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ABSTRACT

A laccase secreted by white rot fungus Abortiporus biennis MTCC-1176 has been purified and characterized. The simple
purification procedure involved concentration by ultrafiltration of culture filtrate and an anion-exchange chromatography
on diethylaminoethyl (DEAE) cellulose. The sodium dodecylsulphate polyacrylamide gel electrophoresis (SDS-PAGE)
gave single protein band indicating that the enzyme preparation was pure and the molecular mass of the enzyme was
determined 51.0 kDa. The calculated values of K., and ke were 0.4 mM and 58.35 s* giving Ky, /kez value of 14.6 x
10°M™*s* using 2, 6- dimethoxyphenol as the substrate. The pH and the temperature optima of the enzyme were 3.5 and
50°C, respectively. The purified laccase has yellow colour and does not show absorption band around 610 nm found in
blue laccases. It oxidizes veratryl acohol to veratraldehyde and methyl benzene to benzldehyde in absence of mediator
molecules.

KEYWORDS: Copper containing enzymes, yellow laccases, lignolytic enzymes, Abortiporus biennis , 2,6- dimethoxy phenal,
biotransformation.

INTRODUCTION reduction of molecular oxygen, a conveniently available
Laccases [EC.1.10.2.3] are polyphenol oxidases aso substrate for various reactions, to water, a non toxic
called multi copper oxidases due to the presence of copper product makes laccases valuable enzymes for commercial
atoms in catalytic centre ®. Laccase was first reported in ~ applications °*®. The application of the laccases spans the
exudates of Japanese lacquer tree Rhus vernicifera along ~ food, paper, pulp, textile and cosmetic industries ™.
with other higher plants®. White rot fungi, soil Laccases have applications in medicina chemistry,
saprophytes and edible fungi are the important sources for carbohydrate chemistry, hormonal chemistry, polymer
the laccases™ ®1%. Besides these, bacteria ™, insects!*? as  chemistry and synthetic organic chemistry /. Due to these
well as wasp venom™ are also laccase producers. reasons, laccases are still of current research interests [
Laccases are monomeric, dimeric or tetrameric 2 Most of the laccases studied so far are blue laccases
glycoproteins. They catalyze the four electron reduction of characterized by the presence of an absorption band
molecular oxygen to water™® per monomer of the around 610 nm and blue colour. There are reports of other
enzyme. There are three types of coppers in a lacase laccases which lack the presence of an absorption band
monomer presented as type 1 (blue copper centre), type2  near 610 nm and the blue colour'®?¥, These laccases have
(normal copper centre) and type 3 (coupled binuclear been termed as yellow laccases. The studies on yellow

copper centre) which differ in their electron paramagnetic laccases are rare and their properties are not well
resonance (EPR) signals [®. The catalytic performance of a understood. In this communication, the authors report the
laccase strongly depends on these three types of coppers. purification and characterization of a yellow laccase from

A reaction radical is generated when the organic substrate Abortiporus biennis MTCC- 1176. The funga strain isa
is oxidized by one electron at the active site of the laccase white rot isolated by Roy ?* from logs of Dalbergia sisso
and this reaction radical further reacts non- enzymatically. and deposited at Microbial Type Culture Collection Center
Type 1 copper acts as electron recipient due to which and Gene Bank, Ingtitute of Microbial Technology
electron is received at typel Cu and is shuttled to the tri Chandigarh, India.

nuclear cluster where oxygen is reduced to water.

Ortho and para diphenols, aminophenols, polyphenols, MATERIALSAND METHODS

polyamines, lignins, and arylamines and some of the Materials

inorganic ions are the substrates for laccases?®. The Diethyl amino ethyl (DEAE) cellulose was from Sigma
discovery that in presence of high redox potentia Chemical Company, St. Louis (USA) and 2,6-dimethoxy
substrates of laccases, non phenolic molecules can aso be phenol (DMP) was from Fluka, Chemi new Ulm
oxidized by laccases, has enhanced the substrate range of (Switzerland). All other chemicas used in these
the laccases™™. These high redox potential substrates of investigations were either from Hi-media laboratory Ltd.
laccases have been termed as mediator molecules™®. The ~ Mumbai (India) or from E. Merck Ltd. Mumbai (India)
ability of laccase to catalyse the oxidation of various and were used without further purifications. The chemicals
phenolic and non-phenolic compounds coupled to the used in the gel electrophoresis of the protein including
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molecular weight markers were from Bangalore Geni Pvt.
Ltd., Bangalore (India).

