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Abstract

Fungal isolates were screened for alkaline protease production on casein containing agar plates and
identified by clear zones of casein hydrolysis around colonies. Totally 141 fungal isolates were used in
primary screening of alkaline protease and out of these, only 108 test fungi were found to produce alkaline
protease activity as indicated by production of zone of casein hydrolysis around the fungal colonies grown in
pH 9 after 5 d of incubation at 28°C. Thirty three test fungi were found to grow on casein containing medium
(pH 9) but were unable to produce zone of hydrolysis. For the production of extracellular alkaline proteases
in liquid cultures, a total of 10 proteolytic fungi were selected which showed relative enzyme activity (REA) in
the range of = 2.29-3 based on the screening results of their REA on solid media. Maximum enzyme activity
of 119.48 U/mL was found in Aspergillus versicolor PF/F/107 at pH 9 and temperature of 28°C after an
incubation of 96 h in orbital shaker (150 rpm). Enzymes produced from microorganisms that can survive
under extreme pH could be particularly useful for commercial applications under high alkaline conditions.
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Introduction

In nature, organic substances are found either as simple
carbon and/or nitrogen molecules or found as complex
polymers of these simple molecules. These substances
may be of plant, animal or microbial origin. Simple
organic molecules are utilized by the living organisms
and get converted into cellular materials and finally enter
into the mineral cycling. Substances such as starch,
celluloses, hemicelluloses, proteins, fats and oils, pectin,
lignin etc., are the major complex organic substances
ones and many of these are quite resistant for enzyme
attack. However, certain microorganisms produce
specific enzymes that can hydrolyze such complex
molecules in to simple substances. In ecological terms
such hydrolysis of complex substances can be termed as
biodegradation or biodeterioration.

The microbial biodegradation of insoluble
macromolecules like keratin, cellulose, collagen, lignin,
chitin and casein depends on the secretion of
extracellular enzymes with the ability to act on compact
substrates (Abbas et al., 1989; Bockle et al., 1995). Such
microbial activity helps in the mineral recycling in nature.
On the other hand the term biodeterioration is applied to
the destructive activity of microorganisms on useful
substances, which bring about economic losses. In both
conditions, microorganisms elaborate extracellular
enzymes, which hydrolyze the complex molecule into
soluble forms that are then absorbed, utilized and
assimilated by them or released in cell free environment
(Rao et al., 1998; Kumar and Takagi, 1999; Oh et al.,
2000; Gupta et al., 2002; Nehra, 2004; Amoozegara et
al., 2007).
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Extracellular proteases are involved in the hydrolysis of
proteins in the outer cell environment and enable the cell
to absorb and utilize hydrolytic products (Joo et al.,
2005). Such enzymes may be of commercial significance
and hence, exploited to assist protein degradation in
various industrial processes (Phadatare, 1993; Rao
et al.,, 1998; Kumar and Takagi, 1999; Gupta et al.,
2002). Proteases show a vast diversity in their physio-
chemical and catalytic properties and a lot of literature is
available on their biochemical and biotechnological
aspects (Rao et al., 1998; Saeki et al., 2007; Jain et al.,
2010). The proteases of industrial importance have been
obtained from animals, plants and microorganisms
(Ward, 1985; Wandersman, 1989; Rao et al., 1998;
Gupta et al., 2002).

The inability of the plant and animal proteases to meet
current world demands which has led to an increased
interest in microbial proteases, since they have been
reported to possess almost all characteristics desired for
their biotechnological applications (Beg et al., 2003;
Ellaiah et al., 2003; Nascimento et al., 2004; Gouda et
al., 2006). Microbial alkaline proteases from different
sources have been viewed for their production, their role
in  decomposition, downstream processing, and
commercial applications have been reviewed by Anwar
and Saleemuddin (1998) and Kumar and Takagi (1999).
The proteolytic enzymes hydrolyze the peptide links of
proteins and peptides to form smaller subunits of amino
acids and are produced both extracellular as well as
intracellular (Gajju et al.,, 1996; Kumar et al., 2002;
Potumarthi et al., 2007).
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The microbial proteases are investigated not only in
scientific areas such as protein chemistry and protein
engineering but also find wide application in the laundry
detergents, leather processing, protein recovery or
solubilization, organic synthesis, meat tenderization, food
industry and recovery of silver from used X-ray films
(Horikoshi and Akiba, 1982; Fujiwara and Yamamoto,
1987; Dahot, 1994; Mala et al., 1998; Kirk et al., 2002;
Kocher et al., 2003; Zambare et al., 2007; Abidi et al.,
2008). For selection of potential microorganisms and
commercial applications of the proteases produced by
them, there is need for highly selective and easy assay
techniques. Selection of specific screening techniques
can provide a comparative account of the desired
properties. The basic principle underlying the
measurement of proteolytic activity is based on the
measurement of products from protein hydrolysis
(Godfrey and West, 1996).

