SCREENING FOR LIGNOCELLULOLYTIC ENZYMES AND METAL
TOLERANCE IN ISOLATES OF WOOD-ROT FUNGI FROM CHILE
Yudith Guillén, Götz Palfner and Ángela Machuca

SUMMARY
Wood-rot fungi have been shown to be powerful agents in
many biotechnological processes. However, there may be great
inter- and intra-specific variability in their performance. Consequently, it is not only important to screen a broad range of
species but also different isolates of the same species in order
to obtain strains with specific biotechnological profiles. In this
study, the presence of wood-rot fungi was monitored in Southern-Central Chile and the biotechnological potential of the
isolates was analyzed by determining lignocellulolytic enzymes
and tolerance to metal ions (Cu and Cd) in solid medium. Seventy-one strains were isolated from cultures of a total of 144
basidiomes collected from wood substrates and 59 species of

18 different genera were identified, of which four are first records for Chile: Antrodia xantha, Gloeophyllum abietinum, G.
protractum and Stereum rameale. Cellulase and xylanase activity were detected in all strains and 20 strains showed significant ligninolytic activity. The great majority of the strains
showed tolerance to 3mM Cu in solid medium, but were inhibited by 1mM Cd. In contrast, some strains of the white-rot
fungi Ganoderma australe, Stereum hirsutum and Trametes
versicolor presented high lignocellulolytic potential combined
with metal tolerance. Possible applications of these strains in
biodegradation or bioremediation processes are discussed.

Introduction

tion of soils, industrial eff luents and preserved wood
that have been discarded as
waste (Pointing, 2001; Bald r ia n , 20 03; I l l m a n a nd
Yang, 2004; Fer raz et al.,
20 08; G a o e t al ., 2010;
Dashtban et al., 2010).
Chile possesses large areas of forest plantations and
is among the main exporting
nations of wood products,
especially pulp and paper.
The international market increasingly demands the use
of environmentally friendly
tech n iques, especially i n
processes like cellulose production. Many studies on the
deg rad at ive proper t ies of
wood-rot t i ng f u ng i have
been performed using model
organisms such as the whiterot f u ng i Phanerochaete
spp., Trametes spp. or Pleurotu s spp. However, it is

W he r e a s i n t he pa st
wood-rot f u ngi have been
m a i n ly c on side r e d a s a n
economic threat for causing
substantial losses of wood
a nd wo o d pro duct s , t hey
have since been rediscovered as powerful agents in
biotechnological processes.
T he bio che m ica l me ch anisms responsible for their
lignocellulolytic capacities
are the main focus of current st udies which aim at
their application in solving
technological and environmental problems, par ticularly in the paper industry
( Fer ra z et al., 20 08), a nd
the bioremediation of contaminated soils and indust r ia l wa st e s ( Ro d r íg uezC out o a nd To c o -He r re r a ,
20 0 6; G a o e t al ., 2010;

Magan et al., 2010). When
the fungi attack the wood, a
range of degradative extracellular, enzymatic and nonenzymatic activities are produced which chemically and
mor pholog ically alter t he
substrate, resulting in three
mai n t y pes of rot: wh ite,
brown and soft (Blanchette,
1995). D e p e nd i ng on t he
type, wood-rot fungi secrete
a bat ter y of en z y mes and
low-molecular weight agents
that cause depolymerization
of cellulose and hemicelluloses as well as fragmentat ion of l ig n i n ( K i rk a nd
Cullen, 1998). This en z ym at ic p ot e nt ia l , t oget he r
w it h t ole r a nce t o met a ls
that some wood-rot f u ngi
can develop, has been used
in research related to metal
biosorption, biopulping, biobleaching and bioremedia-

also i mpor t ant to st udy a
broad range of fungal species a nd st rai ns f rom t he
sa me geog r aph ical a rea ,
where these could be applied
in the future, given that locally distributed taxa may
show enhanced performance,
having adapted to local climate a nd subst r ate t y pes
(Atagana, 2004; D’Annibale
et al., 2006). Moreover, legal
restrictions on the use of allochthonous microorganisms
in natural environments may
impede their biotechnological applicat ion i n some
count r ies (Matheus et al.,
20 0 0). I n t h is context, it
must be emphasi zed t hat
Ch ilea n mycobiot a , espe cially their lignocellulolytic
capacit ies, have not been
studied in depth despite their
economic impor tance, and
few st udies on biotech no-
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DETERMINACIÓN DE ENZIMAS LIGNOCELULOLÍTICAS Y TOLERANCIA A METALES EN CEPAS DE HONGOS
PUDRIDORES DE MADERA DE CHILE
Yudith Guillén, Götz Palfner y Ángela Machuca
RESUMEN
El enorme potencial de los hongos pudridores de madera
en muchos procesos biotecnológicos ha sido demostrado. Sin
embargo, éstos pueden presentar grandes variaciones inter- e
intraespecíficas en su desempeño. Así, cuando se desea obtener
especies fúngicas para usos biotecnológicos específicos, es necesario analizar no sólo una amplia variedad de especies, sino
también diferentes cepas de una misma especie. En este estudio fue investigada la presencia de hongos pudridores de madera en una región del centro-sur de Chile, y su potencial biotecnológico fue evaluado a través de la detección de enzimas
lignocelulolíticas y de la tolerancia a iones metálicos como
Cu y Cd, en medio de cultivo sólido. De los 144 basidiomas
recolectados a partir de sustratos leñosos fueron obtenidos 71

cultivos puros y de éstos, 59 especies de 18 géneros diferentes
fueron identificadas, de las cuales cuatro son informadas por
primera vez en Chile: Antrodia xantha, Gloeophyllum abietinum, G. protractum y Stereum rameale. Se detectó actividad
de celulasa y xilanasa en todas las cepas fúngicas y sólo 20
mostraron una significativa actividad ligninolítica. La mayoría
de las cepas fue tolerante a 3mM Cu, pero fueron inhibidas
por 1mM Cd. Algunas cepas de los hongos de pudrición blanca Ganoderma australe, Stereum hirsutum y Trametes versicolor presentaron un eficiente potencial lignocelulolítico combinado con una alta tolerancia a metales. Se discuten posibles
aplicaciones de estas cepas en procesos de biodegradación o
bioremediación.