The Fungal Strain and Its Growth

The fungal strain was procured from the Microbial Type
Culture Collection Center and Gene Bank, Institute of
Microbial Technology, Chandigarh, (India) and was
maintained on agar slant as reported in MTCC Catalogue
of strains-2000Y. The growth medium for the fungal
strain A. biennis MTCC-1176 consisted of yeast extract
5.0g, glucose 10.0 g and agar 15.0g in 1.0 L Milli-Q water.
For detection of the extracellular secretion of the laccase
by A. biennis, the liquid culture growth medium®
consising of glucose 10.0 g, asparagine 1.0 g, yeast extract
0.5 g, MgS0,.7H,0O and FeSO,.7H,0, 0.01gin 1.0 L of
Milli-Q water was used. The above liquid culture growth
medium containing natural lignin substrates like coir dust,
corn cob, wheat straw, saw dust and bagasse particles were
separately prepared by adding 500 mg of one of the
natural lignin substrates to 25mL of growth medium in
100 mL culture flasks which were sterilized. The sterilized
growth media were inoculated with small pieces of
mycelia (0.5 cm x 0.5 cm) under aseptic condition and the
fungal cultures were grown under stationary culture
conditions at 25°C in a biological oxygen demand (BOD)
incubator. In order to monitor the production of the
laccase in the liquid culture medium, 0.5mL aliquots of the
growth medium were withdrawn at the regular intervals of
24 hrs and filtered through sterilized Millipore filter 0.22
pum. The filtered extract was analyzed for the activity of
the laccase using DMP as the substrate . Extracellular
secretion of the laccase in the liquid culture medium by A.
biennis MTCC-1176 was determined by plotting the
enzyme unit/mL of the growth medium against the number
of days after inoculation of the fungal mycelia. Each point
on the curve is an average of three measurements. The
growth medium for the control experiment has the same
composition except that no natural lignolytic substrate has
been added. In order to optimize the conditions for
maximum production of the laccase by A. biennis MTCC-
1176 in the liquid culture medium, the amount of the best
inducer wheat straw were varied from 100 mg to 1200 mg
in 25 mL of the growth medium. The amount of the
inducer in the growth medium which gave the maximum
height of the enzyme activity peak was taken as the
optimal amount of the inducer.

Enzyme Assay

The assay solution (1.0 mL) for DMP as the substrate [
contained 1.0 mM DMP in 100 mM sodium malonate
buffer pH 4.5 at 25 °C. The reaction was monitored by
measuring the absorbance change at A=468 nm and using
the molar extinction coefficient value of 49.6 mM™ cm™
(%51 The UV/Vis spectrophotometer Hitachi (Japan) model
U-2900 fitted with electronic temperature control unit was
used for absorbance measurement. The least count of
absorbance measurement was 0.001 absorbance unit. One
enzyme unit produced 1 pMole of the product per minute
under the specified assay conditions.

