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Abstract: Xylanase, laccase and manganese peroxidase (MnP) were produced and optimized by three strains
of white rot fungi Phanerochaete sordida MRL3, Lentinus pigrinus MRL6 and Poliporus caliatus MRL7.
These strains were initially isolated from wood decaying samples and then screened on minimal salt
media,xylanase activities for the above strains were 55, 77.4 and 64.8 IU/mL, respectively. In addition, laccase
activities were 80.65, 112.91 and 101.61 U/L, respectively. The activities forMnP were 123, 182.6 and 106.6 U/L,
respectively. The maximum xylanase activity was observed at pH: 5.0, 30°C after 216 hours of incubation period.
The maximum activities were 272.7, 278.52 and 292.8 IU/mL and the total protein was 1.24, 1.2 and 1.16 mg/mL,
respectively. The maximum laccase activity was observed after 192-216 hours of incubation period, at pH: 5.0
on 30°C, the activities were 483.9, 516.4 and 459.67 U/L and the total protein 1.03, 1.2 and 1 mg/ml, respectively.
The MnP activities were observed after 192-216 hours, at pH: 5.0 on 30°C, the activities were 588.66, 645.16 and
585.27 U/L and the total protein 1, 1.1 and 0.96 mg/mL, respectively.
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INTRODUCTION

Lignocellulosic materials are widespread in nature
and xylan is a polysaccharide found in hemicellulosic
fraction of lignocellulose. Xylan is a potential significant
resource for renewable biomass, which can be utilized as
a substrate for the preparation of many products such as
fuels, solvents and pharmaceuticals. On the other hand,
xylanases are needed for making use of hemicelluloses.
For most bioconversion processes, xylan must first be
converted to xylose or xylo-oligosaccharides. There are
several applications of xylanases in industry [1].
Xylanases are used in the prebleaching of kraft pulp to
reduce the use of harsh chemicals in the subsequent
chemical bleaching stages. The enzymatic treatments
improve the chemical liberation of lignin by hydrolysing
residual xylan. This reduces the need for chlorine-based
bleaching chemicals, which is beneficial for the
environment [2]. Currently, the major applications of
xylanases are in pulp and paper, feed and baking
industries [3].

Among the
laccase is the

Lignin, a complex and heterogeneous aromatic
biopolymer in woody and herbaceous plants, is one of the
most abundant naturalpolymers on earth. White rot fungi
are primarily responsible forinitiating the depolymerization
of lignin in wood [4]. The extracellular lignolytic enzyme
system of white rotfungi has been studied extensively in
recent years. Lignin peroxidase,manganese peroxidase
(MnP) and laccase are associated with thedegradation of
lignin. Several attempts to bleach hardwood kraftpulp by
means of enzyme treatment have been reported.
Arbeloa et al. [5] have showed that treatment of
unbleached kraft pulp withlignin peroxidase facilitated
subsequent chemical bleaching.

Many efforts have been made to utilize enzymes for
the degradation of lignin in the pulp and paper industry.
One enzyme known to play a major role in natural
delignification is laccase (benzenediol: oxygen
oxidoreductase) [6]. The enzyme was first identified in
the sap of the Japanese lacquer tree Rhusvernicifera [7]
large blue copper containing enzymes,
most widely distributed [8] and
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occurs in various plants and fungi [9]. In the fungi,
Deutromycetes, Ascomycetes and a wide range of
Basidiomycetes are known producers of laccases,
which are particularly abundant in many lignin-
degrading white-rot fungi.

MATERIALS AND METHODS

Microorganism: Five strains of white rot fungi were used
initially in this research project supplied byMicobiology
laboratory Quaid-i-Azam University, Islamabad; known
as  Phanerochaete  chrysosporium MRLI,
Phanerochaete sordida MRL3, Sterium hirsutum MRL4,
Lentinus pigrinus MRL 6 and Poliporus caliatus MRL7.

