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Abstract—A homogenous enzyme with both bilirubin oxidase and laccase activities was isolated from a submerged culture of
the basidiomycete Pleurotus ostreatus mycelium and characterized. The yield of the enzyme was 127 pg/g dry biomass of the
mycelium. The specific activity of the enzyme was 21 and 261 U/mg to bilirubin and to a laccase substrate ABTS, respec-
tively. The intracellular phenol oxidase from the P. ostreatus mycelium was identified as bilirubin oxidase with the amino acid
sequence highly homologous to that of the pox2 gene-encoded product. The enzyme displayed the maximal laccase activity
at 50-55°C to all substrates examined, whereas the pH optimum was substrate-dependent and changed from 3.0 for ABTS
to 7.0 for syringaldazine and guaiacol. The enzyme maintained catalytic activity within a broad pH range but was inactivat-
ed at pH 4.0. The enzyme was thermostable but very sensitive to metal chelating inhibitors. Trypan Blue (5 mg/liter) was
completely decolorizated upon 3 h of incubation with the bilirubin oxidase (20 mU/ml) at room temperature.
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Basidiomycetes belong to a family of white rot fungi
known for being good producers of laccases and bilirubin
oxidases. The active sites of these oxidoreductases con-
tain metals (copper, zinc, iron) liganded by histidine and
cysteine residues [1, 2]. Laccases (p-diphenol:oxygen
oxidoreductases, EC 1.10.3.2) are the most important
enzymes of the ligninolytic complex of wood-destroying
white rot fungi [3]. The natural function of the enzyme
determines its extracellular localization. Features of
extracellular laccases of Basidiomycetes are studied in
many works [4]. Basidiomycetes can also produce intra-
cellular laccases [5]. The functions of intracellular laccas-
es are now intensively discussed.

Bilirubin oxidase (BOX, EC 1.3.3.5) catalyzes biliru-
bin transformation to biliverdin. Basidial fungi are often
used as commercial producers of bilirubin oxidases [6-8].

Abbreviations: ABTS, 2,2'-azino-bis-(3-ethylbenzthiazoline-6-
sulfonic acid); BOX, bilirubin oxidase; DMP, 2,6-
dimethoxyphenol; DTT, dithiothreitol; SGZ, syringaldazine;
TB, Trypan Blue.

* To whom correspondence should be addressed.

The laccase activity has been recently detected in bilirubin
oxidases isolated from the culture medium of
Basidiomycetes [9], whereas laccases cannot convert
bilirubin to biliverdin [10-12]. The primary structure of
enzymes capable of oxidizing bilirubin and transforming
laccase substrates is usually very similar to that of laccases,
and such enzymes are called bilirubin oxidases/laccases.
In particular, such an enzyme is exemplified by BOX from
the basidiomycete Pleurotus ostreatus, which was prepared
as a recombinant protein by cloning the corresponding
c¢cDNA [13]. The purified recombinant protein displayed
both laccase and bilirubin oxidase activities, and the pri-
mary structure of BOX had 97% identity to the structure of
the pox2 gene product defined as a corresponding laccase.
Nevertheless, BOX could not be isolated from its natural
source, the fungus P. ostreatus, because the enzyme was
poorly accumulated in the culture medium (1 U/ml) [13],
which prevented its purification and characterization.

In our study we found that BOX from P. ostreatus was
an intracellular protein and that its production increased
with accumulation of the fungal mycelium biomass. The
enzyme was isolated, purified to homogeneity, and its
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structure and physicochemical properties were deter-
mined. The intracellular BOX capable of oxidizing biliru-
bin can also transform a variety of laccase substrates,
including dyes, and rates of these reactions are similar to
activities of extracellular laccases isolated from the cul-
tural medium of P. ostreatus [14].

