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Abstract

The aim of this study is to comparatively investigate the decolorization of Reactive Blue
171 (RB 171) by using three different bacterial strains as Bacillus megaterium Al (Al),
Gordonia sp. MC-D1 (D1), and Bacillus pumilus D3 (D3) and also a white rot fungus
(Pleurotus ostreatus). All tested bacteria were incubated with RB 171 dye at 150 mg/L
concentration for 24-72 h under static or agitated (150 rpm) conditions while the fungus was
incubated with 150 mg/L of the dye under the same conditions for 3-24 h. The highest bacterial
decolorization values were obtained after 72 h of incubation under static conditions, and the
maximum decolorization rates were detected as 84, 83 and 75% for Al, DI, and D3,
respectively. However, the color of RB 171 dye was removed at 93% rate by Pleurotus
ostreatus under static conditions after 24 h of incubation. Similar results were also obtained

from the agitated studies of the tested fungal and bacterial strains except Al. The maximum
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decolorization values obtained with Al, D1, and D3 at 150 rpm, 72 h were 30, 88 and 89%,
respectively. The highest decolorization activities of Pleurotus ostreatus were 93% for both
static and agitated (150 rpm) conditions. In addition, zymogram analyzes of the fungal culture
fluids obtained from SBM, and SBM containing 150 mg/L RB 171 were also performed to
detect the presence of laccase.

Keywords: Bacterium; Decolorization; Textile dye; White rot fungus; Zymogram.

Bir Beyaz Ciiriikg¢iil Fungus ve Cesitli Bakteriyel Suslar ile Tekstil Boyasinin Renginin
Gideriminin Karsilasgtirmal Olarak Arastirilmasi

Oz

Bu ¢alismanin amaci, ii¢ farkli bakteriyel sus Bacillus megaterium Al (A1), Gordonia sp.
MC-D1 (D1) and Bacillus pumilus D3 (D3) ve ayrica bir beyaz c¢liriik¢iil fungusun (Pleurotus
ostreatus) kullanimi ile Reaktif Mavi 171° in (RM 171) renginin gideriminin karsilastirmali
olarak aragtirilmasidir. Test edilen tiim bakteriler 150 mg/L konsantrasyonda RM 171 boyasi ile
24-72 saat boyunca statik ve galkalamali (150 rpm) kosullarda inkiibe edilirken fungus 150
mg/L boya ile aym1 kosullarda 3-24 saat boyunca inkiibe edildi. En yiiksek bakteriyel renk
giderimleri statik kosullarda 72 saat inkiibasyon sonrasinda elde edildi ve maksimum renk
giderim oranlar1 Al, D1 ve D3 i¢in sirasiyla 84, 83 ve %75 olarak saptandi. Bununla birlikte,
Pleurotus ostreatus ile statik kosullarda, 24 saat inkiibasyon sonrast RM 171 boyasinin rengi
%93 oraninda giderildi. Benzer sonuglar Al hari¢ test edilen fungal ve bakteriyel suslarin
calkalamali ¢alismalarindan da elde edildi. A1, D1 ve D3 ile 150 rpm ve 72 saatte elde edilen
maksimum renk giderim degerleri sirasiyla 30, 88 ve %89’ dur. Pleurotus ostreatus’ un en
yliksek renk giderim aktiviteleri hem statik hem de ¢alkalamali (150 rpm) kosullarda %93 idi.
Ayrica lakkaz varliginin tespiti amaciyla SBM ve 150 mg/L RB 171 igeren SBM’den elde

edilen fungal kiiltiir stvilarinin zimogram analizleri de yapilda.

Anahtar Kelimeler: Bakteri; Renk giderimi; Tekstil boyasi; Beyaz ¢iiriik¢iil fungus; Zimogram.

