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Abstract

Due to environmental concern, the research to date has tended to focus on how textile dye removal can be carried out in
a greener manner. Therefore, this study aims to evaluate the decolorization and biotransformation pathway of Mordant
Orange-1 (MO-1) by Cylindrocephalum aurelium RY06 (C. aurelium RY06). Decolorization study was conducted in a
batch experiment including the investigation of the effects of physio-chemical parameters. Enzymatic activity of C. aure-
lium RYO06 during the decolorization was also investigated. Moreover, transformation and biodegradation of MO-1 by C.
aurelium RY06 were observed using the gas chromatography—mass spectrometry. Manganese peroxidase, lignin peroxidase,
laccase, 1,2-dioxygenase, and 2,3-dioxygenase enzymes were detected during the decolorization. In general, the present
work concluded that the MO-1 was successfully degraded by C. aurelium RY06 and transformed to be maleic acid and to

be isophtalic acid.
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Introduction

As it is well known, a wide variety of colors has been
extensively used for textile dyeing and paper painting [1].
Azo dyes are the most commonly used in textile industry.
During the dyeing process, approximately 10-15% of the
used dyes can be released into the environment, probably
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causing serious environmental and health problems [2, 3].
The presence of dye in the water environment can affect
photosynthetic activity because it can cut light access as well
as causes a shortage of oxygen thus decreasing the survival
rate of flora and fauna [4]. In addition, most of dyes released
from industries are greatly toxic and mutagenic agent [5].
Therefore, it is a major environmental challenge to remove
dyes from industrial effluents since they are difficult to treat
by conventional methods [6].

Although decolorization of dyes can be carried out using
physio-chemical methods such as coagulation/adsorption,
precipitation or chemical degradation, they have shortcom-
ings such as high energy consumption, high cost, and haz-
ardous by-product production [7-10]. Other conventional
aerobic treatment processes were usually not efficient for
decolorization of the effluents contaminated with azo dyes
because of their strong electron-withdrawing group, which
protects them against attack by the oxygenases [11]. Hence,
decolorization by exploring existing microorganisms is
becoming attractive because it is cost-effective and envi-
ronmentally friendly, and has the potential to produce less
sludge compared to chemical and physical treatments [12].
In addition, current development trends have been focused
on how it can be carried out in a greener and cheaper manner
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as well as sustainability. Aligning with the aforementioned
issues, it is evidenced in scientific literature that the dye
decolorization can be carried out by microorganisms such as
bacteria, yeast, algae, actinomycetes, and fungi. The capabil-
ity of microorganisms to decolorize and mineralize through
breakdown of intramolecular bond of organic compounds
has been explored. In addition, the use of microorganisms
can provide a new contribution for development of differ-
ent bioremediation technologies. Among these, bacteria
and fungi are capable to degrade and decolorize azo dyes
and polycyclic aromatic hydrocarbons. Fungi provide many
advantages and some characteristics of fungi make them bet-
ter potential as a degrader compared to bacteria. In addition,
they have also the ability to resist unfavorable environments
[13].

Recently, there has been renewed interest in exploring
fungi to decolorize and biodegrade dyes. For instance, the
decolorization of Reactive Blue 268 by Aspergillus fumiga-
tus can be obtained up to 65% removal [14]. The decolori-
zation and biodegradation of triphenylmethane dyes, which
are cotton blue and crystal violet by Coriolopsis sp. (1c3)
were carried out and found significant decolorization activi-
ties up to 85% [15]. Alternatively, a newly isolated fungus,
Achaetomium strumarium can provide up to 99% decolori-
zation of acid red 88 dye [16]. Biodecolorization of bril-
liant green carpet industry dye using three fungi, which are
Pleurotus florida (PF), Pleurotus eryngii (PE), and Pleurotus
sajor-caju (PS), have also been evaluated and confirmed the
highest decolorization potentialities recorded in the ordering
as 99> 91> 83% by PF>PE > PS, respectively [17]. Using
another fungus, biodegradation scarlet RR dye present in the
textile industry effluent by Peyronellaea prosopidis can also
be carried out and found to reduce 68, 88 and 91% of bio-
logical oxygen demand, chemical oxygen demand, and color
intensity of the wastewater [18]. Moreover, dye-containing
wastewaters can be treated by Trametes villosa SCS-10 [19].
Their study exhibited that up to 90% of color removal, and
80% of COD and TOC reduction can be achieved.

