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Abstract

Objective: Industrial effluents and agriculture biomass
are main environmental hazards which are facing by
developing country like Pakistan. Along with various
other industrial applications, laccases are also involved in
the oxidation of various industrial hazardous compounds
to detoxify them. This study was designed to produce and
purify laccase from ascomyceteous fungi, i.e. Alternaria
alternata through solid stat fermentation.

Materials and methods: Abundantly available Sarkanda
grass “Saccharum spontaneum” was used as agro-waste sub-
strate for laccase production from fungus A. alternata. Previ-
ously only white rot fungi are familiar for laccase production
and almost no work has been done on laccase production
by A. alternata. In this research work, different physical and
chemical parameters were optimized for maximum laccase
production through solid state fermentation (SSF).

Results: Enzyme was purified and its molecular weight
was determined by sodium dodecyl sulfate polyacryla-
mide gel electrophoresis (SDS-PAGE). Maximum laccase
activity (21.87 +0.0115 unit/mL) was detected on 7th day of
incubation having pH 5 of the medium at 35°C. None of the

*Corresponding author: Muhammad Irfan, Department of
Biochemistry and Molecular Biology, University of Gujrat, Gujrat,
Pakistan, e-mail: muhammad.irfan@uog.edu.pk.
http://orcid.org/0000-0002-5615-0142

Sajid Mehmood, Muhammad Irshad and Zahid Anwar: Department
of Biochemistry and Molecular Biology, University of Gujrat, Gujrat,
Pakistan

added metal ions increased laccase production. Galactose
and “yeast extract” used as optimum carbon and nitrogen
source for highest laccase production.

Conclusion: A monomeric protein (laccase) having approxi-
mately 51 kDa molecular weight obtained after SDS-PAGE.
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Ozet

Amag: Endiistriyel atiklar ve tarimsal biyokiitle Pakis-
tan gibi gelismekte olan iilkelerde cevresel tehlikelerin
basinda gelmektedir. Lakkazlar, gesitli endiistriyel uygu-
lamalarla birlikte, bu tiir tehlikeli bilesiklerin oksitlenme-
sinde rol almakta ve detoksifikasyonda kullanilmaktadir.
Materyal ve metod: Bu calismada bol miktarda bulunan
sarkanda cimi “Saccharum spontaneum”, Alternaria alter-
nata’dan lakkaz iiretimi sirasinda agro-atik madde olarak
kullanildi. Giiniimiizde sadece beyaz ciiriik¢iil mantarlar
lakkaz iiretimi icin kullanilmaktadir, Alternaria alternata
tarafindan lakkaz iiretimi {izerine neredeyse hic calisma
yapilmamistir. Bu arastirma calismasinda, kat1 hal fer-
mantasyonu (SSF) ile maksimum lakkaz tiretimi icin farkl
fiziksel ve kimyasal parametreler optimize edilmistir.
Bulgular: Enzim saflastirildi ve molekiil agirligi1 SDS-PAGE
ile belirlendi. Maksimum lakkaz aktivitesi (21.87 +0.0115
birim/mL), pH 5 ve 35°C’de inkiibasyonun 7. giiniinde
tespit edildi. Eklenen metal iyonlarindan hichiri lakkaz
iiretimini arttirmadi. Galaktoz ve “maya 0ziitii” en yiiksek
lakkaz iiretimi icin optimum karbon ve azot kaynagi
olarak kullanilir.

Sonug: SDS-PAGE sonrasinda yaklasik 51 kDa molekiil agir-
ligina sahip monomerik bir protein (Lakkaz) elde edildi.
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Introduction

Now a day, fungal enzymes are gaining more attention
due to their prospective use in the pollutants detoxifica-
tion [1, 2]. The biological treatments of environmental
wastes like dye through laccase enzyme replacing conven-
tional physical and chemical methods which pose severe
limitations [1, 3-7].

Laccases (benzenediol: oxygen oxidoreductases, EC
1.10.3.2) are tetrameric or dimeric glycoproteins having
four copper atoms dispersed in redox sites [8]. They can
oxidize extensive range of inorganic and organic materi-
als, including phenols, methoxyphenols, aminophenols,
organic pollutants and aromatic amines ascorbate with
simultaneous four-electron reduction of oxygen to water
[9-11].

The laccase have recently used in the fast progres-
sion of textile manufacturing, along with decolorization
of textile effluents, it is also used to bleach fabrics and
even to synthesize colorants [12]. Laccases have also vast
applications in production of anti cancer drugs, clean-
ing agents, water purification system and in cosmetics
[13-16].