MATERIALS AND METHODS

Organism and growth conditions. The white rot fun-
gus P. ostreatus 43 ((Fr.) P. Kummer) BIM F-306D was
taken from the Collection of the Institute of
Microbiology, National Academy of Sciences of Belarus.
The fungal mycelium was grown on brewer’s wort (8° by
Balling) with initial pH value of 6.0. The fungus was
grown for 10 days on a circular shaker at 180 rpm and 25-
26°C. From the second day of the mycelium growth, every
24 h the parameters were determined as follows: biomass,
protein concentration in the mycelium, activities of intra-
and extracellular laccases to the ABTS substrate (2,2-
azino-bis-(3-ethylbenzthiazoline-6-sulfonic acid), and
also the activity of the intracellular bilirubin oxidase. The
yield of biomass was determined by weighing the myceli-
um previously washed and filtered across a dense synthet-
ic tissue, and the absolute dry mass of the mycelium was
calculated considering the humidity coefficient.

Isolation and purification of the enzyme. To charac-
terize the intracellular oxidase activity, on the seventh day
of growth the mycelium biomass was separated from the
nutrient medium by centrifugation at 6000g for 10 min
and washed many times with 10 mM Tris/sodium citrate
buffer (pH 7.4) to virtually completely remove the extra-
cellular laccase activity.

The P. ostreatus mycelium was suspended in 50 mM
Tris/sodium citrate buffer (pH 7.4) (buffer A), homoge-
nized for 10 min at 22,000 rpm using a Waring
Commercial blender (USA), and frozen at —20°C. The
mycelial homogenate was defrosted rapidly, and the cells
were disintegrated by ultrasound with a UZDN-2T
instrument (Russia) at 22 kHz for 5 min on ice. The
supernatant resulting by centrifugation at 30,000g for
30 min was separated and used for isolating the protein.

The supernatant was placed onto a column (2 x
10 cm) with DEAE-cellulose equilibrated with buffer A.
The adsorbed matter was eluted with a linear gradient of
ammonium sulfate (from 0 to 0.7 M) in the same buffer.
Fractions with oxidoreductase activity from the ion-
exchange chromatography were separated on a column
(1 x 5 cm) with ConA-Sepharose equilibrated with buffer
A. Nonspecifically adsorbed material was washed out
with 0.7 M (NH,),SO,, and the protein bound with the
affinity matrix was eluted with 0.5 M solution of methyl-
B-D-glucopyranoside in buffer A. The fraction with oxi-
doreductase activity was subjected to gel chromatography
on a column (1.5 x 70 cm) with Toyopearl HW-55 equil-
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ibrated with buffer A supplemented with 0.3 M
(NH,),SO, under conditions of isocratic elution. The
active fraction of the enzyme was collected and dialyzed
against 10 mM buffer A (pH 7.4). After dialysis, the
enzyme solution was stored in 20% glycerol at —20°C.

Protein concentration was determined by Bradford’s
method [15].

Determination of molecular mass. SDS-PAGE was
performed in 12% polyacrylamide gel by the Laemmli
method [16] with subsequent staining by Coomassie R-
250 [17]. Phosphorylase B (96 kDa), BSA (67 kDa),
aldolase (49 kDa), triosephosphate isomerase (27 kDa),
and lysozyme (14.4 kDa) were used as marker proteins.

The molecular mass of the native oxidase was deter-
mined by FPLC gel filtration on a column with Toyopearl
HW-55 (1.5 x 70 cm) equilibrated with buffer A supple-
mented with 0.3 M (NH,),SO,. The column was calibrat-
ed with BSA (67 kDa), protein A (41 kDa), and chy-
motrypsin (25 kDa) as standards.

Native electrophoresis of active fractions was per-
formed in 12% polyacrylamide gel. Oxidoreductases were
visualized by their enzymatic activities with a mixture for
analyzing laccase activity. Stained bands were cut out and
analyzed by mass spectrometry.

Determination of enzymatic activities. The laccase
activity of the enzyme was determined by spectropho-
tometry [14] on addition of 10 ul of the enzyme solution
to 1 ml of I mM ABTS (g45 = 36,000 M~':cm™). The
substrate was dissolved in Mcllvaine buffer (0.1 M citric
acid/0.2 M NaH,PO,, pH 3.5) [18]. The enzyme amount
converting 1 umol of substrate in 1 min was taken as the
unit (U) of the enzyme activity. Spectrophotometry was
performed using a UV-2501 PC spectrophotometer
(Shimadzu, Germany) equipped with a thermostatic
chamber.