For the mechanism, there are two major processes for
decolorization of dyes using fungi, which are biodegradation
and biosorption. The biodegradation is specifically dedicated
to living cells because they can produce the lignin-modi-
fying enzymes, laccase, manganese peroxidase, and lignin
peroxidase. The role of laccase, manganese peroxidase, and
lignin peroxidase for decolorization of dyes may be differ-
ent for each fungus. For instance, lignin peroxidase secreted
by Phanerochaete chrysosporium was responsible for the
decolorization of azo dyes [20]. A similar finding was also
found when the fungus was employed to decolorize azo,
triphenyl methane, heterocyclic and polymeric dyes [21]. A
different finding was reported when the wood rotting fun-
gus was used and their study exhibited that the manganese
peroxidase played an important role in the decolorization of
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cotton bleaching effluent [22]. Alternatively, laccase released
from Tinea versicolor and Cyathus bulleri was observed to
be responsible as an enzyme degrader in decolorizing anth-
raquinone, azo, and indigo dyes [23, 24]. Another mecha-
nism to remove dyes is biosorption that is basically devoted
for dead cells. In this mechanism, the involvement of physio-
chemical interactions such as adsorption, deposition, and
ion exchange is responsible for the removal. However, the
use of dead cells is commonly associated with their lower
removal capacity compared to living cells as validated by
investigation of Congo red decolorization by Phanerochaete
chrysosporium, performing 90% and 70% removal for the
living and dead cells, respectively.

Azo dyes have a complex structure and synthetic origin;
as a result, this makes that it is quite difficult to be decolor-
ized. Mordant Orange-1 (MO-1) is an azo dye characterized
by the presence of at least one azo bond (-N=N-) bearing
aromatic rings and has high photolytic stability and resist-
ance towards major oxidizing agents to avoid degradation of
dyes [25]. Since removal capability of fungi depends highly
on the type of fungi, dyes, medium, and environmental
condition, the biodegradation products formed after decol-
orization by fungi is also quite specific. Aligning the afore-
mentioned research question, there is a need for research
on degradation product validation formed by new potential
fungus to degrade MO-1. The metabolic pathways utilized
may differ and be interesting to be investigated. Hence, the
aim of this study was to evaluate the capability of a newly
isolated C. aurelium RYO06 to decolorize and biodegrade
MO-1. Also, the effect of various culture conditions such as
agitation speeds, pH, carbon sources, nitrogen sources, and
surfactant was completely investigated. As a new knowledge
and novelty, enzymatic activity and metabolic pathway for
the decolorization of MO-1 by C. aurelium RY06 were also
evaluated. Although the capability of fungi to degrade some
textile dyes has been reported elsewhere, novelty and contri-
bution of this study are on the proposed new mechanism and
transformation, which may be different compared to previ-
ous studies since degradation mechanism and transformation
of dyes depend highly on the types of dye and fungi as well
as employed procedures. Hence, findings from this study
are useful for the contribution to current development of
bioremediation technologies.

Materials and methods
Dye and chemicals
MO-1 was purchased from the Sigma-Aldrich, the United

States of America. The properties of MO-1 are listed in
Table 1. In addition, fructose, glucose, galactose, ammonium
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Table 1 Physio-chemical Parameters Value
properties of MO-1
Structure COOH
O,N N— OH
Molecular formula C,3HgN;05
Appearance Orange
CAS number 2243-76-7
Mol. mass 287.23 g/mol
Melting point >300 °C
Adsorption Amax 385 nm
Solubility 200 g/L in water at 80 °C
pH of the stock solution 5.5

nitrate, ammonium sulfate, yeast extract, and Tween 80 were
obtained from the Merck, Germany.

Identification of the proposed fungus

In this study, potential fungal strain was isolated from a trop-
ical rain forest in the surrounding of the Universiti Teknologi
Malaysia. Identification of the proposed fungus was carried
out on the Petri dishes containing the potato dextrose agar
and malt extract agar. In this study, polymerase chain reac-
tion analysis was employed for identification purpose. The
preparation product was sent to 1st BASE Laboratory Sdn.
Bhd for sequencing. The DNA sequence was then read and
edited using BioEdit and compared with other 18S rRNA
gene sequences obtained from the National Center for Bio-
technology Information (NCBI) GenBank database. It was
confirmed that the identified fungus can be categorized as
C. aurelium RY06.

