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Characterization and its application for dye decolorization
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Abstract
This study aimed to produce a novel, highly thermostable laccase from Bacillus licheniformis O12 bacterial DNA using a
recombinant method and investigate the effects of some dyes found in textile wastewaters on decolorization. A putative laccase
gene (CotA) from B. licheniformis O12 was cloned and expressed as a fusion protein in Escherichia coli BL21 (DE3) cells. The
recombinant laccase was purified using the Ni-NTA affinity chromatography method. Accordingly, 411.76-fold purification was
achieved with 0.014 U/mg specific activity, and the molecular mass of the enzyme was calculated as 66 kDa. The optimum
temperature and pH values of the laccase were determined as 92 °C and pH 5.0, respectively. It was also found to be quite stable
for 75min under acidic and alkaline conditions. The activity was measured for 12 h at 60 °C and 92 °C. At 92 °C, it was observed
that the activity halved after 12 h. The highest value at 60 °C was obtained at 9 h. While an activity decrease of approximately
10% was observed in the first three hours, a slow increase was detected afterward. These results proved that the obtained laccase
was highly resistant to pH and temperature. The recombinant laccase was significantly activated by Al3+, Cd2+, Cr2+, Cu2+, Fe2+,
Hg2+, Pb2+, and was inhibited in the presence of organic solvents, surfactants, and laccase inhibitors. Finally, the effects of some
textile dyes on decolorization were investigated using the fused recombinant laccase and found to be generally effective. The
highest decolorization of the laccase treated with dye for 2 h was 51.2% in acid black 1, while the lowest decolorization was
1.9 % in the congo red.
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Introduction

Laccases (benzenediol: oxygen oxidoreductases; EC 1.10.3.2)
are catalysts that oxidize many phenolic and aromatic com-
pounds belonging to the polyphenol family using free oxygen
(Jiang et al. 2021; Zhou et al. 2021). Therefore, there is a wide
substrate specificity because they can work with a large num-
ber of substrates, be used in the textile industry, fabric
bleaching, lignin degradation for paper production, food in-
dustry, wine treatment, medicine, synthesis of organic
chemicals, and biosensing processes in enzymatic fuel cells
(Nakamura 2005; Liu et al. 2011). There are four copper
atoms in the structure of laccases, so they are called multi-
copper blue proteins. The copper in the type 1 region draws
electrons from the substrate and passes to the type 2/type 3
region, releasing H2O. Furthermore, there are three copper
atoms in the type 2/type 3 region. Therefore, it is called the
trinuclear region (Nakamura 2005).
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Laccases are found in plants, insects, bacteria, ar-
chaea, and fungi (Claus 2003; Uthandi et al. 2010).
Studies on laccases have mostly been conducted with
fungi (Baldrian 2006). Most fungal laccases are unstable
at alkaline pH values and high temperatures (Guan et al.
2014). The optimum pH values of fungal laccases are
generally obtained in slightly acidic environments, and
they usually cannot tolerate other pH ranges. Moreover,
when the recombinant laccase is produced from fungi,
problems occur due to introns in the structure, disulfide
bonds, and glycosylation (Rodgers et al. 2010). On the
other hand, bacterial laccases can work in a wider pH
range and are more resistant to high temperature and
alkaline environments (Guan et al. 2018). Genome anal-
ysis shows that there are many laccase-encoding genes
in bacterial genomes (Ausec et al. 2011). Studies on
bacterial laccases have been carried out recently, but
they are not sufficient. It is very important for biotech-
nology to obtain and characterize this important en-
zyme, which has a wide range of uses, in more bacterial
sources (Endo et al. 2003; Guo et al. 2016; Guan et al.
2018).

A place where laccases are frequently used in industries is
the decolorization process in textile wastewater. Many textile
dyes used cannot be separated by physical and chemical pro-
cesses, and when separated, they can release toxic substances
and harm human health and the ecosystem (Mohorcic et al.
2006; Khlifi et al. 2010; Abdel-Shafy and Mansour 2016).
Toxic substances and dyes released into nature can be inhaled
or absorbed by living things as contaminants. Laccases are
frequently used in the decolorization of textile dyes
(Mehandia et al. 2019).