DETERMINAÇÃO DE ENZIMAS LIGNOCELULOLÍTICAS E TOLERÂNCIA A METAIS EM ISOLADOS DE FUNGOS
DA DECOMPOSIÇÃO DA MADEIRA DE CHILE
Yudith Guillén, Götz Palfner e Ángela Machuca
RESUMO
O enorme potencial dos fungos da decomposição da madeira em uma variedade de processos biotecnológicos tem sido demonstrado. Contudo, tais fungos podem apresentar uma grande
variabilidade inter- e intraespecífica no seu desempenho. Assim,
quando se deseja obter especies fúngicas com fins biotecnológicos específicos, é necessario analisar não somente uma ampla variedade de especies, senão também diferentes isolados de
uma mesma especie. No presente estudo, a presença de fungos
da decomposição da madeira foi pesquisada numa região do
centro-sul do Chile, e seu potencial biotecnológico foi avaliado
mediante a detecção das enzimas lignocelulolíticas e da tolerância a íons metálicos tais como Cu e Cd, em meio de cultura
sólido. Dos 144 basidiocarpos recoletados a partir de sustratos

logical potential of native
fungi exist (Donoso et al.,
20 08; Mendonça et al.,
2008; Tortella et al., 2008;
Rubilar et al., 2011; Acevedo
et al., 2010, 2011). For this
reason, the aim of the present study was to isolate and
identify wood-rot fungi (Basidiomycota) from SouthernCentral Chile and determine
their lignocellulolytic capacity. To this end, pure mycelial cultures of the basidiomes collected in the field
were subjected to different
qualitative enzyme assays in
solid medium to detect hydrolytic and ligninolytic enzymes (Gramms et al., 1998;

Pointing, 1999; Kjoller et
al., 2000). These assays also
enable corroboration of the
type of wood rot caused by
some species of xylophagous
fungi, mainly the traditional
Bavendamm test (with tannic or gallic acid), used for
many years to distinguish
between white- and brownrot fungi based on the presence or absence of phenoloxidase production, respect ively ( K ä ä r i k , 1965). I n
addition, the effect of Cu
a nd Cd ions on mycelial
growth rates in solid medium was analyzed in order to
select strains with biotechnological potential to be used
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lenhosos, 71 cultivos puros foram obtidos e desses, 59 especies
de 18 géneros diferentes foram identificadas, das quais quatro são descritas pela primeira vez no Chile: Antrodia xantha,
Gloeophyllum abietinum, G. protractum e Stereum rameale. As
atividades de celulase e xilanase foram detectadas em todos os
isolados fúngicos e somente 20 mostraram uma significativa atividade ligninolítica. A maioría dos isolados foi tolerante a 3mM
Cu, mas foi inibida por 1mM de Cd. Alguns isolados dos fungos
da decomposição branca Ganoderma australe, Stereum hirsutum
e Trametes versicolor apresentaram um eficiente potencial lignocelulolítico junto com uma elevada tolerancia a metais. Discutese a respeito das possíveis aplicações desses isolados em processos de biodegradação ou biorremediação.

in the bioremediation of substrates and/or environments
contaminated with metals.
Materials and Methods
Study area
Basidiomes from wood-rot
fungi were collected between
lat it udes 36º a nd 38 º S i n
Southern Central Chile, in
d if ferent locat ions i n t he
Provi nces of Concepción,
Bío-Bío and Ñuble (Figure
1). The climate of the region
is Mediterranean with a dry,
hot summer that can last up
to four months, contrasted
by a rainy and cool winter

(Hoffmann, 1998). Most fungal species tested were collected in native forests domi nated by sout her n beech
(Nothofagus spp.) and sclerophyllous trees of the Myrt ales a nd Lau rales orders
(Table I). Other species were
collected from commercial
pla nt at ions, on liv i ng or
dead wood of Pinus radiata
D. Don, Eucalyptus globulus
Labill and E. nitens Maiden.
Samples were collected from
substrates including standing
or uprooted stems a nd /or
wood structures at different
stages of decomposition, bet ween aut u m n a nd spr i ng
2004 and 2005.
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Isolation and
identification of
wood-rot fungi

months. Growth was
deter m i ned by measu r i ng t he radius of
the mycelial colonies
at various time intervals. Growth rates for
e a ch f u nga l st r a i n
were calculated from
the respective growth
curves and expressed
i n m m /d ay (G u i l lé n
and Machuca, 2008).
T he a s s ay wa s p e rfor me d w it h t h r e e
r e pl icat e s for e a ch
isolated strain with its
r e s p e ct ive c ont rol
(MEA medium without metal).

