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Abstract

This study reports decolorization of Rhodamine B and Congo red
by a partially purified laccase from Lentinus polychrous Lév. in the
presence or absence of 2,2-azinobis (3-ethylbenzothiazoline-6-
sulfonate) diammonium salt (ABTS) as a redox mediator. The
decolorization study showed that about 90% of Rhodamine B could
be decolorized within 52 h, whereas Congo red could be
decolorized more than 75% within 3 h. The most effective
concentration of the redox mediator was 0.10 mM ABTS. The
optimum pH for Rhodamine B decolorization was at pH 4.0-5.0
and optimum temperature was at 50 °C. The optimum pH for
Congo red decolorization was at pH 6.0-7.0, but increasing
temperature had less of an effect. The results and availability of the
fungus indicated that laccase from L. polychrous Lév. has high
potential for the treatment of waste dyes.
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Introduction

Laccases (EC 1.10.3.2, p-diphenol: dioxygen oxidoreductase) are
part of a large group of enzymes that catalyze the one-electron
oxidation of a vast number of phenol and non-phenol substrates.
Molecular oxygen then serves as the terminal electron acceptor and
becomes reduced to two molecules of water (Baldrian 2006).
Laccases are found in eukaryotes and prokaryotes including fungi,
plants, insects and bacteria (Mayer and Staples 2002). Laccases
from fungi have been predominantly studied; where they are

Pimjai Suwannawong, Saranyu Khammuang, Rakrudee
Sarnthima*

Proteins and Enzymes Technology Research Unit and Center of
Excellence for Innovation in Chemistry, Department of Chemistry,
Faculty of Science, Mahasarakham University, Maha Sarakham
44150, Thailand

*Tel: +66 43 754246, Fax: +66 43 754246
E-mail: rakrudee.s@msu.ac.th

believed to have a major role in lignin degradation. Their ability to
use compounds, with irregular structures such as lignin, as a
substrate means laccases have a broad spectrum of substrates. The
broad substrate specificity means these enzymes have a wide range
of applications, ranging from effluent decolorization and
detoxification (Eduardo et al. 2003) to pulp bleaching (Widsten and
Kandelbauer 2008), and removal of phenolics from wines (Minussi
et al. 2002). There is currently much interest in the removal of
colors from waste waters, synthetic dyes are extensively used in
industrial dyeing and printing processes, and are released as
industrial effluents. Decolorization of these dyes by chemical or
physical (adsorption and precipitation methods, chemical
degradation or photodegradation) is financially and often
methodologically demanding (Eichlerova et al. 2005). However,
enzyme-based dye decolorization methods have an advantage as
there is minimal impact on the ecosystem, as well as low energy
requirements (Michniewicz et al. 2008). The ability to oxidize
substrates by laccases can be enhanced by the addition of redox
mediators. The basis of the laccase-mediator concept is the use of
low-molecular-weight compound, which once oxidized by the
enzyme to a stable radical, act as a redox mediator, oxidizing other
compounds that in principle are not substrates of laccase (Camarero
et al. 2008).

Rhodamine B (Basic violet 10, C.I. 45170) is a fluorescent cationic
dye which the dye type becomes more important in textile dyeing
because of its more rigid structure than other organic dyes. Due to
its cationic structure, it can apply for anionic fabrics which contain
negative charges such as polyester fibers, wool, silk, and acrylic
fibers. The dye is brilliant and most fluorescent among other
synthetic dyes. Congo red is a diazo dye based on benzidine ([1,1°-
biphenyl]-1,4’-diamines) which are known to be carcinogenic
(Zollinger 2003). The development of waste water treatment
biotechnology has been increasing interested due to it eco-friendly
benefits. A recent study on the decolorization of Rhodamine B dye
by the laccase mediator system (LMS) has shown that 2,2-Azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) was the best
redox mediator, giving the highest Rhodamine B decolorization by
laccase from Trametes versicolor (Khammuang and Sarnthima
2009). The aim of this study was to evaluate the decolorization of
synthetic dyes Rhodamine B (fluorone dye) and Congo red (diazo
dye) by laccase produced by L. polychrous Lév. in the presence and
absence of ABTS as a redox mediator.
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Materials and methods
Enzyme production and purification

Lentinus polychrous Lév. was collected from Rujira Mushroom
Farm in Ka La Sin province (Northeast, Thailand), and was
maintained at 4 °C on potato dextrose agar (PDA) plates with
periodic subculture. The fungus mycelia plugs from active
growing culture on a PDA plate (5-7 days) were cultivated for a
month under solid-state fermentation on rice bran and rice husk
(2:1 by weight) prepared according to the method of Sarnthima et
al. (2009).

