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ABSTRACT

Enzyme application in biotechnological and environmental processes has had increasing interest due to its

efficiency, selectivity and mainly for being environmentally healthful, but these applications require a

great volume of enzymes. In this work the effect of different concentrations of ethanol and 2,5 - xylidine

on growth and production of laccase by Pycnoporus sanguineus was investigated. In a medium containing

200 mg.L" of 2,5 - xylidine or 50 g.L"' of ethanol, the maximum activity of laccase was 2019 U.L" and

1035 U.L™", respectively. No direct correlation between biomass and activity of laccase was observed for

any of the inducers used during the tests. Ethanol concentrations, larger than or equal to 20 g.L”', inhibited

the radial growth of P. sanguineus. This study showed that ethanol, which has less toxicity and cost than

the majority of the studied inducers, presents promising perspectives for laccase production by P.

sanguineus.
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INTRODUCTION

Laccases (benzenediol:oxygen oxidoreductase, EC
1.10.3.2) are multi-cooper oxidases widely distributed among
plants, insects and fungi (8, 19). Laccases are enzymes that
catalyze the oxidation of a phenolic substrate by coupling it
to the reduction of O, to water, without any harmful
intermediate. This makes laccase the best candidate for the
environmentally benign process (12). Laccases are currently
seen as highly interesting industrial enzymes because of their
wide variety of potential substrates. These enzymes are
increasingly being investigated for a variety of practical
applications including decolorizing and detoxifying effluents,

drug analysis, textile dye bleaching, synthesis of polymers,

biosensors and bioremediation (8, 13, 15). However, high
amounts of the enzyme are needed for these applications, as
well as to other studies. In this way, researches have been
developed in order to increase laccase production by the use
of new sources (9, 18) and by screening for inducers of
laccase production by microorganisms, like aminoacids (3),
aromatic compounds (2), copper (17) and agro-residues (21).
The presence of laccases has been reported in many fungal
species, but relatively few researches have been directed
towards the laccase produced by members of the genus
Pycnoporus. The genus Pycnoporus is of particular interest
because it produces laccases as predominant lignolytic
enzyme (5). It has been reported that laccase production by

members of this genus increased after supplementing the
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fungal cultures with phenolic substrates such as ferulic acid,
2,5-xylidine, veratryl alcohol or lignosulphonate (5, 10, 6).
However, most of these aromatic compounds presents great
toxicity and/or high cost. The main objective of this work
was to study the effect of 2,5-xylidine, a common inducer
used for fungal secretion of laccase, and ethanol, a cheap
agro-industrial product, on the growth and the laccase

production by P. sanguineus CCT-4518.

MATERIALS AND METHODS

Microorganism maintenance and culture conditions

The white-rot fungus Pycnoporus sanguineus CCT-4518,
obtained from Fundagcdo André Tosello, Campinas, S&o
Paulo, Brazil, was maintained on potato-dextrose-agar (PDA,
Merck, Darmstadt, Germany) at 4°C. The fungus was
previously grown on plates with PDA at 37°C (5-7 days) until
the mycelium occupies 100% of the medium surface. Five
fungal discs measuring 7 mm in diameter taken from the
active borders of PDA cultures were transferred as inducers
to Erlenmeyer flasks (250mL) containing 50mL of liquid
medium containing 12.5 gL' of malt extract (Merck,
Darmstadt, Germany), 0.005 g.L'1 of CuSO4.H,0 (Cromoline,
Sdo Paulo, Brazil), and 50 — 200 mg.L" of 2,5-xylidine
(SIGMA, St. Louis, USA) or 20 — 50 g.L"' of ethanol (Isofar,
Rio de Janeiro, Brazil). The flasks were incubated at 28°C in
the dark and shaken at 140 rpm. In regular intervals, during
up to 21 days the mycelium was collected by filtration
through filter paper and the culture filtrate was used as source

of laccase.

Biomass
Fungal biomass was determined at specific time intervals by
vacuum filtering mycelia through filter paper, washed with

distilled water and dried to constant weight at 80°C (6).

Enzymatic activity assays
Laccase activity was determined at 30°C using 0.5 mM

2,2'-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) (ABTS;
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SIGMA, St. Louis, USA) (€420 = 3.6x10* M cm ') (1) . The
reaction mixture contained 100 pl substrate, 800 pl of buffer
50 mM sodium acetate (pH 5.0 ) and 100 uL of the culture
supernatant (diluted when necessary) for 5 min. The
enzymatic extract was incubated with the enzyme catalase
(SIGMA, St. Louis, USA) for a period of 30 minutes, before
the assay for enzymatic activity, in order to eliminate any
endogenous hydrogen peroxide that could be present. One
unit of enzyme activity is defined as the amount of enzyme
required to oxidize 1 uM ABTS under standard assay
conditions. Assays were carried out in triplicate, and standard

deviation did not exceed 10% of the average values.

Effect of ethanol on the micelial radial growth of
Pycnoporus sanguineus

Four concentrations of ethanol were tested: 0 (reference),
20, 30 and 50 g.L". Duplicate Petri dishes of each ethanol
concentration were centrally inoculated with one fungal disc
measuring 7 mm in diameter taken from the active borders of
PDA cultures. The colony radial diameter was measured
daily in 4 different positions and determined the average

value, for a period of 10 days.