The bilirubin oxidase activity was determined using
0.002% bilirubin solution in Mcllvaine buffer (pH 7.4).
Bilirubin was oxidized to biliverdin at 37°C in a mixture of
0.99 ml of the bilirubin solution and 0.01 ml of the
enzyme (45 mU). The oxidation rate was calculated from
the decrease in the substrate absorption at 440 nm using
molar absorption coefficient 56,300 M~'-cm™' [19].

Kinetic measurements. Michaelis constants of the
purified enzyme were determined by spectrophotometry
for the following substrates: ABTS (&4 =
36,000 M~'-cm™), guaiacol (g5 = 12,100 M~'-cm™),
2,6-dimethoxyphenol (DMP) (g,7; = 14,800 M~'-cm™),
syringaldazine (SGZ) (5,5 = 64,000 M~'-cm™') [20] by
absorption of the oxidation product at 25°C. The K, value
was calculated using the SigmaPlot program Enzyme
Kinetics Modulus (USA).

To assess the influence of pH on the rate of the enzy-
matic reactions, the laccase activity was determined with
ABTS, guaiacol, DMP, and SGZ at pH 2.2-8.0 in
Mcllvaine universal buffer system with the step of 0.5 pH
unit.
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To study the stability of the oxidase at pH 2.2-9.0,
the enzyme solutions in Mcllvaine buffers were incubat-
ed at 25°C. After 30, 60, 120, and 180 min of incubation,
enzyme aliquots (10 ul) were taken and added to 1 ml of
1 mM solution of ABTS in Mcllvaine buffer (pH 3.5),
and the activity was measured as described above. The
oxidase activity before the incubation was taken as 100%.

The influence of temperature on the enzymatic reac-
tion rate was assessed by the ability of the enzyme to oxi-
dize ABTS at temperatures in the 20-75°C range.

The thermostability of the enzyme was determined
by changes in the laccase activity after incubation of the
oxidoreductase for 3 h in Mcllvaine buffer (pH 7.4) at 40,
50, and 60°C. The enzyme activity was measured with
ABTS as a substrate as described above. The oxidase
activity at 25°C before the incubation was taken as 100%.

The effect of inhibitors on the enzyme activity was
studied at 25°C with 1 mM ABTS as a substrate.

Decolorization of dye. The rate of decolorization of
the azo dye Trypan Blue (TB) in the presence of the
purified enzyme preparation was determined spec-
trophotometrically by changes in the dye absorption at
583 nm. The reaction mixture consisted of TB
(5 mg/liter) dissolved in Mcllvaine buffer (pH 3.5) and
laccase (20 mU/ml). The TB decolorization was deter-
mined every 20 min during the first hour and every
60 min during the subsequent 2 h.

Mass-spectrometry (ESI-MS/MS) was performed
using a Q-TOF Ultima mass spectrometer (Micromass,
Great Britain). The protein material of the corresponding
bands of the native electrophoretic gel was alkylated with
iodoacetamide and salted out on a Vydac C4 pre-column
and then treated with trypsin in 50 mM Tris-HCI buffer
(pH 8.2) for 8 h at 37°C. The tryptic peptides were ana-
lyzed by capillary reversed-phase chromatography and
ESI-MS/MS. The mass spectrometer was used in scan-
ning regime of 200-2000 m/z. To identify the peptide
structure, the three most intense ions of each scan were
subjected to MS/MS.

Proteins were identified with Mascot programs com-
paring the results with the UniProtKB international data-
base of tryptic hydrolyzates.

Reagents used were as follows: DEAE-cellulose
(Serva, USA); ConA-Sepharose, a set of marker pro-
teins for gel chromatography and electrophoresis,
EDTA, methyl-B-D-glucopyranoside, ABTS, guaiacol,
DMP, SGZ, TB (Sigma, USA); Toyopearl HW-55
(Tosoh, Japan); Coomassie Blue R-250, Tris(hydroxy-
methyl)aminomethane, glycine, acrylamide, N,N’-
methylenebisacrylamide (Serva, Germany); 2-mercap-
toethanol (Ferak, Germany); bilirubin (Fluka,
Germany); Na,HPO,, peptone (Merck, Germany);
glycerol, ethanol, CH;COOH, H,;PO,, (NH,),SO,,
KH,PO,, K,HPO,, glucose, MgSO,7H,0, urea, dithio-
threitol (DTT), sodium citrate (preparations of special
and chemical purity) (Analyz X, Belarus). All solutions
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were prepared with water purified on a Falk apparatus
(Falk, Germany).
All experiments were repeated five times.

