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appreciated globally. So lignicolous fungi from Rathanmahal Wildlife
Sanctuary, Gujarat, India were tested for presence of Lignin
Modifying Enzymes and effect of nitrogen on enzymatic activity.
Basal medium containing KNOz, NaNO3, Ca(NOs), and NH;(NOs),,
was used to test the efficacy of ligninolytic activity. The highest aryl
alcohol oxidase activity was observed in case of basal medium
supplemented with NH4(NO3); i.e. 6.85 U/ml whereas lowest in case
of NaNOs i.e. 0.15 U/ml. highest laccase activity was observed in
basal medium containing NH4(NOs),, whereas lowest laccase activity
was observed in case of NaNOjz. The highest lignin peroxidase activity
was observed in presence of NH;(NQs),, whereas lowest in case of
Ca(NQs),. For the first time effect of Nitrogen on Aryl Alcohol
Oxidase activity by Lenzites sterioides, Navisporus floccosus and
Flavodon flavus was reported.
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Introduction:-

The term lignicolous fungi have been applied to certain ligninolytic basidiomycetes with a relatively high selectivity
to degrade lignin in wood. These fungi produce a set of enzymes which are directly involved in lignin decay. The
degree of lignin degradation with respect to other wood components largely depends on the environmental
conditions and the fungal species involved. The physiology of L. sepiaria its special reference to enzymatic activity
was studies by Zeller (1916). During decay of timber the L. trabum produced lignocellulose degrading enzymes
(Gadd, 2001). Some microorganisms produce a complex set of enzymes capable of efficient degradation of native
cellulose for example Schizophyllum has efficient cellulase system to degrade the native cellulose. Lignolytic action
of S. commune was studied by Jurasek (1968) and influence of extractive on cellulase and xylanase activities of S.
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commune was studied by Sopko (1968). Two major families of enzymes are involved in ligninolysis by white rot
fungi, those are peroxidases and phenol oxidase termed laccase (Leonowicz et al., 2001). Peroxidases divided into
lignin peroxidase (LiP), Manganese peroxidase (MnP), (Leonowicz et al., 2001). The activity of extracellular
peroxidase depended on a supply of H,0,. Glucose-l-oxidase (Kelley & Reddy, 1986), Glucose-2-oxidase (Daniel et
al., 1994), Glyoxal oxidase (GLOX) (Kersten & Kirk, 1987), Aryl Alcohol Oxidase (AAQO) (deJong et al., 1994)
Aryl alcohol dehydrogenase (AAD) (Muheim et al., 1991) and Methanol Oxidase (Nishida & Eriksson, 1987) have
all been proposed as H,0, sources. Each species of white rot fungi secretes a particular assortment of this enzymatic
machinery to the medium in which it is growing. Thus some strains produce all of the major families of enzymes,
others only two of them or even one (Perez et al., 2002). These results suggest that different enzymatic system,
formed by enzymes encoded by different genes, are responsible for lignin degradation by white-rot fungi (Varela et
al., 2000).

The first group, i.e., laccase-active species, was represented by two white-rot fungi, C. versicolor and P. igniarius.
Their laccases oxidized not only syringaldazine, but also o-dianisidine and vanillylacetone. Vanillylacetone is a
model lignin compound, whose oxidation may reflect involvement of laccases in the lignin degradation process. The
second group of fungi, consisting of a brown-rot fungus P. betulinus, two soft rotters, C. cellulolyticum and C.
piluliferum, and a white rotter, P. chrysosporium, expressed only peroxidase activities which may be independent or
dependent upon the presence of manganese in the medium. The representative of the last group is L. trabea, a
brown-rot fungus, which did not produce any extracellular enzymes of the oxidase or peroxidase type (Ander and.
Eriksson 1978). This finding corroborates the results of Harkin and Obst (1973) who found neither peroxidase nor
laccase activity in this species. Some genera of Basidiomycetes, such as Pleurotus spp., were found to lack lignin
peroxidases (Fukushima and Kirk 1995), Lentinus edodes showed laccase, but not LiP activity (Leatham and
Stahmann, 1981).

Materials and Methods:-

Study area:-

Ratanmahal Wildlife Sanctuary (RWLS) is a relatively small area of 55.65 sq km consisting of dry deciduous forest.
The total existing sanctuary area lies between the river Panam and Orsang. The 11 villages of Ratanmahal forest are
situated at the southernmost part of Limkheda taluka of Dahod district of Gujarat state. It is situated between 70° 37'
to 74° 117 East Longitude and between 22° 32” to 22° 35' North Latitude. The climate is sub-tropical arid, which
turns damp and humid during monsoon. Minimum and maximum rainfall ranges between 957mm to 2101mm. A
survey was undertaken in RWLS for collection of samples from living trees and fallen branches.

Isolation and identification of fungi:-

The young fruit bodies of lignicolous fungi were collected from Ratanmahal Wildlife sanctuary, Gujarat. Wood
chips measuring 5 mm x 5 mm x 2 mm were aseptically removed from the fruit bodies and transferred to petriplates
containing cultural media: 2% malt extract agar amended with 250ug Streptomycin sulphate per ml. Eight pieces
were removed from each sample and placed in 2 petriplates. These plates were incubated at 25+2°C for 7 days. Once
fungal colonies were formed in the agar plates, each colony was transferred to a new agar slant to obtain a pure
culture. Identification of these fungi was based on colony feature and their microscopic examination.

Enzymatic test:-

Five different lignicolous fungi were isolated from RWLS, Gujarat, India were selected for enzymatic studies. The
screening of all species of fungi for their lignolytic and cellulolytic ability was done by substituting the malt extract
agar medium (2%) with tannic acid for ligninase (0.5%) as suggested by Nobles (1964) and carboxymethyl cellulose
for test of cellulase (0.5%) (Bains et al., 2006).Streptomycin sulphate was added prior to sterilization to avoid
bacterial contamination except in case of lignolytic activity where tannic acid itself acts as bactericidal agent. After
autoclaving, media was cooled and poured to sterile Petriplates aseptically. On solidification, the plates were
inoculated at the center with 1cm? mycelial disc of different fungal cultures under study and incubated at 28+10C
for a week. The replicates were maintained for each set of observations. The respective enzyme activities were
evaluated by observing and measuring the zone of clearance if any, found by flooding the plates with visualizing
reagent or dye (0.25% Congo red) for 15min (Teather and Wood 1982) for detection of cellulolytic activity, while
the lignolytic activity was assessed by observing brown colored zone around respective fungal colonies.
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Effect of Nitrogen on ligninolytic enzymes:-

It was used for the growth of test fungi i.e. S. commune, L. sterioides, G. lucidum, N. floccosus, and F. flavus. The
Czepek Dox’s medium supplemented with four nitrogen sources was used for growth of these fungi. Flasks
containing 25 ml of basal medium were autoclaved at 121°C temperature for 20 min, inoculated with test fungi and
incubated for 5, 10, and 15days. After completion of incubation period, each test fungus was filtered by using
Whatman filter paper no 1. The filtrate was used to determine final pH. The filter papers were dried in oven and
weighed to calculate the growth of wood decay fungi.

