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ABSTRACT

The present study reports experimental data on substrate specificity and some properties of the
extracellular enzyme with oxidase activity isolated from the mycelium of the higher fungus
Neonothopanus nambi IBSO 2391 by treating the biomass with B-glucosidase. Gel-filtration
chromatography showed that molecular weight of the isolated enzyme was 80 kDa. Spectral
analysis did not reveal any chromophore components in the enzyme. The extracellular oxidase of
the basidiomycete N. nambi IBSO 2391 was active with most of the aromatic compounds chosen
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as model substrates. An important fact is that the enzyme exhibited catalytic activity with no
hydrogen peroxide or any other mediators added to the reaction mixture. The highest activity of the
enzyme was observed in reactions with veratryl alcohol and hydroquinone. In reactions with
guaiacol and aromatic amines (diaminobenzidine, o-dianisidine), the level of activity of the
extracellular oxidase was considerably lower — by a factor of 2.5-3.5. In reactions with resorcinol,
phenol, and caffeic acid, the catalytic efficiency of the enzyme was no greater than 6% of its activity
with veratryl alcohol. Kinetic parameters of enzymatic reactions were determined for the most
efficiently oxidized substrates. The addition of the chelating agent of divalent metal ions (EDTA) did
not affect the activity of the extracellular oxidase from the fungus N. nambi IBSO 2391, indicating
the absence of divalent metal ions in the molecule of the enzyme. At the same time, addition of the
SH reagent (DTT) increased catalytic efficiency of the enzyme. The study showed that the
extracellular oxidase of the fungus N. nambi IBSO 2391 functions in wide ranges of temperature
and pH of the reaction medium, showing the highest catalytic activity at temperatures between 22
and 35 °C and pH 6.0. Results obtained in the current study provide the basis for studying potential
uses of the isolated enzyme in biomedical analytics and bioremediation.

Keywords: Aromatic compounds; basidiomycetes; biocatalysis; DTT; EDTA,; extracellular oxidase.

1. INTRODUCTION

Organic compounds are among the major
pollutants of the environment, which they enter
as wastes of the chemical, food, and
pharmaceutical industries, agricultural chemicals
used to protect crops, etc. Therefore, increasing
research effort is currently devoted to developing
biological methods of neutralizing toxic
chemicals. Higher fungi (Ascomycetes and
Basidiomycetes), which have unique enzyme
systems capable of degrading plant polymers
(lignin, cellulose), are considered as promising
agents for management of toxic substances.
Because of the considerable redox potential of
fungal enzyme systems, researchers have
focused on their potential uses in degradation of
xenobiotics and bioremediation of contaminated
natural environments. Over the last few decades,
fungal oxidoreductases have aroused serious
interest as biotechnological tools, as they
catalyze reactions that often cannot take place in
the presence of traditional chemical catalysts [1-
6]. Enzymes secreted by basidiomycetes have
properties that make them useful for practical
applications: the products formed during the
reactions catalyzed by them are of low toxicity;
they retain their functional activity over wide
ranges of pH, temperature, and concentrations of
pollutants; fungal enzymes are resistant to
peptidolysis; and, what is important, they function
without the involvement of mediators. Thus,
fungal enzymes (and enzyme systems) can be
regarded as promising tools of “green”
biotechnologies [7-9]. Extensive research is
conducted to test the enzymes secreted by
higher fungi FAD-, heme-, and copper-
containing oxidoreductases — as components of
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sensors and analytical systems for biomedical
applications [10-12].

