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Abstract

The present study explored the potential of leaf litter as a source of fungi able to produce ligninolytic enzymes for
the biodegradation of anthraquinone dyes. Within the colonies isolated from the leaf litter, only three colonies of
two species Trametes were selected based on the detection of oxidation and decolorization halos in Petri dishes
with PDA (potato-dextrose-agar) + Guaicol and PDA + RBBR (Remazol Brilliant Blue R). The identification of the
colonies was done through sequencing of the ITS region. The enzymatic activity of Lac (lacase), MnP (manganés
peroxidase) and LiP (lignina peroxidase) was analyzed by spectrophotometry during fermentation in PD+RBBR
imedium. Isolates A1SSI01 and A1SSI02 were identified as Trametes flavida, while A5SS01 was identified as Trametes
sp. Laccase showed the highest enzymatic activity, reaching 452.13 IU.L"* (A1SSI01, 0.05% RBBR) after 96h. Isolate
A1SSI02 reached the highest percentage of decolorization, achieving 89.28% in seven days. The results imply that
these Trametes isolates can be highly effective in waste treatment systems containing toxic anthraquinone dyes.
Keywords: laccase, peroxidases, basidiomycete, litter and biodecolorization.

Resumo

Este estudo investigou o potencial da serapilheira como fonte de fungos capazes de produzir enzimas ligninoliticas
para a biodegaradagdo de corante antraquindnico. Entre as colonias isoladas do material de serapilheira, apenas
trés colonias de duas espécies de Trametes. foram selecionados com base na deteccdo de halos de oxidagdo e
descoloragio em placas de Petri com PDA (Batata-Dextrose-Agar) + Guaicol e PDA + RBBR (Azul Brilhante de Remazol
R). Aidentificagdo das col6nias foi através do sequenciamento da regido ITS. A atividade enzimatica de Lac (lacase),
MnP (manganés peroxidase) e LiP (lignina peroxidase) foi avaliada por espectrofotometria durante a fermentagao
em meio BD+RBBR. Os isolados A1SSI01 e A1SSI02 foram identificados como Trametes flavida, enquanto A5SS01 foi
identificado como Trametes sp. A lacase mostrou a maior atividade enzimatica, atingindo 452,13 ULL" (A1SSIO1,
0,05% RBBR) apds 96h. O isolado A1SSI02 alcangou o maior percentual de descoloracdo, atingindo 89,28% em sete
dias. Os resultados sugerem que esses isolados de Trametes podem ser eficazes em sistemas de tratamento de
residuos contendo corantes antraquindnicos toxicos.

Palavras-chaves: lacase, peroxidases, basidiomiceto, serapilheira e biodescoloragao.

1. Introduction

In forest ecosystems, fungi have an active role in the
leaf litter decomposition process, being responsible for
most of the cycling of nutrients and carbon trapped in
organic matter (Yilmaz et al., 2016). The main role of these
microorganisms in the decomposition of this material is
due to their ability to produce a wide range of extracellular
enzymes, which transform the lignocellulosic matrix
into energy and nutrients for microbial and plant growth
(Hernandez and Hobbie, 2010).

This process is mainly mediated by fungi through
production of extracellular ligninolytic enzymes, including
laccase (Lac), manganese peroxidase (MnP) and lignin
peroxidase (LiP). These enzymes are non-specific in their
substrate preference, and their ability to debase lignin suggests
significant potential for the degradation of synthetic polymers
such as textile dyes (Ahsan et al., 2021), such as Remazol
Brilliant Blue Reactive (RBBR). This reactive anthraquinonic dye
is composed by anthracene derivatives, a polycyclic aromatic
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hydrocarbon (Eichlerova et al., 2007), being widely used in
the textile and dyeing industry (Ahmad and Alrozi, 2011).

RBBR is considered toxic, carcinogenic and mutagenic
and, for these reasons, it must be removed before
wastewater from these industries disposed in the
environment (Rodriguez-Couto, 2011). Studies show that
due to their similar structure to lignin, the use of ligninolytic
fungi, such as Ganoderma lucidum, Trametes hirsuta and
Phanerochaete velutina, represents a biosustainable
alternative for the degradation of reactive compounds,
including anthraquinonic dyes (Rainert et al., 2021;
Alam et al., 2021; Zafiu et al., 2021).

