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Abstract

In this study, the exact contribution of T. versicolor fungal biomass and laccase in the removal of the Orange II dye from
liquid culture was determined. Biomass and laccase were produced with three different carbon sources [bran flakes (BF),
wheat bran (WB) and wheat flour (WF)]. The contribution of the biomass and the laccase enzyme in the removal of the
Orange II dye was assessed as follows: (A) in vivo treatment with fungal biomass; in vivo treatment with fungal biomass and
inhibited laccase (using 0.6 mM sodium azide); and (B) in vitro treatment with crude laccase. The results of fungal biomass
production were similar for all the carbon sources evaluated, while laccase volumetric activities were different. The highest
enzyme production was obtained with WB, followed by BF and WF. In the in vivo treatment with fungal biomass—laccase,
dye removal was over 84% for all the carbon sources. Dye adsorption by fungal biomass varied from 1.5-2%, presenting
enzymatic activities ranging from 62 to 163 U L™!. In the in vivo treatment with fungal biomass-inhibited laccase, the
removal of the dye varied from 30 to 72%. In this case, the percentage of dye adsorption by fungal biomass was significantly
increased and ranged from 18 to 53%. In the in vitro treatment with laccase, the removal ranged from 80 to 84%. The best
treatment for dye removal involved the use of both fungal biomass and laccase. The carbon source for biomass and laccase
production had an impact on dye removal.
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Introduction

Effluents generated by textile industries cause serious water
contamination problems, due to the fact that they contain
elevated concentrations of different synthetic dyes used in
the processing and dyeing (Kirby et al. 1995; McMulan et al.
2001; Forgacs and Cserhéati 2004; Daneshvar et al. 2017).
Industrial textile effluents are released into the environ-
ment without adequate treatment, causing adverse effects
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on ecosystems (Goncalves et al. 2000; Kumari and Naraian
2016). Azo-type dyes are among the most used dyes in this
industry due to their high staining efficiency and tonal dye-
ing that present high chemical stabilities and resistance to
abiotic removal such as light, temperature, and alkalinity
(Robinson et al. 2001; Gajera et al. 2015). The main prob-
lems caused by the presence of a mixture of diverse synthetic
dyes in water bodies are that they directly affect photosyn-
thetic processes and form aromatic amines that can be gener-
ated by anaerobic removal processes (Jin et al. 2007; Singh
et al. 2015). Physicochemical and biological treatments can
be used to reduce pollution by these dyes. Physicochemical
treatments are efficient, but lead to the formation of toxic
by-products and these processes are generally expensive
(Zablocka-Godlewska et al. 2014). Biological treatment of
the pollution is considered to be environmentally friendly
and cost-effective. Biological treatment involves the degra-
dative capacity of bacteria, fungi and plants. Fungi, mainly
basidiomycetes, are considered adequate to treat water pol-
luted with dyes, because their metabolic versatility has been
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associated with the presence of a multi-enzymatic system,
capable of degrading a diversity of xenobiotic compounds
(Rodriguez et al. 1999; Wesenberg et al. 2003; Vanhulle
et al. 2007). Different studies have demonstrated that basidi-
omycetes such as Phanerochaete chrysosporium, Pleurotus
ostreatus, Trametes villosa and Trametes versicolor are capa-
ble of decolorizing effluents polluted with azo dyes (Cripps
et al. 1990; Yesilada et al. 2003; Chagas and Durrant 2001;
McMullan et al. 2001; Zille et al. 2005). However, even with
the number of reports related to dye degradation by fungi,
the mechanisms by which enzymatic transformation and/
or metabolic degradation take place is not well understood
(Rodriguez et al. 2004; Blanquez et al. 2004; Mielgo et al.
2001).

The purpose of this study was to evaluate the contribu-
tion of the fungal biomass 7. versicolor and/or laccase in the
removal of the Orange II dye in liquid culture. The produc-
tion of the enzyme with three different carbon sources (BF,
WB and WF) was evaluated. Subsequently, the contribution
of the fungal biomass and the laccase enzyme in the removal
of the Orange II dye was assessed.