P u r e myc el i a l
cu lt u res were ob tained under asept ic
c o n d it io n s ,
placing small fragments or spores of
the basidiomes collected on malt extract agar medium
prepa red w it h 2%
(w/v) malt ext ract
( F l u k a) a n d 2%
(w/v) agar (Merck).
Pe t r i d i she s we r e
incubated at 24
±1º C i n t h e d a r k
Results and
and af ter var iable
Discussion
incubation periods
the axenic cultures Figure 1. Map of VIIIth Region (southern-central) Chile, showing the location of the collecMany studies related
were transferred to tion sites. 1: Concepción, UDEC university campus (36º49'), 2: La Cantera and el Guindo
test tubes with 2% Forest (36º52'), 3: San Ignacio Estate, Quilacoya, Hualqui (37º03'), 4: Concepción center to wood-rot fungi have
(36º47'), 5: Tumbes Park, Talcahuano (36º38'), 6: Jorge Alessandri Park, route to Coronel
M E A a n d ke p t (37º02'), 7: Los Ángeles, UDEC university campus (37º27'), 8: San Lorenzo Estate, Santa been conducted with
c on st a nt ly at 3º C Bárbara (37º29'), 9: Saltos del Laja Park, Laja (37º09'), 10: Los Patos Sector, Nacimiento d if ferent biotech no logical goals, but the
i n t he Labor ator y (37º26'), 11: Collanmahuida Park, Florida (36º33').
vast majority of these
of Fu ngi Biotechstudies have been pernology at the Uniformed with a limited
ve r sid a d d e C o n number of well-known func e p c ió n , C a m p u s L o s
Detection of
cocos ATCC 62778 a nd
gal species a nd st r ai ns,
Á n gele s , C h i le. Fu r t h e rlignocellulolytic enzymes
Gloeophyllum
t rabe um
mainly white-rot. While this
more, the respective basidiATCC 11539 and white-rot
concept of model organisms
ome s we r e ove n - d r ie d at
The qualitative assays for
f u ngi Trametes versicolor
makes sense for basic re 40-50ºC for 48h and deposdetection of lignocellulolytic
DEBIQ and Ganoderma aussearch, studies of specif ic
ited as voucher material in
enzymatic activity in mycetrale A464, cultivated under
properties for future use in
the Fungi Collection of the
lial fungi culture were perconditions similar to those
defined geographical areas
Herbarium of the Universifor med i n solid med iu m.
of the native strains, were
may require the use of local
dad de Concepción (CONCThe substrates were added to
used as references i n t he
taxa adapted to site-specific
F). Classification of genera
0.1% M EA ( pH 4.5) af ter
lignocellulolytic enzyme declimates, substrates and othand species was performed
ster ili zat ion, i n d if ferent
tection assays.
er va r iables. I n Ch ile, a
according to the techniques
concent r at ions (w/v): 2%
country with abundant funs u g ge s t e d by Ry v a r d e n
ca rboxy met hylcellulose
Effect of Cu and Cd on
gal diversity, extensive areas
(1987 ) a n d R ajc h e n b e r g
(CMC), 2% xyla n f rom
growth rate
of native forests and forest
(2 0 0 6 ). Fo r m ic r o s c o py,
birchwood, 0.01% guaiacol,
plantations (Conaf-Conamahand-cut sections of speci0.04% Rema zol Br illia nt
In order to evaluate the
Birf, 1999a, b; Mujica et al.,
m e n s we r e m o u nt e d i n
Blue R (R-BBR), 0.02% Poly
effect of metal ions on the
1980), few studies on native
3 -5% KOH a n d s t a i n e d
R-478 and 0.5% tannic acid,
growth of fungal strains, Cu
mycobiota exist. Within this
with Melzer’s reagent and
following Pointing’s methodor Cd was added to the 2%
context, the aim of the pres1% p h lox i n e. S o u r c e s of
ology (1999). Two 7mm-diMEA (pH 4.5) medium as
ent work was to study the
identification keys and speameter disks obtained from
solid salts (CuSO 4 .5H 2 O or
en z y mat ic act iv it y a nd
cies descriptions were the
the active g row th zone of
CdSO 4.8H 2O) after sterilizaheavy metal tolerance of enpublications by Wright and
each f ungal st rain cult ure
tion when the medium had
dem ic t a xa li ke AnthraDeschamps (1972), Hora k
were placed equidistantly at
reached an appropriate temcophyllum discolor a nd
(19 79), B r e it e n b a ch a n d
opposing edges of a Pet r i
perature, to final concentraBondarzewia guaitecasensis
Kränzlin (1986), Ryvarden
dish. The dishes were incut ion s of 3m M a nd 1m M ,
( Wr ig ht a nd Descha mps,
(1987, 19 91), B e r n ic c h i a
bated in the dark at 24 ±1ºC
respe ct ively. Pet r i d ishes
1972; Lazo, 2001), as well as
(2 0 05 ) a n d R ajc h e n b e r g
for 10 d ays, a per iod i n
(9cm diameter) containing
to test different strains of
(2006). Some of the basidiwhich the enzymatic activity
MEA medium with or withcosmopolitan species li ke
o m e s we r e c o m p a r e d t o
could be seen by the formaout metal ions were inocuTrametes versicolor or Stemater ial de posited i n t he
tion of coloration or discollated in the center with a
reum hirsutum for intraspehe r ba r iu m at t he Pat ago oration halos in the media
7mm diameter disk obtained
cific variability of properties
nian Andes Forest Research
containing the different enfrom the stock cultures and
that are of particular interest
and Extension Center (CIEz y mat ic i nd icators. T he
incubated in the dark at 24
for t he biodeg r a d at ion or
FAP), Esquel, Argentina.
brown-rot fungi Wolfiporia
±1ºC for a maximum of two
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TABLE I
COLLECTIONS OF BASIDIOMES OF WOOD-ROTTING FUNGI FROM DIFFERENT SUBSTRATES
AND SITES IN SOUTHERN-CENTRAL CHILE
Species

