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Abstract Recently, bacterial laccases has drawn research-
ers’ interest due to their ability to overcome high pH and
salt concentration conditions compared to fungal laccases.
Here we report a novel micro-aerobic cultivation strategy
for enhancing CotA laccase expression and study its appli-
cation for dye decolorization. Micro-aerobic cultivation of
Escherichia coli BL21 (DE3) strain carrying pT7-FLAG-
MAT-TAG-1-CotA had significantly enhanced CotA lac-
case activity up to 13903 U/L. The most unique findings
of this investigation are that micro-aerobic cultivation
strategy enhanced the reactive oxygen species production
which consequently led to the over expression of CotA lac-
case gene. Malachite green, Crystal violet, Congo red and
Bromophenol blue were efficiently decolorized by using
purified CotA laccase without presence of any mediators at
pH 6 and 9. These results provide a great platform for the
dynamic production and application of bacterial laccase in
industry.

Keywords Bacillus subtilis - Bacterial laccase - CotA -
IPTG - Micro-aerobic condition - ROS

< Chunzhao Liu
czliu@ipe.ac.cn

State Key Laboratory of Biochemical Engineering & Key
Laboratory of Green Process and Engineering, Institute
of Process Engineering, Chinese Academy of Sciences,
Beijing 100190, People’s Republic of China

University of Chinese Academy of Sciences, Beijing 100049,
People’s Republic of China

Introduction

Bacterial laccases have a great advantage over fungal lac-
cases due to their activation and stabilization at alkaline
conditions, elevated temperatures and mediums sup-
plemented with high concentration of copper ions [I,
2]. A thermo stable CotA laccase in Bacillus subtilis, a
65-kDa protein, takes part in the production of the mela-
nin like brown spore pigment in the endospore coat. It is
also responsible for the defense provided by the spore coat
against H,O, and UV light [3]. CotA-laccase is 513 amino
acids [4] and it is reported for industrial textile waste water
detoxification and decolorization [5], and for catalyzing
phenolic acids dimerization [6].

Low production yields of the enzyme by native strains
are considered as the main obstacle of bacterial laccases
applications in industry [7]. Easily handling and cultivable
organisms can be used to overcome this problem and facili-
tate the higher production of these enzymes [8]. Escheri-
chia coli is considered the most preferable recombinant
protein expression system due to its rapid growth and easy
genetic manipulation and considered as the most dynamic
system for industrial biocatalysts [9-11]. Culture condi-
tions also have a strong effect in controlling the formation
of soluble proteins in vivo. The insufficient content of cop-
per in the cytoplasm upon heterologous expression of CotA
laccases in E. coli is disadvantageous due to production of
an inactive enzyme. This problem can be resolved by add-
ing copper to the medium and expressing CotA laccase
under micro-aerobic conditions for obtaining fully cop-
per-loaded enzyme [12]. E. coli has the ability to grow in
oxygen availability and deficiency in which, it can take the
advantage of oxygen deficiency which exists during micro-
aerobic cultivation and preserve the redox balance [13—15].
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The objective of the current study was to construct a
dynamic recombinant E. coli strain integrated with optimiza-
tion process for efficient bacterial laccase expression. Isola-
tion, cloning and expression of CotA laccase encoding gene
using pT7-FLAG-MAT-TAG-1 expression vector which con-
tains T7 promoter was performed in order to obtain soluble
and active CotA laccase. Once the high CotA laccase expres-
sion strain was constructed, fermentation process optimiza-
tion was carried out. After that, we developed a novel micro-
aerobic cultivation strategy in order to study its effect on ROS
production and CotA laccase gene expression. The purified
CotA laccase produced from micro-aerobic cultivation was
tested for its potential application in dye decolorization.