RESULTS AND DISCUSSION

In order to evaluate the effect of the 2,5-xylidine and
ethanol on the growth and production of laccase by P.
sanguineus, concentrations of 50, 100, 150 and 200 mg.L'1 of
2,5-xylidine and 20, 30, 40 and 50 g.L'1 of ethanol were
tested. Laccase activity in the extracellular fluid of P.
sanguineus  cultures  supplemented with the four
concentrations tested of 2,5-xylidine presented an increase
with time (Fig. 1A). A similar effect was demonstrated by P.
cinabarinus in which 2,5-xylidine (10 - 19uM) enhanced
laccase activity by about 9-fold reaching approximately 9.60
U.mL" (5) and also by P. sanguineus in which the addition of
2,5-xylidine (400 uM) resulted in an increase of 14-fold,
reaching approximately 1.09 U.mL" (6, 7). The inducer

concentrations tested in this study are higher than the
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normally used, considering the toxicity of the same.
However, the P. sanguineus was capable of remaining viable
and with very good activity in the presence of these
concentrations of the 2,5-xylidine. The production of laccase
could be detected from the 2™ day of growth for all the
concentrations and was higher when 200 mg.L"' of this
inducer was added to the medium. The maximum production
(2019 U.L") was reached between the 7™ and 9™ days of
growth (Fig 1A). In the presence of different concentrations
of ethanol an increase of the production of laccase was also

observed (Fig. 1B). This was considerably higher in the
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presence of 40 and 50 g.L’1 of the inducer, even so this
increase was still smaller than that in the presence of the 2,5-
xylidine. It was possible to detect the activity of laccase from
the 2™ or 4" days of culture and the best enzymatic
production (1035 U.L™") occurred in the 14" day of growth,
when 50 g.L" of ethanol was used. In the study carried out by
Lomascolo et al. (14), the largest production of laccase by
Pycnoporus cinnabarinus was obtained with 35 g.L" of the
inducer (266600 U.L™), having a reduction of approximately
50% of the enzymatic activity when the concentration of

ethanol was 45 g.L™".
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Figure 1. Production of laccase by P. sanguineus in the presence of (A) different concentrations of 2,5-xylidine, and (B)

different concentrations of ethanol.

Regarding the biomass, it was observed that the profile
was different for the two studied inducers. In the presence of
50 mg.L" of 2,5 xylidine, the biomass increased until the 5t
day, followed by its decrease and stabilization (Fig. 2A). In
the presence of 50 g.L™' of ethanol a continuous increase of
the biomass occurred until 17" day of culture (Fig. 2B). This
increase of biomass did not present direct correlation with the
production of laccase and this is in agreement with Garcia et
al. (6) when the P. sanguineus grew in the presence of 2,5-
xylidine. Similar results were found for other fungi as
(20).

An interesting observed result was the color change

Magnaporthe grisea (11) and Cyathus bulleri

occurred in the liquid cultures when P. sanguineus grew in
the presence of these inducers. The increase of the laccase
production coincided with the synthesis of an orange pigment
when 2,5-xylidine was used as inducer. Previous studies (4)
indicate that laccase is involved in the process of melanin
formation of fungi, e.g. G. graminins var. tritici and probably
in other species. A small color change of the liquid cultures
was observed when the growth of the P. sanguineus occurred
in the presence of ethanol using concentrations larger than 30
g.L"!, which produced higher laccase activity. Although the

real influence of ethanol in the level of expression of genes of

laccase was not elucidated, the small change in the coloration
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of the culture medium observed in this study was probably

due to the inhibition of the melanin formation (16).
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Figure 2. Biomass and laccase activity during growth of P.
sanguineus using (A) 50 mg.L" 2,5-xylidine and (B) 50 g.L"!

ethanol as inducer.

The effects of 20-50 g.L™' of ethanol on the radial growth
of P. sanguineus were evaluated (Fig. 3). It was observed that
inhibition of the fungus growth increased with increasing
concentration of ethanol added to the medium. After 10 days
of growth, comparing itself with the medium without ethanol,
was verified a reduction of 40% of the radial growth in the
plates when 20 g.L'' of ethanol was added, and in the
presence of 30 g.L " and 50 g.L”" of ethanol the inhibitions of

the growth were 50% and 78%, respectively. These results
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are in agreement with Lomascolo et al. (14). Ethanol
concentration equal to 50 gL inhibited the fungal growth
for 6 days (lag time). The effect of ethanol on the micelial
growth of P. sanguineus was similar to those observed for the

P. cinnabarinus (14).
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Figure 3. Effect of ethanol concentration on P. sanguineus

radial growth.

CONCLUSIONS

The results confirm the important inductive role of the
2,5-xylidine in the production of laccase and present
promising perspectives for the use of ethanol as inducer in
the production of laccase by P. sanguineus. It is important to
consider the economic and environmental advantages of the
use of ethanol, when compared to the most used inducers.
The possible inhibition of the formation of melanin in the
presence of ethanol is another important data to be
considered. For example, when using this fungus in studies of
discoloration of industrial effluents, the pigment formation

may affect the evaluation of the removal of color.
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