The fungal crude enzyme was extracted from solid culture using
distilled water (extraction ratio of culture medium: distilled water,
1:3 g mL™") and stirred using a magnetic stirrer for 45 minute then
filtrated through a gauze, centrifuged at 6,000 rpm for 10 min at 4
°C. Protein precipitation was performed on the supernatant obtained
with ammonium sulfate ([NH4].SO4) at 0-40% and 40-85%
saturation. The pellet was re-suspended in 0.1 M sodium acetate
buffer (pH 4.5) and 40-85% suspended solution was applied to a
Sephacryl S-300 column (GE Healthcare) pre-equilibrated with
0.15 M NaCl in 20 mM sodium acetate buffer (pH 4.5) with a flow
rate of 0.3 mL min™. Proteins were eluted with the same buffer and
the amount of protein was determined by measuring absorbance at
280 nm. The fractions containing laccase activity (tube no. 43-60)
were pooled, dialyzed against 20 mM Tris-HCI buffer, pH 7.5 and
then loaded on a DEAE-cellulose (Sigma) column equilibrated with
20 mM Tris-HCI buffer (pH 7.5) with a flow rate of 3.0 mL min™.
After washing away the unabsorbed proteins with the same buffer
(about 10 column volumes), the absorbed proteins were eluted with
a linear gradient of 0-0.7 M NacCl in the starting buffer. Fractions
containing laccase activity (fractions 137-155) were pooled.

The purity of the enzyme in each step was checked by SDS-PAGE
according to the method of Laemmli (1970) with a 12% separating
gel and a 4% stacking gel. The gel was run at a constant volt (100
volts/gel) and protein bands were visualized using silver stain. The
native-PAGE was also performed according to Ornstein (1964).
After completion of the run, the gel was removed from the glass
plates and soaked with 0.1 M sodium acetate buffer (pH 4.5)
containing ABTS or syringaldazine for laccase activity detection
and a combination of 3-methyl-2-benzothiazolinone hydrazone
(MBTH), 3-(dimethylamino) benzoic acid (DMAB), H,O, and
Mn”") for Mn-peroxidase activity visualization. The gel was
incubated at 32 °C until a color band appeared.

Enzyme assay and proteins determination

Laccase activity was assayed as previously described (Sarnthima et
al. 2009) using 10 mM ABTS as a substrate in 0.1 M sodium
acetate buffer pH 4.5. The reaction was incubated at 32 °C for 10
minutes, stopped with 50% (w/v) trichloroacetic acid (TCA) and
the absorbance was measured at 420 nm (¢ = 36000 M"'cm™). One
unit of enzyme activity is defined as the amount of enzyme
oxidizing 1 pmole of substrate per minute.

Protein concentration was determined by the Bradford (1976)
method using Bio-Rad protein assay (Bio-Rad) with bovine serum
albumin as a standard protein.

Dye decolorization

Two synthetic dyes, Rhodamine B (Fluka) and Congo red (CARO
ERBA) were studied for decolorization. Firstly, the mediator ABTS
was tested at various concentrations (0, 6.25, 12.5, 25, 50 and 100
uM). Reaction mixtures contained 0.1 M sodium acetate buffer (pH
4.5) and 10 uM Rhodamine B or 50 puM Congo red in the absence

or presence of the mediator. Otherwise state, reactions were started
by the addition of the enzyme solution (0.02 U mL™ reaction
mixtures) and were incubated at 32 °C. After the reactions the
absorbance of the tested dyes was measured at 555 and 500 nm,
respectively.

The effect of pH on decolorization of both dyes was studied using a
0.1 M citrate-phosphate buffer (pH 3.0, 4.0, 5.0, 6.0, 7.0 and 8.0).
Due to color change in the Congo red when added to the buffer pH
two different Amac 500 nm or 484 nm were measured for the
reactions in pH range of 3.0 to 4.5 and 5.0 to 8.0, respectively.
Temperature effect on enzymatic decolorization of both dyes was
also investigated at various temperatures (30, 35, 40, 45, 50, 55 and
60 °C) at the optimum pH for 3 h. The absorption spectra were
scanned from 260-800 nm using a UV-Vis Spectophotometer (hp
8453, Hewlett Packard).
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Figure 1: The Sephacryl S-300 gel filtration profile of Lentinus
polychrous Lév. laccase purification (a) and the DEAE-cellulose
column profile (b).