RESULTS

Organism and growth conditions. Time-dependent
changes in the laccase activity during mycelium growth.
The white rot fungus P. ostreatus is a good producer of
highly active extracellular laccases [4, 14, 21] catalyzing
oxidation of ortho- and para-diphenols, aminophenols,
polyphenols, polyamines, lignin phenolic substructures,
and also some inorganic ions with an associated reduction
of molecular oxygen to water. Information about intracel-
lular isoforms of this enzyme is fragmentary.

Initially, we studied time-dependent changes in the
specific enzymatic activity of the intracellular and extra-
cellular oxidoreductases and in the increase in the basid-
iomycete mycelium biomass. Samples for analysis of these
parameters were taken every day for 10 days. The maxi-
mum specific activities of both oxidoreductases were
recorded on the fourth day of the mycelium growth and
equaled 24 U/mg for extra- and intracellular enzyme
(Fig. 1a).

Notwithstanding the progress in accumulation of the
mycelium biomass, the oxidase activities of both enzyme
isoforms noticeably decreased on the 5th-7th days of the
growth and continued to lower. Thus, by the 10th day of
the cultivation specific activities of the enzyme were 53
and 76% of the maximal values of the extra- and intracel-
lular oxidoreductases, respectively.

To characterize the intracellular oxidase activity, the
mycelium was collected on the 7th day of growth and
thoroughly washed with buffer to eliminate the extracel-
lular laccase activity. Mass of mycelium wrung out on a
filter from 1 liter of culture medium was 49.2 g at humid-
ity of ~88%. The mycelium was disintegrated by twofold
freezing, thawing, and ultrasonication. The supernatant
resulting from centrifugation of the P. ostreatus mycelium
homogenate had yellow-brown color and was used for
isolating the intracellular oxidase.

Purification of virtually of all known laccases
includes a traditional stage of anion-exchange chromatog-
raphy [13, 14, 22]; therefore, DEAE-cellulose was used to
concentrate and crudely purify the enzyme. The oxidase
activity peak was eluted from the ion-exchange sorbent
with 0.1 M (NH,),SO,. The resulting enzyme preparation
was light yellow and in addition to the pigment compo-
nent also contained admixtures of other proteins.

The majority of known laccases are glycoproteins [3]
containing 10-20% carbohydrates. Therefore, the next
stage of the enzyme purification was affinity chromatogra-
phy on a column with ConA-Sepharose. Nonspecifically
adsorbed matter was washed out with 0.7 M (NH,),SO,,
and the protein bound with the affinity matrix was eluted
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with 0.5 M solution of methyl-B-D-glucopyranoside. A
protein with oxidase activity was eluted as a single peak.
Affinity chromatography as a stage of purification allowed
us not only to nearly completely remove an accompany-
ing protein component but also to separate the oxidore-
ductase from the pigment and increase eightfold the phe-
nol oxidase activity of the sample (Table 1).

The molecular mass of the intracellular oxidoreduc-
tase from P. ostreatus determined by SDS-PAGE in 12%
polyacrylamide gel was ~62 kDa (Fig. 2a), which corre-
sponds to the average molecular mass of the majority of
extracellular laccases [4].

The additional purification by gel-filtration chro-
matography resulted in an electrophoretically homoge-
nous oxidoreductase preparation as a 60-kDa monomer-
ic protein (data not presented). Results of electrophoresis
in polyacrylamide gel under native conditions with subse-
quent detection of oxidoreductase by its ability to trans-
form ABTS to a stained product confirmed the homo-
geneity of the preparation (Fig. 2b).

Mycelium biomass, g/liter

Specific activity, U/mg protein

0.5 b
0.4
0.3
0.2 .