Enzyme essay:-

Lignicolous fungi like S. commune, L. sterioides, G. lucidum, N. floccosus, and F. flavus, were tested for production
of lignin degrading enzymes. Estimation of Laccase, Peroxidase, Aryl alcohol oxidase, and Lignin peroxidase was
done by using Guaiacol and veratryl alcohol as substrates. Czepek Dox’s Medium supplemented with KNOg,
NaNOs;, NH,4(NOs),, and Ca(NO3), was used for growth of these fungi. Same procedure was followed as described
in effect of nitrogen sources on growth with some modifications i.e. the filtrate was centrifuged at 10000 rpm for 15
min to get the clear supernatant. The supernatant was used as crude enzyme source for all ligninolytic enzyme
assays.

Laccase Activity:-

It was assayed according to the procedure suggested by Coll et al., (1993). For measuring laccase activity, source
enzyme was added to 50 mM Na-acetate buffer (pH 4.5) containing 1mM guaiacol (Sigma grade.) as substrate, to
make a final volume of 5ml. The tubes were incubated at 37°C for 15 min. The blank contained substrate and the
source enzyme that was inactivated by boiling. The optical density of the reaction tubes was measured against
reagent blank in a Jenway 6105 spectrophotometer at 465 nm wavelength. One unit relative enzyme activity was
described as the amount of enzyme causing a 0.1 unit increase in the optical density of the reaction mixture under
the experimental conditions.

Aryl-alcohol oxidase activity (AAO):-

It was assayed to the procedure suggested by Mansur et al., (2003). The AAO activity was assayed
spectrophotometrically, as the oxidation of veratryl (3,4dimethoxybenzyl) alcohol to veratraldehyde, monitored at
465 nm (¢ = 9300 5.1-'cm-I). The reaction mixtures contained 10 mM veratryl alcohol in 100 mM sodium
phosphate, (pH 6.0). One U of enzyme activity is defined as the arnount of enzyme releasing 1 pmol/min-' oxidized
product at 25°C in enzymatic determination.

Lignin peroxidase (LiP) Activity:-

it was measured using the method of Tien and Kirk (1984). In this method the increase of absorbance at 310 nm, due
to the oxidation of the veratryl alcohol to veratryl aldehyde, was measured. The reaction mixture contained: 2.2 ml
of sodium tartrate buffer (50 mM, pH 4,5 at 25°C), 40 pl of veratryl alcohol (2 mM) and 240 pl of culture
supernatant. The reaction was initiated by the addition of 20 pl of H,O, (0.2 mM). The absorbance was measured
immediately (¢ 310 = 9333 M-1cm-1). One unit enzymatic activity was defined as the quantity of enzyme that
produced 1 um of oxidized product.

Peroxidase activity:-

The enzyme activity was determined using guaiacol as substrate (Lewis et al. 1987). The assay mixture consisted of
0.1 M potassium phosphate buffer (pH 7.0 at 25°C), 50 ul of 20.1 mM guaiacol (Fluka) solution, and the enzyme.
The reaction was initiated by the addition of 30 pul of 12.3 mM H,0,. The total volume of the reaction mixture was
3.18 ml. Activity was monitored using a spectrophotometer at 436 nm. The enzyme activity was calculated by using
an extinction coefficient (436 nm) of 6.39 cm?pmol for guaiacol. One unit of enzyme activity is defined as 1pmol of
guaiacol consumed (oxidized) per min.

Results:-

Isolation and identification of fungi:-

Five different lignicolous fungi were isolated from different woods present in Ratanmahal Wildlife Sanctuary,
Gujarat, India. They were identified as Schizophyllum commune, Ganoderma lucidum, Lenzites sterioides,
Navisporus floccosus and Flavodon flavus. Pure cultures were maintained on Malt extract medium.
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Enzymatic test:-

lignicolous fungi like S. commune, L. sterioides, G. lucidum, N. floccosus, and F. flavus were tested for cellulolytic
and ligninolytic activity Table 1. All the lignicolous fungi showed positive test for cellulolytic and ligniolytic
activity. The highest cellulolytic activity was shown by S. commune, and F. flavus. The highest ligninolytic activity
was shown by G. lucidum.

Effect of Nitrogen on ligninolytic enzymes:-

The effect of 5 different nitrogen sources was observed in case of 5 wood rotting fungi, the results are depicted in
Table 2. The potassium nitrite showed better growth for G. lucidum and N. floccosus. The final pH of the medium
changed from acidic to slightly alkaline nature. The potassium nitrate showed better growth for N. floccosus. The
final pH of the medium is acidic in nature. The sodium nitrate showed better growth in L. sterioides and lowest
growth was shown by N. floccosus. The final pH of medium is slightly alkaline in nature. The calcium nitrate as sole
nitrogen source showed better growth in L. sterioides, S. commune. The final pH of the medium changed from acidic
to neutral nature. The ammonium nitrate as sole nitrogen source showed better growth in F. flavus and lowest
growth in L. sterioides respectively. The final pH of the medium changed from more acidic to neutral nature.

Based upon growth supporting ability for S. commune the inorganic nitrogen compounds are grouped as Calcium
nitrate > Sodium nitrate > Potassium nitrate > Potassium nitrite > Ammonium nitrate. Based upon growth
supporting ability for L. sterioides the inorganic nitrogen compounds are grouped as Sodium nitrate > Calcium
nitrate > Potassium nitrate > Potassium nitrite > Ammonium nitrate. Based upon growth supporting ability for G.
lucidum the inorganic nitrogen compounds are grouped as Potassium nitrite > Ammonium nitrate > Calcium nitrate
> Sodium nitrate > Potassium nitrate. Based upon growth supporting ability for F. flavus the inorganic nitrogen
compounds are grouped as Ammonium nitrate > Calcium nitrate > Potassium nitrite > Potassium nitrate > Sodium
nitrate. Based upon growth supporting ability for N. floccosus the inorganic nitrogen compounds are grouped as
Potassium nitrite > Potassium nitrate > Calcium nitrate > Ammonium nitrate > Sodium nitrate.

