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Abstract

In this paper are presented the results obtained on azo dyes
decolourization, using two different enzymes, a laccase and a peroxidase.
The ability of Trametes villosa laccase to degrade an azo dye (Methyl
orange) and of a novel peroxidase to decolourize Orange IV was studied in
terms of Michaelis-Menten constants.
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Introduction

Azo dyes, the largest chemical class of dyes with the greatest variety of
colors, have been used extensively in the latest years for the textile dyeing
and paper printing. The release of azo dyes into the environment is a concern
due to coloration of natural waters and due to the toxicity, mutagenicity and
carcinogenicity of the dyes and their biotransformation products. Therefore,
considerable attention has been given to evaluating the fate of azo dyes
during wastewater treatment and in the natural environment.

The elimination of coloured effluents in wastewater treatment systems
is mainly based on expensive physical or chemical procedures such as
adsorption, concentration, chemical transformation and incineration(Moreira
et al., 2000).

Several processes for enzymatic decolourization of textile dyes have been
suggested.

The extracellular ligninolytic enzyme system of white-rot fungi can
degrade a wide variety of recalcitrant compounds, such as xenobiotics,
lignin, and various types of dyes(Paszczynski et al., 1995). The major
enzymes assoclated with the lignin-degrading ability of white-rot fungi are
lignin peroxidase (EC 1.11.1.14) (Macarena et al., 2005), manganese
peroxidase (EC 1.11.1.13) (McCue et al, 2005) and laccase
(1.10.3.2)(Sigoillot et al., 2005).
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Laccases are a multi-copper phenol oxidase, which reduces oxygen to
water and simultaneously catalyze the oxidation of aromatic pollutants like
anilines and phenols (Bourbonnais et al., 1997; Robles et al., 2000). Several
methods using laccase, immobilized laccase and laccase/mediator system
have been developed for the treatment of the textile effluents (Blanquez et
al., 2004; Kirby et al., 2000; Martins et al., 2003; Maximo et al., 2004;
Novotny et al., 2004; Peralta-Zamora et al., 2003; Robinson et al., 2001;
Soares et al., 2002; Wesenberg et al., 2003). This enzyme decolorizes some
azo dyes without direct cleavage of the azo bond through a highly non-
specific free radical mechanism, thereby avoiding the formation of toxic
aromatic amines (Chivukula et al., 1995). However, the substrate specificity
of laccase limits the number of azo dyes that can be degraded (Chivukula et
al., 1995; Chung et al., 1992; Chung et al., 1993).

Versatile peroxidase (VP) is a novel heme peroxidase type described in
fungi from the genera Pleurotus and Bjerkandera, whose biochemical,
molecular and structural aspects are being thoroughly investigated
(Camarero et al., 1999; L. Banci et al., 2003; Martinez et al., 1996; Meunier
et al., 1998; Ruiz-Dueiias et al., 1999.). The most intriguing characteristics
of this new enzyme is its ability to use a variety of electron donor substrates
that were previously considered as characteristic of other peroxidase types,
such as manganese peroxidase (MnP) lignin peroxidase (LiP) and
horseradish peroxidase (HRP) (Heinfling et al., 1998; Martinez, 2002).

The bioelectrocatalytical properties of these two enzymes open the
perspectives for a possible further development of biosensors for azo dyes
detection/degradation.

Experimental

The methyl orange dye (3-(4-dimethylamino-1-phenylazo) benzene
sulfonic acid sodium salt) (see Figure 1A) was synthesized by the
conventional method of coupling the diazonium salt of methanilic acid with
either N,N-dimethyl-p-phenylenediamine(Furniss et al., 1989). The
minimum dye content was 90%. The structures of the isolated dye, as
sodium salts, were confirmed by IH NMR spectroscopy in
dymethylsulfoxide (DMSO).

Orange IV (C.1. 13080; Acid Orange 5) (an azo dye) (Figure 1B) was
purchased from Sigma, St. Louis, MO, USA.

I-hydroxybenzotriazole and the salts were purchased from Sigma, St. Louis,
MO. All chemicals were of high purity and used as received. Citrate buffer
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salts were of analytical grade and obtained from Merck, Darmstadt,
Germany. All aqueous solutions were prepared using distilled water.
Recombinant VP was obtained by expressing the cDNA of the allelic variant
VPL2 of P. eryngii in E. coli followed by protein refolding in the presence of
heme, as previously reported (Perez-Boada et al., 2002).

Laccase (EC 1.10.3.2) from Trametes villosa (5.3 mg protein/mL, 600
U/mL) was kindly provided by Novo Nordisk, Denmark.

Fig. 1: Structure of (A) 3-(4-dimethylamino-1-phenylazo) benzene sulfonic acid sodium,
and (B) Orange IV

The enzymes modified electrodes were prepared using rods of solid
spectroscopic graphite (SGL Carbon, Werke Ringsdorff, Bonn, Germany,
type RWO001, 3.05 mm diameter). The graphite rods were first polished on
wet fine-structured emery paper (grit size: P1200) and then additionally
polished on paper to obtain a mirror-like surface. The electrode rods were
carefully rinsed with deionised water and allowed to dry at room
temperature. A 5 pl aliquot of the enzyme solution was added to each of the
polished ends of the graphite rods and the adsorption was allowed to proceed
for 1 h at 4°C. The enzyme electrodes were then thoroughly rinsed with
buffer, and if not immediately used, they were stored in buffer at 4°C.

Weakly adsorbed enzyme was desorbed before measurements, by
rotating the electrode in buffer for at least 30 min.