1. Introduction

Textile and dye industry wastewaters contain various textile dyes. Among these dyes;
Reactive dyes are widely used in the textile industry due to their high binding capacities to
cellulosic fibers. Therefore, reactive dyes are used at much higher rates than conventional dyes,
and consequently there are more reactive dyes residues in textile factory wastewaters [1]. These

wastewaters can be discharged to aquatic environments or soil without any or sufficient
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treatment and negatively affect the aquatic life by reducing photosynthesis and also oxygen
level in the water because of their intense color [2, 3]. However, the toxic and/or genotoxic
effects of the dyes found in these wastewaters can adversely affect aquatic and terrestrial
ecosystems, leading to serious environmental problems [4, 5]. For this reason, these
wastewaters must be subjected to treatment process before being discharged to the environment.
Because many synthetic dyes have antimicrobial effects, the textile dyes are generally resistant
to biodegradation by the conventional biological wastewater treatment systems. Accordingly,
studies on the color removal of textile wastewaters were generally carried out using
physicochemical methods such as adsorption, precipitation, filtration, electrochemical oxidation
in the literature [6]. But high amounts of sludge formation and insufficient degradation of dyes
and removal of their degradation products are the disadvantages of physicochemical processes.
However, their economic unfeasibility and environmental pollutant potential of the chemicals
used are the other negative aspects of physicochemical processes [7-9]. In addition, the yield of
color removal in traditional biological wastewater treatment methods is low. Thus,
environmentally friendly and effective methods are needed for color removal of these dyes. In
accordance with this purpose, many researchers are trying to find ecofriendly and efficient
biological alternatives for dye decolorization [3, 10, 11]. Microbial decolorization may be an
alternative method for color removal of these dyes, by selecting the appropriate methods and
microorganisms. Bacteria and also white rot fungus can decolorize and detoxify of textile dyes
[12, 13]. Laccases (E.C. 1.10.3.2) are produced by most of white rot fungi, and these enzmes are
generally secreted extracellularly [14]. There are various reports in the literature that fungal
laccases are responsible for the decolorization of many dyes [12, 13, 15, 16]. Accordingly, the
spectrophotometric and zymogram analyzes were performed to detect if the laccase was the
enzyme responsible from fungal dye decolorization. The aim of the study is to compare the
decolorization potentials of Reactive Blue 171 (RB 171) dye by using the isolated bacteria like
Bacillus megaterium Al, Gordonia sp. MC-D1, Bacillus pumilus D3, and a white rot fungus

(Pleurotus ostreatus) in various conditions.

2. Materials and Methods

2.1. Microorganisms

In this study, three isolated bacteria and one white rot fungus were used for decolorization
of Reactive Blue 171 (RB 171). Bacteria used in the studies were Bacillus megaterium strain A1l
(A1, Accession number KC579390), Gordonia sp. MC-D1 (D1, Accession number KF663602),
Bacillus pumilus D3 (D3, Accession number JX860616) while the fungus was Pleurotus

ostreatus (P. ostreatus). Bacteria were transferred to fresh Nutrient Agar (NA) plates every
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month and produced as pure solid culture at 30 °C. Similarly, the fungus was transferred to the
plates containing fresh Sabouraud Dextrose Agar (SDA) every month and produced as pure
filamentous fungal culture at 30 °C. The obtained pure bacteria and fungus cultures are kept in
stock at 4 °C in a refrigerator of Inonu University Arts and Science Faculty Biology

Department.

2.2. Textile dye
RB 171 (Fig. 1), an azo dye, was used as a textile dye in the studies. This dye was added
to Nutrient Broth (NB) and Stock Basal Medium (SBM) at final concentration as 150 mg/L.
Cl
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Figure 1: The chemical structure of RB 171 dye

2.3. Preparation of bacterial cultures
The samples taken from the stock solid cultures of Al, D1 and D3 produced on NA
were transferred to NB media. Then these bacteria were incubated at 30 °C at 150 rpm for

obtaining the liquid bacterial cultures to be used in the experiments.

2.4. Preparation of fungal cultures

The mycelia of P. ostreatus were incubated at 30 °C on slant Sabouraud Dextrose Agar
(SDA) for 7 days. Then the mycelial suspensions were utilized for inoculum [17]. The fungus
was precultured in 250 mL flasks containing 100 mL Sabouraud Dextrose Broth (SDB) at 150
rpm for 5 days and then homogenized at low speed under aseptic conditions. The homogenized

mycelia were utilized as the inocula [18].

