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ABSTRACT

Laccases are multicopper oxidases and play an important role in delignification, sporulation, pigment

production, plant pathogenesis and metal detoxification. In the present study, partial laccase gene from

ectomycorrhizal fungus H. cylindrosporum  was cloned and sequenced. Deduced amino acid sequence of H.

cylindrosporum  showed similarity to copper binding region I and II domains at N-termini of different

basidiomycetes, including Hebeloma redicosum . The laccase activity was induced with lignocellulosic

substrates, such as apple scrapings and pine needles and also in the presence of copper. Both substrates

increased the laccase activity compared to the control. The presence of copper in the medium also enhanced

the laccase activity. The present study results suggests that laccase gene in the ectomycorrhizal fungus H.

cylindrosporum  has an important role in nutrient mobilization, development of multihyphal components of the

symbiosis, and also might be involved detoxification of metal toxicity. 
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Introduction

Laccases (benzenediol:oxygen oxidoreductases;
EC 1.10.3.2.), multicopper- containing enzymes
belonging to the blue oxidases, catalyze reduction of
oxygen to water using a range of phenolic
compounds[33]. In fungi, laccases have been
implicated  in p igmentation[9], fruiting-body
f o r m a t i o n [ 1 2 ] ,  p a t h o g e n i c i t y [ 3 5 ] ,  l i g n i n
degradation[4,6] and metal detoxification[18,26]. In
several organisms, extracellular laccases are
constitutively produced in small amounts; however
their production can be considerably enhanced by a
wide verity of substances[15,1]. The increase in
laccase activity by fungi in response to aromatic and
phenolic substances is well-documented; the effect of
metal ions, especially copper, on laccase formation
has only been sparsely investigated[18,10,26,14,29].
Ectomycorrhizal fungi (ECM) are known to facilitate
host tree access to inorganic and often organic forms

of N and P, and are regarded as important
components of nutrient cycles in many forest
habitats[31]. Some ECM fungi can acquire N and P
from patches of partially decomposed litter in forest
soil and transfer to their host[3,29]. This feature of
ECM fungi shows that some ECM fungi seem to
have undergone evolutionary reversal to saprotrophy
and have retained genes for saprophytic enzyme
systems[23]. This is supported by the presence of
genes for lignin peroxidases, manganese peroxidases
and laccases in some ECM fungi[7,8,27]. In the
context of ECM fungi, laccase activities might play
roles, not only in nutrient mobilization, but also in
the development of multihyphal components of the
symbiosis, such as rhizomorphic extramatrical
mycelium or the hyphal mantle. Several authors have
utilized various substrate combinations to know the
activity of laccase in ECM fungi. These activities
have been detected using axenic mycelia, non-sterile
mycelia, sporocarp tissue or ECM root tips[5,11]. It
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is also known that Cu induces both laccase
transcription and activity[14,29] and also involves in
defense mechanism for metal toxicity[18]. Not many
studies are available on induction of laccase by Cu
in ECM fungi. Jacob et al[24] observed increased
laccase transcription in Paxillus involutus under
cadmium stress. 

In the present investigation, laccase responsive
gene was cloned and the putative laccase inducers
were tested for their ability to stimulate laccase
production in the ectomycorrhizal fungus Hebeloma
cylindrosporum . 

Materials and methods

Organism and growth condition 

The monokaryotic strain the ectomycorrhizal
fungus Hebeloma cylindrosporum  (h1) was obtained
from single spore germination[13]. The culture was
maintained on modified Melin’s medium (MMN)[28]
supplemented with Heller’s micronutrients[19].

Cloning and sequence analysis

The total RNA was extracted from the copper
treated mycelium of H. cylindrosporum, using Trizol
reagent (Invitrogen, Life technologies, USA).
Concentration and purity of total RNA was
determined spectrophotometrically and its integrity
was checked by formaldehyde agarose gel
electrophoresis. cDNA was synthesized using 5 µg of
total RNA as template by RevertAid first strand
cDNA synthesis kit (Fermentas Life sciences, USA)
as per manufacturer’s direction. The polymerase
chain reaction was performed with CuF1 (5'-
CATTGGCATGGCTTCTTTCA-3') and Cu2R (5'-
GGCTGTGGTACCAGAAG GTTCC-3') primers[24]
to amplify the laccase gene. PCR reaction was
carried out in a final volume of 50µl containing 1X
reaction buffer, 2.5U Taq polymerase (Invitrogen,