Because of insufficient stability of fungal
oxidases, though, it may be difficult to use them
for analytical purposes. On the other hand, this is
an incentive to research aimed at finding new
species of higher fungi for producing
oxidoreductases [13,14], studying the ways to
increase the production of enzymes with
oxidative properties in fungal biomass during the
cultivation stage, and discovering fungal
oxidases with new properties [15,16]. Studies are
conducted to develop and improve the methods
of isolating these enzymes from the biomass and
immobilizing them on various carriers in order to
enhance their resistance to negative factors and
enable them to retain their catalytic function
when reused multiple times [17-20]. An important
fact is that oxidoreductases secreted by higher
fungi have a great number of isoforms and are
capable of oxidizing a wide range of substrates.
Therefore, various new enzymes with oxidative
properties secreted by higher fungi are described
in the literature: laccases [21-24], peroxidases
[25,26], alcohol oxidases [15,27,28]. At the same
time, this opens up opportunities for
adding new enzymes  with oxidative
properties secreted by higher fungi to the
pool of the already known oxidoreductases,
which can be used both for purposes of scientific
research and in analytical and biocatalytic
processes.

The present study reports experimental data on
certain properties and substrate specificity of the
extracellular oxidase from the basidiomycete N.
nambi IBSO 2391.
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2. MATERIALS AND METHODS
2.1 Strain and Culture Medium

The mycelium of the higher fungus N. nambi
IBSO 2391, which is maintained in the CCIBSO
836 collection of the Institute of Biophysics of the
Federal Research Center “Krasnoyarsk Science
Center SB RAS” (Krasnoyarsk, Russia), was
used in the study. Experiments were performed
with 2—7 mm diameter spherical pellets of
mycelium produced by submerged cultivation of
the fungus in PDB (potato extract — 4 g/L,
glucose — 20 g/L) purchased from HiMedia
Laboratory (India). The prepared liquid medium
was autoclaved at 120 °C for 15 min immediately
before use.

2.2 Procedures
2.2.1 Submerged cultivation

Submerged cultivation of mycelium was
performed in 250-ml conical flasks containing
100 ml of the broth. Mycelium, which had been
grown in Petri dishes in potato sucrose agar
medium for 8-10 d, was crushed and used as
inoculum for submerged cultivation of the fungus.
The volume of the inoculum was 2-5% of the
broth volume. Cultivation process was conducted
for 8 d at a temperature of 27-28 °C under
continuous stirring at 180-200 rpm
(Environmental Shaker-Incubator ES-20, Biosan,
Latvia) [29].

2.2.2 Extraction and of
extracellular proteins

separation

Sweet almond [-glucosidase (EC 3.2.1.21)
(Serva, Germany) dissolved in 10 mM phosphate
buffer (pH 6.0) was used for enzymatic treatment
of the envelope of the hyphal cells of the
mycelium. Extracellular enzymes (including
oxidases) were isolated from the biomass of N.
nambi IBSO 2391 mycelium as follows. “Mycelial
pellets were taken out of the nutrient broth and
rinsed many times in deionized (DI) water to
remove residual nutrient medium and
metabolites. DI water was produced using a Milli-
Q system (Millipore, U.S.A.). Then, the pellets
were placed in a new portion of DI water
containing B-glucosidase (0.5 IU/ml) and
incubated at 25 °C for 24 h under slow agitation
at 80 rpm (Shaker OS-20, Biosan, Latvia). After
incubation of pellets, the liquid (aqueous extract
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containing extracellular proteins and enzymes of
fungus) was separated from the pellet biomass
by filtration through filter paper. To concentrate
the enzymes and remove low-molecular-weight
compounds, the extract was subjected to
ultrafiltration through a 30 kDa cutoff membrane
(EMD Millipore Amicon, Darmstadt, Germany).
To remove low-molecular-weight compounds
more effectively during ultrafiltration, DI water in
the extract was replaced three times. The
retentate, which  contained concentrated
extracellular enzymes, was collected and used in
experiments [30].

The extracellular enzymes extracted from the
mycelium were separated by gel-filtration
chromatography of the concentrated enzymes on
a Sephacryl S-200 column (1.6 x 33 cm)
(Pharmacia, Sweden) equilibrated with a 50 mM
NaCl solution. NaCl was added to the
concentrated sample to reach a concentration of
50 mM, and 2 ml of the sample was applied onto
the column. Chromatography was performed at a
flow rate of 0.2 ml/min (EP-1 Econo Pump, Bio-
Rad, U.S.A.); a 50 mM NaCl aqueous solution
was used as eluent; 2-ml fractions were
collected. Protein elution from the
chromatographic column was controlled using a
2138 Uvicord S photometer (LKB, Sweden) at a
wavelength of 280 nm [31].

