
COMPARATIVE DETOXIFICATION OF REMAZOL RRILLIANT BLUE R BY FREE AND

IMMOBILIZED LACCASE OF OUDEMANSIELLA CANARII

The Microtox assay showed a diminution of 90% in the toxicity of the RBBR
solution after laccase treatment (Figure 2A). In relation to the radicle growth
(root elongation), an expressive reduction in the toxicity of the RBBR
solution was observed after the action of free and immobilized laccases.
While untreated RBBR caused reduction in root elongation, the latter was
significantly less affected in the presence of laccase-treated RBBR (Figure
2B). The results indicate that toxicity was closely associated to the presence
of RBBR as it was practically entirely removed in parallel to the removal of
RBBR from the incubation. In addition, these results suggest that the
degradation products of RBBR are much less toxic than the parent
compound.

Figure 2. Evaluation of toxicity of RBBR before and after treatment with laccase
from O. canarii. In A: Changes in percent luminescence inhibition of Vibrio
fischeri caused by RBBR treated for 0, and 24 h with free and immobilized
laccase from O. canarii. In B: Evaluation of phytotoxicity of RBBR before and
after treatment with free and immobilized laccase using lettuce seeds (Lactuca
sativa) seeds.

The reduction in toxicity of RBBR was accompanied by substantial
alterations in the chemical structure of RBBR. The FTIR spectra clearly
indicate that there was a structural degradation of RBBR (Figure 3).

Figure 3. FT-IR of RBBR after (A) and before (B) treatment with free and
immobilized laccase.

Abstract

Laccases (EC 1.10.3.2) are multicopper oxidases capable of oxidizing a
broad range of substrates with the concomitant reduction of O2 to
water. A laccase from Oudemansiella canarii was immobilized using the
crosslinked enzyme aggregate (CLEA) methodology and applied in the
degradation of the anthraquinonic dye Remazol Brilliant Blue R (RBBR).
The immobilized laccase was superior to the free laccase in both thermal
and storage stabilities. Both immobilized and free laccase decolourized
100 mg/L RBBR within 24 h at 30 °C and pH 5.0, but the former was still
efficient in degrading the dye after at least 6 cycles. The relationship
between the decolorization rate and the RBBR concentration obeyed
Michaelis–Menten kinetics, with KM of 0.126 ± 0.044 mmol/L and Vmax of
1.412 ± 0.295 µmol/min for free laccase and KM of 0.159 ± 0.050 mmol/L
and Vmax of 1.214 ± 0.242 µmol/min for immobilized laccase. Fourier
transform infra-red spectroscopy (FTIR) and mass spectrometry allowed
to conclude that the O. canarii laccase acts not only on the chromophore
group of the dye, but that it also cleaves other covalent bonds, causing
an effective fragmentation of the molecule. The Microtox assay detected
a significant diminution in toxicity, a finding corroborated by the
phytotoxicity test performed with lettuce seeds. Our results indicate that
the immobilized laccase from O. canarii could be useful in biological
strategies aiming at degrading unwanted dyes in the environment
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Introduction
Laccases (benzenediol:oxygen oxidoreductases, EC 1.10.3.2) catalyze
the selective oxidation of various compounds, such as mono- and di-
phenols or their derivatives with amino-, carboxy-, hydroxy-, methoxy-,
or sulpho- functional groups, simultaneously reducing O2 to H2O (1). The
potential of laccases as biological catalysts in biodegradation and
detoxification processes of RBBR is amply recognized. The
immobilization of laccases is desirable because it may overcome, at
least in part, the limitations of using these enzymes in large scale
applications, particularly in those that usually cause pronounced losses
in the stability of the free enzymes. In spite of the financial onus of
immobilization, the possibility of repeated use diminishes the overall
costs of production (2; 3). Recently, a 41 kDa laccase from the white-rot
fungus Oudemansiella canarii was described as being highly efficient in
degrading and reducing the toxicity of the azo dye Congo red (4).
Immobilization of this enzyme, however, has not yet been attempted.
Within this context, the purposes of the present study were to
immobilize the O. canarii laccase using the CLEA methodology and to
compare the capability of free and immobilized enzymes in the
degradation of RBBR. Even if no unique new properties are revealed,
however, the use of such a widespread and useful methodology is likely
to widen the list of suitable immobilized enzymes that can be applied to
the degradation of RBBR. Toxicity of the dyes and of their degradation
products in the environment has been, in general, the object of major
concerns (5). RBBR is not an exception in this respect. For this reason,
particular emphasis was given to the toxic properties of the degradation
products resulting from the RBBR treatment by the immobilized laccase.