Enzyme essay:-

Basal medium containing i.e. Czepek Dox’s medium containing KNO3, NaNO3, Ca(NO3), and NH4(NOj3),, was used
to test the efficacy for ligninolytic activity of lignicolous fungi like S. commune, L. sterioides, G. lucidum, N.
floccosus, and F. flavus. All the lignicolous fungi were able to produce the lignin modifying enzymes like Laccase,
Lignin Peroxidase, Aryl Alcohol Oxidase and Peroxidase in culture medium. The highest laccase activity was
observed in basal medium containing NH4(NOs),, whereas lowest laccase activity was observed in case of NaNOs.
The highest aryl alcohol oxidase activity was observed in NH4(NOs), containing basal medium, where as the lowest
aryl alcohol oxidase was observed in case of NaNO3. The highest lignin peroxidase activity was observed in
presence of NH,;(NOs),, whereas lowest in case of Ca(NOs),. The highest peroxidase activity was observed in KNO3
containing basal medium whereas, lowest in case of Ca(NOs),.

It is evident from Tables 3. that S. commune showed highest laccase activity in NH;(NOs), basal medium than other
basal medium and lowest in case of Ca(NOs), basal medium. The highest aryl alcohol oxidase enzyme was observed
in NH4(NOs), medium and lowest in case of Ca(NOs),. The highest lignin peroxidase and peroxidase activity was
observed in case of NH;(NO3), and lowest in case of Ca(NOs)s.

In case of KNOjs as sole nitrogen source the laccase activity was increased up to 25 days of incubation i.e. 1.81U/ml.
In case of NH4(NOs), as sole nitrogen source the laccase activity was increased up to 20 days i. e. 12.05 U/ml and
then decreased to 5.58 U/ml. In case of Ca(NO3), as sole nitrogen source the laccase activity was increased up to 10
days i. e. 6.71 U/ml and then decreased to 0.18 U/ml in 25 days of incubation. In case of NaNOj; as sole nitrogen
source the laccase activity was increased up to 15 days i. e. 1.96 U/ml and then decreased to 0.86 U/ml in 25 days of
incubation.

In case of KNOjs as sole nitrogen source the aryl alcohol oxidase activity was increased up to 10 days of incubation
i.e. 3.41 U/ml and then decreased to 2.25 U/ml in 25 days of incubation. In case of NH4(NOs), as sole nitrogen
source the aryl alcohol oxidase activity was increased up to 20 days i. e. 6.85 U/ml and then decreased to 4.49 U/ml.
In case of Ca(NOg); as sole nitrogen source the aryl alcohol oxidase activity was increased up to 15 days i. e. 1.43
U/ml, then decreased to 0.20 U/ml in 10 days and then increased to 1.17 U/ml in 25 days of incubation. In case of
NaNO; as sole nitrogen source the aryl alcohol oxidase activity was increased up to 15 days i. e. 1.45 U/ml and then
decreased to 1.04 U/ml in 25 days of incubation (Fig. I).
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Fig. I:- Aryl Alcohol oxidase activity of S. commune on different Nitrogen.
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In case of KNOj; as sole nitrogen source the lignin peroxidase activity was increased up to 10 days of incubation i.e.
2.62 U/ml and decrease to 1.83 U/ml within 25 days. In case of NH,4(NOs3), as sole nitrogen source the lignin
peroxidase activity was more when compared to all other lignicolous fungi i. e. 45.50 U/ml within 20 days. In case
of Ca(NO3); as sole nitrogen source the lignin peroxidase activity was increased up to 10 days i. e. 2.08 U/ml and
then decreased to 0.08 U/ml in 25 days of incubation which is the least peroxidase activity recorded for this fungi. In
case of NaNOs as sole nitrogen source the lignin peroxidase activity was increased up to 10 days i. e. 9.12 U/ml and
then decreased to 3.83 U/ml in 25 days of incubation.

In case of KNOjs as sole nitrogen source the peroxidase activity was increased up to 5 days of incubation i.e. 10.52
U/ml and then decreased to 3.60 U/ml within 25 days. In case of NH4(NO3), as sole nitrogen source the peroxidase
activity was increased up to 20 days i. e. 16.64 U/ml. In case of Ca(NQs), as sole nitrogen source the peroxidase
activity was increased up to 20 days i. e. 8.26 U/ml. In case of NaNQj; as sole nitrogen source the peroxidase activity
was increased up to 20 days i. e. 4.62 U/ml and then decreased to 2.76U/ml in 25 days of incubation.

It is evident from Tables 4. that L. sterioides showed highest laccase activity incase of NaNOs; whereas lowest in
case of NH4(NOs),. The highest aryl alcohol oxidase activity was observed in case of basal medium supplemented
with NH4(NOs), whereas lowest in case of NaNOjz. The highest lignin peroxidase was observed in case of
NH4(NO3), whereas lowest in case of Ca(NO3z),. The highest peroxidase activity was observed in case of KNO;
whereas lowest in case of NaNOs.

When KNOjs as sole nitrogen source for laccase activity of L. sterioides shown increased up to 25 days of incubation
i.e. 1.23 U/ml; NH4(NO3), as sole nitrogen source the laccase activity was increased up to 10 days i. e. 1.52 U/ml
and then decreased to 0.13 U/ml within 25 days; Ca(NOs), as sole nitrogen source the laccase activity was increased
up to 25 days i. e. 0.92 U/ml and NaNOs as sole nitrogen source the laccase activity was increased up to 15 days i. e.
4.31 U/ml, then decreased to 1.85 U/ml in 20 days and increased to 2.26 U/ml within 25 days.

