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The dye decolorization rate in a cell-free culture broth of the white-rot fungus Trametes
versicolor CBR43 was studied, including the effects of inhibitors of NaCl, Zn(II), and Cd(II) on
dye decolorization activity. The maximum rates of dye decolorization in cell-free culture broth
were 1,410, 44.7, 41.2, and 0.19 umol-I"-min™ for Acid Blue 62, Acid Black 175, Reactive Blue 4,
and Acid Red 114, respectively. The inhibition effects of NaCl, Zn(II), and Cd(II) on dye
decolorization were quantitatively compared using the half maximal inhibition concentration
(IC4), which indicates the concentration of an inhibitor required for 50% inhibition. Based on
IC; values, dye decolorization in the cell-free culture broth of CBR43 was most potently
inhibited by Cd(II), whereas the inhibitory effect of NaCl was relatively low. The dye
decolorization rates and ICs;, data can be used in the design and development of a dye-
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wastewater treatment process using T. versicolor CBR43 and its operating factors.
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White-rot basidiomycetes are filamentous fungi that
decompose the cellulose, hemicellulose, and lignin of
wood. White-rot basidiomycetes decompose lignin via
ligninolytic enzymes (laccase, Mn-dependent peroxidase,
lignin peroxidase, dye-decolorizing peroxidase, etc.) and
coenzymes (H,O,-generating enzyme, glyoxal oxidase, etc.).
Because ligninolytic enzymes have low substrate specificity,
mycoremediation, which degrades xenobiotics such as dyes
and polycyclic aromatic compounds using those enzymes,
is receiving attention [1-3].

Among white-rot basidiomycetes, the genus Trametes
belonging to the family Polyporaceae and the class
Agaricomycetes uses deciduous trees, such as oak, as a
host and commonly grows in tiled layers [4]. The cap is
rust-brown or darker brown, sometimes with blackish
zones. The genus Trametes is known to be able to decolorize
dyes used in textile dyeing [4]. T. versicolor decolorized
Acid Black and Acid Violet 7 by 97% and 11%, respectively,
in 9 days [5]. In addition, this fungus decolorized Reactive
Black 5 by 16% in 9 days [6]. Trametes sp. isolated from
temperate forests also decolorized azo, anthraquinone, and

triphenylmethane dyes in the range of 37-100% in 5 days [7].

The biggest advantage of using white-rot basidiomycetes-
containing Trametes sp. for decolorization of dye wastewater
is that very cheap agricultural and forestry waste, such as
waste wood, rice straw, and rice bran, can be used as
cultivation feedstocks [4]. The main components of
agricultural and forestry waste are non-biodegradable
polymers (cellulose, hemicellulose, and lignin), and white-
rot basidiomycetes can decompose those polymers using
extracellular enzymes and then use the degradation
products for growth. Dye wastewater can be effectively
decolorized by a culture broth containing the extracellular
ligninases produced in the process [1-4].

A solid-state fermentation (SSF) method is most commonly
used for the cultivation of basidiomycetes using agricultural
and forestry waste as feedstocks [8, 9]. Therefore, for dye
wastewater treatment processes using basidiomycetes, it is
desirable to construct a 2-stage process: a first stage in
which the mycelium and extracellular ligninases and
coenzymes are produced in an SSF, and a second stage in
which dye wastewater is treated using leachate from the
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SSE. Considerable research has been performed on the
characterization and evaluation of ligninase production in
SSF using sawdust, sorghum husks, wheat bran, wheat straw,
rice straw, corn husks, and corn cobs [10—17]. In addition,
some researchers have demonstrated dye decolorization
using purified laccase, Mn-dependent peroxidase, and
lignin peroxidase from the culture broth of white-rot
basidiomycetes [2, 4, 7, 8, 18—21]. However, little information
is available on dye decolorization using the cell-free culture
broth of white-rot basidiomycetes. Therefore, in this study,
the kinetics of dye decolorization in the cell-free culture
broth of Trametes versicolor, a member of the white-rot
basidiomycetes showing excellent dye decolorization
ability, was investigated. In addition, the inhibitory effects
of salt and heavy metals on dye decolorization by T. versicolor
were evaluated both quantitatively and qualitatively.

