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Nineteen different strains of white rot fungi, originating from the tropical
forest in Colombia were screened for their ability to decolourise Azure B and
Coomassie Blue included in solid media. Collybia plectophyla, Pleurous djamor
Lentinus swartzii, Lentinus crinitus, Pycnoporus sanguineus, Auricularia auricula,
Auricularia fuscosuccinea, Oudemansiella canarii, Ganoderma stipitatum and
Collybia omphalodes were selected on the basis of this screening. These ten strains
were further characterized in liquid medium for decolourisation and production of
Laccase, Manganese and Lignin peroxidases. The strains producing best decolour-
isation were L. swartzii, L. crinitus, G. stipitatum, and O. canarii. A correlation
between dyes decolourisation, laccase and manganese peroxidase production, was
shown. Lignin peroxidase was never detected in the cultivation conditions used.
Enzyme induction by Mn?*, Ethanol and Cu®* was studied in more detail for
Ganoderma stipitatum, Lentinus crinitus and Lentinus swartzi. The best increase
of enzyme production after three weeks of cultivation was generally observed in
the presence of Cu®*, followed by ethanol and Mn>** These three strains were
apparently not previously characterized for production of specific ligninolytic
activity, and in fine could find application in decolourisation technology.
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Introduction

As a consequence of varied climates, forests, deserts and savan-
nas constitute important reservoirs of microbial diversity. Sapro-
trophic, in particular aphyllophoral fungi, contribute significantly to
the maintenance of structure and function of the forest ecosystems.
A great diversity of wood rotting — including white rotting — fungi
has been described (Mueller & Schmit 2007 Lonsdale et al. 2008).
However, detailed studies of these organisms have only sporadically
been conducted in Latin America countries, in particular Colombia.
Around 260 species have been inventoried in this country, making
our knowledge very scanty on their presence, distribution and func-
tion (Ruiz & Varela 2006). In view of possible applications of fungal
technology in wastewaters treatment (Wesenberg et al., 2003) we
decided to undertake more detailed studies on the potential of
Colombian white rot fungal strains.

Wastewaters from dye and textile industries contain a variety of
pollutants, including dyes. A great proportion of these dyes are not
directly toxic for living organisms. Nevertheless, strong coloration
can hamper photosynthetic processes in water, a reason why their
presence must be controlled (O'Neill et al. 1999).

Dyes are difficult to remove by conventional treatment. A suc-
cessful management of textile and dye factories effluents often
necessitate expensive physico-chemical treatments (Moreira et al.
2000). Microbial decolourisation has been proposed as a less expen-
sive and less environmentally intrusive alternative (Boer et al. 2004,
Kariminiaae-Hamedaani et al. 2007). Wood rotting fungi, in parti-
cular white rot fungi (WRF) have been identified at several occasions
as particularly suitable for this type of approach;

In order to depolymerise and mineralize lignin, WRF have
developed oxidative and unspecific systems including extracellular
enzymes, low molecular weight metabolites and reactive oxygen
species. Ligninolytic enzymes of WRF can also be used for the
degradation of a wide variety of organic pollutants, including poly-
cyclic aromatic hydrocarbons (PAHs) (Clemente et al. 2001, Tekere et
al. 2005), synthetic polymers or synthetic dyes (Novotny et al. 2001,
Levin et al. 2003, Ramsay et al. 2005, Eichlerova et al. 2005), poly-
phenols in olive oil mill wastewater (Jaouani et al. 2003, 2005),
chlorinated phenols, polychlorinated biphenyls (Sato et al. 2002,
Young & Qing. 2004, Moeder et al. 2005) dioxins, pesticides, explo-
sives (Wesenberg et al. 2003, Levin et al. 2004), etc. Several fungal
species, e.g. Phanerochaete chrysosporium Burds, Trametes versico-
lor Lloyd, Pleurotus ostreatus P. Kumm and some others, have been
proposed for this purpose. However, recently the interest in studying
the lignin-modifying enzymes of a wider array of WRF is increasing,
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not only from the point of view of comparative biology but also with
the expectation of finding more effective lignin degrading systems
adapted to the various biotechnological applications (Dhouib et al.
2005).

