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Abstract— Laccases are blue copper oxidases (E.C. 1.10.3.2 benzenediol: oxygen oxidoreductase) that catalyze
the one-electron oxidation of phenolics, aromatic amines, and other electron-rich substrates with the
concomitant reduction of O, to H,O. They are currently seen as highly interesting industrial enzymes
because of their broad substrate specificity. An ascomycetes strain, Arthrographis KSF, was isolated and
enzyme was purified and characterized. Laccase activity was determined using ABTS as substrate. Laccase
was purified by ion-exchange and gel filtration chromatography. The purified laccase showed a molecular
weight of 55 kDa and pI of 5.5 when analyzed by 2-D PAGE. The purified enzyme was even stable at pH 11
and it was observed that there was 74.4% retention of activity at pH 11 after 24hrs. The K(m) and V(max)
values are 15 (uM) and 21.9 (umol/min), respectively, with ABTS as substrate. The effect of 5mM metal ions
such as Mn?, Mg*, Na', Ca*, Fe*, Zn*' and Cu®*" was estimated after incubating the enzyme with the metal
ion for 5 min. It was observed that FeCl, inhibited the laccase activity to the maximum (70.5%) whereas the
enzyme was least inhibited by MnSO, (21%). It was observed that even CuSO, inhibited the laccase activity
in 5mM concentration. There was 100% denaturation by 1% SDS in 10 min whereas only 8% denaturation
was observed by Tween 20. Tween 80 denatured 21% enzyme and Triton X 100 denatured 25% of the total
enzyme. The purified laccase on UV-Vis analysis did not show the characteristic laccase peak at 600nm and

so it was confirmed as a typical yellow laccase.

INTRODUCTION

Many laccase producing fungi secrete isoforms of
the same enzyme (Leontievsky et al., 1997). These
isozymes have been found to originate from the
same or different genes encoding for the laccase
enzyme (Archibald et al., 1997). The number of
isozymes present differs between species and also
within species depending on whether they are
induced or non-induced (Assavanig et al., 1992).
They can differ markedly in their stability, optimal
pH and temperature and affinity for different
substrates (Assavanig et al., 1992, Heinzkill ef al.,
1998). Furthermore, these different isozymes can
modulate different roles in the physiology of
different species or in the same species under
different conditions (Assavanig et al., 1992). Cerrena
unicolor secreted two laccase isoforms with different
characteristics during the growth in a synthetic low-
nutrient nitrogen/glucose medium (Michniewicz et
al., 2006). All enzyme producing facilities have been

used the established approach of SmF owing to
better monitoring and ease of handling (Singhania et
al., 2010). Disadvantages of SSF over SmF are
difficulty in scale-up and control of process
parameters (pH, heat, nutritional requirements,
etc.), higher impurity product, increased cost in
recovering product etc (Holker and Lenz, 2005;
Robinson et al., 2001; Sandhya et al., 2005). Thereby,
SSF will never replace the established processes for
the production of enzymes and metabolites
optimized in SmF conditions (Holker and Lenz,
2005). Ramamurthy and Kothari (1993) observed
that surface cultivation led to protease of low
specific activity when compared to SmF and
production cost was also higher.

MATERIALS AND METHODS

Production of laccase enzyme

Submerged fermentation technique was selected as
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the mode of enzyme production in purification
studies. Arthrographis KSF, was inoculated to the
optimized VMM (Devasia S and Nair A J, 2016a).
1000 ml of the modified VMM media was prepared
and Arthrographis KSF, strain was inoculated into
the production media. The strain was inoculated to
the media from a 10 day old VMM agar plate.
Enzyme samples were taken in every 48 hours and
laccase assay was conducted using ABTS as
substrate. The specific activity was noted and the
purification was conducted on the 25th day of
inoculation. The supernatant was harvested by
filtration through sterile filter papers and the filtrate
was subjected to fractional precipitation.