Materials and methods
Azo dye

Orange II (sodium 4-[(E)-(2-hydroxy-1-naphthyl) diazenyl]
benzenesulfonate (C,cH,;N,NaO,S) and ABTS (2, 2"-azino-
bis (3-ethyl-benzo-thiazoline-sulfonate) were purchased
from SIGMA.

Organism

The white-rot fungus 7. versicolor HEMIM-9 was isolated
from decayed oak (Quercus sp.) in Morelos, central Mexico,
and kept in the culture collection of the Mycology Labora-
tory at the Centro de Investigaciones Bioldgicas, UAEM,
México. A sample was kindly provided by M.C. M.L.
Acosta-Urdapilleta.

Culture media

Potato dextrose agar (PDA) 39 gL.~! was used as the solid
culture media for the growth and conservation of 7. versi-
color. The PDA media was sterilized at 121 °C at 100 kPa
for 20 min. Subsequently, Petri dishes prepared with PDA
were inoculated using approximately 0.5 cm? of the fungus
grown on the solid media and incubated at 25 °C in dark-
ness for 8 days.
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Laccase production

Laccase production was carried out in 1 L Erlenmeyer
flasks, with a final volume of 500 mL. The inoculum was
prepared with the biomass grown on the solid PDA for
8 days, then the mycelium was separated from the solid
medium and resuspended in 50 mL of 100 mM phosphate
buffer (pH 6), and then homogenized in a Ultra-Turrax
handheld blender at 30,000 rpm for 10 s; 10 mL was then
inoculated from the fungal suspension. The liquid cultures
with different carbon sources (BF, WB and WF) were
added at 1% in phosphate buffer (100 mM, pH 6.0), inoc-
ulated and incubated at 29 °C and 150 rpm for 10 days.
Samples were taken from the cultures every 24 h. The
samples were centrifuged at 10,000 rpm for 10 min for
quantification of enzyme activity.

Dye removal experiments

To investigate whether Orange II removal by T versicolor
was associated with laccase extracellular activity and/or
growth mechanisms, the following experiments were per-
formed: in vivo treatment with fungal biomass of 7. ver-
sicolor obtained after 5 days cultivation (fungal biomass
and extracellular laccase); in vitro treatment with laccase
obtained from culture filtrates after 5 days cultivation with
the different carbon sources and in vivo treatment with fun-
gal biomass of T. versicolor obtained after 5 days cultivation
with 0.6 sodium azide (NaNj) to inhibit laccase activity. The
NaNj; concentration did not inhibit the fungal growth.

In vivo dye treatment with fungal biomass (fungal
biomass-laccase)

Dye biodegradation was carried out in 50 mL, contain-
ing a phosphate buffer solution, and the Orange II dye
(25 mg L"), and inoculated with 10% of wet biomass. Bio-
degradation was carried out at 29 °C and maintained with
constant shaking (150 rpm) for 24 h. Samples were taken
every 4 h during a 24 h period and dye removal was quanti-
fied by spectrophotometry.

In vivo dye treatment with fungal biomass
and laccase inhibited (fungal biomass—laccase
inhibited)

Dye removal was carried out in 50 mL flasks containing
phosphate buffer solution, Orange II at 25 mg L™!, NaN,
0.6 mM and 10% of the inoculum. Biodegradation was car-
ried out at 29 °C and constant shaking maintained (150 rpm)
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for 24 h. Samples were taken every 4 h during a 24 h period
and dye removal was quantified by spectrophotometry.

In vitro dye treatment with enzymatic extracts
(laccase)

Azo dye removal was performed in 50 mL flasks, in phos-
phate buffer with 25 mg L~! of Orange II. 120 UL™! of
laccase (obtained using the different carbon sources) was
added to the reaction mixture. Samples were taken every
4 h during a 24 h period and dye removal was quantified by
spectrophotometry.