After screening of oxidase activity in
chromatographic fractions, the fractions with the
highest activity of the enzyme were pooled and
concentrated by ultrafiltration of the pooled
sample through a 30 kDa membrane (EMD
Millipore Amicon). To remove the eluent (sodium
chloride) more effectively during ultrafiltration, DI
water in the sample was replaced twice. The
retentate (concentrated oxidase) was collected
and used in experiments.

The native molecular weight of extracellular
oxidase of the basidiomycete N. nambi
IBSO 2391 was determined by chromatography
of protein markers — BSA (Sigma, U.S.A)) and
cytochrome ¢ (Fluka, Germany) with molecular
weights of 66.5 kDa and 12.3 kDa, respectively —
under the above conditions (column size, volume
of the sample applied, eluent, and flow rate). The
native molecular weight of the study enzyme was
calculated using the values of the maximum
oxidase activity in chromatographic samples and
the maxima of elution of protein markers
recorded as absorbance at 280 nm [31].
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2.3 Analytical Methods

2.3.1 Oxidase activity determination

The presence of extracellular oxidase in the
samples (aqueous extract from the N. nambi
IBSO 2391 mycelium, concentrated enzymes,
and chromatographic fractions) was determined
by oxidation reaction of veratryl alcohol (Sigma,
U.S.A.), which was used as substrate. An
aqueous solution of veratryl alcohol was
prepared in situ in DI water. In assay of oxidase
activity, the 600-ul reaction mixture contained 10
mM veratryl alcohol and 50 pl of the tested
sample. After all reaction ingredients were
added, the samples were agitated for 3 s on a
Vortex-Genie 2 g-560E mixer (Scientific
Industries, Inc., U.S.A.) and incubated for 30 min
at a temperature of 25 °C. The level of oxidase
activity in the samples was determined by
measuring the yield of veratryl alcohol oxidation
reaction product using the spectral method
(spectrophotometer UV-1800, Shimadzu, Japan),
as absorbance at 309 nm.

2.3.2 Protein concentration measurement

Protein concentrations in the samples were
determined by the well-known biuret method,
using Benedict's reagent and BSA as the
standard. The samples were incubated for 15
min at 25 °C with Benedict's reagent, and then
their absorbance was measured at a wavelength
of 330 nm using a UV-1800 spectrophotometer
[32].

2.3.3 UV-visible spectral analysis of oxidase

The absorption spectrum of the extracellular
oxidase isolated from the basidiomycete N.
nambi IBSO 2391 was determined from 200 to
700 nm at 25 °C in DI water using the UV-1800
spectrophotometer.

2.3.4 Determination of Kinetic Parameters,
Optimum pH and Temperature

The temperature optimum of the catalytic activity
of the isolated oxidase was determined within the
temperature range of the reaction medium
between 20 and 50 °C. The yield of the product
was estimated using the spectral method (the
UV-1800 spectrophotometer) after the reaction
mixtures containing the enzyme and the
substrate (veratryl alcohol) had been incubated
for 15 min at different temperatures
(TB-85 Thermo Batch, Shimadzu, Japan).
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The effectiveness of the enzyme at different
pH values of the medium was studied using
50 mM Na-acetate buffers with pH between 3
and 8.

Michaelis—Menten kinetic parameters for N.
nambi oxidase were performed by assaying
various concentrations of veratryl alcohol (0.1 to
10 mM), hydroquinone (0.05 to 10 mM) and
guaiacol (0.5 to 15 mM). The oxidation of
substrates was measured by an increase in
absorption at 309 nm for veratryl alcohol (€309 =
9300 M~'-cm™"), at 246 nm for hydroquinone (€246
= 19000 M~'.cm™") and at 467 nm for guaiacol
(g467 = 3800 M~"-cm™") [24,33]. To determine the
kinetic constants, the obtained Michaelis—Menten
dependences were transformed into a linear
Lineweaver—Burk graphs.