In this study, we cloned the laccase gene from the test strain
identified as B. licheniformis O12, with the high laccase ac-
tivity and expressed in E. coli bacteria, and the recombinant
laccase was characterized. We also showed its usability in
decolorization applications in textile wastewater.

Materials and methods

Chemicals used in the study were purchased from Sigma.
B. licheniformis O12 (Fig. 1, GenBank accession number
KM596797) was obtained by Prof. Dr. Ahmet Adıgüzel from
the Molecular Biology and Genetics Department of Atatürk
University. The test strain was isolated from Agri-Diyadin hot
spring and identified (Baltaci et al. 2017). Primers were pur-
chased from Sentegen Biotech (Turkey). Laccase cloning and
expression processes were performed using the Champion™
pET SUMO protein expression system kit (Invitrogen). The
purification of the recombinant laccase was carried out using
the ProBond ™ purification system (Novex).

Laccase cloning and plasmid construction

The genomic DNA of B. licheniformis O12 bacterium, a test
strain, was obtained using a commercial kit (Pure Link Hi-
Pure plasmid DNA purification kit Invitrogen). Primers used
in the polymerase chain reaction were designed on the NCBI
site by comparing the gene sequence in the laccase studies
previously performed with bacteria of the Bacillus genus
(Forward primer 5’-ATG AAA CTT GAA AAA TTC GTT
GAC-3’ and reverse primer 5’-TTA TTG ATG ACG AAC
ATC TGT CAC- 3’ ) . PCR was performed using
B. licheniformisO12 bacteria genomic DNA and the designed
primers. After pre-denaturation at 94 °C for DNA denatur-
ation, 35 cycles were performed at 94 °C for 1 min, at 52 °C
for 1 min, and at 72 °C for 1.5 min. The PCR product was
controlled by 1% agarose gel electrophoresis. The PCR prod-
uct, containing 3′ deoxyadenosine (A) residues, was ligated by
T4 DNA ligase into the linearized pET SUMO vector, con-
taining deoxythymidine (T) overhangs.

The laccase genes amplified by PCR were inserted into the
pET SUMO vector by ligation. For the ligation to be success-
ful, the concentration of the laccase gene and a molar vector-
to-insert ratio should be 1:5 (Demir and Beydemir 2015). The
A (adenine) extensions in the laccase gene were attached to
the (thymine) extensions in the plasmid (A-T cloning). The
recombinant vector obtained as a result of the ligation process
was transformed into E. coli One Shot® Mach1™-T1R com-
petent cells to produce large numbers. The transformation was
performed as described in the Champion pET SUMO expres-
sion system user manual (Demir and Beydemir 2015).

At the end of the transformation process, PCR was per-
formed with colonies grown on a solid medium containing
kanamycin antibiotics (50 µg/mL). The aim was to check
whether the cells formed after transformation contained the
recombinant protein. After the PCR result was controlled by
1% agarose gel electrophoresis, plasmid isolation was con-
ducted following the procedure, and sequence analysis was
performed using a Thermo Scientific GeneJET Plasmid
Miniprep kit. The analysis result was verified by blasting on
the NCBI site. It was observed that the laccase gene was
100% compatible with the pET SUMO expression system
(Invitrogen).

Expression and purification of recombinant His-
SUMO-laccase

Expression was initiated with the laccase genes proved to be
compatible with the literature. The transformation of the re-
combinant plasmid intoE. coliBL21DE3 cells was performed
as described in the Champion pET SUMO expression system.
Then, the pilot expression process was carried out for 8 h with
the kanamycin antibiotic with LB broth. Cells after lysis were
lysed with lysis buffer, heat shock, and sonicator. Then, the
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presence of laccase was confirmed by the SDS-PAGE pro-
cess. The water solubility of the obtained enzyme was proved
by the SDS-PAGE method (Demir 2019).