Enzymatic activity assay

Laccase activity was determined at 25 °C by oxidation of
ABTS (1 mM) in 100 mM sodium acetate buffer (pH 3.6)
mixed with 100 pl aliquots of liquid culture in a total volume
of 1 mL. The oxidation of ABTS was determined at 436 nm
(e=29,300 M~! cm™!) using a UV/Vis spectrophotometer
(DU 640 Beckman). One activity unit was defined as the
amount of enzyme that oxidized 1 pmol of ABTS per min.
Laccase activity was expressed in UL™!. Experiments were
carried out in triplicate.

Orange Il quantification

Dye concentration was determined by spectrophotometry at
wavelength of 480 nm using a Beckman (DU 640) spec-
trophotometer. A standard curve ranging from 1 to 30 ppm
Orange II dye was used.

Dye extraction from fungal biomass

The biomass content of each replicate, previously washed,
was homogenized in 20 mL of methanol for 20 s in Ultra-
Turrax handheld blender at 13,500 rpm. Subsequently, the
suspension obtained was centrifuged for 5 min to eliminate
solid particles. The dye was recovered and quantified by
spectrophotometry.

Effect of enzymatic and metabolic activities
on Orange Il dye degradation

The effect of the factors on Orange II dye degradation was
assessed using a 22 factorial experimental design (Table 1).
Laccase and biomass were produced in three different cul-
ture media (BF, WB or WF) and were independently evalu-
ated. The effect of the metabolic activity (active biomass)
was assessed at 0 and 5 gL~!. The effect of laccase activity
was assessed at 0 and 120 UL™!. The main effects for each
of the factors evaluated on the response were as follows:

Table 1 The effect of fungal biomass and laccase on Orange II dye
removal assessed using a 22 factorial experimental design

Run Factors Response: dye removal (mg L™")

Fungal Laccase Carbon sources
biomass (UL™YH
(el Bran Wheat Wheat flour
flakes bran
1 -1 -1 0 0 0
2 -1 -1 0 0 0
3 -1 -1 0 0 0
4 +1 -1 16.8 4.9 5.8
5 +1 -1 11.1 5.7 6
6 +1 -1 14.7 54 10.9
7 -1 +1 20.1 22 21.2
8 -1 +1 19.5 223 20.7
9 -1 +1 20.3 222 20.6
10 +1 +1 21.1 21 17.2
11 +1 +1 20.6 21.7 16.6
12 +1 +1 21.5 22.1 17.5
pi= ()= (7) (1

where , is the effect of the ith factor on the response, and
y;" and y;” are the mean responses for the upper (+) and the
lower (=) levels of the ith factor. The interactions of two
factors were also calculated by this equation. The general
equation is a first-degree polynomial:

Y = o+ 2 B+ X BXy+ ) BuXi + e, )

where Y is the estimated response, , the general mean, X,
X; the sum of main effects of the factors, £p; X;; the sum of
two-factor interaction effects, £p; X the sum of three-
factor interaction effects, and is the lack of fit of the model
(error).

ANOVA analysis was made by using the SAS software
and the Design Expert 5-Stat-Ease 1996 software.

Results and discussion

T. versicolor laccase production using different
carbon sources

Laccase production by T. versicolor grown in different car-
bon sources (BF, WB and WF) are presented in Fig. 1. It
should be pointed out that only laccase production curves are
presented due to the fact that no other phenol oxidase (MnP
and LiP) activity was detected (data not shown).
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Fig.1 Laccase production of 7. versicolor on three different carbon
sources. Enzyme production was carried out in 1 L Erlenmeyer flasks,
with a final volume of 500 mL. Bran flakes (BF), wheat bran (WB)
and wheat flour (WF) were added at 1% into phosphate buffer, inocu-
lated and incubated at 29 °C and 150 rpm for 10 days

