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Abstract: The present paper focuses on qualitative screening and extracellular ligninolytic enzyme activities
in seven fungi at optimum temperature and pH 6.5. To measure the activity of extra cellular enzymes, cultures
were incubated over a period of 15 days in wheat straw and Czapek medium under static and shaking
conditions. This study shows the potential of diverse fungi for laccase enzymatic activity varied with media
and their incubation conditions.
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INTRODUCTION production. In the present study, diverse fungi have been

Fungi play an essential role in the decomposition of Czpaek medium as the substrate and enzyme inducer.
dead organic matter because of their capability to produce
extra cellular enzymes and amongst these enzymes laccase MATERIALS AND METHODS
enzymes plays a prominent role. Because of the
production of excessive organic wastes including Screening Methods: A single agar disc (0.5 mm diam.)
agrowastes  lot of interest is being shown by the containing mycelial culture was taken from the leading
scientists working on fungi to evaluate their enzymes edge and inoculated on modified Kirk medium containing:
production capability. Laccase, lignin peroxidase (LiP), 10 g  of  glucose,  2 g  of KH PO , 0.5 g of MgSO .7H O,
manganese dependent peroxidase (MnP) and manganese 0.1 g of CaCl , 2.2 g of 2, 2-dimethylsuccinate, 0.5 g of
independent peroxidase (MIP) are among the major ammonium tartrate, 0.2 g of yeast extract, 0.2 g of ABTS
enzymes of white rot fungi reported to be involved in and 20 g of agar-agar, per liter of medium [6]. The pH was
lignin degradation [1]. All the enzymes are widely adjusted to 6.5 before autoclaving at 15 psi for 20 min.
distributed in higher plants and fungi [2]. Laccases Petri-dishes were incubated at 25°C for 5-7 days and
(E.C.1.10.3.2) being polyphenol oxidases have been during incubation, mycelial growth and colouration of
investigated  to  play a crucial role in lignin degradation ABTS was observed.
[1, 3] and because of this property these are being used in
food industry for production of cost-effective and healthy Enzyme Assay of Laccase Activity: Laccase activity was
foods. Laccases being extracellular enzymes are secreted determined  by measuring the oxidation of 2,7'- azinobis
into the medium by filamentous fungi [4] and their (3-ethylbenzothiazolone-6-sulfonic acid) diammonium salt
production  can be influenced by several factors including (ABTS). ABTS oxidation was detected by measuring the
type of cultivation (submerged or solid state), carbon absorbance increase at 420 nm ( 420=3.6×104M cm )
limitation, nitrogen source and concentration of after 5 min using a spectrophotometer (Perkin Elmer
microelements [5]. Qualitative assays are one of the Lambda 12 UV/VIS). A modification of the method of Shin
powerful tools in use for screening various fungi for and Lee 2000 was used [7]. An aliquot of the enzyme
lignocellulose degrading enzyme production. Such tests solution  was  incubated in 1.3 ml of 67 mM sodium
give a positive or negative indication of enzyme acetate buffer (pH 4.5) containing 1.54 m M ABTS at 30°C.

screened for laccase secretion using wheat straw and
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One unit of enzyme activity was defined as the amount of green colour after 15  days of inoculation. Laccase
enzyme  required to produce an absorbance increase at activity was not observed in Termitomyces radicatus and
420 nm of 1 per minute per milliliter of reaction mixture Termitomyces mammiformis and conc. was very less to
under the aforementioned assay conditions. All the form green colored zone.
enzyme  activities  were  measured  at room temperature
(20 ± 2ºC). The enzymatic activity was expressed as Estimation of Extracellular Laccase Activity: On the
international units (U) defined as the amount of enzyme basis of presence of color intensity of the medium
required to produce 1 µmol product min  and expressed extracellular enzymatic laccase activity was further1

as U . evaluated for quantitative basis. Extracellular laccase1

Quantitative Determination of Extracellular Protein: U/ml) followed by L. humei (20.8 U/ml) and minimum
Protein concentration was determined by following amount in M. dolichaula (0.033 U/ml) on 5  day of
Bradford method [8]. Protein content in the sample was inoculation on wheat straw extract. Laccase activity was
determined from standard curve and the amount of protein found to be maximum in L. humei (26.92 U/ml) followed by
µg ml  was calculated. M. rhacodes (26.69 U/ml) and minimum in T. radicatus1