Purification of laccase with the Ni-NTA affinity column

One of the features of the pET SUMO One Shot cloning
system is the histidine tails in the plasmid structure. During
cloning, histidine tails are added to laccase. This tail structure
is very small, increases the water solubility of the enzyme, and
also allows it to attach to the Ni-NTA column because the
nickel ligands in the structure of the affinity column show high
affinity for histidines in the tail structure. The elution solution
contains imidazole, and the structure of imidazole also con-
tains histidine. Due to the affinity of the column to the high
concentration of imidazole, laccases detach from the column,
and imidazoles are bound to nickel ligands in the column.
Thus, we can easily purify the laccase in one step. After the
purification step, laccase was checked by the SDS-PAGE
method. The molecular mass of laccase was calculated.

Cutting the fusion recombinant laccase with SUMO
protease

The laccase we obtained using the pET SUMO expression
system is a fusion protein, and the recombinant laccase has
SUMO. From this fusion protein structure, the SUMO protein
was cut with the SUMO protease enzyme. To this end, it was
kept at 30 °C for 5 h. At the end of the period, the result was
checked by the SDS-PAGE method (Demir 2020).

Enzyme activity assay and protein determination

The laccase activity was measured by the oxidation of 2,2-
azino-bis(3-ethylbenzothiazoline-6-sulfonate) (ABTS) sub-
strate. The activity mixture contains 2 mM Na-acetate buffer
(pH 5.0), 1 mM ABTS, and enzyme. This mixture was incu-
bated at 55 °C for 15 min, and then absorbance was measured
at 420 nm (ε420 = 36,000 M-1 cm-1) (Heinfling et al. 1998).
The protein concentration of laccase was measured by the

Bradford method using bovine serum albumin as the standard
(Bradford 1976).

Effect of pH on the laccase activity and stability

Activity measurements were made in the range of pH 2.0 to
10.5 to determine the optimum pH value of the laccase we
obtained as a recombinant. In the optimal pH study, glycine-
HCl buffer at pH 2.0–3.0, acetate buffer at pH 4.0–5.0, phos-
phate buffer at pH 6.0–8.0, and glycine-NaOH buffer at pH
9.0-10.5 were used. The stability of laccase at pH 5.0 and pH
8.0 was determined by measuring the activity periodically,
and then the residual activity was calculated.

Effects of temperature on laccase and stability

B. licheniformis O12 was chosen because it is a thermophilic
bacterium and can work at high temperatures. Therefore, it
was studied in a wide temperature range. The activity mea-
surements were made in the range of 30 to 92 °C. 92 °C is the
boiling point under study conditions in Erzurum. Then, the
stability of the enzyme activity versus time was investigated
at 60 and 92 °C. The activity measurement was carried out at
1-hour intervals for 12 h, and the residual activity was
calculated.

Effects of metal ions, various chemical reagents, and
organic solvents on laccase

Laccases are used for many purposes in the industry, so they
are exposed to a wide variety of chemicals. Therefore, the
activity measurement was performed in the presence of 10
metal ions (Al3+, Cd2+, Co2+, Cu2+, Fe2+, Hg2+, Cr2+ Mn2+,
Pb2+, and Zn2+), organic solvents (methanol, ethanol, t-buta-
nol, 1-propanol, DMSO, and acetone), surfactants (SDS,
Triton X-100, Tween-20, and Tween-80), chemicals known
as laccase inhibitors (sodium azide, sodium fluoride, and
EDTA), and H2O2. During the activity measurement, 100
µL of the solutions of these substances were added, and the
same amount was subtracted from the buffer solution. The

Fig. 1 Neighbor joining
phylogenetic tree based on 16 S
rRNA gene sequence data of the
Bacillus licheniformis O12 strain
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residual activity was determined. All of the characterization
studies were performed with the His-SUMO-laccase form.

Kinetic assays

The kinetic parameters of SUMO-laccase and laccase were in-
vestigated. The activity measurements were made in five differ-
ent concentrations of ABTS, 2,6-dimethoxyphenol, and guaiacol
substrates. The Lineweaver–Burk graphs were drawn, and KM,
Vmax, kcat, and kcat/KM values were calculated. Galai’s procedure
was applied to measure activity with the 2,6 DMP substrate. The
spectrophotometric measurement was performed at 468 nm after
15 min of incubation in the presence of pH 5.0, 0.1M phosphate
buffer, and 0.2 mMCuSO4 (Galai et al. 2011). A 2 mM solution
of the guaiacol substrate in 95% ethanol was prepared. The
spectrophotometric measurement was carried out at 465 nm after
5 min of incubation with 10 mM CuSO4 and pH 7.5 50 mM
phosphate buffer (Liu et al. 2015).