Enzyme assay and protein estimation of the pellet
and supernatant samples were conducted using
ABTS as substrate. The fractions were subjected to
dialysis using 0.01 M pH 5 citrate buffer with 4
consecutive buffer changes. The dialyzed samples
were lyophilised to a constant volume. Enzyme
assay and protein estimation was conducted after
each purification step.

Analysis of the isoenzyme pattern of Arthrographis
KSF2 laccase by Native PAGE

The ammonium sulphate fractions (60%, 80%, 100%)
was taken for native gel analysis (zymogram) and
SDS PAGE. 45ug of protein was loaded into each
well and the gel was run at a constant current of 25
mA. The native gel was stained using 0.1M acetate
buffer (pH 4.5) containing ImM guaiacol (Jia Li
Dong et al., 2004).

Ion Exchange Chromatography (IEC)

DEAE column, with a flow rate of 1-1.5 ml/min was
used. The concentrated protein sample was used for
loading the column. The volume of the sample used
for sample loading was 1/100th of the matrix
volume. Protein was eluted using increasing
gradient of NaCl in the elution buffer (10mM Tris-
HClI buffer pH 8.2 with 0.01M - 1M NaCl). Fractions
(3ml each) were collected in sterile vials. A280 of the
fractions was read and the peaks were noted and a
chromatogram was prepared. ABTS assay of each of
the peaks was done to find the gradient of NaCl
were the protein of interest was eluted. The fractions
containing maximum laccase activity and minimum
protein concentration was pooled and concentrated
by 10KD ultrafiltration membranes (Amicon,
Millipore). The samples were centrifuged at
7500rpm for 10min at 4°C. The concentrated sample
with laccase activity was then subjected Gel

Permeation Chromatography (GPC).
Gel Permeation Chromatography (GPC)

The sample is concentrated to a small volume for
effective resolution. The volume of matrix was 30 to
100 times the sample load volume. A constant flow
rate of 1-1.5 ml/min was maintained throughout the
column run. A280 of each sample was analyzed for
the protein content. A chromatogram was prepared
and the peaks were taken for ABTS assay. Column
wash was continued using buffer with 1M salt until
the absorbance at 280nm was zero. Fractions with
maximum activity and minimum protein were
pooled and Ultra Filtration was conducted.

Percentage of the yield of the enzyme after each
purification step and the purification fold of laccase
was calculated.

PAGE Analysis

The mw of purified laccase was estimated by 12%
SDS PAGE under denaturing conditions. 45ug of
denatured protein samples were loaded the gel was
run at a constant current of 25mA. Silver Staining of
the gel was performed. The gels were photographed
in a gel documentation system and stored in the
storage solution. Zymogram analysis of purified
laccase was also conducted and guaiacol staining
was performed.

Two Dimensional Polyacrylamide Gel
Electophoresis

2D electrophoresis was done using the Bio-Rad Fast
Gel System. The concentrated GPC fraction with
maximum purity and activity was selected for IEF.
The mw and iso electric point of laccase was
determined by comparing with an IEF protein
standard (Biorad). Appropriate volume of the
sample (4-8ug protein) and rehydration solution
mixture is mixed. 125 pl of the mixture is applied on
the strip holder. The gel was run at 250V (linear) for
20 min and 4000V (linear) for 2hrs and finally at
4000V (rapid) for 10,000V hours. The IPG strip was
taken out, mineral oil was removed and PAGE run
was conducted to determine the exact molecular
mass. The results were interpreted using the Biorad
software.

MALDI/TOF MS Analysis

Matrix assisted laser desorption ionization mass
spectrometer with TOF (Time-of-flight) is a soft
ionization technique used in mass spectrometry. It
allows the analysis of biomolecules such as proteins,
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peptides and sugars which tend to be fragile. The
MALDI/TOF MS is widely used mainly due to its
large mass range. To determine more accurate
molecular weight of the protein, MALDI-MS
detector (Kratos Kompact MALDI II, England) was
used. Protein mass identification is confirmed by
MALDI-TOF/TOF.

