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Abstract: Synthetic and untreated dyes discharged in wastewater effluents are a threat to an ecosystem.
This study investigated dye degradation and detoxification efficiency of crude lignin peroxidase
separately obtained from the cultures of Escherichia coli (LR0250096.1) and Pseudomonas aeruginosa
(CP031449.2). The ability of the crude lignin peroxidase to degrade Malachite Green (MG), Remazol
Brilliant Blue R (RBBR), Congo Red (CR), and Azure B (AZ) was evaluated at different operating
conditions (enzyme, dye, and hydrogen peroxide concentrations; pH; temperature; and contact
time). The ability of the degraded dyes to support the growth of bacteria was also investigated.
The observed optimum operating conditions for lignin peroxidase extracts of the Escherichia coli on
AZ were 20 mg/mL enzyme concentration, 50 mg/L dye, pH 7.0, temperature 50 ◦C, and 1.5 mM
hydrogen peroxide within 20–50 min of incubation time and on MG were 20 mg/mL, 50 mg/L, 9.0,
30 ◦C, 0.1 mM, and 20 min, respectively. The enzyme extract from Pseudomonas aeruginosa on AZ
demonstrated optimum operation conditions of 20 mg/mL, 50 mg/L, pH 9.0, 40 ◦C, 1.5 mM, and
50 min, respectively and on MG, they were 20 mg/mL, 50 mg/L, 6.0, 30 ◦C, 1.0 mM, and 20 min,
respectively). The prepared enzyme showed an appreciable degradative effect on CR and RBBR
compared with commercial lignin peroxidase. The degraded dyes were able to support the growth
of two Gram-positive (Bacillus cereus and Staphylococcus aureus), and two Gram-negative (Proteus
mirabilis and Escherichia coli) bacteria, indicating the efficiency and the potential use of the enzyme
complexes in the clean-up of industrial dyes’ waste.

Keywords: dyes; degradation; lignin peroxidase; inhibitors; toxicity; kinetics

1. Introduction

Synthetic dyes such as Azure B (AZ), Congo Red (CR), Remazol Brilliant Blue R
(RBBR), and Malachite Green (MG) are routinely used in the textile, cosmetics, food, and
plastics industries [1]. Such lignin-mimicking dyes, due to their rigid structures and their re-
sistance to oxidizing agents such as water and light, are also hard to degrade and thus cause
problems when released untreated onto the environment [2,3]. When the effluent is contam-
inated by these dyes, the transparency of water decreases, therefore reducing penetration
of solar radiation and decreasing photosynthesis of aquatic organisms [4]. Most of these
dyes are carcinogenic and made to resist fading upon exposure to chemicals [5]. Therefore,
an accumulation of synthetic dyes in water is crucial in wastewater management [6].

To reduce the toxicity of these dyes to the environment, efforts have been focused on
treatment and removal from water systems. Regardless of the currently used pre-treatments,
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their limitations have created the search for an alternative method that provide a more
specific and effective way of dye decolorization and detoxification [3].

Biodegradation by ligninolytic enzymes has been considered a better approach to
reduce dye pollution during bioremediation [7,8]. Ligninolytic enzymes, including lignin
peroxidase, manganese peroxidase, and versatile peroxidase, are topical due to their high
redox capability and industrial application [9]. The application of ligninolytic enzymes
span through industrial sectors, including bioremediation, biorefinery, energy, derma-
tology, pharmaceutical, cosmetology, and textile industries [10,11]. Versatile peroxidase
and manganese peroxidase enzymes have been studied extensively. However, research
on lignin peroxidase is lagging, despite its litany of potentials. Lignin peroxidases are
versatile to degrade non-phenolic and phenolic and xenobiotics compounds like dyes [9].
These characteristics have motivated the use of lignin peroxidase in various textiles and
the pharmaceutical industry [10–14]. Nonetheless, white rot fungi have extensively been
studied in degradation of lignin compounds such as dyes [9]. However, during the course
of industrial applications, fungi are not viable due to the structural hindrance caused
by fungal filaments and the requirement of specific culture conditions such as aeration,
humidity, pH, and temperature, which are incompatible with industrial processing envi-
ronments. The requirements of a long lag period slow down lignin degradation [15]. The
continuous demand for the ligninolytic enzyme in an indication of their values in various
industrial sectors [12]. Hence, the exploration of this enzyme from another microorganism
is inevitable.