In this study, T. versicolor CBR43 isolated from Cheonma
Mountain, located in Gyeonggi-do, South Korea, was used
as an inoculum source [22]. The mycelium of CBR43 was
cultivated in PDB medium (potato starch 4 g/1, dextrose
20 g/1) or on PDA medium (15 g/1 of agar added to PDB
medium). The decolorization tests used three acid dyes
(Acid Red 114, Acid Blue 62, and Acid Black 175) and one
reactive dye (Reactive Blue 4), all of which are commonly
used in the textile dyeing industry. Acid Red 114 and Acid
Black 172 are azo-type dyes, and Acid Blue 62 and Reactive
Blue 4 are anthraquinone-type dyes.

The cell-free culture broth from CBR43 was prepared as
follows. Inoculum was prepared by cutting the mycelium
of a CBR43 strain cultured on PDA medium for 5 days into
6-mm-diameter discs using the backside of a sterilized
200 pl pipette tip. Ten inoculums were added to a 250 ml
Erlenmeyer flask containing 100 ml of PDB medium. The
flask was incubated at 28°C while rotating at 150 rpm for
6 days. The resulting culture broth was centrifuged at
15,000 xg for 10 min at 4°C, and the supernatant was used
as the cell-free culture broth.

The effects of dye concentration and inhibitors (NaCl,
Zn(II), Cd(II)) on dye decolorization in the cell-free culture
broth were also investigated. For this, a 4-fold diluted cell-
free culture broth was used for testing the decolorization of
Acid Blue 62. For Acid Black 175 and Reactive Blue 4, a
2-fold diluted cell-free culture broth was used. For Acid Red
114, the cell-free culture broth was used without dilution.

To evaluate the dye concentration effect on the decolorization
rate, 360 pl of culture broth and 40 pul of each dye solution
were placed in a 100-well plate. Dye solution was added to
produce a final Acid Blue 4 concentration of 0-300 mg/1,
and concentrations of the other three dyes of 0-200 mg/1.
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To test the effects of inhibitors on the decolorization
reaction, 360 ul of culture broth, 20 pl of dye solution, and
20 ul of inhibitor were added to a 100-well plate. Dye
solution was added to a final concentration of 150 mg/1.
NaCl, Zn(I), or Cd(II) was added to a final concentration
of 0-45, 0-11, or 0-11 mM, respectively. Zn(Il) and Cd(II)
stock solutions were prepared using ZnCl, and CdCl,
respectively.

To analyze the decolorization activity, the absorbance
was measured at 600 nm for Acid Blue 62, at 580 nm for
Acid Black 175 and Reactive Blue 4, and at 495 nm for Acid
Red 114 using Bioscreen C (Oy Growth Curves Ab Ltd.,
Finland). The enzyme reaction temperature was set to 28°C,
and the absorbance for Acid Blue 62, Acid Black 175, and
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Fig. 1. Time profiles of dye concentration in cell-free culture
broth of T. versicolor CBR43 at different dye concentrations.
(A) Acid Blue 62; (B) Reactive Blue 4.
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Fig. 2. Effects of dye concentrations on the decolorization rate in cell-free culture broth of T. versicolor CBR43.

(A) Acid Blue 62; (B) Acid Black 172; (C) Acid Red 114; (D) Reactive Blue 4.

Reactive Blue 4 was measured every 30 sec for 15 min. For
Acid Red 114, the absorbance was measured every 20 min
for 2 h. Distilled water instead of culture broth was used as
a control. All tests were performed in triplicates.

The effects of dye concentration on the decolorization
rates of Acid Red 114, Acid Blue 62, Acid Black 175, and
Reactive Blue 4 are shown in Figs. 1 and 2. The decolorization
patterns of Acid Blue 62 and Reactive Blue 4 in cell-free
culture broth are representatively shown in Fig. 1. The dye
concentrations decreased with increasing reaction time.