Microorganism and culture condition

Cylindrocephalum aurelium RY06 having a size of 3 mm
in diameter and about 1 g of weight was first cultured in a
conical flask (250 mL) with liquid medium on an orbital
shaker at a speed of 120 rpm. The liquid medium (100 mL
in a volume) contains yeast extract (2 g) and glucose (2 g).
The dishes with 20 mL agar medium containing glucose
(20 g/L), malt extract agar (20 g/L), chloramphenicol
(0.04 g/L), and ammonium nitrate (10 g/L) were inoculated
with the mycelia (3 mm in diameter and 1 g of weight) cut
from the body of mycelia. All medium and experimental
equipments were sterilized using autoclave at a temperature
of 120 °C for 15 min.

Decolorization experiment

Decolorization of MO-1 was performed using a batch study
carried out in 100-mL Erlenmeyer flasks. The flasks were
prepared in triplicates and contained 20 ml nutrient media
with dyestuff. The agar plates and flasks were used under
sterile condition. Inoculation process was carried out using
a 3-mm active plug cut from the pure fungal culture grown
on agar plates. The liquid medium cultures for decoloriza-
tion were incubated for 30 days in dark room condition. The
effect of initial pH was evaluated by performing ranging pH
from 3 to 6. The pH was adjusted using 0.1 M hydrochloric
acid (HCI) or 0.1 M sodium hydroxide (NaOH). Next, the
effect of agitation was conducted at different speeds of 0, 50,
75, and 100 rpm. The effects of various carbon and nitrogen
sources were added at a final concentration of 20 g/L. All
experimental parameters can be seen in Table 2. Samples
(triplicate flasks) were taken periodically and centrifuged
at 4000g for 20 min at 15 °C, and the clear supernatant
obtained was used to determine the percentage of decolori-
zation by measuring absorbance in a UV-Vis Spectrometer
DR 5000 at a wavelength of 385 nm. The percentage of
decolorization was estimated using the following equation:

DP = (1—£>x100%, )
CO

where DP is the decolorization percentage (%), C, the initial
concentration of the dye (mg/L) and C is the final concentra-
tion of the dye after decolorization (mg/L).

Investigation of enzymatic activity
Investigation of enzymatic activity was carried out spectro-

scopically using UV—Vis spectrophotometer. It is noted that
one unit of activity is defined as the amount of enzyme that
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Table2 Summary of

L Parameters PH Agitation (rpm) Carbon source Nitrogen sources Surfactant
parameters for decolorization concentra-
of MO-1 tion

Effect of pH 3-6 100 - - 1
Effect of agitation 3 0-100 - - 1
Effect of carbon sources 3 100 Gl F, Ga, X - 1
Effect of nitrogen sources 3 100 - AN, AT, YE 1
Effect of surfactant concentration 3 100 - - 0.1-1.5

Gl glucose, F fructose, Ga galactose, X xylose, AN ammonium nitrate, AT ammonium tartrate, YE yeast

extract

oxidized 1 pmol of substrate per minute and it was expressed
in units per volume (U/L). For this purpose, investigation of
laccase activity was carried out via using syringaldazine in
100 mM sodium acetate buffer. An activity of manganese
peroxidase was examined using 50 mM malonate buffer
and dimethoxyphenol in 20 mM MnSO,. In addition, lignin
peroxidase activity was determined using veratryl alcohol.
Moreover, 1,2-dioxygenase and 2,3-dioxygenase activities
were observed via catechol as a substrate. It is noted that the
experiments were performed in triplicates.

Characterizations

For the Fourier-transform infrared spectroscopy (FTIR)
characterization, samples were examined using the FTIR
spectrometer (PerkinElmer Frontier-GPOB model) equipped
with the PerkinElmer Spectrum software was employed for
this characterization. It used OptKBr (7800-400 cm™') as
beam splitter and MIR TGS (15,000-370 cm_l) as detector.
Samples in a pellet form were prepared by hydraulic pressing
(Specac model) at 10 tons in pressure. FTIR characterization
was inspected using a spectrum wavelength in the range of
650—4000 cm™! at a resolution of 4 cm™! and accumulations
of ten scans. In addition, changes in fungal morphologies
were also characterized by means of field-emission scanning
electron microscopy (FESEM ZEISS Supra 35VP). For this
investigation, the fungal samples were collected before and
after decolorization.