At the present time, the interest in studying new fungal
sources of laccases, lignin peroxidase and manganese
peroxidase has grown, with the expectation of finding
enzymes with new or robust properties for application
in the decolorization of dyes (Mishra and Maiti, 2019).
In addition, the use of RBBR on a laboratory scale is
commonly examined as a substrate for screening assays
of certain polycyclic aromatic compounds, which are the
target substances for biological remediation, as this dye
enables simple, rapid and quantitative observations in
spectrophotometric methods in agar and liquid media
(Machado et al., 2005; Sari et al., 2012).

Considering the potential of fungi to act in the
decolorization of toxic synthetic dyes, the purpose of this
study was to evaluate the enzymatic activity of laccase
(Lac), manganese peroxidase (MnP) and lignin peroxidase
(LiP), as well as the decolorization potential of the RBBR
dye in liquid fermentation of three isolates of Trametes spp.
that were obtained from leaf litter collected in a riparian
forest in the municipality of Salvaterra, Para.

2. Material and Methods

2.1. Sample collection

The leaf litter samples used to isolate the fungi were
collected in February 2022 in areas of riparian forest in the
Amazon region, the island of Marajé in the municipality of
Salvaterra (53°19°00” S and 48°35°39” W), in the state of
Para (Figure 1), in accordance with the project’s registration
in SISGEN, under registration number A5E8BAD. Five
sampling points were delimited in two collection areas, in
50m stretches of each water stream present in the areas.
A single leaf litter collection was made at these points,
which were approximately 3 m apart. A 0.25 m? (0.5 x
0.5 m) plot made from PVC pipe was used to delimit the
collecting area, and all the litter present in this area was
collected. In the end, a total of 10 random samples of leaf
litter were gathered. The material was transferred to trays,
dried in the open air for 12 hours, packed in paper bags and
kept in the fridge until the samples were transported to the
Laboratoério de Investigacdo Sistematica em Biotecnologia e
Biodiversidade Molecular - Universidade Federal do Para.

2.2. Isolation of fungi

The leaf litter obtained was fragmented and 1g of
each sample was macerated in 100 mL of water using a
crucible and a porcelain pistil. This solution was dissolved
to concentrations of 102, 10-* and 10 An aliquot of
0.2mL of the last two dilutions was sown on PDA (potato-
dextrose-agar infusion) culture medium, supplemented
with 100 pg.mL' chloramphenicol in Petri dishes (90 mm
diameter), in duplicate, with a total of four dishes per
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Figure 1. Geographic location of the litter sampling sites in riparian forest in the municipality of Salvaterra, state of Par4, Brazil.
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sample. The plates were incubated at 28°C for up to 48h.
The fungal isolates obtained were transferred individually
to Petri dishes containing PDA and incubated at 28 + 2¢C,
photoperiod of 12h for seven days for purification. Once
pure fungal cultures had been obtained, they were stored
in sterile microtubes with distilled water (Castellani, 1939).

2.3. Selection and identification of fungal colonies

Each isolate was chosen through the qualitative
determination of enzymatic activities based on the oxidation
of guaiacol and the decolorization of Remazol Brilliant
Blue R dye (RBBR). This enzymatic detection was made by
growing the fungal colonies in Petri dishes containing PDA
(potato-dextrose-agar) medium plus 0.05% (v/v) guaiacol
and PDA plus 0.01% (w/v) RBBR dye for five days at 28°C.
Once this period had finished, the presence of a brown halo
of oxidation for guaiacol and a halo of discoloration for RBBR
were visually examined. The colonies capable of producing
these halos were considered positive for the presence of
these enzymes and were selected to the next step.

In the identification phase, the colonies with positive
enzymatic activity were previously grown in Petri dishes
containing PDA for 7 days at 28°C and a 12-hour photoperiod.
The mycelial mass was then removed from each plate
to extract total genomic DNA using the CTAB method
(Cationic Hexadecyl Trimethyl Ammonium Bromide®,
Sigma, USA) (Doyle and Doyle, 1987). The obtained DNA
was analyzed by electrophoresis on a 0.8% (w/v) agarose
gel containing GelRed™ (Biotium Inc., USA) and analyzed
under ultraviolet light in a photodocumentation system
(Loccus Biotechnology, Brazil).

