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Isolation, Molecular Characterization and Reactivity with 2,6 Dichlorophenol of a Laccase
and Isolation of Laccase Gene Specific Sequences from Lignin Degrading Basidiomycete

Phanerochaete chrysosporium (TL 1)

P.C. Prabu, C. Udayasoorian and G. Balasubramanian
Department of Environmental Sciences, Tamil Nadu Agricultural University,
Coimbatore-3, Tamil Nadu, India

Abstract: A new lignin degrading basidiomycete, Phanerochaete chrysosporium (TL 1) was isolated from pulp
and paper mill effluent enriched soil samples can be induced to produce high level laccases when grown on a
cellobiose-asparagine liquid medium with 150 uM CuSO,. The fungus grown under static conditions had 70%
of total extra cellular laccase proten and about 2.5 fold purification with a final yield of 13.2% of protein
purification by Sephadex G-100 column and FPLC. The resultant enzyme pool of the purification process is
found to contain a single polypeptide, which produced a single band on an SDS-PAGE. The purified protein
showed a specific activity of 106 Umg ™" and the molecular mass (Mr) of native laccase was 65 kDa. The purified
laccase has an 1soeletric point of 4.0, it 1s stable in pH range from 4.0 to 6.0 and its optimum pH 1s 4.5. The
optimal reaction temperature is 60°C and stable at 70°C for more than 1 h. Degenerative primers corresponding
to the consensus sequences of the copper binding regions in the N-terminal domains of known basidiomycete
laccase were used to isolate laccase gene specific sequences from this straimn and the laccase gene gave PCR
product of about 150 bp and cloned product gave 85% siumilarity with laccase from T. villosa LCC 2 (L49377).
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INTRODUCTION

Lignin is an aromatic heteropolymer of phenyl-
propanoid units which confers structural rigidity to
woody plant tissues and protects them from microbial
attack (Higuchy, 1990). Whate rot fung: efficiently degrade
lignin, a complex aromatic polymer in wood that is
among the most abundant natural materials on earth
(Martinez et af., 2004). Tt 1s well established that the white
rot fungi are most effective i lignin degradation mn nature,
synthesizing a ligninolytic system including lignin
peroxidase (Lip), manganese peroxidase (Mnp) and
laccase, which are respomsible for the degradation of
lignin. Most white-rot fungi capable of degrading lignin
can synthesis Mnp and laccase. Actually, the
combination of Mnp and laccase i3 much more common
than that of Lip and Mnp. However, the white-rot
basidiomycete  Coriolopsis  rigida  secretes  no
detectable Lip or Mnp but enough extra cellular laccase
(Saparrat et al., 2002).

In the presence of appropriate redox mediators, such
as 2,27-azmmo-bis  (3-ethylbenzothazoline-6-sulfonate)
(ABTS) and 1-hydroxybenzotriazole (HBT), laccase also
catalyzes the oxidation of non-phenolic lignin model

compounds (Bourbonnais and Paice, 1990) and degrades
polycyclic aromatic hydrocarbons (Pickard et af., 1999)
and various dye pollutants. Because of the significance of
potential applications in biopulping, kraft lignin bleaching
or degradation of aromatic pollutants and wastewater
treatment, laccase draws considerable attention from
researchers. Many laccases have been purified and
characterized (Min et al, 2001, Xiao er al, 2003).
However, the mechamsm of fungal degradation of lignin
by laccase remains to be defined. Therefore, purification
and characterization of laccase from novel white-rot fungi
will help shed light on this mechanism.

The white-rot fungi Phanerochaete chrysosporium
(TL 1) 1solated from erwriched pulp and paper mill effluent
irrigated soil samples for the past 20 years was able to
selectively degrade lignin compounds, phenols and for
wastewater treatment. In order to investigate the
lignmmolytic system of Phanerochaete chrysosporium
(TL 1) and the role of its laccase in lignin degradation,
laccase was purified and characterized and its reactivity
with 2, 6 dichlorophenol was studied. The solation of
laccase gene specific sequences was carried out for
further exploitation of its phenol degradation potential,
wastewater treatment and other industrial applications.
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MATERIALS AND METHODS