WRF produce various isoforms of extracellular ligninolytic
enzymes: laccases (Lac), lignin peroxidase (LiP), manganese perox-
idase (MnP) and versatile peroxidase (VP) (Martinez 2002), exhibit-
ing differential characteristics depending upon species, strains and
culture conditions (Heinzkill et al. 1996).

Many studies dedicated to bioremediation competence of WRF
assess the properties of strains deposited in public culture collections
(Jaouani et al. 2003) only. On the contrary, there have been fewer
contributions attempting to exploit directly local biodiversity, most
of them in tropical area (Pointing & Vrijmoed 2000, Tekere et al.
2001, Levin et al. 2004). However, this approach appears potentially
promising for identifying new strains for biotechnological applica-
tions (Pointing et al. 2003).

Nineteen WRF autochthonous fungal strains, isolated from
Colombian tropical forest, were tested in different physiological
conditions with the purpose of determining the growth parameters
favouring highest decolourisation activity and enzyme production. In
order to evaluate decolourisation capacities and ligninolytic activ-
ities of these strains we used Azure B and Coomassie Brillant Blue.
Azure B an azo dye, is a recalcitrant compound which is neither
readily oxidized by MnP nor laccase, and has been used in a selective
assay for detecting LiP (Archibald, 1992). Coomassie Brilliant Blue is
also an heterocyclic recalcitrant dye used to evaluate the activities of
lignin peroxidase,manganese peroxidase and laccase produced by
the white-rot basidiomicetes (De Souza et al. 2005).

Material and methods
Strains

The fungal strains were isolated from fruiting bodies collected in
the tropical forests of Colombia, in the departments of Antioquia and
Caldas, and determined by the Laboratory of Taxonomy and Ecology
of Fungi of the University of Antioquia, Colombia. The vouchers were
deposited at the “Herbario Universidad de Antioquia” (HUA). Tissue
cultures were made on Malt Agar and incubated at 20-22 °C. Once
mycelia were obtained, the cultures were maintained at 4 °C (Table 1).

Dyes and chemicals

Azure B and Coomassie blue were purchased from Sigma. All
other chemicals were of analytical grade.
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Table. 1. — Decolourisation capacity of autochthonous WRF strains isolated from
the Colombian tropical forest.

M 1: Malt Extract Agar added with 200 mg L™ dye; M 2: with 400 mg L™ dye. 0: no
decolourisation, +: around 50% decolourisation, ++: total decolourisation after 15
days of growth. The strains were identified by a code number originating respec-
tively from, THC (Laboratory of Taxonomy and Ecology of Fungi) and, HMC
(Group Biodegradation and Bioconversion of polymers BIOPOLIMER).

Strains Decolourisation scale Origin of the strain
Azure B Blue C
M1 M2 M1 M2

Pycnoporus sanguineus HCM3 0 ++ + Decaying wood
Pleurotus sp HCM4 + 0 ++ + Decaying wood
Lentinus crinitus HCM5 ++ + ++ o+t Decaying wood
Oudemansiella canarii HCM8 ++ + ++ + Decaying wood
Lepista subisabellina HCM9 0 0 Litter
Psathyrella sp HCM11 0 0 Trunk of Living Tree
Lentinus crinitus HCM14 ++ + ++ + Decaying wood
Collybia plectophyla HCM16 0 0 0 0 Trunk of Living tree
Lentinus swartzit HCM19 ++ + ++ + Decaying wood
Gyrodon exiguus HCM23 0 0 0 0  Trunk of Living Tree
Mycobonia flava HCM30 0 0 0 0 Decaying wood
Collybia ompholodes HCM32 0 0 0 0 Trunk of Living tree
Dictyopanus pusillus THC18 0 0 + + Wood
Psilocybe sp THC19 0 0 0 0 Dung
Auricularia auricula THC4 0 0 ++ + Decaying wood
Auricularia fuscosuccinea THC3 0 0 ++ + Decaying wood
Ganoderma stipitatum THC16 ++ o+t Wood
Pleurotus djamor HCM33 + 0 ++ + Wood
Trametes sp THC17 0 0 ++ Wood