The primers ITS1 (5’-TCCGTAGGTGAACCTGCGG-3’)
and ITS4 (5’-TCCTCCGCTTA TTGATATGC-3") (White et al.,
1990) were used to amplify the ITS (Internal Transcribed
Spacer) region of the ribosomal DNA conserved 5.8S gene,
following these conditions: initial denaturing at 94°C for
1 minute, 34 cycles of 94°C for 30 seconds for denaturing,
55°C for 30 seconds for annealing and 72°C for 30 seconds
for extending, with final extending at 72°C for 3 minutes.
The amplified ITS fragments were submitted to agarose
gel electrophoresis, dyed with GelRed® and visualized
under ultraviolet light. The 1 Kb DNA Ladder (Promega,
USA) was used as a molecular weight indicator.

The amplified products were then sequenced in both
directions using the same PCR primers. The purification and
the sequencing of the PCRs were conducted by ACTgene,
Brazil. All the sequences were adjusted, when necessary,
in the SeqAssem software (Hepperle, 2004) and compared
with the reference sequences deposited in the NCBI
GenBank database (Supplementary Material 1). The MAFFT
online platform (Katoh et al., 2019) was used to align the
sequences obtained with those of phylogenetically close
species. The sequences of Dentocorticium sulphurellum
(FP11801) and Lopharia cinerascens (FP105043sp) were
used as an out-group (Olou et al., 2020).

The maximum parsimony (MP) analysis was conducted
using the PAUP* 4.0 software (Swofford, 2002), with
a bootstrap value of 1000 replicates to determine
the confidence levels of the branches. The number of
informative parsimony sites and the retention index (RI)
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were also calculated during this analysis. Bayesian inference
was used to produce posterior probability (PP) values for a
consensus using the software MRBAYES v 3.1 (Huelsenbeck
and Ronquist, 2001). The analyses were done using the
Markov chain Monte Carlo (MCMC) algorithm, using the
best-fit model selected by the Akaike information criteria
in MrModelTest 2.3 (Larget and Simon, 1999). The trees
were visualized and adjusted using FigTree software.

2.4. Enzymatic test

The selected isolates (A1SSI0O1, A1SSI02 and A5SSI01)
were reactivated on PDA for 7 days at 28°C and then
transferred to PD (potato-dextrose) liquid medium in
triplicates, containing different concentrations of RBBR as
a carbon source. Each 200mL flask was filled with 125mL
of PD liquid with concentrations of 0, 0.01, 0.05 and 0.1%
(w/v)RBBR, and the pH was adjusted to 5.5. The flasks were
incubated on a rotary shaker (140 rpm) for seven days at
30 £ 2°C in the dark. Samples of 1.5mL were taken from
each flask every 24h for enzyme analysis. The mycelium was
collected, filtered and the rest centrifuged at 4000 rpm for
10 minutes, using the supernatant as the enzyme source.

All enzymatic activities were measured
by spectrophotometry (GENESYS 10uv Scanning).
MnP (Manganese Peroxidase) activity was tested using a
mixture of 800uL phenol red (0.01% w/v), 100uL sodium
lactate (0.25M), 200 pL bovine albumin (0.5% w/v), 50 pL
MnSO, (2mM), 50uL hydrogen peroxide (H,0,) + Sodium
Succinate buffer (20mM, pH 4.5) (adapted from Bonugli-
Santos et al. (2010)). LiP (Ligin Peroxidase) activity was
measured using the method of Tien and Kirk (1988) with
the reaction mixture consisting of 1mL of sodium tartarate
buffer (125mM and pH 3.0), 500pL of veratryl alcohol (4mM),
500 pL of H,0, (2mM). Lac (Laccase) was tested by mixing
500pL of guaiacol solution (50mM), 1000pL of sodium acetate
buffer (0.1 M and pH 5.0) (adapted from Monssef et al., 2016).
For each of these reactions, 500uL of enzyme source was
added. All the blends were incubated at 30°C for 10min, and
the absorbance was read at 610,310 and 450nm, respectively,
for MnP, LiP and Lac. As a blank, the specific volume of each
medium, without inoculum, was used instead of the enzyme
solution. The enzymatic activities were expressed in units per
liter (ULL"), with one unit of enzymatic activity determined
as the amount of enzyme that catalyzed the formation of
1umol of the corresponding products in one minute under
the given test conditions. The obtained values were calculated
according to the Equation 1 below (Monssef et al., 2016).