Identification of metabolites

The biodegradation products of MO-1 were inspected by
means of gas chromatography—mass spectrometry (GC-MS).
For the GC-MS analysis, extract cultures were first prepared
by condensing using rotary evaporators and passed through
a column. The GC-MS system equipped with DB-1 cap-
illary column was employed for metabolite inspections. It
was operated at the splitless injector temperature of 260 °C
with an oven condition of 80 °C for 1 min, increased up to
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160 °C with a rate of 18 °C min~!, raised up to 320 °C with
a rate of 20 °C min~", and then held at 320 °C for 15 min.
This examination was operated in full scan of m/z 50-500.
It was then followed by examining the retention time of the
suspected compound with MO-1. The mass spectrometry of
the sample was compared with the corresponding authentic
standards and the mass spectra library of Wiley 275L.

Results and discussion
Effect of agitation speed

The mechanism of biodegradation of dyes can be linked
to several processes, which are: (1) catalyzation of the
dye by extracellular enzyme and (2) adsorption process
through the biomass with or without subsequent degrada-
tion inside the cells aided by intracellular enzymes. Effects
of agitation speeds on MO-1 biodegradation by C. aure-
lium RYO06 are presented in Fig. la. It can be observed
that the agitation treatment can enhance the percentage of
the decolorization compared to that of without agitation
treatment. When the decolorization was carried out at a
speed of 50 rpm, the removal percentage can be slightly
enhanced from 41% (0 rpm) to 44%. In addition, due to
increase in the speed of up to 70 rpm, the decolorization
percentage was found to be 65%. At the highest speed used
in this work (100 rpm), the decolorization percentage can
be enhanced by up to 85%.

In general, increase in the agitation speed can increase
the decolorization percentage. Maximum removal of MO-1
can be achieved when the agitation speed of 100 rpm was
applied. Mechanical treatment such as agitation imple-
mented in this study can enhance the distribution of nutri-
ent such as carbon sources and nitrogen sources as well as
transfer of oxygen in the liquid medium. As a result, it can
promote cell growth and the enhancement of biodegrada-
tion process as also observed in the previous work [26].
Findings of this study were also in line with those results
obtained by another study that employed Funalia Trogii to
decolorize Astrazon Red FBL, which found the optimum
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Fig. 1 Effects of physio-chemical parameters on the decolorization percentage for a agitation speed, b pH, ¢ carbon sources, d nitrogen sources,
and e surfactant

decolorization can be obtained at agitation speeds of  Effect of pH
100-150 rpm [5].

Effects of pH on the decolorization percentage are shown
in Fig. 1b. It can be observed that pH significantly affected
the removal of MO-1. Increase in pH ranging from 3 to 6
can decrease the decolorization percentage ranging from
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86 to 45%. The highest removal rate of MO-1 was found at
pH 3 and the lowest degradation removal occurred at pH 6.
It was possible that some essential nutrients in the growth
media were suitable at pH 3. The optimum pH for decolor-
ization of dyes depends highly on the type of fungi, dyes,
medium, and environmental condition. It was reported in
scientific literature that the optimum pH to degrade several
dyes such as Reactive orange 16 [27], Remazol Black B
[28], Poly R478, blue dextran, crystal violet, cresol red,
bromophenol blue [29], and Remazol Brilliant Blue R [30]
using fungi generally appeared in the range of 2—4. It was
probably that pH values in this range also generally enrich
and maintain the culture microorganisms well for optimal
decolorization [31].

The results of this study were consistent with those
obtained from previous studies addressing decolorization of
synthetic dye by fungus at different pH ranges. For instance,
the biosorption of Reactive orange 16 dye by Rhizopus
arrhizus was optimum at pH 2 and can significantly decrease
at higher pH (above 4) [27]. The dye uptake capacity of
Rhizopus arrhizus to remove the reactive dye Remazol Black
B was also optimum in the range pH around 2 with a sharp
drop off at higher values (above 3) [28]. The use of several
white fungi, which are Trametes cingulata, Trametes versi-
color, Trametes pocas, DSPM95, Datronia concentrica, and
Pycnoporus sanguineus, to degrade dyes (Poly R478, blue
dextran, crystal violet, cresol red, and bromophenol blue)
was optimum at pH 3-4.5 [29]. Moreover, the optimum pH
for anthraquinonic dye Remazol Brilliant Blue R decol-
orization using Lentinus crinitus and Psilocybe castanella
ranged from 2.5 to 3.5 [30]. The surface electrical charge of
fungal biomass and the ionic forms of dye pollutant can be
controlled by the solution pH value. The solution pH can
alter both adsorbate chemistry and fungal biomass-binding
sites. For instance, the optimum removal of acidic dye can be
obtained at acidic condition because there was an increased
in the protonation of weak base group (biomass) that bound
and degraded the anionic group of acidic dye [32].