Proteolytic activity can be measured either by qualitative
or quantitative methods. Qualitative methods give us a
comprehensive range of spectra of wuse of
microorganisms while the latter relates to the yield of
products produced by those microorganisms. To
evaluate the actual potential and performance of the
microorganisms and their products both qualitative and
guantitative methods are to be followed. Some of the
most commonly followed qualitative methods used for
the estimation of proteolytic activity are radial diffusion
method (Gallagher et al., 1986; Adams et al., 1975), thin
layer enzyme method (Elwing et al., 1976; Wikstrom,
1983) and protein agar plate method (Jorgensen, 1974;
Ten et al., 2005). These methods measure the
proteolytic activity in terms of clear zone of protein
hydrolysis on agar plates containing protein substrates.
Some workers have detected proteolytic activity in
microorganisms  using casein and gelatin as
proteinaceous substrates (Reese et al., 1954; Sandhia
and Prema, 1998; Verma et al., 2001; Ellaiah et al.,
2002). The more specific protein substrates such as
keratin, elastin and collagen have been used for the
assay of specific proteases such as Kkeratinases,
elastases, collagenases, respectively (Shibata et al.,
1993; Friedrich et al., 1999; Petrova et al., 2001; All
press et al.,, 2002). Other than these, some of the
modified substrates such as azo dye bound collagen;
casein, keratin etc. are also being used for detection of
proteolytic potentials of microorganisms (Moore, 1969;
Wainwright, 1982; Kanayama and Sakai, 2005).
Rajamani and Hilda (1987) have used buffered skimmed
milk agar for the detection of protease activity. This plate
assay can also be used to distinguish both neutral and
alkaline proteases by manipulating the pH of the buffer
system. Similarly, Allpress et al. (2002) also used
skimmed milk as a protein substrate for the detection of
protease activity by agar diffusion method. Another
preferred substrate for the determination of protease
activity is gelatin. Hankin and Anagnostakis (1975)
assayed the proteolytic activity using gelatin as a protein
substrate.
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Kumar et al. (2002) screened the bacterial species for
the production of protease by using nutrient agar medium
containing 0.4% gelatin as a protein substrate. Above all,
casein has been most widely used as protein substrates
for proteolytic assay. Several scientists have reported the
use of casein as protein substrate for the detection of
protease activity by microorganisms (McDonald and
Chen, 1965; Verma et al., 2001; Shumi et al., 2004a, b;
Ikram-ul-Hag, 2006; Chi et al., 2007; Sindhu et al., 2009).
Besides this, Harrigan (1972) and Montville (1983)
devised a dual substrate plate diffusion assay for the
detection of both caseinase and gelatinase using
medium supplemented with 1% gelatin and 1% casein as
protein substrate. Considering the above facts, this study
was aimed to screen alkaline protease production by
fungal isolates from different habitats of Sagar and
Jabalpur district (M.P).

Materials and methods

Sample collection: The soil samples used for the
isolation of proteolytic fungi were collected from three
sites viz. gardens, crop fields and poultry farms of
different localities of Sagar (23°50 N latitude and 78°43 E
longitude) and Jabalpur (23°10 N latitude and 79°59 E
longitude) districts of Madhya Pradesh, India. The
samples from the above habitats were collected
randomly from the superficial layer of soil not exceeding
5-6 cm depth using pre-sterilized spatula and were
transferred into sterilized polythene bags. The samples
were then brought to the laboratory and kept at 15°C
until processed.

Isolation of fungi: Reese agar medium (K;HPO4-2.0 g;
(NH,),S04-1.5 g; MgS0,.7H,0-0.3 g; CaCl,-0.3 g;
urea-0.3 g; yeast extract-0.5 g, glucose-2.5 g; casein-5.0
g; agar-20 g; distilled water-1000 mL) was chosen as
growth medium. The initial pH of the medium was
adjusted to 9 with solution of 1 N NaOH. The fungal
strains from the soil samples were isolated by serial
dilution method (Waksman, 1927) on Reese agar media
(Reese et al., 1950). The soil sample was mixed and a
suspension of 1 g (dry weight equivalent) in 10 mL of
sterile distilled water was prepared. One mL of the soil
suspension was then diluted serially (six fold) and used
in the estimation of fungal population. The plates were
incubated at + 28°C for 4-5 d.