Purification of Laccase

For the purification of the laccase, A. biennisMTCC-1176
was grown in ten 100mL culture flasks each containing
25mL  sterilized growth medium containing optimal
amount 1000 mg of the best inducer, wheat straw particles,
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under stationary culture condition in a BOD incubator at
25°C. The maximum activity of the laccase appeared on
7" day of the inoculation of the fungal mycelia. On the 7"
day, al the cultures in the 10 flasks were pooled; mycelia
were removed by filtration through four layers of cheese
cloth. The culture filtrate was then concentrated using
Amicon concentrator cell model-8200. 3.0 mL of
concentrated enzyme sample containing 0.5 mg/mL
protein after dialysis against 10 mM sod.acetate /acetic
acid buffer pH 5.0 was loaded on to the DEAE column
(size 0.75 cm x 19.0 cm) which was pre-equilibrated with
10 mM sodium acetate/acetic acid buffer (pH 4.5) and the
flow rate was 18 mL/hr. The column was washed with 100
mL of the same buffer. The enzyme was eluted by
applying linear gradient of the range 0 to 1 M NaCl in the
same buffer (40 mL buffer + 40 mL buffer with 1.0 M
NaCl). The fractions of 3.2 mL size were collected and
analyzed for the laccase activity®. The protein estimation
was done by Lowry method®. All laccase active fractions
were combined and concentrated by Amicon concentrator
cell model 8200 and then by model-3 to 4 mL. The
enzyme was stored in a refrigerator in 10mM sodium
acetate/acetic acid buffer pH 4.5at 4°C. The enzyme does
not loose any activity for one month under these
conditions.

SDS-PAGE Analysis

The purity of the enzyme preparation was checked by
using sodium dodecyl sulphate-polyacrylamide gel
electrophoresis?”. The molecular weight markers were
phosphorylase (97.4 kDa), bovine serum abumin (66.0
kDa), ovalbumin (43.0 kDa), carbonic anhydrase (29.0
kDa), soyabean trypsin inhibitor (20.1 kDa) and lysozyme
(14.3 kDa), and were procured from Bangalore Genei Pvt.
Ltd. Bangalore (India). Gel was run at a constant current
20 mA. The proteins were stained using Coomassie
Brilliant Blue R-250. The molecular weight was
determined by Weber and Osborn method 2.

Steady State Enzyme Kinetics

The steady state enzyme kinetics of the purified laccase
was studied using DMP, as the substrates following the
methods as mentioned in the assay section. K, and ke
values for the enzyme were determined from the linear
regression of double reciprocal plots. The pH and
temperature optima of the enzyme were determined by
measuring the steady state velocities of the enzyme
catalyzed reaction in the solutions of varying
pH/temperature keeping the other parameter fixed and
drawing graphs of steady state velocity vs pH/temperature
of the reaction solution.

UV/Visible spectrum of the purified enzyme and
enzymatic reaction products

The UV/Visible of the purified enzyme was recorded
using UV/Visible sprectrum Spectrophotometer Hitachi
(Japan) model U- 2900. For recording UV/Vis spectra of
the reaction products, the same equipment was used.

Biotransformation of Veratryl Alcohol and Methyl
Benzene

Biotransformation of veratryl alcohol to veratraldehyde
was studied using the reported method®?. For the
biotransformation of methyl benzene to benzaldehyde,
6mL of 100 mM sod. acetate/acid buffer pH 3.5, 4 mL of
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20 mM methyl benzene solution in dioxane and 100 pL of
enzyme stoke [1.96 IU/mL] were mixed. The spectra of
the reaction solution were recorded just after mixing and
after 24 hrs of mixing of the enzyme. The veratraldehyde
formed in the reaction solution was extracted with ethyl
acetate and its absorbance at 310nm were measured and
the concentration of veratraldehyde in the extract was
calculated using molar extinction coefficient value of 9300
M™cm™. Similarly benzaldehyde formed in the reaction
solution was extracted using n- hexane. The concentration
of aldehyde in the extract was determined by measuring
absorbance at 240 nm and comparing it by measuring the
absorbance of standard solution of benzaldehyde.
Crystallization of the purified enzyme

The purified enzyme was careened for the crystallization
using sparse matrix sampling technique available in the
literature *. The technique used was vapour diffusion in
sitting drops. The culture plates with 24 wells were used
for setting the various crystalization conditions. One
vertical micro bridge was dropped in each well which
contained 1.0 mL of the precipitating solution. Drops of
10uL of the protein solution [1 mg/mL] were made in the
grooves of micro bridges and 10 pL of the precipitating
solution from the wells were added in each of the protein
drops. The wells of culture plates were sealed using
vacuum grease and cover slips. The drops were observed
under microscope at the regular intervals of 15 days.
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RESULTS & DISCUSSION

