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The recombinant laccase CotA from Bacillus pumilus was evaluated for the decolorization of
triphenylmethane dyes Brilliant Blue R and Brilliant Green. The process occurred within the pH range
4-10. Elevated temperatures stimulated the decolorization, the highest level being observed at 75-85 °C.
Another attractive property of B. pumilis CotA was its resistance to a high concentration of sodium chloride
(0.4 M NaCl at alkaline pH). The addition of the redox mediators 2,2-azino-bis(3-ethylbenzthiazoline-
6-sulfonic acid) and syringaldehyde accelerated the decolorization of the dyes by more than 3 times.
The decolorization of Brilliant Green, a toxic dye effective against gram positive bacteria, resulted in its
complete detoxification. The ability to decolorize under extreme conditions makes B. pumillis laccase a

good candidate for dyestuff processing in industry.
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Laccases (p-diphenol: dioxygen oxidoreductases,
EC 1.10.3.2) belong to the multicopper oxidase fam-
ily of enzymes. They are widespread in fungi, higher
plants, insects and bacteria. Laccases are able to oxi-
dize a broad range of substrates such as polyphenols,
aromatic amines and taking into condiseration a wide
range of catalyzed reactions, they are regarded as in-
dustrially relevant enzymes. Biotechnological appli-
cations of laccases include bleaching in the pulp and
paper industry, polymer synthesis and bioremediation
of soils and water [1].

Triphenylmethane dyes are widely used in the tex-
tile, pharmaceutical, food, paper and cosmetic indus-
tries [2]. At present, a number of studies are focused
on the degradation, decolorization and detoxification
of triphenylmethane dyes by fungal laccases [3, 4].
The potential of bacterial laccases in this respect has
not been assessed. In contrast to the majority of fun-
gal laccases, bacterial laccases exhibit high thermo-
stability and alkaline the majority of activity [5].

The goal of this work was to describe the process of
decolorizing and detoxifying of triphenylmethane dyes
by using a bacterial laccase from Bacillus pumilus.

EXPERIMENTAL
Reagents, strains, media and culturing conditions

ABTS, SYD, triphenylmethane dyes BBR and BG
were purchased from Sigma-Aldrich. Enzymes were
obtained from Sibenzyme. Escherichia coli 109 and the
vector pUC18 were purchased from Quiagen (Hilden,
Germany). Bacillus pumilus B-508 (ATCC 7061) and
Bacillus thuringiensis B-454 (ATCC 10792) obtained
from the All-Russian Collection of Microorganisms
(VKM) were cultivated in LB medium at 30 °C.

Expression and purification of CotA

The priority of cloning and expression of a bac-
terial laccase from B. pumilus was defended by a
patent [6]. In brief, a gene encoding laccase (cotA)

Abbreviations: ABTS, 2,2-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid); BBR, Brilliant Blue R (Acid Blue 83); BG, Brilliant Green
(Basic Green 1); LB medium, Luria-Bertani medium; SYD, syringaldehyde.
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was amplified from the genomic DNA of B. pumilus
B-508 and inserted into the pUC18 expression vector,
the resulting recombinant pBR4 plasmid was trans-
formed into the cells of the strain E. coli 109; the en-
zyme was isolated from bacterial biomass by centrif-
ugation, sonication, heat treating at 70 °C and chro-
matography on anion exchange resins.

Laccase activity assays

Laccase activity was routinely assayed at room
temperature. The reaction mixture contained 0.5 mM
ABTS and 0.1 M citrate-phosphate buffer, pH 4.0.
The oxidation of ABTS was followed by an absor-
bance increase at 420 nm (€40 = 36000 M! cm™).
One unit is defined as an amount of the enzyme that
oxidizes 1 umol of substrate per minute.

Decolorization of dyes

The enzymatic treatment of the dyes was per-
formed in the presence or absence of redox media-
tors ABTS (2 uM, in 0.1 M citrate-phosphate buffer,
pH 4.4) or SYD (200 uM, in 0.1 M bicarbonate buf-
fer, pH 8.4) at 0.1 mg mL" of the dye (260 uM of
BG and 125 uM of BBG) and 0.05 U mL "' of laccase.
The reaction mixtures were incubated at 50 °C, and
the decolorization activity of laccase was determined
as the relative decrease in the visible light absor-
bance with BG and BBR at 625 and 560 nm, the ab-
sorbance maxima of the dyes, respectively. The con-
trol samples contained the reaction mixture without
the enzyme. The influence of pH was evaluated in
0.1 M citrate-phosphate (pH 4-6), tris-HCI (pH 7-9)
and glycine-NaOH (pH 9-10) buffers at 50 °C. The
temperature optimum was measured at temperatures
ranging from 50°C to 90 °C in 0.1 M citrate-phos-
phate (pH 4.4) and 0.1 M bicarbonate (pH 8.4) buf-
fers with BG and BBR, respectively. The influence of
salts on decolorization was determined in the pres-
ence of 50, 100, 200 and 400 mM NacCl at 50 °C us-
ing 0.1 M citrate-phosphate (pH 4.4) or 0.1 M bicar-
bonate (pH 8.4) buffer with BG and BBR, respective-
ly. All reactions were carried out in triplicate, and the
data were presented as means of triplicates.

Antibacterial activity of BG

The antibacterial activity of BG was determined
by the agar difuusion method from the growth inhi-
bition of B. thuringiensis [7]. Sterile LB-agar in Petri
dishes was inoculated with bacterial cells (2-107 cells
on a dish). After incubation of the reaction mixture
containing 0.1 M citrate-phosphate buffer (pH 4.4),
0.4 mg mL"! of the dye and 1 U mL"! laccase at
37 °C, the control and enzyme-treated BG reaction
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mixtures (3 plL) were put on sterile paper discs,
which were slightly dried and plated on inoculated
agar. Petri dishes were incubated for 24 h at 30 °C.
The relative antibacterial activity was calculated as
C,/.-100%, where C. and C, are BG concentrations
in the reaction mixture untreated or treated by the en-
zyme. C; was calculated from the linear regression
equation determined for a known BG concentration:
y=7.09x+10.98 (y is the zone of the inhibition diam-
eter and x is log BG concentration, » = 0.996). All ex-
periments were performed in triplicate.