Bacteria are classified as “workhorse industrial microorganisms” based on their pro-
duction capability, safety, and exponential growth rate [16]. Moreover, various bacteria have
been reported in extracellular enzyme formation [17–19]. Previously, some bacteria strains
have been reported in the production of pectinolytic and cellulolytic enzymes [20–22].

Ligninolytic bacteria are sources of extracellular lignin-modifying enzymes (LMEs)
like lignin peroxidase [23]. In nature, these enzymes are versatile, and they are associated
with the degradation of recalcitrant or complex polymers [24,25]. Dye decolorization by
various bacterial extracts and preparations, for example, Bacillus megaterium, Raoultella
ornithinolytica OKOH-1, and Ensifer adhaerens NWODO-2. have been reported in litera-
ture [5,26]. In this study, the dye degradation and detoxification properties of optimized
crude lignin peroxidase produced by Escherichia coli accession no: LR0250096.1 and Pseu-
domonas aeruginosa accession no: CP031449.2 bacterial strains are investigated.

2. Materials and Methods
2.1. Chemicals

Unless otherwise stated, all the chemicals used in this study were of analytical grade.
Nutrient broth, salts, and nutrient agar were purchased from Merck, Darmstadt, Germany.
The kraft lignin, purified commercial lignin peroxidase, Azure B (AZB), Congo Red (CR),
Remazol Brilliant Blue R (RBBR), and Malachite Green (MG) were also supplied by Sigma
Aldrich, St. Louis, MO, USA. Bacteriological agar was bought from Lasec (SA).

2.2. Isolation and Characterization of the Organisms

The isolation and characterization of Pseudomonas aeruginosa CP031449.2 and Es-
cherichia coli LR0250096.1 from compost samples collected at Richards Bay, KwaZulu-Natal,
South Africa, have been reported [27]. Briefly, bacteria isolates, identified through screening
with the nutrient enrichment technique and found to grow on kraft lignin and effectively
produce lignin peroxidase, were subsequently characterized through biochemical assays
and 16S rDNA sequencing to mark the organisms genetically.

2.3. Enzyme Production

Lignin peroxidase production by the isolates was optimized by adjusting various
culture parameters including pH, temperature, and lignin concentration for growth using
the one factor at a time method. The predetermined optimal culture parameters (for
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E. coli, pH 7.5, temperature 40 ◦C, and lignin concentration 1 g/L; for P. aeruginosa, the
respective conditions of 6.5, 40 ◦C, and 1 g/L) were used to culture the organisms for
7 days in an MSM-L-glucose medium (4.55 g/L K2HPO4, 0.53 g/L KH2PO4, 0.5 g/L
MgSO4, 5 g/L NH4NO3, 1 g/L kraft lignin, 0.1 g/L yeast extract, 1 g/L glucose) in a
submerged batch fermentation (2 L conical flasks). The 7-day cultures were filtered, and
the filtrate was centrifuged at 15000 rpm for 5 min. The supernatant was then freeze-dried
(VirTrisbencbtop K: 6KBTEL-85) to obtain the crude enzyme, which was stored at 4 ◦C and
used for subsequent experiments.

The activity of the optimized enzyme was measured by the rate of H2O2-dependent
oxidation of pyrogallol to purpurogallin [26]. To 310 µL of 5% w/v pyrogallol in 100 mM
potassium phosphate buffer (pH 6), 25 µL of culture supernatant were added. The mixture,
in the absence of the crude enzyme, served as the blank. The reaction was started by adding
15 µL of 0.5% v/v of H2O2 (30% w/w), and the direct increase in absorbance at 420 nm was
monitored at 25 ◦C for 2–3 min at 30 s intervals using a SynergyHT 96-well microtitre plate
reader (BioTeK Instruments, Charlotte, VT, USA). The enzyme activity was calculated from
the following equation:

Units/mL enzyme =
(∆A420/30secTestSample−∆A420/30secBlank(3)(df)

(12)(0.1)

where: 3 = volume (in milliliters) of an assay, df = dilution factor, 12.0 = extinction coefficient
of 1 mg/mL of purpurogallin at 420 nm (determined internally), and 0.1= volume (in
milliliters) of enzyme used. The protein concentration of the produced enzyme was
determined using the Bradford method [28]. The effect of oxidoreductase inhibitors (1 mM
EDTA, 1 mM sodium azide, and 1 mM FeCl3) on the lignin peroxidase activity followed
the method described by Ahmedi et al. [29] and Patil [26].