Strain No

Herbary Code

Site

Agrocybe sp.
Anthracophyllum discolor (Mont.) Singer
Antrodia xantha (Fr.) Ryvarden *
Bjerkandera adusta (Willd. ex Fr.) Karst
B. adusta
B. adusta
B. adusta
Bondarzewia guaitecasensis (Henn.) J.E. Wright apud Singer
Clitocybula dusenii (Bresadola) Singer
Flammulina velutipes (Curtis) Singer
F. velutipes
F. velutipes
Ganoderma australe (Fr.) Pat.
G. australe
G. australe
G. australe
G. australe
G. australe
G. australe
Gloeophyllum abietinum (Fr.) P. Karst*
G. protractum (Fr.) Imaz.*
Gloeophyllum sp.
Gymnopilus spectabilis (Fr.) Smith
G. spectabilis
Lenzites betulina (Fr.) Fr.
L. betulina
L. betulina
L. betulina
L. betulina
L. betulina
L. betulina
Paxillus panuoides (Fr.) Fr.
Phellinus sp.
Phellinus sp.
Pleurotus ostreatus (Jacq. ex Fr.) Kumm
P. ostreatus
Schizophyllum commune Fr.
Serpula lacrymans (Wulfen) Karst.
Stereum hirsutum (Willd.) Gray
S. hirsutum
S. hirsutum
S. hirsutum
S. hirsutum
S. hirsutum
S. hirsutum
S. hirsutum
S. hirsutum
S. hirsutum
S. hirsutum
Stereum rameale (Pers.: Fr.) Burt*
Trametes versicolor (L.) Pilát
T. versicolor
T. versicolor
T. versicolor
T. versicolor
T. versicolor
T. versicolor
T. versicolor
T. versicolor

97
18
139
30
62
119
122
140
144
95
98
117
28
64
86
87
100
105
142
132
31
8
137
138
20
22
27
34
67
111
131
83
17
42
91
92
25
141
9
10
15
19
69
72
89
99
108
113
125
71
1
7
12
24
38
73
81
88
110

CONC-F0489
CONC-F0455
CONC-F0509
CONC-F0463
CONC-F0470
CONC-F0499
CONC-F0500
CONC-F0510
CONC-F0514
CONC-F0488
CONC-F0490
CONC-F0498
CONC-F0462
CONC-F0471
CONC-F0480
CONC-F0481
CONC-F0492
CONC-F0493
CONC-F0512
CONC-F0504
CONC-F0464
CONC-F0447
CONC-F0507
CONC-F0508
CONC-F0457
CONC-F0458
CONC-F0461
CONC-F0465
CONC-F0472
CONC-F0496
CONC-F0503
CONC-F0479
CONC-F0454
CONC-F0468
CONC-F0485
CONC-F0485
CONC-F0460
CONC-F0511
CONC-F0448
CONC-F0449
CONC-F0452
CONC-F0456
CONC-F0473
CONC-F0475
CONC-F0483
CONC-F0491
CONC-F0494
CONC-F0497
CONC-F0501
CONC-F0474
CONC-F0445
CONC-F0446
CONC-F0451
CONC-F0459
CONC-F0466
CONC-F0476
CONC-F0477
CONC-F0482
CONC-F0495

7
2
11
2
2
1
1
11
10
7
7
7
2
2
4
2
5
5
8
8
6
1
6
6
2
2
2
2
2
5
8
3
1
4
7
7
2
4
2
2
2
2
2
2
2
7
5
5
7
2
1
1
2
2
2
4
2
2
5

Substrate
Stem of Acer sp.
Unidentified log
Stump of Pinus radiata
Unidentified log
Log of Eucalyptus nitens
Stem of Liquidambar styraciflua
Stem of Fraxinus excelsior
Stem of Nothofagus obliqua
Log of Nothofagus obliqua
Stem of Acer sp.
Unidentified log
Stem of Acer sp.
Unidentified wood
Log of Eucalyptus nitens
Stem of Prunus armeniaca
Stem of Robinia pseudoacacia
Unidentified stump
Unidentified stump
Log of Nothofagus obliqua
Post of Cupressus sp.
Log of Pinus radiata
Stem of Prunus cerasifera
Stump of Pinus radiata
Stump of Pinus radiata
Branch of Acacia melanoxylon
Unidentified log
Unidentified log
Unidentified log
log of Acacia melanoxylon
Unidentified log
Branch of Persea lingue
Burnt log of Pinus radiate
Unidentified stump
Stem of Peumus boldus
Stem of Prunus cerasifera
Stem of Prunus cerasifera
Wood of Acacia melanoxylon
Wood of Pinus radiata
Unidentified branch
Stem of Eucalyptus nitens
Log of Acacia melanoxylon
Unidentified log
Bark of Eucalyptus nitens
Branch of Eucalyptus nitens
Unidentified log
Log of Acacia melanoxylon
Unidentified branch
Unidentified branch
Branch of Quercus palustris
Branch of Aextoxicon punctatum
Unidentified stump
Unidentified stump
Unidentified log
Log of Eucalyptus nitens
Unidentified log
Stem of Aristotelia chilensis
Unidentified log
Unidentified log
Unidentified log