2.5. Dye decolorization studies
After preliminary preparations, | mL of Al, D1 and D3 liquid cultures were separately
transferred to NB media containing 150 mg/L RB 171 at the final concentration. However,

2.5 mL of homogenized P. ostreatus mycelia were transferred into SBM containing 150 mg/L
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RB 171 dye. SBM consisted of (g/L): KH,PO4 0.2; CaCl,-2H>O 0.1; MgSO4-7H,O 0.05;
NH4H>PO4 0.5; FeSO4-7H>0 0.035; glucose 2; yeast extract 1. The samples were incubated at
30 °C under static and agitated (150 rpm) conditions.

Dye decolorization activities of microorganisms were determined by spectrophotometric
(Shimadzu-UV-1601, UV/Visible) measurements at 24, 48 and 72th hours for the bacterial
strains. However, the decolorization rates obtained with use of the fungus were detected at 3, 6,
9, 12, and 24th hours. The maximum wavelength of the RB 171 was determined as 619 nm via
spectrophotometric scanning. The percents of dye decolorization activities obtained after the
treatment of RB 171 dye with the microorganisms as stated above were calculated against the

control groups at 619 nm. All experiments were performed at least 3 replicates.

2.6. Spectrophotometric analyzes of fungal laccase

The crude laccase activities of Pleurotus ostreatus culture fluids from SBM and
SBM+150 mg/L. RB 171 were detected by spectrophotometrically at 420 nm using ABTS [2,2-
Azino-bis (3-ethylbenzthiazoline-6- sulfonic acid)] as the substrate [19].

2.7. Zymogram analysis of Pleurotus ostreatus culture fluids
Pleurotus ostreatus culture fluids obtained from two different media (SBM and SBM
containing 150 mg/L RB 171) were used as the crude laccase enzyme sources. Native
polyacrylamide gel electrophoresis (Native PAGE) were performed on native polyacrylamide
gels. Laccase activities were determined on native polyacrylamide gels with ABTS as the

substrate [12].

3. Results and Discussion

3.1. Bacterial dye decolorization

Among the tested bacterial species, D1 and D3 performed better color removals at
agitated condition while A1l effectively decolorized RB 171 dye at static condition. This color
removal clearly seen at Fig. 2 as macroscobically, and this experiment was also supported by

spectrophotometric scanning (Fig. 3).
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Figure 2: Macroscopic images of the decolorization of RB 171 under static condition by Al (a) and
under agitated condition by D1 (b) and D3 (c)
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Figure 3: Spectrophotometric scanning images of the decolorization of RB 171 under static condition by
A1 (a) and under agitated condition by D1 (b) and D3 (c¢)

The color removal percentages based on the time dependent absorbance measurements
could be seen at Table 1. The highest color removal was generally obtained at 72th hour for all
of the bacterial strains tested in both static and agitated conditions (Table 1). The most effective
color removals were detected as 84, 83, and 75% in static conditions while the maximum
decolorization rates were 30, 88, and 89% in agitated conditions for the strains of A1, D1, and
D3, respectively.

Bacterial decolorization efficiency may vary depending on the type of bacteria tested,
the dye, and whether the incubation conditions are static or agitated. For this purpose, different
bacterial species and incubation conditions have been tested in decolorization of various dyes in
many studies. Accordingly; in some of the studies in the literature, it is reported that higher
decolorization rates were obtained in static conditions [20-22] and in others under shaking
conditions [23-25]. This situation can be explained by the metabolic diversity of the tested
bacterial species.

Six different isolates (DEC1-DEC6) of Aeromonas hydrophila were tested for
decolorization of RB 171 dye at 100 mg/mL concentration in a work by Chen et al. [26]. It was
stated that the highest decolorization activity was 80% for DEC 1, and DEC 6 isolates at the 7th

day of incubation. The decolorization of azo dyes such as Reactive Violet 13 and Reactive Blue
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171 at 50 and 100 ppm by Pseudomonas stutzeri in different media was studied by Gangavarapu
and Ravuri [27]. According to the results, the maximum removal rates of Reactive Violet 13 and
Reactive Blue 171 dyes (50 ppm) in Mineral Salt Media (MSM) were detected as 64% and
66%, whereas, 82% and 88% were measured as the highest decolorization values for the same
dyes in Luria Broth (LB) media within 24 h, respectively. Moreover, the usability of Bacillus
cereus RJVL 2514 for the decolorization of Reactive Violet 13 and Reactive Blue 171 dyes
were investigated by the same researchers in another work. It was reported that the highest dye
removal percents were detected for Reactive Violet 13 and Reactive Blue 171 at 50 ppm
concentrations in MSM (92%, 91%) and also LB media (98%, 96%) within 24h, respectively
[28].

