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Abstract. Water pollution by dyes represents from dyestuff industry becomes an environmental concern. Finding new isolates capable
of decolorizing these dyes is important. The study aimed to assess the new isolates of white-rot fungi (WRF) as decolorizing agent of
anthraquinone and azo dyes. Decolorization assay were conducted in agar plates and liquid medium. During the decolorization, laccase
activities produced by the fungal strains were analyzed. ldentification of the fungal strains were investigated using molecular DNA
analysis. The results showed that isolates M3, H18, and GP1 were able to decolorize anthraquinone and azo dyes in agar and liquid
medium. Based on DNA analysis, isolates M3, H18, and GP1 have the similarity to Trametes sanguinea, Trametes polyzona, and
Neofomitella guangxiensis, respectively. Among the fungi, T. polyzona H18 exhibited high decolorization ability (70-90%) to the dyes
(100 mg/L) after 96 h incubation. Laccase activity was fluctuated during the reactions with tendency to increase at the beginning until its
peak, then decreased at the end of incubation. This study demonstrated the potential of the new isolates from Indonesia to decolorize
anthraquinone and azo dyes. The results of the study can provide an alternative for bioremediation agents of contaminated water by
synthetic dyes.
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INTRODUCTION carcinogenic aromatics amines without appropriate
treatment (Cao et. al., 2018).
Synthetic dyes in wastewater discharged by textile Various effluent treatment methods such as

industry becomes one of the pollution issues in  adsorption, photolysis, chemical precipitation,
several decades (AntoSova et. al., 2018; Kant, 2012).  electrochemical treatment, coagulation/flocculation,
Dyeing process requires a lot quantity of water and reverse osmosis have been tried to treat colored
(varies from 30 - 50 liters per kg of cloth) then  effluent (Sekuljica et al., 2015; Padmapriya et. al.,
generating remained colored effluents (Kant, 2012).  2016). The use of physical and chemical techniques
Estimation of dyes lost in effluents during the process  has some consequences e.g. producing a lot amount
is approximately reaching 10-15% (Levin et. al.,  of sludge where may cause to secondary pollution
2010). Effluents release into natural waters will threat  issue, incomplete color removal, and requiring a huge
the environment (Lavanya et. al., 2016). They are  quantity of chemicals as well as energy which leading
also toxic for flora, fauna, and human. Furthermore,  to higher running cost (Bibi et al., 2019).

degradation of the dyes led to the depletion of Bioremediation technique becomes a promising
dissolved oxygen levels in water affecting aquatic  strategy to solve this water pollution (Bibi et al.,
organisms (Madhushika et. al., 2020). 2019). This biological method is environmentally

Commonly synthetic dyes found in textile friendly and offers less sludge by-product compared
wastewater are belong to anthraquinone and azo  to physical and chemical system, and relatively lower
group, which highly resistant to degradation due to  running cost (Solis et. al., 2012).
their complex and stable structure (Li et al., 2019). In recent years, the researches of white-rot fungi
The anthraquinone group contains complex aromatic  as bioremediation agent have been significantly
molecular structures, thus resist degradation as well  escalated due to reports that some strains produce
as color-losing in the environment (Sekuljica et al.,  extracellular enzymes that capable of degrading dyes
2015). Azo dyes, on the other hand, contain one or  wastewater (Sekuljica et al., 2015). One important
more azo bonds (—-N=N-). They are highly toxic  extracellular enzyme that mainly found abundantly in
against human beings and environment, since its  white-rot fungi and reported play a role in dye
breaking down steps would generate at least 20  decolorization is laccase enzymes (Patel et al., 2014).
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Finding new isolates of white-rot fungi that
capable of decolorizing anthraquinone and azo dyes
is challenging. Therefore, this study aims to identify
three fungal strains newly isolated from Batam and
Kuningan Botanical Garden and evaluate their
potential as bioremediation agent for anthraquinone
(Remazol Brilliant Blue R and Acid Blue 129),
mono-azo (Acid Orange 7) and di-azo (Reactive
Black 5) dye. Activity of laccase enzyme was
investigated during the decolorization assay. The
potential fungi could be used as a source for further
study to design textile dye wastewater treatment by
using bioremediation agent.