UI_Abs”‘lO6 1)
L € *V *t
Abs is the absorbance, ¢ is the molar absorption
coefficient, which determines the capability of one mole
of the substance to absorb the light at a given wave length,
V is the volume of the extract (mL), and t is the time of
reaction in minutes.

2.5. Decolorization test

The decolorization of the RBBR dye was measured seven
days after fermentation by taking a spectrophotometer reading
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of the supernatant at the wavelength of the dye (590nm).
The decolorization percentage (%) was thus calculated
according to the Equation 2 below (Khan et al., 2023).

Decolorization (%) = % *100 (2)

AO0 is the original absorbance of the dye and A1 is the
absorbance at the end of the test.

The data obtained in triplicate for enzymatic activity
and decolorization were submitted to ANOVA using the
Rstudio program version 4.2.2. The results of the analytical
determinations are the average of the results in triplicate
and the significant differences between the treatments were
compared using the Tukey test at a 5% probability level.

3. Results

3.1. Identification of ligninolytic fungi

Twenty-eight fungal colonies were isolated from
the leaf litter collected. After screening on PDA (potato-
dextrose-agar) + RBBR (Remazol Brilliant Blue R) (0.01%
w/v) and Guaiacol (0.05% v/v) media, it was verified that
only isolates A1SSI01, A1SSI02 and A5SSI01 showed a halo
of discoloration and oxidation, respectively, in the media
tested, showing the isolates’ ability to produce ligninolytic
enzymes (Figure 2). These colonies grown on PDA medium
had a slightly whitish color and a velvety mycelium.
In liquid, the colonies’ growth promoted the formation
of pellets. Microscopically, the hyphae were hyaline, thin
walled, branched, with long hyphal segments and simple
septate with dispersed single staple connections.

The ITS region was sequenced in both directions and
phylogenetic trees generated by the maximum parsimony
(MP) and Bayesian inference methods indicated the
three selected isolates belonged to the genus Trametes.
The sequences were compared to 68 reference sequences
available in GenBank for the genus, totaling a dataset of
73 sequences (Supplementary Material 1).

Similar topology phylogenetic trees were obtained.
The MP statistics obtained for the ITS region tree were the

Control (PDA)

PDA+ Guaiacol (0.05% v/v)

following: R10.852, with a total of 581 sites, 342 constant
sites, 72 non-informative variable sites and 167 informative
variable sites. In the tree, 35 species formed thirteen
major clusters. The sequences of isolates A1SSI01 and
A1SSI02 grouped into monophyletic clades corresponding
to Trametes flavida (Lév.) Zmitr., which was supported
by a bootstrap value of 100% and pp of 1.0, being the
first reported occurrence of this species in Brazil. While
isolate A5SSI01 was grouped in a paraphyletic clade, as the
Trametes lactinea (Berk.) Sacc. clade was also composed
of Trametes cubensis (Mont.) Sacc., supported by high
bootstrap values (100%) and pp (1.0), both species were
previously reported in the country (Figure 3).

The phylogenetic analysis also showed that there is no
formation of subclades within T. flavida, given the absence
of polymorphisms at specific nucleotide positions for the
ITS region when compared to the reference sequences.
However, in the T. cubensis and T. lactinea clade, the
isolates T. cubensis TJU93_213sp.,UZ526_17 and T. lactinea
LIP:GUY09_110, DMC346 and OAB0232 form a sub-clade
due to the presence of a polymorphic nucleotide absent
in the other isolates at positions 155, 156, 174 and
291 (Supplementary Material 2).

3.2. Enzymatic activity

The results indicated that using RBBR in PDA culture
medium induces an increase in the production of
ligninolytic enzymes. In the absence of the dye (0%
treatment), it was not quite possible to identify the
enzymes MnP and LiP. Only Lac was detectable, but to
a lower extent when compared to the other treatments
with RBBR (Figure 3).