Decolorization of dyes by the purified laccase

Laccases are frequently used in the decolorization processes
of dyes in textile wastewater. In our study, we investigated the
usability of laccase in the removal of dyes, such as acid black
1 (620 nm), congo red (350 nm), methylene blue (660 nm),
orange (622 nm), acid red 27 (520 nm), and reactive black 5
(597 nm). Laccase was added to the dye solutions, spectro-
photometric measurements were made at periodic intervals
(15–120 min), and dye decolorization (%) was calculated
(Lorenzo et al. 2006). Nomediators were added to the reaction
mixture. Dye solution without enzyme was used as a control.

Results and discussion

Laccase gene production and reproduction

We designed primers to obtain the laccase gene using
gene information from Bacillus spp. in the literature.

We applied the PCR protocol using primers and validat-
ed this process with 1 % agarose gel electrophoresis.
After the ligation process, we transformed the recombi-
nant vector we obtained into the E. coli One Shot®
Mach1 ™-T1R competent cell. The sequence analysis
was performed on plasmids after the transformation
was proven by colony PCR. The sequence analysis of
two colonies was carried out. One of them gave a
100 % concordant result with the Bacillus sp. SL-1
(CotA) gene, and the other one yielded a 98.12 % con-
cordant result (Table 1). After seeing that we obtained
the correct gene, the recombinant plasmids were trans-
formed into E.coli BL21(DE3) cells, and pilot expres-
sion was performed in a kanamycin antibiotic medium.

Purification of the recombinant laccase with the Ni-
NTA affinity column

The Ni-NTA affinity column is designed for recombi-
nant enzymes and has nickel ligands. During cloning,
histidine tails are added to the enzyme, and these tails
are attached to nickel ligands and easily separated from
other proteins. The elution process is carried out with
imidazole solution, and imidazole also has an affinity
for nickel. We purified the laccases obtained after the
expression process using the mentioned method and per-
formed quantitative protein determination by employing
the Bradford method (Bradford 1976). Using the Ni-
NTA affinity column, 411.76-fold purification was
achieved with 0.014 U/mg specific activity (Table 2).
The expression system used increases the water solubil-
ity of the resulting recombinant enzymes (Invitrogen).
Subsequently, SUMO was cleavaged from laccase and
verified by the SDS-PAGE method (Fig. 2). The molec-
ular weight of the recombinant laccase was calculated to
be 66 kDa. Previous studies have reported that the mo-
lecular weight is between 50 and 100 kDa for laccases
originating from bacteria and yeasts (Zhu et al. 2016;
Callejon et al. 2017) (Table 3).

Table 1 Plasmid sequence
analysis blasting results Colony number Isolate name Similarity ratio Genbank number

L9 Bacillus sp. SL-1 (CotA) %100 KU711667.1

L10 Bacillus sp. SL-1 (CotA) %98.12 KU711667.1

Table 2 Purification of recombinant laccase from B. licheniformis O12

Total volume (mL) Activity
(U/mL)

Protein (mg/mL) Total
activity (U)

Total
protein (mg)

Spesific
activity (U/mg)

Purification fold Yield %

Homogenate 20 0.006 175.9 0.12 3518 0.000034 1 100
Ni-NTA Affinity column 20 0.01 6.98 0.2 139.6 0.014 411.76 166.7
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Effects of pH on the recombinant laccase

The optimal pH study was conducted between pH 2.0 and pH
10.5, and the optimum value was found as pH 5.0 (Fig. 3). The
optimum pH value of laccase can vary according to the source
from which it is obtained. For the laccase obtained from
Ganoderma sp., the optimum pH value was pH 4.0 (Kumar
et al. 2017); for the laccase obtained from Myceliophthora
thermophila and Trametes trogii, the optimum pH value was
4.5 (Herkommerova et al. 2018); for the laccase obtained from
Pestalotiopsis sp. with different substrates, the optimum pH
values were 2.0 and 5.0 (Wikee et al. 2019); for the laccase
obtained from Bacillus subtitlis st. OH67, the optimum pH
value was 6.5 (Hajipour et al. 2020). The optimum pH for
ABTS and phenolic substances is similar for laccases and
reflects the different oxidation mechanisms that depend on
the substrate used (Xu 1997).