Materials and Methods
Materials and Strains

Easy Pure Genomic DNA, Quick Plasmid mini Prep, Gel
Extraction, PCR Purification kits, Tag DNA polymerase,
chemically competent Trans 10 E. coli cells, E. coli strain
BL21 (DE3) pLysS, primers, T4 DNA ligase and restric-
tion enzymes were purchased from TransGen Biotech
(Beijing, China). 2,2'-azino-bis(3-ethylbenzothiazoline-
6-sulphonicacid) (ABTS), isopropyl beta-p thiogalactoside
(IPTG), PT7-FLAG-MAT-TAG-1 vector and ampicillin
were bought from Sigma-Aldrich (St. Louis, MO, USA).
B. subtilis 168 bacterial strain which obtained from China
General Microbiological Culture Collection Center (Bei-
jing, China), was cultivated in Luria—Bertani (LB) medium
at 30°C and 180 rpm for 12 h.

Cloning of CotA Laccase Gene, Production
and Purification

CotA laccase gene of B. subtilis 168 was isolated by follow-
ing the instructions of “Easy Pure Genomic DNA Kit”. B.
subtilis 168 CotA gene (GenBank Accession No. 936018)
was amplified by PCR using forward (HKCotAN1) and
reverse (HKCotAN3) primers indicated in Table 1. PCR

was conducted by using an automated thermo cycler (T100
Thermo cycler, Bio-Rad), and the program was adjusted as:
4 min at 95°C, 30 s at 95°C, 30 s at 55°C, 2 min at 72°C,
step 2 repeated for 32X, and final extension at 72°C for
10 min. Ethidium bromide stained DNA bands were visual-
ized by Image Lab Software, Bio-Rad. Pure B. subtilis 168
CotA DNA was isolated by following the instructions of
“Easy Pure Quick Gel Extraction Kit”. PT7-FLAG-MAT-
TAG-1 plasmid was extracted by following the instructions
of “Easy Pure Plasmid mini Prep Kit”. The purified CotA
gene fragments and pT7-FLAG-MAT-TAG-1 plasmid were
digested by HindIIl and Kpnl restriction enzymes. All frag-
ments were incubated with restriction enzymes for 3 h at
37°C. Purification of the DNA fragments was conducted
by using PCR purification Kit. CotA DNA fragment was
ligated with pT7-FLAG-MAT-TAG-1 plasmid using T4
DNA ligase. The recombinant plasmid vector was trans-
formed into chemically competent Trans 10 E. coli cells
which were used for cloning procedures, propagation, and
amplification of the plasmid constructs. Extraction of the
recombinant plasmids from chemically competent Trans 10
E. coli cells was performed, and then digested with Hin-
dllI and Kpnl. Transformation of the recombinant plasmids
into chemically competent E. coli BL21 (DE3) was done to
functionally express CotA laccase. Successful transforma-
tion of produced strains was confirmed by sequencing.

250 mL flasks containing 50 mL LB medium, 100 pg/mL
ampicillin and 0.5 mM CuCl, were inoculated with 0.5 mL
of E. coli BL21 (DE3) cells carrying pT7-FLAG-MAT-
TAG-1-CotA vector and grown at 37 °C and 200 rpm. After
the culture optical density reached 0.7 at ODg,, 1 mM IPTG
was added for expression induction and the temperature was
lowered to 26°C. After overnight incubation at 130 rpm,
cells were separated from the culture medium by 5000xg
centrifugation for 10 min. Cell sediment suspension was per-
formed by 20 mM Tris—HCI buffer (pH 7.6). After that, cells
were disrupted for 2 min by using BRANSON digital soni-
fier (pulse on 5 s, pulse off 3 s). Finally, the cell lysate was
heated for 20 min at 70°C followed by cooling for another
20 min in ice, and then centrifugation (14,000xg, 20 min,
4°C) to remove cell debris and denatured proteins.

Table 1 Sequences of specific primer pairs used for cloning procedures and gene expression

Genes Primer name Primer sequences (from 5’ to 3') Product size (bp) Purpose

CotA Forward (HKCotANT1) CGGCAAGCTTATGACACTTGAAAAATTTG 1542 Cloning
Reverse (HKCotAN3) CCCGGTACCTTTATGGGGATCAGTTATATC

16S rRNA Forward AGGCCCTAGGGTTGTAAAGC 177 Reference gene
Reverse GGGGCTTCTTCTGCTGGTA

CotA Forward (MCotA-F) TTCTCCGTCACTGCCTAA 197 mRNA expression
Reverse (MCotA-R) CTCCATCTGAACCAATCTGA