UV-Vis analysis of purified laccase

The purified laccase UV-Vis (200-700nm) absorbance
spectrum was taken using spectrophotometer
(UV1700 Pharmaspec Shimadzu). Typical purified
laccase exhibit characteristic absorbance maxima
around 280nm and 600nm and a shoulder near
330nm. The ratio of the absorbance of pure laccase at
280nm to that at 600nm is generally 14 to 30 and the
ratio of the absorbance at 330nm to that at 600nm is
0.5 to 2 (Wahleithner ef al., 1996; Xu et al., 1996, Yaver
et al., 1996).

Enzyme Kinetics

The Km and Vmax of the purified laccase was
estimated by using ABTS as substrate. The analysis
was done using sigmaplot software.

Effect of pH on purified laccase

The purified laccase was incubated in buffers from
pH 3 to 11. The activity was determined after 1hr
and 24hrs of incubation.

Effect of temperature on purified laccase

The purified enzyme was incubated at different
temperatures ranging from 30 to 80°C for 1 hr and
activity was measured.

Effect of inhibitors on purified laccase

The enzyme was preincubated for 15min in the
presence of different concentrations of laccase
inhibitors like EDTA, sodium azide (NaN3),
Thioglycolic acid (TGA), dithiothreitol (DTT) and L-
cys. The effect of inhibitors on the activity was
measured.

Effect of metal ions on purified laccase

The purified enzyme was incubated with 5mM
concentration of the metal ions like Mn2+, Mg2+,
Na+, Ca2+, Fe2+, Zn2+ and Cu2+ for 5 min and the
activity was measured.

Effect of detergents on purified laccase

The 4 detergents selected for the study are SDS,
Triton X 100, Tween 20 and Tween 80. The purified

laccase was incubated for 10min with 1% detergent
solution and the activity was measured.

Effect of solvents on purified laccase

Purified laccase was incubated with solvents like
ethanol, acetone, acetonitrile, chloroform, DMSO,
ethyl acetate, formamide and methanol. The activity
was estimated after incubating the enzyme in 1%
detergents for 1 hour.

Effect of NaCl on purified laccase

Halo tolerance of purified laccase was studied by
incubating the purified laccase in different
concentrations of NaCl (0.001M, 0.005M, 0.01M,
0.05M, 0.1M, 0.5M and 1M).

RESULTS AND DISCUSSION

Production of laccase enzyme
Production of Arthrographis KSF, laccase

The laccase production of Arthrographis KSF, in
VMM is represented in Fig. 1. The logarithmic
increase in specific activity is noted and it was noted
that the maximum production of enzyme was in the
25th day of inoculation. The laccase producing
potential of the specific strain of Arthrographis was
earlier demonstrated by the authors in their
previous study. (Devasia, S. and Nair, A. ]., 2016b).
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Fig. 1. Specific activity of the laccase enzyme

Purification of Arthrographis KSF,laccase

In fractional precipitation of the filtrates majority of
protein was precipitated in 60% and 80% fractions.
The pellet of each fraction was dissolved in 1ml
0.1M citrate buffer pH 5 and the specific activity of
the fractions was 7.47 U/mg.

Analysis of the isoenzyme pattern of Arthrographis
KSF,laccase

Native PAGE under non denaturing conditions was
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conducted and on keeping the gel for 5-7 minutes in
1mM guaiacol, reddish brown bands were
developed in the gel. The organism produced 5
constitutive isoenzymes of laccase in the modified
VMM (Fig. 2).