METHODS

Fungal strains

The newly isolated Indonesian tropical fungi in
this research were coded as M3, H18, and GP1.
Isolate M3 and H18 were isolated from Batam
Botanical Garden, Batam Island while isolate GP1
was obtained from Kuningan Botanical Garden, West
Java. They were selected among screened fungal
samples collected from above spots. The screening
was based on the ability to decolorize anthraguinone
dyes (RBBR and AB129) in agar medium. Dyes
decolorization and laccase assay in this study were
performed in Laboratory of Biomass Conversion
Technology & Bioremediation and Laboratory of
Microbiology, Research Center for Biomaterials,
Indonesian Institute of Sciences (LIPI).

Dyes decolorization in agar medium

The fungal isolates were inoculated individually
onto Malt Extract Agar (MEA) and incubated at room
temperature (25-30 °C) for 7 days. One plug of
isolate (0.5 cm diameter) was placed onto double
layer agar medium and incubated at room
temperature (25-30 °C) within 7 days. The double
layer agar medium (per liter) was containing of
bottom layer: 35 g Czapek-Dox modified broth, 1 g
KH,PO,, 2 g yeast extract, 2 g peptone, 20 g agar, 2 ¢
lignin, and 10 g glucose. The top layer composed of 5
g Malt extract, 10 mg benomyl, 1 g RBBR/AB129,
and 10 g agar. The pH was adjusted to 4.5 and
autoclaved for 15 minutes at 121°C prior to use.
Decolorization  rates  were  determined by
development of clear zones on agar medium during
96 h incubation.
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Molecular identification analysis

Molecular identification was carried out using
DNA analysis. Isolates were cultured in Potato
Dextrose Broth (PDB) for 72 h. The mycelia were
harvested and proceed to DNA extraction using
Nucleon PhytoPure (GE Life Science) reagent
according to the protocol’s instruction. Amplification
of 5.8S rDNA was performed. Primer ITS4: 5’--TCC
TCC GCT TAT TGA TAT GC-- 3’and ITS5: 5°--
GGA AGT AAA AGT CGT AAC AAG G--3’were
used to amplify the 5.8S rDNA gene from genomic
DNA (Cui et al., 2019).

Confirmed PCR products were then sequenced by
ABI PRISM 3130 Genetic Analyzer and compared to
database with National Center for Biotechnology
Information (NCBI)-BLAST. The phylogenic tree
was constructed with maximum likelihood (ML)
method using MEGA 7 software. The Bootstraps
1000 replication (BS) was used to test the Strength of
the internal branches of the phylogenetic trees. The
phylogenetic tree of the selected isolates is shown in
Figure 2.

Dyes decolorization in liquid medium

Fungal isolate with each diameter of 0.5 cm (3
plugs) were added into a 100-mL Erlenmeyer flask
consisting 20 mL of autoclaved Malt Extract Glucose
Peptone (MGP) liquid medium. The culture was then
placed in a static incubation at room temperature (+
25-°C) for 7 days. Per liter MGP broth was consisted
of 20 g malt extract, 20 g glucose, and 1 g peptone
purchased from Wako Pure Chemical Industries,
Japan. After 7 days incubation, 1 mL of RBBR was
pipetted to the culture to form final concentration of
100 mg/L. Uninoculated flask served as a control.
The decolorization efficiency and laccase activity
were determined at 0, 24, 48, 72, and 96 h after the
addition of the dye. Another synthetic dye (AB129,
AO7, and RB5) were also tested as substitution of the
RBBR. The experiments were carried out in triplicate
and the reported results are shown as averages with
standard deviation.