2.3.5 Substrate specificity and factors

Substrate specificity of the extracellular oxidase
from the basidiomycete N. nambi IBSO 2391 was
estimated using the following aromatic
compounds as model substrates: phenol
derivatives, aromatic acids, and aromatic amines
(Table 1). Solutions of reagents were prepared in
situ in DI water. Concentrations of the aromatic
compounds in reaction mixtures were varied to
determine the dependencies of product yields
and calculate kinetic characteristics of enzymatic
reactions. The catalytic efficiency of the enzyme
with model substrates was estimated using the
spectral method (UV-1800 spectrophotometer)
by the maximal yields of reaction products
recorded as the absorbance at the corresponding
wavelengths (Table 1) and expressed in
absorbance units per 1 mg protein per 1 min. In
the experiment with monophenol as the model
substrate, the level of activity of the N. nambi
IBSO 2391 oxidase was determined in reaction
of co-oxidation of phenol with 4-aminoantipyrine
(4-AAP) by measuring the yield of reaction
product quinone imine, recorded as
absorbance at 506 nm. In this experiment, the
600-pul reaction mixture contained 5.96 mM
phenol, 0.49 mM 4-AAP, and 100 pl of the
enzyme sample. After all reaction ingredients
were added, the samples were agitated for 3 s
on a Vortex-Genie 2 g-560E mixer and incubated
for 30 min at a temperature of 25 °C. The
experiments were performed with 4-AAP (1-
phenyl-2,3-dimethyl-4-aminopyrazolone) of
analytical grade (Reakhim, Russia) and phenol
(Fluka, Germany); the solutions were prepared in
situ in DI water [31].
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Table 1. The aromatic compounds used as the model substrates for the extracellular oxidase
from Neonothopanus nambi IBSO 2391

Substrate

Structure

Registration
wavelength (nm)

Aromatic alcohol:
Veratryl alcohol (3,4-dimethoxybenzyl
alcohol) (Sigma-Aldrich, U.S.A.)

Mono- and Dihydric phenols:
Phenol (Fluka, Germany)

Hydroquinone
(Reakhim, Russia)

Resorcinol (Reakhim, Russia)
Metoxyphenols:

Guaiacol (2- metoxyphenol) (Sigma-
Aldrich, U.S.A))

Aromatic acids:

Caffeic acid (3,4 - hydroxycinnamic
acid) (Sigma-Aldrich, U.S.A.)

L-Tyrosine (L-2-Amino-3-(4-
hydroxyphenyl) propanoic acid (Fluka,
Germany)

Aromatic amines:
o-Dianisidine
(Fluka, Germany)

Diaminobenzidine (DAB)
(AppliChem, Germany)

309

506

246

273

422, 467

412

478

442

462

Laccase from the fungus Agaricus bisporus (EC
1.10.3.2.)) and horseradish peroxidase (HRP)
(EC 1.11.1.7) (Sigma, U.S.A.) were used in this
study to perform comparative assessment of
substrate specificity to the tested aromatic
compounds. In supplementary experiments, we
also compared catalytic efficiencies of N. nambi
IBSO 2391 oxidase, A. bisporus laccase, and
HRP treated with the chelating agent of divalent
metal ions ethylenediamine tetraacetic acid
(EDTA) (Serva, Germany) and SH reagent
dithiothreitol (DTT) (AppliChem, Germany).
EDTA and DTT solutions were prepared in DI
water; reagent concentrations between 0.1 and 1
mM were used to treat the enzymes [24].

2.3.6 Statistical values

The data are normalized to the maximal values
of the product yield in measurement series and
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+

represented as M m, n 3 for each
measurement. Error bars were generated as a
standard deviation of the mean from 3 replicates.

2.3.7 Micrographs of the pellets and hyphae

Micrographs of the pellets and hyphae were
obtained by using the PowerShot S50 camera
(Canon, Japan) and an Axiolmager M2
microscope (Carl Zeiss, Germany) in the
fluorescent mode of viewing.