2Life technologies, USA), primers (0.2µm), MgCl
(1.5mM), dNTPS (100µm), template cDNA and
nuclease free water. The PCR program was as
follows: initial denaturation at 95 C for 3 min,o

followed by 30 cycles of 1 min at 92 C, 1 min ato

54 C, 1 min at 72 C and a final extension at 72 Co o o

for 10 min. PCR products were separated on 2%
(w/v) agarose gels and visualized by ethidium
bromide staining. Bands corresponding to PCR
amplicons were excised from gels and purified using
the QIAquick columns (Qiagen, USA) as per
manufacturer’s direction. Purified products were
cloned into pGEM-T Easy vector (Promega, USA)
and transformed into chemically competent E. coli
DH5á cells. The recombinant colonies were randomly
selected and confirmed by plasmid isolation and
amplification by the gene specific primers. The
plasmid containing the laccase gene insert was
sequenced (Applied Biosystem, USA) using T7 and
SP6 primers. Sequence analysis was performed with

BLAST program using the nucleic acid and predicted
amino acid sequences deposited in multiple
databases.

Enzyme activity assay

L a c c a s e  a c t i v i t y  w a s  d e t e r m i n e d
spectophtometrically with ABTS (2,2'-Azino-bis(3-
ethylbenzthiazolin-6-suphonatr)) as a substrate. The
reaction mixture contained 2.5 ml of 0.1M Na-acetate
buffer (pH 5), 0.33 ml of 5 mM 2,2'-Azino-bis(3-
ethylbenzthiazolin-6-suphonatr) (ABTS) and 0.17 ml
of culture filtrate in a total volume of 3 ml. All
samples were incubated at 25°C and the absorbance
was monitored from 0 to 5 min at 420 nm. One unit
of the laccase enzyme activity was defined as the
amount of enzyme required to oxidize 1 mmol ABTS
per minute at 25 C. To study the optimum time foro

maximum induction of laccase, the fungus was
grown in MMN medium supplemented with glucose
for different time intervals 7, 15 and 30 days and
laccase activity was determined with ABTS test.
Laccase induction by different substrates, apple
scrapings and pine needles, were tested in this study.
The concentration of glucose was reduced to 1.5
gm/l, and 3.3 gm/l lignin substrates were added to 50
ml MMN media. The fungus was inoculated and the
laccase activity was determined 7, 15, 30 days. To
study the laccase induction by copper, the fungus
was grown in Melin’s liquid medium and after 3

4 2days of growth, the copper solution (CuSO .5H O)
was added to get a final concentration of 80, 160,
240 µM respectively and grown for different time
intervals (7, 15, 30 days). 

Result and discussion

By using degenerative primers, an amplicon of
144 bp fragment was obtained by PCR from the
cDNA of H. cylindrosporum. The amplicon was
cloned in pGEM-T easy vector and sequenced. The
sequence obtained was submitted to the NCBI
GenBank databases under the accession number
FJ009669. Sequence analysis showed high similarity
with different fungal laccase genes. Comparison of
the deduced amino acid sequence with laccase
sequences of basidiomycetes available in the
GenBank database showed higher similarity between
the region of copper I and II binding sites at N-
terminal end. According to Luis et al.[27], the PCR
performed with Cu1F and Cu2R primer pair was
expected to produce fragments of approximately 200
bp and 144 bp from basidiomycetes.  Multiple
sequence alignment results revealed 90% identity
with H. redicosum, 80% with Trametes versicolar, T.
hirsute, Cyathus bulleri, Ganoderma lucidum,
Pycnoporus coccineus, 76% with Coriolopsis gallica,
Amanita citrine, and Laccaria bicolor (Fig.1). The
presence of laccase gene was further supported by
assaying the extracellular laccase enzyme activity in
H. cylindrosporum.



117Adv. Environ. Biol., 2(3): 115-120, 2008

Fig. 1: Multiple alignment of copper binding I and II domains in the N-terminal of basidiomycetes laccase
protein sequences. Fully conserved residues are boxed in black background. Accession numbers are
as follows: Hebeloam cylindrosporum (FJ009669), Hebeloma redicosum (CAD65823), Amanita citrina
(CAD65838), Laccaria bicolor (XP_001887522), Ganoderma lucidum  (AAP78653), Trametes hirsuta
(ACC43989), Trametes versicolor (BAD98306), Pycnoporus coccineus (BAB69776), Coriolopsis
gallica (ABD93940), Cyathus bulleri (ABW75771).