Fungal strain: The microorgamsm was isolated from
erriched soil samples with 20 years of contimuous effluent
irrigation by employing standard serial dilution plating
technique at bioremediation laboratory of Tamil Nadu
Agricultural Umversity, Coimbatore during 2003. The
1solated fungus was screened for its ligmnolytic activity
based on the growth on media containing phencl red.
Plates were observed for fungal growth and colour
change mn the culture media from yellow to red around the
colonies, which mdicate the ligmnolytic nature of the
culture. Lignin degradation by the isolated fungal culture
was confirmed by quantifying the “CQ, produced during
the metabolism of “C labeled synthetic lignin obtained by
polymerization of labeled coniferyl alcohol (Kirk ef af.,
1975). The screened fungal culture was grown at 30°C for
5 days on the CPDA medium (20.0 g glucose, 1.0 g KH,
PO, 1.5 g Mg30,.7 H,0, 50 pg vitamin Bl, 15.0 g agar
powder and 1,000 mL potato extract liquid (20%)) and the
pure strain was stored at 4°C in CPDA slants and
inoculated once in every 3 months.

Growth conditions and induction of enzyme production:
For studies on enzyme production, 5-6 cylinders
(diameter, 10 mm) of this strain grown on CDPA plates
were used to moculate 250 ml Erlenmeyer flasks
contaimng 100 mL liquid cellobiose asparagines medium.
The liquid culture medium contained (per litre) 10 g
cellobiose, 10 mL glycerol, 1.5 g L-asparagine, 1.0 g KH,
PO,, 0.5g MgSO,.7TH,0, 0.01 g CaCl,, 0.001 g FeSO,. 7H, 0,
0.1 g Na,HPO,.5 H,0, 0.002 g CuSO,.5H,0, 0.0275 g
adenine and 50 pg vitamin Bl. The culture was incubated
at 30°C on a rotary shaker at 140 rpm. A 72 h old lhiquid
culture was homogenized using a sterilized blender. The
volume of moculum was 10 mL per 200 mL culture medium,
which was then cultivated under the same conditions and
the extracellular ligninolytic enzyme production was
estimated on 3rd, 5th, 7th Sth and 11th day. The addition
of 150 uM CuSO, on the third day of incubation was
assaved as an inducer of laccase activity. Samples were
taken periodically from four replicate flasks and the
mycelium was separated from the culture liqmd by
centrifugation at 20000 x g and 4°C for 10 mun.

Analysis of protein, reducing sugars and enzymatic
assay: Extracellular protein was determined by Bradford
method by using Bio-Rad protein assay and bovine serum
albumin as the standard. Reducing sugars were assayed
by Somogyi and Nelson method, with glucose as the
standard. Laccase (p-diphenol oxygen oxidoreductase;
E.C 1.10.3.2) assay was performed based on momtoring
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the rate of oxidation of syringaldazine (Sealey and
Ragauskas, 1998) and plate assay of laccase activity was
done as per the method of Srinivasan ef af. (1995).

Separation and purification of laccase proteins:
Phanerochaete chrysosporium (TL. 1) laccase was
purified from 9 day old cultures contaming CuSO,. The
laccase enzyme proteins were separated and fractionated
by Sephadex G.100 column and further purified by Fast
Performance Liquid Chromatography (FPLC) using
superpose at the rate of 6 column and SDS -PAGE
(Bollag et af., 1996).

Isoelectric point and copper content: Analytical
1soelectric focusing PAGE was performed with a mim
1soelectric focusing cell (Bio rad) with a pH gradient of 2.5
to 50. the copper content of purified enzyme was
determined by atomic absorption spectrometry.

Enzyme characterization: Estimates of the laccase
optimum pH were obtained by using 50 mM acetate buffer
(3.6t0 5.5) and 50 mM citrate phosphate buffer (pH 2.6 to
7) and the pH stability was assayed in the pH range of 2.0
to 6 using 50 mM citrate phosphate borate buffer. The
optimum temperature and stability was determined
between 50 to 80°C using citrate buffer.

Standardization of laccase assay: Laccase assay was
standardized and performed with different substrates viz.,
guaiacol, 2,6 dimethoxy phenol (DMP), ABTS (2,2'-
azinobis-3ethylbenzthiazoline-6-sulfonate) and
standardized. This was qualitatively explored by changes
in the optical absorbance spectra of the reaction mixtures
which contained 0.5 mM of ABTS (Sigma Chemical Co.,
St. Lowis, Mo.) m 0.1 M sodium acetate buffer (pH 6.0). On
addition of enzyme source oxidation of ABTS was
monitored by determining the increase in Ay, (A, =
3.6x10° M~ em™), guaiacol (A, = 1.2x10' M~ cm™) and
DMP (Aug; = 4.96x10° M~ ecm™") in a spectrophotometer
(EC India Ltd.,). Heat killed enzyme served as the control.
One unit of enzyme activity is defined in pmol of ABTS
oxidized min~". Kinetic studies were performed at 25°C by
measuring the mitial velocity in 3 mL glass cuvettes with
1 cm path length Inhibitor studies were carried out using
guaiacol in 10 mM citrate-Na,HPO, buffer (pH 6.0).