1-60% fraction
2 - 80% fraction
3 -100% fraction

Fig. 2. Native PAGE showing Isoenzymes of
Laccase

The major part of the laccase enzyme got
precipitated in the 60% and 80% fractions.
According to Palmieri et al. (1997) two laccase
isoenzymes (POXA1 and POXA2) was produced by
Pleurotus ostreatus with molecular weight of 61 and
67 kDa, pl of 6.7 and 4, respectively. Four laccase
isozymes (LCC1, LCC2, LCC3 and LCC4)
synthesized by Pleurotus ostreatus strain V-184 were
purified and characterized (Mansur et al., 2003).
LCC1 and LCC2 have molecular masses of about 60
and 65 kDa and exhibited the same pl value (3.0).
Laccases LCC3 and LCC4 were characterized by
SDS-PAGE, estimating their molecular masses
around 80 and 82 kDa, pl 4.7 and 4.5, respectively.
When staining with ABTS and guaiacol in native
polyacrylamide gels, different specificities were
observed for LCC1/LCC2 and LCC3/LCC4
isozymes. Cordi et al. (2007) extracted two
isoenzyme forms of laccase from Trametes sp. Three
laccase isoenzymes Lac I, Lac Il and Lac III from C.
unicolor had significantly varying biochemical
characteristics (D’Souza-Ticlo et al., 2009).

Ion Exchange Chromatography (IEC)

The concentrated protein sample (100ul) was loaded
and was allowed to move down the DEAE matrix at
a flow rate of 1-1.5 ml/min. The protein elution
pattern was monitored from the IEC chromatogram
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Fig. 3. ABTS assay of DEAE fractions
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Fig. 4. ABTS assay of G 200 fractions

(Fig. 3). The selected samples were taken for ABTS
assay and it was observed that the protein started
eluting from the 19" fraction to the 25" fraction.
Major proportion of the laccase enzyme was eluted
in the 0.01M pH 8.2 buffer with 0.03-0.04M NaClL.

A series of DEAE columns were run, the fractions
containing maximum laccase activity was pooled
and concentrated by ultrafiltration. The active
enzyme was subjected gel permeation
chromatography (GPC).

Gel Permeation Chromatography (GPC)

Sephadex G 200 GPC column was carried out
(Exclusion limit 5-600KD). G200 resin was filled in a
longer glass column so that maximum retention
time was allowed by adjusting the flow rate. ABTS
assay of the fractions was done and it was observed
that laccase stated eluting from the 6% fraction
(Fig. 4).

The 8" fraction was with maximum activity and
least protein, hence this fraction was selected as the
purest fraction obtained after the series of
chromatographic techniques employed. UF of the
sample was conducted and the purity was
confirmed by SDS PAGE (Fig. 5). Zymogram
analysis was also done to show the activity of the
purified laccase, Lac 4 (Fig. 6). Protein estimation
was done by Lowry’s method and the specific
activity of the purified protein is explained in Table 1.
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Only 24% of the total laccase activity was
contributed by Lac 4, so the total yield of Lac4 from
the crude filtrate was only 3.43%. When only the

Fig. 5. SDS PAGE of Arthrographis KSF,laccase

Fig. 6. Zymogram analysis of purified Lac4

Table 1. Purification of laccase from Arthrographis KSF,

Lac4 is taken into account there was 14.19% yield
after the purification protocol. Percentage of the
yield of the enzyme after each purification step and
purification fold of the enzyme was calculated.

Two Dimensional Polyacrylamide Gel
Electophoresis

2D gel was under denaturing conditions using a
7cm IPG strip of 3-10 pl followed by SDS PAGE
analysis. The pl of the protein was estimated as 5.5
and the molecular weight was estimated as 55KD
(Fig. 7).

mple F
Mwt 55KDa, p| 55

Fig. 7. 2D Analysis of Arthrographis KSF,laccase

Fungal laccases have pl ranging from 3-7. Lac IId
(isozyme of laccase from Cerrena unicolor) purified
by D’Souza-Ticlo et al. (2009) showed a molecular
weight of 59 kDa and pl of 5.3 when analyzed by 2-
D PAGE. The relative molecular masses of Lacl,
Lacll and LacllI from Trametes sp. pwere reported
approximately 64.2, 60.7 and 38.9 kDa and pl values
of 7.3, 4.7 and 3.5 respectively (Weiyun et al., 2012).