1: Concepción, UDEC university campus; 2: La Cantera and el Guindo Forest (native forest and plantation); 3: San Ignacio Estate, Quilacoya, Hualqui
(plantation); 4: Concepción center; :5 Tumbes Park, Talcahuano (native forest and plantation); 6: Jorge Alessandri Park, route to Coronel (native forest and
plantation); 7: Los Ángeles, UDEC university campus; 8: San Lorenzo Estate, Santa Bárbara (native forest); 9: Saltos del Laja Park, Laja (native forest); 10:
Los Patos Sector, Nacimiento (native forest); 11: Collanmahuida Park, Florida (native forest).
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bioremediation of contaminated substrates.
A total of 144 collections
of basidiomes were t a ken
f rom a va r iet y of woody
substrates at different sites
in Southern-Central Chile.
Of these, 71 strains of pure
cultures were obtained and
59 species of 18 different
genera could be identified at
the species (55) or genus (4)
level (Table I). Most taxa
(78.9%) had aphyllophoroid
basidiomes; the rest (19.7%)
had agaricoid mor phology.
Stereum hirsutum, Trametes
versicolor, Ganoderma australe and Lenzites betulina
were t he most f requently
encountered species and provided several strains (Table
I ). O t her species wh ich
could be isolated more than
once were Bjerkandera adusta, Flammulina velutipes,
Gymnopilus spectabilis and
Pleurotus ostreatus. The remaining taxa were isolated
only once (Table I).
Among Chilean lignicolous mycobiota, t wo large
groups can be distinguished:
endemic fungi that colonize
similar endemic tree species
a nd a dvent ives, usu ally
widely distributed species
that have been established
with introduced trees. It has
been suggested that a balance bet ween both f u ngal
g roups may develop over
t i me ( But i n a nd Peredo,
1986). The present findings
extend t he list of k now n
Chilean wood-rot fungi by
four newly recorded species:
Antrodia xantha, Gloeophyllum abietinum, Gloeophyllum protractum and Stereum
rameale, all species of wide
geog r aph ic
d ist r ibut ion
(K rieglsteiner and Kaiser,
2000). Among these, A. xantha, which has also been reported in Argentina (Wright
a nd A lber tó, 20 06), is a
brown-rot species of reference in assays about the effectiveness of wood preservatives, due to its tolerance
to Cu (AWPA, 2004).
The enzymatic potential of
59 strains of identified genera and species was determined qualitatively in the
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MEA medium using different indicators (Table II). All
strains hydrolyzed carboxymethylcellulose (CMC) to a
g reater or lesser extent,
proving their ability to produce enzymes from cellulolytic complex. The majority
of the native strains (71%)
showed a strong positive react ion a nd t he remai nder
per for med on ly a pa r t ial
CMC hydrolysis. Among the
strains of B. adusta, G. australe, L. betulina, T. versicolor, a nd pa r t icula rly S .
hirsutum, differentiated responses in the hydrolysis of
CMC were observed (Table
II). With birchwood xylan as
the indicator substrate for
hemicellulolytic enzymes, all
strains presented a positive
reaction (Table II), with no
differences in the color intensity of the reaction zone,
but var ying in the size of
t he hyd rolysis halos. T he
reference st rai ns showed
similar positive cellulolytic
and hemicelluloly tic react ions, except W. cocos,
which reacted only moderately with CMC. The hydrolysis of CMC can be attributed not only to the production of endoglucanase-type
cellulases, but also to ß-glycosidases, whereas hydrolysis of xylan is usually perfor med by endoxyla nases
and ß-xylosidases (Pointing,
1999), providing good evidence t hat all t he f u ngal
strains analyzed can produce
various types of cellulolytic
a nd hem icelluloly t ic enzymes. The biotechnological
applications of these strains
or their fungal extracts with
hyd roly t ic act iv it y a re of
great interest in the textile,
detergent and food industries, as well as for bleaching processes in the paper
industry (Kuhad et al., 1997;
Bhat, 2000).
To detect ligninolytic enzymes different enzymatic
substrates were used, related
to the production of polyphenolox id ases, laccases,
peroxidases, lignin-peroxidases (LiP) or Mn-peroxidases (MnP). Most strains
demonstrated ability to oxi-

dize at least one of the subst rates assayed a nd on ly
eight strains did not oxidize
any of them (Table II). Of
these, six are species be long i ng to t he brow n-rot
fungi group, showing coherence w it h t he result s ob t ai ned w it h t he reference
brow n-rot f u ngi W. cocos
and G. t rabeum. Rema rkably, two of these strains are
of species belonging to the
wh ite -rot f u ngi g roup (F.
velutipes 98, S. rameale 71).
In addition, the strain of P.
panuoides, a brown-rot fungus, reacted positively with
the RBB-R dye, an indicator
of lig ninoly tic activit y. A
high degree of strain-specific
variability in enzymatic activit y was obser ved in G.
aust rale and S . hirsutum:
only strains 64 and 142 of
G. australe and strain 19 of
S. hirsutum oxidized all ligninolytic substrates; the rest
presented varying reactions
to t he d if ferent i nd icator
subst rates. Never t heless,
among other species like B.
adusta, L. betulina and T.
versicolor, a much more homogenous behavior was observed. All four strains of B.
adusta behaved similarly,
discolor ing the poly mer ic
dyes RBB-R and Poly-R 478;
only one was able to oxidize
t a n n ic acid a nd none of
t hem ox id i zed g u aiacol.
Most of t he st rai ns of L .
betulina reacted positively to
all the substrates, and only
three of them did not oxidize guaiacol. Most of the
strains of T. versicolor reacted positively with all the
ligninolytic substrates, except strain 7, which did not
oxidize guaiacol or tannic
acid (Table II). Among native strains, the majority discolored R BB-R (78%) and
oxidized tannic acid (73%),
and only a smaller proportion reacted with Poly R-478
(58%) and guaiacol (44%).
A considerable intra- and
interspecific variety of responses was obtained among
the 59 native fungal strains
and only eight strains were
unable to react with any of
the substrates used. These