The production of laccase in carbon sources WB and BF
began on the 5th day, while in the presence of WF enzymatic
activity was not detected until the 7th day. The highest lac-
case production was achieved with WB (2010 UL™") on the
9th day, while with BF and WF enzyme production was less
(800 and 303 UL, respectively) on the 10th day. These
results demonstrate that the source of non-lignocellulosic
carbon (WF) leads to low enzyme production, while in lig-
nocellulosic media (BF and WB) the production was higher.
Between the two lignocellulosic sources, the one with the
highest enzyme production was that of WB. This may be
a consequence of the difference in fiber content, since the
BF contains 34% fiber while the WB contains more than
twice the fiber (78%). This indicates that the synthesis and
secretion of the enzyme are regulated by the composition of
the culture medium (Pereira et al. 2003; Patel et al. 2009).
In other studies with the strain of 7. versicolor, it has been
shown that the bands in zymograms correspond not only to
one isoform, but that up to five isoforms can be found. The
above has been demonstrated when isoelectric point gels are
made when phenolic extracts from wood residues were used
as inducers (Bertrand et al. 2014).

In vivo Orange Il treatment with fungal biomass
(fungal biomass-laccase)

A synthetic Orange II dye effluent (pH 6.5) was used for
biodegradation experiments. Twenty-five mgL~! of the azo
dye was added to T. versicolor submerged culture and grown
in three different media (BF, WB and WF). The evolution
of the removal percentage and the extracellular enzymatic
activity is shown in Fig. 2. In Fig. 2a, a rapid decrease in
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Fig.2 In vivo Orange II treatment by 7. versicolor biomass grown
on three different carbon sources at 24 h. a Removal: 25 mg L™! of
Orange II was added to the fungal culture and for (b) laccase produc-
tion. Laccase production was carried out as described in Fig. 1

dye concentration was observed, and 65-80% removal was
achieved in the first 24 h. Differences in removal by the bio-
mass grown in the carbon sources were observed, the lowest
being with WF. Only 50-200 UL"! volumetric activity of
laccase was detected with respect to extracellular enzyme
activity (Fig. 2b). It seemed that removal could be related to
extracellular enzyme activity. During biotic removal experi-
ments, the dye was adsorbed into the biomass in the first half
hour, after 24 h complete dye removal was observed. While
under abiotic conditions, with the inactivated biomass, the
remaining dye was adsorbed into the fungal biomass.

With the aim of demonstrating whether the dye removal
was as a result of biological or enzymatic degradation, mass
balances were performed; the remaining dye in the superna-
tant and biomass quantified previous extraction with ethyl
acetate. The results obtained are shown in Fig. 3. In all three
cases, the dye remaining in the biomass was less than 2%.
Biotic and abiotic processes were observed to affect dye
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Fig.3 Contribution of biotic and abiotic factors on dye removal by T.
versicolor biomass grown on three different carbon sources. Control
without fungal biomass. For mass balances, the remaining dye in the
supernatant and biomass was extracted with ethyl acetate and quanti-
fied

removal from the supernatant. Biotic processes involve the
metabolic degradation/transformation of the dye. In the case
of abiotic processes, the phenomenon of dye adsorption by
fungal biomass was observed.

The dye removal balances showed that for the three
carbon sources, the biotic factors were responsible for the
65-83% removal of dye concentration, while less than
2% was attributed to an abiotic process in the fungal bio-
mass—laccase treatment. It should be mentioned that a
lower enzymatic transformation/metabolic degradation was
obtained when the biomass was grown in WF. The results of
dye adsorption by the fungal biomass were low with respect
to studies realized by Zhao and Hardin (2007), since they
reported dye adsorption levels higher than 10% in the fungal
biomass.

Orange Il dye treatment by T. versicolor and laccase
inhibited (fungal biomass-laccase inhibited)

To investigate the exact contribution of the fungal biomass
in the removal and/or biodegradation process, experiments
using one inhibitor of extracellular enzymatic activity in
in vivo T. versicolor cultures were performed. A concentra-
tion of 0.6 mM of NaN; was determined as the lowest con-
centration that completely inhibited laccase activity without
affecting fungal growth (data not shown).