0.1

Specific activity, U/mg protein

2 4 6 8 10
Growth time, days

Fig. 1. a) Specific activities of intracellular (/) and extracellular
(2) oxidoreductases and increase of the mycelium biomass (3) in
dependence on the time course of the culture; b) changes in the
specific activity of intracellular BOX from P. ostreatus during the
time course of the culture.
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Fig. 2. Electrophoregrams in 12% polyacrylamide gel of purified
intracellular oxidoreductase from P. ostreatus mycelium. a)
Electrophoresis under denaturing conditions: /) marker proteins;
2) a laccase specimen after affinity chromatography on ConA-
Sepharose. b) Electrophoresis of the protein under native condi-
tions with subsequent detection of oxidoreductase by the product
of ABTS and SGZ transformation.

Thus, the described succession of isolation and
purification stages of the intracellular oxidoreductase
allowed us to isolate from 5.9 g dry mycelium of P. ostrea-
tus 0.75 mg protein with oxidoreductase activity which
was 11.6% of the total activity of the mycelium
homogenate. The specific activity of the purified enzyme
preparation determined with ABTS was 261 U/mg.

The absorption spectrum of the studied protein did
not have in the region of 220-800 nm a maximum at
610 nm specific for fungal laccases and corresponding to
a type I copper atom. Earlier the absence of such a peak
in the absorption spectrum was reported for yellow lac-
cases of the fungi P. ostreatus, Panus tigrinus, and Phlebia
radiata [21].

Mass spectrometry of the electrophoretically puri-
fied intracellular oxidoreductase allowed us to determine
the amino acid sequence of five peptides resulting from
tryptic hydrolysis of the protein:

32SVPATDPTPATVSIPGVLVQGNK™,

SGDNFQLNVVNQLSDTTMLK?,
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Table 1. Purification of intracellular oxidoreductase from
P. ostreatus mycelium

Purification Total Specific Recovery, %
step protein, activity,
mg U/mg

Homogenate 88.5 19.1 100
DEAE- 8.25 126 62
cellulose
ConA- 1.61 158 15
Sepharose
Gel filtration 0.75 261 11.6

20YAGGPTSPLSIINVESNKR?#,
TYSFVLTAD(N)*QT(A)**VGNYWIR??,
P4ANPNLGSTGFD(V)*™GGINSAILR*".

Sequences of three peptides which envelop the
sequence from the 52nd to 93rd amino acids from the N-
end of the protein fully correspond to the primary struc-
ture of the product encoded by the pox2 gene of the P.
ostreatus genome. Two other peptides presented
sequences from the 277th to the 313th residue. Three
characteristic replacements are located in this region (D
by N; T by A, and D by V in positions 284, 286, and 304,
respectively), which indicated that the isolated enzyme is
bilirubin oxidase (BOX; EC 1.3.3.5). The primary struc-
ture of BOX from P. ostreatus was established by the gene
in 1999 [13]. According to the UniProtKB database (ver-
sion of 05.02.2008), the bilirubin oxidase/laccase code is
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QI9UVY4 PLEOS, and this enzyme is a protein for which
only transcriptional data are found, i.e. the existence of
the transcript has been shown but the protein has not
been characterized. Thus, the enzyme from the P. ostrea-
tus mycelium, which was presumably characterized as an
intracellular laccase, should be able to transform bilirubin
to biliverdin. The oxidative ability of purified BOX
assessed by Michaelis constant in the reaction with biliru-
bin was 55 uM, and the specific activity of the enzyme
was 21 U/mg protein, which is within the range of param-
eters for bilirubin oxidases isolated from other
Basidiomycetes [23].

The specific activity of the intracellular BOX in
bilirubin oxidation to biliverdin was the highest on the
fourth day of cultivation, which correlated with the total
phenol oxidase activity measured with ABTS (Fig. 1b).

Primary structures of the intracellular BOX from P.
ostreatus mycelium and of the gene pox2 product had 97%
identity [13]. Such a high identity of the proteins seems to
explain the laccase activity of the isolated bilirubin oxi-
dase. The laccase activity of BOX was studied with four
substrates: three monophenols (DMP, guaiacol, and
SGZ) and a diphenol (ABTS). The specific activity of the
enzyme to these substrates decreased in the following
series: ABTS (261 U/mg) > DMP (172 U/mg) > SGZ
(76 U/mg) > guaiacol (25 U/mg); this correlated with the
series for oxidation of substrates by the extracellular lac-
cases from P. ostreatus.