results were expected since
seven of the strains belong
to species classif ied as
brow n-rot f u ngi. Interesti ngly, S . rameale 71, a
white-rot fungus, was also
a mong t he st r ai ns t hat
showed no react ion. T h is
may be related to t he se lected substrate indicators,
because when α-naphthol,
p-cresol and pyrogallol were
used as substrates, S. rameale reacted positively, oxid i zi ng t hese compou nd s
(Stalpers, 1978). On the other hand, some white-rot species (B. adusta, F. velutipes
95 and 98, G. australe 28
and 86, S. rameale 71 and T.
versicolor 7) showed inconsistent results with the Bavendamm test as they reacted
negat ively. T hese result s
conf irm the importance of
using more than one enzymatic subst rate in st udies
regarding the selection of
ligninolytic enzyme-producing fungi. Conf ir ming the
type of wood rot (white or
brown) through enzymatic
assays in solid medium is
considered of great importance for the taxonomy of
xylophagous fungi (Stalpers,
1978). In the reviewed literature there is no prior information with respect to the
wood-rot type or lignocellulolytic enzymes produced by
B. guaitecasensis. The assay-based classif ication of
this species as a white-rot
fungus (Table II) is consistent wit h t he sa me st at us
descr ibed for B. montana
(Q uél.) Si nger, f rom t he
Northern Hemisphere (Breitenbach and Kränzlin, 1986;
K r ieglstei ner a nd K aiser,
2000).
It is worthy of note that P.
panuoides 83, of the brownrot fungi group, decolorizes
the RBB-R dye, suggesting
that in addition to the expected hyd roly tic en z y me
product ion, t h is st r ai n is
also able to produce oxidative enzymes. Although few
studies exist on the detection
of lig n i noly t ic en z y mat ic
activity in brown-rot fungi,
some describe the production
of laccases by this type of
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TABLE II
DETECTION OF LIGNOCELLULOLYTIC ENZYME ACTIVITY AND TOLERANCE TO METAL IONS IN MEA MEDIUM
OF SPECIES OF WOOD-ROT FUNGI COLLECTED IN SOUTHERN-CENTRAL CHILE
Species
Agrocybe sp.
Anthracophyllum discolor
Antrodia xantha
Bjerkandera adusta
B. adusta
B. adusta
B. adusta
Bondarzewia guaitecasensis
Clitocybula dusenii
Flammulina velutipes
F. velutipes
F. velutipes
Ganoderma australe
G. australe
G. australe
G. australe
G. australe
G. australe
G. australe
Gloeophyllum abietinum
G. protractum
Gloeophyllum sp.
Gymnopilus spectabilis
G. spectabilis
Lenzites betulina
L. betulina
L. betulina
L. betulina
L. betulina
L. betulina
L. betulina
Paxillus panuoides
Phellinus sp.
Phellinus sp.
Pleurotus ostreatus
P. ostreatus
Schyzophyllum commune
Serpula lacrymans
Stereum hirsutum
S. hirsutum
S. hirsutum
S. hirsutum
S. hirsutum
S. hirsutum
S. hirsutum
S. hirsutum
S. hirsutum
S. hirsutum
S. hirsutum
Stereum rameale
Trametes versicolor
T. versicolor
T. versicolor
T. versicolor
T. versicolor
T. versicolor
T. versicolor
T. versicolor
T. versicolor
Wolfiporia cocos
G. trabeum
T. versicolor
G. australe

Straina
97
18
139
30
62
119
122
140
144
95
98
117
28
64
86
87
100
105
142
132
31
8
137
138
20
22
27
34
67
111
131
83
17
42
91
92
25
141
9
10
15
19
69
72
89
99
108
113
125
71
1
7
12
24
38
73
81
88
110
ATCC62778
ATCC11539
DEBIO
A464

CMC X G TA RBB PolyR WR GR (mm/day)
Controlb
+
+
+/+
+
+
+/+/+
+
+
+
+
+/+
+
+
+
+
+
+
+/+
+/+/+
+
+
+/+
+
+/+/+
+
+
+
+/+/+
+
+
+
+/+
+
+/+/+
+/+/+
+
+
+
+
+
+
+
+/+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

B
W
B
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
B
B
B
W
W
W
W
W
W
W
W
W
B
W
W
W
W
W
B
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
B
B
W
W

3.24 ±0.03
1.45 ±0.00
5.82 ±0.32
4.90 ±0.46
8.10 ±0.10
3.94 ±0.53
8.90 ±0.03
1.08 ±0.16
1.32 ±0.02
5.43 ±0.08
3.48 ±0.39
3.94 ±0.05
8.80 ±0.04
5.28 ±0.04
3.40 ±0.03
3.90 ±0.14
2.74 ±0.36
2.63 ±0.04
5.14 ±0.20
9.08 ±0.35
2.52 ±0.27
3.90 ±0.16
3.13 ±0.00
3.38 ±0.10
5.67 ±0.07
7.42 ±0.26
6.37 ±0.17
4.29 ±0.12
6.02 ±0.10
5.19 ±0.06
5.62 ±0.62
4.35 ±0.25
1.61 ±0.31
1.60 ±0.05
5.52 ±0.02
4.58 ±0.35
4.08 ±0.10
0.39 ±0.05
6.98 ±0.18
5.45 ±0.22
6.15 ±0.52
1.58 ±0.02
5.50 ±0.01
6.20 ±0.30
2.99 ±0.12
6.88 ±0.05
6.90 ±0.13
6.40 ±0.70
6.75 ±0.32
5.56 ±0.08
8.15 ±0.75
10.6 ±0.40
7.42 ±0.12
11.10 ±0.57
7.34 ±0.01
5.41 ±0.09
7.02 ±0.02
3.70 ±0.31
8.60 ±0.50
11.36 ±1.21
4.16 ±0.07
7.15 ±0.20
4.04 ±0.72