Previously, the production of most enzymes was
mostly done with submerged fermentation (SmF) tech-
niques. However, in the last decades the enzyme produc-
tion trend is shifted towards the solid state fermentation
(SSF) due to its improve digestibility of agricultural wastes
[17]. The SSF have many advantages over SmF such as less
waste production, required simpler bio processing appa-
ratus and the direct availability of the fermented product
for feeding [18].

Saccharum spontaneum, locally named as “Kana” is
abundant non woody, wasteland wild plant dominating
the rural areas of Pakistan with sharp, hairy and green
leaves. Abundantly available agro waste, S. spontaneum
can be used as substrate for laccase manufacturing in SSF
[17]. The laccase production is mostly reported with Asco-
myceteous, Deuteromyceteous and Basidiomyceteous
fungi [19, 20]. Production of extracellular laccase is a key
quality of various higher Basidiomyceteous fungi, princi-
pally which are involved in wood decay and breakdown of
leaf litter. White rot fungi have been commonly used for
the production of lingo cellulolytic enzymes by SSF [21,
22]. Monocillium indicum was the first Ascomycetes fungi
reported for laccase production [23-25].

DE GRUYTER

Developing countries like Pakistan have major prob-
lems of proper management of industrial effluents. Abun-
dant volume of industrial effluents like toxic heavy metals
and metalloids are disposed into rivers and canals without
any prior treatment which poses great threats to biologi-
cal systems [26]. Cheap laccases produced by local fungal
strain can be very good option for reducing the pollution
in Pakistan.

So far researchers have mainly focused on Basidi-
omycete, predominantly white rot fungi for laccase pro-
duction. Very little work has been done on Ascomycetes
and particularly no work has been reported on Alternaria
alternata for laccase production through SSF. Keeping in
mind these facts, and importance of laccase for world and
Pakistan, the present research work was conducted to
optimize the culture condition for maximum laccase pro-
duction by A. alternata through SSF.

Materials and methods

Substrate

Sarkanda grass (S. spontaneum) was collected from a
village (Chhimma) of Gujrat district, and used as an agri-
cultural waste substrate for laccase Production through
“SSF”. The substrate was washed; sun dried and then
crushed to mesh size of 40 mm then kept in moisture free
plastic bottle for further used.

Fermentative organism

Pure culture of A. alternata was procured from Depart-
ment of Biochemistry and molecular biology, University
of Gujrat. The potato dextrose agar (PDA) (70139, Sigma-
Aldrich, USA) slants were used for fungal culture growth.

Maintenance of medium

The sterilized PDA media of pH 4.8 was prepared and
transferred into autoclaved “petri plates” and “test tubes”.
The spore of A. Alternata was transferred into slants in
sterilized condition to avoid any unwanted contamination
in medium. These slants were incubated aerobically for
sporulation at 30°C for 3 days (72 h) then stored at 4°C for
further use. Fungus was sub cultured periodically twice in
the month to maintain the required spore suspension for
fermentation process [27].
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Inoculum development

The aseptic transfer of A. alternata from PDA slant to
500 mL capacity flasks were performed in 100 mL auto-
claved inoculum medium which served as growth medium
for fungi. These flasks were then incubated at 30°C for
3 days in “orbital shaker” at 120 rpm [28].

After 72 h (3 days) incubation, the medium was
subjected for spores count. For spores counting purpose,
hemocytometer was used adopting the method of Kolmer
(1959). The concentration of spores was maintained
at 1.52x 10°® spores per mL in the homogeneous spore
suspension. This inoculum (5 mL) was transferred to the
fermentation flask (500 mL) having wet substrate (S. spon-
taneum) for optimization of different factors for laccase
production. For each parameter/factor, newly prepared
inoculum was used.

Solid state fermentation

All experiments were executed in triplicate flasks having
seventy percent moisturized substrate. The nourishing
medium was autoclaved and after cooling the flasks, 5 mL
inoculum was poured to each flask aseptically (in laminar
air flow hood) with the help of autoclaved syringe. For fer-
mentation process, the flasks were then incubated at 37°C
under still culture condition.

Laccase production and extraction

Laccase was produced in 500 mL Erlenmeyer flasks using
S. spontaneum as a lignocellulosic agricultural waste sub-
strate under optimized growth condition. The inoculated
flasks were placed in a temperature controlled still culture
incubator at 30°C for 7 days.