Most of the laccases are characterized by the presence of
an absorption band near 610 nm in their UV/Visble
spectra and their blue colour®®. These are called blue
laccases. These laccases do not oxidize non phenolic
compounds alone. However, in presence of high redox
potential substrates, the blue laccases can oxidize non
phenolic compounds™”. Such high redox potential
substrates of blue laccases are called redox mediators 1%,
These mediator molecules extend the substrate range of
blue laccases and make them more suitable for
applications °*%. There are some laccases which lack the
absorption band near 610 nm in their UV/Visible spectra
and the characteristic blue colour of blue laccases %%,
Instead they have yellow colour and are caled yellow
laccases. The yellow laccases oxidize non phenolic
compounds even in the absence of mediator molecules %2
Thus yellow laccases are better bio catalysts as compared
to blue laccases. There are reports in the literature %
that the fungal stains which secrete blue laccases in their
liquid culture growth media secrete yellow laccases when
grown the media containing solid natural substrates like
wheat straw. The funga strain A. biennis MTCC- 1176
grows on log of Dalbergia sisso®? and is expected to
secrete a laccase. On the basis of this hypothesis, the
authors tested the secretion of laccase by this fungal strain
in the liquid culture growth medium supplemented with
different natural lignin containing substrates wheat straw,
corn cob, bagasse, saw dust and coir dust using only the
liquid culture growth medium alone as the control.

TABLE 1: Purification procedure

Steps Volume protein Activity  Specific  Total Total Purification %

(mg/mL) (IU/mL)  Activity Protein  Activity fold Yield
(IU/mg)  (mg) (y)

Culturefiltrate 250 0.99 0.20 0.20 24750  50.00 1.00 100.00

Ultrafiltration 4.0 2.94 6.13 2.08 11.76 2452 10.40 49.04

and dialysis

Cellulose Column 4.0 0.41 1.96 4.78 1.64 7.84 23.90 15.68

Chromatography

(After concentration)

The results are shown in fig 1(a) which showed that the
presence of solid lignin containing natural substratesin the
liquid culture growth medium enhanced the level of
laccase activity in the medium and the maximum
enhancement was in the case of medium supplemented
with wheat straw particles. In order to maximize the
secretion of laccase by the fungal strain, the effect of
varying the amount of wheat straw particles in the liquid
culture growth medium, on the secretion of laccases by the
fungal strain, was studied. The result is shown in fig 1(b).
It was found that 1000 mg of the wheat straw particles /25
ml of the medium gave maximum level of laccase
secretion. For the purification of the laccase from the
culture filtrate of the fungal strain, it was grown in the
medium supplemented by 1000mg/25ml of the medium.
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The presence of more than 1000mg/25ml of the culture
medium of the wheat straw particles lowered the level of
laccases secretion in the medium by the fungal strain.

The results of the purification of the enzyme from the
culture filtrate of the fungal strain are summarized in table
1 and the elution profile of the enzyme from the anion
exchange column of DEAE cellulose in shown in fig 2.
The enzyme bound to the DEAE cellulose equilibrated to
10 mM sodium acetate/acetic acid buffer pH 4.5 and was
eluted by the linear gradient of NaCl in the same buffer in
the range 0.1-0.8 molar NaCl. Nearly 24 fold purification
with 15.68% recovery of the enzyme activity was achieved
using a simpler procedure of concentration of culture
filtrate by ultra filtration and anion exchange chromato
graphy of DEAE cellulose.
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Figure 1(a) Secretion of laccase by A. biennis MTCC-1176 inthe
liquid culture medium supplemented with different natural lignin
containing substrates: wheat straw(a ), corn cob(e), bagasse( x),
saw dust(#), coir dust(m), control(o).Each data point is an average
of triplicate measurements and the standard deviation is less than
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(b) Optimization of laccase secretion by A. biennis MTCC- 1176
in liquid culture medium supplemented with different amount of
wheat straw: 100 mg (¢), 200 mg (m), 400 mg (4 ), 600 mg (%),
800 mg (e), 1000 mg (0). Above 1000mg, the level of enzyme
secretion decreased. Each data point is an average of triplicate
measurements and the standard deviation is less than 10%.
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FIGURE 2.0 Elution profile of the enzyme from the DEAE cellulose column: Activity (A ), Protein (w), and NaCl
gradiant (---).
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FIGURE 3.0 SDS-PAGE of the purified laccase. Lane 1 contains molecular weight markers and lane 2 contains 20pg of
the purified enzyme.