Culture Refreshment: Five strains of white rot fungi were
refreshed thrice time on Malt-extract agar pH: 5.

Screening of Laccase, Manganese Peroxidase and
Xylanase: The initial screening minimal salt medium
(Yeast extract: 10g, Citric acid: 0.25g, Ammonium sulphate:
5g, K.HPO,: 0.26g, MgSO,.7H,0: 0.5g, CaCl,.2H,0: 0.02¢g
and Streptomycin: 0.03g/L) with 2% wheat straw was used
for detecting the ability of the white rot fungi strains to
produce laccases, Mn-peroxidases and xylanases was
used according to method developed in the literature [10]
with some modifications.

Measurement of Xylanase, Laccase and Manganese
Peroxidase Activities: Activity of xylanase was
determined by the method described by Tuncer, et al. [11]
against birchwoodxylan. Laccase activity was measured
by using 5SmM 2, 6-dimethoxy phenol (DMP) as substrate
in 100mM sodium tartarate buffer pH: 4.5. Laccase activity
was measured according the method stated in literature
[10]. Manganese peroxidase (MnP) was assayed by using
2,6-Dimethoxy phenol (DMP) as substrate. MnP activity
was measured by the method discussed in the literature
[12].

Media Used for Xylanase, Laccase and MnP Production:
Kim media was used for the production of xylanase
against three strains of white rot fungi, (Proteous-
peptone: 0.5g, Urea: 0.3g, KH,PO,: 0.2g, CaCl; 0.3g,
Tween-80: 0.2, (NH,),SO,: 1.4g, MgSO,7H,0: 0.3g, FeSO,:
0.05g, ZnSO,7H,0: 0.014g, CoCl ; 0.02g and MnSO :,
0.016g/L) described in the literature [13] whichwas used
with some modification for growth and enzyme production
according the method stated in literature [ 14]. For laccase
production media (Soy meal: 30g, Maltose and 15g,
Mycological Peptone: 15g/L) discussed in the literature
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[15] was used for growth and enzyme production, against
three strains of white rot fungi. Medium described by [15]
was used for MnP production with some modification for
growth and enzyme production (Soy meal: 15g, Maltose:
Mycological Peptone: 6g and Wheat straw: 8g/L).

Inoculum Preparation: 50mL medium was dispensed into
250mL conical flask. Medium was given steam autoclaving
for 15 minutes at 121°C and 15 psi. The inoculum was
allowed to grow at 30°C on orbital shaker (120rev/min) for
3-5 days.

Growth Conditions: 1 liter flask was filled with 225mL

medium of (pH: 5). Inoculum at 10% (v/v) level was
transferred to each growth flask and put into incubator on
30°C at speed 120 rev/min for 7-9 days. Initial and final pH
was between 5 and 6.8.

pH Optimization for the Maximum Production of
Xylanase, Laccase and MnP: pH of the liquid medium in
each flask containing 100mL of medium was adjusted to
pH values of 3.0, 4.0, 5.0, 6.0 and 7.0. Sample taken after
every 24 hours was analyzed for enzyme activities. Final
pH of samples was also noted.

Incubation Period for the Maximum Production of
Xylanase, Laccase and MnP: Production of
extracellular enzymes was carried out at a range of
temperatures 25, 30 and 37°C. Production medium was
incubated at different temperatures. Samples were
collected and assayed for enzyme activities and dry cell
weight was also estimated.

Time Optimization for the Maximum Production of
Xylanase, Laccase and MnP: Three strains of white-rot
fungi Phanerochaete sordida MRL3, Lentinus pigrinus
MRL 6 and Poliporus caliatus MRL7 were incubated at
optimum pH and temperature for 1%, week. Samples were
collected after every 24 h assayed for enzyme activities
and dry cell weight was also estimated.