Results and discussion
Purification study of laccase

Laccase was partially purified from the crude extract of a solid state
culture of L. polychrous Lév., by salt fractionation, Sephacryl S-
300 and DEAE-cellulose columns respectively. After the two
chromatography steps, the enzyme was purified only about 5.3-
fold, with an overall yield of 5.6% and a laccase specific activity of
143 U mg'. The elution profile from the gel filtration
chromatography on a Sephacryl S-300 showed the laccase activity
as a single peak (fractions 43-60) as shown in Fig. 1a. The pooled
fractions after dialysis were subjected to an ion-exchange
chromatography on a DEAE-cellulose column, which also showed
the laccase activity as a single peak (fractions 137-155) (Fig. 1b).
The purification of the enzyme in each step as summarized in Table
1. However, the final step provided only partially purified laccases
(< 50% purity) with molecular mass around 45 kDa accompany
with low-molecular-weight proteinaceous impurities according to
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SDS-PAGE result (Fig. 2a). These laccase-enriched fractions
showed three close bands on native-PAGE containing both laccase
and peroxidase activities (Fig. 2b) which is similar to the band
patterns previously reported (Sarnthima et al. 2009). According to
this results, we suggested those three bands of protein might be
laccase due to its ability to oxidize ABTS and syringaldazine in the
absence of H,0,. However, to confirm this more successful
purification steps and N-terminal sequencing of each protein is
needed.

Those proteins have a molecular mass around 45 kDa according to
SDS-PAGE, which were lower than the most commonly reported
fungal laccase, between 50-130 kDa (Morozova et al. 2007). The
molecular mass of laccases from these results were in a similar
range as the molecular masses of laccase from Fomitella fraxinea
(47 kDa) which has only one isozyme (Park and Park 2008) and
lower molecular mass compared to the laccase from Perenniporia
tephropora (63 kDa) (Younes et al. 2007), Phlebia radiata (61
kDa) (Kaneko et al. 2009), Pycnoporus sanguineus laccase (61.4
kDa) as determined by SDS-PAGE (Lu et al. 2007). Another gel
filtration technique might be suitable for removing low-molecular-
weight contaminant proteins. Moreover, the %yield activity should
be much more of a concern in the future.

Decolorization of synthetic dyes

The laccase substrate range can be extended to non-phenol
compounds in the presence of a low-molecular-weight compound
acting as a redox mediator. A recent study, reported decolorization
of Rhodamine B dyes with laccase-mediator system (LMS) by
laccase from T. versicolor (Khammuang and Sarnthima 2009). In
this report, ABTS was chosen as a redox mediator for studying
decolorization of Rhodamine B and Congo red by the partial
purified laccase from L. polychrous Lév.. The results in this study
showed that Rhodamine B and Congo red decolorization in the
presence of ABTS was more efficient than in the absence of
mediator.

The ability of L. polychrous laccase to decolorize Rhodamine B
and Congo red was enhanced in the presence of ABTS and
increased at increasing ABTS concentrations (Fig. 3a). Both dyes’
decolorization reactions, ABTS were saturated at about 25 pM.
These results support that ABTS is a potential redox mediator for
Rhodamine B and Congo red decolorization. The pH profile for
decolorization of both dyes showed a peak of maximum activity in
a pH range of 4.0-5.0 and 6.0-7.0 for Rhodamine B and Congo red,
respectively (Fig. 3b). For temperature effect, Rhodamine B
decolorization was maximal at 50 °C, whereas with Congo red
decolorization there were slight increases in decolorization
percentages at higher temperatures (Fig. 3c¢). This unusual
observation might be due to the relatively high decolorization of
Congo red which was reached within a short time before the
thermal denaturation of the enzymes.