Statistical Analyses: All the experimental analysis was extract.  Laccase  activity  was  found  to  be  highest  in
carried out in triplicates. The results are expressed as M. rhacodes and L. humei i.e., 39.25 & 19.35 U/ml and
mean values and standard deviation (SD). The results 34.66 and 4.55 U/ml, respectively on 15th day of
were analyzed using one-way analysis of variance incubation in both wheat straw extract and Czapek
(ANOVA) followed by Tukey’s HSD Test using SAV medium and least extracellular  laccase  activity was
v.9.1.3 program. Differences at P<0.05 were considered to recorded in T. heimii (1.0 U/ml) under these conditions.
be significant. All results are depicted in Figures1, 2 and 3.

RESULTS Quantitative Estimation of Extracellular Protein: All the

Spot Test of Extracellular Enzymes: The present study protein  activity.  The  net extracellular protein activity
was mainly aimed to evaluate different strains of was higher after the 5  day of inoculation in M. rhacodes
termitophilous and lepiotoid mushrooms viz., (23.6 µg/ml) on wheat straw extract followed by T. heimii
Macrolepiota rhacodes, M. dolichaula Leucocoprinus (22.2 µg/ml) on the same substrate and least amount of
cepaestipes,  Lepiota  humei,  Termitomyces  radicatus, extracellular protein have been detected in M. dolichaula
T. heimii and T. mammiformis for laccase production. (19.9 µg/ml) again on wheat straw medium. The
Macrolepiota rhacodes showed high ABTS-oxidizing extracellular protein activity was maximum in M. rhacodes
activity, whereas, Macrolepiota dolichaula showed very (8.54 µg/ml) followed by L. cepaestipes (7.50 µg/ml) and
low ABTS-oxidizing activity. The absence of extracellular least amount in M. dolichaula (4.8 µg/ml) on wheat straw
ABTS oxidizing activity does not necessarily imply the extract after 10  day of inoculation. Fifteenth day of
lack of capacity to produce these oxidative enzymes but inoculation gave least extracellular protein activity which
could reflect a possible inhibition of their expression as was 4.83 µg/ml in M. rhacodes followed by L. cepaestipes
the oxidative enzyme system is not homogeneous and its (3.30 µg/ml)  and  least   amount   in   T.  mammiformis
production and properties depend on the conditions and (1.20 µg/ml) on wheat straw extract, thereafter increase in
culture media. Fungal strains oxidized ABTS to the dark number of days decrease would be in the extracellular
green ABTS cation radicals (ABTS·+) indicating the protein  activity.  From  the results obtained thereof,
production of extracellular oxidoreductases [9]. wheat straw substrate proved to be the best substrate for
Macrolepiota rhacodes and Lepiota humei gave positive extra-cellular protein activity, while Czapek Dox agar
reaction  immediately after inoculation and formed dark produced less protein in general. Following maximum
green zone around the mycelial bit while Leucocoprinus development after 15  the day of incubation, extracellular
cepaestipes showed light greenish zone on 3  day after protein activity started dipping depicting initiation ofrd

inoculation,  followed by Macrolepiota dolichaula on senescence resulting in decline in enzymatic activity.
12 day after inoculation while others showed very light Extracellular   enzyme   activities   of   both   varieties  wereth

th

activity was observed maximum in M. rachodes (23.30

th

(1.99 U/ml) on 10  day of inoculation on wheat strawth

cultures were evaluated for the occurrence of extracellular
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Lepiota humei M. Rhacodes L. cepaestipes

T. heimii M. dolichaula

Figs. 1(a-e): Showing extracellular ABTS oxidizing activity on agar plate

Fig. 2: Histogram showing variation in laccase concentration with respect to number of days in wheat straw medium 

Fig. 3: Histogram showing variation in laccase concentration with respect to number of days in Czapek medium. 
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Fig. 4: Histogram showing variation in protein concentration with respect to number of days in Wheat straw medium
(WSE)

Fig. 5: Histogram showing variation in protein concentration with respect to number of days in Czapek medium (CZP)

varied with medium and their incubation conditions. Lentinus squarrosulus showed high ABTS-oxidizing
Between the two ligninolytic enzymes, laccase and activity, which gave positive reaction immediately after
extracellular protein in Macrolepiota rachodes and inoculation and formed dark green zone around the
Lepiota  humei seemed to be the main extracellular mycelial bit, as compared to Bjerkandera adusta which
enzymes. The results are depicted in Figures 4 and 5. showed very low ABTS-oxidizing activity as represented