GR (mm/day)
3mM Cuc
0.34
3.23
1.27
1.50
1.65
1.18
0.40

3.36
1.35
1.62
2.10
1.49
1.87
2.30
0.07
2.80
0.93
1.44

1.63
0.47
0.56
0.38
1.03
0.60
0.50
0.59
0.71
0.58
1.16
1.04
0.42
0.36
0.40
0.40
1.21
0.28
2.15
2.34
2.57
2.09
2.34
1.60
1.42
5.29
0.68
1.15
0.71

NG
±0.0 (76)
±0.06 (44)
±0.07 (74)
±0.36 (81)
±0.02 (58)
±0.12 (87)
NG
±0.03 (70)
NG
NG
NG
±0.30 (62)
NG
±0.01 (60)
±0.17 (58)
±0.29 (23)
±0.07 (43)
±0.17 (64)
±0.27 (75)
±0.00 (97)
±0.40 (28)
±0.09 (70)
±0.03 (57)
NG
NG
NG
NG
NG
NG
NG
±0.08 (62)
±0.05 (71)
±0.01 (65)
±0.01 (93)
±0.02 (77)
NG
±0.01 (0)
±0.04 (93)
±0.07 (89)
±0.19 (88)
±0.01 (63)
NG
±0.14 (81)
±0.09 (65)
±0.06 (94)
±0.01 (95)
±0.14 (94)
±0.10 (78)
±0.03 (97)
±0.01 (80)
±0.40 (80)
NG
±0.04 (79)
±0.84 (65)
±0.12 (71)
±0.04 (67)
±0.04 (57)
±0.03 (83)
±0.63 (53)
±0.30 (84)
±0.30 (84)
±0.11 (82)

GR (mm/day)
1mM Cdd
NG
NG
0.75 ±0.04 (87)
NG
0.26 ±0.04 (97)
NG
1.22 ±0.09 (86)
NG
0.32 ±0.02 (76)
NG
NG
NG
NG
0.67 ±0.03 (87)
NG
0.29 ±0.03 (82)
NG
0.26 ±0.04 (90)
0.39 ±0.06 (92)
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
1.27 ±0.31 (71)
NG
NG
NG
NG
NG
0.66 ±0.01 (0)
0.15 ±0.02 (98)
NG
0.33 ±0.06 (95)
NG
NG
NG
0.40 ±0.02 (87)
NG
NG
0.11 ±0.01 (98)
NG
NG
NG
0.88 ±0.11 (92)
1.03 ±0.06 (86)
NG
NG
NG
NG
NG
1.11 ±0.05 (87)
0.81 ±0.39 (93)
0.44 ±0.04 (89)
0.82 ±0.31 (89)
NG

Number of collection of the strain, b growth rate (mm/day) in MEA medium without metals, and c with 3mM copper and d with 1mM
cadmium. CMC: carboxymethylcellulose, X: xylan, G: guaiacol, TA: tannic acid, RBB: Remazol Brilliant Blue R, Poly-R 478, WR:
wood-rot type, W: white, B: Brown, +: positive reaction with formation of coloration or discoloration halo of the substrate indicator, +/-:
weak reaction, -: negative reaction, NG: no growth observed. Values of GR ±SD. Values in parenthesis indicate the percentage of growth
inhibition with respect to the control (without metal).
a
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fungi and the detection of
t he genes responsible for
coding these enzymes (Peláez et al., 1995; D’Souza et
al., 1996; Lee et al., 2004).
T he d iscolor at ion a nd /or
degradation of RBB-R and
Poly R- 478 have been correlated with the production
of perox id ases ( Li P a nd
MnP) and laccases, and also
with organopollutant degradation. This suggests that
t he f u ngi that react positively with these dyes present a wider range of ligninolytic enzymes, making them
potential candidates for the
treatment of eff luents from
the textile industry, biopulping, kraft pulp bleaching or
the bioremediation of organopollutants, among others
(Freitag and Morrell, 1992;
Okino et al., 2000; Pointing
et al., 2000; Minussi et al.,
2001; Hakala et al., 2004;
Her ná ndez-Lu na et al.,
2008).
Additionally, the ability of
the native strains to grow in
solid medium containing Cu
or Cd ions was evaluated
th rough the radial grow th
rate of t he colon ies. T he
metal tolerance of fungi is
of importance for some biotechnological applications,
such as the bioremediation
of contaminated substrates.
Soil cont a m i nat ion w it h
polycyclic aromatic hydrocarbons (PAHs) is frequently
accompanied by contamination with metal ions, which
makes it essential that the
fungi selected for bioremediation programs, in addition
to bei ng able to deg rade
PAHs, also show tolerance
to metals (Baldrian et al.,
2000; Riis et al., 2002; Baldrian, 2003). Some metals
can also interfere sig nif icantly with the activity of
extracellular enzymes and
colonization capacity of fungi (Baldrian, 2003).
R a d ial g row t h r ates i n
M EA med iu m va r ied be tween 0.39 and 11.6mm/day
a mong all species a nd
st rai ns (Table II). Twelve
strains, mainly belonging to
white-rot f ungi, presented
t he fastest g row t h rates
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(>7mm/day), among which
two strains of B. adusta and
most of t he T. versicolor
strains stood out, followed
by G. australe 28, L. betulina 22 a nd G. abiet inum
132. The remaining strains
showed a moderate growth
rate and only S. lacrymans
141 grew very slowly under
the assay conditions. Generally, growth rates were comparable and in some cases
superior to those of the reference strains. The addition
of 3mM Cu or 1mM Cd to
the MEA medium reduced
the growth rate in all strains
tested compared to the control (without metal), with the
exception of S. lacr ymans
141, a d r y a nd brow n-rot
fungus. This strain, despite
its slow g row th rate, displayed unusual behavior in
that it was not inhibited by
eit her of t he met al ions,
whereas all the st rains of
white-rot fungi F. velutipes
and L. betulina exhibited a
similar sensitivity to both.
The majority (43) of the native strains grew in the presence of Cu, showing varying
degrees of tolerance to the
metal, reflected in rates that
fluctuated between 0.07 and
3.36mm/day (Table II). The
remaining strains showed a
high sensitivity to the metal.
Most strains of the white-rot
fungi G. australe, T. versicolor and S. hirsutum were
tolera nt to 3m M Cu a nd
only one strain of each species ex hibited sensitivit y.
Among the native st rains,
the white-rot fungus G. australe 100 and brown-rot fungus Gloeophyllum sp. 8 displayed t he lowest g row t h
inhibition in the presence of
Cu (23 a nd 28% , respectively), compared with their
respective controls. On the
other hand, the majority of
the native strains were unable to grow in the presence
of 1m M Cd a nd on ly 17
strains were tolerant to the
met al, w it h g row t h rates
var ying bet ween 0.11 and
1.27m m /d ay (Table I I ).
Growth inhibitions caused
by Cd were always elevated
and higher than those ob-