At 7™ day of incubation, 50 mM sodium acetate buffer
of pH 4.5 (100 mL) was added into fermented biomass,
and placed in shaker at 150 rpm for half an hour then har-
vested. The Whatman No. 1 paper was used to filter the
contents and filtrates were centrifuged (Corning® LSE™
compact centrifuges, Thermofisher Scientific) at 3000 x g
for 15 min at 25°C. Resulting “clear supernatant” was used
as a crude enzyme extract for laccase activity assessment
and refining/purification [29].

Laccase assay

The crude enzyme extract assay was done by observ-
ing the oxidation of ABTS at 35°C on pH 4.5 [30]. Total
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reaction mixture of 2.1 mL, containing 1 mL of 50 mM
acetate buffer of pH 4.5, 1 mL of 1 mM 2,2 azinobis (3-eth-
ylebenz-thiazoline)-6 sulfonate (ABTS) and 0.1 mL of
enzyme solution was used for laccase activity. Oxidation
of ABTS was measured by taking absorbance at 420 nm
(e 20 36,000 M cm™) after 10 min using 1.00707 EMD Milli-
pore UV-VIS spectrophotometer Pharo 300 Spectroquant®
Sigma-Aldrich, USA. The enzyme activity (IU) was meas-
ured by converting absorbance into uM of ABTS oxidized
per min.

Optimization of conditions

Conditions like fermentation period, temperature, pH,
nitrogen source; additional carbon source and different
metal ions and their concentrations were optimized for
laccase production through SSF.

Fermentation period

Triplicate flasks sets, containing Sarkanda grass (0.5 g) as
a substrate was moistened with 10 mL of distilled water.
The pH was maintained to 4.5 and the flasks were auto-
claved and inoculated with 3 mL inoculum of A. alternata
and incubated at 35°C for 2-11 days under still culture con-
ditions. Flasks were harvested after every day for laccase
production.

Medium’s initial pH

The Sarkanda grass substrate was moistened with Krick
basal medium of different pH and incubated at 35°C
for 7 days for maximum laccase production. The pH
which showed best laccase productivity used for next
experiments.

Incubation temperature

Meshed Sarkanda grass (0.5 g) was moistened with
10 mL distilled water and pH set to 5. Autoclaved flasks
were inoculated with fungus spores and triplicate sets of
flasks were incubated at different temperatures. Incuba-
tion was done for 7 days (optimized incubation period)
in the still culture conditions. The temperature at which
fungus grows intensively and produced maximum
quantity of laccase was selected as an optimum
temperature.



616 —— Muhammad Irfan et al.: Optimized production, purification and molecular characterization of fungal laccase

Additional supplementary carbon source

Fungi and many other microbes utilize energy from carbon
source for their growth and other biochemical events.
Six carbon sources were supplemented to the previously
optimized medium of Sarkanda grass. The source which
showed the enhanced production of laccase by A. alter-
nata was chosen for further research work.

Supplementary nitrogen source

The nitrogen source and its concentration is crucial for
microorganism’s growth and metabolism. So, various
nitrogen supplements provided to examine their enhanc-
ing/inhibiting impact on laccase production by A. alter-
nata under optimum conditions. The additive showing
maximum enhancement in laccase production was
chosen as a best nitrogen source for laccase production.

Different metal ions with varying concentrations

Metal ions can act as inhibitor or stimulator for fungi for
laccase production. Different metal ions with varying con-
centration were used to check maximum laccase activity
by A. alternata.

Purification of laccase

Crude laccase extract was centrifuged at (3000xg) for
15 min at 40°C followed by the ammonium sulfate precipi-
tation. Laccase was precipitated from aqueous solution by
dissolving ammonium sulfate into the protein solutions.
Ammonium sulfates with different concentrations (35, 40,
45, 50, 55, 60, 65, 70, 75 and 80%) were used. Ammonium
sulfate was used for salting out process as it can be fully
dissolved into water resulting in high ionic power. At high
ionic concentration, added salt can remove hydration
water from proteins resulting in protein coagulation. The
concentration at which laccase assay revealed minimum
absorbance (75%) was selected as an optimum concen-
tration because of maximum protein coagulation at that
concentration [31].

Dialysis

Dialysis was performed for the separation of required
enzyme protein from ammonium sulfate and other
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impurities. Acetate buffer (0.016 M) was used for dialysis
of sample which was achieved by 75% ammonium sulfate
precipitation. The dialysis membrane was filled with
enzyme sample and tied from both sides. Membrane was
then placed in the beaker having 400 mL acetate buffer and
stirred for 6 h. During stirring buffer was changed continu-
ously after every 2 h. Then this dialyzed sample was passed
through column and multiple vials were pooled for protein
and laccase activity determination. Finally the high laccase
activity sample was subjected for sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) [29].