Purification and identification of isolated fungi: The
isolated fungi were purified by point inoculating them on
plates containing PDA (potato dextrose agar) medium.
The fungi were purified by repeated point inoculation.
The purity of the isolated fungus was confirmed by
microscopic examination of the culture at 400X
magnification using light microscope. After ensuring
purity, the cultures were sub-cultured on PDA slants and
allowed to grow for a period of 5-7 d and subsequently
stored at 4°C as stock cultures. Working as well as stock
cultures are maintained and the working cultures were
transferred to fresh PDA slants at regular intervals of 3
months.
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The isolated fungi were sub-cultured on potato dextrose
agar and allowed to grow and sporulate. On the basis of
their colony and morphological characteristics, the fungi
were identified. Lacto phenol cotton blue stain was used
as mounting fluid. The slides were observed under
microscope and fungi were identified by following the
mycological literature. The following morphological
characteristics were evaluated: colony growth (length
and width), presence or absence of aerial mycelium,
colony color, presence of wrinkles and furrows, pigment
production etc. The characteristics were compared with
the standard descriptions.

Screening of the isolates for alkaline protease production
Primary screening: Test fungi (141) isolated from 50 soil
samples were tested for their ability to produce alkaline
protease using solid agar plate assay on Reese medium.
For the production of alkaline protease by test fungi the
methods as described by Rajamani and Hilda (1987)
were used with certain modification. The fungus was
grown on Reese's medium containing 0.5% casein as
protein substrate and the plates were incubated at 28°C
to allow the growth of test fungi for 4 d. They were then
examined for the formation of zone of clearance around
the colony. The zone was made clearer, by flooding the
plates with a solution of 5% Trichloroacetic acid (TCA)
and kept for 30 min to allow the precipitation of residual
proteins in the medium. The diameter of the fungal
colony and the total zone of enzyme activity including the
growth diameter were measured in each case. On the
basis of this ‘Relative Enzyme Activity’ (REA) was
calculated.

Secondary screening: The fungal isolates that gave
biggest zone of inhibition in above described assay were
selected as the best producer and were grown in alkaline
Reese broth at 28°C for 96 h at 150 rpm. After
incubation, the flasks were removed and filtered through
Whatman No. 1 filter paper. The culture filtrates were
centrifuged at 5000 rpm for 10 min and the enzyme
activity in the supernatant was checked by agar-well
diffusion method in casein containing media (Rasool et
al.,, 1996). Supernatant was then partially purified by
ammonium sulfate precipitation and activity was again
checked (Adinarayana et al, 2003). Total protein
concentration in the enzyme solution was determined by
Lowry’s method (Lowry et al., 1951).

Assay of proteolytic activity: The cultivation fluids
obtained from the test fungi were studied for alkaline
protease activity. For this, the plates were prepared with
the sterile Reese media (20 mL, pH 9) and a bore having
10 mm diameter was made. Test enzyme sample were
dispensed in the well bored in agar medium and
incubated at 28°C for 48 h. Zone of proteolysis was
observed as transparent zone of hydrolysis around the
agar well. In order to clear the zone, the plates were
flooded with 5% TCA. The zone of enzyme activity was
measured after 30 min and recorded.
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Quantitative measurement of alkaline protease activity:
Alkaline protease activity in the culture filtrate was tested
using the method as suggested by Takami et al. (1989).
Casein was used as protein substrate for estimation of
alkaline protease activity. One unit of alkaline protease is
defined as the amount of enzyme that catalyzes the
release of 1 ug of tyrosine from substrate per unit time
per mL under standard assay conditions. In order to
express enzyme activity of crude enzyme samples in
terms of protein content, the protein content of the crude
culture filtrate was measured. Lowry et al. (1951) method
was used and Bovine Serum Albumin (BSA) was used
as standard.

Results and discussion

Fifty soil samples were collected from different habitats
that included 9 samples of Garden soil, 9 of crop fields
and 7 samples of poultry farm soils of district Sagar, M.P.
and 7 of garden soil, 8 of crop field and 10 samples of
poultry farm soils of district Jabalpur, M.P. Out of these,
a total of 38 samples were found positive for the
occurrence of fungi. The percentage distribution of
positive samples in different habitats was found to be
64.7, 75 and 88.23% in samples collected from crop
fields, gardens and poultry farm soils. A total of 141
fungal forms were obtained from the positive samples.
These include 56 fungal forms from poultry farm soils, 47
from garden soil and 38 from crop field soils.