To measure the long-term stability of laccase in acidic and
alkali environments, activity was measured in pH 5.0 and pH

8.0 buffers for 75 min (Fig. 2). It was observed that laccase
maintained its activity at both pH 5.0 and pH 8.0 and even
increased its activity. The laccase obtained from Paenibacillus
glucanolyticus SLM1 decreased its activity after 4 h at the
optimum pH value of 7.0 (Mathews et al. 2016). In the laccase
obtained from Cohnella sp. A01, the optimum pH value was
reported as 8.0, and the highest stability was measured at pH
6.0 and the lowest at pH 10.0 (Shafiei et al. 2019). In pH
stability studies of two different laccase genes obtained from
Pestalotiopsis sp., it was observed that both enzymes could
not maintain stability at pH 2.0, and the PsLac1 gene was
reported to be more stable between pH 3.0 and pH 6.0
(Wikee et al. 2019). Therefore, it can be said that the recom-
binant laccase produced from B. licheniformis O12 preserves
its activity very well under acidic and alkaline conditions. In
contrast to fungal laccases, which are restrictively stable in the
acid-neutral pH range, bacterial laccases have been shown to
active in a broader pH range and be more stable (Guan et al.
2014).

Table 3 The effects of some
metal ions on the laccase Metals Residual activity (%)

1 mM 2 mM 3 mM 4 mM 5 mM

Al3+ 44.1 63.4 93.74 100 100

Cd2+ 40 52.7 78.15 54.53 100

Co2+ 16.7 60 100 33.32 30

Cr2+ 57.74 82.34 83.91 100 100

Cu2+ 27.23 47.3 58.3 72.8 100

Fe2+ 8.5 87.3 100 91 93.3

Hg2+ 22 55.4 100 48.55 93.54

Mn2+ 37.5 100 75.25 58.33 54.25

Pb2+ 77.8 66.9 50 55.5 100

Zn2+ 57.14 64.3 85.7 85.7 7.14

Fig. 2 SDS-PAGE analysis of
SUMO-laccase fusion protein
cleaved by SUMO protease and
recombinant laccase. (a) SDS-
PAGE analysis of SUMO-laccase
fusion protein cleaved by SUMO
protease, lane 1: Mixture of
SUMO – laccase fusion protein
by SUMO protease cleavage. (b)
SDS – PAGE analysis of recom-
binant laccase, lane 1: Purified
recombinant laccase by Ni-NTA.
Lane M: Standard molecular
weight markers (PageRegulerTM
Prestained Protein Ladder)
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Effect of temperature on the recombinant laccase

The activity measurements were made between 30 and 92 °C,
and the optimum temperature value was found to be 92 °C
(Fig. 4). 92 °C is the boiling point of water under the study
conditions. The optimum temperature value varies according
to the source from which laccase is obtained. The optimum
temperature value for the laccase obtained from Cohnella sp.
A01 was found to be 90 °C (Shafiei et al. 2019). Likewise, the
optimum temperature value for the laccase obtained from
Thermus thermophilus SG0.5JP17-16 was reported as 90 °C
(Liu et al. 2015). The optimum temperature value for the
laccase obtained fromKurthia huakuii LAM0618T was deter-
mined as 85 °C (Guo et al. 2016). The optimum temperature
for the laccase obtained from Paenibacillus glucanolyticus
SLM1 was determined as 40 °C; for the laccase obtained from
Bacillus subtitlis St. OH67, it was determined as 50 °C
(Mathews et al. 2016; Hajipour et al. 2020). The optimum
temperature for the laccase obtained from Pedioccocus
acidilactici CECT5930 was reported as 28 °C, while it was
60 °C for the laccase obtained from Staphylococcus
haemolyticus (Callejon et al. 2017; Li et al. 2020). It is advan-
tageous for the industry to produce laccase that maintains its
activity at high temperatures.