HPLC analysis of 2,6 dichlorophenol: 2,6 dichlorophenol
was used as substrate for testing the oxidation activity
of laccase. The reaction mixture (1.0 mL) contained
100 pM substrate, 1 mM ABTS and 2.0 U laccase in 0.1 M
acetate buffer pH 5.0 at 25°C. Two controls without ABTS
and laccase were also used. Samples were collected after
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0, 6,12 and 18 h. Twenty microliter of each sample was
injected in to the HPL.C system equipped with a reversed
phase Cl8 column. Substrate was monitored by UV
absorbance at 254 nm and oxidation was calculated from
reduction in peak area and compared to a standard curve.

Extraction of genomic DNA: The Extraction of genomic
DNA was carried out as per the method of Gawel and
Jarret (1991). The purified and diluted (25 ng uI.™") DNA
sample was used for PCR amplification. The forward (5
CAT TGG CAT GGN TTT TTT CA 3”) and reverse primer
(5" ATG GCT GTG GTA CCA AAA NGT 37) for the
amplification of the specific laccase gene loci were
obtained from the results of D’ Souza et al. (1996).

Cloning and sequencing of PCR amplified products:
DNA bands corresponding to the major PCR amplified
products were sliced out of the agarose gels and the DNA
was purified. Selected PCR amplified products were
cloned in to a T vector system devised as described by
Marchuk et al. (1991). Plasmid DNA containing the cloned
PCR amplified products from E. coli cells was extracted
and purified from 5 mL cultures. Cloned PCR amplified
products were then sequenced with T3 and T7 fluorescent
primers at the department of Biotechnology, Madurai
Kamaraj University, Madurai. Nuclectide similarities and
translation of the exon sequences were done with the
GENEPRO program.

RESULTS

Isolation and culture of ligninolytic microorganism: The
isolated microorganism identified as Phanerochaete
chrysosporium (TL 1) based on colony, cell morphology,
physiological and biochemical characteristics and verified
at Mycology Department of Indian Agricultural Research
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“00, evolved (%)

Institute (TART), New Delhi. The lignin degrading ability
of the fungus was also confirmed by measuring the
quantity of "CO, evelved from degradation of “C DHP
synthetic lignin (Fig. 1). The fungus released 33.6% of
"0, and the per cent utilization of synthetic lignin for
Phanerochaete chrysosporium was 44.3 and fixed as cell
carbor.

Production of extracellular enzymes, reducing sugars
and proteins: We monitored the extracellular enzymes
activity, protein and reducing sugars in Phanerochaete
chrysosporium (TL 1) culture for 11 days. Maxiumum
laccase activity was observed at 9 days of growth. The
addition of Cu* in the culture medium enhanced the
laccase activity compared to no addition (Fig. 2).
Zymograms of laccase after 1soelectric focusing of crude
enzyme preparations obtained from cultures carried out in
the absence or presence of Cu’' resulted in a single band
with a pl of 4. The activity band from Cu* induced
cultures corresponded to the major protemn band, seen
after staining the gel with coomassie blue. The optimal pH
of laccase activity in crude enzyme preparation from Cu®
induced cultures was 4. Laccase was stable from pH 5 to
6 at room temperature for 24 h, retaimng 50 and 40%
activity at pH 5 and 4, respectively (Data not shown). The
production of extracellular laccase by Phanerochaete
chrysosporium (TL 1) was assayed on agarose plates
containing ABTS and the development of an intense
bluish green color showed that the presence of laccase
activity in the extracellular fluid of Phanerochaete
chrysosporium (TL 1) (Fig. 3).