SDS-PAGE

For estimation of molecular weight, the filtered laccase
was run on SDS-PAGE following the method of Laemmli
(1970). The approximate molecular weight of purified
laccase was checked by comparing it against broad molec-
ular weight range (29-98 kDa) markers (“Phosphorylase
b”, 98 kDa; “Bovine Serum Albumin”, 68 kDa; “Ovalbu-
min”, 44 kDa. and Glutathione S-Transferase, 29 kDa).

Results and discussion

Fungus has unique features of different enzyme produc-
tion on cheap and local agro-waste substrate [22, 32]. The
enzyme manufacturing is a growing era of biotechnol-
ogy. Yearly world sales figures of enzymes are near to
billion dollars [33]. Patents and research articles asso-
ciated with this field are increasing terrifically. Huge
amounts of low cost enzymes are required for missive
biotechnological applications. So a cheap and efficient
method for enzyme production is to use lignocellulosic
wastes which have substantial concentrations of soluble
carbohydrates and can generate ligninolytic enzymes
using suitable microorganism [34-36].

The vital elements which may affect the enzyme pro-
duction through SSF includes: selection of suitable micro-
organism and substrate; size of the meshed substrate
particles; optimization of the incubation period, tempera-
ture, pH of the medium and optimization of the nutrients
maintenance in the SSF environment [37].

Production of laccase

A significant magnitude of an indigenous laccase was
obtained from A. alternata in SSF of sarkanda grass
(S. spontaneum) under optimized fermentation growth
conditions. Maximum laccase activity (21.87+0.0115
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units/mL) was attained when 5 g of sarkanda grass
(40 meshed) was supplemented with 0.25 mg galactose,
0.25 mg yeast extract, inoculated with 3 mL of freshly pre-
pared spore suspension of A. alternata and incubated at
35°C in SSF environment. Balaraju [38] reported laccase
production through SSF using Oudemansiella radicata
and activity was observed as 25.784 units/mL in rice bran.
The next highest activity was observed at 11.473 units/mL
in wheat bran. The nature and amount of the nutrients
in the fermentation growth substrate have a strong effect
on the extracellular laccase enzyme production. There-
fore, a wide spectrum of fungi showed different growth
and enzyme activity on different substrates in addition
with some nutrient additions [29]. Different low cost agro-
industrial substrates like wheat bran, rice straws, wheat
straw, molasses and grasses are particularly appropriate
for fungal growth and enzyme production under suitable
fermentation environments [10].

Influence of incubation period on enzyme
production

The incubation period for laccase production was
observed with A. alternata at pH 5. The maximum laccase
activity was obtained on 7% day and the production was
decreased due to feed-back inhibition. The 6.04 units/
mL laccase produced with 50% moisture content of grass
substrate, depletion of nutrient in the medium was main
cause of decreased laccase activity as shown in Figure 1.
Even, ascomyceteous fungi are not well known for bulk
laccase production as compare to Basidiomyceteous fungi
but the present results indicated that A. alternata (Asco-
myceteous fungi) produced significant amount of laccase.
Similar results was obtained by Mabrouk [11] while using
A. alternate as a fermentative organism he described
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Figure 1: Influence of incubation time on laccase production by
Alternaria alternata.
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the Guaiacol oxidation is one of the easiest qualitative
assay for lignin degrading enzymes (LMEs) fungi. They
described that Alternaria solani and A. alternata showed
same oxidation and growth; they have optimum 19, 20 mm
in “color zone diameter” and 20, 17 mm in “colony growth
diameter”, respectively, at 7 day of incubation. Shyzo-
phyllum commune IBL-06 manufactured highest laccase
at 3 day in solid SSF of banana stalk under optimum pH
of 4.5 at temperature 35°C [10, 29]. Present results deviated
from Gaitan [39] who reported the optimum laccase pro-
duction of Pleurotus ostreatus at 21t day in SmF.