We measured activity per hour at both 60 and 92 °C
for 12 h and found that the recombinant laccase obtained
from B. licheniformis O12 continued to work for a very
long time (Fig. 3). Therefore, 12-hour enzyme stability is

a very efficient result. The laccase obtained from
B. licheniformis O12 thermophilic bacteria maintained
at least half of its initial activity for a very long time.
It was revealed to be much more stable at 60 °C. These
values demonstrate that the laccase produced is highly
resistant to high temperatures. At the end of the period,
it was observed that the laccase continued to work at
both temperatures. The activity of the laccase obtained
from Thermus thermophilus SG0.5JP17-16 was measured
for 4 h at different temperatures (70 °C, 80 °C, and
90 °C), and it was reported that the enzyme did not lose
any activity at 70 °C. At 80 °C and 90 °C, the laccase
was been found to retain most of its activity (Liu et al.
2015). It was reported that the activity of the laccase
obtained from Myceliophthora thermophila was up to
60 °C and that of the laccase obtained from Tramates
tragii was stable up to 70 °C (Herkommerova et al.
2018). For the laccase obtained from Cohnella sp. A01,
measurements were made at 60 °C, 90 °C, and 100 °C
for 2 h, and the highest activity was obtained at 60 °C,
while the lowest value was obtained at 100 °C (Shafiei
et al. 2019). The laccase purified from Bacillus subtilis
St. OH67 was reported to have decreased activity within
1 h (Hajipour et al. 2020). As can be seen from the
results of the temperature stability experiments, the re-
combinant laccase is extremely robust, and this high
thermostability appears to be the most striking feature
of the recombinant laccase (Fig. 4).

Fig. 3 Effect of pH on the activity
(a) stability (b) of recombinant
laccase

Fig. 4 Effect of temperature on
the activity (a) and stability (b) of
recombinant laccase
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Effects of metal ions, inhibitors, organic solvents, and
surfactants effects on the laccase activity

The activity measurement was performed in the presence of
some metal ions (Al3+, Cd2+, Co2+, Cu2, Fe2+, Hg2+, Cr2+,
Mn2+, Pb2+, and Zn2+), organic solvents (methanol, ethanol,
t-butanol, 1-propanol, DMSO, and acetone), surfactants
(SDS, Triton X-100, Tween-20, and Tween-80), chemicals
known as laccase inhibitors (sodium azide, sodium fluoride,
and EDTA), and H2O2. Metal ions showed an activator effect
on laccase, except for Zn2+ (Table 3). In general, laccases
appear to be resistant to metal ions (Litwinska et al. 2019;
Zhang et al. 2019). Ethanol, methanol, 1-propanol, t-butanol,
and DMSO inhibited the recombinant laccase by approxi-
mately 90% (Table 4). It is known that organic solvents in-
hibit laccase activity by promoting protein unfolding
(D’Acunzo et al. 2004; Li et al. 2019). NaF, NaN3, and
EDTA also inhibited the laccase (Table 5). H2O2 inhibited
approximately 60%. These substances are already known as
laccase inhibitors (Sadhasivam et al. 2008; Liu et al. 2010;
Afreen et al. 2017). When the inhibition of surfactants is ex-
amined, it is observed that SDS has the highest inhibition
effect. If surfactants are added at high rates, they can have
an inhibitory effect on laccases (Shafiei et al. 2019). In the

study conducted with Morchella importuna, EDTA and SDS
were found to inhibit laccase (Zhang et al. 2019). However, in
the study carried out with Pediococcus acidilactici CECT
5930, it was observed that EDTA and SDS almost did not
affect the laccase activity (Callejon et al. 2017).