Fig. 2 shows the initial decolorization rates at each dye
concentration. Except for Acid Red 114, the decolorization
rates of Acid Blue 62, Acid Black 175, and Reactive Blue 4
increased with increasing dye concentration. At a dye
concentration of 100 mg/1, the decolorization rates of Acid
Blue 62, Acid Black 175, Reactive Blue 4, and Acid Red 114
were 52.85, 1152, 8.36, and 0.06 mg-1"'min" (3.81 mg1"h™),

respectively. For Acid Red 114, the decolorization rate
increased in proportion to the dye concentration less than
100 mg/1; however, at a dye concentration of 150 mg/1, the
decolorization rate decreased to 3.65 mg:1"-h™. This result
suggests that the enzyme activity involved in the decolorization
reaction is inhibited at concentrations of Acid Red greater
than 150 mg/1.

Table 1. Maximum decolorization rate and saturation constant.

Maximum .
Saturation constant

Dye decolorithiOTl iate (mM)
(umol-1"-min™)
Acid Blue 62 1,410 1.63
Acid Black 175 447 0.25
Acid Red 114 0.19 0.20
Reactive Blue 4 412 0.49
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Fig. 3. Effects of NaCl, Zn(II), and Cd(II) concentrations on the decolorization rate in cell-free culture broth of T. versicolor CBR43.
(A) Acid Blue 62; (B) Acid Black 172; (C) Acid Red 114; (D) Reactive Blue 4.

The maximum decolorization rate and the saturation
constant for the Michaelis-Menten kinetics were calculated
(Eq. (1)) using the decolorization rates at each dye concentration
(Table 1).

Vrnax [ S ]

T & D w

Here, V, is the decolorization rate, V,,, is the maximum
decolorization rate, [S] is the dye concentration, and Ky, is
the saturation constant.

The highest V., of 1,410 pmol-I"min" was found with
Acid Blue 62; the V., for Acid Black 175 and Reactive Blue
4 were 44.7 and 41.2 pmoll'min”, respectively. The lowest
Voax Of 0.19 umol1" min™ was obtained with Acid Red 114.

Trametes sp. was shown to decolorize anthraquinone
dyes, such as Acid Blue 62 and Reactive Blue 4, via laccase
[7]. Azoreductase and laccase have been associated with
the decolorization of azo dyes such as Acid Black 175 and
Acid Red 114 [2]. In general, it is known that bacteria
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decolorize dyes with azoreductase, whereas fungi use
laccase for decolorization [2]. Black Dycem, an azo dye,
could be 90% decolorized using laccases from T. versicolor,
Ganoderma lucidum, and Irpex lacteus for 48 h [23]. Reactive
Black 5, another azo dye, could be decolorized by 43%
using the laccase of T. versicolor for 30 min [24].

The enzyme involved in decolorization by Trametes sp.
5Q01 and T. trogii Berk S031, which belong to same the
genus as the strain used in this study, has been reported to
be laccase [7, 25]. In addition, T. pubescens has also been
shown to decolorize dyes with laccase [20]. In particular,
laccase is an important ectoenzyme produced by T. versicolor
that has decolorized azo, anthraquinone, and indigo dyes
[26]. Considering these previous results, it is probable that
the dye decolorization in the cell-free culture broth of
CBR43 occurs via laccase. However, further study is
needed to separate and purify the enzymes involved in dye
decolorization in the cell-free culture broth of CBR43.

Because bleaching agents and mordants are used in the



Table 2. Half maximal inhibition concentration (ICs,) of NaCl,
Zn(II), and Cd(II) on the decolorization rate.