When KNOjs as sole nitrogen source for Aryl Alcohol Oxidase activity of L. sterioides shown increased up to 25
days of incubation i.e. 1.69 U/ml; NH4(NO3), as sole nitrogen source the aryl alcohol oxidase activity was increased
up to 10 days i. e. 0.97 U/ml 0.62 U/ml within 20 days which indicates that it shows two maximum enzymatic
activity peaks; Ca(NOs), as sole nitrogen source the aryl alcohol oxidase activity was increased up to 20 days i. e.
0.52 U/ml and NaNQ; as sole nitrogen source the aryl alcohol oxidase activity was increased up to 15 days i. e. 1.82
U/ml, then decreased to 0.62 U/ml within 25 days(Fig. I1).
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Fig. 11:- Aryl Alcohol oxidase activity of L. sterioides on different Nitrogen sources.
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When KNOs; as sole nitrogen source for Lignin Peroxidase activity of L. sterioides shown increased up to 25 days of
incubation i.e. 4.20 U/ml; NH4(NQs), as sole nitrogen source the Lignin Peroxidase activity was increased up to 10
days i. e. 15.79 U/ml and then decreased to 2.00 U/ml within 25 days; Ca(NOs3), as sole nitrogen source the Lignin
Peroxidase activity was increased up to 20 days i. e. 2.33 U/ml and NaNO; as sole nitrogen source the Lignin
Peroxidase activity was increased up to 15 days i. e. 8.50 U/ml, then decreased to 1.12 U/ml in 20 days and
increased to 4.41 U/ml within 25 days.

When KNOj; as sole nitrogen source for peroxidase activity of L. sterioides shown increased up to 10 days of
incubation i.e. 11.48 U/ml and decreased to 3.64 U/ml within 25 days; NH;(NQOs), as sole nitrogen source the
peroxidase activity was increased up to 15 days i. e. 8.20U/ml and then decreased to 0.62 U/ml within 25 days;
Ca(NOs), as sole nitrogen source the peroxidase activity was increased up to 20 days i. e. 6.64 U/ml and NaNOs as
sole nitrogen source the peroxidase activity was increased to 5.78 U/ml within 25 day.

It is evident from Tables 5. that G. lucidum shown highest laccase activity in case of CaNO3; whereas lowest in case
of NaNO;. The highest aryl alcohol oxidase activity was observed in case of KNO3 and lowest in case of NaNOs.
The highest lignin peroxidase was observed in case of NH;(NO3), whereas lowest in case of Ca(NOs),. The highest
peroxidase activity was observed in case of KNO3 whereas lowest in case of NaNOs.

When KNOs as sole nitrogen source, G. lucidum showed ligninolytic activity of laccase enzyme was increased up
to 10 days of incubation i.e. 1.75 U/ml and the decreased to 0.45 U/ml within 25 days; NH4(NOs), as sole nitrogen
source the laccase activity was increased up to 5 days i. e. 0.95 U/ml and then decreased to 0.20 U/ml within 25 days
which indicates an early maximum enzymatic activity; Ca(NOs), as sole nitrogen source the laccase activity was
increased up to 10 days i. e. 5.04 U/ml and then decreased to 0.44 U/ml within 25 days and NaNOs as sole nitrogen
source the laccase activity was increased up to 15 days i. e. 2.00 U/ml, then decreased to 0.16 U/ml within 25 days.

When KNO; as sole nitrogen source, G. lucidum showed ligninolytic activity of aryl alcohol oxidase enzyme was
increased up to 10 days of incubation i.e. 2.76 U/ml and the decreased to 0.83 U/ml within 25 days; NH4(NOs), as
sole nitrogen source the aryl alcohol oxidase activity was increased up to 5 days i. e. 0.53 U/ml, then decreased to
0.21 U/ml within 20 days and increased to 0.34 U/ml within 25 days, which indicates an early maximum enzymatic
activity followed by decline and raising to maximum activity; Ca(NOs), as sole nitrogen source the aryl alcohol
oxidase activity was increased up to 10 days i. e. 0.57 U/ml and then decreased to 0.28 U/ml within 25 days and
NaNO; as sole nitrogen source the aryl alcohol oxidase activity was increased up to 15 days i. e. 0.85 U/ml, then
decreased to 0.18 U/ml within 25 days(Fig. I11).
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Fig. I11:- Aryl Alcohol oxidase activity of G. lucidum on different Nitrogen sources.
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When KNOs as sole nitrogen source, G. lucidum showed ligninolytic activity of lignin peroxidase enzyme was
increased up to 10 days of incubation i.e. 7.08 U/ml and the decreased to 2.45 U/ml within 25 days; NH4(NOs), as
sole nitrogen source the lignin peroxidase activity was increased up to 5 days i. e. 9.20 U/ml, decreased to 1.37 U/ml
within 20 days and increased to 2.54 U/ml within 25 days ; Ca(NOj3), as sole nitrogen source the lignin peroxidase
activity was increased up to 5 days i. e. 2.75 U/ml and then decreased to 0.91 U/ml within 25 days and NaNO3 as
sole nitrogen source the lignin peroxidase activity was increased up to 15 days i. e. 5.95 U/ml, then decreased to
1.66 U/ml within 25 days.

When KNO; as sole nitrogen source, G. lucidum showed ligninolytic activity of peroxidase enzyme was increased
up to 10 days of incubation i.e. 17.9 U/ml and the decreased to 1.64 U/ml within 25 days; NH4(NO3), as sole
nitrogen source the peroxidase activity was increased up to 5 days i. e. 4.28 U/ml and then decreased to 1.10 U/ml
within 25 days which indicates an early maximum enzymatic activity; Ca(NOs), as sole nitrogen source the
peroxidase activity was increased up to 20 days i. e. 7.34 U/ml and then decreased to 2.78 U/ml within 25 days and
NaNOs as sole nitrogen source the peroxidase activity was increased up to 15 days i. e. 5.08 U/ml, then decreased to
4.20 U/ml within 25 days.

It is evident from Tables 6. that N. floccosus showed highest laccase activity in case of NH;(NO3), and lowest in
case of basal medium supplemented with Ca(NOs),. The highest aryl alcohol oxidase activity was observed in case
of KNO; and lowest in case of Ca(NOs), basal medium. The highest lignin peroxidase was observed in case of
NaNO; whereas lowest in case of Ca(NOs),. The highest peroxidase activity was observed in case of KNO3; whereas
lowest in case of Ca(NO3),.

When KNO; as sole nitrogen source, N. floccosus showed ligninolytic activity of laccase enzyme was increased up
to 5 days of incubation i.e. 1.12 U/ml and the decreased to 0.40 U/ml within 20 days again increased to 1.00 U/ml
within 25 days; NH4(NO3), as sole nitrogen source the laccase activity was increased up to 5 days i. e. 1.98 U/ml
and then decreased to 0.53 U/ml within 20 days again increased to 1.07 U/ml within 25 days, which indicates an
early maximum enzymatic activity; Ca(NOs), as sole nitrogen source the laccase activity was increased up to 15
days i. e. 0.58 U/ml, decreased to 0.09 U/ml within 20 days and increased to 0.46 U/ml and NaNOs as sole nitrogen
source the laccase activity was increased up to 15 days i. e. 1.68 U/ml, then decreased to 0.12 U/ml within 20 days
again increased to 0.73 U/ml within 25 days.