Underlined sequences indicate HindIIl and Kpnl restriction sites, respectively
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The purification of recombinant CotA laccase proteins
from the soluble fraction was performed by using Ni-NTA
agarose column. PT7-FLAG-MAT-TAG-1-CotA contains
MAT-TAG which facilitates the purification through the
immobilized metal affinity chromatography. The column
was previously equilibrated with balance buffer which com-
posed of 20 mM Tris—HCI buffer (pH 7.5) and 140 mM
NaCl. A blue fluorescence protein fraction was bound to
the sorbent, when the supernatants of the bacterial extract
were filtered through the nickel column. Fractions con-
taining laccase were collected by 20 mM potassium phos-
phate buffer (PPB) (pH 6) adjusted with 0.2 M imidazole
and 0.15 M NaCl. Purified laccase fractions were dialyzed
against distilled water over night to remove NaCl, and then
concentrated by ultra-filtration (3 kDa molecular weight
cut-off membrane). Bradford assay was used to determine
CotA laccase concentration using bovine serum albumin
(BSA) [16]. Sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS-PAGE) was utilized for determining
the purity and molecular mass of CotA enzyme by using
Mini-PROTEAN Tetra electrophoresis system from Bio-
Rad. 12% acrylamide gel was used according to Laemmli
method [17]. Coomassie brilliant blue stain G-250 was
used for gel staining [18] and the purified enzyme molecu-
lar weight was estimated by the standard protein marker.

Optimization Process for CotA Laccase Expression

CotA laccase were expressed as described above using the
following different growth conditions; induction times (3,
6,9, 12, 18, 20, 22, 24, 26, 28 h), induction temperatures
(18, 20, 25, 30, 35°C), IPTG concentrations (0.5, 1, 1.5, 2,
2.5 and 3 mM), and addition time of IPTG (0.5, 1, 1.5, 2
and 2.5 h), respectively.

To scrutinize the effect of micro-aerobic cultivation,
the optimum cultural conditions were used to design the
experiment. Cells were grown under shaking incubation at
130 rpm (25°C) for 26 h, and then converted into micro-
aerobic conditions by simply switching off the shaking
function for 4, 6, 8, 10, 12 h, respectively. Optimization
experiments were conducted in triplicates.

Measurement of ROS Production

ROS effect was determined for pT7-FLAG-MAT-TAG-1-
CotA laccase under aerobic cultivation (26 h) and differ-
ent micro-aerobic cultivation (2, 4, 6, 8, 10 h). Samples
were collected and followed by 5000 rpm centrifugation for
10 min. Cells were suspended after that in 1 mL 100 mM
PPB (pH 7.4) then followed by 2 min sonication and
14,000xg centrifugation for 20 min. Supernatants were
diluted x10,000 using phosphate buffered saline (PBS)
then, treated with 2',7'-di-chlorofluorescin diacetate

(DCFH-DA) according to Reactive Oxygen Species Assay
Kit from Beyotime Institute of Biotechnology (Haimen,
China). Finally, the micro-plate containing the mixture
was added at 37°C (30 min) for heating. Spectra Max M5
Multi-Mode Micro-plate Reader (Molecular Devices, Cali-
fornia, USA) was used for collecting the data at 488 nm.