Large scale production of these enzymes: After
optimization, these enzymes were produced in 3liters
flasks for biobleaching purpose. 110mL of Malt-extract
media was prepared in 500mL flasks and with three strains
of white rot fungi, the inoculum was allowed to grow at
120 revolutions/minutes on 30°C for 4-5day. 1100mL of
production media of these three enzymes were prepared
in 3 liters flasks and inoculated with 10% inoculum size
and incubated on 30°C in orbital shaker for 7-9 days.
Assayed for enzyme activities and protein was also
estimated.
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RESULTS

Initially 5 strains of white rot fungi were screened for
xylanase, laccase and MnP activities on minimal salt media
with 2% wheat straw. Phanerochaete sordidaMRL3,
and  Poliporus caliatusMRL7
were screened on the basis of their activities. Xylanase
activities shown by these three strains were 55.0, 77.40
and 64.83 TU/mL, respectively. Laccase activities shown
by these three strains were 80.65, 112.91 and 101.61 U/L,
respectively. Manganese peroxidase activities shown by
these three strains were 123.0, 182.62 and 106.65 U/L,
respectively.

Lentinus pigrinusMRL6

Effect of pH on the Production of Xylanase, Laccase and
MnP: It is evident from (Figures 1, 2 and 3) that maximum
xylanase production was obtained after 216 hours by
P. sordida MRL3, L. pigrinus MRL6 and P. caliatus MRL7.
Activities were observed 272.74,278.52 and 292.86 IU/mL,
respectively at pH: 5.0. Maximum laccase production was
observed after 216 hours at pH: 5.0. Activities were 483.9
U/L after 192 hours, 516.4 U/L after 192 hours and 459.67
U/L. Maximum MnP production was observed at pH: 5.0
after 216 hours, activities were 588.66 U/L after 216 hours,
645.16 U/L after 192 hours and 585.27 U/L. There was
decrease in activity with further increase or decrease in
pH.

Effect of Temperature on the Production of Xylanase,
Laccase and MnP: The optimum temperature for maximum
xylanase  production was found by growing
Phanerochaete sordida MRL3, Lentinus pigrinus MRL6
and Poliporus caliatus MRL7 at different temperatures i.e.
25, 30 and 37°C keeping 1% wheat straw at pH: 5.0 on
rotary incubator shaker. It was found that optimum
temperature for xylanase production was 30°C; maximum
activity was obtained after 216 hours of incubation period.
The activities were 272.74, 278.52 and 292.86 IU/mL,
respectively.

Maximum laccase production was obtained after
216 hours of incubation period at 30°C; activities were
483.9 U/L after 192 hours, 516.4 U/L after 192 hours and
459.67 U/L after 216 hours, respectively.

It was observed that maximum MnP production was
obtained at 30°C after 216 hours of incubation period.
The  activities of  Phanerochaete sordida MRL3,
Lentinus pigrinus MRL6 and Poliporus caliatus MRL7
were 588.66 U/L after 216 hours, 645.16 U/L after 192 hours
and 585.27 U/L after 216 hours, respectively.
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Fig. 1: Effect of pH on the specific activity of Xylanase
in shake flask culture with 10% inoculum size on
30°C, in rotary shaker by P. sordida MRL3
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Fig. 2: Effect of pH on the specific activity of Xylanase
in shake flask culture with 10% inoculum size at

30°C, in rotary shaker by L. tigrinus.
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Fig. 3: Effect of pH on the specific activity of Xylanase
in shake flask culture with 10% inoculum size at

30°C, in rotary shaker by P. caliatus MRL7.
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Effect of pH on the specific activity of laccase in
shake flask culture with 10% inoculum size at
30°C, in rotary shaker by Phanerochaete sordida
MRL3.
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Fig. 5: Effect of pH on the specific activity of laccase in
shake flask culture with 10% inoculum size at
30°C, in rotary shaker by Lentinus pigrinus MRL6.
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Fig. 9: Effect of pH on the specific activity of MnP in
shake flask culture, with 10% inoculum size on

30°C, in rotary shaker by Poliporus caliatus
MRL7.