The results obtained in the Orange II dye removal pro-
cess, with the fungal biomass and the inhibited laccase can
be observed in Fig. 4. In the dye removal treatment (fungal
biomass- laccase inhibited) obtained with the three carbon
sources BF, WB and WF, a rapid decrease in dye concentra-
tion was observed in the first 12 h. The removal percentage
in this period was 60, 12 and 76% for BF, WB and WF,
respectively. After 24 h, a decrease in dye concentration
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Fig.4 In vivo Orange II dye treatment by T. versicolor biomass
grown on three different carbon sources in the presence of 0.6 mM
NaN, for laccase inhibition. 25 mg L™" of Orange IT was added to the
fungal culture

of 72, 30 and 80.7% of BF, WB and WF was observed,
respectively.

After 4 h of treatment, the WF biomass presented a
higher decrease in dye concentration. Dye removal velocity
constants for BF, WB and WF were 0.0738, 0.11104 and
0.040 h™!, respectively. Statistical analysis of the velocity
constants showed no significant differences between BF and
WB fungal biomass; however, WF fungal biomass was sta-
tistically different.

The contribution of biotic and abiotic processes in the
removal of the dye using the fungal biomass—laccase inhib-
ited treatment was also evaluated. A mass balance for the
dye was performed for all conditions; the remaining dye in
the supernatant and biomass quantified previous extraction
with ethyl acetate (Fig. 5).
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Fig.5 Contribution of biotic and abiotic factors on dye removal by
T. versicolor biomass grown on three different carbon sources, in the
presence of NaN; (0.6 mM) for laccase inhibition. Control without
fungal biomass. For mass balances, the remaining dye in the superna-
tant and biomass was extracted with ethyl acetate and quantified
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Differences in dye biosorption percentages and biodegra-
dation were observed after comparing the balances obtained
in this (fungal biomass—laccase inhibited) treatment with
the biomass obtained from different carbon sources. In the
first place, rapid adsorption of the dye in the biomass was
observed (Fig. 4) indicating the participation of the abiotic
process (18-53%). While for the biotic process, metabolic
degradation varied from 18 to 29.5%. This indicates the
contribution of the fungal metabolism in the dye removal
process. It is important to note that the greatest effect was
observed with the BF fungal biomass, where less adsorption
and less dye removal was observed. Meanwhile with WF
fungal biomass treatment, high adsorption and less removal
levels of dye were detected.

The results obtained demonstrate that the fungal bio-
mass contributes to the decrease of the dye, since it was
not involved in the laccase enzymatic transformation pro-
cess and the adsorption process was evident this favored
the biotic degradation process. Hence. dye adsorption by
the biomass is directly related to dye degradation by fungal
metabolism; high adsorption resulted in a higher degrada-
tion percentage.

Enzymatic treatment of Orange Il dye (laccase)

The crude laccase that was used was obtained after 10 days
of fungal growth utilizing different carbon sources (BF, WB
and WF). Orange II dye transformation was carried out with
120 UL™! of laccase activity. The results obtained in the
Orange II dye removal process with the crude laccase extract
are presented in Fig. 6. Dye removal with the crude laccase

25

—_ — N
(e w (=

Dye concentration (mg L)

W

O T T T T T 1
0 4 8 12 16 20 24

Time (h)

Fig.6 In vitro Orange II treatment by crude laccase from 7. versi-
color produced on three different carbon sources. Azo dye removal
was performed in 50 mL flasks, in phosphate buffer with 25 mg L™
of Orange II. 120 UL™! of laccase
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treatment from 7. versicolor revealed a rapid decrease in dye
concentration in the first 4 h. The removal percentages in this
period were 41.6, 40 and 40% for BF, WB and WF, respec-
tively. After 24 h, the dye removal with BF and WF was
80%, while 84% was obtained with WB. The dye removal
rates for BF, WB and WF were 5.62, 6.08 and 5.72 uM h!,
respectively. Statistical analysis demonstrated that no sig-
nificant differences were detected between treatments with
crude laccase extracts obtained with BF and WF, while the
laccase extract that was obtained with WB was statistically
different from the other carbon sources.