The effect of dye concentration was studied for Rhodamine B (5-40
uM) and Congo red (25-200 uM) using the same amount of laccase
activity (0.02 U mL™' reaction mixture). The results shown in Fig.
4a-b, indicate that the partially purified laccase from L. polychrous
Lév. decolorized Rhodamine B to 56% within 3 h at 50 °C, at a dye
concentration equal to or less than 20 uM (Fig. 4a). However,
Congo red could be decolorized up to 75% within 3 h at 30 °C, at a
dye concentration equal to or less than 50 pM (Fig. 4b). The
absorption spectra of enzymatic-catalyzed Congo red decreased
over time (Fig. 5a), whereas Rhodamine B reaction spectra shifted
to shorter wavelengths around 540 nm (Fig. Sb). Previously, we

have reported the optimum conditions of Rhodamine B
decolorization by 7. versicolor were at pH of 4.0-5.0 (sodium
acetate buffer), temperature of 35 °C with the proportion of dye and
enzyme being 0.01 mM Rhodamine B and 0.02 U mL" laccase
activity in the presence of 0.1 mM ABTS (Khammuang and
Sarnthima 2009). The laccase from L. polychrous Lév. in this study
catalyzes Rhodamine B decolorization at a similar optimal pH
condition, but with a lower decolorization rate.

Table 1 Purification table of Lentinus polychrous Lév

Purificati " volume  Lec.activity  Total Protein Total Sp:.'cl'ﬁc Yeild Purity

urihication step ;) (UmL)  activity (U) (mg/mL) protein (mg) ‘(‘:]/:;‘g (%) Fold
Crude extract 400.0 1.03 412.0 0.38 150.4 27 100.0 1.0
0-40% (NH4)2804 100.0 0.42 424 1.74 1742 0.2 10.3 0.1
40-85%(NH4)2804 10.0 30.62 306.2 2.03 203 15.1 743 55
Sephacryl S-300 250 2.84 71.1 0.59 14.7 4.8 173 1.8
DEAE cellulose 73.0 0.31 229 0.02 1.6 14.0 5.6 5.1
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Figure 2: SDS-PAGE (12%) of the partially purified laccase from Lentinus
polychrous Lév. stained with silver stain (a), lane I: marker; lane 2: crude
enzyme: lane 3: partially purified laccase and Native-PAGE (12 %) (b)
Native-PAGE (12%) with activity staining of laccase substrates ABTS (b-
A), Syringaldazine (b-B) and Mn-peroxidase substrates (b-C). lane I: crude
laccase and lane 2: partially purified laccase.
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Figure 3: Effect of ABTS concentration on decolorization of Rhodamine B
and Congo red (a), effect of buffer pH on decolorization of Rhodamine B
and Congo red (b) and effect of temperature on Rhodamine B (c) by the

partially purified laccase from Lentinus polychrous Lév.. Data were mean
values + SD.

Partially purified lacccase from the compost of this fungus also had
an optimum pH of 4.0 for decolorization of Remazol brilliant blue
royal (RBBR) (Khammuang and Sarnthima 2007). However,
Younes et al. (2007) showed that laccase from P. tephropora was
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Younes et al. (2007) showed that laccase from P. tephropora was
able to decolorize the fluorone dye Pink Bengal without 1-
hydroxybenzotriazole (HBT) to a higher percentage (49%) than
with the redox mediator (35%) at pH 4.0 with 50 mg L™ of dye and
0.8 U mL" laccase activity. They suggested that Pink Bengal
decolorization was not improved by the laccase and HBT, while
there was very little decolorization of the Janus green (azo dye) by
this laccase under both sets of conditions (17% without HBT and
22% with HBT). In contrast, RBBR (anthraquinone dye) could be
decolorized up to 91% without HBT (Younes et al. 2007). These
results indicated that high decolorization efficiency dependeds
much more on the type of dye rather than mediator.

Moreover, decolorization of the azo dyes Congo red, Orange G and
Amido black 10B from dye industry effluent by Thelephora sp.
were examined by Selvam et al. (2003). They found that the fungus
mycelia was able to decolorize only 33.3% of 50 uM Orange G
within 9 days, whereas 97.1% of 50 uM Congo red was removed
within 8 h and 98.8% of 25 uM Amido black 10B within 24 h.
When the azo dyes were treated with the enzyme solution at the
same dye concentrations, it was found that a maximum
decolorization of 19% for Orange G and 15% for Amido black 10B
were achieved by laccase (15 U mL™ reaction mixture), whereas
12% Congo red was decolorized by 5 U mL™ reaction mixture. The
results in our work showed higher efficiency due to a higher Congo
red decolorization percentage (> 70% within 3 h) and a lower
amount of laccase activity used (0.02 U mL™" reaction mixture).
Moreover, these results contrast with results of laccase from P.
radiata strain BP-11-2, which did not decolorize Congo red,
Brilliant green, Rhodamine 6G or Methyl orange (Kaneko et al.
2009). Laccases from different sources have different optimum
conditions for each substrate or dye type. This work also indicated
that xanthenes dye, Rhodamine B is more difficult to decolourize
than azo dye, Congo red.