Enzymatic activities of MnP, LiP and Lac were found
in fermentations with different concentrations of RBBR,
with maximum activity peaks 120h (day 5) after the start
of fermentation for MnP and 96h (day 4) for LiP, while
Lac varied between 96h and 144h for the isolates tested
in this study. Among the ligninolytic enzymes, the peaks
in enzyme activity were highest for laccase, with enzyme
activities above 400 ULL" being detected for the isolates
tested using RBBR.

An increase in enzymatic activity was noticed for MnP
inrelation to fermentation time and the concentration of

PDA + RBBR (0.01% w/v)

Figure 2. Zones of reddish-brown color in culture medium PDA + Guaiacol (0.05% v/v) and a halo of discoloration in PDA + Remazol
Brilliant Blue R (0.05% v/v) as a positive result to produce oxy-reducing enzymes by leaf isolates, compared to the control test (PDA).
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Figure 3. Phylogenetic tree based on MP and Bayesian analysis of ITS data. Bootstrap values (>55%) for PM analysis and PP values (>0.67)
for Bayesian inference are indicated near branches (MP/PP). The bold isolates were sequenced in this study. Dentocorticium sulphurellum
and Lopharia cinerascens were selected as the outrgroup. The toopology of the tree shown refers to the MB analysis.

the RBBR dye. Concentrations of 0.0 to 0.05% increased
the expression of this enzyme in the environment, with a
decrease in activity at the highest concentration of the dye
(0.1%). Apart from isolate A1SSI01, which maintained the
increase in MnP activity proportional to the concentration
of RBBR. Nevertheless, all the isolates showed a maximum
at 120h and a drop-in activity after this period. The highest

Brazilian Journal of Biology, 2024, vol. 84, e282099

MnP activity was registered for isolate A1SSIO1 in the
treatment with 0.1% RBBR, equal to 59.03 ULL", followed
by A1SSI02 and A5SSIO1 at 0.05% (51.89 and 48.29 IU.L,
respectively) at 120h (day 5) after fermentation (Figure 4).

For LiP, the enzyme activity was highest at 96h after the
experiment had started and in the highest concentration
of RBBR (0.1%), and was the same for all the examined
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Figure 4. Daily enzymatic activity of manganese peroxidase (MnP), lignin peroxidase (Lip) and laccase (Lac) of isolates A1SSI01, A1SSI02
and A5SSI01 of Trametes spp. in BD (Potato-Dextrose) medium with different concentrations of Remazol Brilliant Blue Reactive (RBBR): 0,
0.01,0.05 and 0.1% (v/v). NOTE: The isolates presented in bold were sequenced in this study and are part of the isolates of the Microbiology
collection of the Laboratory of Systematic Research in Biotechnology and Biodiversity from the Federal University of Para, Brazil.

colonies in this study, with activities oscillating between
42.25 and 63.64 ULL"'. Remarkably, the activity recorded
for the fourth day of fermentation of A5SSI01 was similar to
the activity found for the sixth day of fermentation of this
colony (45.10 ULL "), after a decrease in the determination
of the enzyme’s activity at 120h.

Lac activity was proportional to the increase in
RBBR concentrations up to 0.05%. At the highest RBBR
concentration (0.1%), there was a slight decline in enzyme
activity when compared to the 0.05% treated. Colony
A1SSIO1 had the highest Lac activity at 0.05% RBBR
after 120 hours (day 5) from the start of fermentation
(452.13 ULL"), which was statistically equal to the activity
of the A5SSI01 colony at 0.1% RBBR concentration (4th day;
440.63 ULL")and A1SSI02 at 0.05 and 0.1% concentrations
(432.43 and 435.60 IU.L"), in both cases 96h (4th day) after
the start of fermentation.

3.3. RBBR decolorization

The highest percentage of decolorization was obtained
by colony A1SSI02 at the highest concentration of RBBR
(0.1%), equal to 89.28% (Table 1). The second highest
percentages of decolorization were 87.03% and 86.15%, the
result of growing A1SSI01 and A1SSI02 at 0.01% and 0.05%,
respectively. The A5SSIO1 isolate presented the lowest
percentage of decolorization at the lowest concentration of
the dye registered at the end of this study (24.77%), but at
the 0.05 and 0.1% concentrations, it achieved decolorizations
equal to 81.27% and 78.87% (Table 1).