ser ved i n the assays with
Cu. However, some strains
such as G. australe 64 and
T. versicolor 12 showed tolerance to Cd but not to Cu.
A group of 15 native strains
belonging to different whiterot (B. adusta, C. dusenii, G.
australe, S hirsutum and T.
versicolor) and brown-rot (A.
xantha, P. panuoides and S.
lacrymans) species showed
tolerance to both metal ions.
After mercury (Hg), Cd is
considered one of the most
toxic metals for some species of wood-rot fungi (Bald r ia n a nd Gabr iel, 1997;
Tham et al., 1999). This explai ns why Cu exer ted a
lower in hibiting effect on
the grow th of most of the
native strains than Cd, even
though the later was used at
a lower concentration. The
g row th of colonies i n the
presence of metals showed a
great intra-specific variabilit y bet ween st rai ns of G.
australe, S. hirsutum and T.
versicolor, all white-rot fungi (Table II). Some strains
of G. australe were tolerant
to Cu, but not to Cd; others
were tolerant to both metals
and only one was tolerant to
Cd, but not to Cu. I n the
case of S. hirsutum and T.
versicolor, most strains were
tolerant to Cu, but not to
Cd. Only among the strains
of F. velutipes and L. betulina, also white-rot f ungi,
the sensitivity to Cu and Cd
was similar. The results do
not allow to generalize the
behav ior of t he d if ferent
brown-rot and white-rot fungi species analyzed in this
study with respect to Cu and
Cd tolerance, since in the
case of brow n-rot f u ng i,
only one strain of each species was assayed. However,
among the brow n-rot species, A. xantha and P. panuoides presented relatively
low growth inhibition in the
presence of bot h met als.
Furthermore, G. abietinum
a nd Gloeophyllum sp.
showed tolerance to Cu but
not to Cd. Among the reference strains, the brown-rot
fungus W. cocos displayed
the greatest tolerance to Cu,

but in the presence of Cd its
growth was significantly inhibited (Table II).
In order to avoid erroneous generalizations regarding
t he met al toler a nce of
brown-rot and white-rot fungi, relevant studies should
always include the maximum
possible number of strains of
a g iven species (Collet,
1992; Woodwa rd a nd De
Groot, 1999; Clausen et al.,
2000). According to various
st ud ies, brow n-rot f u ng i
present a higher Cu tolerance than white-rot fungi,
which could be related to an
increased production and accumulation of oxalic acid in
the brown-rot fungi cultures
( Mu r phy a nd Lev y, 1983;
Green and Clausen, 2003;
Baldrian, 2003). Organic acids, together with other extracellular metal-chelating
agents such as siderophores,
have been considered among
detoxif ication mechanisms
that allow various organisms
to tolerate high concentrat ions of some met al ions
(Gadd, 1993, 2004). Most
studies have been conducted,
however, compa r i ng on ly
single strains of a range of
species.
Conclusions
As the result of the collection of wood-rot fungal basidiomes from different sites
in Southern-Central Chile,
four species are reported for
the first time in Chile: Antrodia xantha, Gloeophyllum
abiet inum, G. prot ractum
and Stereum rameale. In addition, all the fungal strains
analyzed through qualitative
assays produced cellulases
and xylanases, according to
the observed hydrolysis of
CMC and birchwood xylan,
respectively, and only some
strains produced ligninolytic
activity. With regard to metal sensitivity of the strains
the great majority showed
tolerance to 3mM Cu in solid medium, but were inhibited by 1mM Cd. According
to the lignocellulolytic enzymatic potential and /or the
degree of tolerance to metal
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ions presented by some native strains identified in this
study, these could be selected for future biotechnological applications. A. xantha,
G. abietinum, Gloeophyllum
sp. a nd P. panuoide s, for
example, will be used in future studies on tolerance to
wood copper preservatives
and preser ved wood waste
biodeg r a d at ion, whereas
some strains of G. australe,
S. hirsutum and T. versicolor
will be used in studies on
soil bioremediation or industrial effluents contaminated
with organopollutants and
heavy metals.
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