Influence of pH on laccase activity

The effect of different levels of pH, from 2 to 8 was exam-
ined on laccase production by A. alternata after 7 day
of incubation at 35°C. The highest laccase activity was
obtained at pH 5 on sarkanda grass which was found to be
6.9 units/mL and further rise in pH gradually decreased
the laccase activity as shown in Figure 2. While, Johnsy
and Kaviyarasan [40] described laccase production in
submerged culture conditions by Lentinus kauffmanii and
found maximum activity on pH 5.5 at 30°C. Balaraju [38]
reported that laccase production through SSF/SmF using
O. radicata, the highest activity was observed at 1.476
units/mL on 14% day at pH 7 under SmF. In SSF the highest
activity (25.784 units/mL) was observed in rice bran while
it was observed 11.473 units/mL in wheat bran.

Influence of temperature on enzyme
production

Temperature influence on laccase production was
assessed from 25 to 40°C as shown in Figure 3 and
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Figure 2: Influence of pH on production of laccase by Alternaria
alternata in SSF.



618 —

8000

7500

7.41
7000

6500 | 6.61
W 6.34

6000

6.087

Laccase activity (U/mL)

5500

5000

25°C 30°C

Temperature

35°C 40°C

Figure 3: Impact of temperature on laccase formation Alternaria
alternata in solid state bio-processing.

optimum temperature for maximum laccase activity was
observed at 35°C, on pH 5 and 7™ day of incubation by A.
alternata. It can be seen that the further rise in tempera-
ture decreases the activity of laccase in harvested cultured
filtrate. Similar results were observed by Elshafei [41] in
which optimum temperature for laccase production by
Penicillium martensii NRC 345 was observed as 30°C with
specific activity of 7.21 U/mg proteins.

Elshafei [41] studied laccase production by P. ostrea-
tus ARC280 on PDA medium and found the maximum
fungal laccase production at 28°C.

Influence of supplementary carbon sources
on production of laccase

Figure 4 illustrates the additional carbon source effect
on laccase production. 0.25 g galactose was selected as a
best carbon source in pre optimized medium such as 35°C,
7% day of incubation and pH 5 by A. alternata for laccase
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Figure 4: Influence of carbon source on laccase formation by Alter-
naria alternata.
*Without additional carbon source.
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production. Additional galactose showed maximum activ-
ity of 11.93 U/mL in SSF of Sarkanda grass. Other sugars
such as glucose, lactose, maltose, fructose and sucrose
considerably increased the laccase activity as shown in
Figure 4.

Elshafei [41] studied the production of laccase by P.
martensii NRC 345 and effect of different carbon sources
on laccase production. He used the concentration of 0.5%
as a trial for every supplied carbon source. Each carbon
source was supplied to the medium as the prime only
carbon source. Like present study, they also described that
galactose is an ideal carbon source for laccase production.

Effect of carbon sources on adaptation of the fungus
for the formation of laccase is of vital importance. Elsayed
[42, 43] studied laccase production by P. ostreatus ARC280
on PDA medium. For checking the impact of various
carbon sources on the laccase production, he used galac-
tose, fructose (monosaccharides), maltose, sucrose (disac-
charides), and polysaccharides [carboxy methyl cellulose
(CMC) and soluble starch]. They found soluble starch as
best carbon source for maximum laccase production.

Effect of nitrogen sources on laccase
production

The outcome of added nitrogen on laccase production by
A. alternata during the 168 h (7 days) fermentation period
at 35°C and constant moisture and inoculums size, is
showing in Figure 5. Alternaria alternata was investigated
forlaccase production with urea, ammonium hepta molyb-
date, ammonium sulfate, yeast extract, ammonium chlo-
ride and ammonium per sulfate. Yeast extract (0.25 g) was
found to support maximal production of laccase activity
21.44 mg/mL. On the other hand, ammonium per sulfate
and ammonium chloride inhibited laccase formation
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Figure 5: Influence of additional nitrogen source on laccase produc-
tion by Alternaria alternata.
*Without additional nitrogen source.
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and showed very low activity (Figure 5). D’Agostini et al.
[44] evaluated the effect of concentrations of non-protein
nitrogen sources, soybean hulls, urea and ammonium
sulfate in solid substrate cultivation on laccase produc-
tion. Elshafei [41] studied optimized laccase production
by P. martensii NRC 345 using different nitrogen sources.
Sodium nitrate showed maximum laccase activity while
on the other hand, like present research, no enzyme
production could be noticed with ammonium sulfate or
ammonium chloride.