Statistical analysis

All experiments were conducted in three repli-
cates. The results were statistically analyzed by pro-
gram SigmaPlot 11 and their mean values were pre-
sented with standard deviations.

RESULTS AND DISCUSSION

In this study, we examined the potential applica-
bility of the recombinant laccase CotA from B. pumi-
lus for the decolorization and detoxification of triph-
enylmethane dyes. The alkalic dye Brilliant Green
(BG, Basic Green 1) and acidic dye Brilliant Blue R
(BBR, Acid Blue 83) were investigated (Fig. 1).

The effect of pH on decolorization of the dyes
was measured in the pH range of 4.0-10. As shown
in Fig. 2a, the optimum pH was 4.4 with BG and
8.3 with BBR. The results on alkaline decolorization
of BBR corresponded to the data on alkaline decolor-
ization of anthraquinonic and azo dyes by CotA lac-
case of B. subtilis [8]. The results on acidic decolor-
ization of BG were in agreement with those for fun-
gal laccase of Trametes versicolor [3]. The effect of
temperature on the decolorization rate was assayed in
0.1 M citrate-phosphate (pH 4.4) and 0.1 M bicarbon-
ate (pH 8.4) buffers with BG and BBR, respectively.
Elevated temperatures stimulated the decolorization;
the highest level was observed at 75-85 °C (Fig. 2b).
Another attractive property of CotA of B. pumilus was
its resistance to a high concentration of sodium chlo-
ride. As shown in Fig. 2¢, the effect of NaCl on the
BBR decolorization at pH 8.4 was negligible at a con-
centration of up to 0.2 M NaCl and decreased by only
9% at 0.4 M NaCl. However, for BG the decolorization
was inhibited at pH 4.4 in the presence of NaCl in the
reaction mixture. The level of decolorization at 0.2 M
NaCl was reduced by 72% and was totally inhibited
at 0.4 M NaCl. Among bacterial laccases, halide tol-
erance and thermostability in laccases of the marine
bacterium Marinomonas mediterranea and Streptomy-
ces viridochromogenes have been described [9, 10].
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Fig. 1. Chemical structure of triarylmethane dyes
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Fig. 2 Effect of pH, temperature and NaCl on de-
colorization of BG (/) and BBR (2) in 0.1 M ci-
trate-phosphate buffer, pH 5.0, and in 0.1 M bicar-
bonate buffer, pH 8.4, respectively: a, decoloriza-
tion of BG at 37 °C and BBR at 50 °C after 2 and 4
h of incubation, respectively; b, decolorization after
10 min of incubation; ¢, decolorization at 70 °C af-
ter 1 h of incubation
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The addition of the redox mediators ABTS and
SYD accelerated the decolorization. The enzyme
alone was unable to decolorize BBR at pH 4.4, but
in the presence of 2 uM ABTS, the decolorization
reached up to 86% after 2 h of incubation. In con-
trast, the enzyme alone was able to decolorize BBR
at alkaline pH. After 2 h incubation at pH 8.4, 37% of
BBR color was found to be removed. In the presence
of a redox mediator SYD, a 3.3-fold increase in BBR
decolorization level was observed within the initial
0.5 h at pH 8.4, and a 76% BBR color was removed
after 2 h of incubation (Fig. 3). BG was decolorized
at acidic pH by the laccase alone by 75% within 2 h.
Laccase from Bacillus vallismortis spores alone de-
colorized BG at acidic pH only by 15% within 24 h
[11]. In the presence of a redox mediator ABTS, a
3-fold increase in the BG decolorization level was
observed within the initial 30 min and a 90% color
removal occurred after 2 h of incubation (Fig. 3).

BG is a toxic dye effective against gram positive
bacteria that is used in medicine as a topical antisep-
tic. We tested the growth inhibition activity of a lac-
case-treated and -untreated reaction mixture against
B. thuringiensis and observed a direct correlation be-

Relative antibacterial activity / residual
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Fig. 3 Effect of redox mediators on decolorization of
dyes. Decolorization of BBR and BG in the absence
and presence of ABTS (2uM) or SYD (200 uM) at
50°C: 1, BBR, 2, BBR + ABTS at pH 4.4; 3, BBR,
4,BBR+ABTS atpH 8.4; 5, BG, 6,BG+ SYD at pH 4.4

tween the reduction of toxicity and the degree of col-
or removal (Fig. 4). These results corresponded to the
data on the decolorization and detoxification of the
triphenylmethane dye malachite green by the laccase
of Ganoderma lucidum [4].
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Fig. 4 Antibacterial activity of BG against B. thuring-
iensis: a — control dish with known dilutions of the
dye; b — the experimental dish; ¢ — histogram of the
correlation between the degree of decolorization of
the dye (/) and the antimicrobial activity of the reac-
tion products (2).
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Thus, the B. pumilus laccase was able to decol-

orize triphenylmethane dyes in the acdic to alkaline
range at high temperatures (up to 90 °C); the decol-
orization of the acidic dye BBR in an alkaline medi-
um was weakly sensitive to high salt concentrations;
the decolorization reaction of the alkalic dye BG was
accompanied by the loss of its antimicrobial activity.
Because of this kind of properties the CotA laccase
might be effective when used to decolorize triphenyl-
methane dyes in industrial applications.
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