Conclusion

In conclusion, for the first time, a laccase from O. canarii was successfully

immobilized using the CLEA method. Immobilization improved both the operational

and the storage stabilities of the enzyme. Free and immobilized laccases were highly

efficient in the oxidation of ABTS and in the decolorization of Remazol Brilliant Blue

R. Additionally, the immobilized laccase can be used for at least 10 cycles to oxidize

ABTS, and at least 6 cycles to decolourize RBBR. The products of RBBR degradation

by O. canarii laccase were less toxic than the parent dye according to the Microtox

assay, a finding corroborated by the phytotoxicity test performed with lettuce seeds.

The O. canarii laccase effectively degraded and split the RBBR molecule into several

small metabolites. These molecules are less toxic than the parent compound, an

observation indicating that the degradation promoted by the O. canarii laccase is not

restricted to decolorization. The bulk of the observations suggests that the O.

canarii laccase could be of use in biological strategies designed to degrade

anthraquinonic and other unwanted dyes in aqueous systems.
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Materials and methods
The laccase immobilization was performed at 4 °C following the methodology previously
described with modifications (6; 7). Ammonium sulphate was slowly added to 10 mL of the
laccase solution containing 440 U/mg of protein to obtain 55% (wt/v) saturation. After
complete solubilization of ammonium sulphate, glutaraldehyde (from 50 to 200 mmol/L
final concentration) was added as crosslinking agent. The suspension was kept at 4 °C for
different times (12, 24 and 36 h). Centrifugation was done for 15 min at 5000 rpm. The
precipitated materials (CLEAs) were washed four times for removing excess ammonium
sulphate and glutaraldehyde, and stored at 4 °C in acetate buffer until use. The toxicity
assays with both untreated and laccase treated RBBR samples were done using two
methods. In the first, a commercial bioassay test (Microtox test kit) was used, which is
based on the inhibition of light emitted by Vibrio fischeri (bioluminescence), according the
ISO 11348-3:2007 protocol. After an incubation period of 15 min at 15 °C, light emission
was measured photometrically in a Microtox-SDI Model 500. The relative inhibitory
luminescence rate was taken as a measure of the toxicity changes during the degradation
process of RBBR. An additional toxicity test was done using lettuce seeds (Lactuca sativa).
The bioassay was conducted using untreated and laccase treated RBBR diluted to obtain
the original dye at 100 ppm. Petri dishes (90 mm diameter), containing filter paper
saturated with 3 mL of various samples or water (control), received each twenty seeds.
After 5 days, the lengths of the radicles were measured and expressed as root elongation
in cm (8).

Results
Free and immobilized laccases were efficient in the decolorization of aqueous
RBBR, as the dye solution became gradually colourless as a function of the
incubation time. While a RBBR solution without enzyme, maintained under the
same conditions, showed no signs of decolorization, after 24 h of incubation, the
initial absorbance at 595 nm of RBBR was diminished by 80% in the presence of
laccase. (Figure 1A). The way by which the decolorization rate changes with the RBBR
concentration can be described by the Michaelis–Menten equation (r2 = 0.9202) (Figure
1B). The KM value for the free laccase was 0.126 ± 0.044 mmol/L whereas its Vmax was and
1.412 ± 0.295 µmol/min. The kinetic data obtained with the immobilized enzyme also
conformed to the Michaelis-Menten model (r2=0.9513), with a KM value of
0.159 ± 0.050 mmol/L and a Vmax value of 1.214 ± 0.242 µmol/min.

Figure 1. Alteration in the visible spectral
characteristic of RBBR after degradation by free
and immobilized O. canarii laccase (A) and kinetics
of RBBR transformation by laccase from O.
canarii (B). In B, to determine the kinetic
parameters (maximal reaction rate, Vmax, and the
Michaelis–Menten constant, KM), the initial
reaction rates of RBBR transformation were
monitored. General conditions: time of reaction,
2 min; pH, 5.0 (50 mmol/L acetate buffer);
temperature, 30 °C. Symbols represent the
experimental rates. The continuous lines were
calculated using the Michaelis-Menten equation,
v = Vmax[S]/(KM + [S]), into which the optimized
parameters Vmax and KM were introduced.
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