The measurement of dye decolorization was
observed by using UV-Vis spectrophotometer (UV-
1800 Shimadzu, Japan) at the A5, OF each dye (Table
1). The percentage of decolorization was calculated
by Eqg. (1). Where Ai stands for initial absorbance and
Af stands for final absorbance.

Decolorization (%) = (Ai-Af)/Ai x 100 @
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Table 1. Maximum wavelenght (Ayax ) Of Synthetic dyes

Name of dye Chemical structure Functional group  Amax (M)
Remazol Brilliant Blue R (RBBR) Anthraguinone 592.5
(/\H.iv/,t:ig ONa
@@L

Y'Y e,
O AN A E~0-8-0na
L 6
Acid Blue 129 (AB129) Anthraquinone 629
,_4\/2\ ,/1H2 ; ONa
I I _Jo
O HN. THE
H C/T‘\‘;LGH
Acid Orange 7 (AO7) Monoazo 487
Reactive Black 5 (RB5) Diazo 598

Laccase assay

Laccase assay was performed by monitoring
oxidation  of  ABTS (2,2’-azino-bis [3-
ethylbenzhiazoline]-6-sulfonic acid) at 420 nm with a
UV-Vis spectrophotometer. The reaction mixture
consisted of 500 uL ABTS 2 mM, 400 pL sodium
acetate buffer (pH 4.5), and 100 ul of culture filtrate.
The molar extinction coefficient of ABTS at 420 nm
was £420=36,000 M cm™ at 25°C. One unit of
laccase activity (U) was represented as the total of
laccase which oxidized 1 pmol of ABTS in one
minute (Bagewadi et. al., 2017). Enzyme activity
(U/L) was calculated according to Eq. (2) (Yanto et
al., 2019).
Enzyme activity = (Abs/e) X (Vmixture 1L:10°%) x 10° x
(60/t) = (Venzyme UL :103) 2

RESULTS AND DISCUSSION

Dyes decolorization in agar medium

Decolorization of RBBR and AB129 dyes in two-
layered agar media containing lignin in bottom layer
and dyes in top layer were preliminary evaluated to
screen the dye degradation activity of the fungal
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strains. Addition of lignin in cultivation media can
increase mycelium biomass and laccase activity in
Basidiomycota (Matjuskova et al., 2017). Fungal
growth and dye decolorization were assessed during
the screening. Growth of the fungal strains was
measured by development of mycelial diameter,
while decolorization activity was examined by the
formation of clear zone or disappearance of color
from the media during 96 h incubation.

Among the screened fungal strains, isolate M3,
H18, and GP1 showed promising result in dye
decolorization. The result in Figure 1 shows that
isolate H18 (2.77 cm) was the fastest growing,
followed by M3 (2.70 cm), and GP1 (0.63 cm). On
the other hand, color removal of RBBR was observed
larger in M3 (3.33 cm), followed by H18 (3.07 cm),
and GP1 (1.30 cm) (Figure 1.a.). Strain H18, with
mycelium diameter of 2.90 cm, exhibited the largest
AB129 decolorization zone (4.00 cm), followed by
M3 (3.13 cm), and GP1 (1.17 cm), which had
mycelium diameter of 2.80 cm, and 0.77 cm,
respectively (Figure 1.b).
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Figure 1. Growth of fungal strains mycelia and decolorization of (a) RBBR and (b) AB129 during 96 h
incubation. Mycelium diameter M3 (O), H18 ( A, and GP1 ( [, Decolorization by M3 (1), H18 (Il ), and

GP1 (@)