3. RESULTS AND DISCUSSION

3.1 Morphology of the Mycelium after B-
Glucosidase Treatment

The current study showed that the technique of
submerged cultivation that we used to grow the
fungus N. nambi IBSO 2391 produced spherical
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mycelial pellets with the rough surface created by
numerous bundles of hyphae (Fig. l1la). The
diameter of the pellets produced under the
cultivation conditions used in this study (the
composition and the volume of the nutrient
solution, the rate of agitation, the temperature
and the time of cultivation) usually ranged
between 2 and 7 mm. Surface roughness of the
pellets is caused by bundles of long hyphae
extending for distances that may reach a few
millimeters. Outside, the cell wall of the hyphae is
covered by polysaccharide slime, which has
pores and consists of [-D-glucan (Fig. 1b).
Branched glucans form a gel-like network in the
outer hyphal sheath and intercellular space. This
network serves as a supporting structure and
retains water, which is needed for the function of
extracellular enzymes immobilized here. After
incubation of the N. nambi pellets in DI water
containing B-glucosidase, they  showed
noticeable destructive changes of the slimy layer
on the surface of the hyphae as B-glucosidase
catalyzed hydrolysis of [-D-glucans (Fig. 1c).
Hence, B-glucosidase disintegrated the
polysaccharide matrix (slimy layer) covering the
outside surface of the hyphal cell wall, enabling
release of the extracellular enzymes of the
fungus localized there to the outer environment
[34]. In our opinion, the treatment of mycelium
with B-glucosidase may be a promising method
for biotechnology, enabling, under relatively mild
conditions (without complete destruction of
biomass), production of extracts enriched with
extracellular fungal enzymes and containing
minor amounts of impurities.

3.2 Extraction and Purification of the
Extracellular Oxidase

Gel-filtration chromatography of the concentrate
of extracellular proteins extracted from N. nambi
IBSO 2391 performed on the Sephacryl S-200
column showed the presence of the protein
fraction containing an enzyme with oxidase
activity (Fig. 2). That oxidase catalyzed oxidation

reaction of veratryl alcohol with no exogenous
hydrogen peroxide or other mediators added to
the reaction mixture. Calculations based on the
maximum oxidase activity and absorption
maxima of protein markers recorded when
protein components were eluted from the column
showed that extracellular oxidase of the fungus
N. nambi IBSO 2391 catalyzing oxidation of
veratryl alcohol was detected in the protein
fraction with the native molecular weight of the
protein of 80 kDa. After chromatography,
fractions with the highest oxidase activity (Fig. 2)
were pooled, and the pooled sample was
subjected to ultrafiltration through a 30 kDa
membrane to concentrate the enzyme and
remove residual eluent (NaCl). The concentrated
enzyme (final oxidase preparation) was used in
further studies. Parameters of purification of the
extracellular oxidase of N. nambi IBSO 2391
using gel-filtration chromatography on the
Sephacryl S-200 column (total and specific
activities, yield, and purification level) are
summarized in Table 2. They show that one
stage of chromatography resulted in tenfold
purification of the enzyme: the specific activity of
the oxidase in the final enzyme preparation was
higher by a factor of 10 compared to the specific
activity of the oxidase in the initial concentrate of
extracellular proteins from N. nambi IBSO 2391
mycelium.

3.3 Spectral Characteristic, Optimum pH
and Temperature

Having examined the spectral characteristics of
the final preparation of the extracellular oxidase
isolated from the fungus N. nambi IBSO 2391,
we found that the enzyme did not contain any
chromophore components. Results of spectral
analysis show (Fig. 3) that the absorption
spectrum of the agueous sample of the oxidase
final preparation corresponded to the typical
protein spectrum with a single absorption
maximum at 280 nm.