Dyes decolourisation in microplates

Tests were performed in CELLSTARY); microplates with 24
wells of 2 mL, per fungus. Twelve wells for Azure B and the other
twelve wells for Coomassie Blue were used at concentrations of
200 mg L™ and 400 mg L (six wells per concentration) included in
malt extract agar media. Only four of each six wells, containing the
solidified medium, were inoculated with one plug (2 mm diameter) of
actively growing mycelium, the other two wells served as blank. The
experience was repeated with addition of MnSO,4 100 pM. Decolour-
isation activity on solid media was estimated by measuring the
radial growth of the mycelium and the colour change of the agar. The
wells were maintained at 26 °C.
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Submerged cultivation

The basal medium of cultivation buffered at pH 5 contained,
glucose (10 g L™Y), yeast extract (5 mg L"), potassium dihydrogeno-
phosphate (1 g L) and 0.2 mM veratrylic alcohol (VA). This medium
was respectively added with 0.2 g L™' of ammonium tartrate for
preparation of the low nitrogen level medium (LNLM), and 2 g L ™! of
ammonium tartrate for the high nitrogen level medium (HNLM,;
Jaouani et al. 2003).

The cultures were performed in 125-mL-Erlenmeyer-flasks with
50 mL of medium containing Azure B or Coomassie Blue at final
concentration of 200 mg L~!. The flasks were inoculated with 4 plugs
(b mm diameter) of active mycelium recently replicated on malt
extract agar. The experiments were carried out at 30 °C in an orbital
shaker operated at 150 rpm. Decolourisation of the liquid medium
was measured in the filtrate after removing the mycelium on 0.22 pm
glass fibres filter, and monitored by a Lambda 25 Perkin Elmer
spectrophotometer at the maximum visible wavelength of absor-
bance of 595 nm for Coomassie blue and 648 nm for Azure B. Non-
inoculated flasks served as control.

Enzyme assays

Lignin peroxidase (LiP): For measuring LiP activity, 200 uL to
400 pL of extracellular fluid were poured in a 1 mL quartz cell and
mixed with 0.15 M sodium tartrate buffer (pH = 3) to obtain a final
volume of 800 pL. 50 pL of 10 mM veratrylic alcohol (VA) was added
just before the addition of 50 pl of freshly diluted HyO5 (1/1000 (v/v)
to start the reaction. Absorbance vs. time was measured at 30 °C at
A =310 nm. One unit of enzyme activity was defined as the amount of
enzyme oxidising 1 pmol of VA min (Paszczynski et al. 1986).

Manganese peroxidase (MnP): MnP was measured at 30 °C by
monitoring oxidation of 0.1 mM vanillylacetone, in 100 mM sodium
tartrate buffer (pH 5.0) added with 0.1 mM MnSO, and 50 mM H,0,
with a final volume of 1 mL. Decrease of absorbance was monitored
at 336 nm in the presence of the enzyme (Paszczynski et al. 1986).
One unit of enzymatic activity was defined as the amount of enzyme
catalysing oxidation of 1 pmol of substrate per minute. Activities in
the absence of H;0, were subtracted from the values obtained in the
presence of hydrogen peroxide to establish the true peroxidase
activity.

Laccase: The enzyme activity was determined by monitoring the
Aj20 nm change related to the rate of oxidation of 1mM 2,2_-azino-
bis-(3-ethylthiazoline-6-sulfonate) (ABTS) in 50mM Na-acetate buf-
fer (pH 5) in the presence of 1,000 units of catalase (Boehringer) to
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destroy any trace of endogenous H,O,. Assays were performed in
1-mL quartz cell at 20 + 1 °C with 50 pL of culture supernatant. One
unit activity was defined as the amount of enzyme, catalysing the
oxidation of 1 pmol of ABTS per minute.

The experiments were performed at least twice using three
replicates. The data presented in the tables corresponded to mean
values with a standard error less than 7 %.

Enzyme induction

Enzyme induction was studied using the LNLM medium sup-
plemented with 150 uM CuSOy, 100 uM MnSO, or 500 mM ethanol as
previously described (Jaouani et al. 2005). The inducers were added
at day four of cultivation. The enzymatic activities of MnP and lac-
case were monitored every day for 20 days.