The absorption spectra of Congo red showed a decrease in the
absorbance at its Amax according to treatment times, whereas
Rhodamine B showed shifted spectrum at its Am. to a shorter
wavelength around 540 nm. The result is quite similar to the
spectrum of decolorization products by laccase from 7. versicolor
previously report (Khammuang and Sarnthima 2009), which
showed shorter wavelength at 540 and 500 nm. It is also possible
that the decolorization process of Rhodamine B by the enzyme
from L. polychrous Lév. might be similar to that of T. versicolor
laccase, while the reaction mechanism might be similar to a
microwave-assisted photocatalytic system by an N-de-ethylation
and/or a cleavage of conjugated chromospheres structure as
proposed by He et al. (2009). Eggert et al. (1997) have
demonstrated that the two Pycnoporus cinnabarinus laccase-less
strains could not metabolize '*C-ring-labeled DHP to '‘CO,,
addition of purified laccase to the mutants increased '*CO,
evolution to give rates comparable to the wildtype. These results
indicate clearly that the enzyme is absolutely essential for lignin
degradation in P. cinnabarinus. Therefore in the laccase-catalyze
synthetic dye decolorization, the products somehow transparent or
change the colour depended on its structural stability after losing
one electron (and proton). In our experiment, L. polychrous laccase
catalyzed decolorization of Rhodamine B reduced in colour
intensity at its Am., Whereas in Congo red reaction, a completely
clear solution obtained. However, to elucidate the catalysis
mechanism of this laccase, characterization of each product is
required. Moreover, a full characterization of the purified enzyme
and kinetics study of synthetic dyes decolorization by the laccase-
enriched fractions enough to perform.

Conclusion

In conclusion, the results showed that the partial purified
laccase from L. polychrous Lév. was able to decolorize
Congo red better than Rhodamine B in the presence or
absence of ABTS as a redox mediator. This reasonably high
decolorization efficiency makes this fungal enzyme of
potential interest for treatment of real effluents containing
these dyes. Further purification for full characterizations
and kinetics studies are underway in our research group. As
the fungus is a common in Thailand, enzymes obtained
from it would be much more practical than those obtained
from external sources.

@) 7o
= &0 25 ==
2 50
S ap
E -
§ 30 4
f:_: 20
10 +
p{— NN 2 N 000 a0 .
5 10 20 40
Rhodamine B (pM)
) g0
70
_g 60
E s0
S 40
=3
g 30
a
= 20
10
o+ T .
25 a0 100 200

Cango red [pM)

Figure 4: Effect of Rhodamine B concentration (a) and Congo
red concentration (b) on decolorization activity by partially
purified laccase from Lentinus polychrous Lév. Data were mean
values £ SD.

Congored

T T
0 400 200 200 00 nm
Rhodamine B

enzyme Oh
. blank

Figure 5: UV-vis spectra recorded during the Lentinus
polychrous Lév. laccase catalyzed decolorization of Rhodamine
B (a) and Congo red (b).



J Biochem Tech (2010) 2(3):182-186

186

Acknowledgments

The authors would like to thank MSU for master student grants
(Fiscal year 2009), as well as funding from the Thailand Research
Fund and the Commission for Higher Education (TRF-CHE) under
Rakrudee  Sarnthima grant no. MRGS5080224. Pimjai
Suwannawong is a M.Sc. student granted by the Center of
Excellence for Innovation in Chemistry (PERCH-CIC), Department
of Chemistry, Faculty of Science, Mahasarakham University. The
authors thank Dr. Jolyon Dodgson for English corrections. The
authors declare that they have no conflict of interest.