6/11

Thus, according to the obtained results, the T. flavida
colonies were more effective at decolorizing RBBR
through the amounts of ligninolytic enzymes produced,
when compared to the Trametes sp. colony (A5SSIO) at
the dye concentrations tested. Considering that for the
0.01% concentration of the dye in medium liquid, colony
A1SSI01 was the most effective in decolorization compared
to the other colonies, but at concentrations of 0.05 and 0.1%,
colony A1SSI02 was the most effective in decolorization
after 7 days of fermentation in medium liquid (Table 1).
Therefore, isolate A1SSIO1, through its enzymatic production,
is able to oxidize 0.09 mg.mL" of RBBR up to seven days
of cultivation, while isolate A1SSI0O2 is able to oxidize
0.43 mg.mL" to 0.86 mg.mL"" in the same amount of time.

4. Discussion

4.1. Isolates of Trametes spp. obtained from leaf litter

The litter of the riparian forest in the Amazon is
home to several fungal species that can be isolated and
cultivated in vitro for further investigations, such as the
28 colonies isolated in this study. The high diversity
of microorganisms associated with this material was
reported in previous research that involved only the
morphological identification of fungi from palm litter and
cedar plantations in the Amazon, revealing the presence of
around 100 species in the analyzed materials (Santos et al.,
2018; Monteiro et al., 2019).

Brazilian Journal of Biology, 2024, vol. 84, e282099
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Table 1. Dye discoloration (%) of fungal isolates grown in flasks stirred with PD medium (potato-dextrose infusion) and 0, 0.01, 0.05
and 0.1% w/v of RBBR stirred after 168 hours of fermentation (7 days).

ISOLATES RBBR CONCENTRATION DISCOLORATION (%) *
A1SSI01 0.01 87.030.33 ab Sy
0.05 82.76 +0.08 cd
01 7748+ 035 f - A
A1SS102 0.01 84.56 + 1.30 be ' \
0.05 86.15+0.42 b
AISSI0Z (0.1%)
01 89.28+0.22a .
A5SSI01 0.01 2477+240¢
0.05 8127 £ 0.14 de w |
I -
01 78.87 4021 of
|

ATSSION (0.01%)

*Note: Treatments with the same letter do not differ statistically.

These results indicate the presence of several species
acting in the litter decomposition process in tropical forests
(Monteiro et al., 2019), including microorganisms that
produce extracellular ligninolytic enzymes (Janusz et al.,
2017). The lower number detected in the present study
is due to the fact that a portion of the fungi present in
the soil and litter are not cultivable (Silvani et al., 2017).
Litter can be considered a natural source of ligninolytic
microorganisms with sufficient enzymatic activity to
biodegrade systems involving synthetic anthraquinone
dyes, as in this study, and agro-industrial residues, which
are rich in lignocellulosic matrix.

Only isolated Trametes colonies were able to oxidize
guaiacol and decolorize RBBR in culture medium.
The morphological characteristics presented in PDA by these
colonies resemble the morphology of species of the genus
described in other studies (Yang et al., 2009; Sari et al., 2012).
These results contribute to affirming that the genus does not
present morphological markers capable of differentiating
its species (Welti et al., 2012; Olou et al., 2020), making
it necessary to complement it with molecular analyses.

The results obtained with the sequencing of the ITS
region (internal transcribed spacer) of rDNA (ribosomal
DNA) were able to separate most of the clades of species
identified in the genus, including the specimens in this
study, with this gene region being efficient in identifying
a large part of fungal species (Al-Fadhal et al., 2018).
The clades formed with high support values (> 57% for MP
and > 0.62 for MB) were similar to those found in other
studies based on these sequences (Justo and Hibbett, 2011;
Welti et al., 2012; Olou et al., 2020).