When KNOj as sole nitrogen source, N. floccosus showed ligninolytic activity of aryl alcohol oxidase enzyme was
increased up to 5 days of incubation i.e. 2.00 U/ml and the decreased to 1.14 U/ml within 25 days; NH4(NO3), as
sole nitrogen source the aryl alcohol oxidase activity was increased up to 5 days i. e. 0.98 U/ml, then decreased to
0.25 U/ml within 20 days and increased to 0.73 U/ml within 25 days, which indicates an early maximum enzymatic
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activity followed by decline and raising to maximum activity; Ca(NOs3), as sole nitrogen source the aryl alcohol
oxidase activity was increased up to 25 days i. e. 0.30 U/ml and NaNO; as sole nitrogen source the aryl alcohol
oxidase activity was increased up to 15 days i. e. 1.03 U/ml, then decreased to 0.28 U/ml within 25 days(Fig. 1V).

Fig. IV:- Aryl Alcohol oxidase activity of N. floccosus on different Nitrogen sources.
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When KNO; as sole nitrogen source, N. floccosus showed ligninolytic activity of lignin peroxidase enzyme was
increased up to 5 days of incubation i.e. 3.70 U/ml and the decreased to 1.45 U/ml within 25 days; NH4(NOs), as
sole nitrogen source the lignin peroxidase activity was increased up to 5 days i. e. 8.00 U/ml, decreased to 3.75U/ml
within 20 days and increased to 6.20 U/ml within 25 days; Ca(NOs), as sole nitrogen source the lignin peroxidase
activity was increased up to 15 days i. e. 1.75 U/ml and then decreased to 0.08 U/ml within 25 days and NaNOj; as
sole nitrogen source the lignin peroxidase activity was increased up to 15 days i. e. 9.79 U/ml, then decreased to
1.00 U/ml within 25 days.

When KNOjs as sole nitrogen source, N. floccosus showed ligninolytic activity of peroxidase enzyme was increased
up to 5 days of incubation i.e. 12.96U/ml and the decreased to 2.16 U/ml within 25 days; NH4(NQs), as sole
nitrogen source the peroxidase activity was increased up to 5 days i. e. 5.54 U/ml, decreased to 4.82 U/ml within 15
days and increased to 4.90 U/ml within 25 days it indicates second peak of enzymatic activity; Ca(NOs), as sole
nitrogen source the peroxidase activity was increased up to 20 days i. €. 8.74 U/ml and then decreased to 0.72 U/ml
within 25 days and NaNOs as sole nitrogen source the peroxidase activity was increased up to 15 days i. e. 6.52
U/ml, then decreased to 1.70 U/ml within 25 days.

It is evident from Tables 7. that F. flavus showed highest laccase activity in case of Na NO3 whereas lowest in case
of Ca(NQs),, aryl alcohol oxidase activity in case of KNO; whereas lowest in case of Ca(NOs3),, lignin peroxidase
activity in case of NH4(NOs), whereas lowest in case of Ca(NOs), and peroxidase activity in case of KNO3; whereas
lowest in case of Ca(NO3),.

When KNOj; as sole nitrogen source, F. flavus showed ligninolytic activity of Laccase enzyme was increased up to
20 days of incubation i.e. 1.63 U/ml; NH4(NO3), as sole nitrogen source the Laccase activity was increased up to 15
days i. e. 6.32 U/ml; Ca(NOs), as sole nitrogen source the Laccase activity was increased up to 10 days i. e. 8.24
U/ml and NaNO3 as sole nitrogen source the Laccase activity was increased up to 20 days i. e. 8.83 U/ml.

When KNO; as sole nitrogen source, F. flavus showed ligninolytic activity of Aryl Alcohol oxidase enzyme was
increased up to 10 days of incubation i.e. 2.63 U/ml; NH4(NOz3), as sole nitrogen source the Aryl Alcohol oxidase
activity was increased up to 10 days i. e. 1.90 U/ml; Ca(NOs), as sole nitrogen source the Aryl Alcohol oxidase
activity was increased up to 10 days i. e. 0.86 U/ml and NaNOj as sole nitrogen source the Aryl Alcohol oxidase
activity was increased up to 10 days i. e. 1.26 U/mi(Fig. V).
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Fig. V:- Aryl Alcohol oxidase activity of F. Flavus on different Nitrogen sources.
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When KNO; as sole nitrogen source, F. flavus showed ligninolytic activity of Lignin Peroxidase enzyme was
increased up to 10 days of incubation i.e. 7.33 U/ml; NH4(NOs), as sole nitrogen source the Lignin Peroxidase
activity was increased up to 10 days i. e. 21.37 U/ml; Ca(NOs3), as sole nitrogen source the Lignin Peroxidase
activity was increased up to 10 days i. e. 2.54 U/ml and NaNO; as sole nitrogen source the Lignin Peroxidase
activity was increased up to 10 days i. e. 11.54 U/ml.

When KNO; as sole nitrogen source, F. flavus showed ligninolytic activity of Peroxidase enzyme was increased up
to 10 days of incubation i.e. 14.00 U/ml; NH4(NOs), as sole nitrogen source the Peroxidase activity was increased
up to 10 days i. e. 7.10 U/ml; Ca(NO3), as sole nitrogen source the Peroxidase activity was increased up to 20 days i.
e. 8.48 U/ml and NaNQ3; as sole nitrogen source the Peroxidase activity was increased up to 20 days i. e. 3.06 U/ml.

Table 1:- Ligninolytic and Cellulolytic activity of different lignicolous fungi.

S.No | Lignicolous fungi Cellulolytic activity* Lignolytic activity*
1 Schizophyllum commune 9+0.58 5.8+0.54

2 Lenzites sterioides 7+1.0 6.6+0.32

3 Ganoderma lucidum 8+0.56 8.8+0.53

4 Flavodon flavus 9+0.25 4.4+0.4

5 Navisporus floccosus 8+0.45 4.2+0.67

*indicates each component values are based on the three replicates
. = Results were significant at P <.05 level by one way ANOVA.

Table 2:- Effect of different Nitrogen sources on growth of wood decay fungi.