DISCUSSION In comparison in the presently evaluated mushrooms for

Several studies have been carried out on enzymatic showed immediate positive reaction, whereas laccase
activites  of  different species of mushrooms in many parts activity  was  found  to  be  absent  in  T.  radicatus and
of the World. Daba et al. [10] evaluated the production of T. mammiformis. Jang et al. [13] screened the
recombinant cellulase enzyme from Pleurotus ostreatus biodegradable function of indigenous ligno degrading
(Jacq.) P. Kumm. (Type NRRL-0366) while Freixo et al. [11] mushroom by using dyes.
determined the production, purification and Quantitatively during the present study 39.25 U/ml
characterization of laccase from Pleurotus ostreatus extracellular laccase activity have been analyzed on the
grown on tomato pomace. Tripathi et al. [12] in case of 15  day of inoculation in M. rachodes in comparison to

by  very  light  green  color  after 5  days of inoculation.th

laccase spot test, M. rhacodes and Lepiota humei

th
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57.2 U/ml analyzed by Tripathi et al. [12]. Bodke et al. [14] 3. Kiiskinen, L.L., L. Viikari and K. Kruus, 2002.
screened 295 fungi for laccase production including Purification and characterisation of a novel laccase
Macrolepiota sp.   (341-866  U/l),   Leucocoprinus  sp. from the ascomycete Melanocarpus albomyces.
(18.7-80.6 U/l) and Termitomyces sp. (428-798 U/l) at Appl. Microbiol. Biotechnol., 59: 198-204.
different temperatures. When evaluated for extracellular 4. Agematu, H., T. Tsuchida, K. Kominato, et al., 1993.
protein activity, it was found to be higher after the 5  day Enzymatic dimerization of penicillin X, J. Antibiot.,th

of inoculation in M. rachodes (23.6 µg) whereas in 46(1): 141-148.
Lentinus squarrosulus Tripathi et al. [12]. Reported much 5. Gayazov,  R.  and  J.  Rodakiewicz-Nowak,  1996.
higher (34.5 µg) extracellular protein activity. Taprab et al. Semi-continuous  production  of   laccase by
[15] postulated that symbiotic fungi viz. Termitomyces Phlebia radiata in different culture media, Folia
strain produces laccases which are potentially involved in Microbiol., 41(6): 480-484.
fungus combs and facilitate mushroom growth. 6. Espindola, L.H.S., F.S. Espindola, G.R. Freitas and

M.A.M.  Brandeburgo,  2007.   Biodegradation of
CONCLUSION Red 40 dye by the Pleurotus sp. Florida. Biosci. J.,

Extracellular enzyme activities of these mushrooms 7. Shin, K.S. and Y.J. Lee, 2000. Purification and
were varied in both medium and their incubation characterization of a new member of laccase family
conditions. Laccase in these mushrooms seemed to be the from the white-rot basidiomycete Coriolus hirsutus.
main extracellular enzymes. These are versatile oxidases Arch. Biochem. Biophys., 384: 109-115.
with high reduction potential that makes them quite 8. Bradford, M.M., 1976. A rapid and sensitive method
important for biotechnological applications, especially in for the quantitation of microgram quantities of
biotransformation. protein utilizing the principal of protein dye binding.

All  the  studied mushrooms in their mycelium Analyt Biochem., 72: 248-254.
showed the presence of good amount of enzymatic 9. Steffen, K.T., M. Hofrichter and A. Hatakka, 2000.
activity and capability to degrade substrates. Presence of Mineralization of 14C-labelled synthetic lignin and
high laccase in various fungal strains investigated is an ligninolytic enzyme activities of litter decomposing
indicator of their capability to degrade phenolic basidiomycetous fungi. Appl. Microbiol. Biotechnol.,
compounds which makes them potential candidate for use 54(6): 819-825.
in bioremediation and other such biotechnological 10. Daba Ayman, S., S. Kabeil Sanaa, A. Botros William
processes [16]. and M.A. El-Saadani, 2008. Production of Mushroom
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