The results of sodium dodesyl sulphate-polyacrylamide
gel electrophoresis (SDS-PAGE) analysis of the enzyme
shown in fig 3. in which lane 2 contains the purified
enzyme and in lane 1 are molecular weight markers. The
single protein band in lane 2 of fig. 3 confirms the purity
of the purified enzyme. The determination of molecular
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weight of the purified enzyme from SDS-PAGE analysis
was 51.0 kDa

The UV/Visible spectrum of the purified enzyme with
reference to the buffer in which the enzyme was purified is
shown in fig. 4(a). The lack of absorption band near 610
nm in the UV/Visible spectrum of the purified enzyme
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shows that the purified enzyme is not a blue laccase. The
colour of the purified enzyme is yellow showing that itisa
yellow laccase (fig. 4, b). Yellow laccases oxidize veratryl
alcohol to veratraldehyde in absence of mediator
molecules. The results of the studies of oxidation of
veratryl alcohol to veratraldehyde by the enzyme in the
absence of mediator molecule are shown in figure 5 (@) in
which spectrum (1) of the reaction solution containing
veratryl alcohol, the purified laccase in 100mM sodium
acetate/ acetic acid buffer pH 3.5 was recorded just after
mixing the reagents and spectrum (I1) was recorded after
24 hrs of mixing the reagents. The results of the studies of
the biotransformation of methyl benzene to benzaldehyde
by the purified laccase in absence of a mediator molecule
is shown in fig. 5 (b) in which spectrum (l)was recorded

Wavelengih Scan
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-0.200

250.0 362.0 450.0 562.0

FIGURE 4.0 (8) UV/Visible spectrum of the purified enzyme (8.
pmolar) with reference tol0 mM sod. acetate/ acetic acid buffer pH 4.5
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FIGURE 5.0 (a) UV/Visible spectrum of biotransformation of
veratryl alcohol to veratraldehyde using purified yellow laccase in
the absence of mediator molecule (details in the text).Spectrum | is
just after mixing the reagents and the spectrum Il is after 24 hrs of
mixing the reagents.

4250

The conversion of veratryl alcohol to veratraldehyde is
accompanied by the increase in absorbance at 310nm. The
recorded spectra clearly established the conversion of
veratryl acohol to veratraldehyde in absence of a mediator
molecule. Veratraldehyde was extracted with ethyl acetate
and the absorbance of the extracted solution was measured
at 310 nm. The calculated concentration of veratraldehyde
in the extracted solution was in the order of 0.7 mM using
molar extinction coefficient value of 9300M ‘em'™.

It is worth mentioning here that the catal ytic performances
of laccases span several orders of magnitude for different
substrates and are characteristics for specific protein .
The optimal functional pH and temperature of the purified

700.0 nm

04
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just after mixing the reagents, the spectra marked as I1
were recorded after 10 min and 20 min of mixing of
reagent and spectrum 111 was recorded after 24 hrs of
mixing the reagents. The increase in absorbance around
240nm clearly shows that methyl benzene is converted to
benzaldehyde by the purified laccase in absence of any
mediator molecule.

The result of steady state kinetic studies of the purified
enzyme using 2,6-dimethoxy phenol [DMP] as the
variable substrate are shown in fig. 6 in the form of
MichelissMenton curve and double reciprocal plot. The
calculated ki, and k.4 values of the enzyme for DMP are
9.4 mM and 58.35s™ giving Kea/kn value of 14.6x10* M™'s

Isl
(b) 8.04 pmolar enzyme in 10 mM sod.acetate/ acetic acid

buffer pH 4.5.
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(b) UV/Visible spectrum of biotransformation of methyl
benzene to benzaldehyde using purified yellow laccase in the
absence of mediator molecule (details in the text). Spectrum | is
just after mixing the reagents and the closed two spectra marked
as Il are after 10 mint and 20 min of mixing the reagents.