Effect of carbon sources

In this study, fructose, galactose, xylose, and glucose were
added to the culture to validate the effects of carbon sources
on the decolorization of MO-1 by C. aurelium RYO06 as pre-
sented in Fig. 1c. The addition of glucose and fructose in the
liquid medium can provide the decolorization percentages
of 76 and 71%, respectively. In addition, the use of galactose
and xylose as carbon sources can stimulate decolorization
percentages of 65 and 35%, respectively. Findings from this
study suggested that the use of glucose and fructose was the
best option in terms of the removal percentage. However, it
is obvious that a slightly higher removal percentage can be
obtained when the glucose was used.
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These results were in line with previous study that
observed that an increase in incubation time and an addi-
tion of carbon sources gave a high enzymatic production
and activity [33]. This could be attributed to the fact that the
decolorization was mainly due to the extracellular enzyme
activity [34]. By the presence of carbon sources in the cul-
ture, it was found that the decolorization process during the
dye decolorization mechanism by the presently proposed
fungi was highly correlated with the growth of fungi. Previ-
ous study revealed that the decolorization of MO-1 using
Trichoderma harzianum with the addition of glucose can
enhance the dye decolorization percentage [35].

Effect of nitrogen sources

Effects of nitrogen sources such as ammonium nitrate,
ammonium sulfate, and yeast extract were investigated for
decolorization of MO-1 by C. aurelium RY06 as shown in
Fig. 1d. The addition of yeast extract, ammonium nitrate,
and ammonium tartrate performed the decolorization per-
centages of 49, 71, and 64%, respectively. It was obvious
that the addition of ammonium nitrate showed the highest
decolorization percentages compared to others. It is noted
that nitrogen is a basic requirement for growth of all fungi.
Fungi can utilize a variety of nitrogen sources, including
inorganic nitrate, ammonium salts, and some organic com-
pounds especially amino acids.

The results indicated that the nitrogen sources affected
the decolorization of the current dye. The different percent-
ages reflected capacities of the filtrates to remove dyes with
diverse chemical structures. This might be due to the differ-
ences in electron distribution, charge density or steric fac-
tors [37]. Previous study reported that the nitrogen sources
can influence the produced amount and type of enzymes
[38]. Therefore, it was speculated that the use of ammonium
nitrate as a carbon source model can stimulate a higher enzy-
matic production and activities compared to other carbon
source models. Carbon and nitrogen sources were used to
enhance the enzyme production since they contained essen-
tial minerals and nutrients to be used as energy for growth
[36].

Effect of surfactant

Surfactant can also be considered to affect the decoloriza-
tion. For this purpose, its effect on the decolorization was
examined by applying Tween 80 at different volumes, which
are 0.1, 0.5, 1.0, and 1.5 mL. The use of this surfactant was
due to their internal property to enhance the decolorization
performance compared to another surfactant type such as
Tween 20 [39]. Figure 1e shows the effect of the surfactant
on the decolorization. The present work found that the
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Fig.2 Enzymatic activities of C. aurelium RY06 during the decolori-
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percentages of decolorization of MO-1 at 0.1, 0.5, 1.0, and
1.5 mL were 27, 49, 85, and 49%, respectively.

In general, this study exhibited that the presence of sur-
factant might affect the growth of fungi during chemical
reaction. Furthermore, these results confirmed that the
addition of the surfactant at 1 mL can achieve the highest
removal percentages of decolorization compared to others.
The presence of surfactant can increase the solubility of dye
in water [40]. As a result, the dye can be easily degraded.
This was in agreement with those results obtained from the
previous study that employed Rhizopus arrhizus to decolor-
ize Remazol Blue dye [41]. Their study found that the pres-
ence of surfactant for the dye decolorization can enhance
the decolorization percentage up to 77%. Conversely, the
decolorization percentage without the use of surfactant was
only 21%.