MALDI/TOF MS Analysis

Matrix assisted laser desorption ionization mass
spectrometer with TOF (Time-of-flight) is a soft
ionization technique used in mass spectrometry. It
allows the analysis of biomolecules such as proteins,

Purification steps Total Enzyme Total Protein Specific Activity Yield Purification
Activity (U) content (mg) (U/mg) % fold

Crude 8671 680 12.75 100%

Ammonium 2090 136.6 15.3 24.1% 1.2

Sulphate (60%) (Lac 4)

DEAE & UF 973.39 5.97 163 11.23 12.78

GPC & UF 296.6 141 210.35 3.42 16.5
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peptides and sugars which tend to be fragile. The
MALDI/TOF MS is widely used mainly due to its
large mass range. To determine more accurate
molecular weight of the protein, MALDI-MS
detector (Kratos Kompact MALDI II, England) was
used. Protein mass identification was confirmed by
MALDI-TOF/TOEF. The Maldi analysis showed a
strong peak at 55,140 Da (Fig. 8).
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Fig. 8. Determination of molecular mass by MALDI-TOF/
TOF
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The molecular weights of laccases from fungi lie
in the range of 40-80 kDa. The mass spectrometric
determination for the large molecular weight
molecules are common and MALDI/TOF MS system
can be used to determine the accurate molecular
weight. Kim et al. (2002) described the mass
spectrum of laccase with a strong parent peak at m/
z=57,608 and they explained that the peak at 29,005
is from doubly charged parent molecule.

UV Analysis

UV analysis of the purified laccase was carried out
and the ratio of the absorbance was analysed. The
purified laccase on UV-Vis analysis did not show the
characteristic laccase peak at 600nm and so it was
confirmed as a typical yellow laccase. The ratio of
absorbance at 280 to 600 was 14 and the ratio of
absorbance of 330 to 600 was 4.5. The purity ratio
analysis results indicated that the laccase obtained
by the purification techniques was very close to
100% purity. The absorbance ratio at 280/600 is
considered as the purity standard of laccase.

The occurrence of laccase which lack the typical
absorption around 600nm has been reported in
Pleurotus (Leontievsky et al., 1997; Palmieri et al.,
1997). In this enzyme, the copper may be in the
reduced form. Laccases from solid-state cultures of
Panus tigrinus, Phlebia radiata and Agaricus bisporus
D-649 (Faure et al., 1994) grown on wheat straw were
yellow-brown and had no typical blue oxidase
spectra.

Characterisation of Arthrographis KSF,laccase
Enzyme Kinetics

The Km and Vmax of the purified laccase was
estimated by using ABTS as substrate. The analysis
was done using sigmaplot software. The enzyme
showed a Km value of 15uM and Vmax of 21.9
pmol/min with ABTS as substrate (Fig. 9.a and 9.b).
It was observed that the purified laccase obeyed
Michaelis Menten and Lineweaver Burk kinetics.
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Fig. 9.a and 9.b. Enzyme kinetics studies

Effect of pH on purified laccase

The purified laccase was incubated in 0.1M buffers
from pH 3 to 11. The activity was determined after
1hr and 24hrs of incubation. The enzyme was active
in the alkaline pH range with pH optima at 5 and 11
and it was observed that there was 74.4% retention
of activity at pH 11 after 24hrs (Fig. 10).
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Fig. 10. Effect of pH on purified laccase