Separation and purification of laccase protein from
Phanerochaete  chrysosporium  (IL  1):  The
Phanerochaetes chrysosporium grown under static
conditions was harvested on day nine, at peak laccase

6 3 5 7 % 12 15 18 21 24 27
Days

Bl “C in cell biomass of PC —k— Phanerochaete chrysosporium

Fig. 1: Degradation of ** € DHP synthetic lignin by Phanerachaete chrysosporium (T 1)
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Table 1: Punification of extracellular laccase from Phanerochaste chrysosparium (TL 1)

Volume Protein Total activity Tield Specific activity Purification factor
Purification step {mL) {mg LY (UL-N (%) (U mg - (fold)
Culture filterate 2015 1120 4700 a0 42 0.00
Sephadex G - 100 6.00 48.0 3600 76 75 1.30
Superose 6 1.50 13.2 1400 28 106 2.50

Laccase was purified from 2L culture grown under stationary culture conditions, Laccase activity was determined with 5 mb as substrate; expressed as pmol

of ABTS oxidized per minute

Culture time {days)

Fig. 2: Time course of laccase activity (), protein ()
and reducing sugars (A) in the extra cellular fluid
of Phanerochaete chrysosporium (TL 1) grown in
absence and presence of copper (open and closed
symbols, respectively)

Fig. 3: Plate assay for laccase activity by FPhanerochaete
chrysosporium (TL 1)

activity and accounted for about 70% of the total
extracellular protein. The culture broth was contaminated
by pigments or coloured, which were largely removed by
initial freeze-thaw and protein precipitation with
ammonium sulphate. The laccase wag further purified to
apparent homogeneity according to the procedure
summarized in Table 1. During the first step, extra cellular
culture fluid was applied to Sephadex G-100 (Pharmacia,
Uppasala, Sweden) column, in which the third fraction
showed maximum laccase activity. The fractions showing
laccase activity were pooled and further purification of
protein accomplished by Fast Performance Liquid
Chrom atography (Pharmacia, Uppasala, Sweden) using a
Superose 6™ column. The laccase activity eluted as a
single peak and about five fold purification with a final
yield of 13.2% of protein purification was achieved. The
purified protein showed a specific activity of 106 U mg™.
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M-Maker, 1-Purified laccass protein
2-Crud extract

Fig. 4: Purified laccase protein of Phanerochaste

chrysosporium (TL 1)
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Fig. 5: Purified laccase activity at different pH

As determined by calibrated gel filtration chrom atography
on Superose 6, the molecular mass (Mr) of native laccase
was estimated to be 65 kDa (Fig. 4).

Separation of laccase proteins by SDS-PAGE: The extra
cellular culture fluid of Fhanerochaete chrysosporium
(TL 1) contained six electrophoretically separable
proteins, of which one protein exhibited laccase activity.
The resultant enzyme pool of the purification process
described earlier was found to contain a single
polypeptide, which produced a single band on an SDS-
PAGE. The molecular mass (Mr) of purified laccase
protein was estimated to be 65 kDa. These results suggest
that the enzyme is monomeric. The isoelectric point of
laccase to be 4.0, which suggests it is an acidic protein.

Effects of pH and temperature: The effect of pH and
temperature on the activity of laccase showed a typical
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Table 2: Kinetic constants of laccase from Pharerochaete chrysosporium (TL 1)

Substrate K, (pM) Vo (WM. min~! mg™h) k. (S7H ket (ST K (87 MY
ABTS(2,2°-Azino-bis (3 ethyl-
benzothazoline -6 —sulfonate) 21.0 525.0 551.0 26.2x10°
Dimethoxy phenol 22.0 66.0 68.0 3.1x10°
Guaiacol 398.0 57.0 59.0 1.5x10°
Table 3: Effect of inhibitors and organic solvents on the oxidation of guaiacol by laccase

Inhibition (%)
Concentration (mh) Sodium azide Cyanide SDS TFA DMSO EDTA
Control 0 0 0.0 0.0 0.0 0.0
0.1 100 98 55 0.0 0.0 0.0
0.5 100 99 6.0 79 0.0 79
1.0 100 100 80 10.6 0.0 10.5
5.0 100 100 38.1 13.1 21 13.1
10.0 100 100 50.2 24.8 3.0 24.5
25.0 100 100 62.7 42.5 3.7 42.0
SDS-; DMSO- Dimethylsulfoxide; TFA- Trifluroacetic acid

350+

-0~ 50°C —8— 60°C—k— 70°C ——80°C

Laccase activity (%)

0 T T
10 30
Time (min)

20

40

50 60

Fig. 6: Purified laccase activity at different temperature

bell curve. The optimum pH of the enzyme was 4.5 in
citrate - Na,HPO, buffer for guaiacol and the enzyme was
stable from pH 4.0 to pH 6.0 (Fig. 5). The temperature
optimum was 60°C and the enzyme was stable at 70°C for
more than 1 h (Fig. 6).