References

Baldrian P (2006) Fungal laccases-occurrence and properties.
FEMS Microbiol Rev 30: 215-242

Bradford MM (1976) A rapid and sensitive method for quantitation
of microgram quantities of protein utilizing the principle of
protein-dye-binding. Anal Biochem 72: 248-254

Camarero S, Ibarra D, Martinez MJ, Martinez AT (2005) Lignin-
derived compound as efficient Laccase mediators for
decolourization of different type of recalcitrant dyes. Appl
Environ Microbiol 71: 1775-1784

Eduardo T, Ismael J, Sylvie LB (2003) Potential use of oxidative
enzymes for the detoxification of organic pollutants. Appl
Catal B Environ 46: 1-15

Eggert C, Temp U, Eriksson K-EL (1997) Laccase is essential for
lignin degradation by the white-rot fungus Pycnoporus
cinnabarinus. FEBS Letters 407 (1): 89-92

Eichlerova I, Homolka L, Lisa L, Nerud F (2005) Orange G and
Remazol brilliant blue R decolourization by white rot fungi
Dichomitus squalens, Ischnodeama resinosum and Pleurotus
calyptratus. Chemosphere 60: 398—404

He Z, Sun C, Yang S, Ding Y, He H, Wang Z (2009)
Photocatalytic degradation of rhodamine B by Bi,WOewith
electron accepting agent under microwave irradiation:
Mechanism and pathway. J Hazard Mater 162: 1477-1486

Kaneko S, Cheng M, Murai S, Takenaka S, Murakami S, Aoki K
(2009) Purification and characterization of an extracellular
laccase from Phlebia radiate strain BP-11-2 that decolorizes
fungal melanin. Biosci Biotechnol Biochem 73: 939-942

Khammuang S, Sarnthima R (2007) Laccase from Spent
Mushroom Compost of Lentinus polychrous Lev. and its
potential for Remazol Brilliant Blue R decolorization.
Biotechnology 6: 408—413

Khammuang S, Sarnthima R (2009) Mediator-assisted Rhodamine
B decolorization by Trametes vorsicolor laccase. Pakistan J
Biol Sci 18: 616623

Laemmli UK (1970) Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature 227: 680—
685

Lu L, Zhao M, Zhang BB, Yu SY, Bian XJ, Wang W, Wang Y
(2007) Purification and characterization of laccase from
Pycnoporus sanguineus and decolorization of an antraquinone
dye by the enzyme. Appl Microbiol Biotechnol 74: 1232—1239

Mayer AM, Staples RC (2002) Laccase: new functions for an old
enzyme. Phytochemistry 60: 551-556

Michniewicz A, Ledakowicz S, Ullrich R, Hofrichter M (2008)
Kinetics of the enzymatic decolorization of textile dyes by
laccase from Cerrena unicolor. Dyes Pigments 77: 295-302

Minussi RC, Pastore GM, Duran N (2002) Potential applications of
laccase in the food industry. Trends Food Sci Tech 13: 205—
216

Morozova OV, Shumakovich GP, Gorbacheva MA, Shleev SV,
Yaropolov Al (2007) Blue laccases. Biochemistry (Moscow)
72:1136-1150

Ornstein L (1964) Disc electrophoresis. 1. Background and theory.
Annals New York Academy of Sciences 121: 321-349

Park KM, Park SS (2008) Purification and characterization of
laccase from Bacidiomycete Fomitella fraxinea. J Microbiol
Biotechnol 18: 670-675

Sarnthima R, Khammuang S, Svasti J (2009) Extracellular
ligninolytic enzymes by Lentinus polychrous Lév. under solid-
state fermentation of potential agro-industrial wastes and their
effectiveness in decolorization of synthetic dyes. Biotechnol
Bioproc Eng 14: 513522

Selvam K, Swaminathan K, Chae KS (2003) Decolourization of
azo dyes and a dye industry effluent by a white rot fungus
Thelephora sp. Bioresource Technology 88: 115-119

Widsten P, Kandelbauer A (2008) Laccase applications in the
forest products industry: A review. Enzym Microb Tech 42:
293-307

Younes SB, Mechichi T, Sayadi S (2007) Purification and
characterization of the laccase secreted by the white rot fungus
Penrenniporia tephropora and its role in the decolourization of
synthetic dyes. J Appl Microbiol 102: 1033—-1042

Zollinger H (2003) Color Chemistry: Syntheses, Properties, and
Applications of Organic Dyes and Pigments. Wiley-VCH,
Switzerland