Values of K, for all laccase substrates obtained for
BOX from P. ostreatus were lower than the corresponding
values determined for other laccases isolated from the
same source (Table 2). Values of K, obtained by us for
BOX are not unique — laccases from other Basidio-
mycetes have similar values. Thus, the laccase from
Trametes pubescens is characterized by K,, = 14 uM for
ABTS, K, of laccase from Thelephora terrestris is 3 UM for

Table 2. Biochemical parameters of BOX and extracellular laccases from P. ostreatus

M,, pH optimum K., utM Temperature | Inactivation

Enzyme kDa optimum, half-period,
ABTS DMP | guaiacol | SGZ | ABTS | DMP | guaiacol | SGZ °C h*

POXAlb 62 3.0 4.0-5.0 n.d. 6.0 370 260 n.d. 220 20-50 3 (60)
POXAlw 61 3.0 3.0-5.0 n.d. 6.0 90 2100 n.d. 130 45-65 3.3 (60)
POXA2 67 3.0 6.5 6.0 6.0 120 740 3100 140 25-35 0.2 (60)
POXA3a 83-85 3.6 5.5 6.2 n.d. 70 14 000 n.d. 36 35 6 (40)
POXA3b 83-85 3.6 5.5 6.2 n.d. 74 8800 n.d. 79 35 14 (40)
POXC 59 3.0 3.0-5.0 6.0 6.0 280 230 1200 20 50-60 0.5 (40)
BOX 62 3.5 6.0 7.0 7.0 14 16 45 3 50-55 0.3 (60)

Note: n.d., no data.
* Temperature (°C) is given in parentheses.

BIOCHEMISTRY (Moscow) Vol. 74 No. 9 2009
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Fig. 3. a) pH profiles of oxidoreductase from P. ostreatus with
ABTS, SGZ, DMP, and guaiacol as substrates ( /-4, respectively);
b) pH profiles during incubation for 30, 60, 120, and 240 min (/-
4, respectively). All experiments were performed at 25°C in
Mcllvaine buffer.

SGZ, and K, values calculated, respectively, for laccases
from T. versicolor and T. hirsute are 15 pM for DMP and
63 uM for guaiacol [24-28].

The pH dependence of the activity of BOX from P.
ostreatus was determined with the four above-mentioned
substrates in the pH range from 2.2 to 8.0. The optimum
catalytic activities of the enzyme were recorded at pH 3.5
with ABTS, 7.0 with SGZ and guaiacol, and 6.0 with
DMP (Fig. 3a). Note that the activity levels at the extreme
values of pH depended on the substrate. Thus, at pH 2.2,
the enzyme activity with ABTS was 60% of the maximum,
but no activity was recorded with the other substrates. On
the contrary, at pH 8.0 the laccase activity with SGZ,
DMP, and guaiacol was 57-66% of the maximum, where-
as the activity with ABTS was virtually absent.

The pH range of the retained enzyme activity is an
important characteristic for practice. Thus, the enzyme

PAKHADNIA et al.

maintained 70% of the laccase activity upon incubation at
25°C for 4 h at pH 5.0-9.0 and was rather stable at weak-
ly pH alkaline values (Fig. 3b). But at acidic pH the
enzyme rapidly denatured, and after 4 h of incubation at
pH 4.0 the activity of the BOX was not higher than 50%
and at pH 3.0 it was less than 10% of the initial activity.