Studies realized by Stoilova et al (2010) on Orange II
removal with a 100 mgL~! showed 100% removal in 48 h
and used 2000 UmL™'of laccase extracts from 7. versicolor.
Decreasing enzyme concentration (1000 UmL™") resulted
in 75.3% removal after 312 h. In this study, the volumetric
laccase activity used was ten times lower and 80% removal
was achieved in 24 h. These differences could be attributed
to the production of the most active laccase isoforms.

This suggests that enzymatic activity could be related
to dye degradation; however, the contribution of the fungal
biomass in in vivo removal was not evident.

Effects of fungal biomass and laccase on removal
treatments

The contribution of all the three factors (fungal biomass—lac-
case (AB interaction); crude laccase (B-laccase); fungal bio-
mass—laccase + inhibitor (A-fungal biomass)) on Orange II
dye removal was evaluated by using a 22 factorial design.
Due to the fact that the biomass and enzyme production was
different for the different carbon sources (BF, WB and WF),
the study of each of the factors earlier mentioned were per-
formed. The statistical analyses of the factors obtained with
each carbon source are presented in the following results.

The effect of laccase and metabolic activities produced in
the three different carbon sources on the Orange II dye deg-
radation was evaluated through a 22 factorial experimental
design and the results are summarized in Table 1.

Effects of laccase and fungal biomass produced
in BF on Orange Il dye removal

The Orange II dye removal was significantly influenced by
the laccase and metabolic activities. The ANOVA indicated
that there were significant factor effects (F test, p <0.0001),
but this was not the case with the lack of fit of the model
(F test, p=0.05). Analysis of the most significant effects
demonstrated that Eq. 2could be reduced to main effects as
follows:
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Fig. 7 Surface response of the (a)
Orange II dye removal as a

function of fungal biomass and

laccase. a Fungal biomass and 21.0667
laccase produced in bran flakes;
(b) fungal biomass and laccase
produced in wheat bran and

(c) fungal biomass and laccase
produced in wheat flour
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Orange II removal (mgL_l) = +13.81 + 3.83 fungal biomass

+ 6.71 laccase — 3.27(fungal biomass X laccase).
3)
Orange II dye removal was enhanced up to
21.06+40.45 mgL~! when the reaction was conducted with a
high level (+ 1) of both fungal biomass and laccase (Fig. 7a).

Effects of laccase and biomass produced in WB
on Orange Il dye removal

The Orange II dye removal was significantly influenced
by the laccase and metabolic activities. ANOVA indicated
that there were significant factor effects (F test, p <0.0001),
but this was not the case with the lack of fit of the model
(F test, p=0.05). Analysis of the most significant effects
demonstrated that Eq. 2 could be reduced to main effects
as follows:

Orange II removal (mgL™") = +12.28 + 1.19 fungal biomass

+ 9.61 laccase — 1.48(fungal biomass X laccase)
“
Orange II dye removal was enhanced up to
21.640.55 mgL~! when the reaction was conducted with a
high level (+ 1) of both fungal biomass and laccase (Fig. 7b).