Substrate specificity: The assay of laccase was
standardized with the use of different substrates viz.,
syringaldazine, ABTS and guaiacol. Tt was found that a
reaction mixture containing 0.5 mM of ABTS n 0.1 M
sodium acetate buffer (pH 6.0) along with the enzyme
source could be used as a standard laccase activity assay
and one unit of enzyme activity was defined as umol of
ABTS oxidized per min and the laccase exhibited high
activity with ABTS (Table 2). The apparent K value of
the enzyme for ABTS determined from the Lineweaver-
Burk plot was estimated to be 21 uM. The apparent K,
values determmined for syringaldazine and guailacol were 22
and 398 uM, respectively. The k, values for ABTS,
525 S7Y, was higher than that of syringaldazine or
guaiacol. This result suggested that ABTS should be an
effective substrate of this enzyme. Catalytic efficiencies of
laccase k_/k_, for the substrates varied from 1.50x10° for
guaiacol to 26.2x10° for ABTS.
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1 2

1. 6 h after incubation; 2. 12 h after incubation; 18 h-
complete degradation

Fig. 7. Degradation of 2,6-dichlorophenol by purified
laccase of Phanerochaete chrysosporium as
detected by HPLC. Peaks 1 and 2 were detected
after 6 and 12 h incubation. At 18 h complete
degradation occur

Inhibitor and organic solvent studies: The effects of
several inhibitors laccase activity
were examined with gualacol as a substrate at pH 4.5
(Table 3). The laccase activity was totally nlubited
by 0.1 mM sodium azide or cyanide, 62.5% inhibited by
25 mM SDS and almost unaffected by 25 mM EDTA.
Activity of of laccase when analysed on organic
solvent solution was stable to some extent in
trifluorcacetic acid (TFA). Laccase was almost completely
stable and efficient in 25 mM dimethylsulfoxide
(DMSO).

potential on

2,6-Dichlorophenol degradation: 2,6-Dichlorophenol was
degraded by purified laccase in the presence or absence
of ABTS. Two units of purified laccase alone was able to
completely oxidize 100 pmol 2,6-dichlorophenol in 18 h
(Fig. 7).
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Fig 8: Amplified laccase gene products

Isolation and amplification of laccase specific gene:
Fungal DNA was isolated by CTAB exiraction method
and the quantity and quality of DNA was tested by
fluorometry and agarose gel elecirophoresizs zo as to
ensure the use of good quality DNA for PCR analysis.
The quantity of DNA in sample was varied from
1500-2500 ng pL~'. This variation was due to several
reasons such as difference in the sample zize taken for
DNA extraction and pipetting errors due to various
contamination during DNA extraction procedure. After
quantification the samples were diluted to 25 ng pL~" and
it was used for PCR reactions. Gene specific forward and
reverse primers were used in PCR amplification and both
the samples amplified specific ~150 bp PCR product by
amplifying the template DNA with 7zg polymerase
{(Bangalore Genei Pvt., Lid, Bangalore, India). The
amplified products were separated on 1.5% agarozse gel
and stained with ethidium bromide. They were viewed
and documented (Fig. §). The amplified laccase gene was
cloned and sequenced and had identical sequences.
Comparison of nucleotide szequences revealed 835%
gimilarity with laccase from Tramefes villosa LCC 2
(L49377) and Pycrnoporus cinnabarinus (not shown) Lac
1 gene (AF 170093), respectively.

DISCUSSION

Lignin is the single most important activity in the
biological cycle of carbon. The multifude of interunit
bonds and functional groups and the heterogeneity of the
polymer is the main reason for the resistance of lignin to
microbial attack and it is in fact one of the most
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recalcitrant naturally occurring biological material.
Considerable attention has been focused on the function
of extracellular laccase in the decomposition of lignin.
Apart from lignin biodegradation, laccase finds its way in
industrial applications and environmental safety. White-
rot and brown-rot fungi play different role in lignin
biodegradation.