Note that changes in the oxidoreductase activity on
heating and the stability of BOX at high temperature
were similar to changes in these parameters recorded for
other laccases from P. ostreatus (Table 2). Thus, the BOX
activity increased with heating from 20 to 50°C up to
maximum at 50-55°C and then sharply decreased at
temperatures above 60°C (Fig. 4a). The enzyme was rel-
atively thermostable at 40°C, and after incubation for
17 h its activity decreased by only 30%, whereas biliru-
bin oxidase from T. tsunodae lost 40% of its activity even
after 30 min under the same conditions [29]. However, at
60°C BOX was half-inactivated even after 18 min (Fig.
4b).
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Fig. 4. Influence of temperature on the ability of BOX from P.
ostreatus to transform ABTS in Mcllvaine buffer (pH 3.5). a)
Changes in the enzyme activity with increase in temperature from
10 to 70°C; b) BOX activity upon incubation in Mcllvaine buffer
(pH 7.4) for 180 min: /) at 60°C; 2) at 40°C.
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Table 3. Effects of inhibitors on activity of BOX from P.
ostreatus

Inhibitor Inhibitor Relative
concentration, mM activity, %
EDTA 0 100
0.1 94t 1
1 79+ 1
10 612
100 16 £2
Urea 0 100
1000 85+ 1
2000 78 £2
4000 72+2
5000 66 =2
DTT 0 100
0.001 79+ 1
0.005 64+ 1
0.01 54+ 1
0.05 23+1

The influence of inhibitors EDTA, DTT, and urea on
the enzyme activity was studied (Table 3). EDTA is a
weak inhibitor of fungal laccases because it removes biva-
lent metal ions from the active site of phenol oxidases.
Increasing the EDTA concentration in the reaction mix-
ture from 0.1 to 100 mM resulted in a decrease in the
enzyme activity to 16% of the maximum, and this con-
firmed that the isolated protein is a metal-containing
enzyme. Increasing the urea concentration to 4 M did not
significantly change the enzyme activity, and even 5 M
urea decreased the activity by only 34%. Among the
reagents tested, DTT displayed the greatest inhibitory
effect. Thus, in the presence of 0.01 M DTT the enzyme
activity was only 54% of the maximum.

Similarly to other bilirubin oxidases, BOX is promis-
ing for medicine as an enzyme capable of oxidizing blood
bilirubin, and its laccase activity markedly increases the
range of its possible application. To confirm this, we used
BOX for decolorization of the synthetic azo dye TB [30].
Trypan Blue (5 mg/liter) in aqueous solutions and buffer
systems (pH 5.0) at 25°C was completely decolorizated
within 3 h in the presence of BOX (20 mU/ml).
Increasing the temperature to 30-40°C and/or addition of
redox mediators, such as ABTS, increased tenfold the
rate of TB decolorization [30].

DISCUSSION

The enzyme isolated from P. ostreatus mycelium was
purified to homogeneity, and determination of its struc-
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tural and kinetic parameters allowed us to characterize it
as an intracellular fungal bilirubin oxidase (BOX; EC
1.3.3.5) with pronounced laccase features. The biosyn-
thesis of BOX was induced during the initial period of the
growth of the fungus, and the enzyme was produced dur-
ing the fungus lifetime; therefore, the enzyme is supposed
to be involved in biosynthesis of a necessary cellular com-
ponent, e.g. pigments of the mycelium. This hypothesis
was supported by a close association of the enzyme with
the pigment, which could be separated only by affinity
chromatography of the protein on ConA-Sepharose at
very high concentration of ammonium sulfate in the
buffer used for washing the sorbent. Intracellular laccases
were shown to be involved in synthesis of melanin in the
fungi Lentinula edodes, Pycnoporus cinnabarinus, and
Trametes pubescens [31-33]. However, the ability of BOX
to directly oxidize a wide variety of diphenol derivatives,
organic heterocyclic compounds, dyes, and tetrapyrroles
did not preclude the involvement of the isolated oxidase
in detoxification of organic pollutants, and this is in
agreement with some works [34, 35].

Although the biological role of the intracellular BOX
is not yet clear, advantages of the enzyme use in practice
are clear. The stability of BOX over a wide range of tem-
perature and pH and easy conditions (25°C in water) of
oxidizing many organic substances without production of
toxic intermediates make the prepared enzyme promising
for application in textile, cellulose-paper, food, and cos-
metic industries, for detoxification and discoloration of
waste water, degradation of xenobiotics and bioremedia-
tion, in elaboration of biosensors and cathodes of biofuel
elements, etc. [3]. The ability of the enzyme to transform
bilirubin suggests its application in medicine.
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