Fig. 13:Effect of Temperature on the specific activity of
laccase in shake flask culture at pH: 5, 10%
inoculum  size in rotary shaker by
Phanerochaete sordida MRL3.

Lentinus pigrinus MRL6 was observed after 216 hours of
incubation period, maximum activity was 278.52 IU/mL and
the total protein was 1.2 mg/mL. The maximum specific
activity by Poliporus caliatus MRL7 was 292.86 IU/mL and

the total protein 1.16 mg/mL was observed after 216 hours
of incubation period.

Effect of Incubation Period on Production of Xylanase,
Laccase and MnP: The maximum specific activity by
Phanerochaete sordida MRL3 was 272.74 TU/mL and the
total protein 1.24 mg/mL was observed after 216 hours
of incubation period. The maximum specific activity by
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Fig. 16: Effect of Temperature on the specific activity of
MnP in shake flask culture at pH: 5, 10% inoculum
size in rotary shaker by Phanerocheate sordida
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Fig. 17:Effect of Temperature on the specific activity of
MnP in shake flask culture at pH: 5, 10% inoculum
size in rotary shaker by Lentinus pigrinus MRL6.
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Fig. 22:Production of Xylanase, Laccase and MnP in
1liter flask at pH: 5, 10% inoculum size in rotary
shaker on 30°C by P. sordida MRL3, L. tigrinus
MRL6 and P. caliatus MRLT.
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Fig. 23:Production of Xylanase, Laccase and MnP in
3liter flask at pH: 5, 10% inoculum size in rotary
shaker on 30°C by P. sordida MRL3, L.
tigrinus MRL6 and P. caliatus MRL7.

Lentinus pigrinus MRL6 was 516.4 U/L and the total
protein 1.2 mg/mL was observed after 192 hours of
incubation period. The maximum specific activity by
Poliporus caliatus MRL7 was 459.67 U/L and the total
protein 1 mg/mL was observed after 216 hours of
incubation period.

The maximum specific activity of MnP by
Phanerochaete sordida MRL3 was observed, 588.66 U/L
and the total protein was 1 mg/mL after 216 hours of
incubation period. The maximum specific activity by
Lentinus pigrinus MRL6 was 645.16 U/L and the total
protein 1.1 mg/mL was observed after 192 hours of
incubation period. The maximum specific activity by
Poliporus caliatus MRL7 was 585.27 U/L and the total
protein 0.96 mg/mL was observed after 216 hours of
incubation period.

Large Scale Enzymes Production: After optimization in
250mL flasks, these enzymes were produced in 1liter
and 3liters flasks. Xylanase production in 1 liter flask by
P. sordida, L. tigrinus and P. caliatus, Xylanase activities
were 287, 295 and 284 IU/mL, respectively. While laccase
production in 1 liter flasks by these strains were 496, 540
and 490 U/L, respectively. In case of MnP activities were
586, 632 and 580 U/L, respectively.
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In case of 3 liters flask production of these enzymes
by P. sordida, L. tigrinus and P. caliatus, xylanase
activities were 264, 272 and 269 IU/mL, respectively.
While laccase activities were 460, 489 and 440 U/L,
respectively. TheMnP activities were 560, 592 and 565
U/L, respectively.

DISCUSSION

Xylanase, laccase and manganese peroxidase were
produced and optimized by three strains of white rot fungi
P. sordida MRL3, L. tigrinus MRL6 and P. caliatus MRL7.
Five strains of white rot fungi were screened on minimal
salt media with 2% wheat straw for the production of
xylanase, laccase and manganese peroxidase activity,
these strains were initially isolated from wood decaying
samples. These strains were shown high levels of
xylanase, laccase and MnP activities. White rot fungi were
isolated from woodlands were screened for xylanase,
laccase and MnPactivies on minimal salt media, maximum
strains showed activities for these enzymes [10]. Three
hundred fugal strains were screened for lignin modifying
enzymes, some of these strains showed maximum
activities of these enzymes [16].