Enzymatic activities

Data shown in Fig. 2 presented the enzymatic activities dur-
ing decolorization. Lignin peroxidase (LiP), laccase, and
manganese peroxidase (MnP) were detected to be present
in the liquid culture. In addition, 1,2-dioxygenase (1,2-DO)
and 2,3-dioxygenase (2,3-DO) were also detected during
decolorization in different activities. For instance, the pres-
ence of manganese peroxidase, lignin peroxidase, laccase,
1,2-dioxygenase, and 2,3-dioxygenase in the medium was
38, 37, 122, 10, and 6 U/L, respectively. Findings from this
study exhibited that the highest enzyme activity was pro-
vided by laccase, indicating the main role of extracellular
enzyme in the decolorization of MO-1 using the presently
employed fungus. It is well established that the degradation
of dyes can be mediated by several enzymes such as laccase,

Fig.3 Surface morphology of C. aurelium RY06 a before and b after
decolorization

manganese peroxidase, lignin peroxidase, and some extents
by dioxygenase, depending on type of fungi.

The capability of these enzymes to degrade various tex-
tile dyes has been well documented in literature [42—45].
Several studies have mentioned that the capability of these
enzymes in decolorization of dyes depended highly on
microorganism. For instance, laccase secreted by Pycnopo-
rus sanguineus acted as an important enzyme to degrade azo
and triphenylmethane dyes [44]. In addition, degradation
of the anthraquinonic dye Remazol Brilliant Blue R can be
facilitated using laccase produced by the white-rot fungus
Trametes pubescens [43]. Moreover, laccases produced by
Trametes hirsuta, Sclerotium rolfsii, Trametes villosa, Tram-
etes modesta, and Trametes pubescens were found to have
capability for decolorizarion of several synthetic dyes [42,
43, 45]. Following this logic, this work proposed that the
white-rot fungus C. aurelium RY06 can degrade MO-1 via
the enzymatic mechanism.

Surface morphology and FTIR characteristics
It was well established that synthetic dyes provided a harm-

ful effect on living organisms such as bacteria and fungi. For
this respect, Fig. 3 shows the morphological structure of C.
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aurelium RY06 before and after decolorization of MO-1.
It was obvious from the figure that C. aurelium RYO06 per-
formed a perforated surface structure and rough surface in
nature (see Fig. 3a). Several pores can also be observed on
C. aurelium RY06 before decolorization of MO-1. A sig-
nificant change in terms of their structure and roughness of

C. aurelium RY06 can be observed after decolorization of
MO-1. It can be seen from Fig. 3b that their surface mor-
phology transformed to be smoother and unperforated sur-
face structure. This was a result from the deposition of MO-1
on the surface of C. aurelium RYO06. In addition, MO-1 can
also fill the pores of C. aurelium RY06.

To investigate biomolecule transformations of MO-1
before and after decolorization, FTIR spectra analysis was
employed as depicted in Fig. 4. It can be observed that the
original MO-1 (see Fig. 4a) showed several prominent peaks
around 900-1000 cm™! that can be correlated to the C—O
stretching. As a comparison, FTIR spectra at these regions
for MO-1 after decolorization (see Fig. 4b) became more
intense compared to before decolorization. In addition, a
small peak at 1346 cm™! that can be attributed to stretch-
ing vibration of C-N for MO-1 before decolorization trans-
formed to be more intense after decolorization. In addition,
a new sharp peak at 1707 cm™! due to strong C=0 can be
observed for MO-1 after decolorization, which cannot be
found in the control dye. This study also found that the peaks
at 2973 and 3707 cm™! attributed to C—H, and O—H stretch-
ing, respectively, exhibited more intensify compared to the
control dye. By considering the different characteristics of
the FTIR spectra of MO-1 before and after decolorization, it
can be speculated that the dye can be degraded by C. aure-
lium RY06.

Proposed pathway for decolorization mechanisms

Table 3 presents mass spectra analysis of the metabolic prod-
uct produced from MO-1 by C. aurelium RY06 complete
with their correspondence UV-Vis spectra. In addition,
Fig. 5 shows mass spectra of each metabolite of MO-1 by
C. aurelium RY06. GC-MS chromatograms of MO-1 bio-
degradation exhibited the metabolite I with the molecular
ion (M*-15) at m/z 245 and the substantial fragment ions
at m/z 147 and 73. These characteristics can be associated
with the sequential losses of OSi(CH;); and COOSi (CH;),,
respectively, which can be categorized as maleic acid (see
Fig. 5a). In addition, the metabolite II showed major spec-
trum at m/z 310 and the significant fragment ions at m/z 295,

Table 3 Mass spectral analysis
of the metabolic product
produced from MO-1 by C.