Analytical Procedures

TRIzol Reagent (Invitrogen, USA) was used for total RNA
isolation. E. coli BL21 (DE3) cells carrying pT7-FLAG-
MAT-TAG-1-CotA obtained at 26 h aerobic cultivation
and 2, 4, 6, 8, and 10 h micro-aerobic cultivation were
collected by centrifugation and frozen in liquid nitrogen.
Bacterial cells collected from 0.5 mL liquid broth was sus-
pended by mixing in 1 mL TRIzol reagent and followed by
5 min incubation at room temperature. After that, Chloro-
form (0.2 mL) was added and mixed vigorously followed
by 3 min incubation at room temperature then, the mixture
was centrifuged for separation of the aqueous phase which
contained RNA from the organic phase. 0.5 mL isopropyl
alcohol was added to recover the RNA from the aqueous
phase by precipitation. The pellet of RNA was rinsed with
75% pre-cooled ethanol, air-dried and dissolved in 30 puL
de-ionized water treated with diethylpyrocarbonate, DEPC
(Sigma) to prevent RNA degradation by RNases. The qual-
ity and concentration of the total RNA was evaluated at
260 and 280 nm by Q5000 UV-Vis Spectrophotometer
(Qua well, USA). RNA was stored at —80 °C until required.
About 1547 nanograms of total RNA were processed with
RNase-Free DNase (Promega, USA). The cDNA prepa-
ration from the total RNA was performed with GoScript
Reverse Transcriptase (Promega) using Oligo(dT),s primer.
The RNA and reverse transcription primer was mixed with
GoScript reaction mix (total volume 20 pL). The mixture
was introduced to PCR cycle [5 min annealing (25°C), 1 h
extension (42°C) then 15 min inactivation (70°C)]. After
that, cDNA was quantified with GoTaq qPCR Master Mix
(Promega) using forward primer MCotA-F and reverse
primer MCotA-F where 16S rRNA was used as reference
gene (Table 1). 7500 Fast Real-Time PCR system from
Applied Biosystems, California USA was used for PCR
performance under the following conditions: GoTaq Hot
start polymerase activation at 95°C for 2 min (1 cycle)
then 40 cycles of amplification (95 °C, 60°C, for 15 s and
1 min at each temperature, respectively) and dissociation
for 1 cycle at 68 °C. 2722 method described by Livak and
Schmittgen [19] was applied for qRT-PCR data analysis.
Samples data normalization was compared to the results of
the parallel qRT-PCR assay of the prepared cDNA from the
16S rRNA gene.

Dry cell weight (DCW) was deliberated for cells pro-
duced from the experiment of optimizing the induction
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times and micro-aerobic conditions. Cell collection was
performed in pre-weighed tubes by 10,000xg centrifuga-
tion for 10 min followed by washing the pellets three times
with de-ionized water. Cells were dried at 80 °C.
Spectrophotometric measurement of laccase activity was
performed by using ABTS at 25 °C. Extracted CotA laccase
was diluted 10x by adding 50 pL from the supernatant to
450 pL 20 mM Tris—HCI buffer, pH 7.6. Diluted samples
were kept on ice during measurement. Oxidation of ABTS
(€=36,000 M~'cm™) in 0.1 M PPB (pH 6) was meas-
ured at 420 nm. The enzyme quantity needed for oxidation
of 1 umol of ABTS per minute indicates one unit of the
enzyme activity. All measurements were done in triplicates.

Dye Decolorization Test for CotA Laccase

The experiment was conducted by using three different
textile dyes, Malachite green (A,,,=618), Brilliant yel-
low (A =490), Crystal violet (A, =594), two azo
dyes, Congo red (A, =495), Methyl red (A,,,,=410), and
Bromophenol blue (A,,,, =592). The reaction mixture con-
tained 5 mM from the dye dissolved in 0.1 M PPB (pH 6)
or Tris—HCl buffer (pH 9) and 100 U/L from purified CotA
laccase was used to start the reaction. After that, the reac-
tion was incubated under gentle shaking at 55°C for 12 h.
The same reaction mixture without addition of CotA lac-
case considered as control sample. Thereafter, every 3 h
samples were taken and the relative decrease in absorbance
was calculated according to the following equation:

the CotA laccase. Sequence analysis confirmed the success
of the cloning procedures.

CotA laccase was successfully expressed with high
volumetric activity 1474+196 U/L (specific activity
5.2+0.2 U/mg). Heating the supernatant at 70°C is a very
useful treatment as it enriches most of the heat resistant
proteins and it is also useful for the denaturation of most
E. coli proteins [6]. The purified enzyme can be shown
from the SDS-PAGE as indicated at Fig. 1. ~65 kDa bands
related to the prognosticated size of CotA laccase were
observed. The concentration of soluble protein with about
90% purity was approximately 285 +4.1 ug/mL as assessed
by Bradford assay.