Table 2. Parameters of purification of the extracellular oxidase from the fungus N. nambi IBSO
2391 using gel-filtration chromatography on the Sephacryl S-200 column

Sample Total Total Specific Yield Purification
protein activity  activity (U/mg) (%) level
(mg) (O] (x-fold)
Concentrated extract 5.39 62.9 11.7 100 1.0
Final enzyme preparation 0.23 27.1 116.8 43.1 10.0

Total enzyme activity was calculated in micromoles of the reaction product formed per minute. The specific
enzyme activity was calculated as total enzyme activity per one milligram of protein. The molar extinction
coefficient for veratryl aldehyde used for calculation was €309 = 9300 M~1.cm™
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Experiments demonstrated that the extracellular
oxidase isolated from the basidiomycete N.

nambi IBSO 2391 was able to function effectively
in a wide range of pH of the medium, oxidizing
veratryl alcohol most efficiently at pH 6.0 (Fig.
Another finding was that the enzyme

4a).

was functionally active in a wide range of
temperatures of the reaction medium,
showing the highest efficiency of oxidation
of the substrate (veratryl alcohol) at temperatures
between 22 and 35 °C (Fig. 4b).

Fig. 1. Images of N. nambi IBSO 2391 mycelium grown under submerged cultivation
(a) Mycelial pellets (PowerShot S50 camera, Canon, Japan); (b) fungal hypha with a clearly visible slimy layer
(polysaccharide matrix) (arrows); (c) fragments of slimy layer on the surface of the hypha (arrows) after 3-
glucosidase treatment. Images (b) and (c) were obtained in the fluorescent mode of viewing with an Axiolmager
M2 (Carl Zeiss, Germany), filter set 09. Bars — 10 mm (a), 10 um (b, c)

0.45

0.4

0.35

0.3

0.25 -

0.2

Absorbance, 280 nm

0.15

Absorbance, 309 nm

180 200 220

240

260 280 300

Retention time, min

Fig. 2. Gel-filtration chromatography of protein preparations on the Sephacryl S-200 column
1 — profile of elution of concentrated extracellular proteins from N. nambi IBSO 2391 mycelium, 2 — profile of
elution of protein markers (BSA — 66.5 kDa, and cytochrome C — 12.3 kDa), 3 — the distribution of activity of the
extracellular oxidase catalyzing oxidation of veratryl alcohol in chromatographic fractions
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Fig. 3. Absorption spectrum of the final agueous sample of the extracellular oxidase isolated
from the basidiomycete N. nambi IBSO 2391
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Fig. 4. The yield of the product of veratryl alcohol oxidation reaction catalyzed by extracellular
oxidase from the basidiomycete N. nambi IBSO 2391 as dependent on pH (a) and temperature
(b) of the reaction medium
The data are normalized to the maximal values of the product yield in measurement series.

3.4 Substrate Specificity Study

To study substrate specificity of the oxidase
secreted by N. nambi IBSO 2391, we used a
number of aromatic compounds (Table 1) as
model substrates. The compounds were chosen
based on the following considerations. It is well
known that oxidoreductases secreted by higher
fungi oxidize a wide range of cyclic compounds
such as polyphenols, methoxy-substituted
phenols, aromatic amines [4]. On the other hand,
some of the aromatic compounds chosen as
substrates in this study are commonly used in
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scientific research and in practical analytics to
detect and identify enzymes with oxidase
function (veratryl alcohol [28,33], hydroquinone,
guaiacol [23,24], resorcinol [24], phenol [35,36],
DAB [37]). Aromatic acids (caffeic acid and
tyrosine) are metabolites of plants and fungi,
taking part in lignification processes; in addition,
tyrosine is a precursor in melanin biosynthesis
[37].