Effects of laccase and fungal biomass produced
in WF on Orange Il dye removal

Similarly, as in the case of the effects on dye removal of
laccase and fungal biomass produced in BF, the ANOVA
indicated that there were significant factor effects (F test,
p<0.0001). Equally, this was not the case with the lack of fit
of the model (F test, p=0.05). Equation 2 was also reduced
to main effects and represented as follows:

Orange I removal (mgL™") = +11.38 + 3.83 fungal biomass

+ 0.96 laccase — 2.82(fungal biomass X laccase).
&)
Orange II dye removal was enhanced up to
17.1+40.46 mgL~! when the reaction was conducted with a
high level (+ 1) of both fungal biomass and laccase (Fig. 7c).
The results obtained from the statistical analysis indicate
that all three factors participate in the dye removal process.
The laccase mad the most important contribution to the dye
removal process (66-78%), while the biomass contributed to a
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lesser extent (8.4—16.44%). However, the fungal biomass—lac-
case interaction presented a negative effect (— 12 to 20%).
In the case of this interaction, a synergistic effect would be
expected due to the significant influence of each individual
factor on dye removal. With respect to the condition (fun-
gal biomass and laccase inhibited), the abiotic process sig-
nificantly influences the metabolic degradation of the dye,
because one part is found in the fungal biomass (biosorption),
limiting its biodegradation. In other studies on dye degrada-
tion using 7. hisurta, the effect of biotic processes (metabolic
degradation and enzymatic transformation) and the abiotic
process (adsorption) have also been demonstrated (Rodriguez
et al. 2004; Casas et al. 2010). To investigate whether dye
decolorization (150 mgL_1 of Lanaset Blue) could be attrib-
uted to laccase only and/or growth associated mechanisms,
Rodriguez et al. (2004) performed experiments with whole
culture of T. hisurta, laccase extracts from 6-day-old cultures
and 6-day-old cultures inhibited with antibiotic solution (to
inhibit fungal growth). After 24 h, they reported 96% of dye
removal with whole culture, whereas in the culture filtrate,
removal was lower (70%). When the growth of T. hisurta was
inhibited by addition of antibiotics, more than 80% of removal
was observed, but associated with adsorption into the myce-
lium (substantially colored). However, the adsorbed dye was
not quantified. The authors concluded that both the enzyme
and the fungal biomass participate in the dye removal pro-
cess. Casas et al. (2010), demonstrated that the fungal bio-
mass treatment underwent further removal, as no residual
color appeared at any wavelength after the process, compared
with enzymatic treatment where residual color was detected.
In our experiments, the absorption spectra profiles obtained
from the treatments show differences between materials used
for laccase production also with treatment (Fig. 8). Accord-
ing to our results, we concluded that metabolic biodegrada-
tion and enzymatic transformation take place together (fungal
biomass—laccase) and that in the absence of the enzyme the
biomass realizes metabolic degradation of the dye, but less
efficiently and under that condition the dye adsorption was
higher. The crude laccase was equally efficient in dye removal
with fungal biomass—laccase together, i.e., there was no sta-
tistical difference.

It is convenient to highlight that, in dye removal, the
biotic and abiotic processes that are involved must be con-
sidered for the evaluation of the efficiency of these processes
and also the evaluation of the toxicity of the generated
by-products.
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Fig.8 Absorption spectra profiles of the Orange II dye before (red

mass and laccase treatment; (b) treatment with fungal biomass and
dotted lines) and after the three biological treatments (black continu- inhibited laccase and (c) only laccase treatment
ous lines) obtained with the different carbon sources. a Fungal bio-
Conclusions

laccase was equally efficient as the fungal biomass—lac-

case treatment. But more importantly, metabolite forma-

According to the results obtained, it can be concluded that ~ tion was less in the fungal biomass—laccase together. The
metabolic biodegradation and enzymatic transformation  participation of the fungal biomass and the enzyme in the
take place together (fungal biomass + laccase), and thatin ~ Orange II dye removal process was statistically significant.
the absence of the enzyme, the fungal biomass realizes dye ~ Additionally, the abiotic processes are important in the dye
metabolic biodegradation in a less efficient way. The crude ~ removal, since they limit the biodegradation of the dye by

Pigllase ¢l ay .
e e O) Springer



146 Page100f 10

3 Biotech (2020) 10:146

the extracellular enzymes as a result of being adsorbed by
the fungal biomass.
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