Results and Discussion

Sample screening

A collection of nineteen WRF strains was screened for growth
and decolourisation on agar microplates containing 200 and 400 mg
L' Coomassie Blue or Azure B, added to malt extract agar (Table 1).
Among the fungi tested, Ganoderma stipitatum (Murrill) Murrill,
two strains of Lentinus crinitus (Fr.) Fr, Lentinus swartzii Berk and
Oudemansiella canarii (Jungh.) Hohn, were able to decolourise the
dyes at both concentrations within 15 days. Three other strains,
Pycnoporus sanguineus, Pleurotus sp., and Pleurotus djamor, deco-
lourised Coomassie Blue at both concentrations but only the lowest
concentration of Azure B. Trametes sp., Dictyopanus pusillus, Aur-
icularia auricularia and Awuricularia fuscosuccinea decolourised
Coomassie Blue only.

Dye structure has an important effect on the decolourisation
ability of fungi; relatively low chemical differences lead to sig-
nificant variations on the extent or rate of decolourisation (Vanhulle
et al. 2007, D’Souza et al. 2006). In general, Azure B exhibited
decolourisation resistance, even for that Ganoderma sp. that could
decolourise the dyes in less time. This dye is mainly degraded by LiP,
and more slowly by MnP and Laccase (Archibald 1992). Submerged
culture experiments (reported below) verified that strains selected
from agar plate test for their ligninases activities exhibited MnP and
laccase activities, but no LiP.

The seven other strains, Lepista subisabellina, Psathyrella sp.,
Collybia plectophyla, Gyrodon exiguous, Mycobonia flava, Collybia
ompholodes and Psilocybe sp, did not decolourise Coomassie Blue or
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Azure B, in spite of abundant mycelial colonization of the media.
The addition of MnSO, had apparently no significant effect on
decolourisation, except for inhibition of Coomassie Blue decolour-
isation in the case of Dictyopanus pusillus (data not shown). Non-
inoculated controls did not display any decolourisation. In general, it
appeared that the most active strains were isolated from wood and
decaying wood. With the exception of Mycobonia flava, all non-
decolourising strains originated from living tree trunks, litter or
dung. From tests on microplates it can be concluded that fungi
growing in decomposed wood, may be potential producers of lig-
ninolytic enzymes.

Decolourisation and enzyme production in submerged cultivation.

Ten strains, representing the four tendencies on solid media as
described above, were selected for a study of decolourisation studies
in liquid culture containing 200 mg L' of Azure B or Coomassie
Blue. A comparison of decolourisation performances was made
between the strains cultivated in the LNLM and HNLM media in the
presence of dye (not illustrated). Only notable decolourisation was
observed in the LNLM which corroborates previous observations of
Jaouani et al. (2003) with strains degrading polyphenols The WRF
strains producing higher decolourisation were Lentinus swartzii,
Lentinus crinitus, Ganoderma stipitatum, and Oudemansiella
canarii as illustrated for Coomassie blue. In general, WRF pre-
dominantly colonizing dead or living wood, are organisms reputed to
degrade lignin and producing efficiently lignolytic enzymes under
low nitrogen natural conditions (Kirk et al. 1978: Eriksson & Kirk
1985, Wong & Yu 1999). For the present study the selected fungi were
collected from decaying wood.

In submerse cultures we observed that 5 days after addition of
dye, Ganoderma stipitatum produced the highest enzymatic activ-
ities (Laccase and MnP - Fig. 1). A good correlation was also
observed between dye elimination and enzymatic activities (Table 2).
This result indicated that Laccase and MnP could be actively
involved in dye decolourisation as shown for other strains (Wesen-
berg et al. 2003). Lignin peroxidase was never detected in the
experienced situations. However, this does not preclude the inter-
vention in decolourisation of other type of enzymes produced by
WRF, as for example cellobiose quinone oxidoreductase (Van Hulle et
al. 2007).