Metabolites  Retention

time (min)

m/z of fragment ions (% relative abundance)

Possible structure

aurelium RY06 and their I 72
correspondence UV—-Vis spectra

II 10.4

245 (25, M*-15), 73 (100), 147 (90), 83 (24), 157 (5)

310 (6, M*), 295 (100), 73 (20), 221 (15), 103 (10),
140 (13), 177 (6), 251 (5), 193 (3), 313 (1)

Maleic acid-TMS
derivatives
(confirmed with a
standard)

Isophthalic acid—
TMS derivatives
(confirmed with a
standard)
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221, and 73 that can be correlated to the sequential losses of
CHj; (CH;);S1, and OSi(CHy);, respectively. These charac-
teristics can be linked to isopthalic acid as validated to the
authentic compound (see Fig. 5b).

Following these evidences, C. aurelium RY06 can
degrade MO-1 via two major routes, which are: (1) maleic
acid and (2) isopthalic acid. For a comprehensive overview,
a proposed pathway of MO-1 biodegradation by C. aurelium
RYO06 is shown in Fig. 6. Basically, dyes can be cleaved
symmetrically or asymmetrically depending on the struc-
ture of substrate and involved enzymes [46]. For this study,
MO-1 was asymmetrically cleaved by C. aurelium RY06
into 4-nitroaniline and 5-amino-2-hydroxybenzoic acid as
observed in Fig. 6. In addition, it was noted from Fig. 6 that
the transformation mechanism of MO-1 into the maleic acid
was initiated by the asymmetric cleavage before deamination
and hydroxylation, denitration, and carboxylation. For the
metabolite II, the processes were deamination, carboxyla-
tion and dihydroxylation, and decarboxylation. Deamination,
decarboxylation, and carboxylation and dihydroxylation are
likely catalyzed by laccase [47]. Deamination and hydroxy-
lation mechanism was possible with the help of laccase and
dioxygenase enzymes. Moreover, the denitration mechanism
can be associated with the presence of LiP enzyme [18].

It was well known that the transformation and biodegra-
dation of pollutants depended highly on the types of micro-
organisms and pollutants. For instance, several metabolites,
which are chrysenequinone, 1-hydroxy-2-naphthoic acid,
phthalic acid, salicylic acid, protocatechuic acid, gentisic
acid, and catechol can be detected when chrysene degraded

using Polyporus sp. S133 [48]. Another study also observed
that benzo[a]pyrene can be degraded by Armillaria sp. F022
to be benzo[a]pyrene-1,6-quinone, 1-hydroxy-2-benzoic
acid, and benzoic acid [49]. The degradation of acid red 88
dye by Achaetomium strumarium can be identified by metab-
olites, namely sodium naphthalene- 1-sulfonate and naphtha-
len-2-o0l as well as finally degraded to be 1,4-dihydronaph-
thalene [16]. Direct blue-14 dye by Bacillus fermus can be
degraded by metabolites, which are 3,5-diamino-4-hydrox-
ynaphthalene-2,7-disulfonic acid, 3,3'-dimethylbiphenyl-
4,4'-diamine, 4-hydroxynaphthalene-2,7-disulfonic acid,
3,3'-dimethylbiphenyl (2Z)-3-(4-hydroxyphenyl)prop-2-
enoic acid, and (2Z)-3-(4-methylphenyl)prop-2-enoic acid
[50].

Conclusions

This work was carried out to investigate the decoloriza-
tion and biotransformation of MO-1 by C. aurelium RY06.
The maximum decolorization percentage up to 86% can be
obtained when glucose, ammonium nitrate, pH 3, agitation
speed of 100 rpm, and 1 mL Tween 80 were employed.
Although the maximum removal cannot achieve 100%,
novelty and contribution of this study are on the proposed
new mechanism and transformation, which are useful as
basic knowledge to improve the method. The presence
of manganese peroxidase, lignin peroxidase, laccase,
1,2-dioxygenase, and 2,3-dioxygenase can be detected
with the highest concentration as laccase (122 U/L). The
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Fig.6 Proposed pathway of
MO-1 by fungus C. aurelium
RY06
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degradation of MO-1 using C. aurelium RY06 can be
achieved by two different routes, which are to be maleic
acid and to be isophtalic acid. This work was useful as a
framework to employ C. aurelium RYO06 for decolorization
of dyes for foreseeable wastewater purification application.
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