Process Optimization Required for Enhancing CotA
Laccase Activity

Optimization process showed great influence on enhancing
CotA laccase expression. The highest laccase activity for
pT7-FLAG-MAT-TAG-1-CotA among the different induc-
tion times was found to be 3010+70 U/L at 26 h induc-
tion. After 26 h of incubation time, laccase activity started
to decrease rapidly as the cultivation time was extended
as shown in Fig. 2a. The low recombinant protein produc-
tion after 26 h induction time, during stationary or late
exponential growth phase, was assigned to the depletion of
the medium nutrients concentration [21, 22]. These factors
caused the reduction of the cell metabolic activity during
the later growth phases and for that reason, gene expression

Initial absorbance — Final absorbance after incubation

X 100.

Decolorization(%) = Initial absorbance

All measurements were conducted in triplicates and the
means of decolorization percent was calculated.

Results and Discussion

CotA Laccase Gene Cloning and Expression
in Recombinant E. coli

pT7-FLAG-MAT-TAG-1 is an E. coli expression vec-
tor (4832 bp) and has Met-N-terminal FLAG peptide
sequence. This peptide sequence is considered to be a
folding enhancer because of the extensions of hydrophilic
peptides which exist through refolding and can efficiently
promote the folding yield of the recombinant protein [20].
The plasmid vector also contains C-terminal MAT-Tag for
metal binding proteins which help in purification and pro-
duction of soluble proteins especially for those which are
usually produced in the form of inclusion bodies such as
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decreased. Optimizing induction temperatures indicated that
increasing the temperature over 25°C did not enhance lac-
case activity in which the activity decreased rapidly at 35°C.
Figure 2b indicates that optimum induction temperature was
found at 25 °C. Decreasing induction temperatures to 20 and
18°C led to the complete repression of CotA laccase activity.
Different induction temperatures have a significant influence
on CotA laccase activity. It seems that CotA laccase expres-
sion prefer 25 °C to be produced in the soluble form where it
is easy to accumulate as inclusion bodies under other tested
temperatures [1, 10]. As indicated in Fig. 2c, the maximum
CotA laccase activity was accomplished at 2 mM IPTG con-
centration. Most of literatures studied recombinant CotA lac-
case expression were using 1 mM IPTG concentration [23,
24]. This difference comes from the fact that these literatures
were using different expression systems and the pT7-FLAG-
MAT-TAG-1 expression vector used in this study is the first
time to be used for CotA laccase expression. As shown in
Fig. 2c, the enzyme activity decreased after 2 mM IPTG con-
centration as result of the drop of metabolic burden in E. coli.
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Fig.1 SDS-PAGE analysis for CotA laccase produced from PT7-
FLAG-MAT-TAG-1 expression vector stained by Coomassie Brilliant
Blue G-250. M Protien Ruler II marker, W Crude CotA laccase, W*
Purified CotA laccase, C Concentrated CotA laccase

The competition for the expression machinery and the side
reactions due to the activity of the recombinant proteins are
main reasons for originating this burden which can lead to the
decline of the biomass yield, cell productivity and viability
[25, 26]. Figure 2c elucidates this fact; the growth of the con-
trol (E. coli BL21 (DE3) cells without the recombinant plas-
mid) is more viable when compared to E. coli BL21 (DE3)
cells carrying pT7-FLAG-MAT-TAG-1-CotA. Increasing
addition time of IPTG to 2 h led to the optimum activity of
the enzyme where it reached to 39104101 U/L. CotA lac-
case activity started to decrease after increasing IPTG addi-
tion time more than 2 h as indicated in Fig. 2d. Optimization
of bacterial expression conditions resulted to the enhance-
ment of the of CotA laccase specific activities by 3.2 fold
(16.8 U/mg+0.7) when compared to non optimized one
(5.2+0.2 U/mg).