Enzyme Induction

Ganoderma stipitatum, Lentinus crinitus and Lentinus swartzii,
were selected for their high production of MnP and laccase, and were
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Fig. 1. Laccase activity (U L) of strains in presence of 200 mg L-1 Coomassie blue
under submerged cultivation on LNLM. (-l-) Ganoderma stipitatum, (-[1-) Len-
tinus crinitus, (-A-) Lentinus swartsii, (-V¥-) Oudiemansiella canarii, (—€¢-)
Pleurotus djamor.

used for further induction experiments. Highest increase of enzyme
production after three weeks of cultivation was generally observed in
the presence of Cu®*, followed by ethanol and Mn®* (Figs. 2 a—c). In
the case of Lentinus swartzii, laccase reached a level of around 3100
U L after 20 days of cultivation in the presence of 150 pM Cu?*; this
is compared to a basal production level of 170 U L™ (Fig. 2a). As a
general rule, five to ten fold induction values were observed for both
laccase and MnP. Copper showed a better inducing effect for laccase
and MnP production in the three strains. Mn** was not apparently a
good inducer for MnP or LiP. Urek & Pazarlioglu (2005) and Pappi-
nuti et al. (2006) reported a stimulating effect for the production of
MnP by Phanerochaete chrysosporium and Fomes sclerodermeus,
with relatively low Mn>* concentrations (between 10 to 174 pM). In
our study the concentration of Mn?" was 100 puM. However, no
inductive effect on MnP production could be observed. Collins &
Dobson (1996) reported high MnP activities when liquid cultures of
the white-rot fungus versicolor Trametes were supplemented with
600 pM Mn?**. Also Steffen et al. (2002) showed the stimulating effect
of 200 pM Mn>** on the removal of anthracene and pyrene by litter-
decomposing fungi. This highlight the necessity to study more in
detail the effect of manganese on MnP in a wider range of con-
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centrations, in order to observe the real effect of Mn®* on production
of MnP by our fungi strains. As a general rule, requirement for
manganese in the culture medium to increase MnP activity is a
common characteristic among most of the white-rot fungi (Bon-
narme & Jeffries 1990).It has been demonstrated that Mn** regulates
the expression of the mnp gene in Phanerochaete chrysosporium
(Brown et al. 1990). Yet, the level of manganese may be specific for
each species.

Some dyes were found to induce laccase to different extent in
fungi (D’Souza et al. 2006, Vanhulle et al. 2007; Sanchez-Lopez et al.
2008). This was also observed here, but studied only for Coomassie
blue (Fig. 1). In the register of potential organic inducers we focused
on ethanol. In fact, ethanol was identified as having positive indu-
cing effects on laccase production in different fungal strains, for
example by Trametes versicolor and P cinnabarinus growing in
submerged cultures (Lee et al. 1999, Lomascolo et al. 2003, Meza et
al. 2005, Jaouani et al. 2005). Ethanol may favour protein excretion,
by increasing membrane permeability and can also serve as carbon
source for fungi (Lomascolo et al. 2003). On the other hand the
ethanol addition may induce enzyme production indirectly, by caus-
ing oxidative stress (Meza et al. 2005). It was also advocated as a
useful inducer for industrial enzyme production because of its
abundance, cheapness and low toxicity.

Ethanol was also found to induce significantly laccase in Lenti-
nus swartzii, Lentinus crinitus and Ganoderma stipitatum (Fig. 2).
Very similar MnP activity was reached for Lentinus swartzii with
ethanol or Cu®* (Fig. 2a). Nevertheless, an inhibitory effect of the
ethanol could be observed at high concentration. Beyond a threshold,
the growth of the biomass become undetectable and no enzyme were
produced.

In more detailed experiments, four concentrations of CuSOQy,
ranging between 150-750 pM were tested for laccase and MnP
induction in submerged cultures. The experiments (Figs. 3 and 4)
showed that Lentinus swartsi was the most effective producer,
attaining 11,650 U L' of laccase and 2,639 U L' of MnP. in the
presence of 550 uM Cu®*. Concentrations of 750 uM Cu®* and higher
altered enzyme production. A significant reduction of cell growth
with a substantial decrease in laccase and MnP activity were also
observed at these concentrations.

Copper as a micronutrient has a key role as metal activator for
several fungal enzymes including laccases. It has been reported by
several authors that copper activate laccase transcription but also
increase catalytic activity and stability of the enzyme (Palmieri et al.
2000, Baldrian 2003.). Indeed, although the presence of copper in the
catalytic center of the enzyme has been known for a very long time,
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the important regulatory role of copper in laccase production has
been only addressed in the last ten years (Collins & Dobson 1997,
Chen et al. 2003).