2.4. Dye Decoloration

The parameters affecting dye decoloration, investigated included enzyme concentra-
tion (1–100 mg/mL); dye concentration (50–500 mg/L for AZB, MG, and RBBR, and for
CR, 10–100 mg/L); pH 3–12; temperature (25–70 ◦C); H2O2 concentration (0.025–2.5 mM);
and time interval (0–200 min). A 96-well plate was used; the uninoculated dye was used
as a blank, the uninoculated dye containing controls was used as a reference, and com-
mercial (Sigma) lignin peroxidase (10 mg/mL) was used as the positive control. In a
typical assay [26,30], the plates were incubated at the determined optimal conditions on the
mechanical shaker at 120 rpm for 30 min, after which the reactions were read spectrophoto-
metrically at 650 nm for RBBR and AZB at 600 nm, for CR at 470 nm, and at 618 nm for MG.
Decolorization efficiency (%D) was expressed as follows:

%D = {(Ainitial − Atest)/Ainitial} × 100

where Ainitial was the initial absorbance of untreated dye solutions (control), and Atest
was the absorbance of dye solutions after enzymatic treatment.

2.5. Dye Toxicity in Bacteria Study

The two Gram-positive (Bacillus cereus (ATCC14579) and Staphylococcus aureus (LCT-
SA112)) and two Gram-negative (Proteus mirabilis (H14320) and Escherichia coli (ATCC9637))
bacteria used in this study were obtained from the Department of Microbiology and Bio-
chemistry, University of Zululand, South Africa. The toxicity of the degraded (treated)
and untreated dyes on bacteria growth was examined. Overnight cultures of the bacterial
isolates were prepared. An amount of 4.5 mL of dye, before and after enzymatic degra-
dation, was added to 0.5 mL of 10× Luaria–Bertani broth (LB) and inoculated with the
respective organism in a 250 mL Erlenmeyer flask. The mixture was incubated at 37 ◦C
on the mechanical shaker (120 rpm). Aliquots were withdrawn at 0 hr and every 2 h for
12 h, then at 18 and 24 h, and bacterial growth was read at 620 nm (a medium solution was
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used as a blank). Absorbance versus time was plotted to give bacteria growth. Growth
inhibition (GI) for each bacterium was calculated using the following formula:

%GI = {(Ainitial − Atest)/Ainitial} × 100

where Ainitial was the initial absorbance of untreated dye solutions (control) and Atest
was the absorbance of dye solutions after enzymatic treatment. A graph of %GI vs. time
was plotted.

2.6. Enzyme Decolorization Kinetics

The Lineweaver–Burk plot was applied to the decolorization data and a Michaelis–
Menten model equation was used to obtain the enzyme kinetics (Vmax, Km, and the turnover
number, kcat value (as Vmax/enzyme protein concentration).

2.7. Data Analysis

Unless stated otherwise, all experiments were triplicated, and the results were ex-
pressed as mean ± standard deviation (SD). One-way ANOVA and comparison analysis
by Dunn’s post hoc was carried out using GraphPad prism (Version 6). The value p < 0.05
was considered as statistically significant.

3. Results
3.1. Dye Decolorization Study

The efficiency of the two crude bacterial lignin peroxidase extracts produced separately
by Escherichia coli and Pseudomonas aeruginosa, and that of purified commercial (Sigma)
lignin peroxidase (control) to decolorize AZ, MG, RBBR, and CR, is presented in Table 1.
The enzymes (200 mg/mL for the crude preparation and 10 mg/mL for the purified
preparation) were incubated at room temperature with 200 mg/L dye (50 mg/L for CR) for
30 min. The crude bacterial enzymes significantly showed appreciable decolorization of
CR and RBBR in comparison with the commercial lignin peroxidase. Likewise, the crude
enzymes appreciably (relative to the purified enzyme) decolorized MG and AZ. These
results indicate that the crude enzymes had the potential to degrade the dyes.

Table 1. Dye decolorization (%) of AZ, RBBR, CR, and MG by purified lignin peroxidase and lignin
peroxidase extract of Escherichia coli and Pseudomonas aeruginosa. Values with different superscript
alphabets were significant (p < 0.05).