In pH 3 the purified laccase was found to be the
least stable. The enzyme had high stability at pH 5
where it showed a 15% increased activity at 24hrs. It
was surprising to see that the purified enzyme was
also stable at extreme alkaline conditions.
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The pH optima of laccases are highly dependable
on the substrate. When using ABTS as substrate the
pH optima are more acidic and are found in the
range 3.0-5.0 (Heinzkill et al., 1998). In general,
laccase activity has a bellshaped profile with an
optimal pH that varies considerably. This variation
may be due to changes in the reaction caused by the
substrate, oxygen or the enzyme itself (Xu, 1997).
The difference in redox potential between the
phenolic substrate and the T1 copper could increase
oxidation of the substrate at high pH values, but the
hydroxide anion (OH-) binding to the T2/T3 coppers
results in an inhibition of the laccase activity due to
a disruption of the internal electron transfer between
the T1 and T2/T3 centres. These two opposing
effects can play an important role in determining the
optimal pH of the bi-phasic laccase enzymes (Xu,
1997). Laccase produced by Trametes modesta was
fully active at pH 4.0 and very stable at pH 4.5 but its
half-life decreased to 125 min at pH 3.0 (Nyanhongo
et al., 2002).

Effect of Temperature on purified laccase

An incubation of 1hr at 50 °C activates the enzyme
by 5.49 %. Thus 50 °C was found to be the optimum
for purified laccase. 99% activity was retained after
40 °C incubation for an hr. It was observed that at 60
°C there was a decrease of 31% activity and at 70 °C
there was a decrease of 93.7% activity. The enzyme
got 99.4% denatured at 80 °C (Fig. 11).
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Fig. 11. Effect of temperature on purified laccase

Chefetz et al. (1998) proved that a preincubation
of laccase for 2 min at 50 °C activated the enzyme.
Temperature stabilities of laccases vary considerably,
depending on the source organism. Laccases are
stable at 30-50 °C and rapidly lose activity at
temperatures above 60 °C (Wood 1980; Xu et al.,
1996; Chefetz et al., 1998; Heinzkill et al., 1998;
Schneider et al., 1999; Galhaup et al., 2002a; Jung

et al., 2002; Palonen et al., 2003). Farnet et al. (2000)
further found that pre-incubation of enzymes at
40 °C and 50 °C greatly increased laccase activity.
The laccases isolated from a strain of Marasmius
quercophilus by Farnet et al. (2000) was found to be
stable for 1 h at 60 °C. The laccase from P. ostreatus is
almost fully active in the temperature range of 40
°C-60 °C, with maximum activity at 50 °C. The
activity remains unaltered after prolonged
incubation at 40 °C for more than 4 h (Call and
Mucke, 1997). Nyanhongo et al. (2002) showed that
laccase produced by T. modesta was fully active at 50
°C and was very stable at 40 °C but half-life
decreased to 120 min at 60 °C. The most
thermostable laccases have been isolated from
bacteria; the half-life of Streptomyces lavendulae
laccase was 100 minutes at 70 °C (Suzuki et al., 2003)
and that of Bacillus subtilis CotA was 112 minutes at
80 °C (Martins et al., 2002). The typical half-lives of
fungal laccases are clearly below one hour at 70 °C
and below 10 minutes at 80 °C (Wood, 1980;
Nishizawa et al., 1995; Xu et al., 1996; Chefetz et al.,
1998; Schneider et al., 1999; Galhaup et al., 2002a;
Jung et al., 2002; Palonen et al., 2003).

Laccase enzyme extracted from Trametes versicolor
by Han et al. (2005) exhibited high enzyme activity
over broad pH and temperature ranges with
optimum activity at pH 3.0 and a temperature of 50
°C. Laccase purified from Stereum ostrea found to be
active and stable at optimal pH 6.0 and temperature
40 °C (Valeriano et al., 2009).