Kinetic parameters

Substrates ABTS, 2,6-DMP, and guaiacol were used to mea-
sure the kinetic parameters of the laccase obtained from
B. licheniformis O12. The measurements were made for the
recombinant laccase in the fused state (laccase + SUMO) and
the laccase obtained by cutting the SUMO (Table 6). The aim
was to investigate whether SUMO had a negative or positive
effect on the enzyme activity. Although the presence of
SUMO affects the affinity of the enzyme to the substrate, it
was found that it did not have an adverse effect on the kinetic
parameters. The recombinant fusion laccase showed the
highest affinity to the 2,6-DMP substrate (0.0102 mM). The
highest catalytic efficiency (kcat/KM) was also measured with
the same substrate (1.52 min− 1mM− 1). Among these sub-
strates, it was observed that the guaiacol substrate showed
the least affinity, and the catalytic efficiency was also lower
in the guaiacol substrate than the others (0.0000017 min−

Table 4 Effects of some organic solvents and surfactans on laccase

Effector Residual Activity (%)

15 min 45 min 90 min 120 min

Ethanol 2 2.1 5.75 3.24

Methanol 3.53 3.1 7.36 3.7

1-propanol 1.33 16.82 9.72 14.3

t -butanol 2.21 3.1 6.63 6.63

Acetone 64.8 55.67 51.55 49

H2O2 25.47 32.4 34.31 40.48

DMSO 1.33 1.77 2.36 2.36

Tween-20 37.6 17.14 9.6 5.6

Tween-80 12.1 10.75 12.01 10.75

TritonX-100 5.6 6.3 6.8 8.84

SDS 100 13.6 0 0

Table 5 Effects of some inhibitors on laccase

Inhibitor Residual activity (%)

45 min 75 min 105 min 135 min 165 min 195 min

EDTA 0 0 0 0 0 0

NaF 13.6 0 0 0 0 0

NaN3 8.214 6.84 32.86 33.57 8.93 10.29

Table 6 Kinetic parameters for recombinant laccase and SUMO-
laccase fusion protein

Substrates KM

(mM)
Vmax

(UmL−

1 min−1)

kcat
(min−
1)

kcat/KM

(min−1 mM−

1)

Recombinant
laccase

ABTS 0.252 0.0109 0.27 1.07

2,6-DMP 0.183 0.124 3.1 16.9

Guaiacol 0.0136 0.085 2.125 156.4

SUMO- laccase
fusion protein

ABTS 0.077 0.0024 0.012 0.156

2,6-DMP 0.0102 0.0031 0.0155 1.52

Guaiacol 45,500 0.0154 0.077 0.0000017

Table 7 Effect of recombinant laccase on decolorization of some
synthetic dyes

Decolorization (%)

Dyes 15 min 60 min 90 min 120 min

Acid Black 1 15.93 28.04 39.31 51.2

Orange 6.15 8.1 10.2 13.1

Congo Red 0.8 0.8 1.84 1.9

Acid Red 27 17.24 18.38 18.7 21.24

Reactive Black 5 28.87 30.9 31.6 32.05

Methylene Blue 21.3 27.6 36 36.2
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1mM− 1). The recombinant laccase obtained after cutting the
SUMO showed the highest affinity to the guaiacol substrate
(0.0136 mM), and the catalytic efficiency was also very high
(156.4 min− 1 mM− 1) (Table 3). When the results are exam-
ined, it is revealed that the affinity of laccase for 2,6-DMP is
always higher than that of guaiacol. The second methoxyl
group in 2,6-DMP has a high redox ability. Guaiacol contains
one methoxy group in its structure (Huang et al. 2011).