Dyes Crude Enzyme from
Escherichia coli

Crude Enzyme from Pseudomonas
aeruginosa

Commercial Lignin
Peroxidase

AZ 63 ± 1.34 a 56 ± 2.11 b 72 ± 1.45 c

RBBR 11 ± 1.12 a 6 ± 1.78 b 0 ± 0.13 c

CR 8 ± 0.45 a 3 ± 1.88 b 0 ± 1.77 c

MG 53 ± 1.44 a 52 ± 2.06 a 80 ± 1.33 c

3.2. Effect of Key Factors on Dye Decolorization
3.2.1. Effect of Enzyme Concentration

Since the extracts were able to effectively decolorize AZ and MG, these two dyes were
used for subsequent experiments. Table 2 indicates that both enzymes were most efficient
at 20 mg/mL: E. coli (AZ: 68 ± 1.88% and MG: 55 55 ± 1.78%) and P. aeruginosa (AZ: 52
2.11% and MG: 55 ± 1.66%).
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Table 2. Effect of enzyme concentration from lignin peroxidase extract of E. coli and P. aeruginosa
on Azure B and Malachite Green discoloration. Different alphabets showed significant differences
(p < 0.05).

Enzyme
Concentrations
(mg/mL)

AZ (% Dye
Decolorization)
E. coli

MG (% Dye
Decolorization)
E. coli

AZ (% Dye
Decolorization) P.
aeruginosa

MG (% Dye
Decolorization)
P. aeruginosa

1 0.5 ± 1.22 a 9 ± 1.11 f 2 ± 2.66 i 6 ± 1.56 a

5 20 ± 0.39 b 11 ± 2.23 f 9.3 ± 3.56 f 24 ± 2.12 j

10 32 ± 2.14 c 35 ± 3.12 c 31 ± 1.44 c 43 ± 2.88 k

20 68 ± 1.88 d 55 ± 1.78 g 52 ± 2.11 h 55 ± 1.66 g

40 60 ± 2.03 e 55 ± 1.48 g 51 ± 3.99 h 55 ± 2.33 g

50 62 ± 3.11 e 52 ± 2.74 h 50 ± 3.22 h 53 ± 2.71 h

100 62 ± 2.99 e 50 ± 1.32 h 50 ± 0.47 h 54 ± 2.31 g

3.2.2. Effect of Dye Concentrations

On the effect of different dye concentrations, both bacterial extracts showed high
activity, 73% (AZ) and 91% (MG) for P. aeruginosa and 70% (AZ) and 70% (MG) for E. coli, at
50 mg/L on both dyes, as shown in Figure 1. Substrate (dye) inhibition of enzyme activity
at higher concentrations was observed.
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Figure 1. Effect of dye concentration from lignin peroxidase extract of Pseudomonas aeruginosa and
Escherichia coli on AZ and MG discoloration.

3.2.3. Effect of pH

The optimal pH observed (Figure 2) for the enzymes’ activity of P. aeruginosa extracts
was pH 9.0 for AZ and pH 6.0 for MG, while E. coli extract showed pH 7.0 for AZ and
pH 9.0 for MG, respectively.
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by lignin peroxidase extract of Pseudomonas aeruginosa and Escherichia coli in the presence of 20 mg/mL
enzyme and 2 mM H2O2 at 40 ◦C for 30 min.
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3.2.4. Effect of Temperature

The effect of temperature on the enzymes’ activity is presented in Figure 3. The extracts
of P. aeruginosa showed maximum activity at 40 ◦C (AZ) and 30 ◦C (MG). The E. coli enzyme
was most active at 50 ◦C (AZ) and 30 ◦C (MG).
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3.2.5. Effect of Substrate (H2O2) Concentration

The effect of substrate on the enzymes’ activity is presented in Figure 4. The extracts
of P. aeruginosa showed maximum activity at 1.5 mM (AZ) and 11 mM (MG). The E. coli
enzyme was most active at 1.5 mM (AZ) and 0.1 mM (MG).
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3.2.6. Effect of Incubating Time

The time taken for both P. aeruginosa and E. coli extracts to decolorize AZ was 50 min
and 20 min for MG (Figure 5).
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3.2.7. Effect of Inhibitors

The inhibitors of lignin peroxidase studied showed varying effects (Table 3) on the
extract of E. coli and P. aeruginosa; all three inhibitors exerted more than 50% inhibition on
AZ and MG.