Based on the results, it shows that the growth rate
of most isolates was along with the decolorization
rate. Hefnawy et. al. (2017) reported that
decolorization ability of the fungi may have a positive
correlation with the growth rate. These results also in
accordance with the results obtained by Kaur et. al.,
2015, that showed the correlation between the growth
rate of the fungus Cordyceps militaris and its
decolorization activity. The decolorization of dyes
were occurred due to the extracellular enzymes that
secreted by fungi into medium, since no
chromophoric material being absorb into mycelium
(Moreira-Neto et al.,, 2013). The production of
extracellular enzyme, laccase, was associated with
fungal growth in the medium. However, the laccase
production depends on species of white-rot fungi
used (Risdianto et. al., 2012). The white-rot fungi
strains were producing and secreting ligninolytic
enzymes variously in quantity to the surrounding,
which play a role in dye decolorization (Strong &
Claus, 2011).

Molecular identification analysis

Molecular identification with NCBI BLAST was
performed. Phylogenetic tree was constructed to
confirm relationship of ITS rDNA region sequence
from the fungal isolates with the closest strains from
NCBI database by using maximum likelihood
method. All sequences with the closest relationship to
the analyzed isolates were obtained from GenBank to
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verify the phylogeny of these white-rot fungi. The
phylogenetic tree is exhibited in Figure 2.

Isolate M3 is exhibited to be in one clade to
Trametes sanguinea voucher CR35 and PRSC95 with
96% bootstrap value. T. sanguinea has bright orange
to red fruiting body and was commonly found grows
on dead hard woods during summer and beginning of
autumn. T. sanguinea has been reported to remove
the color of phenolic dyes with decolorization
efficiency above 60% after 24 h incubation (Ling et
al., 2015).

The maximum likelihood tree of isolate H18 is
clustered in the same position with Trametes
polyzona strain WR710-1, isolate LM1020, and
isolate PBURU K12 with 100% bootstrap value. This
data indicates that, the new isolate H18 belongs to T.
polyzona. White-rot fungi T. polyzona well known as
a hard wood decomposer in the forest ecosystem
(Chairin et al., 2013). It was reported that T. polyzona
has a high potential in decolorizing of anthraquinone
and azo dyes. (Lueangjaroenkit et. al., 2018).

On the other hand, strain GP1 is nested in one
clade to species Neofomitella guangxiensis with 96%
bootstrap value. It suggested that sequences of isolate
GP1 is high similarity to N. guangxiensis. Species
Neofomitella guangxiensis was firstly found in
southern China in 2019 (Ji et al., 2019) and only three
species of Neofomitella have been reported (Cui et
al., 2019). However, to our knowledge, this is the first
report that N. guangxiensis has ability to decolorize
synthetic dyes.
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Figure 2. Phylogenetic tree for isolate H18, M3, and GP1, and related species based on ITS rDNA sequence.
Bootstrap value > 40% are indicated at the nodes (1000 replication). The scale bar represents an evolutionary

distance of 0.020

Dyes decolorization in liquid medium

Decolorization of four dyes in liquid medium after
96 h incubation is shown in Figure 3. The three
fungal isolates were observed performing different
decolorization  activities. White-rot fungi T.
sanguinea M3 exhibited 62.9% decolorization of
RBBR and 59.9% AB129, while 81.4% of RB5.
Unfortunately, it has naturally orangish mycelium
color which was the same color of AO7 and resulting
of error in absorbance measurement. Fungi N.
guangxiensis GP1 decolorized 76.3% of AB129 and
57.3% of RB5, and 22.6% of RBBR and 20.1% of
AO7.
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Whereas T. polyzona H18 showed impressive
decolorization rate against anthraquinone and azo
dyes. Strain H18 exhibited 95.4% of RBBR, 89% of
AB129, and 94.8% of RB5 while 77.7% of AO7
degradation 96 h after addition of dyes into the
culture. Figure 4 exhibits decolorization results by
strain H18 towards the dyes after 96 hours
incubation. Isolate H18 was visually observed
degrading the thick color of RBBR, AB129, AO7,
and RB5 become light transparent yellow which
almost the same color of MGP broth.
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Figure 3. Decolorization of anthraquinone dyes: (a) RBBR and (b) AB129 and azo dyes: (c) AO7 and (d) RB5
decolorization activity by isolate M3 (@), H18 ( A), and GP1 ( W) in liquid media
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Figure 4. Decolorization of anthraquinone dyes after 96 hours incubation: (a) RBBR and (b) AB129 and azo
dyes: (c) AO7 and (d) RB5 by isolate H18
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The results showed that rapid decolorization was
occurred in AB129 dye, while the most difficult to
decolorized was AO7. It was reported that the diverse
structure of dyes influence the different
decolorization ability by the fungi (Sing et. al., 2017).
In this case, AO7 dye has more complex structure
than that of AB129 dye. This results also in line with
the result from Yanto et. al. (2019) that reported azo
dyes were more difficult to degradation than that of
anthraquinone dyes.