In the present study, we describe the isolation of a
lignin degrading fungus from the soil enriched by
irrigation over 20 years by paper mill effluent. This fungus
is a whiterot basidiontycete and able to oxidize phenol red
and ™ C synthetic lignin. It is unequivocally accepted that
the '*C DHP mineralization to *C0,is considered as the
confirmation of ligninolytic activity of the organism and
it convincingly demonstrate the rate and extent of lignin
degradation (D*Souza ef al, 1999). The non-zpecific
oxidation caused by enzymatic combustion leads to the
formation of CO, The production of laccase by whiterot
fungi is widespread and is the sole ligninolytic enzyme
produced by some Dbasidiomycete, Pychoporiis
sanguineus (Ponting et a!l., 2000) and Coriclopsis gallica
{Calvo et al., 1995). Laccase synthesgis is induced by many
kinds of phenolic compounds and substrate analogs, and
the optimum induce varies from one strain to another. For
instance, the most suitable inducer for laccase synthesis
by white rot fungus . cinnabarinis 853 is ferrulic acid,
but in the case of C. hirsutus, it is syringaldazine
{(Herpoel ¢t al., 2000) and for Trametes sp. AH28-2 it is
kraft lignin (Xiao ef al., 2003). Copper induces laccase at
the level of gene franscription in Coriolopsis rigida
{Saparrat of al., 2002), and we found a zimilar effect in
FPhanerochaete chrysosporium (TL 1) (Fig. 2). The laccaze
enzyme detected in fungal culture supernatanis upon

addition of Cu was purified fo electrophoretic
homogeneity.
Compared with other fungal laccases, the

characteristics of purified Phanerochaete chrysosporium
(TL 1) laccazes are typical. Based on the contour of
conditions for laccase production, the culture
Phanerochaete chrysosporium (TL 1) was mass multiplied
and the protein was gzeparated by gel filiration
chromatography and the protein profile studied and
characterized. Molecular weight of most fungal laccase
proteins fall between 43 to 110 kDa (Yoropolov &t al.,
1994) and a majority of laccases from basidiomycetes
fungi were reported to have molecular weights in the
range of 55 to 72 kDa. The Phanerochaete chrysosporium
(TL 1) laccase protein was found to have a molecular
weight of 65 kDa. The Phanerochaete chrysosporium
(TL 1) laccase has high substrate specificity and able to
oxidize phenol red. The fungal laccase belong to the class
of the blue oxidases that generally contain four copper
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atoms per molecule and in accordance with Das et al.,
(2001). The puritied Phanerochaete chryvsosporiun: (TL 1)
laccase showed quite low stability below pH 3.5, but high
stability in weak acid, neutral and weak alkal
environments and supported by Xiao ef af. (2003). The
enzyme 1s stable at 70°C for more than 1 h (>90% activity
remained). At 75°C, the half life of laccase is 30 min. These
findings indicate that purified laccase has good thermal
stability which is similar to that of one of the most heat
resistance laccase from Trametes sp. Strain AH2R-2
(Xaao ef al., 2003). As activity at high pH and temperature
1s usually required for industrial applications the purified
laccase from Phanerochaete chrysosporium (TL 1) may
be a good target for the development of biotechnological
tools.

The ability of laccase to catalyze 2,6 dichlorophenol
one among the group of chlornated phenols considered
one of the most dangerous environmental contaminants.
Under experimental conditions purified laccase is able to
convert 2,6 dichlorophenol directly. This result is in
agreement with the investigations by Xiao et al. (2003).

PCR analysis of laccase gene and sequencing of laccase
gene: Laccases are copper contaimng oxidases, which
catalyze the four electron oxidation of a variety of
phenolic compounds and a simultaneous four electron
reduction of oxygen to water. The PCR strategy used in
this study is based on the use of degenerative primers
corresponding to the consensus sequences conserved in
the copper binding regions in the N terminal domams of
known basidiomycete laccases. The quantity of DNA in
the fungal isolates varied from 1500-2500 ng uL.~". After
quantification the samples were diluted to 25 ng ul. ™" and
1t was used for PCR reactions. Gene specific forward and
reverse primers were used in PCR amplification and the
fungus samples amplified specific ~150 bp PCR product
by amplifying the template DNA with Tag polymerase.
This is in line with the findings Xiao et al. (2003), who
reported that the size of the PCR product varied from
~ 144 to 200 bp. The cloned laccase gene had 1dentical
sequences with 85% similarity as that of other whiterot
fung: laccases and may be used for environmental
pollutant degradation and wastewater treatment.

Tn conclusion the results from this study clearly show
that laccase from the basidiomycete Phanerochaete
chrysosporium (TL 1) 1s a new member of growing family
of laccase enzymes possessing important properties for
industrial applications.
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