Table 3. Inhibition of lignin peroxidase extract from E. coli and P. aeruginosa by various chemical
substances. Different alphabets showed significant differences (p < 0.05).

% Inhibition of
E. coli (AZ)

% Inhibition of
E. coli (MG)

% Inhibition of
P. aeruginosa
(AZ)

% Inhibition of
P. aeruginosa
(MG)

1 mM NaN3 83 ± 1.34 a 68 ± 2.76 b 71 ± 3.86 b 63 ± 2.76 c

1 mM EDTA 67 ± 3.21 b 68 ± 3.36 b 75 ± 2.73 d 79 ± 3.22 a

1 mM FeCl3 60 ± 4.23 c 67 ± 3.29 b 55 ± 2.06 e 58 ± 4.22 e

3.3. Bacterial Toxicity Test

The efficiency of the degradation (detoxification) of the dyes by the crude enzyme
preparations was evaluated by growing selected bacteria (Proteus mirabilis H14320, Es-
cherichia coli ATCC9637, Bacillus cereus ATCC14579, and Staphylococcus aureus LCT-SA112)
on the treated (lignin peroxidase extracts) and untreated AZ and MG. Figures 6 and 7
show that all the strains grow better on both treated dyes (AZ and MG), as an increase in
absorbance at 620 nm was observed compared to the untreated dyes. Hence, the untreated
dyes were toxic, since all tested bacteria shown no appreciable bacterial growth on both
AZ and MG.

3.4. Determination of Decolorization Kinetics

The Lineweaver–Burk plot was applied to the decolorization data, and Table 4 presents
the kinetic parameters obtained. The enzyme kinetics (Table 4) indicate that the enzyme
produced by the E. coli had a higher significant (p < 0.05) affinity (Km) and catalytic efficiency
(kcat/Km) for the dyes than the enzyme of P. aeruginosa.

Table 4. The Vmax, Km and kcat of both lignin peroxidase extracts of E. coli and P. aeruginosa. Different
alphabets showed significant differences (p < 0.05).

Enzyme Kinetics E. coli (LiP Extract) P. aeruginosa (LiP Extract)

AZ MG AZ MG
Vmax (µmol m−3 s−1) 1.4 ± 1.23 × 104 3.0 ± 2.23 × 103 1.5± 0.33 × 104 1.0 ± 2.11 × 104

Km (µmol/L) 6.7 ± 0.82 × 104 8 ± 1.42 × 103 7 ± 2.11 × 104 3.5 ± 0.32 × 104

kcat (s−1) 6.6 ± 1.93 × 102 1.4 ± 0.27 × 102 7.9 ± 0.77 × 102 5.3 ± 0.11 × 102

Catalytic efficiency =
kcat/ Km(µmol−1 s−1) 9.9 ± 1.44 × 101 1.8 ± 0.22 × 101 1.1± 0.09 × 101 1.5 ± 0.07 × 101
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idase extract-E. coli) and untreated Malachite Green during an incubation period (0–24 h) under
optimized conditions. {Keys: PM: Proteus mirabilis H14320, EC: Escherichia coli ATCC9637, SA:
Staphylococcus aureus LCT-SA112, BC: Bacillus cereus ATCC14579}.
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Figure 7. (A): Toxicity of treated (lignin peroxidase extract-Pseudomonas aeruginosa) and untreated
Azure B during an incubation period (0–24 h) under optimized conditions. (B): Toxicity of treated
(lignin peroxidase extract-Pseudomonas aeruginosa) and untreated Malachite Green during an in-
cubation period (0–24 h) under optimized conditions {Keys: PM: Proteus mirabilis H14320, EC:
Escherichia coli ATCC9637, SA: Staphylococcus aureus LCT-SA112, BC: Bacillus cereus ATCC14579
and tre: treated}.
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4. Discussion

Lignin peroxidases (EC 1.11.1.14) are heme-containing enzymes that catalyze hydrogen
peroxide-dependent oxidation in lignin. Dyes are structurally complex like lignin. Thus,
there is a high demand for lignin peroxidase in the textile, dye manufacturing, pulp and
paper, and cosmetic industries that routinely use dyes in their processes [9]. The need for
lignin peroxidase by these industries cannot be over-emphasized.