Schizophyllum Lenzites Ganoderma Flavodon flavus | Navisporus

commune sterioides lucidum floccosus
Nitrogen Dry wt* | Final | Dry wt* | Final | Dry wt* | Final | Dry wt* | Final | Dry wt* | Final
source pH pH pH pH pH
KNO, 160+34 | 6.20 | 167+34 | 6.30 | 360+1.0 |4.75 | 175+1.2 | 6.25 | 233+25 | 7.12
KNO; 175428 | 450 | 178+2.8 | 453 | 125422 | 4.60 | 155+1.8 | 5.76 199+15 | 5.54
NaNO; 215+15 | 7.30 | 290+15 | 7.10 | 130415 |6.80 | 120+1.8 |7.15 | 95+2.8 7.60
Ca(NO3), 259+25 | 6.50 | 280+2.5 | 6.20 | 155+25 | 530 | 185+1.9 | 5.10 197+34 | 6.18
NH,4(NO3), | 155+2.6 | 3.89 | 121+2.6 | 3.58 | 195+1.7 | 4.45 | 235+2.4 | 6.30 162+39 | 5.18

* indicates each component values are based on the three replicates.
+ Results were significant at P <.05 level by one way ANOVA
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Table 3:- Effect of Nitrogen on ligninolytic activity of S. commune .

Lignin Degrading Enzymes of S. commune

Laccase*U/ml
Days KNO, NH, (NO;), Ca(NO,), NaNO,
5 0.67 £0.2 0.39+0.03 0.38+0.02 0.37+0.03
10 0.70x0.05 6.86+0.04 6.71+0.05 1.57+£0.05
15 0.86+0.03 11.15+0.08 1.84+0.06 1.96+0.07
20 1.06+0.04 12.05+0.20 0.20+0.08 1.94+0.05
25 1.81+0.06 5.58+0.15 0.18+0.03 0.86+0.06

Aryl Alcohol oxidase* U/ml
5 1.27+0.04 0.17+0.04 0.18+0.04 0.36+0.04
10 3.41+0.06 1.38+0.02 0.50+0.02 0.93+0.05
15 2.63+0.05 2.99+0.08 1.43+0.08 1.45+0.07
20 2.38+0.03 6.85+0.30 0.20+£0.07 1.04+0.08
25 2.25+0.01 4.49+0.20 1.17+0.05 1.04+0.05
Lignin Peroxidase* U/ml
5 2.12+0.02 4.08+0.1 1.37£0.03 6.71+0.2
10 2.62+0.05 13.20+0.2 2.08+0.05 9.12+0.3
15 2.20+£0.04 4.08+0.32 1.93+0.07 7.10£0.5
20 2.00£0.01 45.50+1.2 1.63+0.08 3.87+0.7
25 1.83+0.04 26.29+1.5 0.08+0.08 3.83+0.3
Peroxidase*U/ml
5 10.52+0.04 3.38+0.08 0.82+0.02 1.58+0.1
10 9.56+0.05 5.32+0.07 0.84+0.04 2.44+0.17
15 6.40+0.02 5.82+0.10 2.54+0.08 3.08+0.2
20 5.16+0.06 16.64+0.25 8.26+0.20 4.62+0.3
25 3.60+0.04 12.74+0.14 0.70+£0.01 2.76x0.25
* indicates each component values are based on the three replicates.
+ Results were significant at P <.05 level by one way ANOVA.
Table 4:- Effect of Nitrogen on ligninolytic activity of L. sterioides.
Lignin Degrading Enzymes of L. sterioides

Laccase*U/ml
DayS KNO3; NH, (N03)2 Ca(N03)2 NaNO;
5 0.84+0.03 0.28+0.02 0.37+0.02 0.30+0.05
10 0.92+0.02 1.52+0.04 0.43+0.04 1.01+0.04
15 1.05+0.05 0.42+0.05 0.76+0.07 4.31+0.07
20 1.13+0.06 0.33+0.01 0.83+0.05 1.85+0.03
25 1.23+0.06 0.13+0.05 0.92+0.09 2.26+0.08

Aryl Alcohol oxidase* U/ml
5 1.32+0.04 0.23+0.04 0.17+0.04 0.15+0.02
10 1.42+0.03 0.97+0.06 0.30+0.07 0.90+0.01
15 1.51+0.02 0.44+0.02 0.45+0.03 1.82+0.04
20 1.59+0.04 0.62+0.07 0.52+0.01 0.62+0.08
25 1.69+0.07 0.23+0.02 0.41+0.08 0.62+0.07
Lignin Peroxidase* U/ml
5 1.41+0.07 7.75+0.12 0.79+0.04 0.95+0.04
10 1.83+0.05 15.79+0.32 0.62+0.07 2.40+0.08
15 2.160.07 2.91+0.21 1.75+0.08 8.50+0.12
20 3.45+0.03 2.25+0.15 2.33+0.01 1.12+0.06
25 4.20+0.06 2.00+0.25 2.08+0.08 4.41+0.3
Peroxidase*U/ml

5 11.12+0.1 4.00£0.2 1.02+0.03 0.96+0.02
10 11.48+0.2 6.68+0.26 1.34+0.04 2.88+0.2
15 7.1620.25 8.20+0.05 1.24+0.05 4.68+0.15
20 5.68+0.32 1.69+0.03 6.64+0.07 5.52+0.32
25 3.64+0.40 0.62+0.04 1.62+0.08 5.78+0.45

* indicates each component values are based on the three replicates.
+ Results were significant at P <.05 level by one way ANOVA.
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Table 5:- Effect of Nitrogen on ligninolytic activity of G. lucidum

Lignin Degrading Enzymes of G. lucidum

Laccase*U/ml
Days KNO, NH, (NO;), Ca(NO,), NaNO;
5 2.38+0.20 0.95+0.04 0.96+0.03 0.42+0.07
10 1.75+0.07 0.45+0.02 5.04+0.05 0.52+0.08
15 0.62+0.10 0.36+0.01 0.47+0.01 2.00£0.02
20 0.51+0.03 0.30+0.08 0.24+0.06 0.21+0.04
25 0.45+0.04 0.20+£0.03 0.44+0.08 0.16+0.05