The molecular analysis also showed that, for T. flavida
species, such as isolates A1SSI01 and A1SSI02, there is no
presence of polymorphism in the ITS region analyzed.
However, the species T. lactinea and T. cubensis, despite being
grouped in the same clade, present among their isolate’s
single nucleotide polymorphisms in the amplified gene
region. This result allows us to infer that the polymorphism
found may be associated with the geographic origins and
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adaptations of crops, resulting in variations in their secondary
structures, as shown for the species Ganoderma lucidum by
Zhang et al. (2017) or may be associated with high genetic
variability and gene flow between isolates of the species, as
shown for Chrysoporthe puriensis by Oliveira et al. (2022).

4.2. The role of ligninolytic enzymes in RBBR
decolorization

As RBBR’s structure resembles the chemical
characteristics of lignin, the dye can function as an inducer
of Lac, LiP and MnP enzymatic activity, as demonstrated
in this investigation, when comparing the enzymatic
activity of Trametes spp. isolates in liquid fermentation
with and without RBBR. Moreover, the use of dyes in
laboratory experiments provides a number of advantages
over conventional substrates, as they are stable, soluble
and have high molar extinction rates and low toxicity to
microorganisms (Machado et al., 2005). It also enables
primary qualitative tests to be carried out which help
to screen a large number of isolates, as it is less time-
consuming and easier to be interpreted (Rao et al., 2019).

The results obtained reveal that the significant
decolorization of RBBR may be mainly related to the
enzymatic production of laccase by the selected colonies,
since the highest activities were found for this enzyme,
as had already been demonstrated in other studies
involving fungal isolates (Sing et al., 2017; Rao et al., 2019;
Rainert et al., 2021). Meanwhile, the highest decolorization
rate (A1SSI02, 0.1% = 89.28%) was not associated with the
treatment with the highest peak activity of this enzyme
(A1SSIO1, 0.05% = 450.17 ULL"), which is probably due
to the difference in laccase isoenzymes produced by the
different colonies (Nyanhongo et al., 2002).

Osma et al. (2007) demonstrated that the same
concentration of laccases obtained from different
colonies of T. pubescens contributed to a difference in the
decolorization efficiency of the anthraquinone dye RBBR
and the triphenylmethane dye Methyl Green, suggesting
that there is a difference in the redox potential of laccases
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from different microorganisms (Osma et al., 2007). Despite
the important role of laccase in the decolorization of RBBR,
the action of each enzyme (MnP, Lac and LiP) occurs in an
additive manner, since each one can attack different chemical
structures of the substance (Champagne and Ramsay, 2005).

According to Anita et al. (2020), the rate of decolorization
of azo dyes is linearly proportional to the increase in
ligninolytic enzyme activity during fermentation. During
the experiment, from the 4th day of fermentation onwards
it was possible to observe changes in the color of the media,
turning brownish, which corresponds to an increase in
the activity of the enzymes studied, a period in which the
peaks of enzymatic activity were also identified.

Nonetheless, the discoloration rate can decrease as a
result of the toxicity of the dye to the enzymes at higher
concentrations (Chaudhari et al., 2017), which may possibly
have occurred for isolate A1SSI01. High concentrations of
the dye can inhibit the oxidation process of ligninolytic
enzymes, especially processes catalyzed by laccases, since
a higher concentration of RBBR can cover the active site
and saturate the enzyme (Navada et al., 2018).

As has been proposed for the fungus Marasmius
cladophyllus, the use of Trametes flavida and Trametes sp.
isolates may be feasible by using wastewater containing
the dye as a substrate to produce decolorizing enzyme,
which could simultaneously cause the decolorization of
the wastewater before disposal into nature (Sing et al.,
2017).If this technology is successfully applied, it will not
only help to reduce enzyme production costs but will also
reduce wastewater treatment costs.

5. Conclusion

The present study has shown that the saprophytic
basidiomycete colonies A1SSI01, A1SSI02 and A5SSIO1 of
Trametes, isolated from leaf litter, have the potential to
produce ligninolytic enzymes and can be considered
outstanding candidates for the biodecolorization of
wastewater containing anthraquinone reactive textile
dye, without the need to add mediators. This study is the
first report of the identification of the species Trametes
flavida in Brazil. The production of ligninolytic enzymes by
these colonies also indicates the need for further studies
to explore their potential biotechnological applications.
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