Alkaline protease activity of 141 test fungi was
determined using 0.5% casein as protein substrate on
solid Reese media. Out of these, only 108 test fungi were
found to produce alkaline protease activity as indicated
by production of zone of casein hydrolysis around the
fungal colonies grown pH 9 after 5 d of incubation at
28°C. Other 33 test fungi were found to grow on casein
containing medium (pH 9) but were unable to produce
zone of hydrolysis. Ten fungal isolates out of 108 were
selected for further studies on the basis of REA.

The culture fluid obtained from cultures of Aspergillus
versicolor PF/F/107 showed 119.48 U/mL activity of
alkaline protease. Thus, Aspergillus versicolor PF/F/107
was identified as the most potential strain, since it
showed the maximum zone (REA-3.00) and maximum
enzyme activity (119.48 U/mL) in its culture fluid. The
alkaline protease producing fungal isolates showed
varied levels of REA ranging from 0.5 to 3. Distribution of
alkaline protease activity of fungi belonging to different
habitats is shown in Table 1. Maximum percentage of
alkaline protease positive fungi were found among those
collected from samples of poultry farm (80.7%), followed
by garden soils (78.72%) and crop field soils (60.52%).
On the basis of REA, alkaline protease producing test
fungi have been categorized in 4 groups i.e. Excellent
(REA = 2.5 to < 3.0); Good (REA= 2.0 to < 2.5); Fair
(REA =21.5 to < 2.0) and Poor (REA =0.5 to < 1.5)
producers.
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Table 1. Categorization of alkaline protease activity of fungi from different habitats.

No. of fungi Protease No. of fungi
Source Tested Protease posi_tive Grading of proteolytic activity based on REA*
positive fungi (%) Excellent Good Fair Poor Nil
Garden sall a7 39 82.97 7 11 19 8
Crop field soil 38 23 60.52 6 5 10 14
Poultry farm soil 56 46 82.14 7 9 28 10
Total 141 108 76.59 20 25 57 32

*Proteolytic activity: Excellent: REA 2 2.5 fo < 3.0; Good: REA = 2.0 to < 2.5; Fair: REA = 1.5 to <2.0; Poor: REA = 0.5 to <1.5.

Table 2. Alkaline protease activity of potential fungal isolates.

Fungi Fungal colony in dia (mm) Zone of clearance (mm) REA
Aspergillus versicolor GS/F/018 24 62 2.58
Aspergillus fumigatus GS/F/029 14 39 2.50
Penicillium sp. Il CF/F/050 7 21 3.00
Aspergillus fumigatus CF/F/051 15 38 2.53
Aspergillus fumigatus CF/F/060 13 33 2.50
Malbranchea sp. Il CF/F/084 29 68 2.34
Aspergillus flavus PF/F/096 14 32 2.29
Aspergillus versicolor PF/F/107 6 18 3.00
Aspergillus flavus PF/F/139 25 63 2.52
Penicillium sp. 1l PF/F/140 14 32 2.29
Table 3. Alkaline protease activity in cultivation fluid of fungi grown on Reese alkaline medium.
Fungi Zone of alkaline protease activity (mm)* REA
Aspergillus versicolor GS/F/018 38 2.58
Aspergillus fumigatus GS/F/029 36 2.50
Penicillium sp. Il CF/F/050 40 3.00
Aspergillus fumigatus CF/F/051 38 2.53
Aspergillus fumigatus CF/F/060 36 2.50
Malbranchea sp. Il CF/F/084 33 2.34
Aspergillus flavus PF/F/096 30 2.29
Aspergillus versicolor PF/F/107 41 3.00
Aspergillus flavus PF/F/139 34 2.52
Penicillium sp. 1l PF/F/140 30 2.29

Including the diameter of well (10 mm).

Table 4. Alkaline protease activity of fungi grown at 28°C for 5 d at 150 rpm.