Aryl Alcohol oxidase* U/ml
5 1.73+0.08 0.73+0.01 0.29+0.07 0.25+0.08
10 2.76x0.06 0.58+0.04 0.57+0.04 0.44+0.05
15 1.82+0.09 0.25+0.06 0.36+0.06 0.85+0.02
20 1.28+0.05 0.21+0.07 0.25+0.04 0.20+0.04
25 0.83+0.10 0.34+0.02 0.28+0.01 0.18+0.01
Lignin Peroxidase* U/ml
5 4.16x0.08 9.20£0.15 2.75+0.08 1.16 £0.07
10 7.08+0.01 3.54+0.18 2.56+0.04 2.37+0.15
15 2.95+0.03 2.20£0.05 1.45+ 0.06 5.95+0.24
20 2.70+£0.06 1.37+0.08 1.00+0.08 1.87+£0.07
25 2.45+0.08 2.54+0.02 0.91+0.02 1.66+0.08
Peroxidase*U/ml
5 15.48+0.20 4.28+0.05 4.00+0.1 0.74+0.03
10 17.9+0.10 3.46+0.03 0.84+0.02 1.66+0.08
15 12.92+0.23 2.84+0.07 1.16+0.05 5.08+0.2
20 5.56+0.32 1.74+0.09 7.34+0.2 4.38+0.1
25 1.64+0.12 1.10+0.02 0.78+0.02 4.20+0.5
* indicates each component values are based on the three replicates.
+ Results were significant at P <.05 level by one way ANOVA
Table 6:- Effect of Nitrogen on ligninolytic activity of N. floccosus.
Lignin Degrading Enzymes of N. floccosus

Laccase*U/ml
DayS KNO3; NH, (N03)2 Ca(N03)2 NaNO3
5 1.12+0.05 1.98+0.05 0.27+0.08 0.32+0.04
10 0.98+0.10 0.59+0.02 0.30+0.05 0.80+0.05
15 0.72+0.03 0.80+0.06 0.58+0.07 1.68+0.07
20 0.40+0.04 0.53+0.04 0.09+0.02 0.12+0.04
25 1.00+0.06 1.07+0.08 0.46+0.01 0.73+0.08

Aryl Alcohol oxidase* U/ml
5 2.00+0.03 0.98+0.03 0.11+0.08 0.25+0.02
10 1.32+0.05 0.28+0.05 0.16+0.06 0.52+0.04
15 1.26+0.04 0.38+0.08 0.21+0.02 1.03+0.7
20 1.21+0.08 0.25+0.06 0.29+0.03 0.28+0.5
25 1.14+0.07 0.73+0.07 0.70+0.05 0.28+0.3
Lignin Peroxidase* U/ml
5 3.70+0.10 8.00+0.12 0.62+0.04 1.87+0.08
10 2.16+0.20 3.87+0.04 0.54+0.06 1.83+0.04
15 2.00+0.24 4.70£0.20 1.75+0.02 9.79+0.45
20 1.41+0.05 3.75+0.04 1.45+0.04 2.70+0.1
25 1.45+0.06 6.20+0.24 0.08+0.07 1.00+0.08
Peroxidase*U/ml

5 12.96+0.15 5.54+0.2 0.24+0.01 0.80+0.05
10 10.16+0.21 4.22+0.1 0.44+0.03 1.36+0.07
15 8.72+0.14 4.82+0.24 0.92+0.05 6.52+0.08
20 2.44+0.05 2.56+0.05 8.74+0.07 4.36+0.02
25 2.16+0.08 4.90+0.21 0.72+0.02 1.70+0.07

* indicates each component values are based on the three replicates.
+ Results were significant at P <.05 level by one way ANOVA
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Table 7:- Effect of Nitrogen on ligninolytic activity of F. flavus

Lignin Degrading Enzymes of F. flavus

Laccase*U/ml
Days KNO; NH4(NO3)2 Ca(NO3)2 NaNO;
5 0.82+0.05 0.25+0.02 0.36+0.02 1.07+0.07
10 0.94+0.03 5.65+0.40 8.24+0.04 1.44+0.03
15 1.33+0.10 6.32+0.50 0.26+0.05 5.01+0.02
20 1.63+0.04 1.46+0.02 0.24+0.01 8.83+0.04
25 0.70+0.02 1.86+0.08 0.14+0.08 0.81+0.05
Aryl Alcohol oxidase* U/ml
5 1.23+0.06 0.21+0.02 0.16+0.03 0.22+0.03
10 2.63+0.08 1.90+0.04 0.86+0.06 1.26+0.01
15 2.53+0.04 1.35+0.01 0.39+0.02 0.70£0.05
20 2.40+0.03 0.68+0.08 0.25+0.04 0.7040.06
25 2.34+0.20 0.96+0.04 0.24+0.08 0.43+0.07
Lignin Peroxidase* U/ml
5 2.33+0.05 3.25+0.15 0.91+0.01 10.62+0.48
10 7.33+0.02 21.37+0.23 2.54+0.04 11.54+0.78
15 5.70+0.08 13.83+0.35 2.04+0.06 8.70+0.83
20 5.29+0.06 5.54+0.05 1.75+0.01 3.0040.2
25 4.83+0.07 6.83+0.08 1.33+0.05 6.50+0.5
Peroxidase*U/ml
5 10.83+0.24 2.68+0.05 0.50+0.02 2.08+0.08
10 14.0+0.34 7.10+0.07 1.52+0.04 2.94+0.01
15 10.00+0.24 3.84+0.02 1.12+0.05 2.72+0.04
20 6.16+0.12 1.16+0.04 8.48+0.06 3.06+0.07
25 2.48+0.05 0.64+0.01 0.60+0.01 3.0040.03

* indicates each component values are based on the three replicates.
+ Results were significant at P <.05 level by one way ANOVA.

Discussion:-

Isolation and identification of fungi:-

Arya et al. (2008) reported that Lenzites sterioides was recorded for the first time on T. grandis. Thirty species of
lignicolous fungi belonging to Ascomycetes and Basidiomycete are reported from the Ratanmahal Wildlife
Sanctuary, Gujarat, India. The new species are Coriolus versicolor, Coriolopsis gallica, Daedalea quercina F.
resupinate, D. unicolor var. hydnoidea, Fomitopsis rosea, Hypodontia comptopsis and Lenzites betulina F.
varigatum is reported for the first time from India (Nagadesi and Arya 2014). In the present paper different
lignicolous fungi like S. commune, L. sterioides, G. lucidum, N. floccosus, and F. flavus were also isolated.