The current study showed that the oxidase
isolated from the basidiomycete N. nambi IBSO
2391 catalyzed oxidation of most of the aromatic
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compounds chosen as model substrates
(Fig. 5), which suggested broad substrate
specificity of the enzyme. Moreover, the enzyme
exhibited catalytic activity with no hydrogen
peroxide or other mediators added to
the reaction mixture. The greatest catalytic
activity of the enzyme was observed in reactions
with veratryl alcohol and hydroquinone. In
reactions with guaiacol and aromatic amines
(diaminobenzidine, o-dianisidine), the level of
activity of the oxidase was considerably lower —
by a factor of 2.5-3.5. In reactions with
resorcinol, phenol, and caffeic acid, the catalytic
activity of the enzyme was no greater than
6% of its activity with veratryl alcohol. No
catalytic activity of the oxidase was observed

in the reaction with tyrosine, suggesting
that the extracellular oxidase from the
120 -
100 -
X
N, 80 -
i<l
g
§ 60 -
©
=]
©
© 40 -
o
20 -
0
N < N Q
ES & X
g S 4
3 ° ;
& o

basidiomycete N. nambi IBSO 2391 has no
tyrosinase activity.

For the aromatic compounds that were oxidized
by the N. nambi IBSO 2391 oxidase most
effectively (veratryl alcohol, hydroquinone, and
guaiacol), we obtained relationships between
enzymatic reaction rates and concentrations of
those substrates (Michaelis—Menten Kkinetics).
Calculations of the kinetic parameters of
enzymatic reactions based on the obtained
relationships indicated (Table 3) that the N.
nambi IBSO 2391 oxidase has the highest affinity
for veratryl alcohol and catalyzes its oxidation
with the greatest efficiency. At the same time, the
enzyme has lower affinity for hydroquinone and
guaiacol and oxidizes these compounds less
effectively.

Fig. 5. The yields of reaction products showing the efficiency of oxidation of model aromatic
substrates by the extracellular oxidase from the basidiomycete N. nambi IBSO 2391
The data are normalized to the yield of the product of veratryl alcohol oxidation reaction. Absolute value of yield
of product of veratryl alcohol oxidation was 2.92 + 0.58 a.u./mg/min

Table 3. Michaelis—Menten kinetic parameters calculated for the oxidase from N. nambi

IBSO 2391
Substrate Km (MM) Kcat (s€c™?) Kcat/Km (sec* mM1)
Veratryl alcohol 0.52 97 187
Hydroquinone 0.67 88 131
Guaiacol 0.72 47 65
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3.5 Comparative Studies with HRP and
Laccase

In experiments with the aromatic compounds
used in the present study (Table 1), we
compared substrate  specificity of the
extracellular oxidase from the fungus N. nambi
IBSO 2391 with the substrate specificity of the
enzymes laccase and peroxidase, which are
commonly used in analytical and
biotechnological applications. High-purity
enzymes produced by Sigma (U.S.A.) — laccase
from the fungus Agaricus bisporus and
horseradish peroxidase (HRP) — were used in
experiments. The enzymes tested in this study
noticeably differed in their substrate specificity to
the aromatic compounds used as substrates
(Fig. 6). The only substrate oxidized by laccase
from the fungus A. bisporus with high efficiency
was dihydric phenol resorcinol; in the phenol and
4-AAP co-oxidation reaction, laccase catalyzed
phenol oxidation with considerably lower
efficiency. A. bisporus laccase showed very low
efficiency of oxidation of aromatic amines (DAB
and o-dianisidine), methoxy-substituted phenol
guaiacol, and caffeic acid; it did not catalyze
oxidation of veratryl alcohol and dihydric phenol
hydroquinone; however, it oxidized tyrosine. At
the same time, the substrate specificity of HRP
was considerably broader and comparable to