Effect of inhibitors on purified laccase

The preincubation of pure laccase for 15min in
EDTA, NaN,, TGA, DTT and L-cys showed a
decrease in enzyme activity. Laccase was inhibited
partially or completely by the putative laccase
inhibitors like EDTA, DTT, L-cysteine and NaN..
(Fig. 12).
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Fig. 12. Effect of inhibitors on purified laccase
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There was 68% inhibition even by 0.01lmM NalN,
whereas the same concentrations of the other
inhibitors had no effect on the enzyme activity.
When the concentration was increased to 0.1mM the
inhibition increased by 20% in the case of NaN.,.
There was 8% inhibition by 0.1mM TGA whereas
only 17% was inhibited by 25mM of the inhibitor.
All the other inhibitors gave a 100% inhibition at
25mM concentration. A maximum of 99% inhibition
was attained by NalN, at 10mM concentration.

Copper containing laccases are inhibited by azide
and cyanide because they can bind to the type 2 and
type 3 copper, resulting in an interruption of the
internal electron transfer and activity inhibition
(Gianfreda et al. 1999). It was reported by Niladevi et
al. (2008) that complete inhibition of Streptomyces
psammoticus laccase activity was observed with 0.1M
NaN, and DTT whereas 100% inhibition by EDTA
was observed at 2mM. Saito et al. (2003) have
reported that sodium azide exerted little inhibition
on laccase from a fungal strain at a concentration of
10mM while EDTA had no effect on the enzyme
even at a very high concentration of 25mM. Many
sulfhydryl-containing compounds such as L-
cysteine, dithiothreitol and thioglycolic acid are also
considered as laccase inhibitors. The inhibition was
caused by reduction of the oxidized substrate by the
sulthydryl compounds and not by inhibition of the
enzyme (Johannes and Majcherczyk, 2000). Dube et
al. (2008) observed that EDTA (5 mM) totally inhibits
laccase activity in Streptomyces coellicolor. Valeriano et
al., 2009 reported that EDTA and SDS have
prominent inhibitory effect on Pynocorpus anguineus
laccase activity. Among the various inhibitors tested
by D’Souza-Ticlo et al. (2009) for Lac Ild, isozyme
(isozyme of laccase from unicolor), activity was
inhibited in the presence of sodium azide, SDS and
mercaptoethanol.

Effect of metal ions on purified laccase

The effect of 5mM metal ions such as Mn*, Mg*,
Na*, Ca%, Fe?, Zn* and Cu?" was estimated after
incubating the enzyme with the metal ion for 5 min.
It was observed that FeCl, inhibited the laccase
activity to the maximum (70.5%) whereas the
enzyme was least inhibited by MnSO, (21%). It was
obsevered that even CuSO, inhibited the laccase
activity in 5mM concentration (Fig. 13). The heavy
metals are known laccase inhibitors, but here the
inhibition by FeCl, was found to be higher.

It was reported by Niladevi et al. (2008) that the
metal ions Fe, Cu, Zn, Na, and Mg (each at 2mM)

% inhibition

Cafl2  Fe(2  DMSO4 MO+ InS04  OwSO4
Metal lons (SmM)

CoCl2  PWNO3) HgNO3R AgNO3

Fig. 13. Effect of metal ions on purified laccase

enhanced the enzyme activity whereas the heavy
metals like Hg, Cd, Co, and Ni reduced the activity
considerably even at ImM concentration. Fe
enhanced the laccase activity 2 fold and significant
enhancement in enzyme activity was observed with
Na, Cu and Zn. D’Souza-Ticlo et al. (2009) reported
that the metal ions Sn, Ag and Hg inhibited the
laccase activity in a marine- derived fungus by 32-
37%.

Effect of detergents on purified laccase

The enzyme was incubated with the detergent
solutions (SDS, Triton X 100, Tween 20 and Tween
80) and the activity was measured. There was 100%
denaturation by 1% SDS in 10 min where as only 8%
denaturation was observed by Tween 20. Tween 80
denatured 21% enzyme and Triton X 100 denatured
25% of the total enzyme (Fig. 14).
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Fig. 14. Effect of detergents on purified laccase

Sunil et al., (2011) reported that at 0.1% SDS
concentration, complete laccase activity of Pleurotus
sp was lost and hence he reported SDS as the most
effective denaturant.