The two lignin peroxidase preparations, separately obtained from E. coli and P. aerugi-
nosa used in this study, exhibited appreciable dye decolorization potential of the synthetic
dyes, Azure B (AZ) and Malachite Green (MG) (Table 1). Given that these preparations
are crude enzymes, it is encouraging to note that they showed about 52–63% efficiency
(the purified enzyme was 80% efficient). The inability of the lignin peroxidase or ligni-
nolytic bacteria to effectively decolorize CR and RBBR (as observed in this study) has been
reported by other researchers [3,9]. These bacterial isolates could not degrade these dyes
because of the structural stability of CR and RBBR, which makes them highly resistant to
biodegradation as well as their toxicity [9].

The characterization of an enzyme is crucial since factors such as substrate and enzyme
concentrations, pH, and temperature play a vital role in influencing the enzymatic processes,
and thus the industrial application of enzymes produced a 65 kDa lignin peroxidase from
Bacillus megaterium [26,31]. In this study, the crude enzyme concentration at 50 mg/L
effectively degraded the dyes (Figure 1). This was contrary to the work of Lalnunhlimi
and Krishnaswamy [32], in which the dyes were degraded at 200 mg/L. This implied
that at 50 mg/L, there was an increase in the nucleic acids content ratio (RNA/DNA),
which promote protein synthesis [33]. These results supported the concentration efficacy of
the crude enzymes to degrade the dyes. A temperature either increases or badly inhibits
enzyme activity. If temperature gets too high, enzyme activity will diminish, and enzymes
are denatured [34]. Likewise, a change in pH can also alter the enzyme functional group,
thus influencing the enzyme capability [35]. The lignin peroxidases produced in this
study seem to prefer a neutral pH environment. These observations indicated that the
enzymes could also efficiently neutralize weakly acidic dyes’ waste [33]. In previous studies,
Citrobacter sp. CK3 achieved the best decolorization of reactive red at a neutral pH of 6–7.
In contrast, Aspergillus niger decolorized red azo dye at pH 9 [36]. The broad pH profiles
(Figure 2) underscore the ability of the studied preparations to perform effectively in various
industries. The mesophilic nature of the organisms reflects the optimum performance of the
enzymes at 30–40 ◦C (Figure 3). Similar pH and temperature profiles have been reported
for other lignin peroxidases [37]. It is noted that the enzyme preparations were inhibited by
oxidoreductase inhibitors (Table 3). Lignin peroxidase, being a metalo-(heme)-enzyme, was
inhibited by EDTA, a known metal-chelating agent [30,37,38]. Various lignin peroxidases
have shown similar results [39–41]. The observed high survival rate of bacteria of dye
treated with crude enzymes (Figures 6 and 7) is an indication of the efficacy of the crude
enzyme to degrade the dye without toxic effects. This suggested the potential of the
crude enzymes to simultaneously degrade the dyes and detoxify the dye’s metabolite in
producing no toxic products [42].

The calculated enzyme kinetics (Table 4) indicate that the enzyme produced by the
E. coli had a higher affinity (Km) and catalytic efficiency (kcat/Km) for the dyes than the
enzyme of P. aeruginosa. It is apparent that the E. coli enzyme was more effective on MG
than on AZ. The measure of this (catalytic efficiency) is confirmed in the toxicity testing.
The prepared lignin peroxidases effectively degraded and detoxified AZ and MG to allow
the growth of different bacteria (Figures 6 and 7). Chen et al. [43], Gokulakrishnan et al. [44],
and Yang et al. [45] have all reported the reduction of toxicity of MG to E. coli and other
microorganisms after decolorization.

5. Conclusions

Treating the toxicity of synthetic dyes before discharging them into wastewater ef-
fluent is one of the main challenges experienced by most industries [32]. The obtained
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results provide a possible and feasible way of decolorizing and degrading Azure B and
Malachite Green dyes using lignin peroxidase produced from Escherichia coli LR025096.1
and Pseudomonas aeruginosa CP031449.2. These two lignin peroxidase extracts hold high
potential to decolorize the synthetic dyes in wastewater, especially from industrial effluents.
This study did not aim at obtaining purified lignin peroxidase. The presence and the
contribution of other LMEs in the crude preparations used in the experiments cannot be
ruled out. Purification of the crude lignin peroxidase from the bacteria strains will be
carried out for further study.
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