Test organisms

Amount of tyrosine released

Enzyme activity (U/mL) Protein (ug/mL)

Aspergillus versicolor GS/F/018 322.79
Aspergillus fumigatus GS/F/029 299.53
Penicillium sp. Il CF/F/050 332.09
Aspergillus fumigatus CF/F/051 313.48
Aspergillus fumigatus CF/F/060 299.53
Malbranchea sp. Il CF/F/084 280.93
Aspergillus flavus PF/F/096 271.62
Aspergillus versicolor PF/F/107 341.39
Aspergillus flavus PF/F/139 304.18
Penicillium sp. 11l PF/F/140 276.27

112.97 401
104.83 373
116.23 412
109.72 389
104.83 372
98.32 350
95.06 338
119.48 423
106.46 378
96.69 344

Six fungal isolates including two of crop field soil
(CF/F/050; CF/F/051), two of garden soil (GS/F/018 and
GS/F/029) and two of poultry farm soil (PF/F/107 and
PF/F/139) showed excellent alkaline protease activity.
REA in all these cases was recorded > 2.5. A list of 10
isolated fungi showed more alkaline protease activity
during their growth on Reese agar medium (Table 2).
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The results of alkaline protease activity as noted in the
cultivation fluid of all the 10 test fungi are given in Table
3. All the test fungi were found to produce alkaline
protease activity in their cultivation fluid when tested by
using casein as a protein substrate in Reese media (pH
9). A comparison of the data obtained indicated nearly
similar pattern of alkaline protease activity except in few
cases.
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Aspergillus versicolor PF/F/107 showed greater activity
in screening test (Table 3). In present investigation, an
effort has been made to study the alkaline protease
activity of 10 test fungi grown on alkaline medium
containing casein as protein substrate. The protein
content of the culture filtrate was also studied to have an
idea of the yield of enzyme in their protein precipitates.
The culture fluid obtained from cultures of Aspergillus
versicolor GS/F/018 showed 112.97 U/mL activity in its
4 d old cultures. Another isolate of this species,
Aspergillus versicolor PF/F/107 showed 119.48 U/mL
activity of alkaline protease. The net protein content of
both isolates GS/F/018 and PF/F/107 was found to be
401 pg/mL and 423 pug/mL. The alkaline protease activity
in culture filtrate of all the 10 fungal isolates is given in
Table 4. The different isolates of Aspergillus fumigatus
have been tested during present study. Aspergillus
fumigatus GS/F/029, Aspergillus fumigatus CF/F/051 and
Aspergillus fumigatus CF/F/060 produced 106.46 U/mL,
109.72 U/mL and 104.83 U/mL respectively. The Net
protein content of 378 pug/mL, 389 pg/mL and 372 ug/mL
was recorded in their crude culture filtrates. Nehra et al.
(2002) reported maximum alkaline protease activity of
212 U/mL from Aspergillus sp. using modified Reese
medium.

Isolates of Penicillium sp. Il (CF/F/050 and PF/F/140)
were found to produce alkaline protease in its cultures
grown on casein containing medium. Maximum activity
was noted in 4 d old culture recorded 116.23 U/mL and
96.69 U/mL. The net protein content in their culture
filtrates was found to be 412 ug/mL and 344 ug/mL. Two
test isolates of Aspergillus flavus (PF/F/096 and
PF/F/139) produced enzyme activity of 95.06 U/mL and
106.46 U/mL. The net protein content in their culture
filtrates was found to be 338 pg/mL and 378ug/mL.
Malbranchea sp. CF/F/084 showed 98.32 U/mL of
enzyme activity with 350 pg/mL of protein release. Ali
(1992) reported acid protease production by some
strains of Aspergillus and Penicillium. In this study,
maximum activity of alkaline protease was recorded in
culture fluids of A. versicolor, while the test isolates of
A. flavus produced this enzyme in the range of 95.06
U/mL to 106.46 U/mL. Other workers have also reported
alkaline protease production by their test strains of this
species (Malathi and Chakraborty, 1991; Mulimani et al.,
2002; Hossain et al., 2006).

The activity of alkaline protease by a strain of
A. flavus was found stable at a wide range of pH (5-10)
with optimum at pH 7.5 and temperature 50°C. The
protease was found bleach stable. Isolates of
A. fumigatus produced more than 100 U/mL activity of
alkaline protease. Production of alkaline protease by this
species has been reported earlier by Monod et al. (1990)
and Hossain et al. (2006). Overall, the results obtained
during this investigation and those reported by other
workers indicated that Aspergillus is one of the important
genera for the production of alkaline protease.
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Conclusion

Screening for alkaline protease production showed that
Aspergillus versicolor PF/F/107 recorded maximum
activity of 119.48 U/mL. This study clearly shows that,
Aspergillus versicolor PF/F/107 is a potent producer of
alkaline protease. It is concluded that it can be
industrially used in detergents and recovery of silver from
used X-ray films in near future.
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