The constitute production of laccase was

determined at different time intervals (7, 15 and

30days) in H. cylindrosporum  without any putative

inducers. These results showed that laccase

production increased as the time of incubation

increased from 7 to 30 days (Fig.2). Enhanced

laccase production was estimated in both the

lignocellulosic substances (apple scrapings and pine

needles) compared to glucose. The laccase production

was observed to increase with increase time of

incubation for both substrates. Maximum activity was

observed at 15 days of incubation. The highest

laccase production (27 U/ml) was achieved in the

pine needles than in apple scrapings (25 U/ml) and

glucose (17 U/ml) supplemented medium (Fig.3).

These results clearly showed the positive effect of

both substrates as inducer of laccases. Various metal

ions, especially Cu, have been reported to have

stimulatory effect on the production of laccase

enzyme. Copper is a laccase cofactor, which presents

four cupric ions each associated with one single

polypeptide chain[33]. Varying concentration of

copper (0, 80, 160 and 240 µM) was tested on the

production of laccase for 7, 15 and 30 day. Addition

of copper to growth medium resulted in significant

enhancement of laccase activity. The optimal copper

concentration for laccase production by H.

cylindrosporum was found to be 160 µM (Fig.4).

Furthermore, the time of incubation significantly

influenced laccase formation. The maximum laccase

activity was recorded at 15 days of incubation than

the other time intervals. 

These results clearly indicate the presence of

laccase gene in H. cylindrosporum and thought to be

expressed by variety of stimulators including metal

stress. In this study, H. cylindrosporum  produced

increased laccases in the presence of different

substrates. Laccases are produced from different

fungi and their capabilities are markedly different

depending on the source, number of isoforms, molar

mass, optimum pH and specificity for the

substrate[20]. Earlier, Soponsathien[31] observed

laccase activity in some Hebeloma species using

qualitative colorimetric “spot tests”. Günther et al[21] 

concluded that the predominant laccase activity in

culture filtrates of Suillus granulatus and in mycelial

extracts  of  S.  granulatus and P. involutus. Courty

et al.[11] observed the laccase activity of Lactarius

quietus, Cortinarus and Xerocomus chrysenteron in

an oak forest. However, reports of laccase production

by ECM fungi overlap with other polyphenol

oxidases, many of these activities may reflect

activities of the phenol oxidases rather than

laccases[5]. Kanunfre and Zancan[25] demonstrated

the convincing evidence of extracellular laccase

production by the ECM basidiomycete Thelephora

terrestris using syringalzine, ABTS and guainecol as

substrate. However, partial mineralization of lignin

and /or dehydrogenative polymers of lignin

monomers were also observed in some ECM

fungi[34,22] and it was supported at genetic level by

the presence of lignin and manganese peroxidase

genes[7,8]. Copper has been reported to be strong

laccase inducer in several species. Increasing the

copper concentration in the culture medium resulted

considerable increase in laccase activity[18,26,2]. A

similar behavior was found in H. cylindrosporum. In

ECM fungi, there are no published reports on the

production of laccase with respect to copper. Our

report might be the first report where increased

la cc a se  p r o d u c t io n  h as  sh o w n  f ro m  H .

cylindrosporum  in the presence of copper. It has also

been reported that copper to be a strong laccase

m R N A  ind ucer  in  T . vers ic o lo r [1 0 ] ,  P .

chrysosporium[14]  and Pleurotus eryngii [29] and P.

ostreatus[16] . In another study, Podospora anserina

laccase mRNA increased in response to copper, it

was postulated that laccase act as defense mechanism

against  oxidative  stress[17].   In  ECM fungi,

Jacob et al[24]  observed the up regulation of laccase

mRNA in P. involutus when grown in presence of

metals such as cadmium. The identification of 
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Fig. 2: Laccase production in H. cylindrosporum  at different time intervals 

Fig. 3: Effect of different substrates on laccase production in H. cylindrosporum

Fig. 4: Effect of different concentrations of copper on the laccase activity of H. cylindrosporum

laccase gene specific sequence in H. cylindrosporum
was further strongly supported by the assaying the
enzyme activity with and without different inducers.

Altogether, these results clearly show the
presence of laccase gene and its activity not only
implies in nutrient mobilization from lignin substrates
in forest soils, but also it might be activated under
metal stress. Further studies are required to clone the
complete laccase gene and find its role in
mineralization of nutrients and detoxification of
metals in ectomycorrhizal fungi, which play an
important role in forest ecosystem and bioremediation
of metals.  
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