Influence of metal ions on laccase production
Impact of different metals ions laccase production

All above mentioned Pre optimized conditions were sub-
jected with different metal ions (0.3%) for laccase produc-
tion by A. alternata as shown in Figure 6. It was noticed that
laccase production decreased significantly as SSF medium
was supplemented with various metals ions. Study showed
that metals selections were not good for laccase produc-
tion by this fungus. Figure 6 shows that CaCl, was the
least inhibitor for laccase production and KH,PO, showed
maximum inhibition. Used metal showed decreased pro-
duction of laccase but it was even higher than many other
reported studies regarding laccase production from asco-
myceteous fungi [45, 46]. Its applicability will be definitely
higher on effluents without these metal ions.

Mahmoud et al. [45] studied laccase production by
Streptomyces lydicus in SmF and showed that CuSO4
acted as laccase production inducer and Fe*, Zn%*, Mn?*,
EDTA and arbutin diminished the enzyme production,
while L-cystein, sodium azide and Ag + totally blocked the
enzyme production. As copper ions are the part of laccase
enzyme, so increase of laccase production with additional
Cu? can be well interpreted in this regard.
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Figure 6: Influence of different metals on laccase production by
Alternaria alternata.
*Without additional metal ions.
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Impact of different metals with different concentrations
on laccase production

Effect of laccase activity was determined by selecting
different concentrations of metals (0.1, 0.3, 0.5, 0.7 and
0.9%). Results revealed that none of the used concentra-
tion improved laccase activity (Table 1). ANOVA was used
to analyze and determine the variability of data (Table 2).
Calculated F-value and p-value (0.004) showed that the
data was significant.

SDS-PAGE

A novel monomeric protein having approximately 51 kDa
molecular weight obtained when purified laccase was
resolved on SDS-PAGE (Figure 7). Enzyme was single

Table 1: Laccase activities with metals having different
concentrations.

Metals  Metalconc. (%)  Enzyme activity (unit/mL) SD
MgSO, 0.1 6.39 +0.008
0.3 6.82 +0.017
0.5 6.05 +0.035
0.7 5.21 +0.035
0.9 4.23 +0.000
NaCl 0.1 5.85 +0.008
0.3 6.54 +0.035
0.5 6.65 +0.005
0.7 6.99 +0.017
0.9 3.85 +0.008
KHZPOA 0.1 4.53 +0.116
0.3 4.94 +0.000
0.5 6.82 +0.030
0.7 6.05 +0.005
0.9 5.03 +0.026
CaCl2 0.1 6.88 +0.020
0.3 7.11 +0.035
0.5 6.89 +0.008
0.7 5.98 +0.017
0.9 3.22 +0.030

Bold value shows that 0.3% CaCl, has shown maximum laccase
production as compared to all other used metals.

Table 2: Results of ANOVA for supplementary metal ions (with dif-
ferent concentrations) on laccase production.

Source DF SS MS F p
C1 4 15.912 3.978 6.18 0.004
Error 15 9.651 0.643

Total 19 25.563

DF, degree of freedom; SS, sum of squares within groups; MS, mean
square; p-value, (calculated probability); F Value, F-Statistics.
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Figure 7: Molecular weight assessment of partially purified laccase
by SDS-PAGE.

Lane M, molecular weights of standard marker; Lane S, purified
laccase (51 kDa); Lane C, crude enzyme.

polypeptide protein as SDS-PAGE depicted. This charac-
terized enzyme was little bit similar to Koli et al. [36], who
investigated laccase production from purpureus spp. They
isolated and purified single polypeptide chain enzyme
of 40 kDa molecular weight on SDS-PAGE. Kunamneni
et al. [45] reviewed that the molecular mass of the single
polypeptide chain laccase ranges from about 50 kDa to
100 kDa. From different white rot fungi, molecular weight
of laccase in the range of 55-90 kDa have earlier been
reported [13, 47-50].

Conclusion

Present research work illustrated that not only basidiomy-
cete fungi produce laccase, rather ascomyceteous fungus
also produce significant amount of laccase if these micro-
organism are provided with suitable conditions. Alternaria
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alternata and Sarkanda grass (agro-waste) is easily avail-
able in Pakistan. So instead of investing huge amount of
money on import of laccase, this enzyme can be produced
by cheap methods as described in this study. One of the
main problems of our country is inappropriate manage-
ment of industrial wastes. In these circumstances laccase
can be a better option for this problem. As laccase also uti-
lized in cancer drug development, present research will
also helpful in the form of futuristic cancer drugs produc-
tion. This enzyme can be produced at pilot scale level by
further in-depth analysis of physical and chemical para-
meters. Fungus can be genetically engineered for boosting
the enzyme production and environmental/nutritional
parameters can be optimized for industrial scale produc-
tion of enzyme.
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