100 -

Y%
©
S

=

Product formation,

o oxidase from N.nambi

that of the extracellular oxidase from the fungus
N. nambi IBSO 2391. Yet, these two enzymes
differed substantially in the efficiency of oxidation
of some aromatic compounds used as
substrates. The results obtained demonstrate
that in contrast to the oxidase from the fungus N.
nambi IBSO 2391, HRP did not catalyze
oxidation of veratryl alcohol although the catalytic
activity of peroxidase in oxidation  of
hydroquinone and guaiacol was comparable with
the catalytic activity of the N. nambi IBSO 2391
oxidase. On the other hand, HRP catalyzed
oxidation of resorcinol, phenol, and caffeic acid
much more effectively than the extracellular
oxidase from N. nambi IBSO 2391. An important
difference was that HRP catalyzed oxidation of
the tested aromatic compounds only after the
addition of hydrogen peroxide to the reaction
mixture while the extracellular oxidase from N.
nambi IBSO 2391 exhibited high catalytic activity
without the addition of that mediator. On the one
hand, results of the present study (Fig. 6) are
indicative of substantial differences between
catalytic properties of the extracellular oxidase
from the basidiomycete N. nambi IBSO 2391 and
the catalytic properties of laccase from the
fungus A. bisporus and HRP. On the other hand,
these results suggest that the N. nambi IBSO
2391 oxidase can be a useful addition to the pool
of enzymes used in enzymatic analytics.

HRP

laccase from A. bisporus

Fig. 6. The yields of reaction products showing the efficiency of oxidation of aromatic
compounds by the extracellular oxidase from the basidiomycete N. nambi IBSO 2391, HRP,
and laccase from the fungus A. bisporus
Values of the maximal product yields in measurement series are taken for 100%
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140 -

Product formation, %

oxidase from N.nambi

mEDTA

laccase from A.bisporus

HRP

uDTT

Fig. 7. The yields of products of reactions catalyzed by the extracellular oxidase from the
basidiomycete N. nambi IBSO 2391, HRP, and A. bisporus laccase treated with EDTA or DTT at
a concentration of 1 mM
Values of the product yields in reactions catalyzed by initial enzymes (untreated with EDTA and DTT) are taken
for 100%

In  supplementary experiments, commercial
preparations of laccase from the fungus A.
bisporus and HRP were used to answer the
question whether the extracellular oxidase from
the basidiomycete N. nambi IBSO 2391 is a
metal-containing enzyme. As laccase and HRP
contain ions of copper and iron, respectively,
their catalytic activity was tested after the
treatment with the chelating agent of divalent
metal ions EDTA and SH reagent DTT. It is
commonly known that these reagents bind
divalent metal ions by forming coordinate bonds.
The effects of EDTA and DTT on the activity of
the N. nambi IBSO 2391 oxidase, A. bisporus
laccase, and HRP were studied using veratryl
alcohol, resorcinol, and phenol as substrates.
Incubation of A. bisporus laccase and HRP in the
presence of EDTA (or DTT) at concentrations
between 0.1 and 1 mM resulted in a considerable
decline in the functional activities of both
enzymes and a decrease in the yields of reaction
products (Fig. 7). A similar EDTA treatment of
the extracellular oxidase from the fungus N.
nambi IBSO 2391 did not affect the functional
activity of the enzyme. This may suggest the
absence of divalent metal ions in the molecule of
this enzyme. At the same time, the treatment of
the study oxidase with DTT resulted in a
considerable (25% or greater) increase in its
catalytic efficiency compared to the control. The
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mechanism of this effect is not yet clear and
needs to be studied.

4. CONCLUSION

Thus, the treatment of the mycelium of the
basidiomycete N. nambi IBSO 2391 with B-
glucosidase followed by gel-filtration
chromatography of the extract on Sephacryl S-
200 resulted in isolation of an extracellular
enzyme of the fungus exhibiting oxidase function,
with native molecular weight 80 kDa. The
findings of the present study suggest that the
extracellular oxidase isolated from N. nambi
IBSO 2391 does not contain chromophore
compounds and divalent metal ions; functions in
wide ranges of temperature and pH of the
reaction medium, showing the highest catalytic
activity at temperatures between 22 and 35 °C
and pH 6.0; catalyzes oxidation of diverse
aromatic compounds with no mediators (such as
hydrogen peroxide) added to the reaction
mixture; has substrate specificity that differs from
the substrate specificity of metal-containing
oxidases — laccase from the fungus A. bisporus
and HRP. The current study provides the basis
and opens up opportunities for producing
homogeneous extracellular oxidase of the fungus
N. nambi IBSO 2391, in order to determine its
structure and mechanism of catalytic function
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and to study its potential uses in biotechnological
and analytical applications.
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