 

in the fingerprint region (1500 to 500 cm-1) of 
the FTIR (Fig. 2) of control acid orange 52 and 
treated sample are indicative of destruction of 
aromatic structure. In FTIR of treated sample, 
the specific peaks for the para-disubstituted 
(810-844 cm-1) benzene rings are absent. 
Moreover, no specific peaks for C=C (1400-
1600 cm-1) and C-H (3086 cm-1) in treated 
sample is indicative of absence aromatic region. 
On the basis of these results, it would be 
concluded that the isolate has the ability to 
mineralize acid orange 52 completely. 

 

 
Dye  : Acid orange 52 
Molecular formula : C14H14N3NaO3S 
IUPAC name Sodium 4-[(4-
dimethylamino)phenyldiazenyl] 
benzenesulfonate 
 

 
Fig. 2 : Biodegradation analysis of Acid orange 52 after fungal treatment 

In this study, disappearance/ decrease of visible 
peak obtained for a range of dyes indicated 
cleavage of chromophore group. This 
observation is supported by Osma et al.20 
Furthermore, analysis of dye degradation by the 
application of FTIR is recently reported.21-25 

The untreated textile effluents are discharged 
into water bodies which are often used for 
agriculture. Therefore, the phytotoxicity of the 

dye before and after transformation is 
advocated. It is evident from the above table 
the length of plumule and radical tissues of S. 
vulgare after treatment is almost comparable to 
the control length of tissues.26-28 This statement 
hold true in case for both tissues of the P. 
mungo. However, the rate of germination and 
the length of both tissues reduced by 20-30% 
in former case and reduced by 50-60%.29-33 

Acid orange 52 

Contro
l 
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This indicates that transformed product is 
relatively safer than native dye. Table 3 
demonstrates the per cent germination as well 
as length of plumule and radicle of the S. 

vulgare and P. mungo.34-36 The phytotoxicity 
results indicate the nontoxic nature of the 
biodegradation products as compare with the 
control dye. 

Table 3 : Plant toxicity assay of native dye and its biotransformation products 

DW- distilled water; Values are the mean of ten germinated seeds of three sets SD (±).  

CONCLUSION 
The isolated Basidiomycota sp.168 seems to be 
potent to degrade azo dyes and the 
phenomenon  is time dependant. The ability of 
mediator on decolourization of azo dyes by 
laccase of this white rot fungus is related to the 
chemical nature of dyes. The effect is inhibited 
by HBT in case of Acid orange, while it is 
slightly enhanced in case of Direct red 28. 
Results on the basis of germination of rate of 
Sorghum vulgare in concerned with plumule 
and radical indicates that though it could not 
increase the length of shoot and root but 
minimized the inhibition. Similar results are 
also observed in dicot leguminous herb i.e 
Phaseolus mungo. In short, transformed 
product is safe and free of relative 
phytotoxicity.  
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