Maximal laccase production obtained for the strains investi-
gated without inducers was around 100-200 U L' and remained
stable for at least 20 days (Table 2). Higher peak levels were obtained
in the presence of the different potential inducers, not only with
copper. This could indicate that copper and others inducers used
here may have a true inducing effect and are not only related to
catalytic activation and stabilization of the enzyme.

13000 -
12000 -
11000 -
10000 -
9000 -
8000
7000 4
6000
5000 4
4000 -
3000
2000
1000
0 g T g T T T v T T T T T v 1
100 200 300 400 500 600 700 800
Copper Concentration uM

Laccase Activity U L™

Fig. 3. Laccase production by (-ll-) Ganoderma stipitatum, (—e—) Lentinus crinitus,
(—-A-) Lentinus swartsii, at different Cu®>* concentrations under submerged culti-
vation at 30 °C and 20*® day of cultivation.

Although it is not a common fact that MnP is induced by a metal
different from Mn?*, it has already been shown that in Stereum hir-
sutum, Cd?** induces the synthesis of this enzyme (Baldrian et al.
1996). As a mater of fact, records about heavy metals effects on other
ligninolytic enzymes are scarce. In T trogii, addition of copper
increased the activities of Mn-peroxidase and glyoxal oxidase, as
well as the decolourisation of the polymeric dye Poly R-478. Highest
enzyme activities and decolourisation rate was obtained with 1.6 mM
Cu®*, the highest concentration tested (Levin et al. 2002).

As a conclusion, the use of dyes has proven to be a practical
method for selection of microorganisms potentially producing lig-

175



2800

2400

2000

1600 -

1200 -

8004 4

MnP Activity U L

400 -

0 T T T d T d T d T ¥ T ¥ 1

100 200 300 400 500 600 700 800
Copper Concentration yM

Fig. 4. Manganese peroxidase production by (-M-) Ganoderma stipitatum, (—e-)

Lentinus crinitus, (-A-) Lentinus swartsii, at different Cu?* concentrations under
submerged cultivation at 30 °C and 20™* day of cultivation.

ninolytic enzymes. Following this approach, we focused our effort on
three autochthonous strains, Ganoderma stipitatum, Lentinus crini-
tus and Lentinus swartzii that demonstrated important activities.
These fungi were also the most efficient in the microplates tests for
decolourisation of both. Coomasie Blue and Azure B. Moreover,
Laccase production correlated with dye decolourisation. In similar
way, in the test made by Pointing and Vrijmoed (2000) laccase
showed to be efficient in the decolourisation of several dyes; partial
decolourisation of two azo dyes (Orange G and Amaranth) and
complete decolourisation of two triphenylmethane dyes (Bromophe-

Table 2. — Correlation between Laccase and MnP activities produced by different
strains and the residual colour five days after dye addition. Initial concentration of
Coomassie Blue was 200 mg L' No decolourisation was observed in blank
experiment without strain.

Strain Enzyme activity [U L] Residual colour [%]
Laccase Mn peroxidase

Pleurotus djamor 2 38 52

Oudiemansiella canarii 13 115 30

Lentinus swartzi 60 200 27

Lentinus crinitus 112 208 22

Ganoderma stipitatum 110 312 18
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nol blue and Malachite green) was achieved by cultures in sub-
merged liquid culture producing laccase as the sole phenoloxidase.

Little research attention has been paid until now for ligninolytic
enzymes produced by Ganoderma spp. and Lentinus spp. (Hatvani &
Mecs 2001; Songulashvili et al. 2007).

Several papers reported production of high laccase activity with
other strains, however often using elaborate growth media, com-
prising quite expensive additives including vitamins, mix of several
inducers, etc. (Chen et al. 2003, Baldrian 2004; Madhavi & Lele 2006;
Lorenzo et al. 2006, Minussi et al. 2007). Here we have obtained
comparably high laccase activity with the selected strains, while
growing on a basal media with only one inducer. This could con-
stitute a serious advantage in terms of competition for industrial
applications. To our knowledge, this is also the first report of deco-
lourisation and laccase and MnP production, specifically by Gano-
derma stipitatum, Lentinus swartzii and Lentinus crinitus. In con-
clusion, these strains represent promising axes for biotechnological
applications. Their description also highlights the advantage of the
screening previously unexploited environments and could constitute
a good incentive for better protection of fungal biodiversity.
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