The enzyme electrode was fitted into a rotating disk electrode holder
(RDE; Radiometer Analytical, Villeurbanne, France, model EDI101), which
was placed in a three-electrode cell with an Ag|AgCl (saturated KCI)
reference electrode (BAS, Bioanalytical Systems, West Lafayette, IN, USA)
and a platinum wire auxiliary electrode. The electrodes were connected to a
Voltalab 30 Potentiostat (Radiometer Analytical) controlled by the
Voltamaster 4 (version 5.6) electrochemical software. All measurements
were performed at an applied potential of -50 mV versus Ag|AgCl (Lindgren
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et al., 1998; Ruzgas et al., 1995). The current was registered using various
rotation speeds (200 rpm). Prior to experiments, the solution was bubbled
with nitrogen for 15 min. Nitrogen was passed over the solution during the
experiments.

Results and Discussion

Laccase catalyzes the oxidation of organic substrates such as phenolic
compounds by molecular oxygen in homogeneous solutions. When laccase is
adsorbed on graphite, bioelectrocatalytic reduction of oxygen occurs and is
observed as a reduction current caused by direct (mediatorless) electron
transfer (DET) from the electrode to the immobilized laccase and then
further to molecular oxygen in solution. In the presence of soluble electron
donors, laccase can be reduced in a mediated electron transfer (MET)
mechanism. In this mechanism the electron donor (substrate) penetrates the
active site of the enzyme where it is oxidized in a single electron oxidation
step often producing an electrochemically active compound (possibly a
radical) that in turn can be re-reduced at the electrode surface in a mediated
electron transfer (MET) step.

Initial experiment (applied potential -50mV versus Ag|/AgCl) showed
that these electrodes have low noise/background current while upon the
injection of the solution of methyl orange a reduction current will be
generated. Such a response is relatively well understood and it is usually
ascribed to electrochemical reduction of laccase oxidation products. The
responses are dependent on the concentration of the azo dye in the solution
of interest. At higher azo dye concentrations the current-concentration
dependence gradually reached saturation (Figure 2). The apparent
Michaelis—Menten constants (K,,"™") and maximal currents (/) have been
calculated by fitting the variation of current-concentration dependencies of
the analyzed compounds to the electrochemical Michaelis—Menten equation
(Equation 1)(Shu et al., 1976). K" is an indicator of the affinity that an
enzyme has for a given substrate, and hence the stability of the enzyme-
substrate complex.

1151
J = —mexl?] 1
[S]+ K 2r @
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where S is the substrate concentration, /. the maximum current and K,,**"

the apparent Michaelis—Menten constant. The calculated values of K, and
the catalytic efficiencies are presented in Table 1.

Table 1: Michaelis Menten constants

app jJ’n'ua,x"!""(mﬂprj
Tivax (]J-A) K (”M) (NM-l cm’g)
Methyl Orange and laccase 0.793+0.002 | 31.497+0.075 | 0.025+0.003

Azo dye and laccase in presence of HBT | 1.510+0.009 0.699+£0.004 | 2.160+0.008

Orange IV and versatile peroxidase 0.249+£0.009 | 24.559+2.635 | 0.141+0.012

The kinetics of mediated laccase catalyzed reactions is firstly affected
by the affinity between enzyme and the mediator. An estimation of this
influence can be done by amperometric measurements in terms of 7, /K, ™"
ratio. These parameters are often calculated in the design of enzymatic
sensors to evaluate the sensitivity of the system proposed, which is related to
the low or high affinity of the enzyme towards a specific substrate. Lower
K™ values at similar catalytic currents involved higher effectiveness of the
enzyme at lower mediator concentrations.
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Fig 2: Calibration graph for methyl orange obtained with a laccase modified graphite
electrode in 0.1 M citrate buffer pH 5.0, at -50mV vs. Ag|AgClI.
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Peroxidases are important enzymes in analytical biochemistry. The
common feature of all heme peroxidases is that their active sites contain very
similar prosthetic groups, which for a majority of known plant peroxidases it
1s a heme b, or ferriprotoporphyrin IX.

The peroxidase electrodes were used to determine the mediators in the
RDE mode. Each experiment started having just the buffer in the system.
When a stable baseline was achieved, the enzyme substrate, H202 (100 uM
final concentration), was added to the system and a steady-state current due
to the direct ET was registered. If the sample containing a donor substrate is
added in the peroxidase system, enzymatic oxidation of the mediators results
in radicals that can be electrochemically rereduced at the electrode (-50 mV
vs. Ag|AgCl), resulting in a reduction current proportional to the substrate
concentration. A representative calibration curve for Orange IV is presented
in figure 3.

In all cases the VP-electrodes displayed Michaclis-Menten like
kinetics. The kinetics of mediated laccase catalyzed reactions are firstly
affected by the affinity between enzyme and the mediator.
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Fig. 3: Calibration graph for Orange IV obtained with a peroxidase modified graphite
electrode in 0.1 M citrate buffer pH 3.0, at -50mV vs. Ag|AgCl
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Conclusions

The present study reveals that these two enzymes, laccase and
versatile peroxidase, have the potential for analytical applications.

This versatile peroxidase, was shown to possess optimal
bioelectrocatalytical properties for a possible further development of
peroxidase-modified biosensors for azo dyes detection/degradation.

With the addition of the HBT as a mediator 1t was possible to
improve the degradation of the Methyl orange using laccase. Beside, the
good results obtained when the laccase is adsorbed onto the electrode surface
gives us excellent promises for usage of these systems in online monitoring
of the enzyme activity.
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