Table 1: Decolorization rates of RB 171 by Al, D1, and D3 after different incubation periods

Time Dye Decolorization (%)
(h) Al D1 D3
Static Agitated Static Agitated Static Agitated
24 68 14 23 77 22 78
48 81 26 49 88 41 88
72 84 30 83 88 75 &9

3.2. Fungal dye decolorization
P. ostreatus effectively decolorized the color of RB 171 in both static and agitated

conditions at all incubation times tested (Fig. 4).

(a) (b) © @

Figure 4: Macroscopic images of the decolorization of RB 171 by P. ostreatus under static conditions (a
and c) and agitated conditions (b and d) after 3 h (a and b) and 24 h (c and d) incubation periods

Similarly, these color removals were also supported by spectrophotometric scanning
(Fig. 5), and the percentages of the decolorization based on the time dependent absorbance

measurements were showed at Table 2. The maximal color removal data were measured at 24th
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hour as 93% for static and also agitated conditions. Vantamuri and Kaliwal tested the white rot
fungus Marasmius sp. BBKAV79 for decolorization and degradation of Navy Blue HER
(Reactive Blue 171) dye at 50 mg/L within 24 h under agitated condition. It was reported that
the dye decolorization rate was 91.25% at 50 mg/L, but the decolorization value decreased to
37.50% at 150 mg/L [29]. In another work, Reactive Blue 171 dye removal rates were only 40%
and 20% at 150 and 200 mg/L after the treatment with Trichosporon beigelii NCIM-3326 for 48

h under the static condition [30].
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Figure 5: Spectrophotometric scanning images of the decolorization of RB 171 by P. ostreatus under
static (a) and agitated conditions (b) after 3 h incubation period

Table 2: Decolorization rates of RB 171 by P. ostreatus after different incubation periods

Time (h) Dye Decolorization (%)
Static Agitated
3 87 87
6 89 90
9 91 91
12 91 92
24 93 93

3.3. Determination of Pleurotus ostreatus laccases by spectrophotometric analyzes

Some researchers were reported that laccase production was induced when fungi
incubated in the media containing dye [31-33]. Similarly, in this study, the results of
spectrophotometric measurements showed that the laccase activity in SBM+150 mg/L RB 171
was higher (ten-fold) than the enzyme activity in SBM. The increase of laccase activity in dye-

containing SBM compared to SBM can be seen macroscopically in Fig. 6.
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(@ (b)

Figure 6: Spectrophotometric images resulting from the reaction of Pleurotus ostreatus culture fluids
obtained from SBM (a) and SBM+150 mg/L RB 171 (b) with ABTS for 1 minute

3.4. Determination of Pleurotus ostreatus laccases by zymogram analysis

According to the zymogram analysis, one laccase band was observed in Pleurotus
ostreatus culture liquid obtained from SBM while two laccase bands were observed in the
fungal culture fluid from SBM containing 150 mg/L RB171 (Fig. 7). As mentioned above,
higher laccase production in the dye-containing medium is also seen in the zymogram analysis.
Accordingly, more intense laccase bands were detected in the culture fluid obtained from the
dye-containing SBM compared to the culture fluid from SBM. This suggests that the dye tested

(RB 171) induces the laccase production of Pleurotus ostreatus.

() (b)

Figure 7: Zymogram of the crude laccases produced by incubation of Pleurotus ostreatus in SBM (a) and
SBM+150 mg/L RB 171 (b)

4. Conclusion

This study performed by using three bacteria and a white rot fungus had shown that the
color of RB 171 textile dye could be effectively removed in a short time and economically
under static and agitated conditions. Furthermore, the spectrophotometric and zymogram

analyzes showed that the laccase enzyme produced by Pleurotus ostreatus could play a role in
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the decolorization process, and also the dye tested could also induce the laccase production.
According to the data obtained from this study, an economical and rapid solution to
environmental pollution can be found by removing the color of many textile dyes completely or
at a high rate with various microorganisms. In addition, the production of an industrial enzyme,

laccase can be increased during the decolorization process.
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