Effect of solvents on purified laccase

Purified laccase was incubated with 10% solvents
and the activity was estimated after incubating the
enzyme for 1 hour. It was observed that some of the
solvents enhanced the enzyme activity whereas
some denatured the pure enzyme. The enzyme was
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least stable in the presence of ethyl acetate whereas
the presence of alcohol enhanced the activity.
Maximum enhancement of enzyme activity was in
the presence of methanol (58%) and ethanol (29%).
Acetone and DMSO activated the pure laccase by
13% whereas acetonitrile and formamide enhanced
the activity by 8%. Chloroform inhibited the enzyme
by 21% and ethyl acetate by 50% (Fig. 15).

200

=
£

Relative Activity (%)
= E

Bhanol  Acetone  Acetonitrle Chloroform  OMSO  Bhwiacetate Formamide  Methanol
Solverts (10%)

Fig. 15. Effect of solvents on purified laccase

Singh et al., (2009) reported that the laccase from
gamma-proteobacterium JB retained 80-100%
activity in 10% concentration of dimethylsulfoxide
(DMSO), ethanol, acetone or methanol. Zhao et al.,
(2012) reported that the purified laccase from the
deuteromycete fungus Myrothecium verrucaria
NF-05 retained approximately 80% of its initial
activity in the presence of 5% methanol and ethanol.
However, the inhibitory effect increased with the
increasing concentration of solvents. The activity
was almost completely inhibited in the presence of
20% acetone and acetonitrile. The activity was
completely inhibited when the concentration of all
of the tested solvents increased to 50%.

The present results indicated that the
Arthrographis KSF,laccase enzyme might be suitable
for use in reactions that require a similar
concentration of these solvents.

Halo tolerance of purified laccase

This parameter was studied by incubating the
purified laccase in different concentrations of NaCl
(0.001M, 0.005M, 0.01M, 0.05M, 0.1M, 0.5M and
1M). Low concentrations of NaCl (ImM and 5mM)
had an inductive effect on pure laccase and as
concentration increased to 0.01M there was 43%
inhibition by the salt. The increase in inhibition was
directly proportional to the increase in salt
concentration. When the concentration increased to
1M there was 100% inhibition by NaCl (Fig. 16).
Singh et al., 2009 reported that the laccase from
gamma-proteobacterium JB was not inhibited even

Relative Activity (%)
- - r L]
(=] o [=] m
o &3 o &

[t
&

HHDDD

0.001 0.005 0.01

Concentrationof NaCl (M)

Fig. 16. Effect of NaCl on purified laccase

in the presence of 0.5 M NaCl. Pure sodium chloride
up to 0.3 M, did not inhibit Cerrena unicolor MTCC
5159 laccase above which, the laccase was reversibly
inhibited (D’ Souza et al., 2009).

CONCLUSION

The total laccase activity of Arthrographis KSF, was
found to be contributed by 6 isoenzymes. The major
activity of Arthrographis KSF, was contributed by
Lac4 and hence this isozyme was purified to
homogeneity. The pl of Lac4 was estimated as 5.5
and the molecular weight was estimated as 55KD.
The fungal laccase was stable at alksline pH and was
stable at 50°C. The Arthrographis KSF,laccase was a
typical laccase active at alkaline pH and the
molecular mass and pl was of typical fungal laccase.
The Laccase was inhibited partially or completely by
the putative laccase inhibitors like EDTA, DTT, L-
cysteine and NaN,. All the other inhibitors except
TGA gave almost 100% inhibition at 25mM
concentration. On analysis of its halotolerant
property it was observed that the increase in
inhibition was directly proportional to the increase
in salt concentration. The purified laccase on UV-Vis
analysis did not show the characteristic laccase peak
at 600 nm and so it was confirmed as a typical
yellow laccase. Due to its highly active nature at
alkaline pH and its tolerance to other solvents,
chemicals and salt concentrations, it can find
applications in industries applying extreme
conditions.
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