Dye decolorization

To investigate the effect of the laccase obtained from
B. licheniformis O12 on the decolorization of dyes in textile
wastewater, measurements were made with six dyes (acid
black 1, orange, congo red, acid red 27, reactive black 5,
and methylene blue). The spectrophotometric measurement
was performed by adding the enzyme to the dye solutions,
and no redox mediators were used. As a result of the measure-
ments made at periodic intervals of 120 min, the highest de-
colorization was obtained in acid black 1 (51.2 %). There was
decolorization of 36.2% in methylene blue and 32.05 % in
reactive black 5. The lowest decolorization was achieved in
congo red with 1.9 %. It was observed that the decolorization
rate increased over time; if the time was extended, the amount
of decolorization increased (Table 7). The laccase originating
from Staphylococcus haemolyticus was been used for the de-
colorization of congo red, brilliant green, bromophenol blue,
and crystal violet dyes. The best decolorization was detected
in brilliant green with 80%, while the lowest decolorization
was observed in crystal violet with approximately 40%. The
dye decolorization has been shown to stop after 3 h (Li et al.
2020). It was reported that the decolorizing effect of laccases
was stronger when added to the laccase mediator medium
(Herkommerova et al. 2018). Galai et al. carried out a decol-
orization study in the presence of four different mediators,
including ABTS. A slight increase was reported when com-
pared with the media-free results, and there was 80% decol-
orization only in the presence of ABTS (Galai et al. 2011).
Guo et al. stated that decolorization increased up to 5 times in
the presence of two different mediators (ABTS,
acetosyringone) (Guo et al. 2016). Considering that most tex-
tile effluents are characterized by high temperature and alka-
line pH (Rodrigues et al. 2009), it appears that the recombi-
nant laccase may have a promising application in this area.
However, it is thought that the dye decolorization efficiency
can be increased by adding a mediator.

Conclusions

In this study, the laccase-encoding gene from B. licheniformis
O12 was expressed in the E.coli BL21 (DE3) expression sys-
tem. Then, the recombinant laccase was purified and

biochemically characterized. The enzyme showed the highest
activity at a very high temperature (92 °C). At 92 °C, its
activity halved after 12 h. At 60 °C, it retained more than half
of its activity for 12 h. This is a very important feature because
textile wastewater has high temperatures and it takes time and
is expensive to cool it. The recombinant laccase is stable under
both acidic and alkaline conditions, and its activity increased
after 75 min at pH 5.0 and pH 8.0. It is known that the color of
textile dyes increases as pH increases, so pH stability is im-
portant. It was observed that metal ions did not have a signif-
icant inhibitory effect on the recombinant laccase. The acti-
vating effects of Al3+, Cd2+, Cr2+, Cu2+, Fe2+, Hg2+, and Pb2+

ions were also found. Organic solvents (methanol, ethanol, 1-
propanol, t-butanol, acetone, and DMSO) and surfactants
(Tween-20, Tween-80, and Triton X-100) reduced the activity
of the recombinant laccase by approximately 90% after 2 h.
SDS showed a strong inhibitory property, just like NaF and
EDTA. H2O2 caused 60 % activity loss after 2 h. NaN3,
known as a laccase inhibitor, caused 90% activity loss after
3 h. The decolorization effect of recombinant laccase was
51.2 % in acid black 1 and 32.5 % in reactive black 5.
Decolorization was performed without adding mediators to
the medium. As a result, the laccase obtained from a novel
strain by the recombinant method is an enzyme that exhibits
very high thermostability, is resistant to pH changes and metal
ions. It was concluded that the laccase obtained from
B. licheniformis O12 has prominent properties in many as-
pects. Its use in the industry will be beneficial in many ways
and economically.

In this study, laccase was obtained from B. licheniformis
O12 by recombinant method and many properties of the en-
zyme were investigated. In line with the results obtained, the
ability of the enzyme in different applications such as
delignification or clarification can be examined. With the mu-
tagenesis method, the properties of the enzyme can be im-
proved and a stronger and more durable laccase can be
obtained.

Abbreviations EDTA, Ethylenediamine tetraacetic acid; DMSO,
Dimethyl sulfoxide; IPTG, Izopropil-β-D-tiyogalaktopiranozit; kDa,
Kilo dalton; kcat, A unit showing catalytic ability of enzyme (turnover
number); KM, Unit showing the enzyme’s affinity for the substrate; mg,
Miligram; min, Minute; mM, Milimole; Ni-NTA, Nickel-nitrilotriacetic
acid; nm, Nanometer; SDS-PAGE, Sodium dodecyl sulfate polyacryl-
amide gel electrophoresis; SUMO, Small ubiquitin-like modifier; µM,
Micromolar; Vmax, Maximum speed the enzyme reaches; Ɛ, Molecular
extinction coefficient
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