1G5y (mM)
Dye
NaCl Zn(II) Cd(In)
Acid Blue 62 3.11 0.46 0.47
Acid Black 175 22.7 3.97 1.02
Acid Red 114 8.70 0.49 0.98
Reactive Blue 4 3.99 3.12 0.74

fiber dyeing process, dye wastewater contains high amounts
of salts and heavy metals [18, 27] that act as inhibitors to
the decolorization of dye wastewater. The effects of
inhibitors on dye decolorization in the cell-free culture
broth of CBR43 are shown in Fig. 3. The decolorization
rates for Acid Blue 62 and Reactive Blue 4 were sensitive to
inhibition from increasing NaCl concentrations. However,
the decolorization rate for Acid Black 175 was unaffected
by the addition of 10 mM NaCl, though it was reduced by
50% when adding 20 mM NaCl. The decolorization rates
for Acid Blue 62 and Acid Red 114 decreased significantly
with an increasing Zn(II) concentration. However, the
decolorization rates for Acid Black 62 and Reactive Blue 4
were inhibited relatively little by Zn(II). The decolorization
rates for all dyes were remarkably inhibited by Cd(II).
Compared with NaCl, Zn(II) and Cd(II) potently inhibited
the decolorization ability of the cell-free culture broth.

The half maximal inhibition concentration (IC;,), the
concentration of an inhibitor required for 50% inhibition,
was calculated using the slope in Fig. 3 (Table 2). The IC;,
values of NaCl for the decolorization rates of Acid Blue 62,
Acid Black 175, Acid Red 114, and Reactive Blue 4 were
3.11, 22.70, 8.70, and 3.99 mM, respectively. The IC;, values
of Zn(I) for the decolorization rates of Acid Blue 62, Acid
Black 175, Acid Red 114, and Reactive Blue 4 were 0.46,
3.97,0.49, and 3.12 mM, respectively, and the IC;, values of
Cd(II) were 0.47, 1.02, 0.98, and 0.74 mM. Based on the IC;,
values, dye decolorization in the cell-free culture broth of
CBR43 was most severely inhibited by Cd(Il), and the
inhibitory effect of NaCl was relatively low.

Yan et al. [25] previously isolated T. trogii S031, which is
tolerant against the high temperature of 80°C and highly
concentrated ionic solutions. They prepared a crude laccase
solution from this fungus and studied the effect of NaCl
on its decolorization activity for malachite green. The
decolorization efficiency for malachite green decreased less
than 10% when 100 mM NaCl was added to the crude
laccase solution [25]. In addition, the dye decolorization
activity of a peroxidase purified from Perenniporia subacida,
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an alkali-resistant fungus, could be maintained at 60% with
the addition of 100 mM NaCl [28]. The dye decolorization
activity of the laccase purified from T. pubescens was not
inhibited by 25 mM NaCl [21]. However, similar to the
results of this study, the decolorization abilities of most
fungi, such as Trametes sp. [19], T. trogii [18], and Ganoderma
lucidum [29], were sensitive to inhibition by a NaCl
concentration less than 50 mM.

The effects of heavy metals on the dye decolorization
ability of various fungi differed according to the type of
heavy metal as well as the type of fungus. Mn(II), Mg(II),
and Cu(Il) slightly inhibited the dye decolorization by
laccase from Trametes sp. at the low concentration of 1 mM
[18, 20], but Fe(II) inhibited the dye decolorization ability
of Trametes sp. even below 1 mM [26]. In this study, the dye
decolorization ability of Trametes sp. was inhibited by Zn(II)
and Cd(II) at concentrations of less than 10 mM (Fig. 3), but
an earlier study found that the dye decolorization ability of
T. trogii Berk S031 was inhibited less than 10% by 100 mM
Zn(Il) [25]. Little inhibition was observed in the dye
decolorization activity of laccase purified from T. pubescens
with 25 mM Zn(II) [21].

Most of the previous research on dye decolorization
using white-rot basidiomycetes evaluated decolorization
efficiencies by reaction time and lacked kinetic analysis
data. Moreover, previous research on the effects of inhibitors
such as NaCl and heavy metals on dye decolorization focused
on dye decolorization efficiency at various concentrations
of inhibitors. Generally, the toxicity of inhibitors has been
evaluated based on lethal concentration or inhibition
concentration. Therefore, the kinetic information and ICs,
values for the inhibitors of dye decolorization obtained in
this study can be used to quantitatively evaluate the
inhibitor effects on dye decolorization using T. versicolor
and to design future dye wastewater treatment processes.
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