Enzymatic test:-

Wood-inhabiting fungi were isolated from living trees and fallen branches collected from Ratanmahal Wildlife
Sanctuary, Gujarat, India. The lignocellulolytic activity of wood rotting fungi was identified after isolation. The
highest ligninolytic activity was shown by G. lucidum and lowest by L. betulina (Nagadesi and Arya 2012). In the
present papers also the highest ligninolytic activity was shown by G. lucidum. Highest laccase activity and
peroxidase activity was shown by G. lucidum and lowest by S. commune. The highest cellulolytic activity was
shown by Basidiomycota members. Lowest cellulolytic activity was shown by L. betulina (Nagadesi and Arya
2012). In the present paper the lignicolous fungi were able to produce lignin modifying enzymes like laccase, lignin
peroxidase, aryl alcohol oxidase, and peroxidase

Effect of Nitrogen on growth of wood decay fungi:-

Ammonium nitrate (12.5 mM), which was used in the basal medium, was replaced by various inorganic nitrogen
sources - (NH,4),S0,4, NaNO;, KNOs;, NH,CI and ammonium tartarate - and organic nitrogen sources at 1% (w/v) -
peptone and yeast extract. (NH,4),S0, which was found to be the best nitrogen source for Aspergillus sp. SIP 11 was
tried at-different levels (2 mM to 20 mM) in the medium to ascertain the optimum level for maximum activity
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(Ahammed 2002). In the present study Calcium nitrate for S. commune, Sodium nitrate for L. sterioides, Potassium
nitrite for G. lucidum, Ammonium nitrate for F. flavus and Potassium nitrite for N. floccosus was found best
nitrogen source. In S. commune maximum growth (46.0 mg mycelial dry weight) was observed on twelfth day of
incubation (Shanmugapriya et al. 2013). But in the present study the S. commune showed maximum growth 259 mg
of mycelia dry weight in 10 days. In L. eximia maximum growth (44.0 mg mycelial dry weight) was observed on
twelfth day (Shanmugapriya et al. 2013). But in the present study the L. sterioides showed maximum growth 290 mg
of mycelia dry weight in 10 days.

Enzyme essay:-

S. commune showed LiP (177 U/ml), and AAO (190 U/ml) were maximum on seventh day. After the optimum
period the productions were gradually decreased (Shanmugapriya et al. 2013). But in present study S. commune
showed LiP (45.50 U/ml), and AAO (6.85 U/ml) was maximum on twenty days. Among the nitrogen sources,
diammonium tartarate at 0.66 g/l concentration favored mycelial growth of P. chrysosporium. But LiP, and AAO
production were favored at 0.66 g/l of diammonium tartrate. The optimum mycelial growth of S. commune was
obtained at 0.66 g/l of diammonium tartrate with maximum production of LiP at 0.44 g/l concentration of
diammonium tartrate whereas AAO was favored at 0.66 g/l, concentration of urea Shanmugapriya et al. (2013). But
in the present study the maximum production of LiP and AAO was favored NH,(NO;), as sole nitrogen source.
There is increasing in ligninolytic enzyme activities by white rot basidiomycetes in nitrogen sufficient media (Kaal
et al. 1995). Nutritional variables like nitrogen significantly influence the production of ligninolytic enzymes by
white rot fungi (Pascal et al., 1991). Lignin peroxidase (LiP) synthesis by S. commune, Phanerochaete
chrysosporium and Phanerochaete sordida is inhibited by high nitrogen contents but laccase production by most
white rot fungi is higher in high-nitrogen (24 mM) cultures as compared to those in low-nitrogen (2.4 mM) (Boyle et
al., 1992; Trevor, 1999). But In the present study high nitrogen content is not inhibited LiP activity by S. commune
and laccase activity was more i. e. 6.71 U/ml in Ca(NOj3), as sole nitrogen source.

LiP, and AAO production by L. eximia were maximum on seventh day and it was found to be 170 U/ml, and 165
U/ml. After the optimum period the productions were gradually decreased (Shanmugapriya et al. 2013). But in
present study the L. sterioides showed LiP, activity (15.79 U/ml) and AAO activity (1.82 U/ml) was maximum on
tenth and fifteenth day respectively. For L. eximia maximum mycelia growth was favored at 0.66 g/l of tryptone. LiP
was found to be maximum at a concentration of 0.66g/l of Urea, AAO was favored at a maximum concentration of
0.66 g/l of diammonium tartrate (Shanmugapriya et al. 2013). But in present study the maximum LiP and AAO was
found in NH4(NOs3), and NaNOs

NH;NO; was the optimum nitrogen source for laccase activity shown by G. lucidum (Stajic et al 2010). During
submerged fermentation of wheat bran by G. lucidum (Songulashvili et al 2007) noted maximum lac activity in the
presences of KNOjs at a nitrogen concentration of 10 mm. while NH;NO; was less suitable nitrogen source for
laccase activity. But in present study the Ca(NOjz), was found to be nitrogen source for laccase activity by G.
lucidum. But organic nitrogen source like peptone were the best for laccase activity in many mushroom species like
P. ostretus (Levin et al 2010). Ding et al. (2012) reported that laccase synthesis by G. lucidum was appreciable at
high nitrogen concentrations using yeast extract as nitrogen source. Yeast extract has been known to stimulate
laccase synthesis and our results are in concordance with optimal culture condition for G. lucidum (Ding et al.,
2012). But in present study the inorganic nitrogen source was suitable for laccase activity by G. lucidum.

High amounts of organic nitrogen source enhanced the production of ligninolytic enzymes (Asghar et al., 2006). But
in the present study the lignicolous fungi showed ligninolytic activity in inorganic nitrogen source. Absence of
nitrogen stimulated enzyme production in P. chrysosporium while Phanerochaete sp. needed additional nitrogen
(Asghar et al., 2006). But in present study the lignicolous fungi showed ligninolytic enzyme production when
nitrogen source is present. Both P. eryngii and P. ostreatus produced highest Lac activity with (NH4),SO, as a
nitrogen source at 20-30 mM nitrogen content (Stajic et al., 2006). But in the present study the laccase activity was
maximum in NH4(NOs),. P. ostreatus and P. pulmonarius produced higher activities of LiP in the presence of 0.5%
peptone with 30 mM nitrogen content (Stajic et al., 2006). But in the present study the LiP activity was maximum in
NH4(NOg3). The production of laccase enzyme by F. flavum in low nitrogen medium was reported by Raghukumar
et al (2006). But in present study highest laccase activity was in case of NaNO3z whereas lowest in case of Ca(NOs),.
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