Maximum xylanase production was observed
with Kim media, after 216 hours by P. sordida MRL3,
L. tigrinus MRL6 and P. caliatus MRL7. A wild strain of

Aspergillus nidulans isolated  from  soil  produce
cellulase-free xylanase activity when developed on
submerged cultures using corn cob powder as the main
substrate. Maximum xylanase production (220 U/mL) was

obtained when the strain was developed in mineral
medium supplemented with 3% (w/v) corn cob for 6 days
[17].

Xylanase activity was maximally obtained at pH: 5.0
by these three strains. Xylanase was produced by
Thermomyces lanuginosus, maximum production was

observed between pH 5.5 and 9.5. In another study
xylanase was produced by Aspergillus nidulans, with
optimal activity at pH values between 5 and 6 [17].

The optimum temperature for maximum xylanase
production was found 30°C. Extracellular xylanase
produced by fungus
Paecilomyces themophila, maximum activity was observed
at 50 °C [18].

Laccase was produced by P. sordida MRL3,
L. pigrinus MRL6 and P. caliatus MRL7, maximum
activity was observed with 3% soy meal, 1.5% maltose
and 1.5% mycological peptone. Barley bran gave the

thermophilic



Iranica J. Energy & Environ., 5 (1): 59-66, 2014

Table 1: Xylanase, laccase and Manganese peroxidase activity of different white rot fungi

Strains of white-rot fungi Xylanase activity in [U/mL

Laccase activity in U/L

Manganese peroxidase activity in U/L

P. chrysosporium MRLI1 20.6 11 88.57
P. sordida MRL3 55.0 80.65 123.0
S. hirsutum MRL 4 0.8 14 48.98
L. tigrinus MRL 6 77.4 112.91 182.62
P. caliatus MRL7 64.8 101.61 106.65
highest activities, a maximum value of 639U/L, which was 2. Viikari, L., M. Tenkanen and A. Suurndkki, 2001.
10 times the value attained in the cultures without Biotechnology in the pulp and paper industry.
lignocellulosics addition [19]. Maltose (2 g L™") and Biotechnology Set, Second Edition, Wiley.
ammonium tartrate (10 g L™') were the most suitable 3. Beg, Q., M. Kapoor, L. Mahajan and G. Hoondal,
carbon and nitrogen source for laccase production. 2001. Microbial xylanases and their industrial
Under optimal culture medium, the maximum laccase applications: a review. Applied Microbiology and
activity was determined to be 13.55 U mL ™" [20]. Biotechnology, 56(3-4): 326-338.

Optimum pH for laccase production was at pH: 5.0. 4. Gold, M.H.,, H. Wariishi and K. Valli, 1989.
When fungi were grown in a medium with pH as optimal Extracellular Peroxidases Involved in Lignin

for growth (pH: 5.0) the laccase was produced in excess
[7]. Laccase produced by T. modesta was fully active at
pH 4.0 [21].

Maximum laccase activity was observed at 30°C after
216 hrs (9 days) by these three strains. Laccase and
manganese peroxidase were detected in liquid medium
with ammonium phosphate, yeast extract and ammonium
molybdate as nitrogen sources after 3 days of cultivation.
Laccase optimal temperature was 45°C [22].

MnP production was optimized for pH, temperature
and incubation time, maximum specific activity was
by MRL3,

observed Phanerochaete sordida

Lentinus pigrinus MRL6 and Poliporus caliatus MRL7 at

pH: 5.0 at 30 °C after 216 hrs incubation periods.
Theproduction of MnP by Pleurotus ostreatus in different
liquid cultures was investigated. The highest level of
activity was observed after 8 days [23].

CONCLUSION

By screening among the white rot fungi; suitable
strains were identified for production of xylanase, laccase
and manganese peroxidase. Maximum active units
enzymes for the desired media compositions, pH and
incubation period at optimal temperature were obtained.
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