Mechanism of Micro-aerobic Cultivation Strategy
for Enhancing Recombinant CotA Laccase Production

Micro-aerobic Cultivation Enhance CotA Laccase Activity

As shown in Table 2, micro-aerobic cultivation had a sig-
nificant effect on enhancing CotA laccase activity. The

optimum static incubation time required after 26 h shaking;
for obtaining highest volumetric activity was 8 h at which,
volumetric activity raised 3.58 fold (13,803+275 U/L)
compared to that of produced under aerobic cultivation
(3857+101 U/L). To our knowledge, it is the best values
for both a native and a recombinant CotA laccase. Fur-
thermore, instantly after the promotion of micro-aerobic
conditions, active bacterial growth was decreased and the
dry cell weight reached 1.3+0.01 g/LL while, under aero-
bic conditions, the growth reached to 1.8+0.02 g/L as
indicated in Fig. 2a. Micro-aerobic cultivation results are
related to the alterations in the central metabolism of fac-
ultative aerobe E. coli; furthermore, aerobic cultivation is
more dynamic for cell growth than alternative metabolic
modes [15].

Micro-aerobic Cultivation Increases ROS Production

ROS level was increased rapidly from the 2nd h of micro-
aerobic cultivation until reached the maximum at 8 h
(52+6.8 umol/g-cells) as indicated in Fig. 3. Thereafter,
ROS decreased rapidly and ended with concentration simi-
lar to that observed during aerobic cultivation. In oxic con-
ditions E. coli produce ROS by taking the advantage of the
autoxidation of its redox enzymes so that, E. coli would be
able to perform respiration [27, 28]. The insufficient reduc-
tion of oxygen to water which occurs simultaneously during
respiration and exposure to metals causes ROS generation.
The oxidative damage produced due to ROS production
in prokaryotic cells often lead to activation of antioxidant
defense enzymes and regulatory transcription factors genes
in order to protect itself against that oxidative damage [29].
Thereafter, the post-translational modifications are induced
and give rise to structural and conformational changes
within sensory proteins. These structural rearrangements
change the protein activity and promote appropriate and
regulated response on the transcriptional level [30]. It has
been reported that copper chlorides are mostly act like cata-
lyst to convert H,O, to OH™ and can be involved in oxi-
dative stress formation inside the cell [31].The decrease
in cell dry weight at 8 h micro-aerobic cultivation in this
study indicates the massive production of ROS under these
cultivation conditions. This enormous production of ROS
decreases the rate of bacterial cell growth and the over
expression of any enzyme synthesis can attenuate the cells
and inhibit their growth [30, 32].

Micro-aerobic Cultivation Enhances CotA Laccase Gene
Expression

The cDNA copy numbers indicated that the level of CotA

gene expression during aerobic cultivation was very
low. The amount of cDNA started to increase from 2 h
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Fig. 2 Optimization of the best conditions for enhancing CotA lac-
case activity. a Induction time effect on CotA laccase activity and
cell growth of E. coli cells with and without CotA gene. b Induc-
tion temperature effect on CotA laccase activity and cell growth of

micro-aerobic cultivation until reached to the maximum
at 8 h. In this hour, the copy number of CotA gene tran-
script had increased significantly by 62 fold compared
to that of aerobic cultivation (Fig. 3). The cultivation
transition of E. coli from aerobic to micro-aerobic con-
ditions leads to changes in gene expression, the physi-
ology of metal ions and central metabolism [15]. Durdo
et al. [12] was the first paper to explore and describe the

Table 2 Effect of micro-aerobic condition on CotA laccase activity
and dry cell weight

Micro-aerobic cultivation — Laccase activity Dry cell
time (U/L)+=SD weight
(g/lL)£SD
26 hSh-0h S 3857+101 1.8+0.023
26 hSh-4h S 11,273 +£347 1.4+0.071
26 hSh-6h S 12,407 +271 1.2+0.013
26 hSh-8h S 13,803 +£275 1.3+0.01
26 h Sh-10h S 12,953 +294 0.92+0.019
26 h Sh-12h S 11,679 +241 0.59+0.009

Sh shaking cultivation, S static cultivation, SD standard deviation
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link between micro-aerobic growth conditions and cop-
per incorporation with CotA laccase to enhance its activ-
ity but no data has been published for achieving a bet-
ter understanding of the relation between micro-aerobic
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cultivation and enhancing CotA laccase gene expression.
According to the results of this study, the induction of
CotA laccase under micro-aerobic condition correlated
well with the up-regulation related to mRNA expressions
and begets subsequent excessive production of ROS.