Spectrum 11 is after 24 hrs of mixing the reagents

enzyme were also determined. The results are shown in fig
7(a) and (b), respectively. In fig 7 (a), the activity of
enzyme has been plotted against the pH of the enzymatic
reaction solution using DMP as the substrate. The
calculated pH optimum of the enzyme was 3.5 pH units. In
fig 7(b), the activity of the purified enzyme, has been
plotted as a function of temperature of the enzymatic
reaction solution. The calculated optimal temperature is
50.0°C.Thus the optimal function pH and temperature of
the purified enzyme are 3.5 pH unit and 50.0°C. These
values for optimal pH and temperature are not unusual in
view of reported studies of other fungal laccases [4].
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FIGURE 6.0 Michaelis-Menten curve (a) and double reciprocal
plot (b) for the laccase of A. biennis MTCC-1176 using DMP as
the variable substrate. In (&) and (b) 1 mL reaction solution
contained 0.0-2.0 mM DMP, 50 pL of the enzyme stock (8uM )
in sodium malonate buffer pH 4.5 at 25 °C.
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FIGURE 7.0 (b) Determination of temperature optimum of the purified
enzyme. In this case 1 mL reaction solutic”' contained 1.0 mM DMP in
100 mM sodium malonate buffer pH 4.5 V\::Zh varying temperature from
2010 100 °C. 50 yL of the enzyme stock (8" M ) was used.

There are a few relatively recent studies on yellow
laccases®™™*3 put the basic questions related to their
enzymology are still unanswered. The lack of the presence
of absorption band near 610 nm in the UV/Visible spectra
of yellow laccases and the absence of blue colour are
related to the change in the environment of type 1 copper.
This has been confirmed by the distinct EPR signal of type
1 copper in yellow laccases as compared to blue laccases
28 However, at least, one yellow laccase has been
reported® which lacked the presence of absorption band
near 610 nm in its UV/Visible spectrum but its EPR signal
resembled the EPR signal of blue laccases. On the basis of
circular dichroism studies of this yellow laccase, it has
been concluded that the overall structure of this laccase is
similar to other laccases and the peculiar property of this
laccase is due to type 1 copper center environment. That
there is no basic deference between the structure of active
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FIGURE 7.0 (a) Determination of pH optimum of the purified
enzyme. In this case 1 mL reaction solution contained 1.0 mM DMP
in 100 mM sodium malonate buffer with varying pH from 2.0 to 5.0
ar'd  temperature was fixed at 25 °C . 50 uL of the enzyme stock
(8*M ) was used.

FIGURE 8.0 Enzyme crystals in 0.05 molar potassium phosphate
and 20% polyethylene glycol 8000 in 20 pL droplet containing
enzyme 0.5 mg/mL.

site of blue laccases and yellow laccases have also been
concluded by Ike et al. Y on the basis of molecular
modeling of a yellow laccase from Leucoagaricus
gongylophorus. The proposed explanation for the
difference in the properties of yellow laccases as
compared to blue laccases is the binding of low molecular
mass phenolic molecules arising from lignin degradation
and modifying the type 1 copper center of the laccase 2.
But no experimental proof of this proposal has been given
in the litrature %Y,

The crystal structure of none of the yellow laccases is
available Y. One possible way to resolve the mystery of
the yellow laccases is to crystallize at least one yellow
laccase in the form of suitable protein crystals for x-rays
crystallographic studies. The authors have initiated the
studies on the crystalization of the purified yellow
laccase. The screening test for the crystallization for the
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purified yellow laccase has been done using the procedure
given in the literature *. The result achieved is shown in
fig.8. The purified yellow laccase has shown the tendency
to crystallize. However more efforts are needed to improve
the quality of crystals and make them suitable for x- rays
crystallographic studies.

Concluding remarks

In conclusion, this communication reports a yellow
laccase from a new fungal strain which can be purified
conveniently and can be used for different bio
transformation reactions. Further studies to resolve the
mysteries yellow laccases are under way in our laboratory.
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