Laccase activity

Laccase activity was evaluated during 96 h
incubation of dyes decolorization by the three fungal
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isolates and evaluated every 24 h. The results of
laccase activity assay for anthraquinone dyes (RBBR
and AB129) and azo dyes (AO7 and RB5)
decolorization are shown in Figure 5 and Figure 6,
respectively.

The activities of the laccase were detectable after
24 h of incubation. Each fungal strain reached the
maximum value on the different incubation time.
Strain M3 showed the peak of laccase activity 0.0642
U/mL in AB129 after 72 h incubation. Strain H18
evaluated to have the peak of 0.0924 U/mL in AB129
after 96 h incubation. Strain GP1 exhibited maximum
laccase activity 0.0701 U/mL in AB129 after 24 h of
incubation.
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Figure 5. Laccase activity from (a) isolate M3, (b) isolate H18, (c) isolate GP1 during decolorization of RBBR

(@) and AB129 (A)

Basidiomycetes ligninolytic enzymes, such as
laccase, were reported to be either constitutive or
inducible enzymes (Strong & Claus, 2011). Laccase
production was influenced by existence of phenolic
compounds which related to lignin or lignin
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derivatives. Improvement of enzyme production was
reported occurred in the presence of that compounds
(Manavalan et. al, 2013). The presence of different
structure of synthetic dyes could affect the laccase
production by the strain M3, H18, and GP1.
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However, laccase activities were monitored to be
decreased at the end of incubation. This phenomenon
may occurred due to depletion of the substrate, pH
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Incubation time (h)

100

swing during reaction, or product accumulation that
lead to inhibit the enzyme (Robinson, 2015).
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Figure 6. Laccase activity from isolate M3 (a), isolate H18 (b), and isolate GP1 (c) during decolorization of

AO7 (@) and RB5 ( A)

To our knowledge, this is the first report on
isolation, characterization and utilization of new
isolates T. sanguinea M3, T. polyzona H18, and N.
guangxiensis GP1 from Indonesia to decolorize
anthraquinone and azo dyes. The results of this study
provide a new potency of Indonesian WRF isolated
from Batam and Kuningan Botanical Garden as
bioremediation agents of synthetic dyes contaminated
water. Since many contaminations of water bodies,
such as river in Indonesia are recently high, this study
may be used as a bioremediation strategy to reduce
the toxic dyes.
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CONCLUSIONS

Newly isolated fungi T. sanguinea (M3), T.
polyzona (H18), and N. guangxiensis (GP1) exhibited
decolorization activities against anthraquinone
(RBBR and A129) and azo (AO7 and R5B) dyes. T.
polyzona showed the highest decolorization activity
which capable of decolorizing more than 90% of
RBBR, AB129, and RB5 while over than 70% of
AQ7 after 96 h incubation. During the decolorization
of dyes, fungal laccases reached the maximum value
at different incubation time for each dye, then
decreased at the end of incubation. The study
suggests that strain H18 has the potential to be used
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in  bioremediation of textile wastewater in
environment.
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