Effect of CotA Laccase for Dye Decolorization

Three textile dyes, two azo dyes and bromophenol blue
were used for studying the decolorization ability of the
purified CotA laccase. The results indicated that the puri-
fied enzyme had the ability to decolorize most of tested
dyes efficiently without the presence of any mediator at
pH 6. As shown in Fig. 4a, crystal violet was decolorized
efficiently (95%) after 12 h incubation while, bromophe-
nol blue, malachite green and congo red were decolorized
by about 81, 62 and 59%, respectively. On the other hand,
methyl red and brilliant yellow dyes were only decolorized
by about 32 and 19%, respectively. These results without
the presence of any mediator in the decolorization reaction
makes CotA laccase promising candidate in waste water
treatment from dyes. Most of mediators are very expensive
and generates highly unstable radical intermediates which
are environmentally toxic [33]. In order to investigate the
ability of CotA laccase for dye decolorization under alka-
line conditions, the decolorization reaction was carried
out at pH 9. Figure 4b indicated that CotA laccase decol-
orized the textile dyes malachite green and crystal violet
more efficiently (67 and 97%, respectively) under alkaline
conditions. The degradation of each dye using CotA lac-
case was not in the same level due to the difference of the
structure, size, charge density and steric hindrances, which
play important role for extending the degradation rate. The
simple molecule which has a low number of aromatic rings
is degraded at a great rate when compared to the complex
molecule [34]. The reason of the high decolorization of
Crystal violet and bromophenol than malachite green is that
Malachite green is classified as triarylmethane dye. Triar-
ylmethane dyes need longer time for decolorization or it
could be decolorized to a certain extent [35]. Azo dyes are
very difficult to be degradable compared to the other stud-
ied dyes as it contains aromatic poly phenolic components.
Most dye industries prefer to use azo dyes due to its unique
and quality properties. Azo dyes having —-N=N- groups
which are widely used in industry because of their simple
synthesis method. The azo groups are generally connected
to benzene and naphthalene rings. These azo groups could
be cleaved by oxidative enzymes especially which have
high activity [36]. The reason of the high decolorization
of Congo red than methyl red is that the azo compounds
with hydroxyl or amino groups were efficiently degraded
than those with methyl or methoxy groups [36]. Rodrigues
et al. [37] reported that textile effluent was characterized by
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Fig. 4 Textile, azo dyes and Bromophenol blue (5 mM) decoloriza-
tion by purified recombinant CotA laccase (100 U) at 55°C. a 0.1 M
PPB (pH 6); b Tris—HClI buffer (pH 9)

alkaline pH and high temperature in which, most of fungal
laccases cannot maintain their activities under such dras-
tic conditions but bacterial laccases are much more stable
under these conditions [11]. These disadvantages of fungal
laccases are because of their low thermostability, acidic pH
optimum and susceptibility to high concentrations of chlo-
ride; thus, fungal laccases will lose their activities when
they will be used for textile dye decolorization. The other
reason is that fungal laccases usually need a redox media-
tor to degrade the synthetic dyes efficiently with high-redox
potential. On the other hand, bacterial laccases have high
pH stability at alkaline conditions even at a rather extreme
pH of 11 [10] and are resistant to high temperature and
chloride concentrations [38]. Subsequently, CotA laccase
from B. subtilis have a potential application in the field of
waste water treatment from textile and azo dyes.
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Conclusions

pT7-FLAG-MAT-TAG-1 expression vector is favorable
for cloning and expression of soluble CotA laccase. An
efficient process optimization was successfully increased
CotA laccase specific activities by 3.2 fold. Micro-aerobic
cultivation had significant influence on CotA laccase as it
enhanced its volumetric activity by 3.58 fold. The micro-
aerobic cultivation strategy we developed enhanced the
synthesis of active holo-enzyme, the intracellular ROS
production and CotA gene expression. High efficiency of
purified CotA laccase in dye decolorization under ph 6 and
9 without the presence on any mediator was successfully
achieved. These properties make CotA laccase promising
candidate in industry.
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